
Lecture: starts Tuesdays 9:35am (Boston time zone) 
Course website: introml.odl.mit.edu 
Who’s talking? Prof. Tamara Broderick 
Questions? discourse.odl.mit.edu (“Lecture 11” category) 
Materials: Will all be available at course website

6.036/6.862: Introduction to 
Machine Learning
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Last Time(s)
I. State machines & Markov 

decision processes 
(MDPs) 

II. Choosing “best” actions 
III. Value iteration; Q-learning

Today’s Plan
I. Back to supervised 

learning 
II. Sequential data 
III. Recurrent neural 

networks
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rewards) by interacting with the world 
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• Model-based RL: uses explicit conception of next state 
and reward given current state and action 
• “Model” used many different ways in machine learning 
• Contrast with Model-free RL 

• Q-learning 
• Contrast with the Q* function (expected reward of 

starting at s, making action a, and then making the 
“best” action ever after) 

• Contrast with (any horizon) value iteration
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Can express as a state machine

•       : “what happens to a 
dream deferred”
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• Recall state machines: 
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t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

5

•       : “^what happens to a 
dream deferred”



Can express as a state machine
• Recall state machines: 

• Set of possible states    
• Set of possible inputs    
• Initial state

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
• Example: 

• All ordered m characters 
• All characters 
• m start characters

<latexit sha1_base64="kh3375+yiKoEh3r1A+qZnpUigCA=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiSi6LLoxmUF+4A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp148ojhmVWXc2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bB55Rs6sMiRhrO1TSObq742MRsZMo8BO5hHNspeL/3m9FMMbPxMqSZErtvgoTCXBmOT3k6HQnKGcWkKZFjYrYWOqKUPbUsWW4C2fvEraF3Xvqu4+XNYat0UdZTiBUzgHD66hAffQhBYwiOEZXuHNQefFeXc+FqMlp9g5hj9wPn8AlJORcg==</latexit>X

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

5

•       : “^what happens to a 
dream deferred”



Can express as a state machine

5

• Recall state machines: 
• Set of possible states    
• Set of possible inputs    
• Initial state

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
• Example: 

• All ordered m characters 
• All characters 
• m start characters

<latexit sha1_base64="kh3375+yiKoEh3r1A+qZnpUigCA=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiSi6LLoxmUF+4A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp148ojhmVWXc2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bB55Rs6sMiRhrO1TSObq742MRsZMo8BO5hHNspeL/3m9FMMbPxMqSZErtvgoTCXBmOT3k6HQnKGcWkKZFjYrYWOqKUPbUsWW4C2fvEraF3Xvqu4+XNYat0UdZTiBUzgHD66hAffQhBYwiOEZXuHNQefFeXc+FqMlp9g5hj9wPn8AlJORcg==</latexit>X

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)•       : “^what happens to a 
dream deferred”



Can express as a state machine
• Recall state machines: 

• Set of possible states    
• Set of possible inputs    
• Initial state 
• Transition function f(s,x)

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
• Example: 

• All ordered m characters 
• All characters 
• m start characters

<latexit sha1_base64="kh3375+yiKoEh3r1A+qZnpUigCA=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiSi6LLoxmUF+4A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp148ojhmVWXc2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bB55Rs6sMiRhrO1TSObq742MRsZMo8BO5hHNspeL/3m9FMMbPxMqSZErtvgoTCXBmOT3k6HQnKGcWkKZFjYrYWOqKUPbUsWW4C2fvEraF3Xvqu4+XNYat0UdZTiBUzgHD66hAffQhBYwiOEZXuHNQefFeXc+FqMlp9g5hj9wPn8AlJORcg==</latexit>X

5

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)•       : “^what happens to a 
dream deferred”



Can express as a state machine
• Recall state machines: 

• Set of possible states    
• Set of possible inputs    
• Initial state 
• Transition function f(s,x)

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
• Example: 

• All ordered m characters 
• All characters 
• m start characters 
• Update last m chars

<latexit sha1_base64="kh3375+yiKoEh3r1A+qZnpUigCA=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiSi6LLoxmUF+4A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp148ojhmVWXc2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bB55Rs6sMiRhrO1TSObq742MRsZMo8BO5hHNspeL/3m9FMMbPxMqSZErtvgoTCXBmOT3k6HQnKGcWkKZFjYrYWOqKUPbUsWW4C2fvEraF3Xvqu4+XNYat0UdZTiBUzgHD66hAffQhBYwiOEZXuHNQefFeXc+FqMlp9g5hj9wPn8AlJORcg==</latexit>X

5

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)•       : “^what happens to a 
dream deferred”



Can express as a state machine
• Recall state machines: 

• Set of possible states    
• Set of possible inputs    
• Initial state 
• Transition function f(s,x) 
• Set of possible outputs   

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
• Example: 

• All ordered m characters 
• All characters 
• m start characters 
• Update last m chars

<latexit sha1_base64="kh3375+yiKoEh3r1A+qZnpUigCA=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiSi6LLoxmUF+4A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp148ojhmVWXc2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bB55Rs6sMiRhrO1TSObq742MRsZMo8BO5hHNspeL/3m9FMMbPxMqSZErtvgoTCXBmOT3k6HQnKGcWkKZFjYrYWOqKUPbUsWW4C2fvEraF3Xvqu4+XNYat0UdZTiBUzgHD66hAffQhBYwiOEZXuHNQefFeXc+FqMlp9g5hj9wPn8AlJORcg==</latexit>X

5

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)•       : “^what happens to a 
dream deferred”



Can express as a state machine
• Recall state machines: 

• Set of possible states    
• Set of possible inputs    
• Initial state 
• Transition function f(s,x) 
• Set of possible outputs   

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
• Example: 

• All ordered m characters 
• All characters 
• m start characters 
• Update last m chars 
• All vectors of char probs

<latexit sha1_base64="kh3375+yiKoEh3r1A+qZnpUigCA=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiSi6LLoxmUF+4A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp148ojhmVWXc2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bB55Rs6sMiRhrO1TSObq742MRsZMo8BO5hHNspeL/3m9FMMbPxMqSZErtvgoTCXBmOT3k6HQnKGcWkKZFjYrYWOqKUPbUsWW4C2fvEraF3Xvqu4+XNYat0UdZTiBUzgHD66hAffQhBYwiOEZXuHNQefFeXc+FqMlp9g5hj9wPn8AlJORcg==</latexit>X

5

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)•       : “^what happens to a 
dream deferred”



Can express as a state machine
• Recall state machines: 

• Set of possible states    
• Set of possible inputs    
• Initial state 
• Transition function f(s,x) 
• Set of possible outputs        
• Output function g(s)

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
• Example: 

• All ordered m characters 
• All characters 
• m start characters 
• Update last m chars 
• All vectors of char probs

<latexit sha1_base64="kh3375+yiKoEh3r1A+qZnpUigCA=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiSi6LLoxmUF+4A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp148ojhmVWXc2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bB55Rs6sMiRhrO1TSObq742MRsZMo8BO5hHNspeL/3m9FMMbPxMqSZErtvgoTCXBmOT3k6HQnKGcWkKZFjYrYWOqKUPbUsWW4C2fvEraF3Xvqu4+XNYat0UdZTiBUzgHD66hAffQhBYwiOEZXuHNQefFeXc+FqMlp9g5hj9wPn8AlJORcg==</latexit>X

5

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)•       : “^what happens to a 
dream deferred”



Can express as a state machine
• Recall state machines: 

• Set of possible states    
• Set of possible inputs    
• Initial state 
• Transition function f(s,x) 
• Set of possible outputs        
• Output function g(s)

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
• Example: 

• All ordered m characters 
• All characters 
• m start characters 
• Update last m chars 
• All vectors of char probs 
• Multi-class linear classifier

<latexit sha1_base64="kh3375+yiKoEh3r1A+qZnpUigCA=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiSi6LLoxmUF+4A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp148ojhmVWXc2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bB55Rs6sMiRhrO1TSObq742MRsZMo8BO5hHNspeL/3m9FMMbPxMqSZErtvgoTCXBmOT3k6HQnKGcWkKZFjYrYWOqKUPbUsWW4C2fvEraF3Xvqu4+XNYat0UdZTiBUzgHD66hAffQhBYwiOEZXuHNQefFeXc+FqMlp9g5hj9wPn8AlJORcg==</latexit>X

5

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)•       : “^what happens to a 
dream deferred”



Can express as a state machine

•       : “^what happens to a 
dream deferred”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

5

• Recall state machines: 
• Set of possible states    
• Set of possible inputs    
• Initial state 
• Transition function f(s,x) 
• Set of possible outputs        
• Output function g(s)

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
• Example: 

• All ordered m characters 
• All characters 
• m start characters 
• Update last m chars 
• All vectors of char probs 
• Multi-class linear classifier

<latexit sha1_base64="kh3375+yiKoEh3r1A+qZnpUigCA=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiSi6LLoxmUF+4A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp148ojhmVWXc2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bB55Rs6sMiRhrO1TSObq742MRsZMo8BO5hHNspeL/3m9FMMbPxMqSZErtvgoTCXBmOT3k6HQnKGcWkKZFjYrYWOqKUPbUsWW4C2fvEraF3Xvqu4+XNYat0UdZTiBUzgHD66hAffQhBYwiOEZXuHNQefFeXc+FqMlp9g5hj9wPn8AlJORcg==</latexit>X

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_



Can express as a state machine
• Recall state machines: 

• Set of possible states    
• Set of possible inputs    
• Initial state 
• Transition function f(s,x) 
• Set of possible outputs     
• Output function g(s)

5

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="kh3375+yiKoEh3r1A+qZnpUigCA=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiSi6LLoxmUF+4A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp148ojhmVWXc2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bB55Rs6sMiRhrO1TSObq742MRsZMo8BO5hHNspeL/3m9FMMbPxMqSZErtvgoTCXBmOT3k6HQnKGcWkKZFjYrYWOqKUPbUsWW4C2fvEraF3Xvqu4+XNYat0UdZTiBUzgHD66hAffQhBYwiOEZXuHNQefFeXc+FqMlp9g5hj9wPn8AlJORcg==</latexit>X

• Example: 
• All ordered m characters 
• All characters 
• m start characters 
• Update last m chars 
• All vectors of char probs 
• Multi-class linear classifier

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_



Can express as a state machine
• Recall state machines: 

• Set of possible states    
• Set of possible inputs    
• Initial state 
• Transition function f(s,x) 
• Set of possible outputs     
• Output function g(s)

5

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="kh3375+yiKoEh3r1A+qZnpUigCA=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiSi6LLoxmUF+4A2lMl00g6dTMLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp148ojhmVWXc2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bB55Rs6sMiRhrO1TSObq742MRsZMo8BO5hHNspeL/3m9FMMbPxMqSZErtvgoTCXBmOT3k6HQnKGcWkKZFjYrYWOqKUPbUsWW4C2fvEraF3Xvqu4+XNYat0UdZTiBUzgHD66hAffQhBYwiOEZXuHNQefFeXc+FqMlp9g5hj9wPn8AlJORcg==</latexit>X

• Example: 
• All ordered m characters 
• All characters 
• m start characters 
• Update last m chars 
• All vectors of char probs 
• Multi-class linear classifier

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t x(1)t st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_



Can express as a state machine

6

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_
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6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_
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6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_
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6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_
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6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet

•       : “^what happens to a 
dream deferred” 

•       : “^if you can keep your 
head when all about you” 

•       : “^you may write me 
down in history”

<latexit sha1_base64="Hr+Zf9/Vtl/kB2QtDexWLefmCFg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD0GvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqjm6nffESleSTvzTjGbkgHkgecUWOl5tNDWvZOJ71iya24M5Bl4mWkBBlqveJXpx+xJERpmKBatz03Nt2UKsOZwEmhk2iMKRvRAbYtlTRE3U1n507IiVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhAo2BG/x5WXSOKt4FxX37rxUvc7iyMMRHEMZPLiEKtxCDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPmDKPFA==</latexit>

x(1)

<latexit sha1_base64="4dB043h10Dsm2Cz7CYUEhgD1D/I=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9BLx4jmAckMcxOepMhs7PLzKwYlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqLSPJL3ZhxjN6QDyQPOqLFS8+khLVXOJr1C0S27M5Bl4mWkCBlqvcJXpx+xJERpmKBatz03Nt2UKsOZwEm+k2iMKRvRAbYtlTRE3U1n507IqVX6JIiULWnITP09kdJQ63Ho286QmqFe9Kbif147McFVN+UyTgxKNl8UJIKYiEx/J32ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7d16sXmdx5OAYTqAEHlxCFW6hBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPmbiPFQ==</latexit>

x(2)

<latexit sha1_base64="JG4fUrDkexUl6tbpSDog/6p/KVI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcka5idTJIhs7PLTK8YlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVGk8PaensZNwpFN2yOwVZJF5GipCh2il8tbsRS0KukElqTMtzY/RTqlEwycf5dmJ4TNmQ9nnLUkVDbvx0eu6YHFulS3qRtqWQTNXfEykNjRmFge0MKQ7MvDcR//NaCfau/FSoOEGu2GxRL5EEIzL5nXSF5gzlyBLKtLC3EjagmjK0CeVtCN78y4ukflr2Lsru3Xmxcp3FkYNDOIISeHAJFbiFKtSAwRCe4RXenNh5cd6dj1nrkpPNHMAfOJ8/mz6PFg==</latexit>

x(3)

t xt st
0 ^^^
1 ^ ^^^
2 w ^^w
3 h ^wh
4 a wha
5 t hat
6 _ at_
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1



Can express as a state machine
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1



Can express as a state machine
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1



Can express as a state machine
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1



Can express as a state machine
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1? ?



Can express as a state machine
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1? ?3 x 1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1? ?3 x 1

1 x 1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1? ?3 x 1

1 x 13 x 1,



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1? ?3 x 1

1 x 13 x 1,



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1?



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1?



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
2-class 
logistic 

regression



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
2-class 
logistic 

regression1 x 3



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
2-class 
logistic 

regression1 x 3 1 x 1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
2-class 
logistic 

regression1 x 3 1 x 1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v-class 
logistic 

regression1 x 3 1 x 1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v-class 
logistic 

regression1 x 3 1 x 1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v-class 
logistic 

regressionv x 3 v x 1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v-class 
logistic 

regressionv x 3 v x 1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v-class 
logistic 

regressionv x 3 v x 1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v-class 
logistic 

regressionv x 3 v x 1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v-class 
logistic 

regressionv x m v x 1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v-class 
logistic 

regressionv x m v x 1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v-class 
logistic 

regressionv x m v x 1



Can express as a state machine

6

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• m: number of 
characters in the 
context 

• v: number of 
characters in the 
alphabet• Example: Alphabet {0,1}; 

state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v-class 
logistic 

regressionv x m v x 1

no tra
nspose



Can express as a state machine

7

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v-class 
logistic 

regressionv x m v x 1



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v-class 
logistic 

regressionv x m v x 1

Recall: familiar pattern
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Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v-class 
logistic 

regressionv x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters)
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Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v-class 
logistic 

regressionv x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label)
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Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v-class 
logistic 

regressionv x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss
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Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss
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Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )
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Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

7



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

7



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�
7



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

7

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

7

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�



Can express as a state machine

8

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�

<latexit sha1_base64="yJrMdHwMTHg7XLS7KZpfJ0RlQi4="></latexit>

st =

2

4
wsx

1

wsx
2

wsx
3

3

5xt +

2

4
wss

11 wss
12 wss

13

wss
21 wss

22 wss
23

wss
31 wss

32 wss
33

3

5 st�1 +

2

4
wss

0,1

wss
0,2

wss
0,3

3

5

8



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�

<latexit sha1_base64="yJrMdHwMTHg7XLS7KZpfJ0RlQi4="></latexit>

st =

2

4
wsx

1

wsx
2

wsx
3

3

5xt +

2

4
wss

11 wss
12 wss

13

wss
21 wss

22 wss
23

wss
31 wss

32 wss
33

3

5 st�1 +

2

4
wss

0,1

wss
0,2

wss
0,3

3

5

8



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�

<latexit sha1_base64="yJrMdHwMTHg7XLS7KZpfJ0RlQi4="></latexit>

st =

2

4
wsx

1

wsx
2

wsx
3

3

5xt +

2

4
wss

11 wss
12 wss

13

wss
21 wss

22 wss
23

wss
31 wss

32 wss
33

3

5 st�1 +

2

4
wss

0,1

wss
0,2

wss
0,3

3

5

8



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="J4QMjezuo5FJmtMCuLbqamcyJNY="></latexit>

st = f(st�1, xt) =

2

4
1
0
0

3

5xt +

2

4
0 0 0
1 0 0
0 1 0

3

5 st�1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�

<latexit sha1_base64="yJrMdHwMTHg7XLS7KZpfJ0RlQi4="></latexit>

st =

2

4
wsx

1

wsx
2

wsx
3

3

5xt +

2

4
wss

11 wss
12 wss

13

wss
21 wss

22 wss
23

wss
31 wss

32 wss
33

3

5 st�1 +

2

4
wss

0,1

wss
0,2

wss
0,3

3

5

8



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�

<latexit sha1_base64="yJrMdHwMTHg7XLS7KZpfJ0RlQi4="></latexit>

st =

2

4
wsx

1

wsx
2

wsx
3

3

5xt +

2

4
wss

11 wss
12 wss

13

wss
21 wss

22 wss
23

wss
31 wss

32 wss
33

3

5 st�1 +

2

4
wss

0,1

wss
0,2

wss
0,3

3

5

8



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�

<latexit sha1_base64="yJrMdHwMTHg7XLS7KZpfJ0RlQi4="></latexit>

st =

2

4
wsx

1

wsx
2

wsx
3

3

5xt +

2

4
wss

11 wss
12 wss

13

wss
21 wss

22 wss
23

wss
31 wss

32 wss
33

3

5 st�1 +

2

4
wss

0,1

wss
0,2

wss
0,3

3

5

8



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�

<latexit sha1_base64="yJrMdHwMTHg7XLS7KZpfJ0RlQi4="></latexit>

st =

2

4
wsx

1

wsx
2

wsx
3

3

5xt +

2

4
wss

11 wss
12 wss

13

wss
21 wss

22 wss
23

wss
31 wss

32 wss
33

3

5 st�1 +

2

4
wss

0,1

wss
0,2

wss
0,3

3

5

8



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�

<latexit sha1_base64="yJrMdHwMTHg7XLS7KZpfJ0RlQi4="></latexit>

st =

2

4
wsx

1

wsx
2

wsx
3

3

5xt +

2

4
wss

11 wss
12 wss

13

wss
21 wss

22 wss
23

wss
31 wss

32 wss
33

3

5 st�1 +

2

4
wss

0,1

wss
0,2

wss
0,3

3

5

8



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�

<latexit sha1_base64="yJrMdHwMTHg7XLS7KZpfJ0RlQi4="></latexit>

st =

2

4
wsx

1

wsx
2

wsx
3

3

5xt +

2

4
wss

11 wss
12 wss

13

wss
21 wss

22 wss
23

wss
31 wss

32 wss
33

3

5 st�1 +

2

4
wss

0,1

wss
0,2

wss
0,3

3

5

8



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�
8

<latexit sha1_base64="0rlqOqj1+JJzpZucF8UcAS4J0VE="></latexit>

st = f1
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Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�
8

<latexit sha1_base64="0rlqOqj1+JJzpZucF8UcAS4J0VE="></latexit>
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Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�
8

<latexit sha1_base64="0rlqOqj1+JJzpZucF8UcAS4J0VE="></latexit>

st = f1

0
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33
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Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�
8

<latexit sha1_base64="0rlqOqj1+JJzpZucF8UcAS4J0VE="></latexit>

st = f1

0
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2

4
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2
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21 wss
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wss
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32 wss
33
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5 st�1 +

2

4
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3
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Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�
9

<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

• Example: Alphabet {0,1}; 
state is last m = 3 characters

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�
9

<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1
<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1
<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�
9

<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

• Example: Alphabet of    characters; 
state is last c characters

<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�
9

<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

• Example: Alphabet of    characters; 
state is last c characters

<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`

<latexit sha1_base64="5kR15q9w1Y/wNS/kqjgH/NL3ejE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZnUySIbMPZnrFuORLvHhQxKuf4s2/cZLsQRMLGoqqbrq7gkQKjY7zbRVWVtfWN4qbpa3tnd2yvbff1HGqGG+wWMaqHVDNpYh4AwVK3k4Up2EgeSsY3Uz91gNXWsTRPY4T7oV0EIm+YBSN5NvlRx+viEu6KEKuievbFafqzECWiZuTCuSo+/ZXtxezNOQRMk m17rhOgl5GFQom+aTUTTVPKBvRAe8YGlGzxstmh0/IsVF6pB8rUxGSmfp7IqOh1uMwMJ0hxaFe9Kbif14nxf6ll4koSZFHbL6on0qCMZmmQHpCcYZybAhlSphbCRtSRRmarEomBHfx5WXSPK2651Xn7qxSu87jKMIhHMEJuHABNbiFOjSAQQrP8Apv1pP1Yr1bH/PWgpXPHMAfWJ8/DDSSCg==</latexit>

xt : 1⇥ 1



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�
9

<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

• Example: Alphabet of    characters; 
state is last c characters

<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�
9

<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

• Example: Alphabet of    characters; 
state is last c characters

<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�
9

<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

• Example: Alphabet of    characters; 
state is last c characters (            )

<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�
9

<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

• Example: Alphabet of    characters; 
state is last c characters (            )

<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�
9

<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

• Example: Alphabet of    characters; 
state is last c characters (            )

<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�
9

<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

• Example: Alphabet of    characters; 
state is last c characters (            )

<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

9

<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

<latexit sha1_base64="1TMtpvvJR4L1HPZPa3TF5BOzKiQ=">AAACEnicbVDJSgNBEO2JW4xb1KOXJkFIUMKMIAoiDHrxGMUskI2eTidp0rPQXSMZhnyDl/yKFw+KePXkLX9jZzlo4oMqHu9V0V3PCQRXYJpjI7Gyura+kdxMbW3v7O6l9w/Kyg8lZSXqC19WHaKY4B4rAQfBqoFkxHUEqzj924lfeWJScd97hChgDZd0Pd7hlICWWul80IxzPD/E17gObADSjR+GucFMvMKVpn86aS0z30pnzYI5BV4m1pxk7Uz9ZDS2o2Ir/V1v+zR0mQdUEKVqlhlAIyYSOBVsmKqHigWE9kmX1TT1iMtUI56eNMTHWmnjji91eYCn6u+NmLhKRa6jJ10CPbXoTcT/vFoInctGzL0gBObR2UOdUGDw8SQf3OaSURCRJoRKrv+KaY9IQkGnmNIhWIsnL5PyWcE6L5j3Vta+QTMk0RHKoByy0AWy0R0qohKi6Bm9oDf0boyMV+PD+JyNJoz5ziH6A+PrB1GbnvM=</latexit>

p(i) = R(x(i);W o,W o
0 )

<latexit sha1_base64="IHO4oMI32tI0ykBxEV9OIKeX/X8="></latexit>

J(W o,W o
0 ) =

Pq
i=1 Lseq

�
p(i), y(i)

�

• Example: Alphabet of    characters; 
state is last c characters (            )

<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

9

<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

<latexit sha1_base64="mjLfHhqcWdIlXTu8h1MWE1sgyHk=">AAACDnicbVDJSgNBEO2JW4xb1KOXJiGQoIQZQRREGPTiMYpZIImhp9NJmvQsdNdIhiFf4MWDP+LFgyJePXvL39hZDpr4oODxXhVV9ZxAcAWmOTISS8srq2vJ9dTG5tb2Tnp3r6L8UFJWpr7wZc0hignusTJwEKwWSEZcR7Cq078a+9UHJhX3vTuIAtZ0SdfjHU4JaKmVzgX3cZ4XhvgCN4ANQLrx7TA/mIrnuHqEqy2z0EpnzaI5AV4k1oxk7Uzj8HlkR6VW+rvR9mnoMg+oIErVLTOAZkwkcCrYMNUIFQsI7ZMuq2vqEZepZjx5Z4hzWmnjji91eYAn6u+JmLhKRa6jO10CPTXvjcX/vHoInbNmzL0gBObR6aJOKDD4eJwNbnPJKIhIE0Il17di2iOSUNAJpnQI1vzLi6RyXLROiuaNlbUv0RRJdIAyKI8sdIpsdI1KqIwoekQv6A29G0/Gq/FhfE5bE8ZsZh/9gfH1AxlZnTE=</latexit>

p(i) = R(x(i);W,W0)
<latexit sha1_base64="nbNh64vjG+0/926gAXFTyk7w1qs="></latexit>

J(W,W0) =
Pq

i=1 Lseq

�
p(i), y(i)

�

• Example: Alphabet of    characters; 
state is last c characters (            )

<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

9

<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

<latexit sha1_base64="mjLfHhqcWdIlXTu8h1MWE1sgyHk=">AAACDnicbVDJSgNBEO2JW4xb1KOXJiGQoIQZQRREGPTiMYpZIImhp9NJmvQsdNdIhiFf4MWDP+LFgyJePXvL39hZDpr4oODxXhVV9ZxAcAWmOTISS8srq2vJ9dTG5tb2Tnp3r6L8UFJWpr7wZc0hignusTJwEKwWSEZcR7Cq078a+9UHJhX3vTuIAtZ0SdfjHU4JaKmVzgX3cZ4XhvgCN4ANQLrx7TA/mIrnuHqEqy2z0EpnzaI5AV4k1oxk7Uzj8HlkR6VW+rvR9mnoMg+oIErVLTOAZkwkcCrYMNUIFQsI7ZMuq2vqEZepZjx5Z4hzWmnjji91eYAn6u+JmLhKRa6jO10CPTXvjcX/vHoInbNmzL0gBObR6aJOKDD4eJwNbnPJKIhIE0Il17di2iOSUNAJpnQI1vzLi6RyXLROiuaNlbUv0RRJdIAyKI8sdIpsdI1KqIwoekQv6A29G0/Gq/FhfE5bE8ZsZh/9gfH1AxlZnTE=</latexit>

p(i) = R(x(i);W,W0)
<latexit sha1_base64="nbNh64vjG+0/926gAXFTyk7w1qs="></latexit>

J(W,W0) =
Pq

i=1 Lseq

�
p(i), y(i)

�

• Example: Alphabet of    characters; 
state is last c characters (            )

<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1



Can express as a state machine

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="djRhg0G2LUAFch7eeP0VDknmiDo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzEOM7g==</latexit>

f

<latexit sha1_base64="qmqxvw54qUUoUaz9MnxwYmJpOwM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPbLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9q6rbuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDzceM7w==</latexit>g

<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2
<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="F/9uSuAQ018+WeVB/fnB/XO7kig=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD6Z33itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uw2s/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5l1b2/qNRu8jiKcATHcAoeXEEN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMIbI2h</latexit>s3

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2
<latexit sha1_base64="B1BiAC24rtmyH1V0SSU/48Ett3M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD0nvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophtd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3Lqnt/Uand5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcD2o2e</latexit>p3

…

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="k6+pB40ybRhtZz0rneAKVXh2C0U=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0YtQ9OKxgv2ANoTNdtMu3STL7kQopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC5UUBl3321lZXVvf2CxsFbd3dvf2SweHTZNmmvEGS2Wq2yE1XIqEN1Cg5G2lOY1DyVvh8G7qt564NiJNHnGkuB/TfiIiwShaqasCJDekXzEBngWlslt1ZyDLxMtJGXLUg9JXt5eyLOYJMkmN6XiuQn9MNQom+aTYzQxXlA1pn3csTWjMjT+e3Twhp1bpkSjVthIkM/X3xJjGxozi0HbGFAdm0ZuK/3mdDKNrfywSlSFP2HxRlEmCKZkGQHpCc4ZyZAllWthbCRtQTRnamIo2BG/x5WXSPK96l1X34aJcu83jKMAxnEAFPLiCGtxDHRrAQMEzvMKbkzkvzrvzMW9dcfKZI/gD5/MHiXmQtA==</latexit>

pt = g(st)
<latexit sha1_base64="HE1JBGq+kn8C2HqUZ4o1LvwxhiE=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFqAhlpii6EYpuXFawF2jHIZNm2tBMMiQZoQwFN76KGxeKuPUl3Pk2ptNZaPWHwMd/zuHk/EHMqNKO82UVFhaXlleKq6W19Y3NLXt7p6VEIjFpYsGE7ARIEUY5aWqqGenEkqAoYKQdjK6m9fY9kYoKfqvHMfEiNOA0pBhpY/n23gUM/VqlfZeKCVS+hscwY9858u2yU3Uywb/g5lAGuRq+/dnrC5xEhGvMkFJd14m1lyKpKWZkUuolisQIj9CAdA1yFBHlpdkNE3honD4MhTSPa5i5PydSFCk1jgLTGSE9VPO1qflfrZvo8NxLKY8TTTieLQoTBrWA00Bgn0qCNRsbQFhS81eIh0girE1sJROCO3/yX2jVqu5p1bk5Kdcv8ziKYB8cgApwwRmog2vQAE2AwQN4Ai/g1Xq0nq03633WWrDymV3wS9bHNymtlfA=</latexit>

= f2(W
ost +W o

0 )
v x m v x 1

Recall: familiar pattern 
1. Choose how to 

predict label (given 
features & 
parameters) 

2. Choose a loss 
(between guess & 
actual label) 

3. Choose parameters 
by trying to minimize 
the training loss

<latexit sha1_base64="y69zVvhwbCdII4FUQPF8npZkDpk="></latexit>

Lseq(p(i), y(i)) =
Pn(i)

t=1 Lelt(p
(i)
t , y(i)t )

9

<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

<latexit sha1_base64="nbNh64vjG+0/926gAXFTyk7w1qs="></latexit>

J(W,W0) =
Pq

i=1 Lseq

�
p(i), y(i)

�
<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

• Example: Alphabet of    characters; 
state is last c characters (            )

<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1
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• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`
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<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`
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<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )
<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`
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<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )
<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`
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<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )
<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
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<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )
<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1



Recurrent neural network

10

<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )
<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
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<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )
<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>
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<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )
<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>
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<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )
<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t
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<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )
<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t
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<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )
<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t
<latexit sha1_base64="SECw2njScD/VjOUmFNoQJl5YQ2o=">AAAB7HicbZC7SgNBFIbPxluMt6ilzWIQUoXdgMQyaGMZwVwgWcPsZDYZMju7zJwV4pJnsLFQgq3vYmsn+jBOLoUm/jDw8f/nMOccPxZco+N8Wpm19Y3Nrex2bmd3b/8gf3jU0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPr6Z5854pzSN5i6OYeSHpSx5wStBY9Ycu3pW7+YJTcmayV8FdQKF6Wvz+qrxPat38R6cX0SRkEqkgWrddJ0YvJQo5FWyc6ySaxYQOSZ+1DUoSMu2ls2HH9plxenYQKfMk2jP3d0dKQq1HoW8qQ4IDvZxNzf+ydoLBhZdyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQqNccs9Lzo1bqF7CXFk4gVMoggsVqMI11KAOFDg8wjO8WNJ6sibW67w0Yy16juGPrLcfyqaSZg==</latexit>

z2t
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<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )
<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t
<latexit sha1_base64="SECw2njScD/VjOUmFNoQJl5YQ2o=">AAAB7HicbZC7SgNBFIbPxluMt6ilzWIQUoXdgMQyaGMZwVwgWcPsZDYZMju7zJwV4pJnsLFQgq3vYmsn+jBOLoUm/jDw8f/nMOccPxZco+N8Wpm19Y3Nrex2bmd3b/8gf3jU0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPr6Z5854pzSN5i6OYeSHpSx5wStBY9Ycu3pW7+YJTcmayV8FdQKF6Wvz+qrxPat38R6cX0SRkEqkgWrddJ0YvJQo5FWyc6ySaxYQOSZ+1DUoSMu2ls2HH9plxenYQKfMk2jP3d0dKQq1HoW8qQ4IDvZxNzf+ydoLBhZdyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQqNccs9Lzo1bqF7CXFk4gVMoggsVqMI11KAOFDg8wjO8WNJ6sibW67w0Yy16juGPrLcfyqaSZg==</latexit>

z2t
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<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )
<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t
<latexit sha1_base64="SECw2njScD/VjOUmFNoQJl5YQ2o=">AAAB7HicbZC7SgNBFIbPxluMt6ilzWIQUoXdgMQyaGMZwVwgWcPsZDYZMju7zJwV4pJnsLFQgq3vYmsn+jBOLoUm/jDw8f/nMOccPxZco+N8Wpm19Y3Nrex2bmd3b/8gf3jU0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPr6Z5854pzSN5i6OYeSHpSx5wStBY9Ycu3pW7+YJTcmayV8FdQKF6Wvz+qrxPat38R6cX0SRkEqkgWrddJ0YvJQo5FWyc6ySaxYQOSZ+1DUoSMu2ls2HH9plxenYQKfMk2jP3d0dKQq1HoW8qQ4IDvZxNzf+ydoLBhZdyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQqNccs9Lzo1bqF7CXFk4gVMoggsVqMI11KAOFDg8wjO8WNJ6sibW67w0Yy16juGPrLcfyqaSZg==</latexit>

z2t

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0
<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11
<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1



Recurrent neural network

10

<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )
<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t
<latexit sha1_base64="SECw2njScD/VjOUmFNoQJl5YQ2o=">AAAB7HicbZC7SgNBFIbPxluMt6ilzWIQUoXdgMQyaGMZwVwgWcPsZDYZMju7zJwV4pJnsLFQgq3vYmsn+jBOLoUm/jDw8f/nMOccPxZco+N8Wpm19Y3Nrex2bmd3b/8gf3jU0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPr6Z5854pzSN5i6OYeSHpSx5wStBY9Ycu3pW7+YJTcmayV8FdQKF6Wvz+qrxPat38R6cX0SRkEqkgWrddJ0YvJQo5FWyc6ySaxYQOSZ+1DUoSMu2ls2HH9plxenYQKfMk2jP3d0dKQq1HoW8qQ4IDvZxNzf+ydoLBhZdyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQqNccs9Lzo1bqF7CXFk4gVMoggsVqMI11KAOFDg8wjO8WNJ6sibW67w0Yy16juGPrLcfyqaSZg==</latexit>

z2t

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0
<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11
<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1
<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
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<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )
<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t
<latexit sha1_base64="SECw2njScD/VjOUmFNoQJl5YQ2o=">AAAB7HicbZC7SgNBFIbPxluMt6ilzWIQUoXdgMQyaGMZwVwgWcPsZDYZMju7zJwV4pJnsLFQgq3vYmsn+jBOLoUm/jDw8f/nMOccPxZco+N8Wpm19Y3Nrex2bmd3b/8gf3jU0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPr6Z5854pzSN5i6OYeSHpSx5wStBY9Ycu3pW7+YJTcmayV8FdQKF6Wvz+qrxPat38R6cX0SRkEqkgWrddJ0YvJQo5FWyc6ySaxYQOSZ+1DUoSMu2ls2HH9plxenYQKfMk2jP3d0dKQq1HoW8qQ4IDvZxNzf+ydoLBhZdyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQqNccs9Lzo1bqF7CXFk4gVMoggsVqMI11KAOFDg8wjO8WNJ6sibW67w0Yy16juGPrLcfyqaSZg==</latexit>

z2t

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21



Recurrent neural network

10

<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )
<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t
<latexit sha1_base64="SECw2njScD/VjOUmFNoQJl5YQ2o=">AAAB7HicbZC7SgNBFIbPxluMt6ilzWIQUoXdgMQyaGMZwVwgWcPsZDYZMju7zJwV4pJnsLFQgq3vYmsn+jBOLoUm/jDw8f/nMOccPxZco+N8Wpm19Y3Nrex2bmd3b/8gf3jU0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPr6Z5854pzSN5i6OYeSHpSx5wStBY9Ycu3pW7+YJTcmayV8FdQKF6Wvz+qrxPat38R6cX0SRkEqkgWrddJ0YvJQo5FWyc6ySaxYQOSZ+1DUoSMu2ls2HH9plxenYQKfMk2jP3d0dKQq1HoW8qQ4IDvZxNzf+ydoLBhZdyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQqNccs9Lzo1bqF7CXFk4gVMoggsVqMI11KAOFDg8wjO8WNJ6sibW67w0Yy16juGPrLcfyqaSZg==</latexit>

z2t

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1
<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="SECw2njScD/VjOUmFNoQJl5YQ2o=">AAAB7HicbZC7SgNBFIbPxluMt6ilzWIQUoXdgMQyaGMZwVwgWcPsZDYZMju7zJwV4pJnsLFQgq3vYmsn+jBOLoUm/jDw8f/nMOccPxZco+N8Wpm19Y3Nrex2bmd3b/8gf3jU0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPr6Z5854pzSN5i6OYeSHpSx5wStBY9Ycu3pW7+YJTcmayV8FdQKF6Wvz+qrxPat38R6cX0SRkEqkgWrddJ0YvJQo5FWyc6ySaxYQOSZ+1DUoSMu2ls2HH9plxenYQKfMk2jP3d0dKQq1HoW8qQ4IDvZxNzf+ydoLBhZdyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQqNccs9Lzo1bqF7CXFk4gVMoggsVqMI11KAOFDg8wjO8WNJ6sibW67w0Yy16juGPrLcfyqaSZg==</latexit>

z2t

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t



Recurrent neural network
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="SECw2njScD/VjOUmFNoQJl5YQ2o=">AAAB7HicbZC7SgNBFIbPxluMt6ilzWIQUoXdgMQyaGMZwVwgWcPsZDYZMju7zJwV4pJnsLFQgq3vYmsn+jBOLoUm/jDw8f/nMOccPxZco+N8Wpm19Y3Nrex2bmd3b/8gf3jU0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPr6Z5854pzSN5i6OYeSHpSx5wStBY9Ycu3pW7+YJTcmayV8FdQKF6Wvz+qrxPat38R6cX0SRkEqkgWrddJ0YvJQo5FWyc6ySaxYQOSZ+1DUoSMu2ls2HH9plxenYQKfMk2jP3d0dKQq1HoW8qQ4IDvZxNzf+ydoLBhZdyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQqNccs9Lzo1bqF7CXFk4gVMoggsVqMI11KAOFDg8wjO8WNJ6sibW67w0Yy16juGPrLcfyqaSZg==</latexit>

z2t

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="SECw2njScD/VjOUmFNoQJl5YQ2o=">AAAB7HicbZC7SgNBFIbPxluMt6ilzWIQUoXdgMQyaGMZwVwgWcPsZDYZMju7zJwV4pJnsLFQgq3vYmsn+jBOLoUm/jDw8f/nMOccPxZco+N8Wpm19Y3Nrex2bmd3b/8gf3jU0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPr6Z5854pzSN5i6OYeSHpSx5wStBY9Ycu3pW7+YJTcmayV8FdQKF6Wvz+qrxPat38R6cX0SRkEqkgWrddJ0YvJQo5FWyc6ySaxYQOSZ+1DUoSMu2ls2HH9plxenYQKfMk2jP3d0dKQq1HoW8qQ4IDvZxNzf+ydoLBhZdyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQqNccs9Lzo1bqF7CXFk4gVMoggsVqMI11KAOFDg8wjO8WNJ6sibW67w0Yy16juGPrLcfyqaSZg==</latexit>

z2t

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="SECw2njScD/VjOUmFNoQJl5YQ2o=">AAAB7HicbZC7SgNBFIbPxluMt6ilzWIQUoXdgMQyaGMZwVwgWcPsZDYZMju7zJwV4pJnsLFQgq3vYmsn+jBOLoUm/jDw8f/nMOccPxZco+N8Wpm19Y3Nrex2bmd3b/8gf3jU0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPr6Z5854pzSN5i6OYeSHpSx5wStBY9Ycu3pW7+YJTcmayV8FdQKF6Wvz+qrxPat38R6cX0SRkEqkgWrddJ0YvJQo5FWyc6ySaxYQOSZ+1DUoSMu2ls2HH9plxenYQKfMk2jP3d0dKQq1HoW8qQ4IDvZxNzf+ydoLBhZdyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQqNccs9Lzo1bqF7CXFk4gVMoggsVqMI11KAOFDg8wjO8WNJ6sibW67w0Yy16juGPrLcfyqaSZg==</latexit>

z2t

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="SECw2njScD/VjOUmFNoQJl5YQ2o=">AAAB7HicbZC7SgNBFIbPxluMt6ilzWIQUoXdgMQyaGMZwVwgWcPsZDYZMju7zJwV4pJnsLFQgq3vYmsn+jBOLoUm/jDw8f/nMOccPxZco+N8Wpm19Y3Nrex2bmd3b/8gf3jU0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPr6Z5854pzSN5i6OYeSHpSx5wStBY9Ycu3pW7+YJTcmayV8FdQKF6Wvz+qrxPat38R6cX0SRkEqkgWrddJ0YvJQo5FWyc6ySaxYQOSZ+1DUoSMu2ls2HH9plxenYQKfMk2jP3d0dKQq1HoW8qQ4IDvZxNzf+ydoLBhZdyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQqNccs9Lzo1bqF7CXFk4gVMoggsVqMI11KAOFDg8wjO8WNJ6sibW67w0Yy16juGPrLcfyqaSZg==</latexit>

z2t

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t

inp
ut

s  
   

 

inp
ut

s  
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="SECw2njScD/VjOUmFNoQJl5YQ2o=">AAAB7HicbZC7SgNBFIbPxluMt6ilzWIQUoXdgMQyaGMZwVwgWcPsZDYZMju7zJwV4pJnsLFQgq3vYmsn+jBOLoUm/jDw8f/nMOccPxZco+N8Wpm19Y3Nrex2bmd3b/8gf3jU0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPr6Z5854pzSN5i6OYeSHpSx5wStBY9Ycu3pW7+YJTcmayV8FdQKF6Wvz+qrxPat38R6cX0SRkEqkgWrddJ0YvJQo5FWyc6ySaxYQOSZ+1DUoSMu2ls2HH9plxenYQKfMk2jP3d0dKQq1HoW8qQ4IDvZxNzf+ydoLBhZdyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQqNccs9Lzo1bqF7CXFk4gVMoggsVqMI11KAOFDg8wjO8WNJ6sibW67w0Yy16juGPrLcfyqaSZg==</latexit>

z2t

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="SECw2njScD/VjOUmFNoQJl5YQ2o=">AAAB7HicbZC7SgNBFIbPxluMt6ilzWIQUoXdgMQyaGMZwVwgWcPsZDYZMju7zJwV4pJnsLFQgq3vYmsn+jBOLoUm/jDw8f/nMOccPxZco+N8Wpm19Y3Nrex2bmd3b/8gf3jU0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPr6Z5854pzSN5i6OYeSHpSx5wStBY9Ycu3pW7+YJTcmayV8FdQKF6Wvz+qrxPat38R6cX0SRkEqkgWrddJ0YvJQo5FWyc6ySaxYQOSZ+1DUoSMu2ls2HH9plxenYQKfMk2jP3d0dKQq1HoW8qQ4IDvZxNzf+ydoLBhZdyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQqNccs9Lzo1bqF7CXFk4gVMoggsVqMI11KAOFDg8wjO8WNJ6sibW67w0Yy16juGPrLcfyqaSZg==</latexit>

z2t

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="SECw2njScD/VjOUmFNoQJl5YQ2o=">AAAB7HicbZC7SgNBFIbPxluMt6ilzWIQUoXdgMQyaGMZwVwgWcPsZDYZMju7zJwV4pJnsLFQgq3vYmsn+jBOLoUm/jDw8f/nMOccPxZco+N8Wpm19Y3Nrex2bmd3b/8gf3jU0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPr6Z5854pzSN5i6OYeSHpSx5wStBY9Ycu3pW7+YJTcmayV8FdQKF6Wvz+qrxPat38R6cX0SRkEqkgWrddJ0YvJQo5FWyc6ySaxYQOSZ+1DUoSMu2ls2HH9plxenYQKfMk2jP3d0dKQq1HoW8qQ4IDvZxNzf+ydoLBhZdyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQqNccs9Lzo1bqF7CXFk4gVMoggsVqMI11KAOFDg8wjO8WNJ6sibW67w0Yy16juGPrLcfyqaSZg==</latexit>

z2t

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="SECw2njScD/VjOUmFNoQJl5YQ2o=">AAAB7HicbZC7SgNBFIbPxluMt6ilzWIQUoXdgMQyaGMZwVwgWcPsZDYZMju7zJwV4pJnsLFQgq3vYmsn+jBOLoUm/jDw8f/nMOccPxZco+N8Wpm19Y3Nrex2bmd3b/8gf3jU0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPr6Z5854pzSN5i6OYeSHpSx5wStBY9Ycu3pW7+YJTcmayV8FdQKF6Wvz+qrxPat38R6cX0SRkEqkgWrddJ0YvJQo5FWyc6ySaxYQOSZ+1DUoSMu2ls2HH9plxenYQKfMk2jP3d0dKQq1HoW8qQ4IDvZxNzf+ydoLBhZdyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQqNccs9Lzo1bqF7CXFk4gVMoggsVqMI11KAOFDg8wjO8WNJ6sibW67w0Yy16juGPrLcfyqaSZg==</latexit>

z2t

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="SECw2njScD/VjOUmFNoQJl5YQ2o=">AAAB7HicbZC7SgNBFIbPxluMt6ilzWIQUoXdgMQyaGMZwVwgWcPsZDYZMju7zJwV4pJnsLFQgq3vYmsn+jBOLoUm/jDw8f/nMOccPxZco+N8Wpm19Y3Nrex2bmd3b/8gf3jU0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPr6Z5854pzSN5i6OYeSHpSx5wStBY9Ycu3pW7+YJTcmayV8FdQKF6Wvz+qrxPat38R6cX0SRkEqkgWrddJ0YvJQo5FWyc6ySaxYQOSZ+1DUoSMu2ls2HH9plxenYQKfMk2jP3d0dKQq1HoW8qQ4IDvZxNzf+ydoLBhZdyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQqNccs9Lzo1bqF7CXFk4gVMoggsVqMI11KAOFDg8wjO8WNJ6sibW67w0Yy16juGPrLcfyqaSZg==</latexit>

z2t

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="P29eK1mBGI1ebozxYVCtYj6mdF8=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiVIQyUxTdCEU3LivYC7TjkEkzbWgmGZKMUIbu3Pgqblwo4tZXcOfbmE5nodUfAl/+cw7J+YOYUaUd58sqLCwuLa8UV0tr6xubW/b2TkuJRGLSxIIJ2QmQIoxy0tRUM9KJJUFRwEg7GF1N6+17IhUV/FaPY+JFaMBpSDHSxvLt/djX8AKGfq3SvkvFBCpzP4YZ+86Rb5edqpMJ/gU3hzLI1fDtz15f4CQiXGOGlOq6Tqy9FElNMSOTUi9RJEZ4hAaka5CjiCgvzfaYwEPj9GEopDlcw8z9OZGiSKlxFJjOCOmhmq9Nzf9q3USH515KeZxowvHsoTBhUAs4DQX2qSRYs7EBhCU1f4V4iCTC2kRXMiG48yv/hVat6p5WnZuTcv0yj6MI9sABqAAXnIE6uAYN0AQYPIAn8AJerUfr2Xqz3metBSuf2QW/ZH18A/9Hl3s=</latexit>

pt = f2(W
ost +W o

0 )

<latexit sha1_base64="f129smZG4GSjvR9WIq5IrgCivuQ=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEUTwVvXisYD+gDWGz3bRLdzdhdyLU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRangBjzv21lZXVvf2Cxtlbd3dvcq7v5ByySZpqxJE5HoTkQME1yxJnAQrJNqRmQkWDsa3U799iPThifqAcYpCyQZKB5zSsBKoVsxIVxjiXvAJTPYD92qV/NmwMvEL0gVFWiE7levn9BMMgVUEG O6vpdCkBMNnAo2Kfcyw1JCR2TAupYqYtcE+ezwCT6xSh/HibalAM/U3xM5kcaMZWQ7JYGhWfSm4n9eN4P4Ksi5SjNgis4XxZnAkOBpCrjPNaMgxpYQqrm9FdMh0YSCzapsQ/AXX14mrbOaf1Hz7s+r9ZsijhI6QsfoFPnoEtXRHWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP2B8/kDYWaSQQ==</latexit>

st : m⇥ 1

<latexit sha1_base64="qNNzut5c0ZCecxVLoU2Sh9dK2H8=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuKIqnoBePEcwDkmWZncwmQ2YfzPQGYsiXePGgiFc/xZt/4yTZgyYWNBRV3XR3BakUGh3n2yqsrW9sbhW3Szu7e/tl++CwqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJv5rRFXWiTxI45T7kW0H4tQMIpG8u1y6uMNGZEuiohr4vp2xak6c5BV4uakAjnqvv3V7SUsi3iMTF KtO66TojehCgWTfFrqZpqnlA1pn3cMjalZ403mh0/JqVF6JEyUqRjJXP09MaGR1uMoMJ0RxYFe9mbif14nw/Dam4g4zZDHbLEozCTBhMxSID2hOEM5NoQyJcythA2oogxNViUTgrv88ippnlfdy6rzcFGp3eZxFOEYTuAMXLiCGtxDHRrAIINneIU368l6sd6tj0VrwcpnjuAPrM8faqWSRw==</latexit>

pt : v ⇥ 1

<latexit sha1_base64="9nBqaogGe1jgVa4luTjCEVkvixs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIongqevFYwX5AE8Jmu2mXbjZhdyItoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1PBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqWyeZoqxFE5Gobkg0E1yyFnAQrJsqRuJQsE44upv5nSemNE/kI0xS5sdkIHnEKQEjBXZ1HMAN9pgQ2AMeM43dwK45dWcOvErcgtRQgWZgf3n9hGYxk0 AF0brnOin4OVHAqWDTipdplhI6IgPWM1QSs8bP57dP8alR+jhKlCkJeK7+nshJrPUkDk1nTGCol72Z+J/XyyC69nMu0wyYpItFUSYwJHgWBO5zxSiIiSGEKm5uxXRIFKFg4qqYENzll1dJ+7zuXtadh4ta47aIo4yO0Qk6Qy66Qg10j5qohSgao2f0it6sqfVivVsfi9aSVcwcoT+wPn8AsTaTkA==</latexit>

xt : `⇥ 1

• Example: Alphabet of    chars; state is last c chars (           )<latexit sha1_base64="PMvWQuVKNOMXJBHX6ukthBYFtiQ=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6q7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA64jj8=</latexit>

`
<latexit sha1_base64="/herhF0vJlJgt4HMkVy4JkDdUY8="></latexit>

st = f1 (W
sxxt +W ssst�1 +W ss

0 )

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

<latexit sha1_base64="iUA4eX/4h6RSZg+3DWJ388md51Q=">AAACEHicbVDJSgNBEO2JW4zbqEcvTYKYoIQZQRRECHrxFKKYBZIYejqdpEnPQneNJAz5BC/in3jxoIhXj97yN3aWgyY+KHi8V0VVPScQXIFlDY3YwuLS8kp8NbG2vrG5ZW7vlJQfSsqK1Be+rDhEMcE9VgQOglUCyYjrCFZ2ulcjv/zApOK+dwf9gNVd0vZ4i1MCWmqYB8F9lOaZAb7ANWA9kG50m88P0r2JfI7LR7jcsDINM2VlrTHwPLGnJJVL1g6fh7l+oWF+15o+DV3mARVEqaptBVCPiAROBRskaqFiAaFd0mZVTT3iMlWPxg8N8L5WmrjlS10e4LH6eyIirlJ919GdLoGOmvVG4n9eNYTWWT3iXhAC8+hkUSsUGHw8Sgc3uWQURF8TQiXXt2LaIZJQ0BkmdAj27MvzpHSctU+y1o2dyl2iCeJoDyVRGtnoFOXQNSqgIqLoEb2gN/RuPBmvxofxOWmNGdOZXfQHxtcPaUqd4Q==</latexit>

p(i) = RNN(x(i);W,W0)

<latexit sha1_base64="HClBWYb8tS6Xm8zozSrJlyHj7hY=">AAAB8HicbZDLSgMxFIYz9VbHW9Wlm2ARXJUZQXRTLLpxWcFepB1KJj3ThiaZIckIZehTuHGhiLjzRdy7Ed/G9LLQ1h8CH/9/DjnnhAln2njet5NbWl5ZXcuvuxubW9s7hd29uo5TRaFGYx6rZkg0cCahZpjh0EwUEBFyaISDq3HeuAelWSxvzTCBQJCeZBGjxFjrTuAypm3gvFMoeiVvIrwI/gyKFx9uOXn7cqudwme7G9NUgDSUE61bvpeYICPKMMph5LZTDQmhA9KDlkVJBOggmww8wkfW6eIoVvZJgyfu746MCK2HIrSVgpi+ns/G5n9ZKzXReZAxmaQGJJ1+FKUcmxiPt8ddpoAaPrRAqGJ2Vkz7RBFq7I1cewR/fuVFqJ+U/NOSd+MXK5doqjw6QIfoGPnoDFXQNaqiGqJIoAf0hJ4d5Tw6L87rtDTnzHr20R857z8n+JL8</latexit>

m = c`

<latexit sha1_base64="SECw2njScD/VjOUmFNoQJl5YQ2o=">AAAB7HicbZC7SgNBFIbPxluMt6ilzWIQUoXdgMQyaGMZwVwgWcPsZDYZMju7zJwV4pJnsLFQgq3vYmsn+jBOLoUm/jDw8f/nMOccPxZco+N8Wpm19Y3Nrex2bmd3b/8gf3jU0FGiKKvTSESq5RPNBJesjhwFa8WKkdAXrOkPr6Z5854pzSN5i6OYeSHpSx5wStBY9Ycu3pW7+YJTcmayV8FdQKF6Wvz+qrxPat38R6cX0SRkEqkgWrddJ0YvJQo5FWyc6ySaxYQOSZ+1DUoSMu2ls2HH9plxenYQKfMk2jP3d0dKQq1HoW8qQ4IDvZxNzf+ydoLBhZdyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQqNccs9Lzo1bqF7CXFk4gVMoggsVqMI11KAOFDg8wjO8WNJ6sibW67w0Yy16juGPrLcfyqaSZg==</latexit>

z2t

<latexit sha1_base64="FAzl6zHMXkav4dkABwccbTM73H4=">AAAB7HicbZA9SwNBEIbn4leMX1FLmyNBSBXuBIll0MYygpcEkhj2NnvJkr29Y3dOiEd+g42FEmz9L7Z2oj/GzUehiS8sPLzvDDszfiy4Rsf5tDJr6xubW9nt3M7u3v5B/vCorqNEUebRSESq6RPNBJfMQ46CNWPFSOgL1vCHV9O8cc+U5pG8xVHMOiHpSx5wStBY3kMX79xuvuiUnZnsVXAXUKwWSt9flfdJrZv/aPcimoRMIhVE65brxNhJiUJOBRvn2olmMaFD0mctg5KETHfS2bBj+9Q4PTuIlHkS7Zn7uyMlodaj0DeVIcGBXs6m5n9ZK8HgopNyGSfIJJ1/FCTCxsiebm73uGIUxcgAoYqbWW06IIpQNPfJmSO4yyuvQv2s7J6XnRu3WL2EubJwAgUogQsVqMI11MADChwe4RleLGk9WRPrdV6asRY9x/BH1tsPySKSZQ==</latexit>

z1t



Recurrent neural network

11

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
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<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="zOP3um8e8leJkxnyHB4/LNegM5A=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJVEEN2IRTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK0+jHs34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWl5ZXcuv2xubW9s7hd29uopTSbFGYx7LZkAUciawppnm2Ewkkijg2AgG1+O8cY9SsVjc6mGCfkR6goWMEm2squoUim7JnchZBG8GxcsP+yJ5/7IrncJnuxvTNEKhKSdKtTw30X5GpGaU48hupwoTQgekhy2DgkSo/Gwy6Mg5Mk7XCWNpntDOxP3dkZFIqWEUmMqI6L6az8bmf1kr1eG5nzGRpBoFnX4UptzRsTPe2ukyiVTzoQFCJTOzOrRPJKHa3MY2R/DmV16E+knJOy25Va9YvoKp8nAAh3AMHpxBGW6gAjWggPAAT/Bs3VmP1ov1Oi3NWbOeffgj6+0HP92QOQ==</latexit>s

<latexit sha1_base64="fnABiC+h9lF2+Rck7EWKOt1hN98=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdQbQRgzaWCZgLJEuYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsniYUm/jDw8f/nMOccPxFcacf5snILi0vLK/lVe219Y3OrsL1TV3EqGdZYLGLZ9KlCwSOsaa4FNhOJNPQFNvzB5Thv3KJUPI6u9TBBL6S9iAecUW2s6l2nUHRKzkRkHtwfKJ6/22fJ26dd6RQ+2t2YpSFGmgmqVMt1Eu1lVGrOBI7sdqowoWxAe9gyGNEQlZdNBh2RA+N0SRBL8yJNJu7vjoyGSg1D31SGVPfVbDY2/8taqQ5OvYxHSaoxYtOPglQQHZPx1qTLJTIthgYok9zMSlifSsq0uY1tjuDOrjwP9aOSe1xyqm6xfAFT5WEP9uEQXDiBMlxBBWrAAOEeHuHJurEerGfrZVqas356duGPrNdvR3GQPg==</latexit>x

<latexit sha1_base64="wo78Fd0+Ebgukz6cBaJD+6+kfQM=">AAAB7HicbZDLSsNAFIZP6q3GW9Slm8EiuCqJILoRi25cVjBtoY1lMp20QyeTMDMRaugzuHGhiCvBV3HvRnwbp5eFtv4w8PH/5zDnnDDlTGnX/bYKC4tLyyvFVXttfWNzy9neqakkk4T6JOGJbIRYUc4E9TXTnDZSSXEccloP+5ejvH5HpWKJuNGDlAYx7goWMYK1sfz729wbtp2SW3bHQvPgTaF0/mGfpW9fdrXtfLY6CcliKjThWKmm56Y6yLHUjHA6tFuZoikmfdylTYMCx1QF+XjYITowTgdFiTRPaDR2f3fkOFZqEIemMsa6p2azkflf1sx0dBrkTKSZpoJMPooyjnSCRpujDpOUaD4wgIlkZlZEelhios19bHMEb3bleagdlb3jsnvtlSoXMFER9mAfDsGDE6jAFVTBBwIMHuAJni1hPVov1uuktGBNe3bhj6z3HzMHke8=</latexit>

z1

<latexit sha1_base64="v9ozyVEOkK5UCFjDfm7jJtCe81M=">AAAB6nicbZDLSsNAFIZP6q3GW9Slm8EiuCpJQXQjFt24rGgv0MYymU7aoZNJmJkINfQR3LhQxKW+i3s34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWFxaXsmv2mvrG5tbzvZOTcWpJLRKYh7LRoAV5UzQqmaa00YiKY4CTutB/2KU1++oVCwWN3qQUD/CXcFCRrA21vX9bantFNyiOxaaB28KhbMP+zR5+7Irbeez1YlJGlGhCcdKNT030X6GpWaE06HdShVNMOnjLm0aFDiiys/Gow7RgXE6KIyleUKjsfu7I8ORUoMoMJUR1j01m43M/7JmqsMTP2MiSTUVZPJRmHKkYzTaG3WYpETzgQFMJDOzItLDEhNtrmObI3izK89DrVT0jorulVcon8NEediDfTgED46hDJdQgSoQ6MIDPMGzxa1H68V6nZTmrGnPLvyR9f4Db+SQ5A==</latexit>

z2

<latexit sha1_base64="d1/UUwrMIxFXofwizASIwNP1GNU=">AAAB6HicbZC7SgNBFIbPxluMt6ilIoNBsAq7gmgZtLFMwFwgWcLs5CQZMzu7zMwKYUlpZWOhiK1Pkeew8xl8CSeXQqM/DHz8/znMOSeIBdfGdT+dzNLyyupadj23sbm1vZPf3avpKFEMqywSkWoEVKPgEquGG4GNWCENA4H1YHA9yev3qDSP5K0ZxuiHtCd5lzNqrFWJ2/mCW3SnIn/Bm0OhdDiufD0cjcvt/EerE7EkRGmYoFo3PTc2fkqV4UzgKNdKNMaUDWgPmxYlDVH76XTQETmxTod0I2WfNGTq/uxIaaj1MAxsZUhNXy9mE/O/rJmY7qWfchknBiWbfdRNBDERmWxNOlwhM2JogTLF7ayE9amizNjb5OwRvMWV/0LtrOidF92KVyhdwUxZOIBjOAUPLqAEN1CGKjBAeIRneHHunCfn1XmblWacec8+/JLz/g3IupCg</latexit>p

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
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<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="zOP3um8e8leJkxnyHB4/LNegM5A=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJVEEN2IRTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK0+jHs34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWl5ZXcuv2xubW9s7hd29uopTSbFGYx7LZkAUciawppnm2Ewkkijg2AgG1+O8cY9SsVjc6mGCfkR6goWMEm2squoUim7JnchZBG8GxcsP+yJ5/7IrncJnuxvTNEKhKSdKtTw30X5GpGaU48hupwoTQgekhy2DgkSo/Gwy6Mg5Mk7XCWNpntDOxP3dkZFIqWEUmMqI6L6az8bmf1kr1eG5nzGRpBoFnX4UptzRsTPe2ukyiVTzoQFCJTOzOrRPJKHa3MY2R/DmV16E+knJOy25Va9YvoKp8nAAh3AMHpxBGW6gAjWggPAAT/Bs3VmP1ov1Oi3NWbOeffgj6+0HP92QOQ==</latexit>s

<latexit sha1_base64="fnABiC+h9lF2+Rck7EWKOt1hN98=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdQbQRgzaWCZgLJEuYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsniYUm/jDw8f/nMOccPxFcacf5snILi0vLK/lVe219Y3OrsL1TV3EqGdZYLGLZ9KlCwSOsaa4FNhOJNPQFNvzB5Thv3KJUPI6u9TBBL6S9iAecUW2s6l2nUHRKzkRkHtwfKJ6/22fJ26dd6RQ+2t2YpSFGmgmqVMt1Eu1lVGrOBI7sdqowoWxAe9gyGNEQlZdNBh2RA+N0SRBL8yJNJu7vjoyGSg1D31SGVPfVbDY2/8taqQ5OvYxHSaoxYtOPglQQHZPx1qTLJTIthgYok9zMSlifSsq0uY1tjuDOrjwP9aOSe1xyqm6xfAFT5WEP9uEQXDiBMlxBBWrAAOEeHuHJurEerGfrZVqas356duGPrNdvR3GQPg==</latexit>x

<latexit sha1_base64="wo78Fd0+Ebgukz6cBaJD+6+kfQM=">AAAB7HicbZDLSsNAFIZP6q3GW9Slm8EiuCqJILoRi25cVjBtoY1lMp20QyeTMDMRaugzuHGhiCvBV3HvRnwbp5eFtv4w8PH/5zDnnDDlTGnX/bYKC4tLyyvFVXttfWNzy9neqakkk4T6JOGJbIRYUc4E9TXTnDZSSXEccloP+5ejvH5HpWKJuNGDlAYx7goWMYK1sfz729wbtp2SW3bHQvPgTaF0/mGfpW9fdrXtfLY6CcliKjThWKmm56Y6yLHUjHA6tFuZoikmfdylTYMCx1QF+XjYITowTgdFiTRPaDR2f3fkOFZqEIemMsa6p2azkflf1sx0dBrkTKSZpoJMPooyjnSCRpujDpOUaD4wgIlkZlZEelhios19bHMEb3bleagdlb3jsnvtlSoXMFER9mAfDsGDE6jAFVTBBwIMHuAJni1hPVov1uuktGBNe3bhj6z3HzMHke8=</latexit>

z1

<latexit sha1_base64="v9ozyVEOkK5UCFjDfm7jJtCe81M=">AAAB6nicbZDLSsNAFIZP6q3GW9Slm8EiuCpJQXQjFt24rGgv0MYymU7aoZNJmJkINfQR3LhQxKW+i3s34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWFxaXsmv2mvrG5tbzvZOTcWpJLRKYh7LRoAV5UzQqmaa00YiKY4CTutB/2KU1++oVCwWN3qQUD/CXcFCRrA21vX9bantFNyiOxaaB28KhbMP+zR5+7Irbeez1YlJGlGhCcdKNT030X6GpWaE06HdShVNMOnjLm0aFDiiys/Gow7RgXE6KIyleUKjsfu7I8ORUoMoMJUR1j01m43M/7JmqsMTP2MiSTUVZPJRmHKkYzTaG3WYpETzgQFMJDOzItLDEhNtrmObI3izK89DrVT0jorulVcon8NEediDfTgED46hDJdQgSoQ6MIDPMGzxa1H68V6nZTmrGnPLvyR9f4Db+SQ5A==</latexit>

z2

<latexit sha1_base64="d1/UUwrMIxFXofwizASIwNP1GNU=">AAAB6HicbZC7SgNBFIbPxluMt6ilIoNBsAq7gmgZtLFMwFwgWcLs5CQZMzu7zMwKYUlpZWOhiK1Pkeew8xl8CSeXQqM/DHz8/znMOSeIBdfGdT+dzNLyyupadj23sbm1vZPf3avpKFEMqywSkWoEVKPgEquGG4GNWCENA4H1YHA9yev3qDSP5K0ZxuiHtCd5lzNqrFWJ2/mCW3SnIn/Bm0OhdDiufD0cjcvt/EerE7EkRGmYoFo3PTc2fkqV4UzgKNdKNMaUDWgPmxYlDVH76XTQETmxTod0I2WfNGTq/uxIaaj1MAxsZUhNXy9mE/O/rJmY7qWfchknBiWbfdRNBDERmWxNOlwhM2JogTLF7ayE9amizNjb5OwRvMWV/0LtrOidF92KVyhdwUxZOIBjOAUPLqAEN1CGKjBAeIRneHHunCfn1XmblWacec8+/JLz/g3IupCg</latexit>p

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="zOP3um8e8leJkxnyHB4/LNegM5A=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJVEEN2IRTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK0+jHs34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWl5ZXcuv2xubW9s7hd29uopTSbFGYx7LZkAUciawppnm2Ewkkijg2AgG1+O8cY9SsVjc6mGCfkR6goWMEm2squoUim7JnchZBG8GxcsP+yJ5/7IrncJnuxvTNEKhKSdKtTw30X5GpGaU48hupwoTQgekhy2DgkSo/Gwy6Mg5Mk7XCWNpntDOxP3dkZFIqWEUmMqI6L6az8bmf1kr1eG5nzGRpBoFnX4UptzRsTPe2ukyiVTzoQFCJTOzOrRPJKHa3MY2R/DmV16E+knJOy25Va9YvoKp8nAAh3AMHpxBGW6gAjWggPAAT/Bs3VmP1ov1Oi3NWbOeffgj6+0HP92QOQ==</latexit>s

<latexit sha1_base64="fnABiC+h9lF2+Rck7EWKOt1hN98=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdQbQRgzaWCZgLJEuYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsniYUm/jDw8f/nMOccPxFcacf5snILi0vLK/lVe219Y3OrsL1TV3EqGdZYLGLZ9KlCwSOsaa4FNhOJNPQFNvzB5Thv3KJUPI6u9TBBL6S9iAecUW2s6l2nUHRKzkRkHtwfKJ6/22fJ26dd6RQ+2t2YpSFGmgmqVMt1Eu1lVGrOBI7sdqowoWxAe9gyGNEQlZdNBh2RA+N0SRBL8yJNJu7vjoyGSg1D31SGVPfVbDY2/8taqQ5OvYxHSaoxYtOPglQQHZPx1qTLJTIthgYok9zMSlifSsq0uY1tjuDOrjwP9aOSe1xyqm6xfAFT5WEP9uEQXDiBMlxBBWrAAOEeHuHJurEerGfrZVqas356duGPrNdvR3GQPg==</latexit>x

<latexit sha1_base64="wo78Fd0+Ebgukz6cBaJD+6+kfQM=">AAAB7HicbZDLSsNAFIZP6q3GW9Slm8EiuCqJILoRi25cVjBtoY1lMp20QyeTMDMRaugzuHGhiCvBV3HvRnwbp5eFtv4w8PH/5zDnnDDlTGnX/bYKC4tLyyvFVXttfWNzy9neqakkk4T6JOGJbIRYUc4E9TXTnDZSSXEccloP+5ejvH5HpWKJuNGDlAYx7goWMYK1sfz729wbtp2SW3bHQvPgTaF0/mGfpW9fdrXtfLY6CcliKjThWKmm56Y6yLHUjHA6tFuZoikmfdylTYMCx1QF+XjYITowTgdFiTRPaDR2f3fkOFZqEIemMsa6p2azkflf1sx0dBrkTKSZpoJMPooyjnSCRpujDpOUaD4wgIlkZlZEelhios19bHMEb3bleagdlb3jsnvtlSoXMFER9mAfDsGDE6jAFVTBBwIMHuAJni1hPVov1uuktGBNe3bhj6z3HzMHke8=</latexit>

z1

<latexit sha1_base64="v9ozyVEOkK5UCFjDfm7jJtCe81M=">AAAB6nicbZDLSsNAFIZP6q3GW9Slm8EiuCpJQXQjFt24rGgv0MYymU7aoZNJmJkINfQR3LhQxKW+i3s34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWFxaXsmv2mvrG5tbzvZOTcWpJLRKYh7LRoAV5UzQqmaa00YiKY4CTutB/2KU1++oVCwWN3qQUD/CXcFCRrA21vX9bantFNyiOxaaB28KhbMP+zR5+7Irbeez1YlJGlGhCcdKNT030X6GpWaE06HdShVNMOnjLm0aFDiiys/Gow7RgXE6KIyleUKjsfu7I8ORUoMoMJUR1j01m43M/7JmqsMTP2MiSTUVZPJRmHKkYzTaG3WYpETzgQFMJDOzItLDEhNtrmObI3izK89DrVT0jorulVcon8NEediDfTgED46hDJdQgSoQ6MIDPMGzxa1H68V6nZTmrGnPLvyR9f4Db+SQ5A==</latexit>

z2

<latexit sha1_base64="d1/UUwrMIxFXofwizASIwNP1GNU=">AAAB6HicbZC7SgNBFIbPxluMt6ilIoNBsAq7gmgZtLFMwFwgWcLs5CQZMzu7zMwKYUlpZWOhiK1Pkeew8xl8CSeXQqM/DHz8/znMOSeIBdfGdT+dzNLyyupadj23sbm1vZPf3avpKFEMqywSkWoEVKPgEquGG4GNWCENA4H1YHA9yev3qDSP5K0ZxuiHtCd5lzNqrFWJ2/mCW3SnIn/Bm0OhdDiufD0cjcvt/EerE7EkRGmYoFo3PTc2fkqV4UzgKNdKNMaUDWgPmxYlDVH76XTQETmxTod0I2WfNGTq/uxIaaj1MAxsZUhNXy9mE/O/rJmY7qWfchknBiWbfdRNBDERmWxNOlwhM2JogTLF7ayE9amizNjb5OwRvMWV/0LtrOidF92KVyhdwUxZOIBjOAUPLqAEN1CGKjBAeIRneHHunCfn1XmblWacec8+/JLz/g3IupCg</latexit>p



Recurrent neural network

11

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="zOP3um8e8leJkxnyHB4/LNegM5A=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJVEEN2IRTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK0+jHs34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWl5ZXcuv2xubW9s7hd29uopTSbFGYx7LZkAUciawppnm2Ewkkijg2AgG1+O8cY9SsVjc6mGCfkR6goWMEm2squoUim7JnchZBG8GxcsP+yJ5/7IrncJnuxvTNEKhKSdKtTw30X5GpGaU48hupwoTQgekhy2DgkSo/Gwy6Mg5Mk7XCWNpntDOxP3dkZFIqWEUmMqI6L6az8bmf1kr1eG5nzGRpBoFnX4UptzRsTPe2ukyiVTzoQFCJTOzOrRPJKHa3MY2R/DmV16E+knJOy25Va9YvoKp8nAAh3AMHpxBGW6gAjWggPAAT/Bs3VmP1ov1Oi3NWbOeffgj6+0HP92QOQ==</latexit>s

<latexit sha1_base64="fnABiC+h9lF2+Rck7EWKOt1hN98=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdQbQRgzaWCZgLJEuYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsniYUm/jDw8f/nMOccPxFcacf5snILi0vLK/lVe219Y3OrsL1TV3EqGdZYLGLZ9KlCwSOsaa4FNhOJNPQFNvzB5Thv3KJUPI6u9TBBL6S9iAecUW2s6l2nUHRKzkRkHtwfKJ6/22fJ26dd6RQ+2t2YpSFGmgmqVMt1Eu1lVGrOBI7sdqowoWxAe9gyGNEQlZdNBh2RA+N0SRBL8yJNJu7vjoyGSg1D31SGVPfVbDY2/8taqQ5OvYxHSaoxYtOPglQQHZPx1qTLJTIthgYok9zMSlifSsq0uY1tjuDOrjwP9aOSe1xyqm6xfAFT5WEP9uEQXDiBMlxBBWrAAOEeHuHJurEerGfrZVqas356duGPrNdvR3GQPg==</latexit>x

<latexit sha1_base64="wo78Fd0+Ebgukz6cBaJD+6+kfQM=">AAAB7HicbZDLSsNAFIZP6q3GW9Slm8EiuCqJILoRi25cVjBtoY1lMp20QyeTMDMRaugzuHGhiCvBV3HvRnwbp5eFtv4w8PH/5zDnnDDlTGnX/bYKC4tLyyvFVXttfWNzy9neqakkk4T6JOGJbIRYUc4E9TXTnDZSSXEccloP+5ejvH5HpWKJuNGDlAYx7goWMYK1sfz729wbtp2SW3bHQvPgTaF0/mGfpW9fdrXtfLY6CcliKjThWKmm56Y6yLHUjHA6tFuZoikmfdylTYMCx1QF+XjYITowTgdFiTRPaDR2f3fkOFZqEIemMsa6p2azkflf1sx0dBrkTKSZpoJMPooyjnSCRpujDpOUaD4wgIlkZlZEelhios19bHMEb3bleagdlb3jsnvtlSoXMFER9mAfDsGDE6jAFVTBBwIMHuAJni1hPVov1uuktGBNe3bhj6z3HzMHke8=</latexit>

z1

<latexit sha1_base64="v9ozyVEOkK5UCFjDfm7jJtCe81M=">AAAB6nicbZDLSsNAFIZP6q3GW9Slm8EiuCpJQXQjFt24rGgv0MYymU7aoZNJmJkINfQR3LhQxKW+i3s34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWFxaXsmv2mvrG5tbzvZOTcWpJLRKYh7LRoAV5UzQqmaa00YiKY4CTutB/2KU1++oVCwWN3qQUD/CXcFCRrA21vX9bantFNyiOxaaB28KhbMP+zR5+7Irbeez1YlJGlGhCcdKNT030X6GpWaE06HdShVNMOnjLm0aFDiiys/Gow7RgXE6KIyleUKjsfu7I8ORUoMoMJUR1j01m43M/7JmqsMTP2MiSTUVZPJRmHKkYzTaG3WYpETzgQFMJDOzItLDEhNtrmObI3izK89DrVT0jorulVcon8NEediDfTgED46hDJdQgSoQ6MIDPMGzxa1H68V6nZTmrGnPLvyR9f4Db+SQ5A==</latexit>

z2

<latexit sha1_base64="d1/UUwrMIxFXofwizASIwNP1GNU=">AAAB6HicbZC7SgNBFIbPxluMt6ilIoNBsAq7gmgZtLFMwFwgWcLs5CQZMzu7zMwKYUlpZWOhiK1Pkeew8xl8CSeXQqM/DHz8/znMOSeIBdfGdT+dzNLyyupadj23sbm1vZPf3avpKFEMqywSkWoEVKPgEquGG4GNWCENA4H1YHA9yev3qDSP5K0ZxuiHtCd5lzNqrFWJ2/mCW3SnIn/Bm0OhdDiufD0cjcvt/EerE7EkRGmYoFo3PTc2fkqV4UzgKNdKNMaUDWgPmxYlDVH76XTQETmxTod0I2WfNGTq/uxIaaj1MAxsZUhNXy9mE/O/rJmY7qWfchknBiWbfdRNBDERmWxNOlwhM2JogTLF7ayE9amizNjb5OwRvMWV/0LtrOidF92KVyhdwUxZOIBjOAUPLqAEN1CGKjBAeIRneHHunCfn1XmblWacec8+/JLz/g3IupCg</latexit>p
folded/
rolled
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="zOP3um8e8leJkxnyHB4/LNegM5A=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJVEEN2IRTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK0+jHs34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWl5ZXcuv2xubW9s7hd29uopTSbFGYx7LZkAUciawppnm2Ewkkijg2AgG1+O8cY9SsVjc6mGCfkR6goWMEm2squoUim7JnchZBG8GxcsP+yJ5/7IrncJnuxvTNEKhKSdKtTw30X5GpGaU48hupwoTQgekhy2DgkSo/Gwy6Mg5Mk7XCWNpntDOxP3dkZFIqWEUmMqI6L6az8bmf1kr1eG5nzGRpBoFnX4UptzRsTPe2ukyiVTzoQFCJTOzOrRPJKHa3MY2R/DmV16E+knJOy25Va9YvoKp8nAAh3AMHpxBGW6gAjWggPAAT/Bs3VmP1ov1Oi3NWbOeffgj6+0HP92QOQ==</latexit>s

<latexit sha1_base64="fnABiC+h9lF2+Rck7EWKOt1hN98=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdQbQRgzaWCZgLJEuYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsniYUm/jDw8f/nMOccPxFcacf5snILi0vLK/lVe219Y3OrsL1TV3EqGdZYLGLZ9KlCwSOsaa4FNhOJNPQFNvzB5Thv3KJUPI6u9TBBL6S9iAecUW2s6l2nUHRKzkRkHtwfKJ6/22fJ26dd6RQ+2t2YpSFGmgmqVMt1Eu1lVGrOBI7sdqowoWxAe9gyGNEQlZdNBh2RA+N0SRBL8yJNJu7vjoyGSg1D31SGVPfVbDY2/8taqQ5OvYxHSaoxYtOPglQQHZPx1qTLJTIthgYok9zMSlifSsq0uY1tjuDOrjwP9aOSe1xyqm6xfAFT5WEP9uEQXDiBMlxBBWrAAOEeHuHJurEerGfrZVqas356duGPrNdvR3GQPg==</latexit>x

<latexit sha1_base64="wo78Fd0+Ebgukz6cBaJD+6+kfQM=">AAAB7HicbZDLSsNAFIZP6q3GW9Slm8EiuCqJILoRi25cVjBtoY1lMp20QyeTMDMRaugzuHGhiCvBV3HvRnwbp5eFtv4w8PH/5zDnnDDlTGnX/bYKC4tLyyvFVXttfWNzy9neqakkk4T6JOGJbIRYUc4E9TXTnDZSSXEccloP+5ejvH5HpWKJuNGDlAYx7goWMYK1sfz729wbtp2SW3bHQvPgTaF0/mGfpW9fdrXtfLY6CcliKjThWKmm56Y6yLHUjHA6tFuZoikmfdylTYMCx1QF+XjYITowTgdFiTRPaDR2f3fkOFZqEIemMsa6p2azkflf1sx0dBrkTKSZpoJMPooyjnSCRpujDpOUaD4wgIlkZlZEelhios19bHMEb3bleagdlb3jsnvtlSoXMFER9mAfDsGDE6jAFVTBBwIMHuAJni1hPVov1uuktGBNe3bhj6z3HzMHke8=</latexit>

z1

<latexit sha1_base64="v9ozyVEOkK5UCFjDfm7jJtCe81M=">AAAB6nicbZDLSsNAFIZP6q3GW9Slm8EiuCpJQXQjFt24rGgv0MYymU7aoZNJmJkINfQR3LhQxKW+i3s34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWFxaXsmv2mvrG5tbzvZOTcWpJLRKYh7LRoAV5UzQqmaa00YiKY4CTutB/2KU1++oVCwWN3qQUD/CXcFCRrA21vX9bantFNyiOxaaB28KhbMP+zR5+7Irbeez1YlJGlGhCcdKNT030X6GpWaE06HdShVNMOnjLm0aFDiiys/Gow7RgXE6KIyleUKjsfu7I8ORUoMoMJUR1j01m43M/7JmqsMTP2MiSTUVZPJRmHKkYzTaG3WYpETzgQFMJDOzItLDEhNtrmObI3izK89DrVT0jorulVcon8NEediDfTgED46hDJdQgSoQ6MIDPMGzxa1H68V6nZTmrGnPLvyR9f4Db+SQ5A==</latexit>

z2

<latexit sha1_base64="d1/UUwrMIxFXofwizASIwNP1GNU=">AAAB6HicbZC7SgNBFIbPxluMt6ilIoNBsAq7gmgZtLFMwFwgWcLs5CQZMzu7zMwKYUlpZWOhiK1Pkeew8xl8CSeXQqM/DHz8/znMOSeIBdfGdT+dzNLyyupadj23sbm1vZPf3avpKFEMqywSkWoEVKPgEquGG4GNWCENA4H1YHA9yev3qDSP5K0ZxuiHtCd5lzNqrFWJ2/mCW3SnIn/Bm0OhdDiufD0cjcvt/EerE7EkRGmYoFo3PTc2fkqV4UzgKNdKNMaUDWgPmxYlDVH76XTQETmxTod0I2WfNGTq/uxIaaj1MAxsZUhNXy9mE/O/rJmY7qWfchknBiWbfdRNBDERmWxNOlwhM2JogTLF7ayE9amizNjb5OwRvMWV/0LtrOidF92KVyhdwUxZOIBjOAUPLqAEN1CGKjBAeIRneHHunCfn1XmblWacec8+/JLz/g3IupCg</latexit>p
folded/
rolled

unfolded/
unrolled



• Compare to:

Recurrent neural network

11

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="zOP3um8e8leJkxnyHB4/LNegM5A=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJVEEN2IRTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK0+jHs34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWl5ZXcuv2xubW9s7hd29uopTSbFGYx7LZkAUciawppnm2Ewkkijg2AgG1+O8cY9SsVjc6mGCfkR6goWMEm2squoUim7JnchZBG8GxcsP+yJ5/7IrncJnuxvTNEKhKSdKtTw30X5GpGaU48hupwoTQgekhy2DgkSo/Gwy6Mg5Mk7XCWNpntDOxP3dkZFIqWEUmMqI6L6az8bmf1kr1eG5nzGRpBoFnX4UptzRsTPe2ukyiVTzoQFCJTOzOrRPJKHa3MY2R/DmV16E+knJOy25Va9YvoKp8nAAh3AMHpxBGW6gAjWggPAAT/Bs3VmP1ov1Oi3NWbOeffgj6+0HP92QOQ==</latexit>s

<latexit sha1_base64="fnABiC+h9lF2+Rck7EWKOt1hN98=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdQbQRgzaWCZgLJEuYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsniYUm/jDw8f/nMOccPxFcacf5snILi0vLK/lVe219Y3OrsL1TV3EqGdZYLGLZ9KlCwSOsaa4FNhOJNPQFNvzB5Thv3KJUPI6u9TBBL6S9iAecUW2s6l2nUHRKzkRkHtwfKJ6/22fJ26dd6RQ+2t2YpSFGmgmqVMt1Eu1lVGrOBI7sdqowoWxAe9gyGNEQlZdNBh2RA+N0SRBL8yJNJu7vjoyGSg1D31SGVPfVbDY2/8taqQ5OvYxHSaoxYtOPglQQHZPx1qTLJTIthgYok9zMSlifSsq0uY1tjuDOrjwP9aOSe1xyqm6xfAFT5WEP9uEQXDiBMlxBBWrAAOEeHuHJurEerGfrZVqas356duGPrNdvR3GQPg==</latexit>x

<latexit sha1_base64="wo78Fd0+Ebgukz6cBaJD+6+kfQM=">AAAB7HicbZDLSsNAFIZP6q3GW9Slm8EiuCqJILoRi25cVjBtoY1lMp20QyeTMDMRaugzuHGhiCvBV3HvRnwbp5eFtv4w8PH/5zDnnDDlTGnX/bYKC4tLyyvFVXttfWNzy9neqakkk4T6JOGJbIRYUc4E9TXTnDZSSXEccloP+5ejvH5HpWKJuNGDlAYx7goWMYK1sfz729wbtp2SW3bHQvPgTaF0/mGfpW9fdrXtfLY6CcliKjThWKmm56Y6yLHUjHA6tFuZoikmfdylTYMCx1QF+XjYITowTgdFiTRPaDR2f3fkOFZqEIemMsa6p2azkflf1sx0dBrkTKSZpoJMPooyjnSCRpujDpOUaD4wgIlkZlZEelhios19bHMEb3bleagdlb3jsnvtlSoXMFER9mAfDsGDE6jAFVTBBwIMHuAJni1hPVov1uuktGBNe3bhj6z3HzMHke8=</latexit>

z1

<latexit sha1_base64="v9ozyVEOkK5UCFjDfm7jJtCe81M=">AAAB6nicbZDLSsNAFIZP6q3GW9Slm8EiuCpJQXQjFt24rGgv0MYymU7aoZNJmJkINfQR3LhQxKW+i3s34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWFxaXsmv2mvrG5tbzvZOTcWpJLRKYh7LRoAV5UzQqmaa00YiKY4CTutB/2KU1++oVCwWN3qQUD/CXcFCRrA21vX9bantFNyiOxaaB28KhbMP+zR5+7Irbeez1YlJGlGhCcdKNT030X6GpWaE06HdShVNMOnjLm0aFDiiys/Gow7RgXE6KIyleUKjsfu7I8ORUoMoMJUR1j01m43M/7JmqsMTP2MiSTUVZPJRmHKkYzTaG3WYpETzgQFMJDOzItLDEhNtrmObI3izK89DrVT0jorulVcon8NEediDfTgED46hDJdQgSoQ6MIDPMGzxa1H68V6nZTmrGnPLvyR9f4Db+SQ5A==</latexit>

z2

<latexit sha1_base64="d1/UUwrMIxFXofwizASIwNP1GNU=">AAAB6HicbZC7SgNBFIbPxluMt6ilIoNBsAq7gmgZtLFMwFwgWcLs5CQZMzu7zMwKYUlpZWOhiK1Pkeew8xl8CSeXQqM/DHz8/znMOSeIBdfGdT+dzNLyyupadj23sbm1vZPf3avpKFEMqywSkWoEVKPgEquGG4GNWCENA4H1YHA9yev3qDSP5K0ZxuiHtCd5lzNqrFWJ2/mCW3SnIn/Bm0OhdDiufD0cjcvt/EerE7EkRGmYoFo3PTc2fkqV4UzgKNdKNMaUDWgPmxYlDVH76XTQETmxTod0I2WfNGTq/uxIaaj1MAxsZUhNXy9mE/O/rJmY7qWfchknBiWbfdRNBDERmWxNOlwhM2JogTLF7ayE9amizNjb5OwRvMWV/0LtrOidF92KVyhdwUxZOIBjOAUPLqAEN1CGKjBAeIRneHHunCfn1XmblWacec8+/JLz/g3IupCg</latexit>p
unfolded/
unrolled

folded/
rolled



• Compare to: 
• Feedforward neural networks

Recurrent neural network

11

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="zOP3um8e8leJkxnyHB4/LNegM5A=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJVEEN2IRTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK0+jHs34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWl5ZXcuv2xubW9s7hd29uopTSbFGYx7LZkAUciawppnm2Ewkkijg2AgG1+O8cY9SsVjc6mGCfkR6goWMEm2squoUim7JnchZBG8GxcsP+yJ5/7IrncJnuxvTNEKhKSdKtTw30X5GpGaU48hupwoTQgekhy2DgkSo/Gwy6Mg5Mk7XCWNpntDOxP3dkZFIqWEUmMqI6L6az8bmf1kr1eG5nzGRpBoFnX4UptzRsTPe2ukyiVTzoQFCJTOzOrRPJKHa3MY2R/DmV16E+knJOy25Va9YvoKp8nAAh3AMHpxBGW6gAjWggPAAT/Bs3VmP1ov1Oi3NWbOeffgj6+0HP92QOQ==</latexit>s

<latexit sha1_base64="fnABiC+h9lF2+Rck7EWKOt1hN98=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdQbQRgzaWCZgLJEuYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsniYUm/jDw8f/nMOccPxFcacf5snILi0vLK/lVe219Y3OrsL1TV3EqGdZYLGLZ9KlCwSOsaa4FNhOJNPQFNvzB5Thv3KJUPI6u9TBBL6S9iAecUW2s6l2nUHRKzkRkHtwfKJ6/22fJ26dd6RQ+2t2YpSFGmgmqVMt1Eu1lVGrOBI7sdqowoWxAe9gyGNEQlZdNBh2RA+N0SRBL8yJNJu7vjoyGSg1D31SGVPfVbDY2/8taqQ5OvYxHSaoxYtOPglQQHZPx1qTLJTIthgYok9zMSlifSsq0uY1tjuDOrjwP9aOSe1xyqm6xfAFT5WEP9uEQXDiBMlxBBWrAAOEeHuHJurEerGfrZVqas356duGPrNdvR3GQPg==</latexit>x

<latexit sha1_base64="wo78Fd0+Ebgukz6cBaJD+6+kfQM=">AAAB7HicbZDLSsNAFIZP6q3GW9Slm8EiuCqJILoRi25cVjBtoY1lMp20QyeTMDMRaugzuHGhiCvBV3HvRnwbp5eFtv4w8PH/5zDnnDDlTGnX/bYKC4tLyyvFVXttfWNzy9neqakkk4T6JOGJbIRYUc4E9TXTnDZSSXEccloP+5ejvH5HpWKJuNGDlAYx7goWMYK1sfz729wbtp2SW3bHQvPgTaF0/mGfpW9fdrXtfLY6CcliKjThWKmm56Y6yLHUjHA6tFuZoikmfdylTYMCx1QF+XjYITowTgdFiTRPaDR2f3fkOFZqEIemMsa6p2azkflf1sx0dBrkTKSZpoJMPooyjnSCRpujDpOUaD4wgIlkZlZEelhios19bHMEb3bleagdlb3jsnvtlSoXMFER9mAfDsGDE6jAFVTBBwIMHuAJni1hPVov1uuktGBNe3bhj6z3HzMHke8=</latexit>

z1

<latexit sha1_base64="v9ozyVEOkK5UCFjDfm7jJtCe81M=">AAAB6nicbZDLSsNAFIZP6q3GW9Slm8EiuCpJQXQjFt24rGgv0MYymU7aoZNJmJkINfQR3LhQxKW+i3s34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWFxaXsmv2mvrG5tbzvZOTcWpJLRKYh7LRoAV5UzQqmaa00YiKY4CTutB/2KU1++oVCwWN3qQUD/CXcFCRrA21vX9bantFNyiOxaaB28KhbMP+zR5+7Irbeez1YlJGlGhCcdKNT030X6GpWaE06HdShVNMOnjLm0aFDiiys/Gow7RgXE6KIyleUKjsfu7I8ORUoMoMJUR1j01m43M/7JmqsMTP2MiSTUVZPJRmHKkYzTaG3WYpETzgQFMJDOzItLDEhNtrmObI3izK89DrVT0jorulVcon8NEediDfTgED46hDJdQgSoQ6MIDPMGzxa1H68V6nZTmrGnPLvyR9f4Db+SQ5A==</latexit>

z2

<latexit sha1_base64="d1/UUwrMIxFXofwizASIwNP1GNU=">AAAB6HicbZC7SgNBFIbPxluMt6ilIoNBsAq7gmgZtLFMwFwgWcLs5CQZMzu7zMwKYUlpZWOhiK1Pkeew8xl8CSeXQqM/DHz8/znMOSeIBdfGdT+dzNLyyupadj23sbm1vZPf3avpKFEMqywSkWoEVKPgEquGG4GNWCENA4H1YHA9yev3qDSP5K0ZxuiHtCd5lzNqrFWJ2/mCW3SnIn/Bm0OhdDiufD0cjcvt/EerE7EkRGmYoFo3PTc2fkqV4UzgKNdKNMaUDWgPmxYlDVH76XTQETmxTod0I2WfNGTq/uxIaaj1MAxsZUhNXy9mE/O/rJmY7qWfchknBiWbfdRNBDERmWxNOlwhM2JogTLF7ayE9amizNjb5OwRvMWV/0LtrOidF92KVyhdwUxZOIBjOAUPLqAEN1CGKjBAeIRneHHunCfn1XmblWacec8+/JLz/g3IupCg</latexit>p
unfolded/
unrolled

folded/
rolled



• Compare to: 
• Feedforward neural networks

Recurrent neural network

11

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="zOP3um8e8leJkxnyHB4/LNegM5A=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJVEEN2IRTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK0+jHs34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWl5ZXcuv2xubW9s7hd29uopTSbFGYx7LZkAUciawppnm2Ewkkijg2AgG1+O8cY9SsVjc6mGCfkR6goWMEm2squoUim7JnchZBG8GxcsP+yJ5/7IrncJnuxvTNEKhKSdKtTw30X5GpGaU48hupwoTQgekhy2DgkSo/Gwy6Mg5Mk7XCWNpntDOxP3dkZFIqWEUmMqI6L6az8bmf1kr1eG5nzGRpBoFnX4UptzRsTPe2ukyiVTzoQFCJTOzOrRPJKHa3MY2R/DmV16E+knJOy25Va9YvoKp8nAAh3AMHpxBGW6gAjWggPAAT/Bs3VmP1ov1Oi3NWbOeffgj6+0HP92QOQ==</latexit>s

<latexit sha1_base64="fnABiC+h9lF2+Rck7EWKOt1hN98=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdQbQRgzaWCZgLJEuYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsniYUm/jDw8f/nMOccPxFcacf5snILi0vLK/lVe219Y3OrsL1TV3EqGdZYLGLZ9KlCwSOsaa4FNhOJNPQFNvzB5Thv3KJUPI6u9TBBL6S9iAecUW2s6l2nUHRKzkRkHtwfKJ6/22fJ26dd6RQ+2t2YpSFGmgmqVMt1Eu1lVGrOBI7sdqowoWxAe9gyGNEQlZdNBh2RA+N0SRBL8yJNJu7vjoyGSg1D31SGVPfVbDY2/8taqQ5OvYxHSaoxYtOPglQQHZPx1qTLJTIthgYok9zMSlifSsq0uY1tjuDOrjwP9aOSe1xyqm6xfAFT5WEP9uEQXDiBMlxBBWrAAOEeHuHJurEerGfrZVqas356duGPrNdvR3GQPg==</latexit>x

<latexit sha1_base64="wo78Fd0+Ebgukz6cBaJD+6+kfQM=">AAAB7HicbZDLSsNAFIZP6q3GW9Slm8EiuCqJILoRi25cVjBtoY1lMp20QyeTMDMRaugzuHGhiCvBV3HvRnwbp5eFtv4w8PH/5zDnnDDlTGnX/bYKC4tLyyvFVXttfWNzy9neqakkk4T6JOGJbIRYUc4E9TXTnDZSSXEccloP+5ejvH5HpWKJuNGDlAYx7goWMYK1sfz729wbtp2SW3bHQvPgTaF0/mGfpW9fdrXtfLY6CcliKjThWKmm56Y6yLHUjHA6tFuZoikmfdylTYMCx1QF+XjYITowTgdFiTRPaDR2f3fkOFZqEIemMsa6p2azkflf1sx0dBrkTKSZpoJMPooyjnSCRpujDpOUaD4wgIlkZlZEelhios19bHMEb3bleagdlb3jsnvtlSoXMFER9mAfDsGDE6jAFVTBBwIMHuAJni1hPVov1uuktGBNe3bhj6z3HzMHke8=</latexit>

z1

<latexit sha1_base64="v9ozyVEOkK5UCFjDfm7jJtCe81M=">AAAB6nicbZDLSsNAFIZP6q3GW9Slm8EiuCpJQXQjFt24rGgv0MYymU7aoZNJmJkINfQR3LhQxKW+i3s34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWFxaXsmv2mvrG5tbzvZOTcWpJLRKYh7LRoAV5UzQqmaa00YiKY4CTutB/2KU1++oVCwWN3qQUD/CXcFCRrA21vX9bantFNyiOxaaB28KhbMP+zR5+7Irbeez1YlJGlGhCcdKNT030X6GpWaE06HdShVNMOnjLm0aFDiiys/Gow7RgXE6KIyleUKjsfu7I8ORUoMoMJUR1j01m43M/7JmqsMTP2MiSTUVZPJRmHKkYzTaG3WYpETzgQFMJDOzItLDEhNtrmObI3izK89DrVT0jorulVcon8NEediDfTgED46hDJdQgSoQ6MIDPMGzxa1H68V6nZTmrGnPLvyR9f4Db+SQ5A==</latexit>

z2

<latexit sha1_base64="d1/UUwrMIxFXofwizASIwNP1GNU=">AAAB6HicbZC7SgNBFIbPxluMt6ilIoNBsAq7gmgZtLFMwFwgWcLs5CQZMzu7zMwKYUlpZWOhiK1Pkeew8xl8CSeXQqM/DHz8/znMOSeIBdfGdT+dzNLyyupadj23sbm1vZPf3avpKFEMqywSkWoEVKPgEquGG4GNWCENA4H1YHA9yev3qDSP5K0ZxuiHtCd5lzNqrFWJ2/mCW3SnIn/Bm0OhdDiufD0cjcvt/EerE7EkRGmYoFo3PTc2fkqV4UzgKNdKNMaUDWgPmxYlDVH76XTQETmxTod0I2WfNGTq/uxIaaj1MAxsZUhNXy9mE/O/rJmY7qWfchknBiWbfdRNBDERmWxNOlwhM2JogTLF7ayE9amizNjb5OwRvMWV/0LtrOidF92KVyhdwUxZOIBjOAUPLqAEN1CGKjBAeIRneHHunCfn1XmblWacec8+/JLz/g3IupCg</latexit>p
unfolded/
unrolled

folded/
rolled



• Compare to: 
• Feedforward neural networks

Recurrent neural network

11

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="zOP3um8e8leJkxnyHB4/LNegM5A=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJVEEN2IRTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK0+jHs34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWl5ZXcuv2xubW9s7hd29uopTSbFGYx7LZkAUciawppnm2Ewkkijg2AgG1+O8cY9SsVjc6mGCfkR6goWMEm2squoUim7JnchZBG8GxcsP+yJ5/7IrncJnuxvTNEKhKSdKtTw30X5GpGaU48hupwoTQgekhy2DgkSo/Gwy6Mg5Mk7XCWNpntDOxP3dkZFIqWEUmMqI6L6az8bmf1kr1eG5nzGRpBoFnX4UptzRsTPe2ukyiVTzoQFCJTOzOrRPJKHa3MY2R/DmV16E+knJOy25Va9YvoKp8nAAh3AMHpxBGW6gAjWggPAAT/Bs3VmP1ov1Oi3NWbOeffgj6+0HP92QOQ==</latexit>s

<latexit sha1_base64="fnABiC+h9lF2+Rck7EWKOt1hN98=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdQbQRgzaWCZgLJEuYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsniYUm/jDw8f/nMOccPxFcacf5snILi0vLK/lVe219Y3OrsL1TV3EqGdZYLGLZ9KlCwSOsaa4FNhOJNPQFNvzB5Thv3KJUPI6u9TBBL6S9iAecUW2s6l2nUHRKzkRkHtwfKJ6/22fJ26dd6RQ+2t2YpSFGmgmqVMt1Eu1lVGrOBI7sdqowoWxAe9gyGNEQlZdNBh2RA+N0SRBL8yJNJu7vjoyGSg1D31SGVPfVbDY2/8taqQ5OvYxHSaoxYtOPglQQHZPx1qTLJTIthgYok9zMSlifSsq0uY1tjuDOrjwP9aOSe1xyqm6xfAFT5WEP9uEQXDiBMlxBBWrAAOEeHuHJurEerGfrZVqas356duGPrNdvR3GQPg==</latexit>x

<latexit sha1_base64="wo78Fd0+Ebgukz6cBaJD+6+kfQM=">AAAB7HicbZDLSsNAFIZP6q3GW9Slm8EiuCqJILoRi25cVjBtoY1lMp20QyeTMDMRaugzuHGhiCvBV3HvRnwbp5eFtv4w8PH/5zDnnDDlTGnX/bYKC4tLyyvFVXttfWNzy9neqakkk4T6JOGJbIRYUc4E9TXTnDZSSXEccloP+5ejvH5HpWKJuNGDlAYx7goWMYK1sfz729wbtp2SW3bHQvPgTaF0/mGfpW9fdrXtfLY6CcliKjThWKmm56Y6yLHUjHA6tFuZoikmfdylTYMCx1QF+XjYITowTgdFiTRPaDR2f3fkOFZqEIemMsa6p2azkflf1sx0dBrkTKSZpoJMPooyjnSCRpujDpOUaD4wgIlkZlZEelhios19bHMEb3bleagdlb3jsnvtlSoXMFER9mAfDsGDE6jAFVTBBwIMHuAJni1hPVov1uuktGBNe3bhj6z3HzMHke8=</latexit>

z1

<latexit sha1_base64="v9ozyVEOkK5UCFjDfm7jJtCe81M=">AAAB6nicbZDLSsNAFIZP6q3GW9Slm8EiuCpJQXQjFt24rGgv0MYymU7aoZNJmJkINfQR3LhQxKW+i3s34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWFxaXsmv2mvrG5tbzvZOTcWpJLRKYh7LRoAV5UzQqmaa00YiKY4CTutB/2KU1++oVCwWN3qQUD/CXcFCRrA21vX9bantFNyiOxaaB28KhbMP+zR5+7Irbeez1YlJGlGhCcdKNT030X6GpWaE06HdShVNMOnjLm0aFDiiys/Gow7RgXE6KIyleUKjsfu7I8ORUoMoMJUR1j01m43M/7JmqsMTP2MiSTUVZPJRmHKkYzTaG3WYpETzgQFMJDOzItLDEhNtrmObI3izK89DrVT0jorulVcon8NEediDfTgED46hDJdQgSoQ6MIDPMGzxa1H68V6nZTmrGnPLvyR9f4Db+SQ5A==</latexit>

z2

<latexit sha1_base64="d1/UUwrMIxFXofwizASIwNP1GNU=">AAAB6HicbZC7SgNBFIbPxluMt6ilIoNBsAq7gmgZtLFMwFwgWcLs5CQZMzu7zMwKYUlpZWOhiK1Pkeew8xl8CSeXQqM/DHz8/znMOSeIBdfGdT+dzNLyyupadj23sbm1vZPf3avpKFEMqywSkWoEVKPgEquGG4GNWCENA4H1YHA9yev3qDSP5K0ZxuiHtCd5lzNqrFWJ2/mCW3SnIn/Bm0OhdDiufD0cjcvt/EerE7EkRGmYoFo3PTc2fkqV4UzgKNdKNMaUDWgPmxYlDVH76XTQETmxTod0I2WfNGTq/uxIaaj1MAxsZUhNXy9mE/O/rJmY7qWfchknBiWbfdRNBDERmWxNOlwhM2JogTLF7ayE9amizNjb5OwRvMWV/0LtrOidF92KVyhdwUxZOIBjOAUPLqAEN1CGKjBAeIRneHHunCfn1XmblWacec8+/JLz/g3IupCg</latexit>p
unfolded/
unrolled

folded/
rolled



• Compare to: 
• Feedforward neural networks 
• Convolutional neural networks

Recurrent neural network

11

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="zOP3um8e8leJkxnyHB4/LNegM5A=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJVEEN2IRTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK0+jHs34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWl5ZXcuv2xubW9s7hd29uopTSbFGYx7LZkAUciawppnm2Ewkkijg2AgG1+O8cY9SsVjc6mGCfkR6goWMEm2squoUim7JnchZBG8GxcsP+yJ5/7IrncJnuxvTNEKhKSdKtTw30X5GpGaU48hupwoTQgekhy2DgkSo/Gwy6Mg5Mk7XCWNpntDOxP3dkZFIqWEUmMqI6L6az8bmf1kr1eG5nzGRpBoFnX4UptzRsTPe2ukyiVTzoQFCJTOzOrRPJKHa3MY2R/DmV16E+knJOy25Va9YvoKp8nAAh3AMHpxBGW6gAjWggPAAT/Bs3VmP1ov1Oi3NWbOeffgj6+0HP92QOQ==</latexit>s

<latexit sha1_base64="fnABiC+h9lF2+Rck7EWKOt1hN98=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdQbQRgzaWCZgLJEuYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsniYUm/jDw8f/nMOccPxFcacf5snILi0vLK/lVe219Y3OrsL1TV3EqGdZYLGLZ9KlCwSOsaa4FNhOJNPQFNvzB5Thv3KJUPI6u9TBBL6S9iAecUW2s6l2nUHRKzkRkHtwfKJ6/22fJ26dd6RQ+2t2YpSFGmgmqVMt1Eu1lVGrOBI7sdqowoWxAe9gyGNEQlZdNBh2RA+N0SRBL8yJNJu7vjoyGSg1D31SGVPfVbDY2/8taqQ5OvYxHSaoxYtOPglQQHZPx1qTLJTIthgYok9zMSlifSsq0uY1tjuDOrjwP9aOSe1xyqm6xfAFT5WEP9uEQXDiBMlxBBWrAAOEeHuHJurEerGfrZVqas356duGPrNdvR3GQPg==</latexit>x

<latexit sha1_base64="wo78Fd0+Ebgukz6cBaJD+6+kfQM=">AAAB7HicbZDLSsNAFIZP6q3GW9Slm8EiuCqJILoRi25cVjBtoY1lMp20QyeTMDMRaugzuHGhiCvBV3HvRnwbp5eFtv4w8PH/5zDnnDDlTGnX/bYKC4tLyyvFVXttfWNzy9neqakkk4T6JOGJbIRYUc4E9TXTnDZSSXEccloP+5ejvH5HpWKJuNGDlAYx7goWMYK1sfz729wbtp2SW3bHQvPgTaF0/mGfpW9fdrXtfLY6CcliKjThWKmm56Y6yLHUjHA6tFuZoikmfdylTYMCx1QF+XjYITowTgdFiTRPaDR2f3fkOFZqEIemMsa6p2azkflf1sx0dBrkTKSZpoJMPooyjnSCRpujDpOUaD4wgIlkZlZEelhios19bHMEb3bleagdlb3jsnvtlSoXMFER9mAfDsGDE6jAFVTBBwIMHuAJni1hPVov1uuktGBNe3bhj6z3HzMHke8=</latexit>

z1

<latexit sha1_base64="v9ozyVEOkK5UCFjDfm7jJtCe81M=">AAAB6nicbZDLSsNAFIZP6q3GW9Slm8EiuCpJQXQjFt24rGgv0MYymU7aoZNJmJkINfQR3LhQxKW+i3s34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWFxaXsmv2mvrG5tbzvZOTcWpJLRKYh7LRoAV5UzQqmaa00YiKY4CTutB/2KU1++oVCwWN3qQUD/CXcFCRrA21vX9bantFNyiOxaaB28KhbMP+zR5+7Irbeez1YlJGlGhCcdKNT030X6GpWaE06HdShVNMOnjLm0aFDiiys/Gow7RgXE6KIyleUKjsfu7I8ORUoMoMJUR1j01m43M/7JmqsMTP2MiSTUVZPJRmHKkYzTaG3WYpETzgQFMJDOzItLDEhNtrmObI3izK89DrVT0jorulVcon8NEediDfTgED46hDJdQgSoQ6MIDPMGzxa1H68V6nZTmrGnPLvyR9f4Db+SQ5A==</latexit>

z2

<latexit sha1_base64="d1/UUwrMIxFXofwizASIwNP1GNU=">AAAB6HicbZC7SgNBFIbPxluMt6ilIoNBsAq7gmgZtLFMwFwgWcLs5CQZMzu7zMwKYUlpZWOhiK1Pkeew8xl8CSeXQqM/DHz8/znMOSeIBdfGdT+dzNLyyupadj23sbm1vZPf3avpKFEMqywSkWoEVKPgEquGG4GNWCENA4H1YHA9yev3qDSP5K0ZxuiHtCd5lzNqrFWJ2/mCW3SnIn/Bm0OhdDiufD0cjcvt/EerE7EkRGmYoFo3PTc2fkqV4UzgKNdKNMaUDWgPmxYlDVH76XTQETmxTod0I2WfNGTq/uxIaaj1MAxsZUhNXy9mE/O/rJmY7qWfchknBiWbfdRNBDERmWxNOlwhM2JogTLF7ayE9amizNjb5OwRvMWV/0LtrOidF92KVyhdwUxZOIBjOAUPLqAEN1CGKjBAeIRneHHunCfn1XmblWacec8+/JLz/g3IupCg</latexit>p
unfolded/
unrolled

folded/
rolled



• Compare to: 
• Feedforward neural networks 
• Convolutional neural networks 
• Reinforcement learning

Recurrent neural network

11

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="zOP3um8e8leJkxnyHB4/LNegM5A=">AAAB6HicbZDLSsNAFIZP6q3GW9Wlm2ARXJVEEN2IRTcuW7AXaEOZTE/asZNJmJkIJfQJ3LhQxK0+jHs34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWl5ZXcuv2xubW9s7hd29uopTSbFGYx7LZkAUciawppnm2Ewkkijg2AgG1+O8cY9SsVjc6mGCfkR6goWMEm2squoUim7JnchZBG8GxcsP+yJ5/7IrncJnuxvTNEKhKSdKtTw30X5GpGaU48hupwoTQgekhy2DgkSo/Gwy6Mg5Mk7XCWNpntDOxP3dkZFIqWEUmMqI6L6az8bmf1kr1eG5nzGRpBoFnX4UptzRsTPe2ukyiVTzoQFCJTOzOrRPJKHa3MY2R/DmV16E+knJOy25Va9YvoKp8nAAh3AMHpxBGW6gAjWggPAAT/Bs3VmP1ov1Oi3NWbOeffgj6+0HP92QOQ==</latexit>s

<latexit sha1_base64="fnABiC+h9lF2+Rck7EWKOt1hN98=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdQbQRgzaWCZgLJEuYnZxNxsxemJkVw5InsLFQxFYfxt5GfBsniYUm/jDw8f/nMOccPxFcacf5snILi0vLK/lVe219Y3OrsL1TV3EqGdZYLGLZ9KlCwSOsaa4FNhOJNPQFNvzB5Thv3KJUPI6u9TBBL6S9iAecUW2s6l2nUHRKzkRkHtwfKJ6/22fJ26dd6RQ+2t2YpSFGmgmqVMt1Eu1lVGrOBI7sdqowoWxAe9gyGNEQlZdNBh2RA+N0SRBL8yJNJu7vjoyGSg1D31SGVPfVbDY2/8taqQ5OvYxHSaoxYtOPglQQHZPx1qTLJTIthgYok9zMSlifSsq0uY1tjuDOrjwP9aOSe1xyqm6xfAFT5WEP9uEQXDiBMlxBBWrAAOEeHuHJurEerGfrZVqas356duGPrNdvR3GQPg==</latexit>x

<latexit sha1_base64="wo78Fd0+Ebgukz6cBaJD+6+kfQM=">AAAB7HicbZDLSsNAFIZP6q3GW9Slm8EiuCqJILoRi25cVjBtoY1lMp20QyeTMDMRaugzuHGhiCvBV3HvRnwbp5eFtv4w8PH/5zDnnDDlTGnX/bYKC4tLyyvFVXttfWNzy9neqakkk4T6JOGJbIRYUc4E9TXTnDZSSXEccloP+5ejvH5HpWKJuNGDlAYx7goWMYK1sfz729wbtp2SW3bHQvPgTaF0/mGfpW9fdrXtfLY6CcliKjThWKmm56Y6yLHUjHA6tFuZoikmfdylTYMCx1QF+XjYITowTgdFiTRPaDR2f3fkOFZqEIemMsa6p2azkflf1sx0dBrkTKSZpoJMPooyjnSCRpujDpOUaD4wgIlkZlZEelhios19bHMEb3bleagdlb3jsnvtlSoXMFER9mAfDsGDE6jAFVTBBwIMHuAJni1hPVov1uuktGBNe3bhj6z3HzMHke8=</latexit>

z1

<latexit sha1_base64="v9ozyVEOkK5UCFjDfm7jJtCe81M=">AAAB6nicbZDLSsNAFIZP6q3GW9Slm8EiuCpJQXQjFt24rGgv0MYymU7aoZNJmJkINfQR3LhQxKW+i3s34ts4vSy09YeBj/8/hznnBAlnSrvut5VbWFxaXsmv2mvrG5tbzvZOTcWpJLRKYh7LRoAV5UzQqmaa00YiKY4CTutB/2KU1++oVCwWN3qQUD/CXcFCRrA21vX9bantFNyiOxaaB28KhbMP+zR5+7Irbeez1YlJGlGhCcdKNT030X6GpWaE06HdShVNMOnjLm0aFDiiys/Gow7RgXE6KIyleUKjsfu7I8ORUoMoMJUR1j01m43M/7JmqsMTP2MiSTUVZPJRmHKkYzTaG3WYpETzgQFMJDOzItLDEhNtrmObI3izK89DrVT0jorulVcon8NEediDfTgED46hDJdQgSoQ6MIDPMGzxa1H68V6nZTmrGnPLvyR9f4Db+SQ5A==</latexit>

z2

<latexit sha1_base64="d1/UUwrMIxFXofwizASIwNP1GNU=">AAAB6HicbZC7SgNBFIbPxluMt6ilIoNBsAq7gmgZtLFMwFwgWcLs5CQZMzu7zMwKYUlpZWOhiK1Pkeew8xl8CSeXQqM/DHz8/znMOSeIBdfGdT+dzNLyyupadj23sbm1vZPf3avpKFEMqywSkWoEVKPgEquGG4GNWCENA4H1YHA9yev3qDSP5K0ZxuiHtCd5lzNqrFWJ2/mCW3SnIn/Bm0OhdDiufD0cjcvt/EerE7EkRGmYoFo3PTc2fkqV4UzgKNdKNMaUDWgPmxYlDVH76XTQETmxTod0I2WfNGTq/uxIaaj1MAxsZUhNXy9mE/O/rJmY7qWfchknBiWbfdRNBDERmWxNOlwhM2JogTLF7ayE9amizNjb5OwRvMWV/0LtrOidF92KVyhdwUxZOIBjOAUPLqAEN1CGKjBAeIRneHHunCfn1XmblWacec8+/JLz/g3IupCg</latexit>p
unfolded/
unrolled

folded/
rolled
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

• SGD: choose 
index i uniformly at 
random from data 
indices



RNNs: a taste of backpropagation

12

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

• SGD: choose 
index i uniformly at 
random from data 
indices

<latexit sha1_base64="gCumpNsei1GzeK2y/kxeMRd5Y6c=">AAACSHicbVBNTxsxFPSG8tHw0QDHXqxGSImEol1EBRckRC899EClBpCSsPI6L2Bhexf7LWJl7c/jwrG3/gYuPYAQtzrJVuJrJMujmTd69iSZFBbD8E9Qm/kwOze/8LG+uLS88qmxunZk09xw6PJUpuYkYRak0NBFgRJOMgNMJRKOk4tvY//4CowVqf6FRQYDxc60GAnO0EtxI/4Ruz7CNRrlLFyWZSs7dS3RLjeL6d2me7Rvcx U73IvKU6enckmfBUHiOBhjFaXFf9qOG82wE05A35KoIk1S4TBu/O4PU54r0Mgls7YXhRkOHDMouISy3s8tZIxfsDPoeaqZAjtwkyJKuuGVIR2lxh+NdKI+TzimrC1U4icVw3P72huL73m9HEe7Ayd0liNoPl00yiXFlI5bpUNhgKMsPGHcCP9Wys+ZYRx993VfQvT6y2/J0VYn+toJf2439w+qOhbIZ/KFtEhEdsg++U4OSZdwckPuyD15CG6Dv8Fj8DQdrQVVZp28QK32D9/5slc=</latexit>

Lseq(p
(i), y(i)) =

n(i)X

t=1

Lelt(p
(i)
t , y(i)t )
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

• SGD: choose 
index i uniformly at 
random from data 
indices

<latexit sha1_base64="05SvazpinE4No1i3KRsfmp5rv28="></latexit>

dLseq(p(i), y(i))

dW sx
=

n(i)X

t=1

dLelt(p
(i)
t , y(i)t )

dW sx

<latexit sha1_base64="gCumpNsei1GzeK2y/kxeMRd5Y6c=">AAACSHicbVBNTxsxFPSG8tHw0QDHXqxGSImEol1EBRckRC899EClBpCSsPI6L2Bhexf7LWJl7c/jwrG3/gYuPYAQtzrJVuJrJMujmTd69iSZFBbD8E9Qm/kwOze/8LG+uLS88qmxunZk09xw6PJUpuYkYRak0NBFgRJOMgNMJRKOk4tvY//4CowVqf6FRQYDxc60GAnO0EtxI/4Ruz7CNRrlLFyWZSs7dS3RLjeL6d2me7Rvcx U73IvKU6enckmfBUHiOBhjFaXFf9qOG82wE05A35KoIk1S4TBu/O4PU54r0Mgls7YXhRkOHDMouISy3s8tZIxfsDPoeaqZAjtwkyJKuuGVIR2lxh+NdKI+TzimrC1U4icVw3P72huL73m9HEe7Ayd0liNoPl00yiXFlI5bpUNhgKMsPGHcCP9Wys+ZYRx993VfQvT6y2/J0VYn+toJf2439w+qOhbIZ/KFtEhEdsg++U4OSZdwckPuyD15CG6Dv8Fj8DQdrQVVZp28QK32D9/5slc=</latexit>

Lseq(p
(i), y(i)) =

n(i)X

t=1

Lelt(p
(i)
t , y(i)t )
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

• SGD: choose 
index i uniformly at 
random from data 
indices

<latexit sha1_base64="05SvazpinE4No1i3KRsfmp5rv28="></latexit>

dLseq(p(i), y(i))

dW sx
=

n(i)X

t=1

dLelt(p
(i)
t , y(i)t )

dW sx

<latexit sha1_base64="gCumpNsei1GzeK2y/kxeMRd5Y6c=">AAACSHicbVBNTxsxFPSG8tHw0QDHXqxGSImEol1EBRckRC899EClBpCSsPI6L2Bhexf7LWJl7c/jwrG3/gYuPYAQtzrJVuJrJMujmTd69iSZFBbD8E9Qm/kwOze/8LG+uLS88qmxunZk09xw6PJUpuYkYRak0NBFgRJOMgNMJRKOk4tvY//4CowVqf6FRQYDxc60GAnO0EtxI/4Ruz7CNRrlLFyWZSs7dS3RLjeL6d2me7Rvcx U73IvKU6enckmfBUHiOBhjFaXFf9qOG82wE05A35KoIk1S4TBu/O4PU54r0Mgls7YXhRkOHDMouISy3s8tZIxfsDPoeaqZAjtwkyJKuuGVIR2lxh+NdKI+TzimrC1U4icVw3P72huL73m9HEe7Ayd0liNoPl00yiXFlI5bpUNhgKMsPGHcCP9Wys+ZYRx993VfQvT6y2/J0VYn+toJf2439w+qOhbIZ/KFtEhEdsg++U4OSZdwckPuyD15CG6Dv8Fj8DQdrQVVZp28QK32D9/5slc=</latexit>

Lseq(p
(i), y(i)) =

n(i)X

t=1

Lelt(p
(i)
t , y(i)t )



RNNs: a taste of backpropagation

12

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

• SGD: choose 
index i uniformly at 
random from data 
indices

<latexit sha1_base64="05SvazpinE4No1i3KRsfmp5rv28="></latexit>

dLseq(p(i), y(i))

dW sx
=

n(i)X

t=1

dLelt(p
(i)
t , y(i)t )

dW sx

<latexit sha1_base64="gCumpNsei1GzeK2y/kxeMRd5Y6c=">AAACSHicbVBNTxsxFPSG8tHw0QDHXqxGSImEol1EBRckRC899EClBpCSsPI6L2Bhexf7LWJl7c/jwrG3/gYuPYAQtzrJVuJrJMujmTd69iSZFBbD8E9Qm/kwOze/8LG+uLS88qmxunZk09xw6PJUpuYkYRak0NBFgRJOMgNMJRKOk4tvY//4CowVqf6FRQYDxc60GAnO0EtxI/4Ruz7CNRrlLFyWZSs7dS3RLjeL6d2me7Rvcx U73IvKU6enckmfBUHiOBhjFaXFf9qOG82wE05A35KoIk1S4TBu/O4PU54r0Mgls7YXhRkOHDMouISy3s8tZIxfsDPoeaqZAjtwkyJKuuGVIR2lxh+NdKI+TzimrC1U4icVw3P72huL73m9HEe7Ayd0liNoPl00yiXFlI5bpUNhgKMsPGHcCP9Wys+ZYRx993VfQvT6y2/J0VYn+toJf2439w+qOhbIZ/KFtEhEdsg++U4OSZdwckPuyD15CG6Dv8Fj8DQdrQVVZp28QK32D9/5slc=</latexit>

Lseq(p
(i), y(i)) =

n(i)X

t=1

Lelt(p
(i)
t , y(i)t )



RNNs: a taste of backpropagation
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

• SGD: choose 
index i uniformly at 
random from data 
indices

<latexit sha1_base64="05SvazpinE4No1i3KRsfmp5rv28="></latexit>

dLseq(p(i), y(i))

dW sx
=

n(i)X

t=1

dLelt(p
(i)
t , y(i)t )

dW sx

<latexit sha1_base64="gCumpNsei1GzeK2y/kxeMRd5Y6c=">AAACSHicbVBNTxsxFPSG8tHw0QDHXqxGSImEol1EBRckRC899EClBpCSsPI6L2Bhexf7LWJl7c/jwrG3/gYuPYAQtzrJVuJrJMujmTd69iSZFBbD8E9Qm/kwOze/8LG+uLS88qmxunZk09xw6PJUpuYkYRak0NBFgRJOMgNMJRKOk4tvY//4CowVqf6FRQYDxc60GAnO0EtxI/4Ruz7CNRrlLFyWZSs7dS3RLjeL6d2me7Rvcx U73IvKU6enckmfBUHiOBhjFaXFf9qOG82wE05A35KoIk1S4TBu/O4PU54r0Mgls7YXhRkOHDMouISy3s8tZIxfsDPoeaqZAjtwkyJKuuGVIR2lxh+NdKI+TzimrC1U4icVw3P72huL73m9HEe7Ayd0liNoPl00yiXFlI5bpUNhgKMsPGHcCP9Wys+ZYRx993VfQvT6y2/J0VYn+toJf2439w+qOhbIZ/KFtEhEdsg++U4OSZdwckPuyD15CG6Dv8Fj8DQdrQVVZp28QK32D9/5slc=</latexit>

Lseq(p
(i), y(i)) =

n(i)X

t=1

Lelt(p
(i)
t , y(i)t )



RNNs: a taste of backpropagation
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

• SGD: choose 
index i uniformly at 
random from data 
indices

<latexit sha1_base64="05SvazpinE4No1i3KRsfmp5rv28="></latexit>

dLseq(p(i), y(i))

dW sx
=

n(i)X

t=1

dLelt(p
(i)
t , y(i)t )

dW sx

<latexit sha1_base64="gCumpNsei1GzeK2y/kxeMRd5Y6c=">AAACSHicbVBNTxsxFPSG8tHw0QDHXqxGSImEol1EBRckRC899EClBpCSsPI6L2Bhexf7LWJl7c/jwrG3/gYuPYAQtzrJVuJrJMujmTd69iSZFBbD8E9Qm/kwOze/8LG+uLS88qmxunZk09xw6PJUpuYkYRak0NBFgRJOMgNMJRKOk4tvY//4CowVqf6FRQYDxc60GAnO0EtxI/4Ruz7CNRrlLFyWZSs7dS3RLjeL6d2me7Rvcx U73IvKU6enckmfBUHiOBhjFaXFf9qOG82wE05A35KoIk1S4TBu/O4PU54r0Mgls7YXhRkOHDMouISy3s8tZIxfsDPoeaqZAjtwkyJKuuGVIR2lxh+NdKI+TzimrC1U4icVw3P72huL73m9HEe7Ayd0liNoPl00yiXFlI5bpUNhgKMsPGHcCP9Wys+ZYRx993VfQvT6y2/J0VYn+toJf2439w+qOhbIZ/KFtEhEdsg++U4OSZdwckPuyD15CG6Dv8Fj8DQdrQVVZp28QK32D9/5slc=</latexit>

Lseq(p
(i), y(i)) =

n(i)X

t=1

Lelt(p
(i)
t , y(i)t )



RNNs: a taste of backpropagation
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

• SGD: choose 
index i uniformly at 
random from data 
indices

<latexit sha1_base64="05SvazpinE4No1i3KRsfmp5rv28="></latexit>

dLseq(p(i), y(i))

dW sx
=

n(i)X

t=1

dLelt(p
(i)
t , y(i)t )

dW sx

<latexit sha1_base64="gCumpNsei1GzeK2y/kxeMRd5Y6c=">AAACSHicbVBNTxsxFPSG8tHw0QDHXqxGSImEol1EBRckRC899EClBpCSsPI6L2Bhexf7LWJl7c/jwrG3/gYuPYAQtzrJVuJrJMujmTd69iSZFBbD8E9Qm/kwOze/8LG+uLS88qmxunZk09xw6PJUpuYkYRak0NBFgRJOMgNMJRKOk4tvY//4CowVqf6FRQYDxc60GAnO0EtxI/4Ruz7CNRrlLFyWZSs7dS3RLjeL6d2me7Rvcx U73IvKU6enckmfBUHiOBhjFaXFf9qOG82wE05A35KoIk1S4TBu/O4PU54r0Mgls7YXhRkOHDMouISy3s8tZIxfsDPoeaqZAjtwkyJKuuGVIR2lxh+NdKI+TzimrC1U4icVw3P72huL73m9HEe7Ayd0liNoPl00yiXFlI5bpUNhgKMsPGHcCP9Wys+ZYRx993VfQvT6y2/J0VYn+toJf2439w+qOhbIZ/KFtEhEdsg++U4OSZdwckPuyD15CG6Dv8Fj8DQdrQVVZp28QK32D9/5slc=</latexit>

Lseq(p
(i), y(i)) =

n(i)X

t=1

Lelt(p
(i)
t , y(i)t ) <latexit sha1_base64="zyqzLFF37c+vpe5BP30MtrikB9I=">AAACFnicbZDJSgNBEIZ7XGPcoh69NAYhgoYZURRBCHrxkEMEo4EkDj2dStKkZ6G7RgzDPIUXX8WLB0W8ijffxs4iuP3Q8PFXFdX1e5EUGm37w5qYnJqemc3MZecXFpeWcyurlzqMFYcqD2Woah7TIEUAVRQooRYpYL4n4crrnQ7qVzegtAiDC+xH0PRZJxBtwRkay83tlF2kR8e07CYNhFtUfgIS07QQuXidFMRWuk37X7jl5vJ20R6K/gVnDHkyVsXNvTdaIY99CJBLpnXdsSNsJkyh4BLSbCPWEDHeYx2oGwyYD7qZDM9K6aZxWrQdKvMCpEP3+0TCfK37vmc6fYZd/bs2MP+r1WNsHzYTEUQxQsBHi9qxpBjSQUa0JRRwlH0DjCth/kp5lynG0SSZNSE4v0/+C5e7RWe/aJ/v5Usn4zgyZJ1skAJxyAEpkTNSIVXCyR15IE/k2bq3Hq0X63XUOmGNZ9bID1lvn7NRnnM=</latexit>

Lt := Lelt(p
(i)
t , y(i)t )



RNNs: a taste of backpropagation
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

• SGD: choose 
index i uniformly at 
random from data 
indices

<latexit sha1_base64="05SvazpinE4No1i3KRsfmp5rv28="></latexit>

dLseq(p(i), y(i))

dW sx
=

n(i)X

t=1

dLelt(p
(i)
t , y(i)t )

dW sx

<latexit sha1_base64="gCumpNsei1GzeK2y/kxeMRd5Y6c=">AAACSHicbVBNTxsxFPSG8tHw0QDHXqxGSImEol1EBRckRC899EClBpCSsPI6L2Bhexf7LWJl7c/jwrG3/gYuPYAQtzrJVuJrJMujmTd69iSZFBbD8E9Qm/kwOze/8LG+uLS88qmxunZk09xw6PJUpuYkYRak0NBFgRJOMgNMJRKOk4tvY//4CowVqf6FRQYDxc60GAnO0EtxI/4Ruz7CNRrlLFyWZSs7dS3RLjeL6d2me7Rvcx U73IvKU6enckmfBUHiOBhjFaXFf9qOG82wE05A35KoIk1S4TBu/O4PU54r0Mgls7YXhRkOHDMouISy3s8tZIxfsDPoeaqZAjtwkyJKuuGVIR2lxh+NdKI+TzimrC1U4icVw3P72huL73m9HEe7Ayd0liNoPl00yiXFlI5bpUNhgKMsPGHcCP9Wys+ZYRx993VfQvT6y2/J0VYn+toJf2439w+qOhbIZ/KFtEhEdsg++U4OSZdwckPuyD15CG6Dv8Fj8DQdrQVVZp28QK32D9/5slc=</latexit>

Lseq(p
(i), y(i)) =

n(i)X

t=1

Lelt(p
(i)
t , y(i)t )

• Need:

<latexit sha1_base64="zyqzLFF37c+vpe5BP30MtrikB9I=">AAACFnicbZDJSgNBEIZ7XGPcoh69NAYhgoYZURRBCHrxkEMEo4EkDj2dStKkZ6G7RgzDPIUXX8WLB0W8ijffxs4iuP3Q8PFXFdX1e5EUGm37w5qYnJqemc3MZecXFpeWcyurlzqMFYcqD2Woah7TIEUAVRQooRYpYL4n4crrnQ7qVzegtAiDC+xH0PRZJxBtwRkay83tlF2kR8e07CYNhFtUfgIS07QQuXidFMRWuk37X7jl5vJ20R6K/gVnDHkyVsXNvTdaIY99CJBLpnXdsSNsJkyh4BLSbCPWEDHeYx2oGwyYD7qZDM9K6aZxWrQdKvMCpEP3+0TCfK37vmc6fYZd/bs2MP+r1WNsHzYTEUQxQsBHi9qxpBjSQUa0JRRwlH0DjCth/kp5lynG0SSZNSE4v0/+C5e7RWe/aJ/v5Usn4zgyZJ1skAJxyAEpkTNSIVXCyR15IE/k2bq3Hq0X63XUOmGNZ9bID1lvn7NRnnM=</latexit>

Lt := Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="X54gtmdVrSYoFk7QB4ro9lpuDBU=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiSi6LLoxoWLCvYBbQyTyaQdOpmEmRuxhIC/4saFIm79Dnf+jdPHQlsPXDiccy/33hOkgmtwnG9rYXFpeWW1tFZe39jc2rZ3dps6yRRlDZqIRLUDopngkjWAg2DtVDESB4K1gsHVyG89MKV5Iu9gmDIvJj3JI04JGMm397uRIjQP8Y0PRR627nP9WBS+XXGqzhh4nrhTUkFT1H37qxsmNIuZBCqI1h3XScHLiQJOBSvK3UyzlNAB6bGOoZLETHv5+PwCHxklxFGiTEnAY/X3RE5irYdxYDpjAn09643E/7xOBtGFl3OZZsAknSyKMoEhwaMscMgVoyCGhhCquLkV0z4xeYBJrGxCcGdfnifNk6p7VnVuTyu1y2kcJXSADtExctE5qqFrVEcNRFGOntErerOerBfr3fqYtC5Y05k99AfW5w/MXpYI</latexit>

dLt

dW sx



RNNs: a taste of backpropagation

12

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

• SGD: choose 
index i uniformly at 
random from data 
indices

<latexit sha1_base64="05SvazpinE4No1i3KRsfmp5rv28="></latexit>

dLseq(p(i), y(i))

dW sx
=

n(i)X

t=1

dLelt(p
(i)
t , y(i)t )

dW sx

<latexit sha1_base64="gCumpNsei1GzeK2y/kxeMRd5Y6c=">AAACSHicbVBNTxsxFPSG8tHw0QDHXqxGSImEol1EBRckRC899EClBpCSsPI6L2Bhexf7LWJl7c/jwrG3/gYuPYAQtzrJVuJrJMujmTd69iSZFBbD8E9Qm/kwOze/8LG+uLS88qmxunZk09xw6PJUpuYkYRak0NBFgRJOMgNMJRKOk4tvY//4CowVqf6FRQYDxc60GAnO0EtxI/4Ruz7CNRrlLFyWZSs7dS3RLjeL6d2me7Rvcx U73IvKU6enckmfBUHiOBhjFaXFf9qOG82wE05A35KoIk1S4TBu/O4PU54r0Mgls7YXhRkOHDMouISy3s8tZIxfsDPoeaqZAjtwkyJKuuGVIR2lxh+NdKI+TzimrC1U4icVw3P72huL73m9HEe7Ayd0liNoPl00yiXFlI5bpUNhgKMsPGHcCP9Wys+ZYRx993VfQvT6y2/J0VYn+toJf2439w+qOhbIZ/KFtEhEdsg++U4OSZdwckPuyD15CG6Dv8Fj8DQdrQVVZp28QK32D9/5slc=</latexit>

Lseq(p
(i), y(i)) =

n(i)X

t=1

Lelt(p
(i)
t , y(i)t )

• Need:

<latexit sha1_base64="zyqzLFF37c+vpe5BP30MtrikB9I=">AAACFnicbZDJSgNBEIZ7XGPcoh69NAYhgoYZURRBCHrxkEMEo4EkDj2dStKkZ6G7RgzDPIUXX8WLB0W8ijffxs4iuP3Q8PFXFdX1e5EUGm37w5qYnJqemc3MZecXFpeWcyurlzqMFYcqD2Woah7TIEUAVRQooRYpYL4n4crrnQ7qVzegtAiDC+xH0PRZJxBtwRkay83tlF2kR8e07CYNhFtUfgIS07QQuXidFMRWuk37X7jl5vJ20R6K/gVnDHkyVsXNvTdaIY99CJBLpnXdsSNsJkyh4BLSbCPWEDHeYx2oGwyYD7qZDM9K6aZxWrQdKvMCpEP3+0TCfK37vmc6fYZd/bs2MP+r1WNsHzYTEUQxQsBHi9qxpBjSQUa0JRRwlH0DjCth/kp5lynG0SSZNSE4v0/+C5e7RWe/aJ/v5Usn4zgyZJ1skAJxyAEpkTNSIVXCyR15IE/k2bq3Hq0X63XUOmGNZ9bID1lvn7NRnnM=</latexit>

Lt := Lelt(p
(i)
t , y(i)t )

<latexit sha1_base64="A4mmGnAxrqjuyGz9nQgjFYFKlfs=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqpLFWCQDBWsDAWiT6kNo0c12mtOg/ZN4gqysLCr7AwgBAr/8DG3+C2GaDlSFc6Pude+d7jxYIrsKxvo7C0vLK6VlwvbWxube+Yu3tNFSWSsgaNRCTbHlFM8JA1gINg7VgyEniCtbzR9cRv3TOpeBTewThmTkAGIfc5JaAl1zzs+pLQtI9jF3pphZ9kmX60eql6yDLXLFtVawq8SOyclFGOumt+dfsRTQIWAhVEqY5txeCkRAKngmWlbqJYTOiIDFhH05AETDnp9IoMH2ulj/1I6goBT9XfEykJlBoHnu4MCAzVvDcR//M6CfiXTsrDOAEW0tlHfiIwRHgSCe5zySiIsSaESq53xXRIdCyggyvpEOz5kxdJ87Rqn1et27Ny7SqPo4gO0BGqIBtdoBq6QXXUQBQ9omf0it6MJ+PFeDc+Zq0FI5/ZR39gfP4AlbeYog==</latexit>

dp(i)t

dW sx



RNNs: a taste of backpropagation

13

<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

• Need:
<latexit sha1_base64="A4mmGnAxrqjuyGz9nQgjFYFKlfs=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqpLFWCQDBWsDAWiT6kNo0c12mtOg/ZN4gqysLCr7AwgBAr/8DG3+C2GaDlSFc6Pude+d7jxYIrsKxvo7C0vLK6VlwvbWxube+Yu3tNFSWSsgaNRCTbHlFM8JA1gINg7VgyEniCtbzR9cRv3TOpeBTewThmTkAGIfc5JaAl1zzs+pLQtI9jF3pphZ9kmX60eql6yDLXLFtVawq8SOyclFGOumt+dfsRTQIWAhVEqY5txeCkRAKngmWlbqJYTOiIDFhH05AETDnp9IoMH2ulj/1I6goBT9XfEykJlBoHnu4MCAzVvDcR//M6CfiXTsrDOAEW0tlHfiIwRHgSCe5zySiIsSaESq53xXRIdCyggyvpEOz5kxdJ87Rqn1et27Ny7SqPo4gO0BGqIBtdoBq6QXXUQBQ9omf0it6MJ+PFeDc+Zq0FI5/ZR39gfP4AlbeYog==</latexit>

dp(i)t

dW sx
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

• Need:
<latexit sha1_base64="A4mmGnAxrqjuyGz9nQgjFYFKlfs=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqpLFWCQDBWsDAWiT6kNo0c12mtOg/ZN4gqysLCr7AwgBAr/8DG3+C2GaDlSFc6Pude+d7jxYIrsKxvo7C0vLK6VlwvbWxube+Yu3tNFSWSsgaNRCTbHlFM8JA1gINg7VgyEniCtbzR9cRv3TOpeBTewThmTkAGIfc5JaAl1zzs+pLQtI9jF3pphZ9kmX60eql6yDLXLFtVawq8SOyclFGOumt+dfsRTQIWAhVEqY5txeCkRAKngmWlbqJYTOiIDFhH05AETDnp9IoMH2ulj/1I6goBT9XfEykJlBoHnu4MCAzVvDcR//M6CfiXTsrDOAEW0tlHfiIwRHgSCe5zySiIsSaESq53xXRIdCyggyvpEOz5kxdJ87Rqn1et27Ny7SqPo4gO0BGqIBtdoBq6QXXUQBQ9omf0it6MJ+PFeDc+Zq0FI5/ZR39gfP4AlbeYog==</latexit>

dp(i)t

dW sx
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

• Need:
<latexit sha1_base64="A4mmGnAxrqjuyGz9nQgjFYFKlfs=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqpLFWCQDBWsDAWiT6kNo0c12mtOg/ZN4gqysLCr7AwgBAr/8DG3+C2GaDlSFc6Pude+d7jxYIrsKxvo7C0vLK6VlwvbWxube+Yu3tNFSWSsgaNRCTbHlFM8JA1gINg7VgyEniCtbzR9cRv3TOpeBTewThmTkAGIfc5JaAl1zzs+pLQtI9jF3pphZ9kmX60eql6yDLXLFtVawq8SOyclFGOumt+dfsRTQIWAhVEqY5txeCkRAKngmWlbqJYTOiIDFhH05AETDnp9IoMH2ulj/1I6goBT9XfEykJlBoHnu4MCAzVvDcR//M6CfiXTsrDOAEW0tlHfiIwRHgSCe5zySiIsSaESq53xXRIdCyggyvpEOz5kxdJ87Rqn1et27Ny7SqPo4gO0BGqIBtdoBq6QXXUQBQ9omf0it6MJ+PFeDc+Zq0FI5/ZR39gfP4AlbeYog==</latexit>

dp(i)t

dW sx
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<latexit sha1_base64="su5oZ3IRcv3EGYeJ1NELggoXnkM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9N3++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Ci b5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwPgjZ4=</latexit>s0

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="Kx+3iexXBqNVjNj7TqQ8y4MdntE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1atV3fvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOE8+K8Ox+L1oKTzxzDHzifPwVkjZ8=</latexit>s1

<latexit sha1_base64="07qLsYvIGszoUbKtIBes9VZLpPU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Tv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAA0o2c</latexit>p1

<latexit sha1_base64="Dq1otVnZ9AkL1EEydSUh6sKAtk8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaWDbbTbt0swm7E6GG/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFjd4zjhfkQHSoSCUbRS66nnPWTepFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns3Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTH8nfaE5Qzm2hDIt7K2EDammDG1CJRuCt/jyMmmeVb2Lqnt3Xqld53EU4QiO4RQ8uIQa3EIdGsBgBM/wCm9O4rw4787HvLXg5DOH8AfO5w/63Y9V</latexit>

z11

<latexit sha1_base64="Wg6VtcfRPCRE0/rw2yK3Xdv3i4U=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kPz1Uu163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqGOSg==</latexit>

z21

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+
<latexit sha1_base64="6vKeo6Wka8evT6kzR+pOuUxm1gM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0EPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqleruveXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDxh42S</latexit>

f1

<latexit sha1_base64="SYapB/KRiF3zsfGhZ8abId9jF60=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh7Bf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDzC42T</latexit>

f2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="UqM/S4BcmBy6UL2XdDDwSORINEM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpl262YTdiVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXplIYdN1vZ2V1bX1js7BV3N7Z3dsvHRw2TJJpxn2WyES3Qmq4FIr7KFDyVqo5jUPJm+HwZuo3H7k2IlH3OEp5ENO+EpFgFK3kP3WrD163VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0FYyFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjWrFu6i4d+fl2nUeRwGO4QTOwINLqMEt1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8fNqOOSg==</latexit>

z12
<latexit sha1_base64="L3dq4fyWvQ5OzllLnaSxDXPhOoc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0oPu1frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1busuvcXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAG6I2g</latexit>s2

<latexit sha1_base64="Vy6qRkhlCvcA8hyQ+ZVDut0cP0g=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGCaQttLJvtpF262YTdjVBLf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmGruL2zu7dfOjhs6CRTDH2WiES1QqpRcIm+4UZgK1VI41BgMxzeTP3mIyrNE3lvRikGMe1LHnFGjZX8p4dqt9otld2KOwNZJl5OypCj3i19dXoJy2KUhgmqddtzUxOMqTKcCZwUO5nGlLIh7WPbUklj1MF4duyEnFqlR6JE2ZKGzNTfE2Maaz2KQ9sZUzPQi95U/M9rZya6CsZcpplByeaLokwQk5Dp56THFTIjRpZQpri9lbABVZQZm0/RhuAtvrxMGtWKd1Fx787Ltes8jgIcwwmcgQeXUINbqIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/OCWOSw==</latexit>

z22

<latexit sha1_base64="wmGZmftwXSOHFZ6r/QpGDqwDvC4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPRr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8Slq1qndZde8vKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gACVo2d</latexit>p2

<latexit sha1_base64="Z0eTr26xWi2Dvemf01Dk+75zj4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripu/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fcteMsw==</latexit>

+

<latexit sha1_base64="NGq5xJYg8Qt6ZP8Ue8ATey4qnyU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6QI9BLx4jmgckS5id9CZDZmeXmVkxLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkAiujet+OYWl5ZXVteJ6aWNza3unvLvX1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoeuq3HlBpHst7M07Qj+hA8pAzaqx099g77ZUrbtWdgfwlXk4qkKPeK392+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiFHVumTMFa2pCEz9edERiOtx1FgOyNqhnrRm4r/eZ3UhJd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLf0nzpOqdV93bs0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98QCo2m</latexit>x3

• Need:
<latexit sha1_base64="A4mmGnAxrqjuyGz9nQgjFYFKlfs=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqpLFWCQDBWsDAWiT6kNo0c12mtOg/ZN4gqysLCr7AwgBAr/8DG3+C2GaDlSFc6Pude+d7jxYIrsKxvo7C0vLK6VlwvbWxube+Yu3tNFSWSsgaNRCTbHlFM8JA1gINg7VgyEniCtbzR9cRv3TOpeBTewThmTkAGIfc5JaAl1zzs+pLQtI9jF3pphZ9kmX60eql6yDLXLFtVawq8SOyclFGOumt+dfsRTQIWAhVEqY5txeCkRAKngmWlbqJYTOiIDFhH05AETDnp9IoMH2ulj/1I6goBT9XfEykJlBoHnu4MCAzVvDcR//M6CfiXTsrDOAEW0tlHfiIwRHgSCe5zySiIsSaESq53xXRIdCyggyvpEOz5kxdJ87Rqn1et27Ny7SqPo4gO0BGqIBtdoBq6QXXUQBQ9omf0it6MJ+PFeDc+Zq0FI5/ZR39gfP4AlbeYog==</latexit>

dp(i)t

dW sx


