
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 10” category) 
Materials: Will all be available at course website

vo
te.
mi
t.e
du

6.036/6.862: Introduction to 
Machine Learning
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Last Time
I. Actions change the state 

of the world and gain 
reward: Markov decision 
processes (MDPs) 

II. Choosing “best” actions

Today’s Plan
I. Don’t know reward 

function or transition 
function in advance 

II. How to choose “best” 
actions
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Recall
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Recall

• Markov decision process
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Recall

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

S• Markov decision process: states  



2

Recall

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

S• Markov decision process: states  

rich soil poor soil



2

Recall

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

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A• Markov decision process: states   , actions   

rich soil poor soil



2

Recall

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

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A• Markov decision process: states   , actions   

rich soil poor soil
plant: fallow:



2

Recall

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

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A• Markov decision process: states   , actions   

rich soil poor soil
plant: fallow:



2

Recall

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

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A• Markov decision process: states   , actions   

rich soil poor soil
plant:

rich soil poor soil
fallow:



2

Recall

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

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
• Markov decision process: states   , actions    , 

transition model 

rich soil poor soil
plant:

rich soil poor soil
fallow:



2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

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

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
• Markov decision process: states   , actions    , 

transition model 



2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

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

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
• Markov decision process: states   , actions    , 

transition model 



2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

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

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
• Markov decision process: states   , actions    , 

transition model 

rich soil

0.9 0.1

0.10.9

poor soil
fallow:



2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

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

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
• Markov decision process: states   , actions    , 

transition model 

rich soil

0.9 0.1

0.10.9

poor soil
fallow:



2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

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

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
• Markov decision process: states   , actions    , 

transition model 

rich soil

0.9 0.1

0.10.9

poor soil
fallow:



2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

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

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
• Markov decision process: states   , actions    , 

transition model 

rich soil

0.9 0.1

0.10.9

poor soil
fallow:



2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant: fallow:

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

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
• Markov decision process: states   , actions    , 

transition model 

rich soil

0.9 0.1

0.10.9

poor soil



2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

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

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
• Markov decision process: states   , actions    , 

transition model 



2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

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

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                        
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S
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A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                        
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R(rich,plant)=100 
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R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�
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R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A



• Infinite horizon
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R(rich,plant)=100 
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R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
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• Infinite horizon: Value of policy if start in state s 

• Value of action a in state s if make the best actions in future
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0)V⇡(s0)

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A

<latexit sha1_base64="PynpMBMypcBkJ9ndcifsRvIIcNk="></latexit>

Q⇤(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Q⇤(s0, a0)

Goal: Maximize reward.

3



• Infinite horizon: Value of policy if start in state s 

• Value of action a in state s if make the best actions in future 

• What’s the best policy?
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fallow:

R(rich,plant)=100 
R(poor,plant)=10 
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R : S ⇥A ! R

<latexit sha1_base64="56iubsv7pztuXY8o1Bc2nCXRGsM="></latexit>

V⇡(s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
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Q⇤(s, a) = R(s, a) + �
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Goal: Maximize reward.  
So we solve for best policy 

and follow it from start.
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• Infinite horizon: Value of policy if start in state s 
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• What’s the best policy?
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fallow:
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• Infinite horizon: Value of policy if start in state s 

• Value of action a in state s if make the best actions in future 

• What’s the best policy?
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rich soil

0.1 0.9

0.90.1
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fallow:

R(rich,plant)=100 
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So we solve for best policy 

and follow it from start.
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Goal: Maximize reward.  
So we solve for best policy 
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??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?• If we knew Q* (“value” of taking action a at state 

s if we make all the best actions after this step):
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• Problem: we don’t know Q* 
• Idea: use a guess/estimate Q for Q*

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?• If we knew Q* (“value” of taking action a at state 

s if we make all the best actions after this step):
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How to exploit?

• Problem: we don’t know Q* 
• Idea: use a guess/estimate Q for Q* 

• Question: how to get a good guess/estimate Q for Q*?

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?• If we knew Q* (“value” of taking action a at state 

s if we make all the best actions after this step):
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How to exploit?

• Problem: we don’t know Q* 
• Idea: use a guess/estimate Q for Q* 

• Question: how to get a good guess/estimate Q for Q*? 
• Idea: Learn Q from the data we’ve seen so far

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?• If we knew Q* (“value” of taking action a at state 

s if we make all the best actions after this step):



6

How to exploit?

• Problem: we don’t know Q* 
• Idea: use a guess/estimate Q for Q* 

• Question: how to get a good guess/estimate Q for Q*? 
• Idea: Learn Q from the data we’ve seen so far

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

• If we knew Q* (“value” of taking action a at state 
s if we make all the best actions after this step):
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rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?
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Can we learn Q?

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize 
<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     : 

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     : 

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     )

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’:

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, … 
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’:

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>
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a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’:

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’:

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’:

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)Example: 
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)Example: 
<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99



7

Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)Example: 
<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)Example: 
<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)Example:  
<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)Example:  
<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)Example:  
<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

0.5 0.5

0.50.5

poor soil
plant:

rich soil

0.5 0.5

0.50.5

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)Example:  
<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

0.5 0.5

0.50.5

poor soil
plant:

rich soil

0.5 0.5

0.50.5

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)Example:  
<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

0.5 0.5

0.50.5

poor soil
plant:

rich soil

0.5 0.5

0.50.5

poor soil
fallow:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)Example:  
<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

0.5 0.5

0.50.5

poor soil
plant:

rich soil

0.5 0.5

0.50.5

poor soil
fallow:

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)Example:  
<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)Example:  
<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99

rich soil

0.5 0.5

0.50.5

poor soil
plant:

rich soil

0.5 0.5

0.50.5

poor soil
fallow:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)Example:  
<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99

rich soil

0.5 0.5

0.50.5

poor soil
plant:

rich soil

0.5 0.5

0.50.5

poor soil
fallow:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)Example:  
<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99

rich soil

0.5 0.5

0.50.5

poor soil
plant:

rich soil

0.5 0.5

0.50.5

poor soil
fallow:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0



7

Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

rich soil

0.5 0.5

0.50.5

poor soil
fallow:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

rich soil

0.5 0.5

0.50.5

poor soil
fallow:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

rich soil

0.5 0.5

0.50.5

poor soil
fallow:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

rich soil

0.5 0.5

0.50.5

poor soil
fallow:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

rich soil

0.5 0.5

0.50.5

poor soil
fallow:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

rich soil

0.5 0.5

0.50.5

poor soil
fallow:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

rich soil

0.5 0.5

0.670.33

poor soil
fallow:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99



rich soil

0.5 0.5

0.670.33

poor soil
fallow:
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow
<latexit sha1_base64="l3bpf/etKtkYBhsbWfSFkP8QwjE="></latexit>

s(3) = poor; exploit; a(3) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99



rich soil

0.33 0.67

0.670.33

poor soil
fallow:
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow
<latexit sha1_base64="l3bpf/etKtkYBhsbWfSFkP8QwjE="></latexit>

s(3) = poor; exploit; a(3) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99



rich soil

0.33 0.67

0.670.33

poor soil
fallow:
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow
<latexit sha1_base64="l3bpf/etKtkYBhsbWfSFkP8QwjE="></latexit>

s(3) = poor; exploit; a(3) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99



rich soil

0.33 0.67

0.670.33

poor soil
fallow:
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow
<latexit sha1_base64="l3bpf/etKtkYBhsbWfSFkP8QwjE="></latexit>

s(3) = poor; exploit; a(3) = fallow
<latexit sha1_base64="2b0WeYzfe/qDnaj1Rby3vXfSeQ4="></latexit>

s(4) = rich; exploit; a(4) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99



rich soil

0.5 0.5

0.670.33

poor soil
fallow:
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow
<latexit sha1_base64="l3bpf/etKtkYBhsbWfSFkP8QwjE="></latexit>

s(3) = poor; exploit; a(3) = fallow
<latexit sha1_base64="2b0WeYzfe/qDnaj1Rby3vXfSeQ4="></latexit>

s(4) = rich; exploit; a(4) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow
<latexit sha1_base64="l3bpf/etKtkYBhsbWfSFkP8QwjE="></latexit>

s(3) = poor; exploit; a(3) = fallow
<latexit sha1_base64="2b0WeYzfe/qDnaj1Rby3vXfSeQ4="></latexit>

s(4) = rich; exploit; a(4) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)

rich soil

0.5 0.5

0.50.5

poor soil
plant:

R(rich,plant)=0 
R(poor,plant)=0 
R(rich,fallow)=0 
R(poor,fallow)=0

Example:  
 

 
 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow
<latexit sha1_base64="l3bpf/etKtkYBhsbWfSFkP8QwjE="></latexit>

s(3) = poor; exploit; a(3) = fallow
<latexit sha1_base64="2b0WeYzfe/qDnaj1Rby3vXfSeQ4="></latexit>

s(4) = rich; exploit; a(4) = fallow
<latexit sha1_base64="SJdfgQr+bSrg8QlG91E/uI/WUkA="></latexit>

s(5) = rich; explore; a(5) = plant

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)Example:  
 

 
 
 

…

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow
<latexit sha1_base64="l3bpf/etKtkYBhsbWfSFkP8QwjE="></latexit>

s(3) = poor; exploit; a(3) = fallow
<latexit sha1_base64="2b0WeYzfe/qDnaj1Rby3vXfSeQ4="></latexit>

s(4) = rich; exploit; a(4) = fallow
<latexit sha1_base64="SJdfgQr+bSrg8QlG91E/uI/WUkA="></latexit>

s(5) = rich; explore; a(5) = plant

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R

rich soil

0.92 0.08

0.100.90

poor soil
plant:

rich soil

0.89 0.11

0.090.91

poor soil
fallow:

R(rich,plant)=75 
R(poor,plant)=2 
R(rich,fallow)=0 
R(poor,fallow)=0

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)Example:  
 

 
 
 

… 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow
<latexit sha1_base64="l3bpf/etKtkYBhsbWfSFkP8QwjE="></latexit>

s(3) = poor; exploit; a(3) = fallow
<latexit sha1_base64="2b0WeYzfe/qDnaj1Rby3vXfSeQ4="></latexit>

s(4) = rich; exploit; a(4) = fallow
<latexit sha1_base64="SJdfgQr+bSrg8QlG91E/uI/WUkA="></latexit>

s(5) = rich; explore; a(5) = plant

<latexit sha1_base64="bQM9rDrcmgUc7JnfjIGIKPYsT0Q="></latexit>

s(2718) = rich; exploit; a(2718) = plant

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99
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• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)Example:  
 

 
 
 

… 
 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow
<latexit sha1_base64="l3bpf/etKtkYBhsbWfSFkP8QwjE="></latexit>

s(3) = poor; exploit; a(3) = fallow
<latexit sha1_base64="2b0WeYzfe/qDnaj1Rby3vXfSeQ4="></latexit>

s(4) = rich; exploit; a(4) = fallow
<latexit sha1_base64="SJdfgQr+bSrg8QlG91E/uI/WUkA="></latexit>

s(5) = rich; explore; a(5) = plant

<latexit sha1_base64="bQM9rDrcmgUc7JnfjIGIKPYsT0Q="></latexit>

s(2718) = rich; exploit; a(2718) = plant
<latexit sha1_base64="HLYjdsm6Uojxm4ZoB/vX6ZHBxc4="></latexit>

s(2719) = poor; exploit; a(2719) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99

rich soil

0.92 0.08

0.100.90

poor soil
plant:

rich soil

0.89 0.11

0.090.91

poor soil
fallow:

R(rich,plant)=75 
R(poor,plant)=2 
R(rich,fallow)=0 
R(poor,fallow)=0

Can we learn Q?
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Can we learn Q?

• Option 1: Estimate transition model T and 
reward function R
Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Any s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. !-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)Example:  
 

 
 
 

… 
 
 

<latexit sha1_base64="PJhMEXyxMYF75SPSQOvljTBjyIU="></latexit>

s(1) = rich; explore; a(1) = fallow
<latexit sha1_base64="//RbbZVuLszAK+9jMGFTeOk9dGk="></latexit>

s(2) = poor; exploit; a(2) = fallow
<latexit sha1_base64="l3bpf/etKtkYBhsbWfSFkP8QwjE="></latexit>

s(3) = poor; exploit; a(3) = fallow
<latexit sha1_base64="2b0WeYzfe/qDnaj1Rby3vXfSeQ4="></latexit>

s(4) = rich; exploit; a(4) = fallow
<latexit sha1_base64="SJdfgQr+bSrg8QlG91E/uI/WUkA="></latexit>

s(5) = rich; explore; a(5) = plant

<latexit sha1_base64="bQM9rDrcmgUc7JnfjIGIKPYsT0Q="></latexit>

s(2718) = rich; exploit; a(2718) = plant
<latexit sha1_base64="HLYjdsm6Uojxm4ZoB/vX6ZHBxc4="></latexit>

s(2719) = poor; exploit; a(2719) = fallow
<latexit sha1_base64="uMPTVVQrVaR1s60xb/cdOtAX1kA="></latexit>

s(2720) = rich; explore; a(2720) = fallow

<latexit sha1_base64="TaQ4EkAGMC4NPJSbw8Yw0a6EZ4k=">AAACBnicbVDLSgMxFM3UV62vUZc+CBbBVZlRRIsIRTcuW7AP6JSSSdM2NMkMSUYoQ1ci+CtuXChil36DO7/BnzCddqGtBy6cnHMvuff4IaNKO86XlZqbX1hcSi9nVlbX1jfsza2KCiKJSRkHLJA1HynCqCBlTTUjtVASxH1Gqn7veuRX74hUNBC3uh+SBkcdQdsUI22kpr3nkVBRFgh4CZ3cyQX0OohzlLzy+aaddXJOAjhL3AnJFnaHpe+H/WGxaX96rQBHnAiNGVKq7jqhbsRIaooZGWS8SJEQ4R7qkLqhAnGiGnFyxgAeGqUF24E0JTRM1N8TMeJK9blvOjnSXTXtjcT/vHqk2+eNmIow0kTg8UftiEEdwFEmsEUlwZr1DUFYUrMrxF0kEdYmuYwJwZ0+eZZUjnPuac4pudnCFRgjDXbAATgCLjgDBXADiqAMMLgHT+AFvFqP1rP1Zr2PW1PWZGYb/IH18QPqDZnk</latexit>

✏ = 0.3; � = 0.99

rich soil

0.92 0.08

0.100.90

poor soil
plant:

rich soil

0.89 0.11

0.090.91

poor soil
fallow:

R(rich,plant)=75 
R(poor,plant)=2 
R(rich,fallow)=0 
R(poor,fallow)=0
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(1� ↵)Ê(t�1) + ↵ ⇤ value(s0(t))
<latexit sha1_base64="SecFu8pkwBknB8obAdNEeaQCzKc="></latexit>

= (1� ↵)
Pt�1

i=1(1� ↵)t�1�i↵value(s0(i)) + ↵value(s0(t))
<latexit sha1_base64="E08f4kX8+YZhkn5DQQJJMi9V5BA="></latexit>

=
Pt

i=1(1� ↵)t�i↵value(s0(i)) = Ê(t)
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Ê(t) =
Pt

i=1(1� ↵)t�i↵ ⇤ value(s0(i))

<latexit sha1_base64="pMGsgtKWmxZaOf+kgeVPQy/qaUM="></latexit>
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<latexit sha1_base64="rtcsBFM9e43TolWkKImGcJ4ZBqA=">AAAB/nicbVDLSgMxFM3UVx1fo+LKTbAIdVNmBNFNsejGZQX7gHYsmTTThmYyIckIZSj4KyK4UMStf+Dejfg3pp0utPXAhZNz7iX3nkAwqrTrflu5hcWl5ZX8qr22vrG55Wzv1FWcSExqOGaxbAZIEUY5qWmqGWkKSVAUMNIIBpdjv3FHpKIxv9FDQfwI9TgNKUbaSB1nr42Y6KPbtKiPRrAMs2fHKbgldwI4T7wpKZx/2GXx+GVXO85nuxvjJCJcY4aUanmu0H6KpKaYkZHdThQRCA9Qj7QM5Sgiyk8n64/goVG6MIylKa7hRP09kaJIqWEUmM4I6b6a9cbif14r0eGZn1IuEk04zj4KEwZ1DMdZwC6VBGs2NARhSc2uEPeRRFibxGwTgjd78jypH5e8k5J77RUqFyBDHuyDA1AEHjgFFXAFqqAGMEjBA3gGL9a99WS9Wm9Za86azuyCP7DefwBgrZgb</latexit>

↵(t) = ↵
<latexit sha1_base64="roajaQ5rF0HT2o7cQIW2YrlsCZY="></latexit>

Ê(0) = 0; Ê(t) = (1� ↵)Ê(t�1) + ↵ ⇤ value(s0(t))

<latexit sha1_base64="q7kPTd8loLi7dhzQx7SxE1+8UbM="></latexit>

(1� ↵)Ê(t�1) + ↵ ⇤ value(s0(t))
<latexit sha1_base64="SecFu8pkwBknB8obAdNEeaQCzKc="></latexit>

= (1� ↵)
Pt�1

i=1(1� ↵)t�1�i↵value(s0(i)) + ↵value(s0(t))
<latexit sha1_base64="E08f4kX8+YZhkn5DQQJJMi9V5BA="></latexit>

=
Pt

i=1(1� ↵)t�i↵value(s0(i)) = Ê(t)

<latexit sha1_base64="d0WvaC3VrQbHUm/amBX2LnwdO4E="></latexit>

Eexact =
1

10,000$100,000 +
⇣
1� 1

10,000

⌘
$0 = $10

<latexit sha1_base64="p8bV6wkbdQ4SMBRXzwQfn+WIKGU="></latexit>

Eexact =
P

s02S P (S0 = s0) ⇤ value(s0)
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• Expected value of a discrete random variable:

• An estimate of the expected value:

• Example: expected value of an insurance payout:

• Can write as a running average with

• Different running average, with constant 

• Can check: 
<latexit sha1_base64="4imNs4a6vEc+Wi/QSnL2jYSjxXA="></latexit>

Ê(t) =
Pt

i=1(1� ↵)t�i↵ ⇤ value(s0(i))

<latexit sha1_base64="pMGsgtKWmxZaOf+kgeVPQy/qaUM="></latexit>

Ẽ(0) = 0; Ẽ(t) = (1� ↵(t))Ẽ(t�1) + ↵(t) ⇤ value(s0(t))
<latexit sha1_base64="rtcsBFM9e43TolWkKImGcJ4ZBqA=">AAAB/nicbVDLSgMxFM3UVx1fo+LKTbAIdVNmBNFNsejGZQX7gHYsmTTThmYyIckIZSj4KyK4UMStf+Dejfg3pp0utPXAhZNz7iX3nkAwqrTrflu5hcWl5ZX8qr22vrG55Wzv1FWcSExqOGaxbAZIEUY5qWmqGWkKSVAUMNIIBpdjv3FHpKIxv9FDQfwI9TgNKUbaSB1nr42Y6KPbtKiPRrAMs2fHKbgldwI4T7wpKZx/2GXx+GVXO85nuxvjJCJcY4aUanmu0H6KpKaYkZHdThQRCA9Qj7QM5Sgiyk8n64/goVG6MIylKa7hRP09kaJIqWEUmM4I6b6a9cbif14r0eGZn1IuEk04zj4KEwZ1DMdZwC6VBGs2NARhSc2uEPeRRFibxGwTgjd78jypH5e8k5J77RUqFyBDHuyDA1AEHjgFFXAFqqAGMEjBA3gGL9a99WS9Wm9Za86azuyCP7DefwBgrZgb</latexit>

↵(t) = ↵
<latexit sha1_base64="roajaQ5rF0HT2o7cQIW2YrlsCZY="></latexit>

Ê(0) = 0; Ê(t) = (1� ↵)Ê(t�1) + ↵ ⇤ value(s0(t))

<latexit sha1_base64="q7kPTd8loLi7dhzQx7SxE1+8UbM="></latexit>

(1� ↵)Ê(t�1) + ↵ ⇤ value(s0(t))
<latexit sha1_base64="SecFu8pkwBknB8obAdNEeaQCzKc="></latexit>

= (1� ↵)
Pt�1

i=1(1� ↵)t�1�i↵value(s0(i)) + ↵value(s0(t))
<latexit sha1_base64="E08f4kX8+YZhkn5DQQJJMi9V5BA="></latexit>

=
Pt

i=1(1� ↵)t�i↵value(s0(i)) = Ê(t)

<latexit sha1_base64="d0WvaC3VrQbHUm/amBX2LnwdO4E="></latexit>

Eexact =
1

10,000$100,000 +
⇣
1� 1

10,000

⌘
$0 = $10

gives bigger weights to more 
recently observed values

<latexit sha1_base64="p8bV6wkbdQ4SMBRXzwQfn+WIKGU="></latexit>

Eexact =
P

s02S P (S0 = s0) ⇤ value(s0)
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Can we learn Q?

• Option 2: Estimate Q directly

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?
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s 2 S
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E.g. !-greedy

• Another perspective on the update:

“temporal difference learning”

Note: Algorithm never learns/stores T or R; just Q

Note: This algorithm 
doesn’t quite take 
actions according 
the policy we’re 

learning



Some terminology
• Reinforcement learning (RL): learning (to maximize 

rewards) by interacting with the world 
• Contrast with supervised learning 

• 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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