
6.036/6.862: Introduction to 
Machine Learning

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 5” category) 
Materials: Will all be available at course website
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Last Time(s)
I. Linear logistic 

classification/logistic 
regression 

II. Gradient descent

Today’s Plan
I. Linear regression 
II. Ridge regression 
III. Gradient descent & 

stochastic gradient 
descent 
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Recall
Classification 
• Datum   :

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i
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Recall
Classification 
• Datum   :

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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Recall
Classification 
• Datum   :

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

–

++ + +

– – –

+

–

++

– – –
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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Recall
Classification 
• Datum   : feature vector 
x(i) = (x(i)

1 , . . . , x(i)
d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

–

++ + +

– – –

+

–

++

– – –
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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Recall
Classification 
• Datum   : feature vector  

• Label
x(i) = (x(i)

1 , . . . , x(i)
d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

y(i) 2 {�1,+1}

<latexit sha1_base64="713ykEbssIo/Rc2amVUhyV5Oe0I=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFbUkUlB3RTcuK9gHNLFMppN26GQSZiZCCQV/xY0LRdz6He78G6ePhVoPXDiccy/33hMknCntOF9WbmFxaXklv1pYW9/Y3LK3dxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXY7/5QKVisbjTw4T6Ee4JFjKCtZE69t7wPiuxoxHymEBeduqeHLveqGMXnbIzAZon7owUYYZax/70ujFJIyo04Viptusk2s+w1IxwOip4qaIJJgPco21DBY6o8rPJ+SN0aJQuCmNpSmg0UX9OZDhSahgFpjPCuq/+emPxP6+d6vDCz5hIUk0FmS4KU450jMZZoC6TlGg+NAQTycytiPSxxESbxAomBPfvy/OkcVZ2K+XL20qxejWLIw/7cAAlcOEcqnADNagDgQye4AVerUfr2Xqz3qetOWs2swu/YH18A8uWlBs=</latexit>

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

–

++ + +

– – –

+

–

++

– – –
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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Recall
Classification 
• Datum   : feature vector  

• Label 
• Hypothesis

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

y(i) 2 {�1,+1}

<latexit sha1_base64="713ykEbssIo/Rc2amVUhyV5Oe0I=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFbUkUlB3RTcuK9gHNLFMppN26GQSZiZCCQV/xY0LRdz6He78G6ePhVoPXDiccy/33hMknCntOF9WbmFxaXklv1pYW9/Y3LK3dxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXY7/5QKVisbjTw4T6Ee4JFjKCtZE69t7wPiuxoxHymEBeduqeHLveqGMXnbIzAZon7owUYYZax/70ujFJIyo04Viptusk2s+w1IxwOip4qaIJJgPco21DBY6o8rPJ+SN0aJQuCmNpSmg0UX9OZDhSahgFpjPCuq/+emPxP6+d6vDCz5hIUk0FmS4KU450jMZZoC6TlGg+NAQTycytiPSxxESbxAomBPfvy/OkcVZ2K+XL20qxejWLIw/7cAAlcOEcqnADNagDgQye4AVerUfr2Xqz3qetOWs2swu/YH18A8uWlBs=</latexit>

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

h : Rd ! {�1,+1}

<latexit sha1_base64="Qglo07NTvoHTsQPcH9BIBVMHQAI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBUEsiBR+rohuXVewDmlgmk0k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMDh3PuZe45XsyoVJb1bRTm5hcWl4rLpZXVtfUNc3OrKaNEYNLAEYtE20OSMMpJQ1HFSDsWBIUeIy1vcDXyWw9ESBrxOzWMiRuiHqcBxUhpqWvu9i+gEyLV97z0NrtP/Qw6KoJOemwfHdpO1jXLVsUaA84SOydlkKPeNb8cP8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPEA90tGUo5BINx0HyeC+VnwYREI/ruBY/b2RolDKYejpydHNctobif95nUQFZ25KeZwowvHkoyBhUEcdtQJ9KghWbKgJwoLqWyHuI4Gw0t2VdAn2dORZ0jyp2NXK+U21XLvM6yiCHbAHDoANTkENXIM6aAAMHsEzeAVvxpPxYrwbH5PRgpHvbIM/MD5/AM4nmJI=</latexit>

–

++ + +

– – –

+

–

++

– – –
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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Recall
Classification 
• Datum   : feature vector  

• Label 
• Hypothesis

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

y(i) 2 {�1,+1}

<latexit sha1_base64="713ykEbssIo/Rc2amVUhyV5Oe0I=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFbUkUlB3RTcuK9gHNLFMppN26GQSZiZCCQV/xY0LRdz6He78G6ePhVoPXDiccy/33hMknCntOF9WbmFxaXklv1pYW9/Y3LK3dxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXY7/5QKVisbjTw4T6Ee4JFjKCtZE69t7wPiuxoxHymEBeduqeHLveqGMXnbIzAZon7owUYYZax/70ujFJIyo04Viptusk2s+w1IxwOip4qaIJJgPco21DBY6o8rPJ+SN0aJQuCmNpSmg0UX9OZDhSahgFpjPCuq/+emPxP6+d6vDCz5hIUk0FmS4KU450jMZZoC6TlGg+NAQTycytiPSxxESbxAomBPfvy/OkcVZ2K+XL20qxejWLIw/7cAAlcOEcqnADNagDgQye4AVerUfr2Xqz3qetOWs2swu/YH18A8uWlBs=</latexit>
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<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y



2

Recall
Classification 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss: 0-1, asymmetric, NLL 
• Example: linear classification

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

y(i) 2 {�1,+1}

<latexit sha1_base64="713ykEbssIo/Rc2amVUhyV5Oe0I=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFbUkUlB3RTcuK9gHNLFMppN26GQSZiZCCQV/xY0LRdz6He78G6ePhVoPXDiccy/33hMknCntOF9WbmFxaXklv1pYW9/Y3LK3dxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXY7/5QKVisbjTw4T6Ee4JFjKCtZE69t7wPiuxoxHymEBeduqeHLveqGMXnbIzAZon7owUYYZax/70ujFJIyo04Viptusk2s+w1IxwOip4qaIJJgPco21DBY6o8rPJ+SN0aJQuCmNpSmg0UX9OZDhSahgFpjPCuq/+emPxP6+d6vDCz5hIUk0FmS4KU450jMZZoC6TlGg+NAQTycytiPSxxESbxAomBPfvy/OkcVZ2K+XL20qxejWLIw/7cAAlcOEcqnADNagDgQye4AVerUfr2Xqz3qetOWs2swu/YH18A8uWlBs=</latexit>

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

Compare

h : Rd ! {�1,+1}

<latexit sha1_base64="Qglo07NTvoHTsQPcH9BIBVMHQAI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBUEsiBR+rohuXVewDmlgmk0k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMDh3PuZe45XsyoVJb1bRTm5hcWl4rLpZXVtfUNc3OrKaNEYNLAEYtE20OSMMpJQ1HFSDsWBIUeIy1vcDXyWw9ESBrxOzWMiRuiHqcBxUhpqWvu9i+gEyLV97z0NrtP/Qw6KoJOemwfHdpO1jXLVsUaA84SOydlkKPeNb8cP8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPEA90tGUo5BINx0HyeC+VnwYREI/ruBY/b2RolDKYejpydHNctobif95nUQFZ25KeZwowvHkoyBhUEcdtQJ9KghWbKgJwoLqWyHuI4Gw0t2VdAn2dORZ0jyp2NXK+U21XLvM6yiCHbAHDoANTkENXIM6aAAMHsEzeAVvxpPxYrwbH5PRgpHvbIM/MD5/AM4nmJI=</latexit>

Regression 
• Datum   :

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

–

++ + +

– – –

+

–

++

– – –
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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Recall
Classification 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss: 0-1, asymmetric, NLL 
• Example: linear classification

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

y(i) 2 {�1,+1}

<latexit sha1_base64="713ykEbssIo/Rc2amVUhyV5Oe0I=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFbUkUlB3RTcuK9gHNLFMppN26GQSZiZCCQV/xY0LRdz6He78G6ePhVoPXDiccy/33hMknCntOF9WbmFxaXklv1pYW9/Y3LK3dxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXY7/5QKVisbjTw4T6Ee4JFjKCtZE69t7wPiuxoxHymEBeduqeHLveqGMXnbIzAZon7owUYYZax/70ujFJIyo04Viptusk2s+w1IxwOip4qaIJJgPco21DBY6o8rPJ+SN0aJQuCmNpSmg0UX9OZDhSahgFpjPCuq/+emPxP6+d6vDCz5hIUk0FmS4KU450jMZZoC6TlGg+NAQTycytiPSxxESbxAomBPfvy/OkcVZ2K+XL20qxejWLIw/7cAAlcOEcqnADNagDgQye4AVerUfr2Xqz3qetOWs2swu/YH18A8uWlBs=</latexit>

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

Compare

h : Rd ! {�1,+1}

<latexit sha1_base64="Qglo07NTvoHTsQPcH9BIBVMHQAI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBUEsiBR+rohuXVewDmlgmk0k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMDh3PuZe45XsyoVJb1bRTm5hcWl4rLpZXVtfUNc3OrKaNEYNLAEYtE20OSMMpJQ1HFSDsWBIUeIy1vcDXyWw9ESBrxOzWMiRuiHqcBxUhpqWvu9i+gEyLV97z0NrtP/Qw6KoJOemwfHdpO1jXLVsUaA84SOydlkKPeNb8cP8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPEA90tGUo5BINx0HyeC+VnwYREI/ruBY/b2RolDKYejpydHNctobif95nUQFZ25KeZwowvHkoyBhUEcdtQJ9KghWbKgJwoLqWyHuI4Gw0t2VdAn2dORZ0jyp2NXK+U21XLvM6yiCHbAHDoANTkENXIM6aAAMHsEzeAVvxpPxYrwbH5PRgpHvbIM/MD5/AM4nmJI=</latexit>

Regression 
• Datum   : feature vector  

• Label

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

<latexit sha1_base64="6zTd0UL33htTUupyJ/1rdZ+m2wM=">AAACAHicbVDLSsNAFL2pr1pfVcGNm8Ei1E1JpKDLohuXVawtNLFMppN26GQSZiZCiFn4K25cKIhbP8Odf+P0sdDWAwOHc+7lnjl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7t6dihJJaItEPJIdHyvKmaAtzTSnnVhSHPqctv3R5dhvP1CpWCRudRpTL8QDwQJGsDZSr3yQ3mdVdpIjlwnkhlgPfT+7yXvlil2zJ0CLxJmRCszQ7JW/3H5EkpAKTThWquvYsfYyLDUjnOYlN1E0xmSEB7RrqMAhVV42yZ+jY6P0URBJ84RGE/X3RoZDpdLQN5PjhGreG4v/ed1EB+dexkScaCrI9FCQcKQjNC4D9ZmkRPPUEEwkM1kRGWKJiTaVlUwJzvyXF0n7tObUa45zXa80LmZ9FOEQjqAKDpxBA66gCS0g8AjP8Apv1pP1Yr1bH9PRgjXb2Yc/sD5/ANmxldA=</latexit>

y(i) 2 R

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

–

++ + +

– – –

+

–

++

– – –
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y



2

Recall
Classification 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss: 0-1, asymmetric, NLL 
• Example: linear classification

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

y(i) 2 {�1,+1}

<latexit sha1_base64="713ykEbssIo/Rc2amVUhyV5Oe0I=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFbUkUlB3RTcuK9gHNLFMppN26GQSZiZCCQV/xY0LRdz6He78G6ePhVoPXDiccy/33hMknCntOF9WbmFxaXklv1pYW9/Y3LK3dxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXY7/5QKVisbjTw4T6Ee4JFjKCtZE69t7wPiuxoxHymEBeduqeHLveqGMXnbIzAZon7owUYYZax/70ujFJIyo04Viptusk2s+w1IxwOip4qaIJJgPco21DBY6o8rPJ+SN0aJQuCmNpSmg0UX9OZDhSahgFpjPCuq/+emPxP6+d6vDCz5hIUk0FmS4KU450jMZZoC6TlGg+NAQTycytiPSxxESbxAomBPfvy/OkcVZ2K+XL20qxejWLIw/7cAAlcOEcqnADNagDgQye4AVerUfr2Xqz3qetOWs2swu/YH18A8uWlBs=</latexit>

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

Compare

h : Rd ! {�1,+1}

<latexit sha1_base64="Qglo07NTvoHTsQPcH9BIBVMHQAI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBUEsiBR+rohuXVewDmlgmk0k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMDh3PuZe45XsyoVJb1bRTm5hcWl4rLpZXVtfUNc3OrKaNEYNLAEYtE20OSMMpJQ1HFSDsWBIUeIy1vcDXyWw9ESBrxOzWMiRuiHqcBxUhpqWvu9i+gEyLV97z0NrtP/Qw6KoJOemwfHdpO1jXLVsUaA84SOydlkKPeNb8cP8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPEA90tGUo5BINx0HyeC+VnwYREI/ruBY/b2RolDKYejpydHNctobif95nUQFZ25KeZwowvHkoyBhUEcdtQJ9KghWbKgJwoLqWyHuI4Gw0t2VdAn2dORZ0jyp2NXK+U21XLvM6yiCHbAHDoANTkENXIM6aAAMHsEzeAVvxpPxYrwbH5PRgpHvbIM/MD5/AM4nmJI=</latexit>

Regression 
• Datum   : feature vector  

• Label 
• Hypothesis

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

<latexit sha1_base64="6zTd0UL33htTUupyJ/1rdZ+m2wM=">AAACAHicbVDLSsNAFL2pr1pfVcGNm8Ei1E1JpKDLohuXVawtNLFMppN26GQSZiZCiFn4K25cKIhbP8Odf+P0sdDWAwOHc+7lnjl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7t6dihJJaItEPJIdHyvKmaAtzTSnnVhSHPqctv3R5dhvP1CpWCRudRpTL8QDwQJGsDZSr3yQ3mdVdpIjlwnkhlgPfT+7yXvlil2zJ0CLxJmRCszQ7JW/3H5EkpAKTThWquvYsfYyLDUjnOYlN1E0xmSEB7RrqMAhVV42yZ+jY6P0URBJ84RGE/X3RoZDpdLQN5PjhGreG4v/ed1EB+dexkScaCrI9FCQcKQjNC4D9ZmkRPPUEEwkM1kRGWKJiTaVlUwJzvyXF0n7tObUa45zXa80LmZ9FOEQjqAKDpxBA66gCS0g8AjP8Apv1pP1Yr1bH9PRgjXb2Yc/sD5/ANmxldA=</latexit>

y(i) 2 R
<latexit sha1_base64="71bj+db3xhC3HXk1setvwH8PAXE=">AAACEHicbVBNS8NAEN34WetX1KOXxaJ4KokUFE9FLx6rWFtoYtlsNs3SzW7Y3Sgl9B948a948aAgXj1689+4aXuorQ8GHu/NMDMvSBlV2nF+rIXFpeWV1dJaeX1jc2vb3tm9UyKTmDSxYEK2A6QIo5w0NdWMtFNJUBIw0gr6l4XfeiBSUcFv9SAlfoJ6nEYUI22krn0Un0MvQToOgvxmeB9CT9JerJGU4nHK6NoVp+qMAOeJOyEVMEGja397ocBZQrjGDCnVcZ1U+zmSmmJGhmUvUyRFuI96pGMoRwlRfj76ZwgPjRLCSEhTXMOROj2Ro0SpQRKYzuJCNesV4n9eJ9PRmZ9TnmaacDxeFGUMagGLcGBIJcGaDQxBWFJzK8QxkghrE2HZhODOvjxPWidVt1Z13etapX4xyaME9sEBOAYuOAV1cAUaoAkweAIv4A28W8/Wq/VhfY5bF6zJzB74A+vrF8PhnPE=</latexit>

h : Rd ! R

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

–

++ + +

– – –

+

–

++

– – –
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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Recall
Classification 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss: 0-1, asymmetric, NLL 
• Example: linear classification

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

y(i) 2 {�1,+1}

<latexit sha1_base64="713ykEbssIo/Rc2amVUhyV5Oe0I=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFbUkUlB3RTcuK9gHNLFMppN26GQSZiZCCQV/xY0LRdz6He78G6ePhVoPXDiccy/33hMknCntOF9WbmFxaXklv1pYW9/Y3LK3dxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXY7/5QKVisbjTw4T6Ee4JFjKCtZE69t7wPiuxoxHymEBeduqeHLveqGMXnbIzAZon7owUYYZax/70ujFJIyo04Viptusk2s+w1IxwOip4qaIJJgPco21DBY6o8rPJ+SN0aJQuCmNpSmg0UX9OZDhSahgFpjPCuq/+emPxP6+d6vDCz5hIUk0FmS4KU450jMZZoC6TlGg+NAQTycytiPSxxESbxAomBPfvy/OkcVZ2K+XL20qxejWLIw/7cAAlcOEcqnADNagDgQye4AVerUfr2Xqz3qetOWs2swu/YH18A8uWlBs=</latexit>

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

Compare

h : Rd ! {�1,+1}

<latexit sha1_base64="Qglo07NTvoHTsQPcH9BIBVMHQAI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBUEsiBR+rohuXVewDmlgmk0k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMDh3PuZe45XsyoVJb1bRTm5hcWl4rLpZXVtfUNc3OrKaNEYNLAEYtE20OSMMpJQ1HFSDsWBIUeIy1vcDXyWw9ESBrxOzWMiRuiHqcBxUhpqWvu9i+gEyLV97z0NrtP/Qw6KoJOemwfHdpO1jXLVsUaA84SOydlkKPeNb8cP8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPEA90tGUo5BINx0HyeC+VnwYREI/ruBY/b2RolDKYejpydHNctobif95nUQFZ25KeZwowvHkoyBhUEcdtQJ9KghWbKgJwoLqWyHuI4Gw0t2VdAn2dORZ0jyp2NXK+U21XLvM6yiCHbAHDoANTkENXIM6aAAMHsEzeAVvxpPxYrwbH5PRgpHvbIM/MD5/AM4nmJI=</latexit>

Regression 
• Datum   : feature vector  

• Label 
• Hypothesis

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

<latexit sha1_base64="6zTd0UL33htTUupyJ/1rdZ+m2wM=">AAACAHicbVDLSsNAFL2pr1pfVcGNm8Ei1E1JpKDLohuXVawtNLFMppN26GQSZiZCiFn4K25cKIhbP8Odf+P0sdDWAwOHc+7lnjl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7t6dihJJaItEPJIdHyvKmaAtzTSnnVhSHPqctv3R5dhvP1CpWCRudRpTL8QDwQJGsDZSr3yQ3mdVdpIjlwnkhlgPfT+7yXvlil2zJ0CLxJmRCszQ7JW/3H5EkpAKTThWquvYsfYyLDUjnOYlN1E0xmSEB7RrqMAhVV42yZ+jY6P0URBJ84RGE/X3RoZDpdLQN5PjhGreG4v/ed1EB+dexkScaCrI9FCQcKQjNC4D9ZmkRPPUEEwkM1kRGWKJiTaVlUwJzvyXF0n7tObUa45zXa80LmZ9FOEQjqAKDpxBA66gCS0g8AjP8Apv1pP1Yr1bH9PRgjXb2Yc/sD5/ANmxldA=</latexit>

y(i) 2 R
<latexit sha1_base64="71bj+db3xhC3HXk1setvwH8PAXE=">AAACEHicbVBNS8NAEN34WetX1KOXxaJ4KokUFE9FLx6rWFtoYtlsNs3SzW7Y3Sgl9B948a948aAgXj1689+4aXuorQ8GHu/NMDMvSBlV2nF+rIXFpeWV1dJaeX1jc2vb3tm9UyKTmDSxYEK2A6QIo5w0NdWMtFNJUBIw0gr6l4XfeiBSUcFv9SAlfoJ6nEYUI22krn0Un0MvQToOgvxmeB9CT9JerJGU4nHK6NoVp+qMAOeJOyEVMEGja397ocBZQrjGDCnVcZ1U+zmSmmJGhmUvUyRFuI96pGMoRwlRfj76ZwgPjRLCSEhTXMOROj2Ro0SpQRKYzuJCNesV4n9eJ9PRmZ9TnmaacDxeFGUMagGLcGBIJcGaDQxBWFJzK8QxkghrE2HZhODOvjxPWidVt1Z13etapX4xyaME9sEBOAYuOAV1cAUaoAkweAIv4A28W8/Wq/VhfY5bF6zJzB74A+vrF8PhnPE=</latexit>

h : Rd ! R

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

–

++ + +

– – –

+

–

++

– – –
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y



2

Recall
Classification 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss: 0-1, asymmetric, NLL 
• Example: linear classification

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

y(i) 2 {�1,+1}

<latexit sha1_base64="713ykEbssIo/Rc2amVUhyV5Oe0I=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFbUkUlB3RTcuK9gHNLFMppN26GQSZiZCCQV/xY0LRdz6He78G6ePhVoPXDiccy/33hMknCntOF9WbmFxaXklv1pYW9/Y3LK3dxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXY7/5QKVisbjTw4T6Ee4JFjKCtZE69t7wPiuxoxHymEBeduqeHLveqGMXnbIzAZon7owUYYZax/70ujFJIyo04Viptusk2s+w1IxwOip4qaIJJgPco21DBY6o8rPJ+SN0aJQuCmNpSmg0UX9OZDhSahgFpjPCuq/+emPxP6+d6vDCz5hIUk0FmS4KU450jMZZoC6TlGg+NAQTycytiPSxxESbxAomBPfvy/OkcVZ2K+XL20qxejWLIw/7cAAlcOEcqnADNagDgQye4AVerUfr2Xqz3qetOWs2swu/YH18A8uWlBs=</latexit>

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

Compare

h : Rd ! {�1,+1}

<latexit sha1_base64="Qglo07NTvoHTsQPcH9BIBVMHQAI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBUEsiBR+rohuXVewDmlgmk0k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMDh3PuZe45XsyoVJb1bRTm5hcWl4rLpZXVtfUNc3OrKaNEYNLAEYtE20OSMMpJQ1HFSDsWBIUeIy1vcDXyWw9ESBrxOzWMiRuiHqcBxUhpqWvu9i+gEyLV97z0NrtP/Qw6KoJOemwfHdpO1jXLVsUaA84SOydlkKPeNb8cP8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPEA90tGUo5BINx0HyeC+VnwYREI/ruBY/b2RolDKYejpydHNctobif95nUQFZ25KeZwowvHkoyBhUEcdtQJ9KghWbKgJwoLqWyHuI4Gw0t2VdAn2dORZ0jyp2NXK+U21XLvM6yiCHbAHDoANTkENXIM6aAAMHsEzeAVvxpPxYrwbH5PRgpHvbIM/MD5/AM4nmJI=</latexit>

Regression 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss:

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

<latexit sha1_base64="6zTd0UL33htTUupyJ/1rdZ+m2wM=">AAACAHicbVDLSsNAFL2pr1pfVcGNm8Ei1E1JpKDLohuXVawtNLFMppN26GQSZiZCiFn4K25cKIhbP8Odf+P0sdDWAwOHc+7lnjl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7t6dihJJaItEPJIdHyvKmaAtzTSnnVhSHPqctv3R5dhvP1CpWCRudRpTL8QDwQJGsDZSr3yQ3mdVdpIjlwnkhlgPfT+7yXvlil2zJ0CLxJmRCszQ7JW/3H5EkpAKTThWquvYsfYyLDUjnOYlN1E0xmSEB7RrqMAhVV42yZ+jY6P0URBJ84RGE/X3RoZDpdLQN5PjhGreG4v/ed1EB+dexkScaCrI9FCQcKQjNC4D9ZmkRPPUEEwkM1kRGWKJiTaVlUwJzvyXF0n7tObUa45zXa80LmZ9FOEQjqAKDpxBA66gCS0g8AjP8Apv1pP1Yr1bH9PRgjXb2Yc/sD5/ANmxldA=</latexit>

y(i) 2 R
<latexit sha1_base64="71bj+db3xhC3HXk1setvwH8PAXE=">AAACEHicbVBNS8NAEN34WetX1KOXxaJ4KokUFE9FLx6rWFtoYtlsNs3SzW7Y3Sgl9B948a948aAgXj1689+4aXuorQ8GHu/NMDMvSBlV2nF+rIXFpeWV1dJaeX1jc2vb3tm9UyKTmDSxYEK2A6QIo5w0NdWMtFNJUBIw0gr6l4XfeiBSUcFv9SAlfoJ6nEYUI22krn0Un0MvQToOgvxmeB9CT9JerJGU4nHK6NoVp+qMAOeJOyEVMEGja397ocBZQrjGDCnVcZ1U+zmSmmJGhmUvUyRFuI96pGMoRwlRfj76ZwgPjRLCSEhTXMOROj2Ro0SpQRKYzuJCNesV4n9eJ9PRmZ9TnmaacDxeFGUMagGLcGBIJcGaDQxBWFJzK8QxkghrE2HZhODOvjxPWidVt1Z13etapX4xyaME9sEBOAYuOAV1cAUaoAkweAIv4A28W8/Wq/VhfY5bF6zJzB74A+vrF8PhnPE=</latexit>

h : Rd ! R

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

–

++ + +

– – –

+

–

++

– – –
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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Recall
Classification 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss: 0-1, asymmetric, NLL 
• Example: linear classification

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

y(i) 2 {�1,+1}

<latexit sha1_base64="713ykEbssIo/Rc2amVUhyV5Oe0I=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFbUkUlB3RTcuK9gHNLFMppN26GQSZiZCCQV/xY0LRdz6He78G6ePhVoPXDiccy/33hMknCntOF9WbmFxaXklv1pYW9/Y3LK3dxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXY7/5QKVisbjTw4T6Ee4JFjKCtZE69t7wPiuxoxHymEBeduqeHLveqGMXnbIzAZon7owUYYZax/70ujFJIyo04Viptusk2s+w1IxwOip4qaIJJgPco21DBY6o8rPJ+SN0aJQuCmNpSmg0UX9OZDhSahgFpjPCuq/+emPxP6+d6vDCz5hIUk0FmS4KU450jMZZoC6TlGg+NAQTycytiPSxxESbxAomBPfvy/OkcVZ2K+XL20qxejWLIw/7cAAlcOEcqnADNagDgQye4AVerUfr2Xqz3qetOWs2swu/YH18A8uWlBs=</latexit>

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

Compare

h : Rd ! {�1,+1}

<latexit sha1_base64="Qglo07NTvoHTsQPcH9BIBVMHQAI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBUEsiBR+rohuXVewDmlgmk0k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMDh3PuZe45XsyoVJb1bRTm5hcWl4rLpZXVtfUNc3OrKaNEYNLAEYtE20OSMMpJQ1HFSDsWBIUeIy1vcDXyWw9ESBrxOzWMiRuiHqcBxUhpqWvu9i+gEyLV97z0NrtP/Qw6KoJOemwfHdpO1jXLVsUaA84SOydlkKPeNb8cP8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPEA90tGUo5BINx0HyeC+VnwYREI/ruBY/b2RolDKYejpydHNctobif95nUQFZ25KeZwowvHkoyBhUEcdtQJ9KghWbKgJwoLqWyHuI4Gw0t2VdAn2dORZ0jyp2NXK+U21XLvM6yiCHbAHDoANTkENXIM6aAAMHsEzeAVvxpPxYrwbH5PRgpHvbIM/MD5/AM4nmJI=</latexit>

Regression 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss:

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

<latexit sha1_base64="6zTd0UL33htTUupyJ/1rdZ+m2wM=">AAACAHicbVDLSsNAFL2pr1pfVcGNm8Ei1E1JpKDLohuXVawtNLFMppN26GQSZiZCiFn4K25cKIhbP8Odf+P0sdDWAwOHc+7lnjl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7t6dihJJaItEPJIdHyvKmaAtzTSnnVhSHPqctv3R5dhvP1CpWCRudRpTL8QDwQJGsDZSr3yQ3mdVdpIjlwnkhlgPfT+7yXvlil2zJ0CLxJmRCszQ7JW/3H5EkpAKTThWquvYsfYyLDUjnOYlN1E0xmSEB7RrqMAhVV42yZ+jY6P0URBJ84RGE/X3RoZDpdLQN5PjhGreG4v/ed1EB+dexkScaCrI9FCQcKQjNC4D9ZmkRPPUEEwkM1kRGWKJiTaVlUwJzvyXF0n7tObUa45zXa80LmZ9FOEQjqAKDpxBA66gCS0g8AjP8Apv1pP1Yr1bH9PRgjXb2Yc/sD5/ANmxldA=</latexit>

y(i) 2 R
<latexit sha1_base64="71bj+db3xhC3HXk1setvwH8PAXE=">AAACEHicbVBNS8NAEN34WetX1KOXxaJ4KokUFE9FLx6rWFtoYtlsNs3SzW7Y3Sgl9B948a948aAgXj1689+4aXuorQ8GHu/NMDMvSBlV2nF+rIXFpeWV1dJaeX1jc2vb3tm9UyKTmDSxYEK2A6QIo5w0NdWMtFNJUBIw0gr6l4XfeiBSUcFv9SAlfoJ6nEYUI22krn0Un0MvQToOgvxmeB9CT9JerJGU4nHK6NoVp+qMAOeJOyEVMEGja397ocBZQrjGDCnVcZ1U+zmSmmJGhmUvUyRFuI96pGMoRwlRfj76ZwgPjRLCSEhTXMOROj2Ro0SpQRKYzuJCNesV4n9eJ9PRmZ9TnmaacDxeFGUMagGLcGBIJcGaDQxBWFJzK8QxkghrE2HZhODOvjxPWidVt1Z13etapX4xyaME9sEBOAYuOAV1cAUaoAkweAIv4A28W8/Wq/VhfY5bF6zJzB74A+vrF8PhnPE=</latexit>

h : Rd ! R
<latexit sha1_base64="mzqaYdgcFCqj7/uaVlTQkSDmCG8=">AAAB+nicbVBNS8NAEJ34WetX1KOXxSK0oCUpBb0IRS8ePFSwttDGstlu2qWbTdjdFEroP/HiQUG8+ku8+W/ctjlo64OBx3szzMzzY86Udpxva2V1bX1jM7eV397Z3du3Dw4fVZRIQhsk4pFs+VhRzgRtaKY5bcWS4tDntOkPb6Z+c0SlYpF40OOYeiHuCxYwgrWRurZ9V+yf4RK6QsX+OS49Vbp2wSk7M6Bl4makABnqXfur04tIElKhCcdKtV0n1l6KpWaE00m+kygaYzLEfdo2VOCQKi+dXT5Bp0bpoSCSpoRGM/X3RIpDpcahbzpDrAdq0ZuK/3ntRAeXXspEnGgqyHxRkHCkIzSNAfWYpETzsSGYSGZuRWSAJSbahJU3IbiLLy+TZqXsVsuue18t1K6zPHJwDCdQBBcuoAa3UIcGEBjBM7zCm5VaL9a79TFvXbGymSP4A+vzB28zkWg=</latexit>

L(g, a) = (g � a)2

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

–

++ + +

– – –

+

–

++

– – –
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y



2

Recall
Classification 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss: 0-1, asymmetric, NLL 
• Example: linear classification

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

y(i) 2 {�1,+1}

<latexit sha1_base64="713ykEbssIo/Rc2amVUhyV5Oe0I=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFbUkUlB3RTcuK9gHNLFMppN26GQSZiZCCQV/xY0LRdz6He78G6ePhVoPXDiccy/33hMknCntOF9WbmFxaXklv1pYW9/Y3LK3dxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXY7/5QKVisbjTw4T6Ee4JFjKCtZE69t7wPiuxoxHymEBeduqeHLveqGMXnbIzAZon7owUYYZax/70ujFJIyo04Viptusk2s+w1IxwOip4qaIJJgPco21DBY6o8rPJ+SN0aJQuCmNpSmg0UX9OZDhSahgFpjPCuq/+emPxP6+d6vDCz5hIUk0FmS4KU450jMZZoC6TlGg+NAQTycytiPSxxESbxAomBPfvy/OkcVZ2K+XL20qxejWLIw/7cAAlcOEcqnADNagDgQye4AVerUfr2Xqz3qetOWs2swu/YH18A8uWlBs=</latexit>

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

Compare

h : Rd ! {�1,+1}

<latexit sha1_base64="Qglo07NTvoHTsQPcH9BIBVMHQAI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBUEsiBR+rohuXVewDmlgmk0k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMDh3PuZe45XsyoVJb1bRTm5hcWl4rLpZXVtfUNc3OrKaNEYNLAEYtE20OSMMpJQ1HFSDsWBIUeIy1vcDXyWw9ESBrxOzWMiRuiHqcBxUhpqWvu9i+gEyLV97z0NrtP/Qw6KoJOemwfHdpO1jXLVsUaA84SOydlkKPeNb8cP8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPEA90tGUo5BINx0HyeC+VnwYREI/ruBY/b2RolDKYejpydHNctobif95nUQFZ25KeZwowvHkoyBhUEcdtQJ9KghWbKgJwoLqWyHuI4Gw0t2VdAn2dORZ0jyp2NXK+U21XLvM6yiCHbAHDoANTkENXIM6aAAMHsEzeAVvxpPxYrwbH5PRgpHvbIM/MD5/AM4nmJI=</latexit>

Regression 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss:

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

<latexit sha1_base64="6zTd0UL33htTUupyJ/1rdZ+m2wM=">AAACAHicbVDLSsNAFL2pr1pfVcGNm8Ei1E1JpKDLohuXVawtNLFMppN26GQSZiZCiFn4K25cKIhbP8Odf+P0sdDWAwOHc+7lnjl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7t6dihJJaItEPJIdHyvKmaAtzTSnnVhSHPqctv3R5dhvP1CpWCRudRpTL8QDwQJGsDZSr3yQ3mdVdpIjlwnkhlgPfT+7yXvlil2zJ0CLxJmRCszQ7JW/3H5EkpAKTThWquvYsfYyLDUjnOYlN1E0xmSEB7RrqMAhVV42yZ+jY6P0URBJ84RGE/X3RoZDpdLQN5PjhGreG4v/ed1EB+dexkScaCrI9FCQcKQjNC4D9ZmkRPPUEEwkM1kRGWKJiTaVlUwJzvyXF0n7tObUa45zXa80LmZ9FOEQjqAKDpxBA66gCS0g8AjP8Apv1pP1Yr1bH9PRgjXb2Yc/sD5/ANmxldA=</latexit>

y(i) 2 R
<latexit sha1_base64="71bj+db3xhC3HXk1setvwH8PAXE=">AAACEHicbVBNS8NAEN34WetX1KOXxaJ4KokUFE9FLx6rWFtoYtlsNs3SzW7Y3Sgl9B948a948aAgXj1689+4aXuorQ8GHu/NMDMvSBlV2nF+rIXFpeWV1dJaeX1jc2vb3tm9UyKTmDSxYEK2A6QIo5w0NdWMtFNJUBIw0gr6l4XfeiBSUcFv9SAlfoJ6nEYUI22krn0Un0MvQToOgvxmeB9CT9JerJGU4nHK6NoVp+qMAOeJOyEVMEGja397ocBZQrjGDCnVcZ1U+zmSmmJGhmUvUyRFuI96pGMoRwlRfj76ZwgPjRLCSEhTXMOROj2Ro0SpQRKYzuJCNesV4n9eJ9PRmZ9TnmaacDxeFGUMagGLcGBIJcGaDQxBWFJzK8QxkghrE2HZhODOvjxPWidVt1Z13etapX4xyaME9sEBOAYuOAV1cAUaoAkweAIv4A28W8/Wq/VhfY5bF6zJzB74A+vrF8PhnPE=</latexit>

h : Rd ! R
<latexit sha1_base64="mzqaYdgcFCqj7/uaVlTQkSDmCG8=">AAAB+nicbVBNS8NAEJ34WetX1KOXxSK0oCUpBb0IRS8ePFSwttDGstlu2qWbTdjdFEroP/HiQUG8+ku8+W/ctjlo64OBx3szzMzzY86Udpxva2V1bX1jM7eV397Z3du3Dw4fVZRIQhsk4pFs+VhRzgRtaKY5bcWS4tDntOkPb6Z+c0SlYpF40OOYeiHuCxYwgrWRurZ9V+yf4RK6QsX+OS49Vbp2wSk7M6Bl4makABnqXfur04tIElKhCcdKtV0n1l6KpWaE00m+kygaYzLEfdo2VOCQKi+dXT5Bp0bpoSCSpoRGM/X3RIpDpcahbzpDrAdq0ZuK/3ntRAeXXspEnGgqyHxRkHCkIzSNAfWYpETzsSGYSGZuRWSAJSbahJU3IbiLLy+TZqXsVsuue18t1K6zPHJwDCdQBBcuoAa3UIcGEBjBM7zCm5VaL9a79TFvXbGymSP4A+vzB28zkWg=</latexit>

L(g, a) = (g � a)2

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

–

++ + +

– – –

+

–

++

– – –
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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Recall
Classification 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss: 0-1, asymmetric, NLL 
• Example: linear classification

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

y(i) 2 {�1,+1}

<latexit sha1_base64="713ykEbssIo/Rc2amVUhyV5Oe0I=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFbUkUlB3RTcuK9gHNLFMppN26GQSZiZCCQV/xY0LRdz6He78G6ePhVoPXDiccy/33hMknCntOF9WbmFxaXklv1pYW9/Y3LK3dxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXY7/5QKVisbjTw4T6Ee4JFjKCtZE69t7wPiuxoxHymEBeduqeHLveqGMXnbIzAZon7owUYYZax/70ujFJIyo04Viptusk2s+w1IxwOip4qaIJJgPco21DBY6o8rPJ+SN0aJQuCmNpSmg0UX9OZDhSahgFpjPCuq/+emPxP6+d6vDCz5hIUk0FmS4KU450jMZZoC6TlGg+NAQTycytiPSxxESbxAomBPfvy/OkcVZ2K+XL20qxejWLIw/7cAAlcOEcqnADNagDgQye4AVerUfr2Xqz3qetOWs2swu/YH18A8uWlBs=</latexit>

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

Compare

h : Rd ! {�1,+1}

<latexit sha1_base64="Qglo07NTvoHTsQPcH9BIBVMHQAI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBUEsiBR+rohuXVewDmlgmk0k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMDh3PuZe45XsyoVJb1bRTm5hcWl4rLpZXVtfUNc3OrKaNEYNLAEYtE20OSMMpJQ1HFSDsWBIUeIy1vcDXyWw9ESBrxOzWMiRuiHqcBxUhpqWvu9i+gEyLV97z0NrtP/Qw6KoJOemwfHdpO1jXLVsUaA84SOydlkKPeNb8cP8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPEA90tGUo5BINx0HyeC+VnwYREI/ruBY/b2RolDKYejpydHNctobif95nUQFZ25KeZwowvHkoyBhUEcdtQJ9KghWbKgJwoLqWyHuI4Gw0t2VdAn2dORZ0jyp2NXK+U21XLvM6yiCHbAHDoANTkENXIM6aAAMHsEzeAVvxpPxYrwbH5PRgpHvbIM/MD5/AM4nmJI=</latexit>

Regression 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss:

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

<latexit sha1_base64="6zTd0UL33htTUupyJ/1rdZ+m2wM=">AAACAHicbVDLSsNAFL2pr1pfVcGNm8Ei1E1JpKDLohuXVawtNLFMppN26GQSZiZCiFn4K25cKIhbP8Odf+P0sdDWAwOHc+7lnjl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7t6dihJJaItEPJIdHyvKmaAtzTSnnVhSHPqctv3R5dhvP1CpWCRudRpTL8QDwQJGsDZSr3yQ3mdVdpIjlwnkhlgPfT+7yXvlil2zJ0CLxJmRCszQ7JW/3H5EkpAKTThWquvYsfYyLDUjnOYlN1E0xmSEB7RrqMAhVV42yZ+jY6P0URBJ84RGE/X3RoZDpdLQN5PjhGreG4v/ed1EB+dexkScaCrI9FCQcKQjNC4D9ZmkRPPUEEwkM1kRGWKJiTaVlUwJzvyXF0n7tObUa45zXa80LmZ9FOEQjqAKDpxBA66gCS0g8AjP8Apv1pP1Yr1bH9PRgjXb2Yc/sD5/ANmxldA=</latexit>

y(i) 2 R
<latexit sha1_base64="71bj+db3xhC3HXk1setvwH8PAXE=">AAACEHicbVBNS8NAEN34WetX1KOXxaJ4KokUFE9FLx6rWFtoYtlsNs3SzW7Y3Sgl9B948a948aAgXj1689+4aXuorQ8GHu/NMDMvSBlV2nF+rIXFpeWV1dJaeX1jc2vb3tm9UyKTmDSxYEK2A6QIo5w0NdWMtFNJUBIw0gr6l4XfeiBSUcFv9SAlfoJ6nEYUI22krn0Un0MvQToOgvxmeB9CT9JerJGU4nHK6NoVp+qMAOeJOyEVMEGja397ocBZQrjGDCnVcZ1U+zmSmmJGhmUvUyRFuI96pGMoRwlRfj76ZwgPjRLCSEhTXMOROj2Ro0SpQRKYzuJCNesV4n9eJ9PRmZ9TnmaacDxeFGUMagGLcGBIJcGaDQxBWFJzK8QxkghrE2HZhODOvjxPWidVt1Z13etapX4xyaME9sEBOAYuOAV1cAUaoAkweAIv4A28W8/Wq/VhfY5bF6zJzB74A+vrF8PhnPE=</latexit>

h : Rd ! R
<latexit sha1_base64="mzqaYdgcFCqj7/uaVlTQkSDmCG8=">AAAB+nicbVBNS8NAEJ34WetX1KOXxSK0oCUpBb0IRS8ePFSwttDGstlu2qWbTdjdFEroP/HiQUG8+ku8+W/ctjlo64OBx3szzMzzY86Udpxva2V1bX1jM7eV397Z3du3Dw4fVZRIQhsk4pFs+VhRzgRtaKY5bcWS4tDntOkPb6Z+c0SlYpF40OOYeiHuCxYwgrWRurZ9V+yf4RK6QsX+OS49Vbp2wSk7M6Bl4makABnqXfur04tIElKhCcdKtV0n1l6KpWaE00m+kygaYzLEfdo2VOCQKi+dXT5Bp0bpoSCSpoRGM/X3RIpDpcahbzpDrAdq0ZuK/3ntRAeXXspEnGgqyHxRkHCkIzSNAfWYpETzsSGYSGZuRWSAJSbahJU3IbiLLy+TZqXsVsuue18t1K6zPHJwDCdQBBcuoAa3UIcGEBjBM7zCm5VaL9a79TFvXbGymSP4A+vzB28zkWg=</latexit>

L(g, a) = (g � a)2

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

–

++ + +

– – –

+

–

++

– – –
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y



2

Recall
Classification 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss: 0-1, asymmetric, NLL 
• Example: linear classification

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

y(i) 2 {�1,+1}

<latexit sha1_base64="713ykEbssIo/Rc2amVUhyV5Oe0I=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFbUkUlB3RTcuK9gHNLFMppN26GQSZiZCCQV/xY0LRdz6He78G6ePhVoPXDiccy/33hMknCntOF9WbmFxaXklv1pYW9/Y3LK3dxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXY7/5QKVisbjTw4T6Ee4JFjKCtZE69t7wPiuxoxHymEBeduqeHLveqGMXnbIzAZon7owUYYZax/70ujFJIyo04Viptusk2s+w1IxwOip4qaIJJgPco21DBY6o8rPJ+SN0aJQuCmNpSmg0UX9OZDhSahgFpjPCuq/+emPxP6+d6vDCz5hIUk0FmS4KU450jMZZoC6TlGg+NAQTycytiPSxxESbxAomBPfvy/OkcVZ2K+XL20qxejWLIw/7cAAlcOEcqnADNagDgQye4AVerUfr2Xqz3qetOWs2swu/YH18A8uWlBs=</latexit>

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

Compare

h : Rd ! {�1,+1}

<latexit sha1_base64="Qglo07NTvoHTsQPcH9BIBVMHQAI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBUEsiBR+rohuXVewDmlgmk0k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMDh3PuZe45XsyoVJb1bRTm5hcWl4rLpZXVtfUNc3OrKaNEYNLAEYtE20OSMMpJQ1HFSDsWBIUeIy1vcDXyWw9ESBrxOzWMiRuiHqcBxUhpqWvu9i+gEyLV97z0NrtP/Qw6KoJOemwfHdpO1jXLVsUaA84SOydlkKPeNb8cP8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPEA90tGUo5BINx0HyeC+VnwYREI/ruBY/b2RolDKYejpydHNctobif95nUQFZ25KeZwowvHkoyBhUEcdtQJ9KghWbKgJwoLqWyHuI4Gw0t2VdAn2dORZ0jyp2NXK+U21XLvM6yiCHbAHDoANTkENXIM6aAAMHsEzeAVvxpPxYrwbH5PRgpHvbIM/MD5/AM4nmJI=</latexit>

Regression 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss:

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

<latexit sha1_base64="6zTd0UL33htTUupyJ/1rdZ+m2wM=">AAACAHicbVDLSsNAFL2pr1pfVcGNm8Ei1E1JpKDLohuXVawtNLFMppN26GQSZiZCiFn4K25cKIhbP8Odf+P0sdDWAwOHc+7lnjl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7t6dihJJaItEPJIdHyvKmaAtzTSnnVhSHPqctv3R5dhvP1CpWCRudRpTL8QDwQJGsDZSr3yQ3mdVdpIjlwnkhlgPfT+7yXvlil2zJ0CLxJmRCszQ7JW/3H5EkpAKTThWquvYsfYyLDUjnOYlN1E0xmSEB7RrqMAhVV42yZ+jY6P0URBJ84RGE/X3RoZDpdLQN5PjhGreG4v/ed1EB+dexkScaCrI9FCQcKQjNC4D9ZmkRPPUEEwkM1kRGWKJiTaVlUwJzvyXF0n7tObUa45zXa80LmZ9FOEQjqAKDpxBA66gCS0g8AjP8Apv1pP1Yr1bH9PRgjXb2Yc/sD5/ANmxldA=</latexit>

y(i) 2 R
<latexit sha1_base64="71bj+db3xhC3HXk1setvwH8PAXE=">AAACEHicbVBNS8NAEN34WetX1KOXxaJ4KokUFE9FLx6rWFtoYtlsNs3SzW7Y3Sgl9B948a948aAgXj1689+4aXuorQ8GHu/NMDMvSBlV2nF+rIXFpeWV1dJaeX1jc2vb3tm9UyKTmDSxYEK2A6QIo5w0NdWMtFNJUBIw0gr6l4XfeiBSUcFv9SAlfoJ6nEYUI22krn0Un0MvQToOgvxmeB9CT9JerJGU4nHK6NoVp+qMAOeJOyEVMEGja397ocBZQrjGDCnVcZ1U+zmSmmJGhmUvUyRFuI96pGMoRwlRfj76ZwgPjRLCSEhTXMOROj2Ro0SpQRKYzuJCNesV4n9eJ9PRmZ9TnmaacDxeFGUMagGLcGBIJcGaDQxBWFJzK8QxkghrE2HZhODOvjxPWidVt1Z13etapX4xyaME9sEBOAYuOAV1cAUaoAkweAIv4A28W8/Wq/VhfY5bF6zJzB74A+vrF8PhnPE=</latexit>

h : Rd ! R
<latexit sha1_base64="mzqaYdgcFCqj7/uaVlTQkSDmCG8=">AAAB+nicbVBNS8NAEJ34WetX1KOXxSK0oCUpBb0IRS8ePFSwttDGstlu2qWbTdjdFEroP/HiQUG8+ku8+W/ctjlo64OBx3szzMzzY86Udpxva2V1bX1jM7eV397Z3du3Dw4fVZRIQhsk4pFs+VhRzgRtaKY5bcWS4tDntOkPb6Z+c0SlYpF40OOYeiHuCxYwgrWRurZ9V+yf4RK6QsX+OS49Vbp2wSk7M6Bl4makABnqXfur04tIElKhCcdKtV0n1l6KpWaE00m+kygaYzLEfdo2VOCQKi+dXT5Bp0bpoSCSpoRGM/X3RIpDpcahbzpDrAdq0ZuK/3ntRAeXXspEnGgqyHxRkHCkIzSNAfWYpETzsSGYSGZuRWSAJSbahJU3IbiLLy+TZqXsVsuue18t1K6zPHJwDCdQBBcuoAa3UIcGEBjBM7zCm5VaL9a79TFvXbGymSP4A+vzB28zkWg=</latexit>

L(g, a) = (g � a)2

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

–

++ + +

– – –

+

–

++

– – –
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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Recall
Classification 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss: 0-1, asymmetric, NLL 
• Example: linear classification

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

y(i) 2 {�1,+1}

<latexit sha1_base64="713ykEbssIo/Rc2amVUhyV5Oe0I=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFbUkUlB3RTcuK9gHNLFMppN26GQSZiZCCQV/xY0LRdz6He78G6ePhVoPXDiccy/33hMknCntOF9WbmFxaXklv1pYW9/Y3LK3dxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXY7/5QKVisbjTw4T6Ee4JFjKCtZE69t7wPiuxoxHymEBeduqeHLveqGMXnbIzAZon7owUYYZax/70ujFJIyo04Viptusk2s+w1IxwOip4qaIJJgPco21DBY6o8rPJ+SN0aJQuCmNpSmg0UX9OZDhSahgFpjPCuq/+emPxP6+d6vDCz5hIUk0FmS4KU450jMZZoC6TlGg+NAQTycytiPSxxESbxAomBPfvy/OkcVZ2K+XL20qxejWLIw/7cAAlcOEcqnADNagDgQye4AVerUfr2Xqz3qetOWs2swu/YH18A8uWlBs=</latexit>

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

Compare

h : Rd ! {�1,+1}

<latexit sha1_base64="Qglo07NTvoHTsQPcH9BIBVMHQAI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBUEsiBR+rohuXVewDmlgmk0k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMDh3PuZe45XsyoVJb1bRTm5hcWl4rLpZXVtfUNc3OrKaNEYNLAEYtE20OSMMpJQ1HFSDsWBIUeIy1vcDXyWw9ESBrxOzWMiRuiHqcBxUhpqWvu9i+gEyLV97z0NrtP/Qw6KoJOemwfHdpO1jXLVsUaA84SOydlkKPeNb8cP8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPEA90tGUo5BINx0HyeC+VnwYREI/ruBY/b2RolDKYejpydHNctobif95nUQFZ25KeZwowvHkoyBhUEcdtQJ9KghWbKgJwoLqWyHuI4Gw0t2VdAn2dORZ0jyp2NXK+U21XLvM6yiCHbAHDoANTkENXIM6aAAMHsEzeAVvxpPxYrwbH5PRgpHvbIM/MD5/AM4nmJI=</latexit>

Regression 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss:

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

<latexit sha1_base64="6zTd0UL33htTUupyJ/1rdZ+m2wM=">AAACAHicbVDLSsNAFL2pr1pfVcGNm8Ei1E1JpKDLohuXVawtNLFMppN26GQSZiZCiFn4K25cKIhbP8Odf+P0sdDWAwOHc+7lnjl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7t6dihJJaItEPJIdHyvKmaAtzTSnnVhSHPqctv3R5dhvP1CpWCRudRpTL8QDwQJGsDZSr3yQ3mdVdpIjlwnkhlgPfT+7yXvlil2zJ0CLxJmRCszQ7JW/3H5EkpAKTThWquvYsfYyLDUjnOYlN1E0xmSEB7RrqMAhVV42yZ+jY6P0URBJ84RGE/X3RoZDpdLQN5PjhGreG4v/ed1EB+dexkScaCrI9FCQcKQjNC4D9ZmkRPPUEEwkM1kRGWKJiTaVlUwJzvyXF0n7tObUa45zXa80LmZ9FOEQjqAKDpxBA66gCS0g8AjP8Apv1pP1Yr1bH9PRgjXb2Yc/sD5/ANmxldA=</latexit>

y(i) 2 R
<latexit sha1_base64="71bj+db3xhC3HXk1setvwH8PAXE=">AAACEHicbVBNS8NAEN34WetX1KOXxaJ4KokUFE9FLx6rWFtoYtlsNs3SzW7Y3Sgl9B948a948aAgXj1689+4aXuorQ8GHu/NMDMvSBlV2nF+rIXFpeWV1dJaeX1jc2vb3tm9UyKTmDSxYEK2A6QIo5w0NdWMtFNJUBIw0gr6l4XfeiBSUcFv9SAlfoJ6nEYUI22krn0Un0MvQToOgvxmeB9CT9JerJGU4nHK6NoVp+qMAOeJOyEVMEGja397ocBZQrjGDCnVcZ1U+zmSmmJGhmUvUyRFuI96pGMoRwlRfj76ZwgPjRLCSEhTXMOROj2Ro0SpQRKYzuJCNesV4n9eJ9PRmZ9TnmaacDxeFGUMagGLcGBIJcGaDQxBWFJzK8QxkghrE2HZhODOvjxPWidVt1Z13etapX4xyaME9sEBOAYuOAV1cAUaoAkweAIv4A28W8/Wq/VhfY5bF6zJzB74A+vrF8PhnPE=</latexit>

h : Rd ! R
<latexit sha1_base64="mzqaYdgcFCqj7/uaVlTQkSDmCG8=">AAAB+nicbVBNS8NAEJ34WetX1KOXxSK0oCUpBb0IRS8ePFSwttDGstlu2qWbTdjdFEroP/HiQUG8+ku8+W/ctjlo64OBx3szzMzzY86Udpxva2V1bX1jM7eV397Z3du3Dw4fVZRIQhsk4pFs+VhRzgRtaKY5bcWS4tDntOkPb6Z+c0SlYpF40OOYeiHuCxYwgrWRurZ9V+yf4RK6QsX+OS49Vbp2wSk7M6Bl4makABnqXfur04tIElKhCcdKtV0n1l6KpWaE00m+kygaYzLEfdo2VOCQKi+dXT5Bp0bpoSCSpoRGM/X3RIpDpcahbzpDrAdq0ZuK/3ntRAeXXspEnGgqyHxRkHCkIzSNAfWYpETzsSGYSGZuRWSAJSbahJU3IbiLLy+TZqXsVsuue18t1K6zPHJwDCdQBBcuoAa3UIcGEBjBM7zCm5VaL9a79TFvXbGymSP4A+vzB28zkWg=</latexit>

L(g, a) = (g � a)2

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

–

++ + +

– – –

+

–

++

– – –
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y



2

Recall
Classification 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss: 0-1, asymmetric, NLL 
• Example: linear classification

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

y(i) 2 {�1,+1}

<latexit sha1_base64="713ykEbssIo/Rc2amVUhyV5Oe0I=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFbUkUlB3RTcuK9gHNLFMppN26GQSZiZCCQV/xY0LRdz6He78G6ePhVoPXDiccy/33hMknCntOF9WbmFxaXklv1pYW9/Y3LK3dxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXY7/5QKVisbjTw4T6Ee4JFjKCtZE69t7wPiuxoxHymEBeduqeHLveqGMXnbIzAZon7owUYYZax/70ujFJIyo04Viptusk2s+w1IxwOip4qaIJJgPco21DBY6o8rPJ+SN0aJQuCmNpSmg0UX9OZDhSahgFpjPCuq/+emPxP6+d6vDCz5hIUk0FmS4KU450jMZZoC6TlGg+NAQTycytiPSxxESbxAomBPfvy/OkcVZ2K+XL20qxejWLIw/7cAAlcOEcqnADNagDgQye4AVerUfr2Xqz3qetOWs2swu/YH18A8uWlBs=</latexit>

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

Compare

h : Rd ! {�1,+1}

<latexit sha1_base64="Qglo07NTvoHTsQPcH9BIBVMHQAI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBUEsiBR+rohuXVewDmlgmk0k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMDh3PuZe45XsyoVJb1bRTm5hcWl4rLpZXVtfUNc3OrKaNEYNLAEYtE20OSMMpJQ1HFSDsWBIUeIy1vcDXyWw9ESBrxOzWMiRuiHqcBxUhpqWvu9i+gEyLV97z0NrtP/Qw6KoJOemwfHdpO1jXLVsUaA84SOydlkKPeNb8cP8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPEA90tGUo5BINx0HyeC+VnwYREI/ruBY/b2RolDKYejpydHNctobif95nUQFZ25KeZwowvHkoyBhUEcdtQJ9KghWbKgJwoLqWyHuI4Gw0t2VdAn2dORZ0jyp2NXK+U21XLvM6yiCHbAHDoANTkENXIM6aAAMHsEzeAVvxpPxYrwbH5PRgpHvbIM/MD5/AM4nmJI=</latexit>

Regression 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss:  
• Example: linear regression

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

<latexit sha1_base64="6zTd0UL33htTUupyJ/1rdZ+m2wM=">AAACAHicbVDLSsNAFL2pr1pfVcGNm8Ei1E1JpKDLohuXVawtNLFMppN26GQSZiZCiFn4K25cKIhbP8Odf+P0sdDWAwOHc+7lnjl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7t6dihJJaItEPJIdHyvKmaAtzTSnnVhSHPqctv3R5dhvP1CpWCRudRpTL8QDwQJGsDZSr3yQ3mdVdpIjlwnkhlgPfT+7yXvlil2zJ0CLxJmRCszQ7JW/3H5EkpAKTThWquvYsfYyLDUjnOYlN1E0xmSEB7RrqMAhVV42yZ+jY6P0URBJ84RGE/X3RoZDpdLQN5PjhGreG4v/ed1EB+dexkScaCrI9FCQcKQjNC4D9ZmkRPPUEEwkM1kRGWKJiTaVlUwJzvyXF0n7tObUa45zXa80LmZ9FOEQjqAKDpxBA66gCS0g8AjP8Apv1pP1Yr1bH9PRgjXb2Yc/sD5/ANmxldA=</latexit>

y(i) 2 R
<latexit sha1_base64="71bj+db3xhC3HXk1setvwH8PAXE=">AAACEHicbVBNS8NAEN34WetX1KOXxaJ4KokUFE9FLx6rWFtoYtlsNs3SzW7Y3Sgl9B948a948aAgXj1689+4aXuorQ8GHu/NMDMvSBlV2nF+rIXFpeWV1dJaeX1jc2vb3tm9UyKTmDSxYEK2A6QIo5w0NdWMtFNJUBIw0gr6l4XfeiBSUcFv9SAlfoJ6nEYUI22krn0Un0MvQToOgvxmeB9CT9JerJGU4nHK6NoVp+qMAOeJOyEVMEGja397ocBZQrjGDCnVcZ1U+zmSmmJGhmUvUyRFuI96pGMoRwlRfj76ZwgPjRLCSEhTXMOROj2Ro0SpQRKYzuJCNesV4n9eJ9PRmZ9TnmaacDxeFGUMagGLcGBIJcGaDQxBWFJzK8QxkghrE2HZhODOvjxPWidVt1Z13etapX4xyaME9sEBOAYuOAV1cAUaoAkweAIv4A28W8/Wq/VhfY5bF6zJzB74A+vrF8PhnPE=</latexit>

h : Rd ! R
<latexit sha1_base64="mzqaYdgcFCqj7/uaVlTQkSDmCG8=">AAAB+nicbVBNS8NAEJ34WetX1KOXxSK0oCUpBb0IRS8ePFSwttDGstlu2qWbTdjdFEroP/HiQUG8+ku8+W/ctjlo64OBx3szzMzzY86Udpxva2V1bX1jM7eV397Z3du3Dw4fVZRIQhsk4pFs+VhRzgRtaKY5bcWS4tDntOkPb6Z+c0SlYpF40OOYeiHuCxYwgrWRurZ9V+yf4RK6QsX+OS49Vbp2wSk7M6Bl4makABnqXfur04tIElKhCcdKtV0n1l6KpWaE00m+kygaYzLEfdo2VOCQKi+dXT5Bp0bpoSCSpoRGM/X3RIpDpcahbzpDrAdq0ZuK/3ntRAeXXspEnGgqyHxRkHCkIzSNAfWYpETzsSGYSGZuRWSAJSbahJU3IbiLLy+TZqXsVsuue18t1K6zPHJwDCdQBBcuoAa3UIcGEBjBM7zCm5VaL9a79TFvXbGymSP4A+vzB28zkWg=</latexit>

L(g, a) = (g � a)2

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

–

++ + +

– – –

+

–

++

– – –
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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Recall
Classification 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss: 0-1, asymmetric, NLL 
• Example: linear classification

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

y(i) 2 {�1,+1}

<latexit sha1_base64="713ykEbssIo/Rc2amVUhyV5Oe0I=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFbUkUlB3RTcuK9gHNLFMppN26GQSZiZCCQV/xY0LRdz6He78G6ePhVoPXDiccy/33hMknCntOF9WbmFxaXklv1pYW9/Y3LK3dxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXY7/5QKVisbjTw4T6Ee4JFjKCtZE69t7wPiuxoxHymEBeduqeHLveqGMXnbIzAZon7owUYYZax/70ujFJIyo04Viptusk2s+w1IxwOip4qaIJJgPco21DBY6o8rPJ+SN0aJQuCmNpSmg0UX9OZDhSahgFpjPCuq/+emPxP6+d6vDCz5hIUk0FmS4KU450jMZZoC6TlGg+NAQTycytiPSxxESbxAomBPfvy/OkcVZ2K+XL20qxejWLIw/7cAAlcOEcqnADNagDgQye4AVerUfr2Xqz3qetOWs2swu/YH18A8uWlBs=</latexit>

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

Compare

h : Rd ! {�1,+1}

<latexit sha1_base64="Qglo07NTvoHTsQPcH9BIBVMHQAI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBUEsiBR+rohuXVewDmlgmk0k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMDh3PuZe45XsyoVJb1bRTm5hcWl4rLpZXVtfUNc3OrKaNEYNLAEYtE20OSMMpJQ1HFSDsWBIUeIy1vcDXyWw9ESBrxOzWMiRuiHqcBxUhpqWvu9i+gEyLV97z0NrtP/Qw6KoJOemwfHdpO1jXLVsUaA84SOydlkKPeNb8cP8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPEA90tGUo5BINx0HyeC+VnwYREI/ruBY/b2RolDKYejpydHNctobif95nUQFZ25KeZwowvHkoyBhUEcdtQJ9KghWbKgJwoLqWyHuI4Gw0t2VdAn2dORZ0jyp2NXK+U21XLvM6yiCHbAHDoANTkENXIM6aAAMHsEzeAVvxpPxYrwbH5PRgpHvbIM/MD5/AM4nmJI=</latexit>

Regression 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss:  
• Example: linear regression

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

<latexit sha1_base64="6zTd0UL33htTUupyJ/1rdZ+m2wM=">AAACAHicbVDLSsNAFL2pr1pfVcGNm8Ei1E1JpKDLohuXVawtNLFMppN26GQSZiZCiFn4K25cKIhbP8Odf+P0sdDWAwOHc+7lnjl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7t6dihJJaItEPJIdHyvKmaAtzTSnnVhSHPqctv3R5dhvP1CpWCRudRpTL8QDwQJGsDZSr3yQ3mdVdpIjlwnkhlgPfT+7yXvlil2zJ0CLxJmRCszQ7JW/3H5EkpAKTThWquvYsfYyLDUjnOYlN1E0xmSEB7RrqMAhVV42yZ+jY6P0URBJ84RGE/X3RoZDpdLQN5PjhGreG4v/ed1EB+dexkScaCrI9FCQcKQjNC4D9ZmkRPPUEEwkM1kRGWKJiTaVlUwJzvyXF0n7tObUa45zXa80LmZ9FOEQjqAKDpxBA66gCS0g8AjP8Apv1pP1Yr1bH9PRgjXb2Yc/sD5/ANmxldA=</latexit>

y(i) 2 R
<latexit sha1_base64="71bj+db3xhC3HXk1setvwH8PAXE=">AAACEHicbVBNS8NAEN34WetX1KOXxaJ4KokUFE9FLx6rWFtoYtlsNs3SzW7Y3Sgl9B948a948aAgXj1689+4aXuorQ8GHu/NMDMvSBlV2nF+rIXFpeWV1dJaeX1jc2vb3tm9UyKTmDSxYEK2A6QIo5w0NdWMtFNJUBIw0gr6l4XfeiBSUcFv9SAlfoJ6nEYUI22krn0Un0MvQToOgvxmeB9CT9JerJGU4nHK6NoVp+qMAOeJOyEVMEGja397ocBZQrjGDCnVcZ1U+zmSmmJGhmUvUyRFuI96pGMoRwlRfj76ZwgPjRLCSEhTXMOROj2Ro0SpQRKYzuJCNesV4n9eJ9PRmZ9TnmaacDxeFGUMagGLcGBIJcGaDQxBWFJzK8QxkghrE2HZhODOvjxPWidVt1Z13etapX4xyaME9sEBOAYuOAV1cAUaoAkweAIv4A28W8/Wq/VhfY5bF6zJzB74A+vrF8PhnPE=</latexit>

h : Rd ! R
<latexit sha1_base64="mzqaYdgcFCqj7/uaVlTQkSDmCG8=">AAAB+nicbVBNS8NAEJ34WetX1KOXxSK0oCUpBb0IRS8ePFSwttDGstlu2qWbTdjdFEroP/HiQUG8+ku8+W/ctjlo64OBx3szzMzzY86Udpxva2V1bX1jM7eV397Z3du3Dw4fVZRIQhsk4pFs+VhRzgRtaKY5bcWS4tDntOkPb6Z+c0SlYpF40OOYeiHuCxYwgrWRurZ9V+yf4RK6QsX+OS49Vbp2wSk7M6Bl4makABnqXfur04tIElKhCcdKtV0n1l6KpWaE00m+kygaYzLEfdo2VOCQKi+dXT5Bp0bpoSCSpoRGM/X3RIpDpcahbzpDrAdq0ZuK/3ntRAeXXspEnGgqyHxRkHCkIzSNAfWYpETzsSGYSGZuRWSAJSbahJU3IbiLLy+TZqXsVsuue18t1K6zPHJwDCdQBBcuoAa3UIcGEBjBM7zCm5VaL9a79TFvXbGymSP4A+vzB28zkWg=</latexit>

L(g, a) = (g � a)2

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

–

++ + +

– – –

+

–

++

– – –
x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y



3

Recall
Classification 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss: 0-1, asymmetric, NLL 
• Example: linear classification

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

y(i) 2 {�1,+1}

<latexit sha1_base64="713ykEbssIo/Rc2amVUhyV5Oe0I=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFbUkUlB3RTcuK9gHNLFMppN26GQSZiZCCQV/xY0LRdz6He78G6ePhVoPXDiccy/33hMknCntOF9WbmFxaXklv1pYW9/Y3LK3dxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXY7/5QKVisbjTw4T6Ee4JFjKCtZE69t7wPiuxoxHymEBeduqeHLveqGMXnbIzAZon7owUYYZax/70ujFJIyo04Viptusk2s+w1IxwOip4qaIJJgPco21DBY6o8rPJ+SN0aJQuCmNpSmg0UX9OZDhSahgFpjPCuq/+emPxP6+d6vDCz5hIUk0FmS4KU450jMZZoC6TlGg+NAQTycytiPSxxESbxAomBPfvy/OkcVZ2K+XL20qxejWLIw/7cAAlcOEcqnADNagDgQye4AVerUfr2Xqz3qetOWs2swu/YH18A8uWlBs=</latexit>

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

Compare

h : Rd ! {�1,+1}

<latexit sha1_base64="Qglo07NTvoHTsQPcH9BIBVMHQAI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBUEsiBR+rohuXVewDmlgmk0k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMDh3PuZe45XsyoVJb1bRTm5hcWl4rLpZXVtfUNc3OrKaNEYNLAEYtE20OSMMpJQ1HFSDsWBIUeIy1vcDXyWw9ESBrxOzWMiRuiHqcBxUhpqWvu9i+gEyLV97z0NrtP/Qw6KoJOemwfHdpO1jXLVsUaA84SOydlkKPeNb8cP8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPEA90tGUo5BINx0HyeC+VnwYREI/ruBY/b2RolDKYejpydHNctobif95nUQFZ25KeZwowvHkoyBhUEcdtQJ9KghWbKgJwoLqWyHuI4Gw0t2VdAn2dORZ0jyp2NXK+U21XLvM6yiCHbAHDoANTkENXIM6aAAMHsEzeAVvxpPxYrwbH5PRgpHvbIM/MD5/AM4nmJI=</latexit>

Regression 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss:  
• Example: linear regression

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

<latexit sha1_base64="6zTd0UL33htTUupyJ/1rdZ+m2wM=">AAACAHicbVDLSsNAFL2pr1pfVcGNm8Ei1E1JpKDLohuXVawtNLFMppN26GQSZiZCiFn4K25cKIhbP8Odf+P0sdDWAwOHc+7lnjl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7t6dihJJaItEPJIdHyvKmaAtzTSnnVhSHPqctv3R5dhvP1CpWCRudRpTL8QDwQJGsDZSr3yQ3mdVdpIjlwnkhlgPfT+7yXvlil2zJ0CLxJmRCszQ7JW/3H5EkpAKTThWquvYsfYyLDUjnOYlN1E0xmSEB7RrqMAhVV42yZ+jY6P0URBJ84RGE/X3RoZDpdLQN5PjhGreG4v/ed1EB+dexkScaCrI9FCQcKQjNC4D9ZmkRPPUEEwkM1kRGWKJiTaVlUwJzvyXF0n7tObUa45zXa80LmZ9FOEQjqAKDpxBA66gCS0g8AjP8Apv1pP1Yr1bH9PRgjXb2Yc/sD5/ANmxldA=</latexit>

y(i) 2 R
<latexit sha1_base64="71bj+db3xhC3HXk1setvwH8PAXE=">AAACEHicbVBNS8NAEN34WetX1KOXxaJ4KokUFE9FLx6rWFtoYtlsNs3SzW7Y3Sgl9B948a948aAgXj1689+4aXuorQ8GHu/NMDMvSBlV2nF+rIXFpeWV1dJaeX1jc2vb3tm9UyKTmDSxYEK2A6QIo5w0NdWMtFNJUBIw0gr6l4XfeiBSUcFv9SAlfoJ6nEYUI22krn0Un0MvQToOgvxmeB9CT9JerJGU4nHK6NoVp+qMAOeJOyEVMEGja397ocBZQrjGDCnVcZ1U+zmSmmJGhmUvUyRFuI96pGMoRwlRfj76ZwgPjRLCSEhTXMOROj2Ro0SpQRKYzuJCNesV4n9eJ9PRmZ9TnmaacDxeFGUMagGLcGBIJcGaDQxBWFJzK8QxkghrE2HZhODOvjxPWidVt1Z13etapX4xyaME9sEBOAYuOAV1cAUaoAkweAIv4A28W8/Wq/VhfY5bF6zJzB74A+vrF8PhnPE=</latexit>

h : Rd ! R
<latexit sha1_base64="mzqaYdgcFCqj7/uaVlTQkSDmCG8=">AAAB+nicbVBNS8NAEJ34WetX1KOXxSK0oCUpBb0IRS8ePFSwttDGstlu2qWbTdjdFEroP/HiQUG8+ku8+W/ctjlo64OBx3szzMzzY86Udpxva2V1bX1jM7eV397Z3du3Dw4fVZRIQhsk4pFs+VhRzgRtaKY5bcWS4tDntOkPb6Z+c0SlYpF40OOYeiHuCxYwgrWRurZ9V+yf4RK6QsX+OS49Vbp2wSk7M6Bl4makABnqXfur04tIElKhCcdKtV0n1l6KpWaE00m+kygaYzLEfdo2VOCQKi+dXT5Bp0bpoSCSpoRGM/X3RIpDpcahbzpDrAdq0ZuK/3ntRAeXXspEnGgqyHxRkHCkIzSNAfWYpETzsSGYSGZuRWSAJSbahJU3IbiLLy+TZqXsVsuue18t1K6zPHJwDCdQBBcuoAa3UIcGEBjBM7zCm5VaL9a79TFvXbGymSP4A+vzB28zkWg=</latexit>

L(g, a) = (g � a)2
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Recall
Classification 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss: 0-1, asymmetric, NLL 
• Example: linear classification

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

y(i) 2 {�1,+1}

<latexit sha1_base64="713ykEbssIo/Rc2amVUhyV5Oe0I=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFbUkUlB3RTcuK9gHNLFMppN26GQSZiZCCQV/xY0LRdz6He78G6ePhVoPXDiccy/33hMknCntOF9WbmFxaXklv1pYW9/Y3LK3dxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXY7/5QKVisbjTw4T6Ee4JFjKCtZE69t7wPiuxoxHymEBeduqeHLveqGMXnbIzAZon7owUYYZax/70ujFJIyo04Viptusk2s+w1IxwOip4qaIJJgPco21DBY6o8rPJ+SN0aJQuCmNpSmg0UX9OZDhSahgFpjPCuq/+emPxP6+d6vDCz5hIUk0FmS4KU450jMZZoC6TlGg+NAQTycytiPSxxESbxAomBPfvy/OkcVZ2K+XL20qxejWLIw/7cAAlcOEcqnADNagDgQye4AVerUfr2Xqz3qetOWs2swu/YH18A8uWlBs=</latexit>

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

Compare

h : Rd ! {�1,+1}

<latexit sha1_base64="Qglo07NTvoHTsQPcH9BIBVMHQAI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBUEsiBR+rohuXVewDmlgmk0k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMDh3PuZe45XsyoVJb1bRTm5hcWl4rLpZXVtfUNc3OrKaNEYNLAEYtE20OSMMpJQ1HFSDsWBIUeIy1vcDXyWw9ESBrxOzWMiRuiHqcBxUhpqWvu9i+gEyLV97z0NrtP/Qw6KoJOemwfHdpO1jXLVsUaA84SOydlkKPeNb8cP8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPEA90tGUo5BINx0HyeC+VnwYREI/ruBY/b2RolDKYejpydHNctobif95nUQFZ25KeZwowvHkoyBhUEcdtQJ9KghWbKgJwoLqWyHuI4Gw0t2VdAn2dORZ0jyp2NXK+U21XLvM6yiCHbAHDoANTkENXIM6aAAMHsEzeAVvxpPxYrwbH5PRgpHvbIM/MD5/AM4nmJI=</latexit>

Regression 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss:  
• Example: linear regression

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

<latexit sha1_base64="6zTd0UL33htTUupyJ/1rdZ+m2wM=">AAACAHicbVDLSsNAFL2pr1pfVcGNm8Ei1E1JpKDLohuXVawtNLFMppN26GQSZiZCiFn4K25cKIhbP8Odf+P0sdDWAwOHc+7lnjl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7t6dihJJaItEPJIdHyvKmaAtzTSnnVhSHPqctv3R5dhvP1CpWCRudRpTL8QDwQJGsDZSr3yQ3mdVdpIjlwnkhlgPfT+7yXvlil2zJ0CLxJmRCszQ7JW/3H5EkpAKTThWquvYsfYyLDUjnOYlN1E0xmSEB7RrqMAhVV42yZ+jY6P0URBJ84RGE/X3RoZDpdLQN5PjhGreG4v/ed1EB+dexkScaCrI9FCQcKQjNC4D9ZmkRPPUEEwkM1kRGWKJiTaVlUwJzvyXF0n7tObUa45zXa80LmZ9FOEQjqAKDpxBA66gCS0g8AjP8Apv1pP1Yr1bH9PRgjXb2Yc/sD5/ANmxldA=</latexit>

y(i) 2 R
<latexit sha1_base64="71bj+db3xhC3HXk1setvwH8PAXE=">AAACEHicbVBNS8NAEN34WetX1KOXxaJ4KokUFE9FLx6rWFtoYtlsNs3SzW7Y3Sgl9B948a948aAgXj1689+4aXuorQ8GHu/NMDMvSBlV2nF+rIXFpeWV1dJaeX1jc2vb3tm9UyKTmDSxYEK2A6QIo5w0NdWMtFNJUBIw0gr6l4XfeiBSUcFv9SAlfoJ6nEYUI22krn0Un0MvQToOgvxmeB9CT9JerJGU4nHK6NoVp+qMAOeJOyEVMEGja397ocBZQrjGDCnVcZ1U+zmSmmJGhmUvUyRFuI96pGMoRwlRfj76ZwgPjRLCSEhTXMOROj2Ro0SpQRKYzuJCNesV4n9eJ9PRmZ9TnmaacDxeFGUMagGLcGBIJcGaDQxBWFJzK8QxkghrE2HZhODOvjxPWidVt1Z13etapX4xyaME9sEBOAYuOAV1cAUaoAkweAIv4A28W8/Wq/VhfY5bF6zJzB74A+vrF8PhnPE=</latexit>

h : Rd ! R
<latexit sha1_base64="mzqaYdgcFCqj7/uaVlTQkSDmCG8=">AAAB+nicbVBNS8NAEJ34WetX1KOXxSK0oCUpBb0IRS8ePFSwttDGstlu2qWbTdjdFEroP/HiQUG8+ku8+W/ctjlo64OBx3szzMzzY86Udpxva2V1bX1jM7eV397Z3du3Dw4fVZRIQhsk4pFs+VhRzgRtaKY5bcWS4tDntOkPb6Z+c0SlYpF40OOYeiHuCxYwgrWRurZ9V+yf4RK6QsX+OS49Vbp2wSk7M6Bl4makABnqXfur04tIElKhCcdKtV0n1l6KpWaE00m+kygaYzLEfdo2VOCQKi+dXT5Bp0bpoSCSpoRGM/X3RIpDpcahbzpDrAdq0ZuK/3ntRAeXXspEnGgqyHxRkHCkIzSNAfWYpETzsSGYSGZuRWSAJSbahJU3IbiLLy+TZqXsVsuue18t1K6zPHJwDCdQBBcuoAa3UIcGEBjBM7zCm5VaL9a79TFvXbGymSP4A+vzB28zkWg=</latexit>

L(g, a) = (g � a)2
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x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>



Recall
Classification 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss: 0-1, asymmetric, NLL 
• Example: linear classification

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

y(i) 2 {�1,+1}

<latexit sha1_base64="713ykEbssIo/Rc2amVUhyV5Oe0I=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFbUkUlB3RTcuK9gHNLFMppN26GQSZiZCCQV/xY0LRdz6He78G6ePhVoPXDiccy/33hMknCntOF9WbmFxaXklv1pYW9/Y3LK3dxoqTiWhdRLzWLYCrChngtY105y2EklxFHDaDAbXY7/5QKVisbjTw4T6Ee4JFjKCtZE69t7wPiuxoxHymEBeduqeHLveqGMXnbIzAZon7owUYYZax/70ujFJIyo04Viptusk2s+w1IxwOip4qaIJJgPco21DBY6o8rPJ+SN0aJQuCmNpSmg0UX9OZDhSahgFpjPCuq/+emPxP6+d6vDCz5hIUk0FmS4KU450jMZZoC6TlGg+NAQTycytiPSxxESbxAomBPfvy/OkcVZ2K+XL20qxejWLIw/7cAAlcOEcqnADNagDgQye4AVerUfr2Xqz3qetOWs2swu/YH18A8uWlBs=</latexit>

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

Compare

h : Rd ! {�1,+1}

<latexit sha1_base64="Qglo07NTvoHTsQPcH9BIBVMHQAI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBUEsiBR+rohuXVewDmlgmk0k7dDIJMxOhhCzd+CtuXCji1k9w5984bbPQ1gMDh3PuZe45XsyoVJb1bRTm5hcWl4rLpZXVtfUNc3OrKaNEYNLAEYtE20OSMMpJQ1HFSDsWBIUeIy1vcDXyWw9ESBrxOzWMiRuiHqcBxUhpqWvu9i+gEyLV97z0NrtP/Qw6KoJOemwfHdpO1jXLVsUaA84SOydlkKPeNb8cP8JJSLjCDEnZsa1YuSkSimJGspKTSBIjPEA90tGUo5BINx0HyeC+VnwYREI/ruBY/b2RolDKYejpydHNctobif95nUQFZ25KeZwowvHkoyBhUEcdtQJ9KghWbKgJwoLqWyHuI4Gw0t2VdAn2dORZ0jyp2NXK+U21XLvM6yiCHbAHDoANTkENXIM6aAAMHsEzeAVvxpPxYrwbH5PRgpHvbIM/MD5/AM4nmJI=</latexit>

Regression 
• Datum   : feature vector  

• Label 
• Hypothesis 
• Loss:  
• Example: linear regression

<latexit sha1_base64="NwnGgyyvYL2tr0azWgbitwOJH0Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI9FLx5bsLbQhrLZTtq1m03Y3Qgl9Bd48aAgXv1H3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnDzpOFcM2i0WsugHVKLjEtuFGYDdRSKNAYCeY3M79zhMqzWN5b6YJ+hEdSR5yRo2VWnxQrrhVdwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ56rq1aqe16pVGjd5HkU4g3O4BA/q0IA7aEIbGCA8wyu8OY/Oi/PufCxbC04+cwp/4Hz+AGWOjSY=</latexit>

i

x(i) = (x(i)
1 , . . . , x(i)

d )> 2 Rd

<latexit sha1_base64="E5PXGaP/huhuW7UrjJGwGk73mVA="></latexit>

<latexit sha1_base64="6zTd0UL33htTUupyJ/1rdZ+m2wM=">AAACAHicbVDLSsNAFL2pr1pfVcGNm8Ei1E1JpKDLohuXVawtNLFMppN26GQSZiZCiFn4K25cKIhbP8Odf+P0sdDWAwOHc+7lnjl+zJnStv1tFZaWV1bXiuuljc2t7Z3y7t6dihJJaItEPJIdHyvKmaAtzTSnnVhSHPqctv3R5dhvP1CpWCRudRpTL8QDwQJGsDZSr3yQ3mdVdpIjlwnkhlgPfT+7yXvlil2zJ0CLxJmRCszQ7JW/3H5EkpAKTThWquvYsfYyLDUjnOYlN1E0xmSEB7RrqMAhVV42yZ+jY6P0URBJ84RGE/X3RoZDpdLQN5PjhGreG4v/ed1EB+dexkScaCrI9FCQcKQjNC4D9ZmkRPPUEEwkM1kRGWKJiTaVlUwJzvyXF0n7tObUa45zXa80LmZ9FOEQjqAKDpxBA66gCS0g8AjP8Apv1pP1Yr1bH9PRgjXb2Yc/sD5/ANmxldA=</latexit>

y(i) 2 R
<latexit sha1_base64="71bj+db3xhC3HXk1setvwH8PAXE=">AAACEHicbVBNS8NAEN34WetX1KOXxaJ4KokUFE9FLx6rWFtoYtlsNs3SzW7Y3Sgl9B948a948aAgXj1689+4aXuorQ8GHu/NMDMvSBlV2nF+rIXFpeWV1dJaeX1jc2vb3tm9UyKTmDSxYEK2A6QIo5w0NdWMtFNJUBIw0gr6l4XfeiBSUcFv9SAlfoJ6nEYUI22krn0Un0MvQToOgvxmeB9CT9JerJGU4nHK6NoVp+qMAOeJOyEVMEGja397ocBZQrjGDCnVcZ1U+zmSmmJGhmUvUyRFuI96pGMoRwlRfj76ZwgPjRLCSEhTXMOROj2Ro0SpQRKYzuJCNesV4n9eJ9PRmZ9TnmaacDxeFGUMagGLcGBIJcGaDQxBWFJzK8QxkghrE2HZhODOvjxPWidVt1Z13etapX4xyaME9sEBOAYuOAV1cAUaoAkweAIv4A28W8/Wq/VhfY5bF6zJzB74A+vrF8PhnPE=</latexit>

h : Rd ! R
<latexit sha1_base64="mzqaYdgcFCqj7/uaVlTQkSDmCG8=">AAAB+nicbVBNS8NAEJ34WetX1KOXxSK0oCUpBb0IRS8ePFSwttDGstlu2qWbTdjdFEroP/HiQUG8+ku8+W/ctjlo64OBx3szzMzzY86Udpxva2V1bX1jM7eV397Z3du3Dw4fVZRIQhsk4pFs+VhRzgRtaKY5bcWS4tDntOkPb6Z+c0SlYpF40OOYeiHuCxYwgrWRurZ9V+yf4RK6QsX+OS49Vbp2wSk7M6Bl4makABnqXfur04tIElKhCcdKtV0n1l6KpWaE00m+kygaYzLEfdo2VOCQKi+dXT5Bp0bpoSCSpoRGM/X3RIpDpcahbzpDrAdq0ZuK/3ntRAeXXspEnGgqyHxRkHCkIzSNAfWYpETzsSGYSGZuRWSAJSbahJU3IbiLLy+TZqXsVsuue18t1K6zPHJwDCdQBBcuoAa3UIcGEBjBM7zCm5VaL9a79TFvXbGymSP4A+vzB28zkWg=</latexit>

L(g, a) = (g � a)2
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x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

3 x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y



4

Linear regression
• Hypotheses for linear regression:

<latexit sha1_base64="nKSbXozpoZKvTDDrP9ajW/Lrya4=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFaXMSEFBhKIblxWsLbTjkEkzndDMheSMtAx9Dje+ihsXCuJKcOHbmLaDaPVAyMf/n0NyfjcWXIFpfhq5ufmFxaX8cmFldW19o7i5daOiRFLWoJGIZMsligkesgZwEKwVS0YCV7Cm278Y+807JhWPwmsYxswOSC/kHqcEtOQULb88OMUd8BmQw+x2zH18lvFtB6IYD/DBt+cUS2bFnBT+C1YGJZRV3Sm+d7oRTQIWAhVEqbZlxmCnRAKngo0KnUSxmNA+6bG2xpAETNnpZLUR3tNKF3uR1CcEPFF/TqQkUGoYuLozIOCrWW8s/ue1E/BO7JSHcQIspNOHvERgiPA4J9zlklEQQw2ESq7/iqlPJKGg0yzoEKzZlf9C86hiVSuWdVUt1c6zPPJoB+2iMrLQMaqhS1RHDUTRPXpEz+jFeDCejFfjbdqaM7KZbfSrjI8vfhWfGQ==</latexit>

h(x; ✓, ✓0) = ✓>x+ ✓0



Linear regression
• Hypotheses for linear regression:
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Linear regression
• Hypotheses for linear regression:
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Linear regression
• Hypotheses for linear regression:
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Linear regression
• Hypotheses for linear regression:
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Linear regression
• Hypotheses for linear regression:
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• Hypotheses for linear regression:
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Linear regression
• Hypotheses for linear regression:
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Linear regression
• Hypotheses for linear regression:
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Linear regression
• Hypotheses for linear regression:
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Linear regression
• Hypotheses for linear regression:

<latexit sha1_base64="nKSbXozpoZKvTDDrP9ajW/Lrya4=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFaXMSEFBhKIblxWsLbTjkEkzndDMheSMtAx9Dje+ihsXCuJKcOHbmLaDaPVAyMf/n0NyfjcWXIFpfhq5ufmFxaX8cmFldW19o7i5daOiRFLWoJGIZMsligkesgZwEKwVS0YCV7Cm278Y+807JhWPwmsYxswOSC/kHqcEtOQULb88OMUd8BmQw+x2zH18lvFtB6IYD/DBt+cUS2bFnBT+C1YGJZRV3Sm+d7oRTQIWAhVEqbZlxmCnRAKngo0KnUSxmNA+6bG2xpAETNnpZLUR3tNKF3uR1CcEPFF/TqQkUGoYuLozIOCrWW8s/ue1E/BO7JSHcQIspNOHvERgiPA4J9zlklEQQw2ESq7/iqlPJKGg0yzoEKzZlf9C86hiVSuWdVUt1c6zPPJoB+2iMrLQMaqhS1RHDUTRPXpEz+jFeDCejFfjbdqaM7KZbfSrjI8vfhWfGQ==</latexit>

h(x; ✓, ✓0) = ✓>x+ ✓0

• Training error (using squared error loss)
<latexit sha1_base64="jL8KcBNWTYBnKbAHdt8H6rzNXuk="></latexit>

=
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

• Training error if we augment features with feature “1”

<latexit sha1_base64="uqQnPnWN3rBckZuMUXKbtIx2Edc="></latexit>

J(✓, ✓0) =
1

n

nX

i=1

L(h(x(i); ✓, ✓0), y
(i))

<latexit sha1_base64="KCeK9zFFm0GT24V6ueMYP2R74Mo="></latexit>

J(✓) =
1

n

nX

i=1

(✓>x(i) � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="u/ygbQ9x4Lhtm5bf8cxkkfuBLRE="></latexit>

=
1

n

nX

i=1

((x(i))>✓ � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="BkYMpL5mcRFwEIZJSEviO78YkRg="></latexit>

X̃ =

2

664

x(1)
1 · · · x(1)

d
...

. . .
...

x(n)
1 · · · x(n)

d

3

775Define
nxd

<latexit sha1_base64="gq3l7zPySZokeTAAvnBfp/hzgIY="></latexit>

Ỹ =

2

64
y(1)

...
y(n)

3

75
nx1

4



Linear regression
• Hypotheses for linear regression:

<latexit sha1_base64="nKSbXozpoZKvTDDrP9ajW/Lrya4=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFaXMSEFBhKIblxWsLbTjkEkzndDMheSMtAx9Dje+ihsXCuJKcOHbmLaDaPVAyMf/n0NyfjcWXIFpfhq5ufmFxaX8cmFldW19o7i5daOiRFLWoJGIZMsligkesgZwEKwVS0YCV7Cm278Y+807JhWPwmsYxswOSC/kHqcEtOQULb88OMUd8BmQw+x2zH18lvFtB6IYD/DBt+cUS2bFnBT+C1YGJZRV3Sm+d7oRTQIWAhVEqbZlxmCnRAKngo0KnUSxmNA+6bG2xpAETNnpZLUR3tNKF3uR1CcEPFF/TqQkUGoYuLozIOCrWW8s/ue1E/BO7JSHcQIspNOHvERgiPA4J9zlklEQQw2ESq7/iqlPJKGg0yzoEKzZlf9C86hiVSuWdVUt1c6zPPJoB+2iMrLQMaqhS1RHDUTRPXpEz+jFeDCejFfjbdqaM7KZbfSrjI8vfhWfGQ==</latexit>

h(x; ✓, ✓0) = ✓>x+ ✓0

• Training error (using squared error loss)
<latexit sha1_base64="jL8KcBNWTYBnKbAHdt8H6rzNXuk="></latexit>

=
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

• Training error if we augment features with feature “1”

<latexit sha1_base64="uqQnPnWN3rBckZuMUXKbtIx2Edc="></latexit>

J(✓, ✓0) =
1

n

nX

i=1

L(h(x(i); ✓, ✓0), y
(i))

<latexit sha1_base64="KCeK9zFFm0GT24V6ueMYP2R74Mo="></latexit>

J(✓) =
1

n

nX

i=1

(✓>x(i) � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="u/ygbQ9x4Lhtm5bf8cxkkfuBLRE="></latexit>

=
1

n

nX

i=1

((x(i))>✓ � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="BkYMpL5mcRFwEIZJSEviO78YkRg="></latexit>

X̃ =

2

664

x(1)
1 · · · x(1)

d
...

. . .
...

x(n)
1 · · · x(n)

d

3

775Define
nxd

<latexit sha1_base64="gq3l7zPySZokeTAAvnBfp/hzgIY="></latexit>

Ỹ =

2

64
y(1)

...
y(n)

3

75
nx1

<latexit sha1_base64="nRNyGWg3m2huvT4AzYq8UNZJYTQ=">AAACHHicbVBNSwMxEM3Wr1q/qh69BIvgxbJbBL0IohePFaytdGvJprM2NJtdklmhrP0fXvwrXjwoiBcPgv/G9ENQ64OBl/dmyMwLEikMuu6nk5uZnZtfyC8WlpZXVteK6xuXJk41hxqPZawbATMghYIaCpTQSDSwKJBQD3qnQ79+C9qIWF1gP4FWxG6UCAVnaKV2sXJE/VAznnmDTA2of0d9FLIDWcM+sAvI6N63dDX0ryvtYsktuyPQaeJNSIlMUG0X3/1OzNMIFHLJjGl6boKtjGkUXMKg4KcGEsZ77AaalioWgWllo9sGdMcqHRrG2pZCOlJ/TmQsMqYfBbYzYtg1f72h+J/XTDE8bGVCJSmC4uOPwlRSjOkwKNoRGjjKviWMa2F3pbzLbFRo4yzYELy/J0+TeqXs7Zc973y/dHwyySNPtsg22SUeOSDH5IxUSY1wck8eyTN5cR6cJ+fVeRu35pzJzCb5BefjC3F/oNg=</latexit>

=
1

n
kX̃✓ � Ỹ k2

4



Linear regression
• Hypotheses for linear regression:

<latexit sha1_base64="nKSbXozpoZKvTDDrP9ajW/Lrya4=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFaXMSEFBhKIblxWsLbTjkEkzndDMheSMtAx9Dje+ihsXCuJKcOHbmLaDaPVAyMf/n0NyfjcWXIFpfhq5ufmFxaX8cmFldW19o7i5daOiRFLWoJGIZMsligkesgZwEKwVS0YCV7Cm278Y+807JhWPwmsYxswOSC/kHqcEtOQULb88OMUd8BmQw+x2zH18lvFtB6IYD/DBt+cUS2bFnBT+C1YGJZRV3Sm+d7oRTQIWAhVEqbZlxmCnRAKngo0KnUSxmNA+6bG2xpAETNnpZLUR3tNKF3uR1CcEPFF/TqQkUGoYuLozIOCrWW8s/ue1E/BO7JSHcQIspNOHvERgiPA4J9zlklEQQw2ESq7/iqlPJKGg0yzoEKzZlf9C86hiVSuWdVUt1c6zPPJoB+2iMrLQMaqhS1RHDUTRPXpEz+jFeDCejFfjbdqaM7KZbfSrjI8vfhWfGQ==</latexit>

h(x; ✓, ✓0) = ✓>x+ ✓0

• Training error (using squared error loss)
<latexit sha1_base64="jL8KcBNWTYBnKbAHdt8H6rzNXuk="></latexit>

=
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

• Training error if we augment features with feature “1”

<latexit sha1_base64="uqQnPnWN3rBckZuMUXKbtIx2Edc="></latexit>

J(✓, ✓0) =
1

n

nX

i=1

L(h(x(i); ✓, ✓0), y
(i))

<latexit sha1_base64="KCeK9zFFm0GT24V6ueMYP2R74Mo="></latexit>

J(✓) =
1

n

nX

i=1

(✓>x(i) � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="u/ygbQ9x4Lhtm5bf8cxkkfuBLRE="></latexit>

=
1

n

nX

i=1

((x(i))>✓ � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="BkYMpL5mcRFwEIZJSEviO78YkRg="></latexit>

X̃ =

2

664

x(1)
1 · · · x(1)

d
...

. . .
...

x(n)
1 · · · x(n)

d

3

775Define
nxd

<latexit sha1_base64="gq3l7zPySZokeTAAvnBfp/hzgIY="></latexit>

Ỹ =

2

64
y(1)

...
y(n)

3

75
nx1

<latexit sha1_base64="nRNyGWg3m2huvT4AzYq8UNZJYTQ=">AAACHHicbVBNSwMxEM3Wr1q/qh69BIvgxbJbBL0IohePFaytdGvJprM2NJtdklmhrP0fXvwrXjwoiBcPgv/G9ENQ64OBl/dmyMwLEikMuu6nk5uZnZtfyC8WlpZXVteK6xuXJk41hxqPZawbATMghYIaCpTQSDSwKJBQD3qnQ79+C9qIWF1gP4FWxG6UCAVnaKV2sXJE/VAznnmDTA2of0d9FLIDWcM+sAvI6N63dDX0ryvtYsktuyPQaeJNSIlMUG0X3/1OzNMIFHLJjGl6boKtjGkUXMKg4KcGEsZ77AaalioWgWllo9sGdMcqHRrG2pZCOlJ/TmQsMqYfBbYzYtg1f72h+J/XTDE8bGVCJSmC4uOPwlRSjOkwKNoRGjjKviWMa2F3pbzLbFRo4yzYELy/J0+TeqXs7Zc973y/dHwyySNPtsg22SUeOSDH5IxUSY1wck8eyTN5cR6cJ+fVeRu35pzJzCb5BefjC3F/oNg=</latexit>

=
1

n
kX̃✓ � Ỹ k2

4



Linear regression
• Hypotheses for linear regression:

<latexit sha1_base64="nKSbXozpoZKvTDDrP9ajW/Lrya4=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFaXMSEFBhKIblxWsLbTjkEkzndDMheSMtAx9Dje+ihsXCuJKcOHbmLaDaPVAyMf/n0NyfjcWXIFpfhq5ufmFxaX8cmFldW19o7i5daOiRFLWoJGIZMsligkesgZwEKwVS0YCV7Cm278Y+807JhWPwmsYxswOSC/kHqcEtOQULb88OMUd8BmQw+x2zH18lvFtB6IYD/DBt+cUS2bFnBT+C1YGJZRV3Sm+d7oRTQIWAhVEqbZlxmCnRAKngo0KnUSxmNA+6bG2xpAETNnpZLUR3tNKF3uR1CcEPFF/TqQkUGoYuLozIOCrWW8s/ue1E/BO7JSHcQIspNOHvERgiPA4J9zlklEQQw2ESq7/iqlPJKGg0yzoEKzZlf9C86hiVSuWdVUt1c6zPPJoB+2iMrLQMaqhS1RHDUTRPXpEz+jFeDCejFfjbdqaM7KZbfSrjI8vfhWfGQ==</latexit>

h(x; ✓, ✓0) = ✓>x+ ✓0

• Training error (using squared error loss)
<latexit sha1_base64="jL8KcBNWTYBnKbAHdt8H6rzNXuk="></latexit>

=
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

• Training error if we augment features with feature “1”

<latexit sha1_base64="uqQnPnWN3rBckZuMUXKbtIx2Edc="></latexit>

J(✓, ✓0) =
1

n

nX

i=1

L(h(x(i); ✓, ✓0), y
(i))

<latexit sha1_base64="KCeK9zFFm0GT24V6ueMYP2R74Mo="></latexit>

J(✓) =
1

n

nX

i=1

(✓>x(i) � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="u/ygbQ9x4Lhtm5bf8cxkkfuBLRE="></latexit>

=
1

n

nX

i=1

((x(i))>✓ � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="BkYMpL5mcRFwEIZJSEviO78YkRg="></latexit>

X̃ =

2

664

x(1)
1 · · · x(1)

d
...

. . .
...

x(n)
1 · · · x(n)

d

3

775Define
nxd

<latexit sha1_base64="gq3l7zPySZokeTAAvnBfp/hzgIY="></latexit>

Ỹ =

2

64
y(1)

...
y(n)

3

75
nx1

<latexit sha1_base64="nRNyGWg3m2huvT4AzYq8UNZJYTQ=">AAACHHicbVBNSwMxEM3Wr1q/qh69BIvgxbJbBL0IohePFaytdGvJprM2NJtdklmhrP0fXvwrXjwoiBcPgv/G9ENQ64OBl/dmyMwLEikMuu6nk5uZnZtfyC8WlpZXVteK6xuXJk41hxqPZawbATMghYIaCpTQSDSwKJBQD3qnQ79+C9qIWF1gP4FWxG6UCAVnaKV2sXJE/VAznnmDTA2of0d9FLIDWcM+sAvI6N63dDX0ryvtYsktuyPQaeJNSIlMUG0X3/1OzNMIFHLJjGl6boKtjGkUXMKg4KcGEsZ77AaalioWgWllo9sGdMcqHRrG2pZCOlJ/TmQsMqYfBbYzYtg1f72h+J/XTDE8bGVCJSmC4uOPwlRSjOkwKNoRGjjKviWMa2F3pbzLbFRo4yzYELy/J0+TeqXs7Zc973y/dHwyySNPtsg22SUeOSDH5IxUSY1wck8eyTN5cR6cJ+fVeRu35pzJzCb5BefjC3F/oNg=</latexit>

=
1

n
kX̃✓ � Ỹ k2
nxd

4



Linear regression
• Hypotheses for linear regression:

<latexit sha1_base64="nKSbXozpoZKvTDDrP9ajW/Lrya4=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFaXMSEFBhKIblxWsLbTjkEkzndDMheSMtAx9Dje+ihsXCuJKcOHbmLaDaPVAyMf/n0NyfjcWXIFpfhq5ufmFxaX8cmFldW19o7i5daOiRFLWoJGIZMsligkesgZwEKwVS0YCV7Cm278Y+807JhWPwmsYxswOSC/kHqcEtOQULb88OMUd8BmQw+x2zH18lvFtB6IYD/DBt+cUS2bFnBT+C1YGJZRV3Sm+d7oRTQIWAhVEqbZlxmCnRAKngo0KnUSxmNA+6bG2xpAETNnpZLUR3tNKF3uR1CcEPFF/TqQkUGoYuLozIOCrWW8s/ue1E/BO7JSHcQIspNOHvERgiPA4J9zlklEQQw2ESq7/iqlPJKGg0yzoEKzZlf9C86hiVSuWdVUt1c6zPPJoB+2iMrLQMaqhS1RHDUTRPXpEz+jFeDCejFfjbdqaM7KZbfSrjI8vfhWfGQ==</latexit>

h(x; ✓, ✓0) = ✓>x+ ✓0

• Training error (using squared error loss)
<latexit sha1_base64="jL8KcBNWTYBnKbAHdt8H6rzNXuk="></latexit>

=
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

• Training error if we augment features with feature “1”

<latexit sha1_base64="uqQnPnWN3rBckZuMUXKbtIx2Edc="></latexit>

J(✓, ✓0) =
1

n

nX

i=1

L(h(x(i); ✓, ✓0), y
(i))

<latexit sha1_base64="KCeK9zFFm0GT24V6ueMYP2R74Mo="></latexit>

J(✓) =
1

n

nX

i=1

(✓>x(i) � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="u/ygbQ9x4Lhtm5bf8cxkkfuBLRE="></latexit>

=
1

n

nX

i=1

((x(i))>✓ � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="BkYMpL5mcRFwEIZJSEviO78YkRg="></latexit>

X̃ =

2

664

x(1)
1 · · · x(1)

d
...

. . .
...

x(n)
1 · · · x(n)

d

3

775Define
nxd

<latexit sha1_base64="gq3l7zPySZokeTAAvnBfp/hzgIY="></latexit>

Ỹ =

2

64
y(1)

...
y(n)

3

75
nx1

<latexit sha1_base64="nRNyGWg3m2huvT4AzYq8UNZJYTQ=">AAACHHicbVBNSwMxEM3Wr1q/qh69BIvgxbJbBL0IohePFaytdGvJprM2NJtdklmhrP0fXvwrXjwoiBcPgv/G9ENQ64OBl/dmyMwLEikMuu6nk5uZnZtfyC8WlpZXVteK6xuXJk41hxqPZawbATMghYIaCpTQSDSwKJBQD3qnQ79+C9qIWF1gP4FWxG6UCAVnaKV2sXJE/VAznnmDTA2of0d9FLIDWcM+sAvI6N63dDX0ryvtYsktuyPQaeJNSIlMUG0X3/1OzNMIFHLJjGl6boKtjGkUXMKg4KcGEsZ77AaalioWgWllo9sGdMcqHRrG2pZCOlJ/TmQsMqYfBbYzYtg1f72h+J/XTDE8bGVCJSmC4uOPwlRSjOkwKNoRGjjKviWMa2F3pbzLbFRo4yzYELy/J0+TeqXs7Zc973y/dHwyySNPtsg22SUeOSDH5IxUSY1wck8eyTN5cR6cJ+fVeRu35pzJzCb5BefjC3F/oNg=</latexit>

=
1

n
kX̃✓ � Ỹ k2
nxd,dx1

4



Linear regression
• Hypotheses for linear regression:

<latexit sha1_base64="nKSbXozpoZKvTDDrP9ajW/Lrya4=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFaXMSEFBhKIblxWsLbTjkEkzndDMheSMtAx9Dje+ihsXCuJKcOHbmLaDaPVAyMf/n0NyfjcWXIFpfhq5ufmFxaX8cmFldW19o7i5daOiRFLWoJGIZMsligkesgZwEKwVS0YCV7Cm278Y+807JhWPwmsYxswOSC/kHqcEtOQULb88OMUd8BmQw+x2zH18lvFtB6IYD/DBt+cUS2bFnBT+C1YGJZRV3Sm+d7oRTQIWAhVEqbZlxmCnRAKngo0KnUSxmNA+6bG2xpAETNnpZLUR3tNKF3uR1CcEPFF/TqQkUGoYuLozIOCrWW8s/ue1E/BO7JSHcQIspNOHvERgiPA4J9zlklEQQw2ESq7/iqlPJKGg0yzoEKzZlf9C86hiVSuWdVUt1c6zPPJoB+2iMrLQMaqhS1RHDUTRPXpEz+jFeDCejFfjbdqaM7KZbfSrjI8vfhWfGQ==</latexit>

h(x; ✓, ✓0) = ✓>x+ ✓0

• Training error (using squared error loss)
<latexit sha1_base64="jL8KcBNWTYBnKbAHdt8H6rzNXuk="></latexit>

=
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

• Training error if we augment features with feature “1”

<latexit sha1_base64="uqQnPnWN3rBckZuMUXKbtIx2Edc="></latexit>

J(✓, ✓0) =
1

n

nX

i=1

L(h(x(i); ✓, ✓0), y
(i))

<latexit sha1_base64="KCeK9zFFm0GT24V6ueMYP2R74Mo="></latexit>

J(✓) =
1

n

nX

i=1

(✓>x(i) � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="u/ygbQ9x4Lhtm5bf8cxkkfuBLRE="></latexit>

=
1

n

nX

i=1

((x(i))>✓ � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="BkYMpL5mcRFwEIZJSEviO78YkRg="></latexit>

X̃ =

2

664

x(1)
1 · · · x(1)

d
...

. . .
...

x(n)
1 · · · x(n)

d

3

775Define
nxd

<latexit sha1_base64="gq3l7zPySZokeTAAvnBfp/hzgIY="></latexit>

Ỹ =

2

64
y(1)

...
y(n)

3

75
nx1

<latexit sha1_base64="nRNyGWg3m2huvT4AzYq8UNZJYTQ=">AAACHHicbVBNSwMxEM3Wr1q/qh69BIvgxbJbBL0IohePFaytdGvJprM2NJtdklmhrP0fXvwrXjwoiBcPgv/G9ENQ64OBl/dmyMwLEikMuu6nk5uZnZtfyC8WlpZXVteK6xuXJk41hxqPZawbATMghYIaCpTQSDSwKJBQD3qnQ79+C9qIWF1gP4FWxG6UCAVnaKV2sXJE/VAznnmDTA2of0d9FLIDWcM+sAvI6N63dDX0ryvtYsktuyPQaeJNSIlMUG0X3/1OzNMIFHLJjGl6boKtjGkUXMKg4KcGEsZ77AaalioWgWllo9sGdMcqHRrG2pZCOlJ/TmQsMqYfBbYzYtg1f72h+J/XTDE8bGVCJSmC4uOPwlRSjOkwKNoRGjjKviWMa2F3pbzLbFRo4yzYELy/J0+TeqXs7Zc973y/dHwyySNPtsg22SUeOSDH5IxUSY1wck8eyTN5cR6cJ+fVeRu35pzJzCb5BefjC3F/oNg=</latexit>

=
1

n
kX̃✓ � Ỹ k2
nxd,dx1 nx1

4



Linear regression
• Hypotheses for linear regression:

<latexit sha1_base64="nKSbXozpoZKvTDDrP9ajW/Lrya4=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFaXMSEFBhKIblxWsLbTjkEkzndDMheSMtAx9Dje+ihsXCuJKcOHbmLaDaPVAyMf/n0NyfjcWXIFpfhq5ufmFxaX8cmFldW19o7i5daOiRFLWoJGIZMsligkesgZwEKwVS0YCV7Cm278Y+807JhWPwmsYxswOSC/kHqcEtOQULb88OMUd8BmQw+x2zH18lvFtB6IYD/DBt+cUS2bFnBT+C1YGJZRV3Sm+d7oRTQIWAhVEqbZlxmCnRAKngo0KnUSxmNA+6bG2xpAETNnpZLUR3tNKF3uR1CcEPFF/TqQkUGoYuLozIOCrWW8s/ue1E/BO7JSHcQIspNOHvERgiPA4J9zlklEQQw2ESq7/iqlPJKGg0yzoEKzZlf9C86hiVSuWdVUt1c6zPPJoB+2iMrLQMaqhS1RHDUTRPXpEz+jFeDCejFfjbdqaM7KZbfSrjI8vfhWfGQ==</latexit>

h(x; ✓, ✓0) = ✓>x+ ✓0

• Training error (using squared error loss)
<latexit sha1_base64="jL8KcBNWTYBnKbAHdt8H6rzNXuk="></latexit>

=
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

• Training error if we augment features with feature “1”

<latexit sha1_base64="uqQnPnWN3rBckZuMUXKbtIx2Edc="></latexit>

J(✓, ✓0) =
1

n

nX

i=1

L(h(x(i); ✓, ✓0), y
(i))

<latexit sha1_base64="KCeK9zFFm0GT24V6ueMYP2R74Mo="></latexit>

J(✓) =
1

n

nX

i=1

(✓>x(i) � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="u/ygbQ9x4Lhtm5bf8cxkkfuBLRE="></latexit>

=
1

n

nX

i=1

((x(i))>✓ � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="BkYMpL5mcRFwEIZJSEviO78YkRg="></latexit>
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1 · · · x(1)

d
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x(n)
1 · · · x(n)

d
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775Define
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<latexit sha1_base64="gq3l7zPySZokeTAAvnBfp/hzgIY="></latexit>

Ỹ =

2

64
y(1)

...
y(n)

3

75
nx1

<latexit sha1_base64="nRNyGWg3m2huvT4AzYq8UNZJYTQ=">AAACHHicbVBNSwMxEM3Wr1q/qh69BIvgxbJbBL0IohePFaytdGvJprM2NJtdklmhrP0fXvwrXjwoiBcPgv/G9ENQ64OBl/dmyMwLEikMuu6nk5uZnZtfyC8WlpZXVteK6xuXJk41hxqPZawbATMghYIaCpTQSDSwKJBQD3qnQ79+C9qIWF1gP4FWxG6UCAVnaKV2sXJE/VAznnmDTA2of0d9FLIDWcM+sAvI6N63dDX0ryvtYsktuyPQaeJNSIlMUG0X3/1OzNMIFHLJjGl6boKtjGkUXMKg4KcGEsZ77AaalioWgWllo9sGdMcqHRrG2pZCOlJ/TmQsMqYfBbYzYtg1f72h+J/XTDE8bGVCJSmC4uOPwlRSjOkwKNoRGjjKviWMa2F3pbzLbFRo4yzYELy/J0+TeqXs7Zc973y/dHwyySNPtsg22SUeOSDH5IxUSY1wck8eyTN5cR6cJ+fVeRu35pzJzCb5BefjC3F/oNg=</latexit>

=
1

n
kX̃✓ � Ỹ k2
nxd,dx1 nx1

4



Linear regression
• Hypotheses for linear regression:

<latexit sha1_base64="nKSbXozpoZKvTDDrP9ajW/Lrya4=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFaXMSEFBhKIblxWsLbTjkEkzndDMheSMtAx9Dje+ihsXCuJKcOHbmLaDaPVAyMf/n0NyfjcWXIFpfhq5ufmFxaX8cmFldW19o7i5daOiRFLWoJGIZMsligkesgZwEKwVS0YCV7Cm278Y+807JhWPwmsYxswOSC/kHqcEtOQULb88OMUd8BmQw+x2zH18lvFtB6IYD/DBt+cUS2bFnBT+C1YGJZRV3Sm+d7oRTQIWAhVEqbZlxmCnRAKngo0KnUSxmNA+6bG2xpAETNnpZLUR3tNKF3uR1CcEPFF/TqQkUGoYuLozIOCrWW8s/ue1E/BO7JSHcQIspNOHvERgiPA4J9zlklEQQw2ESq7/iqlPJKGg0yzoEKzZlf9C86hiVSuWdVUt1c6zPPJoB+2iMrLQMaqhS1RHDUTRPXpEz+jFeDCejFfjbdqaM7KZbfSrjI8vfhWfGQ==</latexit>

h(x; ✓, ✓0) = ✓>x+ ✓0

• Training error (using squared error loss)
<latexit sha1_base64="jL8KcBNWTYBnKbAHdt8H6rzNXuk="></latexit>

=
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

• Training error if we augment features with feature “1”

<latexit sha1_base64="uqQnPnWN3rBckZuMUXKbtIx2Edc="></latexit>

J(✓, ✓0) =
1

n

nX

i=1

L(h(x(i); ✓, ✓0), y
(i))

<latexit sha1_base64="KCeK9zFFm0GT24V6ueMYP2R74Mo="></latexit>

J(✓) =
1

n

nX

i=1

(✓>x(i) � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="u/ygbQ9x4Lhtm5bf8cxkkfuBLRE="></latexit>

=
1

n

nX

i=1

((x(i))>✓ � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="BkYMpL5mcRFwEIZJSEviO78YkRg="></latexit>

X̃ =

2

664

x(1)
1 · · · x(1)

d
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. . .
...

x(n)
1 · · · x(n)

d

3

775Define
nxd

<latexit sha1_base64="gq3l7zPySZokeTAAvnBfp/hzgIY="></latexit>

Ỹ =

2

64
y(1)

...
y(n)

3

75
nx1

<latexit sha1_base64="nRNyGWg3m2huvT4AzYq8UNZJYTQ=">AAACHHicbVBNSwMxEM3Wr1q/qh69BIvgxbJbBL0IohePFaytdGvJprM2NJtdklmhrP0fXvwrXjwoiBcPgv/G9ENQ64OBl/dmyMwLEikMuu6nk5uZnZtfyC8WlpZXVteK6xuXJk41hxqPZawbATMghYIaCpTQSDSwKJBQD3qnQ79+C9qIWF1gP4FWxG6UCAVnaKV2sXJE/VAznnmDTA2of0d9FLIDWcM+sAvI6N63dDX0ryvtYsktuyPQaeJNSIlMUG0X3/1OzNMIFHLJjGl6boKtjGkUXMKg4KcGEsZ77AaalioWgWllo9sGdMcqHRrG2pZCOlJ/TmQsMqYfBbYzYtg1f72h+J/XTDE8bGVCJSmC4uOPwlRSjOkwKNoRGjjKviWMa2F3pbzLbFRo4yzYELy/J0+TeqXs7Zc973y/dHwyySNPtsg22SUeOSDH5IxUSY1wck8eyTN5cR6cJ+fVeRu35pzJzCb5BefjC3F/oNg=</latexit>

=
1

n
kX̃✓ � Ỹ k2
nxd,dx1 nx1

4



Linear regression
• Hypotheses for linear regression:

<latexit sha1_base64="nKSbXozpoZKvTDDrP9ajW/Lrya4=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFaXMSEFBhKIblxWsLbTjkEkzndDMheSMtAx9Dje+ihsXCuJKcOHbmLaDaPVAyMf/n0NyfjcWXIFpfhq5ufmFxaX8cmFldW19o7i5daOiRFLWoJGIZMsligkesgZwEKwVS0YCV7Cm278Y+807JhWPwmsYxswOSC/kHqcEtOQULb88OMUd8BmQw+x2zH18lvFtB6IYD/DBt+cUS2bFnBT+C1YGJZRV3Sm+d7oRTQIWAhVEqbZlxmCnRAKngo0KnUSxmNA+6bG2xpAETNnpZLUR3tNKF3uR1CcEPFF/TqQkUGoYuLozIOCrWW8s/ue1E/BO7JSHcQIspNOHvERgiPA4J9zlklEQQw2ESq7/iqlPJKGg0yzoEKzZlf9C86hiVSuWdVUt1c6zPPJoB+2iMrLQMaqhS1RHDUTRPXpEz+jFeDCejFfjbdqaM7KZbfSrjI8vfhWfGQ==</latexit>

h(x; ✓, ✓0) = ✓>x+ ✓0

• Training error (using squared error loss)
<latexit sha1_base64="jL8KcBNWTYBnKbAHdt8H6rzNXuk="></latexit>

=
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

• Training error if we augment features with feature “1”

<latexit sha1_base64="uqQnPnWN3rBckZuMUXKbtIx2Edc="></latexit>

J(✓, ✓0) =
1

n

nX

i=1

L(h(x(i); ✓, ✓0), y
(i))

<latexit sha1_base64="KCeK9zFFm0GT24V6ueMYP2R74Mo="></latexit>

J(✓) =
1

n

nX

i=1

(✓>x(i) � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="u/ygbQ9x4Lhtm5bf8cxkkfuBLRE="></latexit>

=
1

n

nX

i=1

((x(i))>✓ � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="BkYMpL5mcRFwEIZJSEviO78YkRg="></latexit>

X̃ =

2

664

x(1)
1 · · · x(1)

d
...

. . .
...

x(n)
1 · · · x(n)

d

3

775Define
nxd

<latexit sha1_base64="gq3l7zPySZokeTAAvnBfp/hzgIY="></latexit>

Ỹ =

2

64
y(1)

...
y(n)

3

75
nx1

<latexit sha1_base64="nRNyGWg3m2huvT4AzYq8UNZJYTQ=">AAACHHicbVBNSwMxEM3Wr1q/qh69BIvgxbJbBL0IohePFaytdGvJprM2NJtdklmhrP0fXvwrXjwoiBcPgv/G9ENQ64OBl/dmyMwLEikMuu6nk5uZnZtfyC8WlpZXVteK6xuXJk41hxqPZawbATMghYIaCpTQSDSwKJBQD3qnQ79+C9qIWF1gP4FWxG6UCAVnaKV2sXJE/VAznnmDTA2of0d9FLIDWcM+sAvI6N63dDX0ryvtYsktuyPQaeJNSIlMUG0X3/1OzNMIFHLJjGl6boKtjGkUXMKg4KcGEsZ77AaalioWgWllo9sGdMcqHRrG2pZCOlJ/TmQsMqYfBbYzYtg1f72h+J/XTDE8bGVCJSmC4uOPwlRSjOkwKNoRGjjKviWMa2F3pbzLbFRo4yzYELy/J0+TeqXs7Zc973y/dHwyySNPtsg22SUeOSDH5IxUSY1wck8eyTN5cR6cJ+fVeRu35pzJzCb5BefjC3F/oNg=</latexit>

=
1

n
kX̃✓ � Ỹ k2
nxd,dx1 nx1

<latexit sha1_base64="Jzla9bKf8qR++fXtCa32T+XNYrw=">AAACPnichVA9SwNBFNyL3/ErammzGAQtDHciaCOINpYKxkRyMext3pkle3vH7jshHPfHbPwPdnY2Fgpia+kmRtBEcGBhmJnH2zdBIoVB1310ChOTU9Mzs3PF+YXFpeXSyuqliVPNocpjGet6wAxIoaCKAiXUEw0sCiTUgu5J36/dgjYiVhfYS6AZsRslQsEZWqlVujikfqgZz7w8Uzndoj4K2YasnlvWAWR051u6yun2tY9x8m+qVSq7FXcAOk68ISmTIc5apQe/HfM0AoVcMmManptgM2MaBZeQF/3UQMJ4l91Aw1LFIjDNbHB9Tjet0qZhrO1TSAfqz4mMRcb0osAmI4YdM+r1xb+8RorhQTMTKkkRFP9aFKaSYkz7VdK20MBR9ixhXAv7V8o7zJaJtvCiLcEbPXmc1HYr3l7F8873ykfHwz5myTrZIFvEI/vkiJySM1IlnNyRJ/JCXp1759l5c96/ogVnOLNGfsH5+ASjHK13</latexit>

=
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )

4

?



Linear regression
• Hypotheses for linear regression:

<latexit sha1_base64="nKSbXozpoZKvTDDrP9ajW/Lrya4=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFaXMSEFBhKIblxWsLbTjkEkzndDMheSMtAx9Dje+ihsXCuJKcOHbmLaDaPVAyMf/n0NyfjcWXIFpfhq5ufmFxaX8cmFldW19o7i5daOiRFLWoJGIZMsligkesgZwEKwVS0YCV7Cm278Y+807JhWPwmsYxswOSC/kHqcEtOQULb88OMUd8BmQw+x2zH18lvFtB6IYD/DBt+cUS2bFnBT+C1YGJZRV3Sm+d7oRTQIWAhVEqbZlxmCnRAKngo0KnUSxmNA+6bG2xpAETNnpZLUR3tNKF3uR1CcEPFF/TqQkUGoYuLozIOCrWW8s/ue1E/BO7JSHcQIspNOHvERgiPA4J9zlklEQQw2ESq7/iqlPJKGg0yzoEKzZlf9C86hiVSuWdVUt1c6zPPJoB+2iMrLQMaqhS1RHDUTRPXpEz+jFeDCejFfjbdqaM7KZbfSrjI8vfhWfGQ==</latexit>

h(x; ✓, ✓0) = ✓>x+ ✓0

• Training error (using squared error loss)
<latexit sha1_base64="jL8KcBNWTYBnKbAHdt8H6rzNXuk="></latexit>

=
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

• Training error if we augment features with feature “1”

<latexit sha1_base64="uqQnPnWN3rBckZuMUXKbtIx2Edc="></latexit>

J(✓, ✓0) =
1

n

nX

i=1

L(h(x(i); ✓, ✓0), y
(i))

<latexit sha1_base64="KCeK9zFFm0GT24V6ueMYP2R74Mo="></latexit>

J(✓) =
1

n

nX

i=1

(✓>x(i) � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="u/ygbQ9x4Lhtm5bf8cxkkfuBLRE="></latexit>

=
1

n

nX

i=1

((x(i))>✓ � y(i))2

1xd,dx1 1x1

<latexit sha1_base64="BkYMpL5mcRFwEIZJSEviO78YkRg="></latexit>

X̃ =

2

664

x(1)
1 · · · x(1)

d
...

. . .
...

x(n)
1 · · · x(n)

d

3

775Define
nxd

<latexit sha1_base64="gq3l7zPySZokeTAAvnBfp/hzgIY="></latexit>

Ỹ =

2

64
y(1)

...
y(n)

3

75
nx1

<latexit sha1_base64="nRNyGWg3m2huvT4AzYq8UNZJYTQ=">AAACHHicbVBNSwMxEM3Wr1q/qh69BIvgxbJbBL0IohePFaytdGvJprM2NJtdklmhrP0fXvwrXjwoiBcPgv/G9ENQ64OBl/dmyMwLEikMuu6nk5uZnZtfyC8WlpZXVteK6xuXJk41hxqPZawbATMghYIaCpTQSDSwKJBQD3qnQ79+C9qIWF1gP4FWxG6UCAVnaKV2sXJE/VAznnmDTA2of0d9FLIDWcM+sAvI6N63dDX0ryvtYsktuyPQaeJNSIlMUG0X3/1OzNMIFHLJjGl6boKtjGkUXMKg4KcGEsZ77AaalioWgWllo9sGdMcqHRrG2pZCOlJ/TmQsMqYfBbYzYtg1f72h+J/XTDE8bGVCJSmC4uOPwlRSjOkwKNoRGjjKviWMa2F3pbzLbFRo4yzYELy/J0+TeqXs7Zc973y/dHwyySNPtsg22SUeOSDH5IxUSY1wck8eyTN5cR6cJ+fVeRu35pzJzCb5BefjC3F/oNg=</latexit>

=
1

n
kX̃✓ � Ỹ k2
nxd,dx1 nx1

<latexit sha1_base64="Jzla9bKf8qR++fXtCa32T+XNYrw=">AAACPnichVA9SwNBFNyL3/ErammzGAQtDHciaCOINpYKxkRyMext3pkle3vH7jshHPfHbPwPdnY2Fgpia+kmRtBEcGBhmJnH2zdBIoVB1310ChOTU9Mzs3PF+YXFpeXSyuqliVPNocpjGet6wAxIoaCKAiXUEw0sCiTUgu5J36/dgjYiVhfYS6AZsRslQsEZWqlVujikfqgZz7w8Uzndoj4K2YasnlvWAWR051u6yun2tY9x8m+qVSq7FXcAOk68ISmTIc5apQe/HfM0AoVcMmManptgM2MaBZeQF/3UQMJ4l91Aw1LFIjDNbHB9Tjet0qZhrO1TSAfqz4mMRcb0osAmI4YdM+r1xb+8RorhQTMTKkkRFP9aFKaSYkz7VdK20MBR9ixhXAv7V8o7zJaJtvCiLcEbPXmc1HYr3l7F8873ykfHwz5myTrZIFvEI/vkiJySM1IlnNyRJ/JCXp1759l5c96/ogVnOLNGfsH5+ASjHK13</latexit>

=
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )

4



Linear regression
• Hypotheses for linear regression:

<latexit sha1_base64="nKSbXozpoZKvTDDrP9ajW/Lrya4=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFaXMSEFBhKIblxWsLbTjkEkzndDMheSMtAx9Dje+ihsXCuJKcOHbmLaDaPVAyMf/n0NyfjcWXIFpfhq5ufmFxaX8cmFldW19o7i5daOiRFLWoJGIZMsligkesgZwEKwVS0YCV7Cm278Y+807JhWPwmsYxswOSC/kHqcEtOQULb88OMUd8BmQw+x2zH18lvFtB6IYD/DBt+cUS2bFnBT+C1YGJZRV3Sm+d7oRTQIWAhVEqbZlxmCnRAKngo0KnUSxmNA+6bG2xpAETNnpZLUR3tNKF3uR1CcEPFF/TqQkUGoYuLozIOCrWW8s/ue1E/BO7JSHcQIspNOHvERgiPA4J9zlklEQQw2ESq7/iqlPJKGg0yzoEKzZlf9C86hiVSuWdVUt1c6zPPJoB+2iMrLQMaqhS1RHDUTRPXpEz+jFeDCejFfjbdqaM7KZbfSrjI8vfhWfGQ==</latexit>

h(x; ✓, ✓0) = ✓>x+ ✓0

• Training error (using squared error loss)
<latexit sha1_base64="jL8KcBNWTYBnKbAHdt8H6rzNXuk="></latexit>

=
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

• Training error if we augment features with feature “1”

<latexit sha1_base64="gq3l7zPySZokeTAAvnBfp/hzgIY="></latexit>
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64
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y(n)

3
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<latexit sha1_base64="BkYMpL5mcRFwEIZJSEviO78YkRg="></latexit>

X̃ =

2

664

x(1)
1 · · · x(1)

d
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1 · · · x(n)

d
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<latexit sha1_base64="u/ygbQ9x4Lhtm5bf8cxkkfuBLRE="></latexit>

=
1

n

nX

i=1

((x(i))>✓ � y(i))2

<latexit sha1_base64="nRNyGWg3m2huvT4AzYq8UNZJYTQ=">AAACHHicbVBNSwMxEM3Wr1q/qh69BIvgxbJbBL0IohePFaytdGvJprM2NJtdklmhrP0fXvwrXjwoiBcPgv/G9ENQ64OBl/dmyMwLEikMuu6nk5uZnZtfyC8WlpZXVteK6xuXJk41hxqPZawbATMghYIaCpTQSDSwKJBQD3qnQ79+C9qIWF1gP4FWxG6UCAVnaKV2sXJE/VAznnmDTA2of0d9FLIDWcM+sAvI6N63dDX0ryvtYsktuyPQaeJNSIlMUG0X3/1OzNMIFHLJjGl6boKtjGkUXMKg4KcGEsZ77AaalioWgWllo9sGdMcqHRrG2pZCOlJ/TmQsMqYfBbYzYtg1f72h+J/XTDE8bGVCJSmC4uOPwlRSjOkwKNoRGjjKviWMa2F3pbzLbFRo4yzYELy/J0+TeqXs7Zc973y/dHwyySNPtsg22SUeOSDH5IxUSY1wck8eyTN5cR6cJ+fVeRu35pzJzCb5BefjC3F/oNg=</latexit>

=
1

n
kX̃✓ � Ỹ k2

<latexit sha1_base64="Jzla9bKf8qR++fXtCa32T+XNYrw=">AAACPnichVA9SwNBFNyL3/ErammzGAQtDHciaCOINpYKxkRyMext3pkle3vH7jshHPfHbPwPdnY2Fgpia+kmRtBEcGBhmJnH2zdBIoVB1310ChOTU9Mzs3PF+YXFpeXSyuqliVPNocpjGet6wAxIoaCKAiXUEw0sCiTUgu5J36/dgjYiVhfYS6AZsRslQsEZWqlVujikfqgZz7w8Uzndoj4K2YasnlvWAWR051u6yun2tY9x8m+qVSq7FXcAOk68ISmTIc5apQe/HfM0AoVcMmManptgM2MaBZeQF/3UQMJ4l91Aw1LFIjDNbHB9Tjet0qZhrO1TSAfqz4mMRcb0osAmI4YdM+r1xb+8RorhQTMTKkkRFP9aFKaSYkz7VdK20MBR9ixhXAv7V8o7zJaJtvCiLcEbPXmc1HYr3l7F8873ykfHwz5myTrZIFvEI/vkiJySM1IlnNyRJ/JCXp1759l5c96/ogVnOLNGfsH5+ASjHK13</latexit>

=
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )
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<latexit sha1_base64="KCeK9zFFm0GT24V6ueMYP2R74Mo="></latexit>

J(✓) =
1

n

nX

i=1

(✓>x(i) � y(i))2

<latexit sha1_base64="uqQnPnWN3rBckZuMUXKbtIx2Edc="></latexit>

J(✓, ✓0) =
1

n

nX

i=1

L(h(x(i); ✓, ✓0), y
(i))

4



• Goal: minimize
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• Goal: minimize
<latexit sha1_base64="NAfrY8ovjd66089S/ILvMHKxC8A="></latexit>

J(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )

Linear regression: A Direct Solution

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)
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1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )

Linear regression: A Direct Solution

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)
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• Goal: minimize
<latexit sha1_base64="NAfrY8ovjd66089S/ILvMHKxC8A="></latexit>

J(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )

Linear regression: A Direct Solution

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

5



• Goal: minimize
<latexit sha1_base64="NAfrY8ovjd66089S/ILvMHKxC8A="></latexit>

J(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )

Linear regression: A Direct Solution

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2
<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

5



• Goal: minimize
<latexit sha1_base64="NAfrY8ovjd66089S/ILvMHKxC8A="></latexit>

J(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )

Linear regression: A Direct Solution

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2
<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2
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• Uniquely minimized at a point if gradient at that point 
is zero and function “curves up” [see linear algebra]
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Exercise: 

check the 
vector 

elements

6

• Uniquely minimized at a point if gradient at that point 
is zero and function “curves up” [see linear algebra] 

• Gradient Exercise: 

check n,d=1



• Goal: minimize
<latexit sha1_base64="NAfrY8ovjd66089S/ILvMHKxC8A="></latexit>

J(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )

Linear regression: A Direct Solution

dx1

<latexit sha1_base64="qEoV6EYp9sQVsXlXcUXt2ds10OI="></latexit>

r✓J(✓) =
2

n
X̃>(X̃✓ � Ỹ ) = 0
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r✓J(✓) =
2

n
X̃>(X̃✓ � Ỹ ) = 0set

<latexit sha1_base64="qZ4funisTOJlZG+63ysNOnGub48=">AAACKHicbVBNS0JBFJ1nX2ZfVss2QxK0Sd4LoTaF1KalQabhM5k3XnVw3gcz9wXy8N+06a+0CSoIt/2SRn1EqQcGzpxzLjP3eJEUGm17ZGWWlldW17LruY3Nre2d/O7evQ5jxaHKQxmqusc0SBFAFQVKqEcKmO9JqHn967FfewKlRRjc4SCCps+6gegIztBIrfyli0K2IakPH10MI/p7NawHyOgJXZx4GNILarfyBbtoT0DniZOSAklRaeXf3XbIYx8C5JJp3XDsCJsJUyi4hGHOjTVEjPdZFxqGBswH3Uwmew7pkVHatBMqcwKkE/XvRMJ8rQe+Z5I+w56e9cbiIq8RY+e8mYggihECPn2oE0uKIR2XRttCAUc5MIRxJcxfKe8xxTiaanOmBGd25XlSOy06paLj3JYK5au0jyw5IIfkmDjkjJTJDamQKuHkmbySD/JpvVhv1pc1mkYzVjqzT/7B+v4B6BymTw==</latexit>

X̃>X̃✓ � X̃>Ỹ = 0
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<latexit sha1_base64="qEoV6EYp9sQVsXlXcUXt2ds10OI="></latexit>

r✓J(✓) =
2

n
X̃>(X̃✓ � Ỹ ) = 0set

<latexit sha1_base64="qZ4funisTOJlZG+63ysNOnGub48=">AAACKHicbVBNS0JBFJ1nX2ZfVss2QxK0Sd4LoTaF1KalQabhM5k3XnVw3gcz9wXy8N+06a+0CSoIt/2SRn1EqQcGzpxzLjP3eJEUGm17ZGWWlldW17LruY3Nre2d/O7evQ5jxaHKQxmqusc0SBFAFQVKqEcKmO9JqHn967FfewKlRRjc4SCCps+6gegIztBIrfyli0K2IakPH10MI/p7NawHyOgJXZx4GNILarfyBbtoT0DniZOSAklRaeXf3XbIYx8C5JJp3XDsCJsJUyi4hGHOjTVEjPdZFxqGBswH3Uwmew7pkVHatBMqcwKkE/XvRMJ8rQe+Z5I+w56e9cbiIq8RY+e8mYggihECPn2oE0uKIR2XRttCAUc5MIRxJcxfKe8xxTiaanOmBGd25XlSOy06paLj3JYK5au0jyw5IIfkmDjkjJTJDamQKuHkmbySD/JpvVhv1pc1mkYzVjqzT/7B+v4B6BymTw==</latexit>

X̃>X̃✓ � X̃>Ỹ = 0
<latexit sha1_base64="wdve0L209H71Z7tvwnp5rtjaRsQ=">AAACJHicbVDLSgMxFM3UV62vUZdugkVwVWZEUASh6MZlBWsrnVoymds2NPMguSOUof/ixl9x40JRXLjxW0wfiLY9EDg551ySe/xECo2O82XlFhaXllfyq4W19Y3NLXt751bHqeJQ5bGMVd1nGqSIoIoCJdQTBSz0JdT83uXQrz2A0iKObrCfQDNknUi0BWdopJZ95qGQAWT1wb2HcUJ/r4Z1ARk9p/MTd4OWXXRKzgh0lrgTUiQTVFr2uxfEPA0hQi6Z1g3XSbCZMYWCSxgUvFRDwniPdaBhaMRC0M1stOOAHhgloO1YmRMhHal/JzIWat0PfZMMGXb1tDcU53mNFNunzUxESYoQ8fFD7VRSjOmwMBoIBRxl3xDGlTB/pbzLFONoai2YEtzplWdJ7ajkHpdc9/q4WL6Y9JEne2SfHBKXnJAyuSIVUiWcPJJn8krerCfrxfqwPsfRnDWZ2SX/YH3/AArmpYo=</latexit>

X̃>X̃✓ = X̃>Ỹ
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• Uniquely minimized at a point if gradient at that point 
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(X̃✓ � Ỹ )>(X̃✓ � Ỹ )
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<latexit sha1_base64="qEoV6EYp9sQVsXlXcUXt2ds10OI="></latexit>

r✓J(✓) =
2

n
X̃>(X̃✓ � Ỹ ) = 0set

<latexit sha1_base64="qZ4funisTOJlZG+63ysNOnGub48=">AAACKHicbVBNS0JBFJ1nX2ZfVss2QxK0Sd4LoTaF1KalQabhM5k3XnVw3gcz9wXy8N+06a+0CSoIt/2SRn1EqQcGzpxzLjP3eJEUGm17ZGWWlldW17LruY3Nre2d/O7evQ5jxaHKQxmqusc0SBFAFQVKqEcKmO9JqHn967FfewKlRRjc4SCCps+6gegIztBIrfyli0K2IakPH10MI/p7NawHyOgJXZx4GNILarfyBbtoT0DniZOSAklRaeXf3XbIYx8C5JJp3XDsCJsJUyi4hGHOjTVEjPdZFxqGBswH3Uwmew7pkVHatBMqcwKkE/XvRMJ8rQe+Z5I+w56e9cbiIq8RY+e8mYggihECPn2oE0uKIR2XRttCAUc5MIRxJcxfKe8xxTiaanOmBGd25XlSOy06paLj3JYK5au0jyw5IIfkmDjkjJTJDamQKuHkmbySD/JpvVhv1pc1mkYzVjqzT/7B+v4B6BymTw==</latexit>

X̃>X̃✓ � X̃>Ỹ = 0
<latexit sha1_base64="yz9pwUvLMdRhIQD/xDPecZweHYE=">AAACZHicnVHLSgMxFM2M7/oaLa4ECRZBF5YZEXQjFN24rGBtpdOWTHprg5kHyR2hDvOT7ty58T9M20G06sYDgZNz7r1JToJECo2u+2rZc/MLi0vLK6XVtfWNTWdr+07HqeLQ4LGMVStgGqSIoIECJbQSBSwMJDSDx6ux33wCpUUc3eIogU7IHiIxEJyhkXrO86GPQvYha+VdH+OEfm6Putmxl9O/bMOGgIxe0P9NuM97TsWtuhPQn8QrSIUUqPecF78f8zSECLlkWrc9N8FOxhQKLiEv+amGhPFH9gBtQyMWgu5kk4xyemCUPh3EyqwI6UT92pGxUOtRGJjKkOFQz3pj8TevneLgvJOJKEkRIj49aJBKijEdB077QgFHOTKEcSXMXSkfMsU4mm8pmRC82Sf/JM2Tqnda9byb00rtsshjmeySfXJIPHJGauSa1EmDcPJmLVqblmO926t22d6ZltpW0VMm32DvfQDFELit</latexit>

(X̃>X̃)�1X̃>X̃✓ = (X̃>X̃)�1X̃>Ỹ
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X̃>X̃✓ � X̃>Ỹ = 0
<latexit sha1_base64="yz9pwUvLMdRhIQD/xDPecZweHYE=">AAACZHicnVHLSgMxFM2M7/oaLa4ECRZBF5YZEXQjFN24rGBtpdOWTHprg5kHyR2hDvOT7ty58T9M20G06sYDgZNz7r1JToJECo2u+2rZc/MLi0vLK6XVtfWNTWdr+07HqeLQ4LGMVStgGqSIoIECJbQSBSwMJDSDx6ux33wCpUUc3eIogU7IHiIxEJyhkXrO86GPQvYha+VdH+OEfm6Putmxl9O/bMOGgIxe0P9NuM97TsWtuhPQn8QrSIUUqPecF78f8zSECLlkWrc9N8FOxhQKLiEv+amGhPFH9gBtQyMWgu5kk4xyemCUPh3EyqwI6UT92pGxUOtRGJjKkOFQz3pj8TevneLgvJOJKEkRIj49aJBKijEdB077QgFHOTKEcSXMXSkfMsU4mm8pmRC82Sf/JM2Tqnda9byb00rtsshjmeySfXJIPHJGauSa1EmDcPJmLVqblmO926t22d6ZltpW0VMm32DvfQDFELit</latexit>

(X̃>X̃)�1X̃>X̃✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="reXLuxK9cRVqsOmLtl1HQra3A8Q=">AAACK3icbVDJSgNBEO1xjXEb9eilMQjxYJgRQS+Cy8WjgjGRzCT0dCqmSc9Cd40QhvkeL/6KlxwUxav/YScO4vag4PV7VXTVCxIpNDrOizU1PTM7N19aKC8uLa+s2mvr1zpOFYc6j2WsmgHTIEUEdRQooZkoYGEgoREMzsZ+4w6UFnF0hcME/JDdRqInOEMjdewTD/uAjB7RqodCdiFr5m0P44R+PXfa2a6b0//tm7xjV5yaMwH9S9yCVEiBi4498roxT0OIkEumdct1EvQzplBwCXnZSzUkjA/YLbQMjVgI2s8mp+Z02yhd2ouVqQjpRP0+kbFQ62EYmM6QYV//9sbif14rxd6hn4koSREi/vlRL5UUYzrOjXaFAo5yaAjjSphdKe8zxTiadMsmBPf3yX9JY6/m7tdc93K/cnxa5FEim2SLVIlLDsgxOScXpE44uSeP5Ik8Ww/WyHq13j5bp6xiZoP8gPX+AZ5Sp9U=</latexit>

✓ = (X̃>X̃)�1X̃>Ỹ

6

• Uniquely minimized at a point if gradient at that point 
is zero and function “curves up” [see linear algebra] 

• Gradient Exercise: 

check n,d=1



• Goal: minimize
<latexit sha1_base64="NAfrY8ovjd66089S/ILvMHKxC8A="></latexit>

J(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )

Linear regression: A Direct Solution

dx1
Exercise: 

check the 
vector 

elements

dxn nxd,dx1 nx1

<latexit sha1_base64="qEoV6EYp9sQVsXlXcUXt2ds10OI="></latexit>

r✓J(✓) =
2

n
X̃>(X̃✓ � Ỹ ) = 0set

<latexit sha1_base64="qZ4funisTOJlZG+63ysNOnGub48=">AAACKHicbVBNS0JBFJ1nX2ZfVss2QxK0Sd4LoTaF1KalQabhM5k3XnVw3gcz9wXy8N+06a+0CSoIt/2SRn1EqQcGzpxzLjP3eJEUGm17ZGWWlldW17LruY3Nre2d/O7evQ5jxaHKQxmqusc0SBFAFQVKqEcKmO9JqHn967FfewKlRRjc4SCCps+6gegIztBIrfyli0K2IakPH10MI/p7NawHyOgJXZx4GNILarfyBbtoT0DniZOSAklRaeXf3XbIYx8C5JJp3XDsCJsJUyi4hGHOjTVEjPdZFxqGBswH3Uwmew7pkVHatBMqcwKkE/XvRMJ8rQe+Z5I+w56e9cbiIq8RY+e8mYggihECPn2oE0uKIR2XRttCAUc5MIRxJcxfKe8xxTiaanOmBGd25XlSOy06paLj3JYK5au0jyw5IIfkmDjkjJTJDamQKuHkmbySD/JpvVhv1pc1mkYzVjqzT/7B+v4B6BymTw==</latexit>

X̃>X̃✓ � X̃>Ỹ = 0
<latexit sha1_base64="yz9pwUvLMdRhIQD/xDPecZweHYE=">AAACZHicnVHLSgMxFM2M7/oaLa4ECRZBF5YZEXQjFN24rGBtpdOWTHprg5kHyR2hDvOT7ty58T9M20G06sYDgZNz7r1JToJECo2u+2rZc/MLi0vLK6XVtfWNTWdr+07HqeLQ4LGMVStgGqSIoIECJbQSBSwMJDSDx6ux33wCpUUc3eIogU7IHiIxEJyhkXrO86GPQvYha+VdH+OEfm6Putmxl9O/bMOGgIxe0P9NuM97TsWtuhPQn8QrSIUUqPecF78f8zSECLlkWrc9N8FOxhQKLiEv+amGhPFH9gBtQyMWgu5kk4xyemCUPh3EyqwI6UT92pGxUOtRGJjKkOFQz3pj8TevneLgvJOJKEkRIj49aJBKijEdB077QgFHOTKEcSXMXSkfMsU4mm8pmRC82Sf/JM2Tqnda9byb00rtsshjmeySfXJIPHJGauSa1EmDcPJmLVqblmO926t22d6ZltpW0VMm32DvfQDFELit</latexit>

(X̃>X̃)�1X̃>X̃✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="reXLuxK9cRVqsOmLtl1HQra3A8Q=">AAACK3icbVDJSgNBEO1xjXEb9eilMQjxYJgRQS+Cy8WjgjGRzCT0dCqmSc9Cd40QhvkeL/6KlxwUxav/YScO4vag4PV7VXTVCxIpNDrOizU1PTM7N19aKC8uLa+s2mvr1zpOFYc6j2WsmgHTIEUEdRQooZkoYGEgoREMzsZ+4w6UFnF0hcME/JDdRqInOEMjdewTD/uAjB7RqodCdiFr5m0P44R+PXfa2a6b0//tm7xjV5yaMwH9S9yCVEiBi4498roxT0OIkEumdct1EvQzplBwCXnZSzUkjA/YLbQMjVgI2s8mp+Z02yhd2ouVqQjpRP0+kbFQ62EYmM6QYV//9sbif14rxd6hn4koSREi/vlRL5UUYzrOjXaFAo5yaAjjSphdKe8zxTiadMsmBPf3yX9JY6/m7tdc93K/cnxa5FEim2SLVIlLDsgxOScXpE44uSeP5Ik8Ww/WyHq13j5bp6xiZoP8gPX+AZ5Sp9U=</latexit>

✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="CSMYWzCeuNHVIGeK1Cx62XR38rQ=">AAACDnicbVBNS8NAEN34WetX1KOXxSp4Kkkp6LHoxWMFawtNLZvNpl262YTdiVBC/oAX/4oXDwri1bM3/43bNqC2Phh4+94MO/P8RHANjvNlLS2vrK6tlzbKm1vbO7v23v6tjlNFWYvGIlYdn2gmuGQt4CBYJ1GMRL5gbX90OfHb90xpHssbGCesF5GB5CGnBIzUt4+9UBGa1fJM5tgDLgKWdfI7D+Lk59m3K07VmQIvErcgFVSg2bc/vSCmacQkUEG07rpOAr2MKOBUsLzspZolhI7IgHUNlSRiupdNr8nxiVECHMbKlAQ8VX9PZCTSehz5pjMiMNTz3kT8z+umEJ73Mi6TFJiks4/CVGCI8SQaHHDFKIixIYQqbnbFdEhMPGACLJsQ3PmTF0m7VnXrVde9rlcaF0UeJXSIjtApctEZaqAr1EQtRNEDekIv6NV6tJ6tN+t91rpkFTMH6A+sj28MFJyd</latexit>

2

n
X̃>X̃• Matrix of second derivatives 
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• Uniquely minimized at a point if gradient at that point 
is zero and function “curves up” [see linear algebra] 

• Gradient Exercise: 

check n,d=1



• Goal: minimize
<latexit sha1_base64="NAfrY8ovjd66089S/ILvMHKxC8A="></latexit>

J(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )

Linear regression: A Direct Solution

dx1
Exercise: 

check the 
vector 

elements

dxn nxd,dx1 nx1

<latexit sha1_base64="qEoV6EYp9sQVsXlXcUXt2ds10OI="></latexit>

r✓J(✓) =
2

n
X̃>(X̃✓ � Ỹ ) = 0set

<latexit sha1_base64="qZ4funisTOJlZG+63ysNOnGub48=">AAACKHicbVBNS0JBFJ1nX2ZfVss2QxK0Sd4LoTaF1KalQabhM5k3XnVw3gcz9wXy8N+06a+0CSoIt/2SRn1EqQcGzpxzLjP3eJEUGm17ZGWWlldW17LruY3Nre2d/O7evQ5jxaHKQxmqusc0SBFAFQVKqEcKmO9JqHn967FfewKlRRjc4SCCps+6gegIztBIrfyli0K2IakPH10MI/p7NawHyOgJXZx4GNILarfyBbtoT0DniZOSAklRaeXf3XbIYx8C5JJp3XDsCJsJUyi4hGHOjTVEjPdZFxqGBswH3Uwmew7pkVHatBMqcwKkE/XvRMJ8rQe+Z5I+w56e9cbiIq8RY+e8mYggihECPn2oE0uKIR2XRttCAUc5MIRxJcxfKe8xxTiaanOmBGd25XlSOy06paLj3JYK5au0jyw5IIfkmDjkjJTJDamQKuHkmbySD/JpvVhv1pc1mkYzVjqzT/7B+v4B6BymTw==</latexit>

X̃>X̃✓ � X̃>Ỹ = 0
<latexit sha1_base64="yz9pwUvLMdRhIQD/xDPecZweHYE=">AAACZHicnVHLSgMxFM2M7/oaLa4ECRZBF5YZEXQjFN24rGBtpdOWTHprg5kHyR2hDvOT7ty58T9M20G06sYDgZNz7r1JToJECo2u+2rZc/MLi0vLK6XVtfWNTWdr+07HqeLQ4LGMVStgGqSIoIECJbQSBSwMJDSDx6ux33wCpUUc3eIogU7IHiIxEJyhkXrO86GPQvYha+VdH+OEfm6Putmxl9O/bMOGgIxe0P9NuM97TsWtuhPQn8QrSIUUqPecF78f8zSECLlkWrc9N8FOxhQKLiEv+amGhPFH9gBtQyMWgu5kk4xyemCUPh3EyqwI6UT92pGxUOtRGJjKkOFQz3pj8TevneLgvJOJKEkRIj49aJBKijEdB077QgFHOTKEcSXMXSkfMsU4mm8pmRC82Sf/JM2Tqnda9byb00rtsshjmeySfXJIPHJGauSa1EmDcPJmLVqblmO926t22d6ZltpW0VMm32DvfQDFELit</latexit>

(X̃>X̃)�1X̃>X̃✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="reXLuxK9cRVqsOmLtl1HQra3A8Q=">AAACK3icbVDJSgNBEO1xjXEb9eilMQjxYJgRQS+Cy8WjgjGRzCT0dCqmSc9Cd40QhvkeL/6KlxwUxav/YScO4vag4PV7VXTVCxIpNDrOizU1PTM7N19aKC8uLa+s2mvr1zpOFYc6j2WsmgHTIEUEdRQooZkoYGEgoREMzsZ+4w6UFnF0hcME/JDdRqInOEMjdewTD/uAjB7RqodCdiFr5m0P44R+PXfa2a6b0//tm7xjV5yaMwH9S9yCVEiBi4498roxT0OIkEumdct1EvQzplBwCXnZSzUkjA/YLbQMjVgI2s8mp+Z02yhd2ouVqQjpRP0+kbFQ62EYmM6QYV//9sbif14rxd6hn4koSREi/vlRL5UUYzrOjXaFAo5yaAjjSphdKe8zxTiadMsmBPf3yX9JY6/m7tdc93K/cnxa5FEim2SLVIlLDsgxOScXpE44uSeP5Ik8Ww/WyHq13j5bp6xiZoP8gPX+AZ5Sp9U=</latexit>

✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="CSMYWzCeuNHVIGeK1Cx62XR38rQ=">AAACDnicbVBNS8NAEN34WetX1KOXxSp4Kkkp6LHoxWMFawtNLZvNpl262YTdiVBC/oAX/4oXDwri1bM3/43bNqC2Phh4+94MO/P8RHANjvNlLS2vrK6tlzbKm1vbO7v23v6tjlNFWYvGIlYdn2gmuGQt4CBYJ1GMRL5gbX90OfHb90xpHssbGCesF5GB5CGnBIzUt4+9UBGa1fJM5tgDLgKWdfI7D+Lk59m3K07VmQIvErcgFVSg2bc/vSCmacQkUEG07rpOAr2MKOBUsLzspZolhI7IgHUNlSRiupdNr8nxiVECHMbKlAQ8VX9PZCTSehz5pjMiMNTz3kT8z+umEJ73Mi6TFJiks4/CVGCI8SQaHHDFKIixIYQqbnbFdEhMPGACLJsQ3PmTF0m7VnXrVde9rlcaF0UeJXSIjtApctEZaqAr1EQtRNEDekIv6NV6tJ6tN+t91rpkFTMH6A+sj28MFJyd</latexit>

2

n
X̃>X̃• Matrix of second derivatives 

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAq eVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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• Uniquely minimized at a point if gradient at that point 
is zero and function “curves up” [see linear algebra] 

• Gradient Exercise: 

check n,d=1



• Goal: minimize
<latexit sha1_base64="NAfrY8ovjd66089S/ILvMHKxC8A="></latexit>

J(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )

Linear regression: A Direct Solution

dx1
Exercise: 

check the 
vector 

elements

dxn nxd,dx1 nx1

<latexit sha1_base64="qEoV6EYp9sQVsXlXcUXt2ds10OI="></latexit>

r✓J(✓) =
2

n
X̃>(X̃✓ � Ỹ ) = 0set

<latexit sha1_base64="qZ4funisTOJlZG+63ysNOnGub48=">AAACKHicbVBNS0JBFJ1nX2ZfVss2QxK0Sd4LoTaF1KalQabhM5k3XnVw3gcz9wXy8N+06a+0CSoIt/2SRn1EqQcGzpxzLjP3eJEUGm17ZGWWlldW17LruY3Nre2d/O7evQ5jxaHKQxmqusc0SBFAFQVKqEcKmO9JqHn967FfewKlRRjc4SCCps+6gegIztBIrfyli0K2IakPH10MI/p7NawHyOgJXZx4GNILarfyBbtoT0DniZOSAklRaeXf3XbIYx8C5JJp3XDsCJsJUyi4hGHOjTVEjPdZFxqGBswH3Uwmew7pkVHatBMqcwKkE/XvRMJ8rQe+Z5I+w56e9cbiIq8RY+e8mYggihECPn2oE0uKIR2XRttCAUc5MIRxJcxfKe8xxTiaanOmBGd25XlSOy06paLj3JYK5au0jyw5IIfkmDjkjJTJDamQKuHkmbySD/JpvVhv1pc1mkYzVjqzT/7B+v4B6BymTw==</latexit>

X̃>X̃✓ � X̃>Ỹ = 0
<latexit sha1_base64="yz9pwUvLMdRhIQD/xDPecZweHYE=">AAACZHicnVHLSgMxFM2M7/oaLa4ECRZBF5YZEXQjFN24rGBtpdOWTHprg5kHyR2hDvOT7ty58T9M20G06sYDgZNz7r1JToJECo2u+2rZc/MLi0vLK6XVtfWNTWdr+07HqeLQ4LGMVStgGqSIoIECJbQSBSwMJDSDx6ux33wCpUUc3eIogU7IHiIxEJyhkXrO86GPQvYha+VdH+OEfm6Putmxl9O/bMOGgIxe0P9NuM97TsWtuhPQn8QrSIUUqPecF78f8zSECLlkWrc9N8FOxhQKLiEv+amGhPFH9gBtQyMWgu5kk4xyemCUPh3EyqwI6UT92pGxUOtRGJjKkOFQz3pj8TevneLgvJOJKEkRIj49aJBKijEdB077QgFHOTKEcSXMXSkfMsU4mm8pmRC82Sf/JM2Tqnda9byb00rtsshjmeySfXJIPHJGauSa1EmDcPJmLVqblmO926t22d6ZltpW0VMm32DvfQDFELit</latexit>

(X̃>X̃)�1X̃>X̃✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="reXLuxK9cRVqsOmLtl1HQra3A8Q=">AAACK3icbVDJSgNBEO1xjXEb9eilMQjxYJgRQS+Cy8WjgjGRzCT0dCqmSc9Cd40QhvkeL/6KlxwUxav/YScO4vag4PV7VXTVCxIpNDrOizU1PTM7N19aKC8uLa+s2mvr1zpOFYc6j2WsmgHTIEUEdRQooZkoYGEgoREMzsZ+4w6UFnF0hcME/JDdRqInOEMjdewTD/uAjB7RqodCdiFr5m0P44R+PXfa2a6b0//tm7xjV5yaMwH9S9yCVEiBi4498roxT0OIkEumdct1EvQzplBwCXnZSzUkjA/YLbQMjVgI2s8mp+Z02yhd2ouVqQjpRP0+kbFQ62EYmM6QYV//9sbif14rxd6hn4koSREi/vlRL5UUYzrOjXaFAo5yaAjjSphdKe8zxTiadMsmBPf3yX9JY6/m7tdc93K/cnxa5FEim2SLVIlLDsgxOScXpE44uSeP5Ik8Ww/WyHq13j5bp6xiZoP8gPX+AZ5Sp9U=</latexit>

✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="CSMYWzCeuNHVIGeK1Cx62XR38rQ=">AAACDnicbVBNS8NAEN34WetX1KOXxSp4Kkkp6LHoxWMFawtNLZvNpl262YTdiVBC/oAX/4oXDwri1bM3/43bNqC2Phh4+94MO/P8RHANjvNlLS2vrK6tlzbKm1vbO7v23v6tjlNFWYvGIlYdn2gmuGQt4CBYJ1GMRL5gbX90OfHb90xpHssbGCesF5GB5CGnBIzUt4+9UBGa1fJM5tgDLgKWdfI7D+Lk59m3K07VmQIvErcgFVSg2bc/vSCmacQkUEG07rpOAr2MKOBUsLzspZolhI7IgHUNlSRiupdNr8nxiVECHMbKlAQ8VX9PZCTSehz5pjMiMNTz3kT8z+umEJ73Mi6TFJiks4/CVGCI8SQaHHDFKIixIYQqbnbFdEhMPGACLJsQ3PmTF0m7VnXrVde9rlcaF0UeJXSIjtApctEZaqAr1EQtRNEDekIv6NV6tJ6tN+t91rpkFTMH6A+sj28MFJyd</latexit>

2

n
X̃>X̃• Matrix of second derivatives 

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAq eVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

6

• Uniquely minimized at a point if gradient at that point 
is zero and function “curves up” [see linear algebra] 

• Gradient Exercise: 

check n,d=1



<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

• Goal: minimize
<latexit sha1_base64="NAfrY8ovjd66089S/ILvMHKxC8A="></latexit>

J(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )

Linear regression: A Direct Solution

dx1
Exercise: 

check the 
vector 

elements

dxn nxd,dx1 nx1

<latexit sha1_base64="qEoV6EYp9sQVsXlXcUXt2ds10OI="></latexit>

r✓J(✓) =
2

n
X̃>(X̃✓ � Ỹ ) = 0set

<latexit sha1_base64="qZ4funisTOJlZG+63ysNOnGub48=">AAACKHicbVBNS0JBFJ1nX2ZfVss2QxK0Sd4LoTaF1KalQabhM5k3XnVw3gcz9wXy8N+06a+0CSoIt/2SRn1EqQcGzpxzLjP3eJEUGm17ZGWWlldW17LruY3Nre2d/O7evQ5jxaHKQxmqusc0SBFAFQVKqEcKmO9JqHn967FfewKlRRjc4SCCps+6gegIztBIrfyli0K2IakPH10MI/p7NawHyOgJXZx4GNILarfyBbtoT0DniZOSAklRaeXf3XbIYx8C5JJp3XDsCJsJUyi4hGHOjTVEjPdZFxqGBswH3Uwmew7pkVHatBMqcwKkE/XvRMJ8rQe+Z5I+w56e9cbiIq8RY+e8mYggihECPn2oE0uKIR2XRttCAUc5MIRxJcxfKe8xxTiaanOmBGd25XlSOy06paLj3JYK5au0jyw5IIfkmDjkjJTJDamQKuHkmbySD/JpvVhv1pc1mkYzVjqzT/7B+v4B6BymTw==</latexit>

X̃>X̃✓ � X̃>Ỹ = 0
<latexit sha1_base64="yz9pwUvLMdRhIQD/xDPecZweHYE=">AAACZHicnVHLSgMxFM2M7/oaLa4ECRZBF5YZEXQjFN24rGBtpdOWTHprg5kHyR2hDvOT7ty58T9M20G06sYDgZNz7r1JToJECo2u+2rZc/MLi0vLK6XVtfWNTWdr+07HqeLQ4LGMVStgGqSIoIECJbQSBSwMJDSDx6ux33wCpUUc3eIogU7IHiIxEJyhkXrO86GPQvYha+VdH+OEfm6Putmxl9O/bMOGgIxe0P9NuM97TsWtuhPQn8QrSIUUqPecF78f8zSECLlkWrc9N8FOxhQKLiEv+amGhPFH9gBtQyMWgu5kk4xyemCUPh3EyqwI6UT92pGxUOtRGJjKkOFQz3pj8TevneLgvJOJKEkRIj49aJBKijEdB077QgFHOTKEcSXMXSkfMsU4mm8pmRC82Sf/JM2Tqnda9byb00rtsshjmeySfXJIPHJGauSa1EmDcPJmLVqblmO926t22d6ZltpW0VMm32DvfQDFELit</latexit>

(X̃>X̃)�1X̃>X̃✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="reXLuxK9cRVqsOmLtl1HQra3A8Q=">AAACK3icbVDJSgNBEO1xjXEb9eilMQjxYJgRQS+Cy8WjgjGRzCT0dCqmSc9Cd40QhvkeL/6KlxwUxav/YScO4vag4PV7VXTVCxIpNDrOizU1PTM7N19aKC8uLa+s2mvr1zpOFYc6j2WsmgHTIEUEdRQooZkoYGEgoREMzsZ+4w6UFnF0hcME/JDdRqInOEMjdewTD/uAjB7RqodCdiFr5m0P44R+PXfa2a6b0//tm7xjV5yaMwH9S9yCVEiBi4498roxT0OIkEumdct1EvQzplBwCXnZSzUkjA/YLbQMjVgI2s8mp+Z02yhd2ouVqQjpRP0+kbFQ62EYmM6QYV//9sbif14rxd6hn4koSREi/vlRL5UUYzrOjXaFAo5yaAjjSphdKe8zxTiadMsmBPf3yX9JY6/m7tdc93K/cnxa5FEim2SLVIlLDsgxOScXpE44uSeP5Ik8Ww/WyHq13j5bp6xiZoP8gPX+AZ5Sp9U=</latexit>

✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="CSMYWzCeuNHVIGeK1Cx62XR38rQ=">AAACDnicbVBNS8NAEN34WetX1KOXxSp4Kkkp6LHoxWMFawtNLZvNpl262YTdiVBC/oAX/4oXDwri1bM3/43bNqC2Phh4+94MO/P8RHANjvNlLS2vrK6tlzbKm1vbO7v23v6tjlNFWYvGIlYdn2gmuGQt4CBYJ1GMRL5gbX90OfHb90xpHssbGCesF5GB5CGnBIzUt4+9UBGa1fJM5tgDLgKWdfI7D+Lk59m3K07VmQIvErcgFVSg2bc/vSCmacQkUEG07rpOAr2MKOBUsLzspZolhI7IgHUNlSRiupdNr8nxiVECHMbKlAQ8VX9PZCTSehz5pjMiMNTz3kT8z+umEJ73Mi6TFJiks4/CVGCI8SQaHHDFKIixIYQqbnbFdEhMPGACLJsQ3PmTF0m7VnXrVde9rlcaF0UeJXSIjtApctEZaqAr1EQtRNEDekIv6NV6tJ6tN+t91rpkFTMH6A+sj28MFJyd</latexit>

2

n
X̃>X̃• Matrix of second derivatives 

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAq eVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y <latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)

6

• Uniquely minimized at a point if gradient at that point 
is zero and function “curves up” [see linear algebra] 

• Gradient Exercise: 

check n,d=1



<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

• Goal: minimize
<latexit sha1_base64="NAfrY8ovjd66089S/ILvMHKxC8A="></latexit>

J(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )

Linear regression: A Direct Solution

dx1
Exercise: 

check the 
vector 

elements

dxn nxd,dx1 nx1

<latexit sha1_base64="qEoV6EYp9sQVsXlXcUXt2ds10OI="></latexit>

r✓J(✓) =
2

n
X̃>(X̃✓ � Ỹ ) = 0set

<latexit sha1_base64="qZ4funisTOJlZG+63ysNOnGub48=">AAACKHicbVBNS0JBFJ1nX2ZfVss2QxK0Sd4LoTaF1KalQabhM5k3XnVw3gcz9wXy8N+06a+0CSoIt/2SRn1EqQcGzpxzLjP3eJEUGm17ZGWWlldW17LruY3Nre2d/O7evQ5jxaHKQxmqusc0SBFAFQVKqEcKmO9JqHn967FfewKlRRjc4SCCps+6gegIztBIrfyli0K2IakPH10MI/p7NawHyOgJXZx4GNILarfyBbtoT0DniZOSAklRaeXf3XbIYx8C5JJp3XDsCJsJUyi4hGHOjTVEjPdZFxqGBswH3Uwmew7pkVHatBMqcwKkE/XvRMJ8rQe+Z5I+w56e9cbiIq8RY+e8mYggihECPn2oE0uKIR2XRttCAUc5MIRxJcxfKe8xxTiaanOmBGd25XlSOy06paLj3JYK5au0jyw5IIfkmDjkjJTJDamQKuHkmbySD/JpvVhv1pc1mkYzVjqzT/7B+v4B6BymTw==</latexit>

X̃>X̃✓ � X̃>Ỹ = 0
<latexit sha1_base64="yz9pwUvLMdRhIQD/xDPecZweHYE=">AAACZHicnVHLSgMxFM2M7/oaLa4ECRZBF5YZEXQjFN24rGBtpdOWTHprg5kHyR2hDvOT7ty58T9M20G06sYDgZNz7r1JToJECo2u+2rZc/MLi0vLK6XVtfWNTWdr+07HqeLQ4LGMVStgGqSIoIECJbQSBSwMJDSDx6ux33wCpUUc3eIogU7IHiIxEJyhkXrO86GPQvYha+VdH+OEfm6Putmxl9O/bMOGgIxe0P9NuM97TsWtuhPQn8QrSIUUqPecF78f8zSECLlkWrc9N8FOxhQKLiEv+amGhPFH9gBtQyMWgu5kk4xyemCUPh3EyqwI6UT92pGxUOtRGJjKkOFQz3pj8TevneLgvJOJKEkRIj49aJBKijEdB077QgFHOTKEcSXMXSkfMsU4mm8pmRC82Sf/JM2Tqnda9byb00rtsshjmeySfXJIPHJGauSa1EmDcPJmLVqblmO926t22d6ZltpW0VMm32DvfQDFELit</latexit>

(X̃>X̃)�1X̃>X̃✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="reXLuxK9cRVqsOmLtl1HQra3A8Q=">AAACK3icbVDJSgNBEO1xjXEb9eilMQjxYJgRQS+Cy8WjgjGRzCT0dCqmSc9Cd40QhvkeL/6KlxwUxav/YScO4vag4PV7VXTVCxIpNDrOizU1PTM7N19aKC8uLa+s2mvr1zpOFYc6j2WsmgHTIEUEdRQooZkoYGEgoREMzsZ+4w6UFnF0hcME/JDdRqInOEMjdewTD/uAjB7RqodCdiFr5m0P44R+PXfa2a6b0//tm7xjV5yaMwH9S9yCVEiBi4498roxT0OIkEumdct1EvQzplBwCXnZSzUkjA/YLbQMjVgI2s8mp+Z02yhd2ouVqQjpRP0+kbFQ62EYmM6QYV//9sbif14rxd6hn4koSREi/vlRL5UUYzrOjXaFAo5yaAjjSphdKe8zxTiadMsmBPf3yX9JY6/m7tdc93K/cnxa5FEim2SLVIlLDsgxOScXpE44uSeP5Ik8Ww/WyHq13j5bp6xiZoP8gPX+AZ5Sp9U=</latexit>

✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="CSMYWzCeuNHVIGeK1Cx62XR38rQ=">AAACDnicbVBNS8NAEN34WetX1KOXxSp4Kkkp6LHoxWMFawtNLZvNpl262YTdiVBC/oAX/4oXDwri1bM3/43bNqC2Phh4+94MO/P8RHANjvNlLS2vrK6tlzbKm1vbO7v23v6tjlNFWYvGIlYdn2gmuGQt4CBYJ1GMRL5gbX90OfHb90xpHssbGCesF5GB5CGnBIzUt4+9UBGa1fJM5tgDLgKWdfI7D+Lk59m3K07VmQIvErcgFVSg2bc/vSCmacQkUEG07rpOAr2MKOBUsLzspZolhI7IgHUNlSRiupdNr8nxiVECHMbKlAQ8VX9PZCTSehz5pjMiMNTz3kT8z+umEJ73Mi6TFJiks4/CVGCI8SQaHHDFKIixIYQqbnbFdEhMPGACLJsQ3PmTF0m7VnXrVde9rlcaF0UeJXSIjtApctEZaqAr1EQtRNEDekIv6NV6tJ6tN+t91rpkFTMH6A+sj28MFJyd</latexit>

2

n
X̃>X̃• Matrix of second derivatives 

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAq eVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y <latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)

6

• Uniquely minimized at a point if gradient at that point 
is zero and function “curves up” [see linear algebra] 

• Gradient Exercise: 

check n,d=1



<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

• Goal: minimize
<latexit sha1_base64="NAfrY8ovjd66089S/ILvMHKxC8A="></latexit>

J(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )

Linear regression: A Direct Solution

dx1
Exercise: 

check the 
vector 

elements

dxn nxd,dx1 nx1

<latexit sha1_base64="qEoV6EYp9sQVsXlXcUXt2ds10OI="></latexit>

r✓J(✓) =
2

n
X̃>(X̃✓ � Ỹ ) = 0set

<latexit sha1_base64="qZ4funisTOJlZG+63ysNOnGub48=">AAACKHicbVBNS0JBFJ1nX2ZfVss2QxK0Sd4LoTaF1KalQabhM5k3XnVw3gcz9wXy8N+06a+0CSoIt/2SRn1EqQcGzpxzLjP3eJEUGm17ZGWWlldW17LruY3Nre2d/O7evQ5jxaHKQxmqusc0SBFAFQVKqEcKmO9JqHn967FfewKlRRjc4SCCps+6gegIztBIrfyli0K2IakPH10MI/p7NawHyOgJXZx4GNILarfyBbtoT0DniZOSAklRaeXf3XbIYx8C5JJp3XDsCJsJUyi4hGHOjTVEjPdZFxqGBswH3Uwmew7pkVHatBMqcwKkE/XvRMJ8rQe+Z5I+w56e9cbiIq8RY+e8mYggihECPn2oE0uKIR2XRttCAUc5MIRxJcxfKe8xxTiaanOmBGd25XlSOy06paLj3JYK5au0jyw5IIfkmDjkjJTJDamQKuHkmbySD/JpvVhv1pc1mkYzVjqzT/7B+v4B6BymTw==</latexit>

X̃>X̃✓ � X̃>Ỹ = 0
<latexit sha1_base64="yz9pwUvLMdRhIQD/xDPecZweHYE=">AAACZHicnVHLSgMxFM2M7/oaLa4ECRZBF5YZEXQjFN24rGBtpdOWTHprg5kHyR2hDvOT7ty58T9M20G06sYDgZNz7r1JToJECo2u+2rZc/MLi0vLK6XVtfWNTWdr+07HqeLQ4LGMVStgGqSIoIECJbQSBSwMJDSDx6ux33wCpUUc3eIogU7IHiIxEJyhkXrO86GPQvYha+VdH+OEfm6Putmxl9O/bMOGgIxe0P9NuM97TsWtuhPQn8QrSIUUqPecF78f8zSECLlkWrc9N8FOxhQKLiEv+amGhPFH9gBtQyMWgu5kk4xyemCUPh3EyqwI6UT92pGxUOtRGJjKkOFQz3pj8TevneLgvJOJKEkRIj49aJBKijEdB077QgFHOTKEcSXMXSkfMsU4mm8pmRC82Sf/JM2Tqnda9byb00rtsshjmeySfXJIPHJGauSa1EmDcPJmLVqblmO926t22d6ZltpW0VMm32DvfQDFELit</latexit>

(X̃>X̃)�1X̃>X̃✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="reXLuxK9cRVqsOmLtl1HQra3A8Q=">AAACK3icbVDJSgNBEO1xjXEb9eilMQjxYJgRQS+Cy8WjgjGRzCT0dCqmSc9Cd40QhvkeL/6KlxwUxav/YScO4vag4PV7VXTVCxIpNDrOizU1PTM7N19aKC8uLa+s2mvr1zpOFYc6j2WsmgHTIEUEdRQooZkoYGEgoREMzsZ+4w6UFnF0hcME/JDdRqInOEMjdewTD/uAjB7RqodCdiFr5m0P44R+PXfa2a6b0//tm7xjV5yaMwH9S9yCVEiBi4498roxT0OIkEumdct1EvQzplBwCXnZSzUkjA/YLbQMjVgI2s8mp+Z02yhd2ouVqQjpRP0+kbFQ62EYmM6QYV//9sbif14rxd6hn4koSREi/vlRL5UUYzrOjXaFAo5yaAjjSphdKe8zxTiadMsmBPf3yX9JY6/m7tdc93K/cnxa5FEim2SLVIlLDsgxOScXpE44uSeP5Ik8Ww/WyHq13j5bp6xiZoP8gPX+AZ5Sp9U=</latexit>

✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="CSMYWzCeuNHVIGeK1Cx62XR38rQ=">AAACDnicbVBNS8NAEN34WetX1KOXxSp4Kkkp6LHoxWMFawtNLZvNpl262YTdiVBC/oAX/4oXDwri1bM3/43bNqC2Phh4+94MO/P8RHANjvNlLS2vrK6tlzbKm1vbO7v23v6tjlNFWYvGIlYdn2gmuGQt4CBYJ1GMRL5gbX90OfHb90xpHssbGCesF5GB5CGnBIzUt4+9UBGa1fJM5tgDLgKWdfI7D+Lk59m3K07VmQIvErcgFVSg2bc/vSCmacQkUEG07rpOAr2MKOBUsLzspZolhI7IgHUNlSRiupdNr8nxiVECHMbKlAQ8VX9PZCTSehz5pjMiMNTz3kT8z+umEJ73Mi6TFJiks4/CVGCI8SQaHHDFKIixIYQqbnbFdEhMPGACLJsQ3PmTF0m7VnXrVde9rlcaF0UeJXSIjtApctEZaqAr1EQtRNEDekIv6NV6tJ6tN+t91rpkFTMH6A+sj28MFJyd</latexit>

2

n
X̃>X̃• Matrix of second derivatives 

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAq eVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y <latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)
<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x16

• Uniquely minimized at a point if gradient at that point 
is zero and function “curves up” [see linear algebra] 

• Gradient Exercise: 

check n,d=1



• Goal: minimize
<latexit sha1_base64="NAfrY8ovjd66089S/ILvMHKxC8A="></latexit>

J(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )
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Linear regression: A Direct Solution

dx1
Exercise: 

check the 
vector 

elements

dxn nxd,dx1 nx1

<latexit sha1_base64="qEoV6EYp9sQVsXlXcUXt2ds10OI="></latexit>

r✓J(✓) =
2

n
X̃>(X̃✓ � Ỹ ) = 0set

<latexit sha1_base64="qZ4funisTOJlZG+63ysNOnGub48=">AAACKHicbVBNS0JBFJ1nX2ZfVss2QxK0Sd4LoTaF1KalQabhM5k3XnVw3gcz9wXy8N+06a+0CSoIt/2SRn1EqQcGzpxzLjP3eJEUGm17ZGWWlldW17LruY3Nre2d/O7evQ5jxaHKQxmqusc0SBFAFQVKqEcKmO9JqHn967FfewKlRRjc4SCCps+6gegIztBIrfyli0K2IakPH10MI/p7NawHyOgJXZx4GNILarfyBbtoT0DniZOSAklRaeXf3XbIYx8C5JJp3XDsCJsJUyi4hGHOjTVEjPdZFxqGBswH3Uwmew7pkVHatBMqcwKkE/XvRMJ8rQe+Z5I+w56e9cbiIq8RY+e8mYggihECPn2oE0uKIR2XRttCAUc5MIRxJcxfKe8xxTiaanOmBGd25XlSOy06paLj3JYK5au0jyw5IIfkmDjkjJTJDamQKuHkmbySD/JpvVhv1pc1mkYzVjqzT/7B+v4B6BymTw==</latexit>

X̃>X̃✓ � X̃>Ỹ = 0
<latexit sha1_base64="yz9pwUvLMdRhIQD/xDPecZweHYE=">AAACZHicnVHLSgMxFM2M7/oaLa4ECRZBF5YZEXQjFN24rGBtpdOWTHprg5kHyR2hDvOT7ty58T9M20G06sYDgZNz7r1JToJECo2u+2rZc/MLi0vLK6XVtfWNTWdr+07HqeLQ4LGMVStgGqSIoIECJbQSBSwMJDSDx6ux33wCpUUc3eIogU7IHiIxEJyhkXrO86GPQvYha+VdH+OEfm6Putmxl9O/bMOGgIxe0P9NuM97TsWtuhPQn8QrSIUUqPecF78f8zSECLlkWrc9N8FOxhQKLiEv+amGhPFH9gBtQyMWgu5kk4xyemCUPh3EyqwI6UT92pGxUOtRGJjKkOFQz3pj8TevneLgvJOJKEkRIj49aJBKijEdB077QgFHOTKEcSXMXSkfMsU4mm8pmRC82Sf/JM2Tqnda9byb00rtsshjmeySfXJIPHJGauSa1EmDcPJmLVqblmO926t22d6ZltpW0VMm32DvfQDFELit</latexit>

(X̃>X̃)�1X̃>X̃✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="reXLuxK9cRVqsOmLtl1HQra3A8Q=">AAACK3icbVDJSgNBEO1xjXEb9eilMQjxYJgRQS+Cy8WjgjGRzCT0dCqmSc9Cd40QhvkeL/6KlxwUxav/YScO4vag4PV7VXTVCxIpNDrOizU1PTM7N19aKC8uLa+s2mvr1zpOFYc6j2WsmgHTIEUEdRQooZkoYGEgoREMzsZ+4w6UFnF0hcME/JDdRqInOEMjdewTD/uAjB7RqodCdiFr5m0P44R+PXfa2a6b0//tm7xjV5yaMwH9S9yCVEiBi4498roxT0OIkEumdct1EvQzplBwCXnZSzUkjA/YLbQMjVgI2s8mp+Z02yhd2ouVqQjpRP0+kbFQ62EYmM6QYV//9sbif14rxd6hn4koSREi/vlRL5UUYzrOjXaFAo5yaAjjSphdKe8zxTiadMsmBPf3yX9JY6/m7tdc93K/cnxa5FEim2SLVIlLDsgxOScXpE44uSeP5Ik8Ww/WyHq13j5bp6xiZoP8gPX+AZ5Sp9U=</latexit>

✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="CSMYWzCeuNHVIGeK1Cx62XR38rQ=">AAACDnicbVBNS8NAEN34WetX1KOXxSp4Kkkp6LHoxWMFawtNLZvNpl262YTdiVBC/oAX/4oXDwri1bM3/43bNqC2Phh4+94MO/P8RHANjvNlLS2vrK6tlzbKm1vbO7v23v6tjlNFWYvGIlYdn2gmuGQt4CBYJ1GMRL5gbX90OfHb90xpHssbGCesF5GB5CGnBIzUt4+9UBGa1fJM5tgDLgKWdfI7D+Lk59m3K07VmQIvErcgFVSg2bc/vSCmacQkUEG07rpOAr2MKOBUsLzspZolhI7IgHUNlSRiupdNr8nxiVECHMbKlAQ8VX9PZCTSehz5pjMiMNTz3kT8z+umEJ73Mi6TFJiks4/CVGCI8SQaHHDFKIixIYQqbnbFdEhMPGACLJsQ3PmTF0m7VnXrVde9rlcaF0UeJXSIjtApctEZaqAr1EQtRNEDekIv6NV6tJ6tN+t91rpkFTMH6A+sj28MFJyd</latexit>

2

n
X̃>X̃• Matrix of second derivatives 

• Uniquely minimized at a point if gradient at that point 
is zero and function “curves up” [see linear algebra] 

• Gradient Exercise: 

check n,d=1



• Goal: minimize
<latexit sha1_base64="NAfrY8ovjd66089S/ILvMHKxC8A="></latexit>

J(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )
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Linear regression: A Direct Solution

dx1
Exercise: 

check the 
vector 

elements

dxn nxd,dx1 nx1

<latexit sha1_base64="qEoV6EYp9sQVsXlXcUXt2ds10OI="></latexit>

r✓J(✓) =
2

n
X̃>(X̃✓ � Ỹ ) = 0set

<latexit sha1_base64="qZ4funisTOJlZG+63ysNOnGub48=">AAACKHicbVBNS0JBFJ1nX2ZfVss2QxK0Sd4LoTaF1KalQabhM5k3XnVw3gcz9wXy8N+06a+0CSoIt/2SRn1EqQcGzpxzLjP3eJEUGm17ZGWWlldW17LruY3Nre2d/O7evQ5jxaHKQxmqusc0SBFAFQVKqEcKmO9JqHn967FfewKlRRjc4SCCps+6gegIztBIrfyli0K2IakPH10MI/p7NawHyOgJXZx4GNILarfyBbtoT0DniZOSAklRaeXf3XbIYx8C5JJp3XDsCJsJUyi4hGHOjTVEjPdZFxqGBswH3Uwmew7pkVHatBMqcwKkE/XvRMJ8rQe+Z5I+w56e9cbiIq8RY+e8mYggihECPn2oE0uKIR2XRttCAUc5MIRxJcxfKe8xxTiaanOmBGd25XlSOy06paLj3JYK5au0jyw5IIfkmDjkjJTJDamQKuHkmbySD/JpvVhv1pc1mkYzVjqzT/7B+v4B6BymTw==</latexit>

X̃>X̃✓ � X̃>Ỹ = 0
<latexit sha1_base64="yz9pwUvLMdRhIQD/xDPecZweHYE=">AAACZHicnVHLSgMxFM2M7/oaLa4ECRZBF5YZEXQjFN24rGBtpdOWTHprg5kHyR2hDvOT7ty58T9M20G06sYDgZNz7r1JToJECo2u+2rZc/MLi0vLK6XVtfWNTWdr+07HqeLQ4LGMVStgGqSIoIECJbQSBSwMJDSDx6ux33wCpUUc3eIogU7IHiIxEJyhkXrO86GPQvYha+VdH+OEfm6Putmxl9O/bMOGgIxe0P9NuM97TsWtuhPQn8QrSIUUqPecF78f8zSECLlkWrc9N8FOxhQKLiEv+amGhPFH9gBtQyMWgu5kk4xyemCUPh3EyqwI6UT92pGxUOtRGJjKkOFQz3pj8TevneLgvJOJKEkRIj49aJBKijEdB077QgFHOTKEcSXMXSkfMsU4mm8pmRC82Sf/JM2Tqnda9byb00rtsshjmeySfXJIPHJGauSa1EmDcPJmLVqblmO926t22d6ZltpW0VMm32DvfQDFELit</latexit>

(X̃>X̃)�1X̃>X̃✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="reXLuxK9cRVqsOmLtl1HQra3A8Q=">AAACK3icbVDJSgNBEO1xjXEb9eilMQjxYJgRQS+Cy8WjgjGRzCT0dCqmSc9Cd40QhvkeL/6KlxwUxav/YScO4vag4PV7VXTVCxIpNDrOizU1PTM7N19aKC8uLa+s2mvr1zpOFYc6j2WsmgHTIEUEdRQooZkoYGEgoREMzsZ+4w6UFnF0hcME/JDdRqInOEMjdewTD/uAjB7RqodCdiFr5m0P44R+PXfa2a6b0//tm7xjV5yaMwH9S9yCVEiBi4498roxT0OIkEumdct1EvQzplBwCXnZSzUkjA/YLbQMjVgI2s8mp+Z02yhd2ouVqQjpRP0+kbFQ62EYmM6QYV//9sbif14rxd6hn4koSREi/vlRL5UUYzrOjXaFAo5yaAjjSphdKe8zxTiadMsmBPf3yX9JY6/m7tdc93K/cnxa5FEim2SLVIlLDsgxOScXpE44uSeP5Ik8Ww/WyHq13j5bp6xiZoP8gPX+AZ5Sp9U=</latexit>

✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="CSMYWzCeuNHVIGeK1Cx62XR38rQ=">AAACDnicbVBNS8NAEN34WetX1KOXxSp4Kkkp6LHoxWMFawtNLZvNpl262YTdiVBC/oAX/4oXDwri1bM3/43bNqC2Phh4+94MO/P8RHANjvNlLS2vrK6tlzbKm1vbO7v23v6tjlNFWYvGIlYdn2gmuGQt4CBYJ1GMRL5gbX90OfHb90xpHssbGCesF5GB5CGnBIzUt4+9UBGa1fJM5tgDLgKWdfI7D+Lk59m3K07VmQIvErcgFVSg2bc/vSCmacQkUEG07rpOAr2MKOBUsLzspZolhI7IgHUNlSRiupdNr8nxiVECHMbKlAQ8VX9PZCTSehz5pjMiMNTz3kT8z+umEJ73Mi6TFJiks4/CVGCI8SQaHHDFKIixIYQqbnbFdEhMPGACLJsQ3PmTF0m7VnXrVde9rlcaF0UeJXSIjtApctEZaqAr1EQtRNEDekIv6NV6tJ6tN+t91rpkFTMH6A+sj28MFJyd</latexit>

2

n
X̃>X̃• Matrix of second derivatives 

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAq eVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

• Uniquely minimized at a point if gradient at that point 
is zero and function “curves up” [see linear algebra] 

• Gradient Exercise: 

check n,d=1



• Goal: minimize
<latexit sha1_base64="NAfrY8ovjd66089S/ILvMHKxC8A="></latexit>

J(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )
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Linear regression: A Direct Solution

dx1
Exercise: 

check the 
vector 

elements

dxn nxd,dx1 nx1

<latexit sha1_base64="qEoV6EYp9sQVsXlXcUXt2ds10OI="></latexit>

r✓J(✓) =
2

n
X̃>(X̃✓ � Ỹ ) = 0set

<latexit sha1_base64="qZ4funisTOJlZG+63ysNOnGub48=">AAACKHicbVBNS0JBFJ1nX2ZfVss2QxK0Sd4LoTaF1KalQabhM5k3XnVw3gcz9wXy8N+06a+0CSoIt/2SRn1EqQcGzpxzLjP3eJEUGm17ZGWWlldW17LruY3Nre2d/O7evQ5jxaHKQxmqusc0SBFAFQVKqEcKmO9JqHn967FfewKlRRjc4SCCps+6gegIztBIrfyli0K2IakPH10MI/p7NawHyOgJXZx4GNILarfyBbtoT0DniZOSAklRaeXf3XbIYx8C5JJp3XDsCJsJUyi4hGHOjTVEjPdZFxqGBswH3Uwmew7pkVHatBMqcwKkE/XvRMJ8rQe+Z5I+w56e9cbiIq8RY+e8mYggihECPn2oE0uKIR2XRttCAUc5MIRxJcxfKe8xxTiaanOmBGd25XlSOy06paLj3JYK5au0jyw5IIfkmDjkjJTJDamQKuHkmbySD/JpvVhv1pc1mkYzVjqzT/7B+v4B6BymTw==</latexit>

X̃>X̃✓ � X̃>Ỹ = 0
<latexit sha1_base64="yz9pwUvLMdRhIQD/xDPecZweHYE=">AAACZHicnVHLSgMxFM2M7/oaLa4ECRZBF5YZEXQjFN24rGBtpdOWTHprg5kHyR2hDvOT7ty58T9M20G06sYDgZNz7r1JToJECo2u+2rZc/MLi0vLK6XVtfWNTWdr+07HqeLQ4LGMVStgGqSIoIECJbQSBSwMJDSDx6ux33wCpUUc3eIogU7IHiIxEJyhkXrO86GPQvYha+VdH+OEfm6Putmxl9O/bMOGgIxe0P9NuM97TsWtuhPQn8QrSIUUqPecF78f8zSECLlkWrc9N8FOxhQKLiEv+amGhPFH9gBtQyMWgu5kk4xyemCUPh3EyqwI6UT92pGxUOtRGJjKkOFQz3pj8TevneLgvJOJKEkRIj49aJBKijEdB077QgFHOTKEcSXMXSkfMsU4mm8pmRC82Sf/JM2Tqnda9byb00rtsshjmeySfXJIPHJGauSa1EmDcPJmLVqblmO926t22d6ZltpW0VMm32DvfQDFELit</latexit>

(X̃>X̃)�1X̃>X̃✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="reXLuxK9cRVqsOmLtl1HQra3A8Q=">AAACK3icbVDJSgNBEO1xjXEb9eilMQjxYJgRQS+Cy8WjgjGRzCT0dCqmSc9Cd40QhvkeL/6KlxwUxav/YScO4vag4PV7VXTVCxIpNDrOizU1PTM7N19aKC8uLa+s2mvr1zpOFYc6j2WsmgHTIEUEdRQooZkoYGEgoREMzsZ+4w6UFnF0hcME/JDdRqInOEMjdewTD/uAjB7RqodCdiFr5m0P44R+PXfa2a6b0//tm7xjV5yaMwH9S9yCVEiBi4498roxT0OIkEumdct1EvQzplBwCXnZSzUkjA/YLbQMjVgI2s8mp+Z02yhd2ouVqQjpRP0+kbFQ62EYmM6QYV//9sbif14rxd6hn4koSREi/vlRL5UUYzrOjXaFAo5yaAjjSphdKe8zxTiadMsmBPf3yX9JY6/m7tdc93K/cnxa5FEim2SLVIlLDsgxOScXpE44uSeP5Ik8Ww/WyHq13j5bp6xiZoP8gPX+AZ5Sp9U=</latexit>

✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="CSMYWzCeuNHVIGeK1Cx62XR38rQ=">AAACDnicbVBNS8NAEN34WetX1KOXxSp4Kkkp6LHoxWMFawtNLZvNpl262YTdiVBC/oAX/4oXDwri1bM3/43bNqC2Phh4+94MO/P8RHANjvNlLS2vrK6tlzbKm1vbO7v23v6tjlNFWYvGIlYdn2gmuGQt4CBYJ1GMRL5gbX90OfHb90xpHssbGCesF5GB5CGnBIzUt4+9UBGa1fJM5tgDLgKWdfI7D+Lk59m3K07VmQIvErcgFVSg2bc/vSCmacQkUEG07rpOAr2MKOBUsLzspZolhI7IgHUNlSRiupdNr8nxiVECHMbKlAQ8VX9PZCTSehz5pjMiMNTz3kT8z+umEJ73Mi6TFJiks4/CVGCI8SQaHHDFKIixIYQqbnbFdEhMPGACLJsQ3PmTF0m7VnXrVde9rlcaF0UeJXSIjtApctEZaqAr1EQtRNEDekIv6NV6tJ6tN+t91rpkFTMH6A+sj28MFJyd</latexit>

2

n
X̃>X̃• Matrix of second derivatives 

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAq eVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

• Uniquely minimized at a point if gradient at that point 
is zero and function “curves up” [see linear algebra] 

• Gradient Exercise: 

check n,d=1



• Goal: minimize
<latexit sha1_base64="NAfrY8ovjd66089S/ILvMHKxC8A="></latexit>

J(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )
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Linear regression: A Direct Solution

dx1
Exercise: 

check the 
vector 

elements

dxn nxd,dx1 nx1

<latexit sha1_base64="qEoV6EYp9sQVsXlXcUXt2ds10OI="></latexit>

r✓J(✓) =
2

n
X̃>(X̃✓ � Ỹ ) = 0set

<latexit sha1_base64="qZ4funisTOJlZG+63ysNOnGub48=">AAACKHicbVBNS0JBFJ1nX2ZfVss2QxK0Sd4LoTaF1KalQabhM5k3XnVw3gcz9wXy8N+06a+0CSoIt/2SRn1EqQcGzpxzLjP3eJEUGm17ZGWWlldW17LruY3Nre2d/O7evQ5jxaHKQxmqusc0SBFAFQVKqEcKmO9JqHn967FfewKlRRjc4SCCps+6gegIztBIrfyli0K2IakPH10MI/p7NawHyOgJXZx4GNILarfyBbtoT0DniZOSAklRaeXf3XbIYx8C5JJp3XDsCJsJUyi4hGHOjTVEjPdZFxqGBswH3Uwmew7pkVHatBMqcwKkE/XvRMJ8rQe+Z5I+w56e9cbiIq8RY+e8mYggihECPn2oE0uKIR2XRttCAUc5MIRxJcxfKe8xxTiaanOmBGd25XlSOy06paLj3JYK5au0jyw5IIfkmDjkjJTJDamQKuHkmbySD/JpvVhv1pc1mkYzVjqzT/7B+v4B6BymTw==</latexit>

X̃>X̃✓ � X̃>Ỹ = 0
<latexit sha1_base64="yz9pwUvLMdRhIQD/xDPecZweHYE=">AAACZHicnVHLSgMxFM2M7/oaLa4ECRZBF5YZEXQjFN24rGBtpdOWTHprg5kHyR2hDvOT7ty58T9M20G06sYDgZNz7r1JToJECo2u+2rZc/MLi0vLK6XVtfWNTWdr+07HqeLQ4LGMVStgGqSIoIECJbQSBSwMJDSDx6ux33wCpUUc3eIogU7IHiIxEJyhkXrO86GPQvYha+VdH+OEfm6Putmxl9O/bMOGgIxe0P9NuM97TsWtuhPQn8QrSIUUqPecF78f8zSECLlkWrc9N8FOxhQKLiEv+amGhPFH9gBtQyMWgu5kk4xyemCUPh3EyqwI6UT92pGxUOtRGJjKkOFQz3pj8TevneLgvJOJKEkRIj49aJBKijEdB077QgFHOTKEcSXMXSkfMsU4mm8pmRC82Sf/JM2Tqnda9byb00rtsshjmeySfXJIPHJGauSa1EmDcPJmLVqblmO926t22d6ZltpW0VMm32DvfQDFELit</latexit>

(X̃>X̃)�1X̃>X̃✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="reXLuxK9cRVqsOmLtl1HQra3A8Q=">AAACK3icbVDJSgNBEO1xjXEb9eilMQjxYJgRQS+Cy8WjgjGRzCT0dCqmSc9Cd40QhvkeL/6KlxwUxav/YScO4vag4PV7VXTVCxIpNDrOizU1PTM7N19aKC8uLa+s2mvr1zpOFYc6j2WsmgHTIEUEdRQooZkoYGEgoREMzsZ+4w6UFnF0hcME/JDdRqInOEMjdewTD/uAjB7RqodCdiFr5m0P44R+PXfa2a6b0//tm7xjV5yaMwH9S9yCVEiBi4498roxT0OIkEumdct1EvQzplBwCXnZSzUkjA/YLbQMjVgI2s8mp+Z02yhd2ouVqQjpRP0+kbFQ62EYmM6QYV//9sbif14rxd6hn4koSREi/vlRL5UUYzrOjXaFAo5yaAjjSphdKe8zxTiadMsmBPf3yX9JY6/m7tdc93K/cnxa5FEim2SLVIlLDsgxOScXpE44uSeP5Ik8Ww/WyHq13j5bp6xiZoP8gPX+AZ5Sp9U=</latexit>

✓ = (X̃>X̃)�1X̃>Ỹ

• Matrix of second derivatives 

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAq eVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

• Uniquely minimized at a point if gradient at that point 
is zero and function “curves up” [see linear algebra] 

• Gradient

<latexit sha1_base64="CSMYWzCeuNHVIGeK1Cx62XR38rQ=">AAACDnicbVBNS8NAEN34WetX1KOXxSp4Kkkp6LHoxWMFawtNLZvNpl262YTdiVBC/oAX/4oXDwri1bM3/43bNqC2Phh4+94MO/P8RHANjvNlLS2vrK6tlzbKm1vbO7v23v6tjlNFWYvGIlYdn2gmuGQt4CBYJ1GMRL5gbX90OfHb90xpHssbGCesF5GB5CGnBIzUt4+9UBGa1fJM5tgDLgKWdfI7D+Lk59m3K07VmQIvErcgFVSg2bc/vSCmacQkUEG07rpOAr2MKOBUsLzspZolhI7IgHUNlSRiupdNr8nxiVECHMbKlAQ8VX9PZCTSehz5pjMiMNTz3kT8z+umEJ73Mi6TFJiks4/CVGCI8SQaHHDFKIixIYQqbnbFdEhMPGACLJsQ3PmTF0m7VnXrVde9rlcaF0UeJXSIjtApctEZaqAr1EQtRNEDekIv6NV6tJ6tN+t91rpkFTMH6A+sj28MFJyd</latexit>

2

n
X̃>X̃

Exercise: 

check n,d=1



• Goal: minimize
<latexit sha1_base64="NAfrY8ovjd66089S/ILvMHKxC8A="></latexit>

J(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ )

7

Linear regression: A Direct Solution

dx1
Exercise: 

check the 
vector 

elements

dxn nxd,dx1 nx1

<latexit sha1_base64="qEoV6EYp9sQVsXlXcUXt2ds10OI="></latexit>

r✓J(✓) =
2

n
X̃>(X̃✓ � Ỹ ) = 0set

<latexit sha1_base64="qZ4funisTOJlZG+63ysNOnGub48=">AAACKHicbVBNS0JBFJ1nX2ZfVss2QxK0Sd4LoTaF1KalQabhM5k3XnVw3gcz9wXy8N+06a+0CSoIt/2SRn1EqQcGzpxzLjP3eJEUGm17ZGWWlldW17LruY3Nre2d/O7evQ5jxaHKQxmqusc0SBFAFQVKqEcKmO9JqHn967FfewKlRRjc4SCCps+6gegIztBIrfyli0K2IakPH10MI/p7NawHyOgJXZx4GNILarfyBbtoT0DniZOSAklRaeXf3XbIYx8C5JJp3XDsCJsJUyi4hGHOjTVEjPdZFxqGBswH3Uwmew7pkVHatBMqcwKkE/XvRMJ8rQe+Z5I+w56e9cbiIq8RY+e8mYggihECPn2oE0uKIR2XRttCAUc5MIRxJcxfKe8xxTiaanOmBGd25XlSOy06paLj3JYK5au0jyw5IIfkmDjkjJTJDamQKuHkmbySD/JpvVhv1pc1mkYzVjqzT/7B+v4B6BymTw==</latexit>

X̃>X̃✓ � X̃>Ỹ = 0
<latexit sha1_base64="yz9pwUvLMdRhIQD/xDPecZweHYE=">AAACZHicnVHLSgMxFM2M7/oaLa4ECRZBF5YZEXQjFN24rGBtpdOWTHprg5kHyR2hDvOT7ty58T9M20G06sYDgZNz7r1JToJECo2u+2rZc/MLi0vLK6XVtfWNTWdr+07HqeLQ4LGMVStgGqSIoIECJbQSBSwMJDSDx6ux33wCpUUc3eIogU7IHiIxEJyhkXrO86GPQvYha+VdH+OEfm6Putmxl9O/bMOGgIxe0P9NuM97TsWtuhPQn8QrSIUUqPecF78f8zSECLlkWrc9N8FOxhQKLiEv+amGhPFH9gBtQyMWgu5kk4xyemCUPh3EyqwI6UT92pGxUOtRGJjKkOFQz3pj8TevneLgvJOJKEkRIj49aJBKijEdB077QgFHOTKEcSXMXSkfMsU4mm8pmRC82Sf/JM2Tqnda9byb00rtsshjmeySfXJIPHJGauSa1EmDcPJmLVqblmO926t22d6ZltpW0VMm32DvfQDFELit</latexit>

(X̃>X̃)�1X̃>X̃✓ = (X̃>X̃)�1X̃>Ỹ
<latexit sha1_base64="reXLuxK9cRVqsOmLtl1HQra3A8Q=">AAACK3icbVDJSgNBEO1xjXEb9eilMQjxYJgRQS+Cy8WjgjGRzCT0dCqmSc9Cd40QhvkeL/6KlxwUxav/YScO4vag4PV7VXTVCxIpNDrOizU1PTM7N19aKC8uLa+s2mvr1zpOFYc6j2WsmgHTIEUEdRQooZkoYGEgoREMzsZ+4w6UFnF0hcME/JDdRqInOEMjdewTD/uAjB7RqodCdiFr5m0P44R+PXfa2a6b0//tm7xjV5yaMwH9S9yCVEiBi4498roxT0OIkEumdct1EvQzplBwCXnZSzUkjA/YLbQMjVgI2s8mp+Z02yhd2ouVqQjpRP0+kbFQ62EYmM6QYV//9sbif14rxd6hn4koSREi/vlRL5UUYzrOjXaFAo5yaAjjSphdKe8zxTiadMsmBPf3yX9JY6/m7tdc93K/cnxa5FEim2SLVIlLDsgxOScXpE44uSeP5Ik8Ww/WyHq13j5bp6xiZoP8gPX+AZ5Sp9U=</latexit>

✓ = (X̃>X̃)�1X̃>Ỹ

• Matrix of second derivatives 

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAq eVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
Note: 

hypothesis is 

a hyperplane!

• Uniquely minimized at a point if gradient at that point 
is zero and function “curves up” [see linear algebra] 

• Gradient

<latexit sha1_base64="CSMYWzCeuNHVIGeK1Cx62XR38rQ=">AAACDnicbVBNS8NAEN34WetX1KOXxSp4Kkkp6LHoxWMFawtNLZvNpl262YTdiVBC/oAX/4oXDwri1bM3/43bNqC2Phh4+94MO/P8RHANjvNlLS2vrK6tlzbKm1vbO7v23v6tjlNFWYvGIlYdn2gmuGQt4CBYJ1GMRL5gbX90OfHb90xpHssbGCesF5GB5CGnBIzUt4+9UBGa1fJM5tgDLgKWdfI7D+Lk59m3K07VmQIvErcgFVSg2bc/vSCmacQkUEG07rpOAr2MKOBUsLzspZolhI7IgHUNlSRiupdNr8nxiVECHMbKlAQ8VX9PZCTSehz5pjMiMNTz3kT8z+umEJ73Mi6TFJiks4/CVGCI8SQaHHDFKIixIYQqbnbFdEhMPGACLJsQ3PmTF0m7VnXrVde9rlcaF0UeJXSIjtApctEZaqAr1EQtRNEDekIv6NV6tJ6tN+t91rpkFTMH6A+sj28MFJyd</latexit>

2

n
X̃>X̃

Exercise: 

check n,d=1
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What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane
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What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y



8

What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2
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What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

• Sometimes there’s technically a unique best 
hyperplane, but just because of noise

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

• Sometimes there’s technically a unique best 
hyperplane, but just because of noise

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

• Sometimes there’s technically a unique best 
hyperplane, but just because of noise

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

• Sometimes there’s technically a unique best 
hyperplane, but just because of noise

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

• Sometimes there’s technically a unique best 
hyperplane, but just because of noise

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

• Sometimes there’s technically a unique best 
hyperplane, but just because of noise

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y



• Feature encodings (cf. one-hot); 
real-life features often correlated; 
many feature dimensions
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What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

• Sometimes there’s technically a unique best 
hyperplane, but just because of noise

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
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What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

• Sometimes there’s technically a unique best 
hyperplane, but just because of noise

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
• Feature encodings (cf. one-hot); 

real-life features often correlated; 
many feature dimensions
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What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

• Sometimes there’s technically a unique best 
hyperplane, but just because of noise

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
• Feature encodings (cf. one-hot); 

real-life features often correlated; 
many feature dimensions
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What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

• Sometimes there’s technically a unique best 
hyperplane, but just because of noise

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
• Feature encodings (cf. one-hot); 

real-life features often correlated; 
many feature dimensions
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What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

• Sometimes there’s technically a unique best 
hyperplane, but just because of noise

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
• Feature encodings (cf. one-hot); 

real-life features often correlated; 
many feature dimensions



• How to choose among planes? 
Preference for     components 
being near zero

<latexit sha1_base64="RQt//54cKz0CYuCKD2mS9wQiln0=">AAAB7nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwcF8er3ePNvnCR70MSChqKqm+6uKJHCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDo1HBpcS23aEbMghYIGCpTQTgywOJLQisa3M7/1BMYKrR5wkkAYs6ESA8EZOqnZxREg65UrftWfg66SICcVkqPeK391+5qnMSjkklnbCfwEw4wZFFzCtNRNLSSMj9kQOo4qFoMNs/m1U3rmlD4daONKIZ2rvycyFls7iSPXGTMc2WVvJv7ndVIcXIeZUEmKoPhi0SCVFDWdvU77wgBHOXGEcSPcrZSPmGEcXUAlF0Kw/PIqaV1Ug8tqENxfVmo3eR5FckJOyTkJyBWpkTtSJw3CySN5Jq/kzdPei/fufSxaC14+c0z+wPv8ATwWj2E=</latexit>

✓

8

What can go wrong in practice?
• Sometimes there isn’t a unique best hyperplane

• Sometimes there’s technically a unique best 
hyperplane, but just because of noise

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

<latexit sha1_base64="GZTWOlzBFAK3vDrkp8Tkm0Wyn/Y=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFW5F0DJoYxnRmEByhL3NJlmyt3fszonhyE+wsVAQW/+Qnf/GTXKFJj4YeLw3w8y8MFHSou9/e4WV1bX1jeJmaWt7Z3evvH/wYOPUcNHgsYpNK2RWKKlFAyUq0UqMYFGoRDMcXU/95qMwVsb6HseJCCI20LIvOUMn3T11abdc8av+DGSZ0JxUIEe9W/7q9GKeRkIjV8zaNvUTDDJmUHIlJqVOakXC+IgNRNtRzSJhg2x26oScOKVH+rFxpZHM1N8TGYusHUeh64wYDu2iNxX/89op9i+DTOokRaH5fFE/VQRjMv2b9KQRHNXYEcaNdLcSPmSGcXTplFwIdPHlZdI8q9LzKqW355XaVZ5HEY7gGE6BwgXU4Abq0AAOA3iGV3jzlPfivXsf89aCl88cwh94nz+iU43Z</latexit>x1

<latexit sha1_base64="MxUv0s9VtBtvT/RMhhoU3KYgiWA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY9FLx4rWltoQ9lsN+3SzSbsTsQS+hO8eFAQr/4hb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRg4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfD3z249cGxGre5wk3I/oUIlQMIpWunvq1/rlilt15yCrxMtJBXI0++Wv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/NT52SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjpZ0IlKXLFFovCVBKMyexvMhCaM5QTSyjTwt5K2IhqytCmU7IheMsvr5J2rerVq553W680rvI8inACp3AOHlxAA26gCS1gMIRneIU3RzovzrvzsWgtOPnMMfyB8/kDo9iN2g==</latexit>x2

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="pxbXhdCqc0FLKxbIyD0fl9NEoGg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cWrC20oWy2k3btZhN2N0II/QVePCiIV/+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777ZTW1jc2t8rblZ3dvf2D6uHRg45TxbDNYhGrbkA1Ci6xbbgR2E0U0igQ2AkmtzO/84RK81jemyxBP6IjyUPOqLFSKxtUa27dnYOsEq8gNSjQHFS/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izVNIItZ/PD52SM6sMSRgrW9KQufp7IqeR1lkU2M6ImrFe9mbif14vNeG1n3OZpAYlWywKU0FMTGZfkyFXyIzILKFMcXsrYWOqKDM2m4oNwVt+eZV0LureZd3zWpe1xk2RRxlO4BTOwYMraMAdNKENDBCe4RXenEfnxXl3PhatJaeYOYY/cD5/AH3ejTY=</latexit>y
• Feature encodings (cf. one-hot); 

real-life features often correlated; 
many feature dimensions



Regularizing linear regression
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• Linear regression with square penalty: ridge regression
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Regularizing linear regression
• Linear regression with square penalty: ridge regression

<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2
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Regularizing linear regression
• Linear regression with square penalty: ridge regression

<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2
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Regularizing linear regression
• Linear regression with square penalty: ridge regression

<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2

9



Regularizing linear regression
• Linear regression with square penalty: ridge regression

<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2
<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)
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Regularizing linear regression
• Linear regression with square penalty: ridge regression

<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2

What 
happens if             

  

<latexit sha1_base64="n4m5OtKnu/rohBBhntoV4ahYDdo=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5JIQQ8eil48VrC20Iay2WzapZtN2H0RSujP8OJBQbz6Z7z5b9y2OWjrwMIwM499b4JUCoOu++2U1tY3NrfK25Wd3b39g+rh0aNJMs14myUy0d2AGi6F4m0UKHk31ZzGgeSdYHw78ztPXBuRqAecpNyP6VCJSDCKVur1pY2GlFwTd1CtuXV3DrJKvILUoEBrUP3qhwnLYq6QSWpMz3NT9HOqUTDJp5V+ZnhK2ZgOec9SRWNu/Hy+8pScWSUkUaLtU0jm6u+JnMbGTOLAJmOKI7PszcT/vF6G0ZWfC5VmyBVbfBRlkmBCZveTUGjOUE4soUwLuythI6opQ9tSxZbgLZ+8SjoXda9R97z7Rq15U/RRhhM4hXPw4BKacActaAODBJ7hFd4cdF6cd+djES05xcwx/IHz+QN6V5CK</latexit>

� < 0 ?

<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

9



Regularizing linear regression
• Linear regression with square penalty: ridge regression

<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2

• Special case: ridge regression with no offset What 
happens if             

  

<latexit sha1_base64="n4m5OtKnu/rohBBhntoV4ahYDdo=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5JIQQ8eil48VrC20Iay2WzapZtN2H0RSujP8OJBQbz6Z7z5b9y2OWjrwMIwM499b4JUCoOu++2U1tY3NrfK25Wd3b39g+rh0aNJMs14myUy0d2AGi6F4m0UKHk31ZzGgeSdYHw78ztPXBuRqAecpNyP6VCJSDCKVur1pY2GlFwTd1CtuXV3DrJKvILUoEBrUP3qhwnLYq6QSWpMz3NT9HOqUTDJp5V+ZnhK2ZgOec9SRWNu/Hy+8pScWSUkUaLtU0jm6u+JnMbGTOLAJmOKI7PszcT/vF6G0ZWfC5VmyBVbfBRlkmBCZveTUGjOUE4soUwLuythI6opQ9tSxZbgLZ+8SjoXda9R97z7Rq15U/RRhhM4hXPw4BKacActaAODBJ7hFd4cdF6cd+djES05xcwx/IHz+QN6V5CK</latexit>

� < 0 ?

<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

9



Regularizing linear regression
• Linear regression with square penalty: ridge regression

<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2

• Special case: ridge regression with no offset
<latexit sha1_base64="PEbKooUAN6Rq9TNSOp7SHN32HXo="></latexit>

Jridge(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ ) + �k✓k2

What 
happens if             

  

<latexit sha1_base64="n4m5OtKnu/rohBBhntoV4ahYDdo=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5JIQQ8eil48VrC20Iay2WzapZtN2H0RSujP8OJBQbz6Z7z5b9y2OWjrwMIwM499b4JUCoOu++2U1tY3NrfK25Wd3b39g+rh0aNJMs14myUy0d2AGi6F4m0UKHk31ZzGgeSdYHw78ztPXBuRqAecpNyP6VCJSDCKVur1pY2GlFwTd1CtuXV3DrJKvILUoEBrUP3qhwnLYq6QSWpMz3NT9HOqUTDJp5V+ZnhK2ZgOec9SRWNu/Hy+8pScWSUkUaLtU0jm6u+JnMbGTOLAJmOKI7PszcT/vF6G0ZWfC5VmyBVbfBRlkmBCZveTUGjOUE4soUwLuythI6opQ9tSxZbgLZ+8SjoXda9R97z7Rq15U/RRhhM4hXPw4BKacActaAODBJ7hFd4cdF6cd+djES05xcwx/IHz+QN6V5CK</latexit>

� < 0 ?

<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

9



Regularizing linear regression
• Linear regression with square penalty: ridge regression

<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2

• Special case: ridge regression with no offset
<latexit sha1_base64="PEbKooUAN6Rq9TNSOp7SHN32HXo="></latexit>

Jridge(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ ) + �k✓k2

What 
happens if             

  

<latexit sha1_base64="n4m5OtKnu/rohBBhntoV4ahYDdo=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5JIQQ8eil48VrC20Iay2WzapZtN2H0RSujP8OJBQbz6Z7z5b9y2OWjrwMIwM499b4JUCoOu++2U1tY3NrfK25Wd3b39g+rh0aNJMs14myUy0d2AGi6F4m0UKHk31ZzGgeSdYHw78ztPXBuRqAecpNyP6VCJSDCKVur1pY2GlFwTd1CtuXV3DrJKvILUoEBrUP3qhwnLYq6QSWpMz3NT9HOqUTDJp5V+ZnhK2ZgOec9SRWNu/Hy+8pScWSUkUaLtU0jm6u+JnMbGTOLAJmOKI7PszcT/vF6G0ZWfC5VmyBVbfBRlkmBCZveTUGjOUE4soUwLuythI6opQ9tSxZbgLZ+8SjoXda9R97z7Rq15U/RRhhM4hXPw4BKacActaAODBJ7hFd4cdF6cd+djES05xcwx/IHz+QN6V5CK</latexit>

� < 0 ?

<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

9

<latexit sha1_base64="5Ssy5LRaBdARcm0KkvAQe4Sq3ac="></latexit>

=
1

n
kX̃✓ � Ỹ k2 + �k✓k2



Regularizing linear regression
• Linear regression with square penalty: ridge regression

<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2

• Special case: ridge regression with no offset

• Min at:
<latexit sha1_base64="Bougis4TxXTlja7CjziP2bO70VE=">AAACGHicbZA9SwNBEIb3/DZ+RS1tFoOgTbiTgDaCaCNWEYwRkhDmNpNkcW/v2J0Tw3H/wsa/YmOhILbp/DduPgq/BhYe3neG2XnDRElLvv/pzczOzS8sLi0XVlbX1jeKm1s3Nk6NwJqIVWxuQ7CopMYaSVJ4mxiEKFRYD+/OR379Ho2Vsb6mQYKtCHpadqUAclK7WG5qCBW0syb1kSDnlyPEBzJRZmSnh3m+P7EO+An328WSX/bHxf9CMIUSm1a1XRw2O7FII9QkFFjbCPyEWhkYkkJhXmimFhMQd9DDhkMNEdpWNr4r53tO6fBubNzTxMfq94kMImsHUeg6I6C+/e2NxP+8Rkrd41YmdZISajFZ1E0Vp5iPQuIdaVCQGjgAYaT7Kxd9MCDIRVlwIQS/T/4L9cNyUCkHwVWldHo2zWOJ7bBdts8CdsRO2QWrshoT7JE9s1f25j15L9679zFpnfGmM9vsR3nDL7zgoAc=</latexit>

r✓Jridge(✓) = 0

<latexit sha1_base64="PEbKooUAN6Rq9TNSOp7SHN32HXo="></latexit>

Jridge(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ ) + �k✓k2

What 
happens if             

  

<latexit sha1_base64="n4m5OtKnu/rohBBhntoV4ahYDdo=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5JIQQ8eil48VrC20Iay2WzapZtN2H0RSujP8OJBQbz6Z7z5b9y2OWjrwMIwM499b4JUCoOu++2U1tY3NrfK25Wd3b39g+rh0aNJMs14myUy0d2AGi6F4m0UKHk31ZzGgeSdYHw78ztPXBuRqAecpNyP6VCJSDCKVur1pY2GlFwTd1CtuXV3DrJKvILUoEBrUP3qhwnLYq6QSWpMz3NT9HOqUTDJp5V+ZnhK2ZgOec9SRWNu/Hy+8pScWSUkUaLtU0jm6u+JnMbGTOLAJmOKI7PszcT/vF6G0ZWfC5VmyBVbfBRlkmBCZveTUGjOUE4soUwLuythI6opQ9tSxZbgLZ+8SjoXda9R97z7Rq15U/RRhhM4hXPw4BKacActaAODBJ7hFd4cdF6cd+djES05xcwx/IHz+QN6V5CK</latexit>

� < 0 ?

<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

9

<latexit sha1_base64="5Ssy5LRaBdARcm0KkvAQe4Sq3ac="></latexit>

=
1

n
kX̃✓ � Ỹ k2 + �k✓k2



Regularizing linear regression
• Linear regression with square penalty: ridge regression

<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2

• Special case: ridge regression with no offset

• Min at:
<latexit sha1_base64="Bougis4TxXTlja7CjziP2bO70VE=">AAACGHicbZA9SwNBEIb3/DZ+RS1tFoOgTbiTgDaCaCNWEYwRkhDmNpNkcW/v2J0Tw3H/wsa/YmOhILbp/DduPgq/BhYe3neG2XnDRElLvv/pzczOzS8sLi0XVlbX1jeKm1s3Nk6NwJqIVWxuQ7CopMYaSVJ4mxiEKFRYD+/OR379Ho2Vsb6mQYKtCHpadqUAclK7WG5qCBW0syb1kSDnlyPEBzJRZmSnh3m+P7EO+An328WSX/bHxf9CMIUSm1a1XRw2O7FII9QkFFjbCPyEWhkYkkJhXmimFhMQd9DDhkMNEdpWNr4r53tO6fBubNzTxMfq94kMImsHUeg6I6C+/e2NxP+8Rkrd41YmdZISajFZ1E0Vp5iPQuIdaVCQGjgAYaT7Kxd9MCDIRVlwIQS/T/4L9cNyUCkHwVWldHo2zWOJ7bBdts8CdsRO2QWrshoT7JE9s1f25j15L9679zFpnfGmM9vsR3nDL7zgoAc=</latexit>

r✓Jridge(✓) = 0
<latexit sha1_base64="zYWLDu0ZPqhopa8HNQ5Xo7JO7v8="></latexit>

) ✓ = (X̃>X̃ + n�I)�1X̃>Ỹ

<latexit sha1_base64="PEbKooUAN6Rq9TNSOp7SHN32HXo="></latexit>

Jridge(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ ) + �k✓k2

What 
happens if             

  

<latexit sha1_base64="n4m5OtKnu/rohBBhntoV4ahYDdo=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5JIQQ8eil48VrC20Iay2WzapZtN2H0RSujP8OJBQbz6Z7z5b9y2OWjrwMIwM499b4JUCoOu++2U1tY3NrfK25Wd3b39g+rh0aNJMs14myUy0d2AGi6F4m0UKHk31ZzGgeSdYHw78ztPXBuRqAecpNyP6VCJSDCKVur1pY2GlFwTd1CtuXV3DrJKvILUoEBrUP3qhwnLYq6QSWpMz3NT9HOqUTDJp5V+ZnhK2ZgOec9SRWNu/Hy+8pScWSUkUaLtU0jm6u+JnMbGTOLAJmOKI7PszcT/vF6G0ZWfC5VmyBVbfBRlkmBCZveTUGjOUE4soUwLuythI6opQ9tSxZbgLZ+8SjoXda9R97z7Rq15U/RRhhM4hXPw4BKacActaAODBJ7hFd4cdF6cd+djES05xcwx/IHz+QN6V5CK</latexit>

� < 0 ?

<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

9

<latexit sha1_base64="5Ssy5LRaBdARcm0KkvAQe4Sq3ac="></latexit>

=
1

n
kX̃✓ � Ỹ k2 + �k✓k2



Regularizing linear regression
• Linear regression with square penalty: ridge regression

<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2

• Special case: ridge regression with no offset

• Min at:
<latexit sha1_base64="Bougis4TxXTlja7CjziP2bO70VE=">AAACGHicbZA9SwNBEIb3/DZ+RS1tFoOgTbiTgDaCaCNWEYwRkhDmNpNkcW/v2J0Tw3H/wsa/YmOhILbp/DduPgq/BhYe3neG2XnDRElLvv/pzczOzS8sLi0XVlbX1jeKm1s3Nk6NwJqIVWxuQ7CopMYaSVJ4mxiEKFRYD+/OR379Ho2Vsb6mQYKtCHpadqUAclK7WG5qCBW0syb1kSDnlyPEBzJRZmSnh3m+P7EO+An328WSX/bHxf9CMIUSm1a1XRw2O7FII9QkFFjbCPyEWhkYkkJhXmimFhMQd9DDhkMNEdpWNr4r53tO6fBubNzTxMfq94kMImsHUeg6I6C+/e2NxP+8Rkrd41YmdZISajFZ1E0Vp5iPQuIdaVCQGjgAYaT7Kxd9MCDIRVlwIQS/T/4L9cNyUCkHwVWldHo2zWOJ7bBdts8CdsRO2QWrshoT7JE9s1f25j15L9679zFpnfGmM9vsR3nDL7zgoAc=</latexit>

r✓Jridge(✓) = 0
<latexit sha1_base64="zYWLDu0ZPqhopa8HNQ5Xo7JO7v8="></latexit>

) ✓ = (X̃>X̃ + n�I)�1X̃>Ỹ

<latexit sha1_base64="PEbKooUAN6Rq9TNSOp7SHN32HXo="></latexit>

Jridge(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ ) + �k✓k2

What 
happens if             

  

<latexit sha1_base64="n4m5OtKnu/rohBBhntoV4ahYDdo=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5JIQQ8eil48VrC20Iay2WzapZtN2H0RSujP8OJBQbz6Z7z5b9y2OWjrwMIwM499b4JUCoOu++2U1tY3NrfK25Wd3b39g+rh0aNJMs14myUy0d2AGi6F4m0UKHk31ZzGgeSdYHw78ztPXBuRqAecpNyP6VCJSDCKVur1pY2GlFwTd1CtuXV3DrJKvILUoEBrUP3qhwnLYq6QSWpMz3NT9HOqUTDJp5V+ZnhK2ZgOec9SRWNu/Hy+8pScWSUkUaLtU0jm6u+JnMbGTOLAJmOKI7PszcT/vF6G0ZWfC5VmyBVbfBRlkmBCZveTUGjOUE4soUwLuythI6opQ9tSxZbgLZ+8SjoXda9R97z7Rq15U/RRhhM4hXPw4BKacActaAODBJ7hFd4cdF6cd+djES05xcwx/IHz+QN6V5CK</latexit>

� < 0 ?

<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

9

<latexit sha1_base64="5Ssy5LRaBdARcm0KkvAQe4Sq3ac="></latexit>

=
1

n
kX̃✓ � Ỹ k2 + �k✓k2



Regularizing linear regression
• Linear regression with square penalty: ridge regression

<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2

• Special case: ridge regression with no offset

• Min at:
<latexit sha1_base64="Bougis4TxXTlja7CjziP2bO70VE=">AAACGHicbZA9SwNBEIb3/DZ+RS1tFoOgTbiTgDaCaCNWEYwRkhDmNpNkcW/v2J0Tw3H/wsa/YmOhILbp/DduPgq/BhYe3neG2XnDRElLvv/pzczOzS8sLi0XVlbX1jeKm1s3Nk6NwJqIVWxuQ7CopMYaSVJ4mxiEKFRYD+/OR379Ho2Vsb6mQYKtCHpadqUAclK7WG5qCBW0syb1kSDnlyPEBzJRZmSnh3m+P7EO+An328WSX/bHxf9CMIUSm1a1XRw2O7FII9QkFFjbCPyEWhkYkkJhXmimFhMQd9DDhkMNEdpWNr4r53tO6fBubNzTxMfq94kMImsHUeg6I6C+/e2NxP+8Rkrd41YmdZISajFZ1E0Vp5iPQuIdaVCQGjgAYaT7Kxd9MCDIRVlwIQS/T/4L9cNyUCkHwVWldHo2zWOJ7bBdts8CdsRO2QWrshoT7JE9s1f25j15L9679zFpnfGmM9vsR3nDL7zgoAc=</latexit>

r✓Jridge(✓) = 0
<latexit sha1_base64="zYWLDu0ZPqhopa8HNQ5Xo7JO7v8="></latexit>

) ✓ = (X̃>X̃ + n�I)�1X̃>Ỹ

<latexit sha1_base64="PEbKooUAN6Rq9TNSOp7SHN32HXo="></latexit>

Jridge(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ ) + �k✓k2

What 
happens if             

  

<latexit sha1_base64="n4m5OtKnu/rohBBhntoV4ahYDdo=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5JIQQ8eil48VrC20Iay2WzapZtN2H0RSujP8OJBQbz6Z7z5b9y2OWjrwMIwM499b4JUCoOu++2U1tY3NrfK25Wd3b39g+rh0aNJMs14myUy0d2AGi6F4m0UKHk31ZzGgeSdYHw78ztPXBuRqAecpNyP6VCJSDCKVur1pY2GlFwTd1CtuXV3DrJKvILUoEBrUP3qhwnLYq6QSWpMz3NT9HOqUTDJp5V+ZnhK2ZgOec9SRWNu/Hy+8pScWSUkUaLtU0jm6u+JnMbGTOLAJmOKI7PszcT/vF6G0ZWfC5VmyBVbfBRlkmBCZveTUGjOUE4soUwLuythI6opQ9tSxZbgLZ+8SjoXda9R97z7Rq15U/RRhhM4hXPw4BKacActaAODBJ7hFd4cdF6cd+djES05xcwx/IHz+QN6V5CK</latexit>

� < 0 ?

<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

9

nxd

<latexit sha1_base64="5Ssy5LRaBdARcm0KkvAQe4Sq3ac="></latexit>

=
1

n
kX̃✓ � Ỹ k2 + �k✓k2



Regularizing linear regression
• Linear regression with square penalty: ridge regression

<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2

• Special case: ridge regression with no offset

• Min at:
<latexit sha1_base64="Bougis4TxXTlja7CjziP2bO70VE=">AAACGHicbZA9SwNBEIb3/DZ+RS1tFoOgTbiTgDaCaCNWEYwRkhDmNpNkcW/v2J0Tw3H/wsa/YmOhILbp/DduPgq/BhYe3neG2XnDRElLvv/pzczOzS8sLi0XVlbX1jeKm1s3Nk6NwJqIVWxuQ7CopMYaSVJ4mxiEKFRYD+/OR379Ho2Vsb6mQYKtCHpadqUAclK7WG5qCBW0syb1kSDnlyPEBzJRZmSnh3m+P7EO+An328WSX/bHxf9CMIUSm1a1XRw2O7FII9QkFFjbCPyEWhkYkkJhXmimFhMQd9DDhkMNEdpWNr4r53tO6fBubNzTxMfq94kMImsHUeg6I6C+/e2NxP+8Rkrd41YmdZISajFZ1E0Vp5iPQuIdaVCQGjgAYaT7Kxd9MCDIRVlwIQS/T/4L9cNyUCkHwVWldHo2zWOJ7bBdts8CdsRO2QWrshoT7JE9s1f25j15L9679zFpnfGmM9vsR3nDL7zgoAc=</latexit>

r✓Jridge(✓) = 0
<latexit sha1_base64="zYWLDu0ZPqhopa8HNQ5Xo7JO7v8="></latexit>

) ✓ = (X̃>X̃ + n�I)�1X̃>Ỹ

<latexit sha1_base64="PEbKooUAN6Rq9TNSOp7SHN32HXo="></latexit>

Jridge(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ ) + �k✓k2

What 
happens if             

  

<latexit sha1_base64="n4m5OtKnu/rohBBhntoV4ahYDdo=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5JIQQ8eil48VrC20Iay2WzapZtN2H0RSujP8OJBQbz6Z7z5b9y2OWjrwMIwM499b4JUCoOu++2U1tY3NrfK25Wd3b39g+rh0aNJMs14myUy0d2AGi6F4m0UKHk31ZzGgeSdYHw78ztPXBuRqAecpNyP6VCJSDCKVur1pY2GlFwTd1CtuXV3DrJKvILUoEBrUP3qhwnLYq6QSWpMz3NT9HOqUTDJp5V+ZnhK2ZgOec9SRWNu/Hy+8pScWSUkUaLtU0jm6u+JnMbGTOLAJmOKI7PszcT/vF6G0ZWfC5VmyBVbfBRlkmBCZveTUGjOUE4soUwLuythI6opQ9tSxZbgLZ+8SjoXda9R97z7Rq15U/RRhhM4hXPw4BKacActaAODBJ7hFd4cdF6cd+djES05xcwx/IHz+QN6V5CK</latexit>

� < 0 ?

<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

9

dxn,nxd

<latexit sha1_base64="5Ssy5LRaBdARcm0KkvAQe4Sq3ac="></latexit>

=
1

n
kX̃✓ � Ỹ k2 + �k✓k2



Regularizing linear regression
• Linear regression with square penalty: ridge regression

<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2

• Special case: ridge regression with no offset

• Min at:
<latexit sha1_base64="Bougis4TxXTlja7CjziP2bO70VE=">AAACGHicbZA9SwNBEIb3/DZ+RS1tFoOgTbiTgDaCaCNWEYwRkhDmNpNkcW/v2J0Tw3H/wsa/YmOhILbp/DduPgq/BhYe3neG2XnDRElLvv/pzczOzS8sLi0XVlbX1jeKm1s3Nk6NwJqIVWxuQ7CopMYaSVJ4mxiEKFRYD+/OR379Ho2Vsb6mQYKtCHpadqUAclK7WG5qCBW0syb1kSDnlyPEBzJRZmSnh3m+P7EO+An328WSX/bHxf9CMIUSm1a1XRw2O7FII9QkFFjbCPyEWhkYkkJhXmimFhMQd9DDhkMNEdpWNr4r53tO6fBubNzTxMfq94kMImsHUeg6I6C+/e2NxP+8Rkrd41YmdZISajFZ1E0Vp5iPQuIdaVCQGjgAYaT7Kxd9MCDIRVlwIQS/T/4L9cNyUCkHwVWldHo2zWOJ7bBdts8CdsRO2QWrshoT7JE9s1f25j15L9679zFpnfGmM9vsR3nDL7zgoAc=</latexit>

r✓Jridge(✓) = 0
<latexit sha1_base64="zYWLDu0ZPqhopa8HNQ5Xo7JO7v8="></latexit>

) ✓ = (X̃>X̃ + n�I)�1X̃>Ỹ

<latexit sha1_base64="PEbKooUAN6Rq9TNSOp7SHN32HXo="></latexit>

Jridge(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ ) + �k✓k2

What 
happens if             

  

<latexit sha1_base64="n4m5OtKnu/rohBBhntoV4ahYDdo=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5JIQQ8eil48VrC20Iay2WzapZtN2H0RSujP8OJBQbz6Z7z5b9y2OWjrwMIwM499b4JUCoOu++2U1tY3NrfK25Wd3b39g+rh0aNJMs14myUy0d2AGi6F4m0UKHk31ZzGgeSdYHw78ztPXBuRqAecpNyP6VCJSDCKVur1pY2GlFwTd1CtuXV3DrJKvILUoEBrUP3qhwnLYq6QSWpMz3NT9HOqUTDJp5V+ZnhK2ZgOec9SRWNu/Hy+8pScWSUkUaLtU0jm6u+JnMbGTOLAJmOKI7PszcT/vF6G0ZWfC5VmyBVbfBRlkmBCZveTUGjOUE4soUwLuythI6opQ9tSxZbgLZ+8SjoXda9R97z7Rq15U/RRhhM4hXPw4BKacActaAODBJ7hFd4cdF6cd+djES05xcwx/IHz+QN6V5CK</latexit>

� < 0 ?

<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

9

dxddxn,nxd

<latexit sha1_base64="5Ssy5LRaBdARcm0KkvAQe4Sq3ac="></latexit>

=
1

n
kX̃✓ � Ỹ k2 + �k✓k2



Regularizing linear regression
• Linear regression with square penalty: ridge regression

<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2

• Special case: ridge regression with no offset

• Min at:
<latexit sha1_base64="Bougis4TxXTlja7CjziP2bO70VE=">AAACGHicbZA9SwNBEIb3/DZ+RS1tFoOgTbiTgDaCaCNWEYwRkhDmNpNkcW/v2J0Tw3H/wsa/YmOhILbp/DduPgq/BhYe3neG2XnDRElLvv/pzczOzS8sLi0XVlbX1jeKm1s3Nk6NwJqIVWxuQ7CopMYaSVJ4mxiEKFRYD+/OR379Ho2Vsb6mQYKtCHpadqUAclK7WG5qCBW0syb1kSDnlyPEBzJRZmSnh3m+P7EO+An328WSX/bHxf9CMIUSm1a1XRw2O7FII9QkFFjbCPyEWhkYkkJhXmimFhMQd9DDhkMNEdpWNr4r53tO6fBubNzTxMfq94kMImsHUeg6I6C+/e2NxP+8Rkrd41YmdZISajFZ1E0Vp5iPQuIdaVCQGjgAYaT7Kxd9MCDIRVlwIQS/T/4L9cNyUCkHwVWldHo2zWOJ7bBdts8CdsRO2QWrshoT7JE9s1f25j15L9679zFpnfGmM9vsR3nDL7zgoAc=</latexit>

r✓Jridge(✓) = 0
<latexit sha1_base64="zYWLDu0ZPqhopa8HNQ5Xo7JO7v8="></latexit>

) ✓ = (X̃>X̃ + n�I)�1X̃>Ỹ

<latexit sha1_base64="PEbKooUAN6Rq9TNSOp7SHN32HXo="></latexit>

Jridge(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ ) + �k✓k2

What 
happens if             

  

<latexit sha1_base64="n4m5OtKnu/rohBBhntoV4ahYDdo=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5JIQQ8eil48VrC20Iay2WzapZtN2H0RSujP8OJBQbz6Z7z5b9y2OWjrwMIwM499b4JUCoOu++2U1tY3NrfK25Wd3b39g+rh0aNJMs14myUy0d2AGi6F4m0UKHk31ZzGgeSdYHw78ztPXBuRqAecpNyP6VCJSDCKVur1pY2GlFwTd1CtuXV3DrJKvILUoEBrUP3qhwnLYq6QSWpMz3NT9HOqUTDJp5V+ZnhK2ZgOec9SRWNu/Hy+8pScWSUkUaLtU0jm6u+JnMbGTOLAJmOKI7PszcT/vF6G0ZWfC5VmyBVbfBRlkmBCZveTUGjOUE4soUwLuythI6opQ9tSxZbgLZ+8SjoXda9R97z7Rq15U/RRhhM4hXPw4BKacActaAODBJ7hFd4cdF6cd+djES05xcwx/IHz+QN6V5CK</latexit>

� < 0 ?

<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

9

dxddxn,nxd

<latexit sha1_base64="5Ssy5LRaBdARcm0KkvAQe4Sq3ac="></latexit>

=
1

n
kX̃✓ � Ỹ k2 + �k✓k2



Regularizing linear regression
• Linear regression with square penalty: ridge regression

<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2

• Special case: ridge regression with no offset

• Min at:
<latexit sha1_base64="Bougis4TxXTlja7CjziP2bO70VE=">AAACGHicbZA9SwNBEIb3/DZ+RS1tFoOgTbiTgDaCaCNWEYwRkhDmNpNkcW/v2J0Tw3H/wsa/YmOhILbp/DduPgq/BhYe3neG2XnDRElLvv/pzczOzS8sLi0XVlbX1jeKm1s3Nk6NwJqIVWxuQ7CopMYaSVJ4mxiEKFRYD+/OR379Ho2Vsb6mQYKtCHpadqUAclK7WG5qCBW0syb1kSDnlyPEBzJRZmSnh3m+P7EO+An328WSX/bHxf9CMIUSm1a1XRw2O7FII9QkFFjbCPyEWhkYkkJhXmimFhMQd9DDhkMNEdpWNr4r53tO6fBubNzTxMfq94kMImsHUeg6I6C+/e2NxP+8Rkrd41YmdZISajFZ1E0Vp5iPQuIdaVCQGjgAYaT7Kxd9MCDIRVlwIQS/T/4L9cNyUCkHwVWldHo2zWOJ7bBdts8CdsRO2QWrshoT7JE9s1f25j15L9679zFpnfGmM9vsR3nDL7zgoAc=</latexit>

r✓Jridge(✓) = 0

• Matrix of second derivatives:

<latexit sha1_base64="zYWLDu0ZPqhopa8HNQ5Xo7JO7v8="></latexit>

) ✓ = (X̃>X̃ + n�I)�1X̃>Ỹ
<latexit sha1_base64="BNMwa5pL1t50PAyJFr0WUF3qPNY=">AAACD3icbVDLSgMxFM3UV62vUZdugqUgCGVGCrosutFdBWsLnbFkMmkbmskMyR2hDP0CN/6KGxcK4tatO//GtB1EWw8ETs659yb3BIngGhznyyosLa+srhXXSxubW9s79u7erY5TRVmTxiJW7YBoJrhkTeAgWDtRjESBYK1geDHxW/dMaR7LGxglzI9IX/IepwSM1LUrHnARsqw9vvMgTvDPFR9j6QkzKCT4qmuXnaozBV4kbk7KKEeja396YUzTiEmggmjdcZ0E/Iwo4FSwcclLNUsIHZI+6xgqScS0n03XGeOKUULci5U5EvBU/d2RkUjrURSYyojAQM97E/E/r5NC78zPuExSYJLOHuqlAkOMJ9ngkCtGQYwMIVRx81dMB0QRCibBkgnBnV95kbROqm6t6rrXtXL9PM+jiA7QITpCLjpFdXSJGqiJKHpAT+gFvVqP1rP1Zr3PSgtW3rOP/sD6+AY6Vpv+</latexit>

X̃>X̃ + n�I

<latexit sha1_base64="PEbKooUAN6Rq9TNSOp7SHN32HXo="></latexit>

Jridge(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ ) + �k✓k2

What 
happens if             

  

<latexit sha1_base64="n4m5OtKnu/rohBBhntoV4ahYDdo=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5JIQQ8eil48VrC20Iay2WzapZtN2H0RSujP8OJBQbz6Z7z5b9y2OWjrwMIwM499b4JUCoOu++2U1tY3NrfK25Wd3b39g+rh0aNJMs14myUy0d2AGi6F4m0UKHk31ZzGgeSdYHw78ztPXBuRqAecpNyP6VCJSDCKVur1pY2GlFwTd1CtuXV3DrJKvILUoEBrUP3qhwnLYq6QSWpMz3NT9HOqUTDJp5V+ZnhK2ZgOec9SRWNu/Hy+8pScWSUkUaLtU0jm6u+JnMbGTOLAJmOKI7PszcT/vF6G0ZWfC5VmyBVbfBRlkmBCZveTUGjOUE4soUwLuythI6opQ9tSxZbgLZ+8SjoXda9R97z7Rq15U/RRhhM4hXPw4BKacActaAODBJ7hFd4cdF6cd+djES05xcwx/IHz+QN6V5CK</latexit>

� < 0 ?

(always “curves up” & invertible when          )
<latexit sha1_base64="k/AY0czyCmjpW0V7KZqea3ng8Ls=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5JIQU9S9OKxgrWFNpTNZtMu3WzC7otQQn+GFw8K4tU/481/47bNQVsHFoaZeex7E6RSGHTdb6e0tr6xuVXeruzs7u0fVA+PHk2SacbbLJGJ7gbUcCkUb6NAybup5jQOJO8E49uZ33ni2ohEPeAk5X5Mh0pEglG0Uq8vbTSk5Jq4g2rNrbtzkFXiFaQGBVqD6lc/TFgWc4VMUmN6npuin1ONgkk+rfQzw1PKxnTIe5YqGnPj5/OVp+TMKiGJEm2fQjJXf0/kNDZmEgc2GVMcmWVvJv7n9TKMrvxcqDRDrtjioyiTBBMyu5+EQnOGcmIJZVrYXQkbUU0Z2pYqtgRv+eRV0rmoe4265903as2boo8ynMApnIMHl9CEO2hBGxgk8Ayv8Oag8+K8Ox+LaMkpZo7hD5zPH31lkIw=</latexit>

� > 0

<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

9

dxddxn,nxd

<latexit sha1_base64="5Ssy5LRaBdARcm0KkvAQe4Sq3ac="></latexit>

=
1

n
kX̃✓ � Ỹ k2 + �k✓k2



Regularizing linear regression
• Linear regression with square penalty: ridge regression

<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2

• Special case: ridge regression with no offset

• Min at:
<latexit sha1_base64="Bougis4TxXTlja7CjziP2bO70VE=">AAACGHicbZA9SwNBEIb3/DZ+RS1tFoOgTbiTgDaCaCNWEYwRkhDmNpNkcW/v2J0Tw3H/wsa/YmOhILbp/DduPgq/BhYe3neG2XnDRElLvv/pzczOzS8sLi0XVlbX1jeKm1s3Nk6NwJqIVWxuQ7CopMYaSVJ4mxiEKFRYD+/OR379Ho2Vsb6mQYKtCHpadqUAclK7WG5qCBW0syb1kSDnlyPEBzJRZmSnh3m+P7EO+An328WSX/bHxf9CMIUSm1a1XRw2O7FII9QkFFjbCPyEWhkYkkJhXmimFhMQd9DDhkMNEdpWNr4r53tO6fBubNzTxMfq94kMImsHUeg6I6C+/e2NxP+8Rkrd41YmdZISajFZ1E0Vp5iPQuIdaVCQGjgAYaT7Kxd9MCDIRVlwIQS/T/4L9cNyUCkHwVWldHo2zWOJ7bBdts8CdsRO2QWrshoT7JE9s1f25j15L9679zFpnfGmM9vsR3nDL7zgoAc=</latexit>

r✓Jridge(✓) = 0

• Matrix of second derivatives:

<latexit sha1_base64="zYWLDu0ZPqhopa8HNQ5Xo7JO7v8="></latexit>

) ✓ = (X̃>X̃ + n�I)�1X̃>Ỹ
<latexit sha1_base64="BNMwa5pL1t50PAyJFr0WUF3qPNY=">AAACD3icbVDLSgMxFM3UV62vUZdugqUgCGVGCrosutFdBWsLnbFkMmkbmskMyR2hDP0CN/6KGxcK4tatO//GtB1EWw8ETs659yb3BIngGhznyyosLa+srhXXSxubW9s79u7erY5TRVmTxiJW7YBoJrhkTeAgWDtRjESBYK1geDHxW/dMaR7LGxglzI9IX/IepwSM1LUrHnARsqw9vvMgTvDPFR9j6QkzKCT4qmuXnaozBV4kbk7KKEeja396YUzTiEmggmjdcZ0E/Iwo4FSwcclLNUsIHZI+6xgqScS0n03XGeOKUULci5U5EvBU/d2RkUjrURSYyojAQM97E/E/r5NC78zPuExSYJLOHuqlAkOMJ9ngkCtGQYwMIVRx81dMB0QRCibBkgnBnV95kbROqm6t6rrXtXL9PM+jiA7QITpCLjpFdXSJGqiJKHpAT+gFvVqP1rP1Zr3PSgtW3rOP/sD6+AY6Vpv+</latexit>

X̃>X̃ + n�I

<latexit sha1_base64="PEbKooUAN6Rq9TNSOp7SHN32HXo="></latexit>

Jridge(✓) =
1

n
(X̃✓ � Ỹ )>(X̃✓ � Ỹ ) + �k✓k2

What 
happens if             

  

<latexit sha1_base64="n4m5OtKnu/rohBBhntoV4ahYDdo=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5JIQQ8eil48VrC20Iay2WzapZtN2H0RSujP8OJBQbz6Z7z5b9y2OWjrwMIwM499b4JUCoOu++2U1tY3NrfK25Wd3b39g+rh0aNJMs14myUy0d2AGi6F4m0UKHk31ZzGgeSdYHw78ztPXBuRqAecpNyP6VCJSDCKVur1pY2GlFwTd1CtuXV3DrJKvILUoEBrUP3qhwnLYq6QSWpMz3NT9HOqUTDJp5V+ZnhK2ZgOec9SRWNu/Hy+8pScWSUkUaLtU0jm6u+JnMbGTOLAJmOKI7PszcT/vF6G0ZWfC5VmyBVbfBRlkmBCZveTUGjOUE4soUwLuythI6opQ9tSxZbgLZ+8SjoXda9R97z7Rq15U/RRhhM4hXPw4BKacActaAODBJ7hFd4cdF6cd+djES05xcwx/IHz+QN6V5CK</latexit>

� < 0 ?

• Can also solve for minimizing parameters in case with 
offset; just a bit more math

<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

9

dxn,nxd dxd

(always “curves up” & invertible when          )
<latexit sha1_base64="k/AY0czyCmjpW0V7KZqea3ng8Ls=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5JIQU9S9OKxgrWFNpTNZtMu3WzC7otQQn+GFw8K4tU/481/47bNQVsHFoaZeex7E6RSGHTdb6e0tr6xuVXeruzs7u0fVA+PHk2SacbbLJGJ7gbUcCkUb6NAybup5jQOJO8E49uZ33ni2ohEPeAk5X5Mh0pEglG0Uq8vbTSk5Jq4g2rNrbtzkFXiFaQGBVqD6lc/TFgWc4VMUmN6npuin1ONgkk+rfQzw1PKxnTIe5YqGnPj5/OVp+TMKiGJEm2fQjJXf0/kNDZmEgc2GVMcmWVvJv7n9TKMrvxcqDRDrtjioyiTBBMyu5+EQnOGcmIJZVrYXQkbUU0Z2pYqtgRv+eRV0rmoe4265903as2boo8ynMApnIMHl9CEO2hBGxgk8Ayv8Oag8+K8Ox+LaMkpZo7hD5zPH31lkIw=</latexit>

� > 0

<latexit sha1_base64="5Ssy5LRaBdARcm0KkvAQe4Sq3ac="></latexit>

=
1

n
kX̃✓ � Ỹ k2 + �k✓k2



• Linear regression with square penalty: ridge regression
<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2
<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

10



Some notes on features
• Linear regression with square penalty: ridge regression

<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2
<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

10



Some notes on features

• Assumption: features on same scale (cf. standardization)

• Linear regression with square penalty: ridge regression
<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2
<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)
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Some notes on features

• Assumption: features on same scale (cf. standardization) 
• Featurization still matters! (ridge or “ordinary” regression)

• Linear regression with square penalty: ridge regression
<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2
<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)
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Some notes on features

• Assumption: features on same scale (cf. standardization) 
• Featurization still matters! (ridge or “ordinary” regression)

• Linear regression with square penalty: ridge regression
<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2
<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

10 [https://www.nytimes.com/2020/06/07/world/americas/bolivia-election-evo-morales.html/]



Some notes on features

• Assumption: features on same scale (cf. standardization) 
• Featurization still matters! (ridge or “ordinary” regression)

• Linear regression with square penalty: ridge regression
<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2
<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

10 [https://cepr.net/press-release/major-coding-error-reveals-another-fatal-flaw-in-oas-analysis-of-bolivias-2019-elections/]



Some notes on features

• Assumption: features on same scale (cf. standardization) 
• Featurization still matters! (ridge or “ordinary” regression)

“time stamps were sorted 
alphanumerically, instead of 
chronologically”

• Linear regression with square penalty: ridge regression
<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2
<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

10 [https://cepr.net/press-release/major-coding-error-reveals-another-fatal-flaw-in-oas-analysis-of-bolivias-2019-elections/]



Some notes on features

• Assumption: features on same scale (cf. standardization) 
• Featurization still matters! (ridge or “ordinary” regression)

“time stamps were sorted 
alphanumerically, instead of 
chronologically”

• Linear regression with square penalty: ridge regression
<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2
<latexit sha1_base64="Adxizv+3FX3Ov2SRNdwLpmVCamM=">AAAB9XicbVBNSwMxFHxbv2r9qnr0EixCvZSNFPQkRS8eK1hbaJeSzWbb0Gx2TbKFsvR3ePGgIF79L978N6btHrR1IDDMzOO9jJ8Iro3rfjuFtfWNza3idmlnd2//oHx49KjjVFHWorGIVccnmgkuWctwI1gnUYxEvmBtf3Q789tjpjSP5YOZJMyLyEDykFNirORVe8JmA4KukXveL1fcmjsHWiU4JxXI0eyXv3pBTNOISUMF0bqL3cR4GVGGU8GmpV6qWULoiAxY11JJIqa9bH70FJ1ZJUBhrOyTBs3V3xMZibSeRL5NRsQM9bI3E//zuqkJr7yMyyQ1TNLFojAVyMRo1gAKuGLUiIklhCpub0V0SBShxvZUsiXg5S+vkvZFDddrGN/XK42bvI8inMApVAHDJTTgDprQAgpP8Ayv8OaMnRfn3flYRAtOPnMMf+B8/gBHyJDx</latexit>

(� > 0)

10 [https://cepr.net/press-release/major-coding-error-reveals-another-fatal-flaw-in-oas-analysis-of-bolivias-2019-elections/]

• Can never take a 
data set blindly



Some notes on features

• Assumption: features on same scale (cf. standardization) 
• Featurization still matters! (ridge or “ordinary” regression)

“time stamps were sorted 
alphanumerically, instead of 
chronologically”

• Linear regression with square penalty: ridge regression
<latexit sha1_base64="gB1dSLOQ88Y/ebTgCfDct+nlvv4="></latexit>

Jridge(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2 + �k✓k2
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(� > 0)

10 [https://cepr.net/press-release/major-coding-error-reveals-another-fatal-flaw-in-oas-analysis-of-bolivias-2019-elections/]

• Can never take a 
data set blindly 

• Share code/data
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Optimizing linear regression
• Gradient descent
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<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)



Optimizing linear regression
• Gradient descent
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<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)
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<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)
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<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)
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<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)
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<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)
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<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)
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<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)



Optimizing linear regression
• Gradient descent vs. analytical/closed-form/direct solution

• Accuracy doesn’t mean anything without running time

11

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)



Optimizing linear regression
• Gradient descent vs. analytical/closed-form/direct solution

• Accuracy doesn’t mean anything without running time 
• Running time doesn’t mean anything without accuracy

11

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)



Optimizing linear regression
• Gradient descent vs. analytical/closed-form/direct solution

• Accuracy doesn’t mean anything without running time 
• Running time doesn’t mean anything without accuracy 
• Need to measure accuracy for the running time we have

11

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)



Optimizing linear regression
• Gradient descent vs. analytical/closed-form/direct solution

• Accuracy doesn’t mean anything without running time 
• Running time doesn’t mean anything without accuracy 
• Need to measure accuracy for the running time we have

<latexit sha1_base64="zYWLDu0ZPqhopa8HNQ5Xo7JO7v8="></latexit>

) ✓ = (X̃>X̃ + n�I)�1X̃>Ỹ

11

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)



Optimizing linear regression
• Gradient descent vs. analytical/closed-form/direct solution

• Accuracy doesn’t mean anything without running time 
• Running time doesn’t mean anything without accuracy 
• Need to measure accuracy for the running time we have

<latexit sha1_base64="zYWLDu0ZPqhopa8HNQ5Xo7JO7v8="></latexit>

) ✓ = (X̃>X̃ + n�I)�1X̃>Ỹ

dxd
11

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)



Optimizing linear regression
• Gradient descent vs. analytical/closed-form/direct solution

• Accuracy doesn’t mean anything without running time 
• Running time doesn’t mean anything without accuracy 
• Need to measure accuracy for the running time we have

<latexit sha1_base64="zYWLDu0ZPqhopa8HNQ5Xo7JO7v8="></latexit>

) ✓ = (X̃>X̃ + n�I)�1X̃>Ỹ

dxd
Matrix inversion: O(d3)11

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)

<latexit sha1_base64="VzJ8lAo+1sPnCLvqlHPyXyfGlzg=">AAAB8HicbVA9SwNBEN2LXzF+RS1tFoNgFW4loGXQxjKCMYHkCHubuWTJ3t65OyeEkD9hY6Egtv4cO/+Nm+QKTXww8Hhvhpl5YaqkRd//9gpr6xubW8Xt0s7u3v5B+fDowSaZEdAUiUpMO+QWlNTQRIkK2qkBHocKWuHoZua3nsBYmeh7HKcQxHygZSQFRye1uzgE5D3WK1f8qj8HXSUsJxWSo9Erf3X7ichi0CgUt7bD/BSDCTcohYJpqZtZSLkY8QF0HNU8BhtM5vdO6ZlT+jRKjCuNdK7+npjw2NpxHLrOmOPQLnsz8T+vk2F0FUykTjMELRaLokxRTOjsedqXBgSqsSNcGOlupWLIDRfoIiq5ENjyy6ukdVFltSpjd7VK/TrPo0hOyCk5J4xckjq5JQ3SJIIo8kxeyZv36L14797HorXg5TPH5A+8zx9mGJAF</latexit>

✓1

<latexit sha1_base64="ANcUSZTLHtISqhxp8BWXI08pZsE=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8laQU9Fj04rGCtYU2lM120i7dbOLuRCilf8KLBwXx6s/x5r9x2+agrQ8GHu/NMDMvTKUw5Hnfztr6xubWdmGnuLu3f3BYOjp+MEmmOTZ5IhPdDplBKRQ2SZDEdqqRxaHEVji6mfmtJ9RGJOqexikGMRsoEQnOyErtLg2RWK/aK5W9ijeHu0r8nJQhR6NX+ur2E57FqIhLZkzH91IKJkyT4BKnxW5mMGV8xAbYsVSxGE0wmd87dc+t0nejRNtS5M7V3xMTFhszjkPbGTMammVvJv7ndTKKroKJUGlGqPhiUZRJlxJ39rzbFxo5ybEljGthb3X5kGnGyUZUtCH4yy+vkla14tcqvn9XK9ev8zwKcApncAE+XEIdbqEBTeAg4Rle4c15dF6cd+dj0brm5DMn8AfO5w9nnZAG</latexit>

✓2

<latexit sha1_base64="FKq/VYaItQ1uZf48v1hVtDvdCmE=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0mkoMeiF/FUwdpKG8pmu2mXbjZhdyKU0F/hxYOCePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cPpg41Yw3WSxj3Q6o4VIo3kSBkrcTzWkUSN4KRtdTv/XEtRGxusdxwv2IDpQIBaNopcfbSheHHOlZr1R2q+4MZJl4OSlDjkav9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9nBE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZfk/6QnOGcmwJZVrYWwkbUk0Z2oyKNgRv8eVl0jqverWq593VyvWrPI8CHMMJVMCDC6jDDTSgCQwieIZXeHO08+K8Ox/z1hUnnzmCP3A+fwCcWZAa</latexit>

J(✓)



Gradient descent for linear regression

12



Gradient descent for linear regression

12

LinearRegression-Gradient-Descent(            )
<latexit sha1_base64="wHpnE8IryKWdboWv/WwoijydgYA=">AAACInicbVBNS0JBFJ3Xp9mX1bLNkAQtRN4LIZdSm5YGmoJPHvPGqw7O+2Dmvkge/pU2/ZU2LQqqVdCPadQXlHZg4HDOvdw5x4+l0Gjbn9bK6tr6xmZuK7+9s7u3Xzg4vNVRojg0eSQj1faZBilCaKJACe1YAQt8CS1/dDX1W3egtIjCBo5j6AZsEIq+4AyN5BWqLg4BmZe6CPeoglSEAieT0o9slxYM6hq9RBteoWiX7RnoMnEyUiQZ6l7h3e1FPAkgRC6Z1h3HjrGbMoWCS5jk3URDzPiIDaBjaMgC0N10lnBCT43So/1ImRcinam/N1IWaD0OfDMZMBzqRW8q/ud1EuxXuyZbnCCEfH6on0iKEZ3WRXtCAUc5NoRxJcxfKR8yxTiaUvOmBGcx8jJpnZedStlxbirF2mXWR44ckxNyRhxyQWrkmtRJk3DyQJ7IC3m1Hq1n6836mI+uWNnOEfkD6+sbECilCA==</latexit>

✓init, ✓0,init, ⌘, T



Gradient descent for linear regression

12

LinearRegression-Gradient-Descent(            )
Exactly gradient descent 

with f given by linear 
regression objective

<latexit sha1_base64="wHpnE8IryKWdboWv/WwoijydgYA=">AAACInicbVBNS0JBFJ3Xp9mX1bLNkAQtRN4LIZdSm5YGmoJPHvPGqw7O+2Dmvkge/pU2/ZU2LQqqVdCPadQXlHZg4HDOvdw5x4+l0Gjbn9bK6tr6xmZuK7+9s7u3Xzg4vNVRojg0eSQj1faZBilCaKJACe1YAQt8CS1/dDX1W3egtIjCBo5j6AZsEIq+4AyN5BWqLg4BmZe6CPeoglSEAieT0o9slxYM6hq9RBteoWiX7RnoMnEyUiQZ6l7h3e1FPAkgRC6Z1h3HjrGbMoWCS5jk3URDzPiIDaBjaMgC0N10lnBCT43So/1ImRcinam/N1IWaD0OfDMZMBzqRW8q/ud1EuxXuyZbnCCEfH6on0iKEZ3WRXtCAUc5NoRxJcxfKR8yxTiaUvOmBGcx8jJpnZedStlxbirF2mXWR44ckxNyRhxyQWrkmtRJk3DyQJ7IC3m1Hq1n6836mI+uWNnOEfkD6+sbECilCA==</latexit>

✓init, ✓0,init, ⌘, T



Gradient descent for linear regression

12

LinearRegression-Gradient-Descent(            ) 
Initialize  
Initialize

✓(0) = ✓init

<latexit sha1_base64="HFE3tRSnorZd6wBs4iusT8Y0I/w=">AAACDnicbVC7SgNBFJ31GeNr1dJmMARiE3YloBZC0MYygnlAEsPs5CYZMvtg5q4Ylv0CG3/FxkIRW2s7/8bJo9DEAwNnzrmXmXO8SAqNjvNtLS2vrK6tZzaym1vbO7v23n5Nh7HiUOWhDFXDYxqkCKCKAiU0IgXM9yTUveHV2K/fg9IiDG5xFEHbZ/1A9ARnaKSOnW/hAJDdJQXnOKUXdHrtJC2EB1R+IgKBadqxc07RmYAuEndGcmSGSsf+anVDHvsQIJdM66brRNhOmELBJaTZVqwhYnzI+tA0NGA+6HYyiZPSvFG6tBcqcwKkE/X3RsJ8rUe+ZyZ9hgM9743F/7xmjL2ztokUxQgBnz7UiyXFkI67oV2hgKMcGcK4EuavlA+YYhxNg1lTgjsfeZHUTopuqXh+U8qVL2d1ZMghOSIF4pJTUibXpEKqhJNH8kxeyZv1ZL1Y79bHdHTJmu0ckD+wPn8AZwecZA==</latexit>

✓(0)0 = ✓0,init

<latexit sha1_base64="95mHlZgBxsFBaZrVMFdovCnbBLY=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAgGJOxKQC2EoI1lBPOAJC6zk5tkcPbBzF0xLPsNNv6KjYUitlZ2/o2TR6HGAwOHc+7lzjl+LIVGx/my5uYXFpeWcyv51bX1jU17a7uuo0RxqPFIRqrpMw1ShFBDgRKasQIW+BIa/u3FyG/cgdIiCq9xGEMnYP1Q9ARnaCTPLrZxAMhu0gOnmHkOPaMTwUudwzbCPaogFaHALPPsglNyxqCzxJ2SApmi6tmf7W7EkwBC5JJp3XKdGDspUyi4hCzfTjTEjN+yPrQMDVkAupOOI2V03yhd2ouUeSHSsfpzI2WB1sPAN5MBw4H+643E/7xWgr2TjokUJwghnxzqJZJiREf90K5QwFEODWFcCfNXygdMMY6mxbwpwf0beZbUj0puuXR6VS5Uzqd15Mgu2SMHxCXHpEIuSZXUCCcP5Im8kFfr0Xq23qz3yeicNd3ZIb9gfXwDjeuddw==</latexit>

Exactly gradient descent 
with f given by linear 
regression objective

<latexit sha1_base64="wHpnE8IryKWdboWv/WwoijydgYA=">AAACInicbVBNS0JBFJ3Xp9mX1bLNkAQtRN4LIZdSm5YGmoJPHvPGqw7O+2Dmvkge/pU2/ZU2LQqqVdCPadQXlHZg4HDOvdw5x4+l0Gjbn9bK6tr6xmZuK7+9s7u3Xzg4vNVRojg0eSQj1faZBilCaKJACe1YAQt8CS1/dDX1W3egtIjCBo5j6AZsEIq+4AyN5BWqLg4BmZe6CPeoglSEAieT0o9slxYM6hq9RBteoWiX7RnoMnEyUiQZ6l7h3e1FPAkgRC6Z1h3HjrGbMoWCS5jk3URDzPiIDaBjaMgC0N10lnBCT43So/1ImRcinam/N1IWaD0OfDMZMBzqRW8q/ud1EuxXuyZbnCCEfH6on0iKEZ3WRXtCAUc5NoRxJcxfKR8yxTiaUvOmBGcx8jJpnZedStlxbirF2mXWR44ckxNyRhxyQWrkmtRJk3DyQJ7IC3m1Hq1n6836mI+uWNnOEfkD6+sbECilCA==</latexit>

✓init, ✓0,init, ⌘, T



Gradient descent for linear regression

12

LinearRegression-Gradient-Descent(            ) 
Initialize  
Initialize 
for t = 1 to T

✓(0) = ✓init

<latexit sha1_base64="HFE3tRSnorZd6wBs4iusT8Y0I/w=">AAACDnicbVC7SgNBFJ31GeNr1dJmMARiE3YloBZC0MYygnlAEsPs5CYZMvtg5q4Ylv0CG3/FxkIRW2s7/8bJo9DEAwNnzrmXmXO8SAqNjvNtLS2vrK6tZzaym1vbO7v23n5Nh7HiUOWhDFXDYxqkCKCKAiU0IgXM9yTUveHV2K/fg9IiDG5xFEHbZ/1A9ARnaKSOnW/hAJDdJQXnOKUXdHrtJC2EB1R+IgKBadqxc07RmYAuEndGcmSGSsf+anVDHvsQIJdM66brRNhOmELBJaTZVqwhYnzI+tA0NGA+6HYyiZPSvFG6tBcqcwKkE/X3RsJ8rUe+ZyZ9hgM9743F/7xmjL2ztokUxQgBnz7UiyXFkI67oV2hgKMcGcK4EuavlA+YYhxNg1lTgjsfeZHUTopuqXh+U8qVL2d1ZMghOSIF4pJTUibXpEKqhJNH8kxeyZv1ZL1Y79bHdHTJmu0ckD+wPn8AZwecZA==</latexit>

✓(0)0 = ✓0,init

<latexit sha1_base64="95mHlZgBxsFBaZrVMFdovCnbBLY=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAgGJOxKQC2EoI1lBPOAJC6zk5tkcPbBzF0xLPsNNv6KjYUitlZ2/o2TR6HGAwOHc+7lzjl+LIVGx/my5uYXFpeWcyv51bX1jU17a7uuo0RxqPFIRqrpMw1ShFBDgRKasQIW+BIa/u3FyG/cgdIiCq9xGEMnYP1Q9ARnaCTPLrZxAMhu0gOnmHkOPaMTwUudwzbCPaogFaHALPPsglNyxqCzxJ2SApmi6tmf7W7EkwBC5JJp3XKdGDspUyi4hCzfTjTEjN+yPrQMDVkAupOOI2V03yhd2ouUeSHSsfpzI2WB1sPAN5MBw4H+643E/7xWgr2TjokUJwghnxzqJZJiREf90K5QwFEODWFcCfNXygdMMY6mxbwpwf0beZbUj0puuXR6VS5Uzqd15Mgu2SMHxCXHpEIuSZXUCCcP5Im8kFfr0Xq23qz3yeicNd3ZIb9gfXwDjeuddw==</latexit>

Exactly gradient descent 
with f given by linear 
regression objective

<latexit sha1_base64="wHpnE8IryKWdboWv/WwoijydgYA=">AAACInicbVBNS0JBFJ3Xp9mX1bLNkAQtRN4LIZdSm5YGmoJPHvPGqw7O+2Dmvkge/pU2/ZU2LQqqVdCPadQXlHZg4HDOvdw5x4+l0Gjbn9bK6tr6xmZuK7+9s7u3Xzg4vNVRojg0eSQj1faZBilCaKJACe1YAQt8CS1/dDX1W3egtIjCBo5j6AZsEIq+4AyN5BWqLg4BmZe6CPeoglSEAieT0o9slxYM6hq9RBteoWiX7RnoMnEyUiQZ6l7h3e1FPAkgRC6Z1h3HjrGbMoWCS5jk3URDzPiIDaBjaMgC0N10lnBCT43So/1ImRcinam/N1IWaD0OfDMZMBzqRW8q/ud1EuxXuyZbnCCEfH6on0iKEZ3WRXtCAUc5NoRxJcxfKR8yxTiaUvOmBGcx8jJpnZedStlxbirF2mXWR44ckxNyRhxyQWrkmtRJk3DyQJ7IC3m1Hq1n6836mI+uWNnOEfkD6+sbECilCA==</latexit>

✓init, ✓0,init, ⌘, T



Gradient descent for linear regression

12

LinearRegression-Gradient-Descent(            ) 
Initialize  
Initialize 
for t = 1 to T

✓(0) = ✓init

<latexit sha1_base64="HFE3tRSnorZd6wBs4iusT8Y0I/w=">AAACDnicbVC7SgNBFJ31GeNr1dJmMARiE3YloBZC0MYygnlAEsPs5CYZMvtg5q4Ylv0CG3/FxkIRW2s7/8bJo9DEAwNnzrmXmXO8SAqNjvNtLS2vrK6tZzaym1vbO7v23n5Nh7HiUOWhDFXDYxqkCKCKAiU0IgXM9yTUveHV2K/fg9IiDG5xFEHbZ/1A9ARnaKSOnW/hAJDdJQXnOKUXdHrtJC2EB1R+IgKBadqxc07RmYAuEndGcmSGSsf+anVDHvsQIJdM66brRNhOmELBJaTZVqwhYnzI+tA0NGA+6HYyiZPSvFG6tBcqcwKkE/X3RsJ8rUe+ZyZ9hgM9743F/7xmjL2ztokUxQgBnz7UiyXFkI67oV2hgKMcGcK4EuavlA+YYhxNg1lTgjsfeZHUTopuqXh+U8qVL2d1ZMghOSIF4pJTUibXpEKqhJNH8kxeyZv1ZL1Y79bHdHTJmu0ckD+wPn8AZwecZA==</latexit>

✓(0)0 = ✓0,init

<latexit sha1_base64="95mHlZgBxsFBaZrVMFdovCnbBLY=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAgGJOxKQC2EoI1lBPOAJC6zk5tkcPbBzF0xLPsNNv6KjYUitlZ2/o2TR6HGAwOHc+7lzjl+LIVGx/my5uYXFpeWcyv51bX1jU17a7uuo0RxqPFIRqrpMw1ShFBDgRKasQIW+BIa/u3FyG/cgdIiCq9xGEMnYP1Q9ARnaCTPLrZxAMhu0gOnmHkOPaMTwUudwzbCPaogFaHALPPsglNyxqCzxJ2SApmi6tmf7W7EkwBC5JJp3XKdGDspUyi4hCzfTjTEjN+yPrQMDVkAupOOI2V03yhd2ouUeSHSsfpzI2WB1sPAN5MBw4H+643E/7xWgr2TjokUJwghnxzqJZJiREf90K5QwFEODWFcCfNXygdMMY6mxbwpwf0beZbUj0puuXR6VS5Uzqd15Mgu2SMHxCXHpEIuSZXUCCcP5Im8kFfr0Xq23qz3yeicNd3ZIb9gfXwDjeuddw==</latexit>

Exactly gradient descent 
with f given by linear 
regression objective

<latexit sha1_base64="jZFRSKtVOh6Cv3oruiedL6GLLwo=">AAACDHicbVDLSgMxFM3UV62vUZduQotQEcukFHRZdOOygrWFTi2ZNNOGZh4kd4QydO/GX3HjQkHc+gHu/BvTdhbaeiBwOOcebu7xYik0OM63lVtZXVvfyG8WtrZ3dvfs/YM7HSWK8SaLZKTaHtVcipA3QYDk7VhxGniSt7zR1dRvPXClRRTewjjm3YAOQuELRsFIPbt4iqvYlSbQp9iFIQd6n5bhjJxMsOuJwcCd9OySU3FmwMuEZKSEMjR69pfbj1gS8BCYpFp3iBNDN6UKBJN8UnATzWPKRnTAO4aGNOC6m85umeBjo/SxHynzQsAz9XcipYHW48AzkwGFoV70puJ/XicB/6KbijBOgIdsvshPJIYIT4vBfaE4Azk2hDIlzF8xG1JFGZj6CqYEsnjyMmlVK6RWIeSmVqpfZn3k0REqojIi6BzV0TVqoCZi6BE9o1f0Zj1ZL9a79TEfzVlZ5hD9gfX5A+yImYs=</latexit>

+2�✓(t�1)

�
<latexit sha1_base64="am2xu6RFAyRAJr6dRIyp623RiJk="></latexit>

✓(t) = ✓(t�1) � ⌘

⇢
2

n

nX

i=1

⇥
✓(t�1)>x(i) + ✓(t�1)

0 � y(i)
⇤
x(i)

<latexit sha1_base64="wHpnE8IryKWdboWv/WwoijydgYA=">AAACInicbVBNS0JBFJ3Xp9mX1bLNkAQtRN4LIZdSm5YGmoJPHvPGqw7O+2Dmvkge/pU2/ZU2LQqqVdCPadQXlHZg4HDOvdw5x4+l0Gjbn9bK6tr6xmZuK7+9s7u3Xzg4vNVRojg0eSQj1faZBilCaKJACe1YAQt8CS1/dDX1W3egtIjCBo5j6AZsEIq+4AyN5BWqLg4BmZe6CPeoglSEAieT0o9slxYM6hq9RBteoWiX7RnoMnEyUiQZ6l7h3e1FPAkgRC6Z1h3HjrGbMoWCS5jk3URDzPiIDaBjaMgC0N10lnBCT43So/1ImRcinam/N1IWaD0OfDMZMBzqRW8q/ud1EuxXuyZbnCCEfH6on0iKEZ3WRXtCAUc5NoRxJcxfKR8yxTiaUvOmBGcx8jJpnZedStlxbirF2mXWR44ckxNyRhxyQWrkmtRJk3DyQJ7IC3m1Hq1n6836mI+uWNnOEfkD6+sbECilCA==</latexit>

✓init, ✓0,init, ⌘, T



Gradient descent for linear regression

12

LinearRegression-Gradient-Descent(            ) 
Initialize  
Initialize 
for t = 1 to T

✓(0) = ✓init

<latexit sha1_base64="HFE3tRSnorZd6wBs4iusT8Y0I/w=">AAACDnicbVC7SgNBFJ31GeNr1dJmMARiE3YloBZC0MYygnlAEsPs5CYZMvtg5q4Ylv0CG3/FxkIRW2s7/8bJo9DEAwNnzrmXmXO8SAqNjvNtLS2vrK6tZzaym1vbO7v23n5Nh7HiUOWhDFXDYxqkCKCKAiU0IgXM9yTUveHV2K/fg9IiDG5xFEHbZ/1A9ARnaKSOnW/hAJDdJQXnOKUXdHrtJC2EB1R+IgKBadqxc07RmYAuEndGcmSGSsf+anVDHvsQIJdM66brRNhOmELBJaTZVqwhYnzI+tA0NGA+6HYyiZPSvFG6tBcqcwKkE/X3RsJ8rUe+ZyZ9hgM9743F/7xmjL2ztokUxQgBnz7UiyXFkI67oV2hgKMcGcK4EuavlA+YYhxNg1lTgjsfeZHUTopuqXh+U8qVL2d1ZMghOSIF4pJTUibXpEKqhJNH8kxeyZv1ZL1Y79bHdHTJmu0ckD+wPn8AZwecZA==</latexit>

✓(0)0 = ✓0,init

<latexit sha1_base64="95mHlZgBxsFBaZrVMFdovCnbBLY=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAgGJOxKQC2EoI1lBPOAJC6zk5tkcPbBzF0xLPsNNv6KjYUitlZ2/o2TR6HGAwOHc+7lzjl+LIVGx/my5uYXFpeWcyv51bX1jU17a7uuo0RxqPFIRqrpMw1ShFBDgRKasQIW+BIa/u3FyG/cgdIiCq9xGEMnYP1Q9ARnaCTPLrZxAMhu0gOnmHkOPaMTwUudwzbCPaogFaHALPPsglNyxqCzxJ2SApmi6tmf7W7EkwBC5JJp3XKdGDspUyi4hCzfTjTEjN+yPrQMDVkAupOOI2V03yhd2ouUeSHSsfpzI2WB1sPAN5MBw4H+643E/7xWgr2TjokUJwghnxzqJZJiREf90K5QwFEODWFcCfNXygdMMY6mxbwpwf0beZbUj0puuXR6VS5Uzqd15Mgu2SMHxCXHpEIuSZXUCCcP5Im8kFfr0Xq23qz3yeicNd3ZIb9gfXwDjeuddw==</latexit>

Exactly gradient descent 
with f given by linear 
regression objective

<latexit sha1_base64="jZFRSKtVOh6Cv3oruiedL6GLLwo=">AAACDHicbVDLSgMxFM3UV62vUZduQotQEcukFHRZdOOygrWFTi2ZNNOGZh4kd4QydO/GX3HjQkHc+gHu/BvTdhbaeiBwOOcebu7xYik0OM63lVtZXVvfyG8WtrZ3dvfs/YM7HSWK8SaLZKTaHtVcipA3QYDk7VhxGniSt7zR1dRvPXClRRTewjjm3YAOQuELRsFIPbt4iqvYlSbQp9iFIQd6n5bhjJxMsOuJwcCd9OySU3FmwMuEZKSEMjR69pfbj1gS8BCYpFp3iBNDN6UKBJN8UnATzWPKRnTAO4aGNOC6m85umeBjo/SxHynzQsAz9XcipYHW48AzkwGFoV70puJ/XicB/6KbijBOgIdsvshPJIYIT4vBfaE4Azk2hDIlzF8xG1JFGZj6CqYEsnjyMmlVK6RWIeSmVqpfZn3k0REqojIi6BzV0TVqoCZi6BE9o1f0Zj1ZL9a79TEfzVlZ5hD9gfX5A+yImYs=</latexit>

+2�✓(t�1)

�
<latexit sha1_base64="am2xu6RFAyRAJr6dRIyp623RiJk="></latexit>

✓(t) = ✓(t�1) � ⌘

⇢
2

n

nX

i=1

⇥
✓(t�1)>x(i) + ✓(t�1)

0 � y(i)
⇤
x(i)

<latexit sha1_base64="AqzIAwbqBQSJFs4H/9xgE817qBE="></latexit>

✓(t)0 = ✓(t�1)
0 � ⌘

⇢
2

n

nX

i=1

⇥
✓(t�1)>x(i) + ✓(t�1)

0 � y(i)
⇤�

<latexit sha1_base64="wHpnE8IryKWdboWv/WwoijydgYA=">AAACInicbVBNS0JBFJ3Xp9mX1bLNkAQtRN4LIZdSm5YGmoJPHvPGqw7O+2Dmvkge/pU2/ZU2LQqqVdCPadQXlHZg4HDOvdw5x4+l0Gjbn9bK6tr6xmZuK7+9s7u3Xzg4vNVRojg0eSQj1faZBilCaKJACe1YAQt8CS1/dDX1W3egtIjCBo5j6AZsEIq+4AyN5BWqLg4BmZe6CPeoglSEAieT0o9slxYM6hq9RBteoWiX7RnoMnEyUiQZ6l7h3e1FPAkgRC6Z1h3HjrGbMoWCS5jk3URDzPiIDaBjaMgC0N10lnBCT43So/1ImRcinam/N1IWaD0OfDMZMBzqRW8q/ud1EuxXuyZbnCCEfH6on0iKEZ3WRXtCAUc5NoRxJcxfKR8yxTiaUvOmBGcx8jJpnZedStlxbirF2mXWR44ckxNyRhxyQWrkmtRJk3DyQJ7IC3m1Hq1n6836mI+uWNnOEfkD6+sbECilCA==</latexit>

✓init, ✓0,init, ⌘, T



Gradient descent for linear regression

12

LinearRegression-Gradient-Descent(            ) 
Initialize  
Initialize 
for t = 1 to T 

Return 

✓(0) = ✓init

<latexit sha1_base64="HFE3tRSnorZd6wBs4iusT8Y0I/w=">AAACDnicbVC7SgNBFJ31GeNr1dJmMARiE3YloBZC0MYygnlAEsPs5CYZMvtg5q4Ylv0CG3/FxkIRW2s7/8bJo9DEAwNnzrmXmXO8SAqNjvNtLS2vrK6tZzaym1vbO7v23n5Nh7HiUOWhDFXDYxqkCKCKAiU0IgXM9yTUveHV2K/fg9IiDG5xFEHbZ/1A9ARnaKSOnW/hAJDdJQXnOKUXdHrtJC2EB1R+IgKBadqxc07RmYAuEndGcmSGSsf+anVDHvsQIJdM66brRNhOmELBJaTZVqwhYnzI+tA0NGA+6HYyiZPSvFG6tBcqcwKkE/X3RsJ8rUe+ZyZ9hgM9743F/7xmjL2ztokUxQgBnz7UiyXFkI67oV2hgKMcGcK4EuavlA+YYhxNg1lTgjsfeZHUTopuqXh+U8qVL2d1ZMghOSIF4pJTUibXpEKqhJNH8kxeyZv1ZL1Y79bHdHTJmu0ckD+wPn8AZwecZA==</latexit>

✓(0)0 = ✓0,init

<latexit sha1_base64="95mHlZgBxsFBaZrVMFdovCnbBLY=">AAACEnicbVC7SgNBFJ31GeNr1dJmMAgGJOxKQC2EoI1lBPOAJC6zk5tkcPbBzF0xLPsNNv6KjYUitlZ2/o2TR6HGAwOHc+7lzjl+LIVGx/my5uYXFpeWcyv51bX1jU17a7uuo0RxqPFIRqrpMw1ShFBDgRKasQIW+BIa/u3FyG/cgdIiCq9xGEMnYP1Q9ARnaCTPLrZxAMhu0gOnmHkOPaMTwUudwzbCPaogFaHALPPsglNyxqCzxJ2SApmi6tmf7W7EkwBC5JJp3XKdGDspUyi4hCzfTjTEjN+yPrQMDVkAupOOI2V03yhd2ouUeSHSsfpzI2WB1sPAN5MBw4H+643E/7xWgr2TjokUJwghnxzqJZJiREf90K5QwFEODWFcCfNXygdMMY6mxbwpwf0beZbUj0puuXR6VS5Uzqd15Mgu2SMHxCXHpEIuSZXUCCcP5Im8kFfr0Xq23qz3yeicNd3ZIb9gfXwDjeuddw==</latexit>

✓(t), ✓(t)0

<latexit sha1_base64="cO29BeThZiEWstIOX7GlDA+8eHI=">AAACBXicbVDLSgMxFM3UV62vUZe6CBahgpQZKai7ohuXFewD2nHIpJk2NJMZkjtCGbpx46+4caGIW//BnX9j+ljU6oELJ+fcS+49QSK4Bsf5tnJLyyura/n1wsbm1vaOvbvX0HGqKKvTWMSqFRDNBJesDhwEayWKkSgQrBkMrsd+84EpzWN5B8OEeRHpSR5ySsBIvn3YgT4Dcp+V4GR0iudfvuPbRafsTID/EndGimiGmm9/dboxTSMmgQqiddt1EvAyooBTwUaFTqpZQuiA9FjbUEkipr1scsUIHxuli8NYmZKAJ+r8REYirYdRYDojAn296I3F/7x2CuGFl3GZpMAknX4UpgJDjMeR4C5XjIIYGkKo4mZXTPtEEQomuIIJwV08+S9pnJXdSvnytlKsXs3iyKMDdIRKyEXnqIpuUA3VEUWP6Bm9ojfryXqx3q2PaWvOms3so1+wPn8AN3qXxA==</latexit>

Exactly gradient descent 
with f given by linear 
regression objective

<latexit sha1_base64="jZFRSKtVOh6Cv3oruiedL6GLLwo=">AAACDHicbVDLSgMxFM3UV62vUZduQotQEcukFHRZdOOygrWFTi2ZNNOGZh4kd4QydO/GX3HjQkHc+gHu/BvTdhbaeiBwOOcebu7xYik0OM63lVtZXVvfyG8WtrZ3dvfs/YM7HSWK8SaLZKTaHtVcipA3QYDk7VhxGniSt7zR1dRvPXClRRTewjjm3YAOQuELRsFIPbt4iqvYlSbQp9iFIQd6n5bhjJxMsOuJwcCd9OySU3FmwMuEZKSEMjR69pfbj1gS8BCYpFp3iBNDN6UKBJN8UnATzWPKRnTAO4aGNOC6m85umeBjo/SxHynzQsAz9XcipYHW48AzkwGFoV70puJ/XicB/6KbijBOgIdsvshPJIYIT4vBfaE4Azk2hDIlzF8xG1JFGZj6CqYEsnjyMmlVK6RWIeSmVqpfZn3k0REqojIi6BzV0TVqoCZi6BE9o1f0Zj1ZL9a79TEfzVlZ5hD9gfX5A+yImYs=</latexit>

+2�✓(t�1)

�
<latexit sha1_base64="am2xu6RFAyRAJr6dRIyp623RiJk="></latexit>

✓(t) = ✓(t�1) � ⌘

⇢
2

n

nX

i=1

⇥
✓(t�1)>x(i) + ✓(t�1)

0 � y(i)
⇤
x(i)

<latexit sha1_base64="AqzIAwbqBQSJFs4H/9xgE817qBE="></latexit>

✓(t)0 = ✓(t�1)
0 � ⌘

⇢
2

n

nX

i=1

⇥
✓(t�1)>x(i) + ✓(t�1)

0 � y(i)
⇤�

<latexit sha1_base64="wHpnE8IryKWdboWv/WwoijydgYA=">AAACInicbVBNS0JBFJ3Xp9mX1bLNkAQtRN4LIZdSm5YGmoJPHvPGqw7O+2Dmvkge/pU2/ZU2LQqqVdCPadQXlHZg4HDOvdw5x4+l0Gjbn9bK6tr6xmZuK7+9s7u3Xzg4vNVRojg0eSQj1faZBilCaKJACe1YAQt8CS1/dDX1W3egtIjCBo5j6AZsEIq+4AyN5BWqLg4BmZe6CPeoglSEAieT0o9slxYM6hq9RBteoWiX7RnoMnEyUiQZ6l7h3e1FPAkgRC6Z1h3HjrGbMoWCS5jk3URDzPiIDaBjaMgC0N10lnBCT43So/1ImRcinam/N1IWaD0OfDMZMBzqRW8q/ud1EuxXuyZbnCCEfH6on0iKEZ3WRXtCAUc5NoRxJcxfKR8yxTiaUvOmBGcx8jJpnZedStlxbirF2mXWR44ckxNyRhxyQWrkmtRJk3DyQJ7IC3m1Hq1n6836mI+uWNnOEfkD6+sbECilCA==</latexit>

✓init, ✓0,init, ⌘, T
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Stochastic gradient descent
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• Linear regression objective with            : � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>



Stochastic gradient descent

13

• Linear regression objective with            : � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

<latexit sha1_base64="XGWVnx7lGbUpXXPv1Fgt4DDh7qs="></latexit>

Jlinreg(⇥) = Jlinreg(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2



Stochastic gradient descent

13

• Linear regression objective with            : � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

<latexit sha1_base64="XGWVnx7lGbUpXXPv1Fgt4DDh7qs="></latexit>

Jlinreg(⇥) = Jlinreg(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2
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13

• Linear regression objective with            : � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

• A common machine learning objective:

<latexit sha1_base64="XGWVnx7lGbUpXXPv1Fgt4DDh7qs="></latexit>

Jlinreg(⇥) = Jlinreg(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

<latexit sha1_base64="H/hIgWYAgTf2l3zQ2OQoBolKc2w=">AAACHHicbVBPS8MwHE3nvzn/TT16CQ5hXkYzBnoZDL14nLA5Ya0lzdItLE1Lkgqj9Ht48at48aAgXjwIfhuzrYJuPgi8vPd+JL/nx5wpbdtfVmFldW19o7hZ2tre2d0r7x/cqCiRhHZJxCN562NFORO0q5nm9DaWFIc+pz1/fDn1e/dUKhaJjp7E1A3xULCAEayN5JXrQdXpjKjGp7AJnUBikqIsFRl0VBJ6KWui7G56DTz2E/TKFbtmzwCXCcpJBeRoe+UPZxCRJKRCE46V6iM71m6KpWaE06zkJIrGmIzxkPYNFTikyk1nu2XwxCgDGETSHKHhTP09keJQqUnom2SI9UgtelPxP6+f6ODcTZmIE00FmT8UJBzqCE6LggMmKdF8Yggmkpm/QjLCpiBt6iyZEtDiysukV6+hRg2h60aldZH3UQRH4BhUAQJnoAWuQBt0AQEP4Am8gFfr0Xq23qz3ebRg5TOH4A+sz28DMaCZ</latexit>

f(⇥) =
1

n

nX

i=1

fi(⇥)
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13

• Linear regression objective with            : � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

• A common machine learning objective:

<latexit sha1_base64="XGWVnx7lGbUpXXPv1Fgt4DDh7qs="></latexit>

Jlinreg(⇥) = Jlinreg(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

• Also recall logistic regression 
with � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

<latexit sha1_base64="H/hIgWYAgTf2l3zQ2OQoBolKc2w=">AAACHHicbVBPS8MwHE3nvzn/TT16CQ5hXkYzBnoZDL14nLA5Ya0lzdItLE1Lkgqj9Ht48at48aAgXjwIfhuzrYJuPgi8vPd+JL/nx5wpbdtfVmFldW19o7hZ2tre2d0r7x/cqCiRhHZJxCN562NFORO0q5nm9DaWFIc+pz1/fDn1e/dUKhaJjp7E1A3xULCAEayN5JXrQdXpjKjGp7AJnUBikqIsFRl0VBJ6KWui7G56DTz2E/TKFbtmzwCXCcpJBeRoe+UPZxCRJKRCE46V6iM71m6KpWaE06zkJIrGmIzxkPYNFTikyk1nu2XwxCgDGETSHKHhTP09keJQqUnom2SI9UgtelPxP6+f6ODcTZmIE00FmT8UJBzqCE6LggMmKdF8Yggmkpm/QjLCpiBt6iyZEtDiysukV6+hRg2h60aldZH3UQRH4BhUAQJnoAWuQBt0AQEP4Am8gFfr0Xq23qz3ebRg5TOH4A+sz28DMaCZ</latexit>

f(⇥) =
1

n

nX

i=1

fi(⇥)



Stochastic gradient descent

13

• Linear regression objective with            : � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

• A common machine learning objective:

Stochastic-Gradient-Descent(       )

<latexit sha1_base64="XGWVnx7lGbUpXXPv1Fgt4DDh7qs="></latexit>

Jlinreg(⇥) = Jlinreg(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

<latexit sha1_base64="CxyRH6qeQ0oqdZUbbu575i+TG48=">AAACCXicbVC7SgNBFJ2Nrxhfq5YWDgbBIoRdCWgZtLGMkJhANoTZyU0yZPbBzF0xLClt/BUbCwWx9Q/s/BsnyRaaeGDgcM693DnHj6XQ6DjfVm5ldW19I79Z2Nre2d2z9w/udJQoDg0eyUi1fKZBihAaKFBCK1bAAl9C0x9dT/3mPSgtorCO4xg6ARuEoi84QyN17WOvPgRk3dRDeEAVpCIUOJmUqGfUEq137aJTdmagy8TNSJFkqHXtL68X8SSAELlkWrddJ8ZOyhQKLmFS8BINMeMjNoC2oSELQHfSWZAJPTVKj/YjZV6IdKb+3khZoPU48M1kwHCoF72p+J/XTrB/2THZ4gQh5PND/URSjOi0FdoTCjjKsSGMK2H+SvmQKcbRdFcwJbiLkZdJ87zsVsque1spVq+yPvLkiJyQM+KSC1IlN6RGGoSTR/JMXsmb9WS9WO/Wx3w0Z2U7h+QPrM8fUNyZ8Q==</latexit>

⇥init, ⌘, T

• Also recall logistic regression 
with � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

<latexit sha1_base64="H/hIgWYAgTf2l3zQ2OQoBolKc2w=">AAACHHicbVBPS8MwHE3nvzn/TT16CQ5hXkYzBnoZDL14nLA5Ya0lzdItLE1Lkgqj9Ht48at48aAgXjwIfhuzrYJuPgi8vPd+JL/nx5wpbdtfVmFldW19o7hZ2tre2d0r7x/cqCiRhHZJxCN562NFORO0q5nm9DaWFIc+pz1/fDn1e/dUKhaJjp7E1A3xULCAEayN5JXrQdXpjKjGp7AJnUBikqIsFRl0VBJ6KWui7G56DTz2E/TKFbtmzwCXCcpJBeRoe+UPZxCRJKRCE46V6iM71m6KpWaE06zkJIrGmIzxkPYNFTikyk1nu2XwxCgDGETSHKHhTP09keJQqUnom2SI9UgtelPxP6+f6ODcTZmIE00FmT8UJBzqCE6LggMmKdF8Yggmkpm/QjLCpiBt6iyZEtDiysukV6+hRg2h60aldZH3UQRH4BhUAQJnoAWuQBt0AQEP4Am8gFfr0Xq23qz3ebRg5TOH4A+sz28DMaCZ</latexit>

f(⇥) =
1

n

nX

i=1

fi(⇥)



Stochastic gradient descent

13

• Linear regression objective with            : � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

• A common machine learning objective:

Stochastic-Gradient-Descent(       ) 
Initialize ⇥(0) = ⇥init

<latexit sha1_base64="QBASA2OLM1JUgQC2micRFS7y31k=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCITdiVgFoIQRvLCHlBEsPs5CYZMvtg5q4Ylv0CG3/FxkIRW2s7/8bJo9DEAwNnzrmXmXPcUAqNtv1tpVZW19Y30puZre2d3b3s/kFdB5HiUOOBDFTTZRqk8KGGAiU0QwXMcyU03NH1xG/cg9Ii8Ks4DqHjsYEv+oIzNFI3m29Xh4DsLi7YJwm9pLNrN24jPKDyYuELTJJuNmcX7SnoMnHmJEfmqHSzX+1ewCMPfOSSad1y7BA7MVMouIQk0440hIyP2ABahvrMA92Jp3ESmjdKj/YDZY6PdKr+3oiZp/XYc82kx3CoF72J+J/XirB/3jGRwgjB57OH+pGkGNBJN7QnFHCUY0MYV8L8lfIhU4yjaTBjSnAWIy+T+mnRKRUvbku58tW8jjQ5IsekQBxyRsrkhlRIjXDySJ7JK3mznqwX6936mI2mrPnOIfkD6/MH/xicJA==</latexit>

<latexit sha1_base64="XGWVnx7lGbUpXXPv1Fgt4DDh7qs="></latexit>

Jlinreg(⇥) = Jlinreg(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

<latexit sha1_base64="CxyRH6qeQ0oqdZUbbu575i+TG48=">AAACCXicbVC7SgNBFJ2Nrxhfq5YWDgbBIoRdCWgZtLGMkJhANoTZyU0yZPbBzF0xLClt/BUbCwWx9Q/s/BsnyRaaeGDgcM693DnHj6XQ6DjfVm5ldW19I79Z2Nre2d2z9w/udJQoDg0eyUi1fKZBihAaKFBCK1bAAl9C0x9dT/3mPSgtorCO4xg6ARuEoi84QyN17WOvPgRk3dRDeEAVpCIUOJmUqGfUEq137aJTdmagy8TNSJFkqHXtL68X8SSAELlkWrddJ8ZOyhQKLmFS8BINMeMjNoC2oSELQHfSWZAJPTVKj/YjZV6IdKb+3khZoPU48M1kwHCoF72p+J/XTrB/2THZ4gQh5PND/URSjOi0FdoTCjjKsSGMK2H+SvmQKcbRdFcwJbiLkZdJ87zsVsque1spVq+yPvLkiJyQM+KSC1IlN6RGGoSTR/JMXsmb9WS9WO/Wx3w0Z2U7h+QPrM8fUNyZ8Q==</latexit>

⇥init, ⌘, T

• Also recall logistic regression 
with � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

<latexit sha1_base64="H/hIgWYAgTf2l3zQ2OQoBolKc2w=">AAACHHicbVBPS8MwHE3nvzn/TT16CQ5hXkYzBnoZDL14nLA5Ya0lzdItLE1Lkgqj9Ht48at48aAgXjwIfhuzrYJuPgi8vPd+JL/nx5wpbdtfVmFldW19o7hZ2tre2d0r7x/cqCiRhHZJxCN562NFORO0q5nm9DaWFIc+pz1/fDn1e/dUKhaJjp7E1A3xULCAEayN5JXrQdXpjKjGp7AJnUBikqIsFRl0VBJ6KWui7G56DTz2E/TKFbtmzwCXCcpJBeRoe+UPZxCRJKRCE46V6iM71m6KpWaE06zkJIrGmIzxkPYNFTikyk1nu2XwxCgDGETSHKHhTP09keJQqUnom2SI9UgtelPxP6+f6ODcTZmIE00FmT8UJBzqCE6LggMmKdF8Yggmkpm/QjLCpiBt6iyZEtDiysukV6+hRg2h60aldZH3UQRH4BhUAQJnoAWuQBt0AQEP4Am8gFfr0Xq23qz3ebRg5TOH4A+sz28DMaCZ</latexit>

f(⇥) =
1

n

nX

i=1

fi(⇥)
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• Linear regression objective with            : � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

• A common machine learning objective:

Stochastic-Gradient-Descent(       ) 
Initialize  
for t = 1 to T

⇥(0) = ⇥init

<latexit sha1_base64="QBASA2OLM1JUgQC2micRFS7y31k=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCITdiVgFoIQRvLCHlBEsPs5CYZMvtg5q4Ylv0CG3/FxkIRW2s7/8bJo9DEAwNnzrmXmXPcUAqNtv1tpVZW19Y30puZre2d3b3s/kFdB5HiUOOBDFTTZRqk8KGGAiU0QwXMcyU03NH1xG/cg9Ii8Ks4DqHjsYEv+oIzNFI3m29Xh4DsLi7YJwm9pLNrN24jPKDyYuELTJJuNmcX7SnoMnHmJEfmqHSzX+1ewCMPfOSSad1y7BA7MVMouIQk0440hIyP2ABahvrMA92Jp3ESmjdKj/YDZY6PdKr+3oiZp/XYc82kx3CoF72J+J/XirB/3jGRwgjB57OH+pGkGNBJN7QnFHCUY0MYV8L8lfIhU4yjaTBjSnAWIy+T+mnRKRUvbku58tW8jjQ5IsekQBxyRsrkhlRIjXDySJ7JK3mznqwX6936mI2mrPnOIfkD6/MH/xicJA==</latexit>

<latexit sha1_base64="XGWVnx7lGbUpXXPv1Fgt4DDh7qs="></latexit>

Jlinreg(⇥) = Jlinreg(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

<latexit sha1_base64="CxyRH6qeQ0oqdZUbbu575i+TG48=">AAACCXicbVC7SgNBFJ2Nrxhfq5YWDgbBIoRdCWgZtLGMkJhANoTZyU0yZPbBzF0xLClt/BUbCwWx9Q/s/BsnyRaaeGDgcM693DnHj6XQ6DjfVm5ldW19I79Z2Nre2d2z9w/udJQoDg0eyUi1fKZBihAaKFBCK1bAAl9C0x9dT/3mPSgtorCO4xg6ARuEoi84QyN17WOvPgRk3dRDeEAVpCIUOJmUqGfUEq137aJTdmagy8TNSJFkqHXtL68X8SSAELlkWrddJ8ZOyhQKLmFS8BINMeMjNoC2oSELQHfSWZAJPTVKj/YjZV6IdKb+3khZoPU48M1kwHCoF72p+J/XTrB/2THZ4gQh5PND/URSjOi0FdoTCjjKsSGMK2H+SvmQKcbRdFcwJbiLkZdJ87zsVsque1spVq+yPvLkiJyQM+KSC1IlN6RGGoSTR/JMXsmb9WS9WO/Wx3w0Z2U7h+QPrM8fUNyZ8Q==</latexit>

⇥init, ⌘, T

• Also recall logistic regression 
with � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

<latexit sha1_base64="H/hIgWYAgTf2l3zQ2OQoBolKc2w=">AAACHHicbVBPS8MwHE3nvzn/TT16CQ5hXkYzBnoZDL14nLA5Ya0lzdItLE1Lkgqj9Ht48at48aAgXjwIfhuzrYJuPgi8vPd+JL/nx5wpbdtfVmFldW19o7hZ2tre2d0r7x/cqCiRhHZJxCN562NFORO0q5nm9DaWFIc+pz1/fDn1e/dUKhaJjp7E1A3xULCAEayN5JXrQdXpjKjGp7AJnUBikqIsFRl0VBJ6KWui7G56DTz2E/TKFbtmzwCXCcpJBeRoe+UPZxCRJKRCE46V6iM71m6KpWaE06zkJIrGmIzxkPYNFTikyk1nu2XwxCgDGETSHKHhTP09keJQqUnom2SI9UgtelPxP6+f6ODcTZmIE00FmT8UJBzqCE6LggMmKdF8Yggmkpm/QjLCpiBt6iyZEtDiysukV6+hRg2h60aldZH3UQRH4BhUAQJnoAWuQBt0AQEP4Am8gFfr0Xq23qz3ebRg5TOH4A+sz28DMaCZ</latexit>

f(⇥) =
1

n

nX

i=1

fi(⇥)
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• Linear regression objective with            : � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

• A common machine learning objective:

Stochastic-Gradient-Descent(       ) 
Initialize  
for t = 1 to T 
randomly select i from {1,…,n}

⇥(0) = ⇥init

<latexit sha1_base64="QBASA2OLM1JUgQC2micRFS7y31k=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCITdiVgFoIQRvLCHlBEsPs5CYZMvtg5q4Ylv0CG3/FxkIRW2s7/8bJo9DEAwNnzrmXmXPcUAqNtv1tpVZW19Y30puZre2d3b3s/kFdB5HiUOOBDFTTZRqk8KGGAiU0QwXMcyU03NH1xG/cg9Ii8Ks4DqHjsYEv+oIzNFI3m29Xh4DsLi7YJwm9pLNrN24jPKDyYuELTJJuNmcX7SnoMnHmJEfmqHSzX+1ewCMPfOSSad1y7BA7MVMouIQk0440hIyP2ABahvrMA92Jp3ESmjdKj/YDZY6PdKr+3oiZp/XYc82kx3CoF72J+J/XirB/3jGRwgjB57OH+pGkGNBJN7QnFHCUY0MYV8L8lfIhU4yjaTBjSnAWIy+T+mnRKRUvbku58tW8jjQ5IsekQBxyRsrkhlRIjXDySJ7JK3mznqwX6936mI2mrPnOIfkD6/MH/xicJA==</latexit>

<latexit sha1_base64="XGWVnx7lGbUpXXPv1Fgt4DDh7qs="></latexit>

Jlinreg(⇥) = Jlinreg(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

<latexit sha1_base64="CxyRH6qeQ0oqdZUbbu575i+TG48=">AAACCXicbVC7SgNBFJ2Nrxhfq5YWDgbBIoRdCWgZtLGMkJhANoTZyU0yZPbBzF0xLClt/BUbCwWx9Q/s/BsnyRaaeGDgcM693DnHj6XQ6DjfVm5ldW19I79Z2Nre2d2z9w/udJQoDg0eyUi1fKZBihAaKFBCK1bAAl9C0x9dT/3mPSgtorCO4xg6ARuEoi84QyN17WOvPgRk3dRDeEAVpCIUOJmUqGfUEq137aJTdmagy8TNSJFkqHXtL68X8SSAELlkWrddJ8ZOyhQKLmFS8BINMeMjNoC2oSELQHfSWZAJPTVKj/YjZV6IdKb+3khZoPU48M1kwHCoF72p+J/XTrB/2THZ4gQh5PND/URSjOi0FdoTCjjKsSGMK2H+SvmQKcbRdFcwJbiLkZdJ87zsVsque1spVq+yPvLkiJyQM+KSC1IlN6RGGoSTR/JMXsmb9WS9WO/Wx3w0Z2U7h+QPrM8fUNyZ8Q==</latexit>

⇥init, ⌘, T

(with equal 
probability)

• Also recall logistic regression 
with � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

<latexit sha1_base64="H/hIgWYAgTf2l3zQ2OQoBolKc2w=">AAACHHicbVBPS8MwHE3nvzn/TT16CQ5hXkYzBnoZDL14nLA5Ya0lzdItLE1Lkgqj9Ht48at48aAgXjwIfhuzrYJuPgi8vPd+JL/nx5wpbdtfVmFldW19o7hZ2tre2d0r7x/cqCiRhHZJxCN562NFORO0q5nm9DaWFIc+pz1/fDn1e/dUKhaJjp7E1A3xULCAEayN5JXrQdXpjKjGp7AJnUBikqIsFRl0VBJ6KWui7G56DTz2E/TKFbtmzwCXCcpJBeRoe+UPZxCRJKRCE46V6iM71m6KpWaE06zkJIrGmIzxkPYNFTikyk1nu2XwxCgDGETSHKHhTP09keJQqUnom2SI9UgtelPxP6+f6ODcTZmIE00FmT8UJBzqCE6LggMmKdF8Yggmkpm/QjLCpiBt6iyZEtDiysukV6+hRg2h60aldZH3UQRH4BhUAQJnoAWuQBt0AQEP4Am8gFfr0Xq23qz3ebRg5TOH4A+sz28DMaCZ</latexit>

f(⇥) =
1

n

nX

i=1

fi(⇥)
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• Linear regression objective with            : � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

• A common machine learning objective:

Stochastic-Gradient-Descent(       ) 
Initialize  
for t = 1 to T 
randomly select i from {1,…,n}

⇥(0) = ⇥init

<latexit sha1_base64="QBASA2OLM1JUgQC2micRFS7y31k=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCITdiVgFoIQRvLCHlBEsPs5CYZMvtg5q4Ylv0CG3/FxkIRW2s7/8bJo9DEAwNnzrmXmXPcUAqNtv1tpVZW19Y30puZre2d3b3s/kFdB5HiUOOBDFTTZRqk8KGGAiU0QwXMcyU03NH1xG/cg9Ii8Ks4DqHjsYEv+oIzNFI3m29Xh4DsLi7YJwm9pLNrN24jPKDyYuELTJJuNmcX7SnoMnHmJEfmqHSzX+1ewCMPfOSSad1y7BA7MVMouIQk0440hIyP2ABahvrMA92Jp3ESmjdKj/YDZY6PdKr+3oiZp/XYc82kx3CoF72J+J/XirB/3jGRwgjB57OH+pGkGNBJN7QnFHCUY0MYV8L8lfIhU4yjaTBjSnAWIy+T+mnRKRUvbku58tW8jjQ5IsekQBxyRsrkhlRIjXDySJ7JK3mznqwX6936mI2mrPnOIfkD6/MH/xicJA==</latexit>

⇥(t) = ⇥(t�1) � ⌘(t)r⇥fi(⇥
(t�1))

<latexit sha1_base64="uqQifUvFJJTnPBFe+bs444BneU8=">AAACNHicbVBNSwMxEM36bf2qevQSLEI9tOyKoB4E0YvgRcFWoVuX2TTbBrPZJZkVytIf5cUf4kUED4p49TeYfoBWHQi8ee8Nk3lhKoVB1312Jianpmdm5+YLC4tLyyvF1bW6STLNeI0lMtHXIRguheI1FCj5dao5xKHkV+HtSV+/uuPaiERdYjflzRjaSkSCAVoqKJ75lx2OcJOXcbtHD+l3W/EsUaG+ba1GfQWhhCAfGnpRIGh53LwdFEtu1R0U/Qu8ESiRUZ0HxUe/lbAs5gqZBGManptiMweNgkneK/iZ4SmwW2jzhoUKYm6a+eDoHt2yTItGibZPIR2wPydyiI3pxqF1xoAd81vrk/9pjQyj/WYuVJohV2y4KMokxYT2E6QtoTlD2bUAmBb2r5R1QANDm3PBhuD9PvkvqO9Uvd3qwcVu6eh4FMcc2SCbpEw8skeOyCk5JzXCyD15Iq/kzXlwXpx352NonXBGM+tkrJzPLwhoqK8=</latexit>

<latexit sha1_base64="XGWVnx7lGbUpXXPv1Fgt4DDh7qs="></latexit>

Jlinreg(⇥) = Jlinreg(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

<latexit sha1_base64="CxyRH6qeQ0oqdZUbbu575i+TG48=">AAACCXicbVC7SgNBFJ2Nrxhfq5YWDgbBIoRdCWgZtLGMkJhANoTZyU0yZPbBzF0xLClt/BUbCwWx9Q/s/BsnyRaaeGDgcM693DnHj6XQ6DjfVm5ldW19I79Z2Nre2d2z9w/udJQoDg0eyUi1fKZBihAaKFBCK1bAAl9C0x9dT/3mPSgtorCO4xg6ARuEoi84QyN17WOvPgRk3dRDeEAVpCIUOJmUqGfUEq137aJTdmagy8TNSJFkqHXtL68X8SSAELlkWrddJ8ZOyhQKLmFS8BINMeMjNoC2oSELQHfSWZAJPTVKj/YjZV6IdKb+3khZoPU48M1kwHCoF72p+J/XTrB/2THZ4gQh5PND/URSjOi0FdoTCjjKsSGMK2H+SvmQKcbRdFcwJbiLkZdJ87zsVsque1spVq+yPvLkiJyQM+KSC1IlN6RGGoSTR/JMXsmb9WS9WO/Wx3w0Z2U7h+QPrM8fUNyZ8Q==</latexit>

⇥init, ⌘, T

(with equal 
probability)

• Also recall logistic regression 
with � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

<latexit sha1_base64="H/hIgWYAgTf2l3zQ2OQoBolKc2w=">AAACHHicbVBPS8MwHE3nvzn/TT16CQ5hXkYzBnoZDL14nLA5Ya0lzdItLE1Lkgqj9Ht48at48aAgXjwIfhuzrYJuPgi8vPd+JL/nx5wpbdtfVmFldW19o7hZ2tre2d0r7x/cqCiRhHZJxCN562NFORO0q5nm9DaWFIc+pz1/fDn1e/dUKhaJjp7E1A3xULCAEayN5JXrQdXpjKjGp7AJnUBikqIsFRl0VBJ6KWui7G56DTz2E/TKFbtmzwCXCcpJBeRoe+UPZxCRJKRCE46V6iM71m6KpWaE06zkJIrGmIzxkPYNFTikyk1nu2XwxCgDGETSHKHhTP09keJQqUnom2SI9UgtelPxP6+f6ODcTZmIE00FmT8UJBzqCE6LggMmKdF8Yggmkpm/QjLCpiBt6iyZEtDiysukV6+hRg2h60aldZH3UQRH4BhUAQJnoAWuQBt0AQEP4Am8gFfr0Xq23qz3ebRg5TOH4A+sz28DMaCZ</latexit>

f(⇥) =
1

n

nX

i=1

fi(⇥)
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• Linear regression objective with            : � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

• A common machine learning objective:

Stochastic-Gradient-Descent(       ) 
Initialize  
for t = 1 to T 
randomly select i from {1,…,n}

⇥(0) = ⇥init

<latexit sha1_base64="QBASA2OLM1JUgQC2micRFS7y31k=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCITdiVgFoIQRvLCHlBEsPs5CYZMvtg5q4Ylv0CG3/FxkIRW2s7/8bJo9DEAwNnzrmXmXPcUAqNtv1tpVZW19Y30puZre2d3b3s/kFdB5HiUOOBDFTTZRqk8KGGAiU0QwXMcyU03NH1xG/cg9Ii8Ks4DqHjsYEv+oIzNFI3m29Xh4DsLi7YJwm9pLNrN24jPKDyYuELTJJuNmcX7SnoMnHmJEfmqHSzX+1ewCMPfOSSad1y7BA7MVMouIQk0440hIyP2ABahvrMA92Jp3ESmjdKj/YDZY6PdKr+3oiZp/XYc82kx3CoF72J+J/XirB/3jGRwgjB57OH+pGkGNBJN7QnFHCUY0MYV8L8lfIhU4yjaTBjSnAWIy+T+mnRKRUvbku58tW8jjQ5IsekQBxyRsrkhlRIjXDySJ7JK3mznqwX6936mI2mrPnOIfkD6/MH/xicJA==</latexit>

⇥(t) = ⇥(t�1) � ⌘(t)r⇥fi(⇥
(t�1))

<latexit sha1_base64="uqQifUvFJJTnPBFe+bs444BneU8=">AAACNHicbVBNSwMxEM36bf2qevQSLEI9tOyKoB4E0YvgRcFWoVuX2TTbBrPZJZkVytIf5cUf4kUED4p49TeYfoBWHQi8ee8Nk3lhKoVB1312Jianpmdm5+YLC4tLyyvF1bW6STLNeI0lMtHXIRguheI1FCj5dao5xKHkV+HtSV+/uuPaiERdYjflzRjaSkSCAVoqKJ75lx2OcJOXcbtHD+l3W/EsUaG+ba1GfQWhhCAfGnpRIGh53LwdFEtu1R0U/Qu8ESiRUZ0HxUe/lbAs5gqZBGManptiMweNgkneK/iZ4SmwW2jzhoUKYm6a+eDoHt2yTItGibZPIR2wPydyiI3pxqF1xoAd81vrk/9pjQyj/WYuVJohV2y4KMokxYT2E6QtoTlD2bUAmBb2r5R1QANDm3PBhuD9PvkvqO9Uvd3qwcVu6eh4FMcc2SCbpEw8skeOyCk5JzXCyD15Iq/kzXlwXpx352NonXBGM+tkrJzPLwhoqK8=</latexit>

<latexit sha1_base64="XGWVnx7lGbUpXXPv1Fgt4DDh7qs="></latexit>

Jlinreg(⇥) = Jlinreg(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

<latexit sha1_base64="CxyRH6qeQ0oqdZUbbu575i+TG48=">AAACCXicbVC7SgNBFJ2Nrxhfq5YWDgbBIoRdCWgZtLGMkJhANoTZyU0yZPbBzF0xLClt/BUbCwWx9Q/s/BsnyRaaeGDgcM693DnHj6XQ6DjfVm5ldW19I79Z2Nre2d2z9w/udJQoDg0eyUi1fKZBihAaKFBCK1bAAl9C0x9dT/3mPSgtorCO4xg6ARuEoi84QyN17WOvPgRk3dRDeEAVpCIUOJmUqGfUEq137aJTdmagy8TNSJFkqHXtL68X8SSAELlkWrddJ8ZOyhQKLmFS8BINMeMjNoC2oSELQHfSWZAJPTVKj/YjZV6IdKb+3khZoPU48M1kwHCoF72p+J/XTrB/2THZ4gQh5PND/URSjOi0FdoTCjjKsSGMK2H+SvmQKcbRdFcwJbiLkZdJ87zsVsque1spVq+yPvLkiJyQM+KSC1IlN6RGGoSTR/JMXsmb9WS9WO/Wx3w0Z2U7h+QPrM8fUNyZ8Q==</latexit>

⇥init, ⌘, T

(with equal 
probability)

• Also recall logistic regression 
with � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

<latexit sha1_base64="H/hIgWYAgTf2l3zQ2OQoBolKc2w=">AAACHHicbVBPS8MwHE3nvzn/TT16CQ5hXkYzBnoZDL14nLA5Ya0lzdItLE1Lkgqj9Ht48at48aAgXjwIfhuzrYJuPgi8vPd+JL/nx5wpbdtfVmFldW19o7hZ2tre2d0r7x/cqCiRhHZJxCN562NFORO0q5nm9DaWFIc+pz1/fDn1e/dUKhaJjp7E1A3xULCAEayN5JXrQdXpjKjGp7AJnUBikqIsFRl0VBJ6KWui7G56DTz2E/TKFbtmzwCXCcpJBeRoe+UPZxCRJKRCE46V6iM71m6KpWaE06zkJIrGmIzxkPYNFTikyk1nu2XwxCgDGETSHKHhTP09keJQqUnom2SI9UgtelPxP6+f6ODcTZmIE00FmT8UJBzqCE6LggMmKdF8Yggmkpm/QjLCpiBt6iyZEtDiysukV6+hRg2h60aldZH3UQRH4BhUAQJnoAWuQBt0AQEP4Am8gFfr0Xq23qz3ebRg5TOH4A+sz28DMaCZ</latexit>

f(⇥) =
1

n

nX

i=1

fi(⇥)
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• Linear regression objective with            : � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

• A common machine learning objective:

Stochastic-Gradient-Descent(       ) 
Initialize  
for t = 1 to T 
randomly select i from {1,…,n}

⇥(0) = ⇥init

<latexit sha1_base64="QBASA2OLM1JUgQC2micRFS7y31k=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCITdiVgFoIQRvLCHlBEsPs5CYZMvtg5q4Ylv0CG3/FxkIRW2s7/8bJo9DEAwNnzrmXmXPcUAqNtv1tpVZW19Y30puZre2d3b3s/kFdB5HiUOOBDFTTZRqk8KGGAiU0QwXMcyU03NH1xG/cg9Ii8Ks4DqHjsYEv+oIzNFI3m29Xh4DsLi7YJwm9pLNrN24jPKDyYuELTJJuNmcX7SnoMnHmJEfmqHSzX+1ewCMPfOSSad1y7BA7MVMouIQk0440hIyP2ABahvrMA92Jp3ESmjdKj/YDZY6PdKr+3oiZp/XYc82kx3CoF72J+J/XirB/3jGRwgjB57OH+pGkGNBJN7QnFHCUY0MYV8L8lfIhU4yjaTBjSnAWIy+T+mnRKRUvbku58tW8jjQ5IsekQBxyRsrkhlRIjXDySJ7JK3mznqwX6936mI2mrPnOIfkD6/MH/xicJA==</latexit>

⇥(t) = ⇥(t�1) � ⌘(t)r⇥fi(⇥
(t�1))

<latexit sha1_base64="uqQifUvFJJTnPBFe+bs444BneU8=">AAACNHicbVBNSwMxEM36bf2qevQSLEI9tOyKoB4E0YvgRcFWoVuX2TTbBrPZJZkVytIf5cUf4kUED4p49TeYfoBWHQi8ee8Nk3lhKoVB1312Jianpmdm5+YLC4tLyyvF1bW6STLNeI0lMtHXIRguheI1FCj5dao5xKHkV+HtSV+/uuPaiERdYjflzRjaSkSCAVoqKJ75lx2OcJOXcbtHD+l3W/EsUaG+ba1GfQWhhCAfGnpRIGh53LwdFEtu1R0U/Qu8ESiRUZ0HxUe/lbAs5gqZBGManptiMweNgkneK/iZ4SmwW2jzhoUKYm6a+eDoHt2yTItGibZPIR2wPydyiI3pxqF1xoAd81vrk/9pjQyj/WYuVJohV2y4KMokxYT2E6QtoTlD2bUAmBb2r5R1QANDm3PBhuD9PvkvqO9Uvd3qwcVu6eh4FMcc2SCbpEw8skeOyCk5JzXCyD15Iq/kzXlwXpx352NonXBGM+tkrJzPLwhoqK8=</latexit>

<latexit sha1_base64="XGWVnx7lGbUpXXPv1Fgt4DDh7qs="></latexit>

Jlinreg(⇥) = Jlinreg(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

<latexit sha1_base64="CxyRH6qeQ0oqdZUbbu575i+TG48=">AAACCXicbVC7SgNBFJ2Nrxhfq5YWDgbBIoRdCWgZtLGMkJhANoTZyU0yZPbBzF0xLClt/BUbCwWx9Q/s/BsnyRaaeGDgcM693DnHj6XQ6DjfVm5ldW19I79Z2Nre2d2z9w/udJQoDg0eyUi1fKZBihAaKFBCK1bAAl9C0x9dT/3mPSgtorCO4xg6ARuEoi84QyN17WOvPgRk3dRDeEAVpCIUOJmUqGfUEq137aJTdmagy8TNSJFkqHXtL68X8SSAELlkWrddJ8ZOyhQKLmFS8BINMeMjNoC2oSELQHfSWZAJPTVKj/YjZV6IdKb+3khZoPU48M1kwHCoF72p+J/XTrB/2THZ4gQh5PND/URSjOi0FdoTCjjKsSGMK2H+SvmQKcbRdFcwJbiLkZdJ87zsVsque1spVq+yPvLkiJyQM+KSC1IlN6RGGoSTR/JMXsmb9WS9WO/Wx3w0Z2U7h+QPrM8fUNyZ8Q==</latexit>

⇥init, ⌘, T

(with equal 
probability)

• Also recall logistic regression 
with � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

<latexit sha1_base64="H/hIgWYAgTf2l3zQ2OQoBolKc2w=">AAACHHicbVBPS8MwHE3nvzn/TT16CQ5hXkYzBnoZDL14nLA5Ya0lzdItLE1Lkgqj9Ht48at48aAgXjwIfhuzrYJuPgi8vPd+JL/nx5wpbdtfVmFldW19o7hZ2tre2d0r7x/cqCiRhHZJxCN562NFORO0q5nm9DaWFIc+pz1/fDn1e/dUKhaJjp7E1A3xULCAEayN5JXrQdXpjKjGp7AJnUBikqIsFRl0VBJ6KWui7G56DTz2E/TKFbtmzwCXCcpJBeRoe+UPZxCRJKRCE46V6iM71m6KpWaE06zkJIrGmIzxkPYNFTikyk1nu2XwxCgDGETSHKHhTP09keJQqUnom2SI9UgtelPxP6+f6ODcTZmIE00FmT8UJBzqCE6LggMmKdF8Yggmkpm/QjLCpiBt6iyZEtDiysukV6+hRg2h60aldZH3UQRH4BhUAQJnoAWuQBt0AQEP4Am8gFfr0Xq23qz3ebRg5TOH4A+sz28DMaCZ</latexit>

f(⇥) =
1

n

nX

i=1

fi(⇥)
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• Linear regression objective with            : � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

• A common machine learning objective:

Stochastic-Gradient-Descent(       ) 
Initialize  
for t = 1 to T 
randomly select i from {1,…,n}

⇥(0) = ⇥init

<latexit sha1_base64="QBASA2OLM1JUgQC2micRFS7y31k=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCITdiVgFoIQRvLCHlBEsPs5CYZMvtg5q4Ylv0CG3/FxkIRW2s7/8bJo9DEAwNnzrmXmXPcUAqNtv1tpVZW19Y30puZre2d3b3s/kFdB5HiUOOBDFTTZRqk8KGGAiU0QwXMcyU03NH1xG/cg9Ii8Ks4DqHjsYEv+oIzNFI3m29Xh4DsLi7YJwm9pLNrN24jPKDyYuELTJJuNmcX7SnoMnHmJEfmqHSzX+1ewCMPfOSSad1y7BA7MVMouIQk0440hIyP2ABahvrMA92Jp3ESmjdKj/YDZY6PdKr+3oiZp/XYc82kx3CoF72J+J/XirB/3jGRwgjB57OH+pGkGNBJN7QnFHCUY0MYV8L8lfIhU4yjaTBjSnAWIy+T+mnRKRUvbku58tW8jjQ5IsekQBxyRsrkhlRIjXDySJ7JK3mznqwX6936mI2mrPnOIfkD6/MH/xicJA==</latexit>

⇥(t) = ⇥(t�1) � ⌘(t)r⇥fi(⇥
(t�1))

<latexit sha1_base64="uqQifUvFJJTnPBFe+bs444BneU8=">AAACNHicbVBNSwMxEM36bf2qevQSLEI9tOyKoB4E0YvgRcFWoVuX2TTbBrPZJZkVytIf5cUf4kUED4p49TeYfoBWHQi8ee8Nk3lhKoVB1312Jianpmdm5+YLC4tLyyvF1bW6STLNeI0lMtHXIRguheI1FCj5dao5xKHkV+HtSV+/uuPaiERdYjflzRjaSkSCAVoqKJ75lx2OcJOXcbtHD+l3W/EsUaG+ba1GfQWhhCAfGnpRIGh53LwdFEtu1R0U/Qu8ESiRUZ0HxUe/lbAs5gqZBGManptiMweNgkneK/iZ4SmwW2jzhoUKYm6a+eDoHt2yTItGibZPIR2wPydyiI3pxqF1xoAd81vrk/9pjQyj/WYuVJohV2y4KMokxYT2E6QtoTlD2bUAmBb2r5R1QANDm3PBhuD9PvkvqO9Uvd3qwcVu6eh4FMcc2SCbpEw8skeOyCk5JzXCyD15Iq/kzXlwXpx352NonXBGM+tkrJzPLwhoqK8=</latexit>

<latexit sha1_base64="XGWVnx7lGbUpXXPv1Fgt4DDh7qs="></latexit>

Jlinreg(⇥) = Jlinreg(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

<latexit sha1_base64="CxyRH6qeQ0oqdZUbbu575i+TG48=">AAACCXicbVC7SgNBFJ2Nrxhfq5YWDgbBIoRdCWgZtLGMkJhANoTZyU0yZPbBzF0xLClt/BUbCwWx9Q/s/BsnyRaaeGDgcM693DnHj6XQ6DjfVm5ldW19I79Z2Nre2d2z9w/udJQoDg0eyUi1fKZBihAaKFBCK1bAAl9C0x9dT/3mPSgtorCO4xg6ARuEoi84QyN17WOvPgRk3dRDeEAVpCIUOJmUqGfUEq137aJTdmagy8TNSJFkqHXtL68X8SSAELlkWrddJ8ZOyhQKLmFS8BINMeMjNoC2oSELQHfSWZAJPTVKj/YjZV6IdKb+3khZoPU48M1kwHCoF72p+J/XTrB/2THZ4gQh5PND/URSjOi0FdoTCjjKsSGMK2H+SvmQKcbRdFcwJbiLkZdJ87zsVsque1spVq+yPvLkiJyQM+KSC1IlN6RGGoSTR/JMXsmb9WS9WO/Wx3w0Z2U7h+QPrM8fUNyZ8Q==</latexit>

⇥init, ⌘, T

(with equal 
probability)

• Also recall logistic regression 
with � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

<latexit sha1_base64="H/hIgWYAgTf2l3zQ2OQoBolKc2w=">AAACHHicbVBPS8MwHE3nvzn/TT16CQ5hXkYzBnoZDL14nLA5Ya0lzdItLE1Lkgqj9Ht48at48aAgXjwIfhuzrYJuPgi8vPd+JL/nx5wpbdtfVmFldW19o7hZ2tre2d0r7x/cqCiRhHZJxCN562NFORO0q5nm9DaWFIc+pz1/fDn1e/dUKhaJjp7E1A3xULCAEayN5JXrQdXpjKjGp7AJnUBikqIsFRl0VBJ6KWui7G56DTz2E/TKFbtmzwCXCcpJBeRoe+UPZxCRJKRCE46V6iM71m6KpWaE06zkJIrGmIzxkPYNFTikyk1nu2XwxCgDGETSHKHhTP09keJQqUnom2SI9UgtelPxP6+f6ODcTZmIE00FmT8UJBzqCE6LggMmKdF8Yggmkpm/QjLCpiBt6iyZEtDiysukV6+hRg2h60aldZH3UQRH4BhUAQJnoAWuQBt0AQEP4Am8gFfr0Xq23qz3ebRg5TOH4A+sz28DMaCZ</latexit>

f(⇥) =
1

n

nX

i=1

fi(⇥)
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• Linear regression objective with            : � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

• A common machine learning objective:

Stochastic-Gradient-Descent(       ) 
Initialize  
for t = 1 to T 
randomly select i from {1,…,n} 

Return 

⇥(0) = ⇥init

<latexit sha1_base64="QBASA2OLM1JUgQC2micRFS7y31k=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCITdiVgFoIQRvLCHlBEsPs5CYZMvtg5q4Ylv0CG3/FxkIRW2s7/8bJo9DEAwNnzrmXmXPcUAqNtv1tpVZW19Y30puZre2d3b3s/kFdB5HiUOOBDFTTZRqk8KGGAiU0QwXMcyU03NH1xG/cg9Ii8Ks4DqHjsYEv+oIzNFI3m29Xh4DsLi7YJwm9pLNrN24jPKDyYuELTJJuNmcX7SnoMnHmJEfmqHSzX+1ewCMPfOSSad1y7BA7MVMouIQk0440hIyP2ABahvrMA92Jp3ESmjdKj/YDZY6PdKr+3oiZp/XYc82kx3CoF72J+J/XirB/3jGRwgjB57OH+pGkGNBJN7QnFHCUY0MYV8L8lfIhU4yjaTBjSnAWIy+T+mnRKRUvbku58tW8jjQ5IsekQBxyRsrkhlRIjXDySJ7JK3mznqwX6936mI2mrPnOIfkD6/MH/xicJA==</latexit>

⇥(t) = ⇥(t�1) � ⌘(t)r⇥fi(⇥
(t�1))

<latexit sha1_base64="uqQifUvFJJTnPBFe+bs444BneU8=">AAACNHicbVBNSwMxEM36bf2qevQSLEI9tOyKoB4E0YvgRcFWoVuX2TTbBrPZJZkVytIf5cUf4kUED4p49TeYfoBWHQi8ee8Nk3lhKoVB1312Jianpmdm5+YLC4tLyyvF1bW6STLNeI0lMtHXIRguheI1FCj5dao5xKHkV+HtSV+/uuPaiERdYjflzRjaSkSCAVoqKJ75lx2OcJOXcbtHD+l3W/EsUaG+ba1GfQWhhCAfGnpRIGh53LwdFEtu1R0U/Qu8ESiRUZ0HxUe/lbAs5gqZBGManptiMweNgkneK/iZ4SmwW2jzhoUKYm6a+eDoHt2yTItGibZPIR2wPydyiI3pxqF1xoAd81vrk/9pjQyj/WYuVJohV2y4KMokxYT2E6QtoTlD2bUAmBb2r5R1QANDm3PBhuD9PvkvqO9Uvd3qwcVu6eh4FMcc2SCbpEw8skeOyCk5JzXCyD15Iq/kzXlwXpx352NonXBGM+tkrJzPLwhoqK8=</latexit>

⇥(t)

<latexit sha1_base64="CNj4IgcNwNjP3UJzGiOzYCDuEIA=">AAAB83icbVDLSgNBEJz1GeMr6tHLYBDiJexKQL0FvXiMkBdk1zA76U2GzD6Y6RXCkt/w4kERr/6MN//GSbIHTSxoKKq66e7yEyk02va3tba+sbm1Xdgp7u7tHxyWjo7bOk4VhxaPZay6PtMgRQQtFCihmyhgoS+h44/vZn7nCZQWcdTESQJeyIaRCARnaCTXbY4A2WNWwYtpv1S2q/YcdJU4OSmTHI1+6csdxDwNIUIumdY9x07Qy5hCwSVMi26qIWF8zIbQMzRiIWgvm988pedGGdAgVqYipHP190TGQq0noW86Q4YjvezNxP+8XorBtZeJKEkRIr5YFKSSYkxnAdCBUMBRTgxhXAlzK+UjphhHE1PRhOAsv7xK2pdVp1a9eaiV67d5HAVySs5IhTjkitTJPWmQFuEkIc/klbxZqfVivVsfi9Y1K585IX9gff4AmOiRaw==</latexit>

<latexit sha1_base64="XGWVnx7lGbUpXXPv1Fgt4DDh7qs="></latexit>

Jlinreg(⇥) = Jlinreg(✓, ✓0) =
1

n

nX

i=1

(✓>x(i) + ✓0 � y(i))2

<latexit sha1_base64="CxyRH6qeQ0oqdZUbbu575i+TG48=">AAACCXicbVC7SgNBFJ2Nrxhfq5YWDgbBIoRdCWgZtLGMkJhANoTZyU0yZPbBzF0xLClt/BUbCwWx9Q/s/BsnyRaaeGDgcM693DnHj6XQ6DjfVm5ldW19I79Z2Nre2d2z9w/udJQoDg0eyUi1fKZBihAaKFBCK1bAAl9C0x9dT/3mPSgtorCO4xg6ARuEoi84QyN17WOvPgRk3dRDeEAVpCIUOJmUqGfUEq137aJTdmagy8TNSJFkqHXtL68X8SSAELlkWrddJ8ZOyhQKLmFS8BINMeMjNoC2oSELQHfSWZAJPTVKj/YjZV6IdKb+3khZoPU48M1kwHCoF72p+J/XTrB/2THZ4gQh5PND/URSjOi0FdoTCjjKsSGMK2H+SvmQKcbRdFcwJbiLkZdJ87zsVsque1spVq+yPvLkiJyQM+KSC1IlN6RGGoSTR/JMXsmb9WS9WO/Wx3w0Z2U7h+QPrM8fUNyZ8Q==</latexit>

⇥init, ⌘, T

(with equal 
probability)

• Also recall logistic regression 
with � = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

<latexit sha1_base64="H/hIgWYAgTf2l3zQ2OQoBolKc2w=">AAACHHicbVBPS8MwHE3nvzn/TT16CQ5hXkYzBnoZDL14nLA5Ya0lzdItLE1Lkgqj9Ht48at48aAgXjwIfhuzrYJuPgi8vPd+JL/nx5wpbdtfVmFldW19o7hZ2tre2d0r7x/cqCiRhHZJxCN562NFORO0q5nm9DaWFIc+pz1/fDn1e/dUKhaJjp7E1A3xULCAEayN5JXrQdXpjKjGp7AJnUBikqIsFRl0VBJ6KWui7G56DTz2E/TKFbtmzwCXCcpJBeRoe+UPZxCRJKRCE46V6iM71m6KpWaE06zkJIrGmIzxkPYNFTikyk1nu2XwxCgDGETSHKHhTP09keJQqUnom2SI9UgtelPxP6+f6ODcTZmIE00FmT8UJBzqCE6LggMmKdF8Yggmkpm/QjLCpiBt6iyZEtDiysukV6+hRg2h60aldZH3UQRH4BhUAQJnoAWuQBt0AQEP4Am8gFfr0Xq23qz3ebRg5TOH4A+sz28DMaCZ</latexit>

f(⇥) =
1

n

nX

i=1

fi(⇥)


