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Recall
Regression 
• Datum   : feature vector  

• Label 
• Hypothesis

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

Compare
(Two-class) Classification 
• 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>
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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

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

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

h : Rd ! R 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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x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>
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Recall
Regression 
• Datum   : feature vector  

• Label 
• Hypothesis

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

Compare
(Two-class) Classification 
• 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>

–

++ + +

– – –

+

–

++

– – –
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

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

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

h : Rd ! R 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

Actual 
temperature

Pe
rc

ei
ve

d 
te

m
pe

ra
tu

re

W
ea

rin
g 

a 
co

at
?

Temperature

x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>



Linear classifiers

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>
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+
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–

+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––

–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

• Classification hypothesis:  

• Linear classifiers    : Hypotheses 
that label +1 on one side of a 
line & -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

<latexit sha1_base64="KYSHWgecsKYo3qnIHBSPc95o3kg=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiCWhIpKq6KblxWsQ9oYplMJs3QyYOZiVJCPsGNv+LGhSJuXbrzb5y0WWjrgQuHc+7l3nucmFEhDeNbm5mdm19YLC2Vl1dW19b1jc2WiBKOSRNHLOIdBwnCaEiakkpGOjEnKHAYaTuDy9xv3xMuaBTeymFM7AD1Q+pRjKSSevqefw6tAEnfcdKb7C51M2hx2vcl4jx6gFZ6ZB4emFbW0ytG1RgBThOzIBVQoNHTvyw3wklAQokZEqJrGrG0U8QlxYxkZSsRJEZ4gPqkq2iIAiLsdPRQBneV4kIv4qpCCUfq74kUBUIMA0d15reLSS8X//O6ifTO7JSGcSJJiMeLvIRBGcE8HehSTrBkQ0UQ5lTdCrGPOMJSZVhWIZiTL0+T1nHVPKnWrmuV+kURRwlsgx2wD0xwCurgCjRAE2DwCJ7BK3jTnrQX7V37GLfOaMXMFvgD7fMHi0qcRQ==</latexit>

h : Rd ! {�1,+1}
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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>

+

–
––
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–
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–

+
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+
––

–

+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––

–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

Linear classifiers
• Classification hypothesis:  

• Linear classifiers    : Hypotheses 
that label +1 on one side of a 
line & -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

<latexit sha1_base64="KYSHWgecsKYo3qnIHBSPc95o3kg=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiCWhIpKq6KblxWsQ9oYplMJs3QyYOZiVJCPsGNv+LGhSJuXbrzb5y0WWjrgQuHc+7l3nucmFEhDeNbm5mdm19YLC2Vl1dW19b1jc2WiBKOSRNHLOIdBwnCaEiakkpGOjEnKHAYaTuDy9xv3xMuaBTeymFM7AD1Q+pRjKSSevqefw6tAEnfcdKb7C51M2hx2vcl4jx6gFZ6ZB4emFbW0ytG1RgBThOzIBVQoNHTvyw3wklAQokZEqJrGrG0U8QlxYxkZSsRJEZ4gPqkq2iIAiLsdPRQBneV4kIv4qpCCUfq74kUBUIMA0d15reLSS8X//O6ifTO7JSGcSJJiMeLvIRBGcE8HehSTrBkQ0UQ5lTdCrGPOMJSZVhWIZiTL0+T1nHVPKnWrmuV+kURRwlsgx2wD0xwCurgCjRAE2DwCJ7BK3jTnrQX7V37GLfOaMXMFvgD7fMHi0qcRQ==</latexit>

h : Rd ! {�1,+1}
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Linear classifiers

Math facts!
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>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–

+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––

–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

+ x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

1xd, dx1
✓>x

<latexit sha1_base64="0YtwuWmPnt1gPViPqfkhOnsT5vE=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoN6KXjxWsB/QXUs2zbah2WRNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5B06hUU9agSijdDolhgkvWAA6CtRPNSBwK1gqHN1O/NWLacCXvYZywICZ9ySNOCVgp8GHAgDz4oBL81C1X3Ko7A14mXk4qKEe9W/7ye4qmMZNABTGm47kJBBnRwKlgk5KfGpYQOiR91rFUkpiZIJsdPcEnVunhSGlbEvBM/T2RkdiYcRzazpjAwCx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgDucc0oiLElhGpub8V0QDShYHMq2RC8xZeXSfOs6p1Xr+7OK7XrPI4iOkLH6BR56ALV0C2qowai6BE9o1f05oycF+fd+Zi3Fpx85hD9gfP5A8Ydkh8=</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>

x2

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

• Classification hypothesis:  

• Linear classifiers    : Hypotheses 
that label +1 on one side of a 
line & -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

<latexit sha1_base64="KYSHWgecsKYo3qnIHBSPc95o3kg=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiCWhIpKq6KblxWsQ9oYplMJs3QyYOZiVJCPsGNv+LGhSJuXbrzb5y0WWjrgQuHc+7l3nucmFEhDeNbm5mdm19YLC2Vl1dW19b1jc2WiBKOSRNHLOIdBwnCaEiakkpGOjEnKHAYaTuDy9xv3xMuaBTeymFM7AD1Q+pRjKSSevqefw6tAEnfcdKb7C51M2hx2vcl4jx6gFZ6ZB4emFbW0ytG1RgBThOzIBVQoNHTvyw3wklAQokZEqJrGrG0U8QlxYxkZSsRJEZ4gPqkq2iIAiLsdPRQBneV4kIv4qpCCUfq74kUBUIMA0d15reLSS8X//O6ifTO7JSGcSJJiMeLvIRBGcE8HehSTrBkQ0UQ5lTdCrGPOMJSZVhWIZiTL0+T1nHVPKnWrmuV+kURRwlsgx2wD0xwCurgCjRAE2DwCJ7BK3jTnrQX7V37GLfOaMXMFvgD7fMHi0qcRQ==</latexit>

h : Rd ! {�1,+1}
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Linear classifiers

Math facts!
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>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–

+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––

–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

+x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

1xd, dx1

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>

• Classification hypothesis:  

• Linear classifiers    : Hypotheses 
that label +1 on one side of a 
line & -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

<latexit sha1_base64="KYSHWgecsKYo3qnIHBSPc95o3kg=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiCWhIpKq6KblxWsQ9oYplMJs3QyYOZiVJCPsGNv+LGhSJuXbrzb5y0WWjrgQuHc+7l3nucmFEhDeNbm5mdm19YLC2Vl1dW19b1jc2WiBKOSRNHLOIdBwnCaEiakkpGOjEnKHAYaTuDy9xv3xMuaBTeymFM7AD1Q+pRjKSSevqefw6tAEnfcdKb7C51M2hx2vcl4jx6gFZ6ZB4emFbW0ytG1RgBThOzIBVQoNHTvyw3wklAQokZEqJrGrG0U8QlxYxkZSsRJEZ4gPqkq2iIAiLsdPRQBneV4kIv4qpCCUfq74kUBUIMA0d15reLSS8X//O6ifTO7JSGcSJJiMeLvIRBGcE8HehSTrBkQ0UQ5lTdCrGPOMJSZVhWIZiTL0+T1nHVPKnWrmuV+kURRwlsgx2wD0xwCurgCjRAE2DwCJ7BK3jTnrQX7V37GLfOaMXMFvgD7fMHi0qcRQ==</latexit>

h : Rd ! {�1,+1}
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3

✓>x

<latexit sha1_base64="0YtwuWmPnt1gPViPqfkhOnsT5vE=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoN6KXjxWsB/QXUs2zbah2WRNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5B06hUU9agSijdDolhgkvWAA6CtRPNSBwK1gqHN1O/NWLacCXvYZywICZ9ySNOCVgp8GHAgDz4oBL81C1X3Ko7A14mXk4qKEe9W/7ye4qmMZNABTGm47kJBBnRwKlgk5KfGpYQOiR91rFUkpiZIJsdPcEnVunhSGlbEvBM/T2RkdiYcRzazpjAwCx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgDucc0oiLElhGpub8V0QDShYHMq2RC8xZeXSfOs6p1Xr+7OK7XrPI4iOkLH6BR56ALV0C2qowai6BE9o1f05oycF+fd+Zi3Fpx85hD9gfP5A8Ydkh8=</latexit>



Linear classifiers

Math facts!
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>
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––
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+ –
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+
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–

+
––

–

+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––

–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

+

1xd, dx1

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>

• Classification hypothesis:  

• Linear classifiers    : Hypotheses 
that label +1 on one side of a 
line & -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

<latexit sha1_base64="KYSHWgecsKYo3qnIHBSPc95o3kg=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiCWhIpKq6KblxWsQ9oYplMJs3QyYOZiVJCPsGNv+LGhSJuXbrzb5y0WWjrgQuHc+7l3nucmFEhDeNbm5mdm19YLC2Vl1dW19b1jc2WiBKOSRNHLOIdBwnCaEiakkpGOjEnKHAYaTuDy9xv3xMuaBTeymFM7AD1Q+pRjKSSevqefw6tAEnfcdKb7C51M2hx2vcl4jx6gFZ6ZB4emFbW0ytG1RgBThOzIBVQoNHTvyw3wklAQokZEqJrGrG0U8QlxYxkZSsRJEZ4gPqkq2iIAiLsdPRQBneV4kIv4qpCCUfq74kUBUIMA0d15reLSS8X//O6ifTO7JSGcSJJiMeLvIRBGcE8HehSTrBkQ0UQ5lTdCrGPOMJSZVhWIZiTL0+T1nHVPKnWrmuV+kURRwlsgx2wD0xwCurgCjRAE2DwCJ7BK3jTnrQX7V37GLfOaMXMFvgD7fMHi0qcRQ==</latexit>

h : Rd ! {�1,+1}
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3

✓>x

<latexit sha1_base64="0YtwuWmPnt1gPViPqfkhOnsT5vE=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoN6KXjxWsB/QXUs2zbah2WRNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5B06hUU9agSijdDolhgkvWAA6CtRPNSBwK1gqHN1O/NWLacCXvYZywICZ9ySNOCVgp8GHAgDz4oBL81C1X3Ko7A14mXk4qKEe9W/7ye4qmMZNABTGm47kJBBnRwKlgk5KfGpYQOiR91rFUkpiZIJsdPcEnVunhSGlbEvBM/T2RkdiYcRzazpjAwCx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgDucc0oiLElhGpub8V0QDShYHMq2RC8xZeXSfOs6p1Xr+7OK7XrPI4iOkLH6BR56ALV0C2qowai6BE9o1f05oycF+fd+Zi3Fpx85hD9gfP5A8Ydkh8=</latexit>



Linear classifiers

Math facts!
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>
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––

–

+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––

–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

+

+
+

+
+

1xd, dx1

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>

• Classification hypothesis:  

• Linear classifiers    : Hypotheses 
that label +1 on one side of a 
line & -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

<latexit sha1_base64="KYSHWgecsKYo3qnIHBSPc95o3kg=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiCWhIpKq6KblxWsQ9oYplMJs3QyYOZiVJCPsGNv+LGhSJuXbrzb5y0WWjrgQuHc+7l3nucmFEhDeNbm5mdm19YLC2Vl1dW19b1jc2WiBKOSRNHLOIdBwnCaEiakkpGOjEnKHAYaTuDy9xv3xMuaBTeymFM7AD1Q+pRjKSSevqefw6tAEnfcdKb7C51M2hx2vcl4jx6gFZ6ZB4emFbW0ytG1RgBThOzIBVQoNHTvyw3wklAQokZEqJrGrG0U8QlxYxkZSsRJEZ4gPqkq2iIAiLsdPRQBneV4kIv4qpCCUfq74kUBUIMA0d15reLSS8X//O6ifTO7JSGcSJJiMeLvIRBGcE8HehSTrBkQ0UQ5lTdCrGPOMJSZVhWIZiTL0+T1nHVPKnWrmuV+kURRwlsgx2wD0xwCurgCjRAE2DwCJ7BK3jTnrQX7V37GLfOaMXMFvgD7fMHi0qcRQ==</latexit>

h : Rd ! {�1,+1}

Temperature (C)
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sp

ee
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y = Wearing a coat?

3

✓>x

<latexit sha1_base64="0YtwuWmPnt1gPViPqfkhOnsT5vE=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgqeyKoN6KXjxWsB/QXUs2zbah2WRNZotl6e/w4kERr/4Yb/4b03YP2vpg4PHeDDPzwkRwA6777RRWVtfWN4qbpa3tnd298v5B06hUU9agSijdDolhgkvWAA6CtRPNSBwK1gqHN1O/NWLacCXvYZywICZ9ySNOCVgp8GHAgDz4oBL81C1X3Ko7A14mXk4qKEe9W/7ye4qmMZNABTGm47kJBBnRwKlgk5KfGpYQOiR91rFUkpiZIJsdPcEnVunhSGlbEvBM/T2RkdiYcRzazpjAwCx6U/E/r5NCdBlkXCYpMEnni6JUYFB4mgDucc0oiLElhGpub8V0QDShYHMq2RC8xZeXSfOs6p1Xr+7OK7XrPI4iOkLH6BR56ALV0C2qowai6BE9o1f05oycF+fd+Zi3Fpx85hD9gfP5A8Ydkh8=</latexit>



Linear classifiers

Math facts!
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>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–

+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––

–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</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>

x2

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

• Classification hypothesis:  

• Linear classifiers    : Hypotheses 
that label +1 on one side of a 
line & -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

<latexit sha1_base64="KYSHWgecsKYo3qnIHBSPc95o3kg=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiCWhIpKq6KblxWsQ9oYplMJs3QyYOZiVJCPsGNv+LGhSJuXbrzb5y0WWjrgQuHc+7l3nucmFEhDeNbm5mdm19YLC2Vl1dW19b1jc2WiBKOSRNHLOIdBwnCaEiakkpGOjEnKHAYaTuDy9xv3xMuaBTeymFM7AD1Q+pRjKSSevqefw6tAEnfcdKb7C51M2hx2vcl4jx6gFZ6ZB4emFbW0ytG1RgBThOzIBVQoNHTvyw3wklAQokZEqJrGrG0U8QlxYxkZSsRJEZ4gPqkq2iIAiLsdPRQBneV4kIv4qpCCUfq74kUBUIMA0d15reLSS8X//O6ifTO7JSGcSJJiMeLvIRBGcE8HehSTrBkQ0UQ5lTdCrGPOMJSZVhWIZiTL0+T1nHVPKnWrmuV+kURRwlsgx2wD0xwCurgCjRAE2DwCJ7BK3jTnrQX7V37GLfOaMXMFvgD7fMHi0qcRQ==</latexit>

h : Rd ! {�1,+1}
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Linear classifiers

Math facts!
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>

+

–
––

–

–

–

+
+ –

–

–
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+

–

+
–

–

+
––

–

+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––

–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</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>

x2

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

• Classification hypothesis:  

• Linear classifiers    : Hypotheses 
that label +1 on one side of a 
line & -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

<latexit sha1_base64="KYSHWgecsKYo3qnIHBSPc95o3kg=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiCWhIpKq6KblxWsQ9oYplMJs3QyYOZiVJCPsGNv+LGhSJuXbrzb5y0WWjrgQuHc+7l3nucmFEhDeNbm5mdm19YLC2Vl1dW19b1jc2WiBKOSRNHLOIdBwnCaEiakkpGOjEnKHAYaTuDy9xv3xMuaBTeymFM7AD1Q+pRjKSSevqefw6tAEnfcdKb7C51M2hx2vcl4jx6gFZ6ZB4emFbW0ytG1RgBThOzIBVQoNHTvyw3wklAQokZEqJrGrG0U8QlxYxkZSsRJEZ4gPqkq2iIAiLsdPRQBneV4kIv4qpCCUfq74kUBUIMA0d15reLSS8X//O6ifTO7JSGcSJJiMeLvIRBGcE8HehSTrBkQ0UQ5lTdCrGPOMJSZVhWIZiTL0+T1nHVPKnWrmuV+kURRwlsgx2wD0xwCurgCjRAE2DwCJ7BK3jTnrQX7V37GLfOaMXMFvgD7fMHi0qcRQ==</latexit>

h : Rd ! {�1,+1}

Temperature (C)

W
in

d 
sp

ee
d 

(k
ph

)

y = Wearing a coat?
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Linear classifiers

Math facts!
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>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–

+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––

–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</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>

x2

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

• Classification hypothesis:  

• Linear classifiers    : Hypotheses 
that label +1 on one side of a 
line & -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

<latexit sha1_base64="KYSHWgecsKYo3qnIHBSPc95o3kg=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiCWhIpKq6KblxWsQ9oYplMJs3QyYOZiVJCPsGNv+LGhSJuXbrzb5y0WWjrgQuHc+7l3nucmFEhDeNbm5mdm19YLC2Vl1dW19b1jc2WiBKOSRNHLOIdBwnCaEiakkpGOjEnKHAYaTuDy9xv3xMuaBTeymFM7AD1Q+pRjKSSevqefw6tAEnfcdKb7C51M2hx2vcl4jx6gFZ6ZB4emFbW0ytG1RgBThOzIBVQoNHTvyw3wklAQokZEqJrGrG0U8QlxYxkZSsRJEZ4gPqkq2iIAiLsdPRQBneV4kIv4qpCCUfq74kUBUIMA0d15reLSS8X//O6ifTO7JSGcSJJiMeLvIRBGcE8HehSTrBkQ0UQ5lTdCrGPOMJSZVhWIZiTL0+T1nHVPKnWrmuV+kURRwlsgx2wD0xwCurgCjRAE2DwCJ7BK3jTnrQX7V37GLfOaMXMFvgD7fMHi0qcRQ==</latexit>

h : Rd ! {�1,+1}

Temperature (C)

W
in

d 
sp

ee
d 

(k
ph

)

y = Wearing a coat?

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

Exercise: where 

does the line 

intersect each axis?
<latexit sha1_base64="sFfxwOzJ82WlVLfBvkHlfCXqo2A=">AAACCXicbVC7SgNBFJ31GeNrVbCxGQyCIIRdERULCbGxTMA8ILsus5NJMmT2wcxdMSxpbfwVLSwUsdUvsLPxW5w8Ck08MHDuOfdy5x4/FlyBZX0ZM7Nz8wuLmaXs8srq2rq5sVlVUSIpq9BIRLLuE8UED1kFOAhWjyUjgS9Yze9eDPzaDZOKR+EV9GLmBqQd8hanBLTkmfgWn2EHOgzItQNRrOuDce1Z+Bxbnpmz8tYQeJrYY5IrbJe/+WPxo+SZn04zoknAQqCCKNWwrRjclEjgVLB+1kkUiwntkjZraBqSgCk3HV7Sx3taaeJWJPULAQ/V3xMpCZTqBb7uDAh01KQ3EP/zGgm0Tt2Uh3ECLKSjRa1EYIjwIBbc5JJRED1NCJVc/xXTDpGEgg4vq0OwJ0+eJtXDvH2cPyrbuUIRjZBBO2gX7SMbnaACukQlVEEU3aEH9IxejHvjyXg13katM8Z4Zgv9gfH+AwtMm7U=</latexit>

x :
✓
> x+

✓0
>
0

<latexit sha1_base64="E2mYQw32HYlIrGaaM4CulONfRKs=">AAACCXicbVC7SgNBFJ31GeNrVbCxGQyCIIRdERWxCLGxTMA8ILsus5NJMmT2wcxdMSxpbfwVLSwUsdUvsLPxW5w8Ck08MHDuOfdy5x4/FlyBZX0ZM7Nz8wuLmaXs8srq2rq5sVlVUSIpq9BIRLLuE8UED1kFOAhWjyUjgS9Yze9eDPzaDZOKR+EV9GLmBqQd8hanBLTkmfgWn2EHOgzItQNRrOuDce1Z+Bxbnpmz8tYQeJrYY5IrbJe/+WPxo+SZn04zoknAQqCCKNWwrRjclEjgVLB+1kkUiwntkjZraBqSgCk3HV7Sx3taaeJWJPULAQ/V3xMpCZTqBb7uDAh01KQ3EP/zGgm0Tt2Uh3ECLKSjRa1EYIjwIBbc5JJRED1NCJVc/xXTDpGEgg4vq0OwJ0+eJtXDvH2cPyrbuUIRjZBBO2gX7SMbnaACukQlVEEU3aEH9IxejHvjyXg13katM8Z4Zgv9gfH+AwhAm7M=</latexit>

x :
✓
> x+

✓0
<
0

• Linear classifier:
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Linear classifiers

Math facts!
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>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–

+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––

–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</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>

x2

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

• Classification hypothesis:  

• Linear classifiers    : Hypotheses 
that label +1 on one side of a 
line & -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

<latexit sha1_base64="KYSHWgecsKYo3qnIHBSPc95o3kg=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiCWhIpKq6KblxWsQ9oYplMJs3QyYOZiVJCPsGNv+LGhSJuXbrzb5y0WWjrgQuHc+7l3nucmFEhDeNbm5mdm19YLC2Vl1dW19b1jc2WiBKOSRNHLOIdBwnCaEiakkpGOjEnKHAYaTuDy9xv3xMuaBTeymFM7AD1Q+pRjKSSevqefw6tAEnfcdKb7C51M2hx2vcl4jx6gFZ6ZB4emFbW0ytG1RgBThOzIBVQoNHTvyw3wklAQokZEqJrGrG0U8QlxYxkZSsRJEZ4gPqkq2iIAiLsdPRQBneV4kIv4qpCCUfq74kUBUIMA0d15reLSS8X//O6ifTO7JSGcSJJiMeLvIRBGcE8HehSTrBkQ0UQ5lTdCrGPOMJSZVhWIZiTL0+T1nHVPKnWrmuV+kURRwlsgx2wD0xwCurgCjRAE2DwCJ7BK3jTnrQX7V37GLfOaMXMFvgD7fMHi0qcRQ==</latexit>

h : Rd ! {�1,+1}

Temperature (C)

W
in

d 
sp

ee
d 

(k
ph

)

y = Wearing a coat?

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

Exercise: where 

does the line 

intersect each axis?
<latexit sha1_base64="sFfxwOzJ82WlVLfBvkHlfCXqo2A=">AAACCXicbVC7SgNBFJ31GeNrVbCxGQyCIIRdERULCbGxTMA8ILsus5NJMmT2wcxdMSxpbfwVLSwUsdUvsLPxW5w8Ck08MHDuOfdy5x4/FlyBZX0ZM7Nz8wuLmaXs8srq2rq5sVlVUSIpq9BIRLLuE8UED1kFOAhWjyUjgS9Yze9eDPzaDZOKR+EV9GLmBqQd8hanBLTkmfgWn2EHOgzItQNRrOuDce1Z+Bxbnpmz8tYQeJrYY5IrbJe/+WPxo+SZn04zoknAQqCCKNWwrRjclEjgVLB+1kkUiwntkjZraBqSgCk3HV7Sx3taaeJWJPULAQ/V3xMpCZTqBb7uDAh01KQ3EP/zGgm0Tt2Uh3ECLKSjRa1EYIjwIBbc5JJRED1NCJVc/xXTDpGEgg4vq0OwJ0+eJtXDvH2cPyrbuUIRjZBBO2gX7SMbnaACukQlVEEU3aEH9IxejHvjyXg13katM8Z4Zgv9gfH+AwtMm7U=</latexit>

x :
✓
> x+

✓0
>
0

<latexit sha1_base64="E2mYQw32HYlIrGaaM4CulONfRKs=">AAACCXicbVC7SgNBFJ31GeNrVbCxGQyCIIRdERWxCLGxTMA8ILsus5NJMmT2wcxdMSxpbfwVLSwUsdUvsLPxW5w8Ck08MHDuOfdy5x4/FlyBZX0ZM7Nz8wuLmaXs8srq2rq5sVlVUSIpq9BIRLLuE8UED1kFOAhWjyUjgS9Yze9eDPzaDZOKR+EV9GLmBqQd8hanBLTkmfgWn2EHOgzItQNRrOuDce1Z+Bxbnpmz8tYQeJrYY5IrbJe/+WPxo+SZn04zoknAQqCCKNWwrRjclEjgVLB+1kkUiwntkjZraBqSgCk3HV7Sx3taaeJWJPULAQ/V3xMpCZTqBb7uDAh01KQ3EP/zGgm0Tt2Uh3ECLKSjRa1EYIjwIBbc5JJRED1NCJVc/xXTDpGEgg4vq0OwJ0+eJtXDvH2cPyrbuUIRjZBBO2gX7SMbnaACukQlVEEU3aEH9IxejHvjyXg13katM8Z4Zgv9gfH+AwhAm7M=</latexit>

x :
✓
> x+

✓0
<
0

• Linear classifier:
h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0 < 0

<latexit sha1_base64="W3UJhhjSFFhW1P2tUwctJladKCs="></latexit>
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Linear classifiers

Math facts!
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>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–

+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––

–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</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>

x2

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

• Classification hypothesis:  

• Linear classifiers    : Hypotheses 
that label +1 on one side of a 
line & -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

<latexit sha1_base64="KYSHWgecsKYo3qnIHBSPc95o3kg=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiCWhIpKq6KblxWsQ9oYplMJs3QyYOZiVJCPsGNv+LGhSJuXbrzb5y0WWjrgQuHc+7l3nucmFEhDeNbm5mdm19YLC2Vl1dW19b1jc2WiBKOSRNHLOIdBwnCaEiakkpGOjEnKHAYaTuDy9xv3xMuaBTeymFM7AD1Q+pRjKSSevqefw6tAEnfcdKb7C51M2hx2vcl4jx6gFZ6ZB4emFbW0ytG1RgBThOzIBVQoNHTvyw3wklAQokZEqJrGrG0U8QlxYxkZSsRJEZ4gPqkq2iIAiLsdPRQBneV4kIv4qpCCUfq74kUBUIMA0d15reLSS8X//O6ifTO7JSGcSJJiMeLvIRBGcE8HehSTrBkQ0UQ5lTdCrGPOMJSZVhWIZiTL0+T1nHVPKnWrmuV+kURRwlsgx2wD0xwCurgCjRAE2DwCJ7BK3jTnrQX7V37GLfOaMXMFvgD7fMHi0qcRQ==</latexit>

h : Rd ! {�1,+1}

Temperature (C)
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y = Wearing a coat?

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

Exercise: where 

does the line 

intersect each axis?
<latexit sha1_base64="sFfxwOzJ82WlVLfBvkHlfCXqo2A=">AAACCXicbVC7SgNBFJ31GeNrVbCxGQyCIIRdERULCbGxTMA8ILsus5NJMmT2wcxdMSxpbfwVLSwUsdUvsLPxW5w8Ck08MHDuOfdy5x4/FlyBZX0ZM7Nz8wuLmaXs8srq2rq5sVlVUSIpq9BIRLLuE8UED1kFOAhWjyUjgS9Yze9eDPzaDZOKR+EV9GLmBqQd8hanBLTkmfgWn2EHOgzItQNRrOuDce1Z+Bxbnpmz8tYQeJrYY5IrbJe/+WPxo+SZn04zoknAQqCCKNWwrRjclEjgVLB+1kkUiwntkjZraBqSgCk3HV7Sx3taaeJWJPULAQ/V3xMpCZTqBb7uDAh01KQ3EP/zGgm0Tt2Uh3ECLKSjRa1EYIjwIBbc5JJRED1NCJVc/xXTDpGEgg4vq0OwJ0+eJtXDvH2cPyrbuUIRjZBBO2gX7SMbnaACukQlVEEU3aEH9IxejHvjyXg13katM8Z4Zgv9gfH+AwtMm7U=</latexit>

x :
✓
> x+

✓0
>
0

<latexit sha1_base64="E2mYQw32HYlIrGaaM4CulONfRKs=">AAACCXicbVC7SgNBFJ31GeNrVbCxGQyCIIRdERWxCLGxTMA8ILsus5NJMmT2wcxdMSxpbfwVLSwUsdUvsLPxW5w8Ck08MHDuOfdy5x4/FlyBZX0ZM7Nz8wuLmaXs8srq2rq5sVlVUSIpq9BIRLLuE8UED1kFOAhWjyUjgS9Yze9eDPzaDZOKR+EV9GLmBqQd8hanBLTkmfgWn2EHOgzItQNRrOuDce1Z+Bxbnpmz8tYQeJrYY5IrbJe/+WPxo+SZn04zoknAQqCCKNWwrRjclEjgVLB+1kkUiwntkjZraBqSgCk3HV7Sx3taaeJWJPULAQ/V3xMpCZTqBb7uDAh01KQ3EP/zGgm0Tt2Uh3ECLKSjRa1EYIjwIBbc5JJRED1NCJVc/xXTDpGEgg4vq0OwJ0+eJtXDvH2cPyrbuUIRjZBBO2gX7SMbnaACukQlVEEU3aEH9IxejHvjyXg13katM8Z4Zgv9gfH+AwhAm7M=</latexit>

x :
✓
> x+

✓0
<
0

• Linear classifier:

=

⇢
+1 if ✓>x+ ✓0 > 0
�1 if ✓>x+ ✓0  0

<latexit sha1_base64="asNGSVAT/MAX9Si4UI95qS5DjgI="></latexit>

h(x; ✓, ✓0) = sign(✓>x+ ✓0)

<latexit sha1_base64="5utf0Sqg7GOicEztyYZb4aYDjWI=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1BRyowIKiIU3bisYKvQ1pJJb9vQTGZI7kjL0N9x46+4UVDUrT9i2g74PBByOOdcknv8SAqDrvvmTExOTc/Mzs1nFhaXlleyq2sVE8aaQ5mHMtTXPjMghYIyCpRwHWlggS/hyu+eDf2rW9BGhOoS+xHUA9ZWoiU4Qys1ssVOvndMa9gBZLvp3XC36Ynl0EMdJEa01SA/dm5qGEa0R3e+ko1szi24I9C/xEtJjqQoNbJPtWbI4wAUcsmMqXpuhPWEaRRcwiBTiw1EjHdZG6qWKhaAqSejTQd0yypN2gq1PQrpSP0+kbDAmH7g22TAsGN+e0PxP68aY+uwnggVxQiKjx9qxZJiSIe10abQwFH2LWFcC/tXyjtMM4623Iwtwfu98l9S2St4+4Wji/1c8TStY45skE2SJx45IEVyTkqkTDi5Iw/kmbw4986j8+q8j6MTTjqzTn7A+fgEUralfA==</latexit>

4



Linear classifiers

Math facts!
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>

+

–
––

–

–

–

+
+ –

–

–

+
+

–

+
–

–

+
––

–

+ x(1)

<latexit sha1_base64="zGoqMzp4iDsG8397zyI3iJbhjNQ=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQL0FvXiMYB6QxDA76U2GzM4uM7NiWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dfiy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGplk81Ci6xbrgR2IoV0tAX2PRHN1O/+YhK80jem3GM3ZAOJA84o8ZKzaeHtOSdTXqFolt2ZyDLxMtIETLUeoWvTj9iSYjSMEG1bntubLopVYYzgZN8J9EYUzaiA2xbKmmIupvOzp2QU6v0SRApW9KQmfp7IqWh1uPQt50hNUO96E3F/7x2YoLLbsplnBiUbL4oSAQxEZn+TvpcITNibAllittbCRtSRZmxCeVtCN7iy8ukcV72KuWru0qxep3FkYNjOIESeHABVbiFGtSBwQie4RXenNh5cd6dj3nripPNHMEfOJ8/msCPHA==</latexit>

x(2)

<latexit sha1_base64="cyjrfHFUII6CpU7ZkCOHgU9e85g=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2W3FNRb0YvHCvYD2rVk02wbms0uSVYsS3+EFw+KePX3ePPfmLZ70NYHA4/3ZpiZ58eCa+M43yi3tr6xuZXfLuzs7u0fFA+PWjpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2xzczv/3IlOaRvDeTmHkhGUoecEqMldpPD2m5ej7tF0tOxZkDrxI3IyXI0OgXv3qDiCYhk4YKonXXdWLjpUQZTgWbFnqJZjGhYzJkXUslCZn20vm5U3xmlQEOImVLGjxXf0+kJNR6Evq2MyRmpJe9mfif101McOmlXMaJYZIuFgWJwCbCs9/xgCtGjZhYQqji9lZMR0QRamxCBRuCu/zyKmlVK26tcnVXK9WvszjycAKnUAYXLqAOt9CAJlAYwzO8whuK0Qt6Rx+L1hzKZo7hD9DnD5xGjx0=</latexit>

––

–

x(3)

<latexit sha1_base64="vXawohlkiYMW3s8tEmLQzGlI/jI=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFtRb0YvHCvYD2rVk02wbmmSXJCuWpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qkSrNI3ptxTH2BB5KFjGBjpdbTQ1o+P530iiW34s6AlomXkRJkqPeKX91+RBJBpSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KJBdV+Ojt3gk6s0kdhpGxJg2bq74kUC63HIrCdApuhXvSm4n9eJzHhpZ8yGSeGSjJfFCYcmQhNf0d9pigxfGwJJorZWxEZYoWJsQkVbAje4svLpHlW8aqVq7tqqXadxZGHIziGMnhwATW4hTo0gMAInuEV3pzYeXHenY95a87JZg7hD5zPH53Mjx4=</latexit>

x :
✓
> x+

✓0
=
0

<latexit sha1_base64="R3ZMxDHQDlZqqzhmRrqwP8uSW24=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUEQhDAjARcQgl48RjALZMahp9NJmvQsdNdIwpCzF3/FiwdFvPoF3vwbO8kcNPFBweO9Kqrq+bHgCizr28gtLC4tr+RXC2vrG5tb5vZOXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA2/fz32Gw9MKh6FdzCMmRuQbsg7nBLQkmfuDy6wAz0G5D51IIpHeICPM8Wz8CW2PLNolawJ8DyxM1JEGaqe+eW0I5oELAQqiFIt24rBTYkETgUbFZxEsZjQPumylqYhCZhy08krI3yolTbuRFJXCHii/p5ISaDUMPB1Z0Cgp2a9sfif10qgc+amPIwTYCGdLuokAkOEx7ngNpeMghhqQqjk+lZMe0QSCjq9gg7Bnn15ntRPSna5dH5bLlausjjyaA8doCNko1NUQTeoimqIokf0jF7Rm/FkvBjvxse0NWdkM7voD4zPH7AKmPs=</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>

x2

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

• Classification hypothesis:  

• Linear classifiers    : Hypotheses 
that label +1 on one side of a 
line & -1 on the other side

H

<latexit sha1_base64="oYhv6ScZyUxRyTAPyqiZC2s1B+I=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNSUHdFN11WsA+YDiWTZtrQTDIkd4Qy9DPcuFDErV/jzr8x085CWw8EDufcS849YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika1SqKetQJZTuh8QwwSXrAAfB+olmJA4F64XT+9zvPTFtuJKPMEtYEJOx5BGnBKzkD2ICE0pE1poPqzW37i6A14lXkBoq0B5WvwYjRdOYSaCCGON7bgJBRjRwKti8MkgNSwidkjHzLZUkZibIFpHn+MIqIxwpbZ8EvFB/b2QkNmYWh3Yyj2hWvVz8z/NTiG6CjMskBSbp8qMoFRgUzu/HI64ZBTGzhFDNbVZMJ0QTCralii3BWz15nXSv6l6jfvvQqDXvijrK6Aydo0vkoWvURC3URh1EkULP6BW9OeC8OO/Ox3K05BQ7p+gPnM8fftGRag==</latexit>

<latexit sha1_base64="KYSHWgecsKYo3qnIHBSPc95o3kg=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiCWhIpKq6KblxWsQ9oYplMJs3QyYOZiVJCPsGNv+LGhSJuXbrzb5y0WWjrgQuHc+7l3nucmFEhDeNbm5mdm19YLC2Vl1dW19b1jc2WiBKOSRNHLOIdBwnCaEiakkpGOjEnKHAYaTuDy9xv3xMuaBTeymFM7AD1Q+pRjKSSevqefw6tAEnfcdKb7C51M2hx2vcl4jx6gFZ6ZB4emFbW0ytG1RgBThOzIBVQoNHTvyw3wklAQokZEqJrGrG0U8QlxYxkZSsRJEZ4gPqkq2iIAiLsdPRQBneV4kIv4qpCCUfq74kUBUIMA0d15reLSS8X//O6ifTO7JSGcSJJiMeLvIRBGcE8HehSTrBkQ0UQ5lTdCrGPOMJSZVhWIZiTL0+T1nHVPKnWrmuV+kURRwlsgx2wD0xwCurgCjRAE2DwCJ7BK3jTnrQX7V37GLfOaMXMFvgD7fMHi0qcRQ==</latexit>

h : Rd ! {�1,+1}

Temperature (C)
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y = Wearing a coat?

4

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

Exercise: where 

does the line 

intersect each axis?
<latexit sha1_base64="sFfxwOzJ82WlVLfBvkHlfCXqo2A=">AAACCXicbVC7SgNBFJ31GeNrVbCxGQyCIIRdERULCbGxTMA8ILsus5NJMmT2wcxdMSxpbfwVLSwUsdUvsLPxW5w8Ck08MHDuOfdy5x4/FlyBZX0ZM7Nz8wuLmaXs8srq2rq5sVlVUSIpq9BIRLLuE8UED1kFOAhWjyUjgS9Yze9eDPzaDZOKR+EV9GLmBqQd8hanBLTkmfgWn2EHOgzItQNRrOuDce1Z+Bxbnpmz8tYQeJrYY5IrbJe/+WPxo+SZn04zoknAQqCCKNWwrRjclEjgVLB+1kkUiwntkjZraBqSgCk3HV7Sx3taaeJWJPULAQ/V3xMpCZTqBb7uDAh01KQ3EP/zGgm0Tt2Uh3ECLKSjRa1EYIjwIBbc5JJRED1NCJVc/xXTDpGEgg4vq0OwJ0+eJtXDvH2cPyrbuUIRjZBBO2gX7SMbnaACukQlVEEU3aEH9IxejHvjyXg13katM8Z4Zgv9gfH+AwtMm7U=</latexit>
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• Should predict well on future data 
• Example: 0-1 loss
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⇢
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• But: 0-1 loss & linear classifiers don’t have a notion of 
uncertainty (how well do we know what we know?)
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Temperature

W
in

d 
sp

ee
d

• But: 0-1 loss & linear classifiers don’t have a notion of 
uncertainty (how well do we know what we know?)
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• How to make this shape?
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• How to make this shape? 
• Sigmoid/logistic function

�(z) =
1

1 + exp(�z)

<latexit sha1_base64="jpeu/Y1hnWCPbjg6puiMmoG5DmA=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vQIpZECupCKLpxWcE+oAllMp20Q2eSMDMR25C9G3/FjQtF3PoD7vwbp20WWj1w4XDOvdx7jxcxKpVlfRm5peWV1bX8emFjc2t7x9zda8kwFpg0cchC0fGQJIwGpKmoYqQTCYK4x0jbG11N/fYdEZKGwa0aR8TlaBBQn2KktNQzi46kA47Kkwq8gI4vEE7sNLHhEXTIfVQ+nlTSnlmyqtYM8C+xM1ICGRo989PphzjmJFCYISm7thUpN0FCUcxIWnBiSSKER2hAupoGiBPpJrNfUniolT70Q6ErUHCm/pxIEJdyzD3dyZEaykVvKv7ndWPln7kJDaJYkQDPF/kxgyqE02BgnwqCFRtrgrCg+laIh0gHonR8BR2CvfjyX9I6qdq16vlNrVS/zOLIgwNQBGVgg1NQB9egAZoAgwfwBF7Aq/FoPBtvxvu8NWdkM/vgF4yPb+vrmRY=</latexit>
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• How to make this shape? 
• Sigmoid/logistic function

0 3-3
�(z) =

1

1 + exp(�z)

<latexit sha1_base64="jpeu/Y1hnWCPbjg6puiMmoG5DmA=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vQIpZECupCKLpxWcE+oAllMp20Q2eSMDMR25C9G3/FjQtF3PoD7vwbp20WWj1w4XDOvdx7jxcxKpVlfRm5peWV1bX8emFjc2t7x9zda8kwFpg0cchC0fGQJIwGpKmoYqQTCYK4x0jbG11N/fYdEZKGwa0aR8TlaBBQn2KktNQzi46kA47Kkwq8gI4vEE7sNLHhEXTIfVQ+nlTSnlmyqtYM8C+xM1ICGRo989PphzjmJFCYISm7thUpN0FCUcxIWnBiSSKER2hAupoGiBPpJrNfUniolT70Q6ErUHCm/pxIEJdyzD3dyZEaykVvKv7ndWPln7kJDaJYkQDPF/kxgyqE02BgnwqCFRtrgrCg+laIh0gHonR8BR2CvfjyX9I6qdq16vlNrVS/zOLIgwNQBGVgg1NQB9egAZoAgwfwBF7Aq/FoPBtvxvu8NWdkM/vgF4yPb+vrmRY=</latexit>
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<latexit sha1_base64="Wud7Tk1lAE0TofbfdXT/CfC5Fa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+0hjQo=</latexit>
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• How to make this shape? 
• Sigmoid/logistic function

0 3-3
�(z) =

1

1 + exp(�z)

<latexit sha1_base64="jpeu/Y1hnWCPbjg6puiMmoG5DmA=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vQIpZECupCKLpxWcE+oAllMp20Q2eSMDMR25C9G3/FjQtF3PoD7vwbp20WWj1w4XDOvdx7jxcxKpVlfRm5peWV1bX8emFjc2t7x9zda8kwFpg0cchC0fGQJIwGpKmoYqQTCYK4x0jbG11N/fYdEZKGwa0aR8TlaBBQn2KktNQzi46kA47Kkwq8gI4vEE7sNLHhEXTIfVQ+nlTSnlmyqtYM8C+xM1ICGRo989PphzjmJFCYISm7thUpN0FCUcxIWnBiSSKER2hAupoGiBPpJrNfUniolT70Q6ErUHCm/pxIEJdyzD3dyZEaykVvKv7ndWPln7kJDaJYkQDPF/kxgyqE02BgnwqCFRtrgrCg+laIh0gHonR8BR2CvfjyX9I6qdq16vlNrVS/zOLIgwNQBGVgg1NQB9egAZoAgwfwBF7Aq/FoPBtvxvu8NWdkM/vgF4yPb+vrmRY=</latexit>
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<latexit sha1_base64="Wud7Tk1lAE0TofbfdXT/CfC5Fa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+0hjQo=</latexit>
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<latexit sha1_base64="Wk9F8NHZoFZOKpTPgQHKVHoDipY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFKq3ohePFeyHtEvJptk2NMkuSVaoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1IlWaRvDeTmPoCDyULGcHGSg89zYYCl5/O+8WSW3HnQKvEy0gJMjT6xa/eICKJoNIQjrXuem5s/BQrwwin00Iv0TTGZIyHtGupxIJqP50fPEVnVhmgMFK2pEFz9fdEioXWExHYToHNSC97M/E/r5uY8NJPmYwTQyVZLAoTjkyEZt+jAVOUGD6xBBPF7K2IjLDCxNiMCjYEb/nlVdK6qHjVytVdtVS/zuLIwwmcQhk8qEEdbqEBTSAg4Ble4c1Rzovz7nwsWnNONnMMf+B8/gBK6pAY</latexit>
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• How to make this shape? 
• Sigmoid/logistic function

�(z) =
1

1 + exp(�z)

<latexit sha1_base64="jpeu/Y1hnWCPbjg6puiMmoG5DmA=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vQIpZECupCKLpxWcE+oAllMp20Q2eSMDMR25C9G3/FjQtF3PoD7vwbp20WWj1w4XDOvdx7jxcxKpVlfRm5peWV1bX8emFjc2t7x9zda8kwFpg0cchC0fGQJIwGpKmoYqQTCYK4x0jbG11N/fYdEZKGwa0aR8TlaBBQn2KktNQzi46kA47Kkwq8gI4vEE7sNLHhEXTIfVQ+nlTSnlmyqtYM8C+xM1ICGRo989PphzjmJFCYISm7thUpN0FCUcxIWnBiSSKER2hAupoGiBPpJrNfUniolT70Q6ErUHCm/pxIEJdyzD3dyZEaykVvKv7ndWPln7kJDaJYkQDPF/kxgyqE02BgnwqCFRtrgrCg+laIh0gHonR8BR2CvfjyX9I6qdq16vlNrVS/zOLIgwNQBGVgg1NQB9egAZoAgwfwBF7Aq/FoPBtvxvu8NWdkM/vgF4yPb+vrmRY=</latexit>
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<latexit sha1_base64="Wud7Tk1lAE0TofbfdXT/CfC5Fa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+0hjQo=</latexit>
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<latexit sha1_base64="Wk9F8NHZoFZOKpTPgQHKVHoDipY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFKq3ohePFeyHtEvJptk2NMkuSVaoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1IlWaRvDeTmPoCDyULGcHGSg89zYYCl5/O+8WSW3HnQKvEy0gJMjT6xa/eICKJoNIQjrXuem5s/BQrwwin00Iv0TTGZIyHtGupxIJqP50fPEVnVhmgMFK2pEFz9fdEioXWExHYToHNSC97M/E/r5uY8NJPmYwTQyVZLAoTjkyEZt+jAVOUGD6xBBPF7K2IjLDCxNiMCjYEb/nlVdK6qHjVytVdtVS/zuLIwwmcQhk8qEEdbqEBTSAg4Ble4c1Rzovz7nwsWnNONnMMf+B8/gBK6pAY</latexit>
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• How to make this shape? 
• Sigmoid/logistic function

�(z) =
1

1 + exp(�z)

<latexit sha1_base64="jpeu/Y1hnWCPbjg6puiMmoG5DmA=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vQIpZECupCKLpxWcE+oAllMp20Q2eSMDMR25C9G3/FjQtF3PoD7vwbp20WWj1w4XDOvdx7jxcxKpVlfRm5peWV1bX8emFjc2t7x9zda8kwFpg0cchC0fGQJIwGpKmoYqQTCYK4x0jbG11N/fYdEZKGwa0aR8TlaBBQn2KktNQzi46kA47Kkwq8gI4vEE7sNLHhEXTIfVQ+nlTSnlmyqtYM8C+xM1ICGRo989PphzjmJFCYISm7thUpN0FCUcxIWnBiSSKER2hAupoGiBPpJrNfUniolT70Q6ErUHCm/pxIEJdyzD3dyZEaykVvKv7ndWPln7kJDaJYkQDPF/kxgyqE02BgnwqCFRtrgrCg+laIh0gHonR8BR2CvfjyX9I6qdq16vlNrVS/zOLIgwNQBGVgg1NQB9egAZoAgwfwBF7Aq/FoPBtvxvu8NWdkM/vgF4yPb+vrmRY=</latexit>
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<latexit sha1_base64="Wud7Tk1lAE0TofbfdXT/CfC5Fa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+0hjQo=</latexit>
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<latexit sha1_base64="Wk9F8NHZoFZOKpTPgQHKVHoDipY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFKq3ohePFeyHtEvJptk2NMkuSVaoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1IlWaRvDeTmPoCDyULGcHGSg89zYYCl5/O+8WSW3HnQKvEy0gJMjT6xa/eICKJoNIQjrXuem5s/BQrwwin00Iv0TTGZIyHtGupxIJqP50fPEVnVhmgMFK2pEFz9fdEioXWExHYToHNSC97M/E/r5uY8NJPmYwTQyVZLAoTjkyEZt+jAVOUGD6xBBPF7K2IjLDCxNiMCjYEb/nlVdK6qHjVytVdtVS/zuLIwwmcQhk8qEEdbqEBTSAg4Ble4c1Rzovz7nwsWnNONnMMf+B8/gBK6pAY</latexit>
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• How to make this shape? 
• Sigmoid/logistic function

�(z) =
1

1 + exp(�z)
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<latexit sha1_base64="Wk9F8NHZoFZOKpTPgQHKVHoDipY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquFKq3ohePFeyHtEvJptk2NMkuSVaoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etXSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxjczv/1IlWaRvDeTmPoCDyULGcHGSg89zYYCl5/O+8WSW3HnQKvEy0gJMjT6xa/eICKJoNIQjrXuem5s/BQrwwin00Iv0TTGZIyHtGupxIJqP50fPEVnVhmgMFK2pEFz9fdEioXWExHYToHNSC97M/E/r5uY8NJPmYwTQyVZLAoTjkyEZt+jAVOUGD6xBBPF7K2IjLDCxNiMCjYEb/nlVdK6qHjVytVdtVS/zuLIwwmcQhk8qEEdbqEBTSAg4Ble4c1Rzovz7nwsWnNONnMMf+B8/gBK6pAY</latexit>

1

0.5

6



–

+

Capturing uncertainty

Temperature (C)

Pr
ob

ab
ilit

y 
of

 
we

ar
in

g 
a 

co
at

0

1

0.5

Temperature (C)

+ + + +

– – – –

+

Temperature (C)
0

1

0.5

Temperature (C)

+ + +

– – –

+

–

++

– – –La
be

l: 
am

 I 
we

ar
in

g 
a 

co
at

?

• How to make this shape? 
• Sigmoid/logistic function

�(z) =
1

1 + exp(�z)
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x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

g(x)

<latexit sha1_base64="aL4bV+qTTBcwmWOzeqHIIQiRhFU=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCm5baJeSTbNtaDZZkqxYlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v53C2vrG5lZxu7Szu7d/UD48ammZKkJ9IrlUnRBrypmgvmGG006iKI5DTtvh+Hbmtx+p0kyKBzNJaBDjoWARI9hYyR9Wn85Rv1xxa+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6CrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmld1Lx67fq+Xmnc5HEU4QROoQoeXEID7qAJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDIYI4I</latexit>

�(✓x+ ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

g(x) =

<latexit sha1_base64="r18sE54/4YZISpi6s9kB1WuT1IM=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKQD0IQS8eI5gHJEuYncwmQ2Znl5leMYR8hBcPinj1e7z5N06SPWhiQUNR1U13V5BIYdB1v52V1bX1jc3cVn57Z3dvv3Bw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+nfvORayNi9YCjhPsR7SsRCkbRSs1+6emMXJNuoeiW3RnIMvEyUoQMtW7hq9OLWRpxhUxSY9qem6 A/phoFk3yS76SGJ5QNaZ+3LVU04sYfz86dkFOr9EgYa1sKyUz9PTGmkTGjKLCdEcWBWfSm4n9eO8Xw0h8LlaTIFZsvClNJMCbT30lPaM5QjiyhTAt7K2EDqilDm1DehuAtvrxMGudlr1K+uq8UqzdZHDk4hhMogQcXUIU7qEEdGAzhGV7hzUmcF+fd+Zi3rjjZzBH8gfP5A6Iajnk=</latexit>

=
1

1 + exp {�(✓x+ ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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– – –

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>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

x2

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

=
1

1 + exp {�(✓>x+ ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

Capturing uncertainty
�(✓x+ ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x+ ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:

2 features:

=
1

1 + exp {�(✓x+ ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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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>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

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>

=
1

1 + exp {�(✓>x+ ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

Capturing uncertainty
�(✓x+ ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x+ ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:

2 features:

=
1

1 + exp {�(✓x+ ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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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>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

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>

=
1

1 + exp {�(✓>x+ ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

Capturing uncertainty
�(✓x+ ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x+ ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:

2 features:

=
1

1 + exp {�(✓x+ ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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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>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

g(x)

<latexit sha1_base64="1r6TrLYppDGmuCjDEgK2hudSOh0=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD2qVk02wbmmSXJCuWpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33mkSrNIPphpTH2BR5KFjGCTSaPq0/mgXHFr7hxolXg5qUCO5qD81R9GJBFUGsKx1j3PjY2fYmUY4XRW6ieaxphM8Ij2LJVYUO2n81tn6MwqQxRGypY0aK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUksWiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXNq9eu7+uVxk0eRxFO4BSq4MElNOAOmtACAmN4hld4c4Tz4rw7H4vWgpPPHMMfOJ8/ccaN3g==</latexit>

x

<latexit sha1_base64="g3vERbzU3kfXibT9Kek4KMf3Qbg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMyKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+oZjQg=</latexit>

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>

=
1

1 + exp {�(✓>x+ ✓0)}

<latexit sha1_base64="j8rNYF/ZPeY47vygcK35HtHN5to="></latexit>

Capturing uncertainty
�(✓x+ ✓0)

<latexit sha1_base64="dd5L3GQFSNnffL1LXJA9lmhl4Ao=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqAglkYK6K7pxWcFeoAlhMp20QycXZk7EErpx46u4caGIW9/BnW/jtM1CW38Y+PjPOZw5v58IrsCyvo3C0vLK6lpxvbSxubW9Y+7utVScSsqaNBax7PhEMcEj1gQOgnUSyUjoC9b2h9eTevueScXj6A5GCXND0o94wCkBbXnmoaN4PyQVBwYMCH7Ap3iGnnWCPbNsVa2p8CLYOZRRroZnfjm9mKYhi4AKolTXthJwMyKBU8HGJSdVLCF0SPqsqzEiIVNuNr1ijI+108NBLPWLAE/d3xMZCZUahb7uDAkM1HxtYv5X66YQXLgZj5IUWERni4JUYIjxJBLc45JRECMNhEqu/4rpgEhCQQdX0iHY8ycvQuusateql7e1cv0qj6OIDtARqiAbnaM6ukEN1EQUPaJn9IrejCfjxXg3PmatBSOf2Ud/ZHz+AEAdlyM=</latexit>

�(✓>x+ ✓0)

<latexit sha1_base64="n+YCaP2GrKgrYGRYCwm10+uAM1Q=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0WoCCWRgrorunFZwT6giWEynbRDJw9mbsQSunbjr7hxoYhbv8Cdf+O0zUKrBy6cOede5t7jJ4IrsKwvo7CwuLS8Ulwtra1vbG6Z2zstFaeSsiaNRSw7PlFM8Ig1gYNgnUQyEvqCtf3h5cRv3zGpeBzdwChhbkj6EQ84JaAlz9x3FO+HpOLAgAG5dSBO8D0+xrO3Zx1hzyxbVWsK/JfYOSmjHA3P/HR6MU1DFgEVRKmubSXgZkQCp4KNS06qWELokPRZV9OIhEy52fSUMT7USg8HsdQVAZ6qPycyEio1Cn3dGRIYqHlvIv7ndVMIztyMR0kKLKKzj4JUYIjxJBfc45JRECNNCJVc74rpgEhCQadX0iHY8yf/Ja2Tql2rnl/XyvWLPI4i2kMHqIJsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zhf9gvHxDVIHmWI=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

g(x) =

<latexit sha1_base64="3ikQK/LEi8K8wlXZ2a+dBYvyBxA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsquFNSDUPTisYL9gHYp2TTbxmaTJcmKZel/8OJBEa/+H2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aWiSK0QSSXqh1gTTkTtGGY4bQdK4qjgNNWMLqZ+q1HqjST4t6MY+pHeCBYyAg2VmoOyk+n6KpXLLkVdwa0TLyMlCBDvVf86vYlSSIqDOFY647nxsZPsTKMcDopdBNNY0xGeEA7lgocUe2ns2sn6MQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCCDcFbfHmZNM8qXrVyeVct1a6zOPJwBMdQBg/OoQa3UIcGEHiAZ3iFN0c6L8678zFvzTnZzCH8gfP5A0sfjk8=</latexit>

1 feature:

2 features:

=
1

1 + exp {�(✓x+ ✓0)}

<latexit sha1_base64="93La7oDajAXXaPlFLEabTpR3rsQ="></latexit>
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• What’s an appropriate loss for this guess?
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Linear logistic classification

–
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Temperature (C)
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Temperature (C)

+ + +

– – –

+

–

++

– – –

Probability(data)
=

nY

i=1

Probability(data point i)

<latexit sha1_base64="RGRK8uS1cgFBq5xOoyTfamDhWiI=">AAACJnicbVBNSwMxEM36bf2qevQSrEK9lF0R1ENB9OKxglWhrWU2m7bBbLIks2JZ9td48a948aCIePOnmNYKWn0w8Hhvhpl5YSKFRd9/9yYmp6ZnZufmCwuLS8srxdW1C6tTw3idaanNVQiWS6F4HQVKfpUYDnEo+WV4czLwL2+5sUKrc+wnvBVDV4mOYIBOaherVdpMjI7amagG+bWiTeR3aOKsZnQIoZAC+3n5W4wAgSZaKK RbYivfaRdLfsUfgv4lwYiUyAi1dvG5GWmWxlwhk2BtI/ATbGVgUDDJ80IztTwBdgNd3nBUQcxtKxu+mdNtp0S0o40rd8FQ/TmRQWxtPw5dZwzYs+PeQPzPa6TYOWhlQiUpcsW+FnVSSVHTQWY0EoYzlH1HgBnhbqWsBwYYumQLLoRg/OW/5GK3EuxVDs/2SkfHozjmyAbZJGUSkH1yRE5JjdQJI/fkkTyTF+/Be/Jevbev1glvNLNOfsH7+AT6XaYY</latexit>

aka logistic 

regression
• What’s an appropriate loss for this guess?
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Linear logistic classification

–

+
Temperature (C)

0

1

0.5

Temperature (C)

+ + +

– – –

+

–

++

– – –

Probability(data)
=

nY

i=1

Probability(data point i)

<latexit sha1_base64="RGRK8uS1cgFBq5xOoyTfamDhWiI=">AAACJnicbVBNSwMxEM36bf2qevQSrEK9lF0R1ENB9OKxglWhrWU2m7bBbLIks2JZ9td48a948aCIePOnmNYKWn0w8Hhvhpl5YSKFRd9/9yYmp6ZnZufmCwuLS8srxdW1C6tTw3idaanNVQiWS6F4HQVKfpUYDnEo+WV4czLwL2+5sUKrc+wnvBVDV4mOYIBOaherVdpMjI7amagG+bWiTeR3aOKsZnQIoZAC+3n5W4wAgSZaKK RbYivfaRdLfsUfgv4lwYiUyAi1dvG5GWmWxlwhk2BtI/ATbGVgUDDJ80IztTwBdgNd3nBUQcxtKxu+mdNtp0S0o40rd8FQ/TmRQWxtPw5dZwzYs+PeQPzPa6TYOWhlQiUpcsW+FnVSSVHTQWY0EoYzlH1HgBnhbqWsBwYYumQLLoRg/OW/5GK3EuxVDs/2SkfHozjmyAbZJGUSkH1yRE5JjdQJI/fkkTyTF+/Be/Jevbev1glvNLNOfsH7+AT6XaYY</latexit>

=
nY

i=1

⇢
g(i) if y(i) = +1
(1� g(i)) else

<latexit sha1_base64="NkOy904K2EF6B1aZ/qwz0d1Ne4s=">AAACZ3icbVFda9RAFJ3Er7p+dLUigi9Xt8IWcUlKQX1YKPriYwW3Lexsl8nkJjt0MgkzN8UQ4o/0zXdf/BfObgNq64WBwznn3jtzJqm0chRFP4Lwxs1bt+9s3R3cu//g4fbw0eNjV9ZW4kyWurSniXColcEZKdJ4WlkURaLxJDn/uNZPLtA6VZov1FS4KERuVKakIE8th9+mwCtbpstWTePuzADXmBFvgSeYK9MKa0XTtbqD/K wdq70OOOFXskULKoPdpien8Dre9RqHcfymd+79saJ26FU0aT8QuFX5iibL4SiaRJuC6yDuwYj1dbQcfudpKesCDUktnJvHUUULP5WU1NgNeO2wEvJc5Dj30IgC3aLd5NTBK8+kkJXWH0OwYf/uaEXhXFMk3lkIWrmr2pr8nzavKXu3aJWpakIjLxdltQYqYR06pMqiJN14IKRV/q4gV8IKSf5rBj6E+OqTr4Pj/Ul8MHn/+WB0+KGPY4s9Zy/ZmMXsLTtkn9gRmzHJfgaDYCd4EvwKt8On4bNLaxj0PTvsnwpf/AYwobcF</latexit>

g(i) = �(✓>x(i) + ✓0)

<latexit sha1_base64="qV7yygsH+1Fi4/Z8oUU1RQB/AU0=">AAACGXicbVDLSgNBEJz1GeNr1aOXwSAkCGFXAupBCHrxGME8ILtZZieTZMjsg5leMSz5DS/+ihcPinjUk3/jJNmDJhY0FFXddHf5seAKLOvbWFpeWV1bz23kN7e2d3bNvf2GihJJWZ1GIpItnygmeMjqwEGwViwZCXzBmv7weuI375lUPArvYBQzNyD9kPc4JaAlz7T6nbTIS2N8iR3F+wEpOjBgQDoORDF+yMwTPFM9q+SZBatsTYEXiZ2RAspQ88xPpxvRJGAhUEGUattWDG5KJHAq2DjvJIrFhA5Jn7U1DUnAlJtOPxvjY610cS+SukLAU/X3REoCpUaBrzsDAgM1703E/7x2Ar1zN+VhnAAL6WxRLxEYIjyJCXe5ZBTESBNCJde3YjogklDQYeZ1CPb8y4ukcVq2K+WL20qhepXFkUOH6AgVkY3OUBXdoBqqI4oe0TN6RW/Gk/FivBsfs9YlI5s5QH9gfP0ArGGe3A==</latexit>

[Let ]

aka logistic 

regression

=
nY

i=1

(g(i))1{y
(i)=+1}(1� g(i))1{y

(i) 6=+1}

<latexit sha1_base64="6m7B2O1DzfZ0ltsW7ZE5lT7KA/0="></latexit>

• What’s an appropriate loss for this guess?
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<latexit sha1_base64="RGRK8uS1cgFBq5xOoyTfamDhWiI=">AAACJnicbVBNSwMxEM36bf2qevQSrEK9lF0R1ENB9OKxglWhrWU2m7bBbLIks2JZ9td48a948aCIePOnmNYKWn0w8Hhvhpl5YSKFRd9/9yYmp6ZnZufmCwuLS8srxdW1C6tTw3idaanNVQiWS6F4HQVKfpUYDnEo+WV4czLwL2+5sUKrc+wnvBVDV4mOYIBOaherVdpMjI7amagG+bWiTeR3aOKsZnQIoZAC+3n5W4wAgSZaKK RbYivfaRdLfsUfgv4lwYiUyAi1dvG5GWmWxlwhk2BtI/ATbGVgUDDJ80IztTwBdgNd3nBUQcxtKxu+mdNtp0S0o40rd8FQ/TmRQWxtPw5dZwzYs+PeQPzPa6TYOWhlQiUpcsW+FnVSSVHTQWY0EoYzlH1HgBnhbqWsBwYYumQLLoRg/OW/5GK3EuxVDs/2SkfHozjmyAbZJGUSkH1yRE5JjdQJI/fkkTyTF+/Be/Jevbev1glvNLNOfsH7+AT6XaYY</latexit>

=
nY

i=1

⇢
g(i) if y(i) = +1
(1� g(i)) else

<latexit sha1_base64="NkOy904K2EF6B1aZ/qwz0d1Ne4s=">AAACZ3icbVFda9RAFJ3Er7p+dLUigi9Xt8IWcUlKQX1YKPriYwW3Lexsl8nkJjt0MgkzN8UQ4o/0zXdf/BfObgNq64WBwznn3jtzJqm0chRFP4Lwxs1bt+9s3R3cu//g4fbw0eNjV9ZW4kyWurSniXColcEZKdJ4WlkURaLxJDn/uNZPLtA6VZov1FS4KERuVKakIE8th9+mwCtbpstWTePuzADXmBFvgSeYK9MKa0XTtbqD/K wdq70OOOFXskULKoPdpien8Dre9RqHcfymd+79saJ26FU0aT8QuFX5iibL4SiaRJuC6yDuwYj1dbQcfudpKesCDUktnJvHUUULP5WU1NgNeO2wEvJc5Dj30IgC3aLd5NTBK8+kkJXWH0OwYf/uaEXhXFMk3lkIWrmr2pr8nzavKXu3aJWpakIjLxdltQYqYR06pMqiJN14IKRV/q4gV8IKSf5rBj6E+OqTr4Pj/Ul8MHn/+WB0+KGPY4s9Zy/ZmMXsLTtkn9gRmzHJfgaDYCd4EvwKt8On4bNLaxj0PTvsnwpf/AYwobcF</latexit>

g(i) = �(✓>x(i) + ✓0)

<latexit sha1_base64="qV7yygsH+1Fi4/Z8oUU1RQB/AU0=">AAACGXicbVDLSgNBEJz1GeNr1aOXwSAkCGFXAupBCHrxGME8ILtZZieTZMjsg5leMSz5DS/+ihcPinjUk3/jJNmDJhY0FFXddHf5seAKLOvbWFpeWV1bz23kN7e2d3bNvf2GihJJWZ1GIpItnygmeMjqwEGwViwZCXzBmv7weuI375lUPArvYBQzNyD9kPc4JaAlz7T6nbTIS2N8iR3F+wEpOjBgQDoORDF+yMwTPFM9q+SZBatsTYEXiZ2RAspQ88xPpxvRJGAhUEGUattWDG5KJHAq2DjvJIrFhA5Jn7U1DUnAlJtOPxvjY610cS+SukLAU/X3REoCpUaBrzsDAgM1703E/7x2Ar1zN+VhnAAL6WxRLxEYIjyJCXe5ZBTESBNCJde3YjogklDQYeZ1CPb8y4ukcVq2K+WL20qhepXFkUOH6AgVkY3OUBXdoBqqI4oe0TN6RW/Gk/FivBsfs9YlI5s5QH9gfP0ArGGe3A==</latexit>

[Let ]

aka logistic 

regression

=
nY

i=1

(g(i))1{y
(i)=+1}(1� g(i))1{y

(i) 6=+1}

<latexit sha1_base64="6m7B2O1DzfZ0ltsW7ZE5lT7KA/0="></latexit>

• What’s an appropriate loss for this guess?
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<latexit sha1_base64="RGRK8uS1cgFBq5xOoyTfamDhWiI=">AAACJnicbVBNSwMxEM36bf2qevQSrEK9lF0R1ENB9OKxglWhrWU2m7bBbLIks2JZ9td48a948aCIePOnmNYKWn0w8Hhvhpl5YSKFRd9/9yYmp6ZnZufmCwuLS8srxdW1C6tTw3idaanNVQiWS6F4HQVKfpUYDnEo+WV4czLwL2+5sUKrc+wnvBVDV4mOYIBOaherVdpMjI7amagG+bWiTeR3aOKsZnQIoZAC+3n5W4wAgSZaKK RbYivfaRdLfsUfgv4lwYiUyAi1dvG5GWmWxlwhk2BtI/ATbGVgUDDJ80IztTwBdgNd3nBUQcxtKxu+mdNtp0S0o40rd8FQ/TmRQWxtPw5dZwzYs+PeQPzPa6TYOWhlQiUpcsW+FnVSSVHTQWY0EoYzlH1HgBnhbqWsBwYYumQLLoRg/OW/5GK3EuxVDs/2SkfHozjmyAbZJGUSkH1yRE5JjdQJI/fkkTyTF+/Be/Jevbev1glvNLNOfsH7+AT6XaYY</latexit>

=
nY

i=1

⇢
g(i) if y(i) = +1
(1� g(i)) else

<latexit sha1_base64="NkOy904K2EF6B1aZ/qwz0d1Ne4s=">AAACZ3icbVFda9RAFJ3Er7p+dLUigi9Xt8IWcUlKQX1YKPriYwW3Lexsl8nkJjt0MgkzN8UQ4o/0zXdf/BfObgNq64WBwznn3jtzJqm0chRFP4Lwxs1bt+9s3R3cu//g4fbw0eNjV9ZW4kyWurSniXColcEZKdJ4WlkURaLxJDn/uNZPLtA6VZov1FS4KERuVKakIE8th9+mwCtbpstWTePuzADXmBFvgSeYK9MKa0XTtbqD/K wdq70OOOFXskULKoPdpien8Dre9RqHcfymd+79saJ26FU0aT8QuFX5iibL4SiaRJuC6yDuwYj1dbQcfudpKesCDUktnJvHUUULP5WU1NgNeO2wEvJc5Dj30IgC3aLd5NTBK8+kkJXWH0OwYf/uaEXhXFMk3lkIWrmr2pr8nzavKXu3aJWpakIjLxdltQYqYR06pMqiJN14IKRV/q4gV8IKSf5rBj6E+OqTr4Pj/Ul8MHn/+WB0+KGPY4s9Zy/ZmMXsLTtkn9gRmzHJfgaDYCd4EvwKt8On4bNLaxj0PTvsnwpf/AYwobcF</latexit>

g(i) = �(✓>x(i) + ✓0)

<latexit sha1_base64="qV7yygsH+1Fi4/Z8oUU1RQB/AU0=">AAACGXicbVDLSgNBEJz1GeNr1aOXwSAkCGFXAupBCHrxGME8ILtZZieTZMjsg5leMSz5DS/+ihcPinjUk3/jJNmDJhY0FFXddHf5seAKLOvbWFpeWV1bz23kN7e2d3bNvf2GihJJWZ1GIpItnygmeMjqwEGwViwZCXzBmv7weuI375lUPArvYBQzNyD9kPc4JaAlz7T6nbTIS2N8iR3F+wEpOjBgQDoORDF+yMwTPFM9q+SZBatsTYEXiZ2RAspQ88xPpxvRJGAhUEGUattWDG5KJHAq2DjvJIrFhA5Jn7U1DUnAlJtOPxvjY610cS+SukLAU/X3REoCpUaBrzsDAgM1703E/7x2Ar1zN+VhnAAL6WxRLxEYIjyJCXe5ZBTESBNCJde3YjogklDQYeZ1CPb8y4ukcVq2K+WL20qhepXFkUOH6AgVkY3OUBXdoBqqI4oe0TN6RW/Gk/FivBsfs9YlI5s5QH9gfP0ArGGe3A==</latexit>
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<latexit sha1_base64="qV7yygsH+1Fi4/Z8oUU1RQB/AU0=">AAACGXicbVDLSgNBEJz1GeNr1aOXwSAkCGFXAupBCHrxGME8ILtZZieTZMjsg5leMSz5DS/+ihcPinjUk3/jJNmDJhY0FFXddHf5seAKLOvbWFpeWV1bz23kN7e2d3bNvf2GihJJWZ1GIpItnygmeMjqwEGwViwZCXzBmv7weuI375lUPArvYBQzNyD9kPc4JaAlz7T6nbTIS2N8iR3F+wEpOjBgQDoORDF+yMwTPFM9q+SZBatsTYEXiZ2RAspQ88xPpxvRJGAhUEGUattWDG5KJHAq2DjvJIrFhA5Jn7U1DUnAlJtOPxvjY610cS+SukLAU/X3REoCpUaBrzsDAgM1703E/7x2Ar1zN+VhnAAL6WxRLxEYIjyJCXe5ZBTESBNCJde3YjogklDQYeZ1CPb8y4ukcVq2K+WL20qhepXFkUOH6AgVkY3OUBXdoBqqI4oe0TN6RW/Gk/FivBsfs9YlI5s5QH9gfP0ArGGe3A==</latexit>
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<latexit sha1_base64="qV7yygsH+1Fi4/Z8oUU1RQB/AU0=">AAACGXicbVDLSgNBEJz1GeNr1aOXwSAkCGFXAupBCHrxGME8ILtZZieTZMjsg5leMSz5DS/+ihcPinjUk3/jJNmDJhY0FFXddHf5seAKLOvbWFpeWV1bz23kN7e2d3bNvf2GihJJWZ1GIpItnygmeMjqwEGwViwZCXzBmv7weuI375lUPArvYBQzNyD9kPc4JaAlz7T6nbTIS2N8iR3F+wEpOjBgQDoORDF+yMwTPFM9q+SZBatsTYEXiZ2RAspQ88xPpxvRJGAhUEGUattWDG5KJHAq2DjvJIrFhA5Jn7U1DUnAlJtOPxvjY610cS+SukLAU/X3REoCpUaBrzsDAgM1703E/7x2Ar1zN+VhnAAL6WxRLxEYIjyJCXe5ZBTESBNCJde3YjogklDQYeZ1CPb8y4ukcVq2K+WL20qhepXFkUOH6AgVkY3OUBXdoBqqI4oe0TN6RW/Gk/FivBsfs9YlI5s5QH9gfP0ArGGe3A==</latexit>
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<latexit sha1_base64="NkOy904K2EF6B1aZ/qwz0d1Ne4s=">AAACZ3icbVFda9RAFJ3Er7p+dLUigi9Xt8IWcUlKQX1YKPriYwW3Lexsl8nkJjt0MgkzN8UQ4o/0zXdf/BfObgNq64WBwznn3jtzJqm0chRFP4Lwxs1bt+9s3R3cu//g4fbw0eNjV9ZW4kyWurSniXColcEZKdJ4WlkURaLxJDn/uNZPLtA6VZov1FS4KERuVKakIE8th9+mwCtbpstWTePuzADXmBFvgSeYK9MKa0XTtbqD/K wdq70OOOFXskULKoPdpien8Dre9RqHcfymd+79saJ26FU0aT8QuFX5iibL4SiaRJuC6yDuwYj1dbQcfudpKesCDUktnJvHUUULP5WU1NgNeO2wEvJc5Dj30IgC3aLd5NTBK8+kkJXWH0OwYf/uaEXhXFMk3lkIWrmr2pr8nzavKXu3aJWpakIjLxdltQYqYR06pMqiJN14IKRV/q4gV8IKSf5rBj6E+OqTr4Pj/Ul8MHn/+WB0+KGPY4s9Zy/ZmMXsLTtkn9gRmzHJfgaDYCd4EvwKt8On4bNLaxj0PTvsnwpf/AYwobcF</latexit>
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<latexit sha1_base64="qV7yygsH+1Fi4/Z8oUU1RQB/AU0=">AAACGXicbVDLSgNBEJz1GeNr1aOXwSAkCGFXAupBCHrxGME8ILtZZieTZMjsg5leMSz5DS/+ihcPinjUk3/jJNmDJhY0FFXddHf5seAKLOvbWFpeWV1bz23kN7e2d3bNvf2GihJJWZ1GIpItnygmeMjqwEGwViwZCXzBmv7weuI375lUPArvYBQzNyD9kPc4JaAlz7T6nbTIS2N8iR3F+wEpOjBgQDoORDF+yMwTPFM9q+SZBatsTYEXiZ2RAspQ88xPpxvRJGAhUEGUattWDG5KJHAq2DjvJIrFhA5Jn7U1DUnAlJtOPxvjY610cS+SukLAU/X3REoCpUaBrzsDAgM1703E/7x2Ar1zN+VhnAAL6WxRLxEYIjyJCXe5ZBTESBNCJde3YjogklDQYeZ1CPb8y4ukcVq2K+WL20qhepXFkUOH6AgVkY3OUBXdoBqqI4oe0TN6RW/Gk/FivBsfs9YlI5s5QH9gfP0ArGGe3A==</latexit>
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<latexit sha1_base64="RGRK8uS1cgFBq5xOoyTfamDhWiI=">AAACJnicbVBNSwMxEM36bf2qevQSrEK9lF0R1ENB9OKxglWhrWU2m7bBbLIks2JZ9td48a948aCIePOnmNYKWn0w8Hhvhpl5YSKFRd9/9yYmp6ZnZufmCwuLS8srxdW1C6tTw3idaanNVQiWS6F4HQVKfpUYDnEo+WV4czLwL2+5sUKrc+wnvBVDV4mOYIBOaherVdpMjI7amagG+bWiTeR3aOKsZnQIoZAC+3n5W4wAgSZaKK RbYivfaRdLfsUfgv4lwYiUyAi1dvG5GWmWxlwhk2BtI/ATbGVgUDDJ80IztTwBdgNd3nBUQcxtKxu+mdNtp0S0o40rd8FQ/TmRQWxtPw5dZwzYs+PeQPzPa6TYOWhlQiUpcsW+FnVSSVHTQWY0EoYzlH1HgBnhbqWsBwYYumQLLoRg/OW/5GK3EuxVDs/2SkfHozjmyAbZJGUSkH1yRE5JjdQJI/fkkTyTF+/Be/Jevbev1glvNLNOfsH7+AT6XaYY</latexit>
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<latexit sha1_base64="NkOy904K2EF6B1aZ/qwz0d1Ne4s=">AAACZ3icbVFda9RAFJ3Er7p+dLUigi9Xt8IWcUlKQX1YKPriYwW3Lexsl8nkJjt0MgkzN8UQ4o/0zXdf/BfObgNq64WBwznn3jtzJqm0chRFP4Lwxs1bt+9s3R3cu//g4fbw0eNjV9ZW4kyWurSniXColcEZKdJ4WlkURaLxJDn/uNZPLtA6VZov1FS4KERuVKakIE8th9+mwCtbpstWTePuzADXmBFvgSeYK9MKa0XTtbqD/K wdq70OOOFXskULKoPdpien8Dre9RqHcfymd+79saJ26FU0aT8QuFX5iibL4SiaRJuC6yDuwYj1dbQcfudpKesCDUktnJvHUUULP5WU1NgNeO2wEvJc5Dj30IgC3aLd5NTBK8+kkJXWH0OwYf/uaEXhXFMk3lkIWrmr2pr8nzavKXu3aJWpakIjLxdltQYqYR06pMqiJN14IKRV/q4gV8IKSf5rBj6E+OqTr4Pj/Ul8MHn/+WB0+KGPY4s9Zy/ZmMXsLTtkn9gRmzHJfgaDYCd4EvwKt8On4bNLaxj0PTvsnwpf/AYwobcF</latexit>
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<latexit sha1_base64="qV7yygsH+1Fi4/Z8oUU1RQB/AU0=">AAACGXicbVDLSgNBEJz1GeNr1aOXwSAkCGFXAupBCHrxGME8ILtZZieTZMjsg5leMSz5DS/+ihcPinjUk3/jJNmDJhY0FFXddHf5seAKLOvbWFpeWV1bz23kN7e2d3bNvf2GihJJWZ1GIpItnygmeMjqwEGwViwZCXzBmv7weuI375lUPArvYBQzNyD9kPc4JaAlz7T6nbTIS2N8iR3F+wEpOjBgQDoORDF+yMwTPFM9q+SZBatsTYEXiZ2RAspQ88xPpxvRJGAhUEGUattWDG5KJHAq2DjvJIrFhA5Jn7U1DUnAlJtOPxvjY610cS+SukLAU/X3REoCpUaBrzsDAgM1703E/7x2Ar1zN+VhnAAL6WxRLxEYIjyJCXe5ZBTESBNCJde3YjogklDQYeZ1CPb8y4ukcVq2K+WL20qhepXFkUOH6AgVkY3OUBXdoBqqI4oe0TN6RW/Gk/FivBsfs9YlI5s5QH9gfP0ArGGe3A==</latexit>
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<latexit sha1_base64="NkOy904K2EF6B1aZ/qwz0d1Ne4s=">AAACZ3icbVFda9RAFJ3Er7p+dLUigi9Xt8IWcUlKQX1YKPriYwW3Lexsl8nkJjt0MgkzN8UQ4o/0zXdf/BfObgNq64WBwznn3jtzJqm0chRFP4Lwxs1bt+9s3R3cu//g4fbw0eNjV9ZW4kyWurSniXColcEZKdJ4WlkURaLxJDn/uNZPLtA6VZov1FS4KERuVKakIE8th9+mwCtbpstWTePuzADXmBFvgSeYK9MKa0XTtbqD/K wdq70OOOFXskULKoPdpien8Dre9RqHcfymd+79saJ26FU0aT8QuFX5iibL4SiaRJuC6yDuwYj1dbQcfudpKesCDUktnJvHUUULP5WU1NgNeO2wEvJc5Dj30IgC3aLd5NTBK8+kkJXWH0OwYf/uaEXhXFMk3lkIWrmr2pr8nzavKXu3aJWpakIjLxdltQYqYR06pMqiJN14IKRV/q4gV8IKSf5rBj6E+OqTr4Pj/Ul8MHn/+WB0+KGPY4s9Zy/ZmMXsLTtkn9gRmzHJfgaDYCd4EvwKt8On4bNLaxj0PTvsnwpf/AYwobcF</latexit>

g(i) = �(✓>x(i) + ✓0)

<latexit sha1_base64="qV7yygsH+1Fi4/Z8oUU1RQB/AU0=">AAACGXicbVDLSgNBEJz1GeNr1aOXwSAkCGFXAupBCHrxGME8ILtZZieTZMjsg5leMSz5DS/+ihcPinjUk3/jJNmDJhY0FFXddHf5seAKLOvbWFpeWV1bz23kN7e2d3bNvf2GihJJWZ1GIpItnygmeMjqwEGwViwZCXzBmv7weuI375lUPArvYBQzNyD9kPc4JaAlz7T6nbTIS2N8iR3F+wEpOjBgQDoORDF+yMwTPFM9q+SZBatsTYEXiZ2RAspQ88xPpxvRJGAhUEGUattWDG5KJHAq2DjvJIrFhA5Jn7U1DUnAlJtOPxvjY610cS+SukLAU/X3REoCpUaBrzsDAgM1703E/7x2Ar1zN+VhnAAL6WxRLxEYIjyJCXe5ZBTESBNCJde3YjogklDQYeZ1CPb8y4ukcVq2K+WL20qhepXFkUOH6AgVkY3OUBXdoBqqI4oe0TN6RW/Gk/FivBsfs9YlI5s5QH9gfP0ArGGe3A==</latexit>

[Let ]

Loss(data) = -(1/n) * log probability(data)

aka logistic 

regression

–

=
nY

i=1

(g(i))1{y
(i)=+1}(1� g(i))1{y

(i) 6=+1}

<latexit sha1_base64="6m7B2O1DzfZ0ltsW7ZE5lT7KA/0="></latexit>

• What’s an appropriate loss for this guess?
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Linear logistic classification
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Probability(data)
=

nY

i=1

Probability(data point i)

<latexit sha1_base64="RGRK8uS1cgFBq5xOoyTfamDhWiI=">AAACJnicbVBNSwMxEM36bf2qevQSrEK9lF0R1ENB9OKxglWhrWU2m7bBbLIks2JZ9td48a948aCIePOnmNYKWn0w8Hhvhpl5YSKFRd9/9yYmp6ZnZufmCwuLS8srxdW1C6tTw3idaanNVQiWS6F4HQVKfpUYDnEo+WV4czLwL2+5sUKrc+wnvBVDV4mOYIBOaherVdpMjI7amagG+bWiTeR3aOKsZnQIoZAC+3n5W4wAgSZaKK RbYivfaRdLfsUfgv4lwYiUyAi1dvG5GWmWxlwhk2BtI/ATbGVgUDDJ80IztTwBdgNd3nBUQcxtKxu+mdNtp0S0o40rd8FQ/TmRQWxtPw5dZwzYs+PeQPzPa6TYOWhlQiUpcsW+FnVSSVHTQWY0EoYzlH1HgBnhbqWsBwYYumQLLoRg/OW/5GK3EuxVDs/2SkfHozjmyAbZJGUSkH1yRE5JjdQJI/fkkTyTF+/Be/Jevbev1glvNLNOfsH7+AT6XaYY</latexit>

=
nY

i=1

⇢
g(i) if y(i) = +1
(1� g(i)) else

<latexit sha1_base64="NkOy904K2EF6B1aZ/qwz0d1Ne4s=">AAACZ3icbVFda9RAFJ3Er7p+dLUigi9Xt8IWcUlKQX1YKPriYwW3Lexsl8nkJjt0MgkzN8UQ4o/0zXdf/BfObgNq64WBwznn3jtzJqm0chRFP4Lwxs1bt+9s3R3cu//g4fbw0eNjV9ZW4kyWurSniXColcEZKdJ4WlkURaLxJDn/uNZPLtA6VZov1FS4KERuVKakIE8th9+mwCtbpstWTePuzADXmBFvgSeYK9MKa0XTtbqD/K wdq70OOOFXskULKoPdpien8Dre9RqHcfymd+79saJ26FU0aT8QuFX5iibL4SiaRJuC6yDuwYj1dbQcfudpKesCDUktnJvHUUULP5WU1NgNeO2wEvJc5Dj30IgC3aLd5NTBK8+kkJXWH0OwYf/uaEXhXFMk3lkIWrmr2pr8nzavKXu3aJWpakIjLxdltQYqYR06pMqiJN14IKRV/q4gV8IKSf5rBj6E+OqTr4Pj/Ul8MHn/+WB0+KGPY4s9Zy/ZmMXsLTtkn9gRmzHJfgaDYCd4EvwKt8On4bNLaxj0PTvsnwpf/AYwobcF</latexit>

g(i) = �(✓>x(i) + ✓0)

<latexit sha1_base64="qV7yygsH+1Fi4/Z8oUU1RQB/AU0=">AAACGXicbVDLSgNBEJz1GeNr1aOXwSAkCGFXAupBCHrxGME8ILtZZieTZMjsg5leMSz5DS/+ihcPinjUk3/jJNmDJhY0FFXddHf5seAKLOvbWFpeWV1bz23kN7e2d3bNvf2GihJJWZ1GIpItnygmeMjqwEGwViwZCXzBmv7weuI375lUPArvYBQzNyD9kPc4JaAlz7T6nbTIS2N8iR3F+wEpOjBgQDoORDF+yMwTPFM9q+SZBatsTYEXiZ2RAspQ88xPpxvRJGAhUEGUattWDG5KJHAq2DjvJIrFhA5Jn7U1DUnAlJtOPxvjY610cS+SukLAU/X3REoCpUaBrzsDAgM1703E/7x2Ar1zN+VhnAAL6WxRLxEYIjyJCXe5ZBTESBNCJde3YjogklDQYeZ1CPb8y4ukcVq2K+WL20qhepXFkUOH6AgVkY3OUBXdoBqqI4oe0TN6RW/Gk/FivBsfs9YlI5s5QH9gfP0ArGGe3A==</latexit>

[Let ]

Loss(data) = -(1/n) * log probability(data)

aka logistic 

regression

–

=
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n

nX

i=1

�
⇣
1{y(i) = +1} log g(i) + 1{y(i) 6= +1} log(1� g(i))

⌘

<latexit sha1_base64="3NmU0aDB2vqNpEl0G0s5/X780ZE="></latexit>

=
nY

i=1

(g(i))1{y
(i)=+1}(1� g(i))1{y

(i) 6=+1}

<latexit sha1_base64="6m7B2O1DzfZ0ltsW7ZE5lT7KA/0="></latexit>

• What’s an appropriate loss for this guess?
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<latexit sha1_base64="RGRK8uS1cgFBq5xOoyTfamDhWiI=">AAACJnicbVBNSwMxEM36bf2qevQSrEK9lF0R1ENB9OKxglWhrWU2m7bBbLIks2JZ9td48a948aCIePOnmNYKWn0w8Hhvhpl5YSKFRd9/9yYmp6ZnZufmCwuLS8srxdW1C6tTw3idaanNVQiWS6F4HQVKfpUYDnEo+WV4czLwL2+5sUKrc+wnvBVDV4mOYIBOaherVdpMjI7amagG+bWiTeR3aOKsZnQIoZAC+3n5W4wAgSZaKK RbYivfaRdLfsUfgv4lwYiUyAi1dvG5GWmWxlwhk2BtI/ATbGVgUDDJ80IztTwBdgNd3nBUQcxtKxu+mdNtp0S0o40rd8FQ/TmRQWxtPw5dZwzYs+PeQPzPa6TYOWhlQiUpcsW+FnVSSVHTQWY0EoYzlH1HgBnhbqWsBwYYumQLLoRg/OW/5GK3EuxVDs/2SkfHozjmyAbZJGUSkH1yRE5JjdQJI/fkkTyTF+/Be/Jevbev1glvNLNOfsH7+AT6XaYY</latexit>

=
nY

i=1

⇢
g(i) if y(i) = +1
(1� g(i)) else

<latexit sha1_base64="NkOy904K2EF6B1aZ/qwz0d1Ne4s=">AAACZ3icbVFda9RAFJ3Er7p+dLUigi9Xt8IWcUlKQX1YKPriYwW3Lexsl8nkJjt0MgkzN8UQ4o/0zXdf/BfObgNq64WBwznn3jtzJqm0chRFP4Lwxs1bt+9s3R3cu//g4fbw0eNjV9ZW4kyWurSniXColcEZKdJ4WlkURaLxJDn/uNZPLtA6VZov1FS4KERuVKakIE8th9+mwCtbpstWTePuzADXmBFvgSeYK9MKa0XTtbqD/K wdq70OOOFXskULKoPdpien8Dre9RqHcfymd+79saJ26FU0aT8QuFX5iibL4SiaRJuC6yDuwYj1dbQcfudpKesCDUktnJvHUUULP5WU1NgNeO2wEvJc5Dj30IgC3aLd5NTBK8+kkJXWH0OwYf/uaEXhXFMk3lkIWrmr2pr8nzavKXu3aJWpakIjLxdltQYqYR06pMqiJN14IKRV/q4gV8IKSf5rBj6E+OqTr4Pj/Ul8MHn/+WB0+KGPY4s9Zy/ZmMXsLTtkn9gRmzHJfgaDYCd4EvwKt8On4bNLaxj0PTvsnwpf/AYwobcF</latexit>

g(i) = �(✓>x(i) + ✓0)

<latexit sha1_base64="qV7yygsH+1Fi4/Z8oUU1RQB/AU0=">AAACGXicbVDLSgNBEJz1GeNr1aOXwSAkCGFXAupBCHrxGME8ILtZZieTZMjsg5leMSz5DS/+ihcPinjUk3/jJNmDJhY0FFXddHf5seAKLOvbWFpeWV1bz23kN7e2d3bNvf2GihJJWZ1GIpItnygmeMjqwEGwViwZCXzBmv7weuI375lUPArvYBQzNyD9kPc4JaAlz7T6nbTIS2N8iR3F+wEpOjBgQDoORDF+yMwTPFM9q+SZBatsTYEXiZ2RAspQ88xPpxvRJGAhUEGUattWDG5KJHAq2DjvJIrFhA5Jn7U1DUnAlJtOPxvjY610cS+SukLAU/X3REoCpUaBrzsDAgM1703E/7x2Ar1zN+VhnAAL6WxRLxEYIjyJCXe5ZBTESBNCJde3YjogklDQYeZ1CPb8y4ukcVq2K+WL20qhepXFkUOH6AgVkY3OUBXdoBqqI4oe0TN6RW/Gk/FivBsfs9YlI5s5QH9gfP0ArGGe3A==</latexit>

[Let ]

Loss(data) = -(1/n) * log probability(data)

aka logistic 

regression

=
1

n

nX

i=1

�
⇣
1{y(i) = +1} log g(i) + 1{y(i) 6= +1} log(1� g(i))

⌘

<latexit sha1_base64="3NmU0aDB2vqNpEl0G0s5/X780ZE="></latexit>

=
nY

i=1

(g(i))1{y
(i)=+1}(1� g(i))1{y

(i) 6=+1}

<latexit sha1_base64="6m7B2O1DzfZ0ltsW7ZE5lT7KA/0="></latexit>

• What’s an appropriate loss for this guess?
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Linear logistic classification
• What’s an appropriate loss for this guess?
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Probability(data)
=

nY

i=1

Probability(data point i)

<latexit sha1_base64="RGRK8uS1cgFBq5xOoyTfamDhWiI=">AAACJnicbVBNSwMxEM36bf2qevQSrEK9lF0R1ENB9OKxglWhrWU2m7bBbLIks2JZ9td48a948aCIePOnmNYKWn0w8Hhvhpl5YSKFRd9/9yYmp6ZnZufmCwuLS8srxdW1C6tTw3idaanNVQiWS6F4HQVKfpUYDnEo+WV4czLwL2+5sUKrc+wnvBVDV4mOYIBOaherVdpMjI7amagG+bWiTeR3aOKsZnQIoZAC+3n5W4wAgSZaKK RbYivfaRdLfsUfgv4lwYiUyAi1dvG5GWmWxlwhk2BtI/ATbGVgUDDJ80IztTwBdgNd3nBUQcxtKxu+mdNtp0S0o40rd8FQ/TmRQWxtPw5dZwzYs+PeQPzPa6TYOWhlQiUpcsW+FnVSSVHTQWY0EoYzlH1HgBnhbqWsBwYYumQLLoRg/OW/5GK3EuxVDs/2SkfHozjmyAbZJGUSkH1yRE5JjdQJI/fkkTyTF+/Be/Jevbev1glvNLNOfsH7+AT6XaYY</latexit>

=
nY

i=1

⇢
g(i) if y(i) = +1
(1� g(i)) else

<latexit sha1_base64="NkOy904K2EF6B1aZ/qwz0d1Ne4s=">AAACZ3icbVFda9RAFJ3Er7p+dLUigi9Xt8IWcUlKQX1YKPriYwW3Lexsl8nkJjt0MgkzN8UQ4o/0zXdf/BfObgNq64WBwznn3jtzJqm0chRFP4Lwxs1bt+9s3R3cu//g4fbw0eNjV9ZW4kyWurSniXColcEZKdJ4WlkURaLxJDn/uNZPLtA6VZov1FS4KERuVKakIE8th9+mwCtbpstWTePuzADXmBFvgSeYK9MKa0XTtbqD/K wdq70OOOFXskULKoPdpien8Dre9RqHcfymd+79saJ26FU0aT8QuFX5iibL4SiaRJuC6yDuwYj1dbQcfudpKesCDUktnJvHUUULP5WU1NgNeO2wEvJc5Dj30IgC3aLd5NTBK8+kkJXWH0OwYf/uaEXhXFMk3lkIWrmr2pr8nzavKXu3aJWpakIjLxdltQYqYR06pMqiJN14IKRV/q4gV8IKSf5rBj6E+OqTr4Pj/Ul8MHn/+WB0+KGPY4s9Zy/ZmMXsLTtkn9gRmzHJfgaDYCd4EvwKt8On4bNLaxj0PTvsnwpf/AYwobcF</latexit>

g(i) = �(✓>x(i) + ✓0)

<latexit sha1_base64="qV7yygsH+1Fi4/Z8oUU1RQB/AU0=">AAACGXicbVDLSgNBEJz1GeNr1aOXwSAkCGFXAupBCHrxGME8ILtZZieTZMjsg5leMSz5DS/+ihcPinjUk3/jJNmDJhY0FFXddHf5seAKLOvbWFpeWV1bz23kN7e2d3bNvf2GihJJWZ1GIpItnygmeMjqwEGwViwZCXzBmv7weuI375lUPArvYBQzNyD9kPc4JaAlz7T6nbTIS2N8iR3F+wEpOjBgQDoORDF+yMwTPFM9q+SZBatsTYEXiZ2RAspQ88xPpxvRJGAhUEGUattWDG5KJHAq2DjvJIrFhA5Jn7U1DUnAlJtOPxvjY610cS+SukLAU/X3REoCpUaBrzsDAgM1703E/7x2Ar1zN+VhnAAL6WxRLxEYIjyJCXe5ZBTESBNCJde3YjogklDQYeZ1CPb8y4ukcVq2K+WL20qhepXFkUOH6AgVkY3OUBXdoBqqI4oe0TN6RW/Gk/FivBsfs9YlI5s5QH9gfP0ArGGe3A==</latexit>

[Let ]

Loss(data) = -(1/n) * log probability(data)

Negative log likelihood loss (g for guess, a for actual): 

aka logistic 

regression

�Lnll(g, a) = (1{a = +1} log g + 1{a 6= +1} log(1� g))

<latexit sha1_base64="6ERmxNlDyCoGr5wKz8m1qeQPGC0="></latexit>

=
1

n

nX

i=1

�
⇣
1{y(i) = +1} log g(i) + 1{y(i) 6= +1} log(1� g(i))

⌘

<latexit sha1_base64="3NmU0aDB2vqNpEl0G0s5/X780ZE="></latexit>

=
nY

i=1

(g(i))1{y
(i)=+1}(1� g(i))1{y

(i) 6=+1}

<latexit sha1_base64="6m7B2O1DzfZ0ltsW7ZE5lT7KA/0="></latexit>
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Gradient-Descent(               ) • Run ⇥init, ⌘, Jlr,r⇥Jlr, ✏

<latexit sha1_base64="3UDR2q4PJKxJ/IoOjnJ8CCi3K9k=">AAACLXicbVBNSysxFM34bfX5qi7dBIvgQsrMo/B0J+pCXClYFTpluJPe2mAmMyR3xDL0D7nxr4jgQhG3/g0zbcHPA4GTc+69yT1xpqQl33/yJianpmdm5+YrC4t/lv5Wl1fObJobgU2RqtRcxGBRSY1NkqTwIjMISazwPL7aL/3zazRWpvqU+hm2E7jUsisFkJOi6kF42kOCqAgJb8gkhdSSBoMtHjp1ix9FhTLlTUOsIBoVf6iYWanKMTW/7g/Bf5JgTGpsjOOo+hB2UpEnqEkosLYV+Bm1CzAkhcJBJcwtZiCu4BJbjmpI0LaL4bYDvuGUDu+mxh1NfKh+7iggsbafxK4yAerZ714p/ua1cuput10AWU6oxeihbq44pbyMjnekQUGq7wgII91fueiBAUEu4IoLIfi+8k9y9q8eNOo7J43a7t44jjm2xtbZJgvYf7bLDtkxazLBbtk9e2LP3p336L14r6PSCW/cs8q+wHt7B6J5qPk=</latexit>
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Gradient descent for logistic regression
• Want to minimize average (negative log likelihood) loss 

across the data (objective is differentiable and convex)
<latexit sha1_base64="gRV7ewwHi6hjBSro1ZW4dzktRFs="></latexit>

Jlr(⇥) = Jlr(✓, ✓0) =
1
n

Pn
i=1 Lnll(�(✓>x(i) + ✓0), y(i))



Gradient-Descent(               ) • Run ⇥init, ⌘, Jlr,r⇥Jlr, ✏

<latexit sha1_base64="3UDR2q4PJKxJ/IoOjnJ8CCi3K9k=">AAACLXicbVBNSysxFM34bfX5qi7dBIvgQsrMo/B0J+pCXClYFTpluJPe2mAmMyR3xDL0D7nxr4jgQhG3/g0zbcHPA4GTc+69yT1xpqQl33/yJianpmdm5+YrC4t/lv5Wl1fObJobgU2RqtRcxGBRSY1NkqTwIjMISazwPL7aL/3zazRWpvqU+hm2E7jUsisFkJOi6kF42kOCqAgJb8gkhdSSBoMtHjp1ix9FhTLlTUOsIBoVf6iYWanKMTW/7g/Bf5JgTGpsjOOo+hB2UpEnqEkosLYV+Bm1CzAkhcJBJcwtZiCu4BJbjmpI0LaL4bYDvuGUDu+mxh1NfKh+7iggsbafxK4yAerZ714p/ua1cuput10AWU6oxeihbq44pbyMjnekQUGq7wgII91fueiBAUEu4IoLIfi+8k9y9q8eNOo7J43a7t44jjm2xtbZJgvYf7bLDtkxazLBbtk9e2LP3p336L14r6PSCW/cs8q+wHt7B6J5qPk=</latexit>
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Gradient descent for logistic regression
• Want to minimize average (negative log likelihood) loss 

across the data (objective is differentiable and convex)
<latexit sha1_base64="gRV7ewwHi6hjBSro1ZW4dzktRFs="></latexit>
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Gradient-Descent(               ) • Run ⇥init, ⌘, Jlr,r⇥Jlr, ✏

<latexit sha1_base64="3UDR2q4PJKxJ/IoOjnJ8CCi3K9k=">AAACLXicbVBNSysxFM34bfX5qi7dBIvgQsrMo/B0J+pCXClYFTpluJPe2mAmMyR3xDL0D7nxr4jgQhG3/g0zbcHPA4GTc+69yT1xpqQl33/yJianpmdm5+YrC4t/lv5Wl1fObJobgU2RqtRcxGBRSY1NkqTwIjMISazwPL7aL/3zazRWpvqU+hm2E7jUsisFkJOi6kF42kOCqAgJb8gkhdSSBoMtHjp1ix9FhTLlTUOsIBoVf6iYWanKMTW/7g/Bf5JgTGpsjOOo+hB2UpEnqEkosLYV+Bm1CzAkhcJBJcwtZiCu4BJbjmpI0LaL4bYDvuGUDu+mxh1NfKh+7iggsbafxK4yAerZ714p/ua1cuput10AWU6oxeihbq44pbyMjnekQUGq7wgII91fueiBAUEu4IoLIfi+8k9y9q8eNOo7J43a7t44jjm2xtbZJgvYf7bLDtkxazLBbtk9e2LP3p336L14r6PSCW/cs8q+wHt7B6J5qPk=</latexit>
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Gradient-Descent(               ) • Run ⇥init, ⌘, Jlr,r⇥Jlr, ✏

<latexit sha1_base64="3UDR2q4PJKxJ/IoOjnJ8CCi3K9k=">AAACLXicbVBNSysxFM34bfX5qi7dBIvgQsrMo/B0J+pCXClYFTpluJPe2mAmMyR3xDL0D7nxr4jgQhG3/g0zbcHPA4GTc+69yT1xpqQl33/yJianpmdm5+YrC4t/lv5Wl1fObJobgU2RqtRcxGBRSY1NkqTwIjMISazwPL7aL/3zazRWpvqU+hm2E7jUsisFkJOi6kF42kOCqAgJb8gkhdSSBoMtHjp1ix9FhTLlTUOsIBoVf6iYWanKMTW/7g/Bf5JgTGpsjOOo+hB2UpEnqEkosLYV+Bm1CzAkhcJBJcwtZiCu4BJbjmpI0LaL4bYDvuGUDu+mxh1NfKh+7iggsbafxK4yAerZ714p/ua1cuput10AWU6oxeihbq44pbyMjnekQUGq7wgII91fueiBAUEu4IoLIfi+8k9y9q8eNOo7J43a7t44jjm2xtbZJgvYf7bLDtkxazLBbtk9e2LP3p336L14r6PSCW/cs8q+wHt7B6J5qPk=</latexit>
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Gradient descent for logistic regression
• Want to minimize average (negative log likelihood) loss 

across the data (objective is differentiable and convex)
<latexit sha1_base64="gRV7ewwHi6hjBSro1ZW4dzktRFs="></latexit>

Jlr(⇥) = Jlr(✓, ✓0) =
1
n

Pn
i=1 Lnll(�(✓>x(i) + ✓0), y(i))



Gradient-Descent(               ) • Run ⇥init, ⌘, Jlr,r⇥Jlr, ✏

<latexit sha1_base64="3UDR2q4PJKxJ/IoOjnJ8CCi3K9k=">AAACLXicbVBNSysxFM34bfX5qi7dBIvgQsrMo/B0J+pCXClYFTpluJPe2mAmMyR3xDL0D7nxr4jgQhG3/g0zbcHPA4GTc+69yT1xpqQl33/yJianpmdm5+YrC4t/lv5Wl1fObJobgU2RqtRcxGBRSY1NkqTwIjMISazwPL7aL/3zazRWpvqU+hm2E7jUsisFkJOi6kF42kOCqAgJb8gkhdSSBoMtHjp1ix9FhTLlTUOsIBoVf6iYWanKMTW/7g/Bf5JgTGpsjOOo+hB2UpEnqEkosLYV+Bm1CzAkhcJBJcwtZiCu4BJbjmpI0LaL4bYDvuGUDu+mxh1NfKh+7iggsbafxK4yAerZ714p/ua1cuput10AWU6oxeihbq44pbyMjnekQUGq7wgII91fueiBAUEu4IoLIfi+8k9y9q8eNOo7J43a7t44jjm2xtbZJgvYf7bLDtkxazLBbtk9e2LP3p336L14r6PSCW/cs8q+wHt7B6J5qPk=</latexit>
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Gradient descent for logistic regression
• Want to minimize average (negative log likelihood) loss 

across the data (objective is differentiable and convex)
<latexit sha1_base64="gRV7ewwHi6hjBSro1ZW4dzktRFs="></latexit>

Jlr(⇥) = Jlr(✓, ✓0) =
1
n

Pn
i=1 Lnll(�(✓>x(i) + ✓0), y(i))



Gradient-Descent(               ) • Run ⇥init, ⌘, Jlr,r⇥Jlr, ✏

<latexit sha1_base64="3UDR2q4PJKxJ/IoOjnJ8CCi3K9k=">AAACLXicbVBNSysxFM34bfX5qi7dBIvgQsrMo/B0J+pCXClYFTpluJPe2mAmMyR3xDL0D7nxr4jgQhG3/g0zbcHPA4GTc+69yT1xpqQl33/yJianpmdm5+YrC4t/lv5Wl1fObJobgU2RqtRcxGBRSY1NkqTwIjMISazwPL7aL/3zazRWpvqU+hm2E7jUsisFkJOi6kF42kOCqAgJb8gkhdSSBoMtHjp1ix9FhTLlTUOsIBoVf6iYWanKMTW/7g/Bf5JgTGpsjOOo+hB2UpEnqEkosLYV+Bm1CzAkhcJBJcwtZiCu4BJbjmpI0LaL4bYDvuGUDu+mxh1NfKh+7iggsbafxK4yAerZ714p/ua1cuput10AWU6oxeihbq44pbyMjnekQUGq7wgII91fueiBAUEu4IoLIfi+8k9y9q8eNOo7J43a7t44jjm2xtbZJgvYf7bLDtkxazLBbtk9e2LP3p336L14r6PSCW/cs8q+wHt7B6J5qPk=</latexit>
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Gradient descent for logistic regression
• Want to minimize average (negative log likelihood) loss 

across the data (objective is differentiable and convex)
<latexit sha1_base64="gRV7ewwHi6hjBSro1ZW4dzktRFs="></latexit>

Jlr(⇥) = Jlr(✓, ✓0) =
1
n

Pn
i=1 Lnll(�(✓>x(i) + ✓0), y(i))



Gradient-Descent(               ) • Run ⇥init, ⌘, Jlr,r⇥Jlr, ✏

<latexit sha1_base64="3UDR2q4PJKxJ/IoOjnJ8CCi3K9k=">AAACLXicbVBNSysxFM34bfX5qi7dBIvgQsrMo/B0J+pCXClYFTpluJPe2mAmMyR3xDL0D7nxr4jgQhG3/g0zbcHPA4GTc+69yT1xpqQl33/yJianpmdm5+YrC4t/lv5Wl1fObJobgU2RqtRcxGBRSY1NkqTwIjMISazwPL7aL/3zazRWpvqU+hm2E7jUsisFkJOi6kF42kOCqAgJb8gkhdSSBoMtHjp1ix9FhTLlTUOsIBoVf6iYWanKMTW/7g/Bf5JgTGpsjOOo+hB2UpEnqEkosLYV+Bm1CzAkhcJBJcwtZiCu4BJbjmpI0LaL4bYDvuGUDu+mxh1NfKh+7iggsbafxK4yAerZ714p/ua1cuput10AWU6oxeihbq44pbyMjnekQUGq7wgII91fueiBAUEu4IoLIfi+8k9y9q8eNOo7J43a7t44jjm2xtbZJgvYf7bLDtkxazLBbtk9e2LP3p336L14r6PSCW/cs8q+wHt7B6J5qPk=</latexit>
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• Can still have practical issues though!



Gradient-Descent(               ) • Run ⇥init, ⌘, Jlr,r⇥Jlr, ✏

<latexit sha1_base64="3UDR2q4PJKxJ/IoOjnJ8CCi3K9k=">AAACLXicbVBNSysxFM34bfX5qi7dBIvgQsrMo/B0J+pCXClYFTpluJPe2mAmMyR3xDL0D7nxr4jgQhG3/g0zbcHPA4GTc+69yT1xpqQl33/yJianpmdm5+YrC4t/lv5Wl1fObJobgU2RqtRcxGBRSY1NkqTwIjMISazwPL7aL/3zazRWpvqU+hm2E7jUsisFkJOi6kF42kOCqAgJb8gkhdSSBoMtHjp1ix9FhTLlTUOsIBoVf6iYWanKMTW/7g/Bf5JgTGpsjOOo+hB2UpEnqEkosLYV+Bm1CzAkhcJBJcwtZiCu4BJbjmpI0LaL4bYDvuGUDu+mxh1NfKh+7iggsbafxK4yAerZ714p/ua1cuput10AWU6oxeihbq44pbyMjnekQUGq7wgII91fueiBAUEu4IoLIfi+8k9y9q8eNOo7J43a7t44jjm2xtbZJgvYf7bLDtkxazLBbtk9e2LP3p336L14r6PSCW/cs8q+wHt7B6J5qPk=</latexit>
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• Can still have practical issues though!



Gradient-Descent(               ) • Run ⇥init, ⌘, Jlr,r⇥Jlr, ✏

<latexit sha1_base64="3UDR2q4PJKxJ/IoOjnJ8CCi3K9k=">AAACLXicbVBNSysxFM34bfX5qi7dBIvgQsrMo/B0J+pCXClYFTpluJPe2mAmMyR3xDL0D7nxr4jgQhG3/g0zbcHPA4GTc+69yT1xpqQl33/yJianpmdm5+YrC4t/lv5Wl1fObJobgU2RqtRcxGBRSY1NkqTwIjMISazwPL7aL/3zazRWpvqU+hm2E7jUsisFkJOi6kF42kOCqAgJb8gkhdSSBoMtHjp1ix9FhTLlTUOsIBoVf6iYWanKMTW/7g/Bf5JgTGpsjOOo+hB2UpEnqEkosLYV+Bm1CzAkhcJBJcwtZiCu4BJbjmpI0LaL4bYDvuGUDu+mxh1NfKh+7iggsbafxK4yAerZ714p/ua1cuput10AWU6oxeihbq44pbyMjnekQUGq7wgII91fueiBAUEu4IoLIfi+8k9y9q8eNOo7J43a7t44jjm2xtbZJgvYf7bLDtkxazLBbtk9e2LP3p336L14r6PSCW/cs8q+wHt7B6J5qPk=</latexit>
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• Can still have practical issues though!



Gradient-Descent(               ) • Run ⇥init, ⌘, Jlr,r⇥Jlr, ✏

<latexit sha1_base64="3UDR2q4PJKxJ/IoOjnJ8CCi3K9k=">AAACLXicbVBNSysxFM34bfX5qi7dBIvgQsrMo/B0J+pCXClYFTpluJPe2mAmMyR3xDL0D7nxr4jgQhG3/g0zbcHPA4GTc+69yT1xpqQl33/yJianpmdm5+YrC4t/lv5Wl1fObJobgU2RqtRcxGBRSY1NkqTwIjMISazwPL7aL/3zazRWpvqU+hm2E7jUsisFkJOi6kF42kOCqAgJb8gkhdSSBoMtHjp1ix9FhTLlTUOsIBoVf6iYWanKMTW/7g/Bf5JgTGpsjOOo+hB2UpEnqEkosLYV+Bm1CzAkhcJBJcwtZiCu4BJbjmpI0LaL4bYDvuGUDu+mxh1NfKh+7iggsbafxK4yAerZ714p/ua1cuput10AWU6oxeihbq44pbyMjnekQUGq7wgII91fueiBAUEu4IoLIfi+8k9y9q8eNOo7J43a7t44jjm2xtbZJgvYf7bLDtkxazLBbtk9e2LP3p336L14r6PSCW/cs8q+wHt7B6J5qPk=</latexit>
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• Can still have practical issues though!



Gradient-Descent(               ) • Run ⇥init, ⌘, Jlr,r⇥Jlr, ✏

<latexit sha1_base64="3UDR2q4PJKxJ/IoOjnJ8CCi3K9k=">AAACLXicbVBNSysxFM34bfX5qi7dBIvgQsrMo/B0J+pCXClYFTpluJPe2mAmMyR3xDL0D7nxr4jgQhG3/g0zbcHPA4GTc+69yT1xpqQl33/yJianpmdm5+YrC4t/lv5Wl1fObJobgU2RqtRcxGBRSY1NkqTwIjMISazwPL7aL/3zazRWpvqU+hm2E7jUsisFkJOi6kF42kOCqAgJb8gkhdSSBoMtHjp1ix9FhTLlTUOsIBoVf6iYWanKMTW/7g/Bf5JgTGpsjOOo+hB2UpEnqEkosLYV+Bm1CzAkhcJBJcwtZiCu4BJbjmpI0LaL4bYDvuGUDu+mxh1NfKh+7iggsbafxK4yAerZ714p/ua1cuput10AWU6oxeihbq44pbyMjnekQUGq7wgII91fueiBAUEu4IoLIfi+8k9y9q8eNOo7J43a7t44jjm2xtbZJgvYf7bLDtkxazLBbtk9e2LP3p336L14r6PSCW/cs8q+wHt7B6J5qPk=</latexit>

✓

<latexit sha1_base64="W2PKfIkuMomCS5JZF2x4iAdaa48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhrLZbtq1m03YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqAScJ9yM6VCIUjKKVWj0ccaT9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG88jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66Lq1arX97VK/SaPowgncArn4MEl1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AKfXjzQ=</latexit>

(✓0 = 0)

<latexit sha1_base64="DW6bVDS9PzQ0r/TZkINtjbV2vqc=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoMQL2FXAupBCHrxGME8IFnD7KQ3GTL7YKZXCUv+w4sHRbz6L978GyfJHjSxoKGo6qa7y4ul0Gjb31ZuZXVtfSO/Wdja3tndK+4fNHWUKA4NHslItT2mQYoQGihQQjtWwAJPQssb3Uz91iMoLaLwHscxuAEbhMIXnKGRHspdHAKynk2vqH3aK5bsij0DXSZORkokQ71X/Or2I54EECKXTOuOY8fopkyh4BImhW6iIWZ8xAbQMTRkAWg3nV09oSdG6VM/UqZCpDP190TKAq3HgWc6A4ZDvehNxf+8ToL+hZuKME4QQj5f5CeSYkSnEdC+UMBRjg1hXAlzK+VDphhHE1TBhOAsvrxMmmcVp1q5vKuWatdZHHlyRI5JmTjknNTILamTBuFEkWfySt6sJ+vFerc+5q05K5s5JH9gff4AQWaREQ==</latexit>

Jlr(✓, ✓0)

<latexit sha1_base64="xM88RHA3wLwKpd8+/uXpg+bMBAU=">AAACCnicbVDJSgNBEO2JW4zbqEcvrUGIIGFGAuot6EU8RTALJGHo6VSSJj0L3TViGHL24q948aCIV7/Am39jZzlo9EFRj/eq6K7nx1JodJwvK7OwuLS8kl3Nra1vbG7Z2zs1HSWKQ5VHMlINn2mQIoQqCpTQiBWwwJdQ9weXY79+B0qLKLzFYQztgPVC0RWcoZE8e//aS1sI96iCVKrRqNDCPiA7ptPuOUeenXeKzgT0L3FnJE9mqHj2Z6sT8SSAELlkWjddJ8Z2yhQKLmGUayUaYsYHrAdNQ0MWgG6nk1NG9NAoHdqNlKkQ6UT9uZGyQOth4JvJgGFfz3tj8T+vmWD3rJ2KME4QQj59qJtIihEd50I7QgFHOTSEcSXMXynvM8U4mvRyJgR3/uS/pHZSdEvF85tSvnwxiyNL9sgBKRCXnJIyuSIVUiWcPJAn8kJerUfr2Xqz3qejGWu2s0t+wfr4BiCxmog=</latexit>

• Can still have practical issues though!
Gradient descent for logistic regression
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Logistic regression loss revisited
Jlr(⇥) = Jlr(✓, ✓0)

<latexit sha1_base64="gvLOUxZvkzNwqqEyoSdDQNLEk9I=">AAACJHicbVDJSgNBEO2Je9yiHr00BiEBCTMSUBFB9CKeFMwCSRh6OpWkSc9Cd40YhnyMF3/FiwcXPHjxW+wkc9DEB0U93quiu54XSaHRtr+szNz8wuLS8kp2dW19YzO3tV3VYaw4VHgoQ1X3mAYpAqigQAn1SAHzPQk1r3858mv3oLQIgzscRNDyWTcQHcEZGsnNnV67SRPhAZWfSDUcFpp3PUBWpGd0xsGRczBprl2kbi5vl+wx6CxxUpInKW7c3HuzHfLYhwC5ZFo3HDvCVsIUCi5hmG3GGiLG+6wLDUMD5oNuJeMjh3TfKG3aCZWpAOlY/b2RMF/rge+ZSZ9hT097I/E/rxFj57iViCCKEQI+eagTS4ohHSVG20IBRzkwhHElzF8p7zHFOJpcsyYEZ/rkWVI9LDnl0sltOX9+kcaxTHbJHikQhxyRc3JFbkiFcPJInskrebOerBfrw/qcjGasdGeH/IH1/QM4B6Uj</latexit>

=
1

n

nX

i=1

Lnll(�(✓
>x(i) + ✓0), y

(i)) + �k✓k2

<latexit sha1_base64="cegBXH+WcUAFiEZpyjLbgF/kkOM="></latexit>

• A “regularizer” or “penalty”  
• Penalizes being overly certain  
• Objective is still differentiable & convex (gradient descent)

R(✓) = �k✓k2

<latexit sha1_base64="BQ772i6GpH5gUyzaJ6Cx0WJ0xTo=">AAACC3icbVC7SgNBFJ31GeNr1dJmSBBiE3ZDQC2EoI1lFPOA7BpmZyfJkNkHM3eFsKa38VdsLBSx9Qfs/BsnyRaaeGDgcM493LnHiwVXYFnfxtLyyuraem4jv7m1vbNr7u03VZRIyho0EpFse0QxwUPWAA6CtWPJSOAJ1vKGlxO/dc+k4lF4C6OYuQHph7zHKQEtdc3CTcmBAQNyjM+xI3TQJ9h5wDNRs7tK1yxaZWsKvEjsjBRRhnrX/HL8iCYBC4EKolTHtmJwUyKBU8HGeSdRLCZ0SPqso2lIAqbcdHrLGB9pxce9SOoXAp6qvxMpCZQaBZ6eDAgM1Lw3Ef/zOgn0Tt2Uh3ECLKSzRb1EYIjwpBjsc8koiJEmhEqu/4rpgEhCQdeX1yXY8ycvkmalbFfLZ9fVYu0iqyOHDlEBlZCNTlANXaE6aiCKHtEzekVvxpPxYrwbH7PRJSPLHKA/MD5/AGysmWw=</latexit>

� = 0

<latexit sha1_base64="qp3CrEmnC9TxsVKzZjNDlSrh8Fw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHTIeSyWTa0EwyJBmhDP0MNy4UcevXuPNvTNtZaOuBwOGcc8m9J0w508Z1v53S2vrG5lZ5u7Kzu7d/UD086miZKULbRHKpeiHWlDNB24YZTnupojgJOe2G47uZ332iSjMpHs0kpUGCh4LFjGBjJb/PbTTC6Aa5g2rNrbtzoFXiFaQGBVqD6lc/kiRLqDCEY619z01NkGNlGOF0WulnmqaYjPGQ+pYKnFAd5POVp+jMKhGKpbJPGDRXf0/kONF6koQ2mWAz0sveTPzP8zMTXwU5E2lmqCCLj+KMIyPR7H4UMUWJ4RNLMFHM7orICCtMjG2pYkvwlk9eJZ2LuteoXz80as3boo4ynMApnIMHl9CEe2hBGwhIeIZXeHOM8+K8Ox+LaMkpZo7hD5zPH+aikF4=</latexit>

� = 0.01

<latexit sha1_base64="0jn849E7n+MoWUPZLSc2oGi+ppo=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQV0IRTcuK9gHtGPJZDJtaCYZkoxShv6HGxeKuPVf3Pk3pu0stPVAyOGcc8nNCRLOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlqmitAmkVyqToA15UzQpmGG006iKI4DTtvB6Gbqtx+p0kyKezNOqB/jgWARI9hY6aHHbTTE6Aq5Vdfrlyv2mgEtEy8nFcjR6Je/eqEkaUyFIRxr3fXcxPgZVoYRTielXqppgskID2jXUoFjqv1stvUEnVglRJFU9giDZurviQzHWo/jwCZjbIZ60ZuK/3nd1EQXfsZEkhoqyPyhKOXISDStAIVMUWL42BJMFLO7IjLEChNjiyrZErzFLy+T1lnVq1Uv72qV+nVeRxGO4BhOwYNzqMMtNKAJBBQ8wyu8OU/Oi/PufMyjBSefOYQ/cD5/ADk0kQs=</latexit>

� = 0.1

<latexit sha1_base64="TPHMVQinmE58vfmvAWsNDkgyoN4=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgKiRSUBdC0Y3LCvYBbSiTyaQdOpnEmUmhhH6HGxeKuPVj3Pk3TtMstPXAwOGcc7l3jp9wprTjfFultfWNza3ydmVnd2//oHp41FZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP76b+50JlYrF4lFPE+pFeChYyAjWRvL63EQDjG6QY7uDas2xnRxolbgFqUGB5qD61Q9ikkZUaMKxUj3XSbSXYakZ4XRW6aeKJpiM8ZD2DBU4osrL8qNn6MwoAQpjaZ7QKFd/T2Q4Umoa+SYZYT1Sy95c/M/rpTq88jImklRTQRaLwpQjHaN5AyhgkhLNp4ZgIpm5FZERlpho01PFlOAuf3mVtC9st25fP9RrjduijjKcwCmcgwuX0IB7aEILCDzBM7zCmzWxXqx362MRLVnFzDH8gfX5A8ehkNE=</latexit>

• How to choose hyperparameter? One option: consider 
a handful of possible values and compare via CV

(� � 0)

<latexit sha1_base64="BmjXoXdpyQs4Gf5NDCu6HgPdGP0=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWRgrorunFZwT6gCWUymbRDJ5MwMxFq6Je4caGIWz/FnX/jtM1CWw8MHM45l3vnBClnSjvOt7W2vrG5tV3aKe/u7R9U7MOjjkoySWibJDyRvQArypmgbc00p71UUhwHnHaD8e3M7z5SqVgiHvQkpX6Mh4JFjGBtpIFdqXncpEOMvCFFzvnArjp1Zw60StyCVKFAa2B/eWFCspgKTThWqu86qfZzLDUjnE7LXqZoiskYD2nfUIFjqvx8fvgUnRklRFEizRMazdXfEzmOlZrEgUnGWI/UsjcT//P6mY6u/JyJNNNUkMWiKONIJ2jWAgqZpETziSGYSGZuRWSEJSbadFU2JbjLX14lnYu626hf3zeqzZuijhKcwCnUwIVLaMIdtKANBDJ4hld4s56sF+vd+lhE16xi5hj+wPr8AeCUkfM=</latexit>

12


