
CS 5670: Introduction to Computer Vision

Lecture 6: Linear classifiers



Announcements

• PS1 due tonight 

• PS2 out tonight 

• PyTorch Colab notebook will be on website 

• Course staff can walk you through it during office 
hours.



…
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“Duck”
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Image classification with linear models

Linear
classifier

Source: Isola, Torralba, Freeman3



A geometric view



Linear decision boundaries

Consider a binary 
classification problem.

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>
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Example adapted from P. Isola



Linear decision boundaries

Consider a binary 
classification problem.

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>
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Training data

“positives examples this way”

Example adapted from P. Isola

Hyperplane



Linear decision boundaries

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

+
+

++
+

+
-

--
-

-

-
+

+

+

+

-

--

“What label is point?”
Example adapted from P. Isola

ŷ = xTw + b
<latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="raQpPe+YVB+cNmlLOAsjCzLtPm8="></latexit><latexit sha1_base64="Et2SHWdxi+e0cscPXZYCNekoXpg="></latexit><latexit sha1_base64="Et2SHWdxi+e0cscPXZYCNekoXpg="></latexit><latexit sha1_base64="oMHzbJ3hOGvX6DS3XiPRWGSCYiM="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit>

g(ŷ) =

(
1, if ŷ > 0

0, otherwise
<latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit><latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit><latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit><latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit>

Which side of the hyperplane is x on?



Linear decision boundaries

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

+
+

++
+

+
-

--
-

-

-
+

+

+

+

-

--

“What label is point?”

Notational simplification: 

ŷ = x̃>w̃
<latexit sha1_base64="AOq1s0aDWHTHan/lWIOowirHZaI=">AAACHnicbVDLSsNAFJ34rPUVdelmsAiuSuID3QhFNy4r2Ac0tUymk3boZBJmbtQQ8iVu/BU3LhQRXOnfOH0stPXAhcM593LvPX4suAbH+bbm5hcWl5YLK8XVtfWNTXtru66jRFFWo5GIVNMnmgkuWQ04CNaMFSOhL1jDH1wO/cYdU5pH8gbSmLVD0pM84JSAkTr2idcnkKU5PsfYCwn0/SDzgIsuyx7y/NaDKJ7W7/O8Y5ecsjMCniXuhJTQBNWO/el1I5qETAIVROuW68TQzogCTgXLi16iWUzogPRYy1BJQqbb2ei9HO8bpYuDSJmSgEfq74mMhFqnoW86h5fqaW8o/ue1EgjO2hmXcQJM0vGiIBEYIjzMCne5YhREagihiptbMe0TRSiYRIsmBHf65VlSPyy7R2Xn+rhUuZjEUUC7aA8dIBedogq6QlVUQxQ9omf0it6sJ+vFerc+xq1z1mRmB/2B9fUDRjej2g==</latexit>

x̃ = [x
1] w̃ = [w

b]

Can get rid of  by “tacking on” a 1 to xb



Multiway classification

W =

2

664

w1

w2

...
wk

3

775

<latexit sha1_base64="mITWjIz8gRK/AzjHxyYsmhmhVZI="></latexit>

For a k-class problem, we’ll make a matrix “stacking” k 
hyperplanes as rows of a matrix                       :W 2 Rk⇥d

<latexit sha1_base64="HLJcvABC/atrBc5admiSn4BhcgE=">AAACBnicbVBNS8NAEN34WetX1KMIi0XwVBIV9Fj04rGK/YAmls1m2y7dbMLuRCghJy/+FS8eFPHqb/Dmv3HT9qCtDwYe780wMy9IBNfgON/WwuLS8spqaa28vrG5tW3v7DZ1nCrKGjQWsWoHRDPBJWsAB8HaiWIkCgRrBcOrwm89MKV5LO9glDA/In3Je5wSMFLXPmhhj0vsRQQGQZDd5vfZEHvAI6ZxmHftilN1xsDzxJ2SCpqi3rW/vDCmacQkUEG07rhOAn5GFHAqWF72Us0SQoekzzqGSmL2+Nn4jRwfGSXEvViZkoDH6u+JjERaj6LAdBbn6lmvEP/zOin0LvyMyyQFJulkUS8VGGJcZIJDrhgFMTKEUMXNrZgOiCIUTHJlE4I7+/I8aZ5U3dOqc3NWqV1O4yihfXSIjpGLzlENXaM6aiCKHtEzekVv1pP1Yr1bH5PWBWs6s4f+wPr8AZXymJA=</latexit>

To classify an example: which row has the highest dot product with x?

z = Wx + b
g( ̂y) = argmaxk zk



Example: handwritten digits

g( ̂y) = argmaxk zk

Visualization adapted from scikit-learn.

z = Wx + b
W =

2

664

w1

w2

...
wk

3

775

<latexit sha1_base64="mITWjIz8gRK/AzjHxyYsmhmhVZI="></latexit>

example of learned weightsinputs 

https://scikit-learn.org/stable/auto_examples/linear_model/plot_sparse_logistic_regression_mnist.html


Example: handwritten digits

w0 x

⋅ = high number



Example: handwritten digits

w3 x

⋅ = low number



Recall: image patches as filters

Find            in an image

Source: D. Hoiem 13



Converting to probabilities

i.e. , and  ∑
k

p(yk |x) = 1 p(yk |x) ≥ 0

Solution: use the softmax function:

̂y = softmax(Wx + b) softmax(z)k =
exp(zk)

∑i exp(zi)

non-negative

sums-to-1

We want probabilistic predictions:  p(yk |x)

z = Wx + bWe have: 

p(yk |x) = ̂yk



“Fish”

x

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

y
<latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit>

argmin
f2F

NX

i=1

L(f(xi), yi)
<latexit sha1_base64="U7wsmVlQnU34V3ZRRJFM4Z+D1uE="></latexit><latexit sha1_base64="U7wsmVlQnU34V3ZRRJFM4Z+D1uE="></latexit><latexit sha1_base64="U7wsmVlQnU34V3ZRRJFM4Z+D1uE="></latexit><latexit sha1_base64="U7wsmVlQnU34V3ZRRJFM4Z+D1uE="></latexit>

Source: Isola, Torralba, Freeman
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Recall: one-hot vectors

Training data

n o
,

n o
,

n o
,

…

x

“Fish”

“Grizzly”

“Chameleon”

y
<latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit>

Training data

n o
,

n o
,

n o
,

…

x

1

2

3

y
<latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit>

One-hot vector

Training data

n o
,

n o
,

n o
,

…
x y

[0,0,1]

[0,1,0]

[1,0,0]

Source: Isola, Torralba, Freeman16



number of misclassifications

Adapted from P. Isola

Recall: loss function

Cross entropy: a good surrogate that we’ll be able to optimize:

H(y, ŷ) = �
KX

k=1

yk log ŷk
<latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit><latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit><latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit><latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit>

L(ŷ,y) = (ŷ = y)
<latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit><latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit><latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit><latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit>

L(ŷ,y) = 1� (ŷ,y)
<latexit sha1_base64="zdqb2m7L8nAvWADz7SLumgMV19Y="></latexit>

0-1 loss: number of misclassifications

Least squares: predict 1 for true class, 0 for others

L(ŷ, y) =
KX

k=1

(yk � ŷk)
2

<latexit sha1_base64="gSGbc5fNOTlUTHdrsikqmaAbuUo="></latexit>

L(ŷ,y) = (ŷ = y)
<latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit><latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit><latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit><latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit>



H(y, ŷ) = �
KX

k=1

yk log ŷk
<latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit><latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit><latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit><latexit sha1_base64="Nvgamej5IoGXAY7SBC0qipCV7Sc="></latexit>

L(ŷ,y) = (ŷ = y)
<latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit><latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit><latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit><latexit sha1_base64="A0WXKp9o13Z3kvLXlIFC/na5Caw="></latexit>

Simpler than it looks:
One-hot vectors

Training data

n o
,

n o
,

n o
,

x y

[0,0,1]

[0,1,0]

[1,0,0]

Adapted from P. Isola

Therefore:

Loss function



Ground truth label y

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

[0,0,0,0,0,1,0,0,…]

Source: Isola, Torralba, Freeman19



Ground truth label y

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

…

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

0 1
Source: Isola, Torralba, Freeman20



Prediction

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

ŷ
<latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit>

0 1

Ground truth label y

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

…

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

0 1

…

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

f✓ : X ! RK
<latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit>

Source: Isola, Torralba, Freeman21



Prediction

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

ŷ
<latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit>

0 1

Ground truth label y

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

…

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

0 1

…

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

f✓ : X ! RK
<latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit>

Loss

0 1

�
<latexit sha1_base64="efCHYzZUrrW5FJbsCkY/M8lzlGQ=">AAACP3icfZDPSgMxEMaz/rf+rR69LFZBRMquCHos6sGLqGCt0C0ym05rMJssyaxYlj6DV30cH8Mn8CZevZnWClrFgcCPb74kM1+cSmEpCJ69kdGx8YnJqenCzOzc/MJicenC6sxwrHIttbmMwaIUCqskSOJlahCSWGItvjno9Wu3aKzQ6pw6KTYSaCvREhzISdVINzVdLZaCctAv/zeEAyixQZ1eFb21qKl5lqAiLsHaehik1MjBkOASu4Uos5gCv4E21h0qSNA28v60XX/dKU2/pY07ivy++v1GDom1nSR2zgTo2g73euJfvXpGrb1GLlSaESr++VErkz5pv7e63xQGOcmOA+BGuFl9fg0GOLmACoXoEN0yBo/dwycpGiBtNvMITDuBu65brh1t9eg/o1BfRkcu13A4xd9wsV0Og3J4tlOq7A8SnmIrbJVtsJDtsgo7YqesyjgT7J49sEfvyXvxXr23T+uIN7izzH6U9/4BJ7WvgQ==</latexit><latexit sha1_base64="efCHYzZUrrW5FJbsCkY/M8lzlGQ=">AAACP3icfZDPSgMxEMaz/rf+rR69LFZBRMquCHos6sGLqGCt0C0ym05rMJssyaxYlj6DV30cH8Mn8CZevZnWClrFgcCPb74kM1+cSmEpCJ69kdGx8YnJqenCzOzc/MJicenC6sxwrHIttbmMwaIUCqskSOJlahCSWGItvjno9Wu3aKzQ6pw6KTYSaCvREhzISdVINzVdLZaCctAv/zeEAyixQZ1eFb21qKl5lqAiLsHaehik1MjBkOASu4Uos5gCv4E21h0qSNA28v60XX/dKU2/pY07ivy++v1GDom1nSR2zgTo2g73euJfvXpGrb1GLlSaESr++VErkz5pv7e63xQGOcmOA+BGuFl9fg0GOLmACoXoEN0yBo/dwycpGiBtNvMITDuBu65brh1t9eg/o1BfRkcu13A4xd9wsV0Og3J4tlOq7A8SnmIrbJVtsJDtsgo7YqesyjgT7J49sEfvyXvxXr23T+uIN7izzH6U9/4BJ7WvgQ==</latexit><latexit sha1_base64="efCHYzZUrrW5FJbsCkY/M8lzlGQ=">AAACP3icfZDPSgMxEMaz/rf+rR69LFZBRMquCHos6sGLqGCt0C0ym05rMJssyaxYlj6DV30cH8Mn8CZevZnWClrFgcCPb74kM1+cSmEpCJ69kdGx8YnJqenCzOzc/MJicenC6sxwrHIttbmMwaIUCqskSOJlahCSWGItvjno9Wu3aKzQ6pw6KTYSaCvREhzISdVINzVdLZaCctAv/zeEAyixQZ1eFb21qKl5lqAiLsHaehik1MjBkOASu4Uos5gCv4E21h0qSNA28v60XX/dKU2/pY07ivy++v1GDom1nSR2zgTo2g73euJfvXpGrb1GLlSaESr++VErkz5pv7e63xQGOcmOA+BGuFl9fg0GOLmACoXoEN0yBo/dwycpGiBtNvMITDuBu65brh1t9eg/o1BfRkcu13A4xd9wsV0Og3J4tlOq7A8SnmIrbJVtsJDtsgo7YqesyjgT7J49sEfvyXvxXr23T+uIN7izzH6U9/4BJ7WvgQ==</latexit><latexit sha1_base64="efCHYzZUrrW5FJbsCkY/M8lzlGQ=">AAACP3icfZDPSgMxEMaz/rf+rR69LFZBRMquCHos6sGLqGCt0C0ym05rMJssyaxYlj6DV30cH8Mn8CZevZnWClrFgcCPb74kM1+cSmEpCJ69kdGx8YnJqenCzOzc/MJicenC6sxwrHIttbmMwaIUCqskSOJlahCSWGItvjno9Wu3aKzQ6pw6KTYSaCvREhzISdVINzVdLZaCctAv/zeEAyixQZ1eFb21qKl5lqAiLsHaehik1MjBkOASu4Uos5gCv4E21h0qSNA28v60XX/dKU2/pY07ivy++v1GDom1nSR2zgTo2g73euJfvXpGrb1GLlSaESr++VErkz5pv7e63xQGOcmOA+BGuFl9fg0GOLmACoXoEN0yBo/dwycpGiBtNvMITDuBu65brh1t9eg/o1BfRkcu13A4xd9wsV0Og3J4tlOq7A8SnmIrbJVtsJDtsgo7YqesyjgT7J49sEfvyXvxXr23T+uIN7izzH6U9/4BJ7WvgQ==</latexit>

H(y, ŷ) = �
KX

k=1

yk log ŷk
<latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit><latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit><latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit><latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit>

Source: Isola, Torralba, Freeman22
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x
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f
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Prediction ŷ
<latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit>

Ground truth label y

f✓ : X ! RK
<latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit><latexit sha1_base64="aXRnSzaH0yrffa8PB+EpVUBSRKQ="></latexit>

Loss

Source: Isola, Torralba, Freeman23

H(y, ŷ) = �
KX

k=1

yk log ŷk
<latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit><latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit><latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit><latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit>



One more you might see: hinge loss
upper bound on 0-1 loss (true 
class y is {+1, -1} instead of {0,1})

Hinge loss

A linear classifier that uses a hinge loss is called 
a support vector machine (SVM). 

L(ŷ,y) = max(0, 1� yŷ, 0)
<latexit sha1_base64="gZY3VaoELo8TT7++Ctdi5v/NTB0="></latexit>

It has some very nice properties (they can be made nonlinear 
with “kernels”). Generally performs similar to logistic regression.



Loss functions

Loss

̂y



Loss functions

Loss

̂y

Low probability, high loss

 50% probability, medium loss≈

High probability, low loss



Why not squared loss?

Loss

̂y

Highly confident prediction? 
Worse loss!

L(ŷ, y) =
KX

k=1

(yk � ŷk)
2

<latexit sha1_base64="gSGbc5fNOTlUTHdrsikqmaAbuUo="></latexit>



How do we learn a classifier?

( <latexit sha1_base64="owEByfgSfqYY+gqWmMd3gcCbpjg="></latexit><latexit sha1_base64="owEByfgSfqYY+gqWmMd3gcCbpjg="></latexit><latexit sha1_base64="owEByfgSfqYY+gqWmMd3gcCbpjg="></latexit><latexit sha1_base64="owEByfgSfqYY+gqWmMd3gcCbpjg="></latexit>

28Source: Isola, Torralba, Freeman

✓⇤ = argmin
✓

NX

i=1

L(f✓(xi),yi)
<latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit>

J(✓)
<latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit>

✓⇤ = argmin
✓

NX

i=1

L(f✓(xi),yi)
<latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit>
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Gradient descent

J(✓)
<latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit>

✓1
<latexit sha1_base64="dRSr4rXm+n73Ts3IpBaIU3XH5Gg="></latexit><latexit sha1_base64="dRSr4rXm+n73Ts3IpBaIU3XH5Gg="></latexit><latexit sha1_base64="dRSr4rXm+n73Ts3IpBaIU3XH5Gg="></latexit><latexit sha1_base64="dRSr4rXm+n73Ts3IpBaIU3XH5Gg="></latexit> ✓2

<latexit sha1_base64="NpiJT5/KEODczN77QRTuqpv3m44="></latexit><latexit sha1_base64="NpiJT5/KEODczN77QRTuqpv3m44="></latexit><latexit sha1_base64="NpiJT5/KEODczN77QRTuqpv3m44="></latexit><latexit sha1_base64="NpiJT5/KEODczN77QRTuqpv3m44="></latexit>

✓⇤ = argmin
✓

J(✓)
<latexit sha1_base64="AYItQoyunNkE46+v9OudQ3G4+AY="></latexit><latexit sha1_base64="AYItQoyunNkE46+v9OudQ3G4+AY="></latexit><latexit sha1_base64="AYItQoyunNkE46+v9OudQ3G4+AY="></latexit><latexit sha1_base64="AYItQoyunNkE46+v9OudQ3G4+AY="></latexit>

x

29Source: Isola, Torralba, Freeman

Take direction 
of “steepest 

descent”



learning rate

Gradient descent

✓⇤ = argmin
✓

NX

i=1

L(f✓(xi),yi)
<latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit>

J(✓)
<latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit>

( <latexit sha1_base64="owEByfgSfqYY+gqWmMd3gcCbpjg="></latexit><latexit sha1_base64="owEByfgSfqYY+gqWmMd3gcCbpjg="></latexit><latexit sha1_base64="owEByfgSfqYY+gqWmMd3gcCbpjg="></latexit><latexit sha1_base64="owEByfgSfqYY+gqWmMd3gcCbpjg="></latexit>

30Source: Isola, Torralba, Freeman

One iteration of gradient descent:

✓t+1 = ✓t � ⌘tr✓J(✓)

����
✓=✓t

<latexit sha1_base64="g91VbOGEMbQRosJjrCoyJisveTg="></latexit>

✓⇤ = argmin
✓

NX

i=1

L(f✓(xi),yi)
<latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit>

<latexit sha1_base64="c+Um8z5X6FMq0NgLFRwfaJq8QLk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF09SwX5AGspmu2mXbnbD7kYoIT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+POlqmitA2kVyqXog15UzQtmGG016iKI5DTrvh5Hbmd5+o0kyKRzNNaBDjkWARI9hYye9HCpPMy7P7fFCtuXV3DrRKvILUoEBrUP3qDyVJYyoM4Vhr33MTE2RYGUY4zSv9VNMEkwkeUd9SgWOqg2x+co7OrDJEkVS2hEFz9fdEhmOtp3FoO2NsxnrZm4n/eX5qousgYyJJDRVksShKOTISzf5HQ6YoMXxqCSaK2VsRGWObgrEpVWwI3vLLq6RzUfcu642HRq15U8RRhhM4hXPw4AqacActaAMBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wdmupFY</latexit>
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N
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Gradient descent

1. Gradient of the loss w.r.t. the classifier’s parameters 
2. Direction of steepest descent 
3. “Local” linear approximation to the function

What’s this again?

✓t+1 = ✓t � ⌘tr✓J(✓)

����
✓=✓t

<latexit sha1_base64="g91VbOGEMbQRosJjrCoyJisveTg="></latexit>

For a refresher on gradients and partial derivatives: 
https://www.khanacademy.org/math/multivariable-calculus/multivariable-derivatives#partial-derivatives

https://www.khanacademy.org/math/multivariable-calculus/multivariable-derivatives#partial-derivatives
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∇θJ(θ) =

∂J
θ1

∂J
θ2. . .
∂J
θd

Vector of partial derivatives for loss

Gradient descent

✓t+1 = ✓t � ⌘tr✓J(✓)

����
✓=✓t

<latexit sha1_base64="g91VbOGEMbQRosJjrCoyJisveTg="></latexit>

Take gradient at current θ
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∇J(θ) =

∂J
θ1

∂J
θ2. . .
∂J
θd

Estimating the gradient

Idea #1: finite differences f(x + ϵ) − f(x)
ϵ

≈
J(θ + ϵe2) − J(θ − ϵe2)

2ϵ
where  is vector of zeros except for a 1 in 2nd componente2
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∇J(θ) =

∂J
θ1

∂J
θ2. . .
∂J
θd

Estimating the gradient

Idea #1: finite differences f(x + ϵ) − f(x)
ϵ

• Easy to compute but slow! 
• Inaccurate in some cases, unless careful 
• Useful for checking other methods



∇θ

35

Estimating the gradient
Idea #2: compute it analytically using calculus.  

  Simple example: binary labels, squared loss, and regularization on θ

J(θ) = λ||θ||2 +
1
N

N

∑
i=1

(yi − θ⊤xi)2

∇θJ(θ) = 2λθ −
1
N

N

∑
i=1

2(yi − θ⊤xi)xi

Example from D. Fouhey
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Analyzing the gradient descent update

−∇θJ(θ) = − 2λθ −
1
N

N

∑
i=1

2(yi − θ⊤xi)xi

✓t+1 = ✓t � ⌘tr✓J(✓)

����
✓=✓t

<latexit sha1_base64="g91VbOGEMbQRosJjrCoyJisveTg="></latexit>

Recall update rule: 

How does this change  ?θ

“Decay" toward 0 Scalar α

Example from D. Fouhey
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Analyzing the gradient descent update

−∇θJ(θ) = − 2λθ −
1
N

N

∑
i=1

2(yi − θ⊤xi)xi

✓t+1 = ✓t � ⌘tr✓J(✓)

����
✓=✓t

<latexit sha1_base64="g91VbOGEMbQRosJjrCoyJisveTg="></latexit>

Recall update rule: 

How does this change  ?θ

“Decay" toward 0 Scalar  per exampleαi

Example from D. Fouhey
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Analyzing the gradient descent update

Scalar αi

If  (too low): then  for some  > 0 
Dot product before:  
Dot product after: 

θ⊤xi < y θt+1 = θ + αxi α
θ⊤xi

(θ + αxi)⊤xi = θ⊤xi + αx⊤
i xi

What happens at each example?

−∇θJ(θ) = − 2λθ −
1
N

N

∑
i=1

2(yi − θ⊤xi)xi

Example from D. Fouhey
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Computational issues
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Batch gradient descent

J(θ) =
1
N

N

∑
i=1

L(xi, yi, θ)

Loss function:

∇J(θ) =
1
N

N

∑
i=1

∇L(xi, yi, θ)

Its gradient is the sum of  
gradients for each example:

Problem: requires iterating over every training example each gradient step!

Can we speed this up?
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Stochastic gradient descent

∇J(θ) =
1
N

N

∑
i=1

∇L(xi, yi, θ)

This is just an average!

We know from statistics that we can estimate the average of a 
full “population” from a sample.

∇J(θ) ≈
1

|B | ∑
i∈B

∇L(xi, yi, θ)

where  is a minibatch: a random subset of examples.B

This is called stochastic gradient descent (SGD).
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Stochastic gradient descent

Source: R. Grosse

Batch gradient descent Stochastic gradient descent



43 Figure source: R. Grosse

Learning rate

• Sensitive to the learning rate:

Small learning Large learning rate

✓t+1 = ✓t � ⌘tr✓J(✓)

����
✓=✓t

<latexit sha1_base64="g91VbOGEMbQRosJjrCoyJisveTg="></latexit>
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Learning rate schedules

• Start with high learning rate, and decrease over time.

Number of SGD updates

Lo
ss

 (s
m

oo
th

ed
)

Plateau

Drop learning rate

ηt = 0.01 ηt = 0.001 ηt = 0.0001

Drop learning rate
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Learning rate schedules

• Start with high learning rate, and decrease over time.

Number of SGD updates

Plateau

ηt = 0.01 ηt = 0.001 ηt = 0.0001

Lo
ss

 (s
m

oo
th

ed
)
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Learning rate schedules

• Start with high learning rate, and decrease over time.

Number of SGD updates

Plateau Drop learning rate

Drop learning rate

ηt = 0.01 ηt = 0.001 ηt = 0.0001

Lo
ss

 (s
m

oo
th

ed
)
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Learning rate schedules
• What if you always use a small learning rate? 
• Loss goes down extremely slowly

Number of SGD updates

Lo
ss
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Learning rate schedules

• Learning rate too high? Unstable!

Number of SGD updates

Lo
ss



Learning rate schedules
• Choosing the initial learning rate is surprisingly hard. Often requires grid search, 

i.e., trying many rates and choosing the best. 

• When do you drop the learning rate? Some strategies: 

• Wait until validation or training loss plateaus, then drop it (e.g., by a factor of 10). 

• Smoothly drop the learning rate over time. Requires choosing the rate of 
dropping. 

• Warm up: make the beginning of training easier. Start learning rate at 0 and 
gradually increase for the first few iterations. 

• Another option: decrease and increase the learning rate using a periodic function 
(e.g., cosine) [Loshchilov & Hutter, 2017]
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Regularization

Figure source: [Goodfellow et al., 2016]

• As before, add  regularization  model parameters. 

• Early stopping: stop training when validation loss increases, and revert to 
previous checkpoint.

L2 R(θ) = ∥θ∥2
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PS2: intro to machine learning

Part #1: classification 
• Object recognition with tiny images 
• K-nearest neighbor 
• Logistic regression with SGD 
• Cross-validation 
Can be completed after today’s class.

Part #2: neural nets with PyTorch 
• Neural nets in PyTorch 
• Convolutional networks 
Covered this Weds. and next Mon.
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Limitations to linear classifiers

+

-
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0 0

1 1

0 1
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x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

+

-

0 1

1 1

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

+ OR

+



0 0

1 1

0 1
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x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit> +-

1 0

0 1

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

XOR

+ -

No linear classifier can solve this 
[Papert & Minsky 1972]



55

Next class: Neural networks



56

http://www.ecse.rpi.edu/homepages/nagy/PDF_chrono/
2011_Nagy_Pace_FR.pdf.  Photo by George Nagy

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.335.3398&rep=rep1&type=pdf

Perceptrons, 1958

Rosenblatt

Source: Isola, Torralba, Freeman

http://www.ecse.rpi.edu/homepages/nagy/PDF_chrono/2011_Nagy_Pace_FR.pdf
http://www.ecse.rpi.edu/homepages/nagy/PDF_chrono/2011_Nagy_Pace_FR.pdf
http://www.ecse.rpi.edu/homepages/nagy/PDF_chrono/2011_Nagy_Pace_FR.pdf
http://www.ecse.rpi.edu/homepages/nagy/PDF_chrono/2011_Nagy_Pace_FR.pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.335.3398&rep=rep1&type=pdf


Perceptrons, 1958

57
Source: Isola, Torralba, Freeman

Very similar to the linear models we’ve seen.



Minsky and Papert, Perceptrons, 1972

58
Source: Isola, Torralba, Freeman



“Classic” recognition without neural nets

Feature extractors

Edges

Texture

Colors

Segments

Parts
“clown fish”

Classifier

59Source: Isola, Torralba, Freeman



60

“Classic” recognition without neural nets

[Xiao et al., “SUN database”, 2010]

Hand-crafted features

θ

edge orientation 
histogram



“clown fish”

Edges

Texture

Colors

Segments

Parts

Learned

f✓(x) =
KX

k=1

✓k�k(x)
<latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit><latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit><latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit><latexit sha1_base64="5COeS6GtD9bsdlSwhmyYI8Fl+nU="></latexit>

�k(x)
<latexit sha1_base64="4RX2wZtJWouDQX/PDY2/uKh9fhw=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUS9kVQY9FLx4r2A9pl5JNs21okg1JVixLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXKc6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWjm6nfeqTasETe27GiocADyWJGsHXSQ1cNWW9UeTrrlcp+1Z8BLZMgJ2XIUe+Vvrr9hKSCSks4NqYT+MqGGdaWEU4nxW5qqMJkhAe046jEgpowmx08QadO6aM40a6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYVKmlkswXxSlHNkHT71GfaUosHzuCiWbuVkSGWGNiXUZFF0Kw+PIyaZ5XA78a3F2Ua9d5HAU4hhOoQACXUINbqEMDCAh4hld487T34r17H/PWFS+fOYI/8D5/ADq9kAQ=</latexit><latexit sha1_base64="4RX2wZtJWouDQX/PDY2/uKh9fhw=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUS9kVQY9FLx4r2A9pl5JNs21okg1JVixLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXKc6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWjm6nfeqTasETe27GiocADyWJGsHXSQ1cNWW9UeTrrlcp+1Z8BLZMgJ2XIUe+Vvrr9hKSCSks4NqYT+MqGGdaWEU4nxW5qqMJkhAe046jEgpowmx08QadO6aM40a6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYVKmlkswXxSlHNkHT71GfaUosHzuCiWbuVkSGWGNiXUZFF0Kw+PIyaZ5XA78a3F2Ua9d5HAU4hhOoQACXUINbqEMDCAh4hld487T34r17H/PWFS+fOYI/8D5/ADq9kAQ=</latexit><latexit sha1_base64="4RX2wZtJWouDQX/PDY2/uKh9fhw=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUS9kVQY9FLx4r2A9pl5JNs21okg1JVixLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXKc6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWjm6nfeqTasETe27GiocADyWJGsHXSQ1cNWW9UeTrrlcp+1Z8BLZMgJ2XIUe+Vvrr9hKSCSks4NqYT+MqGGdaWEU4nxW5qqMJkhAe046jEgpowmx08QadO6aM40a6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYVKmlkswXxSlHNkHT71GfaUosHzuCiWbuVkSGWGNiXUZFF0Kw+PIyaZ5XA78a3F2Ua9d5HAU4hhOoQACXUINbqEMDCAh4hld487T34r17H/PWFS+fOYI/8D5/ADq9kAQ=</latexit><latexit sha1_base64="4RX2wZtJWouDQX/PDY2/uKh9fhw=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSLUS9kVQY9FLx4r2A9pl5JNs21okg1JVixLf4UXD4p49ed489+YtnvQ1gcDj/dmmJkXKc6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2TZJqQhsk4YluR9hQziRtWGY5bStNsYg4bUWjm6nfeqTasETe27GiocADyWJGsHXSQ1cNWW9UeTrrlcp+1Z8BLZMgJ2XIUe+Vvrr9hKSCSks4NqYT+MqGGdaWEU4nxW5qqMJkhAe046jEgpowmx08QadO6aM40a6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYVKmlkswXxSlHNkHT71GfaUosHzuCiWbuVkSGWGNiXUZFF0Kw+PIyaZ5XA78a3F2Ua9d5HAU4hhOoQACXUINbqEMDCAh4hld487T34r17H/PWFS+fOYI/8D5/ADq9kAQ=</latexit>

Feature extractors

“clown fish”

Classifier

61

“Classic” object recognition without neural nets

Source: Isola, Torralba, Freeman



Object recognition

“clown fish”

Learned

62Source: Isola, Torralba, Freeman



Object recognition

“clown fish”

Learned

Neural net

63Source: Isola, Torralba, Freeman



Input vector Output vector 

Computation in a neural net

64

? 



Next lecture: neural networks

65



Minsky and Papert, Perceptrons, 1972

66
Source: Isola, Torralba, Freeman



time

enthusiasm

Perceptrons, 
1958

Minsky and Papert, 
1972

67
Based on slide by: Isola, Torralba, Freeman



Parallel Distributed Processing (PDP), 1986

68
Source: Isola, Torralba, Freeman



time

enthusiasm

Perceptrons, 
1958

Minsky and Papert, 
1972

PDP book, 
1986

69
Source: Isola, Torralba, Freeman



LeCun convolutional neural networks

http://yann.lecun.com/exdb/lenet/index.html
Demos:

70
Source: Isola, Torralba, Freeman

http://yann.lecun.com/exdb/lenet/index.html


71
Source: Isola, Torralba, Freeman



http://pub.clement.farabet.net/ecvw09.pdf

Neural networks to 
recognize 
handwritten digits 
and human faces?  
yes 

Neural networks for 
tougher problems?  
not really

72
Source: Isola, Torralba, Freeman

http://pub.clement.farabet.net/ecvw09.pdf


Machine learning circa 2000

• Neural Information Processing Systems (NeurIPS), is a 
top conference on machine learning.  

• For the 2000 conference:  

– title words predictive of paper acceptance:  “Belief 
Propagation” and “Gaussian”. 

– title words predictive of paper rejection:  “Neural” and 
“Network”.

73
Source: Isola, Torralba, Freeman



time

enthusiasm

Perceptrons, 
1958

Minsky and Papert, 
1972

PDP book, 
1986

Neural network winter, 
2000

74
Source: Isola, Torralba, Freeman



Krizhevsky, Sutskever, and Hinton, NeurIPS 
2012

“AlexNet”

75
Source: Isola, Torralba, Freeman



Krizhevsky, Sutskever, and Hinton, NeurIPS 2012

76

Source: Isola, Torralba, Freeman



time

enthusiasm

Perceptrons, 
1958

Minsky and Papert, 
1972

PDP book, 
1986

Neural net winter, 
2000

Krizhevsky, 
Sutskever, 
Hinton, 2012

28 years 28 years

77
Source: Isola, Torralba, Freeman

?



time

enthusiasm

Perceptrons, 
1958

Minsky and Papert, 
1972

PDP book, 
1986

AI winter, 
2000

Krizhevsky, 
Sutskever, 
Hinton, 2012

28 years 28 years

What comes next?

2028 ?

78
Source: Isola, Torralba, Freeman



time

enthusiasm
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Source: Isola, Torralba, Freeman
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Source: Isola, Torralba, Freeman



81 Image source: Khan academy

Inspiration: Neurons

https://www.khanacademy.org/science/biology/human-biology/neuron-nervous-system/a/the-synapse


[Serre, 2014]82

Inspiration: Hierarchical Representations

Source: Isola, Torralba, Freeman

Best to treat as inspiration. The 
neural nets we’ll talk about aren’t 
very biologically plausible. 



Object recognition

“clown fish”

Neural network

83Source: Isola, Torralba, Freeman



Input vector Output vector 

Computation in a neural net

84Adapted from: Isola, Torralba, Freeman

Neuron  
(a.k.a unit) 



yj =
X

i

wijxi

Computation in a neural net

Input 
representation 

Output 
representation 

yj
<latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit>

xi
<latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit><latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit><latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit><latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit>

wij
<latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit><latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit><latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit><latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit>

Linear layer

85Source: Isola, Torralba, Freeman



Computation in a neural net

yj =
X

i

wijxi + bj
<latexit sha1_base64="OCrfsvwxBTax5P00Kpq5UxxcBOQ="></latexit><latexit sha1_base64="OCrfsvwxBTax5P00Kpq5UxxcBOQ="></latexit><latexit sha1_base64="OCrfsvwxBTax5P00Kpq5UxxcBOQ="></latexit><latexit sha1_base64="OCrfsvwxBTax5P00Kpq5UxxcBOQ="></latexit>

Input 
representation 

Output 
representation 

yj
<latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit>

xi
<latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit><latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit><latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit><latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit>

wij
<latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit><latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit><latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit><latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit>

Linear layer

weights 

bias 
bj

<latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

86Source: Isola, Torralba, Freeman



Computation in a neural net

yj = xTwj + bj
<latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="t1NUP8dA+F4Ny14xgm6myJIl5wA=">AAACLHicfZHNSsNAEMc39avGqu3ZS7AKIlISL3oU9OBFrGBroSllspmkSzebsLsRS+gLePVxfBKP3sSncPshaCsOLPz4z+zszH+DjDOlXffNKq2srq1vlDftrYq9vbNbrbRVmkuKLZryVHYCUMiZwJZmmmMnkwhJwPEhGF5O8g+PKBVLxb0eZdhLIBYsYhS0kZr9at1tuNNwlsGbQ53Mo1+zDvwwpXmCQlMOSnU9N9O9AqRmlOPY9nOFGdAhxNg1KCBB1Sumc46dQ6OETpRKc4R2purPGwUkSo2SwFQmoAdqMTcR/8p1cx2d9womslyjoLOHopw7OnUmSzshk0g1HxkAKpmZ1aEDkEC1sca2/Ss0y0i8MY1vM5SgU3lc+CDjBJ7GZrnYP5nQf4VMfBcaMrZ6iyYuQ/u04bkN784lZbJH9skR8cgZuSDXpElahJKQPJMX69V6tz5m9pes+T/UyK+wPr8AB9mqqA==</latexit><latexit sha1_base64="TYp5TGPK/fqPoe2vnPcgnvBm6vE="></latexit><latexit sha1_base64="TYp5TGPK/fqPoe2vnPcgnvBm6vE="></latexit><latexit sha1_base64="H0hHbuX2Ccv1hMfPmMc6jH0/alU="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit>

Input 
representation 

Output 
representation 

yj
<latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit>

Linear layer

weights 

bias 

✓ = {W,b}
<latexit sha1_base64="qh9++MreF0Kvr2Wejnm+bETYhEk="></latexit><latexit sha1_base64="qh9++MreF0Kvr2Wejnm+bETYhEk="></latexit><latexit sha1_base64="qh9++MreF0Kvr2Wejnm+bETYhEk="></latexit><latexit sha1_base64="qh9++MreF0Kvr2Wejnm+bETYhEk="></latexit>

wj
<latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit><latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit><latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit><latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit>

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

bj
<latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

parameters of the model 

87Source: Isola, Torralba, Freeman



Computation in a neural net

Input 
representation 

Output 
representation 

yj
<latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit>

Linear layer

weights 

bias 

✓ = {W,b}
<latexit sha1_base64="qh9++MreF0Kvr2Wejnm+bETYhEk="></latexit><latexit sha1_base64="qh9++MreF0Kvr2Wejnm+bETYhEk="></latexit><latexit sha1_base64="qh9++MreF0Kvr2Wejnm+bETYhEk="></latexit><latexit sha1_base64="qh9++MreF0Kvr2Wejnm+bETYhEk="></latexit>

wj
<latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit><latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit><latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit><latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit>

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

bj
<latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

parameters of the model 

88

Full layer

y = Wx+ b
<latexit sha1_base64="ce5ePovUubYWrKKlgie34iyynzg=">AAACKXicbVDLSgMxFM34rPU16tJNsAiCUGdU0I1QdOOygn1AW0qSZtrQZGZIMuIwzGf4FX6CW/0Ad+q2P2KmHYu2Hgice8693JuDQ86UdpxPa2FxaXlltbBWXN/Y3Nq2d3brKogkoTUS8EA2MVKUM5/WNNOcNkNJkcCcNvDwJvMbD1QqFvj3Og5pR6C+zzxGkDZS1z5pC6QH2EviFF7Bn6KRTuljCo+nBU67dskpO2PAeeLmpARyVLv2qN0LSCSorwlHSrVcJ9SdBEnNCKdpsR0pGiIyRH3aMtRHgqpOMv5YCg+N0oNeIM3zNRyrvycSJJSKBTad2YVq1svEfz2Mxcxq7V12EuaHkaY+mWz2Ig51ALPYYI9JSjSPDUFEMnM8JAMkEdEm3KJJxZ3NYJ7UT8vuWdm5Oy9VrvN8CmAfHIAj4IILUAG3oApqgIAn8AJewZv1bL1bH9bXpHXBymf2wB9Yo2/+36db</latexit>



Computation in a neural net

Input 
representation 

Output 
representation 

yj
<latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit>

Linear layer

weights + bias 

wj
<latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit><latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit><latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit><latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit>

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

bj
<latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

89

Full layer

y = Wx+ b
<latexit sha1_base64="ce5ePovUubYWrKKlgie34iyynzg=">AAACKXicbVDLSgMxFM34rPU16tJNsAiCUGdU0I1QdOOygn1AW0qSZtrQZGZIMuIwzGf4FX6CW/0Ad+q2P2KmHYu2Hgice8693JuDQ86UdpxPa2FxaXlltbBWXN/Y3Nq2d3brKogkoTUS8EA2MVKUM5/WNNOcNkNJkcCcNvDwJvMbD1QqFvj3Og5pR6C+zzxGkDZS1z5pC6QH2EviFF7Bn6KRTuljCo+nBU67dskpO2PAeeLmpARyVLv2qN0LSCSorwlHSrVcJ9SdBEnNCKdpsR0pGiIyRH3aMtRHgqpOMv5YCg+N0oNeIM3zNRyrvycSJJSKBTad2YVq1svEfz2Mxcxq7V12EuaHkaY+mWz2Ig51ALPYYI9JSjSPDUFEMnM8JAMkEdEm3KJJxZ3NYJ7UT8vuWdm5Oy9VrvN8CmAfHIAj4IILUAG3oApqgIAn8AJewZv1bL1bH9bXpHXBymf2wB9Yo2/+36db</latexit>

Can again simplify notation by 
appending a 1 to  x



What’s the problem with this idea?

90

Consider stacking multiple layers:

W1x

x

W2W1x W3W2W1x

Can be expressed as 
single linear layer! 

(∏
i

Wi) x = Ŵx

Limited power, e.g. 
can’t solve XOR.



Input 
representation 

Output 
representation 

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit> w

<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

g(y)

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

b
<latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit>

g(y)

g(y) =

(
1, if y > 0

0, otherwise
<latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit>

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

Pointwise 
Non-linearity 

Solution: simple nonlinearity

91Source: Isola, Torralba, Freeman



Example: linear classification with a perceptron

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

y = xTw + b
<latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit>

92 Source: Isola, Torralba, Freeman



Example: linear classification with a perceptron

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

y = xTw + b
<latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit>

g(y) =

(
1, if y > 0

0, otherwise
<latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit>

93 Source: Isola, Torralba, Freeman



Example: linear classification with a perceptron

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

y = xTw + b
<latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit>

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

g(y) =

(
1, if y > 0

0, otherwise
<latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit>

94 Source: Isola, Torralba, Freeman



Example: linear classification with a perceptron

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

g(y)
<latexit sha1_base64="e2ivyT9wDIWqw9/QUivbLDzIL/k=">AAACPnicfZDLSsNAFIYn9VbjXZduglVQkZKIoEtRF27ECtYWmlJOpqfp4GQSZiZiCX0Ft/o4voYv4E7cunRSI3jDAwMf//ln5pw/SDhT2nWfrNLY+MTkVHnanpmdm19YXFq+UnEqKdZpzGPZDEAhZwLrmmmOzUQiRAHHRnB9nPcbNygVi8WlHiTYjiAUrMco6FwKNwdbncWKW3VH5fwGr4AKKarWWbLW/W5M0wiFphyUanluotsZSM0ox6HtpwoToNcQYsuggAhVOxsNO3Q2jNJ1erE0R2hnpH69kUGk1CAKjDMC3Vc/e7n4V6+V6t5BO2MiSTUK+vFRL+WOjp18c6fLJFLNBwaASmZmdWgfJFBt8rFt/wTNMhLPzMPnCUrQsdzOfJBhBLdDs1zo7+T0n5GJT6Mhk6v3M8XfcLVb9dyqd7FXOTwqEi6TVbJGNolH9skhOSU1UieU9MkduScP1qP1bL1Yrx/WklXcWSHfynp7B2JtrpY=</latexit><latexit sha1_base64="e2ivyT9wDIWqw9/QUivbLDzIL/k=">AAACPnicfZDLSsNAFIYn9VbjXZduglVQkZKIoEtRF27ECtYWmlJOpqfp4GQSZiZiCX0Ft/o4voYv4E7cunRSI3jDAwMf//ln5pw/SDhT2nWfrNLY+MTkVHnanpmdm19YXFq+UnEqKdZpzGPZDEAhZwLrmmmOzUQiRAHHRnB9nPcbNygVi8WlHiTYjiAUrMco6FwKNwdbncWKW3VH5fwGr4AKKarWWbLW/W5M0wiFphyUanluotsZSM0ox6HtpwoToNcQYsuggAhVOxsNO3Q2jNJ1erE0R2hnpH69kUGk1CAKjDMC3Vc/e7n4V6+V6t5BO2MiSTUK+vFRL+WOjp18c6fLJFLNBwaASmZmdWgfJFBt8rFt/wTNMhLPzMPnCUrQsdzOfJBhBLdDs1zo7+T0n5GJT6Mhk6v3M8XfcLVb9dyqd7FXOTwqEi6TVbJGNolH9skhOSU1UieU9MkduScP1qP1bL1Yrx/WklXcWSHfynp7B2JtrpY=</latexit><latexit sha1_base64="e2ivyT9wDIWqw9/QUivbLDzIL/k=">AAACPnicfZDLSsNAFIYn9VbjXZduglVQkZKIoEtRF27ECtYWmlJOpqfp4GQSZiZiCX0Ft/o4voYv4E7cunRSI3jDAwMf//ln5pw/SDhT2nWfrNLY+MTkVHnanpmdm19YXFq+UnEqKdZpzGPZDEAhZwLrmmmOzUQiRAHHRnB9nPcbNygVi8WlHiTYjiAUrMco6FwKNwdbncWKW3VH5fwGr4AKKarWWbLW/W5M0wiFphyUanluotsZSM0ox6HtpwoToNcQYsuggAhVOxsNO3Q2jNJ1erE0R2hnpH69kUGk1CAKjDMC3Vc/e7n4V6+V6t5BO2MiSTUK+vFRL+WOjp18c6fLJFLNBwaASmZmdWgfJFBt8rFt/wTNMhLPzMPnCUrQsdzOfJBhBLdDs1zo7+T0n5GJT6Mhk6v3M8XfcLVb9dyqd7FXOTwqEi6TVbJGNolH9skhOSU1UieU9MkduScP1qP1bL1Yrx/WklXcWSHfynp7B2JtrpY=</latexit><latexit sha1_base64="e2ivyT9wDIWqw9/QUivbLDzIL/k=">AAACPnicfZDLSsNAFIYn9VbjXZduglVQkZKIoEtRF27ECtYWmlJOpqfp4GQSZiZiCX0Ft/o4voYv4E7cunRSI3jDAwMf//ln5pw/SDhT2nWfrNLY+MTkVHnanpmdm19YXFq+UnEqKdZpzGPZDEAhZwLrmmmOzUQiRAHHRnB9nPcbNygVi8WlHiTYjiAUrMco6FwKNwdbncWKW3VH5fwGr4AKKarWWbLW/W5M0wiFphyUanluotsZSM0ox6HtpwoToNcQYsuggAhVOxsNO3Q2jNJ1erE0R2hnpH69kUGk1CAKjDMC3Vc/e7n4V6+V6t5BO2MiSTUK+vFRL+WOjp18c6fLJFLNBwaASmZmdWgfJFBt8rFt/wTNMhLPzMPnCUrQsdzOfJBhBLdDs1zo7+T0n5GJT6Mhk6v3M8XfcLVb9dyqd7FXOTwqEi6TVbJGNolH9skhOSU1UieU9MkduScP1qP1bL1Yrx/WklXcWSHfynp7B2JtrpY=</latexit>

y = xTw + b
<latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit>

g(y) =

(
1, if y > 0

0, otherwise
<latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit>

95 Source: Isola, Torralba, Freeman



Input 
representation 

Output 
representation 

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit> w

<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

g(y)

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

b
<latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit>

g(y)

g(y) =

(
1, if y > 0

0, otherwise
<latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit>

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

96 Source: Isola, Torralba, Freeman

Computation in a neural net — nonlinearity

Can’t use with gradient descent, ∇g = 0



g(y)

Input 
representation 

Output 
representation 

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit> w

<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

g(y)

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

b
<latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit>

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

Computation in a neural net — nonlinearity

Sigmoid

97 Source: Isola, Torralba, Freeman

g(y) = �(y) =
1

1 + e�y
<latexit sha1_base64="VtviOpEyH5xR/y+qFWppws+bQIY=">AAACH3icbZDLSgMxFIYz9VbrbdSlm2ApVMQyo4JuhKIblxXsBdqxZNJMG5pkhiQjDMM8gU/hI7jVB3Anbrv2RUzbWWj1h8DPf87hnHx+xKjSjjOxCkvLK6trxfXSxubW9o69u9dSYSwxaeKQhbLjI0UYFaSpqWakE0mCuM9I2x/fTOvtRyIVDcW9TiLicTQUNKAYaRP17cqwmhzBK9hTdMhR7gOJcOpmqXtMHtKTJMv6dtmpOTPBv8bNTRnkavTtr94gxDEnQmOGlOq6TqS9FElNMSNZqRcrEiE8RkPSNVYgTpSXzr6TwYpJBjAIpXlCw1n6cyJFXKmE+6aTIz1Si7Vp+G/N9/nCah1ceikVUayJwPPNQcygDuEUFhxQSbBmiTEIS2qOh3iEDB1tkJYMFXeRwV/TOq25ZzXn7rxcv875FMEBOARV4IILUAe3oAGaAIMn8AJewZv1bL1bH9bnvLVg5TP74JesyTfs56Fl</latexit>



g(y)

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

Sigmoid• Interpretation as firing rate of neuron 

• Bounded between [0,1] 

• Saturation for large +/- inputs 

• Gradients go to zero 

• Centered at 0.5. Better in practice to 
use:   tanh(y) = 2g(y) − 1

Computation in a neural net — nonlinearity

98 Source: Isola, Torralba, Freeman

g(y) = �(y) =
1

1 + e�y
<latexit sha1_base64="VtviOpEyH5xR/y+qFWppws+bQIY=">AAACH3icbZDLSgMxFIYz9VbrbdSlm2ApVMQyo4JuhKIblxXsBdqxZNJMG5pkhiQjDMM8gU/hI7jVB3Anbrv2RUzbWWj1h8DPf87hnHx+xKjSjjOxCkvLK6trxfXSxubW9o69u9dSYSwxaeKQhbLjI0UYFaSpqWakE0mCuM9I2x/fTOvtRyIVDcW9TiLicTQUNKAYaRP17cqwmhzBK9hTdMhR7gOJcOpmqXtMHtKTJMv6dtmpOTPBv8bNTRnkavTtr94gxDEnQmOGlOq6TqS9FElNMSNZqRcrEiE8RkPSNVYgTpSXzr6TwYpJBjAIpXlCw1n6cyJFXKmE+6aTIz1Si7Vp+G/N9/nCah1ceikVUayJwPPNQcygDuEUFhxQSbBmiTEIS2qOh3iEDB1tkJYMFXeRwV/TOq25ZzXn7rxcv875FMEBOARV4IILUAe3oAGaAIMn8AJewZv1bL1bH9bnvLVg5TP74JesyTfs56Fl</latexit>



g(y)

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

Rectified linear unit (ReLU)

g(y) = max(0, y)

• Unbounded output (on positive side) 

• Efficient to implement: 

• Also seems to help convergence (see 
6x speedup vs tanh in [Krizhevsky et 
al.]) 

• Drawback: if strongly in negative 
region, unit is dead forever (no 
gradient). 

• Default choice: widely used in 
current models!

Computation in a neural net — nonlinearity

@g

@y
=

(
0, if y < 0

1, if y � 0
<latexit sha1_base64="ruPFB8gsiXCS6lyiWjJddusU7mw="></latexit><latexit sha1_base64="ruPFB8gsiXCS6lyiWjJddusU7mw="></latexit><latexit sha1_base64="ruPFB8gsiXCS6lyiWjJddusU7mw="></latexit><latexit sha1_base64="ruPFB8gsiXCS6lyiWjJddusU7mw="></latexit>

99 Source: Isola, Torralba, Freeman



g(y)

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

Leaky ReLU
• where α is small (e.g. 0.02) 

• Efficient to implement: 

• Has non-zero gradients everywhere 
(unlike ReLU) 

Computation in a neural net — nonlinearity

g(y) =

(
max(0, y), if y � 0

amin(0, y), if y < 0
<latexit sha1_base64="vaKiXLveVNMBtSmpQ2hxktsC4sA="></latexit><latexit sha1_base64="vaKiXLveVNMBtSmpQ2hxktsC4sA="></latexit><latexit sha1_base64="vaKiXLveVNMBtSmpQ2hxktsC4sA="></latexit><latexit sha1_base64="vaKiXLveVNMBtSmpQ2hxktsC4sA="></latexit>

@g

@y
=

(
�a, if y < 0

1, if y � 0
<latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="raQpPe+YVB+cNmlLOAsjCzLtPm8="></latexit><latexit sha1_base64="SIjWJc6VAIBsD79mX9FjdgOmXeo="></latexit><latexit sha1_base64="SIjWJc6VAIBsD79mX9FjdgOmXeo="></latexit><latexit sha1_base64="uSfKimnJpgyiAkfY7F5Uf8085X0="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit>

100 Source: Isola, Torralba, Freeman



“clown fish”

Lin
ea

r

Non
-lin

ea
rity

…

Clas
sify

f(x) = fL(. . . f2(f1(x)))

Deep nets

101Source: Isola, Torralba, Freeman



Computation has a simple form

• Composition of linear functions with nonlinearities in between 

• E.g. matrix multiplications with ReLU,  afterwards 
• Do a matrix multiplication, set all negative values to 0, repeat

max(0, x)

y = W3g(W2g(W1x))

y = W(n)g(W(n�1) . . . g(W(3)g(W(2)(g(W(1)x)))))
<latexit sha1_base64="7PeajALFLxseXRH/sOktfOklRtk="></latexit>



Output 
representation 

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

b(2)j
<latexit sha1_base64="lAvgdueFL8rQ9nqijsWPjJigSGA="></latexit><latexit sha1_base64="lAvgdueFL8rQ9nqijsWPjJigSGA="></latexit><latexit sha1_base64="lAvgdueFL8rQ9nqijsWPjJigSGA="></latexit><latexit sha1_base64="lAvgdueFL8rQ9nqijsWPjJigSGA="></latexit>

W(2)
j

<latexit sha1_base64="v9cn5urKneYXydISt0Y//aLbtLI="></latexit><latexit sha1_base64="v9cn5urKneYXydISt0Y//aLbtLI="></latexit><latexit sha1_base64="v9cn5urKneYXydISt0Y//aLbtLI="></latexit><latexit sha1_base64="v9cn5urKneYXydISt0Y//aLbtLI="></latexit>

Input 
representation 

Intermediate 
representation 

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Stacking layers

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

b(1)j
<latexit sha1_base64="fFdJ3/Qi7NiEWb8rbxedVbAdriI="></latexit><latexit sha1_base64="fFdJ3/Qi7NiEWb8rbxedVbAdriI="></latexit><latexit sha1_base64="fFdJ3/Qi7NiEWb8rbxedVbAdriI="></latexit><latexit sha1_base64="fFdJ3/Qi7NiEWb8rbxedVbAdriI="></latexit>

W(1)
j

<latexit sha1_base64="KEETcUV9jkVmQ7H/PYOcoun+j/s="></latexit><latexit sha1_base64="KEETcUV9jkVmQ7H/PYOcoun+j/s="></latexit><latexit sha1_base64="KEETcUV9jkVmQ7H/PYOcoun+j/s="></latexit><latexit sha1_base64="KEETcUV9jkVmQ7H/PYOcoun+j/s="></latexit>

= “hidden units”h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

103 Source: Isola, Torralba, Freeman



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Stacking layers

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

h = g(W(1)x+ b(1))
<latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit>

y = W(2)h+ b(2)
<latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit>

104 Source: Isola, Torralba, Freeman



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Stacking layers

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

positive

negative

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

h = g(W(1)x+ b(1))
<latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit>

y = W(2)h+ b(2)
<latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit>

105 Source: Isola, Torralba, Freeman



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Stacking layers

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

positive

negative

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

h = g(W(1)x+ b(1))
<latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit>

y = W(2)h+ b(2)
<latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit>

106 Source: Isola, Torralba, Freeman



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Stacking layers

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

positive

negative

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

h = g(W(1)x+ b(1))
<latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit>

y = W(2)h+ b(2)
<latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit>

107 Source: Isola, Torralba, Freeman



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Stacking layers

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

positive

negative

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

h = g(W(1)x+ b(1))
<latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit>

y = W(2)h+ b(2)
<latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit>
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Input 
representation 

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

Output 
representation 

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

Connectivity patterns

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

Fully connected layer Locally connected layer 
(Sparse W)

Input 
representation 

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

Output 
representation 

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

109 Source: Isola, Torralba, Freeman



“clown fish”

Loss

Learned
Deep learning

✓1
<latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit>

✓2
<latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit>

✓3
<latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit>

✓4
<latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit>

✓5
<latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit>

✓6
<latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit>

L(f✓(x1),y1)
<latexit sha1_base64="9o1huIyMJYmNnbA5giaTmqRHW/Y="></latexit><latexit sha1_base64="9o1huIyMJYmNnbA5giaTmqRHW/Y="></latexit><latexit sha1_base64="9o1huIyMJYmNnbA5giaTmqRHW/Y="></latexit><latexit sha1_base64="9o1huIyMJYmNnbA5giaTmqRHW/Y="></latexit>

✓⇤ = argmin
✓

NX

i=1

L(f✓(xi),yi)
<latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit>

y1
<latexit sha1_base64="J51W9itlTvHBbqqqJ0NiQ93Cq3w="></latexit><latexit sha1_base64="J51W9itlTvHBbqqqJ0NiQ93Cq3w="></latexit><latexit sha1_base64="J51W9itlTvHBbqqqJ0NiQ93Cq3w="></latexit><latexit sha1_base64="J51W9itlTvHBbqqqJ0NiQ93Cq3w="></latexit>

x1
<latexit sha1_base64="Oigk9pKRqxnyH+TvotRGxAo8RjA="></latexit><latexit sha1_base64="Oigk9pKRqxnyH+TvotRGxAo8RjA="></latexit><latexit sha1_base64="Oigk9pKRqxnyH+TvotRGxAo8RjA="></latexit><latexit sha1_base64="Oigk9pKRqxnyH+TvotRGxAo8RjA="></latexit>
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Batch processing

Loss

Loss

Loss

…

⌃
<latexit sha1_base64="I35/plNhKDPnEnZ+Bc1BZ7JjiUg="></latexit><latexit sha1_base64="I35/plNhKDPnEnZ+Bc1BZ7JjiUg="></latexit><latexit sha1_base64="I35/plNhKDPnEnZ+Bc1BZ7JjiUg="></latexit><latexit sha1_base64="I35/plNhKDPnEnZ+Bc1BZ7JjiUg="></latexit>

Images

Fe
at
ur
es
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Tensors 
(multi-dimensional arrays)

…

Fu
rry

?
Is 

a fi
sh

?
Size # S

trip
es

…

Each layer is a representation of the data 
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…

h(1) 2 RNbatch⇥C(1)

<latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit><latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit><latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit><latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit>

N
b
a
t
c
h

<latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit>

C(1)
<latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit>

Tensors 
(multi-dimensional arrays)

# neurons 
# features 
# units 
# “channels”
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h(1) 2 RNbatch⇥C(1)

<latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit><latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit><latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit><latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit>

N
b
a
t
c
h

<latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit>

C(1)
<latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit>

Tensors 
(multi-dimensional arrays)

# neurons 
# features 
# units 
# “channels”
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h(1) 2 RNbatch⇥C(1)

<latexit sha1_base64="rRx5i13wds1e/60pYjNviZpPGWk="></latexit><latexit sha1_base64="rRx5i13wds1e/60pYjNviZpPGWk="></latexit><latexit sha1_base64="rRx5i13wds1e/60pYjNviZpPGWk="></latexit><latexit sha1_base64="rRx5i13wds1e/60pYjNviZpPGWk="></latexit>

h(2) 2 RNbatch⇥C(2)

<latexit sha1_base64="dFKxHTfHgck+FTZ9uUHxi8/O/vs="></latexit><latexit sha1_base64="dFKxHTfHgck+FTZ9uUHxi8/O/vs="></latexit><latexit sha1_base64="dFKxHTfHgck+FTZ9uUHxi8/O/vs="></latexit><latexit sha1_base64="dFKxHTfHgck+FTZ9uUHxi8/O/vs="></latexit>

N
b
a
t
c
h

<latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit>

C(1)
<latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit> C(2)

<latexit sha1_base64="dFgCe+iY4iT3vVhJRDbmlTSr6VQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoM5uIxgnlAEsPspDcZMju7zMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3+bHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSHZ9qFFxi03AjsBMrpKEvsO1P6nO//YRK80g+mGmM/ZCOJA84o8ZK7fpjWq5ezgbFkltxFyDrxMtICTI0BsWv3jBiSYjSMEG17npubPopVYYzgbNCL9EYUzahI+xaKmmIup8uzp2RC6sMSRApW9KQhfp7IqWh1tPQt50hNWO96s3F/7xuYoKbfsplnBiUbLkoSAQxEZn/ToZcITNiagllittbCRtTRZmxCRVsCN7qy+ukVa14bsW7vyrVbrM48nAG51AGD66hBnfQgCYwmMAzvMKbEzsvzrvzsWzNOdnMKfyB8/kDRtSO3A==</latexit><latexit sha1_base64="dFgCe+iY4iT3vVhJRDbmlTSr6VQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoM5uIxgnlAEsPspDcZMju7zMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3+bHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSHZ9qFFxi03AjsBMrpKEvsO1P6nO//YRK80g+mGmM/ZCOJA84o8ZK7fpjWq5ezgbFkltxFyDrxMtICTI0BsWv3jBiSYjSMEG17npubPopVYYzgbNCL9EYUzahI+xaKmmIup8uzp2RC6sMSRApW9KQhfp7IqWh1tPQt50hNWO96s3F/7xuYoKbfsplnBiUbLkoSAQxEZn/ToZcITNiagllittbCRtTRZmxCRVsCN7qy+ukVa14bsW7vyrVbrM48nAG51AGD66hBnfQgCYwmMAzvMKbEzsvzrvzsWzNOdnMKfyB8/kDRtSO3A==</latexit><latexit sha1_base64="dFgCe+iY4iT3vVhJRDbmlTSr6VQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoM5uIxgnlAEsPspDcZMju7zMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3+bHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSHZ9qFFxi03AjsBMrpKEvsO1P6nO//YRK80g+mGmM/ZCOJA84o8ZK7fpjWq5ezgbFkltxFyDrxMtICTI0BsWv3jBiSYjSMEG17npubPopVYYzgbNCL9EYUzahI+xaKmmIup8uzp2RC6sMSRApW9KQhfp7IqWh1tPQt50hNWO96s3F/7xuYoKbfsplnBiUbLkoSAQxEZn/ToZcITNiagllittbCRtTRZmxCRVsCN7qy+ukVa14bsW7vyrVbrM48nAG51AGD66hBnfQgCYwmMAzvMKbEzsvzrvzsWzNOdnMKfyB8/kDRtSO3A==</latexit><latexit sha1_base64="dFgCe+iY4iT3vVhJRDbmlTSr6VQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoM5uIxgnlAEsPspDcZMju7zMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3+bHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSHZ9qFFxi03AjsBMrpKEvsO1P6nO//YRK80g+mGmM/ZCOJA84o8ZK7fpjWq5ezgbFkltxFyDrxMtICTI0BsWv3jBiSYjSMEG17npubPopVYYzgbNCL9EYUzahI+xaKmmIup8uzp2RC6sMSRApW9KQhfp7IqWh1tPQt50hNWO96s3F/7xuYoKbfsplnBiUbLkoSAQxEZn/ToZcITNiagllittbCRtTRZmxCRVsCN7qy+ukVa14bsW7vyrVbrM48nAG51AGD66hBnfQgCYwmMAzvMKbEzsvzrvzsWzNOdnMKfyB8/kDRtSO3A==</latexit>

N
b
a
t
c
h

<latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit>
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Tensors 
(multi-dimensional arrays)



Processing a layer

h(1) 2 RNbatch⇥H
(1)⇥W

(1)⇥C
(1)

<latexit sha1_base64="dOUrWpgMw80MP8W9lDxqo2Cf3Uk="></latexit><latexit sha1_base64="dOUrWpgMw80MP8W9lDxqo2Cf3Uk="></latexit><latexit sha1_base64="dOUrWpgMw80MP8W9lDxqo2Cf3Uk="></latexit><latexit sha1_base64="dOUrWpgMw80MP8W9lDxqo2Cf3Uk="></latexit>

H
(1

)
⇥
W

(1
)

<latexit sha1_base64="/6Urp6UoqhYkuH0rK1dgw+vXPa0="></latexit><latexit sha1_base64="/6Urp6UoqhYkuH0rK1dgw+vXPa0="></latexit><latexit sha1_base64="/6Urp6UoqhYkuH0rK1dgw+vXPa0="></latexit><latexit sha1_base64="/6Urp6UoqhYkuH0rK1dgw+vXPa0="></latexit>

C(1)
<latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit> Nbatch

<latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit>

h(2) 2 RNbatch⇥H
(2)⇥W

(2)⇥C
(2)

<latexit sha1_base64="Ks0cBvdfOxm/XzqSAmFh2MPcDNY="></latexit><latexit sha1_base64="Ks0cBvdfOxm/XzqSAmFh2MPcDNY="></latexit><latexit sha1_base64="Ks0cBvdfOxm/XzqSAmFh2MPcDNY="></latexit><latexit sha1_base64="Ks0cBvdfOxm/XzqSAmFh2MPcDNY="></latexit>

H
(2

)
⇥
W

(2
)

<latexit sha1_base64="ndkFNNtr7k6txM71tEHqzJtGeY4="></latexit><latexit sha1_base64="ndkFNNtr7k6txM71tEHqzJtGeY4="></latexit><latexit sha1_base64="ndkFNNtr7k6txM71tEHqzJtGeY4="></latexit><latexit sha1_base64="ndkFNNtr7k6txM71tEHqzJtGeY4="></latexit>

C(2)
<latexit sha1_base64="aBkJpodeCcUxXE814aEiu0rOjnY="></latexit><latexit sha1_base64="aBkJpodeCcUxXE814aEiu0rOjnY="></latexit><latexit sha1_base64="aBkJpodeCcUxXE814aEiu0rOjnY="></latexit><latexit sha1_base64="aBkJpodeCcUxXE814aEiu0rOjnY="></latexit> Nbatch

<latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit>
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