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• Fully connected neural network

• Avoid overfitting by search for the NN model suitable for 

image processing [Hubel and Wiesel 1960].

• Feedforward and Backprop in ConvNets.

Outline
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Fully connected neural network
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The Tungsten Electrode [Hubel-Science-1957]

• Device capable to record signal from a single neuron

http://braintour.harvard.edu/archives/portfolio-items/hubel-and-wiesel
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• Experiment with anaesthetised paralysed cat

[Hubel and Wiesel 1959]
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[Hubel and Wiesel 1960]

https://knowingneurons.com/2014/10/29/hubel-and-wiesel-the-neural-basis-of-visual-perception/
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[Hubel and Wiesel 1960]

https://knowingneurons.com/2014/10/29/hubel-and-wiesel-the-neural-basis-of-visual-perception/

 paralysed cat awake monkey
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Hubel and Wiesel experiments in 1950s and 1960s

• Nobel Prize in Physiology and Medicine in 1981

• Dr. Hubel: “There has been a myth that the brain cannot 

understand itself.  It is compared to a man trying to lift 
himself by his own bootstraps.  We feel that is nonsense.  
The brain can be studied just as the kidney can.”

https://knowingneurons.com/2014/10/29/hubel-and-wiesel-the-neural-basis-of-visual-perception/
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1. Topographical map: nearby neurons process information from nearby visual fields
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• What is the weight dimensionality 
reduction for N-pixel image and  
(n=3)-dimensional spatial neighbourhood?

N=5 K=3
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should do  
the same thing

2. Translation invariance: the same edge is detected at all positions
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<latexit sha1_base64="wqwM4FNv0kvZIbzSXaxXc9jaRQM="></latexit><latexit sha1_base64="wqwM4FNv0kvZIbzSXaxXc9jaRQM="></latexit><latexit sha1_base64="wqwM4FNv0kvZIbzSXaxXc9jaRQM="></latexit><latexit sha1_base64="wqwM4FNv0kvZIbzSXaxXc9jaRQM="></latexit>

�(v>
2 y)

<latexit sha1_base64="EeCcc9QzwdyGRek/mjqT9kJODkw="></latexit><latexit sha1_base64="EeCcc9QzwdyGRek/mjqT9kJODkw="></latexit><latexit sha1_base64="EeCcc9QzwdyGRek/mjqT9kJODkw="></latexit><latexit sha1_base64="EeCcc9QzwdyGRek/mjqT9kJODkw="></latexit>

�(v>
3 y)

<latexit sha1_base64="UogVJZ2+p95YgsS8I6nBeGAR7dc="></latexit><latexit sha1_base64="UogVJZ2+p95YgsS8I6nBeGAR7dc="></latexit><latexit sha1_base64="UogVJZ2+p95YgsS8I6nBeGAR7dc="></latexit><latexit sha1_base64="UogVJZ2+p95YgsS8I6nBeGAR7dc="></latexit>

�(u>z)
<latexit sha1_base64="keO5xRrM2j15heiRa0YvCoBw62Y="></latexit><latexit sha1_base64="keO5xRrM2j15heiRa0YvCoBw62Y="></latexit><latexit sha1_base64="keO5xRrM2j15heiRa0YvCoBw62Y="></latexit><latexit sha1_base64="keO5xRrM2j15heiRa0YvCoBw62Y="></latexit>
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pi
xe

l1
pi

xe
l2

pi
xe

l3
pi

xe
l4

image
pi

xe
l5

should do  
the same thing

2. Translation invariance: the same edge is detected at all positions

�(w>x1)
<latexit sha1_base64="L1SklQnSHZtXCtaRlMQQcAsxOyA="></latexit><latexit sha1_base64="L1SklQnSHZtXCtaRlMQQcAsxOyA="></latexit><latexit sha1_base64="L1SklQnSHZtXCtaRlMQQcAsxOyA="></latexit><latexit sha1_base64="L1SklQnSHZtXCtaRlMQQcAsxOyA="></latexit>

�(w>x2)
<latexit sha1_base64="AttvcVo+wfKbL0kA8+BAZOgr7zI="></latexit><latexit sha1_base64="AttvcVo+wfKbL0kA8+BAZOgr7zI="></latexit><latexit sha1_base64="AttvcVo+wfKbL0kA8+BAZOgr7zI="></latexit><latexit sha1_base64="AttvcVo+wfKbL0kA8+BAZOgr7zI="></latexit>

�(w>x3)
<latexit sha1_base64="ik7DZNsNYkPzk0A4GeCUP3TH0SI="></latexit><latexit sha1_base64="ik7DZNsNYkPzk0A4GeCUP3TH0SI="></latexit><latexit sha1_base64="ik7DZNsNYkPzk0A4GeCUP3TH0SI="></latexit><latexit sha1_base64="ik7DZNsNYkPzk0A4GeCUP3TH0SI="></latexit>



�(v>
1 y)

<latexit sha1_base64="wqwM4FNv0kvZIbzSXaxXc9jaRQM="></latexit><latexit sha1_base64="wqwM4FNv0kvZIbzSXaxXc9jaRQM="></latexit><latexit sha1_base64="wqwM4FNv0kvZIbzSXaxXc9jaRQM="></latexit><latexit sha1_base64="wqwM4FNv0kvZIbzSXaxXc9jaRQM="></latexit>
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2. Translation invariance: the same edge is detected at all positions

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

<latexit sha1_base64="gjhmoJTm/mnkHY1eNTTTPWFqCRI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3qLYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4Zua3n6g2TMkHO0loKPBQspgRbJ3U6hk2FLhfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauPrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukdVENLqu1+1qlfpfHUYQTOIVzCOAK6nALDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/oWiPMw==</latexit>�

<latexit sha1_base64="gjhmoJTm/mnkHY1eNTTTPWFqCRI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3qLYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4Zua3n6g2TMkHO0loKPBQspgRbJ3U6hk2FLhfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauPrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukdVENLqu1+1qlfpfHUYQTOIVzCOAK6nALDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/oWiPMw==</latexit>�

<latexit sha1_base64="gjhmoJTm/mnkHY1eNTTTPWFqCRI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL3qLYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4Zua3n6g2TMkHO0loKPBQspgRbJ3U6hk2FLhfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauPrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukdVENLqu1+1qlfpfHUYQTOIVzCOAK6nALDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/oWiPMw==</latexit>�



Convolution forward pass

x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

y = conv(x,w)
<latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit><latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit><latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit><latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

image

kernel/filter

filter response/ 
output map
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(              ,          )

Convolution forward pass

x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

y = conv(x,w)
<latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit><latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit><latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit><latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit>=

y11 = w11x11 + w12x12 + w21x21 + w22x22
<latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit><latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit><latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit><latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit>

y12 = w11x12 + w12x13 + w21x22 + w22x23
<latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit><latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit><latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit><latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit>

y22 = w11x22 + w12x23 + w21x32 + w22x33
<latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit><latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit><latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit><latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit>

y21 = w11x21 + w12x22 + w21x31 + w22x32
<latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit><latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit><latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit><latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit>
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Convolution forward pass

x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

y = conv(x,w)
<latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit><latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit><latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit><latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> (              ,          )=

y11 = w11x11 + w12x12 + w21x21 + w22x22
<latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit><latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit><latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit><latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit>

y12 = w11x12 + w12x13 + w21x22 + w22x23
<latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit><latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit><latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit><latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit>

y22 = w11x22 + w12x23 + w21x32 + w22x33
<latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit><latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit><latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit><latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit>

y21 = w11x21 + w12x22 + w21x31 + w22x32
<latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit><latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit><latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit><latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit>
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(              ,          )x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

Convolution forward pass

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

y = conv(x,w)
<latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit><latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit><latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit><latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit>=

y11 = w11x11 + w12x12 + w21x21 + w22x22
<latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit><latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit><latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit><latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit>

y12 = w11x12 + w12x13 + w21x22 + w22x23
<latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit><latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit><latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit><latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit>

y22 = w11x22 + w12x23 + w21x32 + w22x33
<latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit><latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit><latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit><latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit>

y21 = w11x21 + w12x22 + w21x31 + w22x32
<latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit><latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit><latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit><latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit>
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(              ,          )x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

Convolution forward pass

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

y = conv(x,w)
<latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit><latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit><latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit><latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit>=

y11 = w11x11 + w12x12 + w21x21 + w22x22
<latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit><latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit><latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit><latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit>

y12 = w11x12 + w12x13 + w21x22 + w22x23
<latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit><latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit><latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit><latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit>

y22 = w11x22 + w12x23 + w21x32 + w22x33
<latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit><latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit><latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit><latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit>

y21 = w11x21 + w12x22 + w21x31 + w22x32
<latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit><latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit><latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit><latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit>
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(              ,          )x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

Convolution forward pass

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

y = conv(x,w)
<latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit><latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit><latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit><latexit sha1_base64="Ea6PfSV+5dy1nsU78o8gktEmtE4="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit>=

y11 = w11x11 + w12x12 + w21x21 + w22x22
<latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit><latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit><latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit><latexit sha1_base64="3BtcH7Mf0RGUeJhaMlIhAw58jCs="></latexit>

y12 = w11x12 + w12x13 + w21x22 + w22x23
<latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit><latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit><latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit><latexit sha1_base64="bMgxrfxz7PCbaVrpn9y4aXmuO60="></latexit>

y22 = w11x22 + w12x23 + w21x32 + w22x33
<latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit><latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit><latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit><latexit sha1_base64="fARetgCrQEW3S+peYxNF/ebjhqA="></latexit>

y21 = w11x21 + w12x22 + w21x31 + w22x32
<latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit><latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit><latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit><latexit sha1_base64="Eo9e9w0Ht4jHuq5B5KzGnwBMZps="></latexit>
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Feature maps
1. Convolution

• Dependencies are local 
• Translation invariance
• Few parameters (filter weights)
• Stride can be greater than 1 

(faster, less memory) 

Input Feature Map

.

.

.

Convolutional kernel 1

Image Feature map 1



Feature maps
1. Convolution

• Dependencies are local 
• Translation invariance
• Few parameters (filter weights)
• Stride can be greater than 1 

(faster, less memory) 

Input Feature Map

.

.

.

Convolutional kernel 1

Convolutional kernel 2

Image Feature map 1

Feature map 2



(             ,       )

Convolution layer properties - output size

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

image 
(5x5)

kernel  
(2x2)

output 
(? x ?)

22



(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

image 
(5x5)

kernel  
(2x2)

output 
(? x ?)

Convolution layer properties - output size
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(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

image 
(5x5)

kernel  
(2x2)

output 
(? x ?)

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

Convolution layer properties - output size
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(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

image 
(5x5)

kernel  
(2x2)

output 
(? x ?)

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

Convolution layer properties - output size

25



(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

image 
(5x5)

kernel  
(2x2)

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

output 
(4x4)

Convolution layer properties - output size
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(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

Convolution layer properties - output size

27

M = N - K + 1

image 
(NxN)

kernel  
(KxK)

output 
(MxM)



(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

image 
(5x5)

kernel  
(2x2)

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

stride = 1

output 
(4x4)

kernel moves by 1 pixel

Convolution layer properties - stride

28



(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

image 
(5x5)

kernel  
(2x2)

stride = 3

kernel moves by 3 pixels

output 
(? x ?)

Convolution layer properties - stride
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(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

image 
(5x5)

kernel  
(2x2)

stride = 3

kernel moves by 3 pixels

output 
(? x ?)

Convolution layer properties - stride
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(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

image 
(5x5)

kernel  
(2x2)

stride = 3

kernel moves by 3 pixels

output 
(? x ?)

Convolution layer properties - stride

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

31



(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

image 
(5x5)

kernel  
(2x2)

stride = 3

kernel moves by 3 pixels

output 
(? x ?)

Convolution layer properties - stride

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

32



(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

image 
(5x5)

kernel  
(2x2)

stride = 3

output 
(2x2)

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

kernel moves by 3 pixels

Convolution layer properties - stride

33



(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

image 
(NxN)

kernel  
(KxK)

M = floor( (N-K) / stride + 1)

output 
(MxM)

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

e.g. M = (5-2) / 3 +1 = 2

stride

Convolution layer properties - stride

34



(               ,     )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

image 
(5x5)

kernel  
(2x2)

output 
(6x6)

added border of size 1

Convolution layer properties - pad

<latexit sha1_base64="V7kXcVoo4zVY1hqbpMA+nY9QeHI="></latexit><latexit sha1_base64="V7kXcVoo4zVY1hqbpMA+nY9QeHI="></latexit><latexit sha1_base64="V7kXcVoo4zVY1hqbpMA+nY9QeHI="></latexit><latexit sha1_base64="V7kXcVoo4zVY1hqbpMA+nY9QeHI="></latexit>

pad = 1

0  0  0  0  0  0  0

0  0  0  0  0  0  0

0  
0  
0  
0  
0

0  
0  
0  
0  
0

<latexit sha1_base64="ALenmK1J63VQJmrI54OHSTLdnwM="></latexit><latexit sha1_base64="ALenmK1J63VQJmrI54OHSTLdnwM="></latexit><latexit sha1_base64="ALenmK1J63VQJmrI54OHSTLdnwM="></latexit><latexit sha1_base64="ALenmK1J63VQJmrI54OHSTLdnwM="></latexit>
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(               ,     )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

image 
(N+2*pad)X(N+2*pad)

kernel  
(KxK)

output 
(MxM)

added border of size 1

Convolution layer properties - pad

<latexit sha1_base64="V7kXcVoo4zVY1hqbpMA+nY9QeHI="></latexit><latexit sha1_base64="V7kXcVoo4zVY1hqbpMA+nY9QeHI="></latexit><latexit sha1_base64="V7kXcVoo4zVY1hqbpMA+nY9QeHI="></latexit><latexit sha1_base64="V7kXcVoo4zVY1hqbpMA+nY9QeHI="></latexit>

0  0  0  0  0  0  0

0  0  0  0  0  0  0

0  
0  
0  
0  
0

0  
0  
0  
0  
0

<latexit sha1_base64="ALenmK1J63VQJmrI54OHSTLdnwM="></latexit><latexit sha1_base64="ALenmK1J63VQJmrI54OHSTLdnwM="></latexit><latexit sha1_base64="ALenmK1J63VQJmrI54OHSTLdnwM="></latexit><latexit sha1_base64="ALenmK1J63VQJmrI54OHSTLdnwM="></latexit>

M = floor( (N+2*pad-K) / stride + 1)

36



(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

image 
(5x5)

kernel  
(2x2)

output 
(? x ?)

Convolution layer

37

Dilatation rate = 1



(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

image 
(5x5)

kernel  
(2x2)

output 
(? x ?)

Atrous convolution layer

38

Dilatation rate = 2
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Show python code



(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

RGB image 
(5x5x3)

kernel  
(2x2x3)

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

output 
(4x4x1)

Multi-channel convolution

40



(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

RGB image 
(5x5x3)

kernel  
(2x2x3)

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

output 
(4x4x1)

Multi-channel convolution

41



(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

RGB image 
(5x5x3)

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

output 
(4x4x1)

Multi-channel convolution

kernel  
(2x2x3)

42



(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

RGB image 
(5x5x3)

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

output 
(4x4x1)

Multi-channel convolution

kernel  
(2x2x3)

43



(             ,       )
<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

Multi-channel convolution

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit> =

RGB image 
(5x5x3)

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

output 
(4x4x1)

kernel  
(2x2x3)

44



Convolutional layer

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

x
<latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit> w1

<latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit>

conv(x,w1)
<latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit>

y1
<latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit>
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Convolutional layer

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

x
<latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit> w1

<latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit>

conv(x,w1)
<latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit>

y1
<latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

w2
<latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit>

conv(x,w2)
<latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit>

y2
<latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit>
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<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

y1
<latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

y2
<latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

y3
<latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

x
<latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit> w1

<latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit>

conv(x,w1)
<latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

w2
<latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit>

conv(x,w2)
<latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

w3
<latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit>

conv(x,w3)
<latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit>
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<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

x
<latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit> w1

<latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit>

conv(x,w1)
<latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit>

y1
<latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

w2
<latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit>

conv(x,w2)
<latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit>

y2
<latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit>
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# initialise

import torch.nn as nn

# define 2D convolutional layer

first_layer = nn.Conv2d(in_channels=3, out_channels=2, kernel_size=2 

                         stride=1, padding=1)

5x5x3



Convolutional layer

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

x
<latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit> w1

<latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit>

conv(x,w1)
<latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit>

y1
<latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

w2
<latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit>

conv(x,w2)
<latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit>

y2
<latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit>
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# initialise

import torch.nn as nn

# define 2D convolutional layer

first_layer = nn.Conv2d(in_channels=3, out_channels=2, kernel_size=2 

                         stride=1, padding=1)

5x5x3

also number 
 of kernels

4x4x2



Convolutional layer

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

x
<latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit> w1

<latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit>

conv(x,w1)
<latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit>

y1
<latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

w2
<latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit>

conv(x,w2)
<latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit>

y2
<latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit>
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# initialise

import torch.nn as nn

# define 2D convolutional layer

first_layer = nn.Conv2d(in_channels=3, out_channels=2, kernel_size=2 

                         stride=1, padding=1)

5x5x3

2x2x3

2x2x3

4x4x2



3. Neurons are sensitive to edges and its orientation

[Zeiler and Fergus, ECCV, 2014]

Inputs which maximized output of layer 1
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3. Neurons are sensitive to edges and its orientation

[Zeiler and Fergus, ECCV, 2014]

Inputs which maximized output of layer 2
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3. Neurons are sensitive to edges and its orientation

[Zeiler and Fergus, ECCV, 2014]

Inputs which maximized output of layer 3
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3. Neurons are sensitive to edges and its orientation

[Zeiler and Fergus, ECCV, 2014]

Inputs which maximized output of layer 4
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3. Neurons are sensitive to edges and its orientation

[Zeiler and Fergus, ECCV, 2014]

Inputs which maximized output of layer 5
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Convolution backward pass

x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

p
<latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit>
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p(y)
<latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit>



Convolution backward pass

x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

p
<latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit>

@p
@w11

@p
@w12

@p
@w21

@p
@w22

<latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit>

=?

57

p(y)
<latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit>



Convolution backward pass

x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

p
<latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit>

58

p(w11) = p(y11(w11), y12(w11), y21(w11), y22(w11))
<latexit sha1_base64="NvK9agTFNYY1H/Gdy50DaTzedAM="></latexit><latexit sha1_base64="NvK9agTFNYY1H/Gdy50DaTzedAM="></latexit><latexit sha1_base64="NvK9agTFNYY1H/Gdy50DaTzedAM="></latexit><latexit sha1_base64="NvK9agTFNYY1H/Gdy50DaTzedAM="></latexit>

p(y)
<latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit>

@p
@w11

@p
@w12

@p
@w21

@p
@w22

<latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit>

=?



• How does the feed-forward pass work in this setting?

• How is the value of p influenced by       ?w11

<latexit sha1_base64="Z5tV/hmK3AXoCv/17qUTMSU4p+U="></latexit><latexit sha1_base64="Z5tV/hmK3AXoCv/17qUTMSU4p+U="></latexit><latexit sha1_base64="Z5tV/hmK3AXoCv/17qUTMSU4p+U="></latexit><latexit sha1_base64="Z5tV/hmK3AXoCv/17qUTMSU4p+U="></latexit>

Convolution backward pass

x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit> y11 y12

y21 y22
<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

p
<latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit>

59

p(w11) = p(y11(w11), y12(w11), y21(w11), y22(w11))
<latexit sha1_base64="NvK9agTFNYY1H/Gdy50DaTzedAM="></latexit><latexit sha1_base64="NvK9agTFNYY1H/Gdy50DaTzedAM="></latexit><latexit sha1_base64="NvK9agTFNYY1H/Gdy50DaTzedAM="></latexit><latexit sha1_base64="NvK9agTFNYY1H/Gdy50DaTzedAM="></latexit>

p(y)
<latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit>

@p
@w11

@p
@w12

@p
@w21

@p
@w22

<latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit>

=?



x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

upstream 
 gradient

@p
@y11

@p
@y12

@p
@y21

@p
@y22

<latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit>

@p

@w11
=

@p

@y11

@y11
@w11

+
@p

@y12

@y12
@w11

+
@p

@y21

@y21
@w11

+
@p

@y22

@y22
@w11

<latexit sha1_base64="MZ3VH2Tuob3RO4CCoQbqDJNIFPU="></latexit><latexit sha1_base64="MZ3VH2Tuob3RO4CCoQbqDJNIFPU="></latexit><latexit sha1_base64="MZ3VH2Tuob3RO4CCoQbqDJNIFPU="></latexit><latexit sha1_base64="MZ3VH2Tuob3RO4CCoQbqDJNIFPU="></latexit>

Convolution backward pass

?

60

p(y)
<latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit>

p(w11) = p(y11(w11), y12(w11), y21(w11), y22(w11))
<latexit sha1_base64="NvK9agTFNYY1H/Gdy50DaTzedAM="></latexit><latexit sha1_base64="NvK9agTFNYY1H/Gdy50DaTzedAM="></latexit><latexit sha1_base64="NvK9agTFNYY1H/Gdy50DaTzedAM="></latexit><latexit sha1_base64="NvK9agTFNYY1H/Gdy50DaTzedAM="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

p
<latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit>



x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

@p

@w11
=

@p

@y11

@y11
@w11

+
@p

@y12

@y12
@w11

+
@p

@y21

@y21
@w11

+
@p

@y22

@y22
@w11

<latexit sha1_base64="MZ3VH2Tuob3RO4CCoQbqDJNIFPU="></latexit><latexit sha1_base64="MZ3VH2Tuob3RO4CCoQbqDJNIFPU="></latexit><latexit sha1_base64="MZ3VH2Tuob3RO4CCoQbqDJNIFPU="></latexit><latexit sha1_base64="MZ3VH2Tuob3RO4CCoQbqDJNIFPU="></latexit>

Convolution backward pass

61

p(y)
<latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit>

p(w11) = p(y11(w11), y12(w11), y21(w11), y22(w11))
<latexit sha1_base64="NvK9agTFNYY1H/Gdy50DaTzedAM="></latexit><latexit sha1_base64="NvK9agTFNYY1H/Gdy50DaTzedAM="></latexit><latexit sha1_base64="NvK9agTFNYY1H/Gdy50DaTzedAM="></latexit><latexit sha1_base64="NvK9agTFNYY1H/Gdy50DaTzedAM="></latexit>

upstream 
 gradient

@p
@y11

@p
@y12

@p
@y21

@p
@y22

<latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

p
<latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit>



x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

@p

@w11
=

@p

@y11

@y11
@w11

+
@p

@y12

@y12
@w11

+
@p

@y21

@y21
@w11

+
@p

@y22

@y22
@w11

<latexit sha1_base64="MZ3VH2Tuob3RO4CCoQbqDJNIFPU="></latexit><latexit sha1_base64="MZ3VH2Tuob3RO4CCoQbqDJNIFPU="></latexit><latexit sha1_base64="MZ3VH2Tuob3RO4CCoQbqDJNIFPU="></latexit><latexit sha1_base64="MZ3VH2Tuob3RO4CCoQbqDJNIFPU="></latexit>

Convolution backward pass

@y11
@w11

=
@(w11x11 + w12x12 + w21x21 + w22x22)

@w11
= x11

<latexit sha1_base64="TK2qhB6zmt99RRw/aGMSxxsTUkE="></latexit><latexit sha1_base64="TK2qhB6zmt99RRw/aGMSxxsTUkE="></latexit><latexit sha1_base64="TK2qhB6zmt99RRw/aGMSxxsTUkE="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="h0kFYaN1T8D7Eb9w8f1x3DJAkrg="></latexit><latexit sha1_base64="h0kFYaN1T8D7Eb9w8f1x3DJAkrg="></latexit><latexit sha1_base64="ZiJ0BOILAyvOrtumdU2E7X5I35c="></latexit><latexit sha1_base64="TK2qhB6zmt99RRw/aGMSxxsTUkE="></latexit><latexit sha1_base64="TK2qhB6zmt99RRw/aGMSxxsTUkE="></latexit><latexit sha1_base64="TK2qhB6zmt99RRw/aGMSxxsTUkE="></latexit><latexit sha1_base64="TK2qhB6zmt99RRw/aGMSxxsTUkE="></latexit><latexit sha1_base64="TK2qhB6zmt99RRw/aGMSxxsTUkE="></latexit><latexit sha1_base64="TK2qhB6zmt99RRw/aGMSxxsTUkE="></latexit>

62

?

p(y)
<latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit>

upstream 
 gradient

@p
@y11

@p
@y12

@p
@y21

@p
@y22

<latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

p
<latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit>



x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

@p

@w11
=

@p

@y11

@y11
@w11

+
@p

@y12

@y12
@w11

+
@p

@y21

@y21
@w11

+
@p

@y22

@y22
@w11

<latexit sha1_base64="MZ3VH2Tuob3RO4CCoQbqDJNIFPU="></latexit><latexit sha1_base64="MZ3VH2Tuob3RO4CCoQbqDJNIFPU="></latexit><latexit sha1_base64="MZ3VH2Tuob3RO4CCoQbqDJNIFPU="></latexit><latexit sha1_base64="MZ3VH2Tuob3RO4CCoQbqDJNIFPU="></latexit>

Convolution backward pass

@y11
@w11

=
@(w11x11 + w12x12 + w21x21 + w22x22)

@w11
= x11

<latexit sha1_base64="TK2qhB6zmt99RRw/aGMSxxsTUkE="></latexit><latexit sha1_base64="TK2qhB6zmt99RRw/aGMSxxsTUkE="></latexit><latexit sha1_base64="TK2qhB6zmt99RRw/aGMSxxsTUkE="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="h0kFYaN1T8D7Eb9w8f1x3DJAkrg="></latexit><latexit sha1_base64="h0kFYaN1T8D7Eb9w8f1x3DJAkrg="></latexit><latexit sha1_base64="ZiJ0BOILAyvOrtumdU2E7X5I35c="></latexit><latexit sha1_base64="TK2qhB6zmt99RRw/aGMSxxsTUkE="></latexit><latexit sha1_base64="TK2qhB6zmt99RRw/aGMSxxsTUkE="></latexit><latexit sha1_base64="TK2qhB6zmt99RRw/aGMSxxsTUkE="></latexit><latexit sha1_base64="TK2qhB6zmt99RRw/aGMSxxsTUkE="></latexit><latexit sha1_base64="TK2qhB6zmt99RRw/aGMSxxsTUkE="></latexit><latexit sha1_base64="TK2qhB6zmt99RRw/aGMSxxsTUkE="></latexit>

63

p(y)
<latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit>

upstream 
 gradient

@p
@y11

@p
@y12

@p
@y21

@p
@y22

<latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

p
<latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit>



x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

Convolution backward pass
@p

@w11
=

@p

@y11
x11 +

@p

@y12
x12 +

@p

@y21
x21 +

@p

@y22
x22

<latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="h685obmz5lFIA57zJjFDQUWL1HU="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit>

64

p(y)
<latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit>

upstream 
 gradient

@p
@y11

@p
@y12

@p
@y21

@p
@y22

<latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

p
<latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit>



x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

Convolution backward pass
@p

@w11
=

@p

@y11
x11 +

@p

@y12
x12 +

@p

@y21
x21 +

@p

@y22
x22

<latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="h685obmz5lFIA57zJjFDQUWL1HU="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit>

@p

@w12
=

@p

@y11
x12 +

@p

@y12
x13 +

@p

@y21
x22 +

@p

@y22
x23

<latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit>

65

p(y)
<latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit>

?

upstream 
 gradient

@p
@y11

@p
@y12

@p
@y21

@p
@y22

<latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

p
<latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit>



x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

Convolution backward pass
@p

@w11
=

@p

@y11
x11 +

@p

@y12
x12 +

@p

@y21
x21 +

@p

@y22
x22

<latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="h685obmz5lFIA57zJjFDQUWL1HU="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit>

@p

@w12
=

@p

@y11
x12 +

@p

@y12
x13 +

@p

@y21
x22 +

@p

@y22
x23

<latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit>

66

p(y)
<latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit>

upstream 
 gradient

@p
@y11

@p
@y12

@p
@y21

@p
@y22

<latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

p
<latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit>



x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

Convolution backward pass
@p

@w11
=

@p

@y11
x11 +

@p

@y12
x12 +

@p

@y21
x21 +

@p

@y22
x22

<latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="h685obmz5lFIA57zJjFDQUWL1HU="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit>

@p

@w12
=

@p

@y11
x12 +

@p

@y12
x13 +

@p

@y21
x22 +

@p

@y22
x23

<latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit>

@p

@w21
=

@p

@y11
x21 +

@p

@y12
x22 +

@p

@y21
x31 +

@p

@y22
x32

<latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit>

67

p(y)
<latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit>

upstream 
 gradient

@p
@y11

@p
@y12

@p
@y21

@p
@y22

<latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

p
<latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit>



x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

Convolution backward pass
@p

@w11
=

@p

@y11
x11 +

@p

@y12
x12 +

@p

@y21
x21 +

@p

@y22
x22

<latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="h685obmz5lFIA57zJjFDQUWL1HU="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit>

@p

@w12
=

@p

@y11
x12 +

@p

@y12
x13 +

@p

@y21
x22 +

@p

@y22
x23

<latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit>

@p

@w22
=

@p

@y11
x22 +

@p

@y12
x23 +

@p

@y21
x32 +

@p

@y22
x33

<latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit><latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit><latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit><latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit>

@p

@w21
=

@p

@y11
x21 +

@p

@y12
x22 +

@p

@y21
x31 +

@p

@y22
x32

<latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit>

68

p(y)
<latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit>

upstream 
 gradient

@p
@y11

@p
@y12

@p
@y21

@p
@y22

<latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

p
<latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit>



p
<latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

Convolution backward pass
@p

@w11
=

@p

@y11
x11 +

@p

@y12
x12 +

@p

@y21
x21 +

@p

@y22
x22

<latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="h685obmz5lFIA57zJjFDQUWL1HU="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit>

@p

@w12
=

@p

@y11
x12 +

@p

@y12
x13 +

@p

@y21
x22 +

@p

@y22
x23

<latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit>

@p

@w22
=

@p

@y11
x22 +

@p

@y12
x23 +

@p

@y21
x32 +

@p

@y22
x33

<latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit><latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit><latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit><latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit>

@p

@w21
=

@p

@y11
x21 +

@p

@y12
x22 +

@p

@y21
x31 +

@p

@y22
x32

<latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit>

69

p(y)
<latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit>

upstream 
 gradient

@p
@y11

@p
@y12

@p
@y21

@p
@y22

<latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit>



(             ,           )

Convolution backward pass
@p

@w11
=

@p

@y11
x11 +

@p

@y12
x12 +

@p

@y21
x21 +

@p

@y22
x22

<latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="h685obmz5lFIA57zJjFDQUWL1HU="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit>

@p

@w12
=

@p

@y11
x12 +

@p

@y12
x13 +

@p

@y21
x22 +

@p

@y22
x23

<latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit>

@p

@w22
=

@p

@y11
x22 +

@p

@y12
x23 +

@p

@y21
x32 +

@p

@y22
x33

<latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit><latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit><latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit><latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit>

@p

@w21
=

@p

@y11
x21 +

@p

@y12
x22 +

@p

@y21
x31 +

@p

@y22
x32

<latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit>

x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit>=

@p
@y11

@p
@y12

@p
@y21

@p
@y22

<latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit>

@p
@w11

@p
@w12

@p
@w21

@p
@w22

<latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit>
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(             ,           )

Convolution backward pass
@p

@w11
=

@p

@y11
x11 +

@p

@y12
x12 +

@p

@y21
x21 +

@p

@y22
x22

<latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="h685obmz5lFIA57zJjFDQUWL1HU="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit>

@p

@w12
=

@p

@y11
x12 +

@p

@y12
x13 +

@p

@y21
x22 +

@p

@y22
x23

<latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit>

@p

@w22
=

@p

@y11
x22 +

@p

@y12
x23 +

@p

@y21
x32 +

@p

@y22
x33

<latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit><latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit><latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit><latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit>

@p

@w21
=

@p

@y11
x21 +

@p

@y12
x22 +

@p

@y21
x31 +

@p

@y22
x32

<latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit>

x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit>=

@p
@y11

@p
@y12

@p
@y21

@p
@y22

<latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit>

@p
@w11

@p
@w12

@p
@w21

@p
@w22

<latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit>
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(             ,           )

Convolution backward pass
@p

@w11
=

@p

@y11
x11 +

@p

@y12
x12 +

@p

@y21
x21 +

@p

@y22
x22

<latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="h685obmz5lFIA57zJjFDQUWL1HU="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit>

@p

@w12
=

@p

@y11
x12 +

@p

@y12
x13 +

@p

@y21
x22 +

@p

@y22
x23

<latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit>

@p

@w22
=

@p

@y11
x22 +

@p

@y12
x23 +

@p

@y21
x32 +

@p

@y22
x33

<latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit><latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit><latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit><latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit>

@p

@w21
=

@p

@y11
x21 +

@p

@y12
x22 +

@p

@y21
x31 +

@p

@y22
x32

<latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit>

x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit>=

@p
@y11

@p
@y12

@p
@y21

@p
@y22

<latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit>

@p
@w11

@p
@w12

@p
@w21

@p
@w22

<latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit>
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(             ,           )

Convolution backward pass
@p

@w11
=

@p

@y11
x11 +

@p

@y12
x12 +

@p

@y21
x21 +

@p

@y22
x22

<latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="5CPneNRU86eUUd6e/sqEGI0qhu4="></latexit><latexit sha1_base64="h685obmz5lFIA57zJjFDQUWL1HU="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit><latexit sha1_base64="QNaqdrNcPSMho1uDFjGXf8lAuiM="></latexit>

@p

@w12
=

@p

@y11
x12 +

@p

@y12
x13 +

@p

@y21
x22 +

@p

@y22
x23

<latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit><latexit sha1_base64="YHa0Lz7yYvYxpZ/0ajmXHPdfl1k="></latexit>

@p

@w22
=

@p

@y11
x22 +

@p

@y12
x23 +

@p

@y21
x32 +

@p

@y22
x33

<latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit><latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit><latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit><latexit sha1_base64="Qx1V6g9uARCLzemwxPssVrKyorQ="></latexit>

@p

@w21
=

@p

@y11
x21 +

@p

@y12
x22 +

@p

@y21
x31 +

@p

@y22
x32

<latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit><latexit sha1_base64="o0HH3AhPrL1OaCuCXDKI/tx99/0="></latexit>

x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit>=

@p
@y11

@p
@y12

@p
@y21

@p
@y22

<latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit>

@p
@w11

@p
@w12

@p
@w21

@p
@w22

<latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit>
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x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

Convolution backward pass wrt weights

(             ,           )x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit>=

@p
@y11

@p
@y12

@p
@y21

@p
@y22

<latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit>

@p
@w11

@p
@w12

@p
@w21

@p
@w22

<latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit><latexit sha1_base64="N2MS0gzV09DrbKGWO2QGvOFU68Q="></latexit>

• Backpropagation in convolutional layer wrt weights is: 
“convolution of input feature map with upstream gradient”
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p(y)
<latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit>

upstream 
 gradient

@p
@y11

@p
@y12

@p
@y21

@p
@y22

<latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

p
<latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit>



x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

Convolution backward pass wrt input feature map

conv
<latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit><latexit sha1_base64="rYjS16Fz8HqnaHXFceXPRHpu7iU="></latexit>=

@p
@x11

@p
@x12

@p
@x13

@p
@x21

@p
@x22

@p
@x23

@p
@x31

@p
@x32

@p
@x33

<latexit sha1_base64="52PGbP2e4Mun+oCo1jsHBKSfoRM="></latexit><latexit sha1_base64="52PGbP2e4Mun+oCo1jsHBKSfoRM="></latexit><latexit sha1_base64="52PGbP2e4Mun+oCo1jsHBKSfoRM="></latexit><latexit sha1_base64="52PGbP2e4Mun+oCo1jsHBKSfoRM="></latexit>

(               ,        )

• Backpropagation in convolutional layer is: 
“convolution of padded upstream gradient with mirrored weights”

w22 w21

w12 w11
<latexit sha1_base64="hBNbzMNtHdAwrlfdYxTv6Tu45dw="></latexit><latexit sha1_base64="hBNbzMNtHdAwrlfdYxTv6Tu45dw="></latexit><latexit sha1_base64="hBNbzMNtHdAwrlfdYxTv6Tu45dw="></latexit><latexit sha1_base64="hBNbzMNtHdAwrlfdYxTv6Tu45dw="></latexit>

0 0 0 0
0 @p

@y11

@p
@y12

0

0 @p
@y21

@p
@y22

0
0 0 0 0

<latexit sha1_base64="b9jl+KuSD/9DWej7O7UINNGM73o="></latexit><latexit sha1_base64="b9jl+KuSD/9DWej7O7UINNGM73o="></latexit><latexit sha1_base64="b9jl+KuSD/9DWej7O7UINNGM73o="></latexit><latexit sha1_base64="b9jl+KuSD/9DWej7O7UINNGM73o="></latexit>
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p(y)
<latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit>

upstream 
 gradient

@p
@y11

@p
@y12

@p
@y21

@p
@y22

<latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

p
<latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit>



x11 x12 x13

x21 x22 x23

x31 x32 x33
<latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="xyqHm4EZdP3NGb2Uh7oDRJA6v2k="></latexit><latexit sha1_base64="myG5KjOmrE2u4m/htY6ozjdcb+Y="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit><latexit sha1_base64="YpdaTyJ/ihsAfznWF2pLNfcFkKk="></latexit>

w11 w12

w21 w22
<latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit><latexit sha1_base64="wv5JO6ahOJNqL7uDL90Gh9CQNcI="></latexit>

conv(x,w)
<latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit><latexit sha1_base64="MIjY+1RIK1frosCptNOzwUww4to="></latexit>

Convolution backward pass wrt input feature map

76

p(y)
<latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit><latexit sha1_base64="RCwgr6p39wSRFTMv9LAUj54A0Ak="></latexit>

upstream 
 gradient

@p
@y11

@p
@y12

@p
@y21

@p
@y22

<latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit><latexit sha1_base64="k4MnYX70ZqBZTMbfAz88k1OjyH0="></latexit>

y11 y12
y21 y22

<latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU="></latexit>

p
<latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit><latexit sha1_base64="7VFZZBv/wvqJ+Vdjmp5rCIvLVso="></latexit>

Very important property of convolutional layer is:
Local gradient is also convolution !!! 



Learning 
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y = torch.randn(1000,1)

for i in range(20):

    weights = torch.randn(1000,1000)
    y =  weights @ y


What happens to deep conv outputs when weights are huge?

=>Gradient clipping
Value-based  

vs  
Norm-based



Learning 
What happens to deep conv outputs when weights are small?

78

y = torch.randn(1000,1)

for i in range(30):

    weights = torch.randn(1000,1000)/100

    y =  weights @ y




Learning 
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What happens to deep conv gradient when weights are small?
x = torch.randn(1000,1)

x.requires_grad_()

y=x

for i in range(30):

    weights = torch.randn(1000,1000)/100

    y =  weights @ y

y.sum().backward()

x.grad



Learning 
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What happens to deep conv gradient when weights are small?

Kth layer

<latexit sha1_base64="JiwI9j2+pwImF2T/Xf8GVUZQ53A=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KokouhGKbgQ3FewDmhgmk0k7dDIJMxOlhIAbf8WNC0Xc+hPu/BsnbRbaeuDC4Zx7ufceP2FUKsv6NubmFxaXlisr1dW19Y1Nc2u7LeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/eFn4nXsiJI35rRolxI1Qn9OQYqS05Jm7TiLiwMvouZ3fXUMnQmrgh9lD7lHPrFl1aww4S+yS1ECJpmd+OUGM04hwhRmSsmdbiXIzJBTFjORVJ5UkQXiI+qSnKUcRkW42/iGHB1oJYBgLXVzBsfp7IkORlKPI153FjXLaK8T/vF6qwjM3ozxJFeF4sihMGVQxLAKBARUEKzbSBGFB9a0QD5BAWOnYqjoEe/rlWdI+qtsndevmuNa4KOOogD2wDw6BDU5BA1yBJmgBDB7BM3gFb8aT8WK8Gx+T1jmjnNkBf2B8/gD/d5fA</latexit>

KY

i=1

wi

gr
ad

<latexit sha1_base64="YD+e/DKHd/8bbgxE8OHf4m8+1rM=">AAACEnicbVC7SgNBFJ31GeMramkzGISkCbsS1EYI2Cg2EcwDsnGZnZ1Nhsw+mLmrhmW/wcZfsbFQxNbKzr9x8ig08cCFwzn3cu89biy4AtP8NhYWl5ZXVnNr+fWNza3tws5uU0WJpKxBIxHJtksUEzxkDeAgWDuWjASuYC13cD7yW3dMKh6FNzCMWTcgvZD7nBLQklMo27GMPCflZ1Z2e4VtYA8gg7QniZeV7IBA3/XT+8zhZadQNCvmGHieWFNSRFPUncKX7UU0CVgIVBClOpYZQzclEjgVLMvbiWIxoQPSYx1NQxIw1U3HL2X4UCse9iOpKwQ8Vn9PpCRQahi4unN0pJr1RuJ/XicB/7Sb8jBOgIV0sshPBIYIj/LBHpeMghhqQqjk+lZM+0QSCjrFvA7Bmn15njSPKtZxpXpdLdYup3Hk0D46QCVkoRNUQxeojhqIokf0jF7Rm/FkvBjvxsekdcGYzuyhPzA+fwDm5Z5J</latexit>

KY

i=1

grad(wi)



Activation functions
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(                       ,   2x2 ) =

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

image 
(5x5)

output 
(? x ?)

Max-pooling 

max

1  3  0  2     
2  0  1  4     

1  3  0  2 
0  3  1  3    

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

3

82



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  3  0  2     
2  0  1  4     

1  3  0  2 
0  3  1  3    (                       ,   2x2 ) =

image 
(5x5)

output 
(? x ?)

Max-pooling 

max

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

3  4
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<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  3  0  2     
2  0  1  4     

1  3  0  2 
0  3  1  3    (                       ,   2x2 ) =

image 
(5x5)

output 
(? x ?)

Max-pooling 

max

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

3  4 
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3   



<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

1  3  0  2     
2  0  1  4     

1  3  0  2 
0  3  1  3    (                       ,   2x2 ) =

image 
(5x5)

output 
(? x ?)

Max-pooling 

max

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

3  4 
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3  3  



Simple convolutional network

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

x
<latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit> w1

<latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit>

conv(x,w1)
<latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit>

y1
<latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

w2
<latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit>

conv(x,w2)
<latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit>

y2
<latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

y3
<latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit>

w3
<latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit>

conv(x,w3)
<latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

y
<latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit><latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit><latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit><latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit>

5x5x3 4x4x3

feature 
map

feature 
map
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conv1

layer



Simple convolutional network

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

x
<latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit> w1

<latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit>

conv(x,w1)
<latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit>

y1
<latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

w2
<latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit>

conv(x,w2)
<latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit>

y2
<latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

y3
<latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit>

w3
<latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit>

conv(x,w3)
<latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

y
<latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit><latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit><latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit><latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit>

�(y)
<latexit sha1_base64="G9sbOKKxJPb2aTC6tTR9WU24vN0="></latexit><latexit sha1_base64="G9sbOKKxJPb2aTC6tTR9WU24vN0="></latexit><latexit sha1_base64="G9sbOKKxJPb2aTC6tTR9WU24vN0="></latexit><latexit sha1_base64="G9sbOKKxJPb2aTC6tTR9WU24vN0="></latexit>

5x5x3

activ.  
function

4x4x3

feature 
map

feature 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87

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="W5ZdjMtr7/EN2ZUZ7AyYfZGMjQU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFN7qrYB/YDiWT3mlDM5khyQhl6F+4caGIW//GnX9j2s5CWw8EDufcS849QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHSYy+iZhSEWTrtlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzRNPyZlVBiSMlX3SkLn6eyOjkdaTKLCTs4R62ZuJ/3nd1ITXfsZlkhqUbPFRmApiYjI7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7yyaukdVH1Lqu1+1qlfpfXUYQTOIVz8OAK6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH/bORKQ==</latexit>u

feature 
map

conv1

layer



Simple convolutional network

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

x
<latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit> w1

<latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit>

conv(x,w1)
<latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit>

y1
<latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

w2
<latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit>

conv(x,w2)
<latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit>

y2
<latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

y3
<latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit>

w3
<latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit>

conv(x,w3)
<latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

y
<latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit><latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit><latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit><latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit>

�(y)
<latexit sha1_base64="G9sbOKKxJPb2aTC6tTR9WU24vN0="></latexit><latexit sha1_base64="G9sbOKKxJPb2aTC6tTR9WU24vN0="></latexit><latexit sha1_base64="G9sbOKKxJPb2aTC6tTR9WU24vN0="></latexit><latexit sha1_base64="G9sbOKKxJPb2aTC6tTR9WU24vN0="></latexit>

z
<latexit sha1_base64="XETCZzf9IIaTF9WXHL07ooO+TF8="></latexit><latexit sha1_base64="XETCZzf9IIaTF9WXHL07ooO+TF8="></latexit><latexit sha1_base64="XETCZzf9IIaTF9WXHL07ooO+TF8="></latexit><latexit sha1_base64="XETCZzf9IIaTF9WXHL07ooO+TF8="></latexit>

5x5x3

activ.  
function

4x4x3 2x2x3
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feature 
map

feature 
map
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<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="W5ZdjMtr7/EN2ZUZ7AyYfZGMjQU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFN7qrYB/YDiWT3mlDM5khyQhl6F+4caGIW//GnX9j2s5CWw8EDufcS849QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHSYy+iZhSEWTrtlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzRNPyZlVBiSMlX3SkLn6eyOjkdaTKLCTs4R62ZuJ/3nd1ITXfsZlkhqUbPFRmApiYjI7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7yyaukdVH1Lqu1+1qlfpfXUYQTOIVz8OAK6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH/bORKQ==</latexit>u

maxp(u)

feature 
map

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv1

layer

maxp 
layer



Simple convolutional network

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

x
<latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit> w1

<latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit>

conv(x,w1)
<latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit>

y1
<latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

w2
<latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit>

conv(x,w2)
<latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit>

y2
<latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

y3
<latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit>

w3
<latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit>

conv(x,w3)
<latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

y
<latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit><latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit><latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit><latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit>

�(y)
<latexit sha1_base64="G9sbOKKxJPb2aTC6tTR9WU24vN0="></latexit><latexit sha1_base64="G9sbOKKxJPb2aTC6tTR9WU24vN0="></latexit><latexit sha1_base64="G9sbOKKxJPb2aTC6tTR9WU24vN0="></latexit><latexit sha1_base64="G9sbOKKxJPb2aTC6tTR9WU24vN0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv(z,v4)
<latexit sha1_base64="lFeJkxeQ7AjLO0ecaQE9U/Ljccw="></latexit><latexit sha1_base64="lFeJkxeQ7AjLO0ecaQE9U/Ljccw="></latexit><latexit sha1_base64="lFeJkxeQ7AjLO0ecaQE9U/Ljccw="></latexit><latexit sha1_base64="lFeJkxeQ7AjLO0ecaQE9U/Ljccw="></latexit>

conv(z,v1)
<latexit sha1_base64="yZu7iVmvOSNSknQqzXa++3EMKpc="></latexit><latexit sha1_base64="yZu7iVmvOSNSknQqzXa++3EMKpc="></latexit><latexit sha1_base64="yZu7iVmvOSNSknQqzXa++3EMKpc="></latexit><latexit sha1_base64="yZu7iVmvOSNSknQqzXa++3EMKpc="></latexit>

conv(z,v2)
<latexit sha1_base64="vqjXT0m+uo0YEl4iQe+wpZI9FJ8="></latexit><latexit sha1_base64="vqjXT0m+uo0YEl4iQe+wpZI9FJ8="></latexit><latexit sha1_base64="vqjXT0m+uo0YEl4iQe+wpZI9FJ8="></latexit><latexit sha1_base64="vqjXT0m+uo0YEl4iQe+wpZI9FJ8="></latexit>

conv(z,v3)
<latexit sha1_base64="qo7IcPGo8l2FgDz7DG/OvdKwgFQ="></latexit><latexit sha1_base64="qo7IcPGo8l2FgDz7DG/OvdKwgFQ="></latexit><latexit sha1_base64="qo7IcPGo8l2FgDz7DG/OvdKwgFQ="></latexit><latexit sha1_base64="qo7IcPGo8l2FgDz7DG/OvdKwgFQ="></latexit>

z
<latexit sha1_base64="XETCZzf9IIaTF9WXHL07ooO+TF8="></latexit><latexit sha1_base64="XETCZzf9IIaTF9WXHL07ooO+TF8="></latexit><latexit sha1_base64="XETCZzf9IIaTF9WXHL07ooO+TF8="></latexit><latexit sha1_base64="XETCZzf9IIaTF9WXHL07ooO+TF8="></latexit>

5x5x3

activ.  
function

4x4x3 2x2x3

layer: conv2

feature 
map

feature 
map

feature 
map

feature 
map

1x1x4

89

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="W5ZdjMtr7/EN2ZUZ7AyYfZGMjQU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFN7qrYB/YDiWT3mlDM5khyQhl6F+4caGIW//GnX9j2s5CWw8EDufcS849QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHSYy+iZhSEWTrtlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzRNPyZlVBiSMlX3SkLn6eyOjkdaTKLCTs4R62ZuJ/3nd1ITXfsZlkhqUbPFRmApiYjI7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7yyaukdVH1Lqu1+1qlfpfXUYQTOIVz8OAK6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH/bORKQ==</latexit>u

maxp(u)

feature 
map

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv1

layer

maxp 
layer



Learning of a simple convolutional network

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

x
<latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit> w1

<latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit>

conv(x,w1)
<latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit>

y1
<latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

w2
<latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit>

conv(x,w2)
<latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit>

y2
<latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

y3
<latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit>

w3
<latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit>

conv(x,w3)
<latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

y
<latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit><latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit><latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit><latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit>

�(y)
<latexit sha1_base64="G9sbOKKxJPb2aTC6tTR9WU24vN0="></latexit><latexit sha1_base64="G9sbOKKxJPb2aTC6tTR9WU24vN0="></latexit><latexit sha1_base64="G9sbOKKxJPb2aTC6tTR9WU24vN0="></latexit><latexit sha1_base64="G9sbOKKxJPb2aTC6tTR9WU24vN0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

conv(z,v4)
<latexit sha1_base64="lFeJkxeQ7AjLO0ecaQE9U/Ljccw="></latexit><latexit sha1_base64="lFeJkxeQ7AjLO0ecaQE9U/Ljccw="></latexit><latexit sha1_base64="lFeJkxeQ7AjLO0ecaQE9U/Ljccw="></latexit><latexit sha1_base64="lFeJkxeQ7AjLO0ecaQE9U/Ljccw="></latexit>

conv(z,v1)
<latexit sha1_base64="yZu7iVmvOSNSknQqzXa++3EMKpc="></latexit><latexit sha1_base64="yZu7iVmvOSNSknQqzXa++3EMKpc="></latexit><latexit sha1_base64="yZu7iVmvOSNSknQqzXa++3EMKpc="></latexit><latexit sha1_base64="yZu7iVmvOSNSknQqzXa++3EMKpc="></latexit>

conv(z,v2)
<latexit sha1_base64="vqjXT0m+uo0YEl4iQe+wpZI9FJ8="></latexit><latexit sha1_base64="vqjXT0m+uo0YEl4iQe+wpZI9FJ8="></latexit><latexit sha1_base64="vqjXT0m+uo0YEl4iQe+wpZI9FJ8="></latexit><latexit sha1_base64="vqjXT0m+uo0YEl4iQe+wpZI9FJ8="></latexit>

conv(z,v3)
<latexit sha1_base64="qo7IcPGo8l2FgDz7DG/OvdKwgFQ="></latexit><latexit sha1_base64="qo7IcPGo8l2FgDz7DG/OvdKwgFQ="></latexit><latexit sha1_base64="qo7IcPGo8l2FgDz7DG/OvdKwgFQ="></latexit><latexit sha1_base64="qo7IcPGo8l2FgDz7DG/OvdKwgFQ="></latexit>

z
<latexit sha1_base64="XETCZzf9IIaTF9WXHL07ooO+TF8="></latexit><latexit sha1_base64="XETCZzf9IIaTF9WXHL07ooO+TF8="></latexit><latexit sha1_base64="XETCZzf9IIaTF9WXHL07ooO+TF8="></latexit><latexit sha1_base64="XETCZzf9IIaTF9WXHL07ooO+TF8="></latexit>

conv1

layer

5x5x3

activ.  
function

4x4x3 2x2x3

layer: conv2

feature 
map

feature 
map

feature 
map

feature 
map

1x1x4

90

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="W5ZdjMtr7/EN2ZUZ7AyYfZGMjQU=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZcFN7qrYB/YDiWT3mlDM5khyQhl6F+4caGIW//GnX9j2s5CWw8EDufcS849QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLHSYy+iZhSEWTrtlytu1Z2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzRNPyZlVBiSMlX3SkLn6eyOjkdaTKLCTs4R62ZuJ/3nd1ITXfsZlkhqUbPFRmApiYjI7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7yyaukdVH1Lqu1+1qlfpfXUYQTOIVz8OAK6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH/bORKQ==</latexit>u

maxp(u)

maxp 
layer

feature 
map

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>
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Convolutional net

• Convolutional network (ConvNet) is concatenation of convolutional layers, 
acitvation function and optionally max-pooling functions.


• Backprop in convolutiona layer is convolution of feature maps or kernels or feature-
maps with the upstream gradient. 


• Feed-forward and backprop are convolutions => efficient implementation on GPU
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LeCun et al, Gradient based learning applied to document recognition, IEEE, 1998 
http://yann.lecun.com/exdb/publis/pdf/lecun-01a.pdf

LeCun’s letter recognition 1998 (over 13k citations !!!)
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http://yann.lecun.com/exdb/publis/pdf/lecun-01a.pdf


Alex Krizhevsky et al, Imagenet classification with deep convolutional neural 
networks, NIPS, 2012

https://papers.nips.cc/paper/4824-imagenet-classification-with-deep-convolutional-
neural-networks.pdf

AlexNet on ImageNet 2012 (over 27k citations !!!)
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Classification results
http://image-net.org/challenges/LSVRC/2017/index
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AlexNet 
8 layers 

Classification results
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AlexNet 
8 layers 

Classification results
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AlexNet 
8 layers 

VGGnet

19 layers

Classification results
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VGGnet

19 layers

GoogLeNet

22 layers

AlexNet 
8 layers 

Classification results
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VGGnet

19 layers
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22 layers

ResNet

152 layers

AlexNet 
8 layers 

Classification results
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VGGnet

19 layers
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22 layers
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152 layers

AlexNet 
8 layers 

Classification results
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Pascal VOC object detection challenge
PASCAL VOC object detection
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Test competencies

• ConvNet/Layer feed-forward pass
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Next lecture
• gradient learning (what makes it tough)

• other layers:


• deconvolution layer

• activation function, maxpool,  

• batch normalization, 

• drop out, 

• loss layers

• ConvNet/Layer backpropagation 
• Diminishing and exploding values/gradient in deep ConvNets


