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• 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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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

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

1. Nearby neurons process information from nearby 
visual fields (topographical map). 

2. Neurons with similar function organized into columns 
3. Neurons are sensitive to edges and its orientation

[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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• Processing of visual information in cortex is not fully 
connected.
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e
1. Nearby neurons process information from nearby visual fields 

(topographical map).
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• What is dimensionality reduction for N-pixel image and  
n-dimensional spatial neighbourhood?
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2. Neurons with similar function organized into columns

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

• There are neurons which detect an edge on the left and there 
are different neurons which detect the same edge on the right.
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2. Neurons with similar function organized into columns
im

ag
e
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2. Neurons with similar function organized into columns
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• What is dimensionality reduction for N pixel image and  
n-dimensional spatial neighbourhood?
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• N^2 vs n (it does not depend on the image resolution) 
• It corresponds to convolution of image     with kernel      

followed by activation function 
x
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2. Neurons with similar function organized into columns
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• N^2 vs n (it does not depend on the image resolution) 
• It corresponds to convolution of image     with kernel      

followed by activation function 
x
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conv(x,w)
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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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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/



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

Convolution forward pass

x11 x12 x13

x21 x22 x23

x31 x32 x33
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<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=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</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>



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

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=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</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>



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

(              ,          )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=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</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=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</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=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</latexit><latexit sha1_base64="+qgbEThO+qedQcD62FLw8DqjWyU=">AAAFE3icpVRNb9MwGPaWAKN8dXDkYtF1WjVRJRESHECa4MJxSHSb1FSR4zqdNedDsdMRef4PXPgrXDiAEFcu3Pg32G1X1qTKkHiVWK+e5/Hj184bhxmjXDjO741Ny75x89bW7dadu/fuP2hvPzziaZFjMsApS/OTEHHCaEIGggpGTrKcoDhk5Dg8e2P44ynJOU2T96LMyChGk4RGFCOhoWDb6nX9KEdY+hnKBUUMZupvfh64Cr 6CDYqpqpDTK2Spp1doA636t7p61IuYcb+pFiP1GYnEsEHlx0ichpE8V8rP6eRUjALJ6SRO6dhMb661vtU9De+XgderKGtW9X2tMdPwh8Dt1YUaXePorQg9BbVmub2Xl6mjWn5IJjSRAoUFQ7mSzISGsekK6T71dB4XTFDdL0WcSF3qBbtQcqcMpOuqHQV3YVWw5L05v3h8H/6TrXeNrddoCxti9xry0vD/TVo+ScbLU20F7Y7Td2YB64m7SDpgEYdB+5c/TnERk0Rghjgfuk4mRtJ8UcyIPryCkwzhMzQhQ50mKCZ8JGf/tIJdjYxhlOb6TQScoVdnSBRzXsahVppG4FXOgOu4YSGiFyNJk6wQJMHzhaKCQZFCc0HAMc0JFqzUCcI51bVCfIp0awp9jZhDcKtbridHXt91+u67Z52D14vj2AKPwROwB1zwHByAt+AQDAC2Plqfra/WN/uT/cX+bv+YSzc3FnMegZWwf/4BVXaWdg==</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>



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

(             ,       )

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 ?)
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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 ?)

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



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

(             ,       )
<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



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

(             ,       )
<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



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

(             ,       )
<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



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

(             ,       )
<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



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

(             ,       )
<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>



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

(             ,       )
<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>



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

(             ,       )
<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



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

(             ,       )
<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 = (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



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

(               ,     )
<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>



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

(               ,     )
<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 = (N+2*pad-K) / stride + 1



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

(             ,       )
<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



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

(             ,       )
<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



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

(             ,       )
<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)



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

(             ,       )
<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)



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

(             ,       )
<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)



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

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=">AAAFqXicvVRda9swFFVbe+u8r3R73ItYSGkJBNsM1ocOyvayhz20sKRhsTGyIiei8geSnM54/m37D3vbv5mUZGljmwz6MNkWl3POvTrXshVmjApp27/39g8M89HjwyfW02fPX7zsHL0aiTTnmAxxylI+DpEgjCZkKKlkZJxxguKQkevw5pPmrxeEC5omX2WRET9Gs4RGFCOpoODo4GfPizjCpZchLiliMKvu4tvAqeAHuEOxqG rk4h5ZqPQaraHt+lZPzWoRPfd3edFSj5FITnaovBjJeRiVt1XlcTqbSz8oBZ3FKZ3q9N1em62eKLhfBO5pTdko1eyrpZiCvwfOaVOo0JaK7pbQraDSbNo7/xvaTTPbW1g6TvWPXSxWooaDJdqs1d+5ok5zW4u5DyrmtjpzH+bMbXXmtjmzvJDMaFJKFOYM8ar8wTaXIuf6l7PgMby7PQ/+B9gjyXRjygo6XXtgLwdsBs466IL1uAw6v7xpivOYJBIzJMTEsTPpl7p3zIhqLBckQ/gGzchEhQmKifDL5UlTwZ5CpjBKuXoSCZfo/YwSxUIUcaiU+vMUdU6Dbdwkl9GZX9IkyyVJ8GqhKGdQplAfW3BKOcGSFSpAmFPlFeI5Uvso1eGmX4JTb7kZjNyBYw+cq3fdi4/r13EI3oC34AQ44D24AJ/BJRgCbBwbX4yhMTL75pU5Nr+tpPt765zXYGuY+A9NNOGQ</latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0=">AAAFqXicvVRda9swFFVbe+u8r3R73ItYSGkJBNsM1ocOyvayhz20sKRhsTGyIiei8geSnM54/m37D3vbv5mUZGljmwz6MNkWl3POvTrXshVmjApp27/39g8M89HjwyfW02fPX7zsHL0aiTTnmAxxylI+DpEgjCZkKKlkZJxxguKQkevw5pPmrxeEC5omX2WRET9Gs4RGFCOpoODo4GfPizjCpZchLiliMKvu4tvAqeAHuEOxqG rk4h5ZqPQaraHt+lZPzWoRPfd3edFSj5FITnaovBjJeRiVt1XlcTqbSz8oBZ3FKZ3q9N1em62eKLhfBO5pTdko1eyrpZiCvwfOaVOo0JaK7pbQraDSbNo7/xvaTTPbW1g6TvWPXSxWooaDJdqs1d+5ok5zW4u5DyrmtjpzH+bMbXXmtjmzvJDMaFJKFOYM8ar8wTaXIuf6l7PgMby7PQ/+B9gjyXRjygo6XXtgLwdsBs466IL1uAw6v7xpivOYJBIzJMTEsTPpl7p3zIhqLBckQ/gGzchEhQmKifDL5UlTwZ5CpjBKuXoSCZfo/YwSxUIUcaiU+vMUdU6Dbdwkl9GZX9IkyyVJ8GqhKGdQplAfW3BKOcGSFSpAmFPlFeI5Uvso1eGmX4JTb7kZjNyBYw+cq3fdi4/r13EI3oC34AQ44D24AJ/BJRgCbBwbX4yhMTL75pU5Nr+tpPt765zXYGuY+A9NNOGQ</latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0=">AAAFqXicvVRda9swFFVbe+u8r3R73ItYSGkJBNsM1ocOyvayhz20sKRhsTGyIiei8geSnM54/m37D3vbv5mUZGljmwz6MNkWl3POvTrXshVmjApp27/39g8M89HjwyfW02fPX7zsHL0aiTTnmAxxylI+DpEgjCZkKKlkZJxxguKQkevw5pPmrxeEC5omX2WRET9Gs4RGFCOpoODo4GfPizjCpZchLiliMKvu4tvAqeAHuEOxqG rk4h5ZqPQaraHt+lZPzWoRPfd3edFSj5FITnaovBjJeRiVt1XlcTqbSz8oBZ3FKZ3q9N1em62eKLhfBO5pTdko1eyrpZiCvwfOaVOo0JaK7pbQraDSbNo7/xvaTTPbW1g6TvWPXSxWooaDJdqs1d+5ok5zW4u5DyrmtjpzH+bMbXXmtjmzvJDMaFJKFOYM8ar8wTaXIuf6l7PgMby7PQ/+B9gjyXRjygo6XXtgLwdsBs466IL1uAw6v7xpivOYJBIzJMTEsTPpl7p3zIhqLBckQ/gGzchEhQmKifDL5UlTwZ5CpjBKuXoSCZfo/YwSxUIUcaiU+vMUdU6Dbdwkl9GZX9IkyyVJ8GqhKGdQplAfW3BKOcGSFSpAmFPlFeI5Uvso1eGmX4JTb7kZjNyBYw+cq3fdi4/r13EI3oC34AQ44D24AJ/BJRgCbBwbX4yhMTL75pU5Nr+tpPt765zXYGuY+A9NNOGQ</latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0=">AAAFqXicvVRda9swFFVbe+u8r3R73ItYSGkJBNsM1ocOyvayhz20sKRhsTGyIiei8geSnM54/m37D3vbv5mUZGljmwz6MNkWl3POvTrXshVmjApp27/39g8M89HjwyfW02fPX7zsHL0aiTTnmAxxylI+DpEgjCZkKKlkZJxxguKQkevw5pPmrxeEC5omX2WRET9Gs4RGFCOpoODo4GfPizjCpZchLiliMKvu4tvAqeAHuEOxqG rk4h5ZqPQaraHt+lZPzWoRPfd3edFSj5FITnaovBjJeRiVt1XlcTqbSz8oBZ3FKZ3q9N1em62eKLhfBO5pTdko1eyrpZiCvwfOaVOo0JaK7pbQraDSbNo7/xvaTTPbW1g6TvWPXSxWooaDJdqs1d+5ok5zW4u5DyrmtjpzH+bMbXXmtjmzvJDMaFJKFOYM8ar8wTaXIuf6l7PgMby7PQ/+B9gjyXRjygo6XXtgLwdsBs466IL1uAw6v7xpivOYJBIzJMTEsTPpl7p3zIhqLBckQ/gGzchEhQmKifDL5UlTwZ5CpjBKuXoSCZfo/YwSxUIUcaiU+vMUdU6Dbdwkl9GZX9IkyyVJ8GqhKGdQplAfW3BKOcGSFSpAmFPlFeI5Uvso1eGmX4JTb7kZjNyBYw+cq3fdi4/r13EI3oC34AQ44D24AJ/BJRgCbBwbX4yhMTL75pU5Nr+tpPt765zXYGuY+A9NNOGQ</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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<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=">AAAFqXicvVRda9swFFVbe+u8r3R73ItYSGkJBNsM1ocOyvayhz20sKRhsTGyIiei8geSnM54/m37D3vbv5mUZGljmwz6MNkWl3POvTrXshVmjApp27/39g8M89HjwyfW02fPX7zsHL0aiTTnmAxxylI+DpEgjCZkKKlkZJxxguKQkevw5pPmrxeEC5omX2WRET9Gs4RGFCOpoODo4GfPizjCpZchLiliMKvu4tvAqeAHuEOxqG rk4h5ZqPQaraHt+lZPzWoRPfd3edFSj5FITnaovBjJeRiVt1XlcTqbSz8oBZ3FKZ3q9N1em62eKLhfBO5pTdko1eyrpZiCvwfOaVOo0JaK7pbQraDSbNo7/xvaTTPbW1g6TvWPXSxWooaDJdqs1d+5ok5zW4u5DyrmtjpzH+bMbXXmtjmzvJDMaFJKFOYM8ar8wTaXIuf6l7PgMby7PQ/+B9gjyXRjygo6XXtgLwdsBs466IL1uAw6v7xpivOYJBIzJMTEsTPpl7p3zIhqLBckQ/gGzchEhQmKifDL5UlTwZ5CpjBKuXoSCZfo/YwSxUIUcaiU+vMUdU6Dbdwkl9GZX9IkyyVJ8GqhKGdQplAfW3BKOcGSFSpAmFPlFeI5Uvso1eGmX4JTb7kZjNyBYw+cq3fdi4/r13EI3oC34AQ44D24AJ/BJRgCbBwbX4yhMTL75pU5Nr+tpPt765zXYGuY+A9NNOGQ</latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0=">AAAFqXicvVRda9swFFVbe+u8r3R73ItYSGkJBNsM1ocOyvayhz20sKRhsTGyIiei8geSnM54/m37D3vbv5mUZGljmwz6MNkWl3POvTrXshVmjApp27/39g8M89HjwyfW02fPX7zsHL0aiTTnmAxxylI+DpEgjCZkKKlkZJxxguKQkevw5pPmrxeEC5omX2WRET9Gs4RGFCOpoODo4GfPizjCpZchLiliMKvu4tvAqeAHuEOxqG rk4h5ZqPQaraHt+lZPzWoRPfd3edFSj5FITnaovBjJeRiVt1XlcTqbSz8oBZ3FKZ3q9N1em62eKLhfBO5pTdko1eyrpZiCvwfOaVOo0JaK7pbQraDSbNo7/xvaTTPbW1g6TvWPXSxWooaDJdqs1d+5ok5zW4u5DyrmtjpzH+bMbXXmtjmzvJDMaFJKFOYM8ar8wTaXIuf6l7PgMby7PQ/+B9gjyXRjygo6XXtgLwdsBs466IL1uAw6v7xpivOYJBIzJMTEsTPpl7p3zIhqLBckQ/gGzchEhQmKifDL5UlTwZ5CpjBKuXoSCZfo/YwSxUIUcaiU+vMUdU6Dbdwkl9GZX9IkyyVJ8GqhKGdQplAfW3BKOcGSFSpAmFPlFeI5Uvso1eGmX4JTb7kZjNyBYw+cq3fdi4/r13EI3oC34AQ44D24AJ/BJRgCbBwbX4yhMTL75pU5Nr+tpPt765zXYGuY+A9NNOGQ</latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0=">AAAFqXicvVRda9swFFVbe+u8r3R73ItYSGkJBNsM1ocOyvayhz20sKRhsTGyIiei8geSnM54/m37D3vbv5mUZGljmwz6MNkWl3POvTrXshVmjApp27/39g8M89HjwyfW02fPX7zsHL0aiTTnmAxxylI+DpEgjCZkKKlkZJxxguKQkevw5pPmrxeEC5omX2WRET9Gs4RGFCOpoODo4GfPizjCpZchLiliMKvu4tvAqeAHuEOxqG rk4h5ZqPQaraHt+lZPzWoRPfd3edFSj5FITnaovBjJeRiVt1XlcTqbSz8oBZ3FKZ3q9N1em62eKLhfBO5pTdko1eyrpZiCvwfOaVOo0JaK7pbQraDSbNo7/xvaTTPbW1g6TvWPXSxWooaDJdqs1d+5ok5zW4u5DyrmtjpzH+bMbXXmtjmzvJDMaFJKFOYM8ar8wTaXIuf6l7PgMby7PQ/+B9gjyXRjygo6XXtgLwdsBs466IL1uAw6v7xpivOYJBIzJMTEsTPpl7p3zIhqLBckQ/gGzchEhQmKifDL5UlTwZ5CpjBKuXoSCZfo/YwSxUIUcaiU+vMUdU6Dbdwkl9GZX9IkyyVJ8GqhKGdQplAfW3BKOcGSFSpAmFPlFeI5Uvso1eGmX4JTb7kZjNyBYw+cq3fdi4/r13EI3oC34AQ44D24AJ/BJRgCbBwbX4yhMTL75pU5Nr+tpPt765zXYGuY+A9NNOGQ</latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0=">AAAFqXicvVRda9swFFVbe+u8r3R73ItYSGkJBNsM1ocOyvayhz20sKRhsTGyIiei8geSnM54/m37D3vbv5mUZGljmwz6MNkWl3POvTrXshVmjApp27/39g8M89HjwyfW02fPX7zsHL0aiTTnmAxxylI+DpEgjCZkKKlkZJxxguKQkevw5pPmrxeEC5omX2WRET9Gs4RGFCOpoODo4GfPizjCpZchLiliMKvu4tvAqeAHuEOxqG rk4h5ZqPQaraHt+lZPzWoRPfd3edFSj5FITnaovBjJeRiVt1XlcTqbSz8oBZ3FKZ3q9N1em62eKLhfBO5pTdko1eyrpZiCvwfOaVOo0JaK7pbQraDSbNo7/xvaTTPbW1g6TvWPXSxWooaDJdqs1d+5ok5zW4u5DyrmtjpzH+bMbXXmtjmzvJDMaFJKFOYM8ar8wTaXIuf6l7PgMby7PQ/+B9gjyXRjygo6XXtgLwdsBs466IL1uAw6v7xpivOYJBIzJMTEsTPpl7p3zIhqLBckQ/gGzchEhQmKifDL5UlTwZ5CpjBKuXoSCZfo/YwSxUIUcaiU+vMUdU6Dbdwkl9GZX9IkyyVJ8GqhKGdQplAfW3BKOcGSFSpAmFPlFeI5Uvso1eGmX4JTb7kZjNyBYw+cq3fdi4/r13EI3oC34AQ44D24AJ/BJRgCbBwbX4yhMTL75pU5Nr+tpPt765zXYGuY+A9NNOGQ</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="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=">AAAFqXicvVRda9swFFVbe+u8r3R73ItYSGkJBNsM1ocOyvayhz20sKRhsTGyIiei8geSnM54/m37D3vbv5mUZGljmwz6MNkWl3POvTrXshVmjApp27/39g8M89HjwyfW02fPX7zsHL0aiTTnmAxxylI+DpEgjCZkKKlkZJxxguKQkevw5pPmrxeEC5omX2WRET9Gs4RGFCOpoODo4GfPizjCpZchLiliMKvu4tvAqeAHuEOxqG rk4h5ZqPQaraHt+lZPzWoRPfd3edFSj5FITnaovBjJeRiVt1XlcTqbSz8oBZ3FKZ3q9N1em62eKLhfBO5pTdko1eyrpZiCvwfOaVOo0JaK7pbQraDSbNo7/xvaTTPbW1g6TvWPXSxWooaDJdqs1d+5ok5zW4u5DyrmtjpzH+bMbXXmtjmzvJDMaFJKFOYM8ar8wTaXIuf6l7PgMby7PQ/+B9gjyXRjygo6XXtgLwdsBs466IL1uAw6v7xpivOYJBIzJMTEsTPpl7p3zIhqLBckQ/gGzchEhQmKifDL5UlTwZ5CpjBKuXoSCZfo/YwSxUIUcaiU+vMUdU6Dbdwkl9GZX9IkyyVJ8GqhKGdQplAfW3BKOcGSFSpAmFPlFeI5Uvso1eGmX4JTb7kZjNyBYw+cq3fdi4/r13EI3oC34AQ44D24AJ/BJRgCbBwbX4yhMTL75pU5Nr+tpPt765zXYGuY+A9NNOGQ</latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0=">AAAFqXicvVRda9swFFVbe+u8r3R73ItYSGkJBNsM1ocOyvayhz20sKRhsTGyIiei8geSnM54/m37D3vbv5mUZGljmwz6MNkWl3POvTrXshVmjApp27/39g8M89HjwyfW02fPX7zsHL0aiTTnmAxxylI+DpEgjCZkKKlkZJxxguKQkevw5pPmrxeEC5omX2WRET9Gs4RGFCOpoODo4GfPizjCpZchLiliMKvu4tvAqeAHuEOxqG rk4h5ZqPQaraHt+lZPzWoRPfd3edFSj5FITnaovBjJeRiVt1XlcTqbSz8oBZ3FKZ3q9N1em62eKLhfBO5pTdko1eyrpZiCvwfOaVOo0JaK7pbQraDSbNo7/xvaTTPbW1g6TvWPXSxWooaDJdqs1d+5ok5zW4u5DyrmtjpzH+bMbXXmtjmzvJDMaFJKFOYM8ar8wTaXIuf6l7PgMby7PQ/+B9gjyXRjygo6XXtgLwdsBs466IL1uAw6v7xpivOYJBIzJMTEsTPpl7p3zIhqLBckQ/gGzchEhQmKifDL5UlTwZ5CpjBKuXoSCZfo/YwSxUIUcaiU+vMUdU6Dbdwkl9GZX9IkyyVJ8GqhKGdQplAfW3BKOcGSFSpAmFPlFeI5Uvso1eGmX4JTb7kZjNyBYw+cq3fdi4/r13EI3oC34AQ44D24AJ/BJRgCbBwbX4yhMTL75pU5Nr+tpPt765zXYGuY+A9NNOGQ</latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0=">AAAFqXicvVRda9swFFVbe+u8r3R73ItYSGkJBNsM1ocOyvayhz20sKRhsTGyIiei8geSnM54/m37D3vbv5mUZGljmwz6MNkWl3POvTrXshVmjApp27/39g8M89HjwyfW02fPX7zsHL0aiTTnmAxxylI+DpEgjCZkKKlkZJxxguKQkevw5pPmrxeEC5omX2WRET9Gs4RGFCOpoODo4GfPizjCpZchLiliMKvu4tvAqeAHuEOxqG rk4h5ZqPQaraHt+lZPzWoRPfd3edFSj5FITnaovBjJeRiVt1XlcTqbSz8oBZ3FKZ3q9N1em62eKLhfBO5pTdko1eyrpZiCvwfOaVOo0JaK7pbQraDSbNo7/xvaTTPbW1g6TvWPXSxWooaDJdqs1d+5ok5zW4u5DyrmtjpzH+bMbXXmtjmzvJDMaFJKFOYM8ar8wTaXIuf6l7PgMby7PQ/+B9gjyXRjygo6XXtgLwdsBs466IL1uAw6v7xpivOYJBIzJMTEsTPpl7p3zIhqLBckQ/gGzchEhQmKifDL5UlTwZ5CpjBKuXoSCZfo/YwSxUIUcaiU+vMUdU6Dbdwkl9GZX9IkyyVJ8GqhKGdQplAfW3BKOcGSFSpAmFPlFeI5Uvso1eGmX4JTb7kZjNyBYw+cq3fdi4/r13EI3oC34AQ44D24AJ/BJRgCbBwbX4yhMTL75pU5Nr+tpPt765zXYGuY+A9NNOGQ</latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0=">AAAFqXicvVRda9swFFVbe+u8r3R73ItYSGkJBNsM1ocOyvayhz20sKRhsTGyIiei8geSnM54/m37D3vbv5mUZGljmwz6MNkWl3POvTrXshVmjApp27/39g8M89HjwyfW02fPX7zsHL0aiTTnmAxxylI+DpEgjCZkKKlkZJxxguKQkevw5pPmrxeEC5omX2WRET9Gs4RGFCOpoODo4GfPizjCpZchLiliMKvu4tvAqeAHuEOxqG rk4h5ZqPQaraHt+lZPzWoRPfd3edFSj5FITnaovBjJeRiVt1XlcTqbSz8oBZ3FKZ3q9N1em62eKLhfBO5pTdko1eyrpZiCvwfOaVOo0JaK7pbQraDSbNo7/xvaTTPbW1g6TvWPXSxWooaDJdqs1d+5ok5zW4u5DyrmtjpzH+bMbXXmtjmzvJDMaFJKFOYM8ar8wTaXIuf6l7PgMby7PQ/+B9gjyXRjygo6XXtgLwdsBs466IL1uAw6v7xpivOYJBIzJMTEsTPpl7p3zIhqLBckQ/gGzchEhQmKifDL5UlTwZ5CpjBKuXoSCZfo/YwSxUIUcaiU+vMUdU6Dbdwkl9GZX9IkyyVJ8GqhKGdQplAfW3BKOcGSFSpAmFPlFeI5Uvso1eGmX4JTb7kZjNyBYw+cq3fdi4/r13EI3oC34AQ44D24AJ/BJRgCbBwbX4yhMTL75pU5Nr+tpPt765zXYGuY+A9NNOGQ</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>

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

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

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

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

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

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

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

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

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

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

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

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

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

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

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/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>

layer: conv1

5x5x3

layer: 
sigmoid

4x4x3 4x4x3

layer: conv2

feature  
map

feature 
map

feature 
map

feature 
map

3x3x4
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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>

….

Learning of convolutional neuron => backpropagation
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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>

….

@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>

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>

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

?
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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>

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>

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



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

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
@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

@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>

upstream 
 gradient



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

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
@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>

upstream 
 gradient



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

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
@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>

upstream 
 gradient

@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>



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

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
@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>

upstream 
 gradient

@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>



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

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
@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>

upstream 
 gradient

@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>



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

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
@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>

upstream 
 gradient

@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>
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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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Faculty of Electrical Engineering, Department of Cybernetics

(             ,           )

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>

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
@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>

….

upstream 
 gradient

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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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
@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 wrt input feature map

upstream 
 gradient

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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???? Convolutional network backprop ?????

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

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

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

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

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

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

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

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

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

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

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

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

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/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>

layer: conv1

5x5x3

layer: 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Convolutional net

• Convolutional network (ConvNet) is concatenation of 
convolutional layers 

• Backprop in ConvNet is convolution of feature maps or 
kernels with upstream gradient.  

• Feed-forward and backprop are concolutions => 
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 !!!)

http://yann.lecun.com/exdb/publis/pdf/lecun-01a.pdf
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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 !!!)

https://papers.nips.cc/paper/4824-imagenet-classification-with-deep-convolutional-neural-networks.pdf
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Classification results
http://image-net.org/challenges/LSVRC/2017/index
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Demo

• convnet demo from Karpathy:  
https://cs.stanford.edu/people/karpathy/convnetjs/demo/
cifar10.html 

https://cs.stanford.edu/people/karpathy/convnetjs/demo/cifar10.html
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Next lecture

• gradient learning (what make it tough) 
• other layers: 

• activation function,  
• batch normalization,  
• drop out,  
• loss layers


