
Chapter 1

Convolutional neural nets

Draft chapter from Torralba, Isola, Freeman
The neural nets we saw in Chapter ?? are designed to process generic data. But in

many domains the data has special structure, and we can design neural net architectures
that are better suited to exploiting that structure. Convolutional neural nets, also called
Convnets or CNNs, are a neural net architecture especially suited to the structure in visual
signals. CNNs are also well suited

to many other spatial or
temporal signals, such as
geospatial data or sounds.
If there is a natural way
to “scan” across a signal,
processing each windowed
region separately, then
CNNs may be a
reasonable choice.

The key idea of CNNs is to chop up the input image into little patches, and then process
each patch independently and identically. The gist of this is captured in the figure below,
which is an example of a CNN classifier:
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Each patch is processed independently and identically with the “Classifier” module, which
is a neural net. Essentially, this neural net scans across the patches in the input and classifies
each. The output is a label for each patch in the input image. If we rearrange these predictions
back into the shape of the input image, and color code them, we get the below input-output
mapping:
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Notice that this is quite different than the neural nets we saw in Chapter ??, which output
a single prediction for the entire image; CNNs output a 2D array of predictions.

We may also chop up the image into overlapping patches. If we do this densely, such that
each patch is one pixel offset from the last, we get a full resolution image of predictions:
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cCNN

…

Now that looks impressive! This CNN solved a task known as “semantic segmntation”,
which is the task of assigning a class label to each pixel in an image. One reason CNNs are
powerful is because they map an input image to an output image with the same shape, rather
than outputting a single label like in the nets we saw in previous chapters. CNNs can also
be generalized to input and output other kinds of structures. The key property is that the
output matches the topology of the input: an ND tensor of inputs will be mapped to an ND
tensor of outputs.

Keeping in mind that chopping up and predicting is really all a CNN is doing, we will
now dive into the details of how they work.

1.1 Convolution layers

CNNs are neural networks that are composed of convolutional layers. A convolutional
layer transforms inputs xin to outputs xout by convolving xin with one or more filters w. A
convolutional layer with a single filter looks like this:

Here we deviate slightly
from our usual notation

and use lowercase for
convolutional filter w,

regardless of whether the
kernel is a 1D array, a 2D

array, or an ND array.

xout = w ◦ xin + b / conv (1.1)

where w is the kernel and b is the bias; θ = [w, b] are the parameters of this layer. Recalling
the definition of the convolution operator ◦ from Chapter 12, we can write out the convolution
layer in more explicit detail as:

xout[n,m] = b+

N∑

k,l=−N
w[k, l]xin[n− k,m− l] / conv (expanded) (1.2)

As discussed in Chapter ??, convolution is just a special kind of linear transform. Similarly,
a convolutional layer is just a special kind of linear layer. It is a linear layer whose matrix
W is a Toeplitz. We can view it either as a matrix or as a neural net:

n indexes rows, 
k indexes columns

Is the strength of the connection 
between         and      x[k]
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xin
<latexit sha1_base64="gzGUXcdYKz1Wt3bpJ+BPYDje82c=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTtqhkwczN9IS4sZfceNCEbf+hTv/xkmbhbYeGDiccy9zz/ETwRVY1rdRWVldW9+obta2tnd298z9g46KU0lZm8Yilj2fKCZ4xNrAQbBeIhkJfcG6/vim8LsPTCoeR/cwTZgbkmHEA04JaMkzj5yQwMgPsknuZQ6wCQBkPMpzz6xbDWsGvEzsktRRiZZnfjmDmKYhi4AKolTfthJwMyKBU8HympMqlhA6JkPW1zQiIVNuNkuQ41OtDHAQS/0iwDP190ZGQqWmoa8ni3vVoleI/3n9FIIrVwdKUmARnX8UpAJDjIs68IBLRkFMNSFUcn0rpiMiCQVdWk2XYC9GXiad84ZtNey7i3rzuqyjio7RCTpDNrpETXSLWqiNKHpEz+gVvRlPxovxbnzMRytGuXOI/sD4/AE+mpgI</latexit><latexit sha1_base64="h4ruEwJPGpLeACadEaG/Nyvh2Mc=">AAACJnicjVDLSsNAFJ3UV62vqBvBTbAIrkoigi6Lblwq2Ac0IUymk3boZBJmbqQlxK9x4cZfcaGIuPNTnLRZaOvCAwOHc+7lzjlBwpkC2/40KkvLK6tr1fXaxubW9o65u9dWcSoJbZGYx7IbYEU5E7QFDDjtJpLiKOC0E4yuCr9zT6VisbiDSUK9CA8ECxnBoCXfPHAjDMMgzMa5n7lAxwCQMZHnvlm3G/YU1iJxSlJHJf437puvbj8maUQFEI6V6jl2Al6GJTDCaV5zU0UTTEZ4QHuaChxR5WXTmLl1rJW+FcZSPwHWVP25keFIqUkU6MkilJr3CvEvr5dCeOHp1EkKVJDZoTDlFsRW0ZnVZ5IS4BNNMJFM/9UiQywxAd1sTUd35oMukvZpw7Ebzu1ZvXlZdlZFh+gInSAHnaMmukY3qIUIekCP6Bm9GU/Gi/FufMxGK0a5s49+wfj6Bh2sn4E=</latexit><latexit sha1_base64="h4ruEwJPGpLeACadEaG/Nyvh2Mc=">AAACJnicjVDLSsNAFJ3UV62vqBvBTbAIrkoigi6Lblwq2Ac0IUymk3boZBJmbqQlxK9x4cZfcaGIuPNTnLRZaOvCAwOHc+7lzjlBwpkC2/40KkvLK6tr1fXaxubW9o65u9dWcSoJbZGYx7IbYEU5E7QFDDjtJpLiKOC0E4yuCr9zT6VisbiDSUK9CA8ECxnBoCXfPHAjDMMgzMa5n7lAxwCQMZHnvlm3G/YU1iJxSlJHJf437puvbj8maUQFEI6V6jl2Al6GJTDCaV5zU0UTTEZ4QHuaChxR5WXTmLl1rJW+FcZSPwHWVP25keFIqUkU6MkilJr3CvEvr5dCeOHp1EkKVJDZoTDlFsRW0ZnVZ5IS4BNNMJFM/9UiQywxAd1sTUd35oMukvZpw7Ebzu1ZvXlZdlZFh+gInSAHnaMmukY3qIUIekCP6Bm9GU/Gi/FufMxGK0a5s49+wfj6Bh2sn4E=</latexit><latexit sha1_base64="h4ruEwJPGpLeACadEaG/Nyvh2Mc=">AAACJnicjVDLSsNAFJ3UV62vqBvBTbAIrkoigi6Lblwq2Ac0IUymk3boZBJmbqQlxK9x4cZfcaGIuPNTnLRZaOvCAwOHc+7lzjlBwpkC2/40KkvLK6tr1fXaxubW9o65u9dWcSoJbZGYx7IbYEU5E7QFDDjtJpLiKOC0E4yuCr9zT6VisbiDSUK9CA8ECxnBoCXfPHAjDMMgzMa5n7lAxwCQMZHnvlm3G/YU1iJxSlJHJf437puvbj8maUQFEI6V6jl2Al6GJTDCaV5zU0UTTEZ4QHuaChxR5WXTmLl1rJW+FcZSPwHWVP25keFIqUkU6MkilJr3CvEvr5dCeOHp1EkKVJDZoTDlFsRW0ZnVZ5IS4BNNMJFM/9UiQywxAd1sTUd35oMukvZpw7Ebzu1ZvXlZdlZFh+gInSAHnaMmukY3qIUIekCP6Bm9GU/Gi/FufMxGK0a5s49+wfj6Bh2sn4E=</latexit>

w[0]
<latexit sha1_base64="6KusEGZd7c237o5g0ORhhfAJZOQ=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0dxN2N0oJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmjed9O5W19Y3Nrep2bWd3b//APTzq6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbgu/+0iVZol8MNOUhgKPJIsZwaaQngIvHLh1r+HNgVaJX5I6lGgN3K/+MCGZoNIQjrUOfC81YY6VYYTTWa2faZpiMsEjGlgqsaA6zOe3ztCZVYYoTpQtadBc/T2RY6H1VES2U2Az1steIf7nBZmJr8OcyTQzVJLFojjjyCSoeBwNmaLE8KklmChmb0VkjBUmxsZTsyH4yy+vks5Fw/ca/v1lvXlTxlGFEziFc/DhCppwBy1oA4ExPMMrvDnCeXHenY9Fa8UpZ47hD5zPH7VwjgE=</latexit><latexit sha1_base64="2fR0Gfz/LWwi26IkE5Rl3rzT07M=">AAACEHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAZslzE4myZDZ2WXmrhKW/IKFjb9iI2JraeffOJtsoYmFBwYO55zLnXvCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtkBouheINFCh5O9GcRqHkrXB0lfute66NiNUdjhMeRHSgRF8wirn04LtBt1J1a+4UZJF4BalCgf/Fu5XPTi9macQVMkmN8T03wSCjGgWTfFLupIYnlI3ogPuWKhpxE2TTgybk2Co90o+1fQrJVP05kdHImHEU2mREcWjmvVz8y/NT7F8EmVBJilyx2aJ+KgnGJG+H9ITmDOXYEsq0sH8lbEg1ZWg7LNvTvflDF0nztOa5Ne/2rFq/LDorwSEcwQl4cA51uIYbaACDITzCM7w6T86L8+a8z6JLTjFzAL/gfHwDPg6Veg==</latexit><latexit sha1_base64="2fR0Gfz/LWwi26IkE5Rl3rzT07M=">AAACEHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAZslzE4myZDZ2WXmrhKW/IKFjb9iI2JraeffOJtsoYmFBwYO55zLnXvCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtkBouheINFCh5O9GcRqHkrXB0lfute66NiNUdjhMeRHSgRF8wirn04LtBt1J1a+4UZJF4BalCgf/Fu5XPTi9macQVMkmN8T03wSCjGgWTfFLupIYnlI3ogPuWKhpxE2TTgybk2Co90o+1fQrJVP05kdHImHEU2mREcWjmvVz8y/NT7F8EmVBJilyx2aJ+KgnGJG+H9ITmDOXYEsq0sH8lbEg1ZWg7LNvTvflDF0nztOa5Ne/2rFq/LDorwSEcwQl4cA51uIYbaACDITzCM7w6T86L8+a8z6JLTjFzAL/gfHwDPg6Veg==</latexit><latexit sha1_base64="2fR0Gfz/LWwi26IkE5Rl3rzT07M=">AAACEHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAZslzE4myZDZ2WXmrhKW/IKFjb9iI2JraeffOJtsoYmFBwYO55zLnXvCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtkBouheINFCh5O9GcRqHkrXB0lfute66NiNUdjhMeRHSgRF8wirn04LtBt1J1a+4UZJF4BalCgf/Fu5XPTi9macQVMkmN8T03wSCjGgWTfFLupIYnlI3ogPuWKhpxE2TTgybk2Co90o+1fQrJVP05kdHImHEU2mREcWjmvVz8y/NT7F8EmVBJilyx2aJ+KgnGJG+H9ITmDOXYEsq0sH8lbEg1ZWg7LNvTvflDF0nztOa5Ne/2rFq/LDorwSEcwQl4cA51uIYbaACDITzCM7w6T86L8+a8z6JLTjFzAL/gfHwDPg6Veg==</latexit>

w[�1]
<latexit sha1_base64="dZkicptmVGU/1YDbipLg833gKQI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4rmFpoQ9lsJ+3SzSbsbpQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkorq2vrG+XNytb2zu5edf+gpZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoZuo/PKLSPJH3ZpxiENOB5BFn1FjJf+qceUGvWnPr7gxkmXgFqUGBZq/61e0nLItRGiao1h3PTU2QU2U4EzipdDONKWUjOsCOpZLGqIN8duyEnFilT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBTmXaWZQsvmiKBPEJGT6OelzhcyIsSWUKW5vJWxIFWXG5lOxIXiLLy+T1nndc+ve3UWtcV3EUYYjOIZT8OASGnALTfCBAYdneIU3RzovzrvzMW8tOcXMIfyB8/kDIU6OOQ==</latexit><latexit sha1_base64="j6GssUwHJJKx8/o2umPcvqwrkrE=">AAACEXicjVA9SwNBFHwbv2L8ilraLAbBxnAngpZBG0sFLwlcjrC32UuW7O0du3tKOPIbLGz8KzYitnZ2/hs3yRWaWDiwMMzM4+2bMBVcG8f5QqWl5ZXVtfJ6ZWNza3unurvX1EmmKPNoIhLVDolmgkvmGW4Ea6eKkTgUrBUOryZ+654pzRN5Z0YpC2LSlzzilBgreQ/+iRt0qzWn7kyBF4lbkBoU+F+8W/3s9BKaxUwaKojWvuukJsiJMpwKNq50Ms1SQoekz3xLJYmZDvLpRWN8ZJUejhJlnzR4qv6cyEms9SgObTImZqDnvYn4l+dnJroIci7TzDBJZ4uiTGCT4Ek9uMcVo0aMLCFUcftXTAdEEWpsiRV7ujt/6CJpntZdp+7entUal0VnZTiAQzgGF86hAddwAx5Q4PAIz/CKntALekPvs2gJFTP78Avo4xuwqJWy</latexit><latexit sha1_base64="j6GssUwHJJKx8/o2umPcvqwrkrE=">AAACEXicjVA9SwNBFHwbv2L8ilraLAbBxnAngpZBG0sFLwlcjrC32UuW7O0du3tKOPIbLGz8KzYitnZ2/hs3yRWaWDiwMMzM4+2bMBVcG8f5QqWl5ZXVtfJ6ZWNza3unurvX1EmmKPNoIhLVDolmgkvmGW4Ea6eKkTgUrBUOryZ+654pzRN5Z0YpC2LSlzzilBgreQ/+iRt0qzWn7kyBF4lbkBoU+F+8W/3s9BKaxUwaKojWvuukJsiJMpwKNq50Ms1SQoekz3xLJYmZDvLpRWN8ZJUejhJlnzR4qv6cyEms9SgObTImZqDnvYn4l+dnJroIci7TzDBJZ4uiTGCT4Ek9uMcVo0aMLCFUcftXTAdEEWpsiRV7ujt/6CJpntZdp+7entUal0VnZTiAQzgGF86hAddwAx5Q4PAIz/CKntALekPvs2gJFTP78Avo4xuwqJWy</latexit><latexit sha1_base64="j6GssUwHJJKx8/o2umPcvqwrkrE=">AAACEXicjVA9SwNBFHwbv2L8ilraLAbBxnAngpZBG0sFLwlcjrC32UuW7O0du3tKOPIbLGz8KzYitnZ2/hs3yRWaWDiwMMzM4+2bMBVcG8f5QqWl5ZXVtfJ6ZWNza3unurvX1EmmKPNoIhLVDolmgkvmGW4Ea6eKkTgUrBUOryZ+654pzRN5Z0YpC2LSlzzilBgreQ/+iRt0qzWn7kyBF4lbkBoU+F+8W/3s9BKaxUwaKojWvuukJsiJMpwKNq50Ms1SQoekz3xLJYmZDvLpRWN8ZJUejhJlnzR4qv6cyEms9SgObTImZqDnvYn4l+dnJroIci7TzDBJZ4uiTGCT4Ek9uMcVo0aMLCFUcftXTAdEEWpsiRV7ujt/6CJpntZdp+7entUal0VnZTiAQzgGF86hAddwAx5Q4PAIz/CKntALekPvs2gJFTP78Avo4xuwqJWy</latexit>

w[1]
<latexit sha1_base64="rmj70Acrc5QiSBPBBC82phT2aSI=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0dxN2N0oJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmjed9O5W19Y3Nrep2bWd3b//APTzq6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbgu/+0iVZol8MNOUhgKPJIsZwaaQngI/HLh1r+HNgVaJX5I6lGgN3K/+MCGZoNIQjrUOfC81YY6VYYTTWa2faZpiMsEjGlgqsaA6zOe3ztCZVYYoTpQtadBc/T2RY6H1VES2U2Az1steIf7nBZmJr8OcyTQzVJLFojjjyCSoeBwNmaLE8KklmChmb0VkjBUmxsZTsyH4yy+vks5Fw/ca/v1lvXlTxlGFEziFc/DhCppwBy1oA4ExPMMrvDnCeXHenY9Fa8UpZ47hD5zPH7b1jgI=</latexit><latexit sha1_base64="nk1/CaTC++IZvilhJ6kI223SL5I=">AAACEHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAZslzE4myZDZ2WXmrhKW/IKFjb9iI2JraeffOJtsoYmFBwYO55zLnXvCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtkBouheINFCh5O9GcRqHkrXB0lfute66NiNUdjhMeRHSgRF8wirn04HtBt1J1a+4UZJF4BalCgf/Fu5XPTi9macQVMkmN8T03wSCjGgWTfFLupIYnlI3ogPuWKhpxE2TTgybk2Co90o+1fQrJVP05kdHImHEU2mREcWjmvVz8y/NT7F8EmVBJilyx2aJ+KgnGJG+H9ITmDOXYEsq0sH8lbEg1ZWg7LNvTvflDF0nztOa5Ne/2rFq/LDorwSEcwQl4cA51uIYbaACDITzCM7w6T86L8+a8z6JLTjFzAL/gfHwDP7iVew==</latexit><latexit sha1_base64="nk1/CaTC++IZvilhJ6kI223SL5I=">AAACEHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAZslzE4myZDZ2WXmrhKW/IKFjb9iI2JraeffOJtsoYmFBwYO55zLnXvCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtkBouheINFCh5O9GcRqHkrXB0lfute66NiNUdjhMeRHSgRF8wirn04HtBt1J1a+4UZJF4BalCgf/Fu5XPTi9macQVMkmN8T03wSCjGgWTfFLupIYnlI3ogPuWKhpxE2TTgybk2Co90o+1fQrJVP05kdHImHEU2mREcWjmvVz8y/NT7F8EmVBJilyx2aJ+KgnGJG+H9ITmDOXYEsq0sH8lbEg1ZWg7LNvTvflDF0nztOa5Ne/2rFq/LDorwSEcwQl4cA51uIYbaACDITzCM7w6T86L8+a8z6JLTjFzAL/gfHwDP7iVew==</latexit><latexit sha1_base64="nk1/CaTC++IZvilhJ6kI223SL5I=">AAACEHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAZslzE4myZDZ2WXmrhKW/IKFjb9iI2JraeffOJtsoYmFBwYO55zLnXvCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtkBouheINFCh5O9GcRqHkrXB0lfute66NiNUdjhMeRHSgRF8wirn04HtBt1J1a+4UZJF4BalCgf/Fu5XPTi9macQVMkmN8T03wSCjGgWTfFLupIYnlI3ogPuWKhpxE2TTgybk2Co90o+1fQrJVP05kdHImHEU2mREcWjmvVz8y/NT7F8EmVBJilyx2aJ+KgnGJG+H9ITmDOXYEsq0sH8lbEg1ZWg7LNvTvflDF0nztOa5Ne/2rFq/LDorwSEcwQl4cA51uIYbaACDITzCM7w6T86L8+a8z6JLTjFzAL/gfHwDP7iVew==</latexit>

w[0]
<latexit sha1_base64="6KusEGZd7c237o5g0ORhhfAJZOQ=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0dxN2N0oJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmjed9O5W19Y3Nrep2bWd3b//APTzq6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbgu/+0iVZol8MNOUhgKPJIsZwaaQngIvHLh1r+HNgVaJX5I6lGgN3K/+MCGZoNIQjrUOfC81YY6VYYTTWa2faZpiMsEjGlgqsaA6zOe3ztCZVYYoTpQtadBc/T2RY6H1VES2U2Az1steIf7nBZmJr8OcyTQzVJLFojjjyCSoeBwNmaLE8KklmChmb0VkjBUmxsZTsyH4yy+vks5Fw/ca/v1lvXlTxlGFEziFc/DhCppwBy1oA4ExPMMrvDnCeXHenY9Fa8UpZ47hD5zPH7VwjgE=</latexit><latexit sha1_base64="2fR0Gfz/LWwi26IkE5Rl3rzT07M=">AAACEHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAZslzE4myZDZ2WXmrhKW/IKFjb9iI2JraeffOJtsoYmFBwYO55zLnXvCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtkBouheINFCh5O9GcRqHkrXB0lfute66NiNUdjhMeRHSgRF8wirn04LtBt1J1a+4UZJF4BalCgf/Fu5XPTi9macQVMkmN8T03wSCjGgWTfFLupIYnlI3ogPuWKhpxE2TTgybk2Co90o+1fQrJVP05kdHImHEU2mREcWjmvVz8y/NT7F8EmVBJilyx2aJ+KgnGJG+H9ITmDOXYEsq0sH8lbEg1ZWg7LNvTvflDF0nztOa5Ne/2rFq/LDorwSEcwQl4cA51uIYbaACDITzCM7w6T86L8+a8z6JLTjFzAL/gfHwDPg6Veg==</latexit><latexit sha1_base64="2fR0Gfz/LWwi26IkE5Rl3rzT07M=">AAACEHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAZslzE4myZDZ2WXmrhKW/IKFjb9iI2JraeffOJtsoYmFBwYO55zLnXvCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtkBouheINFCh5O9GcRqHkrXB0lfute66NiNUdjhMeRHSgRF8wirn04LtBt1J1a+4UZJF4BalCgf/Fu5XPTi9macQVMkmN8T03wSCjGgWTfFLupIYnlI3ogPuWKhpxE2TTgybk2Co90o+1fQrJVP05kdHImHEU2mREcWjmvVz8y/NT7F8EmVBJilyx2aJ+KgnGJG+H9ITmDOXYEsq0sH8lbEg1ZWg7LNvTvflDF0nztOa5Ne/2rFq/LDorwSEcwQl4cA51uIYbaACDITzCM7w6T86L8+a8z6JLTjFzAL/gfHwDPg6Veg==</latexit><latexit sha1_base64="2fR0Gfz/LWwi26IkE5Rl3rzT07M=">AAACEHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAZslzE4myZDZ2WXmrhKW/IKFjb9iI2JraeffOJtsoYmFBwYO55zLnXvCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtkBouheINFCh5O9GcRqHkrXB0lfute66NiNUdjhMeRHSgRF8wirn04LtBt1J1a+4UZJF4BalCgf/Fu5XPTi9macQVMkmN8T03wSCjGgWTfFLupIYnlI3ogPuWKhpxE2TTgybk2Co90o+1fQrJVP05kdHImHEU2mREcWjmvVz8y/NT7F8EmVBJilyx2aJ+KgnGJG+H9ITmDOXYEsq0sH8lbEg1ZWg7LNvTvflDF0nztOa5Ne/2rFq/LDorwSEcwQl4cA51uIYbaACDITzCM7w6T86L8+a8z6JLTjFzAL/gfHwDPg6Veg==</latexit>

w[�1]
<latexit sha1_base64="dZkicptmVGU/1YDbipLg833gKQI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4rmFpoQ9lsJ+3SzSbsbpQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkorq2vrG+XNytb2zu5edf+gpZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoZuo/PKLSPJH3ZpxiENOB5BFn1FjJf+qceUGvWnPr7gxkmXgFqUGBZq/61e0nLItRGiao1h3PTU2QU2U4EzipdDONKWUjOsCOpZLGqIN8duyEnFilT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBTmXaWZQsvmiKBPEJGT6OelzhcyIsSWUKW5vJWxIFWXG5lOxIXiLLy+T1nndc+ve3UWtcV3EUYYjOIZT8OASGnALTfCBAYdneIU3RzovzrvzMW8tOcXMIfyB8/kDIU6OOQ==</latexit><latexit sha1_base64="j6GssUwHJJKx8/o2umPcvqwrkrE=">AAACEXicjVA9SwNBFHwbv2L8ilraLAbBxnAngpZBG0sFLwlcjrC32UuW7O0du3tKOPIbLGz8KzYitnZ2/hs3yRWaWDiwMMzM4+2bMBVcG8f5QqWl5ZXVtfJ6ZWNza3unurvX1EmmKPNoIhLVDolmgkvmGW4Ea6eKkTgUrBUOryZ+654pzRN5Z0YpC2LSlzzilBgreQ/+iRt0qzWn7kyBF4lbkBoU+F+8W/3s9BKaxUwaKojWvuukJsiJMpwKNq50Ms1SQoekz3xLJYmZDvLpRWN8ZJUejhJlnzR4qv6cyEms9SgObTImZqDnvYn4l+dnJroIci7TzDBJZ4uiTGCT4Ek9uMcVo0aMLCFUcftXTAdEEWpsiRV7ujt/6CJpntZdp+7entUal0VnZTiAQzgGF86hAddwAx5Q4PAIz/CKntALekPvs2gJFTP78Avo4xuwqJWy</latexit><latexit sha1_base64="j6GssUwHJJKx8/o2umPcvqwrkrE=">AAACEXicjVA9SwNBFHwbv2L8ilraLAbBxnAngpZBG0sFLwlcjrC32UuW7O0du3tKOPIbLGz8KzYitnZ2/hs3yRWaWDiwMMzM4+2bMBVcG8f5QqWl5ZXVtfJ6ZWNza3unurvX1EmmKPNoIhLVDolmgkvmGW4Ea6eKkTgUrBUOryZ+654pzRN5Z0YpC2LSlzzilBgreQ/+iRt0qzWn7kyBF4lbkBoU+F+8W/3s9BKaxUwaKojWvuukJsiJMpwKNq50Ms1SQoekz3xLJYmZDvLpRWN8ZJUejhJlnzR4qv6cyEms9SgObTImZqDnvYn4l+dnJroIci7TzDBJZ4uiTGCT4Ek9uMcVo0aMLCFUcftXTAdEEWpsiRV7ujt/6CJpntZdp+7entUal0VnZTiAQzgGF86hAddwAx5Q4PAIz/CKntALekPvs2gJFTP78Avo4xuwqJWy</latexit><latexit sha1_base64="j6GssUwHJJKx8/o2umPcvqwrkrE=">AAACEXicjVA9SwNBFHwbv2L8ilraLAbBxnAngpZBG0sFLwlcjrC32UuW7O0du3tKOPIbLGz8KzYitnZ2/hs3yRWaWDiwMMzM4+2bMBVcG8f5QqWl5ZXVtfJ6ZWNza3unurvX1EmmKPNoIhLVDolmgkvmGW4Ea6eKkTgUrBUOryZ+654pzRN5Z0YpC2LSlzzilBgreQ/+iRt0qzWn7kyBF4lbkBoU+F+8W/3s9BKaxUwaKojWvuukJsiJMpwKNq50Ms1SQoekz3xLJYmZDvLpRWN8ZJUejhJlnzR4qv6cyEms9SgObTImZqDnvYn4l+dnJroIci7TzDBJZ4uiTGCT4Ek9uMcVo0aMLCFUcftXTAdEEWpsiRV7ujt/6CJpntZdp+7entUal0VnZTiAQzgGF86hAddwAx5Q4PAIz/CKntALekPvs2gJFTP78Avo4xuwqJWy</latexit>

w[1]
<latexit sha1_base64="rmj70Acrc5QiSBPBBC82phT2aSI=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0dxN2N0oJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmjed9O5W19Y3Nrep2bWd3b//APTzq6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbgu/+0iVZol8MNOUhgKPJIsZwaaQngI/HLh1r+HNgVaJX5I6lGgN3K/+MCGZoNIQjrUOfC81YY6VYYTTWa2faZpiMsEjGlgqsaA6zOe3ztCZVYYoTpQtadBc/T2RY6H1VES2U2Az1steIf7nBZmJr8OcyTQzVJLFojjjyCSoeBwNmaLE8KklmChmb0VkjBUmxsZTsyH4yy+vks5Fw/ca/v1lvXlTxlGFEziFc/DhCppwBy1oA4ExPMMrvDnCeXHenY9Fa8UpZ47hD5zPH7b1jgI=</latexit><latexit sha1_base64="nk1/CaTC++IZvilhJ6kI223SL5I=">AAACEHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAZslzE4myZDZ2WXmrhKW/IKFjb9iI2JraeffOJtsoYmFBwYO55zLnXvCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtkBouheINFCh5O9GcRqHkrXB0lfute66NiNUdjhMeRHSgRF8wirn04HtBt1J1a+4UZJF4BalCgf/Fu5XPTi9macQVMkmN8T03wSCjGgWTfFLupIYnlI3ogPuWKhpxE2TTgybk2Co90o+1fQrJVP05kdHImHEU2mREcWjmvVz8y/NT7F8EmVBJilyx2aJ+KgnGJG+H9ITmDOXYEsq0sH8lbEg1ZWg7LNvTvflDF0nztOa5Ne/2rFq/LDorwSEcwQl4cA51uIYbaACDITzCM7w6T86L8+a8z6JLTjFzAL/gfHwDP7iVew==</latexit><latexit sha1_base64="nk1/CaTC++IZvilhJ6kI223SL5I=">AAACEHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAZslzE4myZDZ2WXmrhKW/IKFjb9iI2JraeffOJtsoYmFBwYO55zLnXvCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtkBouheINFCh5O9GcRqHkrXB0lfute66NiNUdjhMeRHSgRF8wirn04HtBt1J1a+4UZJF4BalCgf/Fu5XPTi9macQVMkmN8T03wSCjGgWTfFLupIYnlI3ogPuWKhpxE2TTgybk2Co90o+1fQrJVP05kdHImHEU2mREcWjmvVz8y/NT7F8EmVBJilyx2aJ+KgnGJG+H9ITmDOXYEsq0sH8lbEg1ZWg7LNvTvflDF0nztOa5Ne/2rFq/LDorwSEcwQl4cA51uIYbaACDITzCM7w6T86L8+a8z6JLTjFzAL/gfHwDP7iVew==</latexit><latexit sha1_base64="nk1/CaTC++IZvilhJ6kI223SL5I=">AAACEHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAZslzE4myZDZ2WXmrhKW/IKFjb9iI2JraeffOJtsoYmFBwYO55zLnXvCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtkBouheINFCh5O9GcRqHkrXB0lfute66NiNUdjhMeRHSgRF8wirn04HtBt1J1a+4UZJF4BalCgf/Fu5XPTi9macQVMkmN8T03wSCjGgWTfFLupIYnlI3ogPuWKhpxE2TTgybk2Co90o+1fQrJVP05kdHImHEU2mREcWjmvVz8y/NT7F8EmVBJilyx2aJ+KgnGJG+H9ITmDOXYEsq0sH8lbEg1ZWg7LNvTvflDF0nztOa5Ne/2rFq/LDorwSEcwQl4cA51uIYbaACDITzCM7w6T86L8+a8z6JLTjFzAL/gfHwDP7iVew==</latexit>

w[n � k]
<latexit sha1_base64="qYlYkytddDag2dSVnf6ur/PubAk=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4rmLaQhrLZbtq1m92wu1FK6H/w4kERr/4fb/4bt20O2vpg4PHeDDPzopQzbVz32ymtrK6tb5Q3K1vbO7t71f2DlpaZItQnkkvVibCmnAnqG2Y47aSK4iTitB2NbqZ++5EqzaS4N+OUhgkeCBYzgo2VWk+BOBuFvWrNrbszoGXiFaQGBZq96le3L0mWUGEIx1oHnpuaMMfKMMLppNLNNE0xGeEBDSwVOKE6zGfXTtCJVfoolsqWMGim/p7IcaL1OIlsZ4LNUC96U/E/L8hMfBXmTKSZoYLMF8UZR0ai6euozxQlho8twUQxeysiQ6wwMTagig3BW3x5mbTO655b9+4uao3rIo4yHMExnIIHl9CAW2iCDwQe4Ble4c2Rzovz7nzMW0tOMXMIf+B8/gBHP47r</latexit><latexit sha1_base64="C+Kkf5spPbp0bHfirZ2dcs/vTJQ=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAg2hl0RtAzaWCqYB2yWMDu5ScbMzi4zs0pY8g8WNv6KjYitlZ1/4yTZQhMLDwwczjmXO/eEieDauO6Xs7C4tLyyWlgrrm9sbm2XdnbrOk4VwxqLRayaIdUouMSa4UZgM1FIo1BgIxxcjv3GPSrNY3lrhgkGEe1J3uWMGivVH3x5PAjapbJbcScg88TLSRly/C/eLn22OjFLI5SGCaq177mJCTKqDGcCR8VWqjGhbEB76FsqaYQ6yCYnjcihVTqkGyv7pCET9edERiOth1FokxE1fT3rjcW/PD813fMg4zJJDUo2XdRNBTExGfdDOlwhM2JoCWWK278S1qeKMmNbLNrTvdlD50n9pOK5Fe/mtFy9yDsrwD4cwBF4cAZVuIJrqAGDO3iEZ3h1npwX5815n0YXnHxmD37B+fgG7waWZA==</latexit><latexit sha1_base64="C+Kkf5spPbp0bHfirZ2dcs/vTJQ=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAg2hl0RtAzaWCqYB2yWMDu5ScbMzi4zs0pY8g8WNv6KjYitlZ1/4yTZQhMLDwwczjmXO/eEieDauO6Xs7C4tLyyWlgrrm9sbm2XdnbrOk4VwxqLRayaIdUouMSa4UZgM1FIo1BgIxxcjv3GPSrNY3lrhgkGEe1J3uWMGivVH3x5PAjapbJbcScg88TLSRly/C/eLn22OjFLI5SGCaq177mJCTKqDGcCR8VWqjGhbEB76FsqaYQ6yCYnjcihVTqkGyv7pCET9edERiOth1FokxE1fT3rjcW/PD813fMg4zJJDUo2XdRNBTExGfdDOlwhM2JoCWWK278S1qeKMmNbLNrTvdlD50n9pOK5Fe/mtFy9yDsrwD4cwBF4cAZVuIJrqAGDO3iEZ3h1npwX5815n0YXnHxmD37B+fgG7waWZA==</latexit><latexit sha1_base64="C+Kkf5spPbp0bHfirZ2dcs/vTJQ=">AAACEnicjVC7SgNBFL3rM8ZX1NJmMAg2hl0RtAzaWCqYB2yWMDu5ScbMzi4zs0pY8g8WNv6KjYitlZ1/4yTZQhMLDwwczjmXO/eEieDauO6Xs7C4tLyyWlgrrm9sbm2XdnbrOk4VwxqLRayaIdUouMSa4UZgM1FIo1BgIxxcjv3GPSrNY3lrhgkGEe1J3uWMGivVH3x5PAjapbJbcScg88TLSRly/C/eLn22OjFLI5SGCaq177mJCTKqDGcCR8VWqjGhbEB76FsqaYQ6yCYnjcihVTqkGyv7pCET9edERiOth1FokxE1fT3rjcW/PD813fMg4zJJDUo2XdRNBTExGfdDOlwhM2JoCWWK278S1qeKMmNbLNrTvdlD50n9pOK5Fe/mtFy9yDsrwD4cwBF4cAZVuIJrqAGDO3iEZ3h1npwX5815n0YXnHxmD37B+fgG7waWZA==</latexit>

w[0]
<latexit sha1_base64="6KusEGZd7c237o5g0ORhhfAJZOQ=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0dxN2N0oJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmjed9O5W19Y3Nrep2bWd3b//APTzq6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbgu/+0iVZol8MNOUhgKPJIsZwaaQngIvHLh1r+HNgVaJX5I6lGgN3K/+MCGZoNIQjrUOfC81YY6VYYTTWa2faZpiMsEjGlgqsaA6zOe3ztCZVYYoTpQtadBc/T2RY6H1VES2U2Az1steIf7nBZmJr8OcyTQzVJLFojjjyCSoeBwNmaLE8KklmChmb0VkjBUmxsZTsyH4yy+vks5Fw/ca/v1lvXlTxlGFEziFc/DhCppwBy1oA4ExPMMrvDnCeXHenY9Fa8UpZ47hD5zPH7VwjgE=</latexit><latexit sha1_base64="2fR0Gfz/LWwi26IkE5Rl3rzT07M=">AAACEHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAZslzE4myZDZ2WXmrhKW/IKFjb9iI2JraeffOJtsoYmFBwYO55zLnXvCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtkBouheINFCh5O9GcRqHkrXB0lfute66NiNUdjhMeRHSgRF8wirn04LtBt1J1a+4UZJF4BalCgf/Fu5XPTi9macQVMkmN8T03wSCjGgWTfFLupIYnlI3ogPuWKhpxE2TTgybk2Co90o+1fQrJVP05kdHImHEU2mREcWjmvVz8y/NT7F8EmVBJilyx2aJ+KgnGJG+H9ITmDOXYEsq0sH8lbEg1ZWg7LNvTvflDF0nztOa5Ne/2rFq/LDorwSEcwQl4cA51uIYbaACDITzCM7w6T86L8+a8z6JLTjFzAL/gfHwDPg6Veg==</latexit><latexit sha1_base64="2fR0Gfz/LWwi26IkE5Rl3rzT07M=">AAACEHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAZslzE4myZDZ2WXmrhKW/IKFjb9iI2JraeffOJtsoYmFBwYO55zLnXvCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtkBouheINFCh5O9GcRqHkrXB0lfute66NiNUdjhMeRHSgRF8wirn04LtBt1J1a+4UZJF4BalCgf/Fu5XPTi9macQVMkmN8T03wSCjGgWTfFLupIYnlI3ogPuWKhpxE2TTgybk2Co90o+1fQrJVP05kdHImHEU2mREcWjmvVz8y/NT7F8EmVBJilyx2aJ+KgnGJG+H9ITmDOXYEsq0sH8lbEg1ZWg7LNvTvflDF0nztOa5Ne/2rFq/LDorwSEcwQl4cA51uIYbaACDITzCM7w6T86L8+a8z6JLTjFzAL/gfHwDPg6Veg==</latexit><latexit sha1_base64="2fR0Gfz/LWwi26IkE5Rl3rzT07M=">AAACEHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAZslzE4myZDZ2WXmrhKW/IKFjb9iI2JraeffOJtsoYmFBwYO55zLnXvCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtkBouheINFCh5O9GcRqHkrXB0lfute66NiNUdjhMeRHSgRF8wirn04LtBt1J1a+4UZJF4BalCgf/Fu5XPTi9macQVMkmN8T03wSCjGgWTfFLupIYnlI3ogPuWKhpxE2TTgybk2Co90o+1fQrJVP05kdHImHEU2mREcWjmvVz8y/NT7F8EmVBJilyx2aJ+KgnGJG+H9ITmDOXYEsq0sH8lbEg1ZWg7LNvTvflDF0nztOa5Ne/2rFq/LDorwSEcwQl4cA51uIYbaACDITzCM7w6T86L8+a8z6JLTjFzAL/gfHwDPg6Veg==</latexit>

w[�1]
<latexit sha1_base64="dZkicptmVGU/1YDbipLg833gKQI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4rmFpoQ9lsJ+3SzSbsbpQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkorq2vrG+XNytb2zu5edf+gpZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoZuo/PKLSPJH3ZpxiENOB5BFn1FjJf+qceUGvWnPr7gxkmXgFqUGBZq/61e0nLItRGiao1h3PTU2QU2U4EzipdDONKWUjOsCOpZLGqIN8duyEnFilT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqRW8q/ud1MhNdBTmXaWZQsvmiKBPEJGT6OelzhcyIsSWUKW5vJWxIFWXG5lOxIXiLLy+T1nndc+ve3UWtcV3EUYYjOIZT8OASGnALTfCBAYdneIU3RzovzrvzMW8tOcXMIfyB8/kDIU6OOQ==</latexit><latexit sha1_base64="j6GssUwHJJKx8/o2umPcvqwrkrE=">AAACEXicjVA9SwNBFHwbv2L8ilraLAbBxnAngpZBG0sFLwlcjrC32UuW7O0du3tKOPIbLGz8KzYitnZ2/hs3yRWaWDiwMMzM4+2bMBVcG8f5QqWl5ZXVtfJ6ZWNza3unurvX1EmmKPNoIhLVDolmgkvmGW4Ea6eKkTgUrBUOryZ+654pzRN5Z0YpC2LSlzzilBgreQ/+iRt0qzWn7kyBF4lbkBoU+F+8W/3s9BKaxUwaKojWvuukJsiJMpwKNq50Ms1SQoekz3xLJYmZDvLpRWN8ZJUejhJlnzR4qv6cyEms9SgObTImZqDnvYn4l+dnJroIci7TzDBJZ4uiTGCT4Ek9uMcVo0aMLCFUcftXTAdEEWpsiRV7ujt/6CJpntZdp+7entUal0VnZTiAQzgGF86hAddwAx5Q4PAIz/CKntALekPvs2gJFTP78Avo4xuwqJWy</latexit><latexit sha1_base64="j6GssUwHJJKx8/o2umPcvqwrkrE=">AAACEXicjVA9SwNBFHwbv2L8ilraLAbBxnAngpZBG0sFLwlcjrC32UuW7O0du3tKOPIbLGz8KzYitnZ2/hs3yRWaWDiwMMzM4+2bMBVcG8f5QqWl5ZXVtfJ6ZWNza3unurvX1EmmKPNoIhLVDolmgkvmGW4Ea6eKkTgUrBUOryZ+654pzRN5Z0YpC2LSlzzilBgreQ/+iRt0qzWn7kyBF4lbkBoU+F+8W/3s9BKaxUwaKojWvuukJsiJMpwKNq50Ms1SQoekz3xLJYmZDvLpRWN8ZJUejhJlnzR4qv6cyEms9SgObTImZqDnvYn4l+dnJroIci7TzDBJZ4uiTGCT4Ek9uMcVo0aMLCFUcftXTAdEEWpsiRV7ujt/6CJpntZdp+7entUal0VnZTiAQzgGF86hAddwAx5Q4PAIz/CKntALekPvs2gJFTP78Avo4xuwqJWy</latexit><latexit sha1_base64="j6GssUwHJJKx8/o2umPcvqwrkrE=">AAACEXicjVA9SwNBFHwbv2L8ilraLAbBxnAngpZBG0sFLwlcjrC32UuW7O0du3tKOPIbLGz8KzYitnZ2/hs3yRWaWDiwMMzM4+2bMBVcG8f5QqWl5ZXVtfJ6ZWNza3unurvX1EmmKPNoIhLVDolmgkvmGW4Ea6eKkTgUrBUOryZ+654pzRN5Z0YpC2LSlzzilBgreQ/+iRt0qzWn7kyBF4lbkBoU+F+8W/3s9BKaxUwaKojWvuukJsiJMpwKNq50Ms1SQoekz3xLJYmZDvLpRWN8ZJUejhJlnzR4qv6cyEms9SgObTImZqDnvYn4l+dnJroIci7TzDBJZ4uiTGCT4Ek9uMcVo0aMLCFUcftXTAdEEWpsiRV7ujt/6CJpntZdp+7entUal0VnZTiAQzgGF86hAddwAx5Q4PAIz/CKntALekPvs2gJFTP78Avo4xuwqJWy</latexit>

w[1]
<latexit sha1_base64="rmj70Acrc5QiSBPBBC82phT2aSI=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0dxN2N0oJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZelHKmjed9O5W19Y3Nrep2bWd3b//APTzq6CRThLZJwhPVi7CmnEnaNsxw2ksVxSLitBtNbgu/+0iVZol8MNOUhgKPJIsZwaaQngI/HLh1r+HNgVaJX5I6lGgN3K/+MCGZoNIQjrUOfC81YY6VYYTTWa2faZpiMsEjGlgqsaA6zOe3ztCZVYYoTpQtadBc/T2RY6H1VES2U2Az1steIf7nBZmJr8OcyTQzVJLFojjjyCSoeBwNmaLE8KklmChmb0VkjBUmxsZTsyH4yy+vks5Fw/ca/v1lvXlTxlGFEziFc/DhCppwBy1oA4ExPMMrvDnCeXHenY9Fa8UpZ47hD5zPH7b1jgI=</latexit><latexit sha1_base64="nk1/CaTC++IZvilhJ6kI223SL5I=">AAACEHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAZslzE4myZDZ2WXmrhKW/IKFjb9iI2JraeffOJtsoYmFBwYO55zLnXvCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtkBouheINFCh5O9GcRqHkrXB0lfute66NiNUdjhMeRHSgRF8wirn04HtBt1J1a+4UZJF4BalCgf/Fu5XPTi9macQVMkmN8T03wSCjGgWTfFLupIYnlI3ogPuWKhpxE2TTgybk2Co90o+1fQrJVP05kdHImHEU2mREcWjmvVz8y/NT7F8EmVBJilyx2aJ+KgnGJG+H9ITmDOXYEsq0sH8lbEg1ZWg7LNvTvflDF0nztOa5Ne/2rFq/LDorwSEcwQl4cA51uIYbaACDITzCM7w6T86L8+a8z6JLTjFzAL/gfHwDP7iVew==</latexit><latexit sha1_base64="nk1/CaTC++IZvilhJ6kI223SL5I=">AAACEHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAZslzE4myZDZ2WXmrhKW/IKFjb9iI2JraeffOJtsoYmFBwYO55zLnXvCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtkBouheINFCh5O9GcRqHkrXB0lfute66NiNUdjhMeRHSgRF8wirn04HtBt1J1a+4UZJF4BalCgf/Fu5XPTi9macQVMkmN8T03wSCjGgWTfFLupIYnlI3ogPuWKhpxE2TTgybk2Co90o+1fQrJVP05kdHImHEU2mREcWjmvVz8y/NT7F8EmVBJilyx2aJ+KgnGJG+H9ITmDOXYEsq0sH8lbEg1ZWg7LNvTvflDF0nztOa5Ne/2rFq/LDorwSEcwQl4cA51uIYbaACDITzCM7w6T86L8+a8z6JLTjFzAL/gfHwDP7iVew==</latexit><latexit sha1_base64="nk1/CaTC++IZvilhJ6kI223SL5I=">AAACEHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmAZslzE4myZDZ2WXmrhKW/IKFjb9iI2JraeffOJtsoYmFBwYO55zLnXvCRAqDrvvlLC2vrK6tlzbKm1vbO7uVvf2miVPNeIPFMtbtkBouheINFCh5O9GcRqHkrXB0lfute66NiNUdjhMeRHSgRF8wirn04HtBt1J1a+4UZJF4BalCgf/Fu5XPTi9macQVMkmN8T03wSCjGgWTfFLupIYnlI3ogPuWKhpxE2TTgybk2Co90o+1fQrJVP05kdHImHEU2mREcWjmvVz8y/NT7F8EmVBJilyx2aJ+KgnGJG+H9ITmDOXYEsq0sH8lbEg1ZWg7LNvTvflDF0nztOa5Ne/2rFq/LDorwSEcwQl4cA51uIYbaACDITzCM7w6T86L8+a8z6JLTjFzAL/gfHwDP7iVew==</latexit>
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We already saw that convolutional filters are useful for image processing in the previous
chapters on Image Modeling. In those chapters, we introduced a variety of hand-designed
filter banks with useful properties. A CNN instead learns an effective filter bank.
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1.1.1 Multi-channel convolutional layers

Typically, we will use convolutional layers that apply a filter bank to a multi-channel input
signal to produce a multi-channel output signal, resulting in a convolutional layer with the
following form for each of K channels:

xoutk =

C∑

c=1

wk,c ◦ xinc + bk / conv (multi-channel) (1.3)

xoutk is the k-th channel of the output, also called the k-th feature map. xinc is
the c-th channel of the input signal. The filter bank is the set of multi-channel filters
[w1, . . . ,wk], each of which applies one convolutional filter per input channel and then sums
the responses over all these filters. This conv layer maps inputs xin ∈ RN×M×C to outputs
xout ∈ RN×M×K .

For images, the input signal is an N ×M × C tensor of pixels, where N is the image
height, M is the image width, and C is the number of color channels (usually 3), and the
output signal is an N ×M ×K tensor of features (neural activations).

It’s important to get comfortable with the shapes of the data and parameter tensors that
get processed through different neural architectures. This is essential when designing and
building these architectures, and when analyzing and debugging them. Let’s go through an
example. Consider data x which is an RGB image of size 128 × 128 pixels. We will pass
it through a conv layer that applies a bank of 3 × 3 filters. We omit the bias terms for
simplicity. The output ends up being a 128× 128× 96 tensor, as shown below:

…

…

Filter Bank with 
3x3 filters

128

128

3 96

128

128

xl
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To check your understanding, you should be able to answer the following two questions:

1. How many parameters does each filter have? A) 9, B) 27, C) 96, D) 864

2. How many filters are in the filter bank? A) 3, B) 27, C) 96, D) can’t say

The answers are given in the footnote1.

1.1.2 Strided convolution

Conv layers, as defined above, maintain the spatial resolution of the signal they process.
However, commonly it is sufficient to output a lower resolution. This can be achieved with
strided convolution:

xout[n,m] = b+

N∑

k,l=−N
w[k, l]xin[sn ∗ n− k, sm ∗m− l] / conv (strided) (1.4)

sn and sm are the strides in the vertical and horizontal directions respectively. Commonly
we use the same stride sn = sm = s. A convolution layer with these strides performs a
mapping RM×N → RN/sn×M/sm . In order to make this mapping well defined, we require

11. B, 2. C
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that N or M are divisible by sn and sm respectively; if they are not, we may may pad (or
crop) the input until they are.

Strided convolution looks like this:
Strided conv Dilated conv

(
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stride
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<latexit sha1_base64="gzGUXcdYKz1Wt3bpJ+BPYDje82c=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTtqhkwczN9IS4sZfceNCEbf+hTv/xkmbhbYeGDiccy9zz/ETwRVY1rdRWVldW9+obta2tnd298z9g46KU0lZm8Yilj2fKCZ4xNrAQbBeIhkJfcG6/vim8LsPTCoeR/cwTZgbkmHEA04JaMkzj5yQwMgPsknuZQ6wCQBkPMpzz6xbDWsGvEzsktRRiZZnfjmDmKYhi4AKolTfthJwMyKBU8HympMqlhA6JkPW1zQiIVNuNkuQ41OtDHAQS/0iwDP190ZGQqWmoa8ni3vVoleI/3n9FIIrVwdKUmARnX8UpAJDjIs68IBLRkFMNSFUcn0rpiMiCQVdWk2XYC9GXiad84ZtNey7i3rzuqyjio7RCTpDNrpETXSLWqiNKHpEz+gVvRlPxovxbnzMRytGuXOI/sD4/AE+mpgI</latexit><latexit sha1_base64="h4ruEwJPGpLeACadEaG/Nyvh2Mc=">AAACJnicjVDLSsNAFJ3UV62vqBvBTbAIrkoigi6Lblwq2Ac0IUymk3boZBJmbqQlxK9x4cZfcaGIuPNTnLRZaOvCAwOHc+7lzjlBwpkC2/40KkvLK6tr1fXaxubW9o65u9dWcSoJbZGYx7IbYEU5E7QFDDjtJpLiKOC0E4yuCr9zT6VisbiDSUK9CA8ECxnBoCXfPHAjDMMgzMa5n7lAxwCQMZHnvlm3G/YU1iJxSlJHJf437puvbj8maUQFEI6V6jl2Al6GJTDCaV5zU0UTTEZ4QHuaChxR5WXTmLl1rJW+FcZSPwHWVP25keFIqUkU6MkilJr3CvEvr5dCeOHp1EkKVJDZoTDlFsRW0ZnVZ5IS4BNNMJFM/9UiQywxAd1sTUd35oMukvZpw7Ebzu1ZvXlZdlZFh+gInSAHnaMmukY3qIUIekCP6Bm9GU/Gi/FufMxGK0a5s49+wfj6Bh2sn4E=</latexit><latexit sha1_base64="h4ruEwJPGpLeACadEaG/Nyvh2Mc=">AAACJnicjVDLSsNAFJ3UV62vqBvBTbAIrkoigi6Lblwq2Ac0IUymk3boZBJmbqQlxK9x4cZfcaGIuPNTnLRZaOvCAwOHc+7lzjlBwpkC2/40KkvLK6tr1fXaxubW9o65u9dWcSoJbZGYx7IbYEU5E7QFDDjtJpLiKOC0E4yuCr9zT6VisbiDSUK9CA8ECxnBoCXfPHAjDMMgzMa5n7lAxwCQMZHnvlm3G/YU1iJxSlJHJf437puvbj8maUQFEI6V6jl2Al6GJTDCaV5zU0UTTEZ4QHuaChxR5WXTmLl1rJW+FcZSPwHWVP25keFIqUkU6MkilJr3CvEvr5dCeOHp1EkKVJDZoTDlFsRW0ZnVZ5IS4BNNMJFM/9UiQywxAd1sTUd35oMukvZpw7Ebzu1ZvXlZdlZFh+gInSAHnaMmukY3qIUIekCP6Bm9GU/Gi/FufMxGK0a5s49+wfj6Bh2sn4E=</latexit><latexit sha1_base64="h4ruEwJPGpLeACadEaG/Nyvh2Mc=">AAACJnicjVDLSsNAFJ3UV62vqBvBTbAIrkoigi6Lblwq2Ac0IUymk3boZBJmbqQlxK9x4cZfcaGIuPNTnLRZaOvCAwOHc+7lzjlBwpkC2/40KkvLK6tr1fXaxubW9o65u9dWcSoJbZGYx7IbYEU5E7QFDDjtJpLiKOC0E4yuCr9zT6VisbiDSUK9CA8ECxnBoCXfPHAjDMMgzMa5n7lAxwCQMZHnvlm3G/YU1iJxSlJHJf437puvbj8maUQFEI6V6jl2Al6GJTDCaV5zU0UTTEZ4QHuaChxR5WXTmLl1rJW+FcZSPwHWVP25keFIqUkU6MkilJr3CvEvr5dCeOHp1EkKVJDZoTDlFsRW0ZnVZ5IS4BNNMJFM/9UiQywxAd1sTUd35oMukvZpw7Ebzu1ZvXlZdlZFh+gInSAHnaMmukY3qIUIekCP6Bm9GU/Gi/FufMxGK0a5s49+wfj6Bh2sn4E=</latexit>

w
<latexit sha1_base64="wavAD1mpX/hx/DZbjadKJrE0lpA=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X5QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/7tJEb</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit>

w
<latexit sha1_base64="wavAD1mpX/hx/DZbjadKJrE0lpA=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X5QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/7tJEb</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit>

w
<latexit sha1_base64="wavAD1mpX/hx/DZbjadKJrE0lpA=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X5QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/7tJEb</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit>

w
<latexit sha1_base64="wavAD1mpX/hx/DZbjadKJrE0lpA=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X5QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/7tJEb</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit>

filter

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="R6/GK6p9gSBj3AcBdkUxEZxRatg=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaCMEbSwNmAckS5id3E2GzM4uM7NCWPIFFjb+io2Irb2df+Mk2UITCw8MHM45lzv3BIng2rjul1NYWV1b3yhulra2d3b3yvsHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wGV5rG8N+ME/YgOJA85o8ZK9ateueJW3RnIMvFyUoEc/4v3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2bXTMiJVfokjJV90pCZ+nMio5HW4yiwyYiaoV70puJfXic14aWfcZmkBiWbLwpTQUxMptWQPlfIjBhbQpni9q+EDamizNgCS/Z0b/HQZdI8q3pu1aufV2rXeWdFOIJjOAUPLqAGt3AHDWCA8AjP8Oo8OS/Om/M+jxacfOYQfsH5+AbrA5Q6</latexit><latexit sha1_base64="R6/GK6p9gSBj3AcBdkUxEZxRatg=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaCMEbSwNmAckS5id3E2GzM4uM7NCWPIFFjb+io2Irb2df+Mk2UITCw8MHM45lzv3BIng2rjul1NYWV1b3yhulra2d3b3yvsHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wGV5rG8N+ME/YgOJA85o8ZK9ateueJW3RnIMvFyUoEc/4v3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2bXTMiJVfokjJV90pCZ+nMio5HW4yiwyYiaoV70puJfXic14aWfcZmkBiWbLwpTQUxMptWQPlfIjBhbQpni9q+EDamizNgCS/Z0b/HQZdI8q3pu1aufV2rXeWdFOIJjOAUPLqAGt3AHDWCA8AjP8Oo8OS/Om/M+jxacfOYQfsH5+AbrA5Q6</latexit><latexit sha1_base64="R6/GK6p9gSBj3AcBdkUxEZxRatg=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaCMEbSwNmAckS5id3E2GzM4uM7NCWPIFFjb+io2Irb2df+Mk2UITCw8MHM45lzv3BIng2rjul1NYWV1b3yhulra2d3b3yvsHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wGV5rG8N+ME/YgOJA85o8ZK9ateueJW3RnIMvFyUoEc/4v3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2bXTMiJVfokjJV90pCZ+nMio5HW4yiwyYiaoV70puJfXic14aWfcZmkBiWbLwpTQUxMptWQPlfIjBhbQpni9q+EDamizNgCS/Z0b/HQZdI8q3pu1aufV2rXeWdFOIJjOAUPLqAGt3AHDWCA8AjP8Oo8OS/Om/M+jxacfOYQfsH5+AbrA5Q6</latexit>�<latexit sha1_base64="fH73cHT4HCVJzfHjQsTQGwq5/lM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS32dCs0G15tbdBcg68QpSgwKtQfWrP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHuWKhpzE+SLY2fkwipDEiXalkKyUH9P5DQ2ZhqHtjOmODar3lz8z+tlGN0EuVBphlyx5aIokwQTMv+cDIXmDOXUEsq0sLcSNqaaMrT5VGwI3urL66R9VffcuvdwXWveFnGU4QzO4RI8aEAT7qEFPjAQ8Ayv8OYo58V5dz6WrSWnmDmFP3A+fwDLc46p</latexit><latexit sha1_base64="kDlvo4p6+I6cOYwsTZhN4vzjpJI=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxlLBSwLJEfZe9pIle3vH7p4QjvwGCxv/io2IrZ2d/8ZNcoUmFg4sDDPzePsmTAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6iRTyHxMRKLaIdVMcMl8w41g7VQxGoeCtcLR9dRvPTCleSLvzThlQUwHkkccqbGS30WusFetuXV3BrJMvILUoMD/4r3qZ7efYBYzaVBQrTuem5ogp8pwFGxS6WaapRRHdMA6lkoaMx3ks4sm5MQqfRIlyj5pyEz9OZHTWOtxHNpkTM1QL3pT8S+vk5noMsi5TDPDJM4XRZkgJiHTekifK4ZGjC2hqLj9K8EhVRSNLbFiT/cWD10mzbO659a9u/Na46rorAxHcAyn4MEFNOAGbsEHBA6P8AyvzpPz4rw57/NoySlmDuEXnI9vawyWIg==</latexit><latexit sha1_base64="kDlvo4p6+I6cOYwsTZhN4vzjpJI=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxlLBSwLJEfZe9pIle3vH7p4QjvwGCxv/io2IrZ2d/8ZNcoUmFg4sDDPzePsmTAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6iRTyHxMRKLaIdVMcMl8w41g7VQxGoeCtcLR9dRvPTCleSLvzThlQUwHkkccqbGS30WusFetuXV3BrJMvILUoMD/4r3qZ7efYBYzaVBQrTuem5ogp8pwFGxS6WaapRRHdMA6lkoaMx3ks4sm5MQqfRIlyj5pyEz9OZHTWOtxHNpkTM1QL3pT8S+vk5noMsi5TDPDJM4XRZkgJiHTekifK4ZGjC2hqLj9K8EhVRSNLbFiT/cWD10mzbO659a9u/Na46rorAxHcAyn4MEFNOAGbsEHBA6P8AyvzpPz4rw57/NoySlmDuEXnI9vawyWIg==</latexit><latexit sha1_base64="kDlvo4p6+I6cOYwsTZhN4vzjpJI=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxlLBSwLJEfZe9pIle3vH7p4QjvwGCxv/io2IrZ2d/8ZNcoUmFg4sDDPzePsmTAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6iRTyHxMRKLaIdVMcMl8w41g7VQxGoeCtcLR9dRvPTCleSLvzThlQUwHkkccqbGS30WusFetuXV3BrJMvILUoMD/4r3qZ7efYBYzaVBQrTuem5ogp8pwFGxS6WaapRRHdMA6lkoaMx3ks4sm5MQqfRIlyj5pyEz9OZHTWOtxHNpkTM1QL3pT8S+vk5noMsi5TDPDJM4XRZkgJiHTekifK4ZGjC2hqLj9K8EhVRSNLbFiT/cWD10mzbO659a9u/Na46rorAxHcAyn4MEFNOAGbsEHBA6P8AyvzpPz4rw57/NoySlmDuEXnI9vawyWIg==</latexit>

(

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

dilation

…

… …

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="R6/GK6p9gSBj3AcBdkUxEZxRatg=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaCMEbSwNmAckS5id3E2GzM4uM7NCWPIFFjb+io2Irb2df+Mk2UITCw8MHM45lzv3BIng2rjul1NYWV1b3yhulra2d3b3yvsHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wGV5rG8N+ME/YgOJA85o8ZK9ateueJW3RnIMvFyUoEc/4v3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2bXTMiJVfokjJV90pCZ+nMio5HW4yiwyYiaoV70puJfXic14aWfcZmkBiWbLwpTQUxMptWQPlfIjBhbQpni9q+EDamizNgCS/Z0b/HQZdI8q3pu1aufV2rXeWdFOIJjOAUPLqAGt3AHDWCA8AjP8Oo8OS/Om/M+jxacfOYQfsH5+AbrA5Q6</latexit><latexit sha1_base64="R6/GK6p9gSBj3AcBdkUxEZxRatg=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaCMEbSwNmAckS5id3E2GzM4uM7NCWPIFFjb+io2Irb2df+Mk2UITCw8MHM45lzv3BIng2rjul1NYWV1b3yhulra2d3b3yvsHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wGV5rG8N+ME/YgOJA85o8ZK9ateueJW3RnIMvFyUoEc/4v3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2bXTMiJVfokjJV90pCZ+nMio5HW4yiwyYiaoV70puJfXic14aWfcZmkBiWbLwpTQUxMptWQPlfIjBhbQpni9q+EDamizNgCS/Z0b/HQZdI8q3pu1aufV2rXeWdFOIJjOAUPLqAGt3AHDWCA8AjP8Oo8OS/Om/M+jxacfOYQfsH5+AbrA5Q6</latexit><latexit sha1_base64="R6/GK6p9gSBj3AcBdkUxEZxRatg=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaCMEbSwNmAckS5id3E2GzM4uM7NCWPIFFjb+io2Irb2df+Mk2UITCw8MHM45lzv3BIng2rjul1NYWV1b3yhulra2d3b3yvsHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wGV5rG8N+ME/YgOJA85o8ZK9ateueJW3RnIMvFyUoEc/4v3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2bXTMiJVfokjJV90pCZ+nMio5HW4yiwyYiaoV70puJfXic14aWfcZmkBiWbLwpTQUxMptWQPlfIjBhbQpni9q+EDamizNgCS/Z0b/HQZdI8q3pu1aufV2rXeWdFOIJjOAUPLqAGt3AHDWCA8AjP8Oo8OS/Om/M+jxacfOYQfsH5+AbrA5Q6</latexit>

�<latexit sha1_base64="fH73cHT4HCVJzfHjQsTQGwq5/lM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS32dCs0G15tbdBcg68QpSgwKtQfWrP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHuWKhpzE+SLY2fkwipDEiXalkKyUH9P5DQ2ZhqHtjOmODar3lz8z+tlGN0EuVBphlyx5aIokwQTMv+cDIXmDOXUEsq0sLcSNqaaMrT5VGwI3urL66R9VffcuvdwXWveFnGU4QzO4RI8aEAT7qEFPjAQ8Ayv8OYo58V5dz6WrSWnmDmFP3A+fwDLc46p</latexit><latexit sha1_base64="kDlvo4p6+I6cOYwsTZhN4vzjpJI=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxlLBSwLJEfZe9pIle3vH7p4QjvwGCxv/io2IrZ2d/8ZNcoUmFg4sDDPzePsmTAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6iRTyHxMRKLaIdVMcMl8w41g7VQxGoeCtcLR9dRvPTCleSLvzThlQUwHkkccqbGS30WusFetuXV3BrJMvILUoMD/4r3qZ7efYBYzaVBQrTuem5ogp8pwFGxS6WaapRRHdMA6lkoaMx3ks4sm5MQqfRIlyj5pyEz9OZHTWOtxHNpkTM1QL3pT8S+vk5noMsi5TDPDJM4XRZkgJiHTekifK4ZGjC2hqLj9K8EhVRSNLbFiT/cWD10mzbO659a9u/Na46rorAxHcAyn4MEFNOAGbsEHBA6P8AyvzpPz4rw57/NoySlmDuEXnI9vawyWIg==</latexit><latexit sha1_base64="kDlvo4p6+I6cOYwsTZhN4vzjpJI=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxlLBSwLJEfZe9pIle3vH7p4QjvwGCxv/io2IrZ2d/8ZNcoUmFg4sDDPzePsmTAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6iRTyHxMRKLaIdVMcMl8w41g7VQxGoeCtcLR9dRvPTCleSLvzThlQUwHkkccqbGS30WusFetuXV3BrJMvILUoMD/4r3qZ7efYBYzaVBQrTuem5ogp8pwFGxS6WaapRRHdMA6lkoaMx3ks4sm5MQqfRIlyj5pyEz9OZHTWOtxHNpkTM1QL3pT8S+vk5noMsi5TDPDJM4XRZkgJiHTekifK4ZGjC2hqLj9K8EhVRSNLbFiT/cWD10mzbO659a9u/Na46rorAxHcAyn4MEFNOAGbsEHBA6P8AyvzpPz4rw57/NoySlmDuEXnI9vawyWIg==</latexit><latexit sha1_base64="kDlvo4p6+I6cOYwsTZhN4vzjpJI=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxlLBSwLJEfZe9pIle3vH7p4QjvwGCxv/io2IrZ2d/8ZNcoUmFg4sDDPzePsmTAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6iRTyHxMRKLaIdVMcMl8w41g7VQxGoeCtcLR9dRvPTCleSLvzThlQUwHkkccqbGS30WusFetuXV3BrJMvILUoMD/4r3qZ7efYBYzaVBQrTuem5ogp8pwFGxS6WaapRRHdMA6lkoaMx3ks4sm5MQqfRIlyj5pyEz9OZHTWOtxHNpkTM1QL3pT8S+vk5noMsi5TDPDJM4XRZkgJiHTekifK4ZGjC2hqLj9K8EhVRSNLbFiT/cWD10mzbO659a9u/Na46rorAxHcAyn4MEFNOAGbsEHBA6P8AyvzpPz4rw57/NoySlmDuEXnI9vawyWIg==</latexit>

xout
<latexit sha1_base64="iN4BTwgyN6wZ+l3FhF/iIWGXaoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0IUymk3bo5MHMjbSE4MZfceNCEbd+hTv/xkmbhbYeuHA4517uvcdPBFdgWd9GZWV1bX2julnb2t7Z3TP3DzoqTiVlbRqLWPZ8opjgEWsDB8F6iWQk9AXr+uObwu8+MKl4HN3DNGFuSIYRDzgloCXPPHJCAiM/yCa5lznAJgCQxSnkuWfWrYY1A14mdknqqETLM7+cQUzTkEVABVGqb1sJuBmRwKlgec1JFUsIHZMh62sakZApN5u9kONTrQxwEEtdEeCZ+nsiI6FS09DXncXBatErxP+8fgrBlZvxKEmBRXS+KEgFhhgXeeABl4yCmGpCqOT6VkxHRBIKOrWaDsFefHmZdM4bttWw7y7qzesyjio6RifoDNnoEjXRLWqhNqLoET2jV/RmPBkvxrvxMW+tGOXMIfoD4/MHMeaYkw==</latexit><latexit sha1_base64="2b/fUojYGfABbYLmOGDe8KvQdbk=">AAACJ3icjVDLSsNAFJ3UV62vqCtxEyyCq5KIoMuiG5cK9gFNCJPppB06mYSZG2kJwa9x4cZfEUREl/6JkzYLbV14YOBwzr3cOSdIOFNg259GZWl5ZXWtul7b2Nza3jF399oqTiWhLRLzWHYDrChngraAAafdRFIcBZx2gtFV4XfuqVQsFncwSagX4YFgISMYtOSbB26EYRiE2Tj3MxfoGACyOIU898263bCnsBaJU5I6KvG/cd98dfsxSSMqgHCsVM+xE/AyLIERTvOamyqaYDLCA9rTVOCIKi+b5sytY630rTCW+gmwpurPjQxHSk2iQE8WqdS8V4h/eb0UwgsvYyJJgQoyOxSm3ILYKkqz+kxSAnyiCSaS6b9aZIglJqCrrenoznzQRdI+bTh2w7k9qzcvy86q6BAdoRPkoHPURNfoBrUQQQ/oET2jN+PJeDHejY/ZaMUod/bRLxhf3yPCoAw=</latexit><latexit sha1_base64="2b/fUojYGfABbYLmOGDe8KvQdbk=">AAACJ3icjVDLSsNAFJ3UV62vqCtxEyyCq5KIoMuiG5cK9gFNCJPppB06mYSZG2kJwa9x4cZfEUREl/6JkzYLbV14YOBwzr3cOSdIOFNg259GZWl5ZXWtul7b2Nza3jF399oqTiWhLRLzWHYDrChngraAAafdRFIcBZx2gtFV4XfuqVQsFncwSagX4YFgISMYtOSbB26EYRiE2Tj3MxfoGACyOIU898263bCnsBaJU5I6KvG/cd98dfsxSSMqgHCsVM+xE/AyLIERTvOamyqaYDLCA9rTVOCIKi+b5sytY630rTCW+gmwpurPjQxHSk2iQE8WqdS8V4h/eb0UwgsvYyJJgQoyOxSm3ILYKkqz+kxSAnyiCSaS6b9aZIglJqCrrenoznzQRdI+bTh2w7k9qzcvy86q6BAdoRPkoHPURNfoBrUQQQ/oET2jN+PJeDHejY/ZaMUod/bRLxhf3yPCoAw=</latexit><latexit sha1_base64="2b/fUojYGfABbYLmOGDe8KvQdbk=">AAACJ3icjVDLSsNAFJ3UV62vqCtxEyyCq5KIoMuiG5cK9gFNCJPppB06mYSZG2kJwa9x4cZfEUREl/6JkzYLbV14YOBwzr3cOSdIOFNg259GZWl5ZXWtul7b2Nza3jF399oqTiWhLRLzWHYDrChngraAAafdRFIcBZx2gtFV4XfuqVQsFncwSagX4YFgISMYtOSbB26EYRiE2Tj3MxfoGACyOIU898263bCnsBaJU5I6KvG/cd98dfsxSSMqgHCsVM+xE/AyLIERTvOamyqaYDLCA9rTVOCIKi+b5sytY630rTCW+gmwpurPjQxHSk2iQE8WqdS8V4h/eb0UwgsvYyJJgQoyOxSm3ILYKkqz+kxSAnyiCSaS6b9aZIglJqCrrenoznzQRdI+bTh2w7k9qzcvy86q6BAdoRPkoHPURNfoBrUQQQ/oET2jN+PJeDHejY/ZaMUod/bRLxhf3yPCoAw=</latexit>

xout
<latexit sha1_base64="iN4BTwgyN6wZ+l3FhF/iIWGXaoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0IUymk3bo5MHMjbSE4MZfceNCEbd+hTv/xkmbhbYeuHA4517uvcdPBFdgWd9GZWV1bX2julnb2t7Z3TP3DzoqTiVlbRqLWPZ8opjgEWsDB8F6iWQk9AXr+uObwu8+MKl4HN3DNGFuSIYRDzgloCXPPHJCAiM/yCa5lznAJgCQxSnkuWfWrYY1A14mdknqqETLM7+cQUzTkEVABVGqb1sJuBmRwKlgec1JFUsIHZMh62sakZApN5u9kONTrQxwEEtdEeCZ+nsiI6FS09DXncXBatErxP+8fgrBlZvxKEmBRXS+KEgFhhgXeeABl4yCmGpCqOT6VkxHRBIKOrWaDsFefHmZdM4bttWw7y7qzesyjio6RifoDNnoEjXRLWqhNqLoET2jV/RmPBkvxrvxMW+tGOXMIfoD4/MHMeaYkw==</latexit><latexit sha1_base64="2b/fUojYGfABbYLmOGDe8KvQdbk=">AAACJ3icjVDLSsNAFJ3UV62vqCtxEyyCq5KIoMuiG5cK9gFNCJPppB06mYSZG2kJwa9x4cZfEUREl/6JkzYLbV14YOBwzr3cOSdIOFNg259GZWl5ZXWtul7b2Nza3jF399oqTiWhLRLzWHYDrChngraAAafdRFIcBZx2gtFV4XfuqVQsFncwSagX4YFgISMYtOSbB26EYRiE2Tj3MxfoGACyOIU898263bCnsBaJU5I6KvG/cd98dfsxSSMqgHCsVM+xE/AyLIERTvOamyqaYDLCA9rTVOCIKi+b5sytY630rTCW+gmwpurPjQxHSk2iQE8WqdS8V4h/eb0UwgsvYyJJgQoyOxSm3ILYKkqz+kxSAnyiCSaS6b9aZIglJqCrrenoznzQRdI+bTh2w7k9qzcvy86q6BAdoRPkoHPURNfoBrUQQQ/oET2jN+PJeDHejY/ZaMUod/bRLxhf3yPCoAw=</latexit><latexit sha1_base64="2b/fUojYGfABbYLmOGDe8KvQdbk=">AAACJ3icjVDLSsNAFJ3UV62vqCtxEyyCq5KIoMuiG5cK9gFNCJPppB06mYSZG2kJwa9x4cZfEUREl/6JkzYLbV14YOBwzr3cOSdIOFNg259GZWl5ZXWtul7b2Nza3jF399oqTiWhLRLzWHYDrChngraAAafdRFIcBZx2gtFV4XfuqVQsFncwSagX4YFgISMYtOSbB26EYRiE2Tj3MxfoGACyOIU898263bCnsBaJU5I6KvG/cd98dfsxSSMqgHCsVM+xE/AyLIERTvOamyqaYDLCA9rTVOCIKi+b5sytY630rTCW+gmwpurPjQxHSk2iQE8WqdS8V4h/eb0UwgsvYyJJgQoyOxSm3ILYKkqz+kxSAnyiCSaS6b9aZIglJqCrrenoznzQRdI+bTh2w7k9qzcvy86q6BAdoRPkoHPURNfoBrUQQQ/oET2jN+PJeDHejY/ZaMUod/bRLxhf3yPCoAw=</latexit><latexit sha1_base64="2b/fUojYGfABbYLmOGDe8KvQdbk=">AAACJ3icjVDLSsNAFJ3UV62vqCtxEyyCq5KIoMuiG5cK9gFNCJPppB06mYSZG2kJwa9x4cZfEUREl/6JkzYLbV14YOBwzr3cOSdIOFNg259GZWl5ZXWtul7b2Nza3jF399oqTiWhLRLzWHYDrChngraAAafdRFIcBZx2gtFV4XfuqVQsFncwSagX4YFgISMYtOSbB26EYRiE2Tj3MxfoGACyOIU898263bCnsBaJU5I6KvG/cd98dfsxSSMqgHCsVM+xE/AyLIERTvOamyqaYDLCA9rTVOCIKi+b5sytY630rTCW+gmwpurPjQxHSk2iQE8WqdS8V4h/eb0UwgsvYyJJgQoyOxSm3ILYKkqz+kxSAnyiCSaS6b9aZIglJqCrrenoznzQRdI+bTh2w7k9qzcvy86q6BAdoRPkoHPURNfoBrUQQQ/oET2jN+PJeDHejY/ZaMUod/bRLxhf3yPCoAw=</latexit>

filter

w
<latexit sha1_base64="wavAD1mpX/hx/DZbjadKJrE0lpA=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X5QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/7tJEb</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit>

xin
<latexit sha1_base64="gzGUXcdYKz1Wt3bpJ+BPYDje82c=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTtqhkwczN9IS4sZfceNCEbf+hTv/xkmbhbYeGDiccy9zz/ETwRVY1rdRWVldW9+obta2tnd298z9g46KU0lZm8Yilj2fKCZ4xNrAQbBeIhkJfcG6/vim8LsPTCoeR/cwTZgbkmHEA04JaMkzj5yQwMgPsknuZQ6wCQBkPMpzz6xbDWsGvEzsktRRiZZnfjmDmKYhi4AKolTfthJwMyKBU8HympMqlhA6JkPW1zQiIVNuNkuQ41OtDHAQS/0iwDP190ZGQqWmoa8ni3vVoleI/3n9FIIrVwdKUmARnX8UpAJDjIs68IBLRkFMNSFUcn0rpiMiCQVdWk2XYC9GXiad84ZtNey7i3rzuqyjio7RCTpDNrpETXSLWqiNKHpEz+gVvRlPxovxbnzMRytGuXOI/sD4/AE+mpgI</latexit><latexit sha1_base64="h4ruEwJPGpLeACadEaG/Nyvh2Mc=">AAACJnicjVDLSsNAFJ3UV62vqBvBTbAIrkoigi6Lblwq2Ac0IUymk3boZBJmbqQlxK9x4cZfcaGIuPNTnLRZaOvCAwOHc+7lzjlBwpkC2/40KkvLK6tr1fXaxubW9o65u9dWcSoJbZGYx7IbYEU5E7QFDDjtJpLiKOC0E4yuCr9zT6VisbiDSUK9CA8ECxnBoCXfPHAjDMMgzMa5n7lAxwCQMZHnvlm3G/YU1iJxSlJHJf437puvbj8maUQFEI6V6jl2Al6GJTDCaV5zU0UTTEZ4QHuaChxR5WXTmLl1rJW+FcZSPwHWVP25keFIqUkU6MkilJr3CvEvr5dCeOHp1EkKVJDZoTDlFsRW0ZnVZ5IS4BNNMJFM/9UiQywxAd1sTUd35oMukvZpw7Ebzu1ZvXlZdlZFh+gInSAHnaMmukY3qIUIekCP6Bm9GU/Gi/FufMxGK0a5s49+wfj6Bh2sn4E=</latexit><latexit sha1_base64="h4ruEwJPGpLeACadEaG/Nyvh2Mc=">AAACJnicjVDLSsNAFJ3UV62vqBvBTbAIrkoigi6Lblwq2Ac0IUymk3boZBJmbqQlxK9x4cZfcaGIuPNTnLRZaOvCAwOHc+7lzjlBwpkC2/40KkvLK6tr1fXaxubW9o65u9dWcSoJbZGYx7IbYEU5E7QFDDjtJpLiKOC0E4yuCr9zT6VisbiDSUK9CA8ECxnBoCXfPHAjDMMgzMa5n7lAxwCQMZHnvlm3G/YU1iJxSlJHJf437puvbj8maUQFEI6V6jl2Al6GJTDCaV5zU0UTTEZ4QHuaChxR5WXTmLl1rJW+FcZSPwHWVP25keFIqUkU6MkilJr3CvEvr5dCeOHp1EkKVJDZoTDlFsRW0ZnVZ5IS4BNNMJFM/9UiQywxAd1sTUd35oMukvZpw7Ebzu1ZvXlZdlZFh+gInSAHnaMmukY3qIUIekCP6Bm9GU/Gi/FufMxGK0a5s49+wfj6Bh2sn4E=</latexit><latexit sha1_base64="h4ruEwJPGpLeACadEaG/Nyvh2Mc=">AAACJnicjVDLSsNAFJ3UV62vqBvBTbAIrkoigi6Lblwq2Ac0IUymk3boZBJmbqQlxK9x4cZfcaGIuPNTnLRZaOvCAwOHc+7lzjlBwpkC2/40KkvLK6tr1fXaxubW9o65u9dWcSoJbZGYx7IbYEU5E7QFDDjtJpLiKOC0E4yuCr9zT6VisbiDSUK9CA8ECxnBoCXfPHAjDMMgzMa5n7lAxwCQMZHnvlm3G/YU1iJxSlJHJf437puvbj8maUQFEI6V6jl2Al6GJTDCaV5zU0UTTEZ4QHuaChxR5WXTmLl1rJW+FcZSPwHWVP25keFIqUkU6MkilJr3CvEvr5dCeOHp1EkKVJDZoTDlFsRW0ZnVZ5IS4BNNMJFM/9UiQywxAd1sTUd35oMukvZpw7Ebzu1ZvXlZdlZFh+gInSAHnaMmukY3qIUIekCP6Bm9GU/Gi/FufMxGK0a5s49+wfj6Bh2sn4E=</latexit>

w
<latexit sha1_base64="wavAD1mpX/hx/DZbjadKJrE0lpA=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X5QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/7tJEb</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit>

Strided convolutions can significantly reduce the computational cost and memory require-
ments when a neural network is large. However, strided convolution can decrease the quality
of the convolution. Let’s look at one concrete example where the kernel is the 2D Laplacian:

w =




0 −1 0
−1 4 −1
0 −1 0


 (1.5)

As we saw in Chapter XX, this filter detects boundaries on images. The next images show
the input image, and the result of the strided convolution with the Laplacian kernel with
strides 1, 2 and 4. The second row shows the magnitude of the discrete Fourier Transforms
(DFT).

input stride 1 stride 2 stride 4

The result with stride 1 looks fine and it is the output we would expect. However stride
2 starts showing some artifacts in the boundaries and stride 4 shows very severe artifacts,
with some boundaries disapearing. The DFTs make the artifacts more obvious. In the stride
2 result we can see severe aliasing artifacts that introduce new lines in the Fourier domain
that are not present in the DFT of the input image.

One can argue that these artifacts might not be important when the kernel is being
learned. Indeed, the learning could search for kernels that minimize the artifacts due to
aliasing as those probably increase the loss. Also, as each layer is composed of many channels,
the set of learned kernels could learn to compensate for the aliasing produced by other
channels. However, this reduces the space of useful kernels. However, the learning might not
succeed in removing all the artifacts.



1.1. CONVOLUTION LAYERS 5

1.1.3 Dilated convolution

Dilated convolution is similar to strided convolution but spaces out the filter itself rather
than spacing out where the filter is applied to the image:

xout[n,m] = b+

N∑

k,l=−N
w[k, l]xin[n− dk ∗ k,m− dl ∗ l] / conv (dilated) (1.6)

Visually it looks like this:Strided conv Dilated conv

(

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

stride

…

…

…

xin
<latexit sha1_base64="gzGUXcdYKz1Wt3bpJ+BPYDje82c=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTtqhkwczN9IS4sZfceNCEbf+hTv/xkmbhbYeGDiccy9zz/ETwRVY1rdRWVldW9+obta2tnd298z9g46KU0lZm8Yilj2fKCZ4xNrAQbBeIhkJfcG6/vim8LsPTCoeR/cwTZgbkmHEA04JaMkzj5yQwMgPsknuZQ6wCQBkPMpzz6xbDWsGvEzsktRRiZZnfjmDmKYhi4AKolTfthJwMyKBU8HympMqlhA6JkPW1zQiIVNuNkuQ41OtDHAQS/0iwDP190ZGQqWmoa8ni3vVoleI/3n9FIIrVwdKUmARnX8UpAJDjIs68IBLRkFMNSFUcn0rpiMiCQVdWk2XYC9GXiad84ZtNey7i3rzuqyjio7RCTpDNrpETXSLWqiNKHpEz+gVvRlPxovxbnzMRytGuXOI/sD4/AE+mpgI</latexit><latexit sha1_base64="h4ruEwJPGpLeACadEaG/Nyvh2Mc=">AAACJnicjVDLSsNAFJ3UV62vqBvBTbAIrkoigi6Lblwq2Ac0IUymk3boZBJmbqQlxK9x4cZfcaGIuPNTnLRZaOvCAwOHc+7lzjlBwpkC2/40KkvLK6tr1fXaxubW9o65u9dWcSoJbZGYx7IbYEU5E7QFDDjtJpLiKOC0E4yuCr9zT6VisbiDSUK9CA8ECxnBoCXfPHAjDMMgzMa5n7lAxwCQMZHnvlm3G/YU1iJxSlJHJf437puvbj8maUQFEI6V6jl2Al6GJTDCaV5zU0UTTEZ4QHuaChxR5WXTmLl1rJW+FcZSPwHWVP25keFIqUkU6MkilJr3CvEvr5dCeOHp1EkKVJDZoTDlFsRW0ZnVZ5IS4BNNMJFM/9UiQywxAd1sTUd35oMukvZpw7Ebzu1ZvXlZdlZFh+gInSAHnaMmukY3qIUIekCP6Bm9GU/Gi/FufMxGK0a5s49+wfj6Bh2sn4E=</latexit><latexit sha1_base64="h4ruEwJPGpLeACadEaG/Nyvh2Mc=">AAACJnicjVDLSsNAFJ3UV62vqBvBTbAIrkoigi6Lblwq2Ac0IUymk3boZBJmbqQlxK9x4cZfcaGIuPNTnLRZaOvCAwOHc+7lzjlBwpkC2/40KkvLK6tr1fXaxubW9o65u9dWcSoJbZGYx7IbYEU5E7QFDDjtJpLiKOC0E4yuCr9zT6VisbiDSUK9CA8ECxnBoCXfPHAjDMMgzMa5n7lAxwCQMZHnvlm3G/YU1iJxSlJHJf437puvbj8maUQFEI6V6jl2Al6GJTDCaV5zU0UTTEZ4QHuaChxR5WXTmLl1rJW+FcZSPwHWVP25keFIqUkU6MkilJr3CvEvr5dCeOHp1EkKVJDZoTDlFsRW0ZnVZ5IS4BNNMJFM/9UiQywxAd1sTUd35oMukvZpw7Ebzu1ZvXlZdlZFh+gInSAHnaMmukY3qIUIekCP6Bm9GU/Gi/FufMxGK0a5s49+wfj6Bh2sn4E=</latexit><latexit sha1_base64="h4ruEwJPGpLeACadEaG/Nyvh2Mc=">AAACJnicjVDLSsNAFJ3UV62vqBvBTbAIrkoigi6Lblwq2Ac0IUymk3boZBJmbqQlxK9x4cZfcaGIuPNTnLRZaOvCAwOHc+7lzjlBwpkC2/40KkvLK6tr1fXaxubW9o65u9dWcSoJbZGYx7IbYEU5E7QFDDjtJpLiKOC0E4yuCr9zT6VisbiDSUK9CA8ECxnBoCXfPHAjDMMgzMa5n7lAxwCQMZHnvlm3G/YU1iJxSlJHJf437puvbj8maUQFEI6V6jl2Al6GJTDCaV5zU0UTTEZ4QHuaChxR5WXTmLl1rJW+FcZSPwHWVP25keFIqUkU6MkilJr3CvEvr5dCeOHp1EkKVJDZoTDlFsRW0ZnVZ5IS4BNNMJFM/9UiQywxAd1sTUd35oMukvZpw7Ebzu1ZvXlZdlZFh+gInSAHnaMmukY3qIUIekCP6Bm9GU/Gi/FufMxGK0a5s49+wfj6Bh2sn4E=</latexit>

w
<latexit sha1_base64="wavAD1mpX/hx/DZbjadKJrE0lpA=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X5QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/7tJEb</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit>

w
<latexit sha1_base64="wavAD1mpX/hx/DZbjadKJrE0lpA=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X5QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/7tJEb</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit>

w
<latexit sha1_base64="wavAD1mpX/hx/DZbjadKJrE0lpA=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X5QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/7tJEb</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit>

w
<latexit sha1_base64="wavAD1mpX/hx/DZbjadKJrE0lpA=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X5QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/7tJEb</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit>

filter

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="R6/GK6p9gSBj3AcBdkUxEZxRatg=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaCMEbSwNmAckS5id3E2GzM4uM7NCWPIFFjb+io2Irb2df+Mk2UITCw8MHM45lzv3BIng2rjul1NYWV1b3yhulra2d3b3yvsHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wGV5rG8N+ME/YgOJA85o8ZK9ateueJW3RnIMvFyUoEc/4v3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2bXTMiJVfokjJV90pCZ+nMio5HW4yiwyYiaoV70puJfXic14aWfcZmkBiWbLwpTQUxMptWQPlfIjBhbQpni9q+EDamizNgCS/Z0b/HQZdI8q3pu1aufV2rXeWdFOIJjOAUPLqAGt3AHDWCA8AjP8Oo8OS/Om/M+jxacfOYQfsH5+AbrA5Q6</latexit><latexit sha1_base64="R6/GK6p9gSBj3AcBdkUxEZxRatg=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaCMEbSwNmAckS5id3E2GzM4uM7NCWPIFFjb+io2Irb2df+Mk2UITCw8MHM45lzv3BIng2rjul1NYWV1b3yhulra2d3b3yvsHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wGV5rG8N+ME/YgOJA85o8ZK9ateueJW3RnIMvFyUoEc/4v3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2bXTMiJVfokjJV90pCZ+nMio5HW4yiwyYiaoV70puJfXic14aWfcZmkBiWbLwpTQUxMptWQPlfIjBhbQpni9q+EDamizNgCS/Z0b/HQZdI8q3pu1aufV2rXeWdFOIJjOAUPLqAGt3AHDWCA8AjP8Oo8OS/Om/M+jxacfOYQfsH5+AbrA5Q6</latexit><latexit sha1_base64="R6/GK6p9gSBj3AcBdkUxEZxRatg=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaCMEbSwNmAckS5id3E2GzM4uM7NCWPIFFjb+io2Irb2df+Mk2UITCw8MHM45lzv3BIng2rjul1NYWV1b3yhulra2d3b3yvsHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wGV5rG8N+ME/YgOJA85o8ZK9ateueJW3RnIMvFyUoEc/4v3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2bXTMiJVfokjJV90pCZ+nMio5HW4yiwyYiaoV70puJfXic14aWfcZmkBiWbLwpTQUxMptWQPlfIjBhbQpni9q+EDamizNgCS/Z0b/HQZdI8q3pu1aufV2rXeWdFOIJjOAUPLqAGt3AHDWCA8AjP8Oo8OS/Om/M+jxacfOYQfsH5+AbrA5Q6</latexit>�<latexit sha1_base64="fH73cHT4HCVJzfHjQsTQGwq5/lM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS32dCs0G15tbdBcg68QpSgwKtQfWrP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHuWKhpzE+SLY2fkwipDEiXalkKyUH9P5DQ2ZhqHtjOmODar3lz8z+tlGN0EuVBphlyx5aIokwQTMv+cDIXmDOXUEsq0sLcSNqaaMrT5VGwI3urL66R9VffcuvdwXWveFnGU4QzO4RI8aEAT7qEFPjAQ8Ayv8OYo58V5dz6WrSWnmDmFP3A+fwDLc46p</latexit><latexit sha1_base64="kDlvo4p6+I6cOYwsTZhN4vzjpJI=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxlLBSwLJEfZe9pIle3vH7p4QjvwGCxv/io2IrZ2d/8ZNcoUmFg4sDDPzePsmTAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6iRTyHxMRKLaIdVMcMl8w41g7VQxGoeCtcLR9dRvPTCleSLvzThlQUwHkkccqbGS30WusFetuXV3BrJMvILUoMD/4r3qZ7efYBYzaVBQrTuem5ogp8pwFGxS6WaapRRHdMA6lkoaMx3ks4sm5MQqfRIlyj5pyEz9OZHTWOtxHNpkTM1QL3pT8S+vk5noMsi5TDPDJM4XRZkgJiHTekifK4ZGjC2hqLj9K8EhVRSNLbFiT/cWD10mzbO659a9u/Na46rorAxHcAyn4MEFNOAGbsEHBA6P8AyvzpPz4rw57/NoySlmDuEXnI9vawyWIg==</latexit><latexit sha1_base64="kDlvo4p6+I6cOYwsTZhN4vzjpJI=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxlLBSwLJEfZe9pIle3vH7p4QjvwGCxv/io2IrZ2d/8ZNcoUmFg4sDDPzePsmTAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6iRTyHxMRKLaIdVMcMl8w41g7VQxGoeCtcLR9dRvPTCleSLvzThlQUwHkkccqbGS30WusFetuXV3BrJMvILUoMD/4r3qZ7efYBYzaVBQrTuem5ogp8pwFGxS6WaapRRHdMA6lkoaMx3ks4sm5MQqfRIlyj5pyEz9OZHTWOtxHNpkTM1QL3pT8S+vk5noMsi5TDPDJM4XRZkgJiHTekifK4ZGjC2hqLj9K8EhVRSNLbFiT/cWD10mzbO659a9u/Na46rorAxHcAyn4MEFNOAGbsEHBA6P8AyvzpPz4rw57/NoySlmDuEXnI9vawyWIg==</latexit><latexit sha1_base64="kDlvo4p6+I6cOYwsTZhN4vzjpJI=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxlLBSwLJEfZe9pIle3vH7p4QjvwGCxv/io2IrZ2d/8ZNcoUmFg4sDDPzePsmTAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6iRTyHxMRKLaIdVMcMl8w41g7VQxGoeCtcLR9dRvPTCleSLvzThlQUwHkkccqbGS30WusFetuXV3BrJMvILUoMD/4r3qZ7efYBYzaVBQrTuem5ogp8pwFGxS6WaapRRHdMA6lkoaMx3ks4sm5MQqfRIlyj5pyEz9OZHTWOtxHNpkTM1QL3pT8S+vk5noMsi5TDPDJM4XRZkgJiHTekifK4ZGjC2hqLj9K8EhVRSNLbFiT/cWD10mzbO659a9u/Na46rorAxHcAyn4MEFNOAGbsEHBA6P8AyvzpPz4rw57/NoySlmDuEXnI9vawyWIg==</latexit>

(

<latexit sha1_base64="q4WCp+vNSk6GA1s6N0x45fCcZO8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOpF48V7Ac0oWy203TpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+O6WNza3tnfJuZW//4PCoenzS0UmmGLZZIhLVC6lGwSW2DTcCe6lCGocCu+Hkbu53n1BpnshHM00xiGkk+YgzaqzU9Zs8ivx8UK25dXcBsk68gtSgQGtQ/fKHCctilIYJqnXfc1MT5FQZzgTOKn6mMaVsQiPsWyppjDrIF+fOyIVVhmSUKFvSkIX6eyKnsdbTOLSdMTVjverNxf+8fmZGt0HOZZoZlGy5aJQJYhIy/50MuUJmxNQSyhS3txI2pooyYxOq2BC81ZfXSeeq7rl17+G61mgWcZThDM7hEjy4gQbcQwvawGACz/AKb07qvDjvzseyteQUM6fwB87nDyI/j2w=</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit><latexit sha1_base64="6OZsRXZb9l4oZkzeMOaKbNhciVU=">AAACE3icjVA9SwNBFHwXv2L8ilraLAbBKtyJoGWIjaWCSYTkCHubd5cle3vH7p4QjvwICxv/io2IrY2d/8ZNcoUmFg4sDDPzePsmSAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6yRTDFssEYm6D6hGwSW2DDcC71OFNA4EdoLR1dTvPKDSPJF3ZpyiH9NI8pAzaqzU6TV5FPXyfrXm1t0ZyDLxClKDAv+L96ufvUHCshilYYJq3fXc1Pg5VYYzgZNKL9OYUjaiEXYtlTRG7eezmybkxCoDEibKPmnITP05kdNY63Ec2GRMzVAvelPxL6+bmfDSz7lMM4OSzReFmSAmIdOCyIArZEaMLaFMcftXwoZUUWZsjRV7urd46DJpn9U9t+7dntcazaKzMhzBMZyCBxfQgGu4gRYwGMEjPMOr8+S8OG/O+zxacoqZQ/gF5+Mb216W5Q==</latexit>

dilation

…

… …

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="R6/GK6p9gSBj3AcBdkUxEZxRatg=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaCMEbSwNmAckS5id3E2GzM4uM7NCWPIFFjb+io2Irb2df+Mk2UITCw8MHM45lzv3BIng2rjul1NYWV1b3yhulra2d3b3yvsHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wGV5rG8N+ME/YgOJA85o8ZK9ateueJW3RnIMvFyUoEc/4v3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2bXTMiJVfokjJV90pCZ+nMio5HW4yiwyYiaoV70puJfXic14aWfcZmkBiWbLwpTQUxMptWQPlfIjBhbQpni9q+EDamizNgCS/Z0b/HQZdI8q3pu1aufV2rXeWdFOIJjOAUPLqAGt3AHDWCA8AjP8Oo8OS/Om/M+jxacfOYQfsH5+AbrA5Q6</latexit><latexit sha1_base64="R6/GK6p9gSBj3AcBdkUxEZxRatg=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaCMEbSwNmAckS5id3E2GzM4uM7NCWPIFFjb+io2Irb2df+Mk2UITCw8MHM45lzv3BIng2rjul1NYWV1b3yhulra2d3b3yvsHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wGV5rG8N+ME/YgOJA85o8ZK9ateueJW3RnIMvFyUoEc/4v3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2bXTMiJVfokjJV90pCZ+nMio5HW4yiwyYiaoV70puJfXic14aWfcZmkBiWbLwpTQUxMptWQPlfIjBhbQpni9q+EDamizNgCS/Z0b/HQZdI8q3pu1aufV2rXeWdFOIJjOAUPLqAGt3AHDWCA8AjP8Oo8OS/Om/M+jxacfOYQfsH5+AbrA5Q6</latexit><latexit sha1_base64="R6/GK6p9gSBj3AcBdkUxEZxRatg=">AAACDXicjVC7SgNBFL0bXzG+opY2g0GwCrsiaCMEbSwNmAckS5id3E2GzM4uM7NCWPIFFjb+io2Irb2df+Mk2UITCw8MHM45lzv3BIng2rjul1NYWV1b3yhulra2d3b3yvsHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6wGV5rG8N+ME/YgOJA85o8ZK9ateueJW3RnIMvFyUoEc/4v3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2bXTMiJVfokjJV90pCZ+nMio5HW4yiwyYiaoV70puJfXic14aWfcZmkBiWbLwpTQUxMptWQPlfIjBhbQpni9q+EDamizNgCS/Z0b/HQZdI8q3pu1aufV2rXeWdFOIJjOAUPLqAGt3AHDWCA8AjP8Oo8OS/Om/M+jxacfOYQfsH5+AbrA5Q6</latexit>

�<latexit sha1_base64="fH73cHT4HCVJzfHjQsTQGwq5/lM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS32dCs0G15tbdBcg68QpSgwKtQfWrP0xYFnOFTFJjep6bYpBTjYJJPqv0M8NTyiZ0xHuWKhpzE+SLY2fkwipDEiXalkKyUH9P5DQ2ZhqHtjOmODar3lz8z+tlGN0EuVBphlyx5aIokwQTMv+cDIXmDOXUEsq0sLcSNqaaMrT5VGwI3urL66R9VffcuvdwXWveFnGU4QzO4RI8aEAT7qEFPjAQ8Ayv8OYo58V5dz6WrSWnmDmFP3A+fwDLc46p</latexit><latexit sha1_base64="kDlvo4p6+I6cOYwsTZhN4vzjpJI=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxlLBSwLJEfZe9pIle3vH7p4QjvwGCxv/io2IrZ2d/8ZNcoUmFg4sDDPzePsmTAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6iRTyHxMRKLaIdVMcMl8w41g7VQxGoeCtcLR9dRvPTCleSLvzThlQUwHkkccqbGS30WusFetuXV3BrJMvILUoMD/4r3qZ7efYBYzaVBQrTuem5ogp8pwFGxS6WaapRRHdMA6lkoaMx3ks4sm5MQqfRIlyj5pyEz9OZHTWOtxHNpkTM1QL3pT8S+vk5noMsi5TDPDJM4XRZkgJiHTekifK4ZGjC2hqLj9K8EhVRSNLbFiT/cWD10mzbO659a9u/Na46rorAxHcAyn4MEFNOAGbsEHBA6P8AyvzpPz4rw57/NoySlmDuEXnI9vawyWIg==</latexit><latexit sha1_base64="kDlvo4p6+I6cOYwsTZhN4vzjpJI=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxlLBSwLJEfZe9pIle3vH7p4QjvwGCxv/io2IrZ2d/8ZNcoUmFg4sDDPzePsmTAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6iRTyHxMRKLaIdVMcMl8w41g7VQxGoeCtcLR9dRvPTCleSLvzThlQUwHkkccqbGS30WusFetuXV3BrJMvILUoMD/4r3qZ7efYBYzaVBQrTuem5ogp8pwFGxS6WaapRRHdMA6lkoaMx3ks4sm5MQqfRIlyj5pyEz9OZHTWOtxHNpkTM1QL3pT8S+vk5noMsi5TDPDJM4XRZkgJiHTekifK4ZGjC2hqLj9K8EhVRSNLbFiT/cWD10mzbO659a9u/Na46rorAxHcAyn4MEFNOAGbsEHBA6P8AyvzpPz4rw57/NoySlmDuEXnI9vawyWIg==</latexit><latexit sha1_base64="kDlvo4p6+I6cOYwsTZhN4vzjpJI=">AAACEXicjVA9SwNBFHwXv2L8ilraLAbBKtyJoGXQxlLBSwLJEfZe9pIle3vH7p4QjvwGCxv/io2IrZ2d/8ZNcoUmFg4sDDPzePsmTAXXxnW/nNLK6tr6RnmzsrW9s7tX3T9o6iRTyHxMRKLaIdVMcMl8w41g7VQxGoeCtcLR9dRvPTCleSLvzThlQUwHkkccqbGS30WusFetuXV3BrJMvILUoMD/4r3qZ7efYBYzaVBQrTuem5ogp8pwFGxS6WaapRRHdMA6lkoaMx3ks4sm5MQqfRIlyj5pyEz9OZHTWOtxHNpkTM1QL3pT8S+vk5noMsi5TDPDJM4XRZkgJiHTekifK4ZGjC2hqLj9K8EhVRSNLbFiT/cWD10mzbO659a9u/Na46rorAxHcAyn4MEFNOAGbsEHBA6P8AyvzpPz4rw57/NoySlmDuEXnI9vawyWIg==</latexit>

xout
<latexit sha1_base64="iN4BTwgyN6wZ+l3FhF/iIWGXaoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0IUymk3bo5MHMjbSE4MZfceNCEbd+hTv/xkmbhbYeuHA4517uvcdPBFdgWd9GZWV1bX2julnb2t7Z3TP3DzoqTiVlbRqLWPZ8opjgEWsDB8F6iWQk9AXr+uObwu8+MKl4HN3DNGFuSIYRDzgloCXPPHJCAiM/yCa5lznAJgCQxSnkuWfWrYY1A14mdknqqETLM7+cQUzTkEVABVGqb1sJuBmRwKlgec1JFUsIHZMh62sakZApN5u9kONTrQxwEEtdEeCZ+nsiI6FS09DXncXBatErxP+8fgrBlZvxKEmBRXS+KEgFhhgXeeABl4yCmGpCqOT6VkxHRBIKOrWaDsFefHmZdM4bttWw7y7qzesyjio6RifoDNnoEjXRLWqhNqLoET2jV/RmPBkvxrvxMW+tGOXMIfoD4/MHMeaYkw==</latexit><latexit sha1_base64="2b/fUojYGfABbYLmOGDe8KvQdbk=">AAACJ3icjVDLSsNAFJ3UV62vqCtxEyyCq5KIoMuiG5cK9gFNCJPppB06mYSZG2kJwa9x4cZfEUREl/6JkzYLbV14YOBwzr3cOSdIOFNg259GZWl5ZXWtul7b2Nza3jF399oqTiWhLRLzWHYDrChngraAAafdRFIcBZx2gtFV4XfuqVQsFncwSagX4YFgISMYtOSbB26EYRiE2Tj3MxfoGACyOIU898263bCnsBaJU5I6KvG/cd98dfsxSSMqgHCsVM+xE/AyLIERTvOamyqaYDLCA9rTVOCIKi+b5sytY630rTCW+gmwpurPjQxHSk2iQE8WqdS8V4h/eb0UwgsvYyJJgQoyOxSm3ILYKkqz+kxSAnyiCSaS6b9aZIglJqCrrenoznzQRdI+bTh2w7k9qzcvy86q6BAdoRPkoHPURNfoBrUQQQ/oET2jN+PJeDHejY/ZaMUod/bRLxhf3yPCoAw=</latexit><latexit sha1_base64="2b/fUojYGfABbYLmOGDe8KvQdbk=">AAACJ3icjVDLSsNAFJ3UV62vqCtxEyyCq5KIoMuiG5cK9gFNCJPppB06mYSZG2kJwa9x4cZfEUREl/6JkzYLbV14YOBwzr3cOSdIOFNg259GZWl5ZXWtul7b2Nza3jF399oqTiWhLRLzWHYDrChngraAAafdRFIcBZx2gtFV4XfuqVQsFncwSagX4YFgISMYtOSbB26EYRiE2Tj3MxfoGACyOIU898263bCnsBaJU5I6KvG/cd98dfsxSSMqgHCsVM+xE/AyLIERTvOamyqaYDLCA9rTVOCIKi+b5sytY630rTCW+gmwpurPjQxHSk2iQE8WqdS8V4h/eb0UwgsvYyJJgQoyOxSm3ILYKkqz+kxSAnyiCSaS6b9aZIglJqCrrenoznzQRdI+bTh2w7k9qzcvy86q6BAdoRPkoHPURNfoBrUQQQ/oET2jN+PJeDHejY/ZaMUod/bRLxhf3yPCoAw=</latexit><latexit sha1_base64="2b/fUojYGfABbYLmOGDe8KvQdbk=">AAACJ3icjVDLSsNAFJ3UV62vqCtxEyyCq5KIoMuiG5cK9gFNCJPppB06mYSZG2kJwa9x4cZfEUREl/6JkzYLbV14YOBwzr3cOSdIOFNg259GZWl5ZXWtul7b2Nza3jF399oqTiWhLRLzWHYDrChngraAAafdRFIcBZx2gtFV4XfuqVQsFncwSagX4YFgISMYtOSbB26EYRiE2Tj3MxfoGACyOIU898263bCnsBaJU5I6KvG/cd98dfsxSSMqgHCsVM+xE/AyLIERTvOamyqaYDLCA9rTVOCIKi+b5sytY630rTCW+gmwpurPjQxHSk2iQE8WqdS8V4h/eb0UwgsvYyJJgQoyOxSm3ILYKkqz+kxSAnyiCSaS6b9aZIglJqCrrenoznzQRdI+bTh2w7k9qzcvy86q6BAdoRPkoHPURNfoBrUQQQ/oET2jN+PJeDHejY/ZaMUod/bRLxhf3yPCoAw=</latexit>

xout
<latexit sha1_base64="iN4BTwgyN6wZ+l3FhF/iIWGXaoA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURQZdFNy4r2Ac0IUymk3bo5MHMjbSE4MZfceNCEbd+hTv/xkmbhbYeuHA4517uvcdPBFdgWd9GZWV1bX2julnb2t7Z3TP3DzoqTiVlbRqLWPZ8opjgEWsDB8F6iWQk9AXr+uObwu8+MKl4HN3DNGFuSIYRDzgloCXPPHJCAiM/yCa5lznAJgCQxSnkuWfWrYY1A14mdknqqETLM7+cQUzTkEVABVGqb1sJuBmRwKlgec1JFUsIHZMh62sakZApN5u9kONTrQxwEEtdEeCZ+nsiI6FS09DXncXBatErxP+8fgrBlZvxKEmBRXS+KEgFhhgXeeABl4yCmGpCqOT6VkxHRBIKOrWaDsFefHmZdM4bttWw7y7qzesyjio6RifoDNnoEjXRLWqhNqLoET2jV/RmPBkvxrvxMW+tGOXMIfoD4/MHMeaYkw==</latexit><latexit sha1_base64="2b/fUojYGfABbYLmOGDe8KvQdbk=">AAACJ3icjVDLSsNAFJ3UV62vqCtxEyyCq5KIoMuiG5cK9gFNCJPppB06mYSZG2kJwa9x4cZfEUREl/6JkzYLbV14YOBwzr3cOSdIOFNg259GZWl5ZXWtul7b2Nza3jF399oqTiWhLRLzWHYDrChngraAAafdRFIcBZx2gtFV4XfuqVQsFncwSagX4YFgISMYtOSbB26EYRiE2Tj3MxfoGACyOIU898263bCnsBaJU5I6KvG/cd98dfsxSSMqgHCsVM+xE/AyLIERTvOamyqaYDLCA9rTVOCIKi+b5sytY630rTCW+gmwpurPjQxHSk2iQE8WqdS8V4h/eb0UwgsvYyJJgQoyOxSm3ILYKkqz+kxSAnyiCSaS6b9aZIglJqCrrenoznzQRdI+bTh2w7k9qzcvy86q6BAdoRPkoHPURNfoBrUQQQ/oET2jN+PJeDHejY/ZaMUod/bRLxhf3yPCoAw=</latexit><latexit sha1_base64="2b/fUojYGfABbYLmOGDe8KvQdbk=">AAACJ3icjVDLSsNAFJ3UV62vqCtxEyyCq5KIoMuiG5cK9gFNCJPppB06mYSZG2kJwa9x4cZfEUREl/6JkzYLbV14YOBwzr3cOSdIOFNg259GZWl5ZXWtul7b2Nza3jF399oqTiWhLRLzWHYDrChngraAAafdRFIcBZx2gtFV4XfuqVQsFncwSagX4YFgISMYtOSbB26EYRiE2Tj3MxfoGACyOIU898263bCnsBaJU5I6KvG/cd98dfsxSSMqgHCsVM+xE/AyLIERTvOamyqaYDLCA9rTVOCIKi+b5sytY630rTCW+gmwpurPjQxHSk2iQE8WqdS8V4h/eb0UwgsvYyJJgQoyOxSm3ILYKkqz+kxSAnyiCSaS6b9aZIglJqCrrenoznzQRdI+bTh2w7k9qzcvy86q6BAdoRPkoHPURNfoBrUQQQ/oET2jN+PJeDHejY/ZaMUod/bRLxhf3yPCoAw=</latexit><latexit sha1_base64="2b/fUojYGfABbYLmOGDe8KvQdbk=">AAACJ3icjVDLSsNAFJ3UV62vqCtxEyyCq5KIoMuiG5cK9gFNCJPppB06mYSZG2kJwa9x4cZfEUREl/6JkzYLbV14YOBwzr3cOSdIOFNg259GZWl5ZXWtul7b2Nza3jF399oqTiWhLRLzWHYDrChngraAAafdRFIcBZx2gtFV4XfuqVQsFncwSagX4YFgISMYtOSbB26EYRiE2Tj3MxfoGACyOIU898263bCnsBaJU5I6KvG/cd98dfsxSSMqgHCsVM+xE/AyLIERTvOamyqaYDLCA9rTVOCIKi+b5sytY630rTCW+gmwpurPjQxHSk2iQE8WqdS8V4h/eb0UwgsvYyJJgQoyOxSm3ILYKkqz+kxSAnyiCSaS6b9aZIglJqCrrenoznzQRdI+bTh2w7k9qzcvy86q6BAdoRPkoHPURNfoBrUQQQ/oET2jN+PJeDHejY/ZaMUod/bRLxhf3yPCoAw=</latexit>

filter

w
<latexit sha1_base64="wavAD1mpX/hx/DZbjadKJrE0lpA=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X5QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/7tJEb</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit>

xin
<latexit sha1_base64="gzGUXcdYKz1Wt3bpJ+BPYDje82c=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEBF0W3bisYB/QhDCZTtqhkwczN9IS4sZfceNCEbf+hTv/xkmbhbYeGDiccy9zz/ETwRVY1rdRWVldW9+obta2tnd298z9g46KU0lZm8Yilj2fKCZ4xNrAQbBeIhkJfcG6/vim8LsPTCoeR/cwTZgbkmHEA04JaMkzj5yQwMgPsknuZQ6wCQBkPMpzz6xbDWsGvEzsktRRiZZnfjmDmKYhi4AKolTfthJwMyKBU8HympMqlhA6JkPW1zQiIVNuNkuQ41OtDHAQS/0iwDP190ZGQqWmoa8ni3vVoleI/3n9FIIrVwdKUmARnX8UpAJDjIs68IBLRkFMNSFUcn0rpiMiCQVdWk2XYC9GXiad84ZtNey7i3rzuqyjio7RCTpDNrpETXSLWqiNKHpEz+gVvRlPxovxbnzMRytGuXOI/sD4/AE+mpgI</latexit><latexit sha1_base64="h4ruEwJPGpLeACadEaG/Nyvh2Mc=">AAACJnicjVDLSsNAFJ3UV62vqBvBTbAIrkoigi6Lblwq2Ac0IUymk3boZBJmbqQlxK9x4cZfcaGIuPNTnLRZaOvCAwOHc+7lzjlBwpkC2/40KkvLK6tr1fXaxubW9o65u9dWcSoJbZGYx7IbYEU5E7QFDDjtJpLiKOC0E4yuCr9zT6VisbiDSUK9CA8ECxnBoCXfPHAjDMMgzMa5n7lAxwCQMZHnvlm3G/YU1iJxSlJHJf437puvbj8maUQFEI6V6jl2Al6GJTDCaV5zU0UTTEZ4QHuaChxR5WXTmLl1rJW+FcZSPwHWVP25keFIqUkU6MkilJr3CvEvr5dCeOHp1EkKVJDZoTDlFsRW0ZnVZ5IS4BNNMJFM/9UiQywxAd1sTUd35oMukvZpw7Ebzu1ZvXlZdlZFh+gInSAHnaMmukY3qIUIekCP6Bm9GU/Gi/FufMxGK0a5s49+wfj6Bh2sn4E=</latexit><latexit sha1_base64="h4ruEwJPGpLeACadEaG/Nyvh2Mc=">AAACJnicjVDLSsNAFJ3UV62vqBvBTbAIrkoigi6Lblwq2Ac0IUymk3boZBJmbqQlxK9x4cZfcaGIuPNTnLRZaOvCAwOHc+7lzjlBwpkC2/40KkvLK6tr1fXaxubW9o65u9dWcSoJbZGYx7IbYEU5E7QFDDjtJpLiKOC0E4yuCr9zT6VisbiDSUK9CA8ECxnBoCXfPHAjDMMgzMa5n7lAxwCQMZHnvlm3G/YU1iJxSlJHJf437puvbj8maUQFEI6V6jl2Al6GJTDCaV5zU0UTTEZ4QHuaChxR5WXTmLl1rJW+FcZSPwHWVP25keFIqUkU6MkilJr3CvEvr5dCeOHp1EkKVJDZoTDlFsRW0ZnVZ5IS4BNNMJFM/9UiQywxAd1sTUd35oMukvZpw7Ebzu1ZvXlZdlZFh+gInSAHnaMmukY3qIUIekCP6Bm9GU/Gi/FufMxGK0a5s49+wfj6Bh2sn4E=</latexit><latexit sha1_base64="h4ruEwJPGpLeACadEaG/Nyvh2Mc=">AAACJnicjVDLSsNAFJ3UV62vqBvBTbAIrkoigi6Lblwq2Ac0IUymk3boZBJmbqQlxK9x4cZfcaGIuPNTnLRZaOvCAwOHc+7lzjlBwpkC2/40KkvLK6tr1fXaxubW9o65u9dWcSoJbZGYx7IbYEU5E7QFDDjtJpLiKOC0E4yuCr9zT6VisbiDSUK9CA8ECxnBoCXfPHAjDMMgzMa5n7lAxwCQMZHnvlm3G/YU1iJxSlJHJf437puvbj8maUQFEI6V6jl2Al6GJTDCaV5zU0UTTEZ4QHuaChxR5WXTmLl1rJW+FcZSPwHWVP25keFIqUkU6MkilJr3CvEvr5dCeOHp1EkKVJDZoTDlFsRW0ZnVZ5IS4BNNMJFM/9UiQywxAd1sTUd35oMukvZpw7Ebzu1ZvXlZdlZFh+gInSAHnaMmukY3qIUIekCP6Bm9GU/Gi/FufMxGK0a5s49+wfj6Bh2sn4E=</latexit>

w
<latexit sha1_base64="wavAD1mpX/hx/DZbjadKJrE0lpA=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X5QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/7tJEb</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit><latexit sha1_base64="IhzMg50pAFYp8nybfOhaDvIitV0=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs0pY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4Bu9GmJQ=</latexit>

As can be seen in the visualization, dilation is a way to achieve a filter with large receptive
field while only requiring a small number of weights. The weights are just spaced out so that
a few will cover a bigger region of the image.

As was the case with the strided convolution, dilation can also introduce artifacts. Let’s
look at one example in detail that illustrates the effect of dilation on a filter. Let’s consider
he blur kernel, b2,2, that we introduced in Chapter XX:

w =
1

16




1 2 1
2 4 2
1 2 1


 (1.7)

As we saw in Chapter XX, this filter blurs the input image by computing the weighted
average of pixel intensities around each pixel location. But, dilation transforms this filter in
ways that change the behavior of the filter, which does not behave as a blur filter any longer.

We saw that the 1D
signal [−1, 1,−1, ...]
convolved with [1, 2, 1]
outputs zero. However,
check what happens when
we convolve the input
with the dilated kernel
[1, 0, 2, 0, 1].

The next figure shows the kernel with dilations dk = 1, dk = 2 and dk = 4 together with the
magnitude of the DFT of the three resulting kernels.
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When using the original binomial filter (which corresponds to dk = 1) the DFT shows
that the filter is a low-pass filter. When applying dilation (dk = 2) the DFT changes and it
is not unimodal anymore. It has now 8 additional local maximum in high spatial frequencies.
With dk = 4, the DFT reveals an even more complex frequency behavior. The next images
show one input image, and the result of the strided convolutions with the blur kernel, b2,2,
with dilations dk = 1, dk = 2 and dk = 4.
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input dk = 1 dk = 2 dk = 4

In summary, using dilation increases the size of the convolution kernels without increasing
the computations (which is the original desired property) but it reduces the space of useful
kernels (which is an undesired property).

There are ways in which dilation can be used to increase the family of useful filters. For
instance, by concatenating three convolutions with dk = 1, dk = 2 and dk = 4 together, one
can create a kernel that can switch during learning between high and low spatial frequencies
and small and large kernels.

This results on a kernel with a size of 9× 9 (81 values) defined by 27 values. The relative
computational efficiency increases when we cascade more filters with higher levels of dilation.
The next figure shows several multiscale kernels that can be obtained by the convolutions of
three dilated kernels. Can you guess which kernels were used?

As the figure shows, the cascade of three dilated convolutions can generate a large family
of filters with different scales, orientations, shifts, and also other pattern such as corner
detectors, long edges and curved edge detectors. The last 4 kernels shows the result of
convolving three random kernels which provides further illustration of the diversity of kernels
one can build. Each kernel is 3x3 array sampled from a gaussian distribution.
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1.1.4 Low-rank filters

Dilation is one way to create a big filter that is parameterized by just a small number of
weights, that is, a rank-deficient filter. This trick can be useful in many contexts where we
know that good filters have low-rank structure. Dilation uses the trick to make big receptive
fields which can capture long-range dependences.

Separable filters are another kind of low-rank filter that is useful in many applications
(see Chapter XX). We can create a conv layer with separable filters by simply stacking two
conv layers in sequence, with no other layers in between. The first layer is a filter bank
with K × 1 kernels and the second uses 1 × K kernels. The composition of these layers is
equivalent to a single conv layer with K ×K separable filters.

When convolving one row
and one column vector,
w = uT ◦ v, the result is
the outer product:
w [n,m] = u [n] v [m].

Some important kernels are non separable but can be approximated by a linear com-
bination of a small number of separable filters. For instance, the Gaussian Laplacian is
non-separable but can be approximated by a separable filter as shown here:

Best separable aprox.Gaussian Laplacian

The diagonal Gaussian derivative is another non-separable kernel. When using a 3 × 3
kernel to approximate it we have:

w =




0 −2 −2
2 0 −2
2 2 0


 (1.8)

But we know from Chapter XX that this kernel can be written as a linear combination of two
separable kernels: w = Sobelx + Sobely, as defined in Equations ??. In general, any M ×N
filter can be decomposed as a linear sum of min(N,M) separable filters. The separable
filters can be obtained by applying the SVD decomposition to the kernel array w. The SVD
decomposition results in three matrices, U, S and V, so that w = USVT , where the columns
of U and V are the separable 1D filters and the diagonal values of the diagonal matrix S
are the linear weights. Computational benefits are only obtained when using small linear
combinations for large kernels. Also, in a neural network, one could use only separable filters
for all the units and the learning could discover ways of combining them in order to build
more complex, non-separable kernels.
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1.1.5 Cross-correlation layers

Most implementations of “convolution” layers actually use cross-correlation rather than con-
volution, computing w ? xin + b. The reason we do not worry about the misnomer is that
whether you implement the layers with convolution or cross-correlation usually makes no
difference for learning. This is because convolution and cross-correlation span an identical
hypothesis space (any cross-correlation can be converted to an equivalent convolution by
flipping the filter horizontally and vertically). However, sometimes it will be important to
know whether the filters are doing convolution or cross-correlation. This may come up when
examining the learned filters and trying to understand them, or when manipulating filters
post-learning.

1.1.6 Downsampling and upsampling layers

In Chapter XX we saw image pyramids and showed how they can be used for analysis and
synthesis. CNNs can also be structured as analysis and synthesis pyramids, and this is a
very powerful tool. To create a pyramid we just need to introduce a way of downsampling
the signal during analysis and upsampling during synthesis. In CNNs this is done with
downsampling and upsampling layers.

Downsampling layers transform the input tensor to an output tensor that is smaller in the
spatial dimensions: RN×M → RN/sn×M/sm . We already saw one kind of downsampling layer,
strided convolution, which is equivalent to convolution followed by subsampling. Another
common kind of downsampling layer is pooling, which we will encounter below.

Upsampling layers perform the opposite transformation, outputting a tensor that is larger
in the spatial dimensions than the input: RN×M → RN∗sn×M∗sm . One kind of upsampling
layer can be made as the analogue of strided convolution. Strided convolution convolves then
subsamples; this upsampling layer instead dilates the signal then convolves:

h[n,m] = xin[n ∗ sn,m ∗ sm] / dilation (1.9)

xout = w ◦ h + b / conv (1.10)

Sometimes the combination of these two layers is called an “UpConv” layer or a “De-
convolution” layer (but note that deconvolution has a different meaning in traditional signal
processing).

1.2 Nonlinear filtering layers

All the operations we have covered above are linear (or affine). It is also possible to define
filters that are nonlinear. Like linear convolutional filters, these filters slides across the input
tensor and process each window identically and independently, but the operation they appear
is a nonlinear function of the local window.

1.2.1 Pooling layers

Pooling layers are downsampling layer that summarize the information in a patch using
some aggregate statistic, such as the patch’s mean value, called mean pooling, or its max
value, called max pooling, defined as follows:

xouti = max
i∈N (i)

xini / max pooling (1.11)

xouti =
1

|N |
∑

i∈N (i)

xini / mean pooling (1.12)

Like all downsampling layers, pooling layers can be used to reduce the resolution of the
input tensor, removing high-frequency information in the signal. Pooling is also particu-
larly useful as a way to achieve invariance. Convolutional layers produce outputs that are
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equivariant to translations of the their input. Pooling is a way to convert equivariance into
invariance. For example, suppose we have run a convolutional filter that detects vertical
edges. The output is a response map that is large wherever there was a vertical edge in the
input image. Now if we run a max pooling filter across this response map, it will coarsen
the map, resulting in a large response anywhere near where there was a vertical edge in the
input image. If we use a max pooling filter with large enough receptive field, the output will
be invariant to the location of the edge in the input image.

Pooling can also be performed across channels, and this can be a way to achieve additional
kinds of invariance. For example, suppose we have a convolutional layer that applies a
filter bank of oriented edge detector filters, where each filter looks for edges at a different
orientation. Now if we max pool across the channels output by this filter bank, the resulting
feature map will be large wherever an edge of any orientation was found. Normally, we are
not looking for edges but for more complicated patterns, but the same logic applies. First
run a bank of filters that look for the pattern at k different orientations. Then pool across
these k channels to detect the pattern regardless of its orientation. This can be a great way
for a CNN to recognize objects even if they appear with various rotations within the image.
Of course we usually do not hand-define this strategy but it is one the CNN can learn to use
if given channel-wise pooling layers.

1.2.2 Global pooling layers

One extreme of pooling is to pool over the entire spatial extend of the feature map. Global
pooling is a function that maps a M ×N × C tensor into a vector of length C, where C is
the number of channels in the input.

Global pooling is generally used in layers very close to the output. As before, global
pooling can be average global pooling, averaging over all the responses of the feature
map, or global max pooling, taking the max of the feature map.

Global pooling removes spatial information from each channel. However, spatial infor-
mation about input features might be still be available within the output vector.

1.2.3 Local normalization layers

Another kind of nonlinear filter is the local normalization layer. These layers normalizes
each activation in a feature map by statistics the adjacent activations within some neigh-
borhood. There are many different choices for the type of normalization – L1 norm, L2

norm, standardization, etc – and many different choices for the shape of the neighborhood
– a square patch in the spatial dimensions, a column of channels, etc. Each of these choices
leads to different kinds of normalization filters with different names. One that is historically
important but no longer frequently used is the Local Response Normalization, or LRN,
filter that was introduced in the AlexNet paper [Krizhevsky et al. 2012]. This filter has the
following form:

xoutk [n,m] = xink/(γ + α

max(K,k+l)∑

i=max(1,k−l)
xini [n,m]2)β / LRN (1.13)

α, β, γ, and l are hyperparameters of the layer. This layer normalizes each activation by the
sum of squares of the activations in a window of adjacent channels.

Although local normalization is a common structure within the brain, it is not very
frequent in current neural networks, which more often use global normalization layers like
batchnorm (which we saw in Chapter ??).

1.3 CNNs: using convolutional layers in deep nets

Stacking sequences of layers conv, non-linearity, subsample over and over results in a
prototypical motif of CNNs: This structure is common for CNNs whose goal is to take an
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image as input and produce a label as output, such as in the problem of image classification.
We will now walk through an example:

Let x ∈ RM×N be a black and white image. To process this image, we could use a simple
CNN with two convolutional layers, defined as follows:

z1i = wi ◦ x + bi / conv : [M ×N ]→ [M ×N × C] (1.14)

hi = max(z1i , 0) / relu : [M ×N × C]→ [M ×N × C] (1.15)

z2i =
1

NM

∑

n,m

hi[n,m] / gap : [M ×N × C]→ [C] (1.16)

z3 = Wz2 + c / fc : [C]→ [K] (1.17)

yi =
e−τz3i

∑K
k=1 e

−τz3k

/ softmax : [K]→ [K] (1.18)

This network has one convolutional layer with C channels followed by relus. The next
layer performs spatial global average pooling (gap), and each channel gets projected into a
single number that contains the sum of the outputs of the relu. This results in a representa-
tion given by a vector of length C. This vector is then processed by a linear fully connected
layer (described by a C ×K array).

This neural net could be used to solve a K-way image classification problem (because the
output is a K-way softmax for each input image). We could train it using gradient descent
to find the parameters θ = [w1, . . . ,wC ,b1, . . . ,bC ,W, c] that optimize a cross-entropy loss
over training data.

Here it is in code:

# w, b, W, c : parameters of the CNN

# x : input data

# first define parameterized layers

conv1 = nn.conv(w, b)

fc1 = nn.fc(W,b)

# then run data through network

z1 = conv1(x)

h = nn.relu(z1)

z2 = nn.AvgPool2d(h)

z3 = fc1(z2)

y = nn.softmax(z3)

1.4 A running example

In this section, we will analyze the simple network described above trained to discriminate
between horizontal and vertical lines. Each subsection will tackle one aspect of the analysis
that should be part of training any large system: 1) training and evaluation, 2) visualize and
understand the network, 3) out of domain generalization and 4) identifying vulnerabilities.
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1.4.1 Training, and evaluation

Let’s study one simple classification task. We design a simple image dataset than contains
images with lines. The lines can be horizontal or vertical. Each image will contain only one
type of lines.

We want to design a CNN that will classify the image according to the orientation of the
lines that it contains. We define the two output classes as: 0 (vertical) and 1 (horizontal).
The training set looks like this:

0

0

0

0

0

0

1

1

1

0

1

0

The training set defines
the concept we want to
learn. In this case we
look for lines. But images
of lines might not be
enough to describe the
concept of a line. What is
a line? This lack of a
precise definition will
hunt us later.

To solve this problem we use the CNN defined before with two convolutional channels
C = 2 in the first layer. Once we train the network, we can see that it has solve the task
perfectly and that the output on the test set is 100% correct (there are only 3 errors out of
10000 test images). Here there are some examples from the test set:

1 1 00 0 1

1.4.2 Network visualization

What has the network learnt? How is it solving the problem? One important part of
developing a system is to have tools to prove, understand and debug it.

To understand the network it is useful to visualize the kernels. The following image
shows the two learned 9 × 9 kernels. The first one looks like an horizontal derivative of a
Gaussian filter (as we saw in chapter YY) and the second one looks like a vertical derivative
of a Gaussian (maybe closer to a 2nd derivative). In fact, the DFT of each kernel shows that
they are quite selective to a particular band on frequency content in the image.

w1 w2DFT DFT

u

v

u

v
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The fully connected layer has learnt the weights:

W =

[
2.83 −2.36
−0.60 1.14

]

which corresponds to two channel oppositions: the first feature is the vertical output minus
the horizontal output, and the second feature computes the horizontal output minus the
vertical one.

1.4.3 Out of domain generalization

What do we learn by analyzing how the trained network works? One interesting outcome is
that can we predict how the network we defined before generalizes beyond the distribution
of the training set: out of domain test samples.

For instance, it seems natural to think that the network should still perform well in
classifying whether the image contains vertical or horizontal structures even if they are not
lines. We can test this hypothesis by generating images that match our idea of orientation.
The following test images contain different oriented structures but no lines, and still captures
our notion of what should be the correct generalization of the behavior:

0 1 0 1 1 0

In fact, the network seems to perform correctly even with this new images that come
from a distribution different from the training set.

1.4.4 Identifying vulnerabilities

Does the network solve the task that we had in mind? Can we predict what inputs will make
the output fail? Can we produce test examples that to us look right but that the network
produces the wrong classification output? The goal of this analysis is to identify weaknesses
in the learned representation and in our training set (missing training examples, biases in
our data, limitations of the architecture, ...).

We see that the output of the first layer does not really looks for lines, instead it looks at
where the energy is in the Fourier domain. So, we could fool the classifier by creating lines
that for us look like vertical lines, but that have the energy content in the wrong side of the
Fourier domain. We say one trick to do this on chapter XXX: modulation. If we multiply an
image containing horizontal lines, by a sinusoidal wave, cos(πn/3), we can move the spectral
content horizontally as shown in the next figure:

DFT

u

v

u

vDFT
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The lines still look horizontal to us, but the spectral content now is higher in the region
that overlaps with the vertical line detector learned by the network. Indeed, when the
network processes images that have lines with this sinusoidal texture produces the wrong
classification results for all the images!

0 1 1 0 1 0

We have just designed an adversarial example manually! The question then could be:
if it is not detecting line orientations, what is it really detecting? Our analysis of the learned
kernels had the answer. For complex

architectures,
Adversarial examples
are obtained as an
optimization problem:
what is the minimal
perturbation of an input
that will produce the
wrong output in the
network?

One way of avoiding this would be to introduce these types of images in the training set
and to repeat the whole process.

1.5 Encoder-Decoders

An encoder maps from data to a representation of that data, which is usually lower dimen-
sional. A decoder performs the inverse operation, mapping from the representation back
to the data. In the image modeling chapters we used the terms “analysis” for encoding and
“synthesis” for decoding; in the context of neural nets, “encoder” and “decoder” are the
more common terms but the meaning is the same.

A common architecture for an encoder is a sequence of conv layers that downsample. This
is a way to reduce dimensionality. Decoders are the mirror image: they may be a sequence
of conv layers that upsample. The result looks like this:
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1.5.1 Skip connections

Encoder-decoders force the signal to pass through an information bottleneck: the encoder
maps a high-dimensional signal to a low-dimensional encoding, which has limited capacity
to store information, and the decoder must somehow reconstruct a high-dimensional output
from the encoding. Although this can be a very efficient way to process data it also can
cause the net to fail to be able to output high frequency details, so, e.g., a predicted label
map might be very coarse.

To circumvent this problem, we can add skip connections that shuttle information
directly across blocks of layers in the net. A skip connection f is simply an identity pathway
that connects two disparate layers of a net, f(x) = x. The output of a skip connection
must somehow be reintegrated into the network. Two common choices are concatenating the
output with the activations on the later layer, or adding the outputs.

Adding skip connections to an encoder-decoder results in an architecture known as a
U-net [Ronneberger et al. 2015]. In this architecture, skip connections are arranged in a
mirror pattern, where layer l is connected directly to layer (L − l). This architecture can
maintains the information-bottleneck of the encoder-decoder, with its incumbent benefits in
terms of memory and compute efficiency and forced abstraction, while also allowing residual
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information to flow through the skip connections, thereby not sacrificing the ability to output
high-frequency spatial predictions. U-nets look a lot like the steerable pyramids from Chap-
ter ??, which also consistent of a downsampling analysis path followed by an upsampling
synthesis path, with skip connections in between mirror image stages in the pathways. The
main difference is that the U-net has learned filters and nonlinearities.

Another popular architecture that uses skip connections is called Residual Networks
or ResNets [He et al. 2016]

ResNets were also
invented under the name

Highway
Networks [Srivastava

et al. 2015]

. In the context of ResNets, skip connections are called residual
connections. This kind of skip connection is added to the output of a block of layers F :

xout = F (xin) + xin / residual block (1.19)

In a residual block like this, You can think of F as a residual that additively perturbs xin

to transform it into an improved xout. If xout does not have the same dimensionality as xin,
then we can add a linear mapping to convert the dimensions: xout = F (xin) + Wxin.

It is easy for a residual block to simply perform an identity mapping, it just has to learn
to set F to zero. Because of this, if we stack many residual blocks in a row, it can end up
that the net learns to use only a subset of them [?]. If we set the number of stacked residual
blocks to be very large then the net can essentially learn how deep to make itself, using as
many blocks as necessary to solve the task. ResNets often exploit this fact by being very
deep; for example, hundreds of residual blocks deep is not uncommon.

1.6 CNNs as patch processing

As mentioned at the start of this chatper, one way to think about convolutional layers is
that they are patch processing : an input signal is cut up into chunks and then each chunk is
processed independently and identically. To see this, we can rewrite Eqn. 1.1 as a chopping
up and processing algorithm:

Algorithm 1: Convolution layer

1 Input: xin ∈ RM×N , w ∈ R2p+1×2p+1, b ∈ R, Output: xout ∈ RM×N
2 for i = 1, . . . ,M do
3 for j = 1, . . . , N do
4 x̃in[i ∗N + j] = xin[i− p : i+ p, j − p : j + p] / Chop up image into patches

5 for i = 1, . . . ,MN do
6 x̃out[i] = wT x̃in[i] + b / Process patches

7 for i = 1, . . . ,MN do
8 k = floor(i/N), l = i− kN
9 xout[k − p : k + p, l− p) : l+ p] = x̃out[i] /Recombine patches into image

Note that padding must be applied for the values that extend outside the image bound-
aries. Exercise: convince yourself of the equivalence between this algorithm and Eqn. 1.1.

So far we have demonstrated that a convolution layer is equivalent to parallel patch
processing. What about an entire CNN ? It turns out a full CNN can also be rewritten as
chopping up and processing each patch with the same sub-function, but this sub-function is
not just an affine transformation – instead it is a neural net.

Suppose we have a CNN, which we define as a stack of conv layers, potentially with
pointwise nonlinearities in between. By Alg. 1 , The final conv layer in the stack can be
rewritten as breaking its inputs into patches and processing them with an affine transfor-
mation. Each patch of xin for this layer is an array of neural activations output from the
previous layer. Now we can trace back to see which activations input to layer l−2 contribute
to the activations intput to layer l − 1 in a given patch. If layer l − 2 is pointwise, then it
will be the same patch on layer l−2. If layer l−2 is convolutional, then it the receptive field
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will grow by a factor related to the kernel size, padding, stride, and dilation of that layer.
Now we can see that the mapping from layer l − 2 to l is equivalent to chopping up layer
l − 2 activations into patches (slightly bigger than the patches before) and processing each
with a two-layer CNN. Repeating this logic, we can see that the whole CNN is equivalent to
chopping up the input into patches at some size and with some overlap, and then running
an identical function f on each patch.

From this perspective, CNNs have two important properties: 1) each patch is processed
independently from all the others, and 2) each patch is processed identically. We will next
describe why each property is useful.

1.6.1 Property #1: treating patches as independent

This is a divide-and-conquer strategy. If you were to try to understand a complex problem,
you might break it up into small pieces and solve each one separately. That’s all a CNN is
doing. We split up a big problem – “interpret this whole photo” – into a bunch of smaller
problems – “interpret each small patch in the image.”

Why is this a good strategy?

1. The small problems are easier to solve than the original problem.

2. The small problems can all be solved in parallel.

3. This approach is agnostic to signal length – you can solve an arbitrarily large problem
just by breaking it down to bite size pieces and solving them “bird by bird”[Lamott
1980].

Chopping up into small patches like this is sufficient for many vision problems because
the world exhibits locality: related things clump together, i.e. within a single patch; far
apart things can be often be safely assumed to be independent.

1.6.2 Property #2: processing each patch identically

For images, convolution is an especially suitable strategy because visual content tends to be
translation invariant, and, as we learned in previous chapters, the convolution operator is
also translation invariant.

Typically, objects can appear anywhere in an image and look the same, like the birds in
the photo above. This is because as the birds fly across the frame their position changes but
their identity and appearance does not. More generally, as a camera pans across a scene, the
content shifts in position but is otherwise unchanged.

Because the visual world is roughly translation invariant, it is justified to process each
patch the same way, regardless of its position (i.e. its translation away from some canonical
center patch).

“Translation invariant” just means we process each patch identically, using the same func-
tion f . Some texts instead use the term translation equivariant to describe convolutions.
This places emphasis on the fact that if we shift the input signal by some translation, then
the output signal will get shifted by the same amount. That is, if f is a convolution, we have
the property:

f(translate(x)) = translate(f(x)) (1.20)

1.7 Concluding remarks

We will see in later chapters that several new kinds of models are recently supplanting con-
vnets are the most successful architectures for vision problems. One such architecture is
the “transformer” (Chapter ??). It may be tempting to think “why did we bother learn-
ing about convnets then, if transformers are better!” The reason we cover convnets is not
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because the exact architecture presented here will last, but because the underlying princi-
ples it embodies are ubiquitous in sensory processing. The two key properties mentioned
above are in fact present in transformers and many other “non-convolutional” architectures.
Transformers also include stages that process each patch identically and independently, but
they interleave these stages with other stages that globalize information across patches. It
comes down to preferences whether you want to call these newer architectures convolutional
or not, and there is currently some heated debate about it in the community. For us it
doesn’t matter, because if we learn the principles we can recognize them in all the systems
we encounter and need not get hung up on names.
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