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• Process technology nodes shrinks

• Increasingly complicated IC designs

• The increase of appearing probabilities of manufacturing process-based defects

• Wafer defects heavily affect product yield
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• Wafer map defect classification: locating defects at early fabrication stages

• To improve the yield with less human resource involved

• The wafer map can be obtained by chip probing

• Defective grains on a wafer map tend to converge into a certain distribution pattern
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• Manually-crafted feature-driven:

- Supervised Method 1 2: manually designed features (e.g., geometrical, gray,
texture, and projection) + classifier (e.g., SVM)

- Unsupervised Method 3: manually designed features + clustering method

• Automatic feature extraction-based 4 5: exploiting deep learning model

1
Wu et al., “Wafer map failure pattern recognition and similarity ranking for large-scale data sets,” TSM, 2015.

2
Yu et al., “Wafer map defect detection and recognition using joint local and nonlocal linear discriminant analysis,” TSM, 2016.

3
Alawieh et al., “Identifying wafer-level systematic failure patterns via unsupervised learning,” TCAD, 2017.

4
Nakazawa et al., “Wafer map defect pattern classification and image retrieval using convolutional neural network,” TSM, 2018.

5
Alawieh et al., “Wafer map defect patterns classification using deep selective learning,” DAC, 2020.
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/ Manually inspection is time-consuming

/ Imbalanced distribution issue

/ Unlabeled wafer maps are seldom exploited
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Issues in an example dataset: WM-811K 1

1
“WM-811K," https://www.kaggle.com/qingyi/wm811k-wafer-map.

Existing Issues
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The few shot learner

• To learn representations that generalize well to the minority failure pattern types
where few wafer images are available.

• In one training batch, the wafer map embeddings are trained to predict the labels of
NQ ×NC query wafer maps conditioned on NS ×NC support wafer maps using a
certain classifier.

- A training set of N labeled examples Dtrain = {(x1, y1) , . . . , (xN, yN)}
- A support set Ds and a query set Dq are sampled from the Dtrain per training batch

- Dk: a subset of Ds labeled with wafer defect type k

- NC(≤ K): the number of classes per batch

- NS: the number of support wafer examples per class (NS is usually small)

- NQ: the number of query examples for each class

Our Solution: The few shot learner (i)
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• A Prototypical few-shot learning learner with the backbone f (·;φ)
• Prototypical network computes a vector representation ck ∈ RM (termed as
prototype) of the central of each class

• Each prototype is computed by taking the mean of the embedded support wafer
map vectors belonging to the associated defect type:

ck :=
1
|Dk|

∑
(xi,yi)∈Dk

f (xi;φ) (1)

- A training set of N labeled examples Dtrain = {(x1, y1) , . . . , (xN, yN)}
- Dk: a subset of Ds labeled with wafer defect type k

Our Solution: The few shot learner (ii)
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Given a distance function d : RM × RM → [0,+∞), the definition of the empirical
loss function is:

`(ŷ, y) := − log p(y = k | x,φ)

= − log
exp (−d (f (x;φ), ck))∑NC

k′=1 exp (−d (f (x;φ), ck′))
.

(2)

• p(y = k | x,φ): the softmax function over squared Euclidean distances to the
prototypes in the embedding space.

• The query wafer defect map is classified based on p(y = k | x,φ)
The loss of few-shot learning `few for one batch is minimizing the empirical loss
`(ŷj, yj) on the whole query set along with a suitable regularization r:

`few :=

NQ×NC∑
j=1,

(xj,yj)∈Dq

`
(
ŷj, yj

)
+ r. (3)

Our Solution: The few shot learner (iii)
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Queried Wafer Map 
Embeddings

C1
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Wafer Map Feature 
Embeddings
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<latexit sha1_base64="s2HDzkORpd5TY7NjBtwvUMMJ4KQ=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZfFblxWsA9oh5JJM21okpkmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpb2zu7e8X90sHh0fFJ+fSsraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004waWR+Z0aVZpF8MvOY+gKPJAsZwcZKftoX2IyVQI3FoDYoV9yquwTaJF5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOF2U+ommMSYTPKI9SyUWVPvpMvQCXVlliMJI2ScNWqq/N1IstJ6LwE5mGfW6l4n/eb3EhHd+ymScGCrJ6lCYcGQilDWAhkxRYvjcEkwUs1kRGWOFibE9lWwJ3vqXN0m7VvXcqvd4U6nf53UU4QIu4Ro8uIU6PEATWkBgCs/wCm/OzHlx3p2P1WjByXfO4Q+czx9YIpHN</latexit><latexit sha1_base64="s2HDzkORpd5TY7NjBtwvUMMJ4KQ=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZfFblxWsA9oh5JJM21okpkmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpb2zu7e8X90sHh0fFJ+fSsraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004waWR+Z0aVZpF8MvOY+gKPJAsZwcZKftoX2IyVQI3FoDYoV9yquwTaJF5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOF2U+ommMSYTPKI9SyUWVPvpMvQCXVlliMJI2ScNWqq/N1IstJ6LwE5mGfW6l4n/eb3EhHd+ymScGCrJ6lCYcGQilDWAhkxRYvjcEkwUs1kRGWOFibE9lWwJ3vqXN0m7VvXcqvd4U6nf53UU4QIu4Ro8uIU6PEATWkBgCs/wCm/OzHlx3p2P1WjByXfO4Q+czx9YIpHN</latexit><latexit sha1_base64="s2HDzkORpd5TY7NjBtwvUMMJ4KQ=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZfFblxWsA9oh5JJM21okpkmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpb2zu7e8X90sHh0fFJ+fSsraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004waWR+Z0aVZpF8MvOY+gKPJAsZwcZKftoX2IyVQI3FoDYoV9yquwTaJF5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOF2U+ommMSYTPKI9SyUWVPvpMvQCXVlliMJI2ScNWqq/N1IstJ6LwE5mGfW6l4n/eb3EhHd+ymScGCrJ6lCYcGQilDWAhkxRYvjcEkwUs1kRGWOFibE9lWwJ3vqXN0m7VvXcqvd4U6nf53UU4QIu4Ro8uIU6PEATWkBgCs/wCm/OzHlx3p2P1WjByXfO4Q+czx9YIpHN</latexit><latexit sha1_base64="s2HDzkORpd5TY7NjBtwvUMMJ4KQ=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZfFblxWsA9oh5JJM21okpkmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpb2zu7e8X90sHh0fFJ+fSsraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004waWR+Z0aVZpF8MvOY+gKPJAsZwcZKftoX2IyVQI3FoDYoV9yquwTaJF5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOF2U+ommMSYTPKI9SyUWVPvpMvQCXVlliMJI2ScNWqq/N1IstJ6LwE5mGfW6l4n/eb3EhHd+ymScGCrJ6lCYcGQilDWAhkxRYvjcEkwUs1kRGWOFibE9lWwJ3vqXN0m7VvXcqvd4U6nf53UU4QIu4Ro8uIU6PEATWkBgCs/wCm/OzHlx3p2P1WjByXfO4Q+czx9YIpHN</latexit>

Prototype

Prototype C3
<latexit sha1_base64="Lj52iFqxVgFGUgK43HCY2tApVTs=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyooMtiNy4r2Ae0Q8mkmTY0yUyTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEHOmjet+O4WNza3tneJuaW//4PCofHzS0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY1zO/PaVKs0g+mVlMfYGHkoWMYGMlP+0JbEZKoPq8f90vV9yquwBaJ15OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2XeommMSZjPKRdSyUWVPvpIvQcXVhlgMJI2ScNWqi/N1IstJ6JwE5mGfWql4n/ed3EhHd+ymScGCrJ8lCYcGQilDWABkxRYvjMEkwUs1kRGWGFibE9lWwJ3uqX10nrquq5Ve/xplK7z+sowhmcwyV4cAs1eIAGNIHABJ7hFd6cqfPivDsfy9GCk++cwh84nz9ZppHO</latexit><latexit sha1_base64="Lj52iFqxVgFGUgK43HCY2tApVTs=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyooMtiNy4r2Ae0Q8mkmTY0yUyTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEHOmjet+O4WNza3tneJuaW//4PCofHzS0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY1zO/PaVKs0g+mVlMfYGHkoWMYGMlP+0JbEZKoPq8f90vV9yquwBaJ15OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2XeommMSZjPKRdSyUWVPvpIvQcXVhlgMJI2ScNWqi/N1IstJ6JwE5mGfWql4n/ed3EhHd+ymScGCrJ8lCYcGQilDWABkxRYvjMEkwUs1kRGWGFibE9lWwJ3uqX10nrquq5Ve/xplK7z+sowhmcwyV4cAs1eIAGNIHABJ7hFd6cqfPivDsfy9GCk++cwh84nz9ZppHO</latexit><latexit sha1_base64="Lj52iFqxVgFGUgK43HCY2tApVTs=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyooMtiNy4r2Ae0Q8mkmTY0yUyTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEHOmjet+O4WNza3tneJuaW//4PCofHzS0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY1zO/PaVKs0g+mVlMfYGHkoWMYGMlP+0JbEZKoPq8f90vV9yquwBaJ15OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2XeommMSZjPKRdSyUWVPvpIvQcXVhlgMJI2ScNWqi/N1IstJ6JwE5mGfWql4n/ed3EhHd+ymScGCrJ8lCYcGQilDWABkxRYvjMEkwUs1kRGWGFibE9lWwJ3uqX10nrquq5Ve/xplK7z+sowhmcwyV4cAs1eIAGNIHABJ7hFd6cqfPivDsfy9GCk++cwh84nz9ZppHO</latexit><latexit sha1_base64="Lj52iFqxVgFGUgK43HCY2tApVTs=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyooMtiNy4r2Ae0Q8mkmTY0yUyTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEHOmjet+O4WNza3tneJuaW//4PCofHzS0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsY1zO/PaVKs0g+mVlMfYGHkoWMYGMlP+0JbEZKoPq8f90vV9yquwBaJ15OKpCj0S9/9QYRSQSVhnCsdddzY+OnWBlGOJ2XeommMSZjPKRdSyUWVPvpIvQcXVhlgMJI2ScNWqi/N1IstJ6JwE5mGfWql4n/ed3EhHd+ymScGCrJ8lCYcGQilDWABkxRYvjMEkwUs1kRGWGFibE9lWwJ3uqX10nrquq5Ve/xplK7z+sowhmcwyV4cAs1eIAGNIHABJ7hFd6cqfPivDsfy9GCk++cwh84nz9ZppHO</latexit>

The illustration of the Prototypical network-based 8-shot learner.

Our Solution: The few shot learner (iv)
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The self-supervised learner

• Making full use of unlabeled wafer images

• Operating on joint embeddings of input wafer image augmentations.
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Matrix   M<latexit sha1_base64="rrQMzS5tnoZfAvRJkZCXgvZWqHc=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FL16ECrZW2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvzLZ70NaBwDDzHpk3YSK4sZ73jUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D09MGx6reztJWCDJUPGIU2Kd9NiTxI60xLf9as2rezPgZeIXpAYFmv3qV28Q01QyZakgxnR9L7FBRrTlVLBppZcalhA6JkPWdVQRyUyQzQJP8YlTBjiKtXvK4pn6eyMj0piJDN1kHtAsern4n9dNbXQZZFwlqWWKzj+KUoFtjPPr8YBrRq2YOEKo5i4rpiOiCbWuo4orwV88eZm0z+q+V/fvzmuNq6KOMhzBMZyCDxfQgBtoQgsoSHiGV3hDGr2gd/QxHy2hYucQ/gB9/gBuqJAm</latexit><latexit sha1_base64="rrQMzS5tnoZfAvRJkZCXgvZWqHc=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FL16ECrZW2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvzLZ70NaBwDDzHpk3YSK4sZ73jUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D09MGx6reztJWCDJUPGIU2Kd9NiTxI60xLf9as2rezPgZeIXpAYFmv3qV28Q01QyZakgxnR9L7FBRrTlVLBppZcalhA6JkPWdVQRyUyQzQJP8YlTBjiKtXvK4pn6eyMj0piJDN1kHtAsern4n9dNbXQZZFwlqWWKzj+KUoFtjPPr8YBrRq2YOEKo5i4rpiOiCbWuo4orwV88eZm0z+q+V/fvzmuNq6KOMhzBMZyCDxfQgBtoQgsoSHiGV3hDGr2gd/QxHy2hYucQ/gB9/gBuqJAm</latexit><latexit sha1_base64="rrQMzS5tnoZfAvRJkZCXgvZWqHc=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FL16ECrZW2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvzLZ70NaBwDDzHpk3YSK4sZ73jUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D09MGx6reztJWCDJUPGIU2Kd9NiTxI60xLf9as2rezPgZeIXpAYFmv3qV28Q01QyZakgxnR9L7FBRrTlVLBppZcalhA6JkPWdVQRyUyQzQJP8YlTBjiKtXvK4pn6eyMj0piJDN1kHtAsern4n9dNbXQZZFwlqWWKzj+KUoFtjPPr8YBrRq2YOEKo5i4rpiOiCbWuo4orwV88eZm0z+q+V/fvzmuNq6KOMhzBMZyCDxfQgBtoQgsoSHiGV3hDGr2gd/QxHy2hYucQ/gB9/gBuqJAm</latexit><latexit sha1_base64="rrQMzS5tnoZfAvRJkZCXgvZWqHc=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FL16ECrZW2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvzLZ70NaBwDDzHpk3YSK4sZ73jUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D09MGx6reztJWCDJUPGIU2Kd9NiTxI60xLf9as2rezPgZeIXpAYFmv3qV28Q01QyZakgxnR9L7FBRrTlVLBppZcalhA6JkPWdVQRyUyQzQJP8YlTBjiKtXvK4pn6eyMj0piJDN1kHtAsern4n9dNbXQZZFwlqWWKzj+KUoFtjPPr8YBrRq2YOEKo5i4rpiOiCbWuo4orwV88eZm0z+q+V/fvzmuNq6KOMhzBMZyCDxfQgBtoQgsoSHiGV3hDGr2gd/QxHy2hYucQ/gB9/gBuqJAm</latexit>

Augmentation
A

0

20

40

60

80

Target M<latexit sha1_base64="rrQMzS5tnoZfAvRJkZCXgvZWqHc=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FL16ECrZW2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvzLZ70NaBwDDzHpk3YSK4sZ73jUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D09MGx6reztJWCDJUPGIU2Kd9NiTxI60xLf9as2rezPgZeIXpAYFmv3qV28Q01QyZakgxnR9L7FBRrTlVLBppZcalhA6JkPWdVQRyUyQzQJP8YlTBjiKtXvK4pn6eyMj0piJDN1kHtAsern4n9dNbXQZZFwlqWWKzj+KUoFtjPPr8YBrRq2YOEKo5i4rpiOiCbWuo4orwV88eZm0z+q+V/fvzmuNq6KOMhzBMZyCDxfQgBtoQgsoSHiGV3hDGr2gd/QxHy2hYucQ/gB9/gBuqJAm</latexit><latexit sha1_base64="rrQMzS5tnoZfAvRJkZCXgvZWqHc=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FL16ECrZW2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvzLZ70NaBwDDzHpk3YSK4sZ73jUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D09MGx6reztJWCDJUPGIU2Kd9NiTxI60xLf9as2rezPgZeIXpAYFmv3qV28Q01QyZakgxnR9L7FBRrTlVLBppZcalhA6JkPWdVQRyUyQzQJP8YlTBjiKtXvK4pn6eyMj0piJDN1kHtAsern4n9dNbXQZZFwlqWWKzj+KUoFtjPPr8YBrRq2YOEKo5i4rpiOiCbWuo4orwV88eZm0z+q+V/fvzmuNq6KOMhzBMZyCDxfQgBtoQgsoSHiGV3hDGr2gd/QxHy2hYucQ/gB9/gBuqJAm</latexit><latexit sha1_base64="rrQMzS5tnoZfAvRJkZCXgvZWqHc=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FL16ECrZW2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvzLZ70NaBwDDzHpk3YSK4sZ73jUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D09MGx6reztJWCDJUPGIU2Kd9NiTxI60xLf9as2rezPgZeIXpAYFmv3qV28Q01QyZakgxnR9L7FBRrTlVLBppZcalhA6JkPWdVQRyUyQzQJP8YlTBjiKtXvK4pn6eyMj0piJDN1kHtAsern4n9dNbXQZZFwlqWWKzj+KUoFtjPPr8YBrRq2YOEKo5i4rpiOiCbWuo4orwV88eZm0z+q+V/fvzmuNq6KOMhzBMZyCDxfQgBtoQgsoSHiGV3hDGr2gd/QxHy2hYucQ/gB9/gBuqJAm</latexit><latexit sha1_base64="rrQMzS5tnoZfAvRJkZCXgvZWqHc=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FL16ECrZW2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvzLZ70NaBwDDzHpk3YSK4sZ73jUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D09MGx6reztJWCDJUPGIU2Kd9NiTxI60xLf9as2rezPgZeIXpAYFmv3qV28Q01QyZakgxnR9L7FBRrTlVLBppZcalhA6JkPWdVQRyUyQzQJP8YlTBjiKtXvK4pn6eyMj0piJDN1kHtAsern4n9dNbXQZZFwlqWWKzj+KUoFtjPPr8YBrRq2YOEKo5i4rpiOiCbWuo4orwV88eZm0z+q+V/fvzmuNq6KOMhzBMZyCDxfQgBtoQgsoSHiGV3hDGr2gd/QxHy2hYucQ/gB9/gBuqJAm</latexit>

Embedding A

Augmentation
O

Embedding O

`ssl
<latexit sha1_base64="1aQ+cmTPlaMuoWFQFstvAKNDajk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGis99lGIQaa1mA2qNbfuzkFWiVeQGhRoDqpf/WHM0gilYYJq3fPcxPgZVYYzgbNKP9WYUDahI+xZKmmE2s/mF8/ImVWGJIyVLWnIXP09kdFI62kU2M6ImrFe9nLxP6+XmvDaz7hMUoOSLRaFqSAmJvn7ZMgVMiOmllCmuL2VsDFVlBkbUsWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMJDzDK7w52nlx3p2PRWvJKWaO4Q+czx8Dd5Eg</latexit><latexit sha1_base64="1aQ+cmTPlaMuoWFQFstvAKNDajk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGis99lGIQaa1mA2qNbfuzkFWiVeQGhRoDqpf/WHM0gilYYJq3fPcxPgZVYYzgbNKP9WYUDahI+xZKmmE2s/mF8/ImVWGJIyVLWnIXP09kdFI62kU2M6ImrFe9nLxP6+XmvDaz7hMUoOSLRaFqSAmJvn7ZMgVMiOmllCmuL2VsDFVlBkbUsWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMJDzDK7w52nlx3p2PRWvJKWaO4Q+czx8Dd5Eg</latexit><latexit sha1_base64="1aQ+cmTPlaMuoWFQFstvAKNDajk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGis99lGIQaa1mA2qNbfuzkFWiVeQGhRoDqpf/WHM0gilYYJq3fPcxPgZVYYzgbNKP9WYUDahI+xZKmmE2s/mF8/ImVWGJIyVLWnIXP09kdFI62kU2M6ImrFe9nLxP6+XmvDaz7hMUoOSLRaFqSAmJvn7ZMgVMiOmllCmuL2VsDFVlBkbUsWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMJDzDK7w52nlx3p2PRWvJKWaO4Q+czx8Dd5Eg</latexit><latexit sha1_base64="1aQ+cmTPlaMuoWFQFstvAKNDajk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGis99lGIQaa1mA2qNbfuzkFWiVeQGhRoDqpf/WHM0gilYYJq3fPcxPgZVYYzgbNKP9WYUDahI+xZKmmE2s/mF8/ImVWGJIyVLWnIXP09kdFI62kU2M6ImrFe9nLxP6+XmvDaz7hMUoOSLRaFqSAmJvn7ZMgVMiOmllCmuL2VsDFVlBkbUsWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMJDzDK7w52nlx3p2PRWvJKWaO4Q+czx8Dd5Eg</latexit>

Our Solution: The self-supervised learner (i)
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Components

• Data augmentation module (e.g., rotation, top-bottom and left-right flipping)

• Backbone network

• The self-supervised loss `ssl
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Matrix   M<latexit sha1_base64="rrQMzS5tnoZfAvRJkZCXgvZWqHc=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FL16ECrZW2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvzLZ70NaBwDDzHpk3YSK4sZ73jUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D09MGx6reztJWCDJUPGIU2Kd9NiTxI60xLf9as2rezPgZeIXpAYFmv3qV28Q01QyZakgxnR9L7FBRrTlVLBppZcalhA6JkPWdVQRyUyQzQJP8YlTBjiKtXvK4pn6eyMj0piJDN1kHtAsern4n9dNbXQZZFwlqWWKzj+KUoFtjPPr8YBrRq2YOEKo5i4rpiOiCbWuo4orwV88eZm0z+q+V/fvzmuNq6KOMhzBMZyCDxfQgBtoQgsoSHiGV3hDGr2gd/QxHy2hYucQ/gB9/gBuqJAm</latexit><latexit sha1_base64="rrQMzS5tnoZfAvRJkZCXgvZWqHc=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FL16ECrZW2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvzLZ70NaBwDDzHpk3YSK4sZ73jUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D09MGx6reztJWCDJUPGIU2Kd9NiTxI60xLf9as2rezPgZeIXpAYFmv3qV28Q01QyZakgxnR9L7FBRrTlVLBppZcalhA6JkPWdVQRyUyQzQJP8YlTBjiKtXvK4pn6eyMj0piJDN1kHtAsern4n9dNbXQZZFwlqWWKzj+KUoFtjPPr8YBrRq2YOEKo5i4rpiOiCbWuo4orwV88eZm0z+q+V/fvzmuNq6KOMhzBMZyCDxfQgBtoQgsoSHiGV3hDGr2gd/QxHy2hYucQ/gB9/gBuqJAm</latexit><latexit sha1_base64="rrQMzS5tnoZfAvRJkZCXgvZWqHc=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FL16ECrZW2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvzLZ70NaBwDDzHpk3YSK4sZ73jUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D09MGx6reztJWCDJUPGIU2Kd9NiTxI60xLf9as2rezPgZeIXpAYFmv3qV28Q01QyZakgxnR9L7FBRrTlVLBppZcalhA6JkPWdVQRyUyQzQJP8YlTBjiKtXvK4pn6eyMj0piJDN1kHtAsern4n9dNbXQZZFwlqWWKzj+KUoFtjPPr8YBrRq2YOEKo5i4rpiOiCbWuo4orwV88eZm0z+q+V/fvzmuNq6KOMhzBMZyCDxfQgBtoQgsoSHiGV3hDGr2gd/QxHy2hYucQ/gB9/gBuqJAm</latexit><latexit sha1_base64="rrQMzS5tnoZfAvRJkZCXgvZWqHc=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FL16ECrZW2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvzLZ70NaBwDDzHpk3YSK4sZ73jUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D09MGx6reztJWCDJUPGIU2Kd9NiTxI60xLf9as2rezPgZeIXpAYFmv3qV28Q01QyZakgxnR9L7FBRrTlVLBppZcalhA6JkPWdVQRyUyQzQJP8YlTBjiKtXvK4pn6eyMj0piJDN1kHtAsern4n9dNbXQZZFwlqWWKzj+KUoFtjPPr8YBrRq2YOEKo5i4rpiOiCbWuo4orwV88eZm0z+q+V/fvzmuNq6KOMhzBMZyCDxfQgBtoQgsoSHiGV3hDGr2gd/QxHy2hYucQ/gB9/gBuqJAm</latexit>

Augmentation
A

0

20

40

60

80

Target M<latexit sha1_base64="rrQMzS5tnoZfAvRJkZCXgvZWqHc=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FL16ECrZW2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvzLZ70NaBwDDzHpk3YSK4sZ73jUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D09MGx6reztJWCDJUPGIU2Kd9NiTxI60xLf9as2rezPgZeIXpAYFmv3qV28Q01QyZakgxnR9L7FBRrTlVLBppZcalhA6JkPWdVQRyUyQzQJP8YlTBjiKtXvK4pn6eyMj0piJDN1kHtAsern4n9dNbXQZZFwlqWWKzj+KUoFtjPPr8YBrRq2YOEKo5i4rpiOiCbWuo4orwV88eZm0z+q+V/fvzmuNq6KOMhzBMZyCDxfQgBtoQgsoSHiGV3hDGr2gd/QxHy2hYucQ/gB9/gBuqJAm</latexit><latexit sha1_base64="rrQMzS5tnoZfAvRJkZCXgvZWqHc=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FL16ECrZW2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvzLZ70NaBwDDzHpk3YSK4sZ73jUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D09MGx6reztJWCDJUPGIU2Kd9NiTxI60xLf9as2rezPgZeIXpAYFmv3qV28Q01QyZakgxnR9L7FBRrTlVLBppZcalhA6JkPWdVQRyUyQzQJP8YlTBjiKtXvK4pn6eyMj0piJDN1kHtAsern4n9dNbXQZZFwlqWWKzj+KUoFtjPPr8YBrRq2YOEKo5i4rpiOiCbWuo4orwV88eZm0z+q+V/fvzmuNq6KOMhzBMZyCDxfQgBtoQgsoSHiGV3hDGr2gd/QxHy2hYucQ/gB9/gBuqJAm</latexit><latexit sha1_base64="rrQMzS5tnoZfAvRJkZCXgvZWqHc=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FL16ECrZW2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvzLZ70NaBwDDzHpk3YSK4sZ73jUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D09MGx6reztJWCDJUPGIU2Kd9NiTxI60xLf9as2rezPgZeIXpAYFmv3qV28Q01QyZakgxnR9L7FBRrTlVLBppZcalhA6JkPWdVQRyUyQzQJP8YlTBjiKtXvK4pn6eyMj0piJDN1kHtAsern4n9dNbXQZZFwlqWWKzj+KUoFtjPPr8YBrRq2YOEKo5i4rpiOiCbWuo4orwV88eZm0z+q+V/fvzmuNq6KOMhzBMZyCDxfQgBtoQgsoSHiGV3hDGr2gd/QxHy2hYucQ/gB9/gBuqJAm</latexit><latexit sha1_base64="rrQMzS5tnoZfAvRJkZCXgvZWqHc=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9kVQY9FL16ECrZW2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvzLZ70NaBwDDzHpk3YSK4sZ73jUorq2vrG+XNytb2zu5edf+gbeJUU9aisYh1JySGCa5Yy3IrWCfRjMhQsIdwfJ37D09MGx6reztJWCDJUPGIU2Kd9NiTxI60xLf9as2rezPgZeIXpAYFmv3qV28Q01QyZakgxnR9L7FBRrTlVLBppZcalhA6JkPWdVQRyUyQzQJP8YlTBjiKtXvK4pn6eyMj0piJDN1kHtAsern4n9dNbXQZZFwlqWWKzj+KUoFtjPPr8YBrRq2YOEKo5i4rpiOiCbWuo4orwV88eZm0z+q+V/fvzmuNq6KOMhzBMZyCDxfQgBtoQgsoSHiGV3hDGr2gd/QxHy2hYucQ/gB9/gBuqJAm</latexit>

Embedding A

Augmentation
O

Embedding O

`ssl
<latexit sha1_base64="1aQ+cmTPlaMuoWFQFstvAKNDajk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGis99lGIQaa1mA2qNbfuzkFWiVeQGhRoDqpf/WHM0gilYYJq3fPcxPgZVYYzgbNKP9WYUDahI+xZKmmE2s/mF8/ImVWGJIyVLWnIXP09kdFI62kU2M6ImrFe9nLxP6+XmvDaz7hMUoOSLRaFqSAmJvn7ZMgVMiOmllCmuL2VsDFVlBkbUsWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMJDzDK7w52nlx3p2PRWvJKWaO4Q+czx8Dd5Eg</latexit><latexit sha1_base64="1aQ+cmTPlaMuoWFQFstvAKNDajk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGis99lGIQaa1mA2qNbfuzkFWiVeQGhRoDqpf/WHM0gilYYJq3fPcxPgZVYYzgbNKP9WYUDahI+xZKmmE2s/mF8/ImVWGJIyVLWnIXP09kdFI62kU2M6ImrFe9nLxP6+XmvDaz7hMUoOSLRaFqSAmJvn7ZMgVMiOmllCmuL2VsDFVlBkbUsWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMJDzDK7w52nlx3p2PRWvJKWaO4Q+czx8Dd5Eg</latexit><latexit sha1_base64="1aQ+cmTPlaMuoWFQFstvAKNDajk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGis99lGIQaa1mA2qNbfuzkFWiVeQGhRoDqpf/WHM0gilYYJq3fPcxPgZVYYzgbNKP9WYUDahI+xZKmmE2s/mF8/ImVWGJIyVLWnIXP09kdFI62kU2M6ImrFe9nLxP6+XmvDaz7hMUoOSLRaFqSAmJvn7ZMgVMiOmllCmuL2VsDFVlBkbUsWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMJDzDK7w52nlx3p2PRWvJKWaO4Q+czx8Dd5Eg</latexit><latexit sha1_base64="1aQ+cmTPlaMuoWFQFstvAKNDajk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6GE/gsvHhTx6r/x5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LBTBP0IzqSPOSMGis99lGIQaa1mA2qNbfuzkFWiVeQGhRoDqpf/WHM0gilYYJq3fPcxPgZVYYzgbNKP9WYUDahI+xZKmmE2s/mF8/ImVWGJIyVLWnIXP09kdFI62kU2M6ImrFe9nLxP6+XmvDaz7hMUoOSLRaFqSAmJvn7ZMgVMiOmllCmuL2VsDFVlBkbUsWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMJDzDK7w52nlx3p2PRWvJKWaO4Q+czx8Dd5Eg</latexit>

Our Solution: The self-supervised learner (ii)
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• The self-supervised loss `ssl:

`ssl :=
∑

i

(1−Mii)
2
+ λ

∑
i

∑
j 6=j

M2
ij, (4)

- λ: a positive constant
- M: the correlation matrix which computes the correlations between the outputs

of the two augmented views along the batch dimension
- Mij in M:

Mij :=

∑
b eo

b,iz
a
b,j√∑

b

(
eo

b,i

)2
√∑

b

(
ea

b,j

)2
(5)

* eo and ea: latent embeddings of two views

Our Solution: The self-supervised learner (iii)

14/22



Backbone Network

Scratch
Center

Donut

Edgeloc

...
<latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit> <latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit> <latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit> <latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit>

Labeled Wafer Maps

Unlabeled Wafer Maps

...
<latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit> <latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit> <latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit> <latexit sha1_base64="4fajA5Sub0emPp2TPmVj1aHk3ls=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3ZehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4AvB+POA==</latexit>

Branch II: 
Self-supervised 
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<latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit>

Concat

1 ⇥ 1<latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit>
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(S)

(S)3 ⇥ 3
<latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit>

(S)3 ⇥ 3
<latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit>
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(2V)3 ⇥ 3
<latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit>

MaxPooling (S)1 ⇥ 1<latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit>

(S)3 ⇥ 3
<latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit>

(2V)3 ⇥ 3
<latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit>
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(2V)3 ⇥ 3
<latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit>

MaxPooling

(S)

(2V)3 ⇥ 3
<latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit><latexit sha1_base64="RkNE8MEvJZAEPXGXaqKWq/fviZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0msoMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilxxrpoYi4IbV+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rdX1bqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ATYyQAg==</latexit>

(S)1 ⇥ 1<latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit>

1 ⇥ 7
<latexit sha1_base64="XzB0hta6P1z32PV44kQFYQJdJGQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjx7po4i4IbVBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QgpAE</latexit><latexit sha1_base64="XzB0hta6P1z32PV44kQFYQJdJGQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjx7po4i4IbVBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QgpAE</latexit><latexit sha1_base64="XzB0hta6P1z32PV44kQFYQJdJGQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjx7po4i4IbVBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QgpAE</latexit><latexit sha1_base64="XzB0hta6P1z32PV44kQFYQJdJGQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjx7po4i4IbVBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QgpAE</latexit>

(S)7 ⇥ 1
<latexit sha1_base64="dTXnWZ/gSswWi83czf0rxvZ/iBY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjzXSRxFxQ7xBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QuJAE</latexit><latexit sha1_base64="dTXnWZ/gSswWi83czf0rxvZ/iBY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjzXSRxFxQ7xBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QuJAE</latexit><latexit sha1_base64="dTXnWZ/gSswWi83czf0rxvZ/iBY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjzXSRxFxQ7xBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QuJAE</latexit><latexit sha1_base64="dTXnWZ/gSswWi83czf0rxvZ/iBY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjzXSRxFxQ7xBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QuJAE</latexit>

(S)1 ⇥ 1<latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit>

Input Feature Maps

Output Feature Maps

Inception B 
Block

Concat
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(S)1 ⇥ 1<latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit>

(S)1 ⇥ 7
<latexit sha1_base64="XzB0hta6P1z32PV44kQFYQJdJGQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjx7po4i4IbVBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QgpAE</latexit><latexit sha1_base64="XzB0hta6P1z32PV44kQFYQJdJGQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjx7po4i4IbVBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QgpAE</latexit><latexit sha1_base64="XzB0hta6P1z32PV44kQFYQJdJGQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjx7po4i4IbVBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QgpAE</latexit><latexit sha1_base64="XzB0hta6P1z32PV44kQFYQJdJGQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjx7po4i4IbVBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QgpAE</latexit>

(S)

(S)7 ⇥ 1
<latexit sha1_base64="dTXnWZ/gSswWi83czf0rxvZ/iBY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjzXSRxFxQ7xBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QuJAE</latexit><latexit sha1_base64="dTXnWZ/gSswWi83czf0rxvZ/iBY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjzXSRxFxQ7xBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QuJAE</latexit><latexit sha1_base64="dTXnWZ/gSswWi83czf0rxvZ/iBY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjzXSRxFxQ7xBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QuJAE</latexit><latexit sha1_base64="dTXnWZ/gSswWi83czf0rxvZ/iBY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjzXSRxFxQ7xBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QuJAE</latexit>

1 ⇥ 7
<latexit sha1_base64="XzB0hta6P1z32PV44kQFYQJdJGQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjx7po4i4IbVBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QgpAE</latexit><latexit sha1_base64="XzB0hta6P1z32PV44kQFYQJdJGQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjx7po4i4IbVBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QgpAE</latexit><latexit sha1_base64="XzB0hta6P1z32PV44kQFYQJdJGQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjx7po4i4IbVBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QgpAE</latexit><latexit sha1_base64="XzB0hta6P1z32PV44kQFYQJdJGQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjx7po4i4IbVBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QgpAE</latexit>

(S)7 ⇥ 1
<latexit sha1_base64="dTXnWZ/gSswWi83czf0rxvZ/iBY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjzXSRxFxQ7xBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QuJAE</latexit><latexit sha1_base64="dTXnWZ/gSswWi83czf0rxvZ/iBY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjzXSRxFxQ7xBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QuJAE</latexit><latexit sha1_base64="dTXnWZ/gSswWi83czf0rxvZ/iBY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjzXSRxFxQ7xBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QuJAE</latexit><latexit sha1_base64="dTXnWZ/gSswWi83czf0rxvZ/iBY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI9FLx4r2A9sQ9lsN+3SzSbsToQS+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFKjzXSRxFxQ7xBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lipq1/jZ4uIZubDKkISxtqWQLNTfExmNjJlGge2MKI7NqjcX//N6KYZ1PxMqSZErtlwUppJgTObvk6HQnKGcWkKZFvZWwsZUU4Y2pJINwVt9eZ20r6qeW/XuryuNmzyOIpzBOVyCBzVowB00oQUMFDzDK7w5xnlx3p2PZWvByWdO4Q+czx9QuJAE</latexit>
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AvgPooling (S)1 ⇥ 1<latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit>

(S)1 ⇥ 1<latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit>

(S)1 ⇥ 1<latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit>

(S)1 ⇥ 1<latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit>

(S)1 ⇥ 3
<latexit sha1_base64="1JPo2QlOZE/TCouU9X284mlzKGI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilR4/0UETckMt+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KcpAA</latexit><latexit sha1_base64="1JPo2QlOZE/TCouU9X284mlzKGI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilR4/0UETckMt+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KcpAA</latexit><latexit sha1_base64="1JPo2QlOZE/TCouU9X284mlzKGI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilR4/0UETckMt+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KcpAA</latexit><latexit sha1_base64="1JPo2QlOZE/TCouU9X284mlzKGI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilR4/0UETckMt+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KcpAA</latexit>

(S)3 ⇥ 1
<latexit sha1_base64="LtnUPDj1IZn3Lo5smmvrDjT5yUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx0vSQxFxQ7x+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KhJAA</latexit><latexit sha1_base64="LtnUPDj1IZn3Lo5smmvrDjT5yUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx0vSQxFxQ7x+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KhJAA</latexit><latexit sha1_base64="LtnUPDj1IZn3Lo5smmvrDjT5yUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx0vSQxFxQ7x+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KhJAA</latexit><latexit sha1_base64="LtnUPDj1IZn3Lo5smmvrDjT5yUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx0vSQxFxQ7x+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KhJAA</latexit>

(S)1 ⇥ 3
<latexit sha1_base64="1JPo2QlOZE/TCouU9X284mlzKGI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilR4/0UETckMt+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KcpAA</latexit><latexit sha1_base64="1JPo2QlOZE/TCouU9X284mlzKGI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilR4/0UETckMt+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KcpAA</latexit><latexit sha1_base64="1JPo2QlOZE/TCouU9X284mlzKGI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilR4/0UETckMt+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KcpAA</latexit><latexit sha1_base64="1JPo2QlOZE/TCouU9X284mlzKGI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilR4/0UETckMt+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KcpAA</latexit>

(S)3 ⇥ 1
<latexit sha1_base64="LtnUPDj1IZn3Lo5smmvrDjT5yUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx0vSQxFxQ7x+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KhJAA</latexit><latexit sha1_base64="LtnUPDj1IZn3Lo5smmvrDjT5yUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx0vSQxFxQ7x+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KhJAA</latexit><latexit sha1_base64="LtnUPDj1IZn3Lo5smmvrDjT5yUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx0vSQxFxQ7x+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KhJAA</latexit><latexit sha1_base64="LtnUPDj1IZn3Lo5smmvrDjT5yUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx0vSQxFxQ7x+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KhJAA</latexit>

(S)1 ⇥ 3
<latexit sha1_base64="1JPo2QlOZE/TCouU9X284mlzKGI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilR4/0UETckMt+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KcpAA</latexit><latexit sha1_base64="1JPo2QlOZE/TCouU9X284mlzKGI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilR4/0UETckMt+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KcpAA</latexit><latexit sha1_base64="1JPo2QlOZE/TCouU9X284mlzKGI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilR4/0UETckMt+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KcpAA</latexit><latexit sha1_base64="1JPo2QlOZE/TCouU9X284mlzKGI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilR4/0UETckMt+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KcpAA</latexit>

(S)3 ⇥ 1
<latexit sha1_base64="LtnUPDj1IZn3Lo5smmvrDjT5yUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx0vSQxFxQ7x+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KhJAA</latexit><latexit sha1_base64="LtnUPDj1IZn3Lo5smmvrDjT5yUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx0vSQxFxQ7x+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KhJAA</latexit><latexit sha1_base64="LtnUPDj1IZn3Lo5smmvrDjT5yUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx0vSQxFxQ7x+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KhJAA</latexit><latexit sha1_base64="LtnUPDj1IZn3Lo5smmvrDjT5yUU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx0vSQxFxQ7x+ueJW3TnIKvFyUoEcjX75qzeIWRpxhUxSY7qem6CfUY2CST4t9VLDE8rGdMi7lipq1/jZ/OIpObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMzeJwOhOUM5sYQyLeythI2opgxtSCUbgrf88ippXVQ9t+rd1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz9KhJAA</latexit>

MaxPooling 1 ⇥ 1<latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit><latexit sha1_base64="j9vx1RjYCMBpnTdRJQe7cbq2vQU=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyIoMegF48RzAOTJcxOZpMhs7PLTK8QQv7CiwdFvPo33vwbJ8keNLGgoajqprsrTJW06PvfXmFtfWNzq7hd2tnd2z8oHx41bZIZLho8UYlph8wKJbVooEQl2qkRLA6VaIWj25nfehLGykQ/4DgVQcwGWkaSM3TSIyVdlLGwhPbKFb/qz0FWCc1JBXLUe+Wvbj/hWSw0csWs7VA/xWDCDEquxLTUzaxIGR+xgeg4qplbE0zmF0/JmVP6JEqMK41krv6emLDY2nEcus6Y4dAuezPxP6+TYXQdTKROMxSaLxZFmSKYkNn7pC+N4KjGjjBupLuV8CEzjKMLqeRCoMsvr5LmRZX6VXp/Wand5HEU4QRO4RwoXEEN7qAODeCg4Rle4c2z3ov37n0sWgtePnMMf+B9/gBHao/+</latexit> 3 ⇥ 3
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Our Solution: The overall architecture design
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• A platform with a Xeon Silver 4114 CPU processor and Nvidia TITAN Xp Graphic
card

• Industry Benchmark Suite: WM-811K

(a) (b) (c) (d) (e)

(f) (g) (h) (i)

9 kinds of wafer map pattens: (a) Center; (b) Donut; (c) Edge-Loc; (d) Edge-Ring; (e) Location; (f)
Near-Full; (g) Random; (h) Scratch; (i) None (the defect-free).

The Experiment Setup (i)
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• Benchmark Statistics:

Table: Benchmark Statistics

Categories
Training Set Testing Set

# Percent (%) # Percent (%)

Center 2576 2.48 1718 2.48
Donut 333 0.32 222 0.32

Edge-Loc 3113 2.99 2076 3.00
Edge-Ring 5808 5.60 3872 5.60
Location 2155 2.08 1438 2.08
Near-Full 89 0.09 60 0.09
Random 519 0.50 347 0.50
Scratch 715 0.69 478 0.69
None 88459 85.25 58972 85.25

Total 103767 100 69183 100

The Experiment Setup (ii)
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• Metrics: Precision, Recall, F1 score

Table: Comparison with state of the arts

Defect Pattern
TSM’15 1 DAC’20 2 Ours

Precision Recall F1 Precision Recall F1 Precision Recall F1

Center 0.661 0.861 0.748 0.949 0.942 0.945 0.736 0.950 0.830
Donut 0.729 0.459 0.564 0.798 0.748 0.772 0.806 0.842 0.824

Edge-Loc 0.453 0.577 0.507 0.739 0.690 0.714 0.647 0.802 0.716
Edge-Ring 0.611 0.908 0.731 0.992 0.950 0.970 0.992 0.921 0.955
Location 0.533 0.346 0.420 0.191 0.627 0.293 0.605 0.720 0.658
Near-Full 0.254 0.867 0.392 0.697 0.383 0.495 0.810 0.867 0.840
Random 0.412 0.101 0.162 0.608 0.553 0.579 0.816 0.652 0.724
Scratch 0.835 0.339 0.482 0.127 0.287 0.176 0.474 0.701 0.565
None 0.973 0.940 0.956 0.985 0.927 0.955 0.986 0.967 0.977

Macro-average 0.607 0.600 0.551 0.676 0.679 0.656 0.764 0.825 0.788
Ratio 0.795 0.727 0.700 0.885 0.823 0.832 1.000 1.000 1.000

1
Wu et al., “Wafer map failure pattern recognition and similarity ranking for large-scale data sets,” TSM, 2015.

2
Alawieh et al., “Wafer map defect patterns classification using deep selective learning,” DAC, 2020.

Comparison with state of the arts (i)
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• The heat maps of normalized confusion matrixes of three algorithms
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(a) TSM’15
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(b) DAC’20
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(c) Ours

Comparison with state of the arts (ii)
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• ‘w/o. FSL”: the flow trained with a typical cross-entropy loss as a replacement to the
few-shot learning loss

• “w/o. SSL”: the flow trained without self-supervised learning loss

• “Full": the proposed flow
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The Ablation Study
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• An end-to-end, CNN-based wafer failure pattern classification framework

• Two-branch design

• Alleviate the imbalanced distribution issue and Make full use of unlabeled wafer
data

Conclusion
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THANK YOU!


