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The Big Picture
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Statistical inference

Non-Bayesian inference
(focusing on statistics of data)

Bayesian inference
(focusing on statistics of parameters)

(Quiz) But first… what is a statistical inference? (Hint: there are 2 keywords)
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What is a Statistical Inference?
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“Using data analysis to deduce properties of underlying probability distribution.”

-Upton, G., Cook, I. (2008) Oxford Dictionary of Statistics, OUP.

parametric model with independence assumption

{yn}Nn=1|{xn}Nn=1 ⇠
NY

n=1

p✓(yn|xn)
<latexit sha1_base64="pIYAaSAgKWHT4Y8QUBS4GnvodL8="></latexit><latexit sha1_base64="pIYAaSAgKWHT4Y8QUBS4GnvodL8="></latexit><latexit sha1_base64="pIYAaSAgKWHT4Y8QUBS4GnvodL8="></latexit><latexit sha1_base64="pIYAaSAgKWHT4Y8QUBS4GnvodL8="></latexit>

the “property”

D = {(xn, yn)}Nn=1
<latexit sha1_base64="0DGoG7bOE0mAXgv93bukWCUrkms="></latexit><latexit sha1_base64="0DGoG7bOE0mAXgv93bukWCUrkms="></latexit><latexit sha1_base64="0DGoG7bOE0mAXgv93bukWCUrkms="></latexit><latexit sha1_base64="0DGoG7bOE0mAXgv93bukWCUrkms="></latexit>

images & labels for classification
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• Modeling uncertainty/degree of belief of parameters as probability given data.

• Remarks:
• Bayesian inference is NOT about treating parameter as random variable. 

• Instead, probability represents degree of belief or uncertainty on that value. 

• Such interpretation of probability is called Bayesian probability.

What is Bayesian Inference? 
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posterior probability
(uncertainty of parameters given data)p(✓|D) =

p(D|✓)p(✓)
p(D)

/ p(D|✓)p(✓)
<latexit sha1_base64="zwLvniVkA5+rK7oTfV7YUHNShbc="></latexit><latexit sha1_base64="zwLvniVkA5+rK7oTfV7YUHNShbc="></latexit><latexit sha1_base64="zwLvniVkA5+rK7oTfV7YUHNShbc="></latexit><latexit sha1_base64="zwLvniVkA5+rK7oTfV7YUHNShbc="></latexit>

parameter
data
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• Modeling uncertainty/degree of belief of parameters as probability given data.
• Bayes’ rule is essential for description of posterior:

What is Bayesian Inference? 
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p(✓|D) =
p(D|✓)p(✓)

p(D)
/ p(D|✓)p(✓)

<latexit sha1_base64="zwLvniVkA5+rK7oTfV7YUHNShbc="></latexit><latexit sha1_base64="zwLvniVkA5+rK7oTfV7YUHNShbc="></latexit><latexit sha1_base64="zwLvniVkA5+rK7oTfV7YUHNShbc="></latexit><latexit sha1_base64="zwLvniVkA5+rK7oTfV7YUHNShbc="></latexit>

parameter
data

p(✓|D) =
p(✓,D)

p(D)
=

p(D|✓)p(✓)
p(D)

/ p(D|✓)p(✓)
<latexit sha1_base64="8GdmG13VEePBPvNVVWmAsRB9aO4="></latexit><latexit sha1_base64="8GdmG13VEePBPvNVVWmAsRB9aO4="></latexit><latexit sha1_base64="8GdmG13VEePBPvNVVWmAsRB9aO4="></latexit><latexit sha1_base64="8GdmG13VEePBPvNVVWmAsRB9aO4="></latexit>

likelihood
(How likely is the data given parameter value?)

prior probability
(Initial belief on the parameter values)

Why do we care about the posterior?



Algorithmic Intelligence Lab

• Bayesian prediction for classification problem:
• What is test label, given test image, training image and training label?

Why Posterior? 
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p(Y(test)|X (test),X (train),Y(train))

=
p(Y(test),Y(train)|X (test),X (train))

p(Y(train)|X (train))

=

Z

✓

p(Y(test),Y(train)|X (test),X (train), ✓)p(✓)

p(Y(train)|X (train))

=

Z

✓

p(Y(test)|X (test), ✓)p(Y(train)|X (train), ✓)p(✓)

p(Y(train)|X (train))

=

Z

✓
p(Y(test)|X (test), ✓)p(✓|X (train),Y(train))

= E✓⇠p(✓|X (train),Y(train))[p(Y(test)|X (test), ✓)]
<latexit sha1_base64="ufK9yUbLjcT3Fmwt5pgbBAYeNQY="></latexit><latexit sha1_base64="ufK9yUbLjcT3Fmwt5pgbBAYeNQY="></latexit><latexit sha1_base64="ufK9yUbLjcT3Fmwt5pgbBAYeNQY="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="Lw/vlDkSwRMpR/dYyuvc8/Qd1hc="></latexit><latexit sha1_base64="Lw/vlDkSwRMpR/dYyuvc8/Qd1hc="></latexit><latexit sha1_base64="ph9GzUiof3/5IsqqSFJoJoS+gNg="></latexit><latexit sha1_base64="ufK9yUbLjcT3Fmwt5pgbBAYeNQY="></latexit><latexit sha1_base64="ufK9yUbLjcT3Fmwt5pgbBAYeNQY="></latexit><latexit sha1_base64="ufK9yUbLjcT3Fmwt5pgbBAYeNQY="></latexit><latexit sha1_base64="ufK9yUbLjcT3Fmwt5pgbBAYeNQY="></latexit><latexit sha1_base64="ufK9yUbLjcT3Fmwt5pgbBAYeNQY="></latexit><latexit sha1_base64="ufK9yUbLjcT3Fmwt5pgbBAYeNQY="></latexit>

prediction requires 
sampling from posterior

p(Y(test)|X (test),X (train),Y(train))
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Next, using neural network for Bayesian prediction

=

Z

✓

p(Y(test),Y(train)|X (test),X (train), ✓)p(✓)

p(Y(train)|X (train))
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parametric modeling ( e.g.. neural network)

p(Y|X ) =

Z

✓
p(Y|X , ✓)p(✓)
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<latexit sha1_base64="Sd95Aac7HG5XAwc7cxYNYQeXdAQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJIUwR4LXjxWsB/QhrLZbtqlm03YnQgh9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9djY2t7Z3dkt75f2Dw6Pjyslpx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvZv73SeujYjVI2YJ9yM6ViIUjKKVutkwV9f12bBSdWvuAmSdeAWpQoHWsPI1GMUsjbhCJqkxfc9N0M+pRsEkn5UHqeEJZVM65n1LFY248fPFuTNyaZURCWNtSyFZqL8nchoZk0WB7YwoTsyqNxf/8/ophg0/FypJkSu2XBSmkmBM5r+TkdCcocwsoUwLeythE6opQ5tQ2Ybgrb68Tjr1mufWvIebarNRxFGCc7iAK/DgFppwDy1oA4MpPMMrvDmJ8+K8Ox/L1g2nmDmDP3A+fwAH+Y9S</latexit><latexit sha1_base64="Sd95Aac7HG5XAwc7cxYNYQeXdAQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJIUwR4LXjxWsB/QhrLZbtqlm03YnQgh9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9djY2t7Z3dkt75f2Dw6Pjyslpx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvZv73SeujYjVI2YJ9yM6ViIUjKKVutkwV9f12bBSdWvuAmSdeAWpQoHWsPI1GMUsjbhCJqkxfc9N0M+pRsEkn5UHqeEJZVM65n1LFY248fPFuTNyaZURCWNtSyFZqL8nchoZk0WB7YwoTsyqNxf/8/ophg0/FypJkSu2XBSmkmBM5r+TkdCcocwsoUwLeythE6opQ5tQ2Ybgrb68Tjr1mufWvIebarNRxFGCc7iAK/DgFppwDy1oA4MpPMMrvDmJ8+K8Ox/L1g2nmDmDP3A+fwAH+Y9S</latexit><latexit sha1_base64="Sd95Aac7HG5XAwc7cxYNYQeXdAQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJIUwR4LXjxWsB/QhrLZbtqlm03YnQgh9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9djY2t7Z3dkt75f2Dw6Pjyslpx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvZv73SeujYjVI2YJ9yM6ViIUjKKVutkwV9f12bBSdWvuAmSdeAWpQoHWsPI1GMUsjbhCJqkxfc9N0M+pRsEkn5UHqeEJZVM65n1LFY248fPFuTNyaZURCWNtSyFZqL8nchoZk0WB7YwoTsyqNxf/8/ophg0/FypJkSu2XBSmkmBM5r+TkdCcocwsoUwLeythE6opQ5tQ2Ybgrb68Tjr1mufWvIebarNRxFGCc7iAK/DgFppwDy1oA4MpPMMrvDmJ8+K8Ox/L1g2nmDmDP3A+fwAH+Y9S</latexit><latexit sha1_base64="Sd95Aac7HG5XAwc7cxYNYQeXdAQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJIUwR4LXjxWsB/QhrLZbtqlm03YnQgh9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9djY2t7Z3dkt75f2Dw6Pjyslpx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvZv73SeujYjVI2YJ9yM6ViIUjKKVutkwV9f12bBSdWvuAmSdeAWpQoHWsPI1GMUsjbhCJqkxfc9N0M+pRsEkn5UHqeEJZVM65n1LFY248fPFuTNyaZURCWNtSyFZqL8nchoZk0WB7YwoTsyqNxf/8/ophg0/FypJkSu2XBSmkmBM5r+TkdCcocwsoUwLeythE6opQ5tQ2Ybgrb68Tjr1mufWvIebarNRxFGCc7iAK/DgFppwDy1oA4MpPMMrvDmJ8+K8Ox/L1g2nmDmDP3A+fwAH+Y9S</latexit>

f✓,1(xn)
<latexit sha1_base64="iFbkE5Olfndeih3wa1AsnaVJTzs=">AAACE3icbVBNS8NAEN3Ur1q/oh69LBahipREBHssePFYwX5AW8pmu2mXbjZhdyKWkP/gxb/ixYMiXr1489+4SXvQ1gcDj/dmmJnnRYJrcJxvq7Cyura+UdwsbW3v7O7Z+wctHcaKsiYNRag6HtFMcMmawEGwTqQYCTzB2t7kOvPb90xpHso7mEasH5CR5D6nBIw0sM96AYGxDFVAROKng6QHYwbkHLtpJbc8P3kwskxPB3bZqTo58DJx56SM5mgM7K/eMKRxwCRQQbTuuk4E/YQo4FSwtNSLNYsInZAR6xoqScB0P8l/SvGJUYbYD5UpCThXf08kJNB6GnimMztTL3qZ+J/XjcGv9RMuoxiYpLNFfiwwhDgLCA+5YhTE1BBCFTe3YjomilAwMZZMCO7iy8ukdVF1nap7e1mu1+ZxFNEROkYV5KIrVEc3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVgzWcO0R9Ynz/9S57M</latexit><latexit sha1_base64="iFbkE5Olfndeih3wa1AsnaVJTzs=">AAACE3icbVBNS8NAEN3Ur1q/oh69LBahipREBHssePFYwX5AW8pmu2mXbjZhdyKWkP/gxb/ixYMiXr1489+4SXvQ1gcDj/dmmJnnRYJrcJxvq7Cyura+UdwsbW3v7O7Z+wctHcaKsiYNRag6HtFMcMmawEGwTqQYCTzB2t7kOvPb90xpHso7mEasH5CR5D6nBIw0sM96AYGxDFVAROKng6QHYwbkHLtpJbc8P3kwskxPB3bZqTo58DJx56SM5mgM7K/eMKRxwCRQQbTuuk4E/YQo4FSwtNSLNYsInZAR6xoqScB0P8l/SvGJUYbYD5UpCThXf08kJNB6GnimMztTL3qZ+J/XjcGv9RMuoxiYpLNFfiwwhDgLCA+5YhTE1BBCFTe3YjomilAwMZZMCO7iy8ukdVF1nap7e1mu1+ZxFNEROkYV5KIrVEc3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVgzWcO0R9Ynz/9S57M</latexit><latexit sha1_base64="iFbkE5Olfndeih3wa1AsnaVJTzs=">AAACE3icbVBNS8NAEN3Ur1q/oh69LBahipREBHssePFYwX5AW8pmu2mXbjZhdyKWkP/gxb/ixYMiXr1489+4SXvQ1gcDj/dmmJnnRYJrcJxvq7Cyura+UdwsbW3v7O7Z+wctHcaKsiYNRag6HtFMcMmawEGwTqQYCTzB2t7kOvPb90xpHso7mEasH5CR5D6nBIw0sM96AYGxDFVAROKng6QHYwbkHLtpJbc8P3kwskxPB3bZqTo58DJx56SM5mgM7K/eMKRxwCRQQbTuuk4E/YQo4FSwtNSLNYsInZAR6xoqScB0P8l/SvGJUYbYD5UpCThXf08kJNB6GnimMztTL3qZ+J/XjcGv9RMuoxiYpLNFfiwwhDgLCA+5YhTE1BBCFTe3YjomilAwMZZMCO7iy8ukdVF1nap7e1mu1+ZxFNEROkYV5KIrVEc3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVgzWcO0R9Ynz/9S57M</latexit><latexit sha1_base64="iFbkE5Olfndeih3wa1AsnaVJTzs=">AAACE3icbVBNS8NAEN3Ur1q/oh69LBahipREBHssePFYwX5AW8pmu2mXbjZhdyKWkP/gxb/ixYMiXr1489+4SXvQ1gcDj/dmmJnnRYJrcJxvq7Cyura+UdwsbW3v7O7Z+wctHcaKsiYNRag6HtFMcMmawEGwTqQYCTzB2t7kOvPb90xpHso7mEasH5CR5D6nBIw0sM96AYGxDFVAROKng6QHYwbkHLtpJbc8P3kwskxPB3bZqTo58DJx56SM5mgM7K/eMKRxwCRQQbTuuk4E/YQo4FSwtNSLNYsInZAR6xoqScB0P8l/SvGJUYbYD5UpCThXf08kJNB6GnimMztTL3qZ+J/XjcGv9RMuoxiYpLNFfiwwhDgLCA+5YhTE1BBCFTe3YjomilAwMZZMCO7iy8ukdVF1nap7e1mu1+ZxFNEROkYV5KIrVEc3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVgzWcO0R9Ynz/9S57M</latexit>

f✓,2(xn)
<latexit sha1_base64="iGIbxnPohYtkaIiHcTgoIB1090o=">AAACE3icbVBNS8NAEN34WetX1aOXxSJUkZIUwR4LXjxWsB/QhrLZbtqlm03YnYgl5D948a948aCIVy/e/Ddu2hy09cHA470ZZuZ5keAabPvbWlldW9/YLGwVt3d29/ZLB4dtHcaKshYNRai6HtFMcMlawEGwbqQYCTzBOt7kOvM790xpHso7mEbMDchIcp9TAkYalM77AYGxDFVAROKng6QPYwbkAtfSyszy/OTByDI9G5TKdtWeAS8TJydllKM5KH31hyGNAyaBCqJ1z7EjcBOigFPB0mI/1iwidEJGrGeoJAHTbjL7KcWnRhliP1SmJOCZ+nsiIYHW08AzndmZetHLxP+8Xgx+3U24jGJgks4X+bHAEOIsIDzkilEQU0MIVdzciumYKELBxFg0ITiLLy+Tdq3q2FXn9rLcqOdxFNAxOkEV5KAr1EA3qIlaiKJH9Ixe0Zv1ZL1Y79bHvHXFymeO0B9Ynz/+4J7N</latexit><latexit sha1_base64="iGIbxnPohYtkaIiHcTgoIB1090o=">AAACE3icbVBNS8NAEN34WetX1aOXxSJUkZIUwR4LXjxWsB/QhrLZbtqlm03YnYgl5D948a948aCIVy/e/Ddu2hy09cHA470ZZuZ5keAabPvbWlldW9/YLGwVt3d29/ZLB4dtHcaKshYNRai6HtFMcMlawEGwbqQYCTzBOt7kOvM790xpHso7mEbMDchIcp9TAkYalM77AYGxDFVAROKng6QPYwbkAtfSyszy/OTByDI9G5TKdtWeAS8TJydllKM5KH31hyGNAyaBCqJ1z7EjcBOigFPB0mI/1iwidEJGrGeoJAHTbjL7KcWnRhliP1SmJOCZ+nsiIYHW08AzndmZetHLxP+8Xgx+3U24jGJgks4X+bHAEOIsIDzkilEQU0MIVdzciumYKELBxFg0ITiLLy+Tdq3q2FXn9rLcqOdxFNAxOkEV5KAr1EA3qIlaiKJH9Ixe0Zv1ZL1Y79bHvHXFymeO0B9Ynz/+4J7N</latexit><latexit sha1_base64="iGIbxnPohYtkaIiHcTgoIB1090o=">AAACE3icbVBNS8NAEN34WetX1aOXxSJUkZIUwR4LXjxWsB/QhrLZbtqlm03YnYgl5D948a948aCIVy/e/Ddu2hy09cHA470ZZuZ5keAabPvbWlldW9/YLGwVt3d29/ZLB4dtHcaKshYNRai6HtFMcMlawEGwbqQYCTzBOt7kOvM790xpHso7mEbMDchIcp9TAkYalM77AYGxDFVAROKng6QPYwbkAtfSyszy/OTByDI9G5TKdtWeAS8TJydllKM5KH31hyGNAyaBCqJ1z7EjcBOigFPB0mI/1iwidEJGrGeoJAHTbjL7KcWnRhliP1SmJOCZ+nsiIYHW08AzndmZetHLxP+8Xgx+3U24jGJgks4X+bHAEOIsIDzkilEQU0MIVdzciumYKELBxFg0ITiLLy+Tdq3q2FXn9rLcqOdxFNAxOkEV5KAr1EA3qIlaiKJH9Ixe0Zv1ZL1Y79bHvHXFymeO0B9Ynz/+4J7N</latexit><latexit sha1_base64="iGIbxnPohYtkaIiHcTgoIB1090o=">AAACE3icbVBNS8NAEN34WetX1aOXxSJUkZIUwR4LXjxWsB/QhrLZbtqlm03YnYgl5D948a948aCIVy/e/Ddu2hy09cHA470ZZuZ5keAabPvbWlldW9/YLGwVt3d29/ZLB4dtHcaKshYNRai6HtFMcMlawEGwbqQYCTzBOt7kOvM790xpHso7mEbMDchIcp9TAkYalM77AYGxDFVAROKng6QPYwbkAtfSyszy/OTByDI9G5TKdtWeAS8TJydllKM5KH31hyGNAyaBCqJ1z7EjcBOigFPB0mI/1iwidEJGrGeoJAHTbjL7KcWnRhliP1SmJOCZ+nsiIYHW08AzndmZetHLxP+8Xgx+3U24jGJgks4X+bHAEOIsIDzkilEQU0MIVdzciumYKELBxFg0ITiLLy+Tdq3q2FXn9rLcqOdxFNAxOkEV5KAr1EA3qIlaiKJH9Ixe0Zv1ZL1Y79bHvHXFymeO0B9Ynz/+4J7N</latexit>

✓
<latexit sha1_base64="fMyf3cLbGFwEEr3AZBpu/FRtKLs="></latexit><latexit sha1_base64="fMyf3cLbGFwEEr3AZBpu/FRtKLs="></latexit><latexit sha1_base64="fMyf3cLbGFwEEr3AZBpu/FRtKLs="></latexit><latexit sha1_base64="fMyf3cLbGFwEEr3AZBpu/FRtKLs="></latexit>

=
p(Y(test),Y(train)|X (test),X (train))

p(Y(train)|X (train))
<latexit sha1_base64="hlCQe9Kf7vhyHVmS9Z2UU6Mag/g="></latexit><latexit sha1_base64="hlCQe9Kf7vhyHVmS9Z2UU6Mag/g="></latexit><latexit sha1_base64="hlCQe9Kf7vhyHVmS9Z2UU6Mag/g="></latexit><latexit sha1_base64="hlCQe9Kf7vhyHVmS9Z2UU6Mag/g="></latexit>

Bayes’ rule

p(✓|X ,Y) =
p(Y|X , ✓)p(✓|X )

p(Y|X )

=
p(Y|X , ✓)p(✓)

p(Y|X )
<latexit sha1_base64="QJXXDbpxmvqBsGBK+CAnhmKYP7w="></latexit><latexit sha1_base64="QJXXDbpxmvqBsGBK+CAnhmKYP7w="></latexit><latexit sha1_base64="QJXXDbpxmvqBsGBK+CAnhmKYP7w="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="+nusp+rlKI5H7KxmCGzhvGLUfRk="></latexit><latexit sha1_base64="+nusp+rlKI5H7KxmCGzhvGLUfRk="></latexit><latexit sha1_base64="+nbkkvIneDVaqY3VQqCtjtuBeJ4="></latexit><latexit sha1_base64="QJXXDbpxmvqBsGBK+CAnhmKYP7w="></latexit><latexit sha1_base64="QJXXDbpxmvqBsGBK+CAnhmKYP7w="></latexit><latexit sha1_base64="QJXXDbpxmvqBsGBK+CAnhmKYP7w="></latexit><latexit sha1_base64="QJXXDbpxmvqBsGBK+CAnhmKYP7w="></latexit><latexit sha1_base64="QJXXDbpxmvqBsGBK+CAnhmKYP7w="></latexit><latexit sha1_base64="QJXXDbpxmvqBsGBK+CAnhmKYP7w="></latexit>

independence assumption

p({yn}Nn=1|{xn}Nn=1, ✓) =
NY

n=1

p(yn|xn, ✓)
<latexit sha1_base64="0Ehcc6GV5+Xbw4ZS2AaWX/rHXVA="></latexit><latexit sha1_base64="0Ehcc6GV5+Xbw4ZS2AaWX/rHXVA="></latexit><latexit sha1_base64="0Ehcc6GV5+Xbw4ZS2AaWX/rHXVA="></latexit><latexit sha1_base64="0Ehcc6GV5+Xbw4ZS2AaWX/rHXVA="></latexit>

=

Z

✓

p(Y(test)|X (test), ✓)p(Y(train)|X (train), ✓)p(✓)

p(Y(train)|X (train))
<latexit sha1_base64="wwT40/5/ddMvUPcuCJAh77jjXaA="></latexit><latexit sha1_base64="wwT40/5/ddMvUPcuCJAh77jjXaA="></latexit><latexit sha1_base64="wwT40/5/ddMvUPcuCJAh77jjXaA="></latexit><latexit sha1_base64="wwT40/5/ddMvUPcuCJAh77jjXaA="></latexit>

Bayes’ rule

=

Z

✓
p(Y(test)|X (test), ✓)p(✓|X (train),Y(train))

<latexit sha1_base64="1EI8vojQKuZwtpA3Eco2lrOozkE="></latexit><latexit sha1_base64="1EI8vojQKuZwtpA3Eco2lrOozkE="></latexit><latexit sha1_base64="1EI8vojQKuZwtpA3Eco2lrOozkE="></latexit><latexit sha1_base64="1EI8vojQKuZwtpA3Eco2lrOozkE="></latexit>
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1. Introduction
• What is Bayesian inference?
• What is Bayesian neural network?

2. Variational Inference for Bayesian Neural Networks
• Using Gaussian distribution
• Using multiplicative normalizing flows

3. Non-variational Inference for Bayesian Neural Networks
• Laplace Approximation
• Markov Chain Monte Carlo

Table of Contents
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• Bayesian neural network is a neural network with prior on its weights.
• Bayesian inference cannot be applied without priors.

• Two choices to make (i.e., choosing our models):
1. Log-likelihood is expressed by neural networks:

Bayesian Neural Network

10

log p(Y|X , ✓) =
NX

n=1

log p(yn|xn, ✓) =
NX

n=1

X

c2labels

yn,c log f✓,c(xn)
<latexit sha1_base64="yhjk6F8lWhO8oM0NK74DheVdT18="></latexit><latexit sha1_base64="yhjk6F8lWhO8oM0NK74DheVdT18="></latexit><latexit sha1_base64="yhjk6F8lWhO8oM0NK74DheVdT18="></latexit><latexit sha1_base64="yhjk6F8lWhO8oM0NK74DheVdT18="></latexit>

xn
<latexit sha1_base64="kQNocPRyt2f5/wkW7A17KqdZ8T4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIYJcFNy4r2Ae0Y8mkmTY0kwxJRi3D/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkoQttEcql6AdaUM0HbhhlOe7GiOAo47QbT69zvPlClmRR3ZhZTP8JjwUJGsLHS/SDCZhKE6VM2TEU2rNbcujsHWiVeQWpQoDWsfg1GkiQRFYZwrHXfc2Pjp1gZRjjNKoNE0xiTKR7TvqUCR1T76Tx1hs6sMkKhVPYJg+bq740UR1rPosBO5in1speL/3n9xIQNP2UiTgwVZHEoTDgyEuUVoBFTlBg+swQTxWxWRCZYYWJsURVbgrf85VXSuah7bt27vaw1G0UdZTiBUzgHD66gCTfQgjYQUPAMr/DmPDovzrvzsRgtOcXOMfyB8/kDUGSS/w==</latexit><latexit sha1_base64="kQNocPRyt2f5/wkW7A17KqdZ8T4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIYJcFNy4r2Ae0Y8mkmTY0kwxJRi3D/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkoQttEcql6AdaUM0HbhhlOe7GiOAo47QbT69zvPlClmRR3ZhZTP8JjwUJGsLHS/SDCZhKE6VM2TEU2rNbcujsHWiVeQWpQoDWsfg1GkiQRFYZwrHXfc2Pjp1gZRjjNKoNE0xiTKR7TvqUCR1T76Tx1hs6sMkKhVPYJg+bq740UR1rPosBO5in1speL/3n9xIQNP2UiTgwVZHEoTDgyEuUVoBFTlBg+swQTxWxWRCZYYWJsURVbgrf85VXSuah7bt27vaw1G0UdZTiBUzgHD66gCTfQgjYQUPAMr/DmPDovzrvzsRgtOcXOMfyB8/kDUGSS/w==</latexit><latexit sha1_base64="kQNocPRyt2f5/wkW7A17KqdZ8T4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIYJcFNy4r2Ae0Y8mkmTY0kwxJRi3D/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkoQttEcql6AdaUM0HbhhlOe7GiOAo47QbT69zvPlClmRR3ZhZTP8JjwUJGsLHS/SDCZhKE6VM2TEU2rNbcujsHWiVeQWpQoDWsfg1GkiQRFYZwrHXfc2Pjp1gZRjjNKoNE0xiTKR7TvqUCR1T76Tx1hs6sMkKhVPYJg+bq740UR1rPosBO5in1speL/3n9xIQNP2UiTgwVZHEoTDgyEuUVoBFTlBg+swQTxWxWRCZYYWJsURVbgrf85VXSuah7bt27vaw1G0UdZTiBUzgHD66gCTfQgjYQUPAMr/DmPDovzrvzsRgtOcXOMfyB8/kDUGSS/w==</latexit><latexit sha1_base64="kQNocPRyt2f5/wkW7A17KqdZ8T4=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIYJcFNy4r2Ae0Y8mkmTY0kwxJRi3D/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkoQttEcql6AdaUM0HbhhlOe7GiOAo47QbT69zvPlClmRR3ZhZTP8JjwUJGsLHS/SDCZhKE6VM2TEU2rNbcujsHWiVeQWpQoDWsfg1GkiQRFYZwrHXfc2Pjp1gZRjjNKoNE0xiTKR7TvqUCR1T76Tx1hs6sMkKhVPYJg+bq740UR1rPosBO5in1speL/3n9xIQNP2UiTgwVZHEoTDgyEuUVoBFTlBg+swQTxWxWRCZYYWJsURVbgrf85VXSuah7bt27vaw1G0UdZTiBUzgHD66gCTfQgjYQUPAMr/DmPDovzrvzsRgtOcXOMfyB8/kDUGSS/w==</latexit>

yn,1
<latexit sha1_base64="OWc2BHV4cG6Eqb3iTYbh6kUFTWM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBHssePFYwX5AG8pmO2mXbjZhdyOE0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1Pa2Nza3invVvb2Dw6PqscnHR2nimGbxSJWvYBqFFxi23AjsJcopFEgsBtM7+Z+9wmV5rF8NFmCfkTHkoecUWOlbjbM5ZU3G1Zrbt1dgKwTryA1KNAaVr8Go5ilEUrDBNW677mJ8XOqDGcCZ5VBqjGhbErH2LdU0gi1ny/OnZELq4xIGCtb0pCF+nsip5HWWRTYzoiaiV715uJ/Xj81YcPPuUxSg5ItF4WpICYm89/JiCtkRmSWUKa4vZWwCVWUGZtQxYbgrb68TjrXdc+tew83tWajiKMMZ3AOl+DBLTThHlrQBgZTeIZXeHMS58V5dz6WrSWnmDmFP3A+fwAGdI9R</latexit><latexit sha1_base64="OWc2BHV4cG6Eqb3iTYbh6kUFTWM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBHssePFYwX5AG8pmO2mXbjZhdyOE0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1Pa2Nza3invVvb2Dw6PqscnHR2nimGbxSJWvYBqFFxi23AjsJcopFEgsBtM7+Z+9wmV5rF8NFmCfkTHkoecUWOlbjbM5ZU3G1Zrbt1dgKwTryA1KNAaVr8Go5ilEUrDBNW677mJ8XOqDGcCZ5VBqjGhbErH2LdU0gi1ny/OnZELq4xIGCtb0pCF+nsip5HWWRTYzoiaiV715uJ/Xj81YcPPuUxSg5ItF4WpICYm89/JiCtkRmSWUKa4vZWwCVWUGZtQxYbgrb68TjrXdc+tew83tWajiKMMZ3AOl+DBLTThHlrQBgZTeIZXeHMS58V5dz6WrSWnmDmFP3A+fwAGdI9R</latexit><latexit sha1_base64="OWc2BHV4cG6Eqb3iTYbh6kUFTWM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBHssePFYwX5AG8pmO2mXbjZhdyOE0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1Pa2Nza3invVvb2Dw6PqscnHR2nimGbxSJWvYBqFFxi23AjsJcopFEgsBtM7+Z+9wmV5rF8NFmCfkTHkoecUWOlbjbM5ZU3G1Zrbt1dgKwTryA1KNAaVr8Go5ilEUrDBNW677mJ8XOqDGcCZ5VBqjGhbErH2LdU0gi1ny/OnZELq4xIGCtb0pCF+nsip5HWWRTYzoiaiV715uJ/Xj81YcPPuUxSg5ItF4WpICYm89/JiCtkRmSWUKa4vZWwCVWUGZtQxYbgrb68TjrXdc+tew83tWajiKMMZ3AOl+DBLTThHlrQBgZTeIZXeHMS58V5dz6WrSWnmDmFP3A+fwAGdI9R</latexit><latexit sha1_base64="OWc2BHV4cG6Eqb3iTYbh6kUFTWM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBHssePFYwX5AG8pmO2mXbjZhdyOE0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1Pa2Nza3invVvb2Dw6PqscnHR2nimGbxSJWvYBqFFxi23AjsJcopFEgsBtM7+Z+9wmV5rF8NFmCfkTHkoecUWOlbjbM5ZU3G1Zrbt1dgKwTryA1KNAaVr8Go5ilEUrDBNW677mJ8XOqDGcCZ5VBqjGhbErH2LdU0gi1ny/OnZELq4xIGCtb0pCF+nsip5HWWRTYzoiaiV715uJ/Xj81YcPPuUxSg5ItF4WpICYm89/JiCtkRmSWUKa4vZWwCVWUGZtQxYbgrb68TjrXdc+tew83tWajiKMMZ3AOl+DBLTThHlrQBgZTeIZXeHMS58V5dz6WrSWnmDmFP3A+fwAGdI9R</latexit>

yn,2
<latexit sha1_base64="Sd95Aac7HG5XAwc7cxYNYQeXdAQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJIUwR4LXjxWsB/QhrLZbtqlm03YnQgh9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9djY2t7Z3dkt75f2Dw6Pjyslpx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvZv73SeujYjVI2YJ9yM6ViIUjKKVutkwV9f12bBSdWvuAmSdeAWpQoHWsPI1GMUsjbhCJqkxfc9N0M+pRsEkn5UHqeEJZVM65n1LFY248fPFuTNyaZURCWNtSyFZqL8nchoZk0WB7YwoTsyqNxf/8/ophg0/FypJkSu2XBSmkmBM5r+TkdCcocwsoUwLeythE6opQ5tQ2Ybgrb68Tjr1mufWvIebarNRxFGCc7iAK/DgFppwDy1oA4MpPMMrvDmJ8+K8Ox/L1g2nmDmDP3A+fwAH+Y9S</latexit><latexit sha1_base64="Sd95Aac7HG5XAwc7cxYNYQeXdAQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJIUwR4LXjxWsB/QhrLZbtqlm03YnQgh9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9djY2t7Z3dkt75f2Dw6Pjyslpx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvZv73SeujYjVI2YJ9yM6ViIUjKKVutkwV9f12bBSdWvuAmSdeAWpQoHWsPI1GMUsjbhCJqkxfc9N0M+pRsEkn5UHqeEJZVM65n1LFY248fPFuTNyaZURCWNtSyFZqL8nchoZk0WB7YwoTsyqNxf/8/ophg0/FypJkSu2XBSmkmBM5r+TkdCcocwsoUwLeythE6opQ5tQ2Ybgrb68Tjr1mufWvIebarNRxFGCc7iAK/DgFppwDy1oA4MpPMMrvDmJ8+K8Ox/L1g2nmDmDP3A+fwAH+Y9S</latexit><latexit sha1_base64="Sd95Aac7HG5XAwc7cxYNYQeXdAQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJIUwR4LXjxWsB/QhrLZbtqlm03YnQgh9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9djY2t7Z3dkt75f2Dw6Pjyslpx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvZv73SeujYjVI2YJ9yM6ViIUjKKVutkwV9f12bBSdWvuAmSdeAWpQoHWsPI1GMUsjbhCJqkxfc9N0M+pRsEkn5UHqeEJZVM65n1LFY248fPFuTNyaZURCWNtSyFZqL8nchoZk0WB7YwoTsyqNxf/8/ophg0/FypJkSu2XBSmkmBM5r+TkdCcocwsoUwLeythE6opQ5tQ2Ybgrb68Tjr1mufWvIebarNRxFGCc7iAK/DgFppwDy1oA4MpPMMrvDmJ8+K8Ox/L1g2nmDmDP3A+fwAH+Y9S</latexit><latexit sha1_base64="Sd95Aac7HG5XAwc7cxYNYQeXdAQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJIUwR4LXjxWsB/QhrLZbtqlm03YnQgh9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9djY2t7Z3dkt75f2Dw6Pjyslpx8SpZrzNYhnrXkANl0LxNgqUvJdoTqNA8m4wvZv73SeujYjVI2YJ9yM6ViIUjKKVutkwV9f12bBSdWvuAmSdeAWpQoHWsPI1GMUsjbhCJqkxfc9N0M+pRsEkn5UHqeEJZVM65n1LFY248fPFuTNyaZURCWNtSyFZqL8nchoZk0WB7YwoTsyqNxf/8/ophg0/FypJkSu2XBSmkmBM5r+TkdCcocwsoUwLeythE6opQ5tQ2Ybgrb68Tjr1mufWvIebarNRxFGCc7iAK/DgFppwDy1oA4MpPMMrvDmJ8+K8Ox/L1g2nmDmDP3A+fwAH+Y9S</latexit>

yn,3
<latexit sha1_base64="UVFU5dtjM/4/+RE1z6JXKeHUXIw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJKoYI8FLx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O2vrG5tb26Wd8u7e/sFh5ei4beJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M38zhPXRsTqEbOE+xEdKREKRtFKnWyQq8vr6aBSdWvuHGSVeAWpQoHmoPLVH8YsjbhCJqkxPc9N0M+pRsEkn5b7qeEJZRM64j1LFY248fP5uVNybpUhCWNtSyGZq78nchoZk0WB7Ywojs2yNxP/83ophnU/FypJkSu2WBSmkmBMZr+TodCcocwsoUwLeythY6opQ5tQ2YbgLb+8StpXNc+teQ831Ua9iKMEp3AGF+DBLTTgHprQAgYTeIZXeHMS58V5dz4WrWtOMXMCf+B8/gAJfo9T</latexit><latexit sha1_base64="UVFU5dtjM/4/+RE1z6JXKeHUXIw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJKoYI8FLx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O2vrG5tb26Wd8u7e/sFh5ei4beJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M38zhPXRsTqEbOE+xEdKREKRtFKnWyQq8vr6aBSdWvuHGSVeAWpQoHmoPLVH8YsjbhCJqkxPc9N0M+pRsEkn5b7qeEJZRM64j1LFY248fP5uVNybpUhCWNtSyGZq78nchoZk0WB7Ywojs2yNxP/83ophnU/FypJkSu2WBSmkmBMZr+TodCcocwsoUwLeythY6opQ5tQ2YbgLb+8StpXNc+teQ831Ua9iKMEp3AGF+DBLTTgHprQAgYTeIZXeHMS58V5dz4WrWtOMXMCf+B8/gAJfo9T</latexit><latexit sha1_base64="UVFU5dtjM/4/+RE1z6JXKeHUXIw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJKoYI8FLx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O2vrG5tb26Wd8u7e/sFh5ei4beJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M38zhPXRsTqEbOE+xEdKREKRtFKnWyQq8vr6aBSdWvuHGSVeAWpQoHmoPLVH8YsjbhCJqkxPc9N0M+pRsEkn5b7qeEJZRM64j1LFY248fP5uVNybpUhCWNtSyGZq78nchoZk0WB7Ywojs2yNxP/83ophnU/FypJkSu2WBSmkmBMZr+TodCcocwsoUwLeythY6opQ5tQ2YbgLb+8StpXNc+teQ831Ua9iKMEp3AGF+DBLTTgHprQAgYTeIZXeHMS58V5dz4WrWtOMXMCf+B8/gAJfo9T</latexit><latexit sha1_base64="UVFU5dtjM/4/+RE1z6JXKeHUXIw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJKoYI8FLx4r2A9oQ9lsN+3SzSbsToQQ+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O2vrG5tb26Wd8u7e/sFh5ei4beJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M38zhPXRsTqEbOE+xEdKREKRtFKnWyQq8vr6aBSdWvuHGSVeAWpQoHmoPLVH8YsjbhCJqkxPc9N0M+pRsEkn5b7qeEJZRM64j1LFY248fP5uVNybpUhCWNtSyGZq78nchoZk0WB7Ywojs2yNxP/83ophnU/FypJkSu2WBSmkmBMZr+TodCcocwsoUwLeythY6opQ5tQ2YbgLb+8StpXNc+teQ831Ua9iKMEp3AGF+DBLTTgHprQAgYTeIZXeHMS58V5dz4WrWtOMXMCf+B8/gAJfo9T</latexit>

f✓,1(xn)
<latexit sha1_base64="iFbkE5Olfndeih3wa1AsnaVJTzs=">AAACE3icbVBNS8NAEN3Ur1q/oh69LBahipREBHssePFYwX5AW8pmu2mXbjZhdyKWkP/gxb/ixYMiXr1489+4SXvQ1gcDj/dmmJnnRYJrcJxvq7Cyura+UdwsbW3v7O7Z+wctHcaKsiYNRag6HtFMcMmawEGwTqQYCTzB2t7kOvPb90xpHso7mEasH5CR5D6nBIw0sM96AYGxDFVAROKng6QHYwbkHLtpJbc8P3kwskxPB3bZqTo58DJx56SM5mgM7K/eMKRxwCRQQbTuuk4E/YQo4FSwtNSLNYsInZAR6xoqScB0P8l/SvGJUYbYD5UpCThXf08kJNB6GnimMztTL3qZ+J/XjcGv9RMuoxiYpLNFfiwwhDgLCA+5YhTE1BBCFTe3YjomilAwMZZMCO7iy8ukdVF1nap7e1mu1+ZxFNEROkYV5KIrVEc3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVgzWcO0R9Ynz/9S57M</latexit><latexit sha1_base64="iFbkE5Olfndeih3wa1AsnaVJTzs=">AAACE3icbVBNS8NAEN3Ur1q/oh69LBahipREBHssePFYwX5AW8pmu2mXbjZhdyKWkP/gxb/ixYMiXr1489+4SXvQ1gcDj/dmmJnnRYJrcJxvq7Cyura+UdwsbW3v7O7Z+wctHcaKsiYNRag6HtFMcMmawEGwTqQYCTzB2t7kOvPb90xpHso7mEasH5CR5D6nBIw0sM96AYGxDFVAROKng6QHYwbkHLtpJbc8P3kwskxPB3bZqTo58DJx56SM5mgM7K/eMKRxwCRQQbTuuk4E/YQo4FSwtNSLNYsInZAR6xoqScB0P8l/SvGJUYbYD5UpCThXf08kJNB6GnimMztTL3qZ+J/XjcGv9RMuoxiYpLNFfiwwhDgLCA+5YhTE1BBCFTe3YjomilAwMZZMCO7iy8ukdVF1nap7e1mu1+ZxFNEROkYV5KIrVEc3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVgzWcO0R9Ynz/9S57M</latexit><latexit sha1_base64="iFbkE5Olfndeih3wa1AsnaVJTzs=">AAACE3icbVBNS8NAEN3Ur1q/oh69LBahipREBHssePFYwX5AW8pmu2mXbjZhdyKWkP/gxb/ixYMiXr1489+4SXvQ1gcDj/dmmJnnRYJrcJxvq7Cyura+UdwsbW3v7O7Z+wctHcaKsiYNRag6HtFMcMmawEGwTqQYCTzB2t7kOvPb90xpHso7mEasH5CR5D6nBIw0sM96AYGxDFVAROKng6QHYwbkHLtpJbc8P3kwskxPB3bZqTo58DJx56SM5mgM7K/eMKRxwCRQQbTuuk4E/YQo4FSwtNSLNYsInZAR6xoqScB0P8l/SvGJUYbYD5UpCThXf08kJNB6GnimMztTL3qZ+J/XjcGv9RMuoxiYpLNFfiwwhDgLCA+5YhTE1BBCFTe3YjomilAwMZZMCO7iy8ukdVF1nap7e1mu1+ZxFNEROkYV5KIrVEc3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVgzWcO0R9Ynz/9S57M</latexit><latexit sha1_base64="iFbkE5Olfndeih3wa1AsnaVJTzs=">AAACE3icbVBNS8NAEN3Ur1q/oh69LBahipREBHssePFYwX5AW8pmu2mXbjZhdyKWkP/gxb/ixYMiXr1489+4SXvQ1gcDj/dmmJnnRYJrcJxvq7Cyura+UdwsbW3v7O7Z+wctHcaKsiYNRag6HtFMcMmawEGwTqQYCTzB2t7kOvPb90xpHso7mEasH5CR5D6nBIw0sM96AYGxDFVAROKng6QHYwbkHLtpJbc8P3kwskxPB3bZqTo58DJx56SM5mgM7K/eMKRxwCRQQbTuuk4E/YQo4FSwtNSLNYsInZAR6xoqScB0P8l/SvGJUYbYD5UpCThXf08kJNB6GnimMztTL3qZ+J/XjcGv9RMuoxiYpLNFfiwwhDgLCA+5YhTE1BBCFTe3YjomilAwMZZMCO7iy8ukdVF1nap7e1mu1+ZxFNEROkYV5KIrVEc3qIGaiKJH9Ixe0Zv1ZL1Y79bHrLVgzWcO0R9Ynz/9S57M</latexit>

f✓,2(xn)
<latexit sha1_base64="iGIbxnPohYtkaIiHcTgoIB1090o=">AAACE3icbVBNS8NAEN34WetX1aOXxSJUkZIUwR4LXjxWsB/QhrLZbtqlm03YnYgl5D948a948aCIVy/e/Ddu2hy09cHA470ZZuZ5keAabPvbWlldW9/YLGwVt3d29/ZLB4dtHcaKshYNRai6HtFMcMlawEGwbqQYCTzBOt7kOvM790xpHso7mEbMDchIcp9TAkYalM77AYGxDFVAROKng6QPYwbkAtfSyszy/OTByDI9G5TKdtWeAS8TJydllKM5KH31hyGNAyaBCqJ1z7EjcBOigFPB0mI/1iwidEJGrGeoJAHTbjL7KcWnRhliP1SmJOCZ+nsiIYHW08AzndmZetHLxP+8Xgx+3U24jGJgks4X+bHAEOIsIDzkilEQU0MIVdzciumYKELBxFg0ITiLLy+Tdq3q2FXn9rLcqOdxFNAxOkEV5KAr1EA3qIlaiKJH9Ixe0Zv1ZL1Y79bHvHXFymeO0B9Ynz/+4J7N</latexit><latexit sha1_base64="iGIbxnPohYtkaIiHcTgoIB1090o=">AAACE3icbVBNS8NAEN34WetX1aOXxSJUkZIUwR4LXjxWsB/QhrLZbtqlm03YnYgl5D948a948aCIVy/e/Ddu2hy09cHA470ZZuZ5keAabPvbWlldW9/YLGwVt3d29/ZLB4dtHcaKshYNRai6HtFMcMlawEGwbqQYCTzBOt7kOvM790xpHso7mEbMDchIcp9TAkYalM77AYGxDFVAROKng6QPYwbkAtfSyszy/OTByDI9G5TKdtWeAS8TJydllKM5KH31hyGNAyaBCqJ1z7EjcBOigFPB0mI/1iwidEJGrGeoJAHTbjL7KcWnRhliP1SmJOCZ+nsiIYHW08AzndmZetHLxP+8Xgx+3U24jGJgks4X+bHAEOIsIDzkilEQU0MIVdzciumYKELBxFg0ITiLLy+Tdq3q2FXn9rLcqOdxFNAxOkEV5KAr1EA3qIlaiKJH9Ixe0Zv1ZL1Y79bHvHXFymeO0B9Ynz/+4J7N</latexit><latexit sha1_base64="iGIbxnPohYtkaIiHcTgoIB1090o=">AAACE3icbVBNS8NAEN34WetX1aOXxSJUkZIUwR4LXjxWsB/QhrLZbtqlm03YnYgl5D948a948aCIVy/e/Ddu2hy09cHA470ZZuZ5keAabPvbWlldW9/YLGwVt3d29/ZLB4dtHcaKshYNRai6HtFMcMlawEGwbqQYCTzBOt7kOvM790xpHso7mEbMDchIcp9TAkYalM77AYGxDFVAROKng6QPYwbkAtfSyszy/OTByDI9G5TKdtWeAS8TJydllKM5KH31hyGNAyaBCqJ1z7EjcBOigFPB0mI/1iwidEJGrGeoJAHTbjL7KcWnRhliP1SmJOCZ+nsiIYHW08AzndmZetHLxP+8Xgx+3U24jGJgks4X+bHAEOIsIDzkilEQU0MIVdzciumYKELBxFg0ITiLLy+Tdq3q2FXn9rLcqOdxFNAxOkEV5KAr1EA3qIlaiKJH9Ixe0Zv1ZL1Y79bHvHXFymeO0B9Ynz/+4J7N</latexit><latexit sha1_base64="iGIbxnPohYtkaIiHcTgoIB1090o=">AAACE3icbVBNS8NAEN34WetX1aOXxSJUkZIUwR4LXjxWsB/QhrLZbtqlm03YnYgl5D948a948aCIVy/e/Ddu2hy09cHA470ZZuZ5keAabPvbWlldW9/YLGwVt3d29/ZLB4dtHcaKshYNRai6HtFMcMlawEGwbqQYCTzBOt7kOvM790xpHso7mEbMDchIcp9TAkYalM77AYGxDFVAROKng6QPYwbkAtfSyszy/OTByDI9G5TKdtWeAS8TJydllKM5KH31hyGNAyaBCqJ1z7EjcBOigFPB0mI/1iwidEJGrGeoJAHTbjL7KcWnRhliP1SmJOCZ+nsiIYHW08AzndmZetHLxP+8Xgx+3U24jGJgks4X+bHAEOIsIDzkilEQU0MIVdzciumYKELBxFg0ITiLLy+Tdq3q2FXn9rLcqOdxFNAxOkEV5KAr1EA3qIlaiKJH9Ixe0Zv1ZL1Y79bHvHXFymeO0B9Ynz/+4J7N</latexit>

f✓,3(xn)
<latexit sha1_base64="4EU3rk0QwxdZlOdBZeq70wtt5LY=">AAACE3icbVBNS8NAEN34WetX1KOXxSJUkZKoYI8FLx4r2A9oStlsN+3SzSbsTsQS8h+8+Fe8eFDEqxdv/hu3bQ7a+mDg8d4MM/P8WHANjvNtLS2vrK6tFzaKm1vbO7v23n5TR4mirEEjEam2TzQTXLIGcBCsHStGQl+wlj+6nvite6Y0j+QdjGPWDclA8oBTAkbq2adeSGAoIxUSkQZZL/VgyICc4YusPLX8IH0wssxOenbJqThT4EXi5qSEctR79pfXj2gSMglUEK07rhNDNyUKOBUsK3qJZjGhIzJgHUMlCZnuptOfMnxslD4OImVKAp6qvydSEmo9Dn3TOTlTz3sT8T+vk0BQ7aZcxgkwSWeLgkRgiPAkINznilEQY0MIVdzciumQKELBxFg0IbjzLy+S5nnFdSru7WWpVs3jKKBDdITKyEVXqIZuUB01EEWP6Bm9ojfryXqx3q2PWeuSlc8coD+wPn8AAISezg==</latexit><latexit sha1_base64="4EU3rk0QwxdZlOdBZeq70wtt5LY=">AAACE3icbVBNS8NAEN34WetX1KOXxSJUkZKoYI8FLx4r2A9oStlsN+3SzSbsTsQS8h+8+Fe8eFDEqxdv/hu3bQ7a+mDg8d4MM/P8WHANjvNtLS2vrK6tFzaKm1vbO7v23n5TR4mirEEjEam2TzQTXLIGcBCsHStGQl+wlj+6nvite6Y0j+QdjGPWDclA8oBTAkbq2adeSGAoIxUSkQZZL/VgyICc4YusPLX8IH0wssxOenbJqThT4EXi5qSEctR79pfXj2gSMglUEK07rhNDNyUKOBUsK3qJZjGhIzJgHUMlCZnuptOfMnxslD4OImVKAp6qvydSEmo9Dn3TOTlTz3sT8T+vk0BQ7aZcxgkwSWeLgkRgiPAkINznilEQY0MIVdzciumQKELBxFg0IbjzLy+S5nnFdSru7WWpVs3jKKBDdITKyEVXqIZuUB01EEWP6Bm9ojfryXqx3q2PWeuSlc8coD+wPn8AAISezg==</latexit><latexit sha1_base64="4EU3rk0QwxdZlOdBZeq70wtt5LY=">AAACE3icbVBNS8NAEN34WetX1KOXxSJUkZKoYI8FLx4r2A9oStlsN+3SzSbsTsQS8h+8+Fe8eFDEqxdv/hu3bQ7a+mDg8d4MM/P8WHANjvNtLS2vrK6tFzaKm1vbO7v23n5TR4mirEEjEam2TzQTXLIGcBCsHStGQl+wlj+6nvite6Y0j+QdjGPWDclA8oBTAkbq2adeSGAoIxUSkQZZL/VgyICc4YusPLX8IH0wssxOenbJqThT4EXi5qSEctR79pfXj2gSMglUEK07rhNDNyUKOBUsK3qJZjGhIzJgHUMlCZnuptOfMnxslD4OImVKAp6qvydSEmo9Dn3TOTlTz3sT8T+vk0BQ7aZcxgkwSWeLgkRgiPAkINznilEQY0MIVdzciumQKELBxFg0IbjzLy+S5nnFdSru7WWpVs3jKKBDdITKyEVXqIZuUB01EEWP6Bm9ojfryXqx3q2PWeuSlc8coD+wPn8AAISezg==</latexit><latexit sha1_base64="4EU3rk0QwxdZlOdBZeq70wtt5LY=">AAACE3icbVBNS8NAEN34WetX1KOXxSJUkZKoYI8FLx4r2A9oStlsN+3SzSbsTsQS8h+8+Fe8eFDEqxdv/hu3bQ7a+mDg8d4MM/P8WHANjvNtLS2vrK6tFzaKm1vbO7v23n5TR4mirEEjEam2TzQTXLIGcBCsHStGQl+wlj+6nvite6Y0j+QdjGPWDclA8oBTAkbq2adeSGAoIxUSkQZZL/VgyICc4YusPLX8IH0wssxOenbJqThT4EXi5qSEctR79pfXj2gSMglUEK07rhNDNyUKOBUsK3qJZjGhIzJgHUMlCZnuptOfMnxslD4OImVKAp6qvydSEmo9Dn3TOTlTz3sT8T+vk0BQ7aZcxgkwSWeLgkRgiPAkINznilEQY0MIVdzciumQKELBxFg0IbjzLy+S5nnFdSru7WWpVs3jKKBDdITKyEVXqIZuUB01EEWP6Bm9ojfryXqx3q2PWeuSlc8coD+wPn8AAISezg==</latexit>

✓
<latexit sha1_base64="fMyf3cLbGFwEEr3AZBpu/FRtKLs="></latexit><latexit sha1_base64="fMyf3cLbGFwEEr3AZBpu/FRtKLs="></latexit><latexit sha1_base64="fMyf3cLbGFwEEr3AZBpu/FRtKLs="></latexit><latexit sha1_base64="fMyf3cLbGFwEEr3AZBpu/FRtKLs="></latexit>



Algorithmic Intelligence Lab

• Bayesian neural network is a neural network with prior on its weights.
• Bayesian inference cannot be applied without priors.

• Two choices to make (i.e., choosing our models):
1. Log-likelihood is expressed by neural networks:

2. Log-prior is decided by our belief on the behavior of parameters:

Bayesian Neural Network

11

(we believe the parameters to be normally distributed when data is unseen.)

log p(Y|X , ✓) =
NX

n=1

log p(yn|xn, ✓) =
NX

n=1

X

c2labels

yn,c log f✓,c(xn)
<latexit sha1_base64="yhjk6F8lWhO8oM0NK74DheVdT18="></latexit><latexit sha1_base64="yhjk6F8lWhO8oM0NK74DheVdT18="></latexit><latexit sha1_base64="yhjk6F8lWhO8oM0NK74DheVdT18="></latexit><latexit sha1_base64="yhjk6F8lWhO8oM0NK74DheVdT18="></latexit>

log p(✓) = logN (✓|0, I) =
KX

k=1

logN (✓k|0, 1) =
KX

k=1

✓2k
2

+ C
<latexit sha1_base64="OtfFC+90UM6GAPCTlPmS835bsLY="></latexit><latexit sha1_base64="OtfFC+90UM6GAPCTlPmS835bsLY="></latexit><latexit sha1_base64="OtfFC+90UM6GAPCTlPmS835bsLY="></latexit><latexit sha1_base64="OtfFC+90UM6GAPCTlPmS835bsLY="></latexit>



Algorithmic Intelligence Lab

• Then log-posterior is expressed as follows:

• Maximum Likelihood Estimation (MLE) recovers cross-entropy loss. 

Bayesian Neural Network
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✓MLE = argmax
✓

NX

n=1

log p(yn|✓,xn)

= argmin
✓

�
NX

n=1

X

c2labels

yn,c log f✓(xn)
<latexit sha1_base64="c41DfuGgTC6H71YEs804c3wCGvc="></latexit><latexit sha1_base64="c41DfuGgTC6H71YEs804c3wCGvc="></latexit><latexit sha1_base64="c41DfuGgTC6H71YEs804c3wCGvc="></latexit><latexit sha1_base64="c41DfuGgTC6H71YEs804c3wCGvc="></latexit>

log p(✓|X ,Y) =
NX

n=1

log p(yn|xn, ✓) + log p(✓)� log p(Y|X )
<latexit sha1_base64="f0bF2DAGkNO3NWaQaC1myUFxKHY="></latexit><latexit sha1_base64="f0bF2DAGkNO3NWaQaC1myUFxKHY="></latexit><latexit sha1_base64="f0bF2DAGkNO3NWaQaC1myUFxKHY="></latexit><latexit sha1_base64="f0bF2DAGkNO3NWaQaC1myUFxKHY="></latexit>

log-likelihood log-prior normalization factor



Algorithmic Intelligence Lab

• Then log-posterior is expressed as follows:

• Maximum-a-Posteriori (MAP) recovers cross-entropy with L2-regularization.

Bayesian Neural Network
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✓MAP = argmax
✓

NX

n=1

log p(yn|✓,xn) + log p(✓)

= argmin
✓

�
NX

n=1

X

c2labels

yn,c log f✓(xn) +
✓2

2
<latexit sha1_base64="KXzj8Nx/OVpnLeRCg6UUHMjULj0="></latexit><latexit sha1_base64="KXzj8Nx/OVpnLeRCg6UUHMjULj0="></latexit><latexit sha1_base64="KXzj8Nx/OVpnLeRCg6UUHMjULj0="></latexit><latexit sha1_base64="KXzj8Nx/OVpnLeRCg6UUHMjULj0="></latexit>

log p(✓|X ,Y) =
NX

n=1

log p(yn|xn, ✓) + log p(✓)� log p(Y|X )
<latexit sha1_base64="f0bF2DAGkNO3NWaQaC1myUFxKHY="></latexit><latexit sha1_base64="f0bF2DAGkNO3NWaQaC1myUFxKHY="></latexit><latexit sha1_base64="f0bF2DAGkNO3NWaQaC1myUFxKHY="></latexit><latexit sha1_base64="f0bF2DAGkNO3NWaQaC1myUFxKHY="></latexit>

const. over parameter



Algorithmic Intelligence Lab

• Maximum-a-posteriori only considers a single point estimate:
• Alternative parameter with similar score could exist.

• Bayesian inference allows to model ‘uncertainty’ over parameters:

MAP versus Bayesian Inference
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✓MAP
<latexit sha1_base64="a1Sj39jAwumGsu/hWtSamDbIjGI="></latexit><latexit sha1_base64="a1Sj39jAwumGsu/hWtSamDbIjGI="></latexit><latexit sha1_base64="a1Sj39jAwumGsu/hWtSamDbIjGI="></latexit><latexit sha1_base64="a1Sj39jAwumGsu/hWtSamDbIjGI="></latexit>

✓0
<latexit sha1_base64="OIHar1bR3Z8dJ6DYR3k6RmGZqcg="></latexit><latexit sha1_base64="OIHar1bR3Z8dJ6DYR3k6RmGZqcg="></latexit><latexit sha1_base64="OIHar1bR3Z8dJ6DYR3k6RmGZqcg="></latexit><latexit sha1_base64="OIHar1bR3Z8dJ6DYR3k6RmGZqcg="></latexit>

argmax
y

p(y|✓MAP,x) = 1
<latexit sha1_base64="YzA2g+7gF8vCwmK/uwan/T6DD9M="></latexit><latexit sha1_base64="YzA2g+7gF8vCwmK/uwan/T6DD9M="></latexit><latexit sha1_base64="YzA2g+7gF8vCwmK/uwan/T6DD9M="></latexit><latexit sha1_base64="YzA2g+7gF8vCwmK/uwan/T6DD9M="></latexit>

argmax
y

p(y|✓0,x) = 2
<latexit sha1_base64="BED3b+N/bhRf1SMOfAaM6FySo0Y="></latexit><latexit sha1_base64="BED3b+N/bhRf1SMOfAaM6FySo0Y="></latexit><latexit sha1_base64="BED3b+N/bhRf1SMOfAaM6FySo0Y="></latexit><latexit sha1_base64="BED3b+N/bhRf1SMOfAaM6FySo0Y="></latexit>

✓
<latexit sha1_base64="fMyf3cLbGFwEEr3AZBpu/FRtKLs="></latexit><latexit sha1_base64="fMyf3cLbGFwEEr3AZBpu/FRtKLs="></latexit><latexit sha1_base64="fMyf3cLbGFwEEr3AZBpu/FRtKLs="></latexit><latexit sha1_base64="fMyf3cLbGFwEEr3AZBpu/FRtKLs="></latexit>

✓
<latexit sha1_base64="fMyf3cLbGFwEEr3AZBpu/FRtKLs="></latexit><latexit sha1_base64="fMyf3cLbGFwEEr3AZBpu/FRtKLs="></latexit><latexit sha1_base64="fMyf3cLbGFwEEr3AZBpu/FRtKLs="></latexit><latexit sha1_base64="fMyf3cLbGFwEEr3AZBpu/FRtKLs="></latexit>

p(✓|X (train),Y(train))
<latexit sha1_base64="C7kM44ie6MCcTedk8rWNQ2CuObA=">AAACL3icbVDLSgNBEJz1bXxFPXoZDIKChF0J6FEQxKOC0UgSQ++kYwZnZ5eZXjGs+0de/BUvIop49S+cxICPWNBQVHXT3RUmSlry/WdvbHxicmp6ZrYwN7+wuFRcXjmzcWoEVkWsYlMLwaKSGqskSWEtMQhRqPA8vD7o++c3aKyM9Sn1EmxGcKVlRwogJ7WKh8lmg7pIwO94IwLqClBZLb/MnIy3lJEBqfOtfPvbvRh1t1rFkl/2B+CjJBiSEhviuFV8bLRjkUaoSSiwth74CTUzMCSFwrzQSC0mIK7hCuuOaojQNrPBvznfcEqbd2LjShMfqD8nMois7UWh6+wfbf96ffE/r55SZ6+ZSZ2khFp8LeqkilPM++HxtjQoSPUcAWGku5WLLhgQ5CIuuBCCvy+PkrOdcuCXg5NKab8yjGOGrbF1tskCtsv22RE7ZlUm2D17ZC/s1Xvwnrw37/2rdcwbzqyyX/A+PgE9t6pd</latexit><latexit sha1_base64="C7kM44ie6MCcTedk8rWNQ2CuObA=">AAACL3icbVDLSgNBEJz1bXxFPXoZDIKChF0J6FEQxKOC0UgSQ++kYwZnZ5eZXjGs+0de/BUvIop49S+cxICPWNBQVHXT3RUmSlry/WdvbHxicmp6ZrYwN7+wuFRcXjmzcWoEVkWsYlMLwaKSGqskSWEtMQhRqPA8vD7o++c3aKyM9Sn1EmxGcKVlRwogJ7WKh8lmg7pIwO94IwLqClBZLb/MnIy3lJEBqfOtfPvbvRh1t1rFkl/2B+CjJBiSEhviuFV8bLRjkUaoSSiwth74CTUzMCSFwrzQSC0mIK7hCuuOaojQNrPBvznfcEqbd2LjShMfqD8nMois7UWh6+wfbf96ffE/r55SZ6+ZSZ2khFp8LeqkilPM++HxtjQoSPUcAWGku5WLLhgQ5CIuuBCCvy+PkrOdcuCXg5NKab8yjGOGrbF1tskCtsv22RE7ZlUm2D17ZC/s1Xvwnrw37/2rdcwbzqyyX/A+PgE9t6pd</latexit><latexit sha1_base64="C7kM44ie6MCcTedk8rWNQ2CuObA=">AAACL3icbVDLSgNBEJz1bXxFPXoZDIKChF0J6FEQxKOC0UgSQ++kYwZnZ5eZXjGs+0de/BUvIop49S+cxICPWNBQVHXT3RUmSlry/WdvbHxicmp6ZrYwN7+wuFRcXjmzcWoEVkWsYlMLwaKSGqskSWEtMQhRqPA8vD7o++c3aKyM9Sn1EmxGcKVlRwogJ7WKh8lmg7pIwO94IwLqClBZLb/MnIy3lJEBqfOtfPvbvRh1t1rFkl/2B+CjJBiSEhviuFV8bLRjkUaoSSiwth74CTUzMCSFwrzQSC0mIK7hCuuOaojQNrPBvznfcEqbd2LjShMfqD8nMois7UWh6+wfbf96ffE/r55SZ6+ZSZ2khFp8LeqkilPM++HxtjQoSPUcAWGku5WLLhgQ5CIuuBCCvy+PkrOdcuCXg5NKab8yjGOGrbF1tskCtsv22RE7ZlUm2D17ZC/s1Xvwnrw37/2rdcwbzqyyX/A+PgE9t6pd</latexit><latexit sha1_base64="C7kM44ie6MCcTedk8rWNQ2CuObA=">AAACL3icbVDLSgNBEJz1bXxFPXoZDIKChF0J6FEQxKOC0UgSQ++kYwZnZ5eZXjGs+0de/BUvIop49S+cxICPWNBQVHXT3RUmSlry/WdvbHxicmp6ZrYwN7+wuFRcXjmzcWoEVkWsYlMLwaKSGqskSWEtMQhRqPA8vD7o++c3aKyM9Sn1EmxGcKVlRwogJ7WKh8lmg7pIwO94IwLqClBZLb/MnIy3lJEBqfOtfPvbvRh1t1rFkl/2B+CjJBiSEhviuFV8bLRjkUaoSSiwth74CTUzMCSFwrzQSC0mIK7hCuuOaojQNrPBvznfcEqbd2LjShMfqD8nMois7UWh6+wfbf96ffE/r55SZ6+ZSZ2khFp8LeqkilPM++HxtjQoSPUcAWGku5WLLhgQ5CIuuBCCvy+PkrOdcuCXg5NKab8yjGOGrbF1tskCtsv22RE7ZlUm2D17ZC/s1Xvwnrw37/2rdcwbzqyyX/A+PgE9t6pd</latexit>

p(✓|X (train),Y(train))
<latexit sha1_base64="C7kM44ie6MCcTedk8rWNQ2CuObA=">AAACL3icbVDLSgNBEJz1bXxFPXoZDIKChF0J6FEQxKOC0UgSQ++kYwZnZ5eZXjGs+0de/BUvIop49S+cxICPWNBQVHXT3RUmSlry/WdvbHxicmp6ZrYwN7+wuFRcXjmzcWoEVkWsYlMLwaKSGqskSWEtMQhRqPA8vD7o++c3aKyM9Sn1EmxGcKVlRwogJ7WKh8lmg7pIwO94IwLqClBZLb/MnIy3lJEBqfOtfPvbvRh1t1rFkl/2B+CjJBiSEhviuFV8bLRjkUaoSSiwth74CTUzMCSFwrzQSC0mIK7hCuuOaojQNrPBvznfcEqbd2LjShMfqD8nMois7UWh6+wfbf96ffE/r55SZ6+ZSZ2khFp8LeqkilPM++HxtjQoSPUcAWGku5WLLhgQ5CIuuBCCvy+PkrOdcuCXg5NKab8yjGOGrbF1tskCtsv22RE7ZlUm2D17ZC/s1Xvwnrw37/2rdcwbzqyyX/A+PgE9t6pd</latexit><latexit sha1_base64="C7kM44ie6MCcTedk8rWNQ2CuObA=">AAACL3icbVDLSgNBEJz1bXxFPXoZDIKChF0J6FEQxKOC0UgSQ++kYwZnZ5eZXjGs+0de/BUvIop49S+cxICPWNBQVHXT3RUmSlry/WdvbHxicmp6ZrYwN7+wuFRcXjmzcWoEVkWsYlMLwaKSGqskSWEtMQhRqPA8vD7o++c3aKyM9Sn1EmxGcKVlRwogJ7WKh8lmg7pIwO94IwLqClBZLb/MnIy3lJEBqfOtfPvbvRh1t1rFkl/2B+CjJBiSEhviuFV8bLRjkUaoSSiwth74CTUzMCSFwrzQSC0mIK7hCuuOaojQNrPBvznfcEqbd2LjShMfqD8nMois7UWh6+wfbf96ffE/r55SZ6+ZSZ2khFp8LeqkilPM++HxtjQoSPUcAWGku5WLLhgQ5CIuuBCCvy+PkrOdcuCXg5NKab8yjGOGrbF1tskCtsv22RE7ZlUm2D17ZC/s1Xvwnrw37/2rdcwbzqyyX/A+PgE9t6pd</latexit><latexit sha1_base64="C7kM44ie6MCcTedk8rWNQ2CuObA=">AAACL3icbVDLSgNBEJz1bXxFPXoZDIKChF0J6FEQxKOC0UgSQ++kYwZnZ5eZXjGs+0de/BUvIop49S+cxICPWNBQVHXT3RUmSlry/WdvbHxicmp6ZrYwN7+wuFRcXjmzcWoEVkWsYlMLwaKSGqskSWEtMQhRqPA8vD7o++c3aKyM9Sn1EmxGcKVlRwogJ7WKh8lmg7pIwO94IwLqClBZLb/MnIy3lJEBqfOtfPvbvRh1t1rFkl/2B+CjJBiSEhviuFV8bLRjkUaoSSiwth74CTUzMCSFwrzQSC0mIK7hCuuOaojQNrPBvznfcEqbd2LjShMfqD8nMois7UWh6+wfbf96ffE/r55SZ6+ZSZ2khFp8LeqkilPM++HxtjQoSPUcAWGku5WLLhgQ5CIuuBCCvy+PkrOdcuCXg5NKab8yjGOGrbF1tskCtsv22RE7ZlUm2D17ZC/s1Xvwnrw37/2rdcwbzqyyX/A+PgE9t6pd</latexit><latexit sha1_base64="C7kM44ie6MCcTedk8rWNQ2CuObA=">AAACL3icbVDLSgNBEJz1bXxFPXoZDIKChF0J6FEQxKOC0UgSQ++kYwZnZ5eZXjGs+0de/BUvIop49S+cxICPWNBQVHXT3RUmSlry/WdvbHxicmp6ZrYwN7+wuFRcXjmzcWoEVkWsYlMLwaKSGqskSWEtMQhRqPA8vD7o++c3aKyM9Sn1EmxGcKVlRwogJ7WKh8lmg7pIwO94IwLqClBZLb/MnIy3lJEBqfOtfPvbvRh1t1rFkl/2B+CjJBiSEhviuFV8bLRjkUaoSSiwth74CTUzMCSFwrzQSC0mIK7hCuuOaojQNrPBvznfcEqbd2LjShMfqD8nMois7UWh6+wfbf96ffE/r55SZ6+ZSZ2khFp8LeqkilPM++HxtjQoSPUcAWGku5WLLhgQ5CIuuBCCvy+PkrOdcuCXg5NKab8yjGOGrbF1tskCtsv22RE7ZlUm2D17ZC/s1Xvwnrw37/2rdcwbzqyyX/A+PgE9t6pd</latexit>

E✓⇠p(✓|X (train),Ytrain)[p(y|✓,x)]
<latexit sha1_base64="1czBKv6LqDkNXXRjAeVJLWUFe+c="></latexit><latexit sha1_base64="1czBKv6LqDkNXXRjAeVJLWUFe+c="></latexit><latexit sha1_base64="1czBKv6LqDkNXXRjAeVJLWUFe+c="></latexit><latexit sha1_base64="1czBKv6LqDkNXXRjAeVJLWUFe+c="></latexit>



Algorithmic Intelligence Lab

• Bayesian NN is about modeling uncertainty in parameters.

• By modeling uncertainty, Bayesian NN provides:
• Better prediction accuracy under same model.
• Better uncertainty estimation for predictive distribution.

Advantages of Bayesian Neural Network

15

Given prediction of NN, how ‘uncertain’ are we on the expected performance?

* source: Gal et al., http://mlg.eng.cam.ac.uk/yarin/blog_2248.html



Algorithmic Intelligence Lab

• Bayesian NN lacks scalability, i.e., cannot be applied to large NNs in general:
• Monte Carlo sampling is necessary for making predictions:

• Furthermore, even sampling from the posterior is intractable. 

• Instead, approximate posterior distribution can be used:

• This is called approximate Bayesian inference, or approximate Bayesian prediction.

Difficulties of Bayesian Neural Network

16

p(Y(test)|X (train),Y(train),X (test))

= E✓⇠p(✓|X (train),Y(train))[p(Y(test)|✓,X (train))]

⇡ 1

S

SX

s=1

p(Y(test)|✓(s),X (test)), ✓(s) ⇠ p(✓|X (train),Y(train))
<latexit sha1_base64="LZkF11MGaJ6CLsepc9uqf/ZsGdA="></latexit><latexit sha1_base64="LZkF11MGaJ6CLsepc9uqf/ZsGdA="></latexit><latexit sha1_base64="LZkF11MGaJ6CLsepc9uqf/ZsGdA="></latexit><latexit sha1_base64="LZkF11MGaJ6CLsepc9uqf/ZsGdA="></latexit>

q(✓) ⇡ p(✓|X (train),Y(train)), ✓(s) ⇠ q(✓)
<latexit sha1_base64="AdSpXsvz28NQvI1kOIFejAmHiCA="></latexit><latexit sha1_base64="AdSpXsvz28NQvI1kOIFejAmHiCA="></latexit><latexit sha1_base64="AdSpXsvz28NQvI1kOIFejAmHiCA="></latexit><latexit sha1_base64="AdSpXsvz28NQvI1kOIFejAmHiCA="></latexit>

p(✓|X ,Y) =
p(Y|X , ✓)p(✓)

p(Y|X )
=

p(Y|X , ✓)p(✓)R
✓ p(Y|X , ✓)p(✓)

<latexit sha1_base64="Xud36e1ow5fkGpnG1+zSZpqGChM="></latexit><latexit sha1_base64="Xud36e1ow5fkGpnG1+zSZpqGChM="></latexit><latexit sha1_base64="Xud36e1ow5fkGpnG1+zSZpqGChM="></latexit><latexit sha1_base64="Xud36e1ow5fkGpnG1+zSZpqGChM="></latexit>

Intractable integration



Algorithmic Intelligence Lab

• Approximate inference problem:

• Main obstacle: how to get the approximate posterior?
1. Variational inference (VI): 

casting the inference / approximation as an optimization problem. 

2. Laplace approximation:
pointwise estimation assisted with posterior curvature.

3. Markov chain Monte Carlo: 
running Markov chains for Monte Carlo estimate of the posterior.

Difficulties of Bayesian Neural Network
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p(Y(test)|X (train),Y(train),X (test))

= E✓⇠p(✓|X (train),Y(train))[p(Y(test)|✓,X (train))]

⇡ 1

S

SX

s=1

p(Y(test)|✓(s),X (test)), ✓(s) ⇠ p(✓|X (train),Y(train))
<latexit sha1_base64="LZkF11MGaJ6CLsepc9uqf/ZsGdA="></latexit><latexit sha1_base64="LZkF11MGaJ6CLsepc9uqf/ZsGdA="></latexit><latexit sha1_base64="LZkF11MGaJ6CLsepc9uqf/ZsGdA="></latexit><latexit sha1_base64="LZkF11MGaJ6CLsepc9uqf/ZsGdA="></latexit>

✓(s) ⇠ q(✓)
<latexit sha1_base64="KIZnxSm3RhoTwu+CGV6CtGckyeM=">AAACBHicbVBNS8NAEN34WetX1GMvi0VoLyWRgh4LXjxWsB/QxLLZbtqlu0ncnQgl9ODFv+LFgyJe/RHe/Ddu2xy09cHA470ZZuYFieAaHOfbWlvf2NzaLuwUd/f2Dw7to+O2jlNFWYvGIlbdgGgmeMRawEGwbqIYkYFgnWB8NfM7D0xpHke3MEmYL8kw4iGnBIzUt0sejBiQu6yiq1PsaS7xfWWhVft22ak5c+BV4uakjHI0+/aXN4hpKlkEVBCte66TgJ8RBZwKNi16qWYJoWMyZD1DIyKZ9rP5E1N8ZpQBDmNlKgI8V39PZERqPZGB6ZQERnrZm4n/eb0Uwks/41GSAovoYlGYCgwxniWCB1wxCmJiCKGKm1sxHRFFKJjciiYEd/nlVdI+r7lOzb2plxv1PI4CKqFTVEEuukANdI2aqIUoekTP6BW9WU/Wi/VufSxa16x85gT9gfX5A4dDl1A=</latexit><latexit sha1_base64="KIZnxSm3RhoTwu+CGV6CtGckyeM=">AAACBHicbVBNS8NAEN34WetX1GMvi0VoLyWRgh4LXjxWsB/QxLLZbtqlu0ncnQgl9ODFv+LFgyJe/RHe/Ddu2xy09cHA470ZZuYFieAaHOfbWlvf2NzaLuwUd/f2Dw7to+O2jlNFWYvGIlbdgGgmeMRawEGwbqIYkYFgnWB8NfM7D0xpHke3MEmYL8kw4iGnBIzUt0sejBiQu6yiq1PsaS7xfWWhVft22ak5c+BV4uakjHI0+/aXN4hpKlkEVBCte66TgJ8RBZwKNi16qWYJoWMyZD1DIyKZ9rP5E1N8ZpQBDmNlKgI8V39PZERqPZGB6ZQERnrZm4n/eb0Uwks/41GSAovoYlGYCgwxniWCB1wxCmJiCKGKm1sxHRFFKJjciiYEd/nlVdI+r7lOzb2plxv1PI4CKqFTVEEuukANdI2aqIUoekTP6BW9WU/Wi/VufSxa16x85gT9gfX5A4dDl1A=</latexit><latexit sha1_base64="KIZnxSm3RhoTwu+CGV6CtGckyeM=">AAACBHicbVBNS8NAEN34WetX1GMvi0VoLyWRgh4LXjxWsB/QxLLZbtqlu0ncnQgl9ODFv+LFgyJe/RHe/Ddu2xy09cHA470ZZuYFieAaHOfbWlvf2NzaLuwUd/f2Dw7to+O2jlNFWYvGIlbdgGgmeMRawEGwbqIYkYFgnWB8NfM7D0xpHke3MEmYL8kw4iGnBIzUt0sejBiQu6yiq1PsaS7xfWWhVft22ak5c+BV4uakjHI0+/aXN4hpKlkEVBCte66TgJ8RBZwKNi16qWYJoWMyZD1DIyKZ9rP5E1N8ZpQBDmNlKgI8V39PZERqPZGB6ZQERnrZm4n/eb0Uwks/41GSAovoYlGYCgwxniWCB1wxCmJiCKGKm1sxHRFFKJjciiYEd/nlVdI+r7lOzb2plxv1PI4CKqFTVEEuukANdI2aqIUoekTP6BW9WU/Wi/VufSxa16x85gT9gfX5A4dDl1A=</latexit><latexit sha1_base64="KIZnxSm3RhoTwu+CGV6CtGckyeM=">AAACBHicbVBNS8NAEN34WetX1GMvi0VoLyWRgh4LXjxWsB/QxLLZbtqlu0ncnQgl9ODFv+LFgyJe/RHe/Ddu2xy09cHA470ZZuYFieAaHOfbWlvf2NzaLuwUd/f2Dw7to+O2jlNFWYvGIlbdgGgmeMRawEGwbqIYkYFgnWB8NfM7D0xpHke3MEmYL8kw4iGnBIzUt0sejBiQu6yiq1PsaS7xfWWhVft22ak5c+BV4uakjHI0+/aXN4hpKlkEVBCte66TgJ8RBZwKNi16qWYJoWMyZD1DIyKZ9rP5E1N8ZpQBDmNlKgI8V39PZERqPZGB6ZQERnrZm4n/eb0Uwks/41GSAovoYlGYCgwxniWCB1wxCmJiCKGKm1sxHRFFKJjciiYEd/nlVdI+r7lOzb2plxv1PI4CKqFTVEEuukANdI2aqIUoekTP6BW9WU/Wi/VufSxa16x85gT9gfX5A4dDl1A=</latexit>

q(✓) ⇡ p(✓|X (train),Y(train))
<latexit sha1_base64="ybYjuvcpoWiS8Z+R2i26PFXPIFk="></latexit><latexit sha1_base64="ybYjuvcpoWiS8Z+R2i26PFXPIFk="></latexit><latexit sha1_base64="ybYjuvcpoWiS8Z+R2i26PFXPIFk="></latexit><latexit sha1_base64="ybYjuvcpoWiS8Z+R2i26PFXPIFk="></latexit>



Algorithmic Intelligence Lab

1. Introduction
• What is Bayesian inference?
• What is Bayesian neural network?

2. Variational Inference for Bayesian Neural Networks
• Using Gaussian distribution
• Using multiplicative normalizing flows

3. Non-variational Inference for Bayesian Neural Networks
• Laplace Approximation
• Markov Chain Monte Carlo

Table of Contents
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Algorithmic Intelligence Lab

• Variational inference approximates posterior of Bayesian neural network by opt
imization:

• Choosing posterior from certain family, with closest similarity to exact posterior:

Variational Inference for Bayesian Neural Network

19

q⇤ = argmin
q2Q

D

✓
q(✓), p(✓|X ,Y)

◆

<latexit sha1_base64="w+sS0zwplgfYfHnuVR+pEFERqyc="></latexit><latexit sha1_base64="w+sS0zwplgfYfHnuVR+pEFERqyc="></latexit><latexit sha1_base64="w+sS0zwplgfYfHnuVR+pEFERqyc="></latexit><latexit sha1_base64="w+sS0zwplgfYfHnuVR+pEFERqyc="></latexit>

p(✓|X ,Y)
<latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="y3M/WDofF2w0IyJzL2r5hKwBy7U=">AAAB6XicbZBLSwMxFIXv1Fcdq9a1m2ARXJUZN7oU3LisYB/QDiWTudOGJpkhyRTL0D/g1r078Te59ZeYPha29UDgcE7CvfniXHBjg+Dbq+ztHxweVY/9k5p/enZer3VMVmiGbZaJTPdialBwhW3LrcBerpHKWGA3njwu+u4UteGZerGzHCNJR4qnnFHrotaw3giawVJk14Rr04C1hvWfQZKxQqKyTFBj+mGQ26ik2nImcO4PCoM5ZRM6wr6ziko0Ublcc06uXZKQNNPuKEuW6d8XJZXGzGTsbkpqx2a7W4T/df3CpvdRyVVeWFRsNSgtBLEZWfyZJFwjs2LmDGWau10JG1NNmXVkNqbEcu47JuE2gV3TuW2GQTN8DqAKl3AFNxDCHTzAE7SgDQwSeIN379X78D5X7CreGuIFbMj7+gUE4pDO</latexit><latexit sha1_base64="3HO5K9po2IZsKxb5fXC2iyMLesw=">AAACEnicbZDLSgMxFIbPeK216ujWTbAKFaTMuNGl4MZlBXuRdiiZNG1DMxeSM0IZ5wV8CV/Bre7diXu3PomZtqBtPRD48/85nJPPj6XQ6Dhf1srq2vrGZmGruF3a2d2z90sNHSWK8TqLZKRaPtVcipDXUaDkrVhxGviSN/3RdZ43H7jSIgrvcBxzL6CDUPQFo2isrn0cVzo45EjJI+kEFIeMyrSVnf1e7rPTrl12qs6kyLJwZ6IMs6p17e9OL2JJwENkkmrddp0YvZQqFEzyrNhJNI8pG9EBbxsZ0oBrL538JiMnxumRfqTMCZFM3L8dKQ20Hge+eZnvqBez3PwvayfYv/RSEcYJ8pBNB/UTSTAiORrSE4ozlGMjKFPC7ErYkCrK0ACcm+IHWdFAcRcRLIvGedV1qu6tAwU4hCOogAsXcAU3UIM6MHiCF3iFN+vZerc+pvhWrBnHA5gr6/MHzeygeQ==</latexit><latexit sha1_base64="3HO5K9po2IZsKxb5fXC2iyMLesw=">AAACEnicbZDLSgMxFIbPeK216ujWTbAKFaTMuNGl4MZlBXuRdiiZNG1DMxeSM0IZ5wV8CV/Bre7diXu3PomZtqBtPRD48/85nJPPj6XQ6Dhf1srq2vrGZmGruF3a2d2z90sNHSWK8TqLZKRaPtVcipDXUaDkrVhxGviSN/3RdZ43H7jSIgrvcBxzL6CDUPQFo2isrn0cVzo45EjJI+kEFIeMyrSVnf1e7rPTrl12qs6kyLJwZ6IMs6p17e9OL2JJwENkkmrddp0YvZQqFEzyrNhJNI8pG9EBbxsZ0oBrL538JiMnxumRfqTMCZFM3L8dKQ20Hge+eZnvqBez3PwvayfYv/RSEcYJ8pBNB/UTSTAiORrSE4ozlGMjKFPC7ErYkCrK0ACcm+IHWdFAcRcRLIvGedV1qu6tAwU4hCOogAsXcAU3UIM6MHiCF3iFN+vZerc+pvhWrBnHA5gr6/MHzeygeQ==</latexit><latexit sha1_base64="nK7hpc4+Kenz+JEdiAcYoVsXCok=">AAACHXicbVDLSsNAFJ3UV62vqEs3g1WoICURQZcFNy4r2Ie0oUymk3bo5MHMjVBifsCf8Bfc6t6duBW3fomTNqBtPTBw7jn3cu8cNxJcgWV9GYWl5ZXVteJ6aWNza3vH3N1rqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOrjK/dc+k4mFwC+OIOT4ZBNzjlICWeuZRVOnCkAHBD7jrExhSIpJ2evpb3KUnPbNsVa0J8CKxc1JGOeo987vbD2nsswCoIEp1bCsCJyESOBUsLXVjxSJCR2TAOpoGxGfKSSa/SfGxVvrYC6V+AeCJ+nciIb5SY9/VndmNat7LxP+8TgzepZPwIIqBBXS6yIsFhhBn0eA+l4yCGGtCqOT6VkyHRBIKOsCZLa6flnQo9nwEi6R5VrWtqn1jlWvneTxFdIAOUQXZ6ALV0DWqowai6BE9oxf0ajwZb8a78TFtLRj5zD6agfH5A70coe8=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit>

q⇤(✓)
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Algorithmic Intelligence Lab

• Variational inference approximates posterior of Bayesian neural network by opt
imization:

• Next, we will study how to approximate the posterior by fully factorized Gaussi
an (FFG) [Blundel et al., 2015]:
• Optimization with respect to Kullback-Leibler (KL) divergence.
• Utilizing the reparameterization trick for efficient optimization of posterior approxi

mations. 

Variational Inference for Bayesian Neural Network
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fully factorized Gaussian
KL divergence

q⇤ = arg min
q2QFFG

DKL

✓
q(✓), p(✓|X ,Y)

◆
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Algorithmic Intelligence Lab

• We consider fully factorized Gaussians as prior:

• Remark: exact posterior is non-gaussian: 

Bayesian Neural Network with Gaussian Priors 
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p(✓) =
LY

`=1

p(W(`))

=
LY

`=1

D(`)Y

i=1

D(`�1)Y

j=1

p(w(`)
ij )

<latexit sha1_base64="odJwEP7aAFOX4WRNL7yhBJDiaM0="></latexit><latexit sha1_base64="odJwEP7aAFOX4WRNL7yhBJDiaM0="></latexit><latexit sha1_base64="odJwEP7aAFOX4WRNL7yhBJDiaM0="></latexit><latexit sha1_base64="odJwEP7aAFOX4WRNL7yhBJDiaM0="></latexit>

elements of 
weight matrix

p(✓|X ,Y) / p(Y|X , ✓)p(✓)
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non-Gaussian Gaussian

✓ = {W(1),W(2)}
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Algorithmic Intelligence Lab

• We also consider fully factorized Gaussians as approximate posterior :

• We want to find parameters minimizing KL divergence to the exact posterior:

Approximate Posterior and Variational Objective

22

q(w(`)
ij ) = N (w(`)

ij ;µ(`)
ij ,�(`)

ij )
<latexit sha1_base64="HBRLEY6NCaPL8K79XCHoQgIlMJw="></latexit><latexit sha1_base64="HBRLEY6NCaPL8K79XCHoQgIlMJw="></latexit><latexit sha1_base64="HBRLEY6NCaPL8K79XCHoQgIlMJw="></latexit><latexit sha1_base64="HBRLEY6NCaPL8K79XCHoQgIlMJw="></latexit>

✓ = {W(1),W(2)}
<latexit sha1_base64="EHfkK0XrBL5cKz9Xu0GT8JfhiFY=">AAACKHicbVDLSgNBEJyNrxhfUY9eBoOQgMTdIOhFCHrxGME8ILuG2clsMmT2wUyvEJb9DH/CX/Cqd2+Sa77E2SQHk1jQUFR1093lRoIrMM2JkdvY3Nreye8W9vYPDo+KxyctFcaSsiYNRSg7LlFM8IA1gYNgnUgy4ruCtd3RQ+a3X5lUPAyeYRwxxyeDgHucEtBSr3hlw5ABwXfYTmyfwND1knb6kpStSnqJl5RaJbXTXrFkVs0Z8DqxFqSEFmj0ilO7H9LYZwFQQZTqWmYETkIkcCpYWrBjxSJCR2TAupoGxGfKSWaPpfhCK33shVJXAHim/p1IiK/U2Hd1Z3apWvUy8T+vG4N36yQ8iGJgAZ0v8mKBIcRZSrjPJaMgxpoQKrm+FdMhkYSCznJpi+unBR2KtRrBOmnVqpZZtZ6uS/X7RTx5dIbOURlZ6AbV0SNqoCai6A19oE/0Zbwb38aPMZm35ozFzClagjH9BZhQpf0=</latexit><latexit sha1_base64="EHfkK0XrBL5cKz9Xu0GT8JfhiFY=">AAACKHicbVDLSgNBEJyNrxhfUY9eBoOQgMTdIOhFCHrxGME8ILuG2clsMmT2wUyvEJb9DH/CX/Cqd2+Sa77E2SQHk1jQUFR1093lRoIrMM2JkdvY3Nreye8W9vYPDo+KxyctFcaSsiYNRSg7LlFM8IA1gYNgnUgy4ruCtd3RQ+a3X5lUPAyeYRwxxyeDgHucEtBSr3hlw5ABwXfYTmyfwND1knb6kpStSnqJl5RaJbXTXrFkVs0Z8DqxFqSEFmj0ilO7H9LYZwFQQZTqWmYETkIkcCpYWrBjxSJCR2TAupoGxGfKSWaPpfhCK33shVJXAHim/p1IiK/U2Hd1Z3apWvUy8T+vG4N36yQ8iGJgAZ0v8mKBIcRZSrjPJaMgxpoQKrm+FdMhkYSCznJpi+unBR2KtRrBOmnVqpZZtZ6uS/X7RTx5dIbOURlZ6AbV0SNqoCai6A19oE/0Zbwb38aPMZm35ozFzClagjH9BZhQpf0=</latexit><latexit sha1_base64="EHfkK0XrBL5cKz9Xu0GT8JfhiFY=">AAACKHicbVDLSgNBEJyNrxhfUY9eBoOQgMTdIOhFCHrxGME8ILuG2clsMmT2wUyvEJb9DH/CX/Cqd2+Sa77E2SQHk1jQUFR1093lRoIrMM2JkdvY3Nreye8W9vYPDo+KxyctFcaSsiYNRSg7LlFM8IA1gYNgnUgy4ruCtd3RQ+a3X5lUPAyeYRwxxyeDgHucEtBSr3hlw5ABwXfYTmyfwND1knb6kpStSnqJl5RaJbXTXrFkVs0Z8DqxFqSEFmj0ilO7H9LYZwFQQZTqWmYETkIkcCpYWrBjxSJCR2TAupoGxGfKSWaPpfhCK33shVJXAHim/p1IiK/U2Hd1Z3apWvUy8T+vG4N36yQ8iGJgAZ0v8mKBIcRZSrjPJaMgxpoQKrm+FdMhkYSCznJpi+unBR2KtRrBOmnVqpZZtZ6uS/X7RTx5dIbOURlZ6AbV0SNqoCai6A19oE/0Zbwb38aPMZm35ozFzClagjH9BZhQpf0=</latexit><latexit sha1_base64="EHfkK0XrBL5cKz9Xu0GT8JfhiFY=">AAACKHicbVDLSgNBEJyNrxhfUY9eBoOQgMTdIOhFCHrxGME8ILuG2clsMmT2wUyvEJb9DH/CX/Cqd2+Sa77E2SQHk1jQUFR1093lRoIrMM2JkdvY3Nreye8W9vYPDo+KxyctFcaSsiYNRSg7LlFM8IA1gYNgnUgy4ruCtd3RQ+a3X5lUPAyeYRwxxyeDgHucEtBSr3hlw5ABwXfYTmyfwND1knb6kpStSnqJl5RaJbXTXrFkVs0Z8DqxFqSEFmj0ilO7H9LYZwFQQZTqWmYETkIkcCpYWrBjxSJCR2TAupoGxGfKSWaPpfhCK33shVJXAHim/p1IiK/U2Hd1Z3apWvUy8T+vG4N36yQ8iGJgAZ0v8mKBIcRZSrjPJaMgxpoQKrm+FdMhkYSCznJpi+unBR2KtRrBOmnVqpZZtZ6uS/X7RTx5dIbOURlZ6AbV0SNqoCai6A19oE/0Zbwb38aPMZm35ozFzClagjH9BZhQpf0=</latexit>

� = {µ(`)
ij ,�(`)

ij }i,j,`
<latexit sha1_base64="ps0woQPyU3G5Mtu5+gtpYy0Xozg="></latexit><latexit sha1_base64="ps0woQPyU3G5Mtu5+gtpYy0Xozg="></latexit><latexit sha1_base64="ps0woQPyU3G5Mtu5+gtpYy0Xozg="></latexit><latexit sha1_base64="ps0woQPyU3G5Mtu5+gtpYy0Xozg="></latexit>

� argmin
�

DEG(q�(✓), p(✓|X ,Y))
<latexit sha1_base64="z9jsaothvewY/cP/TlIsOn279q8="></latexit><latexit sha1_base64="z9jsaothvewY/cP/TlIsOn279q8="></latexit><latexit sha1_base64="z9jsaothvewY/cP/TlIsOn279q8="></latexit><latexit sha1_base64="z9jsaothvewY/cP/TlIsOn279q8="></latexit>

How to use gradient descent for optimization?

q(✓) =
LY

`=1

q(W`)

=
LY

`=1

D(`)Y

i=1

D(`�1)Y

j=1

q(w(`)
ij )

<latexit sha1_base64="cn11XRPI0gbAvweF9Egtvjwltkk="></latexit><latexit sha1_base64="cn11XRPI0gbAvweF9Egtvjwltkk="></latexit><latexit sha1_base64="cn11XRPI0gbAvweF9Egtvjwltkk="></latexit><latexit sha1_base64="cn11XRPI0gbAvweF9Egtvjwltkk="></latexit>

LY

`=1

q(W(`))
<latexit sha1_base64="PZR7rHe5RQyCVOMz22yP1a9U+UY=">AAACEXicbVDLSsNAFJ3UV62vqEs3wSKkm5JIQTdCwY0LFxXsA5oYJpNJO3SSiTMToYT8ght/xY0LRdy6c+ffOGmz0NYDA2fOuZd77/ETSoS0rG+tsrK6tr5R3axtbe/s7un7Bz3BUo5wFzHK+MCHAlMS464kkuJBwjGMfIr7/uSy8PsPmAvC4ls5TbAbwVFMQoKgVJKnm07CWeBlDqb0ws7vsuv83nQiKMd+mPXV3yycRt7w9LrVtGYwloldkjoo0fH0LydgKI1wLBGFQgxtK5FuBrkkiOK85qQCJxBN4AgPFY1hhIWbzS7KjROlBEbIuHqxNGbq744MRkJMI19VFruKRa8Q//OGqQzP3YzESSpxjOaDwpQakhlFPEZAOEaSThWBiBO1q4HGkEMkVYg1FYK9ePIy6Z02batp37Tq7VYZRxUcgWNgAhucgTa4Ah3QBQg8gmfwCt60J+1Fe9c+5qUVrew5BH+gff4AgfGdXQ==</latexit><latexit sha1_base64="PZR7rHe5RQyCVOMz22yP1a9U+UY=">AAACEXicbVDLSsNAFJ3UV62vqEs3wSKkm5JIQTdCwY0LFxXsA5oYJpNJO3SSiTMToYT8ght/xY0LRdy6c+ffOGmz0NYDA2fOuZd77/ETSoS0rG+tsrK6tr5R3axtbe/s7un7Bz3BUo5wFzHK+MCHAlMS464kkuJBwjGMfIr7/uSy8PsPmAvC4ls5TbAbwVFMQoKgVJKnm07CWeBlDqb0ws7vsuv83nQiKMd+mPXV3yycRt7w9LrVtGYwloldkjoo0fH0LydgKI1wLBGFQgxtK5FuBrkkiOK85qQCJxBN4AgPFY1hhIWbzS7KjROlBEbIuHqxNGbq744MRkJMI19VFruKRa8Q//OGqQzP3YzESSpxjOaDwpQakhlFPEZAOEaSThWBiBO1q4HGkEMkVYg1FYK9ePIy6Z02batp37Tq7VYZRxUcgWNgAhucgTa4Ah3QBQg8gmfwCt60J+1Fe9c+5qUVrew5BH+gff4AgfGdXQ==</latexit><latexit sha1_base64="PZR7rHe5RQyCVOMz22yP1a9U+UY=">AAACEXicbVDLSsNAFJ3UV62vqEs3wSKkm5JIQTdCwY0LFxXsA5oYJpNJO3SSiTMToYT8ght/xY0LRdy6c+ffOGmz0NYDA2fOuZd77/ETSoS0rG+tsrK6tr5R3axtbe/s7un7Bz3BUo5wFzHK+MCHAlMS464kkuJBwjGMfIr7/uSy8PsPmAvC4ls5TbAbwVFMQoKgVJKnm07CWeBlDqb0ws7vsuv83nQiKMd+mPXV3yycRt7w9LrVtGYwloldkjoo0fH0LydgKI1wLBGFQgxtK5FuBrkkiOK85qQCJxBN4AgPFY1hhIWbzS7KjROlBEbIuHqxNGbq744MRkJMI19VFruKRa8Q//OGqQzP3YzESSpxjOaDwpQakhlFPEZAOEaSThWBiBO1q4HGkEMkVYg1FYK9ePIy6Z02batp37Tq7VYZRxUcgWNgAhucgTa4Ah3QBQg8gmfwCt60J+1Fe9c+5qUVrew5BH+gff4AgfGdXQ==</latexit><latexit sha1_base64="PZR7rHe5RQyCVOMz22yP1a9U+UY=">AAACEXicbVDLSsNAFJ3UV62vqEs3wSKkm5JIQTdCwY0LFxXsA5oYJpNJO3SSiTMToYT8ght/xY0LRdy6c+ffOGmz0NYDA2fOuZd77/ETSoS0rG+tsrK6tr5R3axtbe/s7un7Bz3BUo5wFzHK+MCHAlMS464kkuJBwjGMfIr7/uSy8PsPmAvC4ls5TbAbwVFMQoKgVJKnm07CWeBlDqb0ws7vsuv83nQiKMd+mPXV3yycRt7w9LrVtGYwloldkjoo0fH0LydgKI1wLBGFQgxtK5FuBrkkiOK85qQCJxBN4AgPFY1hhIWbzS7KjROlBEbIuHqxNGbq744MRkJMI19VFruKRa8Q//OGqQzP3YzESSpxjOaDwpQakhlFPEZAOEaSThWBiBO1q4HGkEMkVYg1FYK9ePIy6Z02batp37Tq7VYZRxUcgWNgAhucgTa4Ah3QBQg8gmfwCt60J+1Fe9c+5qUVrew5BH+gff4AgfGdXQ==</latexit>



Algorithmic Intelligence Lab

• Gradients for the KL divergence:

1. KL-divergence to prior (fixed form):

2. Naïve estimation of expected log-likelihood:

The Reparameterization Trick
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O�DEG(q(✓), p(✓|X ,Y))

= O�E✓⇠q�(✓)[log p(Y|X , ✓)] + O�DEG(q�(✓), p(✓))
<latexit sha1_base64="KN6HhoyZhZ5/xhkyowKW7i+aYXE="></latexit><latexit sha1_base64="KN6HhoyZhZ5/xhkyowKW7i+aYXE="></latexit><latexit sha1_base64="KN6HhoyZhZ5/xhkyowKW7i+aYXE="></latexit><latexit sha1_base64="KN6HhoyZhZ5/xhkyowKW7i+aYXE="></latexit>

O�DEG(q�(✓), p(✓)) = O�

X

i,j,`

 
log �(`)

i,j +
1 + µ(`)

i,j

2�(`)
i,j

!

<latexit sha1_base64="JUcs/LxDGXBzd07VXdQ3jaK0D5Q="></latexit><latexit sha1_base64="JUcs/LxDGXBzd07VXdQ3jaK0D5Q="></latexit><latexit sha1_base64="JUcs/LxDGXBzd07VXdQ3jaK0D5Q="></latexit><latexit sha1_base64="JUcs/LxDGXBzd07VXdQ3jaK0D5Q="></latexit>

zero gradient?

2. Expected log-likelihood 1. KL-divergence to prior

O�E✓⇠q�(✓)[log p(Y|X , ✓)] ⇡ O�
1

S

SX

s=1

log p(Y|X , ✓(s)), ✓(s) ⇠ q�(✓)
<latexit sha1_base64="AmcFUzalGqrNEdn2yixkai2k3eU="></latexit><latexit sha1_base64="AmcFUzalGqrNEdn2yixkai2k3eU="></latexit><latexit sha1_base64="AmcFUzalGqrNEdn2yixkai2k3eU="></latexit><latexit sha1_base64="AmcFUzalGqrNEdn2yixkai2k3eU="></latexit>

N

S
<latexit sha1_base64="GJSE3TMFMREs+kR7yOxvRjltZSA=">AAACAnicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYyURzQdcjrC32UuW7O4du3tCOK7zL9hqbye2/hFbf4mb5AqT+GDg8d4MM/PChDNtXPfbKa2tb2xulbcrO7t7+wfVw6O2jlNFaIvEPFbdEGvKmaQtwwyn3URRLEJOO+H4Zup3nqjSLJaPZpLQQOChZBEj2FjJ70UKk+wuzx7yfrXm1t0Z0CrxClKDAs1+9ac3iEkqqDSEY619z01MkGFlGOE0r/RSTRNMxnhIfUslFlQH2ezkHJ1ZZYCiWNmSBs3UvxMZFlpPRGg7BTYjvexNxf88PzXRdZAxmaSGSjJfFKUcmRhN/0cDpigxfGIJJorZWxEZYZuCsSktbAlFXrGheMsRrJL2Rd1z6979Za1xWcRThhM4hXPw4AoacAtNaAGBGF7gFd6cZ+fd+XA+560lp5g5hgU4X78DopgJ</latexit><latexit sha1_base64="GJSE3TMFMREs+kR7yOxvRjltZSA=">AAACAnicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYyURzQdcjrC32UuW7O4du3tCOK7zL9hqbye2/hFbf4mb5AqT+GDg8d4MM/PChDNtXPfbKa2tb2xulbcrO7t7+wfVw6O2jlNFaIvEPFbdEGvKmaQtwwyn3URRLEJOO+H4Zup3nqjSLJaPZpLQQOChZBEj2FjJ70UKk+wuzx7yfrXm1t0Z0CrxClKDAs1+9ac3iEkqqDSEY619z01MkGFlGOE0r/RSTRNMxnhIfUslFlQH2ezkHJ1ZZYCiWNmSBs3UvxMZFlpPRGg7BTYjvexNxf88PzXRdZAxmaSGSjJfFKUcmRhN/0cDpigxfGIJJorZWxEZYZuCsSktbAlFXrGheMsRrJL2Rd1z6979Za1xWcRThhM4hXPw4AoacAtNaAGBGF7gFd6cZ+fd+XA+560lp5g5hgU4X78DopgJ</latexit><latexit sha1_base64="GJSE3TMFMREs+kR7yOxvRjltZSA=">AAACAnicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYyURzQdcjrC32UuW7O4du3tCOK7zL9hqbye2/hFbf4mb5AqT+GDg8d4MM/PChDNtXPfbKa2tb2xulbcrO7t7+wfVw6O2jlNFaIvEPFbdEGvKmaQtwwyn3URRLEJOO+H4Zup3nqjSLJaPZpLQQOChZBEj2FjJ70UKk+wuzx7yfrXm1t0Z0CrxClKDAs1+9ac3iEkqqDSEY619z01MkGFlGOE0r/RSTRNMxnhIfUslFlQH2ezkHJ1ZZYCiWNmSBs3UvxMZFlpPRGg7BTYjvexNxf88PzXRdZAxmaSGSjJfFKUcmRhN/0cDpigxfGIJJorZWxEZYZuCsSktbAlFXrGheMsRrJL2Rd1z6979Za1xWcRThhM4hXPw4AoacAtNaAGBGF7gFd6cZ+fd+XA+560lp5g5hgU4X78DopgJ</latexit><latexit sha1_base64="GJSE3TMFMREs+kR7yOxvRjltZSA=">AAACAnicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYyURzQdcjrC32UuW7O4du3tCOK7zL9hqbye2/hFbf4mb5AqT+GDg8d4MM/PChDNtXPfbKa2tb2xulbcrO7t7+wfVw6O2jlNFaIvEPFbdEGvKmaQtwwyn3URRLEJOO+H4Zup3nqjSLJaPZpLQQOChZBEj2FjJ70UKk+wuzx7yfrXm1t0Z0CrxClKDAs1+9ac3iEkqqDSEY619z01MkGFlGOE0r/RSTRNMxnhIfUslFlQH2ezkHJ1ZZYCiWNmSBs3UvxMZFlpPRGg7BTYjvexNxf88PzXRdZAxmaSGSjJfFKUcmRhN/0cDpigxfGIJJorZWxEZYZuCsSktbAlFXrGheMsRrJL2Rd1z6979Za1xWcRThhM4hXPw4AoacAtNaAGBGF7gFd6cZ+fd+XA+560lp5g5hgU4X78DopgJ</latexit>

1

S
<latexit sha1_base64="0kL5twdYK1wa3J4eXlbYeBQZDLI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVbq9CNFmfcwqNbcursAWSdeQWpQoDWofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU5uAsQlVbAje6svrpN2oe27du7+qNRtFHGU4g3O4BA+uoQl30AIfGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AdUzjyw=</latexit><latexit sha1_base64="0kL5twdYK1wa3J4eXlbYeBQZDLI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVbq9CNFmfcwqNbcursAWSdeQWpQoDWofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU5uAsQlVbAje6svrpN2oe27du7+qNRtFHGU4g3O4BA+uoQl30AIfGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AdUzjyw=</latexit><latexit sha1_base64="0kL5twdYK1wa3J4eXlbYeBQZDLI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVbq9CNFmfcwqNbcursAWSdeQWpQoDWofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU5uAsQlVbAje6svrpN2oe27du7+qNRtFHGU4g3O4BA+uoQl30AIfGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AdUzjyw=</latexit><latexit sha1_base64="0kL5twdYK1wa3J4eXlbYeBQZDLI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVbq9CNFmfcwqNbcursAWSdeQWpQoDWofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU5uAsQlVbAje6svrpN2oe27du7+qNRtFHGU4g3O4BA+uoQl30AIfGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AdUzjyw=</latexit>
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• Re-parameterizing random variables:

The Reparameterization Trick

24

" ⇠ N ("; 0, 1)
<latexit sha1_base64="cNiTvtI9eA4TuT5yqZfjP+KQ1MQ=">AAACKHicbVDJSgNBEO2JW4xb1KOXxiBEkDgjAQUvAS+eJIJZIBNCT6cnadLL0N0TCMN8hj/hL3jVuzfJNV9iZzlk8UHB470qquoFEaPauO7YyWxt7+zuZfdzB4dHxyf507O6lrHCpIYlk6oZIE0YFaRmqGGkGSmCeMBIIxg8Tf3GkChNpXgzo4i0OeoJGlKMjJU6+Vt/iBSJNGVSQF9TDn2OTB8jlrykxSXzEbo30Lvu5AtuyZ0BbhJvQQpggWonP/G7EsecCIMZ0rrluZFpJ0gZihlJc36sSYTwAPVIy1KBONHtZPZYCq+s0oWhVLaEgTN1eSJBXOsRD2zn9Gq97k3F/7xWbMKHdkJFFBsi8HxRGDNoJJymBLtUEWzYyBKEFbW3QtxHCmFjs1zZEvA0Z0Px1iPYJPW7kueWvNdyoVJexJMFF+ASFIEH7kEFPIMqqAEM3sEn+ALfzofz4/w643lrxlnMnIMVOJM/6UmmEQ==</latexit><latexit sha1_base64="cNiTvtI9eA4TuT5yqZfjP+KQ1MQ=">AAACKHicbVDJSgNBEO2JW4xb1KOXxiBEkDgjAQUvAS+eJIJZIBNCT6cnadLL0N0TCMN8hj/hL3jVuzfJNV9iZzlk8UHB470qquoFEaPauO7YyWxt7+zuZfdzB4dHxyf507O6lrHCpIYlk6oZIE0YFaRmqGGkGSmCeMBIIxg8Tf3GkChNpXgzo4i0OeoJGlKMjJU6+Vt/iBSJNGVSQF9TDn2OTB8jlrykxSXzEbo30Lvu5AtuyZ0BbhJvQQpggWonP/G7EsecCIMZ0rrluZFpJ0gZihlJc36sSYTwAPVIy1KBONHtZPZYCq+s0oWhVLaEgTN1eSJBXOsRD2zn9Gq97k3F/7xWbMKHdkJFFBsi8HxRGDNoJJymBLtUEWzYyBKEFbW3QtxHCmFjs1zZEvA0Z0Px1iPYJPW7kueWvNdyoVJexJMFF+ASFIEH7kEFPIMqqAEM3sEn+ALfzofz4/w643lrxlnMnIMVOJM/6UmmEQ==</latexit><latexit sha1_base64="cNiTvtI9eA4TuT5yqZfjP+KQ1MQ=">AAACKHicbVDJSgNBEO2JW4xb1KOXxiBEkDgjAQUvAS+eJIJZIBNCT6cnadLL0N0TCMN8hj/hL3jVuzfJNV9iZzlk8UHB470qquoFEaPauO7YyWxt7+zuZfdzB4dHxyf507O6lrHCpIYlk6oZIE0YFaRmqGGkGSmCeMBIIxg8Tf3GkChNpXgzo4i0OeoJGlKMjJU6+Vt/iBSJNGVSQF9TDn2OTB8jlrykxSXzEbo30Lvu5AtuyZ0BbhJvQQpggWonP/G7EsecCIMZ0rrluZFpJ0gZihlJc36sSYTwAPVIy1KBONHtZPZYCq+s0oWhVLaEgTN1eSJBXOsRD2zn9Gq97k3F/7xWbMKHdkJFFBsi8HxRGDNoJJymBLtUEWzYyBKEFbW3QtxHCmFjs1zZEvA0Z0Px1iPYJPW7kueWvNdyoVJexJMFF+ASFIEH7kEFPIMqqAEM3sEn+ALfzofz4/w643lrxlnMnIMVOJM/6UmmEQ==</latexit><latexit sha1_base64="cNiTvtI9eA4TuT5yqZfjP+KQ1MQ=">AAACKHicbVDJSgNBEO2JW4xb1KOXxiBEkDgjAQUvAS+eJIJZIBNCT6cnadLL0N0TCMN8hj/hL3jVuzfJNV9iZzlk8UHB470qquoFEaPauO7YyWxt7+zuZfdzB4dHxyf507O6lrHCpIYlk6oZIE0YFaRmqGGkGSmCeMBIIxg8Tf3GkChNpXgzo4i0OeoJGlKMjJU6+Vt/iBSJNGVSQF9TDn2OTB8jlrykxSXzEbo30Lvu5AtuyZ0BbhJvQQpggWonP/G7EsecCIMZ0rrluZFpJ0gZihlJc36sSYTwAPVIy1KBONHtZPZYCq+s0oWhVLaEgTN1eSJBXOsRD2zn9Gq97k3F/7xWbMKHdkJFFBsi8HxRGDNoJJymBLtUEWzYyBKEFbW3QtxHCmFjs1zZEvA0Z0Px1iPYJPW7kueWvNdyoVJexJMFF+ASFIEH7kEFPIMqqAEM3sEn+ALfzofz4/w643lrxlnMnIMVOJM/6UmmEQ==</latexit>

�"
<latexit sha1_base64="zMro+LH3eAw8H8Ocg45iDb9mQJg=">AAACC3icbVC7SgNBFJ2NrxhfMZY2g0GwCrsS0DJgYxnBPCC7hLuT2WTIzOwyMxsMSz7BX7DV3k5s/Qhbv8TZJIVJPHDhcM69nMsJE860cd1vp7C1vbO7V9wvHRweHZ+UTyttHaeK0BaJeay6IWjKmaQtwwyn3URRECGnnXB8l/udCVWaxfLRTBMaCBhKFjECxkr9csXXbCgA+xNQNNGM52LVrblz4E3iLUkVLdHsl3/8QUxSQaUhHLTueW5iggyUYYTTWclPNU2AjGFIe5ZKEFQH2fz3Gb60ygBHsbIjDZ6rfy8yEFpPRWg3BZiRXvdy8T+vl5roNsiYTFJDJVkERSnHJsZ5EXjAFCWGTy0Bopj9FZMRKCDG1rWSEopZyZbirVewSdrXNc+teQ/1aqO+rKeIztEFukIeukENdI+aqIUIekIv6BW9Oc/Ou/PhfC5WC87y5gytwPn6Bc/BmyM=</latexit><latexit sha1_base64="zMro+LH3eAw8H8Ocg45iDb9mQJg=">AAACC3icbVC7SgNBFJ2NrxhfMZY2g0GwCrsS0DJgYxnBPCC7hLuT2WTIzOwyMxsMSz7BX7DV3k5s/Qhbv8TZJIVJPHDhcM69nMsJE860cd1vp7C1vbO7V9wvHRweHZ+UTyttHaeK0BaJeay6IWjKmaQtwwyn3URRECGnnXB8l/udCVWaxfLRTBMaCBhKFjECxkr9csXXbCgA+xNQNNGM52LVrblz4E3iLUkVLdHsl3/8QUxSQaUhHLTueW5iggyUYYTTWclPNU2AjGFIe5ZKEFQH2fz3Gb60ygBHsbIjDZ6rfy8yEFpPRWg3BZiRXvdy8T+vl5roNsiYTFJDJVkERSnHJsZ5EXjAFCWGTy0Bopj9FZMRKCDG1rWSEopZyZbirVewSdrXNc+teQ/1aqO+rKeIztEFukIeukENdI+aqIUIekIv6BW9Oc/Ou/PhfC5WC87y5gytwPn6Bc/BmyM=</latexit><latexit sha1_base64="zMro+LH3eAw8H8Ocg45iDb9mQJg=">AAACC3icbVC7SgNBFJ2NrxhfMZY2g0GwCrsS0DJgYxnBPCC7hLuT2WTIzOwyMxsMSz7BX7DV3k5s/Qhbv8TZJIVJPHDhcM69nMsJE860cd1vp7C1vbO7V9wvHRweHZ+UTyttHaeK0BaJeay6IWjKmaQtwwyn3URRECGnnXB8l/udCVWaxfLRTBMaCBhKFjECxkr9csXXbCgA+xNQNNGM52LVrblz4E3iLUkVLdHsl3/8QUxSQaUhHLTueW5iggyUYYTTWclPNU2AjGFIe5ZKEFQH2fz3Gb60ygBHsbIjDZ6rfy8yEFpPRWg3BZiRXvdy8T+vl5roNsiYTFJDJVkERSnHJsZ5EXjAFCWGTy0Bopj9FZMRKCDG1rWSEopZyZbirVewSdrXNc+teQ/1aqO+rKeIztEFukIeukENdI+aqIUIekIv6BW9Oc/Ou/PhfC5WC87y5gytwPn6Bc/BmyM=</latexit><latexit sha1_base64="zMro+LH3eAw8H8Ocg45iDb9mQJg=">AAACC3icbVC7SgNBFJ2NrxhfMZY2g0GwCrsS0DJgYxnBPCC7hLuT2WTIzOwyMxsMSz7BX7DV3k5s/Qhbv8TZJIVJPHDhcM69nMsJE860cd1vp7C1vbO7V9wvHRweHZ+UTyttHaeK0BaJeay6IWjKmaQtwwyn3URRECGnnXB8l/udCVWaxfLRTBMaCBhKFjECxkr9csXXbCgA+xNQNNGM52LVrblz4E3iLUkVLdHsl3/8QUxSQaUhHLTueW5iggyUYYTTWclPNU2AjGFIe5ZKEFQH2fz3Gb60ygBHsbIjDZ6rfy8yEFpPRWg3BZiRXvdy8T+vl5roNsiYTFJDJVkERSnHJsZ5EXjAFCWGTy0Bopj9FZMRKCDG1rWSEopZyZbirVewSdrXNc+teQ/1aqO+rKeIztEFukIeukENdI+aqIUIekIv6BW9Oc/Ou/PhfC5WC87y5gytwPn6Bc/BmyM=</latexit>

µ+ �"
<latexit sha1_base64="Ty0qJ7WCn+6f6qguOJtwL4dNy/c=">AAACEXicbVBNSwMxEM3Wr1q/ql4EL8EiCELZlYIeC148VrCt0F1KNp22oUl2SbKFstQ/4V/wqndv4tVf4NVfYrbdg219MPB4b4aZeWHMmTau++0U1tY3NreK26Wd3b39g/LhUUtHiaLQpBGP1GNINHAmoWmY4fAYKyAi5NAOR7eZ3x6D0iySD2YSQyDIQLI+o8RYqVs+8UWCL7Gv2UAQ7I+JglgznlkVt+rOgFeJl5MKytHoln/8XkQTAdJQTrTueG5sgpQowyiHaclPNMSEjsgAOpZKIkAH6eyDKT63Sg/3I2VLGjxT/06kRGg9EaHtFMQM9bKXif95ncT0b4KUyTgxIOl8UT/h2EQ4iwP3mAJq+MQSQhWzt2I6JIpQY0Nb2BKKacmG4i1HsEpaV1XPrXr3tUq9lsdTRKfoDF0gD12jOrpDDdREFD2hF/SK3pxn5935cD7nrQUnnzlGC3C+fgFxOZ0I</latexit><latexit sha1_base64="Ty0qJ7WCn+6f6qguOJtwL4dNy/c=">AAACEXicbVBNSwMxEM3Wr1q/ql4EL8EiCELZlYIeC148VrCt0F1KNp22oUl2SbKFstQ/4V/wqndv4tVf4NVfYrbdg219MPB4b4aZeWHMmTau++0U1tY3NreK26Wd3b39g/LhUUtHiaLQpBGP1GNINHAmoWmY4fAYKyAi5NAOR7eZ3x6D0iySD2YSQyDIQLI+o8RYqVs+8UWCL7Gv2UAQ7I+JglgznlkVt+rOgFeJl5MKytHoln/8XkQTAdJQTrTueG5sgpQowyiHaclPNMSEjsgAOpZKIkAH6eyDKT63Sg/3I2VLGjxT/06kRGg9EaHtFMQM9bKXif95ncT0b4KUyTgxIOl8UT/h2EQ4iwP3mAJq+MQSQhWzt2I6JIpQY0Nb2BKKacmG4i1HsEpaV1XPrXr3tUq9lsdTRKfoDF0gD12jOrpDDdREFD2hF/SK3pxn5935cD7nrQUnnzlGC3C+fgFxOZ0I</latexit><latexit sha1_base64="Ty0qJ7WCn+6f6qguOJtwL4dNy/c=">AAACEXicbVBNSwMxEM3Wr1q/ql4EL8EiCELZlYIeC148VrCt0F1KNp22oUl2SbKFstQ/4V/wqndv4tVf4NVfYrbdg219MPB4b4aZeWHMmTau++0U1tY3NreK26Wd3b39g/LhUUtHiaLQpBGP1GNINHAmoWmY4fAYKyAi5NAOR7eZ3x6D0iySD2YSQyDIQLI+o8RYqVs+8UWCL7Gv2UAQ7I+JglgznlkVt+rOgFeJl5MKytHoln/8XkQTAdJQTrTueG5sgpQowyiHaclPNMSEjsgAOpZKIkAH6eyDKT63Sg/3I2VLGjxT/06kRGg9EaHtFMQM9bKXif95ncT0b4KUyTgxIOl8UT/h2EQ4iwP3mAJq+MQSQhWzt2I6JIpQY0Nb2BKKacmG4i1HsEpaV1XPrXr3tUq9lsdTRKfoDF0gD12jOrpDDdREFD2hF/SK3pxn5935cD7nrQUnnzlGC3C+fgFxOZ0I</latexit><latexit sha1_base64="Ty0qJ7WCn+6f6qguOJtwL4dNy/c=">AAACEXicbVBNSwMxEM3Wr1q/ql4EL8EiCELZlYIeC148VrCt0F1KNp22oUl2SbKFstQ/4V/wqndv4tVf4NVfYrbdg219MPB4b4aZeWHMmTau++0U1tY3NreK26Wd3b39g/LhUUtHiaLQpBGP1GNINHAmoWmY4fAYKyAi5NAOR7eZ3x6D0iySD2YSQyDIQLI+o8RYqVs+8UWCL7Gv2UAQ7I+JglgznlkVt+rOgFeJl5MKytHoln/8XkQTAdJQTrTueG5sgpQowyiHaclPNMSEjsgAOpZKIkAH6eyDKT63Sg/3I2VLGjxT/06kRGg9EaHtFMQM9bKXif95ncT0b4KUyTgxIOl8UT/h2EQ4iwP3mAJq+MQSQhWzt2I6JIpQY0Nb2BKKacmG4i1HsEpaV1XPrXr3tUq9lsdTRKfoDF0gD12jOrpDDdREFD2hF/SK3pxn5935cD7nrQUnnzlGC3C+fgFxOZ0I</latexit>

wij = µij + �ij"ij

"ij ⇠ N ("ij ; 0, 1)
<latexit sha1_base64="Est4fv9mocq91TcApFNESaipvJ8="></latexit><latexit sha1_base64="Est4fv9mocq91TcApFNESaipvJ8="></latexit><latexit sha1_base64="Est4fv9mocq91TcApFNESaipvJ8="></latexit><latexit sha1_base64="Est4fv9mocq91TcApFNESaipvJ8="></latexit>

q(wij) = N (wij ;µij ,�ij)
<latexit sha1_base64="SNEG4dNtZfWExgsdEcqjLgCx0LA=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0WoICWRooIIBTeupIJ9QBPCZDppx04ezkyUEvInbvwVNy4UEXf9GydpFlo9MHA451zu3ONGjAppGFOttLC4tLxSXq2srW9sbunbOx0RxhyTNg5ZyHsuEoTRgLQllYz0Ik6Q7zLSdceXmd99IFzQMLiVk4jYPhoG1KMYSSU5+sl97dFJ6F16CC+g5SM5wogl12mhnistztkRtAQd+mgWdvSqUTdywL/ELEgVFGg5+pc1CHHsk0BihoTom0Yk7QRxSTEjacWKBYkQHqMh6SsaIJ8IO8nvS+GBUgbQC7l6gYS5+nMiQb4QE99VyewCMe9l4n9eP5bemZ3QIIolCfBskRczKEOYlQUHlBMs2UQRhDlVf4V4hDjCUlVaUSWY8yf/JZ3jumnUzZtGtdko6iiDPbAPasAEp6AJrkALtAEGT+AFvIF37Vl71T60z1m0pBUzu+AXtOk3nxSirQ==</latexit><latexit sha1_base64="SNEG4dNtZfWExgsdEcqjLgCx0LA=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0WoICWRooIIBTeupIJ9QBPCZDppx04ezkyUEvInbvwVNy4UEXf9GydpFlo9MHA451zu3ONGjAppGFOttLC4tLxSXq2srW9sbunbOx0RxhyTNg5ZyHsuEoTRgLQllYz0Ik6Q7zLSdceXmd99IFzQMLiVk4jYPhoG1KMYSSU5+sl97dFJ6F16CC+g5SM5wogl12mhnistztkRtAQd+mgWdvSqUTdywL/ELEgVFGg5+pc1CHHsk0BihoTom0Yk7QRxSTEjacWKBYkQHqMh6SsaIJ8IO8nvS+GBUgbQC7l6gYS5+nMiQb4QE99VyewCMe9l4n9eP5bemZ3QIIolCfBskRczKEOYlQUHlBMs2UQRhDlVf4V4hDjCUlVaUSWY8yf/JZ3jumnUzZtGtdko6iiDPbAPasAEp6AJrkALtAEGT+AFvIF37Vl71T60z1m0pBUzu+AXtOk3nxSirQ==</latexit><latexit sha1_base64="SNEG4dNtZfWExgsdEcqjLgCx0LA=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0WoICWRooIIBTeupIJ9QBPCZDppx04ezkyUEvInbvwVNy4UEXf9GydpFlo9MHA451zu3ONGjAppGFOttLC4tLxSXq2srW9sbunbOx0RxhyTNg5ZyHsuEoTRgLQllYz0Ik6Q7zLSdceXmd99IFzQMLiVk4jYPhoG1KMYSSU5+sl97dFJ6F16CC+g5SM5wogl12mhnistztkRtAQd+mgWdvSqUTdywL/ELEgVFGg5+pc1CHHsk0BihoTom0Yk7QRxSTEjacWKBYkQHqMh6SsaIJ8IO8nvS+GBUgbQC7l6gYS5+nMiQb4QE99VyewCMe9l4n9eP5bemZ3QIIolCfBskRczKEOYlQUHlBMs2UQRhDlVf4V4hDjCUlVaUSWY8yf/JZ3jumnUzZtGtdko6iiDPbAPasAEp6AJrkALtAEGT+AFvIF37Vl71T60z1m0pBUzu+AXtOk3nxSirQ==</latexit><latexit sha1_base64="SNEG4dNtZfWExgsdEcqjLgCx0LA=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0WoICWRooIIBTeupIJ9QBPCZDppx04ezkyUEvInbvwVNy4UEXf9GydpFlo9MHA451zu3ONGjAppGFOttLC4tLxSXq2srW9sbunbOx0RxhyTNg5ZyHsuEoTRgLQllYz0Ik6Q7zLSdceXmd99IFzQMLiVk4jYPhoG1KMYSSU5+sl97dFJ6F16CC+g5SM5wogl12mhnistztkRtAQd+mgWdvSqUTdywL/ELEgVFGg5+pc1CHHsk0BihoTom0Yk7QRxSTEjacWKBYkQHqMh6SsaIJ8IO8nvS+GBUgbQC7l6gYS5+nMiQb4QE99VyewCMe9l4n9eP5bemZ3QIIolCfBskRczKEOYlQUHlBMs2UQRhDlVf4V4hDjCUlVaUSWY8yf/JZ3jumnUzZtGtdko6iiDPbAPasAEp6AJrkALtAEGT+AFvIF37Vl71T60z1m0pBUzu+AXtOk3nxSirQ==</latexit>
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• Re-parameterizing random variables:

• Re-parameterized expected log-likelihood:

The Reparameterization Trick
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O�E✓⇠q�(✓)[log p(Y|X , ✓)] ⇡ O�
1

S

SX

s=1

log p(Y|X , ✓(s)), ✓(s) ⇠ q�(✓)
<latexit sha1_base64="AmcFUzalGqrNEdn2yixkai2k3eU="></latexit><latexit sha1_base64="AmcFUzalGqrNEdn2yixkai2k3eU="></latexit><latexit sha1_base64="AmcFUzalGqrNEdn2yixkai2k3eU="></latexit><latexit sha1_base64="AmcFUzalGqrNEdn2yixkai2k3eU="></latexit>

O�E✓⇠q�(✓)[log p(Y|X , ✓)] ⇡ O�
1

S

SX

s=1

log p(Y|X , ✓(s)), ✓(s) ⇠ q�(✓)
<latexit sha1_base64="AmcFUzalGqrNEdn2yixkai2k3eU="></latexit><latexit sha1_base64="AmcFUzalGqrNEdn2yixkai2k3eU="></latexit><latexit sha1_base64="AmcFUzalGqrNEdn2yixkai2k3eU="></latexit><latexit sha1_base64="AmcFUzalGqrNEdn2yixkai2k3eU="></latexit>

differentiable!

ç
N

S
<latexit sha1_base64="GJSE3TMFMREs+kR7yOxvRjltZSA=">AAACAnicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYyURzQdcjrC32UuW7O4du3tCOK7zL9hqbye2/hFbf4mb5AqT+GDg8d4MM/PChDNtXPfbKa2tb2xulbcrO7t7+wfVw6O2jlNFaIvEPFbdEGvKmaQtwwyn3URRLEJOO+H4Zup3nqjSLJaPZpLQQOChZBEj2FjJ70UKk+wuzx7yfrXm1t0Z0CrxClKDAs1+9ac3iEkqqDSEY619z01MkGFlGOE0r/RSTRNMxnhIfUslFlQH2ezkHJ1ZZYCiWNmSBs3UvxMZFlpPRGg7BTYjvexNxf88PzXRdZAxmaSGSjJfFKUcmRhN/0cDpigxfGIJJorZWxEZYZuCsSktbAlFXrGheMsRrJL2Rd1z6979Za1xWcRThhM4hXPw4AoacAtNaAGBGF7gFd6cZ+fd+XA+560lp5g5hgU4X78DopgJ</latexit><latexit sha1_base64="GJSE3TMFMREs+kR7yOxvRjltZSA=">AAACAnicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYyURzQdcjrC32UuW7O4du3tCOK7zL9hqbye2/hFbf4mb5AqT+GDg8d4MM/PChDNtXPfbKa2tb2xulbcrO7t7+wfVw6O2jlNFaIvEPFbdEGvKmaQtwwyn3URRLEJOO+H4Zup3nqjSLJaPZpLQQOChZBEj2FjJ70UKk+wuzx7yfrXm1t0Z0CrxClKDAs1+9ac3iEkqqDSEY619z01MkGFlGOE0r/RSTRNMxnhIfUslFlQH2ezkHJ1ZZYCiWNmSBs3UvxMZFlpPRGg7BTYjvexNxf88PzXRdZAxmaSGSjJfFKUcmRhN/0cDpigxfGIJJorZWxEZYZuCsSktbAlFXrGheMsRrJL2Rd1z6979Za1xWcRThhM4hXPw4AoacAtNaAGBGF7gFd6cZ+fd+XA+560lp5g5hgU4X78DopgJ</latexit><latexit sha1_base64="GJSE3TMFMREs+kR7yOxvRjltZSA=">AAACAnicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYyURzQdcjrC32UuW7O4du3tCOK7zL9hqbye2/hFbf4mb5AqT+GDg8d4MM/PChDNtXPfbKa2tb2xulbcrO7t7+wfVw6O2jlNFaIvEPFbdEGvKmaQtwwyn3URRLEJOO+H4Zup3nqjSLJaPZpLQQOChZBEj2FjJ70UKk+wuzx7yfrXm1t0Z0CrxClKDAs1+9ac3iEkqqDSEY619z01MkGFlGOE0r/RSTRNMxnhIfUslFlQH2ezkHJ1ZZYCiWNmSBs3UvxMZFlpPRGg7BTYjvexNxf88PzXRdZAxmaSGSjJfFKUcmRhN/0cDpigxfGIJJorZWxEZYZuCsSktbAlFXrGheMsRrJL2Rd1z6979Za1xWcRThhM4hXPw4AoacAtNaAGBGF7gFd6cZ+fd+XA+560lp5g5hgU4X78DopgJ</latexit><latexit sha1_base64="GJSE3TMFMREs+kR7yOxvRjltZSA=">AAACAnicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgYyURzQdcjrC32UuW7O4du3tCOK7zL9hqbye2/hFbf4mb5AqT+GDg8d4MM/PChDNtXPfbKa2tb2xulbcrO7t7+wfVw6O2jlNFaIvEPFbdEGvKmaQtwwyn3URRLEJOO+H4Zup3nqjSLJaPZpLQQOChZBEj2FjJ70UKk+wuzx7yfrXm1t0Z0CrxClKDAs1+9ac3iEkqqDSEY619z01MkGFlGOE0r/RSTRNMxnhIfUslFlQH2ezkHJ1ZZYCiWNmSBs3UvxMZFlpPRGg7BTYjvexNxf88PzXRdZAxmaSGSjJfFKUcmRhN/0cDpigxfGIJJorZWxEZYZuCsSktbAlFXrGheMsRrJL2Rd1z6979Za1xWcRThhM4hXPw4AoacAtNaAGBGF7gFd6cZ+fd+XA+560lp5g5hgU4X78DopgJ</latexit>

1

S
<latexit sha1_base64="0kL5twdYK1wa3J4eXlbYeBQZDLI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVbq9CNFmfcwqNbcursAWSdeQWpQoDWofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU5uAsQlVbAje6svrpN2oe27du7+qNRtFHGU4g3O4BA+uoQl30AIfGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AdUzjyw=</latexit><latexit sha1_base64="0kL5twdYK1wa3J4eXlbYeBQZDLI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVbq9CNFmfcwqNbcursAWSdeQWpQoDWofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU5uAsQlVbAje6svrpN2oe27du7+qNRtFHGU4g3O4BA+uoQl30AIfGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AdUzjyw=</latexit><latexit sha1_base64="0kL5twdYK1wa3J4eXlbYeBQZDLI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVbq9CNFmfcwqNbcursAWSdeQWpQoDWofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU5uAsQlVbAje6svrpN2oe27du7+qNRtFHGU4g3O4BA+uoQl30AIfGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AdUzjyw=</latexit><latexit sha1_base64="0kL5twdYK1wa3J4eXlbYeBQZDLI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVbq9CNFmfcwqNbcursAWSdeQWpQoDWofvWHCctilIYJqnXPc1MT5FQZzgTOKv1MY0rZhI6wZ6mkMeogX5w7IxdWGZIoUbakIQv190ROY62ncWg7Y2rGetWbi/95vcxEN0HOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU5uAsQlVbAje6svrpN2oe27du7+qNRtFHGU4g3O4BA+uoQl30AIfGEzgGV7hzUmdF+fd+Vi2lpxi5hT+wPn8AdUzjyw=</latexit>

= O�
1

S

SX

s=1

log p(Y|X , f�("
(s))), "(s) ⇠ N ("i,j ; 0, 1)

<latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit><latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit><latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="6eslKnxyJ/hirAgFid8EWJfixJg="></latexit><latexit sha1_base64="6eslKnxyJ/hirAgFid8EWJfixJg="></latexit><latexit sha1_base64="RWrybW98r7oCtDtAmdBzYnFmkDE="></latexit><latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit><latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit><latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit><latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit><latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="6eslKnxyJ/hirAgFid8EWJfixJg="></latexit><latexit sha1_base64="6eslKnxyJ/hirAgFid8EWJfixJg="></latexit><latexit sha1_base64="RWrybW98r7oCtDtAmdBzYnFmkDE="></latexit><latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit><latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit><latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit><latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit><latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="6eslKnxyJ/hirAgFid8EWJfixJg="></latexit><latexit sha1_base64="6eslKnxyJ/hirAgFid8EWJfixJg="></latexit><latexit sha1_base64="RWrybW98r7oCtDtAmdBzYnFmkDE="></latexit><latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit><latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit><latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit><latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit><latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit><latexit sha1_base64="tG5bw9g/9BCbiTi0fS+3fpsnauQ="></latexit>

q(wij) = N (wij ;µij ,�ij)
<latexit sha1_base64="SNEG4dNtZfWExgsdEcqjLgCx0LA=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0WoICWRooIIBTeupIJ9QBPCZDppx04ezkyUEvInbvwVNy4UEXf9GydpFlo9MHA451zu3ONGjAppGFOttLC4tLxSXq2srW9sbunbOx0RxhyTNg5ZyHsuEoTRgLQllYz0Ik6Q7zLSdceXmd99IFzQMLiVk4jYPhoG1KMYSSU5+sl97dFJ6F16CC+g5SM5wogl12mhnistztkRtAQd+mgWdvSqUTdywL/ELEgVFGg5+pc1CHHsk0BihoTom0Yk7QRxSTEjacWKBYkQHqMh6SsaIJ8IO8nvS+GBUgbQC7l6gYS5+nMiQb4QE99VyewCMe9l4n9eP5bemZ3QIIolCfBskRczKEOYlQUHlBMs2UQRhDlVf4V4hDjCUlVaUSWY8yf/JZ3jumnUzZtGtdko6iiDPbAPasAEp6AJrkALtAEGT+AFvIF37Vl71T60z1m0pBUzu+AXtOk3nxSirQ==</latexit><latexit sha1_base64="SNEG4dNtZfWExgsdEcqjLgCx0LA=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0WoICWRooIIBTeupIJ9QBPCZDppx04ezkyUEvInbvwVNy4UEXf9GydpFlo9MHA451zu3ONGjAppGFOttLC4tLxSXq2srW9sbunbOx0RxhyTNg5ZyHsuEoTRgLQllYz0Ik6Q7zLSdceXmd99IFzQMLiVk4jYPhoG1KMYSSU5+sl97dFJ6F16CC+g5SM5wogl12mhnistztkRtAQd+mgWdvSqUTdywL/ELEgVFGg5+pc1CHHsk0BihoTom0Yk7QRxSTEjacWKBYkQHqMh6SsaIJ8IO8nvS+GBUgbQC7l6gYS5+nMiQb4QE99VyewCMe9l4n9eP5bemZ3QIIolCfBskRczKEOYlQUHlBMs2UQRhDlVf4V4hDjCUlVaUSWY8yf/JZ3jumnUzZtGtdko6iiDPbAPasAEp6AJrkALtAEGT+AFvIF37Vl71T60z1m0pBUzu+AXtOk3nxSirQ==</latexit><latexit sha1_base64="SNEG4dNtZfWExgsdEcqjLgCx0LA=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0WoICWRooIIBTeupIJ9QBPCZDppx04ezkyUEvInbvwVNy4UEXf9GydpFlo9MHA451zu3ONGjAppGFOttLC4tLxSXq2srW9sbunbOx0RxhyTNg5ZyHsuEoTRgLQllYz0Ik6Q7zLSdceXmd99IFzQMLiVk4jYPhoG1KMYSSU5+sl97dFJ6F16CC+g5SM5wogl12mhnistztkRtAQd+mgWdvSqUTdywL/ELEgVFGg5+pc1CHHsk0BihoTom0Yk7QRxSTEjacWKBYkQHqMh6SsaIJ8IO8nvS+GBUgbQC7l6gYS5+nMiQb4QE99VyewCMe9l4n9eP5bemZ3QIIolCfBskRczKEOYlQUHlBMs2UQRhDlVf4V4hDjCUlVaUSWY8yf/JZ3jumnUzZtGtdko6iiDPbAPasAEp6AJrkALtAEGT+AFvIF37Vl71T60z1m0pBUzu+AXtOk3nxSirQ==</latexit><latexit sha1_base64="SNEG4dNtZfWExgsdEcqjLgCx0LA=">AAACH3icbVDLSsNAFJ3UV62vqEs3g0WoICWRooIIBTeupIJ9QBPCZDppx04ezkyUEvInbvwVNy4UEXf9GydpFlo9MHA451zu3ONGjAppGFOttLC4tLxSXq2srW9sbunbOx0RxhyTNg5ZyHsuEoTRgLQllYz0Ik6Q7zLSdceXmd99IFzQMLiVk4jYPhoG1KMYSSU5+sl97dFJ6F16CC+g5SM5wogl12mhnistztkRtAQd+mgWdvSqUTdywL/ELEgVFGg5+pc1CHHsk0BihoTom0Yk7QRxSTEjacWKBYkQHqMh6SsaIJ8IO8nvS+GBUgbQC7l6gYS5+nMiQb4QE99VyewCMe9l4n9eP5bemZ3QIIolCfBskRczKEOYlQUHlBMs2UQRhDlVf4V4hDjCUlVaUSWY8yf/JZ3jumnUzZtGtdko6iiDPbAPasAEp6AJrkALtAEGT+AFvIF37Vl71T60z1m0pBUzu+AXtOk3nxSirQ==</latexit>

wij = µij + �ij"ij

"ij ⇠ N ("ij ; 0, 1)
<latexit sha1_base64="Est4fv9mocq91TcApFNESaipvJ8="></latexit><latexit sha1_base64="Est4fv9mocq91TcApFNESaipvJ8="></latexit><latexit sha1_base64="Est4fv9mocq91TcApFNESaipvJ8="></latexit><latexit sha1_base64="Est4fv9mocq91TcApFNESaipvJ8="></latexit>



Algorithmic Intelligence Lab

Backpropagation for non-Bayesian neural network:
• For each step, perform gradient descent:

1. Sample mini-batch            . 

2. Compute expected likelihood:

3. Back-propagate gradients.

4. Do gradient descent: 

Algorithm Description

26

eX , eY
<latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit>

W(1)
<latexit sha1_base64="ue56UGNgfwIo+FI21wkzgk1JXKw=">AAACCXicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LLgxmUF+4A2lsl00g6dmYSZSaGEfIG/4Fb37sStX+HWL3HSZmFbD1w4nHMv93CCmFGlXffb2tjc2t7ZLe2V9w8Oj47tk9O2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsHkLvc7UyIVjcSjnsXE52gkaEgx0kYa2HafIz0OwrSTPaVV7yob2BW35s7hrBOvIBUo0BzYP/1hhBNOhMYMKdXz3Fj7KZKaYkaycj9RJEZ4gkakZ6hAnCg/nSfPnEujDJ0wkmaEdubq34sUcaVmPDCbeU616uXif14v0eGtn1IRJ5oIvHgUJszRkZPX4AypJFizmSEIS2qyOniMJMLalLX0JeBZ2ZTirVawTtrXNc+teQ/1SqNe1FOCc7iAKnhwAw24hya0AMMUXuAV3qxn6936sD4XqxtWcXMGS7C+fgGOrpnY</latexit><latexit sha1_base64="ue56UGNgfwIo+FI21wkzgk1JXKw=">AAACCXicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LLgxmUF+4A2lsl00g6dmYSZSaGEfIG/4Fb37sStX+HWL3HSZmFbD1w4nHMv93CCmFGlXffb2tjc2t7ZLe2V9w8Oj47tk9O2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsHkLvc7UyIVjcSjnsXE52gkaEgx0kYa2HafIz0OwrSTPaVV7yob2BW35s7hrBOvIBUo0BzYP/1hhBNOhMYMKdXz3Fj7KZKaYkaycj9RJEZ4gkakZ6hAnCg/nSfPnEujDJ0wkmaEdubq34sUcaVmPDCbeU616uXif14v0eGtn1IRJ5oIvHgUJszRkZPX4AypJFizmSEIS2qyOniMJMLalLX0JeBZ2ZTirVawTtrXNc+teQ/1SqNe1FOCc7iAKnhwAw24hya0AMMUXuAV3qxn6936sD4XqxtWcXMGS7C+fgGOrpnY</latexit><latexit sha1_base64="ue56UGNgfwIo+FI21wkzgk1JXKw=">AAACCXicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LLgxmUF+4A2lsl00g6dmYSZSaGEfIG/4Fb37sStX+HWL3HSZmFbD1w4nHMv93CCmFGlXffb2tjc2t7ZLe2V9w8Oj47tk9O2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsHkLvc7UyIVjcSjnsXE52gkaEgx0kYa2HafIz0OwrSTPaVV7yob2BW35s7hrBOvIBUo0BzYP/1hhBNOhMYMKdXz3Fj7KZKaYkaycj9RJEZ4gkakZ6hAnCg/nSfPnEujDJ0wkmaEdubq34sUcaVmPDCbeU616uXif14v0eGtn1IRJ5oIvHgUJszRkZPX4AypJFizmSEIS2qyOniMJMLalLX0JeBZ2ZTirVawTtrXNc+teQ/1SqNe1FOCc7iAKnhwAw24hya0AMMUXuAV3qxn6936sD4XqxtWcXMGS7C+fgGOrpnY</latexit><latexit sha1_base64="ue56UGNgfwIo+FI21wkzgk1JXKw=">AAACCXicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LLgxmUF+4A2lsl00g6dmYSZSaGEfIG/4Fb37sStX+HWL3HSZmFbD1w4nHMv93CCmFGlXffb2tjc2t7ZLe2V9w8Oj47tk9O2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsHkLvc7UyIVjcSjnsXE52gkaEgx0kYa2HafIz0OwrSTPaVV7yob2BW35s7hrBOvIBUo0BzYP/1hhBNOhMYMKdXz3Fj7KZKaYkaycj9RJEZ4gkakZ6hAnCg/nSfPnEujDJ0wkmaEdubq34sUcaVmPDCbeU616uXif14v0eGtn1IRJ5oIvHgUJszRkZPX4AypJFizmSEIS2qyOniMJMLalLX0JeBZ2ZTirVawTtrXNc+teQ/1SqNe1FOCc7iAKnhwAw24hya0AMMUXuAV3qxn6936sD4XqxtWcXMGS7C+fgGOrpnY</latexit>

W(2)
<latexit sha1_base64="ZrUjpNnUdeT+p4JozljF2xcAV4Q=">AAACCXicbVDLSsNAFL2pr1pfUZdugkWom5KUgi4LblxWsA9oY5lMJ+3QmUmYmRRKyBf4C251707c+hVu/RKnbRa29cCFwzn3cg8niBlV2nW/rcLW9s7uXnG/dHB4dHxin561VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gkmd3O/MyVS0Ug86llMfI5GgoYUI22kgW33OdLjIEw72VNaqV1nA7vsVt0FnE3i5aQMOZoD+6c/jHDCidCYIaV6nhtrP0VSU8xIVuonisQIT9CI9AwViBPlp4vkmXNllKETRtKM0M5C/XuRIq7UjAdmc55TrXtz8T+vl+jw1k+piBNNBF4+ChPm6MiZ1+AMqSRYs5khCEtqsjp4jCTC2pS18iXgWcmU4q1XsEnatarnVr2HerlRz+spwgVcQgU8uIEG3EMTWoBhCi/wCm/Ws/VufVify9WCld+cwwqsr1+QRJnZ</latexit><latexit sha1_base64="ZrUjpNnUdeT+p4JozljF2xcAV4Q=">AAACCXicbVDLSsNAFL2pr1pfUZdugkWom5KUgi4LblxWsA9oY5lMJ+3QmUmYmRRKyBf4C251707c+hVu/RKnbRa29cCFwzn3cg8niBlV2nW/rcLW9s7uXnG/dHB4dHxin561VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gkmd3O/MyVS0Ug86llMfI5GgoYUI22kgW33OdLjIEw72VNaqV1nA7vsVt0FnE3i5aQMOZoD+6c/jHDCidCYIaV6nhtrP0VSU8xIVuonisQIT9CI9AwViBPlp4vkmXNllKETRtKM0M5C/XuRIq7UjAdmc55TrXtz8T+vl+jw1k+piBNNBF4+ChPm6MiZ1+AMqSRYs5khCEtqsjp4jCTC2pS18iXgWcmU4q1XsEnatarnVr2HerlRz+spwgVcQgU8uIEG3EMTWoBhCi/wCm/Ws/VufVify9WCld+cwwqsr1+QRJnZ</latexit><latexit sha1_base64="ZrUjpNnUdeT+p4JozljF2xcAV4Q=">AAACCXicbVDLSsNAFL2pr1pfUZdugkWom5KUgi4LblxWsA9oY5lMJ+3QmUmYmRRKyBf4C251707c+hVu/RKnbRa29cCFwzn3cg8niBlV2nW/rcLW9s7uXnG/dHB4dHxin561VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gkmd3O/MyVS0Ug86llMfI5GgoYUI22kgW33OdLjIEw72VNaqV1nA7vsVt0FnE3i5aQMOZoD+6c/jHDCidCYIaV6nhtrP0VSU8xIVuonisQIT9CI9AwViBPlp4vkmXNllKETRtKM0M5C/XuRIq7UjAdmc55TrXtz8T+vl+jw1k+piBNNBF4+ChPm6MiZ1+AMqSRYs5khCEtqsjp4jCTC2pS18iXgWcmU4q1XsEnatarnVr2HerlRz+spwgVcQgU8uIEG3EMTWoBhCi/wCm/Ws/VufVify9WCld+cwwqsr1+QRJnZ</latexit><latexit sha1_base64="ZrUjpNnUdeT+p4JozljF2xcAV4Q=">AAACCXicbVDLSsNAFL2pr1pfUZdugkWom5KUgi4LblxWsA9oY5lMJ+3QmUmYmRRKyBf4C251707c+hVu/RKnbRa29cCFwzn3cg8niBlV2nW/rcLW9s7uXnG/dHB4dHxin561VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gkmd3O/MyVS0Ug86llMfI5GgoYUI22kgW33OdLjIEw72VNaqV1nA7vsVt0FnE3i5aQMOZoD+6c/jHDCidCYIaV6nhtrP0VSU8xIVuonisQIT9CI9AwViBPlp4vkmXNllKETRtKM0M5C/XuRIq7UjAdmc55TrXtz8T+vl+jw1k+piBNNBF4+ChPm6MiZ1+AMqSRYs5khCEtqsjp4jCTC2pS18iXgWcmU4q1XsEnatarnVr2HerlRz+spwgVcQgU8uIEG3EMTWoBhCi/wCm/Ws/VufVify9WCld+cwwqsr1+QRJnZ</latexit>

eY
<latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit><latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit><latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit><latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit>

eX , eY
<latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit>

L( eX , eY) log p( eY| eX , ✓)
<latexit sha1_base64="8l8KxYFJ3kWSeWT8ODW8vbYq85M="></latexit><latexit sha1_base64="8l8KxYFJ3kWSeWT8ODW8vbYq85M="></latexit><latexit sha1_base64="8l8KxYFJ3kWSeWT8ODW8vbYq85M="></latexit><latexit sha1_base64="8l8KxYFJ3kWSeWT8ODW8vbYq85M="></latexit>

w(`)
ij  w(`)

ij + �O
w(`)

ij
L( eX , eY)

<latexit sha1_base64="vV7WCsHACKXvi+hqKnDnIojHzns="></latexit><latexit sha1_base64="vV7WCsHACKXvi+hqKnDnIojHzns="></latexit><latexit sha1_base64="vV7WCsHACKXvi+hqKnDnIojHzns="></latexit><latexit sha1_base64="y3M/WDofF2w0IyJzL2r5hKwBy7U=">AAAB6XicbZBLSwMxFIXv1Fcdq9a1m2ARXJUZN7oU3LisYB/QDiWTudOGJpkhyRTL0D/g1r078Te59ZeYPha29UDgcE7CvfniXHBjg+Dbq+ztHxweVY/9k5p/enZer3VMVmiGbZaJTPdialBwhW3LrcBerpHKWGA3njwu+u4UteGZerGzHCNJR4qnnFHrotaw3giawVJk14Rr04C1hvWfQZKxQqKyTFBj+mGQ26ik2nImcO4PCoM5ZRM6wr6ziko0Ublcc06uXZKQNNPuKEuW6d8XJZXGzGTsbkpqx2a7W4T/df3CpvdRyVVeWFRsNSgtBLEZWfyZJFwjs2LmDGWau10JG1NNmXVkNqbEcu47JuE2gV3TuW2GQTN8DqAKl3AFNxDCHTzAE7SgDQwSeIN379X78D5X7CreGuIFbMj7+gUE4pDO</latexit><latexit sha1_base64="gNtvEIVKZtSXQoFMI87pKM1nyxw="></latexit><latexit sha1_base64="gNtvEIVKZtSXQoFMI87pKM1nyxw="></latexit><latexit sha1_base64="EwkvCB+D8Mv+t1Tvd1XuSGVOUWs="></latexit><latexit sha1_base64="vV7WCsHACKXvi+hqKnDnIojHzns="></latexit><latexit sha1_base64="vV7WCsHACKXvi+hqKnDnIojHzns="></latexit><latexit sha1_base64="vV7WCsHACKXvi+hqKnDnIojHzns="></latexit><latexit sha1_base64="vV7WCsHACKXvi+hqKnDnIojHzns="></latexit><latexit sha1_base64="vV7WCsHACKXvi+hqKnDnIojHzns="></latexit><latexit sha1_base64="vV7WCsHACKXvi+hqKnDnIojHzns="></latexit>



Algorithmic Intelligence Lab

Backpropagation for non-Bayesian neural network:
• For each step, perform gradient descent:

1. Sample mini-batch            . 

2. Compute expected likelihood:

3. Back-propagate gradients.

4. Do gradient descent: 

Algorithm Description
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eX , eY
<latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit>

L( eX , eY) log p( eY| eX , ✓)
<latexit sha1_base64="8l8KxYFJ3kWSeWT8ODW8vbYq85M="></latexit><latexit sha1_base64="8l8KxYFJ3kWSeWT8ODW8vbYq85M="></latexit><latexit sha1_base64="8l8KxYFJ3kWSeWT8ODW8vbYq85M="></latexit><latexit sha1_base64="8l8KxYFJ3kWSeWT8ODW8vbYq85M="></latexit>

w(`)
ij  w(`)

ij + �O
w(`)

ij
L( eX , eY)

<latexit sha1_base64="vV7WCsHACKXvi+hqKnDnIojHzns="></latexit><latexit sha1_base64="vV7WCsHACKXvi+hqKnDnIojHzns="></latexit><latexit sha1_base64="vV7WCsHACKXvi+hqKnDnIojHzns="></latexit><latexit sha1_base64="y3M/WDofF2w0IyJzL2r5hKwBy7U=">AAAB6XicbZBLSwMxFIXv1Fcdq9a1m2ARXJUZN7oU3LisYB/QDiWTudOGJpkhyRTL0D/g1r078Te59ZeYPha29UDgcE7CvfniXHBjg+Dbq+ztHxweVY/9k5p/enZer3VMVmiGbZaJTPdialBwhW3LrcBerpHKWGA3njwu+u4UteGZerGzHCNJR4qnnFHrotaw3giawVJk14Rr04C1hvWfQZKxQqKyTFBj+mGQ26ik2nImcO4PCoM5ZRM6wr6ziko0Ublcc06uXZKQNNPuKEuW6d8XJZXGzGTsbkpqx2a7W4T/df3CpvdRyVVeWFRsNSgtBLEZWfyZJFwjs2LmDGWau10JG1NNmXVkNqbEcu47JuE2gV3TuW2GQTN8DqAKl3AFNxDCHTzAE7SgDQwSeIN379X78D5X7CreGuIFbMj7+gUE4pDO</latexit><latexit sha1_base64="gNtvEIVKZtSXQoFMI87pKM1nyxw="></latexit><latexit sha1_base64="gNtvEIVKZtSXQoFMI87pKM1nyxw="></latexit><latexit sha1_base64="EwkvCB+D8Mv+t1Tvd1XuSGVOUWs="></latexit><latexit sha1_base64="vV7WCsHACKXvi+hqKnDnIojHzns="></latexit><latexit sha1_base64="vV7WCsHACKXvi+hqKnDnIojHzns="></latexit><latexit sha1_base64="vV7WCsHACKXvi+hqKnDnIojHzns="></latexit><latexit sha1_base64="vV7WCsHACKXvi+hqKnDnIojHzns="></latexit><latexit sha1_base64="vV7WCsHACKXvi+hqKnDnIojHzns="></latexit><latexit sha1_base64="vV7WCsHACKXvi+hqKnDnIojHzns="></latexit>

computation graph

W(1)
<latexit sha1_base64="ue56UGNgfwIo+FI21wkzgk1JXKw=">AAACCXicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LLgxmUF+4A2lsl00g6dmYSZSaGEfIG/4Fb37sStX+HWL3HSZmFbD1w4nHMv93CCmFGlXffb2tjc2t7ZLe2V9w8Oj47tk9O2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsHkLvc7UyIVjcSjnsXE52gkaEgx0kYa2HafIz0OwrSTPaVV7yob2BW35s7hrBOvIBUo0BzYP/1hhBNOhMYMKdXz3Fj7KZKaYkaycj9RJEZ4gkakZ6hAnCg/nSfPnEujDJ0wkmaEdubq34sUcaVmPDCbeU616uXif14v0eGtn1IRJ5oIvHgUJszRkZPX4AypJFizmSEIS2qyOniMJMLalLX0JeBZ2ZTirVawTtrXNc+teQ/1SqNe1FOCc7iAKnhwAw24hya0AMMUXuAV3qxn6936sD4XqxtWcXMGS7C+fgGOrpnY</latexit><latexit sha1_base64="ue56UGNgfwIo+FI21wkzgk1JXKw=">AAACCXicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LLgxmUF+4A2lsl00g6dmYSZSaGEfIG/4Fb37sStX+HWL3HSZmFbD1w4nHMv93CCmFGlXffb2tjc2t7ZLe2V9w8Oj47tk9O2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsHkLvc7UyIVjcSjnsXE52gkaEgx0kYa2HafIz0OwrSTPaVV7yob2BW35s7hrBOvIBUo0BzYP/1hhBNOhMYMKdXz3Fj7KZKaYkaycj9RJEZ4gkakZ6hAnCg/nSfPnEujDJ0wkmaEdubq34sUcaVmPDCbeU616uXif14v0eGtn1IRJ5oIvHgUJszRkZPX4AypJFizmSEIS2qyOniMJMLalLX0JeBZ2ZTirVawTtrXNc+teQ/1SqNe1FOCc7iAKnhwAw24hya0AMMUXuAV3qxn6936sD4XqxtWcXMGS7C+fgGOrpnY</latexit><latexit sha1_base64="ue56UGNgfwIo+FI21wkzgk1JXKw=">AAACCXicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LLgxmUF+4A2lsl00g6dmYSZSaGEfIG/4Fb37sStX+HWL3HSZmFbD1w4nHMv93CCmFGlXffb2tjc2t7ZLe2V9w8Oj47tk9O2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsHkLvc7UyIVjcSjnsXE52gkaEgx0kYa2HafIz0OwrSTPaVV7yob2BW35s7hrBOvIBUo0BzYP/1hhBNOhMYMKdXz3Fj7KZKaYkaycj9RJEZ4gkakZ6hAnCg/nSfPnEujDJ0wkmaEdubq34sUcaVmPDCbeU616uXif14v0eGtn1IRJ5oIvHgUJszRkZPX4AypJFizmSEIS2qyOniMJMLalLX0JeBZ2ZTirVawTtrXNc+teQ/1SqNe1FOCc7iAKnhwAw24hya0AMMUXuAV3qxn6936sD4XqxtWcXMGS7C+fgGOrpnY</latexit><latexit sha1_base64="ue56UGNgfwIo+FI21wkzgk1JXKw=">AAACCXicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LLgxmUF+4A2lsl00g6dmYSZSaGEfIG/4Fb37sStX+HWL3HSZmFbD1w4nHMv93CCmFGlXffb2tjc2t7ZLe2V9w8Oj47tk9O2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsHkLvc7UyIVjcSjnsXE52gkaEgx0kYa2HafIz0OwrSTPaVV7yob2BW35s7hrBOvIBUo0BzYP/1hhBNOhMYMKdXz3Fj7KZKaYkaycj9RJEZ4gkakZ6hAnCg/nSfPnEujDJ0wkmaEdubq34sUcaVmPDCbeU616uXif14v0eGtn1IRJ5oIvHgUJszRkZPX4AypJFizmSEIS2qyOniMJMLalLX0JeBZ2ZTirVawTtrXNc+teQ/1SqNe1FOCc7iAKnhwAw24hya0AMMUXuAV3qxn6936sD4XqxtWcXMGS7C+fgGOrpnY</latexit>

W(2)
<latexit sha1_base64="ZrUjpNnUdeT+p4JozljF2xcAV4Q=">AAACCXicbVDLSsNAFL2pr1pfUZdugkWom5KUgi4LblxWsA9oY5lMJ+3QmUmYmRRKyBf4C251707c+hVu/RKnbRa29cCFwzn3cg8niBlV2nW/rcLW9s7uXnG/dHB4dHxin561VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gkmd3O/MyVS0Ug86llMfI5GgoYUI22kgW33OdLjIEw72VNaqV1nA7vsVt0FnE3i5aQMOZoD+6c/jHDCidCYIaV6nhtrP0VSU8xIVuonisQIT9CI9AwViBPlp4vkmXNllKETRtKM0M5C/XuRIq7UjAdmc55TrXtz8T+vl+jw1k+piBNNBF4+ChPm6MiZ1+AMqSRYs5khCEtqsjp4jCTC2pS18iXgWcmU4q1XsEnatarnVr2HerlRz+spwgVcQgU8uIEG3EMTWoBhCi/wCm/Ws/VufVify9WCld+cwwqsr1+QRJnZ</latexit><latexit sha1_base64="ZrUjpNnUdeT+p4JozljF2xcAV4Q=">AAACCXicbVDLSsNAFL2pr1pfUZdugkWom5KUgi4LblxWsA9oY5lMJ+3QmUmYmRRKyBf4C251707c+hVu/RKnbRa29cCFwzn3cg8niBlV2nW/rcLW9s7uXnG/dHB4dHxin561VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gkmd3O/MyVS0Ug86llMfI5GgoYUI22kgW33OdLjIEw72VNaqV1nA7vsVt0FnE3i5aQMOZoD+6c/jHDCidCYIaV6nhtrP0VSU8xIVuonisQIT9CI9AwViBPlp4vkmXNllKETRtKM0M5C/XuRIq7UjAdmc55TrXtz8T+vl+jw1k+piBNNBF4+ChPm6MiZ1+AMqSRYs5khCEtqsjp4jCTC2pS18iXgWcmU4q1XsEnatarnVr2HerlRz+spwgVcQgU8uIEG3EMTWoBhCi/wCm/Ws/VufVify9WCld+cwwqsr1+QRJnZ</latexit><latexit sha1_base64="ZrUjpNnUdeT+p4JozljF2xcAV4Q=">AAACCXicbVDLSsNAFL2pr1pfUZdugkWom5KUgi4LblxWsA9oY5lMJ+3QmUmYmRRKyBf4C251707c+hVu/RKnbRa29cCFwzn3cg8niBlV2nW/rcLW9s7uXnG/dHB4dHxin561VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gkmd3O/MyVS0Ug86llMfI5GgoYUI22kgW33OdLjIEw72VNaqV1nA7vsVt0FnE3i5aQMOZoD+6c/jHDCidCYIaV6nhtrP0VSU8xIVuonisQIT9CI9AwViBPlp4vkmXNllKETRtKM0M5C/XuRIq7UjAdmc55TrXtz8T+vl+jw1k+piBNNBF4+ChPm6MiZ1+AMqSRYs5khCEtqsjp4jCTC2pS18iXgWcmU4q1XsEnatarnVr2HerlRz+spwgVcQgU8uIEG3EMTWoBhCi/wCm/Ws/VufVify9WCld+cwwqsr1+QRJnZ</latexit><latexit sha1_base64="ZrUjpNnUdeT+p4JozljF2xcAV4Q=">AAACCXicbVDLSsNAFL2pr1pfUZdugkWom5KUgi4LblxWsA9oY5lMJ+3QmUmYmRRKyBf4C251707c+hVu/RKnbRa29cCFwzn3cg8niBlV2nW/rcLW9s7uXnG/dHB4dHxin561VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gkmd3O/MyVS0Ug86llMfI5GgoYUI22kgW33OdLjIEw72VNaqV1nA7vsVt0FnE3i5aQMOZoD+6c/jHDCidCYIaV6nhtrP0VSU8xIVuonisQIT9CI9AwViBPlp4vkmXNllKETRtKM0M5C/XuRIq7UjAdmc55TrXtz8T+vl+jw1k+piBNNBF4+ChPm6MiZ1+AMqSRYs5khCEtqsjp4jCTC2pS18iXgWcmU4q1XsEnatarnVr2HerlRz+spwgVcQgU8uIEG3EMTWoBhCi/wCm/Ws/VufVify9WCld+cwwqsr1+QRJnZ</latexit>

eX , eY
<latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit>

eY
<latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit><latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit><latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit><latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit>

deterministic node gradient of loss



Algorithmic Intelligence Lab

Backpropagation for Bayesian neural network:
• For each step, perform gradient descent:

1. Sample mini-batch            and noise     .  

2. Compute weights:

3. Compute KL divergence (usually                ):

4. Back-propagate gradients.

5. Do gradient descent: 

Algorithm Description
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eX , eY
<latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit>

W(1)
<latexit sha1_base64="ue56UGNgfwIo+FI21wkzgk1JXKw=">AAACCXicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LLgxmUF+4A2lsl00g6dmYSZSaGEfIG/4Fb37sStX+HWL3HSZmFbD1w4nHMv93CCmFGlXffb2tjc2t7ZLe2V9w8Oj47tk9O2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsHkLvc7UyIVjcSjnsXE52gkaEgx0kYa2HafIz0OwrSTPaVV7yob2BW35s7hrBOvIBUo0BzYP/1hhBNOhMYMKdXz3Fj7KZKaYkaycj9RJEZ4gkakZ6hAnCg/nSfPnEujDJ0wkmaEdubq34sUcaVmPDCbeU616uXif14v0eGtn1IRJ5oIvHgUJszRkZPX4AypJFizmSEIS2qyOniMJMLalLX0JeBZ2ZTirVawTtrXNc+teQ/1SqNe1FOCc7iAKnhwAw24hya0AMMUXuAV3qxn6936sD4XqxtWcXMGS7C+fgGOrpnY</latexit><latexit sha1_base64="ue56UGNgfwIo+FI21wkzgk1JXKw=">AAACCXicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LLgxmUF+4A2lsl00g6dmYSZSaGEfIG/4Fb37sStX+HWL3HSZmFbD1w4nHMv93CCmFGlXffb2tjc2t7ZLe2V9w8Oj47tk9O2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsHkLvc7UyIVjcSjnsXE52gkaEgx0kYa2HafIz0OwrSTPaVV7yob2BW35s7hrBOvIBUo0BzYP/1hhBNOhMYMKdXz3Fj7KZKaYkaycj9RJEZ4gkakZ6hAnCg/nSfPnEujDJ0wkmaEdubq34sUcaVmPDCbeU616uXif14v0eGtn1IRJ5oIvHgUJszRkZPX4AypJFizmSEIS2qyOniMJMLalLX0JeBZ2ZTirVawTtrXNc+teQ/1SqNe1FOCc7iAKnhwAw24hya0AMMUXuAV3qxn6936sD4XqxtWcXMGS7C+fgGOrpnY</latexit><latexit sha1_base64="ue56UGNgfwIo+FI21wkzgk1JXKw=">AAACCXicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LLgxmUF+4A2lsl00g6dmYSZSaGEfIG/4Fb37sStX+HWL3HSZmFbD1w4nHMv93CCmFGlXffb2tjc2t7ZLe2V9w8Oj47tk9O2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsHkLvc7UyIVjcSjnsXE52gkaEgx0kYa2HafIz0OwrSTPaVV7yob2BW35s7hrBOvIBUo0BzYP/1hhBNOhMYMKdXz3Fj7KZKaYkaycj9RJEZ4gkakZ6hAnCg/nSfPnEujDJ0wkmaEdubq34sUcaVmPDCbeU616uXif14v0eGtn1IRJ5oIvHgUJszRkZPX4AypJFizmSEIS2qyOniMJMLalLX0JeBZ2ZTirVawTtrXNc+teQ/1SqNe1FOCc7iAKnhwAw24hya0AMMUXuAV3qxn6936sD4XqxtWcXMGS7C+fgGOrpnY</latexit><latexit sha1_base64="ue56UGNgfwIo+FI21wkzgk1JXKw=">AAACCXicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LLgxmUF+4A2lsl00g6dmYSZSaGEfIG/4Fb37sStX+HWL3HSZmFbD1w4nHMv93CCmFGlXffb2tjc2t7ZLe2V9w8Oj47tk9O2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsHkLvc7UyIVjcSjnsXE52gkaEgx0kYa2HafIz0OwrSTPaVV7yob2BW35s7hrBOvIBUo0BzYP/1hhBNOhMYMKdXz3Fj7KZKaYkaycj9RJEZ4gkakZ6hAnCg/nSfPnEujDJ0wkmaEdubq34sUcaVmPDCbeU616uXif14v0eGtn1IRJ5oIvHgUJszRkZPX4AypJFizmSEIS2qyOniMJMLalLX0JeBZ2ZTirVawTtrXNc+teQ/1SqNe1FOCc7iAKnhwAw24hya0AMMUXuAV3qxn6936sD4XqxtWcXMGS7C+fgGOrpnY</latexit>

W(2)
<latexit sha1_base64="ZrUjpNnUdeT+p4JozljF2xcAV4Q=">AAACCXicbVDLSsNAFL2pr1pfUZdugkWom5KUgi4LblxWsA9oY5lMJ+3QmUmYmRRKyBf4C251707c+hVu/RKnbRa29cCFwzn3cg8niBlV2nW/rcLW9s7uXnG/dHB4dHxin561VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gkmd3O/MyVS0Ug86llMfI5GgoYUI22kgW33OdLjIEw72VNaqV1nA7vsVt0FnE3i5aQMOZoD+6c/jHDCidCYIaV6nhtrP0VSU8xIVuonisQIT9CI9AwViBPlp4vkmXNllKETRtKM0M5C/XuRIq7UjAdmc55TrXtz8T+vl+jw1k+piBNNBF4+ChPm6MiZ1+AMqSRYs5khCEtqsjp4jCTC2pS18iXgWcmU4q1XsEnatarnVr2HerlRz+spwgVcQgU8uIEG3EMTWoBhCi/wCm/Ws/VufVify9WCld+cwwqsr1+QRJnZ</latexit><latexit sha1_base64="ZrUjpNnUdeT+p4JozljF2xcAV4Q=">AAACCXicbVDLSsNAFL2pr1pfUZdugkWom5KUgi4LblxWsA9oY5lMJ+3QmUmYmRRKyBf4C251707c+hVu/RKnbRa29cCFwzn3cg8niBlV2nW/rcLW9s7uXnG/dHB4dHxin561VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gkmd3O/MyVS0Ug86llMfI5GgoYUI22kgW33OdLjIEw72VNaqV1nA7vsVt0FnE3i5aQMOZoD+6c/jHDCidCYIaV6nhtrP0VSU8xIVuonisQIT9CI9AwViBPlp4vkmXNllKETRtKM0M5C/XuRIq7UjAdmc55TrXtz8T+vl+jw1k+piBNNBF4+ChPm6MiZ1+AMqSRYs5khCEtqsjp4jCTC2pS18iXgWcmU4q1XsEnatarnVr2HerlRz+spwgVcQgU8uIEG3EMTWoBhCi/wCm/Ws/VufVify9WCld+cwwqsr1+QRJnZ</latexit><latexit sha1_base64="ZrUjpNnUdeT+p4JozljF2xcAV4Q=">AAACCXicbVDLSsNAFL2pr1pfUZdugkWom5KUgi4LblxWsA9oY5lMJ+3QmUmYmRRKyBf4C251707c+hVu/RKnbRa29cCFwzn3cg8niBlV2nW/rcLW9s7uXnG/dHB4dHxin561VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gkmd3O/MyVS0Ug86llMfI5GgoYUI22kgW33OdLjIEw72VNaqV1nA7vsVt0FnE3i5aQMOZoD+6c/jHDCidCYIaV6nhtrP0VSU8xIVuonisQIT9CI9AwViBPlp4vkmXNllKETRtKM0M5C/XuRIq7UjAdmc55TrXtz8T+vl+jw1k+piBNNBF4+ChPm6MiZ1+AMqSRYs5khCEtqsjp4jCTC2pS18iXgWcmU4q1XsEnatarnVr2HerlRz+spwgVcQgU8uIEG3EMTWoBhCi/wCm/Ws/VufVify9WCld+cwwqsr1+QRJnZ</latexit><latexit sha1_base64="ZrUjpNnUdeT+p4JozljF2xcAV4Q=">AAACCXicbVDLSsNAFL2pr1pfUZdugkWom5KUgi4LblxWsA9oY5lMJ+3QmUmYmRRKyBf4C251707c+hVu/RKnbRa29cCFwzn3cg8niBlV2nW/rcLW9s7uXnG/dHB4dHxin561VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gkmd3O/MyVS0Ug86llMfI5GgoYUI22kgW33OdLjIEw72VNaqV1nA7vsVt0FnE3i5aQMOZoD+6c/jHDCidCYIaV6nhtrP0VSU8xIVuonisQIT9CI9AwViBPlp4vkmXNllKETRtKM0M5C/XuRIq7UjAdmc55TrXtz8T+vl+jw1k+piBNNBF4+ChPm6MiZ1+AMqSRYs5khCEtqsjp4jCTC2pS18iXgWcmU4q1XsEnatarnVr2HerlRz+spwgVcQgU8uIEG3EMTWoBhCi/wCm/Ws/VufVify9WCld+cwwqsr1+QRJnZ</latexit>

"
<latexit sha1_base64="kCRY4hkNbEz2QsUTpwE8uPRDTkw=">AAACAnicbVC7SgNBFL0bXzG+opY2g0GwCrsS0DJgYxnBPGCzhNnJbDJkHsvMbCAs6fwFW+3txNYfsfVLnDwKk3jgwuGce7n3njjlzFjf//YKW9s7u3vF/dLB4dHxSfn0rGVUpgltEsWV7sTYUM4kbVpmOe2kmmIRc9qOR/czvz2m2jAln+wkpZHAA8kSRrB1UtgdY01Tw7iSvXLFr/pzoE0SLEkFlmj0yj/dviKZoNISjo0JAz+1UY61ZYTTaambGZpiMsIDGjoqsaAmyucnT9GVU/ooUdqVtGiu/p3IsTBmImLXKbAdmnVvJv7nhZlN7qKcyTSzVJLFoiTjyCo0+x/1mabE8okjmGjmbkVkiDUm1qW0siUW05ILJViPYJO0bqqBXw0ea5V6bRlPES7gEq4hgFuowwM0oAkEFLzAK7x5z9679+F9LloL3nLmHFbgff0CJwSYHw==</latexit><latexit sha1_base64="kCRY4hkNbEz2QsUTpwE8uPRDTkw=">AAACAnicbVC7SgNBFL0bXzG+opY2g0GwCrsS0DJgYxnBPGCzhNnJbDJkHsvMbCAs6fwFW+3txNYfsfVLnDwKk3jgwuGce7n3njjlzFjf//YKW9s7u3vF/dLB4dHxSfn0rGVUpgltEsWV7sTYUM4kbVpmOe2kmmIRc9qOR/czvz2m2jAln+wkpZHAA8kSRrB1UtgdY01Tw7iSvXLFr/pzoE0SLEkFlmj0yj/dviKZoNISjo0JAz+1UY61ZYTTaambGZpiMsIDGjoqsaAmyucnT9GVU/ooUdqVtGiu/p3IsTBmImLXKbAdmnVvJv7nhZlN7qKcyTSzVJLFoiTjyCo0+x/1mabE8okjmGjmbkVkiDUm1qW0siUW05ILJViPYJO0bqqBXw0ea5V6bRlPES7gEq4hgFuowwM0oAkEFLzAK7x5z9679+F9LloL3nLmHFbgff0CJwSYHw==</latexit><latexit sha1_base64="kCRY4hkNbEz2QsUTpwE8uPRDTkw=">AAACAnicbVC7SgNBFL0bXzG+opY2g0GwCrsS0DJgYxnBPGCzhNnJbDJkHsvMbCAs6fwFW+3txNYfsfVLnDwKk3jgwuGce7n3njjlzFjf//YKW9s7u3vF/dLB4dHxSfn0rGVUpgltEsWV7sTYUM4kbVpmOe2kmmIRc9qOR/czvz2m2jAln+wkpZHAA8kSRrB1UtgdY01Tw7iSvXLFr/pzoE0SLEkFlmj0yj/dviKZoNISjo0JAz+1UY61ZYTTaambGZpiMsIDGjoqsaAmyucnT9GVU/ooUdqVtGiu/p3IsTBmImLXKbAdmnVvJv7nhZlN7qKcyTSzVJLFoiTjyCo0+x/1mabE8okjmGjmbkVkiDUm1qW0siUW05ILJViPYJO0bqqBXw0ea5V6bRlPES7gEq4hgFuowwM0oAkEFLzAK7x5z9679+F9LloL3nLmHFbgff0CJwSYHw==</latexit><latexit sha1_base64="kCRY4hkNbEz2QsUTpwE8uPRDTkw=">AAACAnicbVC7SgNBFL0bXzG+opY2g0GwCrsS0DJgYxnBPGCzhNnJbDJkHsvMbCAs6fwFW+3txNYfsfVLnDwKk3jgwuGce7n3njjlzFjf//YKW9s7u3vF/dLB4dHxSfn0rGVUpgltEsWV7sTYUM4kbVpmOe2kmmIRc9qOR/czvz2m2jAln+wkpZHAA8kSRrB1UtgdY01Tw7iSvXLFr/pzoE0SLEkFlmj0yj/dviKZoNISjo0JAz+1UY61ZYTTaambGZpiMsIDGjoqsaAmyucnT9GVU/ooUdqVtGiu/p3IsTBmImLXKbAdmnVvJv7nhZlN7qKcyTSzVJLFoiTjyCo0+x/1mabE8okjmGjmbkVkiDUm1qW0siUW05ILJViPYJO0bqqBXw0ea5V6bRlPES7gEq4hgFuowwM0oAkEFLzAK7x5z9679+F9LloL3nLmHFbgff0CJwSYHw==</latexit>

w(`)
ij  µ(`)

ij + �(`)
ij "(`)ij

<latexit sha1_base64="j5ZOFCyyv+TfJhvqTFw3Y93utFA="></latexit><latexit sha1_base64="j5ZOFCyyv+TfJhvqTFw3Y93utFA="></latexit><latexit sha1_base64="j5ZOFCyyv+TfJhvqTFw3Y93utFA="></latexit><latexit sha1_base64="j5ZOFCyyv+TfJhvqTFw3Y93utFA="></latexit>

L( eX , eY, ") =
N

S
log p( eY| eX , ✓) +DEG(q�(✓), p(✓))

<latexit sha1_base64="pOp/lYVfIOh0UyfvKei8ILm6rqs="></latexit><latexit sha1_base64="pOp/lYVfIOh0UyfvKei8ILm6rqs="></latexit><latexit sha1_base64="pOp/lYVfIOh0UyfvKei8ILm6rqs="></latexit><latexit sha1_base64="pOp/lYVfIOh0UyfvKei8ILm6rqs="></latexit>

"
<latexit sha1_base64="kCRY4hkNbEz2QsUTpwE8uPRDTkw=">AAACAnicbVC7SgNBFL0bXzG+opY2g0GwCrsS0DJgYxnBPGCzhNnJbDJkHsvMbCAs6fwFW+3txNYfsfVLnDwKk3jgwuGce7n3njjlzFjf//YKW9s7u3vF/dLB4dHxSfn0rGVUpgltEsWV7sTYUM4kbVpmOe2kmmIRc9qOR/czvz2m2jAln+wkpZHAA8kSRrB1UtgdY01Tw7iSvXLFr/pzoE0SLEkFlmj0yj/dviKZoNISjo0JAz+1UY61ZYTTaambGZpiMsIDGjoqsaAmyucnT9GVU/ooUdqVtGiu/p3IsTBmImLXKbAdmnVvJv7nhZlN7qKcyTSzVJLFoiTjyCo0+x/1mabE8okjmGjmbkVkiDUm1qW0siUW05ILJViPYJO0bqqBXw0ea5V6bRlPES7gEq4hgFuowwM0oAkEFLzAK7x5z9679+F9LloL3nLmHFbgff0CJwSYHw==</latexit><latexit sha1_base64="kCRY4hkNbEz2QsUTpwE8uPRDTkw=">AAACAnicbVC7SgNBFL0bXzG+opY2g0GwCrsS0DJgYxnBPGCzhNnJbDJkHsvMbCAs6fwFW+3txNYfsfVLnDwKk3jgwuGce7n3njjlzFjf//YKW9s7u3vF/dLB4dHxSfn0rGVUpgltEsWV7sTYUM4kbVpmOe2kmmIRc9qOR/czvz2m2jAln+wkpZHAA8kSRrB1UtgdY01Tw7iSvXLFr/pzoE0SLEkFlmj0yj/dviKZoNISjo0JAz+1UY61ZYTTaambGZpiMsIDGjoqsaAmyucnT9GVU/ooUdqVtGiu/p3IsTBmImLXKbAdmnVvJv7nhZlN7qKcyTSzVJLFoiTjyCo0+x/1mabE8okjmGjmbkVkiDUm1qW0siUW05ILJViPYJO0bqqBXw0ea5V6bRlPES7gEq4hgFuowwM0oAkEFLzAK7x5z9679+F9LloL3nLmHFbgff0CJwSYHw==</latexit><latexit sha1_base64="kCRY4hkNbEz2QsUTpwE8uPRDTkw=">AAACAnicbVC7SgNBFL0bXzG+opY2g0GwCrsS0DJgYxnBPGCzhNnJbDJkHsvMbCAs6fwFW+3txNYfsfVLnDwKk3jgwuGce7n3njjlzFjf//YKW9s7u3vF/dLB4dHxSfn0rGVUpgltEsWV7sTYUM4kbVpmOe2kmmIRc9qOR/czvz2m2jAln+wkpZHAA8kSRrB1UtgdY01Tw7iSvXLFr/pzoE0SLEkFlmj0yj/dviKZoNISjo0JAz+1UY61ZYTTaambGZpiMsIDGjoqsaAmyucnT9GVU/ooUdqVtGiu/p3IsTBmImLXKbAdmnVvJv7nhZlN7qKcyTSzVJLFoiTjyCo0+x/1mabE8okjmGjmbkVkiDUm1qW0siUW05ILJViPYJO0bqqBXw0ea5V6bRlPES7gEq4hgFuowwM0oAkEFLzAK7x5z9679+F9LloL3nLmHFbgff0CJwSYHw==</latexit><latexit sha1_base64="kCRY4hkNbEz2QsUTpwE8uPRDTkw=">AAACAnicbVC7SgNBFL0bXzG+opY2g0GwCrsS0DJgYxnBPGCzhNnJbDJkHsvMbCAs6fwFW+3txNYfsfVLnDwKk3jgwuGce7n3njjlzFjf//YKW9s7u3vF/dLB4dHxSfn0rGVUpgltEsWV7sTYUM4kbVpmOe2kmmIRc9qOR/czvz2m2jAln+wkpZHAA8kSRrB1UtgdY01Tw7iSvXLFr/pzoE0SLEkFlmj0yj/dviKZoNISjo0JAz+1UY61ZYTTaambGZpiMsIDGjoqsaAmyucnT9GVU/ooUdqVtGiu/p3IsTBmImLXKbAdmnVvJv7nhZlN7qKcyTSzVJLFoiTjyCo0+x/1mabE8okjmGjmbkVkiDUm1qW0siUW05ILJViPYJO0bqqBXw0ea5V6bRlPES7gEq4hgFuowwM0oAkEFLzAK7x5z9679+F9LloL3nLmHFbgff0CJwSYHw==</latexit>µ(1),�(1)
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stochastic computation graph

stochastic node
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• Regression task for toy data:

Experimental Results

29

black: training sample
red: median predictions
blue/purple: inter-quantile range

Bayesian neural network standard neural network

measured uncertainty



Algorithmic Intelligence Lab

Experimental Results

30

Can we train more flexible (expressive) distribution for weights?

• MNIST classification using fully connected neural network:

simple extension from Gaussian
using multiple noise source



Algorithmic Intelligence Lab

1. Introduction
• What is Bayesian inference?
• What is Bayesian neural network?

2. Variational Inference for Bayesian Neural Networks
• Using Gaussian distribution
• Using multiplicative normalizing flows

3. Non-variational Inference for Bayesian Neural Networks
• Laplace Approximation
• Markov Chain Monte Carlo

Table of Contents
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Algorithmic Intelligence Lab

• Fully factorized Gaussian has limited expressive power, e.g., can only adjust to a 
single mode of the posterior.

• Multiplicative normalizing flow (MNF) [Louizos et al., 2017] can be used to repl
ace FFG for more expressive power:

Multiplicative Normalizing Flow for Expressive Power

32

p(✓|X ,Y)
<latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="y3M/WDofF2w0IyJzL2r5hKwBy7U=">AAAB6XicbZBLSwMxFIXv1Fcdq9a1m2ARXJUZN7oU3LisYB/QDiWTudOGJpkhyRTL0D/g1r078Te59ZeYPha29UDgcE7CvfniXHBjg+Dbq+ztHxweVY/9k5p/enZer3VMVmiGbZaJTPdialBwhW3LrcBerpHKWGA3njwu+u4UteGZerGzHCNJR4qnnFHrotaw3giawVJk14Rr04C1hvWfQZKxQqKyTFBj+mGQ26ik2nImcO4PCoM5ZRM6wr6ziko0Ublcc06uXZKQNNPuKEuW6d8XJZXGzGTsbkpqx2a7W4T/df3CpvdRyVVeWFRsNSgtBLEZWfyZJFwjs2LmDGWau10JG1NNmXVkNqbEcu47JuE2gV3TuW2GQTN8DqAKl3AFNxDCHTzAE7SgDQwSeIN379X78D5X7CreGuIFbMj7+gUE4pDO</latexit><latexit sha1_base64="3HO5K9po2IZsKxb5fXC2iyMLesw=">AAACEnicbZDLSgMxFIbPeK216ujWTbAKFaTMuNGl4MZlBXuRdiiZNG1DMxeSM0IZ5wV8CV/Bre7diXu3PomZtqBtPRD48/85nJPPj6XQ6Dhf1srq2vrGZmGruF3a2d2z90sNHSWK8TqLZKRaPtVcipDXUaDkrVhxGviSN/3RdZ43H7jSIgrvcBxzL6CDUPQFo2isrn0cVzo45EjJI+kEFIeMyrSVnf1e7rPTrl12qs6kyLJwZ6IMs6p17e9OL2JJwENkkmrddp0YvZQqFEzyrNhJNI8pG9EBbxsZ0oBrL538JiMnxumRfqTMCZFM3L8dKQ20Hge+eZnvqBez3PwvayfYv/RSEcYJ8pBNB/UTSTAiORrSE4ozlGMjKFPC7ErYkCrK0ACcm+IHWdFAcRcRLIvGedV1qu6tAwU4hCOogAsXcAU3UIM6MHiCF3iFN+vZerc+pvhWrBnHA5gr6/MHzeygeQ==</latexit><latexit sha1_base64="3HO5K9po2IZsKxb5fXC2iyMLesw=">AAACEnicbZDLSgMxFIbPeK216ujWTbAKFaTMuNGl4MZlBXuRdiiZNG1DMxeSM0IZ5wV8CV/Bre7diXu3PomZtqBtPRD48/85nJPPj6XQ6Dhf1srq2vrGZmGruF3a2d2z90sNHSWK8TqLZKRaPtVcipDXUaDkrVhxGviSN/3RdZ43H7jSIgrvcBxzL6CDUPQFo2isrn0cVzo45EjJI+kEFIeMyrSVnf1e7rPTrl12qs6kyLJwZ6IMs6p17e9OL2JJwENkkmrddp0YvZQqFEzyrNhJNI8pG9EBbxsZ0oBrL538JiMnxumRfqTMCZFM3L8dKQ20Hge+eZnvqBez3PwvayfYv/RSEcYJ8pBNB/UTSTAiORrSE4ozlGMjKFPC7ErYkCrK0ACcm+IHWdFAcRcRLIvGedV1qu6tAwU4hCOogAsXcAU3UIM6MHiCF3iFN+vZerc+pvhWrBnHA5gr6/MHzeygeQ==</latexit><latexit sha1_base64="nK7hpc4+Kenz+JEdiAcYoVsXCok=">AAACHXicbVDLSsNAFJ3UV62vqEs3g1WoICURQZcFNy4r2Ie0oUymk3bo5MHMjVBifsCf8Bfc6t6duBW3fomTNqBtPTBw7jn3cu8cNxJcgWV9GYWl5ZXVteJ6aWNza3vH3N1rqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOrjK/dc+k4mFwC+OIOT4ZBNzjlICWeuZRVOnCkAHBD7jrExhSIpJ2evpb3KUnPbNsVa0J8CKxc1JGOeo987vbD2nsswCoIEp1bCsCJyESOBUsLXVjxSJCR2TAOpoGxGfKSSa/SfGxVvrYC6V+AeCJ+nciIb5SY9/VndmNat7LxP+8TgzepZPwIIqBBXS6yIsFhhBn0eA+l4yCGGtCqOT6VkyHRBIKOsCZLa6flnQo9nwEi6R5VrWtqn1jlWvneTxFdIAOUQXZ6ALV0DWqowai6BE9oxf0ajwZb8a78TFtLRj5zD6agfH5A70coe8=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit>

q⇤(✓)
<latexit sha1_base64="4U6zFJfqNaDd9rf8K1gfdxgaY9g=">AAACBHicbVC7SgNBFJ31GeMramkzGIRoEXYloGXAxjKCeUCyhtnJJBkyM7uZuSuEZVt/wVZ7O7H1P2z9EifJFibxwIXDOfdyLieIBDfgut/O2vrG5tZ2bie/u7d/cFg4Om6YMNaU1WkoQt0KiGGCK1YHDoK1Is2IDARrBqPbqd98YtrwUD3AJGK+JAPF+5wSsJI/fkwu01IHhgzIRbdQdMvuDHiVeBkpogy1buGn0wtpLJkCKogxbc+NwE+IBk4FS/Od2LCI0BEZsLalikhm/GT2dIrPrdLD/VDbUYBn6t+LhEhjJjKwm5LA0Cx7U/E/rx1D/8ZPuIpiYIrOg/qxwBDiaQO4xzWjICaWEKq5/RXTIdGEgu1pISWQad6W4i1XsEoaV2XPLXv3lWK1ktWTQ6foDJWQh65RFd2hGqojisboBb2iN+fZeXc+nM/56pqT3ZygBThfv5icmEg=</latexit><latexit sha1_base64="4U6zFJfqNaDd9rf8K1gfdxgaY9g=">AAACBHicbVC7SgNBFJ31GeMramkzGIRoEXYloGXAxjKCeUCyhtnJJBkyM7uZuSuEZVt/wVZ7O7H1P2z9EifJFibxwIXDOfdyLieIBDfgut/O2vrG5tZ2bie/u7d/cFg4Om6YMNaU1WkoQt0KiGGCK1YHDoK1Is2IDARrBqPbqd98YtrwUD3AJGK+JAPF+5wSsJI/fkwu01IHhgzIRbdQdMvuDHiVeBkpogy1buGn0wtpLJkCKogxbc+NwE+IBk4FS/Od2LCI0BEZsLalikhm/GT2dIrPrdLD/VDbUYBn6t+LhEhjJjKwm5LA0Cx7U/E/rx1D/8ZPuIpiYIrOg/qxwBDiaQO4xzWjICaWEKq5/RXTIdGEgu1pISWQad6W4i1XsEoaV2XPLXv3lWK1ktWTQ6foDJWQh65RFd2hGqojisboBb2iN+fZeXc+nM/56pqT3ZygBThfv5icmEg=</latexit><latexit sha1_base64="4U6zFJfqNaDd9rf8K1gfdxgaY9g=">AAACBHicbVC7SgNBFJ31GeMramkzGIRoEXYloGXAxjKCeUCyhtnJJBkyM7uZuSuEZVt/wVZ7O7H1P2z9EifJFibxwIXDOfdyLieIBDfgut/O2vrG5tZ2bie/u7d/cFg4Om6YMNaU1WkoQt0KiGGCK1YHDoK1Is2IDARrBqPbqd98YtrwUD3AJGK+JAPF+5wSsJI/fkwu01IHhgzIRbdQdMvuDHiVeBkpogy1buGn0wtpLJkCKogxbc+NwE+IBk4FS/Od2LCI0BEZsLalikhm/GT2dIrPrdLD/VDbUYBn6t+LhEhjJjKwm5LA0Cx7U/E/rx1D/8ZPuIpiYIrOg/qxwBDiaQO4xzWjICaWEKq5/RXTIdGEgu1pISWQad6W4i1XsEoaV2XPLXv3lWK1ktWTQ6foDJWQh65RFd2hGqojisboBb2iN+fZeXc+nM/56pqT3ZygBThfv5icmEg=</latexit><latexit sha1_base64="4U6zFJfqNaDd9rf8K1gfdxgaY9g=">AAACBHicbVC7SgNBFJ31GeMramkzGIRoEXYloGXAxjKCeUCyhtnJJBkyM7uZuSuEZVt/wVZ7O7H1P2z9EifJFibxwIXDOfdyLieIBDfgut/O2vrG5tZ2bie/u7d/cFg4Om6YMNaU1WkoQt0KiGGCK1YHDoK1Is2IDARrBqPbqd98YtrwUD3AJGK+JAPF+5wSsJI/fkwu01IHhgzIRbdQdMvuDHiVeBkpogy1buGn0wtpLJkCKogxbc+NwE+IBk4FS/Od2LCI0BEZsLalikhm/GT2dIrPrdLD/VDbUYBn6t+LhEhjJjKwm5LA0Cx7U/E/rx1D/8ZPuIpiYIrOg/qxwBDiaQO4xzWjICaWEKq5/RXTIdGEgu1pISWQad6W4i1XsEoaV2XPLXv3lWK1ktWTQ6foDJWQh65RFd2hGqojisboBb2iN+fZeXc+nM/56pqT3ZygBThfv5icmEg=</latexit>Q

<latexit sha1_base64="ydHA6yW6pamzf6A9NZzDxm4QsbU=">AAACAnicbVC7SgNBFL0bXzG+opY2i0GwCrsS0DJgY5mAecBmCbOT2WTIPJaZWSEs6fwFW+3txNYfsfVLnE22MIkHBg7n3Ms9c6KEUW0879spbW3v7O6V9ysHh0fHJ9XTs66WqcKkgyWTqh8hTRgVpGOoYaSfKIJ4xEgvmt7nfu+JKE2leDSzhIQcjQWNKUbGSsGAIzPBiGXt+bBa8+reAu4m8QtSgwKtYfVnMJI45UQYzJDWge8lJsyQMhQzMq8MUk0ShKdoTAJLBeJEh9ki8ty9ssrIjaWyTxh3of7dyBDXesYjO5lH1OteLv7nBamJ78KMiiQ1RODloThlrpFu/n93RBXBhs0sQVhRm9XFE6QQNrallSsRn1dsKf56BZuke1P3vbrfbtSajaKeMlzAJVyDD7fQhAdoQQcwSHiBV3hznp1358P5XI6WnGLnHFbgfP0C88SX/w==</latexit><latexit sha1_base64="ydHA6yW6pamzf6A9NZzDxm4QsbU=">AAACAnicbVC7SgNBFL0bXzG+opY2i0GwCrsS0DJgY5mAecBmCbOT2WTIPJaZWSEs6fwFW+3txNYfsfVLnE22MIkHBg7n3Ms9c6KEUW0879spbW3v7O6V9ysHh0fHJ9XTs66WqcKkgyWTqh8hTRgVpGOoYaSfKIJ4xEgvmt7nfu+JKE2leDSzhIQcjQWNKUbGSsGAIzPBiGXt+bBa8+reAu4m8QtSgwKtYfVnMJI45UQYzJDWge8lJsyQMhQzMq8MUk0ShKdoTAJLBeJEh9ki8ty9ssrIjaWyTxh3of7dyBDXesYjO5lH1OteLv7nBamJ78KMiiQ1RODloThlrpFu/n93RBXBhs0sQVhRm9XFE6QQNrallSsRn1dsKf56BZuke1P3vbrfbtSajaKeMlzAJVyDD7fQhAdoQQcwSHiBV3hznp1358P5XI6WnGLnHFbgfP0C88SX/w==</latexit><latexit sha1_base64="ydHA6yW6pamzf6A9NZzDxm4QsbU=">AAACAnicbVC7SgNBFL0bXzG+opY2i0GwCrsS0DJgY5mAecBmCbOT2WTIPJaZWSEs6fwFW+3txNYfsfVLnE22MIkHBg7n3Ms9c6KEUW0879spbW3v7O6V9ysHh0fHJ9XTs66WqcKkgyWTqh8hTRgVpGOoYaSfKIJ4xEgvmt7nfu+JKE2leDSzhIQcjQWNKUbGSsGAIzPBiGXt+bBa8+reAu4m8QtSgwKtYfVnMJI45UQYzJDWge8lJsyQMhQzMq8MUk0ShKdoTAJLBeJEh9ki8ty9ssrIjaWyTxh3of7dyBDXesYjO5lH1OteLv7nBamJ78KMiiQ1RODloThlrpFu/n93RBXBhs0sQVhRm9XFE6QQNrallSsRn1dsKf56BZuke1P3vbrfbtSajaKeMlzAJVyDD7fQhAdoQQcwSHiBV3hznp1358P5XI6WnGLnHFbgfP0C88SX/w==</latexit><latexit sha1_base64="ydHA6yW6pamzf6A9NZzDxm4QsbU=">AAACAnicbVC7SgNBFL0bXzG+opY2i0GwCrsS0DJgY5mAecBmCbOT2WTIPJaZWSEs6fwFW+3txNYfsfVLnE22MIkHBg7n3Ms9c6KEUW0879spbW3v7O6V9ysHh0fHJ9XTs66WqcKkgyWTqh8hTRgVpGOoYaSfKIJ4xEgvmt7nfu+JKE2leDSzhIQcjQWNKUbGSsGAIzPBiGXt+bBa8+reAu4m8QtSgwKtYfVnMJI45UQYzJDWge8lJsyQMhQzMq8MUk0ShKdoTAJLBeJEh9ki8ty9ssrIjaWyTxh3of7dyBDXesYjO5lH1OteLv7nBamJ78KMiiQ1RODloThlrpFu/n93RBXBhs0sQVhRm9XFE6QQNrallSsRn1dsKf56BZuke1P3vbrfbtSajaKeMlzAJVyDD7fQhAdoQQcwSHiBV3hznp1358P5XI6WnGLnHFbgfP0C88SX/w==</latexit>

large 
divergence 

q⇤(✓)
<latexit sha1_base64="4U6zFJfqNaDd9rf8K1gfdxgaY9g=">AAACBHicbVC7SgNBFJ31GeMramkzGIRoEXYloGXAxjKCeUCyhtnJJBkyM7uZuSuEZVt/wVZ7O7H1P2z9EifJFibxwIXDOfdyLieIBDfgut/O2vrG5tZ2bie/u7d/cFg4Om6YMNaU1WkoQt0KiGGCK1YHDoK1Is2IDARrBqPbqd98YtrwUD3AJGK+JAPF+5wSsJI/fkwu01IHhgzIRbdQdMvuDHiVeBkpogy1buGn0wtpLJkCKogxbc+NwE+IBk4FS/Od2LCI0BEZsLalikhm/GT2dIrPrdLD/VDbUYBn6t+LhEhjJjKwm5LA0Cx7U/E/rx1D/8ZPuIpiYIrOg/qxwBDiaQO4xzWjICaWEKq5/RXTIdGEgu1pISWQad6W4i1XsEoaV2XPLXv3lWK1ktWTQ6foDJWQh65RFd2hGqojisboBb2iN+fZeXc+nM/56pqT3ZygBThfv5icmEg=</latexit><latexit sha1_base64="4U6zFJfqNaDd9rf8K1gfdxgaY9g=">AAACBHicbVC7SgNBFJ31GeMramkzGIRoEXYloGXAxjKCeUCyhtnJJBkyM7uZuSuEZVt/wVZ7O7H1P2z9EifJFibxwIXDOfdyLieIBDfgut/O2vrG5tZ2bie/u7d/cFg4Om6YMNaU1WkoQt0KiGGCK1YHDoK1Is2IDARrBqPbqd98YtrwUD3AJGK+JAPF+5wSsJI/fkwu01IHhgzIRbdQdMvuDHiVeBkpogy1buGn0wtpLJkCKogxbc+NwE+IBk4FS/Od2LCI0BEZsLalikhm/GT2dIrPrdLD/VDbUYBn6t+LhEhjJjKwm5LA0Cx7U/E/rx1D/8ZPuIpiYIrOg/qxwBDiaQO4xzWjICaWEKq5/RXTIdGEgu1pISWQad6W4i1XsEoaV2XPLXv3lWK1ktWTQ6foDJWQh65RFd2hGqojisboBb2iN+fZeXc+nM/56pqT3ZygBThfv5icmEg=</latexit><latexit sha1_base64="4U6zFJfqNaDd9rf8K1gfdxgaY9g=">AAACBHicbVC7SgNBFJ31GeMramkzGIRoEXYloGXAxjKCeUCyhtnJJBkyM7uZuSuEZVt/wVZ7O7H1P2z9EifJFibxwIXDOfdyLieIBDfgut/O2vrG5tZ2bie/u7d/cFg4Om6YMNaU1WkoQt0KiGGCK1YHDoK1Is2IDARrBqPbqd98YtrwUD3AJGK+JAPF+5wSsJI/fkwu01IHhgzIRbdQdMvuDHiVeBkpogy1buGn0wtpLJkCKogxbc+NwE+IBk4FS/Od2LCI0BEZsLalikhm/GT2dIrPrdLD/VDbUYBn6t+LhEhjJjKwm5LA0Cx7U/E/rx1D/8ZPuIpiYIrOg/qxwBDiaQO4xzWjICaWEKq5/RXTIdGEgu1pISWQad6W4i1XsEoaV2XPLXv3lWK1ktWTQ6foDJWQh65RFd2hGqojisboBb2iN+fZeXc+nM/56pqT3ZygBThfv5icmEg=</latexit><latexit sha1_base64="4U6zFJfqNaDd9rf8K1gfdxgaY9g=">AAACBHicbVC7SgNBFJ31GeMramkzGIRoEXYloGXAxjKCeUCyhtnJJBkyM7uZuSuEZVt/wVZ7O7H1P2z9EifJFibxwIXDOfdyLieIBDfgut/O2vrG5tZ2bie/u7d/cFg4Om6YMNaU1WkoQt0KiGGCK1YHDoK1Is2IDARrBqPbqd98YtrwUD3AJGK+JAPF+5wSsJI/fkwu01IHhgzIRbdQdMvuDHiVeBkpogy1buGn0wtpLJkCKogxbc+NwE+IBk4FS/Od2LCI0BEZsLalikhm/GT2dIrPrdLD/VDbUYBn6t+LhEhjJjKwm5LA0Cx7U/E/rx1D/8ZPuIpiYIrOg/qxwBDiaQO4xzWjICaWEKq5/RXTIdGEgu1pISWQad6W4i1XsEoaV2XPLXv3lWK1ktWTQ6foDJWQh65RFd2hGqojisboBb2iN+fZeXc+nM/56pqT3ZygBThfv5icmEg=</latexit>

p(✓|X ,Y)
<latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="y3M/WDofF2w0IyJzL2r5hKwBy7U=">AAAB6XicbZBLSwMxFIXv1Fcdq9a1m2ARXJUZN7oU3LisYB/QDiWTudOGJpkhyRTL0D/g1r078Te59ZeYPha29UDgcE7CvfniXHBjg+Dbq+ztHxweVY/9k5p/enZer3VMVmiGbZaJTPdialBwhW3LrcBerpHKWGA3njwu+u4UteGZerGzHCNJR4qnnFHrotaw3giawVJk14Rr04C1hvWfQZKxQqKyTFBj+mGQ26ik2nImcO4PCoM5ZRM6wr6ziko0Ublcc06uXZKQNNPuKEuW6d8XJZXGzGTsbkpqx2a7W4T/df3CpvdRyVVeWFRsNSgtBLEZWfyZJFwjs2LmDGWau10JG1NNmXVkNqbEcu47JuE2gV3TuW2GQTN8DqAKl3AFNxDCHTzAE7SgDQwSeIN379X78D5X7CreGuIFbMj7+gUE4pDO</latexit><latexit sha1_base64="3HO5K9po2IZsKxb5fXC2iyMLesw=">AAACEnicbZDLSgMxFIbPeK216ujWTbAKFaTMuNGl4MZlBXuRdiiZNG1DMxeSM0IZ5wV8CV/Bre7diXu3PomZtqBtPRD48/85nJPPj6XQ6Dhf1srq2vrGZmGruF3a2d2z90sNHSWK8TqLZKRaPtVcipDXUaDkrVhxGviSN/3RdZ43H7jSIgrvcBxzL6CDUPQFo2isrn0cVzo45EjJI+kEFIeMyrSVnf1e7rPTrl12qs6kyLJwZ6IMs6p17e9OL2JJwENkkmrddp0YvZQqFEzyrNhJNI8pG9EBbxsZ0oBrL538JiMnxumRfqTMCZFM3L8dKQ20Hge+eZnvqBez3PwvayfYv/RSEcYJ8pBNB/UTSTAiORrSE4ozlGMjKFPC7ErYkCrK0ACcm+IHWdFAcRcRLIvGedV1qu6tAwU4hCOogAsXcAU3UIM6MHiCF3iFN+vZerc+pvhWrBnHA5gr6/MHzeygeQ==</latexit><latexit sha1_base64="3HO5K9po2IZsKxb5fXC2iyMLesw=">AAACEnicbZDLSgMxFIbPeK216ujWTbAKFaTMuNGl4MZlBXuRdiiZNG1DMxeSM0IZ5wV8CV/Bre7diXu3PomZtqBtPRD48/85nJPPj6XQ6Dhf1srq2vrGZmGruF3a2d2z90sNHSWK8TqLZKRaPtVcipDXUaDkrVhxGviSN/3RdZ43H7jSIgrvcBxzL6CDUPQFo2isrn0cVzo45EjJI+kEFIeMyrSVnf1e7rPTrl12qs6kyLJwZ6IMs6p17e9OL2JJwENkkmrddp0YvZQqFEzyrNhJNI8pG9EBbxsZ0oBrL538JiMnxumRfqTMCZFM3L8dKQ20Hge+eZnvqBez3PwvayfYv/RSEcYJ8pBNB/UTSTAiORrSE4ozlGMjKFPC7ErYkCrK0ACcm+IHWdFAcRcRLIvGedV1qu6tAwU4hCOogAsXcAU3UIM6MHiCF3iFN+vZerc+pvhWrBnHA5gr6/MHzeygeQ==</latexit><latexit sha1_base64="nK7hpc4+Kenz+JEdiAcYoVsXCok=">AAACHXicbVDLSsNAFJ3UV62vqEs3g1WoICURQZcFNy4r2Ie0oUymk3bo5MHMjVBifsCf8Bfc6t6duBW3fomTNqBtPTBw7jn3cu8cNxJcgWV9GYWl5ZXVteJ6aWNza3vH3N1rqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOrjK/dc+k4mFwC+OIOT4ZBNzjlICWeuZRVOnCkAHBD7jrExhSIpJ2evpb3KUnPbNsVa0J8CKxc1JGOeo987vbD2nsswCoIEp1bCsCJyESOBUsLXVjxSJCR2TAOpoGxGfKSSa/SfGxVvrYC6V+AeCJ+nciIb5SY9/VndmNat7LxP+8TgzepZPwIIqBBXS6yIsFhhBn0eA+l4yCGGtCqOT6VkyHRBIKOsCZLa6flnQo9nwEi6R5VrWtqn1jlWvneTxFdIAOUQXZ6ALV0DWqowai6BE9oxf0ajwZb8a78TFtLRj5zD6agfH5A70coe8=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit><latexit sha1_base64="SBakudnon8oQk9JFBVfMb1PQJCg=">AAACHXicbVDLSsNAFJ34rPUVdelmsAoVpCRS0GXBjcsK9iFtKJPppB06eTBzI5SYH/An/AW3uncnbsWtX+KkDWhbDwyce8693DvHjQRXYFlfxtLyyuraemGjuLm1vbNr7u03VRhLyho0FKFsu0QxwQPWAA6CtSPJiO8K1nJHV5nfumdS8TC4hXHEHJ8MAu5xSkBLPfM4KndhyIDgB9z1CQwpEUk7Pfst7tLTnlmyKtYEeJHYOSmhHPWe+d3thzT2WQBUEKU6thWBkxAJnAqWFruxYhGhIzJgHU0D4jPlJJPfpPhEK33shVK/APBE/TuREF+pse/qzuxGNe9l4n9eJwbv0kl4EMXAAjpd5MUCQ4izaHCfS0ZBjDUhVHJ9K6ZDIgkFHeDMFtdPizoUez6CRdI8r9hWxb6plmrVPJ4COkRHqIxsdIFq6BrVUQNR9Iie0Qt6NZ6MN+Pd+Ji2Lhn5zAGagfH5A75cofM=</latexit>

q⇤ = arg min
q2QMNF

DKL

✓
q(✓), p(✓|X ,Y)

◆

<latexit sha1_base64="XbsHN8q+Hu2r47mUYUVr3bqAUbo="></latexit><latexit sha1_base64="XbsHN8q+Hu2r47mUYUVr3bqAUbo="></latexit><latexit sha1_base64="XbsHN8q+Hu2r47mUYUVr3bqAUbo="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="/A5MoweGVdiasB5DCUEfXqxK8gs="></latexit><latexit sha1_base64="/A5MoweGVdiasB5DCUEfXqxK8gs="></latexit><latexit sha1_base64="mJ7FTW15pvNrkrBmEo2RluqAtd0="></latexit><latexit sha1_base64="XbsHN8q+Hu2r47mUYUVr3bqAUbo="></latexit><latexit sha1_base64="XbsHN8q+Hu2r47mUYUVr3bqAUbo="></latexit><latexit sha1_base64="XbsHN8q+Hu2r47mUYUVr3bqAUbo="></latexit><latexit sha1_base64="XbsHN8q+Hu2r47mUYUVr3bqAUbo="></latexit><latexit sha1_base64="XbsHN8q+Hu2r47mUYUVr3bqAUbo="></latexit><latexit sha1_base64="XbsHN8q+Hu2r47mUYUVr3bqAUbo="></latexit>
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• Normalizing flows [Rezende et al., 2015] family of flexible and tractable
distribution made by sequence of invertible transformations:

1. Sample initial distribution:

2. Warp the distribution through      invertible transformations:

3. Final variable         is expressed as follows: 

Normalizing Flows

33

zK = fK � · · · � f2 � f1(z0)
<latexit sha1_base64="1QX3uwdYkbu95nsLFK+Q+thCNzo="></latexit><latexit sha1_base64="1QX3uwdYkbu95nsLFK+Q+thCNzo="></latexit><latexit sha1_base64="1QX3uwdYkbu95nsLFK+Q+thCNzo="></latexit><latexit sha1_base64="1QX3uwdYkbu95nsLFK+Q+thCNzo="></latexit>

z0 ⇠ q0(z0)
<latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="LqA23PpcL+mpUIslflDhdrutBFQ=">AAACB3icbZC9TsMwFIVv+C2lQGBlsaiQ2qVKWGBEYmEsEv2RmihyXKe1aifBdpBKlGdg4VVYGECIN2DjbXDaCkHLlSx9PsdXvveEKWdKO86Xtba+sbm1Xdmp7tb29g/sw1pXJZkktEMSnsh+iBXlLKYdzTSn/VRSLEJOe+HkqvR791QqlsS3eppSX+BRzCJGsDZSYDc9gfU4jPKHIsidAnmKCXRXYuPHKW9FM7DrTsuZFVoFdwF1WFQ7sD+9YUIyQWNNOFZq4Dqp9nMsNSOcFlUvUzTFZIJHdGAwxoIqP5+tVKBTowxRlEhzYo1m6u+OHAulpiI0L8sx1bJXiv95g0xHF37O4jTTNCbzj6KMI52gMh80ZJISzacGMJHMzIrIGEtMtEmxakJwl1dehe5Zy3Va7o0DFTiGE2iAC+dwCdfQhg4QeIRneIU368l6sd7nca1Zi9yO4E9ZH9/F5JyE</latexit><latexit sha1_base64="LqA23PpcL+mpUIslflDhdrutBFQ=">AAACB3icbZC9TsMwFIVv+C2lQGBlsaiQ2qVKWGBEYmEsEv2RmihyXKe1aifBdpBKlGdg4VVYGECIN2DjbXDaCkHLlSx9PsdXvveEKWdKO86Xtba+sbm1Xdmp7tb29g/sw1pXJZkktEMSnsh+iBXlLKYdzTSn/VRSLEJOe+HkqvR791QqlsS3eppSX+BRzCJGsDZSYDc9gfU4jPKHIsidAnmKCXRXYuPHKW9FM7DrTsuZFVoFdwF1WFQ7sD+9YUIyQWNNOFZq4Dqp9nMsNSOcFlUvUzTFZIJHdGAwxoIqP5+tVKBTowxRlEhzYo1m6u+OHAulpiI0L8sx1bJXiv95g0xHF37O4jTTNCbzj6KMI52gMh80ZJISzacGMJHMzIrIGEtMtEmxakJwl1dehe5Zy3Va7o0DFTiGE2iAC+dwCdfQhg4QeIRneIU368l6sd7nca1Zi9yO4E9ZH9/F5JyE</latexit><latexit sha1_base64="nswV+9WTSx/AzBO4WrIxoCyh5V0=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoN2VGBF0W3LisYB/QGUomzbShSWZMMkId5hvc+CtuXCji1pU7/8ZMO4i2HgicnHMv994TxIwq7ThfVmlldW19o7xZ2dre2d2z9w86KkokJm0csUj2AqQIo4K0NdWM9GJJEA8Y6QaTy9zv3hGpaCRu9DQmPkcjQUOKkTbSwK57HOlxEKb32SB1MugpyuFtTms/Tv7L6gO76jScGeAycQtSBQVaA/vTG0Y44URozJBSfdeJtZ8iqSlmJKt4iSIxwhM0In1DBeJE+enspAyeGGUIw0iaJzScqb87UsSVmvLAVOZrqkUvF//z+okOL/yUijjRROD5oDBhUEcwzwcOqSRYs6khCEtqdoV4jCTC2qRYMSG4iycvk85pw3Ua7rVTbZ4VcZTBETgGNeCCc9AEV6AF2gCDB/AEXsCr9Wg9W2/W+7y0ZBU9h+APrI9viM6d7w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="LqA23PpcL+mpUIslflDhdrutBFQ=">AAACB3icbZC9TsMwFIVv+C2lQGBlsaiQ2qVKWGBEYmEsEv2RmihyXKe1aifBdpBKlGdg4VVYGECIN2DjbXDaCkHLlSx9PsdXvveEKWdKO86Xtba+sbm1Xdmp7tb29g/sw1pXJZkktEMSnsh+iBXlLKYdzTSn/VRSLEJOe+HkqvR791QqlsS3eppSX+BRzCJGsDZSYDc9gfU4jPKHIsidAnmKCXRXYuPHKW9FM7DrTsuZFVoFdwF1WFQ7sD+9YUIyQWNNOFZq4Dqp9nMsNSOcFlUvUzTFZIJHdGAwxoIqP5+tVKBTowxRlEhzYo1m6u+OHAulpiI0L8sx1bJXiv95g0xHF37O4jTTNCbzj6KMI52gMh80ZJISzacGMJHMzIrIGEtMtEmxakJwl1dehe5Zy3Va7o0DFTiGE2iAC+dwCdfQhg4QeIRneIU368l6sd7nca1Zi9yO4E9ZH9/F5JyE</latexit><latexit sha1_base64="LqA23PpcL+mpUIslflDhdrutBFQ=">AAACB3icbZC9TsMwFIVv+C2lQGBlsaiQ2qVKWGBEYmEsEv2RmihyXKe1aifBdpBKlGdg4VVYGECIN2DjbXDaCkHLlSx9PsdXvveEKWdKO86Xtba+sbm1Xdmp7tb29g/sw1pXJZkktEMSnsh+iBXlLKYdzTSn/VRSLEJOe+HkqvR791QqlsS3eppSX+BRzCJGsDZSYDc9gfU4jPKHIsidAnmKCXRXYuPHKW9FM7DrTsuZFVoFdwF1WFQ7sD+9YUIyQWNNOFZq4Dqp9nMsNSOcFlUvUzTFZIJHdGAwxoIqP5+tVKBTowxRlEhzYo1m6u+OHAulpiI0L8sx1bJXiv95g0xHF37O4jTTNCbzj6KMI52gMh80ZJISzacGMJHMzIrIGEtMtEmxakJwl1dehe5Zy3Va7o0DFTiGE2iAC+dwCdfQhg4QeIRneIU368l6sd7nca1Zi9yO4E9ZH9/F5JyE</latexit><latexit sha1_base64="nswV+9WTSx/AzBO4WrIxoCyh5V0=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoN2VGBF0W3LisYB/QGUomzbShSWZMMkId5hvc+CtuXCji1pU7/8ZMO4i2HgicnHMv994TxIwq7ThfVmlldW19o7xZ2dre2d2z9w86KkokJm0csUj2AqQIo4K0NdWM9GJJEA8Y6QaTy9zv3hGpaCRu9DQmPkcjQUOKkTbSwK57HOlxEKb32SB1MugpyuFtTms/Tv7L6gO76jScGeAycQtSBQVaA/vTG0Y44URozJBSfdeJtZ8iqSlmJKt4iSIxwhM0In1DBeJE+enspAyeGGUIw0iaJzScqb87UsSVmvLAVOZrqkUvF//z+okOL/yUijjRROD5oDBhUEcwzwcOqSRYs6khCEtqdoV4jCTC2qRYMSG4iycvk85pw3Ua7rVTbZ4VcZTBETgGNeCCc9AEV6AF2gCDB/AEXsCr9Wg9W2/W+7y0ZBU9h+APrI9viM6d7w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit>

log qK(zK) = log q0(z0)�
KX

k=1

log det

����
@fk
@zk

����
<latexit sha1_base64="aI8q6ITlDPo/LGubeMsy6ZK8QRc="></latexit><latexit sha1_base64="aI8q6ITlDPo/LGubeMsy6ZK8QRc="></latexit><latexit sha1_base64="aI8q6ITlDPo/LGubeMsy6ZK8QRc="></latexit><latexit sha1_base64="aI8q6ITlDPo/LGubeMsy6ZK8QRc="></latexit>

K
<latexit sha1_base64="23vwogvDOWNUCe5ujNeDjdUiLxc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF8FLC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lg5km6Ed0JHnIGTVWat4PyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNWuVei2PowhncA6X4ME11OEOGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/nc+MwQ==</latexit><latexit sha1_base64="23vwogvDOWNUCe5ujNeDjdUiLxc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF8FLC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lg5km6Ed0JHnIGTVWat4PyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNWuVei2PowhncA6X4ME11OEOGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/nc+MwQ==</latexit><latexit sha1_base64="23vwogvDOWNUCe5ujNeDjdUiLxc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF8FLC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lg5km6Ed0JHnIGTVWat4PyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNWuVei2PowhncA6X4ME11OEOGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/nc+MwQ==</latexit><latexit sha1_base64="23vwogvDOWNUCe5ujNeDjdUiLxc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF8FLC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcjv3O0+oNI/lg5km6Ed0JHnIGTVWat4PyhW36i5A1omXkwrkaAzKX/1hzNIIpWGCat3z3MT4GVWGM4GzUj/VmFA2oSPsWSpphNrPFofOyIVVhiSMlS1pyEL9PZHRSOtpFNjOiJqxXvXm4n9eLzXhjZ9xmaQGJVsuClNBTEzmX5MhV8iMmFpCmeL2VsLGVFFmbDYlG4K3+vI6aV9VPbfqNWuVei2PowhncA6X4ME11OEOGtACBgjP8ApvzqPz4rw7H8vWgpPPnMIfOJ8/nc+MwQ==</latexit>

zK
<latexit sha1_base64="DVwK+PUf/My2OeGaMwF/tbvITIQ=">AAAB9XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXBjeCmgn1AO5ZMmmlDM5khySh1mP9w40IRt/6LO//GTDsLbT0QOJxzL/fk+LHg2jjONyqtrK6tb5Q3K1vbO7t71f2Dto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yVXudx6Y0jySd2YaMy8kI8kDTomx0n0/JGbsB+lTNkhvskG15tSdGfAycQtSgwLNQfWrP4xoEjJpqCBa91wnNl5KlOFUsKzSTzSLCZ2QEetZKknItJfOUmf4xCpDHETKPmnwTP29kZJQ62no28k8pV70cvE/r5eY4NJLuYwTwySdHwoSgU2E8wrwkCtGjZhaQqjiNiumY6IINbaoii3BXfzyMmmf1V2n7t6e1xrnRR1lOIJjOAUXLqAB19CEFlBQ8Ayv8IYe0Qt6Rx/z0RIqdg7hD9DnDx0Tkto=</latexit><latexit sha1_base64="DVwK+PUf/My2OeGaMwF/tbvITIQ=">AAAB9XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXBjeCmgn1AO5ZMmmlDM5khySh1mP9w40IRt/6LO//GTDsLbT0QOJxzL/fk+LHg2jjONyqtrK6tb5Q3K1vbO7t71f2Dto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yVXudx6Y0jySd2YaMy8kI8kDTomx0n0/JGbsB+lTNkhvskG15tSdGfAycQtSgwLNQfWrP4xoEjJpqCBa91wnNl5KlOFUsKzSTzSLCZ2QEetZKknItJfOUmf4xCpDHETKPmnwTP29kZJQ62no28k8pV70cvE/r5eY4NJLuYwTwySdHwoSgU2E8wrwkCtGjZhaQqjiNiumY6IINbaoii3BXfzyMmmf1V2n7t6e1xrnRR1lOIJjOAUXLqAB19CEFlBQ8Ayv8IYe0Qt6Rx/z0RIqdg7hD9DnDx0Tkto=</latexit><latexit sha1_base64="DVwK+PUf/My2OeGaMwF/tbvITIQ=">AAAB9XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXBjeCmgn1AO5ZMmmlDM5khySh1mP9w40IRt/6LO//GTDsLbT0QOJxzL/fk+LHg2jjONyqtrK6tb5Q3K1vbO7t71f2Dto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yVXudx6Y0jySd2YaMy8kI8kDTomx0n0/JGbsB+lTNkhvskG15tSdGfAycQtSgwLNQfWrP4xoEjJpqCBa91wnNl5KlOFUsKzSTzSLCZ2QEetZKknItJfOUmf4xCpDHETKPmnwTP29kZJQ62no28k8pV70cvE/r5eY4NJLuYwTwySdHwoSgU2E8wrwkCtGjZhaQqjiNiumY6IINbaoii3BXfzyMmmf1V2n7t6e1xrnRR1lOIJjOAUXLqAB19CEFlBQ8Ayv8IYe0Qt6Rx/z0RIqdg7hD9DnDx0Tkto=</latexit><latexit sha1_base64="DVwK+PUf/My2OeGaMwF/tbvITIQ=">AAAB9XicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXBjeCmgn1AO5ZMmmlDM5khySh1mP9w40IRt/6LO//GTDsLbT0QOJxzL/fk+LHg2jjONyqtrK6tb5Q3K1vbO7t71f2Dto4SRVmLRiJSXZ9oJrhkLcONYN1YMRL6gnX8yVXudx6Y0jySd2YaMy8kI8kDTomx0n0/JGbsB+lTNkhvskG15tSdGfAycQtSgwLNQfWrP4xoEjJpqCBa91wnNl5KlOFUsKzSTzSLCZ2QEetZKknItJfOUmf4xCpDHETKPmnwTP29kZJQ62no28k8pV70cvE/r5eY4NJLuYwTwySdHwoSgU2E8wrwkCtGjZhaQqjiNiumY6IINbaoii3BXfzyMmmf1V2n7t6e1xrnRR1lOIJjOAUXLqAB19CEFlBQ8Ayv8IYe0Qt6Rx/z0RIqdg7hD9DnDx0Tkto=</latexit>

* source: Mohamed et al., https://www.shakirm.com/slides/DeepGenModelsTutorial.pdf

How to parameterize invertible transformations?



Algorithmic Intelligence Lab

• Parameterizing invertible transformations:

• Naïve (invertible) linear transformation:

• Planar flows [Rezende et al., 2015] with non-linearity:

• More advanced flows like inverse autoregressive flow [Kingma et al., 2016] exist.

Examples of Normalizing Flow

34

zK = fK � · · · � f2 � f1(z0)
<latexit sha1_base64="1QX3uwdYkbu95nsLFK+Q+thCNzo="></latexit><latexit sha1_base64="1QX3uwdYkbu95nsLFK+Q+thCNzo="></latexit><latexit sha1_base64="1QX3uwdYkbu95nsLFK+Q+thCNzo="></latexit><latexit sha1_base64="1QX3uwdYkbu95nsLFK+Q+thCNzo="></latexit>

zi = fi(zi�1) = Aizi�1, det(Ai) 6= 0
<latexit sha1_base64="XQpHtaCDy/h9Zy9+mIsG3igwz4s="></latexit><latexit sha1_base64="XQpHtaCDy/h9Zy9+mIsG3igwz4s="></latexit><latexit sha1_base64="XQpHtaCDy/h9Zy9+mIsG3igwz4s="></latexit><latexit sha1_base64="XQpHtaCDy/h9Zy9+mIsG3igwz4s="></latexit>

z0
<latexit sha1_base64="EIrHXVGrPvzV6UKJVA/BZIZut1M=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQZcFNy4r2Ae0Y8mkmTY0yQxJRqnD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6ChRhLZJxCPVC7CmnEnaNsxw2osVxSLgtBtMr3O/+0CVZpG8M7OY+gKPJQsZwcZK9wOBzSQI06dsmLrZsFpz6+4caJV4BalBgdaw+jUYRSQRVBrCsdZ9z42Nn2JlGOE0qwwSTWNMpnhM+5ZKLKj203nqDJ1ZZYTCSNknDZqrvzdSLLSeicBO5in1speL/3n9xIRXfspknBgqyeJQmHBkIpRXgEZMUWL4zBJMFLNZEZlghYmxRVVsCd7yl1dJ56LuuXXvtlFrNoo6ynACp3AOHlxCE26gBW0goOAZXuHNeXRenHfnYzFacoqdY/gD5/MH8/2Svw==</latexit><latexit sha1_base64="EIrHXVGrPvzV6UKJVA/BZIZut1M=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQZcFNy4r2Ae0Y8mkmTY0yQxJRqnD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6ChRhLZJxCPVC7CmnEnaNsxw2osVxSLgtBtMr3O/+0CVZpG8M7OY+gKPJQsZwcZK9wOBzSQI06dsmLrZsFpz6+4caJV4BalBgdaw+jUYRSQRVBrCsdZ9z42Nn2JlGOE0qwwSTWNMpnhM+5ZKLKj203nqDJ1ZZYTCSNknDZqrvzdSLLSeicBO5in1speL/3n9xIRXfspknBgqyeJQmHBkIpRXgEZMUWL4zBJMFLNZEZlghYmxRVVsCd7yl1dJ56LuuXXvtlFrNoo6ynACp3AOHlxCE26gBW0goOAZXuHNeXRenHfnYzFacoqdY/gD5/MH8/2Svw==</latexit><latexit sha1_base64="EIrHXVGrPvzV6UKJVA/BZIZut1M=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQZcFNy4r2Ae0Y8mkmTY0yQxJRqnD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6ChRhLZJxCPVC7CmnEnaNsxw2osVxSLgtBtMr3O/+0CVZpG8M7OY+gKPJQsZwcZK9wOBzSQI06dsmLrZsFpz6+4caJV4BalBgdaw+jUYRSQRVBrCsdZ9z42Nn2JlGOE0qwwSTWNMpnhM+5ZKLKj203nqDJ1ZZYTCSNknDZqrvzdSLLSeicBO5in1speL/3n9xIRXfspknBgqyeJQmHBkIpRXgEZMUWL4zBJMFLNZEZlghYmxRVVsCd7yl1dJ56LuuXXvtlFrNoo6ynACp3AOHlxCE26gBW0goOAZXuHNeXRenHfnYzFacoqdY/gD5/MH8/2Svw==</latexit><latexit sha1_base64="EIrHXVGrPvzV6UKJVA/BZIZut1M=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQZcFNy4r2Ae0Y8mkmTY0yQxJRqnD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6ChRhLZJxCPVC7CmnEnaNsxw2osVxSLgtBtMr3O/+0CVZpG8M7OY+gKPJQsZwcZK9wOBzSQI06dsmLrZsFpz6+4caJV4BalBgdaw+jUYRSQRVBrCsdZ9z42Nn2JlGOE0qwwSTWNMpnhM+5ZKLKj203nqDJ1ZZYTCSNknDZqrvzdSLLSeicBO5in1speL/3n9xIRXfspknBgqyeJQmHBkIpRXgEZMUWL4zBJMFLNZEZlghYmxRVVsCd7yl1dJ56LuuXXvtlFrNoo6ynACp3AOHlxCE26gBW0goOAZXuHNeXRenHfnYzFacoqdY/gD5/MH8/2Svw==</latexit>

z1
<latexit sha1_base64="PhbA6Jh/MfCrdAifpEB6HqZHrOY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQZcFNy4r2Ae0Y8mkmTY0yQxJRqnD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6ChRhLZJxCPVC7CmnEnaNsxw2osVxSLgtBtMr3O/+0CVZpG8M7OY+gKPJQsZwcZK9wOBzSQI06dsmHrZsFpz6+4caJV4BalBgdaw+jUYRSQRVBrCsdZ9z42Nn2JlGOE0qwwSTWNMpnhM+5ZKLKj203nqDJ1ZZYTCSNknDZqrvzdSLLSeicBO5in1speL/3n9xIRXfspknBgqyeJQmHBkIpRXgEZMUWL4zBJMFLNZEZlghYmxRVVsCd7yl1dJ56LuuXXvtlFrNoo6ynACp3AOHlxCE26gBW0goOAZXuHNeXRenHfnYzFacoqdY/gD5/MH9YKSwA==</latexit><latexit sha1_base64="PhbA6Jh/MfCrdAifpEB6HqZHrOY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQZcFNy4r2Ae0Y8mkmTY0yQxJRqnD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6ChRhLZJxCPVC7CmnEnaNsxw2osVxSLgtBtMr3O/+0CVZpG8M7OY+gKPJQsZwcZK9wOBzSQI06dsmHrZsFpz6+4caJV4BalBgdaw+jUYRSQRVBrCsdZ9z42Nn2JlGOE0qwwSTWNMpnhM+5ZKLKj203nqDJ1ZZYTCSNknDZqrvzdSLLSeicBO5in1speL/3n9xIRXfspknBgqyeJQmHBkIpRXgEZMUWL4zBJMFLNZEZlghYmxRVVsCd7yl1dJ56LuuXXvtlFrNoo6ynACp3AOHlxCE26gBW0goOAZXuHNeXRenHfnYzFacoqdY/gD5/MH9YKSwA==</latexit><latexit sha1_base64="PhbA6Jh/MfCrdAifpEB6HqZHrOY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQZcFNy4r2Ae0Y8mkmTY0yQxJRqnD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6ChRhLZJxCPVC7CmnEnaNsxw2osVxSLgtBtMr3O/+0CVZpG8M7OY+gKPJQsZwcZK9wOBzSQI06dsmHrZsFpz6+4caJV4BalBgdaw+jUYRSQRVBrCsdZ9z42Nn2JlGOE0qwwSTWNMpnhM+5ZKLKj203nqDJ1ZZYTCSNknDZqrvzdSLLSeicBO5in1speL/3n9xIRXfspknBgqyeJQmHBkIpRXgEZMUWL4zBJMFLNZEZlghYmxRVVsCd7yl1dJ56LuuXXvtlFrNoo6ynACp3AOHlxCE26gBW0goOAZXuHNeXRenHfnYzFacoqdY/gD5/MH9YKSwA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hXb+sx3IqOVSULYVAPBM33MyCRk=">AAAB6nicbVBNT8JAFHzFL0RU9OplIzHxRFovejTx4hETCyRQyXbZwobtttl91WDT/+HFg8b4g7z5b9wCBwUn2WQy817e7ISpFAZd99upbGxube9Ud2t79f2Dw8ZRvWOSTDPus0QmuhdSw6VQ3EeBkvdSzWkcSt4Npzel333k2ohE3eMs5UFMx0pEglG00sMgpjgJo/y5GOZeMWw03ZY7B1kn3pI0YYn2sPE1GCUsi7lCJqkxfc9NMcipRsEkL2qDzPCUsikd876lisbcBPk8dUHOrDIiUaLtU0jm6u+NnMbGzOLQTpYpzapXiv95/QyjqyAXKs2QK7Y4FGWSYELKCshIaM5QziyhTAublbAJ1ZShLapmS/BWv7xOOhctz215dy5U4QRO4Rw8uIRruIU2+MBAwwu8wbvz5Lw6H4u6Ks6yt2P4A+fzB6dikW4=</latexit><latexit sha1_base64="hXb+sx3IqOVSULYVAPBM33MyCRk=">AAAB6nicbVBNT8JAFHzFL0RU9OplIzHxRFovejTx4hETCyRQyXbZwobtttl91WDT/+HFg8b4g7z5b9wCBwUn2WQy817e7ISpFAZd99upbGxube9Ud2t79f2Dw8ZRvWOSTDPus0QmuhdSw6VQ3EeBkvdSzWkcSt4Npzel333k2ohE3eMs5UFMx0pEglG00sMgpjgJo/y5GOZeMWw03ZY7B1kn3pI0YYn2sPE1GCUsi7lCJqkxfc9NMcipRsEkL2qDzPCUsikd876lisbcBPk8dUHOrDIiUaLtU0jm6u+NnMbGzOLQTpYpzapXiv95/QyjqyAXKs2QK7Y4FGWSYELKCshIaM5QziyhTAublbAJ1ZShLapmS/BWv7xOOhctz215dy5U4QRO4Rw8uIRruIU2+MBAwwu8wbvz5Lw6H4u6Ks6yt2P4A+fzB6dikW4=</latexit><latexit sha1_base64="VPO1TO8r58VdXUee3NPCkr5XQEc=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFclUQEXRbcuKxgH9DWMpnetEMnkzAzUWrIf7hxoYhb/8Wdf+OkzUJbDwwczrmXe+b4seDauO63s7K6tr6xWdoqb+/s7u1XDg5bOkoUwyaLRKQ6PtUouMSm4UZgJ1ZIQ19g259c5377AZXmkbwz0xj7IR1JHnBGjZXueyE1Yz9In7JB6mWDStWtuTOQZeIVpAoFGoPKV28YsSREaZigWnc9Nzb9lCrDmcCs3Es0xpRN6Ai7lkoaou6ns9QZObXKkASRsk8aMlN/b6Q01Hoa+nYyT6kXvVz8z+smJrjqp1zGiUHJ5oeCRBATkbwCMuQKmRFTSyhT3GYlbEwVZcYWVbYleItfXiat85rn1rxbt1q/KOoowTGcwBl4cAl1uIEGNIGBgmd4hTfn0Xlx3p2P+eiKU+wcwR84nz/0QpK8</latexit><latexit sha1_base64="PhbA6Jh/MfCrdAifpEB6HqZHrOY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQZcFNy4r2Ae0Y8mkmTY0yQxJRqnD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6ChRhLZJxCPVC7CmnEnaNsxw2osVxSLgtBtMr3O/+0CVZpG8M7OY+gKPJQsZwcZK9wOBzSQI06dsmHrZsFpz6+4caJV4BalBgdaw+jUYRSQRVBrCsdZ9z42Nn2JlGOE0qwwSTWNMpnhM+5ZKLKj203nqDJ1ZZYTCSNknDZqrvzdSLLSeicBO5in1speL/3n9xIRXfspknBgqyeJQmHBkIpRXgEZMUWL4zBJMFLNZEZlghYmxRVVsCd7yl1dJ56LuuXXvtlFrNoo6ynACp3AOHlxCE26gBW0goOAZXuHNeXRenHfnYzFacoqdY/gD5/MH9YKSwA==</latexit><latexit sha1_base64="PhbA6Jh/MfCrdAifpEB6HqZHrOY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQZcFNy4r2Ae0Y8mkmTY0yQxJRqnD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6ChRhLZJxCPVC7CmnEnaNsxw2osVxSLgtBtMr3O/+0CVZpG8M7OY+gKPJQsZwcZK9wOBzSQI06dsmHrZsFpz6+4caJV4BalBgdaw+jUYRSQRVBrCsdZ9z42Nn2JlGOE0qwwSTWNMpnhM+5ZKLKj203nqDJ1ZZYTCSNknDZqrvzdSLLSeicBO5in1speL/3n9xIRXfspknBgqyeJQmHBkIpRXgEZMUWL4zBJMFLNZEZlghYmxRVVsCd7yl1dJ56LuuXXvtlFrNoo6ynACp3AOHlxCE26gBW0goOAZXuHNeXRenHfnYzFacoqdY/gD5/MH9YKSwA==</latexit><latexit sha1_base64="PhbA6Jh/MfCrdAifpEB6HqZHrOY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQZcFNy4r2Ae0Y8mkmTY0yQxJRqnD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6ChRhLZJxCPVC7CmnEnaNsxw2osVxSLgtBtMr3O/+0CVZpG8M7OY+gKPJQsZwcZK9wOBzSQI06dsmHrZsFpz6+4caJV4BalBgdaw+jUYRSQRVBrCsdZ9z42Nn2JlGOE0qwwSTWNMpnhM+5ZKLKj203nqDJ1ZZYTCSNknDZqrvzdSLLSeicBO5in1speL/3n9xIRXfspknBgqyeJQmHBkIpRXgEZMUWL4zBJMFLNZEZlghYmxRVVsCd7yl1dJ56LuuXXvtlFrNoo6ynACp3AOHlxCE26gBW0goOAZXuHNeXRenHfnYzFacoqdY/gD5/MH9YKSwA==</latexit><latexit sha1_base64="PhbA6Jh/MfCrdAifpEB6HqZHrOY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQZcFNy4r2Ae0Y8mkmTY0yQxJRqnD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6ChRhLZJxCPVC7CmnEnaNsxw2osVxSLgtBtMr3O/+0CVZpG8M7OY+gKPJQsZwcZK9wOBzSQI06dsmHrZsFpz6+4caJV4BalBgdaw+jUYRSQRVBrCsdZ9z42Nn2JlGOE0qwwSTWNMpnhM+5ZKLKj203nqDJ1ZZYTCSNknDZqrvzdSLLSeicBO5in1speL/3n9xIRXfspknBgqyeJQmHBkIpRXgEZMUWL4zBJMFLNZEZlghYmxRVVsCd7yl1dJ56LuuXXvtlFrNoo6ynACp3AOHlxCE26gBW0goOAZXuHNeXRenHfnYzFacoqdY/gD5/MH9YKSwA==</latexit><latexit sha1_base64="PhbA6Jh/MfCrdAifpEB6HqZHrOY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQZcFNy4r2Ae0Y8mkmTY0yQxJRqnD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6ChRhLZJxCPVC7CmnEnaNsxw2osVxSLgtBtMr3O/+0CVZpG8M7OY+gKPJQsZwcZK9wOBzSQI06dsmHrZsFpz6+4caJV4BalBgdaw+jUYRSQRVBrCsdZ9z42Nn2JlGOE0qwwSTWNMpnhM+5ZKLKj203nqDJ1ZZYTCSNknDZqrvzdSLLSeicBO5in1speL/3n9xIRXfspknBgqyeJQmHBkIpRXgEZMUWL4zBJMFLNZEZlghYmxRVVsCd7yl1dJ56LuuXXvtlFrNoo6ynACp3AOHlxCE26gBW0goOAZXuHNeXRenHfnYzFacoqdY/gD5/MH9YKSwA==</latexit><latexit sha1_base64="PhbA6Jh/MfCrdAifpEB6HqZHrOY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQZcFNy4r2Ae0Y8mkmTY0yQxJRqnD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6ChRhLZJxCPVC7CmnEnaNsxw2osVxSLgtBtMr3O/+0CVZpG8M7OY+gKPJQsZwcZK9wOBzSQI06dsmHrZsFpz6+4caJV4BalBgdaw+jUYRSQRVBrCsdZ9z42Nn2JlGOE0qwwSTWNMpnhM+5ZKLKj203nqDJ1ZZYTCSNknDZqrvzdSLLSeicBO5in1speL/3n9xIRXfspknBgqyeJQmHBkIpRXgEZMUWL4zBJMFLNZEZlghYmxRVVsCd7yl1dJ56LuuXXvtlFrNoo6ynACp3AOHlxCE26gBW0goOAZXuHNeXRenHfnYzFacoqdY/gD5/MH9YKSwA==</latexit>

f1
<latexit sha1_base64="KnFY4WKrXDt2USDDTK36o/DHJjA=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIvgqiQi6LLgxmUF+4A2lMl00g6dR5iZiCXkV9y4UMStP+LOv3HSZqGtBwYO59zLPXOihFFtfP/bqWxsbm3vVHdre/sHh0fucb2rZaow6WDJpOpHSBNGBekYahjpJ4ogHjHSi2a3hd97JEpTKR7MPCEhRxNBY4qRsdLIrQ85MlMhFUcsi/NRFuQjt+E3/QW8dRKUpAEl2iP3aziWOOVEGMyQ1oPAT0yYIWUoZiSvDVNNEoRnaEIGlgrEiQ6zRfbcO7fK2Iulsk8Yb6H+3sgQ13rOIztZJNWrXiH+5w1SE9+EGRVJaojAy0NxyjwjvaIIb0wVwYbNLUFYUZvVw1OkEDa2rpotIVj98jrpXjYDvxncXzVaV2UdVTiFM7iAAK6hBXfQhg5geIJneIU3J3denHfnYzlaccqdE/gD5/MHphSUxg==</latexit><latexit sha1_base64="KnFY4WKrXDt2USDDTK36o/DHJjA=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIvgqiQi6LLgxmUF+4A2lMl00g6dR5iZiCXkV9y4UMStP+LOv3HSZqGtBwYO59zLPXOihFFtfP/bqWxsbm3vVHdre/sHh0fucb2rZaow6WDJpOpHSBNGBekYahjpJ4ogHjHSi2a3hd97JEpTKR7MPCEhRxNBY4qRsdLIrQ85MlMhFUcsi/NRFuQjt+E3/QW8dRKUpAEl2iP3aziWOOVEGMyQ1oPAT0yYIWUoZiSvDVNNEoRnaEIGlgrEiQ6zRfbcO7fK2Iulsk8Yb6H+3sgQ13rOIztZJNWrXiH+5w1SE9+EGRVJaojAy0NxyjwjvaIIb0wVwYbNLUFYUZvVw1OkEDa2rpotIVj98jrpXjYDvxncXzVaV2UdVTiFM7iAAK6hBXfQhg5geIJneIU3J3denHfnYzlaccqdE/gD5/MHphSUxg==</latexit><latexit sha1_base64="KnFY4WKrXDt2USDDTK36o/DHJjA=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIvgqiQi6LLgxmUF+4A2lMl00g6dR5iZiCXkV9y4UMStP+LOv3HSZqGtBwYO59zLPXOihFFtfP/bqWxsbm3vVHdre/sHh0fucb2rZaow6WDJpOpHSBNGBekYahjpJ4ogHjHSi2a3hd97JEpTKR7MPCEhRxNBY4qRsdLIrQ85MlMhFUcsi/NRFuQjt+E3/QW8dRKUpAEl2iP3aziWOOVEGMyQ1oPAT0yYIWUoZiSvDVNNEoRnaEIGlgrEiQ6zRfbcO7fK2Iulsk8Yb6H+3sgQ13rOIztZJNWrXiH+5w1SE9+EGRVJaojAy0NxyjwjvaIIb0wVwYbNLUFYUZvVw1OkEDa2rpotIVj98jrpXjYDvxncXzVaV2UdVTiFM7iAAK6hBXfQhg5geIJneIU3J3denHfnYzlaccqdE/gD5/MHphSUxg==</latexit><latexit sha1_base64="KnFY4WKrXDt2USDDTK36o/DHJjA=">AAAB+3icbVDLSsNAFL2pr1pfsS7dBIvgqiQi6LLgxmUF+4A2lMl00g6dR5iZiCXkV9y4UMStP+LOv3HSZqGtBwYO59zLPXOihFFtfP/bqWxsbm3vVHdre/sHh0fucb2rZaow6WDJpOpHSBNGBekYahjpJ4ogHjHSi2a3hd97JEpTKR7MPCEhRxNBY4qRsdLIrQ85MlMhFUcsi/NRFuQjt+E3/QW8dRKUpAEl2iP3aziWOOVEGMyQ1oPAT0yYIWUoZiSvDVNNEoRnaEIGlgrEiQ6zRfbcO7fK2Iulsk8Yb6H+3sgQ13rOIztZJNWrXiH+5w1SE9+EGRVJaojAy0NxyjwjvaIIb0wVwYbNLUFYUZvVw1OkEDa2rpotIVj98jrpXjYDvxncXzVaV2UdVTiFM7iAAK6hBXfQhg5geIJneIU3J3denHfnYzlaccqdE/gD5/MHphSUxg==</latexit>

f2
<latexit sha1_base64="y34A6LhLKa+SwN4iwcjV0YqgWXQ=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiSloMuCG5cV7APaECbTSTt0HmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98yJEka18bxvp7K1vbO7V92vHRweHZ+4p/W+lqnCpIclk2oYIU0YFaRnqGFkmCiCeMTIIJrfFv7gkShNpXgwi4QEHE0FjSlGxkqhWx9zZGZCKo5YFudh1spDt+E1vSXgJvFL0gAluqH7NZ5InHIiDGZI65HvJSbIkDIUM5LXxqkmCcJzNCUjSwXiRAfZMnsOL60ygbFU9gkDl+rvjQxxrRc8spNFUr3uFeJ/3ig18U2QUZGkhgi8OhSnDBoJiyLghCqCDVtYgrCiNivEM6QQNraumi3BX//yJum3mr7X9O/bjU67rKMKzsEFuAI+uAYdcAe6oAcweALP4BW8Obnz4rw7H6vRilPunIE/cD5/AKeZlMc=</latexit><latexit sha1_base64="y34A6LhLKa+SwN4iwcjV0YqgWXQ=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiSloMuCG5cV7APaECbTSTt0HmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98yJEka18bxvp7K1vbO7V92vHRweHZ+4p/W+lqnCpIclk2oYIU0YFaRnqGFkmCiCeMTIIJrfFv7gkShNpXgwi4QEHE0FjSlGxkqhWx9zZGZCKo5YFudh1spDt+E1vSXgJvFL0gAluqH7NZ5InHIiDGZI65HvJSbIkDIUM5LXxqkmCcJzNCUjSwXiRAfZMnsOL60ygbFU9gkDl+rvjQxxrRc8spNFUr3uFeJ/3ig18U2QUZGkhgi8OhSnDBoJiyLghCqCDVtYgrCiNivEM6QQNraumi3BX//yJum3mr7X9O/bjU67rKMKzsEFuAI+uAYdcAe6oAcweALP4BW8Obnz4rw7H6vRilPunIE/cD5/AKeZlMc=</latexit><latexit sha1_base64="y34A6LhLKa+SwN4iwcjV0YqgWXQ=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiSloMuCG5cV7APaECbTSTt0HmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98yJEka18bxvp7K1vbO7V92vHRweHZ+4p/W+lqnCpIclk2oYIU0YFaRnqGFkmCiCeMTIIJrfFv7gkShNpXgwi4QEHE0FjSlGxkqhWx9zZGZCKo5YFudh1spDt+E1vSXgJvFL0gAluqH7NZ5InHIiDGZI65HvJSbIkDIUM5LXxqkmCcJzNCUjSwXiRAfZMnsOL60ygbFU9gkDl+rvjQxxrRc8spNFUr3uFeJ/3ig18U2QUZGkhgi8OhSnDBoJiyLghCqCDVtYgrCiNivEM6QQNraumi3BX//yJum3mr7X9O/bjU67rKMKzsEFuAI+uAYdcAe6oAcweALP4BW8Obnz4rw7H6vRilPunIE/cD5/AKeZlMc=</latexit><latexit sha1_base64="y34A6LhLKa+SwN4iwcjV0YqgWXQ=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiSloMuCG5cV7APaECbTSTt0HmFmIpaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98yJEka18bxvp7K1vbO7V92vHRweHZ+4p/W+lqnCpIclk2oYIU0YFaRnqGFkmCiCeMTIIJrfFv7gkShNpXgwi4QEHE0FjSlGxkqhWx9zZGZCKo5YFudh1spDt+E1vSXgJvFL0gAluqH7NZ5InHIiDGZI65HvJSbIkDIUM5LXxqkmCcJzNCUjSwXiRAfZMnsOL60ygbFU9gkDl+rvjQxxrRc8spNFUr3uFeJ/3ig18U2QUZGkhgi8OhSnDBoJiyLghCqCDVtYgrCiNivEM6QQNraumi3BX//yJum3mr7X9O/bjU67rKMKzsEFuAI+uAYdcAe6oAcweALP4BW8Obnz4rw7H6vRilPunIE/cD5/AKeZlMc=</latexit>

z2
<latexit sha1_base64="d5hGQzQP6xiwxNOhkSz4U0ip7co=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZlS0GXBjcsK9gHtWDJppg3NJEOSUeow/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7RT3t3bPzisHB13tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpde53H6jSTIo7M4upH+GxYCEj2FjpfhBhMwnC9CkbpvVsWKm6NXcOtEq8glShQGtY+RqMJEkiKgzhWOu+58bGT7EyjHCalQeJpjEmUzymfUsFjqj203nqDJ1bZYRCqewTBs3V3xspjrSeRYGdzFPqZS8X//P6iQmv/JSJODFUkMWhMOHISJRXgEZMUWL4zBJMFLNZEZlghYmxRZVtCd7yl1dJp17z3Jp326g2G0UdJTiFM7gADy6hCTfQgjYQUPAMr/DmPDovzrvzsRhdc4qdE/gD5/MH9weSwQ==</latexit><latexit sha1_base64="d5hGQzQP6xiwxNOhkSz4U0ip7co=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZlS0GXBjcsK9gHtWDJppg3NJEOSUeow/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7RT3t3bPzisHB13tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpde53H6jSTIo7M4upH+GxYCEj2FjpfhBhMwnC9CkbpvVsWKm6NXcOtEq8glShQGtY+RqMJEkiKgzhWOu+58bGT7EyjHCalQeJpjEmUzymfUsFjqj203nqDJ1bZYRCqewTBs3V3xspjrSeRYGdzFPqZS8X//P6iQmv/JSJODFUkMWhMOHISJRXgEZMUWL4zBJMFLNZEZlghYmxRZVtCd7yl1dJp17z3Jp326g2G0UdJTiFM7gADy6hCTfQgjYQUPAMr/DmPDovzrvzsRhdc4qdE/gD5/MH9weSwQ==</latexit><latexit sha1_base64="d5hGQzQP6xiwxNOhkSz4U0ip7co=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZlS0GXBjcsK9gHtWDJppg3NJEOSUeow/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7RT3t3bPzisHB13tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpde53H6jSTIo7M4upH+GxYCEj2FjpfhBhMwnC9CkbpvVsWKm6NXcOtEq8glShQGtY+RqMJEkiKgzhWOu+58bGT7EyjHCalQeJpjEmUzymfUsFjqj203nqDJ1bZYRCqewTBs3V3xspjrSeRYGdzFPqZS8X//P6iQmv/JSJODFUkMWhMOHISJRXgEZMUWL4zBJMFLNZEZlghYmxRZVtCd7yl1dJp17z3Jp326g2G0UdJTiFM7gADy6hCTfQgjYQUPAMr/DmPDovzrvzsRhdc4qdE/gD5/MH9weSwQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="K/+xJwul9zoHbqF+BW4x8mjrFDM=">AAAB6nicbVBNT8JAFHzFL0RU9OplIzHxRFoueiTx4hET+Uigku2yhQ3bbbP7qsGm/8OLB43xB3nz37gFDgpOsslk5r282QkSKQy67rdT2tre2d0r71cOqodHx7WTatfEqWa8w2IZ635ADZdC8Q4KlLyfaE6jQPJeMLsp/N4j10bE6h7nCfcjOlEiFIyilR6GEcVpEGbP+Shr5qNa3W24C5BN4q1IHVZoj2pfw3HM0ogrZJIaM/DcBP2MahRM8rwyTA1PKJvRCR9YqmjEjZ8tUufkwipjEsbaPoVkof7eyGhkzDwK7GSR0qx7hfifN0gxvPYzoZIUuWLLQ2EqCcakqICMheYM5dwSyrSwWQmbUk0Z2qIqtgRv/cubpNtseG7Du3OhDGdwDpfgwRW04Bba0AEGGl7gDd6dJ+fV+VjWVXJWvZ3CHzifP6jckW8=</latexit><latexit sha1_base64="K/+xJwul9zoHbqF+BW4x8mjrFDM=">AAAB6nicbVBNT8JAFHzFL0RU9OplIzHxRFoueiTx4hET+Uigku2yhQ3bbbP7qsGm/8OLB43xB3nz37gFDgpOsslk5r282QkSKQy67rdT2tre2d0r71cOqodHx7WTatfEqWa8w2IZ635ADZdC8Q4KlLyfaE6jQPJeMLsp/N4j10bE6h7nCfcjOlEiFIyilR6GEcVpEGbP+Shr5qNa3W24C5BN4q1IHVZoj2pfw3HM0ogrZJIaM/DcBP2MahRM8rwyTA1PKJvRCR9YqmjEjZ8tUufkwipjEsbaPoVkof7eyGhkzDwK7GSR0qx7hfifN0gxvPYzoZIUuWLLQ2EqCcakqICMheYM5dwSyrSwWQmbUk0Z2qIqtgRv/cubpNtseG7Du3OhDGdwDpfgwRW04Bba0AEGGl7gDd6dJ+fV+VjWVXJWvZ3CHzifP6jckW8=</latexit><latexit sha1_base64="773OyNrWz1pGptJG4mQofbjsD28=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZcFNy4r2Ae0Y8mkmTY0yQxJRqnD/IcbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6ChRhLZJxCPVC7CmnEnaNsxw2osVxSLgtBtMr3O/+0CVZpG8M7OY+gKPJQsZwcZK9wOBzSQI06dsmDayYbXm1t050CrxClKDAq1h9WswikgiqDSEY637nhsbP8XKMMJpVhkkmsaYTPGY9i2VWFDtp/PUGTqzygiFkbJPGjRXf2+kWGg9E4GdzFPqZS8X//P6iQmv/JTJODFUksWhMOHIRCivAI2YosTwmSWYKGazIjLBChNji6rYErzlL6+STqPuuXXv1q01L4o6ynACp3AOHlxCE26gBW0goOAZXuHNeXRenHfnYzFacoqdY/gD5/MH9ceSvQ==</latexit><latexit sha1_base64="d5hGQzQP6xiwxNOhkSz4U0ip7co=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZlS0GXBjcsK9gHtWDJppg3NJEOSUeow/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7RT3t3bPzisHB13tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpde53H6jSTIo7M4upH+GxYCEj2FjpfhBhMwnC9CkbpvVsWKm6NXcOtEq8glShQGtY+RqMJEkiKgzhWOu+58bGT7EyjHCalQeJpjEmUzymfUsFjqj203nqDJ1bZYRCqewTBs3V3xspjrSeRYGdzFPqZS8X//P6iQmv/JSJODFUkMWhMOHISJRXgEZMUWL4zBJMFLNZEZlghYmxRZVtCd7yl1dJp17z3Jp326g2G0UdJTiFM7gADy6hCTfQgjYQUPAMr/DmPDovzrvzsRhdc4qdE/gD5/MH9weSwQ==</latexit><latexit sha1_base64="d5hGQzQP6xiwxNOhkSz4U0ip7co=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZlS0GXBjcsK9gHtWDJppg3NJEOSUeow/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7RT3t3bPzisHB13tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpde53H6jSTIo7M4upH+GxYCEj2FjpfhBhMwnC9CkbpvVsWKm6NXcOtEq8glShQGtY+RqMJEkiKgzhWOu+58bGT7EyjHCalQeJpjEmUzymfUsFjqj203nqDJ1bZYRCqewTBs3V3xspjrSeRYGdzFPqZS8X//P6iQmv/JSJODFUkMWhMOHISJRXgEZMUWL4zBJMFLNZEZlghYmxRZVtCd7yl1dJp17z3Jp326g2G0UdJTiFM7gADy6hCTfQgjYQUPAMr/DmPDovzrvzsRhdc4qdE/gD5/MH9weSwQ==</latexit><latexit sha1_base64="d5hGQzQP6xiwxNOhkSz4U0ip7co=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZlS0GXBjcsK9gHtWDJppg3NJEOSUeow/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7RT3t3bPzisHB13tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpde53H6jSTIo7M4upH+GxYCEj2FjpfhBhMwnC9CkbpvVsWKm6NXcOtEq8glShQGtY+RqMJEkiKgzhWOu+58bGT7EyjHCalQeJpjEmUzymfUsFjqj203nqDJ1bZYRCqewTBs3V3xspjrSeRYGdzFPqZS8X//P6iQmv/JSJODFUkMWhMOHISJRXgEZMUWL4zBJMFLNZEZlghYmxRZVtCd7yl1dJp17z3Jp326g2G0UdJTiFM7gADy6hCTfQgjYQUPAMr/DmPDovzrvzsRhdc4qdE/gD5/MH9weSwQ==</latexit><latexit sha1_base64="d5hGQzQP6xiwxNOhkSz4U0ip7co=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZlS0GXBjcsK9gHtWDJppg3NJEOSUeow/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7RT3t3bPzisHB13tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpde53H6jSTIo7M4upH+GxYCEj2FjpfhBhMwnC9CkbpvVsWKm6NXcOtEq8glShQGtY+RqMJEkiKgzhWOu+58bGT7EyjHCalQeJpjEmUzymfUsFjqj203nqDJ1bZYRCqewTBs3V3xspjrSeRYGdzFPqZS8X//P6iQmv/JSJODFUkMWhMOHISJRXgEZMUWL4zBJMFLNZEZlghYmxRZVtCd7yl1dJp17z3Jp326g2G0UdJTiFM7gADy6hCTfQgjYQUPAMr/DmPDovzrvzsRhdc4qdE/gD5/MH9weSwQ==</latexit><latexit sha1_base64="d5hGQzQP6xiwxNOhkSz4U0ip7co=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZlS0GXBjcsK9gHtWDJppg3NJEOSUeow/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7RT3t3bPzisHB13tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpde53H6jSTIo7M4upH+GxYCEj2FjpfhBhMwnC9CkbpvVsWKm6NXcOtEq8glShQGtY+RqMJEkiKgzhWOu+58bGT7EyjHCalQeJpjEmUzymfUsFjqj203nqDJ1bZYRCqewTBs3V3xspjrSeRYGdzFPqZS8X//P6iQmv/JSJODFUkMWhMOHISJRXgEZMUWL4zBJMFLNZEZlghYmxRZVtCd7yl1dJp17z3Jp326g2G0UdJTiFM7gADy6hCTfQgjYQUPAMr/DmPDovzrvzsRhdc4qdE/gD5/MH9weSwQ==</latexit><latexit sha1_base64="d5hGQzQP6xiwxNOhkSz4U0ip7co=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclZlS0GXBjcsK9gHtWDJppg3NJEOSUeow/+HGhSJu/Rd3/o2ZdhbaeiBwOOde7skJYs60cd1vZ219Y3Nru7RT3t3bPzisHB13tEwUoW0iuVS9AGvKmaBtwwynvVhRHAWcdoPpde53H6jSTIo7M4upH+GxYCEj2FjpfhBhMwnC9CkbpvVsWKm6NXcOtEq8glShQGtY+RqMJEkiKgzhWOu+58bGT7EyjHCalQeJpjEmUzymfUsFjqj203nqDJ1bZYRCqewTBs3V3xspjrSeRYGdzFPqZS8X//P6iQmv/JSJODFUkMWhMOHISJRXgEZMUWL4zBJMFLNZEZlghYmxRZVtCd7yl1dJp17z3Jp326g2G0UdJTiFM7gADy6hCTfQgjYQUPAMr/DmPDovzrvzsRhdc4qdE/gD5/MH9weSwQ==</latexit>

fi(zi�1) = zi�1 + uih(v
>
i zi�1 + bi)

<latexit sha1_base64="GFpAjVvE67bIEj9z9XO3oKpCLmM="></latexit><latexit sha1_base64="GFpAjVvE67bIEj9z9XO3oKpCLmM="></latexit><latexit sha1_base64="GFpAjVvE67bIEj9z9XO3oKpCLmM="></latexit><latexit sha1_base64="GFpAjVvE67bIEj9z9XO3oKpCLmM="></latexit>

vectors with same dimension as zi�1
<latexit sha1_base64="RQjBsf98AcEiemvMly7tniY2Nsw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpJIQZcFNy4r2Ae0IUymk3boZBJmJoUa8iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelf4vRmVisXiUc8T6kV4LFjICNZG8m17GGE9CcLsKfczduXmvl13Gs4CaJ24JalDibZvfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjyskXyHF0YZYTCWJonNFqovzcyHCk1jwIzWeRUq14h/ucNUh3eehkTSaqpIMtDYcqRjlFRAxoxSYnmc0MwkcxkRWSCJSbalFUzJbirX14n3euG6zTch2a91SzrqMIZnMMluHADLbiHNnSAwAye4RXerMx6sd6tj+VoxSp3TuEPrM8fppOTmw==</latexit><latexit sha1_base64="RQjBsf98AcEiemvMly7tniY2Nsw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpJIQZcFNy4r2Ae0IUymk3boZBJmJoUa8iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelf4vRmVisXiUc8T6kV4LFjICNZG8m17GGE9CcLsKfczduXmvl13Gs4CaJ24JalDibZvfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjyskXyHF0YZYTCWJonNFqovzcyHCk1jwIzWeRUq14h/ucNUh3eehkTSaqpIMtDYcqRjlFRAxoxSYnmc0MwkcxkRWSCJSbalFUzJbirX14n3euG6zTch2a91SzrqMIZnMMluHADLbiHNnSAwAye4RXerMx6sd6tj+VoxSp3TuEPrM8fppOTmw==</latexit><latexit sha1_base64="RQjBsf98AcEiemvMly7tniY2Nsw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpJIQZcFNy4r2Ae0IUymk3boZBJmJoUa8iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelf4vRmVisXiUc8T6kV4LFjICNZG8m17GGE9CcLsKfczduXmvl13Gs4CaJ24JalDibZvfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjyskXyHF0YZYTCWJonNFqovzcyHCk1jwIzWeRUq14h/ucNUh3eehkTSaqpIMtDYcqRjlFRAxoxSYnmc0MwkcxkRWSCJSbalFUzJbirX14n3euG6zTch2a91SzrqMIZnMMluHADLbiHNnSAwAye4RXerMx6sd6tj+VoxSp3TuEPrM8fppOTmw==</latexit><latexit sha1_base64="RQjBsf98AcEiemvMly7tniY2Nsw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpJIQZcFNy4r2Ae0IUymk3boZBJmJoUa8iduXCji1j9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbVU2Nre2d6q7tb39g8Mj+/ikq+JUEtohMY9lP8CKciZoRzPNaT+RFEcBp71gelf4vRmVisXiUc8T6kV4LFjICNZG8m17GGE9CcLsKfczduXmvl13Gs4CaJ24JalDibZvfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjyskXyHF0YZYTCWJonNFqovzcyHCk1jwIzWeRUq14h/ucNUh3eehkTSaqpIMtDYcqRjlFRAxoxSYnmc0MwkcxkRWSCJSbalFUzJbirX14n3euG6zTch2a91SzrqMIZnMMluHADLbiHNnSAwAye4RXerMx6sd6tj+VoxSp3TuEPrM8fppOTmw==</latexit>

non-linear activation function



Algorithmic Intelligence Lab

• Using normalizing flow for weights, e.g.,                                                    ?
• However, weights are too high-dimensional for modeling…

• Generation of NN weights from “multiplicative noise” [Louizos et al., 2017]:
1. Noise is sampled from normalizing flow:

2. Generate weights by multiplication: 

Multiplicative Normalizing Flows for Weight Generation

35

100 x 100 fully connected layer 10000 weight parameters 10000 x K function parameters

WK = fK � · · · � f1(W0)
<latexit sha1_base64="7RmxRAF55yfgiKP59l2RZqLdNAA="></latexit><latexit sha1_base64="7RmxRAF55yfgiKP59l2RZqLdNAA="></latexit><latexit sha1_base64="7RmxRAF55yfgiKP59l2RZqLdNAA="></latexit><latexit sha1_base64="7RmxRAF55yfgiKP59l2RZqLdNAA="></latexit>

zK = fK � · · · � f2 � f1(z0)
<latexit sha1_base64="1QX3uwdYkbu95nsLFK+Q+thCNzo="></latexit><latexit sha1_base64="1QX3uwdYkbu95nsLFK+Q+thCNzo="></latexit><latexit sha1_base64="1QX3uwdYkbu95nsLFK+Q+thCNzo="></latexit><latexit sha1_base64="1QX3uwdYkbu95nsLFK+Q+thCNzo="></latexit>

z0 ⇠ q0(z0)
<latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="LqA23PpcL+mpUIslflDhdrutBFQ=">AAACB3icbZC9TsMwFIVv+C2lQGBlsaiQ2qVKWGBEYmEsEv2RmihyXKe1aifBdpBKlGdg4VVYGECIN2DjbXDaCkHLlSx9PsdXvveEKWdKO86Xtba+sbm1Xdmp7tb29g/sw1pXJZkktEMSnsh+iBXlLKYdzTSn/VRSLEJOe+HkqvR791QqlsS3eppSX+BRzCJGsDZSYDc9gfU4jPKHIsidAnmKCXRXYuPHKW9FM7DrTsuZFVoFdwF1WFQ7sD+9YUIyQWNNOFZq4Dqp9nMsNSOcFlUvUzTFZIJHdGAwxoIqP5+tVKBTowxRlEhzYo1m6u+OHAulpiI0L8sx1bJXiv95g0xHF37O4jTTNCbzj6KMI52gMh80ZJISzacGMJHMzIrIGEtMtEmxakJwl1dehe5Zy3Va7o0DFTiGE2iAC+dwCdfQhg4QeIRneIU368l6sd7nca1Zi9yO4E9ZH9/F5JyE</latexit><latexit sha1_base64="LqA23PpcL+mpUIslflDhdrutBFQ=">AAACB3icbZC9TsMwFIVv+C2lQGBlsaiQ2qVKWGBEYmEsEv2RmihyXKe1aifBdpBKlGdg4VVYGECIN2DjbXDaCkHLlSx9PsdXvveEKWdKO86Xtba+sbm1Xdmp7tb29g/sw1pXJZkktEMSnsh+iBXlLKYdzTSn/VRSLEJOe+HkqvR791QqlsS3eppSX+BRzCJGsDZSYDc9gfU4jPKHIsidAnmKCXRXYuPHKW9FM7DrTsuZFVoFdwF1WFQ7sD+9YUIyQWNNOFZq4Dqp9nMsNSOcFlUvUzTFZIJHdGAwxoIqP5+tVKBTowxRlEhzYo1m6u+OHAulpiI0L8sx1bJXiv95g0xHF37O4jTTNCbzj6KMI52gMh80ZJISzacGMJHMzIrIGEtMtEmxakJwl1dehe5Zy3Va7o0DFTiGE2iAC+dwCdfQhg4QeIRneIU368l6sd7nca1Zi9yO4E9ZH9/F5JyE</latexit><latexit sha1_base64="nswV+9WTSx/AzBO4WrIxoCyh5V0=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoN2VGBF0W3LisYB/QGUomzbShSWZMMkId5hvc+CtuXCji1pU7/8ZMO4i2HgicnHMv994TxIwq7ThfVmlldW19o7xZ2dre2d2z9w86KkokJm0csUj2AqQIo4K0NdWM9GJJEA8Y6QaTy9zv3hGpaCRu9DQmPkcjQUOKkTbSwK57HOlxEKb32SB1MugpyuFtTms/Tv7L6gO76jScGeAycQtSBQVaA/vTG0Y44URozJBSfdeJtZ8iqSlmJKt4iSIxwhM0In1DBeJE+enspAyeGGUIw0iaJzScqb87UsSVmvLAVOZrqkUvF//z+okOL/yUijjRROD5oDBhUEcwzwcOqSRYs6khCEtqdoV4jCTC2qRYMSG4iycvk85pw3Ua7rVTbZ4VcZTBETgGNeCCc9AEV6AF2gCDB/AEXsCr9Wg9W2/W+7y0ZBU9h+APrI9viM6d7w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="LqA23PpcL+mpUIslflDhdrutBFQ=">AAACB3icbZC9TsMwFIVv+C2lQGBlsaiQ2qVKWGBEYmEsEv2RmihyXKe1aifBdpBKlGdg4VVYGECIN2DjbXDaCkHLlSx9PsdXvveEKWdKO86Xtba+sbm1Xdmp7tb29g/sw1pXJZkktEMSnsh+iBXlLKYdzTSn/VRSLEJOe+HkqvR791QqlsS3eppSX+BRzCJGsDZSYDc9gfU4jPKHIsidAnmKCXRXYuPHKW9FM7DrTsuZFVoFdwF1WFQ7sD+9YUIyQWNNOFZq4Dqp9nMsNSOcFlUvUzTFZIJHdGAwxoIqP5+tVKBTowxRlEhzYo1m6u+OHAulpiI0L8sx1bJXiv95g0xHF37O4jTTNCbzj6KMI52gMh80ZJISzacGMJHMzIrIGEtMtEmxakJwl1dehe5Zy3Va7o0DFTiGE2iAC+dwCdfQhg4QeIRneIU368l6sd7nca1Zi9yO4E9ZH9/F5JyE</latexit><latexit sha1_base64="LqA23PpcL+mpUIslflDhdrutBFQ=">AAACB3icbZC9TsMwFIVv+C2lQGBlsaiQ2qVKWGBEYmEsEv2RmihyXKe1aifBdpBKlGdg4VVYGECIN2DjbXDaCkHLlSx9PsdXvveEKWdKO86Xtba+sbm1Xdmp7tb29g/sw1pXJZkktEMSnsh+iBXlLKYdzTSn/VRSLEJOe+HkqvR791QqlsS3eppSX+BRzCJGsDZSYDc9gfU4jPKHIsidAnmKCXRXYuPHKW9FM7DrTsuZFVoFdwF1WFQ7sD+9YUIyQWNNOFZq4Dqp9nMsNSOcFlUvUzTFZIJHdGAwxoIqP5+tVKBTowxRlEhzYo1m6u+OHAulpiI0L8sx1bJXiv95g0xHF37O4jTTNCbzj6KMI52gMh80ZJISzacGMJHMzIrIGEtMtEmxakJwl1dehe5Zy3Va7o0DFTiGE2iAC+dwCdfQhg4QeIRneIU368l6sd7nca1Zi9yO4E9ZH9/F5JyE</latexit><latexit sha1_base64="nswV+9WTSx/AzBO4WrIxoCyh5V0=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoN2VGBF0W3LisYB/QGUomzbShSWZMMkId5hvc+CtuXCji1pU7/8ZMO4i2HgicnHMv994TxIwq7ThfVmlldW19o7xZ2dre2d2z9w86KkokJm0csUj2AqQIo4K0NdWM9GJJEA8Y6QaTy9zv3hGpaCRu9DQmPkcjQUOKkTbSwK57HOlxEKb32SB1MugpyuFtTms/Tv7L6gO76jScGeAycQtSBQVaA/vTG0Y44URozJBSfdeJtZ8iqSlmJKt4iSIxwhM0In1DBeJE+enspAyeGGUIw0iaJzScqb87UsSVmvLAVOZrqkUvF//z+okOL/yUijjRROD5oDBhUEcwzwcOqSRYs6khCEtqdoV4jCTC2qRYMSG4iycvk85pw3Ua7rVTbZ4VcZTBETgGNeCCc9AEV6AF2gCDB/AEXsCr9Wg9W2/W+7y0ZBU9h+APrI9viM6d7w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit><latexit sha1_base64="h4vSfR2knLk0Y/o8EW4Lp5Xy9to=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsxIQZcFNy4r2Ad0hpJJM21okhmTjFCH+QY3/oobF4q4deXOvzHTDqKtBwIn59zLvfcEMaNKO86XtbK6tr6xWdoqb+/s7u3bB4cdFSUSkzaOWCR7AVKEUUHammpGerEkiAeMdIPJZe5374hUNBI3ehoTn6ORoCHFSBtpYNc8jvQ4CNP7bJA6GfQU5fA2p9UfJ/9ltYFdcerODHCZuAWpgAKtgf3pDSOccCI0ZkipvuvE2k+R1BQzkpW9RJEY4Qkakb6hAnGi/HR2UgZPjTKEYSTNExrO1N8dKeJKTXlgKvM11aKXi/95/USHF35KRZxoIvB8UJgwqCOY5wOHVBKs2dQQhCU1u0I8RhJhbVIsmxDcxZOXSees7jp197pRaTaKOErgGJyAKnDBOWiCK9ACbYDBA3gCL+DVerSerTfrfV66YhU9R+APrI9vig6d8w==</latexit>

Only requires                     function parameters Din ⇥K
<latexit sha1_base64="cxks/99YrWWS4ave/R4W9fmkhF4=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuCHoM6EHwEsE8IFmW2clsMmT2wUyvEJd8iRcPinj1U7z5N06SPWhiQUNR1U13V5BKodFxvq3S2vrG5lZ5u7Kzu7dftQ8O2zrJFOMtlshEdQOquRQxb6FAybup4jQKJO8E4+uZ33nkSoskfsBJyr2IDmMRCkbRSL5dvfFzEU9JH0XENbnz7ZpTd+Ygq8QtSA0KNH37qz9IWBbxGJmkWvdcJ0UvpwoFk3xa6Weap5SN6ZD3DI2pWePl88On5NQoAxImylSMZK7+nshppPUkCkxnRHGkl72Z+J/XyzC88sxjaYY8ZotFYSYJJmSWAhkIxRnKiSGUKWFuJWxEFWVosqqYENzll1dJ+7zuOnX3/qLWuCjiKMMxnMAZuHAJDbiFJrSAQQbP8Apv1pP1Yr1bH4vWklXMHMEfWJ8/H8ySrg==</latexit><latexit sha1_base64="cxks/99YrWWS4ave/R4W9fmkhF4=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuCHoM6EHwEsE8IFmW2clsMmT2wUyvEJd8iRcPinj1U7z5N06SPWhiQUNR1U13V5BKodFxvq3S2vrG5lZ5u7Kzu7dftQ8O2zrJFOMtlshEdQOquRQxb6FAybup4jQKJO8E4+uZ33nkSoskfsBJyr2IDmMRCkbRSL5dvfFzEU9JH0XENbnz7ZpTd+Ygq8QtSA0KNH37qz9IWBbxGJmkWvdcJ0UvpwoFk3xa6Weap5SN6ZD3DI2pWePl88On5NQoAxImylSMZK7+nshppPUkCkxnRHGkl72Z+J/XyzC88sxjaYY8ZotFYSYJJmSWAhkIxRnKiSGUKWFuJWxEFWVosqqYENzll1dJ+7zuOnX3/qLWuCjiKMMxnMAZuHAJDbiFJrSAQQbP8Apv1pP1Yr1bH4vWklXMHMEfWJ8/H8ySrg==</latexit><latexit sha1_base64="cxks/99YrWWS4ave/R4W9fmkhF4=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuCHoM6EHwEsE8IFmW2clsMmT2wUyvEJd8iRcPinj1U7z5N06SPWhiQUNR1U13V5BKodFxvq3S2vrG5lZ5u7Kzu7dftQ8O2zrJFOMtlshEdQOquRQxb6FAybup4jQKJO8E4+uZ33nkSoskfsBJyr2IDmMRCkbRSL5dvfFzEU9JH0XENbnz7ZpTd+Ygq8QtSA0KNH37qz9IWBbxGJmkWvdcJ0UvpwoFk3xa6Weap5SN6ZD3DI2pWePl88On5NQoAxImylSMZK7+nshppPUkCkxnRHGkl72Z+J/XyzC88sxjaYY8ZotFYSYJJmSWAhkIxRnKiSGUKWFuJWxEFWVosqqYENzll1dJ+7zuOnX3/qLWuCjiKMMxnMAZuHAJDbiFJrSAQQbP8Apv1pP1Yr1bH4vWklXMHMEfWJ8/H8ySrg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="FWub/e8iCTcwL4g69ZipmrwPyeE=">AAAB7XicbVBNS8NAEJ3Ur1qrjV69LBbBU0m86LGgB8FLBfsBbQib7aZdutmE3YlQQ3+JFw+K+He8+W/cfhy09cHA470ZZuZFmRQGPe/bKW1t7+zulfcrB9XDo5p7XO2YNNeMt1kqU92LqOFSKN5GgZL3Ms1pEknejSY3c7/7xLURqXrEacaDhI6UiAWjaKXQrd2GhVAzMkCRcEPuQ7fuNbwFyCbxV6QOK7RC92swTFmecIVMUmP6vpdhUFCNgkk+qwxywzPKJnTE+5YqatcExeLwGTm3ypDEqbalkCzU3xMFTYyZJpHtTCiOzbo3F//z+jnG14F9LMuRK7ZcFOeSYErmKZCh0JyhnFpCmRb2VsLGVFOGNquKDcFff3mTdC4bvtfwHzwowymcwQX4cAVNuIMWtIFBDi/wBu/Os/PqfCzjKjmr3E7gD5zPH9LtkVk=</latexit><latexit sha1_base64="FWub/e8iCTcwL4g69ZipmrwPyeE=">AAAB7XicbVBNS8NAEJ3Ur1qrjV69LBbBU0m86LGgB8FLBfsBbQib7aZdutmE3YlQQ3+JFw+K+He8+W/cfhy09cHA470ZZuZFmRQGPe/bKW1t7+zulfcrB9XDo5p7XO2YNNeMt1kqU92LqOFSKN5GgZL3Ms1pEknejSY3c7/7xLURqXrEacaDhI6UiAWjaKXQrd2GhVAzMkCRcEPuQ7fuNbwFyCbxV6QOK7RC92swTFmecIVMUmP6vpdhUFCNgkk+qwxywzPKJnTE+5YqatcExeLwGTm3ypDEqbalkCzU3xMFTYyZJpHtTCiOzbo3F//z+jnG14F9LMuRK7ZcFOeSYErmKZCh0JyhnFpCmRb2VsLGVFOGNquKDcFff3mTdC4bvtfwHzwowymcwQX4cAVNuIMWtIFBDi/wBu/Os/PqfCzjKjmr3E7gD5zPH9LtkVk=</latexit><latexit sha1_base64="zDT0Nwnh42JyPwrKX6E89JxZozw=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuCHoM6EHwEsE8IFmW2clsMmT2wUyvEJd8iRcPinj1U7z5N06SPWhiQUNR1U13V5BKodFxvq3S2vrG5lZ5u7Kzu7dftQ8O2zrJFOMtlshEdQOquRQxb6FAybup4jQKJO8E4+uZ33nkSoskfsBJyr2IDmMRCkbRSL5dvfFzEU9JH0XENbnz7ZpTd+Ygq8QtSA0KNH37qz9IWBbxGJmkWvdcJ0UvpwoFk3xa6Weap5SN6ZD3DI2pWePl88On5NQoAxImylSMZK7+nshppPUkCkxnRHGkl72Z+J/XyzC88sxjaYY8ZotFYSYJJmSWAhkIxRnKiSGUKWFuJWxEFWVosqqYENzll1dJ+7zuOnX33qk1Loo4ynAMJ3AGLlxCA26hCS1gkMEzvMKb9WS9WO/Wx6K1ZBUzR/AH1ucPHoySqg==</latexit><latexit sha1_base64="cxks/99YrWWS4ave/R4W9fmkhF4=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuCHoM6EHwEsE8IFmW2clsMmT2wUyvEJd8iRcPinj1U7z5N06SPWhiQUNR1U13V5BKodFxvq3S2vrG5lZ5u7Kzu7dftQ8O2zrJFOMtlshEdQOquRQxb6FAybup4jQKJO8E4+uZ33nkSoskfsBJyr2IDmMRCkbRSL5dvfFzEU9JH0XENbnz7ZpTd+Ygq8QtSA0KNH37qz9IWBbxGJmkWvdcJ0UvpwoFk3xa6Weap5SN6ZD3DI2pWePl88On5NQoAxImylSMZK7+nshppPUkCkxnRHGkl72Z+J/XyzC88sxjaYY8ZotFYSYJJmSWAhkIxRnKiSGUKWFuJWxEFWVosqqYENzll1dJ+7zuOnX3/qLWuCjiKMMxnMAZuHAJDbiFJrSAQQbP8Apv1pP1Yr1bH4vWklXMHMEfWJ8/H8ySrg==</latexit><latexit sha1_base64="cxks/99YrWWS4ave/R4W9fmkhF4=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuCHoM6EHwEsE8IFmW2clsMmT2wUyvEJd8iRcPinj1U7z5N06SPWhiQUNR1U13V5BKodFxvq3S2vrG5lZ5u7Kzu7dftQ8O2zrJFOMtlshEdQOquRQxb6FAybup4jQKJO8E4+uZ33nkSoskfsBJyr2IDmMRCkbRSL5dvfFzEU9JH0XENbnz7ZpTd+Ygq8QtSA0KNH37qz9IWBbxGJmkWvdcJ0UvpwoFk3xa6Weap5SN6ZD3DI2pWePl88On5NQoAxImylSMZK7+nshppPUkCkxnRHGkl72Z+J/XyzC88sxjaYY8ZotFYSYJJmSWAhkIxRnKiSGUKWFuJWxEFWVosqqYENzll1dJ+7zuOnX3/qLWuCjiKMMxnMAZuHAJDbiFJrSAQQbP8Apv1pP1Yr1bH4vWklXMHMEfWJ8/H8ySrg==</latexit><latexit sha1_base64="cxks/99YrWWS4ave/R4W9fmkhF4=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuCHoM6EHwEsE8IFmW2clsMmT2wUyvEJd8iRcPinj1U7z5N06SPWhiQUNR1U13V5BKodFxvq3S2vrG5lZ5u7Kzu7dftQ8O2zrJFOMtlshEdQOquRQxb6FAybup4jQKJO8E4+uZ33nkSoskfsBJyr2IDmMRCkbRSL5dvfFzEU9JH0XENbnz7ZpTd+Ygq8QtSA0KNH37qz9IWBbxGJmkWvdcJ0UvpwoFk3xa6Weap5SN6ZD3DI2pWePl88On5NQoAxImylSMZK7+nshppPUkCkxnRHGkl72Z+J/XyzC88sxjaYY8ZotFYSYJJmSWAhkIxRnKiSGUKWFuJWxEFWVosqqYENzll1dJ+7zuOnX3/qLWuCjiKMMxnMAZuHAJDbiFJrSAQQbP8Apv1pP1Yr1bH4vWklXMHMEfWJ8/H8ySrg==</latexit><latexit sha1_base64="cxks/99YrWWS4ave/R4W9fmkhF4=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuCHoM6EHwEsE8IFmW2clsMmT2wUyvEJd8iRcPinj1U7z5N06SPWhiQUNR1U13V5BKodFxvq3S2vrG5lZ5u7Kzu7dftQ8O2zrJFOMtlshEdQOquRQxb6FAybup4jQKJO8E4+uZ33nkSoskfsBJyr2IDmMRCkbRSL5dvfFzEU9JH0XENbnz7ZpTd+Ygq8QtSA0KNH37qz9IWBbxGJmkWvdcJ0UvpwoFk3xa6Weap5SN6ZD3DI2pWePl88On5NQoAxImylSMZK7+nshppPUkCkxnRHGkl72Z+J/XyzC88sxjaYY8ZotFYSYJJmSWAhkIxRnKiSGUKWFuJWxEFWVosqqYENzll1dJ+7zuOnX3/qLWuCjiKMMxnMAZuHAJDbiFJrSAQQbP8Apv1pP1Yr1bH4vWklXMHMEfWJ8/H8ySrg==</latexit><latexit sha1_base64="cxks/99YrWWS4ave/R4W9fmkhF4=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuCHoM6EHwEsE8IFmW2clsMmT2wUyvEJd8iRcPinj1U7z5N06SPWhiQUNR1U13V5BKodFxvq3S2vrG5lZ5u7Kzu7dftQ8O2zrJFOMtlshEdQOquRQxb6FAybup4jQKJO8E4+uZ33nkSoskfsBJyr2IDmMRCkbRSL5dvfFzEU9JH0XENbnz7ZpTd+Ygq8QtSA0KNH37qz9IWBbxGJmkWvdcJ0UvpwoFk3xa6Weap5SN6ZD3DI2pWePl88On5NQoAxImylSMZK7+nshppPUkCkxnRHGkl72Z+J/XyzC88sxjaYY8ZotFYSYJJmSWAhkIxRnKiSGUKWFuJWxEFWVosqqYENzll1dJ+7zuOnX3/qLWuCjiKMMxnMAZuHAJDbiFJrSAQQbP8Apv1pP1Yr1bH4vWklXMHMEfWJ8/H8ySrg==</latexit><latexit sha1_base64="cxks/99YrWWS4ave/R4W9fmkhF4=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuCHoM6EHwEsE8IFmW2clsMmT2wUyvEJd8iRcPinj1U7z5N06SPWhiQUNR1U13V5BKodFxvq3S2vrG5lZ5u7Kzu7dftQ8O2zrJFOMtlshEdQOquRQxb6FAybup4jQKJO8E4+uZ33nkSoskfsBJyr2IDmMRCkbRSL5dvfFzEU9JH0XENbnz7ZpTd+Ygq8QtSA0KNH37qz9IWBbxGJmkWvdcJ0UvpwoFk3xa6Weap5SN6ZD3DI2pWePl88On5NQoAxImylSMZK7+nshppPUkCkxnRHGkl72Z+J/XyzC88sxjaYY8ZotFYSYJJmSWAhkIxRnKiSGUKWFuJWxEFWVosqqYENzll1dJ+7zuOnX3/qLWuCjiKMMxnMAZuHAJDbiFJrSAQQbP8Apv1pP1Yr1bH4vWklXMHMEfWJ8/H8ySrg==</latexit>

q(W|z) =
DinY

i=1

DoutY

j=1

N (ziµij ,�
2
ij)

<latexit sha1_base64="C11pcmNjS3iV+BI9FTBAQDbYAmQ="></latexit><latexit sha1_base64="C11pcmNjS3iV+BI9FTBAQDbYAmQ="></latexit><latexit sha1_base64="C11pcmNjS3iV+BI9FTBAQDbYAmQ="></latexit><latexit sha1_base64="C11pcmNjS3iV+BI9FTBAQDbYAmQ="></latexit>

z
<latexit sha1_base64="hVB2RF9R7Y2aWV0BwNUCUUcI4/M=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+8A2lMn0ph06mYSZiVBD/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByk/udR1Sax/LeTBP0IzqSPOSMGis99CNqxkGYPc0G1Zpbd+cgq8QrSA0KNAfVr/4wZmmE0jBBte55bmL8jCrDmcBZpZ9qTCib0BH2LJU0Qu1n88QzcmaVIQljZZ80ZK7+3shopPU0CuxknlAve7n4n9dLTXjtZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWJL8JZPXiXti7rn1r27y1rjsqijDCdwCufgwRU04Baa0AIGEp7hFd4c7bw4787HYrTkFDvH8AfO5w/8DZEQ</latexit><latexit sha1_base64="hVB2RF9R7Y2aWV0BwNUCUUcI4/M=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+8A2lMn0ph06mYSZiVBD/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByk/udR1Sax/LeTBP0IzqSPOSMGis99CNqxkGYPc0G1Zpbd+cgq8QrSA0KNAfVr/4wZmmE0jBBte55bmL8jCrDmcBZpZ9qTCib0BH2LJU0Qu1n88QzcmaVIQljZZ80ZK7+3shopPU0CuxknlAve7n4n9dLTXjtZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWJL8JZPXiXti7rn1r27y1rjsqijDCdwCufgwRU04Baa0AIGEp7hFd4c7bw4787HYrTkFDvH8AfO5w/8DZEQ</latexit><latexit sha1_base64="hVB2RF9R7Y2aWV0BwNUCUUcI4/M=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+8A2lMn0ph06mYSZiVBD/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByk/udR1Sax/LeTBP0IzqSPOSMGis99CNqxkGYPc0G1Zpbd+cgq8QrSA0KNAfVr/4wZmmE0jBBte55bmL8jCrDmcBZpZ9qTCib0BH2LJU0Qu1n88QzcmaVIQljZZ80ZK7+3shopPU0CuxknlAve7n4n9dLTXjtZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWJL8JZPXiXti7rn1r27y1rjsqijDCdwCufgwRU04Baa0AIGEp7hFd4c7bw4787HYrTkFDvH8AfO5w/8DZEQ</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hr9VoSxmo6QVPIrQgzja7n/5m2k=">AAAB5nicbVDLSgNBEOz1GWPU6NXLYBA8hV0vehS8eIxgHpgsYXbSmwyZnV1meoW45C+8eFDET/Lm3zh5HDSxYKCo6maqK8qUtOT7397G5tb2zm5pr7xfOTg8qh5XWjbNjcCmSFVqOhG3qKTGJklS2MkM8iRS2I7GtzO//YTGylQ/0CTDMOFDLWMpODnpsZdwGkVx8TztV2t+3Z+DrZNgSWqwRKNf/eoNUpEnqEkobm038DMKC25ICoXTci+3mHEx5kPsOqp5gjYs5omn7NwpAxanxj1NbK7+3ih4Yu0kidzkLKFd9Wbif143p/g6LKTOckItFh/FuWKUstn5bCANClITR7gw0mVlYsQNF+RKKrsSgtWT10nrsh749eDehxKcwhlcQABXcAN30IAmCNDwAm/w7lnv1ftY1LXhLXs7gT/wPn8Av8WPwg==</latexit><latexit sha1_base64="hr9VoSxmo6QVPIrQgzja7n/5m2k=">AAAB5nicbVDLSgNBEOz1GWPU6NXLYBA8hV0vehS8eIxgHpgsYXbSmwyZnV1meoW45C+8eFDET/Lm3zh5HDSxYKCo6maqK8qUtOT7397G5tb2zm5pr7xfOTg8qh5XWjbNjcCmSFVqOhG3qKTGJklS2MkM8iRS2I7GtzO//YTGylQ/0CTDMOFDLWMpODnpsZdwGkVx8TztV2t+3Z+DrZNgSWqwRKNf/eoNUpEnqEkobm038DMKC25ICoXTci+3mHEx5kPsOqp5gjYs5omn7NwpAxanxj1NbK7+3ih4Yu0kidzkLKFd9Wbif143p/g6LKTOckItFh/FuWKUstn5bCANClITR7gw0mVlYsQNF+RKKrsSgtWT10nrsh749eDehxKcwhlcQABXcAN30IAmCNDwAm/w7lnv1ftY1LXhLXs7gT/wPn8Av8WPwg==</latexit><latexit sha1_base64="Ig64dfU0ovumj8Beu96ECjaPr7E=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+8A2lMl00g6dTMLMjVBD/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTm9zvPHJtRKzucZpwP6IjJULBKFrpoR9RHAdh9jQbVGtu3Z2DrBKvIDUo0BxUv/rDmKURV8gkNabnuQn6GdUomOSzSj81PKFsQke8Z6miETd+Nk88I2dWGZIw1vYpJHP190ZGI2OmUWAn84Rm2cvF/7xeiuG1nwmVpMgVW3wUppJgTPLzyVBozlBOLaFMC5uVsDHVlKEtqWJL8JZPXiXti7rn1r07t9a4LOoowwmcwjl4cAUNuIUmtICBgmd4hTfHOC/Ou/OxGC05xc4x/IHz+QP6zZEM</latexit><latexit sha1_base64="hVB2RF9R7Y2aWV0BwNUCUUcI4/M=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+8A2lMn0ph06mYSZiVBD/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByk/udR1Sax/LeTBP0IzqSPOSMGis99CNqxkGYPc0G1Zpbd+cgq8QrSA0KNAfVr/4wZmmE0jBBte55bmL8jCrDmcBZpZ9qTCib0BH2LJU0Qu1n88QzcmaVIQljZZ80ZK7+3shopPU0CuxknlAve7n4n9dLTXjtZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWJL8JZPXiXti7rn1r27y1rjsqijDCdwCufgwRU04Baa0AIGEp7hFd4c7bw4787HYrTkFDvH8AfO5w/8DZEQ</latexit><latexit sha1_base64="hVB2RF9R7Y2aWV0BwNUCUUcI4/M=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+8A2lMn0ph06mYSZiVBD/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByk/udR1Sax/LeTBP0IzqSPOSMGis99CNqxkGYPc0G1Zpbd+cgq8QrSA0KNAfVr/4wZmmE0jBBte55bmL8jCrDmcBZpZ9qTCib0BH2LJU0Qu1n88QzcmaVIQljZZ80ZK7+3shopPU0CuxknlAve7n4n9dLTXjtZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWJL8JZPXiXti7rn1r27y1rjsqijDCdwCufgwRU04Baa0AIGEp7hFd4c7bw4787HYrTkFDvH8AfO5w/8DZEQ</latexit><latexit sha1_base64="hVB2RF9R7Y2aWV0BwNUCUUcI4/M=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+8A2lMn0ph06mYSZiVBD/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByk/udR1Sax/LeTBP0IzqSPOSMGis99CNqxkGYPc0G1Zpbd+cgq8QrSA0KNAfVr/4wZmmE0jBBte55bmL8jCrDmcBZpZ9qTCib0BH2LJU0Qu1n88QzcmaVIQljZZ80ZK7+3shopPU0CuxknlAve7n4n9dLTXjtZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWJL8JZPXiXti7rn1r27y1rjsqijDCdwCufgwRU04Baa0AIGEp7hFd4c7bw4787HYrTkFDvH8AfO5w/8DZEQ</latexit><latexit sha1_base64="hVB2RF9R7Y2aWV0BwNUCUUcI4/M=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+8A2lMn0ph06mYSZiVBD/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByk/udR1Sax/LeTBP0IzqSPOSMGis99CNqxkGYPc0G1Zpbd+cgq8QrSA0KNAfVr/4wZmmE0jBBte55bmL8jCrDmcBZpZ9qTCib0BH2LJU0Qu1n88QzcmaVIQljZZ80ZK7+3shopPU0CuxknlAve7n4n9dLTXjtZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWJL8JZPXiXti7rn1r27y1rjsqijDCdwCufgwRU04Baa0AIGEp7hFd4c7bw4787HYrTkFDvH8AfO5w/8DZEQ</latexit><latexit sha1_base64="hVB2RF9R7Y2aWV0BwNUCUUcI4/M=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+8A2lMn0ph06mYSZiVBD/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByk/udR1Sax/LeTBP0IzqSPOSMGis99CNqxkGYPc0G1Zpbd+cgq8QrSA0KNAfVr/4wZmmE0jBBte55bmL8jCrDmcBZpZ9qTCib0BH2LJU0Qu1n88QzcmaVIQljZZ80ZK7+3shopPU0CuxknlAve7n4n9dLTXjtZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWJL8JZPXiXti7rn1r27y1rjsqijDCdwCufgwRU04Baa0AIGEp7hFd4c7bw4787HYrTkFDvH8AfO5w/8DZEQ</latexit><latexit sha1_base64="hVB2RF9R7Y2aWV0BwNUCUUcI4/M=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLgxmUF+8A2lMn0ph06mYSZiVBD/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByk/udR1Sax/LeTBP0IzqSPOSMGis99CNqxkGYPc0G1Zpbd+cgq8QrSA0KNAfVr/4wZmmE0jBBte55bmL8jCrDmcBZpZ9qTCib0BH2LJU0Qu1n88QzcmaVIQljZZ80ZK7+3shopPU0CuxknlAve7n4n9dLTXjtZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWJL8JZPXiXti7rn1r27y1rjsqijDCdwCufgwRU04Baa0AIGEp7hFd4c7bw4787HYrTkFDvH8AfO5w/8DZEQ</latexit>

W
<latexit sha1_base64="BVrDjnw+QtnQYu92P99h7cnGUDg=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIw686H1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTXjjZ1wmqUHJlh+FqSAmJvn5ZMQVMiNmllCmuM1K2IQqyowtqWJL8FZPXiedq7rn1r37Rq3ZKOoowxmcwyV4cA1NuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QPG3pDt</latexit><latexit sha1_base64="BVrDjnw+QtnQYu92P99h7cnGUDg=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIw686H1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTXjjZ1wmqUHJlh+FqSAmJvn5ZMQVMiNmllCmuM1K2IQqyowtqWJL8FZPXiedq7rn1r37Rq3ZKOoowxmcwyV4cA1NuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QPG3pDt</latexit><latexit sha1_base64="BVrDjnw+QtnQYu92P99h7cnGUDg=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIw686H1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTXjjZ1wmqUHJlh+FqSAmJvn5ZMQVMiNmllCmuM1K2IQqyowtqWJL8FZPXiedq7rn1r37Rq3ZKOoowxmcwyV4cA1NuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QPG3pDt</latexit><latexit sha1_base64="BVrDjnw+QtnQYu92P99h7cnGUDg=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRS0GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIw686H1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTXjjZ1wmqUHJlh+FqSAmJvn5ZMQVMiNmllCmuM1K2IQqyowtqWJL8FZPXiedq7rn1r37Rq3ZKOoowxmcwyV4cA1NuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QPG3pDt</latexit>

xin 2 RDin
<latexit sha1_base64="I/nsg2f5qAX6mVQJkJKYkJjLi10=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwVWakosuCLlxWsQ/o1JJJM21oJjMkd6RlmC9x46+4caGI4Er/xvSxqK0HAodz7iX3HD8WXIPj/Fi5ldW19Y38ZmFre2d3z94/qOsoUZTVaCQi1fSJZoJLVgMOgjVjxUjoC9bwB1djv/HIlOaRvIdRzNoh6UkecErASB373AsJ9P0gHWad1AM2hJTLLMMel3hq+eld9pBez7tZxy46JWcCvEzcGSmiGaod+8vrRjQJmQQqiNYt14mhnRIFnAqWFbxEs5jQAemxlqGShEy300m8DJ8YpYuDSJknAU/U+Y2UhFqPQt9Mji/Wi95Y/M9rJRBctk2iOAEm6fSjIBEYIjzuCne5YhTEyBBCFTe3YtonilAwjRZMCe5i5GVSPyu5Tsm9LRcr5VkdeXSEjtEpctEFqqAbVEU1RNETekFv6N16tl6tD+tzOpqzZjuH6A+s71+j86Sc</latexit><latexit sha1_base64="I/nsg2f5qAX6mVQJkJKYkJjLi10=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwVWakosuCLlxWsQ/o1JJJM21oJjMkd6RlmC9x46+4caGI4Er/xvSxqK0HAodz7iX3HD8WXIPj/Fi5ldW19Y38ZmFre2d3z94/qOsoUZTVaCQi1fSJZoJLVgMOgjVjxUjoC9bwB1djv/HIlOaRvIdRzNoh6UkecErASB373AsJ9P0gHWad1AM2hJTLLMMel3hq+eld9pBez7tZxy46JWcCvEzcGSmiGaod+8vrRjQJmQQqiNYt14mhnRIFnAqWFbxEs5jQAemxlqGShEy300m8DJ8YpYuDSJknAU/U+Y2UhFqPQt9Mji/Wi95Y/M9rJRBctk2iOAEm6fSjIBEYIjzuCne5YhTEyBBCFTe3YtonilAwjRZMCe5i5GVSPyu5Tsm9LRcr5VkdeXSEjtEpctEFqqAbVEU1RNETekFv6N16tl6tD+tzOpqzZjuH6A+s71+j86Sc</latexit><latexit sha1_base64="I/nsg2f5qAX6mVQJkJKYkJjLi10=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwVWakosuCLlxWsQ/o1JJJM21oJjMkd6RlmC9x46+4caGI4Er/xvSxqK0HAodz7iX3HD8WXIPj/Fi5ldW19Y38ZmFre2d3z94/qOsoUZTVaCQi1fSJZoJLVgMOgjVjxUjoC9bwB1djv/HIlOaRvIdRzNoh6UkecErASB373AsJ9P0gHWad1AM2hJTLLMMel3hq+eld9pBez7tZxy46JWcCvEzcGSmiGaod+8vrRjQJmQQqiNYt14mhnRIFnAqWFbxEs5jQAemxlqGShEy300m8DJ8YpYuDSJknAU/U+Y2UhFqPQt9Mji/Wi95Y/M9rJRBctk2iOAEm6fSjIBEYIjzuCne5YhTEyBBCFTe3YtonilAwjRZMCe5i5GVSPyu5Tsm9LRcr5VkdeXSEjtEpctEFqqAbVEU1RNETekFv6N16tl6tD+tzOpqzZjuH6A+s71+j86Sc</latexit><latexit sha1_base64="I/nsg2f5qAX6mVQJkJKYkJjLi10=">AAACHnicbVDLSgMxFM3UV62vUZdugkVwVWakosuCLlxWsQ/o1JJJM21oJjMkd6RlmC9x46+4caGI4Er/xvSxqK0HAodz7iX3HD8WXIPj/Fi5ldW19Y38ZmFre2d3z94/qOsoUZTVaCQi1fSJZoJLVgMOgjVjxUjoC9bwB1djv/HIlOaRvIdRzNoh6UkecErASB373AsJ9P0gHWad1AM2hJTLLMMel3hq+eld9pBez7tZxy46JWcCvEzcGSmiGaod+8vrRjQJmQQqiNYt14mhnRIFnAqWFbxEs5jQAemxlqGShEy300m8DJ8YpYuDSJknAU/U+Y2UhFqPQt9Mji/Wi95Y/M9rJRBctk2iOAEm6fSjIBEYIjzuCne5YhTEyBBCFTe3YtonilAwjRZMCe5i5GVSPyu5Tsm9LRcr5VkdeXSEjtEpctEFqqAbVEU1RNETekFv6N16tl6tD+tzOpqzZjuH6A+s71+j86Sc</latexit>

xout 2 RDout
<latexit sha1_base64="udGVoyBcQcP8LuUzLOHqr/e8MCs=">AAACIHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQI+CHjxGMQ/IxjA7mU2GzM4uM72SMOynePFXvHhQRG/6NU4eB5NY0FBUddPdFSSCa3Ddbye3srq2vpHfLGxt7+zuFfcP6jpOFWU1GotYNQOimeCS1YCDYM1EMRIFgjWCwdXYbzwypXks72GUsHZEepKHnBKwUqd47kcE+kFohlnH+MCGYOIUsgz7XOKpF5i77MFcz9lZp1hyy+4EeJl4M1JCM1Q7xS+/G9M0YhKoIFq3PDeBtiEKOBUsK/ipZgmhA9JjLUsliZhum8mDGT6xSheHsbIlAU/UvxOGRFqPosB2jk/Wi95Y/M9rpRBetA2XSQpM0umiMBUYYjxOC3e5YhTEyBJCFbe3YtonilCwmRZsCN7iy8ukflb23LJ3WyldVmZx5NEROkanyEPn6BLdoCqqIYqe0At6Q+/Os/PqfDif09acM5s5RHNwfn4Bpb2lsg==</latexit><latexit sha1_base64="udGVoyBcQcP8LuUzLOHqr/e8MCs=">AAACIHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQI+CHjxGMQ/IxjA7mU2GzM4uM72SMOynePFXvHhQRG/6NU4eB5NY0FBUddPdFSSCa3Ddbye3srq2vpHfLGxt7+zuFfcP6jpOFWU1GotYNQOimeCS1YCDYM1EMRIFgjWCwdXYbzwypXks72GUsHZEepKHnBKwUqd47kcE+kFohlnH+MCGYOIUsgz7XOKpF5i77MFcz9lZp1hyy+4EeJl4M1JCM1Q7xS+/G9M0YhKoIFq3PDeBtiEKOBUsK/ipZgmhA9JjLUsliZhum8mDGT6xSheHsbIlAU/UvxOGRFqPosB2jk/Wi95Y/M9rpRBetA2XSQpM0umiMBUYYjxOC3e5YhTEyBJCFbe3YtonilCwmRZsCN7iy8ukflb23LJ3WyldVmZx5NEROkanyEPn6BLdoCqqIYqe0At6Q+/Os/PqfDif09acM5s5RHNwfn4Bpb2lsg==</latexit><latexit sha1_base64="udGVoyBcQcP8LuUzLOHqr/e8MCs=">AAACIHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQI+CHjxGMQ/IxjA7mU2GzM4uM72SMOynePFXvHhQRG/6NU4eB5NY0FBUddPdFSSCa3Ddbye3srq2vpHfLGxt7+zuFfcP6jpOFWU1GotYNQOimeCS1YCDYM1EMRIFgjWCwdXYbzwypXks72GUsHZEepKHnBKwUqd47kcE+kFohlnH+MCGYOIUsgz7XOKpF5i77MFcz9lZp1hyy+4EeJl4M1JCM1Q7xS+/G9M0YhKoIFq3PDeBtiEKOBUsK/ipZgmhA9JjLUsliZhum8mDGT6xSheHsbIlAU/UvxOGRFqPosB2jk/Wi95Y/M9rpRBetA2XSQpM0umiMBUYYjxOC3e5YhTEyBJCFbe3YtonilCwmRZsCN7iy8ukflb23LJ3WyldVmZx5NEROkanyEPn6BLdoCqqIYqe0At6Q+/Os/PqfDif09acM5s5RHNwfn4Bpb2lsg==</latexit><latexit sha1_base64="udGVoyBcQcP8LuUzLOHqr/e8MCs=">AAACIHicbVDLSgNBEJyNrxhfUY9eBoPgKexKQI+CHjxGMQ/IxjA7mU2GzM4uM72SMOynePFXvHhQRG/6NU4eB5NY0FBUddPdFSSCa3Ddbye3srq2vpHfLGxt7+zuFfcP6jpOFWU1GotYNQOimeCS1YCDYM1EMRIFgjWCwdXYbzwypXks72GUsHZEepKHnBKwUqd47kcE+kFohlnH+MCGYOIUsgz7XOKpF5i77MFcz9lZp1hyy+4EeJl4M1JCM1Q7xS+/G9M0YhKoIFq3PDeBtiEKOBUsK/ipZgmhA9JjLUsliZhum8mDGT6xSheHsbIlAU/UvxOGRFqPosB2jk/Wi95Y/M9rpRBetA2XSQpM0umiMBUYYjxOC3e5YhTEyBJCFbe3YtonilCwmRZsCN7iy8ukflb23LJ3WyldVmZx5NEROkanyEPn6BLdoCqqIYqe0At6Q+/Os/PqfDif09acM5s5RHNwfn4Bpb2lsg==</latexit>
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• For training, minimizing KL-divergence to the posterior.
• Again, weight is optimized from building stochastic computation graph.

Optimization by Stochastic Computational Graph

36

eX , eY
<latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit>

eY
<latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit><latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit><latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit><latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit>

gradient of loss

W(2)
<latexit sha1_base64="Q7zY/0fWNGC5d+agX2ewJsj9kRw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpBV0W3LisYB/QxjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1Xa2t7Z3SvvVw4Oj45P7NOzrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82V3u9+ZUKhaJR72IqRfiiWABI1gbaWTbwxDrqR+kvewprTWus5FdderOEmiTuAWpQoH2yP4ajiOShFRowrFSA9eJtZdiqRnhNKsME0VjTGZ4QgeGChxS5aXL5Bm6MsoYBZE0T2i0VH9vpDhUahH6ZjLPqda9XPzPGyQ6uPVSJuJEU0FWh4KEIx2hvAY0ZpISzReGYCKZyYrIFEtMtCmrYkpw17+8SbqNuuvU3YdmtdUs6ijDBVxCDVy4gRbcQxs6QGAOz/AKb1ZqvVjv1sdqtGQVO+fwB9bnDwc4kzM=</latexit><latexit sha1_base64="Q7zY/0fWNGC5d+agX2ewJsj9kRw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpBV0W3LisYB/QxjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1Xa2t7Z3SvvVw4Oj45P7NOzrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82V3u9+ZUKhaJR72IqRfiiWABI1gbaWTbwxDrqR+kvewprTWus5FdderOEmiTuAWpQoH2yP4ajiOShFRowrFSA9eJtZdiqRnhNKsME0VjTGZ4QgeGChxS5aXL5Bm6MsoYBZE0T2i0VH9vpDhUahH6ZjLPqda9XPzPGyQ6uPVSJuJEU0FWh4KEIx2hvAY0ZpISzReGYCKZyYrIFEtMtCmrYkpw17+8SbqNuuvU3YdmtdUs6ijDBVxCDVy4gRbcQxs6QGAOz/AKb1ZqvVjv1sdqtGQVO+fwB9bnDwc4kzM=</latexit><latexit sha1_base64="Q7zY/0fWNGC5d+agX2ewJsj9kRw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpBV0W3LisYB/QxjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1Xa2t7Z3SvvVw4Oj45P7NOzrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82V3u9+ZUKhaJR72IqRfiiWABI1gbaWTbwxDrqR+kvewprTWus5FdderOEmiTuAWpQoH2yP4ajiOShFRowrFSA9eJtZdiqRnhNKsME0VjTGZ4QgeGChxS5aXL5Bm6MsoYBZE0T2i0VH9vpDhUahH6ZjLPqda9XPzPGyQ6uPVSJuJEU0FWh4KEIx2hvAY0ZpISzReGYCKZyYrIFEtMtCmrYkpw17+8SbqNuuvU3YdmtdUs6ijDBVxCDVy4gRbcQxs6QGAOz/AKb1ZqvVjv1sdqtGQVO+fwB9bnDwc4kzM=</latexit><latexit sha1_base64="Q7zY/0fWNGC5d+agX2ewJsj9kRw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpBV0W3LisYB/QxjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1Xa2t7Z3SvvVw4Oj45P7NOzrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82V3u9+ZUKhaJR72IqRfiiWABI1gbaWTbwxDrqR+kvewprTWus5FdderOEmiTuAWpQoH2yP4ajiOShFRowrFSA9eJtZdiqRnhNKsME0VjTGZ4QgeGChxS5aXL5Bm6MsoYBZE0T2i0VH9vpDhUahH6ZjLPqda9XPzPGyQ6uPVSJuJEU0FWh4KEIx2hvAY0ZpISzReGYCKZyYrIFEtMtCmrYkpw17+8SbqNuuvU3YdmtdUs6ijDBVxCDVy4gRbcQxs6QGAOz/AKb1ZqvVjv1sdqtGQVO+fwB9bnDwc4kzM=</latexit>

W(1)
<latexit sha1_base64="201plAtZ1TwvqA3H4IbRa7qTch4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRQl0W3LisYB/QxjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1Xa2t7Z3SvvVw4Oj45P7NOzrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82V3u9+ZUKhaJR72IqRfiiWABI1gbaWTbwxDrqR+kvewprbnX2ciuOnVnCbRJ3IJUoUB7ZH8NxxFJQio04VipgevE2kux1IxwmlWGiaIxJjM8oQNDBQ6p8tJl8gxdGWWMgkiaJzRaqr83UhwqtQh9M5nnVOteLv7nDRId3HopE3GiqSCrQ0HCkY5QXgMaM0mJ5gtDMJHMZEVkiiUm2pRVMSW461/eJN2buuvU3YdGtdUo6ijDBVxCDVxoQgvuoQ0dIDCHZ3iFNyu1Xqx362M1WrKKnXP4A+vzBwWykzI=</latexit><latexit sha1_base64="201plAtZ1TwvqA3H4IbRa7qTch4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRQl0W3LisYB/QxjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1Xa2t7Z3SvvVw4Oj45P7NOzrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82V3u9+ZUKhaJR72IqRfiiWABI1gbaWTbwxDrqR+kvewprbnX2ciuOnVnCbRJ3IJUoUB7ZH8NxxFJQio04VipgevE2kux1IxwmlWGiaIxJjM8oQNDBQ6p8tJl8gxdGWWMgkiaJzRaqr83UhwqtQh9M5nnVOteLv7nDRId3HopE3GiqSCrQ0HCkY5QXgMaM0mJ5gtDMJHMZEVkiiUm2pRVMSW461/eJN2buuvU3YdGtdUo6ijDBVxCDVxoQgvuoQ0dIDCHZ3iFNyu1Xqx362M1WrKKnXP4A+vzBwWykzI=</latexit><latexit sha1_base64="201plAtZ1TwvqA3H4IbRa7qTch4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRQl0W3LisYB/QxjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1Xa2t7Z3SvvVw4Oj45P7NOzrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82V3u9+ZUKhaJR72IqRfiiWABI1gbaWTbwxDrqR+kvewprbnX2ciuOnVnCbRJ3IJUoUB7ZH8NxxFJQio04VipgevE2kux1IxwmlWGiaIxJjM8oQNDBQ6p8tJl8gxdGWWMgkiaJzRaqr83UhwqtQh9M5nnVOteLv7nDRId3HopE3GiqSCrQ0HCkY5QXgMaM0mJ5gtDMJHMZEVkiiUm2pRVMSW461/eJN2buuvU3YdGtdUo6ijDBVxCDVxoQgvuoQ0dIDCHZ3iFNyu1Xqx362M1WrKKnXP4A+vzBwWykzI=</latexit><latexit sha1_base64="201plAtZ1TwvqA3H4IbRa7qTch4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRQl0W3LisYB/QxjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1Xa2t7Z3SvvVw4Oj45P7NOzrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82V3u9+ZUKhaJR72IqRfiiWABI1gbaWTbwxDrqR+kvewprbnX2ciuOnVnCbRJ3IJUoUB7ZH8NxxFJQio04VipgevE2kux1IxwmlWGiaIxJjM8oQNDBQ6p8tJl8gxdGWWMgkiaJzRaqr83UhwqtQh9M5nnVOteLv7nDRId3HopE3GiqSCrQ0HCkY5QXgMaM0mJ5gtDMJHMZEVkiiUm2pRVMSW461/eJN2buuvU3YdGtdUo6ijDBVxCDVxoQgvuoQ0dIDCHZ3iFNyu1Xqx362M1WrKKnXP4A+vzBwWykzI=</latexit>

eX , eY
<latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit>

W(1)
<latexit sha1_base64="ue56UGNgfwIo+FI21wkzgk1JXKw=">AAACCXicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LLgxmUF+4A2lsl00g6dmYSZSaGEfIG/4Fb37sStX+HWL3HSZmFbD1w4nHMv93CCmFGlXffb2tjc2t7ZLe2V9w8Oj47tk9O2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsHkLvc7UyIVjcSjnsXE52gkaEgx0kYa2HafIz0OwrSTPaVV7yob2BW35s7hrBOvIBUo0BzYP/1hhBNOhMYMKdXz3Fj7KZKaYkaycj9RJEZ4gkakZ6hAnCg/nSfPnEujDJ0wkmaEdubq34sUcaVmPDCbeU616uXif14v0eGtn1IRJ5oIvHgUJszRkZPX4AypJFizmSEIS2qyOniMJMLalLX0JeBZ2ZTirVawTtrXNc+teQ/1SqNe1FOCc7iAKnhwAw24hya0AMMUXuAV3qxn6936sD4XqxtWcXMGS7C+fgGOrpnY</latexit><latexit sha1_base64="ue56UGNgfwIo+FI21wkzgk1JXKw=">AAACCXicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LLgxmUF+4A2lsl00g6dmYSZSaGEfIG/4Fb37sStX+HWL3HSZmFbD1w4nHMv93CCmFGlXffb2tjc2t7ZLe2V9w8Oj47tk9O2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsHkLvc7UyIVjcSjnsXE52gkaEgx0kYa2HafIz0OwrSTPaVV7yob2BW35s7hrBOvIBUo0BzYP/1hhBNOhMYMKdXz3Fj7KZKaYkaycj9RJEZ4gkakZ6hAnCg/nSfPnEujDJ0wkmaEdubq34sUcaVmPDCbeU616uXif14v0eGtn1IRJ5oIvHgUJszRkZPX4AypJFizmSEIS2qyOniMJMLalLX0JeBZ2ZTirVawTtrXNc+teQ/1SqNe1FOCc7iAKnhwAw24hya0AMMUXuAV3qxn6936sD4XqxtWcXMGS7C+fgGOrpnY</latexit><latexit sha1_base64="ue56UGNgfwIo+FI21wkzgk1JXKw=">AAACCXicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LLgxmUF+4A2lsl00g6dmYSZSaGEfIG/4Fb37sStX+HWL3HSZmFbD1w4nHMv93CCmFGlXffb2tjc2t7ZLe2V9w8Oj47tk9O2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsHkLvc7UyIVjcSjnsXE52gkaEgx0kYa2HafIz0OwrSTPaVV7yob2BW35s7hrBOvIBUo0BzYP/1hhBNOhMYMKdXz3Fj7KZKaYkaycj9RJEZ4gkakZ6hAnCg/nSfPnEujDJ0wkmaEdubq34sUcaVmPDCbeU616uXif14v0eGtn1IRJ5oIvHgUJszRkZPX4AypJFizmSEIS2qyOniMJMLalLX0JeBZ2ZTirVawTtrXNc+teQ/1SqNe1FOCc7iAKnhwAw24hya0AMMUXuAV3qxn6936sD4XqxtWcXMGS7C+fgGOrpnY</latexit><latexit sha1_base64="ue56UGNgfwIo+FI21wkzgk1JXKw=">AAACCXicbVDLSsNAFL3xWesr6tJNsAh1UxIp6LLgxmUF+4A2lsl00g6dmYSZSaGEfIG/4Fb37sStX+HWL3HSZmFbD1w4nHMv93CCmFGlXffb2tjc2t7ZLe2V9w8Oj47tk9O2ihKJSQtHLJLdACnCqCAtTTUj3VgSxANGOsHkLvc7UyIVjcSjnsXE52gkaEgx0kYa2HafIz0OwrSTPaVV7yob2BW35s7hrBOvIBUo0BzYP/1hhBNOhMYMKdXz3Fj7KZKaYkaycj9RJEZ4gkakZ6hAnCg/nSfPnEujDJ0wkmaEdubq34sUcaVmPDCbeU616uXif14v0eGtn1IRJ5oIvHgUJszRkZPX4AypJFizmSEIS2qyOniMJMLalLX0JeBZ2ZTirVawTtrXNc+teQ/1SqNe1FOCc7iAKnhwAw24hya0AMMUXuAV3qxn6936sD4XqxtWcXMGS7C+fgGOrpnY</latexit>

W(2)
<latexit sha1_base64="ZrUjpNnUdeT+p4JozljF2xcAV4Q=">AAACCXicbVDLSsNAFL2pr1pfUZdugkWom5KUgi4LblxWsA9oY5lMJ+3QmUmYmRRKyBf4C251707c+hVu/RKnbRa29cCFwzn3cg8niBlV2nW/rcLW9s7uXnG/dHB4dHxin561VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gkmd3O/MyVS0Ug86llMfI5GgoYUI22kgW33OdLjIEw72VNaqV1nA7vsVt0FnE3i5aQMOZoD+6c/jH DCidCYIaV6nhtrP0VSU8xIVuonisQIT9CI9AwViBPlp4vkmXNllKETRtKM0M5C/XuRIq7UjAdmc55TrXtz8T+vl+jw1k+piBNNBF4+ChPm6MiZ1+AMqSRYs5khCEtqsjp4jCTC2pS18iXgWcmU4q1XsEnatarnVr2HerlRz+spwgVcQgU8uIEG3EMTWoBhCi/wCm/Ws/VufVify9WCld+cwwqsr1+QRJnZ</latexit><latexit sha1_base64="ZrUjpNnUdeT+p4JozljF2xcAV4Q=">AAACCXicbVDLSsNAFL2pr1pfUZdugkWom5KUgi4LblxWsA9oY5lMJ+3QmUmYmRRKyBf4C251707c+hVu/RKnbRa29cCFwzn3cg8niBlV2nW/rcLW9s7uXnG/dHB4dHxin561VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gkmd3O/MyVS0Ug86llMfI5GgoYUI22kgW33OdLjIEw72VNaqV1nA7vsVt0FnE3i5aQMOZoD+6c/jH DCidCYIaV6nhtrP0VSU8xIVuonisQIT9CI9AwViBPlp4vkmXNllKETRtKM0M5C/XuRIq7UjAdmc55TrXtz8T+vl+jw1k+piBNNBF4+ChPm6MiZ1+AMqSRYs5khCEtqsjp4jCTC2pS18iXgWcmU4q1XsEnatarnVr2HerlRz+spwgVcQgU8uIEG3EMTWoBhCi/wCm/Ws/VufVify9WCld+cwwqsr1+QRJnZ</latexit><latexit sha1_base64="ZrUjpNnUdeT+p4JozljF2xcAV4Q=">AAACCXicbVDLSsNAFL2pr1pfUZdugkWom5KUgi4LblxWsA9oY5lMJ+3QmUmYmRRKyBf4C251707c+hVu/RKnbRa29cCFwzn3cg8niBlV2nW/rcLW9s7uXnG/dHB4dHxin561VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gkmd3O/MyVS0Ug86llMfI5GgoYUI22kgW33OdLjIEw72VNaqV1nA7vsVt0FnE3i5aQMOZoD+6c/jH DCidCYIaV6nhtrP0VSU8xIVuonisQIT9CI9AwViBPlp4vkmXNllKETRtKM0M5C/XuRIq7UjAdmc55TrXtz8T+vl+jw1k+piBNNBF4+ChPm6MiZ1+AMqSRYs5khCEtqsjp4jCTC2pS18iXgWcmU4q1XsEnatarnVr2HerlRz+spwgVcQgU8uIEG3EMTWoBhCi/wCm/Ws/VufVify9WCld+cwwqsr1+QRJnZ</latexit><latexit sha1_base64="ZrUjpNnUdeT+p4JozljF2xcAV4Q=">AAACCXicbVDLSsNAFL2pr1pfUZdugkWom5KUgi4LblxWsA9oY5lMJ+3QmUmYmRRKyBf4C251707c+hVu/RKnbRa29cCFwzn3cg8niBlV2nW/rcLW9s7uXnG/dHB4dHxin561VZRITFo4YpHsBkgRRgVpaaoZ6caSIB4w0gkmd3O/MyVS0Ug86llMfI5GgoYUI22kgW33OdLjIEw72VNaqV1nA7vsVt0FnE3i5aQMOZoD+6c/jH DCidCYIaV6nhtrP0VSU8xIVuonisQIT9CI9AwViBPlp4vkmXNllKETRtKM0M5C/XuRIq7UjAdmc55TrXtz8T+vl+jw1k+piBNNBF4+ChPm6MiZ1+AMqSRYs5khCEtqsjp4jCTC2pS18iXgWcmU4q1XsEnatarnVr2HerlRz+spwgVcQgU8uIEG3EMTWoBhCi/wCm/Ws/VufVify9WCld+cwwqsr1+QRJnZ</latexit>

eY
<latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit><latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit><latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit><latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit>
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• For training, minimizing KL-divergence to the posterior.
• Again, weight is optimized from building stochastic computation graph.

Optimization by Stochastic Computational Graph
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eX , eY
<latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit><latexit sha1_base64="vnuiJBfrDhinDXqsx/nh6CTSF7I=">AAACKXicbVDLSsNAFJ3UV62vqEs3g0VwISWRgi4LblxWsA9pQ5lMbtqhkwczE6WE/IY/4S+41b07dak/4qTNwj4OXDiccy/33uPGnEllWV9GaW19Y3OrvF3Z2d3bPzAPj9oySgSFFo14JLoukcBZCC3FFIduLIAELoeOO77J/c4jCMmi8F5NYnACMgyZzyhRWhqYVv+JeaAY9yDtB0SNKOFpN8su8CrjIcsGZtWqWVPgZWIXpIoKNAfmT9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTS6WcZPtOKh/1I6AoVnqr/J1ISSDkJXN2Z3ygXvVxc5fUS5V87KQvjREFIZ4v8hGMV4Twm7DEBVPGJJoQKpm/FdEQEoUqHObfFDbKKDsVejGCZtC9rtlWz7+rVRr2Ip4xO0Ck6Rza6Qg10i5qohSh6Rq/oDb0bL8aH8Wl8z1pLRjFzjOZg/P4BInComg==</latexit>

eY
<latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit><latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit><latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit><latexit sha1_base64="xkv4zA/bCVIMmMmOFuZvED/pgnY=">AAACEHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtBlwY3LCvYhTSiTyU07dPJgZqKUkJ/wF9zq3p249Q/c+iVO2ixs64ELh3Pu5d57vIQzqSzr26isrW9sblW3azu7e/sH5uFRV8apoNChMY9F3yMSOIugo5ji0E8EkNDj0PMmN4XfewQhWRzdq2kCbkhGEQsYJUpLQ/PEeWI+KMZ9yJyQqDElPHvI86FZtxrWDHiV2CWpoxLtofnj+DFNQ4gU5UTKgW0lys2IUIxyyGtOKiEhdEJGMNA0IiFIN5s9kONzrfg4iIWuSOGZ+nciI6GU09DTncWNctkrxP+8QaqCazdjUZIqiOh8UZByrGJcpIF9JoAqPtWEUMH0rZiOiSBU6cwWtnhhXtOh2MsRrJLuZcO2GvZds95qlvFU0Sk6QxfIRleohW5RG3UQRTl6Qa/ozXg23o0P43PeWjHKmWO0AOPrF4Yfnb8=</latexit>

gradient of loss

W(2)
<latexit sha1_base64="Q7zY/0fWNGC5d+agX2ewJsj9kRw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpBV0W3LisYB/QxjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1Xa2t7Z3SvvVw4Oj45P7NOzrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82V3u9+ZUKhaJR72IqRfiiWABI1gbaWTbwxDrqR+kvewprTWus5FdderOEmiTuAWpQoH2yP4ajiOShFRowrFSA9eJtZdiqRnhNKsME0VjTGZ4QgeGChxS5aXL5Bm6MsoYBZE0T2i0VH9vpDhUahH6ZjLPqda9XPzPGyQ6uPVSJuJEU0FWh4KEIx2hvAY0ZpISzReGYCKZyYrIFEtMtCmrYkpw17+8SbqNuuvU3YdmtdUs6ijDBVxCDVy4gRbcQxs6QGAOz/AKb1ZqvVjv1sdqtGQVO+fwB9bnDwc4kzM=</latexit><latexit sha1_base64="Q7zY/0fWNGC5d+agX2ewJsj9kRw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpBV0W3LisYB/QxjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1Xa2t7Z3SvvVw4Oj45P7NOzrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82V3u9+ZUKhaJR72IqRfiiWABI1gbaWTbwxDrqR+kvewprTWus5FdderOEmiTuAWpQoH2yP4ajiOShFRowrFSA9eJtZdiqRnhNKsME0VjTGZ4QgeGChxS5aXL5Bm6MsoYBZE0T2i0VH9vpDhUahH6ZjLPqda9XPzPGyQ6uPVSJuJEU0FWh4KEIx2hvAY0ZpISzReGYCKZyYrIFEtMtCmrYkpw17+8SbqNuuvU3YdmtdUs6ijDBVxCDVy4gRbcQxs6QGAOz/AKb1ZqvVjv1sdqtGQVO+fwB9bnDwc4kzM=</latexit><latexit sha1_base64="Q7zY/0fWNGC5d+agX2ewJsj9kRw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpBV0W3LisYB/QxjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1Xa2t7Z3SvvVw4Oj45P7NOzrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82V3u9+ZUKhaJR72IqRfiiWABI1gbaWTbwxDrqR+kvewprTWus5FdderOEmiTuAWpQoH2yP4ajiOShFRowrFSA9eJtZdiqRnhNKsME0VjTGZ4QgeGChxS5aXL5Bm6MsoYBZE0T2i0VH9vpDhUahH6ZjLPqda9XPzPGyQ6uPVSJuJEU0FWh4KEIx2hvAY0ZpISzReGYCKZyYrIFEtMtCmrYkpw17+8SbqNuuvU3YdmtdUs6ijDBVxCDVy4gRbcQxs6QGAOz/AKb1ZqvVjv1sdqtGQVO+fwB9bnDwc4kzM=</latexit><latexit sha1_base64="Q7zY/0fWNGC5d+agX2ewJsj9kRw=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpBV0W3LisYB/QxjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1Xa2t7Z3SvvVw4Oj45P7NOzrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82V3u9+ZUKhaJR72IqRfiiWABI1gbaWTbwxDrqR+kvewprTWus5FdderOEmiTuAWpQoH2yP4ajiOShFRowrFSA9eJtZdiqRnhNKsME0VjTGZ4QgeGChxS5aXL5Bm6MsoYBZE0T2i0VH9vpDhUahH6ZjLPqda9XPzPGyQ6uPVSJuJEU0FWh4KEIx2hvAY0ZpISzReGYCKZyYrIFEtMtCmrYkpw17+8SbqNuuvU3YdmtdUs6ijDBVxCDVy4gRbcQxs6QGAOz/AKb1ZqvVjv1sdqtGQVO+fwB9bnDwc4kzM=</latexit>

W(1)
<latexit sha1_base64="201plAtZ1TwvqA3H4IbRa7qTch4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRQl0W3LisYB/QxjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1Xa2t7Z3SvvVw4Oj45P7NOzrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82V3u9+ZUKhaJR72IqRfiiWABI1gbaWTbwxDrqR+kvewprbnX2ciuOnVnCbRJ3IJUoUB7ZH8NxxFJQio04VipgevE2kux1IxwmlWGiaIxJjM8oQNDBQ6p8tJl8gxdGWWMgkiaJzRaqr83UhwqtQh9M5nnVOteLv7nDRId3HopE3GiqSCrQ0HCkY5QXgMaM0mJ5gtDMJHMZEVkiiUm2pRVMSW461/eJN2buuvU3YdGtdUo6ijDBVxCDVxoQgvuoQ0dIDCHZ3iFNyu1Xqx362M1WrKKnXP4A+vzBwWykzI=</latexit><latexit sha1_base64="201plAtZ1TwvqA3H4IbRa7qTch4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRQl0W3LisYB/QxjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1Xa2t7Z3SvvVw4Oj45P7NOzrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82V3u9+ZUKhaJR72IqRfiiWABI1gbaWTbwxDrqR+kvewprbnX2ciuOnVnCbRJ3IJUoUB7ZH8NxxFJQio04VipgevE2kux1IxwmlWGiaIxJjM8oQNDBQ6p8tJl8gxdGWWMgkiaJzRaqr83UhwqtQh9M5nnVOteLv7nDRId3HopE3GiqSCrQ0HCkY5QXgMaM0mJ5gtDMJHMZEVkiiUm2pRVMSW461/eJN2buuvU3YdGtdUo6ijDBVxCDVxoQgvuoQ0dIDCHZ3iFNyu1Xqx362M1WrKKnXP4A+vzBwWykzI=</latexit><latexit sha1_base64="201plAtZ1TwvqA3H4IbRa7qTch4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRQl0W3LisYB/QxjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1Xa2t7Z3SvvVw4Oj45P7NOzrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82V3u9+ZUKhaJR72IqRfiiWABI1gbaWTbwxDrqR+kvewprbnX2ciuOnVnCbRJ3IJUoUB7ZH8NxxFJQio04VipgevE2kux1IxwmlWGiaIxJjM8oQNDBQ6p8tJl8gxdGWWMgkiaJzRaqr83UhwqtQh9M5nnVOteLv7nDRId3HopE3GiqSCrQ0HCkY5QXgMaM0mJ5gtDMJHMZEVkiiUm2pRVMSW461/eJN2buuvU3YdGtdUo6ijDBVxCDVxoQgvuoQ0dIDCHZ3iFNyu1Xqx362M1WrKKnXP4A+vzBwWykzI=</latexit><latexit sha1_base64="201plAtZ1TwvqA3H4IbRa7qTch4=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRQl0W3LisYB/QxjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1Xa2t7Z3SvvVw4Oj45P7NOzrooSSWiHRDySfR8rypmgHc00p/1YUhz6nPb82V3u9+ZUKhaJR72IqRfiiWABI1gbaWTbwxDrqR+kvewprbnX2ciuOnVnCbRJ3IJUoUB7ZH8NxxFJQio04VipgevE2kux1IxwmlWGiaIxJjM8oQNDBQ6p8tJl8gxdGWWMgkiaJzRaqr83UhwqtQh9M5nnVOteLv7nDRId3HopE3GiqSCrQ0HCkY5QXgMaM0mJ5gtDMJHMZEVkiiUm2pRVMSW461/eJN2buuvU3YdGtdUo6ijDBVxCDVxoQgvuoQ0dIDCHZ3iFNyu1Xqx362M1WrKKnXP4A+vzBwWykzI=</latexit>

params params µ(2),�(2)
<latexit sha1_base64="pNPMq9Wgc8e075s2kda+Zvwq8Zo=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoYKUpBR0WXDjsoJ9QBPLZDpph84kYWYilNCNv+LGhSJu/Qx3/o3TNgttPXDhzDn3MveeIOFMacf5tgpr6xubW8Xt0s7u3v6BfXjUVnEqCW2RmMeyG2BFOYtoSzPNaTeRFIuA004wvpn5nUcqFYujez1JqC/wMGIhI1gbqW+feCJ9yCq1i+kl8hQbCrx49e2yU3XmQKvEzUkZcjT79pc3iEkqaKQJx0r1XCfRfoalZoTTaclLFU0wGeMh7RkaYUGVn80PmKJzowxQGEtTkUZz9fdEhoVSExGYToH1SC17M/E/r5fq8NrPWJSkmkZk8VGYcqRjNEsDDZikRPOJIZhIZnZFZIQlJtpkVjIhuMsnr5J2reo6VfeuXm7U8ziKcApnUAEXrqABt9CEFhCYwjO8wpv1ZL1Y79bHorVg5TPH8AfW5w/E/JUs</latexit><latexit sha1_base64="pNPMq9Wgc8e075s2kda+Zvwq8Zo=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoYKUpBR0WXDjsoJ9QBPLZDpph84kYWYilNCNv+LGhSJu/Qx3/o3TNgttPXDhzDn3MveeIOFMacf5tgpr6xubW8Xt0s7u3v6BfXjUVnEqCW2RmMeyG2BFOYtoSzPNaTeRFIuA004wvpn5nUcqFYujez1JqC/wMGIhI1gbqW+feCJ9yCq1i+kl8hQbCrx49e2yU3XmQKvEzUkZcjT79pc3iEkqaKQJx0r1XCfRfoalZoTTaclLFU0wGeMh7RkaYUGVn80PmKJzowxQGEtTkUZz9fdEhoVSExGYToH1SC17M/E/r5fq8NrPWJSkmkZk8VGYcqRjNEsDDZikRPOJIZhIZnZFZIQlJtpkVjIhuMsnr5J2reo6VfeuXm7U8ziKcApnUAEXrqABt9CEFhCYwjO8wpv1ZL1Y79bHorVg5TPH8AfW5w/E/JUs</latexit><latexit sha1_base64="pNPMq9Wgc8e075s2kda+Zvwq8Zo=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoYKUpBR0WXDjsoJ9QBPLZDpph84kYWYilNCNv+LGhSJu/Qx3/o3TNgttPXDhzDn3MveeIOFMacf5tgpr6xubW8Xt0s7u3v6BfXjUVnEqCW2RmMeyG2BFOYtoSzPNaTeRFIuA004wvpn5nUcqFYujez1JqC/wMGIhI1gbqW+feCJ9yCq1i+kl8hQbCrx49e2yU3XmQKvEzUkZcjT79pc3iEkqaKQJx0r1XCfRfoalZoTTaclLFU0wGeMh7RkaYUGVn80PmKJzowxQGEtTkUZz9fdEhoVSExGYToH1SC17M/E/r5fq8NrPWJSkmkZk8VGYcqRjNEsDDZikRPOJIZhIZnZFZIQlJtpkVjIhuMsnr5J2reo6VfeuXm7U8ziKcApnUAEXrqABt9CEFhCYwjO8wpv1ZL1Y79bHorVg5TPH8AfW5w/E/JUs</latexit><latexit sha1_base64="pNPMq9Wgc8e075s2kda+Zvwq8Zo=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoYKUpBR0WXDjsoJ9QBPLZDpph84kYWYilNCNv+LGhSJu/Qx3/o3TNgttPXDhzDn3MveeIOFMacf5tgpr6xubW8Xt0s7u3v6BfXjUVnEqCW2RmMeyG2BFOYtoSzPNaTeRFIuA004wvpn5nUcqFYujez1JqC/wMGIhI1gbqW+feCJ9yCq1i+kl8hQbCrx49e2yU3XmQKvEzUkZcjT79pc3iEkqaKQJx0r1XCfRfoalZoTTaclLFU0wGeMh7RkaYUGVn80PmKJzowxQGEtTkUZz9fdEhoVSExGYToH1SC17M/E/r5fq8NrPWJSkmkZk8VGYcqRjNEsDDZikRPOJIZhIZnZFZIQlJtpkVjIhuMsnr5J2reo6VfeuXm7U8ziKcApnUAEXrqABt9CEFhCYwjO8wpv1ZL1Y79bHorVg5TPH8AfW5w/E/JUs</latexit>

f (2)
1

<latexit sha1_base64="dww7o8BWdW4p0Xyww/4WMGLLRR0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkpaDLghuXFewD2hgm00k7dGYSZiZCCXHjr7hxoYhb/8Kdf+OkzUJbD1w4nHMv994TxIwq7TjfVmltfWNzq7xd2dnd2z+wD4+6KkokJh0csUj2A6QIo4J0NNWM9GNJEA8Y6QXT69zvPRCpaCTu9CwmHkdjQUOKkTaSb58MOdITEUmOWBpm92mtcZH5qZv5dtWpO3PAVeIWpAoKtH37aziKcMKJ0JghpQauE2svRVJTzEhWGSaKxAhP0ZgMDBWIE+Wl8w8yeG6UEQwjaUpoOFd/T6SIKzXjgenM71XLXi7+5w0SHV55KRVxoonAi0VhwqCOYB4HHFFJsGYzQxCW1NwK8QRJhLUJrWJCcJdfXiXdRt116u5ts9pqFnGUwSk4AzXggkvQAjegDToAg0fwDF7Bm/VkvVjv1seitWQVM8fgD6zPH4Hplts=</latexit><latexit sha1_base64="dww7o8BWdW4p0Xyww/4WMGLLRR0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkpaDLghuXFewD2hgm00k7dGYSZiZCCXHjr7hxoYhb/8Kdf+OkzUJbD1w4nHMv994TxIwq7TjfVmltfWNzq7xd2dnd2z+wD4+6KkokJh0csUj2A6QIo4J0NNWM9GNJEA8Y6QXT69zvPRCpaCTu9CwmHkdjQUOKkTaSb58MOdITEUmOWBpm92mtcZH5qZv5dtWpO3PAVeIWpAoKtH37aziKcMKJ0JghpQauE2svRVJTzEhWGSaKxAhP0ZgMDBWIE+Wl8w8yeG6UEQwjaUpoOFd/T6SIKzXjgenM71XLXi7+5w0SHV55KRVxoonAi0VhwqCOYB4HHFFJsGYzQxCW1NwK8QRJhLUJrWJCcJdfXiXdRt116u5ts9pqFnGUwSk4AzXggkvQAjegDToAg0fwDF7Bm/VkvVjv1seitWQVM8fgD6zPH4Hplts=</latexit><latexit sha1_base64="dww7o8BWdW4p0Xyww/4WMGLLRR0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkpaDLghuXFewD2hgm00k7dGYSZiZCCXHjr7hxoYhb/8Kdf+OkzUJbD1w4nHMv994TxIwq7TjfVmltfWNzq7xd2dnd2z+wD4+6KkokJh0csUj2A6QIo4J0NNWM9GNJEA8Y6QXT69zvPRCpaCTu9CwmHkdjQUOKkTaSb58MOdITEUmOWBpm92mtcZH5qZv5dtWpO3PAVeIWpAoKtH37aziKcMKJ0JghpQauE2svRVJTzEhWGSaKxAhP0ZgMDBWIE+Wl8w8yeG6UEQwjaUpoOFd/T6SIKzXjgenM71XLXi7+5w0SHV55KRVxoonAi0VhwqCOYB4HHFFJsGYzQxCW1NwK8QRJhLUJrWJCcJdfXiXdRt116u5ts9pqFnGUwSk4AzXggkvQAjegDToAg0fwDF7Bm/VkvVjv1seitWQVM8fgD6zPH4Hplts=</latexit><latexit sha1_base64="dww7o8BWdW4p0Xyww/4WMGLLRR0=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkpaDLghuXFewD2hgm00k7dGYSZiZCCXHjr7hxoYhb/8Kdf+OkzUJbD1w4nHMv994TxIwq7TjfVmltfWNzq7xd2dnd2z+wD4+6KkokJh0csUj2A6QIo4J0NNWM9GNJEA8Y6QXT69zvPRCpaCTu9CwmHkdjQUOKkTaSb58MOdITEUmOWBpm92mtcZH5qZv5dtWpO3PAVeIWpAoKtH37aziKcMKJ0JghpQauE2svRVJTzEhWGSaKxAhP0ZgMDBWIE+Wl8w8yeG6UEQwjaUpoOFd/T6SIKzXjgenM71XLXi7+5w0SHV55KRVxoonAi0VhwqCOYB4HHFFJsGYzQxCW1NwK8QRJhLUJrWJCcJdfXiXdRt116u5ts9pqFnGUwSk4AzXggkvQAjegDToAg0fwDF7Bm/VkvVjv1seitWQVM8fgD6zPH4Hplts=</latexit>

f (2)
2

<latexit sha1_base64="ATG5OjBHx/FhkarynmU7Fv1o4TM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkpaDLghuXFewD2hgm00k7dGYSZiZCCXHjr7hxoYhb/8Kdf+OkzUJbD1w4nHMv994TxIwq7TjfVmltfWNzq7xd2dnd2z+wD4+6KkokJh0csUj2A6QIo4J0NNWM9GNJEA8Y6QXT69zvPRCpaCTu9CwmHkdjQUOKkTaSb58MOdITEUmOWBpm92mtcZH5aSPz7apTd+aAq8QtSBUUaPv213AU4YQToTFDSg1cJ9ZeiqSmmJGsMkwUiRGeojEZGCoQJ8pL5x9k8NwoIxhG0pTQcK7+nkgRV2rGA9OZ36uWvVz8zxskOrzyUiriRBOBF4vChEEdwTwOOKKSYM1mhiAsqbkV4gmSCGsTWsWE4C6/vEq6jbrr1N3bZrXVLOIog1NwBmrABZegBW5AG3QABo/gGbyCN+vJerHerY9Fa8kqZo7BH1ifP4Nultw=</latexit><latexit sha1_base64="ATG5OjBHx/FhkarynmU7Fv1o4TM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkpaDLghuXFewD2hgm00k7dGYSZiZCCXHjr7hxoYhb/8Kdf+OkzUJbD1w4nHMv994TxIwq7TjfVmltfWNzq7xd2dnd2z+wD4+6KkokJh0csUj2A6QIo4J0NNWM9GNJEA8Y6QXT69zvPRCpaCTu9CwmHkdjQUOKkTaSb58MOdITEUmOWBpm92mtcZH5aSPz7apTd+aAq8QtSBUUaPv213AU4YQToTFDSg1cJ9ZeiqSmmJGsMkwUiRGeojEZGCoQJ8pL5x9k8NwoIxhG0pTQcK7+nkgRV2rGA9OZ36uWvVz8zxskOrzyUiriRBOBF4vChEEdwTwOOKKSYM1mhiAsqbkV4gmSCGsTWsWE4C6/vEq6jbrr1N3bZrXVLOIog1NwBmrABZegBW5AG3QABo/gGbyCN+vJerHerY9Fa8kqZo7BH1ifP4Nultw=</latexit><latexit sha1_base64="ATG5OjBHx/FhkarynmU7Fv1o4TM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkpaDLghuXFewD2hgm00k7dGYSZiZCCXHjr7hxoYhb/8Kdf+OkzUJbD1w4nHMv994TxIwq7TjfVmltfWNzq7xd2dnd2z+wD4+6KkokJh0csUj2A6QIo4J0NNWM9GNJEA8Y6QXT69zvPRCpaCTu9CwmHkdjQUOKkTaSb58MOdITEUmOWBpm92mtcZH5aSPz7apTd+aAq8QtSBUUaPv213AU4YQToTFDSg1cJ9ZeiqSmmJGsMkwUiRGeojEZGCoQJ8pL5x9k8NwoIxhG0pTQcK7+nkgRV2rGA9OZ36uWvVz8zxskOrzyUiriRBOBF4vChEEdwTwOOKKSYM1mhiAsqbkV4gmSCGsTWsWE4C6/vEq6jbrr1N3bZrXVLOIog1NwBmrABZegBW5AG3QABo/gGbyCN+vJerHerY9Fa8kqZo7BH1ifP4Nultw=</latexit><latexit sha1_base64="ATG5OjBHx/FhkarynmU7Fv1o4TM=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkpaDLghuXFewD2hgm00k7dGYSZiZCCXHjr7hxoYhb/8Kdf+OkzUJbD1w4nHMv994TxIwq7TjfVmltfWNzq7xd2dnd2z+wD4+6KkokJh0csUj2A6QIo4J0NNWM9GNJEA8Y6QXT69zvPRCpaCTu9CwmHkdjQUOKkTaSb58MOdITEUmOWBpm92mtcZH5aSPz7apTd+aAq8QtSBUUaPv213AU4YQToTFDSg1cJ9ZeiqSmmJGsMkwUiRGeojEZGCoQJ8pL5x9k8NwoIxhG0pTQcK7+nkgRV2rGA9OZ36uWvVz8zxskOrzyUiriRBOBF4vChEEdwTwOOKKSYM1mhiAsqbkV4gmSCGsTWsWE4C6/vEq6jbrr1N3bZrXVLOIog1NwBmrABZegBW5AG3QABo/gGbyCN+vJerHerY9Fa8kqZo7BH1ifP4Nultw=</latexit>

z(2)0
<latexit sha1_base64="9o8Rq1kQ0qq873ViCSYH3Pv8+DI=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkFHRZcOOygm2FNobJdNIOnUzCzERoQ/BX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c/yYUals+9sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWiXsfScIoJx1FFSP3sSAo9Bnp+ZPr3O89EiFpxO/UNCZuiEacBhQjpSXPPBmESI39IJ1lXmpnD2mtcZF5ZtWu23NYq8QpSBUKtD3zazCMcBISrjBDUvYdO1ZuioSimJGsMkgkiRGeoBHpa8pRSKSbztNn1rlWhlYQCf24subq740UhVJOQ19P5lnlspeL/3n9RAVXbkp5nCjC8eJQkDBLRVZehTWkgmDFppogLKjOauExEggrXVhFl+Asf3mVdBt1x647t81qq1nUUYZTOIMaOHAJLbiBNnQAwwye4RXejCfjxXg3PhajJaPYOYY/MD5/AD7/lQU=</latexit><latexit sha1_base64="9o8Rq1kQ0qq873ViCSYH3Pv8+DI=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkFHRZcOOygm2FNobJdNIOnUzCzERoQ/BX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c/yYUals+9sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWiXsfScIoJx1FFSP3sSAo9Bnp+ZPr3O89EiFpxO/UNCZuiEacBhQjpSXPPBmESI39IJ1lXmpnD2mtcZF5ZtWu23NYq8QpSBUKtD3zazCMcBISrjBDUvYdO1ZuioSimJGsMkgkiRGeoBHpa8pRSKSbztNn1rlWhlYQCf24subq740UhVJOQ19P5lnlspeL/3n9RAVXbkp5nCjC8eJQkDBLRVZehTWkgmDFppogLKjOauExEggrXVhFl+Asf3mVdBt1x647t81qq1nUUYZTOIMaOHAJLbiBNnQAwwye4RXejCfjxXg3PhajJaPYOYY/MD5/AD7/lQU=</latexit><latexit sha1_base64="9o8Rq1kQ0qq873ViCSYH3Pv8+DI=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkFHRZcOOygm2FNobJdNIOnUzCzERoQ/BX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c/yYUals+9sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWiXsfScIoJx1FFSP3sSAo9Bnp+ZPr3O89EiFpxO/UNCZuiEacBhQjpSXPPBmESI39IJ1lXmpnD2mtcZF5ZtWu23NYq8QpSBUKtD3zazCMcBISrjBDUvYdO1ZuioSimJGsMkgkiRGeoBHpa8pRSKSbztNn1rlWhlYQCf24subq740UhVJOQ19P5lnlspeL/3n9RAVXbkp5nCjC8eJQkDBLRVZehTWkgmDFppogLKjOauExEggrXVhFl+Asf3mVdBt1x647t81qq1nUUYZTOIMaOHAJLbiBNnQAwwye4RXejCfjxXg3PhajJaPYOYY/MD5/AD7/lQU=</latexit><latexit sha1_base64="9o8Rq1kQ0qq873ViCSYH3Pv8+DI=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkFHRZcOOygm2FNobJdNIOnUzCzERoQ/BX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c/yYUals+9sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWiXsfScIoJx1FFSP3sSAo9Bnp+ZPr3O89EiFpxO/UNCZuiEacBhQjpSXPPBmESI39IJ1lXmpnD2mtcZF5ZtWu23NYq8QpSBUKtD3zazCMcBISrjBDUvYdO1ZuioSimJGsMkgkiRGeoBHpa8pRSKSbztNn1rlWhlYQCf24subq740UhVJOQ19P5lnlspeL/3n9RAVXbkp5nCjC8eJQkDBLRVZehTWkgmDFppogLKjOauExEggrXVhFl+Asf3mVdBt1x647t81qq1nUUYZTOIMaOHAJLbiBNnQAwwye4RXejCfjxXg3PhajJaPYOYY/MD5/AD7/lQU=</latexit>

z(2)1
<latexit sha1_base64="4aFxOVYhzzhTiegkoQpD0CxdKJ4=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkFHRZcOOygm2FNobJdNIOnUzCzERoQ/BX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c/yYUals+9sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWiXsfScIoJx1FFSP3sSAo9Bnp+ZPr3O89EiFpxO/UNCZuiEacBhQjpSXPPBmESI39IJ1lXupkD2mtcZF5ZtWu23NYq8QpSBUKtD3zazCMcBISrjBDUvYdO1ZuioSimJGsMkgkiRGeoBHpa8pRSKSbztNn1rlWhlYQCf24subq740UhVJOQ19P5lnlspeL/3n9RAVXbkp5nCjC8eJQkDBLRVZehTWkgmDFppogLKjOauExEggrXVhFl+Asf3mVdBt1x647t81qq1nUUYZTOIMaOHAJLbiBNnQAwwye4RXejCfjxXg3PhajJaPYOYY/MD5/AECKlQY=</latexit><latexit sha1_base64="4aFxOVYhzzhTiegkoQpD0CxdKJ4=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkFHRZcOOygm2FNobJdNIOnUzCzERoQ/BX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c/yYUals+9sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWiXsfScIoJx1FFSP3sSAo9Bnp+ZPr3O89EiFpxO/UNCZuiEacBhQjpSXPPBmESI39IJ1lXupkD2mtcZF5ZtWu23NYq8QpSBUKtD3zazCMcBISrjBDUvYdO1ZuioSimJGsMkgkiRGeoBHpa8pRSKSbztNn1rlWhlYQCf24subq740UhVJOQ19P5lnlspeL/3n9RAVXbkp5nCjC8eJQkDBLRVZehTWkgmDFppogLKjOauExEggrXVhFl+Asf3mVdBt1x647t81qq1nUUYZTOIMaOHAJLbiBNnQAwwye4RXejCfjxXg3PhajJaPYOYY/MD5/AECKlQY=</latexit><latexit sha1_base64="4aFxOVYhzzhTiegkoQpD0CxdKJ4=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkFHRZcOOygm2FNobJdNIOnUzCzERoQ/BX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c/yYUals+9sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWiXsfScIoJx1FFSP3sSAo9Bnp+ZPr3O89EiFpxO/UNCZuiEacBhQjpSXPPBmESI39IJ1lXupkD2mtcZF5ZtWu23NYq8QpSBUKtD3zazCMcBISrjBDUvYdO1ZuioSimJGsMkgkiRGeoBHpa8pRSKSbztNn1rlWhlYQCf24subq740UhVJOQ19P5lnlspeL/3n9RAVXbkp5nCjC8eJQkDBLRVZehTWkgmDFppogLKjOauExEggrXVhFl+Asf3mVdBt1x647t81qq1nUUYZTOIMaOHAJLbiBNnQAwwye4RXejCfjxXg3PhajJaPYOYY/MD5/AECKlQY=</latexit><latexit sha1_base64="4aFxOVYhzzhTiegkoQpD0CxdKJ4=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkFHRZcOOygm2FNobJdNIOnUzCzERoQ/BX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c/yYUals+9sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWiXsfScIoJx1FFSP3sSAo9Bnp+ZPr3O89EiFpxO/UNCZuiEacBhQjpSXPPBmESI39IJ1lXupkD2mtcZF5ZtWu23NYq8QpSBUKtD3zazCMcBISrjBDUvYdO1ZuioSimJGsMkgkiRGeoBHpa8pRSKSbztNn1rlWhlYQCf24subq740UhVJOQ19P5lnlspeL/3n9RAVXbkp5nCjC8eJQkDBLRVZehTWkgmDFppogLKjOauExEggrXVhFl+Asf3mVdBt1x647t81qq1nUUYZTOIMaOHAJLbiBNnQAwwye4RXejCfjxXg3PhajJaPYOYY/MD5/AECKlQY=</latexit>

z(2)2
<latexit sha1_base64="syDWJ0tls1Jmmh2+LKAd+WTvgME=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkFHRZcOOygm2FNobJdNIOnUzCzERoQ/BX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c/yYUals+9sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWiXsfScIoJx1FFSP3sSAo9Bnp+ZPr3O89EiFpxO/UNCZuiEacBhQjpSXPPBmESI39IJ1lXtrIHtJa4yLzzKpdt+ewVolTkCoUaHvm12AY4SQkXGGGpOw7dqzcFAlFMSNZZZBIEiM8QSPS15SjkEg3nafPrHOtDK0gEvpxZc3V3xspCqWchr6ezLPKZS8X//P6iQqu3JTyOFGE48WhIGGWiqy8CmtIBcGKTTVBWFCd1cJjJBBWurCKLsFZ/vIq6Tbqjl13bpvVVrOoowyncAY1cOASWnADbegAhhk8wyu8GU/Gi/FufCxGS0axcwx/YHz+AEIVlQc=</latexit><latexit sha1_base64="syDWJ0tls1Jmmh2+LKAd+WTvgME=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkFHRZcOOygm2FNobJdNIOnUzCzERoQ/BX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c/yYUals+9sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWiXsfScIoJx1FFSP3sSAo9Bnp+ZPr3O89EiFpxO/UNCZuiEacBhQjpSXPPBmESI39IJ1lXtrIHtJa4yLzzKpdt+ewVolTkCoUaHvm12AY4SQkXGGGpOw7dqzcFAlFMSNZZZBIEiM8QSPS15SjkEg3nafPrHOtDK0gEvpxZc3V3xspCqWchr6ezLPKZS8X//P6iQqu3JTyOFGE48WhIGGWiqy8CmtIBcGKTTVBWFCd1cJjJBBWurCKLsFZ/vIq6Tbqjl13bpvVVrOoowyncAY1cOASWnADbegAhhk8wyu8GU/Gi/FufCxGS0axcwx/YHz+AEIVlQc=</latexit><latexit sha1_base64="syDWJ0tls1Jmmh2+LKAd+WTvgME=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkFHRZcOOygm2FNobJdNIOnUzCzERoQ/BX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c/yYUals+9sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWiXsfScIoJx1FFSP3sSAo9Bnp+ZPr3O89EiFpxO/UNCZuiEacBhQjpSXPPBmESI39IJ1lXtrIHtJa4yLzzKpdt+ewVolTkCoUaHvm12AY4SQkXGGGpOw7dqzcFAlFMSNZZZBIEiM8QSPS15SjkEg3nafPrHOtDK0gEvpxZc3V3xspCqWchr6ezLPKZS8X//P6iQqu3JTyOFGE48WhIGGWiqy8CmtIBcGKTTVBWFCd1cJjJBBWurCKLsFZ/vIq6Tbqjl13bpvVVrOoowyncAY1cOASWnADbegAhhk8wyu8GU/Gi/FufCxGS0axcwx/YHz+AEIVlQc=</latexit><latexit sha1_base64="syDWJ0tls1Jmmh2+LKAd+WTvgME=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkFHRZcOOygm2FNobJdNIOnUzCzERoQ/BX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c/yYUals+9sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWiXsfScIoJx1FFSP3sSAo9Bnp+ZPr3O89EiFpxO/UNCZuiEacBhQjpSXPPBmESI39IJ1lXtrIHtJa4yLzzKpdt+ewVolTkCoUaHvm12AY4SQkXGGGpOw7dqzcFAlFMSNZZZBIEiM8QSPS15SjkEg3nafPrHOtDK0gEvpxZc3V3xspCqWchr6ezLPKZS8X//P6iQqu3JTyOFGE48WhIGGWiqy8CmtIBcGKTTVBWFCd1cJjJBBWurCKLsFZ/vIq6Tbqjl13bpvVVrOoowyncAY1cOASWnADbegAhhk8wyu8GU/Gi/FufCxGS0axcwx/YHz+AEIVlQc=</latexit>

params params

z(1)2
<latexit sha1_base64="yPbZd4A14ugrkRKlbe01VhWjfGM=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkFHRZcOOygm2FNobJdNIOnUzCzERoQ/BX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c/yYUals+9sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWiXsfScIoJx1FFSP3sSAo9Bnp+ZPr3O89EiFpxO/UNCZuiEacBhQjpSXPPBmESI39IJ1lXtrIHtKac5F5ZtWu23NYq8QpSBUKtD3zazCMcBISrjBDUvYdO1ZuioSimJGsMkgkiRGeoBHpa8pRSKSbztNn1rlWhlYQCf24subq740UhVJOQ19P5lnlspeL/3n9RAVXbkp5nCjC8eJQkDBLRVZehTWkgmDFppogLKjOauExEggrXVhFl+Asf3mVdBt1x647t81qq1nUUYZTOIMaOHAJLbiBNnQAwwye4RXejCfjxXg3PhajJaPYOYY/MD5/AECPlQY=</latexit><latexit sha1_base64="yPbZd4A14ugrkRKlbe01VhWjfGM=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkFHRZcOOygm2FNobJdNIOnUzCzERoQ/BX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c/yYUals+9sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWiXsfScIoJx1FFSP3sSAo9Bnp+ZPr3O89EiFpxO/UNCZuiEacBhQjpSXPPBmESI39IJ1lXtrIHtKac5F5ZtWu23NYq8QpSBUKtD3zazCMcBISrjBDUvYdO1ZuioSimJGsMkgkiRGeoBHpa8pRSKSbztNn1rlWhlYQCf24subq740UhVJOQ19P5lnlspeL/3n9RAVXbkp5nCjC8eJQkDBLRVZehTWkgmDFppogLKjOauExEggrXVhFl+Asf3mVdBt1x647t81qq1nUUYZTOIMaOHAJLbiBNnQAwwye4RXejCfjxXg3PhajJaPYOYY/MD5/AECPlQY=</latexit><latexit sha1_base64="yPbZd4A14ugrkRKlbe01VhWjfGM=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkFHRZcOOygm2FNobJdNIOnUzCzERoQ/BX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c/yYUals+9sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWiXsfScIoJx1FFSP3sSAo9Bnp+ZPr3O89EiFpxO/UNCZuiEacBhQjpSXPPBmESI39IJ1lXtrIHtKac5F5ZtWu23NYq8QpSBUKtD3zazCMcBISrjBDUvYdO1ZuioSimJGsMkgkiRGeoBHpa8pRSKSbztNn1rlWhlYQCf24subq740UhVJOQ19P5lnlspeL/3n9RAVXbkp5nCjC8eJQkDBLRVZehTWkgmDFppogLKjOauExEggrXVhFl+Asf3mVdBt1x647t81qq1nUUYZTOIMaOHAJLbiBNnQAwwye4RXejCfjxXg3PhajJaPYOYY/MD5/AECPlQY=</latexit><latexit sha1_base64="yPbZd4A14ugrkRKlbe01VhWjfGM=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZSkFHRZcOOygm2FNobJdNIOnUzCzERoQ/BX3LhQxK3/4c6/cdJmoa0HBg7n3Ms9c/yYUals+9sora1vbG6Vtys7u3v7B+bhUVdGicCkgyMWiXsfScIoJx1FFSP3sSAo9Bnp+ZPr3O89EiFpxO/UNCZuiEacBhQjpSXPPBmESI39IJ1lXtrIHtKac5F5ZtWu23NYq8QpSBUKtD3zazCMcBISrjBDUvYdO1ZuioSimJGsMkgkiRGeoBHpa8pRSKSbztNn1rlWhlYQCf24subq740UhVJOQ19P5lnlspeL/3n9RAVXbkp5nCjC8eJQkDBLRVZehTWkgmDFppogLKjOauExEggrXVhFl+Asf3mVdBt1x647t81qq1nUUYZTOIMaOHAJLbiBNnQAwwye4RXejCfjxXg3PhajJaPYOYY/MD5/AECPlQY=</latexit>

z(1)1
<latexit sha1_base64="FyDhCZf/4Co8EczNlkWPUIPxOJo=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZSJFHRZcOOygn1AOw6ZNNOGZjJDkhHaYfBX3LhQxK3/4c6/MdPOQlsPBA7n3Ms9OX7MmdKO822V1tY3NrfK25Wd3b39A/vwqKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KT+91HKhWLxL2extQN8UiwgBGsjeTZJ4MQ67EfpLPMS1H2kNbQRebZVafuzAFXCSpIFRRoefbXYBiRJKRCE46V6iMn1m6KpWaE06wySBSNMZngEe0bKnBIlZvO02fw3ChDGETSPKHhXP29keJQqWnom8k8q1r2cvE/r5/o4NpNmYgTTQVZHAoSDnUE8yrgkElKNJ8agolkJiskYywx0aawiikBLX95lXQu68ipo7tGtdko6iiDU3AGagCBK9AEt6AF2oCAGXgGr+DNerJerHfrYzFasoqdY/AH1ucPPwSVBQ==</latexit><latexit sha1_base64="FyDhCZf/4Co8EczNlkWPUIPxOJo=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZSJFHRZcOOygn1AOw6ZNNOGZjJDkhHaYfBX3LhQxK3/4c6/MdPOQlsPBA7n3Ms9OX7MmdKO822V1tY3NrfK25Wd3b39A/vwqKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KT+91HKhWLxL2extQN8UiwgBGsjeTZJ4MQ67EfpLPMS1H2kNbQRebZVafuzAFXCSpIFRRoefbXYBiRJKRCE46V6iMn1m6KpWaE06wySBSNMZngEe0bKnBIlZvO02fw3ChDGETSPKHhXP29keJQqWnom8k8q1r2cvE/r5/o4NpNmYgTTQVZHAoSDnUE8yrgkElKNJ8agolkJiskYywx0aawiikBLX95lXQu68ipo7tGtdko6iiDU3AGagCBK9AEt6AF2oCAGXgGr+DNerJerHfrYzFasoqdY/AH1ucPPwSVBQ==</latexit><latexit sha1_base64="FyDhCZf/4Co8EczNlkWPUIPxOJo=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZSJFHRZcOOygn1AOw6ZNNOGZjJDkhHaYfBX3LhQxK3/4c6/MdPOQlsPBA7n3Ms9OX7MmdKO822V1tY3NrfK25Wd3b39A/vwqKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KT+91HKhWLxL2extQN8UiwgBGsjeTZJ4MQ67EfpLPMS1H2kNbQRebZVafuzAFXCSpIFRRoefbXYBiRJKRCE46V6iMn1m6KpWaE06wySBSNMZngEe0bKnBIlZvO02fw3ChDGETSPKHhXP29keJQqWnom8k8q1r2cvE/r5/o4NpNmYgTTQVZHAoSDnUE8yrgkElKNJ8agolkJiskYywx0aawiikBLX95lXQu68ipo7tGtdko6iiDU3AGagCBK9AEt6AF2oCAGXgGr+DNerJerHfrYzFasoqdY/AH1ucPPwSVBQ==</latexit><latexit sha1_base64="FyDhCZf/4Co8EczNlkWPUIPxOJo=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZSJFHRZcOOygn1AOw6ZNNOGZjJDkhHaYfBX3LhQxK3/4c6/MdPOQlsPBA7n3Ms9OX7MmdKO822V1tY3NrfK25Wd3b39A/vwqKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KT+91HKhWLxL2extQN8UiwgBGsjeTZJ4MQ67EfpLPMS1H2kNbQRebZVafuzAFXCSpIFRRoefbXYBiRJKRCE46V6iMn1m6KpWaE06wySBSNMZngEe0bKnBIlZvO02fw3ChDGETSPKHhXP29keJQqWnom8k8q1r2cvE/r5/o4NpNmYgTTQVZHAoSDnUE8yrgkElKNJ8agolkJiskYywx0aawiikBLX95lXQu68ipo7tGtdko6iiDU3AGagCBK9AEt6AF2oCAGXgGr+DNerJerHfrYzFasoqdY/AH1ucPPwSVBQ==</latexit>

z(1)0
<latexit sha1_base64="iI7mmVRyTJvuqcBKSf4VBW3yiD0=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZRECrosuHFZwT6gjWEynbRDJ5MwMxHaEPwVNy4Ucet/uPNvnLRZaOuBgcM593LPHD9mVCrb/jZKa+sbm1vl7crO7t7+gXl41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nJ/e4jEZJG/F5NY+KGaMRpQDFSWvLMk0GI1NgP0lnmpXb2kNaci8wzq3bdnsNaJU5BqlCg5Zlfg2GEk5BwhRmSsu/YsXJTJBTFjGSVQSJJjPAEjUhfU45CIt10nj6zzrUytIJI6MeVNVd/b6QolHIa+noyzyqXvVz8z+snKrh2U8rjRBGOF4eChFkqsvIqrCEVBCs21QRhQXVWC4+RQFjpwiq6BGf5y6ukc1l37Lpz16g2G0UdZTiFM6iBA1fQhFtoQRswzOAZXuHNeDJejHfjYzFaMoqdY/gD4/MHPXmVBA==</latexit><latexit sha1_base64="iI7mmVRyTJvuqcBKSf4VBW3yiD0=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZRECrosuHFZwT6gjWEynbRDJ5MwMxHaEPwVNy4Ucet/uPNvnLRZaOuBgcM593LPHD9mVCrb/jZKa+sbm1vl7crO7t7+gXl41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nJ/e4jEZJG/F5NY+KGaMRpQDFSWvLMk0GI1NgP0lnmpXb2kNaci8wzq3bdnsNaJU5BqlCg5Zlfg2GEk5BwhRmSsu/YsXJTJBTFjGSVQSJJjPAEjUhfU45CIt10nj6zzrUytIJI6MeVNVd/b6QolHIa+noyzyqXvVz8z+snKrh2U8rjRBGOF4eChFkqsvIqrCEVBCs21QRhQXVWC4+RQFjpwiq6BGf5y6ukc1l37Lpz16g2G0UdZTiFM6iBA1fQhFtoQRswzOAZXuHNeDJejHfjYzFaMoqdY/gD4/MHPXmVBA==</latexit><latexit sha1_base64="iI7mmVRyTJvuqcBKSf4VBW3yiD0=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZRECrosuHFZwT6gjWEynbRDJ5MwMxHaEPwVNy4Ucet/uPNvnLRZaOuBgcM593LPHD9mVCrb/jZKa+sbm1vl7crO7t7+gXl41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nJ/e4jEZJG/F5NY+KGaMRpQDFSWvLMk0GI1NgP0lnmpXb2kNaci8wzq3bdnsNaJU5BqlCg5Zlfg2GEk5BwhRmSsu/YsXJTJBTFjGSVQSJJjPAEjUhfU45CIt10nj6zzrUytIJI6MeVNVd/b6QolHIa+noyzyqXvVz8z+snKrh2U8rjRBGOF4eChFkqsvIqrCEVBCs21QRhQXVWC4+RQFjpwiq6BGf5y6ukc1l37Lpz16g2G0UdZTiFM6iBA1fQhFtoQRswzOAZXuHNeDJejHfjYzFaMoqdY/gD4/MHPXmVBA==</latexit><latexit sha1_base64="iI7mmVRyTJvuqcBKSf4VBW3yiD0=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxC3ZRECrosuHFZwT6gjWEynbRDJ5MwMxHaEPwVNy4Ucet/uPNvnLRZaOuBgcM593LPHD9mVCrb/jZKa+sbm1vl7crO7t7+gXl41JFRIjBp44hFoucjSRjlpK2oYqQXC4JCn5GuP7nJ/e4jEZJG/F5NY+KGaMRpQDFSWvLMk0GI1NgP0lnmpXb2kNaci8wzq3bdnsNaJU5BqlCg5Zlfg2GEk5BwhRmSsu/YsXJTJBTFjGSVQSJJjPAEjUhfU45CIt10nj6zzrUytIJI6MeVNVd/b6QolHIa+noyzyqXvVz8z+snKrh2U8rjRBGOF4eChFkqsvIqrCEVBCs21QRhQXVWC4+RQFjpwiq6BGf5y6ukc1l37Lpz16g2G0UdZTiFM6iBA1fQhFtoQRswzOAZXuHNeDJejHfjYzFaMoqdY/gD4/MHPXmVBA==</latexit>

f (1)
1

<latexit sha1_base64="zz4y+J8+QkZCD1IJj0pKx5SLkFc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkUtBlwY3LCrYV2lgm00k7dB5hZiKUEDf+ihsXirj1L9z5N07aLLT1wIXDOfdy7z1hzKg2nvftlFZW19Y3ypuVre2d3T13/6CjZaIwaWPJpLoLkSaMCtI21DByFyuCeMhIN5xc5X73gShNpbg105gEHI0EjShGxkoD96jPkRkLqThiaZQNUj+7T2v+WTZwq17dmwEuE78gVVCgNXC/+kOJE06EwQxp3fO92AQpUoZiRrJKP9EkRniCRqRnqUCc6CCdfZDBU6sMYSSVLWHgTP09kSKu9ZSHtjO/Vy96ufif10tMdBmkVMSJIQLPF0UJg0bCPA44pIpgw6aWIKyovRXiMVIIGxtaxYbgL768TDrndd+r+zeNarNRxFEGx+AE1IAPLkATXIMWaAMMHsEzeAVvzpPz4rw7H/PWklPMHII/cD5/AIIvlto=</latexit><latexit sha1_base64="zz4y+J8+QkZCD1IJj0pKx5SLkFc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkUtBlwY3LCrYV2lgm00k7dB5hZiKUEDf+ihsXirj1L9z5N07aLLT1wIXDOfdy7z1hzKg2nvftlFZW19Y3ypuVre2d3T13/6CjZaIwaWPJpLoLkSaMCtI21DByFyuCeMhIN5xc5X73gShNpbg105gEHI0EjShGxkoD96jPkRkLqThiaZQNUj+7T2v+WTZwq17dmwEuE78gVVCgNXC/+kOJE06EwQxp3fO92AQpUoZiRrJKP9EkRniCRqRnqUCc6CCdfZDBU6sMYSSVLWHgTP09kSKu9ZSHtjO/Vy96ufif10tMdBmkVMSJIQLPF0UJg0bCPA44pIpgw6aWIKyovRXiMVIIGxtaxYbgL768TDrndd+r+zeNarNRxFEGx+AE1IAPLkATXIMWaAMMHsEzeAVvzpPz4rw7H/PWklPMHII/cD5/AIIvlto=</latexit><latexit sha1_base64="zz4y+J8+QkZCD1IJj0pKx5SLkFc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkUtBlwY3LCrYV2lgm00k7dB5hZiKUEDf+ihsXirj1L9z5N07aLLT1wIXDOfdy7z1hzKg2nvftlFZW19Y3ypuVre2d3T13/6CjZaIwaWPJpLoLkSaMCtI21DByFyuCeMhIN5xc5X73gShNpbg105gEHI0EjShGxkoD96jPkRkLqThiaZQNUj+7T2v+WTZwq17dmwEuE78gVVCgNXC/+kOJE06EwQxp3fO92AQpUoZiRrJKP9EkRniCRqRnqUCc6CCdfZDBU6sMYSSVLWHgTP09kSKu9ZSHtjO/Vy96ufif10tMdBmkVMSJIQLPF0UJg0bCPA44pIpgw6aWIKyovRXiMVIIGxtaxYbgL768TDrndd+r+zeNarNRxFEGx+AE1IAPLkATXIMWaAMMHsEzeAVvzpPz4rw7H/PWklPMHII/cD5/AIIvlto=</latexit><latexit sha1_base64="zz4y+J8+QkZCD1IJj0pKx5SLkFc=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkUtBlwY3LCrYV2lgm00k7dB5hZiKUEDf+ihsXirj1L9z5N07aLLT1wIXDOfdy7z1hzKg2nvftlFZW19Y3ypuVre2d3T13/6CjZaIwaWPJpLoLkSaMCtI21DByFyuCeMhIN5xc5X73gShNpbg105gEHI0EjShGxkoD96jPkRkLqThiaZQNUj+7T2v+WTZwq17dmwEuE78gVVCgNXC/+kOJE06EwQxp3fO92AQpUoZiRrJKP9EkRniCRqRnqUCc6CCdfZDBU6sMYSSVLWHgTP09kSKu9ZSHtjO/Vy96ufif10tMdBmkVMSJIQLPF0UJg0bCPA44pIpgw6aWIKyovRXiMVIIGxtaxYbgL768TDrndd+r+zeNarNRxFEGx+AE1IAPLkATXIMWaAMMHsEzeAVvzpPz4rw7H/PWklPMHII/cD5/AIIvlto=</latexit>

f (1)
2

<latexit sha1_base64="xupynMtxvwTIVCdIu5+OjQd1Omw=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkpaDLghuXFewD2hgm00k7dGYSZiZCCXHjr7hxoYhb/8Kdf+OkzUJbD1w4nHMv994TxIwq7TjfVmltfWNzq7xd2dnd2z+wD4+6KkokJh0csUj2A6QIo4J0NNWM9GNJEA8Y6QXT69zvPRCpaCTu9CwmHkdjQUOKkTaSb58MOdITEUmOWBpmftrI7tOae5H5dtWpO3PAVeIWpAoKtH37aziKcMKJ0JghpQauE2svRVJTzEhWGSaKxAhP0ZgMDBWIE+Wl8w8yeG6UEQwjaUpoOFd/T6SIKzXjgenM71XLXi7+5w0SHV55KRVxoonAi0VhwqCOYB4HHFFJsGYzQxCW1NwK8QRJhLUJrWJCcJdfXiXdRt116u5ts9pqFnGUwSk4AzXggkvQAjegDToAg0fwDF7Bm/VkvVjv1seitWQVM8fgD6zPH4O6lts=</latexit><latexit sha1_base64="xupynMtxvwTIVCdIu5+OjQd1Omw=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkpaDLghuXFewD2hgm00k7dGYSZiZCCXHjr7hxoYhb/8Kdf+OkzUJbD1w4nHMv994TxIwq7TjfVmltfWNzq7xd2dnd2z+wD4+6KkokJh0csUj2A6QIo4J0NNWM9GNJEA8Y6QXT69zvPRCpaCTu9CwmHkdjQUOKkTaSb58MOdITEUmOWBpmftrI7tOae5H5dtWpO3PAVeIWpAoKtH37aziKcMKJ0JghpQauE2svRVJTzEhWGSaKxAhP0ZgMDBWIE+Wl8w8yeG6UEQwjaUpoOFd/T6SIKzXjgenM71XLXi7+5w0SHV55KRVxoonAi0VhwqCOYB4HHFFJsGYzQxCW1NwK8QRJhLUJrWJCcJdfXiXdRt116u5ts9pqFnGUwSk4AzXggkvQAjegDToAg0fwDF7Bm/VkvVjv1seitWQVM8fgD6zPH4O6lts=</latexit><latexit sha1_base64="xupynMtxvwTIVCdIu5+OjQd1Omw=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkpaDLghuXFewD2hgm00k7dGYSZiZCCXHjr7hxoYhb/8Kdf+OkzUJbD1w4nHMv994TxIwq7TjfVmltfWNzq7xd2dnd2z+wD4+6KkokJh0csUj2A6QIo4J0NNWM9GNJEA8Y6QXT69zvPRCpaCTu9CwmHkdjQUOKkTaSb58MOdITEUmOWBpmftrI7tOae5H5dtWpO3PAVeIWpAoKtH37aziKcMKJ0JghpQauE2svRVJTzEhWGSaKxAhP0ZgMDBWIE+Wl8w8yeG6UEQwjaUpoOFd/T6SIKzXjgenM71XLXi7+5w0SHV55KRVxoonAi0VhwqCOYB4HHFFJsGYzQxCW1NwK8QRJhLUJrWJCcJdfXiXdRt116u5ts9pqFnGUwSk4AzXggkvQAjegDToAg0fwDF7Bm/VkvVjv1seitWQVM8fgD6zPH4O6lts=</latexit><latexit sha1_base64="xupynMtxvwTIVCdIu5+OjQd1Omw=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR6qYkpaDLghuXFewD2hgm00k7dGYSZiZCCXHjr7hxoYhb/8Kdf+OkzUJbD1w4nHMv994TxIwq7TjfVmltfWNzq7xd2dnd2z+wD4+6KkokJh0csUj2A6QIo4J0NNWM9GNJEA8Y6QXT69zvPRCpaCTu9CwmHkdjQUOKkTaSb58MOdITEUmOWBpmftrI7tOae5H5dtWpO3PAVeIWpAoKtH37aziKcMKJ0JghpQauE2svRVJTzEhWGSaKxAhP0ZgMDBWIE+Wl8w8yeG6UEQwjaUpoOFd/T6SIKzXjgenM71XLXi7+5w0SHV55KRVxoonAi0VhwqCOYB4HHFFJsGYzQxCW1NwK8QRJhLUJrWJCcJdfXiXdRt116u5ts9pqFnGUwSk4AzXggkvQAjegDToAg0fwDF7Bm/VkvVjv1seitWQVM8fgD6zPH4O6lts=</latexit>

µ(1),�(1)
<latexit sha1_base64="s23FqGIsZc9ZvDvTdsoZZDuplZU=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiVJCSSEGXBTcuK9gHNLFMppN26EwSZiZCCdn4K25cKOLWz3Dn3zhts9DWAxfOnHMvc+8JEs6Udpxva2V1bX1js7RV3t7Z3du3Dw7bKk4loS0S81h2A6woZxFtaaY57SaSYhFw2gnGN1O/80ilYnF0rycJ9QUeRixkBGsj9e1jT6QPWdU9zy+Qp9hQ4Pmrb1ecmjMDWiZuQSpQoNm3v7xBTFJBI004VqrnOon2Myw1I5zmZS9VNMFkjIe0Z2iEBVV+NjsgR2dGGaAwlqYijWbq74kMC6UmIjCdAuuRWvSm4n9eL9XhtZ+xKEk1jcj8ozDlSMdomgYaMEmJ5hNDMJHM7IrICEtMtMmsbEJwF09eJu3LmuvU3Lt6pVEv4ijBCZxCFVy4ggbcQhNaQCCHZ3iFN+vJerHerY9564pVzBzBH1ifP8HilSo=</latexit><latexit sha1_base64="s23FqGIsZc9ZvDvTdsoZZDuplZU=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiVJCSSEGXBTcuK9gHNLFMppN26EwSZiZCCdn4K25cKOLWz3Dn3zhts9DWAxfOnHMvc+8JEs6Udpxva2V1bX1js7RV3t7Z3du3Dw7bKk4loS0S81h2A6woZxFtaaY57SaSYhFw2gnGN1O/80ilYnF0rycJ9QUeRixkBGsj9e1jT6QPWdU9zy+Qp9hQ4Pmrb1ecmjMDWiZuQSpQoNm3v7xBTFJBI004VqrnOon2Myw1I5zmZS9VNMFkjIe0Z2iEBVV+NjsgR2dGGaAwlqYijWbq74kMC6UmIjCdAuuRWvSm4n9eL9XhtZ+xKEk1jcj8ozDlSMdomgYaMEmJ5hNDMJHM7IrICEtMtMmsbEJwF09eJu3LmuvU3Lt6pVEv4ijBCZxCFVy4ggbcQhNaQCCHZ3iFN+vJerHerY9564pVzBzBH1ifP8HilSo=</latexit><latexit sha1_base64="s23FqGIsZc9ZvDvTdsoZZDuplZU=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiVJCSSEGXBTcuK9gHNLFMppN26EwSZiZCCdn4K25cKOLWz3Dn3zhts9DWAxfOnHMvc+8JEs6Udpxva2V1bX1js7RV3t7Z3du3Dw7bKk4loS0S81h2A6woZxFtaaY57SaSYhFw2gnGN1O/80ilYnF0rycJ9QUeRixkBGsj9e1jT6QPWdU9zy+Qp9hQ4Pmrb1ecmjMDWiZuQSpQoNm3v7xBTFJBI004VqrnOon2Myw1I5zmZS9VNMFkjIe0Z2iEBVV+NjsgR2dGGaAwlqYijWbq74kMC6UmIjCdAuuRWvSm4n9eL9XhtZ+xKEk1jcj8ozDlSMdomgYaMEmJ5hNDMJHM7IrICEtMtMmsbEJwF09eJu3LmuvU3Lt6pVEv4ijBCZxCFVy4ggbcQhNaQCCHZ3iFN+vJerHerY9564pVzBzBH1ifP8HilSo=</latexit><latexit sha1_base64="s23FqGIsZc9ZvDvTdsoZZDuplZU=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiVJCSSEGXBTcuK9gHNLFMppN26EwSZiZCCdn4K25cKOLWz3Dn3zhts9DWAxfOnHMvc+8JEs6Udpxva2V1bX1js7RV3t7Z3du3Dw7bKk4loS0S81h2A6woZxFtaaY57SaSYhFw2gnGN1O/80ilYnF0rycJ9QUeRixkBGsj9e1jT6QPWdU9zy+Qp9hQ4Pmrb1ecmjMDWiZuQSpQoNm3v7xBTFJBI004VqrnOon2Myw1I5zmZS9VNMFkjIe0Z2iEBVV+NjsgR2dGGaAwlqYijWbq74kMC6UmIjCdAuuRWvSm4n9eL9XhtZ+xKEk1jcj8ozDlSMdomgYaMEmJ5hNDMJHM7IrICEtMtMmsbEJwF09eJu3LmuvU3Lt6pVEv4ijBCZxCFVy4ggbcQhNaQCCHZ3iFN+vJerHerY9564pVzBzBH1ifP8HilSo=</latexit>



Algorithmic Intelligence Lab

• Predictive uncertainty estimation for rotation of MNIST

• Each color corresponds to a different class.
• Each bar denotes the assigned probability by the NN.

Experimental Results

38* source : Louizos et al., Multiplicative Normalizing Flows for Variational Bayesian Neural Networks, ICML 2017 



Algorithmic Intelligence Lab

• Predictive uncertainty estimation for unobserved dataset:
1. Train model on CIFAR-10 using only 5 out of 10 classes.

2. Compute entropy (                                      ) for rest of 5 (unobserved) classes. 

Experimental Results
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test errors for each training methods using LeNet-5 architecture

labels

prediction 
probability

labels

prediction 
probability

small entropy & uncertainty

high entropy & uncertainty

* source : Louizos et al., Multiplicative Normalizing Flows for Variational Bayesian Neural Networks, ICML 2017 

H(y) = �
X

y

p(y) log p(y)

<latexit sha1_base64="L1keMFIvyyWOVlJCKjpeXpEjJ9g=">AAACB3icbZDLSsNAFIYnXmu9RV0KMliEurAkUtCNUHDTZQV7gSaEyXTaDp2ZhJmJEEJ3bnwVNy4UcesruPNtnKZZaOsPAx//OYcz5w9jRpV2nG9rZXVtfWOztFXe3tnd27cPDjsqSiQmbRyxSPZCpAijgrQ11Yz0YkkQDxnphpPbWb37QKSikbjXaUx8jkaCDilG2liBfdKspufwBl54KuFBlk5hbAyPRaMcArvi1JxccBncAiqgUCuwv7xBhBNOhMYMKdV3nVj7GZKaYkamZS9RJEZ4gkakb1AgTpSf5XdM4ZlxBnAYSfOEhrn7eyJDXKmUh6aTIz1Wi7WZ+V+tn+jhtZ9RESeaCDxfNEwY1BGchQIHVBKsWWoAYUnNXyEeI4mwNtGVTQju4snL0LmsuU7NvatXGvUijhI4BqegClxwBRqgCVqgDTB4BM/gFbxZT9aL9W59zFtXrGLmCPyR9fkD2ieXWA==</latexit><latexit sha1_base64="L1keMFIvyyWOVlJCKjpeXpEjJ9g=">AAACB3icbZDLSsNAFIYnXmu9RV0KMliEurAkUtCNUHDTZQV7gSaEyXTaDp2ZhJmJEEJ3bnwVNy4UcesruPNtnKZZaOsPAx//OYcz5w9jRpV2nG9rZXVtfWOztFXe3tnd27cPDjsqSiQmbRyxSPZCpAijgrQ11Yz0YkkQDxnphpPbWb37QKSikbjXaUx8jkaCDilG2liBfdKspufwBl54KuFBlk5hbAyPRaMcArvi1JxccBncAiqgUCuwv7xBhBNOhMYMKdV3nVj7GZKaYkamZS9RJEZ4gkakb1AgTpSf5XdM4ZlxBnAYSfOEhrn7eyJDXKmUh6aTIz1Wi7WZ+V+tn+jhtZ9RESeaCDxfNEwY1BGchQIHVBKsWWoAYUnNXyEeI4mwNtGVTQju4snL0LmsuU7NvatXGvUijhI4BqegClxwBRqgCVqgDTB4BM/gFbxZT9aL9W59zFtXrGLmCPyR9fkD2ieXWA==</latexit><latexit sha1_base64="L1keMFIvyyWOVlJCKjpeXpEjJ9g=">AAACB3icbZDLSsNAFIYnXmu9RV0KMliEurAkUtCNUHDTZQV7gSaEyXTaDp2ZhJmJEEJ3bnwVNy4UcesruPNtnKZZaOsPAx//OYcz5w9jRpV2nG9rZXVtfWOztFXe3tnd27cPDjsqSiQmbRyxSPZCpAijgrQ11Yz0YkkQDxnphpPbWb37QKSikbjXaUx8jkaCDilG2liBfdKspufwBl54KuFBlk5hbAyPRaMcArvi1JxccBncAiqgUCuwv7xBhBNOhMYMKdV3nVj7GZKaYkamZS9RJEZ4gkakb1AgTpSf5XdM4ZlxBnAYSfOEhrn7eyJDXKmUh6aTIz1Wi7WZ+V+tn+jhtZ9RESeaCDxfNEwY1BGchQIHVBKsWWoAYUnNXyEeI4mwNtGVTQju4snL0LmsuU7NvatXGvUijhI4BqegClxwBRqgCVqgDTB4BM/gFbxZT9aL9W59zFtXrGLmCPyR9fkD2ieXWA==</latexit><latexit sha1_base64="L1keMFIvyyWOVlJCKjpeXpEjJ9g=">AAACB3icbZDLSsNAFIYnXmu9RV0KMliEurAkUtCNUHDTZQV7gSaEyXTaDp2ZhJmJEEJ3bnwVNy4UcesruPNtnKZZaOsPAx//OYcz5w9jRpV2nG9rZXVtfWOztFXe3tnd27cPDjsqSiQmbRyxSPZCpAijgrQ11Yz0YkkQDxnphpPbWb37QKSikbjXaUx8jkaCDilG2liBfdKspufwBl54KuFBlk5hbAyPRaMcArvi1JxccBncAiqgUCuwv7xBhBNOhMYMKdV3nVj7GZKaYkamZS9RJEZ4gkakb1AgTpSf5XdM4ZlxBnAYSfOEhrn7eyJDXKmUh6aTIz1Wi7WZ+V+tn+jhtZ9RESeaCDxfNEwY1BGchQIHVBKsWWoAYUnNXyEeI4mwNtGVTQju4snL0LmsuU7NvatXGvUijhI4BqegClxwBRqgCVqgDTB4BM/gFbxZT9aL9W59zFtXrGLmCPyR9fkD2ieXWA==</latexit>

proposed algorithm



Algorithmic Intelligence Lab

• Predictive uncertainty estimation for unobserved dataset:
1. Train model on CIFAR-10 using only 5 out of 10 classes.

2. Compute entropy (                                      ) for rest of 5 (unobserved) classes. 

Experimental Results
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entropy

test errors for each training methods using LeNet-5 architecture

cumulative
distribution

lower curve is better

* source : Louizos et al., Multiplicative Normalizing Flows for Variational Bayesian Neural Networks, ICML 2017 
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1. Introduction
• What is Bayesian inference?
• Why use Bayesian neural networks?

2. Variational Inference for Bayesian Neural Networks
• Using Gaussian distribution
• Using multiplicative normalizing flow

3. Non-variational Inference for Bayesian Neural Networks
• Laplace approximation
• Markov Chain Monte Carlo

Table of Contents
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• So far, variational inference (VI) for approximating the posterior:

• In this section, we describe two alternatives for VI:

Other Types of Inferences
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Variational 
Inference

Laplace
Approximation

more scalable (faster), less accurate approximation

Markov chain
Monte Carlo

Less scalable (slower), asymptotically exact
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• Laplace approximation [MacKay, 1992]: pointwise estimation assisted with pos
terior curvature.

where      is the Hessian (second order derivative) of log-posterior.

• Equivalent to placing a Gaussian distribution with MAP estimation as mean.

Laplace Approximation for Posterior
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1. Solve the MAP estimation of neural network. 

2. Compute the Hessian of the posterior distribution.

3. Form the corresponding second-order approximation

However, Hessian requires                 (too high-cost) computation for                .✓ 2 RD
<latexit sha1_base64="LCE7tJtBffrwGPqm3ViThNGCDWw=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSSEGPBT14rGI/oIlls922SzebsDsRSsjFv+LFgyJe/Rne/Ddu2hy09cHA470ZZuYFseAaHOfbKq2srq1vlDcrW9s7u3v2/kFbR4mirEUjEaluQDQTXLIWcBCsGytGwkCwTjC5yv3OI1OaR/IepjHzQzKSfMgpASP17SMPxgyIx6UXEhgHQXqXPaTXWd+uOjVnBrxM3IJUUYFm3/7yBhFNQiaBCqJ1z3Vi8FOigFPBsoqXaBYTOiEj1jNUkpBpP509kOFTowzwMFKmJOCZ+nsiJaHW0zAwnfmVetHLxf+8XgLDSz/lMk6ASTpfNEwEhgjnaeABV4yCmBpCqOLmVkzHRBEKJrOKCcFdfHmZtM9rrlNzb+vVRr2Io4yO0Qk6Qy66QA10g5qohSjK0DN6RW/Wk/VivVsf89aSVcwcoj+wPn8AW0SW1g==</latexit><latexit sha1_base64="LCE7tJtBffrwGPqm3ViThNGCDWw=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSSEGPBT14rGI/oIlls922SzebsDsRSsjFv+LFgyJe/Rne/Ddu2hy09cHA470ZZuYFseAaHOfbKq2srq1vlDcrW9s7u3v2/kFbR4mirEUjEaluQDQTXLIWcBCsGytGwkCwTjC5yv3OI1OaR/IepjHzQzKSfMgpASP17SMPxgyIx6UXEhgHQXqXPaTXWd+uOjVnBrxM3IJUUYFm3/7yBhFNQiaBCqJ1z3Vi8FOigFPBsoqXaBYTOiEj1jNUkpBpP509kOFTowzwMFKmJOCZ+nsiJaHW0zAwnfmVetHLxf+8XgLDSz/lMk6ASTpfNEwEhgjnaeABV4yCmBpCqOLmVkzHRBEKJrOKCcFdfHmZtM9rrlNzb+vVRr2Io4yO0Qk6Qy66QA10g5qohSjK0DN6RW/Wk/VivVsf89aSVcwcoj+wPn8AW0SW1g==</latexit><latexit sha1_base64="LCE7tJtBffrwGPqm3ViThNGCDWw=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSSEGPBT14rGI/oIlls922SzebsDsRSsjFv+LFgyJe/Rne/Ddu2hy09cHA470ZZuYFseAaHOfbKq2srq1vlDcrW9s7u3v2/kFbR4mirEUjEaluQDQTXLIWcBCsGytGwkCwTjC5yv3OI1OaR/IepjHzQzKSfMgpASP17SMPxgyIx6UXEhgHQXqXPaTXWd+uOjVnBrxM3IJUUYFm3/7yBhFNQiaBCqJ1z3Vi8FOigFPBsoqXaBYTOiEj1jNUkpBpP509kOFTowzwMFKmJOCZ+nsiJaHW0zAwnfmVetHLxf+8XgLDSz/lMk6ASTpfNEwEhgjnaeABV4yCmBpCqOLmVkzHRBEKJrOKCcFdfHmZtM9rrlNzb+vVRr2Io4yO0Qk6Qy66QA10g5qohSjK0DN6RW/Wk/VivVsf89aSVcwcoj+wPn8AW0SW1g==</latexit><latexit sha1_base64="LCE7tJtBffrwGPqm3ViThNGCDWw=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSSEGPBT14rGI/oIlls922SzebsDsRSsjFv+LFgyJe/Rne/Ddu2hy09cHA470ZZuYFseAaHOfbKq2srq1vlDcrW9s7u3v2/kFbR4mirEUjEaluQDQTXLIWcBCsGytGwkCwTjC5yv3OI1OaR/IepjHzQzKSfMgpASP17SMPxgyIx6UXEhgHQXqXPaTXWd+uOjVnBrxM3IJUUYFm3/7yBhFNQiaBCqJ1z3Vi8FOigFPBsoqXaBYTOiEj1jNUkpBpP509kOFTowzwMFKmJOCZ+nsiJaHW0zAwnfmVetHLxf+8XgLDSz/lMk6ASTpfNEwEhgjnaeABV4yCmBpCqOLmVkzHRBEKJrOKCcFdfHmZtM9rrlNzb+vVRr2Io4yO0Qk6Qy66QA10g5qohSjK0DN6RW/Wk/VivVsf89aSVcwcoj+wPn8AW0SW1g==</latexit>

O(D2)
<latexit sha1_base64="elex8/N6lQSwtoHGlNi91Ylvggs=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2W3FPRY0IM3K9gPaNeSTbNtaDa7JlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2Fmnh8Lro3jfKPc2vrG5lZ+u7Czu7d/UDw8aukoUZQ1aSQi1fGJZoJL1jTcCNaJFSOhL1jbH1/N/PYTU5pH8t5MYuaFZCh5wCkxVurclq8f0ur0vF8sORVnDrxK3IyUIEOjX/zqDSKahEwaKojWXdeJjZcSZTgVbFroJZrFhI7JkHUtlSRk2kvn907xmVUGOIiULWnwXP09kZJQ60no286QmJFe9mbif143McGll3IZJ4ZJulgUJAKbCM+exwOuGDViYgmhittbMR0RRaixERVsCO7yy6ukVa24TsW9q5XqtSyOPJzAKZTBhQuoww00oAkUBDzDK7yhR/SC3tHHojWHsplj+AP0+QPirI8o</latexit><latexit sha1_base64="elex8/N6lQSwtoHGlNi91Ylvggs=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2W3FPRY0IM3K9gPaNeSTbNtaDa7JlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2Fmnh8Lro3jfKPc2vrG5lZ+u7Czu7d/UDw8aukoUZQ1aSQi1fGJZoJL1jTcCNaJFSOhL1jbH1/N/PYTU5pH8t5MYuaFZCh5wCkxVurclq8f0ur0vF8sORVnDrxK3IyUIEOjX/zqDSKahEwaKojWXdeJjZcSZTgVbFroJZrFhI7JkHUtlSRk2kvn907xmVUGOIiULWnwXP09kZJQ60no286QmJFe9mbif143McGll3IZJ4ZJulgUJAKbCM+exwOuGDViYgmhittbMR0RRaixERVsCO7yy6ukVa24TsW9q5XqtSyOPJzAKZTBhQuoww00oAkUBDzDK7yhR/SC3tHHojWHsplj+AP0+QPirI8o</latexit><latexit sha1_base64="elex8/N6lQSwtoHGlNi91Ylvggs=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2W3FPRY0IM3K9gPaNeSTbNtaDa7JlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2Fmnh8Lro3jfKPc2vrG5lZ+u7Czu7d/UDw8aukoUZQ1aSQi1fGJZoJL1jTcCNaJFSOhL1jbH1/N/PYTU5pH8t5MYuaFZCh5wCkxVurclq8f0ur0vF8sORVnDrxK3IyUIEOjX/zqDSKahEwaKojWXdeJjZcSZTgVbFroJZrFhI7JkHUtlSRk2kvn907xmVUGOIiULWnwXP09kZJQ60no286QmJFe9mbif143McGll3IZJ4ZJulgUJAKbCM+exwOuGDViYgmhittbMR0RRaixERVsCO7yy6ukVa24TsW9q5XqtSyOPJzAKZTBhQuoww00oAkUBDzDK7yhR/SC3tHHojWHsplj+AP0+QPirI8o</latexit><latexit sha1_base64="elex8/N6lQSwtoHGlNi91Ylvggs=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2W3FPRY0IM3K9gPaNeSTbNtaDa7JlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2Fmnh8Lro3jfKPc2vrG5lZ+u7Czu7d/UDw8aukoUZQ1aSQi1fGJZoJL1jTcCNaJFSOhL1jbH1/N/PYTU5pH8t5MYuaFZCh5wCkxVurclq8f0ur0vF8sORVnDrxK3IyUIEOjX/zqDSKahEwaKojWXdeJjZcSZTgVbFroJZrFhI7JkHUtlSRk2kvn907xmVUGOIiULWnwXP09kZJQ60no286QmJFe9mbif143McGll3IZJ4ZJulgUJAKbCM+exwOuGDViYgmhittbMR0RRaixERVsCO7yy6ukVa24TsW9q5XqtSyOPJzAKZTBhQuoww00oAkUBDzDK7yhR/SC3tHHojWHsplj+AP0+QPirI8o</latexit>
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• Hessian is too high-cost to compute, so diagonal [Lecun et al., 1990] and Krone
cker product [Ritter et al., 2017] are used approximate the Hessian.

• Diagonal approximation for the Hessian:

• This approximation reduce the complexity by                               .

• Remark: Fisher information matrix is average of with respect to e
xpectation over log-likelihood, i.e.,         

Laplace Approximation for Posterior
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O(D2) ! O(D)
<latexit sha1_base64="WdqH3TrLhPwnTyAq4DSYwkM82G0=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQkibchYCWAS3sjGA+IDnD3maTLNnbO3bnlHAEG/+KjYUitv4KO/+Nm+QKTXww8Hhvhpl5fiS4Bsf5tjIrq2vrG9nN3Nb2zu6evX/Q0GGsKKvTUISq5RPNBJesDhwEa0WKkcAXrOmPLqZ+854pzUN5C+OIeQEZSN7nlICRuvbRdeHyLilPirij+GAIRKnwARux2LXzTsmZAS8TNyV5lKLWtb86vZDGAZNABdG67ToReAlRwKlgk1wn1iwidEQGrG2oJAHTXjJ7YYJPjdLD/VCZkoBn6u+JhARajwPfdAYEhnrRm4r/ee0Y+udewmUUA5N0vqgfCwwhnuaBe1wxCmJsCKGKm1sxHRJFKJjUciYEd/HlZdIol1yn5N5U8tVKGkcWHaMTVEAuOkNVdIVqqI4oekTP6BW9WU/Wi/VufcxbM1Y6c4j+wPr8AfELlcw=</latexit><latexit sha1_base64="WdqH3TrLhPwnTyAq4DSYwkM82G0=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQkibchYCWAS3sjGA+IDnD3maTLNnbO3bnlHAEG/+KjYUitv4KO/+Nm+QKTXww8Hhvhpl5fiS4Bsf5tjIrq2vrG9nN3Nb2zu6evX/Q0GGsKKvTUISq5RPNBJesDhwEa0WKkcAXrOmPLqZ+854pzUN5C+OIeQEZSN7nlICRuvbRdeHyLilPirij+GAIRKnwARux2LXzTsmZAS8TNyV5lKLWtb86vZDGAZNABdG67ToReAlRwKlgk1wn1iwidEQGrG2oJAHTXjJ7YYJPjdLD/VCZkoBn6u+JhARajwPfdAYEhnrRm4r/ee0Y+udewmUUA5N0vqgfCwwhnuaBe1wxCmJsCKGKm1sxHRJFKJjUciYEd/HlZdIol1yn5N5U8tVKGkcWHaMTVEAuOkNVdIVqqI4oekTP6BW9WU/Wi/VufcxbM1Y6c4j+wPr8AfELlcw=</latexit><latexit sha1_base64="WdqH3TrLhPwnTyAq4DSYwkM82G0=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQkibchYCWAS3sjGA+IDnD3maTLNnbO3bnlHAEG/+KjYUitv4KO/+Nm+QKTXww8Hhvhpl5fiS4Bsf5tjIrq2vrG9nN3Nb2zu6evX/Q0GGsKKvTUISq5RPNBJesDhwEa0WKkcAXrOmPLqZ+854pzUN5C+OIeQEZSN7nlICRuvbRdeHyLilPirij+GAIRKnwARux2LXzTsmZAS8TNyV5lKLWtb86vZDGAZNABdG67ToReAlRwKlgk1wn1iwidEQGrG2oJAHTXjJ7YYJPjdLD/VCZkoBn6u+JhARajwPfdAYEhnrRm4r/ee0Y+udewmUUA5N0vqgfCwwhnuaBe1wxCmJsCKGKm1sxHRJFKJjUciYEd/HlZdIol1yn5N5U8tVKGkcWHaMTVEAuOkNVdIVqqI4oekTP6BW9WU/Wi/VufcxbM1Y6c4j+wPr8AfELlcw=</latexit><latexit sha1_base64="WdqH3TrLhPwnTyAq4DSYwkM82G0=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQkibchYCWAS3sjGA+IDnD3maTLNnbO3bnlHAEG/+KjYUitv4KO/+Nm+QKTXww8Hhvhpl5fiS4Bsf5tjIrq2vrG9nN3Nb2zu6evX/Q0GGsKKvTUISq5RPNBJesDhwEa0WKkcAXrOmPLqZ+854pzUN5C+OIeQEZSN7nlICRuvbRdeHyLilPirij+GAIRKnwARux2LXzTsmZAS8TNyV5lKLWtb86vZDGAZNABdG67ToReAlRwKlgk1wn1iwidEQGrG2oJAHTXjJ7YYJPjdLD/VCZkoBn6u+JhARajwPfdAYEhnrRm4r/ee0Y+udewmUUA5N0vqgfCwwhnuaBe1wxCmJsCKGKm1sxHRJFKJjUciYEd/HlZdIol1yn5N5U8tVKGkcWHaMTVEAuOkNVdIVqqI4oekTP6BW9WU/Wi/VufcxbM1Y6c4j+wPr8AfELlcw=</latexit>

Diagonal of negative Fisher information matrix                  .

H = Hlog-likelihood +Hprior
<latexit sha1_base64="MYnblc4VcOnqT1pJ08/abrIwklo=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiCWBIp6EYouOmygn1AG8JkMmmHTjJh5kYsIb/hxl9x40IRl7ryb5w+QG09cOFwzr0z9x4/EVyDbX9ZS8srq2vrhY3i5tb2zm5pb7+lZaooa1IppOr4RDPBY9YEDoJ1EsVI5AvW9ofXY799x5TmMr6FUcLciPRjHnJKwEheya7jK1z3sh6we8iE7J8JPjSvDaQM8hyf/niJ4lLluVcq2xV7ArxInBkpoxkaXumjF0iaRiwGKojWXcdOwM2IAk4Fy4u9VLOE0CHps66hMYmYdrPJZTk+NkqAQ6lMxYAn6u+JjERajyLfdEYEBnreG4v/ed0Uwks343GSAovp9KMwFRgkHseEA64YBTEyhFDFza6YDogiFEyYRROCM3/yImmdVxy74txUy7XqLI4COkRH6AQ56ALVUB01UBNR9ICe0At6tR6tZ+vNep+2LlmzmQP0B9bnN+hSoNw=</latexit><latexit sha1_base64="MYnblc4VcOnqT1pJ08/abrIwklo=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiCWBIp6EYouOmygn1AG8JkMmmHTjJh5kYsIb/hxl9x40IRl7ryb5w+QG09cOFwzr0z9x4/EVyDbX9ZS8srq2vrhY3i5tb2zm5pb7+lZaooa1IppOr4RDPBY9YEDoJ1EsVI5AvW9ofXY799x5TmMr6FUcLciPRjHnJKwEheya7jK1z3sh6we8iE7J8JPjSvDaQM8hyf/niJ4lLluVcq2xV7ArxInBkpoxkaXumjF0iaRiwGKojWXcdOwM2IAk4Fy4u9VLOE0CHps66hMYmYdrPJZTk+NkqAQ6lMxYAn6u+JjERajyLfdEYEBnreG4v/ed0Uwks343GSAovp9KMwFRgkHseEA64YBTEyhFDFza6YDogiFEyYRROCM3/yImmdVxy74txUy7XqLI4COkRH6AQ56ALVUB01UBNR9ICe0At6tR6tZ+vNep+2LlmzmQP0B9bnN+hSoNw=</latexit><latexit sha1_base64="MYnblc4VcOnqT1pJ08/abrIwklo=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiCWBIp6EYouOmygn1AG8JkMmmHTjJh5kYsIb/hxl9x40IRl7ryb5w+QG09cOFwzr0z9x4/EVyDbX9ZS8srq2vrhY3i5tb2zm5pb7+lZaooa1IppOr4RDPBY9YEDoJ1EsVI5AvW9ofXY799x5TmMr6FUcLciPRjHnJKwEheya7jK1z3sh6we8iE7J8JPjSvDaQM8hyf/niJ4lLluVcq2xV7ArxInBkpoxkaXumjF0iaRiwGKojWXcdOwM2IAk4Fy4u9VLOE0CHps66hMYmYdrPJZTk+NkqAQ6lMxYAn6u+JjERajyLfdEYEBnreG4v/ed0Uwks343GSAovp9KMwFRgkHseEA64YBTEyhFDFza6YDogiFEyYRROCM3/yImmdVxy74txUy7XqLI4COkRH6AQ56ALVUB01UBNR9ICe0At6tR6tZ+vNep+2LlmzmQP0B9bnN+hSoNw=</latexit><latexit sha1_base64="MYnblc4VcOnqT1pJ08/abrIwklo=">AAACGXicbVDLSsNAFJ34rPVVdelmsAiCWBIp6EYouOmygn1AG8JkMmmHTjJh5kYsIb/hxl9x40IRl7ryb5w+QG09cOFwzr0z9x4/EVyDbX9ZS8srq2vrhY3i5tb2zm5pb7+lZaooa1IppOr4RDPBY9YEDoJ1EsVI5AvW9ofXY799x5TmMr6FUcLciPRjHnJKwEheya7jK1z3sh6we8iE7J8JPjSvDaQM8hyf/niJ4lLluVcq2xV7ArxInBkpoxkaXumjF0iaRiwGKojWXcdOwM2IAk4Fy4u9VLOE0CHps66hMYmYdrPJZTk+NkqAQ6lMxYAn6u+JjERajyLfdEYEBnreG4v/ed0Uwks343GSAovp9KMwFRgkHseEA64YBTEyhFDFza6YDogiFEyYRROCM3/yImmdVxy74txUy7XqLI4COkRH6AQ56ALVUB01UBNR9ICe0At6tR6tZ+vNep+2LlmzmQP0B9bnN+hSoNw=</latexit>

F = gg>
<latexit sha1_base64="4OjUeVkVMRc6X5fvHYCAsjVLQ1o=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSKehGKAjisoK9QBPLZDpph05mwsxEKCFLN76KGxeKuPUR3Pk2TtqA2vrDwMd/zmHO+YOYUaUd58sqLS2vrK6V1ysbm1vbO/buXluJRGLSwoIJ2Q2QIoxy0tJUM9KNJUFRwEgnGF/m9c49kYoKfqsnMfEjNOQ0pBhpY/Xtwyt4Ab0I6VEQpsPsh+5ST4s469tVp+ZMBRfBLaAKCjX79qc3EDiJCNeYIaV6rhNrP0VSU8xIVvESRWKEx2hIegY5iojy0+khGTw2zgCGQprHNZy6vydSFCk1iQLTmS+q5mu5+V+tl+jw3E8pjxNNOJ59FCYMagHzVOCASoI1mxhAWFKzK8QjJBHWJruKCcGdP3kR2qc116m5N/Vqo17EUQYH4AicABecgQa4Bk3QAhg8gCfwAl6tR+vZerPeZ60lq5jZB39kfXwDB+eZ9Q==</latexit><latexit sha1_base64="4OjUeVkVMRc6X5fvHYCAsjVLQ1o=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSKehGKAjisoK9QBPLZDpph05mwsxEKCFLN76KGxeKuPUR3Pk2TtqA2vrDwMd/zmHO+YOYUaUd58sqLS2vrK6V1ysbm1vbO/buXluJRGLSwoIJ2Q2QIoxy0tJUM9KNJUFRwEgnGF/m9c49kYoKfqsnMfEjNOQ0pBhpY/Xtwyt4Ab0I6VEQpsPsh+5ST4s469tVp+ZMBRfBLaAKCjX79qc3EDiJCNeYIaV6rhNrP0VSU8xIVvESRWKEx2hIegY5iojy0+khGTw2zgCGQprHNZy6vydSFCk1iQLTmS+q5mu5+V+tl+jw3E8pjxNNOJ59FCYMagHzVOCASoI1mxhAWFKzK8QjJBHWJruKCcGdP3kR2qc116m5N/Vqo17EUQYH4AicABecgQa4Bk3QAhg8gCfwAl6tR+vZerPeZ60lq5jZB39kfXwDB+eZ9Q==</latexit><latexit sha1_base64="4OjUeVkVMRc6X5fvHYCAsjVLQ1o=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSKehGKAjisoK9QBPLZDpph05mwsxEKCFLN76KGxeKuPUR3Pk2TtqA2vrDwMd/zmHO+YOYUaUd58sqLS2vrK6V1ysbm1vbO/buXluJRGLSwoIJ2Q2QIoxy0tJUM9KNJUFRwEgnGF/m9c49kYoKfqsnMfEjNOQ0pBhpY/Xtwyt4Ab0I6VEQpsPsh+5ST4s469tVp+ZMBRfBLaAKCjX79qc3EDiJCNeYIaV6rhNrP0VSU8xIVvESRWKEx2hIegY5iojy0+khGTw2zgCGQprHNZy6vydSFCk1iQLTmS+q5mu5+V+tl+jw3E8pjxNNOJ59FCYMagHzVOCASoI1mxhAWFKzK8QjJBHWJruKCcGdP3kR2qc116m5N/Vqo17EUQYH4AicABecgQa4Bk3QAhg8gCfwAl6tR+vZerPeZ60lq5jZB39kfXwDB+eZ9Q==</latexit><latexit sha1_base64="4OjUeVkVMRc6X5fvHYCAsjVLQ1o=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSKehGKAjisoK9QBPLZDpph05mwsxEKCFLN76KGxeKuPUR3Pk2TtqA2vrDwMd/zmHO+YOYUaUd58sqLS2vrK6V1ysbm1vbO/buXluJRGLSwoIJ2Q2QIoxy0tJUM9KNJUFRwEgnGF/m9c49kYoKfqsnMfEjNOQ0pBhpY/Xtwyt4Ab0I6VEQpsPsh+5ST4s469tVp+ZMBRfBLaAKCjX79qc3EDiJCNeYIaV6rhNrP0VSU8xIVvESRWKEx2hIegY5iojy0+khGTw2zgCGQprHNZy6vydSFCk1iQLTmS+q5mu5+V+tl+jw3E8pjxNNOJ59FCYMagHzVOCASoI1mxhAWFKzK8QjJBHWJruKCcGdP3kR2qc116m5N/Vqo17EUQYH4AicABecgQa4Bk3QAhg8gCfwAl6tR+vZerPeZ60lq5jZB39kfXwDB+eZ9Q==</latexit>

easily computable

H = Hlog-likelihood +Hprior
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• Markov chain Monte Carlo (MCMC): running Markov chains for direct sampling 
of the exact posterior .

• Stochastic Langevin gradient dynamics [Welling et al., 2011]  can be used to sa
mple from the log posterior of the neural network:

1. Initialize the parameter with 

2. At each steps of Markov chain, do a noisy gradient update:

3. After repeating      steps,  sample      from the posterior is obtained. 

Markov Chain Monte Carlo for Posterior
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• Bayesian methods provide a probabilistic perspective for the uncertainty of NN.
• It provides better prediction and estimate of uncertainty.
• Efficient approximation of posterior is important for good performance.

Additional Interesting Materials
• Deterministic NN regularizers can be re-interpreted as Bayesian inference.

• Dropout: Gal et al., Dropout as a Bayesian Approximation: Representing Model Unc
ertainty in Deep Learning, ICML 2016

• Batch Normalization: Teye et al., Bayesian Uncertainty Estimation for Batch Normali
zed Deep Networks, ICML 2018

• Bayesian framework introduce new perspective for existing tasks.
• Compression: Louizos et al., Bayesian Compression for Deep Learning, NIPS 2017
• Continual learning: Nguyen et al., Variational Continual Learning, ICLR 2018

Conclusion
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• Bayesian inference makes assumptions about likelihood model.

• What  happens when model is mis-specified? 
• Empirically saying, Bayesian model still output good results.
• Theoretically, posterior distribution still converge to maximum likelihood:

Maximum likelihood estimation still makes sense (takes best choice available):

Appendix: Model Misspecification
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• Fisher information matrix is average of with respect to expectati
on over log-likelihood, i.e.,

Appendix: Hessian of Log-Likelihood and Fisher Information Matrix
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H = Hlog-likelihood +Hprior
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