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Introduction

• Exploit underlying graph structure to improve learning

• Many applications: cellular network configuration; molecular and social network analysis

• Focus on semi-supervised learning

Wireless Cellular Network
Brain Functional Connectivity

Reproduced from Hong S-B et al. (2013), Plos ONE 8(2):e57831.
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Problem Setting

• Features available at each node xi , i = 1, . . . ,N

• Labels available at some nodes yi , i ∈ YT
• Approach 1: Ignore graph, learn function ŷi = f̂ (xi )
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Problem Setting

• Features available at each node xi , i = 1, . . . ,N

• Labels available at some nodes yi , i ∈ YT
• Approach 2: Use graph, learn function ŷi = f̂ (xi , {xj}j∈Ni

)

5 / 36



Problem Setting

• Features available at each node xi , i = 1, . . . ,N

• Labels available at some nodes yi , i ∈ YT
• Approach 2: Use graph, learn function ŷi = f̂G(xi , {xj}j∈Ni

)
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What if we don’t believe in the graph?

• Features available at each node xi , i = 1, . . . ,N

• Labels available at some nodes yi , i ∈ YT
• Approach 3: ?
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What if we don’t believe in the graph?

• Features available at each node xi , i = 1, . . . ,N

• Labels available at some nodes yi , i ∈ YT
• Approach 3: ŷi =

∫
f̂G(xi , {xj}j∈Ni,G )p(G|Gobs)dG

11 / 36



What if we don’t believe in the graph?

• Features available at each node xi , i = 1, . . . ,N

• Labels available at some nodes yi , i ∈ YT
• Approach 3: ŷi = 1

K

∑K
v=1 f̂Gv (xi , {xj}j∈Ni,G )
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Background and motivation

• Graph Convolutional Neural Networks (GCNNs) use convolution on the graph

• In existing methods, the observed graph Gobs is processed as ground truth

• The graph is often derived from imperfect observations or constructed from noisy data

• Gobs might have spurious links; important links might not have been observed

• Our contribution: Bayesian framework to account for graph uncertainty
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Graph Convolutional Neural Networks (GCNNs)

Graph convolutional layer1 with adjacency matrix A and node feature matrix X :

H(1) = σ(AGXW(0)) (1)

H(`+1) = σ(AGH(`)W(`)) (2)

AG : operator derived from the adjacency matrix

W(`): weights of neural network at layer `

H(`): output features from layer `−1

1Defferrard et al. 2016; Kipf and Welling 2017
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Bayesian-GCNNs

• In Bayesian neural networks2, weights W are treated as random variables.

• Posterior of W is approximated via variational inference or sampling.

• Bayesian GCNN treats both the graph G and the weights W as random variables.

• Goal: Given node features X, training labels YL, and an observed graph Gobs :

Compute/approximate the posterior of the node labels: p(Z|YL,X,Gobs)

2Tishby et al. 1989; Denker and Lecun 1991; MacKay 1992; Neal 1993; Gal and Ghahramani 2016
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Bayesian inference for a graph generative model

}
…

…

Posterior of 
graph model 
parameters
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�
<latexit sha1_base64="CMm8AcU55T5D1ez1fYJdC9x9acM=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIz13BjcsK9gHtUDKZO21oJjMkGaEM/Qg3LhRx62f4De78G9MHotUDgcM5J9x7T5AKro3rfjqFpeWV1bXiemljc2t7p7y719RJphg2WCIS1Q6oRsElNgw3AtupQhoHAlvB8Hrit+5RaZ7IOzNK0Y9pX/KIM2qs1OoKGw1pr1xxq+4UxK2eud7VuUe+FW9OKjBHvVf+6IYJy2KUhgmqdcdzU+PnVBnOBI5L3UxjStmQ9rFjqaQxaj+frjsmR1YJSZQo+6QhU/Xnj5zGWo/iwCZjagZ60ZuI/3mdzESXfs5lmhmUbDYoygQxCZncTkKukBkxsoQyxe2uhA2ooszYhkq2BG/x5L+keVL1LL89rdSC91kdRTiAQzgGDy6gBjdQhwYwGMIDPMGzkzqPzovzOosWnHmF+/ALztsXnzuQcw==</latexit><latexit sha1_base64="CMm8AcU55T5D1ez1fYJdC9x9acM=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIz13BjcsK9gHtUDKZO21oJjMkGaEM/Qg3LhRx62f4De78G9MHotUDgcM5J9x7T5AKro3rfjqFpeWV1bXiemljc2t7p7y719RJphg2WCIS1Q6oRsElNgw3AtupQhoHAlvB8Hrit+5RaZ7IOzNK0Y9pX/KIM2qs1OoKGw1pr1xxq+4UxK2eud7VuUe+FW9OKjBHvVf+6IYJy2KUhgmqdcdzU+PnVBnOBI5L3UxjStmQ9rFjqaQxaj+frjsmR1YJSZQo+6QhU/Xnj5zGWo/iwCZjagZ60ZuI/3mdzESXfs5lmhmUbDYoygQxCZncTkKukBkxsoQyxe2uhA2ooszYhkq2BG/x5L+keVL1LL89rdSC91kdRTiAQzgGDy6gBjdQhwYwGMIDPMGzkzqPzovzOosWnHmF+/ALztsXnzuQcw==</latexit><latexit sha1_base64="CMm8AcU55T5D1ez1fYJdC9x9acM=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIz13BjcsK9gHtUDKZO21oJjMkGaEM/Qg3LhRx62f4De78G9MHotUDgcM5J9x7T5AKro3rfjqFpeWV1bXiemljc2t7p7y719RJphg2WCIS1Q6oRsElNgw3AtupQhoHAlvB8Hrit+5RaZ7IOzNK0Y9pX/KIM2qs1OoKGw1pr1xxq+4UxK2eud7VuUe+FW9OKjBHvVf+6IYJy2KUhgmqdcdzU+PnVBnOBI5L3UxjStmQ9rFjqaQxaj+frjsmR1YJSZQo+6QhU/Xnj5zGWo/iwCZjagZ60ZuI/3mdzESXfs5lmhmUbDYoygQxCZncTkKukBkxsoQyxe2uhA2ooszYhkq2BG/x5L+keVL1LL89rdSC91kdRTiAQzgGDy6gBjdQhwYwGMIDPMGzkzqPzovzOosWnHmF+/ALztsXnzuQcw==</latexit><latexit sha1_base64="CMm8AcU55T5D1ez1fYJdC9x9acM=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIz13BjcsK9gHtUDKZO21oJjMkGaEM/Qg3LhRx62f4De78G9MHotUDgcM5J9x7T5AKro3rfjqFpeWV1bXiemljc2t7p7y719RJphg2WCIS1Q6oRsElNgw3AtupQhoHAlvB8Hrit+5RaZ7IOzNK0Y9pX/KIM2qs1OoKGw1pr1xxq+4UxK2eud7VuUe+FW9OKjBHvVf+6IYJy2KUhgmqdcdzU+PnVBnOBI5L3UxjStmQ9rFjqaQxaj+frjsmR1YJSZQo+6QhU/Xnj5zGWo/iwCZjagZ60ZuI/3mdzESXfs5lmhmUbDYoygQxCZncTkKukBkxsoQyxe2uhA2ooszYhkq2BG/x5L+keVL1LL89rdSC91kdRTiAQzgGDy6gBjdQhwYwGMIDPMGzkzqPzovzOosWnHmF+/ALztsXnzuQcw==</latexit>

from
<latexit sha1_base64="1t0VvOXS0mc6ncpPQ/tquAg/EPE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGfN0CXjxGcJNAsoTZyWwyZB7LzKwQQr7BiwdFvPodfoM3/8bZJIhGCxqKqm66u+KUM2N9/9MrrKyurW8UN0tb2zu7e+X9g6ZRmSY0JIor3Y6xoZxJGlpmOW2nmmIRc9qKR9e537qn2jAl7+w4pZHAA8kSRrB1UphoJUq9csWv+jMgv3rmB1fnAfpWggWpwAKNXvmj21ckE1RawrExncBPbTTB2jLC6bTUzQxNMRnhAe04KrGgJprMjp2iE6f0UaK0K2nRTP05McHCmLGIXafAdmiWvVz8z+tkNrmMJkymmaWSzBclGUdWofxz1GeaEsvHjmCimbsVkSHWmFiXTx5CsPzyX9KsVQPHb2uVevw+j6MIR3AMpxDABdThBhoQAgEGD/AEz570Hr0X73XeWvAWER7CL3hvX84pj14=</latexit><latexit sha1_base64="1t0VvOXS0mc6ncpPQ/tquAg/EPE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGfN0CXjxGcJNAsoTZyWwyZB7LzKwQQr7BiwdFvPodfoM3/8bZJIhGCxqKqm66u+KUM2N9/9MrrKyurW8UN0tb2zu7e+X9g6ZRmSY0JIor3Y6xoZxJGlpmOW2nmmIRc9qKR9e537qn2jAl7+w4pZHAA8kSRrB1UphoJUq9csWv+jMgv3rmB1fnAfpWggWpwAKNXvmj21ckE1RawrExncBPbTTB2jLC6bTUzQxNMRnhAe04KrGgJprMjp2iE6f0UaK0K2nRTP05McHCmLGIXafAdmiWvVz8z+tkNrmMJkymmaWSzBclGUdWofxz1GeaEsvHjmCimbsVkSHWmFiXTx5CsPzyX9KsVQPHb2uVevw+j6MIR3AMpxDABdThBhoQAgEGD/AEz570Hr0X73XeWvAWER7CL3hvX84pj14=</latexit><latexit sha1_base64="1t0VvOXS0mc6ncpPQ/tquAg/EPE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGfN0CXjxGcJNAsoTZyWwyZB7LzKwQQr7BiwdFvPodfoM3/8bZJIhGCxqKqm66u+KUM2N9/9MrrKyurW8UN0tb2zu7e+X9g6ZRmSY0JIor3Y6xoZxJGlpmOW2nmmIRc9qKR9e537qn2jAl7+w4pZHAA8kSRrB1UphoJUq9csWv+jMgv3rmB1fnAfpWggWpwAKNXvmj21ckE1RawrExncBPbTTB2jLC6bTUzQxNMRnhAe04KrGgJprMjp2iE6f0UaK0K2nRTP05McHCmLGIXafAdmiWvVz8z+tkNrmMJkymmaWSzBclGUdWofxz1GeaEsvHjmCimbsVkSHWmFiXTx5CsPzyX9KsVQPHb2uVevw+j6MIR3AMpxDABdThBhoQAgEGD/AEz570Hr0X73XeWvAWER7CL3hvX84pj14=</latexit><latexit sha1_base64="1t0VvOXS0mc6ncpPQ/tquAg/EPE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGfN0CXjxGcJNAsoTZyWwyZB7LzKwQQr7BiwdFvPodfoM3/8bZJIhGCxqKqm66u+KUM2N9/9MrrKyurW8UN0tb2zu7e+X9g6ZRmSY0JIor3Y6xoZxJGlpmOW2nmmIRc9qKR9e537qn2jAl7+w4pZHAA8kSRrB1UphoJUq9csWv+jMgv3rmB1fnAfpWggWpwAKNXvmj21ckE1RawrExncBPbTTB2jLC6bTUzQxNMRnhAe04KrGgJprMjp2iE6f0UaK0K2nRTP05McHCmLGIXafAdmiWvVz8z+tkNrmMJkymmaWSzBclGUdWofxz1GeaEsvHjmCimbsVkSHWmFiXTx5CsPzyX9KsVQPHb2uVevw+j6MIR3AMpxDABdThBhoQAgEGD/AEz570Hr0X73XeWvAWER7CL3hvX84pj14=</latexit>

Gobs
<latexit sha1_base64="4CjtQpDZNq76AZCL+JojeRGleCw=">AAAB/XicbZBLSwMxFIXv1Fetr/rYuQkWwVWZEUGXBRe6rGBboR2GTJppQzPJkGSEOgz+FTcuFHHr1t/gzn9jpu1CWy8EPs65IScnTDjTxnW/ndLS8srqWnm9srG5tb1T3d1ra5kqQltEcqnuQqwpZ4K2DDOc3iWK4jjktBOOLgu/c0+VZlLcmnFC/RgPBIsYwcZKQfUg68XYDAnm2VUeZDLUeV4JqjW37k4GLYI3gxrMphlUv3p9SdKYCkM41rrruYnxM6wMI5zmlV6qaYLJCA9o16LAMdV+Nkmfo2Or9FEklT3CoIn6+0aGY63HcWg3i6h63ivE/7xuaqILP2MiSQ0VZPpQlHJkJCqqQH2mKDF8bAETxWxWRIZYYWJsYUUJ3vyXF6F9Wvcs35zVGuHntI4yHMIRnIAH59CAa2hCCwg8wBO8wKvz6Dw7b877dLXkzCrchz/jfPwANJGWZQ==</latexit><latexit sha1_base64="4CjtQpDZNq76AZCL+JojeRGleCw=">AAAB/XicbZBLSwMxFIXv1Fetr/rYuQkWwVWZEUGXBRe6rGBboR2GTJppQzPJkGSEOgz+FTcuFHHr1t/gzn9jpu1CWy8EPs65IScnTDjTxnW/ndLS8srqWnm9srG5tb1T3d1ra5kqQltEcqnuQqwpZ4K2DDOc3iWK4jjktBOOLgu/c0+VZlLcmnFC/RgPBIsYwcZKQfUg68XYDAnm2VUeZDLUeV4JqjW37k4GLYI3gxrMphlUv3p9SdKYCkM41rrruYnxM6wMI5zmlV6qaYLJCA9o16LAMdV+Nkmfo2Or9FEklT3CoIn6+0aGY63HcWg3i6h63ivE/7xuaqILP2MiSQ0VZPpQlHJkJCqqQH2mKDF8bAETxWxWRIZYYWJsYUUJ3vyXF6F9Wvcs35zVGuHntI4yHMIRnIAH59CAa2hCCwg8wBO8wKvz6Dw7b877dLXkzCrchz/jfPwANJGWZQ==</latexit><latexit sha1_base64="4CjtQpDZNq76AZCL+JojeRGleCw=">AAAB/XicbZBLSwMxFIXv1Fetr/rYuQkWwVWZEUGXBRe6rGBboR2GTJppQzPJkGSEOgz+FTcuFHHr1t/gzn9jpu1CWy8EPs65IScnTDjTxnW/ndLS8srqWnm9srG5tb1T3d1ra5kqQltEcqnuQqwpZ4K2DDOc3iWK4jjktBOOLgu/c0+VZlLcmnFC/RgPBIsYwcZKQfUg68XYDAnm2VUeZDLUeV4JqjW37k4GLYI3gxrMphlUv3p9SdKYCkM41rrruYnxM6wMI5zmlV6qaYLJCA9o16LAMdV+Nkmfo2Or9FEklT3CoIn6+0aGY63HcWg3i6h63ivE/7xuaqILP2MiSQ0VZPpQlHJkJCqqQH2mKDF8bAETxWxWRIZYYWJsYUUJ3vyXF6F9Wvcs35zVGuHntI4yHMIRnIAH59CAa2hCCwg8wBO8wKvz6Dw7b877dLXkzCrchz/jfPwANJGWZQ==</latexit><latexit sha1_base64="4CjtQpDZNq76AZCL+JojeRGleCw=">AAAB/XicbZBLSwMxFIXv1Fetr/rYuQkWwVWZEUGXBRe6rGBboR2GTJppQzPJkGSEOgz+FTcuFHHr1t/gzn9jpu1CWy8EPs65IScnTDjTxnW/ndLS8srqWnm9srG5tb1T3d1ra5kqQltEcqnuQqwpZ4K2DDOc3iWK4jjktBOOLgu/c0+VZlLcmnFC/RgPBIsYwcZKQfUg68XYDAnm2VUeZDLUeV4JqjW37k4GLYI3gxrMphlUv3p9SdKYCkM41rrruYnxM6wMI5zmlV6qaYLJCA9o16LAMdV+Nkmfo2Or9FEklT3CoIn6+0aGY63HcWg3i6h63ivE/7xuaqILP2MiSQ0VZPpQlHJkJCqqQH2mKDF8bAETxWxWRIZYYWJsYUUJ3vyXF6F9Wvcs35zVGuHntI4yHMIRnIAH59CAa2hCCwg8wBO8wKvz6Dw7b877dLXkzCrchz/jfPwANJGWZQ==</latexit>

p(�|Gobs)
<latexit sha1_base64="6kNnblujsXpCQIU1TFtlGF4nrSU=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUnE567gQpcV7AOaECaTSTt0MgkzE6HELN34K25cKOJO/AR3/o2TtohWDwwczjnDvff4CaNSWdanMTM7N7+wWFoqL6+srq2bG5stGacCkyaOWSw6PpKEUU6aiipGOokgKPIZafuD88Jv3xAhacyv1TAhboR6nIYUI6Ulz9xJqg7T8QDdZk6EVB8jll3kXhb7Ms/3y55ZsWrWCNCqHVn22bENvxV7QipggoZnfjhBjNOIcIUZkrJrW4lyMyQUxYzkZSeVJEF4gHqkqylHEZFuNjokh3taCWAYC/24giP1548MRVIOI18ni13ltFeI/3ndVIWnbkZ5kirC8XhQmDKoYli0AgMqCFZsqAnCgupdIe4jgbDS3RUl2NMn/yWtg5qt+dVhpe6/jesogW2wC6rABiegDi5BAzQBBnfgATyBZ+PeeDRejNdxdMaYVLgFfsF4/wJdcJrj</latexit><latexit sha1_base64="6kNnblujsXpCQIU1TFtlGF4nrSU=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUnE567gQpcV7AOaECaTSTt0MgkzE6HELN34K25cKOJO/AR3/o2TtohWDwwczjnDvff4CaNSWdanMTM7N7+wWFoqL6+srq2bG5stGacCkyaOWSw6PpKEUU6aiipGOokgKPIZafuD88Jv3xAhacyv1TAhboR6nIYUI6Ulz9xJqg7T8QDdZk6EVB8jll3kXhb7Ms/3y55ZsWrWCNCqHVn22bENvxV7QipggoZnfjhBjNOIcIUZkrJrW4lyMyQUxYzkZSeVJEF4gHqkqylHEZFuNjokh3taCWAYC/24giP1548MRVIOI18ni13ltFeI/3ndVIWnbkZ5kirC8XhQmDKoYli0AgMqCFZsqAnCgupdIe4jgbDS3RUl2NMn/yWtg5qt+dVhpe6/jesogW2wC6rABiegDi5BAzQBBnfgATyBZ+PeeDRejNdxdMaYVLgFfsF4/wJdcJrj</latexit><latexit sha1_base64="6kNnblujsXpCQIU1TFtlGF4nrSU=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUnE567gQpcV7AOaECaTSTt0MgkzE6HELN34K25cKOJO/AR3/o2TtohWDwwczjnDvff4CaNSWdanMTM7N7+wWFoqL6+srq2bG5stGacCkyaOWSw6PpKEUU6aiipGOokgKPIZafuD88Jv3xAhacyv1TAhboR6nIYUI6Ulz9xJqg7T8QDdZk6EVB8jll3kXhb7Ms/3y55ZsWrWCNCqHVn22bENvxV7QipggoZnfjhBjNOIcIUZkrJrW4lyMyQUxYzkZSeVJEF4gHqkqylHEZFuNjokh3taCWAYC/24giP1548MRVIOI18ni13ltFeI/3ndVIWnbkZ5kirC8XhQmDKoYli0AgMqCFZsqAnCgupdIe4jgbDS3RUl2NMn/yWtg5qt+dVhpe6/jesogW2wC6rABiegDi5BAzQBBnfgATyBZ+PeeDRejNdxdMaYVLgFfsF4/wJdcJrj</latexit><latexit sha1_base64="6kNnblujsXpCQIU1TFtlGF4nrSU=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUnE567gQpcV7AOaECaTSTt0MgkzE6HELN34K25cKOJO/AR3/o2TtohWDwwczjnDvff4CaNSWdanMTM7N7+wWFoqL6+srq2bG5stGacCkyaOWSw6PpKEUU6aiipGOokgKPIZafuD88Jv3xAhacyv1TAhboR6nIYUI6Ulz9xJqg7T8QDdZk6EVB8jll3kXhb7Ms/3y55ZsWrWCNCqHVn22bENvxV7QipggoZnfjhBjNOIcIUZkrJrW4lyMyQUxYzkZSeVJEF4gHqkqylHEZFuNjokh3taCWAYC/24giP1548MRVIOI18ni13ltFeI/3ndVIWnbkZ5kirC8XhQmDKoYli0AgMqCFZsqAnCgupdIe4jgbDS3RUl2NMn/yWtg5qt+dVhpe6/jesogW2wC6rABiegDi5BAzQBBnfgATyBZ+PeeDRejNdxdMaYVLgFfsF4/wJdcJrj</latexit>

p(Z|YL,X,Gobs) =

∫
p(Z|W ,G,X)p(W |YL,X,G)p(G|λ)p(λ|Gobs) dW dG dλ .
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Sampling random graphs

} }

…
…

…
…

�1
<latexit sha1_base64="4ar9Zp/eioFR2wAtrbwk6E2rzNU=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclYn43BXduKxgH9IOJZNJ29AkMyQZoQz9CjcuFHHr57jzb0zbQbR6IHA451xy7wkTwY31/U9vYXFpeWW1sFZc39jc2i7t7DZMnGrK6jQWsW6FxDDBFatbbgVrJZoRGQrWDIfXE7/5wLThsbqzo4QFkvQV73FKrJPuO8JFI9LF3VLZr/hTIL9y6uPLM4y+FZyTMuSodUsfnSimqWTKUkGMaWM/sUFGtOVUsHGxkxqWEDokfdZ2VBHJTJBNFx6jQ6dEqBdr95RFU/XnREakMSMZuqQkdmDmvYn4n9dObe8iyLhKUssUnX3USwWyMZpcjyKuGbVi5AihmrtdER0QTah1HRVdCXj+5L+kcVzBjt+elKtXeR0F2IcDOAIM51CFG6hBHShIeIRnePG09+S9em+z6IKXz+zBL3jvX4alkDc=</latexit><latexit sha1_base64="4ar9Zp/eioFR2wAtrbwk6E2rzNU=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclYn43BXduKxgH9IOJZNJ29AkMyQZoQz9CjcuFHHr57jzb0zbQbR6IHA451xy7wkTwY31/U9vYXFpeWW1sFZc39jc2i7t7DZMnGrK6jQWsW6FxDDBFatbbgVrJZoRGQrWDIfXE7/5wLThsbqzo4QFkvQV73FKrJPuO8JFI9LF3VLZr/hTIL9y6uPLM4y+FZyTMuSodUsfnSimqWTKUkGMaWM/sUFGtOVUsHGxkxqWEDokfdZ2VBHJTJBNFx6jQ6dEqBdr95RFU/XnREakMSMZuqQkdmDmvYn4n9dObe8iyLhKUssUnX3USwWyMZpcjyKuGbVi5AihmrtdER0QTah1HRVdCXj+5L+kcVzBjt+elKtXeR0F2IcDOAIM51CFG6hBHShIeIRnePG09+S9em+z6IKXz+zBL3jvX4alkDc=</latexit><latexit sha1_base64="4ar9Zp/eioFR2wAtrbwk6E2rzNU=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclYn43BXduKxgH9IOJZNJ29AkMyQZoQz9CjcuFHHr57jzb0zbQbR6IHA451xy7wkTwY31/U9vYXFpeWW1sFZc39jc2i7t7DZMnGrK6jQWsW6FxDDBFatbbgVrJZoRGQrWDIfXE7/5wLThsbqzo4QFkvQV73FKrJPuO8JFI9LF3VLZr/hTIL9y6uPLM4y+FZyTMuSodUsfnSimqWTKUkGMaWM/sUFGtOVUsHGxkxqWEDokfdZ2VBHJTJBNFx6jQ6dEqBdr95RFU/XnREakMSMZuqQkdmDmvYn4n9dObe8iyLhKUssUnX3USwWyMZpcjyKuGbVi5AihmrtdER0QTah1HRVdCXj+5L+kcVzBjt+elKtXeR0F2IcDOAIM51CFG6hBHShIeIRnePG09+S9em+z6IKXz+zBL3jvX4alkDc=</latexit><latexit sha1_base64="4ar9Zp/eioFR2wAtrbwk6E2rzNU=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclYn43BXduKxgH9IOJZNJ29AkMyQZoQz9CjcuFHHr57jzb0zbQbR6IHA451xy7wkTwY31/U9vYXFpeWW1sFZc39jc2i7t7DZMnGrK6jQWsW6FxDDBFatbbgVrJZoRGQrWDIfXE7/5wLThsbqzo4QFkvQV73FKrJPuO8JFI9LF3VLZr/hTIL9y6uPLM4y+FZyTMuSodUsfnSimqWTKUkGMaWM/sUFGtOVUsHGxkxqWEDokfdZ2VBHJTJBNFx6jQ6dEqBdr95RFU/XnREakMSMZuqQkdmDmvYn4n9dObe8iyLhKUssUnX3USwWyMZpcjyKuGbVi5AihmrtdER0QTah1HRVdCXj+5L+kcVzBjt+elKtXeR0F2IcDOAIM51CFG6hBHShIeIRnePG09+S9em+z6IKXz+zBL3jvX4alkDc=</latexit>

�v
<latexit sha1_base64="nlhXNSlSlL+JtcT5BIznQPQbGzE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIz13RjcsK9iHtUDKZTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdhCtHggczjmX3HuChDNtXPfTKSwtr6yuFddLG5tb2zvl3b2mjlNFaIPEPFbtAGvKmaQNwwyn7URRLAJOW8HwZuq3RlRpFst7M06oL3BfsogRbKz00OU2GuLeqFeuuFV3BuRWz1zv6txD34qXkwrkqPfKH90wJqmg0hCOte54bmL8DCvDCKeTUjfVNMFkiPu0Y6nEgmo/my08QUdWCVEUK/ukQTP150SGhdZjEdikwGagF72p+J/XSU106WdMJqmhksw/ilKOTIym16OQKUoMH1uCiWJ2V0QGWGFibEclW4K3ePJf0jypepbfnVZq13kdRTiAQzgGDy6gBrdQhwYQEPAIz/DiKOfJeXXe5tGCk8/swy8471/vOZB8</latexit><latexit sha1_base64="nlhXNSlSlL+JtcT5BIznQPQbGzE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIz13RjcsK9iHtUDKZTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdhCtHggczjmX3HuChDNtXPfTKSwtr6yuFddLG5tb2zvl3b2mjlNFaIPEPFbtAGvKmaQNwwyn7URRLAJOW8HwZuq3RlRpFst7M06oL3BfsogRbKz00OU2GuLeqFeuuFV3BuRWz1zv6txD34qXkwrkqPfKH90wJqmg0hCOte54bmL8DCvDCKeTUjfVNMFkiPu0Y6nEgmo/my08QUdWCVEUK/ukQTP150SGhdZjEdikwGagF72p+J/XSU106WdMJqmhksw/ilKOTIym16OQKUoMH1uCiWJ2V0QGWGFibEclW4K3ePJf0jypepbfnVZq13kdRTiAQzgGDy6gBrdQhwYQEPAIz/DiKOfJeXXe5tGCk8/swy8471/vOZB8</latexit><latexit sha1_base64="nlhXNSlSlL+JtcT5BIznQPQbGzE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIz13RjcsK9iHtUDKZTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdhCtHggczjmX3HuChDNtXPfTKSwtr6yuFddLG5tb2zvl3b2mjlNFaIPEPFbtAGvKmaQNwwyn7URRLAJOW8HwZuq3RlRpFst7M06oL3BfsogRbKz00OU2GuLeqFeuuFV3BuRWz1zv6txD34qXkwrkqPfKH90wJqmg0hCOte54bmL8DCvDCKeTUjfVNMFkiPu0Y6nEgmo/my08QUdWCVEUK/ukQTP150SGhdZjEdikwGagF72p+J/XSU106WdMJqmhksw/ilKOTIym16OQKUoMH1uCiWJ2V0QGWGFibEclW4K3ePJf0jypepbfnVZq13kdRTiAQzgGDy6gBrdQhwYQEPAIz/DiKOfJeXXe5tGCk8/swy8471/vOZB8</latexit><latexit sha1_base64="nlhXNSlSlL+JtcT5BIznQPQbGzE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIz13RjcsK9iHtUDKZTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdhCtHggczjmX3HuChDNtXPfTKSwtr6yuFddLG5tb2zvl3b2mjlNFaIPEPFbtAGvKmaQNwwyn7URRLAJOW8HwZuq3RlRpFst7M06oL3BfsogRbKz00OU2GuLeqFeuuFV3BuRWz1zv6txD34qXkwrkqPfKH90wJqmg0hCOte54bmL8DCvDCKeTUjfVNMFkiPu0Y6nEgmo/my08QUdWCVEUK/ukQTP150SGhdZjEdikwGagF72p+J/XSU106WdMJqmhksw/ilKOTIym16OQKUoMH1uCiWJ2V0QGWGFibEclW4K3ePJf0jypepbfnVZq13kdRTiAQzgGDy6gBrdQhwYQEPAIz/DiKOfJeXXe5tGCk8/swy8471/vOZB8</latexit>

�V
<latexit sha1_base64="WMmWmdJfKg/DeUjnylSE2Uqa8Bg=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI9bErunFZwT6kHUomk2lDk8yQZIQy9CvcuFDErZ/jzr8xbQfR6oHA4Zxzyb0nSDjTxnU/ncLS8srqWnG9tLG5tb1T3t1r6ThVhDZJzGPVCbCmnEnaNMxw2kkUxSLgtB2Mrqd++4EqzWJ5Z8YJ9QUeSBYxgo2V7nvcRkPcb/XLFbfqzoDcas31Ls889K14OalAjka//NELY5IKKg3hWOuu5ybGz7AyjHA6KfVSTRNMRnhAu5ZKLKj2s9nCE3RklRBFsbJPGjRTf05kWGg9FoFNCmyGetGbiv953dREF37GZJIaKsn8oyjlyMRoej0KmaLE8LElmChmd0VkiBUmxnZUsiV4iyf/Ja2Tqmf57WmlfpXXUYQDOIRj8OAc6nADDWgCAQGP8AwvjnKenFfnbR4tOPnMPvyC8/4FvrmQXA==</latexit><latexit sha1_base64="WMmWmdJfKg/DeUjnylSE2Uqa8Bg=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI9bErunFZwT6kHUomk2lDk8yQZIQy9CvcuFDErZ/jzr8xbQfR6oHA4Zxzyb0nSDjTxnU/ncLS8srqWnG9tLG5tb1T3t1r6ThVhDZJzGPVCbCmnEnaNMxw2kkUxSLgtB2Mrqd++4EqzWJ5Z8YJ9QUeSBYxgo2V7nvcRkPcb/XLFbfqzoDcas31Ls889K14OalAjka//NELY5IKKg3hWOuu5ybGz7AyjHA6KfVSTRNMRnhAu5ZKLKj2s9nCE3RklRBFsbJPGjRTf05kWGg9FoFNCmyGetGbiv953dREF37GZJIaKsn8oyjlyMRoej0KmaLE8LElmChmd0VkiBUmxnZUsiV4iyf/Ja2Tqmf57WmlfpXXUYQDOIRj8OAc6nADDWgCAQGP8AwvjnKenFfnbR4tOPnMPvyC8/4FvrmQXA==</latexit><latexit sha1_base64="WMmWmdJfKg/DeUjnylSE2Uqa8Bg=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI9bErunFZwT6kHUomk2lDk8yQZIQy9CvcuFDErZ/jzr8xbQfR6oHA4Zxzyb0nSDjTxnU/ncLS8srqWnG9tLG5tb1T3t1r6ThVhDZJzGPVCbCmnEnaNMxw2kkUxSLgtB2Mrqd++4EqzWJ5Z8YJ9QUeSBYxgo2V7nvcRkPcb/XLFbfqzoDcas31Ls889K14OalAjka//NELY5IKKg3hWOuu5ybGz7AyjHA6KfVSTRNMRnhAu5ZKLKj2s9nCE3RklRBFsbJPGjRTf05kWGg9FoFNCmyGetGbiv953dREF37GZJIaKsn8oyjlyMRoej0KmaLE8LElmChmd0VkiBUmxnZUsiV4iyf/Ja2Tqmf57WmlfpXXUYQDOIRj8OAc6nADDWgCAQGP8AwvjnKenFfnbR4tOPnMPvyC8/4FvrmQXA==</latexit><latexit sha1_base64="WMmWmdJfKg/DeUjnylSE2Uqa8Bg=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyI9bErunFZwT6kHUomk2lDk8yQZIQy9CvcuFDErZ/jzr8xbQfR6oHA4Zxzyb0nSDjTxnU/ncLS8srqWnG9tLG5tb1T3t1r6ThVhDZJzGPVCbCmnEnaNMxw2kkUxSLgtB2Mrqd++4EqzWJ5Z8YJ9QUeSBYxgo2V7nvcRkPcb/XLFbfqzoDcas31Ls889K14OalAjka//NELY5IKKg3hWOuu5ybGz7AyjHA6KfVSTRNMRnhAu5ZKLKj2s9nCE3RklRBFsbJPGjRTf05kWGg9FoFNCmyGetGbiv953dREF37GZJIaKsn8oyjlyMRoej0KmaLE8LElmChmd0VkiBUmxnZUsiV4iyf/Ja2Tqmf57WmlfpXXUYQDOIRj8OAc6nADDWgCAQGP8AwvjnKenFfnbR4tOPnMPvyC8/4FvrmQXA==</latexit>

V samples of
<latexit sha1_base64="UkBkufIltoPa0FEvZRPNrNWGadE=">AAAB9HicbZDLSgMxGIUz9VbrrerSTbAIrspMwduu4MZlBXuBdiiZ9J82NJcxyRTK0Odw40IRtz6Dz+DOtzG9IFo9EDic84f8+aKEM2N9/9PLrayurW/kNwtb2zu7e8X9g4ZRqaZQp4or3YqIAc4k1C2zHFqJBiIiDs1oeD3tmyPQhil5Z8cJhIL0JYsZJdZFYQMbIhIOBqsYd4slv+zPhP3ymR9cnQf4OwkWpoQWqnWLH52eoqkAaSknxrQDP7FhRrRllMOk0EkNJIQOSR/azkoiwITZbOkJPnFJD8dKuyMtnqU/b2REGDMWkZsUxA7McjcN/+vaqY0vw4zJJLUg6fyhOOXYKjwlgHtMA7V87AyhmrldMR0QTah1nAoOQrD85b+mUSkHzt9WStXofY4jj47QMTpFAbpAVXSDaqiOKLpHD+gJPXsj79F78V7nozlvgfAQ/ZL39gU7opJw</latexit><latexit sha1_base64="UkBkufIltoPa0FEvZRPNrNWGadE=">AAAB9HicbZDLSgMxGIUz9VbrrerSTbAIrspMwduu4MZlBXuBdiiZ9J82NJcxyRTK0Odw40IRtz6Dz+DOtzG9IFo9EDic84f8+aKEM2N9/9PLrayurW/kNwtb2zu7e8X9g4ZRqaZQp4or3YqIAc4k1C2zHFqJBiIiDs1oeD3tmyPQhil5Z8cJhIL0JYsZJdZFYQMbIhIOBqsYd4slv+zPhP3ymR9cnQf4OwkWpoQWqnWLH52eoqkAaSknxrQDP7FhRrRllMOk0EkNJIQOSR/azkoiwITZbOkJPnFJD8dKuyMtnqU/b2REGDMWkZsUxA7McjcN/+vaqY0vw4zJJLUg6fyhOOXYKjwlgHtMA7V87AyhmrldMR0QTah1nAoOQrD85b+mUSkHzt9WStXofY4jj47QMTpFAbpAVXSDaqiOKLpHD+gJPXsj79F78V7nozlvgfAQ/ZL39gU7opJw</latexit><latexit sha1_base64="UkBkufIltoPa0FEvZRPNrNWGadE=">AAAB9HicbZDLSgMxGIUz9VbrrerSTbAIrspMwduu4MZlBXuBdiiZ9J82NJcxyRTK0Odw40IRtz6Dz+DOtzG9IFo9EDic84f8+aKEM2N9/9PLrayurW/kNwtb2zu7e8X9g4ZRqaZQp4or3YqIAc4k1C2zHFqJBiIiDs1oeD3tmyPQhil5Z8cJhIL0JYsZJdZFYQMbIhIOBqsYd4slv+zPhP3ymR9cnQf4OwkWpoQWqnWLH52eoqkAaSknxrQDP7FhRrRllMOk0EkNJIQOSR/azkoiwITZbOkJPnFJD8dKuyMtnqU/b2REGDMWkZsUxA7McjcN/+vaqY0vw4zJJLUg6fyhOOXYKjwlgHtMA7V87AyhmrldMR0QTah1nAoOQrD85b+mUSkHzt9WStXofY4jj47QMTpFAbpAVXSDaqiOKLpHD+gJPXsj79F78V7nozlvgfAQ/ZL39gU7opJw</latexit><latexit sha1_base64="UkBkufIltoPa0FEvZRPNrNWGadE=">AAAB9HicbZDLSgMxGIUz9VbrrerSTbAIrspMwduu4MZlBXuBdiiZ9J82NJcxyRTK0Odw40IRtz6Dz+DOtzG9IFo9EDic84f8+aKEM2N9/9PLrayurW/kNwtb2zu7e8X9g4ZRqaZQp4or3YqIAc4k1C2zHFqJBiIiDs1oeD3tmyPQhil5Z8cJhIL0JYsZJdZFYQMbIhIOBqsYd4slv+zPhP3ymR9cnQf4OwkWpoQWqnWLH52eoqkAaSknxrQDP7FhRrRllMOk0EkNJIQOSR/azkoiwITZbOkJPnFJD8dKuyMtnqU/b2REGDMWkZsUxA7McjcN/+vaqY0vw4zJJLUg6fyhOOXYKjwlgHtMA7V87AyhmrldMR0QTah1nAoOQrD85b+mUSkHzt9WStXofY4jj47QMTpFAbpAVXSDaqiOKLpHD+gJPXsj79F78V7nozlvgfAQ/ZL39gU7opJw</latexit>

�
<latexit sha1_base64="CMm8AcU55T5D1ez1fYJdC9x9acM=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIz13BjcsK9gHtUDKZO21oJjMkGaEM/Qg3LhRx62f4De78G9MHotUDgcM5J9x7T5AKro3rfjqFpeWV1bXiemljc2t7p7y719RJphg2WCIS1Q6oRsElNgw3AtupQhoHAlvB8Hrit+5RaZ7IOzNK0Y9pX/KIM2qs1OoKGw1pr1xxq+4UxK2eud7VuUe+FW9OKjBHvVf+6IYJy2KUhgmqdcdzU+PnVBnOBI5L3UxjStmQ9rFjqaQxaj+frjsmR1YJSZQo+6QhU/Xnj5zGWo/iwCZjagZ60ZuI/3mdzESXfs5lmhmUbDYoygQxCZncTkKukBkxsoQyxe2uhA2ooszYhkq2BG/x5L+keVL1LL89rdSC91kdRTiAQzgGDy6gBjdQhwYwGMIDPMGzkzqPzovzOosWnHmF+/ALztsXnzuQcw==</latexit><latexit sha1_base64="CMm8AcU55T5D1ez1fYJdC9x9acM=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIz13BjcsK9gHtUDKZO21oJjMkGaEM/Qg3LhRx62f4De78G9MHotUDgcM5J9x7T5AKro3rfjqFpeWV1bXiemljc2t7p7y719RJphg2WCIS1Q6oRsElNgw3AtupQhoHAlvB8Hrit+5RaZ7IOzNK0Y9pX/KIM2qs1OoKGw1pr1xxq+4UxK2eud7VuUe+FW9OKjBHvVf+6IYJy2KUhgmqdcdzU+PnVBnOBI5L3UxjStmQ9rFjqaQxaj+frjsmR1YJSZQo+6QhU/Xnj5zGWo/iwCZjagZ60ZuI/3mdzESXfs5lmhmUbDYoygQxCZncTkKukBkxsoQyxe2uhA2ooszYhkq2BG/x5L+keVL1LL89rdSC91kdRTiAQzgGDy6gBjdQhwYwGMIDPMGzkzqPzovzOosWnHmF+/ALztsXnzuQcw==</latexit><latexit sha1_base64="CMm8AcU55T5D1ez1fYJdC9x9acM=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIz13BjcsK9gHtUDKZO21oJjMkGaEM/Qg3LhRx62f4De78G9MHotUDgcM5J9x7T5AKro3rfjqFpeWV1bXiemljc2t7p7y719RJphg2WCIS1Q6oRsElNgw3AtupQhoHAlvB8Hrit+5RaZ7IOzNK0Y9pX/KIM2qs1OoKGw1pr1xxq+4UxK2eud7VuUe+FW9OKjBHvVf+6IYJy2KUhgmqdcdzU+PnVBnOBI5L3UxjStmQ9rFjqaQxaj+frjsmR1YJSZQo+6QhU/Xnj5zGWo/iwCZjagZ60ZuI/3mdzESXfs5lmhmUbDYoygQxCZncTkKukBkxsoQyxe2uhA2ooszYhkq2BG/x5L+keVL1LL89rdSC91kdRTiAQzgGDy6gBjdQhwYwGMIDPMGzkzqPzovzOosWnHmF+/ALztsXnzuQcw==</latexit><latexit sha1_base64="CMm8AcU55T5D1ez1fYJdC9x9acM=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIz13BjcsK9gHtUDKZO21oJjMkGaEM/Qg3LhRx62f4De78G9MHotUDgcM5J9x7T5AKro3rfjqFpeWV1bXiemljc2t7p7y719RJphg2WCIS1Q6oRsElNgw3AtupQhoHAlvB8Hrit+5RaZ7IOzNK0Y9pX/KIM2qs1OoKGw1pr1xxq+4UxK2eud7VuUe+FW9OKjBHvVf+6IYJy2KUhgmqdcdzU+PnVBnOBI5L3UxjStmQ9rFjqaQxaj+frjsmR1YJSZQo+6QhU/Xnj5zGWo/iwCZjagZ60ZuI/3mdzESXfs5lmhmUbDYoygQxCZncTkKukBkxsoQyxe2uhA2ooszYhkq2BG/x5L+keVL1LL89rdSC91kdRTiAQzgGDy6gBjdQhwYwGMIDPMGzkzqPzovzOosWnHmF+/ALztsXnzuQcw==</latexit> samples of

<latexit sha1_base64="DmsBZuyjmtR3cIhUenfg1r7bMhw=">AAAB8nicdZDLSgMxFIbP1Futt6pLN8EiuCrTbnRZcOOygr3AdCiZNNOGJpMhOSOUoY/hxoUibn0In8Gdb2N6Eerth8DH/5+Qkz9KpbDo+x9eYW19Y3OruF3a2d3bPygfHrWtzgzjLaalNt2IWi5FwlsoUPJuajhVkeSdaHw1yzt33Fihk1ucpDxUdJiIWDCKzgosVankluiY9MuVWtWfi/i/4CuqwFLNfvm9N9AsUzxBJqm1Qc1PMcypQcEkn5Z6meUpZWM65IHDhCpuw3y+8pScOWdAYm3cSZDM3dUbOVXWTlTkJhXFkf2Zzcy/siDD+DLMRZJmyBO2eCjOJEFNZv8nA2E4QzlxQJkRblfCRtRQhq6l0moJ/0O7Xq05vqlXGtHboo4inMApnEMNLqAB19CEFjDQcA+P8OSh9+A9ey+L0YK3rPAYvsl7/QQbDZHR</latexit><latexit sha1_base64="DmsBZuyjmtR3cIhUenfg1r7bMhw=">AAAB8nicdZDLSgMxFIbP1Futt6pLN8EiuCrTbnRZcOOygr3AdCiZNNOGJpMhOSOUoY/hxoUibn0In8Gdb2N6Eerth8DH/5+Qkz9KpbDo+x9eYW19Y3OruF3a2d3bPygfHrWtzgzjLaalNt2IWi5FwlsoUPJuajhVkeSdaHw1yzt33Fihk1ucpDxUdJiIWDCKzgosVankluiY9MuVWtWfi/i/4CuqwFLNfvm9N9AsUzxBJqm1Qc1PMcypQcEkn5Z6meUpZWM65IHDhCpuw3y+8pScOWdAYm3cSZDM3dUbOVXWTlTkJhXFkf2Zzcy/siDD+DLMRZJmyBO2eCjOJEFNZv8nA2E4QzlxQJkRblfCRtRQhq6l0moJ/0O7Xq05vqlXGtHboo4inMApnEMNLqAB19CEFjDQcA+P8OSh9+A9ey+L0YK3rPAYvsl7/QQbDZHR</latexit><latexit sha1_base64="DmsBZuyjmtR3cIhUenfg1r7bMhw=">AAAB8nicdZDLSgMxFIbP1Futt6pLN8EiuCrTbnRZcOOygr3AdCiZNNOGJpMhOSOUoY/hxoUibn0In8Gdb2N6Eerth8DH/5+Qkz9KpbDo+x9eYW19Y3OruF3a2d3bPygfHrWtzgzjLaalNt2IWi5FwlsoUPJuajhVkeSdaHw1yzt33Fihk1ucpDxUdJiIWDCKzgosVankluiY9MuVWtWfi/i/4CuqwFLNfvm9N9AsUzxBJqm1Qc1PMcypQcEkn5Z6meUpZWM65IHDhCpuw3y+8pScOWdAYm3cSZDM3dUbOVXWTlTkJhXFkf2Zzcy/siDD+DLMRZJmyBO2eCjOJEFNZv8nA2E4QzlxQJkRblfCRtRQhq6l0moJ/0O7Xq05vqlXGtHboo4inMApnEMNLqAB19CEFjDQcA+P8OSh9+A9ey+L0YK3rPAYvsl7/QQbDZHR</latexit><latexit sha1_base64="DmsBZuyjmtR3cIhUenfg1r7bMhw=">AAAB8nicdZDLSgMxFIbP1Futt6pLN8EiuCrTbnRZcOOygr3AdCiZNNOGJpMhOSOUoY/hxoUibn0In8Gdb2N6Eerth8DH/5+Qkz9KpbDo+x9eYW19Y3OruF3a2d3bPygfHrWtzgzjLaalNt2IWi5FwlsoUPJuajhVkeSdaHw1yzt33Fihk1ucpDxUdJiIWDCKzgosVankluiY9MuVWtWfi/i/4CuqwFLNfvm9N9AsUzxBJqm1Qc1PMcypQcEkn5Z6meUpZWM65IHDhCpuw3y+8pScOWdAYm3cSZDM3dUbOVXWTlTkJhXFkf2Zzcy/siDD+DLMRZJmyBO2eCjOJEFNZv8nA2E4QzlxQJkRblfCRtRQhq6l0moJ/0O7Xq05vqlXGtHboo4inMApnEMNLqAB19CEFjDQcA+P8OSh9+A9ey+L0YK3rPAYvsl7/QQbDZHR</latexit>

V NG
<latexit sha1_base64="muelGRX0ADGz2bTr71bh2kLbCIM=">AAAB7nicdZDLSgMxFIbP1Fsdb1WXboJFcFVmRNBlwYWupIK9QDuUTJppQzOZITkjlKEP4caFIm59DJ/BnW9jehGslx8CH/9/Qk7+MJXCoOd9OIWl5ZXVteK6u7G5tb1T2t1rmCTTjNdZIhPdCqnhUiheR4GSt1LNaRxK3gyHF5O8ece1EYm6xVHKg5j2lYgEo2itZoNcdy9dt1sq+xVvKuL9gq+oDHPVuqX3Ti9hWcwVMkmNafteikFONQom+djtZIanlA1pn7ctKhpzE+TTdcfkyDo9EiXaHoVk6n6/kdPYmFEc2smY4sD8zCbmX1k7w+g8yIVKM+SKzR6KMkkwIZO/k57QnKEcWaBMC7srYQOqKUPb0EIJ/0PjpOJbvjktV8O3WR1FOIBDOAYfzqAKV1CDOjAYwj08wpOTOg/Os/MyGy048wr3YUHO6yeap48f</latexit><latexit sha1_base64="muelGRX0ADGz2bTr71bh2kLbCIM=">AAAB7nicdZDLSgMxFIbP1Fsdb1WXboJFcFVmRNBlwYWupIK9QDuUTJppQzOZITkjlKEP4caFIm59DJ/BnW9jehGslx8CH/9/Qk7+MJXCoOd9OIWl5ZXVteK6u7G5tb1T2t1rmCTTjNdZIhPdCqnhUiheR4GSt1LNaRxK3gyHF5O8ece1EYm6xVHKg5j2lYgEo2itZoNcdy9dt1sq+xVvKuL9gq+oDHPVuqX3Ti9hWcwVMkmNafteikFONQom+djtZIanlA1pn7ctKhpzE+TTdcfkyDo9EiXaHoVk6n6/kdPYmFEc2smY4sD8zCbmX1k7w+g8yIVKM+SKzR6KMkkwIZO/k57QnKEcWaBMC7srYQOqKUPb0EIJ/0PjpOJbvjktV8O3WR1FOIBDOAYfzqAKV1CDOjAYwj08wpOTOg/Os/MyGy048wr3YUHO6yeap48f</latexit><latexit sha1_base64="muelGRX0ADGz2bTr71bh2kLbCIM=">AAAB7nicdZDLSgMxFIbP1Fsdb1WXboJFcFVmRNBlwYWupIK9QDuUTJppQzOZITkjlKEP4caFIm59DJ/BnW9jehGslx8CH/9/Qk7+MJXCoOd9OIWl5ZXVteK6u7G5tb1T2t1rmCTTjNdZIhPdCqnhUiheR4GSt1LNaRxK3gyHF5O8ece1EYm6xVHKg5j2lYgEo2itZoNcdy9dt1sq+xVvKuL9gq+oDHPVuqX3Ti9hWcwVMkmNafteikFONQom+djtZIanlA1pn7ctKhpzE+TTdcfkyDo9EiXaHoVk6n6/kdPYmFEc2smY4sD8zCbmX1k7w+g8yIVKM+SKzR6KMkkwIZO/k57QnKEcWaBMC7srYQOqKUPb0EIJ/0PjpOJbvjktV8O3WR1FOIBDOAYfzqAKV1CDOjAYwj08wpOTOg/Os/MyGy048wr3YUHO6yeap48f</latexit><latexit sha1_base64="muelGRX0ADGz2bTr71bh2kLbCIM=">AAAB7nicdZDLSgMxFIbP1Fsdb1WXboJFcFVmRNBlwYWupIK9QDuUTJppQzOZITkjlKEP4caFIm59DJ/BnW9jehGslx8CH/9/Qk7+MJXCoOd9OIWl5ZXVteK6u7G5tb1T2t1rmCTTjNdZIhPdCqnhUiheR4GSt1LNaRxK3gyHF5O8ece1EYm6xVHKg5j2lYgEo2itZoNcdy9dt1sq+xVvKuL9gq+oDHPVuqX3Ti9hWcwVMkmNafteikFONQom+djtZIanlA1pn7ctKhpzE+TTdcfkyDo9EiXaHoVk6n6/kdPYmFEc2smY4sD8zCbmX1k7w+g8yIVKM+SKzR6KMkkwIZO/k57QnKEcWaBMC7srYQOqKUPb0EIJ/0PjpOJbvjktV8O3WR1FOIBDOAYfzqAKV1CDOjAYwj08wpOTOg/Os/MyGy048wr3YUHO6yeap48f</latexit>

G
<latexit sha1_base64="T6VTFLueVHwuUwl2wtkcoCERvA4=">AAAB9XicdVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwoMcI5gFJDLOT2WTI7Owy06uEZf/DiwdFvPoLfoM3/8bZJILxUdBQVHXTRfmxFAZd98NZWFxaXlktrBXXNza3tks7uw0TJZrxOotkpFs+NVwKxesoUPJWrDkNfcmb/ug895u3XBsRqWscx7wb0oESgWAUrXSTdkKKQ0ZlepFlxV6p7FXcCYj7i3xZZZih1iu9d/oRS0KukElqTNtzY+ymVKNgkmfFTmJ4TNmIDnjbUkVDbrrpJHVGDq3SJ0Gk7SgkE/X7RUpDY8ahbzfzkOanl4t/ee0Eg7NuKlScIFds+ihIJMGI5BWQvtCcoRxbQpkWNithQ6opQ1vUXAn/k8ZxxbP86qRc9d+mdRRgHw7gCDw4hSpcQg3qwEDDPTzCk3PnPDjPzst0dcGZVbgHc3BePwHDSJNe</latexit><latexit sha1_base64="T6VTFLueVHwuUwl2wtkcoCERvA4=">AAAB9XicdVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwoMcI5gFJDLOT2WTI7Owy06uEZf/DiwdFvPoLfoM3/8bZJILxUdBQVHXTRfmxFAZd98NZWFxaXlktrBXXNza3tks7uw0TJZrxOotkpFs+NVwKxesoUPJWrDkNfcmb/ug895u3XBsRqWscx7wb0oESgWAUrXSTdkKKQ0ZlepFlxV6p7FXcCYj7i3xZZZih1iu9d/oRS0KukElqTNtzY+ymVKNgkmfFTmJ4TNmIDnjbUkVDbrrpJHVGDq3SJ0Gk7SgkE/X7RUpDY8ahbzfzkOanl4t/ee0Eg7NuKlScIFds+ihIJMGI5BWQvtCcoRxbQpkWNithQ6opQ1vUXAn/k8ZxxbP86qRc9d+mdRRgHw7gCDw4hSpcQg3qwEDDPTzCk3PnPDjPzst0dcGZVbgHc3BePwHDSJNe</latexit><latexit sha1_base64="T6VTFLueVHwuUwl2wtkcoCERvA4=">AAAB9XicdVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwoMcI5gFJDLOT2WTI7Owy06uEZf/DiwdFvPoLfoM3/8bZJILxUdBQVHXTRfmxFAZd98NZWFxaXlktrBXXNza3tks7uw0TJZrxOotkpFs+NVwKxesoUPJWrDkNfcmb/ug895u3XBsRqWscx7wb0oESgWAUrXSTdkKKQ0ZlepFlxV6p7FXcCYj7i3xZZZih1iu9d/oRS0KukElqTNtzY+ymVKNgkmfFTmJ4TNmIDnjbUkVDbrrpJHVGDq3SJ0Gk7SgkE/X7RUpDY8ahbzfzkOanl4t/ee0Eg7NuKlScIFds+ihIJMGI5BWQvtCcoRxbQpkWNithQ6opQ1vUXAn/k8ZxxbP86qRc9d+mdRRgHw7gCDw4hSpcQg3qwEDDPTzCk3PnPDjPzst0dcGZVbgHc3BePwHDSJNe</latexit><latexit sha1_base64="T6VTFLueVHwuUwl2wtkcoCERvA4=">AAAB9XicdVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwoMcI5gFJDLOT2WTI7Owy06uEZf/DiwdFvPoLfoM3/8bZJILxUdBQVHXTRfmxFAZd98NZWFxaXlktrBXXNza3tks7uw0TJZrxOotkpFs+NVwKxesoUPJWrDkNfcmb/ug895u3XBsRqWscx7wb0oESgWAUrXSTdkKKQ0ZlepFlxV6p7FXcCYj7i3xZZZih1iu9d/oRS0KukElqTNtzY+ymVKNgkmfFTmJ4TNmIDnjbUkVDbrrpJHVGDq3SJ0Gk7SgkE/X7RUpDY8ahbzfzkOanl4t/ee0Eg7NuKlScIFds+ihIJMGI5BWQvtCcoRxbQpkWNithQ6opQ1vUXAn/k8ZxxbP86qRc9d+mdRRgHw7gCDw4hSpcQg3qwEDDPTzCk3PnPDjPzst0dcGZVbgHc3BePwHDSJNe</latexit>

from
<latexit sha1_base64="6qRw/qRHsENv6BUWQxQPuayTS8s=">AAAB7HicdZDLSgMxGIX/qbdab1WXboJFcFVmutFlwY3LCk5baIeSSTNtaC5DkhHK0Gdw40IRtz6Hz+DOtzHTVrBeDgQ+zvlD/pw45cxY3//wSmvrG5tb5e3Kzu7e/kH18KhtVKYJDYniSndjbChnkoaWWU67qaZYxJx24slVkXfuqDZMyVs7TWkk8EiyhBFsnRUmWonKoFoL6v5cyP8FX1ENlmoNqu/9oSKZoNISjo3pBX5qoxxrywins0o/MzTFZIJHtOdQYkFNlM+XnaEz5wxRorQ70qK5+/1GjoUxUxG7SYHt2PzMCvOvrJfZ5DLKmUwzSyVZPJRkHFmFip+jIdOUWD51gIlmbldExlhjYl0/KyX8D+1GPXB806g147dFHWU4gVM4hwAuoAnX0IIQCDC4h0d48qT34D17L4vRkres8BhW5L1+Aq/Vj0k=</latexit><latexit sha1_base64="6qRw/qRHsENv6BUWQxQPuayTS8s=">AAAB7HicdZDLSgMxGIX/qbdab1WXboJFcFVmutFlwY3LCk5baIeSSTNtaC5DkhHK0Gdw40IRtz6Hz+DOtzHTVrBeDgQ+zvlD/pw45cxY3//wSmvrG5tb5e3Kzu7e/kH18KhtVKYJDYniSndjbChnkoaWWU67qaZYxJx24slVkXfuqDZMyVs7TWkk8EiyhBFsnRUmWonKoFoL6v5cyP8FX1ENlmoNqu/9oSKZoNISjo3pBX5qoxxrywins0o/MzTFZIJHtOdQYkFNlM+XnaEz5wxRorQ70qK5+/1GjoUxUxG7SYHt2PzMCvOvrJfZ5DLKmUwzSyVZPJRkHFmFip+jIdOUWD51gIlmbldExlhjYl0/KyX8D+1GPXB806g147dFHWU4gVM4hwAuoAnX0IIQCDC4h0d48qT34D17L4vRkres8BhW5L1+Aq/Vj0k=</latexit><latexit sha1_base64="6qRw/qRHsENv6BUWQxQPuayTS8s=">AAAB7HicdZDLSgMxGIX/qbdab1WXboJFcFVmutFlwY3LCk5baIeSSTNtaC5DkhHK0Gdw40IRtz6Hz+DOtzHTVrBeDgQ+zvlD/pw45cxY3//wSmvrG5tb5e3Kzu7e/kH18KhtVKYJDYniSndjbChnkoaWWU67qaZYxJx24slVkXfuqDZMyVs7TWkk8EiyhBFsnRUmWonKoFoL6v5cyP8FX1ENlmoNqu/9oSKZoNISjo3pBX5qoxxrywins0o/MzTFZIJHtOdQYkFNlM+XnaEz5wxRorQ70qK5+/1GjoUxUxG7SYHt2PzMCvOvrJfZ5DLKmUwzSyVZPJRkHFmFip+jIdOUWD51gIlmbldExlhjYl0/KyX8D+1GPXB806g147dFHWU4gVM4hwAuoAnX0IIQCDC4h0d48qT34D17L4vRkres8BhW5L1+Aq/Vj0k=</latexit><latexit sha1_base64="6qRw/qRHsENv6BUWQxQPuayTS8s=">AAAB7HicdZDLSgMxGIX/qbdab1WXboJFcFVmutFlwY3LCk5baIeSSTNtaC5DkhHK0Gdw40IRtz6Hz+DOtzHTVrBeDgQ+zvlD/pw45cxY3//wSmvrG5tb5e3Kzu7e/kH18KhtVKYJDYniSndjbChnkoaWWU67qaZYxJx24slVkXfuqDZMyVs7TWkk8EiyhBFsnRUmWonKoFoL6v5cyP8FX1ENlmoNqu/9oSKZoNISjo3pBX5qoxxrywins0o/MzTFZIJHtOdQYkFNlM+XnaEz5wxRorQ70qK5+/1GjoUxUxG7SYHt2PzMCvOvrJfZ5DLKmUwzSyVZPJRkHFmFip+jIdOUWD51gIlmbldExlhjYl0/KyX8D+1GPXB806g147dFHWU4gVM4hwAuoAnX0IIQCDC4h0d48qT34D17L4vRkres8BhW5L1+Aq/Vj0k=</latexit>

p(G|Gobs)
<latexit sha1_base64="ohS4h/SMWvnhGK9rzMJHM7EBxeg=">AAACDnicdVDLSgMxFM3UV62vUZdugqVQN2VGBF0WXOiygn1AOwyZNNOGZpIhyQhlnC9w46+4caGILl2782/MtBVaHwcunJxzL7n3BDGjSjvOp1VYWl5ZXSuulzY2t7Z37N29lhKJxKSJBROyEyBFGOWkqalmpBNLgqKAkXYwOs/99g2Rigp+rccx8SI04DSkGGkj+XYlrqa9COkhRiy9yLLb+ZefikBl2VHJt8tuzZkAOr/It1UGMzR8+6PXFziJCNeYIaW6rhNrL0VSU8xIVuolisQIj9CAdA3lKCLKSyfnZLBilD4MhTTFNZyo8xMpipQaR4HpzHdVP71c/MvrJjo881LK40QTjqcfhQmDWsA8G9inkmDNxoYgLKnZFeIhkghrk+BCCP+T1nHNNfzqpFwP3qZxFMEBOARV4IJTUAeXoAGaAIM78ACewLN1bz1aL9brtLVgzSLcBwuw3r8AiHadug==</latexit><latexit sha1_base64="ohS4h/SMWvnhGK9rzMJHM7EBxeg=">AAACDnicdVDLSgMxFM3UV62vUZdugqVQN2VGBF0WXOiygn1AOwyZNNOGZpIhyQhlnC9w46+4caGILl2782/MtBVaHwcunJxzL7n3BDGjSjvOp1VYWl5ZXSuulzY2t7Z37N29lhKJxKSJBROyEyBFGOWkqalmpBNLgqKAkXYwOs/99g2Rigp+rccx8SI04DSkGGkj+XYlrqa9COkhRiy9yLLb+ZefikBl2VHJt8tuzZkAOr/It1UGMzR8+6PXFziJCNeYIaW6rhNrL0VSU8xIVuolisQIj9CAdA3lKCLKSyfnZLBilD4MhTTFNZyo8xMpipQaR4HpzHdVP71c/MvrJjo881LK40QTjqcfhQmDWsA8G9inkmDNxoYgLKnZFeIhkghrk+BCCP+T1nHNNfzqpFwP3qZxFMEBOARV4IJTUAeXoAGaAIM78ACewLN1bz1aL9brtLVgzSLcBwuw3r8AiHadug==</latexit><latexit sha1_base64="ohS4h/SMWvnhGK9rzMJHM7EBxeg=">AAACDnicdVDLSgMxFM3UV62vUZdugqVQN2VGBF0WXOiygn1AOwyZNNOGZpIhyQhlnC9w46+4caGILl2782/MtBVaHwcunJxzL7n3BDGjSjvOp1VYWl5ZXSuulzY2t7Z37N29lhKJxKSJBROyEyBFGOWkqalmpBNLgqKAkXYwOs/99g2Rigp+rccx8SI04DSkGGkj+XYlrqa9COkhRiy9yLLb+ZefikBl2VHJt8tuzZkAOr/It1UGMzR8+6PXFziJCNeYIaW6rhNrL0VSU8xIVuolisQIj9CAdA3lKCLKSyfnZLBilD4MhTTFNZyo8xMpipQaR4HpzHdVP71c/MvrJjo881LK40QTjqcfhQmDWsA8G9inkmDNxoYgLKnZFeIhkghrk+BCCP+T1nHNNfzqpFwP3qZxFMEBOARV4IJTUAeXoAGaAIM78ACewLN1bz1aL9brtLVgzSLcBwuw3r8AiHadug==</latexit><latexit sha1_base64="ohS4h/SMWvnhGK9rzMJHM7EBxeg=">AAACDnicdVDLSgMxFM3UV62vUZdugqVQN2VGBF0WXOiygn1AOwyZNNOGZpIhyQhlnC9w46+4caGILl2782/MtBVaHwcunJxzL7n3BDGjSjvOp1VYWl5ZXSuulzY2t7Z37N29lhKJxKSJBROyEyBFGOWkqalmpBNLgqKAkXYwOs/99g2Rigp+rccx8SI04DSkGGkj+XYlrqa9COkhRiy9yLLb+ZefikBl2VHJt8tuzZkAOr/It1UGMzR8+6PXFziJCNeYIaW6rhNrL0VSU8xIVuolisQIj9CAdA3lKCLKSyfnZLBilD4MhTTFNZyo8xMpipQaR4HpzHdVP71c/MvrJjo881LK40QTjqcfhQmDWsA8G9inkmDNxoYgLKnZFeIhkghrk+BCCP+T1nHNNfzqpFwP3qZxFMEBOARV4IJTUAeXoAGaAIM78ACewLN1bz1aL9brtLVgzSLcBwuw3r8AiHadug==</latexit>

p(�|Gobs)
<latexit sha1_base64="6kNnblujsXpCQIU1TFtlGF4nrSU=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUnE567gQpcV7AOaECaTSTt0MgkzE6HELN34K25cKOJO/AR3/o2TtohWDwwczjnDvff4CaNSWdanMTM7N7+wWFoqL6+srq2bG5stGacCkyaOWSw6PpKEUU6aiipGOokgKPIZafuD88Jv3xAhacyv1TAhboR6nIYUI6Ulz9xJqg7T8QDdZk6EVB8jll3kXhb7Ms/3y55ZsWrWCNCqHVn22bENvxV7QipggoZnfjhBjNOIcIUZkrJrW4lyMyQUxYzkZSeVJEF4gHqkqylHEZFuNjokh3taCWAYC/24giP1548MRVIOI18ni13ltFeI/3ndVIWnbkZ5kirC8XhQmDKoYli0AgMqCFZsqAnCgupdIe4jgbDS3RUl2NMn/yWtg5qt+dVhpe6/jesogW2wC6rABiegDi5BAzQBBnfgATyBZ+PeeDRejNdxdMaYVLgFfsF4/wJdcJrj</latexit><latexit sha1_base64="6kNnblujsXpCQIU1TFtlGF4nrSU=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUnE567gQpcV7AOaECaTSTt0MgkzE6HELN34K25cKOJO/AR3/o2TtohWDwwczjnDvff4CaNSWdanMTM7N7+wWFoqL6+srq2bG5stGacCkyaOWSw6PpKEUU6aiipGOokgKPIZafuD88Jv3xAhacyv1TAhboR6nIYUI6Ulz9xJqg7T8QDdZk6EVB8jll3kXhb7Ms/3y55ZsWrWCNCqHVn22bENvxV7QipggoZnfjhBjNOIcIUZkrJrW4lyMyQUxYzkZSeVJEF4gHqkqylHEZFuNjokh3taCWAYC/24giP1548MRVIOI18ni13ltFeI/3ndVIWnbkZ5kirC8XhQmDKoYli0AgMqCFZsqAnCgupdIe4jgbDS3RUl2NMn/yWtg5qt+dVhpe6/jesogW2wC6rABiegDi5BAzQBBnfgATyBZ+PeeDRejNdxdMaYVLgFfsF4/wJdcJrj</latexit><latexit sha1_base64="6kNnblujsXpCQIU1TFtlGF4nrSU=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUnE567gQpcV7AOaECaTSTt0MgkzE6HELN34K25cKOJO/AR3/o2TtohWDwwczjnDvff4CaNSWdanMTM7N7+wWFoqL6+srq2bG5stGacCkyaOWSw6PpKEUU6aiipGOokgKPIZafuD88Jv3xAhacyv1TAhboR6nIYUI6Ulz9xJqg7T8QDdZk6EVB8jll3kXhb7Ms/3y55ZsWrWCNCqHVn22bENvxV7QipggoZnfjhBjNOIcIUZkrJrW4lyMyQUxYzkZSeVJEF4gHqkqylHEZFuNjokh3taCWAYC/24giP1548MRVIOI18ni13ltFeI/3ndVIWnbkZ5kirC8XhQmDKoYli0AgMqCFZsqAnCgupdIe4jgbDS3RUl2NMn/yWtg5qt+dVhpe6/jesogW2wC6rABiegDi5BAzQBBnfgATyBZ+PeeDRejNdxdMaYVLgFfsF4/wJdcJrj</latexit><latexit sha1_base64="6kNnblujsXpCQIU1TFtlGF4nrSU=">AAACCHicbVDLSsNAFJ34rPUVdenCwSLUTUnE567gQpcV7AOaECaTSTt0MgkzE6HELN34K25cKOJO/AR3/o2TtohWDwwczjnDvff4CaNSWdanMTM7N7+wWFoqL6+srq2bG5stGacCkyaOWSw6PpKEUU6aiipGOokgKPIZafuD88Jv3xAhacyv1TAhboR6nIYUI6Ulz9xJqg7T8QDdZk6EVB8jll3kXhb7Ms/3y55ZsWrWCNCqHVn22bENvxV7QipggoZnfjhBjNOIcIUZkrJrW4lyMyQUxYzkZSeVJEF4gHqkqylHEZFuNjokh3taCWAYC/24giP1548MRVIOI18ni13ltFeI/3ndVIWnbkZ5kirC8XhQmDKoYli0AgMqCFZsqAnCgupdIe4jgbDS3RUl2NMn/yWtg5qt+dVhpe6/jesogW2wC6rABiegDi5BAzQBBnfgATyBZ+PeeDRejNdxdMaYVLgFfsF4/wJdcJrj</latexit>

Gi,1
<latexit sha1_base64="W4BJ5RUEBQE5c4scxWrVGaPYBmA=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCvYBbQiT6aQdOpmEmYlQQ/BX3LhQxK3/4c6/cdJWsD4OXDiccy/3cIKEM6Ud58MqLSwuLa+UVytr6xubW/b2TkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweii8Nu3VCoWixs9TqgX4YFgISNYG8m397JehPWQYJ5d5n7Gjt08r/h21a05EyDnF/myqjBDw7ffe/2YpBEVmnCsVNd1Eu1lWGpGOM0rvVTRBJMRHtCuoQJHVHnZJH2ODo3SR2EszQiNJur3iwxHSo2jwGwWUdVPrxD/8rqpDs+9jIkk1VSQ6aMw5UjHqKgC9ZmkRPOxIZhIZrIiMsQSE20Kmyvhf9I6qbmGX59W62xWRxn24QCOwIUzqMMVNKAJBO7gAZ7g2bq3Hq0X63W6WrJmN7swB+vtEz5plS8=</latexit><latexit sha1_base64="W4BJ5RUEBQE5c4scxWrVGaPYBmA=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCvYBbQiT6aQdOpmEmYlQQ/BX3LhQxK3/4c6/cdJWsD4OXDiccy/3cIKEM6Ud58MqLSwuLa+UVytr6xubW/b2TkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweii8Nu3VCoWixs9TqgX4YFgISNYG8m397JehPWQYJ5d5n7Gjt08r/h21a05EyDnF/myqjBDw7ffe/2YpBEVmnCsVNd1Eu1lWGpGOM0rvVTRBJMRHtCuoQJHVHnZJH2ODo3SR2EszQiNJur3iwxHSo2jwGwWUdVPrxD/8rqpDs+9jIkk1VSQ6aMw5UjHqKgC9ZmkRPOxIZhIZrIiMsQSE20Kmyvhf9I6qbmGX59W62xWRxn24QCOwIUzqMMVNKAJBO7gAZ7g2bq3Hq0X63W6WrJmN7swB+vtEz5plS8=</latexit><latexit sha1_base64="W4BJ5RUEBQE5c4scxWrVGaPYBmA=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCvYBbQiT6aQdOpmEmYlQQ/BX3LhQxK3/4c6/cdJWsD4OXDiccy/3cIKEM6Ud58MqLSwuLa+UVytr6xubW/b2TkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweii8Nu3VCoWixs9TqgX4YFgISNYG8m397JehPWQYJ5d5n7Gjt08r/h21a05EyDnF/myqjBDw7ffe/2YpBEVmnCsVNd1Eu1lWGpGOM0rvVTRBJMRHtCuoQJHVHnZJH2ODo3SR2EszQiNJur3iwxHSo2jwGwWUdVPrxD/8rqpDs+9jIkk1VSQ6aMw5UjHqKgC9ZmkRPOxIZhIZrIiMsQSE20Kmyvhf9I6qbmGX59W62xWRxn24QCOwIUzqMMVNKAJBO7gAZ7g2bq3Hq0X63W6WrJmN7swB+vtEz5plS8=</latexit><latexit sha1_base64="W4BJ5RUEBQE5c4scxWrVGaPYBmA=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCvYBbQiT6aQdOpmEmYlQQ/BX3LhQxK3/4c6/cdJWsD4OXDiccy/3cIKEM6Ud58MqLSwuLa+UVytr6xubW/b2TkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweii8Nu3VCoWixs9TqgX4YFgISNYG8m397JehPWQYJ5d5n7Gjt08r/h21a05EyDnF/myqjBDw7ffe/2YpBEVmnCsVNd1Eu1lWGpGOM0rvVTRBJMRHtCuoQJHVHnZJH2ODo3SR2EszQiNJur3iwxHSo2jwGwWUdVPrxD/8rqpDs+9jIkk1VSQ6aMw5UjHqKgC9ZmkRPOxIZhIZrIiMsQSE20Kmyvhf9I6qbmGX59W62xWRxn24QCOwIUzqMMVNKAJBO7gAZ7g2bq3Hq0X63W6WrJmN7swB+vtEz5plS8=</latexit>

Gi,v
<latexit sha1_base64="o0WXus3Tjlsl6vmzgOvshEEq7m4=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCrYV2hAm00k7dDIJM5NCDcFfceNCEbf+hzv/xklbwfo4cOFwzr3cwwkSzpR2nA+rtLC4tLxSXq2srW9sbtnbOy0Vp5LQJol5LG8DrChngjY105zeJpLiKOC0HQwvCr89olKxWNzocUK9CPcFCxnB2ki+vZd1I6wHBPPsMvczdjzK84pvV92aMwFyfpEvqwozNHz7vduLSRpRoQnHSnVcJ9FehqVmhNO80k0VTTAZ4j7tGCpwRJWXTdLn6NAoPRTG0ozQaKJ+v8hwpNQ4CsxmEVX99ArxL6+T6vDcy5hIUk0FmT4KU450jIoqUI9JSjQfG4KJZCYrIgMsMdGmsLkS/ietk5pr+PVptc5mdZRhHw7gCFw4gzpcQQOaQOAOHuAJnq1769F6sV6nqyVrdrMLc7DePgGnzJV0</latexit><latexit sha1_base64="o0WXus3Tjlsl6vmzgOvshEEq7m4=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCrYV2hAm00k7dDIJM5NCDcFfceNCEbf+hzv/xklbwfo4cOFwzr3cwwkSzpR2nA+rtLC4tLxSXq2srW9sbtnbOy0Vp5LQJol5LG8DrChngjY105zeJpLiKOC0HQwvCr89olKxWNzocUK9CPcFCxnB2ki+vZd1I6wHBPPsMvczdjzK84pvV92aMwFyfpEvqwozNHz7vduLSRpRoQnHSnVcJ9FehqVmhNO80k0VTTAZ4j7tGCpwRJWXTdLn6NAoPRTG0ozQaKJ+v8hwpNQ4CsxmEVX99ArxL6+T6vDcy5hIUk0FmT4KU450jIoqUI9JSjQfG4KJZCYrIgMsMdGmsLkS/ietk5pr+PVptc5mdZRhHw7gCFw4gzpcQQOaQOAOHuAJnq1769F6sV6nqyVrdrMLc7DePgGnzJV0</latexit><latexit sha1_base64="o0WXus3Tjlsl6vmzgOvshEEq7m4=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCrYV2hAm00k7dDIJM5NCDcFfceNCEbf+hzv/xklbwfo4cOFwzr3cwwkSzpR2nA+rtLC4tLxSXq2srW9sbtnbOy0Vp5LQJol5LG8DrChngjY105zeJpLiKOC0HQwvCr89olKxWNzocUK9CPcFCxnB2ki+vZd1I6wHBPPsMvczdjzK84pvV92aMwFyfpEvqwozNHz7vduLSRpRoQnHSnVcJ9FehqVmhNO80k0VTTAZ4j7tGCpwRJWXTdLn6NAoPRTG0ozQaKJ+v8hwpNQ4CsxmEVX99ArxL6+T6vDcy5hIUk0FmT4KU450jIoqUI9JSjQfG4KJZCYrIgMsMdGmsLkS/ietk5pr+PVptc5mdZRhHw7gCFw4gzpcQQOaQOAOHuAJnq1769F6sV6nqyVrdrMLc7DePgGnzJV0</latexit><latexit sha1_base64="o0WXus3Tjlsl6vmzgOvshEEq7m4=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCrYV2hAm00k7dDIJM5NCDcFfceNCEbf+hzv/xklbwfo4cOFwzr3cwwkSzpR2nA+rtLC4tLxSXq2srW9sbtnbOy0Vp5LQJol5LG8DrChngjY105zeJpLiKOC0HQwvCr89olKxWNzocUK9CPcFCxnB2ki+vZd1I6wHBPPsMvczdjzK84pvV92aMwFyfpEvqwozNHz7vduLSRpRoQnHSnVcJ9FehqVmhNO80k0VTTAZ4j7tGCpwRJWXTdLn6NAoPRTG0ozQaKJ+v8hwpNQ4CsxmEVX99ArxL6+T6vDcy5hIUk0FmT4KU450jIoqUI9JSjQfG4KJZCYrIgMsMdGmsLkS/ietk5pr+PVptc5mdZRhHw7gCFw4gzpcQQOaQOAOHuAJnq1769F6sV6nqyVrdrMLc7DePgGnzJV0</latexit>

Gi,NG
<latexit sha1_base64="MxBblxy+OPL+Wf/zQj9eEkc5K+E=">AAAB/3icdVDLSsNAFL2pr1pfUcGNm8EiuJCSiKDLgou6kgr2AW0Ik+mkHTqZhJmJUGIW/oobF4q49Tfc+TdOH4L1ceDC4Zx7uYcTJJwp7TgfVmFhcWl5pbhaWlvf2Nyyt3eaKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gqGF2O/dUulYrG40aOEehHuCxYygrWRfHsv60ZYDwjmWS33M3Z85dfyvOTbZbfiTICcX+TLKsMMdd9+7/ZikkZUaMKxUh3XSbSXYakZ4TQvdVNFE0yGuE87hgocUeVlk/w5OjRKD4WxNCM0mqjfLzIcKTWKArM5Dqt+emPxL6+T6vDcy5hIUk0FmT4KU450jMZloB6TlGg+MgQTyUxWRAZYYqJNZXMl/E+aJxXX8OvTcpXN6ijCPhzAEbhwBlW4hDo0gMAdPMATPFv31qP1Yr1OVwvW7GYX5mC9fQLAWpYG</latexit><latexit sha1_base64="MxBblxy+OPL+Wf/zQj9eEkc5K+E=">AAAB/3icdVDLSsNAFL2pr1pfUcGNm8EiuJCSiKDLgou6kgr2AW0Ik+mkHTqZhJmJUGIW/oobF4q49Tfc+TdOH4L1ceDC4Zx7uYcTJJwp7TgfVmFhcWl5pbhaWlvf2Nyyt3eaKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gqGF2O/dUulYrG40aOEehHuCxYygrWRfHsv60ZYDwjmWS33M3Z85dfyvOTbZbfiTICcX+TLKsMMdd9+7/ZikkZUaMKxUh3XSbSXYakZ4TQvdVNFE0yGuE87hgocUeVlk/w5OjRKD4WxNCM0mqjfLzIcKTWKArM5Dqt+emPxL6+T6vDcy5hIUk0FmT4KU450jMZloB6TlGg+MgQTyUxWRAZYYqJNZXMl/E+aJxXX8OvTcpXN6ijCPhzAEbhwBlW4hDo0gMAdPMATPFv31qP1Yr1OVwvW7GYX5mC9fQLAWpYG</latexit><latexit sha1_base64="MxBblxy+OPL+Wf/zQj9eEkc5K+E=">AAAB/3icdVDLSsNAFL2pr1pfUcGNm8EiuJCSiKDLgou6kgr2AW0Ik+mkHTqZhJmJUGIW/oobF4q49Tfc+TdOH4L1ceDC4Zx7uYcTJJwp7TgfVmFhcWl5pbhaWlvf2Nyyt3eaKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gqGF2O/dUulYrG40aOEehHuCxYygrWRfHsv60ZYDwjmWS33M3Z85dfyvOTbZbfiTICcX+TLKsMMdd9+7/ZikkZUaMKxUh3XSbSXYakZ4TQvdVNFE0yGuE87hgocUeVlk/w5OjRKD4WxNCM0mqjfLzIcKTWKArM5Dqt+emPxL6+T6vDcy5hIUk0FmT4KU450jMZloB6TlGg+MgQTyUxWRAZYYqJNZXMl/E+aJxXX8OvTcpXN6ijCPhzAEbhwBlW4hDo0gMAdPMATPFv31qP1Yr1OVwvW7GYX5mC9fQLAWpYG</latexit><latexit sha1_base64="MxBblxy+OPL+Wf/zQj9eEkc5K+E=">AAAB/3icdVDLSsNAFL2pr1pfUcGNm8EiuJCSiKDLgou6kgr2AW0Ik+mkHTqZhJmJUGIW/oobF4q49Tfc+TdOH4L1ceDC4Zx7uYcTJJwp7TgfVmFhcWl5pbhaWlvf2Nyyt3eaKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gqGF2O/dUulYrG40aOEehHuCxYygrWRfHsv60ZYDwjmWS33M3Z85dfyvOTbZbfiTICcX+TLKsMMdd9+7/ZikkZUaMKxUh3XSbSXYakZ4TQvdVNFE0yGuE87hgocUeVlk/w5OjRKD4WxNCM0mqjfLzIcKTWKArM5Dqt+emPxL6+T6vDcy5hIUk0FmT4KU450jMZloB6TlGg+MgQTyUxWRAZYYqJNZXMl/E+aJxXX8OvTcpXN6ijCPhzAEbhwBlW4hDo0gMAdPMATPFv31qP1Yr1OVwvW7GYX5mC9fQLAWpYG</latexit>

from
<latexit sha1_base64="1t0VvOXS0mc6ncpPQ/tquAg/EPE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGfN0CXjxGcJNAsoTZyWwyZB7LzKwQQr7BiwdFvPodfoM3/8bZJIhGCxqKqm66u+KUM2N9/9MrrKyurW8UN0tb2zu7e+X9g6ZRmSY0JIor3Y6xoZxJGlpmOW2nmmIRc9qKR9e537qn2jAl7+w4pZHAA8kSRrB1UphoJUq9csWv+jMgv3rmB1fnAfpWggWpwAKNXvmj21ckE1RawrExncBPbTTB2jLC6bTUzQxNMRnhAe04KrGgJprMjp2iE6f0UaK0K2nRTP05McHCmLGIXafAdmiWvVz8z+tkNrmMJkymmaWSzBclGUdWofxz1GeaEsvHjmCimbsVkSHWmFiXTx5CsPzyX9KsVQPHb2uVevw+j6MIR3AMpxDABdThBhoQAgEGD/AEz570Hr0X73XeWvAWER7CL3hvX84pj14=</latexit><latexit sha1_base64="1t0VvOXS0mc6ncpPQ/tquAg/EPE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGfN0CXjxGcJNAsoTZyWwyZB7LzKwQQr7BiwdFvPodfoM3/8bZJIhGCxqKqm66u+KUM2N9/9MrrKyurW8UN0tb2zu7e+X9g6ZRmSY0JIor3Y6xoZxJGlpmOW2nmmIRc9qKR9e537qn2jAl7+w4pZHAA8kSRrB1UphoJUq9csWv+jMgv3rmB1fnAfpWggWpwAKNXvmj21ckE1RawrExncBPbTTB2jLC6bTUzQxNMRnhAe04KrGgJprMjp2iE6f0UaK0K2nRTP05McHCmLGIXafAdmiWvVz8z+tkNrmMJkymmaWSzBclGUdWofxz1GeaEsvHjmCimbsVkSHWmFiXTx5CsPzyX9KsVQPHb2uVevw+j6MIR3AMpxDABdThBhoQAgEGD/AEz570Hr0X73XeWvAWER7CL3hvX84pj14=</latexit><latexit sha1_base64="1t0VvOXS0mc6ncpPQ/tquAg/EPE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGfN0CXjxGcJNAsoTZyWwyZB7LzKwQQr7BiwdFvPodfoM3/8bZJIhGCxqKqm66u+KUM2N9/9MrrKyurW8UN0tb2zu7e+X9g6ZRmSY0JIor3Y6xoZxJGlpmOW2nmmIRc9qKR9e537qn2jAl7+w4pZHAA8kSRrB1UphoJUq9csWv+jMgv3rmB1fnAfpWggWpwAKNXvmj21ckE1RawrExncBPbTTB2jLC6bTUzQxNMRnhAe04KrGgJprMjp2iE6f0UaK0K2nRTP05McHCmLGIXafAdmiWvVz8z+tkNrmMJkymmaWSzBclGUdWofxz1GeaEsvHjmCimbsVkSHWmFiXTx5CsPzyX9KsVQPHb2uVevw+j6MIR3AMpxDABdThBhoQAgEGD/AEz570Hr0X73XeWvAWER7CL3hvX84pj14=</latexit><latexit sha1_base64="1t0VvOXS0mc6ncpPQ/tquAg/EPE=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGfN0CXjxGcJNAsoTZyWwyZB7LzKwQQr7BiwdFvPodfoM3/8bZJIhGCxqKqm66u+KUM2N9/9MrrKyurW8UN0tb2zu7e+X9g6ZRmSY0JIor3Y6xoZxJGlpmOW2nmmIRc9qKR9e537qn2jAl7+w4pZHAA8kSRrB1UphoJUq9csWv+jMgv3rmB1fnAfpWggWpwAKNXvmj21ckE1RawrExncBPbTTB2jLC6bTUzQxNMRnhAe04KrGgJprMjp2iE6f0UaK0K2nRTP05McHCmLGIXafAdmiWvVz8z+tkNrmMJkymmaWSzBclGUdWofxz1GeaEsvHjmCimbsVkSHWmFiXTx5CsPzyX9KsVQPHb2uVevw+j6MIR3AMpxDABdThBhoQAgEGD/AEz570Hr0X73XeWvAWER7CL3hvX84pj14=</latexit>

p(Z|YL,X,Gobs) =

∫
p(Z|W ,G,X)p(W |YL,X,G)p(G|λ)p(λ|Gobs) dW dG dλ .
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Sampling GCNN weights

}
…

…

Posterior of 
GCNN weights:

Gi,1
<latexit sha1_base64="W4BJ5RUEBQE5c4scxWrVGaPYBmA=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCvYBbQiT6aQdOpmEmYlQQ/BX3LhQxK3/4c6/cdJWsD4OXDiccy/3cIKEM6Ud58MqLSwuLa+UVytr6xubW/b2TkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweii8Nu3VCoWixs9TqgX4YFgISNYG8m397JehPWQYJ5d5n7Gjt08r/h21a05EyDnF/myqjBDw7ffe/2YpBEVmnCsVNd1Eu1lWGpGOM0rvVTRBJMRHtCuoQJHVHnZJH2ODo3SR2EszQiNJur3iwxHSo2jwGwWUdVPrxD/8rqpDs+9jIkk1VSQ6aMw5UjHqKgC9ZmkRPOxIZhIZrIiMsQSE20Kmyvhf9I6qbmGX59W62xWRxn24QCOwIUzqMMVNKAJBO7gAZ7g2bq3Hq0X63W6WrJmN7swB+vtEz5plS8=</latexit><latexit sha1_base64="W4BJ5RUEBQE5c4scxWrVGaPYBmA=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCvYBbQiT6aQdOpmEmYlQQ/BX3LhQxK3/4c6/cdJWsD4OXDiccy/3cIKEM6Ud58MqLSwuLa+UVytr6xubW/b2TkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweii8Nu3VCoWixs9TqgX4YFgISNYG8m397JehPWQYJ5d5n7Gjt08r/h21a05EyDnF/myqjBDw7ffe/2YpBEVmnCsVNd1Eu1lWGpGOM0rvVTRBJMRHtCuoQJHVHnZJH2ODo3SR2EszQiNJur3iwxHSo2jwGwWUdVPrxD/8rqpDs+9jIkk1VSQ6aMw5UjHqKgC9ZmkRPOxIZhIZrIiMsQSE20Kmyvhf9I6qbmGX59W62xWRxn24QCOwIUzqMMVNKAJBO7gAZ7g2bq3Hq0X63W6WrJmN7swB+vtEz5plS8=</latexit><latexit sha1_base64="W4BJ5RUEBQE5c4scxWrVGaPYBmA=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCvYBbQiT6aQdOpmEmYlQQ/BX3LhQxK3/4c6/cdJWsD4OXDiccy/3cIKEM6Ud58MqLSwuLa+UVytr6xubW/b2TkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweii8Nu3VCoWixs9TqgX4YFgISNYG8m397JehPWQYJ5d5n7Gjt08r/h21a05EyDnF/myqjBDw7ffe/2YpBEVmnCsVNd1Eu1lWGpGOM0rvVTRBJMRHtCuoQJHVHnZJH2ODo3SR2EszQiNJur3iwxHSo2jwGwWUdVPrxD/8rqpDs+9jIkk1VSQ6aMw5UjHqKgC9ZmkRPOxIZhIZrIiMsQSE20Kmyvhf9I6qbmGX59W62xWRxn24QCOwIUzqMMVNKAJBO7gAZ7g2bq3Hq0X63W6WrJmN7swB+vtEz5plS8=</latexit><latexit sha1_base64="W4BJ5RUEBQE5c4scxWrVGaPYBmA=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCvYBbQiT6aQdOpmEmYlQQ/BX3LhQxK3/4c6/cdJWsD4OXDiccy/3cIKEM6Ud58MqLSwuLa+UVytr6xubW/b2TkvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweii8Nu3VCoWixs9TqgX4YFgISNYG8m397JehPWQYJ5d5n7Gjt08r/h21a05EyDnF/myqjBDw7ffe/2YpBEVmnCsVNd1Eu1lWGpGOM0rvVTRBJMRHtCuoQJHVHnZJH2ODo3SR2EszQiNJur3iwxHSo2jwGwWUdVPrxD/8rqpDs+9jIkk1VSQ6aMw5UjHqKgC9ZmkRPOxIZhIZrIiMsQSE20Kmyvhf9I6qbmGX59W62xWRxn24QCOwIUzqMMVNKAJBO7gAZ7g2bq3Hq0X63W6WrJmN7swB+vtEz5plS8=</latexit>

Gi,v
<latexit sha1_base64="o0WXus3Tjlsl6vmzgOvshEEq7m4=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCrYV2hAm00k7dDIJM5NCDcFfceNCEbf+hzv/xklbwfo4cOFwzr3cwwkSzpR2nA+rtLC4tLxSXq2srW9sbtnbOy0Vp5LQJol5LG8DrChngjY105zeJpLiKOC0HQwvCr89olKxWNzocUK9CPcFCxnB2ki+vZd1I6wHBPPsMvczdjzK84pvV92aMwFyfpEvqwozNHz7vduLSRpRoQnHSnVcJ9FehqVmhNO80k0VTTAZ4j7tGCpwRJWXTdLn6NAoPRTG0ozQaKJ+v8hwpNQ4CsxmEVX99ArxL6+T6vDcy5hIUk0FmT4KU450jIoqUI9JSjQfG4KJZCYrIgMsMdGmsLkS/ietk5pr+PVptc5mdZRhHw7gCFw4gzpcQQOaQOAOHuAJnq1769F6sV6nqyVrdrMLc7DePgGnzJV0</latexit><latexit sha1_base64="o0WXus3Tjlsl6vmzgOvshEEq7m4=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCrYV2hAm00k7dDIJM5NCDcFfceNCEbf+hzv/xklbwfo4cOFwzr3cwwkSzpR2nA+rtLC4tLxSXq2srW9sbtnbOy0Vp5LQJol5LG8DrChngjY105zeJpLiKOC0HQwvCr89olKxWNzocUK9CPcFCxnB2ki+vZd1I6wHBPPsMvczdjzK84pvV92aMwFyfpEvqwozNHz7vduLSRpRoQnHSnVcJ9FehqVmhNO80k0VTTAZ4j7tGCpwRJWXTdLn6NAoPRTG0ozQaKJ+v8hwpNQ4CsxmEVX99ArxL6+T6vDcy5hIUk0FmT4KU450jIoqUI9JSjQfG4KJZCYrIgMsMdGmsLkS/ietk5pr+PVptc5mdZRhHw7gCFw4gzpcQQOaQOAOHuAJnq1769F6sV6nqyVrdrMLc7DePgGnzJV0</latexit><latexit sha1_base64="o0WXus3Tjlsl6vmzgOvshEEq7m4=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCrYV2hAm00k7dDIJM5NCDcFfceNCEbf+hzv/xklbwfo4cOFwzr3cwwkSzpR2nA+rtLC4tLxSXq2srW9sbtnbOy0Vp5LQJol5LG8DrChngjY105zeJpLiKOC0HQwvCr89olKxWNzocUK9CPcFCxnB2ki+vZd1I6wHBPPsMvczdjzK84pvV92aMwFyfpEvqwozNHz7vduLSRpRoQnHSnVcJ9FehqVmhNO80k0VTTAZ4j7tGCpwRJWXTdLn6NAoPRTG0ozQaKJ+v8hwpNQ4CsxmEVX99ArxL6+T6vDcy5hIUk0FmT4KU450jIoqUI9JSjQfG4KJZCYrIgMsMdGmsLkS/ietk5pr+PVptc5mdZRhHw7gCFw4gzpcQQOaQOAOHuAJnq1769F6sV6nqyVrdrMLc7DePgGnzJV0</latexit><latexit sha1_base64="o0WXus3Tjlsl6vmzgOvshEEq7m4=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCrYV2hAm00k7dDIJM5NCDcFfceNCEbf+hzv/xklbwfo4cOFwzr3cwwkSzpR2nA+rtLC4tLxSXq2srW9sbtnbOy0Vp5LQJol5LG8DrChngjY105zeJpLiKOC0HQwvCr89olKxWNzocUK9CPcFCxnB2ki+vZd1I6wHBPPsMvczdjzK84pvV92aMwFyfpEvqwozNHz7vduLSRpRoQnHSnVcJ9FehqVmhNO80k0VTTAZ4j7tGCpwRJWXTdLn6NAoPRTG0ozQaKJ+v8hwpNQ4CsxmEVX99ArxL6+T6vDcy5hIUk0FmT4KU450jIoqUI9JSjQfG4KJZCYrIgMsMdGmsLkS/ietk5pr+PVptc5mdZRhHw7gCFw4gzpcQQOaQOAOHuAJnq1769F6sV6nqyVrdrMLc7DePgGnzJV0</latexit>

Gi,NG
<latexit sha1_base64="MxBblxy+OPL+Wf/zQj9eEkc5K+E=">AAAB/3icdVDLSsNAFL2pr1pfUcGNm8EiuJCSiKDLgou6kgr2AW0Ik+mkHTqZhJmJUGIW/oobF4q49Tfc+TdOH4L1ceDC4Zx7uYcTJJwp7TgfVmFhcWl5pbhaWlvf2Nyyt3eaKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gqGF2O/dUulYrG40aOEehHuCxYygrWRfHsv60ZYDwjmWS33M3Z85dfyvOTbZbfiTICcX+TLKsMMdd9+7/ZikkZUaMKxUh3XSbSXYakZ4TQvdVNFE0yGuE87hgocUeVlk/w5OjRKD4WxNCM0mqjfLzIcKTWKArM5Dqt+emPxL6+T6vDcy5hIUk0FmT4KU450jMZloB6TlGg+MgQTyUxWRAZYYqJNZXMl/E+aJxXX8OvTcpXN6ijCPhzAEbhwBlW4hDo0gMAdPMATPFv31qP1Yr1OVwvW7GYX5mC9fQLAWpYG</latexit><latexit sha1_base64="MxBblxy+OPL+Wf/zQj9eEkc5K+E=">AAAB/3icdVDLSsNAFL2pr1pfUcGNm8EiuJCSiKDLgou6kgr2AW0Ik+mkHTqZhJmJUGIW/oobF4q49Tfc+TdOH4L1ceDC4Zx7uYcTJJwp7TgfVmFhcWl5pbhaWlvf2Nyyt3eaKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gqGF2O/dUulYrG40aOEehHuCxYygrWRfHsv60ZYDwjmWS33M3Z85dfyvOTbZbfiTICcX+TLKsMMdd9+7/ZikkZUaMKxUh3XSbSXYakZ4TQvdVNFE0yGuE87hgocUeVlk/w5OjRKD4WxNCM0mqjfLzIcKTWKArM5Dqt+emPxL6+T6vDcy5hIUk0FmT4KU450jMZloB6TlGg+MgQTyUxWRAZYYqJNZXMl/E+aJxXX8OvTcpXN6ijCPhzAEbhwBlW4hDo0gMAdPMATPFv31qP1Yr1OVwvW7GYX5mC9fQLAWpYG</latexit><latexit sha1_base64="MxBblxy+OPL+Wf/zQj9eEkc5K+E=">AAAB/3icdVDLSsNAFL2pr1pfUcGNm8EiuJCSiKDLgou6kgr2AW0Ik+mkHTqZhJmJUGIW/oobF4q49Tfc+TdOH4L1ceDC4Zx7uYcTJJwp7TgfVmFhcWl5pbhaWlvf2Nyyt3eaKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gqGF2O/dUulYrG40aOEehHuCxYygrWRfHsv60ZYDwjmWS33M3Z85dfyvOTbZbfiTICcX+TLKsMMdd9+7/ZikkZUaMKxUh3XSbSXYakZ4TQvdVNFE0yGuE87hgocUeVlk/w5OjRKD4WxNCM0mqjfLzIcKTWKArM5Dqt+emPxL6+T6vDcy5hIUk0FmT4KU450jMZloB6TlGg+MgQTyUxWRAZYYqJNZXMl/E+aJxXX8OvTcpXN6ijCPhzAEbhwBlW4hDo0gMAdPMATPFv31qP1Yr1OVwvW7GYX5mC9fQLAWpYG</latexit><latexit sha1_base64="MxBblxy+OPL+Wf/zQj9eEkc5K+E=">AAAB/3icdVDLSsNAFL2pr1pfUcGNm8EiuJCSiKDLgou6kgr2AW0Ik+mkHTqZhJmJUGIW/oobF4q49Tfc+TdOH4L1ceDC4Zx7uYcTJJwp7TgfVmFhcWl5pbhaWlvf2Nyyt3eaKk4loQ0S81i2A6woZ4I2NNOcthNJcRRw2gqGF2O/dUulYrG40aOEehHuCxYygrWRfHsv60ZYDwjmWS33M3Z85dfyvOTbZbfiTICcX+TLKsMMdd9+7/ZikkZUaMKxUh3XSbSXYakZ4TQvdVNFE0yGuE87hgocUeVlk/w5OjRKD4WxNCM0mqjfLzIcKTWKArM5Dqt+emPxL6+T6vDcy5hIUk0FmT4KU450jMZloB6TlGg+MgQTyUxWRAZYYqJNZXMl/E+aJxXX8OvTcpXN6ijCPhzAEbhwBlW4hDo0gMAdPMATPFv31qP1Yr1OVwvW7GYX5mC9fQLAWpYG</latexit>

p(W |YL, X, Gi,v)
<latexit sha1_base64="+Vbp5oCTjuw0UjSIBvca/VIpEAQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoUkoigi4LLnThooJ9SBvCZDpph04mYWZSKDH/4MZfceNCEbdu3Pk3TtpStPXAwJlz7uXee7yIUaks69vILS2vrK7l1wsbm1vbO+buXkOGscCkjkMWipaHJGGUk7qiipFWJAgKPEaa3uAy85tDIiQN+Z0aRcQJUI9Tn2KktOSaJ1Gp+ZDcu0knQKqPEUtu0jQtt8qz/1XqJrQ8TI9ds2hVrDHgjNjzpAimqLnmV6cb4jggXGGGpGzbVqScBAlFMSNpoRNLEiE8QD3S1pSjgEgnGd+UwiOtdKEfCv24gmP1d0eCAilHgacrs03lvJeJ/3ntWPkXTkJ5FCvC8WSQHzOoQpgFBLtUEKzYSBOEBdW7QtxHAmGlYyzoEBZOXiSN04qt+e1ZsUqnceTBATgEJWCDc1AF16AG6gCDR/AMXsGb8WS8GO/Gx6Q0Z0x79sEfGJ8/la6etA==</latexit><latexit sha1_base64="+Vbp5oCTjuw0UjSIBvca/VIpEAQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoUkoigi4LLnThooJ9SBvCZDpph04mYWZSKDH/4MZfceNCEbdu3Pk3TtpStPXAwJlz7uXee7yIUaks69vILS2vrK7l1wsbm1vbO+buXkOGscCkjkMWipaHJGGUk7qiipFWJAgKPEaa3uAy85tDIiQN+Z0aRcQJUI9Tn2KktOSaJ1Gp+ZDcu0knQKqPEUtu0jQtt8qz/1XqJrQ8TI9ds2hVrDHgjNjzpAimqLnmV6cb4jggXGGGpGzbVqScBAlFMSNpoRNLEiE8QD3S1pSjgEgnGd+UwiOtdKEfCv24gmP1d0eCAilHgacrs03lvJeJ/3ntWPkXTkJ5FCvC8WSQHzOoQpgFBLtUEKzYSBOEBdW7QtxHAmGlYyzoEBZOXiSN04qt+e1ZsUqnceTBATgEJWCDc1AF16AG6gCDR/AMXsGb8WS8GO/Gx6Q0Z0x79sEfGJ8/la6etA==</latexit><latexit sha1_base64="+Vbp5oCTjuw0UjSIBvca/VIpEAQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoUkoigi4LLnThooJ9SBvCZDpph04mYWZSKDH/4MZfceNCEbdu3Pk3TtpStPXAwJlz7uXee7yIUaks69vILS2vrK7l1wsbm1vbO+buXkOGscCkjkMWipaHJGGUk7qiipFWJAgKPEaa3uAy85tDIiQN+Z0aRcQJUI9Tn2KktOSaJ1Gp+ZDcu0knQKqPEUtu0jQtt8qz/1XqJrQ8TI9ds2hVrDHgjNjzpAimqLnmV6cb4jggXGGGpGzbVqScBAlFMSNpoRNLEiE8QD3S1pSjgEgnGd+UwiOtdKEfCv24gmP1d0eCAilHgacrs03lvJeJ/3ntWPkXTkJ5FCvC8WSQHzOoQpgFBLtUEKzYSBOEBdW7QtxHAmGlYyzoEBZOXiSN04qt+e1ZsUqnceTBATgEJWCDc1AF16AG6gCDR/AMXsGb8WS8GO/Gx6Q0Z0x79sEfGJ8/la6etA==</latexit><latexit sha1_base64="+Vbp5oCTjuw0UjSIBvca/VIpEAQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0WoUkoigi4LLnThooJ9SBvCZDpph04mYWZSKDH/4MZfceNCEbdu3Pk3TtpStPXAwJlz7uXee7yIUaks69vILS2vrK7l1wsbm1vbO+buXkOGscCkjkMWipaHJGGUk7qiipFWJAgKPEaa3uAy85tDIiQN+Z0aRcQJUI9Tn2KktOSaJ1Gp+ZDcu0knQKqPEUtu0jQtt8qz/1XqJrQ8TI9ds2hVrDHgjNjzpAimqLnmV6cb4jggXGGGpGzbVqScBAlFMSNpoRNLEiE8QD3S1pSjgEgnGd+UwiOtdKEfCv24gmP1d0eCAilHgacrs03lvJeJ/3ntWPkXTkJ5FCvC8WSQHzOoQpgFBLtUEKzYSBOEBdW7QtxHAmGlYyzoEBZOXiSN04qt+e1ZsUqnceTBATgEJWCDc1AF16AG6gCDR/AMXsGb8WS8GO/Gx6Q0Z0x79sEfGJ8/la6etA==</latexit>

}

V NGS
<latexit sha1_base64="jU+2rPufjH8+HnRK7ONyQCBHIBA=">AAAB8XicbZBNS8NAEIYn9avGr6pHL4tF8FQSEfRY8KAnqWhrsQ1ls920SzebsDsRSui/8OJBEa/+G2/+G7cfiLa+sPDwzgw784apFAY978spLC2vrK4V192Nza3tndLuXsMkmWa8zhKZ6GZIDZdC8ToKlLyZak7jUPL7cHAxrt8/cm1Eou5wmPIgpj0lIsEoWuvBdRvkunNJbkmnVPYq3kTkB/x5KMNMtU7ps91NWBZzhUxSY1q+l2KQU42CST5y25nhKWUD2uMti4rG3AT5ZOMRObJOl0SJtk8hmbi/J3IaGzOMQ9sZU+yb+drY/K/WyjA6D3Kh0gy5YtOPokwSTMj4fNIVmjOUQwuUaWF3JaxPNWVoQ3JtCAsnL0LjpOJbvjktV8UsjiIcwCEcgw9nUIUrqEEdGCh4ghd4dYzz7Lw579PWgjOb2Yc/cj6+AbP+jxc=</latexit><latexit sha1_base64="jU+2rPufjH8+HnRK7ONyQCBHIBA=">AAAB8XicbZBNS8NAEIYn9avGr6pHL4tF8FQSEfRY8KAnqWhrsQ1ls920SzebsDsRSui/8OJBEa/+G2/+G7cfiLa+sPDwzgw784apFAY978spLC2vrK4V192Nza3tndLuXsMkmWa8zhKZ6GZIDZdC8ToKlLyZak7jUPL7cHAxrt8/cm1Eou5wmPIgpj0lIsEoWuvBdRvkunNJbkmnVPYq3kTkB/x5KMNMtU7ps91NWBZzhUxSY1q+l2KQU42CST5y25nhKWUD2uMti4rG3AT5ZOMRObJOl0SJtk8hmbi/J3IaGzOMQ9sZU+yb+drY/K/WyjA6D3Kh0gy5YtOPokwSTMj4fNIVmjOUQwuUaWF3JaxPNWVoQ3JtCAsnL0LjpOJbvjktV8UsjiIcwCEcgw9nUIUrqEEdGCh4ghd4dYzz7Lw579PWgjOb2Yc/cj6+AbP+jxc=</latexit><latexit sha1_base64="jU+2rPufjH8+HnRK7ONyQCBHIBA=">AAAB8XicbZBNS8NAEIYn9avGr6pHL4tF8FQSEfRY8KAnqWhrsQ1ls920SzebsDsRSui/8OJBEa/+G2/+G7cfiLa+sPDwzgw784apFAY978spLC2vrK4V192Nza3tndLuXsMkmWa8zhKZ6GZIDZdC8ToKlLyZak7jUPL7cHAxrt8/cm1Eou5wmPIgpj0lIsEoWuvBdRvkunNJbkmnVPYq3kTkB/x5KMNMtU7ps91NWBZzhUxSY1q+l2KQU42CST5y25nhKWUD2uMti4rG3AT5ZOMRObJOl0SJtk8hmbi/J3IaGzOMQ9sZU+yb+drY/K/WyjA6D3Kh0gy5YtOPokwSTMj4fNIVmjOUQwuUaWF3JaxPNWVoQ3JtCAsnL0LjpOJbvjktV8UsjiIcwCEcgw9nUIUrqEEdGCh4ghd4dYzz7Lw579PWgjOb2Yc/cj6+AbP+jxc=</latexit><latexit sha1_base64="jU+2rPufjH8+HnRK7ONyQCBHIBA=">AAAB8XicbZBNS8NAEIYn9avGr6pHL4tF8FQSEfRY8KAnqWhrsQ1ls920SzebsDsRSui/8OJBEa/+G2/+G7cfiLa+sPDwzgw784apFAY978spLC2vrK4V192Nza3tndLuXsMkmWa8zhKZ6GZIDZdC8ToKlLyZak7jUPL7cHAxrt8/cm1Eou5wmPIgpj0lIsEoWuvBdRvkunNJbkmnVPYq3kTkB/x5KMNMtU7ps91NWBZzhUxSY1q+l2KQU42CST5y25nhKWUD2uMti4rG3AT5ZOMRObJOl0SJtk8hmbi/J3IaGzOMQ9sZU+yb+drY/K/WyjA6D3Kh0gy5YtOPokwSTMj4fNIVmjOUQwuUaWF3JaxPNWVoQ3JtCAsnL0LjpOJbvjktV8UsjiIcwCEcgw9nUIUrqEEdGCh4ghd4dYzz7Lw579PWgjOb2Yc/cj6+AbP+jxc=</latexit>

of GCNN weights
<latexit sha1_base64="Dp7v5kbjcNdCQw1gar1OVbAgwuM=">AAAB+HicbZDLSgMxFIYz9VbrpaMu3QSL4KrMdKPLQhe6KhXsBdqhZNJMG5pJhuSMUoc+iRsXirj1Udz5NqYXRFt/CHz85xzOyR8mghvwvC8nt7G5tb2T3y3s7R8cFt2j45ZRqaasSZVQuhMSwwSXrAkcBOskmpE4FKwdjmuzevueacOVvINJwoKYDCWPOCVgrb5bVBG+rtXr+IHx4QhM3y15ZW8u/AP+KpTQUo2++9kbKJrGTAIVxJiu7yUQZEQDp4JNC73UsITQMRmyrkVJYmaCbH74FJ9bZ4Ajpe2TgOfu74mMxMZM4tB2xgRGZrU2M/+rdVOIroKMyyQFJuliUZQKDArPUsADrhkFMbFAqOb2VkxHRBMKNquCDWHty+vQqpR9y7eVUpUv48ijU3SGLpCPLlEV3aAGaiKKUvSEXtCr8+g8O2/O+6I15yxnTtAfOR/fwY6SnQ==</latexit><latexit sha1_base64="Dp7v5kbjcNdCQw1gar1OVbAgwuM=">AAAB+HicbZDLSgMxFIYz9VbrpaMu3QSL4KrMdKPLQhe6KhXsBdqhZNJMG5pJhuSMUoc+iRsXirj1Udz5NqYXRFt/CHz85xzOyR8mghvwvC8nt7G5tb2T3y3s7R8cFt2j45ZRqaasSZVQuhMSwwSXrAkcBOskmpE4FKwdjmuzevueacOVvINJwoKYDCWPOCVgrb5bVBG+rtXr+IHx4QhM3y15ZW8u/AP+KpTQUo2++9kbKJrGTAIVxJiu7yUQZEQDp4JNC73UsITQMRmyrkVJYmaCbH74FJ9bZ4Ajpe2TgOfu74mMxMZM4tB2xgRGZrU2M/+rdVOIroKMyyQFJuliUZQKDArPUsADrhkFMbFAqOb2VkxHRBMKNquCDWHty+vQqpR9y7eVUpUv48ijU3SGLpCPLlEV3aAGaiKKUvSEXtCr8+g8O2/O+6I15yxnTtAfOR/fwY6SnQ==</latexit><latexit sha1_base64="Dp7v5kbjcNdCQw1gar1OVbAgwuM=">AAAB+HicbZDLSgMxFIYz9VbrpaMu3QSL4KrMdKPLQhe6KhXsBdqhZNJMG5pJhuSMUoc+iRsXirj1Udz5NqYXRFt/CHz85xzOyR8mghvwvC8nt7G5tb2T3y3s7R8cFt2j45ZRqaasSZVQuhMSwwSXrAkcBOskmpE4FKwdjmuzevueacOVvINJwoKYDCWPOCVgrb5bVBG+rtXr+IHx4QhM3y15ZW8u/AP+KpTQUo2++9kbKJrGTAIVxJiu7yUQZEQDp4JNC73UsITQMRmyrkVJYmaCbH74FJ9bZ4Ajpe2TgOfu74mMxMZM4tB2xgRGZrU2M/+rdVOIroKMyyQFJuliUZQKDArPUsADrhkFMbFAqOb2VkxHRBMKNquCDWHty+vQqpR9y7eVUpUv48ijU3SGLpCPLlEV3aAGaiKKUvSEXtCr8+g8O2/O+6I15yxnTtAfOR/fwY6SnQ==</latexit><latexit sha1_base64="Dp7v5kbjcNdCQw1gar1OVbAgwuM=">AAAB+HicbZDLSgMxFIYz9VbrpaMu3QSL4KrMdKPLQhe6KhXsBdqhZNJMG5pJhuSMUoc+iRsXirj1Udz5NqYXRFt/CHz85xzOyR8mghvwvC8nt7G5tb2T3y3s7R8cFt2j45ZRqaasSZVQuhMSwwSXrAkcBOskmpE4FKwdjmuzevueacOVvINJwoKYDCWPOCVgrb5bVBG+rtXr+IHx4QhM3y15ZW8u/AP+KpTQUo2++9kbKJrGTAIVxJiu7yUQZEQDp4JNC73UsITQMRmyrkVJYmaCbH74FJ9bZ4Ajpe2TgOfu74mMxMZM4tB2xgRGZrU2M/+rdVOIroKMyyQFJuliUZQKDArPUsADrhkFMbFAqOb2VkxHRBMKNquCDWHty+vQqpR9y7eVUpUv48ijU3SGLpCPLlEV3aAGaiKKUvSEXtCr8+g8O2/O+6I15yxnTtAfOR/fwY6SnQ==</latexit>

samples
<latexit sha1_base64="zvy9NTPJUWbBH+mDoyt2sW0Zl1Y=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FS2veix4MVjBfsh7VKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvzLZFtPWFwMM7M2TmDRPBjfX9L6+wsbm1vVPcLe3tHxwelY9P2iZONcMWi0WsuyE1KLjCluVWYDfRSGUosBNObvJ65xG14bG6t9MEA0lHikecUeusB0NlItCQ0qBc8av+XOQHaqtQgaWag/JnfxizVKKyTFBjejU/sUFGteVM4KzUTw0mlE3oCHsOFZVogmy+8IxcOGdIoli7pyyZu78nMiqNmcrQdUpqx2a1lpv/1Xqpja6DjKsktajY4qMoFcTGJL+eDLlGZsXUAWWau10JG1NNmXUZ5SGsnbwO7Xq15viuXmnwZRxFOINzuIQaXEEDbqEJLWAg4Qle4NXT3rP35r0vWgvecuYU/sj7+AYudJAZ</latexit><latexit sha1_base64="zvy9NTPJUWbBH+mDoyt2sW0Zl1Y=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FS2veix4MVjBfsh7VKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvzLZFtPWFwMM7M2TmDRPBjfX9L6+wsbm1vVPcLe3tHxwelY9P2iZONcMWi0WsuyE1KLjCluVWYDfRSGUosBNObvJ65xG14bG6t9MEA0lHikecUeusB0NlItCQ0qBc8av+XOQHaqtQgaWag/JnfxizVKKyTFBjejU/sUFGteVM4KzUTw0mlE3oCHsOFZVogmy+8IxcOGdIoli7pyyZu78nMiqNmcrQdUpqx2a1lpv/1Xqpja6DjKsktajY4qMoFcTGJL+eDLlGZsXUAWWau10JG1NNmXUZ5SGsnbwO7Xq15viuXmnwZRxFOINzuIQaXEEDbqEJLWAg4Qle4NXT3rP35r0vWgvecuYU/sj7+AYudJAZ</latexit><latexit sha1_base64="zvy9NTPJUWbBH+mDoyt2sW0Zl1Y=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FS2veix4MVjBfsh7VKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvzLZFtPWFwMM7M2TmDRPBjfX9L6+wsbm1vVPcLe3tHxwelY9P2iZONcMWi0WsuyE1KLjCluVWYDfRSGUosBNObvJ65xG14bG6t9MEA0lHikecUeusB0NlItCQ0qBc8av+XOQHaqtQgaWag/JnfxizVKKyTFBjejU/sUFGteVM4KzUTw0mlE3oCHsOFZVogmy+8IxcOGdIoli7pyyZu78nMiqNmcrQdUpqx2a1lpv/1Xqpja6DjKsktajY4qMoFcTGJL+eDLlGZsXUAWWau10JG1NNmXUZ5SGsnbwO7Xq15viuXmnwZRxFOINzuIQaXEEDbqEJLWAg4Qle4NXT3rP35r0vWgvecuYU/sj7+AYudJAZ</latexit><latexit sha1_base64="zvy9NTPJUWbBH+mDoyt2sW0Zl1Y=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FS2veix4MVjBfsh7VKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvzLZFtPWFwMM7M2TmDRPBjfX9L6+wsbm1vVPcLe3tHxwelY9P2iZONcMWi0WsuyE1KLjCluVWYDfRSGUosBNObvJ65xG14bG6t9MEA0lHikecUeusB0NlItCQ0qBc8av+XOQHaqtQgaWag/JnfxizVKKyTFBjejU/sUFGteVM4KzUTw0mlE3oCHsOFZVogmy+8IxcOGdIoli7pyyZu78nMiqNmcrQdUpqx2a1lpv/1Xqpja6DjKsktajY4qMoFcTGJL+eDLlGZsXUAWWau10JG1NNmXUZ5SGsnbwO7Xq15viuXmnwZRxFOINzuIQaXEEDbqEJLWAg4Qle4NXT3rP35r0vWgvecuYU/sj7+AYudJAZ</latexit>

W1,i,v
<latexit sha1_base64="FQdzs0aK9yVgVoX1iYOJzObYkow=">AAAB8HicbZDLSgMxFIbPeK31VnXpJlgEF6XMiKDLghuXFexF2qFk0rQNTTJDcqZQhj6FGxeKuPVx3Pk2phdEW38IfPznHHLOHyVSWPT9L29tfWNzazu3k9/d2z84LBwd122cGsZrLJaxaUbUcik0r6FAyZuJ4VRFkjei4e203hhxY0WsH3Cc8FDRvhY9wSg667HRyYKSKI0mnULRL/szkR8IlqEIC1U7hc92N2ap4hqZpNa2Aj/BMKMGBZN8km+nlieUDWmftxxqqrgNs9nCE3LunC7pxcY9jWTm/p7IqLJ2rCLXqSgO7HJtav5Xa6XYuwkzoZMUuWbzj3qpJBiT6fWkKwxnKMcOKDPC7UrYgBrK0GWUdyGsnLwK9cty4Pj+qlgRizhycApncAEBXEMF7qAKNWCg4Ale4NUz3rP35r3PW9e8xcwJ/JH38Q0eb5AS</latexit><latexit sha1_base64="FQdzs0aK9yVgVoX1iYOJzObYkow=">AAAB8HicbZDLSgMxFIbPeK31VnXpJlgEF6XMiKDLghuXFexF2qFk0rQNTTJDcqZQhj6FGxeKuPVx3Pk2phdEW38IfPznHHLOHyVSWPT9L29tfWNzazu3k9/d2z84LBwd122cGsZrLJaxaUbUcik0r6FAyZuJ4VRFkjei4e203hhxY0WsH3Cc8FDRvhY9wSg667HRyYKSKI0mnULRL/szkR8IlqEIC1U7hc92N2ap4hqZpNa2Aj/BMKMGBZN8km+nlieUDWmftxxqqrgNs9nCE3LunC7pxcY9jWTm/p7IqLJ2rCLXqSgO7HJtav5Xa6XYuwkzoZMUuWbzj3qpJBiT6fWkKwxnKMcOKDPC7UrYgBrK0GWUdyGsnLwK9cty4Pj+qlgRizhycApncAEBXEMF7qAKNWCg4Ale4NUz3rP35r3PW9e8xcwJ/JH38Q0eb5AS</latexit><latexit sha1_base64="FQdzs0aK9yVgVoX1iYOJzObYkow=">AAAB8HicbZDLSgMxFIbPeK31VnXpJlgEF6XMiKDLghuXFexF2qFk0rQNTTJDcqZQhj6FGxeKuPVx3Pk2phdEW38IfPznHHLOHyVSWPT9L29tfWNzazu3k9/d2z84LBwd122cGsZrLJaxaUbUcik0r6FAyZuJ4VRFkjei4e203hhxY0WsH3Cc8FDRvhY9wSg667HRyYKSKI0mnULRL/szkR8IlqEIC1U7hc92N2ap4hqZpNa2Aj/BMKMGBZN8km+nlieUDWmftxxqqrgNs9nCE3LunC7pxcY9jWTm/p7IqLJ2rCLXqSgO7HJtav5Xa6XYuwkzoZMUuWbzj3qpJBiT6fWkKwxnKMcOKDPC7UrYgBrK0GWUdyGsnLwK9cty4Pj+qlgRizhycApncAEBXEMF7qAKNWCg4Ale4NUz3rP35r3PW9e8xcwJ/JH38Q0eb5AS</latexit><latexit sha1_base64="FQdzs0aK9yVgVoX1iYOJzObYkow=">AAAB8HicbZDLSgMxFIbPeK31VnXpJlgEF6XMiKDLghuXFexF2qFk0rQNTTJDcqZQhj6FGxeKuPVx3Pk2phdEW38IfPznHHLOHyVSWPT9L29tfWNzazu3k9/d2z84LBwd122cGsZrLJaxaUbUcik0r6FAyZuJ4VRFkjei4e203hhxY0WsH3Cc8FDRvhY9wSg667HRyYKSKI0mnULRL/szkR8IlqEIC1U7hc92N2ap4hqZpNa2Aj/BMKMGBZN8km+nlieUDWmftxxqqrgNs9nCE3LunC7pxcY9jWTm/p7IqLJ2rCLXqSgO7HJtav5Xa6XYuwkzoZMUuWbzj3qpJBiT6fWkKwxnKMcOKDPC7UrYgBrK0GWUdyGsnLwK9cty4Pj+qlgRizhycApncAEBXEMF7qAKNWCg4Ale4NUz3rP35r3PW9e8xcwJ/JH38Q0eb5AS</latexit>

Ws,i,v
<latexit sha1_base64="8qsP/iiRfBoEQ6OqgTYr6Te/eCQ=">AAAB8HicbZDLSgMxFIbPeK31VnXpJlgEF6VMRdBlwY3LCvYi7VAyaaYNTTJDcqZQhj6FGxeKuPVx3Pk2phdEW38IfPznHHLOHyZSWPT9L29tfWNzazu3k9/d2z84LBwdN2ycGsbrLJaxaYXUcik0r6NAyVuJ4VSFkjfD4e203hxxY0WsH3Cc8EDRvhaRYBSd9djsZrYkSqNJt1D0y/5M5Acqy1CEhWrdwmenF7NUcY1MUmvbFT/BIKMGBZN8ku+klieUDWmftx1qqrgNstnCE3LunB6JYuOeRjJzf09kVFk7VqHrVBQHdrk2Nf+rtVOMboJM6CRFrtn8oyiVBGMyvZ70hOEM5dgBZUa4XQkbUEMZuozyLoSVk1ehcVmuOL6/KlbFIo4cnMIZXEAFrqEKd1CDOjBQ8AQv8OoZ79l7897nrWveYuYE/sj7+AaDwZBU</latexit><latexit sha1_base64="8qsP/iiRfBoEQ6OqgTYr6Te/eCQ=">AAAB8HicbZDLSgMxFIbPeK31VnXpJlgEF6VMRdBlwY3LCvYi7VAyaaYNTTJDcqZQhj6FGxeKuPVx3Pk2phdEW38IfPznHHLOHyZSWPT9L29tfWNzazu3k9/d2z84LBwdN2ycGsbrLJaxaYXUcik0r6NAyVuJ4VSFkjfD4e203hxxY0WsH3Cc8EDRvhaRYBSd9djsZrYkSqNJt1D0y/5M5Acqy1CEhWrdwmenF7NUcY1MUmvbFT/BIKMGBZN8ku+klieUDWmftx1qqrgNstnCE3LunB6JYuOeRjJzf09kVFk7VqHrVBQHdrk2Nf+rtVOMboJM6CRFrtn8oyiVBGMyvZ70hOEM5dgBZUa4XQkbUEMZuozyLoSVk1ehcVmuOL6/KlbFIo4cnMIZXEAFrqEKd1CDOjBQ8AQv8OoZ79l7897nrWveYuYE/sj7+AaDwZBU</latexit><latexit sha1_base64="8qsP/iiRfBoEQ6OqgTYr6Te/eCQ=">AAAB8HicbZDLSgMxFIbPeK31VnXpJlgEF6VMRdBlwY3LCvYi7VAyaaYNTTJDcqZQhj6FGxeKuPVx3Pk2phdEW38IfPznHHLOHyZSWPT9L29tfWNzazu3k9/d2z84LBwdN2ycGsbrLJaxaYXUcik0r6NAyVuJ4VSFkjfD4e203hxxY0WsH3Cc8EDRvhaRYBSd9djsZrYkSqNJt1D0y/5M5Acqy1CEhWrdwmenF7NUcY1MUmvbFT/BIKMGBZN8ku+klieUDWmftx1qqrgNstnCE3LunB6JYuOeRjJzf09kVFk7VqHrVBQHdrk2Nf+rtVOMboJM6CRFrtn8oyiVBGMyvZ70hOEM5dgBZUa4XQkbUEMZuozyLoSVk1ehcVmuOL6/KlbFIo4cnMIZXEAFrqEKd1CDOjBQ8AQv8OoZ79l7897nrWveYuYE/sj7+AaDwZBU</latexit><latexit sha1_base64="8qsP/iiRfBoEQ6OqgTYr6Te/eCQ=">AAAB8HicbZDLSgMxFIbPeK31VnXpJlgEF6VMRdBlwY3LCvYi7VAyaaYNTTJDcqZQhj6FGxeKuPVx3Pk2phdEW38IfPznHHLOHyZSWPT9L29tfWNzazu3k9/d2z84LBwdN2ycGsbrLJaxaYXUcik0r6NAyVuJ4VSFkjfD4e203hxxY0WsH3Cc8EDRvhaRYBSd9djsZrYkSqNJt1D0y/5M5Acqy1CEhWrdwmenF7NUcY1MUmvbFT/BIKMGBZN8ku+klieUDWmftx1qqrgNstnCE3LunB6JYuOeRjJzf09kVFk7VqHrVBQHdrk2Nf+rtVOMboJM6CRFrtn8oyiVBGMyvZ70hOEM5dgBZUa4XQkbUEMZuozyLoSVk1ehcVmuOL6/KlbFIo4cnMIZXEAFrqEKd1CDOjBQ8AQv8OoZ79l7897nrWveYuYE/sj7+AaDwZBU</latexit>

WS,i,v
<latexit sha1_base64="FGbPzgyAUqMRNv31SH7ZCNezYyA=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuChlRgRdFty4rGgv0g4lk2ba0FyGJFMoQ5/CjQtF3Po47nwb0wuirT8EPv5zDjnnjxLOjPX9Ly+3tr6xuZXfLuzs7u0fFA+PGkalmtA6UVzpVoQN5UzSumWW01aiKRYRp81oeDOtN0dUG6bkgx0nNBS4L1nMCLbOemx2s/syK48m3WLJr/gzoR8IlqEEC9W6xc9OT5FUUGkJx8a0Az+xYYa1ZYTTSaGTGppgMsR92nYosaAmzGYLT9CZc3ooVto9adHM/T2RYWHMWESuU2A7MMu1qflfrZ3a+DrMmExSSyWZfxSnHFmFptejHtOUWD52gIlmbldEBlhjYl1GBRfCysmr0LioBI7vLktVtogjDydwCucQwBVU4RZqUAcCAp7gBV497T17b977vDXnLWaO4Y+8j29SoZA0</latexit><latexit sha1_base64="FGbPzgyAUqMRNv31SH7ZCNezYyA=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuChlRgRdFty4rGgv0g4lk2ba0FyGJFMoQ5/CjQtF3Po47nwb0wuirT8EPv5zDjnnjxLOjPX9Ly+3tr6xuZXfLuzs7u0fFA+PGkalmtA6UVzpVoQN5UzSumWW01aiKRYRp81oeDOtN0dUG6bkgx0nNBS4L1nMCLbOemx2s/syK48m3WLJr/gzoR8IlqEEC9W6xc9OT5FUUGkJx8a0Az+xYYa1ZYTTSaGTGppgMsR92nYosaAmzGYLT9CZc3ooVto9adHM/T2RYWHMWESuU2A7MMu1qflfrZ3a+DrMmExSSyWZfxSnHFmFptejHtOUWD52gIlmbldEBlhjYl1GBRfCysmr0LioBI7vLktVtogjDydwCucQwBVU4RZqUAcCAp7gBV497T17b977vDXnLWaO4Y+8j29SoZA0</latexit><latexit sha1_base64="FGbPzgyAUqMRNv31SH7ZCNezYyA=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuChlRgRdFty4rGgv0g4lk2ba0FyGJFMoQ5/CjQtF3Po47nwb0wuirT8EPv5zDjnnjxLOjPX9Ly+3tr6xuZXfLuzs7u0fFA+PGkalmtA6UVzpVoQN5UzSumWW01aiKRYRp81oeDOtN0dUG6bkgx0nNBS4L1nMCLbOemx2s/syK48m3WLJr/gzoR8IlqEEC9W6xc9OT5FUUGkJx8a0Az+xYYa1ZYTTSaGTGppgMsR92nYosaAmzGYLT9CZc3ooVto9adHM/T2RYWHMWESuU2A7MMu1qflfrZ3a+DrMmExSSyWZfxSnHFmFptejHtOUWD52gIlmbldEBlhjYl1GBRfCysmr0LioBI7vLktVtogjDydwCucQwBVU4RZqUAcCAp7gBV497T17b977vDXnLWaO4Y+8j29SoZA0</latexit><latexit sha1_base64="FGbPzgyAUqMRNv31SH7ZCNezYyA=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuChlRgRdFty4rGgv0g4lk2ba0FyGJFMoQ5/CjQtF3Po47nwb0wuirT8EPv5zDjnnjxLOjPX9Ly+3tr6xuZXfLuzs7u0fFA+PGkalmtA6UVzpVoQN5UzSumWW01aiKRYRp81oeDOtN0dUG6bkgx0nNBS4L1nMCLbOemx2s/syK48m3WLJr/gzoR8IlqEEC9W6xc9OT5FUUGkJx8a0Az+xYYa1ZYTTSaGTGppgMsR92nYosaAmzGYLT9CZc3ooVto9adHM/T2RYWHMWESuU2A7MMu1qflfrZ3a+DrMmExSSyWZfxSnHFmFptejHtOUWD52gIlmbldEBlhjYl1GBRfCysmr0LioBI7vLktVtogjDydwCucQwBVU4RZqUAcCAp7gBV497T17b977vDXnLWaO4Y+8j29SoZA0</latexit>

samples of
<latexit sha1_base64="DmsBZuyjmtR3cIhUenfg1r7bMhw=">AAAB8nicdZDLSgMxFIbP1Futt6pLN8EiuCrTbnRZcOOygr3AdCiZNNOGJpMhOSOUoY/hxoUibn0In8Gdb2N6Eerth8DH/5+Qkz9KpbDo+x9eYW19Y3OruF3a2d3bPygfHrWtzgzjLaalNt2IWi5FwlsoUPJuajhVkeSdaHw1yzt33Fihk1ucpDxUdJiIWDCKzgosVankluiY9MuVWtWfi/i/4CuqwFLNfvm9N9AsUzxBJqm1Qc1PMcypQcEkn5Z6meUpZWM65IHDhCpuw3y+8pScOWdAYm3cSZDM3dUbOVXWTlTkJhXFkf2Zzcy/siDD+DLMRZJmyBO2eCjOJEFNZv8nA2E4QzlxQJkRblfCRtRQhq6l0moJ/0O7Xq05vqlXGtHboo4inMApnEMNLqAB19CEFjDQcA+P8OSh9+A9ey+L0YK3rPAYvsl7/QQbDZHR</latexit><latexit sha1_base64="DmsBZuyjmtR3cIhUenfg1r7bMhw=">AAAB8nicdZDLSgMxFIbP1Futt6pLN8EiuCrTbnRZcOOygr3AdCiZNNOGJpMhOSOUoY/hxoUibn0In8Gdb2N6Eerth8DH/5+Qkz9KpbDo+x9eYW19Y3OruF3a2d3bPygfHrWtzgzjLaalNt2IWi5FwlsoUPJuajhVkeSdaHw1yzt33Fihk1ucpDxUdJiIWDCKzgosVankluiY9MuVWtWfi/i/4CuqwFLNfvm9N9AsUzxBJqm1Qc1PMcypQcEkn5Z6meUpZWM65IHDhCpuw3y+8pScOWdAYm3cSZDM3dUbOVXWTlTkJhXFkf2Zzcy/siDD+DLMRZJmyBO2eCjOJEFNZv8nA2E4QzlxQJkRblfCRtRQhq6l0moJ/0O7Xq05vqlXGtHboo4inMApnEMNLqAB19CEFjDQcA+P8OSh9+A9ey+L0YK3rPAYvsl7/QQbDZHR</latexit><latexit sha1_base64="DmsBZuyjmtR3cIhUenfg1r7bMhw=">AAAB8nicdZDLSgMxFIbP1Futt6pLN8EiuCrTbnRZcOOygr3AdCiZNNOGJpMhOSOUoY/hxoUibn0In8Gdb2N6Eerth8DH/5+Qkz9KpbDo+x9eYW19Y3OruF3a2d3bPygfHrWtzgzjLaalNt2IWi5FwlsoUPJuajhVkeSdaHw1yzt33Fihk1ucpDxUdJiIWDCKzgosVankluiY9MuVWtWfi/i/4CuqwFLNfvm9N9AsUzxBJqm1Qc1PMcypQcEkn5Z6meUpZWM65IHDhCpuw3y+8pScOWdAYm3cSZDM3dUbOVXWTlTkJhXFkf2Zzcy/siDD+DLMRZJmyBO2eCjOJEFNZv8nA2E4QzlxQJkRblfCRtRQhq6l0moJ/0O7Xq05vqlXGtHboo4inMApnEMNLqAB19CEFjDQcA+P8OSh9+A9ey+L0YK3rPAYvsl7/QQbDZHR</latexit><latexit sha1_base64="DmsBZuyjmtR3cIhUenfg1r7bMhw=">AAAB8nicdZDLSgMxFIbP1Futt6pLN8EiuCrTbnRZcOOygr3AdCiZNNOGJpMhOSOUoY/hxoUibn0In8Gdb2N6Eerth8DH/5+Qkz9KpbDo+x9eYW19Y3OruF3a2d3bPygfHrWtzgzjLaalNt2IWi5FwlsoUPJuajhVkeSdaHw1yzt33Fihk1ucpDxUdJiIWDCKzgosVankluiY9MuVWtWfi/i/4CuqwFLNfvm9N9AsUzxBJqm1Qc1PMcypQcEkn5Z6meUpZWM65IHDhCpuw3y+8pScOWdAYm3cSZDM3dUbOVXWTlTkJhXFkf2Zzcy/siDD+DLMRZJmyBO2eCjOJEFNZv8nA2E4QzlxQJkRblfCRtRQhq6l0moJ/0O7Xq05vqlXGtHboo4inMApnEMNLqAB19CEFjDQcA+P8OSh9+A9ey+L0YK3rPAYvsl7/QQbDZHR</latexit>

V NG
<latexit sha1_base64="muelGRX0ADGz2bTr71bh2kLbCIM=">AAAB7nicdZDLSgMxFIbP1Fsdb1WXboJFcFVmRNBlwYWupIK9QDuUTJppQzOZITkjlKEP4caFIm59DJ/BnW9jehGslx8CH/9/Qk7+MJXCoOd9OIWl5ZXVteK6u7G5tb1T2t1rmCTTjNdZIhPdCqnhUiheR4GSt1LNaRxK3gyHF5O8ece1EYm6xVHKg5j2lYgEo2itZoNcdy9dt1sq+xVvKuL9gq+oDHPVuqX3Ti9hWcwVMkmNafteikFONQom+djtZIanlA1pn7ctKhpzE+TTdcfkyDo9EiXaHoVk6n6/kdPYmFEc2smY4sD8zCbmX1k7w+g8yIVKM+SKzR6KMkkwIZO/k57QnKEcWaBMC7srYQOqKUPb0EIJ/0PjpOJbvjktV8O3WR1FOIBDOAYfzqAKV1CDOjAYwj08wpOTOg/Os/MyGy048wr3YUHO6yeap48f</latexit><latexit sha1_base64="muelGRX0ADGz2bTr71bh2kLbCIM=">AAAB7nicdZDLSgMxFIbP1Fsdb1WXboJFcFVmRNBlwYWupIK9QDuUTJppQzOZITkjlKEP4caFIm59DJ/BnW9jehGslx8CH/9/Qk7+MJXCoOd9OIWl5ZXVteK6u7G5tb1T2t1rmCTTjNdZIhPdCqnhUiheR4GSt1LNaRxK3gyHF5O8ece1EYm6xVHKg5j2lYgEo2itZoNcdy9dt1sq+xVvKuL9gq+oDHPVuqX3Ti9hWcwVMkmNafteikFONQom+djtZIanlA1pn7ctKhpzE+TTdcfkyDo9EiXaHoVk6n6/kdPYmFEc2smY4sD8zCbmX1k7w+g8yIVKM+SKzR6KMkkwIZO/k57QnKEcWaBMC7srYQOqKUPb0EIJ/0PjpOJbvjktV8O3WR1FOIBDOAYfzqAKV1CDOjAYwj08wpOTOg/Os/MyGy048wr3YUHO6yeap48f</latexit><latexit sha1_base64="muelGRX0ADGz2bTr71bh2kLbCIM=">AAAB7nicdZDLSgMxFIbP1Fsdb1WXboJFcFVmRNBlwYWupIK9QDuUTJppQzOZITkjlKEP4caFIm59DJ/BnW9jehGslx8CH/9/Qk7+MJXCoOd9OIWl5ZXVteK6u7G5tb1T2t1rmCTTjNdZIhPdCqnhUiheR4GSt1LNaRxK3gyHF5O8ece1EYm6xVHKg5j2lYgEo2itZoNcdy9dt1sq+xVvKuL9gq+oDHPVuqX3Ti9hWcwVMkmNafteikFONQom+djtZIanlA1pn7ctKhpzE+TTdcfkyDo9EiXaHoVk6n6/kdPYmFEc2smY4sD8zCbmX1k7w+g8yIVKM+SKzR6KMkkwIZO/k57QnKEcWaBMC7srYQOqKUPb0EIJ/0PjpOJbvjktV8O3WR1FOIBDOAYfzqAKV1CDOjAYwj08wpOTOg/Os/MyGy048wr3YUHO6yeap48f</latexit><latexit sha1_base64="muelGRX0ADGz2bTr71bh2kLbCIM=">AAAB7nicdZDLSgMxFIbP1Fsdb1WXboJFcFVmRNBlwYWupIK9QDuUTJppQzOZITkjlKEP4caFIm59DJ/BnW9jehGslx8CH/9/Qk7+MJXCoOd9OIWl5ZXVteK6u7G5tb1T2t1rmCTTjNdZIhPdCqnhUiheR4GSt1LNaRxK3gyHF5O8ece1EYm6xVHKg5j2lYgEo2itZoNcdy9dt1sq+xVvKuL9gq+oDHPVuqX3Ti9hWcwVMkmNafteikFONQom+djtZIanlA1pn7ctKhpzE+TTdcfkyDo9EiXaHoVk6n6/kdPYmFEc2smY4sD8zCbmX1k7w+g8yIVKM+SKzR6KMkkwIZO/k57QnKEcWaBMC7srYQOqKUPb0EIJ/0PjpOJbvjktV8O3WR1FOIBDOAYfzqAKV1CDOjAYwj08wpOTOg/Os/MyGy048wr3YUHO6yeap48f</latexit>

G
<latexit sha1_base64="T6VTFLueVHwuUwl2wtkcoCERvA4=">AAAB9XicdVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwoMcI5gFJDLOT2WTI7Owy06uEZf/DiwdFvPoLfoM3/8bZJILxUdBQVHXTRfmxFAZd98NZWFxaXlktrBXXNza3tks7uw0TJZrxOotkpFs+NVwKxesoUPJWrDkNfcmb/ug895u3XBsRqWscx7wb0oESgWAUrXSTdkKKQ0ZlepFlxV6p7FXcCYj7i3xZZZih1iu9d/oRS0KukElqTNtzY+ymVKNgkmfFTmJ4TNmIDnjbUkVDbrrpJHVGDq3SJ0Gk7SgkE/X7RUpDY8ahbzfzkOanl4t/ee0Eg7NuKlScIFds+ihIJMGI5BWQvtCcoRxbQpkWNithQ6opQ1vUXAn/k8ZxxbP86qRc9d+mdRRgHw7gCDw4hSpcQg3qwEDDPTzCk3PnPDjPzst0dcGZVbgHc3BePwHDSJNe</latexit><latexit sha1_base64="T6VTFLueVHwuUwl2wtkcoCERvA4=">AAAB9XicdVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwoMcI5gFJDLOT2WTI7Owy06uEZf/DiwdFvPoLfoM3/8bZJILxUdBQVHXTRfmxFAZd98NZWFxaXlktrBXXNza3tks7uw0TJZrxOotkpFs+NVwKxesoUPJWrDkNfcmb/ug895u3XBsRqWscx7wb0oESgWAUrXSTdkKKQ0ZlepFlxV6p7FXcCYj7i3xZZZih1iu9d/oRS0KukElqTNtzY+ymVKNgkmfFTmJ4TNmIDnjbUkVDbrrpJHVGDq3SJ0Gk7SgkE/X7RUpDY8ahbzfzkOanl4t/ee0Eg7NuKlScIFds+ihIJMGI5BWQvtCcoRxbQpkWNithQ6opQ1vUXAn/k8ZxxbP86qRc9d+mdRRgHw7gCDw4hSpcQg3qwEDDPTzCk3PnPDjPzst0dcGZVbgHc3BePwHDSJNe</latexit><latexit sha1_base64="T6VTFLueVHwuUwl2wtkcoCERvA4=">AAAB9XicdVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwoMcI5gFJDLOT2WTI7Owy06uEZf/DiwdFvPoLfoM3/8bZJILxUdBQVHXTRfmxFAZd98NZWFxaXlktrBXXNza3tks7uw0TJZrxOotkpFs+NVwKxesoUPJWrDkNfcmb/ug895u3XBsRqWscx7wb0oESgWAUrXSTdkKKQ0ZlepFlxV6p7FXcCYj7i3xZZZih1iu9d/oRS0KukElqTNtzY+ymVKNgkmfFTmJ4TNmIDnjbUkVDbrrpJHVGDq3SJ0Gk7SgkE/X7RUpDY8ahbzfzkOanl4t/ee0Eg7NuKlScIFds+ihIJMGI5BWQvtCcoRxbQpkWNithQ6opQ1vUXAn/k8ZxxbP86qRc9d+mdRRgHw7gCDw4hSpcQg3qwEDDPTzCk3PnPDjPzst0dcGZVbgHc3BePwHDSJNe</latexit><latexit sha1_base64="T6VTFLueVHwuUwl2wtkcoCERvA4=">AAAB9XicdVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwoMcI5gFJDLOT2WTI7Owy06uEZf/DiwdFvPoLfoM3/8bZJILxUdBQVHXTRfmxFAZd98NZWFxaXlktrBXXNza3tks7uw0TJZrxOotkpFs+NVwKxesoUPJWrDkNfcmb/ug895u3XBsRqWscx7wb0oESgWAUrXSTdkKKQ0ZlepFlxV6p7FXcCYj7i3xZZZih1iu9d/oRS0KukElqTNtzY+ymVKNgkmfFTmJ4TNmIDnjbUkVDbrrpJHVGDq3SJ0Gk7SgkE/X7RUpDY8ahbzfzkOanl4t/ee0Eg7NuKlScIFds+ihIJMGI5BWQvtCcoRxbQpkWNithQ6opQ1vUXAn/k8ZxxbP86qRc9d+mdRRgHw7gCDw4hSpcQg3qwEDDPTzCk3PnPDjPzst0dcGZVbgHc3BePwHDSJNe</latexit>

from
<latexit sha1_base64="6qRw/qRHsENv6BUWQxQPuayTS8s=">AAAB7HicdZDLSgMxGIX/qbdab1WXboJFcFVmutFlwY3LCk5baIeSSTNtaC5DkhHK0Gdw40IRtz6Hz+DOtzHTVrBeDgQ+zvlD/pw45cxY3//wSmvrG5tb5e3Kzu7e/kH18KhtVKYJDYniSndjbChnkoaWWU67qaZYxJx24slVkXfuqDZMyVs7TWkk8EiyhBFsnRUmWonKoFoL6v5cyP8FX1ENlmoNqu/9oSKZoNISjo3pBX5qoxxrywins0o/MzTFZIJHtOdQYkFNlM+XnaEz5wxRorQ70qK5+/1GjoUxUxG7SYHt2PzMCvOvrJfZ5DLKmUwzSyVZPJRkHFmFip+jIdOUWD51gIlmbldExlhjYl0/KyX8D+1GPXB806g147dFHWU4gVM4hwAuoAnX0IIQCDC4h0d48qT34D17L4vRkres8BhW5L1+Aq/Vj0k=</latexit><latexit sha1_base64="6qRw/qRHsENv6BUWQxQPuayTS8s=">AAAB7HicdZDLSgMxGIX/qbdab1WXboJFcFVmutFlwY3LCk5baIeSSTNtaC5DkhHK0Gdw40IRtz6Hz+DOtzHTVrBeDgQ+zvlD/pw45cxY3//wSmvrG5tb5e3Kzu7e/kH18KhtVKYJDYniSndjbChnkoaWWU67qaZYxJx24slVkXfuqDZMyVs7TWkk8EiyhBFsnRUmWonKoFoL6v5cyP8FX1ENlmoNqu/9oSKZoNISjo3pBX5qoxxrywins0o/MzTFZIJHtOdQYkFNlM+XnaEz5wxRorQ70qK5+/1GjoUxUxG7SYHt2PzMCvOvrJfZ5DLKmUwzSyVZPJRkHFmFip+jIdOUWD51gIlmbldExlhjYl0/KyX8D+1GPXB806g147dFHWU4gVM4hwAuoAnX0IIQCDC4h0d48qT34D17L4vRkres8BhW5L1+Aq/Vj0k=</latexit><latexit sha1_base64="6qRw/qRHsENv6BUWQxQPuayTS8s=">AAAB7HicdZDLSgMxGIX/qbdab1WXboJFcFVmutFlwY3LCk5baIeSSTNtaC5DkhHK0Gdw40IRtz6Hz+DOtzHTVrBeDgQ+zvlD/pw45cxY3//wSmvrG5tb5e3Kzu7e/kH18KhtVKYJDYniSndjbChnkoaWWU67qaZYxJx24slVkXfuqDZMyVs7TWkk8EiyhBFsnRUmWonKoFoL6v5cyP8FX1ENlmoNqu/9oSKZoNISjo3pBX5qoxxrywins0o/MzTFZIJHtOdQYkFNlM+XnaEz5wxRorQ70qK5+/1GjoUxUxG7SYHt2PzMCvOvrJfZ5DLKmUwzSyVZPJRkHFmFip+jIdOUWD51gIlmbldExlhjYl0/KyX8D+1GPXB806g147dFHWU4gVM4hwAuoAnX0IIQCDC4h0d48qT34D17L4vRkres8BhW5L1+Aq/Vj0k=</latexit><latexit sha1_base64="6qRw/qRHsENv6BUWQxQPuayTS8s=">AAAB7HicdZDLSgMxGIX/qbdab1WXboJFcFVmutFlwY3LCk5baIeSSTNtaC5DkhHK0Gdw40IRtz6Hz+DOtzHTVrBeDgQ+zvlD/pw45cxY3//wSmvrG5tb5e3Kzu7e/kH18KhtVKYJDYniSndjbChnkoaWWU67qaZYxJx24slVkXfuqDZMyVs7TWkk8EiyhBFsnRUmWonKoFoL6v5cyP8FX1ENlmoNqu/9oSKZoNISjo3pBX5qoxxrywins0o/MzTFZIJHtOdQYkFNlM+XnaEz5wxRorQ70qK5+/1GjoUxUxG7SYHt2PzMCvOvrJfZ5DLKmUwzSyVZPJRkHFmFip+jIdOUWD51gIlmbldExlhjYl0/KyX8D+1GPXB806g147dFHWU4gVM4hwAuoAnX0IIQCDC4h0d48qT34D17L4vRkres8BhW5L1+Aq/Vj0k=</latexit>

p(G|Gobs)
<latexit sha1_base64="ohS4h/SMWvnhGK9rzMJHM7EBxeg=">AAACDnicdVDLSgMxFM3UV62vUZdugqVQN2VGBF0WXOiygn1AOwyZNNOGZpIhyQhlnC9w46+4caGILl2782/MtBVaHwcunJxzL7n3BDGjSjvOp1VYWl5ZXSuulzY2t7Z37N29lhKJxKSJBROyEyBFGOWkqalmpBNLgqKAkXYwOs/99g2Rigp+rccx8SI04DSkGGkj+XYlrqa9COkhRiy9yLLb+ZefikBl2VHJt8tuzZkAOr/It1UGMzR8+6PXFziJCNeYIaW6rhNrL0VSU8xIVuolisQIj9CAdA3lKCLKSyfnZLBilD4MhTTFNZyo8xMpipQaR4HpzHdVP71c/MvrJjo881LK40QTjqcfhQmDWsA8G9inkmDNxoYgLKnZFeIhkghrk+BCCP+T1nHNNfzqpFwP3qZxFMEBOARV4IJTUAeXoAGaAIM78ACewLN1bz1aL9brtLVgzSLcBwuw3r8AiHadug==</latexit><latexit sha1_base64="ohS4h/SMWvnhGK9rzMJHM7EBxeg=">AAACDnicdVDLSgMxFM3UV62vUZdugqVQN2VGBF0WXOiygn1AOwyZNNOGZpIhyQhlnC9w46+4caGILl2782/MtBVaHwcunJxzL7n3BDGjSjvOp1VYWl5ZXSuulzY2t7Z37N29lhKJxKSJBROyEyBFGOWkqalmpBNLgqKAkXYwOs/99g2Rigp+rccx8SI04DSkGGkj+XYlrqa9COkhRiy9yLLb+ZefikBl2VHJt8tuzZkAOr/It1UGMzR8+6PXFziJCNeYIaW6rhNrL0VSU8xIVuolisQIj9CAdA3lKCLKSyfnZLBilD4MhTTFNZyo8xMpipQaR4HpzHdVP71c/MvrJjo881LK40QTjqcfhQmDWsA8G9inkmDNxoYgLKnZFeIhkghrk+BCCP+T1nHNNfzqpFwP3qZxFMEBOARV4IJTUAeXoAGaAIM78ACewLN1bz1aL9brtLVgzSLcBwuw3r8AiHadug==</latexit><latexit sha1_base64="ohS4h/SMWvnhGK9rzMJHM7EBxeg=">AAACDnicdVDLSgMxFM3UV62vUZdugqVQN2VGBF0WXOiygn1AOwyZNNOGZpIhyQhlnC9w46+4caGILl2782/MtBVaHwcunJxzL7n3BDGjSjvOp1VYWl5ZXSuulzY2t7Z37N29lhKJxKSJBROyEyBFGOWkqalmpBNLgqKAkXYwOs/99g2Rigp+rccx8SI04DSkGGkj+XYlrqa9COkhRiy9yLLb+ZefikBl2VHJt8tuzZkAOr/It1UGMzR8+6PXFziJCNeYIaW6rhNrL0VSU8xIVuolisQIj9CAdA3lKCLKSyfnZLBilD4MhTTFNZyo8xMpipQaR4HpzHdVP71c/MvrJjo881LK40QTjqcfhQmDWsA8G9inkmDNxoYgLKnZFeIhkghrk+BCCP+T1nHNNfzqpFwP3qZxFMEBOARV4IJTUAeXoAGaAIM78ACewLN1bz1aL9brtLVgzSLcBwuw3r8AiHadug==</latexit><latexit sha1_base64="ohS4h/SMWvnhGK9rzMJHM7EBxeg=">AAACDnicdVDLSgMxFM3UV62vUZdugqVQN2VGBF0WXOiygn1AOwyZNNOGZpIhyQhlnC9w46+4caGILl2782/MtBVaHwcunJxzL7n3BDGjSjvOp1VYWl5ZXSuulzY2t7Z37N29lhKJxKSJBROyEyBFGOWkqalmpBNLgqKAkXYwOs/99g2Rigp+rccx8SI04DSkGGkj+XYlrqa9COkhRiy9yLLb+ZefikBl2VHJt8tuzZkAOr/It1UGMzR8+6PXFziJCNeYIaW6rhNrL0VSU8xIVuolisQIj9CAdA3lKCLKSyfnZLBilD4MhTTFNZyo8xMpipQaR4HpzHdVP71c/MvrJjo881LK40QTjqcfhQmDWsA8G9inkmDNxoYgLKnZFeIhkghrk+BCCP+T1nHNNfzqpFwP3qZxFMEBOARV4IJTUAeXoAGaAIM78ACewLN1bz1aL9brtLVgzSLcBwuw3r8AiHadug==</latexit>

p(Z|YL,X,Gobs) =

∫
p(Z|W ,G,X)p(W |YL,X,G)p(G|λ)p(λ|Gobs) dW dG dλ .
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Computing the posterior of the node labels

GCNN�v
<latexit sha1_base64="nlhXNSlSlL+JtcT5BIznQPQbGzE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIz13RjcsK9iHtUDKZTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdhCtHggczjmX3HuChDNtXPfTKSwtr6yuFddLG5tb2zvl3b2mjlNFaIPEPFbtAGvKmaQNwwyn7URRLAJOW8HwZuq3RlRpFst7M06oL3BfsogRbKz00OU2GuLeqFeuuFV3BuRWz1zv6txD34qXkwrkqPfKH90wJqmg0hCOte54bmL8DCvDCKeTUjfVNMFkiPu0Y6nEgmo/my08QUdWCVEUK/ukQTP150SGhdZjEdikwGagF72p+J/XSU106WdMJqmhksw/ilKOTIym16OQKUoMH1uCiWJ2V0QGWGFibEclW4K3ePJf0jypepbfnVZq13kdRTiAQzgGDy6gBrdQhwYQEPAIz/DiKOfJeXXe5tGCk8/swy8471/vOZB8</latexit><latexit sha1_base64="nlhXNSlSlL+JtcT5BIznQPQbGzE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIz13RjcsK9iHtUDKZTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdhCtHggczjmX3HuChDNtXPfTKSwtr6yuFddLG5tb2zvl3b2mjlNFaIPEPFbtAGvKmaQNwwyn7URRLAJOW8HwZuq3RlRpFst7M06oL3BfsogRbKz00OU2GuLeqFeuuFV3BuRWz1zv6txD34qXkwrkqPfKH90wJqmg0hCOte54bmL8DCvDCKeTUjfVNMFkiPu0Y6nEgmo/my08QUdWCVEUK/ukQTP150SGhdZjEdikwGagF72p+J/XSU106WdMJqmhksw/ilKOTIym16OQKUoMH1uCiWJ2V0QGWGFibEclW4K3ePJf0jypepbfnVZq13kdRTiAQzgGDy6gBrdQhwYQEPAIz/DiKOfJeXXe5tGCk8/swy8471/vOZB8</latexit><latexit sha1_base64="nlhXNSlSlL+JtcT5BIznQPQbGzE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIz13RjcsK9iHtUDKZTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdhCtHggczjmX3HuChDNtXPfTKSwtr6yuFddLG5tb2zvl3b2mjlNFaIPEPFbtAGvKmaQNwwyn7URRLAJOW8HwZuq3RlRpFst7M06oL3BfsogRbKz00OU2GuLeqFeuuFV3BuRWz1zv6txD34qXkwrkqPfKH90wJqmg0hCOte54bmL8DCvDCKeTUjfVNMFkiPu0Y6nEgmo/my08QUdWCVEUK/ukQTP150SGhdZjEdikwGagF72p+J/XSU106WdMJqmhksw/ilKOTIym16OQKUoMH1uCiWJ2V0QGWGFibEclW4K3ePJf0jypepbfnVZq13kdRTiAQzgGDy6gBrdQhwYQEPAIz/DiKOfJeXXe5tGCk8/swy8471/vOZB8</latexit><latexit sha1_base64="nlhXNSlSlL+JtcT5BIznQPQbGzE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIz13RjcsK9iHtUDKZTBuaZIYkUyhDv8KNC0Xc+jnu/BvTdhCtHggczjmX3HuChDNtXPfTKSwtr6yuFddLG5tb2zvl3b2mjlNFaIPEPFbtAGvKmaQNwwyn7URRLAJOW8HwZuq3RlRpFst7M06oL3BfsogRbKz00OU2GuLeqFeuuFV3BuRWz1zv6txD34qXkwrkqPfKH90wJqmg0hCOte54bmL8DCvDCKeTUjfVNMFkiPu0Y6nEgmo/my08QUdWCVEUK/ukQTP150SGhdZjEdikwGagF72p+J/XSU106WdMJqmhksw/ilKOTIym16OQKUoMH1uCiWJ2V0QGWGFibEclW4K3ePJf0jypepbfnVZq13kdRTiAQzgGDy6gBrdQhwYQEPAIz/DiKOfJeXXe5tGCk8/swy8471/vOZB8</latexit>

Gi,v
<latexit sha1_base64="o0WXus3Tjlsl6vmzgOvshEEq7m4=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCrYV2hAm00k7dDIJM5NCDcFfceNCEbf+hzv/xklbwfo4cOFwzr3cwwkSzpR2nA+rtLC4tLxSXq2srW9sbtnbOy0Vp5LQJol5LG8DrChngjY105zeJpLiKOC0HQwvCr89olKxWNzocUK9CPcFCxnB2ki+vZd1I6wHBPPsMvczdjzK84pvV92aMwFyfpEvqwozNHz7vduLSRpRoQnHSnVcJ9FehqVmhNO80k0VTTAZ4j7tGCpwRJWXTdLn6NAoPRTG0ozQaKJ+v8hwpNQ4CsxmEVX99ArxL6+T6vDcy5hIUk0FmT4KU450jIoqUI9JSjQfG4KJZCYrIgMsMdGmsLkS/ietk5pr+PVptc5mdZRhHw7gCFw4gzpcQQOaQOAOHuAJnq1769F6sV6nqyVrdrMLc7DePgGnzJV0</latexit><latexit sha1_base64="o0WXus3Tjlsl6vmzgOvshEEq7m4=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCrYV2hAm00k7dDIJM5NCDcFfceNCEbf+hzv/xklbwfo4cOFwzr3cwwkSzpR2nA+rtLC4tLxSXq2srW9sbtnbOy0Vp5LQJol5LG8DrChngjY105zeJpLiKOC0HQwvCr89olKxWNzocUK9CPcFCxnB2ki+vZd1I6wHBPPsMvczdjzK84pvV92aMwFyfpEvqwozNHz7vduLSRpRoQnHSnVcJ9FehqVmhNO80k0VTTAZ4j7tGCpwRJWXTdLn6NAoPRTG0ozQaKJ+v8hwpNQ4CsxmEVX99ArxL6+T6vDcy5hIUk0FmT4KU450jIoqUI9JSjQfG4KJZCYrIgMsMdGmsLkS/ietk5pr+PVptc5mdZRhHw7gCFw4gzpcQQOaQOAOHuAJnq1769F6sV6nqyVrdrMLc7DePgGnzJV0</latexit><latexit sha1_base64="o0WXus3Tjlsl6vmzgOvshEEq7m4=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCrYV2hAm00k7dDIJM5NCDcFfceNCEbf+hzv/xklbwfo4cOFwzr3cwwkSzpR2nA+rtLC4tLxSXq2srW9sbtnbOy0Vp5LQJol5LG8DrChngjY105zeJpLiKOC0HQwvCr89olKxWNzocUK9CPcFCxnB2ki+vZd1I6wHBPPsMvczdjzK84pvV92aMwFyfpEvqwozNHz7vduLSRpRoQnHSnVcJ9FehqVmhNO80k0VTTAZ4j7tGCpwRJWXTdLn6NAoPRTG0ozQaKJ+v8hwpNQ4CsxmEVX99ArxL6+T6vDcy5hIUk0FmT4KU450jIoqUI9JSjQfG4KJZCYrIgMsMdGmsLkS/ietk5pr+PVptc5mdZRhHw7gCFw4gzpcQQOaQOAOHuAJnq1769F6sV6nqyVrdrMLc7DePgGnzJV0</latexit><latexit sha1_base64="o0WXus3Tjlsl6vmzgOvshEEq7m4=">AAAB/XicdVDLSsNAFL2pr1pf8bFzM1gEF1ISEXRZcKHLCrYV2hAm00k7dDIJM5NCDcFfceNCEbf+hzv/xklbwfo4cOFwzr3cwwkSzpR2nA+rtLC4tLxSXq2srW9sbtnbOy0Vp5LQJol5LG8DrChngjY105zeJpLiKOC0HQwvCr89olKxWNzocUK9CPcFCxnB2ki+vZd1I6wHBPPsMvczdjzK84pvV92aMwFyfpEvqwozNHz7vduLSRpRoQnHSnVcJ9FehqVmhNO80k0VTTAZ4j7tGCpwRJWXTdLn6NAoPRTG0ozQaKJ+v8hwpNQ4CsxmEVX99ArxL6+T6vDcy5hIUk0FmT4KU450jIoqUI9JSjQfG4KJZCYrIgMsMdGmsLkS/ietk5pr+PVptc5mdZRhHw7gCFw4gzpcQQOaQOAOHuAJnq1769F6sV6nqyVrdrMLc7DePgGnzJV0</latexit>

Ws,i,v
<latexit sha1_base64="8qsP/iiRfBoEQ6OqgTYr6Te/eCQ=">AAAB8HicbZDLSgMxFIbPeK31VnXpJlgEF6VMRdBlwY3LCvYi7VAyaaYNTTJDcqZQhj6FGxeKuPVx3Pk2phdEW38IfPznHHLOHyZSWPT9L29tfWNzazu3k9/d2z84LBwdN2ycGsbrLJaxaYXUcik0r6NAyVuJ4VSFkjfD4e203hxxY0WsH3Cc8EDRvhaRYBSd9djsZrYkSqNJt1D0y/5M5Acqy1CEhWrdwmenF7NUcY1MUmvbFT/BIKMGBZN8ku+klieUDWmftx1qqrgNstnCE3LunB6JYuOeRjJzf09kVFk7VqHrVBQHdrk2Nf+rtVOMboJM6CRFrtn8oyiVBGMyvZ70hOEM5dgBZUa4XQkbUEMZuozyLoSVk1ehcVmuOL6/KlbFIo4cnMIZXEAFrqEKd1CDOjBQ8AQv8OoZ79l7897nrWveYuYE/sj7+AaDwZBU</latexit><latexit sha1_base64="8qsP/iiRfBoEQ6OqgTYr6Te/eCQ=">AAAB8HicbZDLSgMxFIbPeK31VnXpJlgEF6VMRdBlwY3LCvYi7VAyaaYNTTJDcqZQhj6FGxeKuPVx3Pk2phdEW38IfPznHHLOHyZSWPT9L29tfWNzazu3k9/d2z84LBwdN2ycGsbrLJaxaYXUcik0r6NAyVuJ4VSFkjfD4e203hxxY0WsH3Cc8EDRvhaRYBSd9djsZrYkSqNJt1D0y/5M5Acqy1CEhWrdwmenF7NUcY1MUmvbFT/BIKMGBZN8ku+klieUDWmftx1qqrgNstnCE3LunB6JYuOeRjJzf09kVFk7VqHrVBQHdrk2Nf+rtVOMboJM6CRFrtn8oyiVBGMyvZ70hOEM5dgBZUa4XQkbUEMZuozyLoSVk1ehcVmuOL6/KlbFIo4cnMIZXEAFrqEKd1CDOjBQ8AQv8OoZ79l7897nrWveYuYE/sj7+AaDwZBU</latexit><latexit sha1_base64="8qsP/iiRfBoEQ6OqgTYr6Te/eCQ=">AAAB8HicbZDLSgMxFIbPeK31VnXpJlgEF6VMRdBlwY3LCvYi7VAyaaYNTTJDcqZQhj6FGxeKuPVx3Pk2phdEW38IfPznHHLOHyZSWPT9L29tfWNzazu3k9/d2z84LBwdN2ycGsbrLJaxaYXUcik0r6NAyVuJ4VSFkjfD4e203hxxY0WsH3Cc8EDRvhaRYBSd9djsZrYkSqNJt1D0y/5M5Acqy1CEhWrdwmenF7NUcY1MUmvbFT/BIKMGBZN8ku+klieUDWmftx1qqrgNstnCE3LunB6JYuOeRjJzf09kVFk7VqHrVBQHdrk2Nf+rtVOMboJM6CRFrtn8oyiVBGMyvZ70hOEM5dgBZUa4XQkbUEMZuozyLoSVk1ehcVmuOL6/KlbFIo4cnMIZXEAFrqEKd1CDOjBQ8AQv8OoZ79l7897nrWveYuYE/sj7+AaDwZBU</latexit><latexit sha1_base64="8qsP/iiRfBoEQ6OqgTYr6Te/eCQ=">AAAB8HicbZDLSgMxFIbPeK31VnXpJlgEF6VMRdBlwY3LCvYi7VAyaaYNTTJDcqZQhj6FGxeKuPVx3Pk2phdEW38IfPznHHLOHyZSWPT9L29tfWNzazu3k9/d2z84LBwdN2ycGsbrLJaxaYXUcik0r6NAyVuJ4VSFkjfD4e203hxxY0WsH3Cc8EDRvhaRYBSd9djsZrYkSqNJt1D0y/5M5Acqy1CEhWrdwmenF7NUcY1MUmvbFT/BIKMGBZN8ku+klieUDWmftx1qqrgNstnCE3LunB6JYuOeRjJzf09kVFk7VqHrVBQHdrk2Nf+rtVOMboJM6CRFrtn8oyiVBGMyvZ70hOEM5dgBZUa4XQkbUEMZuozyLoSVk1ehcVmuOL6/KlbFIo4cnMIZXEAFrqEKd1CDOjBQ8AQv8OoZ79l7897nrWveYuYE/sj7+AaDwZBU</latexit>

p(Z|Ws,i,v, Gi,v, X)
<latexit sha1_base64="q1m5xKPH6J2c2/PbNqZPq1l0t64="></latexit><latexit sha1_base64="q1m5xKPH6J2c2/PbNqZPq1l0t64="></latexit><latexit sha1_base64="q1m5xKPH6J2c2/PbNqZPq1l0t64="></latexit><latexit sha1_base64="q1m5xKPH6J2c2/PbNqZPq1l0t64="></latexit>

p(Z|YL,X,Gobs) =

∫
p(Z|W ,G,X)p(W |YL,X,G)p(G|λ)p(λ|Gobs) dW dG dλ ,

≈ 1

V

V∑
v=1

1

NGS

NG∑
i=1

S∑
s=1

p(Z|Ws,i ,v ,Gi ,v ,X) .
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Implementation details

• Assortative Mixed Membership Stochastic Block Model (MMSBM)3 as p(G|λ)
• Stochastic gradient-based MAP estimation
• Monte Carlo (MC) dropout4 for sampling W

3Li, Ahn, and Welling 2016
4Gal and Ghahramani 2016
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Aside: Bayesian neural networks

• Place prior: p(Wi ) on weights of neural L-layer network

Wi ∼ N (0, I)

for i ≤ L (and write ω := {Wi}Li=1))

• Output is a random variable

f (x, ω) = WLσ(. . .W2σ(W1x + b1) . . . )

• Softmax likelihood for classification: p(y |x, ω) = softmax(f (x, ω)) or a Gaussian for
regression: p(y|x, ω) = N (y; f (x, ω), τ−1I)

• Very difficult to evaluate the posterior: p(ω|x, y)
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Approximate inference in Bayesian neural networks

• Define qθ(ω) to approximate the posterior p(ω|x, y)

• Minimize KL divergence:

KL(qθ(ω)||p(ω|x, y)

∝ −
∫

qθ(ω) log p(ω|x, y)dω + KL(qθ(ω)||p(w))

=: L(θ)

• Approximate the integral with MC integration ω̂ ∼ qθ(ω):

L̂(θ) = − log p(y|x, ω̂) + KL(qθ(ω)||p(w))
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Stochastic inference in Bayesian neural networks

• Unbiased estimator:

Eω̂∼q(ω)(L̂(θ)) = L(θ)

• Converges to the same optima as L(θ)

• For inference, repeat:

1 Sample ω̂ ∼ qθ(ω).
2 Minimise (one step) w.r.t. θ

L(θ) = log p(y|x, ω̂) + KL(qθ(ω)||p(ω))
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Stochastic inference in Bayesian neural networks

• Need to specify qθ(·):

• Given zi ,j Bernoulli random variables

• Variational parameters θ = {Mi}Li=1 (set of matrices):

zi ,j ∼ Bernoulli(pi ) for i = 1, . . . , L, j = 1, . . . ,Ki−1

Wi = Mi · diag([zi ,j ]
Ki
j=1)

qθ(ω) = qMi
(Wi )
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Stochastic inference in Bayesian neural networks

• Repeat:

1 Sample ẑi,j ∼ Bernoulli(pi ) and set:

Ŵi = Mi · diag([ẑi,j ]
Ki

j=1)

ω̂ = {Ŵi}Li=1

2 Minimise (one step) w.r.t. θ = {Mi}Li=1

L(θ) = log p(y|x, ω̂) + KL(qθ(ω)||p(ω))
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Stochastic inference in Bayesian neural networks

• Repeat:

1 Randomly set columns of Mi to zero

2 Minimise (one step) w.r.t. θ = {Mi}Li=1

L(θ) = log p(y|x, ω̂) + KL(qθ(ω)||p(ω))
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Stochastic inference in Bayesian neural networks

• Repeat:

1 Randomly set units of the network to zero ⇒ Dropout

2 Minimise (one step) w.r.t. θ = {Mi}Li=1

L(θ) = log p(y|x, ω̂) + KL(qθ(ω)||p(ω))
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Are we really sampling from the posterior?

Ground Truth - GP
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Figure 1: Predictive distributions produced by various inference methods (columns) for various
activation functions (rows), e.g. bottom right is a RBF NN with inference by our method.

give a good approximation. An ensemble size of 5-10 worked well in experiments. This number does
not increase with dimensionality of input or output.

4 Experiments

In figure 1 we compare predictive distributions produced by popular Bayesian inference methods in
wide (100 node) single-layer NNs, with our method, on a toy regression problem. We used several
non-linearities for which analytical GP kernels exist - ReLU, ERF (sigmoidal) and RBF. GP and HMC
produce ‘gold standard’ Bayesian inference, and we judge the remaining methods, which are scalable
approximations, to them. ‘VI’ denotes mean-field variational inference with Gaussian approximating
distributions. ‘MC Dropout’ refers to the popular method proposed in Gal & Ghahramani (2015).
‘Our method’ implements the scheme described in this work, with ten NNs per ensemble.

The predictive distributions produced by our method appear good, if slightly wavy, approximations
of gold standard inference. However, there does appear to be a tendency to over predict the variance.
It captures uncertainty in interpolated regions significantly better than VI and MC Dropout, neither of
which account for correlations between parameters.

These plots illustrate one more important point. An example of when ensembling fails to perform
Bayesian inference was provided by Gal (2016) [p. 27]: an ensemble of RBF NNs would output zero
with high confidence when predicting far from the training data, and this would not be the case for
the equivalent RBF GP which was the squared exponential (SE) kernel. However, the RBF GP is not
the SE kernel except in the special case of infinite variance priors (Williams, 1996). Figure 1, bottom
left, shows an actual RBF GP with finite variance. In fact the GP outputs zero with high confidence
far from the data, as do all methods.

Table 1 (appendix) gives results of our method on ten standard benchmarking datasets (Hernández-
Lobato and Adams, 2015). Our method outperforms Deep Ensembles (Lakshminarayanan et al.,
2017) on datasets where the primary source of uncertainty was epistemic. Code of our implementation
is available at https://github.com/TeaPearce.

5 Conclusion

This paper considered a method to produce Bayesian behaviour in NN ensembles by leveraging
randomised MAP sampling. It departs only slightly from the usual handling of NNs, with parameters
regularised around values drawn from a prior distribution. We showed that for NNs of sufficient width,
each produces a sample from the posterior predictive distribution. Qualitative and benchmarking
experiments were encouraging. Our ongoing work considers extending the presented theory to
classification tasks as well as other architectures such as convolutional NNs.

3

• T. Pearce, M. Zaki and A. Neely, “Bayesian Neural Network Ensembles”, Proc. Workshop on

Bayesian Deep Learning (NeurIPS 2018), Montral, Canada.
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Experimental results: Citation network classification

Cora CiteSeer Pubmed

Nodes 2708 3327 19717
Edges 5429 4732 44338
Features per node 1433 3703 500
Classes 7 6 3

• 5/10/20 training examples per class

• Random splitting of training and test data

• 50 trials per experiment setting

• Comparison with ChebyNet5, GCNN6, and GAT7

Sen et al. 2008; 5: Defferrard et al. 2016; 6: Kipf & Welling 2017; 7: Veličković et al. 2018
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Semi-supervised node classification for Cora

When training data is limited, BGCN outperforms competing techniques
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Semi-supervised node classification for Citeseer

When training data is limited, BGCN outperforms competing techniques
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Node classification under graph attacks

• Goal: Examine robustness to corruption or attack8

• For node v with true class ctrue , classification margin is:

marginv = scorev (ctrue)− max
c 6=ctrue

scorev (c) .

• Select 40 nodes for attack, based on classification margin.

• Node perturbation: ∆ = dv + 2, where dv is the degree of node v

• Remove ∆
2 random edges; add ∆

2 cross-community edges

8Zügner, Akbarnejad and Günnemann 2018
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Node classification under graph attacks

No attack Random attack

Accuracy

GCNN 88.5% 43.0%
Bayesian GCNN 87.0% 66.5%

Classifier margin

GCNN 0.448 0.014
Bayesian GCNN 0.507 0.335 GCNN 

(before)
GCNN 
(after)

Bayesian
GCNN 
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Bayesian
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Conclusion

• Compared to existing algorithms, Bayesian-GCNNs have :

– better performance with limited training data

– more resilience to random perturbations of the graph topology

– principled methodology to represent uncertainty

• The general Bayesian framework can incorporate:

– a variety of generative models for graphs

– different inference techniques for the graph generative model

– different versions of graph based learning algorithms
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