
1

Graph Machine Learning

Xavier Bresson 1

Department of Computer Science
National University of Singapore (NUS)

Lecture 8 : Graph Convolutional Networks

Spectral and Spatial Techniques 

Sept 30 2026

Xavier Bresson
https://x.com/xbresson  

https://twitter.com/xbresson


2

Course lectures 

Introduction to Graph Machine Learning
Part 1: GML without feature learning 
(before 2014)

Introduction to Graph Science
Graph Analysis Techniques without 
Feature Learning

Graph clustering
Graph SVM
Recommendation on graphs
Graph-based visualization

Part 2 : GML with shallow feature learning 
(2014-2016)

Shallow graph learning

Part 3 : GML with deep feature learning, 
a.k.a. GNNs (after 2016)

Graph Convolutional Networks 
(spectral and spatial)
Graph Transformer
Graph generation & molecular science 
Material design
Integrating GNNs and LLMs
Deep Learning for Combinatorial 
optimization
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ConvNets on Euclidean Grids

Architecture
From grids to graphs

Convolution on grids
Spectral Graph ConvNets

Spectral convolution

Spectral graph networks
Spatial Graph ConvNets 

Template matching
Isotropic graph networks

Anisotropic graph networks

Conclusion
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From grids to graphs

Convolution on grids
Spectral Graph ConvNets

Spectral convolution

Spectral graph networks
Spatial Graph ConvNets 

Template matching
Isotropic graph networks

Anisotropic graph networks

Conclusion
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The ConvNet revolution
CNN / ConvNet transformed computer vision.
LeCun-Bengio et-al 1998[1] : Foundations of modern CNNs.
Krizhevsky-Sutskever-Hinton[2], 2012 : The ImageNet breakthrough.

Xavier Bresson 5

4.1%Human error

Learned featuresHandcrafed features (SIFT)

ConvNet was also successfully applied to speech[3] and NLP[4].
[1] LeCun et-al, Gradient-Based Learning Applied to Document Recognition, 1998
[2] Krizhevsky et-al, ImageNet Classification with Deep Convolutional Neural Networks, 2012
[3] Abdel-Hamid et-al, Convolutional Neural Networks for Speech Recognition, 2014
[4] Kim, Convolutional Neural Networks for Sentence Classification, 2014
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Curse of dimensionality

Images live in extremely high-dimensional spaces. 

Curse of dimensionality[1] :

dim(image) = 1024 x 1024 ≈ 106

For N = 10 samples/dim ⇒ 101,000,000 points/images ! 

ConvNet mitigates the curse of dimensionality[2] by 
exploiting local patterns, hierarchical structure and 
shared weights.

Xavier Bresson 6

[1] Bellman et-al, Dynamic Programming, 1957
[2] Poggio et-al, Why and When Can Deep-but Not Shallow-networks Avoid the Curse of Dimensionality: A Review, 2017
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Compositional structure
Main assumption / inductive bias : 

Data (image, video, speech) is compositional, i.e. formed of patterns that are :

Local : Nearby variables form meaningful patterns (Hubel-Wiesel[1]).

Stationary : Translation-shared patterns[2].

Hierarchical / multi-scale : Simple patterns compose                                                 
into more complex ones[2].

ConvNets exploit this structure : 

They learn compositional features across layers, and train end-to-end a                           
classifier, regressor, recommender, etc, for downstream tasks. 
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Computer Vision NLP Speech Game of Go

[1] Hubel-Wiesel, Receptive Fields, Binocular Interaction and Functional Architecture in the Cat's Visual Cortex, 1962
[2] LeCun-Bengio et-al, Gradient-Based Learning Applied to Document Recognition, 1998
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Architecture
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Spectral Graph ConvNets

Spectral convolution

Spectral graph networks
Spatial Graph ConvNets 

Template matching
Isotropic graph networks
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Data on regular grids / sequences
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Images, volumes, and videos are signals 
sampled on

     2D, 3D, 2D+time Euclidean grids 

Text and speech can be represented as 
sequences on 
   1D regular grids

These domains have strong regular spatial structures.
ConvNet operations, i.e. convolution and pooling, are therefore well defined and efficient[1].

2D grid
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[1] LeCun-Bengio et-al, Gradient-Based Learning Applied to Document Recognition, 1998
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Brain analysis
 (Neuroscience/neuro-diseases)
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<latexit sha1_base64="IvN7ZIjsPg5Gkwiu2YyISSTnuhw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZekEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3K//cS1EbF6wEnC/YgOlQgFo2il+8dyuV+pujV3BrJMvIJUoUCjX/nqDWKWRlwhk9SYrucm6GdUo2CST8u91PCEsjEd8q6likbc+Nns1Ck5tcqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw2s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaV3UPLfm3V1W6+dFHCU4hhM4Aw+uoA630IAmMBjCM7zCmyOdF+fd+Zi3rjjFzBH8gfP5AzNqjQA=</latexit><latexit sha1_base64="IvN7ZIjsPg5Gkwiu2YyISSTnuhw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZekEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3K//cS1EbF6wEnC/YgOlQgFo2il+8dyuV+pujV3BrJMvIJUoUCjX/nqDWKWRlwhk9SYrucm6GdUo2CST8u91PCEsjEd8q6likbc+Nns1Ck5tcqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw2s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaV3UPLfm3V1W6+dFHCU4hhM4Aw+uoA630IAmMBjCM7zCmyOdF+fd+Zi3rjjFzBH8gfP5AzNqjQA=</latexit><latexit sha1_base64="IvN7ZIjsPg5Gkwiu2YyISSTnuhw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZekEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3K//cS1EbF6wEnC/YgOlQgFo2il+8dyuV+pujV3BrJMvIJUoUCjX/nqDWKWRlwhk9SYrucm6GdUo2CST8u91PCEsjEd8q6likbc+Nns1Ck5tcqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw2s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaV3UPLfm3V1W6+dFHCU4hhM4Aw+uoA630IAmMBjCM7zCmyOdF+fd+Zi3rjjFzBH8gfP5AzNqjQA=</latexit><latexit sha1_base64="IvN7ZIjsPg5Gkwiu2YyISSTnuhw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZekEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3K//cS1EbF6wEnC/YgOlQgFo2il+8dyuV+pujV3BrJMvIJUoUCjX/nqDWKWRlwhk9SYrucm6GdUo2CST8u91PCEsjEd8q6likbc+Nns1Ck5tcqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw2s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaV3UPLfm3V1W6+dFHCU4hhM4Aw+uoA630IAmMBjCM7zCmyOdF+fd+Zi3rjjFzBH8gfP5AzNqjQA=</latexit>

ij
<latexit sha1_base64="f8VGxI+5fMbgb8XS6gM2gFgsuvQ=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisYD+gDWWz3bRrdzdhdyKU0r/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzwkQKi5737ZTW1jc2t8rb7s7u3v5B5fCoZePUMN5ksYxNJ6SWS6F5EwVK3kkMpyqUvB2Ob3O//cSNFbF+wEnCA0WHWkSCUcwl8ei6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/m319V6xdFHGU4gVM4Bx+uoQ530IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AfixjXM=</latexit><latexit sha1_base64="f8VGxI+5fMbgb8XS6gM2gFgsuvQ=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisYD+gDWWz3bRrdzdhdyKU0r/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzwkQKi5737ZTW1jc2t8rb7s7u3v5B5fCoZePUMN5ksYxNJ6SWS6F5EwVK3kkMpyqUvB2Ob3O//cSNFbF+wEnCA0WHWkSCUcwl8ei6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/m319V6xdFHGU4gVM4Bx+uoQ530IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AfixjXM=</latexit><latexit sha1_base64="f8VGxI+5fMbgb8XS6gM2gFgsuvQ=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisYD+gDWWz3bRrdzdhdyKU0r/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzwkQKi5737ZTW1jc2t8rb7s7u3v5B5fCoZePUMN5ksYxNJ6SWS6F5EwVK3kkMpyqUvB2Ob3O//cSNFbF+wEnCA0WHWkSCUcwl8ei6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/m319V6xdFHGU4gVM4Bx+uoQ530IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AfixjXM=</latexit><latexit sha1_base64="f8VGxI+5fMbgb8XS6gM2gFgsuvQ=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisYD+gDWWz3bRrdzdhdyKU0r/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzwkQKi5737ZTW1jc2t8rb7s7u3v5B5fCoZePUMN5ksYxNJ6SWS6F5EwVK3kkMpyqUvB2Ob3O//cSNFbF+wEnCA0WHWkSCUcwl8ei6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/m319V6xdFHGU4gVM4Bx+uoQ530IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AfixjXM=</latexit>
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2 RT

<latexit sha1_base64="60abWUf96kIh3P+ESEWT65J66ZM="></latexit><latexit sha1_base64="60abWUf96kIh3P+ESEWT65J66ZM="></latexit><latexit sha1_base64="60abWUf96kIh3P+ESEWT65J66ZM="></latexit><latexit sha1_base64="60abWUf96kIh3P+ESEWT65J66ZM="></latexit>
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Quantum Chemistry 
(novel molecules for drugs 

and materials)
 

Atomi

Bondij

i
<latexit sha1_base64="RlAIlE5MorzaIuoAsYZUvwE4eUI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisaD+gDWWznbRLN5uwuxFK6U/w4kERr/4ib/4bN20O2vpg4PHeDDPzwlRwbTzv2ymtrW9sbpW33Z3dvf2DyuFRSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIfj29xvP6HSPJGPZpJiENOh5BFn1Fjpgbtuv1L1at4cZJX4BalCgUa/8tUbJCyLURomqNZd30tNMKXKcCZw5vYyjSllYzrErqWSxqiD6fzUGTmzyoBEibIlDZmrvyemNNZ6Eoe2M6ZmpJe9XPzP62YmugmmXKaZQckWi6JMEJOQ/G8y4AqZERNLKFPc3krYiCrKjE0nD8FffnmVtC5rvlfz76+q9YsijjKcwCmcgw/XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+ADHkjP8=</latexit><latexit sha1_base64="RlAIlE5MorzaIuoAsYZUvwE4eUI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisaD+gDWWznbRLN5uwuxFK6U/w4kERr/4ib/4bN20O2vpg4PHeDDPzwlRwbTzv2ymtrW9sbpW33Z3dvf2DyuFRSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIfj29xvP6HSPJGPZpJiENOh5BFn1Fjpgbtuv1L1at4cZJX4BalCgUa/8tUbJCyLURomqNZd30tNMKXKcCZw5vYyjSllYzrErqWSxqiD6fzUGTmzyoBEibIlDZmrvyemNNZ6Eoe2M6ZmpJe9XPzP62YmugmmXKaZQckWi6JMEJOQ/G8y4AqZERNLKFPc3krYiCrKjE0nD8FffnmVtC5rvlfz76+q9YsijjKcwCmcgw/XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+ADHkjP8=</latexit><latexit sha1_base64="RlAIlE5MorzaIuoAsYZUvwE4eUI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisaD+gDWWznbRLN5uwuxFK6U/w4kERr/4ib/4bN20O2vpg4PHeDDPzwlRwbTzv2ymtrW9sbpW33Z3dvf2DyuFRSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIfj29xvP6HSPJGPZpJiENOh5BFn1Fjpgbtuv1L1at4cZJX4BalCgUa/8tUbJCyLURomqNZd30tNMKXKcCZw5vYyjSllYzrErqWSxqiD6fzUGTmzyoBEibIlDZmrvyemNNZ6Eoe2M6ZmpJe9XPzP62YmugmmXKaZQckWi6JMEJOQ/G8y4AqZERNLKFPc3krYiCrKjE0nD8FffnmVtC5rvlfz76+q9YsijjKcwCmcgw/XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+ADHkjP8=</latexit><latexit sha1_base64="RlAIlE5MorzaIuoAsYZUvwE4eUI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisaD+gDWWznbRLN5uwuxFK6U/w4kERr/4ib/4bN20O2vpg4PHeDDPzwlRwbTzv2ymtrW9sbpW33Z3dvf2DyuFRSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIfj29xvP6HSPJGPZpJiENOh5BFn1Fjpgbtuv1L1at4cZJX4BalCgUa/8tUbJCyLURomqNZd30tNMKXKcCZw5vYyjSllYzrErqWSxqiD6fzUGTmzyoBEibIlDZmrvyemNNZ6Eoe2M6ZmpJe9XPzP62YmugmmXKaZQckWi6JMEJOQ/G8y4AqZERNLKFPc3krYiCrKjE0nD8FffnmVtC5rvlfz76+q9YsijjKcwCmcgw/XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+ADHkjP8=</latexit>

j
<latexit sha1_base64="IvN7ZIjsPg5Gkwiu2YyISSTnuhw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZekEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3K//cS1EbF6wEnC/YgOlQgFo2il+8dyuV+pujV3BrJMvIJUoUCjX/nqDWKWRlwhk9SYrucm6GdUo2CST8u91PCEsjEd8q6likbc+Nns1Ck5tcqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw2s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaV3UPLfm3V1W6+dFHCU4hhM4Aw+uoA630IAmMBjCM7zCmyOdF+fd+Zi3rjjFzBH8gfP5AzNqjQA=</latexit><latexit sha1_base64="IvN7ZIjsPg5Gkwiu2YyISSTnuhw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZekEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3K//cS1EbF6wEnC/YgOlQgFo2il+8dyuV+pujV3BrJMvIJUoUCjX/nqDWKWRlwhk9SYrucm6GdUo2CST8u91PCEsjEd8q6likbc+Nns1Ck5tcqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw2s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaV3UPLfm3V1W6+dFHCU4hhM4Aw+uoA630IAmMBjCM7zCmyOdF+fd+Zi3rjjFzBH8gfP5AzNqjQA=</latexit><latexit sha1_base64="IvN7ZIjsPg5Gkwiu2YyISSTnuhw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZekEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3K//cS1EbF6wEnC/YgOlQgFo2il+8dyuV+pujV3BrJMvIJUoUCjX/nqDWKWRlwhk9SYrucm6GdUo2CST8u91PCEsjEd8q6likbc+Nns1Ck5tcqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw2s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaV3UPLfm3V1W6+dFHCU4hhM4Aw+uoA630IAmMBjCM7zCmyOdF+fd+Zi3rjjFzBH8gfP5AzNqjQA=</latexit><latexit sha1_base64="IvN7ZIjsPg5Gkwiu2YyISSTnuhw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZekEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3K//cS1EbF6wEnC/YgOlQgFo2il+8dyuV+pujV3BrJMvIJUoUCjX/nqDWKWRlwhk9SYrucm6GdUo2CST8u91PCEsjEd8q6likbc+Nns1Ck5tcqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw2s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaV3UPLfm3V1W6+dFHCU4hhM4Aw+uoA630IAmMBjCM7zCmyOdF+fd+Zi3rjjFzBH8gfP5AzNqjQA=</latexit>

ij
<latexit sha1_base64="f8VGxI+5fMbgb8XS6gM2gFgsuvQ=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisYD+gDWWz3bRrdzdhdyKU0r/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzwkQKi5737ZTW1jc2t8rb7s7u3v5B5fCoZePUMN5ksYxNJ6SWS6F5EwVK3kkMpyqUvB2Ob3O//cSNFbF+wEnCA0WHWkSCUcwl8ei6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/m319V6xdFHGU4gVM4Bx+uoQ530IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AfixjXM=</latexit><latexit sha1_base64="f8VGxI+5fMbgb8XS6gM2gFgsuvQ=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisYD+gDWWz3bRrdzdhdyKU0r/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzwkQKi5737ZTW1jc2t8rb7s7u3v5B5fCoZePUMN5ksYxNJ6SWS6F5EwVK3kkMpyqUvB2Ob3O//cSNFbF+wEnCA0WHWkSCUcwl8ei6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/m319V6xdFHGU4gVM4Bx+uoQ530IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AfixjXM=</latexit><latexit sha1_base64="f8VGxI+5fMbgb8XS6gM2gFgsuvQ=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisYD+gDWWz3bRrdzdhdyKU0r/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzwkQKi5737ZTW1jc2t8rb7s7u3v5B5fCoZePUMN5ksYxNJ6SWS6F5EwVK3kkMpyqUvB2Ob3O//cSNFbF+wEnCA0WHWkSCUcwl8ei6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/m319V6xdFHGU4gVM4Bx+uoQ530IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AfixjXM=</latexit><latexit sha1_base64="f8VGxI+5fMbgb8XS6gM2gFgsuvQ=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisYD+gDWWz3bRrdzdhdyKU0r/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzwkQKi5737ZTW1jc2t8rb7s7u3v5B5fCoZePUMN5ksYxNJ6SWS6F5EwVK3kkMpyqUvB2Ob3O//cSNFbF+wEnCA0WHWkSCUcwl8ei6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/m319V6xdFHGU4gVM4Bx+uoQ530IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AfixjXM=</latexit>
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<latexit sha1_base64="j1AqJOvHFkVK1adBuFYlSGbt+wQ="></latexit><latexit sha1_base64="j1AqJOvHFkVK1adBuFYlSGbt+wQ="></latexit><latexit sha1_base64="j1AqJOvHFkVK1adBuFYlSGbt+wQ="></latexit><latexit sha1_base64="j1AqJOvHFkVK1adBuFYlSGbt+wQ="></latexit>
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2 Rdv

<latexit sha1_base64="jWfbUWAOv5Km2Y6nWW9FZ8Jfyxg="></latexit><latexit sha1_base64="jWfbUWAOv5Km2Y6nWW9FZ8Jfyxg="></latexit><latexit sha1_base64="jWfbUWAOv5Km2Y6nWW9FZ8Jfyxg="></latexit><latexit sha1_base64="jWfbUWAOv5Km2Y6nWW9FZ8Jfyxg="></latexit>
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<latexit sha1_base64="eM9FjXFYt9MdTuvIcqbvfphanyk="></latexit><latexit sha1_base64="eM9FjXFYt9MdTuvIcqbvfphanyk="></latexit><latexit sha1_base64="eM9FjXFYt9MdTuvIcqbvfphanyk="></latexit><latexit sha1_base64="eM9FjXFYt9MdTuvIcqbvfphanyk="></latexit>

Aij =

⇢
1 if ij bond
0 otherwise

<latexit sha1_base64="bTNTV9FCbrI+njHorojZrqu7rQ4="></latexit><latexit sha1_base64="bTNTV9FCbrI+njHorojZrqu7rQ4="></latexit><latexit sha1_base64="bTNTV9FCbrI+njHorojZrqu7rQ4="></latexit><latexit sha1_base64="bTNTV9FCbrI+njHorojZrqu7rQ4="></latexit>

Data on graphs

Social networks
(Advertisement/ 
recommendation)

Userj

Useri

User 
connectionij

2

4
messages
images
videos

3

5

i

2 Rd

<latexit sha1_base64="1/Uep78HsaIwPrl6syD3IdwJCsQ="></latexit><latexit sha1_base64="1/Uep78HsaIwPrl6syD3IdwJCsQ="></latexit><latexit sha1_base64="1/Uep78HsaIwPrl6syD3IdwJCsQ="></latexit><latexit sha1_base64="1/Uep78HsaIwPrl6syD3IdwJCsQ="></latexit>

2

4
messages
images
videos

3

5

j

2 Rd

<latexit sha1_base64="JKJzsU+Q7PTS362hcrFlMMBdKDE="></latexit><latexit sha1_base64="JKJzsU+Q7PTS362hcrFlMMBdKDE="></latexit><latexit sha1_base64="JKJzsU+Q7PTS362hcrFlMMBdKDE="></latexit><latexit sha1_base64="JKJzsU+Q7PTS362hcrFlMMBdKDE="></latexit>

i
<latexit sha1_base64="RlAIlE5MorzaIuoAsYZUvwE4eUI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisaD+gDWWznbRLN5uwuxFK6U/w4kERr/4ib/4bN20O2vpg4PHeDDPzwlRwbTzv2ymtrW9sbpW33Z3dvf2DyuFRSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIfj29xvP6HSPJGPZpJiENOh5BFn1Fjpgbtuv1L1at4cZJX4BalCgUa/8tUbJCyLURomqNZd30tNMKXKcCZw5vYyjSllYzrErqWSxqiD6fzUGTmzyoBEibIlDZmrvyemNNZ6Eoe2M6ZmpJe9XPzP62YmugmmXKaZQckWi6JMEJOQ/G8y4AqZERNLKFPc3krYiCrKjE0nD8FffnmVtC5rvlfz76+q9YsijjKcwCmcgw/XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+ADHkjP8=</latexit><latexit sha1_base64="RlAIlE5MorzaIuoAsYZUvwE4eUI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisaD+gDWWznbRLN5uwuxFK6U/w4kERr/4ib/4bN20O2vpg4PHeDDPzwlRwbTzv2ymtrW9sbpW33Z3dvf2DyuFRSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIfj29xvP6HSPJGPZpJiENOh5BFn1Fjpgbtuv1L1at4cZJX4BalCgUa/8tUbJCyLURomqNZd30tNMKXKcCZw5vYyjSllYzrErqWSxqiD6fzUGTmzyoBEibIlDZmrvyemNNZ6Eoe2M6ZmpJe9XPzP62YmugmmXKaZQckWi6JMEJOQ/G8y4AqZERNLKFPc3krYiCrKjE0nD8FffnmVtC5rvlfz76+q9YsijjKcwCmcgw/XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+ADHkjP8=</latexit><latexit sha1_base64="RlAIlE5MorzaIuoAsYZUvwE4eUI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisaD+gDWWznbRLN5uwuxFK6U/w4kERr/4ib/4bN20O2vpg4PHeDDPzwlRwbTzv2ymtrW9sbpW33Z3dvf2DyuFRSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIfj29xvP6HSPJGPZpJiENOh5BFn1Fjpgbtuv1L1at4cZJX4BalCgUa/8tUbJCyLURomqNZd30tNMKXKcCZw5vYyjSllYzrErqWSxqiD6fzUGTmzyoBEibIlDZmrvyemNNZ6Eoe2M6ZmpJe9XPzP62YmugmmXKaZQckWi6JMEJOQ/G8y4AqZERNLKFPc3krYiCrKjE0nD8FffnmVtC5rvlfz76+q9YsijjKcwCmcgw/XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+ADHkjP8=</latexit><latexit sha1_base64="RlAIlE5MorzaIuoAsYZUvwE4eUI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisaD+gDWWznbRLN5uwuxFK6U/w4kERr/4ib/4bN20O2vpg4PHeDDPzwlRwbTzv2ymtrW9sbpW33Z3dvf2DyuFRSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIfj29xvP6HSPJGPZpJiENOh5BFn1Fjpgbtuv1L1at4cZJX4BalCgUa/8tUbJCyLURomqNZd30tNMKXKcCZw5vYyjSllYzrErqWSxqiD6fzUGTmzyoBEibIlDZmrvyemNNZ6Eoe2M6ZmpJe9XPzP62YmugmmXKaZQckWi6JMEJOQ/G8y4AqZERNLKFPc3krYiCrKjE0nD8FffnmVtC5rvlfz76+q9YsijjKcwCmcgw/XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+ADHkjP8=</latexit>

j
<latexit sha1_base64="IvN7ZIjsPg5Gkwiu2YyISSTnuhw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZekEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3K//cS1EbF6wEnC/YgOlQgFo2il+8dyuV+pujV3BrJMvIJUoUCjX/nqDWKWRlwhk9SYrucm6GdUo2CST8u91PCEsjEd8q6likbc+Nns1Ck5tcqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw2s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaV3UPLfm3V1W6+dFHCU4hhM4Aw+uoA630IAmMBjCM7zCmyOdF+fd+Zi3rjjFzBH8gfP5AzNqjQA=</latexit><latexit sha1_base64="IvN7ZIjsPg5Gkwiu2YyISSTnuhw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZekEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3K//cS1EbF6wEnC/YgOlQgFo2il+8dyuV+pujV3BrJMvIJUoUCjX/nqDWKWRlwhk9SYrucm6GdUo2CST8u91PCEsjEd8q6likbc+Nns1Ck5tcqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw2s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaV3UPLfm3V1W6+dFHCU4hhM4Aw+uoA630IAmMBjCM7zCmyOdF+fd+Zi3rjjFzBH8gfP5AzNqjQA=</latexit><latexit sha1_base64="IvN7ZIjsPg5Gkwiu2YyISSTnuhw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZekEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3K//cS1EbF6wEnC/YgOlQgFo2il+8dyuV+pujV3BrJMvIJUoUCjX/nqDWKWRlwhk9SYrucm6GdUo2CST8u91PCEsjEd8q6likbc+Nns1Ck5tcqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw2s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaV3UPLfm3V1W6+dFHCU4hhM4Aw+uoA630IAmMBjCM7zCmyOdF+fd+Zi3rjjFzBH8gfP5AzNqjQA=</latexit><latexit sha1_base64="IvN7ZIjsPg5Gkwiu2YyISSTnuhw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZekEhh0HW/nZXVtfWNzdJWeXtnd2+/cnDYMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb3K//cS1EbF6wEnC/YgOlQgFo2il+8dyuV+pujV3BrJMvIJUoUCjX/nqDWKWRlwhk9SYrucm6GdUo2CST8u91PCEsjEd8q6likbc+Nns1Ck5tcqAhLG2pZDM1N8TGY2MmUSB7Ywojsyil4v/ed0Uw2s/EypJkSs2XxSmkmBM8r/JQGjOUE4soUwLeythI6opQ5tOHoK3+PIyaV3UPLfm3V1W6+dFHCU4hhM4Aw+uoA630IAmMBjCM7zCmyOdF+fd+Zi3rjjFzBH8gfP5AzNqjQA=</latexit>

ij
<latexit sha1_base64="f8VGxI+5fMbgb8XS6gM2gFgsuvQ=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisYD+gDWWz3bRrdzdhdyKU0r/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzwkQKi5737ZTW1jc2t8rb7s7u3v5B5fCoZePUMN5ksYxNJ6SWS6F5EwVK3kkMpyqUvB2Ob3O//cSNFbF+wEnCA0WHWkSCUcwl8ei6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/m319V6xdFHGU4gVM4Bx+uoQ530IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AfixjXM=</latexit><latexit sha1_base64="f8VGxI+5fMbgb8XS6gM2gFgsuvQ=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisYD+gDWWz3bRrdzdhdyKU0r/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzwkQKi5737ZTW1jc2t8rb7s7u3v5B5fCoZePUMN5ksYxNJ6SWS6F5EwVK3kkMpyqUvB2Ob3O//cSNFbF+wEnCA0WHWkSCUcwl8ei6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/m319V6xdFHGU4gVM4Bx+uoQ530IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AfixjXM=</latexit><latexit sha1_base64="f8VGxI+5fMbgb8XS6gM2gFgsuvQ=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisYD+gDWWz3bRrdzdhdyKU0r/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzwkQKi5737ZTW1jc2t8rb7s7u3v5B5fCoZePUMN5ksYxNJ6SWS6F5EwVK3kkMpyqUvB2Ob3O//cSNFbF+wEnCA0WHWkSCUcwl8ei6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/m319V6xdFHGU4gVM4Bx+uoQ530IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AfixjXM=</latexit><latexit sha1_base64="f8VGxI+5fMbgb8XS6gM2gFgsuvQ=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisYD+gDWWz3bRrdzdhdyKU0r/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzwkQKi5737ZTW1jc2t8rb7s7u3v5B5fCoZePUMN5ksYxNJ6SWS6F5EwVK3kkMpyqUvB2Ob3O//cSNFbF+wEnCA0WHWkSCUcwl8ei6/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xugmmQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3WfK/m319V6xdFHGU4gVM4Bx+uoQ530IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AfixjXM=</latexit>

Aij =

⇢
1 if ij friends
0 otherwise

<latexit sha1_base64="YFFfb+0iRyjOOtARB3DU8MK64Q0="></latexit><latexit sha1_base64="YFFfb+0iRyjOOtARB3DU8MK64Q0="></latexit><latexit sha1_base64="YFFfb+0iRyjOOtARB3DU8MK64Q0="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="XmNjvNjNjCnvMqRqnqHTYrXDUkU="></latexit><latexit sha1_base64="XmNjvNjNjCnvMqRqnqHTYrXDUkU="></latexit><latexit sha1_base64="VhfVKpfCiyy+XDZ05WLJJbP4cr8="></latexit><latexit sha1_base64="YFFfb+0iRyjOOtARB3DU8MK64Q0="></latexit><latexit sha1_base64="YFFfb+0iRyjOOtARB3DU8MK64Q0="></latexit><latexit sha1_base64="YFFfb+0iRyjOOtARB3DU8MK64Q0="></latexit><latexit sha1_base64="YFFfb+0iRyjOOtARB3DU8MK64Q0="></latexit><latexit sha1_base64="YFFfb+0iRyjOOtARB3DU8MK64Q0="></latexit><latexit sha1_base64="YFFfb+0iRyjOOtARB3DU8MK64Q0="></latexit>
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Brain 
connectivity 

(Neuroscience)

Graph-structured data across domains

Xavier Bresson 11

Graph-
structured 

data

=

Transportation 
networks

Drug/Material 
molecules 

(Chemistry)

3D Meshes 
(Computer 
Graphics)

Words relationships
(NLP)

Knowledge graphs

Social networks
(Advertisement)

Gene Regulatory 
Network

Neutrino 
detection (High-
energy Physics)

Recommender 
systems (Amazon, 

Netflix)

Scene understanding
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A graph G is defined by :
Vertices V = {1,…,n}
Edges E  ⊆ V × V
Adjacency matrix A                    
encoding edge strength

Graph features :
Node features : hi, hj (atom type)
Edge features : eij (bond type)
Graph features : g (molecule energy)

Graph-structured data

Xavier Bresson 12

=

hi =

2

64 ...

3

75 2 Rdv

<latexit sha1_base64="QWPKAQ5W09RWj9lneydNzjG7eKs="></latexit><latexit sha1_base64="QWPKAQ5W09RWj9lneydNzjG7eKs="></latexit><latexit sha1_base64="QWPKAQ5W09RWj9lneydNzjG7eKs="></latexit><latexit sha1_base64="QWPKAQ5W09RWj9lneydNzjG7eKs="></latexit>

eij =

2

64 ...

3

75 2 Rde

<latexit sha1_base64="xxSF2mjlG89TsfNchohEXBU/le8="></latexit><latexit sha1_base64="xxSF2mjlG89TsfNchohEXBU/le8="></latexit><latexit sha1_base64="xxSF2mjlG89TsfNchohEXBU/le8="></latexit><latexit sha1_base64="xxSF2mjlG89TsfNchohEXBU/le8="></latexit>

hj =

2

64 ...

3

75 2 Rdv

<latexit sha1_base64="Ec0krwKP/HHMr51ajNWvoKg1wVM="></latexit><latexit sha1_base64="Ec0krwKP/HHMr51ajNWvoKg1wVM="></latexit><latexit sha1_base64="Ec0krwKP/HHMr51ajNWvoKg1wVM="></latexit><latexit sha1_base64="Ec0krwKP/HHMr51ajNWvoKg1wVM="></latexit>

g =

2

64 ...

3

75 2 Rdg

<latexit sha1_base64="bl0qxLKrClBChsCfAREYN8sxcnw="></latexit><latexit sha1_base64="bl0qxLKrClBChsCfAREYN8sxcnw="></latexit><latexit sha1_base64="bl0qxLKrClBChsCfAREYN8sxcnw="></latexit><latexit sha1_base64="bl0qxLKrClBChsCfAREYN8sxcnw="></latexit>

G = (V,E,A)
<latexit sha1_base64="rsFij4wT42FKMyazBZXx3zauZAM=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiVCglKYJuhIqILivYB7ShTKaTdujkwcxEKCEbf8WNC0Xc+hnu/BsnbRbaeuDC4Zx7ufceN+JMKsv6NpaWV1bX1gsbxc2t7Z1dc2+/JcNYENokIQ9Fx8WSchbQpmKK004kKPZdTtvu+Drz249USBYGD2oSUcfHw4B5jGClpb552POxGhHMk9v0styq3FSuTosafbNkVa0p0CKxc1KCHI2++dUbhCT2aaAIx1J2bStSToKFYoTTtNiLJY0wGeMh7WoaYJ9KJ5k+kKITrQyQFwpdgUJT9fdEgn0pJ76rO7Nz5byXif953Vh5F07CgihWNCCzRV7MkQpRlgYaMEGJ4hNNMBFM34rICAtMlM4sC8Gef3mRtGpV26ra92elei2PowBHcAxlsOEc6nAHDWgCgRSe4RXejCfjxXg3PmatS0Y+cwB/YHz+ANOBk+A=</latexit><latexit sha1_base64="rsFij4wT42FKMyazBZXx3zauZAM=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiVCglKYJuhIqILivYB7ShTKaTdujkwcxEKCEbf8WNC0Xc+hnu/BsnbRbaeuDC4Zx7ufceN+JMKsv6NpaWV1bX1gsbxc2t7Z1dc2+/JcNYENokIQ9Fx8WSchbQpmKK004kKPZdTtvu+Drz249USBYGD2oSUcfHw4B5jGClpb552POxGhHMk9v0styq3FSuTosafbNkVa0p0CKxc1KCHI2++dUbhCT2aaAIx1J2bStSToKFYoTTtNiLJY0wGeMh7WoaYJ9KJ5k+kKITrQyQFwpdgUJT9fdEgn0pJ76rO7Nz5byXif953Vh5F07CgihWNCCzRV7MkQpRlgYaMEGJ4hNNMBFM34rICAtMlM4sC8Gef3mRtGpV26ra92elei2PowBHcAxlsOEc6nAHDWgCgRSe4RXejCfjxXg3PmatS0Y+cwB/YHz+ANOBk+A=</latexit><latexit sha1_base64="rsFij4wT42FKMyazBZXx3zauZAM=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiVCglKYJuhIqILivYB7ShTKaTdujkwcxEKCEbf8WNC0Xc+hnu/BsnbRbaeuDC4Zx7ufceN+JMKsv6NpaWV1bX1gsbxc2t7Z1dc2+/JcNYENokIQ9Fx8WSchbQpmKK004kKPZdTtvu+Drz249USBYGD2oSUcfHw4B5jGClpb552POxGhHMk9v0styq3FSuTosafbNkVa0p0CKxc1KCHI2++dUbhCT2aaAIx1J2bStSToKFYoTTtNiLJY0wGeMh7WoaYJ9KJ5k+kKITrQyQFwpdgUJT9fdEgn0pJ76rO7Nz5byXif953Vh5F07CgihWNCCzRV7MkQpRlgYaMEGJ4hNNMBFM34rICAtMlM4sC8Gef3mRtGpV26ra92elei2PowBHcAxlsOEc6nAHDWgCgRSe4RXejCfjxXg3PmatS0Y+cwB/YHz+ANOBk+A=</latexit><latexit sha1_base64="rsFij4wT42FKMyazBZXx3zauZAM=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiVCglKYJuhIqILivYB7ShTKaTdujkwcxEKCEbf8WNC0Xc+hnu/BsnbRbaeuDC4Zx7ufceN+JMKsv6NpaWV1bX1gsbxc2t7Z1dc2+/JcNYENokIQ9Fx8WSchbQpmKK004kKPZdTtvu+Drz249USBYGD2oSUcfHw4B5jGClpb552POxGhHMk9v0styq3FSuTosafbNkVa0p0CKxc1KCHI2++dUbhCT2aaAIx1J2bStSToKFYoTTtNiLJY0wGeMh7WoaYJ9KJ5k+kKITrQyQFwpdgUJT9fdEgn0pJ76rO7Nz5byXif953Vh5F07CgihWNCCzRV7MkQpRlgYaMEGJ4hNNMBFM34rICAtMlM4sC8Gef3mRtGpV26ra92elei2PowBHcAxlsOEc6nAHDWgCgRSe4RXejCfjxXg3PmatS0Y+cwB/YHz+ANOBk+A=</latexit>

i
<latexit sha1_base64="5YP62cqhTEZE4/44WrXhRx4PZp4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4aXPQ1gcDj/dmmJkXpoJr47rfzsbm1vbObmWvun9weHRcOznt6CRTDH2WiET1QqpRcIm+4UZgL1VI41BgN5zeFX73CZXmiXw0sxSDmI4ljzijxko+r1oMa3W34S5A1olXkjqUaA9rX4NRwrIYpWGCat333NQEOVWGM4Hz6iDTmFI2pWPsWyppjDrIF8fOyaVVRiRKlC1pyEL9PZHTWOtZHNrOmJqJXvUK8T+vn5noNsi5TDODki0XRZkgJiHF52TEFTIjZpZQpri9lbAJVZQZm08Rgrf68jrpNBue2/AeruutZhlHBc7hAq7AgxtowT20wQcGHJ7hFd4c6bw4787HsnXDKWfO4A+czx+c2I0t</latexit><latexit sha1_base64="5YP62cqhTEZE4/44WrXhRx4PZp4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4aXPQ1gcDj/dmmJkXpoJr47rfzsbm1vbObmWvun9weHRcOznt6CRTDH2WiET1QqpRcIm+4UZgL1VI41BgN5zeFX73CZXmiXw0sxSDmI4ljzijxko+r1oMa3W34S5A1olXkjqUaA9rX4NRwrIYpWGCat333NQEOVWGM4Hz6iDTmFI2pWPsWyppjDrIF8fOyaVVRiRKlC1pyEL9PZHTWOtZHNrOmJqJXvUK8T+vn5noNsi5TDODki0XRZkgJiHF52TEFTIjZpZQpri9lbAJVZQZm08Rgrf68jrpNBue2/AeruutZhlHBc7hAq7AgxtowT20wQcGHJ7hFd4c6bw4787HsnXDKWfO4A+czx+c2I0t</latexit><latexit sha1_base64="5YP62cqhTEZE4/44WrXhRx4PZp4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4aXPQ1gcDj/dmmJkXpoJr47rfzsbm1vbObmWvun9weHRcOznt6CRTDH2WiET1QqpRcIm+4UZgL1VI41BgN5zeFX73CZXmiXw0sxSDmI4ljzijxko+r1oMa3W34S5A1olXkjqUaA9rX4NRwrIYpWGCat333NQEOVWGM4Hz6iDTmFI2pWPsWyppjDrIF8fOyaVVRiRKlC1pyEL9PZHTWOtZHNrOmJqJXvUK8T+vn5noNsi5TDODki0XRZkgJiHF52TEFTIjZpZQpri9lbAJVZQZm08Rgrf68jrpNBue2/AeruutZhlHBc7hAq7AgxtowT20wQcGHJ7hFd4c6bw4787HsnXDKWfO4A+czx+c2I0t</latexit><latexit sha1_base64="5YP62cqhTEZE4/44WrXhRx4PZp4=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4aXPQ1gcDj/dmmJkXpoJr47rfzsbm1vbObmWvun9weHRcOznt6CRTDH2WiET1QqpRcIm+4UZgL1VI41BgN5zeFX73CZXmiXw0sxSDmI4ljzijxko+r1oMa3W34S5A1olXkjqUaA9rX4NRwrIYpWGCat333NQEOVWGM4Hz6iDTmFI2pWPsWyppjDrIF8fOyaVVRiRKlC1pyEL9PZHTWOtZHNrOmJqJXvUK8T+vn5noNsi5TDODki0XRZkgJiHF52TEFTIjZpZQpri9lbAJVZQZm08Rgrf68jrpNBue2/AeruutZhlHBc7hAq7AgxtowT20wQcGHJ7hFd4c6bw4787HsnXDKWfO4A+czx+c2I0t</latexit>

j
<latexit sha1_base64="uzkOcVO/X53iwhYbLz3tS4wrJBE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXBym/udJ1SaJ/LBTFMMYjqSPOKMGiv5jxWLQbXm1t0FyDrxClKDAq1B9as/TFgWozRMUK17npuaYEaV4UzgvNLPNKaUTegIe5ZKGqMOZotj5+TCKkMSJcqWNGSh/p6Y0VjraRzazpiasV71cvE/r5eZ6CaYcZlmBiVbLooyQUxC8s/JkCtkRkwtoUxxeythY6ooMzafPARv9eV10m7UPbfu3V/Vmo0ijjKcwTlcggfX0IQ7aIEPDDg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fnmCNLg==</latexit><latexit sha1_base64="uzkOcVO/X53iwhYbLz3tS4wrJBE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXBym/udJ1SaJ/LBTFMMYjqSPOKMGiv5jxWLQbXm1t0FyDrxClKDAq1B9as/TFgWozRMUK17npuaYEaV4UzgvNLPNKaUTegIe5ZKGqMOZotj5+TCKkMSJcqWNGSh/p6Y0VjraRzazpiasV71cvE/r5eZ6CaYcZlmBiVbLooyQUxC8s/JkCtkRkwtoUxxeythY6ooMzafPARv9eV10m7UPbfu3V/Vmo0ijjKcwTlcggfX0IQ7aIEPDDg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fnmCNLg==</latexit><latexit sha1_base64="uzkOcVO/X53iwhYbLz3tS4wrJBE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXBym/udJ1SaJ/LBTFMMYjqSPOKMGiv5jxWLQbXm1t0FyDrxClKDAq1B9as/TFgWozRMUK17npuaYEaV4UzgvNLPNKaUTegIe5ZKGqMOZotj5+TCKkMSJcqWNGSh/p6Y0VjraRzazpiasV71cvE/r5eZ6CaYcZlmBiVbLooyQUxC8s/JkCtkRkwtoUxxeythY6ooMzafPARv9eV10m7UPbfu3V/Vmo0ijjKcwTlcggfX0IQ7aIEPDDg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fnmCNLg==</latexit><latexit sha1_base64="uzkOcVO/X53iwhYbLz3tS4wrJBE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GTZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXBym/udJ1SaJ/LBTFMMYjqSPOKMGiv5jxWLQbXm1t0FyDrxClKDAq1B9as/TFgWozRMUK17npuaYEaV4UzgvNLPNKaUTegIe5ZKGqMOZotj5+TCKkMSJcqWNGSh/p6Y0VjraRzazpiasV71cvE/r5eZ6CaYcZlmBiVbLooyQUxC8s/JkCtkRkwtoUxxeythY6ooMzafPARv9eV10m7UPbfu3V/Vmo0ijjKcwTlcggfX0IQ7aIEPDDg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fnmCNLg==</latexit>

ij
<latexit sha1_base64="Tr3beZzVs88HzT/+beb54y3QhJs=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0i6LHgxWMF+wHtUrJptk2bTZYkK5Sl/8GLB0W8+n+8+W/MtnvQ1gcDj/dmmJkXJoIb63nfaGNza3tnt7RX3j84PDqunJy2jUo1ZS2qhNLdkBgmuGQty61g3UQzEoeCdcLpXe53npg2XMlHO0tYEJOR5BGnxDqpzSdlh0Gl6tW8BfA68QtShQLNQeWrP1Q0jZm0VBBjer6X2CAj2nIq2LzcTw1LCJ2SEes5KknMTJAtrp3jS6cMcaS0K2nxQv09kZHYmFkcus6Y2LFZ9XLxP6+X2ug2yLhMUsskXS6KUoGtwvnreMg1o1bMHCFUc3crpmOiCbUuoDwEf/XlddKu13yv5j9cVxv1Io4SnMMFXIEPN9CAe2hCCyhM4Ble4Q0p9ILe0ceydQMVM2fwB+jzB2SMjaE=</latexit><latexit sha1_base64="Tr3beZzVs88HzT/+beb54y3QhJs=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0i6LHgxWMF+wHtUrJptk2bTZYkK5Sl/8GLB0W8+n+8+W/MtnvQ1gcDj/dmmJkXJoIb63nfaGNza3tnt7RX3j84PDqunJy2jUo1ZS2qhNLdkBgmuGQty61g3UQzEoeCdcLpXe53npg2XMlHO0tYEJOR5BGnxDqpzSdlh0Gl6tW8BfA68QtShQLNQeWrP1Q0jZm0VBBjer6X2CAj2nIq2LzcTw1LCJ2SEes5KknMTJAtrp3jS6cMcaS0K2nxQv09kZHYmFkcus6Y2LFZ9XLxP6+X2ug2yLhMUsskXS6KUoGtwvnreMg1o1bMHCFUc3crpmOiCbUuoDwEf/XlddKu13yv5j9cVxv1Io4SnMMFXIEPN9CAe2hCCyhM4Ble4Q0p9ILe0ceydQMVM2fwB+jzB2SMjaE=</latexit><latexit sha1_base64="Tr3beZzVs88HzT/+beb54y3QhJs=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0i6LHgxWMF+wHtUrJptk2bTZYkK5Sl/8GLB0W8+n+8+W/MtnvQ1gcDj/dmmJkXJoIb63nfaGNza3tnt7RX3j84PDqunJy2jUo1ZS2qhNLdkBgmuGQty61g3UQzEoeCdcLpXe53npg2XMlHO0tYEJOR5BGnxDqpzSdlh0Gl6tW8BfA68QtShQLNQeWrP1Q0jZm0VBBjer6X2CAj2nIq2LzcTw1LCJ2SEes5KknMTJAtrp3jS6cMcaS0K2nxQv09kZHYmFkcus6Y2LFZ9XLxP6+X2ug2yLhMUsskXS6KUoGtwvnreMg1o1bMHCFUc3crpmOiCbUuoDwEf/XlddKu13yv5j9cVxv1Io4SnMMFXIEPN9CAe2hCCyhM4Ble4Q0p9ILe0ceydQMVM2fwB+jzB2SMjaE=</latexit><latexit sha1_base64="Tr3beZzVs88HzT/+beb54y3QhJs=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0i6LHgxWMF+wHtUrJptk2bTZYkK5Sl/8GLB0W8+n+8+W/MtnvQ1gcDj/dmmJkXJoIb63nfaGNza3tnt7RX3j84PDqunJy2jUo1ZS2qhNLdkBgmuGQty61g3UQzEoeCdcLpXe53npg2XMlHO0tYEJOR5BGnxDqpzSdlh0Gl6tW8BfA68QtShQLNQeWrP1Q0jZm0VBBjer6X2CAj2nIq2LzcTw1LCJ2SEes5KknMTJAtrp3jS6cMcaS0K2nxQv09kZHYmFkcus6Y2LFZ9XLxP6+X2ug2yLhMUsskXS6KUoGtwvnreMg1o1bMHCFUc3crpmOiCbUuoDwEf/XlddKu13yv5j9cVxv1Io4SnMMFXIEPN9CAe2hCCyhM4Ble4Q0p9ILe0ceydQMVM2fwB+jzB2SMjaE=</latexit>
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Outline
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ConvNets on Euclidean Grids

Architecture
From grids to graphs

Convolution on grids
Spectral Graph ConvNets

Spectral convolution

Spectral graph networks
Spatial Graph ConvNets 

Template matching
Isotropic graph networks

Anisotropic graph networks

Conclusion
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Convolution on regular grids

Xavier Bresson 14

Convolutional layer[1] on a regular grid : 

⇤<latexit sha1_base64="ZzBaR2KBJsppgW8OovGLcYrgN5I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TJJpxn2WyER3Q2q4FIr7KFDybqo5jUPJH8PJbeE/PnFtRKIecJryIKYjJSLBKFrJ71ODtUG94TbdOcgq8UrSgBLtQf2rP0xYFnOFTFJjep6bYpBTjYJJPqv1M8NTyiZ0xHuWKhpzE+TzY2fkzCpDEiXalkIyV39P5DQ2ZhqHtjOmODbLXiH+5/UyjK6DXKg0Q67YYlGUSYIJKT4nQ6E5Qzm1hDIt7K2EjammDG0+RQje8surpHPR9Nymd3/ZaN2UcVThBE7hHDy4ghbcQRt8YCDgGV7hzVHOi/PufCxaK045cwx/4Hz+AFPHjlo=</latexit><latexit sha1_base64="ZzBaR2KBJsppgW8OovGLcYrgN5I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TJJpxn2WyER3Q2q4FIr7KFDybqo5jUPJH8PJbeE/PnFtRKIecJryIKYjJSLBKFrJ71ODtUG94TbdOcgq8UrSgBLtQf2rP0xYFnOFTFJjep6bYpBTjYJJPqv1M8NTyiZ0xHuWKhpzE+TzY2fkzCpDEiXalkIyV39P5DQ2ZhqHtjOmODbLXiH+5/UyjK6DXKg0Q67YYlGUSYIJKT4nQ6E5Qzm1hDIt7K2EjammDG0+RQje8surpHPR9Nymd3/ZaN2UcVThBE7hHDy4ghbcQRt8YCDgGV7hzVHOi/PufCxaK045cwx/4Hz+AFPHjlo=</latexit><latexit sha1_base64="ZzBaR2KBJsppgW8OovGLcYrgN5I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TJJpxn2WyER3Q2q4FIr7KFDybqo5jUPJH8PJbeE/PnFtRKIecJryIKYjJSLBKFrJ71ODtUG94TbdOcgq8UrSgBLtQf2rP0xYFnOFTFJjep6bYpBTjYJJPqv1M8NTyiZ0xHuWKhpzE+TzY2fkzCpDEiXalkIyV39P5DQ2ZhqHtjOmODbLXiH+5/UyjK6DXKg0Q67YYlGUSYIJKT4nQ6E5Qzm1hDIt7K2EjammDG0+RQje8surpHPR9Nymd3/ZaN2UcVThBE7hHDy4ghbcQRt8YCDgGV7hzVHOi/PufCxaK045cwx/4Hz+AFPHjlo=</latexit><latexit sha1_base64="ZzBaR2KBJsppgW8OovGLcYrgN5I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKUw6LrfTmVtfWNzq7pd29nd2z+oHx51TJJpxn2WyER3Q2q4FIr7KFDybqo5jUPJH8PJbeE/PnFtRKIecJryIKYjJSLBKFrJ71ODtUG94TbdOcgq8UrSgBLtQf2rP0xYFnOFTFJjep6bYpBTjYJJPqv1M8NTyiZ0xHuWKhpzE+TzY2fkzCpDEiXalkIyV39P5DQ2ZhqHtjOmODbLXiH+5/UyjK6DXKg0Q67YYlGUSYIJKT4nQ6E5Qzm1hDIt7K2EjammDG0+RQje8surpHPR9Nymd3/ZaN2UcVThBE7hHDy4ghbcQRt8YCDgGV7hzVHOi/PufCxaK045cwx/4Hz+AFPHjlo=</latexit> =<latexit sha1_base64="Wr3dgGP3QtVmXgNU1dt1x8UBTVI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxirWFNpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LQ5aOuDgcd7M8zMCxLBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvsn99hMqzWP5YCYJ+hEdSh5yRo2V7q8q/WrNrbszkGXiFaQGBZr96ldvELM0QmmYoFp3PTcxfkaV4UzgtNJLNSaUjekQu5ZKGqH2s9mlU3JilQEJY2VLGjJTf09kNNJ6EgW2M6JmpBe9XPzP66YmvPQzLpPUoGTzRWEqiIlJ/jYZcIXMiIkllClubyVsRBVlxoaTh+AtvrxMHs/qnlv37s5rjesijjIcwTGcggcX0IBbaEILGITwDK/w5oydF+fd+Zi3lpxi5hD+wPn8AcEWjNU=</latexit><latexit sha1_base64="Wr3dgGP3QtVmXgNU1dt1x8UBTVI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxirWFNpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LQ5aOuDgcd7M8zMCxLBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvsn99hMqzWP5YCYJ+hEdSh5yRo2V7q8q/WrNrbszkGXiFaQGBZr96ldvELM0QmmYoFp3PTcxfkaV4UzgtNJLNSaUjekQu5ZKGqH2s9mlU3JilQEJY2VLGjJTf09kNNJ6EgW2M6JmpBe9XPzP66YmvPQzLpPUoGTzRWEqiIlJ/jYZcIXMiIkllClubyVsRBVlxoaTh+AtvrxMHs/qnlv37s5rjesijjIcwTGcggcX0IBbaEILGITwDK/w5oydF+fd+Zi3lpxi5hD+wPn8AcEWjNU=</latexit><latexit sha1_base64="Wr3dgGP3QtVmXgNU1dt1x8UBTVI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxirWFNpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LQ5aOuDgcd7M8zMCxLBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvsn99hMqzWP5YCYJ+hEdSh5yRo2V7q8q/WrNrbszkGXiFaQGBZr96ldvELM0QmmYoFp3PTcxfkaV4UzgtNJLNSaUjekQu5ZKGqH2s9mlU3JilQEJY2VLGjJTf09kNNJ6EgW2M6JmpBe9XPzP66YmvPQzLpPUoGTzRWEqiIlJ/jYZcIXMiIkllClubyVsRBVlxoaTh+AtvrxMHs/qnlv37s5rjesijjIcwTGcggcX0IBbaEILGITwDK/w5oydF+fd+Zi3lpxi5hD+wPn8AcEWjNU=</latexit><latexit sha1_base64="Wr3dgGP3QtVmXgNU1dt1x8UBTVI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxirWFNpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LQ5aOuDgcd7M8zMCxLBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvsn99hMqzWP5YCYJ+hEdSh5yRo2V7q8q/WrNrbszkGXiFaQGBZr96ldvELM0QmmYoFp3PTcxfkaV4UzgtNJLNSaUjekQu5ZKGqH2s9mlU3JilQEJY2VLGjJTf09kNNJ6EgW2M6JmpBe9XPzP66YmvPQzLpPUoGTzRWEqiIlJ/jYZcIXMiIkllClubyVsRBVlxoaTh+AtvrxMHs/qnlv37s5rjesijjIcwTGcggcX0IBbaEILGITwDK/w5oydF+fd+Zi3lpxi5hD+wPn8AcEWjNU=</latexit>

w`
<latexit sha1_base64="ktUYl94AoXziQ/ERfSO2+T20L1I=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae2sWy2k3bpZhN2N0oJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHss7M0nQj+hQ8pAzaqx0T8jTQw+FIKRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJq1b13Kp3e1Gp1/I4inACp3AOHlxCHW6gAU1gIOEZXuHN0c6L8+58LFoLTj5zDH/gfP4A9gmPvA==</latexit><latexit sha1_base64="ktUYl94AoXziQ/ERfSO2+T20L1I=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae2sWy2k3bpZhN2N0oJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHss7M0nQj+hQ8pAzaqx0T8jTQw+FIKRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJq1b13Kp3e1Gp1/I4inACp3AOHlxCHW6gAU1gIOEZXuHN0c6L8+58LFoLTj5zDH/gfP4A9gmPvA==</latexit><latexit sha1_base64="ktUYl94AoXziQ/ERfSO2+T20L1I=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae2sWy2k3bpZhN2N0oJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHss7M0nQj+hQ8pAzaqx0T8jTQw+FIKRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJq1b13Kp3e1Gp1/I4inACp3AOHlxCHW6gAU1gIOEZXuHN0c6L8+58LFoLTj5zDH/gfP4A9gmPvA==</latexit><latexit sha1_base64="ktUYl94AoXziQ/ERfSO2+T20L1I=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae2sWy2k3bpZhN2N0oJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHss7M0nQj+hQ8pAzaqx0T8jTQw+FIKRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJq1b13Kp3e1Gp1/I4inACp3AOHlxCHW6gAU1gIOEZXuHN0c6L8+58LFoLTj5zDH/gfP4A9gmPvA==</latexit>

h`
<latexit sha1_base64="OVAtEnT5iXJq73qykqzR8kLd834=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/ZA2ls120i7dTcLuRiihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5yf3OEyrN4+jeTBP0JR1FPOSMGis9kPFjH4Ug5UGl6tbcOcgq8QpShQLNQeWrP4xZKjEyTFCte56bGD+jynAmcFbupxoTyiZ0hD1LIypR+9n84Bk5t8qQhLGyFRkyV39PZFRqPZWB7ZTUjPWyl4v/eb3UhNd+xqMkNRixxaIwFcTEJP+eDLlCZsTUEsoUt7cSNqaKMmMzykPwll9eJe16zXNr3t1ltVEv4ijBKZzBBXhwBQ24hSa0gIGEZ3iFN0c5L86787FoXXOKmRP4A+fzB2b4j20=</latexit><latexit sha1_base64="OVAtEnT5iXJq73qykqzR8kLd834=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/ZA2ls120i7dTcLuRiihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5yf3OEyrN4+jeTBP0JR1FPOSMGis9kPFjH4Ug5UGl6tbcOcgq8QpShQLNQeWrP4xZKjEyTFCte56bGD+jynAmcFbupxoTyiZ0hD1LIypR+9n84Bk5t8qQhLGyFRkyV39PZFRqPZWB7ZTUjPWyl4v/eb3UhNd+xqMkNRixxaIwFcTEJP+eDLlCZsTUEsoUt7cSNqaKMmMzykPwll9eJe16zXNr3t1ltVEv4ijBKZzBBXhwBQ24hSa0gIGEZ3iFN0c5L86787FoXXOKmRP4A+fzB2b4j20=</latexit><latexit sha1_base64="OVAtEnT5iXJq73qykqzR8kLd834=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/ZA2ls120i7dTcLuRiihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5yf3OEyrN4+jeTBP0JR1FPOSMGis9kPFjH4Ug5UGl6tbcOcgq8QpShQLNQeWrP4xZKjEyTFCte56bGD+jynAmcFbupxoTyiZ0hD1LIypR+9n84Bk5t8qQhLGyFRkyV39PZFRqPZWB7ZTUjPWyl4v/eb3UhNd+xqMkNRixxaIwFcTEJP+eDLlCZsTUEsoUt7cSNqaKMmMzykPwll9eJe16zXNr3t1ltVEv4ijBKZzBBXhwBQ24hSa0gIGEZ3iFN0c5L86787FoXXOKmRP4A+fzB2b4j20=</latexit><latexit sha1_base64="OVAtEnT5iXJq73qykqzR8kLd834=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/ZA2ls120i7dTcLuRiihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5yf3OEyrN4+jeTBP0JR1FPOSMGis9kPFjH4Ug5UGl6tbcOcgq8QpShQLNQeWrP4xZKjEyTFCte56bGD+jynAmcFbupxoTyiZ0hD1LIypR+9n84Bk5t8qQhLGyFRkyV39PZFRqPZWB7ZTUjPWyl4v/eb3UhNd+xqMkNRixxaIwFcTEJP+eDLlCZsTUEsoUt7cSNqaKMmMzykPwll9eJe16zXNr3t1ltVEv4ijBKZzBBXhwBQ24hSa0gIGEZ3iFN0c5L86787FoXXOKmRP4A+fzB2b4j20=</latexit>

h`+1
<latexit sha1_base64="r7ckWMIghCtfss0GZAXmYsieiJE=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvHisYFuhjWWznbZLN5u4uymU0N/hxYMiXv0x3vw3btoctPXBwOO9GWbmBbHg2rjut1NYW9/Y3Cpul3Z29/YPyodHLR0limGTRSJSDwHVKLjEpuFG4EOskIaBwHYwvsn89gSV5pG8N9MY/ZAOJR9wRo2V/NFj2kUhLrwZIaVeueJW3TnIKvFyUoEcjV75q9uPWBKiNExQrTueGxs/pcpwJnBW6iYaY8rGdIgdSyUNUfvp/OgZObNKnwwiZUsaMld/T6Q01HoaBrYzpGakl71M/M/rJGZw7adcxolByRaLBokgJiJZAqTPFTIjppZQpri9lbARVZQZm1MWgrf88ipp1aqeW/XuLiv1Wh5HEU7gFM7Bgyuowy00oAkMnuAZXuHNmTgvzrvzsWgtOPnMMfyB8/kDD7OQ6Q==</latexit><latexit sha1_base64="r7ckWMIghCtfss0GZAXmYsieiJE=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvHisYFuhjWWznbZLN5u4uymU0N/hxYMiXv0x3vw3btoctPXBwOO9GWbmBbHg2rjut1NYW9/Y3Cpul3Z29/YPyodHLR0limGTRSJSDwHVKLjEpuFG4EOskIaBwHYwvsn89gSV5pG8N9MY/ZAOJR9wRo2V/NFj2kUhLrwZIaVeueJW3TnIKvFyUoEcjV75q9uPWBKiNExQrTueGxs/pcpwJnBW6iYaY8rGdIgdSyUNUfvp/OgZObNKnwwiZUsaMld/T6Q01HoaBrYzpGakl71M/M/rJGZw7adcxolByRaLBokgJiJZAqTPFTIjppZQpri9lbARVZQZm1MWgrf88ipp1aqeW/XuLiv1Wh5HEU7gFM7Bgyuowy00oAkMnuAZXuHNmTgvzrvzsWgtOPnMMfyB8/kDD7OQ6Q==</latexit><latexit sha1_base64="r7ckWMIghCtfss0GZAXmYsieiJE=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvHisYFuhjWWznbZLN5u4uymU0N/hxYMiXv0x3vw3btoctPXBwOO9GWbmBbHg2rjut1NYW9/Y3Cpul3Z29/YPyodHLR0limGTRSJSDwHVKLjEpuFG4EOskIaBwHYwvsn89gSV5pG8N9MY/ZAOJR9wRo2V/NFj2kUhLrwZIaVeueJW3TnIKvFyUoEcjV75q9uPWBKiNExQrTueGxs/pcpwJnBW6iYaY8rGdIgdSyUNUfvp/OgZObNKnwwiZUsaMld/T6Q01HoaBrYzpGakl71M/M/rJGZw7adcxolByRaLBokgJiJZAqTPFTIjppZQpri9lbARVZQZm1MWgrf88ipp1aqeW/XuLiv1Wh5HEU7gFM7Bgyuowy00oAkMnuAZXuHNmTgvzrvzsWgtOPnMMfyB8/kDD7OQ6Q==</latexit><latexit sha1_base64="r7ckWMIghCtfss0GZAXmYsieiJE=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEpSBD0WvHisYFuhjWWznbZLN5u4uymU0N/hxYMiXv0x3vw3btoctPXBwOO9GWbmBbHg2rjut1NYW9/Y3Cpul3Z29/YPyodHLR0limGTRSJSDwHVKLjEpuFG4EOskIaBwHYwvsn89gSV5pG8N9MY/ZAOJR9wRo2V/NFj2kUhLrwZIaVeueJW3TnIKvFyUoEcjV75q9uPWBKiNExQrTueGxs/pcpwJnBW6iYaY8rGdIgdSyUNUfvp/OgZObNKnwwiZUsaMld/T6Q01HoaBrYzpGakl71M/M/rJGZw7adcxolByRaLBokgJiJZAqTPFTIjppZQpri9lbARVZQZm1MWgrf88ipp1aqeW/XuLiv1Wh5HEU7gFM7Bgyuowy00oAkMnuAZXuHNmTgvzrvzsWgtOPnMMfyB8/kDD7OQ6Q==</latexit>

Image/ feature 
at layer ℓ 

Learned local filter / 
pattern / kernel 

(by backpropagation)

Activation at 
layer ℓ+1 

<latexit sha1_base64="De94LVv7njW4pYXmkoIs78wHZ64="></latexit>

h`+1 = w` ⇤ h`, where ⇤ is the convolution operator

and h`+1 2 Rn1⇥n2⇥dout , w` 2 R3⇥3⇥din , h` 2 Rn1⇥n2⇥din .

For this lecture, we choose d = din = dout.

[1] Folland, Real Analysis: Modern Techniques and Their Applications, 1999
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How to define convolution ?

Definition #1: Convolution as local template 
matching.

O(n.32.d) = O(n) time complexity for fixed-
size local kernels 𝒩i and highly parallelizable 
on GPUs.

The local node neighborhood of 
template wℓ has the same 

canonical ordering.

j1
<latexit sha1_base64="QkFUjZSc5qEtWG+x0kmWMzCdpLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nHgDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/F9jYI=</latexit><latexit sha1_base64="QkFUjZSc5qEtWG+x0kmWMzCdpLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nHgDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/F9jYI=</latexit><latexit sha1_base64="QkFUjZSc5qEtWG+x0kmWMzCdpLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nHgDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/F9jYI=</latexit><latexit sha1_base64="QkFUjZSc5qEtWG+x0kmWMzCdpLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nHgDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/F9jYI=</latexit>

j2
<latexit sha1_base64="u2F4fApRnfrV0eoqGPl/1CsnEYw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D2qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDzAY2D</latexit><latexit sha1_base64="u2F4fApRnfrV0eoqGPl/1CsnEYw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D2qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDzAY2D</latexit><latexit sha1_base64="u2F4fApRnfrV0eoqGPl/1CsnEYw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D2qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDzAY2D</latexit><latexit sha1_base64="u2F4fApRnfrV0eoqGPl/1CsnEYw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D2qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDzAY2D</latexit>

j3
<latexit sha1_base64="nO5xBCCYZbA8JDhD4WVMqD+O3LY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVuq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD0hY2E</latexit><latexit sha1_base64="nO5xBCCYZbA8JDhD4WVMqD+O3LY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVuq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD0hY2E</latexit><latexit sha1_base64="nO5xBCCYZbA8JDhD4WVMqD+O3LY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVuq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD0hY2E</latexit><latexit sha1_base64="nO5xBCCYZbA8JDhD4WVMqD+O3LY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVuq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD0hY2E</latexit>

j5
<latexit sha1_base64="/vAUs3juEe2pGbkBMRoTtqYX9n0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD3jY2G</latexit><latexit sha1_base64="/vAUs3juEe2pGbkBMRoTtqYX9n0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD3jY2G</latexit><latexit sha1_base64="/vAUs3juEe2pGbkBMRoTtqYX9n0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD3jY2G</latexit><latexit sha1_base64="/vAUs3juEe2pGbkBMRoTtqYX9n0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD3jY2G</latexit>

j4
<latexit sha1_base64="4s4IMv4hU3M4vVBVugyqjuY/GQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nFQH5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK41aHkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD2CY2F</latexit><latexit sha1_base64="4s4IMv4hU3M4vVBVugyqjuY/GQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nFQH5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK41aHkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD2CY2F</latexit><latexit sha1_base64="4s4IMv4hU3M4vVBVugyqjuY/GQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nFQH5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK41aHkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD2CY2F</latexit><latexit sha1_base64="4s4IMv4hU3M4vVBVugyqjuY/GQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nFQH5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK41aHkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD2CY2F</latexit>

j6
<latexit sha1_base64="Gz10jlyjWOdQGSHUdzZSTs7Uopk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5EY2H</latexit><latexit sha1_base64="Gz10jlyjWOdQGSHUdzZSTs7Uopk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5EY2H</latexit><latexit sha1_base64="Gz10jlyjWOdQGSHUdzZSTs7Uopk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5EY2H</latexit><latexit sha1_base64="Gz10jlyjWOdQGSHUdzZSTs7Uopk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5EY2H</latexit>

j7
<latexit sha1_base64="j99ENsg7PjvPWAtAvjcGDuZgvXc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD6lY2I</latexit><latexit sha1_base64="j99ENsg7PjvPWAtAvjcGDuZgvXc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD6lY2I</latexit><latexit sha1_base64="j99ENsg7PjvPWAtAvjcGDuZgvXc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD6lY2I</latexit><latexit sha1_base64="j99ENsg7PjvPWAtAvjcGDuZgvXc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD6lY2I</latexit>

j8
<latexit sha1_base64="s4tWWbgDpVzyFf/RDV2/KlW7Vbo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDOt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDa2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD8GY2J</latexit><latexit sha1_base64="s4tWWbgDpVzyFf/RDV2/KlW7Vbo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDOt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDa2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD8GY2J</latexit><latexit sha1_base64="s4tWWbgDpVzyFf/RDV2/KlW7Vbo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDOt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDa2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD8GY2J</latexit><latexit sha1_base64="s4tWWbgDpVzyFf/RDV2/KlW7Vbo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDOt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDa2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD8GY2J</latexit>

j9
<latexit sha1_base64="CRW3my3C2zspyWzKiVTeyZ0o0yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWtB/QhrLZbtq1m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7h/71/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0mrVvXcqnd3UanX8jiKcAKncA4eXEIdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QP9nY2K</latexit><latexit sha1_base64="CRW3my3C2zspyWzKiVTeyZ0o0yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWtB/QhrLZbtq1m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7h/71/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0mrVvXcqnd3UanX8jiKcAKncA4eXEIdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QP9nY2K</latexit><latexit sha1_base64="CRW3my3C2zspyWzKiVTeyZ0o0yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWtB/QhrLZbtq1m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7h/71/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0mrVvXcqnd3UanX8jiKcAKncA4eXEIdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QP9nY2K</latexit><latexit sha1_base64="CRW3my3C2zspyWzKiVTeyZ0o0yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWtB/QhrLZbtq1m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7h/71/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0mrVvXcqnd3UanX8jiKcAKncA4eXEIdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QP9nY2K</latexit>

Node j3 always 
denotes the top-right 
corner of the pattern.

2

4w`
j3

3

5 2 Rd

<latexit sha1_base64="tYKTeSprygLdnpkayo/VeLbufgk="></latexit><latexit sha1_base64="tYKTeSprygLdnpkayo/VeLbufgk="></latexit><latexit sha1_base64="tYKTeSprygLdnpkayo/VeLbufgk="></latexit><latexit sha1_base64="tYKTeSprygLdnpkayo/VeLbufgk="></latexit>

Template 
features at j3

<latexit sha1_base64="GytGZOHmh4tOCOUsUpI1fBk7gwo="></latexit>
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X
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`
iji

=
X
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j1
<latexit sha1_base64="QkFUjZSc5qEtWG+x0kmWMzCdpLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nHgDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/F9jYI=</latexit><latexit sha1_base64="QkFUjZSc5qEtWG+x0kmWMzCdpLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nHgDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/F9jYI=</latexit><latexit sha1_base64="QkFUjZSc5qEtWG+x0kmWMzCdpLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nHgDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/F9jYI=</latexit><latexit sha1_base64="QkFUjZSc5qEtWG+x0kmWMzCdpLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nHgDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/F9jYI=</latexit>

j2
<latexit sha1_base64="u2F4fApRnfrV0eoqGPl/1CsnEYw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D2qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDzAY2D</latexit><latexit sha1_base64="u2F4fApRnfrV0eoqGPl/1CsnEYw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D2qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDzAY2D</latexit><latexit sha1_base64="u2F4fApRnfrV0eoqGPl/1CsnEYw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D2qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDzAY2D</latexit><latexit sha1_base64="u2F4fApRnfrV0eoqGPl/1CsnEYw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D2qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDzAY2D</latexit>

j3
<latexit sha1_base64="nO5xBCCYZbA8JDhD4WVMqD+O3LY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVuq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD0hY2E</latexit><latexit sha1_base64="nO5xBCCYZbA8JDhD4WVMqD+O3LY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVuq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD0hY2E</latexit><latexit sha1_base64="nO5xBCCYZbA8JDhD4WVMqD+O3LY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVuq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD0hY2E</latexit><latexit sha1_base64="nO5xBCCYZbA8JDhD4WVMqD+O3LY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVuq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD0hY2E</latexit>

j4
<latexit sha1_base64="4s4IMv4hU3M4vVBVugyqjuY/GQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nFQH5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK41aHkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD2CY2F</latexit><latexit sha1_base64="4s4IMv4hU3M4vVBVugyqjuY/GQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nFQH5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK41aHkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD2CY2F</latexit><latexit sha1_base64="4s4IMv4hU3M4vVBVugyqjuY/GQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nFQH5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK41aHkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD2CY2F</latexit><latexit sha1_base64="4s4IMv4hU3M4vVBVugyqjuY/GQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nFQH5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK41aHkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD2CY2F</latexit>

j6
<latexit sha1_base64="Gz10jlyjWOdQGSHUdzZSTs7Uopk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5EY2H</latexit><latexit sha1_base64="Gz10jlyjWOdQGSHUdzZSTs7Uopk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5EY2H</latexit><latexit sha1_base64="Gz10jlyjWOdQGSHUdzZSTs7Uopk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5EY2H</latexit><latexit sha1_base64="Gz10jlyjWOdQGSHUdzZSTs7Uopk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5EY2H</latexit>

j7
<latexit sha1_base64="j99ENsg7PjvPWAtAvjcGDuZgvXc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD6lY2I</latexit><latexit sha1_base64="j99ENsg7PjvPWAtAvjcGDuZgvXc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD6lY2I</latexit><latexit sha1_base64="j99ENsg7PjvPWAtAvjcGDuZgvXc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD6lY2I</latexit><latexit sha1_base64="j99ENsg7PjvPWAtAvjcGDuZgvXc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD6lY2I</latexit>

j8
<latexit sha1_base64="s4tWWbgDpVzyFf/RDV2/KlW7Vbo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDOt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDa2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD8GY2J</latexit><latexit sha1_base64="s4tWWbgDpVzyFf/RDV2/KlW7Vbo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDOt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDa2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD8GY2J</latexit><latexit sha1_base64="s4tWWbgDpVzyFf/RDV2/KlW7Vbo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDOt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDa2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD8GY2J</latexit><latexit sha1_base64="s4tWWbgDpVzyFf/RDV2/KlW7Vbo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDOt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDa2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD8GY2J</latexit>

j9
<latexit sha1_base64="CRW3my3C2zspyWzKiVTeyZ0o0yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWtB/QhrLZbtq1m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7h/71/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0mrVvXcqnd3UanX8jiKcAKncA4eXEIdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QP9nY2K</latexit><latexit sha1_base64="CRW3my3C2zspyWzKiVTeyZ0o0yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWtB/QhrLZbtq1m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7h/71/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0mrVvXcqnd3UanX8jiKcAKncA4eXEIdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QP9nY2K</latexit><latexit sha1_base64="CRW3my3C2zspyWzKiVTeyZ0o0yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWtB/QhrLZbtq1m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7h/71/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0mrVvXcqnd3UanX8jiKcAKncA4eXEIdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QP9nY2K</latexit><latexit sha1_base64="CRW3my3C2zspyWzKiVTeyZ0o0yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWtB/QhrLZbtq1m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7h/71/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0mrVvXcqnd3UanX8jiKcAKncA4eXEIdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QP9nY2K</latexit>

j1
<latexit sha1_base64="QkFUjZSc5qEtWG+x0kmWMzCdpLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nHgDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/F9jYI=</latexit><latexit sha1_base64="QkFUjZSc5qEtWG+x0kmWMzCdpLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nHgDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/F9jYI=</latexit><latexit sha1_base64="QkFUjZSc5qEtWG+x0kmWMzCdpLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nHgDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/F9jYI=</latexit><latexit sha1_base64="QkFUjZSc5qEtWG+x0kmWMzCdpLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nHgDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/F9jYI=</latexit>

j2
<latexit sha1_base64="u2F4fApRnfrV0eoqGPl/1CsnEYw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D2qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDzAY2D</latexit><latexit sha1_base64="u2F4fApRnfrV0eoqGPl/1CsnEYw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D2qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDzAY2D</latexit><latexit sha1_base64="u2F4fApRnfrV0eoqGPl/1CsnEYw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D2qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDzAY2D</latexit><latexit sha1_base64="u2F4fApRnfrV0eoqGPl/1CsnEYw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D2qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDzAY2D</latexit>

j3
<latexit sha1_base64="nO5xBCCYZbA8JDhD4WVMqD+O3LY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVuq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD0hY2E</latexit><latexit sha1_base64="nO5xBCCYZbA8JDhD4WVMqD+O3LY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVuq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD0hY2E</latexit><latexit sha1_base64="nO5xBCCYZbA8JDhD4WVMqD+O3LY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVuq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD0hY2E</latexit><latexit sha1_base64="nO5xBCCYZbA8JDhD4WVMqD+O3LY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVuq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD0hY2E</latexit>

j4
<latexit sha1_base64="4s4IMv4hU3M4vVBVugyqjuY/GQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nFQH5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK41aHkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD2CY2F</latexit><latexit sha1_base64="4s4IMv4hU3M4vVBVugyqjuY/GQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nFQH5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK41aHkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD2CY2F</latexit><latexit sha1_base64="4s4IMv4hU3M4vVBVugyqjuY/GQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nFQH5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK41aHkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD2CY2F</latexit><latexit sha1_base64="4s4IMv4hU3M4vVBVugyqjuY/GQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nFQH5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK41aHkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD2CY2F</latexit>

j6
<latexit sha1_base64="Gz10jlyjWOdQGSHUdzZSTs7Uopk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5EY2H</latexit><latexit sha1_base64="Gz10jlyjWOdQGSHUdzZSTs7Uopk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5EY2H</latexit><latexit sha1_base64="Gz10jlyjWOdQGSHUdzZSTs7Uopk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5EY2H</latexit><latexit sha1_base64="Gz10jlyjWOdQGSHUdzZSTs7Uopk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5EY2H</latexit>

j7
<latexit sha1_base64="j99ENsg7PjvPWAtAvjcGDuZgvXc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD6lY2I</latexit><latexit sha1_base64="j99ENsg7PjvPWAtAvjcGDuZgvXc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD6lY2I</latexit><latexit sha1_base64="j99ENsg7PjvPWAtAvjcGDuZgvXc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD6lY2I</latexit><latexit sha1_base64="j99ENsg7PjvPWAtAvjcGDuZgvXc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD6lY2I</latexit>

j8
<latexit sha1_base64="s4tWWbgDpVzyFf/RDV2/KlW7Vbo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDOt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDa2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD8GY2J</latexit><latexit sha1_base64="s4tWWbgDpVzyFf/RDV2/KlW7Vbo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDOt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDa2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD8GY2J</latexit><latexit sha1_base64="s4tWWbgDpVzyFf/RDV2/KlW7Vbo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDOt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDa2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD8GY2J</latexit><latexit sha1_base64="s4tWWbgDpVzyFf/RDV2/KlW7Vbo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDOt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDa2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD8GY2J</latexit>

j9
<latexit sha1_base64="CRW3my3C2zspyWzKiVTeyZ0o0yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWtB/QhrLZbtq1m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7h/71/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0mrVvXcqnd3UanX8jiKcAKncA4eXEIdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QP9nY2K</latexit><latexit sha1_base64="CRW3my3C2zspyWzKiVTeyZ0o0yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWtB/QhrLZbtq1m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7h/71/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0mrVvXcqnd3UanX8jiKcAKncA4eXEIdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QP9nY2K</latexit><latexit sha1_base64="CRW3my3C2zspyWzKiVTeyZ0o0yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWtB/QhrLZbtq1m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7h/71/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0mrVvXcqnd3UanX8jiKcAKncA4eXEIdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QP9nY2K</latexit><latexit sha1_base64="CRW3my3C2zspyWzKiVTeyZ0o0yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWtB/QhrLZbtq1m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7h/71/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0mrVvXcqnd3UanX8jiKcAKncA4eXEIdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QP9nY2K</latexit>

Same node ordering ∀i,
j3 is always positioned at the 

top-right corner of the template.

h

2

4w`
j3

3

5 ,

2

4h`
ij3

3

5i
<latexit sha1_base64="iPosO3VZlXO1ZBWG2JQZqMfmSDk="></latexit><latexit sha1_base64="iPosO3VZlXO1ZBWG2JQZqMfmSDk="></latexit><latexit sha1_base64="iPosO3VZlXO1ZBWG2JQZqMfmSDk="></latexit><latexit sha1_base64="iPosO3VZlXO1ZBWG2JQZqMfmSDk="></latexit>

h

2

4w`
j3

3

5 ,

2

4h`
i0j3

3

5i
<latexit sha1_base64="kOF6C7MH1qRdKpolLifh4O2joZs="></latexit><latexit sha1_base64="kOF6C7MH1qRdKpolLifh4O2joZs="></latexit><latexit sha1_base64="kOF6C7MH1qRdKpolLifh4O2joZs="></latexit><latexit sha1_base64="kOF6C7MH1qRdKpolLifh4O2joZs="></latexit>

The same weight wj3
ℓ 

matches the top-right 
feature at every image 

location.

i
<latexit sha1_base64="RlAIlE5MorzaIuoAsYZUvwE4eUI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisaD+gDWWznbRLN5uwuxFK6U/w4kERr/4ib/4bN20O2vpg4PHeDDPzwlRwbTzv2ymtrW9sbpW33Z3dvf2DyuFRSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIfj29xvP6HSPJGPZpJiENOh5BFn1Fjpgbtuv1L1at4cZJX4BalCgUa/8tUbJCyLURomqNZd30tNMKXKcCZw5vYyjSllYzrErqWSxqiD6fzUGTmzyoBEibIlDZmrvyemNNZ6Eoe2M6ZmpJe9XPzP62YmugmmXKaZQckWi6JMEJOQ/G8y4AqZERNLKFPc3krYiCrKjE0nD8FffnmVtC5rvlfz76+q9YsijjKcwCmcgw/XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+ADHkjP8=</latexit><latexit sha1_base64="RlAIlE5MorzaIuoAsYZUvwE4eUI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisaD+gDWWznbRLN5uwuxFK6U/w4kERr/4ib/4bN20O2vpg4PHeDDPzwlRwbTzv2ymtrW9sbpW33Z3dvf2DyuFRSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIfj29xvP6HSPJGPZpJiENOh5BFn1Fjpgbtuv1L1at4cZJX4BalCgUa/8tUbJCyLURomqNZd30tNMKXKcCZw5vYyjSllYzrErqWSxqiD6fzUGTmzyoBEibIlDZmrvyemNNZ6Eoe2M6ZmpJe9XPzP62YmugmmXKaZQckWi6JMEJOQ/G8y4AqZERNLKFPc3krYiCrKjE0nD8FffnmVtC5rvlfz76+q9YsijjKcwCmcgw/XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+ADHkjP8=</latexit><latexit sha1_base64="RlAIlE5MorzaIuoAsYZUvwE4eUI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisaD+gDWWznbRLN5uwuxFK6U/w4kERr/4ib/4bN20O2vpg4PHeDDPzwlRwbTzv2ymtrW9sbpW33Z3dvf2DyuFRSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIfj29xvP6HSPJGPZpJiENOh5BFn1Fjpgbtuv1L1at4cZJX4BalCgUa/8tUbJCyLURomqNZd30tNMKXKcCZw5vYyjSllYzrErqWSxqiD6fzUGTmzyoBEibIlDZmrvyemNNZ6Eoe2M6ZmpJe9XPzP62YmugmmXKaZQckWi6JMEJOQ/G8y4AqZERNLKFPc3krYiCrKjE0nD8FffnmVtC5rvlfz76+q9YsijjKcwCmcgw/XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+ADHkjP8=</latexit><latexit sha1_base64="RlAIlE5MorzaIuoAsYZUvwE4eUI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBg5REBD0WvHisaD+gDWWznbRLN5uwuxFK6U/w4kERr/4ib/4bN20O2vpg4PHeDDPzwlRwbTzv2ymtrW9sbpW33Z3dvf2DyuFRSyeZYthkiUhUJ6QaBZfYNNwI7KQKaRwKbIfj29xvP6HSPJGPZpJiENOh5BFn1Fjpgbtuv1L1at4cZJX4BalCgUa/8tUbJCyLURomqNZd30tNMKXKcCZw5vYyjSllYzrErqWSxqiD6fzUGTmzyoBEibIlDZmrvyemNNZ6Eoe2M6ZmpJe9XPzP62YmugmmXKaZQckWi6JMEJOQ/G8y4AqZERNLKFPc3krYiCrKjE0nD8FffnmVtC5rvlfz76+q9YsijjKcwCmcgw/XUIc7aEATGAzhGV7hzRHOi/PufCxaS04xcwx/4Hz+ADHkjP8=</latexit>

i0
<latexit sha1_base64="klnNjzIs9Vu4nr3oXQUFqAttBhM=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbRg5REBD0WvHisYD+gDWWz3bRLdzdhdyKU0r/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzwkQKi5737ZTW1jc2t8rb7s7u3v5B5fCoZePUMN5ksYxNJ6SWS6F5EwVK3kkMpyqUvB2O73K//cSNFbF+xEnCA0WHWkSCUcwlce66/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xug2mQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3VfK/mP1xX65dFHGU4gVO4AB9uoA730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AZKfjTA=</latexit><latexit sha1_base64="klnNjzIs9Vu4nr3oXQUFqAttBhM=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbRg5REBD0WvHisYD+gDWWz3bRLdzdhdyKU0r/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzwkQKi5737ZTW1jc2t8rb7s7u3v5B5fCoZePUMN5ksYxNJ6SWS6F5EwVK3kkMpyqUvB2O73K//cSNFbF+xEnCA0WHWkSCUcwlce66/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xug2mQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3VfK/mP1xX65dFHGU4gVO4AB9uoA730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AZKfjTA=</latexit><latexit sha1_base64="klnNjzIs9Vu4nr3oXQUFqAttBhM=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbRg5REBD0WvHisYD+gDWWz3bRLdzdhdyKU0r/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzwkQKi5737ZTW1jc2t8rb7s7u3v5B5fCoZePUMN5ksYxNJ6SWS6F5EwVK3kkMpyqUvB2O73K//cSNFbF+xEnCA0WHWkSCUcwlce66/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xug2mQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3VfK/mP1xX65dFHGU4gVO4AB9uoA730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AZKfjTA=</latexit><latexit sha1_base64="klnNjzIs9Vu4nr3oXQUFqAttBhM=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbRg5REBD0WvHisYD+gDWWz3bRLdzdhdyKU0r/gxYMiXv1D3vw3Jm0O2vpg4PHeDDPzwkQKi5737ZTW1jc2t8rb7s7u3v5B5fCoZePUMN5ksYxNJ6SWS6F5EwVK3kkMpyqUvB2O73K//cSNFbF+xEnCA0WHWkSCUcwlce66/UrVq3lzkFXiF6QKBRr9yldvELNUcY1MUmu7vpdgMKUGBZN85vZSyxPKxnTIuxnVVHEbTOe3zshZpgxIFJusNJK5+ntiSpW1ExVmnYriyC57ufif100xug2mQicpcs0Wi6JUEoxJ/jgZCMMZyklGKDMiu5WwETWUYRZPHoK//PIqaV3VfK/mP1xX65dFHGU4gVO4AB9uoA730IAmMBjBM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AZKfjTA=</latexit>

2

4h`
i0j3

3

5

<latexit sha1_base64="lxykTA3fFPcDQCBSZQ+Ztk97AlI="></latexit><latexit sha1_base64="lxykTA3fFPcDQCBSZQ+Ztk97AlI="></latexit><latexit sha1_base64="lxykTA3fFPcDQCBSZQ+Ztk97AlI="></latexit><latexit sha1_base64="lxykTA3fFPcDQCBSZQ+Ztk97AlI="></latexit>

2

4h`
ij3

3

5

<latexit sha1_base64="lyFwUngOtieTT1SPe8V6xJSKV2s="></latexit><latexit sha1_base64="lyFwUngOtieTT1SPe8V6xJSKV2s="></latexit><latexit sha1_base64="lyFwUngOtieTT1SPe8V6xJSKV2s="></latexit><latexit sha1_base64="lyFwUngOtieTT1SPe8V6xJSKV2s="></latexit>
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i = w` ⇤ h`
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5i
<latexit sha1_base64="OSeRXEOn4IinJuwvrce8J04uePs="></latexit><latexit sha1_base64="OSeRXEOn4IinJuwvrce8J04uePs="></latexit><latexit sha1_base64="OSeRXEOn4IinJuwvrce8J04uePs="></latexit><latexit sha1_base64="OSeRXEOn4IinJuwvrce8J04uePs="></latexit>

j1
<latexit sha1_base64="QkFUjZSc5qEtWG+x0kmWMzCdpLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nHgDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/F9jYI=</latexit><latexit sha1_base64="QkFUjZSc5qEtWG+x0kmWMzCdpLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nHgDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/F9jYI=</latexit><latexit sha1_base64="QkFUjZSc5qEtWG+x0kmWMzCdpLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nHgDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/F9jYI=</latexit><latexit sha1_base64="QkFUjZSc5qEtWG+x0kmWMzCdpLM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nHgDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDOjTgFprQAgYjeIZXeHOE8+K8Ox/L1oKTz5zCHzifP/F9jYI=</latexit>

j2
<latexit sha1_base64="u2F4fApRnfrV0eoqGPl/1CsnEYw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D2qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDzAY2D</latexit><latexit sha1_base64="u2F4fApRnfrV0eoqGPl/1CsnEYw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D2qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDzAY2D</latexit><latexit sha1_base64="u2F4fApRnfrV0eoqGPl/1CsnEYw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D2qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDzAY2D</latexit><latexit sha1_base64="u2F4fApRnfrV0eoqGPl/1CsnEYw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D2qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwDzAY2D</latexit>

j3
<latexit sha1_base64="nO5xBCCYZbA8JDhD4WVMqD+O3LY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVuq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD0hY2E</latexit><latexit sha1_base64="nO5xBCCYZbA8JDhD4WVMqD+O3LY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVuq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD0hY2E</latexit><latexit sha1_base64="nO5xBCCYZbA8JDhD4WVMqD+O3LY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVuq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD0hY2E</latexit><latexit sha1_base64="nO5xBCCYZbA8JDhD4WVMqD+O3LY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Rb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVuq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD0hY2E</latexit>

j5
<latexit sha1_base64="/vAUs3juEe2pGbkBMRoTtqYX9n0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD3jY2G</latexit><latexit sha1_base64="/vAUs3juEe2pGbkBMRoTtqYX9n0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD3jY2G</latexit><latexit sha1_base64="/vAUs3juEe2pGbkBMRoTtqYX9n0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD3jY2G</latexit><latexit sha1_base64="/vAUs3juEe2pGbkBMRoTtqYX9n0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD3jY2G</latexit>

j4
<latexit sha1_base64="4s4IMv4hU3M4vVBVugyqjuY/GQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nFQH5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK41aHkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD2CY2F</latexit><latexit sha1_base64="4s4IMv4hU3M4vVBVugyqjuY/GQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nFQH5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK41aHkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD2CY2F</latexit><latexit sha1_base64="4s4IMv4hU3M4vVBVugyqjuY/GQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nFQH5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK41aHkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD2CY2F</latexit><latexit sha1_base64="4s4IMv4hU3M4vVBVugyqjuY/GQA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQY8FLx4r2g9oQ9lsJ+3azSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJzdzvPKHSPJYPZpqgH9GR5CFn1Fjp/nFQH5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddKuVT236t3VK41aHkcRzuAcLsGDK2jALTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD2CY2F</latexit>

j6
<latexit sha1_base64="Gz10jlyjWOdQGSHUdzZSTs7Uopk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5EY2H</latexit><latexit sha1_base64="Gz10jlyjWOdQGSHUdzZSTs7Uopk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5EY2H</latexit><latexit sha1_base64="Gz10jlyjWOdQGSHUdzZSTs7Uopk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5EY2H</latexit><latexit sha1_base64="Gz10jlyjWOdQGSHUdzZSTs7Uopk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe0oWy2m3btZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdKqVT236t1dVOq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5EY2H</latexit>

j7
<latexit sha1_base64="j99ENsg7PjvPWAtAvjcGDuZgvXc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD6lY2I</latexit><latexit sha1_base64="j99ENsg7PjvPWAtAvjcGDuZgvXc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD6lY2I</latexit><latexit sha1_base64="j99ENsg7PjvPWAtAvjcGDuZgvXc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD6lY2I</latexit><latexit sha1_base64="j99ENsg7PjvPWAtAvjcGDuZgvXc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKuVT236t1dVRq1PI4inME5XIIHdWjALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD6lY2I</latexit>

j8
<latexit sha1_base64="s4tWWbgDpVzyFf/RDV2/KlW7Vbo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDOt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDa2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD8GY2J</latexit><latexit sha1_base64="s4tWWbgDpVzyFf/RDV2/KlW7Vbo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDOt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDa2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD8GY2J</latexit><latexit sha1_base64="s4tWWbgDpVzyFf/RDV2/KlW7Vbo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDOt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDa2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD8GY2J</latexit><latexit sha1_base64="s4tWWbgDpVzyFf/RDV2/KlW7Vbo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI8FLx4r2g9oQ9lsN+3azSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1gNOE+xEdKREKRtFK94+D+qBccavuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDOt+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e6uKo1aHkcRzuAcLsGDa2jALTShBQxG8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwD8GY2J</latexit>

j9
<latexit sha1_base64="CRW3my3C2zspyWzKiVTeyZ0o0yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWtB/QhrLZbtq1m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7h/71/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0mrVvXcqnd3UanX8jiKcAKncA4eXEIdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QP9nY2K</latexit><latexit sha1_base64="CRW3my3C2zspyWzKiVTeyZ0o0yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWtB/QhrLZbtq1m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7h/71/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0mrVvXcqnd3UanX8jiKcAKncA4eXEIdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QP9nY2K</latexit><latexit sha1_base64="CRW3my3C2zspyWzKiVTeyZ0o0yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWtB/QhrLZbtq1m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7h/71/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0mrVvXcqnd3UanX8jiKcAKncA4eXEIdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QP9nY2K</latexit><latexit sha1_base64="CRW3my3C2zspyWzKiVTeyZ0o0yo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWtB/QhrLZbtq1m03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7h/71/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzyM6GSFLlii0VhKgnGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0mrVvXcqnd3UanX8jiKcAKncA4eXEIdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QP9nY2K</latexit>

2

4w`
j3

3

5

<latexit sha1_base64="5ecO6DVd+Q0eiJWjGiq4Qll5uTA="></latexit><latexit sha1_base64="5ecO6DVd+Q0eiJWjGiq4Qll5uTA="></latexit><latexit sha1_base64="5ecO6DVd+Q0eiJWjGiq4Qll5uTA="></latexit><latexit sha1_base64="5ecO6DVd+Q0eiJWjGiq4Qll5uTA="></latexit>

Relative node j3 
always represents 
the same position !

w`
<latexit sha1_base64="ktUYl94AoXziQ/ERfSO2+T20L1I=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae2sWy2k3bpZhN2N0oJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHss7M0nQj+hQ8pAzaqx0T8jTQw+FIKRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJq1b13Kp3e1Gp1/I4inACp3AOHlxCHW6gAU1gIOEZXuHN0c6L8+58LFoLTj5zDH/gfP4A9gmPvA==</latexit><latexit sha1_base64="ktUYl94AoXziQ/ERfSO2+T20L1I=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae2sWy2k3bpZhN2N0oJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHss7M0nQj+hQ8pAzaqx0T8jTQw+FIKRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJq1b13Kp3e1Gp1/I4inACp3AOHlxCHW6gAU1gIOEZXuHN0c6L8+58LFoLTj5zDH/gfP4A9gmPvA==</latexit><latexit sha1_base64="ktUYl94AoXziQ/ERfSO2+T20L1I=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae2sWy2k3bpZhN2N0oJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHss7M0nQj+hQ8pAzaqx0T8jTQw+FIKRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJq1b13Kp3e1Gp1/I4inACp3AOHlxCHW6gAU1gIOEZXuHN0c6L8+58LFoLTj5zDH/gfP4A9gmPvA==</latexit><latexit sha1_base64="ktUYl94AoXziQ/ERfSO2+T20L1I=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae2sWy2k3bpZhN2N0oJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHss7M0nQj+hQ8pAzaqx0T8jTQw+FIKRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJq1b13Kp3e1Gp1/I4inACp3AOHlxCHW6gAU1gIOEZXuHN0c6L8+58LFoLTj5zDH/gfP4A9gmPvA==</latexit>

h`
<latexit sha1_base64="OVAtEnT5iXJq73qykqzR8kLd834=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/ZA2ls120i7dTcLuRiihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5yf3OEyrN4+jeTBP0JR1FPOSMGis9kPFjH4Ug5UGl6tbcOcgq8QpShQLNQeWrP4xZKjEyTFCte56bGD+jynAmcFbupxoTyiZ0hD1LIypR+9n84Bk5t8qQhLGyFRkyV39PZFRqPZWB7ZTUjPWyl4v/eb3UhNd+xqMkNRixxaIwFcTEJP+eDLlCZsTUEsoUt7cSNqaKMmMzykPwll9eJe16zXNr3t1ltVEv4ijBKZzBBXhwBQ24hSa0gIGEZ3iFN0c5L86787FoXXOKmRP4A+fzB2b4j20=</latexit><latexit sha1_base64="OVAtEnT5iXJq73qykqzR8kLd834=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/ZA2ls120i7dTcLuRiihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5yf3OEyrN4+jeTBP0JR1FPOSMGis9kPFjH4Ug5UGl6tbcOcgq8QpShQLNQeWrP4xZKjEyTFCte56bGD+jynAmcFbupxoTyiZ0hD1LIypR+9n84Bk5t8qQhLGyFRkyV39PZFRqPZWB7ZTUjPWyl4v/eb3UhNd+xqMkNRixxaIwFcTEJP+eDLlCZsTUEsoUt7cSNqaKMmMzykPwll9eJe16zXNr3t1ltVEv4ijBKZzBBXhwBQ24hSa0gIGEZ3iFN0c5L86787FoXXOKmRP4A+fzB2b4j20=</latexit><latexit sha1_base64="OVAtEnT5iXJq73qykqzR8kLd834=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/ZA2ls120i7dTcLuRiihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5yf3OEyrN4+jeTBP0JR1FPOSMGis9kPFjH4Ug5UGl6tbcOcgq8QpShQLNQeWrP4xZKjEyTFCte56bGD+jynAmcFbupxoTyiZ0hD1LIypR+9n84Bk5t8qQhLGyFRkyV39PZFRqPZWB7ZTUjPWyl4v/eb3UhNd+xqMkNRixxaIwFcTEJP+eDLlCZsTUEsoUt7cSNqaKMmMzykPwll9eJe16zXNr3t1ltVEv4ijBKZzBBXhwBQ24hSa0gIGEZ3iFN0c5L86787FoXXOKmRP4A+fzB2b4j20=</latexit><latexit sha1_base64="OVAtEnT5iXJq73qykqzR8kLd834=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/ZA2ls120i7dTcLuRiihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5yf3OEyrN4+jeTBP0JR1FPOSMGis9kPFjH4Ug5UGl6tbcOcgq8QpShQLNQeWrP4xZKjEyTFCte56bGD+jynAmcFbupxoTyiZ0hD1LIypR+9n84Bk5t8qQhLGyFRkyV39PZFRqPZWB7ZTUjPWyl4v/eb3UhNd+xqMkNRixxaIwFcTEJP+eDLlCZsTUEsoUt7cSNqaKMmMzykPwll9eJe16zXNr3t1ltVEv4ijBKZzBBXhwBQ24hSa0gIGEZ3iFN0c5L86787FoXXOKmRP4A+fzB2b4j20=</latexit>

How to define convolution ?

Definition #1: Convolution as local template 
matching.
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Challenges of convolution on graphs

Xavier Bresson 17

Can we extend template matching from grids to graphs ?
Main challenges :

No canonical ordering of nodes : Then, how to match template features with data 
features when template positions cannot be matched consistently across nodes ?

i0
<latexit sha1_base64="Oc2tjL//OxuWADiX4Em4jOPcim0=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbRU0mKoMeCF48V7Ae0oWy223bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeGEth0fO+ndLG5tb2TnnX3ds/ODyqHJ+0bZQYxlsskpHphtRyKTRvoUDJu7HhVIWSd8LpXe53nrixItKPOIt5oOhYi5FgFHNJXLruoFL1at4CZJ34BalCgeag8tUfRixRXCOT1Nqe78UYpNSgYJLP3X5ieUzZlI55L6OaKm6DdHHrnFxkypCMIpOVRrJQf0+kVFk7U2HWqShO7KqXi/95vQRHt0EqdJwg12y5aJRIghHJHydDYThDOcsIZUZktxI2oYYyzOLJQ/BXX14n7XrN92r+w3W1US/iKMMZnMMV+HADDbiHJrSAwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPlG2NNg==</latexit><latexit sha1_base64="Oc2tjL//OxuWADiX4Em4jOPcim0=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbRU0mKoMeCF48V7Ae0oWy223bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeGEth0fO+ndLG5tb2TnnX3ds/ODyqHJ+0bZQYxlsskpHphtRyKTRvoUDJu7HhVIWSd8LpXe53nrixItKPOIt5oOhYi5FgFHNJXLruoFL1at4CZJ34BalCgeag8tUfRixRXCOT1Nqe78UYpNSgYJLP3X5ieUzZlI55L6OaKm6DdHHrnFxkypCMIpOVRrJQf0+kVFk7U2HWqShO7KqXi/95vQRHt0EqdJwg12y5aJRIghHJHydDYThDOcsIZUZktxI2oYYyzOLJQ/BXX14n7XrN92r+w3W1US/iKMMZnMMV+HADDbiHJrSAwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPlG2NNg==</latexit><latexit sha1_base64="Oc2tjL//OxuWADiX4Em4jOPcim0=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbRU0mKoMeCF48V7Ae0oWy223bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeGEth0fO+ndLG5tb2TnnX3ds/ODyqHJ+0bZQYxlsskpHphtRyKTRvoUDJu7HhVIWSd8LpXe53nrixItKPOIt5oOhYi5FgFHNJXLruoFL1at4CZJ34BalCgeag8tUfRixRXCOT1Nqe78UYpNSgYJLP3X5ieUzZlI55L6OaKm6DdHHrnFxkypCMIpOVRrJQf0+kVFk7U2HWqShO7KqXi/95vQRHt0EqdJwg12y5aJRIghHJHydDYThDOcsIZUZktxI2oYYyzOLJQ/BXX14n7XrN92r+w3W1US/iKMMZnMMV+HADDbiHJrSAwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPlG2NNg==</latexit><latexit sha1_base64="Oc2tjL//OxuWADiX4Em4jOPcim0=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbRU0mKoMeCF48V7Ae0oWy223bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeGEth0fO+ndLG5tb2TnnX3ds/ODyqHJ+0bZQYxlsskpHphtRyKTRvoUDJu7HhVIWSd8LpXe53nrixItKPOIt5oOhYi5FgFHNJXLruoFL1at4CZJ34BalCgeag8tUfRixRXCOT1Nqe78UYpNSgYJLP3X5ieUzZlI55L6OaKm6DdHHrnFxkypCMIpOVRrJQf0+kVFk7U2HWqShO7KqXi/95vQRHt0EqdJwg12y5aJRIghHJHydDYThDOcsIZUZktxI2oYYyzOLJQ/BXX14n7XrN92r+w3W1US/iKMMZnMMV+HADDbiHJrSAwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPlG2NNg==</latexit>

i
<latexit sha1_base64="EHlLAEDl5G05R25KQfxBEMo+hNI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48V7Qe0oWy203bpZhN2N0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZemAiujed9O6WNza3tnfKuu7d/cHhUOT5p6zhVDFssFrHqhlSj4BJbhhuB3UQhjUKBnXB6m/udJ1Sax/LRzBIMIjqWfMQZNVZ64K47qFS9mrcAWSd+QapQoDmofPWHMUsjlIYJqnXP9xITZFQZzgTO3X6qMaFsSsfYs1TSCHWQLU6dkwurDMkoVrakIQv190RGI61nUWg7I2ometXLxf+8XmpGN0HGZZIalGy5aJQKYmKS/02GXCEzYmYJZYrbWwmbUEWZsenkIfirL6+Tdr3mezX//qraqBdxlOEMzuESfLiGBtxBE1rAYAzP8ApvjnBenHfnY9lacoqZU/gD5/MHM7KNBQ==</latexit><latexit sha1_base64="EHlLAEDl5G05R25KQfxBEMo+hNI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48V7Qe0oWy203bpZhN2N0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZemAiujed9O6WNza3tnfKuu7d/cHhUOT5p6zhVDFssFrHqhlSj4BJbhhuB3UQhjUKBnXB6m/udJ1Sax/LRzBIMIjqWfMQZNVZ64K47qFS9mrcAWSd+QapQoDmofPWHMUsjlIYJqnXP9xITZFQZzgTO3X6qMaFsSsfYs1TSCHWQLU6dkwurDMkoVrakIQv190RGI61nUWg7I2ometXLxf+8XmpGN0HGZZIalGy5aJQKYmKS/02GXCEzYmYJZYrbWwmbUEWZsenkIfirL6+Tdr3mezX//qraqBdxlOEMzuESfLiGBtxBE1rAYAzP8ApvjnBenHfnY9lacoqZU/gD5/MHM7KNBQ==</latexit><latexit sha1_base64="EHlLAEDl5G05R25KQfxBEMo+hNI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48V7Qe0oWy203bpZhN2N0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZemAiujed9O6WNza3tnfKuu7d/cHhUOT5p6zhVDFssFrHqhlSj4BJbhhuB3UQhjUKBnXB6m/udJ1Sax/LRzBIMIjqWfMQZNVZ64K47qFS9mrcAWSd+QapQoDmofPWHMUsjlIYJqnXP9xITZFQZzgTO3X6qMaFsSsfYs1TSCHWQLU6dkwurDMkoVrakIQv190RGI61nUWg7I2ometXLxf+8XmpGN0HGZZIalGy5aJQKYmKS/02GXCEzYmYJZYrbWwmbUEWZsenkIfirL6+Tdr3mezX//qraqBdxlOEMzuESfLiGBtxBE1rAYAzP8ApvjnBenHfnY9lacoqZU/gD5/MHM7KNBQ==</latexit><latexit sha1_base64="EHlLAEDl5G05R25KQfxBEMo+hNI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48V7Qe0oWy203bpZhN2N0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZemAiujed9O6WNza3tnfKuu7d/cHhUOT5p6zhVDFssFrHqhlSj4BJbhhuB3UQhjUKBnXB6m/udJ1Sax/LRzBIMIjqWfMQZNVZ64K47qFS9mrcAWSd+QapQoDmofPWHMUsjlIYJqnXP9xITZFQZzgTO3X6qMaFsSsfYs1TSCHWQLU6dkwurDMkoVrakIQv190RGI61nUWg7I2ometXLxf+8XmpGN0HGZZIalGy5aJQKYmKS/02GXCEzYmYJZYrbWwmbUEWZsenkIfirL6+Tdr3mezX//qraqBdxlOEMzuESfLiGBtxBE1rAYAzP8ApvjnBenHfnY9lacoqZU/gD5/MHM7KNBQ==</latexit>

j1
<latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit>

j2
<latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit>

j3
<latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit>

j1
<latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit>

j2
<latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit>

j3
<latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit>

Absence of canonical node ordering on graphs.
The correspondence of nodes is lost on graphs.

There is no intrinsic up, down, right and left on graphs.
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<latexit sha1_base64="iPosO3VZlXO1ZBWG2JQZqMfmSDk="></latexit><latexit sha1_base64="iPosO3VZlXO1ZBWG2JQZqMfmSDk="></latexit><latexit sha1_base64="iPosO3VZlXO1ZBWG2JQZqMfmSDk="></latexit><latexit sha1_base64="iPosO3VZlXO1ZBWG2JQZqMfmSDk="></latexit>
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5i
<latexit sha1_base64="kOF6C7MH1qRdKpolLifh4O2joZs="></latexit><latexit sha1_base64="kOF6C7MH1qRdKpolLifh4O2joZs="></latexit><latexit sha1_base64="kOF6C7MH1qRdKpolLifh4O2joZs="></latexit><latexit sha1_base64="kOF6C7MH1qRdKpolLifh4O2joZs="></latexit>

These matching scores have no 
meaning as they do not compare 

the same information.w`
<latexit sha1_base64="ktUYl94AoXziQ/ERfSO2+T20L1I=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae2sWy2k3bpZhN2N0oJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHss7M0nQj+hQ8pAzaqx0T8jTQw+FIKRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJq1b13Kp3e1Gp1/I4inACp3AOHlxCHW6gAU1gIOEZXuHN0c6L8+58LFoLTj5zDH/gfP4A9gmPvA==</latexit><latexit sha1_base64="ktUYl94AoXziQ/ERfSO2+T20L1I=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae2sWy2k3bpZhN2N0oJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHss7M0nQj+hQ8pAzaqx0T8jTQw+FIKRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJq1b13Kp3e1Gp1/I4inACp3AOHlxCHW6gAU1gIOEZXuHN0c6L8+58LFoLTj5zDH/gfP4A9gmPvA==</latexit><latexit sha1_base64="ktUYl94AoXziQ/ERfSO2+T20L1I=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae2sWy2k3bpZhN2N0oJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHss7M0nQj+hQ8pAzaqx0T8jTQw+FIKRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJq1b13Kp3e1Gp1/I4inACp3AOHlxCHW6gAU1gIOEZXuHN0c6L8+58LFoLTj5zDH/gfP4A9gmPvA==</latexit><latexit sha1_base64="ktUYl94AoXziQ/ERfSO2+T20L1I=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae2sWy2k3bpZhN2N0oJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHss7M0nQj+hQ8pAzaqx0T8jTQw+FIKRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJq1b13Kp3e1Gp1/I4inACp3AOHlxCHW6gAU1gIOEZXuHN0c6L8+58LFoLTj5zDH/gfP4A9gmPvA==</latexit>

h`
<latexit sha1_base64="OVAtEnT5iXJq73qykqzR8kLd834=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/ZA2ls120i7dTcLuRiihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5yf3OEyrN4+jeTBP0JR1FPOSMGis9kPFjH4Ug5UGl6tbcOcgq8QpShQLNQeWrP4xZKjEyTFCte56bGD+jynAmcFbupxoTyiZ0hD1LIypR+9n84Bk5t8qQhLGyFRkyV39PZFRqPZWB7ZTUjPWyl4v/eb3UhNd+xqMkNRixxaIwFcTEJP+eDLlCZsTUEsoUt7cSNqaKMmMzykPwll9eJe16zXNr3t1ltVEv4ijBKZzBBXhwBQ24hSa0gIGEZ3iFN0c5L86787FoXXOKmRP4A+fzB2b4j20=</latexit><latexit sha1_base64="OVAtEnT5iXJq73qykqzR8kLd834=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/ZA2ls120i7dTcLuRiihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5yf3OEyrN4+jeTBP0JR1FPOSMGis9kPFjH4Ug5UGl6tbcOcgq8QpShQLNQeWrP4xZKjEyTFCte56bGD+jynAmcFbupxoTyiZ0hD1LIypR+9n84Bk5t8qQhLGyFRkyV39PZFRqPZWB7ZTUjPWyl4v/eb3UhNd+xqMkNRixxaIwFcTEJP+eDLlCZsTUEsoUt7cSNqaKMmMzykPwll9eJe16zXNr3t1ltVEv4ijBKZzBBXhwBQ24hSa0gIGEZ3iFN0c5L86787FoXXOKmRP4A+fzB2b4j20=</latexit><latexit sha1_base64="OVAtEnT5iXJq73qykqzR8kLd834=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/ZA2ls120i7dTcLuRiihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5yf3OEyrN4+jeTBP0JR1FPOSMGis9kPFjH4Ug5UGl6tbcOcgq8QpShQLNQeWrP4xZKjEyTFCte56bGD+jynAmcFbupxoTyiZ0hD1LIypR+9n84Bk5t8qQhLGyFRkyV39PZFRqPZWB7ZTUjPWyl4v/eb3UhNd+xqMkNRixxaIwFcTEJP+eDLlCZsTUEsoUt7cSNqaKMmMzykPwll9eJe16zXNr3t1ltVEv4ijBKZzBBXhwBQ24hSa0gIGEZ3iFN0c5L86787FoXXOKmRP4A+fzB2b4j20=</latexit><latexit sha1_base64="OVAtEnT5iXJq73qykqzR8kLd834=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/ZA2ls120i7dTcLuRiihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5yf3OEyrN4+jeTBP0JR1FPOSMGis9kPFjH4Ug5UGl6tbcOcgq8QpShQLNQeWrP4xZKjEyTFCte56bGD+jynAmcFbupxoTyiZ0hD1LIypR+9n84Bk5t8qQhLGyFRkyV39PZFRqPZWB7ZTUjPWyl4v/eb3UhNd+xqMkNRixxaIwFcTEJP+eDLlCZsTUEsoUt7cSNqaKMmMzykPwll9eJe16zXNr3t1ltVEv4ijBKZzBBXhwBQ24hSa0gIGEZ3iFN0c5L86787FoXXOKmRP4A+fzB2b4j20=</latexit>

j3
<latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit>

j1
<latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit>

j2
<latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit>

j4
<latexit sha1_base64="Q3vQsCO5FV3pcod9X3jjw2fvaDM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF0xbaUDbbSbt2swm7G6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5zf3OEyrNE/lgpikGMR1JHnFGjZX8x0GDlAeVqltzFyDrxCtIFQq0BpWv/jBhWYzSMEG17nluaoIZVYYzgfNyP9OYUjahI+xZKmmMOpgtjp2TS6sMSZQoW9KQhfp7YkZjradxaDtjasZ61cvF/7xeZqKbYMZlmhmUbLkoygQxCck/J0OukBkxtYQyxe2thI2poszYfPIQvNWX10m7XvPcmnffqDbrRRwlOIcLuAIPrqEJd9ACHxhweIZXeHOk8+K8Ox/L1g2nmDmDP3A+fwCBrI3D</latexit><latexit sha1_base64="Q3vQsCO5FV3pcod9X3jjw2fvaDM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF0xbaUDbbSbt2swm7G6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5zf3OEyrNE/lgpikGMR1JHnFGjZX8x0GDlAeVqltzFyDrxCtIFQq0BpWv/jBhWYzSMEG17nluaoIZVYYzgfNyP9OYUjahI+xZKmmMOpgtjp2TS6sMSZQoW9KQhfp7YkZjradxaDtjasZ61cvF/7xeZqKbYMZlmhmUbLkoygQxCck/J0OukBkxtYQyxe2thI2poszYfPIQvNWX10m7XvPcmnffqDbrRRwlOIcLuAIPrqEJd9ACHxhweIZXeHOk8+K8Ox/L1g2nmDmDP3A+fwCBrI3D</latexit><latexit sha1_base64="Q3vQsCO5FV3pcod9X3jjw2fvaDM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF0xbaUDbbSbt2swm7G6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5zf3OEyrNE/lgpikGMR1JHnFGjZX8x0GDlAeVqltzFyDrxCtIFQq0BpWv/jBhWYzSMEG17nluaoIZVYYzgfNyP9OYUjahI+xZKmmMOpgtjp2TS6sMSZQoW9KQhfp7YkZjradxaDtjasZ61cvF/7xeZqKbYMZlmhmUbLkoygQxCck/J0OukBkxtYQyxe2thI2poszYfPIQvNWX10m7XvPcmnffqDbrRRwlOIcLuAIPrqEJd9ACHxhweIZXeHOk8+K8Ox/L1g2nmDmDP3A+fwCBrI3D</latexit><latexit sha1_base64="Q3vQsCO5FV3pcod9X3jjw2fvaDM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF0xbaUDbbSbt2swm7G6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5zf3OEyrNE/lgpikGMR1JHnFGjZX8x0GDlAeVqltzFyDrxCtIFQq0BpWv/jBhWYzSMEG17nluaoIZVYYzgfNyP9OYUjahI+xZKmmMOpgtjp2TS6sMSZQoW9KQhfp7YkZjradxaDtjasZ61cvF/7xeZqKbYMZlmhmUbLkoygQxCck/J0OukBkxtYQyxe2thI2poszYfPIQvNWX10m7XvPcmnffqDbrRRwlOIcLuAIPrqEJd9ACHxhweIZXeHOk8+K8Ox/L1g2nmDmDP3A+fwCBrI3D</latexit>

Node j3 has no intrinsic 
spatial position.

Its index is only an 
arbitrary label.

2

4w`
j3

3

5

<latexit sha1_base64="5ecO6DVd+Q0eiJWjGiq4Qll5uTA="></latexit><latexit sha1_base64="5ecO6DVd+Q0eiJWjGiq4Qll5uTA="></latexit><latexit sha1_base64="5ecO6DVd+Q0eiJWjGiq4Qll5uTA="></latexit><latexit sha1_base64="5ecO6DVd+Q0eiJWjGiq4Qll5uTA="></latexit>

2

4h`
ij3

3

5

<latexit sha1_base64="l444DiaqAdWUAyQtkv9YaBpxKsc="></latexit><latexit sha1_base64="l444DiaqAdWUAyQtkv9YaBpxKsc="></latexit><latexit sha1_base64="l444DiaqAdWUAyQtkv9YaBpxKsc="></latexit><latexit sha1_base64="l444DiaqAdWUAyQtkv9YaBpxKsc="></latexit>

2

4h`
i0j3

3

5

<latexit sha1_base64="g9cEVN9ghKoUwhRDXqRMFtpLKs0="></latexit><latexit sha1_base64="g9cEVN9ghKoUwhRDXqRMFtpLKs0="></latexit><latexit sha1_base64="g9cEVN9ghKoUwhRDXqRMFtpLKs0="></latexit><latexit sha1_base64="g9cEVN9ghKoUwhRDXqRMFtpLKs0="></latexit>

Node index j3 does not represent 
the same relative position.

<latexit sha1_base64="Fv8KUqkaJqthFqZNxLYjG4NC95Y="></latexit>
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Challenges of convolution on graphs

Xavier Bresson 18

Can we extend template matching from grids to graphs ?
Main challenges :

No canonical ordering of nodes : Then, how to match template features with data 
features when template positions cannot be matched consistently across nodes ?
Heterogeneous neighborhood : How to deal with different neighborhood sizes ?

?

w`
<latexit sha1_base64="ktUYl94AoXziQ/ERfSO2+T20L1I=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae2sWy2k3bpZhN2N0oJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHss7M0nQj+hQ8pAzaqx0T8jTQw+FIKRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJq1b13Kp3e1Gp1/I4inACp3AOHlxCHW6gAU1gIOEZXuHN0c6L8+58LFoLTj5zDH/gfP4A9gmPvA==</latexit><latexit sha1_base64="ktUYl94AoXziQ/ERfSO2+T20L1I=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae2sWy2k3bpZhN2N0oJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHss7M0nQj+hQ8pAzaqx0T8jTQw+FIKRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJq1b13Kp3e1Gp1/I4inACp3AOHlxCHW6gAU1gIOEZXuHN0c6L8+58LFoLTj5zDH/gfP4A9gmPvA==</latexit><latexit sha1_base64="ktUYl94AoXziQ/ERfSO2+T20L1I=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae2sWy2k3bpZhN2N0oJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHss7M0nQj+hQ8pAzaqx0T8jTQw+FIKRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJq1b13Kp3e1Gp1/I4inACp3AOHlxCHW6gAU1gIOEZXuHN0c6L8+58LFoLTj5zDH/gfP4A9gmPvA==</latexit><latexit sha1_base64="ktUYl94AoXziQ/ERfSO2+T20L1I=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ae2sWy2k3bpZhN2N0oJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHss7M0nQj+hQ8pAzaqx0T8jTQw+FIKRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJq1b13Kp3e1Gp1/I4inACp3AOHlxCHW6gAU1gIOEZXuHN0c6L8+58LFoLTj5zDH/gfP4A9gmPvA==</latexit>

j3
<latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit>

j1
<latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit>

j2
<latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit>

j4
<latexit sha1_base64="Q3vQsCO5FV3pcod9X3jjw2fvaDM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF0xbaUDbbSbt2swm7G6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5zf3OEyrNE/lgpikGMR1JHnFGjZX8x0GDlAeVqltzFyDrxCtIFQq0BpWv/jBhWYzSMEG17nluaoIZVYYzgfNyP9OYUjahI+xZKmmMOpgtjp2TS6sMSZQoW9KQhfp7YkZjradxaDtjasZ61cvF/7xeZqKbYMZlmhmUbLkoygQxCck/J0OukBkxtYQyxe2thI2poszYfPIQvNWX10m7XvPcmnffqDbrRRwlOIcLuAIPrqEJd9ACHxhweIZXeHOk8+K8Ox/L1g2nmDmDP3A+fwCBrI3D</latexit><latexit sha1_base64="Q3vQsCO5FV3pcod9X3jjw2fvaDM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF0xbaUDbbSbt2swm7G6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5zf3OEyrNE/lgpikGMR1JHnFGjZX8x0GDlAeVqltzFyDrxCtIFQq0BpWv/jBhWYzSMEG17nluaoIZVYYzgfNyP9OYUjahI+xZKmmMOpgtjp2TS6sMSZQoW9KQhfp7YkZjradxaDtjasZ61cvF/7xeZqKbYMZlmhmUbLkoygQxCck/J0OukBkxtYQyxe2thI2poszYfPIQvNWX10m7XvPcmnffqDbrRRwlOIcLuAIPrqEJd9ACHxhweIZXeHOk8+K8Ox/L1g2nmDmDP3A+fwCBrI3D</latexit><latexit sha1_base64="Q3vQsCO5FV3pcod9X3jjw2fvaDM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF0xbaUDbbSbt2swm7G6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5zf3OEyrNE/lgpikGMR1JHnFGjZX8x0GDlAeVqltzFyDrxCtIFQq0BpWv/jBhWYzSMEG17nluaoIZVYYzgfNyP9OYUjahI+xZKmmMOpgtjp2TS6sMSZQoW9KQhfp7YkZjradxaDtjasZ61cvF/7xeZqKbYMZlmhmUbLkoygQxCck/J0OukBkxtYQyxe2thI2poszYfPIQvNWX10m7XvPcmnffqDbrRRwlOIcLuAIPrqEJd9ACHxhweIZXeHOk8+K8Ox/L1g2nmDmDP3A+fwCBrI3D</latexit><latexit sha1_base64="Q3vQsCO5FV3pcod9X3jjw2fvaDM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF0xbaUDbbSbt2swm7G6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/nY3Nre2d3dJeef/g8Oi4cnLa1kmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5zf3OEyrNE/lgpikGMR1JHnFGjZX8x0GDlAeVqltzFyDrxCtIFQq0BpWv/jBhWYzSMEG17nluaoIZVYYzgfNyP9OYUjahI+xZKmmMOpgtjp2TS6sMSZQoW9KQhfp7YkZjradxaDtjasZ61cvF/7xeZqKbYMZlmhmUbLkoygQxCck/J0OukBkxtYQyxe2thI2poszYfPIQvNWX10m7XvPcmnffqDbrRRwlOIcLuAIPrqEJd9ACHxhweIZXeHOk8+K8Ox/L1g2nmDmDP3A+fwCBrI3D</latexit>

i0
<latexit sha1_base64="Oc2tjL//OxuWADiX4Em4jOPcim0=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbRU0mKoMeCF48V7Ae0oWy223bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeGEth0fO+ndLG5tb2TnnX3ds/ODyqHJ+0bZQYxlsskpHphtRyKTRvoUDJu7HhVIWSd8LpXe53nrixItKPOIt5oOhYi5FgFHNJXLruoFL1at4CZJ34BalCgeag8tUfRixRXCOT1Nqe78UYpNSgYJLP3X5ieUzZlI55L6OaKm6DdHHrnFxkypCMIpOVRrJQf0+kVFk7U2HWqShO7KqXi/95vQRHt0EqdJwg12y5aJRIghHJHydDYThDOcsIZUZktxI2oYYyzOLJQ/BXX14n7XrN92r+w3W1US/iKMMZnMMV+HADDbiHJrSAwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPlG2NNg==</latexit><latexit sha1_base64="Oc2tjL//OxuWADiX4Em4jOPcim0=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbRU0mKoMeCF48V7Ae0oWy223bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeGEth0fO+ndLG5tb2TnnX3ds/ODyqHJ+0bZQYxlsskpHphtRyKTRvoUDJu7HhVIWSd8LpXe53nrixItKPOIt5oOhYi5FgFHNJXLruoFL1at4CZJ34BalCgeag8tUfRixRXCOT1Nqe78UYpNSgYJLP3X5ieUzZlI55L6OaKm6DdHHrnFxkypCMIpOVRrJQf0+kVFk7U2HWqShO7KqXi/95vQRHt0EqdJwg12y5aJRIghHJHydDYThDOcsIZUZktxI2oYYyzOLJQ/BXX14n7XrN92r+w3W1US/iKMMZnMMV+HADDbiHJrSAwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPlG2NNg==</latexit><latexit sha1_base64="Oc2tjL//OxuWADiX4Em4jOPcim0=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbRU0mKoMeCF48V7Ae0oWy223bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeGEth0fO+ndLG5tb2TnnX3ds/ODyqHJ+0bZQYxlsskpHphtRyKTRvoUDJu7HhVIWSd8LpXe53nrixItKPOIt5oOhYi5FgFHNJXLruoFL1at4CZJ34BalCgeag8tUfRixRXCOT1Nqe78UYpNSgYJLP3X5ieUzZlI55L6OaKm6DdHHrnFxkypCMIpOVRrJQf0+kVFk7U2HWqShO7KqXi/95vQRHt0EqdJwg12y5aJRIghHJHydDYThDOcsIZUZktxI2oYYyzOLJQ/BXX14n7XrN92r+w3W1US/iKMMZnMMV+HADDbiHJrSAwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPlG2NNg==</latexit><latexit sha1_base64="Oc2tjL//OxuWADiX4Em4jOPcim0=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbRU0mKoMeCF48V7Ae0oWy223bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeGEth0fO+ndLG5tb2TnnX3ds/ODyqHJ+0bZQYxlsskpHphtRyKTRvoUDJu7HhVIWSd8LpXe53nrixItKPOIt5oOhYi5FgFHNJXLruoFL1at4CZJ34BalCgeag8tUfRixRXCOT1Nqe78UYpNSgYJLP3X5ieUzZlI55L6OaKm6DdHHrnFxkypCMIpOVRrJQf0+kVFk7U2HWqShO7KqXi/95vQRHt0EqdJwg12y5aJRIghHJHydDYThDOcsIZUZktxI2oYYyzOLJQ/BXX14n7XrN92r+w3W1US/iKMMZnMMV+HADDbiHJrSAwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPlG2NNg==</latexit>

i
<latexit sha1_base64="EHlLAEDl5G05R25KQfxBEMo+hNI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48V7Qe0oWy203bpZhN2N0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZemAiujed9O6WNza3tnfKuu7d/cHhUOT5p6zhVDFssFrHqhlSj4BJbhhuB3UQhjUKBnXB6m/udJ1Sax/LRzBIMIjqWfMQZNVZ64K47qFS9mrcAWSd+QapQoDmofPWHMUsjlIYJqnXP9xITZFQZzgTO3X6qMaFsSsfYs1TSCHWQLU6dkwurDMkoVrakIQv190RGI61nUWg7I2ometXLxf+8XmpGN0HGZZIalGy5aJQKYmKS/02GXCEzYmYJZYrbWwmbUEWZsenkIfirL6+Tdr3mezX//qraqBdxlOEMzuESfLiGBtxBE1rAYAzP8ApvjnBenHfnY9lacoqZU/gD5/MHM7KNBQ==</latexit><latexit sha1_base64="EHlLAEDl5G05R25KQfxBEMo+hNI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48V7Qe0oWy203bpZhN2N0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZemAiujed9O6WNza3tnfKuu7d/cHhUOT5p6zhVDFssFrHqhlSj4BJbhhuB3UQhjUKBnXB6m/udJ1Sax/LRzBIMIjqWfMQZNVZ64K47qFS9mrcAWSd+QapQoDmofPWHMUsjlIYJqnXP9xITZFQZzgTO3X6qMaFsSsfYs1TSCHWQLU6dkwurDMkoVrakIQv190RGI61nUWg7I2ometXLxf+8XmpGN0HGZZIalGy5aJQKYmKS/02GXCEzYmYJZYrbWwmbUEWZsenkIfirL6+Tdr3mezX//qraqBdxlOEMzuESfLiGBtxBE1rAYAzP8ApvjnBenHfnY9lacoqZU/gD5/MHM7KNBQ==</latexit><latexit sha1_base64="EHlLAEDl5G05R25KQfxBEMo+hNI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48V7Qe0oWy203bpZhN2N0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZemAiujed9O6WNza3tnfKuu7d/cHhUOT5p6zhVDFssFrHqhlSj4BJbhhuB3UQhjUKBnXB6m/udJ1Sax/LRzBIMIjqWfMQZNVZ64K47qFS9mrcAWSd+QapQoDmofPWHMUsjlIYJqnXP9xITZFQZzgTO3X6qMaFsSsfYs1TSCHWQLU6dkwurDMkoVrakIQv190RGI61nUWg7I2ometXLxf+8XmpGN0HGZZIalGy5aJQKYmKS/02GXCEzYmYJZYrbWwmbUEWZsenkIfirL6+Tdr3mezX//qraqBdxlOEMzuESfLiGBtxBE1rAYAzP8ApvjnBenHfnY9lacoqZU/gD5/MHM7KNBQ==</latexit><latexit sha1_base64="EHlLAEDl5G05R25KQfxBEMo+hNI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48V7Qe0oWy203bpZhN2N0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZemAiujed9O6WNza3tnfKuu7d/cHhUOT5p6zhVDFssFrHqhlSj4BJbhhuB3UQhjUKBnXB6m/udJ1Sax/LRzBIMIjqWfMQZNVZ64K47qFS9mrcAWSd+QapQoDmofPWHMUsjlIYJqnXP9xITZFQZzgTO3X6qMaFsSsfYs1TSCHWQLU6dkwurDMkoVrakIQv190RGI61nUWg7I2ometXLxf+8XmpGN0HGZZIalGy5aJQKYmKS/02GXCEzYmYJZYrbWwmbUEWZsenkIfirL6+Tdr3mezX//qraqBdxlOEMzuESfLiGBtxBE1rAYAzP8ApvjnBenHfnY9lacoqZU/gD5/MHM7KNBQ==</latexit>

j1
<latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit>

j2
<latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit>

j3
<latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit>

j1
<latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit>

j2
<latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit>

j3
<latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit>

j4
<latexit sha1_base64="jwfzyzFSUFJayipoph/2KD0Dx3k=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtKJvtpF27uwm7G6GE/gUvHhTx6h/y5r8xaXPQ1gcDj/dmmJkXxIIb67rfzsbm1vbObmmvvH9weHRcOTntmCjRDNssEpHuBdSg4ArblluBvVgjlYHAbjC9zf3uE2rDI/VgZzH6ko4VDzmjNpceh43ysFJ1a+4CZJ14BalCgdaw8jUYRSyRqCwT1Ji+58bWT6m2nAmclweJwZiyKR1jP6OKSjR+urh1Ti4zZUTCSGelLFmovydSKo2ZySDrlNROzKqXi/95/cSGN37KVZxYVGy5KEwEsRHJHycjrpFZMcsIZZpntxI2oZoym8WTh+CtvrxOOvWa59a8+0a1WS/iKME5XMAVeHANTbiDFrSBwQSe4RXeHOm8OO/Ox7J1wylmzuAPnM8fKyWNmQ==</latexit><latexit sha1_base64="jwfzyzFSUFJayipoph/2KD0Dx3k=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtKJvtpF27uwm7G6GE/gUvHhTx6h/y5r8xaXPQ1gcDj/dmmJkXxIIb67rfzsbm1vbObmmvvH9weHRcOTntmCjRDNssEpHuBdSg4ArblluBvVgjlYHAbjC9zf3uE2rDI/VgZzH6ko4VDzmjNpceh43ysFJ1a+4CZJ14BalCgdaw8jUYRSyRqCwT1Ji+58bWT6m2nAmclweJwZiyKR1jP6OKSjR+urh1Ti4zZUTCSGelLFmovydSKo2ZySDrlNROzKqXi/95/cSGN37KVZxYVGy5KEwEsRHJHycjrpFZMcsIZZpntxI2oZoym8WTh+CtvrxOOvWa59a8+0a1WS/iKME5XMAVeHANTbiDFrSBwQSe4RXeHOm8OO/Ox7J1wylmzuAPnM8fKyWNmQ==</latexit><latexit sha1_base64="jwfzyzFSUFJayipoph/2KD0Dx3k=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtKJvtpF27uwm7G6GE/gUvHhTx6h/y5r8xaXPQ1gcDj/dmmJkXxIIb67rfzsbm1vbObmmvvH9weHRcOTntmCjRDNssEpHuBdSg4ArblluBvVgjlYHAbjC9zf3uE2rDI/VgZzH6ko4VDzmjNpceh43ysFJ1a+4CZJ14BalCgdaw8jUYRSyRqCwT1Ji+58bWT6m2nAmclweJwZiyKR1jP6OKSjR+urh1Ti4zZUTCSGelLFmovydSKo2ZySDrlNROzKqXi/95/cSGN37KVZxYVGy5KEwEsRHJHycjrpFZMcsIZZpntxI2oZoym8WTh+CtvrxOOvWa59a8+0a1WS/iKME5XMAVeHANTbiDFrSBwQSe4RXeHOm8OO/Ox7J1wylmzuAPnM8fKyWNmQ==</latexit><latexit sha1_base64="jwfzyzFSUFJayipoph/2KD0Dx3k=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtKJvtpF27uwm7G6GE/gUvHhTx6h/y5r8xaXPQ1gcDj/dmmJkXxIIb67rfzsbm1vbObmmvvH9weHRcOTntmCjRDNssEpHuBdSg4ArblluBvVgjlYHAbjC9zf3uE2rDI/VgZzH6ko4VDzmjNpceh43ysFJ1a+4CZJ14BalCgdaw8jUYRSyRqCwT1Ji+58bWT6m2nAmclweJwZiyKR1jP6OKSjR+urh1Ti4zZUTCSGelLFmovydSKo2ZySDrlNROzKqXi/95/cSGN37KVZxYVGy5KEwEsRHJHycjrpFZMcsIZZpntxI2oZoym8WTh+CtvrxOOvWa59a8+0a1WS/iKME5XMAVeHANTbiDFrSBwQSe4RXeHOm8OO/Ox7J1wylmzuAPnM8fKyWNmQ==</latexit>

j5
<latexit sha1_base64="K3UGuSFXJbsVvn4vHo6WES5WDeo=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fjw4rGC/YA2lM12067d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HFyVB5WqW3PnIKvEK0gVCjQHla/+MGKJ4hqZpNb2PDdGP6UGBZN8Vu4nlseUTeiI9zKqqeLWT+e3zsh5pgxJGJmsNJK5+nsipcraqQqyTkVxbJe9XPzP6yUY3vip0HGCXLPFojCRBCOSP06GwnCGcpoRyozIbiVsTA1lmMWTh+Atv7xK2vWa59a8+8tqo17EUYJTOIML8OAaGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/LKqNmg==</latexit><latexit sha1_base64="K3UGuSFXJbsVvn4vHo6WES5WDeo=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fjw4rGC/YA2lM12067d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HFyVB5WqW3PnIKvEK0gVCjQHla/+MGKJ4hqZpNb2PDdGP6UGBZN8Vu4nlseUTeiI9zKqqeLWT+e3zsh5pgxJGJmsNJK5+nsipcraqQqyTkVxbJe9XPzP6yUY3vip0HGCXLPFojCRBCOSP06GwnCGcpoRyozIbiVsTA1lmMWTh+Atv7xK2vWa59a8+8tqo17EUYJTOIML8OAaGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/LKqNmg==</latexit><latexit sha1_base64="K3UGuSFXJbsVvn4vHo6WES5WDeo=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fjw4rGC/YA2lM12067d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HFyVB5WqW3PnIKvEK0gVCjQHla/+MGKJ4hqZpNb2PDdGP6UGBZN8Vu4nlseUTeiI9zKqqeLWT+e3zsh5pgxJGJmsNJK5+nsipcraqQqyTkVxbJe9XPzP6yUY3vip0HGCXLPFojCRBCOSP06GwnCGcpoRyozIbiVsTA1lmMWTh+Atv7xK2vWa59a8+8tqo17EUYJTOIML8OAaGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/LKqNmg==</latexit><latexit sha1_base64="K3UGuSFXJbsVvn4vHo6WES5WDeo=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fjw4rGC/YA2lM12067d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HFyVB5WqW3PnIKvEK0gVCjQHla/+MGKJ4hqZpNb2PDdGP6UGBZN8Vu4nlseUTeiI9zKqqeLWT+e3zsh5pgxJGJmsNJK5+nsipcraqQqyTkVxbJe9XPzP6yUY3vip0HGCXLPFojCRBCOSP06GwnCGcpoRyozIbiVsTA1lmMWTh+Atv7xK2vWa59a8+8tqo17EUYJTOIML8OAaGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/LKqNmg==</latexit>

j6
<latexit sha1_base64="ymjaxKAmXHLpNokhI7H0jY7CymE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vjw4rGC/YA2lM12067d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HFyVB5WqW3PnIKvEK0gVCjQHla/+MGKJ4hqZpNb2PDdGP6UGBZN8Vu4nlseUTeiI9zKqqeLWT+e3zsh5pgxJGJmsNJK5+nsipcraqQqyTkVxbJe9XPzP6yUY3vip0HGCXLPFojCRBCOSP06GwnCGcpoRyozIbiVsTA1lmMWTh+Atv7xK2vWa59a8+8tqo17EUYJTOIML8OAaGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Li+Nmw==</latexit><latexit sha1_base64="ymjaxKAmXHLpNokhI7H0jY7CymE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vjw4rGC/YA2lM12067d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HFyVB5WqW3PnIKvEK0gVCjQHla/+MGKJ4hqZpNb2PDdGP6UGBZN8Vu4nlseUTeiI9zKqqeLWT+e3zsh5pgxJGJmsNJK5+nsipcraqQqyTkVxbJe9XPzP6yUY3vip0HGCXLPFojCRBCOSP06GwnCGcpoRyozIbiVsTA1lmMWTh+Atv7xK2vWa59a8+8tqo17EUYJTOIML8OAaGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Li+Nmw==</latexit><latexit sha1_base64="ymjaxKAmXHLpNokhI7H0jY7CymE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vjw4rGC/YA2lM12067d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HFyVB5WqW3PnIKvEK0gVCjQHla/+MGKJ4hqZpNb2PDdGP6UGBZN8Vu4nlseUTeiI9zKqqeLWT+e3zsh5pgxJGJmsNJK5+nsipcraqQqyTkVxbJe9XPzP6yUY3vip0HGCXLPFojCRBCOSP06GwnCGcpoRyozIbiVsTA1lmMWTh+Atv7xK2vWa59a8+8tqo17EUYJTOIML8OAaGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Li+Nmw==</latexit><latexit sha1_base64="ymjaxKAmXHLpNokhI7H0jY7CymE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vjw4rGC/YA2lM12067d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HFyVB5WqW3PnIKvEK0gVCjQHla/+MGKJ4hqZpNb2PDdGP6UGBZN8Vu4nlseUTeiI9zKqqeLWT+e3zsh5pgxJGJmsNJK5+nsipcraqQqyTkVxbJe9XPzP6yUY3vip0HGCXLPFojCRBCOSP06GwnCGcpoRyozIbiVsTA1lmMWTh+Atv7xK2vWa59a8+8tqo17EUYJTOIML8OAaGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Li+Nmw==</latexit>

h`
<latexit sha1_base64="OVAtEnT5iXJq73qykqzR8kLd834=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/ZA2ls120i7dTcLuRiihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5yf3OEyrN4+jeTBP0JR1FPOSMGis9kPFjH4Ug5UGl6tbcOcgq8QpShQLNQeWrP4xZKjEyTFCte56bGD+jynAmcFbupxoTyiZ0hD1LIypR+9n84Bk5t8qQhLGyFRkyV39PZFRqPZWB7ZTUjPWyl4v/eb3UhNd+xqMkNRixxaIwFcTEJP+eDLlCZsTUEsoUt7cSNqaKMmMzykPwll9eJe16zXNr3t1ltVEv4ijBKZzBBXhwBQ24hSa0gIGEZ3iFN0c5L86787FoXXOKmRP4A+fzB2b4j20=</latexit><latexit sha1_base64="OVAtEnT5iXJq73qykqzR8kLd834=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/ZA2ls120i7dTcLuRiihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5yf3OEyrN4+jeTBP0JR1FPOSMGis9kPFjH4Ug5UGl6tbcOcgq8QpShQLNQeWrP4xZKjEyTFCte56bGD+jynAmcFbupxoTyiZ0hD1LIypR+9n84Bk5t8qQhLGyFRkyV39PZFRqPZWB7ZTUjPWyl4v/eb3UhNd+xqMkNRixxaIwFcTEJP+eDLlCZsTUEsoUt7cSNqaKMmMzykPwll9eJe16zXNr3t1ltVEv4ijBKZzBBXhwBQ24hSa0gIGEZ3iFN0c5L86787FoXXOKmRP4A+fzB2b4j20=</latexit><latexit sha1_base64="OVAtEnT5iXJq73qykqzR8kLd834=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/ZA2ls120i7dTcLuRiihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5yf3OEyrN4+jeTBP0JR1FPOSMGis9kPFjH4Ug5UGl6tbcOcgq8QpShQLNQeWrP4xZKjEyTFCte56bGD+jynAmcFbupxoTyiZ0hD1LIypR+9n84Bk5t8qQhLGyFRkyV39PZFRqPZWB7ZTUjPWyl4v/eb3UhNd+xqMkNRixxaIwFcTEJP+eDLlCZsTUEsoUt7cSNqaKMmMzykPwll9eJe16zXNr3t1ltVEv4ijBKZzBBXhwBQ24hSa0gIGEZ3iFN0c5L86787FoXXOKmRP4A+fzB2b4j20=</latexit><latexit sha1_base64="OVAtEnT5iXJq73qykqzR8kLd834=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fjw4rGC/ZA2ls120i7dTcLuRiihv8KLB0W8+nO8+W/ctDlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pR8AhbhhuB3UQhlYHATjC5yf3OEyrN4+jeTBP0JR1FPOSMGis9kPFjH4Ug5UGl6tbcOcgq8QpShQLNQeWrP4xZKjEyTFCte56bGD+jynAmcFbupxoTyiZ0hD1LIypR+9n84Bk5t8qQhLGyFRkyV39PZFRqPZWB7ZTUjPWyl4v/eb3UhNd+xqMkNRixxaIwFcTEJP+eDLlCZsTUEsoUt7cSNqaKMmMzykPwll9eJe16zXNr3t1ltVEv4ijBKZzBBXhwBQ24hSa0gIGEZ3iFN0c5L86787FoXXOKmRP4A+fzB2b4j20=</latexit>
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Spectral graph convolution

Xavier Bresson 19

How to define convolution ?

Definition #1 : Local template matching

Definition #2 : Spectral convolution theorem[1]

Convolution becomes point-wise multiplication in the Fourier domain :

The direct Discrete Fourier Transform (DFT) costs O(n2), but reduces to O(n  log  n) 
on regular grids with Fast Fourier Transform[2] (FFT). 

Can we define an analogous spectral convolution on graphs ?                                      
Yes, the convolution theorem remains the same. However, 

How do we define Fourier transform on graphs ?

How do we compute fast spectral convolutions in O(n) time for compact kernels ? 

w ⇤G h
?
= F�1

G (FG(w)� FG(h))
<latexit sha1_base64="9tEK0CDUJBrGIiBaSSCl/At75qE="></latexit><latexit sha1_base64="9tEK0CDUJBrGIiBaSSCl/At75qE="></latexit><latexit sha1_base64="9tEK0CDUJBrGIiBaSSCl/At75qE="></latexit><latexit sha1_base64="9tEK0CDUJBrGIiBaSSCl/At75qE="></latexit>

F(w ⇤ h) = F(w)� F(h) ) w ⇤ h = F�1(F(w)� F(h))
<latexit sha1_base64="VWHCRTcnaOpByc2AJE2uoC/wilI="></latexit><latexit sha1_base64="VWHCRTcnaOpByc2AJE2uoC/wilI="></latexit><latexit sha1_base64="VWHCRTcnaOpByc2AJE2uoC/wilI="></latexit><latexit sha1_base64="VWHCRTcnaOpByc2AJE2uoC/wilI="></latexit>

[1] Fourier, Théorie analytique de la chaleur, 1822
[2] Cooley-Tukey, An algorithm for the machine calculation of complex Fourier series, 1965
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Outline

Xavier Bresson 20

ConvNets on Euclidean Grids

Architecture
From grids to graphs

Convolution on grids
Spectral Graph ConvNets

Spectral convolution

Spectral graph networks
Spatial Graph ConvNets 

Template matching
Isotropic graph networks

Anisotropic graph networks

Conclusion
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Spectral Convolution

Xavier Bresson 21

How to perform spectral convolution?

We apply spectral graph theory[1] following these steps :

Compute the graph Laplacian

Fourier functions

Fourier transform

Apply the convolution theorem

[1] Chung, Spectral graph theory, 1997
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hj
<latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit><latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit><latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit><latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit> hj

<latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit><latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit><latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit><latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit>

hi
<latexit sha1_base64="jIa58KBFokcebz3YLx+P9187+kY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPYwHYlCtuXU3B1klXkFqUKA5qH71hzFLI66QSWpMz3MT9DOqUTDJZ5V+anhC2YSOeM9SRSNu/Cw/dUbOrDIkYaxtKSS5+nsio5Ex0yiwnRHFsVn25uJ/Xi/F8MbPhEpS5IotFoWpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nYkPwll9eJe3LuufWvfurWuOiiKMMJ3AK5+DBNTTgDprQAgYjeIZXeHOk8+K8Ox+L1pJTzBzDHzifP0GSjbI=</latexit><latexit sha1_base64="jIa58KBFokcebz3YLx+P9187+kY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPYwHYlCtuXU3B1klXkFqUKA5qH71hzFLI66QSWpMz3MT9DOqUTDJZ5V+anhC2YSOeM9SRSNu/Cw/dUbOrDIkYaxtKSS5+nsio5Ex0yiwnRHFsVn25uJ/Xi/F8MbPhEpS5IotFoWpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nYkPwll9eJe3LuufWvfurWuOiiKMMJ3AK5+DBNTTgDprQAgYjeIZXeHOk8+K8Ox+L1pJTzBzDHzifP0GSjbI=</latexit><latexit sha1_base64="jIa58KBFokcebz3YLx+P9187+kY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPYwHYlCtuXU3B1klXkFqUKA5qH71hzFLI66QSWpMz3MT9DOqUTDJZ5V+anhC2YSOeM9SRSNu/Cw/dUbOrDIkYaxtKSS5+nsio5Ex0yiwnRHFsVn25uJ/Xi/F8MbPhEpS5IotFoWpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nYkPwll9eJe3LuufWvfurWuOiiKMMJ3AK5+DBNTTgDprQAgYjeIZXeHOk8+K8Ox+L1pJTzBzDHzifP0GSjbI=</latexit><latexit sha1_base64="jIa58KBFokcebz3YLx+P9187+kY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkQKg6777ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPYwHYlCtuXU3B1klXkFqUKA5qH71hzFLI66QSWpMz3MT9DOqUTDJZ5V+anhC2YSOeM9SRSNu/Cw/dUbOrDIkYaxtKSS5+nsio5Ex0yiwnRHFsVn25uJ/Xi/F8MbPhEpS5IotFoWpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nYkPwll9eJe3LuufWvfurWuOiiKMMJ3AK5+DBNTTgDprQAgYjeIZXeHOk8+K8Ox+L1pJTzBzDHzifP0GSjbI=</latexit>

hj
<latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit><latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit><latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit><latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit>

hj
<latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit><latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit><latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit><latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit> hj

<latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit><latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit><latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit><latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit>

hj
<latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit><latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit><latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit><latexit sha1_base64="ZmWj1w1jhie4GtcdVoWCB20zOm4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECnosePFY0X5AG8pmO2nXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++wmV5rF8MJME/YgOJQ85o8ZK96P+Y79ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWZdVzq95drVK/yOMowgmcwjl4cAV1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9DFo2z</latexit>

Graph Laplacian
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Core operator in spectral graph theory : 

Interpretation of the graph Laplacian :

Suppose h is a scalar, then value (Lh)i measures local smoothness / local variation of a 
signal at node i by computing the difference between local value hi and its neighborhood 
average values hj.

The value hT
 L  h measures the global signal smoothness on graph.

<latexit sha1_base64="+AAPczv+enZYiD99EGEOAEVt0ek="></latexit>

G = (V,E,A) ! L = I �D�1/2AD�1/2 2 Rn⇥n Normalized Laplacian

where D = diag
�
d1, ..., dn

�
2 Rn⇥n, di =

X

j 6=i

Aij Degree matrix

<latexit sha1_base64="4B/GsodMvBussyYj78KKrw/IU+w="></latexit>

(Lh)i = hi �
X

j2Ni

Aijp
didj

hj 2 Rd

h>Lh =
1

2

X

i,j

Aij

 
hip
di

� hjp
dj

!2

2 R+



23

Graph Fourier basis

Xavier Bresson 23

Eigendecomposition of the normalized graph Laplacian[1] :

Laplacian eigenvectors / 
graph Fourier functions / basis / modes 

Laplacian eigenvalues /  
graph spectrum / frequencies 

Fourier functions form 
an orthonormal basis

<latexit sha1_base64="JyNgDCkrne9qSAr4q8s2/F7w3Jc="></latexit>

L = �⇤�T 2 Rn⇥n

where � = [�1, ...,�n] =

2

4
|
�1

|
...

|
�n

|

3

5 2 Rn⇥n,

�T� = I, h�k,�k0i = �kk0 ,

where ⇤ = diag(�1, ...,�n) =

2

4
�1 0

�
0 �n

3

5 2 Rn⇥n,

0  �1  ...  �n = �max  2,

and L�k = �k�k 2 Rn⇥1, k = 1, ..., n.

Graph spectrum
Low frequency / smooth 

High frequency / oscillatory
[1] Chung, Spectral graph theory, 1997
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Fourier functions

Xavier Bresson 24

Grid / Euclidean domain : Laplacian 
eigenfunctions recover the standard 
Fourier modes, i.e. cosine/sin functions.

Graph domain : Laplacian 
eigenvectors define Fourier modes 
adapted to graph connectivity[1].

Low-frequency modes reveal    
smooth structure and communities 

Spectral graph clustering[2]

�0
<latexit sha1_base64="NAl6/eQvd/itH2DxzbHtMM450JE=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lawIeix48VjBfkC7lGyabWOzyZJkhbL0P3jxoIhX/483/41puwdtfTDweG+GmXlRKoV1hHyjtfWNza3t0k55d2//4LBydNyyOjOMN5mW2nQiarkUijedcJJ3UsNpEknejsa3M7/9xI0VWj24ScrDhA6ViAWjzkutXjoSfdKvVEmNzIFXSVCQKhRo9CtfvYFmWcKVY5Ja2w1I6sKcGieY5NNyL7M8pWxMh7zrqaIJt2E+v3aKz70ywLE2vpTDc/X3RE4TaydJ5DsT6kZ22ZuJ/3ndzMU3YS5Umjmu2GJRnEnsNJ69jgfCcObkxBPKjPC3YjaihjLnAyr7EILll1dJ67IWkFpwf1WtkyKOEpzCGVxAANdQhztoQBMYPMIzvMIb0ugFvaOPResaKmZO4A/Q5w80WI7Q</latexit><latexit sha1_base64="NAl6/eQvd/itH2DxzbHtMM450JE=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lawIeix48VjBfkC7lGyabWOzyZJkhbL0P3jxoIhX/483/41puwdtfTDweG+GmXlRKoV1hHyjtfWNza3t0k55d2//4LBydNyyOjOMN5mW2nQiarkUijedcJJ3UsNpEknejsa3M7/9xI0VWj24ScrDhA6ViAWjzkutXjoSfdKvVEmNzIFXSVCQKhRo9CtfvYFmWcKVY5Ja2w1I6sKcGieY5NNyL7M8pWxMh7zrqaIJt2E+v3aKz70ywLE2vpTDc/X3RE4TaydJ5DsT6kZ22ZuJ/3ndzMU3YS5Umjmu2GJRnEnsNJ69jgfCcObkxBPKjPC3YjaihjLnAyr7EILll1dJ67IWkFpwf1WtkyKOEpzCGVxAANdQhztoQBMYPMIzvMIb0ugFvaOPResaKmZO4A/Q5w80WI7Q</latexit><latexit sha1_base64="NAl6/eQvd/itH2DxzbHtMM450JE=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lawIeix48VjBfkC7lGyabWOzyZJkhbL0P3jxoIhX/483/41puwdtfTDweG+GmXlRKoV1hHyjtfWNza3t0k55d2//4LBydNyyOjOMN5mW2nQiarkUijedcJJ3UsNpEknejsa3M7/9xI0VWj24ScrDhA6ViAWjzkutXjoSfdKvVEmNzIFXSVCQKhRo9CtfvYFmWcKVY5Ja2w1I6sKcGieY5NNyL7M8pWxMh7zrqaIJt2E+v3aKz70ywLE2vpTDc/X3RE4TaydJ5DsT6kZ22ZuJ/3ndzMU3YS5Umjmu2GJRnEnsNJ69jgfCcObkxBPKjPC3YjaihjLnAyr7EILll1dJ67IWkFpwf1WtkyKOEpzCGVxAANdQhztoQBMYPMIzvMIb0ugFvaOPResaKmZO4A/Q5w80WI7Q</latexit><latexit sha1_base64="NAl6/eQvd/itH2DxzbHtMM450JE=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lawIeix48VjBfkC7lGyabWOzyZJkhbL0P3jxoIhX/483/41puwdtfTDweG+GmXlRKoV1hHyjtfWNza3t0k55d2//4LBydNyyOjOMN5mW2nQiarkUijedcJJ3UsNpEknejsa3M7/9xI0VWj24ScrDhA6ViAWjzkutXjoSfdKvVEmNzIFXSVCQKhRo9CtfvYFmWcKVY5Ja2w1I6sKcGieY5NNyL7M8pWxMh7zrqaIJt2E+v3aKz70ywLE2vpTDc/X3RE4TaydJ5DsT6kZ22ZuJ/3ndzMU3YS5Umjmu2GJRnEnsNJ69jgfCcObkxBPKjPC3YjaihjLnAyr7EILll1dJ67IWkFpwf1WtkyKOEpzCGVxAANdQhztoQBMYPMIzvMIb0ugFvaOPResaKmZO4A/Q5w80WI7Q</latexit>
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[1] Hammond-etal, Wavelets on graphs via spectral graph theory, 2011
[2] Von Luxburg, A tutorial on spectral clustering, 2007
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<latexit sha1_base64="SPQb1x9yB5ObRvD9S29sLy8I2cI="></latexit>

h =

nX

k=1

h�k, hi�k =

nX

k=1

ĥk�k = �ĥ 2 Rn⇥1, � 2 Rn⇥n, ĥ 2 Rn⇥1

with

Fourier transform : ĥ = FG(h) = �
>h 2 Rn⇥1

Fourier coe�cients : ĥk = h�k, hi 2 R
Inverse Fourier transform : h = F�1

G (ĥ) = �ĥ 2 Rn⇥1

Orthonormal basis : �
>
� = ��

>
= In 2 Rn⇥n

Scalar function h 2 Rn⇥1
can be extended to vector-valued h 2 Rn⇥d

Graph Fourier transform
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Fourier transform : Decompose a signal h into the Fourier basis[1].

Both the Fourier transform and its inverse are linear operators and can each be implemented 
in a single line of code, and in parallel.

[1] Hammond-etal, Wavelets on graphs via spectral graph theory, 2011
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<latexit sha1_base64="lRMeY9mGM37mdzk28/w649GSTlI="></latexit>

w ⇤G h = F�1
G|{z}
�

( FG(w)| {z }
�Tw=ŵ

� FG(h)| {z }
�Th

), � 2 Rn⇥n, w, h 2 Rn

= � (ŵ � �
Th), ŵ, �

Th 2 Rn, � is the Hadamard product

= � (diag(ŵ)�Th), ŵk = g(�k) 2 R, diag(ŵ) 2 Rn⇥n

= �g(⇤)�Th, ⇤, g(⇤) 2 Rn⇥n

= g(�⇤�T
) h, L = �⇤�

T 2 Rn⇥n

= g(L)h 2 Rn

Spectral graph convolution is defined by analogy with the convolution theorem : 

                  Point-wise multiplication of graph Fourier coefficients.

General graph Fourier transform is expensive with O(n2) complexity.

No FFT exist on arbitrary graphs.

Spectral graph convolution

Xavier Bresson 26

(notation abuse)
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Spectral filter
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A spectral filter is a function g(λ) defined over graph frequencies λk :

Each Laplacian eigenvalue λk represents a graph frequency.

g(λk) controls how much frequency k is amplified or attenuated.

Spectral filter g is a continuous function g(λ) ∈ R, for λ ∈ [0,2].

Learning independent coefficients g(λk) requires O(n) graph-dependent parameters.

Spectral filtering is point-wise multiplication in the Fourier domain : %ℎkout = g(λk) %ℎkin.

Parameterized continuous spectral function / filter g(λ)

g(λ)

λ
Discrete graph frequencies λk 

<latexit sha1_base64="mV3kKB1zVMOzWjeIzFzOSOBoi2Q="></latexit>

ŵk = g(�k), ŵ =

2

64
g(�1)

...
g(�n)

3

75 Discrete spectral 
coefficients g(λk)  

λk λn
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Tih
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<latexit sha1_base64="UqDE+jwIGNKbmU77ZHVIHz4KO0A=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XqQUoigh4LXjxW6Be0IWy2m3bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFcg+N8WxubW9s7u6W98v7B4dGxfVLp6DhVlLVpLGLVC4hmgkvWBg6C9RLFSBQI1g0m93O/+8SU5rFswSxhXkRGkoecEjCSb1cGwKagoqyV+xmv1fIx9u2qU3cWwOvELUgVFWj69tdgGNM0YhKoIFr3XScBLyMKOBUsLw9SzRJCJ2TE+oZKEjHtZYvbc3xhlCEOY2VKAl6ovycyEmk9iwLTGREY61VvLv7n9VMI77yMyyQFJulyUZgKDDGeB4GHXDEKYmYIoYqbWzEdE0UomLjKJgR39eV10rmuu07dfbypNq6KOEroDJ2jS+SiW9RAD6iJ2oiiKXpGr+jNyq0X6936WLZuWMXMKfoD6/MHxLOUKw==</latexit><latexit sha1_base64="UqDE+jwIGNKbmU77ZHVIHz4KO0A=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XqQUoigh4LXjxW6Be0IWy2m3bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFcg+N8WxubW9s7u6W98v7B4dGxfVLp6DhVlLVpLGLVC4hmgkvWBg6C9RLFSBQI1g0m93O/+8SU5rFswSxhXkRGkoecEjCSb1cGwKagoqyV+xmv1fIx9u2qU3cWwOvELUgVFWj69tdgGNM0YhKoIFr3XScBLyMKOBUsLw9SzRJCJ2TE+oZKEjHtZYvbc3xhlCEOY2VKAl6ovycyEmk9iwLTGREY61VvLv7n9VMI77yMyyQFJulyUZgKDDGeB4GHXDEKYmYIoYqbWzEdE0UomLjKJgR39eV10rmuu07dfbypNq6KOEroDJ2jS+SiW9RAD6iJ2oiiKXpGr+jNyq0X6936WLZuWMXMKfoD6/MHxLOUKw==</latexit><latexit sha1_base64="UqDE+jwIGNKbmU77ZHVIHz4KO0A=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XqQUoigh4LXjxW6Be0IWy2m3bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFcg+N8WxubW9s7u6W98v7B4dGxfVLp6DhVlLVpLGLVC4hmgkvWBg6C9RLFSBQI1g0m93O/+8SU5rFswSxhXkRGkoecEjCSb1cGwKagoqyV+xmv1fIx9u2qU3cWwOvELUgVFWj69tdgGNM0YhKoIFr3XScBLyMKOBUsLw9SzRJCJ2TE+oZKEjHtZYvbc3xhlCEOY2VKAl6ovycyEmk9iwLTGREY61VvLv7n9VMI77yMyyQFJulyUZgKDDGeB4GHXDEKYmYIoYqbWzEdE0UomLjKJgR39eV10rmuu07dfbypNq6KOEroDJ2jS+SiW9RAD6iJ2oiiKXpGr+jNyq0X6936WLZuWMXMKfoD6/MHxLOUKw==</latexit><latexit sha1_base64="UqDE+jwIGNKbmU77ZHVIHz4KO0A=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XqQUoigh4LXjxW6Be0IWy2m3bpZhN2J9IS8le8eFDEq3/Em//GbZuDtj4YeLw3w8y8IBFcg+N8WxubW9s7u6W98v7B4dGxfVLp6DhVlLVpLGLVC4hmgkvWBg6C9RLFSBQI1g0m93O/+8SU5rFswSxhXkRGkoecEjCSb1cGwKagoqyV+xmv1fIx9u2qU3cWwOvELUgVFWj69tdgGNM0YhKoIFr3XScBLyMKOBUsLw9SzRJCJ2TE+oZKEjHtZYvbc3xhlCEOY2VKAl6ovycyEmk9iwLTGREY61VvLv7n9VMI77yMyyQFJulyUZgKDDGeB4GHXDEKYmYIoYqbWzEdE0UomLjKJgR39eV10rmuu07dfbypNq6KOEroDJ2jS+SiW9RAD6iJ2oiiKXpGr+jNyq0X6936WLZuWMXMKfoD6/MHxLOUKw==</latexit>

No shift invariance on graphs

Xavier Bresson 28

A generalized translation of a graph signal h to vertex i can be defined by :

Grid / Euclidean domain: Translations preserve the shape of the signal h.

Graph domain : Translations depend on local graph structure and generally deform the signal[1].
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Tih = �i ⇤G h, �i is the Dirac function located at node i

[1] Hammond-etal, Wavelets on graphs via spectral graph theory, 2011
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Outline

Xavier Bresson 29

ConvNets on Euclidean Grids

Architecture
From grids to graphs

Convolution on grids
Spectral Graph ConvNets

Spectral convolution

Spectral graph networks
Spatial Graph ConvNets 

Template matching
Isotropic graph networks

Anisotropic graph networks

Conclusion
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h`+1 = ⌘(w` ⇤G h`) 2 Rn⇥d, ⌘ is e.g. ReLU, w` is the spatial filter at layer `

= ⌘(�g`(⇤)�Th`) 2 Rn⇥d, g` is the spectral filter at layer `

and g`(⇤) = diag
�
g`(�1), . . . , g

`(�n)
�
2 Rn⇥n

The first graph spectral graph convolutional layer[1] :

First spectral approach to graph ConvNets.

Limitations :

Spectral filters are not guaranteed to be spatially localized.

O(n) learnable parameters per filter.

O(n2) learning cost due to dense graph Fourier transforms, i.e. full matrix Φ ∈ Rn
 

×
 

n.

Spatial filter wℓ

Early spectral graph networks

Xavier Bresson 30

[1] Bruna-LeCun-etal, Spectral Networks and Locally Connected Networks on Graphs, 2014

Spectral filter gℓ
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Spectral smoothness and spatial localization

Xavier Bresson 31

[1] Mallat, A Wavelet Tour of Signal Processing, 2008

By Parseval / Plancherel[1] and the Fourier differentiation property, spectral smoothness is 
related to spatial localization.

For k = 1, a small spectral derivative implies a small spatial second moment : 

   Smoother spectral filters produce more concentrated spatial responses.

Localized spatial filter w Smooth spectral filter g 

,
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h`+1 = ⌘(w` ⇤G h`) 2 Rn⇥d

= ⌘(�g`(⇤)�Th`) 2 Rn⇥d

with

g✓`(⇤) = diag(B✓`) 2 Rn⇥n, B 2 Rn⇥K , ✓` 2 RK

Spline-parameterized spectral filters

Xavier Bresson 32

[1] Bruna-LeCun-etal, Spectral Networks and Locally Connected Networks on Graphs, 2014
[2] Henaff-LeCun-etal, Deep Convolutional Networks on Graph-Structured Data, 2015

Spectral graph networks with K splines, representing smooth basis functions[1,2] :

Two major advantages :

Smooth spectral filters yield better spatial localization / fast decay.

They reduce the number of learnable parameters from O(n) to O(K), i.e. independent of 
the graph size n and with K ≪ n.

Spectral coefficients, i.e. K spline coefficients θℓ, are learned by backpropagation.

However, the learning cost is still quadratic O(n2) because of dense graph Fourier transforms.
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Localized graph convolution

Xavier Bresson 33

Laplacian-polynomial filters are exactly localized in a K-hop neighborhood support.

Each multiplication by Laplacian L increases the function support by one graph-hop.

δi = heat 
source

1-hop
neighbors

2-hop
neighbors

<latexit sha1_base64="TbXOqzUhKYUyXTlejy5OlT0OKsQ="></latexit>

ht=1 = �i 2 Rn

For t=0,2,..,K-1

ht+1 = Lht 2 Rn

This implies :

h1 = L1h0 = L�i

h2 = Lh1 = L.Lh0 = L2�i
...

hK = LKh0 = LK�i
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w ⇤G h = g(L)h 2 Rn⇥d, with g(L) =
K�1X

k=0

✓kL
k 2 Rn⇥n

=
K�1X

k=0

✓kL
kh, computed without eigenvectors !

How to obtain scalable graph convolution without eigen-decomposition, i.e. linear 
training complexity w.r.t. the number of graph nodes n ?

Direct spectral filtering with eigenvectors costs O(n2) :

How to avoid the eigendecomposition ? 

Parametrize the spectral filter with polynomials of Laplacian[1] :

Degree-K filters are exactly localized within K-hop neighborhoods.

Graph convolution with Laplacian polynomials

Xavier Bresson 34
[1] Defferrard-Bresson-Vandergheynst, Convolutional neural networks on graphs with fast localized spectral filtering, 2016

<latexit sha1_base64="NIDyGNsCUvSu/yuyou6rcNfVMXQ="></latexit>

O(w ⇤G h) = O(�g`(⇤)�T
h) = O(n2), � 2 Rn⇥n

, O is complexity

1-hop
neighbors

2-hop
neighbors
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w ⇤G h = g✓(L)h =
K�1X

k=0

✓kL
kh =

K�1X

k=0

✓kXk 2 Rn⇥d, ✓k 2 R

with recursive equation : Xk = LXk�1 2 Rn⇥d, k = 1, ...,K � 1, X0 = h.

Fast Laplacian graph convolution

Xavier Bresson 35

What is the learning complexity of this spectral convolution layer ?

We introduce the sequence {Xk} as follows :

The sequence {Xk} uses sparse matrix-vector products, which cost is O(E.K.d), i.e. O(n) 
for sparse graphs (real-world graphs are sparse).

No eigendecomposition (Φ,Λ) of the Laplacian is required.

Polynomial Laplacian filters are spectral in formulation, but computed directly in the 
vertex / spatial domain (the name “spectral” has been “scary” for the community).

Sparse graph convolutions are GPU-compatible, although generally much less efficient 
than convolutions on regular grids. 
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Implementing Laplacian graph filters

Xavier Bresson 36

Implementation of polynomial Laplacian filtering :

Degree-K filters are exactly localized within K-hop neighborhoods.

K learnable parameters per scalar filter, independent of graph size n.

Cost is O(E), i.e. O(n) for sparse graphs.

However, high-degree monomial bases, {1,x,x2,x3,…,xK-1}, can be unstable under 
coefficients perturbation (poorly conditioned, hard to optimize).

<latexit sha1_base64="mvOV6nXUpHfq5o8fbNMwKfYgP+4="></latexit>

h`+1 = ⌘(
K�1X

k=0

✓`kL
kXk) 2 Rn⇥d, Xk = Lkh` 2 Rn⇥d

= ⌘(✓`X̄`), with ✓` = [✓`0, ..., ✓
`
K�1] 2 R1⇥K ,

X̄` = [X̄0, ..., X̄K�1]
T 2 RK⇥nd

and X̄k = reshape(Xk) 2 Rnd⇥1



37

ChebNet : Chebyshev graph convolution

Xavier Bresson 37

Graph spectral convolution using Chebyshev polynomials Tk[1,2] :

Degree-K filters are exactly localized within                                                                      
K-hop neighborhoods.

O(K) learnable parameters per filter, independent                                                         
of graph size n.

Chebyshev basis is numerically stable / better                                                  
conditioned than the monomial basis.

T0
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T2
<latexit sha1_base64="887OyK0waJfOkXp29I5+zjK15RI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r9gvaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLW9s7uXnG/dHB4dHxSPj3r6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6t/C7T6g0j2XLzBL0IzqWPOSMGis9toa1YbniVt0lyCbxclKBHM1h+WswilkaoTRMUK37npsYP6PKcCZwXhqkGhPKpnSMfUsljVD72fLUObmyyoiEsbIlDVmqvycyGmk9iwLbGVEz0eveQvzP66cmvPUzLpPUoGSrRWEqiInJ4m8y4gqZETNLKFPc3krYhCrKjE2nZEPw1l/eJJ1a1XOr3sNNpVHL4yjCBVzCNXhQhwbcQxPawGAMz/AKb45wXpx352PVWnDymXP4A+fzB9F9jW0=</latexit><latexit sha1_base64="887OyK0waJfOkXp29I5+zjK15RI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r9gvaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLW9s7uXnG/dHB4dHxSPj3r6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6t/C7T6g0j2XLzBL0IzqWPOSMGis9toa1YbniVt0lyCbxclKBHM1h+WswilkaoTRMUK37npsYP6PKcCZwXhqkGhPKpnSMfUsljVD72fLUObmyyoiEsbIlDVmqvycyGmk9iwLbGVEz0eveQvzP66cmvPUzLpPUoGSrRWEqiInJ4m8y4gqZETNLKFPc3krYhCrKjE2nZEPw1l/eJJ1a1XOr3sNNpVHL4yjCBVzCNXhQhwbcQxPawGAMz/AKb45wXpx352PVWnDymXP4A+fzB9F9jW0=</latexit><latexit sha1_base64="887OyK0waJfOkXp29I5+zjK15RI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r9gvaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLW9s7uXnG/dHB4dHxSPj3r6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6t/C7T6g0j2XLzBL0IzqWPOSMGis9toa1YbniVt0lyCbxclKBHM1h+WswilkaoTRMUK37npsYP6PKcCZwXhqkGhPKpnSMfUsljVD72fLUObmyyoiEsbIlDVmqvycyGmk9iwLbGVEz0eveQvzP66cmvPUzLpPUoGSrRWEqiInJ4m8y4gqZETNLKFPc3krYhCrKjE2nZEPw1l/eJJ1a1XOr3sNNpVHL4yjCBVzCNXhQhwbcQxPawGAMz/AKb45wXpx352PVWnDymXP4A+fzB9F9jW0=</latexit><latexit sha1_base64="887OyK0waJfOkXp29I5+zjK15RI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx4r9gvaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLW9s7uXnG/dHB4dHxSPj3r6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6t/C7T6g0j2XLzBL0IzqWPOSMGis9toa1YbniVt0lyCbxclKBHM1h+WswilkaoTRMUK37npsYP6PKcCZwXhqkGhPKpnSMfUsljVD72fLUObmyyoiEsbIlDVmqvycyGmk9iwLbGVEz0eveQvzP66cmvPUzLpPUoGSrRWEqiInJ4m8y4gqZETNLKFPc3krYhCrKjE2nZEPw1l/eJJ1a1XOr3sNNpVHL4yjCBVzCNXhQhwbcQxPawGAMz/AKb45wXpx352PVWnDymXP4A+fzB9F9jW0=</latexit>

T3
<latexit sha1_base64="XwQGrvQHzR0Ip6lSAApkYnhyJi0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUem4OrQbniVt0FyDrxclKBHI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPUzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+1a1XOr3sN1pV7L4yjCGZzDJXhwA3W4hwa0gMEInuEV3hzhvDjvzseyteDkM6fwB87nD9MBjW4=</latexit><latexit sha1_base64="XwQGrvQHzR0Ip6lSAApkYnhyJi0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUem4OrQbniVt0FyDrxclKBHI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPUzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+1a1XOr3sN1pV7L4yjCGZzDJXhwA3W4hwa0gMEInuEV3hzhvDjvzseyteDkM6fwB87nD9MBjW4=</latexit><latexit sha1_base64="XwQGrvQHzR0Ip6lSAApkYnhyJi0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUem4OrQbniVt0FyDrxclKBHI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPUzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+1a1XOr3sN1pV7L4yjCGZzDJXhwA3W4hwa0gMEInuEV3hzhvDjvzseyteDkM6fwB87nD9MBjW4=</latexit><latexit sha1_base64="XwQGrvQHzR0Ip6lSAApkYnhyJi0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUem4OrQbniVt0FyDrxclKBHI1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLUGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPUzLpPUoGTLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2nZEPwVl9eJ+1a1XOr3sN1pV7L4yjCGZzDJXhwA3W4hwa0gMEInuEV3hzhvDjvzseyteDkM6fwB87nD9MBjW4=</latexit>

Chebyshev 
orthonormal basis

[1] Rivlin, Chebyshev Polynomials: From Approximation Theory to Algebra and Number Theory, 1990
[2] Defferrard-Bresson-Vandergheynst, Convolutional neural networks on graphs with fast localized spectral filtering, 2016

<latexit sha1_base64="xaX5+uN0IleojYrzKDkqOZSMbNA="></latexit>

h`+1 = ⌘(g✓`(L)h`) 2 Rn⇥d, with g✓`(L) =
K�1X

k=0

✓`kTk(L) 2 Rn⇥n

= ⌘(
K�1X

k=0

✓`kX
`
k) 2 Rn⇥d, X`

k = Tk(L)h
` 2 Rn⇥d

and new recursive equation : Xk = 2L̃Xk�1 �Xk�2, X0, k = 1, ...,K � 1,

with X1 = L̃h, X0 = h, L̃ = 2��1
n L� In.
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ChebNet : Fast but isotropic

Xavier Bresson 38

ChebNet :
Generalized ConvNet for arbitrary graph domains.
Same O(n) / linear learning complexity (but with larger complexity constant).
Limitation : Isotropic filtering.

Isotropy vs. anisotropy : 
Standard / grid ConvNet produce anisotropic filters because Euclidean grids have 
directional structures (up, down, left, right).
Spectral ConvNets like ChebNet compute isotropic filters around each node because 
there is no notion of directions on arbitrary graphs.

OptimizationAccuracy Running time

Linear 
complexity

Quadratic 
complexity

MNIST 
experiment
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Lab 1 : ChebNet

Xavier Bresson 39

Implement ChebNet[1] (10th most cited paper at NeurIPS)

[1] Defferrard-Bresson-Vandergheynst, Convolutional neural networks on graphs with fast localized spectral filtering, 2016

Grid28 x 28 image

Gray-scale color
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ChebNet for multiple graphs 

Xavier Bresson 40

[1] Monti-Bronstein-Bresson, Geometric matrix completion with recurrent multi-graph neural networks, 2017
[2] Kalofolias-Bresson-Bronstein-Vandergheynst, Matrix completion on graphs, 2014

Chebyshev convolution on two graph domains[1] :

Recommendation task : 
Ratings lie on the product of user and item graphs.
Matrix completion regularized by both graph structures[2].

2D spectral filter 
gθ(λ1,λ2)

G1
<latexit sha1_base64="7LVQMRubg0DzYcQzolIh9RMztyg=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZcFF7qsYB/QjiWTpm1oJjMkd5Qy9D/cuFDErf/izr8x085CWw8EDufcyz05QSyFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZaJEM95kkYx0J6CGS6F4EwVK3ok1p2EgeTuYXGd++5FrIyJ1j9OY+yEdKTEUjKKVHnohxTGjMr2Z9b1Sv1xxq+4cZJV4OalAjka//NUbRCwJuUImqTFdz43RT6lGwSSflXqJ4TFlEzriXUsVDbnx03nqGTmzyoAMI22fQjJXf2+kNDRmGgZ2Mktplr1M/M/rJji88lOh4gS5YotDw0QSjEhWARkIzRnKqSWUaWGzEjammjK0RWUleMtfXiWtWtVzq97dRaVey+sowgmcwjl4cAl1uIUGNIGBhmd4hTfnyXlx3p2PxWjByXeO4Q+czx/bT5IF</latexit><latexit sha1_base64="7LVQMRubg0DzYcQzolIh9RMztyg=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZcFF7qsYB/QjiWTpm1oJjMkd5Qy9D/cuFDErf/izr8x085CWw8EDufcyz05QSyFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZaJEM95kkYx0J6CGS6F4EwVK3ok1p2EgeTuYXGd++5FrIyJ1j9OY+yEdKTEUjKKVHnohxTGjMr2Z9b1Sv1xxq+4cZJV4OalAjka//NUbRCwJuUImqTFdz43RT6lGwSSflXqJ4TFlEzriXUsVDbnx03nqGTmzyoAMI22fQjJXf2+kNDRmGgZ2Mktplr1M/M/rJji88lOh4gS5YotDw0QSjEhWARkIzRnKqSWUaWGzEjammjK0RWUleMtfXiWtWtVzq97dRaVey+sowgmcwjl4cAl1uIUGNIGBhmd4hTfnyXlx3p2PxWjByXeO4Q+czx/bT5IF</latexit><latexit sha1_base64="7LVQMRubg0DzYcQzolIh9RMztyg=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZcFF7qsYB/QjiWTpm1oJjMkd5Qy9D/cuFDErf/izr8x085CWw8EDufcyz05QSyFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZaJEM95kkYx0J6CGS6F4EwVK3ok1p2EgeTuYXGd++5FrIyJ1j9OY+yEdKTEUjKKVHnohxTGjMr2Z9b1Sv1xxq+4cZJV4OalAjka//NUbRCwJuUImqTFdz43RT6lGwSSflXqJ4TFlEzriXUsVDbnx03nqGTmzyoAMI22fQjJXf2+kNDRmGgZ2Mktplr1M/M/rJji88lOh4gS5YotDw0QSjEhWARkIzRnKqSWUaWGzEjammjK0RWUleMtfXiWtWtVzq97dRaVey+sowgmcwjl4cAl1uIUGNIGBhmd4hTfnyXlx3p2PxWjByXeO4Q+czx/bT5IF</latexit><latexit sha1_base64="7LVQMRubg0DzYcQzolIh9RMztyg=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZcFF7qsYB/QjiWTpm1oJjMkd5Qy9D/cuFDErf/izr8x085CWw8EDufcyz05QSyFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZaJEM95kkYx0J6CGS6F4EwVK3ok1p2EgeTuYXGd++5FrIyJ1j9OY+yEdKTEUjKKVHnohxTGjMr2Z9b1Sv1xxq+4cZJV4OalAjka//NUbRCwJuUImqTFdz43RT6lGwSSflXqJ4TFlEzriXUsVDbnx03nqGTmzyoAMI22fQjJXf2+kNDRmGgZ2Mktplr1M/M/rJji88lOh4gS5YotDw0QSjEhWARkIzRnKqSWUaWGzEjammjK0RWUleMtfXiWtWtVzq97dRaVey+sowgmcwjl4cAl1uIUGNIGBhmd4hTfnyXlx3p2PxWjByXeO4Q+czx/bT5IF</latexit>

G2
<latexit sha1_base64="spnecJBuGNZS36/iUvdie3qMzRY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZcFF7qsYB/QjiWT3rahmcyQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QSy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT68xvP6LSPJL3ZhqjH9KR5EPOqLHSQy+kZsyoSG9m/VqpX664VXcOskq8nFQgR6Nf/uoNIpaEKA0TVOuu58bGT6kynAmclXqJxpiyCR1h11JJQ9R+Ok89I2dWGZBhpOyThszV3xspDbWehoGdzFLqZS8T//O6iRle+SmXcWJQssWhYSKIiUhWARlwhcyIqSWUKW6zEjamijJji8pK8Ja/vEpatarnVr27i0q9ltdRhBM4hXPw4BLqcAsNaAIDBc/wCm/Ok/PivDsfi9GCk+8cwx84nz/c1JIG</latexit><latexit sha1_base64="spnecJBuGNZS36/iUvdie3qMzRY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZcFF7qsYB/QjiWT3rahmcyQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QSy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT68xvP6LSPJL3ZhqjH9KR5EPOqLHSQy+kZsyoSG9m/VqpX664VXcOskq8nFQgR6Nf/uoNIpaEKA0TVOuu58bGT6kynAmclXqJxpiyCR1h11JJQ9R+Ok89I2dWGZBhpOyThszV3xspDbWehoGdzFLqZS8T//O6iRle+SmXcWJQssWhYSKIiUhWARlwhcyIqSWUKW6zEjamijJji8pK8Ja/vEpatarnVr27i0q9ltdRhBM4hXPw4BLqcAsNaAIDBc/wCm/Ok/PivDsfi9GCk+8cwx84nz/c1JIG</latexit><latexit sha1_base64="spnecJBuGNZS36/iUvdie3qMzRY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZcFF7qsYB/QjiWT3rahmcyQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QSy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT68xvP6LSPJL3ZhqjH9KR5EPOqLHSQy+kZsyoSG9m/VqpX664VXcOskq8nFQgR6Nf/uoNIpaEKA0TVOuu58bGT6kynAmclXqJxpiyCR1h11JJQ9R+Ok89I2dWGZBhpOyThszV3xspDbWehoGdzFLqZS8T//O6iRle+SmXcWJQssWhYSKIiUhWARlwhcyIqSWUKW6zEjamijJji8pK8Ja/vEpatarnVr27i0q9ltdRhBM4hXPw4BLqcAsNaAIDBc/wCm/Ok/PivDsfi9GCk+8cwx84nz/c1JIG</latexit><latexit sha1_base64="spnecJBuGNZS36/iUvdie3qMzRY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqswUQZcFF7qsYB/QjiWT3rahmcyQZJQy9D/cuFDErf/izr8x085CWw8EDufcyz05QSy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUJ6AaBZfYNNwI7MQKaRgIbAeT68xvP6LSPJL3ZhqjH9KR5EPOqLHSQy+kZsyoSG9m/VqpX664VXcOskq8nFQgR6Nf/uoNIpaEKA0TVOuu58bGT6kynAmclXqJxpiyCR1h11JJQ9R+Ok89I2dWGZBhpOyThszV3xspDbWehoGdzFLqZS8T//O6iRle+SmXcWJQssWhYSKIiUhWARlwhcyIqSWUKW6zEjamijJji8pK8Ja/vEpatarnVr27i0q9ltdRhBM4hXPw4BLqcAsNaAIDBc/wCm/Ok/PivDsfi9GCk+8cwx84nz/c1JIG</latexit>

n1 ⇥ n2
<latexit sha1_base64="BIR+XVyXKDYT0IbtOhdncCbNJw4=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPQY8OIxgnlAsi6zk9lkyOzsMtOrhCX/4cWDIl79F2/+jZPHQRMLGoqqbrq7wlQKg6777RTW1jc2t4rbpZ3dvf2D8uFRyySZZrzJEpnoTkgNl0LxJgqUvJNqTuNQ8nY4upn67UeujUjUPY5T7sd0oEQkGEUrPajA66GIuSEqqJWCcsWtujOQVeItSAUWaATlr14/YVnMFTJJjel6bop+TjUKJvmk1MsMTykb0QHvWqqo3eTns6sn5MwqfRIl2pZCMlN/T+Q0NmYch7Yzpjg0y95U/M/rZhhd+7lQaYZcsfmiKJMEEzKNgPSF5gzl2BLKtLC3EjakmjK0QU1D8JZfXiWtWtVzq97dZaV+sYijCCdwCufgwRXU4RYa0AQGGp7hFd6cJ+fFeXc+5q0FZzFzDH/gfP4ANfGRlQ==</latexit><latexit sha1_base64="BIR+XVyXKDYT0IbtOhdncCbNJw4=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPQY8OIxgnlAsi6zk9lkyOzsMtOrhCX/4cWDIl79F2/+jZPHQRMLGoqqbrq7wlQKg6777RTW1jc2t4rbpZ3dvf2D8uFRyySZZrzJEpnoTkgNl0LxJgqUvJNqTuNQ8nY4upn67UeujUjUPY5T7sd0oEQkGEUrPajA66GIuSEqqJWCcsWtujOQVeItSAUWaATlr14/YVnMFTJJjel6bop+TjUKJvmk1MsMTykb0QHvWqqo3eTns6sn5MwqfRIl2pZCMlN/T+Q0NmYch7Yzpjg0y95U/M/rZhhd+7lQaYZcsfmiKJMEEzKNgPSF5gzl2BLKtLC3EjakmjK0QU1D8JZfXiWtWtVzq97dZaV+sYijCCdwCufgwRXU4RYa0AQGGp7hFd6cJ+fFeXc+5q0FZzFzDH/gfP4ANfGRlQ==</latexit><latexit sha1_base64="BIR+XVyXKDYT0IbtOhdncCbNJw4=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPQY8OIxgnlAsi6zk9lkyOzsMtOrhCX/4cWDIl79F2/+jZPHQRMLGoqqbrq7wlQKg6777RTW1jc2t4rbpZ3dvf2D8uFRyySZZrzJEpnoTkgNl0LxJgqUvJNqTuNQ8nY4upn67UeujUjUPY5T7sd0oEQkGEUrPajA66GIuSEqqJWCcsWtujOQVeItSAUWaATlr14/YVnMFTJJjel6bop+TjUKJvmk1MsMTykb0QHvWqqo3eTns6sn5MwqfRIl2pZCMlN/T+Q0NmYch7Yzpjg0y95U/M/rZhhd+7lQaYZcsfmiKJMEEzKNgPSF5gzl2BLKtLC3EjakmjK0QU1D8JZfXiWtWtVzq97dZaV+sYijCCdwCufgwRXU4RYa0AQGGp7hFd6cJ+fFeXc+5q0FZzFzDH/gfP4ANfGRlQ==</latexit><latexit sha1_base64="BIR+XVyXKDYT0IbtOhdncCbNJw4=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPQY8OIxgnlAsi6zk9lkyOzsMtOrhCX/4cWDIl79F2/+jZPHQRMLGoqqbrq7wlQKg6777RTW1jc2t4rbpZ3dvf2D8uFRyySZZrzJEpnoTkgNl0LxJgqUvJNqTuNQ8nY4upn67UeujUjUPY5T7sd0oEQkGEUrPajA66GIuSEqqJWCcsWtujOQVeItSAUWaATlr14/YVnMFTJJjel6bop+TjUKJvmk1MsMTykb0QHvWqqo3eTns6sn5MwqfRIl2pZCMlN/T+Q0NmYch7Yzpjg0y95U/M/rZhhd+7lQaYZcsfmiKJMEEzKNgPSF5gzl2BLKtLC3EjakmjK0QU1D8JZfXiWtWtVzq97dZaV+sYijCCdwCufgwRXU4RYa0AQGGp7hFd6cJ+fFeXc+5q0FZzFzDH/gfP4ANfGRlQ==</latexit>

<latexit sha1_base64="2NhXbM36PgM+RQ1SQ/wBM+zi6hk="></latexit>

h`+1 = ⌘(g✓(L1, L2) ⇤G h`) 2 Rn1⇥n2⇥d, L1 2 Rn1⇥n1 , L2 2 Rn2⇥n2

= ⌘(
K1�1X

k1=0

K2�1X

k2=0

g✓`
k1,k2

Tk1(L̃1)h
`Tk2(L̃2)), L̃ = 2��1

n L� In

g✓(�1,�2) =
K1�1X

k1=0

K2�1X

k2=0

✓`k1,k2
Tk1(⇤1)Tk2(⇤2), ✓`k1,k2

2 RK1⇥K2

<latexit sha1_base64="FsuRwWLGsKUDZo6mR7BfxcrMrVo="></latexit>

min
h2Rn1⇥n2

khk⇤ + µk⌦ � (h� r)k2F + µ1 tr(h�1h
>)| {z }

khk2
G1

+µ2 tr(h
>�2h)| {z }

khk2
G2
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CayleyNet : Rational spectral filters

Xavier Bresson 41

ChebNets are unstable to produce filters with narrow spectral bands, e.g. graph communities.
Cayley rational[1] filters introduce a spectral zoom parameter z > 0.
CayleyNets[2] :

Focus on selected frequency bands through spectral zoom.
Spatially localized (exponential decay) and scalable on sparse graphs.
Richer spectral responses than polynomial filters of comparable order.
Laplacian-based/isotropic : No explicit directional parameterization.

[1] Cayley, Sur quelques propriétés des déterminants gauches, 1846
[2] Levi- Monti-Bresson-Bronstein, CayleyNets: Graph convolutional neural networks with complex rational spectral filters, 2018

<latexit sha1_base64="uaywyDBHfP9GsRDgcK27aVdIOjQ="></latexit>

g(L) = ✓0 + 2Re{
K�1X

k=0

✓k
(z�� i)k

(z�+ i)k
} 2 Rn⇥n

Laplacian spectrum Spectral zoom with distinct z

z = 0.1 z = 1 z = 10
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Outline

Xavier Bresson 42

ConvNets on Euclidean Grids

Architecture
From grids to graphs

Convolution on grids
Spectral Graph ConvNets

Spectral convolution

Spectral graph networks
Spatial Graph ConvNets 

Template matching
Isotropic graph networks

Anisotropic graph networks

Conclusion



43

Permutation-invariant graph convolution

Xavier Bresson 43

How to define template matching on graphs ?

Main issue : Neighbors have no canonical ordering or relative position.
Node indices are arbitrary labels and carry no positional meaning.

How to make graph convolution invariant to node label re-parametrization ?
Apply the same learnable transformation to every neighbor and aggregate symmetrically.

2

4w`

3

5

<latexit sha1_base64="qpSOMo9qU08lW43eWwfOiWGsgFw=">AAACMXicbVA9T8MwEHX4JnwVGFkMFRJTlSAkGJFYGItEAakJleNeWgvHiewLqIr6l1j4J4ilAwix8idw2gzQcvZJT+/enX0vyqQw6HkjZ25+YXFpeWXVXVvf2Nyqbe/cmDTXHFo8lam+i5gBKRS0UKCEu0wDSyIJt9HDRVm/fQRtRKqucZBBmLCeErHgDC3VqV0GEmJsu0EEPaEKpjUbDAs+dIPADfbL83QfgJQTXJL2gupWSjfQotfHkNJOre41vHHQWeBXoE6qaHZqr0E35XkCCrlkxrR9L8PQzkXBJdjJuYGM8QfWg7aFiiVgwmK88ZAeWqZL41TbVEjH7O+OgiXGDJLIKhOGfTNdK8n/au0c47OwECrLERSfPBTnkmJKS/toV2jgKAcWMK6F/SvlfaYZR2uya03wp1eeBTfHDd9r+Fcn9fPjyo4VskcOyBHxySk5J5ekSVqEk2fyRt7Jh/PijJxP52sinXOqnl3yJ5zvH/D/qCE=</latexit><latexit sha1_base64="qpSOMo9qU08lW43eWwfOiWGsgFw=">AAACMXicbVA9T8MwEHX4JnwVGFkMFRJTlSAkGJFYGItEAakJleNeWgvHiewLqIr6l1j4J4ilAwix8idw2gzQcvZJT+/enX0vyqQw6HkjZ25+YXFpeWXVXVvf2Nyqbe/cmDTXHFo8lam+i5gBKRS0UKCEu0wDSyIJt9HDRVm/fQRtRKqucZBBmLCeErHgDC3VqV0GEmJsu0EEPaEKpjUbDAs+dIPADfbL83QfgJQTXJL2gupWSjfQotfHkNJOre41vHHQWeBXoE6qaHZqr0E35XkCCrlkxrR9L8PQzkXBJdjJuYGM8QfWg7aFiiVgwmK88ZAeWqZL41TbVEjH7O+OgiXGDJLIKhOGfTNdK8n/au0c47OwECrLERSfPBTnkmJKS/toV2jgKAcWMK6F/SvlfaYZR2uya03wp1eeBTfHDd9r+Fcn9fPjyo4VskcOyBHxySk5J5ekSVqEk2fyRt7Jh/PijJxP52sinXOqnl3yJ5zvH/D/qCE=</latexit><latexit sha1_base64="qpSOMo9qU08lW43eWwfOiWGsgFw=">AAACMXicbVA9T8MwEHX4JnwVGFkMFRJTlSAkGJFYGItEAakJleNeWgvHiewLqIr6l1j4J4ilAwix8idw2gzQcvZJT+/enX0vyqQw6HkjZ25+YXFpeWXVXVvf2Nyqbe/cmDTXHFo8lam+i5gBKRS0UKCEu0wDSyIJt9HDRVm/fQRtRKqucZBBmLCeErHgDC3VqV0GEmJsu0EEPaEKpjUbDAs+dIPADfbL83QfgJQTXJL2gupWSjfQotfHkNJOre41vHHQWeBXoE6qaHZqr0E35XkCCrlkxrR9L8PQzkXBJdjJuYGM8QfWg7aFiiVgwmK88ZAeWqZL41TbVEjH7O+OgiXGDJLIKhOGfTNdK8n/au0c47OwECrLERSfPBTnkmJKS/toV2jgKAcWMK6F/SvlfaYZR2uya03wp1eeBTfHDd9r+Fcn9fPjyo4VskcOyBHxySk5J5ekSVqEk2fyRt7Jh/PijJxP52sinXOqnl3yJ5zvH/D/qCE=</latexit><latexit sha1_base64="qpSOMo9qU08lW43eWwfOiWGsgFw=">AAACMXicbVA9T8MwEHX4JnwVGFkMFRJTlSAkGJFYGItEAakJleNeWgvHiewLqIr6l1j4J4ilAwix8idw2gzQcvZJT+/enX0vyqQw6HkjZ25+YXFpeWXVXVvf2Nyqbe/cmDTXHFo8lam+i5gBKRS0UKCEu0wDSyIJt9HDRVm/fQRtRKqucZBBmLCeErHgDC3VqV0GEmJsu0EEPaEKpjUbDAs+dIPADfbL83QfgJQTXJL2gupWSjfQotfHkNJOre41vHHQWeBXoE6qaHZqr0E35XkCCrlkxrR9L8PQzkXBJdjJuYGM8QfWg7aFiiVgwmK88ZAeWqZL41TbVEjH7O+OgiXGDJLIKhOGfTNdK8n/au0c47OwECrLERSfPBTnkmJKS/toV2jgKAcWMK6F/SvlfaYZR2uya03wp1eeBTfHDd9r+Fcn9fPjyo4VskcOyBHxySk5J5ekSVqEk2fyRt7Jh/PijJxP52sinXOqnl3yJ5zvH/D/qCE=</latexit>

i
<latexit sha1_base64="EHlLAEDl5G05R25KQfxBEMo+hNI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48V7Qe0oWy203bpZhN2N0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZemAiujed9O6WNza3tnfKuu7d/cHhUOT5p6zhVDFssFrHqhlSj4BJbhhuB3UQhjUKBnXB6m/udJ1Sax/LRzBIMIjqWfMQZNVZ64K47qFS9mrcAWSd+QapQoDmofPWHMUsjlIYJqnXP9xITZFQZzgTO3X6qMaFsSsfYs1TSCHWQLU6dkwurDMkoVrakIQv190RGI61nUWg7I2ometXLxf+8XmpGN0HGZZIalGy5aJQKYmKS/02GXCEzYmYJZYrbWwmbUEWZsenkIfirL6+Tdr3mezX//qraqBdxlOEMzuESfLiGBtxBE1rAYAzP8ApvjnBenHfnY9lacoqZU/gD5/MHM7KNBQ==</latexit><latexit sha1_base64="EHlLAEDl5G05R25KQfxBEMo+hNI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48V7Qe0oWy203bpZhN2N0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZemAiujed9O6WNza3tnfKuu7d/cHhUOT5p6zhVDFssFrHqhlSj4BJbhhuB3UQhjUKBnXB6m/udJ1Sax/LRzBIMIjqWfMQZNVZ64K47qFS9mrcAWSd+QapQoDmofPWHMUsjlIYJqnXP9xITZFQZzgTO3X6qMaFsSsfYs1TSCHWQLU6dkwurDMkoVrakIQv190RGI61nUWg7I2ometXLxf+8XmpGN0HGZZIalGy5aJQKYmKS/02GXCEzYmYJZYrbWwmbUEWZsenkIfirL6+Tdr3mezX//qraqBdxlOEMzuESfLiGBtxBE1rAYAzP8ApvjnBenHfnY9lacoqZU/gD5/MHM7KNBQ==</latexit><latexit sha1_base64="EHlLAEDl5G05R25KQfxBEMo+hNI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48V7Qe0oWy203bpZhN2N0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZemAiujed9O6WNza3tnfKuu7d/cHhUOT5p6zhVDFssFrHqhlSj4BJbhhuB3UQhjUKBnXB6m/udJ1Sax/LRzBIMIjqWfMQZNVZ64K47qFS9mrcAWSd+QapQoDmofPWHMUsjlIYJqnXP9xITZFQZzgTO3X6qMaFsSsfYs1TSCHWQLU6dkwurDMkoVrakIQv190RGI61nUWg7I2ometXLxf+8XmpGN0HGZZIalGy5aJQKYmKS/02GXCEzYmYJZYrbWwmbUEWZsenkIfirL6+Tdr3mezX//qraqBdxlOEMzuESfLiGBtxBE1rAYAzP8ApvjnBenHfnY9lacoqZU/gD5/MHM7KNBQ==</latexit><latexit sha1_base64="EHlLAEDl5G05R25KQfxBEMo+hNI=">AAAB6nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48V7Qe0oWy203bpZhN2N0IJ/QlePCji1V/kzX/jps1BWx8MPN6bYWZemAiujed9O6WNza3tnfKuu7d/cHhUOT5p6zhVDFssFrHqhlSj4BJbhhuB3UQhjUKBnXB6m/udJ1Sax/LRzBIMIjqWfMQZNVZ64K47qFS9mrcAWSd+QapQoDmofPWHMUsjlIYJqnXP9xITZFQZzgTO3X6qMaFsSsfYs1TSCHWQLU6dkwurDMkoVrakIQv190RGI61nUWg7I2ometXLxf+8XmpGN0HGZZIalGy5aJQKYmKS/02GXCEzYmYJZYrbWwmbUEWZsenkIfirL6+Tdr3mezX//qraqBdxlOEMzuESfLiGBtxBE1rAYAzP8ApvjnBenHfnY9lacoqZU/gD5/MHM7KNBQ==</latexit>

j1
<latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit>

j2
<latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit>

j3
<latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit>

i0
<latexit sha1_base64="Oc2tjL//OxuWADiX4Em4jOPcim0=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbRU0mKoMeCF48V7Ae0oWy223bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeGEth0fO+ndLG5tb2TnnX3ds/ODyqHJ+0bZQYxlsskpHphtRyKTRvoUDJu7HhVIWSd8LpXe53nrixItKPOIt5oOhYi5FgFHNJXLruoFL1at4CZJ34BalCgeag8tUfRixRXCOT1Nqe78UYpNSgYJLP3X5ieUzZlI55L6OaKm6DdHHrnFxkypCMIpOVRrJQf0+kVFk7U2HWqShO7KqXi/95vQRHt0EqdJwg12y5aJRIghHJHydDYThDOcsIZUZktxI2oYYyzOLJQ/BXX14n7XrN92r+w3W1US/iKMMZnMMV+HADDbiHJrSAwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPlG2NNg==</latexit><latexit sha1_base64="Oc2tjL//OxuWADiX4Em4jOPcim0=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbRU0mKoMeCF48V7Ae0oWy223bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeGEth0fO+ndLG5tb2TnnX3ds/ODyqHJ+0bZQYxlsskpHphtRyKTRvoUDJu7HhVIWSd8LpXe53nrixItKPOIt5oOhYi5FgFHNJXLruoFL1at4CZJ34BalCgeag8tUfRixRXCOT1Nqe78UYpNSgYJLP3X5ieUzZlI55L6OaKm6DdHHrnFxkypCMIpOVRrJQf0+kVFk7U2HWqShO7KqXi/95vQRHt0EqdJwg12y5aJRIghHJHydDYThDOcsIZUZktxI2oYYyzOLJQ/BXX14n7XrN92r+w3W1US/iKMMZnMMV+HADDbiHJrSAwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPlG2NNg==</latexit><latexit sha1_base64="Oc2tjL//OxuWADiX4Em4jOPcim0=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbRU0mKoMeCF48V7Ae0oWy223bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeGEth0fO+ndLG5tb2TnnX3ds/ODyqHJ+0bZQYxlsskpHphtRyKTRvoUDJu7HhVIWSd8LpXe53nrixItKPOIt5oOhYi5FgFHNJXLruoFL1at4CZJ34BalCgeag8tUfRixRXCOT1Nqe78UYpNSgYJLP3X5ieUzZlI55L6OaKm6DdHHrnFxkypCMIpOVRrJQf0+kVFk7U2HWqShO7KqXi/95vQRHt0EqdJwg12y5aJRIghHJHydDYThDOcsIZUZktxI2oYYyzOLJQ/BXX14n7XrN92r+w3W1US/iKMMZnMMV+HADDbiHJrSAwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPlG2NNg==</latexit><latexit sha1_base64="Oc2tjL//OxuWADiX4Em4jOPcim0=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbRU0mKoMeCF48V7Ae0oWy223bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeGEth0fO+ndLG5tb2TnnX3ds/ODyqHJ+0bZQYxlsskpHphtRyKTRvoUDJu7HhVIWSd8LpXe53nrixItKPOIt5oOhYi5FgFHNJXLruoFL1at4CZJ34BalCgeag8tUfRixRXCOT1Nqe78UYpNSgYJLP3X5ieUzZlI55L6OaKm6DdHHrnFxkypCMIpOVRrJQf0+kVFk7U2HWqShO7KqXi/95vQRHt0EqdJwg12y5aJRIghHJHydDYThDOcsIZUZktxI2oYYyzOLJQ/BXX14n7XrN92r+w3W1US/iKMMZnMMV+HADDbiHJrSAwQSe4RXeHOW8OO/Ox7K15BQzp/AHzucPlG2NNg==</latexit>

j1
<latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit><latexit sha1_base64="NH+Vhx8bhCofWr/AkfznW/we7YU=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU8kWQY8FLx4rmLbQhrLZbtq1m03Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YSq4Np737VQ2Nre2d6q77t7+weFR7fiko5NMUebTRCSqFxLNBJfMN9wI1ksVI3EoWDec3hZ+94kpzRP5YGYpC2IyljzilBgr+Y9D7LrDWt1reAugdYJLUocS7WHtazBKaBYzaaggWvexl5ogJ8pwKtjcHWSapYROyZj1LZUkZjrIF8fO0YVVRihKlC1p0EL9PZGTWOtZHNrOmJiJXvUK8T+vn5noJsi5TDPDJF0uijKBTIKKz9GIK0aNmFlCqOL2VkQnRBFqbD5FCHj15XXSaTaw18D3V/VWs4yjCmdwDpeA4RpacAdt8IECh2d4hTdHOi/Ou/OxbK045cwp/IHz+QNbrI2q</latexit>

j2
<latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit><latexit sha1_base64="QrpZEdlnL/TH/mta4biXA1Fs43c=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeCF48VTFtoQ9lsN+3azW7Y3Qgl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5UcqZNp737VQ2Nre2d6q77t7+weFR7fiko2WmCA2I5FL1IqwpZ4IGhhlOe6miOIk47UbT28LvPlGlmRQPZpbSMMFjwWJGsLFS8Dhsuu6wVvca3gJonfglqUOJ9rD2NRhJkiVUGMKx1n3fS02YY2UY4XTuDjJNU0ymeEz7lgqcUB3mi2Pn6MIqIxRLZUsYtFB/T+Q40XqWRLYzwWaiV71C/M/rZya+CXMm0sxQQZaL4owjI1HxORoxRYnhM0swUczeisgEK0yMzacIwV99eZ10mg3fa/j3V/VWs4yjCmdwDpfgwzW04A7aEAABBs/wCm+OcF6cd+dj2VpxyplT+APn8wddMo2r</latexit>

j3
<latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit><latexit sha1_base64="VHR1Bk3vUG7sVRqlr+Vg0ZhUKXw=">AAAB7HicbVBNS8NAEJ31s8avqkcvi0XwVJIq6LHgxWMF0xbaUDbbTbt2swm7G6GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/0dr6xubWdmXH2d3bPzisHh23dZIpynyaiER1Q6KZ4JL5hhvBuqliJA4F64ST28LvPDGleSIfzDRlQUxGkkecEmMl/3Fw6TiDas2tu3PgVeKVpAYlWoPqV3+Y0Cxm0lBBtO55bmqCnCjDqWAzp59plhI6ISPWs1SSmOkgnx87w+dWGeIoUbakwXP190ROYq2ncWg7Y2LGetkrxP+8XmaimyDnMs0Mk3SxKMoENgkuPsdDrhg1YmoJoYrbWzEdE0WosfkUIXjLL6+SdqPuuXXv/qrWbJRxVOAUzuACPLiGJtxBC3ygwOEZXuENSfSC3tHHonUNlTMn8Afo8wdeuI2s</latexit>

j4
<latexit sha1_base64="jwfzyzFSUFJayipoph/2KD0Dx3k=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtKJvtpF27uwm7G6GE/gUvHhTx6h/y5r8xaXPQ1gcDj/dmmJkXxIIb67rfzsbm1vbObmmvvH9weHRcOTntmCjRDNssEpHuBdSg4ArblluBvVgjlYHAbjC9zf3uE2rDI/VgZzH6ko4VDzmjNpceh43ysFJ1a+4CZJ14BalCgdaw8jUYRSyRqCwT1Ji+58bWT6m2nAmclweJwZiyKR1jP6OKSjR+urh1Ti4zZUTCSGelLFmovydSKo2ZySDrlNROzKqXi/95/cSGN37KVZxYVGy5KEwEsRHJHycjrpFZMcsIZZpntxI2oZoym8WTh+CtvrxOOvWa59a8+0a1WS/iKME5XMAVeHANTbiDFrSBwQSe4RXeHOm8OO/Ox7J1wylmzuAPnM8fKyWNmQ==</latexit><latexit sha1_base64="jwfzyzFSUFJayipoph/2KD0Dx3k=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtKJvtpF27uwm7G6GE/gUvHhTx6h/y5r8xaXPQ1gcDj/dmmJkXxIIb67rfzsbm1vbObmmvvH9weHRcOTntmCjRDNssEpHuBdSg4ArblluBvVgjlYHAbjC9zf3uE2rDI/VgZzH6ko4VDzmjNpceh43ysFJ1a+4CZJ14BalCgdaw8jUYRSyRqCwT1Ji+58bWT6m2nAmclweJwZiyKR1jP6OKSjR+urh1Ti4zZUTCSGelLFmovydSKo2ZySDrlNROzKqXi/95/cSGN37KVZxYVGy5KEwEsRHJHycjrpFZMcsIZZpntxI2oZoym8WTh+CtvrxOOvWa59a8+0a1WS/iKME5XMAVeHANTbiDFrSBwQSe4RXeHOm8OO/Ox7J1wylmzuAPnM8fKyWNmQ==</latexit><latexit sha1_base64="jwfzyzFSUFJayipoph/2KD0Dx3k=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtKJvtpF27uwm7G6GE/gUvHhTx6h/y5r8xaXPQ1gcDj/dmmJkXxIIb67rfzsbm1vbObmmvvH9weHRcOTntmCjRDNssEpHuBdSg4ArblluBvVgjlYHAbjC9zf3uE2rDI/VgZzH6ko4VDzmjNpceh43ysFJ1a+4CZJ14BalCgdaw8jUYRSyRqCwT1Ji+58bWT6m2nAmclweJwZiyKR1jP6OKSjR+urh1Ti4zZUTCSGelLFmovydSKo2ZySDrlNROzKqXi/95/cSGN37KVZxYVGy5KEwEsRHJHycjrpFZMcsIZZpntxI2oZoym8WTh+CtvrxOOvWa59a8+0a1WS/iKME5XMAVeHANTbiDFrSBwQSe4RXeHOm8OO/Ox7J1wylmzuAPnM8fKyWNmQ==</latexit><latexit sha1_base64="jwfzyzFSUFJayipoph/2KD0Dx3k=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6LHgxWMF+wFtKJvtpF27uwm7G6GE/gUvHhTx6h/y5r8xaXPQ1gcDj/dmmJkXxIIb67rfzsbm1vbObmmvvH9weHRcOTntmCjRDNssEpHuBdSg4ArblluBvVgjlYHAbjC9zf3uE2rDI/VgZzH6ko4VDzmjNpceh43ysFJ1a+4CZJ14BalCgdaw8jUYRSyRqCwT1Ji+58bWT6m2nAmclweJwZiyKR1jP6OKSjR+urh1Ti4zZUTCSGelLFmovydSKo2ZySDrlNROzKqXi/95/cSGN37KVZxYVGy5KEwEsRHJHycjrpFZMcsIZZpntxI2oZoym8WTh+CtvrxOOvWa59a8+0a1WS/iKME5XMAVeHANTbiDFrSBwQSe4RXeHOm8OO/Ox7J1wylmzuAPnM8fKyWNmQ==</latexit>

j5
<latexit sha1_base64="K3UGuSFXJbsVvn4vHo6WES5WDeo=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fjw4rGC/YA2lM12067d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HFyVB5WqW3PnIKvEK0gVCjQHla/+MGKJ4hqZpNb2PDdGP6UGBZN8Vu4nlseUTeiI9zKqqeLWT+e3zsh5pgxJGJmsNJK5+nsipcraqQqyTkVxbJe9XPzP6yUY3vip0HGCXLPFojCRBCOSP06GwnCGcpoRyozIbiVsTA1lmMWTh+Atv7xK2vWa59a8+8tqo17EUYJTOIML8OAaGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/LKqNmg==</latexit><latexit sha1_base64="K3UGuSFXJbsVvn4vHo6WES5WDeo=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fjw4rGC/YA2lM12067d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HFyVB5WqW3PnIKvEK0gVCjQHla/+MGKJ4hqZpNb2PDdGP6UGBZN8Vu4nlseUTeiI9zKqqeLWT+e3zsh5pgxJGJmsNJK5+nsipcraqQqyTkVxbJe9XPzP6yUY3vip0HGCXLPFojCRBCOSP06GwnCGcpoRyozIbiVsTA1lmMWTh+Atv7xK2vWa59a8+8tqo17EUYJTOIML8OAaGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/LKqNmg==</latexit><latexit sha1_base64="K3UGuSFXJbsVvn4vHo6WES5WDeo=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fjw4rGC/YA2lM12067d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HFyVB5WqW3PnIKvEK0gVCjQHla/+MGKJ4hqZpNb2PDdGP6UGBZN8Vu4nlseUTeiI9zKqqeLWT+e3zsh5pgxJGJmsNJK5+nsipcraqQqyTkVxbJe9XPzP6yUY3vip0HGCXLPFojCRBCOSP06GwnCGcpoRyozIbiVsTA1lmMWTh+Atv7xK2vWa59a8+8tqo17EUYJTOIML8OAaGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/LKqNmg==</latexit><latexit sha1_base64="K3UGuSFXJbsVvn4vHo6WES5WDeo=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fjw4rGC/YA2lM12067d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HFyVB5WqW3PnIKvEK0gVCjQHla/+MGKJ4hqZpNb2PDdGP6UGBZN8Vu4nlseUTeiI9zKqqeLWT+e3zsh5pgxJGJmsNJK5+nsipcraqQqyTkVxbJe9XPzP6yUY3vip0HGCXLPFojCRBCOSP06GwnCGcpoRyozIbiVsTA1lmMWTh+Atv7xK2vWa59a8+8tqo17EUYJTOIML8OAaGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/LKqNmg==</latexit>

j6
<latexit sha1_base64="ymjaxKAmXHLpNokhI7H0jY7CymE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vjw4rGC/YA2lM12067d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HFyVB5WqW3PnIKvEK0gVCjQHla/+MGKJ4hqZpNb2PDdGP6UGBZN8Vu4nlseUTeiI9zKqqeLWT+e3zsh5pgxJGJmsNJK5+nsipcraqQqyTkVxbJe9XPzP6yUY3vip0HGCXLPFojCRBCOSP06GwnCGcpoRyozIbiVsTA1lmMWTh+Atv7xK2vWa59a8+8tqo17EUYJTOIML8OAaGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Li+Nmw==</latexit><latexit sha1_base64="ymjaxKAmXHLpNokhI7H0jY7CymE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vjw4rGC/YA2lM12067d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HFyVB5WqW3PnIKvEK0gVCjQHla/+MGKJ4hqZpNb2PDdGP6UGBZN8Vu4nlseUTeiI9zKqqeLWT+e3zsh5pgxJGJmsNJK5+nsipcraqQqyTkVxbJe9XPzP6yUY3vip0HGCXLPFojCRBCOSP06GwnCGcpoRyozIbiVsTA1lmMWTh+Atv7xK2vWa59a8+8tqo17EUYJTOIML8OAaGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Li+Nmw==</latexit><latexit sha1_base64="ymjaxKAmXHLpNokhI7H0jY7CymE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vjw4rGC/YA2lM12067d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HFyVB5WqW3PnIKvEK0gVCjQHla/+MGKJ4hqZpNb2PDdGP6UGBZN8Vu4nlseUTeiI9zKqqeLWT+e3zsh5pgxJGJmsNJK5+nsipcraqQqyTkVxbJe9XPzP6yUY3vip0HGCXLPFojCRBCOSP06GwnCGcpoRyozIbiVsTA1lmMWTh+Atv7xK2vWa59a8+8tqo17EUYJTOIML8OAaGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Li+Nmw==</latexit><latexit sha1_base64="ymjaxKAmXHLpNokhI7H0jY7CymE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vjw4rGC/YA2lM12067d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7T9xYEekHnMbcV3SkRSgYxVx6HFyVB5WqW3PnIKvEK0gVCjQHla/+MGKJ4hqZpNb2PDdGP6UGBZN8Vu4nlseUTeiI9zKqqeLWT+e3zsh5pgxJGJmsNJK5+nsipcraqQqyTkVxbJe9XPzP6yUY3vip0HGCXLPFojCRBCOSP06GwnCGcpoRyozIbiVsTA1lmMWTh+Atv7xK2vWa59a8+8tqo17EUYJTOIML8OAaGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Li+Nmw==</latexit>

2

4h`
ij1

3

5

<latexit sha1_base64="hQFi4Mt+RboB2sLQpwvBJlKCSgQ="></latexit><latexit sha1_base64="hQFi4Mt+RboB2sLQpwvBJlKCSgQ="></latexit><latexit sha1_base64="hQFi4Mt+RboB2sLQpwvBJlKCSgQ="></latexit><latexit sha1_base64="hQFi4Mt+RboB2sLQpwvBJlKCSgQ="></latexit>

2

4h`
ij2

3

5

<latexit sha1_base64="ZWVrGuUSmGfUkXPdXSLK9HscweM="></latexit><latexit sha1_base64="ZWVrGuUSmGfUkXPdXSLK9HscweM="></latexit><latexit sha1_base64="ZWVrGuUSmGfUkXPdXSLK9HscweM="></latexit><latexit sha1_base64="ZWVrGuUSmGfUkXPdXSLK9HscweM="></latexit>

2

4h`
ij3

3

5

<latexit sha1_base64="D+30JxsAfK8ExGpUupa7R4v20pc="></latexit><latexit sha1_base64="D+30JxsAfK8ExGpUupa7R4v20pc="></latexit><latexit sha1_base64="D+30JxsAfK8ExGpUupa7R4v20pc="></latexit><latexit sha1_base64="D+30JxsAfK8ExGpUupa7R4v20pc="></latexit>

2

4h`
ij4

3

5

<latexit sha1_base64="aMNKngd0z3IlUWTY9WdSfEtIpmI="></latexit><latexit sha1_base64="aMNKngd0z3IlUWTY9WdSfEtIpmI="></latexit><latexit sha1_base64="aMNKngd0z3IlUWTY9WdSfEtIpmI="></latexit><latexit sha1_base64="aMNKngd0z3IlUWTY9WdSfEtIpmI="></latexit>

2

4h`
ij5

3

5

<latexit sha1_base64="xk7dB5aL3WQ8IjAPcfv3Pphz0q8="></latexit><latexit sha1_base64="xk7dB5aL3WQ8IjAPcfv3Pphz0q8="></latexit><latexit sha1_base64="xk7dB5aL3WQ8IjAPcfv3Pphz0q8="></latexit><latexit sha1_base64="xk7dB5aL3WQ8IjAPcfv3Pphz0q8="></latexit>

2

4h`
ij6

3

5

<latexit sha1_base64="RJQu3G+tRwaWbJu/aYyWhAo3X70="></latexit><latexit sha1_base64="RJQu3G+tRwaWbJu/aYyWhAo3X70="></latexit><latexit sha1_base64="RJQu3G+tRwaWbJu/aYyWhAo3X70="></latexit><latexit sha1_base64="RJQu3G+tRwaWbJu/aYyWhAo3X70="></latexit>

2

4h`
i

3

5

<latexit sha1_base64="7KM0BvNLBZNWPlJ7Np0wDUjgDBE="></latexit><latexit sha1_base64="7KM0BvNLBZNWPlJ7Np0wDUjgDBE="></latexit><latexit sha1_base64="7KM0BvNLBZNWPlJ7Np0wDUjgDBE="></latexit><latexit sha1_base64="7KM0BvNLBZNWPlJ7Np0wDUjgDBE="></latexit>

Matching

<latexit sha1_base64="IWp9IkKY+xU9EGeDkwg6xGR//0U="></latexit>

h`+1
i = ⌘(

X

j2Ni

⌦
w`, h`

j

↵
) 2 R, w`, h`

j 2 Rd, one output feature

h`+1
i = ⌘(

X

j2Ni

W `h`
j) 2 Rd, W ` 2 Rd⇥d, multiple output features

h`+1 = ⌘(Ah`W `) 2 Rn⇥d, A 2 Rn⇥n is the adjacency matrix
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Outline

Xavier Bresson 44

ConvNets on Euclidean Grids

Architecture
From grids to graphs

Convolution on grids
Spectral Graph ConvNets

Spectral convolution

Spectral graph networks
Spatial Graph ConvNets 

Template matching
Isotropic graph networks

Anisotropic graph networks

Conclusion
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Graph convolutional network (GCN)

Xavier Bresson 45

Mathematical formulation[1,2] :

[1] Kipf-Welling, Semi-supervised classification with graph convolutional networks, 2016
[2] Sukhbaatar-Szlam-Fergus, Learning multiagent communication with backpropagation, 2016

h`+1
i = fGCN(h

`
i , {h`

j : j ! i})
<latexit sha1_base64="y0qpaato+8ezoUvGSGu+/UQnOck="></latexit><latexit sha1_base64="y0qpaato+8ezoUvGSGu+/UQnOck="></latexit><latexit sha1_base64="y0qpaato+8ezoUvGSGu+/UQnOck="></latexit><latexit sha1_base64="y0qpaato+8ezoUvGSGu+/UQnOck="></latexit>

i, h`
i

j, h`
j

i, h`+1
i

layer ` layer `+ 1

W `
<latexit sha1_base64="vfEOvcUdi5Ekpy9e4umDRv/ptCE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME84BkDbOT3mTM7MwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jco0wwZTQul2RA0KLrFhuRXYTjXSJBLYikY3M7/1hNpwJe/tOMUwoQPJY86odVKz9dBFIXqlsl/x5yCrJMhJGXLUe6Wvbl+xLEFpmaDGdAI/teGEasuZwGmxmxlMKRvRAXYclTRBE07m107JuVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/F1OOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQEUXQrD88ippViuBXwnuLsu1ah5HAU7hDC4ggCuowS3UoQEMHuEZXuHNU96L9+59LFrXvHzmBP7A+/wBZ/qO9A==</latexit><latexit sha1_base64="vfEOvcUdi5Ekpy9e4umDRv/ptCE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME84BkDbOT3mTM7MwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jco0wwZTQul2RA0KLrFhuRXYTjXSJBLYikY3M7/1hNpwJe/tOMUwoQPJY86odVKz9dBFIXqlsl/x5yCrJMhJGXLUe6Wvbl+xLEFpmaDGdAI/teGEasuZwGmxmxlMKRvRAXYclTRBE07m107JuVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/F1OOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQEUXQrD88ippViuBXwnuLsu1ah5HAU7hDC4ggCuowS3UoQEMHuEZXuHNU96L9+59LFrXvHzmBP7A+/wBZ/qO9A==</latexit><latexit sha1_base64="vfEOvcUdi5Ekpy9e4umDRv/ptCE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME84BkDbOT3mTM7MwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jco0wwZTQul2RA0KLrFhuRXYTjXSJBLYikY3M7/1hNpwJe/tOMUwoQPJY86odVKz9dBFIXqlsl/x5yCrJMhJGXLUe6Wvbl+xLEFpmaDGdAI/teGEasuZwGmxmxlMKRvRAXYclTRBE07m107JuVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/F1OOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQEUXQrD88ippViuBXwnuLsu1ah5HAU7hDC4ggCuowS3UoQEMHuEZXuHNU96L9+59LFrXvHzmBP7A+/wBZ/qO9A==</latexit><latexit sha1_base64="vfEOvcUdi5Ekpy9e4umDRv/ptCE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME84BkDbOT3mTM7MwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jco0wwZTQul2RA0KLrFhuRXYTjXSJBLYikY3M7/1hNpwJe/tOMUwoQPJY86odVKz9dBFIXqlsl/x5yCrJMhJGXLUe6Wvbl+xLEFpmaDGdAI/teGEasuZwGmxmxlMKRvRAXYclTRBE07m107JuVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/F1OOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQEUXQrD88ippViuBXwnuLsu1ah5HAU7hDC4ggCuowS3UoQEMHuEZXuHNU96L9+59LFrXvHzmBP7A+/wBZ/qO9A==</latexit>

W `
<latexit sha1_base64="vfEOvcUdi5Ekpy9e4umDRv/ptCE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME84BkDbOT3mTM7MwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jco0wwZTQul2RA0KLrFhuRXYTjXSJBLYikY3M7/1hNpwJe/tOMUwoQPJY86odVKz9dBFIXqlsl/x5yCrJMhJGXLUe6Wvbl+xLEFpmaDGdAI/teGEasuZwGmxmxlMKRvRAXYclTRBE07m107JuVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/F1OOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQEUXQrD88ippViuBXwnuLsu1ah5HAU7hDC4ggCuowS3UoQEMHuEZXuHNU96L9+59LFrXvHzmBP7A+/wBZ/qO9A==</latexit><latexit sha1_base64="vfEOvcUdi5Ekpy9e4umDRv/ptCE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME84BkDbOT3mTM7MwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jco0wwZTQul2RA0KLrFhuRXYTjXSJBLYikY3M7/1hNpwJe/tOMUwoQPJY86odVKz9dBFIXqlsl/x5yCrJMhJGXLUe6Wvbl+xLEFpmaDGdAI/teGEasuZwGmxmxlMKRvRAXYclTRBE07m107JuVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/F1OOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQEUXQrD88ippViuBXwnuLsu1ah5HAU7hDC4ggCuowS3UoQEMHuEZXuHNU96L9+59LFrXvHzmBP7A+/wBZ/qO9A==</latexit><latexit sha1_base64="vfEOvcUdi5Ekpy9e4umDRv/ptCE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME84BkDbOT3mTM7MwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jco0wwZTQul2RA0KLrFhuRXYTjXSJBLYikY3M7/1hNpwJe/tOMUwoQPJY86odVKz9dBFIXqlsl/x5yCrJMhJGXLUe6Wvbl+xLEFpmaDGdAI/teGEasuZwGmxmxlMKRvRAXYclTRBE07m107JuVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/F1OOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQEUXQrD88ippViuBXwnuLsu1ah5HAU7hDC4ggCuowS3UoQEMHuEZXuHNU96L9+59LFrXvHzmBP7A+/wBZ/qO9A==</latexit><latexit sha1_base64="vfEOvcUdi5Ekpy9e4umDRv/ptCE=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6DHgxWME84BkDbOT3mTM7MwyMyuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jco0wwZTQul2RA0KLrFhuRXYTjXSJBLYikY3M7/1hNpwJe/tOMUwoQPJY86odVKz9dBFIXqlsl/x5yCrJMhJGXLUe6Wvbl+xLEFpmaDGdAI/teGEasuZwGmxmxlMKRvRAXYclTRBE07m107JuVP6JFbalbRkrv6emNDEmHESuc6E2qFZ9mbif14ns/F1OOEyzSxKtlgUZ4JYRWavkz7XyKwYO0KZ5u5WwoZUU2ZdQEUXQrD88ippViuBXwnuLsu1ah5HAU7hDC4ggCuowS3UoQEMHuEZXuHNU96L9+59LFrXvHzmBP7A+/wBZ/qO9A==</latexit>

W `
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Basic spatial graph convolution network

Xavier Bresson 46

A minimal spatial GCN layer / function :

Handles the absence of a canonical ordering of nodes.

Is invariant to permutations of neighboring nodes and equivariant to global node              
re-labeling.

Uses normalization to account for varying neighborhood sizes.

Has a local receptive field defined by the graph neighborhood.

Shares weights across all nodes and edges, analogous to the weight-sharing property of 
convolution.

Has a number of learnable parameters independent of the graph size.

Is, however, limited to isotropic aggregation, treating all neighboring directions /             
features uniformly.
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Lab 2 : GCN

Xavier Bresson 47

Implement GCN[1] (Most cited paper in the GNN domain)

[1] Kipf-Welling, Semi-supervised classification with graph convolutional networks, 2016
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From ChebNet to GCN

Xavier Bresson 48

Chebyshev spectral convolution[1] :

GCN[2] can be derived as a first-order approximation of ChebNet spectral filters[2] :

As multiple layers may cause numerical instabilities and exploding / vanishing gradients, 
GCN applies the renormalization trick, i.e. self-loop :

[1] Defferrard-Bresson-Vandergheynst, Convolutional neural networks on graphs with fast localized spectral filtering, 2016
[2] Kipf-Welling, Semi-supervised classification with graph convolutional networks, 2016
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GraphSAGE : Sample and aggregate

Xavier Bresson 49

GraphSAGE[1] : Neighborhood aggregation with neighbor sampling.

Combine the central-node representation with an aggregated neighborhood representation.

Mean/max aggregators are permutation invariant, unlike the LSTM aggregator which is 
order sensitive.

i, h`
i

j, h`
j

i, h`+1
i

layer ` layer `+ 1

W `
1
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GIN : Expressive power of message passing
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Graph Isomorphism Network[1] (GIN) has the same discriminative power as the 1-WL graph 
isomorphism test[2].

Two graphs are isomorphic if a bijection between their nodes preserves adjacency.

The sum aggregation with an expressive MLP can distinguish multisets of neighbor features.

GIN is an isotropic message-passing GNN.
Two isomorphic 

graphs

[1] Xu-Hu-Leskovec-Jegelka, How powerful are graph neural networks, 2018
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Outline

Xavier Bresson 51

ConvNets on Euclidean Grids

Architecture
From grids to graphs

Convolution on grids
Spectral Graph ConvNets

Spectral convolution

Spectral graph networks
Spatial Graph ConvNets 

Template matching
Isotropic graph networks

Anisotropic graph networks

Conclusion
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From isotropic to anisotropic GNNs

Xavier Bresson 52

How to introduce anisotropy in GNNs ? 
Use geometric or semantic edge features[1,2] when 
available (e.g. bond type, relative position).
Learn edge-dependent weights while preserving 
equivariance to node re-parametrization/re-labeling.
Edge coordinates / edge gates / attention mechanism : 
MoNets[3], GAT[5], GatedGCNs[4] treat neighbors 
differently.

[1] Gilmer-Schoenholz-Riley-Vinyals-Dahl, Neural message passing for quantum chemistry, 2017
[2] Bresson-Laurent, A Two-Step Graph Convolutional Decoder for Molecule Generation, 2019
[3] Monti-Bronstein-etal, Geometric deep learning on graphs and manifolds using mixture model CNNs, 2016
[4] Bresson-Laurent, Residual gated graph convnets, 2017
[5] Velickovic-Bengio-etal, Graph Attention Networks, 2018
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j2, h
`
j2

<latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit><latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit><latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit><latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit>

i, h`
i

<latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit><latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit><latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit><latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit>

W `
<latexit sha1_base64="C6PYWY+W60UMBs9BjaeNCmw+21Q=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvHisYD8gjWWznbRLN5uwuxFK6c/w4kERr/4ab/4bN20O2vpg4PHeDDPzwlRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4yxbDFEpGobkg1Ci6xZbgR2E0V0jgU2AnHt7nfeUKleSIfzCTFIKZDySPOqLGS33nsoRCVHP1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBa+56bmmBKleFM4KzSyzSmlI3pEH1LJY1RB9P5yTNyZpUBiRJlSxoyV39PTGms9SQObWdMzUgve7n4n+dnJroJplymmUHJFouiTBCTkPx/MuAKmRETSyhT3N5K2IgqyoxNKQ/BW355lbQv655b9+6vao2LIo4ynMApnIMH19CAO2hCCxgk8Ayv8OYY58V5dz4WrSWnmDmGP3A+fwB2p49S</latexit><latexit sha1_base64="C6PYWY+W60UMBs9BjaeNCmw+21Q=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvHisYD8gjWWznbRLN5uwuxFK6c/w4kERr/4ab/4bN20O2vpg4PHeDDPzwlRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4yxbDFEpGobkg1Ci6xZbgR2E0V0jgU2AnHt7nfeUKleSIfzCTFIKZDySPOqLGS33nsoRCVHP1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBa+56bmmBKleFM4KzSyzSmlI3pEH1LJY1RB9P5yTNyZpUBiRJlSxoyV39PTGms9SQObWdMzUgve7n4n+dnJroJplymmUHJFouiTBCTkPx/MuAKmRETSyhT3N5K2IgqyoxNKQ/BW355lbQv655b9+6vao2LIo4ynMApnIMH19CAO2hCCxgk8Ayv8OYY58V5dz4WrSWnmDmGP3A+fwB2p49S</latexit><latexit sha1_base64="C6PYWY+W60UMBs9BjaeNCmw+21Q=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvHisYD8gjWWznbRLN5uwuxFK6c/w4kERr/4ab/4bN20O2vpg4PHeDDPzwlRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4yxbDFEpGobkg1Ci6xZbgR2E0V0jgU2AnHt7nfeUKleSIfzCTFIKZDySPOqLGS33nsoRCVHP1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBa+56bmmBKleFM4KzSyzSmlI3pEH1LJY1RB9P5yTNyZpUBiRJlSxoyV39PTGms9SQObWdMzUgve7n4n+dnJroJplymmUHJFouiTBCTkPx/MuAKmRETSyhT3N5K2IgqyoxNKQ/BW355lbQv655b9+6vao2LIo4ynMApnIMH19CAO2hCCxgk8Ayv8OYY58V5dz4WrSWnmDmGP3A+fwB2p49S</latexit><latexit sha1_base64="C6PYWY+W60UMBs9BjaeNCmw+21Q=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvHisYD8gjWWznbRLN5uwuxFK6c/w4kERr/4ab/4bN20O2vpg4PHeDDPzwlRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4yxbDFEpGobkg1Ci6xZbgR2E0V0jgU2AnHt7nfeUKleSIfzCTFIKZDySPOqLGS33nsoRCVHP1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBa+56bmmBKleFM4KzSyzSmlI3pEH1LJY1RB9P5yTNyZpUBiRJlSxoyV39PTGms9SQObWdMzUgve7n4n+dnJroJplymmUHJFouiTBCTkPx/MuAKmRETSyhT3N5K2IgqyoxNKQ/BW355lbQv655b9+6vao2LIo4ynMApnIMH19CAO2hCCxgk8Ayv8OYY58V5dz4WrSWnmDmGP3A+fwB2p49S</latexit>

W `
<latexit sha1_base64="C6PYWY+W60UMBs9BjaeNCmw+21Q=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvHisYD8gjWWznbRLN5uwuxFK6c/w4kERr/4ab/4bN20O2vpg4PHeDDPzwlRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4yxbDFEpGobkg1Ci6xZbgR2E0V0jgU2AnHt7nfeUKleSIfzCTFIKZDySPOqLGS33nsoRCVHP1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBa+56bmmBKleFM4KzSyzSmlI3pEH1LJY1RB9P5yTNyZpUBiRJlSxoyV39PTGms9SQObWdMzUgve7n4n+dnJroJplymmUHJFouiTBCTkPx/MuAKmRETSyhT3N5K2IgqyoxNKQ/BW355lbQv655b9+6vao2LIo4ynMApnIMH19CAO2hCCxgk8Ayv8OYY58V5dz4WrSWnmDmGP3A+fwB2p49S</latexit><latexit sha1_base64="C6PYWY+W60UMBs9BjaeNCmw+21Q=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvHisYD8gjWWznbRLN5uwuxFK6c/w4kERr/4ab/4bN20O2vpg4PHeDDPzwlRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4yxbDFEpGobkg1Ci6xZbgR2E0V0jgU2AnHt7nfeUKleSIfzCTFIKZDySPOqLGS33nsoRCVHP1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBa+56bmmBKleFM4KzSyzSmlI3pEH1LJY1RB9P5yTNyZpUBiRJlSxoyV39PTGms9SQObWdMzUgve7n4n+dnJroJplymmUHJFouiTBCTkPx/MuAKmRETSyhT3N5K2IgqyoxNKQ/BW355lbQv655b9+6vao2LIo4ynMApnIMH19CAO2hCCxgk8Ayv8OYY58V5dz4WrSWnmDmGP3A+fwB2p49S</latexit><latexit sha1_base64="C6PYWY+W60UMBs9BjaeNCmw+21Q=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvHisYD8gjWWznbRLN5uwuxFK6c/w4kERr/4ab/4bN20O2vpg4PHeDDPzwlRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4yxbDFEpGobkg1Ci6xZbgR2E0V0jgU2AnHt7nfeUKleSIfzCTFIKZDySPOqLGS33nsoRCVHP1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBa+56bmmBKleFM4KzSyzSmlI3pEH1LJY1RB9P5yTNyZpUBiRJlSxoyV39PTGms9SQObWdMzUgve7n4n+dnJroJplymmUHJFouiTBCTkPx/MuAKmRETSyhT3N5K2IgqyoxNKQ/BW355lbQv655b9+6vao2LIo4ynMApnIMH19CAO2hCCxgk8Ayv8OYY58V5dz4WrSWnmDmGP3A+fwB2p49S</latexit><latexit sha1_base64="C6PYWY+W60UMBs9BjaeNCmw+21Q=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvHisYD8gjWWznbRLN5uwuxFK6c/w4kERr/4ab/4bN20O2vpg4PHeDDPzwlRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4yxbDFEpGobkg1Ci6xZbgR2E0V0jgU2AnHt7nfeUKleSIfzCTFIKZDySPOqLGS33nsoRCVHP1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBa+56bmmBKleFM4KzSyzSmlI3pEH1LJY1RB9P5yTNyZpUBiRJlSxoyV39PTGms9SQObWdMzUgve7n4n+dnJroJplymmUHJFouiTBCTkPx/MuAKmRETSyhT3N5K2IgqyoxNKQ/BW355lbQv655b9+6vao2LIo4ynMApnIMH19CAO2hCCxgk8Ayv8OYY58V5dz4WrSWnmDmGP3A+fwB2p49S</latexit>

Isotropic 
weights

j1, h
`
j1

<latexit sha1_base64="5mQSrZFcDMPgVH66EHIyzB7gbQc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcOOygn1AG8NketOOnUzCzEQosQt/xY0LRdz6G+78GydtFtp64HIP59zL3DlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4E9DUTHPoJBJIFHBoB6Or3G8/gFQsFrd6nIAXkYFgIaNEG8m3D+99t4qHfmb65K4HnJdz+HbFqTlT4EXiFqSCCjR8+6vXj2kagdCUE6W6rpNoLyNSM8phUu6lChJCR2QAXUMFiUB52fT+CT4xSh+HsTQlNJ6qvzcyEik1jgIzGRE9VPNeLv7ndVMdXnoZE0mqQdDZQ2HKsY5xHgbuMwlU87EhhEpmbsV0SCSh2kSWh+DOf3mRtM5qrlNzb84r9WoRRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mI0uWcXOAfoD6/MHSpSTmQ==</latexit><latexit sha1_base64="5mQSrZFcDMPgVH66EHIyzB7gbQc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcOOygn1AG8NketOOnUzCzEQosQt/xY0LRdz6G+78GydtFtp64HIP59zL3DlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4E9DUTHPoJBJIFHBoB6Or3G8/gFQsFrd6nIAXkYFgIaNEG8m3D+99t4qHfmb65K4HnJdz+HbFqTlT4EXiFqSCCjR8+6vXj2kagdCUE6W6rpNoLyNSM8phUu6lChJCR2QAXUMFiUB52fT+CT4xSh+HsTQlNJ6qvzcyEik1jgIzGRE9VPNeLv7ndVMdXnoZE0mqQdDZQ2HKsY5xHgbuMwlU87EhhEpmbsV0SCSh2kSWh+DOf3mRtM5qrlNzb84r9WoRRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mI0uWcXOAfoD6/MHSpSTmQ==</latexit><latexit sha1_base64="5mQSrZFcDMPgVH66EHIyzB7gbQc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcOOygn1AG8NketOOnUzCzEQosQt/xY0LRdz6G+78GydtFtp64HIP59zL3DlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4E9DUTHPoJBJIFHBoB6Or3G8/gFQsFrd6nIAXkYFgIaNEG8m3D+99t4qHfmb65K4HnJdz+HbFqTlT4EXiFqSCCjR8+6vXj2kagdCUE6W6rpNoLyNSM8phUu6lChJCR2QAXUMFiUB52fT+CT4xSh+HsTQlNJ6qvzcyEik1jgIzGRE9VPNeLv7ndVMdXnoZE0mqQdDZQ2HKsY5xHgbuMwlU87EhhEpmbsV0SCSh2kSWh+DOf3mRtM5qrlNzb84r9WoRRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mI0uWcXOAfoD6/MHSpSTmQ==</latexit><latexit sha1_base64="5mQSrZFcDMPgVH66EHIyzB7gbQc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcOOygn1AG8NketOOnUzCzEQosQt/xY0LRdz6G+78GydtFtp64HIP59zL3DlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4E9DUTHPoJBJIFHBoB6Or3G8/gFQsFrd6nIAXkYFgIaNEG8m3D+99t4qHfmb65K4HnJdz+HbFqTlT4EXiFqSCCjR8+6vXj2kagdCUE6W6rpNoLyNSM8phUu6lChJCR2QAXUMFiUB52fT+CT4xSh+HsTQlNJ6qvzcyEik1jgIzGRE9VPNeLv7ndVMdXnoZE0mqQdDZQ2HKsY5xHgbuMwlU87EhhEpmbsV0SCSh2kSWh+DOf3mRtM5qrlNzb84r9WoRRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mI0uWcXOAfoD6/MHSpSTmQ==</latexit>

j2, h
`
j2

<latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit><latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit><latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit><latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit>

i, h`
i

<latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit><latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit><latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit><latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit>

W `
ij1

<latexit sha1_base64="kEosnm6tiBw8/fcWuvOnSwmt0y4=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwICURQY8FLx4r2A9oY9hsN+3azSbsbsQS8le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Nitb1e2d3b19+6DWUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS787iOVisXiTk8T6kV4JFjICNZG8u1a18/Yg+/m9wPKebWAb9edhjMDWiZuSepQouXbX4NhTNKICk04VqrvOon2Miw1I5zm1UGqaILJBI9o31CBI6q8bHZ7jk6MMkRhLE0JjWbq74kMR0pNo8B0RliP1aJXiP95/VSHV17GRJJqKsh8UZhypGNUBIGGTFKi+dQQTCQztyIyxhITbeIqQnAXX14mnfOG6zTc24t686yMowJHcAyn4MIlNOEGWtAGAk/wDK/wZuXWi/VufcxbV6xy5hD+wPr8AToEkoM=</latexit><latexit sha1_base64="kEosnm6tiBw8/fcWuvOnSwmt0y4=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwICURQY8FLx4r2A9oY9hsN+3azSbsbsQS8le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Nitb1e2d3b19+6DWUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS787iOVisXiTk8T6kV4JFjICNZG8u1a18/Yg+/m9wPKebWAb9edhjMDWiZuSepQouXbX4NhTNKICk04VqrvOon2Miw1I5zm1UGqaILJBI9o31CBI6q8bHZ7jk6MMkRhLE0JjWbq74kMR0pNo8B0RliP1aJXiP95/VSHV17GRJJqKsh8UZhypGNUBIGGTFKi+dQQTCQztyIyxhITbeIqQnAXX14mnfOG6zTc24t686yMowJHcAyn4MIlNOEGWtAGAk/wDK/wZuXWi/VufcxbV6xy5hD+wPr8AToEkoM=</latexit><latexit sha1_base64="kEosnm6tiBw8/fcWuvOnSwmt0y4=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwICURQY8FLx4r2A9oY9hsN+3azSbsbsQS8le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Nitb1e2d3b19+6DWUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS787iOVisXiTk8T6kV4JFjICNZG8u1a18/Yg+/m9wPKebWAb9edhjMDWiZuSepQouXbX4NhTNKICk04VqrvOon2Miw1I5zm1UGqaILJBI9o31CBI6q8bHZ7jk6MMkRhLE0JjWbq74kMR0pNo8B0RliP1aJXiP95/VSHV17GRJJqKsh8UZhypGNUBIGGTFKi+dQQTCQztyIyxhITbeIqQnAXX14mnfOG6zTc24t686yMowJHcAyn4MIlNOEGWtAGAk/wDK/wZuXWi/VufcxbV6xy5hD+wPr8AToEkoM=</latexit><latexit sha1_base64="kEosnm6tiBw8/fcWuvOnSwmt0y4=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwICURQY8FLx4r2A9oY9hsN+3azSbsbsQS8le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Nitb1e2d3b19+6DWUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS787iOVisXiTk8T6kV4JFjICNZG8u1a18/Yg+/m9wPKebWAb9edhjMDWiZuSepQouXbX4NhTNKICk04VqrvOon2Miw1I5zm1UGqaILJBI9o31CBI6q8bHZ7jk6MMkRhLE0JjWbq74kMR0pNo8B0RliP1aJXiP95/VSHV17GRJJqKsh8UZhypGNUBIGGTFKi+dQQTCQztyIyxhITbeIqQnAXX14mnfOG6zTc24t686yMowJHcAyn4MIlNOEGWtAGAk/wDK/wZuXWi/VufcxbV6xy5hD+wPr8AToEkoM=</latexit>

W `
ij2

<latexit sha1_base64="tEZ8Ci5GnBHi33qxvBO5CNjqKMw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBylJEfRY8OKxgv2AtobNdtKu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zM82POlHacb6u0tr6xuVXeruzs7u0f2IfVjooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PWn17nffQSpWCTu9CyGYUjGggWMEm0kz652vZQ9eI3sfgCcV3J4ds2pO3PgVeIWpIYKtDz7azCKaBKC0JQTpfquE+thSqRmlENWGSQKYkKnZAx9QwUJQQ3T+e0ZPjXKCAeRNCU0nqu/J1ISKjULfdMZEj1Ry14u/uf1Ex1cDVMm4kSDoItFQcKxjnAeBB4xCVTzmSGESmZuxXRCJKHaxJWH4C6/vEo6jbrr1N3bi1rzvIijjI7RCTpDLrpETXSDWqiNKHpCz+gVvVmZ9WK9Wx+L1pJVzByhP7A+fwA7k5KE</latexit><latexit sha1_base64="tEZ8Ci5GnBHi33qxvBO5CNjqKMw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBylJEfRY8OKxgv2AtobNdtKu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zM82POlHacb6u0tr6xuVXeruzs7u0f2IfVjooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PWn17nffQSpWCTu9CyGYUjGggWMEm0kz652vZQ9eI3sfgCcV3J4ds2pO3PgVeIWpIYKtDz7azCKaBKC0JQTpfquE+thSqRmlENWGSQKYkKnZAx9QwUJQQ3T+e0ZPjXKCAeRNCU0nqu/J1ISKjULfdMZEj1Ry14u/uf1Ex1cDVMm4kSDoItFQcKxjnAeBB4xCVTzmSGESmZuxXRCJKHaxJWH4C6/vEo6jbrr1N3bi1rzvIijjI7RCTpDLrpETXSDWqiNKHpCz+gVvVmZ9WK9Wx+L1pJVzByhP7A+fwA7k5KE</latexit><latexit sha1_base64="tEZ8Ci5GnBHi33qxvBO5CNjqKMw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBylJEfRY8OKxgv2AtobNdtKu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zM82POlHacb6u0tr6xuVXeruzs7u0f2IfVjooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PWn17nffQSpWCTu9CyGYUjGggWMEm0kz652vZQ9eI3sfgCcV3J4ds2pO3PgVeIWpIYKtDz7azCKaBKC0JQTpfquE+thSqRmlENWGSQKYkKnZAx9QwUJQQ3T+e0ZPjXKCAeRNCU0nqu/J1ISKjULfdMZEj1Ry14u/uf1Ex1cDVMm4kSDoItFQcKxjnAeBB4xCVTzmSGESmZuxXRCJKHaxJWH4C6/vEo6jbrr1N3bi1rzvIijjI7RCTpDLrpETXSDWqiNKHpCz+gVvVmZ9WK9Wx+L1pJVzByhP7A+fwA7k5KE</latexit><latexit sha1_base64="tEZ8Ci5GnBHi33qxvBO5CNjqKMw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBylJEfRY8OKxgv2AtobNdtKu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zM82POlHacb6u0tr6xuVXeruzs7u0f2IfVjooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PWn17nffQSpWCTu9CyGYUjGggWMEm0kz652vZQ9eI3sfgCcV3J4ds2pO3PgVeIWpIYKtDz7azCKaBKC0JQTpfquE+thSqRmlENWGSQKYkKnZAx9QwUJQQ3T+e0ZPjXKCAeRNCU0nqu/J1ISKjULfdMZEj1Ry14u/uf1Ex1cDVMm4kSDoItFQcKxjnAeBB4xCVTzmSGESmZuxXRCJKHaxJWH4C6/vEo6jbrr1N3bi1rzvIijjI7RCTpDLrpETXSDWqiNKHpCz+gVvVmZ9WK9Wx+L1pJVzByhP7A+fwA7k5KE</latexit>

Anisotropic 
weights

Reminder :
Grid ConvNets are anisotropic : Filter weights depend on relative positions 
(up, down, left, right).
Connectivity-only GNNs s.a. ChebNet, GCN, GraphSage, GIN are isotropic : 
Neighbors have no canonical directional labels.
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MoNet : Mixture-model graph convolution

Xavier Bresson 53

MoNet[1] introduces anisotropy by learning neighbor-dependent Gaussian kernels[2] over 
edge coordinates, allowing different neighbors to contribute differently.

Unlike spectral methods, MoNet defines localized spatial filters directly in the graph 
domain, making it applicable to irregular graphs.

[1] Monti-Boscaini-Masci-Rodolà-Svoboda-Bronstein, Geometric deep learning on graphs and manifolds using mixture model CNNs, 2016
[2] Dempster-Laird-Rubin, Maximum Likelihood from Incomplete Data Via the EM Algorithm, 1977

j1, h
`
j1

<latexit sha1_base64="5mQSrZFcDMPgVH66EHIyzB7gbQc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcOOygn1AG8NketOOnUzCzEQosQt/xY0LRdz6G+78GydtFtp64HIP59zL3DlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4E9DUTHPoJBJIFHBoB6Or3G8/gFQsFrd6nIAXkYFgIaNEG8m3D+99t4qHfmb65K4HnJdz+HbFqTlT4EXiFqSCCjR8+6vXj2kagdCUE6W6rpNoLyNSM8phUu6lChJCR2QAXUMFiUB52fT+CT4xSh+HsTQlNJ6qvzcyEik1jgIzGRE9VPNeLv7ndVMdXnoZE0mqQdDZQ2HKsY5xHgbuMwlU87EhhEpmbsV0SCSh2kSWh+DOf3mRtM5qrlNzb84r9WoRRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mI0uWcXOAfoD6/MHSpSTmQ==</latexit><latexit sha1_base64="5mQSrZFcDMPgVH66EHIyzB7gbQc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcOOygn1AG8NketOOnUzCzEQosQt/xY0LRdz6G+78GydtFtp64HIP59zL3DlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4E9DUTHPoJBJIFHBoB6Or3G8/gFQsFrd6nIAXkYFgIaNEG8m3D+99t4qHfmb65K4HnJdz+HbFqTlT4EXiFqSCCjR8+6vXj2kagdCUE6W6rpNoLyNSM8phUu6lChJCR2QAXUMFiUB52fT+CT4xSh+HsTQlNJ6qvzcyEik1jgIzGRE9VPNeLv7ndVMdXnoZE0mqQdDZQ2HKsY5xHgbuMwlU87EhhEpmbsV0SCSh2kSWh+DOf3mRtM5qrlNzb84r9WoRRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mI0uWcXOAfoD6/MHSpSTmQ==</latexit><latexit sha1_base64="5mQSrZFcDMPgVH66EHIyzB7gbQc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcOOygn1AG8NketOOnUzCzEQosQt/xY0LRdz6G+78GydtFtp64HIP59zL3DlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4E9DUTHPoJBJIFHBoB6Or3G8/gFQsFrd6nIAXkYFgIaNEG8m3D+99t4qHfmb65K4HnJdz+HbFqTlT4EXiFqSCCjR8+6vXj2kagdCUE6W6rpNoLyNSM8phUu6lChJCR2QAXUMFiUB52fT+CT4xSh+HsTQlNJ6qvzcyEik1jgIzGRE9VPNeLv7ndVMdXnoZE0mqQdDZQ2HKsY5xHgbuMwlU87EhhEpmbsV0SCSh2kSWh+DOf3mRtM5qrlNzb84r9WoRRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mI0uWcXOAfoD6/MHSpSTmQ==</latexit><latexit sha1_base64="5mQSrZFcDMPgVH66EHIyzB7gbQc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcOOygn1AG8NketOOnUzCzEQosQt/xY0LRdz6G+78GydtFtp64HIP59zL3DlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4E9DUTHPoJBJIFHBoB6Or3G8/gFQsFrd6nIAXkYFgIaNEG8m3D+99t4qHfmb65K4HnJdz+HbFqTlT4EXiFqSCCjR8+6vXj2kagdCUE6W6rpNoLyNSM8phUu6lChJCR2QAXUMFiUB52fT+CT4xSh+HsTQlNJ6qvzcyEik1jgIzGRE9VPNeLv7ndVMdXnoZE0mqQdDZQ2HKsY5xHgbuMwlU87EhhEpmbsV0SCSh2kSWh+DOf3mRtM5qrlNzb84r9WoRRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mI0uWcXOAfoD6/MHSpSTmQ==</latexit>

j2, h
`
j2

<latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit><latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit><latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit><latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit>

i, h`
i

<latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit><latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit><latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit><latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit>

W `
ij1

<latexit sha1_base64="kEosnm6tiBw8/fcWuvOnSwmt0y4=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwICURQY8FLx4r2A9oY9hsN+3azSbsbsQS8le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Nitb1e2d3b19+6DWUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS787iOVisXiTk8T6kV4JFjICNZG8u1a18/Yg+/m9wPKebWAb9edhjMDWiZuSepQouXbX4NhTNKICk04VqrvOon2Miw1I5zm1UGqaILJBI9o31CBI6q8bHZ7jk6MMkRhLE0JjWbq74kMR0pNo8B0RliP1aJXiP95/VSHV17GRJJqKsh8UZhypGNUBIGGTFKi+dQQTCQztyIyxhITbeIqQnAXX14mnfOG6zTc24t686yMowJHcAyn4MIlNOEGWtAGAk/wDK/wZuXWi/VufcxbV6xy5hD+wPr8AToEkoM=</latexit><latexit sha1_base64="kEosnm6tiBw8/fcWuvOnSwmt0y4=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwICURQY8FLx4r2A9oY9hsN+3azSbsbsQS8le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Nitb1e2d3b19+6DWUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS787iOVisXiTk8T6kV4JFjICNZG8u1a18/Yg+/m9wPKebWAb9edhjMDWiZuSepQouXbX4NhTNKICk04VqrvOon2Miw1I5zm1UGqaILJBI9o31CBI6q8bHZ7jk6MMkRhLE0JjWbq74kMR0pNo8B0RliP1aJXiP95/VSHV17GRJJqKsh8UZhypGNUBIGGTFKi+dQQTCQztyIyxhITbeIqQnAXX14mnfOG6zTc24t686yMowJHcAyn4MIlNOEGWtAGAk/wDK/wZuXWi/VufcxbV6xy5hD+wPr8AToEkoM=</latexit><latexit sha1_base64="kEosnm6tiBw8/fcWuvOnSwmt0y4=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwICURQY8FLx4r2A9oY9hsN+3azSbsbsQS8le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Nitb1e2d3b19+6DWUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS787iOVisXiTk8T6kV4JFjICNZG8u1a18/Yg+/m9wPKebWAb9edhjMDWiZuSepQouXbX4NhTNKICk04VqrvOon2Miw1I5zm1UGqaILJBI9o31CBI6q8bHZ7jk6MMkRhLE0JjWbq74kMR0pNo8B0RliP1aJXiP95/VSHV17GRJJqKsh8UZhypGNUBIGGTFKi+dQQTCQztyIyxhITbeIqQnAXX14mnfOG6zTc24t686yMowJHcAyn4MIlNOEGWtAGAk/wDK/wZuXWi/VufcxbV6xy5hD+wPr8AToEkoM=</latexit><latexit sha1_base64="kEosnm6tiBw8/fcWuvOnSwmt0y4=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwICURQY8FLx4r2A9oY9hsN+3azSbsbsQS8le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Nitb1e2d3b19+6DWUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS787iOVisXiTk8T6kV4JFjICNZG8u1a18/Yg+/m9wPKebWAb9edhjMDWiZuSepQouXbX4NhTNKICk04VqrvOon2Miw1I5zm1UGqaILJBI9o31CBI6q8bHZ7jk6MMkRhLE0JjWbq74kMR0pNo8B0RliP1aJXiP95/VSHV17GRJJqKsh8UZhypGNUBIGGTFKi+dQQTCQztyIyxhITbeIqQnAXX14mnfOG6zTc24t686yMowJHcAyn4MIlNOEGWtAGAk/wDK/wZuXWi/VufcxbV6xy5hD+wPr8AToEkoM=</latexit>

W `
ij2

<latexit sha1_base64="tEZ8Ci5GnBHi33qxvBO5CNjqKMw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBylJEfRY8OKxgv2AtobNdtKu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zM82POlHacb6u0tr6xuVXeruzs7u0f2IfVjooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PWn17nffQSpWCTu9CyGYUjGggWMEm0kz652vZQ9eI3sfgCcV3J4ds2pO3PgVeIWpIYKtDz7azCKaBKC0JQTpfquE+thSqRmlENWGSQKYkKnZAx9QwUJQQ3T+e0ZPjXKCAeRNCU0nqu/J1ISKjULfdMZEj1Ry14u/uf1Ex1cDVMm4kSDoItFQcKxjnAeBB4xCVTzmSGESmZuxXRCJKHaxJWH4C6/vEo6jbrr1N3bi1rzvIijjI7RCTpDLrpETXSDWqiNKHpCz+gVvVmZ9WK9Wx+L1pJVzByhP7A+fwA7k5KE</latexit><latexit sha1_base64="tEZ8Ci5GnBHi33qxvBO5CNjqKMw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBylJEfRY8OKxgv2AtobNdtKu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zM82POlHacb6u0tr6xuVXeruzs7u0f2IfVjooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PWn17nffQSpWCTu9CyGYUjGggWMEm0kz652vZQ9eI3sfgCcV3J4ds2pO3PgVeIWpIYKtDz7azCKaBKC0JQTpfquE+thSqRmlENWGSQKYkKnZAx9QwUJQQ3T+e0ZPjXKCAeRNCU0nqu/J1ISKjULfdMZEj1Ry14u/uf1Ex1cDVMm4kSDoItFQcKxjnAeBB4xCVTzmSGESmZuxXRCJKHaxJWH4C6/vEo6jbrr1N3bi1rzvIijjI7RCTpDLrpETXSDWqiNKHpCz+gVvVmZ9WK9Wx+L1pJVzByhP7A+fwA7k5KE</latexit><latexit sha1_base64="tEZ8Ci5GnBHi33qxvBO5CNjqKMw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBylJEfRY8OKxgv2AtobNdtKu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zM82POlHacb6u0tr6xuVXeruzs7u0f2IfVjooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PWn17nffQSpWCTu9CyGYUjGggWMEm0kz652vZQ9eI3sfgCcV3J4ds2pO3PgVeIWpIYKtDz7azCKaBKC0JQTpfquE+thSqRmlENWGSQKYkKnZAx9QwUJQQ3T+e0ZPjXKCAeRNCU0nqu/J1ISKjULfdMZEj1Ry14u/uf1Ex1cDVMm4kSDoItFQcKxjnAeBB4xCVTzmSGESmZuxXRCJKHaxJWH4C6/vEo6jbrr1N3bi1rzvIijjI7RCTpDLrpETXSDWqiNKHpCz+gVvVmZ9WK9Wx+L1pJVzByhP7A+fwA7k5KE</latexit><latexit sha1_base64="tEZ8Ci5GnBHi33qxvBO5CNjqKMw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBylJEfRY8OKxgv2AtobNdtKu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zM82POlHacb6u0tr6xuVXeruzs7u0f2IfVjooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PWn17nffQSpWCTu9CyGYUjGggWMEm0kz652vZQ9eI3sfgCcV3J4ds2pO3PgVeIWpIYKtDz7azCKaBKC0JQTpfquE+thSqRmlENWGSQKYkKnZAx9QwUJQQ3T+e0ZPjXKCAeRNCU0nqu/J1ISKjULfdMZEj1Ry14u/uf1Ex1cDVMm4kSDoItFQcKxjnAeBB4xCVTzmSGESmZuxXRCJKHaxJWH4C6/vEo6jbrr1N3bi1rzvIijjI7RCTpDLrpETXSDWqiNKHpCz+gVvVmZ9WK9Wx+L1pJVzByhP7A+fwA7k5KE</latexit>

<latexit sha1_base64="0ya90ofvMywZepls1GE3i3XyOtc="></latexit>
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GAT : Attention-based anisotropic aggregation

Xavier Bresson 54

Graph Attention Network[1] (GAT) introduces learnable attention coefficients αij that assign 
different importance to different neighbors, enabling anisotropic message passing while 
preserving permutation invariance for neighbors.

Multi-head attention improves representation capacity by learning multiple aggregation 
patterns, similar to the Transformer attention mechanism[2].

[1] Velickovic-Bengio-etal, Graph Attention Networks, 2018
[2] Vaswani-etal, Attention is all you need, 2017

j1, h
`
j1

<latexit sha1_base64="5mQSrZFcDMPgVH66EHIyzB7gbQc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcOOygn1AG8NketOOnUzCzEQosQt/xY0LRdz6G+78GydtFtp64HIP59zL3DlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4E9DUTHPoJBJIFHBoB6Or3G8/gFQsFrd6nIAXkYFgIaNEG8m3D+99t4qHfmb65K4HnJdz+HbFqTlT4EXiFqSCCjR8+6vXj2kagdCUE6W6rpNoLyNSM8phUu6lChJCR2QAXUMFiUB52fT+CT4xSh+HsTQlNJ6qvzcyEik1jgIzGRE9VPNeLv7ndVMdXnoZE0mqQdDZQ2HKsY5xHgbuMwlU87EhhEpmbsV0SCSh2kSWh+DOf3mRtM5qrlNzb84r9WoRRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mI0uWcXOAfoD6/MHSpSTmQ==</latexit><latexit sha1_base64="5mQSrZFcDMPgVH66EHIyzB7gbQc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcOOygn1AG8NketOOnUzCzEQosQt/xY0LRdz6G+78GydtFtp64HIP59zL3DlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4E9DUTHPoJBJIFHBoB6Or3G8/gFQsFrd6nIAXkYFgIaNEG8m3D+99t4qHfmb65K4HnJdz+HbFqTlT4EXiFqSCCjR8+6vXj2kagdCUE6W6rpNoLyNSM8phUu6lChJCR2QAXUMFiUB52fT+CT4xSh+HsTQlNJ6qvzcyEik1jgIzGRE9VPNeLv7ndVMdXnoZE0mqQdDZQ2HKsY5xHgbuMwlU87EhhEpmbsV0SCSh2kSWh+DOf3mRtM5qrlNzb84r9WoRRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mI0uWcXOAfoD6/MHSpSTmQ==</latexit><latexit sha1_base64="5mQSrZFcDMPgVH66EHIyzB7gbQc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcOOygn1AG8NketOOnUzCzEQosQt/xY0LRdz6G+78GydtFtp64HIP59zL3DlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4E9DUTHPoJBJIFHBoB6Or3G8/gFQsFrd6nIAXkYFgIaNEG8m3D+99t4qHfmb65K4HnJdz+HbFqTlT4EXiFqSCCjR8+6vXj2kagdCUE6W6rpNoLyNSM8phUu6lChJCR2QAXUMFiUB52fT+CT4xSh+HsTQlNJ6qvzcyEik1jgIzGRE9VPNeLv7ndVMdXnoZE0mqQdDZQ2HKsY5xHgbuMwlU87EhhEpmbsV0SCSh2kSWh+DOf3mRtM5qrlNzb84r9WoRRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mI0uWcXOAfoD6/MHSpSTmQ==</latexit><latexit sha1_base64="5mQSrZFcDMPgVH66EHIyzB7gbQc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcOOygn1AG8NketOOnUzCzEQosQt/xY0LRdz6G+78GydtFtp64HIP59zL3DlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4E9DUTHPoJBJIFHBoB6Or3G8/gFQsFrd6nIAXkYFgIaNEG8m3D+99t4qHfmb65K4HnJdz+HbFqTlT4EXiFqSCCjR8+6vXj2kagdCUE6W6rpNoLyNSM8phUu6lChJCR2QAXUMFiUB52fT+CT4xSh+HsTQlNJ6qvzcyEik1jgIzGRE9VPNeLv7ndVMdXnoZE0mqQdDZQ2HKsY5xHgbuMwlU87EhhEpmbsV0SCSh2kSWh+DOf3mRtM5qrlNzb84r9WoRRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mI0uWcXOAfoD6/MHSpSTmQ==</latexit>

j2, h
`
j2

<latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit><latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit><latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit><latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit>

i, h`
i

<latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit><latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit><latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit><latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit>

W `
ij1

<latexit sha1_base64="kEosnm6tiBw8/fcWuvOnSwmt0y4=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwICURQY8FLx4r2A9oY9hsN+3azSbsbsQS8le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Nitb1e2d3b19+6DWUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS787iOVisXiTk8T6kV4JFjICNZG8u1a18/Yg+/m9wPKebWAb9edhjMDWiZuSepQouXbX4NhTNKICk04VqrvOon2Miw1I5zm1UGqaILJBI9o31CBI6q8bHZ7jk6MMkRhLE0JjWbq74kMR0pNo8B0RliP1aJXiP95/VSHV17GRJJqKsh8UZhypGNUBIGGTFKi+dQQTCQztyIyxhITbeIqQnAXX14mnfOG6zTc24t686yMowJHcAyn4MIlNOEGWtAGAk/wDK/wZuXWi/VufcxbV6xy5hD+wPr8AToEkoM=</latexit><latexit sha1_base64="kEosnm6tiBw8/fcWuvOnSwmt0y4=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwICURQY8FLx4r2A9oY9hsN+3azSbsbsQS8le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Nitb1e2d3b19+6DWUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS787iOVisXiTk8T6kV4JFjICNZG8u1a18/Yg+/m9wPKebWAb9edhjMDWiZuSepQouXbX4NhTNKICk04VqrvOon2Miw1I5zm1UGqaILJBI9o31CBI6q8bHZ7jk6MMkRhLE0JjWbq74kMR0pNo8B0RliP1aJXiP95/VSHV17GRJJqKsh8UZhypGNUBIGGTFKi+dQQTCQztyIyxhITbeIqQnAXX14mnfOG6zTc24t686yMowJHcAyn4MIlNOEGWtAGAk/wDK/wZuXWi/VufcxbV6xy5hD+wPr8AToEkoM=</latexit><latexit sha1_base64="kEosnm6tiBw8/fcWuvOnSwmt0y4=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwICURQY8FLx4r2A9oY9hsN+3azSbsbsQS8le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Nitb1e2d3b19+6DWUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS787iOVisXiTk8T6kV4JFjICNZG8u1a18/Yg+/m9wPKebWAb9edhjMDWiZuSepQouXbX4NhTNKICk04VqrvOon2Miw1I5zm1UGqaILJBI9o31CBI6q8bHZ7jk6MMkRhLE0JjWbq74kMR0pNo8B0RliP1aJXiP95/VSHV17GRJJqKsh8UZhypGNUBIGGTFKi+dQQTCQztyIyxhITbeIqQnAXX14mnfOG6zTc24t686yMowJHcAyn4MIlNOEGWtAGAk/wDK/wZuXWi/VufcxbV6xy5hD+wPr8AToEkoM=</latexit><latexit sha1_base64="kEosnm6tiBw8/fcWuvOnSwmt0y4=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwICURQY8FLx4r2A9oY9hsN+3azSbsbsQS8le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Nitb1e2d3b19+6DWUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS787iOVisXiTk8T6kV4JFjICNZG8u1a18/Yg+/m9wPKebWAb9edhjMDWiZuSepQouXbX4NhTNKICk04VqrvOon2Miw1I5zm1UGqaILJBI9o31CBI6q8bHZ7jk6MMkRhLE0JjWbq74kMR0pNo8B0RliP1aJXiP95/VSHV17GRJJqKsh8UZhypGNUBIGGTFKi+dQQTCQztyIyxhITbeIqQnAXX14mnfOG6zTc24t686yMowJHcAyn4MIlNOEGWtAGAk/wDK/wZuXWi/VufcxbV6xy5hD+wPr8AToEkoM=</latexit>

W `
ij2

<latexit sha1_base64="tEZ8Ci5GnBHi33qxvBO5CNjqKMw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBylJEfRY8OKxgv2AtobNdtKu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zM82POlHacb6u0tr6xuVXeruzs7u0f2IfVjooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PWn17nffQSpWCTu9CyGYUjGggWMEm0kz652vZQ9eI3sfgCcV3J4ds2pO3PgVeIWpIYKtDz7azCKaBKC0JQTpfquE+thSqRmlENWGSQKYkKnZAx9QwUJQQ3T+e0ZPjXKCAeRNCU0nqu/J1ISKjULfdMZEj1Ry14u/uf1Ex1cDVMm4kSDoItFQcKxjnAeBB4xCVTzmSGESmZuxXRCJKHaxJWH4C6/vEo6jbrr1N3bi1rzvIijjI7RCTpDLrpETXSDWqiNKHpCz+gVvVmZ9WK9Wx+L1pJVzByhP7A+fwA7k5KE</latexit><latexit sha1_base64="tEZ8Ci5GnBHi33qxvBO5CNjqKMw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBylJEfRY8OKxgv2AtobNdtKu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zM82POlHacb6u0tr6xuVXeruzs7u0f2IfVjooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PWn17nffQSpWCTu9CyGYUjGggWMEm0kz652vZQ9eI3sfgCcV3J4ds2pO3PgVeIWpIYKtDz7azCKaBKC0JQTpfquE+thSqRmlENWGSQKYkKnZAx9QwUJQQ3T+e0ZPjXKCAeRNCU0nqu/J1ISKjULfdMZEj1Ry14u/uf1Ex1cDVMm4kSDoItFQcKxjnAeBB4xCVTzmSGESmZuxXRCJKHaxJWH4C6/vEo6jbrr1N3bi1rzvIijjI7RCTpDLrpETXSDWqiNKHpCz+gVvVmZ9WK9Wx+L1pJVzByhP7A+fwA7k5KE</latexit><latexit sha1_base64="tEZ8Ci5GnBHi33qxvBO5CNjqKMw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBylJEfRY8OKxgv2AtobNdtKu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zM82POlHacb6u0tr6xuVXeruzs7u0f2IfVjooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PWn17nffQSpWCTu9CyGYUjGggWMEm0kz652vZQ9eI3sfgCcV3J4ds2pO3PgVeIWpIYKtDz7azCKaBKC0JQTpfquE+thSqRmlENWGSQKYkKnZAx9QwUJQQ3T+e0ZPjXKCAeRNCU0nqu/J1ISKjULfdMZEj1Ry14u/uf1Ex1cDVMm4kSDoItFQcKxjnAeBB4xCVTzmSGESmZuxXRCJKHaxJWH4C6/vEo6jbrr1N3bi1rzvIijjI7RCTpDLrpETXSDWqiNKHpCz+gVvVmZ9WK9Wx+L1pJVzByhP7A+fwA7k5KE</latexit><latexit sha1_base64="tEZ8Ci5GnBHi33qxvBO5CNjqKMw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBylJEfRY8OKxgv2AtobNdtKu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zM82POlHacb6u0tr6xuVXeruzs7u0f2IfVjooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PWn17nffQSpWCTu9CyGYUjGggWMEm0kz652vZQ9eI3sfgCcV3J4ds2pO3PgVeIWpIYKtDz7azCKaBKC0JQTpfquE+thSqRmlENWGSQKYkKnZAx9QwUJQQ3T+e0ZPjXKCAeRNCU0nqu/J1ISKjULfdMZEj1Ry14u/uf1Ex1cDVMm4kSDoItFQcKxjnAeBB4xCVTzmSGESmZuxXRCJKHaxJWH4C6/vEo6jbrr1N3bi1rzvIijjI7RCTpDLrpETXSDWqiNKHpCz+gVvVmZ9WK9Wx+L1pJVzByhP7A+fwA7k5KE</latexit>

<latexit sha1_base64="LJfTvjFGEC0f6mOSls+wea1kTGo="></latexit>

ek,`ij = LeakyReLU
�
(ak,`)>

⇥
W k,`h`

ikW k,`h`
j

⇤�
2 R

↵k,`
ij =

exp(ek,`ij )
P

j02Ni[{i} exp(e
k,`
ij0 )

2 R+

h`+1
i = kKk=1⌘(

X

j2Ni[{i}

↵k,`
ij W k,`h`

j) 2 Rd
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Lab 3 : GAT

Xavier Bresson 55

Implement GAT[1] (second most cited paper in the GNN domain)

[1] Velickovic-Bengio-etal, Graph Attention Networks, 2018 



56

GatedGCN : Anisotropic edge gating

Xavier Bresson 56

GatedGCN[1] use learnable edge gates for anisotropic neighborhood aggregation.

The model is based on Perona-Malik’s anisotropic PDE[2] generalized on graphs. 

Edge gates are vectorial / feature-wise, unlike scalar attention coefficient[3]. 

Edge representations are explicitly updated, enabling edge-aware message passing, and 
critical for edge prediction tasks.

Residual connections and batch normalization speed up optimization of multi-layer 
GNNs, and improve generalization.

[1] Bresson-Laurent, Residual gated graph convnets, 2017
[2] Perona-Malik, Scale-space and edge detection using anisotropic diffusion, 1987
[3] Vaswani-etal, Attention is all you need, 2017

j1, h
`
j1

<latexit sha1_base64="5mQSrZFcDMPgVH66EHIyzB7gbQc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcOOygn1AG8NketOOnUzCzEQosQt/xY0LRdz6G+78GydtFtp64HIP59zL3DlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4E9DUTHPoJBJIFHBoB6Or3G8/gFQsFrd6nIAXkYFgIaNEG8m3D+99t4qHfmb65K4HnJdz+HbFqTlT4EXiFqSCCjR8+6vXj2kagdCUE6W6rpNoLyNSM8phUu6lChJCR2QAXUMFiUB52fT+CT4xSh+HsTQlNJ6qvzcyEik1jgIzGRE9VPNeLv7ndVMdXnoZE0mqQdDZQ2HKsY5xHgbuMwlU87EhhEpmbsV0SCSh2kSWh+DOf3mRtM5qrlNzb84r9WoRRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mI0uWcXOAfoD6/MHSpSTmQ==</latexit><latexit sha1_base64="5mQSrZFcDMPgVH66EHIyzB7gbQc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcOOygn1AG8NketOOnUzCzEQosQt/xY0LRdz6G+78GydtFtp64HIP59zL3DlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4E9DUTHPoJBJIFHBoB6Or3G8/gFQsFrd6nIAXkYFgIaNEG8m3D+99t4qHfmb65K4HnJdz+HbFqTlT4EXiFqSCCjR8+6vXj2kagdCUE6W6rpNoLyNSM8phUu6lChJCR2QAXUMFiUB52fT+CT4xSh+HsTQlNJ6qvzcyEik1jgIzGRE9VPNeLv7ndVMdXnoZE0mqQdDZQ2HKsY5xHgbuMwlU87EhhEpmbsV0SCSh2kSWh+DOf3mRtM5qrlNzb84r9WoRRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mI0uWcXOAfoD6/MHSpSTmQ==</latexit><latexit sha1_base64="5mQSrZFcDMPgVH66EHIyzB7gbQc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcOOygn1AG8NketOOnUzCzEQosQt/xY0LRdz6G+78GydtFtp64HIP59zL3DlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4E9DUTHPoJBJIFHBoB6Or3G8/gFQsFrd6nIAXkYFgIaNEG8m3D+99t4qHfmb65K4HnJdz+HbFqTlT4EXiFqSCCjR8+6vXj2kagdCUE6W6rpNoLyNSM8phUu6lChJCR2QAXUMFiUB52fT+CT4xSh+HsTQlNJ6qvzcyEik1jgIzGRE9VPNeLv7ndVMdXnoZE0mqQdDZQ2HKsY5xHgbuMwlU87EhhEpmbsV0SCSh2kSWh+DOf3mRtM5qrlNzb84r9WoRRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mI0uWcXOAfoD6/MHSpSTmQ==</latexit><latexit sha1_base64="5mQSrZFcDMPgVH66EHIyzB7gbQc=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISEXRZcOOygn1AG8NketOOnUzCzEQosQt/xY0LRdz6G+78GydtFtp64HIP59zL3DlBwpnSjvNtLS2vrK6tlzbKm1vbO7v23n5Lxamk0KQxj2UnIAo4E9DUTHPoJBJIFHBoB6Or3G8/gFQsFrd6nIAXkYFgIaNEG8m3D+99t4qHfmb65K4HnJdz+HbFqTlT4EXiFqSCCjR8+6vXj2kagdCUE6W6rpNoLyNSM8phUu6lChJCR2QAXUMFiUB52fT+CT4xSh+HsTQlNJ6qvzcyEik1jgIzGRE9VPNeLv7ndVMdXnoZE0mqQdDZQ2HKsY5xHgbuMwlU87EhhEpmbsV0SCSh2kSWh+DOf3mRtM5qrlNzb84r9WoRRwkdoWN0ilx0geroGjVQE1H0iJ7RK3qznqwX6936mI0uWcXOAfoD6/MHSpSTmQ==</latexit>

j2, h
`
j2

<latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit><latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit><latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit><latexit sha1_base64="80iz/A0giqUskrYzpgoYdRBiOT8=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJSSFEGXBTcuK9gHtDFMpjft2MkkzEyEErvwV9y4UMStv+HOv3HSdqGtBy73cM69zJ0TJJwp7TjfVmFldW19o7hZ2tre2d2z9w9aKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxhd5X77AaRisbjV4wS8iAwECxkl2ki+fXTv1yp46GemT+56wHkph2+XnaozBV4m7pyU0RwN3/7q9WOaRiA05USprusk2suI1IxymJR6qYKE0BEZQNdQQSJQXja9f4JPjdLHYSxNCY2n6u+NjERKjaPATEZED9Wil4v/ed1Uh5dexkSSahB09lCYcqxjnIeB+0wC1XxsCKGSmVsxHRJJqDaR5SG4i19eJq1a1XWq7s15uV6Zx1FEx+gEnSEXXaA6ukYN1EQUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AU26k5s=</latexit>

i, h`
i

<latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit><latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit><latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit><latexit sha1_base64="fJepk/nLbNuAbDG8rUtL3Vntvcs=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCh1ISEfRY8OKxgm2FNobNdtMu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zMCxLOlHacb6uytr6xuVXdru3s7u0f2If1nopTSWiXxDyW9wFWlDNBu5ppTu8TSXEUcNoPpteF33+kUrFY3OlZQr0IjwULGcHaSL5dZ0008TOWPwwp57UCvt1wWs4caJW4JWlAiY5vfw1HMUkjKjThWKmB6yTay7DUjHCa14apogkmUzymA0MFjqjysvntOTo1ygiFsTQlNJqrvycyHCk1iwLTGWE9UcteIf7nDVIdXnkZE0mqqSCLRWHKkY5REQQaMUmJ5jNDMJHM3IrIBEtMtImrCMFdfnmV9M5brtNyby8a7WYZRxWO4QTOwIVLaMMNdKALBJ7gGV7hzcqtF+vd+li0Vqxy5gj+wPr8Aebtkk8=</latexit>

W `
ij1

<latexit sha1_base64="kEosnm6tiBw8/fcWuvOnSwmt0y4=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwICURQY8FLx4r2A9oY9hsN+3azSbsbsQS8le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Nitb1e2d3b19+6DWUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS787iOVisXiTk8T6kV4JFjICNZG8u1a18/Yg+/m9wPKebWAb9edhjMDWiZuSepQouXbX4NhTNKICk04VqrvOon2Miw1I5zm1UGqaILJBI9o31CBI6q8bHZ7jk6MMkRhLE0JjWbq74kMR0pNo8B0RliP1aJXiP95/VSHV17GRJJqKsh8UZhypGNUBIGGTFKi+dQQTCQztyIyxhITbeIqQnAXX14mnfOG6zTc24t686yMowJHcAyn4MIlNOEGWtAGAk/wDK/wZuXWi/VufcxbV6xy5hD+wPr8AToEkoM=</latexit><latexit sha1_base64="kEosnm6tiBw8/fcWuvOnSwmt0y4=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwICURQY8FLx4r2A9oY9hsN+3azSbsbsQS8le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Nitb1e2d3b19+6DWUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS787iOVisXiTk8T6kV4JFjICNZG8u1a18/Yg+/m9wPKebWAb9edhjMDWiZuSepQouXbX4NhTNKICk04VqrvOon2Miw1I5zm1UGqaILJBI9o31CBI6q8bHZ7jk6MMkRhLE0JjWbq74kMR0pNo8B0RliP1aJXiP95/VSHV17GRJJqKsh8UZhypGNUBIGGTFKi+dQQTCQztyIyxhITbeIqQnAXX14mnfOG6zTc24t686yMowJHcAyn4MIlNOEGWtAGAk/wDK/wZuXWi/VufcxbV6xy5hD+wPr8AToEkoM=</latexit><latexit sha1_base64="kEosnm6tiBw8/fcWuvOnSwmt0y4=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwICURQY8FLx4r2A9oY9hsN+3azSbsbsQS8le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Nitb1e2d3b19+6DWUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS787iOVisXiTk8T6kV4JFjICNZG8u1a18/Yg+/m9wPKebWAb9edhjMDWiZuSepQouXbX4NhTNKICk04VqrvOon2Miw1I5zm1UGqaILJBI9o31CBI6q8bHZ7jk6MMkRhLE0JjWbq74kMR0pNo8B0RliP1aJXiP95/VSHV17GRJJqKsh8UZhypGNUBIGGTFKi+dQQTCQztyIyxhITbeIqQnAXX14mnfOG6zTc24t686yMowJHcAyn4MIlNOEGWtAGAk/wDK/wZuXWi/VufcxbV6xy5hD+wPr8AToEkoM=</latexit><latexit sha1_base64="kEosnm6tiBw8/fcWuvOnSwmt0y4=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwICURQY8FLx4r2A9oY9hsN+3azSbsbsQS8le8eFDEq3/Em//GTZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Nitb1e2d3b19+6DWUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wuS787iOVisXiTk8T6kV4JFjICNZG8u1a18/Yg+/m9wPKebWAb9edhjMDWiZuSepQouXbX4NhTNKICk04VqrvOon2Miw1I5zm1UGqaILJBI9o31CBI6q8bHZ7jk6MMkRhLE0JjWbq74kMR0pNo8B0RliP1aJXiP95/VSHV17GRJJqKsh8UZhypGNUBIGGTFKi+dQQTCQztyIyxhITbeIqQnAXX14mnfOG6zTc24t686yMowJHcAyn4MIlNOEGWtAGAk/wDK/wZuXWi/VufcxbV6xy5hD+wPr8AToEkoM=</latexit>

W `
ij2

<latexit sha1_base64="tEZ8Ci5GnBHi33qxvBO5CNjqKMw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBylJEfRY8OKxgv2AtobNdtKu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zM82POlHacb6u0tr6xuVXeruzs7u0f2IfVjooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PWn17nffQSpWCTu9CyGYUjGggWMEm0kz652vZQ9eI3sfgCcV3J4ds2pO3PgVeIWpIYKtDz7azCKaBKC0JQTpfquE+thSqRmlENWGSQKYkKnZAx9QwUJQQ3T+e0ZPjXKCAeRNCU0nqu/J1ISKjULfdMZEj1Ry14u/uf1Ex1cDVMm4kSDoItFQcKxjnAeBB4xCVTzmSGESmZuxXRCJKHaxJWH4C6/vEo6jbrr1N3bi1rzvIijjI7RCTpDLrpETXSDWqiNKHpCz+gVvVmZ9WK9Wx+L1pJVzByhP7A+fwA7k5KE</latexit><latexit sha1_base64="tEZ8Ci5GnBHi33qxvBO5CNjqKMw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBylJEfRY8OKxgv2AtobNdtKu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zM82POlHacb6u0tr6xuVXeruzs7u0f2IfVjooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PWn17nffQSpWCTu9CyGYUjGggWMEm0kz652vZQ9eI3sfgCcV3J4ds2pO3PgVeIWpIYKtDz7azCKaBKC0JQTpfquE+thSqRmlENWGSQKYkKnZAx9QwUJQQ3T+e0ZPjXKCAeRNCU0nqu/J1ISKjULfdMZEj1Ry14u/uf1Ex1cDVMm4kSDoItFQcKxjnAeBB4xCVTzmSGESmZuxXRCJKHaxJWH4C6/vEo6jbrr1N3bi1rzvIijjI7RCTpDLrpETXSDWqiNKHpCz+gVvVmZ9WK9Wx+L1pJVzByhP7A+fwA7k5KE</latexit><latexit sha1_base64="tEZ8Ci5GnBHi33qxvBO5CNjqKMw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBylJEfRY8OKxgv2AtobNdtKu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zM82POlHacb6u0tr6xuVXeruzs7u0f2IfVjooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PWn17nffQSpWCTu9CyGYUjGggWMEm0kz652vZQ9eI3sfgCcV3J4ds2pO3PgVeIWpIYKtDz7azCKaBKC0JQTpfquE+thSqRmlENWGSQKYkKnZAx9QwUJQQ3T+e0ZPjXKCAeRNCU0nqu/J1ISKjULfdMZEj1Ry14u/uf1Ex1cDVMm4kSDoItFQcKxjnAeBB4xCVTzmSGESmZuxXRCJKHaxJWH4C6/vEo6jbrr1N3bi1rzvIijjI7RCTpDLrpETXSDWqiNKHpCz+gVvVmZ9WK9Wx+L1pJVzByhP7A+fwA7k5KE</latexit><latexit sha1_base64="tEZ8Ci5GnBHi33qxvBO5CNjqKMw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBylJEfRY8OKxgv2AtobNdtKu3WzC7kYsIX/FiwdFvPpHvPlv3LQ5aOuDgcd7M8zM82POlHacb6u0tr6xuVXeruzs7u0f2IfVjooSSaFNIx7Jnk8UcCagrZnm0IslkNDn0PWn17nffQSpWCTu9CyGYUjGggWMEm0kz652vZQ9eI3sfgCcV3J4ds2pO3PgVeIWpIYKtDz7azCKaBKC0JQTpfquE+thSqRmlENWGSQKYkKnZAx9QwUJQQ3T+e0ZPjXKCAeRNCU0nqu/J1ISKjULfdMZEj1Ry14u/uf1Ex1cDVMm4kSDoItFQcKxjnAeBB4xCVTzmSGESmZuxXRCJKHaxJWH4C6/vEo6jbrr1N3bi1rzvIijjI7RCTpDLrpETXSDWqiNKHpCz+gVvVmZ9WK9Wx+L1pJVzByhP7A+fwA7k5KE</latexit>

<latexit sha1_base64="0xyqC+ZkhisUVORLyFs53NlCyc8="></latexit>
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Lab 4 : GatedGCN

Xavier Bresson 57

Implement GatedGCN[1] (robust GNN architecture across the benchmark[2])

[1] Bresson-Laurent, Residual gated graph convnets, 2017
[2] Dwivedi-Joshi-Laurent-Bengio-Bresson, Benchmarking graph neural networks, 2020
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Lab 5 : GatedGCN for molecular regression

Xavier Bresson 58

Implement GatedGCN[1] for quantum chemistry[2]

[1] Bresson-Laurent, Residual gated graph convnets, 2017
[2] Bresson-Laurent, A two-step graph convolutional decoder for molecule generation, 2019
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Outline
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ConvNets on Euclidean Grids

Architecture
From grids to graphs

Convolution on grids
Spectral Graph ConvNets

Spectral convolution

Spectral graph networks
Spatial Graph ConvNets 

Template matching
Isotropic graph networks

Anisotropic graph networks

Conclusion
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Conclusion

Xavier Bresson 60

Key contributions 

Generalize convolution, i.e. local, shared-weight filters, from regular grids to graph data.

Define graph convolution through spectral filtering and spatial neighborhood aggregation / 
pattern matching.

Scalable computation : Linear complexity per layer for sparse graphs.

GPU-compatible sparse operations, but less hardware-efficient than dense grid convolutions.

Expressive permutation-equivariant models, with well-understood theoretical limitations.

Extensions to multiple, heterogeneous,                                                                     
and dynamic graphs.

Multiple applications across science,                                                                              
engineering and industry.
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Questions?
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