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Directing	neural	networks	to	learn	
graph	abstractions

1. Classical	methods	for	image	classification:	
limitations	and	our	motivation

2. Directing	the	neural	network	to	learn	graph	
abstractions

3. Two	sub-problems	when	dealing	with	graphs

4. Preliminary	results



Image	Classification

Training	images Test	case

Airplane :	3	%
Automobile	 :	10	%
…
Truck :	 85	%



Success	=	higher	accuracy



Success	=	higher	accuracy

Human	performance	=	92.9%

Today:	
Error	of	~2	%	and	ImageNet
problem	 is	considered	solved



Convolutional	Neural	Networks

• The	key	operation:	Convolution	

Input	Image Convolution	
Kernel

Output	Image



Convolutional	Neural	Networks

• The	numbers	in	the	kernel	are	`learnt’

Kernel	or	filter



CNN	architecture



So	what	does	a	CNN	learn?

• A	bunch	of	kernel	weights

CNN	learns	several	such	kernel	matrices

Input	Image Convolution	
Kernel

Output	Image



A	simplified	picture

Airplane	 :	3	%
Automobile	 :	10	%
…
Truck	:	 85	%

Convolution	Neural	Net

Learnt	parameters:
• kernel	1
• kernel	2
• …
• ...
• Fully	connected	

layer	weights

Image
Classification	label



Emerging	concerns	with	CNNs

1. Requirement	of	large	training	datasets
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Emerging	concerns	with	CNNs

1. Requirement	of	large	training	datasets
2. Not	extremely	interpretable
3. Robustness	to	perturbations

[Dodge	and	Karam 2017]



Emerging	concerns	with	CNNs

1. Requirement	of	large	training	datasets
2. Not	extremely	interpretable
3. Robustness	to	perturbations

[Goodfellow et.	al.	2015]



Emerging	concerns	with	CNNs

1. Requirement	of	large	training	datasets
2. Not	extremely	interpretable
3. Robustness	to	perturbations

[Eykhlot et.	al.	2018]



Key	idea	1
Directing	the	neural	network	to	learn	an	appropriate	
abstraction	for	the	problem	can	help	alleviate	some	
of	these	concerns



Key	idea	1
Directing	the	neural	network	to	learn	an	appropriate	
abstraction	for	the	problem	can	help	alleviate	some	
of	these	concerns

Image CNN
Classification	

Label

Image Classification	
Label

Specific	
Abstraction



Key	idea	2

A	graph	is	potentially	a	good	abstraction	for	many	
classification	problems



Graph	as	an	abstraction

Can	capture	
• geometry	(relative	size)	:	edge	weights
• Topology	(shape)	:	edge	connections
• Other	features	(like	color)	:	nodal	values
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Our	proposed	architecture

Image

Classification	
Label

Graph	
Abstraction

NN	1 NN	2

NN1	:	Image	input,	graph	output
NN2	:	Graph	input,	label	output



The	two	sub-problems

Image Classification	
Label

Graph	
AbstractionNN	1 NN	2
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Value	on	nodes	:	f



The	two	sub-problems

Image Classification	
Label

Graph	
AbstractionNN	1 NN	2

Adjacency	matrix	:	A
Value	on	nodes	:	f

Sub-problem	 1

• Input	:	Image,	Output	:	image	specific	graph
• No	prior	work



The	two	sub-problems

Image Classification	
Label

Graph	
AbstractionNN	1 NN	2

Adjacency	matrix	:	A
Value	on	nodes	:	f

Sub-problem	 1 Sub-problem	 2

• Input	:	Image,	Output	:	image	specific	graph
• No	prior	work

• Input:	a	random graph,	Output:	label
• Geometric	Deep	Learning



The	two	sub-problems

Image Classification	
Label

Graph	
AbstractionNN	1 NN	2

Adjacency	matrix	:	A
Value	on	nodes	:	f

Sub-problem	 1 Sub-problem	 2

• Input	:	Image,	Output	:	image	specific	graph
• No	prior	work

• Input:	a	random graph,	Output:	label
• Geometric	Deep	Learning

Need	to	be	compatible	 for	end-to-end	learning



Sub-problem	1:
Image	to	a	Graph

(	f,	A	)



A	possible	architecture

Objective:	Obtain	a	graph	with	N	nodes



A	possible	architecture

Objective:	Obtain	a	graph	with	N	nodes
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A	possible	architecture

Objective:	Obtain	a	graph	with	N	nodes
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Conv

Fully	Connected



Sub-problem	2:	
Graph	to	a	classification	label

(	f,	A	)
Classification	

label

Extension	of	CNNs	to	graphs!



Graph	convolution	is	non-trivial

For	Images,	
• kernel	 is	fixed
• Can	slide	it	over	easily

Kernel	
or	filter



Graph	convolution	is	non-trivial

For	Images,	
• kernel	 is	fixed
• Can	slide	it	over	easily

For	graphs,	
• kernel	cant	be	a	fixed	template
• Diff	num.	of	edges	for	each	node
• No	sense	of	orientation

Kernel	
or	filter

⨂ kernel	=



Geometric	Deep	Learning
• Maps	a	graph	signal	to	a	classification	 label
• Different	approaches	to	enable	convolution	on	graphs

Existing	
methods

Spectral	 Spatial Geo-spatial



Geometric	Deep	Learning
Existing	
methods

Spectral	 Spatial Geo-spatial

[Bronstein	et.	al.	2017]



Geometric	Deep	Learning
Existing	
methods

Spectral	 Spatial Geo-spatial

Interpolate	function,	
create	a	field

Learn	and	apply	a	simple	
kernel	at	every	node

[Verma et.	al.	2018,	Monti	et.	al.	2017]



Geometric	Deep	Learning
Existing	
methods

Spectral	 Spatial Geo-spatial



Spatial	method:	An	example

Kernel	
or	filter

CNN	on	images



Spatial	method:	An	example

Kernel	
or	filter

CNN	on	images Graph	CNN	[Such	et.	al.	2017]
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Spatial	method:	An	example

Kernel	
or	filter

CNN	on	images Graph	CNN	[Such	et.	al.	2017]

Neighborhood	
of	node	 i

2

2

6

0
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3
i

• Want	a	fixed	kernel	
(template)

• It	must	‘morph’	 based	on	
the	neighborhood	 of	a	
node	 i



Example:	Graph	CNN

Neighborhood	
of	node	 i

2

2

6

0

4

3
i ⨂ i

↵0
<latexit sha1_base64="4apBDSEhzSoAdF9Q43mAhTydjVE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHbmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+WIj78=</latexit><latexit sha1_base64="4apBDSEhzSoAdF9Q43mAhTydjVE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHbmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+WIj78=</latexit><latexit sha1_base64="4apBDSEhzSoAdF9Q43mAhTydjVE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHbmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+WIj78=</latexit><latexit sha1_base64="4apBDSEhzSoAdF9Q43mAhTydjVE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHbmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+WIj78=</latexit>

↵1
<latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit>

↵1
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↵1
<latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit>
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<latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit>
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<latexit sha1_base64="4apBDSEhzSoAdF9Q43mAhTydjVE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHbmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+WIj78=</latexit><latexit sha1_base64="4apBDSEhzSoAdF9Q43mAhTydjVE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHbmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+WIj78=</latexit><latexit sha1_base64="4apBDSEhzSoAdF9Q43mAhTydjVE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHbmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+WIj78=</latexit><latexit sha1_base64="4apBDSEhzSoAdF9Q43mAhTydjVE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHbmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+WIj78=</latexit>
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<latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit>
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<latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit>

↵1
<latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit>

↵1
<latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit>

For	any	number	
of	edges

Input	Graph 1-hop	kernel

= 6↵0 + 3↵1+

2↵1 + 4↵1
<latexit sha1_base64="P9pPzIZro8AkxZSm1YYPl6xTZ6w=">AAACHHicbZDLSgMxFIbP1Futt1GXboJFEIQy0xZ1WXDjsoK9QGcYMmmmDc1cSDJCGfogbnwVNy4UceNC8G1M2xFq6w+BL/85h+T8fsKZVJb1bRTW1jc2t4rbpZ3dvf0D8/CoLeNUENoiMY9F18eSchbRlmKK024iKA59Tjv+6GZa7zxQIVkc3atxQt0QDyIWMIKVtjyzdokczJMh9ix0gWo525odB1XRwr3+yyXPLFsVaya0CnYOZcjV9MxPpx+TNKSRIhxL2bOtRLkZFooRTiclJ5U0wWSEB7SnMcIhlW42W26CzrTTR0Es9IkUmrmLExkOpRyHvu4MsRrK5drU/K/WS1Vw7WYsSlJFIzJ/KEg5UjGaJoX6TFCi+FgDJoLpvyIyxAITpfOchmAvr7wK7WrFtir2Xb3cqOZxFOEETuEcbLiCBtxCE1pA4BGe4RXejCfjxXg3PuatBSOfOYY/Mr5+ABGpnZI=</latexit><latexit sha1_base64="P9pPzIZro8AkxZSm1YYPl6xTZ6w=">AAACHHicbZDLSgMxFIbP1Futt1GXboJFEIQy0xZ1WXDjsoK9QGcYMmmmDc1cSDJCGfogbnwVNy4UceNC8G1M2xFq6w+BL/85h+T8fsKZVJb1bRTW1jc2t4rbpZ3dvf0D8/CoLeNUENoiMY9F18eSchbRlmKK024iKA59Tjv+6GZa7zxQIVkc3atxQt0QDyIWMIKVtjyzdokczJMh9ix0gWo525odB1XRwr3+yyXPLFsVaya0CnYOZcjV9MxPpx+TNKSRIhxL2bOtRLkZFooRTiclJ5U0wWSEB7SnMcIhlW42W26CzrTTR0Es9IkUmrmLExkOpRyHvu4MsRrK5drU/K/WS1Vw7WYsSlJFIzJ/KEg5UjGaJoX6TFCi+FgDJoLpvyIyxAITpfOchmAvr7wK7WrFtir2Xb3cqOZxFOEETuEcbLiCBtxCE1pA4BGe4RXejCfjxXg3PuatBSOfOYY/Mr5+ABGpnZI=</latexit><latexit sha1_base64="P9pPzIZro8AkxZSm1YYPl6xTZ6w=">AAACHHicbZDLSgMxFIbP1Futt1GXboJFEIQy0xZ1WXDjsoK9QGcYMmmmDc1cSDJCGfogbnwVNy4UceNC8G1M2xFq6w+BL/85h+T8fsKZVJb1bRTW1jc2t4rbpZ3dvf0D8/CoLeNUENoiMY9F18eSchbRlmKK024iKA59Tjv+6GZa7zxQIVkc3atxQt0QDyIWMIKVtjyzdokczJMh9ix0gWo525odB1XRwr3+yyXPLFsVaya0CnYOZcjV9MxPpx+TNKSRIhxL2bOtRLkZFooRTiclJ5U0wWSEB7SnMcIhlW42W26CzrTTR0Es9IkUmrmLExkOpRyHvu4MsRrK5drU/K/WS1Vw7WYsSlJFIzJ/KEg5UjGaJoX6TFCi+FgDJoLpvyIyxAITpfOchmAvr7wK7WrFtir2Xb3cqOZxFOEETuEcbLiCBtxCE1pA4BGe4RXejCfjxXg3PuatBSOfOYY/Mr5+ABGpnZI=</latexit><latexit sha1_base64="P9pPzIZro8AkxZSm1YYPl6xTZ6w=">AAACHHicbZDLSgMxFIbP1Futt1GXboJFEIQy0xZ1WXDjsoK9QGcYMmmmDc1cSDJCGfogbnwVNy4UceNC8G1M2xFq6w+BL/85h+T8fsKZVJb1bRTW1jc2t4rbpZ3dvf0D8/CoLeNUENoiMY9F18eSchbRlmKK024iKA59Tjv+6GZa7zxQIVkc3atxQt0QDyIWMIKVtjyzdokczJMh9ix0gWo525odB1XRwr3+yyXPLFsVaya0CnYOZcjV9MxPpx+TNKSRIhxL2bOtRLkZFooRTiclJ5U0wWSEB7SnMcIhlW42W26CzrTTR0Es9IkUmrmLExkOpRyHvu4MsRrK5drU/K/WS1Vw7WYsSlJFIzJ/KEg5UjGaJoX6TFCi+FgDJoLpvyIyxAITpfOchmAvr7wK7WrFtir2Xb3cqOZxFOEETuEcbLiCBtxCE1pA4BGe4RXejCfjxXg3PuatBSOfOYY/Mr5+ABGpnZI=</latexit>

x

<latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit><latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit><latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit><latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit>

Output
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<latexit sha1_base64="4apBDSEhzSoAdF9Q43mAhTydjVE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHbmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+WIj78=</latexit><latexit sha1_base64="4apBDSEhzSoAdF9Q43mAhTydjVE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHbmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+WIj78=</latexit><latexit sha1_base64="4apBDSEhzSoAdF9Q43mAhTydjVE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHbmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+WIj78=</latexit><latexit sha1_base64="4apBDSEhzSoAdF9Q43mAhTydjVE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHbmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+WIj78=</latexit>
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For	any	number	
of	edges

Input	Graph 1-hop	kernel

= 6↵0 + 3↵1+
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<latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit><latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit><latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit><latexit sha1_base64="IeMWPNjdVKiUccM/0cvkCECEX9w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOIpzBOVyCB9dQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4WmM7A==</latexit>

Output

• Kernel	is	symmetric,	so	orientation	is	not	an	issue
• Easy	way	to	algebraically	deal	with	variable	number	of	edges



Example:	Graph	CNN
f1

<latexit sha1_base64="RfWptoCset7pnvtAnStcLWGM2zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVZ6iAbeoFpz6+4CZJ14BalBgdag+tUfJiyLURomqNY9z01NkFNlOBM4q/QzjSllEzrCnqWSxqiDfHHqjFxYZUiiRNmShizU3xM5jbWexqHtjKkZ61VvLv7n9TIT3QQ5l2lmULLloigTxCRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4qy+vk3aj7rl17/6q1mwUcZThDM7hEjy4hibcQQt8YDCCZ3iFN0c4L86787FsLTnFzCn8gfP5A+tljX4=</latexit><latexit sha1_base64="RfWptoCset7pnvtAnStcLWGM2zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVZ6iAbeoFpz6+4CZJ14BalBgdag+tUfJiyLURomqNY9z01NkFNlOBM4q/QzjSllEzrCnqWSxqiDfHHqjFxYZUiiRNmShizU3xM5jbWexqHtjKkZ61VvLv7n9TIT3QQ5l2lmULLloigTxCRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4qy+vk3aj7rl17/6q1mwUcZThDM7hEjy4hibcQQt8YDCCZ3iFN0c4L86787FsLTnFzCn8gfP5A+tljX4=</latexit><latexit sha1_base64="RfWptoCset7pnvtAnStcLWGM2zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVZ6iAbeoFpz6+4CZJ14BalBgdag+tUfJiyLURomqNY9z01NkFNlOBM4q/QzjSllEzrCnqWSxqiDfHHqjFxYZUiiRNmShizU3xM5jbWexqHtjKkZ61VvLv7n9TIT3QQ5l2lmULLloigTxCRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4qy+vk3aj7rl17/6q1mwUcZThDM7hEjy4hibcQQt8YDCCZ3iFN0c4L86787FsLTnFzCn8gfP5A+tljX4=</latexit><latexit sha1_base64="RfWptoCset7pnvtAnStcLWGM2zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVZ6iAbeoFpz6+4CZJ14BalBgdag+tUfJiyLURomqNY9z01NkFNlOBM4q/QzjSllEzrCnqWSxqiDfHHqjFxYZUiiRNmShizU3xM5jbWexqHtjKkZ61VvLv7n9TIT3QQ5l2lmULLloigTxCRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4qy+vk3aj7rl17/6q1mwUcZThDM7hEjy4hibcQQt8YDCCZ3iFN0c4L86787FsLTnFzCn8gfP5A+tljX4=</latexit>

f2
<latexit sha1_base64="Y4yR0kvsgWLNWKh/98I2vvaWj9o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVZ6iAaNQbXm1t0FyDrxClKDAq1B9as/TFgWozRMUK17npuaIKfKcCZwVulnGlPKJnSEPUsljVEH+eLUGbmwypBEibIlDVmovydyGms9jUPbGVMz1qveXPzP62UmuglyLtPMoGTLRVEmiEnI/G8y5AqZEVNLKFPc3krYmCrKjE2nYkPwVl9eJ+1G3XPr3v1Vrdko4ijDGZzDJXhwDU24gxb4wGAEz/AKb45wXpx352PZWnKKmVP4A+fzB+zpjX8=</latexit><latexit sha1_base64="Y4yR0kvsgWLNWKh/98I2vvaWj9o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVZ6iAaNQbXm1t0FyDrxClKDAq1B9as/TFgWozRMUK17npuaIKfKcCZwVulnGlPKJnSEPUsljVEH+eLUGbmwypBEibIlDVmovydyGms9jUPbGVMz1qveXPzP62UmuglyLtPMoGTLRVEmiEnI/G8y5AqZEVNLKFPc3krYmCrKjE2nYkPwVl9eJ+1G3XPr3v1Vrdko4ijDGZzDJXhwDU24gxb4wGAEz/AKb45wXpx352PZWnKKmVP4A+fzB+zpjX8=</latexit><latexit sha1_base64="Y4yR0kvsgWLNWKh/98I2vvaWj9o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVZ6iAaNQbXm1t0FyDrxClKDAq1B9as/TFgWozRMUK17npuaIKfKcCZwVulnGlPKJnSEPUsljVEH+eLUGbmwypBEibIlDVmovydyGms9jUPbGVMz1qveXPzP62UmuglyLtPMoGTLRVEmiEnI/G8y5AqZEVNLKFPc3krYmCrKjE2nYkPwVl9eJ+1G3XPr3v1Vrdko4ijDGZzDJXhwDU24gxb4wGAEz/AKb45wXpx352PZWnKKmVP4A+fzB+zpjX8=</latexit><latexit sha1_base64="Y4yR0kvsgWLNWKh/98I2vvaWj9o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVZ6iAaNQbXm1t0FyDrxClKDAq1B9as/TFgWozRMUK17npuaIKfKcCZwVulnGlPKJnSEPUsljVEH+eLUGbmwypBEibIlDVmovydyGms9jUPbGVMz1qveXPzP62UmuglyLtPMoGTLRVEmiEnI/G8y5AqZEVNLKFPc3krYmCrKjE2nYkPwVl9eJ+1G3XPr3v1Vrdko4ijDGZzDJXhwDU24gxb4wGAEz/AKb45wXpx352PZWnKKmVP4A+fzB+zpjX8=</latexit>

f3
<latexit sha1_base64="T7SfnP53k3c6kwL3iEbyZBXPrjo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+HgalCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e7rlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+5tjYA=</latexit><latexit sha1_base64="T7SfnP53k3c6kwL3iEbyZBXPrjo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+HgalCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e7rlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+5tjYA=</latexit><latexit sha1_base64="T7SfnP53k3c6kwL3iEbyZBXPrjo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+HgalCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e7rlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+5tjYA=</latexit><latexit sha1_base64="T7SfnP53k3c6kwL3iEbyZBXPrjo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+HgalCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e7rlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+5tjYA=</latexit>

f4
<latexit sha1_base64="cGQ3iE9CrmtdGS/FHyvgOvZFNPA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR4LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i787hPXRsTqEWcJ9yM6ViIUjKKVHsJhfViuuFV3CbJJvJxUIEdrWP4ajGKWRlwhk9SYvucm6GdUo2CSz0uD1PCEsikd876likbc+Nny1Dm5ssqIhLG2pZAs1d8TGY2MmUWB7YwoTsy6txD/8/ophjd+JlSSIldstShMJcGYLP4mI6E5QzmzhDIt7K2ETaimDG06JRuCt/7yJunUqp5b9e7rlWYtj6MIF3AJ1+BBA5pwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH+/xjYE=</latexit><latexit sha1_base64="cGQ3iE9CrmtdGS/FHyvgOvZFNPA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR4LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i787hPXRsTqEWcJ9yM6ViIUjKKVHsJhfViuuFV3CbJJvJxUIEdrWP4ajGKWRlwhk9SYvucm6GdUo2CSz0uD1PCEsikd876likbc+Nny1Dm5ssqIhLG2pZAs1d8TGY2MmUWB7YwoTsy6txD/8/ophjd+JlSSIldstShMJcGYLP4mI6E5QzmzhDIt7K2ETaimDG06JRuCt/7yJunUqp5b9e7rlWYtj6MIF3AJ1+BBA5pwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH+/xjYE=</latexit><latexit sha1_base64="cGQ3iE9CrmtdGS/FHyvgOvZFNPA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR4LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i787hPXRsTqEWcJ9yM6ViIUjKKVHsJhfViuuFV3CbJJvJxUIEdrWP4ajGKWRlwhk9SYvucm6GdUo2CSz0uD1PCEsikd876likbc+Nny1Dm5ssqIhLG2pZAs1d8TGY2MmUWB7YwoTsy6txD/8/ophjd+JlSSIldstShMJcGYLP4mI6E5QzmzhDIt7K2ETaimDG06JRuCt/7yJunUqp5b9e7rlWYtj6MIF3AJ1+BBA5pwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH+/xjYE=</latexit><latexit sha1_base64="cGQ3iE9CrmtdGS/FHyvgOvZFNPA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR4LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i787hPXRsTqEWcJ9yM6ViIUjKKVHsJhfViuuFV3CbJJvJxUIEdrWP4ajGKWRlwhk9SYvucm6GdUo2CSz0uD1PCEsikd876likbc+Nny1Dm5ssqIhLG2pZAs1d8TGY2MmUWB7YwoTsy6txD/8/ophjd+JlSSIldstShMJcGYLP4mI6E5QzmzhDIt7K2ETaimDG06JRuCt/7yJunUqp5b9e7rlWYtj6MIF3AJ1+BBA5pwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH+/xjYE=</latexit>

f5
<latexit sha1_base64="massosawgXoKotEQxRNTxuEU6ls=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgPihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/F1jYI=</latexit><latexit sha1_base64="massosawgXoKotEQxRNTxuEU6ls=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgPihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/F1jYI=</latexit><latexit sha1_base64="massosawgXoKotEQxRNTxuEU6ls=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgPihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/F1jYI=</latexit><latexit sha1_base64="massosawgXoKotEQxRNTxuEU6ls=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgPihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/F1jYI=</latexit>

f6
<latexit sha1_base64="gHoU0bdIyd06su2liYLKZjAEOfs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgPihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/L5jYM=</latexit><latexit sha1_base64="gHoU0bdIyd06su2liYLKZjAEOfs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgPihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/L5jYM=</latexit><latexit sha1_base64="gHoU0bdIyd06su2liYLKZjAEOfs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgPihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/L5jYM=</latexit><latexit sha1_base64="gHoU0bdIyd06su2liYLKZjAEOfs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgPihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/L5jYM=</latexit>

a12<latexit sha1_base64="QOoVFZJZ4wRSkzb4nev4GRk3uX8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8SNgNgh4DXjxGMA9IljA7mSRjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKJHCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVqGG8wLbVpR9RyKRRvoEDJ24nhNI4kb0Xj25nfeuLGCq0ecJLwMKZDJQaCUXRSk/ayoDrtlcp+xZ+DrJIgJ2XIUe+Vvrp9zdKYK2SSWtsJ/ATDjBoUTPJpsZtanlA2pkPecVTRmNswm187JedO6ZOBNq4Ukrn6eyKjsbWTOHKdMcWRXfZm4n9eJ8XBTZgJlaTIFVssGqSSoCaz10lfGM5QThyhzAh3K2EjaihDF1DRhRAsv7xKmtVK4FeC+6ty7TKPowCncAYXEMA11OAO6tAABo/wDK/w5mnvxXv3Phata14+cwJ/4H3+ABjRjrs=</latexit><latexit sha1_base64="QOoVFZJZ4wRSkzb4nev4GRk3uX8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8SNgNgh4DXjxGMA9IljA7mSRjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKJHCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVqGG8wLbVpR9RyKRRvoEDJ24nhNI4kb0Xj25nfeuLGCq0ecJLwMKZDJQaCUXRSk/ayoDrtlcp+xZ+DrJIgJ2XIUe+Vvrp9zdKYK2SSWtsJ/ATDjBoUTPJpsZtanlA2pkPecVTRmNswm187JedO6ZOBNq4Ukrn6eyKjsbWTOHKdMcWRXfZm4n9eJ8XBTZgJlaTIFVssGqSSoCaz10lfGM5QThyhzAh3K2EjaihDF1DRhRAsv7xKmtVK4FeC+6ty7TKPowCncAYXEMA11OAO6tAABo/wDK/w5mnvxXv3Phata14+cwJ/4H3+ABjRjrs=</latexit><latexit sha1_base64="QOoVFZJZ4wRSkzb4nev4GRk3uX8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8SNgNgh4DXjxGMA9IljA7mSRjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKJHCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVqGG8wLbVpR9RyKRRvoEDJ24nhNI4kb0Xj25nfeuLGCq0ecJLwMKZDJQaCUXRSk/ayoDrtlcp+xZ+DrJIgJ2XIUe+Vvrp9zdKYK2SSWtsJ/ATDjBoUTPJpsZtanlA2pkPecVTRmNswm187JedO6ZOBNq4Ukrn6eyKjsbWTOHKdMcWRXfZm4n9eJ8XBTZgJlaTIFVssGqSSoCaz10lfGM5QThyhzAh3K2EjaihDF1DRhRAsv7xKmtVK4FeC+6ty7TKPowCncAYXEMA11OAO6tAABo/wDK/w5mnvxXv3Phata14+cwJ/4H3+ABjRjrs=</latexit><latexit sha1_base64="QOoVFZJZ4wRSkzb4nev4GRk3uX8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8SNgNgh4DXjxGMA9IljA7mSRjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKJHCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVqGG8wLbVpR9RyKRRvoEDJ24nhNI4kb0Xj25nfeuLGCq0ecJLwMKZDJQaCUXRSk/ayoDrtlcp+xZ+DrJIgJ2XIUe+Vvrp9zdKYK2SSWtsJ/ATDjBoUTPJpsZtanlA2pkPecVTRmNswm187JedO6ZOBNq4Ukrn6eyKjsbWTOHKdMcWRXfZm4n9eJ8XBTZgJlaTIFVssGqSSoCaz10lfGM5QThyhzAh3K2EjaihDF1DRhRAsv7xKmtVK4FeC+6ty7TKPowCncAYXEMA11OAO6tAABo/wDK/w5mnvxXv3Phata14+cwJ/4H3+ABjRjrs=</latexit>

a13
<latexit sha1_base64="dHuhBif6tgy+R7oijcyPRzw1jZ0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8SNhVQY8BLx4jmAckS+idTJIxszPLzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlAhurO9/eyura+sbm4Wt4vbO7t5+6eCwYVSqKatTJZRuRWiY4JLVLbeCtRLNMI4Ea0aj26nffGLacCUf7DhhYYwDyfuconVSA7tZcDnplsp+xZ+BLJMgJ2XIUeuWvjo9RdOYSUsFGtMO/MSGGWrLqWCTYic1LEE6wgFrOyoxZibMZtdOyKlTeqSvtCtpyUz9PZFhbMw4jlxnjHZoFr2p+J/XTm3/Jsy4TFLLJJ0v6qeCWEWmr5Me14xaMXYEqebuVkKHqJFaF1DRhRAsvrxMGheVwK8E91fl6nkeRwGO4QTOIIBrqMId1KAOFB7hGV7hzVPei/fufcxbV7x85gj+wPv8ARpWjrw=</latexit><latexit sha1_base64="dHuhBif6tgy+R7oijcyPRzw1jZ0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8SNhVQY8BLx4jmAckS+idTJIxszPLzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlAhurO9/eyura+sbm4Wt4vbO7t5+6eCwYVSqKatTJZRuRWiY4JLVLbeCtRLNMI4Ea0aj26nffGLacCUf7DhhYYwDyfuconVSA7tZcDnplsp+xZ+BLJMgJ2XIUeuWvjo9RdOYSUsFGtMO/MSGGWrLqWCTYic1LEE6wgFrOyoxZibMZtdOyKlTeqSvtCtpyUz9PZFhbMw4jlxnjHZoFr2p+J/XTm3/Jsy4TFLLJJ0v6qeCWEWmr5Me14xaMXYEqebuVkKHqJFaF1DRhRAsvrxMGheVwK8E91fl6nkeRwGO4QTOIIBrqMId1KAOFB7hGV7hzVPei/fufcxbV7x85gj+wPv8ARpWjrw=</latexit><latexit sha1_base64="dHuhBif6tgy+R7oijcyPRzw1jZ0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8SNhVQY8BLx4jmAckS+idTJIxszPLzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlAhurO9/eyura+sbm4Wt4vbO7t5+6eCwYVSqKatTJZRuRWiY4JLVLbeCtRLNMI4Ea0aj26nffGLacCUf7DhhYYwDyfuconVSA7tZcDnplsp+xZ+BLJMgJ2XIUeuWvjo9RdOYSUsFGtMO/MSGGWrLqWCTYic1LEE6wgFrOyoxZibMZtdOyKlTeqSvtCtpyUz9PZFhbMw4jlxnjHZoFr2p+J/XTm3/Jsy4TFLLJJ0v6qeCWEWmr5Me14xaMXYEqebuVkKHqJFaF1DRhRAsvrxMGheVwK8E91fl6nkeRwGO4QTOIIBrqMId1KAOFB7hGV7hzVPei/fufcxbV7x85gj+wPv8ARpWjrw=</latexit><latexit sha1_base64="dHuhBif6tgy+R7oijcyPRzw1jZ0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8SNhVQY8BLx4jmAckS+idTJIxszPLzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlAhurO9/eyura+sbm4Wt4vbO7t5+6eCwYVSqKatTJZRuRWiY4JLVLbeCtRLNMI4Ea0aj26nffGLacCUf7DhhYYwDyfuconVSA7tZcDnplsp+xZ+BLJMgJ2XIUeuWvjo9RdOYSUsFGtMO/MSGGWrLqWCTYic1LEE6wgFrOyoxZibMZtdOyKlTeqSvtCtpyUz9PZFhbMw4jlxnjHZoFr2p+J/XTm3/Jsy4TFLLJJ0v6qeCWEWmr5Me14xaMXYEqebuVkKHqJFaF1DRhRAsvrxMGheVwK8E91fl6nkeRwGO4QTOIIBrqMId1KAOFB7hGV7hzVPei/fufcxbV7x85gj+wPv8ARpWjrw=</latexit>

a23
<latexit sha1_base64="HPP1ogStffYT/EVmMflPqxqeEjY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY8OIxgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj25nffqLaMCUf7CShocBDyWJGsHVSC/ez2uW0X674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fzaKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjMkktlWSxKE45sgrNXkcDpimxfOIIJpq5WxEZYY2JdQGVXAjB8surpFWrBn41uL+q1C/yOIpwAqdwDgFcQx3uoAFNIPAIz/AKb57yXrx372PRWvDymWP4A+/zBxvcjr0=</latexit><latexit sha1_base64="HPP1ogStffYT/EVmMflPqxqeEjY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY8OIxgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj25nffqLaMCUf7CShocBDyWJGsHVSC/ez2uW0X674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fzaKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjMkktlWSxKE45sgrNXkcDpimxfOIIJpq5WxEZYY2JdQGVXAjB8surpFWrBn41uL+q1C/yOIpwAqdwDgFcQx3uoAFNIPAIz/AKb57yXrx372PRWvDymWP4A+/zBxvcjr0=</latexit><latexit sha1_base64="HPP1ogStffYT/EVmMflPqxqeEjY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY8OIxgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj25nffqLaMCUf7CShocBDyWJGsHVSC/ez2uW0X674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fzaKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjMkktlWSxKE45sgrNXkcDpimxfOIIJpq5WxEZYY2JdQGVXAjB8surpFWrBn41uL+q1C/yOIpwAqdwDgFcQx3uoAFNIPAIz/AKb57yXrx372PRWvDymWP4A+/zBxvcjr0=</latexit><latexit sha1_base64="HPP1ogStffYT/EVmMflPqxqeEjY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY8OIxgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj25nffqLaMCUf7CShocBDyWJGsHVSC/ez2uW0X674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fzaKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjMkktlWSxKE45sgrNXkcDpimxfOIIJpq5WxEZYY2JdQGVXAjB8surpFWrBn41uL+q1C/yOIpwAqdwDgFcQx3uoAFNIPAIz/AKb57yXrx372PRWvDymWP4A+/zBxvcjr0=</latexit>

a34
<latexit sha1_base64="AlIOnlVbCPvDh+TcL9Twv5f7k6s=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquFvRY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/u6pN++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPx7njr8=</latexit><latexit sha1_base64="AlIOnlVbCPvDh+TcL9Twv5f7k6s=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquFvRY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/u6pN++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPx7njr8=</latexit><latexit sha1_base64="AlIOnlVbCPvDh+TcL9Twv5f7k6s=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquFvRY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/u6pN++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPx7njr8=</latexit><latexit sha1_base64="AlIOnlVbCPvDh+TcL9Twv5f7k6s=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquFvRY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/u6pN++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPx7njr8=</latexit>

a45
<latexit sha1_base64="xC6qgYGm2UkDAdtZgF7crgd+8Qg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquVPRY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/q11N++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPyHyjsE=</latexit><latexit sha1_base64="xC6qgYGm2UkDAdtZgF7crgd+8Qg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquVPRY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/q11N++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPyHyjsE=</latexit><latexit sha1_base64="xC6qgYGm2UkDAdtZgF7crgd+8Qg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquVPRY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/q11N++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPyHyjsE=</latexit><latexit sha1_base64="xC6qgYGm2UkDAdtZgF7crgd+8Qg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquVPRY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/q11N++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPyHyjsE=</latexit>

• Signal	vector	:	f
• Adjacency	matrix	:	A
• The	convolution	operation	:

• The	alphas	are	learnt
fout = ⇠(↵0I + ↵1A)f

<latexit sha1_base64="BYM2u/19tCNwPPK7bWIMdBpPTOI=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoEcqMCHYjVNzoroJ9QGcsmTTThmaSIcmIZeg3uPFX3LhQxK0rd/6NaTsLbT1w4eSce8m9J4gZVdpxvq3c0vLK6lp+vbCxubW9Y+/uNZVIJCYNLJiQ7QApwignDU01I+1YEhQFjLSC4eXEb90Tqajgt3oUEz9CfU5DipE2Utcuh3epSPQYnkPvgcKSh1g8QF0HXsNjmD1ceFGGYdcuOhVnCrhI3IwUQYZ61/7yegInEeEaM6RUx3Vi7adIaooZGRe8RJEY4SHqk46hHEVE+en0pDE8MkoPhkKa4hpO1d8TKYqUGkWB6YyQHqh5byL+53USHVb9lPI40YTj2UdhwqAWcJIP7FFJsGYjQxCW1OwK8QBJhLVJsWBCcOdPXiTNk4rrVNyb02KtmsWRBwfgEJSAC85ADVyBOmgADB7BM3gFb9aT9WK9Wx+z1pyVzeyDP7A+fwAGwZsY</latexit><latexit sha1_base64="BYM2u/19tCNwPPK7bWIMdBpPTOI=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoEcqMCHYjVNzoroJ9QGcsmTTThmaSIcmIZeg3uPFX3LhQxK0rd/6NaTsLbT1w4eSce8m9J4gZVdpxvq3c0vLK6lp+vbCxubW9Y+/uNZVIJCYNLJiQ7QApwignDU01I+1YEhQFjLSC4eXEb90Tqajgt3oUEz9CfU5DipE2Utcuh3epSPQYnkPvgcKSh1g8QF0HXsNjmD1ceFGGYdcuOhVnCrhI3IwUQYZ61/7yegInEeEaM6RUx3Vi7adIaooZGRe8RJEY4SHqk46hHEVE+en0pDE8MkoPhkKa4hpO1d8TKYqUGkWB6YyQHqh5byL+53USHVb9lPI40YTj2UdhwqAWcJIP7FFJsGYjQxCW1OwK8QBJhLVJsWBCcOdPXiTNk4rrVNyb02KtmsWRBwfgEJSAC85ADVyBOmgADB7BM3gFb9aT9WK9Wx+z1pyVzeyDP7A+fwAGwZsY</latexit><latexit sha1_base64="BYM2u/19tCNwPPK7bWIMdBpPTOI=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoEcqMCHYjVNzoroJ9QGcsmTTThmaSIcmIZeg3uPFX3LhQxK0rd/6NaTsLbT1w4eSce8m9J4gZVdpxvq3c0vLK6lp+vbCxubW9Y+/uNZVIJCYNLJiQ7QApwignDU01I+1YEhQFjLSC4eXEb90Tqajgt3oUEz9CfU5DipE2Utcuh3epSPQYnkPvgcKSh1g8QF0HXsNjmD1ceFGGYdcuOhVnCrhI3IwUQYZ61/7yegInEeEaM6RUx3Vi7adIaooZGRe8RJEY4SHqk46hHEVE+en0pDE8MkoPhkKa4hpO1d8TKYqUGkWB6YyQHqh5byL+53USHVb9lPI40YTj2UdhwqAWcJIP7FFJsGYjQxCW1OwK8QBJhLVJsWBCcOdPXiTNk4rrVNyb02KtmsWRBwfgEJSAC85ADVyBOmgADB7BM3gFb9aT9WK9Wx+z1pyVzeyDP7A+fwAGwZsY</latexit><latexit sha1_base64="BYM2u/19tCNwPPK7bWIMdBpPTOI=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoEcqMCHYjVNzoroJ9QGcsmTTThmaSIcmIZeg3uPFX3LhQxK0rd/6NaTsLbT1w4eSce8m9J4gZVdpxvq3c0vLK6lp+vbCxubW9Y+/uNZVIJCYNLJiQ7QApwignDU01I+1YEhQFjLSC4eXEb90Tqajgt3oUEz9CfU5DipE2Utcuh3epSPQYnkPvgcKSh1g8QF0HXsNjmD1ceFGGYdcuOhVnCrhI3IwUQYZ61/7yegInEeEaM6RUx3Vi7adIaooZGRe8RJEY4SHqk46hHEVE+en0pDE8MkoPhkKa4hpO1d8TKYqUGkWB6YyQHqh5byL+53USHVb9lPI40YTj2UdhwqAWcJIP7FFJsGYjQxCW1OwK8QBJhLVJsWBCcOdPXiTNk4rrVNyb02KtmsWRBwfgEJSAC85ADVyBOmgADB7BM3gFb9aT9WK9Wx+z1pyVzeyDP7A+fwAGwZsY</latexit>

a46
<latexit sha1_base64="M/w1QdxAwEfabIvIK3vjhsIrPUM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquFPVY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/q11N++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPyN3jsI=</latexit><latexit sha1_base64="M/w1QdxAwEfabIvIK3vjhsIrPUM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquFPVY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/q11N++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPyN3jsI=</latexit><latexit sha1_base64="M/w1QdxAwEfabIvIK3vjhsIrPUM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquFPVY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/q11N++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPyN3jsI=</latexit><latexit sha1_base64="M/w1QdxAwEfabIvIK3vjhsIrPUM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquFPVY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/q11N++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPyN3jsI=</latexit>



Example:	Graph	CNN
f1

<latexit sha1_base64="RfWptoCset7pnvtAnStcLWGM2zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVZ6iAbeoFpz6+4CZJ14BalBgdag+tUfJiyLURomqNY9z01NkFNlOBM4q/QzjSllEzrCnqWSxqiDfHHqjFxYZUiiRNmShizU3xM5jbWexqHtjKkZ61VvLv7n9TIT3QQ5l2lmULLloigTxCRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4qy+vk3aj7rl17/6q1mwUcZThDM7hEjy4hibcQQt8YDCCZ3iFN0c4L86787FsLTnFzCn8gfP5A+tljX4=</latexit><latexit sha1_base64="RfWptoCset7pnvtAnStcLWGM2zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVZ6iAbeoFpz6+4CZJ14BalBgdag+tUfJiyLURomqNY9z01NkFNlOBM4q/QzjSllEzrCnqWSxqiDfHHqjFxYZUiiRNmShizU3xM5jbWexqHtjKkZ61VvLv7n9TIT3QQ5l2lmULLloigTxCRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4qy+vk3aj7rl17/6q1mwUcZThDM7hEjy4hibcQQt8YDCCZ3iFN0c4L86787FsLTnFzCn8gfP5A+tljX4=</latexit><latexit sha1_base64="RfWptoCset7pnvtAnStcLWGM2zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVZ6iAbeoFpz6+4CZJ14BalBgdag+tUfJiyLURomqNY9z01NkFNlOBM4q/QzjSllEzrCnqWSxqiDfHHqjFxYZUiiRNmShizU3xM5jbWexqHtjKkZ61VvLv7n9TIT3QQ5l2lmULLloigTxCRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4qy+vk3aj7rl17/6q1mwUcZThDM7hEjy4hibcQQt8YDCCZ3iFN0c4L86787FsLTnFzCn8gfP5A+tljX4=</latexit><latexit sha1_base64="RfWptoCset7pnvtAnStcLWGM2zo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVZ6iAbeoFpz6+4CZJ14BalBgdag+tUfJiyLURomqNY9z01NkFNlOBM4q/QzjSllEzrCnqWSxqiDfHHqjFxYZUiiRNmShizU3xM5jbWexqHtjKkZ61VvLv7n9TIT3QQ5l2lmULLloigTxCRk/jcZcoXMiKkllClubyVsTBVlxqZTsSF4qy+vk3aj7rl17/6q1mwUcZThDM7hEjy4hibcQQt8YDCCZ3iFN0c4L86787FsLTnFzCn8gfP5A+tljX4=</latexit>

f2
<latexit sha1_base64="Y4yR0kvsgWLNWKh/98I2vvaWj9o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVZ6iAaNQbXm1t0FyDrxClKDAq1B9as/TFgWozRMUK17npuaIKfKcCZwVulnGlPKJnSEPUsljVEH+eLUGbmwypBEibIlDVmovydyGms9jUPbGVMz1qveXPzP62UmuglyLtPMoGTLRVEmiEnI/G8y5AqZEVNLKFPc3krYmCrKjE2nYkPwVl9eJ+1G3XPr3v1Vrdko4ijDGZzDJXhwDU24gxb4wGAEz/AKb45wXpx352PZWnKKmVP4A+fzB+zpjX8=</latexit><latexit sha1_base64="Y4yR0kvsgWLNWKh/98I2vvaWj9o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVZ6iAaNQbXm1t0FyDrxClKDAq1B9as/TFgWozRMUK17npuaIKfKcCZwVulnGlPKJnSEPUsljVEH+eLUGbmwypBEibIlDVmovydyGms9jUPbGVMz1qveXPzP62UmuglyLtPMoGTLRVEmiEnI/G8y5AqZEVNLKFPc3krYmCrKjE2nYkPwVl9eJ+1G3XPr3v1Vrdko4ijDGZzDJXhwDU24gxb4wGAEz/AKb45wXpx352PZWnKKmVP4A+fzB+zpjX8=</latexit><latexit sha1_base64="Y4yR0kvsgWLNWKh/98I2vvaWj9o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVZ6iAaNQbXm1t0FyDrxClKDAq1B9as/TFgWozRMUK17npuaIKfKcCZwVulnGlPKJnSEPUsljVEH+eLUGbmwypBEibIlDVmovydyGms9jUPbGVMz1qveXPzP62UmuglyLtPMoGTLRVEmiEnI/G8y5AqZEVNLKFPc3krYmCrKjE2nYkPwVl9eJ+1G3XPr3v1Vrdko4ijDGZzDJXhwDU24gxb4wGAEz/AKb45wXpx352PZWnKKmVP4A+fzB+zpjX8=</latexit><latexit sha1_base64="Y4yR0kvsgWLNWKh/98I2vvaWj9o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByO/c7T6g0T+SjmaYYxHQkecQZNVZ6iAaNQbXm1t0FyDrxClKDAq1B9as/TFgWozRMUK17npuaIKfKcCZwVulnGlPKJnSEPUsljVEH+eLUGbmwypBEibIlDVmovydyGms9jUPbGVMz1qveXPzP62UmuglyLtPMoGTLRVEmiEnI/G8y5AqZEVNLKFPc3krYmCrKjE2nYkPwVl9eJ+1G3XPr3v1Vrdko4ijDGZzDJXhwDU24gxb4wGAEz/AKb45wXpx352PZWnKKmVP4A+fzB+zpjX8=</latexit>

f3
<latexit sha1_base64="T7SfnP53k3c6kwL3iEbyZBXPrjo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+HgalCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e7rlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+5tjYA=</latexit><latexit sha1_base64="T7SfnP53k3c6kwL3iEbyZBXPrjo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+HgalCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e7rlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+5tjYA=</latexit><latexit sha1_base64="T7SfnP53k3c6kwL3iEbyZBXPrjo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+HgalCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e7rlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+5tjYA=</latexit><latexit sha1_base64="T7SfnP53k3c6kwL3iEbyZBXPrjo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+HgalCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophjd+JlSSIldsuShMJcGYzP8mQ6E5Qzm1hDIt7K2EjammDG06JRuCt/ryOmnXqp5b9e7rlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP+5tjYA=</latexit>

f4
<latexit sha1_base64="cGQ3iE9CrmtdGS/FHyvgOvZFNPA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR4LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i787hPXRsTqEWcJ9yM6ViIUjKKVHsJhfViuuFV3CbJJvJxUIEdrWP4ajGKWRlwhk9SYvucm6GdUo2CSz0uD1PCEsikd876likbc+Nny1Dm5ssqIhLG2pZAs1d8TGY2MmUWB7YwoTsy6txD/8/ophjd+JlSSIldstShMJcGYLP4mI6E5QzmzhDIt7K2ETaimDG06JRuCt/7yJunUqp5b9e7rlWYtj6MIF3AJ1+BBA5pwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH+/xjYE=</latexit><latexit sha1_base64="cGQ3iE9CrmtdGS/FHyvgOvZFNPA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR4LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i787hPXRsTqEWcJ9yM6ViIUjKKVHsJhfViuuFV3CbJJvJxUIEdrWP4ajGKWRlwhk9SYvucm6GdUo2CSz0uD1PCEsikd876likbc+Nny1Dm5ssqIhLG2pZAs1d8TGY2MmUWB7YwoTsy6txD/8/ophjd+JlSSIldstShMJcGYLP4mI6E5QzmzhDIt7K2ETaimDG06JRuCt/7yJunUqp5b9e7rlWYtj6MIF3AJ1+BBA5pwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH+/xjYE=</latexit><latexit sha1_base64="cGQ3iE9CrmtdGS/FHyvgOvZFNPA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR4LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i787hPXRsTqEWcJ9yM6ViIUjKKVHsJhfViuuFV3CbJJvJxUIEdrWP4ajGKWRlwhk9SYvucm6GdUo2CSz0uD1PCEsikd876likbc+Nny1Dm5ssqIhLG2pZAs1d8TGY2MmUWB7YwoTsy6txD/8/ophjd+JlSSIldstShMJcGYLP4mI6E5QzmzhDIt7K2ETaimDG06JRuCt/7yJunUqp5b9e7rlWYtj6MIF3AJ1+BBA5pwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH+/xjYE=</latexit><latexit sha1_base64="cGQ3iE9CrmtdGS/FHyvgOvZFNPA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR4LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i787hPXRsTqEWcJ9yM6ViIUjKKVHsJhfViuuFV3CbJJvJxUIEdrWP4ajGKWRlwhk9SYvucm6GdUo2CSz0uD1PCEsikd876likbc+Nny1Dm5ssqIhLG2pZAs1d8TGY2MmUWB7YwoTsy6txD/8/ophjd+JlSSIldstShMJcGYLP4mI6E5QzmzhDIt7K2ETaimDG06JRuCt/7yJunUqp5b9e7rlWYtj6MIF3AJ1+BBA5pwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH+/xjYE=</latexit>

f5
<latexit sha1_base64="massosawgXoKotEQxRNTxuEU6ls=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgPihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/F1jYI=</latexit><latexit sha1_base64="massosawgXoKotEQxRNTxuEU6ls=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgPihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/F1jYI=</latexit><latexit sha1_base64="massosawgXoKotEQxRNTxuEU6ls=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgPihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/F1jYI=</latexit><latexit sha1_base64="massosawgXoKotEQxRNTxuEU6ls=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKRY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgPihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/F1jYI=</latexit>

f6
<latexit sha1_base64="gHoU0bdIyd06su2liYLKZjAEOfs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgPihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/L5jYM=</latexit><latexit sha1_base64="gHoU0bdIyd06su2liYLKZjAEOfs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgPihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/L5jYM=</latexit><latexit sha1_base64="gHoU0bdIyd06su2liYLKZjAEOfs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgPihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/L5jYM=</latexit><latexit sha1_base64="gHoU0bdIyd06su2liYLKZjAEOfs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD+GgPihX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uwxs/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVc+tevdXlUYtj6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP/L5jYM=</latexit>

a12<latexit sha1_base64="QOoVFZJZ4wRSkzb4nev4GRk3uX8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8SNgNgh4DXjxGMA9IljA7mSRjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKJHCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVqGG8wLbVpR9RyKRRvoEDJ24nhNI4kb0Xj25nfeuLGCq0ecJLwMKZDJQaCUXRSk/ayoDrtlcp+xZ+DrJIgJ2XIUe+Vvrp9zdKYK2SSWtsJ/ATDjBoUTPJpsZtanlA2pkPecVTRmNswm187JedO6ZOBNq4Ukrn6eyKjsbWTOHKdMcWRXfZm4n9eJ8XBTZgJlaTIFVssGqSSoCaz10lfGM5QThyhzAh3K2EjaihDF1DRhRAsv7xKmtVK4FeC+6ty7TKPowCncAYXEMA11OAO6tAABo/wDK/w5mnvxXv3Phata14+cwJ/4H3+ABjRjrs=</latexit><latexit sha1_base64="QOoVFZJZ4wRSkzb4nev4GRk3uX8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8SNgNgh4DXjxGMA9IljA7mSRjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKJHCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVqGG8wLbVpR9RyKRRvoEDJ24nhNI4kb0Xj25nfeuLGCq0ecJLwMKZDJQaCUXRSk/ayoDrtlcp+xZ+DrJIgJ2XIUe+Vvrp9zdKYK2SSWtsJ/ATDjBoUTPJpsZtanlA2pkPecVTRmNswm187JedO6ZOBNq4Ukrn6eyKjsbWTOHKdMcWRXfZm4n9eJ8XBTZgJlaTIFVssGqSSoCaz10lfGM5QThyhzAh3K2EjaihDF1DRhRAsv7xKmtVK4FeC+6ty7TKPowCncAYXEMA11OAO6tAABo/wDK/w5mnvxXv3Phata14+cwJ/4H3+ABjRjrs=</latexit><latexit sha1_base64="QOoVFZJZ4wRSkzb4nev4GRk3uX8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8SNgNgh4DXjxGMA9IljA7mSRjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKJHCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVqGG8wLbVpR9RyKRRvoEDJ24nhNI4kb0Xj25nfeuLGCq0ecJLwMKZDJQaCUXRSk/ayoDrtlcp+xZ+DrJIgJ2XIUe+Vvrp9zdKYK2SSWtsJ/ATDjBoUTPJpsZtanlA2pkPecVTRmNswm187JedO6ZOBNq4Ukrn6eyKjsbWTOHKdMcWRXfZm4n9eJ8XBTZgJlaTIFVssGqSSoCaz10lfGM5QThyhzAh3K2EjaihDF1DRhRAsv7xKmtVK4FeC+6ty7TKPowCncAYXEMA11OAO6tAABo/wDK/w5mnvxXv3Phata14+cwJ/4H3+ABjRjrs=</latexit><latexit sha1_base64="QOoVFZJZ4wRSkzb4nev4GRk3uX8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8SNgNgh4DXjxGMA9IljA7mSRjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKJHCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVqGG8wLbVpR9RyKRRvoEDJ24nhNI4kb0Xj25nfeuLGCq0ecJLwMKZDJQaCUXRSk/ayoDrtlcp+xZ+DrJIgJ2XIUe+Vvrp9zdKYK2SSWtsJ/ATDjBoUTPJpsZtanlA2pkPecVTRmNswm187JedO6ZOBNq4Ukrn6eyKjsbWTOHKdMcWRXfZm4n9eJ8XBTZgJlaTIFVssGqSSoCaz10lfGM5QThyhzAh3K2EjaihDF1DRhRAsv7xKmtVK4FeC+6ty7TKPowCncAYXEMA11OAO6tAABo/wDK/w5mnvxXv3Phata14+cwJ/4H3+ABjRjrs=</latexit>

a13
<latexit sha1_base64="dHuhBif6tgy+R7oijcyPRzw1jZ0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8SNhVQY8BLx4jmAckS+idTJIxszPLzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlAhurO9/eyura+sbm4Wt4vbO7t5+6eCwYVSqKatTJZRuRWiY4JLVLbeCtRLNMI4Ea0aj26nffGLacCUf7DhhYYwDyfuconVSA7tZcDnplsp+xZ+BLJMgJ2XIUeuWvjo9RdOYSUsFGtMO/MSGGWrLqWCTYic1LEE6wgFrOyoxZibMZtdOyKlTeqSvtCtpyUz9PZFhbMw4jlxnjHZoFr2p+J/XTm3/Jsy4TFLLJJ0v6qeCWEWmr5Me14xaMXYEqebuVkKHqJFaF1DRhRAsvrxMGheVwK8E91fl6nkeRwGO4QTOIIBrqMId1KAOFB7hGV7hzVPei/fufcxbV7x85gj+wPv8ARpWjrw=</latexit><latexit sha1_base64="dHuhBif6tgy+R7oijcyPRzw1jZ0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8SNhVQY8BLx4jmAckS+idTJIxszPLzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlAhurO9/eyura+sbm4Wt4vbO7t5+6eCwYVSqKatTJZRuRWiY4JLVLbeCtRLNMI4Ea0aj26nffGLacCUf7DhhYYwDyfuconVSA7tZcDnplsp+xZ+BLJMgJ2XIUeuWvjo9RdOYSUsFGtMO/MSGGWrLqWCTYic1LEE6wgFrOyoxZibMZtdOyKlTeqSvtCtpyUz9PZFhbMw4jlxnjHZoFr2p+J/XTm3/Jsy4TFLLJJ0v6qeCWEWmr5Me14xaMXYEqebuVkKHqJFaF1DRhRAsvrxMGheVwK8E91fl6nkeRwGO4QTOIIBrqMId1KAOFB7hGV7hzVPei/fufcxbV7x85gj+wPv8ARpWjrw=</latexit><latexit sha1_base64="dHuhBif6tgy+R7oijcyPRzw1jZ0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8SNhVQY8BLx4jmAckS+idTJIxszPLzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlAhurO9/eyura+sbm4Wt4vbO7t5+6eCwYVSqKatTJZRuRWiY4JLVLbeCtRLNMI4Ea0aj26nffGLacCUf7DhhYYwDyfuconVSA7tZcDnplsp+xZ+BLJMgJ2XIUeuWvjo9RdOYSUsFGtMO/MSGGWrLqWCTYic1LEE6wgFrOyoxZibMZtdOyKlTeqSvtCtpyUz9PZFhbMw4jlxnjHZoFr2p+J/XTm3/Jsy4TFLLJJ0v6qeCWEWmr5Me14xaMXYEqebuVkKHqJFaF1DRhRAsvrxMGheVwK8E91fl6nkeRwGO4QTOIIBrqMId1KAOFB7hGV7hzVPei/fufcxbV7x85gj+wPv8ARpWjrw=</latexit><latexit sha1_base64="dHuhBif6tgy+R7oijcyPRzw1jZ0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8SNhVQY8BLx4jmAckS+idTJIxszPLzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlAhurO9/eyura+sbm4Wt4vbO7t5+6eCwYVSqKatTJZRuRWiY4JLVLbeCtRLNMI4Ea0aj26nffGLacCUf7DhhYYwDyfuconVSA7tZcDnplsp+xZ+BLJMgJ2XIUeuWvjo9RdOYSUsFGtMO/MSGGWrLqWCTYic1LEE6wgFrOyoxZibMZtdOyKlTeqSvtCtpyUz9PZFhbMw4jlxnjHZoFr2p+J/XTm3/Jsy4TFLLJJ0v6qeCWEWmr5Me14xaMXYEqebuVkKHqJFaF1DRhRAsvrxMGheVwK8E91fl6nkeRwGO4QTOIIBrqMId1KAOFB7hGV7hzVPei/fufcxbV7x85gj+wPv8ARpWjrw=</latexit>

a23
<latexit sha1_base64="HPP1ogStffYT/EVmMflPqxqeEjY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY8OIxgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj25nffqLaMCUf7CShocBDyWJGsHVSC/ez2uW0X674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fzaKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjMkktlWSxKE45sgrNXkcDpimxfOIIJpq5WxEZYY2JdQGVXAjB8surpFWrBn41uL+q1C/yOIpwAqdwDgFcQx3uoAFNIPAIz/AKb57yXrx372PRWvDymWP4A+/zBxvcjr0=</latexit><latexit sha1_base64="HPP1ogStffYT/EVmMflPqxqeEjY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY8OIxgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj25nffqLaMCUf7CShocBDyWJGsHVSC/ez2uW0X674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fzaKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjMkktlWSxKE45sgrNXkcDpimxfOIIJpq5WxEZYY2JdQGVXAjB8surpFWrBn41uL+q1C/yOIpwAqdwDgFcQx3uoAFNIPAIz/AKb57yXrx372PRWvDymWP4A+/zBxvcjr0=</latexit><latexit sha1_base64="HPP1ogStffYT/EVmMflPqxqeEjY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY8OIxgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj25nffqLaMCUf7CShocBDyWJGsHVSC/ez2uW0X674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fzaKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjMkktlWSxKE45sgrNXkcDpimxfOIIJpq5WxEZYY2JdQGVXAjB8surpFWrBn41uL+q1C/yOIpwAqdwDgFcQx3uoAFNIPAIz/AKb57yXrx372PRWvDymWP4A+/zBxvcjr0=</latexit><latexit sha1_base64="HPP1ogStffYT/EVmMflPqxqeEjY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY8OIxgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj25nffqLaMCUf7CShocBDyWJGsHVSC/ez2uW0X674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fzaKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjmzBjMkktlWSxKE45sgrNXkcDpimxfOIIJpq5WxEZYY2JdQGVXAjB8surpFWrBn41uL+q1C/yOIpwAqdwDgFcQx3uoAFNIPAIz/AKb57yXrx372PRWvDymWP4A+/zBxvcjr0=</latexit>

a34
<latexit sha1_base64="AlIOnlVbCPvDh+TcL9Twv5f7k6s=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquFvRY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/u6pN++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPx7njr8=</latexit><latexit sha1_base64="AlIOnlVbCPvDh+TcL9Twv5f7k6s=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquFvRY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/u6pN++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPx7njr8=</latexit><latexit sha1_base64="AlIOnlVbCPvDh+TcL9Twv5f7k6s=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquFvRY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/u6pN++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPx7njr8=</latexit><latexit sha1_base64="AlIOnlVbCPvDh+TcL9Twv5f7k6s=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquFvRY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/u6pN++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPx7njr8=</latexit>

a45
<latexit sha1_base64="xC6qgYGm2UkDAdtZgF7crgd+8Qg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquVPRY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/q11N++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPyHyjsE=</latexit><latexit sha1_base64="xC6qgYGm2UkDAdtZgF7crgd+8Qg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquVPRY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/q11N++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPyHyjsE=</latexit><latexit sha1_base64="xC6qgYGm2UkDAdtZgF7crgd+8Qg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquVPRY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/q11N++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPyHyjsE=</latexit><latexit sha1_base64="xC6qgYGm2UkDAdtZgF7crgd+8Qg=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquVPRY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/q11N++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPyHyjsE=</latexit>

• In	general,	this	kernel	is	less	expressive	than	the	one	for	images!

• Signal	vector	:	f
• Adjacency	matrix	:	A
• The	convolution	operation	:

• The	alphas	are	learnt

↵0
<latexit sha1_base64="4apBDSEhzSoAdF9Q43mAhTydjVE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHbmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+WIj78=</latexit><latexit sha1_base64="4apBDSEhzSoAdF9Q43mAhTydjVE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHbmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+WIj78=</latexit><latexit sha1_base64="4apBDSEhzSoAdF9Q43mAhTydjVE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHbmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+WIj78=</latexit><latexit sha1_base64="4apBDSEhzSoAdF9Q43mAhTydjVE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHbmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+WIj78=</latexit>

↵1
<latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit><latexit sha1_base64="96oC0Ae1ipdvPmGhNBCsLcILQYs=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48V7Ie0oUy2m3bpbhJ2N0IJ/RVePCji1Z/jzX/jps1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqKGvTWMSqF6BmgkesbbgRrJcohjIQrBtMb3O/+8SU5nH0YGYJ8yWOIx5yisZKjwMUyQSHXmVYrbl1dwGyTryC1KBAa1j9GoximkoWGSpQ677nJsbPUBlOBZtXBqlmCdIpjlnf0ggl0362OHhOLqwyImGsbEWGLNTfExlKrWcysJ0SzUSvern4n9dPTXjjZzxKUsMiulwUpoKYmOTfkxFXjBoxswSp4vZWQieokBqbUR6Ct/ryOuk06p5b9+6vas1GEUcZzuAcLsGDa2jCHbSgDRQkPMMrvDnKeXHenY9la8kpZk7hD5zPH+cNj8A=</latexit>
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<latexit sha1_base64="o4D2fbFZDCO6iW0XiZk5BsRjnV8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9loQY8FLx4r2A9ol5JNs21sNlmSrFKW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmTacCXv7SRhQUyGkkecEuuk1lM/w5fTfrniV/050CrBOalAjka//NUbKJrGTFoqiDFd7Cc2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp+jMKQMUKe1KWjRXf09kJDZmEoeuMyZ2ZJa9mfif101tdB1kXCapZZIuFkWpQFah2etowDWjVkwcIVRzdyuiI6IJtS6gkgsBL7+8SloXVexX8V2tUq/lcRThBE7hHDBcQR1uoQFNoPAAz/AKb57yXrx372PRWvDymWP4A+/zBz6Ejto=</latexit><latexit sha1_base64="o4D2fbFZDCO6iW0XiZk5BsRjnV8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9loQY8FLx4r2A9ol5JNs21sNlmSrFKW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmTacCXv7SRhQUyGkkecEuuk1lM/w5fTfrniV/050CrBOalAjka//NUbKJrGTFoqiDFd7Cc2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp+jMKQMUKe1KWjRXf09kJDZmEoeuMyZ2ZJa9mfif101tdB1kXCapZZIuFkWpQFah2etowDWjVkwcIVRzdyuiI6IJtS6gkgsBL7+8SloXVexX8V2tUq/lcRThBE7hHDBcQR1uoQFNoPAAz/AKb57yXrx372PRWvDymWP4A+/zBz6Ejto=</latexit><latexit sha1_base64="o4D2fbFZDCO6iW0XiZk5BsRjnV8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9loQY8FLx4r2A9ol5JNs21sNlmSrFKW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmTacCXv7SRhQUyGkkecEuuk1lM/w5fTfrniV/050CrBOalAjka//NUbKJrGTFoqiDFd7Cc2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp+jMKQMUKe1KWjRXf09kJDZmEoeuMyZ2ZJa9mfif101tdB1kXCapZZIuFkWpQFah2etowDWjVkwcIVRzdyuiI6IJtS6gkgsBL7+8SloXVexX8V2tUq/lcRThBE7hHDBcQR1uoQFNoPAAz/AKb57yXrx372PRWvDymWP4A+/zBz6Ejto=</latexit><latexit sha1_base64="o4D2fbFZDCO6iW0XiZk5BsRjnV8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9loQY8FLx4r2A9ol5JNs21sNlmSrFKW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmTacCXv7SRhQUyGkkecEuuk1lM/w5fTfrniV/050CrBOalAjka//NUbKJrGTFoqiDFd7Cc2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp+jMKQMUKe1KWjRXf09kJDZmEoeuMyZ2ZJa9mfif101tdB1kXCapZZIuFkWpQFah2etowDWjVkwcIVRzdyuiI6IJtS6gkgsBL7+8SloXVexX8V2tUq/lcRThBE7hHDBcQR1uoQFNoPAAz/AKb57yXrx372PRWvDymWP4A+/zBz6Ejto=</latexit>

w23
<latexit sha1_base64="gexhZTmZKI7VHbfFifBxHkZcPrY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKezGgB4DXjxGMImQLGF2MpuMmccyM6uEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNL3ETaUM0lblllO7xNNsYg47UTj65nfeaTaMCXv7CShocBDyWJGsHVS+6mf1S6m/XLFr/pzoFUS5KQCOZr98ldvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7ToqsaAmzObXTtGZUwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMbX4UZk0lqqSSLRXHKkVVo9joaME2J5RNHMNHM3YrICGtMrAuo5EIIll9eJe1aNfCrwW290qjncRThBE7hHAK4hAbcQBNaQOABnuEV3jzlvXjv3seiteDlM8fwB97nD0AKjts=</latexit><latexit sha1_base64="gexhZTmZKI7VHbfFifBxHkZcPrY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKezGgB4DXjxGMImQLGF2MpuMmccyM6uEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNL3ETaUM0lblllO7xNNsYg47UTj65nfeaTaMCXv7CShocBDyWJGsHVS+6mf1S6m/XLFr/pzoFUS5KQCOZr98ldvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7ToqsaAmzObXTtGZUwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMbX4UZk0lqqSSLRXHKkVVo9joaME2J5RNHMNHM3YrICGtMrAuo5EIIll9eJe1aNfCrwW290qjncRThBE7hHAK4hAbcQBNaQOABnuEV3jzlvXjv3seiteDlM8fwB97nD0AKjts=</latexit><latexit sha1_base64="gexhZTmZKI7VHbfFifBxHkZcPrY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKezGgB4DXjxGMImQLGF2MpuMmccyM6uEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNL3ETaUM0lblllO7xNNsYg47UTj65nfeaTaMCXv7CShocBDyWJGsHVS+6mf1S6m/XLFr/pzoFUS5KQCOZr98ldvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7ToqsaAmzObXTtGZUwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMbX4UZk0lqqSSLRXHKkVVo9joaME2J5RNHMNHM3YrICGtMrAuo5EIIll9eJe1aNfCrwW290qjncRThBE7hHAK4hAbcQBNaQOABnuEV3jzlvXjv3seiteDlM8fwB97nD0AKjts=</latexit><latexit sha1_base64="gexhZTmZKI7VHbfFifBxHkZcPrY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKezGgB4DXjxGMImQLGF2MpuMmccyM6uEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNL3ETaUM0lblllO7xNNsYg47UTj65nfeaTaMCXv7CShocBDyWJGsHVS+6mf1S6m/XLFr/pzoFUS5KQCOZr98ldvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7ToqsaAmzObXTtGZUwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMbX4UZk0lqqSSLRXHKkVVo9joaME2J5RNHMNHM3YrICGtMrAuo5EIIll9eJe1aNfCrwW290qjncRThBE7hHAK4hAbcQBNaQOABnuEV3jzlvXjv3seiteDlM8fwB97nD0AKjts=</latexit>

w22
<latexit sha1_base64="WKDi43GHUDcs6Ceq3T05dob6Y90=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWgh4LXjxWsB/QLiWbZtvYbLIkWaUs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LG5tb2TnG3tLd/cHhUPj5pG5VqylpUCaW7ITFMcMlallvBuolmJA4F64STm7nfeWTacCXv7TRhQUxGkkecEuuk9tMgq9Vmg3LFq3oL4HXi56QCOZqD8ld/qGgaM2mpIMb0fC+xQUa05VSwWamfGpYQOiEj1nNUkpiZIFtcO8MXThniSGlX0uKF+nsiI7Ex0zh0nTGxY7PqzcX/vF5qo+sg4zJJLZN0uShKBbYKz1/HQ64ZtWLqCKGau1sxHRNNqHUBlVwI/urL66Rdq/pe1b+rVxr1PI4inME5XIIPV9CAW2hCCyg8wDO8whtS6AW9o49lawHlM6fwB+jzBz6Fjto=</latexit><latexit sha1_base64="WKDi43GHUDcs6Ceq3T05dob6Y90=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWgh4LXjxWsB/QLiWbZtvYbLIkWaUs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LG5tb2TnG3tLd/cHhUPj5pG5VqylpUCaW7ITFMcMlallvBuolmJA4F64STm7nfeWTacCXv7TRhQUxGkkecEuuk9tMgq9Vmg3LFq3oL4HXi56QCOZqD8ld/qGgaM2mpIMb0fC+xQUa05VSwWamfGpYQOiEj1nNUkpiZIFtcO8MXThniSGlX0uKF+nsiI7Ex0zh0nTGxY7PqzcX/vF5qo+sg4zJJLZN0uShKBbYKz1/HQ64ZtWLqCKGau1sxHRNNqHUBlVwI/urL66Rdq/pe1b+rVxr1PI4inME5XIIPV9CAW2hCCyg8wDO8whtS6AW9o49lawHlM6fwB+jzBz6Fjto=</latexit><latexit sha1_base64="WKDi43GHUDcs6Ceq3T05dob6Y90=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWgh4LXjxWsB/QLiWbZtvYbLIkWaUs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LG5tb2TnG3tLd/cHhUPj5pG5VqylpUCaW7ITFMcMlallvBuolmJA4F64STm7nfeWTacCXv7TRhQUxGkkecEuuk9tMgq9Vmg3LFq3oL4HXi56QCOZqD8ld/qGgaM2mpIMb0fC+xQUa05VSwWamfGpYQOiEj1nNUkpiZIFtcO8MXThniSGlX0uKF+nsiI7Ex0zh0nTGxY7PqzcX/vF5qo+sg4zJJLZN0uShKBbYKz1/HQ64ZtWLqCKGau1sxHRNNqHUBlVwI/urL66Rdq/pe1b+rVxr1PI4inME5XIIPV9CAW2hCCyg8wDO8whtS6AW9o49lawHlM6fwB+jzBz6Fjto=</latexit><latexit sha1_base64="WKDi43GHUDcs6Ceq3T05dob6Y90=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWgh4LXjxWsB/QLiWbZtvYbLIkWaUs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LG5tb2TnG3tLd/cHhUPj5pG5VqylpUCaW7ITFMcMlallvBuolmJA4F64STm7nfeWTacCXv7TRhQUxGkkecEuuk9tMgq9Vmg3LFq3oL4HXi56QCOZqD8ld/qGgaM2mpIMb0fC+xQUa05VSwWamfGpYQOiEj1nNUkpiZIFtcO8MXThniSGlX0uKF+nsiI7Ex0zh0nTGxY7PqzcX/vF5qo+sg4zJJLZN0uShKBbYKz1/HQ64ZtWLqCKGau1sxHRNNqHUBlVwI/urL66Rdq/pe1b+rVxr1PI4inME5XIIPV9CAW2hCCyg8wDO8whtS6AW9o49lawHlM6fwB+jzBz6Fjto=</latexit>

w21
<latexit sha1_base64="J24WfpCpa7ttSOj5VKvvcloMp8s=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mUgh4LXjxWsB/QLiWbZtvYbLIkWaUs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknN3O/88i04Ure22nCgpiMJI84JdZJ7adBVsOzQbniV/0F0DrBOalAjuag/NUfKprGTFoqiDE97Cc2yIi2nAo2K/VTwxJCJ2TEeo5KEjMTZItrZ+jCKUMUKe1KWrRQf09kJDZmGoeuMyZ2bFa9ufif10ttdB1kXCapZZIuF0WpQFah+etoyDWjVkwdIVRzdyuiY6IJtS6gkgsBr768Ttq1Kvar+K5eadTzOIpwBudwCRiuoAG30IQWUHiAZ3iFN095L96797FsLXj5zCn8gff5Az0Ajtk=</latexit><latexit sha1_base64="J24WfpCpa7ttSOj5VKvvcloMp8s=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mUgh4LXjxWsB/QLiWbZtvYbLIkWaUs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknN3O/88i04Ure22nCgpiMJI84JdZJ7adBVsOzQbniV/0F0DrBOalAjuag/NUfKprGTFoqiDE97Cc2yIi2nAo2K/VTwxJCJ2TEeo5KEjMTZItrZ+jCKUMUKe1KWrRQf09kJDZmGoeuMyZ2bFa9ufif10ttdB1kXCapZZIuF0WpQFah+etoyDWjVkwdIVRzdyuiY6IJtS6gkgsBr768Ttq1Kvar+K5eadTzOIpwBudwCRiuoAG30IQWUHiAZ3iFN095L96797FsLXj5zCn8gff5Az0Ajtk=</latexit><latexit sha1_base64="J24WfpCpa7ttSOj5VKvvcloMp8s=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mUgh4LXjxWsB/QLiWbZtvYbLIkWaUs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknN3O/88i04Ure22nCgpiMJI84JdZJ7adBVsOzQbniV/0F0DrBOalAjuag/NUfKprGTFoqiDE97Cc2yIi2nAo2K/VTwxJCJ2TEeo5KEjMTZItrZ+jCKUMUKe1KWrRQf09kJDZmGoeuMyZ2bFa9ufif10ttdB1kXCapZZIuF0WpQFah+etoyDWjVkwdIVRzdyuiY6IJtS6gkgsBr768Ttq1Kvar+K5eadTzOIpwBudwCRiuoAG30IQWUHiAZ3iFN095L96797FsLXj5zCn8gff5Az0Ajtk=</latexit><latexit sha1_base64="J24WfpCpa7ttSOj5VKvvcloMp8s=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mUgh4LXjxWsB/QLiWbZtvYbLIkWaUs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknN3O/88i04Ure22nCgpiMJI84JdZJ7adBVsOzQbniV/0F0DrBOalAjuag/NUfKprGTFoqiDE97Cc2yIi2nAo2K/VTwxJCJ2TEeo5KEjMTZItrZ+jCKUMUKe1KWrRQf09kJDZmGoeuMyZ2bFa9ufif10ttdB1kXCapZZIuF0WpQFah+etoyDWjVkwdIVRzdyuiY6IJtS6gkgsBr768Ttq1Kvar+K5eadTzOIpwBudwCRiuoAG30IQWUHiAZ3iFN095L96797FsLXj5zCn8gff5Az0Ajtk=</latexit>

w31
<latexit sha1_base64="f8Sas9zH3WbuheXCiS8mybhxAKs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9loQY8FLx4r2A9ol5JNs21sNlmSrFKW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmTacCXv7SRhQUyGkkecEuuk1lM/u8TTfrniV/050CrBOalAjka//NUbKJrGTFoqiDFd7Cc2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp+jMKQMUKe1KWjRXf09kJDZmEoeuMyZ2ZJa9mfif101tdB1kXCapZZIuFkWpQFah2etowDWjVkwcIVRzdyuiI6IJtS6gkgsBL7+8SloXVexX8V2tUq/lcRThBE7hHDBcQR1uoQFNoPAAz/AKb57yXrx372PRWvDymWP4A+/zBz6Gjto=</latexit><latexit sha1_base64="f8Sas9zH3WbuheXCiS8mybhxAKs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9loQY8FLx4r2A9ol5JNs21sNlmSrFKW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmTacCXv7SRhQUyGkkecEuuk1lM/u8TTfrniV/050CrBOalAjka//NUbKJrGTFoqiDFd7Cc2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp+jMKQMUKe1KWjRXf09kJDZmEoeuMyZ2ZJa9mfif101tdB1kXCapZZIuFkWpQFah2etowDWjVkwcIVRzdyuiI6IJtS6gkgsBL7+8SloXVexX8V2tUq/lcRThBE7hHDBcQR1uoQFNoPAAz/AKb57yXrx372PRWvDymWP4A+/zBz6Gjto=</latexit><latexit sha1_base64="f8Sas9zH3WbuheXCiS8mybhxAKs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9loQY8FLx4r2A9ol5JNs21sNlmSrFKW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmTacCXv7SRhQUyGkkecEuuk1lM/u8TTfrniV/050CrBOalAjka//NUbKJrGTFoqiDFd7Cc2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp+jMKQMUKe1KWjRXf09kJDZmEoeuMyZ2ZJa9mfif101tdB1kXCapZZIuFkWpQFah2etowDWjVkwcIVRzdyuiI6IJtS6gkgsBL7+8SloXVexX8V2tUq/lcRThBE7hHDBcQR1uoQFNoPAAz/AKb57yXrx372PRWvDymWP4A+/zBz6Gjto=</latexit><latexit sha1_base64="f8Sas9zH3WbuheXCiS8mybhxAKs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9loQY8FLx4r2A9ol5JNs21sNlmSrFKW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmTacCXv7SRhQUyGkkecEuuk1lM/u8TTfrniV/050CrBOalAjka//NUbKJrGTFoqiDFd7Cc2yIi2nAo2LfVSwxJCx2TIuo5KEjMTZPNrp+jMKQMUKe1KWjRXf09kJDZmEoeuMyZ2ZJa9mfif101tdB1kXCapZZIuFkWpQFah2etowDWjVkwcIVRzdyuiI6IJtS6gkgsBL7+8SloXVexX8V2tUq/lcRThBE7hHDBcQR1uoQFNoPAAz/AKb57yXrx372PRWvDymWP4A+/zBz6Gjto=</latexit>

w32
<latexit sha1_base64="gYSuIc0mxt00HykC6sSYVDBVALE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKezGgB4DXjxGMImQLGF2MpuMmccyM6uEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNL3ETaUM0lblllO7xNNsYg47UTj65nfeaTaMCXv7CShocBDyWJGsHVS+6mfXdSm/XLFr/pzoFUS5KQCOZr98ldvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7ToqsaAmzObXTtGZUwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMbX4UZk0lqqSSLRXHKkVVo9joaME2J5RNHMNHM3YrICGtMrAuo5EIIll9eJe1aNfCrwW290qjncRThBE7hHAK4hAbcQBNaQOABnuEV3jzlvXjv3seiteDlM8fwB97nD0ALjts=</latexit><latexit sha1_base64="gYSuIc0mxt00HykC6sSYVDBVALE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKezGgB4DXjxGMImQLGF2MpuMmccyM6uEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNL3ETaUM0lblllO7xNNsYg47UTj65nfeaTaMCXv7CShocBDyWJGsHVS+6mfXdSm/XLFr/pzoFUS5KQCOZr98ldvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7ToqsaAmzObXTtGZUwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMbX4UZk0lqqSSLRXHKkVVo9joaME2J5RNHMNHM3YrICGtMrAuo5EIIll9eJe1aNfCrwW290qjncRThBE7hHAK4hAbcQBNaQOABnuEV3jzlvXjv3seiteDlM8fwB97nD0ALjts=</latexit><latexit sha1_base64="gYSuIc0mxt00HykC6sSYVDBVALE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKezGgB4DXjxGMImQLGF2MpuMmccyM6uEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNL3ETaUM0lblllO7xNNsYg47UTj65nfeaTaMCXv7CShocBDyWJGsHVS+6mfXdSm/XLFr/pzoFUS5KQCOZr98ldvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7ToqsaAmzObXTtGZUwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMbX4UZk0lqqSSLRXHKkVVo9joaME2J5RNHMNHM3YrICGtMrAuo5EIIll9eJe1aNfCrwW290qjncRThBE7hHAK4hAbcQBNaQOABnuEV3jzlvXjv3seiteDlM8fwB97nD0ALjts=</latexit><latexit sha1_base64="gYSuIc0mxt00HykC6sSYVDBVALE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKezGgB4DXjxGMImQLGF2MpuMmccyM6uEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNL3ETaUM0lblllO7xNNsYg47UTj65nfeaTaMCXv7CShocBDyWJGsHVS+6mfXdSm/XLFr/pzoFUS5KQCOZr98ldvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7ToqsaAmzObXTtGZUwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMbX4UZk0lqqSSLRXHKkVVo9joaME2J5RNHMNHM3YrICGtMrAuo5EIIll9eJe1aNfCrwW290qjncRThBE7hHAK4hAbcQBNaQOABnuEV3jzlvXjv3seiteDlM8fwB97nD0ALjts=</latexit>

w33
<latexit sha1_base64="Uy7O6b7UzLM8FmNUl5qL693wwno=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyagB4DXjxGMImQLGF2MpuMmccyM6uEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNL3ETaUM0lblllO7xNNsYg47UTj65nfeaTaMCXv7CShocBDyWJGsHVS+6mf1WrTfrniV/050CoJclKBHM1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvNrp+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8KMySS1VJLFojjlyCo0ex0NmKbE8okjmGjmbkVkhDUm1gVUciEEyy+vkvZFNfCrwW290qjncRThBE7hHAK4hAbcQBNaQOABnuEV3jzlvXjv3seiteDlM8fwB97nD0GQjtw=</latexit><latexit sha1_base64="Uy7O6b7UzLM8FmNUl5qL693wwno=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyagB4DXjxGMImQLGF2MpuMmccyM6uEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNL3ETaUM0lblllO7xNNsYg47UTj65nfeaTaMCXv7CShocBDyWJGsHVS+6mf1WrTfrniV/050CoJclKBHM1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvNrp+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8KMySS1VJLFojjlyCo0ex0NmKbE8okjmGjmbkVkhDUm1gVUciEEyy+vkvZFNfCrwW290qjncRThBE7hHAK4hAbcQBNaQOABnuEV3jzlvXjv3seiteDlM8fwB97nD0GQjtw=</latexit><latexit sha1_base64="Uy7O6b7UzLM8FmNUl5qL693wwno=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyagB4DXjxGMImQLGF2MpuMmccyM6uEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNL3ETaUM0lblllO7xNNsYg47UTj65nfeaTaMCXv7CShocBDyWJGsHVS+6mf1WrTfrniV/050CoJclKBHM1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvNrp+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8KMySS1VJLFojjlyCo0ex0NmKbE8okjmGjmbkVkhDUm1gVUciEEyy+vkvZFNfCrwW290qjncRThBE7hHAK4hAbcQBNaQOABnuEV3jzlvXjv3seiteDlM8fwB97nD0GQjtw=</latexit><latexit sha1_base64="Uy7O6b7UzLM8FmNUl5qL693wwno=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyagB4DXjxGMImQLGF2MpuMmccyM6uEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNL3ETaUM0lblllO7xNNsYg47UTj65nfeaTaMCXv7CShocBDyWJGsHVS+6mf1WrTfrniV/050CoJclKBHM1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvNrp+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8KMySS1VJLFojjlyCo0ex0NmKbE8okjmGjmbkVkhDUm1gVUciEEyy+vkvZFNfCrwW290qjncRThBE7hHAK4hAbcQBNaQOABnuEV3jzlvXjv3seiteDlM8fwB97nD0GQjtw=</latexit>

Image	
kernel vs

fout = ⇠(↵0I + ↵1A)f
<latexit sha1_base64="BYM2u/19tCNwPPK7bWIMdBpPTOI=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoEcqMCHYjVNzoroJ9QGcsmTTThmaSIcmIZeg3uPFX3LhQxK0rd/6NaTsLbT1w4eSce8m9J4gZVdpxvq3c0vLK6lp+vbCxubW9Y+/uNZVIJCYNLJiQ7QApwignDU01I+1YEhQFjLSC4eXEb90Tqajgt3oUEz9CfU5DipE2Utcuh3epSPQYnkPvgcKSh1g8QF0HXsNjmD1ceFGGYdcuOhVnCrhI3IwUQYZ61/7yegInEeEaM6RUx3Vi7adIaooZGRe8RJEY4SHqk46hHEVE+en0pDE8MkoPhkKa4hpO1d8TKYqUGkWB6YyQHqh5byL+53USHVb9lPI40YTj2UdhwqAWcJIP7FFJsGYjQxCW1OwK8QBJhLVJsWBCcOdPXiTNk4rrVNyb02KtmsWRBwfgEJSAC85ADVyBOmgADB7BM3gFb9aT9WK9Wx+z1pyVzeyDP7A+fwAGwZsY</latexit><latexit sha1_base64="BYM2u/19tCNwPPK7bWIMdBpPTOI=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoEcqMCHYjVNzoroJ9QGcsmTTThmaSIcmIZeg3uPFX3LhQxK0rd/6NaTsLbT1w4eSce8m9J4gZVdpxvq3c0vLK6lp+vbCxubW9Y+/uNZVIJCYNLJiQ7QApwignDU01I+1YEhQFjLSC4eXEb90Tqajgt3oUEz9CfU5DipE2Utcuh3epSPQYnkPvgcKSh1g8QF0HXsNjmD1ceFGGYdcuOhVnCrhI3IwUQYZ61/7yegInEeEaM6RUx3Vi7adIaooZGRe8RJEY4SHqk46hHEVE+en0pDE8MkoPhkKa4hpO1d8TKYqUGkWB6YyQHqh5byL+53USHVb9lPI40YTj2UdhwqAWcJIP7FFJsGYjQxCW1OwK8QBJhLVJsWBCcOdPXiTNk4rrVNyb02KtmsWRBwfgEJSAC85ADVyBOmgADB7BM3gFb9aT9WK9Wx+z1pyVzeyDP7A+fwAGwZsY</latexit><latexit sha1_base64="BYM2u/19tCNwPPK7bWIMdBpPTOI=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoEcqMCHYjVNzoroJ9QGcsmTTThmaSIcmIZeg3uPFX3LhQxK0rd/6NaTsLbT1w4eSce8m9J4gZVdpxvq3c0vLK6lp+vbCxubW9Y+/uNZVIJCYNLJiQ7QApwignDU01I+1YEhQFjLSC4eXEb90Tqajgt3oUEz9CfU5DipE2Utcuh3epSPQYnkPvgcKSh1g8QF0HXsNjmD1ceFGGYdcuOhVnCrhI3IwUQYZ61/7yegInEeEaM6RUx3Vi7adIaooZGRe8RJEY4SHqk46hHEVE+en0pDE8MkoPhkKa4hpO1d8TKYqUGkWB6YyQHqh5byL+53USHVb9lPI40YTj2UdhwqAWcJIP7FFJsGYjQxCW1OwK8QBJhLVJsWBCcOdPXiTNk4rrVNyb02KtmsWRBwfgEJSAC85ADVyBOmgADB7BM3gFb9aT9WK9Wx+z1pyVzeyDP7A+fwAGwZsY</latexit><latexit sha1_base64="BYM2u/19tCNwPPK7bWIMdBpPTOI=">AAACEnicbVDLSgMxFM3UV62vUZdugkVoEcqMCHYjVNzoroJ9QGcsmTTThmaSIcmIZeg3uPFX3LhQxK0rd/6NaTsLbT1w4eSce8m9J4gZVdpxvq3c0vLK6lp+vbCxubW9Y+/uNZVIJCYNLJiQ7QApwignDU01I+1YEhQFjLSC4eXEb90Tqajgt3oUEz9CfU5DipE2Utcuh3epSPQYnkPvgcKSh1g8QF0HXsNjmD1ceFGGYdcuOhVnCrhI3IwUQYZ61/7yegInEeEaM6RUx3Vi7adIaooZGRe8RJEY4SHqk46hHEVE+en0pDE8MkoPhkKa4hpO1d8TKYqUGkWB6YyQHqh5byL+53USHVb9lPI40YTj2UdhwqAWcJIP7FFJsGYjQxCW1OwK8QBJhLVJsWBCcOdPXiTNk4rrVNyb02KtmsWRBwfgEJSAC85ADVyBOmgADB7BM3gFb9aT9WK9Wx+z1pyVzeyDP7A+fwAGwZsY</latexit>

a46
<latexit sha1_base64="M/w1QdxAwEfabIvIK3vjhsIrPUM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquFPVY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/q11N++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPyN3jsI=</latexit><latexit sha1_base64="M/w1QdxAwEfabIvIK3vjhsIrPUM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquFPVY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/q11N++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPyN3jsI=</latexit><latexit sha1_base64="M/w1QdxAwEfabIvIK3vjhsIrPUM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquFPVY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/q11N++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPyN3jsI=</latexit><latexit sha1_base64="M/w1QdxAwEfabIvIK3vjhsIrPUM=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgQcquFPVY8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYlhgkvWtNwK1kk0I3EoWDsc38789hPThiv5YCcJC2IylDzilFgntUg/q11N++WKV/XmwKvEz0kFcjT65a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URjdBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0nrsup7Vf++Vqlf5HEU4QRO4Rx8uIY63EEDmkDhEZ7hFd6QQi/oHX0sWgsonzmGP0CfPyN3jsI=</latexit>



Architecture	for	sub-problem	2

Input	graph	:
Node	signal	f
Adjacency	matrix A

Layer	1 Layer	K

Fully	Connected	Layer

Class	1
Class	2

.

.

.

.
Class	C

.	.	.	.	.	.	.	.

.	.	.	.	.	.	.	.
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Preliminary	results

Image Classification	
Label

Graph	
AbstractionNN	1 NN	2

Sub-problem	 1 Sub-problem	 2

We	attempt	to	validate	this	part

• Generate	graph	inputs	from	images	with	known	ground	truths
• Nodes
• Edges

• We	use	MNIST	dataset:	images	of	handwritten	digits	(0,1,…,9)
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Experiment	setup	to	generate	
graphs

1. Take	an	image

2. Select	N	points	at	random

3. Connect	ever	node	to	k-nearest	

neighbors	(based	on	distance)

4. Extract	the	graph	and	color	at	the	nodes
1

2
2

2

3

3

2

2



Experiment	setup	to	generate	
graphs

Obtain	f	,		A from	the	image

1

2
2

2

3

3

2

2

1

2
2

2

3

3

2

2



Preliminary	results

1. As	the	number	of	nodes	used	to	create	the	graph	
increases,	accuracy	increases

With	a	fixed	graph,	50	nodes			:	84%
200	nodes	:	91%



Preliminary	results

1. As	the	number	of	nodes	used	to	create	the	graph	
increases,	accuracy	increases

With	a	fixed	graph,	50	nodes			:	84%
200	nodes	:	91%

2.	The	technique	also	works	for	varying	graphs	(A	
changes)

Classification	of	digits	0	and	1	:	92%
digits	1	and	7	:	69%

50	nodes



Summary

Graph	
abstraction

Image

Airplane	 :	3	%
Automobile	 :	10	%
…
Truck	:	 85	%

Classification	
label

Classical	CNN



Other	Applications	of	Geometric	
Deep	Learning
• Analyzing	meshes/	point	cloud	data	(from	Lidar)

• Convert	to	graph	and	use	Geometric	Deep	Learning	techniques

[Verma et.	al.	2018] [Yi	et.	al.	2017]



Other	Applications	of	Geometric	
Deep	Learning
• Shape	correspondence	for	deformable	objects

[Bronstein	et.	al.	2017]


