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In the following lectures…
! How can we infer useful information from data that live on a 

graph?

! Graphs could be weighted or unweighted

! Nodes could have attributes  
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Machine learning (ML)/
Signal processing (SP) 

on graphs

Actionable 
knowledge

YX,G f(X,G)

e.g., node/graph classification,

signal inpainting/denoising



Why learning from graphs is hard?
! Contrary to traditional modalities:

- Graphs capture complex and irregular connections 

- There is no explicit notion of ordering

- Nodes can have multiple attributes 
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Traditional ML pipeline on graphs
! How can we infer useful information from data that live on a 

graph?

! Graphs could be weighted or unweighted

! Nodes could have attributes 
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Actionable 
knowledge

Y

Graph-
based 

features


X,G

e.g., node/graph classification,

signal inpainting/denoising

ML model
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Graph-structured features/embeddings: 
A high level overview
! Hand-crafted features: Capture some structural properties of the graph, 

followed by some statistics (signatures)


! Graph kernel methods: Design similarity functions in an embedding space


! Spectral features: Capture the graph properties through spectral graph 
theory 


! Learned features: Learn graph features directly from data by designing 
models based on meaningful assumptions

- Unsupervised embeddings: Learn features based on different ways of 

preserving information from the original graph (without node attributes)

- Graph neural network features: Learn features from the data using a 

well-designed family of neural networks (with node attributes)
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Model-driven

Data-driven



In this lecture 
! How can we infer useful information only from the graph 

structure? 
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Actionable 
knowledge

Graph-
based 

features


e.g., node/graph classification,

signal inpainting/denoising

ML model


Y
Feature engineering 
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Graph-structured features/embeddings: 
A high level overview
! Hand-crafted features: Capture some structural properties of the graph, 

followed by some statistics (signatures)


! Graph kernel methods: Design similarity functions in an embedding space


! Spectral features: Capture the graph properties through spectral graph 
theory 


! Learned features: Learn graph features directly from data by designing 
models based on meaningful assumptions

- Unsupervised embeddings: Learn features based on different ways of 

preserving information from the original graph

- Graph neural network features: Learn features from the data using a 

well-designed family of neural networks 
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Model-driven

Data-driven

Following lectures



Outline
! Machine learning pipeline on graphs 


! Traditional graph structural features 

- Node level tasks

- Graph level tasks

- Edge level tasks 
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Outline
! Machine learning pipeline on graphs 


! Traditional graph structural features 

- Node level tasks

- Graph level tasks

- Edge level tasks 
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Traditional ML pipeline: Input

! Input: 

! Graph:

! Graph with attributes:  
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X,G

G = (V, E ,W )
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Traditional ML pipeline: Features
! Should reveal important information regarding the 

graph structure


! Key to achieving good model performance 


! Features can be defined at different scales

- At a node, edge, sets of nodes, entire graph level 


! The choice of the features depends on

- the end task

- prior knowledge on the data
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Graph-
based 

features
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Traditional ML pipeline: Learning tasks
! The features are given as input to an 

ML model

! Examples: logistic regression, SVM, 

neural networks, etc.


! Training phase: 

! Given a set of graph-based features, 

train a model    that predicts the 
correct


! Testing phase:

! Given a new node/link/graph, 

compute its features, and give them 
as an input to    to make a prediction 
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Actionable 
knowledge

e.g., node/graph classification,

signal inpainting/denoising

ML model


Y
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Illustrative example: Graph 
classification
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Class 1

Class 1
Class 1

Class -1 Class -1

Class -1

Class ?

Class ?

Training data Test data 

What are the key features for classifying my graphs? 



Illustrative example: Graph 
classification with SVM 
! Classical SVM setup: 

- Given a set of      training graphs, across with their class labels                             

learn a classifier that predicts the label of a new graph   


- Use the learned model to classify new graph instances    
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subject to
NX

i=1

↵iyi = 0

Graph features or 
embeddings 
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M

How do we compute graph features?
[Scholkopf et al., Learning with kernels, MIT Press, 2002]




Highly challenging for ML 
! Features (often know as embeddings) should capture the intrinsic structure of the 

graph 

! Most ML algorithms require features to be represented as a fixed length feature 

vector


! Todays’ focus: 

- Graphs without node attributes, i.e., inferring information only from the graph structure (graph 

structural features) 

- Hand-designed features, i.e., features that are designed based on some priors (no learning 

involved!)
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?



Outline
! Machine learning pipeline on graphs 


! Traditional graph structural features 

- Node level tasks

- Graph level tasks

- Edge level tasks 
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Extracting structural information at 
different levels

17

Network Machine Learning - EE452

Dr Dorina Thanou 


Prof. Pascal Frossard



Node level features
! Typically useful for node classification/clustering tasks 


! Aim at characterizing the structure and position of a node in the 
network
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Color reflects the degree! 



Common node level features 
! Node degree


! Node centrality


! Clustering coefficient


! Graphlets
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Node degree
! The degree       of node    is the number of edges (neighboring nodes) 

the node has


! Usually normalized with the maximum number of nodes 

! The node degree feature treats all nodes equally
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<latexit sha1_base64="4JkkexoBRsa+TRdjA2ST24KMuR8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IUi26Egi7EVQXbCm0Ik8lNO3TyYGYi1FD8FTcuFHHrf7jzb5ymWWjrgQuHc+6dO/d4CWdSWda3UVpaXlldK69XNja3tnfM3b2OjFNBoU1jHot7j0jgLIK2YorDfSKAhB6Hrje6nPrdBxCSxdGdGifghGQQsYBRorTkmgf9/I1MgD+5crObCb7ADdesWjUrB14kdkGqqEDLNb/6fkzTECJFOZGyZ1uJcjIiFKMcJpV+KiEhdEQG0NM0IiFIJ8s3T/CxVnwcxEJXpHCu/p7ISCjlOPR0Z0jUUM57U/E/r5eq4NzJWJSkCiI6WxSkHKsYT6PAPhNAFR9rQqhg+q+YDokgVOnAKjoEe/7kRdKp1+xGzbo9rTbrRRxldIiO0Amy0RlqomvUQm1E0SN6Rq/ozXgyXox342PWWjKKmX30B8bnD7WvlKw=</latexit>

DJ = 5

<latexit sha1_base64="XzK+xgPA4dv4lB73Ff/B/9urHj4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5IURTdCRRcuK9gHtCFMJjft0MmDmYlQQ/BX3LhQxK3/4c6/cdpmoa0HLhzOuXfu3OMlnEllWd9GaWl5ZXWtvF7Z2Nza3jF399oyTgWFFo15LLoekcBZBC3FFIduIoCEHoeON7qe+J0HEJLF0b0aJ+CEZBCxgFGitOSaB/3pG5kAP79xs6scX+K6a1atmjUFXiR2QaqoQNM1v/p+TNMQIkU5kbJnW4lyMiIUoxzySj+VkBA6IgPoaRqREKSTTTfn+FgrPg5ioStSeKr+nshIKOU49HRnSNRQznsT8T+vl6rgwslYlKQKIjpbFKQcqxhPosA+E0AVH2tCqGD6r5gOiSBU6cAqOgR7/uRF0q7X7LOadXdabdSLOMroEB2hE2Sjc9RAt6iJWoiiR/SMXtGb8WS8GO/Gx6y1ZBQz++gPjM8fo1KUoA==</latexit>

DA = 2

<latexit sha1_base64="0U4H/nMrdPuce3sUoVKJQAiGn+Y=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpim6Egi5cuKhgH9CGMJlM26GTBzMToYbgr7hxoYhb/8Odf+M0zUJbD1w4nHPv3LnHizmTyrK+jdLS8srqWnm9srG5tb1j7u61ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX039zgMVkkXhvZrE1AnwMGQDRrDSkmse9PM3UkH97NpNbzN0iWzXrFo1KwdaJHZBqlCg6ZpffT8iSUBDRTiWsmdbsXJSLBQjnGaVfiJpjMkYD2lP0xAHVDppvjlDx1rx0SASukKFcvX3RIoDKSeBpzsDrEZy3puK/3m9RA0unJSFcaJoSGaLBglHKkLTKJDPBCWKTzTBRDD9V0RGWGCidGAVHYI9f/Iiaddr9lnNujutNupFHGU4hCM4ARvOoQE30IQWEHiEZ3iFN+PJeDHejY9Za8koZvbhD4zPH7KxlKo=</latexit>

DL = 1

<latexit sha1_base64="vllI2qJnvTUQZrnCOJAgO8UiR5g=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiuSiKKbpSCLlxJBfuAJoTJdNoOnUzCPAol5BPc+CtuXCji1qU7/8ZJm4W2HrhwOOde7r0nTBiVynG+rYXFpeWV1dJaeX1jc2vb3tltylgLTBo4ZrFoh0gSRjlpKKoYaSeCoChkpBUOr3O/NSJC0pg/qHFC/Aj1Oe1RjJSRAvvoJtDwEnpSR0E6gh7l0IuQGmDE0rss0BlsGV1ngV1xqs4EcJ64BamAAvXA/vK6MdYR4QozJGXHdRLlp0goihnJyp6WJEF4iPqkYyhHEZF+Onkog4dG6cJeLExxBSfq74kURVKOo9B05sfKWS8X//M6WvUu/JTyRCvC8XRRTzOoYpinA7tUEKzY2BCEBTW3QjxAAmFlMiybENzZl+dJ86TqnlWd+9NK7aqIowT2wQE4Bi44BzVwC+qgATB4BM/gFbxZT9aL9W59TFsXrGJmD/yB9fkDQeGcwA==</latexit>

Du =
X

v2Nu

Wvu

<latexit sha1_base64="vjGTFzYw10Gu0w7erl3nVku7LeI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ZMU9OCxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbqt564NiJWjzhOuB/RgRKhYBSt9HDbS3vlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL5PmWdW7qLr355XadR5HEY7gGE7Bg0uowR3UoQEMBvAMr/DmSOfFeXc+5q0FJ585hD9wPn8AI6aNsA==</latexit>

Du
<latexit sha1_base64="DyXOUvvP7UwzExz+z335rkMN0P4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ZMUvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjbRfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8f4cuM+Q==</latexit>u

<latexit sha1_base64="g0YxlPiIg1FHFTpYD2zpA8qv5lQ=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0V0VRJRdKMU7MJlBfuAJoTJdNIOnUzCzEQoaT7Bjb/ixoUibl2682+ctFlo64ELh3Pu5d57/JhRqSzr2ygtLa+srpXXKxubW9s75u5eW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6Cb3Ow9ESBrxezWOiRuiAacBxUhpyTOPHUVZn6SNzEvgFXQCgXDa8JIsnTghUkOMWNrOJplnVq2aNQVcJHZBqqBA0zO/nH6Ek5BwhRmSsmdbsXJTJBTFjGQVJ5EkRniEBqSnKUchkW46fSiDR1rpwyASuriCU/X3RIpCKcehrzvzI+W8l4v/eb1EBZduSnmcKMLxbFGQMKgimKcD+1QQrNhYE4QF1bdCPEQ6E6UzrOgQ7PmXF0n7tGaf16y7s2r9uoijDA7AITgBNrgAdXALmqAFMHgEz+AVvBlPxovxbnzMWktGMbMP/sD4/AG4DJ2o</latexit>

D̃u =
Du

|V|



Node centrality
! Node centrality takes the node importance in a graph into account  


! Various ways to model importance


- Betweenness centrality


- Closeness centrality


- Eigenvector centrality
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Betweenness centrality 
! A node is important if it lies on many shortest paths between other 

nodes
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<latexit sha1_base64="9En1uZ78uN4t4YVp7f3GWo7d7BU="></latexit>

cu =
X

v 6=u 6=z

#(shortest paths between v and z that contains u)

#(shortest paths between v and z)

AA B

<latexit sha1_base64="SaKIoSJ1Xxy2Y91pYdTBmRg+eYs=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRS0Y1QEMRlBfuANoTJ5KYdOnkwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHi/hTCrL+jYqa+sbm1vV7drO7t7+gXl41JNxKih0acxjMfCIBM4i6CqmOAwSAST0OPS96c3c7z+CkCyOHlSWgBOSccQCRonSkmvWR8UbuQB/hql7i6+x5ZoNq2kVwKvELkkDlei45tfIj2kaQqQoJ1IObStRTk6EYpTDrDZKJSSETskYhppGJATp5MXiGT7Vio+DWOiKFC7U3xM5CaXMQk93hkRN5LI3F//zhqkKrpycRUmqIKKLRUHKsYrxPAnsMwFU8UwTQgXTf8V0QgShSudV0yHYyyevkt55075oWvetRrtVxlFFx+gEnSEbXaI2ukMd1EUUZegZvaI348l4Md6Nj0VrxShn6ugPjM8fYYGT4g==</latexit>

cF = 0

C

D

E
F

G
H

<latexit sha1_base64="PIatHCqCTToB1OwMmsyUUnAayOM=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmkohuh4KbLCvYBbQiTyaQdOnkwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHi/hTCrL+jYqG5tb2zvV3dre/sHhkXl80pdxKgjtkZjHYuhhSTmLaE8xxekwERSHHqcDb3a38AePVEgWRw8qS6gT4knEAkaw0pJr1sfFG7mg/hwRt4NukeWaDatpFUDrxC5JA0p0XfNr7MckDWmkCMdSjmwrUU6OhWKE03ltnEqaYDLDEzrSNMIhlU5eLJ6jc634KIiFrkihQv09keNQyiz0dGeI1VSuegvxP2+UquDGyVmUpIpGZLkoSDlSMVokgXwmKFE80wQTwfRfEZligYnSedV0CPbqyeukf9m0r5rWfavRbpVxVOEUzuACbLiGNnSgCz0gkMEzvMKb8WS8GO/Gx7K1YpQzdfgD4/MHZJGT5A==</latexit>

cH = 0
<latexit sha1_base64="aKYhyq8IkP4DZpgke9+G+noCgHk=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUnE10YouNBlBfuANoTJZNIOnTyYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj5dwJpVlfRuVldW19Y3qZm1re2d3z9w/6Mo4FYR2SMxj0fewpJxFtKOY4rSfCIpDj9OeN7mZ+b1HKiSLoweVJdQJ8ShiASNYack168PijVxQf4qIe4uu0YVrNqymVQAtE7skDSjRds2voR+TNKSRIhxLObCtRDk5FooRTqe1YSppgskEj+hA0wiHVDp5sXiKjrXioyAWuiKFCvX3RI5DKbPQ050hVmO56M3E/7xBqoIrJ2dRkioakfmiIOVIxWiWBPKZoETxTBNMBNN/RWSMBSZK51XTIdiLJy+T7mnTPm9a92eN1lkZRxUO4QhOwIZLaMEdtKEDBDJ4hld4M56MF+Pd+Ji3Voxypg5/YHz+AGwhk+k=</latexit>

cG = 6

<latexit sha1_base64="YoX53mG8E1OacF3/xM6/ewU4H6A=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRS0Y1QceOygn1AG8JkctMOnTyYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj5dwJpVlfRuVtfWNza3qdm1nd2//wDw86sk4FRS6NOaxGHhEAmcRdBVTHAaJABJ6HPre9Hbu9x9BSBZHDypLwAnJOGIBo0RpyTXro+KNXIA/w9S9wdfYcs2G1bQK4FVil6SBSnRc82vkxzQNIVKUEymHtpUoJydCMcphVhulEhJCp2QMQ00jEoJ08mLxDJ9qxcdBLHRFChfq74mchFJmoac7Q6Imctmbi/95w1QFV07OoiRVENHFoiDlWMV4ngT2mQCqeKYJoYLpv2I6IYJQpfOq6RDs5ZNXSe+8aV80rftWo90q46iiY3SCzpCNLlEb3aEO6iKKMvSMXtGb8WS8GO/Gx6K1YpQzdfQHxucPWdmT3Q==</latexit>

cA = 0

<latexit sha1_base64="ZXJ4rkwc5FqGva1f+1Z0Vp71Vsk=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUnE10YounFZwT6gDWEymbRDJw9mJkII9VfcuFDErR/izr9xmmahrQcuHM65d+7c4yWcSWVZ30ZlZXVtfaO6Wdva3tndM/cPujJOBaEdEvNY9D0sKWcR7SimOO0nguLQ47TnTW5nfu+RCsni6EFlCXVCPIpYwAhWWnLN+rB4IxfUnyLi3qBrdOGaDatpFUDLxC5JA0q0XfNr6MckDWmkCMdSDmwrUU6OhWKE02ltmEqaYDLBIzrQNMIhlU5eLJ6iY634KIiFrkihQv09keNQyiz0dGeI1VguejPxP2+QquDKyVmUpIpGZL4oSDlSMZolgXwmKFE80wQTwfRfERljgYnSedV0CPbiycuke9q0z5vW/VmjdVbGUYVDOIITsOESWnAHbegAgQye4RXejCfjxXg3PuatFaOcqcMfGJ8/ZHmT5A==</latexit>

cB = 6

<latexit sha1_base64="tabj5HrQaTNi35bGio2y7Qg117Y=">AAACGnicbVDLSgMxFM3UVx1foy7dBIulgpQZ8bkQ+vDRZQX7gLaUTJppQzMPkoxQhn6HG3/FjQtF3Ikb/8Z0OgutHsjJ4dx7Se6xA0aFNM0vLTU3v7C4lF7WV1bX1jeMza268EOOSQ37zOdNGwnCqEdqkkpGmgEnyLUZadjD8qTeuCdcUN+7k6OAdFzU96hDMZLK6hpWFndL8AKewHZbz+aKpcsDWCyVY7qa8nV83Uy5st81MmbejAH/CisRGZCg2jU+2j0fhy7xJGZIiJZlBrITIS4pZmSst0NBAoSHqE9aSnrIJaITxauN4Z5yetDxuTqehLH7cyJCrhAj11adLpIDMVubmP/VWqF0zjoR9YJQEg9PH3JCBqUPJznBHuUESzZSAmFO1V8hHiCOsFRp6ioEa3blv6J+mLeO8+btUaZwnsSRBjtgF+SABU5BAVRAFdQABg/gCbyAV+1Re9betPdpa0pLZrbBL2if302YmY0=</latexit>

cB = 6

(ABD,ABC,ABCE,ABCEF,ABCG,ABCGH)

Example: 



Comparison between degree and 
betweenness centrality 
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Color: Betweenness 

Size:   Degree

Degree is high if a node has many direct connections (e.g., friends)

Betweenness is high if a node is ‘between’ other nodes  



Closeness centrality 
! A node is important if it has small shortest path lengths to all other 

nodes 
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AA B

<latexit sha1_base64="6TYZ+pLswfdvtRt19qYsqWhZZyk="></latexit>

cu =
1P

v 6=u shortest path length between v and u

C

D

E
F

G
H

<latexit sha1_base64="pjuwbqTBi75XDwzDxIylQDVkHYE="></latexit>

cA = 1/(1 + 2 + 2 + 3 + 4 + 3 + 4) = 1/19

(AB,ABC,ABD,ABCE,ABCEF,ABCG,ABCGH)

Example: 

<latexit sha1_base64="gmIB+bz3CBIs/dw5t+7GtXlltKI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrmIiiroQKt24rGAf0IYwmUzaoZMHMxOhhIK/4saFIm79Dnf+jdM2C209cOFwzr1z5x4/5Uwq2/42SkvLK6tr5fXKxubW9o65u9eSSSYIbZKEJ6LjY0k5i2lTMcVpJxUURz6nbX9Yn/jtRyokS+IHNUqpG+F+zEJGsNKSZx70pm/kggbjuneLbpBz6lx7ZtW27CnQInEKUoUCDc/86gUJySIaK8KxlF3HTpWbY6EY4XRc6WWSppgMcZ92NY1xRKWbT1eP0bFWAhQmQles0FT9PZHjSMpR5OvOCKuBnPcm4n9eN1PhlZuzOM0UjclsUZhxpBI0yQIFTFCi+EgTTATTf0VkgAUmSidW0SE48ycvktaZ5VxY9v15tWYVcZThEI7gBBy4hBrcQQOaQCCHZ3iFN+PJeDHejY9Za8koZvbhD4zPHzfQlEU=</latexit>

CA = 1/19



Comparison between degree and 
closeness centrality 
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Color: Closeness 

Size:   Degree

Degree is high if a node has many direct connections (e.g., friends)

Closeness is high if a node is in the ‘middle’ of things 



Eigenvector centrality 
! A node    is important if it is surrounded by important neighbors 


! It can be written as the eigenvector equation


! Centrality measure: (dominant) eigenvector corresponding to the 
largest eigenvalue


! Can be computed using power iteration
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Contains the number of length t+1 paths arriving at each node! 

<latexit sha1_base64="cmIOPhTsOOsLrv02GEadnrUWbRY="></latexit>

cu =
1

�

X

v2Nu

Wuvcv

<latexit sha1_base64="3wR+/RMBy8BcWFBWXaaJWwNDpEI=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRlRdKMU3LisYB/QjiWTSdvQTGZI7ihl6H+4caGIW//FnX9j2s5CWw8EDuecy705QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJn4zUeujYjVPY4S7ke0r0RPMIpWeuhIGw0pYeSKNFm3VHYr7hRkkXg5KUOOWrf01QljlkZcIZPUmLbnJuhnVKNgko+LndTwhLIh7fO2pYpG3PjZ9OoxObZKSHqxtk8hmaq/JzIaGTOKApuMKA7MvDcR//PaKfYu/UyoJEWu2GxRL5UEYzKpgIRCc4ZyZAllWthbCRtQTRnaooq2BG/+y4ukcVrxzivu3Vm5ep3XUYBDOIIT8OACqnALNagDAw3P8ApvzpPz4rw7H7PokpPPHMAfOJ8/9VqRfQ==</latexit>

�c = Wc

<latexit sha1_base64="fYgC9VOUUabdFczgIVjaV3KZEho=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAEIeyKohcl4MVjBPOAvJidzCZDZmeXmV4lLPkPLx4U8eq/ePNvnCR70MSChqKqm+4uP5bCoOt+O0vLK6tr67mN/ObW9s5uYW+/ZqJEM15lkYx0w6eGS6F4FQVK3og1p6Eved0f3k78+iPXRkTqAUcxb4e0r0QgGEUrdVgnxVNvTK5JnXWwWyi6JXcKski8jBQhQ6Vb+Gr1IpaEXCGT1Jim58bYTqlGwSQf51uJ4TFlQ9rnTUsVDblpp9Orx+TYKj0SRNqWQjJVf0+kNDRmFPq2M6Q4MPPeRPzPayYYXLVToeIEuWKzRUEiCUZkEgHpCc0ZypEllGlhbyVsQDVlaIPK2xC8+ZcXSe2s5F2U3PvzYvkmiyMHh3AEJ+DBJZThDipQBQYanuEV3pwn58V5dz5mrUtONnMAf+B8/gAcxpGY</latexit>

ct+1 = Wct

<latexit sha1_base64="DyXOUvvP7UwzExz+z335rkMN0P4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ZMUvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjbRfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LqXVXdxmWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8f4cuM+Q==</latexit>u



Example of eigenvector centrality
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C

A

B

D

<latexit sha1_base64="ty0uEWSaGkDOIB0ZZM2VJcVFqaA=">AAACF3icbVDLSsNAFJ34rPEVdelmsCiuQlIVuxEqunBZwT6gKWUyvW2HTh7MTIQS+hdu/BU3LhRxqzv/xmkaQVsPXDicc+/cucePOZPKcb6MhcWl5ZXVwpq5vrG5tW3t7NZllAgKNRrxSDR9IoGzEGqKKQ7NWAAJfA4Nf3g18Rv3ICSLwjs1iqEdkH7IeowSpaWOZR952SOpgO6Ydi7xBXZst1zyPPPH8XkC4+vMOulYRcd2MuB54uakiHJUO9an141oEkCoKCdStlwnVu2UCMUoh7HpJRJiQoekDy1NQxKAbKfZ4jE+1EoX9yKhK1Q4U39PpCSQchT4ujMgaiBnvYn4n9dKVK/cTlkYJwpCOl3USzhWEZ6EhLtMAFV8pAmhgum/YjogglClozR1CO7syfOkXrLdM9u5PS1W7DyOAtpHB+gYuegcVdANqqIaougBPaEX9Go8Gs/Gm/E+bV0w8pk99AfGxzcZVZ1L</latexit>

cA = 0.182

DA = 3

<latexit sha1_base64="jDxOf2epgS9zn5SBnNt79w8ETaM=">AAACF3icbZDLSgMxFIYz9VbrrerSTbAoroYZqagLoagLlxXsBTrDkElP29DMhSQjlKFv4cZXceNCEbe6821MpyNo64HAz/+dk5P8fsyZVJb1ZRQWFpeWV4qrpbX1jc2t8vZOU0aJoNCgEY9E2ycSOAuhoZji0I4FkMDn0PKHVxPeugchWRTeqVEMbkD6IesxSpS2vLJ56GSXpAK6Y+pd4gtsmda57TilH+LzBMbXGap65YrGWeF5YeeigvKqe+VPpxvRJIBQUU6k7NhWrNyUCMUoh3HJSSTEhA5JHzpahiQA6abZ4jE+0E4X9yKhT6hw5v6eSEkg5SjwdWdA1EDOson5H+skqnfmpiyMEwUhnS7qJRyrCE9Cwl0mgCo+0oJQwfRbMR0QQajSUZZ0CPbsl+dF89i0T0zrtlqpmXkcRbSH9tERstEpqqEbVEcNRNEDekIv6NV4NJ6NN+N92low8pld9KeMj28caJ1N</latexit>

cB = 0.091

DB = 4

Degree is high if a node has many direct neighbors

Centrality is high if a node has well-connected neighbors



Clustering coefficient 
! The clustering coefficient characterizes the subgraph containing 

the neighbors of a node, and all edges between nodes in its 
neighborhood


! It measures how tightly clustered a node’s neighborhood is


! It is computed as the proportion of closed triangles in a node’s 
local neighborhood 

- It represents the probability that two neighbors of a node are linked to each 

other (see previous lecture on graph theory basics) 
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<latexit sha1_base64="MOekA1hh0ClE6i/rUDME726IHQ4="></latexit>

ccu =
|(v1, v2) 2 E : v1, v2 2 Nu|�Du

2

�



Clustering coefficient 
! The clustering coefficient characterizes the subgraph containing 

the neighbors of a node, and all edges between nodes in its 
neighborhood


! It measures how tightly clustered a node’s neighborhood is


! It is computed as the proportion of closed triangles in a node’s 
local neighborhood 

- It represents the probability that two neighbors of a node are linked to each 

other (see previous lecture on graph theory basics) 
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# edges among neighboring nodes 

# node pairs among neighboring nodes 

<latexit sha1_base64="MOekA1hh0ClE6i/rUDME726IHQ4="></latexit>

ccu =
|(v1, v2) 2 E : v1, v2 2 Nu|�Du

2

�



Example of clustering coefficient
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A

C

B

Well-connected 
neighborhood 

Sparsely connected 
neighborhood 

<latexit sha1_base64="cokaz/0yojJCu32ZduZSr2N8FKA=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyKq5CIohuh4sZlBfuAJoTJZNIOnUzCzEQooW78FTcuFHHrX7jzb5ykWWjrgQuHc+6dO/cEKaNS2fa3sbC4tLyyWlurr29sbm2bO7sdmWQCkzZOWCJ6AZKEUU7aiipGeqkgKA4Y6Qajm8LvPhAhacLv1TglXowGnEYUI6Ul39w/dstHckHCCcb+NYRX0HHdum82bMsuAeeJU5EGqNDyzS83THAWE64wQ1L2HTtVXo6EopiRSd3NJEkRHqEB6WvKUUykl5fLJ/BIKyGMEqGLK1iqvydyFEs5jgPdGSM1lLNeIf7n9TMVXXo55WmmCMfTRVHGoEpgEQcMqSBYsbEmCAuq/wrxEAmElQ6tCMGZPXmedE4t59yy784aTauKowYOwCE4AQ64AE1wC1qgDTB4BM/gFbwZT8aL8W58TFsXjGpmD/yB8fkDKsyVVQ==</latexit>

ccA = 1

<latexit sha1_base64="EqZpjyxRy4OmGCmttAJBXyEpYDU=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbFVUx8oBuh6MZlBfuAJoTJZNoOnUzCzEQooeDGX3HjQhG3/oQ7/8ZJmoVWD1w4nHPv3LknSBiVyra/jMrc/MLiUnW5trK6tr5hbm61ZZwKTFo4ZrHoBkgSRjlpKaoY6SaCoChgpBOMrnO/c0+EpDG/U+OEeBEacNqnGCkt+ebOgVs8kgkSTjD2ryC8hM7RievWfLNuW3YB+Jc4JamDEk3f/HTDGKcR4QozJGXPsRPlZUgoihmZ1NxUkgThERqQnqYcRUR6WbF+Ave1EsJ+LHRxBQv150SGIinHUaA7I6SGctbLxf+8Xqr6F15GeZIqwvF0UT9lUMUwDwSGVBCs2FgThAXVf4V4iATCSseWh+DMnvyXtI8t58yyb0/rDauMowp2wR44BA44Bw1wA5qgBTB4AE/gBbwaj8az8Wa8T1srRjmzDX7B+PgGGrqVzA==</latexit>

ccB = 1/3

<latexit sha1_base64="RLbAddwJsuiS6QstTIFb/MDzGNw=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyKq5CIohuh0I3LCvYBTQiTyaQdOpmEmYlQQt34K25cKOLWv3Dn3zhJs9DWAxcO59w7d+4JUkalsu1vY2l5ZXVtvbZR39za3tk19/a7MskEJh2csET0AyQJo5x0FFWM9FNBUBww0gvGrcLvPRAhacLv1SQlXoyGnEYUI6Ul3zw8dctHckHCKcZ+C8IbaLtu3TcbtmWXgIvEqUgDVGj75pcbJjiLCVeYISkHjp0qL0dCUczItO5mkqQIj9GQDDTlKCbSy8vlU3iilRBGidDFFSzV3xM5iqWcxIHujJEayXmvEP/zBpmKrr2c8jRThOPZoihjUCWwiAOGVBCs2EQThAXVf4V4hATCSodWhODMn7xIuueWc2nZdxeNplXFUQNH4BicAQdcgSa4BW3QARg8gmfwCt6MJ+PFeDc+Zq1LRjVzAP7A+PwBLF2VVg==</latexit>

ccC = 0



Graphlets
! Small subgraphs that describe the structure of node network neighbourhood 


! These topological structures can be used to define a frequency histogram
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Example of graphlets
! Graphlet Degree Vectors (GDV): counts the number of graphlets 

that a node belongs to
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Possible graphlets: 



Example of graphlets
! Graphlet Degree Vectors (GDV): counts the number of graphlets 

that a node belongs to
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<latexit sha1_base64="u9hY2g/r+tbCRToZaxdgmzoohxk=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahgoSkVHQjFBR0WcE+IA1hMpm0QycPZiaFErp046+4caGIWz/BnX/jNM1Cq4cZOJxz7507x0sYFdI0v7TS0vLK6lp5vbKxubW9o+/udUScckzaOGYx73lIEEYj0pZUMtJLOEGhx0jXG13N/O6YcEHj6F5OEuKEaBDRgGIkleTqh/18RsaJP7257tTGbuMEXkK7fgotdRxXr5qGmQP+JVZBqqBAy9U/+36M05BEEjMkhG2ZiXQyxCXFjEwr/VSQBOERGhBb0QiFRDhZvsQUHivFh0HM1Y0kzNWfHRkKhZiEnqoMkRyKRW8m/ufZqQwunIxGSSpJhOcPBSmDMoazVKBPOcGSTRRBmFO1K8RDxBGWKruKCsFa/PJf0qkb1plh3jWqTaOIowwOwBGoAQucgya4BS3QBhg8gCfwAl61R+1Ze9Pe56UlrejZB7+gfXwDtHKXGw==</latexit>

GDV (v4) = [2, 1, 1]

<latexit sha1_base64="S9JM3yRmT43/0zErcP/MSDg0fz0=">AAACCHicbVDLSsNAFJ34rPUVdenCwSJUKCEpim6EgoIuK9gHpCFMJpN26OTBzKRQQpdu/BU3LhRx6ye482+cpllo64ELh3Punbn3eAmjQprmt7a0vLK6tl7aKG9ube/s6nv7bRGnHJMWjlnMux4ShNGItCSVjHQTTlDoMdLxhtdTvzMiXNA4epDjhDgh6kc0oBhJJbn6US9/I+PEn9zetKsj1zqFV9C2arBeg6bj6hXTMHPARWIVpAIKNF39q+fHOA1JJDFDQtiWmUgnQ1xSzMik3EsFSRAeoj6xFY1QSIST5UtM4IlSfBjEXFUkYa7+nshQKMQ49FRniORAzHtT8T/PTmVw6WQ0SlJJIjz7KEgZlDGcpgJ9ygmWbKwIwpyqXSEeII6wVNmVVQjW/MmLpF03rHPDvD+rNIwijhI4BMegCixwARrgDjRBC2DwCJ7BK3jTnrQX7V37mLUuacXMAfgD7fMHrjeXFw==</latexit>

GDV (v1) = [1, 2, 0]

<latexit sha1_base64="iwkl/I75dw2BvU9BGHXcnB7JqGo=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahQilJVXQjFBR0WcE+IA1hMpm0QycPZiaFErp046+4caGIWz/BnX/jNM1CWw9cOJxz78y9x40ZFdIwvrXC0vLK6lpxvbSxubW9o+/utUWUcExaOGIR77pIEEZD0pJUMtKNOUGBy0jHHV5P/c6IcEGj8EGOY2IHqB9Sn2IkleToh73sjZQTb3J7066MnPoJvILWaRXWq9C0Hb1s1IwMcJGYOSmDHE1H/+p5EU4CEkrMkBCWacTSThGXFDMyKfUSQWKEh6hPLEVDFBBhp9kSE3isFA/6EVcVSpipvydSFAgxDlzVGSA5EPPeVPzPsxLpX9opDeNEkhDPPvITBmUEp6lAj3KCJRsrgjCnaleIB4gjLFV2JRWCOX/yImnXa+Z5zbg/KzdqeRxFcACOQAWY4AI0wB1oghbA4BE8g1fwpj1pL9q79jFrLWj5zD74A+3zB7Rjlxs=</latexit>

GDV (v2) = [3, 2, 1]

<latexit sha1_base64="EqxZSinZXEi36KsNn8SpJXAIOEg=">AAACCHicbVDLSsNAFJ34rPUVdenCwSJUkJBURTdCQUGXFewD0hAmk0k7dPJgZlIooUs3/oobF4q49RPc+TdO0yy09TADh3PuvXPneAmjQprmt7awuLS8slpaK69vbG5t6zu7LRGnHJMmjlnMOx4ShNGINCWVjHQSTlDoMdL2BtcTvz0kXNA4epCjhDgh6kU0oBhJJbn6QTefkXHij29vWtWhe3oMr6BdO4GWOo6rV0zDzAHniVWQCijQcPWvrh/jNCSRxAwJYVtmIp0McUkxI+NyNxUkQXiAesRWNEIhEU6WLzGGR0rxYRBzdSMJc/V3R4ZCIUahpypDJPti1puI/3l2KoNLJ6NRkkoS4elDQcqgjOEkFehTTrBkI0UQ5lTtCnEfcYSlyq6sQrBmvzxPWjXDOjfM+7NK3SjiKIF9cAiqwAIXoA7uQAM0AQaP4Bm8gjftSXvR3rWPaemCVvTsgT/QPn8AsuGXGg==</latexit>

GDV (v3) = [2, 1, 1] Possible graphlets: 



Graphlets for protein-protein 
interactions 
! Often used in classifying function of proteins in the interactome 
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[Ganapathiraju et al. 2016. Schizophrenia interactome with 504 novel protein–protein interactions. Nature]




From node level to graph level task

How can we design features that characterize the structure of the 
entire graph?
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Illustrative example: Graph 
classification
! Common assumption: Graphs with similar structure have similar label


What is a good similarity metric between graphs? 
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Class 1

Class 1

Class 1

Class -1 Class -1

Class -1

Class ?

Class ?

Training data Test data 



Kernels in a nutshell
! Intuition: Move the learning task to a feature space where the 

task is easier 


! Usually a two steps approach:

- Map objects     and     via mapping     to

- Measure the similarity in the feature space  


! Kernel trick: compute the inner product in     as kernel in the input 
space   

35

Network Machine Learning - EE452

Dr Dorina Thanou 


Prof. Pascal Frossard

<latexit sha1_base64="nlOYUdOcLB+k6EYW3cewfF0yWss=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Koko9ljw4rEF+wFtKJvtpF272YTdjVhCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/Pbj6g0j+W9mSToR3QoecgZNVZqPPVLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NWHVz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVtXJVr1TyOApzCGVyABzdQgzuoQxMYIDzDK7w5D86L8+58LFrXnHzmBP7A+fwB5ImM9g==</latexit>x
<latexit sha1_base64="6/5lz9w/hivzpdyJ9eRZipy1xvo=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6Koko9ljw4rGK/YA2lM120y7dbMLuRCyh/8CLB0W8+o+8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/umsVyq7FXcGsky8nJQhR71X+ur2Y5ZGXCGT1JiO5yboZ1SjYJJPit3U8ISyER3wjqWKRtz42ezSCTm1Sp+EsbalkMzU3xMZjYwZR4HtjCgOzaI3Ff/zOimGVT8TKkmRKzZfFKaSYEymb5O+0JyhHFtCmRb2VsKGVFOGNpyiDcFbfHmZNC8q3lXFvbss16p5HAU4hhM4Bw+uoQa3UIcGMAjhGV7hzRk5L8678zFvXXHymSP4A+fzB0UQjSc=</latexit>

x0 <latexit sha1_base64="Hk6KtgjGoHlDFjoW6YYqRxxjJHk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsceCF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVby++mYk0G15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni2Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJmoEOZdpZlCy5aIoE8QkZP45GXKFzIipJZQpbm8lbEwVZcbmU7EheKsvr5P2Vd27qbsP17Vmo4ijDGdwDpfgwS004R5a4AMDDs/wCm+OdF6cd+dj2VpyiplT+APn8wdo345j</latexit>

�
<latexit sha1_base64="3EpaF8RAQQS4qmAn7lkan24WfJ8=">AAAB83icbVBNS8NAFHypX7V+VT16WSyCp5KIYo8FLz1WsLXQhLLZbtulm03YfRFK6N/w4kERr/4Zb/4bN20O2jqwMMy8x5udMJHCoOt+O6WNza3tnfJuZW//4PCoenzSNXGqGe+wWMa6F1LDpVC8gwIl7yWa0yiU/DGc3uX+4xPXRsTqAWcJDyI6VmIkGEUr+X5EccKozFpzMqjW3Lq7AFknXkFqUKA9qH75w5ilEVfIJDWm77kJBhnVKJjk84qfGp5QNqVj3rdU0YibIFtknpMLqwzJKNb2KSQL9fdGRiNjZlFoJ/OMZtXLxf+8foqjRpAJlaTIFVseGqWSYEzyAshQaM5QziyhTAublbAJ1ZShraliS/BWv7xOuld176bu3l/Xmo2ijjKcwTlcgge30IQWtKEDDBJ4hld4c1LnxXl3PpajJafYOYU/cD5/ANMvkYI=</latexit>

H
<latexit sha1_base64="xi74ojfbeSE4J1ZOU6fHK6UFVSo=">AAACBXicbZC7SgNBFIbPeo3xtmqpxWAQE5CwK4opRAI2lhHMBbJLmJ1MkiGzF2ZmxbCksfFVbCwUsfUd7HwbZ5MtNPGHgY//nMOZ83sRZ1JZ1rexsLi0vLKaW8uvb2xubZs7uw0ZxoLQOgl5KFoelpSzgNYVU5y2IkGx73Ha9IbXab15T4VkYXCnRhF1fdwPWI8RrLTVMQ8cj/UvnWjAig+lEzSF41LqoquOWbDK1kRoHuwMCpCp1jG/nG5IYp8GinAsZdu2IuUmWChGOB3nnVjSCJMh7tO2xgD7VLrJ5IoxOtJOF/VCoV+g0MT9PZFgX8qR7+lOH6uBnK2l5n+1dqx6FTdhQRQrGpDpol7MkQpRGgnqMkGJ4iMNmAim/4rIAAtMlA4ur0OwZ0+eh8Zp2T4vW7dnhWoliyMH+3AIRbDhAqpwAzWoA4FHeIZXeDOejBfj3fiYti4Y2cwe/JHx+QOh65ay</latexit>⌦
�(x),�(x0)

↵

<latexit sha1_base64="wsXtwPriu3mqy2Uo4kfO4Lahjlw=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRJRdCUFN11WsA9oQ5lMJ+3QyUyYuRFK6Ge4caGIW7/GnX/jpM1CqwcGDufcy5x7wkRwg5735ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWRo6C9RLNSBwK1g2nd7nffWTacCUfcJawICZjySNOCVqpP4gJTigRWXM+rNa8ureA+5f4BalBgdaw+jkYKZrGTCIVxJi+7yUYZEQjp4LNK4PUsITQKRmzvqWSxMwE2SLy3D2zysiNlLZPortQf25kJDZmFod2Mo9oVr1c/M/rpxjdBBmXSYpM0uVHUSpcVG5+vzvimlEUM0sI1dxmdemEaELRtlSxJfirJ/8lnYu6f1X37i9rjduijjKcwCmcgw/X0IAmtKANFBQ8wQu8Oug8O2/O+3K05BQ7x/ALzsc3ew+RXg==</latexit>

H

<latexit sha1_base64="Grv1OhFDSYTyhzrbJIdlufjJe7s=">AAACD3icbZDLSsNAFIYn9VbrLerSzWDRtlBKIooutBTcCG4q2As0oUymk3bo5MLMRFpC38CNr+LGhSJu3brzbZy0WWjrDwMf/zmHM+d3QkaFNIxvLbO0vLK6ll3PbWxube/ou3tNEUQckwYOWMDbDhKEUZ80JJWMtENOkOcw0nKG10m99UC4oIF/L8chsT3U96lLMZLK6urHt8VRGY4KJXgFLYf2L61wQIujUhnOoFBK3GpXzxsVYyq4CGYKeZCq3tW/rF6AI4/4EjMkRMc0QmnHiEuKGZnkrEiQEOEh6pOOQh95RNjx9J4JPFJOD7oBV8+XcOr+noiRJ8TYc1Snh+RAzNcS879aJ5LuhR1TP4wk8fFskRsxKAOYhAN7lBMs2VgBwpyqv0I8QBxhqSLMqRDM+ZMXoXlSMc8qxt1pvlZN48iCA3AIisAE56AGbkAdNAAGj+AZvII37Ul70d61j1lrRktn9sEfaZ8/9FuZeA==</latexit>

K(x, x0) =
⌦
�(x),�(x0)

↵
K is a measure of similarity 



Graph kernel methods
! Let                        be feature representations of graphs             in 

a very high dimensional feature space 

! Define functions/kernels which measure the similarity between 

graphs 


! Provide kernels as an input to a classifier: e.g., SVM
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<latexit sha1_base64="yJzTNmsnZQM3aYHof2h4Gwh5i5w=">AAACEXicbVDLSsNAFL2pr1pfUZduBovQgpSkKLqSggtdVrAPaEKYTKft0MmDmYlQQn/Bjb/ixoUibt2582+ctFlo64ELh3Pu5d57/JgzqSzr2yisrK6tbxQ3S1vbO7t75v5BW0aJILRFIh6Jro8l5SykLcUUp91YUBz4nHb88XXmdx6okCwK79Ukpm6AhyEbMIKVljyz4sQjVnECrEYE8/Rm6tnVU7Qk1queWbZq1gxomdg5KUOOpmd+Of2IJAENFeFYyp5txcpNsVCMcDotOYmkMSZjPKQ9TUMcUOmms4+m6EQrfTSIhK5QoZn6eyLFgZSTwNed2ZVy0cvE/7xeogaXbsrCOFE0JPNFg4QjFaEsHtRnghLFJ5pgIpi+FZERFpgoHWJJh2AvvrxM2vWafV6z7s7Kjas8jiIcwTFUwIYLaMAtNKEFBB7hGV7hzXgyXox342PeWjDymUP4A+PzB/CNnG4=</latexit>

�(G1),�(G2)
<latexit sha1_base64="uLgwt3X5IxON8jEbyH43dC+28Pg=">AAACBXicbVDLSsNAFL3xWesr6lIXg0VwISUpiq6k4EKXFewD2lAm00k7dDIJMxOhhG7c+CtuXCji1n9w5984abOorQcGzpxzL/fe48ecKe04P9bS8srq2npho7i5tb2za+/tN1SUSELrJOKRbPlYUc4ErWumOW3FkuLQ57TpD28yv/lIpWKReNCjmHoh7gsWMIK1kbr2USfEekAwT2/HXfcMzX4rXbvklJ0J0CJxc1KCHLWu/d3pRSQJqdCEY6XarhNrL8VSM8LpuNhJFI0xGeI+bRsqcEiVl06uGKMTo/RQEEnzhEYTdbYjxaFSo9A3ldmSat7LxP+8dqKDKy9lIk40FWQ6KEg40hHKIkE9JinRfGQIJpKZXREZYImJNsEVTQju/MmLpFEpuxdl5/68VL3O4yjAIRzDKbhwCVW4gxrUgcATvMAbvFvP1qv1YX1OS5esvOcA/sD6+gXLgJga</latexit>

G1,G2

<latexit sha1_base64="0aMp+jPezpXrjxqPpr0LJaoFp34=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgapgRRZcFF7qsYB/QjiWTZtrQJDMkGaUM/Q83LhRx67+482/MtLPQ1gOBwzn3ck9OmHCmjed9O6WV1bX1jfJmZWt7Z3evun/Q0nGqCG2SmMeqE2JNOZO0aZjhtJMoikXIaTscX+d++5EqzWJ5byYJDQQeShYxgo2VHnoCmxHBPLuZ9v1Kv1rzXG8GtEz8gtSgQKNf/eoNYpIKKg3hWOuu7yUmyLAyjHA6rfRSTRNMxnhIu5ZKLKgOslnqKTqxygBFsbJPGjRTf29kWGg9EaGdzFPqRS8X//O6qYmugozJJDVUkvmhKOXIxCivAA2YosTwiSWYKGazIjLCChNji8pL8Be/vExaZ65/4Xp357W6W9RRhiM4hlPw4RLqcAsNaAIBBc/wCm/Ok/PivDsf89GSU+wcwh84nz/bbZIF</latexit>

G1
<latexit sha1_base64="GYPBDIbTfAPNc/xpCWP7mNx77N0=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAiuhpmi6LLgQpcV7APasWTSTBuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JMTJIJr47rfaGV1bX1js7RV3t7Z3duvHBy2dJwqypo0FrHqBEQzwSVrGm4E6ySKkSgQrB2Mr3O//ciU5rG8N5OE+REZSh5ySoyVHnoRMSNKRHYz7dfK/UrVddwZ8DLxClKFAo1+5as3iGkaMWmoIFp3PTcxfkaU4VSwabmXapYQOiZD1rVUkohpP5ulnuJTqwxwGCv7pMEz9fdGRiKtJ1FgJ/OUetHLxf+8bmrCKz/jMkkNk3R+KEwFNjHOK8ADrhg1YmIJoYrbrJiOiCLU2KLyErzFLy+TVs3xLhz37rxad4o6SnAMJ3AGHlxCHW6hAU2goOAZXuENPaEX9I4+5qMrqNg5gj9Anz/c8pIG</latexit>

G2

<latexit sha1_base64="2si0CjRhWfVZuedvjX+/M8TkKBA=">AAAB9XicbVDLSgMxFL3xWeur6tJNsAiuhhkf6LLgQpcV7APasWTSTBuayQxJRilD/8ONC0Xc+i/u/Bsz7Sy09UDgcM693JMTJIJr47rfaGl5ZXVtvbRR3tza3tmt7O03dZwqyho0FrFqB0QzwSVrGG4EayeKkSgQrBWMrnO/9ciU5rG8N+OE+REZSB5ySoyVHroRMUNKRHYz6Z2Ve5Wq67hT4EXiFaQKBeq9yle3H9M0YtJQQbTueG5i/Iwow6lgk3I31SwhdEQGrGOpJBHTfjZNPcHHVunjMFb2SYOn6u+NjERaj6PATuYp9byXi/95ndSEV37GZZIaJunsUJgKbGKcV4D7XDFqxNgSQhW3WTEdEkWosUXlJXjzX14kzVPHu3Dcu/NqzSnqKMEhHMEJeHAJNbiFOjSAgoJneIU39IRe0Dv6mI0uoWLnAP4Aff4A3neSBw==</latexit>

G3

<latexit sha1_base64="BRcF+PVS7ZMaXrXufkXkgzfO2XI=">AAAB9XicbVDLSgMxFL2pr1pfVZdugkVwNcyIosuCC11WsA9ox5JJM21oJjMkGaUM/Q83LhRx67+482/MtLPQ1gOBwzn3ck9OkAiujet+o9LK6tr6RnmzsrW9s7tX3T9o6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsYX+d++5EpzWN5byYJ8yMylDzklBgrPfQiYkaUiOxm2j+v9Ks113FnwMvEK0gNCjT61a/eIKZpxKShgmjd9dzE+BlRhlPBppVeqllC6JgMWddSSSKm/WyWeopPrDLAYazskwbP1N8bGYm0nkSBncxT6kUvF//zuqkJr/yMyyQ1TNL5oTAV2MQ4rwAPuGLUiIklhCpus2I6IopQY4vKS/AWv7xMWmeOd+G4d+e1ulPUUYYjOIZT8OAS6nALDWgCBQXP8Apv6Am9oHf0MR8toWLnEP4Aff4A3/ySCA==</latexit>

G4
<latexit sha1_base64="lG2GWO3Oh47LjQGX6uAEiH15D2g=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJVHRZcKHLCvYBTQiT6aQdOnkwMxFqKP6KGxeKuPU/3Pk3TtostPXAwOGce7lnjp9wJpVlfRulldW19Y3yZmVre2d3z9w/6Mg4FYS2Scxj0fOxpJxFtK2Y4rSXCIpDn9OuP77O/e4DFZLF0b2aJNQN8TBiASNYackzj5xkxGpOiNWIYJ7dTL3GWcUzq1bdmgEtE7sgVSjQ8swvZxCTNKSRIhxL2betRLkZFooRTqcVJ5U0wWSMh7SvaYRDKt1sln6KTrUyQEEs9IsUmqm/NzIcSjkJfT2Zx5SLXi7+5/VTFVy5GYuSVNGIzA8FKUcqRnkVaMAEJYpPNMFEMJ0VkREWmChdWF6CvfjlZdI5r9sXdeuuUW3WizrKcAwnUAMbLqEJt9CCNhB4hGd4hTfjyXgx3o2P+WjJKHYO4Q+Mzx9HFpRj</latexit>

�(G4) <latexit sha1_base64="InTbZ04H6Zj2nHk/ZbRXn/+fQ0c=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJD3RZcKHLCvYBTQiT6aQdOnkwMxFqKP6KGxeKuPU/3Pk3TtostPXAwOGce7lnjp9wJpVlfRulpeWV1bXyemVjc2t7x9zda8s4FYS2SMxj0fWxpJxFtKWY4rSbCIpDn9OOP7rO/c4DFZLF0b0aJ9QN8SBiASNYackzD5xkyGpOiNWQYJ7dTLyzk4pnVq26NQVaJHZBqlCg6ZlfTj8maUgjRTiWsmdbiXIzLBQjnE4qTippgskID2hP0wiHVLrZNP0EHWulj4JY6BcpNFV/b2Q4lHIc+noyjynnvVz8z+ulKrhyMxYlqaIRmR0KUo5UjPIqUJ8JShQfa4KJYDorIkMsMFG6sLwEe/7Li6R9Wrcv6tbdebVRL+oowyEcQQ1suIQG3EITWkDgEZ7hFd6MJ+PFeDc+ZqMlo9jZhz8wPn8ARZCUYg==</latexit>

�(G3)

<latexit sha1_base64="rdja12vb51MFVyrjkicP8A9jNL0=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuilJUXRZcKHLCvYBTQiT6aQdOnkwMxFqKP6KGxeKuPU/3Pk3TtostPXAwOGce7lnjp9wJpVlfRulldW19Y3yZmVre2d3z9w/6Mg4FYS2Scxj0fOxpJxFtK2Y4rSXCIpDn9OuP77O/e4DFZLF0b2aJNQN8TBiASNYackzj5xkxGpOiNWIYJ7dTL3GWcUzq1bdmgEtE7sgVSjQ8swvZxCTNKSRIhxL2betRLkZFooRTqcVJ5U0wWSMh7SvaYRDKt1sln6KTrUyQEEs9IsUmqm/NzIcSjkJfT2Zx5SLXi7+5/VTFVy5GYuSVNGIzA8FKUcqRnkVaMAEJYpPNMFEMJ0VkREWmChdWF6CvfjlZdJp1O2LunV3Xm3WizrKcAwnUAMbLqEJt9CCNhB4hGd4hTfjyXgx3o2P+WjJKHYO4Q+Mzx9ECpRh</latexit>

�(G2)

<latexit sha1_base64="QUR9kJNHmQL2pt+qNQzvlilCqv0=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQNyERRZcFF7qsYB/QhDCZTtqhkwczE6GG4q+4caGIW//DnX/jpM1CWw8MHM65l3vmBClnUtn2t7G0vLK6tl7ZqG5ube/smnv7bZlkgtAWSXgiugGWlLOYthRTnHZTQXEUcNoJRteF33mgQrIkvlfjlHoRHsQsZAQrLfnmoZsOWd2NsBoSzPObie+cVn2zZlv2FGiROCWpQYmmb365/YRkEY0V4VjKnmOnysuxUIxwOqm6maQpJiM8oD1NYxxR6eXT9BN0opU+ChOhX6zQVP29keNIynEU6Mkippz3CvE/r5ep8MrLWZxmisZkdijMOFIJKqpAfSYoUXysCSaC6ayIDLHAROnCihKc+S8vkvaZ5VxY9t15rWGVdVTgCI6hDg5cQgNuoQktIPAIz/AKb8aT8WK8Gx+z0SWj3DmAPzA+fwBChJRg</latexit>

�(G1)

<latexit sha1_base64="FEz/FRO5hSdeFWI45oyYgomMF0Y=">AAACNXicbVDLSsNAFJ34rPUVdelmsAgtSEmKooJKwYWCLirYBzQhTKaTdujkwcxEKKE/5cb/cKULF4q49RectFn04YGBM+eey733uBGjQhrGu7awuLS8sppby69vbG5t6zu7DRHGHJM6DlnIWy4ShNGA1CWVjLQiTpDvMtJ0+9dpvflEuKBh8CgHEbF91A2oRzGSSnL0+7ui5SPZw4glN0PHPIKT30oJXsILK+rRaVdJ2WbFSunK0QtG2RgBzhMzIwWQoebor1YnxLFPAokZEqJtGpG0E8QlxYwM81YsSIRwH3VJW9EA+UTYyejqITxUSgd6IVcvkHCkTnYkyBdi4LvKma4pZmup+F+tHUvvzE5oEMWSBHg8yIsZlCFMI4QdygmWbKAIwpyqXSHuIY6wVEHnVQjm7MnzpFEpmydl4+G4UD3P4siBfXAAisAEp6AKbkEN1AEGz+ANfIIv7UX70L61n7F1Qct69sAUtN8/Arapuw==</latexit>

K(G1,G2) =< �(G1),�(G2) >



Illustrative example: Graph 
classification with Kernel SVM 
! Classical SVM setup: 

- Given a set of      training graphs, across with their class labels                             

learn a classifier that predicts the labels of a new graph   


- Use the learned model to classify new graph instances    
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Graph kernel 

<latexit sha1_base64="UiiH2yemg3VRZd1Ge+JqLYo+6I0=">AAACGXicbVDLSsNAFJ34rPUVdelmsAgVpCSi2I1QUNCNUME+oIlhMp20QycPZiZCCPkNN/6KGxeKuNSVf+OkDaKtBy4czrmXe+9xI0aFNIwvbW5+YXFpubRSXl1b39jUt7bbIow5Ji0cspB3XSQIowFpSSoZ6UacIN9lpOOOznO/c0+4oGFwK5OI2D4aBNSjGEklObph+UgOMWLpRQbPoJVWf4TLzKGHMHHogZU5KVWumd1dO3rFqBljwFliFqQCCjQd/cPqhzj2SSAxQ0L0TCOSdoq4pJiRrGzFgkQIj9CA9BQNkE+EnY4/y+C+UvrQC7mqQMKx+nsiRb4Qie+qzvxsMe3l4n9eL5Ze3U5pEMWSBHiyyIsZlCHMY4J9ygmWLFEEYU7VrRAPEUdYqjDLKgRz+uVZ0j6qmSc14+a40qgXcZTALtgDVWCCU9AAV6AJWgCDB/AEXsCr9qg9a2/a+6R1TitmdsAfaJ/fk2qfWA==</latexit>

D = {(Gi, yi)}Mi=1

<latexit sha1_base64="ec/wE5U95pe/k6Vw2D31T2m1r1k=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Koko9ljw4kVowX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut7O2vrG5tV3YKe7u7R8clo6OWzpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGvf9UtmtuHOQVeLlpAw56v3SV28QszRCaZigWnc9NzF+RpXhTOC02Es1JpSN6RC7lkoaofaz+aFTcm6VAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1Y9TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZoQ/CWX14lrcuKd11xG1flWjWPowCncAYX4MEN1OAO6tAEBgjP8ApvzqPz4rw7H4vWNSefOYE/cD5/AKNdjMs=</latexit>

M

How do we compute graph features/kernels?

<latexit sha1_base64="dIe5WRc4u9mEekylj33/gebRBHI="></latexit>

max
↵

MX

i=1

↵i �
1

4

MX

i,j=1

↵i↵jyiyjK(Gi,Gj)

subject to
NX

i=1

↵iyi = 0



Graph level features 
! Bag of nodes


! Graphlet kernel


! The Weisfeiler-Lehman kernel 
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Bag of nodes
! Use node features to compute histograms or other summary statistics to 

define a graph level representation, i.e., graph features


! Example: Graph features based on node degrees 


! Limitation: It can miss global properties of the graph 
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A B

C

D

E

G
H

A B

C

D

E

G
H

<latexit sha1_base64="JFUYWPw6RqwRBaXH1fOgHXjmpSA=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KklRdCNUdOGygn1AG8JkMmmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fu8RLOpLKsb2NldW19Y7OyVd3e2d3bNw9qXRmngtAOiXks+h6WlLOIdhRTnPYTQXHocdrzJjczv/dIhWRx9KCmCXVCPIpYwAhWWnLN2rB4IxPUz2/da3SFmq5ZtxpWAbRM7JLUoUTbNb+GfkzSkEaKcCzlwLYS5WRYKEY4zavDVNIEkwke0YGmEQ6pdLJib45OtOKjIBa6IoUK9fdEhkMpp6GnO0OsxnLRm4n/eYNUBZdOxqIkVTQi80VBypGK0SwI5DNBieJTTTARTP8VkTEWmCgdV1WHYC+evEy6zYZ93rDuz+qtZhlHBY7gGE7BhgtowR20oQMEnuAZXuHNyI0X4934mLeuGOXMIfyB8fkD0U+TlA==</latexit>

DA = 2
<latexit sha1_base64="JFUYWPw6RqwRBaXH1fOgHXjmpSA=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KklRdCNUdOGygn1AG8JkMmmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fu8RLOpLKsb2NldW19Y7OyVd3e2d3bNw9qXRmngtAOiXks+h6WlLOIdhRTnPYTQXHocdrzJjczv/dIhWRx9KCmCXVCPIpYwAhWWnLN2rB4IxPUz2/da3SFmq5ZtxpWAbRM7JLUoUTbNb+GfkzSkEaKcCzlwLYS5WRYKEY4zavDVNIEkwke0YGmEQ6pdLJib45OtOKjIBa6IoUK9fdEhkMpp6GnO0OsxnLRm4n/eYNUBZdOxqIkVTQi80VBypGK0SwI5DNBieJTTTARTP8VkTEWmCgdV1WHYC+evEy6zYZ93rDuz+qtZhlHBY7gGE7BhgtowR20oQMEnuAZXuHNyI0X4934mLeuGOXMIfyB8fkD0U+TlA==</latexit>

DA = 2

<latexit sha1_base64="ixHaB88KNCllaA4JN0Ak22lOcJ0=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmqohuhqAuXFewD2hAmk0k7dPJgZiKWkF9x40IRt/6IO//GadqFth64cDjn3rlzj5dwJpVlfRulldW19Y3yZmVre2d3z9yvdmScCkLbJOax6HlYUs4i2lZMcdpLBMWhx2nXG99M/e4jFZLF0YOaJNQJ8TBiASNYack1q4PijUxQP791r9EVOnXNmlW3CqBlYs9JDeZouebXwI9JGtJIEY6l7NtWopwMC8UIp3llkEqaYDLGQ9rXNMIhlU5W7M3RsVZ8FMRCV6RQof6eyHAo5ST0dGeI1UguelPxP6+fquDSyViUpIpGZLYoSDlSMZoGgXwmKFF8ogkmgum/IjLCAhOl46roEOzFk5dJp1G3z+vW/Vmt2ZjHUYZDOIITsOECmnAHLWgDgSd4hld4M3LjxXg3PmatJWM+cwB/YHz+ANRbk5Y=</latexit>

DB = 3 <latexit sha1_base64="OB2+Fr61HSxs1JMxfWfU0TPZY+k=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KklRdCMUdeGygn1AG8JkMmmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fu8RLOpLKsb2NldW19Y7OyVd3e2d3bNw9qXRmngtAOiXks+h6WlLOIdhRTnPYTQXHocdrzJjczv/dIhWRx9KCmCXVCPIpYwAhWWnLN2rB4IxPUz2/da3SFmq5ZtxpWAbRM7JLUoUTbNb+GfkzSkEaKcCzlwLYS5WRYKEY4zavDVNIEkwke0YGmEQ6pdLJib45OtOKjIBa6IoUK9fdEhkMpp6GnO0OsxnLRm4n/eYNUBZdOxqIkVTQi80VBypGK0SwI5DNBieJTTTARTP8VkTEWmCgdV1WHYC+evEy6zYZ93rDuz+qtZhlHBY7gGE7BhgtowR20oQMEnuAZXuHNyI0X4934mLeuGOXMIfyB8fkD0teTlQ==</latexit>

DB = 2

<latexit sha1_base64="tztbVlvtAiy55aJxrmHOzH88m+g=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKRTdCoS5cVrAPaEOYTCbt0MmDmYlYQn/FjQtF3Poj7vwbp2kW2nrgwuGce+fOPV7CmVSW9W2UNja3tnfKu5W9/YPDI/O42pNxKgjtkpjHYuBhSTmLaFcxxekgERSHHqd9b9pe+P1HKiSLowc1S6gT4nHEAkaw0pJrVkf5G5mg/vzWbaMb1HTNmlW3cqB1YhekBgU6rvk18mOShjRShGMph7aVKCfDQjHC6bwySiVNMJniMR1qGuGQSifL987RuVZ8FMRCV6RQrv6eyHAo5Sz0dGeI1USuegvxP2+YquDayViUpIpGZLkoSDlSMVoEgXwmKFF8pgkmgum/IjLBAhOl46roEOzVk9dJr1G3m3Xr/rLWahRxlOEUzuACbLiCFtxBB7pA4Ame4RXejLnxYrwbH8vWklHMnMAfGJ8/2OuTmQ==</latexit>

DC = 5
<latexit sha1_base64="tztbVlvtAiy55aJxrmHOzH88m+g=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmKRTdCoS5cVrAPaEOYTCbt0MmDmYlYQn/FjQtF3Poj7vwbp2kW2nrgwuGce+fOPV7CmVSW9W2UNja3tnfKu5W9/YPDI/O42pNxKgjtkpjHYuBhSTmLaFcxxekgERSHHqd9b9pe+P1HKiSLowc1S6gT4nHEAkaw0pJrVkf5G5mg/vzWbaMb1HTNmlW3cqB1YhekBgU6rvk18mOShjRShGMph7aVKCfDQjHC6bwySiVNMJniMR1qGuGQSifL987RuVZ8FMRCV6RQrv6eyHAo5Sz0dGeI1USuegvxP2+YquDayViUpIpGZLkoSDlSMVoEgXwmKFF8pgkmgum/IjLBAhOl46roEOzVk9dJr1G3m3Xr/rLWahRxlOEUzuACbLiCFtxBB7pA4Ame4RXejLnxYrwbH8vWklHMnMAfGJ8/2OuTmQ==</latexit>

DC = 5
<latexit sha1_base64="MYp7aJRfquRoWjJX1TxlOSEfN28=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRV0Y1QsAuXFewD2hAmk9t26OTBzEQsIb/ixoUibv0Rd/6N0zQLbT1w4XDOvXPnHi/mTCrL+jZKa+sbm1vl7crO7t7+gXlY7cooERQ6NOKR6HtEAmchdBRTHPqxABJ4HHre9Hbu9x5BSBaFD2oWgxOQcchGjBKlJdesDvM3UgF+1nJb+Aafu2bNqls58CqxC1JDBdqu+TX0I5oEECrKiZQD24qVkxKhGOWQVYaJhJjQKRnDQNOQBCCdNN+b4VOt+HgUCV2hwrn6eyIlgZSzwNOdAVETuezNxf+8QaJG107KwjhRENLFolHCsYrwPAjsMwFU8ZkmhAqm/4rphAhClY6rokOwl09eJd1G3b6sW/cXtWajiKOMjtEJOkM2ukJNdIfaqIMoekLP6BW9GZnxYrwbH4vWklHMHKE/MD5/ANdrk5g=</latexit>

DD = 3
<latexit sha1_base64="ghv45fNHM8oWftuSiWSku8so8Bg=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KklRdCMU7MJlBfuANoTJZNIOnTyYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yWcSWVZ38ba+sbm1nZlp7q7t39waB7VejJOBaFdEvNYDDwsKWcR7SqmOB0kguLQ47TvTW/nfv+RCsni6EHNEuqEeByxgBGstOSatVHxRiaon7fdNrpBTdesWw2rAFoldknqUKLjml8jPyZpSCNFOJZyaFuJcjIsFCOc5tVRKmmCyRSP6VDTCIdUOlmxN0dnWvFREAtdkUKF+nsiw6GUs9DTnSFWE7nszcX/vGGqgmsnY1GSKhqRxaIg5UjFaB4E8pmgRPGZJpgIpv+KyAQLTJSOq6pDsJdPXiW9ZsO+bFj3F/VWs4yjAidwCudgwxW04A460AUCT/AMr/Bm5MaL8W58LFrXjHLmGP7A+PwB1eeTlw==</latexit>

DD = 2

<latexit sha1_base64="gj2qWtfeRGxnny0CHXnjgL+zVZo=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KklRdCMUFHRZwT6gDWEymbRDJw9mJmIJ+RU3LhRx64+482+cpllo64ELh3PunTv3eAlnUlnWt7Gyura+sVnZqm7v7O7tmwe1roxTQWiHxDwWfQ9LyllEO4opTvuJoDj0OO15k+uZ33ukQrI4elDThDohHkUsYAQrLblmbVi8kQnq5zfuLbpCTdesWw2rAFomdknqUKLtml9DPyZpSCNFOJZyYFuJcjIsFCOc5tVhKmmCyQSP6EDTCIdUOlmxN0cnWvFREAtdkUKF+nsiw6GU09DTnSFWY7nozcT/vEGqgksnY1GSKhqR+aIg5UjFaBYE8pmgRPGpJpgIpv+KyBgLTJSOq6pDsBdPXibdZsM+b1j3Z/VWs4yjAkdwDKdgwwW04A7a0AECT/AMr/Bm5MaL8W58zFtXjHLmEP7A+PwB2n+Tmg==</latexit>

DG = 2
<latexit sha1_base64="gj2qWtfeRGxnny0CHXnjgL+zVZo=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KklRdCMUFHRZwT6gDWEymbRDJw9mJmIJ+RU3LhRx64+482+cpllo64ELh3PunTv3eAlnUlnWt7Gyura+sVnZqm7v7O7tmwe1roxTQWiHxDwWfQ9LyllEO4opTvuJoDj0OO15k+uZ33ukQrI4elDThDohHkUsYAQrLblmbVi8kQnq5zfuLbpCTdesWw2rAFomdknqUKLtml9DPyZpSCNFOJZyYFuJcjIsFCOc5tVhKmmCyQSP6EDTCIdUOlmxN0cnWvFREAtdkUKF+nsiw6GU09DTnSFWY7nozcT/vEGqgksnY1GSKhqR+aIg5UjFaBYE8pmgRPGpJpgIpv+KyBgLTJSOq6pDsBdPXibdZsM+b1j3Z/VWs4yjAkdwDKdgwwW04A7a0AECT/AMr/Bm5MaL8W58zFtXjHLmEP7A+PwB2n+Tmg==</latexit>

DG = 2

<latexit sha1_base64="Gr9BODvr55fG1zLIkAH1I5d9aT0=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmqohuhoKDLCvYBbQiTyaQdOnkwMxFLyK+4caGIW3/EnX/jNO1CWw9cOJxz79y5x0s4k8qyvo3Syura+kZ5s7K1vbO7Z+5XOzJOBaFtEvNY9DwsKWcRbSumOO0lguLQ47Trja+nfveRCsni6EFNEuqEeBixgBGstOSa1UHxRiaon9+4t+gKnbpmzapbBdAyseekBnO0XPNr4MckDWmkCMdS9m0rUU6GhWKE07wySCVNMBnjIe1rGuGQSicr9uboWCs+CmKhK1KoUH9PZDiUchJ6ujPEaiQXvan4n9dPVXDpZCxKUkUjMlsUpBypGE2DQD4TlCg+0QQTwfRfERlhgYnScVV0CPbiycuk06jb53Xr/qzWbMzjKMMhHMEJ2HABTbiDFrSBwBM8wyu8GbnxYrwbH7PWkjGfOYA/MD5/ANwDk5s=</latexit>

DG = 3

<latexit sha1_base64="BOR0K08K53jkLbknkDFRZJmTStU=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KklRdCMUVHBZwT6gDWEymbRDJw9mJmIJ+RU3LhRx64+482+cpllo64ELh3PunTv3eAlnUlnWt7Gyura+sVnZqm7v7O7tmwe1roxTQWiHxDwWfQ9LyllEO4opTvuJoDj0OO15k+uZ33ukQrI4elDThDohHkUsYAQrLblmbVi8kQnq5zfuLbpCTdesWw2rAFomdknqUKLtml9DPyZpSCNFOJZyYFuJcjIsFCOc5tVhKmmCyQSP6EDTCIdUOlmxN0cnWvFREAtdkUKF+nsiw6GU09DTnSFWY7nozcT/vEGqgksnY1GSKhqR+aIg5UjFaBYE8pmgRPGpJpgIpv+KyBgLTJSOq6pDsBdPXibdZsM+b1j3Z/VWs4yjAkdwDKdgwwW04A7a0AECT/AMr/Bm5MaL8W58zFtXjHLmEP7A+PwB12+TmA==</latexit>

DE = 2
<latexit sha1_base64="BOR0K08K53jkLbknkDFRZJmTStU=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KklRdCMUVHBZwT6gDWEymbRDJw9mJmIJ+RU3LhRx64+482+cpllo64ELh3PunTv3eAlnUlnWt7Gyura+sVnZqm7v7O7tmwe1roxTQWiHxDwWfQ9LyllEO4opTvuJoDj0OO15k+uZ33ukQrI4elDThDohHkUsYAQrLblmbVi8kQnq5zfuLbpCTdesWw2rAFomdknqUKLtml9DPyZpSCNFOJZyYFuJcjIsFCOc5tVhKmmCyQSP6EDTCIdUOlmxN0cnWvFREAtdkUKF+nsiw6GU09DTnSFWY7nozcT/vEGqgksnY1GSKhqR+aIg5UjFaBYE8pmgRPGpJpgIpv+KyBgLTJSOq6pDsBdPXibdZsM+b1j3Z/VWs4yjAkdwDKdgwwW04A7a0AECT/AMr/Bm5MaL8W58zFtXjHLmEP7A+PwB12+TmA==</latexit>

DE = 2

<latexit sha1_base64="rK3E24RZE3jPPGa2p1ptnfcVLfE=">AAACGXicbVBLSwMxGMzWV62vqkcvwSJUKCVbK3oRCh70WME+YHdZstm0Dc0+SLJCWfo3vPhXvHhQxKOe/Ddm2z1o60BgmPm+ZDJezJlUCH0bhZXVtfWN4mZpa3tnd6+8f9CVUSII7ZCIR6LvYUk5C2lHMcVpPxYUBx6nPW98nfm9Byoki8J7NYmpE+BhyAaMYKUlt4zs2R2poP7UjkesagdYjQjm6c3UNU/hFbRQDZ7VYKMGNTEdt1xBdTQDXCZmTiogR9stf9p+RJKAhopwLKVlolg5KRaKEU6nJTuRNMZkjIfU0jTEAZVOOks1hSda8eEgEvqECs7U3xspDqScBJ6ezHLLRS8T//OsRA0unZSFcaJoSOYPDRIOVQSzmqDPBCWKTzTBRDCdFZIRFpgoXWZJl2AufnmZdBt187yO7pqVVjOvowiOwDGoAhNcgBa4BW3QAQQ8gmfwCt6MJ+PFeDc+5qMFI985BH9gfP0AzTidfQ==</latexit>

�(G1) = [0, 3, 2, 0, 1]
<latexit sha1_base64="tWjlYcn93GpPvhk+LtthJzk66wE=">AAACGXicbVDNS8MwHE3n15xfVY9egkOYMEY7NvQiDDzocYL7gLaUNMu2sDQtSSqM0n/Di/+KFw+KeNST/43Z1oNuPgg83vv9kpcXxIxKZVnfRmFtfWNzq7hd2tnd2z8wD4+6MkoEJh0csUj0AyQJo5x0FFWM9GNBUBgw0gsm1zO/90CEpBG/V9OYeCEacTqkGCkt+ablzu9IBRlkbjymFTdEaowRS28yv34Or6BjVWGzCu0q1MT2fLNs1aw54Cqxc1IGOdq++ekOIpyEhCvMkJSObcXKS5FQFDOSldxEkhjhCRoRR1OOQiK9dJ4qg2daGcBhJPThCs7V3xspCqWchoGenOWWy95M/M9zEjW89FLK40QRjhcPDRMGVQRnNcEBFQQrNtUEYUF1VojHSCCsdJklXYK9/OVV0q3X7GbNumuUW428jiI4AaegAmxwAVrgFrRBB2DwCJ7BK3gznowX4934WIwWjHznGPyB8fUD0GCdfw==</latexit>

�(G2) = [0, 5, 1, 0, 1]
<latexit sha1_base64="aFuVGT06Agdp/lbihIDa3hce6qI=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaWDabSbt0swm7G6WE/g8vHhTx6n/x5r9x2+agrQ8GHu/N7Oy8IOVMacf5tkpr6xubW+Xtys7u3v5B9fCoo5JMUmzThCeyFxCFnAlsa6Y59lKJJA44doPxzczvPqJULBH3epKiH5OhYBGjRBvpwZu/kEsMp57AQbXm1J057FXiFqQGBVqD6pcXJjSLUWjKiVJ910m1nxOpGeU4rXiZwpTQMRli31BBYlR+Pt85tc+MEtpRIk0Jbc/V3xM5iZWaxIHpjIkeqWVvJv7n9TMdXfs5E2mmUdDFoijjtk7sWQR2yCRSzSeGECqZ+atNR0QSqk1QFROCu3zyKulc1N3LunPXqDUbRRxlOIFTOAcXrqAJt9CCNlCQ8Ayv8GY9WS/Wu/WxaC1Zxcwx/IH1+QMXMZLZ</latexit>

6=



Graphlet kernel
! A subgraph-based kernel based on graphlets

- Nodes do not need to be connected 


! It counts the occurrence of graphlets in a graph


! Limitation: High complexity;  there are         graphlets of     nodes  
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<latexit sha1_base64="//05Yid1L0ZpK5vyDT8StX63MuI=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVih4LXgRBKtgPaJeSTdM2NJusSbZQlv0dXjwo4tUf481/Y7bdg7Y+GHi8N8PMvCDiTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlrAhtEsml6gRYU84EbRpmOO1EiuIw4LQdTG4yvz2lSjMpHs0son6IR4INGcHGSn4vYEKGyX2a3KWlfrniVt050CrxclKBHI1++as3kCQOqTCEY627nhsZP8HKMMJpWurFmkaYTPCIdi0VOKTaT+ZHp+jMKgM0lMqWMGiu/p5IcKj1LAxsZ4jNWC97mfif143N8NpPmIhiQwVZLBrGHBmJsgTQgClKDJ9Zgoli9lZExlhhYmxOWQje8surpHVR9S6r7kOtUq/lcRThBE7hHDy4gjrcQgOaQOAJnuEV3pyp8+K8Ox+L1oKTzxzDHzifP6MRkfY=</latexit>✓
N

K

◆
<latexit sha1_base64="E6mhGV8Rlm6bB7L5sl4gdcb2b9Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ZMUvAheqtgPaEPZbCft0s0m7G6EEvoPvHhQxKv/yJv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWj2acoB/RgeQhZ9RY6eGO9MoVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2aXTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpm+TPlfIjBhbQpni9lbChlRRZmw4JRuCt/jyMmmeVb2Lqnt/Xqld53EU4QiO4RQ8uIQa3EIdGsAghGd4hTdn5Lw4787HvLXg5DOH8AfO5w/30oz5</latexit>

K

Graphlets of size 3
<latexit sha1_base64="tnlKpC0rm8Q0nDuEbP100ZWNNLI=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUErie6MUXOiygn1AEspkOmmHTiZhZiKU0K0bf8WNC0Xc+gfu/BsnbRbaeuDC4Zx7ufceP2ZUKsv6NgoLi0vLK8XV0tr6xuaWub3TklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/vM789gMRkkb8Xo1i4oWoz2lAMVJa6prQjQe04oZIDTBi6c34EF5Cx67Csyo8rkLL65plq2ZNAOeJnZMyyNHoml9uL8JJSLjCDEnp2FasvBQJRTEj45KbSBIjPER94mjKUUikl04+GcMDrfRgEAldXMGJ+nsiRaGUo9DXndnJctbLxP88J1HBhZdSHieKcDxdFCQMqghmscAeFQQrNtIEYUH1rRAPkEBY6fBKOgR79uV50jqq2ac16+6kXL/K4yiCPbAPKsAG56AObkEDNAEGj+AZvII348l4Md6Nj2lrwchndsEfGJ8/28SXMQ==</latexit>

�(G) = [1, 6, 3, 0]

<latexit sha1_base64="dn2a1gj2j/M4AeUSFtgVMIbvKrw=">AAACNnicbVDLSsNAFJ3UV62vqEs3g0VoQUpSFF1oKbhQEKGCfUATwmQ6aYdOHsxMhBL6VW78DnfduFDErZ/gpM3Cth4YOHPuudx7jxsxKqRhTLTcyura+kZ+s7C1vbO7p+8ftEQYc0yaOGQh77hIEEYD0pRUMtKJOEG+y0jbHd6k9fYz4YKGwZMcRcT2UT+gHsVIKsnRH+5Llo/kACOW3I4d8xT+/VbL8BpeWdGAzrvKyrYoVss16OhFo2JMAZeJmZEiyNBw9DerF+LYJ4HEDAnRNY1I2gnikmJGxgUrFiRCeIj6pKtogHwi7GR69hieKKUHvZCrF0g4Vf92JMgXYuS7ypnuKRZrqfhfrRtL79JOaBDFkgR4NsiLGZQhTDOEPcoJlmykCMKcql0hHiCOsFRJF1QI5uLJy6RVrZjnFePxrFivZXHkwRE4BiVgggtQB3egAZoAgxcwAR/gU3vV3rUv7XtmzWlZzyGYg/bzC3Rtqeo=</latexit>

K(G1,G2) =< �(G1),�(G2) >

Graphlet kernel 

[Shervashidze et al., Efficient graphite kernels for large graph comparison. AISTATS, 2009]




Weisfeiler-Lehman kernel 
! Iteratively aggregate information from node’s neighbourhoods 

wider than the 1-hop neighborhood 


! Color refinement algorithm: 

- Input: a graph 

- Assign an initial color              (e.g., node degree)  to each node    of

- For each iteration           refine node colors as 


- Output: The node color               after     iterations 


! It provides a description of the    -hop neighborhood with an 
efficient algorithm  
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<latexit sha1_base64="0HLRmWfyxeHFa/g8mGYgM0L1cBs=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRJR7LLgQpcV7APaUCbTSTt0MhNmboQS+hluXCji1q9x5984abPQ6oGBwzn3MueeMBHcoOd9OaW19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1kaNgvUQzEoeCdcPpTe53H5k2XMkHnCUsiMlY8ohTglbqD2KCE0pEdjsfVmte3VvA/Uv8gtSgQGtY/RyMFE1jJpEKYkzf9xIMMqKRU8HmlUFqWELolIxZ31JJYmaCbBF57p5ZZeRGStsn0V2oPzcyEhszi0M7mUc0q14u/uf1U4waQcZlkiKTdPlRlAoXlZvf7464ZhTFzBJCNbdZXTohmlC0LVVsCf7qyX9J56LuX9W9+8tas1HUUYYTOIVz8OEamnAHLWgDBQVP8AKvDjrPzpvzvhwtOcXOMfyC8/ENd7yRVw==</latexit>

G
<latexit sha1_base64="huqY3PW5CjJL5eKrNxOFOlH+Vug=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBCSS9gVxRwDXjxGMA9M1jA7mSRDZmeXmV4hLPkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+O2vrG5tb27md/O7e/sFh4ei4aaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY38z81hPXRkTqHicx90M6VGIgGEUrPbDHtOSWp6Wk3CsU3Yo7B1klXkaKkKHeK3x1+xFLQq6QSWpMx3Nj9FOqUTDJp/luYnhM2ZgOecdSRUNu/HR+8ZScW6VPBpG2pZDM1d8TKQ2NmYSB7QwpjsyyNxP/8zoJDqp+KlScIFdssWiQSIIRmb1P+kJzhnJiCWVa2FsJG1FNGdqQ8jYEb/nlVdK8qHhXFffuslirZnHk4BTOoAQeXEMNbqEODWCg4Ble4c0xzovz7nwsWtecbOYE/sD5/AEV14/Y</latexit>

c(0)(u) <latexit sha1_base64="Rqb/fatM7jQxTv0vCX2SkZEb0T8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsceCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNWHNz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTdVtXlfqtTyOIpzBOVyCB7dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A3/2M8w==</latexit>u
<latexit sha1_base64="0HLRmWfyxeHFa/g8mGYgM0L1cBs=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRJR7LLgQpcV7APaUCbTSTt0MhNmboQS+hluXCji1q9x5984abPQ6oGBwzn3MueeMBHcoOd9OaW19Y3NrfJ2ZWd3b/+genjUMSrVlLWpEkr3QmKY4JK1kaNgvUQzEoeCdcPpTe53H5k2XMkHnCUsiMlY8ohTglbqD2KCE0pEdjsfVmte3VvA/Uv8gtSgQGtY/RyMFE1jJpEKYkzf9xIMMqKRU8HmlUFqWELolIxZ31JJYmaCbBF57p5ZZeRGStsn0V2oPzcyEhszi0M7mUc0q14u/uf1U4waQcZlkiKTdPlRlAoXlZvf7464ZhTFzBJCNbdZXTohmlC0LVVsCf7qyX9J56LuX9W9+8tas1HUUYYTOIVz8OEamnAHLWgDBQVP8AKvDjrPzpvzvhwtOcXOMfyC8/ENd7yRVw==</latexit>

G

<latexit sha1_base64="/usVQIMaTD3kCJpCgf3iHjfMH34="></latexit>

c(k+1)
(u) = HASH

⇣n
c(k)(u), {c(k)(v)}v2Nv

o⌘

<latexit sha1_base64="i7Er5ZNOFM57RsGqIn11ORv1r2Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiij0WvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357SeujYjVI04S7kd0qEQoGEUrPYwvvH654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGNb8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHrXVff+qlKv5XEU4QRO4Rw8uIE63EEDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wenH41Z</latexit>

k + 1

<latexit sha1_base64="aVetB5EXBB9JZ00ye6Q1GtusioY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Koko9ljwInhpwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut7O2vrG5tV3YKe7u7R8clo6OWzpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGvf9UtmtuHOQVeLlpAw56v3SV28QszRCaZigWnc9NzF+RpXhTOC02Es1JpSN6RC7lkoaofaz+aFTcm6VAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1Y9TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZoQ/CWX14lrcuKd11xG1flWjWPowCncAYX4MEN1OAO6tAEBgjP8ApvzqPz4rw7H4vWNSefOYE/cD5/AKBVjMk=</latexit>

K
<latexit sha1_base64="VQ9CwVZz9wd1rMQwQS8Ud4MX7oA=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahvZRdUeyx4EXwUsF+YLuWbJptQ5PskmSFsvRfePGgiFf/jTf/jWm7B219MPB4b4aZeUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHw989tPVGkWyXsziakv8FCykBFsrPRAHtPybWVaTir9YsmtunOgVeJlpAQZGv3iV28QkURQaQjHWnc9NzZ+ipVhhNNpoZdoGmMyxkPatVRiQbWfzi+eojOrDFAYKVvSoLn6eyLFQuuJCGynwGakl72Z+J/XTUxY81Mm48RQSRaLwoQjE6HZ+2jAFCWGTyzBRDF7KyIjrDAxNqSCDcFbfnmVtM6r3mXVvbso1WtZHHk4gVMogwdXUIcbaEATCEh4hld4c7Tz4rw7H4vWnJPNHMMfOJ8/P0qP8w==</latexit>

c(K)(u)

<latexit sha1_base64="9FrhDtJ2t/ElGEKlgl6NHEvLqJo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoepKCF8FLC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hbqt55QaR7LBzNO0I/oQPKQM2qsVL/vlcpuxZ2BLBMvJ2XIUeuVvrr9mKURSsME1brjuYnxM6oMZwInxW6qMaFsRAfYsVTSCLWfzQ6dkFOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhMvyZ9rpAZMbaEMsXtrYQNqaLM2GyKNgRv8eVl0jyveJcVt35Rrt7kcRTgGE7gDDy4gircQQ0awADhGV7hzXl0Xpx352PeuuLkM0fwB87nD6IjjM8=</latexit>

K

[Shervashidze et al., Weisfeiler-Lehman graph kernels, JMLR, 2011]




Example of WL kernel 
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<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
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<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

Initial colors 

Aggregate 
neighbourhood colors 

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)
<latexit sha1_base64="NIuzly9/xnO5IQsBkDiu7PVnb/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yecKe2631ZlbX1jc6u6XdvZ3ds/sA/rXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe3509u533ukUrFYPOhZQr0IjwULGcHaSCO7PizeyCQN8iY6hwidjeyG67gF4CpBJWmAEu2R/TUMYpJGVGjCsVID5Cbay7DUjHCa14apogkmUzymA0MFjqjysmJvDk+NEsAwlqaEhoX6eyLDkVKzyDedEdYTtezNxf+8QarDGy9jIkk1FWSxKEw51DGcBwEDJinRfGYIJpKZv0IywRITbeKqmRDQ8smrpHvhoCvHvb9stJwyjio4BiegCRC4Bi1wB9qgAwh4As/gFbxZufVivVsfi9aKVc4cgT+wPn8AOCaTLQ==</latexit>

(1, 11)

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="/d/5RlkKQypH6WJ4QcmbmPwFnSU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQQUIiii4LblxWsA9oQ5lMJu3QySTMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvXPnniDlTGnX/baWlldW19ZLG+XNre2dXXtvv6mSTBLaIAlPZDvAinImaEMzzWk7lRTHAaetYHgz8VsPVCqWiHs9Sqkf475gESNYG6lnH3anb+SShuOqd4Y8g9OeXXEddwq0SLyCVKBAvWd/dcOEZD EVmnCsVMdzU+3nWGpGOB2Xu5miKSZD3KcdQwWOqfLz6eYxOjFKiKJEmhIaTdXfEzmOlRrFgemMsR6oeW8i/ud1Mh1d+zkTaaapILNFUcaRTtAkChQySYnmI0Mwkcz8FZEBlphoE1jZhODNn7xImueOd+m4dxeVmlPEUYIjOIYqeHAFNbiFOjSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8ASMGk6M=</latexit>

(1, 1111)

<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)

<latexit sha1_base64="NIuzly9/xnO5IQsBkDiu7PVnb/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yecKe2631ZlbX1jc6u6XdvZ3ds/sA/rXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe3509u533ukUrFYPOhZQr0IjwULGcHaSCO7PizeyCQN8iY6hwidjeyG67gF4CpBJWmAEu2R/TUMYpJGVGjCsVID5Cbay7DUjHCa14apogkmUzymA0MFjqjysmJvDk+NEsAwlqaEhoX6eyLDkVKzyDedEdYTtezNxf+8QarDGy9jIkk1FWSxKEw51DGcBwEDJinRfGYIJpKZv0IywRITbeKqmRDQ8smrpHvhoCvHvb9stJwyjio4BiegCRC4Bi1wB9qgAwh4As/gFbxZufVivVsfi9aKVc4cgT+wPn8AOCaTLQ==</latexit>

(1, 11)
<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="/d/5RlkKQypH6WJ4QcmbmPwFnSU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQQUIiii4LblxWsA9oQ5lMJu3QySTMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvXPnniDlTGnX/baWlldW19ZLG+XNre2dXXtvv6mSTBLaIAlPZDvAinImaEMzzWk7lRTHAaetYHgz8VsPVCqWiHs9Sqkf475gESNYG6lnH3anb+SShuOqd4Y8g9OeXXEddwq0SLyCVKBAvWd/dcOEZDEVmnCsVMdzU+3nWGpGOB2Xu5miKSZD3KcdQwWOqfLz6eYxOjFKiKJEmhIaTdXfEzmOlRrFgemMsR6oeW8i/ud1Mh1d+zkTaaapILNFUcaRTtAkChQySYnmI0Mwkcz8FZEBlphoE1jZhODNn7xImueOd+m4dxeVmlPEUYIjOIYqeHAFNbiFOjSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8ASMGk6M=</latexit>

(1, 1111)

<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
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<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

Initial colors 

Aggregate 
neighbourhood colors 

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)
<latexit sha1_base64="NIuzly9/xnO5IQsBkDiu7PVnb/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yecKe2631ZlbX1jc6u6XdvZ3ds/sA/rXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe3509u533ukUrFYPOhZQr0IjwULGcHaSCO7PizeyCQN8iY6hwidjeyG67gF4CpBJWmAEu2R/TUMYpJGVGjCsVID5Cbay7DUjHCa14apogkmUzymA0MFjqjysmJvDk+NEsAwlqaEhoX6eyLDkVKzyDedEdYTtezNxf+8QarDGy9jIkk1FWSxKEw51DGcBwEDJinRfGYIJpKZv0IywRITbeKqmRDQ8smrpHvhoCvHvb9stJwyjio4BiegCRC4Bi1wB9qgAwh4As/gFbxZufVivVsfi9aKVc4cgT+wPn8AOCaTLQ==</latexit>

(1, 11)

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="/d/5RlkKQypH6WJ4QcmbmPwFnSU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQQUIiii4LblxWsA9oQ5lMJu3QySTMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvXPnniDlTGnX/baWlldW19ZLG+XNre2dXXtvv6mSTBLaIAlPZDvAinImaEMzzWk7lRTHAaetYHgz8VsPVCqWiHs9Sqkf475gESNYG6lnH3anb+SShuOqd4Y8g9OeXXEddwq0SLyCVKBAvWd/dcOEZD EVmnCsVMdzU+3nWGpGOB2Xu5miKSZD3KcdQwWOqfLz6eYxOjFKiKJEmhIaTdXfEzmOlRrFgemMsR6oeW8i/ud1Mh1d+zkTaaapILNFUcaRTtAkChQySYnmI0Mwkcz8FZEBlphoE1jZhODNn7xImueOd+m4dxeVmlPEUYIjOIYqeHAFNbiFOjSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8ASMGk6M=</latexit>

(1, 1111)

<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)

<latexit sha1_base64="NIuzly9/xnO5IQsBkDiu7PVnb/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yecKe2631ZlbX1jc6u6XdvZ3ds/sA/rXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe3509u533ukUrFYPOhZQr0IjwULGcHaSCO7PizeyCQN8iY6hwidjeyG67gF4CpBJWmAEu2R/TUMYpJGVGjCsVID5Cbay7DUjHCa14apogkmUzymA0MFjqjysmJvDk+NEsAwlqaEhoX6eyLDkVKzyDedEdYTtezNxf+8QarDGy9jIkk1FWSxKEw51DGcBwEDJinRfGYIJpKZv0IywRITbeKqmRDQ8smrpHvhoCvHvb9stJwyjio4BiegCRC4Bi1wB9qgAwh4As/gFbxZufVivVsfi9aKVc4cgT+wPn8AOCaTLQ==</latexit>

(1, 11)
<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="/d/5RlkKQypH6WJ4QcmbmPwFnSU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQQUIiii4LblxWsA9oQ5lMJu3QySTMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvXPnniDlTGnX/baWlldW19ZLG+XNre2dXXtvv6mSTBLaIAlPZDvAinImaEMzzWk7lRTHAaetYHgz8VsPVCqWiHs9Sqkf475gESNYG6lnH3anb+SShuOqd4Y8g9OeXXEddwq0SLyCVKBAvWd/dcOEZDEVmnCsVMdzU+3nWGpGOB2Xu5miKSZD3KcdQwWOqfLz6eYxOjFKiKJEmhIaTdXfEzmOlRrFgemMsR6oeW8i/ud1Mh1d+zkTaaapILNFUcaRTtAkChQySYnmI0Mwkcz8FZEBlphoE1jZhODNn7xImueOd+m4dxeVmlPEUYIjOIYqeHAFNbiFOjSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8ASMGk6M=</latexit>

(1, 1111)

<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)

Hash table 

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="NIuzly9/xnO5IQsBkDiu7PVnb/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yecKe2631ZlbX1jc6u6XdvZ3ds/sA/rXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe3509u533ukUrFYPOhZQr0IjwULGcHaSCO7PizeyCQN8iY6hwidjeyG67gF4CpBJWmAEu2R/TUMYpJGVGjCsVID5Cbay7DUjHCa14apogkmUzymA0MFjqjysmJvDk+NEsAwlqaEhoX6eyLDkVKzyDedEdYTtezNxf+8QarDGy9jIkk1FWSxKEw51DGcBwEDJinRfGYIJpKZv0IywRITbeKqmRDQ8smrpHvhoCvHvb9stJwyjio4BiegCRC4Bi1wB9qgAwh4As/gFbxZufVivVsfi9aKVc4cgT+wPn8AOCaTLQ==</latexit>

(1, 11)

<latexit sha1_base64="/d/5RlkKQypH6WJ4QcmbmPwFnSU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQQUIiii4LblxWsA9oQ5lMJu3QySTMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvXPnniDlTGnX/baWlldW19ZLG+XNre2dXXtvv6mSTBLaIAlPZDvAinImaEMzzWk7lRTHAaetYHgz8VsPVCqWiHs9Sqkf475gESNYG6lnH3anb+SShuOqd4Y8g9OeXXEddwq0SLyCVKBAvWd/dcOEZDEVmnCsVMdzU+3nWGpGOB2Xu5miKSZD3KcdQwWOqfLz6eYxOjFKiKJEmhIaTdXfEzmOlRrFgemMsR6oeW8i/ud1Mh1d+zkTaaapILNFUcaRTtAkChQySYnmI0Mwkcz8FZEBlphoE1jZhODNn7xImueOd+m4dxeVmlPEUYIjOIYqeHAFNbiFOjSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8ASMGk6M=</latexit>

(1, 1111)

<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4
<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5 <latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2



Hash table 

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="NIuzly9/xnO5IQsBkDiu7PVnb/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yecKe2631ZlbX1jc6u6XdvZ3ds/sA/rXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe3509u533ukUrFYPOhZQr0IjwULGcHaSCO7PizeyCQN8iY6hwidjeyG67gF4CpBJWmAEu2R/TUMYpJGVGjCsVID5Cbay7DUjHCa14apogkmUzymA0MFjqjysmJvDk+NEsAwlqaEhoX6eyLDkVKzyDedEdYTtezNxf+8QarDGy9jIkk1FWSxKEw51DGcBwEDJinRfGYIJpKZv0IywRITbeKqmRDQ8smrpHvhoCvHvb9stJwyjio4BiegCRC4Bi1wB9qgAwh4As/gFbxZufVivVsfi9aKVc4cgT+wPn8AOCaTLQ==</latexit>

(1, 11)

<latexit sha1_base64="/d/5RlkKQypH6WJ4QcmbmPwFnSU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQQUIiii4LblxWsA9oQ5lMJu3QySTMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvXPnniDlTGnX/baWlldW19ZLG+XNre2dXXtvv6mSTBLaIAlPZDvAinImaEMzzWk7lRTHAaetYHgz8VsPVCqWiHs9Sqkf475gESNYG6lnH3anb+SShuOqd4Y8g9OeXXEddwq0SLyCVKBAvWd/dcOEZDEVmnCsVMdzU+3nWGpGOB2Xu5miKSZD3KcdQwWOqfLz6eYxOjFKiKJEmhIaTdXfEzmOlRrFgemMsR6oeW8i/ud1Mh1d+zkTaaapILNFUcaRTtAkChQySYnmI0Mwkcz8FZEBlphoE1jZhODNn7xImueOd+m4dxeVmlPEUYIjOIYqeHAFNbiFOjSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8ASMGk6M=</latexit>

(1, 1111)

<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4
<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5 <latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
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Hash table 

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="NIuzly9/xnO5IQsBkDiu7PVnb/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yecKe2631ZlbX1jc6u6XdvZ3ds/sA/rXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe3509u533ukUrFYPOhZQr0IjwULGcHaSCO7PizeyCQN8iY6hwidjeyG67gF4CpBJWmAEu2R/TUMYpJGVGjCsVID5Cbay7DUjHCa14apogkmUzymA0MFjqjysmJvDk+NEsAwlqaEhoX6eyLDkVKzyDedEdYTtezNxf+8QarDGy9jIkk1FWSxKEw51DGcBwEDJinRfGYIJpKZv0IywRITbeKqmRDQ8smrpHvhoCvHvb9stJwyjio4BiegCRC4Bi1wB9qgAwh4As/gFbxZufVivVsfi9aKVc4cgT+wPn8AOCaTLQ==</latexit>

(1, 11)

<latexit sha1_base64="/d/5RlkKQypH6WJ4QcmbmPwFnSU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQQUIiii4LblxWsA9oQ5lMJu3QySTMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvXPnniDlTGnX/baWlldW19ZLG+XNre2dXXtvv6mSTBLaIAlPZDvAinImaEMzzWk7lRTHAaetYHgz8VsPVCqWiHs9Sqkf475gESNYG6lnH3anb+SShuOqd4Y8g9OeXXEddwq0SLyCVKBAvWd/dcOEZDEVmnCsVMdzU+3nWGpGOB2Xu5miKSZD3KcdQwWOqfLz6eYxOjFKiKJEmhIaTdXfEzmOlRrFgemMsR6oeW8i/ud1Mh1d+zkTaaapILNFUcaRTtAkChQySYnmI0Mwkcz8FZEBlphoE1jZhODNn7xImueOd+m4dxeVmlPEUYIjOIYqeHAFNbiFOjSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8ASMGk6M=</latexit>

(1, 1111)

<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4
<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5 <latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
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<latexit sha1_base64="6m9lXoSa2sHFsrn0CinmshYDQHI=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSJUkJJoiy4LblxWsA9oQ5lMJu3QyYOZiRBC/RU3LhRx64e482+cpllo64ELh3PunTv3uDFnUlnWt7G2vrG5tV3aKe/u7R8cmkfHXRklgtAOiXgk+i6WlLOQdhRTnPZjQXHgctpzp7dzv/dIhWRR+KDSmDoBHofMZwQrLY3MyjB/IxPUm6Fa4+Kq0TwfmVWrbuVAq8QuSBUKtEfm19CLSBLQUBGOpRzYVqycDAvFCKez8jCRNMZkisd0oGmIAyqdLF88Q2da8ZAfCV2hQrn6eyLDgZRp4OrOAKuJXPbm4n/eIFH+jZOxME4UDclikZ9wpCI0TwJ5TFCieKoJJoLpvyIywQITpfMq6xDs5ZNXSfeybjfr1n2j2qoXcZTgBE6hBjZcQwvuoA0dIJDCM7zCm/FkvBjvxseidc0oZirwB8bnD7+fk3Q=</latexit>

(4, 345)
<latexit sha1_base64="qbmbyInTZHGeFtR0atqn0MqXDDg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqiFV0W3LisYB/QhjKZ3LRDJw9mJkII9VfcuFDErR/izr9xmmahrQcuHM65d+7c48acSWVZ30ZpbX1jc6u8XdnZ3ds/MA+PujJKBIUOjXgk+i6RwFkIHcUUh34sgAQuh547vZ37vUcQkkXhg0pjcAIyDpnPKFFaGpnVYf5GJsCb4frlOW42z0ZmzWpYOfAqsQtSQwXaI/Nr6EU0CSBUlBMpB7YVKycjQjHKYVYZJhJiQqdkDANNQxKAdLJ88QyfasXDfiR0hQrn6u+JjARSpoGrOwOiJnLZm4v/eYNE+TdOxsI4URDSxSI/4VhFeJ4E9pgAqniqCaGC6b9iOiGCUKXzqugQ7OWTV0n3omFfNaz7Zq3VKOIoo2N0gurIRteohe5QG3UQRSl6Rq/ozXgyXox342PRWjKKmSr6A+PzB5+Mk18=</latexit>

(3, 44)

<latexit sha1_base64="BHKYgu+GPo8sv9VTaHk91Ao7cRA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISbdFlwY3LCvYBbSiTyaQdOnkwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhcM5986de9yYM6ks69sorKyurW8UN0tb2zu7e+b+QVtGiSC0RSIeia6LJeUspC3FFKfdWFAcuJx23PHNzO88UCFZFN6rSUydAA9D5jOClZYG5lE/eyMV1JuiSu0cXdbqZwOzbFWtDGiZ2DkpQ47mwPzqexFJAhoqwrGUPduKlZNioRjhdFrqJ5LGmIzxkPY0DXFApZNmm6foVCse8iOhK1QoU39PpDiQchK4ujPAaiQXvZn4n9dLlH/tpCyME0VDMl/kJxypCM2iQB4TlCg+0QQTwfRfERlhgYnSgZV0CPbiycukfVG161XrrlZuVPM4inAMJ1ABG66gAbfQhBYQeIRneIU348l4Md6Nj3lrwchnDuEPjM8fGyuTng==</latexit>

(4, 345)

<latexit sha1_base64="8CzEFQ5Dv71vk0hJ1TDclqMN2sA=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFSQkpUWXBTcuK1hbaEOZTCbt0MmDmYlQQsFfceNCEbd+hzv/xmmahbYeuHA45965c4+XcCaVbX8bpbX1jc2t8nZlZ3dv/8A8PHqQcSoI7ZCYx6LnYUk5i2hHMcVpLxEUhx6nXW9yM/e7j1RIFkf3appQN8SjiAWMYKWloXkyyN/IBPVnqNa8RPV6o3ExNKu2ZedAq8QpSBUKtIfm18CPSRrSSBGOpew7dqLcDAvFCKezyiCVNMFkgke0r2mEQyrdLF89Q+da8VEQC12RQrn6eyLDoZTT0NOdIVZjuezNxf+8fqqCazdjUZIqGpHFoiDlSMVongXymaBE8akmmAim/4rIGAtMlE6sokNwlk9eJQ91y2la9l2j2rKKOMpwCmdQAweuoAW30IYOEMjgGV7hzXgyXox342PRWjKKmWP4A+PzB5DZk9k=</latexit>

(5, 2244)

<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)
<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)

<latexit sha1_base64="nIBGaLR7XEGJQv3KeWe3MtSXSj4=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBEqSEm0RZcFNy4r2Ae0oUwmN+3QyYOZiRBC/RU3LhRx64e482+cpllo64ELh3PunTv3uDFnUlnWt7G2vrG5tV3aKe/u7R8cmkfHXRklgkKHRjwSfZdI4CyEjmKKQz8WQAKXQ8+d3s793iMIyaLwQaUxOAEZh8xnlCgtjczKMH8jE+DNcO3qAjea5yOzatWtHHiV2AWpogLtkfk19CKaBBAqyomUA9uKlZMRoRjlMCsPEwkxoVMyhoGmIQlAOlm+eIbPtOJhPxK6QoVz9fdERgIp08DVnQFRE7nszcX/vEGi/BsnY2GcKAjpYpGfcKwiPE8Ce0wAVTzVhFDB9F8xnRBBqNJ5lXUI9vLJq6R7Wbebdeu+UW3VizhK6ASdohqy0TVqoTvURh1EUYqe0St6M56MF+Pd+Fi0rhnFTAX9gfH5A6ERk2A=</latexit>

(3, 45)
<latexit sha1_base64="BHKYgu+GPo8sv9VTaHk91Ao7cRA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISbdFlwY3LCvYBbSiTyaQdOnkwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhcM5986de9yYM6ks69sorKyurW8UN0tb2zu7e+b+QVtGiSC0RSIeia6LJeUspC3FFKfdWFAcuJx23PHNzO88UCFZFN6rSUydAA9D5jOClZYG5lE/eyMV1JuiSu0cXdbqZwOzbFWtDGiZ2DkpQ47mwPzqexFJAhoqwrGUPduKlZNioRjhdFrqJ5LGmIzxkPY0DXFApZNmm6foVCse8iOhK1QoU39PpDiQchK4ujPAaiQXvZn4n9dLlH/tpCyME0VDMl/kJxypCM2iQB4TlCg+0QQTwfRfERlhgYnSgZV0CPbiycukfVG161XrrlZuVPM4inAMJ1ABG66gAbfQhBYQeIRneIU348l4Md6Nj3lrwchnDuEPjM8fGyuTng==</latexit>

(4, 345)

<latexit sha1_base64="fbohqh+4CpHQ07U/aNpJUCFdHSE=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClKS0qLLghuXFewD2lAmk0k7dPJgZiLUUPwVNy4Ucet/uPNvnKZZaOuBC4dz7p0797gxZ1JZ1rdRWFvf2Nwqbpd2dvf2D8zDo46MEkFom0Q8Ej0XS8pZSNuKKU57saA4cDntupObud99oEKyKLxX05g6AR6FzGcEKy0NzZNB9kYqqDdDlfolqtUbF0OzbFWtDGiV2DkpQ47W0PwaeBFJAhoqwrGUfduKlZNioRjhdFYaJJLGmEzwiPY1DXFApZNmm2foXCse8iOhK1QoU39PpDiQchq4ujPAaiyXvbn4n9dPlH/tpCyME0VDsljkJxypCM2jQB4TlCg+1QQTwfRfERljgYnSgZV0CPbyyaukU6vajap1Vy83q3kcRTiFM6iADVfQhFtoQRsIPMIzvMKb8WS8GO/Gx6K1YOQzx/AHxucPGaSTnQ==</latexit>

(4, 245)

<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)
<latexit sha1_base64="AAdnLSFnL8sufuis87cRIcwYFys=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSKrosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27KuGdd+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJDKTIA==</latexit>

(2, 4)

<latexit sha1_base64="b5/bd5cCWKElo3sICI04dgeENto=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEClKS2qLLghuXFewD2lAmk5t26OTBzEQooeCvuHGhiFu/w51/4zTNQlsPXDicc+/cuceNOZPKsr6Nwtr6xuZWcbu0s7u3f2AeHnVklAgKbRrxSPRcIoGzENqKKQ69WAAJXA5dd3I797uPICSLwgc1jcEJyChkPqNEaWlongyyN1IB3gxXGpe4dlWvXwzNslW1MuBVYuekjHK0hubXwItoEkCoKCdS9m0rVk5KhGKUw6w0SCTEhE7ICPqahiQA6aTZ6hk+14qH/UjoChXO1N8TKQmknAau7gyIGstlby7+5/UT5d84KQvjREFIF4v8hGMV4XkW2GMCqOJTTQgVTP8V0zERhCqdWEmHYC+fvEo6tardqFr39XKzmsdRRKfoDFWQja5RE92hFmojilL0jF7Rm/FkvBjvxseitWDkM8foD4zPH5Jgk9o=</latexit>

(5, 2344)



Hash table 

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="NIuzly9/xnO5IQsBkDiu7PVnb/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yecKe2631ZlbX1jc6u6XdvZ3ds/sA/rXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe3509u533ukUrFYPOhZQr0IjwULGcHaSCO7PizeyCQN8iY6hwidjeyG67gF4CpBJWmAEu2R/TUMYpJGVGjCsVID5Cbay7DUjHCa14apogkmUzymA0MFjqjysmJvDk+NEsAwlqaEhoX6eyLDkVKzyDedEdYTtezNxf+8QarDGy9jIkk1FWSxKEw51DGcBwEDJinRfGYIJpKZv0IywRITbeKqmRDQ8smrpHvhoCvHvb9stJwyjio4BiegCRC4Bi1wB9qgAwh4As/gFbxZufVivVsfi9aKVc4cgT+wPn8AOCaTLQ==</latexit>

(1, 11)

<latexit sha1_base64="/d/5RlkKQypH6WJ4QcmbmPwFnSU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQQUIiii4LblxWsA9oQ5lMJu3QySTMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvXPnniDlTGnX/baWlldW19ZLG+XNre2dXXtvv6mSTBLaIAlPZDvAinImaEMzzWk7lRTHAaetYHgz8VsPVCqWiHs9Sqkf475gESNYG6lnH3anb+SShuOqd4Y8g9OeXXEddwq0SLyCVKBAvWd/dcOEZDEVmnCsVMdzU+3nWGpGOB2Xu5miKSZD3KcdQwWOqfLz6eYxOjFKiKJEmhIaTdXfEzmOlRrFgemMsR6oeW8i/ud1Mh1d+zkTaaapILNFUcaRTtAkChQySYnmI0Mwkcz8FZEBlphoE1jZhODNn7xImueOd+m4dxeVmlPEUYIjOIYqeHAFNbiFOjSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8ASMGk6M=</latexit>

(1, 1111)

<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4
<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5 <latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>
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<latexit sha1_base64="6m9lXoSa2sHFsrn0CinmshYDQHI=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSJUkJJoiy4LblxWsA9oQ5lMJu3QyYOZiRBC/RU3LhRx64e482+cpllo64ELh3PunTv3uDFnUlnWt7G2vrG5tV3aKe/u7R8cmkfHXRklgtAOiXgk+i6WlLOQdhRTnPZjQXHgctpzp7dzv/dIhWRR+KDSmDoBHofMZwQrLY3MyjB/IxPUm6Fa4+Kq0TwfmVWrbuVAq8QuSBUKtEfm19CLSBLQUBGOpRzYVqycDAvFCKez8jCRNMZkisd0oGmIAyqdLF88Q2da8ZAfCV2hQrn6eyLDgZRp4OrOAKuJXPbm4n/eIFH+jZOxME4UDclikZ9wpCI0TwJ5TFCieKoJJoLpvyIywQITpfMq6xDs5ZNXSfeybjfr1n2j2qoXcZTgBE6hBjZcQwvuoA0dIJDCM7zCm/FkvBjvxseidc0oZirwB8bnD7+fk3Q=</latexit>

(4, 345)
<latexit sha1_base64="qbmbyInTZHGeFtR0atqn0MqXDDg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqiFV0W3LisYB/QhjKZ3LRDJw9mJkII9VfcuFDErR/izr9xmmahrQcuHM65d+7c48acSWVZ30ZpbX1jc6u8XdnZ3ds/MA+PujJKBIUOjXgk+i6RwFkIHcUUh34sgAQuh547vZ37vUcQkkXhg0pjcAIyDpnPKFFaGpnVYf5GJsCb4frlOW42z0ZmzWpYOfAqsQtSQwXaI/Nr6EU0CSBUlBMpB7YVKycjQjHKYVYZJhJiQqdkDANNQxKAdLJ88QyfasXDfiR0hQrn6u+JjARSpoGrOwOiJnLZm4v/eYNE+TdOxsI4URDSxSI/4VhFeJ4E9pgAqniqCaGC6b9iOiGCUKXzqugQ7OWTV0n3omFfNaz7Zq3VKOIoo2N0gurIRteohe5QG3UQRSl6Rq/ozXgyXox342PRWjKKmSr6A+PzB5+Mk18=</latexit>

(3, 44)

<latexit sha1_base64="BHKYgu+GPo8sv9VTaHk91Ao7cRA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISbdFlwY3LCvYBbSiTyaQdOnkwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhcM5986de9yYM6ks69sorKyurW8UN0tb2zu7e+b+QVtGiSC0RSIeia6LJeUspC3FFKfdWFAcuJx23PHNzO88UCFZFN6rSUydAA9D5jOClZYG5lE/eyMV1JuiSu0cXdbqZwOzbFWtDGiZ2DkpQ47mwPzqexFJAhoqwrGUPduKlZNioRjhdFrqJ5LGmIzxkPY0DXFApZNmm6foVCse8iOhK1QoU39PpDiQchK4ujPAaiQXvZn4n9dLlH/tpCyME0VDMl/kJxypCM2iQB4TlCg+0QQTwfRfERlhgYnSgZV0CPbiycukfVG161XrrlZuVPM4inAMJ1ABG66gAbfQhBYQeIRneIU348l4Md6Nj3lrwchnDuEPjM8fGyuTng==</latexit>

(4, 345)

<latexit sha1_base64="8CzEFQ5Dv71vk0hJ1TDclqMN2sA=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFSQkpUWXBTcuK1hbaEOZTCbt0MmDmYlQQsFfceNCEbd+hzv/xmmahbYeuHA45965c4+XcCaVbX8bpbX1jc2t8nZlZ3dv/8A8PHqQcSoI7ZCYx6LnYUk5i2hHMcVpLxEUhx6nXW9yM/e7j1RIFkf3appQN8SjiAWMYKWloXkyyN/IBPVnqNa8RPV6o3ExNKu2ZedAq8QpSBUKtIfm18CPSRrSSBGOpew7dqLcDAvFCKezyiCVNMFkgke0r2mEQyrdLF89Q+da8VEQC12RQrn6eyLDoZTT0NOdIVZjuezNxf+8fqqCazdjUZIqGpHFoiDlSMVongXymaBE8akmmAim/4rIGAtMlE6sokNwlk9eJQ91y2la9l2j2rKKOMpwCmdQAweuoAW30IYOEMjgGV7hzXgyXox342PRWjKKmWP4A+PzB5DZk9k=</latexit>

(5, 2244)

<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)
<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)

<latexit sha1_base64="nIBGaLR7XEGJQv3KeWe3MtSXSj4=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBEqSEm0RZcFNy4r2Ae0oUwmN+3QyYOZiRBC/RU3LhRx64e482+cpllo64ELh3PunTv3uDFnUlnWt7G2vrG5tV3aKe/u7R8cmkfHXRklgkKHRjwSfZdI4CyEjmKKQz8WQAKXQ8+d3s793iMIyaLwQaUxOAEZh8xnlCgtjczKMH8jE+DNcO3qAjea5yOzatWtHHiV2AWpogLtkfk19CKaBBAqyomUA9uKlZMRoRjlMCsPEwkxoVMyhoGmIQlAOlm+eIbPtOJhPxK6QoVz9fdERgIp08DVnQFRE7nszcX/vEGi/BsnY2GcKAjpYpGfcKwiPE8Ce0wAVTzVhFDB9F8xnRBBqNJ5lXUI9vLJq6R7Wbebdeu+UW3VizhK6ASdohqy0TVqoTvURh1EUYqe0St6M56MF+Pd+Fi0rhnFTAX9gfH5A6ERk2A=</latexit>

(3, 45)
<latexit sha1_base64="BHKYgu+GPo8sv9VTaHk91Ao7cRA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISbdFlwY3LCvYBbSiTyaQdOnkwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhcM5986de9yYM6ks69sorKyurW8UN0tb2zu7e+b+QVtGiSC0RSIeia6LJeUspC3FFKfdWFAcuJx23PHNzO88UCFZFN6rSUydAA9D5jOClZYG5lE/eyMV1JuiSu0cXdbqZwOzbFWtDGiZ2DkpQ47mwPzqexFJAhoqwrGUPduKlZNioRjhdFrqJ5LGmIzxkPY0DXFApZNmm6foVCse8iOhK1QoU39PpDiQchK4ujPAaiQXvZn4n9dLlH/tpCyME0VDMl/kJxypCM2iQB4TlCg+0QQTwfRfERlhgYnSgZV0CPbiycukfVG161XrrlZuVPM4inAMJ1ABG66gAbfQhBYQeIRneIU348l4Md6Nj3lrwchnDuEPjM8fGyuTng==</latexit>

(4, 345)

<latexit sha1_base64="fbohqh+4CpHQ07U/aNpJUCFdHSE=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClKS0qLLghuXFewD2lAmk0k7dPJgZiLUUPwVNy4Ucet/uPNvnKZZaOuBC4dz7p0797gxZ1JZ1rdRWFvf2Nwqbpd2dvf2D8zDo46MEkFom0Q8Ej0XS8pZSNuKKU57saA4cDntupObud99oEKyKLxX05g6AR6FzGcEKy0NzZNB9kYqqDdDlfolqtUbF0OzbFWtDGiV2DkpQ47W0PwaeBFJAhoqwrGUfduKlZNioRjhdFYaJJLGmEzwiPY1DXFApZNmm2foXCse8iOhK1QoU39PpDiQchq4ujPAaiyXvbn4n9dPlH/tpCyME0VDsljkJxypCM2jQB4TlCg+1QQTwfRfERljgYnSgZV0CPbyyaukU6vajap1Vy83q3kcRTiFM6iADVfQhFtoQRsIPMIzvMKb8WS8GO/Gx6K1YOQzx/AHxucPGaSTnQ==</latexit>

(4, 245)

<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)
<latexit sha1_base64="AAdnLSFnL8sufuis87cRIcwYFys=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSKrosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27KuGdd+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJDKTIA==</latexit>

(2, 4)

<latexit sha1_base64="b5/bd5cCWKElo3sICI04dgeENto=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEClKS2qLLghuXFewD2lAmk5t26OTBzEQooeCvuHGhiFu/w51/4zTNQlsPXDicc+/cuceNOZPKsr6Nwtr6xuZWcbu0s7u3f2AeHnVklAgKbRrxSPRcIoGzENqKKQ69WAAJXA5dd3I797uPICSLwgc1jcEJyChkPqNEaWlongyyN1IB3gxXGpe4dlWvXwzNslW1MuBVYuekjHK0hubXwItoEkCoKCdS9m0rVk5KhGKUw6w0SCTEhE7ICPqahiQA6aTZ6hk+14qH/UjoChXO1N8TKQmknAau7gyIGstlby7+5/UT5d84KQvjREFIF4v8hGMV4XkW2GMCqOJTTQgVTP8V0zERhCqdWEmHYC+fvEo6tardqFr39XKzmsdRRKfoDFWQja5RE92hFmojilL0jF7Rm/FkvBjvxseitWDkM8foD4zPH5Jgk9o=</latexit>

(5, 2344)



Hash table 

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="NIuzly9/xnO5IQsBkDiu7PVnb/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yecKe2631ZlbX1jc6u6XdvZ3ds/sA/rXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe3509u533ukUrFYPOhZQr0IjwULGcHaSCO7PizeyCQN8iY6hwidjeyG67gF4CpBJWmAEu2R/TUMYpJGVGjCsVID5Cbay7DUjHCa14apogkmUzymA0MFjqjysmJvDk+NEsAwlqaEhoX6eyLDkVKzyDedEdYTtezNxf+8QarDGy9jIkk1FWSxKEw51DGcBwEDJinRfGYIJpKZv0IywRITbeKqmRDQ8smrpHvhoCvHvb9stJwyjio4BiegCRC4Bi1wB9qgAwh4As/gFbxZufVivVsfi9aKVc4cgT+wPn8AOCaTLQ==</latexit>

(1, 11)

<latexit sha1_base64="/d/5RlkKQypH6WJ4QcmbmPwFnSU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQQUIiii4LblxWsA9oQ5lMJu3QySTMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvXPnniDlTGnX/baWlldW19ZLG+XNre2dXXtvv6mSTBLaIAlPZDvAinImaEMzzWk7lRTHAaetYHgz8VsPVCqWiHs9Sqkf475gESNYG6lnH3anb+SShuOqd4Y8g9OeXXEddwq0SLyCVKBAvWd/dcOEZDEVmnCsVMdzU+3nWGpGOB2Xu5miKSZD3KcdQwWOqfLz6eYxOjFKiKJEmhIaTdXfEzmOlRrFgemMsR6oeW8i/ud1Mh1d+zkTaaapILNFUcaRTtAkChQySYnmI0Mwkcz8FZEBlphoE1jZhODNn7xImueOd+m4dxeVmlPEUYIjOIYqeHAFNbiFOjSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8ASMGk6M=</latexit>

(1, 1111)

<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4
<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5 <latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
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<latexit sha1_base64="6m9lXoSa2sHFsrn0CinmshYDQHI=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSJUkJJoiy4LblxWsA9oQ5lMJu3QyYOZiRBC/RU3LhRx64e482+cpllo64ELh3PunTv3uDFnUlnWt7G2vrG5tV3aKe/u7R8cmkfHXRklgtAOiXgk+i6WlLOQdhRTnPZjQXHgctpzp7dzv/dIhWRR+KDSmDoBHofMZwQrLY3MyjB/IxPUm6Fa4+Kq0TwfmVWrbuVAq8QuSBUKtEfm19CLSBLQUBGOpRzYVqycDAvFCKez8jCRNMZkisd0oGmIAyqdLF88Q2da8ZAfCV2hQrn6eyLDgZRp4OrOAKuJXPbm4n/eIFH+jZOxME4UDclikZ9wpCI0TwJ5TFCieKoJJoLpvyIywQITpfMq6xDs5ZNXSfeybjfr1n2j2qoXcZTgBE6hBjZcQwvuoA0dIJDCM7zCm/FkvBjvxseidc0oZirwB8bnD7+fk3Q=</latexit>

(4, 345)
<latexit sha1_base64="qbmbyInTZHGeFtR0atqn0MqXDDg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqiFV0W3LisYB/QhjKZ3LRDJw9mJkII9VfcuFDErR/izr9xmmahrQcuHM65d+7c48acSWVZ30ZpbX1jc6u8XdnZ3ds/MA+PujJKBIUOjXgk+i6RwFkIHcUUh34sgAQuh547vZ37vUcQkkXhg0pjcAIyDpnPKFFaGpnVYf5GJsCb4frlOW42z0ZmzWpYOfAqsQtSQwXaI/Nr6EU0CSBUlBMpB7YVKycjQjHKYVYZJhJiQqdkDANNQxKAdLJ88QyfasXDfiR0hQrn6u+JjARSpoGrOwOiJnLZm4v/eYNE+TdOxsI4URDSxSI/4VhFeJ4E9pgAqniqCaGC6b9iOiGCUKXzqugQ7OWTV0n3omFfNaz7Zq3VKOIoo2N0gurIRteohe5QG3UQRSl6Rq/ozXgyXox342PRWjKKmSr6A+PzB5+Mk18=</latexit>

(3, 44)

<latexit sha1_base64="BHKYgu+GPo8sv9VTaHk91Ao7cRA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISbdFlwY3LCvYBbSiTyaQdOnkwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhcM5986de9yYM6ks69sorKyurW8UN0tb2zu7e+b+QVtGiSC0RSIeia6LJeUspC3FFKfdWFAcuJx23PHNzO88UCFZFN6rSUydAA9D5jOClZYG5lE/eyMV1JuiSu0cXdbqZwOzbFWtDGiZ2DkpQ47mwPzqexFJAhoqwrGUPduKlZNioRjhdFrqJ5LGmIzxkPY0DXFApZNmm6foVCse8iOhK1QoU39PpDiQchK4ujPAaiQXvZn4n9dLlH/tpCyME0VDMl/kJxypCM2iQB4TlCg+0QQTwfRfERlhgYnSgZV0CPbiycukfVG161XrrlZuVPM4inAMJ1ABG66gAbfQhBYQeIRneIU348l4Md6Nj3lrwchnDuEPjM8fGyuTng==</latexit>

(4, 345)

<latexit sha1_base64="8CzEFQ5Dv71vk0hJ1TDclqMN2sA=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFSQkpUWXBTcuK1hbaEOZTCbt0MmDmYlQQsFfceNCEbd+hzv/xmmahbYeuHA45965c4+XcCaVbX8bpbX1jc2t8nZlZ3dv/8A8PHqQcSoI7ZCYx6LnYUk5i2hHMcVpLxEUhx6nXW9yM/e7j1RIFkf3appQN8SjiAWMYKWloXkyyN/IBPVnqNa8RPV6o3ExNKu2ZedAq8QpSBUKtIfm18CPSRrSSBGOpew7dqLcDAvFCKezyiCVNMFkgke0r2mEQyrdLF89Q+da8VEQC12RQrn6eyLDoZTT0NOdIVZjuezNxf+8fqqCazdjUZIqGpHFoiDlSMVongXymaBE8akmmAim/4rIGAtMlE6sokNwlk9eJQ91y2la9l2j2rKKOMpwCmdQAweuoAW30IYOEMjgGV7hzXgyXox342PRWjKKmWP4A+PzB5DZk9k=</latexit>

(5, 2244)

<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)
<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)

<latexit sha1_base64="nIBGaLR7XEGJQv3KeWe3MtSXSj4=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBEqSEm0RZcFNy4r2Ae0oUwmN+3QyYOZiRBC/RU3LhRx64e482+cpllo64ELh3PunTv3uDFnUlnWt7G2vrG5tV3aKe/u7R8cmkfHXRklgkKHRjwSfZdI4CyEjmKKQz8WQAKXQ8+d3s793iMIyaLwQaUxOAEZh8xnlCgtjczKMH8jE+DNcO3qAjea5yOzatWtHHiV2AWpogLtkfk19CKaBBAqyomUA9uKlZMRoRjlMCsPEwkxoVMyhoGmIQlAOlm+eIbPtOJhPxK6QoVz9fdERgIp08DVnQFRE7nszcX/vEGi/BsnY2GcKAjpYpGfcKwiPE8Ce0wAVTzVhFDB9F8xnRBBqNJ5lXUI9vLJq6R7Wbebdeu+UW3VizhK6ASdohqy0TVqoTvURh1EUYqe0St6M56MF+Pd+Fi0rhnFTAX9gfH5A6ERk2A=</latexit>

(3, 45)
<latexit sha1_base64="BHKYgu+GPo8sv9VTaHk91Ao7cRA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISbdFlwY3LCvYBbSiTyaQdOnkwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhcM5986de9yYM6ks69sorKyurW8UN0tb2zu7e+b+QVtGiSC0RSIeia6LJeUspC3FFKfdWFAcuJx23PHNzO88UCFZFN6rSUydAA9D5jOClZYG5lE/eyMV1JuiSu0cXdbqZwOzbFWtDGiZ2DkpQ47mwPzqexFJAhoqwrGUPduKlZNioRjhdFrqJ5LGmIzxkPY0DXFApZNmm6foVCse8iOhK1QoU39PpDiQchK4ujPAaiQXvZn4n9dLlH/tpCyME0VDMl/kJxypCM2iQB4TlCg+0QQTwfRfERlhgYnSgZV0CPbiycukfVG161XrrlZuVPM4inAMJ1ABG66gAbfQhBYQeIRneIU348l4Md6Nj3lrwchnDuEPjM8fGyuTng==</latexit>

(4, 345)

<latexit sha1_base64="fbohqh+4CpHQ07U/aNpJUCFdHSE=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClKS0qLLghuXFewD2lAmk0k7dPJgZiLUUPwVNy4Ucet/uPNvnKZZaOuBC4dz7p0797gxZ1JZ1rdRWFvf2Nwqbpd2dvf2D8zDo46MEkFom0Q8Ej0XS8pZSNuKKU57saA4cDntupObud99oEKyKLxX05g6AR6FzGcEKy0NzZNB9kYqqDdDlfolqtUbF0OzbFWtDGiV2DkpQ47W0PwaeBFJAhoqwrGUfduKlZNioRjhdFYaJJLGmEzwiPY1DXFApZNmm2foXCse8iOhK1QoU39PpDiQchq4ujPAaiyXvbn4n9dPlH/tpCyME0VDsljkJxypCM2jQB4TlCg+1QQTwfRfERljgYnSgZV0CPbyyaukU6vajap1Vy83q3kcRTiFM6iADVfQhFtoQRsIPMIzvMKb8WS8GO/Gx6K1YOQzx/AHxucPGaSTnQ==</latexit>

(4, 245)

<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)
<latexit sha1_base64="AAdnLSFnL8sufuis87cRIcwYFys=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSKrosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27KuGdd+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJDKTIA==</latexit>

(2, 4)

<latexit sha1_base64="b5/bd5cCWKElo3sICI04dgeENto=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEClKS2qLLghuXFewD2lAmk5t26OTBzEQooeCvuHGhiFu/w51/4zTNQlsPXDicc+/cuceNOZPKsr6Nwtr6xuZWcbu0s7u3f2AeHnVklAgKbRrxSPRcIoGzENqKKQ69WAAJXA5dd3I797uPICSLwgc1jcEJyChkPqNEaWlongyyN1IB3gxXGpe4dlWvXwzNslW1MuBVYuekjHK0hubXwItoEkCoKCdS9m0rVk5KhGKUw6w0SCTEhE7ICPqahiQA6aTZ6hk+14qH/UjoChXO1N8TKQmknAau7gyIGstlby7+5/UT5d84KQvjREFIF4v8hGMV4XkW2GMCqOJTTQgVTP8V0zERhCqdWEmHYC+fvEo6tardqFr39XKzmsdRRKfoDFWQja5RE92hFmojilL0jF7Rm/FkvBjvxseitWDkM8foD4zPH5Jgk9o=</latexit>

(5, 2344)

<latexit sha1_base64="AAdnLSFnL8sufuis87cRIcwYFys=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSKrosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27KuGdd+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJDKTIA==</latexit>

(2, 4)
Hash table 

<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!

<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!

<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!

<latexit sha1_base64="enrkTrDgDI4IJSQ3D4zD1F6HOIs=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFchUQUXRbcuKxgH9DGMpnctEMnD2YmSgn9DzcuFHHrv7jzb5ymWWjrgQuHc+6dO/f4qeBKO863tbK6tr6xWdmqbu/s7u3XDg7bKskkwxZLRCK7PlUoeIwtzbXAbiqRRr7Ajj++mfmdR5SKJ/G9nqToRXQY85Azqo300C9eyCUGU+K6g1rdsZ0CZJm4JalDieag9tUPEpZFGGsmqFI910m1l1OpORM4rfYzhSllYzrEnqExjVB5ebFzSk6NEpAwkaZiTQr190ROI6UmkW86I6pHatGbif95vUyH117O4zTTGLP5ojATRCdkFgEJuESmxcQQyiQ3fyVsRCVl2gRVNSG4iycvk/a57V7azt1FvWGXcVTgGE7gDFy4ggbcQhNawEDCM7zCm/VkvVjv1se8dcUqZ47gD6zPHw5rkiY=</latexit>

11

<latexit sha1_base64="enrkTrDgDI4IJSQ3D4zD1F6HOIs=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFchUQUXRbcuKxgH9DGMpnctEMnD2YmSgn9DzcuFHHrv7jzb5ymWWjrgQuHc+6dO/f4qeBKO863tbK6tr6xWdmqbu/s7u3XDg7bKskkwxZLRCK7PlUoeIwtzbXAbiqRRr7Ajj++mfmdR5SKJ/G9nqToRXQY85Azqo300C9eyCUGU+K6g1rdsZ0CZJm4JalDieag9tUPEpZFGGsmqFI910m1l1OpORM4rfYzhSllYzrEnqExjVB5ebFzSk6NEpAwkaZiTQr190ROI6UmkW86I6pHatGbif95vUyH117O4zTTGLP5ojATRCdkFgEJuESmxcQQyiQ3fyVsRCVl2gRVNSG4iycvk/a57V7azt1FvWGXcVTgGE7gDFy4ggbcQhNawEDCM7zCm/VkvVjv1se8dcUqZ47gD6zPHw5rkiY=</latexit>

11

<latexit sha1_base64="enrkTrDgDI4IJSQ3D4zD1F6HOIs=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFchUQUXRbcuKxgH9DGMpnctEMnD2YmSgn9DzcuFHHrv7jzb5ymWWjrgQuHc+6dO/f4qeBKO863tbK6tr6xWdmqbu/s7u3XDg7bKskkwxZLRCK7PlUoeIwtzbXAbiqRRr7Ajj++mfmdR5SKJ/G9nqToRXQY85Azqo300C9eyCUGU+K6g1rdsZ0CZJm4JalDieag9tUPEpZFGGsmqFI910m1l1OpORM4rfYzhSllYzrEnqExjVB5ebFzSk6NEpAwkaZiTQr190ROI6UmkW86I6pHatGbif95vUyH117O4zTTGLP5ojATRCdkFgEJuESmxcQQyiQ3fyVsRCVl2gRVNSG4iycvk/a57V7azt1FvWGXcVTgGE7gDFy4ggbcQhNawEDCM7zCm/VkvVjv1se8dcUqZ47gD6zPHw5rkiY=</latexit>

11<latexit sha1_base64="pvHTgcmbeMOJFILAchlbVJ/bxag=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYo4BLx4jmAckS5id7U2GzD6cmQ2EJd/hxYMiXv0Yb/6Nk80eNLGgoajqnp4uLxFcadv+tkobm1vbO+Xdyt7+weFR9fiko+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqTu4XfnaJUPI4e9SxBN6SjiAecUW0kd5C/kEn056QxrNbsup2DrBOnIDUo0BpWvwZ+zNIQI80EVarv2Il2Myo1ZwLnlUGqMKFsQkfYNzSiISo3y1fOyYVRfBLE0lSkSa7+nshoqNQs9ExnSPVYrXoL8T+vn+qg4WY8SlKNEVsuClJBdEwWCRCfS2RazAyhTHLzV8LGVFKmTU4VE4KzevI66VzVnZu6/XBda9aLOMpwBudwCQ7cQhPuoQVtYPAEz/AKb9bUerHerY9la8kqZk7hD6zPH6S5kfI=</latexit>

8
<latexit sha1_base64="NH8akNPpbNsZQGE6bn5uhzZYupM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgadkVRb0FvHiMYB6QLGF2tjcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVPT1dfiq40o7zbZXW1jc2t8rblZ3dvf2D6uFRSyWZZNhkiUhkx6cKBY+xqbkW2Ekl0sgX2PZHdzO/PUapeBI/6kmKXkQHMQ85o9pIXm/+Qi4xmJLbfrXm2M4cZJW4BalBgUa/+tULEpZFGGsmqFJd10m1l1OpORM4rfQyhSllIzrArqExjVB5+XzllJwZJSBhIk3FmszV3xM5jZSaRL7pjKgeqmVvJv7ndTMd3ng5j9NMY8wWi8JMEJ2QWQIk4BKZFhNDKJPc/JWwIZWUaZNTxYTgLp+8SloXtntlOw+XtbpdxFGGEziFc3DhGupwDw1oAoMneIZXeLPG1ov1bn0sWktWMXMMf2B9/gCmPZHz</latexit>

9

<latexit sha1_base64="ugWbhO/sAeQSkB5YrvotoWz8fMY=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgadkNih4DXjxGMA9I1jA725sMmX0wM6uEJf/hxYMiXv0Xb/6Nk2QPmljQUFR1T0+XnwqutON8W6W19Y3NrfJ2ZWd3b/+genjUVkkmGbZYIhLZ9alCwWNsaa4FdlOJNPIFdvzxzczvPKJUPInv9SRFL6LDmIecUW2kh/78hVxiMCVufVCtObYzB1klbkFqUKA5qH71g4RlEcaaCapUz3VS7eVUas4ETiv9TGFK2ZgOsWdoTCNUXj7fOSVnRglImEhTsSZz9fdETiOlJpFvOiOqR2rZm4n/eb1Mh9dezuM00xizxaIwE0QnZBYBCbhEpsXEEMokN38lbEQlZdoEVTEhuMsnr5J23XYvbefuotawizjKcAKncA4uXEEDbqEJLWAg4Rle4c16sl6sd+tj0Vqyiplj+APr8wcP75In</latexit>

12

<latexit sha1_base64="VXSmkmpe5SPJQWALDtwDeXePW3g=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEo8BLx4jmAckS5id7U2GzD6cmQ2EJd/hxYMiXv0Yb/6Nk80eNLGgoajqnp4uLxFcadv+tkobm1vbO+Xdyt7+weFR9fiko+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqTu4XfnaJUPI4e9SxBN6SjiAecUW0kd5C/kEn056QxrNbsup2DrBOnIDUo0BpWvwZ+zNIQI80EVarv2Il2Myo1ZwLnlUGqMKFsQkfYNzSiISo3y1fOyYVRfBLE0lSkSa7+nshoqNQs9ExnSPVYrXoL8T+vn+rg1s14lKQaI7ZcFKSC6JgsEiA+l8i0mBlCmeTmr4SNqaRMm5wqJgRn9eR10rmqOzd1++G61qwXcZThDM7hEhxoQBPuoQVtYPAEz/AKb9bUerHerY9la8kqZk7hD6zPH6M1kfE=</latexit>

7
<latexit sha1_base64="VXSmkmpe5SPJQWALDtwDeXePW3g=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEo8BLx4jmAckS5id7U2GzD6cmQ2EJd/hxYMiXv0Yb/6Nk80eNLGgoajqnp4uLxFcadv+tkobm1vbO+Xdyt7+weFR9fiko+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqTu4XfnaJUPI4e9SxBN6SjiAecUW0kd5C/kEn056QxrNbsup2DrBOnIDUo0BpWvwZ+zNIQI80EVarv2Il2Myo1ZwLnlUGqMKFsQkfYNzSiISo3y1fOyYVRfBLE0lSkSa7+nshoqNQs9ExnSPVYrXoL8T+vn+rg1s14lKQaI7ZcFKSC6JgsEiA+l8i0mBlCmeTmr4SNqaRMm5wqJgRn9eR10rmqOzd1++G61qwXcZThDM7hEhxoQBPuoQVtYPAEz/AKb9bUerHerY9la8kqZk7hD6zPH6M1kfE=</latexit>

7
<latexit sha1_base64="VXSmkmpe5SPJQWALDtwDeXePW3g=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEo8BLx4jmAckS5id7U2GzD6cmQ2EJd/hxYMiXv0Yb/6Nk80eNLGgoajqnp4uLxFcadv+tkobm1vbO+Xdyt7+weFR9fiko+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqTu4XfnaJUPI4e9SxBN6SjiAecUW0kd5C/kEn056QxrNbsup2DrBOnIDUo0BpWvwZ+zNIQI80EVarv2Il2Myo1ZwLnlUGqMKFsQkfYNzSiISo3y1fOyYVRfBLE0lSkSa7+nshoqNQs9ExnSPVYrXoL8T+vn+rg1s14lKQaI7ZcFKSC6JgsEiA+l8i0mBlCmeTmr4SNqaRMm5wqJgRn9eR10rmqOzd1++G61qwXcZThDM7hEhxoQBPuoQVtYPAEz/AKb9bUerHerY9la8kqZk7hD6zPH6M1kfE=</latexit>

7
<latexit sha1_base64="bLcQp1vMKL4NExqAL4DnQB8d924=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiB4GmbE7Rjw4jGCWSAZQk9PTdKkZ7G7JxCGfIcXD4p49WO8+Td2kjlo4oOCx3tVXV3PTwVX2nG+rdLa+sbmVnm7srO7t39QPTxqqSSTDJssEYns+FSh4DE2NdcCO6lEGvkC2/7obua3xygVT+JHPUnRi+gg5iFnVBvJ681fyCUGU3Ldr9Yc25mDrBK3IDUo0OhXv3pBwrIIY80EVarrOqn2cio1ZwKnlV6mMKVsRAfYNTSmESovn6+ckjOjBCRMpKlYk7n6eyKnkVKTyDedEdVDtezNxP+8bqbDWy/ncZppjNliUZgJohMyS4AEXCLTYmIIZZKbvxI2pJIybXKqmBDc5ZNXSevCdq9s5+GyVreLOMpwAqdwDi7cQB3uoQFNYPAEz/AKb9bYerHerY9Fa8kqZo7hD6zPH6GxkfA=</latexit>

6

<latexit sha1_base64="r5oV/dD/mWgsJEntXDaQ/FG5+Zc=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4GmZc0GPAi8cIZoFkDD09laRJz0J3jxKG/IcXD4p49V+8+Td2JnPQxAcFj/equrqenwiutON8W6WV1bX1jfJmZWt7Z3evun/QUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3xzcxvP6JUPI7u9SRBL6TDiA84o9pID738hUxiMCXueb9ac2wnB1kmbkFqUKDRr371gpilIUaaCapU13US7WVUas4ETiu9VGFC2ZgOsWtoRENUXpbvnJITowRkEEtTkSa5+nsio6FSk9A3nSHVI7XozcT/vG6qB9dexqMk1Rix+aJBKoiOySwCEnCJTIuJIZRJbv5K2IhKyrQJqmJCcBdPXiatM9u9tJ27i1rdLuIowxEcwym4cAV1uIUGNIGBhGd4hTfryXqx3q2PeWvJKmYO4Q+szx8Rc5Io</latexit>

13
<latexit sha1_base64="QRAiNLU7Oxvn4NbVomUScsVuUis=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFchUQUXRbcuKxgH9DGMpnctEMnD2YmSgn9DzcuFHHrv7jzb5ymWWjrgQuHc+6dO/f4qeBKO863tbK6tr6xWdmqbu/s7u3XDg7bKskkwxZLRCK7PlUoeIwtzbXAbiqRRr7Ajj++mfmdR5SKJ/G9nqToRXQY85Azqo300C9eyCUGU+I6g1rdsZ0CZJm4JalDieag9tUPEpZFGGsmqFI910m1l1OpORM4rfYzhSllYzrEnqExjVB5ebFzSk6NEpAwkaZiTQr190ROI6UmkW86I6pHatGbif95vUyH117O4zTTGLP5ojATRCdkFgEJuESmxcQQyiQ3fyVsRCVl2gRVNSG4iycvk/a57V7azt1FvWGXcVTgGE7gDFy4ggbcQhNawEDCM7zCm/VkvVjv1se8dcUqZ47gD6zPHwznkiU=</latexit>

10

<latexit sha1_base64="bLcQp1vMKL4NExqAL4DnQB8d924=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiB4GmbE7Rjw4jGCWSAZQk9PTdKkZ7G7JxCGfIcXD4p49WO8+Td2kjlo4oOCx3tVXV3PTwVX2nG+rdLa+sbmVnm7srO7t39QPTxqqSSTDJssEYns+FSh4DE2NdcCO6lEGvkC2/7obua3xygVT+JHPUnRi+gg5iFnVBvJ681fyCUGU3Ldr9Yc25mDrBK3IDUo0OhXv3pBwrIIY80EVarrOqn2cio1ZwKnlV6mMKVsRAfYNTSmESovn6+ckjOjBCRMpKlYk7n6eyKnkVKTyDedEdVDtezNxP+8bqbDWy/ncZppjNliUZgJohMyS4AEXCLTYmIIZZKbvxI2pJIybXKqmBDc5ZNXSevCdq9s5+GyVreLOMpwAqdwDi7cQB3uoQFNYPAEz/AKb9bYerHerY9Fa8kqZo7hD6zPH6GxkfA=</latexit>

6
<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)
<latexit sha1_base64="VXSmkmpe5SPJQWALDtwDeXePW3g=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEo8BLx4jmAckS5id7U2GzD6cmQ2EJd/hxYMiXv0Yb/6Nk80eNLGgoajqnp4uLxFcadv+tkobm1vbO+Xdyt7+weFR9fiko+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqTu4XfnaJUPI4e9SxBN6SjiAecUW0kd5C/kEn056QxrNbsup2DrBOnIDUo0BpWvwZ+zNIQI80EVarv2Il2Myo1ZwLnlUGqMKFsQkfYNzSiISo3y1fOyYVRfBLE0lSkSa7+nshoqNQs9ExnSPVYrXoL8T+vn+rg1s14lKQaI7ZcFKSC6JgsEiA+l8i0mBlCmeTmr4SNqaRMm5wqJgRn9eR10rmqOzd1++G61qwXcZThDM7hEhxoQBPuoQVtYPAEz/AKb9bUerHerY9la8kqZk7hD6zPH6M1kfE=</latexit>

7
<latexit sha1_base64="qbmbyInTZHGeFtR0atqn0MqXDDg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqiFV0W3LisYB/QhjKZ3LRDJw9mJkII9VfcuFDErR/izr9xmmahrQcuHM65d+7c48acSWVZ30ZpbX1jc6u8XdnZ3ds/MA+PujJKBIUOjXgk+i6RwFkIHcUUh34sgAQuh547vZ37vUcQkkXhg0pjcAIyDpnPKFFaGpnVYf5GJsCb4frlOW42z0ZmzWpYOfAqsQtSQwXaI/Nr6EU0CSBUlBMpB7YVKycjQjHKYVYZJhJiQqdkDANNQxKAdLJ88QyfasXDfiR0hQrn6u+JjARSpoGrOwOiJnLZm4v/eYNE+TdOxsI4URDSxSI/4VhFeJ4E9pgAqniqCaGC6b9iOiGCUKXzqugQ7OWTV0n3omFfNaz7Zq3VKOIoo2N0gurIRteohe5QG3UQRSl6Rq/ozXgyXox342PRWjKKmSr6A+PzB5+Mk18=</latexit>

(3, 44)
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!

<latexit sha1_base64="pvHTgcmbeMOJFILAchlbVJ/bxag=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYo4BLx4jmAckS5id7U2GzD6cmQ2EJd/hxYMiXv0Yb/6Nk80eNLGgoajqnp4uLxFcadv+tkobm1vbO+Xdyt7+weFR9fiko+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqTu4XfnaJUPI4e9SxBN6SjiAecUW0kd5C/kEn056QxrNbsup2DrBOnIDUo0BpWvwZ+zNIQI80EVarv2Il2Myo1ZwLnlUGqMKFsQkfYNzSiISo3y1fOyYVRfBLE0lSkSa7+nshoqNQs9ExnSPVYrXoL8T+vn+qg4WY8SlKNEVsuClJBdEwWCRCfS2RazAyhTHLzV8LGVFKmTU4VE4KzevI66VzVnZu6/XBda9aLOMpwBudwCQ7cQhPuoQVtYPAEz/AKb9bUerHerY9la8kqZk7hD6zPH6S5kfI=</latexit>

8
<latexit sha1_base64="nIBGaLR7XEGJQv3KeWe3MtSXSj4=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBEqSEm0RZcFNy4r2Ae0oUwmN+3QyYOZiRBC/RU3LhRx64e482+cpllo64ELh3PunTv3uDFnUlnWt7G2vrG5tV3aKe/u7R8cmkfHXRklgkKHRjwSfZdI4CyEjmKKQz8WQAKXQ8+d3s793iMIyaLwQaUxOAEZh8xnlCgtjczKMH8jE+DNcO3qAjea5yOzatWtHHiV2AWpogLtkfk19CKaBBAqyomUA9uKlZMRoRjlMCsPEwkxoVMyhoGmIQlAOlm+eIbPtOJhPxK6QoVz9fdERgIp08DVnQFRE7nszcX/vEGi/BsnY2GcKAjpYpGfcKwiPE8Ce0wAVTzVhFDB9F8xnRBBqNJ5lXUI9vLJq6R7Wbebdeu+UW3VizhK6ASdohqy0TVqoTvURh1EUYqe0St6M56MF+Pd+Fi0rhnFTAX9gfH5A6ERk2A=</latexit>

(3, 45)
<latexit sha1_base64="NH8akNPpbNsZQGE6bn5uhzZYupM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgadkVRb0FvHiMYB6QLGF2tjcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVPT1dfiq40o7zbZXW1jc2t8rblZ3dvf2D6uFRSyWZZNhkiUhkx6cKBY+xqbkW2Ekl0sgX2PZHdzO/PUapeBI/6kmKXkQHMQ85o9pIXm/+Qi4xmJLbfrXm2M4cZJW4BalBgUa/+tULEpZFGGsmqFJd10m1l1OpORM4rfQyhSllIzrArqExjVB5+XzllJwZJSBhIk3FmszV3xM5jZSaRL7pjKgeqmVvJv7ndTMd3ng5j9NMY8wWi8JMEJ2QWQIk4BKZFhNDKJPc/JWwIZWUaZNTxYTgLp+8SloXtntlOw+XtbpdxFGGEziFc3DhGupwDw1oAoMneIZXeLPG1ov1bn0sWktWMXMMf2B9/gCmPZHz</latexit>

9
<latexit sha1_base64="fbohqh+4CpHQ07U/aNpJUCFdHSE=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClKS0qLLghuXFewD2lAmk0k7dPJgZiLUUPwVNy4Ucet/uPNvnKZZaOuBC4dz7p0797gxZ1JZ1rdRWFvf2Nwqbpd2dvf2D8zDo46MEkFom0Q8Ej0XS8pZSNuKKU57saA4cDntupObud99oEKyKLxX05g6AR6FzGcEKy0NzZNB9kYqqDdDlfolqtUbF0OzbFWtDGiV2DkpQ47W0PwaeBFJAhoqwrGUfduKlZNioRjhdFYaJJLGmEzwiPY1DXFApZNmm2foXCse8iOhK1QoU39PpDiQchq4ujPAaiyXvbn4n9dPlH/tpCyME0VDsljkJxypCM2jQB4TlCg+1QQTwfRfERljgYnSgZV0CPbyyaukU6vajap1Vy83q3kcRTiFM6iADVfQhFtoQRsIPMIzvMKb8WS8GO/Gx6K1YOQzx/AHxucPGaSTnQ==</latexit>

(4, 245)
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>! <latexit sha1_base64="QRAiNLU7Oxvn4NbVomUScsVuUis=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFchUQUXRbcuKxgH9DGMpnctEMnD2YmSgn9DzcuFHHrv7jzb5ymWWjrgQuHc+6dO/f4qeBKO863tbK6tr6xWdmqbu/s7u3XDg7bKskkwxZLRCK7PlUoeIwtzbXAbiqRRr7Ajj++mfmdR5SKJ/G9nqToRXQY85Azqo300C9eyCUGU+I6g1rdsZ0CZJm4JalDieag9tUPEpZFGGsmqFI910m1l1OpORM4rfYzhSllYzrEnqExjVB5ebFzSk6NEpAwkaZiTQr190ROI6UmkW86I6pHatGbif95vUyH117O4zTTGLP5ojATRCdkFgEJuESmxcQQyiQ3fyVsRCVl2gRVNSG4iycvk/a57V7azt1FvWGXcVTgGE7gDFy4ggbcQhNawEDCM7zCm/VkvVjv1se8dcUqZ47gD6zPHwznkiU=</latexit>

10
<latexit sha1_base64="BHKYgu+GPo8sv9VTaHk91Ao7cRA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISbdFlwY3LCvYBbSiTyaQdOnkwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhcM5986de9yYM6ks69sorKyurW8UN0tb2zu7e+b+QVtGiSC0RSIeia6LJeUspC3FFKfdWFAcuJx23PHNzO88UCFZFN6rSUydAA9D5jOClZYG5lE/eyMV1JuiSu0cXdbqZwOzbFWtDGiZ2DkpQ47mwPzqexFJAhoqwrGUPduKlZNioRjhdFrqJ5LGmIzxkPY0DXFApZNmm6foVCse8iOhK1QoU39PpDiQchK4ujPAaiQXvZn4n9dLlH/tpCyME0VDMl/kJxypCM2iQB4TlCg+0QQTwfRfERlhgYnSgZV0CPbiycukfVG161XrrlZuVPM4inAMJ1ABG66gAbfQhBYQeIRneIU348l4Md6Nj3lrwchnDuEPjM8fGyuTng==</latexit>

(4, 345)
<latexit sha1_base64="enrkTrDgDI4IJSQ3D4zD1F6HOIs=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFchUQUXRbcuKxgH9DGMpnctEMnD2YmSgn9DzcuFHHrv7jzb5ymWWjrgQuHc+6dO/f4qeBKO863tbK6tr6xWdmqbu/s7u3XDg7bKskkwxZLRCK7PlUoeIwtzbXAbiqRRr7Ajj++mfmdR5SKJ/G9nqToRXQY85Azqo300C9eyCUGU+K6g1rdsZ0CZJm4JalDieag9tUPEpZFGGsmqFI910m1l1OpORM4rfYzhSllYzrEnqExjVB5ebFzSk6NEpAwkaZiTQr190ROI6UmkW86I6pHatGbif95vUyH117O4zTTGLP5ojATRCdkFgEJuESmxcQQyiQ3fyVsRCVl2gRVNSG4iycvk/a57V7azt1FvWGXcVTgGE7gDFy4ggbcQhNawEDCM7zCm/VkvVjv1se8dcUqZ47gD6zPHw5rkiY=</latexit>

11
<latexit sha1_base64="8CzEFQ5Dv71vk0hJ1TDclqMN2sA=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFSQkpUWXBTcuK1hbaEOZTCbt0MmDmYlQQsFfceNCEbd+hzv/xmmahbYeuHA45965c4+XcCaVbX8bpbX1jc2t8nZlZ3dv/8A8PHqQcSoI7ZCYx6LnYUk5i2hHMcVpLxEUhx6nXW9yM/e7j1RIFkf3appQN8SjiAWMYKWloXkyyN/IBPVnqNa8RPV6o3ExNKu2ZedAq8QpSBUKtIfm18CPSRrSSBGOpew7dqLcDAvFCKezyiCVNMFkgke0r2mEQyrdLF89Q+da8VEQC12RQrn6eyLDoZTT0NOdIVZjuezNxf+8fqqCazdjUZIqGpHFoiDlSMVongXymaBE8akmmAim/4rIGAtMlE6sokNwlk9eJQ91y2la9l2j2rKKOMpwCmdQAweuoAW30IYOEMjgGV7hzXgyXox342PRWjKKmWP4A+PzB5DZk9k=</latexit>

(5, 2244)
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>! <latexit sha1_base64="ugWbhO/sAeQSkB5YrvotoWz8fMY=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgadkNih4DXjxGMA9I1jA725sMmX0wM6uEJf/hxYMiXv0Xb/6Nk2QPmljQUFR1T0+XnwqutON8W6W19Y3NrfJ2ZWd3b/+genjUVkkmGbZYIhLZ9alCwWNsaa4FdlOJNPIFdvzxzczvPKJUPInv9SRFL6LDmIecUW2kh/78hVxiMCVufVCtObYzB1klbkFqUKA5qH71g4RlEcaaCapUz3VS7eVUas4ETiv9TGFK2ZgOsWdoTCNUXj7fOSVnRglImEhTsSZz9fdETiOlJpFvOiOqR2rZm4n/eb1Mh9dezuM00xizxaIwE0QnZBYBCbhEpsXEEMokN38lbEQlZdoEVTEhuMsnr5J23XYvbefuotawizjKcAKncA4uXEEDbqEJLWAg4Rle4c16sl6sd+tj0Vqyiplj+APr8wcP75In</latexit>

12
<latexit sha1_base64="b5/bd5cCWKElo3sICI04dgeENto=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEClKS2qLLghuXFewD2lAmk5t26OTBzEQooeCvuHGhiFu/w51/4zTNQlsPXDicc+/cuceNOZPKsr6Nwtr6xuZWcbu0s7u3f2AeHnVklAgKbRrxSPRcIoGzENqKKQ69WAAJXA5dd3I797uPICSLwgc1jcEJyChkPqNEaWlongyyN1IB3gxXGpe4dlWvXwzNslW1MuBVYuekjHK0hubXwItoEkCoKCdS9m0rVk5KhGKUw6w0SCTEhE7ICPqahiQA6aTZ6hk+14qH/UjoChXO1N8TKQmknAau7gyIGstlby7+5/UT5d84KQvjREFIF4v8hGMV4XkW2GMCqOJTTQgVTP8V0zERhCqdWEmHYC+fvEo6tardqFr39XKzmsdRRKfoDFWQja5RE92hFmojilL0jF7Rm/FkvBjvxseitWDkM8foD4zPH5Jgk9o=</latexit>

(5, 2344)
<latexit sha1_base64="r5oV/dD/mWgsJEntXDaQ/FG5+Zc=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4GmZc0GPAi8cIZoFkDD09laRJz0J3jxKG/IcXD4p49V+8+Td2JnPQxAcFj/equrqenwiutON8W6WV1bX1jfJmZWt7Z3evun/QUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3xzcxvP6JUPI7u9SRBL6TDiA84o9pID738hUxiMCXueb9ac2wnB1kmbkFqUKDRr371gpilIUaaCapU13US7WVUas4ETiu9VGFC2ZgOsWtoRENUXpbvnJITowRkEEtTkSa5+nsio6FSk9A3nSHVI7XozcT/vG6qB9dexqMk1Rix+aJBKoiOySwCEnCJTIuJIZRJbv5K2IhKyrQJqmJCcBdPXiatM9u9tJ27i1rdLuIowxEcwym4cAV1uIUGNIGBhGd4hTfryXqx3q2PeWvJKmYO4Q+szx8Rc5Io</latexit>

13
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!



Example of WL kernel 
! After K iterations, the WL kernel computes the histogram of colors 
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<latexit sha1_base64="qE+CwfCU6j5fSyANlntaXTkCCyA=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARKpQyU7wtVAoudFnBXmBmGDJp2oZmLiQZoQx9Gze+ihtBRXTpm5hpR6ytBxI+/nMOyf97EaNCGsanlltYXFpeya8W1tY3Nrf07Z2mCGOOSQOHLORtDwnCaEAakkpG2hEnyPcYaXmDq7Tfuidc0DC4k8OIOD7qBbRLMZJKcvVLO+rTku0j2ceIJdcj1zyEF9A6KcNqGZo/tzEFvwwdVy8aFWNccB7MDIogq7qrv9idEMc+CSRmSAjLNCLpJIhLihkZFexYkAjhAeoRS2GAfCKcZOxzBA+U0oHdkKsTSDhWpzcS5Asx9D01mRoSs71U/K9nxbJ75iQ0iGJJAjx5qBszKEOYhgY7lBMs2VABwpyqv0LcRxxhqaItqBDMWcvz0KxWzOOKcXtUrJ1nceTBHtgHJWCCU1ADN6AOGgCDB/AEXsGb9qg9a+/ax2Q0p2U7u+BPaV/fUFOdbw==</latexit>

�(G1) = [6, 2, 1, 2, 1, 0, 2, 1, 0, 0, 2, 1, 0]

<latexit sha1_base64="VuRlWSCAG9Dyb3Vr0wL0rft1Hh0=">AAACH3icbVDLSgMxFM34tr5GXbq5WAQXoUzUPtwJblwq2Ae0pWQyGQ1mHiQZoQz9Ezf+ihsXioi7/o3ptAutHrhwOOfem5vjp1Jo43ljZ2FxaXlldW29tLG5tb3j7u61dJIpxpsskYnq+FRzKWLeNMJI3kkVp5Evedt/uJz47UeutEjiWzNMeT+id7EIBaPGSgO31it25IoHIyAYTjCcYjjDUMVQw1DH0MBwjoF4tqxPbAM5hYFb9ipeAfhLyIyU0QzXA/erFyQsi3hsmKRad4mXmn5OlRFM8lGpl2meUvZA73jX0phGXPfz4rYRHFklgDBRtmIDhfpzIqeR1sPIt50RNfd63puI/3ndzISNfi7iNDM8ZtOHwkyCSWASFgRCcWbk0BLKlLC3ArunijJjIy3ZEMj8l/+S1kmFVCvezVn54nwWxxo6QIfoGBFURxfoCl2jJmLoCb2gN/TuPDuvzofzOW1dcGYz++gXnPE32H2apw==</latexit>

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13

<latexit sha1_base64="iDcWy81CVZY8r3vD/a6+AY3D5+g=">AAACJ3icbVDLSgMxFM3UV62vUZdugkWoUMpM8bVQKbjQZQX7gJlhyKSZNjTzIMkIZejfuPFX3Agqokv/xEw7grZeksvhnHtJzvFiRoU0jE+tsLC4tLxSXC2trW9sbunbO20RJRyTFo5YxLseEoTRkLQklYx0Y05Q4DHS8YZXmd65J1zQKLyTo5g4AeqH1KcYSUW5+qUdD2jFDpAcYMTS67FbP4QX0DqpwnoVmj99eowZDB1XLxs1Y1JwHpg5KIO8mq7+YvcinAQklJghISzTiKWTIi4pZmRcshNBYoSHqE8sBUMUEOGkE59jeKCYHvQjrm4o4YT9vZGiQIhR4KnJzJCY1TLyP81KpH/mpDSME0lCPH3ITxiUEcxCgz3KCZZspADCnKq/QjxAHGGpoi2pEMxZy/OgXa+ZxzXj9qjcOM/jKII9sA8qwASnoAFuQBO0AAYP4Am8gjftUXvW3rWP6WhBy3d2wZ/Svr4BUgOdcA==</latexit>

�(G2) = [6, 2, 1, 2, 1, 1, 1, 0, 1, 1, 1, 0, 1]

<latexit sha1_base64="VuRlWSCAG9Dyb3Vr0wL0rft1Hh0=">AAACH3icbVDLSgMxFM34tr5GXbq5WAQXoUzUPtwJblwq2Ae0pWQyGQ1mHiQZoQz9Ezf+ihsXioi7/o3ptAutHrhwOOfem5vjp1Jo43ljZ2FxaXlldW29tLG5tb3j7u61dJIpxpsskYnq+FRzKWLeNMJI3kkVp5Evedt/uJz47UeutEjiWzNMeT+id7EIBaPGSgO31it25IoHIyAYTjCcYjjDUMVQw1DH0MBwjoF4tqxPbAM5hYFb9ipeAfhLyIyU0QzXA/erFyQsi3hsmKRad4mXmn5OlRFM8lGpl2meUvZA73jX0phGXPfz4rYRHFklgDBRtmIDhfpzIqeR1sPIt50RNfd63puI/3ndzISNfi7iNDM8ZtOHwkyCSWASFgRCcWbk0BLKlLC3ArunijJjIy3ZEMj8l/+S1kmFVCvezVn54nwWxxo6QIfoGBFURxfoCl2jJmLoCb2gN/TuPDuvzofzOW1dcGYz++gXnPE32H2apw==</latexit>

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13

<latexit sha1_base64="dn2a1gj2j/M4AeUSFtgVMIbvKrw=">AAACNnicbVDLSsNAFJ3UV62vqEs3g0VoQUpSFF1oKbhQEKGCfUATwmQ6aYdOHsxMhBL6VW78DnfduFDErZ/gpM3Cth4YOHPuudx7jxsxKqRhTLTcyura+kZ+s7C1vbO7p+8ftEQYc0yaOGQh77hIEEYD0pRUMtKJOEG+y0jbHd6k9fYz4YKGwZMcRcT2UT+gHsVIKsnRH+5Llo/kACOW3I4d8xT+/VbL8BpeWdGAzrvKyrYoVss16OhFo2JMAZeJmZEiyNBw9DerF+LYJ4HEDAnRNY1I2gnikmJGxgUrFiRCeIj6pKtogHwi7GR69hieKKUHvZCrF0g4Vf92JMgXYuS7ypnuKRZrqfhfrRtL79JOaBDFkgR4NsiLGZQhTDOEPcoJlmykCMKcql0hHiCOsFRJF1QI5uLJy6RVrZjnFePxrFivZXHkwRE4BiVgggtQB3egAZoAgxcwAR/gU3vV3rUv7XtmzWlZzyGYg/bzC3Rtqeo=</latexit>

K(G1,G2) =< �(G1),�(G2) >

WL kernel 



Edge level features

How can we capture relationships between neighboring nodes?
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Illustrative example: Link prediction 
! Goal: Predict the existence of an edge between two nodes given 

some already existing edges 


! Intuition: Design features about pairs of nodes that measure the 
overlap between their neighborhoods 
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Link prediction in one slide 
! For each pair of nodes           compute


! Sort pairs by decreasing score 


! Predict top    pairs as a link 


! Common ways to compute                 :


- Local neighborhood overlap: quantify the similarity of the neighborhood between two 
nodes 


- Global neighborhood overlap: quantify if two nodes belong to the same community in 
the graph 
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<latexit sha1_base64="wV4ctUGoUtxQFB5n1dnkyCulggU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdouhJCl48VrAf0C4lm2bb2GyyJNlCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZya+sbm1v57cLO7t7+QfHwqKlloghtEMmlagdYU84EbRhmOG3HiuIo4LQVjO5mfmtMlWZSPJpJTP0IDwQLGcHGSs1ycoHG571iya24c6BV4mWkBBnqveJXty9JElFhCMdadzw3Nn6KlWGE02mhm2gaYzLCA9qxVOCIaj+dXztFZ1bpo1AqW8Kgufp7IsWR1pMosJ0RNkO97M3E/7xOYsIbP2UiTgwVZLEoTDgyEs1eR32mKDF8YgkmitlbERlihYmxARVsCN7yy6ukWa14VxX34bJUu83iyMMJnEIZPLiGGtxDHRpA4Ame4RXeHOm8OO/Ox6I152Qzx/AHzucPPyKOPg==</latexit>

(u, v)

<latexit sha1_base64="1NgHhuxA+d5AV/SI2hR6MIYf8ls=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ZMUvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjXG/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1kXVu6q6jctK7TaPowgncArn4ME11OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/0qOM7w==</latexit>

k

<latexit sha1_base64="T4d+bPCFeC5DV7IYRG5cg1xDkm4=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcquKHqSghePFewHbJeSTWfb0GyyJNlCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4up/57TEozaR4MpMEgpgMBIsYJcZKvqZSQTW9wOPzXrni1tw58CrxclJBORq98le3L2kagzCUE619z01MkBFlGOUwLXVTDQmhIzIA31JBYtBBNj95is+s0seRVLaEwXP190RGYq0ncWg7Y2KGetmbif95fmqi2yBjIkkNCLpYFKUcG4ln/+M+U0ANn1hCqGL2VkyHRBFqbEolG4K3/PIqaV3WvOua+3hVqd/lcRTRCTpFVeShG1RHD6iBmogiiZ7RK3pzjPPivDsfi9aCk88coz9wPn8AO3WQjA==</latexit>

score(u, v)

<latexit sha1_base64="YWRO1CrFjNfagnFiMPTNTG8A3rE=">AAAB/HicbVDLSsNAFJ34rPVV7dLNYBEqSElE0ZUU3LisYB/QhjKZTNqhk0yYuRFCqL/ixoUibv0Qd/6N0zQLbT1wuYdz7mXuHC8WXINtf1srq2vrG5ulrfL2zu7efuXgsKNloihrUymk6nlEM8Ej1gYOgvVixUjoCdb1Jrczv/vIlOYyeoA0Zm5IRhEPOCVgpGGlqqlUrD6gvoQznLfTYaVmN+wceJk4BamhAq1h5WvgS5qELAIqiNZ9x47BzYgCTgWblgeJZjGhEzJifUMjEjLtZvnxU3xiFB8HUpmKAOfq742MhFqnoWcmQwJjvejNxP+8fgLBtZvxKE6ARXT+UJAIDBLPksA+V4yCSA0hVHFzK6ZjoggFk1fZhOAsfnmZdM4bzmXDvr+oNW+KOEroCB2jOnLQFWqiO9RCbURRip7RK3qznqwX6936mI+uWMVOFf2B9fkDxNiULg==</latexit>

score(·, ·)



Local neighborhood overlap 
! Compute                   as the number of common neighboring 

nodes i.e., overlap between


! Common neighbors: 


! Jaccard’s coefficient:


! Limitation: A link between            cannot be created. Why?      
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<latexit sha1_base64="T4d+bPCFeC5DV7IYRG5cg1xDkm4=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcquKHqSghePFewHbJeSTWfb0GyyJNlCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4up/57TEozaR4MpMEgpgMBIsYJcZKvqZSQTW9wOPzXrni1tw58CrxclJBORq98le3L2kagzCUE619z01MkBFlGOUwLXVTDQmhIzIA31JBYtBBNj95is+s0seRVLaEwXP190RGYq0ncWg7Y2KGetmbif95fmqi2yBjIkkNCLpYFKUcG4ln/+M+U0ANn1hCqGL2VkyHRBFqbEolG4K3/PIqaV3WvOua+3hVqd/lcRTRCTpFVeShG1RHD6iBmogiiZ7RK3pzjPPivDsfi9aCk88coz9wPn8AO3WQjA==</latexit>

score(u, v)
<latexit sha1_base64="wV4ctUGoUtxQFB5n1dnkyCulggU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdouhJCl48VrAf0C4lm2bb2GyyJNlCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZya+sbm1v57cLO7t7+QfHwqKlloghtEMmlagdYU84EbRhmOG3HiuIo4LQVjO5mfmtMlWZSPJpJTP0IDwQLGcHGSs1ycoHG571iya24c6BV4mWkBBnqveJXty9JElFhCMdadzw3Nn6KlWGE02mhm2gaYzLCA9qxVOCIaj+dXztFZ1bpo1AqW8Kgufp7IsWR1pMosJ0RNkO97M3E/7xOYsIbP2UiTgwVZLEoTDgyEs1eR32mKDF8YgkmitlbERlihYmxARVsCN7yy6ukWa14VxX34bJUu83iyMMJnEIZPLiGGtxDHRpA4Ame4RXeHOm8OO/Ox6I152Qzx/AHzucPPyKOPg==</latexit>

(u, v)

A B

C

D

E

G
H

<latexit sha1_base64="HdRv3FmXip33LKhsP6mWieIl0Is="></latexit>

score(A,B) =
|NA \NB |
|NA [NB |

=
|{D}|

|{D,C}| =
1

2

<latexit sha1_base64="8UpSSUh1mAlCdlabeQGRhM7dZ6o=">AAACJ3icbVDLSgMxFM3UV62vUZdugkWoIGVGFF2otNWFK6lgH9ApJZOmbWgmMyQZoUz7N278FTeCiujSPzEz7aK2HggczjmX3HvcgFGpLOvbSC0sLi2vpFcza+sbm1vm9k5V+qHApIJ95ou6iyRhlJOKooqReiAI8lxGam7/OvZrj0RI6vMHNQhI00NdTjsUI6WllnklsS9IrngES4fwEg4dD6keRiy6G7WK0MEogNNSaZiEohtnFDO7ZWatvJUAzhN7QrJggnLLfHPaPg49whVmSMqGbQWqGSGhKGZklHFCSQKE+6hLGppy5BHZjJI7R/BAK23Y8YV+XMFEnZ6IkCflwHN1Mt5Zznqx+J/XCFXnvBlRHoSKcDz+qBMyqHwYlwbbVBCs2EAThAXVu0LcQwJhpavN6BLs2ZPnSfU4b5/mrfuTbOFiUkca7IF9kAM2OAMFcAvKoAIweAIv4B18GM/Gq/FpfI2jKWMyswv+wPj5BY7bo+Y=</latexit>

score(A,B) = |NA \NB | = |{D}| = 1

<latexit sha1_base64="eNB4TvfNAtOU39413DcdsPpptIY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdUfQkFRE8VrAf0C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5peWV1bX8emFjc2t7p7i719AyUYTWieRStQKsKWeC1g0znLZiRXEUcNoMhjcTv/lElWZSPJhRTP0I9wULGcHGSo3y9Qm6Pe4WS27FnQItEi8jJchQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp9NoxOrJKD4VS2RIGTdXfEymOtB5Fge2MsBnoeW8i/ue1ExNe+ikTcWKoILNFYcKRkWjyOuoxRYnhI0swUczeisgAK0yMDahgQ/DmX14kjdOKd15x789K1assjjwcwCGUwYMLqMId1KAOBB7hGV7hzZHOi/PufMxac042sw9/4Hz+AKT+jdk=</latexit>

(A,E)



Global neighborhood overlap 
! Compute                  by taking into consideration the entire graph, 

i.e., global overlap  


! Katz index: Count the number of walks of all lengths between a 
given pair of nodes 

- Use powers of the adjacency/weight matrix 
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<latexit sha1_base64="T4d+bPCFeC5DV7IYRG5cg1xDkm4=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQQcquKHqSghePFewHbJeSTWfb0GyyJNlCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4up/57TEozaR4MpMEgpgMBIsYJcZKvqZSQTW9wOPzXrni1tw58CrxclJBORq98le3L2kagzCUE619z01MkBFlGOUwLXVTDQmhIzIA31JBYtBBNj95is+s0seRVLaEwXP190RGYq0ncWg7Y2KGetmbif95fmqi2yBjIkkNCLpYFKUcG4ln/+M+U0ANn1hCqGL2VkyHRBFqbEolG4K3/PIqaV3WvOua+3hVqd/lcRTRCTpFVeShG1RHD6iBmogiiZ7RK3pzjPPivDsfi9aCk88coz9wPn8AO3WQjA==</latexit>

score(u, v)

<latexit sha1_base64="EPKPXppwLLfbl/2yhxDm+wGh8XU="></latexit>

score(A,B) =
1X

i=1

�iW i
AB = [(I � �W )�1 � I]AB

<latexit sha1_base64="7nQCKXUyNX7Py8ZYhWghUCvCc80=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0WPBi8eK9gPaWDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6bz26vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJrnVe+y6t5dVGoneRxFOIJjOAMPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHOno1j</latexit>

W 0 <latexit sha1_base64="F6f6HtauYuyBVGN+R+CQ9/ZzOG4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LFbBU0lE0WPBi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUaPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGtn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVa966rbuKrUzvI4inACp3ABHtxADe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDrIGMwQ==</latexit>

W
<latexit sha1_base64="XAl+pErYN9zZwukvt0octtf28lc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSp4KklR9Fjw4rGi/YA2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrpvvVY7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dULOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindZce8uyrXTPI4CHMMJnIMHV1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AHRpo1l</latexit>

W 2
<latexit sha1_base64="5QOfct/JwZD+GK59Bf2MtE9Y7hg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBQ8hV0f6DHgxWNE84BkDbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/GbT6g0j+WDGSXoR7QvecgZNVa6bz6ed0tlt+JOQRaJl5My5Kh1S1+dXszSCKVhgmrd9tzE+BlVhjOB42In1ZhQNqR9bFsqaYTaz6anjsmJVXokjJUtachU/T2R0UjrURTYzoiagZ73JuJ/Xjs14bWfcZmkBiWbLQpTQUxMJn+THlfIjBhZQpni9lbCBlRRZmw6RRuCN//yImmcVbzLint3Ua4e53EU4BCO4BQ8uIIq3EIN6sCgD8/wCm+OcF6cd+dj1rrk5DMH8AfO5w/TKo1m</latexit>

W 3
<latexit sha1_base64="uCp/fRqtYdBYq4DX5kv5Y8wTAD8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSp4KolU9Fjw4rGi/YA2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrpvvVY7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dULOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJoXFe+y4t5Vy7XTPI4CHMMJnIMHV1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AHUro1n</latexit>

W 4



Summary 
! Traditional graph analysis/inference pipeline decouples the data 

representation and learning process 

- Hand-crafted features + ML/statistics


! The type of features depends on the task:

- Node level: generate features for each individual node


• Node degree, centrality, clustering coefficients, graphlets


- Graph level: generate features for the whole graph

• Bag of nodes, graphlet kernels, WL kernels


- Link level: generate features that measure a common neighborhood between two nodes

• Local/global neighborhood overlap


! Careful design of graph features can be useful in applications where 
data is limited 
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Limitations
! Hand-engineered features are defined a priori: no adaptation to 

the data  


! Designing graph features can very often be a time consuming and 
expensive process


! Not easy to incorporate additional features on the nodes


! More flexibility can be achieved with an end-to-end learning 
pipeline: next lectures! 
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