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v In parametric regression and classification models, given a 
dataset 𝑥("), 𝑦(") "$% of 𝑛 data points 𝑥(") and labels 𝑦("), we 
learn a function 𝑓𝒘 parametrized by 𝒘, that maps 𝑥(") to 𝑦(").

v In essence, this approach compresses the training dataset 
𝑥("), 𝑦(") "$% into a parameter vector 𝒘.

v For a test data 𝑥∗, we can predict its label by 𝑦∗ = 𝑓𝒘(𝑥∗).
v In a non-parametric approach, instead of learning a parametric 

function 𝑓𝒘, we can predict 𝑓(𝑥∗) based on the similarity of 𝑥∗
to the training points 𝑿 = 𝑥(") "$%.

v Unlike the parametric approach, this approach requires access 
to the training data 𝑥("), 𝑦(") "$% during the test time.



3

Kernel Methods

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

v For this approach, we need to find the similarity between every 
pair of data points 𝑥" and 𝑥( from the set of data points 𝑿.

v This similarity is then plugged into a kernel machine to yield a 
prediction in the test time.

v For two data points 𝑥 and 𝑥’, a kernel function

is a map 𝑘: 𝑿×𝑿 → ℝ) that measures the similarity between 𝑥
and 𝑥’.

v Here, 𝜙 defines a map from the space of data points 𝑿 to an 
embedding space.

<latexit sha1_base64="TAOMSedeZpvoiMxwTHg5bPudu4U="></latexit>

k(x, x0) = h�(x),�(x0)i
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v 𝜙(𝑥) represents feature map of data point 𝑥.
v Two similar data points 𝑥" and 𝑥( in the Euclidean space should 

have similar representations 𝜙(𝑥") and 𝜙(𝑥() in the embedding 
space. 

v Given kernel function 𝑘(𝑥" , 𝑥() and data points 𝑥" "$%, we 
construct an 𝑛×𝑛 similarity matrix 𝑲 named Gram matrix, such 
that

v For any set of data points 𝑥" "$%, Gram matrix is a positive 
semi-definite matrix.

<latexit sha1_base64="q4vSKY7QxdnU4MPZVxPvTV27CbQ="></latexit>

Kij = k (xi, xj)
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v There are two approaches to construct kernel functions
Ø Explicit kernels, where 𝑘(𝑥" , 𝑥() is computed from the inner 

product ⟨𝜙(𝑥"), 𝜙(𝑥()⟩ given a mapping 𝜙.

Ø Implicit kernels, where 𝑘(𝑥" , 𝑥() is directly defined as a 
function of 𝑥" and 𝑥(, corresponding to a scalar product in 
some unknown feature space.

v Implicit kernels are restricted in construction by that the 
resulting Gram matrix 𝑲 should be positive semi-definite.

v Similar to Euclidean data, we can define kernels for graphs as 
well.



6

Isomorphism

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

v Given graphs 𝐺 = (𝑉* , 𝐸*) and 𝐻 = (𝑉+, 𝐸+), if we can define 
a bijection 𝜓:𝑉* → 𝑉+, such that 

the graphs 𝐺 and 𝐻 are said to be isomorphic and denoted as
<latexit sha1_base64="hJl7B+ijqV6aKsoo1XMAgGLxVcM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegB3OMYB6SLGF20psMmdldZ2aFEPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dQSK4Nq777eRWVtfWN/Kbha3tnd294v5BQ8epYlhnsYhVK6AaBY+wbrgR2EoUUhkIbAbDm6nffEKleRzdm1GCvqT9iIecUWOlh9uO5hIfSbVbLLlldwayTLyMlCBDrVv86vRilkqMDBNU67bnJsYfU2U4EzgpdFKNCWVD2se2pRGVqP3x7OAJObFKj4SxshUZMlN/T4yp1HokA9spqRnoRW8q/ue1UxNe+WMeJanBiM0XhakgJibT70mPK2RGjCyhTHF7K2EDqigzNqOCDcFbfHmZNM7K3kX5/O68VLnO4sjDERzDKXhwCRWoQg3qwEDCM7zCm6OcF+fd+Zi35pxs5hD+wPn8ATQBkAc=</latexit>

G ' H

<latexit sha1_base64="fRmtpzuvSFqY8EfHAJsIvJQAGZw="></latexit>
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v Given graphs 𝐺 = (𝑉* , 𝐸*) and 𝐻 = (𝑉+, 𝐸+), if we can define 
a bijection 𝜓:𝑉* → 𝑉+, such that 

the graphs 𝐺 and 𝐻 are said to be isomorphic and denoted as

Ø

<latexit sha1_base64="hJl7B+ijqV6aKsoo1XMAgGLxVcM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegB3OMYB6SLGF20psMmdldZ2aFEPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dQSK4Nq777eRWVtfWN/Kbha3tnd294v5BQ8epYlhnsYhVK6AaBY+wbrgR2EoUUhkIbAbDm6nffEKleRzdm1GCvqT9iIecUWOlh9uO5hIfSbVbLLlldwayTLyMlCBDrVv86vRilkqMDBNU67bnJsYfU2U4EzgpdFKNCWVD2se2pRGVqP3x7OAJObFKj4SxshUZMlN/T4yp1HokA9spqRnoRW8q/ue1UxNe+WMeJanBiM0XhakgJibT70mPK2RGjCyhTHF7K2EDqigzNqOCDcFbfHmZNM7K3kX5/O68VLnO4sjDERzDKXhwCRWoQg3qwEDCM7zCm6OcF+fd+Zi35pxs5hD+wPn8ATQBkAc=</latexit>

G ' H

<latexit sha1_base64="FusJ3Mu+gn0dyYFuNiGOGuzMLNM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAKDI2m</latexit>u1
<latexit sha1_base64="z/G7EAEp3D8Pt1vfgAi3OZtaSqk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+7Rf65crbtWdg6wSLycVyNHsl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKuVb2Lav2uXmlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcLkI2n</latexit>u2

<latexit sha1_base64="99Wdjz++tMqwi9EB+qTbsFx1nYM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSfdo/75crbtWdg/wlXk4qkKPRL3/2BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWGVAwljbUkjm6s+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW375L2mdVb2Lau2uVqlf53EU4QiO4RQ8uIQ63EIDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xsNFI2o</latexit>u3

<latexit sha1_base64="/EhBpTypBVxrPZaTXlNFtvVnh70=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPZr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEOmI2p</latexit>u4
<latexit sha1_base64="hZJkZULXvmzwTRIVecD8TPq+d4c=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SHsXvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+yen5/Xqnd5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wcQHI2q</latexit>u5

<latexit sha1_base64="LMEfZwAPYJSqMBZiVKCBzdDrqpg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPZr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wvby/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMRoI2r</latexit>u6

<latexit sha1_base64="Uzpf484oB/ijPx9e+Aq2+rGuuWQ=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY9ELx4xyiOBDZkdGpgwO7uZmSUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU0eJYthgkYhUO6AaBZfYMNwIbMcKaRgIbAXju7nfmqDSPJJPZhqjH9Kh5APOqLHS46RX7RVLbtldgKwTLyMlyFDvFb+6/YglIUrDBNW647mx8VOqDGcCZ4VuojGmbEyH2LFU0hC1ny5OnZELq/TJIFK2pCEL9fdESkOtp2FgO0NqRnrVm4v/eZ3EDG78lMs4MSjZctEgEcREZP436XOFzIipJZQpbm8lbEQVZcamU7AheKsvr5PmVdmrlisPlVLtNosjD2dwDpfgwTXU4B7q0AAGQ3iGV3hzhPPivDsfy9ack82cwh84nz8TJo2s</latexit>v6

<latexit sha1_base64="Vx17vpUuOe1Mymv9gb2X5BrXIdI=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4xyiOBDZkdemHC7OxmZpaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbDu5nfHKHSPJZPZpygH9G+5CFn1FjpcdS97BZLbtmdg6wSLyMlyFDrFr86vZilEUrDBNW67bmJ8SdUGc4ETgudVGNC2ZD2sW2ppBFqfzI/dUrOrNIjYaxsSUPm6u+JCY20HkeB7YyoGehlbyb+57VTE974Ey6T1KBki0VhKoiJyexv0uMKmRFjSyhT3N5K2IAqyoxNp2BD8JZfXiWNi7J3Va48VErV2yyOPJzAKZyDB9dQhXuoQR0Y9OEZXuHNEc6L8+58LFpzTjZzDH/gfP4AEaKNqw==</latexit>v5
<latexit sha1_base64="hO320iBa8sEmbXNNilQxEqLdr0Y=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj04rGi/YA2lM120y7dbMLupFBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju5nfGnNtRKyecJJwP6IDJULBKFrpcdyr9kplt+LOQVaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzyabGbGp5QNqID3rFU0YgbP5ufOiXnVumTMNa2FJK5+nsio5ExkyiwnRHFoVn2ZuJ/XifF8MbPhEpS5IotFoWpJBiT2d+kLzRnKCeWUKaFvZWwIdWUoU2naEPwll9eJc3LindVqT5Uy7XbPI4CnMIZXIAH11CDe6hDAxgM4Ble4c2Rzovz7nwsWtecfOYE/sD5/AEQHo2q</latexit>v4

<latexit sha1_base64="b2tEeKlWWv/DNO1wXN9nzf05O4M=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEeiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpedoslt+zOQVaJl5ESZKh1i1+dXszSCKVhgmrd9tzE+BOqDGcCp4VOqjGhbEj72LZU0gi1P5mfOiVnVumRMFa2pCFz9ffEhEZaj6PAdkbUDPSyNxP/89qpCW/8CZdJalCyxaIwFcTEZPY36XGFzIixJZQpbm8lbEAVZcamU7AheMsvr5LGRdm7KlceKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADpqNqQ==</latexit>v3

<latexit sha1_base64="pd6CG+fgXjPa9TrI/+SvifD5VxY=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4xyiOBDZkdemHC7OxmZpaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju7nfGqPSPJZPZpKgH9GB5CFn1Fjpcdyr9Iolt+wuQNaJl5ESZKj3il/dfszSCKVhgmrd8dzE+FOqDGcCZ4VuqjGhbEQH2LFU0gi1P12cOiMXVumTMFa2pCEL9ffElEZaT6LAdkbUDPWqNxf/8zqpCW/8KZdJalCy5aIwFcTEZP436XOFzIiJJZQpbm8lbEgVZcamU7AheKsvr5NmpexdlasP1VLtNosjD2dwDpfgwTXU4B7q0AAGA3iGV3hzhPPivDsfy9ack82cwh84nz8NFo2o</latexit>v2
<latexit sha1_base64="xRFvcCAHe3sdZK6o49MLG0zyJbM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7m0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WTmSToR3QgecgZNVZ6HPe8XrniVt05yCrxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzUKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7G/S5wqZERNLKFPc3krYkCrKjE2nZEPwll9eJc2LqndVvXy4rNRu8ziKcAKncA4eXEMN7qEODWAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMLko2n</latexit>v1

<latexit sha1_base64="Uzpf484oB/ijPx9e+Aq2+rGuuWQ=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY9ELx4xyiOBDZkdGpgwO7uZmSUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU0eJYthgkYhUO6AaBZfYMNwIbMcKaRgIbAXju7nfmqDSPJJPZhqjH9Kh5APOqLHS46RX7RVLbtldgKwTLyMlyFDvFb+6/YglIUrDBNW647mx8VOqDGcCZ4VuojGmbEyH2LFU0hC1ny5OnZELq/TJIFK2pCEL9fdESkOtp2FgO0NqRnrVm4v/eZ3EDG78lMs4MSjZctEgEcREZP436XOFzIipJZQpbm8lbEQVZcamU7AheKsvr5PmVdmrlisPlVLtNosjD2dwDpfgwTXU4B7q0AAGQ3iGV3hzhPPivDsfy9ack82cwh84nz8TJo2s</latexit>v6

<latexit sha1_base64="Vx17vpUuOe1Mymv9gb2X5BrXIdI=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4xyiOBDZkdemHC7OxmZpaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRQ8epYlhnsYhVK6AaBZdYN9wIbCUKaRQIbAbDu5nfHKHSPJZPZpygH9G+5CFn1FjpcdS97BZLbtmdg6wSLyMlyFDrFr86vZilEUrDBNW67bmJ8SdUGc4ETgudVGNC2ZD2sW2ppBFqfzI/dUrOrNIjYaxsSUPm6u+JCY20HkeB7YyoGehlbyb+57VTE974Ey6T1KBki0VhKoiJyexv0uMKmRFjSyhT3N5K2IAqyoxNp2BD8JZfXiWNi7J3Va48VErV2yyOPJzAKZyDB9dQhXuoQR0Y9OEZXuHNEc6L8+58LFpzTjZzDH/gfP4AEaKNqw==</latexit>v5

<latexit sha1_base64="hO320iBa8sEmbXNNilQxEqLdr0Y=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj04rGi/YA2lM120y7dbMLupFBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR03TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWju5nfGnNtRKyecJJwP6IDJULBKFrpcdyr9kplt+LOQVaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/YxqFEzyabGbGp5QNqID3rFU0YgbP5ufOiXnVumTMNa2FJK5+nsio5ExkyiwnRHFoVn2ZuJ/XifF8MbPhEpS5IotFoWpJBiT2d+kLzRnKCeWUKaFvZWwIdWUoU2naEPwll9eJc3LindVqT5Uy7XbPI4CnMIZXIAH11CDe6hDAxgM4Ble4c2Rzovz7nwsWtecfOYE/sD5/AEQHo2q</latexit>v4

<latexit sha1_base64="b2tEeKlWWv/DNO1wXN9nzf05O4M=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEeiF48Y5ZHAhswOvTBhdnYzM0tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCooeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh3cxvjlBpHssnM07Qj2hf8pAzaqz0OOpedoslt+zOQVaJl5ESZKh1i1+dXszSCKVhgmrd9tzE+BOqDGcCp4VOqjGhbEj72LZU0gi1P5mfOiVnVumRMFa2pCFz9ffEhEZaj6PAdkbUDPSyNxP/89qpCW/8CZdJalCyxaIwFcTEZPY36XGFzIixJZQpbm8lbEAVZcamU7AheMsvr5LGRdm7KlceKqXqbRZHHk7gFM7Bg2uowj3UoA4M+vAMr/DmCOfFeXc+Fq05J5s5hj9wPn8ADpqNqQ==</latexit>v3

<latexit sha1_base64="pd6CG+fgXjPa9TrI/+SvifD5VxY=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4xyiOBDZkdemHC7OxmZpaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju7nfGqPSPJZPZpKgH9GB5CFn1Fjpcdyr9Iolt+wuQNaJl5ESZKj3il/dfszSCKVhgmrd8dzE+FOqDGcCZ4VuqjGhbEQH2LFU0gi1P12cOiMXVumTMFa2pCEL9ffElEZaT6LAdkbUDPWqNxf/8zqpCW/8KZdJalCy5aIwFcTEZP436XOFzIiJJZQpbm8lbEgVZcamU7AheKsvr5NmpexdlasP1VLtNosjD2dwDpfgwTXU4B7q0AAGA3iGV3hzhPPivDsfy9ack82cwh84nz8NFo2o</latexit>v2

<latexit sha1_base64="xRFvcCAHe3sdZK6o49MLG0zyJbM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7m0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3xqg0j+WTmSToR3QgecgZNVZ6HPe8XrniVt05yCrxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHUsljVD72fzUKTmzSp+EsbIlDZmrvycyGmk9iQLbGVEz1MveTPzP66QmvPEzLpPUoGSLRWEqiInJ7G/S5wqZERNLKFPc3krYkCrKjE2nZEPwll9eJc2LqndVvXy4rNRu8ziKcAKncA4eXEMN7qEODWAwgGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMLko2n</latexit>v1
<latexit sha1_base64="FusJ3Mu+gn0dyYFuNiGOGuzMLNM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPa9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAKDI2m</latexit>u1

<latexit sha1_base64="z/G7EAEp3D8Pt1vfgAi3OZtaSqk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOl+7Rf65crbtWdg6wSLycVyNHsl796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdKuVb2Lav2uXmlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcLkI2n</latexit>u2

<latexit sha1_base64="99Wdjz++tMqwi9EB+qTbsFx1nYM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTSfdo/75crbtWdg/wlXk4qkKPRL3/2BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWGVAwljbUkjm6s+JjEbGTKLAdkYUR2bZm4n/ed0Uwys/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW375L2mdVb2Lau2uVqlf53EU4QiO4RQ8uIQ63EIDmsBgCE/wAq+OdJ6dN+d90Vpw8plD+AXn4xsNFI2o</latexit>u3

<latexit sha1_base64="/EhBpTypBVxrPZaTXlNFtvVnh70=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPZr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEOmI2p</latexit>u4

<latexit sha1_base64="hZJkZULXvmzwTRIVecD8TPq+d4c=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SHsXvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+yen5/Xqnd5HEU4QiO4RQ8uIIa3EEdGsBgAM/wCm+OcF6cd+dj3lpw8plD+APn8wcQHI2q</latexit>u5

<latexit sha1_base64="LMEfZwAPYJSqMBZiVKCBzdDrqpg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPZr/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wvby/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QMRoI2r</latexit>u6

<latexit sha1_base64="ra329BcEazd6cgXUUngkt2AiPVg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqHgqevFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+d3UiJteueJW3TnIKvFyUoEcjV75q9tPWBZzhUxSYzqem2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzI+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzz0lfaM5Qji2hTAt7K2FDqilDm0/JhuAtv7xKmhdV77Jae6hV6rd5HEU4gVM4Bw+uoA730AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/paeOlw==</latexit>

 :

<latexit sha1_base64="G6d975yUzOvZCy7Lc2gXQgtsuWw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BD3qMaB6QrGF2MkmGzM4uM71CWPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMYXU/95hPXRkTqAccx90M6UKIvGEUr3Tceb7rFklt2ZyDLxMtICTLUusWvTi9iScgVMkmNaXtujH5KNQom+aTQSQyPKRvRAW9bqmjIjZ/OTp2QE6v0SD/SthSSmfp7IqWhMeMwsJ0hxaFZ9Kbif147wf6lnwoVJ8gVmy/qJ5JgRKZ/k57QnKEcW0KZFvZWwoZUU4Y2nYINwVt8eZk0zsreeblyVylVr7I48nAEx3AKHlxAFW6hBnVgMIBneIU3RzovzrvzMW/NOdnMIfyB8/kD+paNnA==</latexit>

V G
<latexit sha1_base64="/URNBCmL1dqXoRZq6CCojldKXEk=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELxwxyiOBlcwOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1FjpvvlY6xVLbtmdg6wSLyMlyFDvFb+6/ZilEUrDBNW647mJ8SdUGc4ETgvdVGNC2YgOsGOppBFqfzI/dUrOrNInYaxsSUPm6u+JCY20HkeB7YyoGeplbyb+53VSE177Ey6T1KBki0VhKoiJyexv0ucKmRFjSyhT3N5K2JAqyoxNp2BD8JZfXiXNi7J3Wa7cVUrVmyyOPJzAKZyDB1dQhRrUoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8A/BqNnQ==</latexit>

V H

<latexit sha1_base64="fRmtpzuvSFqY8EfHAJsIvJQAGZw="></latexit>

8vG
i
, vG

j
2 VG,

�
vG
i
, vG

j

�
2 EG i↵

�
 
�
vG
i

�
, 

�
vG
j

��
2 EH
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Isomorphism

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

v Given graphs 𝐺 = (𝑉* , 𝐸*) and 𝐻 = (𝑉+, 𝐸+), if we can define 
a bijection 𝜓:𝑉* → 𝑉+, such that 

the graphs 𝐺 and 𝐻 are said to be isomorphic and denoted as

v The mapping 𝜓 saves adjacency.
v Isomorphism is not only hard to detect by eye, but also a 

challenging problem for computers as well.

<latexit sha1_base64="hJl7B+ijqV6aKsoo1XMAgGLxVcM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegB3OMYB6SLGF20psMmdldZ2aFEPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dQSK4Nq777eRWVtfWN/Kbha3tnd294v5BQ8epYlhnsYhVK6AaBY+wbrgR2EoUUhkIbAbDm6nffEKleRzdm1GCvqT9iIecUWOlh9uO5hIfSbVbLLlldwayTLyMlCBDrVv86vRilkqMDBNU67bnJsYfU2U4EzgpdFKNCWVD2se2pRGVqP3x7OAJObFKj4SxshUZMlN/T4yp1HokA9spqRnoRW8q/ue1UxNe+WMeJanBiM0XhakgJibT70mPK2RGjCyhTHF7K2EDqigzNqOCDcFbfHmZNM7K3kX5/O68VLnO4sjDERzDKXhwCRWoQg3qwEDCM7zCm6OcF+fd+Zi35pxs5hD+wPn8ATQBkAc=</latexit>

G ' H

<latexit sha1_base64="fRmtpzuvSFqY8EfHAJsIvJQAGZw="></latexit>

8vG
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j
2 VG,
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Graph Kernels

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

v A graph kernel is a kernel 𝑘 defined on a non-empty set of 
graphs 𝒢 = 𝐺 "

"$, as

v Let 𝜙(𝐺) be the feature map constructed from graph 𝐺.
v A graph kernel is defined as

v A graph kernel 𝑘 quantifies the similarity of two graphs 𝐺 and 
𝐺’.

v A Gram matrix 𝑲 for a set of 𝑛 graphs 𝐺 "
"$% is an 𝑛×𝑛

matrix with elements 𝐾"( defined as  

<latexit sha1_base64="lu+0XXK0JSIckbFZz01nxFy+h1s=">AAACEXicbZDLSsNAFIYnXmu9RV26GSzSFEpJpKgboeiiLivYCzShTKbTduhkEmYmQgl9BTe+ihsXirh15863cZpmoa0/DHz85xzOnN+PGJXKtr+NldW19Y3N3FZ+e2d3b988OGzJMBaYNHHIQtHxkSSMctJUVDHSiQRBgc9I2x/fzOrtByIkDfm9mkTEC9CQ0wHFSGmrZ1pjq16G9WLpymWIDxlxoxG16qUynEOx5IrU75kFu2KngsvgZFAAmRo988vthzgOCFeYISm7jh0pL0FCUczINO/GkkQIj9GQdDVyFBDpJelFU3iqnT4chEI/rmDq/p5IUCDlJPB1Z4DUSC7WZuZ/tW6sBpdeQnkUK8LxfNEgZlCFcBYP7FNBsGITDQgLqv8K8QgJhJUOMa9DcBZPXobWWcU5r1TvqoXadRZHDhyDE2ABB1yAGrgFDdAEGDyCZ/AK3own48V4Nz7mrStGNnME/sj4/AElEZq/</latexit>

k(G,G0) = h�(G),�(G0)i

<latexit sha1_base64="TdefsEYg2mF1yw4JY89uUjbXCIs=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFaEFKIkXdCEUXCm4q2Au0MUymk3bayYWZiVBCwI2v4saFIm59CXe+jZM2C239YeDjP+dw5vxOyKiQhvGt5RYWl5ZX8quFtfWNzS19e6cpgohj0sABC3jbQYIw6pOGpJKRdsgJ8hxGWs7oMq23HggXNPDv5Dgklof6PnUpRlJZtr53Y8d0mJyPSlf3cYmWkyOYwrCclG29aFSMieA8mBkUQaa6rX91ewGOPOJLzJAQHdMIpRUjLilmJCl0I0FChEeoTzoKfeQRYcWTGxJ4qJwedAOuni/hxP09ESNPiLHnqE4PyYGYraXmf7VOJN0zK6Z+GEni4+kiN2JQBjANBPYoJ1iysQKEOVV/hXiAOMJSxVZQIZizJ89D87hinlSqt9Vi7SKLIw/2wQEoAROcghq4BnXQABg8gmfwCt60J+1Fe9c+pq05LZvZBX+kff4AeJOWIQ==</latexit>

Kij = k(G(i), G(j))

<latexit sha1_base64="9RtEV1rIxGnJ33MBtdjIwpRgqMs="></latexit>

k : G ⇥ G ! R+
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Graph Kernel Designs

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

v Here, we only look at the explicit graph kernels and study 
methods to construct feature vectors 𝜙(𝐺) from a graph 𝐺.

v Graphs are permutation invariant, i.e., they are invariant to the 
ordering of the nodes.

v Therefore, the feature map 𝜙 should also be invariant to the 
permutations of the input graph.
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Graph Kernel Designs

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

v There are several graph kernels, but they generally fall into the 
following categories:

Ø Substructure-based kernels
Ø Path-based kernels
Ø Neighborhood aggregation kernels
Ø Assignment-based kernels
Ø Neural Network-based kernel

v We look at graph kernel designs for undirected graphs, with no 
self-loops.
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Substructure-Based Kernels

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

v Substructure-Based Kernels compare two graphs in terms of 
the frequency of different patterns in the subgraphs of the 
graph.

v These methods stem from bag-of-nodes approach in natural 
language processing.

v Two types of substructure-based graph kernels are
Ø Bag of nodes kernel
Ø Graphlet kernel
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Bag of Node Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

v Bag of nodes graph kernel: Compares graph-level features 
generated by aggregating node-level features.

v The feature descriptor for each graph is defined as the 
histogram of the node features in the graph.

v Bag of nodes kernel is defined as 

v Feature map 𝜙-, is defined as

where 𝜎%(𝐺) indicates the set of nodes 𝑣" of 𝐺 with a given 
statistics.

<latexit sha1_base64="dUy7uIhgqdAMMO5xI2r4T7CJC2g="></latexit>

kBN (G,H) = h�BN (G),�BN (H)i

<latexit sha1_base64="LT35Mu1Bj4xqcwXVZHk7pQy9Cy0="></latexit>

�BN (G) = (|�1(G)| , . . . , |�N (G)|)
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Bag of Node Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø Bag of node degrees: Characterizes a graph 𝐺 based on 
frequency of different degree values in that graph.

v For bag of degrees, the set of nodes 𝜎% is defined as

Ø

<latexit sha1_base64="rfBaqM1WIxt/+e0Tc5eed5eaPVg=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUoiRd0Uii7qsoJ9QBPDZDJth04mYWZSKLFf4MZfceNCEbeu3fk3Th8LbT1w4XDOvdx7jx8zKpVlfRuZldW19Y3sZm5re2d3z9w/aMooEZg0cMQi0faRJIxy0lBUMdKOBUGhz0jLH1xP/NaQCEkjfqdGMXFD1OO0SzFSWvLMgiNpL0QeL9ZOKk469OiDLody2LyvncLAoxXujD0zb5WsKeAyseckD+aoe+aXE0Q4CQlXmCEpO7YVKzdFQlHMyDjnJJLECA9Qj3Q05Sgk0k2n74xhQSsB7EZCF1dwqv6eSFEo5Sj0dWeIVF8uehPxP6+TqO6lm1IeJ4pwPFvUTRhUEZxkAwMqCFZspAnCgupbIe4jgbDSCeZ0CPbiy8ukeVayz0vl23K+ejWPIwuOwDEoAhtcgCq4AXXQABg8gmfwCt6MJ+PFeDc+Zq0ZYz5zCP7A+PwBxeebTg==</latexit>

�n(G) = {vi|vi 2 V G, di = n}
<latexit sha1_base64="L8731k3JWwKzfVC9TGWNhM8NHG4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY6kFPUsF+QHcp2TRtQ7PZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeaHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfEmnImaNMww2lHKoqjkNN2OL6Z+e0nqjSLxaOZSBpEeCjYgBFsrOT7csR6af1+Wr497xVLbsWdA60SLyMlyNDoFb/8fkySiApDONa667nSBClWhhFOpwU/0VRiMsZD2rVU4IjqIJ3fPEVnVumjQaxsCYPm6u+JFEdaT6LQdkbYjPSyNxP/87qJGVwHKRMyMVSQxaJBwpGJ0SwA1GeKEsMnlmCimL0VkRFWmBgbU8GG4C2/vEpaFxXvslJ9qJZq9SyOPJzAKZTBgyuowR00oAkEJDzDK7w5ifPivDsfi9ack80cwx84nz8duJEX</latexit>

�BN (G)
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Bag of Node Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø Bag of node degrees: Characterizes a graph 𝐺 based on 
frequency of different degree values in that graph.

v For bag of degrees, the set of nodes 𝜎% is defined as

Ø

<latexit sha1_base64="rfBaqM1WIxt/+e0Tc5eed5eaPVg=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUoiRd0Uii7qsoJ9QBPDZDJth04mYWZSKLFf4MZfceNCEbeu3fk3Th8LbT1w4XDOvdx7jx8zKpVlfRuZldW19Y3sZm5re2d3z9w/aMooEZg0cMQi0faRJIxy0lBUMdKOBUGhz0jLH1xP/NaQCEkjfqdGMXFD1OO0SzFSWvLMgiNpL0QeL9ZOKk469OiDLody2LyvncLAoxXujD0zb5WsKeAyseckD+aoe+aXE0Q4CQlXmCEpO7YVKzdFQlHMyDjnJJLECA9Qj3Q05Sgk0k2n74xhQSsB7EZCF1dwqv6eSFEo5Sj0dWeIVF8uehPxP6+TqO6lm1IeJ4pwPFvUTRhUEZxkAwMqCFZspAnCgupbIe4jgbDSCeZ0CPbiy8ukeVayz0vl23K+ejWPIwuOwDEoAhtcgCq4AXXQABg8gmfwCt6MJ+PFeDc+Zq0ZYz5zCP7A+PwBxeebTg==</latexit>

�n(G) = {vi|vi 2 V G, di = n}

<latexit sha1_base64="ySNG+Xqdnf3GtirOtOsNEgG8u8A="></latexit>

di = 1

<latexit sha1_base64="ySNG+Xqdnf3GtirOtOsNEgG8u8A="></latexit>

di = 1

𝑑 = 1 𝑑 = 2 𝑑 = 3 𝑑 = 4
2

<latexit sha1_base64="L8731k3JWwKzfVC9TGWNhM8NHG4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY6kFPUsF+QHcp2TRtQ7PZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeaHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfEmnImaNMww2lHKoqjkNN2OL6Z+e0nqjSLxaOZSBpEeCjYgBFsrOT7csR6af1+Wr497xVLbsWdA60SLyMlyNDoFb/8fkySiApDONa667nSBClWhhFOpwU/0VRiMsZD2rVU4IjqIJ3fPEVnVumjQaxsCYPm6u+JFEdaT6LQdkbYjPSyNxP/87qJGVwHKRMyMVSQxaJBwpGJ0SwA1GeKEsMnlmCimL0VkRFWmBgbU8GG4C2/vEpaFxXvslJ9qJZq9SyOPJzAKZTBgyuowR00oAkEJDzDK7w5ifPivDsfi9ack80cwx84nz8duJEX</latexit>

�BN (G)
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Bag of Node Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø Bag of node degrees: Characterizes a graph 𝐺 based on 
frequency of different degree values in that graph.

v For bag of degrees, the set of nodes 𝜎% is defined as

Ø

<latexit sha1_base64="rfBaqM1WIxt/+e0Tc5eed5eaPVg=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUoiRd0Uii7qsoJ9QBPDZDJth04mYWZSKLFf4MZfceNCEbeu3fk3Th8LbT1w4XDOvdx7jx8zKpVlfRuZldW19Y3sZm5re2d3z9w/aMooEZg0cMQi0faRJIxy0lBUMdKOBUGhz0jLH1xP/NaQCEkjfqdGMXFD1OO0SzFSWvLMgiNpL0QeL9ZOKk469OiDLody2LyvncLAoxXujD0zb5WsKeAyseckD+aoe+aXE0Q4CQlXmCEpO7YVKzdFQlHMyDjnJJLECA9Qj3Q05Sgk0k2n74xhQSsB7EZCF1dwqv6eSFEo5Sj0dWeIVF8uehPxP6+TqO6lm1IeJ4pwPFvUTRhUEZxkAwMqCFZspAnCgupbIe4jgbDSCeZ0CPbiy8ukeVayz0vl23K+ejWPIwuOwDEoAhtcgCq4AXXQABg8gmfwCt6MJ+PFeDc+Zq0ZYz5zCP7A+PwBxeebTg==</latexit>

�n(G) = {vi|vi 2 V G, di = n}

<latexit sha1_base64="7DtxriMdW/fOr47S5oKTQs5ljqQ="></latexit>

di = 2

<latexit sha1_base64="7DtxriMdW/fOr47S5oKTQs5ljqQ="></latexit>

di = 2

<latexit sha1_base64="7DtxriMdW/fOr47S5oKTQs5ljqQ="></latexit>

di = 2

<latexit sha1_base64="7DtxriMdW/fOr47S5oKTQs5ljqQ="></latexit>

di = 2

𝑑 = 1 𝑑 = 2 𝑑 = 3 𝑑 = 4
2 4

<latexit sha1_base64="L8731k3JWwKzfVC9TGWNhM8NHG4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY6kFPUsF+QHcp2TRtQ7PZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeaHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfEmnImaNMww2lHKoqjkNN2OL6Z+e0nqjSLxaOZSBpEeCjYgBFsrOT7csR6af1+Wr497xVLbsWdA60SLyMlyNDoFb/8fkySiApDONa667nSBClWhhFOpwU/0VRiMsZD2rVU4IjqIJ3fPEVnVumjQaxsCYPm6u+JFEdaT6LQdkbYjPSyNxP/87qJGVwHKRMyMVSQxaJBwpGJ0SwA1GeKEsMnlmCimL0VkRFWmBgbU8GG4C2/vEpaFxXvslJ9qJZq9SyOPJzAKZTBgyuowR00oAkEJDzDK7w5ifPivDsfi9ack80cwx84nz8duJEX</latexit>

�BN (G)
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Bag of Node Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø Bag of node degrees: Characterizes a graph 𝐺 based on 
frequency of different degree values in that graph.

v For bag of degrees, the set of nodes 𝜎% is defined as

Ø

<latexit sha1_base64="rfBaqM1WIxt/+e0Tc5eed5eaPVg=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUoiRd0Uii7qsoJ9QBPDZDJth04mYWZSKLFf4MZfceNCEbeu3fk3Th8LbT1w4XDOvdx7jx8zKpVlfRuZldW19Y3sZm5re2d3z9w/aMooEZg0cMQi0faRJIxy0lBUMdKOBUGhz0jLH1xP/NaQCEkjfqdGMXFD1OO0SzFSWvLMgiNpL0QeL9ZOKk469OiDLody2LyvncLAoxXujD0zb5WsKeAyseckD+aoe+aXE0Q4CQlXmCEpO7YVKzdFQlHMyDjnJJLECA9Qj3Q05Sgk0k2n74xhQSsB7EZCF1dwqv6eSFEo5Sj0dWeIVF8uehPxP6+TqO6lm1IeJ4pwPFvUTRhUEZxkAwMqCFZspAnCgupbIe4jgbDSCeZ0CPbiy8ukeVayz0vl23K+ejWPIwuOwDEoAhtcgCq4AXXQABg8gmfwCt6MJ+PFeDc+Zq0ZYz5zCP7A+PwBxeebTg==</latexit>

�n(G) = {vi|vi 2 V G, di = n}

𝑑 = 1 𝑑 = 2 𝑑 = 3 𝑑 = 4
2 4 0

<latexit sha1_base64="L8731k3JWwKzfVC9TGWNhM8NHG4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY6kFPUsF+QHcp2TRtQ7PZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeaHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfEmnImaNMww2lHKoqjkNN2OL6Z+e0nqjSLxaOZSBpEeCjYgBFsrOT7csR6af1+Wr497xVLbsWdA60SLyMlyNDoFb/8fkySiApDONa667nSBClWhhFOpwU/0VRiMsZD2rVU4IjqIJ3fPEVnVumjQaxsCYPm6u+JFEdaT6LQdkbYjPSyNxP/87qJGVwHKRMyMVSQxaJBwpGJ0SwA1GeKEsMnlmCimL0VkRFWmBgbU8GG4C2/vEpaFxXvslJ9qJZq9SyOPJzAKZTBgyuowR00oAkEJDzDK7w5ifPivDsfi9ack80cwx84nz8duJEX</latexit>

�BN (G)
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Bag of Node Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø Bag of node degrees: Characterizes a graph 𝐺 based on 
frequency of different degree values in that graph.

v For bag of degrees, the set of nodes 𝜎% is defined as

Ø

<latexit sha1_base64="rfBaqM1WIxt/+e0Tc5eed5eaPVg=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUoiRd0Uii7qsoJ9QBPDZDJth04mYWZSKLFf4MZfceNCEbeu3fk3Th8LbT1w4XDOvdx7jx8zKpVlfRuZldW19Y3sZm5re2d3z9w/aMooEZg0cMQi0faRJIxy0lBUMdKOBUGhz0jLH1xP/NaQCEkjfqdGMXFD1OO0SzFSWvLMgiNpL0QeL9ZOKk469OiDLody2LyvncLAoxXujD0zb5WsKeAyseckD+aoe+aXE0Q4CQlXmCEpO7YVKzdFQlHMyDjnJJLECA9Qj3Q05Sgk0k2n74xhQSsB7EZCF1dwqv6eSFEo5Sj0dWeIVF8uehPxP6+TqO6lm1IeJ4pwPFvUTRhUEZxkAwMqCFZspAnCgupbIe4jgbDSCeZ0CPbiy8ukeVayz0vl23K+ejWPIwuOwDEoAhtcgCq4AXXQABg8gmfwCt6MJ+PFeDc+Zq0ZYz5zCP7A+PwBxeebTg==</latexit>

�n(G) = {vi|vi 2 V G, di = n}

<latexit sha1_base64="FBxh3IhpnGEfqf0xhjPrQC9shLk="></latexit>

di = 4

𝑑 = 1 𝑑 = 2 𝑑 = 3 𝑑 = 4
2 4 0 1

<latexit sha1_base64="L8731k3JWwKzfVC9TGWNhM8NHG4=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY6kFPUsF+QHcp2TRtQ7PZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeaHkTBvX/XZya+sbm1v57cLO7t7+QfHwqKXjRBHaJDGPVSfEmnImaNMww2lHKoqjkNN2OL6Z+e0nqjSLxaOZSBpEeCjYgBFsrOT7csR6af1+Wr497xVLbsWdA60SLyMlyNDoFb/8fkySiApDONa667nSBClWhhFOpwU/0VRiMsZD2rVU4IjqIJ3fPEVnVumjQaxsCYPm6u+JFEdaT6LQdkbYjPSyNxP/87qJGVwHKRMyMVSQxaJBwpGJ0SwA1GeKEsMnlmCimL0VkRFWmBgbU8GG4C2/vEpaFxXvslJ9qJZq9SyOPJzAKZTBgyuowR00oAkEJDzDK7w5ifPivDsfi9ack80cwx84nz8duJEX</latexit>

�BN (G)
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Bag of Node Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø Bag of node degrees: Characterizes a graph 𝐺 based on 
frequency of different degree values in that graph.

v For bag of degrees, the set of nodes 𝜎% is defined as

Ø

v Does not reflect the global structure of the graph.

<latexit sha1_base64="rfBaqM1WIxt/+e0Tc5eed5eaPVg=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUoiRd0Uii7qsoJ9QBPDZDJth04mYWZSKLFf4MZfceNCEbeu3fk3Th8LbT1w4XDOvdx7jx8zKpVlfRuZldW19Y3sZm5re2d3z9w/aMooEZg0cMQi0faRJIxy0lBUMdKOBUGhz0jLH1xP/NaQCEkjfqdGMXFD1OO0SzFSWvLMgiNpL0QeL9ZOKk469OiDLody2LyvncLAoxXujD0zb5WsKeAyseckD+aoe+aXE0Q4CQlXmCEpO7YVKzdFQlHMyDjnJJLECA9Qj3Q05Sgk0k2n74xhQSsB7EZCF1dwqv6eSFEo5Sj0dWeIVF8uehPxP6+TqO6lm1IeJ4pwPFvUTRhUEZxkAwMqCFZspAnCgupbIe4jgbDSCeZ0CPbiy8ukeVayz0vl23K+ejWPIwuOwDEoAhtcgCq4AXXQABg8gmfwCt6MJ+PFeDc+Zq0ZYz5zCP7A+PwBxeebTg==</latexit>

�n(G) = {vi|vi 2 V G, di = n}

𝑑 = 1 𝑑 = 2 𝑑 = 3 𝑑 = 4
2 4 0 1

<latexit sha1_base64="banTq9imggHM+rc+I+2XxUTkVSI=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEFkpJSlE3QqkLXUkF+4A2hMl00g6dTMLMRCihuPFX3LhQxK1f4c6/cdpmoa0HLhzOuZd77/EiRqWyrG8js7K6tr6R3cxtbe/s7pn7By0ZxgKTJg5ZKDoekoRRTpqKKkY6kSAo8Bhpe6Orqd9+IELSkN+rcUScAA049SlGSkuuedSLhtRN6reTwnXxslApwWoJWiVoF10zb5WtGeAysVOSBykarvnV64c4DghXmCEpu7YVKSdBQlHMyCTXiyWJEB6hAelqylFApJPMXpjAU630oR8KXVzBmfp7IkGBlOPA050BUkO56E3F/7xurPwLJ6E8ihXheL7IjxlUIZzmAftUEKzYWBOEBdW3QjxEAmGlU8vpEOzFl5dJq1K2z8rVu2q+Vk/jyIJjcAIKwAbnoAZuQAM0AQaP4Bm8gjfjyXgx3o2PeWvGSGcOwR8Ynz8Z+JQD</latexit>

�BN (G) = (2, 4, 0, 1)
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Induced Subgraph

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

v An induced subgraph is a subgraph 𝐺’ = (𝑉’, 𝐸’) consist of a 
subset of the nodes in the graph 𝐺 = (𝑉, 𝐸) and all edges that 
connect them 

<latexit sha1_base64="G/LKST0zbUxsSjFJbpeoiVe590w="></latexit>

E0 = {(vi, vj) | vi, vj 2 V 0, (vi, vj) 2 E}
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Induced Subgraph

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Not an 
induced 

subgraph

v An induced subgraph is a subgraph 𝐺’ = (𝑉’, 𝐸’) consist of a 
subset of the nodes in the graph 𝐺 = (𝑉, 𝐸) and all edges that 
connect them 

<latexit sha1_base64="G/LKST0zbUxsSjFJbpeoiVe590w="></latexit>

E0 = {(vi, vj) | vi, vj 2 V 0, (vi, vj) 2 E}
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Induced Subgraph

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Induced 
subgraph

Not an 
induced 

subgraph

v An induced subgraph is a subgraph 𝐺’ = (𝑉’, 𝐸’) consist of a 
subset of the nodes in the graph 𝐺 = (𝑉, 𝐸) and all edges that 
connect them 

<latexit sha1_base64="G/LKST0zbUxsSjFJbpeoiVe590w="></latexit>

E0 = {(vi, vj) | vi, vj 2 V 0, (vi, vj) 2 E}
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Graphlets

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

v Graphlets are non-isomorphic induced subgraph patterns of a 
particular size 𝑘 with all different combination of edge 
connections.

Ø 𝑘 = 3 graphlets

Ø 𝑘 = 4 graphlets
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Graphlets

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

v Graphlets are non-isomorphic induced subgraph patterns of a 
particular size 𝑘 with all different combination of edge 
connections.

Ø 𝑘 = 3 graphlets

Ø Graphlets is one instance of an isomorphism type

<latexit sha1_base64="fu6i9Qzf4P0bwfC/8i3kTp9weR4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPUY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9q7KlXqlVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3X3jLk=</latexit>, <latexit sha1_base64="fu6i9Qzf4P0bwfC/8i3kTp9weR4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcKuBPUY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9q7KlXqlVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3X3jLk=</latexit>,
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Graphlet Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

v Graphlet kernel counts k-minor graphlets on induced 
subgraphs of size 𝑘 in a graph 𝐺 of with V = 𝑛.

v They look at 3 −, 4 −, and 5 −minor subgraphs.
v The graphlet kernel is defined as

where

with 𝜎%(𝐺) the set of induced subgraphs of isomorphic type 𝜎%
in 𝐺.

<latexit sha1_base64="frsD8EoqdwYRaUcMRpx6UDUySYw="></latexit>

kGR (G,H) = h�GR(G),�GR (H)i

<latexit sha1_base64="a7L5LGdMel/g0CKS5I6Dh3WlVA0="></latexit>

�GR(G) =
1P

n |�n(G)| (|�1(G)| , . . . , |�N (G)|)
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Graphlet Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø
<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :
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Graphlet Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

• k=3 minors

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :

<latexit sha1_base64="oQ/kDpLc9iF6GgeDZEJi2pOlrLs="></latexit>✓
5
3

◆
= 10
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Graphlet Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

• k=3 minors

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :
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Graphlet Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

• k=3 minors

1

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :
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Graphlet Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

• k=3 minors

1 1

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :
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Graphlet Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

• k=3 minors

1 2

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :
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Graphlet Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

• k=3 minors

1 2 1

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :
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Graphlet Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

• k=3 minors

1 3 1

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :
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Graphlet Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

• k=3 minors

2 3 1

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :
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ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

• k=3 minors

2 3 1 1

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :
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ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

• k=3 minors

2 3 1 1

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :
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Graphlet Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

• k=3 minors

2 3 2 1

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :
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ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

• k=3 minors

2 3 3 1

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :
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ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

• k=4 minors

2 3 3 1

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :

<latexit sha1_base64="vtkhHMQ2PVjsGV+HLxwT9uwSPik="></latexit>✓
5
4

◆
= 5
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Ø

• k=4 minors

2 3 3 1 1

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :
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ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

• k=4 minors

2 3 3 1 1 1

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :
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Graphlet Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

• k=4 minors

2 3 3 1 1 1 1

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :
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Graphlet Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

• k=4 minors

2 3 3 1 1 2 1 1

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :
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Graphlet Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

• k=5 minors

2 3 3 1 1 2 1 1

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :

<latexit sha1_base64="mkwk6ctQJWLAwcPpAi2Vb3yonNk="></latexit>✓
5
5

◆
= 1
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Graphlet Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

• k=5 minors

2 3 3 1 1 2 1 1 1

<latexit sha1_base64="sjB4pCNLfhdK/3K+4E41cjW/j1o=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9FCPVewHdJeSTdM2NJsNSVYoS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpOFKFNEvNYdUKsKWeCNg0znHakojgKOW2H49uZ336iSrNYPJqJpEGEh4INGMHGSr4vR6yX1h+m5fp5r1hyK+4caJV4GSlBhkav+OX3Y5JEVBjCsdZdz5UmSLEyjHA6LfiJphKTMR7SrqUCR1QH6fzmKTqzSh8NYmVLGDRXf0+kONJ6EoW2M8JmpJe9mfif103M4DpImZCJoYIsFg0SjkyMZgGgPlOUGD6xBBPF7K2IjLDCxNiYCjYEb/nlVdK6qHiXlep9tVS7yeLIwwmcQhk8uIIa3EEDmkBAwjO8wpuTOC/Ou/OxaM052cwx/IHz+QMrhZEg</latexit>

�GR(G)

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :
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Graphlet Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

… …

2 3 3 1 0 1 2 0 0 1 0 1 0 0 0 … 1 …

<latexit sha1_base64="Bk1AqZ3Brov2FM7mbXrYBcs949U="></latexit>

�GR(G) = (
2

15
,
3

15
,
3

15
,
1

15
, 0,

1

15
,
2

15
, 0, 0,

1

15
, 0,

1

15
, 0, 0, 0, . . . ,

1

15
, . . . )

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :
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Graphlet Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø

v Computationally expensive, so only small graphlets.

v Small graphlets only look at the local structure.

… …

2 3 3 1 0 1 2 0 0 1 0 1 0 0 0 … 1 …

<latexit sha1_base64="Bk1AqZ3Brov2FM7mbXrYBcs949U="></latexit>

�GR(G) = (
2

15
,
3

15
,
3

15
,
1

15
, 0,

1

15
,
2

15
, 0, 0,

1

15
, 0,

1

15
, 0, 0, 0, . . . ,

1

15
, . . . )

<latexit sha1_base64="8+ox831G1nHGRKKc/pa8mllBofw=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqHgqevFYwX5Iu5Rsmm1Dk+ySZIWy9Fd48aCIV3+ON/+NabsHbX0w8Hhvhpl5YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaeJUU9agsYh1OySGCa5Yw3IrWDvRjMhQsFY4up36rSemDY/Vgx0nLJBkoHjEKbFOeuwaPpCkp6575YpX9WbAy8TPSQVy1Hvlr24/pqlkylJBjOn4XmKDjGjLqWCTUjc1LCF0RAas46gikpkgmx08wSdO6eMo1q6UxTP190RGpDFjGbpOSezQLHpT8T+vk9roKsi4SlLLFJ0vilKBbYyn3+M+14xaMXaEUM3drZgOiSbUuoxKLgR/8eVl0jyr+hfV8/vzSu0mj6MIR3AMp+DDJdTgDurQAAoSnuEV3pBGL+gdfcxbCyifOYQ/QJ8/pUqQUQ==</latexit>�n :

<latexit sha1_base64="6kYZwrnJdbrnwIt3dSS9JjnR/G0=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVouKp6MVjBfsB26Vk02wbmk2WJCuUbX+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etbRMFaFNIrlUnRBrypmgTcMMp51EURyHnLbD0d3Mbz9RpZkUj2ac0CDGA8EiRrCxkj/pajaIcU9Mbnrlilt150CrxMtJBXI0euWvbl+SNKbCEI619j03MUGGlWGE02mpm2qaYDLCA+pbKnBMdZDNT56iM6v0USSVLWHQXP09keFY63Ec2s4Ym6Fe9mbif56fmug6yJhIUkMFWSyKUo6MRLP/UZ8pSgwfW4KJYvZWRIZYYWJsSiUbgrf88ippXVS9y2rtoVap3+ZxFOEETuEcPLiCOtxDA5pAQMIzvMKbY5wX5935WLQWnHzmGP7A+fwBb8CRXQ==</latexit>

|�n| :

<latexit sha1_base64="O7v/nwIMiMZL3obGiJ5BBmAmZkE="></latexit>✓
n
k

◆
=

n(n� 1)(n� 2) · · · (n� k + 1)

k!
 nk



48

Neighborhood Aggregation-based Kernels 

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

v Compare two graphs based on their local structure.

v The underlying concept is to iteratively assign summary of the 
neighborhood attributes as the new attribute for each node.

v While each iteration aggregates local attributes, after a few 
iterations, each node attribute summarizes the extended 
neighborhood.

v One such method, namely Weisfeilier-Leman algorithm, was 
introduced to study isomorphism between two graphs.
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Weisfeilier-Leman Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

v Is a type of neighborhood aggregation kernels.
v Based on the WL test of isomorphism
v Label function 𝑙: 𝑉* ∪ 𝑉+ → Σ.

Ø Set initial label 𝑙"
. = 1 for each node 𝑣" ∈ 𝑉* ∪ 𝑉+.

Ø At each iteration, aggregate labels of neighboring nodes and 
construct a tuple of the current label 𝑙"

/01 and the multiset of 
the aggregated neighborhood labels.

Ø Relabel each unique tuple as 𝜎2
/ ∈ Σ(/).

Ø Set new labels 𝑙"
(/) as the corresponding 𝜎2

/ .

<latexit sha1_base64="QzLNs0syXOXuZLmR2hAHdbT/VLc=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQeuMFHVZdONKKtgHdOqQSdM2bSYzJJlCGecz3Pgrblwo4rY7/8b0IWjrgQsn59xL7j1eyKhUlvVlpJaWV1bX0uuZjc2t7R1zd68qg0hgUsEBC0TdQ5IwyklFUcVIPRQE+R4jNa9/PfZrAyIkDfi9Goak6aMOp22KkdKSa54ylz7EOXVi55NjJ3Zi5vZ+3vBx4PYcyuFtbuDSvJM4CXTNrFWwJoCLxJ6RLJih7JojpxXgyCdcYYakbNhWqJoxEopiRpKME0kSItxHHdLQlCOfyGY8OSyBR1ppwXYgdHEFJ+rviRj5Ug59T3f6SHXlvDcW//MakWpfNmPKw0gRjqcftSMGVQDHKcEWFQQrNtQEYUH1rhB3kUBY6SwzOgR7/uRFUj0r2OeF4l0xW7qaxZEGB+AQ5IANLkAJ3IAyqAAMnsALeAPvxrPxanwYn9PWlDGb2Qd/YIy+ASmQnpw=</latexit>

l(t�1)
i , {{l(t�1)

j |vj 2 N(vi)}}
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v The feature vectors 𝜙 / (𝐺) at each iteration can be used to 
compare the two graphs.

v The Weisfeilier-Leman graph kernel is defined as

where

with Σ(/) the set of labels at iteration 𝑡 and 𝜎"
(/) as

<latexit sha1_base64="BQ2402QVa9IqIAjipi3tqqBYCCk=">AAACKXicbVDLSgMxFM34tr6qLt0Ei2BByoyIuhGKLuzChYK1QqeUTHqnDc1khuSOUIb+jht/xY2Com79EdM64PNA4OScc0nuCRIpDLruqzMxOTU9Mzs3X1hYXFpeKa6uXZk41RzqPJaxvg6YASkU1FGghOtEA4sCCY2gfzLyGzegjYjVJQ4SaEWsq0QoOEMrtYvVfjtrnA23T3dorXzkSwjRl0x1JfhJT+ReeYd+3WplX4tuD309jrWLJbfijkH/Ei8nJZLjvF189DsxTyNQyCUzpum5CbYyplFwCcOCnxpIGO+zLjQtVSwC08rGmw7pllU6NIy1PQrpWP0+kbHImEEU2GTEsGd+eyPxP6+ZYnjYyoRKUgTFPx8KU0kxpqPaaEdo4CgHljCuhf0r5T2mGUdbbsGW4P1e+S+52q14+5W9i71S9TivY45skE2yTTxyQKqkRs5JnXByS+7JE3l27pwH58V5+4xOOPnMOvkB5/0D1Hil0g==</latexit>

kWL(G,H) = h�WL(G),�WL(H)i

<latexit sha1_base64="ffB8NetbwIYrnKFZvvmULVq+KeM="></latexit>

�WL(G) =
⇣
|�(0)

1 (G)|, . . . , |�(T )
|⌃(T )|(G)|

⌘

<latexit sha1_base64="YJMz+WgR+W3F04QKqzZhmFOiZeY="></latexit>

�(t)
n (G) =

n
vi | vi 2 V G, l(t)i = ⌃(t)

n

o
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Ø 𝑡 = 0
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="PKN5HWnBmcy8+qZNcR73G4hQAqM="></latexit>

G

<latexit sha1_base64="E9+bE5BeB87lf7dO1SKpdGbAfjw=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyWRom6EohuXFe0Dmlgm00k7dGYSZiZiCfkVNy4UceuPuPNvnLZZaOuBC4dz7uXee4KYUaUd59sqrKyurW8UN0tb2zu7e/Z+ua2iRGLSwhGLZDdAijAqSEtTzUg3lgTxgJFOML6e+p1HIhWNxL2exMTnaChoSDHSRurbZe+ODjl6SKvOSXbppa6X9e2KU3NmgMvEzUkF5Gj27S9vEOGEE6ExQ0r1XCfWfoqkppiRrOQlisQIj9GQ9AwViBPlp7PbM3hslAEMI2lKaDhTf0+kiCs14YHp5EiP1KI3Ff/zeokOL/yUijjRROD5ojBhUEdwGgQcUEmwZhNDEJbU3ArxCEmEtYmrZEJwF19eJu3TmntWq9/WK42rPI4iOARHoApccA4a4AY0QQtg8ASewSt4szLrxXq3PuatBSufOQB/YH3+ANIQk6o=</latexit>

⌃(0) = {1}

<latexit sha1_base64="gTILQk4EYLfDn6Rxk6stY3jiaE8="></latexit>

H
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Ø 𝑡 = 1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="PKN5HWnBmcy8+qZNcR73G4hQAqM="></latexit>

G
<latexit sha1_base64="gTILQk4EYLfDn6Rxk6stY3jiaE8="></latexit>

H
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Ø 𝑡 = 1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="PKN5HWnBmcy8+qZNcR73G4hQAqM="></latexit>

G
<latexit sha1_base64="gTILQk4EYLfDn6Rxk6stY3jiaE8="></latexit>

H

<latexit sha1_base64="XLDEp+M+OhsAJRvQWRHT+pJQADM="></latexit>

1, {{1, 1, 1, 1}}



54

Weisfeilier-Leman Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

Ø 𝑡 = 1

<latexit sha1_base64="pukKC4/a/4Vumdv9C1rDgxpFPro=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/bJXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3lW5Uq+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYObjMI=</latexit>

5

<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2
<latexit sha1_base64="PvkqMPf0KQ2ZiRgX4QPbidqMLN8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftkrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl76pcqVdK1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AICTjMA=</latexit>

3
<latexit sha1_base64="y+WDoqttszdexELZg6EJPDYoWM8=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxedi5c=</latexit>

4

<latexit sha1_base64="PKN5HWnBmcy8+qZNcR73G4hQAqM="></latexit>

G
<latexit sha1_base64="gTILQk4EYLfDn6Rxk6stY3jiaE8="></latexit>

H

<latexit sha1_base64="ub0VE6F1GIiIYbV8zrvbYuXCeW4="></latexit>

1, {{1}}

<latexit sha1_base64="ub0VE6F1GIiIYbV8zrvbYuXCeW4="></latexit>

1, {{1}}
<latexit sha1_base64="ub0VE6F1GIiIYbV8zrvbYuXCeW4="></latexit>

1, {{1}}
<latexit sha1_base64="ub0VE6F1GIiIYbV8zrvbYuXCeW4="></latexit>

1, {{1}}<latexit sha1_base64="ub0VE6F1GIiIYbV8zrvbYuXCeW4="></latexit>

1, {{1}}

<latexit sha1_base64="l1UvgIvOg3kyJRXKWc2RnKY6LKs="></latexit>

1, {{1, 1}}

<latexit sha1_base64="l1UvgIvOg3kyJRXKWc2RnKY6LKs="></latexit>

1, {{1, 1}}
<latexit sha1_base64="l1UvgIvOg3kyJRXKWc2RnKY6LKs="></latexit>

1, {{1, 1}}

<latexit sha1_base64="GTdjUVq07EpvKpnUjoBA9F/eLb8="></latexit>

1, {{1, 1, 1}}

<latexit sha1_base64="GTdjUVq07EpvKpnUjoBA9F/eLb8="></latexit>

1, {{1, 1, 1}}

<latexit sha1_base64="GTdjUVq07EpvKpnUjoBA9F/eLb8="></latexit>

1, {{1, 1, 1}}

<latexit sha1_base64="GTdjUVq07EpvKpnUjoBA9F/eLb8="></latexit>

1, {{1, 1, 1}}

<latexit sha1_base64="XLDEp+M+OhsAJRvQWRHT+pJQADM="></latexit>

1, {{1, 1, 1, 1}}

<latexit sha1_base64="XLDEp+M+OhsAJRvQWRHT+pJQADM="></latexit>

1, {{1, 1, 1, 1}}<latexit sha1_base64="XLDEp+M+OhsAJRvQWRHT+pJQADM="></latexit>

1, {{1, 1, 1, 1}}

<latexit sha1_base64="GTdjUVq07EpvKpnUjoBA9F/eLb8="></latexit>

1, {{1, 1, 1}}
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<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2

<latexit sha1_base64="y+WDoqttszdexELZg6EJPDYoWM8=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxedi5c=</latexit>

4

<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2

<latexit sha1_base64="y+WDoqttszdexELZg6EJPDYoWM8=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxedi5c=</latexit>

4
<latexit sha1_base64="pukKC4/a/4Vumdv9C1rDgxpFPro=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/bJXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3lW5Uq+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYObjMI=</latexit>

5

<latexit sha1_base64="PvkqMPf0KQ2ZiRgX4QPbidqMLN8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftkrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl76pcqVdK1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AICTjMA=</latexit>

3

<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2

<latexit sha1_base64="PvkqMPf0KQ2ZiRgX4QPbidqMLN8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftkrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl76pcqVdK1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AICTjMA=</latexit>

3
<latexit sha1_base64="y+WDoqttszdexELZg6EJPDYoWM8=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxedi5c=</latexit>

4

<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2

<latexit sha1_base64="y+WDoqttszdexELZg6EJPDYoWM8=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxedi5c=</latexit>

4
<latexit sha1_base64="pukKC4/a/4Vumdv9C1rDgxpFPro=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/bJXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3lW5Uq+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYObjMI=</latexit>

5

<latexit sha1_base64="PKN5HWnBmcy8+qZNcR73G4hQAqM="></latexit>

G
<latexit sha1_base64="gTILQk4EYLfDn6Rxk6stY3jiaE8="></latexit>

H

<latexit sha1_base64="pukKC4/a/4Vumdv9C1rDgxpFPro=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/bJXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3lW5Uq+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYObjMI=</latexit>

5

<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2
<latexit sha1_base64="PvkqMPf0KQ2ZiRgX4QPbidqMLN8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftkrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl76pcqVdK1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AICTjMA=</latexit>

3
<latexit sha1_base64="y+WDoqttszdexELZg6EJPDYoWM8=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxedi5c=</latexit>

4

<latexit sha1_base64="ub0VE6F1GIiIYbV8zrvbYuXCeW4="></latexit>

1, {{1}}
<latexit sha1_base64="l1UvgIvOg3kyJRXKWc2RnKY6LKs="></latexit>

1, {{1, 1}}
<latexit sha1_base64="GTdjUVq07EpvKpnUjoBA9F/eLb8="></latexit>

1, {{1, 1, 1}}
<latexit sha1_base64="XLDEp+M+OhsAJRvQWRHT+pJQADM="></latexit>

1, {{1, 1, 1, 1}}

<latexit sha1_base64="09nE0Vj3/iMo8BHuQASAJ4+ZHWs="></latexit>

⌃(1) = {2, 3, 4, 5}
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<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2

<latexit sha1_base64="y+WDoqttszdexELZg6EJPDYoWM8=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxedi5c=</latexit>

4

<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2

<latexit sha1_base64="y+WDoqttszdexELZg6EJPDYoWM8=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxedi5c=</latexit>

4
<latexit sha1_base64="pukKC4/a/4Vumdv9C1rDgxpFPro=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/bJXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3lW5Uq+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYObjMI=</latexit>

5

<latexit sha1_base64="PvkqMPf0KQ2ZiRgX4QPbidqMLN8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftkrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl76pcqVdK1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AICTjMA=</latexit>

3

<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2

<latexit sha1_base64="PvkqMPf0KQ2ZiRgX4QPbidqMLN8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftkrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl76pcqVdK1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AICTjMA=</latexit>

3
<latexit sha1_base64="y+WDoqttszdexELZg6EJPDYoWM8=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxedi5c=</latexit>

4

<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2

<latexit sha1_base64="y+WDoqttszdexELZg6EJPDYoWM8=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxedi5c=</latexit>

4
<latexit sha1_base64="pukKC4/a/4Vumdv9C1rDgxpFPro=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/bJXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3lW5Uq+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYObjMI=</latexit>

5

<latexit sha1_base64="PKN5HWnBmcy8+qZNcR73G4hQAqM="></latexit>

G
<latexit sha1_base64="gTILQk4EYLfDn6Rxk6stY3jiaE8="></latexit>

H

<latexit sha1_base64="qX2K2nsK8eBOLh3BcuHLh12o+ZI="></latexit>

5, {{2, 2, 4, 4}}
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<latexit sha1_base64="rjnuKgVwPaYz64kdE1Whe8P42dU="></latexit>

6
<latexit sha1_base64="1XA74vgOUHWsODD/x6CxNh2G5gI="></latexit>

7
<latexit sha1_base64="uyuex81smVCVQPaLj/FUWk8TkaM="></latexit>

8
<latexit sha1_base64="9w9coeyZwpjEIWD0p6G3YU7PkL8="></latexit>

9

<latexit sha1_base64="++yXFNczbyH+kygGz825+XpLbNs="></latexit>

10
<latexit sha1_base64="lT+1RDuevRR3zpZlQUm/FUg3Puw="></latexit>

11
<latexit sha1_base64="/TTdAS7c7XGS5ZWskckpR5qrjG0="></latexit>

12
<latexit sha1_base64="/iCveds2+gVTqRHbJJAtQC+Vx/I="></latexit>

13

<latexit sha1_base64="PKN5HWnBmcy8+qZNcR73G4hQAqM="></latexit>

G
<latexit sha1_base64="gTILQk4EYLfDn6Rxk6stY3jiaE8="></latexit>

H

<latexit sha1_base64="XnU9OgZjB49baZU0rcSylEOT7Hc="></latexit>

2, {{4}}
<latexit sha1_base64="3ZMNWXLafbOYfS+SwxZQzESxcNU="></latexit>

2, {{5}}
<latexit sha1_base64="rQaaksLr/FcalBnHt8MPNAiRXs0="></latexit>

3, {{4, 4}}
<latexit sha1_base64="R+nkNOCCnftpcnuF+iZb1fZ8S08="></latexit>

3, {{4, 5}}

<latexit sha1_base64="3ZMNWXLafbOYfS+SwxZQzESxcNU="></latexit>

2, {{5}}<latexit sha1_base64="3ZMNWXLafbOYfS+SwxZQzESxcNU="></latexit>

2, {{5}}<latexit sha1_base64="3ZMNWXLafbOYfS+SwxZQzESxcNU="></latexit>

2, {{5}}
<latexit sha1_base64="XnU9OgZjB49baZU0rcSylEOT7Hc="></latexit>

2, {{4}}

<latexit sha1_base64="rQaaksLr/FcalBnHt8MPNAiRXs0="></latexit>

3, {{4, 4}}
<latexit sha1_base64="R+nkNOCCnftpcnuF+iZb1fZ8S08="></latexit>

3, {{4, 5}}

<latexit sha1_base64="ZwUgVcxVBEXiDzYdm6nCvi0p2bQ="></latexit>

5, {{2, 3, 4, 4}}

<latexit sha1_base64="qX2K2nsK8eBOLh3BcuHLh12o+ZI="></latexit>

5, {{2, 2, 4, 4}}

<latexit sha1_base64="SjNOiN5b+wcBbgd6Bu7Pl0Id3Ac="></latexit>

4, {{3, 4, 5}}

<latexit sha1_base64="ysruwNpdR37orqASdrd03Bpg6AQ="></latexit>

4, {{2, 4, 5}}

<latexit sha1_base64="ysruwNpdR37orqASdrd03Bpg6AQ="></latexit>

4, {{2, 4, 5}}

<latexit sha1_base64="SjNOiN5b+wcBbgd6Bu7Pl0Id3Ac="></latexit>

4, {{3, 4, 5}}

<latexit sha1_base64="SjNOiN5b+wcBbgd6Bu7Pl0Id3Ac="></latexit>

4, {{3, 4, 5}}

<latexit sha1_base64="SjNOiN5b+wcBbgd6Bu7Pl0Id3Ac="></latexit>

4, {{3, 4, 5}}

<latexit sha1_base64="ZwUgVcxVBEXiDzYdm6nCvi0p2bQ="></latexit>

5, {{2, 3, 4, 4}}
<latexit sha1_base64="qX2K2nsK8eBOLh3BcuHLh12o+ZI="></latexit>

5, {{2, 2, 4, 4}}
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<latexit sha1_base64="1XA74vgOUHWsODD/x6CxNh2G5gI="></latexit>

7
<latexit sha1_base64="1XA74vgOUHWsODD/x6CxNh2G5gI="></latexit>

7
<latexit sha1_base64="1XA74vgOUHWsODD/x6CxNh2G5gI="></latexit>

7
<latexit sha1_base64="rjnuKgVwPaYz64kdE1Whe8P42dU="></latexit>

6

<latexit sha1_base64="uyuex81smVCVQPaLj/FUWk8TkaM="></latexit>

8
<latexit sha1_base64="9w9coeyZwpjEIWD0p6G3YU7PkL8="></latexit>

9

<latexit sha1_base64="++yXFNczbyH+kygGz825+XpLbNs="></latexit>

10

<latexit sha1_base64="lT+1RDuevRR3zpZlQUm/FUg3Puw="></latexit>

11<latexit sha1_base64="lT+1RDuevRR3zpZlQUm/FUg3Puw="></latexit>

11

<latexit sha1_base64="lT+1RDuevRR3zpZlQUm/FUg3Puw="></latexit>

11
<latexit sha1_base64="/iCveds2+gVTqRHbJJAtQC+Vx/I="></latexit>

13
<latexit sha1_base64="/TTdAS7c7XGS5ZWskckpR5qrjG0="></latexit>

12

<latexit sha1_base64="PKN5HWnBmcy8+qZNcR73G4hQAqM="></latexit>

G
<latexit sha1_base64="gTILQk4EYLfDn6Rxk6stY3jiaE8="></latexit>

H

<latexit sha1_base64="rjnuKgVwPaYz64kdE1Whe8P42dU="></latexit>

6
<latexit sha1_base64="1XA74vgOUHWsODD/x6CxNh2G5gI="></latexit>

7
<latexit sha1_base64="uyuex81smVCVQPaLj/FUWk8TkaM="></latexit>

8
<latexit sha1_base64="9w9coeyZwpjEIWD0p6G3YU7PkL8="></latexit>

9

<latexit sha1_base64="++yXFNczbyH+kygGz825+XpLbNs="></latexit>

10
<latexit sha1_base64="lT+1RDuevRR3zpZlQUm/FUg3Puw="></latexit>

11
<latexit sha1_base64="/TTdAS7c7XGS5ZWskckpR5qrjG0="></latexit>

12
<latexit sha1_base64="/iCveds2+gVTqRHbJJAtQC+Vx/I="></latexit>

13

<latexit sha1_base64="XnU9OgZjB49baZU0rcSylEOT7Hc="></latexit>

2, {{4}}
<latexit sha1_base64="3ZMNWXLafbOYfS+SwxZQzESxcNU="></latexit>

2, {{5}}
<latexit sha1_base64="rQaaksLr/FcalBnHt8MPNAiRXs0="></latexit>

3, {{4, 4}}
<latexit sha1_base64="R+nkNOCCnftpcnuF+iZb1fZ8S08="></latexit>

3, {{4, 5}}
<latexit sha1_base64="ZwUgVcxVBEXiDzYdm6nCvi0p2bQ="></latexit>

5, {{2, 3, 4, 4}}

<latexit sha1_base64="qX2K2nsK8eBOLh3BcuHLh12o+ZI="></latexit>

5, {{2, 2, 4, 4}}

<latexit sha1_base64="SjNOiN5b+wcBbgd6Bu7Pl0Id3Ac="></latexit>

4, {{3, 4, 5}}

<latexit sha1_base64="ysruwNpdR37orqASdrd03Bpg6AQ="></latexit>

4, {{2, 4, 5}}
<latexit sha1_base64="pRyldHKmWX5N8BvuaHLpEkHWmM4="></latexit>

⌃(2) = {6, 7, 8, 9, 10, 11, 12, 13}
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<latexit sha1_base64="PKN5HWnBmcy8+qZNcR73G4hQAqM="></latexit>

G
<latexit sha1_base64="gTILQk4EYLfDn6Rxk6stY3jiaE8="></latexit>

H

<latexit sha1_base64="ASOabeiEkwhuWUeKTUfUgBIFIGM="></latexit>

⌃(2)
<latexit sha1_base64="DwOgzvCTi/ZCCeapSnYo+5C/4y0="></latexit>

⌃(1)
<latexit sha1_base64="FiZjsQD9c7pAvhgf2j0zRJ4hWW4="></latexit>

⌃(0)

<latexit sha1_base64="jB+s7YOYwzUk02Ee0dqDiaxGzlg="></latexit>

�WL(G)
<latexit sha1_base64="fiyoIlsTG2ky4g7WBhhrIpCvFyY="></latexit>

�WL(H)

Ø



60

Weisfeilier-Leman Kernel

ACMS 80770: Deep Learning with Graphs, Navid Shervani-Tabar

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

6

6

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1
<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="DSs/otLGM3tGcbw7Y+b2owP1uy4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptcvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfYuMvg==</latexit>

1

<latexit sha1_base64="PKN5HWnBmcy8+qZNcR73G4hQAqM="></latexit>

G

<latexit sha1_base64="jB+s7YOYwzUk02Ee0dqDiaxGzlg="></latexit>

�WL(G)
<latexit sha1_base64="fiyoIlsTG2ky4g7WBhhrIpCvFyY="></latexit>

�WL(H)

<latexit sha1_base64="gTILQk4EYLfDn6Rxk6stY3jiaE8="></latexit>

H

<latexit sha1_base64="ASOabeiEkwhuWUeKTUfUgBIFIGM="></latexit>

⌃(2)
<latexit sha1_base64="DwOgzvCTi/ZCCeapSnYo+5C/4y0="></latexit>

⌃(1)
<latexit sha1_base64="FiZjsQD9c7pAvhgf2j0zRJ4hWW4="></latexit>

⌃(0)

Ø
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1 2 3 4 5 6 7 8 9 10 11 12 13

6 2 1 2 1

6 2 1 2 1

<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2

<latexit sha1_base64="y+WDoqttszdexELZg6EJPDYoWM8=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxedi5c=</latexit>

4

<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2

<latexit sha1_base64="y+WDoqttszdexELZg6EJPDYoWM8=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxedi5c=</latexit>

4
<latexit sha1_base64="pukKC4/a/4Vumdv9C1rDgxpFPro=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/bJXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3lW5Uq+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYObjMI=</latexit>

5

<latexit sha1_base64="PvkqMPf0KQ2ZiRgX4QPbidqMLN8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftkrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl76pcqVdK1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AICTjMA=</latexit>

3

<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2

<latexit sha1_base64="PvkqMPf0KQ2ZiRgX4QPbidqMLN8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftkrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl76pcqVdK1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AICTjMA=</latexit>

3
<latexit sha1_base64="y+WDoqttszdexELZg6EJPDYoWM8=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxedi5c=</latexit>

4

<latexit sha1_base64="YMsxORc1qROyZt/Sshecb25Lu40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNqql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH8PjL8=</latexit>

2

<latexit sha1_base64="y+WDoqttszdexELZg6EJPDYoWM8=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1VnqoDypVr+YtQNaJX5AqFGgOKl/9YcKyGKVhgmrd873UBDlVhjOBM7efaUwpm9AR9iyVNEYd5ItDZ+TcKkMSJcqWNGSh/p7Iaaz1NA5tZ0zNWK96c/E/r5eZ6CbIuUwzg5ItF0WZICYh86/JkCtkRkwtoUxxeythY6ooMzYb14bgr768TtqXNf+qVq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxedi5c=</latexit>

4
<latexit sha1_base64="pukKC4/a/4Vumdv9C1rDgxpFPro=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju5nfekKleSwfzDhBP6IDyUPOqLFS/bJXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU1440+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3lW5Uq+UqrdZHHk4gVM4Bw+uoQr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AYObjMI=</latexit>

5

<latexit sha1_base64="PKN5HWnBmcy8+qZNcR73G4hQAqM="></latexit>

G

<latexit sha1_base64="jB+s7YOYwzUk02Ee0dqDiaxGzlg="></latexit>

�WL(G)
<latexit sha1_base64="fiyoIlsTG2ky4g7WBhhrIpCvFyY="></latexit>

�WL(H)

<latexit sha1_base64="gTILQk4EYLfDn6Rxk6stY3jiaE8="></latexit>

H

<latexit sha1_base64="ASOabeiEkwhuWUeKTUfUgBIFIGM="></latexit>

⌃(2)
<latexit sha1_base64="DwOgzvCTi/ZCCeapSnYo+5C/4y0="></latexit>

⌃(1)
<latexit sha1_base64="FiZjsQD9c7pAvhgf2j0zRJ4hWW4="></latexit>

⌃(0)

Ø
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Weisfeilier-Leman Kernel
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1 2 3 4 5 6 7 8 9 10 11 12 13

6 2 1 2 1 0 2 1 0 0 2 1 0

6 2 1 2 1 1 1 0 1 1 1 0 1

<latexit sha1_base64="1XA74vgOUHWsODD/x6CxNh2G5gI="></latexit>

7
<latexit sha1_base64="1XA74vgOUHWsODD/x6CxNh2G5gI="></latexit>

7
<latexit sha1_base64="1XA74vgOUHWsODD/x6CxNh2G5gI="></latexit>

7
<latexit sha1_base64="rjnuKgVwPaYz64kdE1Whe8P42dU="></latexit>

6

<latexit sha1_base64="uyuex81smVCVQPaLj/FUWk8TkaM="></latexit>

8
<latexit sha1_base64="9w9coeyZwpjEIWD0p6G3YU7PkL8="></latexit>

9

<latexit sha1_base64="++yXFNczbyH+kygGz825+XpLbNs="></latexit>

10

<latexit sha1_base64="lT+1RDuevRR3zpZlQUm/FUg3Puw="></latexit>

11<latexit sha1_base64="lT+1RDuevRR3zpZlQUm/FUg3Puw="></latexit>

11

<latexit sha1_base64="lT+1RDuevRR3zpZlQUm/FUg3Puw="></latexit>

11
<latexit sha1_base64="/iCveds2+gVTqRHbJJAtQC+Vx/I="></latexit>

13
<latexit sha1_base64="/TTdAS7c7XGS5ZWskckpR5qrjG0="></latexit>

12

<latexit sha1_base64="PKN5HWnBmcy8+qZNcR73G4hQAqM="></latexit>

G

<latexit sha1_base64="jB+s7YOYwzUk02Ee0dqDiaxGzlg="></latexit>

�WL(G)
<latexit sha1_base64="fiyoIlsTG2ky4g7WBhhrIpCvFyY="></latexit>

�WL(H)

<latexit sha1_base64="gTILQk4EYLfDn6Rxk6stY3jiaE8="></latexit>

H

<latexit sha1_base64="ASOabeiEkwhuWUeKTUfUgBIFIGM="></latexit>

⌃(2)
<latexit sha1_base64="DwOgzvCTi/ZCCeapSnYo+5C/4y0="></latexit>

⌃(1)
<latexit sha1_base64="FiZjsQD9c7pAvhgf2j0zRJ4hWW4="></latexit>

⌃(0)

Ø
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Summary
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v Kernel Methods
v Isomorphism
v Graph kernel
v Graph kernel design
v Substructure-Based Kernels
v Bag of nodes kernel
v Bag of node degrees
v Induced subgraph
v Graphlet
v Graphlet kernel
v Neighborhood Aggregation-based Kernels
v Weisfeilier-Leman Kernel


