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. Graph kernel method
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k(G,H)=<¢(G),p(H)= =
i * kernel = mner product on some space, e
~ which in turn defines a metric via dixyj=Vex-yxy=.
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Good math make it work: if a function k meets some criteria (p.d.kernel),

~then it’s an inner product of some space and a distance is well-defined. ()
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Graph kernel
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Idea, as much as | get from loannis’ talk




Homomorphism

pla) @b

mapping @: V)=V

s.t. (a,b) implies (@(a),@




(pla),p(b

1es

V({F)—=V(G) s.t. (a,b) impl
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Isomorphlsm via

~ homomorphlsm

G and H are isomorphic

it and only if
#HOM(F,G) = #HOM(F,H) for every graph F

Laszlo Lavasz, “Operations with structures” ,,
Acta Mathematlca Hungarica 1967




G and H are isomorphic

it and only 1t
HOM(F G) HOM(F H) for every graph F
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Color-refinement:

h?lll‘l@h(‘ 1€0m0rphlsm test

Given labeled graphs G and G’

Figures excerpted from j

Shervashldze et. al. 201».

© Ist iteration — ’E |
Result of steps 1 and 2: multiset-label determination and sorting '




Color-refinement

1st iteration |
Result of step 3: label compression 5
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Figures excerpted from

Shervashidze et. al. 2011}
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1st iteration ————
Result of step 4: relabeling :
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Color-refinement
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lst 1terat10n
Result of step 4: relabeling

Figures excerpted from

Shervashidze et. al. 201

" End of the Istiteration - —bj
Feature vector representations of G and G’ |

G)=(21,1,1,1,2,0,1,0,1,1,0,1) |

}
_— WLsubtree

Y (GY=01,21,1,1,1,1,0,1,1,0,1,1)
| | L |

] Wlsubtre

i Counts of Counts of
original compressed
node labels node labels

kWLgubtree(G’G’)_<¢SJ;‘sub ee(G) (oWLsubtr (G’)>_11
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Color

ultimate

color-refinement

1S test

h

1SO1MmMorp

algorithm

What 1s this vector?
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Indlstmgmshable under

color-refinement

' G and I are indistinguishable under color-
. refinement

it and only if
HOM(E,G)=HOM(K,H) for every tree K

Dell Grohe and Rattan, “L.ovasz Meets Weisfeiler and L.eman™ ,,
ICALP 2018
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Color-refinement

! f[rom l.ovasz’ perspective

color-refinement ultimate -
algorithm isomorphism test S
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f HOM(H)‘&]] lrees HOM<H>‘all graph‘s‘; .
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Color-refinement

. from Lovasz’ perspective
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Take-home message

tate-of-the-art graph kernel methods
work for a good reason, now with

theoretical support.”

“How can we use 1t?”
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