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Application: 12| §|O|E{ O0|'d

Graph Mining Algorithms

Inductive Logic Programming (WARMR, King ¢t al. 2001)

® Graphs are represented by Datalog facts

Graph Based Approaches
® Apriori-based approach

® AGM/AcGM: Inokuchu, et al. (PKDD’00)

® ['SG: Kuramochi and Karypis (ICDM’(01)

® PATH: Vanetik and Gudes (ICDM’02, ICDM’04)

® FFSM: Huan, et al. (ICDM’03) and SPIN: Huan et al. (KDD’04)

® ['TOSM: Horvath et al. (KDD’06)
® Pattern growth approach

® Subdue: Holder et al. (KDD94)

® MoFa: Borgelt and Berthold (ICDM'02)

® oSpan: Yan and Han (ICDM’02)

® (Gaston: Nijssen and Kok (KDD04)

® CMTreeMiner: Chi et al. (TKDE’05), LEAP: Yan et al. (SIGMOD'08)
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2. GNNEXxplainer Overview

Subgraph

GNN model training and predictions Explaning GNN'’s predictions
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https://ethz.ch/content/dam/ethz/special-interest/bsse/borgwardt-lab/documents/slides/CA10_GraphMining.pdf
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https://velog.io/@tobigs_xai/5%EC%A3%BC%EC%B0%A8-%EB%85%BC%EB%AC%B8%EB%A6%AC%EB%B7%B0-GNNEXxplainer-Generating-Explanations-for-Graph-Neural-Networks
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T2l ofEd =22 210{ (GDL)

Programs P, ::= 6 target € P =D*"xT

Descriptions 5 =0y | op € D =Dy wDg

Node Descriptions dy ::= node x <5>7 € Dy=Xxd?

Edge Descriptions 0 ::= edge (x,X) <$>? € Dp=XXXXO

Target Symbols t :=node x | edge (x,x) |graph € T =X (X xX)w {e}
Intervals ¢ :=[n’,n’] e ® =(Rw{-o00}) X (RW {c0})
Real Numbers n :=0.2)0.7|6|-8 ... € R

Variables x :=x|ylz]... € X

node x [— 00, 0] node x [— 00, 00}

nodey [—00, 00] node y [— 00, 00]

edge (x,y) "= node z [0.0, 0.0]
target graph edge (x, y)

edge (z,Y)
target graph

GDL program |

GDL program 2




T2l ofEd =22 210{ (GDL)

Programs P, ::= 6 target € P =D*"xT

Descriptions 5 =0y | op € D =Dy wDg

Node Descriptions dy ::= node x <5>7 € Dy=Xxd?

Edge Descriptions 0 ::= edge (x,X) <$>? € Dp=XXXXO

Target Symbols t :=node x | edge (x,x) |graph € T =X (X xX)w {e}
Intervals ¢ :=[n’,n’] e ® =(Rw{-o00}) X (RW {c0})
Real Numbers n :=0.2)0.7|6|-8 ... € R

Variables x :=x|ylz]... € X

node X [—00, o] node X [— 00, 00} node x [0.0,0.0]
node y [—00, 00] nodey [— 00, 0] target node x

edge (x,y) "= node z [0.0, 0.0]
target node x edge (x,y) GDL program 3

edge (z,y)
target node X

GDL program |

GDL program 2

o
X Y 7




T2l ofEd =22 210{ (GDL)

Programs P, ::= 6 target € P =D*"xT

Descriptions 5 =0y | ok € D =Dy wDg

Node Descriptions dy ::= node x <5>7 € Dy=Xxd?

Edge Descriptions 0 ::= edge (x,X) <$>? € Dp=XXXXO

Target Symbols t :=node x | edge (x,x) |graph € T =X (X xX)w {e}
Intervals ¢ :=[n’,n’] e ® =(Rw{-o00}) X (RW {c0})
Real Numbers n :=0.2)0.7|6|-8 ... € R

Variables x :=x|ylz]... € X

node x [—00, 00] node x [— 00, o0]
node y [— 00, 0] |

edge (x,y) "=
target edge (X, Yy)

node y [— 00, 0]
node z [0.0, 0.0]
edge (X, Y)

GDL program | edge (z,Y)
target edge (z,y)

GDL program 2

oo (cmm) e [@0o0)
X Y 7




T2 miE Ao T

Description Language (GDL) Project

P, =0 target t

0 ==0v | O

Node Descriptions &y ::= node x <¢>’

Edge Descriptions dg ::= edge (x,x) <5>?

Target Symbols t :=node x | edge (x,x) | graph

Programs
Descriptions

Intervals ¢ ==[n",n"]
Real Numbers n :=0.2|0.7|6/|-8 ...
Variables x u=xlylz]|...
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o 7|&: 28 =752 7|AIet5 B'E (Graph Neural Network)

Value of explalnablllty IS growmg fast

%,
Interpretable %,
Machine Learning

A correct predlctlon only partlally solves your
problem The model must also explain why. :;;
- Molnar [2022]

@ChristophMolnar
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o 7|&: 28 =752 7|AIet5 B'E (Graph Neural Network)

GNN

(Black box) (e.g., H171 U2)
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H= 747
J2i= O|o|E 22 oo =& 24t
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“12ff GfO[E

({[=c0. 0.5] = [[=20, 1], 1, 0.8)

([[ 0000]] [[ 0005]]207) *
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({[=c0. 0.5] = [[=20, 1], 1, 0.8)
( [[—oo, oo]]—»[[—oo, O.S]J’ 2’ ()7)
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, node y ([ 00, () 5])

| edge (y, x)
target node x

._13 L= (predecessor)s featureHFO\ 0.5 0\0f°| i':7f —’EIHoP’ ':
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f “Mell .. = (predecessor)S featuredxO| 0.5 O|5IQ! L= E7F Z=Xfef” "

21



22



“SZ& Lt E(successor)S featured O\ 0.5 0\ ol LLETJ Z=X|Ek

n2 |
o) (B0 p " )
@-@
n4 n3

T2 O|o|E 22 o 2= 41}

23



([[ 0000]] [[ 0005]]207) »

( (=0, 1], I,0.0)
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H= 747
J2i= O|o|E 22 oo =& 24t
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¢ * n2: (2, (== ool]*[t—oo,o-ﬂ])
@-@ 3, - )
n4 n3 n4: (2’ [[_°°’ °°]J_'[["°°’0'5]])

J2i= O|o|E 22 ool =& 24t
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(3) 2E LIYE THEO| HXY THEILCE 2L 2 42 JHA ojf 71X] (2)2 dHe

(4) B HEIS wtst ([ [—o0, oo] |a{[=00,00]], label I, |.0)



MefA (Bottom-up) GDL Z2 184 efd E112|&

5+ O|O|E{(T2H ) ; . EIAE0IE =1 (Q)

(1 7 FA) specific st 1] E—|(EII-O|- GDLEZT EH)I:IE-| INES,

O (7270~ (1T

| node v| ([I 0, O])
| node v2 ([0.0,0.0]) |
| node v3 ([0.0,0.0]) |
| node v4 ([0.0,0.0]) §
edge (v2,vl) '
| edge (v2,v3)
edge (v4, v3) _
| target node vl ,f
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&eFA (Bottom-up) GDL =13 g1/ H112|&

512 Cl0JE|(a2Hm) . ELZl 2jo]2 = 1 (Q)

1) 712 specificSt J_lHE* =X&st GDL 2124 '='E1 M“
»

(2) =T eSS CrfotA| ZtEelsto] LI =

11,0, 1.0]) <—( [0.0. 0.01| ={10.0.0.01 |< 1.0 |
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&eFA (Bottom-up) GDL =13 g1/ H112|&

512 Cl0JE|(a2Hm) . ELZl 2jo]2 = 1 (Q)

(1) 7t& speciﬁcéP Ih & (Eﬂ%P GDL EEJEH)':'H M“

(2) =T eSS CrfotA| ZtEelsto] LI =

11,0, 1.0]) <—( [0.0. 0.01| ={10.0.0.01 |< 1.0 |

(3) BE LIAE THEI0] SR| HEECE L2 HAS 71 nf 7] (2)2 e
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&eFA (Bottom-up) GDL =13 g1/ H112|&

512 Cl0JE|(a2Hm) . ELZl 2jo]2 = 1 (Q)

(1 7 & specific St 1] E—|(EII-O} GDLEZT F'_H)I:IE-| MIP

(2) =l IjRA S CreFotA| ZIEtslsto] LIE =

110, 1.0]] «—( 0.0, 0.01] —=»{ [0.0.0.0] 1.0 |

(3) 2 E LIQGE T{E 0| Sxf WEHCH U2 M4E 712 mf 7K (2)E Bt=
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* We split the dataset into 8:1:1 for training, validation, and testing m

Se Hlw

GCN GAT CHEBYNET JKNET GRAPHSAGE GIN DGCN | PL4XGL

MUTAG |80.0+0.0 89.0+2.2 86.0+4.1 68.0+7.5 78.0+44 91.0+54 N/A [100.0+0.0
BBBP 83.6+1.4 82.3+1.6 84.6+1.0 85.6+1.9 86.6+0.9 86.2+1.4 N/A 36.8+0.0
BACE 78.4+2.8 52.4+3.3 78.9+1.4 79.9+1.9 79.8+0.8 80.9+0.4 N/A | 80.9+0.0
BA-SHAPES [95.1+0.6 76.8+2.3 97.1+0.0 94.3+0.0 97.1+0.0 92.0+1.1 95.1+0.7 | 95.7+0.0
TREE-CYCLES|97.7+0.0 90.9+0.0 100.0+0.0 98.9+0.0 100.0+0.0 93.2+0.0 99.2+0.5|100.0+0.0
WISCONSIN |64.0+0.0 49.6+3.1 86.4+3.9 64.8+1.5 92.8+2.9 56.0+0.0 96.0+0.0| 88.0+0.0
TEXAS 67.7+5.3 50.0+0.0 87.7+2.1 68.8+4.3 86.6+2.6 50.0+0.0 86.6+2.6| 83.3+0.0
CORNELL |58.9+2.6 61.1+0.0 81.0+6.5 61.1+0.0 87.7+2.1 61.1+0.0 86.6+2.6 | 88.8+0.0
CoORA 85.6+0.3 86.4+1.8 86.5+5.2 84.9+3.5 86.3+3.2 86.7+0.0 83.2+5.9| 80.0+ 0.0
CITESEER |[75.2+0.0 74.3+0.7 79.1+0.9 73.7+4.2 75.9+2.3 75.2+0.0 71.3+6.0| 63.8+ 0.0
PuBsmMED [82.8+1.1 84.7+1.2 88.7+1.0 83.2+0.4 88.0+0.4 86.1+0.6 85.1+0.6 | 81.4+0.0
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T2 miE Ao T

Description Language (GDL) Project

P, =0 target t

0 ==0v | O

Node Descriptions &y ::= node x <¢>’

Edge Descriptions dg ::= edge (x,x) <5>?

Target Symbols t :=node x | edge (x,x) | graph

Programs
Descriptions

Intervals ¢ ==[n',n"]
Real Numbers n :=0.2|0.7|6/|-8 ...
Variables x u=xlylz]|...
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