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Semi-Supervised Classification with Graph Convolutional ...

TN Kipf A& We present a scalable approach for semi-supervised learning

on graph-structured data that is based on an efficient variant of convolutional ...
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Interpretable G

Machine Learning

A correct predlctlon only partlally solves your | | -
problem. The model must also explain why. a
- Molnar [2022]
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GNNExplainer: Generating Explanations for Graph Neural ...

RYing A= - 2019 - 11912| 212 — Here we propose GNNExplainer, the first general model-agnostic

§ approach for providing interpretable explanations for predictions of any GNN- ... _
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no xoo, \

target node X

g - gl

J2 oiEl H9d A0 (Graph Description Language)

P =D*xT

D ZDvaE

]DV=XX(I)d

Dr =X x X x ®°

T =X (XxX)w {¢}

¢ =(RW{-00}) X (RW {oo})
X -‘

Programs P :=§ target t

Descriptions d u=0dy | Ok

Node Descriptions Jy ::= node x <$>?

Edge Descriptions 0 ::= edge (x,x) <a>?

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

Intervals ¢ ==[n",n’]
t Real Numbers n 2=0.2|0.7/6/(-8...
Variables x ==x|ylz]|...
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, node x ([—00,0.5])
| nodey ([—00,]) |

| edge (x,y)
target edge (x y)

j node x {[—00, 00])

node y ([—00,0.5])

j edge (X’ )') |
| target edge (X, y)

(= =R
' _> ? 2’ 07)’
m»m 1,0.0)}

nodex ([ 00, oo])
| node y ([—o0, o0])
| edge (x,y)

i target edge (X, Y)
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node x ([—00,0.5])
| nodey ([—00,]) |

| edge (x,y)
target graph

V-V
OO

T2 O|O|E| G o 2= RE R BA & 2T

25



nl: (1, ([C)> @)
n2: (2, ({(=s0.2))>((-=.05)))
n3: (1, ((-.05))—>((=co, 1)) )
o (2, @D =19

(( (C=on)>E=50) , 1,0.8),

(((=e0.00h)) > (¢1-005) 2 0.7),

(=D, 1,0.0)}

n4 n3
2= O§|o| g

28 AT MY

20



N .'

1 (2, ([Cmam)- @)
n2: (1, ({(=s0.2))—>((-.05)))
n3: (2, (- .05))—>((=co, 1)) )
n4: (1, (Esl])->{(-x05) )

{( [=00.00m)>[1-051] , 1, 0.8),

(((=o0.0.5))>((I=e0.00D)) 2 0.7),

(=D, 1,0.0)}

n4 n3
2= O§|o| g

28 AT MY

27



(((=e0.00h)) > ¢1=0051) 2 0.7),

(=D, 1,0.0)}

nl: (1, ((005)]—>((=o.c0))
n2: (2, ({I=e0.]) > (((-0.057)))
n3: (1, ((t-0.0.50)]—>((=c0,0)) )
) RG]

28 At MY



K|

~~
-
3
O

=

g Zile]

(Top-
ot



30



| —‘{n I ’n3}‘ j

31






(2) =01Z ThE = CistA| ME2rst0] LIE = |:-| ig 7,;,4_1\_9 T2 MEH (LI EfAY)

o) T R , -

(3) 2E LIYE THEO| HXY THEILCE 2L 2 42 JHA ojf 71X] (2)2 dHe

33



([—00, 0]}

34



2Etst(Bottom-up) GDL =171 oM L2 |S

or& H|O[E(32E) . <— . O :label |
O . label 2

(1) 712 M=5tst THE (226t GDL T2 ) 2E| A=

({0101 < (c10.0. 0.01)) =>{(10.0.0.01)| €= (11.0. L.0D] < Score :0.5 | _linfsl

inlj| + |

node vI {[1.0,1.0]) |
node v2 {[0.0,0.0])
| node v3 ([0.0,0.0]) |
| node v4 ([0.0,0.0]) |
i edge (v2,vl) »
i edge (v2,v3)
i edge (v4,v3)

j target node vl
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(RQ I) YEIE H|m

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 | 86.8+0.0
BACE 78.4+2.8 52.4+3.3 78.9+14 79.9+1.9 79.8+0.8 80.9+0.4 N/A | 80.9+0.0
HIV 96.4+0.0 96.4+0.0 96.8+0.2 96.8+0.1 96.9+0.2 96.8+0.1 N/A N/A
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+39 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
CoRra 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
PuBMED [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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(RQ I) BT H|w

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+4.4 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 [86.8+0.0
BACE  |78.4+2.8 52.4+3.3 78.9+14 79.9+19 79.8+0.8 80.9+0.4 N/A [80.9+0.0]
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Label | (O]Z E2)) | Label 2 (AIOIZ) |

([L1])

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

TREE-CYCLES

97.740.0 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
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GCN GAT CHEBYNET JKNET GRAPHSAGE

GIN DGCN | PL4XGL

WISCONSIN
TEXAS
CORNELL

64.0+0.0 49.6+3.1 86.4+3.9 64.8+1.5
67.7+5.3 50.0£0.0 387.7+£2.1 63.8+4.3
58.9+2.6 61.1+£0.0 381.0+6.5 61.1+0.0

92.8+2.9
86.6+2.6
87.7+2.1

56.0+0.0 96.0+0.0{ 88.0+0.0
50.0+0.0 86.6+2.6| 83.3+0.0 |
61.1+0.0 86.6+2.6 | 88.8+0.0

CoRraAa
CITESEER
PUBMED

83.6+0.3 86.4+1.8 86.5+5.2 84.9+3.5
75.2+0.0 74.3+£0.7 79.1+0.9 73.7+4.2
82.8+1.1 84.7+1.2 88.7+1.0 83.2+0.4

86.3+3.2
75.9+2.3
33.0+0.4

86.7+0.0 83.2+5.9 [(80.0+ 0.0
75.2+0.0 71.3+6.0 | 63.8+ 0.0 |

48
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GCN GAT CHEBYNET JKNET GRAPHSAGE GIN DGCN | PL4XGL

HIV 96.4+0.0 96.4+0.0 96.8+0.2 96.8+0.1 96.9+0.2 96.8+0.1 N/A

18 2 HIO\H “'O_I HlVOﬂH iﬁOﬂ =i el
e HIVE E 104916372 O|FE0{ Xl G|O|E{All
o ATl 7|=2 48A|7F LHO|| 8t20| ZLI=X| 0{&
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¢ (RQ |) GNNZ} H| @3l HEH = HISHISE

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 | 86.8+0.0
BACE 78.4+2.8 52.4+3.3 78.9+14 79.9+1.9 79.8+0.8 80.9+0.4 N/A | 80.9+0.0
HIV 96.4+0.0 96.4+0.0 96.8+0.2 96.8+0.1 96.9+0.2 96.8+0.1 N/A N/A
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+39 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
CoRra 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
PuBMED [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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: PL4AXGL

e (RQ |) GNN+SubgraphX2} H|115}| trZS GNN + SubgraphX

Accumulated cost (m)

Accumulated cost (m)

T
MUTAG BBBP BACE BA-SHAPES
— ~— 140 1 —
12 c 150 —— GNN + SUBGRAPHX = —— GNN + SUBGRAPHX c
~ ~ 120 ~— 4000
. s ] PL4XGL = PLAXGL =
n n (7p]
O O 100 1 l®)
o) o 801 N —— GNN + SUBGRAPHX
0 =N E b b PL4XGL
@ @ 601 @@ 2000 1
] = . = =
4 c 50 & 401 -
5 ] —— GNN 4 SUBGRAPHX O 954 - = 1000
O J/,/ S 20 O
PL4XGL
0 | | | | | < 0 | | | | | < 0 < 0 -
0 5 10 15 20 0 50 100 150 200 0 05 50 75 100 125 150 0 10 20 30 40 50 60 70
# produced explanations # produced explanations # produced explanations # produced explanations
TEXAS o CORNELL WISCONSIN TREE-CYCLES
| — 707 —~351
50{ —— GNN + SUBGRAPHX ’g —— (GNN 4+ SuBcrAPHX [/~ c . —— GNN + SUBGRAPHX 530_ GNN + SUBGRAPHX
401 17 D 50 3 251
Q O O
© 60 101 50
30 §e. 3 T 2
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20 A _© 407 = =
E £ 201 c 1.0
10 =3 20 1 8 10 8
~ 8 <LE) / <LE) 0.5 1
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' ' ' ' ' ' ' ' . . . . . . . . 0 5 10 15 20 25
7+ produced explanations # produced explanations Proquiced explanations 7 produced explanations
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MUTAG
05l T SUBGRAPHX
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O
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PL4XGL
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Sparsity
2 =) 49| ZicHy

o57

Fidelity

—
p—t

=
-
|

=
e
|

O‘ it X| | —]
— &= = S ILL
BACE
SUBGRAPHX
PL4XGL
03 04 05 06 07 08 09
Sparsity




o AHO| [ (fidelity), I (Sparsity) H|

MUTAG BACE

| —— SUBGRAPHX SUBGRAPHX

=
e
|

Fidelity

Fidelity

N
DO

=
p—t
1
-
p—t

PL4XGL PL4AXGL
0.0 - 0.0 -

at&t Fidelity = 0.0 &0 EZ&HE
THEOREM 6.1. If PL4XGL classifies a graph G into a label i and provides a GDL program P as an
explanation, PL4XGL classifies all the subgraphs transformed from P into the same label i.

1 1 1 1 1 1 1 1 1 1 1 oy 3 1 1
29
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(RQ 3) M| &

MUTAG
o5l T SUBGRAPHX
0.41
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= 0.3
O
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0.1
PL4XGL
0.0 []
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TEXAS
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O
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o L2712 210 7|== 0|50 =28 28 7iser dgj
e SHAIOLO|C|O] |: 2= THEd TS =224 10 (GDL)
o o] OFO|C|O] 2: O = T T2 X5 gfd H1E|F

| JeH= mjEt B3 Z202HY 9o (GDL)

= 3 target ¢
=0y | O B
Sy ::= node x <@>’

Programs P
Descriptions 0

Node Descriptions

Edge Descriptions 0 := edge (x,x) <5>?

Target Symbols t :=node x | edge (x,x) | graph
Intervals ¢ ==[n',n’]

Real Numbers n ==0.2|0.7|6/[-8 ...
Variables X

=xlylz]...

= = StA] o =
JEHi -U-HE|_ il ]ch Xl—% oﬁl—)é;l EJ_'_E‘D
A
Top-down ]
i =l E=
R mN
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Graph Description Language

Programs P == targett

Descriptions O u=0dyv | dg

Node Descriptions 0y ::= node x <5>?

Edge Descriptions 0g := edge (x,Xx) <$>?

Target Symbols t :=node x | edge (x,x) | graph
Intervals ¢ ==[n’,n’]

Real Numbers n :=0.2]|0.7|61-8...
Variables x s=x|ylz]|...

Graph Isomorphism

OO
O~ GDL 7|t
12H= G|O|E O10|E
OO
" GDL 7|tt
GNN 23 7|



