/N -WL: A New Hierarchy of Expressivity for Graph Neural Networks

. . s XRTA . Australian
Qing Wang, Dillon Chen, Asir1 Wijesinghe, Shouheng L1, and Muhammad Farhan National
"’, ICLR Graph Research Lab, School of Computing, Australian National University university
Introduction Main Results Graph Neighbourhood Neural Network
Is k-WL hierarchy a good yardstick for measuring expressivity of GNNs: e Increasing the order of induced subgraphs, the expressive power increases: e Graph Neighbourhood Neural Network (G3N) instantiates the 1deas of ./ -WL
Colouring nodes P Theorem algorithms for graph learning.
v  Local d=1 g=2 . ﬂ/_(t, d)-WL C ./V_(t'l'l,d)-WL
GNNG5 L I I eighibourhood L I I L I I L I j (Weak Hierarchy) . ) N
. . . f, [ afete S
Vo o Vo e Increasing the hops of neighbourhoods, the expressive power may decrease: O, ® 000 m|mimis
1 2\ 3\ \ ) " -
VS ( ) SO []
Colouring k-tuples TheOI’em ./V(t, d) 'WL Q ./V(t+1, d) 'WL | (d)/’/ U U
v, cilobal P (Strong Hierarchy) N (t,d)-WL C N (t,d+1)-WL @) © I
k—WL I V3I :I m,e,i,gl/\bourl/\oool> L I j I I j L Vi I ! 7} - - - > / i(e)
v v e Induced connected subgraphs remain the same expressive power: ¢ v, .
7 — {vl’VZ’ V3} NI(V) Nz(?) N3(7) Theorem //// > <
o Nt d)-WL = N (1. d)-WL I @j e
o o quivalence e
Neighbourhood WL Hierarchy S Nt B sls
X A4k A Ve 1o o o o
Neighbourhood WL (N -WL) hierarchy colours nodes via t-order induced sub- A/ VA (141) 0 N .
graphs within d-hop neighbourhoods: implies = COMBINE(hu s AGG(; yep i, (AGGSE SOy (POOL(S )) ))
—eo SN o o
d=3 . e ' e Graph classification
- =2 l I oo o Subgraph counts Subgraph counts Model ZINC ZINC Model MolHIV ~ MolHIV
- (no edge features) (edge features) (test) (validation)
O 9 — GCN 0.459=+0.006 0.321+0.009 GCN 0.76060.0097 0.8204+0.0141
I I l I:I T I k-WL \E ‘/’/-WL PPGN 0.407 +0.028 - GIN 0.7558+0.0140 0.8232+0.0090
GIN 0.387+0.015 0.163+0.004 GraphSNN  0.7851+0.0170 0.83590.0096
PNA 0.320+0.032 0.1880.004 PNA 0.79050.0132 -
, , k-WL  6-k-LWL  (k,s)-LWL  (k,c)(<)-SETWL | 4 (t,d)-WL  ¥°(t,d)-WL |
d-hgp nelgthMFhOOdS t_Order lnduced Subg}faphs = Col 1 ( ) ( ) ( ) DGN O.219i0.0lO 0.4_6810.003 DGN 0.797010.0097 -
b°0 Oture nk nk subset(n¥, s) Subset(zlq{:1 (Z), C) n n DEEP LRP*  0.223+0.008 - DEEP LRP* 0.7687+0.0180 0.81310.0088
o . ;1\;6.0 }Slb GSN* 0.140=0.006 0.115+0.012 GSN* 0.7799=x0.0100 0.86580.0084
A Simple Experiment objzlcis oaxk axk axk nXgq () subset(E'_,(“). 1) CIN* 0.11520003  0.0790.006 CIN* 0.80940.0057 i
AColoured G3N-(2,3) 0.165=0.018 0.128=0.015 G3N-(2,3) 0.7900x0.0134 0.8359=0.0061
A graph 1somorphism test on 312 pairs of simple graphs of 8 vertices: obiects k-tuples k-tuples  k-tuples < k-sets nodes nodes
o ANeighbour e Runtime analysis
o None-or-all 1;WL indistinguishable pairs objects k-tuples k-tuples k-tuples < k-sets t-sets <t-sets . . . . . s
None by 1-WL but all by 3-WL Sparsity X Y Y ./ X y S SRS o~ 1010: -~ g et I/_,,-* 12 '/‘,x 12 ./',,.,
-awareness 8 106 - N o o gy X 1o " -
° . . S 103 .,,l/ 104-./1/ 104_./‘/‘ © 104—Txf llllll 104—,/‘1/ llllll 104—,/‘1/ llllll
PI’OgI.ESSlV.E. Theorem I_WLEA/(l,l)_WLE/’/C(l,l)_WL T . . P R iééifé%é 1234t5678 1234t5678 1234t5678
Varvine with 4 and ¢t bv ./ -WL t t




