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Background: Transformer PE

 Positional Encoding (PE): relational bias in attention
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Motivation: Graph Transformer PE

 Positional Encoding: introducing
pair-wise relation beyond adjacency
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C Ying et al. “Do Transformers Really Perform Bad for Graph Representation?”. NeurlPS 2021.

=

o)
00 ~1 O ULk W N — O

egol 2 3456 78 9101112131415

00 =] & Ul = W N —

=}

11
12
13
14
15

egol 2 3 45 6 78 9101112131415
’ =

n .I

m
“mm R

|
11
12
13
14
15

=}

0.30

0.25

0.20

0.15

0.10

0.05

=0.00

0.04

0.02

0.00

Adjacency
PE

®

Too sparse

SPD
Encoding

—0.02 @

|0.04

Dense &
Informative



Method: Hub Labeling

« Hub Labeling: adding links to selected hub nodes — distant

node pairs can be easily reached through hubs

« Shortest Path Distance (SPD) can be computed through hubs
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T Akiba et al. “Fast exact shortest-path distance queries on large networks by pruned landmark labeling”. SIGMOD 2013.



Method: Hub Labeling
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Framework: Two-stage Processing

* Hub node — hierarchical subgraph — input token

« SPD value — positional encoding — attention bias
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Results: Complexity Analysis

* Only linear time & memory complexity

@ Insufficient memory

Taxonomy Model Precompute Time Train Time RAM Mem. GPU Mem. Scale
Vanilla ~ Graphormer O(n?) O(Ln*F) O(n?) O(Ln*F) 0.3K/0.6K
(FB) GRPE O(n?) O(Ln?F) O(n?) O(Ln?F) 0.3K/0.6K
GraphGPS [7] O(n?) O(LnF? + LmF) O(nF + n?) O(LnyF +m) 1.0K/3.0K
Kernel- Exphormer O(dn) O(LnF? + LmF) O(nF +m) O(LnyF + m) 0.2M/1.2M
based NodeFormer [6] -~ O(LnF? + LmF) O(nF +m) O(LnyF + m) 2.4M/60M
(NS)  DIFFormer [8] — O(LnF? + LmF) O(nF +m) O(LnyF + m) 1.6M/40M
PolyNormer [12] - O(LnF? + LmF) O(nF + m) O(LnyF +m) 2.4M/0.1B
NAGphormer [01|  O(LmF,) O(LnF?) O(LnF) O(Lny, F?) 2.4M/60M
Hierar. PolyFormer O(LmFy) O(LnF?) O(LnF) O(LnyF?) 0.2M/30M
chical ~ ANS-GT [1L3] O(ns?> + md®) O(LnF? + Lns*F + Lm)|O(nF + ns®> + md®)  O(LnyF + nys?) 20K/0.2M
(RS) GOAT O(nF) O(LnF? + LmF) O(nF +m) O(Ln? + LnyF +m) |2.9M/0.1B
eveeevressnnnnenn ASGT AL | O(n fmd?) O(LnE? + ImF) | .. O(nF +md”) ... O(Lng + LnpF + Lim) | 24M/0.1B
HubGT (ours) | O(ns® + ms) O(LnF? + Lns?F) O(nF + ns?) O(Lny F + nys?) 1.6M/0.1B

@ Decoupled mini-batch learning



Results: Experimental Evaluation

 Effectiveness: Expressive under heterophily

« Efficiency: Faster precomputation and inference

1

1

Heterophilous PENN94 GENIUS TWITCH-GAMER POKEC
Scale 41,554 /2,724,458 421,961 /1,845,736 168,114 /13,595,114 1,632,803 / 44,603, 928
Metrics Pre. Epoch Infer Acc Pre. Epoch Infer Acc Pre. Epoch Infer Acc Pre. Epoch Infer Acc
GCNJK - 0.35 0.04 65.91+0.16f - 0.06 0.03 80.65+0.07) -  0.15 0.03 59.91+042| - 0.06 0.09 59.38+0.21
MixHop - 0.31 0.04 75.00+0.37 - 0.08 0.01 80.63+0.04f - 0.11 0.01 61.80+0.01| - 0.15 0.03 64.02+0.02
SGFormer* - 095 0.5577.52+0.56| - 0.72 24 85.01+0.25| - 0.38 3.3 65.93+0.15| - 4.4 29 73.13+0.16
Exphormer (OOM) (OOM) 42 1.3 041 64.24+0.35 (OOM)
DIFFormer* | - 0.53 0.6561.77+3.41| - 0.77 5.5 84.52+036/ - 0.61 5.1 60.81+044| - 4.6 15 73.89+0.35
PolyNormer® | - 0.58 18.4 79.87+0.06| - 0.77 28 85.64+0.52| - 1.5 89 64.72+0.65| - 4.2 67 81.03+0.08
NAGphormer | 237 6.1 2.1 74.45+0.60, 38 5.4 1.0 83.88+0.13| 16 19 24 61.92+0.19] 70 16.1 3.1 73.06+0.05
ANS-GT (3889 42 4.9 67.76+1.32(34092 37 5.0 67.76+1.32112924 19 6.7 61.55+0.45 (OOM)
GOAT 1332 33 18 71.42+044|2664 28 39 80.12+2.32{3348 37 63 61.38+0.83(3855 760 804 (TLE)
QL (12 115 110 67.77x027) 21 | 98 114 84031024 68 235 233 61.60+0.09] 551 1420 1357..(ILE) ..
: HubGT (ours)| 7.3 3.4 0.29 78.13x043| 125 23 2.5 89.68+048| 49 12 1.2 67.03+2.17|5422 99 13 76.96+0.44

-------------------------------------------------------------------




Results: Experimental Evaluation

 Effectiveness: Expressive under heterophily

« Efficiency: Faster precomputation and inference
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