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Introduction
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QUESTION:
1. over-sampling used to graph data. However, it needs to additionally generate
topological information for newly synthesized nodes.

2. Self-training fails to achieve satisfactory performance in heavily-imbalanced scenarios
because the bias in the original training set results in unreliable predictions, which makes

the pseudo-labels used in ST highly noisy.

WORK:

1. UNREAL adds unlabeled nodes together with their pseudo-labels to the training set.
Since there is no need for syn-thesizing node features and topology, it overcomes
critical shortcomings of existing oversampling approaches.

2. Geometric Imbalance (Gl) issue in the embedding space and propose a metric
to measure Gl and discard imbalanced nodes
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Across different ratios, ST consistently outperforms vanilla model by a large
margin, which verifies the positive value of the unlabeled samples of graph-
structured data. As imbalance ratio increases, the performance of ST degrades
rapidly, which renders that ST is insufficient for high imbalance ratios.
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Training GNN

- e e e

A
]
I
I
s

]
ER i
1@ g,
'S 8
=1 @ °)
2 1
fi@k
m 1
1@
s —
S
‘00 @
.iD 0 0.8
g0 0z 0@z~
6:J Oz 0 @
1 1
\o-0 ©-@
_.\ llllllllllllllllllllllll f.
) 1
m m @r& \\alnl ml.. \\@ m
-1 , |
S
P 6 .............. )
=
ﬁﬁ.mi@ B
— 1
Y ¥
O i s e o i i e B rd
~
B e Sy . ~
s A Y
i Y
" \\\\AD“U \\\@ "
P ! o 1
A N
1 Y N el 1
: i x® "
_ i _
' O |
| @ _
! .. ltl 3 @ !
' - "
Vo @ "
] p | ]
,/ ,® \x

- =

-

ﬂAIignment

OJOROLTX)

I
I
1

r

o .

_——

Geometric Ranking
4
Confidence Ranking

0J6)

e e e -

_——— = = ——

®0O @
x “/;I

f
I
I
\

Discarding geometrically
imbalanced node

Node-Reordering

— = = ——



Chongging University
of Technology

0.700
h Unsupervised
0.675 p

§ 0.650
a{:-,5,25
0.601
g 0
3 0.575
< 0.550

0.525

Supervised

1.

@

0.500

0.34
0.32
0.30
So.28
Lo0.26
m0.24
0.22
0.20

i} 20 40 a0 80 100
Imbalance Ratio

(a) Cora-GCN

0.18

—=— Class1{Major)
== Class7(Minor}

1 2 3 4 5 6 7 8
Round

(c) Cora-GCN

@ UnSupervised
Qbis Supervised
\2\20550 m
-, 0.625 @
9]
@ 0.600 o
b
g 0575 ®
v}
< 0.550
0.525
2.560 0 20 40 60 80 100
Imbalance Ratio
(b) Cora-GAT
4
0.45 ~=— Class1l{Major)
040! Class7{Minor}
g 0.35
©
>0.30
2
o 0.25
0.20
0.15

1 2 3 4 5 6 7 8
Round

(d) Cora-GAT

ATAI
Advanced Technique of
Artificial Intelligence



Chongging University LAt

Advanced Technique of
of Technology Artificial Intelligence

Overview

Geometric Imbalance

@ Co(majorn) = ® @ o @
@ Ci(major) Y ®

) C2(major) seads ® <?/.
@® C3(major) :a-:.":':- 2 ©
@® C4(minor) 2500 ._\' ' ® P
i L] - ® 7
@ C5(minor) o
= ..0 .'t: B iLIhLzl
. Cﬁ(m'nﬁr} . ..I::-.. |L2| <7 DGlN . *
esfe v g * . _
© unlabeled . o i levenifiz<13 @ v
LY : ..-f : :-':4"';;' :
.o‘.:.:...::: :o‘t'l..:"‘- l.:o s ..%
.: ":.'..:-.1.. L] .. : ‘. ::: :... . .: .. -
|la.{ru'_.. . ® . 't 480 _ o
L AN R0
A R
Lo e
MR O | L
-‘,.':I'
* o




L ATAI
@ Chongging University Advanced Technique of

of Technology Artificial Intelligence

Training GNN
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Method
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\ Confidence Ranking g ¥
Node-Reordering NN — max{rm, 1 —rm}Sm +min{rm, L — rm} - Trn.

(7)
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Geometric Imbalance
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Dataset Cora CiteSeer PubMed Amazon-Computers
Imbalance Ratio (p = 10) bAcc. Fl bAcc. Fl bAcc. Fl bAcc. F1
Vanilla 62.82+143 6167159 38721188 2874+321 65641172 5697+x3.17 8001071 71.56=0.81
Re-Weight 65.36 £ 1.15 6497139 4469+ 1.78 3861 +£237 69.06+1.84 6408297 80931130 73991220
PC Softmax 68.04 082 67.84+0.81 50.184055 46.14+£0.14 72461080 7027 £094 81541076 73.30£0.51
BalancedSoftmax 6998 £ 0.58 68.68 055 55524097 5374+£142 73731089 7153+1.06 8l46+0.74 7431 40.51
GraphSMOTE 66.39 +0.56 6549+ 093 4487+ 1.12 3920+ 1.62 6791 +0.64 6268+ 192 7948+ 0.47 72.63+0.76
Renode 6703+ 141 6716+ 1.67 43474222 3752+3.10 71.40+142 67.27+296 81.89+0.77 73.13+1.60
GraphENS 70.89 £0.71 7090+ 081 56.571+098 5529+133 7213+1.04 70.72+1.07 82404039 74264 1.05
BalancedSoftmax+TAM 6994 £045 6954 £047 5673071 56.15+£0.78 7462+097 7225+130 8236+£0.67 72941143
Renode+TAM 68.26 - 1.84 68.11 £1.97 4620+ 1.17 3996+276 72.63+203 6828 £330 8036+1.19 72.51+0.68
GraphENS4+TAM 71.694+036 72.14+051 58.01+068 5632+1.03 74144142 72424139 81.02+099 70.78 +1.72
UNREAL 78.33 + 1.04 7644 + 1.06 65.63 + 1.38 6494 + 1.38 7535+ 1.41 73.65+ 1.43 8508 + 0.38 75.27 + 0.23
A +6.64 +4.30 +7.62 +8.62 +1.21 +1.23 +2.68 +0.96
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Vanilla 6233+ 1.5 61.82+1.84 38844+1.13 3125164 6460+ 1.64 5524280 79.044+1.60 70.00+2.50
Re-Weight 6687 £ 097 06662+ 1.13 4547 +235 40.60£298 o68.10£2.85 63.76+3.54 8038+0.66 6999 +£0.76
PC Softmax 66.69 £0.79 6604 £1.10 5078 £ 1.66 48561208 7T288+0.83 71.09x+089 7943+094 71.33£0.86
BalancedSoftmax 67.894+036 6796 +041 5478+1.25 5183211 72304120 6930x1.79 8202+ 1.19 7294+ 1.54
GraphSMOTE 66.71 £0.32 6501 £1.21 4568+093 3896+097 6743+1.23 6197+254 7938+197 69.76 £+ 2.31
Renode 67331079 06808 +1.16 4448+206 3793+£287 6993+2.10 6527+290 76.01+1.08 66.72+142
GraphENS 7045+ 1,25 6987 132 51454+ 128 4798+£208 73.15+1.24 7190103 81.234+0.74 71.234+042
BalancedSoftmax+TAM 69.16 £ 0.27 6939+ 037 5630+£1.25 5387+£1.14 7T350+£1.24 71361199 7T554+£209 6669+ 144
Renode+TAM 6750+ 0.67 68.06 096 4512+141 3929+1.79 7066+2.13 6694354 7T430+1.13 66.13£1.75
GraphENS+TAM 7015 +0.18 7000+ 040 56.15+1.13 5431168 73454+1.07 7210036 81.07+1.03 71.27+ 198
UNREAL 7891 + 0.59 7599 + 047 6410+ 1.49 63.44 +147 7468 +1.43 72.78 4+ 0.89 85.62+ 0.44 7534 + 0.99
A +8.46 +5.99 +7.80 +9.13 +1.23 +0.68 +3.60 +2.40
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Vanilla 61.82+097 6097 £1.07 43.18+0.52 3666+ 125 68.68+1.51 64.16+238 7236+239 64.32+2.21
Re-Weight 63.94 £ 1.07 63821130 46171132 40.13+£1.68 69891160 65711231 7608L1.14 6576L1.40
PC Softmax 6579070 66.04 =092 50661099 4748166 71491094 7023067 74631301 6644 =404
BalancedSoftmax 6743 +£0.61 67.66+0.69 51.744+232 49.01 £3.16 7136+ 137 69.66+ 1.81 73.67+1.11 6523 +244
GraphSMOTE 61651034 60971098 42731+287 3518+1.75 66631065 61971254 71851098 68.921+0.73
Renode 6684 +£1.78 67.08 = 1.75 4865+ 1.37 4425+220 7137133 6778+ 138 77371074 6842+ 1.81
GraphENS 68.74 £ 046 68.34 £0.33 5351+078 5142+1.19 7097+£078 70.00+122 8257+0.50 71.95%0.51
BalancedSoftmax+TAM 69.03 £092 69.03 1097 51931219 48671325 72281147 710241131 7700293 70.851+2.28
Renode+TAM 6728 £ 1.11 67.15+1.11 48394176 43561231 71.25+1.07 68.69+098 7487+225 66871252
GraphENS+TAM 70454+ 074 7040+ 0.75 54.694+1.12 5356+ 1.86 73.614+135 7250+ 1.58 82.17+093 72.46 + 1.00
UNREAL 7599 £ 098 73.63 = 1.23 6645 +0.39 6583030 7478 +1.30 72.80+0.54 83.21+1.50 70.81+£1.70
A +5.44 +3.23 +11.76 +12.77 +1.07 +0.30 +0.64 -1.65




ATAI
Advanced Technique of
Artificial Intelligence

Chongging University
’ of Technology

Dataset (Computers-Random) GCN GAT

SAGE
Imbalance Ratio(p = 25.50) bAcc. Fl1 bAcc. Fl1 bAcc. Fl
Vanilla 7843+ 041 77.144+0.39 71.35+1.18 69.60 + 1.11 6530+ 1.07 6477+ 1.19
Re-Weight 80.49 =044 75071058 71.95+£0.80 70.67 051 6650+1.47 66101146
PC Softmax 81.34 £ 0.55 75.17+0.57 7056+ 146 67.26 =148 69.73+0.53 67.03 0.6
BalancedSoftmax 81.39 £0.25 74.54+0.64 72.09+0.31 6838+0.69 73.80+1.06 69.74+ 0.60
GraphSMOTE 80.50 £ 1.11 73.79+0.14 7198 +0.21 6798 +0.31 72.69+0.82 68.73 +1.01
Renode 81.64 £034 7687032 7280+094 7140097 7094+1.50 70.04+1.16
GraphENS 82.66 £0.61 7655017 7525085 7149054 7T7.641+£052 72.6510.53
BalancedSoftmax+TAM 81.64 048 7559+0.83 7400077 7072050 73771126 71.03+0.69
Renode+TAM 8050+ 111 757941014 7198+021 70981031 72691082 70.7341.01
GraphENS+TAM 8283 +0.68 76.76+0.39 7581 +0.72 72.62+0.57 7898 +0.60 73.59 + 0.55
UNREAL 85.32 +0.22 8043 +0.56 82.52+035 7890+038 7581 +1.86 71.86+ 1.86
A +2.49 +3.97 +6.71 +6.28 -3.17 -1.73
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