% J2 3 EC 250 30 3 B8 S A B A 42 IR 25




» Liu N, Wang X, Han H, et al. Hierarchical Contrastive Learning
Enhanced Heterogeneous Graph Neural Network[J]. IEEE Transactions

on Knowledge and Data Engineering, 2023.

2023412H25H

Nian Liu received the B.E. degree in 2020 from
Beijing University of Posts and Telecommuni-
cations. He is a second-year M.S. student in
the Department of Computer Science of Beijing
University of Posts and Telecommunications. His
main research interests including graph mining
and contrastive learning.

Xiao Wang is an Associate Professor in the
School of Computer Science, Beijing Univer-
sity of Posts and Telecommunications. He re-
ceived his Ph.D. degree from the School of Com-
puter Science and Technology, Tianjin Univer-
sity, Tianjin, China, in 2016. He was a post-
doctoral researcher in Department of Computer
Science and Technology, Tsinghua University,
Beijing, China. His current research interests in-
clude data mining, social network analysis, and
machine learning. Until now, he has published

more than 70 papers in refereed journals and conferences.



B I FIRT AR KR

_______________________________

Motivation

> TG B (HIN)E B St A R i, B9k, FhiEMe
[ 2% 77 12:(HGNNS) 7E AL B HINEE 77 03815 7 B AT

> REZFHIHCGNNR A B RE, M HSEBE KRS 2 5%
NAEMELLRATH .

> X EEEE 2 TV HE W B AR R 3 TR

R 2T G2 ) 5N S Jot A 48 ) 2% 75 BE AR R LA =[] . .

1 WAl Bzt 57 5t Aoxs EEAL ] 2 B — AL B A ox bl 2 2 AN RE S8 = 3T e HIN
HIEIRER, REBIERI LS.

2. Infrig A SR ? LR T EEN O RESEE SIS | geco
{5 B—— & 15 XA ] (Network Schema View) Al T #4241 K]
(Metapath View) .

3. AT CE - RAERIS EEARSS T Bam LIS B2 R, Bl
A= b e Jo B ) PR R SRR A )

2023412125 1 ACAERR K 3



» Preliminary

» Heterogeneous Information Network:
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» Part 1: Node Feature Transformation
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> Part 2: Network Schema View Guided Encoder
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> Part 2: Network Schema View Guided Encoder
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> Part 2: Network Schema View Guided Encoder
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» Part 3: Meta-path View Guided Encoder
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> Part 3: Meta-path View Guided Encoder
. @uMwﬁﬁkﬁMﬁm%@UL%"PmLDWp RN S

( E} Meta-path View

o PAP E:IJ %ﬁfb _lm-1 i

Semantic

£
Attention

[
. 4 = i
BN
[
@ masked node :

S &2 S v o vy < NN [ B (T

20234F12 H 25 H JEE MR K

11



» Part 3: Meta-path View Guided Encoder
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Method

> Part 4: View Mask Mechanism
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» Part 5: Collaboratively Contrastive Optimization
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» Part 5: Collaboratively Contrastive Optimization
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Method

» Part 6: Model Extension——Heco++

o EIEAEXT L, Heco 2RI R T ARG S . ARMER
BERFIRIGOL N, B TR E L G view-specificii {5 B A REIA B B 4F B RUR

25¢_intra = W3¢ (Ws(i)z;i"’ + bg?) + b2,

()
- 4 '
ijec“on“ea — z, P _intra = ng); (W,S,}}, M b(l)) + bgg,,
. 3: B T sc -
. . ﬁ [@ Dj v Eﬁ‘Eb L3¢ _intra
RN — | > jep; €TD (sz'm (zfc intra, z3¢ mtra) /Tsc)
L vk o & = —1lo :
%\ [ﬁ ..... [ﬁ,—> B o & Y ke(r UN;} €D (sim (z¢_intra, zE¢_intra) /Tsc)’
..... 1 ﬁ | o & (16)
i_Z.,ip._-i% | = L' _intra
[ﬁ[ﬁﬂ Sag® 1 > jep, €TD (sz’m (z::"p _intra, z_;."p_intm) / Tmp)
R ‘ = — 10
bt Ehe Ehn 8 Zke{p Uy 2D (sim (2P _intra, 2P _intra) [Tpp)
(17
J=°L —|— — Z (A1 - L intra + Ao - L] _intra], (18)

zEV

2023412 H25H AETHT TR K= 16



o R4 UM R R EYEEE ., ACM , DBLP, Freebase, AMiner
 Baseline: J&liE [ m EMHA M43 (GraphSAGE, GAE, DGI)
T W B 7 i R AR 2 M 4840 (Mp2vec , HERec , HetGNN
DMGI ) . EIRERFHEMAEMNZELY (HAND .

° ‘F%?/ff%: —Jl_jkdl{_:_';éj\%!{é\ :'I__‘l'_‘dn\ Eé%!{eo

20234124251 AR K

17



E I HA U N

Experiment

> FELR.
TABLE 1
Quantitative results on node classification. (bold: best; underline: runner-up)
Datasets | Metric [ Split | GraphSAGE GAE Mp2vec HERec HetGNN HAN DGI DMGI HeCo HeCo++
20 4713147 6272431 5191+09 B5.13£15 7211409 85.66+2.1 79.27£38 87.86+0.2 || 88.56+0.8 89.33+0.5
Ma-F1 | 40 55.9646.8  61.61+£3.2  62.4140.6 61.21+0.8 7202404 8747411 8023433  86.2340.8 || 87.61£0.5 88.704+0.7
60 5659457 6167429 6113404 6435408 7433406 8841411 80.03+3.3 87.9740.4 | 89.04+05 89.51+0.7
20 1972155 6802119 53.13109 b5747F15 7I89F11  85.11%22 79.6313.5 8760108 | 88.1310.8 B88.9610.5
ACM | Mi-F1 | 40 60.98+£3.5  66.38+£1.9 6443106 626209 74461408 87.21+12 8041+3.0 86.02:+09 || 8745105 88.4040.8
60 60.724+4.3 6571422 6272403 6515409 7608407 88.10+12 80.15432 87.8240.5 || 8871+0.5 89.304+0.7
20 6588137 7950124 7166107 7544113 8436110 9347115 9147123 9672103 || 9649103 97.2510.2
AUC | 40 71.06+£52  79.14+25 8048404 79.84+0.5 8501+0.6 9484409 9152423 9635+03 || 9640404  97.08+0.2
60 7045+6.2 7790428 79.33404 81.64+07 8764407 94.68+14 9141419 9679402 || 9655+0.3  97.5040.2
20 71.97£84  9090+0.1 8898+0.2 8957104 8951+1.1 89.31+09 87.93%24 89.94+£04 || 91.2840.2 91.40+0.2
Ma-F1 | 40 73.69+84  89.604+0.3 8868102 8973104 8861108 8887110 8862406 8925404 || 90.34E£03  90.56:0.2
60 73.86+£8.1  90.08+£0.2 90.254+0.1 90.18+0.3 8956405 8920408 89.19+09 89.46+0.6 || 90.64+0.3 91.01+0.3
20 7T44E87 915501 89.67F10.1 9024104 90.1TF1.0 90.16+09 88.72%2.6 9078103 || 91.97£0.2 92.03F0.1
DBLP | Mi-F1 | 40 73.61£8.6  90.00+£0.3 8914402 90.15£04 890307 8947409 8922405 89.92404 || 90.76:0.3  90.8740.2
60 7405483 9095402 9117401  91.01+0.3 9043406 9034408 9035408 90.66+0.5 || 91.5940.2 91.8640.2
20 9059143  98.I5E0.1 97.69E0.0 982TE0Z 9796104 98.07E0.6 96.99EL4 9775103 || 98.3240.1 98.39F0.1
AUC | 40 91.4244.0  97.8540.1 97.084+0.0 97.93+0.1 9770403 9748406 9712404 97.2340.2 || 98.0640.1  98.17+0.1
60 91.7343.8 9837401 98.00+0.0 9849401 9797402 97.96+05 97.76+0.5 97.72404 || 98.59+0.1  98.62+0.1
20 4514145 538106 5396107 5578£05 5272+1.0 53.16£28 5490£07 5579109 || 59.2310.7 59.87£1.0
Ma-F1 | 40 4488441 5244423 5780411 5928406 4857405 59.63+23  53.40+14  49.88+19 | 61.1940.6 61.33+0.5
60 45.1643.1  50.6540.4 5594407 5650404 5237408 5677417 53.8141.1 5210407 || 60.13E13  60.86+1.0
20 5483+£30 552007 5623108 5792405 568509 57.24+32 5816109 5826409 || 6172406 62.29+19
Freebase | Mi-F1 | 40 57.0843.2  56.0542.0 6101413 6271407 5396+1.1 6374427 57.82408 5428416 || 64.0340.7 64.2740.5
60 5592432  53.85£04 5874408 585705 5684407 610620 579607 56.69+12 || 63.6141.6 641509
20 67.63£50  73.03£07 7178+£07 7389£04 7084E07 7326F21 7280+0.6 73.19E12 || 7622£0.8 76.68F0.7
AUC | 40 6642447  7405+09 7551408 76.08+04 6948402 7774412 7297+1.1 7077416 || 7844105  79.5140.3
60 66.78+£3.5  71.75£04 7478404 748904 7101£05 75.69£15 7332409 73.17+14 || 7804404  78.2740.7
20 1246125 6022420 5478105 B5832EL1 5006109 56.07E£32 5161132 5950421 || 71.38E1.1 72.28%14
Ma-F1 | 40 4577415  65.66+15 6477405 6450407 5897409 63.85+15 5472426 6192421 || 7375405 75.35+0.5
60 4491420 6374416 6065403 6553407 5734414 62.02412 5545424 6115425 || 75.80E18  76.2840.6
20 1968131 6578429 6082104 63.64E11 6149E25 68.86+46 62.39£39 6393133 || 78.81E£L3 80.00£1.0
AMiner | Mi-F1 | 40 5210422 7134418 69.66+0.6 7157407 6847422 7689416 63.87429 63.60425 || 80.53+0.7 82.01+0.6
60 51.3642.2 6770419 6392405 69.76+0.8 6561422 7473414 6310430 6251426 || 8246114  82.80+0.7
20 70.86+£25  85.39+£1.0 S81.22+£0.3 8335£0.5 77.96£1.4 7892£23 7589+22 853409 || 90.82£0.6 9L59+0.6
AUC | 40 7444413  88.29+1.0 88.8240.2 8870404 8314416 8072421 77.86+21 88.02+13 || 9211406 93.46+0.2
60 741613 8692408 8557402 87.74£0.5 8477409 8039£15 7721+14  86.20+17 || 92.4040.7 93.6810.3
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Experiment
> FELR.
TABLE 2
Quantitative results on node clustering. (bold: best; underline:
runner-up)
Datasets ACM DBLP Freebase AMiner
Metrics NMI  ART | NMI ART | NMI ART | NMI  ARI
GraphSage | 2920 27.72 | 5150 36.40 | 9.05 1049 | 1574 10.10
GAE 2742 2449 | 7259 7731 | 19.03 14.10 | 2858 20.90
Mp2vec | 4843 34.65 | 7355 77.70 | 1647 1732 | 30.80 25.26
HERec 4754 3567 | 7021 7399 | 19.76 1936 | 27.82 20.16
HetGNN | 41.53 34.81 | 69.79 7534 | 1225 15.01 | 21.46 26.60
DGI 51.73 41.16 | 59.23 61.85 | 1834 1129 | 22.06 15.93
DMGI 51.66  46.64 | 70.06 7546 | 1698 1691 | 19.24  20.09
HeCo 56.87 56.94 | 7451 80.17 | 20.38 2098 | 32.26 28.64
HeCo++ | 60.82 60.09 | 75.39 81.20 | 20.62 21.88 | 38.07 36.44
20234F12H 251 AERTI AR R
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(a) Mp2vec (b) DGI (c) DMGI (d) HeCo (e) HeCo++

Fig. 5. Visualization of the learned node embedding on ACM. The Silhouette scores for (a) (b) (c) (d) (e) are 0.0292, 0.1862, 0.3015, 0.3642 and
0.3885, respectively.

B HeCo_sc I HeCo I HeCo++_semi w HeCo_sc B HeCo [ HeCo++_semi . HeCo_sc il HeCo I HeCo++_semi m HeCo_sc B HeCo I HeCo++_semi
1 HeCo_mp[ HeCo++ [ HeCo_mp [~ HeCo++ 1 HeCo_mp[— HeCo++ ] HeCo_mp [~ HeCo++
1.00 1.00 1.00
0.80
0.90 0.90
0.96 0.70
0.80 0.80
0.92 0.60
0.70 0.50 0.70
F1-macro Fl-micro  AUC 0'88F1-macro F1-micro  AUC Fl-macro F1-micro  AUC Fl1-macro F1-micro  AUC
(a) ACM (b) DBLP (c) Freebase (d) AMiner

Fig. 6. The comparison of HeCo and its variants.
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