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Abstract: As an important therapeutic resource,traditional Chinese medicine (TCM) has undergone thousands of years of
clinical practice and application. To pr;)mote the modernization of TCM and explore its application potential in new
indications, this study drawsaon research experience from drug repurposing in Western medicine and combines emerging
network medicine theories to propose two random walk-based models for predicting potential therapeutic associations
between TCM and symptoms: M-RW and GO-DREAMwalk. The two models incorporate path-based and functional
information between TCM and symptoms to guide the random walk process. The resulting node sequences are input into a
heterogeneous Skip-gram model to learn the embedded vector representations of nodes. Subsequently, an XGBoost

classifier is trained by adopting TCM-symptom association labels and the learned embedded vectors. Finally, the models
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are tested and evaluated by employing clinical data on liver cirrhosis. In the clinically effective prediction task, the top-
ranking prediction precision of the two models reaches 0.079 8 and 0.068 4 respectively, improvements of 145% and
110% over the mechanism-based Proximity, 40% and 20% over the data-driven method node2vec, and 53% and 31% over
the data-driven method edge2vec respectively. Furthermore, applying the Rank Aggregation method to integrate the
prediction results of both models leads to precision improvements of 75% and 105%, further enhancing the predictive
ability of the models. The prediction results on real-world clinical data of the two models demonstrate sound prediction
performance, highlighting their potential to promote the effective application of TCM in novel indications.

Key words: traditional Chinese medicine (TCM); random walk; drug repurposing; network medicine; graph

representation learning
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751 N 7 DREAMwalk % ] - Hr 25 - R SR BT,
PATH LRI P 25 5REIR AR BEAS B %2 3] Ruiz 45
N AR JE K, 2540 AT LG S8 ) 52 A ) AE 4 2h
RE PR 28 BE 85 3 1 0 RV 9T 0, X R B 255 AR ) 1)
RE PR T2 1T B 2 IR T 950 1) B, AN A 2T
A 38 o R A TR SR AL A T RE S L VR T R

192 4 ARH % Software TechniquesAlgorithm

TIE IR 0 2 AE AL 1 T 5 50 [ AR L 2 4 T s 1 5
WA R, B, R YRS BB GO ARE R H T4
A2 RER AR L, AR SCR A GO A TE 1A X
AR A R 25 SR AR A EE I 4% . GO A B ] fr i
SUMHBME R — B F GO ARE R iR B 53
FELS 7 A2 1) O G R 5 R, A B R AR Th A AR
TERFHO R BT, L VR4 3.1
GO-DREAMwalk A= B 15 57 41 B A2 an E 1(b)
FE. 9 T PPARE R 191 9 2 2 2 R AL, RT3
Lin Similarity +1 5 S FEAR I GO A (93 SUHI DL,
R 55 e A RAR AP R 2% P21 A . Lin Simi-
larity BRI T B (information content, IC) ]
VE SO DL S0, I TR 7/ GO R B TE 2 e s
HpIE B £ DY B S
2-IC(LCA(cy,¢2))

Simyin(c1,¢2) = IC(c1)+1C(c2) .

Hr, ey, ¢ 7 IFIRFE IR PN GO Rifi; LCA(cr,c2)
(lowest common ancestor, LCA) R/ HNARIELE GO E
s R B AL [FIREL L 1C ()RR ARTE ¢ IS B &,
GO ARG, [l i, RiE GO:0015749 F£oR
R T BN I Y B 2 i AR, R GO:1904659 Ko
EIPEES A IS AR, WU E R R R L,
HAR, 5 H 1 IC = TRl 4. iJr’;%: ic HE PN WoR
1C(g) = - log P(c) )

i, P(e) AT ¢ B GO Hod b B,

Lin Similarity S<BUT 7 AR AE A D) B8 L KAH
AR . 1 W FoRE R BT R B GO ARABE A T A ALY
A ThEent, A2 18§ Lin Similarity 239 5, 18X
P RE-DR T A LA R BA P S50 AL sl i 4 g 421,

T P2 Sy 2. fERE AR Z, HK
BRI GO RIEHEE K, S Lin Similarity 78 KA
R T IEE TR K. 1B AT A K S L N
SCRA S T 24 1R (R AR AL I 28, AR OB R 25 3R OR N
GO ARIEH gkl F) &, 44 Jaccard Similarity /£ 474
s T F A [7] w2 ) R AR AU, 7E £ B AR UL A 21 )
IHRTHTSRCR. Tk R 3 AR

() FHE AL EE S GO RiBELY

1) $EECERF b 25 bR B A ORI 48 GO Rl

2) HF GO RiBMEF 45, BW A GO KiE
[T AL S A S
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i H AR SN A

3) S BRI ARE 5 HAH B ARE, BT
MY E GO RiEHEE.

(2) P41 GO [ ERN

1) LT A REA T I GO ARG, TE R e B 1
GO RiE5I%;

2) LA GO RiENFHIE, #E N 4t (N 2 GO RiF i
) bl L o TR 2, A HY R GO A
A8 AT, W A B AR 1, A 0.

(3) 2 TalARABL I T 55

T HZH) GO M &R, XH Jaccard Similarity
THE 25 E] A A 2 B, =k (3) FoR:

|Herb,- ﬂHerbj|

_— 3
|Herb,~UHerbj| )

Jaccard(Herb;,Herb;) =

H, Herb;?ﬁﬂHerbj%%Ui%ZT?ﬁﬂlxﬁ':F'-éz:‘l[;l./‘] GO [
RAR. 2
HHRLIABUERLS § Gy, A5, H i F
DREAMwalk ()5 2 R4 45 4. AR I 75 34 i 5
ROR, TRA TR B ML 73 5344 BT 60% (i, U
BRI B2, 15 1% % B % AT BERLIEE R, 25
RO B R 2, AT M 15 S B AL
PR B (1 R 9, R, A 52 s 5 0L P 246 1
B VE M (A SR FT Bang 25 AU TR o i
[19°0.3); 24307 30 117 25 PR 24 BOREIR 5 2B, SRR B
MR SR AT 8, DL A T AR S I e K 7 A AL
P26, MR 24 5 505 FORR AR 2 1132 4R AU
BUE T8 JT BR A TR L 1A (M e B AE Gy

00 2% B 3 ) )R e A R B L WA AR AR

JE T AR S AT BE LI . X TR AL AT
100 ZRBEHLRAE, 15 U0 E KB 104 i EIR ML,
A B R 2% T AE B AR B B ASRILA N 25 P HME B 5 T
Aol B, S KRR 10 J75 SR8, 1F NG BN 2%
SJHIHN.
2.2 ETF 54 Skip-gram BT S #r NEIE4E K
AR Skip-gram £ A% M-RW 1 GO-DREAM-
walk PR A AR ) SR B AT RN 2 2, ASRER
HR 2GR T A IR 4 ) 3R 7R Skip-gram #5545
A 1(c) Fizr. IR, BATE RN GERE 5 N
206 FRUR AL 128 4k, N SCE OKNER 4, I
DA 5 H BRSO Ui AR AR, g B SR AR A
St S5 A ) 4% 45 KA FR R 0, BRATISRFH Bang 25 AUV

HY ) 5744 Skip-gram S vk, (8 i S8 A0 A7UCR A 2R
mE AL VI ZRid 2. 51£450 Skip-gram M 15 s FR BEAL
KAEARERANR, ZITFALN G HC 7 U R RS Y
AT R SAREAS, DT 3 S 1 AN R RUR AR A
KW TFH. AR FFCRFE LR BN 5, BV RA IEREA
BEALRAE 5 AN FRBT S s R AR G

Skip-gram R II Zi i) H A5 a2 8 ik fje KA H O
RS HIEFEARAR 2 18] B AR AL, I N 5 ARE
ARG S A AR . B RN

L=— (Z(u’v)em lyog a(z) - z,) + Z(u’v;)wf logo(—z, .zV:))
. ) ' 4)

Horb, D R IERE AR 4 SETE % AT 25 F 1K
WAL B 2B B R 1, B LA L R SR DR (o
SCHUw = 4) FEIF 5 B, A O e 5
P BRI LR S S AR, 8 AR (u,v) € DY AR
Hh, D™ R AR A S AN TEREA (u, v) BT
KR TRE (R SCHL = 5), BIA 53 S u AR R e
e AT 1T 5 P AU AN TS 20V v, - v, FE
KR (u,v') € D™ N SREAR RS, HIFEIE/ED; 2, Ml
2, T R u T Sy IR [ &, 2@ Id Skip-gram AR 7Y
YNGR BN 280, FI TR 270 R e 1 523 1A e
GERISE 58 L B 2T -2, B [ B AT A R 7E RN
3 W I HTBLRE; () 9 Sigmoid 00 5%, #4714 1]
HELLRE WS 31 (0, 1) X 18], 8 PATT £ 6 B 1 0 3
2 e 1OSTCL 2B BP0 HS 15 TR AL
ELE D, cp- 108020 -2 For M
R SR AR 2 8] R
2.3 ET XGBoost B Z5-EAR S BA TN

ST e 24 R 2 6] ) SE B, AR SO R 2 5 0
SR BN T B 1 2 (LA R 25 6 o I B A R LN,
SIS XGBoost 45 2 B 52 L 24 56 B 7 0 AT
%%. XGBoost H A E & 1(d) s, B 2535 b 5E
TR R s BN T 3 Sy e, ey, BATTR 76 A
a1 7 AR 3 29 2 B KA ) i

Xij = en; —es; (5)

ook, xy BRI Ry SRR s O3 R

XGBoost B [ 11 25 F b 238 3o 1 92 ST HE R,
S5 /M TR 5 0S4 85 2 ] A0 4 B, AT it
M 85 2 25 SR IR 50 B 7, JRTER SR B2
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L TR e
LTI, XGBoost Iyl kit B - — 55 )
BB B S BTG B — ik, 1
oMb R ARB, %00 SR G T 4R A 2
(5 R B B 7R 5 B TE ML, 6 7 113
WA G R A n AR, S5 R I
SbRE Ay, BN . XGBoost SB L ik A

VETR R S 7 O R, T
57 =517 + £t (©)

Horpr, fAROR SRR B, x; N2 O RAFAE 1) . B
PR H b e B 0 T

n 11
L©O) = Y 103"+ ) Q) ™)
i=1 k=1

Hor, 1, 9) R K BB, F2om S IR TR 1 i
A5 55 Ot 2 GBI, P R BB 3 5
SRR 22 5B AR 55— 42K, TRk 6
$0); QCf) 5k HRT 0 TE AT, FR T B 2 2
i, BT

T
Q(fi) =T + %Az;wﬁ (®)
-
HUrR T2 5 R T R, w0, R
I 5 A PR, o LR PR T 2 250 52 2 FF 1 TE
16 F B, % AL TP ok 4 51 I35 s O A R
[k, TSR BRI A 1 4 52 2% 3, T i 28 4 G o4
2 RS HEAR TR (1992 A B8 710 H (10,

3 SEe
3.1 HEE ' .

ﬁiﬁﬁ%E@ﬁﬁﬂé%ﬂf%ﬁ\ﬁﬁwﬁﬁi%‘%ﬁﬁiﬁﬁ
FiE. 4G, PP1 HUd 885K 11 Barabasi 5200 %, 147 18505
ANEE AR A DL R A R 327924 M EAEH
PRI 20, vk, - RE R i A TR A K9 2ok
H Gan 2 N 7T, Horp, o 245 R 30 5 798
Flep 2570 174 FOREIR, ¥ K 127759 45 H 24 - 5005 G B
12601 25EMR-58 (I ORIE . 1436 25T 25 E MR OCHE; I
PRIFFSE A 50 60 384 PR 2. 160 Flli RAEAR, 5 A
79334 2R 2-HERRSCHE . 12446 I AROREIR- R (A 5%
1, HH 2 - I RORE R VA T DRI I A I R R B, I R
ARG IR I E SR 45 HE— 2 A 7 T B4 B

194 4R 5% Software TechniquesAlgorithm

Mz A 77 HR AL B BT A R 2R 5% B il kT A
EPRAH I, ARHE I 2 X, 2l B abH, JL3R1S 4869
0 T 24 -1l PRORER SGBK; i PR R0E O 27 B
Serh 25 5 I B AE SR T R AT A % 2 1) R, WA
Zh 2 A S RE R B IE 1T R BT iz ba i, e
IR1G 760 H 2 A YT RSCHF 1) H 2 -1l RRE IR OB

TEM R 7T, A 25, ER. EERAE
RNV, RS EATOCE. EREEBFOCEL. &
S IR] A B P AR DId, M a1 R 23 B S-EIR
4, BN Gups= Vi Vi Vs Bugs g Eag) T M 10
AN, Fo WV W SRR A EA
2 AR iy By Eppe By WIR %
3 R (2R R . R R R
EER), FrA LR ES g —& 8 1, HEE 19578 4
W5 R 480674 2514,

Ah, At —B gl NAEYTREE B, B 5T S
Python £ pygosemsim (https://github.com/mojaie/
pygosemsim) H 3} T % Gene Ontology ¥4/ 2 H i 22
J-GO RiE A S GO ATE A1) Z 0 R A %5
AT T 3 KK GO FEREA: Wik (BP). 701
IIRE (MF) A4 4L (CC). GO RiE/E N A, Rif
[B] 2% R “is_a”“part of "ZEAE NI K GO E R LM
B, %2 s i T SURAE T I 4k 2 5 20 0SS 8 &
AR SRR AR AL K $H 42 7T R, https Wgithub.com/Izh228/
TCM_Repurposing.git. kg -

32 SHEE

DO T798 Fi 2 174 FEIRH A 138852 41
IR R R R A, BB 811 RPN . BE
. WHAER, 2995 P A7 VR 7 R FRad A R4,
HoAA g7 13886 AHZGAEXT, IEFIFA 144 4. 7E75
RN ) 2B B THT, AR SCKS Skip-gram AL _E R SC
W IR/ANEE R 4, FORFELEIE E N 5. 76 T 25 9%
KT TH, RS A G, AR T WS R T
TS, FROCAL B S B W RIRE (IR (E A
{5,6,7,8,9}). %% (Ki&LE A {0.01, 0.05, 0.07,
0.08, 0.1}) LLA T pi 73 24 BT 75 1 fe /N I/ &= (i
fH4 {0, 0.1, 0.2}). YIZRAEA ) BENLRATE L] FRFAE Y
BE LR L5 2 8 52 o 0.8, AR ILm 1 75 4
SR G, R S T8 X AE. AR AR 3 A AN
7 1y i) R, PRSI SR FE AR T IE SUREAS (AR
TN, W B scale_pos weight NMAEARE S IEFEA
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i H AR G N H

1 LUE. XGBoost 5 8 f#) e Kk AREEE% 4 500, I
J& H early stopping AL LA ik 405 SE46 K H Python
3.7 VE AP KIS, 1817 7E Intel Core i5-13500 AbFE 3%
I, GPU ##¢ NVIDIA GeForce RTX 3070, & /7 K/
4 8 GB.
3.3 1N ER

Hh 2 8 A A% O H bR e R FUREVE 7E o 24 -0
PGS i i A IR YT IS IR 2, TR Y T e B
FERIRILIC A EEE. ik, A5\ Precision@Top1%
F1 Recall@Top1% MM FE#R. Precision@Top1% i S
RULE RIS 2 HES BT 1% (6 rp 25 - R R0 o, TE A 0
R B AR, S B v 2 5 SR Ak 3 24 (R R AfR 1 T
Recall@Top1% VPAT A BL7EHE 4 AT 1% 19 24 -5 IR

JE A B SR IE B RE ST, #hFE T Precision@Topl % &

1B T 2 W 11 79 I . A9 — 7 T MM 4 T
OV AR AE, I 5 S o 08 0 6 698 3 24 1
R, A SO TIN5 HE B Top 1% {5 s LA B
SEA VG L 100, PEED S 61 440 ANREA [ 11 R Koo 42
W, Topl% ¥ 5. 614 2H T 15 7 f i 1 HR 25 -RE IR X
Precision@Top1% 1 Recall@Top1% M A Topl1% 1EHN
B BT (O T M B A, FRA 2R TR
REAE 2% F TR (AUROC) 1 A 700 4 J= Tl o i
WPAERR. AUROC fEg MUY 7E BT AT 43 A T IX
Sy IESPEA e

W 25448 Precision@Top1%-. Recall@Topl1%
Al AUROC iX 3 FhiPAli 45 Az, FATIE SHe 50 5 4 1k [X
g3 e 1 IR, B A5 52 AE vy A R XA 0 45
SR, T B o4 Th DAk ABE 284 190 0 14 .
3.4 KWERSH
3.4.1 M-RW i

ATk A E BARE B MetaPath 4247, A3
PR 3 RS My My Mg BT R
AR5 AT PEREXT LE. BT 5, iﬂ‘ﬂﬂﬂﬁéﬂ Meta-
Path %%?E@ﬁﬁﬂﬁ??‘ﬁﬁiﬁiﬁj‘@? RIFH, I
¥ Skip-gram *%ﬂ,%ﬂ BN TR 2571 S S REIR T AU
128 50 N R TR 165 e A REAE 1

~XGBoost 73K #%, FFENKETTNAESS I RA AT

55 LA S PR Y BIAT 55 B P1-fi RS f F3000 124 .

SR 25 R 3(a) s, NS ST, My 11
AUROC BEAIX T M3 Al My, {HILAE Precision@Top1%
FI Recall@Top1% W5 B A5 e bs B3y T HAh
4. AR R A ORI R AT 55 1, My 7E AUROC.,
Precision@Top1% F Recall@Top1% X 3 Tifghn 1
IR, L35 KE, My EFTA FINAT 55 o e IR A
RETERE. AV, BARARE A M, v He A 2 DU
RE R AAE S, T KRS Ms Wl ae s Al
ZMEFEFITUARAE B, MR 2] 3R

AUROC (%) Precision@Top1% Recall@Top1% = \
95 fo— 040 I 035 F —e— iRt
90 035 | 030 -"/‘\-."—'—IIEEE%T%(
—o— | i
85 | 030 | 025 f i it 3
80 L 025 \0_20 I
75+ 0.20 0,15 |
025 |
L 0.10 |
70 0.10 |
65 | . . 005 .//'\’ 0.05 ' 7"-‘—‘:;_—,_ :
'\. M, M, M, M, M, M,
RS RS
(a) 3 MetaPath 5 & ) TR 14 e LU 45 5 ik
0.08 F 90
007 0061 30
X o i
= 006 f 2 005 f S
S L g L Q70
@) 0.05 & 004 g
g 0047 ® 003 | = 0
Z 003 f = = L
-t . Q
3 g 002 |
2 002 f 2
= 50 |
0.01 0.01 |
0 0 40

s M-RW

GO-DREAMwalk msm node2vec mmmecdge2vec MM Proximity

(b) STIRLRYLE I R A RE 55 P I TR BEXT EL

K3 M-RW 5 GO-DREAMwalk A% ()t BEDEA% A 45 R m & 70
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90
0.40 | 005 |
- 035 | 80 |
= o L S
= 030 | S 004 g
S} [ @] L
§ 025 ¢ & 003 | s 70
£ 020t ® S
2 015 f T 002t < 60
8 [
£ 010 = oo | 50t
0.05
0 0 qo LN T TN WS W

mm M-RW s GO-DREAMwalk s node2vec W edge2vec MM Proximity
(c) STREZIFE I PR tE AT S5 o (R T L e X Ll

05 ¢ — GO-DREAMwalk
— M-RW
0.4 r —— Borda
- —— Dowdall
S 03 ¢t — CRank
£ 02t
0.1
0 . . - . .
0 100 200 300 L 4000 500 600
W r
o ‘\‘l "2 . Topk
' — GO-DREAMwalk
010 F1 MRW
—— Borda
0.08 - powdall
E 0.06 | —— CRank
&
0.04 |
0.02
0 L 1 1 1 1 1 1 1
0 100 200 300 400 500 600
Top-k
(d) M-RW-5GO-DREAMwalk /%A 1] A 5 1 1)
I R A R L AL

1O+ — GO-DREAMwalk
— M-RW
0.8 - —— Borda
—— Dowdall
£ 06t —— CRank
..'E\O
2%.4 }
& & y
-
0.2 +
0 L 1 1 1 1 1 1 1
0 100 200 300 400 500 600
Top-k
— GO-DREAMwalk
0.06 F =—— M-RW
—— Borda
—— Dowdall
= 0.04 | — CRank
§
~
0.02 +
0 t% . . . . . .
0 100 200 300 400 500 600
Top-k .
() M-RW 5GO-DREAMwalkE A~ [al 5% A5 T i1
J‘"‘ R HH DL RE R

K3 M-RW 5 GO-DREAMwalk B3 ()1 mﬂ@%%&@%(

LRERCLL, M, F A MetaPath i85 H
RO Gy SN EE 125 B, 938t — WAL
I’iﬁﬂﬁﬂﬁmﬁﬂi%ﬁégiﬁﬁ%ﬂ% S
S5 TR AT THERBATLL. 5 XA,
5 R A 0 BB 2 s, B
24 AR 9 A, U 2 AN B AR 2R R
L FE ST SR AR KA 5 R, R Gl i
B R S ILAL T Y MetaPath, #5 DCRL, U 78 %
B, 25 T BRS04 A 5 AN R
R TR AT AR A SR, A
AT AR T — RIS, S & MetaPath
T RB A 51, P THN 2 5T RSB T,

T LR WIFCR A e, BN 1HEAT T 1 MetaPath
165 HIBEHLIE 320, AT 4 M, BRSO 1E Dbl

196 B A4 AR Fi% Software TechniquesAlgorithm

.'*ILiﬁ?\s%E’\J%'é

RN, AERAE R TT T, PR A SR
0t BEAS v 25 BOREIR 19 AT 100 IRBEHLIEAE, JF7E
JH R 4K I PR K40 6 B PP AS R 1M R, SRIe 45 R ank 2
F7s, Xﬂrﬂféﬁf AUROC. Precision@Topl1%
Recall@Top1% X 3 Tifa b b 3R IEAE, UHZHNE
SEA BT PR R 25 b 2R w ROAL DG B, AT B T A 7R
TN e

R 2 OUUARAE S [ R T 1 A8

SREETT % W{ES AUROC (%) Precision@Top1% Recall@Top1%

WA 9327 0.3623 0.3472

MUARFE WERAR 79.4 0.0798 0.0645
IGARHIL  72.54 0.4137 0.0522

AR 90.3 0.2246 0.2153

BARAE IWRAER 72.95 0.0505 0.0408
IGARHIL  72.04 0.2606 0.0329
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i H AR SN A

3.4.2 GO-DREAMwalk f7

N7 ¥ DREAMwalk #5254 5 ] T o 24 8 58 A, A
SCHET GO AT A) A5 SO, Mg T 2 S ER
(VAL O 26 . Hpr SE R AR UL IR 285 6,55 334 PRtk
TR 33 144 S AR OC RA BRIV, 2 AR AL
W4 2% 1,55 798 il e 24 S HAHALUAE 5% SR A R 190 802
S0, AL 2 BOVE i I BCER . FRATTHS: 13 3 A AR B
PERE% 5 Gyps AN N2 R RPILE, T XM %S
18] DREAMwalk £5 B EAT N 2% 2] 5 GBI

SE 45 R, GO-DREAMwalk B 78 IR 24
% AUROC 185 93.73%, Precision@Top1% 18 N
0.376 8, Recall@Top1% fE v 0.361 1; TEINIKA AT 5
W, AUROC 15N 84.03%, Precision@Top1% & 0.0684,
Recall@Top1% {E 7 0.0553; TEIf R HBUT55 51, AUROC
{49 81.58%, Precision@Top1% fi 7 0.374 6;Recall@
Top1% {149 0.047 2, 13—k FUBLH 51 AT EAILLL
PEM 44 1) GO-DREAMwalk #5784 75 5 HE 4% T A 4
TR b ¥4 B b i Ve RE R IR, AT DA 280 S F A 24 -
SR OCE T AT: 55
3.4.3  XfELSRES

N T BAE M-RW £ GO-DREAMwalk F5 74 £ 7 &
AIRIT 1 25 AR, A SCAE AR EVEAG T P
B 52 MELHEA R E R, B IR R SR
“If PR A 280 0“1l PR H 30 PR AT 55 B 2 (132 4K R
3. FE TS 1) ZE T AU KB Proximity 777%;
2) A o T B K B0 PR B ATL U E B Y node2vec Al

edge2vec.

X5 b5 AR NS BTN E RE R IR 3 BT

7, BATHIREARHA T AENL #5821 773 Proximity A7 58K
(Rt 3R T, A% T node2vec Al edge2vec, 2444 i
RS (AUROC) SEAH P4 SKF U A (Precision@
Top1% Fl Recall@Top1%) 735 /Mg TF.

K35 BRI BUARAE 55 h P RER I

Proximity node2vec edge2vec RW

TEREFRAR M-
DREAMwalk

AUROC (%) 70.27 93.95 93.37 93.73 93.27

Precision@Topl% 0.0435 0.3511 0.3333 0.3768  0.3623

Recall@Topl%  0.0417 03367 0.3194 03611 0.3472

Rt — G VR AR AL (v A RE 7, FeAT1 R T AT AL
AH I R S5 Bk 5 PR AT T IR, 1 R
RHANKE 3(b). B 3(c) Fias. #EF Proximity /7124,

LEIRG R A BAESS H, M-RW ] AUROC #2717 26.2%,
Precision@Top1% F1 Recall@Top1% & F+ 21 145%;
GO-DREAMwalk /£ AUROC 32T} T 33.6%, Precision
@Top1% #il Recall@Top1% H& T+ 110%. TEIf A HHL
f£55H1, M-RW [#] AUROC #&F | 14.8%, Precision@Top
1% #1 Recall@Top1% #2&F+#7 346%; GO-DREAMwalk
#J AUROC #Ft 29.1%, Precision@Top1% F1 Recall@
Top1% $&F+2 304%. FHEL T-BEHLIFERLAY, GO-DREAM-
walk 7P ME 55 LT AUROC Z R 8D, 5 M-RW #H
I 5 4 7 9 T e B TR, A RRAT TR
WEAE 4 5 T IAE 077 TR 55, EXT T 8 B0 P AR A
Precision@Tof)l% 5 Recall@Top1%, PiFf R 7 Il PR
(E45 G T BRI 3. FRIMERESE T T e
BATESH, M-RW AH# T node2vec 1E Precision@Top1%
Al Recall@Top1% FEXJ3RTHZ) 40%, FHELT edge2vec
T+ 53%; GO-DREAMwalk ##; T node2vec 2T}
21 20%, T edge2vec $2 T2 31%. TEIR IR H BT 55
H, M-RW HH# T node2vec $&F+2) 72%, FHIZ T edge2-
vec T+ 76%; GO-DREAMwalk #%¢ T node2vec 2
F+21 55%, T edge2vec HEFFZT 60%.

RIS R E W], M-RW Al GO-DREAMwalk
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