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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 promote the modernization of TCM and explore its application potential in new
indications, this study draws on 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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3.1 RS T TR 2 AR AR AU, AR
K F GO ATE [R]85 SR ABUE: #4) 2 24 5 R R P AR AL
PER 2%, GO AAE 8] A SCRAUME & —Fhdk T GO RiFk
SR (PSR 3.1 TERAR) A RIE 5 A T
IR E5 K 0% &, Ml FLAEAE P Dhe bAHAULRR B 1)
Ei[n]-

GO-DREAMwalk 2E 55 5 5 R FE W B 1(b)
Bz, 2R T VEAGRE DR 6] 28 9 Dy R AR A4, FRATTR
Lin Similarity TH5E A FREAR [E] GO AR 1E 115 AR,
FEACMAAE 73 B SR E TR A BA P ) 4 H 320 AL, Lin Simi-
larity /& —Fh2& 715 . %¥ (information content, IC) ff]
B SCHAME R, F THEEH A GO RIBIEZEHE M
it s R RN, HatE AR T

2-IC(LCA(cy, 1))

Simyin(c1,¢2) = IC(c1)+1C(c) v

HH, ¢, ¢, 73 MFRRFF BRI GO ARif; LCA(cq,c2)
(lowest common ancestor, LCA) &R M ARIETE GO 2
g R Bl AL [FIRELE; 1C ()RR ARTE ¢ HIfE B &,
GO AR AAK, EH 8, Hlhn, RiE GO: 0015749 KR
FWE i T A N T2 R, RIB GO: 1904659 KR
A S A IS I R, BT RS E R LIz, R
FEEAR, WG E I IC e T . tHE IC RIS AA:
1C(c) = —log P(c) )

Horr, P(e) AARIE ¢ FEFTA GO il H B

Lin Similarity B T - NARIELEE Dhfe R4
RAFRBE. W FOREAR BT G B GO ARABE A T ALY
AWIThRER, AT A Lin AL 288, WX
PR TT B A AR B S0 AL i 35 A 2 i 421

BT P2 2 fERRARZ, HK
B GO RBHEE K, S5 Lin Similarity 7£ KA
A FEAR TR R R, BT K &5 ) . e
SR PR 2 1) AR ALLPE R 28, AR OB A Rl b 25 38 7R
GO ARG — i 7 &, J44 Jaccard Similarity 145
B TF SN [ w2 ) AR AU, E £ B AR DL AS 21 [
IHETH SR, Tk R 3 AR,

() HHRE AL B S GO RiBELY B

1) SEECERF o 2] A bR 2 A ORBC 423 GO Rl

2) ZET GO RiBMEH 45, B WD GO Rik
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(1 BT A A S AR

3) A RIEARIE S FAL ARG, a2t
R R GO RiBHES.

(2) 2411 GO [MEHRR

D) {CEFTAE A H IR GO Rifs, TE 5 HE 1)
GO RiBHIF;

2) PA GO ARiENHHIE, M8 N 4E (N v GO Rifi i
o kil E. TR, AR GO AT
A BE— AR, WX R ERAE A 1, FA 0.

(3) IR AR A T B

T 25 GO a1 & E IR, K H Jaccard Similarity
TR 24 R] AR AL 4 2, s (3) B
|Herb,- ﬁHerbj|
|Herb,- UHerbj|

o, Herbi M Herb ;53 5 227 IR AR HH 25 1) GO 1)
BERR.

Kt E A BAE N 5 Gy ML HEE, Mg T
DREAMwalk ]2 /= (2% Z5 40 O B IR 7 g i tH 5
Rz, FAX AR B AL 1S 20 HE 4 1T 60% 110, i 38
PR ORERIIERE. 1% 2 JZ M4 EHATBENLIEERT, 2P
B R WAL A, RN ALEAS BT BEALIE
IR (R 5R 55, A RO, I AE 25 kI B AR AL M 2% 1)
VE RS (AR Bang 25 AT A op 56 41F 4
(19°0.3); 24Ut 7E A ) 42 Hh 24 SOOI T T, 2 AR Bk
MRS AT IR R, DL A FONE SR Bk A% B A 8L A AR AL
W 2%, IR 2 119 5 FOAR A Y A 1) ) AR ARL
BUE AT PR W R BL 1-2 BORESR IR 3 B AE Gy
WA 26 B 3 T PR et R 0T L D E AR L AR
JE T Ak S AT BEHLIE . TR A, FRATHT
100 BEALIE &, B0 E Ky 10, 8 FR L,
A BRI AR SR T AE R AR BRI B A A I 25 HME B 5 1)
RefE 2, f K BN 10 71 S5, AE NG SR N
SIEIN.

2.2 ET 549 Skip-gram BIT MR AN B = E K

AR Skip-gram A% M-RW Al GO-DREAM-
walk PRI AR B 1 AU B HEAT N2 2T, DASREL
Fh 2RISR IR 19 A ARG 4 7] 5 7. Skip-gram #5784 ) 45
I 1(c) Fior. ZRd 2, TATH RN G838 N
250 PRI 128 4k, 1R SCE O/ 4, IF
PAHC s fUE B SO SRS IEFE AR B s A

Jaccard(Herb;,Herb;) = 3)

Xt S5 R X 8% 5 KA PR LR 0, FRATTSRFH Bang 25 AU
H ) 5744 Skip-gram S 757k, 8 i ST B0 A1OR A IR
HE AL 2RI 72 . 5458 Skip-gram M AT 5 54 BEL
KAEARERANR], ZI7TALN G HC5 U R 2R Y
T RUFCRFE SRR AR, AT SR T AN [E T R AR A Al
KT AR R AL LR E R 5, B RAS IERE A
BEALRAE 5 A [F AT S s S FEAR R &

Skip-gram 58I 25 1) H A 2 18 1 fe KA H 0T
RS HIEREARER 2 18] B AR AL, I d /M 5 ARE
AR st T AR, A R B

- T o
L= (Z(u,v)em logor(z, ZV)+Z(u,vr)eD— logo(-z, -z, ))
“)

Hr, DYRIRIEFEANEE A SJeAE M4 BT Tk
BB L AE A2 BT U A, B S DA R TR SO R w (R
Hw = 4) 775 W3, MO e 5 HE O
W BT R S v R X, 18 AE (u,v) € DY X
i, D~ TR AFEAR N EE S A IEREA KT (u, v) $hAT
kIR GOCRFE (A SCHLE = 5), BIA 535 fu AR R E T
K AR ATA T A BEAUH AT v v, H
A ) (u,v') € D™ R AREAS, HIFERIAED™; 2, M
2, 7T R u AT sy RN [ B, A2 # IS Skip-gram A5
YIZAF R 250, T H9E 0 SAEARHE m) & 2 (8] )
SERFFIE 58 UK R; 2 -z, Ron A Eu M A Ry E R
25 8] I AAALLRE ; o(-) N Sigmoid M0 Bk, K5 A 1)
AEACLE W B 21 (0, 1) [X (8], o P17 A QBRI AL %
D e 08T G 2 BB LA ST R A2
RHIBLE, D, e 108020 -2 Fm e M
AT AREAR ) AR AL RS
2.3 EHT XGBoost BIFZ5-FEMK K EEFN

ST A 2 5 RE AR 2 TR ORI, A SO R 2 S5
PR 1] 5 1 Z2 A R 240 0% 3 ) A B B N,
I Ik XGBoost 4y ZE A A S 2 i 5 B A T:
%% . XGBoost B & 1(d) Fras. #2575 5 h 59
AT s BRI 3 0 A e, M, AR TR A
PR 7 2N 18 2400 X ) 5% R R AIE ) &

Xij = ep; —es; Q)

Frh, g FR A A SRR A s 95 R PR

XGBoost 18 I 2k H by A i ik I B = ST HESE,
s /M TIINAE 55 3 SRR 28 2 1A) R 433 2K oK 55, AT 8K
ALY T8 7E 2408 R B TR 0 B8 77, $& 10 R 0 240

7
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L TR e
LTI, XGBoost Iyl kit B - — 55 )
BB B S BTG B — iAok, B
MG R ARER, %00 SR O T 4 A 25
(5 R B B 7R 52 B TE ML, 7 7 113
WA BRI R E n AL, S5 R I
ShR Ay, BN . XGBoost SBiL ik i A

VETR R S 7 T R, T
57 =570 + £t (©)

Forpr, fAROR BRI B, x; N 20 O RAFAE 1) B
PRI H b e B 0 T

n 11
L©O) = Y 10w+ ) Q) ()
i=1 k=1

Hor, 1y, 90) R R BB, F2om 5 e IR AR TR AR 1
ME S 5 B Ey, 2 AR, FF R R g 3 5
BUSARAEIRNAZE 57 (AT 55 R 402, SRR HU ok
H0); Q) A SRR A TE U AL T30, T 4 1 488 750 4 2
B, BRI

T
Q(fi) =T + %Az;wﬁ ®)
£
HUrR T2 55 R T OO, w0 R A
I AR, o LR PR T 2 250 52 2 FE ) TE
16 F B, I A TP ok 4 51 I s MO A SR
Ok, TSR BRI A 1 45 52 2% B, T i 8 4 G et 40
2 RS HEAR TR (1992 A B8 710 H (10,

R
3.1 BUE&E

AR SCAS FH A SRR T 2 NI AR S A TT R
JE. B4, PP B4l 455K B Barabasi S256 %, 15 18505
ANEE T ADA AR AR 2 AT 327 924 S0 BLARE FH
PRI, FOUR, A2 S RE IR DS HE K H Gan 25 A1
IE 7T, L7 798 Bl 2 K 127759 4k 24 -$EAR & (4
KRR 174 PR IR 12601 ZER-IEHK
EEEAE. 1436 SFH A EMROCEEHE . W & 160 Ff
FEIR 384 At 24 DL R I PR HA B AT I R A 2800 Fob b 252
) T RE AL I PR . 11 PR H B e SR 25 B — i 2 4k 0y
WeIFHL 2 2, WZ AL 77 TP B S BT Hh 25400 5 1%
FRE TSR A BT A R A SR B AR e X, i o

8

ARER, SEERAT 4869 AL 24 -l ARRE IR OSBRI PRA R0E
SO F RBEAE FRE Ah 24 JE R R A DO T R A
2y B, WA E 2% 255 A SR L IE 1T R

BT b e, 2R 760 HBATIT ROCHR H 24- i
PRAEIR KB

FE W28 K D5 T, AR SO 2. REIR . HEE B
N, RS EARKE. MRS EARKE. &
5 IR) AR ELAE P A D9l Mt 1 v 25- 2 1 - bR A
2%, WATH Gups={ Vi Voo Vs Enps Epps Esp} TN 1% 45
RN, o, Vs Vo VoIS L
R B UUREIR S 5, By Eppe Eyp W14
3MEMIL (h-EA. EAR-EAR. AEIR-
HER), FrA LR ES S — %N 1. 354055 19578
T RURT 480674 k3.

BeAh, Nk — B oI NEM DRSS, A FE A
Python f pygosemsim (https://github.com/mojaie/
pygosemsim) H 2 %% Gene Ontology %4 ¢ H 1) & A
Jii-GO RIE A o GO ARIE A1 )2 44 0% &R 1%8
A H T 3 KK GO ERRM: AWl (BP). 70T
Thke (MF) M4 415 (CC). GO REAENT =, Kif
6] 1) 9% & “is_a”“part_of” & AE NIAM K GO B R4 H
K, % E R T 8 SORAE [ ) kK 5 A58 &R
AR SCAERAHD I B s 4E v W, https://github.com/1zh228/
TCM_Repurposing.git.

32 SHRE

AICK 798 R 255 174 FHOAEIRI AT 138852 41
PSR RO 4R, 15 811 "I IIZRAE . TRk
. MLk, 25 5507 R AR ic o IE B,
Horp ISt 13886 LZGAEXT, IEHIH 144 41, £
RN [ B T T, ASSCHS Skip-gram AU BTN SC
& HR/NBCE Y 4, YORFEHGI B E Dy 5. 78 TN 245 i
RETTH, NS EH G, RSO T MR
WG . R A ) S A I SRR T (i (8 N
[5,6,7,8,9D). & (&L N [0.01, 0.05, 0.07,
0.08, 0.17) LA 11 . 73 2T f5 i) fie /DR R /b e (e
BN [0, 0.1, 0.2]). INZRAEAS B BEHLRAE LE BRI AE
BEAL R AR LA 2418 52y 0.8. MRS R ILi T 1T 75 4H
SHAE, IR 5 P58 XL, NS BREE A A
) i) L, AR RIS A R T IE SRR A AL R
EETRME, W scale pos weight A TFEAE S [EFEA
HUH EAE. XGBoost B2 1 i KIS AL Hi Hy 500, I
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Ja F early stopping ML LAB (i 014G 5256 K A Python
3.7 VENTF R B, I84T7E Intel Core i5-13500 AL 3 4%
I, GPU #%#% NVIDIA GeForce RTX 3070, 17 A/
4 8 GB.
3.3 N ERR

Hh 24 B 5 A7 I A% O B B A AR AR 7 v 24 -0
PR H 7 3 tH AT 1R IT W 1 B2, DR AR Y AE v BAE
FEMRIIC R EEL. Nk, A5\ Precision@Top1%
FI Recall@Top1% MM FE#R. Precision@Top1% i A
RITETINAS 73 FEA4 BT 1% B rh 24 -RE R0 v, TR Tt
9 TEAB PR EAR, S5 Bt e 4 5 SR o A gk 24 W R RE AR 5 T
Recall@Top1% PR AEHE A | 1% R H 245 -RE 4R 0)
R A B B S TR 1) RE 77, 478 T Precision@Top1%
FeAR T RE 205 1) A B RE. NG — AR AR T
PRt AR A, I U 5 S B N2 oA 5 i 18 7 70 245 P 1)
73K, AR A TS 43 HE 44 1) Topl1% 1 N BAS
PEAEVE L B, 7265 61440 NFEAS 1 I PR B0 42
o, Top1% XF N 614 2H FRUIN 15- 53 Ft v P 24 - IR
Precision@Top1% F1 Recall@Top1% M| LA Top1% 1EH
BB TSR TN . b Ab, FRATTIE P 32 TAE
BEAE #h 28 R A TEAR (AUROC) 1E A6 70 4 = F00 1 A
AL TEFR. AUROC REWS [ WA ZE B A7 73 2R BB T IX
SR IESRFEA I RET].

W 25448 Precision@Top1%-. Recall@Topl1%
A AUROC IX 3 FhiPAliHE A5, FATIE e s B 4 {4 [X
G BE I RN, B R 2 S L AE v BLAE X T &
SR, T B Jon 4 Th DA ABE 284 190 00 14 .

3.4 ZWHERSHH
3.4.1 M-RW 7R

iR IEBA FE AR S B MetaPath ££6, A3
BEIER 3 HEAREE S Myy Mys Mg BT R
AR5 AT RS b BRI &, 4000 R FH454H MetaPath
T8 ROV AE A BGRRTT UF1, JFRA H Skip-
gram R 22 )RR R 25T S RER T A0 128 ik
NI, Bl 5, 8 XS iR AN ARFIE VI 2R XGBoost 73
Hedm, FHAEMKEMMAESS 5 IRKA BAE S5 LR IR
H AT 55 B PP A AR R F T 00 12 .

S S5 R 3(a) Pros, EMHRERAE S, My 1
AUROC BT My f1 M, {HHAE Precision@Top1%
FI Recall@Top1% M5 B A5 4abs B3y T HAh
. FE I R ROM I IR AT 55, M, £ AUROC.
Precision@Top1% A1 Recall@Topl1% iX 3 Wifgr L1y
RINBA. 256 KE, My FEFTA TR S5 R 30 B
g, AT, BB ES M; A Ae A 2 LAl
IRE R EAE R, it KB EE S Ms WrTaegI AL
Z g AIURAE S, SRS 2] R

AUROC (%) Precision@Top1% Recall@Top1%
95 fo— ol 040 [ 035 F —o— R4
00 | 03s | 030 -'/‘\ —— Ilé}jqﬁ‘%(
—e— Iy I
85 0.30 025 I R H 3
80 L 0.25 020 |
75 | 0.20 0.15 |
025 |
L 0.10 |
70 0.10 |
65 | 00s | .//0\' 0.05 .,_,/,-‘/"‘}Q\,
M, M, M; M, M, M, M, M, M
HARES AR AR EA
(a) 3 MetaPath & [ TR 1 A8 LU 4 5 i
0.08 F 90
007 | 0.06 | %
X - o I
= 006 t £ 0.05 ¢ S
£ 005 | S 004 | g 70t
® 5 &
g 0047 ® 003 | )
.2 = - 60 |
Z 0.03 | g <
53 3 0.02
2 002 22 50 |
~ 0.01 |
0.01 f :
0 0 40

(b) STIRERILE I PR AT 24T T 1y T4 Bt L
K3 M-RW 5 GO-DREAMwalk #5704 [t 14 e iF-Ah & 45 SRl & o #r
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90

0.40 | 0.05 |
. 035 f

N3 o L
2 030 | X 004
o (=9

£ 020 ®

Z 015 ¢ § 0.02
2010t ~

0.01
0.05 +

0

80

70
60
50 I
40

AUROC (%)

mm M-RW s GO-DREAMwalk s Node2vec mmm Edge2vec WM Proximity
(c) SR ZIFE IR PR tE DAL S5 o (R T L e X Ll

0.5 1 — GO-DREAMwalk
— M-RW
0.4 —— Borda
- —— Dowdall
S 03 r —— CRank
£ 02t
0.1
0 L 1 1 1 1 1 1 1
0 100 200 300 400 500 600
Top-k
— GO-DREAMwalk
010 F _ MRW
—— Borda
0.08 - Dowdall
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/E A [ A 5 s 1 )
I R R R L AL

1O+ — GO-DREAMwalk
— M-RW
0.8 | —— Borda
—— Dowdall
£ 06t —— CRank
£ 04t
02
0 L 1 1 1 1 1 1 1
0 100 200 300 400 500 600
Top-k
— GO-DREAMwalk
0.06 + — M-RW
—— Borda
—— Dowdall
= 0.04 | — CRank
o
0.02
0 L~ . . . , , .
0 100 200 300 400 500 600
Top-k
(e) M-RW 5 GO-DREAMwalk{E AN [F] 5 & S N (1)
I A 3 i Bl 2

K3 M-RW 5 GO-DREAMwalk A5 78 [P GEIT-A% e 45 SRml & 4T (82)

FIREIR O LKW, M, 51 MetaPath G845 A
BOAIR Gy FHEAE I EARAE B Wit — P RIEA L
BEUF KU R SR AF SR E 75 41l 38 58 2 WL 45 2, A SORE
Fo 5 B R R TR AT T YEREXT LE. 5 XA R AN,
AL SRR B0 A5 KSR (R AL AE S, 30 AE A i
H 2 BREAR TS AL, R 25 N E IR EE I AR SR ST
R A RS R R SRR A R, AR ORI i
H 47 2 15 VU IE Tl ¢ 1) MetaPath, #57 VCHC, MR 8 %7
F, 15 W EEHRAE. 5 T AE 2% 5 SR U R SR O
ZERAR AN TEROF EHIT a6 E . B %SRS, A
EIRTT AR T — RIIKEAE, 4555 MetaPath
AT R A 7 51, RS 2 AN ORIBE T

Bt bR PR RAE g, FATHEAT T th MetaPath
T HIBEHLIE S50, JA1G — K M, BR1RSE &1 b

10

BL AE F 48 SRR, 76 R AR T T, PR R AT S0
B EEAS T 2 BREIR T AT 100 (X BERLIF AE, 7R
JHRE A I PR A B b VP Al A 1Y 1k g, SRR 45 SR sk 2
Fis, WA SRFEFE AUROC. Precision@Topl1% F
Recall@Top1% iX 3 Tifabr b 3R AE, UHZHE
SEAT B T4l S 0 2% v 2R AL SCER, AT £ THE A
AT e

R 2 OUUARAE -5 AR T 1 A8

SREETT % T{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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3.4.2 GO-DREAMwalk f7

T ¥ DREAMwalk 584 B FH - o 24 8 52 fir, A
SCHET GO AT A) A5 SR, Mg T 25 S ER
FRI AR D 25 b, SRR AR ABL PR o 45 6 2 334 etk
TR 33 144 S5 AR OC RA BRIV, 2 AR AL
W4 2% 1,55 798 Al e 24 S HAHALUAE 5% SR A R 190 802
S0, ALY 2 B VR il BLER . FRATTHG: 13 P A AR B
PERZ% 5 Gyps AN N2 B RPILE, TR XM %S
8] DREAMwalk #5 B EAT 0 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 ¥ 0.361 1; TEIN KA AT 5
s, AUROC 18N 84.03%, Precision@Top1% &} 0.0684,
Recall@Top1% 184 0.0553; ZEIE R HE 55 1, AUROC
fH 79 81.58%, Precision@Top1% €4 0.374 6, Recall@
Top1% 1B A 0.0472. X — 5256 45 ik B 5] AT eeAH AL
4 W 4% () GO-DREAMwalk #5278 75 v HE 42 T Al 44
TR b ¥4 b i Ve RE R IR, AT LA 20 S F A 24 -
SKEETMAT 5
3.4.3  XFELSRES

N T BAE M-RW £ GO-DREAMwalk F5 74 78 7 1k
AIRITIE 1 25 AR E, A SCAE AR EVEAL TP
B 52 MEEHEA R E R, B IR R SR
“If PR A 250 0“1l PR H 3IL PRAMAT 55 B2 (132 AL R
3. BT IEEEE: 1) ZE T AU X0 Proximity 777%;
2) P o T R UK B PR B AL U B B Y node2vec Al
edge2vec.

X5 Bl VETE AR SE bR T M e R I gk 3 B
I, AT BRARE TARNLAR 52 2] 771 Proximity A KK
PEREFRTE, M A% T node2vec Al edge2vec, HEAA T
PERE (AUROC) FEAFE, S I 4 fE (Precision@
Top1% F1 Recall@Top1%) 732 /NiEHE Tt

K35 FBURAEN BURAE S5 h P R 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 i AR RE 7, FeAT1EE TR AL
AH I R S5 Bk 5 PR AT T IR, 1 R
RHANKE 3(b). B 3(c) Fias. #EF Proximity /714,

TEIG KA AT 55 1, M-RW 1) AUROC #7t+ 7 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%. TEI A HHL
f£55 1, M-RW [#] AUROC &7t | 14.8%, Precision@Top
1% #1 Recall@Top1% & F+#7 346%; GO-DREAMwalk
# AUROC #2F+ 29.1%, Precision@Top1% #1 Recall
@Topl% & TH41 304%. AHE T REHLIFER AL, GO-
DREAMwalk 7E i 4ME 5% L) AUROC Z R HUN, M-
RW HH LGP P BE e 77 ik Pl M g tR B 1 1 B, X 3R
AT R AE 4 =y TN B8 0 7 HIAH 95, (EX T s B
JE 485 Precision@Topl1% 5 Recall@Topl%, PFiE AR
FEIGPRAE S8 AT BRI TR 45 SR an R £
I RA AT 55, M-RW AH# T node2vec 7 Precision
@Topl1% Fl Recall@Topl1% F38ET+4 40%, FMHET
edge2vec #2 T4 53%; GO-DREAMwalk #H% T node2-
vec $EFFH2) 20%, HHET edge2vec FEFHZ) 31%. LEIRK R
HIAE %, M-RW AH#EL T node2vec $27H45 72%, A
BT edge2vec 1 TH2] 76%; GO-DREAMwalk ## T
node2vec $2FH#1 55%, HHELT edge2vec 2T+ 60%.

AR seEG gt R, M-RW Al GO-DREAMwalk
RS 2oy ] DL 3G 5 AR R of o 24 IR ST TN B /0, T8
FLAE M RAT 55 e HE 44 00 ob SR 30 B8 mi g A0 B . =%
X PR AL S 51N T BARAE BT RS R, &
ATTHEDN JFE AT B AL 4 3R 0 2% 40 HNRFAE BB BAME, A
Pt — AR T IERE. vk, FATRA T CRank.
Borda 1 Dowdall iX 3 ff Rank Aggregation 5", %t
P TS 2R i PR AT 55 v 49 38 1) Tt 25 SR AR R e, I
LA Precision A1 Recall NPEftifibr, 22 7 Top-k 245%E
X PRI e AR Ak it 2k, 4] 3(d). 1] 3(e) P, SR gh
FEIR, BRI RAT 45, Borda Jiik TG HEA 5 145
ke A, Top-k L& TOMIPERE W] BAL T Crank.
Dowdall J7 751 R [ T &5 5. 7E Top1% HI{E AL,
Borda fEIf A %045 F1 B Precision {EiA %] 0.14, Recall
HIEH] 0.1, fEIf R IR, Precision {HikF] 0.54,
Recall {H1X 2] 0.067, Tl RESLIL T KiEsE st did b
WG, IFSE T M-RW fl GO-DREAMwalk 1 7 /¢
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