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 OE: 4ot B AR S M 4R AT X, A EFAUREA S E AL AR, BPiR A R B g F 52
1K, RAMIERIAE SR B e Kb IR AT A REMAR R EWIE A, (2225 F AR Bie) st FME5 L, —
AB TR FARGE S A B RN AR E RGO E LT, LT EGEAMEAHTFNER ELNS BB
A F AR B AT AR RAR A A e ek b F R B B 5T B R B e A MR R G, ROt A Tk
35S AARAT Bt % R P R IF 4R B 3 AR 555 % (MSOI-Align). % 7 % 8 £ 9% % A B i 30477 A 204, A1
JA R T T AR ERG B AT, T LA FARL ARG Fo AR — B 2 R, A B KB S AR R ik 1T E MR
e UG, AT Z UM 3454 Kik 5 A R AR SHAT A Sh ey st 4 iRAE R A 5 A B £ 44
LR 57 4R B B0 523045 R R B, MSOI-Align 7 7% B 54891 T SRR FAE 40945 s bk, 55 Sk 25 k40
b, Hits@1 4847 0.42 42 £ 0.92. 8245 69402 B 1% CMKG .4 13 £RIK. 19 7 FARFL) 70 7 =04, F &
B AR, TR T PR 56 5 9h 3 ANEERRS494 R——OpenCMKG.

KA b XE S 4R B SRR R KBS AR B AT B SEARIE S 3 AR A i
FEESES: TPI18

HCT AR S THRI, BARIE, TRl LRGSR CANARAE B 25 SR T AR R SR 5. AR, 2025, 36(11):
5178-5196. http://www.jos.org.cn/1000-9825/7370.htm

F3 5| %30 Ding RQ, Zhao JF, Wang LY. Multi-source Chinese Medical Knowledge Graph Entity Alignment via Entity Semantics
and Ontology Information. Ruan Jian Xue Bao/Journal of Software, 2025, 36(11): 5178-5196 (in Chinese). http://www.jos.org.cn/1000-
9825/7370.htm

Multi-source Chinese Medical Knowledge Graph Entity Alignment via Entity Semantics and
Ontology Information

DING Rui-Qing'?, ZHAO Jun-Feng'?, WANG Le-Ye'?

'(Key Lab of High Confidence Software Technologies (Peking University), Ministry of Education, Beijing 100871, China)
*(School of Computer Science, Peking University, Beijing 100871, China)

Abstract: Knowledge graph (KG), as structured representations of knowledge, has a wide range of applications in the medical field. Entity
alignment, which involves identifying equivalent entities across different KGs, is a fundamental step in constructing large-scale KGs.
Although extensive research has focused on this issue, most of it has concentrated on aligning pairs of KGs, typically by capturing the
semantic and structural information of entities to generate embeddings, followed by calculating embedding similarity to identify equivalent
entities. This study identifies the problem of alignment error propagation when aligning multiple KGs. Given the high accuracy
requirements for entity alignment in medical contexts, this study proposes a multi-source Chinese medical knowledge graph entity
alignment method (MSOI-Align) that integrates entity semantics and ontology information. Our method pairs multiple KGs and uses

representation learning to generate entity embeddings. It also incorporates both the similarity of entity names and ontology consistency
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constraints, leveraging a large language model to filter a set of candidate entities. Subsequently, based on triadic closure theory and the
large language model, MSOI-Align automatically identifies and corrects the propagation of alignment errors for the candidate entities.
Experimental results on four Chinese medical knowledge graphs show that MSOI-Align significantly enhances the precision of the entity
alignment task, with the Hits@1 metric increasing from 0.42 to 0.92 compared to the state-of-the-art baseline. The fused knowledge graph,
CMKG, contains 13 types of ontologies, 190000 entities, and approximately 700000 triplets. Due to copyright restrictions on one of the
KGs, the fusion of the other three KGs is released, named OpenCMKG.

Key words: Chinese medical knowledge graph; multi-source knowledge graph entity alignment; large language model (LLM) application;

ontology information; entity semantics; alignment error propagation

HIAPEHE (knowledge graph, KG) #2& AZS LT iR AR T R AR RIS, AT Z N5, i
T e VR ) 2 TVt AT e A P 5 AR B P 1 S U R T [ — N 2 AN AT I B B 5,
FE R gt et 5 A7 M B A0 3 U B 1o . S ke, AR 22 F 7 B0 T AT S AR P i, 51 4k 0L R UV
ey M1, b, BT AR B R ZE R TS A SR 2 TR (R S48, 2 BT N T BE A% . ARAE AR, B4
AT D b VAR AL R 2 AR S 3 DA R A R TR P A AR, AT 2 7o 2R 6 I A e R e i e .

PS5 h, B — 1 /N R e PR A A N 0% e R, A SRR o I B R A BR A iR sk U, e
M BARAT S5 IR B (HRE, A SKFT AR B R R 22 S iR B 2 — N 2% FL A w1 85 1) A, 5 R A0S AR (U AR
I AR S RAHEL, DLRRE IESE 2 2 U B AT Ik, UMLS™UR s A B 22T R0R
2, AL R R 2 AR AR DG R SR, P R 43 9 3, Hh S BRAR D T v SC R ST 1R LB P A S AR G A, 3¢
AN KA Z AT ) P, fEL A7 AE — /N B RO RIS O, DR, i 22 /I MR ) T Sl e 01 PR3 (b,
FZ RS R 1297 BIHE) 15 BIRARTE R, T T N B, AH R SR A2 T 1. S XS 5% (entity alignment) A& —
Bl vz R A B R B b A U7 20, T DA B S A A SR v R R AN B AR — B R R, N THZ B — AR
FUAR IG5 — R R, 5 BOAL 2% B AR 22 65 I (10 2504 1),

SR, FEA P SEAAX 55 VA HEAT v SCR 7 AR B i 550, 78 EEAR e DL R iR,

(1) Gn{ar 58 47 - SR ORI AR RS B 55 2 4 FERHIE? A A 5 B OGEAR LSS 5 SEARXT 55 1 ) &, 2
T2 27, IR EREE ) = 0845 B A SR B NRIR, T EATRIARBURE DASRE 53 2 — AN B A T
JC %) AR AR AE P ST R B SO0 55 R, SRR I A FR ARG B AN B LT, ane] e 2k 4 Hb Rl SR Y
DI BRI B G EIS AT X 52 T BB 1T ).

(2) T TR S50 R g e 22 35 R A PR ot 5 0 R A% 3 2 T A0 I 0 3 A 7 A R ) et 5 U1, 2 IR i
XFFF A FEAR D . AR T PN 0 57 R 75 B AR B P A BB S5 00 (10 S48 20 U5 AR L X 55 i i #8255
P iR B AR AR AR AR SR AN S ) SEAAAE L. IX FSR T T K4 8 v o o 11 BT ke Ul AR AR gl e ). DRI, A
FETCTN LT TBIE LT B 2R 50 R E B 1R 00 LAY TE 2 i A< i e 10 B 22 1) R

EEXF UL EBRER, A SO T 45 A SEAR TR SURI RS B 2 IR SC BT AR B iS4 6] 55 773 (MSOI-Align),
Rl R G SR I 2 PSS DURH DR BB AR 1 ST SR8 . R ZEDTmk a4 LT LA 7 T

(D) EFNRERE X S E FR R, SRE 58 T B 45 W A1 SR 2 RR AR RS, DL R AR — B B, FER I RIE
FH A (large language model, LLM) H/8L 55 IR 1R 06 18 B DL R SEAR G VR HE— 2P i i HE Y, TR AR 1 256 SEARE L
HAARAS B IR P 1% S X 55 732 (SOI-Align).

(2) ¥ SOI-Align J7VEY" & B 2 5 I ) 55 in] /T, H8 H 2 AN ER B SR RIAETE A R AR 3 10 J, TE 24N
T 2E A HEAT X SR SRR B, 45 A = on A ERE VTR KR Y 1 B0 R 50T £H IE 55 X6 5 S A xt b T B A
FER B R AL 15, 158 3 58 B 1) 2R o oL BRI T AR IS SL 4R X 55 7772 MSOI-Align.

(3) WG IZITIETE 4 A SC BT R RS B0 55 BT BAIE, R BURRH FH A iR B X SR SRR B, TEAE A L
BIET 1R, R IR UK B A A KR R 5 R R T T B 18 ik A AR 45 U AT B, R B
& Ja BB R IE AR, P3G T RlE JE i B R

(4) G Ja AR E R CMKG B8 13 28 19 T3 S84k, 29 70 75 =04, 25 | H b — AN B R AR BUR 1, 44 5
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4b 3 ARG R G 45 R TTIR (OpenCMKG), K5 7 38 6 HANSE4A, 35.5 JiAN=J04, W] T https:/github.com/
RuiqingDing/OpenCMKG.

AL 1 AR R B T AR DG T IR AR, B 2 AR AR SO e S B 3 T R AR R AL R Ty
5 A THHMT SERO VAR AN BT, B S TR AE A SO R RS AL T ).

1 HEXIIE

SETUR PRI I R X 55 30 A2 K A [ SRR 1) R AT 2, R0 HH 3R R R — AN I S G i s, AT 32 i R
f e S A — S5OV A DR SR PR A e AT S ) R —, %1 SR — B T A B e e Y,
A R g DU 5 p 5 R0l S Aot 55 07, IR B R TR ) S A G TE AL R A, e S IUA T AT
TE (1) 55 B B o 28 R[]

1.1 BAMNIIREE SRS A

FERPE S IR ARTAT Z 0T, KEBOT 357 B - Arid AR URFAE RIS T DU s (MR A 11, 314, RiIMOM™)
W %5t 5 1) RS AL N B MK e 3 R, LogMap® Vi i 71 i AT UG AT, LA B2 o) ¢ 2R (48 523 A Xt 3R 310 55 5244k
PARISPIEAE Y324 r i et FHE e S A R0 96 3R S5 R HEFRG R 17 SR G 2R AL 56 .

TEAESR, BTN I 7 35 DR g G TR 3 AN 250 B S A %o S 9 7 19 229 5 1) Trans B B4 FiT N 2% 2
JTF R 5 R, 153k SR (R AE A 5C R AR AL A 5 1T LA SR 512 S (3R 40E; B J&, MTransEPY7E TransE
SEIR AN ER RO\ 2 ST B b, 3800 7 R R SRR 25, 1R o A R A B AR AR B N X 5 Sk,
)% )T A A — A a0 U P T 4D 8 0 25 I WO 81 2 — A S 7 PR 4 ) SR A 245 15 TAPEP IR LY 1 31 R N (1 54
= SN 719 7E DBpedia i _EHEATIRAE; BootEAP S 3T N I 924 R 4R Y B 7512 (bootstrapping),
AR LA T B8 0 SRS SE AR AC I G B, DA ST T 1) 60 P ) S A4k N ; GCON-Allign!™ VR DG Fic ko 4 29035 if
FE PR 5 A Ao 20 X 2% 25 > PR o f) S A T 9 3R FEAT X6 55 TransEdge™ £ 156t BIRG (1 ek 2 [ 75 < — X 2 Rl X}
— IR RO R BT FEH DL (B R) O BIHRA TV, R YR IC R BT AR Sk B SEAR A R B K R A AR
75 MultiKEPOH2 H T 22 0 P Pt SRR 55 5 02, 4 SEAR IR AE 20 1 3 AN R4 (SR SR &R JBMERHE) 2 ) 8o
TN SRR, N 22 AL [ SR RN 70 43 BB A LA et AR AR 1) 1 .

Bt AR 22 M5 0 TAE MASIR B0 A8 FEUIN, G445 M SR 8 TR R it A\ A8 ) O ¢ 1) PRI ) 5% 5 9 PRASER VA
KT W 5] B bR B 55 5 1 SelfKGP125, AR, A 53R SC 28 i 4 1 iR i o 55 7 V418008 3 b iu sk
Je BT TransE SRS B PHE X 45 510 J5 100 ST A IS8 31— A 1) 12 23 1] 2 i 4 P A BRI 1) 1 2 ) i e i s s
i FARBLRE SR b (1, AR 52 MRADLRE ) 58 S A 1) i 2 1) o (O B 3, AT 5 244 T SR AR 7 7 — A R o £ % o 52
(counterpart), 7 HFF & 7 T.EAH OpenEA"HI EAKit"”, M KHUMRIAL 7 W S 44 32T 7 AHSEHE LI RR. Hovh,
DBP15K™ 1 DWY 100K 2 AN % I i Sz it 4. DBP15K A% 4 MR [FIE S AR (hae, 395, i
FH ), DWY 100K H#5) SE44 FH Wikidata 1 5] ID Kow, BRI B AN EHE 46 o Sk 42 FRAR JE ) SHAE 4542
BT PMEAS B, A 15 24 BT 0 23 AR 04 3 A S R 0% P 14 SR 56 2 0K 2 S SR R N .

B, B SR BB X 5 6 H BT O A RIT TR E A, (B BT VAR 2 A P e G I A R e =
JCAH I FR b, S Sk B 1B SUE B RIRHE WA 7 4. RIS, S8 A 0 iR S A s A e /R, X 2 A4
SR FF a8 AT T /D (A 2 T 5 AN 1] B AR 43 1 7 B S 5, Bl B — D R vk 2 B SE AR
TR AR S B PRt 5 S A R 8 i L, 3K 7 2 BT ARORIE S A 4R e B,

1.2 EfrSuganiR B S 5F A

B T 3 P A3 ) e B SEAR T AT 5 Ab, A — SERI FE AR BT BT R R I, T SEARKS SR T VAR R T
AU B 2 R T BRI R 7. R R ) 2 Zhang 25 A P57 —ANE T R4 $E 42 MED-BBK-9K, 11
FEPA S BT R, 23 Bk B E R B RS BRIG BT Ak, (ER sk B b, BN EE RA 9000 24K
. G SIS ISR, K22 BUBE R ™ B AR+ s (B IR0 Hh B0 55 SEAAR), A [RERABE R 2 5 S B[R 1 ) &=
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RPN R R, AR ZHIMBOYWIE. J5 22, AT TR CA JE RN T AKE S, oA ek 0 1=
AR B, M 5 S BUR MRS 6 R B0 IE ), OntoEAP T I A4 N 2 >34 A4 A5 S Al AR AL 11 55t
P2, IF H25 R8T AN 5] 28] 1R 43 B 240 SRR S v B S PO HEAf 8. (EL R A S 25 SR b R IS SR A AE — S AR 7 T R IR,
R R SR B2 TR R BEE 28 73 I, AN BE 7 4 G i 1) AL

ISR, H T BT OO AT R e, SO T BRSO R LR B BRI T USSR R 2 A, PRI
AT 75 B 2 ST AR AT 5 K FE R I, R 2 Hits@1. e BN, S PR I By 1 P il = S A0 S 28, TE A
BT FIAR T X S AR 55 I, 7 A0 2 U o] 45 5 SR 10 20 248 L A5 S SR T 0 55 OR, Rl AT 53k i R 78 20 A1 )
EXEE.

2 EEENX

2.1 HHREE

FRBEERT LR IR N G=(E, R, O, T), H, E. R O« THRlNIE. KA. AMEM=0HNES AE—
ZICH (h, r, )eT BE— KR heE, — KRR reR Ml—ANBSLK teE. AR LLE/ESLAR IR GE B, B2k
A S LA, XA R A WA UL = J0H RN (e, BelongTo, o). Kl 1 25 7 LA A% O FIEE 97 SR B i
VZAFAE AR DL S I S AR [B] FT BEAAAE IR R, BLFE SR R B OURL T . ATRERIEIR . H FH EHERE 24 0 45

)
W
LiiPS
X R

; =5
FIRE e

b7

s RE TRV
Xof L
Bk
B

BT By R P A 2 R AT REAFAE KK 2

2.2 FIREE LR ST

o FIENREE XS 5% AR ERE Gi=(E), Ry, Oy, T)) 1l Go=(E,, Ry, Oy, Ty), SLARXT 10 H b & 4% 2145
WIISEARI S, Y={(ey, €))| e1=ey, € €E}, exeEy}. [RIIF FRATTE SR} 5 S Aot 75 L /2 AR — L, RIHT e=e,, A ej—
01, ey—0,, W—EH 0,=0,.

o ZYFKIR X T 5 0 AR B AR, A2 AN EREE (G, Ga,..., Gy, BN SR A Y=
{(e;» €) | e=e;, e,€E;, e€E, i}y (i, jE{1, 2,..., n}). ANF T PIRITR B X 5, 12 i AT REA7 A2 4 R HO XS 5 1% 3% fildn,
G, 1 G, BB FF I TAERT (ey, e2), G F Gy FRBIT T TARRT (e, e3), MIBEN KR, 7T LMFE] e,=es, (HAE MR
bR LA extes, BUUBAFERT AL T Bk, FTRLURIMHE S e)#e, B ).

3 75 &
ST T R R R R 0 S T R PR FRAVTVE AT T LA S SR AR A (2 SR 1 2 Y R R PRt 5y

% (multi-source knowledge graph entity alignment via entity semantics and ontology information, MSOI-Align). % /7
A EALEE 2 NS (1) B 2SRRI AN R S Y 2L, e A BB LR 9 L SRS 55 ) . Bk b )
BLit SOI-Align J5i%, 78737 F& SEARR IR [ B AN A4 MR EGAR AL, UL RA A — SRR 200, i ) LLM KRR 55 S8 it
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AT 5 e A RO SR 4.5 (2) FEVLAAEE (1) 25 P 1 4LA5 (R0 55168k 215 1) 22 R B o 55 45 SR, 2T = el
B LLM A SRR 2] TE X 5 HH5 A 3k, (RAIE B 20 55 45 S KA v 2
3.1 FMEESLARFTST SOI-Align

AR SCIAVRF 7T 2 B Xt e SO R T AR B, AN SR B SRR, AR R R B E B X AT 4, o)
DAFE 53] FH S 42 B 00 SCASARAULEE, 4810 070 ) L 4 0 L 38 i 9 X AN S, 10 M SR A B Rk A sl B ) s Ay
TSR, R, A5 B LA SR T SORN S R AR JS, W DR DT IC s R ] S .

T LU HFR, AT T I Se A 5% 7 SOI-Align, BERHEZL I E] 2 FiioR, 3% 4 M OB TR,

: 1. RS HEST 55 2 ARALBE LB 3. 48 R
|

........... i BT FRRFAFEM
AR TSR R TRARAL

]
i
L 7 ¥ v,=M(e,) n Qi 5 1 i 5
L9 Bl E M) N L s |
D VAR 44 s(ey, ep)=cos(vy, v;) oy | ] iRk (ey, e}), sim=1.00
: t s y : (e,, €}), sim=0.85
1 2 i i A L : e
| L e TR o Al
bemmmend | L} R SEAR AFRARALRE | Sl
S i
| e s(e,, €5)=LR(e, e5) ) i
! i
! i
I

5% seed

ﬂ‘*.
a8

K2 PEEEXSF SOI-Align E %

(1) FEAEXSFF: 25 58 P A0 IR, o SR 44 R 78 4 — SO D AN SRS HERT 55, TUPHG- 1 8 5% 5 J) S A ) 4
GAE N EINE N SRR % 2] IR, R TR IR R 2 S IR BEE AR B I ZREE .

(2) PR v T B AT R E SRS B, TRAT SR 2R 22 S R B 45 (5 B BT S, AHA
SR P RS 6T 55 B (AL P %o 57 S B A, AR AT 1 BRI 6 57 3R 2 20 7 1 MR B SE AR R R R T B T 5
ARTZARBLEE. [RIIT, 25 R B BRI STAA 2 BRAH XS 7148, B2 T gmfR e B v B8 SAA A2 Bk R AR ALLEE .

(3) ¥ ST G5 SR TR h) B R0 S 42 FIR (VU ARALEE, [0 IS 0 7 19 A S A (1) AR A 2 75— B, 3R ARSI T 130
SHRAURE 43 B, AEARALRE 8 T — s BRUE I SR S SR R0 ik e 4.

(4) LLM FR AT 25 58 30 B TR LR UE AT HE 7 1R AT R S 30 R, R AR TE 2 A SR AR B AR 22 50/
(LR . DR, FRATTEE— 5 F KHE 5 MR R s 1 B 5 R DO 43 80 ) 5 ik e SRt e, SRAS e AR 1k e 5 2.
3.1 SEAARARLEE VI RO SURFSF

AR, R B 2R R G, 2 A R P R 5] B B 4 I g AR AR AR AN SR S ) — A
R4ea B3R, 25 it BRI LLUE DR B S0 ekt T 5 2, 48 — DR T R 2 ST SR 55071 M
(MTransEP 125, 38 5t 11 25 A A7 21 5 AN 10 b e A S A ) ) B, IS4k ey BT AR EIE G, 2tk e, JB T
HIRERE Gy, BATRIFER IR BN vi= M(ey), v= M(ey), AT AT A ) B3 7R 18] 1 A T2 A ALLEE, B

ViVa

il X vy

B — AL B A (FRATIE S5 P E N 0.75), 4 sim(ey, )22 B, MV SEARSEA.

B 1) B R v SRR L B R O M8, AELR AN AT S PR SR AR S 5 th B0 2R 1) . 1 Sl A2 RO X ) SR AR AR A
— 3, HAREA R TREIR A S AR AR 8 TG AT A S A S B _EASRENL I, (H 2 R AR 1) B BLRE K T2 B, 1R
Sy HIAE R UL, RUARTT 5. [FI, AT R e fh oo 165 105 AR 78 e A R X, i, AN se e AE
RELRI 576 4= A1 i 0 BEL A A AN [ BRI . (L A R R 10 ook P A S ) = 0 20 5% SRIBONAR L, BLFE T 2 A REAR
FEFAAE B 2555, B A, e 15 20 B R 170 B 3R s AR DL iy XM 00 75 R LA 4B P2 A5 R (1) A — 3L
P P 2 SRR A A SR AR TR, S RAAA R R R — € AULEE; (2) TR R 45 B SIR N (S,

sim(e;,e;) =cos(v,vy) =

M
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3k, &, &, 1%, 7, ), AL E B R A SR AR E T i, WX PSSk — 2 AILAC; (3) Sk FR
(¥ LTI LL (Levenshtein ratio, LR): SEAR SRR C AL, AT LAVCHC ) SEARTE 2 B8 _EARLE— & (AR L. 558
) g B B I A B 22 S LT VR, AR SR 2 T 9 L 2 T 400 1) SR SCHT 48 LU AR Ry A AR BB A T 37
2. H, ST SCHRABLEE 552 30T A0 -

sim(e;,e;,) =T, x(1-1,)%X(a-LR(e,,e,)+ (1 —a)-cos(v,v,)) 2)
b, Z, =1 2R ey Ml ey AR — 35, 50 Z,=0; Z, =1 £ e) Tl ey o WA — AR AR A 5E 1], 7500 Z, =0.
FESSARULECIT, AT LR BT IR AR ADURE 77 920 S0 th e O DL C S A&, 53030 1 i g gl il 1 56 T 2 4645 B S fk
VLPC I 2.

&% 1. SLARUCIR A Match.

BN 2 DNSEAREES By Ey BT NMISARII R V. Va; TETSIR N; AU BRE A; SCAALE S H o
i PN SAREE & R UTRE IR SEARXT dict_match.

1. dict match«—{} //FIGAHILHC SE A% 7
2. FOR ¢, in E; DO

3. dict sim—{}

4. FORe,in E, DO

5 R A 2) THEAHEUE dict_sim[e,]
6. END FOR
7
8
9

9% value fE I/ 7HE dict_sim
FOR e, in dict_sim DO
IF dict_sim[e,]>4 DO /AL 75 B BRH

10. dict_match[(e;, e;)] = dict_sim[e,]
11. END IF

12.  END FOR

13. END FOR

14. RETURN dict_match

H 2 A B RARROR . SEAR BRI 22 I, 9 A SEEAAR 22 PR 2 1) 23 S RSB R U IR o B ER . ARk
5. B, EFERRARTHE & . $RF SR TR CARR . SEBR b, PR SR 23 3 v 542 0 R (9 ARMBLRE IR, 48 03504 19
ALY 0, B UR 2 (W TH ER AN LB, gl e, 77 Sk 2l BT AC I SEAR, JRAE W] BEILIC 1 Sih S &
AT SR RIRT . T I AN AR, AT = e K OC R ARy SRR, AP B 42 R [ 1 Sk th R, AR AH
A =TC4LR R, BN R RS G, 25, RT BRI A SSAR SR & o 548 AT BEVC T 1 SR XS, SXAE, st rl BL
RO s 0 45 2R 2 ), G AN IR H B B0 2 gt T R AR S 75 2K, IR 2T LS B BT A AT B R UL RS S A
SHEEEEE dict_match.

Bk 2 BT = u ok RIS R K IR Match?.

N A EREE G, Gy SRR FRERY M AAAEEBIME 2; STARARLE 5 L o
vt SSAARN SHBRIL S dict_match.

1. S—{(ey, ey)€E X E,|e;=e,} //WIGEALSNT 5 SEAAR %}

2.V, Vo= M(Gy, Gy, S) B M LESSEMEE S E\, E, HERRR V), V)

3. 0=0,N0, IIF AR EE LG A RES

4. FOR 0 in O DO

© PEBEBPHIFST  hip:/www, jos. org. cn



5184 HAEFIR 2025 5% 36 B 11 4

5. D={elecE & (e, BelongTo, 0)eT,}

6. Dy={elecE,& (e, BelongTo, 0)eT,}

7. dict_match_cur<—Match(D,, D,, 1, @)
8. dict_ match.add(dict_match_cur)

9. END FOR

10. RETURN dict_match

BR L, BB RR B G, B Gy SRS 73 Bl Ey R Ey, W RLSER SR Ny AN, Wi B e s
RPN A T EAR UL B Z4 FE N OV X N,). (B A FRAH R B SR ST HE &, 12K {(ey, e;)|name(e;)=name(e,), e €E],
e, B,y (BN MW, IRYEM R = JuH K R r B R SAREE S Tail(ey, r) R Tail(ey, v), BE5 54 ny Fl ny. AT
B ny < Ny, ny < Ny FTCATHRR 22 BE W] LU OV xN,) FEAR B O(Mxnyxn,). BAAR SCAE F 00 B RS AAR A 31, IV,
Ny M 10" BB g, Mo 10" SRS, T nys g FEANAM SRR 5 R A 2% %8 /0 AT AR 2 MR
3.1.2  LLM JniRffik

TEBE T8 SCU S S AR AL EE I FRATT S0 15 BB A AT i I8 26 R A IR 4. (R R — AN s iR i, mTREAT 2 M4H
LB T A (R SEARAEAE, DRIAZ A 2 AT HC. 25 B8 1) 5 b 7 FH Rp o S 7 2801 47 P 4 i o R 5 e, FRATTI) L b i 4K 3
SAEARL ) S Ao 5, T AN (R B3 T R R F 5 1A SR, e ] B P 7 ¥k e T o B R AL B o e P S04, L2 24 1A
SEAA 22 1] PR AR 22 S AR /N BRE, R B 0 foe K IR AR AT g AN 2 de f e 6. LML A IE BA B 20 i K & i, ]
PN B 4 2 514 7 A BT F 48 A LM 4l B R P e g s O VR kB kb 4 100, DRk, BRAT A B LLM
(I RR AT — 5 ik

My I I3 7R (prompt) & LLM 25 79 8 B ARE ™Y, 52 3 SuperICL ¥4 A /MERLAE Jg LLM # 12: LA T+ 50
AR TR AT 55 1 B 1 g & 12, FRATTHE A b v 0 S AR AULBE A SRR (1 — 3 4%, M4 TR £ 5% (5 B UL
{# LLM 15 58 & B0 0 HE 0 e ke, BAR B3RS AR 0 & 3(a) BT, #5503k 2 15 300 SEAAR DL RS i 8 dict match 1
NN, X 2 GBS A 2k 19 1 B0 48 B LM fif i Rk % segf b, 383 OpenAT ) APT ¥ | ChatGPT
(GPT-3.5-Turbo) $K 15 151, B 3(b) 25 7 — A LLM KRR (KR i, X T Sk N B 5%, B W ANl 6E UG R 1 52
PR B ZETRANT IR ER, 8 SCHIALLE 23 5509 0.82 A1 0.83. ZE 475 T, LLM W] LS UL A B AR, ik 4% o
— S IR, S B A IR RRE: N RO S TR A IR B i — B, A AL SRR — L,
A TR AR SR B . T LLM KRG ik, P9 % SR 3 55 i i 48 v, A2k R RS T — AN e mT RE DT R 1)
AR,

HERiE: X T SRR IR, 45 DR JUAN SO SR
o TS (SR SRR Y, 40 HE DR JUAS AN S Ad 1) IR TURARALEE . A CAAEBAEE il B 255, i
i AN AR ALEE, X AR LR N Bh 22, IR PR ide e — B SR G = I 18 B A S R

4 H $5e— B S it = I LA S A 1. RPN, AL 0.82

L {3 S 1), ATy ($fE 1) 2. FHEHASER, MU 0.83

2. {{RIL IR 2}, AAEE A {(MH 2} [m] 2

3. {5k 9tk 33, ML (H0fE 3} HRAEAR L BN 255, for— B SEAR G 5 ¥ 1%

A 1o BN RPN S ISR P iR s — 5,
\*ﬂwﬁiﬁiﬁﬂ&*%y 1ﬂﬁ?€ﬁﬂiﬁﬁi%%#ﬁi&j

(a) S HIRRT (b) HRAEIR AR E] LLM R 2451
K3 LLM FiRffEi s

3.2 ZRENE AT A MSOI-Align
22 Y5 P S AR ST S B gt A X 7 SR B X 55 v SOI-Align B JR, B2 75 B AR D SRS S RIS R 15 5%
I A, ST REARALE S 5 B BE . SR Ko 5 FR0 s 1P 8 2 1) 30 52 SR BT, 3 L4t — AN B AR F 451 - i S B A
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T 5 A FARE S A ARG &4 % B LE 7 4092 B 3 SR 5 5185

TN 49T KG) Fl KG, A 1% SeARxT (B, KR F3E); KG) Fl KGy A ik SeiRoxd (A3, & A BE). i 2w
PIEIHE B SOI-Align T3 B B0 F 4 R PHE R —E, DL KG, B9 BBEAE A, W LA 3] KG, B R A 3
A KGs R A2 VLR G, (5L B S AT DS I A (5] B0 S AR, B AT 5 3k, A ANAH R R SE 4. K], £ 22 95
SRR PRI SIS, FRATT R BRI S O BAA IE.

BT LLEMEE, ASCLL SOI-Align Jy3Eat, £15x 2 &1 X 75 1] 8 58 3 45 1) MSOI-Align J5i%. BARGRAELIA 4
PR, B 5, B2 AR EEPTEALE, J7 70 9 2 A PRR I 5 R L, i SOI-Align S4T30 5% ik
& A, B2 AR FHRIEERE S B i, R BRI AL 2 A EE BRI FF RIS, BT =7eH
PERUR AL, 20 Rt LLM 347 5 B CLd b N 100, SEBLE sS4 R, 25 A L2 A S ik 2 TR B0 55 2k R AR AE SR
s, WIE— A IE, A B 2 B S0 55 45 2R

N ! R 3

i N — —
7 T owe ke
KG, ; ; ! L
e— TR — — T
o] ) e ] {eroer,
:__”l i SOI-Align

——— i e ) <
=] | =)

B 4 ZYRF0REREXT 55 777k MSOI-Align Jif2

A

=t N
b }" XJW*%J

T

LLM #ifi B

v

C(KGy . KGy)

EIE 1. = oMW (triadic closure). FEAERZ ML H, 4. B CIX 3 AT AFTAMRM =04, R 45 B, 4
5 C 2 AFEERIRAR, W B 5 C 2 B WALAEAE RIE .

FEAA Mt =B ie g N, e 1 R, SR IR R A ATEAE RS 4 R o
A, 2 AAT 2 (AR AT BRI AFAEAE BL 1 26 2. HLARSR UL, a5k B A C 24L& R A A, 1 A 24T
KR, B4 B C Z AR BEAFIEAL SRR, MR R A . BIREE. RIS, R BATRI B Al C /2 H i
S ELE TEAARNTELEIRR, 4 A R B, AR C I AR RIRPTREA BOL. S2br b, MR4E LA B3t BFATAT LAF 2 3
AT B INAFAE 3 FFHRIRAS: 1) 3 AT S 2 A S84 KK 2) WA AT S 0AT 1, 3) 3 AT M 2 (A3 771
RIRMIA. HRE 3 N1 SRR R AT 1, Wil 5 FR.

Toooépo AllS

PR S

K5 BT = A B = AP ERES

B, AR BUAAAE 3 AN SEA X SR I O, 7 B0 R 02 1 A T PR AT, U AR R R A% )
A, T — BB IR, LA 6 A I AN o il a2l SOI-Align BEAT 5 K LA 0 57 11 15, KG, #1 KG, A &
eSS BIAE RN LA BIAE; KGy M KGy A i Lo SshiE il 2 s, sui, AR FRR, T AF
HPIRAS, 75 ZRE O ARSI BB UE /N ) LA S A1 22 BAE R R VLHRC, 5 EATANIL AL, A8 ™% (1 S8 A0 S An i,
ATRAAN 3 A SAA Z [BIAFAER TR R, A8 RAFAE— XI55 R R IR, R, 13 A B ik A e A
PRI I BEX DT S0 5 (I DL, Rl — 2B IR BBk A BEAN T L B2 AR UG, 7EANULRCH, AT BE. BBk 3
AN F B ASKTF5. 1Z50 U AR 1 LLM #EAT 00, GRUEEEANEAE W] LB sh A seBl. UET 6 B3 1 MEBLABI, ££%
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5186 HAEFIR 2025 5% 36 B 11 4

BUFEATETIRGS [ 3 NS5, IRAESR AR AE MR F LR, /N LI BIRE N 2 S A S (K152 IS4 sl NS4y
81257, 753 LLM [ RBOSAEEAR, BIIEIX 3 AN Seid 2 (B A7 X 555 kA% 38, TR K e T R R B SO BIARS
F. ML TRE 3 A0 500 R LLM EH AT, RO 0 5 56 R I — I REAT I UE, 7/ & =0 i a2
TR IGEL SR (Y [F],  LLM 932 B A BE 48

Bl (KG,) BE (KG,) HEE (KG))
N LABAE EZZIn: U S /N LA B AE ZHE
(KG,) (KGy) (KG,) X (KG3) (KG,) (KGy)
AP (KG)) HHE (KG)) FIBE (KG,)
Bk 3 o [ S b Ak A =t Bk B & B
(KGy) (KG3) (KG,) X (KGy) (KG,) (KG3)

Ko =juhEBigmHxpl

Bk 3 gy T ZIREE R TR VEAHTUR. JE I IXANTTVE, BN M I X S ek £ b PR T A AN IERR
VLAC, BE— D3 THRS 55 RO HERR 1.

&%k 3. AR EREXT ST MSOI-Align.

N HHREREE S (G, Gy,..., Gy} RIUEIE SR8 LLM;
Bt DLECSEARXS Res.

1. Combinations={(Gy, Gy),..., (Gy_1, Gy)} //FNR BRSP4 &

2. FOR (G}, Gj) in Combinations DO

3. C;=SOI-Align(G,, G) //MRHEIIE 2 13 3 W 1 0 71 64k

4. END FOR

5. 5T Cy BRI AR ARk C

6. Kr R X FHEIELE C B E AT EPREN = IR ES U={(e, ¢, ele;, ¢}, ¢, are from different G}
7. FOR (e;, ¢, ¢;) in U DO /IAFHRRES T #EAT =0 B 56

8. IF (e, ¢)¢ C DO /12 (e;, €)) NEX TR

9 IF LLM(e;, ¢;) DO //>4 LLM W54 iR I A nf 5 iz 4

10. C.add(e;, e))

11. ELSE //75 W IO 75050 45 b i B e 2 4
12. C.remove(e;, e;)

13. C.remove(e;, ey)

14. END IF

15. ENDIF

16. END FOR

17. Res«<—C

18. RETURN Res
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T3 5 R FARIE U AT &t B R P LB IT 40 B 1 R AT 5187

4 Lo

4.1 SR

ARICWEE T 4 A SCEEST HIR S, FEARTE L.

(1) CPubMedKG (https://cpubmed.openi.org.cn/graph/wiki, 2022 £ 2 H 7-9 HIRE): @it APT 2 D3R
CPubMed-KG1.1 Has W S HAH R = Ju i, JEit 11 JEARIR, 15.7 T3Sk, 25 46 1 =04,

(2) QAKG (https:/github.com/liuhuanyong/QASystemOnMedicalKG, 2021 & 7 H 8 HZkH): DI E A =25
SR RIR, DL AL G, B 7 AR, 4.4 TTS4K, 2929 T3 =Ju4.

(3) OwnThink (https://www.ownthink.com/docs/kg, 2022 4 4 H 23 HIKE): €& 8 FAM. 3.5 Jisufk, 4 21
Ji=Jud.

(4) CHIP2021 (http://cips-chip.org.cn/2021/evall, 2022 5 4 A 20 HIKE): AW 7 Ja b B S B A E £l
(CHIP2021) FIUPFAE S5 —Helm S v i, B8 2 Ak, 1.8 T3Sk, 29 1.7 J1 =704,

DRI R FRATT 52 I PR A 9 1) R B, I8 3 R B AR W) FIAL 5 5 R R 2245 S AR G 1 5248, T LI A
UMLS™ i EH SCSEAAR K7 B, 354 25 R BIOS P U A A B 1K) 4 AN S0 Pl il 1) AR PR 2 LR S B DA K =6
HA R TEH G THE B MPIFER | fik 2 .

1 RERE AR RS (AT 5 F2  HRERE AR RS (ZIu AR R
ENEN CPubMedKG QAKG OwnThink CHIP2021 ZJHXAR  CPubMedKG QAKG OwnThink CHIP2021

B 15859 8807 8616 6046 B=TERR - 37 37 -
21 33133 3828 3546 — FHRAE 13266 12024 24712 -
Y - 4870 249 - IR R R E 1669 8806 8615 -
Bl= 255 54 48 - B —MHZ 107965 14647 13332 -
A — 17201 15898 - BRIz Y - 22230 21749 -
1N 13264 5998 6336 12682 PIRNGE R 34646 - - -
BT AR 45007 — 598 - 3PS IVENE TN 38234 54709 49093 -
Loy 30425 . — - PORHREME 115527 39418 — -
ZRNBE 298 - - - BRTREIRT 136174 - 20607 =
B EAL 2715 - - - BBz EY - 22239 5458 -
fEiRIEE 30 - - - PIRHER 24 - 59465 53296 -
AU R 2% 13998 - - - PIRHEE Y - 40221 - -
T+ it 2690 - - - PRI R A A 7702 = - -

Mt 157674 40758 35281 18728 BRAE R 12 53 > - -

SEY PN 779 - — —
Y595 THR I 5 it 4783 — — —
BRI K 1775 - - -

)T - 17315 15956 -
P& =N - - — 17719
Mt 462573 291111 212855 17719

o FE BB SAACE G X ) A R, T LA SC R A AR — B SRR R S AT, RIS TR R A% 3 iR
ZRHVIEREAR, MGE T 1K He kR P rh % S A A SRR vh 4R — B SR B, 405 3038 3 P, W] UK BLIZ e s ik
i EEBOR, A — B RERE_EARAE T AENIZRIN A BON T R I IEREAR, RE IR AL F E M E 22 1E 5.

42 EHERE
TESEIRH, SR 6 /NN B 55 AT 45 T ) S v A 2.

(1) MTransE?*: 4 TransE WA AR Sy SE AR R s 2 TR, 13— SDAR AT 55 10 = o, 2% 5 2= (R J B S BN

AN P (R IR
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5188 HAEFIR 2025 5% 36 B 11 4

(2) BootEAP®: Sy fin il 5 5 5, SR IX 43 5 /N = S AR N S RE A [ B SRF bootstrapping S0, 76 5 %7
SRR TN I I T X S I SRR A I I R

(3) GCN-Align™": #4 I BU £ P 4% (GCON) A Jy SEAARFAE AT 25 L% 51 iR P 3l 1 P 45 40455 5.

(4) TransEdge™: £1%t—Xf 2. ZX 2RI M =045 R, Bk T TransE A4,

(5) OntoEAP™: L2 AR RIS A5 AT HE G 22 51, 388 5% 5 (1 SEAA H A AP i (.

(6) FuAlign'™: ¥ S 5 55 P (50— ST AR T A AN J R B, 2 i il 22 30 RSB R XD ik, B sk
ARR SEARARIE R SO M AN R 28 U5 B AR SRR .

®3 ARERE R AR — S S A B E ST

SRS SRR B AR R
P 9429
%) 3945
AP 15761
SR 6708
BT R 212
B 54
T 247
Mt 36356

24 MSOI-Align W T35 SCRIARBUE VPAN . LLM SR J 2 X 55 45 15 A% 3 1R 1 5 v R B AR A R 2%
SIHETER, Frbhix 6 ANFEHET7 1240 ] LAE Y MSOI-Align 1S53 7R 5 2T e 8 77 22, 38 T 5 0 S i) AR ALLEE 11
Ko Bk, BATHHA K T ZF0748 & MSOIL-Align-Mix_{x}, TEARSE A (2) THESTARMALLRE BB, 25625 R stik
RIS ST LA SR SRR IR FZARALRE, Horp o 8 0.25, x AT RN A LA L 6 FREEHE T VERME R — A
43 IR E
431 HUSHRE

FEVNZR A HEUE 7RI, A4 5 A 001 [ 1% v 42 B [ 1 ST SR DR IEREAR, CRAUE 78 43 % = B 50R B (1 =
TGS B DA B AN B 5 5 S AR A5 R, B UG AE AR B [ SE AR R . ZEHUR R B 1% T ELAH Eakit (https:/github.
com/THU-KEG/EAKkit) 1 OntoEA (https://github.com/ZihengZZH/OntoEA) [{RAS IR | sg Ik 475086, AT A
LR, BT HEHE T EEUIZR 1000 A epochs, 52 254 0.005, A2 BSLAE R R 8 M= 4R 100, HARSECR A
EAKit fl OntoEA S BRIV E.

432 PHETERR

SEARH AT 551 BOSRAN P8 AR 035 Hits@k F1 MRR (391813044, mean reciprocal ranking)!'”. Hits@k %7
55— SR TR0 55 B SR HETE AT & AN B 15 B, MRR #5245 8 1A (RPSRAE) Hh, BERLIR [R5 55 45 S HE 4
1B B, X AN TR AR I EUE Y TR 0-1 2 (8], BERE T 1 SR VR M Re R T . 25 R B 7 A n
T B RO AE I, FEXS ST R R, AT INSSE Hits@1 Tew, [FI N AN 78 BT i8ds, SEAR IERIUCRCIR 2. IEAf I
TC A 2 A2 X 5 45 SR o TE B I B0 ol 25 4 R IO B0, RO, 8 D BUAE, 10 W0 55 SR i R R LR 2,
G REE.

X S SRR, BEOAAE A 4 AR B ORI IIR S S (G SR AR F ), Jo i B TN AR )
W2 R, 5 B N AR, ARy A RS AR T 1 5 AR 58 . R RS> LA & I ORIE Al I8 250
RTER T, WIS RNA R RIS RL (i, o TEIREE) HhBEHLAIEL 100 AN SSARXT#EATbRiE, Ul KRB0 Hits@1
SR, RN T AR, 240 & AN SR 2 B VLRSI AR vE N R B MR ORI — B A, ARt s
7] LT https://github.com/RuigingDing/OpenCMK G/blob/main/manual_annotation.csv.

433 SEEGIEG
S8 57 H.5K NVIDIA GeForce RTX 3090 GPU 34T, F ZIA BT & A 45 Python 3.6, PyTorch 1.8.0. CUDA
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T3 5 2 FARIE U RS &t 5 R P LB T 40 B 1 R AT 5189

11.1 A1 PyTorch Geometric (PyG) 2.0.3.
44 TWEHER55HH
4.4.1 SRR SR
4 FIH T HT RS S R MSOI-Align 3 K 268 7772 I 5L R0 57 50 A0 Hits@!1, 23 0 BL T 84Ny
I WATEAE IC BB T T SRR () 5 B 2 R DL K I8 1) Hits@1, W Xt 55 IE B ARk 25 4 1%
Hom ARIER 4 P IBERE, TR LT 4.
K4 ZUHREE RS ECR . Hits@l Miiat

Sl Tk EiEa PR 2 A R iy AR BlE /o neagut lE
MTransp  CPCECEE 488 518 569 277 172 1 198 2223 o
rans Hits@! 001 000 0.0  0.02 0.02 0.00  0.00 0.03
TransEd ICECE 511 407 697 674 110 1 609 3009
ransEAee  His@l 009 008 016  0.03 0.00 0.00 0.01 0.07
. VLECHE 552 416 542 435 407 4 645 3001
o GCN-Alien  pis@i 014 000 055 007 002 000 o000 o014 2173
AR BoofEA TCECE 725 824 1261 544 319 1 362 4036 o
oot Hits@! 0.2 003 037 006 0.04 0.00 0.05 0.16
VLR 372 334 403 316 128 0 34 1587
OntoEA X -607
Hits@l 025 043 038 023 0.19 - 0.0 0.31
) TLACHCE 435 362 518 564 197 0 11 2087
FuAlign ! —341
Hits@l 032 051 044 047 0.28 - 0.09 0.42
. ILACE = 583 113 198 188 130 0 10 1222
GCN-Align . 838
Hits@l 0.85 0.87 090  0.79 0.82 — 030 0.84
ILRCE s 377 312 276 241 113 0 1 1320
BootEA : 1106
MSOLALienMi Hits@l  0.82 093 099 096 0.96 —  1.00 0.92
-Align-Mix "
& VLR 251 55 108 239 32 0 0 685
OntoEA : 555
Hits@l  0.85 092 100 091 0.94 — — 0.90
) ILHCEE 329 204 285 372 107 0 0 1297
FuAlign . 997
Hits@l  0.81 090 094  0.88 0.95 — — 0.88

® MSOI-Align-Mix WAL T3 T RoR 2 > 5 E J5 1% X b MSOI-Align-Mix [¥]45 2848 RN 5 Fh T FRoRn#
SEEAY, T LR B MSOI-Align-Mix [f) Hits@1 AN 253545 01 AT 1 B S 7 ik (U s 350 S, Bt
FERECE T IR D ECE. RN VR R ERAE I BAR L, A 78525 R S AR B 1) 44 Bk AL B2 A0 2831
115 ., 1 MSOI-Align-Mix X} SEA A& (RISG)) — B0 T 9= 51 2938, FRIE R A 52k 00 44k — SO A BB ILAL, (5]
B 5 R T SRR AR & ZRRIGAHBUE, 256 T E 242 10E S, HR, B MTransE F TransEdge [¥] Hits@1
8 0.03 A1 0.07, BaHTIX 2 FhJ7 iR IR AN A 3R B SN 1 L. FEFRE B ATHISE T, 1R IR 2 e 58 A A7
FEHALZ AL, Vi B2 S B B R R R BB 2. B, 78 MSOI-Align-Mix (i, IRA1EKR 71X 2 F5%, Rt
Hopth 4 FhoTikAT T B IGIE.

o MSOI-Align-Mix 287 {1 /7% 71 BootEA FILEL: BootEA ] Hits@1 A 0.92, iz 1106, 7EfTH MSOI-
Align-Mix ZRE 5 vk iR 850k, N T B4 16 F BootEA 75 31 f 2 m &= AUAHUE, Hits@1 M 0.31 27+ % 0.92. 34
Ji A Hits@ 1 FHYSC R oK, 16 B X 57 46 S i STAR R B s A |5 LR 22, ik — B ARAIE T 5 5% I AR Jen iR P i
IR . [N, g & B OntoEA Al FuAlign ) Hits@1 #BE BLEE, 435119 0.90 AT 0.88, {H 215 5 f L fid si244
B, FEUREBUR, 475129 555 1 997.

o AAR—EPERNRREE SUE BT T SRS 55 (1) 45 AT S5 R0 S LU g JEHEAR R, W] LRI OntoEA I FuAlign
FHIR VD) Hits@!1 ARAEXS 58 5. X2 R4 OntoEA I TE Y ZRET X A — SN T 401, B RE T A IRUEXS
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5190 HAEFIR 2025 5% 36 B 11 4

TSR B AR —FE, AER LAl 7 VAR B B o, AERR T S B HIME. FuAlign 7ERR ¥ I B PR & £
HEE (S B, P AR R R S 4 BREEHLIN 1) B 2R 7. MSOI-Align S AR — Stk 5 7 58 1) 21 38, [ I 2348845 FH 35
8 LA 8 S AR 2 BRI ABLRE, LATRT A5 R0 U7 2 AR UE RS S5 (v 1 .
442  BAFRLGE XS A ST RS

TE P B X SR I I R o, AT L5525 B8 1 3B 3R 5 20 7 VR 15 3 1 S R ) R 3R s R SR 4 R A B AR BUEE
N T SR IX P A SO B0 R, BETE T WAL TE Al as: (1) MSOI-Align_ Literal: t15 SEAAARLLREE (1 i K %
FESR A MR ZESCr R LE, BIA T (2) Y a=1; (2) MSOI-Align-Embed_ {x}: T8 S AHALLRE (KI5 K 2% e sz ik
FORKIATZAUEE, BIAR (2) FH a=0, SRR R IFERE T 7% x K45, F 3230 - —5L, x 74 GCN-Align.
BootEA. OntoEA F11 FuAlign.

SIS RANEE 5 iR, Mix_BootEA TEATA J7 15 AN SR L34 B B AEXE T R 25 fE S ik 44 R AMBLEE (19 Literal
J7 %, Hits@1 52717 17.95%, Wi 40 5.03%. [FI, 77 LUK LR & Embed_OntoEA Hl Mix_OntoEA ] Hits@1 #B
KRBT, 433128 0.77 F10.90, {213 2 VT E LR B R /D, S BURER B, 18 574 A1 555. FuAlign HAFA7EZ
AR OL. 5 B4 FR sz B+ 2, Literal 1 Hits@1 4 0.78, i T 1A 4 Fh MSOI-Align-Embed 771, iX
Wi X 2 FE SR 44 FRARULEE St BE SR AR A AR B, IR, 76 ] DUREUSAR A RR IO 0L R B 78 0 R 45 2.

RS BEAFYEE LG R R TR

25 fabr gl A A iR Ry il BlE 8 RS ks
. . UCRCHsE 443 756 128 496 41 2 15 1881
MSOI-Align_Literal Hits@l 0.66 079 095  0.83 1.00 100 007 o078 1033
. ILRcEsE 686 376 310 253 159 0 4 1788
GCN-Align . 626
Hits@l 0.63 077 065 0.74 0.61 - 0.00 0.68
%00 1 211 1 4 154 2031
B Egﬁﬂz% 613 59 53 5 3 6 03 255
Hits@l 068 0.53 071  0.76 0.63 1.00  0.00 0.69
MSOI-Align-Embed ”
& IGRCE s 343 110 228 301 94 0 0 1076
OntoEA . 574
Hits@l 074 083 082 0.72 0.81 - - 0.77
. ICHCHE 412 258 374 443 145 0 0 1632
FuAlign . 766
Hits@l 0.69 087 076  0.68 0.72 - - 0.73
. VCHCHcE 583 113 198 188 130 0 10 1222
GCN-Align . 838
Hits@l 0.85 087 090  0.79 0.82 = %030 0.84
ICHCHE 377 312 276 241 113 0 1 1320
BootEA ) 1106
MSOLAlianMi Hits@l 0.82 093 099  0.96 0.96 —  1.00 0.92
-Align-Mix R ——
& VCPessE 251 55 108 239 32 0 0 685
OntoEA ) 555
Hits@l 0.85 092 100 091 0.94 - - 0.90
. UCHCECE: 329 204 285 372 107 0 0 1297
FuAlign . 997
Hits@l 0.81 090 094  0.88 0.95 - - 0.88

443 IGIF LLM A 20 A mhse s

9T BAIE LLM 7E SR 74T 55 4 i i T B0 &M, A MSOI-Align-Mix #4353 & B8 LLM 1%
ANEBSY, AR 52 AT LLM, Bll: (1) MSOI-Align (-LLM &13R 3%k ), 78 W5 B3 Sz 44 5 55 I BL Bk B AR By
A, AN LLM §iBIIIE; (2) MSOI-Align (—=Jo k5, 2 I B 550, 725 LLM AW 5 00 A
=P AT R A, BIAS AR pR X T AR AL 3% 11 7; (3) MSOI-Align-Mix (—All_LLM), [ 2 LLM &R §i ik
A =0 AR S. SR A R BT 1) BootEA. FuAlign iX 2 N7k 7 sei. 45 Nk 6 Fizr, 226 LLM F0iR ik
J&, BootEA. FuAlign ] Hits@1 M 0.92. 0.88 FFZ 0.87. 0.81, Yz 1106+ 997 FI£ZE 1015, 934, it A
R F FE AL FEE (4 501 K /NI B DT T I S 2 AN (17, LLM. RERE 35 B MAH 28 AN K 1941 348 45 TR H i 3¢ 8 DL Sk, 42
FEXF S HIAERA M. R, 2348 =0 AR, BWIAAJERE T — A G VT IS, R, 4308 B I Se kv S
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%, {32 BootEA. FuAlign ] Hits@1 t/2ZM 0.92. 0.88 TF#% 0.88. 0.83, Utz 1106, 997 N 1074,
909. 1X— 25 75 UE I T I = 70 AT AR A DRkt S R A 38 1 0 BE A

®6  AFPBEER LLM I 45

2551 ik febr W AW AR R TR BlE 8 Lagit ek
VCRCEC S 404 323 287 265 102 0 2 1383
BooBA i@l 079 091 094 085 o088 — 050 o087 O
MSOI-Align-Mix (—LLM %18 ) i@l 079 0. ' ' : : :
. ULEEE 359 275 353 416 114 0 3 1520
FuAlign . 934
Hits@l 0.76 0.77 0.88 0.82  0.79 — 033 08l
VGFCE s 395 337 298 266 124 0 2 1422
BooA is@l 083 085 098 086 090  — o050 oss "
MSOI-Align-Mix (—= 7 i 3) X — : : : : . .
o VUECHE 317 254 302 381 116 0 3 1373
FuAlign . 909
Hits@l 0.79 083 090 0.81  0.85 — 033 083
ILHCECE 514 408 631 354 206 0 10 2123
BootEA . -585
MSOLAlign-Mix (Al LLM) Hits@l 048 027 045 0.15 036 — 010 036
-Align-Mix (— "
& - o ULE#E 385 436 392 470 135 0 6 1824
FuAlign . 244
Hits@l 052 0.64 053 0.61 0.44 - 017 057
VLie#& 377 312 276 241 113 0 1 1320
BootEA . 1106
] ] Hits@l 0.82 093 099 096 096 - 1.00 092
MSOI-Align-Mix —
o VUECHCE 329 204 285 372 107 0 0 1297
FuAlign : 997
Hits@l 0.81 090 094 088  0.95 - = 0.88

444 B o BUREE ST

7E MSOI-Align-Mix_ {x } %8, 82250 o 184 52k 44 FRRH AR J82 76 S A B AU 1 Bk 1 5 L, BP AR (2).
X B LA Mix_BootEA J7 ik SLf], it — ¥ a=(0, 0.25, 0.5, 0.75, 1.0}, X ELH: Hits@1 Az, W& 7 frow, BE%
a WK, Hits@1 2B SE ETFE TR H#a%s, 75 0.25 Wk B8 m; Y8 HBl— 2 fsh, A% bR i 32 2
Hits@1 FVCHCEE 5007 R, 256K F, TR R TE 0=0.25 B BAFH AT 25 5.

1200 0.95
1 0.90
1100 r
0.85
1000 r i
3 0.80 =
= {1075 2
900 5
1 0.70
800 4 - Wz | 065
—>—Hits@1
700 - - - 0.60
0 0.25 0.50 0.75 1.00

a

K7 AE a F MSOI-Align-Mix_BootEA 435 & Hits@!1

4.4.5 Hits@k 1 MRR $5FRITH 45 5 LA

1E MSOI-Align [ Bl %0 553 2 o, &3 B0 A g S, (R LLM A 53— AN 4% o i B R B T o P RERT 5
M —Asfk, R FZIFE T Hits@l 555, 33X ] DUSHA S 44, 1850 248 B x5 7 51011 Hits@k A1 MRR F647.
Bk, 76 B S A o 2R LM K3 H (0 AT BEVC R A SR AT HERY . 2 S 7E 2 U5 BE X 5B, 16T
—SIAA, ATk B A A () L PR S5 (5 SR TR — RS HEAT U SR LM BEAT R HE . B, AR T 0 5 1 S 4
HBLA IS AT LTE 5275 21 Hits@k 545 H1 MRR F545. UL BootEA {F N3RS 3 HEJ7 325, 4 Eb 18 5 MSOI-Align-
Mix_BootEA &5 .
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W& 7 Fiow, il LRI MSOI-Align-Mix_BootEA 7E 3 I Hits@k (k=1, 3, 5) I MRR f&¥5 ¥ W B4R TE, £F
Sl Hits@5 9 0.96, B BTE Top-5 MBI A 7 SHAR F1| R v F AR B2 0] LEL& IR #5510 Sk, T BAH L BootEA
FiEA 5, MSOI-Align-Mix_BootEA j#id fili & 2k 2 Fr (5 B AR LLM 3ETHE 7 R 8 U I R AR

FT SLENTHES Hits@k 1 MRR $545r45 R

J5 Hits@1 Hits@3 Hits@5 MRR
BootEA 0.17 0.31 0.58 0.29
MSOI-Align-Mix_BootEA 0.73 0.90 0.96 0.82

44.6 fEFARFE LLM K45 i

16 PA_SRE8 3R A GPT-3.5-Turbo #EAT 4 Bh. AT SRR 9 LLM 34T SAX ST & R, HREF B
R IRZ TAEZUE A LLM 5 0030 B 4T 40 & U, (R AT LLM AL 5 1 8 VR 75 ik % 2 214 R i 1,
R EAE 2. H, BATeXT T B AT RA LLM BEELAE 7 SRR SEARYE i) 8 Fn N bR i — Bk,
FLARRUL, BT N RS 6 55 S A 550 3R Aok, @i 4278 (prompt) F LLM B IR bRiE. W05 8 fias, XL T
54 LLM (45 5. 2o, GPT-3.5-Turbo [ — 814N 88.85%, 1ESLAARIFFAESS HH O TS T B IR BL. 72 E N 1
LLM 1, Qwen-2.5 F1 DeepSeek-V2 i—E P34 1d T GPT-3.5-Turbo, %5l /& DeepSeek-V2 HI— M i e, i3
91.70%. [FIH, /XL GPT-4.0-Turbo AHXJHL 7, X AT BEFIARTE I HUHE & H SC BB R 97 B Ik AT 5%,

8  AF LLM BTSN F5Fhr1E 5 N TARER—M: (%)

Jiik 5 N THRE R — S )
GPT-3.5-Turbo 88.85
GPT-4.0-Turbo 87.67

GLM3-Turbo 84.84
Qwen-2.5 90.47
DeepSeek-V2 91.70

PR, ASOEFE T — Bk, BiRA AP M A& K DeepSeek-V2 £ LLM HEAT SE44 % 57 SG 1 46
IE. &5t R BLIR AR 1) MSOI-Align-Mix_BootEA J77%, Xf Lk GPT-3.5 l DeepSeek-V2 (45 H, Wisk 9 fiox. AfLLK
I DeepSeek-V2 X551 Hits@1 A /> EFEF (M 0.92 #£A 2 0.93), IS FEFHER I (A 1006 272 1155), Xt
LB DeepSeek-V2 7E ST 5 HI Wik 24 IE T — %8 GPT-3.5 HIWr 45 B .

#9 R GPT-3.5-Turbo HI DeepSeek-V2 1 i Wik AT Seidoxd 5 45 5

LLM etz P i ArE R BTl BE /Y agt gl
UNREA G 377 312 276 241 113 0 1 1320

GPT-3.5-Turbo ) 1006
Hits@]1 0.82 0.93 0.99 0.96 0.96 — 1.00 0.92
[UNREA G 365 317 294 238 132 0 1 1347

DeepSeek-V2 . 1155
Hits@]1 0.84 0.93 0.98 0.97 0.98 — 1.00 0.93

447 R EE R R

Knowledge DA™ 7 — b 3 T 44 o 1 P e S L S AR B 4 i ) 88— Y X, A0 JEL B LA TR ) R AT 455
YA AR IT SEOR, FEARYE 1R B0 () SEAR RN = J02H 3¢ 28 VA 7 K 48 5 S s, AT B T/ INRE AR 0 (¥ BLAAR SO AR
R4 BRI [RIIE, e AR 1 P o B SO AR 3 Ak R (2 . R b, e 3 T AN A — AN AR S QAKG
HEAT S8, FEEXT CMID fl KUAKE-QIC IX FiAN 1 3 By 7 NS AT 7025, S8 T 3R UEXS 57 )5 I &N iR B R CMKG
B TERATREST, 47 B 4 NSRS 0 J0 R R A 555 1) CMKG 1528 KnowledgeDA J7vE A B (1, 48 J5 %
EL7E CMID Al KUAKE-QIC iX 2 N3 25E 45 EuERG .
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S0y 8 RTEL 9 FroR, ARAR R IRAE 7> FAE 55 BRI %, B4 AR 2R KnowledgeDA it F ) %11R
W, None FoR i A HEATHE 5. PN EDG HOR T, A B AT SOACHE 5 5 ) SR BLAR L T B AT 3 o i) 3R B TR AY
CHIP2021 &I H0 s B 5 A SR B b, SRS A, 85 ) RCR AR 22 00 5% 2 S ) B AR BEK, B Y
SN = e ALAE B R, 450 A HE T SO R Ut B . JRATITIR AT OpenCMKG A& Fx T CPubMedKG 41 3
AN RS9 3, AT DUR AT T 4 AR EE AR A () CMKG 858800 R B, (E SR8 T 55 B 1 2R 3. X
EB 73T 22 B X 5 0 R ORI .

75 7438
Za
. 73.07 73.21
w72 ¢ 71.62
B
71 |
B 70.25
70 |
69
68
FFEF IS
¥ T SHF o
P o &
S o

K 8 CMID & T4 M KG FI%EEmk

4.5 LI

%]

83

82

HEHZR (%)

T8

77

<9

81
80
79 +

82.15 82.09

80.54

KUAKE-QIC # T A KG HE R 55 2 3

AR SR Y IR AN R UG HE 1 SEARRE, 70 A3 T3 10 ANSE 11 o 23R 10 o, KIUFAE— W AR 5e e A, (H 2
SR IS SERRF A ERRRIA D PEIT 1y, B2 — AT IIARAE K1 2590, (RIS, VEAR MM 7 — S ER DL ) 611, W7 BL
BRI R IEAC AT — R A OGTE, AT REJR T A — O AP 12K, BA7 78 LEBURMUL = oL &, i
ANTEI 25490 (G HE i 51 2% 30 HRVBONT s AR T 470 3R IR0, BRI 6T 1R — 8500 g e v] Bk — 25 0 A B iR R 491 58 3

Tik.
10 IEFRUTECH) SRS R ] 11 R VLHEC R SR 7R
SLARRAY Ak Jefk2 SRR A1 A2
HCV &g FRYAERT 2 EAEL % REXRER
PRI L Er ek L ER PRI i NERW R mm S NERTT R
A EVE I ANse el BRI EE AR I
LR ST JEhK SR R K
RN SR 1 1 R LIS Ry ESEION ey SEIL Y
I LRES B ik bz in TARH:
HRIEERZGT PR EHEERT I NSRS T # 28 BT 2 28
wWrT REINGMENG)T MELRERIRTT 5 IR B IR SR 2 IR
AP VR B A A A . POAHATFIFMIRG R PR IR
TP R A S Y TSR AT R Y
2 VCARAIT 55 A VLAR AT 55
FERES HIRIHZ TUIT i

5 B 4

AR 2 R BE T R PRI S 1) e, £ A SR SCRIACAR S B TH S SR T AR AU, IR M T 2 IR 0 5 1Y
BRI T R, 5 =Jn P B LLM #EAT S B0 i, M6 2 AT #9732, MSOI-Align #if& 1 5 i 58
PR S HER 2, A RO ORIIE 1 AT AR 55 K B ) B & 55 OntoEA M EL, FRATTIRIE 1 A fA— B 5 £ SR AL
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R 0 T o S AR B, 1 R ISR A B 2 BR B R SR IR, 1R AR AR T X — (5 8, A F 3
TR ISR, ISR L, MSOT-Align 7F £ B 57 KR B BE X 55 i BAT — e A 3%, JF M8 il 5% n e it 7B 1
ERERYES

288, MSOI-Align AFFE— 58 )R BRYE. & 56, TETHEARLERT 25 18 T SER AR I ARBLRE, (RAEAE — SR 225
AR By 22 R 5e A R[], BRI R & SR . 49140, COVID-19 AT 75 44 R 58 e AN R, (B 38 A 2[R — i
(A th, MSOI-Align F] R LR A 2 i ix F UL I O &R 17 HL, AR SCIa s 1 9 0 R I 1) 28 A dh A7 %0 5, dn SR n iR i
iK%, WHEHEAD SN, TSI 2555 2 K AR, X0 GERRH1 7 77 ik nl 4 R R AR 1
FLAR, AT DLHE— 5 R A X e 5 T, DAAR skt 5 5 SR A HER M D 0. B LLM 1Yol R R AN SR kAR, 5001
RA KEFREP . 2R EST IV EIRIZN LLM KBRS, A7 1AM R th 219 B BRI T
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