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Cross-language Bilayer Knowledge Graph with Large-scale Medical Facts
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Yang®, ZHANG Wen-Sheng'
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100190, China)

*(School of Artificial Intelligence, University of Chinese Academy of Sciences, Beijing 100049, China)

*(Xunfei Healthcare Technology Co., Ltd., Hefei 230088, China)

Abstract: Benefiting from the rapid development of information technology and the widespread adoption of medical information systems,
a vast amount of medical knowledge has been accumulated in medical databases, including patient clinical treatment events and medical
expert consensus. It is crucial to extract knowledge from these medical facts and effectively manage and utilize them, which can advance
the automation and intelligence of diagnosis and treatment. Knowledge graphs, as a novel knowledge representation tool, can effectively
mine and organize information from abundant medical facts and have received extensive attention in the medical field. However, existing
medical knowledge graphs often suffer from limitations such as small scale, numerous restrictions, poor scalability, and so on, leading to a
limited ability to express knowledge from medical facts. To address these issues, this innovatively proposes a bilayer medical knowledge
graph architecture and employs information extraction techniques on both English patient clinical treatment events and Chinese medical
expert consensus to construct a billion-scale medical knowledge graph that is cross-lingual, multimodal, dynamically updated, and highly

scalable, aiming to provide more accurate, intelligent medical services.
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MR, 8 v 2 B v 1) TP SO, 5 T SO SEAK ent, g A6 ORI 1 SEAASSKT, ST B3R 77 20, B A SR
T HESCIR  ERE R S R R R

TR R 3 R ERORE R 1 R A B AR ol B S R A B R R SO B R AT o B A, A SR A
G T RIT AR ERE N A E Bk 1 R, FORRIME B0ER 2 s, ATLAE Y, S0k R AR R . 5.
2R EHG S, o, B R SRR B RE (AR O SR Y SRR . ZITE N I SR e sk s . A
YERRME. PO R BEAREERR . R, A SRR S, 59 sC AR S R, S iR B DL A
b, IR E i, AR RS SR

® 1 B MIREESES T

HAY Giil &
B A 502409
S AL 17261282

KA 8219

Hr=sudl 805065729
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®2 B AIREESIE Bl

FH HAME Bl
BEIL AR %99 (Constipation, Glaucoma®%). Z§#/(ibuprofen, paracetamol %), 3. E&%
PURFR e, 2. RITIE BEHR N R S

oh S S PORCE LI, AR AR(IRAK. PR 4E). MEEGE . MR ES). AMERAERDER
R HERORISE). FIOEE . FAS). BT (TERT . MANRITEE
R A WA IR BT Y. BeaW). EEEY. FWNER. (T RS

SOE 1 SRR B R S A

BN LSRR E,, , TOCRREL E,
Bt - SCSRAARTEE D P

L I4EAE: D, — 4}, Doy — {4 Prans — {3 Pains < {5
2. R IENFIE RN E,, HIEESHR AR D, H;
3 ARIBBUHI N E.,, FEBCSEAA AR D,

. for ent,;, € D,, do

entya, < BERT Translation(ent,,y,) ;

4

5

6.  entyu, « diseaseS td(ent,,,,) ;

7. K (entyrigins entiyans) AR IINE] P, H7;
8. end for

9. for (ent,igin, €Ntyyans) I Py do

10.  Dendigare < {}5

11. for ent., in D., do

12. if Jaccard(ent,, ent,,,,) > 0.85 then

13. ¥ ent,, A%t M) Jaccard score JIAZE] Dpiidare T
14. end if

15. end for

16, M Deungigare FIEIX Jaccard score 5t i I SEAA ent.y, , 3 (ent g, ent) TNEN P, H5
17. end for

3 SKRELEERST

3.1 RN

58 UE R AR RS SRR (A 8, A STt T — AN 2 HE SRS, SEe o PR A B — AELANAE FH S SO 4 1
TEHET R W Z51E L, BT e A R R R, A SCERE SCRE BAE N B RHE; 38 AT 98
993 191 PRI 0 v S A R O 1) P 2 A VO, B S B B, N v SO R I R R R AR AR
EEANTS, MR R, ARSI T H AR 2 R RS IR Aspirin(BiT R ILAK) 2454, /& —A Zor R . A S0k
BT PHPERE AR PEAE A2 500 A, TE45 BB 3 RFAE R 7R A% multi-hot & 5, Y14k % B EEHL (Multi-Layer
Perceptron, MLP) i 4 535 19 FH 25 TINME, I 5 FOShr 84T Ehisg, 79 3 sL 464 ik 3 Fiow.

BH 45 SR AT 0, 54N 0 SO a1 L A B, XU BRI TE PO AN Fabn L #T3RAS T PERE SR TT, 3R J (R D B — 5 2
ToVE A T S Bt 2 (R 4 R 00, E I b 78 v S R B rh 2 8 55 25 W SR B DI O REIR (WS . =)
&), T LATE A R AR 5 r 2515 00, BHIERE T U2 SR A 240k



10 BRAP AR Hrr e B o G w Sl

R3O HZAHENSS RXSLE

BEELE AUROC AUPRC F1 Accuracy
BT 0.9433 0.9599 0.8916 0.8800
FESCHR+HISCEER 0.9488 0.9676 0.9041 0.9067

32 BREERETE

RB6 I 5 1 5 ARBU I E 5592 B0 R, 2 SO U S R P % R A7 P v S s SR T B TE A AT TR
7. KAt 7 A2 2040 (World Health Organization, WHO) #2451 ICD10 i 55 35 S0 i st M 6 2L E R ES7
BRI TCD10 %55 SO IR 256 R, AR SC A B T A SO X 55 BIBRES4E Y = (7,0} - 2R, Xt
T AR SRR S R R BSOS (L, d) , BN, TE Y O R R SO, iR IS 4, 5E A TUEE, W)
(d,,di,) Efh, R ARSI B8, g, BRI 5 2850 446 A SR HET T VFh, £ 401 EH
RILF 78.3%.

G203 HT, T ECH A A T SO I T A7 TR AR I SR DR 2 B P SR SR A & A RIS B, BT ACSCE S R R
T AR A R SCAR R AT SE AR S0 1 77 3R AR SO SR, A DL AR SR U6 VE R 9 505 SEAR T & ICD10 (1955075 fir 44
HE, s s 1 205,
33 ETFHARZENBEZFEEREITME

AT G A SR B i N 7 VAR BT 2 R o R (s B R B TR BRI S, BRI R B AN
FEEER, A SRR SRR E 5 1000 AN EE O (R, 12, 50) —Jo, (] TransE BEZY 2% 5] 5%
BIHR N TR N, SR JE, AR SCK B R R 2R VR Wi 31— 423 () R, R %E Aspirin Z9 BRI &L, 40 3.1 AR iR,
B EE — AT R . &5 JEURST IR, A3 3] AUROC 46T 0.8984, AUPRC 5T 0.8988, F1 &
0.7304, Accuracy %51 0.793 3 [s2Ib 45 B, ERH T AR EE R B G E A A BREN R E.

4 AR

AR Neodj T ELSZBLEETE & &R B 9 i MAL 7R, Neodj & — Nt BER NoSQL B HUIE1E, k&5
T EAR D5 rl R RMB MR RAEEE B b, Ford 9 s R S, SRR AR &R, WE BT DAk & B k.
T R R PTG S, AP AT UBELUL A SEARRT SEAARAE B 2 A (1 DG, Neodj #2441 T Cypher Bl)IE S, B2
Rl [ AT P A S PR A 3 5 P, BT LSRG v e R ST PR ) R i
4.1 BEESMIRELEEE

AL eid 9 1000724 1) 855 g, X 825 FE F 2 W R A 24 25 1, ke 150 I 2 R T R R B AN A i, il 6 B
N A LVEH, ZEEBE 8 MEWHE B 5 MG R, Hi2WiE 55 i SORm B RVHICEE. BRI S, 3 Rk
(B ST PIF 1T 2 Glaucoma JBIT aligns ¢ R 782 2 S0 BN B R S 6HR I, < el S s Tk
FZBMER . BT EAGIT TR, SEEMHESEWEEE, B S BRI <R SR,
NEWZHE PRy, Boh, BE IS <& R, <& F g m i 2mm, v BUE AR mR S 2 X
SO A DGR B, N ZEF IR ST IR S5 AR,
42 FESEERE

SRR 1) S0 B L SR AN &2 Bk 2 1 B A5 2, 40 DOM AR SR B 525 . XML A% 2RO LR 2. A
&5 AT SO ) BB P ) SR T A 1012980 (2. 2015 B DU IR B8 15 BoA BT 2 BE RoR, WE 7
B, A LUREL, B 5 2Rz, 2R BEG SR ARE, P2 Wi 2505 B UUCAR 6, BEE SiEd

@© https://icd.who.int/browse10/2019/en
@ https://code.nhsa.gov.cn/jbzd/public/dataWesterSearch.html
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IRF F RS RAMRE FF L HIEST Rt B 11
URL #4795 R, BRI S, B ##id Abdominal MRI 3% & 55 Pancreas Image 5 S, @ idik R 2810w, W LS
FZT S URL {5 B, #EME URL 15 BT LAUG 9 B R S 5248, @it IR TR BRI, A SO IR B2 y7 KR R o )
VLA A I R B W 2 S W3 B, il Bh B AR AT S G i A T () S 3 R 7 {5 B A,

image <id>:2657350 name: Pancreas image url: http://172.18.116.37:8081/app/1012980_20260_0_0.png
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4.3 FIRENEHSEMERR

R A B P 0 R P D - e T S R L T I S e, LA 2 e A E AN TR B 20 g A ) = A
STRIIE B T R Bk g2 B 1R 3 A J 1, AR 371 LR 19 20 1000074 4, S8 I 4 s 2 (9 s ] @ VA, 43
Tl 1) R LE S ) I U] B A 0L, 0 2006-2010 B[] B % 2 1) A 115 ) 9 “MATCH (h:patient)-[r: Vitamin_D]->
(t:fact) WHERE h.value='1 000 074" and r.time='2006-2010' RETURN t”. #1[& 8 Ji7w, 7] LA H, £ 2006-2010 I} &) B
BEXNYEE R D PPN 23.8 ug, )G =B A BN TN 2.49 ug. 2.08 ug. 4.03 ug. 4iEHE D 2 —
P AT A, B SRR 45 . BEOTIRUSBIE T, BT AR MBI 44 D BARR, XA S
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ATCE YR T — P02 BT iR B 2, I B X 45 S S B 12T S AN h S0 SRR R I 2 Stk
1T T AL B, SRS B M E S5 B, M — MRS . SRS, SR ET AR B S, A&
SCE S UKB 58355 1 2500 vh St A B S AR AR AN O 2R 2, o 2 27 S S Tt AT AR A MY 2 2 sl = e AL, 49 1)
SO ANV BT s R 8 o B T IR B 2 ST R Py S il 77 i R e o B 1) 9% R il BT VA8 3 v ST BN
PR, 3 T 6 FH 5 55 ARADLDG R (K 7 i S DL 7 SRR SR RRIAR R & A ST HY 25 40 Sy 5 2 S 1 o P Al
AN B A5 B PR VAR ISR 1 TR U B A Rk, JFAI Neodj BIEHE xSRI 34T 1 P ALAL R, B
E 2 PR B A S DA v e P D ) RS 5 2 S S PR R IR R A e

Ja SR ST AR R S8 =7 T T E&%%ﬁH’J%%FWW&ﬁ%U\ L2216 T NIRRT, 7 ELR R BB
A RREE 13 A EHTHL, F S s RSN IR AT B AR, SEBLR B ) SR SR ALY i — R BR
LR 2 B AL L SRR VL T, £ 12 Wi A2 b 55 B 10 1) 2 SIORAR (L PR I2 W S8, RIS IR R I T 3h S =
S SR R A UE AR TR DAL, SEBILES T8 5 R0 P Xl s PR AR e 4 B35 A5 DA, 38 i R PR i 1) L SE R T
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