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ETEHEMMRXRIMED
AMIREEHEY BTE
BEAR.  H k. KRB, WAk

WL TR IHA LS (5 B TR B . HUM 310018

WE: #RBEAFRFIZTLEER PR EENEREXAATARE. MEWQZ, PR THRGELIE, A
it BiENME, RAEAREN T BEBETEZERN. B4V AR BEATFIBANBFTHF BT oRBEPTCHY
FE, MR T HRBETRBENELZL, REFEATEINRRASREL R RBEGREZE. BT RBYRE
f P BEATF IRV EEMUFE S TAAEREAL TR, MBHBEGOTERSHTEA S MR, ZXLAT
ELHPHREGELE /X RAMA, BT £ A% & F &% (Relationship Statistics Expansion. RSE) 7 &%,
Ppadat it e F E NI A iR g P HRRA T BT AR R, FEAA THEEY R, A, AALRmR L
HRAMEAFTRERKEMG R, B FLELFH, AL A £ WNIS, FBISK, WNI1, NELL-995 3 4 A% /A 4%
BELHRFEBRMNES R FNEALR, RATE W EAGAANALAR AR 2R B #E A TS I A TranskE,
DistMult, RotatE, HAKE 4 4 % /. % 4% L3249 RSE 7 % /5, RSE-TransE ¥ MRR A4 AR & T 7.9%,
12%,4.5%.7.2% ; RSE-DistMult #§ MRR &5 #1482 & 7 11.3%,5.8%,4. 1% ,1% ; RSE-RotatE # MRR 1& % |
RET 2.6%,6.7%,5.1%.,1%; RSE-HAKE # MRRA S #4235 T 3.2%,4.5%.5.5%,11.3%. FHh LR L9,
ZXREGAEATLEAGHRX ALt BERBT T A TRERE R REETREGELGE, FHLETH
RAE G SR B A T 5 T A A R TR AT 4 L o) A A R e i gk

X 8 W: #rBAi#E; AFFI; BE LR SRR ER; it a ik KBV R

FESES: TP391.1 XHEARERS: A XEHS: 1673 -9868(2020)11 — 0043 - 09

Wit RS I A 2 i IR X IS AN Ot 2 A TR 4 AR T XA v 1 S A B . Dy T3S R 2 5 R
A7 I R R EEOR TR BB — Rl A B A O 2O P AR I R AR AT A L A B, A8, R SRR
TN S PR T LA A T L 3 R T R SCAS Ak B RE T i HR S L TR R e R IR T
W2, i 2% B e G N S5 LA R AT LABE g i 7 N R R W S, ak BN 5 LA I8 0 TC R AR Y H AR, 1
AR S B = BRI A 2, BeA AN BN R 4E T 2, JF B R AR AR A R BN A
ABANAR R RE | TR SR O B AR AR I B R L . B AR AR RS TR I A e
P A 32 B AR T B 2 8 A, AT R I A — 8 R R L T LR U . 10 LinkedData'
DBpedia”’, WordNet"", Freebase'", YAGO™ %5, HENMZ RS | (SEERT | HEHERZLEY . HRIES
Qb 3R N AR B T Tz A AT AR BT B R, HIR I A S — b RS Y 1 SR 2% N 45 Ak 1) 1 X
P A3 B WL S o A7 7 1 & b SE AR KOG AR TR SR T T 4R I35 R (W3C) R AT 1Y E IR A R HE 22 (Re-
source description framework, RDF) = el (h, r, OVE R ERFIRIARERE . 7 Al 2 B AR SR Sk S2 R

Wk H . 2020 - 10 - 15

RETH . WLy HE SRS H (2019C01004).

TEH A W A996—), J, W54, T2 FHIRE RS F R 2% T TE.
BAEVEE . BRIk, Bz,
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RS, r AREREER. A T b e RN, AR T R R, (H T = A il A ik ST i o 35 A 2
JE R R PR B S ) R, T 5E 4 TR b 2 T A LA R b SR 2 IR R SOOC R ARk, TEA
SRE T AL BRI BRI SCAS 3 A 25 400 P 2 20 T T 3 ) R E 7 T R O R st AR Y e
SR JEARME T RAFSEAR. U SRR A S BOR B F R S A AL g 2 T B T BT 4R A 4 A 1] R SR R A
PLETHE P 0 SRR 5 AR o AN ERCHR 0 1 P 25 ) RBUAS 20 A 280 bl T Lo EL A R R 11 338 B P 2 1 A 4 T A
JHL i T B B R P R AN SE R Y T Bk Ok O R R AR TR ) — D E AR R L R, A
TransE A5 89" S £ 3 ) 1R P 375 2 2 BERYXE 2% 2] SRR G R AR RORAG8I T T IZ I BF 5, X 88y
VAR W] R T kG G i TN 2 P77 ELA R0 X 5 1 Y — P R AR A UL B ) R R SR R A
W AR B P A O R T N, — 285 FOR XS FR A AN 4D o T 95 — B2 S X FR Y (A 56 TR &) 5 A 8
RAERBIAMR R AR (I, ZIFIEA) 5 A7 88 5¢ R T AE th HAB A LR (i an , FeAk 3 9 S I — R p &L
). MILEE B A g 5 v 4R B0 AR R IR X SE AR S O T R G A, RO RR/ RO B, EE A G, D
FEBIM GG A FRT. S5 b ol TR B S AR RS ) AR R, 4 R 3 3R o o) BB AE X SR
5 R PEAT 17 5 355 AU R A PR P 33 P B 0 ELAE AR S . T 220 W RO 7 J TR P 3% v mT A e ) T R O
SAF B TS B B AR B T OOC R I B ERl . A SO A FR G e AT g i, SRIRE SCR T
I 2 HL G /R BR O AR = u AL BB H IR e 7R B T A B (E A SE A YR IR S AR S5 AR R = Ju 4l
SN AT R RS B B 058 . R AR T ) B B RN CR . TR AR A b, X B BRI B
RARUIMBA LA, A SR IK AT & F WL . S0 45 R W] T 5300 R0 R 56 28 b 4 1 01 H 33 %
a8 D7 i AT LA 35 4 v A TR R 3 R s o > R ) o i SR AR .

1 HEXIIE
1.1 EXRPFAIREERTFEIRE

TransE #8% word2vec " 3 &, B AR D = J0 4 P 19 ¢ R B A 2 Sk 5206 51 2 524 Y 55 81 3% 1t
o B ) P B AN AE B4, . C (king) — C (queen) &~ C (man) — C(woman), H i C(w) it j
word2vec % 2] B (3] ] 5 R R, TransE BEALZE R 7o, e B R AT 0 RIB HE R MY RPERE, (H21E 1-N,
N-1 Al N-N B R 2 56 & ERCRIFA R AR

TransH #H Y 7E TransE BRI IERE I, 3828 51 AR 2 96 5 09887 16, o Sk B8 5 Mk 1 1) 88 3% 78 1%
FEAPTE b o JEAE OB T b 58 0O Sk S 1A B R AR A B A R R AL AR AT 2% OC AR B B B T0 R) L e
TransE & % 3% 21 T 4,

TransR BAIA N & — > R A HAFA A1 s ], B[R — A4S 5¢ & i i SR BE & AR 3T, i E /] — >
KRN SRR B Nt . 2R R Sk S AR R S A ek DG AR 198 2 o B 1) — A 1) 3 SC S [ P o R
Rt e, i —LHRT T TransE £ 2 4 X R T EBAPOR. Mok, B4 T CTransR BAL, X} TransR 7£ %
Ko FAT TR, R SE0E 20 )8 SO AN E FT T R R RT3

TransD R £F Xt TransR A58 2 800 2 1 1] FUHE H T 46 Ik 565 0 WG R 4 oAy 1 3k 7 60 I e B, A 2880 il
DTSR PEE T IEAEE. TransA BIBUAE TransH BRI GYIEARE 5] AT A6 N R &7, R a5
(AR BE RSN T — AU R B AR FE R R — A R, T TR SRR AR, DistMult R 2 —
PR AR, B> 56 R F R B R A R X M R . BA 5 TransE AR 09 A 97 & 1 5 B 47 1Y
FiktERE. ComplEx BALK TransE #2841 SEHGE Bl A R8s SO B B RoR, E— D4 1R R R
fiE. RotatE B A T TransE #5R B AL T —Fh 450 (14 B0 3 8L L f 3k S0 0 310 8 S A 17 1BH 43¢ 3o 6 ol - 1
e S B Sy s ) e B e . 2B AR T T ) B SRR RCR. JF B RotatE BRI T — R Y G
THER ) A R P A AREA AL 1, %7 B 4 RER 43 3R 2 ) AL B HERR R AR W R

IR BRI BT TransE B Ak AR AR, SRR G 2 0 135 i D) R i S [ £ BE AN Ik 4 T
FERS Y 35 HIVE AR IARE Sy, RIS 2R A R BRI R AF. (H 2 52l A= [|] A &, (AR
FE T AREE b A B SRR 2N T RS R R SCIBAN E SCAE R, AR R A o B AL B B E T T
43 23R AR B 11 AE R
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1.2 HEEERAIREER TFESIEER

AMIE""™ SCH R 248 T o 38 5k 8 31 A8 7 10 K P el % i G o7 S22 00 0 2 BB oK O K 7 £
B GRS A XA 2 =00 s k=, AR T, Rl =, TAE T, BB @i AMIE TR
AT RLARBC— 2 I . S R AR TSR R TAE T —E R, HAEA —E 5. AN EA
=AM, AT, BUMD S AT REAFE R =00 (ED . TAETF . BUMD. RUGE #5 #E ComplEx
BRI ) SR Rl b AR BY T AMIE T HAZ i 2R A R N, I 38 i R 25 19 77 =X ] e a2k QB
PRk = e MR bR TE =04l X AR R . RUGE BERDKE 43 A5 SRR R 2 20 R e 4 i — % & 1
SN S TN E AT AR EEISEIR TN R EiL SUNE SN S

TEBEBOREA AL AR . O TR — S AR SC O B DR A E AT 2 38 BRI 17 5¢ A% (9 SCICRIE S8k, I
TR S5 M A B C A M FRoR % BRI &, FUR IR Se i R BRIOCR A =0 2 5 T /T 42
AT 2 YA SEAAR I i B A AN [R] 9 267 e e 2 B 2 K 0T T4 o ) S5 A2 U f5 B AL B e 2 ST R e, B OR
T AR R R SR Z (A R 22 B0, XA AL SE RS AL A RS2 e B RBARE R B R R B SOR R B
AR R G G IS O A 1 =0 SR SOR Y BRSNS A IR, HEAT R R K R R RNk, JF B
— AR RN T AR Sk I AR R SR HA AR B £ 7R . DU B 1-NLN-1.N-N I 28 56 R 30 R

ARBERIE R T I EAR AN SOAAE B AR Bz TR KA VI SR I 55 U5 R B T T ORI R Ak
R HIRAFTE 2 BT —DRESINE B R AR A ATRE A TR R A R T0 ik B R BRI RO
73— X SR B I R IR G B A B IR M R ORI T A0, ] R AN B8 5.

2 ETEFMWNMRXRZIENAREEHET RA %
2.1 #HSuHA

G R ANAIRE L, E MRS SR mES, N FoRERPEAEH, R RaMREE S LR
MEES, MEBERKRAWEBEHE. hosrys t, FoRFIRENE WS =ocd, Hh,, t,€E, r,ER, 0<
iv RSN, 0O <M. AfEEBMEAC{0.3,0.5. 0.7}, B /IR ESS: (5,1 Grivres p)I0<<i, k<
N, p€ 0, 1), j=>0, p i & B3/ KRR R = TC 41 LBl
2.2 XMMERMEFXREN

KRR X ZM R, 50 E WA 2 Fhor 8. R4 X FR T AT DL 2y S REFROC &R . RO FR
RFRLAEMFRKE R s MIBLBIET LI G R RIGB LR IFEH LR, MENXREEGRN I —
DA S Z —, AL F L AR EE 0y B ¢ R AR FROC R #TH I 0T, RS E X,

Hi KR AERE M AREGE G A — S B IR = el R s D) SFEEL =TT H G )
hOOI<M, AT UMRKER r; 5KERr, HHEHIT KR,

XIFRKZR . FERRE M ANRENE G A — E R e L =c hes s ¢ SETL=TCH 105 7,
hos AT URRKR r; HATFRERER.

G MEEAMER ), XIFROCR B 06 RAER ML X EILEMFE, HHEWECRS r,=r, B, BIRAN
XK R, XN FEER ST TAERIE T 8B,
2.3 YREERE

A I F R BE R AAAE NA ANE S8 B A 8T, AL 38 SCR 1 b R FIOC R BRI 2 3843 1 & R IR
I 3R] DL o 2 A B R0 RS S S 06 R R TSRS, A R RR OC FR I I ¢ R = oud A DU Bh gt
B e IF Bl i e it 45 RS s A — oo E B

B FE AR E S s = oA (220, B, e . AR YR H B W R DL A R R B R OR AL S R
SO (Y AL, A, WD IR A BT AT R — X B e R X RS AR I AR Y B KA &
KRB R F A = ol . (B RZPL & 7E X FIR S 17 2R 2% 2 iy s JF R B4 A BA 19 5
SRR, Joik AT RHCE B AT SEA B = ondl . S0 X — 3 AR B S e A TR AL Y i A 3R .

), A AR R 1S b S = oo (B, (A, ) AR R B T T LR AS U R E RS
R =IO CGE B, 2%, ZRED B A W47 BRI R OC R . 3O Se I MiFOF HAed 7 28 H A4 5 O R < [H
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OB I . AR R O ML S X 2 e 5 RO O T = on A my U SR B, IR A R A R B Y R
IRFOR KRG T Z 45t

ARSI IR A W B, HLaR Tk B AR L — O R  SC, HEF DI R R 5 XA (H &)
ZIE] AR 28, 3k 2 A FH A 6 R OG 2R RN B O AR R R M R A B e W L T/ X BR O R = on A R i
KEIA =JuAB RG], BSHERENBREHT BRI ER 2 DM CRERWE LY CR (-1
KR IE WX PRI R,

HR R B ARAF R S 0 R TR B YR, ML vl I B4R A 5L 2 S B3 56 R O — A X Foe
FO X JEL A PR 3 o R R Y = e 2 OC R A R L Sk R SR L Y O OB R = oA
2.4 EFMMMXRIEETRAE

mE LR, PR v 5RER ro B A FRENE =04 A7 — 8 8O R B O RIE A =
TCEX HLH R S RO = e B G OR R vy HORER v, TR S ou B 09 L (E R S B A B, AT LA
INEXFR r HXRFEr, FEWKER.

WmE 2 Fros. LEER o IO, BUA AR E = S0 41 P A7 7 — 58 KO R X AR 6 R U = o 4Lt
HL AR O = Jn B 5 R ) T oA B Y L (R A B R A B, T DA E SRR oy AR
PFRER.

/R FR O FR S I TR Y R OCHORS T T 0 R = Jn A Y il

R IR AR

numr;, r;

:num(r,-) + num (r;)
H numr, s r; R KFRr, 5RFRr, AW RXRFZILKW ZI0HEE, nunm ) tnum (r YRR KR r, 5§
KFRr; A =JodHEE AL
XPFR R A
numr;, r;
" num (r)
H numr, s v, RIRKFR i AR RIL D =0 H G, num r D FRRKER r, A =0 HE .
AR p 52 AT HES #5 p=2, WRKR v, H5XRFRr, WTLUAE N EWOCH , FFUINE]H 35 /X FR
REGT, Bro=r, HEIANFHER, s,=0\ rys pES, RZMARTNE.
HREFEL =THX R XA =A%

(hw s tl) (hz’ s tz) (h3’ s t3) (hp s tl) (hz’ s tz) (hy an t3)
(tl, ry, hl) (tz’ 7 hz) (139 ry h3) ...... (t], r, hl) (tz’ r. hz) (ty r, h3) ......

8 ELlp TP
<QE»? e <QEA? B T
= =
R BB PR
FWATA 3
1 HEFEXRGT 2 MMXRGH

WiE 3 frow, EERMINE W E S RILA L, KGR 0 5RE v, PARMIAY =048 i3 ¢ R B
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FSk B8 SRR E 0 T VR T8 R B = o d. W 4 R, 7 CARTRIAE XS ARG R A 1. KRR ) R K
XA = e 43 i 3k R A A 14 T YR T BT B = e A

XA FR B 58 BUGE T IS AR5 Bl / X FR OC R ARG S FR L MR L3 v S W R L3 /X R OG &R 1Y
SLZICH  RIERAE SRR AR S S XX Sl N = Su AT R

JEPRNE =T R by s s BHEBS THEWXR: G,y res p)p =2 W =JCH R 1,5 rs b5
A SHAEMBRER: G,or,s pIp=A, WH=JCH Nt r; s b,

ZUE, A JEURPUE S B MR AROC R GE T S YT R C e . B3RS R = on ok B AR IEE AR B Y
B it AE B, FUEMEDr, mIREER, TRRA AR, BB SRR Y I 2y ok TE R T

SIS MR r M, B R SR AR r ANFRK R
R =5TE [(hzs’ Ty tzx)J [(t-u’ s h42)] [(h73’ ry t73)] [ """ ] AEXN =7t [(hzx’ s tzx)] [(tu’ ry h42)] [(h73’ r, t73)] [ ''''' ]
=t [(tzx, T hzx)] [(hw Ty tu)] [(tn, T h73)] [ ...... ] =T [(tm 705 hyg) I [(hw N t42)] [(IW s h73)] [ ...... ]

B3 HEFEXRIRE B4 WRXETRE

2.5 BXNEBBAR

FEXT IR B TS BEAT ST )R . SRR /XK SRS S AT UAIR 3 R X da 4 . 3 n] LAAE O 35 i
SCE AR F T

P b AR EOC R A U S ) B R GR %R A BRIl AR, B, ST
5o SR WYX EOC R Znd ., TR SCAS ) AT RLER O . AU AR A S R R E B
TS SR AR RO A S A A R B AR IS SR A R T B R R AT T AT A
Y, X IR T SC2 R FIRT. B I © A B0 5C RS 5 B ERN L, FREIINT 290 A

L=llril=lryllsrivr,€ Girgp)

3 SCIRIGIE

S 06 5 i e B AT 45 5% SR 10 47 R 0 Tl s A A R A R M R TE R 2 3 I A
T O U0 85 B A% S A 3 T 1 /6 R 5 2R b 4 B4 0 L BHR R O o (R RR RSE J7 ) 4 75 3k 31 T 4
e

3.1 EIE&EHR

ARSCAE WN18,FBISK, WN11 Al NELL-995 3 4 AN FITRUE & )92 fdf HT A9 bn e i 5 B vAl T AR S8 1)
BEAL, A3 A IR 4R | Sk A8 AN, IR T TN AL, S ukE 48 1 TR 28, Ml 4R A T
PN BERIPERE , T X 4 MR M5 BLER 1.

%1 WNI18,FB15K,WNI11 #1 NELL-995 ¥{iE &

FIEIRE S LA #5k £ Y gk # R # M4
WN18 18 40 943 141 442 5 000 5 000
FB15K 1345 14 951 483 142 50 000 59 071
WN11 11 38 588 112 581 2 609 10 544

NELL-995 200 75 492 149 679 543 3992
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3.2 ZEWmXEAE

ARICEB T 4 D EAMREMD F R ERF IR TransE, DistMult, RotatE 1 HAKE fE b % #8241 ;
43915 RSE J7 454 J5 i #k & RSE-TransE, RSE-DistMult fl RSE-RotatE, fE 5286 20, 38 i 47 1 v (fil-
ter) Y 75 2 HE AT B 5 T 000 S 06 SF A 4SS 1 1Y) 4 .

Ho RSE k&8 AW AER . 78 A T RIS 408 BT, &l IR 50 37 e b e e
AR A RS TS 76 2 BUS SRR BUERS . &l DR B R B 2 &4 — e dl$H. &t 2k
SEHS A, TEAS [ B0 B T ik B A RO I (R LA 22 0 P L R 2 YRS I AR B AN () A AR X I Y B A A
. N, 78 WNI18 th A Af AN 0. 95 TifE NELL-995 1, A FR 5 0. 1 A RELED B )5 1 6 B R i

KT T HERIE GEIEAN A8 bR ARG IL 3 3 . O MRR: “FHFEEHES ; © MR: F#HHHZ; O
HITS@N(N=1,3,10): H N i lt.

3.3 ZWigE

SR T AR YR S 0 2 A S L R T AT X B, BT R B AL RN S R T RotatE 19 X BT
TOREACRAE ik, BRI B A SR 7 . i A4ERE £ N 500, 1000, 2 0005 fAREA L. 256,
512, 1 024; batch size: 256, 512, 1 024; margin: 3, 6, 9, 12; HXHRESE. 0.5, 1.0; ¥ &,
0.001, 0.000 5, 0.000 1, 0.000 05, 0.000 01; YIZREARKEL: 150 000. SR R 0] 1R 1k 15 2K B
BE LW 46 A6 J7 X
3.4 TWHER

2 WoR TRIAE R A WN18 [ B WAL 55 1 SE g 25 2. FE45 & A SC3R Y RSE 777k J5 . MRR
FeAr B, TransE AR = T 7. 9%, DistMult #EEEE T 11. 3%, RotatE BAIRE T 2. 6%, HAKE ##
R E T 3.2%, MR il HITS@N 48 b5t 4G B i 42 755

3 WoR TRIIAE R 4E FBISK b4 B WONAT 55 OS2 g0 25 . 7R 45 & A SCi_ 1 W RSE 75 . MRR
febr R, TransE SRS T 1200, DistMult BEAVRE & T 5. 8%, RotatE B4 T 6. 7%, HAKE B{#!
PE T 3.2% ., MR Al HITS@N $8 4514 B 42 5.

A WoR TRIRTERE AR WNLL b4k B B0 AT 55 ) S0 25 . 7E 45 G A S i i RSE ik J5 . MRR
febr R, TransE AL E T 4. 5%, DistMult #A4E & T 4. 1%, RotatE AR & 1 5. 1%, HAKE %
R E T 4.5%, MR fil HITS@N 48 b5t 35 4 B i 42 5

5 WoR TAIZERUE S NELL-995 |- 4 B WU AT 45 O SE I 25 1. fe 45 & AR SCIR I RSE ke,
MRR $845 @75, TransE BRI T 7. 2%, DistMult #AIEE T 1%, RotatE BRI E T 1%, HAKE £
A4 m 1 11.3%. 1 DistMult il RotatE 254 RSE J5 &l NELL-995 48 48 i 42 maCR I AW &, af
REJR AN N . O B R BR, A S B0 A RE R B B A, (XA S 0T 245 5 TR B RSE 75 15 AR
@ S E W, B A BE i AGERE | /NP SRR AR B0 55 R S 4L [R] 52 e 52 50 2

Fz2 WNIS-HEBE WML R

LAY MRR MR HITS@1 HITS@3 HITS@10

TransE 0.779 251 0. 709 0. 820 0. 930
RSE-TransE 0. 858 122 0. 744 0. 969 0.977
DistMult 0. 685 270 0. 530 0. 829 0. 931
RSE-DistMult 0.798 130 0. 673 0.921 0. 965
RotatE 0. 949 273 0. 944 0. 952 0. 960
RSE-RotatE 0. 975 134 0.973 0.976 0. 981
HAKE 0. 942 186 0.931 0.948 0. 960

RSE-HAKE 0.974 76 0. 969 0.977 0.982
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% 3 FBISK-$EBE &R

LR MRR MR HITS@1 HITS@3 HITS@10

TransE 0.673 48 0.582 0.735 0. 827
RSE-TransE 0.793 29 0. 715 0. 857 0. 906
DistMult 0. 764 37 0. 696 0. 809 0. 883
RSE-DistMult 0. 822 26 0.767 0. 860 0.915
RotatE 0. 781 42 0.725 0. 817 0. 877
RSE-RotatE 0. 848 29 0. 807 0. 876 0.919
HAKE 0. 664 43 0. 555 0. 746 0. 838
RSE-HAKE 0. 709 34 0. 607 0. 787 0. 869

x4 WNII-SERETNLE R

T5E Y MRR MR HITS@1 HITS@3 HITS@10

TransE 0. 098 6 495 0.010 0.142 0. 264
RSE-TransE 0. 143 5 307 0. 051 0.191 0.318
DistMult 0.121 7770 0.063 0.135 0.239
RSE-DistMult 0.162 6 448 0.095 0.183 0. 300
RotatE 0.170 7104 0.113 0.191 0. 277
RSE-RotatE 0.221 5 790 0.162 0.242 0.335
HAKE 0.194 4 243 0.128 0.219 0.322
RSE-HAKE 0. 249 3163 0.181 0.272 0. 384

£ 5 NELL-995-4% 2% ¥l 45 8

155 Y MRR MR HITS@1 HITS@3 HITS@10
TransE 0. 279 7162 0.133 0.401 0.494
RSE-TransE 0. 351 10 154 0. 259 0.417 0. 501
DistMult 0. 280 17 296 0.237 0. 303 0. 358
RSE-DistMult 0. 290 13 943 0. 245 0.313 0. 368
RotatE 0. 350 12 519 0.308 0.372 0.414
RSE-RotatE 0. 360 12 531 0.320 0. 380 0.424
HAKE 0.372 14 726 0.326 0.401 0. 447
RSE-HAKE 0. 485 9 289 0.420 0.518 0. 610

SERFLW], ALY J5 1k BEAT R H AR S 4R e = M R A P R0 46 4 B POMAE: 55 b o 2R, BIR RO SR
AN R R AR B TR T, Rl AL, ARSI R T B A LU KRR O RSE U5 5 RERIR $ T AR R R 5
BRI R AROR 5 © RSE 773k 0 DUA RS & JLF By Fon e IO, 2R fe . BoA R Y e
© RSE J7 ik al PIFEA [ R 56 B R B R 4f . B B 103 D 1

4 & it

FAREE R T4 F 5 MBA FH L5 R, A — W s S B nT DU 4 B L geit . 3555 0 R BOF
AL s 42 v A PR 35 ) R ROR . AR SCRE X A% 58 IR P 3 3R 7 2 oF 5 ik R (8 T R0 A5 8 1) Bk
M 3k e T Y 5 1 0 SRR T 1 0 A5 S AT A R L/ XS BR 2 b R R R YOG AR R B LN A
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JERPR P B S 56 R A I B I 2R AL A9 B e e, [ ISR P ZRBCRY B 8] B0 U 36 36 5 R R E AT AR,
BESE 3 A FE A R o > BT A 5 % TN AT 55 b R AT XS B S0 F AT T W A RCR BT, AR SRR A R R
W, R SCHR A 56 T B30 /0K 5C 2R 1 TR 3 BOHE R T ik RE A AR T UL R 3 o ) B B ROR
I HAEA R A B 4R 1 33E . U AR 75 3 B R A 8 AT 7 P 5 oz

S X
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A Knowledge Graph Data Expansion Method Based on

Reciprocal and Symmetric Relationship Completion

YING Jian-chao, PU Fei, XU Chen-ous YANG Bai-lin

School of Computer and Information Engineering , Zhejiang Gongshang University s Hangzhou 310018, China

Abstract: The knowledge map representation learning method aims to represent the entities and relation-
ships of a knowledge map as low dimensional and dense vectors, and is used for efficient semantic compu-
ting. It plays an important role in the construction, fusion and other applications of knowledge maps. The
traditional knowledge map representation learning model usually considers the existing facts in the knowl-
edge map, but ignores the semantic information hidden in it, which makes representation learning unable
to fully express the information of the original knowledge map. The current data enhancement knowledge
map representation learning model needs the help of third-party tools or a large number of manual inter-
ventions, so the reliability and stability of data need to be strengthened. Based on the concept of recipro-
cal/symmetric relation in the set theory, this paper proposes an RSE (relationship statistics expansion)
method to obtain stable and reliable prior knowledge from the existing knowledge map by statistical meth-
ods, and then use it to expand the data set. At the same time, it is more consistent with the semantic logic
to constrain the length of the representation module of the reciprocal relationship by using the prior knowl-
edge. The effect of the model is evaluated through the link prediction task on three common datasets:
wnl8, fb15k and WNI11. Four representative knowledge map representation learning models (TransE,
DistMult, RotatE and HAKE) are used as the benchmark. Combined with the RSE method proposed in
this paper, the MRR values of RSE-transE are increased by 7. 9%, 12%, 4.5% and 7. 2% ; the MRR val-
ues of RSE-DistMult are increased by 11. 3%, 5.8%, 4. 1% and 1% ; the MRR values of RSE-RotatE are
increased by 2. 6%, 6.7%, 5.1% and 1%; and the MRR values of RSE-HAKE are increased by 3.2%,
4.5% ., 5.5% and 11. 3%, respectively. The experimental results show that the proposed data expansion
method based on reciprocal and symmetric relation completion can mine the semantic information hidden in
the knowledge map, and can significantly improve the accuracy and performance of the traditional knowl-
edge map representation learning models in the link prediction task.

Key words: knowledge graph; representation learning; reciprocal relationship; symmetric relationship;

statistical method; data expansion
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