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A Knowledge Representation Model Based on Bi-Objective Alternate

Optimization Under Probability

Zhang Xin, Wang Zhen-you
(School of Mathematics and Statistics, Guangdong University of Technology, Guangzhou 510520, China)

Abstract: Aiming at the problem that the TransD model has many parameters and the two representations of
entities are not related, an improved knowledge representation model PTransD is proposed, which reduces the
number of parameters by reducing the number of entity projections and clustering entities, while using K-L
(Kullback-Leibler ) The divergence limits the entity projection to the same probability distribution as the
corresponding entity class. During model training, the triple loss and K-L loss are alternately optimized, and the
entities in the classes with large spacing between the entities are replaced to improve the quality of negative
examples. Finally, based on the experimental results of triple classification and link prediction on the knowledge
graph data set, the performance has been significantly improved in various indicators. It can be applied to the

perfection and reasoning of knowledge map.
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Fig.1 Schematic diagram of entity distribution in entity space
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Input: Training set 4 = {(4, 1, £)} » entities and rel. sets £ and [,

margin vy, entity and relation embedding dim m and n , number of
entity clusters k.
Output: The well trained embedding model.

1: initialize allparameters
r, I'yj—uniform (—6/ \Vn,6/ \/ﬁ) foreach ye [,
rr/|rilforeach re L
e, e,~—uniform (—6/ \m,6/ \/ﬁ) foreach ee E
2: for number of training iteration do
// triple loss objection
3: for 2 steps do
4:e, ep—elllell, e/ lleyll
5t Apuen<—sample (4, B) // sample a minibatch of size B
6: Toun <9 // nitialize the set of pairs of triples
7: foreach(#4, 7, t) € Ayyendo
8: (R ,r,t)—sample 4’ // sample a corrupted triple
9: TouenTouen U{(A1,0), (£, 1, 1)}
10: end for
11: Update embedding w.r.t
D VEFro, (R rt)

(ﬁ,r,t)EA.(ﬁ'.m‘)eA’

12:  end for

// K-L divergence loss objection
13: 8 "<—U(e;,j)\e;j // get entity set of U(e;j)
14: ¢'—Eq. (8) // get center vectors of entity classes
15: p, Q«—Eq.(11), (12) // calculate probability matrix
16: Update embedding w.r.t VKL(P || Q)
17: end for
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Table 2 Statistics of datasets

LSEES Jepk KE EES Rk Wk

WNI18 40943 18 141442 5000 5000
FB15K 14951 1345 483142 50000 59071
WNI11 38 696 11 112581 2609 10 544
FB13 75043 13 316232 5908 23733
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Table3 Results of link prediction

WNI8SEE AR FB1SK LM 45

FRET 4 B Mean Rank HIT@10/% Mean Rank HIT@10/%
Raw Filt Raw Filt Raw Filt Raw Filt
Unstructured"” 315 304 353 38.2 1074 979 4.5 6.3
SE™ 1011 985 68.5 80.5 273 162 28.8 39.8
SME(Linear)!"” 545 533 65.1 74.1 274 154 30.7 40.8
SME(Bilinear)"” 526 509 54.7 61.3 284 158 313 413
TransE" 263 251 75.4 89.2 243 125 349 47.1
TransH™ 401 388 73.0 82.3 212 87 45.7 64.4
TransGH'™ 210 197 81.6 95.3 186 64 54.1 80.1
TransR"" 238 225 79.8 92.0 198 77 48.2 68.7
TransF"*) — 198 — 95.3 — 62 — 82.3
TransD""! 224 212 79.6 92.2 194 91 53.4 71.3
PTransD(unif) 239 224 80.1 92.0 205 87 55.6 81.2
PTransD(bern) 220 210 824 94.1 192 72 55.6 82.4
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39 %

(1) AHEL T TransD# Y, PTransDEERUE 40 & F
FIHIT@ 10 2 52 55 (2) A EE T FoAiA8E R, PTransD

PR RERSAT I [X 73 1-1 5K 28 BA Sem-n ok & 5 45 575 51
ok & Pk RER DB LT -

#F 4 FBISKE XX AMNHIT@10E

Table4 HIT@10 of each type of relations in FB15K %
—_— T Sk SR T HIT@10 T SEAR O HIT@10
1-1 1-n n-1 m-n 1-1 1-n n-1 m-n
Unstructured!” 345 25 6.1 6.6 343 42 1.9 6.6
SE'™ 35.6 62.6 17.2 375 349 14.6 68.3 413
SME (Bilinear)"” 30.9 69.6 19.9 38.6 28.2 13.1 76.0 41.8
TransE" 437 65.7 18.2 47.2 43.7 19.7 66.7 50.0
TransH"” 66.8 87.6 28.7 64.5 65.5 39.8 83.3 67.2
TransGH™ 87.0 95.8 479 80.8 86.8 55.7 94.8 84.3
TransR™ 78.8 89.2 34.1 69.2 79.2 37.4 90.4 72.1
TransF!" 88.1 94.9 53.2 82.8 88.8 62.1 93.4 85.8
TransD"" 86.1 95.5 39.8 78.5 85.4 50.6 94.4 81.2
PTransD(unif) 89.7 92.7 442 82.0 87.8 52.1 94.2 84.7
PTransD(bern) 89.5 94.5 45.7 82.8 88.9 52.5 94.1 85.8
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= IudH 5y K B bR AW — AN G i = oo
(for )& 75 IEA ISR FE R, B0 B A i = o4
PRIWT N “ IER”, [EA IE ) = o347 57 R AR 2
) = JCLHA I AR AR R FHIATA =04
A I B R KA R BEAE AR B — N BE o, , FIK
FIWr— A =0 “ B B HRT a0 AT 5 pR BT
AN Ao, » BT A IR, 2
33.1 IFH4EAR
= G A AT S FHUERR AL E RPN FE R, 2
XA
Tpos + Tee
" Noow Noy
T & T R e 73 590 1 T T 5 ) 1F 451 = 6 20 4
FNGUF) = TELHA B Npos N, 2 75 I 2R EE HH 1) 1E ]
Z IR BRG] = e AN A, BT =
T AT (RE TR
332 KR E
X ANMTE 45 % H Adadelta SGDELIEAE AL T5
5, I BB Z M 91 107, pN0.95 . LI ZRPTransD
BF, 75 {1,2,4} Ik FEA Ry, 75 {20,50,100} HH %k £S5
Y FEm A 5% i, 75 {20,120,480,960,4 800} ik #%
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batch 1 K/NB, 7 {20,50,100,200} 71 1% £ FE KA Hik

BAERZSE RS T  WNI B RERE N
¥=2,m=100,n=100,B =960,k =750, 3 H{# HL,
VE R ARABUE: B £ FB13 L S FE AL B Ay = 1m = 50,
n=50,B=4800,k =200, 3% A8 F L A APE

B =4800,k =100, 3F HAE AL, /AR &
333 ZIRsR

FSHIH T ANFERERL Y = o 7 SR T, R
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Table S Accuracy of triple classification of different models %

—— =R R
WNI11 FBI13 FBI5K
SE! 53.0 75.2 —
SME(Bilinear)"” 70.0 63.7 —
TransE" 75.9 81.5 79.8
TransH!"! 78.8 83.3 79.9
TransGH"”! 87.3 85.2 91.2
TransR""! 85.9 82.5 82.1
TransD!"" 86.4 89.1 88.0
PTransD(unif) 88.0 89.0 90.0
PTransD(bern) 88.2 89.9 91.2
4 HiL

ARSI T — MR oA T T H AR B AR
R EN R R R A I P Trans D o &1 X #1135 1 AR 44
TransDZ 40 % 1) W] {1, PTransD PR fill SEAR B2 A4,
X SARBEAT S, g ST S ) AN SRR P
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KATCLIR I ) 8, PTransDTE X} SR T JE S 1) 5
fitlh b, 3 SRV I v AR SR S Gy, B FE AR
AR R PR B She Al o S S rh O P SR 52 MR
R ATAHACE , IR 5 SEARFR S22 R A B
W 7123k 45 = e H A5 R AR R 79 A1 T IK-L U
TR, FEILRIVIZRAE AL Oy 7 38Uk J7 2 A A5, 18
WordNet I FreeBase 1) K AU B S 4 £ b ) 842
TN = TG 2H 73 FAT S5 AT T 2R G IV SLIe 45 R
W, PTransDISE ARG B I 8, v] DARE FH T A1
P 1) e A HE R R

TER R BB T A b 2 2503 PTrans DAY, £ X6 5%
FR A OE R IR R IR 2 [A]PAH M, Bl AR R
PEAT s I AR PTrans DA A B FH T30 J Ok Sl X %
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