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Abstract: TransC is an efficient method for embedding knowledge graphs. It establishes the embedding of concepts.,
instances, and relations by distinguishing concepts and instances. TransC encodes the concept as a sphere, and the
radius of the sphere is randomly initialized and updated iteratively during training. This leads to two problems in the
model. First, part of the sphere radius obtained {rom training does not match the model training target. Second., the
semantic information provided by the concept itself is ignored. This paper proposes a model named TransIC to deal
with the two issues above. TransIC adopts a novel concept sphere radius solution method based on IC parameters. so
that the obtained radius meets the TransC goal, and enriches the semantic information of the concept embedding
vector. Then it is based on TransC and introduces a concept sphere radius based on IC parameters during the concept
coding phase.Finally, the two tasks of link prediction and triple classification are completed on the public data set
YAGO39K, and the experimental performance of the method in this paper is compared with the performance of
TransC and other models. The results show that TransIC has achieved a significant improvement in most indicators.
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RE A o ML 27 2T 09 07 K SR B v A S AR G
F T AT L R B 1) i oA S AR G R 43 il A
FR™, HHT, TR B 0 B A SR Ak,
TransE" 3 H F— Xt — & R 6 56 R B 1E L S A
AR Z [ ) —Fh - # . Z J5 30y $h e A A
TransH!M?, TransRMY, TransDM?, TransAM® 2,
FHEAE P T TransE JC¥E A0 HAE J ¢ & 1Y [R) L,
TransCH* 78 HITE 3 AR X 20 1 A8 & Fn S 431 oK
AR R0 S5 4 ) A8E Sy 25 [R) v A R R . SR
BRI GR 25 5 1 3 3 A BRI R AR AR 15 & HEH AR
PRIEY 5 [ 2 ) = Jn I JF R B RS A B B AW
(PS8

HES ¢ 1915 B & (Information Content, 1C)
SEARMEE ¢ TER G e R R il SRR HE R p (o) 1Y
TOXTEC, — W& AE W TR 25 4 vh Jor Ak i 47 sy
R AL R A R E B, IC H F 2 H T 15 XAH
BLRE T35, T R T — 2 95 R ME 2 1% 0 TR RT3 i AR
AL TransC) L5 A 1C S 5 HE 05 {5 A5 7Y XA 2
AT 2R B AR 22 10 i SCARRAE o DATHT BE A A5 H 58 B
BERETN = Iv Ay R AT 55 . PR AR SOR] A B
540 1C THABALTH B B — D&Y IC A, #Em
SRR X R A ER AR L RS A T E s E R
A5 DAk — 25 1 i 0 UL 3 1 i A RO .

1 #HxIME

R P T i AT 1 AT g Dl P B A R R T S
DG PO ASE Y 2 BT SR R T I B Y B
AR R At g A R P T R RS A A5 K R R
B AR B i A5 TR R b 8 ) £ S A fifT ) R
TARALEE A5 2% R B8, G v i T IR £ R A
S IR S R OR Oy vk g F T AR A S
Trans ZAELH . 2013 4F Bordes 25 A3& ! TransE™,
HE BRI =504l (horoo) ISR B FIOE
FRor RoRTER —R4EE X =R ES A +r~1,
SR TransE 7EAL B —XF 2, Z X — K 2 X 2 5 %
KA AT IR A — LR

i TransE Hfv i ()@, — 28 91 4 Ji& 458 21 Fifi
ZE L W RORE G R I, TransHY Y 43 — 4>
FEEAARFRARR, B DR r EHRAE
— ANk RO W, RS AR R =0T (e o)
T SRR A byt BOE BRIV, BT LA
ROH AL AT 5 06 FR AR AR AR O R AE A — 1 =
[B]AF]F TransH BT8R,

TransRU" 2 J1 F e TransE il TransH [#) 3
IR R EA SRR E MR M, ¥ =T
W Chorst) PR by INICHRZS (] A B R 25 ],
HARBCR W E R T (X — i R R TR O R
38 H., TransR 1 (14 4% 38 0 B4 AN 32 AN 5 S SR 22 (]
MR,

TransD'* [f] i 25 j 21 A [6] 28 A0 (1 SRR SC &R
B—k RIMEX o) #EHA N EHE®
M, . FATH SR AT B i A $5 8) 5C & ) i 25 1],
WG T TransR AR (2 REAS 2142 5 .

T3 A S B 3 fige A R 3 sk B A i R AT L
WEFRIRES . LLRESCALYY R 5] 8 4 A 52 R B
li] 5 A I 3 3R TR AR 18 S, A L R R R N — A
T 2 R I R VR AR DXL T 1 B % 38 L 9K &R AT A
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LY R X A B DL T L RESCAL; HolEN 4547
RESCAL (235 fE /1 & DistMult ffaj 2adE, B4
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R B b R X RR OC FR

2 TransIC &iRH#: N\ 5%

BEXF TransC Hv i o BRAAK 42 A0 2 58 A0 91 25
Hbr At & i X fE B Rox A 2 XA ),
TransIC 454 1C S 508E 1 T 37 19 7 58 & Bk A2
B 5 ¥R R LA Tk

2.1 TransC [3) & 4 #f

TransC 2 1 2Z i, Trans 2 41462 80 #8652 {4
G Z LU [A] 19 7 =X 4 5 oA K 4 o S 2s Ta) A Y )
it TransC 22 A7E [A] — i 25 (8] o 42 B[R] 7 =X
TR LI R, BRI, TransC ¥ &4
R — A ERAE s (oo o BRD p R
ot e R RGN kb BymEas, m h
BRAREAR T W 52 ) 5 A S A A e S R Y
RS R R T REASEH] 0 €T FSE ¢ &
r € Ry ] — ARGk & . €R Flr €RY L, H
TS R RN o SRR T BRIR 5 AR XL B OC
R RN 5 5L ] B ¢ &R (instanceOf) , Bk K 5
BRAA A X7 8 O R R8T HE S 5 A E] Y O R
(subClassOD) , 55, 5 5 A X7 B OC R R on L6 5
S E] B 2% 2R (relational) . Xf T subClassOf 2 &,
PSR & 22 (8] 7T RE A4 AR 78 ] 1 s, o £F
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(a) d<|mi=m) Am;<m{GOAL)

(©) Imrm|<d<|mtm)

1 BRI s, s, Z 18] DU AN AR A 7 B

(d) d<|mz=m| \m;=m;

MFHEEM=JCH (c;rrone;), Hp, ¢, Al
c; MARRFHSAME, r. TR subClassOf £
Z LW 1) iR, TransC B2 H AR b 8 48k 4
s, ALE PRI s BORIR T R/ BR AR
& om, B/NT RS KN BRI m, . SR,
F1HHIZEHT 3 XL TransC Y215 2] 09 11 &
BRAK PR R THESER AR R S AL, i+ & Art-
ists_from_California” B BRI 242 (0. 597 961) K THE
A artist” B BRAR 4% (0.406 852), % BH TransC £
Y AR T B A5 B B ER A ER AR A AEE RN S R
Ak, T BE 215 2 A A ) NS HE

2.2 TranslC

2.2.1 MRS BRI AR R AR Ik

1 TransC BH FHMEESMAIKEELELER W

subClassOf 1

subClassOf 2

subClassOf 3

?‘)fﬂ/{ﬁ Ci *%ﬁ Cj ?‘)fﬂ/{ﬁ Ci *E}Eﬁ C; ?Tﬁﬁ Ci *%ﬁ Cj
. Artists_from_ dist Olympic_foot- Regional_capi- Political_parti- .
concep California artis ballers_of Switzerland| tals_in_Ghana es_established in 1956 party

TransC-m 0.597 961>0.406 852

0.687 164>0.494 344

0.777 434>>0.515 779

WEE TIC (H R A B T & M5 Bt B R
SCHR RS o BRSO, AL S i A 5 Bk
FRNEE L IC TR A N B TSR A T RE 4
PR 5 e R AR o TR R TR R
b B R A B IC {5 5 # B B Nuno™ #
Hi - Nuno Ak, BB 25 4 v i 5 550 e B b 77 4%
BEERMBSMEE . Z M 1C R A
KPR,
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logi, (Node )

(D
Horp hype(e) B ¢ fERIEE5H BT A 119
A Node,, o &1 5 1B
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a. SEHIET A Y7~Y10 & 4 1k

b. THI&RE Y3=Y7+Y8+1,Y4=Y9+ Y10
+1;

. MAE Y1I=Y3+ Y4+ 1.4 FH[FEFE,

(3) A B WS ERAR 2 W= () s .

log, (N<-, )
M 2 (3) 3K th 9 HE & BR AR A2 06 2 TransC
RSN L5 B AR, B ME & BRI A2 /N T M8 Bk Ak

1. BAARXS LA RNER 2 PR,

% 2 TransC 5 TransIC B S5 FRSRE L ETILER

subClassOf 1

subClassOf 2

subClassOf 3

T WEE ¢ THEE ¢ WEE ¢ FHEE ¢ WEE ¢

. Artists_from_ " Olympic_footballers_ | Regional capi- Political_parti-es_ .

conce artist ar
P California of_Switzerland tals_in_Ghana established_in_1956 party

TransC-m 0.597 961>0.406 852

0.687 164>>0.494 344

0.777 434>>0.515 779

TransIC-m 0.343 511<C0.706 582

0.166 850<C0.681 815

0.102 303<C0.613 565

2.2.2 MEEIF
TransC >R FHREALIA 09 7 200 6 1k S8 1) 1] & 4
W& p &K m, HAo, m 720, DHNFE
MLEUE W] 46 1k . IF 76 BEHLAS BE T BE SGD (stochastic
gradient descent) FUAS W % A8 5 H7 , T2 TransC
(R 43 B A~ AR FE U 2R 25 RS T AR AE 5 ik B A Al
KBGO IF B Z 8 T RS A& 038 SUE BN
25 AT A5 MR A 04k A 7] B A TE D 25
TransIC B8y, *%Afiﬁﬁilﬂﬁ*hi_L%ﬁ ) 2
SR 7 e A i AN fh BE AL W) 46 A, HLBEBLAR 2
T RE T OR TR AT BT, BT A M BRAAR AR — BRI
B A s (O PR
m; =1—1C, (¢) 4
Hodr, m, RoRE i DBEKAK B LR KD,
IC, (¢) Fm% i DA ICH.
TransIC A @114 ¢ R 43 =25 S0 5 A&
[ Y 3¢ & (instanceOD) . F # & 5 8 & 8] /49 ¢ &
(subClassOD P K 52 45 55 52 5] [8] 9 5& 3R (relational)
Xof I S AR G 50 5 SCAS [) 48 2 R 80K DN ik A 2 (]
rY ) S48 5 AR A A A A A R S AR 5 S A = T
A7 s I HL R 2 2 8 LS R G R IR .
(1) instanceOf: %5 — 56 i, & ¢, HE
IR = I0H Gar,se) s Wi NOXTERRIK s N, 7,
M instanceOf K F& . K AN (5 Iz,
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(2) subClassOf : Xf T — > 1E (1 5 L & 5 1
BT Cepvrove) s THEE o0 BEE o 43 SR
R (p;om) Ss;(p;om;) s Hs; NAEs,,
r. A subClassOf ¢ & . P EK.O 2Z (8] 1Y BB 25 8 X
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Fros
f(-(Ci’Cj): H Pi —Dj H 2+7ni_7nj
d=lm;+m; ) (6)
fe(eise;)= | pPi—p; I+ m; —m;
Um, +m; |[<d <|m;,+m; ) 7
fo(cise;)y=m; —m;
d<|m;+m; |\Nm, =m;) (8)
H, RGO m=1—1C(c) » X6 ~R (&)
m; =1—1C; (¢) »m; ZI*IC (¢) .

(3) relational ; — R =JCH (h,
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Hodr, [2]+ A max (0.x) F ARG H

RO 2,y BbRSE, A, X F subClassOf
=JCH. S. IS, i FoR IEME S = HES F
BES = nHEA N Hebr e LA D R,
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5 BRI SR B A e O 1R = A R B 2
PR W A3) iR
L=L,+L,+L, (13)
TransIC 2% ] TransH"" d (1) il RF o w5 e Sk
SEAR B R S AR Il Bl ML AR BE T R Y 7 vE T B An
PRBCIEAT Ak BRI Zhad R AN R 3 IR

& 3 TransIC il & T 78

Algorithm 1 Learning TransIC

Input : training setS, = (i,¢) »S. = (ci»c;) sS; = (h,r,
t), margin Y., Y., ¥,» embeddings dim n, learn rate A,
spheres s (psm) , concept information content IC
Output : vectori,c,c;s¢j h,r,t €R"
1: Initialization i scsc; scj sh o7 st

m=1—1IC(c)sm; =1—1C; (¢) »m; = 1—1IC; (¢)
2 for each epoch € epochs do
3 for each (h,r.t) € S,do
4. for each (n',r,t") € S’ do
5 fr(hsty=lh+r—t|}
6

22

Ghara)€SLCh'orat’y €8]

[y+fr (h ’t) -

fr(h' sy 1
7: end for
: Normalize h ,r ,t
9. end for
10: for each (i,c) € S.do
11: for each (i",¢") € S’ do
12 feGse)=li—pll,—m

13: I

Civc) €Se (i''y €8¢
foGlsey 1o

Lye + fo(ire)—

14. end for

15: Normalize i ,¢

16: end for

17: for each (¢isc;) € S.do

18: for each (¢’ ,¢}) € S’ do

19: d:H Pifijz

20 ifd = m, +m; |

21: fe(cisc;) = H pPi —P; H2+mifﬂ’l,
22 if|m,—m; |<d<<|mi+mj|

23: f( (Cm('J): H Pi —Dj H2+77!,‘_m,’
24 . ifd <<|m;,—m; | AN mi =m;

25: fe(cisc;)y =m; —m;

26 22

Ceivej > €Se el vef > €8

Lyetfeo(ese;) —

fo(ese)y 1y

27 end if

28 end if

29 end if

30 end for

31: Normalize ¢, 5 ¢;
32: end for

33: end for

3 LIRISIIF

AICRH YAGO 4l £ — 1% YAGO39K
BAE S5l TransIC A58 (1 BB, 58 W 1R B g x
A H A BT 55— BE 2 UM A = Jn gl 2, 9
HHAER AT X . YAGO39K AY4E 1115 8
e 4 s,

R4 YAGOMK BE&EFRITER A1)
Data YAGO39K
# instance 39 374
# concept 46 109
# relation 37
# relational Triple 354 996
# instanceOf Triple 437 836
# subClassOf Triple 29 181
# Valid (Relational Triple) 9 341
# Test (Relational Triple) 9 364
# Valid (instanceOf Triple) 5 000
# Test (instanceOf Triple) 5 000
# Valid (subClassOf Triple) 1 000
# Test (subClassOf Triple) 1 000

H i, subClassOf 3¢ & Wb AL & #E &-T &
(2 JZE5H) A& (1 )2 Z5 40 J P& (1 )2
ZER) = Fh 2 G5 instanceOf 56 & 50 0 1 MK &5 4l
(2 JZRE G546 FARE A& -S54 (2 J2 W25 46D PRl 2 9
relational LR TLZE D,

3.1 SHEMMNESEXREESH

BER AU A B AR AN R =0 (horst) Hk
DS SAR b RS r R r. BARSZEUNT .

(D T ftRAE . X TIHLE PR CR =T
M Chorst) . ¥ R5E6) BRI ¢ BEALE 0k 4
A PR R AR — S 15 B B ¢ R oo
(' orst) B (har oty s SRIG R K R £, T8
XK FR = ICA M) 6 B =04 A IE B O vk T HE
G WA S5 0 P P AS TEAS 48 B - T A IE B S5 490 HE 44
BB 2{E MRR FHEZ A KF N A IE 6 SER Y
el Hits@N, MRR Fil Hits@N 8 5 i3 9 52 56 45
RME . SR 2 B O R = Sn AR A AE TR
P v, ) £ 56 56 R = 0 4 B9 HE 45 R R A A
It LLHE 24 10 5 2 I 25 B0 E a4 vl g T
= IndH, Wi BE RN Filter, H“Filt” #£ow., At g
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BB 5 B R R N “Raw”,

(2) BB 8B, TransIC 317U 2k 5t Fl AL A
JETR RS % A AA{0.1,0.01,0.001 ) ik #8, i b2
Boy,,y. My, h{0.1,0.3,0.4,1,2) dh i+, 524 7]
HMCRMELEE 2 M {20,50,100} hikHE, £k
LA RSB E N v, =1.7,=0.4,7,=0.3,
n =100, LA L, yusX/E R AR B . 4 3 £ ] 56
R = ICH BTN Al “unif” F R B 50 % 1Y
AR 23 48 Sk S AR 8 S AR M AL B 5 i “bern”
FER AL R RE S W RO XS T — R 223 &R =04, LU
TSR CR T 50 %0 Bt Sk s ik 4 F 25—k &
UG, DUTE R MR e B SR BRI SR 3% AR
1 000 ¥k, TransIC 5 b 455 7 4% 22 T30 % Lb & 2R
W s R,

K5 XRZTHEETNNELER

X MRR % B SE 50 2 80 B b Bid & . (3) 3 4b,
TransIC 525 H unif SRAE 7 R BBARDE T bern RAE
ik Filt S8 25 B AL T Raw g0 45 R

32 ZHASEEESEXRLESIF

SO SR W 45 8 X R —Jud 2 IE
i, Bt 2 X R S on AT = k.
YAGO39K $#i8 4 -, ok F 5 4% 42 150 0 AH [A] 9 7 =X
BENRBICR =Jodl., MAEH K RE F, RS
KHRZICH Chor.o) WS, 550K T —
ASERAE 0 TN Sy 45 5 & FR =0 A5 W)y 17451 O
E i

BEAT 55 (8 DU A PEAG 38 5« HEB R (Accuracy)
2 fE % (Precision) , #r 22 % (Recal) , AR 5 & 4
K FIF-35 (F -Score) o DU $8 b Bk 7 158 BH 455 75
) R4 B G, S  vh R T 5 i e T A [ A 2 BRI
B UM L, B SRR NS R unif J7 35 M bern J7 ik,
B IRtk 1 000 R, TransIC 5 H A #5 #1
) = JCAH 43 JE S X L 45 Rk 6 s .

MRR Hits@N /%

Model
Raw Filt 1 3 10
TransE 0.114 | 0.248 12.3 28.7 51.1
TransH 0.102 | 0.215 10.4 24.0 45.1
TransR 0.112 | 0.289 15.8 33.8 56.7
TransD 0.113 | 0.176 8.9 19.0 35.4
TransC 0.112 | 0.420 29.8 50.2 69.8
HolE 0.063 0.198 11.0 23.0 38.4
ComplEx 0.058 | 0.362 29.2 40.7 48.1
TransIC(unif) | 0.087 0.445 30.7 53.2 70.7
TransIC(bern) | 0.113 | 0.436 30.0 51.7 70.5

MFE 5 8. (1) TransIC 7 Filt % & F #9°F
¥IHE4 %0 MRR KHEAHT 1.3.10 9 I Hits@
1. Hits@3 Hits@10 #5454 & F TransC K Z i HY
Hp AR, JEH R unif RAEF ) Hits@3, 5 1R
i ) TransC AHELER S T 3 A~H 43 &5, bern R
FET Y Hits@3 325 T 1.5 % s FR & unif RFEET
Hits@1 fl Hits@10,¥J [t TransC #2817 0.9 ©~H
05,000 bern RFE TN B RE T 0.2% F1 0.7% , 31X
BE— 2 E W], TransC A1 1C S 50454 oK HHE & BRIk
PR A A SR, TransIC #5840 & F &
(R ARE 2 1 AR B o (o 5 2 LI 8 o 45 SR A5 31 42 5
(2) 5 H At 55 8 45 kb, TransIC fF Raw IX & T 1
MRR #A5F K. Hh unif #H T 9 MRR (Raw)
FEAE TR Hp B 0 1Y TransE FEAK T 0.027 . AN3d bern 2R
T MRR(Raw) {X AR T 0,001, 22 53 A1 X A 1]
RS TR N v I ¢ 7 B T e ML @ VR SN
TransIC K 35 3 PR 18 A5 50CR % B 2 50, 3% A PR &)

F6 =MANKITHILER i )

Model Accuracy | Precision | Recall | F;-Score
TransE 92.1 92.8 91.2 92.0
TransH 90.8 91.2 90.3 90.8
TransR 91.7 91.6 91.9 91.7
TransD 89.3 88.1 91.0 89.5
TransC 93.8 94.8 92.7 93.7
HolE 92.3 92.6 91.9 92.3
ComplEx 92.8 92.6 93.1 92.9
TransIC(unif) 92.4 93.2 91.3 92.3
TransIC(bern) 92.9 94.8 90.8 92.7

MFE 6 v LI H . (1) FE Precision 38 #5 . bern
FAE T TransIC SRR 47 B TransC BUAF T
AH R B S 58 25 5 O X L T H AR RSO . (D
TE Accuracy. Recall } F,-Score 4§ #& I+, TransIC
PR3 T HABB AR R A, Horb L FE unifl SRAE T L&
FI B AR 2y SRR T 1.4 %0 1.8 0 1 1.4 %%, T
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