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I e T O 2 S R 2 IRI VA (038 SO FR AT AT 4 B WAL RO 2 > i R A 1 A R B O
BRI PERE S L op Bl R B Y 4§ TransE B2 F13EF TransE i — R 50 b 18, 40 TransH
N TransR BRI FD TransD fREARH & 28 PR RI4D 5 DistMult B8NS | Compl Ex #1810 il ANAL-
OGY B8 | 2 PR AR SR HLAT LA A B0 27 o T . (L ok 19 A R o L A 0 /0 9 2R ) S R i 52 )
FORBORE 2 NI A RO T T w0 R 2 o R R i kb 4 ) BT B, R A
O (18 2 B Ty 1A T 06 ZR M, AT AR IE 45 R 1 AT S M R0 AT R kL RO A 30 A 55 5L T BE ML AT L B R 0 9
LR P G IR 45 B B AMIE™ Bkt ) AMIE -+ 25 35 F [ 45 ) ) LI 27 o 3. i 885
TR EARAEGER e T e B, — R R T O A 2 TR A A I, (R AP A A R 4 % s ]
Ko ToTE T VPAL R DU FAS 7% 1 0 P P 3 235 Ay 45 [

2019 4F, Zhang % A" HEH T TterE BEREL, 1 ORI B A E B 8 X OWL2 A i 4 8 o 26 ik 2 3
Pt 24 B, A B TE T Wi S A 1 3R 7R S8R AR DU 2 20 B s8R AHZRRE B AR B R A 2T 2 R I A
2, Hz AL RE s . HAE R o BT R B9 Frobenius G40 E & 2 . Bk B #F Xm0 A . AL
23 B A AR AR E RS ST O . AT AT TR Mg & AR S S R A S O Ik, W4
(0 QN Rt 3 U o IR AN ES R F iU A g LT TR (2 167 N B o 0 18 M 1 D= el P O N NI T e I Nl 1 5 g
8 SRR,

Tt AT G B — et ) R S D 4 5 ¥R (1 Tter B o o 38 M1 45 i 2 0 ek 1) 3 43 L o 3R A5 5
O3 BRGHEAT W AEHE I, 5 R S b R 1 0 B AT V5 R B O T, S B A 2 A s R D Y
HE— 20 A, Sy BT R S A 2 48 A T SCo AT B A T 4 0 B8 SR

1 I IterE 18!

TIterE BEAVEL G /R 2% 2 R AN 27 2] |2, 38 3 38R 2% 2] 2R 15 I G R AFAE . 455 M0 5 ) 24288 1Y
ONPRAE R AR B PF o AL AR AT 5 43 20 AR A7V e AR 3. O 1 4R TR R A 2 KRB 0 RN 2% S R
AHF ST AR A R T Teer ECIE 1. 1 s

(1) FoRsF2] 2 R FH S M AR J T P 33 v g S 0 A0 G 2R e S 58] 1) 245 (i) v

(2) FRAEREIRZ %R 2 2 R WS RAFAERH add"™ Jy 15 %t 56 R REAE 2 0 A 17 484 568 RS AIE

(3) BN 2] 2 2k iy 20 BAR 5 1 5 1Y OC R R AR R FH S0 (9 DF 23 LR X 28 B AT IF 43, 3R TS &
O3 BRIEAT T SRR S, DA S 3 L A R
1.1 RAFEIE

HMRE R R G={E.R, T}, Hh E BN ES, R ARRZWES, T={(h,r.0)|h, tE€
E; rERVH=JCHMES. HE=JCH G r O, hor Fle 435 83k 52K, 2R MELIKR, TR 2 15
ANEET RIRH -

T={Chsrst)s 1) | (hyre 1) € T A Toow N Toguie ) (D
Hrbe 4y, 2 =JCH AR, JHRLPEAG =0 R AT S s T o 2 RN 22 2 2 AR A =008 s T guiee s i 2T
W Chora)ET W h 880 BEVLUEH N e €E 5K » Bt r €R I fEEASE,
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Xt T ASE T, SR 28 SURAE R 0k sl g, B
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o(hyrst) =c(V,M,V,)(3)
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1.3.1 »~xEA R
OWL2 7 Fpx 4 J@ P 28 S B UL 1 T ks,
F1 OWL2 WEEMRELAERMM

Xf G Jm Mk o LIIE =X
ReflexiveOP(r) (xsrsx)
SymmetricOP () (xsrsy)=>(y,r,x)
TransitiveOP(r) (xsrsy)s (yorsz)=>(x,r,2)
EquivalentOP(r, ;) (xsrsy)=>(xsrsy)
SubOP(r,r,) (zsrsy)> (257 5y)
InverseOP(r.r ) (ysrsx)=>(xrsy)
SubOP(OPChain(r, sr,) ,7) (%o 511X ) s (X015 5%,) > (X 4T Xy)

F1H, ror,r, BARKRERZE, 2,202,257y 2 FenLARA &,

B AR EE A CR v €R A RUEIE AT REAF7E R A BEEZ 5y 3 DD IR.

IR AR 52 R AR A B ReflexiveOP(y) ., SymmetricOP(y), TransitiveOP(y), EquivalentOP
(7,7 ), SubOP(y,7), InverseOP(y,r )l SubOP(OPChain(r o7 )y )y Hr (# oo b 1 0L 8] 33 v 52
PR G RO IR Y OC R AR &L

B 2. ARETE R REHLER S v BRI E DZI0He vye DE T B HEIEREER o BH ¢ MXRE
el AL UNA W 1 RERT I B EGPAS:

Ho & R FTRE/N, IR0 20 B R 55 T AT T AE A B ME R T AN BB I B, A AR AN

1

E>N—-N—)" (1)
Hr, NRE=JdHC , 7, e YET WEH, p HR/NANTMR, FAEMERT p AT NS EEMEAR, ¢

Sy oS PR . PCTE R E Y poe BOEBET . b BB RZ R H B F(ND=N—NU—0" LR,
I 3 TE A R A I G A A A B SRR SRR T T 1 R A BRI B A B4R Q
T A SR R 1 TR B Q A AR — K.

1.3.2 Ay IFESHH
TEVE AR Ab B 2 BT, RS 1 vl B B DU P 7% 2 3 J2 2 B 1 S VKRR IE R 06 B AR AE AT KR . R 4875

HAR BN 2518 (3 2).

F2 MNEEMRZEIABRETEAFMRTIRE R

X G JRERIB AW FLWIE X E4edV i) Wk
ReflexiveOP(r) (z4r,x) V.M, =V, M, =1
SymmetricOP(r) (zyrsy)>(y,rex) V.M, =V, ,VM =V, MM, =1
TransitiveOP () (x3rsy)s (yorsz2)=>(x,r,2) VM, =V, ,VM =V ,VM =V, M M,=M,

EquivalentOP(r,r ;) (xsrsy)=>(xarysy) V.M,.=V,, V.IM,I =V, M, :M”1
SubOP(r.r,) (xsrsy)=>(xarysy) V.M,.=V,, V.‘M,—l =V, Mr:Mz'l
TnverseOP(ror ) Gporaz) =z aroy) VM=V, VM, =V, MM, =1

SubOP(OPChain(r, +7,) s7) (Zgarysx1)s (@ysr0,2:)> (2057 025) V,D Mrl =V,1 s V.IIM,L, =V.12 s V.I-U M7»=V.,2 M”1 M,,Z =M,

#an, XF 2 H InverseOPhasWife, hasHusband) , @15 FRE & 77 7E (Carl, hasWife, Mary),
PG 1 BRI, T LIEH 55— =J04H (Mary, hasHusband, CarD). fi% Mary, Carl, hasWife fll hasHus-
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band BRI B Vit » Vear s Migwie 1 My » T EIRPIAS =504, R 4R LM R, al 4339
AR VearMiwie = Vit » Vit Masttushand = Vet I ERFEFATHEL : My M = 1 HH T HR
B, %A GRS DA XTI 6 R ARIEA OG5 BRI SERARIETE O . X el JER o 23 B Tnve-
rseOP (hasWife, hasHusband) iy — %518, £ 2 43 ih 7 &2 BAUN 450 4015 B

F 2PV HIM 535 R SERFFAE M OC R RRAE . T J2 AL P,

HERRFHERES R AR Q, W HLHEHE T A BB R AN S N A o €0 IR A
gy, VA M =M BB AOR R M S518 . Hoh M FI M 52 B> ¢ 28 R AR 503 A 5C 28 R AE AH 3 5 7Y ¢ 1
HT TR 4598 2 B AR A AR R B S A B B L (B3R ) R BB SC R AR A AL L, 0 e E M
A M 2Z 6] B AR XS 2 B o EAT 7S5

IterE AR H Frobenius JEEHEAT 5>, HAtH AN

d d
so(Fy=[M: =M | o= [ D)D) I M, — M3, | (5)

Horb, d FoRERFREMY M 4ERE. FoR 25T R % ANALOGY J5 % 2] Jq 56 Z FRAE X £ e [ A
6], PRHAE (5) 2 b d S 3 H B0 A PR AE . H 02 48 KOG R R AE Z [R5 AR AR LR 22 . (H OC RARAE v 45
ETEL—0. 01, 0. 01 N . & RFFAE Z 18] 1 22 B 27 5 J7 2 B ORWR B 45 /I, DT JE 3 48 0 3 B IS 43 2
B2 I A/ § A O /NS

d d
s (Fo= M=M= [ D)D) | Mi, — Mg, [ X2 (6)

H . F 2RI Frobenius Y%K, s, (F ) /Rl id B Frobenius YEH0HH M A B o M550, (6)R
W O R PR T R e, FORAEL—0. 01, 0. 015G Fl A, 5 f R e T8 1 LU J O B A M 35 K
FN AP AR 2500, BT O, o WA BT R T H R R 2K A TR s, (F O (A8 B AR
K. W H s, (FHIH—1k. %3]

Smax (1) — 5, (F)

Su =" , (7
Smnx(t) - Smin(t>

Hrb r 2O a FUBIIATZEN, s (O s (ORNTE Q PRA 8 ¢ KRN, s, €10,
VAT o RBAATSY, s, M, AH a K] {5 R .
1.3.3 »~IELF
S R ENE G A Q, B HEABESERE I BB —ocdl, JEm RS, K5 iE 5
B SR T = I04] s BT T oom BT 2RI o
RIS B B A TE A AT A, A =X (8) .
(hysryst)s Chgarysty)s oony (hyory,st,) = (A r ") (8
Hrph,or, €T Hi€[1, alifiCh ort st € T TR MEVFREE . g THW G rt e O MR, B
Jeks (8) S H Hy
Chysryst) N Chyarysty) N N Chyar, 50, )= (R t) (9
T ¢ JEBIBRE T A R O BT, B h, ory st D=y ory st ) BIFREE =004 Ry o
Oy sy st ) WA E . X2l B ERT =0 L, HEMFEEHYS . SOMIEn 2 e L.

(b N\ ¢)=nlb).n(c) (10)
bV o)=ab)+nlc)—nalb).n(c) (1)
r(—b)=1—n(b) (12)

7(b=>c¢c) =na(—b V ¢) (13)
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Horpo b Fle BEBER, o) @ 2 WHRZE. BT R &M, AT@Ea (100 — A3) K3H AR i br 2. fil
Wog,: hysrist))NChysry sty )= ot

7(g.)=1—am(hyrist)a(hysrysty) FaChysry st Da(hysrysty)a(h or® ")
R AN

ﬂ(g(,)_1+ﬂ(h]a T t1>7'f(h23 o tz)
TChys rys t)m(hyys 79y ty)

B (ORI A o B850 s, BN g, BIARZE . B x (g, =s,. HPIEE R AEAE R = 0 bR B K
N BRI TRRIE. A ) €T, W aCh,roe)=1. HBL, X FAEATREM A o, WH =0l
(h“ 77"“ 9td>E,‘JT/—T—\‘%j‘7:

ﬁ(ha 97’“ 9tu) -

x(h*orttt) =s, 14
ﬁﬁ%ﬁﬁiﬂ?&&“éﬂ%ﬁzﬁgﬂﬁg%% Tax\on\ - { (ha ’ra 7ta ) |h“ EEsparsc or tu eEsparsc} ’ /E\:EF‘ Esparsc %é
71 H PR35 B W S AR AR . SR

ey =1— 72" S (15)

S ix = f min
Hore (e S SEMAE N Sk SR al R S A e BLAE RIS vh AR % s f e D f i SR BT 20K L S BT RT5S v 19
KHENTR, r(e)€[0, 1], FFr(e)=0, WK e JEETEH BN E LK 2 re)=1, MFEIRe &
P o BT e /NI SR, Y r () >0 oy » HGTEAR e MR RRBR ISR, b 0,0 JEM BT (. DL G
JITA AT RE R AT = JC AR - JF Al U5 R B SR TE G Y — e, AT LA SIS R Y BT
1.4 ZWHRIH
141 SBHELSAHEE
S5 R ] WN18-sparse, WN18RR-sparse, FB15k-sparse #ll FB15k-237-sparse %4 872, &A1& h 40
PR b 42 % FH A9 JFBCHE 48 WN1S 1 FB1Sk AR it ™. % 3 tPah il T4 SR SR i se ik . 6 &R L g4
0 TIE 4 R 4 1 25 i
#3 HBESITER

Dataset WN18-sparse WNI18RR-sparse FB15k-sparse FB15k-237-sparse
Zent 40 943 40 943 14 951 14 541
# rel 18 11 1345 237

# Train 141 442 86 835 483 142 272 115

# Valid 3624 1609 18 544 10 671

# Test 3590 1661 22 013 12 454

FRFE BRI 3A UC—0.01, 0. ODFIIRALSEAARFIOC R . LI 2 > 2 o (8 35 /N 2 B 36— i B
p=0.5, APEHFEE ¢ =0.95, B OXFTHEACRIEPEAAAE =TCHAMBE B E Ty £ =06, X T2 B
B8, VEAN A0 B AT HE R B 7 A e TRl A B SR IR E B 0 R 0. 94 TEHE s o =0 B FRAE R
[ 8

X F WN18-sparse fil FB15k-sparse, fie Kl 5 ik AR £ & H 100, 1 WN18RR-sparse fl FB15k-
237-sparse B8t KN 2k A0 KB BN 150, R Adam $E4L 2 HoOE 34 BE 0% 16 I Gt B b [ 3 3
B Y 2 2 R, AR BE 5 B el SK, I S T AR e 60 O R R B A 1) AL 4 A
IRYERE d € (100,200) F1 L1 IENALALTE A€ (10,10 7, 10 "), BAIERIFE P RA KGN LKS
O 4.
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x4 THBSHEE

S S WN18-sparse WNI18RR-sparse FB15k-sparse FB15k-237-sparse
d d =200 d =200 d =200 d=200
A A=10"° A=10" A=10"° A=10"
0 0=0.9 0=0.9 0=0.9 0=0.9
lr [r=0.001 lr=0.001 lr=0.001 [r=0.001
max _epoch max _epoch =100 max _epoch =150 max _epoch =100 max _epoch =150

1.4.2 B

B TN S %o R U PR e A S A B 0GR AT T B 4 0 S 4% SR AT ¥ EECHE 24 (MRR) 19 7 46 1%
B EBLE . Hits@1, Hits@3 Fl Hits@ 10 765 38 B2 B 00T B3 70 15 S 858 80 P BEITAN 8 b, 38 W B
) MRR 5% Hits@n 275 B AT B0 1 75000 ROR .

AR AL 2 B T SRR 22 2] ik o B AR AL A 4 AR A TransE MR P AR & DistMult, ComplEx,
ANALOGY LI B AT TterE. WN18-sparse, WN18RR-sparse, FB15k-sparse fll FB15k-237-sparse 7E A
[] 75k b ) 4 T 45 SR DLk 5 R 6.

&5 WNI8-sparse fl FB15k-sparse b $5 8 Fi U 016 45 R

WNI18-sparse FB15k-sparse
LAY MRR Hits@ MRR Hits@
Raw Filter 1 3 10 Raw Filter 1 3 10
TransE 33.5 41.8 10. 2 71.1 84. 7 25. 5 39. 8 25. 8 48. 6 64. 5
DistMult 55.8 73.8 59.3 87.5 93.1 32.4 60. 0 53.8 65.1 75.9
ComplEx 67.7 91.1 89.0 93.3 94. 4 32.7 61.6 54.0 65.7 76.1
ANALOGY 67.5 91.3 89.0 93.4 94. 4 33.1 62.0 54. 3 66. 1 76. 3
IterE 78.9 91.3 89.1 93.5 94.8 38.8 62.8 55.1 67.3 77.1
I_TterE 80.0  92.5 91.1  95.0  96.7 0.1 63.8 56.5  68.8  79.1
% 6 WNISRR-sparse 1 FB15k-237-sparse _b §& 3 ¥ | S 36 & R
WNI18RR-sparse FB15k-237-sparse
Ji il MRR Hits@ MRR Hits@
Raw Filter 1 3 10 Raw Filter 1 3 10
TransE 12. 4 14. 6 3.4 24.7 28.8 15.6 23.8 16. 4 26.1 38.5
DistMult 20. 8 25.5 23.8 26.0 22.5 12.9 20. 4 12. 8 22.6 36. 2
ComplEx 21.4 25.9 24.6 26.2 28.6 13.3 19.7 12.0 21.7 35.4
ANALOGY 13.3 19. 8 24.6 27.5 28.7 13.9 19. 8 12.3 21.4 34.9
IterE 25.7 27.4 25.4 28.1 31.4 18. 6 24.7 17.9 26.2 39.2
I _TterE 27.0 28.9 27.1 30.5 34.5 20.0 26. 6 20. 1 28.6 42. 8

M2 5 ML 6 Al A, 7EA DR b, 1 TrerE BYHEHE WU 45 R 5 m T HARA AL, Jf H 58 A TrerE
o, & Hits@1, Hits@3 fl Hits@10 #6845 L, el 17 1. 020, Sedmih 17 3. 4060, R3] 7B iy L 5k
. R AR AR Z A I L AT RER T TR R A B T ROR
1.4.3  HNF4E

FRIN 2% 2] 1 5803 ek 2% ) B I [R) PP A, TR 2% > A JB e i o AU CHH Q) B 88 i S LT o5 42 4
Hh B BT A BRI 8 BB C 060 . RN A BT R 0 Sk R CH OO AT PP AL X T rule A Sk B 35 3008 L
WA (16) FizR.
£ (e, e ) support (rule) N head (rule) (e, e)

HC (rule) = ; -
(rute) (e, e ): head (rule) (e, e )

(16)
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H head Grule)(es e Y=1{(e, rs e YET . support (rule) & rule W XHEEE, 3F HA HC=>0. 7 B Ky
o JoT R
ot R AR S DU 2 3T v RGOSR A 1) AMITE A+ FIUERIARE A Teer BV, 0 DU DA 25 28 L 26 7.
F7 HMTFHIHRER

. WN18-sparse WNI18RR-sparse FB15k-sparse FB15k-237-sparse
~ Time/s HQr WHl/%  Time/s HQr  WH/%  Time/s  HQr  W#H/%  Time/s HQr  WHl/%
AMIE+  4.98 16 11.4 3.0 2 5.71 428 1820 4.4 66. 00 470 1.9
IterE 1.63 20 20.2 0.75 6 19. 30 26.49 11 375 17.6 4.72 653 11. 8
I_IterE 1.17 25 23.6 0.52 8 27. 60 14.03 18 876 23.2 2.35 831 17.2

M2 7 A, 1 TterE A7 (R R0 0] 2% > 303 F TterE A7 R AMIE -+ 4570, [m] s 55 5 22k 170 00 000 45 42k 484
. SEEARRY], A R B O o RS BRI TR A AR, B R A A v SR R

2 EFTLlterE IMEZREEHMIAEE £

R 2 2 4 2 R AR T ) B B ok F S i e O A A 2007 - 2020 AR 1879 M e,
FLPEHCH 8 830 AL, 32 FPIE R M 20 000 A =Jndl. W = IondlHE 6 ¢ 2 ¢ 2 o A BRI g L DK
BRI TESE . S MRS SRR 42 0 S0 00 10 8 EAT S0, 6 1 A 00 T 4R v 28 I S A 11 B B T &4
2.1 XgidiE

BB 1 RS UC—0. 01, 0.01) [ 9] iafb R il 28 28 & S R A IR B RS i SE R R OE &R, B
ANALOGY #5991 545 30 42 3 7% 0 B 19 S IR R AIE 1 4 5 FLOG RAFIE I 4 5

AR 2. FEHR L2 TR O X AR RS 9 06 R ARAE JEATARAE RS R, 25 R JH Python 1 split pR O
KRR HEAT 20 e (53 B b 3

B3 AKAE OWL2 B 7 Fhxt @ PERB AR, IR 1. 3.1 W89 3 DB BIZ I8 T2S 2 4 3 R R i
HaT REAETE I A B4,

LR 4. AL 2 FANCRFERMAL IR 3 B A, R 1. 3.2 15 ek 9 3F 2 ML X 25 B AT
PR IFIH —1k.

BE S WA IR 4 ROk KT T 0.9 M 434 BUHE D BT = On A IR AR A X (L) X = e A i AT bR
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The Method of Completing the
Knowledge Graph of Aviation Safety Incidents

WANG Hong, LU Lin-yan, WANG Tong

School of Computer Science and Technology , Civil Aviation University of China, Tianjin 300300 , China

Abstract: In view of the lack of relationship between sparse entities and low learning efficiency of knowl-
edge graphs, an improved knowledge graph completion method, 1_IterE (Improved- Iteratively learning
embeddings and rules) . is proposed in this paper. First, a feature layer is added between the representa-
tion learning layer and the rule learning layer of the IterE model, which uses the add method to enhance
the relationship features learned by the representation learning layer and generates new relationship fea-
tures. Then, in the rule learning layer, the new relational features are combined with the improved scoring
mechanism to calculate the score of axioms, which is used to judge the credibility of the axioms. Finally,
the high resolution axioms are used for deductive reasoning to obtain new triples related to sparse entities.
The public datasets WN18-sparse, WN18RR-spars, FB15k-sparse and FB15k-237-sparse are used for link
prediction and rule evaluation. Experimental results show that the method described in this paper has a-
chieved good improvement in MRR, Hits@n and rule evaluation. This method is applied to the dataset of
aviation safety incidents. While significantly improving the effect of link prediction, it also provides a
method support for completing the knowledge graph of aviation safety incidents.

Key words: knowledge graph; relationship feature; scoring mechanism; link prediction; rule evaluation; a-

viation safety incidents
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