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Abstract: Distant supervision is a suitable method for relation extraction in big data. It provides a large amount of sample data by
aligning relation instances in knowledge base with nature sentences in corpus. In this paper, a new method of distant supervision with
expansion of ontology-based sampling is investigated to address the difficulty of extracting relations from sparse training data. First, an
ontology which has a deep link with relation extraction is sought through the definition of cover ratio and volume ratio. Second, some
relation instances are added by ontology reasoning and examples of queries. Finally, the expansion of training sets is completed by
aligning the new relation instances and nature sentences in corpus. The experiment shows that the presented method is capable of
extracting some relations whose training sets are weak, a task impossible by the normal distant supervision method.

Key words: distant supervision; relation extraction; ontology
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FRA IO Fi7 AN SCAS P 5 v A I S 2 T 8 W A A A R G AR O ELAE AT 23 28 HL 3% 27 T O RE AR I A
JEE, FEAT 3 205 TR R SCA UG R 05 AT 40 i A M o >3 T e i o >3 TR O W et o > B,
A B SR AR I N AR E AR B A B AR 5 R T bR A s U 2 70 2R 0% B T VI kB (0 2 2R 48 2
P AN 5 T R 15 AT S P AN SR AR AR IR 45 5 1R OC AR A B IR 2 20 T 1% A A R TR 1) T T A
3% i A M A 20 U AR AR T — A AR W /N ) Bl o S el A 5 20 A KSR SCAS L T il R — 2
BT AR 5 T 3 S5 5l BBURT 0 S 481, 397 i 491 7532 il I0CSE S o A X, A i SR, e 2449 BB e ) Bk T vk
£ 45 DIPRE,Snowball I KnowItAll 75 th B 2% >J AN it SEA4h O 41, 1 A2 AN K (0 SCAS p il A - g A SR 2
[ 75 5 AR i 0 IR 8 5 A R AT SR AR RN TR A, 159 21 50 3R 77 o

B 5 KR I A1 15K, G 2R A AT 55 18T 110328 P 40358 50 F TR 52 23 TS0, 17 % v 2 0 S92 ) 5000 W 9
T 30 W R % I e i R e FE A S R AR f, b O RAEUAT 45 B K A AR LI 1
i O F/location/country/capital k4, 78 &R PR H AT SE 45 (Germany, Berlin), Ifi 75 3C A4 H 45 1) 7 “Berlin s the
capital of Germany, ...”. RZEHt 2 A 3N MUK & ATAH TS, T B — S VI 2R 52491

{capital(Germany,Berlin),Berlin is the capital of Germany, ...}.

K& contains th e F AL FIR [ (1L R, B N ZREE ) — AN 58 R S

Freebase
relation entityl entity2
/location/country/capital Germany Berlin —
/location/location/contains England Croydon -
Wikipedia
% . B 1
Berlin is the capital of Germany, ... | /location/country/capital |«
Croydon lies on a transport corridor between central London and |
the south coast of England, ... | /location/location/contains |<7

Fig.1 Alignment of relation instance
Bl1 KRG

e LA L3 2 33y vk T I 2 ST 05 VR A1 g T K BN (T 1) R A 7 A LA Wikipedia QR 1 I
28 K R RS R OC 2R A AT B AT B TR K 6 — BOE . RS W TR e BRI R S A R A 3L
38 W 2 2] O 10 AR S L PR AL 2 B A SR 1) A s R R H |6 T Distant supervision (K1 5T, — J7 Tl
JEE TR HA B YR AN () 328 B 32 T 3 1wl F 1k b s A Freebase 1 Wikipedia, t8 5 Al YAGO Al
Wikipedia 47 % 8. Mintz 25 A S35 4 T Freebase 5 Wikipedia % Sk #2 i RE A S04 . Freebase /& K 8435 U5
I P A5 AT LT P 6 BRI A0 REAN Y BLALE Freebase H 19 52 fAxt, 76 Wikipedia 4k 21 BT 47 40 55 3% 52 706 ) )
TEED R SCARRAE 21 252> 2288 Mintz IOBERAE 102 FPOCHR EHECT 10 000 AN S2ik, 5 28 (R %R 4
67.6%.Nguyen % A\ P2 & B YAGO AU 1% 7 k3L T F (1% 18 (1) 56 &R AT LLk A A R T Wikipedia 1)
B SCE T, Bl YAGO %55(2) A B AT AT Wikipedia 323 FRE A I 25 SE 0] ABATTUE SE T 25508 & Bk &
{1 iy 4 S PRI (100 7 208t A2 T S 1), O FLiZ 0 v 2 i b A S 0t 1) S R A BOBE L0815 U1 25 0
HBR I FLIES T 74.29% 3% A J5 10 K Hi B 53 1 328 W8 D7 ¥ A 5 2R At S 1T 160 7 P13 b, iz 6 8 SRt 6 1
T AT 43 S B8 T LA FH BT A — (¥ S

53 b5 THT PR ATE 000 255 s 5 2 e T R Kt 1) mT R S e O K B e 5 s A e R B
PR B T LS 38 4 PO A8 SR T i 4 6F 2 288 24 16 v G 2R THT 3 7™ T () 47 187 476 F1 . Shing oM 42 H T Uk
SRR BRTE B 735, 1% 1 T A 2 1 et e R b el A A i Bl A B, e T B RO AR R
ST T 00 3 A2 85 5% 1A 30 2 L 1) e 25 1) 5 6 8 SRt 3 W1 17 33 B Dy vk i 0 A At A W A AR P A 8 i v T
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FEA K (1 TR, 75 21 1 0GR 73 AR A IO BOR B & B
B T LRI A A A T R B I AN [ 1 ) AR SR DI 4 28 2 T 4 A 6 D 9 R VRS AE,

Ty SEGIANTERE . AN B ] R, 3 B0 SRS AR BB O AR A RS AN

ASCHE T R T AR AR A 78 U5 i3 A7 38 B 2 20 1 I R AR AT 5% % 5 AT O A T T AR B
ZHAERE K T HE K AR H AR AR S AR AT T IR SR 30 e FH A A 10 445 R R Y I Ak 2 1D R B
HAR &R AL 58 UR RIS RC 5, VI 2B 75 2 T 9 78 A SCREE T AR (KRR A 7877 i 15 30 0 1) o 27 20 7
5 T 22 A 0 32 B 2 3 U AT T PR, S A R AR W A KB PR R A A HE BN Fo e i e i
OB PRTE T REAI Bk SeBETE R SE AR GE b, REAT R Al HUREAS S B e = 10 O AR 1K 4 G AR R i
B S B O IR

1 & FiR

1.1 XZRIMEL

111 fE%E X

I FR AT 5 2 K T 9 FLA8 78 SCAS Hh Sk 2 I 38 SRR PR 7 S, s TSk A
{e1.62,85,.....en}.n A SEARAE A5 I BL IR 5 5% ZR FlEBOAIE A2 P00 5,05 02 77 A7 AE DL 45 32 1R 98 &R Rid o Ri(eingy).
il tnf)“Cone, a Kansas City native, was originally signed by the Royals and broke into the majors with the

B AN Sz ) BLAT B 00 & (R AL AR SCRATAMI S 18,
112 HEAHRFE A EH
T BRE AT HLAS B B M 58 B R A5 T SO AR R IAT 55, B AT a0 20 25 3k BT B 1) R I A A SR e A )
e HE IR SE AT (9 U AT RE RS 4 3 HH DG R BRI B AT, OC R A IBOITR A B RRAE AT A A TETE L X
A5 TR PR AE. I T B A L R R
o PH A SE A R Y B E 41 (word  sequence), % 4, ] T+ “Astronomer  Edwin Hubble was born in
Marshfield, Missouri” /[ {1 524 2 [7] 5§45 F¢ 41 J2: “was born in”;
o | R AE (part-of-speech): FE AR i A 1 R BT A 3R 193 1
o ANSZARTIE (12 51 (type):PERSON,ORGANIZATION,FACILITY,LOCATION FI Geo-Political Entity
5# GPE;
o {KHAEHT (dependency  parse): R 46 AR AT AR, 4% B A LA 2 )R AR o0 T BT A FRATT 4
AT 43 21001 T 7S B A A BT, 0 338 — 25 2317 5 1 380 S k2 1) (R AR T i 44k (B 2 o)

“Pawas  dpepborn  doogin dpcompn”

lex-mod S pred mod pcomp-n

£

( Actor )(Bruce Lee)( was >< born ) < in )CSan Francisc(D

Fig.2 Dependency parse
K2 AT

AL AT AN bt SR T B SRR AL T A M) TR 2R A A0 A2 K BT A AR A ) I 0847 2% 18 s
ANEFAL A 1 F) R AR 22 A e PRI £ T, 0 i A SR AR A4 8 A IR R AT DG B 1 IR % 6 200G ()
ANFRAIE B A BE NG B A UL IC . IR 06 B R M8t o 1 R Tk 4 v 1 TR R
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12 miEEF3

T WA 2 S DT VRS A T HAt LR LR 2 20 U7 VA K 4. Snow 2 ADBIZE 2004 4R 1] Y 2, FI T WordNet i
M ST A 22 i) B AR (is-a) 56 BRI M 2 o) 2 R VE SR E 8, O HA5 Craven 25 A A# 55 b i 2B 4 435 6 2 1)
(RO T3 A AL e A A 2 60 D JR0 TR P A0 SCAS B SR R AR I SR 0t i S o I SRR 1 77 A o 6 T 0 M
180 A S AL, R i B 2 60 R R v O SR T ST AAOK 114 6] 7 102 8 DA 5 50 A 3Rk T X R OC R AR I 4%
PE SCARSE o A7 AE K 1)L A5 4 S [0 SR 14 A) AT T L3 IR 280 KRS A 0 000 (24 % A A 5 e 7 90 ).

D81, 224 B b o R BB A A0 5 17 000 A IC 3R S ) /INBR ¥ V8 80 AE DRy DI 504l ) k40 3 s B¢ 7
HEOA T UE I E KW E——H 200K, HEEZ MR EZMSE]. L Mintz 17575 060 Rk &
Freebase, U A& :Wikipedia), fl ) 77 3£ 4 H T 120 £ J7 ) Wikipedia ) 3C 3,102 e REAER: T 94 000 4~sL
W =T 180 2 TR R G A0, 4 KA A G T K HUSE IR AL, 45 Rt HE B 7 18 75 R 20E (1 5% i 2z 1 B¢
T3 V5 B S 52 ) R0 0 WS T AN SR AR 1 SO BT LA AN 238 52 )5 LA RN AT AR 6 0 R P HL
MBS 00 SR PR R 5 M S (R T RN () 328 S G SIS i P S 2 A Y 4 BRI K &R
13 & &

ASCAf ] OWL(ontology Web language)ifs 5 Sk ik A4, W3C 4121 LT An ki A4 3E 5 o8 OWL, M
OWL )32 48 FE Rt L 4734 1% 45 (description logic, { #k DL)WMSL 434 3% 4 (DL) $ (1t 1 %o Jgk Y Fg A% 1A 49 552 1k 22 1]
(9 ¢ R AT A 0 J7 V5 HE IR B AR AT U0 R 3 e 28 1 [ 5 Ak

o & (concept): &R R MMEKIE S,

o ffh(role): M RN AMENI —IC K F;

o MMAKFR(individual): >4 44 TR 2 75 AT A R B AN AN 44
1.3.1 ABox 2 B 5 358

ABOX 2~ BAREL G T i 4 AN R 1 SR Bt A 3R i 42 AN 16 B I LA B AT] 2 T PR e A T BB R o 1 )
ABox A Bl 2 I (1) W7 = (concept assertions), {9 21 Father(Blue), %7 Blue & —{7 A 3%, 8 SRS b % m 42 7
J2 Blue (/44 2 Father M-8 ) — > 5245 (instance). £ {5, 141 5 (role assertions) i 2 fir &4 AMEZ A 52 22 T 5
sonOf(Blue,Jack)# 7~ Jack J& Blue [f)LT B RS it X m 2 2 Blue MMES 252 Jack KRS
sonOf LK A&,

1.3.2 TBox A FLAIE I HINRIA.

TBox 2 FILE SRR M 2 M 26 R, i U A 3% 4 1) — AN 555, B 1) Father M2 # )8 T Parent 1X A1
7 1 R 5 ) LA HE &£, 2 (concept inclusion) )75 Xk % 5 FatherCParent, AN TFRHE & Parent 45 &
Father, X 25 %111R 7] DL SR HE S H /M A 2 o] ) — L8 35 52 ME 2 %5 4/t (concept equivalence) 3R 7~ M RE & A —FEM
SEAAR, 81 1 Human=Person, & 24, [7) S ia] & S5 4 i 1) — b

910 a0t ) B — AN O T SR JRE S RV AT 0 6 AR Ak P (R A 4, T LU Parent IXFE (198 Sk R R BT A (A2
BEHEE G 8] Female M2 KRR BT (M Lotk i A B2 4 A8 ) parentOf S A% 111 1 €4 K 3 /s AL BEFABATT £ 2 W] 1)
(ZJ6) R & A julia A john IXAE AR 28 BRI ZRE 1 Julia A0 John. T A4 b 2 L AR M R )
S B SRR 2. DG FR S SR, BT DAAS SR I RlonT B2 1) 5 2R HEAT WS 0 R B vh 1 0 R B H Sz A 24 T
AT (1) ABOX 23 BRI T 2 S H R AR AT AN A (9 TBox A FE, BT LA RESEIN 1 S HERE 4 5 th B2 & 10 0
LT DA 11 4% S0 TR PR A A4 WL SF, DG B 1) P SR L R R E e 1A Bl kb 25 48— A5 iR vh i AR DG & (|
FE A T (19 G 2R ) A WSS (R0 A A 3o, 2 A S At e 1D D i i)

2 ETAXRUEHMBERBHYT 7

2.1 KEEM
ST AARIOREA A B9 78 1K) 1 ZEAE 55 it ZE 4R B A 5 REA R 28 A UL I PR A 4 % R AL AR Ak L
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B S R S T T A A ) 1 SO R I AH S5 AT 1A 9 DX S A A DC R AR B S A A 31 A 4 £ ST, T AR
S AR SR R B A AR N BAR 1 S RN TR A A BE S UUEE AR 2 T AR R BT 4R ABOX, T A A4 R LA i A AT
M NI — A S ST A TG A FEAE TBox AR i 3T AR e [ 38 3% 22238 i O 0 R AT A A 8 R A
A TR, T A A4 R IR 5 A R — AN R, B TR 247 (5 8 23R — AN A A I A R AR AR T
140 T PR h 24 T R0 DR e BB AN 5 38 (10 2 B 5 A A 30 T R AT A 200 1 A 4 4 7R

PATITEAG S AARVUAT o A5 A B AR RS T AR (103 S - v 38 3 5 v (R il b, v 56 R o8 SCHBL S 58 T
KR MFE 35 B, B I AE T 28 T3 (0 PRAE A A8 5 X b 3l 24 Wi AR 28 R 5 R AN 8 (S B 90 A 1 8 7R
ook A BEAE A R, B BZE T 30138 T 3 B A0 A BEAE & BEWE 5 PR B Mb R AR B 2 T 2 e R
o1l 55 J N G FR T o JSE R 2 BRLAS AR A VY )y T TR 3R 255 25 08 4 R AR IR R BRI VR A A v 2 =X, T V08 5 24 T
HIREE R A 1.

2.1.1 SCHEMZE 75 % (cover ratio)

FEF AR RE A 78 J7 308 FHARALUE L A w10 5 SRR RE AR 9 o M T8 SCARABLRE SR FH 3 22 ¥ 4 82 (191
WordNet) bt 5 1 B 44 Bk IR AR ABLJSE . 18 SCAEABL S 2 4 44 B A B 1498 S R) PR ARHABURE J32, i AN 2 fA7 SR b 25 Ll e i A
TV RERG I 22 S 2 3 v “rivers 1 ditches J& — AN R I3, FRAT AN I 25 F A rivers 1 ditches 79 4R
21042 25 HL & river 1 ditch 2R 8.

Lint"17E 1008 4E4 H T 1 SCHIABLBE A 5 7 3%, A BE 40 2 A 178 s 38 7R A A1 05 28R — AN B T,
P L LR AR R BB W AN G5 T B IS R FRATH xoxo AR T 22 LA 09 44 Bk (KR o 9 3 AN 15 1),
C1,Co A3 AAREE Xq,%0 HISL T 15, Co MIZR IR IE xq AT % A FEAHSE 45 05 P(CYRE I AE C MFTH £ i &8
Sh A LI 00 s S xq T Xp BRARBLRE 1) B0 50
. 2xlogP(C

&N%m:mw@i@&g) @

AICR AT WordNet 19 Lin 5%, Bk 92 0% LU A~ 2 FRIGARBLEE . N TH A4S v B AN 2 B4R

A AR RS 2 2K

Sim (Sy,5,) = Zn: max(sim(x;, y;)) @)

i=LyjesS,

BEXS T AL, S RN FEAS IO R 8l R R AR & A Y. Sp s IR AR SO o 3 ol 3 J R 4R 5 B

2 IR SURE A A S A AR ST 078 76 2 285U

Cover(K,0)=w;-Simge(T,C)+W,-Simge(P,R) 3)
Horp K RS FEARLR,O 3 7% 1% 1 109 A 1 ST simeed(T,C) 3 75 FF A Hp 1) 28 A o w10 Wk & 11 78 o 2
SiMger(R,P) A7 HF A ) 5 FR AR 10 Ja8 P8 PR 81 1 o R EG o wry+wp =1, AR 28 56 70 ) B8 FUE A wy=0.2,w,=0.8.
125X cover(K,O) ik t i 1% A< AR 0T B K] cover fELdw R RIS A S, A5 4 55 A A AR WS 70 A A SO Ak e Bt —
A1 TAE.
212 AFEEFE (volume ratio)

SR AED 2,10 R R A 5 4 R DB T BE S — AN R R SR AR A A A 2 PR (1 22 /b
SEWGT AP R T B 55— SR bR BOR U, A A O AR BRI (B PIT 5 2 BRSSO 22 ), AN s $4E PRI 780 g 4 I K
BURES R ORI LU A R 2 B o 3 B H e S BUA R 225 18 I I R 22— B T AR B H e
AT 55 A0 SRR 7 2 BRI AR v A8 L B 0 W M1 OR 2R b, e AE AR A I 3 B0 70 5% 2% 1) 9% 2R S A1 s
CEAN R EL 2 AU R, A SO S A A O T B9 1 2 BEESOR GE S BB IXAN R b, 0B A BRAR 5 )
SE8 25 8 S, TR A R TS A $8 b ml UAT 2808 A7 38 TG R S 97 g pR AR AR

AR A BRAS P o 5 PR 2 B 2, 5 SO BRAE G(P, L), o 18 o i) 1 AR A A o R AN Tk, e
I ILARER I T A7 A 2 PR 720 PR SR AR 2 B ) A 50 R A0 0k 2 ) A A g 3 AT E P ST, SR P 408 42 T )
T3 A A7 it 1l 5 ey T 3 0] 408 1 R 1) v B, T DA B EEAS RS B R B (B R A 0 S B B, i
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1L
Vol = (1/ | P )Y w(l) .5 28, B4 Vol A de KA ¥ A %, IA Ay I 2 B0 28 AR 2 o vy 1 A £
1=1

213 BEAETJ7EE(joint)

GHEG A IS T O AT 5 % (cover ratio) fT 2 B 28 AH K (volume ratio) X B9 5 T, 8 i T AT TH % RE Y

Jv T g R 5
Mjoint=0.5-Cover(K,0)+0.5-(Vol-min(Vol))/(max(Vol)-min(Vol)) 4)

AT B %5 iR R R R T REAS (078 56 A A BRI A e IR T TAHHFEMAE 0.5. 44
PR FA BT B BEAS AR 0 RS S A A B 2 SR SO 25 K, DR Ut A ) 3 0 4R B A A o DR S e /NE P
max(Vol)F1 min(Vol), | FH 5 = (Vol-min(Vol))/(max(Vol)—min(Vol)), fi 25 1 2 (RI{E V& 76 0~1 2 1A AR5 1 5 8 6
TEFRAH S & 45 WL IBEE T VR B PR 23 2 (4). 53 A0 AL T2 B A o 25 18 T O FR 8 7 R 23 F A B A< 9 07 i IR 3R 9
IR AR HEAE TT LA (5 5 R IEAE S 3L 7R FH##E SHOIQ 4l AR D A48 T8 5 FIA BE 1 K 55 9 A= 4 HH B AE i 1
(1 0. DR 2 — FE ke o, 18 5 R IK e 00 SR IR AR R 11 SR AR 0l TR SRS 48 RN & 2 L OC R 7 o U A S A B %R 1
AR e AL, T DUAN T 25 B AR T 5 R e ) iR 59 1 A R A A B 3%

22 EFAMEEMNXAIHY %

i) SCAAR A R I HEEE R ABox IR (ABOX 2 iR AR Ay 44 AN R I AT g Rk o 44 A A
19 e LA B e ATT 2 T (AR ELIEE 2R), i ABox (14 38 ) 0 = A 45— BCPE ARSI L S A5 WO R A v B R T AR AT
FEARY 78 R ABox SEfl 25 if) B EXE A TBox T M K, 2% ABox A FIft& Cc(difmta
R), & Hi T A 1 2 AFR(a,b)(k AEC(a)) ) sz 1281,

P AL A A4 2 T HL Pellet J& 56 T2 5002 O HRE BN Pellet 23 6 7 AR PR 1) — Bk, O Ho K oA i 7 1 HE
PR 25 e A O — B AR 5 B T AR AR A 7877 1 2 U Pellet fi# vk SHOIQ FHE B i) g8, HC v 32 438 A din
RIR 30U

B (T,R) 2 —A SHOIQ MIAIHEE, Ry g s —HAEAIRE T 83 R H LI M B G DL BT ) T
(TR)MIH T, DU S = TCAL(S,AE),JE S 2 —HLIA e A:S—>2d DA A 1 51— 2R, T DX S 2 2
A(T) 745 E: Ry g2 MU B — N Ry g thf £ (33— AL I &2 5teS,C,Cq,Coe d(T), I H. R, Se
Ry g AT

(PO) if CCDe7, then nnf(—CLCD)eA(s),

(P1) if Cen(s), then =CgA(s),

(P2) if C4MCyeA(s), then Cien(s) and Cren(s),

(P3) if C,LIC,eA(s), then Cien(s) or Coen(s),

(P4) if VR.Cen(s) and (s,tyeE(R), then Ce(t),

(P5) if 3R.Cen(s), then there is some teS such that (s,t)yeE(R) and CeA(t),

(P6) if VS.CeAn(s), and (s,tyeE(R) for some RC .S with Trans(R), then V R.Cena(t),

(P7) if (=nS.C)eA(s), then B {te S(s,tyeE(S) and Cea(t)}=n,

(P8) if (<nS.C)eA(s), then [ {teS|(s,t)eE(S) and Cen(t)}=<n,

(P9) if (=nS.C)eA(s), and (s,tyeE(S), then {C,—C}nA(t)=J,

(P10) if (s,tyeE(R) and RCS, then (s,t)eE(S),

(P11) (s,tyeE(R) iff (t,s)eE(/NAUR)),

(P12) if oen(s)NA(T) for some 0eC,, then s=t, and

(P13) for each 0€C, occurring in T, there is some seS with oeA(s).
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B4, 4 [ 1 (A B RE AS th AT ¢ £ 52461 capital(Germany, Berlin) 1 contains(England,Croydon), 7 2 4 45 # |
B, capital 71 contains 3 P i/ €0 %) 3 26 & 5% % (capitalccontains), T LA, Pellet <34 415 #0000 (P1O) #E 30 HE [ 5 1y
KRB contains(Germany,Berlin), & il il Ji &7 A ILEL I A FAEA TTAE M X R contains (Y11 Zx30H. (A L,
F7 Pellet #ERE H 1 B 25 1) £ €4 S5 R(a,b), 84 BT T LUK FCAE 8 B I REAR G R S5, T N — 2B 3 R L
[ RERNES w51 11l

%% 1. REASONING,

01  Input: Ontology O;

02  Output: Relations.

03  OntModel model=ModelFactory.createOntologyModel(PelletReasonerFactory) //#]4a1k Pellet #EEEHL

04  model.read(O) 11K A AR SCAE 5 N HEREAL A

05  KnowledgeBase kb=model.getkB( ) AR A HR () TR R S 1R PN 2%

06  kb.classify() 1132 FHHEBENL, BEAT SR HE 2]

07 Individuallterator Relations=kb.getABox( ) IR HEER I () R ZE v T A 1) ABox Wi &5
08  return Relations TR 1 06 3R B L s )

2.3 HEARY FE(XF)

FEAY 78 1K) S BAT: 55 2 9 78 VI 25 3 R85 (A A1 B804, DR 0 A 58 FSORE A S RUZE Pp 5 R S 9] R 086 Tn 2 ey, 7 2
BEAT A B QUL RERE R A QG PR A 66 T8 1 B 2 >0 B i A 8 S SR P A S B A o8 38 IR A (B 5%
PAN SRR U 7 3 T RE R IR T I R ¢ R L 3o ¢ 2 945l (film-director, Steven Spielberg,Saving Private
Ryan), 714 TR BRI 4544 T AT nT LAAE Wikipedia (1) B SR8 5 SCAC P HR 3 a0 AL L3l 0y S 4400 1) ) 17

1)  Steven Spielberg’s film Saving Private Ryan is loosely based on the brother’s story;

2)  Allison co-produced the Academy Award-winning Saving Private Ryan, directed by Steven Spielberg;

3)  When Steven Spielberg made Saving Private Ryan he aimed to portray “the terrors and triumphs of

D-Day as more than just make-believe”;

4)  Saving Private Ryan is the most troublesome film in Steven Spielberg’s flexography.

g LR A 2,5k O AR R R

&% 2. GENERATE_LABELED_DATA.

01 DS=g

02 Sample KB(R): Instances of Relation R

03 for each (Wikipedia article:W)eWikipedia

04 S<«set of sentences from W

05 for each seS

06 e«set of entities from s

07 for each E;ec¢and E;ecand
08 ReSample KB

09 if R(E1,E;) eSample KB(R)
10 then DS«-DS{s,R}

11 end if

12 end for

13 end for

14 end for

15 return (DS)
R 2 il LATIEOC RN SF R I A4k 5 2 4T ~3 14 47 3 T3 B — AN SCAR, I I R H DG R 541 B it R 1
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f) o LB B AT~ 13 A7 P Bk A ) R R REAS SO, I BT I A SR A AR AE T RTR R IR A
TRAR S o R AT % ) TN B8 AR S A 55 il Rk

3 ETARMKMITLEE X RMEESFESR

ASSCAEA Gzt Wi A 7 ik I Aty B 3t T R 2 (K AS AW SR DA R AP 1) I ShAERE P A 20 BR A E 2 PR 1
B ARSI EE T AR
(1) R A AR, BB REAS i) bR G 2R, 5K SLAT MRS (0 AR 4R SO AR A AR AP G &R 5
e L,
(2) AR A ZHHERL BUA AR S5 M (2 B W) T AR A R SR T B B bR O R, TS 21
KEALBIY MR,

AL
\

1 SRR A B
LT 0 R A 1
W RV

Al g E A
3. HHRPE 5 SRS IL D
Vg

5. YIZRR R AlEs

KA

6. FIPUHT KK &

2. AARHT A B HER

4. FHALARIN

PR

Fig.3 Framework of distant supervision based ontology
B3 T AR 22 s B e B B

SCA T ZATWR PIAMESS:

(1) FEAEE LA RAREE, F BRI 5 R S B2 A5 BE WS 18 N,

(2) 5 SRR bR v 545 20 (KA, BE 6 365 VI 2545 3 (1 70 S8 7™ 2E B b S8k 35 1R R .

BEXIAT 55 (1), AT BE AL b3 B0 L2 () 98 53 9K 3R B FR S0 41 D 400 ek (1 1 A Kbl 2, 308 e A AR HE 2, 19 21 5
Pa 2 KA AR S R 2R S A B, LA AEHE B T e S0 2R S50 2 17 18 T LA B 0 PR i FEE KD

B AE 55 (2), BATTE LT 3 FhAS ] RS PE A 45 e, 31 204848 A Fi A HICde KB R AR ST AT 40 (KA AR 20531
L A ARREAT A P SRV ZRE . FEEAS R VI 2R 880305 49 21 10 730 2R 2 O ROR 13 L 46 e

4 SRIRIFE

N T RAEA ST 3 A 8, AT T AR S B SR D i JLAS il A

(1) FETARBIFEAY 78 T7 151 A 5 ) b3 AE DR H PR A AR, 0T A 50 28 S0 089 0 2R

() FETAREMFEARY TR ARG 70 B A K, 55 A G0 1) 22t B U5 i A B o 28160 G 2 Tl 1R 1
R R TR,

(3) IRl i s S A 281 ) A o O A8 i R 88 F) S K

© PERREERSMROT  httpy/ www. jos. org. cn



2096 Journal of Software k42 4% Vol.25, No.9, September 2014

41 EMESHEXTR

411 HREE

FEARSCH BT AR IREAS Y 78 7735 B Freebase™ M1 J &1 R 2 SK 32 B4 44 R B A 54 Freebase % T
T BTN G R DL R AN, B 3 T AR 2 (A FRATTIE B T AN A 6 AR AHE AR T 10 FioeRE
B JERE 25 b OC ZR I A B0 S 490 4 0 R AR B0t K b A A s v R O 3R SE A1 38 40 8 R 0 AR U B B
A AE DB B A A A3 E B B2 T Freebase 56 & 44 B /& LL2E AL T-/location/country/capital 1X
BB 2N eh XA FE R A Fiabr Cover  IRf 43 38 380 i LU 55 1) in) 31, By LAAS SCAE S8 v RIS 0 R 4 R I B
5 —#B4r (BN capital) 1k b i% ¢ 2 (K 4 7K.
412 UAKE

AR SCAS ] T 4 TR SCA (B Freebase Wikipedia Extraction, fiifi WEX)Y H A4S I 1) & 2011 4F 11 F
11 H S, &5 T 570 J5 3CE(6 000 J7 A1) A1 Wikipedia 2 511 K 2% 1&:

1) YR T RHE L T A, T LA OR T 3R A I R

2)  Freebase "R 22 00 5 SR SR PR 4 4 ik JE AT TR I 7 R T Tl R, A, AT B X 55

FAY BN 3 T i R R 22 1 DG R SR R F ) 8

3)  HEHEE R T LA i, A AL VR R, A 1) SE AR DG AR A A

o T AR ) 4 1 T R 0 A, FRATTREAT TIOA B, 22 BR IS L 7 S IR A R SCAS DL R AT I R A R S AR h
XANSCAPEBAT T 040 W PEARERL A 4 SR R0 AL g Ak 1 23 A P (1 TR R TR AR S AL
PRAH [ T B 43, (Stanford CoreNLP).
413 MRTH

TEA AR K BB B, oA T B 0% ik /0 AR SC I i 55 8 AR SO By T AR IR T Swooglel 7 A ik i A ik 4k
4r.Swoogle J& Li 55 A7E 2004 JT ) —Ff 55 T 0 45 T HUIR) 8 SCRT 38 AR 4. 6 il BURE — A 2 560 SC A 1) o 254,
FE HAF B e e 2 [ 2 R (1 1 IMLEX PV 45). 3% 88 T S A4 AT DL i — /M5 B AS R RS AT 2 XA
RAG T HFFE N-Gram B3 URIrefs 14 2 5G5S $8 BIAH 5 (0 S0 4R, IF HLn BLak 55 5 SO 82 4 i A R
. Swoogle N &K A — Tl 24U Page Rank 5703 (1) AS A4 HE e 5703k 1 0 2% 1 5 40 IR A A SO EAT HE P AR 2 T AR 44
PIREAY 78 J7 ik o FAT e T A AN RE A rh bR OC R I A 0GB - (LL a5 Location 7 I 26 28, 3 A1 FH OG5t 1)
Location 174 22),Swoogle 245 H 5 JCB 715 2 VT HEC &5 B3 A1 107 3% tH 1 50 NAR, R Pellet BEAT ARk — 3
AT DU, ek A — BB A A T T 38— SO A DU ) A AR T R R T AR R A 78 T e AN [F R R,
25 - FRAH B 1) F A B A AL ) A A

TR [ A R R SR AR HERE T Pellet®).Pellet J2 5t T3¢ £1vE ROHE ML, & 23 4o 2 A EE 1)
— Bk, I HoKe I TG 4 R IR S A S — Bk R £ 3R AT Pellet (1) ABox S0 £ 1 1) D e Sk - R A A
SITTRL R v SI A ) P B 2 DG R 28 280, 8 I B0 06 R 140 S0 v 2 LA e agl T DAAR 3097 78 i 190 20 TR 1) 4
4.2 MRS KR

28 0o 3 M B 7 R N 5 A5 B 1 06 ZR IS BRATY SR H AL T 4 e T 3 R VT bR A AT U, P A A
(precision) F1 44 0] % (recall).

IR SE R ER 53 FFAR TR Y 3 A 1] DL S G T A A R RE AR 7 78 77 1k (R AT B0 A STt 1 AT PR SR 5

S 1. BTN AL PR A B B AT TR HE R AR WL 1 3 Bl AN [R] (1) F5 B (cover,volume, joint), 15 21| 3 AN A4S,
Zo3d A A BN HERE DL, LA [R] 5 ¥ HRE AR B000 39 i i B i

LG 20 PATRIH I 1At 3 FhERFRYT 78 )5 IR A Bs A4 4 e A AR 508 04T F8 R =X IR VL I, 4R 5 A
28 W B IR T 15 22 N G 2R Pl 28, 01 A A 4 0 7 [ S ok P OC SR Al S (R 280OR A0 X R AR 7 1, 5 Mintz
M7 i — R AR S I B = il A L-BFGS 46 1 £ B 12 45 4> 24 2% (http://nlp.stanford.edu/software/
classifier.shtml).
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4.3 RIKKRI T EHEN

A GV A (1 6 ZUREAS A 4L B, N b e SGZ AL S8 7, AT Swoogle F-E G 78 % H 100
NAFATIRLE HHHE AT 50 AOA A o M A A AR5 730 M A RIS 1) 3 AN TA] 995 B (cover, volume,
joint), v LA FUAH N H5 bR B K AR I A4, IF A R Z AR REAT A 3 e

2o S BT R R AL AR 0% R S IR LA 3 BT E HERRAS B I8 A REA R O RSB IO HLLIET 4 PR
e Z SIS B P 4 W] T AN LA AR ST 75 B (K A AR T REAS Y SRR S DL T A R b
Joint ZRHL YA T FEA UL 78 28 R S I BELL SE T 9K 50% /e A7 i AR A T 45 b Cover 145 b Volume
P AR RARARGE OV I WU A 5 4 S 4 AT B R A 78 B A B, AN SO IR AS 55 B /R AR SR 5 T i
SRIR AR LA O R B AE 3 78 LS R REIS BRI A SR (K B, (HAT SE e I8 3.

70000

60000

50000

40000 @ Initial
30000 m Cover
20000 g}g’i'n“tme
10000

0 L L L L L
Group1l Group2 Group3 Group4 Group5 Group6

Fig.4 Number of expansion of relation instances
Kl 4 XREGINY R
4.4 ETFARERRITEE X RBEUESITN
AT EGEL 5 AR IR DG R A E 25 R (1) Mintz 1 J7355(2) 7 S 88 b 1) A 44 S 3L 75 (cover,volume); (3)
IS4 f5e 22 WO AR R DL 7 (joint);(4) 11 Hoffmann 25 A4 Hi ) MultiR 753 (MultiR)?%)(5) Joint 5 MultiR
AHES 4 10777 (Joint+MUltiR).
5 Mintz JriE R se i —FE, BATEEAT T B s FA A LV
o XFT EBIIVE,FRATLE I G2 Wi 43 (K 0% R A, 78 58 I B I R DL BEAT UK, T Al
2807 B % 2 S 401 0 T B PR TR 50 23, DI Ay et LE A PO 55 DDA Ay 2 i 3 P 9 P e Ak gl 2
ANTEN T AN, 564 0 50 S, v] DUE G 1 48 2 30K 8 21 f 10 RUR AH 2 A 2o s il A
SFEA R, EIAT L IR TR 10840, e SR DR Dk R 1
o TR NIV U)o T A A S AN 2 T T b B Rl B ke 1) SE R A BAT H AR OC R, T B>
FE DRI R,
441 HIWF
H 30 VEI B, A0 4 15 i G 2R R 52460 43 Dk B 38 43, — 3 40 F SR UINZROC R AR, o) — 8 4r R ZE I By
B T IN R OCR SE, 23 0 R 3 FiAS[R] R b 25 5448 1 Wt A4 BEAT FE A B 1097 78 58 L 78 )5 B
H TR 5C 28 S 5 I 2R SCAR SR 04T R R QL E AR 5 FRAT T U255 i) il B 408 5 Dl SR SR R AT OC R Al
B, 40 SRt B SR 11 G AR AR FH SR DU 1 1 R v DUJ A DAy o T A 1D 75 T DA Ay o .
Kl 5 SRR R B 28 SEI AT Y PR Al B A b 2 13 1] 20 G AA B 2 E Aff 2 JRAT) 2 2 AR T3 IR IUAS ) 1 A )
N5, R E %Nl AR 8 IR M A 2, 88 5 78 TR R b 1
MNIEL 5 e AT LA b7 3 BG4 496 10328 B D s AT Z8 REAS S5 1 D73 FRAT R I LA 7] 4 D 32 (R 4 1R 1 e A
P E R R A 2, T DA H T P A £ i
(1) ST AAHERL S WFEAZAE, U201 20 BCES K 8O R ZE L S Wi 18 ik
(2) ZxLfadr Joint WS KA, I ZRAF 20 4l LS B0 RCR ZEW] W 00 T HoAth I A g 0 453 2 b s DT 98
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bR Joint S f5e i £ HIOK T RIS AP 47 F8 FEA K U, 12 380l HU 45 G R 488 e PR 8 R
L B AR AR AE 0~0.015 DX T Iy Jh AR AR (1 HE A 5 2 DL U I B AR5 00 2 DA 3R PR 00l 2 A B, 77
AR DL DA A 52 2 T E (false negatives) Hi 5% W B 52 Hd A2 i 8 48 S s it IR, (H AT
PUAE TR DM R P78 r A T SRR R (0 0% 4 2 R T AR Gl PR 5

LO[
—+— Mintz —
0.8 —a— Cover —
S ool —i—\olume —
— OpF e s .
2 = Joint
(5]
£ o4f —Se————
a—
0.2 =
00 1 L L L 1 ]
0 0.1 0.2 0.3 0.4 0.5 0.6
Recall

Fig.5 Comparison 1 of relation extraction rate (automatic test)

KI5 SRR LE 1(H 3hvFl)

T RRA ST R AE B SEE  E A  FRATTIEE T Hoffmann 45 A 7E 2011 4F42 L 1) MultiR J7
(SEHEA 22 529 ¢ Z A LR 48, http://cs.uw.edu/homes/raphaelh/mr)#E 47 T % HLSEBG MultiR 7 V25 o W B 2% )
FPH I DG AR S0 B R A T S TR H TR Se R R iR L 6 R, /AT T Mintz U7
. Joint J7i% . MultiR 792 B Joint A1 MultiR #8454 119 Joint+MultiR 5%

1.0
—— Mintz —_—
08— Joint
B -a—- MultiR
o
g 06 . "-—NinHMultiR—
2 :
e 04 e —
o S
0.2 ke
00 1 L L L L i
0 0.1 0.2 0.3 0.4 0.5 0.6

Recall

Fig.6 Comparison 2 of relation extraction rate (automatic test)
6 SRAMMEXS L 2( A3V

M 6 Haf LLE A S Joint /755 Hoffmann 1) MultiR 77208 T DL— e R B B4 v 4 88 0 RS B2 el
F Joint 77 VEM MultiR 7792 & WA A (6 1 B2 6F - Mintz 9328 W 05 i 0047 2de 3k, BT LA 32k B 265 3 b 7 92 s Pt 3k
25 ARZFRATT AT LA LU 4503 M M A5t i g i AH 45 6 B (R Joint+MUItiR), 5 2 I 543 1) 43 S 4 1R B0 R e e
442 NTIF

FEN TR B B, BT T 0 B S ECAR e 4l H 19 G AR SE I 75 IR A £ T 0 R 2 AR 22 AR 3 43 s 56
R AR MFE LBRATH T 5 I8 B AR SR AT 1 000 A2 BEAT 20 87, Jal e iz 9] 1 1 A M, 5 L TH 5045
H U K.

e 1 1M H R R

(1) Joint+MultiR Il k15 21 1 73 2 35 (¥ Hih B SR 5 4F

(2) Zidd8tx Joint 33 A K REAY 78 5 YT ZRAF 2 (10 3l AR G 10 A %3 2 LL ) A PR i LA

Mintz ()77 2.
AR, L AR AT A B O R A AR AT S, B R G R I AT ARG AT S L A 4 I P sk SR
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T3 1 F2K FR/ocation/location/capital F15¢ & /music/artist/origin. T3 T 55 (10 £ 4, FATHEM A LLF P 55
JR A
o TEAEKYEFN B B HEER TG 1K 2800 R 1 SE VA IS B RO, T LN A FE AR R A 8
70, U R 350 gk AT s
o IR UL R (1S M AT AR B A 19 ¢ R P X T4 4, X & /location/location/capital  # ¢ &
/location/location/contains /L5, T LA i 38 ) S 51 #0396 K2 S5 8 A2 4% FIE b EDCFRT BRS04 6 4 -7 R i A
S F T A 3 IXRE 355 VI G B 43 2838 R T IX A G R IR IR DX 0% 25 5944, B LA ARe ik 250408 11 189
BT 53 25 53 FECR 7= A2 T i (5 .

Table 1 Comparison of relation extraction rate (manual test)

R 1 ORAMBGREXS (T ToR)

Relation name - i ins_tances - - -

Mintz Cover \olume Joint MultiR  Joint+MultiR
/location/location/capital 0.69  0.66 0.65 063 070 0.75
/location/location/containedby 0.75 0.81 0.77 0.81 0.77 0.84
/location/location/contains 0.84 0.86 0.86 0.89 0.88 0.89
/location/location/partially contains 0.57 0.58 0.64 0.65 0.69 0.71
/location/location/partially containedby | 0.54 0.61 0.67 0.69 0.70 0.78
/music/artist/origin 0.60 0.58 0.59 0.59 0.57 0.60
Ipeople/person/place of birth 078 081 0.83 087 084 0.87
/people/person/parents 0.68 069 069 073 072 0.77
/people/person/children 047 053 055 061  0.69 0.69
Average 0.65 0.68 0.69 0.72 0.73 0.77

5 HFitS5RE

SEF AR BIREAY™ 78 538 — o L A0 g W 2 30 Uik, e TR A R 1 A 6 R S AN AL TR AT R 4 19
P TH R R S G5 AR W] AL T VA RE AT R INREA (1 9GRS, JE HOZ SR Joint SR JE AT A 4R IR S5 A2 HR )
AR A B )RR AR LE JSUSE R A UL KT 50% /e A7 ik — 20y, R 28 0 A A 75 i 11 1 AS B30 1E A7V
Y5, 45 3 10 % AR A S R EWT AR T Mintz #9328 B 2% 2] U5 i JC LI Joint SRS BOFE ARG il 8 S P 4 T
BN S PO B SR AR e A 0 it M B 2 ) T vE R 6 N R

AR FE T AR QR SE AL 5 1 e T

(1) BROFT I S AR B vt W B 7 VA S F ik D8 O G JEE

(2) KA A Bl ek e F] B G HLE 7 2] 05 ik & R B HLE % > I RCR.

Bt B4 Dresden University of Technology ¥ 5 #X 8 1= F1 Rafael Pefialoza Nyssen {8 =% A< L1 1) 35 ).
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