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Abstract: This paper investigates a graph-based semi-supervised learning algorithm, that is, label propagation
algorithm for relation extraction. Labeled and unlabeled examples are represented as the nodes, and their distances
as the weights of edges in the graph. The relation extraction tries to obtain a labeling function on this graph to
satisfy the global consistency assumption. Experimental results on the ACE (automatic content extraction) corpus
showed that this method achieves a better performance than SVM (support vector machine) when only very few
labeled examples are available, and it also performs better than bootstrapping for the relation extraction task.

Key words: relation extraction; graph-based; semi-supervised learning; label propagation

OB R AR RT B 0 F UE 3 ok B AR A Sk, 20 AU S A L8 SR 8 B3R i S0k
2149 % & 55 kA AR B R 5 R AN B o B AR e FARE M AR A

A B —BUMABR M ARiE 4L a8 it 2t ACE(automatic content extraction)i&s#h B ¢4+l 4 R B 7,5 RA V447
AR, R A AR EAE B 7 R TTASRAF I A T SYM(support vector maching) 4 Mo % & IR & 4509 b h
AT 4L 80 2 4% T 2 T Bootstrapping 493 Y5 % 2 HER6) 5 ik,
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SR 1) 56 R AL TAT 45 2 A5 S A B B ZE 52 B R 7R VT 22 S F Al b 3y 8 S 20K AR £, G B Bl )
% PR B, ontology [0 55 55 ST 44 SEAR IR BT, AT Al T RE R TAEHING T4 A
T B B ST, A S 2 AR AP T S R S R R B 5, B e HR ST S LA TR S5 R Ak B SCAS R B SR 0 Y S 4k
2 IA) ¥y 5% 2 440 45 ] 7-“ John Smith is the chief scientist of the Hardcom Corporation.” Ff1 &1k 7 P> 52 44“ John
Smith” (PERSON)#1“Hardcom Corporation” (ORGANIZATIONS) 2 [i] f#]1 X % 52 person-affiliation”.

KAMMAAESS 7T 20 e 80 FAK S E i # 1) DARPA(Defense Advanced Research Projects
Agency){£ Message Understanding Conference(MUC 6)_ 1 B 3 SR ¥ 452 K 2 50 MUC L (1) 56 R il U 5
#OE TR W o U7 vE, AT B M ME 22 L B 3 N Bl L (automatic  content  extraction, & #  ACE.
http://www.| dc.upenn.edu/Projects/ ACE/) Wl 15 H fE 4k MUC &2 Jii X— N S m 8l B A3 1) 35 4% D10 151
H AZPEIAE S 5 TN 7 5% 524456 R (K 9F Il RDC(relation detection and characterization), 75 2 it % 1 Siz 44 22 ] [
KA K.

AR, B R R AN HARTE & TR R, B — Lol g 2 S BRI H 26 RAhIT 45, 40 3% 45 B
2 ST R T B 2 ST 10 RSN T T MR ST i1 vk e AT W o S IO R
J7 A ACE MIVPINELHE I OV IR T — i I 1M AR 22 U B AR £ Hoh #5381 7 S, i feature based,tree
kernel based %5 AR 1M, 2% T4 W B RHL RS 2% 20 1R DG AR L 7 v 5 22 LUK A bR I I 2R B0 0 a8, X sk T K
FIA SR B O T R A B S R R R A R T — e R R I R
FHIT VK SR R R bR i (15 B AE K R AT 45 BT S b 2 88 3 AN R A REB R FB2y
19 % 4 I & 4, 1) DIPRE(dual iterative pattern relation expansion)!*?, Snowbal Il Zhang's method™.

DIPRE #4i/t— M T Bootstrapping 1) & 4t. 1% & 4t K FH LA UL HC 7 241 by o3 FE a4z g i L8 & Rk
Rixik 2 MM EE Y% RS T E AT A E B M - #h H (author,book) % 2 .Snowball 2 % 4k — 4~ K
Bootstrapping £ A M A &5 #4944 S0 AS 4l i (organi zation, location) X R [ R 4. 1% R 4iFll DIPRE R4 A 1R £ 3L 1A
Z A ALFE S HE - Bootstrapping [ 2RI 2 VT KL 4 283 R (194 . Zhang 1) 77 1% 32 22 4% ACE (192X &

TE, TN A A 7E B E P A T2 44 O I TR SEFP G 2R U5 DL R X & S0 1EAT 200 R AL 1 43 25 Ah 78 R F RRIE
In) £ 2 7 A 1B 5% 2R (1 S0 PR INF 0 38 A7 2% 8 B & ARp AE A 1) v B A TR A7 B R T SEAR TR R B BTN SO G RR
PR SR — o 150,

] A1 25 3 o) A JE At K ORI 0 A0 A T T PN D 1 AR 5 A B AR PR AT 7 o, SR 1) % R B IR R 25
B, R 43 T A2 AR rp A X Y BT A SR P el EORT % 44 S IR TR B 6 B E SCAR SR G AR IR 4 AT S A
T WA A T 3 R 1 15190 54 30K 20 U 02 SR P T A M 2% ST s L T Bootstrapping 124 I 82 3 (1) 4l
BRSE TR Sk i B S A 2 T ) R 2R

IR IX e L T2 MR B A 3 (1) 9% RFNER U vk 2 R SR Yarowsky #F 1995 A4 Hi ) Bootstrapping 5k 1E
S HlEAR 2 . Bootstrapping 5218 3 AF F 1 43 28 7 2k 43 AR AR B BIRE A TE R — IR FR v #840_E— IRAEER 4y
e R a5 R S AR MANGAR B IIREARE S B ARG RIEY 78T 5T 55 Ho 2 2] 70 8 A
Ik, Bootstrapping 5 ik & 5 T )R — SR 15, BRI A B8 2 00 AR SUGE T R A A 28 (0 AN B0090 JEAT U1 25045 3 (1 85
TSR3 I8 TN 1R J5 v 200 T ) AR 25 R A T ) DG DR R ABL 1 1 2% 18 AR W A N4 JR — Bk IR B R 3R
AT FE X0 5 SO U R B0 A BRI 78 HE S 280030 I AN 68 70 43 ) I JC AR 2 5000 (945 5L 2592 1 R e 4k
5 T (1) 288 5 R R AE

Sh I AR SCER H R R B 2 M B 2 3] Bk RV VA A% 388 R0V R B 3 IR T A 2 T O &R S B 4 )
SRAR A 2 I AR 25 2 BRI K B R AR I B A SR B 3% 27 20 PE g 18 31100 R R B bR 19 4 Jm) — Bk 32 F ok 3k
AT 2 A 208 T AT 36 6 5 3 )R O R 3R DG R 008 32 1) e U L ok ST — AN R T B 00 O R B IR AL AR 5 R
i A 326 1) 21 W B 2 ) VAR R AR B HEAT B 3 1 0C RBIFRIE, IFs tHAE ACE TR B I SE50 25 H 4y
Mt e Ja 5 M DG TARMEAT T LR R0 43 B Ja 5.
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1 XRFERFIRRTNES

FETHLER 2 2] G R AU 55 1) = ZE SR B2 i 45 58 I B 1 SOAR BN SR I WLAR 2% S B ARG BEAN 26 & fig ik 1F
AT 53 28 T Fo— AN AH R 56 R 2B B BRve A A0 2 Ui, 06 RS EUAT: 55 1T LA B S B — A R oA (14 43 288 i)
R_>(Cpr91 el:Cmichez,Cpost) .
o e Al e R AN SARE IR, 1M Cpre, Crvia 1 Cpost WU 43 T & PIAN SEARXS 2 Z AT J5 1) BN 305 &
K], £ A ML 2% 2% 3T 10 SV 30 AT S5 A 2 R A Bl IS BRATT 20 A 250328 B 14 1 AR 8 8 K 3R 0 A1) 1 o H
L0 S A2 S5 14D U, AT A 36 1 DG R A 3 . B A FRATT S 38 1B — AN g o 9 T A SE 2 T ) 5% R TN 2 R )
TR SE AR Z 8] 1R 56 R B SEAE A7 B0 A W] RE IR SEAR N 20 G AR5 AN AS SR e T e 2o 3L 3 A TR 3L
Core.Crmia 1l Cpogt T HOS THAVE L AJVE L B VE RO AR T7 IR AR A A . L ACE 1R 98 ST ) TRk ZE 2 VP
B FRATT I S At S PB4 BT B e B DL AT ARSR M IR R AIE
o il (word): A~ T2 44 e Bl e 2 34 TR 3B 1 Core, Crrig 1 Cpost W HI T 141,
o AN SZAR T 1125 501 (type): PERSON,ORGANIZATION,FACILITY,LOCATION #1 GPE.
o TEVERFAE (part-of -speech): P 52 44 e 1 €, B2 34~ b F 3L H Cpre, Cria 1 Cpost I 11 1) 38 1.
e Chunking #F1iE:
e Chunking #7715 J5.(0,1-XPB-XP): 5L & e, Fil €, J& 3 ™~ N 3LH M Cpre,Crrig Rl Cpost 1 HIJIT AT 1.0
TNZ AN TEATA] FE VB Yo 1-XP RN ZIMTE R — A8 XP H1;B-XP R/R IR XP 1T kX L,
P XP A DUR AR FL iR B, Tt NP 3.
o EVEINAE A SEAK ey Al € J2 34N LR LA 1 Cre,Crrig M Cpogt 7 AT A ) A — N R B ) B Ji—
AN T2 120 U 1) 3 9], 12 2 ] R T e R AN R BN T VA T RE G NP-SBI R 7m — A NP i i
A Ry — A 19 8 B B Al 3 1A (0 3 A J0 LA NOFUNC 15 4 I VA D) RE R IR
o 10B AN S ) 1] B 10B S FT1E 10B BE 5 A2 T8 1AM i DR Y 0 B 155 55 B BT A I 57

s
A L T T4 ) 4t AT 7 o PR R G A3 L KT R 3 L
(word), JUA i 2 45

1) WE(WEy,): All wordsin ey(e,).

2) WHE(WHE,): Head word of e(e,).

3) WMNULL: Nowordsin Cpg.

4) WMFL: The only word in Cyg.

5) WMF,WML: The first word, the last word in C;;q when at least two words in Cpg.

6) WM,,WMa, ...: The second word, the third word, ... in C;q when at least three words in Cyig.

7) WEL 1, WEL,, ...: Thefirst word, the second word, ... before e;.

8) WER,WER,, ...: The first word, the second word, ... after e,.

IR AT IR AN AVE R AR 5 G e AR BT SO b AL AT R AR R A K R AR S IR SR S A
RERE AP BRATTE AR B IRE 1 YK PR A (N B

2 ETHEMXRMEEEMNET

TR BE T IR AR 2 2] 07 R 2 A SEAE SRR R e St b, R AT ()RR AIE PR 7 A B i) TR T R A 2R
93107 5% 28 il AT 55 16D (BB 40 DU 52 - 2 2R Y A G 8 S ) A AL PS8 AR v, IR 1 5 A AR ABL L T 9 6 R AR AL, U e AT
BT T8 T[] — b G AR S AT DA Y, 5% AR il AR 55 TR BOBE T 312 55 26 T I 0 2 2 T i i B2 W 5 19 1
U, AT AT LA P P DA 3t 7 5 2R Al EBORE R, SR M S 2 88 A s 6 1) 800 Bty B K e A bR 28 180 800 A A M B 110

%3],



2846 Journal of Software #4334k Vol.19, No.11, November 2008

Bt X={x;} Ly & DT AT 2 RO i3 36 50 R SE I 4R &, 0 no 2 A S AR 0 10 0B OC &R SE I 1 2 H AR K
C={r} P KRN T A JLP r ARERK—SCR I, M R ML PTA KRR H T, AT
LA AT b 258 ) BICH A A R0 I e 28 P 50 A, Rk

o FTHRBEHR (X0y)-.. (o)X FFHT | ANFEA x (<) BbRvE_EAR%E yilyie ©), 1Y, ={y}i, e C.

o RIFZEHIE (X1ps Vinn) - Kws Viaw) X TR u MFEA(I+1<ugn) & TAREFREAR BT Y, ={y 2",

AT H ARt & A X A0 YL TR AR 25 s 1 08 R FRIE Yo

h TAE )WL P A B & & LR R AR AR T AR e AR M fE B B E T — A
G=(V,E).7Ex AN v, 45 fi B VARTR T Bl B v 8 N AR AR BERE A AT bR B R A T A 559 AN 719 1 T g A 1
2 E M BAR 2 2Ok v S AR

IR s ARRAE AT 11 A1 g Z 18] IR AU oo — A VA7 TR ) DA D A B B8 A A A AN [ 2500 v )1 22
HHABLEE.

T AT B A B A ) TR T AR A A AR IS P LAl v A b o B F 2o v R S5 23 [R) I AL
A BRI 2%

1) bRyl A s 20 R G AR 28T R RORR AR B

2) bRk AT AR AN 18] R EAT

XA BRI 45 AT LA 23 Sl 38 3 SC— 458 2K o O — A I ORI

HU P S5 KoK bV 5 AR SE ) 3L T Bootstrapping (- M B 27 S FUA A R B E AR, E R EE G TR
PREEFEA AT bR B A K (1045 8O0 1 SE B4 Jm— BOPE R (B, ¢ Z 4t HC i) A die 28 0 2 Ak O 2R 2800 (1 e
A S L5 AR AR A ADURE A 18] b BEAT 42 R A% 3 (1 e

3 ETEHEEMXAMBHNLINR

ST T LT P SR 1) O AR S OB R 2 T R Y A T DA AR B R AR s T R R AR AR
(KA A Bl ] 32 35— R SIS A1 R 25 (KR A Bl o (b A B A A Il B A A3 WU 2 G T B AT
TRZWFFN G C 2R T X I Pl 1~ WL 2 > S0 SR 2 8 i o o8 A 1 A 4 £ SR T07290 T s 3
PREEAS B ARk 42 R — Sk R B i

FEE T P 2 B 27 5 50 AR AU 55 oh BRATPREBIE 5T 4 i M) T 4 262 % 335 (1 abel propagati on) fA 4325 ok S B S
M2 TR DG A8 1R R Lo 26 A 3o () SV AT R 88 A WA T A 0 0 L 3o I ASC 10 9% 3200 B i A% 38 31 YT 1) 2 b
R B 208 B A R R E RPIR S AT S HE R AR 535 sl (b v A5 RV IR A 3 e 2 1) 320 PR B O o 26 £ 5
B Dy AE Y R R A 3 DAY TN A AR s AT AL, & AT (R A (0 b 25 £ T R Ak gl K ()= — SBSUPE  BL8E).

N I BATT 5 R SO A R

o nxn [BER SRR T:

W.
T =P 5=
k=W
SRR Ty 2 H 2 g BB R x; 1R,
o (IFU)XR IRRRAE B Y, 3 ey FER71 0 vy I 2% X RO,
bR&EAL I LP Sk R AL B R
F B 1. VI,
o BUEAMET] =0,
o BBE YO BRI AU AR bR A, Ry RATARSE r, 0 Y =155, Y =0
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o YO 1Y 4R YOI | AT R4 6 U7 ek, v L4 b B B o b 4 £ 5, T Y0
HIH U4 D) AT AT =

BB 2. MIEARX YT =TY, ARG BMATE Y A8 B AR AP T R I M T 4T L e
Ty =T /0, T A AT LASRSE A Sy 53 A 3 (1 i .

B 3. TR BRSSHEAS I SRR A 6, R Y IO B ok Y R

FB 4 EHELR2 LUSMERE ER Y RSO k.

IS BRI ARFREE T M xo(1+1<h<n) AR5y, yr=argmax; Y.

FIREERP R 3 WOR T AR PR AR S B A bR 5 1) 4 R AR 88 T 5O, DR R 7R B —F0 bR A% 1 1 IR
HOTIE R A B YU S A D IR 3R AR, 2 5 — R0 (M bR A% 33 5 b FRATT A OG0 R AR B RE A 1A
Yo BN OR AT XA D IR 4 — 8 S WSE ME— I — M

W S B SIE B o B S B T 43 S4B S0 KT I T A b B AR RN T A B AR f) - o B

T =(TLL T ]
TUL TUU

MR
YU TUL TUU YU
Yl,llJrl:-FULYLt +-FUUYL}'
FIZ AR Y =Y = Y0 ST DA FR i 4 1A 2 2
%= Z0 T )
i=1

Horp YO Yy M RIRIAAAE. T BRI A (Toy ) ™YY — O. R A FE T e CnT 40, T BT i 3 8K T 0,
BEAR T T AT RS, H Ty & T 07 R R, DRI 1 ml 5

év:@] Wit Y =TV g

U

T, EIRIIAR B AL B RS T

r<y Z(-FUU)ij <y Vi=l..,u

=
I A AN G5 A 28 5 K A e s #HE A T 15
Z(fuu )i(jn) = ZZ(-ITUU )i(l?il)(fuu)kj =Z(fuu )i(l?_l)Z(fuu)kj SZ(-TUU)i(ILFl)y <y
f i K K ] K

KL, (T,,)" 4647 B AR SRl 0, (T,,) Y0 — 0 XML T Yy MIRTLAME YO AN 8 2L AN 25 58 i 3 5

Yo FOEAMEL Y, B vt I EL I 6 95 258 L S92 SR £ 24 X S5 11 5 L3t T LA 38
Y, = limy = Iim(zn:(ﬁju)“’l)ijLYLo -1 LY,
N—oo noe| i l_TUU

S8 AP A 5 1A S (G LR A e (R BT R ), 34 bR R A i 2k AR R M iR DR SRR R R B
PEARHEE. O

4 SLWEHMEERDH

41 (RRFEZEBUEITE

T A 0 R TR A ACL B AT SR W R 5 ik SR o LRI Cosine AH AU JE i U7 VA RT Jensen-
Shannon(JS) divergence.Cosine AHABLH: 5 i 38 3o T 5 B AN RFAIE 1) 22 19 3 FE Rl £ 88 S 29.JS divergence {1 4 B
55 RN TSR 15 2 T E Cosine AHARUME: J5 v B8 I (1 1 8 a0 SRAEREAE 0] 2 VB 2 KR AE (1) 16
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KA1, 384 ,IS divergence 5t AT LU A2 5 5 AN M5 23 A7 1 15 25 3B 4T 71 4.JS divergence #R 4 KL-divergence 3k
&S HARR:

38(6:1) = 2[00 (@1l )+ D (P

A, ﬁ=%(q+r),ﬂ

D, (ql|P) = |q<y)j,o B) = [| f(y)}
« (@l D) Zy)q(y)[ogp(y) (11D Zy)r(y) ogp(y)

42 KWiIRE

AR ACE2003 1Rk VF I FRATTIK 5 TR 28 A% 12 (L P) R 5% AR IS, SE B ACE PP P X TR &R 1
2T (13RI 0 23 2 4E 55 (rel ation subtype detection and characterization).i% i B FE 42 T 2K 9 broadcast,newswire
H newspaper AR UE K 519 AN SCAF FAT] AL B A 1 b 1 W OCR JHBGRIT A IR SR 4 ke ACE (1)
SERVON T AESS EDT ikl ik 2 1 A T I ZRRml sl e e v & S0 R AR L A0 A TANF I OC R 1288
Subtype I E FRATT A I AN ZR B £ b BRENLEURE R L A AE X R I AR B REA SRR Ly IR 4 IR R FE (1 EL
FEET 4 bb AT 26 TG 5% (1 2 440 4R & P BEBLIURE B AN AE R RINFEARE S Lo 3B LA 8 —35,9dh NONE
80 L=Lg+Lp ah 3 [ 440 ke T 5035 vh (AT AR A AE A B 42, 90 R FE @2 S22 1) NONE 28k 35 B JRA T4 56 45 e 1) 5
PR T AFAE R B K RGN 55 (relation detection). i 5 5K X6 46 AR 2 I B Bl ks > NONE 28, 01 12 552 R X6}
AEAE R FR R A7 AR s by Foftl 24 2R50 & 1287 (subty pe), U 38 7S 77 £E 5% 28 Ak AT THE VI 2 8l 4k
BUREFR R AR AR T [F] ACE 1 U B304 A2 30 A 8 S50 v 119 T AR A8 A A 8 42 i I L P SV A AT X B EAT AR TE
KT MR B 4 IR v 45 S T 055 BV v B TP A8 1R 12 BE AR UE & Precision,Recall #1 F-measure.

Tablel Frequency of relation subtypesin the ACE training and devtest corpus
F 1 ACE IIZRFIIRTE R h 2 50 R ARIL AT T % KR TR B i

Type Subtype Training Devertest
General - Staff 550 149
Management 677 122
Citizen-Of 127 24
Founder 11 5
ROLE Owner 146 15
Affiliate-Partner 111 15
Member 460 145
Client 67 13
Other 15 7
Part-Of 490 103
PART Subsidiary 85 19
Other 2 1
Located 975 192
AT Based-In 187 64
Residence 154 54
Other-Professional 195 25
Other-Personal 60 10
Parent 68 24
Spouse 21 4
Soc Associate 49 7
Other-Relative 23 10
Sibling 7 4
GrandParent 6 1
NEAR Relative-L ocation 88 32

43 LWL RLPvs SYM

SVM A B 2% 20 1) 56 R BHUAE 55 vh i HI IR 23 2807k AR XA S b FRATTR A W2 LIBSYM(LIBSVM:a
library for support vector machines. http://www.csie.ntu.edu.tw/~cjlin/libsvm) ) T HFT 2 v 4% e 5 oK.
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T EEEL SVM T LP S92, FATT FH AN 8] R BOCRE K /N SRl A AT AR A8 TR FE A ER B4 1 196X Nir ain, L0%60X Ny ain, 25%6%
Nirains 50%X Nirains 75%0X Nirginy LO0Y0X Ny ain(Nirain & ACE Il ZhdE I A4 H)ﬁn%ﬁﬂ”fgjl\?%%jﬁj‘#tﬂ Subtype
ANTEFRATTEURE JG 1A AR SR AR B v H IR, D0 0 200 557 BOURE S 5 — AN BUREAE AR AT 20 IR 5 )5 TR AL 20 IR 45 R 1)
SFIMEAE ARG R 2 2 KRR MAE 55 10 45 A LU, B 1K B — IR 38 AN 8] HRURE /N5 30 1 A A 28 50 42 () )
WAER SVM Bkl gide b, SYM Fil LP 83550 S AS [R) R /N A bR 28 FE A SR EIIRALLP S04 il H
Cosine Fl JS PRI VL 3EAT1HEL. R PR,F 4 31387 Precision,Recall Fll F-measure, T [F]. A3 2 1 3 A]
AT LA H,LPoosine Al LPyg #B3K7E T Lk SVM S 1K Recall .45 5l 2, 44 b 25 1O RE A S 50 /N I (BURE 1 49 e
<25%),LP BPERETE & K B A BURE 1 4 Eb AN 50938 I E] 100%H L Peosine V18R 3K75 T 1 SVM ZE ALK
F-measure {8, i LP;s [ F-measure {8 ] L SVM 55325 &5 4%

Table2 Performance of relation detection on relation subtypes

w2 AERR TR ERNZ SRR LR LR

0 SVM L Peosine LPss
Percentage (%) P R F P R F P R F

1 35.9 326 344 58.3 56.1 57.1 585 58.7 585
10 51.3 415 45.9 64.5 57.5 60.7 64.6 62.0 63.2
25 67.1 52.9 59.1 68.7 59.0 63.4 68.9 63.7 66.1
50 74.0 57.8 64.9 69.9 61.8 65.6 70.1 64.1 66.9
75 77.6 59.4 67.2 71.8 63.4 67.3 724 64.8 68.3
100 79.8 62.9 70.3 73.9 66.9 70.2 74.2 68.2 71.1

e B R AR WA ) AT 55 1 45 R MEREVPAL R T & 2K R 728U Precision,Recall Fil F-measure (]
SFIE. I, SVM AT LP S5 23 B AE AN AR N AT AR ZERE AR B AR 3 b 3RATTRT LA HY L3 T P A7 X
FERNAS R IRAT b2 Kot 56, i T Recall {32 1, L Peogine Al LPs #83K 454 17 L SVM B ) F-measure {H. 2417
o S5 B3 S A BN (URE B 49 L <50%), L P 595 SVM B3k 2 1) ) 45 T 25 8E 25 58K U IURE B 40 LE A 75%
B nE) 100%H,LP 58K T H SVM ZEA 2 1Pk RE. LA 5L T IS 1) LP SVESE R AL RS 4F T4 T Cosine
5%,

Table3 Performance of relation detection and classification on relation subtypes

R 3 AERR TR BT R AANA P (1 52 56 45 R

0 SVM L Peosine LPss
Percentage (%) P R F P R F P R F

1 31.6 26.1 28.6 39.6 375 385 40.1 38.0 39.0
10 39.1 32.7 35.6 459 39.6 425 46.2 416 437
25 49.8 35.0 411 51.0 445 473 52.3 46.0 48.9
50 525 413 46.2 54.1 48.6 51.2 54.9 50.8 52.7
75 58.7 46.7 52.0 56.0 52.0 53.9 56.1 52.6 54.3
100 60.8 48.9 54.0 56.2 52.3 54.1 56.3 52.9 54.6

4.4 SLIGZEER:| P vs. Bootstrapping

h T 5 Zhang™43% 5T SVM (1) Bootstrapping 77 W EAT LG8, BATTSR A T 3% 5 15 vh 5 SR FH 1A R] 4
HELE G TR AU £ 2540 4 o BE AL L I T 100 AN FEASAE A WIGR A AR S WA AR 24 .3 4 FIH T Zhang 1075
TERIRAT LP FVEXS T A —AN e RT3 2 45 AR P BATH LLE H LP S 7E ROLE,PART,AT F1 NEAR
POAN S R A | #83Kk A5 T L Zhang (1) 77 v5 BB AT I PEBE, T 4E K R SOC LRI T AL 14 1.
45 FIG R

MELE PRS2 5 3T UG 29 bR S AR AR S s A 2 I, LP R AR IIBUE IS 1 L3R F SVM Bt T
Bootstrapping )75 ¥ 54 (K PE RE. S DA A0 AR SCHR H 6 T 1T B0 B B 2 20 0 3k T LASS 0 ) IR ) 5 4 R
T ARARBEREA IOAR B4 R DRI AR REAE A (K AR 25 A5 ANy I (A3 AR B A A RS 1T FLIA £ B I FR R AR 25
FEA R E IS AT MBS 27 2 J536, 00 SVMR D I BRBEFEAS AN AL B 7 g — A SRS 10 73 L 7 e
N ICTEAE B T ARBREREA AR BR KB G R A5 BB LATC IR A WA 27 20 H 23 S 1 AT S 202 4T
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MR8 R AN LA, 2 A7 A 28 TR RE A B30 X/ I TR 14t 110 25 1 JR1 1) DG R b B v 70 DG R A U AN 4328 E R g 3k
(EFEQINEES
Table4 Comparison of the performance of the bootstrapped SVM method by Zhang™*" and LP
method with 100 seed |abeled examples for relation type classification task
% 4 Zhang™[{IE T SVM (¥ Bootstrapping 75Vl LP b T 06 &
53 AT S5 (WIS AT 25 R LR (PE W B0 T I R 2 FE A 4 H 2 100)

. Bootstrapping LPs
Relation type P R = P R F
ROLE 785 69.7 73.8 81.0 74.7 7.7
PART 65.6 34.1 44.9 70.1 41.6 52.2
AT 61.0 84.8 70.9 74.2 79.1 76.6
SOC 47.0 57.4 51.7 45.0 59.1 51.0
NEAR - — - 13.7 12.5 13.0

H#7 £ 5 ACE [ RDC AE45 1) AR # LU T4 BB 2% S 7 508 .36 55 3N R4 7E ACE B
S ZAT A ) S IRE AT 45 R T i N 5 th i LA H,Zhou 45 (86 56 38 1 S AR AR R AN 43 AT T de
IR 45 300 63.1%/49.5%/55.5%. 5 Zhou %5 N F 77 ¥ AH L FRATTHE ACE b4t 1) 45 SR AH o 82 2 2 n] B 1) it [R]
SEBAMEH T N Zhou 55 AR J5 i HrO R85 /N IRV ARF IR 4R A0 AR S0 FRATT 82 Hh 25 S ) g G FR Al BUAE 25 i or
PRS2, DA B AR IX AN B2 B gEAT OG22 11 B B R B AR SR 18 A o FR AT 25 10— 2042 40 B 0% 05 UG D7) 3 s 52
A} (R AR AR T 0 R A IR AT 45 AT 588 o e O ) M

Table5 Comparison of the performance of previous methods on ACE RDC task
%5 WA RLGA ACE LIIEIT 45 F L

. . Relation detection and classification
Method Relation detection On types On subtypes
P R F P R F P R F
Culotta, et al.? Tree kernel based 812 518 632 | 671 350 458 _ _ _
Kambhatla® Feature based, maximum entropy - - - - - - 635 452 528
Zhou, et al.® Feature based, SVM 848 667 747 | 772 607 680 | 631 495 555
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ULAE R E T R0 43 FE 0 0 T 4 R — BUPE IR 0 DG, B I T ok 22 2 3% (¥ T 7 2 20290, 3 o 4, 4
TS HT BT E P DDA % b A R ) S SR TG VR SR ] ol SRS 3K S L T P ) 2 M 0 RO iR A
BETAEREN B R bR R R 1), B0 A2 4 Jm— SO R B e, R I — Rt AT AR S 5 A7 000 g R ELHE
A% 2T PR AT B0 S DA T S e S B — S A BB, A il A2 e 5 SRS 6453 2 b BRIV 5, BRI w 4
Jai— BUPE B K P A B A A K AN [ ek

ASSCRTR AT LP S — AR B (KO P 265 A s el % 408 B v — A 90 R AR s 285 T o4 e 1) PR A DU A
S5 AT IR L, T B 7 AT A A 3 A 28 (1 Ak — DR AR P R 2 AR R AT AR 21T s b 28 A L 8 R VAR T H R
SR B HR P e SRR A A, OF HARBOZ S5 M AN 70 2R 1K) H AR 2 AH ORI 1) (513 — $2 0052, LP SASE T
b8 A 33 SEAR 5 Zhou %5 NP3 T ) AR 2L Zhou &5 T4 i (%9 361 R IR 49 BB At 2 4 g — AN
LRI AR AR SR PR A 325 2 A A8 o, B B35 31— A4 R B e IR 2 PR i d St 35 1) DO 22— b2
A8 AT B 2819 i bR 2545 6. Zhou A5 NI T VEAEBE— AR AR 8 An A A IE AR g — 1Y sl B e 17 P 5 1T 114
R SR E AR AR RO R R B S AR AR AR S B AR S PR S ook AR A P R R AR G
RLRCORE 7 AT R AR 25 A5 B BT R AEE I L AT AR 81T Rl (B0 a6 AR 2545 B KA AR 3 O A b DX O 2 5
of PR T R A B AN, ey B BhH8 5 538 10 2 B odf B — A . Zhou S5 AN AE S8 T I € T 2 B adfifE h
0.99, L B3 ] 7>k [ AH AR 1Y s 45 B RIAR OG0 0.99, 1M 11 £ F W) 4 bR 2545 LB A G BE 24 0.01, ) W A7 AR 25 1Y
R RIIR AR B A AL SR FE AR S5 W h O B0 15 2 5 78 20 ORI LI AE JRATT B9 LP S AT HR 281 s AR
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RGUIL BN —NFGE PR AR U0 bR 2215 AL B SR AR B A% 3 19 21 T 5 78 70 IR HTL BT A, 24
PUATAR 2 K H AT AR BT I L P SE32AT AT REAT X 1l 55 OB 14 S K 3R A L Zhou S5 18 5325 5 0 RS T )
SR RGE R AL PR SR K X AE T4 Laplacian 575 X L, Zhou 45 A7 A5 RS A8 ] 1 IE R0
Laplacian 577, [l D™AWD ™2 Jerk D At AR (d; = 3. wy), M BATT ) LP 53 Fh A 1T £ 2 9 9 241 £ Laplacian
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6 #HRiE

B A5 R BRI RHUR R AR K R AR I IR A 48 A 2 5 5 () ) P R PR R AR A R AR 503 2 20
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