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Open Information Extraction
ZHAO Jun, LIU Kang, ZHOU Guangyou, CAI Li

(National Laboratory of Pattern Recognition, Institute of Automation, Chinese Academy of Sciences, Beijing,
100190, China)

Abstract: The research on information extraction is being developed into open information extraction, i.e.
extracting open categories of entities, relations and events from open domain text resources. The methods used are
also transferred from pure statistical machine learning model based on human annotated corpora into statistical
learning model incorporated with knowledge bases mined from large-scaled and heterogeneous Web resources.
This paper firstly reviews the history of the researches on information extraction, then detailedly introduces the
task definitions, difficulties, typical methods, evaluations, performances and the challenges of three main open
domain information extraction tasks, i.e. entity extraction, entity disambiguation and relation extraction. Finally,
based on our researches on this field, we analyze and discuss the development directions of open information
extraction research and its applications in large-scaled knowledge engineering, question answering, etc.
Keywords: Open information extraction; Knowledge engineering; text understanding
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SCAME BAhEC (Text Information Extraction) $5 K& M H AR T 55 SCAH FiECHE s 2R (1 512
K (Entity). K & (Relation). FF(Event) 53525 8, I Huas K AL A i i 1) SCAS b 3L
AR G n AT £ 1A 3% BRI SCAS Fp i BUR SC  M  E e: IFIRD S Mgty fE %
ZEF ., Rl HAREE . WL HEARIFES, 75 Message Understanding Conference
(MUC)®, Automatic Content Extraction (ACE)®1LL % Text Analysis Conference (TAC)M“1& 31l
UK NHESN T, SRS B IR WA 22 A . MUC M 1987 £ 51| 1997 £F &
HHAT T B, A RVPIME 55 & iy 44 SEAR UL [ 3558 2 (Co-reference) yH il . FR MG 2%
(Template element) 78 LT SEARJE PRI . Bk S 2 (Template relation)fifi & (AL T3k
R ZRHIEID A7 5e it (Scenario Template)iH 78 (AL T AR« Hlcts A A2 B i 4t
Rk, Gl R R ARt NFILAREh A, ACE M 1999 4E 51 2008 4F & Lk
1T T U, ¥ RSz I 5 R i (Entity Detection and Tracking, EDT). %/t k6 514 51 (Value
Detection and Recognition, VDR). [ [A] P 1) F1 81 ¥z 4k (Time  Expression Recognition and
Normalization, TERN). ¢ &5 4 (Relation Detection and Characterization, RDC). ZH{}:

HEWH: FEARRFIESTH (60875041, 61070106)
feZ i BZE(1966-), B, WG, HEESN; XIFE@Q981-), %, 4, BIFIRG; FA%H(1983-),
B, WA #8(1981), T, WA BTN BARTE S AL (5 BAEBUR B R .



1 5 4 (Event Detection and Characterization, EDC). SZ{AHH % (Entity Translation, ET)%5 1T
TAESS o Hed AU 32 B P T I k. TAC-KBP M 2009 4EJT U4 %) H R IS AT T =), 1P
TAT- 25 045 SE 444 22 (Entity: Linking) A1 SE 44 J& A FlEX (Slot Filling), % 52 B 15 A1 /4 2%
el o

PAE BRI K EPIRE, AL GeAS BT 55 2 110 ) PRE SR SCAS ) PR E 2K
ASEAR . KRR, IX KK T SCAS B IR (R R RN H 51 2 7] 255 5%
GE T e BEAE B A B RA R TN AL WL AL IR AR RR
SRS R A7 (Hypernym-hyponym).,  #4) # 44 (Part-whole) . i B4/ & (Located/Near) %5
AR FRZEN; BIA (Destruction/Damage). flliti(Creation/Improvement). 13 4% #% (Transfer
of Possession or Control)&547 BRF4F-2800, L4 Pr i LM R AN . AW . 1X
I FH 7 oK A BB R RF S TR Bk Dy — 7, AE BB AR T BORUE,
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FiF AT 200 WA U4 D vkl s R JiE A 8l vh 2 SRR, b BRI % s o Jm A 9 0
RRARRIGR 156 A e ATV B IR G R M B P, A FRIBERLE S0 0 I3 4T 43« Whitelaw 2 A
AR AT S I GOSCA  H BU 0 bR SCHR A ORI I ol AR5 T Rk
HIRFE N 2R3 28405 Al 2 SRA8 58 R o 15 3 45 5 RO ) A

56 PR A R BRI R SCASE G TERE (it H G WU 435 F RS ¢ Pascal™
AU ) H AT S A, B e A R SEARLE ) H Al b i BT SORF A IR R S o
B AR S AR R U S8 5 i o ot R S 48] 23 Sl st b S, JE T ST
AREAAT 43 o He VORI FI H AL (] AN 99 50 o i) AN R SOACHR AR T A ) 2K
S ABUBE, R SCAS HR RIS ATy SN R 1Y s o0 1], T P S0 SO s AT
T3 940

SEAEFAZ YRR Pennacchiotti® ATk AN A K 5 AR s SR MR F AR )
JHEBAT B, e e ml S AR o ATV AN R i Y e U AN R (i s o S s 4, [
MAS RV R b il RS ik R4 el > o K, o AN [ S Dt HAS 2 PR i AAREA T Rl 25 AR
o R B R AR IR AT RO ] T 22 PR A DU AR, R AR s (R Ge R AL
X HARSEARREA TR . S 45 SRR WIHER 243 BT ATt

GyAb, ey R S A ER (0 45 R AT . Vyas®e NI i SCRhT
SUAYPE | 5 SCRE AN ot PR T R (V) SR, IR % A (K0P 1S 4R ik 17 b N AL
M REAURIN TR, VyasSE NAESCHT K TAESLAE ESR T B2 0GsC, SR A
TR AN 2 R E T4 (4R Al AR,

(3)  REEMAHEAKE

ST H BT IEBA 25 I A TFIVEN, BT A B R IR AN G — o 38 P8
#ETfi% (Average Precision, AP) m(# P@N 1E iFMIEFR. % 1 /& Wang 25 AP i 4%
12 Fhil B IEAT SEARTHE A 45 R o b, E1L B2 SEPIROR R R SR B T, E1 RoREL
3 AT SR A iy 2 PR AR IR 2 3 B R SCYE AR s B2 FRIREL 3 ANMRP- sk b A AN
TR 1 Rag G EFRRRIT ASE BN SCVE AR . EF. GW & RN R (4T 20 HE iy 732,
EF(extracted frequency)#&7F4 SR HCH I 16 A BRI X BOEATHE . GW(graph walk)#Z7R$%
HRPE 0 7 ik 4 ) 45 R AT

F 1 PRESCE 12 PnE SN T SEAR SR 25 R
(2) Jesr4h

Max. 100 results Max. 200 | Max. 300

English Google Sets E1+EF E2+EF E2+GW E2+GW E2+GW
classic-disney 37.62% 79.36% 74.45% 84.42% 88.20% 89.39%
cmu-buildings 0.00% 87.85% 87.75% 87.83% 87.83% 87.83%
Common-diseases 1.12% 17.94% 52.84% 57.46% 75.79% 76.87%
constellations 10.45% 89.61% 99.97% 100.00% 100.00% 100.00%
countries 14.24% 95.95% 97.86% 98.17% 98.67% 98.53%
mlb-teams 70.06% 98.61% 99.50% 99.80% 99.84% 99.81%
nba-teams 90.73% 100.00% | 100.00% | 100.00% 100.00% 100.00%
nfl-temas 94.26% 99.22% 99.98% 100.00% 100.00% 100.00%
periodic-comets 0.22% 69.24% 79.04% 84.78% 84.77% 84.77%
popular-car-makers 73.61% 79.18% 88.23% 95.16% 96.23% 96.95%
us-presidents 56.77% 91.64% 97.07% 99.99% 100.00% 100.00%
us-states 76.00% 99.96% 93.55% 100.00% 100.00% 100.00%




Average ‘ 43.76% ‘ 84.05% 89.19% 92.30% 94.28% 94.51%
(b) hICER

Max. 100 results Max. 200 Max. 300
3L E1+EF E2+EF E2+GW E2+GW E2+GW
china-dynasties 25.45% 33.86% 65.20% 64.62% 65.22%
china-provinces 94.97% 99.19% 99.21% 99.34% 99.35%
class-disney 80.73% 91.17% 91.68% 91.68% 91.68%
constellations 92.00% 96.25% 99.99% 99.99% 99.99%
countries 94.79% 95.39% 96.94% 97.76% 97.72%
mlb-teams 94.42% 84.05% 99.98% 99.96% 99.96%
nba-teams 90.29% 95.04% 99.90% 100.00% 100.00%
nfl-teams 68.08% 88.43% 95.75% 95.75% 95.75%
popular-car-makers 71.44% 83.29% 94.36% 94.47% 94.55%
taiwan-cities 95.26% 98.04% 100.00% 100.00% 100.00%
us-presidents 62.84% 82.61% 93.03% 94.24% 94.24%
us-states 98.47% 97.08% 99.48% 99.48% 99.48%
Average 80.73% 87.03% 94.63% 94.77% 94.83%
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SR AR A SEASRRRIT AT B2 2 AN S Sk (BFRSEARES ) 1 i)
B, 2 W N K = AN SR TR RO A e b

5% [ T [ b A R
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AERBN, A7 TS VG AL .

EAI AR S S ARG IR S A B UM = AN B S s
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(1) HKHERIXER

SEARY AT 45 55 4 1 ) SCUY I (Word sense disambiguation) 4T 4545 1R £ AL 2 Ak
20, fHJ A T S I A

ORI HARA IR - AL 58 101 SO BAT55 2 A2 Bk bR SCAREg il oe 2 SCRl i bl
] S, T SR AR T K gmBRR B, HARII . T SEARWS BUAES5 b, AEATE A Rt S
NESANZR, B P SR & F R A E R, SR B DL SE B

QFR PRI 2 A4 (Name variation): $5— N SEAARME S 1] LU 2 Flvdn 2 PEFRFRIUHEFR, 41
WIAFR IFR EIPR. PFEENR. 2185 A . NBA %K) 2 Michael Jeffrey Jordan
ZE3CA A LA Michael Jordan. MJ. Jordan $57K .

DFEFRI)E X (Name ambiguity): 45— 4 MR PRIEAN A LR Serba] BLsFRA
) B SEARME & o e 3 50 JR- T FE3RAF A4 NBA I MVP” Wi = AN SCSfA: “3 v IR T
F+7 ArgeE BRI A2 Michael Jeffrey Jordan, tH A fE 2 University of California, Berkeley )24
% Michael I. Jordan; NBA W] fg j&“National Basketball Association”, 7]t & “National
Bicycle Association”; MVP 1] & Most Valuable Player, 1] §E/& MVP: Health Care.
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SEARSR I HAT S5 R 4 08— B BB AR W AR 5, e FRR 00 v S A4 AR 0t
JIT 45 1) ) S AN 2068 W9 DT REAT SRS, I — AN W 0 v O T AN S AR 1 4 o S ke A B adk
TSRS, BT, SRR E RN P8 © W — SRR R, i
HECRHE CEFEI . A5, IR ILERIREURHE M & @ TSR FR R [A] R AH
BUEE: @ JETHRARIUZ AN AHALE, R — @ SRR RH IR, A REFL %
MRS o %L AT v S SRR PR I 8] R ARABLRE o

85050 F A M R S s B 7. Bag-of-words HE(BOW), M HEAT S2AATE AR IAR
ABURE - (POOITZBIS - st N 47 93y, T PR R OMB ML 2 7 R ek 2 A 2R A A s 1 %
FEBRR SR RANN, AEFLESL T R g5, Wi scid s, LR fEA
SO UERA IR SEAAR TR RRIUARBLEE VH 45 5 . (R, R T4 S A 48 IR ARADLE FE S i b i /e T
FHE] F RSO M SEAR TR AR A B 1045 8, ARERI S fe R e B R CE R, B A
REAE SCAR S AR B S A s 5 ) IR PEfe
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3 W TS AL HEA T . R Wikipedia 45 FAE 6T H BRSE R B SCGEATHE RN
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BT BRI B SE AR U 7 VR RVE AT LUK AN [R] 68 SR SEARFRFRIEX 3 F, HEAN G 2 o Hhgh
HH SR ()T SCAR IR e B0 I — ), AT BOR 22 FRIT 50 5 % ) SR 42 Enntity Linking (H
FK Entity Resolution, Record Linkage 1 Entity Disambiguation) #F 5% . SZARHERE I AT45 4«
G508 — AN SRR RO, K ILRE R B AN U P R SEARRE S F. il Kr“Michael Jordan has
published over 300 research articles on topics in computer science, statistics, electrical
engineering, molecular biology and cognitive science.” i) S 44 $5 Fx il “Michael Jordan” 42 2]
SOV EE R ) SEAA R & “UC Berkeley K22#0#% Michael Jordan” L, 1 AN A& B 52 31 S A M 2
“NBA Bk Michael Jordan” I,

SEREERY B AT A DR O SR R IR : 45 78 SEARTRRRI, BEH RGARY AN
P R A5 5 2 S AR R IO A% SIE 4 o 431 = 6 Michael Jordan is a former NBA player,
active businessman and majority owner of the Charlotte Bobcats. ”' /] Michael Jordan 4T 544
TG B 24 H Michael Jordan W] EE 7] F L S HH: 5 5244 Michael Jordan (basketball player).
Michael Jordan(mycologist) . Michael Jordan (footballer). Michael B. Jordan. Michael H. Jordan.
Michael-Hakim Jordan. Michael Jordan (Irish polotician)254%; @1k SEARHsER;: BE4: R 40
R PR TOUR i S AA 2 8] IR AFABLRE SR A, B SEAAR SRR H bR S 44
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FIH Wikipedia 1 SCAS U BE R < & . T I UUTHI (Disambiguation page) LA & T 5 [ L [T
(Redirection page) sk i S, oy — Pl il il 472 Hh A v B SEARFRFR I 1) b R SCeAR 1S 3,
XA T BT R IAR NG VB (I AR . AR B AR S ARFR IR I L, et
KBP2009 Ik i fr) 3904 A SLARTEFRII A 827 N A 4imkial™, 4 iEfaRrui A A 1R 5R I
WSO, AR AR RRAT AR 2 VA B« Zhang 25 N FHR) 0 779 AL SC P R R i 1
ISR, HUAFAET I RCR .
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TRIESARIT SRR RAE . WIS TR RE -
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SCRMK T i [ S AR 42 ) 1 A e R P ) SRS 25865 25 08 22 AN S AR TR (3 SORHK 2
SEAS RV AT, T S M%) T SCAC A (1 2 AN SR REA T . Cucerzan 25 A% pE R
SEARIAZ IR L, P S AR I 5 B VT A bR S AR SRS . Kulkarni 25 A LR A
pair-wise s, K§ 2 A HARRFRIU A 2 A HASXS, v 2 R OGBS, 8
Jei R IMERAE A SCAR N A SR Z TR S . XM 7R %5 8 T H AR A4
Z A 2Pk, {HIZ pair-wise HEISATIIRAE R A SLTE, 2SI R 25 B IR X
DU JRTE S8k, A, ABGEAAE 73 o M RS 2t E, 28 T — Bl B s
% P BRIV, 78007 18 SCAS A ER H ARSI R 2 18] (4 R 30— 8k F5 kIS H Ak
SEAAR TR I EE S S AL 8 o T ¥ L e paiirwise 77 325 HE A 7 28t R o 4 Uk 1
Ko o

(3) RFITMFIRAKF

H BTy 42 SR PRI & E WA — A2 WePS (Web Person Search
Clustering Task) 1FIIEAE, 3 4 aof 3 T SR i 44 S (AT B R GEREAT VRN, 45 — A2
TAC KBP [ Entity Linking 1T, 3 B0 3 TSR BRI i 44 SEAIS 80 R GE AT VRN

WePS = 24156 Web A 42 82 45 BB b R AT VAN, JAT 45 &l of N A R 25 )
HHTRICKRIEREL X . Har WePS VIl & HF /@ T W m, 1IEAEHHATIREE —Jm: Hhs—
Ja VEIAE 4 SemEval 2007 (1) FATL45 T, L IS KA 2n; 5 —Jm PFAE A WwWw 2009
(R TATS 3047, S5 17 KA S0, H AT WePS vRll 3t a8 = AN, 20 05— 8
JF & % (WePS1_Training ) « 28 — Jm 19 M X 45 (WePS1_Test) Al 2 — Jai 1 Wl 3K 4
(WePS2_Test) . X b 109 MFHE N4, Hrp &g~ A4~ K44 100 4K
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“McCain fought hard against Obama, but finally lost the election”
MH S, FR AT AT A B G R P9 4 = JC 4 (McCain, fought, Obama) £l (McCain, lost,
election).
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Clearfield County, Pennsylvania
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Densky’ 26" As of 2005, the population density was

28.2/km?.
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