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Abstract Entity Linking technology is a central concern of the knowledge base population research
area. Traditional entity linking methods are usually limited by the immaturity of the local knowledge
base, and deliberately ignore the semantic correlation between the mentions that co-occurr within a
text corpus. In this work, we propose a novel graph-based collective entity linking algorithm for
Chinese information processing, which not only can take full advantage of the structured relationship
of the entities offered by the local knowledge base, but also can make use of the additional background
information offered by external knowledge sources. Through an incremental evidence minning
process, the algorithm achieves the goal of linking the mentions that are extraced from the text
corpus, with their corresponding entities located in the local knowledge base in a batch manner.
Experimental results on some open domain corpus demonstrate the validity of the proposed referent
graph construction method, the incremental evidence minning process, and the coherence criterion
between the mention-entity pairs. Experimental evidences show that the proposed entity linking

algorithm consistently outperforms other state-of-the-art algorithms.
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Fig. 1 The framework of the graph-based collective Chinese entity linking algorithm.
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FEAN 23X — 22K, Horp 1 52 0k ¢ ZR i vT e AE AE
BRI T S RV R A6 TR T L R0 TR Y S B ROk
U5 CUn e B2 0 3k 45 o 76 AS T Hl 2l 285 58T, D oK
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(14 A TR) 42 1 A 6 By 1 32 0T, 1 T 3 2o A = D e
FVRL I 2ok 08 8 083X 2 A 45 0 SR 2 TA) R R AR TR IR
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Fo W) o WA W) . AR T R o 1Y H 3 A R oU
AL F i ) AR TR o, B EESE U 3E— B4R U o,
Fl v, BT AE BUIH A SR 52 R X 2 AN SR T4
A BYSSEE. X ETAS B Y 28 4 N T I8 SCIE T )
HEAT 10 U8 25 v A v A IR Can b 44 RN R SR 44D
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FE GUTH A 4% 5% A AL EE . 2 A ARLBE KT 50040, A
AR v Rl v, Z 6] A7 A (8] 422 18 SCOQBE AR N M 7 52
A S B TS v Ml v, 2 (8] 880 — XA m) i, 4
I 3 R R A7 O R L 19 B A A SR AR G I L B S
SR Bt N S A B 2 B B R T S AR G T X S
A e B IO B A S5 AR AT L B SRR . L 1 4
TS AR A G R Ao AR Y R DR AR RS HE .

BE 1. SCURAH G 18 k.

B = S A R T i 35 S A A R A T R A
& V=MUN;

i it SCAR A G G

foreach m; € M and n; € N, do
set edge(m; ,n; ) =1;
foreach v; € N, and v; € N, (i7j) do
if v, 5o, EARMAE DA HIEXR
set edge(v;sv;)=1;
else if v, 5 v, TEARMFE P A R R
set edge(v;,v;) =1,edge(v;,v;) =1;
else
evidenceMining (v, »v;) } 3 [+ EIEHETS T/
return SLARARSC K G.
2.3 SRk
R o8 SIR  42 BR R ) B A AR B X — R SO
Hh R LA 22 A SR R G A A 0 T SCOG ARl B O
I, 52 Rt S AR . A SR P S AR O T S B
TR SCHR SO FR A AR SR B L B R SR R X
T T A B AR R SRR R SR S BT A e 1k S AR
Z 1) B T8 SC— B0 o AT A S AR B 4 i) A28 A A O
TE AR 1 S — B HE P [R)8E, b e 9 5 Ry e S
AT SC— B0 fie i A9 8 38 S8 1R 4 Oy i 2% 10 B 4 X
. E IR R
1) X6 g s 157 Ak L SCAS T LA 36 S AR DG 1 5
SRR T rh BT A T AR
2) R 2,201 39 3H 545 30 00 R 2 56 1R R0 ik
SEAAR 22 [] A 5 RE AL BE D R Al 1B SR B HYOABE L 4%
2 (3) SR AT A 5 A G 18 5244 22 [] 19 1 SC— S

coherence (m; ,v;) =

l M + stm (m; s v;) 3
2 ED(‘U]) ’
v, €N,

St coherence o) 75 B 5 92 b m A5 JL0E
Setk o 2 90 X FeHE s Do) 7 2 ML G
T o B T GO AT L R Do 01 (i
HIE o B E S AEZ R, > D) FRET

;i eN;

25 7 (R 7 RE SR o SROFCJIT A 0 258 SR TG I JBE 2
ORI LI AR S0 38— Bk e X

e D 1 f— N i N2
WA 2 HA T E;’())%%mﬁﬁ%ﬁi v 5%
v7
UJG:\"Y

T SCAS I S AR B) B B SOOI AR BE 5 sim Gy 5 0)
W3R 7R g e 52 A o, i 72 09 E B DTS 2 SO Y
T SCARBLEE . th T AR B A BRUESE L 2 S [0, 1],
BN Z )5 PREL coherence B BUH 3 Bl /&[0, 1].
TACR 7 112 375 X 55 A, 3 7T L 2% J AN X 46 i
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R 1% B - (E 4] 25 52 3 45 2R e W /D 4 ) BU(EL A8 T X
SEABE TS R (05 AN K AR SR AT 1/2 R 2R
TNA IR 5 X IASC IR - 326 43 RIS T 1) 3% 48 B 52 1
P — 2 TAE.

3) FETFH T E S A I HE T A ok 32 S5 AR 8] Y
XL — BB B 5 R 0k Se M e i L — B S
BE MR BN /INEEAT HE P - 2 5 b HE 44 d5 i 1) fe
SRS AR N B SRR BE N B I LRI R -

Link(m; ,v,) =arg max(coherence(m;,v,) ), (4)
€N,

Horr, Link (m; s v, 3275 B 58 AR m, BE 45 3 A b
R T R B SR v 2 b o AR A DAY pR R
IR AL A AT Y PN 2 R R 6 T 4 A 1 R E S AR
m, s FE AR SRR A N, ik 5 R R SR 1
SL— 50 B e G B S AR L AR A SRR BRI e, 1) i
B2 HF5.

A T 5 52 S AR R BT FIT X6 07 ) S AR X 42 AT REAS
FEAHL N PLE v, T RE B B ik SRS s
(NTLD f A B0 BT 200 R T8 2 SR m s R ATAN R
T ) s A e AR AR B Ry A B

1) 25 DAFR A2 SEAR m Sl 2 00 25 A 7 A b 0 L e
AT 2 R Ry s WA G i i SR ol s R

2) FFEF R SR m B A A SR AR AS L E TR
[e] 14 16 S AR 15 15 5 SR 1 4% 5% AR AL 2 /08 F B
Ao DU S A 8 S AR AR 5 g 2 B

3) FFEF IR A SR m A R 4G SRR A L (H TR
Ie] ) i 3 SR £ S AR A DG T v 38 SR 9IS 49 8 (LS
m KSR s BIZ T 45 A SRR AR AE T X
R OCER G R D A SR S 4
2.4 ETEMNZEEREEELETRG

2Tk L — AN 7 58 4 38 n GCCEL B33 (1) 52
BRANT . B4 A 1B R A - 2 R 1 G 0 2 e R 4
S5 S Ak N T A I, T ) P SRS
T 2 0 Sy Fe [ 2 44 1Y R BRAE B B, B0 E E R Y
“ZR U (IR BRAE Bl 51D 7S TR AT A BRI B B 2 1Y) S AR )
%. R GCCEL B3k, ek Hz iy S S B 4n R

T 5T A S A I R U T S AR BRI
20 I 2R G 3 SR I o S R A e R A A L 45 3
2% W0 ) 46 B S AR AE A O (2R GIRTF) L 2= 8 (I Bk iz
B 51 ZEMR (AU R 2R | 5 25 HE P 04 o 3k SR 4R
A oh 2R QL PG A9 35 ) 25 4 3 (4 [ A 75 3L A
T . R D #EAT AR 5 15 B R AR ik
SR BT AE 0 B ) R DU 5 45 R R P 4 5K AH B
JE TR 1 R .

Table 1 Cosine Similarity Between the Undetermined Entitiy
and the Candidate Entities
F1 BREXFKEFEXFHRZBEMUE

Mention Candidate Entities Cos Similarity
Li Na (Tennis Player) 0. 886
Li Na Li Na (Singer) 0. 665
Li Na (Professor of PKU) 0
Li Yanping (Shanxi Mom) 0.5
Li Yanping
Li Yanping (League Cadre) 0.5

FhT 0 126 S5 PR 2 A (I i R 30450 1 L 3l R
BT 55 15 T B 7 X AR DL /N T UG B 9 1
fE A= 0. 2., Jr LA 2 52 1A 2 5 v M B 3% 52 4. 1A
TR BT o Y S PR AR S CRLAE i 2 S8 A MM 8 52440
TG R 2.2 19 A0 20 0 100 4 45 R 3 7 1 A 0
TR 12 40 07 15 K T SR AR SC I L AN 18T 2 s P R
T RT 27 7 R SR o P 00 T AT R i B 52 4

(League Cadre) Li Yanping (Shanxi Mom)
Li Yanping Li Yanping
LiNa LiNa
(Tennis Player) LiNa (Singer)

Fig. 2 Referent graph of the example corpus.

2 7R SCAS T B S AR SC 1B

MG L 2, A] DLt 530 1 &1 o e A 3 S 44 19 1
A BE IR 5 AR A 2 (3) SRAR 1o i S 1A e i 24 22 [
Y L —3 bk S5 RSk 2 ok .
Table 2 Semantical Coherence between the Undetermined

Entitiy and the Candidate Entities
x2 FHEXRFMEEIEZEAE B

Candidate Entities Indegree  Outdegree  Consistency
Li Na(Tennis Player) 2 1 0.818
Li Na(Singer) 1 0 0.478
Li Yanping(Shanxi Mom) 1 0 0.375
Li Yanping(League Cadre) 2 1 0.625

B AR IR 2.3 1A S SEREE FE A R
SC— B ok 1 S A E AT HE L R B — PR R
i 6 S A A DR AR A ST B BE S X R AEAS Bl TR R
SE S A2 R 2 ) TR R A 2R A (I Bk B B
R Ao R S AR 2 e B R P A A B (A [
DEF5 AL W30 . =, X T 45 8 SCR TR it i
SR TR 45 5 SCAR TP B (B SO) SR 48 Bk I I ff 4 4
) R e AR Xk B S AR G b 1 SR AT 55
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3 XBWHEREITIR

3.1 SRR

SRy 55 T A A S AR i 4 AR B A R
AR 3 20 AT N FF AR AR B AL R A T I

951 HIERRSRE T R FERER AR S AR
T AL BRI 5T 2 O FE R A 48 N 4T B R
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B 12 A N4 %5 11876 g SCRY AT TN TR
T 7 SO P AL I 120 455 SCRY #4704k, 76 T4k
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ANTGe3t 120 G MK SCRY A4 1170 A4 44 58
A H e R B H A TR X N SE AR G G i SE A 973
A~ (InKB 2889, NIL 8 ARISCAR N0k 197 A

FEUE GCCEL % 3k X J8 SCAS 1 52 1R % 42 5%
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U5 A BT I I L BT b R R A5 21 19 180 2% J T ) A
CEHFRRIE R 107 5. FEHLEE R Py 30 4% 1E
TN REA T A0 150 264 MR REAS. 24531,
A 1| N R R W = N TR Rl R NI S 7 1]
125 A~F1 723 A, Hor InKB 28 B SR AN 5053 50
99 A~F1 650 A, NIL & 7Y 54K 5 AN 045 5 ok 26 4>
173 4.

95 3 435 k& NLPR.CC H Prail 2013 4E 2
T A 00 ol 1o S A B 422 D O R L i B AR
TT9 e ST SR S B R O SO K R i 3 150
T N TG0, 779 il i b 3t A A S ik R
1232 4, Hovp InKB 2% %9 52 /K 4~ #8843 4>, NIL
ISR 389 /.

T B UL A O T OB LT O R B R A S AR
AT 55 W o (RPN 25 b A 6 B S 84l 1) 7 o R AR
I AR SCAUR A 30 2% % 8 1) SCAS A Ry Ul A AR
TS HE ) e 3 40 D038 B 45 b A 4
(4R Y 2 5 4 A [R) Y. S 56 B0 19 G I 60 & 3
Fi7R.

3.2 XEAHE

R T HUE GCCEL B8k A %501 » AR SC I 4R 1Y
R TAER A 3k T 2 REAR B S EER
AL O R (s e A DO s | 22k 11l

@ http://www. datatang. com/data/44022
@ http://www. datatang. com/data/44052
@ http://babelfy. org/index

@ http://babelnet. org

Table 3  Statistics of the Corpus
F3 IGEASNRER—E

Corpus Entities InKB Entities NIL

News train corpus 125 99 26
Sougou NED corpus 1170 973 197
News test corpus 723 650 73
NLP&.CC corpus 1232 843 389

WTCosSim i J& 3 T 524K b F SCAH U i
B SR T R R TR O R B
{14 S AR SRR A 52 R T O 9 S R SC A v Y A
2 SRR T S0 G B ) R 36 REAE 1] R L T A i) 4
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ARABLE , 0 9 A AL H5c 8 114 16 3 S AR 0 E A i 2
X4
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Fig. 3 F,-values under different A on training corpus.

F3 FiHSS8AENSE LYER
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SN 4~6 R, Ho, k4 fER S iR
GCCEL B3 Y 2 2840 £ 5 M Baseline 155 i) 52
B 25 X W B, R 6 W 45 i T GCCEL ik 5
NLP&.CC 2013 3% %8 fft ik 55 3% CASIA_EL HJ L5
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FH S 00 25 AT 0L, AR SCHE ) GCCEL 8 A
I OB 48 A 44 T I 1E R AT NLP&.CC i 1
PR A F (5 5 k88,0896 ,87. 91 Y Al
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Table 4 Experimental Results on Short News Corpus

x4 EEFEABELAOIHER %

System Precision Recall F, Accuracy
WTCosSim 78.17 81. 48 79.79 78.50
Baseline 44,16 46.03 45.08 49.53
Babelfy 68. 89 72.42 69.75 72.42
GCCEL 86. 29 89. 95 88. 08 86.92

Table 5 Experimental Results on Sogou NED Corpus
x5 EHRBAZEHEENEHIRER %

System Precision Recall Fy Accuracy
WTCosSim 73.54 70. 68 72.09 74.29
Baseline 40. 35 38.79 39.63 47. 14
Babelfy 62.71 66.07 64. 34 66. 07
GCCEL 86. 21 89. 69 87.91 87.50

Table 6 Experimental Results on NLP & CC 2013 Corpus
%6 7ENLP&CC 2013 FER FHIKWER %

System Precision Recall F, Accuracy
WTCosSim 79. 46 81.03 80.23 80.57
CASIA_EL 86.62 84.56 85.58 88.50

Babelfy 78.06 70.42 75.93 70.42

GCCEL 89.67 87.42 88.53 88.47
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