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Research of Key-Phrase Extraction Based on Lexical Chain

LIU Ming WANG Xiao-Long LIU Yuan-Chao

(School o f Computer Science and Technology , Harbin Institute of Technology, Harbin 150001)

Abstract A novel algorithm for key-phrase extraction based on lexical chain is proposed in this
paper. By constructing lexical chains for each article, the article’s multiple depiction clews can be
reflected, and some strong lexical chains with high quality can be extracted to represent main con-
tent of this article. After previous operations, key-phrases, which can fully express topic infor-
mation of strong chain from different aspects, are extracted. Experiments demonstrate that key-
phrases from this algorithm can cover article’s topic more completely. This algorithm can remove
redundancy that different key-phrases reflect same meanings, and can dynamically decide the size
of output key-phrase set by distribution of topic information. This method outperforms the meth-

od which uses statistics to perform extraction.

Keywords lexical chain; HowNet; central-word clustering; key-phrase; acquisition of meaning

of word

1) A6 {132 A DR A 2 48 SCRE A BN A TR B
X S P PR S B U] A I — T SO 92 4l 40 AR 1Y
RS TR [R) I 2% B AR 8 W] LT H e

B 9 4% 8 K s AT R Rk (5 25 HAR il dan K ik g P13 0 2R 0 R B AG oR 2R e A 1 O B )
B ] DR T o A R K SRR RN AR R SR G U 2 SO Z R R G LG
TENATE HOH A A2 459 MRS 28, B ARIE R BT AR 0B TR S A Y IR BRI R
FOARTE IR TV — A AR DRIP R IO OCHE gkt (P S 0 9 3 S5 TR 1) L3 5

1 5]

T

Wk H 3 - 2008-09-05 5 e 25 W R WL 2 H 39 - 2010-04-21. A BRBAT 2 [ 5K A R4 6 4 T 0 H (604350200 E K AN =7 ARDT R
SRR H by 1) JEIR (2006 AAO1Z197, 2007 AAOLZ172) B4 By X 4%, 93, 1981 4F A 1 L 52 A= L 00F 52 U 1) oA S 26 20 A SCAS 42 40
E-mail: mliu@insun. hit. edu. en. 2B .55 . 1955 44 % 1 LA S0 AR R GUSON (5 BAG R CARIZ . XZ 8B . 5. 1971 44, fl #
B WET005 18 A M N T RE.



7 3 X

B A < T DI A Y G B S I RO TR BT S 1247

T Y A B[] i R AT AR AAE 235 ) 1 2 i

ENIEZVES ATEiN Ry RO AR =,
F T ) (1 BB S e BORE 3k — 5 A 1 1R VR A
SCEE I S BT SRR O AR T 2 A O B i)
PR AL TE/IDFYY i pR 800 o A F 500 45,
VI HLA8 2 > S5 o N O 5 ) Jely B 431 2 AR
IR 1 S OV ST 8 IRl I By N =
B B AR e VI SR R AR S R eR R SR
T HCAE 1% 15 3ol B R 501 8 A K (L 1 1) A Shy S ).
SR ER T P SCOCR A 5 15 5 1 2 FE P L 0 75 B 52
FH P AR E AR AT — 38 FH 0% il ek $ s R G
TRV A B R 2 BT A AL I 7E SO Y 4 A I
B A K B A L XA AE R 1R O O
S R A ST ik A 2 A T L
25 456 T L SC B IR il U v 2 L HOWNET Al
WORDNET {3 55 3] 1 A DL 1) 5 o ) i, Lo
HOWNET 2 ] F v 3C 30 A b i) 1 il e, X4 4=
Z S R HOWNET %8015 15 [ A0 2 . 3R )5
3 R e Ty AR AT 1A 2 O o B A i S B SCRY 3 A
I ) 2l B S ) L 2 T o il ) 5% e 3
U2 N il I SWI NE EP N0 P S
T ARG T O B ) il IR VR B . 1) 2 WORDNET
Z N T 3 Se 4 . BT WORDNET 2 DL i) 28
A ZUA)E Y o DR I 0 T 12 3 M B A% B4 58 I 25 1
R 430 AR 7 A AE TR A LA S ), —
S LS L v ] o R 2 R — 1 22 Y LN i ek
Ry 8 £ A2 5%, i WORDNET WA %A % &
B3 A 0] 8 5 — 2 12 1) LA 5 18 B 3R] 22 (A] ) A
R o BP3R] 28 ) R 4 AAS R DA i) 1 22 0] A A oL 4k
JERC. ey ) vz N T O B ) il b R
A R A LG R R S O ik
SUpNEPIER 2 N T D R iy

T TR R BE R 2 I - Anette By 3070
Xof S BTl IR T A R R A I BIE 5L LR S 2
VAU < B e R4S 1R A8 S b i 1A L s B 7 O]
55 CTE) L SCRYEIHES 2 (DF) 2 88 115 8. . 3R )5 K v
GE AR AL T G e G0 T ) IR AT R,
Yl A3 I A5 4 v 1) 22 AN T Sk S B TA] 7 DA g . Tl
PLE W FaR g5 i 2 8 il G SCHh I i e T HE BRI
SE A 1) T (RO E AR B R B ST
A YA I R — G BB A% 1 D) S e SC B Y 328 ]
R T N SR SO SN S R B S N AT
BT A< SCRPAEF G 3 [a) R s — i G B o il TSR
T B e A b 3 DY B X SR R AT A AT

SR SO AL I £ 4k TR R L AE Al | AR
g AR IX 4 T2 R HL w3 o 205 B i iR A
Oy K ALV R AR 2 ) S B L 3 B 96 1 1) S 1Bk SC
AR FRE .

2 AN FRER

A% 3 AR i il SCEE 1 32 8E L i B
1991 4F fy Hirst B 642 i /9 UAH OC sl AH 0L 1Y 10) 1
0 — 25 . R B 5 SCAS 1 45 44 A — 6 B %
FCERME T 06T ORGSR N Y RN
AT B A2 Bl 58 S i T 41/ 22 R O ) 2 R 1 4
B TR A ) A ) Y B B L R A A R
SCH R U S A SCRLC T C(HOWNET) AE )
V) SCAR B 1 SCIR] B HT I R R R AR TR R
(A HR ST SRR, HOE T 1500 24 R, IR At
SCJER e rp ST SCE L R L DEF 36 3k ) 4% 1Y)
T SCAE s F T 0 2 43 ) Ry AR SR RN R 3R
Jit. o AR SRR A TEAR R FEJE I ek DEF 1%
N FZA NN T DEF 36 R LS MR, “mm”
DA T 4 23 SC 5L AR AR i) SO AR SR I | o7
o€ 3

H RT3 50 7 1 1] SR i 22 2 6 22 S 1) 37
SCE XN Z AR DEF £ 4 e — ) — > DEF
SR (515 U% =S -1 Rl 51 I 1 N S G s ol O) D4 €5
& SLak T A% Al —i] (1) 2 4~ DEF 78 3155 A i X 5]
FEA 4% . I H DEF H iy B4 R 7EAR KRR B b ok
5E T DEF (155 30, 2 /0% F 4 SC R R 353X A~
S5V AT Y. PRI AR SR )7 v e A ST A [R]
f)—~ DEF 4 0 R 1) 45 1 — 4> 2 L i A 3C ok
T3 SR AR B AE X — A E A A LR £ S 4L
) AR HEA 8 2 19 T SO R AR A UK.

W R SGES AR KRR E FkE 1 2 A fE
I B ScH e SO H R HOR R R SCE B
22 SCiR] R i) SCEAT P PR R R R A SC DA TE
iy 7 1) S 22 SCAR] (1 i 4 1) RN S R R i 1 R
SO B FEAR AR I 2 SR 7E SCrpouf R i UK.

W1 TR AR SRS Doe 9y i) 5 51 9 M, |
M, M.M; M, , Hr M, M, M; M, iy M) T
SCAE B B To s IR AR 3R B4 1) % g Ay 2K, Tt
SR 0 2R SO TR) B R IE B2 . Ry 1 M Ml S 7 1] v
TAS TR & SO FRATAT R 1 BAE S — DR, 3
1R L B A2 3R] 1 91 o A 5 R i ) SR IR MOFD M
() R 3CHE My (M, M M. B R ) A



1248 iH+o;

Bl

e 2010 4E

L
&

ZA e B 2 SCTa 1 A TR ) SC. AP HR RT3
M, 3 LA B AL 2 AT B i 22 SCAR] A7 1 A4 Al
SCoia) Mo X6 3 B4 50 A 5 — A T B2 1] Sy B S
Bl MAERE B SCH it E R TR 1 SR — 5%
MM, TREG B M, S5 A 1 58 23 0% 8 R i
A AL AE 2 i K - 9K 05 DA B R 3 i 73 B 2 i M
FOARAS SCAE O MOFE L B F SCrb g ) L R %
i 7 i AT RUR A Dijkstra 53k 2647 348 78 B0 A
BB T e BT R UAE BSOS Doc H R BT A
T B AT R A SO 1R 5 8] BT A B 1 A S 2D R
HIRUE A TS ek B JEA IR T A SRR R 1
.

M, M,

Relation(M,, M,)

A1

B30 A ) SCR RE A LT AN R A AR X
T2 SCHB R LA LR E A BT
SCH 5% A 58 T 0 SCSRATE Dl i i) 78 0 bR SO
F1 1) SOt A Al e
SWWM,, sM;,) +CW(M,,, ,M,,)

NE ST

RM,;,, «M;,) =

2
€))
A D M, AR M S m A U I OC K
JE 28 F O S TR] A A AL BE 5 A0 OC B B P . o
ARABLBE AR R T WA SR 15 B ng AL M AT LA
P SCS 0 B AR SCIFAE SCIFRT PN 18 o7 8 R > L6
2 H A A R A 25 0 ke U A G EEARER T A X
B ST B UL NSO PRy SR 3 e o N TR S
) DEF 4544 1) 58 LM R T
SW(M,, .M,,) =
AXFS(M,, \M,,)+(1—2) XRS(M,, \M,,) (2)
KT T WA LR AR, LS
T LR AT WA SO AR SR AR AL
I 2ok B A SR SIS P A AT A 2R 2
PR AT TS T AN U G R SCJE A AR AL BE L HLE
SIS O R A5 AR LM AT A . SR A X T
PR 2 1 T, T A SRR iR R W 1] 1 2
ARG A R EME TS LA
0. 6.
FS(M,, \M,,)=1/(Position(M,, \M,;,)+1) (3)

2 (3) H Position (M, » M, YIRFET A~ L 2K
M., F M, 3 A SCJFAE SCIER A Y JZ IR 22 2R
A FEA SCIFANAE [F] — SCIEA N %A Ry oo, 7T LR
HE A0 R S B SCJRTE SCJEURE P R )2 R G B
PAAN A SCISBARRL, W FS(M,, M, i {R 8K

~IS(M,,,M,)
RS M) = geini S E R

AW H ISWM,, - M) H A LK M, (M, 1)
KR SFE G MR RN AR T A SRR
SUE AL . RC (M, ) 48 X2 M, B4 1% &
SR

A TH T A SO ) A SR B A S 1 e
T P AN SO BT B ) 45 8 22 )2 75 A L SR K 491
e HA s SRS R R

I(Mzm ?M]u ) +I(M]n 7Mim )
RC(M,,)+ RC(M,,)

Horp ICM, MG, ) 48 L6 M, 1R 2 SR A 2
AL M, BUEAS SO AR AL B 1. 500 0.
T A SOACER T ) EEAE B 50 R AU
T RIS R AR K T(M,, - M) BRI UL M,
S5 B 5 M, B — 8 1 R R

4

€))

CW(M,, sM;,)=

3 HEICHEMIE

WnSCHRL22 TP i - 1) J B 2 L ST AH 56 A B
) 1) T 2L B IR 4R B A i A% B RE B AU R S T
R AT EBUE B 1 3 19 2 4% Bk B S 3
ENVES 623 S S g I B uR PR GRS
N0 ThT e SRS 1Y LA S L O DT B b il HRORE
FEo AR T R S A T A R S B R I

R SCHRES 2 W T IR O TR AT i) SCPEHU BV AT X
SCEE AR 3 A2 SCIAA A FR 5 k R 4348 SCR Doc
(1) 1) =3 1] (WordSet) , SR J7 & #8525 5y 4k 211 1) H
A S RO BE 194 3] 3 B 5 4 1% 1 4 A B 1t 1) I i
B AR ACE R TP H A T T 6 A D B LA
S WSS Doc BT i3 B 32 U(5 B

2 C6) Sy i) 2 [ v py i) M, 5 )3 B 4R A P i B
L, B AR LR T3 A

IL,|

SC(M, L,) =max[SW(R(M,) ,R(LW, )] (6)
Hr | L, [ iniCes L& 4. LW, hEE L, H
M55 ¢ A1, R(LW,) kg LW, 22 3CH 8 2 4530 L3R
B X g S AT LA M, 585 L, o Jir A 1 1Y
KA VE R M, 5 L, ARl

T Y A 3 v i S B ] 5 1R B =2 R Y



7 X B A TR T Y % S8 A TR RO T R WY 1249

ARARLRE A 7 ph 28 C6) R L o FRATT LA 3R] 5 1) JE 5
BB BT AT TR B 5 SRR AL AR DA ] 5 3 T 1 A AR
JEE o PR M ] 5 ) B 2 T ) AR 0038 I i e i i il
1) 22 ] 2 7 AR LA Y B (L. S5 56 i B A SR 3l 5 ) 22 ]
A ARBLRE S 5 0. 7 T 74 3 A DAy R AR 451 S B
6 7 S 56 A B — PR v AR R R R S A A
LLBE Dy 0. 78 i b AR A0 B 757 A8 ST B A ABLEE Dy
0. 53.
KD R NCEE L, i BUE 52 2K

IL,|

WC(L,)=>W(LW,)xlog,(|L,|> (D
t=1

Horh i B B W LW, SR e 3] LW, & 8 4 be
AL B BV L BT TR A R R T A A ARR
B A g A AF gE T i BE AT IR IR IS S A E Y AL
R < = W GON WURS T NI (35 & SR T RIS X g (L]
)RR R ASCE A OG5 0 2R ) T B Y ] 0 2 5
A 32 1) T S e 4 5 S S PP B 20 A1 B A 2R
A 35 P ) AR R 5 B a2 i) T Ik 9 15 R A
ST

4 KEEIEHE

IS C P NES TNV S'EAHES THE
LRF RN SR R YA AN [R) 16 O T psi . AR S B3l 3t
it e S e N R 1 e O RPN T 7 vl e oY L
FAF R TR 76 BUA SCHE I 2] BK I oL ]
28 AT S AR SC L g A% i A o i i 3 0
E R R L R IG TR N R PR S B RO
FEALEE R F 0. 7 A 3 SR R Se i 8 3 49 i i)
(18 ) i A I A A 5 2H s 4 A 1 0 AR 2R 1 1) 2
2k, DL AR 5 30k v O ) AR DL B T 5 A 1) T A N
(8 3 A7 1 0. 4% 3K (8) T 330 B A ik 3k v 0 1) 9 ASUAEL
I 36 UK T P AR A H 0 i AR 2 S 2 A AR 4R
R R A, DA 28 e 3] ) I SR AR Sl SCEE Y
TR B AL AR SC A SCRY ) 43 [R) 1) ST 249 0 A5 AE by 15
{8 > LAAE 25 MR B A 2 1 A B 09 1) 1 R 1% 5 B 1
% 32 H 0 3.

WS(CW) |

WCW)= > W(F) Xlog, (|[WS(CW)[) (8
=1

K@) H WS (CW) | Hyfige 3 vt i) CW AR R
2R WS (CW) Fr 2 & 1 3R 5. W (F) S WS (CW)
A HIEE LA PAUE , BAR TR 7L AT 2 0.
A DL B A0 r O 3] P ASULEL |l DA IR 3 s 1]
AR B 1R 28 i A0 1 i ) A R DL A% 1R 28 BT A B 1) )

LR P L 3k A B AT 5E o3 M g gk b iR CW
ELA AR S0 T 2 Ta) VA P A 43 A0 1 20 40 1 1k
i 3 v O 3] T S (445 B A S Y E

FOBRZE LR S A EEENEE ATk, A
WA SCHAEE D) A i ok 4 55 T 2 0 (S B B SE
M TR R Z UL oMl = o850 | £, AR SO J
WA R F e = n iR A5 . A SCR A
SCHRL29 T 7 A 43 A 6] 1+ Bsg 9 DU A Dy Je 1 45 IC A6
Ao X it e ) TR AR 199 1 e T A N TR Y (R
BN (9 L (10 R, HEBBUR i — & LR
AR B RLTE. [a] AR BE A% S W P> 5 2 i) 2
() 2 75 2 A AH OGP S P A~ B 2 a] 1Y [) B0 58 A v 1
B IX AN B 2 1) 22 0 — o ) B, B AR 5 Y AH G
P A R ST B AT REPEAR K.

P(w, ,w;)

P(w;) X P(w,)

_ P(w, ,w; sws;)
P(w;) X P(w,) X P(w;)
(10)
P(w ,w, )#E:l‘ w; il w, leﬂﬁlﬁ*’# ':P{ﬁ/@l%(f
o SR DU A Sy St B IR P (oo ) $8 3] oy 7R TR
FF A B Y. AR SCRL 1998 AR N IR H R AE M [
AW G 1E R
T THT A 28 0% B Al O BR
1. #E k. % OGS(Output Gram Set) Jhy 5 8 48 15 Hiy H
£ 4 ,0GST(Output Gram Set Temp) HiEkEIEES X L
SO TR A CWSers
2. TR VEIC. e BE A AR AR R SC R HEAT O 2, 26
JESAFRY o0 Zon e IR 1 2 85 B Y S b Al R TR
PR 90 6 YRR EAF] OGST 15
3. R, MBR OGST Wk = o i & 1 oo kis
4. Jigk. N CWSer M BR ¥ OGST b i JLE AL &5 1
O3 [R) B A i b0 1) I R AR OGS . #% CWSer
A AT A % 9 PO R R AR OGS s
5. HEF . OGS A 1B AL E B IE A D A
AL W IR AL TR Z F. X OGS Hp %) S 38 A0 A0 18] 422 HEAY
T AT HET O e A SR A 0 DG B A B E L PR
VU408 T

(9

FreCoOccur(w; yw, )=

FreCoOccur(w, »w, »w;)

5 HEERESH

U b SO Ik A SO 43 00 5% i T Al OB L
B30 3 AT vl SCARE Tl R g | O B
I TR SCAR IR 73 (9 B 8] 52 2% S5 - B30 9k o Y 4
i SCRS A 18] 245 ] AR A5 1) SC . [ i 33032 78 1547 3]
IO AR YO 7 A 5 1) SR ) B 224~ 2R AT 4k



1250 iHom

Bl

e 2010 4E

L
&

B AR 3 1) B 45 FH i) Ao 0 S SCRS 1 3R] 2 [ Y 4t 4L
K on s IR AE RN B ) R 2 R
A ) SR EO I A 3 8 P TS BOCR k. 24 TR AT
Dijkstra 535 35K fif fie 46 15 42 DLk B SCR . i ()
SR EE R OCk?n® ). LSRN I 75 2401, ) 76 60 1) ) B
KB L 6, K b b 3R Tn] SRR B B[] &2 2
BEED R O(n®).

T T ) 32 0 0 6 ) 5 4 B R R B Y
SR 1 1) 723 18] D 2R A 368 1) Y 5 [9] B 76 44 3 1)
PRGN g e R a1 s A DR 5 A T K R 5SS 1 s
(R FEARLBE . (DA A 38 4 1) B 45 3] 3 0 I SCAY 1) 35
25 (B B AERCR n W] T SCRY 28 24 n SR I4E
RS S B I Rt T I S W o . O 3 E B
(4 B 18] & 24 B B 2 R O(n®) . 7 1) Y1 e 4 78 440 3
T BT IR A TR B AR DA BRI I B AR A
A A% 2 B SCARY 32 01 8 1Y) R A 5 D 9 A 3 4P 1Y B )
B3P i 2 OGo) . W) A A4 8 38 4 1) 8 1) 15 1]
BHPEE R O +n)=0?).

R B T ol BBUTES 43 B U] 52 2 B« S B 1) i B
O3 B ST AL 1 B O 1) O 2R AT 3 o0 1) 3R
J8. TEVE BRI O A B T BT R B A 1
A1) B D 3 56 i 1% v ], H O AT R AR i
Hh U 1) 5 R T i 22 9 B SRS 1) 2 (8] N 1 T A L
SRASCER B0 SCAY 1) R A5 T Y 4 A SR D it i s
T 0 % %) B 1) 2 2% B Ol O L A R 474 308 v 0 1) 23R
JE I T B A e 0 1) 7 R P 4R S A
ABL A TR0 A 15 SCARY 3 2 8] 1) 2 55k s TR 4 i 1 v
DI ECH e 208 n, [ R T5 225 594 5 1E 0 17
TEEARARLEE (9 38) 19 5K H d5e 2 0, RO % 35 0 35
BRI ) B AR FE e 22 0 O(n®) . AR AR 3k 0
)2 J5 B A0 28 SR SR S kR 0 iR D AR
B R AR A B i O R ZE B H B 2 R X
R4 1) 23 (A1 55 (9 1 50 s BB A 1) 284 A % — A ]
Ty ey 1) B A AR R I ) R R BE e 2o O G FE 3R
IR ARG G B A) R T OCS A R, L e
TG SCRY ) A ) A A= o A 2 o U 43 1 B )
SARIER OGn) 8K 5 34 v 0 i) B G DA 3 U8 4 o J
TR AL 1 RO T S I AN O B B 1 R0 3R T A
By AT LR T Ay i 2 T B R Bk SCRY
i) A 2 A TR B IR 43 A R ) R 2 B B 2 N
OGn). Z5 1 T i S 5 Sl 18 iy B 2 114 1sf () 42 2% &
J O +4n) =0n®).

W bR 3 FB 4 (B[R] 52 2% BE 64T 2 fin B Rl 45 )
SRR A T il B VA I B i R A 2 O O (e +

n* 40" =0") . BLA T 17 i F A & i il 4 A vk
A LAY AW, — R I T LR 2 S ik, —
BT A AN 1. 3 T AL A 2% 2 1 S R T il UG oK
23 1 YN i R AR AT — > Fl1 ok 40, R 5 T 2o il B
DR BSCH) BT G ) o AR B 9 3 RISk I R el
At AR HIBGE BRI K20 OGo I 2 it
TR 1) B[] 52 2% B2 AR 8 KR A AR i O(n®) L T
T A 114 Xk v il BB v R 22 3 ) A 0 A
2SR G T E BT S 1A AR 6 45 R A 1 1) 4 Ry K
i) SR RE AR T B Gt B R T B A
Vi) LA FR A 1) 2 18] P A8 5 A4 1) 114 43 A 15 100 28 T 33 AL
L BB ] & 2 BE R On®) . A 2 s 1 I i) & 4 i
AL AR SO R BRI RV 2 B O™ BPBETE
(0 ESF [ 52 24 B2 5 i T 3 ol R ) S T Ay BB 12 11
IR i) 52 2% 8 4 4.

6 LWHERKHM

IR B R il HRH R K 22 0 1 H B AR 1 T Ak 3
B B » ] B XoF 5 B ) Fily B 25 2R 1 0 5 1 FUE PR K
B T ] — g SRS AN ) B AL 25 3R A5 A [ 1) O B 1)
TR ZE B, A ot B0 S 7 P o AR X R 3 A o A G B i)
FhIBCPE I 5 R AR SC DL AT B e Sl B R T
Wi HE ™ < B B Bl 7K 32 T B 3 B L LB SR A R
“RRERBLEE A LBy 3O R AR R 51 % Google
AT R & B R R A B HT 50 G 3L 250 R SCRYAE R
DRTE R 23 301 A B SRS T LA E 20 A B TR

S FRATEE B — e SR A M iRl B A DL
OB BB T B 45 S JF o L 5 4 BRGE THE E il
18 G BB SR AT X FL L 12 S S IR 1L B S 2 T il
TEoe) Vs BT M 1L S YRR Ok K
LG

X S A 3 1) I B IS i A AL TR 8 1 R 43
T i -

(1) P38 5 B8 3 5 B0 PO 204 5 '3 5

(2) SR Al s WAk s

(3) BV &5 s WU 4 5

(4) FhAe s B K 5 AR A 5

) A

(6) i sl s

(7) RIR B

@ http://www. xyxc. cn/article/show. asp?id=145



7 3 X

B A < T DI A Y G B S I RO TR BT S 1251

SR 2 RIS Y DG B R

Tl AL LB 35 5 WSO 5 Wi W0 R0 AFE 5 WSO s 8 U AL 4 5

Fie BROCHR [ 20-21 140 20 09 25 T 48 1147 B fl ey
Kbt G h

LU Y 35 s WP A 5 R DR AU A s AT 5 3025 5

M ERTIGEE R ol LF W B TETRITE
S QB T i BB R A AT S EE FE U A
e ABTR] S BN B AR JE AN — 2 R 8 i D) R R SC Y
F U S o [ BB ity A A 3R ] — 3 A Y A AR iR
SUIE 5 9 AN =0 S WIS (11 (1 3 € T 2R Y € e )
3R ) — 2 . T 2 ) VB b AN O B R BE 8
Efin 4 v M A 5 SC R B S E S O A ]  O% 6
R TN FEEE R AR BT AR ).

2R 1 HNE T NS M7 AR A AT 2 A SRy

3 590 45 ) A GE T R R 5l Y O 1] 1Y
X B2 AR R S 2 AR v T OB B QB TR R 5
S I CGES DA TR R RV N A il U 4
H R O7 R, Pl AE A Data Set 4
AR 585 2 s SRS P Al 3B e PR B B 7 it EL fR B
B 2R S R IR R Y SCR R TE S — Bl
SEP SRR 15 S 119 A T AN AR O I8 A T B i 152
B AW SO 48 0 5 T R S A B4 T v o
“PREET I B I8 .

1 AT 5 AR B T TE R 4
B BIL 26 # 1) SCR 5, DL X A fRRZE T 4115 B b
NP ATE SR W e A2 R (IEiH 4D)
KA.

F1 ETRLCHEMETRITEEHBHXERES

75 I SO S B /IR AR A
Data Set 1
) A L2 Thl i/ it/ iEgi Thl &/
B ANREZRO Bkt g (EL Thl v & 77 > 15 %
) A B4 %> W T [
B BB 5O RO MR HR SO ok RIS
Data Set 2
. A €7 Ul oA A LiEEL Vi
B 5] by R 4 O sz W & IO e T B A O
) A Wi 5~/ g/ G A BENHO
B R 3 2 O FE RS L EEI O
Data Set 3
1 A 5853 gL iV [E3] B] fel b=y L3N
B RFEBEO KIHHO (53] B el NI NG
5 A bEES g4 (53] 1 el 47 AN
B 5 R IF O Loy [5] B)] fel WK ZE O NG
Data Set 4
. A 1 BT 3 sty 1 il B IR RE NG
B RO AT gEand vt Jn L3 H
) A 1L BT 3% (7.1 el pre] E i
B 1 BT 3 PRAERAR O KR o, RZ WO
Data Set 5
1 A SR BRBLE A bt NG b2/ b NG RO
B JEERBLA A HARAH O JEER RO TEF WO k2L
) A JEERBLE A S WE R ik B
B JEERLAR A PV O RHK RGO KERRASO W15

Hie 1 A] DL 56 T ) I 6 14 O 1 RE W% il B LE AR
A 2R TR O R TR A R T
ANTR AR FE R fif R T T SR A S A BB 5 A A [
R B IC A i 2, H B 42 T R e SC 3 3 Y
[ L.

T3 AN BTN b IR TR 1A O L T G B ) A
IRCRRE [ HEAT T %8 FE » HOXT BE Y O 35 2 3k T g B
P10 O R T At BB 3k (3 2 R A 5 3 AD A T IR
19 S SR S T A U 34 (5 2 Py T 3K BD. 2 g ok

TR RS TR AR B A 55 Y SRS 1Y O B 1] Aty IS
(] & K 8RB DN BT A SRS £ 4l JBUESS 1) BB 329 6 L 5
ZiRICR TR 2 .

x 2 ETRCHEMETSHIHE R 895K 517 Hh B 18]

ik il BT[] /s
A 3.13 5.82 4. 57 4.27 6.41
B 4.51 7.24 5. 65 4.91 8. 36

122 2 n] UL 5 T DAY B Y S Bl T il O 9k
F18 7 JBC R ] W% 15 26 1 48 10 L A S B 1) i BT ik



1252 it "

Bl

e 2010 4E

L
&

(0 A BB ] JHG D PRI A FRATTAE SR AR 5 I A AT
BT A ) O e il B 3 B ) A2 2R R
OG®) 5 5L F G b5 B 56 8 1) 3l B 3 1 B
Vi) 52 2% B AH 224 L SR H T 3 T ) T % ) O Bk 1) S 0
TE i 125 B 22 7 3 T ST B 5% B A 4l IOy
5 0 T 32 e 3R] 2R 220 R L DR b R SR [ g
FHETF e v 2 O B ) b Uy ik

He 13k 5 SR EATIR A TG DAL F i)V Ak
FHEAF BB 5243 A BOA [l 50 B A 56 il 1 5
TR MERS R R
CELLR ] S TE S A 5 N TARTE /Y J6 18 46 4 P ]
JEIE M ED / Gk IR B G A TP i a0
g 2 ros.

90

30 W/V/V/V—M
N

X k

o

% 70aW

60 * TS AU

VBT iV i O e

5 10 15 20
S e R e 1 A

B2 ST il v ot R X L 1]

H A 2 m] UL SR e T AR R HE AT 5% e 3l ik
YR 3 LT B Sl 0 iR BEAR K X U W T4
5 B4 O B T il I vk A BE UL B SC R Y 3 Ay
A7 il IR O B R A BE 56 42 B SR Y 2 FEE
S TS ST 28 B 5k (T T 31 114 O B 145 Al J
TR BE W AR A 3t 5l e b TR JHCAR 408 SR 1)
5+ 1 B RE A8 A 3R SC 3 2 B0 G il e 1 AT ik
ARG i o 1 SCRE Y 2 AR L RV Al b
i LU I X S A B R L AR 8 [ I X
T ) 32 AL 3 1 22 A O i IR UL e LAl
R RE 7 00 R TE i L R SR T R AR L PR AR R i
AL BT

FAT A S T3l 4 A0 T G5 R PR 7 ik Al
RO S B TV D BRI AR T T SCA RS RIS
SCRSAE A 1 SR 18] Y A 7E A R RE 47 30 4 » A [F] 2
SO A AL JRE A5 o T A [] 28 SCRY B AR B BE 8. A
SRAT M B T T B 1 5% B JE 1 A IR 1) BE A 4
o ST ) R S 4 2R L I 3 P b R il BB R A
O HR) R A2 LU S0 TR AE A SR Y J2 IR b B SORY
E:0F SN $71| P S B R 1 R I B S R W W E DS Y

T 7 A0 B 510,15 A1 AE S SCRY I R AE 1) 2R 5
SR FH 2 IR A TR 28 I T8 R AR R A7 SR 2R AR
K Rand {4138 B2 w07

TE Rand {EVEA 7 F 0 $ic 4t 46 b 19 55 170
ANBAR A — A s AR B B s R p
o SCRY S B R R A p(p— 1) /2 A X, [A]
BF L 4 B B R bRl SRR 2

Ca) g W78 38 R o 67 ] — 28 i) o, 76 2R
FLE R o F [ — 2 51

(b) g 75 M 32 38 8 v AL T[] — 26 5] v, 72 3R
REE R AL T AR 2 5

(o) AN FE M T} v o T AS R 28 0 o FE 2R 2
SR TR R ] .

() O 7E M 38 ) v A T A8 [) 26 01 o s 76 3R
5 R o F A — 2 51

B R B3R 4 Bl B0 s BCE SR alb,
ond. AT FIR a e A3 R T IE AR R A3 1 SR B
H W Rand {HRVANCCLD) s,

a+c
pX(p—1)/2

ACLL 2004 A (1) 863 1 BHE A HEE 1) TR
Pt HOR i B 2 2R IR R L (RS A 4 3 LR S
T TAbEARFI“Z 254 B 7w 25, thiE R
T 36 NGB E 100 RSO X A
RATERE W EEA 5 P B AL £ 50 R SCRY X ke
R a] AR — A & 36 A5, B A0 & A 50
T SCRY B RSB kL, AR LR 7k 4 R RIAT Ay
B A A BR UE SRS R A LR A R gk 3
JIi 7.

Rand= (1)

®3 ETRLCEMETRIHEERINFENREER
(Hr5,10.15 5 BY B HFAE RO

ot
P . RAELR
5 10 15 5 10 15
Data Set 1 Data Set 2
A 79.49 82. 46 80. 77 71.23 71. 89 75.62
B 81.42 82.57 83.69 | 72.03 74.71  76.55
Data Set 3 Data Set 4
A 82. 41 82.13 84.52 76.91 78.03 79. 37
B 82. 41 83.19 84.93 76.91 79. 45 80. 67

&3 HPEATLLITr A AR LU T 5t 5 Bl
HBCH) S B 1 B 5 A O R AIE 1) A I A SRR A5 IR LU
7730 B AR DLEE T i) 3 4 b A SC B ) 4R A AR
ERRIACETEEEINIE £ SN

Hi e 3 AT UL LAHE T T L 6 b A0 G 3R] A O



7 3 X

B A < T DI A Y G B S I RO TR BT S 1253

RRFHEAEAT RIS G  AEE R E N AER . X Ui B 2
TR AE 1 S B T ik BT 35 RE A8 TR 21 SCAS (1978 X
— 2% . A I 5 B 1) RE 6% ST A 3t B e SO 1Y) T RBUA
B AZ I SOR B B 5 B R ar L& B AR 4T
GEiHE B A O 14005 1 2R 45 R v L B A il B
TR 2 SRR HER R AN A — 5 LT i £ 2L 1]
T (9 Tl O 36 3R 5 00 SRR A 2R v SR ISl R B
MBI E Z — B BT R R T SEIE R
P ot 5 3 e Al B0 SR B ) T RE A AE — 28 5 SOR Al
R A FEREAE R TE O B e AR | 250X 26 ] A Oy SR 2
UE IR S0 AR 2 AR 2R DS 4 SR 1) ot 1V T i ) 9
(1 5 S U] il U7 3k 0 30 2o i ) SO )
PEAT T 3853 049 73 A7+ DR Ot il BB ) G B 1) BE 0 AR 4 3t
o5 SORS Y JEREAE R 2R S o i 5 B il BB
W2 AL B LTt

7 % it

SR B T N SR AR L RS R G 1 % i
RE 8 A A0 o 132 2 1) D) 35 JBE o i T8 152 2 ) SO Y
PHGE . AR SCHR T — b 5 T 1 1 6 1) 5% B 2 1 il B
UL ST RE RS AR 4l SCF 1) 2 8L 03 A ) 245 0 E i
TR AR H LR TE RS R T S SR IR 2
A ERELR I A R R A [ B E U5 B 5
BLTUARBE/IN. 9256 2 W] 33 i ik - 3a) V4 19 Jr ¥ Sl e
F S B JeL 1 T i 10 £ B B A T T A TS
WA S B iR]  HCRE A8 TR A B SCRE T S — 2 42 40
SCEE AL IR E U SR B T — A AR
HOEVE N

2 % x W

[1] Bracewell D B, Ren F, Kuriowa S. Machine learning tech-
niques for business blog search and mining. Expert Systems
with Applications, 2008, 35(3): 581-590

[2] Zhu Huafei, Bao Feng. Continuous keyword search on multi-
ple text streams//Proceedings of the IEEE International Con-
ference on Communications. Glasgow, England, 2007 1336-
1341

[3] Vagelis H, Oscar V, Michail V, Philip S Y. Continuous
keyword search on multiple text streams//Proceedings of the
15th ACM International Conference on Information and
Knowledge Management. Arlington, Virginia, USA, 2006 .
802-803

[4] Yang Weidong, Shi Baile. Schema-aware keyword search
over XML streams//Proceedings of the 7th IEEE Interna-

(6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

tional Conference on Computer and Information Technology.
Fukushima, Japan, 2007. 29-34

Xu Yan, Li Jin-Tao, Wang Bin, Sun Chun-Ming, Zhang
Shen. A study on feature selection algorithm in text categori-
zation technology. Journal of Computer Research and Devel-
opment, 2008, 45(4): 596-602(in Chinese)

(PR, v, T, INVEW], SRR, SUAR G RRAE e 9%
LIRS, HEHLPFTE S K, 2008, 45(4): 596-602)
Chang Hischeng, Hsu Chiunchieh. Using topic keyword
clusters for automatic document clustering//Proceedings of
the 3rd International Conference on Information Technology
and Applications. Sydney, Australia, 2005: 419-424

Akiko A. An information-theoretic perspective of tf-idf
measures. Information Processing and Management, 2004,
39(1) . 45-65

Ye C, Divakaran L.. A maximum entropy approach to feature
selection in knowledge-based authentication. Decision Sup-
port Systems, 2008, 46(1) . 388-398

Liu Tao, Liu Bing-Quan, Xu Zhi-Ming, Wang Xiao-Long.
Automatic domain-specific term extraction and its application
in text classification. Acta Electronica Sinica, 2007, 35(2):
328-332(in Chinese)

GAIBE . XUSRAC, FREW, £, SR E A Shlok KA
SCAGYZE g R W24, 2007, 35(2) ¢ 328-332)
Witten I H, Paynter G W, Frank E, Gutwin C, Nevill-Man-
ning C G. KEA: Practical automatic key-phrase extraction//
Proceedings of the 4th ACM Conference on Digital Libraries.
Berkeley, CA, USA, 1999 254-255

Turney P D. Learning to extract key phrases from text. Na-
tional Research Council, Canada: NRC Technical Report
ERB-1057, 1999

Li Sujian, Wang Houfeng, Yu Shiwen, Xin Chengsheng.
Research on maximum entropy model for keyword indexing.
Chinese Journal of Computers, 2004, 27(9); 1192-1197 (in
Chinese)

(ERE, TV, AT, R, SR A IbRs] iR
TR P TE. T HLAE AR, 2004, 27(9): 1192-1197)
Yang Wenfeng. Chinese keyword extraction based on max-
duplicated strings of the documents//Proceedings of the 25th
Annual International ACM SIGIR Conference on Research
and Development in Information Retrieval. Tampere, Fin-
land, 2002. 439-440

Wu Xiaoyuan, Alvaro Bolivar. Keyword extraction for con-
textual advertisement//Proceedings of the 17th International
Conference on World Wide Web. Beijing, China, 2008.
1195-1196

Liu Yuan-Chao, Wang Xiao-Long, Liu Bing-Quan, Zhong
Bin-Bin. The clustering analysis technology for information
retrieval. Journal of Electronics and Information Technolo-
gy, 2006, 28(4): 606-609(in Chinese)

R . £y . XUTEAL. B, (5 B R PRI
AR, BF 55 E%M. 2006, 28(4): 606-609)



1254 i " . 2 i 2010 4F

[16] Liu Qun, Li Su-Jian. Word similarity computing based on Chinese)

Hownet, Computational Linguistics and Chinese Language (BRIEA s EBE . —Fh 3 T8 & A DUE TR SCR LB, 3
Processing, 2002, 17(2): 59-76(in Chinese) HAHLATIE 5 & R, 2001, 38(2) . 207-212)

CRUBE, 2. ST M35 SO EE 5. Tt [26] Levitin Anany V. Introduction to the Design and Analysis of
BB AT, 2002, 17(2): 59-76) Algorithms. 2nd Edition. Massachusetts, USA. Addison

[17] Victoria J H, Jim A. Hierarchical word clustering-automatic Wesley, 2002
thesaurus generation. Neurocomputing, 2002, 48(1-4). [27] LiSu-Jian. Research of relevancy between sentences based on
819-846 semantic computation. Computer Engineering and Applica-

[18] Sven M, Jorg L, Hermann N. Algorithms for bigram and tions, 2002, 38(7): 75-76(in Chinese)
trigram word clustering., Speech Communication, 1998, 24 (FERE ETIE G MEAHECEDR. EILTRYS
(1): 19-37 R . 2002, 38(7): 75-76)

[19] Bekkerman R, El-Yaniv R, Tishby N, Winter Y. Distribu- [28] Xu Yong-Dong, Xu Zhi-Ming, Wang Xiao-Long, Liu Yua-
tional word clusters vs words for text categorization. Journal Chao, Liu Tao. Using multiple features and statistical model
of Machine Learning Research, 2003, 3(7-8): 1183-1208 to calculate text units similarity//Proceedings of the 2005 In-

[20] Anette H. Combining machine learning and natural language ternational Conference on Machine Learning and Cybernetics.
processing for automatic keyword extraction [Ph. D. disser- Guangzhou, China, 2005 18-21
tation]. Department of Computer and Systems Sciences, [29] Liu Yuan-Chao, Wang Xiao-Long, Xu Zhi-Ming, Liu Bing-
Stockholm University, Stockholm, Sweden, 2004 Quan. Mining construction rules of Chinese key phrase based

[21] Anette H, Beata B M. A study on automatically extracted on rough set theory. Acta Electronica Sinica, 2007, 35(2):
keywords in text categorization//Proceedings of the 21st In- 371-374(in Chinese)
ternational Conference on Computational Linguistics and 44th TR, EWde, RE, XIS ST Y 30k
Annual Meeting of the Association for Computational Lin- TR S R B U $5 4. PR, 2007, 35(2): 371-374)
guistics. Sydney. Australia, 2006 537-544 [30] Sun Mao-Song. Zuo Zheng-Ping, Tsou B K. Part-of-speech

[22] Gonenc E, Ilyas C. Using lexical chains for keyword extrac- identification for unknown Chinese words based on k-nearest
tion. Information Processing and Management, 2007, 43 neighbors strategy. Chinese Journal of Computers, 2000, 23
(6): 1705-1714 (2): 166-170(in Chinese)

[23] Gan Kok Wee, Wong Ping Wai. Annotating information MRS s 216, 4R . 2T R-3E LA DUE ) 28 B 8h )
structures in Chinese texts using Hownet//Proceedings of E. AN, 2000, 23(2): 166-170)
the 2nd Workshop on Chinese Language Processing: Held in [31] Qu Jun, Jiang Qing-Shan, Weng Fang-Fei, Hong Zhi-Ling.
Conjunction with the 38th Annual Meeting of the Association A new hierarchical clustering based on overlap similarity
for Computational Linguistics. HK, 2000 85-92 measure//Proceedings of the 8th ACIS International Confer-

[24] Lu Zhi-Mao, Liu Ting, Li Sheng. The research progress ence on Software Engineering, Artificial Intelligence, Net-
of statistical word sense disambiguation. Acta Electronica working, and Parallel/Distributed Computing, Qingdao,
Sinica, 2006, 34(2): 333-343(in Chinese) China, 2007 905-910
ARG, XNHE, 24, Gl O U R g, 72 [32] Wang Ling, Bo Lie-Feng, Jiao Li-Cheng. Density-sensitive
. 2006, 34(2);: 333-343) semi-supervised spectral clustering. Journal of Software,

[25] Chen Qing-Cai, Wang Xiao-Long. A word vector based 2007, 18(10): 2412-2422(in Chinese)
quantization model of Chinese word sense. Journal of Com- (B, W0, Eam. a0 B R, ik
puter Research and Development, 2001, 38(2): 207-212(in . 2007, 18(10); 2412-2422)

LIU Ming, born in 1981, Ph. D. WANG Xiao-Long, born in 1955, professor, Ph. D. su-
candidate. His research interests include pervisor. His research interests include natural language

clustering analysis and text digging.

processing and text digging.

LIU Yuan-Chao, born in 1971, associate professor. His

research interests include clustering analysis and artificial in-

telligence.



7 4 X

B A < T DI A Y G B S I RO TR BT S 1255

Background

With advance of network technique, people need to con-
tact much more information every day. How to acquire useful
information from a mass of data is a valuable research work.
Keyword is a simple information description instrument. In
order to know topics of documents, users only need to read
smaller keywords or key-phrases. However, recent keyword
extraction methods are often based on statistics. Many words
extracted by these methods can’t reflect topics of documents.
It also exists problems of information redundancy among key-
words and difficult to confirm extraction number of key-
words.

The research in this paper is supported by three founda-
tions. They are National Natural Science Foundation of
China (60435020) and National High Technology Research
Program ( 863 Program) of China
(2006 AA01Z7197, 2007AA01Z172).

and Development

The first project and the second project are both to re-
search how to improve traditional retrieval systems. The first
project uses NLP techniques to improve retrieval efficiency.
The second project develops retrieval system for special do-

main such as finance. In these projects, keyword extraction

method is used to construct index to improve retrieval preci-
sion and recall.

The third project develops techniques for large-scale
documents clustering. The features which reflect topic of
documents obviously can measure similarities among docu-
ments well. So keyword extraction method is used to select
features to construct feature vector to improve clustering pre-
cision. Besides, when scale of documents augments, dimen-
sion number of feature vector also increases rapidly. The
huge feature vector increases clustering time greatly. Key-
word extraction method is used to remove features which are
irrelative to topic of documents. In this project, keyword ex-
traction is also used to form cluster label to make users easily
know what the cluster reflects.

Keyword extraction based on lexical chain, which is pro-
posed in this paper, first constructs lexical chains to reflect
topic of documents. After that, it selects keywords or key-
phrases by lexical chains. This extraction method not only
can accelerate reading speed of users but also can apply in
many fields as pretreatment approach, such as information

retrieval and document clustering.



