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Abstract

We take the four following steps to extract collocations made of combinations of 2, 3, 4
words and/or part of speech, respectively. First, we use “Smadja’s Xtract” to extract the
co-occurrence combinations of words and/or part of speech of varying distance by
computing means and variances. Second, we evaluate the significances of collocation
candidates by 2 metrics: mutual information and t-test value. At last, we compare the head
words of tagged word sense corpus made by Academic Sinica with the collocation candidates.
If in the same distance, the head words of collocation candidates match the ones made by
Academic Sinica, we say they are collocations. In addition, we apply the collocation
information produced from this research to word sense disambiguation. It reaches application
rate of 20.07% and precision rate of 90.83%.
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Keywords: Chinese collocation, mutual information, natural language processing, statistical
method, t-test, word sense disambiguation.

o

DGOl by POt | - A0 9 il
oSR5SR 1 P

191



|k gl 1*“ FRHFAVRE ﬁ-ﬂdﬁf F'J’Tﬁ'uﬁl@ M‘?J ~[Filp i -
ht e rﬂiﬁf{e»’mqﬁﬁf%T?cﬁ“ &% Smadia 1 {gﬂﬂflﬂ ' *P‘Wﬁﬁﬁf
1~ 42 rfﬂil HiF AR ’i"l ;2 iﬁflﬂﬂ@[fﬁ&ﬁlf& 3 jﬂf[ﬂi [?[L[ SR 4 }ﬁfl
i B BRI rfwﬁr'ﬂﬁw*uw A (159829 B
DI,EEHEE ﬁ;bf ,Eaj r*éeﬁ" el 1RV P A GhlE y“'\;ﬁ;
m d“l g AT*FEWF W Pﬂﬂ J’FE‘F‘E AT IR AL H J/F” [“[%’[PIZ[“ FII 5
f Hj:hﬁ&tﬁﬁ;pjﬂid/ s 741?71 N R Fey el 51 @L['F' Jﬁ&%\'ﬁﬂ‘/ ARG
E"Zﬁuzﬁ—[ﬁ'rﬁm%' R AL U A *ﬂfaﬂ : E*g*ﬁ%?l@ RRIREIRRT ] o GRIAED -

FAIGR ﬁﬁ]’rfJ @ A S I (B ngﬁlﬁjféf F#H] Smadja’s Xtract
1] B S I—pﬂ er%\ﬂv@fx'gl\f “Bii @[%}aﬁrﬂ’wz;“& LS = EH, [l TR

it E' Ffrilp YHEEE (collocation) f[,ﬂpfjp Iﬁf\\_?,ﬁx [4*/ [EEslENiat= F' ?[E.[ﬂ:ﬁ:

ﬂ;{ ﬁ‘/ﬁj ENES " [E{ H A e G B R BRI APl (Mutual Information)
AT R - ﬂﬁ[ w@ﬁﬁﬁﬂ R EALRIREOIE LD
Iz mﬁaﬁ§;pjﬁmgn 21 » 25 FHEVEE ISt

FE AR AT ﬂ*[?—'kl SSTC
(Sinica Sense-Tagged Corpus) [3] » il f ”fﬂ“‘jﬁ ak=ib “‘Jﬁf Y SRR FURRF
Gy I*]rg[ar'; —Q‘HE VETEFA I B FE EIERIIE 9]Fﬁiﬁy[%f‘ﬂﬁwt b F -

icp%? = WA pﬁj:kisﬁ }:qu SHIFH R DU '/F”,Fﬁ ﬁl&;cy[mﬁj@yw%
E—I EW‘Q‘LFEF'JHA ‘ja&E IFI}J@"] EEEl o
F R > B lﬂ%i’,f'ﬂﬁﬁ/ﬁrﬂ/ﬁ%ﬂ/ %ﬁ%ﬁ 5= AR P

111V BV i - ﬁwavaﬁ%ﬁ%?%*@ ﬁa,i¢¢w%5°

R

g Ffﬂﬂiﬁrwﬁf'ﬂﬁ”ﬁ‘wﬂ’ #hil1 > Smadja’s Xtract [1] $R5 |2 gk @R Hrao,
O S S U B W

jvi[ﬂr[_ajﬁ JqT di'4)3% o Breidt [4 /E{zj’ﬁl'f g‘&%—k@jb T;&%—\L_ []EIH S FIJ ve F[[FFT’V
B £ AT 1 Jﬁm’w ‘Lu[S] 5+ Xtractwﬁ'i%f I Smadja’s

Xtract IV RS SR T ‘ﬂmu@*@ﬁ%‘fpﬂiﬁﬂffﬁ 'F R~ e R u?’,f’ﬂ
F'Jrl RS RCT }lﬁj’iéf‘ e e L[*E"Ii%jﬁ&?u.%ﬂ J’FE‘FTJT?I@ I lﬂjﬁ? [

b i B G T wwﬁawﬁﬁwaﬁﬁar@r_kwﬁ%@ww
%$d?w¢ﬁﬁ$w4WWﬁﬂyo_F&rﬂaﬂ“%ﬁﬂ%W¥ﬁ%Wﬁl—

FIFT e AT FIESe e o 8 | 2RI Pas L e Jf{f?ﬁ]%?%ﬁflﬁ'ﬁg
T E T E,I;HE iV e ﬂi}\_ﬁtﬁwﬁpﬁﬂi = fOlhL A T Y s
r%ﬂl&ﬁ}[h@;»ﬁ [ Y ilt fﬁ‘ﬂfii%ﬁ?*‘” = b 3?”1“%“@1{@@
FEPAEL > AR RS I b SRl e Li[8] feliag [ - 2 puddfa! IEI [ e
?EJI,L':E% & 'glﬁ/\ﬁfl—ﬁjﬁ J[@aﬁyﬂﬂ;ypé ﬂfﬂ ﬁ[ﬂf > T I'%Z;;ﬁf;ﬂﬁf " F J
?E’FWVTH?*,F'ﬂEﬂJ" Eh PR YA TR P D o B %tﬁ‘fjvi‘?[f'ﬂﬁiﬁ'wm
I =2 F;I[EIF' F[J_%?}Fﬁlj}t FHJ\Z‘:F# 21— }q’j’—[ E'f‘,ﬂffjti,_'? Eﬁf [ﬁ:FIJ 7{“[?[ E%}(r » Chen [9]
Wkﬂ B RS I B 1 Google i [E F?V}‘rﬁfiﬁ] Teng [ 105 =M AR ﬁ,[,ﬁ[*és
;[&gu«];ﬂjf [ﬂ:ﬂlﬁf[fj V] pJF%Jj:' 5T FIP m—wlw [ [11, 12, 13] T‘ij:%gum[gu
#%%Vﬂhﬁﬁnﬁﬁ v ij%H\ EJ?*,F‘HFEFF Ep T‘quynfﬁﬁf'ﬂ

IR PO R T R A O TR SR

192



e JI/)J? ES i SR e ot el #E%ﬁlﬁi@@lug LRI H RV A A B
Smadja’s Xtract H Jﬁ—lgﬁiﬂlﬁi*, ;}éﬂ@ . T;FH%JL@ l/ﬂjaﬂﬁﬁﬁpﬁﬂi » I° bigﬂﬁgf RN
ARG T TRI i SSTC [3] (OBl - PV SRR ~ = e ~ DUy e -

= IRV

ifﬁﬁ}ﬁ?ﬁ i I/E[I}J%Eqvﬁr[?ﬁ%%%ﬂdiquﬁ'# s A’Ij‘%"’*\E'J Smadja’s Xtract EIW?]’
ENE [1, 5] HEVH S F TR g 1 S e [FJL[IEIEJI.%Eﬁpgj B B
PR T Ao SRR i e E’Eﬁf‘:]'iqﬁl*l MEARRE TR 4 T
B ?ﬁflﬂn\?%\‘ﬁu#ﬂ FERE e iR BN e [%‘a SSTC i FPRIfh - ) [
SUE P p”?;J&t £ }ﬁflﬂ

f&* Smadja’s Xtract = 2 FFE~ I B 5 S HFERR AT L B IR TER

I4

BB ML A

Bal

'X
i
T3 T e T (e e M F A

v

AT (R Ip P R B P R arE- )
- R i

(= ) v S g BhEEst =V H SRR Ay

AR R B o v%’\réﬂﬁ i TR RIS B d R
Fhe T | RGN kd BB PO RBERTE (Bw, (1<i<n, n GLATE) RO G %JLW

o Y 0T R (B2 URGHPVERED) (NS SR 0 A w T EUSE td B

d d
PR R = ¢ SRV L = 12d 5 S
—d —-d

BT TS = %Zf UGS 4T, o = —Z(f I3 RS VR td B
i=1

[ R R PO R AR (i R &, =% il SRR td BTN RE
e (f,-,,-—7) e - .
Vgt AR U, = Z 2‘d » A ﬂJ SR T r'JF' J’ﬁ o £ IH?Fj 4\FI CED }ﬁfl

SRS f (K, Ky Ug) PSRRI » 17 1= (T (1) (=B3iipo g

193



C ik =2 sk, 1)
O

C,:u; 22U, 2)

Cy:fiy 2 fi+ (K, \Ju) 3)

GEEF A WIRFF 2RI - C (RFFRLEERI AR | RE td BSTH]
PR zﬁﬁ%ﬁf,\ﬁ'*@ﬂﬁﬁ@%°EJ’§‘J DGR H“JE'\_@‘TE”I e R +0’ ESEHT
ﬁf[ﬁ”‘bfﬁ'fﬁ?ﬁ UliEaRd F,Jmﬂﬁ‘iflﬁr*fpm A 73 ﬁr”*%ﬁ o P SR
BN IR R O A STE R IR PO RS o C PRI FIREVE R mﬂ o U
7 td SR L"Dﬁligﬁﬁit LAY O fef e 0 ﬁlﬁ/\fﬁf[aﬁl“’ e~ T L
FUEN > Bl )52 Smadja’ s Xtract [ Iﬂﬁuaﬁ”l%ﬁﬁﬁ"f‘% > FRLEERl (W AR
ARIRLARER I TR - =5 PIHDR e aeﬁf’ﬂﬂﬁé o EH T BT -

(7)) AT

53 25 (PHRS 1y T FRERARS FOAE ™ YN0 (141> 807 5 Pyl » -
(WAL PR b TG ERAORYE < A SRRUoRt BT st =

M“”ﬂ%ﬁ§%ﬁ )

T IR SIS ST A 2 S
M RN (R HE 'ﬁf’['%ffl:f/ FIEF -
(=) T A

9 TR » SR B TR [14) SRR
i ORI L HRB R ARG - 1St R R R S R

Lo TR - Tﬁi@w*$W*MP“<$ e e R
F%“HE C VAP E R (Bernoulli trial) FYEYET o HIIT SBru=p R
s> =p(I-p)=p °
_x-H
T (5)
N

T AR RIS P ﬁiu—@§ [l B R R
iﬁ@wﬁrwﬁi“*ﬁ%mww% T AL ] R FIES P2 e & 5
B B SR T SR ST -

194



P iﬁﬁﬁﬁ'?ﬁ]

EUEA%FHHJE YET- GBS (2] 0 3 AR E“H&F}'“’B% SSTC FHFAR T Gkl
[3] pverpl - }H*'rﬁﬁ“ﬁéﬁiﬁﬁé?aﬂ??ﬁﬂ I A T gl o AT '*Lﬂﬁﬂﬁ*ﬁ[ ’
bR R = A5 rﬂﬂ‘i«%ﬂ’glfl[ij [ BB[l- [ﬁﬂs‘s«’?lﬁ[’%‘aﬁJ? HH O IME e

—~ PR pqu 7 F Y 2450% > SSTC & —‘1;«;%[# TR R L #@fﬂ?‘ B
ik 5 0 S 1 5 R -

D Yo\ ’E{j’%‘

o+ AT P OGRS - R SRR - st
. i s
R E s F [ﬁ[

(=) % Eézf,ﬂ

PRI ] (P H?Eﬁ*@qﬁﬁ?ﬁ¥$M30#5» ﬂéﬂg9zm
WL umwaw%wwy;@mﬁ 2 54 300 £ » FRT 853 7%
O IR S - SR @ﬂ*~;ﬁ<ﬁwwﬂ i -
G IR (RIS P15 Ty B S V) b iﬁﬁ#www%%I
F' v I-k%“ Iﬂrur[* ?[

(=) HkegEat

7+ WERINEG - PSR R R SR A IR A RV S - S
U ~ PR AT - B Pﬂw$@%ﬂ’d£ﬁwi@éﬁﬂﬂ%wf%wﬁ
@“*%H*%ﬁ*Wﬁ[ ﬁ%%:ﬁﬂﬁﬁﬂ ﬁ#%“ﬂ??@ﬁ%ﬁ%?”@ﬁ’ﬁﬁﬁ9
[WIERE=Y 2l I%EH » fE &ﬁﬁﬂ“ TR RRACD 395945 5.56 i - PIFZS FPRESTH d
?H*” RV ﬁﬂbW£ﬂUH?“@“EMM¢#P@ﬁ(54)wUS)%
ﬁ[uwﬁ ALY LI (bigram) = ] (trigram) o EBER) T ROVRIEEAL
Tk

F’[ A_FRH] Smadja’s Xtract [1] Elfjiﬁjﬁiiﬁ T f'%ffﬁiﬁ}i%jﬁéﬁﬁﬂjﬁfiﬁﬂ%ﬂ'@ (Ky,K,,Uy)
ARG (1,1,10) » iy Lu[S] CXtract Pkl » (Ko, K, Up) 15 (1:2,12,12) » [fIfL
B M rﬁf SSTCu ﬂ*lf"’iﬁ[g’ﬁ ’ E £ E‘V(KO,KDU())F%{E (1.2, 1.2, 12) Ejj ﬁz}ﬁ'ﬂ’%ﬁﬁl—

— B E Jﬁfiﬁjpﬂr SRR MR = eoEa s el il SmadjathractW‘LﬁJFlH‘Eﬂ'[
(1, 1, 10) ° EWJ‘/‘[ I*'] Smadja’s Xtract [1] %Eﬁ’jazﬂﬂi R o [ AU ﬁglvﬁy[‘ﬁ,
PO wopord) < - 8 SR B kG G i
ZrerRMi s R (T et “Fﬁﬂiﬁ{ AP oA ) o Z5 PR R AT
FM R R el Gl T R el 9 [t SO e 2 o B ] = B e E e
”“ﬂﬁﬂwﬂ%[ﬂ%ﬁﬁ*ﬁiﬁJWBﬂVfwﬁPﬂﬁﬁ SRR A
LTI ] Smadja’ s Xtract [1] FYIETF C, wﬁq%ﬂf%ﬂ’ﬂ?l R R A R
BN ’FM'TUTE” E*QJ‘I;@F“,FH‘“j SAERT N = TR %f’ﬁ”ﬁﬁrﬂ”f"& E"'/?{l@’!ﬁﬁw
o iﬁ'ﬁ? FIIRT T e e ff A e l'@ﬁf‘ﬂ&?ﬁ* Bl L, L“Ti[i—i\@? | EEEE
J‘?ﬁ&%“ ba =0.005 ng'[ T fifi <2.576 > 75 M2 e o) FSEE- H _Tfﬂf'ﬂ » Bl

?EL?FI%;?}PF 'F'} - BRI E S FI}JII J (—ﬂ[ﬂf Na) §f=vanlde gy el 4 Sl

195



ﬁf‘t (7] A5 Smadja’s Xtract [1] V{5 (Rl o3&~ WFRETE D €5l T flipvssid -

Foo AR R AT O T (R

PR | e || Kifp | Ui i‘rfrd” oy | CEREL | RRRDR | MU T
oy RV [NV R
ENa | “BE -1 1.96 2732.36 175 2945 246 725 13.22
I Na | fyH | -1 1.55 1189.04 117 2945 601 5.95 10.79
R Na | 0 | -2 1.33 189.84 42 2945 305 5.61 6.46
Rl Na | 92F) | -] 1.60 764.20 95 2945 9775 2.95 9.24
R Na | 0 -1 21.79 | 57239.05 817 2945 296183 | 1.69 23.33
*%%l? Na| A -1 1.80 438.56 76 2945 31426 | 1.56 6.89
*F Na| T 1 1.47 652.69 88 2945 46697 | 1.31 6.86
*F%f% " Na| Ny -1 5.16 2372.21 178 2945 95563 1.30 9.71
*Fﬁ%l? Na| 4 1 1.11 117.61 34 2945 29759 | 0.81 3.24
*flf7 Na | Nep -1 2.68 395.65 61 2945 67325 | 0.58 3.44
*{F Na | Na -1 38.68 | 52626.69 858 2945 1025464 | 0.50 11.55
LG -4 121 66.64 27 2945 41143 | 0.26 1.18
*lf7 Na| VK -5 1.13 85.49 31 2945 57286 | 0.07 0.35

(* Y% MI iy T fift {(Fh PR

%2 }}&r'ﬂ 25 P SSTC asdst = SRIIVENR « BBV 4/5 533" SecvR] - 15
LR > R RS r@%',m GHILE No) SEVIATIGHLY S - = gt -
ﬁ:ﬂ VHIDRER ] - “‘F”f' R TR G T SSTC S RN B
VB i) 3 37 2 FUEGH RIS BT 35 P e _j B
[ﬂ 5 a\ﬁﬁaﬂfll » BT g E‘WEI ISP ii *IJJLJEUiF"E %Fﬂ e e “J}HJE' T
PR § TFHATER 4 9 Na DE RHIER S 7SRRI F st G ¢ zlﬁﬂﬂ-(m
R s P T R -

(=) drigndiv

FArkEl ) FURE TRE Na T VH 2T VC TR VE TR VE | B [AEESSTC
?iﬁ{%ﬁ[ﬂ LEEREA Ry SR R T */ﬂlfﬁnéﬁﬁdf FETEIGR R A A R 0

196



4

[ .

* 1 SSTC FH|F AR - ;F[?H Eall i rﬁﬁf[ﬁ]

L e i LIRS ] ?z;,;
EJ%I’%T’:Na MR -1 L - Lﬂ' T ri‘”*ﬁf 3 v
E*EEEF]IEJFTF&“"’

Rkl N ?
firald 2| LFDE e - 3 FUFTF”I% 1
VC_*[E 2| LI e Lﬂlk I fH +T+g7 1
ﬁ%ﬁf}lﬁ@%ﬁ;
R 2| L f o IV HIPYREERTE - | 6 v
[X_Na 2| LFi 6 o SR PR - 2 M
LA -3 Fip] Frl - AviF VM F'JFTFA""’ e 1 v
%~ _DE 2| LFR 6a - AR Jﬂiﬁrﬁi“‘” 1 v
Caa Na DE | -3 Fip] £ - iV JEJRF.F“ 2 %
Dfa_* fiY 3| L¥E 6 - iJ*l'fFJ/FJﬂJFTﬁ’“ 3 Vv
LAy 30 | LFEE e o JiF Eiﬁfﬁf‘"’ 1 v
% NaDE | -3 |Lyigede At Vi ri“*ﬁf 1
ﬁéﬁgfllpaﬁgﬁ' E3
F[ﬂ[[ﬁ it EJFTJH?;%PE 2
* TRLAE SR T A v RGNS IR N A S}ﬂf‘%'
H % FEAAZ Y [P e Rt U 2 Tiﬁf’ﬂ
fE 7 PRAPIRIRIGAAE T TR L A m?i SR
HZ - [MESSTC FAMT FHR RIFYF AREYR] - REVIATHEY #3553t
%ﬁ%ﬂ 1 el | |
R Na | ~[FF ﬁr;JICT VC *[F BiF - %) DE ﬁﬁm + CaaNa DE Jfi7
;f{+VH El 7;1\, ffj D f# - CbbNaDfa §-D ¥ % ysx % DE 1% - fit" DED §+
T VC |1 F T %ﬁl %1 DiNb DE -~ Nh T~ %) DiNhNeu ~ ¥ 3 NaNcd
=5 VE |28 Nh 5% - 55 DESHINa-~ %f % D & r r@ L VH - D Pl Nh
# VE | & I?IH PLNh 7 F-@iDiNeu i/~ [ X Di @ NhFIF Nh
() gjI'ﬁl
Yt“é"l PE-SSTC Gt GGVl 1S (RERIRREYR] - 2 2 RN R 5 T

e

2 FN6) -

197




JTEeFl T = )l@ FELJSTEJ’T x100% A ﬂ 100% 6
S el E}*«IH[E[} El@ﬁpﬁ‘@ L f B & _FRuETY ©

25 MR e R R ﬁflnjp RPN BR I R A S ;H b5 2] 4 f",f‘ﬂ
ﬁl‘iﬁﬁ%bﬁﬁﬂﬂﬂffﬁﬂ FERIZERERI 1 BRI P > T 543 [E]ES pJHI’r‘ﬁ
109 [ f‘“ P EF[1E ) 99 [latg = AN 1T L—Feifﬁﬁ s PRIFSEETE )] 20.07%pY R [ 5K 90.83%
fioT ek -

KPR A T R

ek | TR pUB | A5 il | R T Ik
b VH 119 19 19 15.97% 100.00%
d VC 121 17 11 14.05% 64.71%
# VE 206 34 33 16.50% 97.06%
i VE 75 32 31 42.67% 96.88%
f# 7 | Na 22 7 5 31.82% 71.43%
’ 543 109 99 20.07% 90.83%

Ykmt}EEqV%]i’E?%J‘[‘i*E'F /ifﬂf‘ﬂ HESURETEG TN [/Tﬁf[ﬂ FI¥'] Smadja’s
Xtract iU S5y i '°3£'EIVFIJ”‘Jii]?FTgV’@JE[ R GEl N ”'fﬁ'ﬂiﬂil R EFEHET

A I*‘ﬁfdﬁf@‘p@ A SERE - FIE T At iidmbe e A HTERIVREER 1T 251
RS [@n D ¥ g %E‘ﬂjyimﬂﬂ#%p”'%\ijﬂflﬁ 19[53{2 RSP
PAFEE - 2 ’fng e [H?I VPSRRI o T AR "fﬁaﬂﬂ” VIS S o |
(e e Rl | T P I | B (i E | RS P A ﬁf':] [Filfae Iﬂf"ﬁ““ HﬂJ?F%iﬁu—tﬁq:g
TV S DS Y ARG © "‘MFEJHFFWL“F' ATV A - 2
20.07%pEH |5 90. 83%E JL—FE}

&

Y

2

[1] F. Smadja, “Retrieving Collocation From Text: Xtract,” Computational Linguistics, Vol.
19, No. 1, pp. 143-177, 1993.

[2] D. Yarowsky, “One Sense Per Collocation,” In Proceedings of the ARPA Human
Language Technology Workshop, 1993, pp. 266-271.

[3] frik iz ~ & B B AR REG T 2R e L
2k ﬁﬁ’?,@lm InROCLING 2007.

[4] E. Breidt, “Extraction of V-N-Collocations from Text Corpora: A feasibility Study for
German,” In Proceedings of the First Workshop on Very Large Corpora, 1993, pp.

198



74-83.
[5] Q. Lu, Y. Li and R. F. Xu, “Improving Xtract for Chinese Collocation Extraction,” In

IEEE 2003 International Conference on Natural Language Processing and Knowledge
Engineering, 2003, pp. 333-338.

(6] @ 2% ~Flhe~ 28 34 T w @G 2airafRfd>2Ey R
YA B ihEaFmTihyE $- %2003

[7] 288~ Pdbdd s 48 L~ B T o B BT dnr RS 2 o @
2R ALEE F L4 X % - #2005 % 30-37 F o

[8] W. Li, Q. Lu and W. Li, “Integrating Collocation Features in Chinese Word Sense
Disambiguation,” In Proceedings of the Fourth SIGHAN Workshop on Chinese
Language Processing, 2005, pp. 87-94.

[9] H.-H. Chen, Y.-C. Yu, and C.-L. Li, “Collocation Extraction Using Web Statistics,” In
Proceedings of 4th International Conference on Language, Resources and Evaluation,
2004, pp. 1851-1854.

[10] C.-Y. Teng and H.-H. Chen, "Analyzing Temporal Collocations in Weblogs." In
Proceedings of International Conference on Weblogs and Social Media, 2007, pp.
303-304.

[I1] C.-C. Wu and J. S. Chang, “Bilingual collocation extraction based on syntactic and
statistical analyses,” Computational Linguistics and Chinese Language Processing, Vol.
9, No. 1, 2004, pp. 1-20.

[12] J.-Y. Jian, Y.-C. Chang and J. S. Chang, “TANGO: bilingual collocational
concordancer,” In Proceedings of the ACL 2004 on Interactive poster and
demonstration sessions, 2004, pp.166-169.

[13] J.-Y. Jian, Y.-C. Chang and J. S. Chang, “Collocational Translation Memory Extraction
Based on Statistical and Linguistic Information,” In ROCLING 2004.

[14]C.D. Manning and H. Schiitze, Foundations of Statistical Natural Language Processing.
The MIT Press, 1999.

199



[AECSSTC Fizefi = EFVHEE‘E VTR

Fifek
) EE?V}?%EEI%J;V ﬁ@gﬁg\l

F AR F AR }}%EE'?EJ FRH
FF Uk
%%Jl’%T’:Na Fp] € e M IE F‘T%JIT E5iA
%l PR
T ﬁ?ﬁ’ﬂ?ﬁ} VC " IF R = i
plv v FTJ b PNhV_2Xj$J|';¥~PNh o< RHETE P
I - = NcDE BH[F ~ = Nc Y RHiT
PR BF g | Y X F%%I’T ’ S5
VIR | VI (e fhe Tl - V_2 Dfa x x FT““' V_2 Nep FT““' . = S
EUER V2 FHEREET - V2 ELOOCRHET 2 32 FTAI, .
“~ DE RH{# ~  pu RHEE ) 'Dfax x BT
] Nep TJII‘E IJFH»FTAII‘? E‘LXXF%JII‘
L F%%l,l #*J DE FTJ[ I FTJIK
Caa Na DE Efgr CaaNa [y Fj? 7~ Dfa DEE%’%" PR
Dfa * fiy rTg” Ng VH DE ¥ l,f' Ng VH Y ﬁrg’
V2DfaVHXIJ'f V_2 Dfa xF*lel
V2 ﬁLVer? V_2 A xR
*I/F VH DE B *f/r | VH F”F £
| Dfa VH x | ff | Dfa * x F‘EIF’
EJ =L VH x ﬁjﬁ] 'WE s x FTJ[, .
#1 NaDE Bf7 ~ #I Na i8] FTJ"' "l VHDE ff
L VH piv [ - S DE Eﬁh ~ LA By R
?[ﬂﬁ%‘ﬂq% [N Na Ffﬁl? ’ = A
I 3% % EL "Cbb Na DE 17 ~ CobNa i [ DU
[ﬂo
£ VC | Eal e - | F DE (L VH -~ % ffs "L VH D13 ]
] BLPF %% | 1 DiNd - Ned - “VA - £ -% " Nb- = 3
oo {[JNdHD{, % % Nb-~ % F# Nc»
T # Nep~ % # Nh~ % f 7
%) DiNaNcd ~ NhVA - %~ % # NaNcd PR
BT | TP T S
B DD VC AT < fF DA VO = i

j:PXX—iE-’I‘iJ:IJiXXZEFI

e
TN
o

DENa 4 % - % DiNbDE - {] DiNb iU ~ D435

%) DiNhDE ~ ¥ DiNh [i% - 1?[ Nh % -

fY Na 3 %
[Jﬁ ;\L_FJL\'?@ Zg'([ Di Nh Neu DLIJE:_I?EJ
Eﬁﬁg‘@'& Nh % #~ %] NeD % ~ %] Ne & % = S
yﬁ 3 %K?’; Di Neqa Eﬂl%

200




¥ VH

) B

S 85 10 T
i

[N

BT

DE T\ 1+ ~ 4% DE HyE - DE AL 4 -
D~ ¥ D I ¥ D R
Dfa 1 #+ ~Na ¥ 4+ Na §&
Nep 7 ## -~ NfDfa §+ ~ Nf &L 4+ « SHI # §+ »

VC # x §# -~ VIDfa §+~V_2 RI f{l\j\ Dfa #+ -
Tﬂ\tzLHEEDﬁl‘Hﬁf“Ttl‘ i D 4
"‘*"I?j T ¥ ¥ Dfa ¥ - F] % | R

/a8 F[SJ *tﬂik‘lg]fj =L ﬁl\E[fjﬁ;‘H f\_ﬁ))‘H\

[ Dfa §5 ~ i =L 4% i DE x 45« fir 1 x 45 -
WD T B LG D g T B
f1 Dfa ¥ - f1 Pt I

DE # 1+ -
DfaD 1+ ~
* Nep Dfa #+ ~

CbbNaDfa %+ DENa | #+ + % DENv =0 -

DD ~ #+#-DD & §# -~ DDfaD #+ - DDfa T s

DSHI {& {#~DVC # x §# - DVJDfa {#

DV 2 fi ##-D } Dfa f# D  *~ f£-D ¥| Dfa I ~

D?J % #~D “EJ FI 1D B D ## D L J -

D kL f& - D fit" DEx D fit i x 1+~

Na DE Dfa §+~NaDE {& %+ NaDfaD #+-NaDfa T f+-

Na SHI Dfa 4+ ~ Na SHI /& % ~ Na SHI # 1+ ~

NaVC # x §+#-Na T SHI x lfll‘Na_T_ﬂ x ¥ -Na Elfl

Dfa 4+ -~ Na v f& #+ -~ Na fL Dfa + -

Na fL AL+~ Na £l & 4+ -~ Nf NaDfa + -

NhVC # x {#-Nh VK Dfa {++Nh #H Dfa {+-VCDE

D ¥+ VCDE 7 ## - VCDE i §¥ »

VC EIU L3~ VC D ¥~ VC H Dfa §+ ~

VC f# | #-VC f# &L VEDED #+ -

VINepD #+ ~ VINep 1 4+ V] Hﬁ D 1+ ~

V] Hlﬁf T I~ E[fj Na T o~ E[SJ Nv H= .

i NaDfa & ~ fi" DED % - fi" DE Dfa 1% ~

fi- DE L ~ fit 8 D # ~ it i Dfa #+

fit I‘Lfl+‘|::/ | Dfa % ~ % ) % 1

5! DE Dfa 4+ -~ NaD Dfa {+ ‘f\JaD oL
PNh 7 %+ PNh { %+ P

P Nh Dfa #+ - D -
P %% Dfa ¥ « £f NhD f+ - %} NhDfa ¥ « % Nh /<L &

B

Fe [fl Hopy

=

DENa §# x §¥ - DEVH } §~DE ¥ | %~
DVHD ## ~NhVHD ¥ - VAVHD ¥ ~

VA VH T ¥ ~ VA ¥ D~ VA ¥ 7\ =~
VEVHD ¥~ VEVH 7\ ¥~ VE ¥ D §# -~
VE & 7\ 1+~ F[fj Na # x

T

|
RS
-,
<«
C T
pe
3

P DE % B o T 5B xR

B

e
=

il
nm
Fn

| ‘}LL
=
=l 2

s
-

<r

=W

VE @ Dfa ¥

P

201




i%ni‘r’f T;'?DIF‘ = I
*THHFJ
= VE J[lf’lﬁiﬁ 7= DED-7 DENep- 7= DE 5L~ 55 DE ¥~ }lgf_l?-ﬂ
dl jfﬁﬁfﬁ ;%DEE—F,\ I&XXH% Diﬁ%‘%%‘DE%XE%‘NaE%
Al e X @7 xN F‘ Nh H%Nhfﬁﬂfﬁﬂn%‘NhE%Xn%‘
N P
%TT‘E@’ - ‘HID NREN WJP‘JJ I Px T
peb % n% 7 [ D~ fiv Dfa~ 3 [IU Nep
n%pj ;@Fu F‘ n% oL g“jtpxn%
FFMX% I\F NEEE- AN
& 5 Nh- %Nh
= DEDVH - DENepr = DE L VH -~ D“liﬁf_qu:-ﬂ
DD [l x & - DPNh DP % =% -DP &% =5
D il Na 3 - gLNh D L
D [ELZ & %DlNeu il ~ 7 Di — ff >
NaEéLNh;%‘NhDPX;% NhD L x 5~
NhNaD 5 - NhPNh 55 - NhP ™ 5 ~NhP ¥ 55 - Nh
VENh - NhVﬁPX;%\NhBTﬁEELXE%‘
Nh L Nh 5 - hﬁﬂfﬁx’%‘Nth B =
& - NfZFif&% " Neu {#~7F v — Nf-
N DPx #m-ID ELx FH - PNh &~
P E T |‘ELNhi IO 5
7 [V DfaVH -~ 5 p9 NepNf~5 (L VH »
i PNh 55 E“}f L Nh 7
Y345/ |Na - D& By
Elbud:id Pud
ARl e
i BoR ) | # DESHIS @ DE fL- @ 9 SHI~ @& fi9 kL =
FL[ 7 DESHINa- 7 DE L Na- 3 fJ SHINa - DH31
& Y kL Na
Fgll'%?l'&z’_“‘%\ Na ¢ & Ne % @ Nh % &5 ¢ F- = I
EOE ¥ Nhx &~ %5 7% x &
PNhD % PNh § H P D E- P ¢ = D3
¥ NhD 7~ % Nh ¢ 5~ %5 %5 D &~
AN
# VE 7 VLI I = S|

202




??quEﬁpDE%‘fXj‘ =
D [lox 3 Fl
=t~ SHI % lf =50
V_zﬁ:l,xaﬁﬁﬁj\ s

£

Fﬁﬁxﬁﬁ‘ééj‘x

S F i DE I ND
o . ,Dzﬁ\EiLNhﬁyL o e =

BLo LS RS NE SRR BN R

~

= A

DEPNh ¢ DEP[”J 57+ 5 DE VH Dib -
DEemTNh ‘DD Jﬁzfﬁ DD“ELXE’;E‘
DP ™ F~DVA F # -3 DVE T HF
DV2 *» @ @ D Na 7 D {1 35
D% * F- D XDiz- DL NaF-
D U Nh 3~ D Bl ™ 32~ D % Nh 5~
=it Di Neu F[J‘: Di - f[J‘NaD BLox G
NaPW?&Z Na f5l Nh 7 ~ Na ¥} Nh 3 -
Na $f % 5!+ NbVHDE 5 - NbVH [iu
Nh D ~Iﬁ;§;?ru NhD %f x 5+ NhP & 5+
Nh SHI VE 3!~ Nh SHI VK 3~ Nh SHI 1 3~
NhVA%‘/;rm *Nh 7 Nh 3~ Nh £ VE F -
Nh £L VK ;E?rﬁ Z~Nh X Di 3~
Nh?%% Nh%LNh%:‘Nh [ SREN A
Nh L2y 3 PNhD%E PNh%%\P[’%%%ﬁx
P ™ DRE-PF 3¢ SHI 35 {f ~

Z xVENaT -~ ﬁ‘XVENaTé‘%E XVEEJHT‘

5% x VE = ‘F\VHDEtj‘X%‘
VHFIJa:]Ex,;:,.'E V235 [D V2 M FE

~

—

g

HEOM BB VE R T th Na~3 P H’Iﬁ:f,‘

M VADI F~ % VA F~9 VENh 3~
M VE X G- XIDigl-M X
%EXL“NaTjX”'Na_F\ﬁXJ'jT
P X L'Ef'*\ EJ f ~ I D Ef x

* PNh 3 ‘I‘;P fay ‘1& SHIVE@&

* SHIVK !~ SHI ?:(Q I kL VE 3~
5 kL VK % 5 OhLFEH B TS L Nh 3
Ty L F Py P Nh G fYOSf Nh 3
QVKDE%\&VKEJT—?{* %i{:ﬁl[—l
= VHDib ~ it VENh 3 ﬂ‘fTHDD
mfLNhNa%E ELUNhVE 3~ 5L Nh 7 3~
Bl VE RS @ B3 VE 3
Mi& = H"

DSl

f:l:

W

IS
P
BN TE;REJ[:VFI

3}5'71;

4-‘_!'[

‘f""k i

Caa SHI i ~ Caa kL 3~ @5H SHI 5~ ¥ H kL &

= i

NhD # i+ Nh fit VK 3 Nh @i &H 50
X D EH

P

203




