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Comparative Research on Symmetric and
Asymmetric Word Clustering Models

SUN Yue-heng, CAO Gui-hong, HOU Yue-xian
(School of Computer Science and Technology, Tianjin University, Tianjin 300072)

Abstract Word clustering is one of important natural language processing issues in speech recognition and intelligent information retrieval, etc.
This paper presents a symmetric clustering model based on mutual information. For the model not taking the order of words into account, it proposes
a new asymmetric clustering model including two sub models, conditional clustering model and predictive clustering model. Experimental results on
large scale data set show that compared with the symmetric clustering model, the asymmetric clustering model is a more effective one for clustering
words.

Key words word clustering; symmetric clustering model; asymmetric clustering model

1 k
Wi Ci Pr (W | WW, - W, 1) = p(W, [ ¢ ) p(C [ CC, -6 y) 1=k=n
n-gram
c"-1+V-C \
p(ck | C,C, '“Ck—l) c"-1
p(w, |c,) V-C n-gram
2 1) T t
@ bigram
[1-3] p(Wk | Wk—l) = p(Wk | Ck) p(ck | Ck—l) (1)
C(c,4:C C(w,
) P 16,) = zé(cc)) pl 16 = )
T
3] Lr)= 3 C Wy, W) TOP(W [ W) _
() T-1
- e L GILRL AL
EM ¥ Cen &) Ib p(c, | C4) "
©re) T-1 p(cy)
2C(ww,)
%W.I_lep(wk le)p(c) (2
2 (60603027)
D C (1974 )
T Wi Ci
7(W)=¢ n-gram 2009-02-23 E-mail yhs@tju.edu.cn

— 14—



T T-1 T
>C(ww,)
C(CkleCk) _ W K _
7.1 P(CisrCy) T p(w,)
L(r) = £ ) 10p(W)+ 5 p(6,,6)1D %:
-Hw)+ > Ml (Ck—lY Ck) 3)

(Ce1:C2)

H(w) unigram

H(w)
T

@ VI V|
(2

©))

2
4)
3
2 1 C
IVI-C
3
2
<Wq, Wp> Wy W,
<Wi, Wp> W, W
3.1
H(x) :f§C(WV)|bp(VIW) (4)
v W
2
1 2
2 2
1 2
2

H () =~ c(Wv) 1bp(v [W)

—H(7) = Zc(W) bV |W) X W

Wx(
X) X
>c(Xv)lbp(v| X)= X c(Xv)lbp(v| X)+
v vie(x,v)>0
V‘C(XZ‘;):OC(XV)Ibp(vl X) (5)
(5) v
S MR X)= T cw)libp[w) ) -
vie(x,v)=0 vle(x,v)=0 (X )
Y c(W)lbp(v W)+
vie(x,v)=(
cw)
C(X) v\c(x,v):OC(WV) (6)
v‘C(XZV):OC(WV)I|0|0(V W)= @C(\N [v)Ibp(v|W) -
v‘C(XZMC(W [v)Ibp(v W) (M
v\c(xzv)=0 C(WV) - ;C(WV) - vlc(xzv)>0 C(VVV) -
o) X ) ®)
(GO (6)
VIC(XZL c(Xv)lbp(v| X) = Zc(\Nv)Ibp(v|W)—
> (W) lbp(v W)+
vle(x,v)>0
c(W) B
(Ib (X))(C(\N) V‘C(XZN)>OC(\NV)) 9
%c(\Nv)Ibp(v|W)
3.2
N
ﬁ p(w; W) W, i Wi, i-1
W, W,
p(w,_W,) p(W;w,)
W, POW W) POVIWE) _
HD(W [ Wiy) p(w; [W;) = .Hl o(W, )PV
N p(w)
W,
il:{ ( I 1) p(W|—1| |)
p(w;)
p(w,)

{1 PO 1) P [W) {1 P | W)

)

O]



4.2

4.3

@) 2

Q 2 A B

aj B b2

2 C1

(3) 2 Cq

Cy

(4)

(1)3 Wall Street Journal 260 741

(2) 50180
2 64

F-measure

e e ’ 1 )

fp
F-measure

(R)

2PR
F —measure =
P+R

Wall Street Journal

( SCust sC WST
Wall Street Journal )
(ASCcp ASC CP
SCcp ASCuwsr
F-measure
F-measure Fasc

F-measure

Wall Street Journal SCwst

IOTMMO O @ >

Friday Monday Thursday Wednesday Tuesday Saturday weekends Sundays
Saturdays
June March July April December October November September August
Down backwards ashore sideways southward northward overboard aloft
downwards
Water gas coal liquid acid sand carbon steam shale iron
Great big sudden mere sheer gigantic lifelong scant colossal
Man woman boy girl lawyer doctor guy farmer teacher citizen
American Indian European Japanese German African Catholic
Pressure temperature permeability density porosity stress

Machine device controller processor CPU printer spindle subsystem
compiler plotter
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3 2 Wall Street Journal F-measure
P, P, P P, Ps Ps
Fsc 0.825 0.679 0.716 0.679 0.845 0.789
Fasc 0.839 0.733 0.752 0.754 0.895 0.855
P7 PB PB PlO Pll Pavg
Fsc 0.784 0.765 0.713 0.746 0.831 0.761
Fasc 0.862 0.814 0.758 0.812 0.906 0.816
4 2 F-measure
Py P, Ps P, Ps Ps P,
[ 0462 0500 0524 0526 0418 0.602  0.563
Fasc 0.530  0.612  0.608  0.598  0.465  0.750  0.582
P8 PQ PlO Pll P12 Pavg
Fsc 0535 0478 0496 0465 0.625 0.516
Fasc 0.660  0.534 0574 0543 0716  0.589
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