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Learning of word sense disambiguation rules by Co-training

checking co-occurrence of features

Hiroyuki Shinnou

Department of Systems Engineering, Ibaraki University
shinnou@dse.ibaraki.ac. jp

In natural language processing, it is effective to convert problems to classification problems, and to
solve them by an inductive learning method. However, this strategy needs labeled training data which
is fairly expensive to obtain. To overcome this problem, some learning methods using unlabeled training
data have been proposed. Co-training is representative in such methods. In this paper, we apply the
co-training method to a word sense disambiguation problem. However, co-training needs two features
which satisfy the conditional independence assumption. This assumption is too rigid. We have no choice
but to use incomplete two features, and then the accuracy of learned rules reaches the ceiling. In this
paper, we check co-occurrence between two features to avoid such phenomena when we add unlabeled
instances to training data. We applied our method to word sense disambiguation problems for three

words. Our method improved the precision of the original co-training.

0 290


研究会Temp
情報学基礎
自然言語処理

研究会Temp 
64-5

研究会Temp 
145-5

研究会Temp 
（２００１． ９． １０）

研究会Temp 
－29－


1 0000

0000000000000000000000
0000000 Co-training 0 000000 00Co-
training 00 0 0000000000000000
00000000000000000000000
00000000000000000000000
0000000000000000000000

0000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
0000000000

0000000000000000000000
00000000000000000000000
00000000000000000 seed 000
000000000 [11,7,6,8 00000000
Co-training 0000000 [2] 000000000
00000000000000000000000
000000PACOOOOOOODOOOOOOO
000000000000 Co-training 01000 2
00000000000000000000000
00000000000000001000000
0001 000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00002000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
0000Cotraining 0000 200000000
00000000000000000000000
20000000 4000000000

000 Co-training 0000000000000
00000000000000000000000
00000000000000000000000

OO000Co-training 0O0O00OO0OO0OOOODOO
O000o0o0o0o0oo0o0o0oooooOooooo
o0oo0oOo0ooooOoooooooooooooo
0000o0o0o0oooO0o0ooooooOooooo
00000ooooooo0oooooooooooo
OO00OO00O0000 Co-trainig O0OOOOODO
goooooooooooooo
oo00s3b00o0oboogooooooooogoono
O O0Co-training 0000000000 Co-training
000000000000 ooooooooooo
gooooOoooooooo

2 Co-training
Co-training 0000000000000 [20

step 0 U0 0OO00O0OO0ODOOODOO LOOOOO
gooobooooovuoogooo

stepl1 U U0 «000000OD0O0OO0OO0OO
Uoooo

step2 U000z 0000000 LOODOO
hy OOOODDO

step 3 U000 2 0000000 LOODOO
he OOOODODO

step4 hy 0000 0U/0000000O0OO0OO0O
goobbbooo b nO0O0DOO
good

step5 h 0000 U/O0000O0ODOOOOOO
goobbbooo bbb nO00DO
good

step6stepd 0 5 0000000 0O0O00OO0OO
2p+2n00 LOOODOO

step 7 stepl DOOO QOO0

goooooooowoponOOOOOODDOO
oooo

Co-training O OO OOOOO0ODO step 4 O
stepb OO00O0Ostep 4 0000 A, OOOOOO
0000000 2o 00000DOCO0O0ODODODOO
OO0O0O0O0ODDOOCOOD LOCOOO 200 hy
OO000ooOoOoooOoooo RO00b0000D0O

0 300


研究会Temp 
－30－


O00Ostepb 00 000OA O00000DOO0ODOOO
do0dooooooooooooooooooon
000000 Co-training 00000 OO0OO

Co-training 0 =1 0 2, 0000000 O0ODOO
O00000OOstepd O stepb 00000000
doooooo0ooooooooooooood
doo0dooooooooooooooooooon

Co-training 00000000 XO 200000
000000 X =(X,,Xe)00000D0O XO
00o0o0XxXgooooooo fix;00o0oooo
A0X,OOODOODOO fobO0000

0000z 0200000000000004A40
f0DO00OO0O (21,42 e XO00OO0OO0ODOOO
doodoooooooooood

PT[QZQ = .f2|331 = .fl]

= Pr{ze = Za|f1(z1) = f1(@1)] -+ (1)
Prizy = &1]|z2 = &2]
= Pr{z1 = 21| f2(z2) = fo(22)] -+ (2)

stepd 0 stepdb 0 1 0 o OOOOOODOOO
000000000 step4dd0000000O0O0
step4000000000000000 (£1,22)
00000 10000000000 AoDOoooo
000000000000000 (#1,32) 0000
oooooood

A= {(ml,xg) S D|J)1 = .fl}

o0 l1ggooopooobooooooogooo
000000000000000 (21,32) 0000
0000000000000 (£1,22) 002,000
gbogobooboobobobobobobobon
U00000000OOstep4 0000002, 000
gbobobooobooboobobooobon
gbooboboobobobobobg OO
o0 -00D0OOO0OO0ODOOOODODOOOOO
gbooobooooooobobobgob p+n0O0
U000z 00000000000 DODOOOO
gboooboooboooboobooooboobo

3 Uuobboobouoobobgo
oo

gboboobobobobob 2000000
goobobooobboobbooooboboon

0310

gbooooooooobooboboboboood
gooooobooboodz, 0z 000O0OOO
goo

00000 (ze,2,)00000000000O0O0O0O0O
gi1igboogoobooobobooobboobboo
O000000OOstep 4 0000 (21,22) 0 LO
gooboooooooooooboo rgoobogooo
OO0 000z,00000000000000O
b0z 0000000, 0X,0000000
000 (21,22) 000 LOOOOOOOOOOOO
gboobobob0z; O2z0000000000000
OOooooooooooOodomO mO000O
googooo

gbooboboooboboboobobooo
0 (#1,20) 00000000LO0O0O0OO # O 29
goobobooobbooboooobboobn
OO0O0000OoOO0000oDOO0g O RO
goobobooobbooboooobboobn
gbooobooobooobooooooboo

oooooooo 0 00200000000
oboooo0o pOOoboOoOoOoOobooboooogon
gooooooo Lobooobooooooogooo
gboboboboboboboobobobon
gbogbobobobobobobobobbon
00000000000 000000 diceDODO
gbgoboboboboboboboboobon
gboooboooobooo

4 QODOO0O0OOOOOOO

gbooboboooboobobobooboboo
coooooOoooOos0OODOOOODwOODO
0000000000000 00'0000000
coooooooooosoOoOoooooooon
gboooboooboooboooan

4.1 0000000

Co-training 0000 O0000O0O0DOCOOOO
gboobob2000000000000DbDb0On
0000000 wO0O0DOO0OO 0000 b 0O
oo0s 00000000 wDOOOOOODO

0000 00000000 20000000000000



研究会Temp 
－31－


g 1lgoogog

|ooo |ooo

11 gooooo

12 (ooooo)-(dooooo)Db 2000
13 (DoooooH)-(booooo)-(ooboooo)o 3000

rl gooooo

r2 (ooooo)-(dooooo)Db 2000
r3 (DoooooH)-(mbooooo)-(ooboooo)o 3000

ooooo0s 0wdOOODODOOOODDOOOO
hpOooOooooooooooO 000000000
gbooobo0z0000

obooooobooooobooooobooooo
gobooooooooooobooooooooo
gboobobooooboooooboboooooo
gboobobooogboooboboobooooboo

Ub ez, 00001000 11,12,130 3000
gboboboobd2z0000.1000 r1,r2,
3030000000000

gobooooooooooboooboooboo
gbgobobobobobobooboboboon
goooooboi10ooboo2000000 30
goooooo

0ood 0ood o0-0b000-00-0
0od 0od oo-00

O O oo0-000

O O oo-00

O O o0-000-00
od oob0 00-00

0ood 0ood ooo

O O ooo

gboooboooboboednoobooOobDOd

11
rl

o012 =00-0013=00-00-00
O0r2 = 0-0000r3 =0-000-00

gboboooobob 020000000
gb20000000000

ooooooobobo Loooooboooooo
;0000000000000 0000000
goobobooobbooobbooobboon
O0o00oo0oOoo [ooooooo

4.2 0O0O0OO0O0OO

00000000 4,00000 4,00000
Cor(#1,4,) 000000000000

Cor (i1, &2) = maxdice(li, r7)
2y
000 dice(li,rj) O li O 7j 0 dice 000000
gooboooooo

2frq(li,ry)

dice(l;, 75) = fra(li) + frq(rj)

000 frq(li),frq(rj)000000LO00O0
0600000000 frq(li,r)0 L0 rjO L
0000000000000
0000L00000000000 600000
Doooooo

11
rl

0012 =00-0013=00-00-00
O0r2 =0-0000x3=0-000-00

gboooboooboooboobooboo

frq(11 = 0) = 1
frq(12 = 00-0) =1
frq(13 = 00-00-0) =1
frq(r1 = 0) =1
frq(r2 = 0-000) =1
frq(r3 = 0-000-00) =1
=1

frq((11 = O ,r1 = 0)

frq((11 = O ,r2 = 0-000) =1
frq((11 = 0,r3 =0-000-00) =1
frq((13 = 00-00-0,

r3=0-000-00) =1

0320


研究会Temp 
－32－


5 00O

0000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00002000000000000000000
oooo
00000009300 97005000000
00000000000000000000000
00000 30,458 00000000000000
0000 10000 500 000000000000
00000000000000000000000
000000000000 10000000000
0000000 LO0O0OO0O00000 50000
00000000000 70000000 29,858
000000000000 U 0000 Co-training
00000000000000«000 50000
00000 p00000 n0000 30000
0000000000000000000000
00 LO000000000000000000L
0 Co-training 100 0000000000000
000000000000 0000000000
00000000000000000000000
05000000000000000000000
oooo
0000000000000000000000
00000000000000000000000
00000000000000000000000
0000000 (21,4,) 0000 Cor(#1,42) 00
00300000000000000000000
00000000000000000
000000010000000000000
000000000000000 Co-trainig OO
000000000000000 original 000
0 Co-training 10 0000000000000
ourmethod 100 00000000000000
0000 Co-training 00000000000 100
00000000000000000000000
0000000000000 Co-training 0000
0o0770000000000000000000
00000000000000000000000

'ourfn;elhod'

“original’ -------

L L L L L
0 100 200 300 400 500 600

O 1.000000momm

gbooooobgoboboobooooooooboo
gooobobooboooooooooooooooo

gboooobooobbooboooobooboboob

gboobobbooboooobooboboooood
gbobooobooobooobooboboobbooob
goobobbooboboboboboobobbod
gooooobobobobobbobooooood
gbobboobooboboboboobobobon
gbo 20000

200000

| | 0D |ooo| o]
L] 100 100 | 100
U| | 29,858 | 14,569 | 5,866
T 500 300 | 100
u 50 50 50
P 3 3
n

gbooooobooobobobooobon 20
g3bgbobobobobooboobobbod
Co-training 0000000 O0O0O00OOCOOCOOO
googobooon

goboobooooooooooboooooog
goobobobooooboo3boboboood
gboooooo oD Lo0ooboooogo
gbooobooobooon

0330


研究会Temp 
－33－


0.8

T
‘our_method’
“original’

L L L L L
50 100 150 200 250

0200000000000

0.8

300

T
‘our_method’
“original’

L L L L L
20 40 60 80 100

O3 000ooomomm

030000000

120

baseline | O OO oood

Co-train | Co-train
oo 0.636 0.774 0.824
ooodo 0.743 0.787 0.793
ooo 0.670 0.770 0.790

6 OO

OOO000O00000 Co-training 000000
gboboboboboobobobgo 20000
gbogboboboboboboboobobon
g200000000000000DO0DO0O0DOOO0
ooooooD200000000000000WEB
gboboboboboboboboobobon
gbooboooooboobooooboog 200
000000000 RIb0DO00D0oooUooo
gbogooooboobobobobobobobon
0000000 4o0o0b00o0o0ooooooo
gbobooobobooobb 20000000000
gbogbobobobobbobobobobon
goooooboboobooboboboooood
gboobooooboooooobooboooboon
gobooooooooobooooooobooooo

goooooooobooobooooooboboooon

gboooobooooboobooooobooon
gbgboboboboobobobobobobon
gboobobobboooooobobooood
gboooboobooobobooobooooooboo
gbogbobobobobobobobooobon
gooooobooooboboboboooood
gbooboooooboo 200000000000
gbooooobobobobobbobooooood
gbgbobobobobooboobobobaon
gb200000000000000000000
goooboogod

Co-training 00 O000OO0OOOO0OO0OOOOOO
gboooooboobobobobobobobon
gboobooooboooooobooboooboon
gboooooooobobobobobobogd
gboogbbooboobobobobobobobon
gbogboboobobobobobobobon
gooooobobobobobooooooood
gbogboboboboboboobobobaon
gooobooooboobobobobooboboood
goob200000000000000000¢0
OO000000Co-training OO0OO0O0OOO0ODODO
gboboboboobobobobobobon
goobooobooooboboboboboon
gooboboooboboobbooooboboobn
gooooooobooobobooboobobooboo
gooooobooboobobobboboooood

0340


研究会Temp 
－34－


godbboobooobooobboooboooboog
gobooobobboobboobobooooooo
gobogoboobboobobooobboobobo
goboooboooboobbooobooooo
goboobbobbobooooooooooooo
ooooooooooooo coboooooooo
godbbooobbooboooboobooo
goboooboooboobbooobooobo
goboooboobboobobooboooooo
gobobooobboobboobboog o.3od
gooboobbooobboboboooboobooo
goboooboobooobooboooobooo
goboooboooboobobobooooooo
goooooo
gboodobooobooooboooobooo
gobobbobbobooboooooooooo
Co-training 0 O 0 Naive Bayes 0 EM 00000
0000000000 [7] 0 Transductive O [6] O
gobooooboboboobboobobooooooo
gobogooboooboobboooobooooo
OEMOOOOOOOODODOOOOOOOoOOoOon
goboooboooboobboooooooo
goboooboobooobooboooobooo
00000D00000O0000 Co-training 00O
00000000 Co-training 0 EM O0O0O0O0O0O
O0000o0oo0o0ooooooooo 1o
OO00OTransductive 0000000 OCOCOCOCOOO
gobogoboobooobooboooobooo
gooobooboooobooooobooboboobo
gobodo20bbbooobooboooooo
O000Co-training 0000000000 ODOOO
goobooboboobbbboboob 200000
000 Co-training 000000000 ODOOODO
goboobobbbobooooooooooooo
20000000000 Bagging3|]00O00O00O0O
00000000000 D0O00O0OBagging OO0
gobobooobboobboobobooooooo
00000 8000 Co-training O Boosting[5] O
“Query by Commmitee”[9) D0 O0O0D0O0D0000O
goboooboooboobbobooooobooo
goooooboboooog

7T Uoggg

Co-training 00000000000 COOOO
0000o00o0o000oooOooooooOoooo
OO00000DD0OO0O000 Co-training 0O O00DO
000000000000 oo0ooooooooo
0000o0000ooo0o0ooooooooooo
goo0ooooOooOoOoooooOooooooOoo
000000000000 oo0ooooooooo
0000o0o0oooooooooooooooooo
0000000000 0oooooooooooo
gooooo

cOooOoooomoooomooo 3oooono
00000000 O0D0O0O0000 Co-training O
OO000000 Co-training000O000O000O0O
00000o000ooo0o0ooooooooooo
ooo

000000oo0o0o0ooooooooooooo
0000o0o0oo0ooo0ooooooooooo
O O O Co-training 0 boosting 0 O0O000O0O0O
gdooooOoOoOooooooooooo

Ooon

[1] Kamal Bigam and Rayid Ghani. Analyzing the
effectiveness and applicability of co-trainig. In
9th International Conference on Information and
Knowledge Management, pp. 86—93, 2000.

[2] Avrim Blum and Tom Mitchell. Combining La-
beled and Unlabeled Data with Co-Training. In
11th Annual Conference on Computational Learn-
ing Theory (COLT-98), pp. 92-100, 1998.

[3] Leo Breiman. Bagging predictors. Machine
Learning, Vol. 24, No. 2, pp. 123-140, 1996.

[4] Michael Collins and Yoram Singer. Unsupervised
Models for Named Entity Classification. In 1999
Joint SIGDAT Conference on Empirical Methods
in Natural Language Processing and Very Large
Corpora, pp. 100-110, 1999.

[5] Yoav Freund, Robert Schapire (0: 0000). OO
OO000o00OO0. oooooogg, Vol 14, No. 5,
pp. 771-780, 1999.

[6] Thorsten Joachims. Transductive inference for
text classfication using support vector machines.
In 16th International Confernece on Machine
Leaning (ICML-99), pp. 200-209, 1999.

[7] Kamal Nigram, Andrew McCallum, Sebastian
Thrun, and Tom Mitchell. Text classification from
labeled and unlabeled documents using em. In
Machine Learning, Vol. 39, pp. 103—134, 2000.

0 350


研究会Temp 
－35－


(8]

(10]

Seong-Bae Park, Byoung-Tak Zhang, and
Yung Taek Kim. Word sense disambiguation by
learning from unlabeled data. In 38th Annual
Meeting of the Association for Computational
Linguistics (ACL-00), pp. 547-554, 2000.

H. S. Seung, M. Opper, and H. Sompolinsky.
Query by committee. In 5th annual workshop on
Computational Learning Theory (COLT-92), pp.
287-294, 1992.

David Yarowsky. Decision lists for lexical ambigu-
ity resolution: Application to accent restoration
in spanish and french. In 32th Annual Meeting
of the Association for Computational Linguistics
(ACL-94), pp. 88-95, 1994.

David Yarowsky. Unsupervised word sense dis-
ambiguation rivaling supervised methods. In 33th
Annual Meeting of the Association for Computa-
tional Linguistics (ACL-95), pp. 189-196, 1995.

0 360


研究会Temp 
－36－




