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Unsupervised Learning of Word Sense Disambiguation Rules
by Estimating an Optimum Iteration Number in the EM Algorithm

HIROYUKI SHINNOUH? and MINORU SASAKIit?

In this paper, we apply an unsupervised method using EM algorithm, which Nigam et al.
have proposed, to word sense disambiguation (WSD) problems. That method, which we call
as the EM method in this paper, improves the performance of the classifier learned through
small labeled data by using huge unlabeled data. However, the EM method does not always
improve it, and often gets worse it. To overcome this issue, we estimate an optimum iteration
number of the EM algorithm. To estimate that number, we propose two methods, CV-EM
and CV-EM2. The CV-EM is the cross validation. The CV-EM2 is a method combining the
cross validation and two ad-hoc judgments, which judge whether we can use the EM method
without modification, and judge whether the EM method is useful. In experiments, we solved
50 noun WSD problems in Japanese Dictionary Task in SENSEVAL2. The classifier learned
through only labeled data produced 0.7678 precision. The EM method got worse 0.7356 pre-
cision, but both of CV-EM and CV-EM2 improved the precision. Especially, the precision of
CV-EM2 (0.7856) is a match for the best public score. Furthermore, CV-EM and CV-EM2
were confirmed to be also effective for verb WSD problems.
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Table 1 Estimating an optimum iteration number by
cross validation.
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Table 2 Experiment results (Noun).

HFE NB EM CV-EM | cv-EM2| B
[} 0.810 | 0.800 0.820 0.820 0.820
i 0.600 | 0.640 0.600 0.640 0.660
- 0.880 | 0.860 0.890 0.890 0.890
-Ji 0.820 | 0.880 0.880 0.880 0.890
% 0.900 | 0.900 0.900 0.900 0.900
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Lf¥6 | 0.650 | 0.650 0.650 0.650 0.660
iogk 0.740 | 0.710 0.730 0.730 0.770
by 0.960 | 0.920 0.960 0.960 0.960
BUE 0.970 | 0.090 0.980 0.980 0.980
R 1.000 0.880 1.000 1.000 1.000
[ 0.460 | 0.580 0.460 0.460 0.580
= 0.450 | 0.400 0.400 0.400 0.450
Tt 0.670 | 0.730 0.720 0.720 0.730
Tk 0.770 0.650 0.860 0.860 0.860
i 0.770 0.550 0.770 0.770 0.770
R 0.670 | 0.630 0.670 0.670 0.670
e 0.820 | 0.830 0.830 0.830 0.830
DA 0.920 | 0.900 0.900 0.900 0.920
i 0.540 | 0.150 0.540 0.540 0.540
L= 0.690 0.700 0.690 0.690 0.710
IREAR 0.720 | 0.770 0.770 0.770 0.780
M5 1.000 | 1.000 1.000 1.000 1.000
TR 0.770 0.640 0.770 0.770 0.770
% 0.550 | 0.630 0.610 0.610 0.630
bt 0.650 0.660 0.660 0.660 0.660
BSES 0.980 | 0.980 0.980 0.980 0.980
63 0.850 | 0.950 0.960 0.960 0.980
< 0.740 | 0.870 0.870 0.870 0.870
b 0.700 | 0.720 0.700 0.700 0.720
by 0.980 | 0.980 0.980 0.980 0.980
F 0.470 | 0.480 0.470 0.480 0.480
P 1.000 | 1.000 1.000 1.000 1.000
it 0.840 | 0.650 0.830 0.830 0.850
A H 0.810 | 0.510 0.570 0.810 0.810
1t 0.990 | 0.970 0.990 0.990 0.990
351 0.970 | 0.970 0.970 0.970 0.970
B 0.820 | 0.910 0.910 0.910 0.920
i 0.860 | 0.910 0.920 0.910 0.920
i 1.000 | 1.000 1.000 1.000 1.000
i 0.880 | 0.880 0.880 0.880 0.880
] 0.710 | 0.770 0.770 0.770 0.790
H 0.180 | 0.170 0.180 0.180 0.180
$310] 0.310 | 0.270 0.270 0.270 0.310
ik 0.970 | 0.970 0.970 0.970 0.970
E3Z] 0.7678 | 0.7356 | 0.7788 | 0.7856 | 0.7964

BE, 1-st Off 0.687 2% last DI 0.649 £V
HEREIVDT, H1OYHMENE NO &Y, H20H
Wriz#%%. base DfEIX 0.687 THY, 1-st DfH
ZNER DT, CV-EM2 D#EfEIE CV-EM &
A &RY, 1&85. £/ ) OBE, last D
i 0.623 1& 1-st Dl 0.623 U ETHB DT, 1
DHWiE YES &2, CV-EM2 O H#E fElF A
B 0) &35,

JRIZ 447 50 BLEEIZ BIL C, Naive Bayes (| #&FoD
NB), IWH$2ET EM 7T ) A% EFL/-H
iz EM 1%, #EFIED CV-EM & CV-EM2 8&
O BARI 2 BORL IO HEENITA 72 A ( BLARME)

PR Dec. 2003
= 3 ERRES( BE)
Table 3 Experiment results (Verb).
WG NB EM % Ccv-EM | cv-EM2| HAHE
5z % 0.710 0.780 0.780 0.780 0.780
i) 0.940 0.940 0.940 0.940 0.940
=3 0.590 0.640 0.590 0.640 0.640
Kz s 0.840 0.870 0.870 0.870 0.880
HtEnd 0.690 0.830 0.820 0.830 0.830
i< 0.580 0.560 0.560 0.560 0.580
58] 0.900 0.890 0.890 0.890 0.900
0] 0.830 0.830 0.830 0.830 0.830
FARVIRR) 0.580 0.570 0.580 0.580 0.580
#< 0.720 0.660 0.720 0.720 0.720
Eb B 0.920 0.920 0.920 0.920 0.920
HZ B 0.990 0.990 0.990 0.990 0.990
[#< 0.560 0.550 0.550 0.550 0.560
b X 0.960 0.960 0.960 0.960 0.960
b2 0.930 0.930 0.930 0.930 0.930
k% 0.840 0.850 0.860 0.850 0.860
Mz % 0.890 0.890 0.890 0.890 0.890
HR 2 0.780 0.820 0.850 0.820 0.880
piiks) 0.970 0.970 0.970 0.970 0.970
L 0.490 0.500 0.500 0.500 0.500
D 0.970 0.950 0.970 0.970 0.970
H9 0.350 0.290 0.350 0.350 0.360
&S 1.000 1.000 1.000 1.000 1.000
5 0.970 0.970 0.970 0.970 0.970
(=) 0.690 0.750 0.780 0.750 0.780
{ZZ % 0.750 0.760 0.760 0.760 0.760
0.810 0.810 0.810 0.810 0.810
0.590 0.640 0.640 0.640 0.640
0.690 0.790 0.790 0.790 0.790
0.320 0.340 0.320 0.340 0.370
0.990 0.990 0.990 0.990 0.990
0.790 0.790 0.790 0.790 0.790
0.540 0.540 0.540 0.540 0.540
0.360 0.360 0.360 0.360 0.360
0.920 0.920 0.920 0.920 0.920
1.000 0.870 1.000 1.000 1.000
0.860 0.940 0.940 0.940 0.940
0.990 0.990 0.990 0.990 0.990
0.520 0.500 0.510 0.510 0.520
0.790 0.800 0.800 0.800 0.800
0.790 0.710 0.700 0.710 0.790
0.980 0.980 0.980 0.980 0.980
ot oks) 0.890 0.890 0.890 0.890 0.890
X 0.730 0.710 0.730 0.730 0.730
WA B 0.890 0.890 0.890 0.890 0.890
o 0.570 0.620 0.570 0.570 0.620
kb 0.870 0.870 0.870 0.870 0.870
EXN 0.880 0.880 0.880 0.880 0.880
£ 0.970 0.970 0.970 0.970 0.970
Parars) 0.900 0.900 0.900 0.900 0.900
S 0.7816 | 0.7874 0.7922 0.7926 0.7992

DEFERE £ 21RT. £7/22 2 TOIEMRISME
FEHUT Y & 5.2 6 mixed-gained scoring & WD
FRD & HOTWS . TV IS — 2 DH»
5 ¥4 % Naive Bayes D IEfERIL 0.7678 TH -
J. BT EM iz AT % & EfERIE 0.7356 &
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&V 07788 FTHWEIND. X5HIZ CV-EM2 TIX
0.7856 FTWEIND*. ZOMEIFBFAEABINTWY

T RER o TR VDT, 2 TS N/ KEO RS A5 5E
DHDONE DL 0D BERHS . UL, Ko
EM ¥E0KETHY , OIS PEDT, MEEFbhh-
2. £721 EM #EHEAED WSD IZHU TRAZI TR WD &
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ETRT =N R AL 2 FED LY 0.7847 BE
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Ofie RS ETH L. £/ EFTHIT 2 3 >DfthF
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A BESUITE B EEE U B0 S R FIEO B4 55T
Hd.

[k B 50 BAGEIZBEAL T, 95 N2 kERN R 3T
H5. BEFIC & B HEERTIX, Naive Bayes D IEfERH
0.7816 TH-7=A%, EM % NS Z & T 0.7874 £ &
Y, EfEM [ EL TWd. X512 CV-EM( 0.7922)
% CV-EM2 ( 0.7926) TH X 52 EffR% [f] EX &
5ZENTE, REFHEOYPENHEATES.
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6.1 EM ZED D FL WHARWERE

B EM ETIRIEMREN T35 5ERH 5 DM
e REESEX O NS . TOHED 122U T, 7
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Z RV E T — 2 DFERO % L, 7 IVEL
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DOHtE T & B<. HAKIZIES NV AFE T —
B, ZRNVEL AT —4, T AN T —RIE&EDOT —
ANEDIV R AT TINTHEHDOT, L, U, TIX
F—DR/MIRDIETTHD . ENERIRELRS. T
ROV AFE T — 2125 RV RL T — 2 % HE
LTI, RE-IKICAIE, L+U D
DA FEL TWd e BARES. 4, i A, B
MO E#% d(A,B) TRTL, EM ENEITER S
Dk, d(L +U,T) < d(L,T) DHFHTHY, #iZ
d(L+U,T) > d(L,T) DX %3 EM EA3¥RIEIC A
2LEZLND.

REOD SR HRT B 201, HEROEME KL
WECHZ AL To/-. L+U O, EM 7 VT
) ZADUGHL 2 BOR (4) % FIFIL TE5. SiHs
RKAZEL D, R4DHTd =d(L, T)—d(L+U,T)
DEAR T T AN T =R FERMAANEDL ) ME( T

M D DS &H > 724, NB W HAGEREES A2 IZHEWT
EV R DT WS 5, EM IETIE BT HR S Wahd A
2 RBRE NS RAE TRBEVE ZFZTWS.

AN T =R DEHBGVEEND ) OBITDOY, ik
EMEZEST BER L] &7 BEEM] 25072,
[ ORI L] 213 EM HIZEY 5%DA Lo kR LA
Hor-BEE] KEEL] X1 EM HEIC &Y 5%0AE
DREEN AL 7= HEEE FIKT 5. ROBERIZFEYT
% %45 23 BEE D BEEHE £ T

*x 4 FEEDAOIEMRRANDRE
Table 4 Influence of precision through sense distribution.
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Fig. 1 Typical difference between CV-EM and CV-EM2.
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Fig. 2 Cross validation for 'doujitsu.’
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Fig. 3 Actual evaluation for ’doujitsu’.
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Fig. 4 Comparison of cross validation and actual
evaluation (’kokunai’).
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Fig. 5 Comparison of cross validation and actual
evaluation (’kotoba’).
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