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Term Weight Learning Based on Analogy for
Word Sense Disambiguation

Fumivyo FukuMoTot and YOSHIMI SUZUKIt

In this paper, we propose a method for disambiguating verbal word senses using term weight

learning based on analogy. The characteristics of our approach are (1) our algorithm explic-
itly introduces new entities called hypothetical verbs when an entity is judged polysemous (2)
keywords which characterise every sense and co-occur with polysemous verb are extracted
using analogy of the relation of co-occurrence of two words. For the results, term weight
learning is performed. Parameters of term weighting are then estimated so as to maximise
the keywords and minimise the other words which co-occur with polysemous verb. The results

of experiment demonstrate the effectiveness of the method.
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a minority stake in much ventures.
(1')  Guber and Peters tried to buy a stake in
Mgm in 1988.
(2) That process of sorting out specifies is likely
to take time.
(2’) Wespent a lot of time and money in building
our group of stations.
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Fig. 1 The decomposition of the verb take.

#1 {close, open, end} D7 FTA¥ ) VIR
Table 1 The result of the set {close, open, end}.

v; n Mu(v;,n)
closel account 2.116
(open) acquisition 1.072
banking 2.026
book 4.427
bottle 3.650
close2 announcement 1.692
(end) connection 2.745
conversation 4.890
period 1.876

practice 2.564
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end_if
end_for
end_for

for all 'w; i

B<1) ET B,
end_if

end_for
end _for

end

(a) for all n, € N_Set; - N_Set3 such that Mu(wp,ng) < 3
Mu(wy,;,ng) >3 £%2X5% wy; (1 <i<s) BT S, 22T, s 3% ng LHEST 2WAOEHRLT 5.

if w),; exists such that Sim (wp,wp;) >0
thenng BEEFETHY, v & ng, BIT wyp & ng ODWEHHREDNNTA-F% a (1< o) £T5.

(b) for all n,. € N_Set3z such that Mu(w,, nr) > 3 and Mu(w;,n,) > 3
Mu(wp;,nr) 28 £%2 &5 % wy; (1<i<t) &M 2. J2C, ¢ BEH n. LHETIHFAOEMKE T 5.

if wy,; exists such that Sim (wp,wy,;) >0 and Sim (w1, w,;) >0
thenn, BREEETHELZL, v & n., wp & n,, BEF wy & n,. OHEFREDNTIA-F% 5 (0 <

2 KHECESEEFEONE
Fig. 2 Recognition of keywords based on analogy.
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begin
ICS := Make-Initial-Cluster-Set(VG)

VG ={v;|i=1,---,m} ICS = {Sety, -

Dev(vi,v;) < Dev(ve, v) X #72¥.
for i:=1to 225~ do
if CCS = ¢
then Set, := Set;

48 2 a8 7 PO el

else if
for all Set, € CCS do
if Set; N Sety, = ¢

end_if
end_for

end_if
end_if
end_if
if Sety, = VG
then for_loop%kikit 5.
end_if
end_for
end

'ysetm!m—lg}
772U Set, = {vi,vj} & Setg = {vr,mi} €ICS (1 <p<g<m)id

ie. Set; BFIBBONEITAFELTCCSICERERS
else if Set, € CCS exists such that Set; C Set,
then Set; ICS LR EN, Sety = ¢ L.

then Set, := Set; i.e. Set; BRFICBEONE 7 IA5ELTCCSIERHENS.

else SJetg := Make-Temporary-Cluster-Set(Set;,CCS)
Setg 1= Seto € CCS such that Set; N\ Seto # ¢

(Set;,Sety) := Recognition-of-Keywords(Set;,Setg)
Set, := Recognition-of-Polysemy(Set! ,Set'ﬂ)

®3 7LrIT)XLDHN
Fig. 3 Flow of the algorithm.

Sim(wp,wp;) > 0 DEE (wp,ng) & (wps,ng) &
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(o x Mu(wp,ng),1 < @) 21TV, EEFETLRVGE
IZIMEVWEA T (8 x Mu(wp,ng),0 < B8 < 1) %
fFofe*,
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Z D#EFR% ICS (Initial Cluster Set) L FR5.

CCS (Created Cluster Set) IXfE S N/=2 T R
¥ DEA%Z T, B Make-Temporary-Cluster-
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H%E T % % Recognition-of-Keywords 2%&H &

"% Woll Street Journal ¥V ZERTIX, 8 = 0.964,
v = —0.495 %7z,
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4 Set; & Sety WA BT 48T v LT 5.
v BBHETHY, w, (271, wy & Set, DEE
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TREND I TAYPERSINS.

{v,wp}, {vz, w1, -+, wa} (6)
{anh"':wpa”,"wn} (M
ZZT, v & w BEALRL, w, -, wn FEF
PMRABEFZRT. (7)) D wi, e wp, o, wp &
Dev(v,w;) < Dev(v,w;) (1 <i<j<n) 2R7.
K (6) D vy & v i v DFERICHIE L RIEEFZ
~Y.

X)) BLOK (M) LT, KB), 9 2&dbic

Wz L) a & BIEESNS.

Dev(vi,wp) < Dev(v,wi, -+, Wp, -+, Wn)
(8)
Dev(ve, w1, ,Wn)
< Dev(v, w1, -, Wp, -+, Wn)
9
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LL%2h, H5VIIICS DEFEF R kHETHE
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EB, 7R Lt EXHRICHFET LD b, B
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FEBAOEMER L, THIE5FEL W ER/N
Wy 4 Yy A XTIRENE L HWREL V) BLES,
LEE L A OBERN R HGRFHEICENG LEZD
NB7:0TH5. BFEHFNL, REBIERIZ
BExzo. 7ok 2, BFED ‘books’ 1T ‘book’ IZE
&z, BFD ‘buys’, ‘bought’, ‘buying’ i ‘buy’
WCEEHRR . EOFR, 479,672 DSBS 2 FEx

B, IRLTRTSH L, HEBHREZEEL L.

FAMTF =L LTHRAE, 2, 3BLU4DEEK
EROBFES V-T2 EREN, 20, 10 BLU10ME
BB L, BEH40 0B VT L, 75 AF ) ¥
F7NT) AL E@EA L7z, FEROBEEIL, Wordnet

1.5 2FHEL, RBFICHL, 2OEROKINE
SICHBTEL200%2HM L, BFAOEKL LTEHY
E QAN

7 IAEN) VT DERTIE, EOEAMITFEDNE
MHEERREET 572012, BEAMFT 2ITHTICr TR
VT EToTSBELAFELRR L.

Wall Street Journal DZHLEIXF N Fh 78 HiF
DFFIFFINTVE, BIRS OMIHERTIE, &
BORYENC -0, BEPST VT MG TEIS
ZNFNERKRS CTFoMB L, #£%59,706 X% 7 A b
Xk LT,

62 EBRER

EEREEhENFK 2, K3 BLUKR4 IIRT.
£2, 3BLT4IIBNT{v, wp, wi}, {v, wp, w1, wa},
{v, wp, w1, w2, ws} &, TNENEHS N —T%RT.
v IESFEERL, wp, w1, we BL P ws 1T v B
DEERTRT. 22 21, (1) @ ‘cause’ i ‘effect’
& ‘produce’ DFEFH % #FD. ‘Sentence’ 1IFHEF
CXDORBERL, wp, wi, wy BLY ws bi%%
FREEUCXEBVTERERADFERTHVLA TS
XHEZOEEERT. v b L—= VT T =218
F2ERBFORBERT. vnW 2BV, Wi
wp, w1, w2, HHVIT ws EHETLRFADESE
AL, vNW id v EEETEEHE W LOFEBE
BOEZERERT. ‘Correct’ 1ZIFFEERT. “Total
(2 senses)’, ‘Total (3 senses)’, ‘Total (4 senses)’ ¥
LUK 4 DB TFATO ‘Total’ 1281} % ‘Sentence’ iZ %
NENGEFREAN 2, 3, 4 BLUEHAS IV —7 40 O
XHEERL, wp, wi, we BLU ws I, %Eﬂﬁ]f
V=TI BVTXHRICHERT 2RI R DS VEE
DI ERT. R TATO ‘Total’ IZBIF 5 ‘Correct’
IZEEME %R, ‘Learning’ 128135 ‘O’ i, EA
fHIOEBRZITOTIERPFEONI-Z L 2R, x
BESNLE P72 EERT.
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Table 2 The result of disambiguation experiment (two senses).

KT BAFTEL
Num {v, wp, w1} Sentence Wp v v N W Correct (%)

wi

(1) {cause, effect, produce} 232 89 (38.3) 464 254 158 (68.1) X
143 (61.7)

(2) {claim, require affirm} 202 158 (78.2) 545 328 160 (79.2) X
14 (21.8)

@ {close, open, end} 206 92 (44.6) | 2,025 1,498 162 (78.6) %
114 (55.4)

@ {fall, decline, win} 278 182 (65.5) 697 393 215 (77.3) @)
36 (34.5)

6] {feel, think, sense} 280 178 (63.5) 210 53 156 (55.7) X
102 (36.5)

G) {hit, attack, strike} 250 156 (62.4) 152 122 181 (72.4) e)
34 (37.6)

(9] {leave, remain, go} 183 41 (22.4) 1,409 942 160 (87.4) X
143 (77.6)

@) {lose,win, get} 301 70 (23.3) | 2,244 1,920 242 (80.3) @)
231 (76.7)

(9) {manage, accomplish, operate} 216 23 (10.6) 648 306 165 (76.3) X
193 (89.4)

(10) {occur, happen, exist} 199 137 (68.9) 324 180 175 (87.9) O
63 (31.1)

(11) {order, request, arrange} 240 206 (85.8) 1,256 831 202 (84.1) O
34 (14.2)

(12) {pass, adopt, succeed} 301 175 (58.1) 378 247 259 (86.0) X
126 (41.9)

(13) {post, mail, inform} 274 63 (22.9) 91 68 231 (84.3) O
211 (77.1)

(14) {produce, create, grow} 231 129 (55.8) 640 370 184 (79.6) O
103 (44.2)

(15) | {push, attack, pull} 223 93 (41.8) 202 153 189 (84.7) x
130 (58.2)

(16) {save, keep, rescue} 216 149 (68.9) 396 354 168 (77.7) X
67 (31.1)

(17) | {ship, put, send} 218 92 (42.2) 361 241 176 (80.7) O
126 (57.8)

(18) {stop, end, move} 244 52 (21.4) 993 886 210 (86.0) O
192 (78.6)

(19) | {add, append, total} 184 35 (19.0) | 1,164 778 147 (79.8) x
149 (81.0)

(20) {keep, maintain, protect} 378 231 (61.1) 1,266 905 349 (92.3) X
147 (38.9)

Total (2 senses) 4,856 3,332 (68.6) 3,889 (80.0)
6.3 ¥ = otz
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Table 3 The result of disambiguation experiment (three senses).

Dec. 1995

EFE

EAHTEL ]

Num

{v, wp, w1 wa}

Sentence

vN W

Correct (%)

(21)

{catch, acquire, grab, watch}

240

120 (50.0)

21 (9.0)

199 (41.0)

447

432

180 (75.0)

(22)

{complete, end, develop, fill}

365

107 (29.3)

242 (66.3)

16 (4.4)

727

450

280 (76.7)

(23)

{gain, win, get, increase}

334

47 (14.0)

228 (68.2)

59 (17.8)

527

467

270 (80.8)

(24)

{grow, increase, develop become}

310

68 (21.9)

132 (42.5)

110 (35.6)

903

651

241 (77.7)

(25)

{operate, run, act, control}

232

76 (32.7)

83 (35.7)

73 (31.6)

812

651

187 (80.6)

(26)

{rise, increase, appear, grow}

276

51 (18.4)

137 (49.6)

88 (32.0)

711

414

198 (71.7)

(27)

{see, look, imow, feel}

318

128 (40.2)

162 (50.9)

28 (8.9)

1,785

934

263 (82.7)

(28)

{want, desire, search, lack}

267

66 (24.7)

53 (19.8)

148 (55.5)

590

470

208 (77.9)

(29)

{lead, cause, guide, precede}

183

139 (75.9)

38 (20.7)

6 (3.4)

548

456

138 (75.4)

(30)

{carry, bring, capture, behave}

186

142 (76.3)

39 (20.9)

5 (2.8)

474

440

142 (76.3)

Total (3 senses)

2,711

1,573 (56.5)

2,107 (77.7)
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Fig. 4 The relationship between frequency of v and

correct ratio of analogy based estimation.
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Table 4 The result of disambiguation experiment (four senses).

FFE EARTZL |
Num {v, wp, wy, wy, wz} Sentence Wp v v N W Correct (%)

(31) {develop, create, grow, improve, 187 117 (62.5) 922 597 155 (82.8) X
expand} 34 (18.1)
1(2.0)
32 (17.3)
(32) {face, confront, cover, lie, turn} 222 54 (24.3) 859 567 184 (82.8) X
103 (46.3)
12 (5.4)

. 53 (24.0)
(33) {get, become, lose, understand, 302 88 (29.1) 762 513 229 (75.8) X
catch} 98 (32.4)
34 (11.2)
82 (27.3)
(34) {go, come, become, run, fit} 217 101 (46.5) 732 435 145 (66.8) X
66 (30.4)
36 (16.5)
14 (6.6)
(35) {make, create, do, get, behave} 227 123 (54.1) 783 555 178 (78.4) X
28 (12.3)
58 (25.5)
18 (8.1)
(36) {show, appear, inform, prove, 227 121 (53.3) 996 560 181 (79.7) X
express} 16 (7.0)
40 (17.6)
50 (22.1)
(37) {take, buy, obtain, spend, bring} 246 20 (8.1) 2,742 1,244 179 (72.7) X
123 (50.0)
42 (17.0)
61 (24.9)
(38) {hold, keep, carry, reserve, accept} 145 7 (4.8) 727 459 111 (76.5) X
53 (36.5)
2 (1.5)
83 (67.2)
(39) {raise, lift, increase, create, collect} 204 2(1.1) 746 491 151 (74.0) X
81 (39.7)
86 (42.1)
35 (17.1)
(40) {draw, attract, pull, close, write} 162 78 (48.1) 798 533 123 (75.9) X
13 (8.0)
43 (26.5)
28 (17.4)
Total (4 senses) 2,139 | 1,063 (49.6) 1,636 (76.4)
Total 9,706 | 5,998 (58.2) 7,572 (78.6)

LEFDMBLE L 2 B0, O ERE)IN
L, BENICoNW, Thbb, ZREOHH
ERTEAVEBETELZ LG H5.

R, vNW LEHRBEOERERL ORBGLE
6 2R,
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BEERYT. K612k sk, BHREN2DEEIC
X, vNW 25400 LT D & X IZIERR L ORIIE
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5. EHEMIT3IOBEAICIZ vn W DEHIZ 400
~500 128BH L, ERFIZT0~81%TH o7, &
5IZEERBATA OBAITIT vNW i3 450~600 12
gL, FHRIZIT0~83%Thorz. BEoZ L

o, SREFAOFESLBEHRE WHEICIEFE
FEHH DO TEROTEBROELRY, %
ESROEERERHMAT 5 4FES CHNTE
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DB EIVEERFENENTHD I L FT05.
FHOMES
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Table 5 The result of analogy.

Num. | @@ V-7 vN W | Mu(v,W) <3 | Correct (%)
(1) {cause, effect, produce} 254 118 85 (72.0)
(2) {claim, require affirm} 328 89 71 (80.0)
(3) {close, open, end} 1,498 136 120 (88.2)
(4) {fall, decline, win} 393 395 325 (82.5)
(5) {feel, think, sense} 53 39 20 (53.1)
(6) {hit, attack, strike} 122 83 63 (77.0)
7 {leave, remain, go} 942 132 113 (886.2).
(8) {lose, win, get} 1,920 329 282 (86.0)
9) {manage, accomplish, operate} 306 89 71 (80.6)
(10) {occur, happen, exist} 180 136 95 (70.3)
(11) {order, request, arrange} 831 138 121 (87.7)
(12) {pass, adopt, succeed} 247 52 41 (80.5)
(13) {post, mail, inform} 68 44 32 (72.9)
(14) {produce, create, grow} 370 296 258 (87.1)
(15) {push, attack, pull} 153 126 97 (77.7)
(16) {save, keep, rescue} 354 115 93 (81.6)
(17) {ship, put, send} 241 92 74 (80.4)
(18) {stop, end, move} 886 193 169 (87.5)
(19) | {add, append, total} 778 164 129 (78.6)
(20) {keep, maintain, protect} 905 267 234 (87.7)
(21) {catch, acquire, grab, watch} 432 124 99 (79.9)
(22) {complete, end, develop, fill} 450 240 193 (80.4)
(23) {gain, win, get, increase} 467 187 152 (81.4)
(24) {grow, increase, develop become} 651 372 305 (82.0)
(25) {operate, run, act, control} 651 311 255 (82.3)
(26) {rise, increase, appear, grow} 414 372 294 (79.1)
(27) {see, look, know, feel} 934 497 414 (83.4)
(28) {want, desire, search, lack} 470 198 159 (80.8)
(29) {lead, cause, guide, precede} 456 274 221 (80.9)
(30) {carry, bring, capture, behave} 440 207 167 (80.7)
(31) {develop, create, grow, improve, expand} 597 253 218 (86.1)
(32) {face, confront, cover, lie, turn} 567 178 154 (86.5)
(33) {get, become, lose, understand, catch} 513 424 365 (86.2)
(34) {go, come, become, run, fit} 435 374 302 (80.9)
(35) {make, create, do, get, behave} 555 435 370 (85.2)
(36) {show, appear, inform, prove, express} 560 258 214 (83.2)
(37) {take, buy, obtain, spend, bring} 1,244 829 677 (81.6)
(38) {hold, keep, carry, reserve, accept} 459 394 300 (76.2)
(39) {raise, lift, increase, create, collect} 491 341 272 (79.7)
(40) {draw, attract, pull, close, write} 533 143 119 (83.2)

Total 22,148 9,444 | 7,672 (81.2)
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