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A Parameter Estimation of

PCFG Expressing Dependency Constraints on a Sparse Sample

YoicHl ToOMIURAT and TORU HITAKAt

We can disambiguate syntactic structures of a sentence based on a Probabilistic Context
Free Grammar (PCFG), where syntactic categories are subdivided semantically so that depen-
dency constraints are expressed as production rules. But to describe dependency constraints
in detail causes an explosion of the number of production rules, which makes it difficult to
collect enough size of sample to get a reliable maximum likelihood estimate of parameters in
the PCFG. This paper proposes a new estimator of parameters in the PCFG and shows the
result of an experiment in disambiguation of English prepositional phrase attachment. The
mean error of the proposed estimator is practically smaller than the one of the maximum
likelihood estimator, and this tendency is more conspicuous on a small sized sample.
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£1 S IBIBR (T kWLT X EDLEE
Table 1 The rate of ® which the set of § satisfying
Eq. (17) accounts for.

N m/2 m 2m 5m 10m

0.70 100.00 | 100.00 99.95 | 13.34 0.00
0.80 100.00 | 100.00 99.99 | 78.10 0.22

0.85 100.00 | 100.00 | 100.00 | 95.34 4.21
0.86 100.00 | 100.00 | 100.00 | 96.95 5.91
0.87 100.00 | 100.00 | 100.00 | 97.69 8.16
0.88 100.00 | 100.00 | 100.00 | 98.24 | 11.80
0.89 100.00 | 100.00 | 100.00 | 98.68 | 14.14
0.90 100.00 | 100.00 | 100.00 | 98.76 | 14.63
0.91 100.00 | 100.00 | 100.00 | 98.56 | 13.73
0.92 100.00 | 100.00 | 100.00 | 97.74 8.24
0.93 100.00 | 100.00 | 100.00 | 90.71 1.48
0.94 100.00 | 100.00 99.91 | 21.58 0.00

(m =100, h =8, a=0.9)

F2 S WBITAX(17) ¥k T 6 N EDLEEEH 0% L
T5 «
Table 2 o when the set of § satisfying Eq. (17) accounts
for about 80% of 6.

N m/2 m 2m 5m 10m

[ 0.44 0.59 0.74 0.87 0.93

(rate) | (84.8) | (83.3) | (86.7) | (82.4) | (823)
(m =100, h =8, w =a)

The value in ( ) is the exact rate of & which the set of 6
satisfying Eq. (17) accounts for.
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W cng % head B2, p % function & 5 A RIE
i,

q(cv) - Pev(cniz, p) > r(cna) - Peny(cna, p)
Z oI cv IOHIET 2BFEICRY (Cat =V),

q(cv) « Pey(cnz,p) < r(eni) - Pen,(cnz,p)

¥ FOHEOBEED K.
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5L eny WKHIET 2 RFICHES (Cat=N) &¥
ETES.
q(cv) « Pey(ena, p) = r(cny) - Pen, (cna, p)

DHEIHERETH S, EETIE, R (22) OHE
D5 OMN»E R D 8400 HMOT -5 % 1055, £
DIDETFANF—FEL, BOD»LEFT-5 (H
ORFY) ZAERL*Y, ZhE AW CEBRREZHEL
2. FAMF—=F IR L TLEREROFETHRY ZOHE
IV, FAMF =S EEZTCINERVEL, B

CRERDT:.

3 (23), (24) DREOLEBRBRUOBRHMEEOHE
i, EEROHFEARS cv, cv 3L T g(ev) = q(ev’),
EEDBFAME cn, on/ 2L T r(en) = r(en’) &
VI FIBTT, BRI L )R T, RYE
R E RS (25), (26) DIRED AR IRE @
FOHEIL, BRAHE, 3.4 BCBERREFEICE
SLHE (2L, a=w=09, R=2 &L 7z¥%%),
BIU, BEHEED 3 2OFETIT- 7.

AT o 2B, BT RTER
FAOBEARFROEZIINL T, XD L) 2 HEA%E
Zz 7.

p(X(~h) — X(¥, [))

3
=ZAe~pe(X(—h) — X(W,f)) (27)
£=0
p1, P2, ps 13FRD T HAIZRT ERAR O BHE
e 52 5T, ThERUTO L) 2Hlk%EwHe
F. 22721, Sup(h) i h ODEBED LIS R T
(C1) Sup(h}) = Sup(hy) % BEED by, by (25t
LT
p1(X(~h) — X(B1, )
= p1(X(=h) — X(h, f))
(C2) Sup(Sup(h})) = Sup(Sup(hy)) % AEED b,
hy WXL T
p2(X(=h) — X (1, f))
= p2(X(=h) — X (R, f))
(C3) fEED R, hy XKL T
p3(X(~h) — X (1, [))
= ps(X(~h) — X (h3, f))
po KL TRATOFIR S ER v, F72, Xy A1, A2,
Az REAMBET, do+A+A+A3=1THhH, Hl

K JBIDRY AT o TV EDT, Kok kT &~
CHCADBON S,

TEE Kskid, PP(—c) (c SBIFBAES 2\VIIAIES) RN
TRERBMOPET — 7 12 B ZHBEET o 2525
ETHBD, MHEOLDII—EELL.
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Table 3 The result of the experiment in PP-attachment.
correct error indecisive

%  (num) %  (num) %  (num)

maximum likelihood estimator 6.0 (246) 0.5 (19) | 93.5 (3824)

proposed method 58.9  (2407) | 15.5 (634) | 25.6  (1048)

linear interpolation 58.6  (2398) | 15.7 (643) | 25.6  (1048)

a4 TAMNT—FERHIRL WEFRTOR D oW EERER
Table 4 The result of the experiment in PP-attachment, when the test data is restricted.
maximum likelihood estimator proposed method linear interpolation
F AR correct error correct error correct error

%  (num) % (num) %  (num) %  (num) %  (num) %  (num)
1| 3041 8.1 (246) | 0.6 (19) | 79.2  (2407) | 20.8 (634) | 78.9 (2398) | 21.1 (643)
2 | 2062 | 104 (214) | 0.8 (16) | 80.9 (1669) | 19.1 (393) | 80.4 (1658) | 19.6 (404)
3 | 1615 | 11.8 (191) | 0.7 (12) | 81.4 (1314) | 18.6 (301) | 80.7 (1304) | 19.3 (311)
4| 1262 | 127 (160) | 0.9 (11) | 81.8 (1032) | 18.2  (230) | 81.0  (1022) | 19.0  (240)
6| 879 | 123 (108) | 0.8 (M 1829  (729) | 171 (150) | 82.1  (722) | 17.9  (157)
8 | 646 | 13.5 87 | 11 (7) | 830  (536) | 17.0  (110) | 825  (533) | 17.5  (113)
10 514 | 14.8 (76) | 0.8 (4) | 85.6 (440) | 144 (74) | 84.4 (434) | 15.6 (80)
15 277 | 15.9 (44) | 0.7 (2) | 85.9 (238) | 14.1 (39) | 84.5 (234) | 15.5 (43)
20 143 | 23.8 (34) | 0.7 (1) | 874 (125) | 12.6 (18) | 86.0 (123) | 14.0 (20)

The test data (cv,cni,p, cng, Cat) satisfies maz{freq(PP(—cv) — PP(x,p)),freq(PP(—cn1) — PP(x,p))} > F, where

freq(8) means the frequency of the production rule § in the sample trees, and ‘*’ means some noun concept.
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