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Japanese Dependency Structure Analysis
Based on Maximum Entropy Models

K1yoTAKA UCHIMOTO,! SATOSHI SEKINE!t and HITOSHI ISAHARAT

This paper describes an analysis of the dependency structure in Japanese based on the
maximum entropy models. Japanese dependency structure is usually represented by the re-
lationships between phrasal units called bunsetsu. We assume that the overall dependencies
in a sentence can be determined based on the product of the probabilities of all dependencies
in a sentence. The probabilities of dependencies between bunsetsus are estimated by a statis-
tical dependency model learned within a maximum entropy framework. This model can be
created by learning the features that are useful for predicting the dependency between bun-
setsus from the training corpus. We are using information about a bunsetsu itself as features,
such as character strings, parts of speech, and inflection types. We are also using information
between two bunsetsus as features, such as the existence of brackets or punctuation and the
distance between bunsetsus. We compare the performance of our method with and without
each feature and discuss the contribution of each feature. And we discuss the effect of the
size of the training corpus on the performance of our method. The accuracy of our method
for obtaining the dependency of bunsetsus is 87.1% using the Kyoto University corpus when
we parse a sentence deterministically from its end to the beginning.

ZkTHB.

& U oI

PR Y ST AT HATERT O BE 2 RO 10
ELTRERBINTVE, —RICBRYZITERTIZ 2
OB R S 2 HEILL 7248 ) S5 R PRRLL
BRETEE L 2 AW Tl kB2 R ) ZIT M
FRICEBX912T 5. ZoBsa, MEI 2 XHBOR
NRFTERLEDEICPDIPENITLE, ED L
L C—XEBORY ZITEREYRET 20 L)

t BEAHBEREWEER
Communications Research Laboratory, M.P.T.
1t ma—g—rk%E
New York University

3397

INETH—NVR—ADHETIE, 2 XLHBEOEZD
R E RO LB E ABOSERL Tz, LaL,
PO ZIHBTCEGIE L EX DTV B EREKIIEL
EWIHETAI LbEWD, #RCIERENE, —
BHE W) HCHIEND L. 3512, 2 XHBO®RY
RSB TETFFANOBEICRET AL ELS
Noio, Bu2BHEO7F AN EBRLIS> LTS
CHBEEETDLENEL T, 2OLEMEEIC
PPHIALBE, FITHRA, 2 LHDOERY S
FOMREFHET HODFEF Vi -8 A5 5 %ET
BUZEBL, 20BFORNERYPTSOBRET
BEFEVERALE. 20X RgeH SRR T



3398 LB AR O0E

ElizowTit, ¥E5E, AXRFLESHECLLT, A
WHLRIERN SOERPOLBEH Y, BE, FEFEI
22Tl Ratnaparkhi ® ME (kT > b ot —§)
WCESFEFEFVEFRLBATON, WHE, HE
DHHDOETREDEATVELEED 1 DL EZLNT
W3, FLHAEIOWTY, BBV ZTHEER
23 L TTidd 555, ME 2 FIH L 2@ tio 38
FHECLBHDE N IBERTVEERESATVWAY,
ZITHAD ME REDCEZFETFVEFAT S, 8
HIZBHT 5L, ME X, £S5 0N/ b &8F
F - PIBH SN BEOEERE P L EDT -5
CHENAENTEANT T 20MADIETH 5.
FEiE, BADOBE, 2 0OXEEORY ZiTOH
REHETLL0DEHRTH Y, BARHIIIRBIF
Fl, SE, AR, Bl aRE0FE, CEMERE
BIUznsoMeeEEMAEL. #LT, FX
FOBICIE, FHEENEFNVERIIFANXHIZE
AN 20O XEHORMENS D 2 DDOXEHDHR
D ZFOMERLEET L. HROXEHOMEEORESE
i, TREROXERY ZTOREOBEFIHL T
5. 0Fh, XOBFRL, ZOPIZH B TTOMA
NS OHEORTROLNS,

HAZEDE D ZFICix, ERUTOH#IH 5 L &
NTwa, FLAEINsORBEREL, XKRPHX
IS TR AFEEHVWAZ LICE > T—XE
HORY ZITERERET 5%,

(1) BHEBHT 5.

(2) RV ZIBIRIETEL v (ERZEZM).
(3) RV BREIZITEERL 1 2L TFD.

(4) BLALOBAE, RV ERECETHOXKE

WEE LRV,

ZhEITH, XRPLOBNFHERIN—NVR—ZD
BATEECBWTRHBASNTELY, L2265, —X&
HRELTEDRY ZTEGEI S BEL TREL TS
PeVolBEETHAAMB I EVHLL, ta—
YRAF 49 2L BRENLFELE L THBEEE 5%
Rl olz., LidSo>T, ®ihd 50— %
HOFFEICHNCHEOMENER ST, Ly
L, CE»SBITEIT) L\ ) FEEE MErHTCE
T2 Z LI X DT EELEL T L2, BE
BT 2 MRT 5 LITE B,

*(4) OREIH T D BERENTIRVE VD, RADTFo 7 AH
CHHE 5 EBRT 90% M OB ATHYY 5 2 L SHR ST,

Sep. 1999

2. BEEFTILDOFEE

COETIT 2 XHBOFRY ZFHELFHET 500
DET I E T XAPLHEEIICEE T 5 HEIIO>W»
TiHlR5, BYSIHEEFTNVELTME (ALY
PO¥—i) CEITCEFVEREL, 8332
»o, 2XHORYFIFLZITHAUINIEELD
BEBREFETAI LI o TRV ZITHRZEHE
T5.

¥, MEICDWTEANLFBEE L, 20#%, £
NEFIALZ 2 XERORY T HRELFET 5720
DEF N HET . '

2.1 ME (BAI>bhOE—&K) KEILETL

—REICHERET LTI, R (BHlsh 5FHRO T
LY LFD L EIZEONIHNEE OBBRIZEIMD
F= IR OHESN ARSI L oTRSNS.
HVALRRICHL CTE B2 ERICHEIESE T
W50 XRE D T ELEND B5, b
CLTEBEEBHOF — 2BV TENFRD RIS
HIET EBHOELS LR BT —F A= AFXAD
FISEASHL 5. ME EF VT, CRIZEMEE I
BEADEFRICL > TREN, HEMIFEELTIH
EL-BBELTRENS, FLTC, BAOFE®IX T
Vo 77— 2B ARESFOLY P ot —F
BRIC%ZBEHICEAMNIENSE, Oy POl —
ERAICT AL WIBEIC L 5T, BET -5 18
ENhhol ) ERESLVETINICL2EBEISN
ol EHIIOVWTIE, TR FNOBIEICXL T
FERMEDS SRR DI I 2VILERFC EIE
AMPTEN D, TD/2 ME EFVIET —F Ar8— A
FAZENE ENTWE, TOEFIVIE, EZEE
EBRLRLE DX ) ICEAT -2 T TRTOBEIHN
ZEVESIRBEERIDICHLZEFATHE LN
5.

Ptn k) eWEH % o ME €7V T, RS
ORIUTO LIk OND. XK b (¢ B) TH
JIE a (€ A) L% 2EH (a,b) DIEESH pla,b) %
MEICXVETHIEEEL L. XK b X kD
FHf (1<j<k)DEATERY. 2L T, XRb
BWT, F f; SBRllsh o MEN a £ B
EEIC1ERTUTOL ) ZHEBEEHRT .

gi(ab) = { (1) E:?;fg;bfj) =1& Ml = a) (1)
INEEREBEIER. 22T, exist(h, f;) &, X
IR b ICBWTHEY f; PBUSAE2PEPICL->T1
HHNTODEERTEEET 5.



Vol. 40 No. 9

RIZ, ZRENORWESBRHOT — 5 FIZBN -4
BRRADT -5 I ELET—FHRIZBVWTIEDDL
BWETBEBEMR S, 2F ), HETHEHEE
575 plalb) X BENR f; ORRFEL, BMF— 512
Bl BHERGA Ba,b) 12 L HEY f; OPREIS
LWERET A, ShIRUTORGRTHRES.

D i®palbg@b) = Y abgeb)

Jorvf; A <i<k)  (2)

ZZT, #(b), Bla,b) 1, freq(d), freq(a,b) ZZh

FNEBAT — 5 CBITHER b, (a,b) DMBFHEL
LCEUTOESICHEETS.

. freq(b)
0)==—"— (3)
g > freq(b)
bEB
" freg(a,b)
a, by = ———— 7 (4)
Ala.b) Z freq(a,b)
a€A,bEB

Kz, R (2) OHIFE T HESH p(a,b) O
L, TrhaE—

i) — _ N\ SN Al BY Ton (ol o BN (EY
LI\p) = / PAYJP \GIU) WG \P\GyU)) \9)
aEAbEB

ERARIT 2RSS T 2N EHRIALT 5.
IR, BRO—BROHEL %D, ZOLD) LBESA
RME—FFEL, UTOMRSM p* L L Cidsh s,

k gj(a,b)
H] 1 aa;J

p*(alt) = — (®)
ZaeA H] 1 z]J
(0 < aq,j £ o0)
=72,
Qa,j = e/\a’j (7)

THY, Ao, FEEBEK gj(a,b) DT A-5TH S
CONTA—=FIEXRbDD ETHIMEa 2B L
EFRTBOIEN f; BWENZTEERBEE R
TheRL TS, JIREEPSIONLE, 1T
A — & O EIZIE Improved Iterative Scaling (I1IS)
FUT )AL GEEREVLR S,

2.2 FRYUBRIERETIN

A TIREEH TR/ ME I2EOEFVE BV
T, 2O00OXE R ZTELRICH 2HRLETET
BHECOVTHRS, WifE a % 2 XY
RIS EPEL,LOL, 0O fEEL, kEHOZEN
i(<j<k)2Exz2LE XRbLIBITZ2X
B4R Y 2 HEE p* (1) 1R (6) T AT TO X
RO LN B,

BALY POV -t T CEFNVE RV BRERD ST BT 3399

®1 R, HIME, RUERBMEONK
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Fig.1 Analyzing up to the third segment from the end.
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Table 2 Features (basic features).
EAHME (4378)

*HES [ #H% E3EA BRL7-E EORE
1 [BER RS (2%4@) 86.98% (—0.16%)
2 I SCH £ Femna (Major) SRR A Howea ... (1178) 86.43% (—0.71%)
3 RiXCH E 87 (Minor) %ﬁzﬂ%z&J&ﬂﬁﬁwﬁ”.u4M)

4 I SLBD £ weta 8 (Major) BERH Famanir ... (30 B) 87.14% (£0%)

5 RICE £ FAER (Minor) sl AR KRR %F@f}f? et ... (60 1)

6 A CHiEE I (String) CE L ELTRETECE L (73T 69.73% (—17.41%)
7 A SCHIFETS (Major) Bhil BREE FEBFE 2T WES ... (434)

8 miﬁ %@mmﬂ MeBhE AEAGERY BhEMEERE ... (102)

9 7 1 (String) »5 FT DA ~Rx ... (631) 87.11% (—0.03%)
10 ﬁﬁiﬁﬁﬁ)ﬁa 1 (Minor) (#%) H¥sBhad RUBDG HekeBha B (5 1)

11 B SCHiBhE 2 (String) JEEE X L A ... (6310) 87.08% (—0.06%)
12 B SCHiBE 2 (Minor) iy BIBhE EHEDF KHF (41)

i3 [P e () il Wi (31) 85.47% (—1.67%)
14 AT H B W T~ (I T 04m 87.12% (—0.02%)
15 B A TSR DA T )] ") "1 >T1) (dm) 87.10% (—0.04%)
16 SRR FEET LOREMBE AL (2204 ) 86.31% (—0.83%)
17 B H £ ¥ (Major) FRES 20OREMERMC (111) 76.15% (— 10.99%)
18 HICHE S (Minor) EMFEFT 3OENMERAL (24 1)

19 BXHE s (Major) FEET AOREMBERAC (30718) 87.14% (£ — 0%)
20 HICEH A (Minor) FUFT S OFRMMEERL (6018)

21 X BB (String) T 6 DRUMBEE R (73718) 86.06% (—1.08%)
22 B HEREF (Major) FUEF TORMMEAL (43148)

23 B CHFE (Minor) FEUFET 8 OFMMEL AL (102 M)

24 X EBhE 1 (String) FEES O OREMEE MC (63 ) 87.16% (+0.02%)
25 #%ICHBHEF 1 (Minor) EUFET 10 0FEMEERAL (51/)

26 FXH B 2 (String) FHEES 11 OREEEFC (63 1) 87.11% (—0.03%)
27 H%XHBHF 2 (Minor) EUES 120FMMELEL (41)

28 BRXEABEOHE EMET I3OXMEEFEC (3H) 84.62% (—2.52%)
29 BB DA B ZUET AORBMERAC (1478) 86.87% (—0.27%)
30 BXHERROE & FHRS 15 OREBERL (147H) 86.85% (—0.29%)
31 SCH eI PR A (1) B(2~5) C (6L E) (3M) 84.64% (—2.50%)
32 B A (28 86.81% (—0.33%)
33 B 3 ORE " H (2H) 86.96% (—0.18%)
34 X Hi R A O TE T B ik (41H) 86.08% (—1.06%)
35 BRI R SCER IR — SR O A T & H (21H) 86.99% (—0.15%)
36 SCHTRIRTSCHT R R E RS H (Major) | FMES 20FMMEEL (118)

37 SCET IR SCET R R E S (Minor) | FEME S 3ORMMERAL (24 18)

38 SCH RSO R — SR E G (Major) | EMRS 40FMHMEFL (30 )

39 SCH R SCHT SRS ERHEA (Minor) | EMES 5 0EMEL R (60 M)

40 SRR R LB ) — E 2¢O/ B ®A 86.75% (—0.39%)
41 SCHS RR SCH R — E R O 35 H (String) FHET 6 OFRMMERL (73 18)

42 ST OB IRl — 2 R B 0 3BT (Major) EFUETTORMMBEEAL (4317)

43 SCH R SCER ] — £ REXE O 3 (Minor) FUFS 8 oFM L FL (102 1#)
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F KXHAT, BHERERDL TKRISEVERER.
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Table 3 Features (combined features).
EAREOMSE (134 15) WL 2L X0
2%M | (6,16), (7,16), (8,16), (6,17), (7,17), (8,17), (6,18), (7,18}, (8,18) 86.99% (—0.15%)
TBFE | (6,17,31), (7,17,31), (8,17,31), (6,18,31), (7,18,31), (8,18,31), (6,17,32), (7,17,32), | 86.47% (-0.67%)
(8,17,32), (6,18,32), (7,18,32), (8,18,32), (6,17,33), (7,17,33), (8,17,33), (6,18,33),
(7,18,33), (8,18,33), (6,17,34), (7,17,34), (8,17,34), (6,18,34), (7,18,34), (8,18,34),
(6,17,35), (7,17,35), (8,17,35), (6,18,35), (7,18,35), (8,18,35), (6,17,36), (7,17,36),
(8,17,36), (6,18,36), (7,18,36), (8,18,36), (6,17,37), (7,17,37), (8,17,37), (6,18,37),
(7,18,37), (8,18,37), (6,17,38), (7,17,38), (8,17,38), (6,18,38), (7,18,38), (8,18,38),
(6,17,39), (7,17,39), (8,17,39), (6,18,39), (7,18,39), (8,18,39), (6,17,40), (7,17,40),
(8,17,40), (6,18,40), (7,18,40), (8,18,40), (6,17,41), (7,17,41), (8,17,41), (6,18,41),
(7,18,41), (8,18,41), (6,17,42), (7,17,42), (8,17,42), (6,18,42), (7,18,42), (8,18,42),
(6,17,43), (7,17,43), (8,17,43), (6,18,43), (7,18,43), (8,18,43), (29,30,34)
(9,11,17), (9,11,18), (10,12,17), (10,12,18)
1FE | (6,17,13,28), (7,17,13,28), (8,17,13,28), (6,18,13,28), (7,18,13,28), (8,18,13,28), | 85.65% (—1.49%)
(1,6,16,21), (1,7,16,22), (1,8,16,23), (2,6,17,21), (2,7,17,22), (2,8,17,23),
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(3,9,11,18,22), (3,10,12,18,22), (2,9,11,17,23), (2,10,12,17,23), (3,9,11,18,23)
(3,10,12,18,23) :
F4 R #£5 AFICLHN
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Fig.3 Relationship between the number of bunsetsus in a
sentence and dependency accuracy (beam breadth
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Fig.5 Relationship between the number of bunsetsus in
a sentence and number of sentences.

5. BB 7AMI—RACBITAXEHRELE XK
DOBEFRERT. 22T, 29 XHL Lo ERER L
DLDEPolOTHEREZ Oy FLTWRW, K3
PORXEHENREL 2o THER ) ZIERRORE X
BRICEL LR W LT H S, —F, 425
I SLEBEN y = 0.8714°72 D7 5 7 12IRIZH- T
WBEZENDHD. TDT 57, XHiEE z, XE
BEY gy LT 2L E, y R FITEME 87.14%%
(x—2) B (BRBELREELIS 2FBOXEHZBVTW
5) T AbEETEI bR D EIREL 2L iR
LNETT7ThHD, 15 LHEBA AL XK
DEVISHL TRIREL 72275 71T IUERES
HEL o TWASY, TR TOEEMNEICIZEIBF
] 232 5XHEHFBNRLZENEL, Bl
EZORDEEELCHEETHILPEEL (ko TK
L ThHArEEIOND. 41, TIX] 2Ld%)
XEDBITICASIE 2 N AEMFFEL, BL
TWE W,

—HRICEBE OB BFIREO B SV L R FIT
BATIBEL <2 B, 22T, H6 ICi3—XhicEIN
PEFOK LR T EREOBRRE S T 7LD
DT A, FAMI—1RRIBWT, —XHICEE
NABFADOKOTIEIL 25/ TH o7z, DT 57
TRBEBCREBH OB R LTI 5 S RS,
FAROHL 2 KT 120FEBICLEEIONS.
F/o, 723 —XHRCEITN L BFIEEOHERDY
ZITEBROPRE ST 7ML b DEBTSH. T A
P I =R BWT, —XXPICE TN SEFIEEDE



3404 HRLE AR IGE

RO 0 IEME
1.0 A

<

0.8 +

L

*  APEHE(k=1)

0.4
e X : AFRXsHR
0.2 - + R=ZXTFLv
(] —rrTr—T T T
0 2 4 6 3 10 12
~XhicEEh s RO

6 BFOKL &Y ZTIEMSE
Fig.6 Relationship between the number of verb in
a sentence and dependency accuracy.

RO RTIENR

1.0 -

0.8 4
3
ﬁ

0.6 1

0.4 * AP (k=1)
] X : AR X 358

0.2 + P R=2FA4 v

0 1 1 L] ] T T T T 1 13
0 2 4 6 3 10
—XHKEEh 5 UTIMEOH

7 BFHBEOBE R Y I EME
Fig.7 Relationship between the number of coordinate
structures in a sentence and dependency accuracy.

DOEHEIZ 069 WMTH o7, ThEDEPS, —X
HIZETNABFAOBRETIEEDEN S 2 >Th
B EREOBFEIBRICE RO W LIS
5.

Sep. 1999

®6 BHRVELHIRL L X OMFRMBE

Table 6 Accuracy without several types of features.
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Fig.8 Relationship between the number of training data
and the parsing accuracy (beam breadth k = 1).
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