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This paper describes a Japanese dependency parser that uses a decision tree. Japanese
dependency parser generally prepares a modification matrix, each value of which represents
how a phrase tends to modify the other. The parser determines the best dependency structure
by totally optimizing the values in a sentence under several constraints. Therefore, our main
task is to precisely evaluate the modification matrix from corpora. Conventional stochastic
dependency parsers define a set of learning features and apply all of them regardless of phrase
types. On the contrary, our decision tree based method automatically selects significant and
enough number of features according to the phrase types. We can make use of large number
of features that may have contribution to parsing accuracy. The proposed method was tested
with EDR corpus and yielded significantly better (4%) performance over a conventional sta-
tistical dependency parser. In addition, we tested the following 4 properties of the system; 1.
relation between parsing accuracy and pruning of decision tree, 2. relation between parsing
accuracy and amount of training data, 8. relation between types of features and parsing accu-
racy and 4. parsing accuracy when additionally using frequent open class words and thesaurus
categories. The results were 1. weak pruning yielded better performance, 2. the decision tree
learning for dependency parsing required fifty thousands Japanese sentences, 3. the type of
modifier and the modification distance are particularly effective for parsing accuracy and 4.
open class words and thesaurus categories do not always improve the accuracy. These findings
may offer the important clues to Japanese parser developments and corpus constructions in
the future.
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Table 1 Modification matrix of the example sentence.
FEH-0

& H-ic 0.70 4 J-ic

ER-O 0.07 0.10 HLp-o

A% 0.10 0.10 0.70 Fie-A%

A% 0.10 0.10 0.20 0.05 A%

-7z 0.03 0.70 0.10 0.95 1.00
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Fig. 1 Dependency structure of the example sentence.
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Table 2 Features for learning.
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Table 3 Possible values for each feature.
BHEE | SEMEOEY S 31E
2 YE&H, BB, LT, BREH, BEH, BALHA, BHARE, BHLE, A%, K,
B, 4, BURBIE, RERG, BF, BAMEESN, BREHE, SMEF, SERE,
YalgE, AE, ARBERRE, BENAR, LAREERE, LA ABKREE,
APV TIRERE, AEERBNE, SR, MR, BRI, B, BERRE
3 &D, bW, T8, hE, JhEd, 2%, T, &, 22, L, Ly, Le, $4bb, 76, T,
T, T, ¥, LT, 2hiC, &, 20, B, £oT, £, oiF, okb, oT, 29, &,
ed, kb, Eb, &, &d, BV, WL, BWVLE, A5, k¥, &b, LUK, &b,
BAD, BAT, &, R, ®, O, &, Ehh, ~, EE, F72, 2, £, b, L,
b0, b, X, b, L, kI, kb, B, b, ¥, FELH, EE, EME, &, K, @8,
RO, #, BRA&EH, BEHE, BEAMREEER, BALH, E%, BHARE, BEaE,
S, A&, #E8, BE, BE, ok, b, BRI, BEAR, BF, £ASHF, M,
HEERIE, Wlasw, BF, BERAH, RAMNGHE, BN, X, K%, AFABERRE,
LR, HANATHDEE, SANLARER, &%, BEREH,
BEIE), Hk, MKE, E4FH, BERRE, EA
4 non, AL, 4
5 non, ‘, (, “,T,[,[,<I[
6 A (WIXHiEFS L RAHFZTOZE 1), B (FXHES LB XHFTOEHN2~5),
C (MiXEFT LB XHEFTOEN6 L)
7 0,1 (2 XHMOBBGE [13) OfFE 0 K 1:8)
8 0,1 (2 XEHMDZEEDHIE O 1. F)
a4 XS LRI BT EERT -5
Table 4 Sample data generated from the example sentence.
(14 ] HXH Z 0t 752
1 2 3 4 5 1 2 3 4 5 6 7 8
#:H B#%E | © [ no | no | K EaadE | no | no | A| no | no | yes
FEH Bet%E | @ | no | no | WPT Ywzd | o no [ no | B | no| no| no
M:H FeH%E | @ | no | no | F4t WiEsE | A no | no| B | no| no | no
M:H WHE#H | © | no | no | 74y | EELH | % no [no | B | no| nol no
MR BHEHE | © | no | no | Bt k| @# | no { no | B | no | no | no
Lo WiE%H | 1 | no | no | BT EwEE | o no | no | A | no| noi no
5%k WE%HE | 12 | no | no | FHE L@ | no | no | B | no| no{ no
5H ¥@ELH | W | no | no | 7A4Y | TEEF | % no | no | B | no| nof no
Lyl ¥ELF | 12 | no | no | Htr Lo B | no | no | B | no | no | yes
iz L#@%# | © | no | no | Ffit LwmawE | A no {no| A | no| no| yes
itz ¥xi@%H | O | no | no | VA4Y | ET@EEF | % no | no | B | no| no no
BT ¥@%H | © | no | no | HKir B3 ## [ no { no | B | no | no | no
T YiE%H | 2 | no | no | VAY | ¥@mEF | % no | no| A | no| nol no
Tt Y¥@&E | 45 | no | no | HKis LoE| i | no | no | B | no | no | yes
JAY | ¥&EBEHE | % | no | no | K [ET] B3 | no | no | A | no | no | yes
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Fig. 2 Sample decision tree.
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Table 5 Pruning confidence level vs. parsing accuracy.

ERELANL 25%

50% 75% 95%

BRARISRE 82.01%

83.43%

83.52%  83.35%
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Table 6 Number of training data vs. parsing accuracy.
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Fig. 3 Learning curve.
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Table 7 Relation between parsing accuracy and types of attribute.

BRHEAE RATHEDOET | BHEAR BATHEOET
Wi SCE RS —0.07% | BXEATROFE +1.62%
My A7 +9.34% | HICHIEIIRE OF +0.00%
i SCH A BRI DA I +1.15% | HXEEIRE A& +0.00%
A SCETFEIBE D A £0.00% || CHSH +5.21%
HISCE R 07 +0.00% | XEHHROHRE +0.01%
e EFEG +2.13% | SCHIR “i3 ofF K +1.79%
BIXHs 17 +0.52%
£ MEERRO/NELLHTE
Table 8 Hierarchical structure of bunrui-goihyo.
1 tho® 3 Ho®

1.1 | mREBAR (10 )
1.2 | AMiEEoF4k (9 M)

1.3 | AMIEE-MiMB X 0455 (9 %) 3.5

1.4 | £EHBLIUHA (8 1K)

1.5 | BB XCEARS (7 E5)

3.1 | R (6 M)
3.3 | WAl LUTE (4 F5)
HABIS (1 88)

2 1o

4 20 (3 %)

2.1 | MRMBEFR (3 188)
2.3 | #HABICTE (6 HE)
2.5 | BRES (1 HEH)

®O EHOBRNTHE EATHE

Table 9 Lexical information vs. parsing accuracy.

FHOEEEE | LF1005E L2008 oFEEXLN  SHERE2W
PRAT RSB 83.34% 82.68% 82.51% 81.67%
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22200 FEOR S M- B OFER BEIEROREME L
LTHWEETHS. BROTIE Collins®DFIET
HHWHLHEROLEFEE L ZRICANIET VLMK
BLTWA., ZOKRENL SPOBREEDON LR
L2 lds, EATHWAFEICBWTY BEEH
DIERERE LML, BEEE LTRHETSZ
ECEREREEDICRIACE 2 RMETD 5.

82 ICHABETRBFACHBHFA L CREEOEEN
-0y INFEICHARTREVETH S, ChHOFE
MRS (XHDy A7) L LTI TIFERSNAT
VAEDOTRSEELZFRERITTIELATNS L
ERBIELBTES,

EIIFALIO—RADENTH S, EFTHA
&N 5 Penn Treebank 3 Wall Street Journal D iEC
BEoAPOBR IR0, AU L) REEIEET
BEEZLND. T LTEDR I — /S A 34
LBEBFOI— A2 D% B OB EEORKE IR
Lo MHEMND 5. TOTWEEICOWTIZSE S
5% 5 ERNFMILETHS.

DHERRON T TV I L TRIKEA L DM
%BEH, CITH2O0EREEZR L. £13A7T
AR ETHESCRYBBBR M 2 B T 5 IR+ TH
ZWEEMTH Y, E235HEERROZ MY
BELBOI LD EROBELELTAMEETH 5.
SAOEBRTIZYV—FAL LTHEEEROATH
WA TV —F RO 25 A8 ) Y EREY, &
DHEEIL SN L— A BED R EE WSS
ARV VETHA). DEREZ T LDE EER



Vol. 39 No. 12

R LD % C & O RBRIEHE TR 3 UL § AT
ESKBIZ LD L) BIRRE ) L2k e n)
il b.

4. MEM R

AR B T ORET R SURAT F i ORFZE & A5
DEEIZOWTHAS, 1980 £/ H D5 1990 £4%

r RN Ad J\H‘vr I’k?‘\‘rﬂﬁ;lﬁdj"‘rctmnquwbb*ﬂw
WAL~ y FET N E A ALV 7 7

RADLWET BFENSPAITORED, Zh
b OEDOIER, BFCIHERMILT OIEHRIZTT
1, HCHREREL EL CBET A IR0 TH S
ZEHFEL L ko SUHK18) I3Mk 4 B EEREIER
*EBL, XEHNOBHYRERTERT 2FE%
REL S6REEDE VBT HEZB/2. —7, X 6)
AR SCE D% 2 & HET WSO IC A L7z, B
B EROFNCTE LI, 2 DO DORZITHEEE,
FOMERR, DEERELCOBEZHVWTEEAEL
W L ASEOBTBE LS. IS 2 DOMFIEE
BIEREEOHALBEERE L2201 X (B
NABY, BAOBRGEBIIMDICRLZ->TWE, OF
) SRR 18) 2SI L - BHIE R B IR 4 R B OR
RICREARETHWAZZETH Y, B 6) PSHRIYL 7
BHESENT LTV L LT (XH) 28, 20
BEZTEREZER L THD. AR TRELIE
AREFIH LBZBMEEIAEOR S E»L, F
ZUERCEL OBBEFRATIEEE L. ZO/E,
INE TP BARRGERST BITTE TR o %
COHREHEEFVCHATER L )Tk otz.

HAGE CTiTb N E R 2T T O & LTI
XEK7) b B, BADFEFREREFIH LEZT
HEROEICHAT2EM LR & 425 CHHIIL U
TEHWCEET LD LT, XBKT) TiEoRicH
CEHZAET A, X#6) DFFEICDIVZEIET
HoH, DRICFCEBHEFIAL, RA—-Y Y7 %M
WTRSITHER 2 58T 5 PR CE OSSR ME 2 KBk
THIEDELL, BUHBRICOHIREZT S LI
EH 5.

5. & B

FRETCEI—NAPORERTHERL, HARERZ
AR T 2 FEIC OV TR, RS IC
BEAZFIATAZ L TEHCOBREELRIALZEEC
DB LBUHRIRFTRE L Ro/z. FOEE, 240
FATRFED MR & HETFEE OB AT AL Z &
AREE o /e,

Z M E THAGEHE UTEOHME TIRAE R »

PEARF B2 B AREBRZT T 3185

LEEXDNELT -y PR EShB 2L v% <,
L»dEMEEIHEOFT - Y 2 FH LTS D
BHEZEWICHET 22 e P L o7z, FEN
% EBEHE AL U TR THE & 2 AT F IR O ST A
WRELRBILEELD L, HRERITOMIEIIBN
THHBOT AT — ¥ ZFHEICFIAT A5 L AEE
L, REFRETIETE 2R ) FEH2FM 247D 720

EDR 02— 3Z%2FHLT1 ﬁ-erm»a‘,.bvr».-*z Lx;
LIy ANCTTYI N L JJ AV

Tof. ZOKE, BHFOMKEFEL LE A BT
PEOLN, RO4EPHL PR o7z,
(1) WEARDOBAI D IZD 20T 5 FHBATERE DS
mMET s
(2) RFJVBWOEFLELXREIBLZ5AT
»5
(3) BRFEATICECENEBEE, £RVEISCEO
AT EXERERETH S
(4) FHROBEBHRZFABLCOILTLOBNHE
BEWFEDLITTELL, RFEOHETITHE
FET S
AT X BCETRE OER & — RO 20
DFoBEBIZI W IHIALED L TETH 5.
o BV, ZTIFRTHICE T AHMEERLED
14 G BEDBHRBENOZBORE
o LHK15) & &F — ¥ OGAI BB A FFFEDE
};ﬁlﬁ)
o HAFEZITTERAL
HH

EEFOEFENORETHRD

2 X

1) BRI, EF &, FlET, BERE—- R
D S ORI EET RTECE:, RRLEESR
&k, Vol.33, No.10, pp.1211-1223 (1992).

2) B W, ME 1E MERB, KEF R
@%E&%Lbﬁﬁttﬁxﬁﬁﬁnﬁmﬁbﬁ
T ORI E FORE, BB FERTICEE,
Vol.36, No.10, pp.2353-2361 (1995).

3) MAZE  HRHAEOHEE, KBEHEES
(1986).

1) Bigwk, RER E ! RVHAREXICBIT 517
HEOHE, HHLEERFHIEE, Vol.33, No.8,
pp-1022-1031 (1992).

5) Kameda, M.: A Portable & Quick Japanese
Parser: Q_JP, Proc. 16th Internation Confer-
ence on Computational Linguistics, pp.616-621
(1996).

6) Collins, M.: A New Statistical Parser based
on bigram lexical dependencies, Proc. 34th An-
nual Meeting of Association for Computational
Linguistics, pp.184-191 (1996).



3186 RN

7) BERIEM, AHE  BEHFEEHVRLR
T RNT, BASELEM%ESR, NL117-12, pp.83-
90 (1997).

8) Japan Electronic Dictionary Research Insti-
tute Ltd.: The EDR Electronic Dictionary
Technical Guide (1995).

9) HFH ¥ ZXEMORZTEERELA-BER
FESCOBURENT, E¥R%WIGE, Vol.55-D, No.4,
pD.238-244 (1972).

10) Matsumoto, Y., Kitauchi, A., Yamashita,
T., Hirano, Y., Imaichi, O. and Imamura,
T.: Japanese Morphological Analyisis System
Chasen Manual (1997). NAIST Technical Re-
port NAIST-IS-TR97007.

11) NLRI (National Language Research Insti-
tute): Word List by Semantic Principles, Syuei
Syuppan (1964). (in Japanese).

12) Quinlan, J.: C4.5 Programs for Machine
Learning, Morgan Kaufmann (1993).

13) Breiman,. L., Friedman, J., Olshen, R. and
Stone, J.: Classification and Regression Trees,
Wadsworth (1984).

14) Kay, M.: Algorithm Schemata and Data
Structure in Syntactic Processing, Technical
Report CLS-80-12, Xerox PARC (1980).

15) Haruno, M. and Matsumoto, Y.: Mistake-
driven Mixture of Hierarchical Tag Context
Trees, Proc. 35th Annual Meeting of Associa-
tion for Computational Linguistics, pp.230-237
(1997).

16) Haruno, M., Shirai, S. and Ooyama, Y.: Using
Decision Trees to Construct a Practical Parser,
Proc. 86th Annual Meeting of Association for
Computational Linguistics, pp.505-511 (1998).

17) Marcus, M., Santorini, B. and Marcinkiewicz,
M.: Building a Large Annotated Corpus of En-
glish: The Penn Treebank, Computational Lin-
guistics, Vol.19, No.2, pp.313-330 (1993).

18) Magerman, D.M.: Statistical Decision-Tree
Models for Parsing, Proc.33rd Annual Meeting
of Association for Computational Linguistics,
pPp-276-283 (1995).

19) Charniak, E.: Statistical Parsing with a
Context-free Grammar and Word Statistics,
Proc.15th National Conference on Artificial In-
telligence, pp.598-603 (1997).

20) iﬂlﬁ &, BWFIERL, HWEESE | BEBMBRO
DOFERMENT O HE L £ 05, EiReE
NEmCEE, Vol.34, No.8, pp.1692-1704 (1993).

21) Collms, M.: Three Generative, Lexicalised

Dec. 1998

Models for Statistical Parsing, Proc. 35th An-
nual Meeting of Association for Computational
Linguistics, pp.16-23 (1997).

22) Charniak, E.: Statistical Language Learning,
MIT Press (1993).

(FR 9 4£ 11 B 12 HEM)
(FEL104 10 B 2 HIRERH)

F KEZ (ExAR)

1991 £FRMRETHMERLE
BEEREE, 1993 FRAEESE
THREBT. 1998 £ER LR
B KFERRFE LR EREET.
Wt (%), 1993 FHABEEH
(H%) Aft. 1997 EF TR I 2 — v a VR
FFFERTATsER. 1997 £ X ) ATR A& BEEMZER
MR, BT, BASELEBIIIaz -
Va v OEYRERICERERF D, ACL, SELEY
KERE.

i (T/—\E\
1 "oy

1978 4 KA S: T 2280812 T4
FHEEZE. 1980 £ KF# e AR
BiET. AEHXEREBHA (B
NTT) Att. DIk, HIEEEER%Z
PLETLEREELEBIAT LD
BIFERRSSIC e S, 1998 4E 10 A 2°5 ATR TSR E
ERFFERTICHIE (NTT 23 2=4 — ¥ a3 YR
PraEE). 1995 F HARERMIERY v 5 — B (54
H), AEATHRFSRCESH. &8 [ OAFES
BAR| (R, BEEIE, 1997 ), ETHHEE

¥R, BRELHEERERA.

Xl FH (EREH)

1954 4, 1977 ERRKFELE
%%%I“ﬂ@% 1979 R KZERE

FHAMETF LEERE LR
‘&{%T FEAABEESES LM (3
NTT) Aft. BfE, NTTa 32
r—va YREWERTERMZEE. AARXETERT,
ETER, BWNBRSEARSELEY AT AOHZEH
FIHt®H. IEEE, BT HHREEHS, SELEES
HESHENFERERE.




