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AFRICTIE, WESCENTO BHMEMIE 21T 5 72012, B EHR & BRI
FHEMRE AT D FELZRET D, BANRET IHAMHERSEETT UL, %im
BEE R L OSBRI EREZ KT 2TV E, BHEOHBEAECHE

I RAR e & OFEEN R ERE KT 55 %%TW®20@TU%TWW6m
5._@%Am%$;%%TWi WSCHY 7R SEat T & SRR R RHE M2 RIRFIC %
B4 HBEOLL DETNVERRY, Fﬁ%‘%@%’%—ﬁﬁ“é,m RN DD, W
RAREHE R & FEENODRRHERZ MV E I 2 2k Y, ThEh o EREy
R EEBEFEDOMIICEETH k#f%étﬁf&< FNEN DR IEHR
BEREMHEICBWTEDL )RR ERETONEEZ IO THIENTEX S,
I DOMAHIREFBEFNZTMT 572012, BARZELOTH DR 2T & 1T -
Te. BCETNVE AW L& OCEOEMRRIT 73.38% & 720, X=X T A THRT
11.70%Mm EL7=. £, MCEFN LBREF NV EHAAEDELZLI2LY, XD
ERRITE BT 10.96% M EL 84.34% L 72 o=, T DFER, AR TRET HHHEIC
BT, FEEMEEHERIIE SR MEHE S & FREICBBREAANICERT 22 &
%%muLTC.

F—O—F: KEHROMESCRRAT, HESCROREHEH, FERAOREHER, MOMRRSEET

A Framework of Integrating Syntactic and
Lexical Statistics in Statistical Parsing

Krvoak: SHIRAIT | KENTARO INUITT | TAKENOBU TOKUNAGAT

and HozuMi TANAKAT

In this paper, we propose a new framework of statistical language modeling inte-
grating syntactic statistics and lexical statistics. Our model consists of two submod-
els, the syntactic model and lexical model. The syntactic model reflects syntactic
statistics, such as structural preferences, whereas the lexical model reflects lexical
statistics, such as the occurrence of each word and word collocations. One of the
characteristics of our model is that it learns both types of statistics separately, al-
though many previous models learn them simultaneously. Learning each submodel
separately enables us to use a different language source for different submodels, and
to make understanding of each submodel’s behavior much easier. We conducted a
preliminary experiment, where our model was applied to the disambiguation of de-
pendency structures of Japanese sentences. The syntactic model achieved 73.38% in
Bunsetu phrase accuracy, which is 11.70 points above the baseline, and when incor-
porating the lexical model with the syntactic model, further 10.96 point gain was
achieved, to 84.34%. Thus the contribution of lexical statistics for disambiguation is
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as great as that of syntactic statistics in our framework.

KeyWords: statistical parsing, syntactic statistics, lexical statistics, integrated proba-
bilistic language model

1 [FC&HIZ

=R, BE, VYT ARE OWIBAIBTR ST — OBENEALZZ L6, BRE
FRALEIZ IV D hk & 72 RIRE D FRULITAT D 2O FEFHE & M H L 72208 AT T S

RRCHESUIRIT DO 3 BT BN TIE, BESCRRBERHE SRS T2 <, BEEO HBEBELHFEDO LR
BIfR & W\ o o FERI R SR E A R U TR & 17 £ S B -BFEH0 52 < @i ShvTw
% (Schabes 1992; Magerman 1995; Hogenout and Matsumoto 1996; Li 1996; Charniak 1997;
Collins 1997). Z Z CRIBEL 2B DIE, Z DX 5 RBEMRFHE @A MR HEHERE &
DEIHAELREDINEVNSIZETHD. ZDLE, BLAIILUTO2O0OANEETHD &
2 5.

o fRNTHERDBEMICEZ 2 A aTH, MIXHRKEEROLE KR L 72 227 LB
HEHERO L KL T A2 T bERMICHETE 52 L
TDZLITKDFRELTICET 5.

- fExoREHEREEICFEETE D
SRR A ERZ FE T B, FEHSHEERLE L THBIERa X o
EVVESCEERS ISV e a2 — R AR BB L 2D LIALRR L, #ENRT A&
DEITENIFE Z TRV D T, D RWT —Z BTHEETLHZENTESD.
THCH LT, FBEARMEHERT, HFEOLEICHET oMiHERE FE L 2T
NEROBRWIEDIZREDFERT —F 2 LEL T8, MIUEEM&Ea— 2
WCHATER = 2 S OB GFE & a2 — " 22 AT HFE T 52 L8+ rhe
Thd. 20X, MAHFROBEIC L > THEEICET I5HEEHROE - &1
RESERD. 2T T, MXHRFEHER L FBEARBEHE®RE B2 52 FFHER
ZRAWTHEBICFETE D X9, ENENOFFHEROMINMEZREFL TH<
TEREEL.

- @%ﬁ%%ﬁﬂ%ﬁé@ﬁ®%%ﬁﬁ®@%%§5’ﬁ%?é’kﬁ?%é
B2, BRHRMEAREICRL 72358101, MO REEHE R & BRI 2R aHE &
ML F O Z 2L, 60 OFFHERD AL T 50% &5 HIWr

T R LERZRER BHE T2FRR HE T¥HEK, Department of Computer Science, Graduate School of
Information Science and Engineering, Tokyo Institute of Technology
T UM LR BRI Ak L %8, Department of Artificial Intelligence, Kyushu Institute of Technology
1 Inside-Outside 7 /b= U X A (Lari and Young 1990) iZRFE SN DL 572 EM 7A=Y X 5% AWT, HESUHEEDR
MER TRV =R LB RREHERE FE T DMELTLR TS, LHLREL, 20Xk 5 REfiRL O
FEIREENEL, BRFATIIESEERMMEN e a— 2 ZHAL 2 FRNSEO RV HFHERZ FE & 5
LEZLND.
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B3, &, X, Bf HEETRIMESUARATIC S5 1T SRR R & SRR BOMEIT O T

THIENTES.
o fEHXDOIFHIERERBL 722 a7 PHERMEREFF-oTWVAHI L
RESCHIZREHE R E KR L 72 2 a7 & BRI ERE KR L 7 2 a7 ZArabt
TRED R a7 L3556, MEDZXa7OMEFHETEIVVOR, B FE X
WWNDH, e EBLNRFICESRE BPRTIRLRVONRE, ZORi#EREL
BOEHFIAEATIIRN., 2o, A2 R a7 PHERNEREFFOL IICEETD
TLITLY, BOBLLTENOLZBRIHAEDEDZ LR TE 2.

& AN, BEARRFHERZ AL CHESURITO RS Z 17 L S® 2B EDHFED S <13
EORBEETEZL TRV, FIRIXHED 5, #ESRSCRA B3 (Probabilistic Context Free
Grammar, AT PCFG) IZ81F 2 F Z#2 BRIDO IR 518, £ OIHFEKIL 52 XELT 5]
DEFERDLBEFELMMNT DL (UUTF, Zhi PCFG ORI L FES) 12 K-> TREEMIERER
2% PCFG ORERET M KBS H 5 HIEEZREL TW5 (BB, §i#, BE 1995). —JF, &
FBEXRIC PCFG ZFBRALL 72858 & L Cid Hogenout & (Hogenout and Matsumoto 1996),
Charniak (Charniak 1997), Collins (Collins 1997) I X 26D &H S, LarL2RH1 5, PCFG
DFBRAIT K o THECHYRBERHE B & FBRARFEHERE MG 52 73, IR ZIC
HEBZ AT 5 Z &I Lo THRAEP HEAGDERICHERL, #ET D37 AZHLIFERICE
RRZDEVSTRERNEH D, Flo, BXHRMEHERE BRILHEHERE FRHCEE T 5
TNERSTNDR, BIFERRT L IICHEFITMLICFETELIEREEL Y. PCFG %
N— 2 & L7 SPATTER /S—# (Magerman 1995) X SLTAG (Schabes 1992; Resnik 1992)
Wb FERRO MR FET D, Th b OFFZEITFERILHEHERZ FIH L THATREE DR 2 K-

TR D23, HESCHYRBEEHE I & AL D IR o TUHR L.

SR 7R FEEHE R & SRR M ME NI FEH T 0L LTI Lilc K D b o 3T
b (Li 1996; 2= 1996). Liid, MEATREROMGEM I3l T, MR ERE KBRS
TeHERET IV Py (1) & HFEOILERRZ KR S VT HERET IV P, (1) ZRIXICEET D)
BEEREL TS, £L T, BERAREFITHECHRHEFNELT D L Vot DESFEYFE
WHESE, 9 P.() %1 0Ra7LLTHY, —LE&ZNLSOBERDO R 2T OZER+53
WCREL DS TZH/AICRY Py, (I) AT ELTHWTWS. Thbh, #XHR#EE
e FBRARFEHEREZ TN M FEE L TNV D03, Zh b % RRHTFIH L TR AR
HEIT->TWHDIT TRV, £, 20220227 OROHRWERIARAETHY?, £
DEEIZAASE DR FILERATIE RV,

AWFFETIE, HXHRFEHERE BROLEHEREZAL2EDE DL - HEE LT, AW
MRSH/HET NV E LT S (Inui, Shirai, Tanaka, and Tokunaga 1997a; %, B, ik, HH
1997; A, #z, {8k, HEF 1996). Z OMAMMEERSEETT L OREIL, HEOMBBEE, BX

2 Poyn(I), Pieg(I) IZHERLMHIN TV 50, ED L5 RBRIIKTIHELRONIIARHATSHS.
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OHEEOILEBR L W o 72 2 DD BRI ZRFEHE ME WL L, MCRIZRFEHER & ML
VWO RIZHD. Fiz, WIXHRFEFHERE BRSO AR L LT, BENREERE
HEBFIDARMEERE L TENENFEEL, b OBEEBITEROBEMIXT5 22T ET25
LRy, BHRMAAECHEEZFERICHATLIZ LN TED. ZORBHEERSEET VO
FEMIZOVWTIX 2 fi TR 5. 3HITIXZORAWERSHEET VOFE, BIOELE AV
72 A ARFESL O SCEIOFR 0 2T EBRIC OV TR 5. &R 4 HiTHHR L A% OMEIZ O
TR 5.

2 WMEMERSEETIL

9, KRXT—EL THWDREEIZOWTHATS.

o ANXFII A=ai, -, am

o AZAERTDLHFBSIW =wy, -, wy

o W HAEMTHMFS L=1, 1,

o L AT IWIME R
AWFFETIX, FHERMHT & U2 FIREICIV | O Z L2 RET D, T72bbH, AJISFS
ARz b E XL, ZOELWHEES W, ELWSGEZS] L, ELVWESHEE R KD 5
TERBEMET L. BIRIE, LB AL 2R LD AU 5 TR R B o 4
X1 IRT

Nl Pl Nz P2 V AUX —L
s e e e e e
ik ) 4 % R d =W
AN N AN
1% k'S i) A 4 B ~ - =A

Bl 1 fISC AREDB A BT L DIFATRE R

BIRNTHRER DB K L CTEDERMER P(R, LW, A) #FHEL, ZhBRKOEITERE
BRT D Z LT > TEBRMARNZITY. &512, BERET NV P(R,L,W,A) ZLUTD X i
TS

P(R,L,W,A) = P(R) - P(L|R) - P(W|L, R) - P(A|W, L, R) (1)
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B3, &, X, Bf HEETRIMESUARATIC S5 1T SRR R & SRR BOMEIT O T

T, BIUHEE RIIEKICRFTSIL ZERTAbDERETDHE, P(LIR) =1 &7 b
(R 1 B8, £/, HES W BRENIANLTS AT - BICRELDT, PAW)=1 &
5. LEB-T, X (1) IIUTOL I ICHiKiLTE 5.

P(R,L,W,A) = P(R) - P(W|R) 2)

AR TIE, X (2) WWRLEEY, ITEROLRMEEREUTO 2 DOMEET LOREE LT
HET 5.
(1) #CEF )V P(R)
WX R OERHERTH D, ZOMERET MIIB R FHEHERE KRS E 5.
(2) FEHTT L P(W|R)
WS R BB o E 2T, ZUVNOHEEFIW 24K T 2HETHD. ZDFE
BET VITFERNRMEERE KBS 5.

2.1 #WXETI P(R)

BXCET L E L TE, WCHIRERHESRE XBRL, 2 ORIEE R OAERMERZ B\ VR E
THET DO THIE, EDOXIRMERET NVEFAL T LW, #CETMTFIATE S
MeRET NV E L TL, PCFG RMEE—ML LR #£ (Probabilistic Generalized LR Method, X
T PGLR) REBHET BN 5.

Bz, PGLR 2#CETNVOFNREME L TEXTWA. PGLR LI, #URHTFIE
DOEDTH D BAL LR EZILEL 72D THS. PGLRIE, LR RICER SN K REEE
BOBBHELZHEL, TOBBHREOR L > T 1 20OWREERS, Thbbzhicxicd
HHESEEDERMEREY 52 5TV TH B3, 20 PGLR X PCFG IZHART, RO X 5722k
FZFD (Inui et al. 1997b).

o UHRKTFEMEEZIV TS Z LR TEXS.

o BEEET 2 AMFRMOLERBMRERV KL I Z LB TES.

o FHEICBETABEEEZMVELOIZENTES.

ZZC, BEEET A AEMOLEBMR L L, S bi-gram O X 5 72 SESIO HBUZ BT S HEEHE
WTHY, WEREEITOBWEMBEICAN COIEE2ONS. £, HEHCHETELEL
X, HEBIIR 2R GEVEEBIZR VTV E Wo T, £/ U BITRIC & B HEERM 0 BEEEC B5
LFEFERTH D,

3 — %t LR BRI HERZ MGALRATIT A2 b O H 55 (Wright 1990; Ng and Tomita 1991; Briscoe and
Carroll 1993), AAFFRIZI1T 5 PGLR &1 Inui HiZ X 5EF /L (Inui, Sornlertlamvanich, Tanaka, and Tokunaga
1997b; Sornlertlamvanich, Inui, Shirai, Tanaka, Tokunaga, and Takezawa 1997) %57
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2.2 FEBEETI P(W|R)

FERET ML, MFdl L 2 KL 3 2MIUEE R B2 oo L T, b HEEsI W
RERTIMECTHD. ZOBEEFME, R (3) DL D REHEE w; DERMEORE LT3
BIDHZERTED.

P(W|R) = HP(wz‘|R,w1,"',wz‘—1) (3)

BlzIiE, K1 OFICBWT, HEiEZXOBAIDOIEFICARL TV ERETH L, BRET
v P(W|R) IZLATF D X 5 R BHEEO A RMROEE L CHETE 5.

P(W|R) = P&, 28,34, %, B, 12 |R) (4)
= P(|R)- (5)
P(BXIR ). (6)

P(% |R, B, T0)- (7)

P(SA R, %, BN 72) - (®)

P |R, 731, %, B, 7) - (9)

PB4 |R, 23, 734, %, B, 72) (10)

2.2.1  BERHE AR

R (3) DAIE (K 1 OHITIER (5)~(10)) DT A F ZERIIIFHICKE L, TNEEESE
T5HZ LT Iz T 5. LZ B, £HE o4& < T ADIIHZEDOHRD

R, ,---, TTIiER<, O D T B ns. i , M1 ol 1z
W, A 0 B O ) L7 TWA. ZorxE, N4 LWVWHHER
KRS T, R (8) o R% &7 (0 O Yo 5, LHE &
A (® o T hEk )ik < TEBE  Tx3 (R (11).
POSA R &2, &) P(3A ] (BN, %)) (11)

/\/\/\/\
SRANe
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= (11) W, (B, %) 1%, B &Ww)H DD Ll Twa %

LTWa. 37  , P(M | (BY,%)) 1, B &) O L7
W5 RNA EWVWOHENER hoMERE LTwb. L T, X (11)
X, N LWVWOHE o o < W L v v 7-HIED e,
4 & B B O L FWvw v ZHED i nTns.

T°C, HEEARK EUTOLS & T5.
HEE  OHFEAR Lix, DAERHERD R, ,---, )

ARk < 35 D % L7 OT 3.
OBl BT, M S OWIBAR B (RN E) T B, LT, AME

D EFRRERD R, -, , OHIED & BAEEARK T5Z
L Xk, BEETNVPWI|R) ZUTDLS T5.
rPwIR) = [[P( IR .- )
IIP(I ) (1)
2.2.2 BEERHRUAR
BAZEA R v 15 LRBDIE, OXHIRBEE LT D& HRBEFEER
Z X Xwvwo twsHrzZ kT A, X, Zhz T L7z X T kR
5. LIF, HiE  OHEEBEAR  ETD % HAFEA AL TE &
HAREA R E o DOFIELT 5.
HFED < L 72w
HEE WG, DHFELD & L2 X, OHEOLERRMR
1T DOHED D T5E Y. Hi , E1 o W, 7z
L BN BAERTD DHEEL DFERE & A X, T

NOERHEE (5) (6) XU TDO LS o k.

P(72 |R) P(7z | ) (13)
P(B~X|R,T2) PEX]|) (14)
zh L 7= HEEAE R £  EUTFT  F.zZo ITHFEAE R ¥ EY
5 OF Jv < 3.
B4 RTR 1
HiE  ART S DHFEL D % L2 Ix,
iR DHEIBAERK BIELT 5.
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A i & 5 D & ERA)

Dk , AR pa % ) x, D
O IXEEE B TBH ZDOXIRGEE EHEEET IV
57 HEEAER E EE T5.
BAZE 4 Rl TR 2
HiE O »no( )T, %
% &, HiF  OHFEBAER (,) T5.Zo %,
DEFRMEEP( | (,)) X DO %%
i AR hamEE 7
o, ®1of ; VAT B O O <
e 1 A O O 2 L. =R, Zh OHFEERART
5 EFzo B n, N NOARRHER (8) (10) IZUTD XS ns.
P(RA R, %, B, T0) PA] (B %)) (15)
P2 | R, B3, 734 % B T2) Pz | (BXD)) (16)
) 1) , [HD A )
B 1 Dl i, ) N M ' 5.0 &,
T DAERMHER (7) (9) ZUTOLD , D DEDFE
L4 , & % D (UTF, Zhz Mo
) B ERET N 52 MNTEBD.
P(% |R, B, 72) PZ|P (B, , )) (17)
P |R, 731, %, B, 72) PH» P (BX, %)) (18)
X (17) 13, PR o ® ZAS % B 5 &,
P HEE & MNAER homEr 5. X (18) I, P
» » 72 »H O®1 X # T b ' 5 X
, P HEE 28 BAER N AHERE 5.
%)) D N o ZIERET NV T 57
, HAFBAERR E 3ELUTDLS & T5.
BAZE 4 Rl AR
) n»P )T 5 &, H
B DOHFEAER (e, e, ) THL IO
&, O%mEEP P (, -, s, ),
iR ) D 7R )] iRl S
Bt 5 &, DR hHHERE R



HEEAERR E 3 , % [ )

R b &8 5.9, A D) g 5.
7)) Vil % 35
D no T 3 < % T, DELHER P( |P) D
= % nas. #mlooo, i D i », & 2 o
=8 3B, D X . , iR ) ,
T ) % i 7 %) i, O 0 15
Vil oL R DA P( |P) 2%

) ) yiN 8 < % 7 T DIX
TR . Zh X UTOXSRE ARk 4 %
X
BASE A BOCAR

B » AP )T PR BT
& B DH ARk % . =) »
2”0 T % T o % DA Rl
RP( P ) % B PR T
i
DOH ARk % i D 2”0 T ITH AR
30 D n T IEE AR 4
o
zz TeH AR I~ 4238 A % 7 o O
v, TiEAe . Tix D ~NE
(H o ) DBlE R D D %
X9 B AR % . TE . R
DEH% % OB AR D X
NN T
B AR % % % z noon [
= X B AR % T %
7 DEo% D % EH A4
|54 X T z X i F OB
< 5 n D % 52 BTX <
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2.2.
I TIE B4R B4R 3E < 7-.
AN [ DH AR DOH AR % VAR VRS A<
. Bl X 3 D D B 7= % )
7= = DA p) 4 1 B O 7)) <
) %) < R B OARR
et IHL EARK DOH ARk i BT JX)y o »
LI xR DERMERI 0k Al
e | BT, %)) 19)
= D 7)) [ B ) /NN
TE . =R BOARK 3 [ B AR DH
AR B’ F ) D K2 nox o
AR PR Nl
1% | B, L E ), s ) 0)
z»n K 19 0) DL DH AR & =R &S
NI ABED N X D . =T TIX D ERR %
UTD X9 9. & 7= B i) D ARk
% LD X OH DR |, )EUTDOLS
) = — ) 1
_ | ) L)) )
) )
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