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ABSTRACT
This paper designs parser using GPSC for syntactic
and semantic analysis of English input sentences.
By use of a number of unification-based principles and
Tomita's algorithm, syntactic anaysis is described.
fAlso in semantic analysis, Montague semantics is used,

1. M2
2pot olo] xje)g Y% formalisme ® unification-based
approach?} plo)l z§¢belar glch. CPSG(Ceneralized Phrase
Structure Grammar), LFCL} 242 theory-oriented formal-
isnz} FUC, DCG, PATR-I1E2) tool-oriented formalismo]
2yt Zlgolct.

CPSGi= 19803 XFof Cerald Cazdarod 2Jsf xjotE! ¢log
U st YUNY BY ol BLE oby AU oy
FEHG UZT ok, US| ol BY BT )
TYHY B0, 3 imlenent Yojolni pe 25 uta
glctkal BojRict,

CPSCS} 7Nery EWE Figl.3} Zch Qejge 332 &
Riod 2o 2E SHAIG ohil, thA] W FAod sl 2n)
EUG stod, ojo] Z Mo Tsiris Montague semanticsD
Z)4te B SRz =elAle R Esishk},

GPSES) lojetyel sy T B2, Chomskye) WesEnjol
A2} o] wisd 2o 2u) Qo] HAZ Myekx o,
CFOE 7122 stof £9) FEHY sIMG Yerwks Hojoh.

EU Zepe) WYEYoIL 72 BWHOMIE ruleg] 47}
Zoi=F FAU, 0] 22 ruled chilsto] principled
ZAJs}) wjRolch, OPSEL: 2 chEY o & IDALP rule, Me-
tarule, principles, conventions$& ARRthcl Zop
Metagrammara} 4 @),

YRHE O F8 ST O WIE 2y R

' '

CFg )
Metagrammar

Figl. CPSCe] Jpep3 my

Modelo] 2% shAj

=204 ID ruled] 2jzjol= Tomita’s algorithng £
o), modifystod EHE Mustel, YARY on) 714
2 syntactic, semantic featureg3%} operatorgo AHgs}h
4= modified Montague grammar2A] Semantic Interpreta-
tion Schemad xj83sto X 3s}oict.

2. GPSCoj sk A}

2.1 7 o ;

GPSGodrd= B2 7} categoriesof ¢t informationg fe-
ature 2} ZAdhc), featurer Tho)9) et HYR(F

A 4 AA, 9E)E FE UYL Ao, 39 Eah

2] category, 4, A, Z, 9%, VY Wy 79§

yyR, BAciYAr, AAckyARS o] gk YR Ugkol
al, principlesE9] controlod whe} parsing tree2} nodes

Ato] g Molstuial informationg A Uthch, chGod GPSGo}
M ARRE)E featuregd Qedg K Qct.

(1) CAT = {CASE, COMP, CONJ, GER, NEG, NFORM,
NULL, POSS, REMOR, WHMOR)

HEAD = {ARE, ADV, AUX, BAR, INV, LOC, N,
PAST, PER, PFORM, PLU, PRD, SLASH
SUBCAT, SUBJ, V, VFORM}

FOOT = {RE, SLASH, Wi}

feature?) E312 (feature-name value] 2] el sheu),
valuey: Eche featuref] X 713 4 qlck. feature
ACR, SLASH, RE, WH= CATo B L=l featured 3 value
B ztond, A9 features 7] 2 o} wke} cilgs}
& principles?] g W7 Elct.

GPSGoAr] AMES]E rule Thes] PS ruleo] ohvje} IDALP
ruleojc}. ID(immediate dominance) rule2 PS ruleodr{®]
RESS) 2t category®} =zj ofkurS IAlstar, LP(linear
precedence) rule2 ID rule] RHSS] Z} category®] $ajl
Aspzct, GPSG NI+N, -V1, VI-N, +V1, A[+N, +V], P[-N,
-V12] 4789} major category2} Det(determiner) 2| ui 7}
2] minor categoryg 7pZic). -
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$hd basic ID rule set® Be] AJ2-2 1D rule set8 ¢

= functione & Metaruleg K.0l%hc}, subject-aux inver-
sion, passive voi~~, extrapositionZ} ZH-& ¢lod %iAt2
oje{t Metaruleod) s X MEIR )1, oleftt Yo
Metaruleo] wisjuiol wigdzx 2k} O atsii}, Metaruled)
Hgoh sl AFH2E 1D ruled] ehs Pckes Yol
210) 7} qleb. (2)& Metarulel] <Qjajjojct.

(1) Passive Metarule
YP -> ¥, NP
VP[?’I/AS] -> ¥, (PP[PFORM byl)

feature [PAS]i= [VFORM PASI29] ¢foj& passive®, meta-

variable ¥ ¢J2lo] 24j categorygg ikt

Metagrammarg ojFe ZErh2 2247} conventionsd} prin-

ciplesgojct. GPSGodrd= FCR, FSDQ] conventiond}, & o)

A tree?] 7} node Ato]2) feature Zxjoy & HFP, FFP,

CAPY] principleE & AhE3h}.

FCR(Feature Cooccurrence Restrictions)& {-low] -> {+h
ighl 2} 7to] featureg Alo)2] ojmi%t dependenciesS XEA)
sl absolute condition B ‘category?] legal extention
oja} 8 4 ¢lct. FSB(Feature Specification Defaults)i=

specifieds]z] ¢}-2 featuregod tidh, = featureg 7Zho}

AJEIR) o} MRS o) tigt defaultP 2= conventiono)
c}.
22ejat BFP- LHSS] HEAD feature(PAS £)2) value:= RHS

oja) H(LHSS} 72 (N, V1.2 Z+= syntactic category)9)
cSsbs HEAD featuref] valuef} ¢jx)$hep= 748G, FFP:
LHS2) FOOT feature(SLASH )2} valuei= RHSodr:= 2} ca-
tegory®] cijgsh= FOOT featured] valued spgh 2} ¢)x)
thbe 21g, APE Foift SAe) 2.4 dxis ol
RHS categoryg Ztod control 2747} Q1S wh control fea-
ture59) Q128 EA)2h},

o] Atel ID/LP rule, Metarule, conventions, principles
S0k ojgt OPSCe] F 28 Figlod Rolch. o] agoinet
o] basic ID rule set® Mej instantiate® rule sets

PS rule set®} Zt»y Elc},

nonlexical
/ 1B rule

expanded set

lexical
ID rule

of ID rules

HFP
further extended FFP
set of 1D rule CAP

Fig?. GPSCY) 2.2

2.2 2u) s
6PSGe] 2ju) 2.2 Montague semantics®} 742 f-Abslchar
8} A alch, 2edul AP} rasing-to-shject verb, equi
verb 2o 8 s ouj uiziaof 2ty fe, fgd operatorg
ARg-sjnd, passive verbsis fpd] operatord ARR3h}, fy,
fe, fp& interpretations}r] $sirMs olsh ()%} 7
Meaning Postulate® ARZ%ich,
(3) a. loved => fp(love’)
b. believed => fp(believe’)
¢. believed => fp(fp(believe’))
d. persuaded => fp({fg{persuade’))
(4) Meaning Postulate
a. YYP - VPaO({fa(Z) (v)(P) -
« Z(v(Py)) -+~ (Pn))
b, YVVP -+ YPnQ[ {2 (£)(v)(P,) --~ (Pn)
=P (Ax[E(v () (5) (P2) -« (Pn) ]}
¢, YP VP2Vvi - Yvnal{£p({) (P ) (vy) -+ (vn)(Pa)
(v, ) (vn) (Pa) (Py))
(tt, Py, Pa= NP-type)

(Pn)

o} 2ot postnorinal medifier QJuji= MODz}= semantic
feature, topicalizationgujty= EXTal= operatorZ %2
stod Sul g 74t

AJAQE semantic interpretationofa], ¢J®%) syntactic
parsing tree2X-el logical semantic formsS dojLiiz::

schemat= ch32} Semantic Interpretation Schemaot}.

(5) Semantic Interpretation Schema
Co Co’=Tro(Tr, (FR ((C,~F00T),
{Tr(C,*), > Tra(Cn”)}m)))
c,,C’ - CnyCn’
A A where
if 06 (5 Q) oW FOOT feature f7} Qlowd
then Tr, (P)=av"g
else Tro(@)=¢
b. if [CONJX 17} Cood= 2l daughter nodeod Qlo.wd
then Try (P)=a’ (@)
else Tr (@)=¢
c. if <fa>&Ce9 oW FOOT featurez} glow
then Tra(Ci*)=Try(Ci’)(¥*) or Try(Ci’)=Try(Ci’)
else Tr, (Ci")=Try(Ci’)

d. if featureo o} C;o¥= glil daughter nodeoy Qlowl
then Try(Ci’)=(Ci")
else Try(Ci')=Ci’

(5)o4r] FRE daughter nodel] semantic representationg
S combinationshy= operator¢! Functional Realizationg,
f,0>% feature name £} value a9} pairgd 2ju] skt
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3. CPSG Parser2) A7)

3.1 1D rulel] %2

GPGS parserg 1% tefd A 3 AN 25 feat-
ureaj lexical itemod Koi%h}, ZF syntactic category
2}, VFORM, PLU, PAST, WHES) features} ZASlo] e},
ID rule?) E¥o glojalis Aefol 7H5¢t categoryg} Wt
Bol JHz8t category® UBH2ZA ID ruled 7148 &
©} generalizes}7y siQich. &, Ale} 7hz8t categoryods
5, Uhdo] M58k categoryod 83 oi Eyjsto] guttt
3tal, ruleo 71l featureg§ A Yo A ID
rule2] 714G 2ol ok, Alxd ¥ E=Rol A
AJA 2 40 7] AEO) ID rulestg Zi=cl, 3hM, cate-
gory2] 2of glojMi= N, V, A, P2} major category o)
2109 Det(deterniner), Deg(degree wodifier), €nj(con-
junction), Cap(complementizer)®] minor category®rg Ab
£3}gich (6)of ID rulel] ¢leds R 9k},

(VP -7 H ({SUBCAT 10)) PPY ((PFORM TD)) VP (IVFORM INFI})

N2 -> DETH ((SUBCAT 231} K1)
(A1 -> H ({SUBCAT 38)) V2 ((VFORN INF) (SLASH NP)))

(6)

ID ruled] zje] AY, & interpreteri= Tomita's algo-
rithe§ 32to & F ¥k}, Tomita's algorithe® stackS
direct acyclic graph® 7]& 3%t Craph-Structured Stack-§
ol-83loq parsingg 88kt E parsing HHodrd
rule %204 ambiguitys} glSuwl= JH58t parse treeS &
Wgdo: 25 ABsind, oju) efficient®} represent-
ationg 2A28}7} $jel sub-tree sharing technique} lo-
cal ambiguity packing technique§ 2j2sfar glct.
Tomita's algorithme LR tabled} £¢Jot SHift, REduce,
ACCept, ERRorg entry® Z+ action tablel}, goto ta-
bleg 7kxlal parsingg 488} aeln® Al A oM
ID rule® 2} stateod chgsh= table Ab2] multiple en-
tryg FAftkh rule 3 2ajof ambiguitys} uiAfspe ta-
ble4t2] -8 entryod siT}sh= ID rule Abe] features
o} §stoq ambiguitydd Zti= parsing AYE 205k,

3.2 feature instantiation

syntactic parsingod ¢lodrly= principleS} convention
E9 Hg &M B2 Heh. 0] UL 0] 5 RE} fea-
tureod Citt F2) EE WBG Sujely] whRolch. & =B

o= (D] 2% feature instantiationd #Ps}oict.
(T) FSD < FCR < Metarule < LP < CAP < FFP < HFP

goto tabled} action table FCRZ} LP Apolodrd 22874
End, LP 22 Fof ruleofl 714 %l feature?] testid s}
o] £#q parsing partial treeg & AISH L}t
principle5e] %80l Qlojr= unification?) MY 59
shgict. feature AR} B2} unification Cals= 212, gte]
%o} QloiA ALl BRI Rool 2l featured] Yigl v

ol ey S5 S U Zlojct. wieba unification
& e s YuHIR Jigola, 2 principlesgE o
b= 2t syntactic category®] featureZtod unification
o) JNpAe ka8 4 ok

Metarule] %22 action table Afod lexical itemo} g
g & ot wjod 3Hekch. E8k 22 Metaruleo] U2 1D
rule Afod 281 oAt 25Ix) 58174 ok7) $lsh, Finite
Closure(FC) 2 S.¢Jstod Metarule?] B8t 48 & wcl,

o} A2 Metaruled] setTHe] ojul 2§50 Metaruleg
Atk ZA) THseHdch. ‘

3.3 Parsing Algorithm

¥ =SoiE (PSIE olBstol doie) TE, FE, ¥E
I} passive veoice, extraposition, inverted sentence32}
2y Qo SALG xelstyl HT parserd FAsHYcCE.
gJeize) cael el 2je) Wy ek Atk STEPL ~
STEP11-2 syntactic parsing, STEP12 . STEP18-2 seman-
tic parsing A i},

STEPI: Q)ei&®g Yepld sirpsial 2 Mg lexical
featureod Kod%hch,

STEP?: 213 2R next lexical itemg ¢J&fstod
FsDg} FCRG &3},

STEP3: action table§ 2}Z ¢ich. table entryod whah
shifto}ud STEP2RE., erroro]w STEPSRE,
accesso] vl STEPIZ® Zic}.

STEP4: FC, Metaruleg #-8%hc}.

STEPS: LP ruleg #Bithk},

STEPG: ID rule Abe] featureg} match, testd %3k},

STEPT: partial parsing tree§ AfAjtic},

STEPS: CAPG A2 3},

STEPS: FFP, HFPZ =23k},

STEP18: FSD, FCRG %8¢k},
STEP11: goto tabled ZZshod STEPIR Zic).
STEP12: parsing partial treed ¢Jej%ich.

STEP13: semantic featured A¢J¥ict.
STEP14: lexical semantics, semantic operatorg

3 gkt
STEP1S: Semantic Interpretation Schemal %%k},
STEP16: meaning postulated #*j-%stal,

lanbda abstractg spitch,
STEP17: tree complete? noojy! STEP12E Zhc},
STEP18: sentence?) logical representation 3.

END.

S systend ol 2% parsing?] A of=ZM syntactic pa-
rsing treef} semantics X 9-& Figd.of 2elch.
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NAHCHINE TRANSLATION IS UNLIKELY TO REACH A SIGNIFICANTLY HISKER LEVEL OF SUCCESS UNTIL COMPUTER PROSRANS CAN EXHIBIT UNDERST

NDING IN THE FULL SENSE OF TME WORLD MHERE WE LIVE IN 8
% parsing succeed & good Juck 4%
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{UNTIL

{---N{-~~AP---AP---A{---3A 3= SIGNIFICANTLY

—-At---4h =

= HIGHER

== OF

~-N1---N{---IN == WORLD
-—!:lf-‘-S----NP---Nl---lN == WHERE
~e el - --6---NP---N1---IN == ¥E
S e = o -VP-— 1Y == LIVE
e R A R N R R RS R R (s U |
== e -l == D NP == TRACE

({UNLIKELY (TO (REACH (A (ADV {SIGNIFICANTLY (HIGHER)) (LEVEL (OF (SUCCESS))NIN)

(TRANSLATION (MACHINE))) COMMA

(CAN (EXHIBIT (IN {THE (FULL (SEKSE (DF (THE (LIVE (LOC {IN (NORLD))) (NE)}}))ID)

(UNDERSTANDING) {PROGRAM (CONPUTER})I}Y)
NIL

Fig3. syntactic parsing treef} semantic representation®] ¢Je4
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