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On Syntactic Processing of Natural Language
Understanding System, IMAGES-I

Masao YOKOTA, Kenji TSUZUKI
and Tuneo TAMATI

Abstract

There are a lot of computer systems which interpret or understand natural langua-
ge. Most of them are besed on the verb-centered case theory, and considerably suc-
cessful in some restricted fields. In general, such restriction of fields brings decrease
in syntactic and semantic complexities which are roughly proportional to the number of
verbs used in the selected field. This has often resulted in ad hoc mixture of syntactic
and semantic processings in the conventional systems. However, in order to construct
some general and expandable system, such mixiure should be avoided.

The authors have recently constructed an experimental understanding system named
IMAGES-I (Interlingual understanding Model Aiming at GEneral purpose System-I).
This system interprets sentences in an interlanguage which can realize still deeper
semantic structures than the case theory, and moreover its syntactic and semantic
processors are independent of each other. The syntactic processor transforms surface
structures into surface dependency structures and transfers them to the semantic pro-
cessor where semantic structures are generated from them and semantic anomalies,
ambiguities and paraphrase relations are detected. This paper discusses the general
performances of IMAGES-I and gives especially the details of its syntactic processing.
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AHOEZNEBBEICHELT 2 bR ERLTE
BLELDET2RAY, T I0HE, AL REEHE
DEEB—HFHELTERIITOATETHS. L
T, »RYVDOED EFEE YR T LB EHshTY
5. LTAT, TREIRVRFADEEAEDN, X
OEXETHIBIE RVERLTHELT, LAIArKESR
KREBEL DEELT IRREELEEINEVSE
BRI T Lo b FERREO MR ETIE > TV 5. O
L5 HFRR AFLHEFEENI DR BATH S
02, AMBSRAOBREX O TEEHT 38, By

*FAMKREZLHBREERERE

* ERTEYRELRE (RERRLME)
TRV 27 ARER

il

KIEBDORXERTTHE LD K HIREEED 2ERE
T5 E—REPIREICEN S L EEX 5. R>TE
2 DEFEB~OBATHEM ST, —BRHTILERED
HBHFRICILZ DI, HIULE ERRLEE 5
REERVEY, LadFEflboBEhiict 3
DENH L. SEEEHEOHBIEL BREZ EHR Y
27 4 IMAGES-I (Interlingual understanding
Model Aiming at GEneral purpose System-I)®
BokHRBBIKESOTRIFEN TS,

Fig. 1 i3 IMAGES-I oiaK<Th 3. ZoKic
RTRICIDYRF AT, BULEIRE X UEKk
IR TEACAEEL TR Y, AV Iic#iEL >
3. Zhid, AYRFACBBENLTY 3EKRED
524 language-free TH 3 & S HEMIc K 39.
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(sentences)

Syntactic Syntactic
(syntactic errors)e—— procesaing (SY) [+ D‘%%ﬁ?ﬁ"’

(Surface dependency structures) l

Semantic Structure
(failure) | Genetation (SG) \

(semantic s:ructures)
(meaningless) Semantic Analyais /

(meaningful aemantlc structures)

Fig. 1 Configuration of IMAGES-I.

Semantic
Dictionary
(SED)

K&, HICHETMEDR - 725 EDMEITHRIC
RBAEEHIICBESNTHAD. KHXTIid IMAGES-I
DR SUMEER ICD N TR .

2. IMAGES-I QEAffHgEs

IMAGES-T 3, FFALSNABHREX (AEIZ
D) AHULER (SY) B\ TEXHE (SYD)
ABRTIH LRI DERBRERECERTS. 2L
TOX¥ORKEEERS (SG) TREBREFBERE
beEr# (SED) KBHESN TV AZHUEDHARELR
TEFRICHE > TEBRBEICERINS. BRICERRE
##8 (SE) kBT SED 0K HEDOHALESR
TECLICXDEEKBIT AT, BEREEREES
HAT 5. DEboEERicsnTSY Tl
EERH 0, SCTIEEWREED AR RAHEL D
O, SETRERKLERBEENZNTIhERSET
HBHANE., TAVATF ATREBETHE U728k
& (HH) L TROBEICESNS.

sk, ARSEEM YR T » FkRIIE IMAGES
DOEE & Fig. 2 IR & 5 IKAIXFII OB
FEETTDRIEE SV, IMAGES-T o #iEldE:
AHICRERBIRL ~NLTH L. BERUEETS7D
i, ERBEPEARSEN - EEENAREHER

(literal strings)
syntactic interpretation
(grammatical) (ungrammatical)
semantic 1nt,erpretatior;

(meaningful) (meaningleas)

underé tanding

~

(true) (false)

Fig. 2 Hierarchy of natural language
processings,

L hidis 575,

3. WELEROER

Fig. 1 jz5R L7z IMAGES-I OfCmBi%HEc
2L CRRLAbDN Fig. 3 Th3. CCTRED
£ IEBIRIC DV THEHET 5.

(English sentences)

Division into words Word Dictionary
(WD) . (WDC)

Assignment of part-of- / Collocation
speech & Collocation [,/ Dictionary

processing (PC) (cnc)

Processing. of interrogative
& imperative sentences(QI)

Phrase-formation-rule
Phrase processing Dictionary (PRD)
(PH)
Intra-phrase-dependency-

rule Dictionary(IPD)

l?nter-phraae processing
(1p) l

Inter-phrase-dependency~

rule Dictionary(APD)

Generation of obligatory
dependency structures(OD)

bligatory-dependency-|

Conjunction processing qule Dictionary(ORD)

(Surface dependency structures)

Fig. 3 Syntactic processor of IMAGES-IL.

3.1 REEYYETH LURENE
IMAGES-T 1€ Ay WHE# X OB REZR L
T REBNRE DA, EERIN, HHXTHY, Fig. 3

OWDTHZEcHESh, PCiesinT Table 2 ¢
FREBEEE (WDC) kb, Zh5OMEICRT

(Table D) BEpX¥ToHNB. £OKE, FETHEER
HOMM “1” THsbDREIC Table 3 DRGEHE

(CDC) HBRMSNANXPICAFEG SN, LD
Shilcgic—ooRENE VY TOoNS.
RRAEDYTTRERFABILL LRI VRE

BCTRRETHIHE B 1) &25TRVES (B
2) BHLONEBTDHS.
1) I-toqk him for his father

(VB)
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took for IR FIRCTERXOXBICERS 7. o PRI
5 el 5 Dep 3-Dep (for) BOTHEF do ZRVZOLEMX B3, Hl4) T
WA e A7 hen dor B U 2 BANE 5.
I him his father

#2) 1 took notes for him
G R

Dep 2

Dep 1

1D “took--for” RHWETH Y, —D2DEH
& SNNARIRTE /2 — » (VDP Liggd), DP-4
(Table 7) 3B ¥ TS5NBE~XET, §l2 TiE “took”
72378 DP-1 oFiFE & ShE & Th 5.

Table 1 List of part of speech.

Part of speech | Symbol Word
Noun NU stick,fishing
Pronoun PN you,who
Adjective AJ silent,whose
Adverb AD quickly,when
Preposition PR with,from
Conjunction CcJ after,than
Auxiliary verb AV can,do
Negative NT not ,never
Verb VB go,tower

Table 2 Structure of Word Dictionary
(syntactic part).*

TALL
MAN
MOVE
TO
THERE
THAT
TAKE

0AJ/
oNu/

ONU/OVB(1,8,)/
OPR/0TO/

0AD/

0AJ/0CJ /OPN/
1ve(1,2,)/

*The structure of each item is represented
as H{a Q[({N,}1)] /}, where H,0,Q,N,[],and
} mean respectively entry word,colloca-
tion information,part of speech,the number

of VDP,option, and repetition.

Table 3 Structure of Collocation Dictiona-
ry (syntactic part).*

BELONG TO
COME BACK
GO BACK

TAKE FOR

2vB(1,)/
2VB(8,)/
2VB(8,)/
2vB(1,)/

#The structure 1s the same as that of Table 2
but o means the number of the words within

the collocation.

3.2 ERMS LUHSXORE

AJISSRR KT D % E»

RIT “?7 hidb

LHhEPTHETES. BHMXTH 25413 Fig. 4

(#13)

Win this room ?
# 4)Wto be sold

here ?

T BRMEE S TR OBEA IR ORESEL
HEREEICB O TRMARHELABEE X ICHT 20 LH
BRFETXOREREZHICHYT 260 (Fig. 40
“what you do make ?” <& what (3§ make
OHNKEHTH ) ELTRBT I EPLETH
5.

A XIEE, FRSXEICKRT, “you” BEKS
NTOZ EEXLNDDOTHEEICY R T LBREIRR
T35 “you” EHHS.

(4) What do you make 17

(1) Are you a boy ?
(2) can you speak English ?
(3) Who goes to achool ?
(5) Ought you to go there ?

shift the aux. but not
the interr. next to some
following verb,to-inf.
or negative.

Shift it next
to sane following
noun or pronoun.

Invalid assignment
of part-of-speech.

Rejection (2)* You can speak English ?

{330 o soes to schoo) ? [<1>* You ave a boy 1]

(5)% You ought to go there ?|
[
Iig. 4 Transformation of interrogative
sentences into declaractive ones.

3.3 EEEpNE

AN st BEFNT BHEERBHANCEL - T HES
1, HICERANKERNCE > T, BHNICBITLHE
ZERJD governor & dependant PSEEFE XNB.
3.3.1 EEB¥ERR
EEHERBAIRXIREHTEERABAITH - T,
AEEB VX5 ATIE Table 4 icRT bOEH T2,
MFEMEEORFAE SOMEBEOELEOEEME, * &
BEEHOERMEAERDLT. ATXOBENFLTEH S)E
WCERHIKEEDHONATHL. Fiz, ZhsoHFAEE
PO TIBRIBMSH T ENTEBY, ERURMKICS
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AEBELEWENRE

H2E ®2E iR FS64E

JAERISDEABEED FELRNEICE » TV
5.
(#15) young ladiec
(AJGP) (NUGPE)----- &5 1
(NUGP)---ovee IR 2

Table 4 List of phrase formation rules.

Phrase Symbol Rule
Noun phrase NUGP (AD) *+(AJ) *+NU
Noun phrase NUGP PN
Prep. phrase PRGP PR+(AD) *+(AJ) *+NU
Prep. phrase PRGP PR+PN
Adj. phrase AJGP (AD) *+AJ
Adv. phrase ADGP (AD) *+AD
Verb phrase VBGP (AV)+(NT)+VB
To-inf, phrase| TIGP (NT)+TO+VB
Conj. phrase CJGP CcJ

3.3.2 EEBMETEBETR

ERAKERIRERNRZ SO LRENE OXD
BR%. MEMIKERR &3 Table 4 T RT LS 2%K
ERBEASERNICRERER T 2 D KB HFEEL
BNER ST NVRERRERE L2 dDTHS. K
HEBRTHWIBHANKEHRN%E Table 5 Rd. <
DET>3ER, > EHBREEEZDL, MEELT
DEMH, HHITITEERML. 7z, dependant &
governor ME—FFHTH SKERD (T T TREIF
DELET) PEASNIBEEHELHEEL T3
BAIZFELTS. ZohoRESRG, BELT
WERERRD. ZolknkEHRROBRICEALTE
POBICBERIANEZEL LT 3.

Table 5 List of intra-phrase dependency
rules.

Phrase Rule

NUGP | AD--—-»AD, AD---»AJ, AJ-—=»NU
PRGP | AD---»AD, AD~—->AJ, AJ--->NU, NU---»PR
AJGP | AD---»AD, AD~--»AJ

ADGP | AD--->AD

TIGP | NT---»TO, VB~--»TO

VBGP | AV~--->VB, NT~--»VB

& A THRERRPEENEARR L2 IR
RUINERSBVENSVIETE, ABIKRTHOT
BRT2TH 2. 7-EZI1FIH 6 ORIFMOKERRKRIE
BANESEFRERDLTWI EFEILNLL. T
SV VETRIE4DHEEOEWREZE L IchEDE
MISHAARET IHENH L. R C. Schank 50
WAk ERE (conceptual dependency)? %, EE
BEPLOEET VI Y R AEBEREICL TROLIZNA

ZOXHSBNBOIOTHS. T1hHE OB
TokHic, TEIRYBECXOHHAEHER
BGEOLVAAVTERLE D LT3 HERTORAE
RLTWE EEZ NS,
(#6) 1 slept here very early yesterday.
T T AL A T ]

(#7).1 made him go.

Nkt LT IMAGES-I 3RS I F ICED
LSV OUEE DS REICGRE L R VESEECERT 3
rHDO—2OBETLAL DT, KT UTHESHES
BRE-EBELTENETHTHSE. E0HDEFEEDS
DIRERHEED SIS ELAERT 2 FHE T HERKE
EOREARERY KFRE L LTER L THE DD
O EASHSEARELTOEZ CLBTEE 0D
ThHo. Lidd-> TREHANSEEICRFFRIIIT
WRTE2L5 1L T3,

3.4 FEEyRIARIE

XEEROEKRER X 5 123 IC 3B 5% il ICE IR
oD OoND. XHicHEL T A2EIEZERHIEZH
Th, HIHHEAOMRFEREXE (govern) L
TW3. CoXRERET 0 vy SERY. FRICE
EBLNIATINXR, 7oy 7iepntlsh, 207 o
v ) NCIREBENER SN S.

3.4.1 ZJOyopgEe

ERRINFUTOFETCT vy 7 icElE 0 5.

1) #ERFAER (ary=280) 3, ZOMENT
2y s QEAETD, BHEST oy 2% BRT
5.

(C/E-DIRLY/ I/ RRRE /and ff -

2) MRFER, HMAZH that #io that X
ZOEMMXIT vy s BRI, HoREKOT 0
vy KgEh5.

(#19) I think //that she is ill.

(#110) The picture /for which---

(#111) This is /what I wanted.

3)D, 2) AEALTREBLT oy s ik 2EOH
FAEHTEUBRAR, BROBAEHOENN T n Yy
DOERLEEZ. chiBERERER, TORER, 28
WENEETIBATHS.

(#112) I made him //sing a song.

(§113) She likes //playing the piano.

o7 ay s HEETE BREP that Hio
that ERFWEEIN TV EXICEL TR, (Bl 14) 1R



IMAGES-I o3

— 101 —

TEIBRARTEHPELS. ELLRBROFTHS
M, COHETREROBLTHE NS, COMME
AOXHLD LUJi3 3.5 T~

(#114) This is the book /I//like best.

3.4.2 EEEBEMAERK
EREEREKERAEER T DI, 7oy IR
OEHTHEEOMT?. hiZ RERAZFEEEA
TEEL, TNEERTIOORMMEE L TIRERD
THb TOFHEESBLIUBRUTOLS>THS.

1) BEERHET N TOERLGEES Flbick

3 — ).
2) BFEEBHIEBLTORNEAR, BEd 22
ERSNEES FI15077])

—
(#15) Tom shows Jim the letter to Mary.

EIR, BHREHSEGRLLTVES, hoBBERY
BMLUTERETZDDORBALESBLVKITH S, £t
NEEZEET S LKERROREEZRABINER SR
WD DE LT B,

3.4.3 EEEMIMEEEFRER

ERMESKERELR, Ta v s ROBREEHL
BERCERT 3 ERR G.5 BR) &IIMILICHER
Sha—BHRERRTHS. RERTIE Table 6
CRTXIRE BBBEAZR O, BRIOEE, AaiC
REHEMNDD, ZOMFICE>THEEDA, T DA
MEH &N, 4B DR-5 DR-6 7oy s7hklA
TIREBEEFERTLHDTH 5.

ZhonBRAZEA T 0T, (B16) oRASET
D1, D2 Ok > uBHkSEEL 3.

(#116) Tom approaches Jim with a gun.
L7

D1
D2
Table 6 List of inter-phrase dependency
rules.
Symbol Rule
DR-1 NUGP——2>VBGP
DR~2 | VBGP€«——PRGP
DR-3 | NUGP<€«—PRGP
DR-4 VBGP<——ADGP
DR-5 NUGP«——NUGP*
DR-6 | VBGP<«——ADGP**

#*relative pronoun
*%relative adverb

—: WIERERGR G.58R)
«— EEERERR
Ft, ZnBORAIOHICERETH TV, £
17 0L S CHIE RBEHEN T 0y 7 ORBEICH2HE
RBEOHFEERITRS LV XRIKEDHEAM bHY
T3,
(#117) On Sundays they go to church.

3.5 EREXMAZREERIER
HEFEERNICB I 2MEREThOENETSH 3
ZEERLOMBROLS L, Try 7B ELTEEK
MicRIERERET 2 O ICERIC B0 THHREN
RIRERRIEEET 2. CcoEs, #18, 19, 200k
5B E, AT, &A% governor &5 - THE
WIS IREBEEBRT 5.

(#118) I think him honest.

i

(#119) (Make him) aware of the fact.
T 1]

(#120) (His) anxiety for money--
[ S R

D& BIRFEBRICRED/ C 2 —VidbY, B
I L T3 Table 7 iR 37TEZMB LTV 3.
CNoONE— v TREITTHBP LKL S icfi4 DE
ROREBRRID DBREROEIFEFcLD, &
o hBRMBEESNE EELLIAPERTHS. —
BicREE I X D ERER - BEET OS54, RBE
FET AT DS 2RERY »oBUREHEEA
B o BIREOKEERE RT3 BEH LU TL
3. Zok, EENOBRENNRICER LA oM
T HBAY 2RO TR T OEEEIMEZE ORI

Table 7 List of inter-phrase obligatory

dependency patterns concerning
English verbs.*

DP-1  NUGP+VBGP+NUGP DP~23  NUGP+VBGP4NUGP4THTN
DP-2  NUGP+VBGP+NUGP+AJGP DP-24  NUGP+VBGPHHHCN
DP-3  NUGP+VBGP+NUGP+NUGP DP-25  NUGP+VBGP+WHTN
DP-4  NUGP+VBGP+NUGP+PRGP DP=26  NUGP+VBGP+NUGP+HHTN
DP~5  NUGP+VBGP+PRGP+NUGP DP-27 RUGP+VBGP+NUGP+HWHCN -
DP-6  {SO}4NUGB4VAGP DP-28  GRON+VBGP4GRON
DP-7  NUGP+VBGP+[{s0] DP-29  TIFN+VBGP+TIFN
{[not) DP-30 GRDN+VBGP+(AJGP
DP-8  NUGP+VBGP NUGP}
DP-9  {There] +VBGP+NUGP PRGP
DP-10  NUGP+VBGP+AJGP DP-31  TIFN+VBGE+(AJGP)
DP-11  NUGP+VBGP+PRGP : NLIGP}
DP-12  [Here]+VBGP+NUGP PRGP:

DP-13  NUGP+VBGP+TIFN DP-32  NUGP+VBGP+(it]+PRGP+(TIFN
DP-14 NUGP+VBGP+NUGP+TIFN ‘HHTN
DP-15 NUGP+VEGP+(there]+[tol+(bel+NUGP

NUNN

DP-16 NUGP+VBGP+(it]+{AJGP} +(TIFN DP-33  (Tt]+VAGP+(WHTN
luuc?! {THTN] nm}
PRGP) (GRON. NUNN.
DP-17 NUGP+VBGP+NUGP+BIFN DP-34  [It]+VBGP+ AJGP)+(TIFY
DP-18  NUGP+VBGP+NUGP+PRPN {st?} lanml}
DP-19  NUGP+VBGP+NUGP+PTPN PRGE) (NUNN,
DP-20  NUGP+VBGP+GRON DP-35  NUGP+VBGP+PTPN
DP-21  NUGP+VBGP+ THTN D2-36 {There]+VBGP+[no)+GRON
lLs-m DP-37 NUGP+VBGP+ADGP

*TIFN:To~infinitive nexus, THTN:That-clause, GRDN:Gerund nexus, BIFN:Bare-
infinitive nexus, PTPN:Past-particle nexus, PRPN:Present-particle nexus,
NUNN:Noun clause, LSTN:Lest-clause, WHCN:Interrogative clause, WHTN:Interro-
gative-to-infinitive.
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BAEIZHREMNRE

w28 25 TR Fn564F

BoX2%28d, EERCERTH-/. chicdl T
EZODHAEY I, RBREREILZTOEKRBET
HAPEEBRBRICERT S L&D Fhid b gover-
nor KHEHD DD THINISKHENKRERER gover-
nor KX 5F—BHRbOTHNIPEERNE EB R
ETBMREDD 2 DT, TOMHEBRERZHEREICE
HOJ3TEMTE B,

3.5.1 EEEMHMXEKEFRIOER

XOBBRHUBRESLIET 20REHTHD,
DUKIERREREE Y4 — v (DT, BEYE— v &8
) BEXHIRRELEETHS. HeoBHRF—FKIC
BEMEO WEH 2~ b, RSN BRER
(universe of discourse) KB} 3 € DEHDEL
LRIE——idind 5 (T DBEDEKE L IS
BIORAREL® OLLTHD). Cord, AN
X IO N B RN EDRE 2 -V IKBT S dD
DPAEL K BRENZFNITTHER CERLE ST
. REHFHOBRKREER, S E -V KBl
THARMESHELD, BAIKE > TRESHSAR
wE5cEdd 5. FlAE, “make” |FHUF A — N
DP-1 0 L &% “8i&” OETHYD, DP-17T p L &%
B3 “HER” OB,

MEERE AT “move” EH ¥ THIBT 3.
“move” i fhEFE L BEFA L H D, ThHTh
DP-1, DP-8 OMWEBEREHEEICIZE. ROFIXTHE,
Pl 21 R, B2 PEPRAOEATH L. BBR
H (=) B3 4ToRERERL TV A,

(#121) _He the chair to the fire.

(NPGRKXB%El (NUGP) (PRPP)

moved

(#122) The earth moves round the sun.
GP VBGP PRGP
(N? ) (¢ 4\) (;_l )

Bl21, P22 BnAh&hsLt, iz DP-1, DP-8
OEEERE Db bDE L TRENS.
1) DP-1 pBiR S TS A ORER
B2t WEERR R
Bl 22-- - BhEERHE H O ZRBEHMNRR R
Fi22x7 0y s B—DEDT, RETNE LFHE
BRESLLT, 2 —VERMNBHTHLI END

TH2LICEL T, EBKRCZEITOBRETTD
KONRREBEDTETV S,
He moved the chair to the fire.

MOEMEND. —F, Fl21 SEERN L THER

ENTVEDT, BRELTRD &S BIKERENE

L5.

(#21") He moved the chair to the fire.
T TE— ]

ZOHA, EEREBED S bTHRIA/ & —ViLE
Fh3 b0kl He moved DX 3 i HE
EEBGERES LS.

2) DP-8 psBIR& N7 A DkEE

pl21, )22 dhic HIEERE RELTVE
HLZOBANEEREZENE ROLDILE 3.

(#121”) He moved the chair to the fire
TLLTEFE T ]

(#i22") The Ieart:h moves round the sun.

THDOBH 21 I B ILEREICE L T & “the
chair” PV L TL FW, governor AHpkii{ i
5. chl3EALAR (Fay s 82@ED ES 2 &
BREFE ) governor 2RO EWVSEERMEAIICER
TE2OTChBENENE. —F, fl22 430
EFERIE R EEH D MUERH SO T DP-8 0
BRPEYTH - fc T &b 3.

3.5.2 REREBRBEREEVVLTOY IS

X HBRd 24 oFhEE, KEANICEATE
HEb-o T 2N BARAGSIKE-THKENS
&, BHEBENATRORELLS. UT, ROFAX
VT, TONEFEESET 5.

(#123) The man /who made Tom // go/
T TJrETE I

came back to England.

Tuy 7 5%, ERREHEER, 7oy sRTO
SRR EER ORI EEFIHITRL TV A &
JICE 5. “make” (F4JH/ ¥4 — > DP-1, 17, “go”
& “come” (3IDP-8 OH#EZEHDODT, TOWHE
5,&1%7{3'&'_61 Table 8 © X 5t 5.

Table 8 Block information of Example 22.

Case I Case 1T
No. Block Wissing | VOP| Missing | VDP
1 The man 0 0
2 who made Tom | ~—— 1y — 17
3 g0 NUGP (~1) 8 {NUGP (~1) 8
came back to
4 England NUGP (-1) 8 INUGP (~1) 8

F170y 7 BBEEEEIBVVELEATHIOT, &
DHIENE — v EBBEINT, Y2 —~vBSIFO0E
L, RAEREHBEREERINLV. kR EEH
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OMiIcBOTEIMA ORI, BIAEEH L OEMNHAE
ZRDLL, X(—m IHFEEH» S () HF~NEic
X, 20%) AT n BH, X,() E#ictEH
nBEHD X, REEHPRARETHECLERLTY
3. PUTRZhoOBEREAWLT 0y 7 EADMNE
FIETH 3.

(Step 1) X OEHEM»SRICKAERER X () %
ZEoT vy 7 BT,

(Step 2) o7 oy s HORREEE X (m) %
FERT BER (m<0 BoHE, m>0 1580
EERLESTS. 208K, REShARAEE
BHER X () ZHIBRT 3.

(Step3) PIE (Step 1), (Step 2) oFFEk
FRERNLTHESNS D, TNOERETEE
NEELELR2ETRI S GRREERNLT
Mrmsdhzd &G T ny s REAVEI LI
&Icts 3).

BLULOFER IcENT, TOREFAZHLIHE

BT 0y s RICHZEAIE, FIHOLFABERIIRA
BERIEDRV. BEREREHOEAR, 208
BB ZHFAEHRTHIhEILHBALIL VDT, —
B, FFOLFEREIRARER CED Y, FER
FRAEZERLCHWE 7oy s BdbhiE, ZoTvyvy
LiEAahs. EEERERIRELCBREELUE
B AZAIL, s Ey.

Bl 23 Izt 3 EE BERICERS LUTO LD

iz,

[I] Case I 04
i) (Step 1) o#E
B3 my s CHFAERL ORI OLRAZBRENLEK
RRBTHBC LB 3B.

ii) (Step 2) OFER

Th’e Tpan//lvyhfl m;%e Drni//_Ygfg//

came back to England.

iii) (Step 1) DR
AT oy s BRARERE O OEEROT 0y S
<55

iv) (Step 2) DR
#1700y s OLFAFEHIIEIC governor %
S>THWEDTELI Ty s AT LTy
Bobhoh. - THE L —VOBRMPEL
{ighpolcbHIEENA.

[I] Case I 0¥E4S
i) (Step 1) ofER
27wy CERHFAEEIAAR DS L
W5,
ii) (Step 2) DHHE
(Step 3) PITic iRz KO IKFE2 T mw s LF
37my s BRSNS,
The man / who made Tom //go//
 ——— ik — N

came back to_England.
~ 1
iii) (Step 1) OfER
®A4T 0y ) CRLABRIRTRTD 5.
iv) (Step 2) ORR
wAT 0y s REAEHTHEE L Tuy s L
AXND. TORBRARERELO/HvIE
B, ToysEAarRERT 5.

The man / who made Tom//%o//came /IFack
to England.

RICEZEP that £ that EXEESNIEE
pEZTHES. PIAICBOT T Oy s NTHER
FRESERS NAERIRO LS IKIES.

This is the book I /like best.

CCTELITay 7 RREREBENBONE2 S0
v 7 OF L, like OUFE 2 - 2BRTEC LK
Y, 270 ZFBEHPRELTHNE EHBDRrBT
P->THE 1T vy s T governor %KLL
T3 “I” % “like” OXFE (EZFZEH (D) &
LTRESET oy s BREEIEST S, EXEENE
(ZFER (+D) BMRARTH 3. - THERSE
% that 2270y / OEBEKBALTRO D%
B3,

This is the book /that I like best.

RR{ICGEHBERKESR (Table 6) X that
DEFTHANKD SN, ROKEEEIRREL LTEL

5.
This is the book / that I like best,

3.6 HIEHKBEEEOLR
KEXRZNEBRT 3G OMABERiIcky, ko
tlike (3 %% €% —>» DP-1 oH#IKiE 20T,

COBE, HRAOWMHLBHFOLRER (X8
BMEDC L) BRERTH 3.
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AEBETEWRBRE

w28 25 8 Fn564F

Ko iaHEEhBWY,
1) B3 (Simple sentence)
2) #HEX (Compound sentence)
3) #xx (Complex sentence)
4) JBX (Mixed sentence)
CCTHBICTNEd DR~ THEH, 9 &
2), 3) DEATHBLELSNEDOTRIT 5.
BEX R, 200 oSN GEYE) &0
2ETH B ZNHDEIEDL S SO FEMBERFT
b5h, WerREoBRREH, BREIFEEME
G DKEE D LEZ TR, TLEXERREER
EEATNAXDC LT, T EREBH L2 Q&S
R b0 tEERE S FEh b, that §io
that, FIRMAZEORKRREEZEh, &2EH, B
A HBERFEEZLONZY. L L
5, HfrEkia &b EBERFA S LV IREIRER L
DHETH->T, RBHEKEIBERZD C &M FE
WD, CDZ RO 2ODHEDHETS 5.
(#1240
Hurry up or you will be late for school.
=If you do not hurry, you will be late for
school.
() 25)
Move an inch, and you will be dead.

=If you move an inch, you will be dead.

THbhL, chsoflick T, BHRNICRELD
A RS or, and B ATORBERFICK > TE
EWADWARETH B, H->TIZTRINSEKET
BT EnlEERELTHRD, 2208HAXRT LS
LT & icikE#RELRRT 5.

(#126)

The ‘man //who carries the box //
T 1

moves to the city.

3.7 ZEFEREME

BECLD ‘REEIN T METEEREEEEZOD
WY 3 2RFAOLTHENToNE. > TEHHREH
EVFBVREFORE, —~DPOANXICH L T DN
TEALONARACHEESLE (FFRY LMFE) O
BROZOREEOOIIBD S35, LLISHSXEN
KE LWHEEDERZONOBDETH b HEHIIKE

LBV SO IRERER T o JREBEEREE cEN
aNnb. Fl2TcBiF3 “to” ODREH KBETL2E8%E
BRI E VT, EEEREA (Table 4) %
BIRTACELEIKKIVBETECEMTE S,

(#127) ---to the big city.

(T} @anxap x vuy

EBI28 iIcEBiIF B “rose” WEFLILZFAD2OD
mEAER -T2, ZORDEA, 220FFRFE
SEBERHEICGER L TR OO TERERIE I
BOTEZOWES ZBEHTEIRVL. LHLEIELK
BROKEHBELRBRET, rose 2ZHE L EHIR
EHMERKEHR (Table 6) 1< &K LIRFEHEES
ERTERLNELTENEINS.

(#128) The man often rose from the bed.

(NUGP) (ADGP) {Egggg} (PRGP)

4. & E

HAREZWE Y 5 & IMAGES-1 O LIS IC
DTN, Rk, HABXOBRERRIEKBSH
FEBZ R 5 EREkTERERE (deep case depend-
ency) IKESWTHWB1H), EKEBEZDLDHE
EobD Bao BRE EEREL TS BREND
b, HBVELZDHEEORKICEELZIROVESR
BT BoHH P EICER & BRRIERY BR—F
ER o e BREBES BETH 7. hic LT,
IMAGES-I O#SUMEERL 19 2 RERERER
HLETHHREND b OBEHROE—REMTHY,
ROBHEBEERBERBICBOT, RRMICEREEIC
EHRINIEITOUENEETHS. ’K-T, COF
SEEBCHEA L WA BAIPThEBR LT i E
AEESIZLTHEO & OENEE LB Z0ES
WEHDTHD, ROLDOI DR OEMIT DI
o T3, DT &iC & DHESTILIEE & Bk
IR FReclEs N, REDL BESELE~OD
BENBETHS. B8, 7o/ 5 0a0KE SR
IMAGES-1 &8 260 KB, CALEEE 195 KB ©
Hote. FHEBRE AEABHER+ ~ 2 — 0 FA-
COM-M200, »*us 7 aE5Eld PL/I ZEEAL .
BB o AMAREA R EEERI N0,

ARIFFE 0 —ER LRI 54 F B SR B EEE (8
B (A)) Kk ot
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1 #*

Fig. 5 |3 IMAGES-I #>ERcBT 3 AH
IRERPITHE. HI29 DEEXADICHLT, &
WU, (RERGELMEN HE & h “RESULT OF DE-
PENDENCY STRUCTURE GENERATION” PIF
RS REREMNHA & © 3. RELDEP (1), RE-
LDEP (2) @deheh#l29icsir% D1, D2 &3¢
BLTh3.

(#129) Tom follows Jim with a big red
— N =1 1

D2

stick.

D1

Fig. 5 Example of syntactic processing of
IMAGES-I.

THE NUMBER OF WORDS= 8

INPUT SENTENCE=TOM FOLLOWS JIM WITH A BIG RED STICK .

RESULT OF 'QIPTODC’ AFTER 'CONDENS'

RELDEP(L)=" (TOM)NU {FOLLOWS)VB (JIM)NU (WITH)PR (A)AJ (BIG)AJ (STICKING ';
ENTERED IN WGPING

RELDEP (1)='< (TOM)NU >NUGP <(FOLLOWS)VB >VBGP <(JIM)NU >NUGP < (WITH)PR
(A)AJ (BIG)AJ (RED)AJ (STICK)NU >PRGP ';

RELDEP (1)=*< (TOM)RU1 >NUGP1 <(FOLLOWS)VB1 >VBGPL <(JIM)NU2 >NUGP2 <(WITH)
PRL (A)AJL (BIG)AJ2 (RED)AJ3 (STICKINUI >PRGPL ';

RELDEP (1)="<(TOM)NUL >NUGP1:@ <(FOLLOWS)VB1 >VBGP1:NUGP1#:PRGPl* <(JIM}NUZ
>NUGP2 < (WITH)PR1:NU3# (A)AJ1 (BIG)AJ2 (RED)AJ3 (STICK)NU3:AJ1+:AJ2+:AT3
4+ >PRGPL1G / 'y

RELDEP (2) =" < (TOM)NUL >NUGP1:@ <(FOLLOWS)VBL >VBGPL:NUGPL* <(JIM)NU2 >NUGP2
$PRGP1* <(WITH)PRL:NU3¥ (A)AJL (BIG}AJ2 (RED}AJ3 (STICK)NUI:AJL+:AJ2+:AJ3+
2PRGP1:@ / '

RELDEP (1)="< (TOM)NUL >NUGP1:@ <(FOLLOWS)VBL >VBGP1:NUGP1%:PRGPL*:NUGP2% <
(JIH)NU2 >NUGP2:@ <(WITH)PRL:NU3# (R)AJL (BIG)AJ2 (RED)AJ3 (STICK)NU3:AJL+
sAJ2+:AJ3+ >PRGPL:@ / '3

RELDEP (2} =" < (TOM)NUL >NUGP1:@ < (FOLLOWS)VB1 >VBGPL:NUGP1%:NUGP2% < (JIM)NU2
>NUGP2:PRGP1*:@ <(WITH)PRL:NU3# (A)AJL (BIG)AJ2 (RED)AJ3 (STICK)NU3:AJl+:
AJ3+ >PRGPL:@ / '; .

RESULT OF
RELDEP (1)='<(TOM)NUL >NUGPL;@ < (FOLLOWS)VB1 >VBGP1:NUGPLS:PRGP1*:NUGP2V
<(JITM)NU2 >NUGP2:@ <{WITH)PR1:NUM# (A)AJ1 (BIG)AJ2 (RED)AJY (STICK)NU3:
AJ1+:AJ2+:AJ3+ >PRGPL:@ / ';

RELVPT(1)="' 1 / *; .

RELDEP (2)='< (TOM)NUL >NUGP1:@ <(FOLLOWS)VBl >VBGP1:NUGPL:NUGP2% <(JIM)NU2
>NUGP2:PRGP1*1@ < (WITHIPRL:NUI4 (AIAJL (BIGIAI2 (REO}A33 (STICKINUI:ASL+:
AJ2+:AJ3+ >PRGPL:@ / ';

RELVPT(2)=' 1 / ';

+,6,%,and X mean respectively intra-phrase arbitrary, intra-phrase
obligatory, inter-phrase arbitrary, and inter-p obligatory d

~—




