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Understanding System, IMAGES-I
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and Tuneo TAMATI

Abstract

The authors have recently constructed an experimental natural language understan-
der named IMAGES-I (Interlingual understanding Model Aiming at GEneral purpose
System—I). This system consists of a syntactic and a semantic processor which can
work independently of each other unlike most of the conventional systems. The synta-
ctic processor transforms surface structures into surface dependency structures and
sends them to the semantic processor. This paper discusses especially the semantic
processing of IMAGES-I.

IMAGES-I is equipped with a dictionary of individual word meanings (SED), Each
word meaning consists of a pair of “concept part” and “connection part”. The semantic
processor of IMAGES-I translates surface dependency structures into semantic structures
which are combined word-concepts (i. e. concept parts) and gradually constructed acco-
rding to the connection parts of the words in some governor-dependent relation. If
the processor fails in generating any semantic structure, it rejects the corresponding

depedency structure.

On the other hand, successfully generated semantic structures are

analyzed according to SED, and semantic anomalies, ambiguities and paraphrase rela-

tions are detected.

1. #&

T, ALAEREOhTHERIC L 2 HREFMR
e EE Y 257 AD/ERIE X UZ O OFERTILH
BARTREONTVEY. 20X 53K T,
FBREABICEZORBRBORLERAT, 2hitd
SKRETIPENSCETHS. COMER—BNIC
BRI 30MEEICRETHY, HEBICSEIEK
MBONFPEREIIS U FREBELNTRTLS.
2N 51213 & A& Fillmore, C. J.2 ofE L -85
OREEETLET 2 BKREXER K ESVTBD RE

il

*RAMREEEEHBEREERERE
OERIYERELHRE (REESELH)
R ERY R T AEER

Shic BHAF K BT H 2 D O REEZRDTH
290, UnmsLighd, Katz, J.J. 59 R ELE
BV R T ABMEAZ B EBREROBIE (FERUEE
, BSREREHREE S & OCEHEE IR T 28T, A
[ (fluent speaker) ODEEOEHKERTSE © S
KESVTV3) #ERRL-LETERLLIETS
RBARROBENTORNESTH 5. 4H, &5
DRLE L BREEEM Y X 7 A IMAGES-T (Inte-
rlingual understanding _M_odel _éiming at gEn-
eral purpose System—D)® [IEEELLVID B
FREBOLMEERSE ([ x—V) v_wickl) 2 Al
OERNERBREETF VLT 2 ik, Katz, J.
J. BHAMER I BRTO BREEHERE—RIITIR
HDHEHTERLLDDTH 5. KAXTIE IMA-



— 108 —

AEL¥MANARE

w28 W25 W Fn 56 47

GES-1 pERMEIRIC O TR~ 3.

Fig. 1 {3 IMAGES-I oEknBEETHS. 0
WA, BB OHSTIEED QAR TS 5 REK
EREAEREE (SED) 28T 4 Lick DEK
i i L REVRINERNT 2 58 L R I BRI R
WSRO 5. C OBEORD, BHEECER
T & 15 RS B & ORI R T RS
HMahs.

(Surface dependency structures)

Semantic s:ructure
(fallure) * Generation(SG) \

(semantic structures)
(meaningless)‘___ Seman:ic Analysie /

(meaningful aeman:ic structures)

Fig. 1 Semantic processor of IMAGES-I.

Semantic
Dictionary
(SED)
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a
a, /A

2T A=(4, P, P

Table 1 Examples of attributes and their
linguistic expressions.

Symbol| Attribute Linguistic expression
Ay Length [S] | 10 meters long;short
Az Thickness [s] 2 inches thickj;thin
Aj Area [S] | 10 square miles;small
Ay Volume {s]1| 2 cubic meters;voluminous
Ag Shape {V] | squarejdeform
Ag Position [V] | move;stop
Aq Direction [V]1 | up;doim
Ag Place {v]l | in Tokyo
Ay Velocity [S] | slow;quickly
Ay Humidity [8) | wet;dry
Ay Color [V] | white;whiten;red
Ap Time [S1| 7 o'clock;now
Ay Quality [V] | We make nylon from coal.
Ay | Temperature [S} | cold;hot

*[S] and [V] represent respectively Scalar and Vector.

( T: time , X—y : abstracted effect)
from x to y.

Fig. 2 Illustrated Atomic Loci.

2.2, HEEBREHOBR

REBRICH 2 EEOBARAEEREA S E2FH
A BUBHEOBRUBNZORABRIERICELELTHS
#2485 command B XUEAH command TIERT 3.
#/¢ command TR D 3BESDH 5.

(i) ARG (I'y, T'p)

UHHMEOWRI D argument I'z I, TOHFE
CIREBERCH A HEOHESEE ' @ argument %
RAT 2. TT, KT 5.

(ii) PAT (Iy, T3, T3)

gz —y Iy %2 Ty, Ts OESHKICEVRIC
B, T, 2FT2X51c Iy, I's 2#EAT5. A
L MaBlice g3 M oidehzEAFELT
r & s 28695%. ¢ command HHETEN
72384, T K, T:BEICRD? LI KESEh2.
[Ty LT 208, —Ricid 'y, T's 0—FH 3
ZHEOHEELOT $ LKEL, TMERZO
BENFEBTE 72y 2P @ main governor HE&X

(3 LFR) OEEEKT .

(iii) LOG (I'y, T3, T3)

MR ATF T, GEERE) 55T, I', Ts

OWAN%E CONFFTIEAT 5. I T T3 LT 5
B, —Bic Ty, T 0ELBHh—HRUBBEFONER
427wy ® main governor & (G EFER)
OTEKT 5.



IMAGES-T o &k 2

— 109 —

PIEo#¥fE command [ZRDOLH command &
DHETICLY, —DOREABIELHRT 2.

(iv) COND (I, I'p)

Ty ORF|BE T, THBENS>EHEAEKDLL COND
(Ty, T'3)=01, Oy, -+, 0,5 EWOAHERTHOLNE.
0, 0;-, 0, 3%t command DOFTHY, FH
command HEMNFEELZOEII RD FiKEF sh
5. [T=T301,0,,0,; LT 3.

2.3, HESHRICAOMREL
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HERTH B T EERT.

(b, Vi, Yo, Yo, AD I ¥ B yo PREELTVSRL
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P EABICBEORKIR % 17> 72 ) % Table 2

R LT3,

Table 2 Examples of synthesized word
meanings.*

Word Heaning(concept part|connection part)

Doplmmmp %, ADBPL 3
& | ARG(Depd ,x),LOG(#,A,Depl )3)

Depl==p x, Dp2==.y

ADepl , ADep2

t i ARG(DepL n) ARG(D ep2 ,y),
LOG(#, A,Depl ) LOG (¥, A Dep2 17)

[ 4 {Govlaverb,Dep =>p, $(4,x. quE) Apep ;
x - ADep
6|

trom {Govl=noun,Dep =pp, @ ,

lpreposittanifi| p |, ( COND (Gov, varh) —»ARG (Dey p p) rn(s (9,%,p.q.81,
LOGH A, Dop)) COND (Gov
L0G (44,0

un} —»hRG (Dep, 9) PAT($ o .

big
|adjective)

GOV e=mng X, $T 1
¢ | (ARGGov, %) ,PAT(S,1,8) 1)
"

the e *n=—>Gov §
{adjective)

that
Igelasive x Govl===x;
EaASER")

* @ peans absence of the concept part,and x,, anaphoric variable.
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KEREBED DEREENIROFEECERNIT
b s.

(i) BFAFKX 3 BHENKFERERESE, gove-
rnor OEKFEQHSBIMESR I » TEHEEEICE
B35 .

(i) BIR% K & 3 EEMREBRRES &, de-
pendant OEHKEFEDRESBIELRICH » T BHEE
IERT 5.

P EoBBE 2 EEMER O THBET 3.

(#1 1) The girl moves from the big town,

ZOPINOERBIRERERITOL KIS, AL,
> BRU > 13, THENEBRAEESIOMNE
RERERE, — BLU —> &, BHUERSE
UAERERRERDT.

moves
girl fré)m
the town
LT S
the big

ZDREBERIMTO &S cEEBE LS h,
BB (6) itz 2. DT OERERR TREREY



—110 — AGEIEZHEREE 2% $25 T8 Fn 56 £
DA FHOMABEIELE o' > TT >N X4
e E LT B, Y41 A man (£ A box D A
(i) girl —p moves Xa
$ Xq/AL
1 Al o : :
girl (x
p el Adty o @
q ‘A P Za
(ii) fromq---- town Za Ay Fa A
4 e CORHEBERROM 3, Miicdik@ETHY, H
y y 2 ~f 4 |3 paraphrase BKicH 5.
PR N town (2 ($13) The man has the box and goes to
2Jaz Ls JA; - the city.
(i) (girl —p moves<I—(fromd--- town) < (#4) The man that has the box goes to
P PR the city.
x WHELEREEL DOXE, MLk s cE%iES
S, N girl () A town (2) KEHRENZH, HB 2 —v BNTORKE (PAT
! ? (', T2, ) AT RECH o f2), T—Fartr vl
z JA; Lqg/AL

(iv) (girl — moves«—(fromd--.- .toﬁv\vn)

bfg

M

N X e

p
z
a
o A4} Al (g JAL

N\ girl (x) A town (2)
(v) (gi/{l —>moves<«——(from<.. to”\:vn < big)

the the
[ [} ]
z X x
A [—l A . A
54 Zy Z4
a- A, Lz, AL “q- 4}

A girl (x) A town (z0) (6)
RIiCBIRR4LE (that) 2&43 © BHER % R
7.
(#12) The man that goes to the city has
the box.

COPXDREBEIRDO XD 1K, BHREER

RO TERESN 2.
V" cs
/vhasv\ goes
mc\an b/?x tov\
the the ity
the

B (ARG (I'y, T')) OBRBTEEBABELLDT
BEEHKPICRERbOELTHRIHENS. ETHE
BERBEEE > T ELTh, YAFLPBE-T
WEERORWICHT 2 R# (ThRE#RERICL -
TRDHZY) KRTE2bD0THNE, PRUEKR
HicBERSD L L THRIHE N ED,

4. IMAGES-I (C L 2 E8k0E

AZcit, IMAGES-1 icB1) 2 EROBEEMIEN
BILDWOTBNRSB.

4.1. ERRFHEOMLERL

IMAGES-1 RERSEER VR T L0 E—BEL
LTHEBLEbDTHD, ZOHNIE, REEE,DS
EEE L AR UEANERLE (RERNEEE, B
BB & ORI 05T - BH) EEBRIfTbESC
tiedsb. LkhH-T, YAFLRICBI3E%ESR
B TiRB~NZ X501, HRHNEHOIDPIZDEE
LT3, L, BREDIRT 2 EEES
Thbsb.

BEILOARIRRD 1) ~4) TH5. 1), 2)
KELTRTTIR23TRNT B,

1) BEREHOREMETIES () oFK.
2) EYIBERICHETLICE W, Y, Ya))
ZRTEBR OB

3) BHRITBOREBRT 2 BYESBE (predi-
cate) HEZHBHXOE (term) &L T3,
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4) EEEREEzoboTRETS.

5 H1FEN52—% (Pr) OHEK.

6) E2/ 7 2 —4 (Pr) OEIB.
Dboffiftick 28 1 oBBREZEIRN @ 0k
iz .

¢ ) [
town irl irl
) RN ®
big town town
big JA4, (town/ A4, q -~ A

i, oL RERIICED ADXicHT B v R
T AORKLERROSTRIBETZEC T

I. 1) cX0BHFEFEARLZNEEHT 2RIFES
HOBERNEREROFZIZ. BIZERID B
i ZERNEEN IIEETE L.

(B 5) They live there swiftly.

O. 2) KkDEZREENICHET 2EY L OMK
Hhifch, AAEE 6, Fl7HoRKNEEEGR
MWERILL1E5.

(#)6) Tom carried the box under the sea.
7)) Tom and the box were under the

sea. )

M. 3) KEDELTRELEHRERALLL LS.

V. ERNCRBEORKEZLATEEETRBLUZ
ZTOHEE & MG 50 584 ik language-
free WHDELTEBINGH, 4) Kk B
BEEMOBERNEARIRAZ {125,

V. 5) Tk oEHNER LEFNERORBINT
212135, BIATHR8, HI9 D “sink” DEBE
MZRERATERY. IMAGES-T TREFHK
EHRLUHLBHEDLIT.

(#18) The car sank in the river.

(#19) The road sinks to the river.

VI. 6) kD RNHWE O LBEELZFARTE S
Vo L7edS-> TR 10, Bl11 o X 5 HERRIC
K7 2EHRARE b oXOBRMIFTHE .
(#)10) The tall man is 10 centimeters tall.
(#111) The short man is 10 meters tall.

P ED & 5 IsEBREE R O IRk ikl 5 BEBEE T 1R
D42TB~Z XD ] ] Katz L0 H>BEDOE
PRV ATT S fodicid, REMBZEBRAD VY
FRTFELTVD, KVEREOEKRLEDIDITE,
BPBEETNEODTHB.

4.2. IMAGES-1 OEBRILELEH
AR MEEL M L - IR T J. J. Katz 5
DIE A 7o BRI O BRI B LU T icaB~ 5 HiBH T 88
Thb.
I. BMBRMEEECEALTRRO XS 3EEOKR
W XORPANTEET S 5.
(#112) Jack remains through Osaka.
(FER % — VBT TORARED)

(#113) To Mary Tom gives Jim the box.
(7T—=Fax v OEEHAEY)

(#114) The paint is silent®.
(EYPERESNIBHAERIZOY)

M. BRI L CTRRO 2EBORIEB &
Ui MNFRETH 2.
(#115) The bill is large®.
(MEESOSH)

(#)16) Tom precedes Jim with a stick.
(FaEanEk)

0. FHECELTERUATO XS SR HEETS

3.

Bi17)

Tom accompanies Jim.

{Jim accompanies Tom.

(5118)

Tom with the stick follows Jim.:
{With the stick Tom follows Jim.
19

Tom moved when Jim stopped.
{Jim stopped when Tom moved.
(#120)

Tom follows Jim.

{Jim precedes Tom.

21y

Tom gives Jim the book.

{Jim receives the book from Tom.

(#122)

Tom passes the tunnel.

{Tom moves through the tunnel.

(#123)

The man that stopped the car. ran :away.
{The man stopped the car and ran away.
(124)

(Tom reached Tokyo before Jim left Fuku-
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oka.
Jim left Fukuoka after Tom reached
Tokyo.

Pl b ~7o uamges, e, BEEORBEED
BB T ERE - ST B D OBESIEE I
%. IMAGES-I B\ T, F—BE£ALLIY
FA—-ZBEEEEEHEOXERA—0BR®BE TR s
naM, FID~B19) kS5 icE—HBELLETH
DRL RRBRERE T FI20~W24) ok
ROEFZELEAOXERT b EA—0REEEEH LR T bE
TH5. dhabb, 41 TRNEBKERL~VICE
W, BEZEB co MR B EL (F—o8bi &
3) 72 51F IMAGES-I 3fE% & Hed 3.

5 = B

IMAGES-I it PL/l THANTHED, a5
@k%éﬂ%nﬂﬁrﬁmeB ZDHIBERXT
WA ERMIBER I3 65KB £ 58 LT3, =28
I, NMREREHEM £ 2— 0 FACOM-M
200 2R LR DTTIR, i, BREESEE0R
BB LUXOBRKEE © RERE i BT 2355
v, EEOAHAFERS.

5.1. BENRFEOHE
AERICAVON S BE o}, MERSE S
é,ﬁﬁmﬁﬁﬁﬁﬂ—yﬁé,mﬁﬁé,mﬁwm
ﬁﬁwﬁ%,mﬁﬁmﬁEWH%mﬁé BE G
FE) HEGHE (BE) oBXEY, EwiEgrch
%ﬂ&ﬁbtﬁkﬁa.%%ﬂ%;bmormé.c
CTREREE (BEHE) o0 T3 T
T35 MOHECOOTRIE? 28BS izl
Fig. 3 3BMENREED —Thb3. —HME (&
) AOEREARX D 0 { ) ACRTHEKE-T
V3.

(H—P($§-)(0)'—/(C). =) ®

BL, oRKBELIIEEOERIROBL TS
5.

H: Bl LE

A =
. R,
D BERMREMEE 2 — v D EE
A BRIEL
ERERTHD I BIRRLEEWkT 2.

- O 1~

/e s s ATHRBYT ARYEE

C : &,

=:7u735 AsCRRATIKRTEE
KO bt CRFE—35 v FEEEHENTR
BLUTED, AZER (10) @R (1) okS5icE#H
3 5.

AV (BeCOOADAE ao
ANEADIeCBA an

FOLLOWS VB 1 DEP1-#X%,DEP2-#Y*, / , / *Y% ®yk *Px AQ% AQ6/
hXA AX* HPX RQk AODH/ =
WITH PR DEPL-AY#, CDEP1-AX, +§ COV-AX®, +§ / XA #Y&k *X¥ *X¥ AQ6/ =
STAYS VB B DEP1-*X%, / #K* #Xk #P& AP% ADG/ =
PAINT NU / & / . / PAINT SOLID #Q% PAINT ALl / PERSON PAINT #p*
SOLID AO6/ . / PHI PAINT DRY DRY A10 / . / PHI PAINT WET DRY A0 /
PHI PAINT WET WET Al0 / =
FROM PR DEP1-*P%, GDEPL-#X¥, Q-PHI,*X%, %Pk Q¥ AD6, GOV-*X¥, $, / , /
PUL #X% %P4 #Qa 'ADG / PHI #X® #PA 4Pk ACG ) =
TO PR DEP1-4Q*, CDEP1-#Z%, ¢-PHI,*Z*, 'P' *q* AQ6, GOV-*2%, .§ [ . /
PHI AZr #Q #Qh ADG / PHL WZ* #P* #Qk AOE

( "RYK'UA-BN MM and 4" represent respectively variable V,

ARG(A, B) Sequential connnective(o), and Simultancous connective(l).

Fig. 3 A part of the machine dictionary
of word meanings.

5.2 NEREZOANRER

R OREAFI A BBNRTESETT 501
—DODEENMETHY, VWAVAEFENEZI LN
5. AEBTE, AT (o, M, A) oBBKEL
THENMRM B3&EBR) 2#RET22 &k, &
R—FVFEERCE®BRL, PL/I o)X P& ELT
RBEL T3, CZOFETE, infix TR (12) 0
LHCEBR SN 2BHEERIR (13) 0L 5uEFic
8D, Fig. 4 OX570 Y X MR ELTHAKRER &
h3.

((AT1BeCYe DMEYAFAG a

ABC e[ DeE[MFAGA a3

BN (1) &R (18) KB 2 ZTEDENES
075 ATBANBOTAICE > TS,

B e e e
1Al [B] (T] lo] o} (D] (o] [E] Al [F] (A} (G (A

Fig. 4 List r?presentatlon of sentence
meaning.

5.3. IMAGES-I (EmkIEs

Fig. 5 134125 iz ;Re EEX % AD L, WBRA
“with a big red stick” Lk > TH U IRBIRKEE
#Eo£3% (D1 & RELDEP (1), D2 & RELDEP
(@) KHE) WL T, 2NFNEHEREFhE
FRERLTCWVA. Fig. 5 ® “RESULT OF SEM-
ANITIC STRUCTURE GENERATION” DEHS

i
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MR (14), BESBRK (15) TRAINS BEH#E
<Thh, ThEh DI, D2 oBEAIHEL TV,

(§125) Tom follows Jim with a big red stick.
T 1D2]

D1
Tom Iim Tom
Tom Jim stick
. M M
P D Tom
q “Ag q Ay “Tom A,
[ [
stick - stick 14
big red C
big Aq red Au
Tom Jim Jim
Tom Jim stick
. M i
4 4 Jim
q AG q - As Jim As
[ [
stick stick
.| as
big red
big JA, red Ay

INPUT SENTENCE=TOM FOLLOWS JIM WITH A BIG RED STICK
RESULT OF DEPENDENCY STRUCTURE GENERATION

RELDEP (1) ='<(TOM)NU1l >NUGP1:@ <(FOLLOWS)VB1 >VBGPL:NUGP1%:PRGP1*:NUGP2%
<(JIMINU2 >NUGP2:@ <(WITH)PR1:NU3¥ (A)AJL (BIG)AJ2 (RED)AJ3 (STICK)NU3:AJL
+:AJ24;AJ3+ >PRGP):@ / '3

RELDEP (2)="'<{TOM)NUL >NUGP1:@ <(FOLLOWS)VB1 >VBGP1:NUGP1%:NUGP2% <(JIMINU2 >
NUGP2:PRGP1*:@ <(WITH)PRL:NU3# (R)AJ1 (BIG)AJ2 (RED)AJ3 (STICK)NU2:AJ1+:AJ2
+:AJ3+ >PRGP1:@ / *;

RESULT OF SEMANTIC STRUCTURE GENERATION
‘TOM

ATOM.ACTOR= ATOM.ACTOR= ToM
ATOM. AGENT= oM ATOM,AGENT= TOM
ATOM.VALT1= s ATOM.VALT1= “ps
ATOM.VALT2w v ATOM.VALT2= “Qr
ATOM. ATTR= AG6 ATOM.ATTR= A06
ATOM.ACTOR= I ATOM.ACTOR= J1H
ATOM.AGENT= JIM ATOM,AGENT= JIM
ATOM.VALT1= wp* ATOM.VALT1= pe
ATOM.VALT2= "0 ATOM,VALT2= e
ATOM.ATTR= AO6 ATOM,ATTR= 206
OPR,ACTOR= . OPR.ACTOR= .
ATOM. ACTOR= ToM ATOM.ACTOR= M
ATOM.AGENT= STICK ATOM . AGENT= sTICK
ATOM.VALT1= TOM ATOM.VALT1= I
ATOM,VALT2= TOM ATOM.VALT2= aim
ATOM.ATTR= RO ATON.ATTR= A0
OPR.ACTOR= + OPR.ACTOR= +
ATOM.ACTOR= PHI ATOM.ACTOR= PHI
ATCM. AGENT= STICK ATOM.AGENT= STICK
ATOM.VALT1= BIG ATOM.VALT1= 316G
ATOM.VALTZ= BIG ATOM.VALT2= BIG
ATOM.ATTR= A04 ATOM.ATTR= AC4
OPR.ACTOR= + OPR.ACTOR= +
ATOM, ACTOR= PHI ATOM. ACTOR= PHI
ATOM.AGENT= STICK ATOM,AGENT= STICK
ATOM.VALT1= RED ATOM.VALT1= RED
ATOM.VALT2= RED ATOM.VALT2= RED
ATOM,ATTR= ALl ATOM.ATTR= All
OPR.ACTOR= + OPR.ACTOR= +

END OF SMSTGN OF RELDEP( 1) END OF SMSTGN OF RELDEP(  2)

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

6. # E

ARSEIE > 2 57 & IMAGES-1 ORI
DWTHBRT. T OMEBRICEH L T3 EKRERRE
BRIk BERERA W EBKERECLZDDLE
DRI SE ICKRE LIz, Fi, BIRED T~
IMAGES-I o#XUBHOEKREBTEHBLTK
EHEELELHEZROTCEEZCLBTHS. #-
T, EEMIC3IBCBIOERBEES AN HEI I
IMAGES-1 REBESE~NOBRBTEETH 5.

ASEMER LIz VR 7 403, 4ZETERNIL S KER
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