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RESEARCH ACTIVITIES ON NATURAL LANGUAGE PROCESSING
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LBSTRACT

The rezearzh aciivities ' lampuazs
processing of fhe FGCS Projest are presaniad,
Linguistic phenooenz zre forzsiizad in lerzz of

c z
cozzien siruciwes and consirziniz eon the=.
The logic pregremming paradigs is adopied for
impiementing mziural  languzge processing
svziemt Decavce lhe basic operatiem {or  the
gaapiex siruciures is  isomerphic wilh reepect
to wniiicaiion. DUALS (Discowrse Undersianding
Aimed 21 Logic-bmsed Sveie=), CIL (Cosplex
indelerzinate Language), and JFS0 ([ Jamanese
Frorase Sirucivre Grammar) 2re being  develeres
using the wnificsiion-Sassed asorzack. Tne
machine readanie and wndersiandstie

% 2re zZizo being develoned.

v lije, we gaz=uni
gncther mainiy o ceans ef zpeas
in nateral  lamguzges.  Re  gei
inforaziion froc bosies anc paners.
Lozmanication belween human and cozpuier shouls
zlre be performed in the medius of natu-z!
languags.

The abiliiy  of cospulerz ic
endersianc natural lengvere will inecezse ihel
sezessibility and  Flexibiliiv. The Japarese
Tifth gemersiien compuler projec! aims £

=

develop such intelligenmt computer zvelems.

The zpecizl characierisiic of the Japaness
language. [.e., the use of 2 greal zznv Chiness
chareciers, has @ads Jamanese  tewl inpuei and
processing  difficull  for  a  leng  tipe
Fecenliy, hewever, Japanese language processimg
technology has advansed 3 loi a2z evidenced b

Japanese word processors and comeescial machi
iranslaiien igs

svzieas, Thess leshnologies

nsttiule for New Generaiion
t]

PROCEC
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£ with  ariificial inielligesce  ars
expacied lo provide nen  Jfzpanese  infoarsation

.
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Coopuier 3y
-zl language processing

of irs zmesi igporisci resezrsh themes

ke TolS Prejest becawse {2 iz s

tai technology for knowledse

ilon processing and it is wsed for lhe

and dewveioozent of knewiedpe-Sasa,
intelligent-interfzcs  and war lous bazic
icaiien sveiscs, such o= gzchine

tranciaiion svelsms,
The recniic of ressarch in the initia]l siage
peve lsg us  to the comcivsion tha! the jegpic

progreozing fraopewory iz the most suliabie far
imnlenenil natural language nrocssoing
3ys iem The linguisiic cherczenz i

4
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maiusal e processing and iegi
proprameing.  Most of ous reseszrch i
can he resargsef B ihe  lzergvensn
extension of DGR, BALOF (ELU®)

pottoz==z laft corner parzar  which  avercemes
G 4 A

the Zrakzacks of  {op-dewm =arzer for D07
raczilel zodel of DIG is alse beinr develzped
JAEFL. 0 DIL (Compiex  Indeterminaie Lz ;
S, 180 was ceveioped to express: and
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Frojog. The nesiy  introduced “partiiall
grecified terz” of CIL iz sulisble for
representing lhe compiex fealures becavse an
ewtended uvnification ig  delimed on  iWo
parijallv speciiied terms., The deciarative
consirainis ¢an be wrilien vsing the freeze
sechaniss of CIL. Our approach fer semantic
amalvsis, which alse deals with progmaiics, 1%
based en siluation zezaniics (1) theory. ln
ihis aporoach. the seseniic analysis proce
correspends Lo i {i

v

corziruciin the rela
betwesn §ituaiions,
zlzesra of evesis.

ne
24 it 1z impismeniad 2z an
he serging of evenls is

ame of ine basiz ooesziiens and it has an
isomorphiz  strucivre with respect ta
smifiesiien. Therefora, the bazis eperziions
im bﬂ;n sctic  and sesanilc anaiyses  arg
iza Wity resoec! o ihess el lesic
rog wnich =mexes  legic p.qv-ndt1"g

ENIpUEES prn:ec::ng.

. ill i
DLEALS  (Discourss lndersiandinmg  Aized  al
icgic-based Sysfams) iz iis licatien sveiem
for discourse undersianding ®hich rescr stories
and answess gquesiienms on the steries.  JPIG
{lzpansse Phrase Sirusiure Grammar) [8) 1s a
GPSn-bzzad gramewr lheoery for Jabanese lanpuzpe
thase basis opperatien 1z uwnificstien. The
wniiicaiion-based rarser ior JPSG has been
Geveiopes., ke dovelopsd some  applisailon
svsiems. in ordes lo wverify and evalusic this
cndamenial  lschnolegy cenilonsd abave.
ipallv, the processing of large—scazle language
iz snother imporiani aspezi el nalura
uage processing. Diciionaries imciude much
zatien shewt  symiaw end  gementics  wnich
be ulilizad far dezigming the lexizen and
knowiedge-base  in  natwral janguage
~BCeCTing SVEiems. Tha following three tiypes
mEcaIne znd niersiandable
icfionu-ie: will  be  developed  in the
teroject which siarlsd in Apri i08G:
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{1} Basic word Diclicnaries:
rour Bachlng readable zacier
dictipmaries with 200,000 eniries in
gach dictionary.

Fay - R o . '

(2% Comeeni Loaszd

& swolegalic

Lignary:
fjonary  for 400,000
concesis inciucing a genersl thesawres.
snceni Description Diciionary:

4 wnoeledge caizbase

je  deserintlomz  of

—
(]
[}

conia.ning

400, 000

Thece sysiems meniiened above are izplenenied
an lne personzl sesuvenftial  inference machine
P81 117.. Tne progrags are wrillem in iis
programming  language ISP D40 This  paper
deseribes the main research aciivities and
nians for palurzl language processing of  bhe
Foot Praject — CIL, DUALS, JPSG, and Machine
feadanle and Underziandsbie Diciionaries.

cg which was
sn langusge of

fo i
DUALE. CiL hss the fresze nredic
% L = i

originally introdused in Froleg- iu:, as &
rrinitive predicate for realizing verious laTy
evzivatien conirals.

C1L ini-pduces 2 new type of ehject cailes
“ma-iially specified terz” {Tpariial terz”  fer
briefl, which 13 imfluenced zzialy v ihe
notion of assizasent develesed in tae situsilien
theerw of [2,20.

f1L = Pralez + Fartial Terz - Freeze.

e undersizné partial term &= an sbstractien
irem the fellowing deie siruciares, which are
widely se=en ip zrograooing languages, BT amnar
formaliszs, elc.s

-= Ferprang ierp in first ordes legic.

- Associziion list andé properiy lisi im LISF.

-~ Frame and unii in knowlsdge represeniation.

- hecord in programeing 1an;uag,.,

—- Recard in relaiional &at s2 lheorv.

-- Assipnment in Barwise’ iiuatiqn Lheory.

-- [ailegary = cocplex fure in GPSG and
functienal =t

4 partial ilerm it writlen In CIL like thise
lal/bl, .... an/Bal ni= n

where gach &l

por

f iz = grounc lerm and bi s any
ba=z, pogeibly 2 zariizl terz. The erdinal

fieailon 1t ewiended 1o the partial terzs.
For exzople Lhe exiended unifier works like
|



wrd fwl§ast, Bo2F, fbon, esEh)
I
]

® jasl, &SI o3,
fving ¥ ioc be ¥ = 2,
IL can reosrezent a semaniic netlwork  even
luding cveies by using parilia)l ferms.  For
inziance, the CIL wnifier selves ins svsien of
ihree equalions A= B, & = {as2}, gnc B =
{asa}, giving 4 = B = {a/4f, 2 ging
E

2 salf-loap wi an cdge lzbelied a. A=
1z eagiiv geen, TIL wumificaiicon iz clasze tg
ihai over infinmite tirese im Fralez-T1.  The
domain of CIL e2n 2e defimed ferzaily to ne =

- |

erns gre reserved fer the 011 swvsiez =2z
o

(i1 & lern of the form X!la is ::iv:;e:: a3
ferz to the value of L owk
nzme iz a. That is

jalsbl, ..., =isbi,

B!
e
=

(23 A& tern of Yhe forz 2:0 with lerms X and O

iz calied 5 deseripiion. v shouid be an

execuiable ferc. This lecz is rezd ™%

such that 7.
R

13) & lilera! of The ferz bi...%NY... iz
sguivajent ta the fiteral
[reezeld nl. . 5. . 5.

14y LiL  incledss  comvenieni forzs of  lerm
knlch are defined az foilowms:

ap  (=p XrplM?), whersz p iz a2 predicais

Ewncl of ariiy 1 and X iz 2 new

Allnough  the curren! CIL i npoil 2 fui!l
izelementatlion of ziluatien theery vel, 11 is
aiready useful becavse of the iniraduciion af

Ly

parlial terms and exlended wniiizalion over
thea. Pariially spesiit e  ganeral
and ranraseni

prigte
YVar nooessary

for [~ ficult! and
B B rezains opsn for CIL.
however, io pevelon some ideas for designing
5 i consirainl deseripiion.

he the probiexw corresponds cdirecily
‘o i af the conmsiraints of
it
3 indersianding
zac Svoio=s)
DLt is an 3

experimenial cistourss
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jARfUARE anc angwers various lvpe of ausciians
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gituailons represenling senience z2aning are
generated in ihe form of pariially speciiied
fermz of CilL by the synlax anaiysis madube.

[2) Anaphora processing  algerithm, i.e. the
ioentl fication of pronoens and Zero-prenouns
{ellipses} iz based on Kamevama's mode)
r1a].

(4 Flan-goal-pesed discourses siruciures e
obiained by the discourse processing module.
The rules {o consiruszi  the  disco

nsi

siructures are gescriged &z consiraints
bsivieen ovenis.

2% The senisnze srerziion sodule gensrziss
tha zurface senbtences ires iniermal meaning
siructures LIing grasmes rule:.

(s teshnizal zzprozsh 1o ipoiemenmistion i

o haiid e g ouni
i i b

whzi kind:s o z
primitives for implezenting
sezantizs.
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Phraze Sirusiure Grammars

£ an imgoriani cozponent of 2 syslen
lamzuage wundsrziancing. JPI6 1

new Japansse gracEar tnecry for  Ja
Vanguage Gased on GPSZ. GPEG

impiementaiien  ir  lhe log

paradigs Decause T

symian Lheory  Dasg
i

3 suilable o
[ Prograzaing

i a natural language
e on comiexi free
C

izlional mechanisz iz
F52 nas the Jeliowir

3
=

calegariez ae¢ defined as a

ure iz used to represent
jon.

siruclure ryles are

atures are described Inm

ez, which =make phrzse

[SUBCAT) whese weiwe iz & =st of swnlaclic
caiegeries. i3 inlreduced im JPSG. This iz an
extoansion of HPSG [191.

[werrenily, the grammar  formalisz of JPSG is
compieiec for  basic Jepamess syniax with  the
follewing charscleristics:

(1) Svptactic calegeries are defiped az a
foziure sei. Sope fesiwre examples are as
follows:

PAS == This indicates pazzivizssility af
a verk, The valuse et -,
BCE -- Thnig incicaies iozmeszn, Ihe
vaiue 15 one
oh == Thiz indizaies relation.
The value 1z one
L3oaT —- This i svniactic
cz.c;:rics Cziagory
dezands as
STASH - Thiz sizeing
zategories. usad im
ime zame way
{73 The foliowing phrase siruciwe rule s
cufficient fa= basic Japanese syniaw

Fute {2,107 siaigs lhel oolhes calegary (N
Zeminzles one daughies categary (D) on the leil
andé one head caie (H} an the righi. This

B

he rule is achieved by
camsirainis on lhe features in

(37 Sipee 2 new SUBCAT feziure iz iniroduced,
SUBCAT fesiure principls {S77) is exiended liks
that of Y753, SFP describes ihs imneriiance of

'!"'-_"?
ol
¥
-

"mhe SUECAT of M iz ldeniical ts that of H
in

For exampie, if the cztegery of D ig NTCEJ] and
SLBCAT of i iz {NISEJI. STORJIE. thenm SUBCAT of
Mo owill be (NTSEJIE. NIDEJ? represenis  the
gpieci nocn phease, The  apbsense ef  ordar
batwesn the elemenis of SUBCAT pakes il easy lo
deg] = "socamuling” L8

tic principles uzed in
GPEG zre 2lasa uzed in JFED such oas HEAD fealure



convention (HFCY =2 FODT {eaiure principle
(FFP1. ceriain fealurez iz called
“HEAD featur=c”, for example, the P08  feaiure.
HFE is a constrainl sialing that "HEAD {ealures
of M are identical te these of H in (L.1)".
SVBCAT and SLASH are csiled FUOT feaiwres. FFP
iz s principle abeuwi lhe inherilance of FUOOT
jesiures staiing lhai "TO0T featuwre of M
iceniical te ihe wnion eof that ef D apd H

el ol

18]

P
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5. Machine Readable and indsrsiandsile
Dicitonaries

.. . . Ca
i pracenied the untlicel

icn-Sase0  approech
for naiural  langusgs processing and s
seolicatiens Inm previews seciions, r ihe
oither hang, proceszing ol lerge=scole  iznpuage
caia iz anolher izporianl aspeci of nmatural
izngusgs precssging
This ressarcn  aiss al develowing a
la~ge-sczle daizbase for  wvericu:  nziusczi
language processinmg  and = Procesging

eonlicsiion ta;s:ase

The Iangusgs
will  be composed Erisarily of ree
machine-rezdable dictionaries: 3 la.gn soalse

pazic diclionory &z fhe mazler cEizil
conceml clasziification i i
thesaurus: and & comsesl deserisiicn &
coniaining desc-iplions cf :
cencepis.  Applicaiien
ciclionaries will be
TEching  IFrEnsislion
recognition sysisems,

s¥s

5.1 Bagic kord Diclionmsries

"basis word

W ED

The ierz

[n =iy

'r.f'!

puorvosy  Speech, ganaral aohflica. tarus,
proper nowns, and sc on.  Mac hin reacgbie
pazter dicijenaries will  bs ﬁeveicped
centaining ihese basic woras.  These are  ine
cictilonary lvpes:

L1 Japanese

£23 Cnglizh

131 Japanezes-Tngplish

(4} Tnplisn=Jacaneco

and other

innerilance
The standard

dictiomary.
inclugec.

‘wnole-pari, z:zas:
: '

Rbg diciionery wili cosmnizin ihe meanin: ol

R igug!l concaci elanzified im ise

z.aszifigaiion Zictismart. The

cempination of lne i icalion 5
the ﬂmj1hﬂw:: f

Machine tramslatis eveiems  and  gpeach
rur:gp‘i,un 5?5'015 h;}l e geveiopol uning
Liene

£, Donsiusion
e DM Jia L umt

he research aciivisies
procezzing within  ihe
ngsatian Lomtoier bwsls
izhoed fhe imifiar =i
tre grs o ke Tirel s



iz the four-vear iniermediaie siage.  Naiu-zl
lanzuage yndersianding inciudes  a lat of
giiflelt 1gsues thal remsain unse lved,

ecpecially in cizcourse understanding.

Never theless, fruiiial reseliz and new ideas
have beer obisinet over the four weasrs of
research
prIgramain
pacer. Tne |
lhal lhe Jogi
il feo

ng oo the logic
ramework az discribed in this
L jour wears hes convincec us

io dais bv conzant
f

s wery
oanting maicral langusge
In the inierzedizis sipss,

itg ine
forz  ihe
grgailon processing sveisz
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