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Abutract

Lis srricls sgnuists of four topies, which are gbout the wverr high laovel
language and new infelligent software s¥stem. Very nrgh level lamguszge [s one

of gpfrvars descripiiop lamguages and f

£
specificgtiens and programs. 1t 1s useful Ior ceve

of inmformetion which is fundamental It

e - o
st=m. Second discusser the frampework Zor knowledge bDase
a 1] T

s gpecliizatiom langu

T
L]
]

which L nart of bur very nigh level language and speciiicarion ZTechnlgque
wsing ii. The languags ig based om maturel laaguage. fimal paper cuncsras
ine orojec:t of Fifth Gemeratien Computer Svstem in Japanm. Mete inference zand



scaitc so0ltwares are developed, manv kindg g3
d of software 1ife evele = reguirement, desiga,
fabrication, test, and pperstion/maistenance. In such an sovironment as =nis,
t i1z important for the persons being concerned with softwares to communicste
exactly with each other about software systems. This means that each person
coucernling some period should understand the ideas of perscos concernipg

another pericd and a IZrawmework of soltware winich Is 2 common coneeot

I

throughout the life cyele. It is preferzble that & software development has

50l5WaTrs UBESEripLicD iznguage whnich can be used throughout a software 1

z7ele, We =23ll this lamguage 2 very hizh level laoguage and it M“as facili

[ 5

te desceibe bath specifications and programs in the same form. This languege
iz used not only in reguirsment, design, and fabricetien periods but alsc o
test sod operstion/malntsoance periods 25 documents. The unificarion af the
copcepts of wvarious languages used in each period of a life cvcle =nables us
to upndersiand MENY 33pecis 0L described sclitware.

Huge amount of researches about languages or methodologies have bDeen
studied, however sach of them concerns : single period of & life cwecls, Fot

example, ISDOS (1&4) end SREM (13) zre for requirement stage, stepwise

refinement (8), structured programming (7)., Parmas's modvularizetion (10,
Mver's compositc design (5), abstracticn (3), and Jackson method {47 are for
design srave., To construct high guality softwares, the persoms feuchin

ftwere development snould know many languages or methoderocesies, wne=
; ) g g

o
cahcepts used are so Gifferent thet it is 2 heavy loed to mascer them.
5

ts oL rfour topics. which are zbour the wery nigh level
language and nevw intelligent software system, Firsi paper cescribes che
c

structure of informatico which is fundamental in modeling s software svscem.

[

£

econd discusses the framework for knowledge Base svstem used for softwers
B b

evelopment. Third presents specification language which is a parc of our
e

languags

=

ery Gigh level language and specificarion tfechnique using iz, Th
i L

"

cased on natural languszge apd its semantics iz giwen by formal logis

-

FiZth Generation Compuler Svstem in Japer,

Final paper conceras the project ©
“e2ce infereace and 1ts applicacion

o

are investigated.



The basie of new concept of soriware asvatems 1s consicdered as exploring =z
inferzation representation method which 1is

icient for nachine CroOCLsSing. In this section, Ltne structurs af
infprmaricn sre explored and categorized ftom the communicaliol view ameng
geople, since the sssential property of infermation is moving zreound human
society. Then we consider comprenensive representation schem=e 1T macural

iznguagze Zspecizlly, it is imteresting teo discuss whether prasentacions

a. & ' ' e . - . 5 .

of infprmation depend om kinds ol Daturar agfuages, £.5. Englisn 0r JHDEDCSC.

2.4 Garesery of information

1m order to comEmunicate with s=ach other, people use various seminlisz
shencmens beoing interpreted Dbotn syntaccleelly amd semantically Llito
seaningful isfermatien. .nformaticmg got by our eves and ears are the mes:

fyodimenctal aod thev zppear as acpustic sound, pattern and picturs,

Teiprmaricn nos coordimafs pair of 2 medis =nd = message. Com-uaicaticn is
phencmeua chat £ medisz convevs & message and thers exists sl Leasi Iwa
pgividuzls, sender and receiver in the media. The sender behaves 25 au
ipitizter of rerresenting action zod the receiver interprets 2 products af its
BCLIDD.

lofermacion cap be categorized by the relations between a media aoe =

@message iDto one of signal, sympol, metasymbol and index.

siznzl is defined as Che messsze informztien suca as pedia & trigzers
cessags B. Thon messase 3 ls accompanied with Iestures of mediz 4 as
‘nfsrmacion sowree., 4 typical example of signal is trafillic light & which

corTesponds o mediss, Green, yellow, zad ced lamp sigmals trigger motion of
¢, wzit, &nd srep resoeciivelv as megssEges.  Io this case, 1lnterprsafsas

fupnezions are aptivated by hbumar visiew sense amd these signsls belong ©o

Troshe case of & celecommunizerion svstem, & wmeadiz censists ol chaanels,
3ad messsges is -ransmitted a6 signal in tha Zhanmnmels, An 1mterTaprerer
carresponds o ensdder and Secoder whickh transliate wnformatien souriss 50 tusl
i~ matches o the channel. For information processimg, 2 moedias is bet/ze:
sammands sné shappels or senser., L messags iz rcelesignal. Intorpratart
fupztians are given by enzoder 2pd decoder.

Abovae exzmples show that media Ls closely zelated to messages.

i a
hercfors, -celecommunicetion chanoeis snould 5& matsn co che stalisclcal
o

transmitciing Tessages, and onceder and decoder Iunciions too,

cnding.

Signal a&s & symtex zmd Lt depends only op its gemersiing Techiniim.
Therefpre signal has ne definite semantics because siznel has ao divest
sementicel infermation irsetf,  However, signal is a zomcept ol sbrivaching

o

f semanCits

Fa



&
soictac. Then we can uadarscand
fvaagl., For svmbol, zon a
‘ater IonsCiiuie SYnTak ,and Imtesoretatlion of poilnbing meshapnls® SOrTeSpoDOS
o semanfizs. To the zzse oI Lniormation 3rucessing. thess Zzaterss snouic
sxure=sssd by wmathesaticzl basis such as legicsal formlas.

Yr gaparal, each §YEDGL LS considered o be @ svmbolized sizon in erder Lo

aym=235 20 sbsbracied cocient of corresponding objeci. This snables ws :o
2nogider that mediz sorTuspounding o a language svsien speciilef messafes as

seztsnes=s, ZAaCh wOT@ @F Lins LemgusEge iS5 gssofiated wiih zn objser having
corTesponding mesninoe Meaniang &I svabol should De eXDpTESSEt &5 The
cerrasponding properties of snch ward,  The ralation bSeswsen thew constibuces
z Tule gverem, which L5 zonsidered az sgmiglegy. Secmectrical Zeatwvrszss of
ziczzuTes oelong o this category.

{3) zerzesvmbel
Tvoical sxzmole of metasvmbol il pizturse. DJizture car tell manv chiags,

fowever we Cen oot speak about contents o0 5 PLETUTS SomDLsLaiv Znd we maY

maier many kinds of pilctures [or one scene. Furithermore, we find many new
t carefullv, Thiz meane

TaTLers for & Scene oT ploiure whenever we observe 1

that metasvmbol has oanly partial svntex znd semanties. To ovder B¢ proces: o

Tecpognize metasymbol, complex ussgs of met2symbol and symbol is very ussiual

icient such a5 usage of geometrtical features Lo recognize photures.
Nl

oo =

Tozr msizzvmbol, & medis Ls apn origiasl nefuraily genereted oblsct
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nzoding scheme suSs &5

yuriax and Semancics DAVE & SLTucTurs, 1D 15 DARZRSEATY L9 Fet
ol & speviiied par:c by Index or by Indizatipy grtsiboge valnw Lr he
28 index. Thiz =means that index 1s vsed as tool Zar pay:t ipalcation
2T assoniacion as ¢ whele.  Therefors oo ipdeow Lpdiceces such & velaticn nha:n

a ¢oTresponds IC SLTUSIUTS IRAICETLON SYSTSE and B mEssagy Oas o rolE Lo

Sz svymhbol, conozpt ol arroibute can De used as index. ALETIDULE STTuSCune
ongves 25 2 madiz and sesyal atrributs name zod its value olays & =ole ol =

2egs2ze. Loooon noun hes Y28 o7 Paro-of relacicn and these relzcion can e

sxaressed It Diozarchical artzibute structure.  Adjective mnéificatiorn fan De
.

24 for iudi:a:ing supser o4 a seb shown DY CODMOD NOUn.
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fcr labpel maminpg as 2n element af che specified set, sc it is zonsidered as

Similesly 2 wars bz an gtivibute which soeeifies gr petinug wanner 08 on

uws Lhe sroperties of signals, svmbols, setasvabels and tnden.

1g.2.7 ludiicaies fuosamental rfunciioms ot service. Usuval iniormatien

Lk
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e uses symbolic DJrocsessing Dy encoding Lo and decoding ITo
usage ! Interpretation ! examples ! zols of ipdex
entiziss [ i |
s1gnal | encoader, i Volce,TV | par: lmdicztion
{syntax) | Aecoder I wavefora i
T
| sense orzan | work.sign | assgeiatico
i : | ier obleer
e e e o b e e e
svmbol P logical [ zraph. i par:z,connection
{svntax, | definitiom | artificial | and structure
semantics) | | lanzuags | indication
t m e = m e = e & omomomomom o=t o= o= o= = = = = =
| inference by natursal | denotational and
| enviroment lanzuage | connocztional
| i i assoeiation
merzsympol | partiel | picrure, | part iadicatiom
[=icons} | associatiom | scene | by featurs
(pertizl | coonotation I ! expression
EVDLAK, i | | mapping to
semencics]! | i sympbol by
i . feature
Tizp.2.1 Propercties ol sipgnzls,sywbols.metasymbols snc ilndices

[



vutput | signa ! svmbol | metasvabol

input : : |
e —————— — e —— dmmmmm— e mmmmmmmm e
siznal . Transmission | decoding | struzture
| srorage i |  gecoding
e e i B TR e =
svmbol | encoding ! nrocessing i zlobal svatheasis
! ; | using features
N Sy p— o o - e e hme =
weELa= | ztructure | partial | reproduction
sTmbol ' gncading | understanding| thoough svmbolic
i | of features | imcerpolation
e e e o o o T e

ia

(=9

signasl service : me
zv2bol service @ data processiag

metesvimbol service @ ipterpretation
izdex service : datzbase retrieving

sommunicacion service : compound and intersciive service

3

Tundamental function ior iLzivimelaon SEIVice

v
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Jolarguags sulture and information Tepreseciing scheoe
fipse information representing scheéme partlv depends on languzge culture,
socftware developmend method concerns the character of & aatlor which reflec:ts
1

.3 showe the comoparison of grammétical structursz of

i ese. “oughly spesking, the number of svllables of soocken Jaspapese 1s
rather small and characters of writteo Japanese npave large varieties such as
Hziil oand Reoes which bas Two kwinds, Hiragang and Matakana znd corresponds oo

Furthnermore narsfigm of Japanese 15 rlexible but ne:

allv mavricles sueh as ‘gafy fwe'y, foly 'al' play lmporcant

LFb



! Enplish ! Japaaese

Yumber of ! apbout 2000 | gboutr 12

99, of svllables 200 =~ 3062 long

Lengzh I char. : zearly egual

fsenoence

Paradigm IoT i srrierly determized i flexible
i P .
L. case | vary | by parii
i. parson i Varv | fixed
3. sitmber i vary fixed
1 " - .
L, cense . many categories a few catsgories
3 = . 1
No. of apstTact 1 >
2oUnE !
xzrassions cynamic | statiz

ie,2.0 Comparison of
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H
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H
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gcruczure of English with that of Japanese

Primeipal featurss of Japenese language are Listed ag follows:

1. Subjec: parzicles 'ga' and 'we'! =zueble us ro discriminats sublectiive
view oeint (well koecwrn) from objeszive ome {(unknown), and Lhere sre many roles
usage ol particles.

2. Bigh capabiliiry of wmaking coined words is eguiped by using couvezs:ion
sarmicies to noun from moun, verbs or adjectilves 1o many iorelgn langucges
sueh 25 Emglish, French and so oo, This increases the transparent structure of
he lzppuaze znd asspciation cepebilicies.

ri

i Coojugaticns of verbs znd zdiectives provide Zast deseriplion power
for Zoilowing cases.
{a) Ferms
Future form, partiecipal advert ferm. stcpping form, participal
adjective form, past Iicrm and command [orm,
{(b) Coneatenation fscilizies of auxilisry verbs,
Bv the conjugation rules Zfacts such as asseriion, estilmation and

rememorance for eveni or state cap be described ip a short form.



e

4,  Assoclation mechanism  Srom Secquencse ofF genrcence axiscs and abridge

sentences &re Irsguently used,

i, Seene deseristion capability by fimple sentence axiszta, Typlcal
gramples are seventast syllabled verse (Haiku soem) znd Jassaese verse of
31 syllables (Tapks poem) including rhymizng.

&. Semsntics of ADaATIESE Languszge c£aT DE inTeToreted OV 2na.

1 o]
n facilizies by use ol parIiisl patisern zmatshing end reisrescino
arzd

%]
(]
s

These “eatures are ob ; related te i=formaticn analvsis end iaformation

L

o
representing form. Io general Japanese neve cxcellent s5kill for B

o u
f objec: zleng some model, and also have gn gssociziicn
oo

fine syathesis o

apiiities by implicit desecriptions. These abllities conmec: with zood
asttere matching caused by usage of chinese characcers naving cumplicered
patterns. High capabiiity of making coined word makes adaptive introductiosn
of foreign sivilizatien inte Japanese scciety possible. Typawriters are oot
uzed widely because selection zechaniswm of Japanese ChECETLECS 18 ©oT: Ccomplex

tnsn Eurcpean-alvhabecs, but Japanese word procsS50TE &¥e now intensively

devsloped and some oifice envirooments in Jaszan ave now changing 5y usia

them. Therefore, Japanese computer lapoguages will be developed in ncer Iu

and thev should have some zbilities for effective usage oI Japanese languags

faszrures, Bur murua! mechanical transletion berween Japsness and “oreizn
t

lanzsuages 13 now underway in order te further imz=vease inre=n:z

Y o
cooToinegsion. [T we limis for computer language, mechanizal cransiation 1=
rather sasy.

We think Japanese language feitures will be suicaclie Ipr statilis and

symbolic reorssentstion of specification.



W
from the view point of sezvice

Service iz an oSferimg process of 2 work specified by some zlienct. The

o
1
)
i}
rt
[P
L
Iz

contset a2 the werk is ziven by imtsation =zud imteractive cemmu
gnts and a service sysCom, then service s¥srtem do Che work defined
t

catidn. Working procecdure 15 obtained b¥ pTo

innends on the category of ipfermation and has very comzlex
W

teeraglon of services 15 necessary today. This sectiown
w

, a2 definiticn of a work is divided irmte ladividual

ications derived by such stepwise

Em. Mzny datazbases are used as Iov
the purposs of stepwise specificzrtion throughout these subcontraciinf works.
3.2 Framework of knowledge base svstem Zrom service view point

£11 woowledze bDesed svstems sbould be organized in such a wary as koowledges
8% many esxperts can be e2silv implemented in the systew and many kinds oI

knoviedges zan be intsgrated as unified knowledge darabase by addiag suitable

sutual relazions among individual knawledges. Therefore it is desired tha:
some suitab_e very high level lamguage i1y uwbilieed widely DY many users
specialized im soms specific field and system manager can inisgral: knowledzes

of experts by using the very nigh level lanpuage.
frowm above descripilon. concept of service becomes importiant since many
tzowledges of =xperts implemented in the svystem shoulé be utilized through
service nertwork. Service is an oifering process of some WOrks IesSPODGLTE O
reaussts oS zustsmers, and Lt is reguested that eost of Che WOrk &
g the work i3 simple, vleassnc and

1
veter is considéered as one of Che

5 system should be :cnvenientl'
Ilered for noher peranns. 4lzo useful knowledge services are e&siliy

orzsmized ané an ovelutional service systew should nave adaptabilicies to

thelT oWn SeIvice scheme.

Spftware life-cvcle inciudes consultation. Teguirement analysis, design,
inplemantztion, weirtenance, reviscment, and training. A1l of soffware tools
im the Life-cycle should be writteo ip singlie very nigh level 1an?uuﬂes an<
spome funtegrationg mechanisw 1s requested in order to implement knowledge

[=
=
databases used in software developmap:t. Communication wechanism is ELSG one

af the ‘undamental Fumctiions that tells us how o organice nede slemeois Lo

netwpri or terminai facllities.
ervice procedure is as follows:
1. & elient nas #n intentien for service and selects z suitzble service
svetem by undarstapding the servive wvstwwm specificacion.
g ™

1ls his intention to the service system aznd complete intention is
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By retrieving the 4 :
svsrer confirms the specification for the client,
L ; ifization icis &

. The service svsrem divides the work specifiied by the spec
e gs their specifications and timings of subwork
sxacutious.

Z, The service systes determines missien for its own subworks and other

subweTke ziven as subordes to several subcontra UDsSBIVLISS.
Simel-aneously set iatsgrity conditions which

Sworks are obtained.

oy
o

o

12 procedure #xC 'Luding

. A missipon specifies L
soppurrent operations and reSQUICE MADEETMONIS.
7. The cost iLs caleulated and the zootract of the work 15 concluded.
[

ions of the divided subworks are done and the Integzity conditlons

8, mesul: of work is offersd to the client and he checks the resull.

10, Tf rhe result is oot satisfactory to the client, he reises complaint to
a2

svscem and the svstem will wmake some revisement for the resul:,

-

"
o
-
o
pae
n
o
m

11. The =lienc pays for end of service or result of servics im the soec?

period.

e descrinptions. Zach

=

Tt the above descriprion, thers are many service modu
servics moaduls has a service specification which specifies the
z=pls rp offer, that i1s, describiog the service reguesting esvntax and
sewantics. 4 client reguests s work as am istestics Lo spme service sysiems
v using the words inédicated inm the service specificacion,
tep detcrmines the corcesponding specification of the works zud manages tne
aurisn of them, In spme casc, che service SvE[em proposes specifil

ts an expectable 2lient. If somc mutuzl coordinatior 1s Decessary Lo
subwurks, conference of correlated subcontractors will be opened to d
z disjoinc interface of subworks.

v the service scheme described above, verificatlons of each weork offaerec

-

S@TVLICE. &

5% ipncividual modules will assure of cerreciness of the tols
macic supporl svstem mav conosist of 2 metwork, communication gnd service

srotocols of it. Protocol specification has a role te specify procedures for

executing the works requesred by a client using the content of the service
o

i
]
§#
™
=
s

stipn. Communircation protoents specify the manner of interactive
zommunication procedure in order to determine intentien of client.
~lipnte use nmes: sgtructure forv specification f{rame, the

rresponding to nest struceture iz described as adjective or =2
=

i d
difizacion depending on noun or command ferm for the term in an Infentlon.

o

@
Fpr conjunctive statemants in an intention. the service system cap divide the

ork into subworks corresponding to lodivideual conjunctive elementary LaTDs.
snd the integcrity conditions must be satisfied by the result of the subworks.
Thess procedures are executed copeurrently Dy subcontractors because mulusliv
non-corseiated subworks can be executed concurrently. FEven for subworks wihich

nave & small number of shared varisbles., a suitable algorithm comverging Lo 2



ble checking the integricy conditiomns.

amrpcanted 45 COMMOR NOuns io service speciZication

uLsing catural ianguage and 1T 15 necessary Lo introduce fomé CO@mAOL Doun
] of correspouding services. T[hese commen

aouns have ciifesrent sroperties from each other, thar is, common pouns used in

by severzl Ts-a relstions,

generate procedures Lo execule the work.

Cormen pouns mentioned above have both svnroex s2nd semantilics, UL COmTon
Guns appesring in dsta t¥pe oT absirsct dateé type are ccocsrasd with Thelr
srt=iputos, This meznE that type is used to defiine sfruciure oI SYOLaX.
tructvres correspond to Has-2z relations znd they are defined hierarchically
Sy dezlarations.

mantics 2% = sef ol fon

i

eciéica_ion bodv defimes s
commet Zouns and ssch relatio

n 15 expressed as is-a felabico
Funetione are defined az 2 s of is-a relations petween input slementcs and
23

e as attribueze values, Actributes of a

M
o

H

ite

=]

putput s=lements which are e

coomon QouR heve two kipds of Bas-a relations. One is having 'property of',
@ other is naving 'part of', 'Property of' is resresented by am adjective

i represented by commen noun object.

~here gre three kinds of def

witicns of wern,

'S
LT ]

irst kind of werps

stetionary verbs. A intensional verD 1s celiped as a relagcion Detween SizCo

[4]

=& aod after ¢ specified time interval as & step movement. Second kimd of

S S
: m
[
o«

srus nas a fixed peint of the goal which cam bpe defined as recvrsive

recresentarion having the least [ixec poimi. Last one gives some effscts such

one gives ir Lo zoother or show ilntention of subject itself. These verbs
we chapge of configuration of sysiem. IS we consider cualrity hetween verb

noun, we cer defins svotax and semamrics of verh as similar to those oZ
Yern nas two kinds of attribure such as adverbt and complementary ot

=ive nour word.

g words ci uadiective, advarb o some ceiinitive purpose wWords Zan

[ S

felimit & word with their own property and type of delimited word may hav

[

zEDM@ETic DTOPETIY. Therefere genesic type should be Zotroduced 20T
zad :}'PE.
3.3 Daradimm of the language and system feature

Usage of Ireamework meniicned above sauses & paradigm of soltwere systeo

= Like lamguasge having following features.
1. 3ince the language is & limited paradige of semternces znd watural
lzzguage 1ike ome, users canp easily learr it and it has no ambigueicy.

-~ - -

Z.1n the software svstem employing service concept, we £am use Imp!l

b
(]
Far
-

EXpTESE10NE.

3. specification body 1s expressed as a coojumciion of Statements shica erc

meinlvy described by ls-z relation. Then concurrent processing &ysLems are

1]

zsily implemented.

G Gata t¥pe 15 exoressed by svmbolic Has-a relatioms.

10



%, Concept of catepgory of 1lOIOTHmELiOon 2ar be iatroduced ince defipitions o

data tvpe. Data have cype nazme z0d nIOormaticon CALCEIOCY NAME, S.5. 518085
svmbol and 50 om. Algzerithm for dececting categery of informetlion iLs applisd

0T
to 211 dats anc algoriihm [or dala processing 15 applied to data having the

7. Service and protocel specificatic
Protocel speecifiszrions can be descoibed in sueh & wav as implementaticn
= n

zsethods of service specificario

=]
1

shecifications.
5. Iaodefinite 2md derfinire articles are used, since referencing fumecticns
r &2 zommorb noun, and prover mouns are used o identify 5 individusi aobjiser

lt. Preoncuns are used for polntiag it. They 2te used Sor static

iliary verbs are introduced 1o arder to introduce model cperstlors

ana _TI-ESS.‘I.VE iorm Ls consldered as & siate recresen carisc,

These featur=s may serve such purposes as wodulerization, ifofer

jial
hiding, znd localized softwars gemeration are zasiivy achieved and write

3 ar
specificatlons are easily underscood. These facte are decuced [rom tne Zect
that nierarchical independency and orthogonzl description are possibles and
svery description io this language cit be translated into logical empression

apd Vig: Versa.
1f we implement the powerful interprecziion mechanism of this lanpuzsze,
cownward and upward implication are possible. Downward im -2

Iunciisn 35 infer some neglected attribute of object word, and c

ju

LR 1]
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dernotational level. Comvessely, upward implicaties is such
example 1s referred to 1Cs class obiscl naARe COTTesponding Lo CcORRUCETLIOnS.
Thers pre three bkinods of integrstions of the svscem £Tom the service view
ia irst oBe 15 resource Lntegration. This canm Se aschisved v
ncy of mediz znd interface. Generalized functiows for resourse

re
egration are obtained by essembling orthogonal or independent information

nidipg serviece funections feature and totsl management of resporcs,  Serandly
ration is& cooperative one. MNetwork zrchitecture of cooperztfive parelisl
zrocessing, non-determinlstic medule reprssentation in mission Cepresancatlon
stgnderd syachronization function and iudependenc¥ of subworTks wicrh
Tespurce, are lmportant for cooperafive incegration,
Last imtegratior is evoluticnal one, This Ls achisved By reneving
unctions comsidering their effectiveness, zffinity of tescurcs and

croperstive integrations with new functiom, sud improving functions of total

i4 Goftware development and knowledge base
in order co develop large scale software and igtegrats various systems,
liZe-cycle coocept is important. Analvysis of information itself is requested

2% IirsC and 1t is necessary Lo develop some conceptusl schema for contents

P

F—
[



oSt [undementsl

o
i
L
1]
]

cspresented oy matural language anc plcturs. 2ecause th

Desns Tepreseating human thinkings.

Mpntague grammar (1) may be cme of the excellent tool Zor understending and
exoressine 4 meanring of natural languege. Tt satisiies Trege's

discuse the meaniag of derotetion and ilatension.

denoted oy

D apd possibiz stete of alizirs oan

I
gic (2), have types gnd i1ts syntax is a s=t

from vprizitive svmbols and some wmodal operactors.

Srame znd standard model and value assignments.

2T ed Tecursively by the stapdard frame based o3 D zpd L.
e standard model i3 5 svstem discussed oy stcandard Irame and SCCOWPARLES

meaning functiem. This fumection is = mapping whieh assigns to sach consiant =
ipnerion from 1 ointo ao element whose index i: the same tYpe as Lie constams
of stapdard frape. Value zssignment funecions neve = role of definition of
sver on -he set of veriables which is independent on indices.

Mapy researches ipn programmicg methodology smphaslse a0 LmpoTtance of
stion, modularity, loealitv, irnformatioco nidictg.

ed on genuine structure of data and ete. Furthermore
ency snd orthogonality should be given more ueight to

Z zp inrensive indepepdency 2nd orthogonzliiy are

5 -

ci f;c;t on Dv desceribing works in statie wav,

.

&
cifiem2ripn will be introcuced in descTiprticn abour
ons of simultzneowns lipear equatlicons

iving method is 1 good example. Iztzoduciion ol various Lnéepancancy

opod effeccs on malntenance.

o
snd ortheponzlicy comespcs will have many

t'h

's intensional logie cam be uscd for independent and orthogons

ue
jessriptien of sofsware ané is suitable for knowledge

J

based development
of-ware. The structure of svntax and semantics have hiersreniecs. Mesning
sunctionms mey he implemented as koewiedge database, In addicion, mzn

words are organized as keve of knowledge basc, iunlcerence rules should o=
crzanized as vetrisvael mecnanism of dertabase. These schems may e sultable
for evelutlona. knowladze base and natural laenpuage like dessoiption of
softwares because specificaCions cam be revised as thelr snalveis advance and

sicn mav be obtained by sdding suitable combining commands.

Turthermore concept of service network is userul for soltwars development
sspecially for picturs service systems. Pierures are structure encoded As
tgnal znd geowetricel featurss, s.g. cusp points znd structure lines {32,
wnich may be usefu! for understanding of plcture, Various rransfcrmation
£ of picture are optained in signal and svmbol level. Typicsl examzles

r st fourier or rast hadarmard transformatlions, Then we
zarn consides that the variocus service belongs Co tne same lewel.
soncents OT FerViCcse Lopeooa implicit exoressionsg of Largel wWors. lmplz Peie

assified into two kinds ifu this case. First one Ls
Zabreviatisn aZnd second One 14 meta frtatements. For abbreviation, Lof
sunplement is necessary by using svme toole and skill in the service sy&len.
Meta statenents ceasists of mertscommands zpd metachlect. Both of them uses

nigh level service mames which are not defined explicitly. Service sysfee will

L2



shngose suitable vlan and resource from user's mets statsments aund defins Lo

£
concrets procedures and execute the demanded user's works. Inm Lhis procedurs
the sverem must atilize effectively its skills storTad ¢5 knowiedsge.

1} Monragzue,R. : The Proper Ireatmesut ol Pusiificaction in Orvdinary

Aoproachnes to Matural Language, Reidel Dord

!
{37 Inomocto.h., Yonezaki,¥, Wataoabe.¥.. and Saeki,.M. : Tow
£

ik

3

H

ucrure for Datcabase of Imege and Object Bodys Proc. of lst dustralian Conf,
of {omputer Graphics, 1983
{54% Bochmann,G.V. a2nd Sunshine,SuA. @ Formal Metheds 1o Communicacicz Protocol

Desize. IEEE Trans. Commuom., Tol.l0M-28, Ne.i, pp.6Za-33) (1930)
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. Specificacion techmnigue using matural language Lied

a ot o

softwsrs svsteoms nave beem wriiten im usturs] langusge until mow. HNatura

lapeusge 8§ to0 amoiguous to exoress specifications stoictly and exactly, so

nd wnat thev prase
W

that resders of them might misunderstia
t avtomaiie

eamEpticzl proecegsings with computers. e.

T

[44]
s
H
v
rd
i
e
s
=]

document racomstruction, might be impossible. Then speciiicarion de
g

)
d for uptreined persoas 1o mathematics. HNatural
8 o resdability and understamdabilify but alse iz
eomstrTuctibility ef specificarions,

43 1 decomposition of & software system is importznt for us Lo
res=nt soitware svYstems =&&¥ Lo uncerstand amd specification lan
uld suppoerc this facilicv., It has pesn srudied TV mETY resperches

5
(1)~{3} Our method gives & new aecomposition hriaciple bDased on lexical
a

decomposizion manmer in language theory field, which ls different Irom that
sroposed pafore, Decomposition primciple Is closely welated teo
comstructinilicy of specifications and we thimk that ous lexical decompesitisa
zethed heve enough constructibility in additien te umderstandabilicy.

The ides® specificztien langusge iz simple natursl language which has

voembiguous formel semantics. Oune of main objectives of this research 1s fo
develpn z subser of naturzl lsoguege satisfying such properties.

lawine assumption as to the natural languafe.

{il Object socfrware svsiem cam be descTibed duo the macural langusge,
{ii' TFer each software moduls, thers ig 2 wurd whose conespt corsesponds Lo
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We CcEr splocl g word which cac Temznd
specificaticon ©f the same conceptl.

in BPENET 23 2 SOTLware &

i

zren Ls a modeling of real wozld, & word it

sral language is used to represent & oual: of copcepts. IE we select 2 word

represents & concept oI am objeel of & matter Im real werld medeled 0¥ =

foitware system, wWe can ilmape the system at least vaguely Dy the word,

Of spuerse rtpis idee is wsuplly used, wher we write programs, 1€ 18 Just
zhe sa&me 25 at avoropriate label is assignec Lo & Bropgram as If oame,

fur maim idea is usage of restricred natural lamguage awd that mezniog o &
wpTd A8 speeificd v g oset of centences wnicn explzino che system ildentifiec oy

s%e word in the natural languasge. Meanings of Lhe wyurds used in Ihe sentences
sarved words are specified by & set of sentences hierarchl

nis specificsticn method correspouds to the notien of lexiczl decompositicon.

he svotax of the restricted matural lang

co

i werds wilch corresmends to oodele ae

Other advaptages ol resilzicizion of ore
sgntances Decomes urasbhiguews and that it provides rescability of cencences.
When we read 2 specification in one level, zlthough precise meaning ol words

ussd 1o the sentences of the speciiicetion arv unkunown, 17 words aze selecisad

Fré
=



Deople czn lmage @ fact or 4 matter in reas: world

C n
sodeisd by the module, we can lmegfe 2 model specified 1o the lLevel or we zzn
a T B

]

te undergtand next iower lawal

[a
] |
i

sritcen hisrarchicaliv in matural language according &5

e

& used in chem ars defiped ic lexical decompnsibion manoet. .o orioel, th

LB

i

a
aninzs of words are definmed using & colleciion orf seotenc2s in whizh othe:
dz onour. We coensider that esch word corresponds o 2 scficware module. 5o
n technigue, seftwsare syebtems a2rve decomacszd
softwars modules sczording Lo DoZurTEnc
ocns. rurthermors, thiz descomposition methed iz
aazusal to imayges wiieh peenls have for software svstems. Thus spe
car be writ:ien L0 simple and comprehensive English semceocss. Becsusse CeaceTrs
£

cer lmaze the system vapusly by Che word.

*
4

the zethod based on Momtague's., 18

to the specification ,so that semantical processiags with
s

possible. lation reles z2re avtpmatically generaced ITom ded
=

woerds usad In the spezification or asspoiated with svatax rsul o Znglisk.
The mesrings of feneral words, Tor sxamole, fist, tare’, fat, tag?

By
fie
=)

neve slready peen de ed. The way [o deilae the me:

E
sollecrion of senrences which <2 semantically essuivalert to them oo

it

% g2 zollepztion of sentences which rsorasent the Te

ords swucn a5 the operatiece definitions in axiomatlc abstrzet dats tvpse
o . i’ 5 L

specificazicn. {100.011).(173

-"l_,—; shiows the overview of opur method,
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Fig.5.1 B8pecificstion Lechnioue

T iz &iffieulit for untrzined persons to construct the specification of ac

ing abstract concept, (1),{6) e.g. abstract datca cvpe.

ci provide specifiers essily
i

ificetica methods sheuld o
undersrandable guidelines feor the censtrretiocn of spesifi
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specifization moethod is based or
d speciiiers have Lo make Che words cozrestond To mocules which

Tepresent ozthematicszl concepts, for example, functiom, predica
o the following, we present as follows matural and
clear wWay now correspondspee ol words to methematicsl concents znd
of decomposed modules zre explored in asztural languaze
aobiect systema. Iz brief we write specifilcations
¥ usipg guldelipes by oatural language Ceatures, e.2. svotactis

cat2goTy oI words, relations of wmodificaticns and of references amonRfg WoTds,

cases of words. and so on. The process of the comstruction of specifiicacions
are shown as Iollows usiog eXample of eight gueens’ problem.
1) Deszribe the content of the cbiect sveEtlem. .8.2. 155 PpuUTPOSE, LoE
constrazints, and so on, in zacural langusge, Then draw lines upder perticulasz
word:z 2nd phireses whizh Doour 11 these sencCencas.
:33:-]

This pragram computes Che arrapeement op a chesshogwd ip whicn eight gueans

are ploged and no guesn gciesks againsst any other gusen.

¥
3o
Lat}
it
i
—a

the underliped words neve bese slready deliped, go Lo step &,

stherwise define the meanings of words by the senteaces in natural language in

L= same way 285 step l.

1e



o

e o

ghE quoens.

2) Queens are entities and there ars ef

kY

bl Azcangement on a chessboard 1s a set of ghesspoard's square.

el That gueen gl checks against queen g io the zrrengement m2ans tha:l thew

are po the 32ms zow or op fhs semg colume or on fhe same diaszopal in it
d} That queen gl 18 plsced ic the arrangement means that gl 1s Zngiuded :m

the zrrapmgement .

3) Repeat step 3 until there are mo undefined werds or undefiined werds are too

basic to De delined.
Lex.]

a} That a pair of gqueerms zre om the same row 1o —he arrangement megn: thal
the z=¢oeordinates of their pgsitions Lo the arrangement are gguivslient.

b,c} The gefiniticmns of ‘oo the same colume' and 'on the szme diagonal
similar to above.

d4) Chessboard's square is & x & entities and has %.y¥ coordinats,

L} Make directed praph whose nodes are words underlined words and whosze arcs
are geiinped by reference relztion and modification relation between the words.

This graph decermines the hierarchical scructure of the definitions of the

words and it obevs scope Ttules of definitions of as in the case of 2rograming
laonguages. The Diararschical structuw of words rafiecrs that of the moduies
inte which the cbiect svetem 1z decomposed.
L2X.]

Fig.5.2 shows the directed graph genezsted fTom the above example. Zciic

arcs znd dotted ares show refercoce relatione and madificsapion Telzzigne

solution
M——“:‘-\\__‘—;}______‘__ e o
Arrangement Quaen- *r-ﬁ?;aced Check
. . N . LS A
ion & chessboard) ~ A ro _
-~ ™ S - | i
Lo om e e e A e e
| . T |
| - j Lo L
11' h | g W ‘1;',-" 4
Chessboard's sguare [ . On the same row
M, | f -~ & -
. W - . 0o the same column
T T T - . . .
- Iacluded ~ ™ _ 0o the same diagonal

|
|
ER Y
i=toordinate < - — — — — - Position

Y-toordinate

Fig.%.2 BReference and medification relation
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| Deresming moduiss correspondiff Lo the words uwsing informatio
fich as svotactic category. case, modificetion relaticns, amd 50 O

3i-1) In & secntence, the verk corresponds o 2 module mame and the objlectivas,
subject, and the modiZiers to the verd are inputs or ouwtputs of The moedule.

ang Lne

“hen the main verd is be-verb, the complement i= a moduls
o it are imputs or purpucs. Bul the objectives znc

omitted from the sectance. 1o Sucl 4 case, we must
and make up for chese =zllipses. GConsidering the

ni=nLe of .e'l_lj_:;,ggs ccrrasy{,‘lnds Lo i_:_nn,l.‘::—?. and outpul s af the modulszs.
X

nilaeed, check, on the same TOW

t?laced'module has gueern and arrangement as imput-cutpul argumencs,

-2) Common mour wnich is the subject, objlective or modifier to the werd ot
‘o the complement corresponds Co the abstract data Lype orf operation of
abstract dats tvype. The latter ie the enly case thst the cozmono noun is
modified by other common noun and modifiers to it correspond to imputs of
cutputs of the operation.

[ex,]
Lvpe @ arrazngement, gueen

operation @ x-coordinate, y-coordimzts

5-3% Msteriazl nouns cerrespond Co abstract data type modules.

L=}
i
[4:3
it
n
=y
i
"
(id]
£i*
o
M
ki
Flia
w
w
N=1
[+
[:4
H
h

' Describe modules sccording to syntax of specificstion languags sentioned

A3 ahows the fiplshed speeification of eight queens' problem znd our

s will! he intLroduced in the mext sectico o

$
e norted that Sunctica 'leugenl[RIY and 'element{g.Xl" novs
b

=]
)
'l

1

co tvpe ané thev compute the lemgth of segquence & a

L8



Arrangsment T 13 g 2iche gueesnel! soiprion

mezng that
'!\ ‘:.',;.,‘.1-.- AyEsny gre L Y- Tl l:t T
<. =LEO- ZUEZ2D = v poasleomT. = P

2% Mo gueen is gheckipe gpoinsr any other gopesp in I

Gupen gl 1t pheslioe sgainst gueen gl A0 arrangement &
means that

'3 Gl amd 2 2Te on Sile sEme row in X o
g! amé 9l are op Lie sams solvmn is K or

al end g2 sre op phe sgme fipzmapal in B

Quesn gl zzd cueer g 1s Qo Loe SEDE IDW 1D arrangement I

mezus that
1} The Z-zocrdisats of the positicn of gl im &
is the Z-coordipate of the gosition of ¢l in X .

eand on bthne same Tow

Quest gl zpd queer gf is gp fhe sames colunp In arrangemsnt X
means that
1} The ¥-soordipate of the positiopn of gl in X
is the f=coprdinate of the positiog of gf in & .
end on Lhe seme colmn

Queen g! apd gueer o is op [he gsgme digeopal in arrangement X
means that
P fi-coordinatelelement{gl ,E]] + Y-coordinatslelementligl, k]2
Z-coordinate[element[q2,X]] + Y-coordinste{elemenct[q2,X]] v
Z-zoordipatelelemenc{ol R3] - Y-coordinace[elemential 23]
717/

= Z-coordinate(elemant{g2,Z3] - ¥Y-coordinatelelemanslal, T25/

end on the same diagonal
end checking ;

Jueen ¢ 15 pliced ip arrangement £
means that
1) ¢ is included ip X.
end placed ;
Arrppweqent isg Lype
sequence of chessboard's sguare
and arrangement

fueen is type
[1..8]

end gueen ;



(f-cooréinare: [1..83 . Y-coordimete: [1..52)

¢ f& ingluded Ia X
iz lengthlil im seduence ;

5 is 2 ppsizion 22 g in X
:= alementlg,7] in sequence j
¢ is = 'ﬂ-—r'-_\d-.'r:-!"‘-ﬂf-:h E.i. o

1z y-cpordinateirl ;

c ig 4 T=zporAlingts o ¥
;= Y-coordinazely] ;

end eight aueens' solution

ig.:.3 Epecification of eight cueens' proplem

of functiomal syscems
blem, is mple because

5
fappily, the previous example, elgh: gquesns' prob
o elaripns of modules sre essential ino the spetifinatian. Such

[ =]
rt
=
rt
4]

srztems gs thils &T

313

ed ynctionzl systems znd ir this sectlon we preEsent
b

fs

call
tpecifizgrieas of Ivucrional syscems tsing our specificztion language.
netio

§dia

riomal module ig 28 I[cllews.
<gefining seotencer
mesns that
<gpecilication bodr>
<sub functional modules>
<tvpe specification wodueles?

“lexicon declaratiorns

ares the module pame amdé its loput and ouUIpLR

(L]

1
1auguage form. In functional module, module name is
=

sentepcas of specifications. Defining sentence is & typicsal sentence iz which
ha module mame Ls used, Specification body is a set of iremized sentences
wiich uresent the copditioms that lmpul apé ourput paraueters of the module
should satissv, Those seatences can be writtem in arithmetic expressions oI

ase Lhat they seex more comprehensive [han senlenoes

ri

c
¢ parural language. for example. ifn the case of 'on che same diagomalf

—odule. OSup functionel modules par:t are s set of specificsrl

ops of sub
co6ules imfe which the module is decomposed., The syntax of the pars is the
tame as Lhet of the module. In Fig.h.3, 'eight gueens' solutive! medule has

‘checking' and 'placed! wodule a8 a sub Iuncticnal module.



Tvoe specifilcation modules part 15 che set of specifiicetions ol zogsiozol
ez and its specifiecsrion technigue 15 based on axiomatic a

o
£17% Thosze moedules zre written according To che following syvatax simiisr to

“tvpe zpecification bodw>
1

<gub functiomal Todulesr
<gub type specification modules>
<lexicon declaration®

Type name 15 2 common poun (phrase) and in the case of parameterized Cype

i= is medified oy preposition phraces whose obiectiwes corcespond to Lvoe
peTaneters., Sub tvpe specification modules are & set of tyes speciiicaticn
madules. In the seccion of type specificacion body, the cperacticns of the

-9
deta type are defined amd it is writiteo ip the ferm,

functious

<dafining sentences?
predicates

“defining aefifsnces>
sacisfy

<specificarion body®

or
“tvpy @xuresa: ion® .
fperatiane of abstract data type are divided inte fvnciions and predicates.
4 defining senccnecs declires 2n operation, that is to say, it imzludes
imformaticns of ac operabion name, domalp, and Tange. Operatilon names sTe 2LSe
ragr=iered o commen noun or adiective., Speecificstion body par: ig the
4

gmong ohe operstiens a: arioms., It 1= described in the same manner as that o:
functicnal module., Type expression is usea Lo define daty tyze using gemezal

JuTpose pasic t¥pe or siTuctured type such as integer, string, @numeratloen

tvpe, record tvpe, function tvpe, sef {vpo, Seguence type and S0 OO ILE
svontax is just like one in Pascal. Operations to cata type reprosentad by

on are sutomatically defined like {12}, 1In
-
-

"'}-

g'r|+.-|‘ C',']E'q.'inﬂr &t
ned uging recourd Lvpe declurstjon in cvpe expression anod
construeczos [ ) . seleectors x-coordinate znd y-cpurdinste, and their axiom,
2.5, x-coordipatel{x,v))=x are automatically defiloed.
elaratien par: is used to define new words whnich are available in
g3, pmew word ‘included' is defined using tunction "longth'
L sequence Lype,
Finally it should be noted that our hierarehicel specification method

lmpoercs usual scope tules, so0 that the same words can be used foT dilleren



nez=iags znd svnonvmous words can be defined.

44 Specifications of CORCUITeDC sSyYstems
Thig sectipn is devoted to our specifilcztion method for coOcurTrent SYSLems.

-

The descripbtion form is basically the same as functional module. One of the

main different aspect i3 that they aeed specifications sbout timing of actions
of the sbject svetam sush as synchromizstion, mutual exclusiom, and so en. In

nuc mertnodé, eonourTeunt svystems consists of cooperatinmg processes a
ssspouToes whish a2re accessed by them. lisuslly respurces cam be spe

abstrzc: daze type whose operation specifications are added to thelr

0

gtion specifications. We zall it abstract moniter [¥pe.
we explain specification description merhod of copcurrsat modules using
sxample Fig.h.A. The exawple is =-producer m-consumer problem, which consiscs
of o instanczes o the producer nrocess, m instzncss of the consumer process
ané¢ an instance of the buffer gbscract momiter twpe.

=3
]



U-oroduser and m-cepsymer nroblem ie the system of
Configunration

b

e el e =i

; There are n 2I04) =3
k]
Fl

Pt

There are o

Timing
1) Imictially every consumes is stzrbting to CLODSUDE.
2) Tnitizllv every producer 18 stariing to 2roducs.
30 Initipily puffer 15 =zpix.
43 Ewery produgar which finishes to zrgduce will hegin to
2% Zyerv gonsumsr which finishes to gonsume will begino to

e nrpduces means thst
Timiag
1} Imitially he begins to gepergts .
2) de finlsnes Lo zanerars dats x
+ he will begin to write data % Lo DuIilsz.
1) He fimighes to wrirs Lo ppifsr

+ ne will finish to zooducs.

He ganerpfos data » means that
Timing
i} 3e begins to generzfo

- Le will finish to gesnerare.

end gzeperate |
ead produce |

He goppsepes: means that

Timing
1% Inirialiv he begios to read from puiler.
27 He finishes Lo read data x Irom buffe-

Pe pges: data © means that
Timineg
1} He begins te ugs dacte =
= he will finish to uss.

pnd use .



Epifer i abstract momitoTr Iype

functions

State predicate

st :: pegin [vl, waiting [adil ;
ia(ly 11 leimg [adéil 3
atter :: Zimish [v] ;
1% Zrpducsr i begins to wrike data x tp B
and B 18 no®t spety
-+ producer i is weltipg to grite data = Lo B
untii B i: pmptwT .
2% & producer begiaos bo write o B
and B i emptw + ome of producars
whizn begin to writs te B is woifingz to E.
3) zpnesumes i begins to reac Izom B
and 8 Is gmpsy
+ popsumer Lois waiting o resd fzow L
uncil B is ool gmotv,
47 4 goosumes begips to resd Inom B
znd 2 is net pmnIv -+ one of gopsugers
which begic to r=ad Zrom B is readips from B,
a d‘,'..'::‘,"‘;ﬂ"_ is '--".'_:._‘.:ﬂ Lo b
hers 1& no ggneyuper wnich 18 readine fzom B,

LF

o) A& sonsvmer 15 reading fzem B
“+ there i& oo producer which is writing Lo B .
end buffer ;

u
NG C-ProducEI &Dd E-CONSWmer protlem

Flu,4.4 Specification of n producers and m consumers problem
Covevrsent module zpecificatiorn is deseribed ino the form,

F-3
.



<deZiping senteocs?
{means that)
<zopfizuration specifiication>
<stele declaration?®
ctiping specification body?
<zub concurrent modules?
<gup functional modules®
<monitor speciflication modulses?
<tvpe specificstion modules>
<lsxicon declaration®

end

Defining sentence declares a module name, and input and output, But it 15
diffarent from that of functicoal medule in the point that & module name wmust
be verb sxcept be-vers. Sub concurrent modules part specifies sub-processes
2ndé morpitor specification module parc specifies shered resources.  Sub

5]
eoncurrent module is deseribed ie the same macmer. Fumeclienal module and type

Copfiguration specification part presents the number of sub-processes
(modules! and the number of shared resources veing the sentences in natural
uwzge, Those oumbers are fixed duriag execution time of the system, L.e.

no iperzne: of sub-processes and shared rasources are gemerTated dynamically.

[+ ]

Iz state declersticn pert, words (oT porases) whose syntactic category
u

i
agte @

580

=
ot

wesh or adjective are declared co use for identifying an executlo
i e

e
En

Ca . P . R s s .
zs5cs specified 5y thne module. I the part 15 omaitled, w«ords wolch

]
rd

v infinitive or gerund ef wverb corresponding o the concurrse

tinguish its execution states. Lo Fig.h.4, "begin', 'finish' are

o O

implicitly te distinguish the execufion states im 'produce',
y 'Eenezate’y, aud "nse® modules.
the initial conditions, timing and

[ix]
o
1]
I}
=
[ 1]
[ )
5]
B
[
-
[=]
=]
o
L=
£
e
L1
o
(&}
Lz]
-
L]
u
w
=]
Fy

specifications are used.

Mynito: speciication modules part consists of a set of abstract monitor

rr

zvpes aod has the followimg syobax,

<monitor named is abstract moniltor Cype
<wmonitor specification bodys
<gub concurrent modules>
<zul [uvnctlonal modulus>
<acnitor specificacion modules>
<rvpe specificanison modules>
“lexicon decleretion®
end

Monitor name is & common nown which represencs the type of shared resource,
like typs name. Monitor specificsticn bedy Ls the same as type specification

Sodv except that the former has state declaration and timing EPHEifiEL tien



secy mentioned above. In Fig.hud, sbstract monitor cype puifer s delined.

L,5 fTramslarion inze temporal logic

Iz this sertion we explain the mechanism translating specilication
sentences ‘nte temporal losical formulas. Specification are transiated usizng
s-znziztions of woods ocsurcting in them. This transiation method is based on
“har of Monrague grammar. 9! Hewever, our mechod has some cilifersnces fren
Montague's ans as fellows.

he types ¢f the legical sxpressions into which wovds are trenslaced are

ar

[}
lguely daclded Ivom svymTactlc esteg

ol LD ies of the words. Generally. the
rvpe of iegical expression 1s decidec bv dzta type or Ifunctienality of
operation associztsd with a word. Rowever, svotactic categories have fixed

form of type schemats, so that the logical type depending oo TYpe oF
Zuypctionality of the trsmslation of words which are elements of = syutactic
categery 1is speciiied as genmeric type 2 in the semantic Tules.
Y Prepositions are introduced syacategerematically, i brief they have no
rresslatien, but control for matching with formal parameters and sctusl
parameters of the module.
3} Every sentecce i1n natural language is slways transiated imto only one
legical formuls i.:. there 1s no ambiguiry.

The logic we use is & Tirst order many sorted temporal logic with cemporzl
operators O, {1, © and until. In our model of the tesmporal leogic, we use 2
linearly ordered set of time, Imtuitiopally spesking., ©& is true, if there 1is

2 time when &4 is true in the future. [& is true, if &4 is always true in the

&
Surure. O4 is tTue, if 4 is trus in the next time. A umfil B is true, if A
is true uatil © pecomes tTuse, 50 that if 5= B then O 4.

]
lish sectences aveileble im our spesiii

i zet ci ZIng igcafigne iz werrw
restricced., & nart of their syntactic rules and semantic rules {tramslaiico
sules imto logisal expressions) are shown im Figdh.:, GSymbol o ib those rules

represents Cype of the logical expression cerresponding to & data type iz
specifications. 1f there are moTe than Lwe essociated data types with a worc,
that is to sav, the corressonding module has more than two srguments, they are
bracketted with '"" and ']'. For izstance, <adieciivedly, .o 7 Tepresents
thzet the number of the arpuments of the defined word ig n 'and that a data tvpe

(=]

£ each argumesnt cozresponds to & type wi (1£isn) im legile. As in the case ol
Montague gramma:z, each svntactie category of the natursl languages Is

sssocisted with unigue twvpe {(in our case, type schema; of formal legic

Correspondence of synmtactic categeries Lo types and thelr instanmces in natural
lznguage which are actually used in our specifiications are summarized io the
follewing table 1w Fig.h.0.

Tig.4.7 shows the example translation of the first semtence 1m the top
level specificzrion of eipght gqueens' probler shown in Figh.d  inte & logical
formula. In the Yranslation of the English sentence, #fimple logical farmulas
ire obtaiped by applying logical axioms and theorems, #.5. A-Teduction and
global reductions, The numbers associared with nodes of the tree ave rule
numbers - listed in Fig.4h.5 - wihich are used in the derivation of the
Gentence,
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ciaused.::=<noun phraserigjl(Fii

L4l Lhid

cgetsTmimzTrLit= ¢ (chel |
WehadxlE(xndagla)]
SVETY
vihpwalS(xl-g(x)}] {posit
Lidndunlf{xniseinl! (nega:
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wiot srmitarl®, i gny gther
WEnbIevvixFwaf iy l=b(ui{y]
WEhpsmIvixFvai{viab{x){z}

[onsicive

(megasive

Tvpes of the wvariablos and meta-variables iz the above semanriz seles
== as Zoligws.
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a0 guesn is checkinmg agaimst any other gqueen in X
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. - il e
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| wphelpChylx=v])]  haixlSvlxfvachecking'{x){yi(X}Iaglx)l
nopguae: | :
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Sizilarly, as to the specificaticn of Che proaucsr-cansumer problem ico
Figz.s.4, we have a follewipg set of anslations eof Tproduce

gpecifization. They cootzin temporal operators unlike the cxample of elght

+ begin(;generate)
) A jEEDETALE-ATEL™X
+ {{begin(;write] A -urlte-sr =%l

finish{iwrite) ~+ Ofinish{;produce)
{i;enerzte)
teginligenerats] ~ Ofinishijgenerace)

& Tramslation of the ‘producer’ moduls

Im Fig.t.8, it should be voted that for each lsise, there 15 the se
ot

transiations i.e, those formulass with index 1 ate the schemas of £
State sredicate 'begiz' and "finish' represents the executlon state of the
DTOCESS5ES Whofe mame aTeé Chelr argumenls.

Fig.4.9 shows the tranmslations of specilicatlion of abst t monitor t¥p
'‘suffar', In the figure, state predicate 'at’, 'in' and 'after' ere declared
in the stzts sredicate part., The first two sentences ate generated Itom the
description of the functional specificztion sectiiom,

a0



(Ahsrract =monitar type huffer)
in(jwrite) A buffersx A jwrite-arg?=y =+
(olafrer{jwrite) A buffersiwrite(x.y) untll Dsi{inlops)i 1
in(yread) & buifer=x =
¢olafrer(;read) A buffer=arglly resdf{xi) unsil Dsjliniops}]
A iresd-arpiTarsliy read{x)} unril inl;veadi I
at(jwrite) A iwrite-argi—x B bur;nr # -
(at(;write} A jwrite-arg2=x) until buffer=¢
suffer=¢ & silacljwritel] =
15[ 3o[vi(element{i.Q) +=+ at{jwrite)] » subset{S,Q}] A
vj{element(j,8) +* in{jwrite}} # number(§)=1 ]

at(ireac) A buffer=¢ - at{jread) pntil huf Ferzl®
puffer?® A dilat(jread)] =
350 3givi(element(i,Q) ++ at{jread)) 4 subset(S,Q)] &

¥i{element{ j.5) in{Jrﬁud;} 4 numper{8i=l ]
Fig.4.9 Translation of 'buffer' module

tlthough the septences described in the section do mot take potion of
stzres into account, we can gemerally gemerate formulas in remporal logie
which describe ctate changes from such statements. The set of wvalues of an
abstract momitor type is considersd te be a2 set of states. The constructors
which are functions whose range type contains the zbstract monitar ivpe
shapges stztes. For example, in the case of the abstract monitor tyape

"ouffas!, iread, wrate arc Euch conEtructors. -

The sentences in temporal logic are Aenera:ed sutomatically from o« inpuc-
output rﬁlat¢an descriprion in functiepmal specification sectiepn. inm suzh a2 way
+hait 3 CORSLrUCIor mame, Lts argument list, and zbpstract monitor type name are
substiruted iz a schems or cemperal logic. for imstance, 1f & comstructor's
fupezionzlity is Absrract monitor type * lu-type) * .. ¥ In-typep = Abstract
zonizor tvpe ® Qub-Lype] ¥ ... ¥ OQUL-typey, ther the sehews ic of the forTm -
ir{ipn) & Amt = % A jepinargl = %1 A .. A {2RIDAETER T Eg-)

o[ (aftes(inp) » Ant = argl{iop{xgeeweain),

—

A ;opoutergl = arz2(icplxgeerexgl))
Aemjppoutargm = argm+i{;op(xgeasxgil) uotil Dsjlialepsill,

The iustance of the schema for & comstructer Ls generated by replacing
vnderiined parts of the schems, that is gp Ls replaced by the comstructor zname
sné ims is replaced by the abstract monitor type name and Dsjfinmlope)} is the
disjuoction of in{gpll,....inl{gpnl. whers opi (1£i%n) are constTuctor Same:
gther thar the considering constTuctor. If the cooslructor nas some OUIDULS
emesot shstract menitor :type, then the sentence indicating thst the value is
held uptli o the cxecution of mext state change is added. The second sentence
1E such a case,

Next four fermulas are generated in Lhe same way as the case of the cipht
quesns problem by the tramslation rules from the specificarion body of the
timing section of the abstrect monitor type.

from these generated formulas in temporal logic, we can prove the variuous
dvaamic properties of the system such as mutual exclusion and reachabllicy.



I+ should be notsd that the method translating static Imput-outpul property
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L, Tell arnlaer
Wz pave introduced specificarion technigue based on lexical decomposition
h orovices matural wav of module desiga, reedability anc capeblliity of

semantical processing by machinme sueh as verificarien, document gemerztion.
dvantasge of our approach we should mention hers 15 that there 15 z
[

lzte the specification into apother matural ltanguage o¥

e of werds of both languages snd syntactic Eramslatier

simple semantics are expleoited.

Zxecutable lanpuage and its semsnties by temporal legic with 2 method o
o tal zorrec:imess are presented 1w (24). They are var

macurally comnecsted in the sense that the executable lamgusgs L5 desigmed to

fuperion accordimg to the modules of the specificetior and cerreciness o

Ui

T

be funmctionzsl style lapmguage, so that the program can be comnstTuctec as &
3

arogram caf pe proved in this module hierarchy.
from the experiences of writiamg various specifications such as
o

it method 1s

commenication protocols and text editer, we feel this specil
verr parura isticarced

catd
1 and epmrpreneasive, and found out that more Soph
d

[l

apvirooment or teels wihich suppert writimg specification ar

We zre now develcping sof:twere development system 'Tell® {Tokve Imsoitauts

of Teshpoiogy Zlaboration Languzgel, imte wnlch such tools as menticoed above.
e.g, structurec editor, imieractive verifier, traanslater of distinguisbed
nzturzl languages, and 8o on, zre integrated. Fig.4.l10 shows the overvew of

2l eavironment. Specificarion database 1s uwsed for specification desigmers

L

Lo sture the delinitions of words which are ofcen used. Therefore, it 1

common kKnowledges which are stozed
e

"
Lk}
fo
-
b
L]
=]
[T
e
e
.

iple o comctrucs specifi:

-]

]
ir the datzbase., The da%ébase can be cansiderad 2s knowledss hase nf Ch



SPECIFICATION LANGUAGE PART

speciricetion database

"
sditor —-- specification —>tramsiator —— 19812, TOTTU @&
- -DELEE. SCITb-Es
/
& . %
i dosuwnent EeNeTALOT i
J rransbator betwesn Japanese znd Euplish
} LY
f comsistency checker '
L™ -
BEDT o - e - — = — = = = = - — e = — imravEciive VETIILET ==
: -4
. A
§ £ .
. y
. /
, ‘ggical fommueiss
\ 2
5 '
. /
Y .

pditor —— natural language progran —%&ta:nsla:or\\h

prelog profTam

EXECUTION LANGUAGE PART

M

ig.4.10 Overview of Tell Projees

implemented a prototype of tramslator into
edirer in Emglish versien, One of Che Iuturs Tas
of the tools will be implementec.

ro expleit more oxpressive legic which can

5% pr to expleis mom-monotonic logie !

pecificetion in this stvie mus: be Bullt ang

tested in a resl environment. iRis is giso one major direction ol Tuturs

- Txecytion language - concept of mission end marcs lpference Tule
Tha ipecificacions of functional modules are described =5 & comjunlien H

2
static ls-z relations mainly without any additional infermation, so et it
&

‘5 necessary to enumerats snd check universe of whele scructure when we neec
functional modules. in thnis case definition of configuration and
detzbhase are requested Lo give efiicient computations. Configuration anc

iarabases exvrress sCates of computation and sre dymamically updazed =

w
B

compubtation advances.
Mission consist of thres definitions, & wav of computations repraescnted by

“he specification. beginoimg condizion, terminating condition of computalion.

Lad



related to &2 wav of doing work and It 15 a2

5
symbol name and 1is abtrribure values,

nfizurarion mavy nave an order of updating ilts wvalue. We comsider eignt
¢! mrohlem as an exsmple., We assume that a queern has just besn placed on

the position I row J cplumn, where =158 and lsJ<B. At time, Che

-

i)
tion, which represents Lhe arv

thi
on a4 chessboard,
127} and that n

i}

T

o
satisiles g gopdizion that I queens are placer
u ther gueea. We call it 1 sub-arrsogement, I

a
“e aprad that the specification in Figsd cam be seez as the previous
comditicn by replacing 'Eight' with 'I'. The way to solve eight gueens’

blem 15 as follows. If I sub-zrrangsment is computed, I+l sub-arrangoment

nro

cthould be computed. The mission tTy to put a cueen om I+1 cow in such a way
chat the gueen is moved aleong from ecolumn ! to column &, skipping all sguares
checked by the preceding gueens. If the trial suceeds, new configurztion
bhecomes T4! sub~arrangement. If the tzisil f{ails, the nissien rearrange the
guesz iw zow I column J in such a wav that the gueen 15 moved z2long ifem
column J =o coluan 8. skipping ell checked sguares. Ou failimg in rearrangiog

e
quesn on [, backtrackiag ta I-1 is needed.
ibove descriptiom means that cenfigurstion has 2 comtrol structure such as

nestiag and backirascking on some i1ndex siTuciuTe.

ig.4.1] shows en exampie of the mission solving eight gueens'

L}

problem.

Migsion selvinz the arranpgement X as the sight gueens' splution
15 the system of

Configuration
1} There ere & set of zhesshosrd's squareg having
vemanedinare imdex 13 101,00 | index T=l..il.

I} Current positiem, (I.Jl.

i} 38& -» pnew positiom is i~l.
2} 3»F = pew posgitior is i-l.
Timing

1} LIwmitiallys, Confizuration is {{l,
2} Mission gglipers new position satisfivipng arrvangeme
in the ordsr and Sizucss conflguratiom by imsersimg it
%) Finally, Coofigursztion is ((I.J} [ index I=1..8, imdex J=l..81}.
end

Fighlull The mission of eight gueen's problem

£
pus
un
.|.'l

lon ilpcludes ¢ description of dynamic behaviers of comfigurstion which
¢ used during computetion. 1o order to deflipe an efficient computatiesn

mechod, further deseriptions for comfiguracion are necessary. They are arder
d

aod timing specificaticns of updating configuration, and have the same styls
25 the mission specification. Order specifiication describes controls of
iodices, Timiung section includes icitial condition, fundamentel commands



which tne mission {ssues, and fimal comditien 0% stopping missioa.
2 o

damental commands appears as serbs for upd
a

ciomn. YT CRADELE. the migsion of dufiman sod13g TIES gshowh =D
Tigald acludes the imvocation of select command WOOSE gyecution results ‘n

5 i
-
Le =olation Detwesld 1engths of paths 1o podes showd in Timipg </-

is zsspeiated wWiLZ the relztion shown in 2% of the speciflcation of

dpifoman tree ig an oprimum binarT LIee spmputed from & SEC of evenmts whOsw

g are Speclfied, Ia Fig.h.l2Z, ipput 6laaf is a s=b €I

es gf vvents' pCCuUrCEDCS. fondition 1) ia cpe soecifizatios

¢ =har che wvalue af eash node in fufimap fres 15 Lhe SUE of the walue
nf legir nmode -pd that of right onec. 37 shows that the emsller the velue

2 ig. The way now =@

gpiore Buifman STEE ig as follows. Yariable WsottTee ig 2 sat of blmary

sraes apd bts initial value is Sleaf. Firsth, sucr two bAimeTy Lrees Sy %, ai

thair TOOL nodes are tone spailest im WeplhITE2 ATE seglectod. &

s 18 sppscructed f-om then. mhe walue of Ihe -apt node of

ad Troe 18 rne sum of the velue of celected two nodes. Gelescted
i i

cemoved from WselITeE. This step is repezted

alv a plmary EXCS whiecn is Bufiman ETS®E.



Birazvires of real © is HuZfman fzss ol set of res!l Zleaf
means that
1) Sieat iz Leaves of © .
2) For esverv x such thef x Is node of t and x it not a2
fvclue{x]l=valuetltreelxl+valuelzzzeeix]l/
3% Tor svery ®,¥ such that x is 2 mode of ¢
cnd ¥ 15 2 noode of ¢
and Svelvelxleveivelv]/
/lengtnlv,tldlengthiz.c 3/ .
end Auffmsn Ebres

Ripgrwt-as o £ ooaoim Cype
represented by

isleal: (wvalue: &) |

.

welue: o=, ltree: bilnary:ire= of g,
rtree: binarvires of ©)) .
functions
vt is 2 left gubtres pf X := ltree[X]
S is5 g rient suhr-es of T oi= roreslil
v is g wgipe gf I 1= vaiuelk]
The length of 2 ip bipesvizee of o X is stcimg.
predicates
Binarvtres of = I 1s & Z&a”.
2 7 is s gode of bia&r;q:es of & K.
satisty
17 7 is s veiue of 1 =~ p iz z pode of K .
2V K ie z lesi and p 1s net & velus of ¥
=1 ‘s not a node of X,
57 0% is not a leaf and o iz ast a value of X
-~ /oodelp,R] = modelp,liree[%]] ¥ nodslp,rrzeelills .
47 9 is 2 value of L = /length{p.il=0/ .
3) ¢ is = node of X snd p i a not 2 walue of K -
=17 p ig 2 node o 2 lef: suftree of X
~ /lenpthip.il=Lelengthip.ltreelX11/S .
I=2% p is a node of & right subtres af I
~ flengthip.i)=R+lengchlp,ctoeelnil/ .
end Dioarvtros
Tig.4,12 Epeciiization of Hufiman free
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Mission selving binarviree of real t as Bpfison Zroo
15 the system ol
Confiiguration
1} There 15 current WEettree which iz a ger of subiree 5t
satisiving Huiiman [res
having imdex I:{S; | index I=l.il.
2} Current oumber of iodex, i.
Order
1) New two subtrees 1s (54,5,1.
1) %ew number of index is i-i.
Timing
1} initially., configu-ation is 5ieaf,
21 Mission selefts new [wo subirees fo.Ev}m
copstrucis a subtree by ), and ipseris it to coufiguration
¥t number of iadex is 1-1,
the leagzhs of (54,5.) * length of aoy subtrce io Weettroe,

1} Finally, number of imdex i=l.

[he
P
rr
[
—

Rote : meta inference wechanlism proves &
Timing
-* wvalues of roocs EH.SF S value of root of any suhtTss
in new Wsettree.
=» generate new wmission seeking two subrrae
having micimum values of their =sot in curvenr Weekfraes,

end

Tig.e.ld The mission of HBuffman coding tres

Metz 1oference mechanisms are an uwseful tpol for veriivimg the fact and use

a set of rules called world 25 object which canm be unified with variablie.
Rnowledge based sofitware systen should have specifications of varicus modeles

and generate procedures by using iateractive communication tool wi

=

H

th use
fpeciryving various meta inference rules, These knowledge bases czn act a

(4]
| #]

cxeellent asbilities of new sgftware generation.
Meta infereace rule car be cetepurized asz follows:
i.Irapsiation from dwplicit deseripticms to explicit dsseripriens -- upwarnd
and downward abstractions apnd abbreviations are supplemenced
ZJ0aificacion for mers variables

A -

-Iaference of results obtzined Dy commands in wmission level

z
t.aference af

i
eZficient execution seguence for non deterministic statewants
i.inference of cooperation of eontrol timing in the missicn level
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eneration Rernei Laznguzage

Geperztion Ceompurer Svetem (FGCS) project. (i) Lts Dirst member celied RLO
{Rernel Language wversion 0) (2) is the machine lamguage oI the Ferscnal
Sequential Iaference machime (PSI), currently being developed at ICOT lesearch
Center., Its sccond member called KEL. (Fermel lamguvage version 1) is the
nachine iznguage of the Parallel Inference Machioe (PIM), scheduled to De

developed duriag the intermediate scage of the FGCS project.  ELL will be an

reion of ELO.  The language features and concepts jnc

(L]
&
P
m
=
.
4]
(o}

W o
Ll are concurrency, set abstraction, and meta inference, and s
1T n m

esents comceptual specifiearions of the wmeste infers

ce &5 discussed here means 'inference using meta koowledgsz'.
ezns 'koowledge concerzimg now e use and/er mers knowlcedg
A5 object xmowledgs, we will treat only Horp logic axlom sels thEt S8% e

0 rezlize metz inference in KLI requires embed

g
e ize hnowledge concerning how to uss bne
roreter/compiler. Speeificallv, it is necessary to introduc
1
1

= a
lod demo and simulate, which reflect the process of solving
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coneencual

We neve develuped two methods for implecenting the cemc precicste iz DED-:

ed strictlv on the Idea presented iz (3}
v the hint of the "®’rolog Interprezer in
.
(=]

the twe methods, we currenbly uss theg

cl

cates ciscussed i this chaplers sre basically

d 1
divided inmte thres types, respectively. We will first defioe the type IIL
simulate pradicats, which serves z2g the core, znd then iotroduce Tweo tyoes ol
sizxulare prediczces and twe types of demo predicates 35 specialized meic
sredicates of the type TII.

“Uype TII) simulzte {Weorld, ¥ewWorld, Goal, Resul:, Control, Chacoel)
“Meaming: The process of solving a given go&l (Gozl) under given comizole
N ) f B 3 : L L—
(Cuntrol) while excheoglng messapes betwesn one world dWerld) and
= PRy N & » - . - - ’ . f e . 1"
anocher worlds chrough the communication logicel weriasbles {(Chanmel.

ig simulated. As z side-effect of the simulacion, the old worid

world) is updoted fo & new world {¥NewWorld), At the same time, Llhe
CEBSSE y

]



{Type IIT') deme [(World, Geal, Result, Control)

Meaning! The process of solving 5 given foal (Goal) under ziven coanbtrols

tContrel) iz 2 world (World) is demonstrated. At the same fime,. the
W
process Lts

The tvpes II and I simulate predicates and the tvpes II' and 1! domo

sredicates are defined as specializations of the type II1 simulate predizate

and the type [II" demo predicate, respectively, and their svntsx is described
gz follows. Their meanings are evident from the meanings of the tvpes LII and
TIL' meta predicates.

(Tvpe 11 simulate (Werld, KewWerld, Goeazl, Result, Channoel}

(Tvpe II')  demo (Werld, Goal, Result)

\T¥pe 17  simulate {World, NewWorld, Goal, Chapneli)

{Zype 1') deme {(World, Geal)

Tvyoes I and I' provide 2 multi-weorld Worl
meta Lnicrmaticn Result derivation madel iz a
2.3 Multi=wprld idencification fype
Ze3.] Multi-worid tdentif fication
Sgsically, there are two methods £

o
universe composed of metz knowlsedge and obisct kaowledg

ti:} representation
Iv presents the structure of fhe universe as ];uua-ler_fgl,:,

or 1s5-a relations, Suited Zfor koowledge

3]
I

—
[ —
I

=

=]

=

o

zepresentation leanguages such 2s Smalitalk and ERL, it is uged where the

Specilic examples of this methed are icheritance-demo in Manmdslz, (10} Az
will 52 seen in these exampies, & nested werld eam be realiz simply 0¥
czlling znother werld from one of specific worlds using the simulate/dezc
predlcates.

(b} explicit (dynamic)} representation

“his method explicitly presents the structure as program arguments. o
exzmple, simulate/demo acguments zre given a5 simulate(WIl4+Wi+twW3,...). Suited
fer views o dynamicelly chamging werlds, it is used where the structure o
the universe 1s unknown.

Specific axamples of this methed are the 'with! predicate in Prolog/XR (11)
znd the 'with' predicate used by Takeda. (12) Zince this method can be used
it Zlexible and diverse wavs depending on how world-strueturing eperarers,

‘', are preocessed, it needs te be considered more formallvy in the

L]



£,1.2 Appligatlion of muelti-werld zvpe

rf
e
T

(259
m

coiementation of parallel weorlas {legicelily lodependext

2]
5]
o
L8
[}
ri

muRicars wibh sach scher,

trear tvope set expressions in PARLGG cas alsc be implewentec DY asin

i

5.4 Meta Informacion Derivetion Tvpe

Merz informstion derivabioon

F
i
[}
s
s

"
wm
-
N
L

=h zeturas =he result of proaf (by *fai

i
(1) Idenrify true, false, and error.
ot u

nknown, and ervoo,

These czo De implemented br managing & Positive World &no a Negatlve

fLiy Reguit wiich veturns the proving process
{1) Return = suvcess patters. (Fasy to implement.)

- - ] LI I - 1_\
{23 Heturn & fail! pattern. (Difficult te implementc.

what 1: important t¢ the meis predicate simulate is to ucilize Zmtermediate
vagulzs of sndlsgs procsss computaticms.
111 Result which derives and -eturns i1llogizel concepis

{1} Derive Result DY commumizzting laforzstion to another subworld io b

L]

M P . T - N sz !
{2) Derive Resul:z by communicating imfermastion to another (moizfobject)
Worid.
VYarious illegizal bpur uwseful concepts cap be implemenied by cowwmunicaling
with logically vorelzted worlds,
2.1 Applteations aof meta imfpzzztion derivaticn type

Tyoe 7T has a wits cange of E_L:-Pl'_.'-_C.'-_'EJ-_C.'-'.CI'.'-. Eowe 0of them are givcn pelow
aczording teo the classification shown in S.4.L.
i) Debugmer and knowledge acguisizion imcluding excepfion vaiues (9]
v11) Exvlamationftracing function, esitor (12}, scheme/meta class management
(107, amd diagnosis

1} Multipnle iobecitance (10} and intelligent problem solving

]

'
A
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{1) Commumications with externz!l ipoysical; 1/0 and knowledge bane

L
sanagement, and cooperative probleg solving

.2 Cenirel Ioformation Addition Ivre
3.5.1 Countre! informetion additien

~ogiz progreamming based on Horn logiec origiaallv had the thilosophy

orithm = Logic + Contzal’ (13)

It Is tnereisre coonsidered possibie to add zontrol lnIiormation it & “orm

eparzie rom Logic. However, the existing DEC-10 Proiog or Concurrent Trelag

sases its logic control too much on the control primitive cut "I g

"I". This meams tha: iz certain appilcations the user must zrovid

2wrward., uvanatural control.  We have therefore shose

loforzation as parameters to centrel the Comt=ol infor=stio
) n

simulste {demo) predicate. Some useful cont=ol PaTamstsTs are givern

(i) Control to change goal evaoluation methods
(1) lezy/eager eveluation
(2} deferred evaluation (14)
In addition, partial evaluation is =ffective, depending on the preblem
iovelved.
(i) Cantrol to change preof tree search methods
vl lizmitation of the search space (&)
£2) specificetice of conditlons for seapsh terminsctien {2.5. deptb-bounc,
derivation number (3))
depth-first/breadti-Iirst search {(&}.(14)

(&) introduction of new cantral Primicives

i1t it necessary to introduce this Bort 02 strategv in sglving

cpraciicai/real-world problems

vilz. Control to change proving methods
(Ll tep-dewm/bottom-up inferspce

(L) sequential/parellel inference

-%i¢ 1s pecessary io dintesfacing with different types of machiaes o

Lh |

=

TLigms,

Z.2.2 Applicarivns of control information addition Lype

- -

FRe 1. 21s0 has a wide range of aprlicetions. Some 0f thom are Ziven

seluow zccording to the clasgificasion in 5.5.1.
] lof. and interface betweerm RDEK and SIM (4),(14)
peadup of theerew proving search (8) and soluzion of puzzles and gamss

~om-up Parser and Compiler to Compiles
BOUTE : This chapter has heoen writsen oy 5. kKumifuji.
(1) 1c0T(ed.) : Qutline of Researeh and Development Flzns for Fi[th Generstion

sy LCOT, May 1983,
&y T., Yokota, M., Hattori, T. : Fifth Generation Kernel Language



Yersioun=-0, Proceedings of the Logic Programming lonference '83, Tokve, Mar
1983,

v3) Bowen, Foae, Eowalski. B.A. @ Amalgamating Langusge and Mebs Languagse i
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u
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2
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f. Gonclusion

o discussec 2z framework of koowledge based software svsten, and infrodused
Li' project in Tokyo Institute of Technology apd Fifth Generation
ger. Tell khaz 2z knowledpe base facility. stepwise
cit structure, sod may be useful throwgh saftware life
cvele.

Iz peneral the sets of definicions declared iv a static and itemized way

4
guch as relaticns and predicates do not supply an comrplete and eflicient

e
=



computing procedure directlv, There zre many impiieit informations Iz order to
obtain finsl computing resulcs. Theresore ic is izpertant o =make mere clear
hew to orgemnize the strucsure of informartion hiding (1), i.e., imd

c

structure. Makiag implicit for mary things sud giving only e

v

o
on sugrest an impertacce of concept of service.

[0

informetion should be clessified from the view point of semantics.



