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rnis oamer sresedls & Knoslsdne representation System unicﬁ

S — s ——

435 been 3dasveloped as @ Lirst steo to transnort an interactive

qatural langdaje orojraaming  system  in LISP  environment into

PRILUG enviranmnent. Lae reogessntation system is pased on frame

[SoTecentalisn Lanquade 4na 1s extended oy tne ines nf oDjecl=
arlented ora23ranning. In tnis systew tne kxnowledge of 3 frame

=nmsists of atcrisuetss angd megnods, and a piece of kKnowsledge is

reoresentesd as a PLOLAOS clause. dieracny of tne tranes 1is taofold
+ class/instsnce snd suser/ssus relations, Accordina  tnrousn  tne

foruner relalion. tranes are olassirpied into Laree Levels @

im3ivivual, dire-class, mela-class. 1nis obiect-oriented frame
system 15 uire suitansle tor nodeliaz tne tasc dawain ot an

spolication systen, S545h 45  tne natursl  languale  proaranEing

system, frnan Etae already Obrososed  knowledge  resresentation

svstems in PHJILIS,.



i. Latrodactioan
4 nuuber af D4pers oresented an Interactive natural Lanjuaae
SFDJramming system (R1PS) £aicn Was 4eveloned in Liso

anvironmant. From Japanese specitication, KIPS nas successfully

Sihduced ~ s=veral | 4ozens  of  proarams conposed of nlanly
standardized tile panioulating  ooerations in  bpusiness
applicatians. Ine system, hosever, LAacks the theoretical nase

far meanini rsarssencation, so taat Lne represcntatian danales in
a4 80 nor Tainer. A tasory for semantiss is needed Lo extend Lhe

qcceptanle santences. Tne LUWAR system snowed one answer to this

cind ol arsaslsn. It useZ a <ind of lojic. #arren ot al. snowed
tne inadequency af tne  LUNAR treattent and introduced FProloa

cunset a2f 133is to compensste for it, [ne asprsacnes Laken oy

tnese iforerunqars dres« Our  attentions Lo Lhe neefullness of
broleq as 3 n3sis tor meaning representation. ¥nis notivated us
La Lransosort one currenat versian of RLPS into Prolag environment
4s 3 nreoarstion FOF a semantic tneary develsoment,

The tirstc stzo «& nave C[3ken is tne developwent OS> A
¢<nasledas rearssentaliosn system in Proloj environment, DECIUSE it

sonsisls 0t £ne mast indispensaole part of tne natural laguaage

arggramming  syslen, Tnis saser oressnls 3 Knawledge
ranresentariss  systen wnichy nas oeen developed in Proloa
sayvironment, “anapter 2 reviess now KIPS uses xnoeledae
recreselatian. Chaster 3 descrioes tne developed knowledae
reoresencatiosn system (FLOKES: Frame=like Logizal Joject

4=aresentatian S?EtEn}:m'?iﬁélli; Eﬁépt!fmﬂmEEHHéFEE_m?ﬁhHEH and
sLaer 4lresiy oropased kassledge reoresentation systens in

Prolod.



2. snowleaze <2oregsentation is S1P5

Tne knowleldges of AIPS are orjanlzes Arauns tne madels of tne

Lase domain. T2 ot CLaem §j& [ng orodram nodel. Fiz. 1 Snaws the

model. It is divided into mopdel of orazesses and Lnat of Liles,

a3sn 0f anica 4re classified oy super=sun relations. Ine oroaran
noiag sperifi=sd oy a user is represented as soijecls 3t instance

level. sa=9 oojects are realized as framnes in RIF5E,

'ne knnwlad3s of ouilding up a uUser”s prodran  nodel  frow
fragmentary soscifization 15 stored in frames 3t TIHES level.

Tne puilding oracesses 4re done oy Lne demnans in framnes and

nessaqe  03seing  l1i<s Lpnat ot LIPS, as showsn in fi3. 1. Inese
araepESSe5 US® 3 <nowlsdie reoresantatiosn systen wnisn is based on

“%L ano 15 sxraaded ny nessage opassiny functions,

Curre=nt veprsisnm ot KI1PS5 nas only «iowleoge At lnstance a@nd
“lass levels, 410 Sggivama st al, aragaed Lnat aebla <q0w«ledde was
rsquired o nace K1F5 nore flexiole, in sucn Case 45 Lo allos 4

Jier Lo Js52 Jse%-j#iiﬁ:j'aﬂégﬁfi:ﬂs.

. FLORRS
durendgzavour  lies in tnz 3
reoresentation systen in Froalag environnent, whicn is capavle of

rearesenting sion processes as stated in Thaopter 2,

1.1 Vpiectivas

The oapiszcrbives  2f  FLUHES are i) inoleueating frame
rearcntalion  svsbem Twaking ase of Prolog features, 2} reallzing
franegs 4s o2 ]EoLs ¢nizn nas Lwo asoects @ 3at3 (callesd attrioures
1n this Danet) and  proseaures (=alled =mernodsi, oo

Frearesenis 34733an1s t2alure oOr nenavior af a apjiect, “«nhile demnn

.DI‘QCE'I.].’E Attacned ] 3 :}EC.].;.TH‘LI‘I’E datum

13 secaniary

develooment of A  knoeledge



(attrioucLe). hoateving 1) and 2} wields a tramesdrs tor notn
#rotog-pased R Er I FEL resresentatiogn and | 2sject-prisnted

ara3ramming sna352 cparatterlistic is ressage-passing.

J.2 trame 5Strustdre

i e i S, 5 W RS A SR e — i

Te reslize a frane systen in Proloz, it 1s iwmoortant to
=ansiaer nos L2 reoresent frawe structure (siot=facet-datum) in

“rolon. 4n wiso, it 1s realijzed as orooerty lists.

data and procedures are represented  identically in Prolag, &
siece of information 2{ trame #as determnined to be realized as

¥ralog <clause, 38§

of data and sracedures. You may Zonsider tnat tne term peainning

#itn slotl is internal oregicate ferm «itnin tnae fworld® specified

ay frame-nah: {58p CchAaADLer 4.

i.3 Basic FealLJares
11 Jiernr:wr -- zlass/instance and super/suo

plerTdrcny at FLORES is @ extensian of AKD nierarcny  of  FHL,
374 45 rmlassified inrLo class/simscance nierarcny and suoer/sun
aierarchny, Class/instance hierarcny Cfan pe viewed 45 Chree levels
as shosn in EI40 30 S
A framne in class level (we=ta=-ciass or opure-class level)

zantalngd Lhne connoan gasawiedios anand Che lnstanced Eranss pelondinmg

to it. =asically, frawes al nure=ciass level are Jsed Lo wodel a
tAazd ogotiais of AR goolicatian SysLeTn, Individual=level frames
4re instances of these, Frawes at neta-class loavel <contain
neta=knosledj2 salcn aeal witn class-lasval frames,

hunerssus nierarcny nas oroserty innericance, like
AEDSIATATE ot FRL,

A I'ypes of <13ﬁ1§5d5 --Juitribute a%ﬁ“ﬁélﬂad

nown in fiy. 2, oegause ftramwe nas Lwo asuecls

Considerina



Types of <aowledye in  FLJKES are C«0fold:  Bttripute and

setnod, eaca  of waish drs descrininated oy tneip [acet nsmes:

Syalue and snetnad respectively L(Eia. 2). £acn  dinstance frame

~nmtains cansrele attribute values. A motnod in 3 class frame,

wai=h is rsanman ia  instance trames, apes ditferent tnings

yecording to ®acn different attrioute values in instance framnes.

Thne fnllawing notations are typically wused for retrieving

sttripute valuss and activating melnods (oy Tessage Dassinil.
qet(frane-nane,atiricute=naste{varianle)).

5enj[+rame-name,591E&fg}:ﬁame{afdﬁiéhtf;...JJ.

5lots Seecifvring altrioute or meLnod nave atoitrary £acets wnicn
ars additive <aowledae to those slots {taple 1),

3) lnnhepitancs 2t Knosledye

ATLr10UtaS, N8innds and oLner 4Jdifive Knowledge of o trame
are innerit=4 ftrom super tramss of tnat framne (see fiz. 4).
SLIAES alloss maltiple dnneritance, and also restriction of super
frames for individusl slots (tanle i).
i) Gystemn defined Predicates, ¥Frames and Mebtnods

Ifhere arz & =sumber ot vasic aredicates orovigsd oy FLIRES:

yessage wassing obredicates  isemd eLc.). Tetrieving attrioute
values oredi-ates L3st etc-.,),  frans 1efinfitian predicate

[derrame)., addingsdeletingsrenlacing oredicates

(autsfreanvesranlace =t=.). [In2re alss orovied oprezicates tor
referring to tas trans envirpnmest (fi3.5, ereceiver in 7).

THETE ar® Cwd SySLem detined franes; #CLASS, «7icn nas canmon

cnnxledue nf sll Eranes, 4nd  @wETA=CLASS, wniZa  has camman
<ia«4leagyge ot 31l class=lepvel tranes (fi3. 3}, eZhLa55 nas  frams
nanipulating  metaods, such 25  “aet”  wetnod wnas® tunctian is

310381 a5 sana as ‘qgst”’

DT Jicate, A4ETA~CLAGS [1d5 5470 78tAods



35 ftrame iastastiationn metnoi.
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Fiu, 5 5NONS tranes pxuresse

classiticatinn, class, instancte, super, sup, are systenr def

S§1loLSs. fgcn of Lnese slobts® values reoresent  Lne isvel, class
trane. instance tranes, suoer trames, sub frames of Lnat tranme,

resoectively.

e systen defiped

Plural values are uSually sxdressed oy plural clauses (£13.5,

21=223.  dut, in some Ccases (fiz.3, le), pldral values sre

sxoressed oy 2aly ong Clalsd

#nicn_gives one walye o¥ oang  #ach

Lise fallure zz-zurs,

Hecord=-tyoze slot in  =iilet (€i3.5, 27) gives tne same

record=tyoe af inmoot file of scneckli. Thnis wxind ot intorwation

i5 usvally exaressed in FHL 35 li-needed demon. dac in  FLORES
sane  exvression {(svalue farcer) is ased ooUn tar caluculating
value dynamizally and Eor rerrieving statically d=fined value,
pecauvse ool aracesses are sane at otne ogiat ot finding a3 value.,
f'ne role of 1L-7ezded as g denon (procedure activated «nen some
events ofcure, In Lnls Case, valuyes are referred.) 15 senarated
bFram tne role of tinding & value, zand is realiced as it=referred

dennn Ltaple L),

Acyulre slat of sooperstian (fiald, 73 Is & mernod, It is

"

attivated, (or  exawple, #7980 @ messzagedl “zcquireiferrorl) o is

s to sZne

L8

<l Tngn, Lne mnelnod 1s executed under tne Current

trame envirdanent, thst 15 ¥rneckl, atcording t> tne Knowledge

tineritance Zyawveasian.  ITno osav o ib diffsrently, drecejwver In Lnat
methous 1% inateroretet to 22 Lne frawe soneckl, and acaviring

rdles: Fonecoy anr *input xill ne =

D

ecuted,  nis  xing

ot



¢qnaledne inieritance uses autauwatic oack-trac<ing and cut
yasration At Pralld. To kees frane savironwest, FLIHES stores
trane n4Anes and nesessary ioatarmarion eMoressed 3s Clauses, and

wavipulates ta2n ln sLacxing manner.

{. Comparison #itn Jdbnagl 3ysLtens

Une 2f tnz already orovosed <nosledge resresentation systems

in Proloa 15 fnowliedye recresentation ftacilitles 9 Prolo3/KR,

~ylled wnrld. Aarld in Prolas€R  is =reated ay tCne predicate

zali:

(Create=w«arld sdrldi-name predicate=-definition ...).
4nd reterred to oy tne predicate zalld
(with world=+gane oredicate-s3ll ...).

T orpdicarcs HStinesd wilnin a anrld are visipie anly  «itnin tnat

#arlid, unless nra2dicace Fetinilion of tng forwmi

[ l5=A atner=#arla=-nanel
5 included. Tais fanction facilities trame=-like reoresentation.
ra  Lhis pxtenal, wapld  only Tives ane nierarchny: [s=a, snile
FLURESR pernits Lwp  Types 2f nrerarcnvs class/siastance and
suzer/sun  nisrarcny. Prolsa/Ad allowss Lo nest tne sorlds oy
4sinyg *eitn”® aredicate nultiole times,  FLOAES d42es not nave
carrcaponding fFAlRCcTians, pat 1L seems Enat sucn tuaclion is not
asedqed in aur srssoeslive apsiicatiosns. T

Ihere 4res taa3 SyYstens whion nave sonetning to do #itn FLORES

17 some restrictive asoectls. ﬁl?ﬂji =t al. are praoasing an idea

nf surrent 41ar3 nase £5T che=«ind consisLency £rnm tae knosledge
assimilation viewooinl, Carrent darfa opase, spacified oy Lhe

tora: “currenc=4a(clause)®, 15 a seL 9t assertions. IL resennles

trane SLLUCLJre in  FLUKES. TNE CurrenL=4o, ANicn corlfesuonds



framne inm FL2225, contakins the oody 28rt of a Clause 45 well as
Lae nead  o23rt. Tnis contrasts o FLIAZS"S frams, «nere frame
joverns only tae nsegd cart ot 8 Tlaust. ITnis ditterence Tmdke

oLIHES tree trom developing soecial puroose interoreter. Miyaji

et al. nad to develss suen  iatersreter: demo predicate, enicn

ialerprets e SJarrent=dop torns.

The orner sor< wnicn connects FLIKES is tnat of Taxeucni et

‘1. T Tmeir ain is to realize ovoject=oriented Sro4rATTing in

—ancurrent #rolad. In Lnheir system, opjects are concurrent

srocesses. 4nd4 messaje  passing is Cne information transter via

~ommon Variasies DbeL#gen sucn  PrOCes5eS. 5o snjects are
regicate-calll and ureticate-calll? «nicn are hasically specified

oy the tarn: *sredicate=calil//pregicate-callld”. Isjects . in

c194EE JIFE=rs in tnat onjects exist oetore tney are callesd, and
58 it is ssst=2r ta3 use FLDRFES for modeling Lne tasx domnain af  an

aasxlicatioan.

3. Conclusion

Inis psosr orasents FLUMES: & xnpaledde representsalion system
in Proiaz. [nis sysLem Mages Lask dom4in updeling easier than
Lhae convenbianal <nowsizdge reoresentation systems i3 Prolod. By
Jevelaping  tnae aatursl lanasgeds systen pn FLORES, «e #1101 oursue

sfficiency and sitfiziency of FLIRES.,

ace¢nowlediesnnt: we tnank T. Hayasni, dansger and 8 knowsiedae

Jita bpase Irods of Sottware Lanaratary wno Jave us valuaole

TanhEnLA.
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e - Eumem - relation
JINpuT U s----class-

il ® inslance

1 HAKE- "acquire ¥error] - relation

REPORTI ' "~" message
7 , (D sequance of

OuTPUT MesSage-
a /

. passing
i Hlii'l}ﬂ'lz\ /

Fig. 1 Program specification acquisition



attribute- attribute- value-calculating

attribute @ name value,variable procedure
i $value § i
frame-name {sloﬁ {fa;?t {arg]. e} ) ) predicate-ﬁall-l.'" .
é Snetﬁnd i :
method : selector arguments for method hody
message

Fig,. 2. Frame fragment in PROLOG



level

meta-class / QV — \

class level

pure-class
Tevel

v 3 (the shaded are
[ \ il ] sys tem-def ined
, [ frames)

indivi N B SN (sub )
md;::it;al O(‘:)O O O —+ zuper (sub

I class
| {instance}
Fig. 3. Hierachy of frames
per ¢ha-n @ ~Super-chain
[
O,
f I
class class l
WUMP chain send %{D /
attributa me thad

Fig. 4. Knowiedge inberitance



(D ttoperation (classification ($value (pure-class) ) ) .
@4operation (class (%value (@HETA-CLASR) ) ) .
@ toperation (super ($value (Hpst ) ) ) .

@thoperation (sub {Svalue (0p) :-member {(Op. (Hcheck...] 1 .
Ertfoperation (linput ($acquire (Semantic-frame) ) ]} :-

®+operation (output ($acquire (Semantic-frame) ) ) :-...

httoperation (acguire (Smethod (Semantic-frame) ) ) :- @receiver (Hame)

get (Name,acq-rule (R ) ) ,send (Name.R (Semantic-framej ) . [,
set-of (., ( get@ (Name.R ($exec ( (Slot.Facet] ) ) ) .
send@ (Name, Slot (Facet (Semantic-frame) ) ) } . _) .
@#toperation (*input (3 method {Semantic-frame} } !}
@Hoperation (*input (Bexec ( (input, $acquire J } ) ) .

bt check (classification {3wvalue (pure-class) ) )} .
@ifcheck (class {(Svaive (@META-CLASS) ) ) .
@tcheck (super ($value (Hoperation) ) ) .
@icheck (sub ($value (Hcheckl) } ) .
pitcheck (output (Jcondition (Semantic-frame} J ) *-...
@tHcheck (aca-rule ($vaive (Rule) } ) :-member (Rule, (‘kcheck, *input } ) .
f@Hcheck (#check (3 method (Semantic-frame} )} ) :-...
Micheck (*check (3exec (Subgoal } ) ) :-member (Subgoal.
(input. $acquire ] , [loutput. 3acquire ] .
loutput, Scondition ] ] ) .

Mticheck]l (classification (3value ({individual) ) ) .
®Hcheck]l (class (Tvalue (Hcheck ) ) ) .
Heheckl (input {FJvalue (HFfiled ) )} ) .
i eheck]l (output (Svalue (3Efilel ) ) 0 .
check! {output (3value {(HFfile?2 } } ) .

send (Hcheckl,acquire {(*errorl) }

filel (classification ($value (individuall ) )} .
filei (class ($value (Hfile) } ) .
filel (output-of (Zvalue (Hcheckl) )} .
filei (input-of ($value (Hmake-reportl) ) ) .
#filel (record-type (3value (Rec } } ) :- @receiver (Name) ,
get (Name,output-of (Op) ) .get (Op.input (File) .
get (File,record-type (Rec ) J J .

Fig. 5. Frame representation by PROLOG clauses



Tabie 1. Syztem defined additive knowledge

L

category facet argument meaning
attribute [ % super super [rames restriction of
A me thod super [rames
| $default 1 default value

atiribute <

% constraint
fif-referred

% if-added

% if-removed

= attribute-
value

-

constraint

demon activated when
value 1s retrieved

demon activated when
value 13 added

demon activated when
value iz deleted

1

me thod

$if-called

argument for
message

demon activated when
method is executed




