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ABSTRACT
This paper describes en  investigaiion
conducted on & Lnowledge Aegquisition Syster fer @

Enowledge Dase Sysatem, and discusses @ tonceptual
eonfiguration and implementation method for some
of the mechaeniams ip this system. These include g
geta  inference pechanism, inductien eechaniam,
knowledge essimilation mechanism and knowledge
aceoppodotion mechanisw, These pechanisms should
enable this s=yster &0 accumelete  the kKnowledpe
suited to  the user's purposes. The inductien
pechanism will be pealized by improving  upsn
Snepire's  aystez. The  discussion of  the
implepentziion method for the insuetion mechafism
aLiempLE te explein speeding up sLraiegy, 8
strevegy designed mainly te prevedt recoaputation
by retaining refuted hypotheses.

These pechaniszs include the menipuletion of
feots, rules  and integrity constreints a2
knowiedge.

Fimzlly, the apthers
execution traces of this system.

present certain

4. INTRCDUCTION

Te &pproxizate husapn pental proces=es, A
gozputer =ystem musl be  eguipped wWith various
pechanisms, One L% 3 pecheniam for systesatlicelly
storing and managing hDuman KRowledge. This
pechenise is known es the knowledpe base sysleo
[1}- hs  part of our research, wWe are studving
methodelogies Tor  implesenting & knowledgn
oeguisition system [2,3,8). Knowledge acquisition
mezns the funetion of <collesting knowledge bY
sesimilation [5,15,16] and accommecdation in &
knowledge base.

In this peper, knowledge  stored in &
knowledge  base regarded as {1} [lacts
[ipgividual facts), (ii) rules (general rules] end
[1i11) imtegrity constrzintes (iptegrity constrzints
on facts end rules) ; and the knowledge base
foruwat, a8 & deductive question-answerihg syster
for relationzl detebases.

Relaticoal databases

is

whiech support SEJUEL,

QUEL or opother date oDanipeletion lenguages as &
deductive funetion  handle meinly facts a=
knowledge [6,7.8,9). Fnowledge bese, however,

=ust alse treat rules as: knowledpe on & full sczle
basis, In order to realize this, we feel that
pore powerful detabase [knowledgo base) management
techriques have to be investipated in predicate
LOEiC,

106, Jdapan
This paper dispuszses the conceptuzl
configuration and meihodology fer ihe
implesentation of 2 lkrowledge-bascd knowledge

aecquisition sysbes.

The resultz of this avater's implementation

in Prolog are also reported. The Progrems wers
gll interpreted under the Edipburgh Prolog-10
[10].

2. CONFIGURATION OF
THE ENOWLEDRGE ACDTUISITION EISTEM

This section
configuratioen of
Encwledpe in Lhe

discuszses the conceptuzl
2 knowledpe moguisition syates.
knowledge base will basiezlly
take the for= of Horn Colauses. In wroer Lo
avastemeticelly  eBeoguire cxpert  knowledge, a
knowledge acquisitien =yster repuats assizilaticn
and aecommocation in the knowledge besc, The user
then monitors the knowledge base using & deductive
guestiobh znsWering mechanism. These operations

eneble this system 1o acousulate knowledge suited
to thé Qasr's purposes.

Figure 1 iillusirates Lhe copoept af [
knowledge requisition systen constructec  fer
knowledge base svstexs.

This system includes & meta inferenne
mechanism whigh J3 defined as er amelgemation of
obiect lenguage {(Frolog) and metz  languere. The
itheoretigal fiudy of mete ipfersnce i describped

py Kowelski et al (99,12}, Icplementation of this
pechanise is ¢iscussed in the next ehapler.
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Fipure 1. Concept of Foowledge hequisition
System.



The deductiesr mechanism is uwsed Eto prove
certain  kinda of clauses in the knowledge base.
~lauses pean Horn clawses in This systed.

The induction mechanism is treabed a8 & model
inference drawn from Shapire's research [20,21] in
Preleg. It ecem play & role In the feollowing
emowledge acguisition operations

{1} Creation of the knowledge suited to wser's
intentions.

(%) Revisien of exisling knowledge (maimnly rules
and facks].

{3} Self-organization of existing knowledpe.

We are capable of cbtaiming vseful results for (1)
and (2) mow, but {3) reguires lurther research.

The abductlion mechanism i3 the meost difficelt
mechanlism in this syshem, apd Lincludes &1
enzlcgical reesoning mechanism and so  en.  This
mechanise reguires further research.

History econtrol iz the fumeticn for selving
various past, present and future prepesitlons by
recording  the assimilation a2nd  acoomwmodation
progéases in the knowledge base.

Fedundamey contpel is  the funetien feor
elirinating redundeney, ard 1s carrlied oul at the
user's discretion each time Dpew knowledge i=
apguired by the knowledge basc.

Consistency control is the Jfumctien fer
gefense against inconsistencies in the knowledge
base.

hzsimilation is used te store knowledpe
suited te the vser's intentions ip the knowledge
bese, User's iotentions are defined by dntegrity
constraints. In this case, existing knowledge 1s
not revised by assimilating externzl knowledge.

iecopmodation iz used te revise exiating
knowlegge using external Knowledge suppliec by the
wser, whieh iz aplways regerded &3 being correoct in
this operation. Spme accompedation pethods &re
listed below:

(1) Revisions of existing koowledge based on
racts provided by the uwser;
{2) Fevisions carried out directly by the user;
{3) Revisions earried out by coObDiRARE
petheds (1) and (2);
(4} Deleticn of existing knowledge which
subseguently bDECOOES URNECESSAETY .
For deteils, refer %o [13).

¥ean kwo er  Dore assimilatiosns and
zotozoodations are used a5 a single cozmpand, the
operztion in the =ingle command may not satisfy
interpediate integrity constraints. Transacticn
control is required to provide fagilities for this
PUrpPOSE.

Intelligent questior-answering [17] provides
s knowledpe bese gquestion-answerimg cepablility
sased on metes predicetes. Frem thizs result, the
user car  decide which of mechanisz, Lhe
pasimilation or apcomsmodation, Lo apply the
wnowledge beae.

Other funetions include these designed to
srove inclusien and eguality related Lo knowledge
base rules. These are igportant functiors for
effective utilizstion of knowledge bases built im

ather [ields, The eali-graph [or predicates
realized previouws pechaniams is ahown in
RPPENDIN=1.

3. META INFEREKCE AND DEDUCTION MECHAKISH

The meta inference and deduttion mechanism
pan be realized by means of the "gQepo™ predicete
and the  T"deduce®™ predicaie, respectively. A
"demo" predicate  is  used to solve the fellowing
propless;

{1) Frove ground elauses.

[2)] Frove general clauvses,

{3} Prove goals (Preleg interpreter in Proleg).
(8} Others.

Thiz chapter discusses Lhe implementatioen of
"demn® predicate and "deduce" predicate. Tne
rfoeduce” predicste 43 implemented toe  solve
problems (1)} and {(2). Ground cleuses den't
contain variables but peneral clauses oontaln &
varigble in the argument. The "deduce” predicete
iz used te implezent  knowledge  assimilation
deseribed in shapter 5. The "deme" predicate can
solve problem (3.

Figure 2 illustrates 2n implementation of the
ndedyce” predicelé Lo prove claeses (1) and (E2).
These clauses are sssumed te  take the following
form:

(LY PKHemd: -Goals.
{B) Head.

Howevar, "Head® represents one predicete and
Fligels® gonsists ef the legical Sum
(alteroatively, logical OR) end logicel produect
{alternatively, legiezl EMD) of predigates,
"Goals™ is ellowed to contaim the cut ocperalcr and
the system prediczte, Hereafter, the claust peens
krnowledge because it i3 the primitive wnit Jfor
knowledge oesimilztion and accesmodatien In this
systel.

The "deduce” prediczte in Fipure @ hes ihree
arguments. The first argupent pives the name
limt, HEWL, of bthe knowledge Dbeses to be  wsed;
the second eargusent specifies the ground/penerzl
clauzes to be proved; and the third srgusent
specifies identification (ID} of knowliedge in the
cxinting knowledge bese which is not useful Lo
=elve thiz problem.

The "depc” precdicete in Figure 2 i8 known &3
2 Prolog Anterprecer [16,21) in Prelog end is
extended by the authers using Fowelski's idea
[i1.12]. Thisz  "deme™  predicete  hes  four
arguments., The first and second arguments heve
the seme specifications a5 the "deduee” predicale;
the third argument pives the following infcrmation
o econtrol Lthe resclution proceas:

11} Temporary knowlegge (Joals) used in this
process. Each Goel of the Goels giwves a
knowledge delined in the kpowledge bise.

(2] Identificstion [IN)} of rmon refeped
knowledge.

{3) Coptrol variable to manipulate the out
operater in the gosls.



r4] Maximug nuober of resolution steps.

Tre fourth  ergupent returas  the fellewing

resclution results:

(1) Treth value {truefoverflow).
{2} Prool tree, 1f truth value i3 overllow.

The "splect_variable list™ predicate dis  the
precicate that seleets the variables from the
clause given LY the user.

Tne Pskelemf predicate provides constants
{unique in the system) to the variables,

The "clause_kb"™ predicate is the predicate

that s=eapehes for the "goals” which correspond ©o
the "Heac® [rom the knowledge base 1ist, RENL.
The Npext_elause® predicate sezrches for the
ngoals" which corresponds to the PHead® from the
knowledge bhase, FBN.

The physicel strecture of kKnowledge is as
follows:

EBN{P1,P2,P3,Clause).

Each piece of knowledge im the knewledge Dbase is

tinced by 2 before pointer F3 and forward poinoter
F2. Fl1 iE the address pointer of the clause. The
knowledge Identifier ID is delinped by these three
pointers [P1,PZ,F3). Thesme pointers econbtrocl  the
stared order of knowledge as procedure in Lhe
knowledge base,

£* Deduce pround/gencre) Clauar *F

deduged LEN,  Clavew, Comd}z-
werifyl [selepi_warjable limt|Clauss, Farisbie _1l3T],
akoles] Yariabie Liak),
{Cinnae=] Fr-0i-2duss{KBAL P, [ 0, Cond, Cut 50) | arue, [1]):
damp | KBEL  Cinuee, 0 ), Cone, Coc 80] [ ore {10000 3.

werlfyiP)a= AWeinai®)},

dmeolKBNL, true, [ Fea,Cond, Gos, Bownt )] brug [ JT -1
demsi KANL, Gonka | Rea, Gene, Sut, 0], feverTlew (13151
demof EBNL, |, [ kes, Cong  Cxt  Cound ] ] basube, 3tack ).
dwmclEORL, 1, kea, Cond, el Bowet ], [ Reawl o, Seck 1),
dema| KRR, [B10), [ Bes, Domd, Dok, Cownt ], [ kesull, Stack]l =1,
{dmea] TAVL, F, | Hes, Cond , Cot, Count ), T heals, S1aeki)
dewa!EOML, Y, [ Hea, Cone, Cut, Coust ], | kesult, Staek]}l,
demeiKBEL, (F.0),[hes, Cond, Cuc, Count ) | heoult  Shaok]l:=1.
gano|KBKL  F,[ hes.Cone, Yalue ,Count], [Remulll, Stacki]l,
A¥alusemgui,Cotzoul, beeaul Lobwanlll, StasecStacki, 1 |
Resulifciruest
demolTEWL, 5, | Bes, Cond , Cut, Sount ), [ Resull, SLace]]l §
heaultafepul bl SlacaeSiacil],
Came (EBNL . F. [ Fes, Congd, Cut  Count ) [ Hesull Stesk]) -
ayacemi{Fi=dl, Dasultotroe, Suacks[]
Cocnti i3 Coontel,
elause kb (EENL,F, T0,C,[fes, Cond ] ],
cewol BBHL, G, ] Fes, Cong, Cut, Couns? ], [ heaul et  Srnei 1),
[Cetengut. . Fall ¢
Eewultisbroe-dResulistmoe, Sraskel] o
Eesultesverrlow, Jiaewsf (Pr=C) | Staoki1]).

wlmune_kbd [KBH, FHELY, Hoad, T0, Deals, [Res, Cond ] o=1,
{ elmoas_kb{CBK Hesd, 1D, Goals, | Fes, Cond]] ;
elwase_Eh| KBN.  Meas, I0, Geals, [ Res. Cond] ] 1.
cleune_wb(EBH, oas, 1D, Goaja,[ Eea, Cong 1}~
neEt_olauss|CEN, ID, Clnoss,Cord ]
[ Clmuse-{Heso:=Gouls) |
ClaussrBeng Grujseopus
lause_wbl BN, Head, [}, trun, [Fes, Cond]) e
hestenl ] unifyl has, Hawdl.

A% Talfy pelvenn o
Fb pre af user dergned prediestas snd & predicaie ¥
wolfy({C, L), Fli-1,

fwnlfy G, PlundfsiCL, Ph) o
undfriF, .

Figure 2. h Prolog Program for the "deduce®™
Predicate for Proof of Ground/Ceneral
Clauses.

g

4, IRDUCTICH HECHANISH

The
iréated

induction mecheniam !in Figure 1
FR-]

will bre
& problem conpcerning incductive model
inference TIrom [acls. The mrd el inference
mechakiso 18 realized by improving upen Sheplrets
syaten [20,21].
This seciion discusses our research inte
model inlerence, @#Ng presenys Lne relations
petween "demo” predicate and the model inlerence,
We &lso discuss a speeding up strategy for the
model LRfeprenoe.
4.1 Hodol infercnee

Figure 3 shows &n inerepental model inferense
algorithm presented by Shapire, where Fp=<{0BSn,V:,
N:%.2,....B,{@rconstant) i= a asgquence of
observation data and the observaiion sentence
=305n® i=s & faect ang "V® i= the truth wvalue of
"Lrue® or "lfalse®.

=ralmez(]], Steues{ .
w0}, mark O *roleev.
repat
Bead the rext chservablom debs FoedODSn, Ve and ade CRSn ta Sv.
Femeal
white { Deriwve DBS fpPoe sonjectiure Ly, CBES Delungs S0 Jlalss | d@c
By eontradiction baokirecing,
dippover @ refiled hrBalhests B akd maFk 16 SFRlssv.
Delewe B froe Lp.
while | “{Derive GESL frem geniecturs Le). DBEL belengs te Suirwe § co
by & refiresest cperallen applles Lo the hypothesls parked ®felse’,
dimcover raw bypolhesia Bl whieh is satisflavle to oeriwe Hi wo BEE!
and sdo HL wo Lp | Lg = Lp 7 OB, gept ).
unti] | Kelther of the while laops im entersd |.
eatiput L.
ferewes,

Figure 5. &in Incremental Model Inference

hlgorithm.
The set of disgovered nypotheses 15 tinc
procedures (=et of rules) programned in Proleg.

Bofore this alporithi reads the first observation
date, which has a "true™ pbservation sentence, the
ronjecture "LO"  consists ef esnipediction TIIM

enly. After this slgorithm reads it, eonjegture
nLp®, {p>0) censist: of centradiesien "0 ene
nypothases. In worder o disocover L1hE Tnew

hvpothesis, this elgoriths searches the relinezent
craph. The search method on the refirement grepn
is & breadth-first search and the relinement griph
ig gepgraled by a refinsment operaticn.

The mechanism to derive WOBE®™ [from "Lp",
shovn in  Figure 4, i3 the metz inflerence
pegnaniam, This oechaniso was implemented by mets
predicate "sclve” in Shepire's sysiem.  Our Eysten
expends this predicate "solve” inte the
"model_deme” predicate shown in Figure 4. In LELS
wey, the physioal separation among the kKnowledge
baae ear be obtiined feor the model inlerence
system.

Figure & shows & Proleg
a "model_deno® prediszte to Figure 3. The
predicate "madel inference®™ has regursive
structure. This predicate extends from the Tipst
"repeat®  procedure  to the "forever" procedure
shewn in Figure 2. The predicate
"podel inferencel" also hes recursive structure.

program which applles



=nis fpredicate extends [rom the second "repest”

srocedure to Ghe funtil®  procedures. The "Too
ar I

Jeak® part  in  the predicate "model_inferspcel®
spwrErE Up Lo the first "while™ procedure. The

“Tac Strong” pert in ®model_inferencel" covers up
ve the sepond "while" procedure. The abservation
4ata  stored in the internzl database can be lound
py the predicste "laeci”.

podel_demoiFBEHL, Cozlsal:-
demo! EBNL,Goels, [[],0],Cut,50],[Result, Stackl),
[Resulthezlrue,! | truel,
[Hesult-overflow ->nl,
stack_overflow{KSNL,Goels, Stack),
podel_demo{KBNL,Goals) ; truel.

Figure 4. & Prolog Program for The "model demc®
Fredicate.

odel_iaferencel KBK, IT_nass.Concepi) =
il aak_fori'Hext faerisertence, truesfalae] or end ' ,Fact),
[ Fact=epd ©
! Fact-cheek =3 pofel iaference! (KEK, JC rame, ) ;
{ Faete{P, V], verify|P=Conaept] ;
nl,write{"® Error Concept Fore.') . 0fadd B0,
FagL={P, ¥}, (Vetrue ; ¥W=lalas) =3
zaaert_factiP, V), wodel_inference 1| XEN, JC_nase,F) ;
Wwritel*1Illegal imput'y, B 3, 1.0,
model_inference(EBR, I0_name,lencept) ).
=ndel infarence|KEN, JC_name,Concept ] i=
el ask_fer! "Hext facilsenience,true/false} oF end ', Faet),
[ Factzend ;
{ Faotsecheek-recdel_inferencel (KGR, IC_mme, ] |
Fagte(F, Vi, (Vetpue:Valalae) =3
aasert_fact(P,V), sodel_inferemce’){EBK, IC_name,Pl |
writel"1Illegel input').nl }o b,
padel_inference(KBK, I(_name,Concept] ).

sodel_inferencel (ERE, IE_naae,P) i~
write('Checking factial...'}), toyflush,
{ faenlF,ruiael  oodel _desoiRBH, P} -2
AL, Telss_selullon(Esy, IC_name,F),
podel inferencet[FBE, I _rame, ) :
fasci P, true), \emodel _deoo{EBK, #) -3
rl,eissing solution|KBh, I _name,F),
model_inferenoel(LBK, IC_rame,_) ;
wriiel'oo errer found.'].nl .

3 [Tas Zirang)

L (Toc Weak)

Fipure 5, & Prolog Frogram [or Model Inference
System,

The refinement sperztion in Figure 3 , which takes
E clause npt {eltermatively, generating
sypethesis) ss an input anc gererates a clause "gT
‘alternatively, generated bypothesis) as  an
suipet, i= one of the fellowing four cases:

(1) g rr= wl{¥i,¥2.X%,...,%0) 4F p 2:= O,
vhere "a®™ is an inductive generglized
predicete symbol wilh n argumenis.

(2] g ::= unify Xi and Xj for
plX1,%2,%¥3%,...,kn), where "Xi" and "Xi"
are distineil variables.

{3} @ ::= instantiate Xi te ti¥1,Y2,....¥m} for
p{X1,%2,¥3,...,%n), where "t® is a lunctor
with m arguments.

(Y g ::= (Head:-Goals,Cn) and
p ori= (KHead:-Gozls), vhere "On" im o user
gefined predicate, or recursively deflined
predieate whose sysmboel nase is the same as
that for the given "head'a" syvebol name.

k.2 Speeding up strategy
The =zpeeding up strategy lor model inferenoe
is summarized as follows:

i1} Type (structurzl) speecificzticns ef
predicate arguments.

The Specified type can be used te infer
& model without consideration of other
LY peD.

{2) Speeifications ef the user deflined
predicate.

The user defined predicate can be used to
quickly gemerabe hypolheses with simple

tructure in sheort time.

[3) I70 spmoifieations of predicate arguoents.
If the I/0 spegificetions are used o
select hypothesis whose outpui argupents
are controllable for input arguments, this
kypothesis hes uselul strocture 25 sodel.

{k) Seleecting 2 hypothesia with & useful
structure.

If the hypothesis hes a "Gorle"™ part, any
predicetes of the "Goels™ are not egual in
structure.

I the hypothesls has regursive structure,
the "Head® and resepsive predicerte of the
bypothesis alse are not egual in strocture,
whore theo rocursive predicate belongs o Lhe
"Comla" part in the hypothesis.

L8} Prevebting recomputation by relzining
refuted hypotheses,

{&) Dihers.
Strategies (11=tk) have  already been

dispuszed 3in the sAection on the madel inference

eystewm [20], but the first discussjon of (4] was
net enough.

This secition will disouss strategy 151 in
Fipure £. Ve pssume thet the aesrch stirategy of
the refipepent gragh in Figure 5 is -]
breadth-irst searech and our gozl is to search for
hvpotheszis "H3i". If the hypothesia FHE™  is
refuted by 2 false sentence, the system can search
for & new nypothe=is, "H)", without the need for
recomputgtion from "HO" by retzining hypotheses |
WHE® wee PHUR, These hypotheses are stored Iinte
the knowledge base by executing Lhe predicate
finseri_ knowledge®”. The predicste
Finsert_knowledge® is meinly implexenced Dy systel
predigate "assert”, In order to mark the refuled
hypothesiz YHE® with & ™false"™ statement, the
systenr alsc stores this h¥pothesis in Lhe
knowledge base "reluted_hypothesis®, The new
hypothesis is diseovereaed {rom Eenerated
hyvpotheses, "HS" === "Ei" === , using generating
nypotheses, "™HE™ --- PHE", retaiped in  the
knowledge basze. The prediczte to execule Lhis
procedure is  shown  im the exll=greph in
APFENDIX=1. ir the cell-graph, the precickle
Pfoprrent_status" is the predicate fo find  the
genereting hypothesi= fer the "true® ebzervation



septence, The predicate “sel_new_status®  is  the
predicate Lo retain refining  status, THZ® ---
nEL", foe the "true® cbaervetion sanbence. The

results ef this experiment are shown later.

-

l

(HO) g (R]. K7 K2, - K]

Breadthi-Fiurgt Searen

i
Mee =3 (M4 =3 (RS — TR0

T Refuted

i/
M e [Hi) = (Hi] =« = «
Gpal I
Figure 6. The Specding up Strategy in Hefinesent
Graph.
f. ENOWLEDGE ASSIMIT.ATION
This sectivn deseribes an algerithm Tor

azsimilatien &3 shown in Figure 1 on the basis of
Fowalski's icea [12,13]. In our impiecmentaticn,

the elporithe is predicated op the
assunptions:

fellowing mejor

{1) The input knowledge iz constructed Dy
predicates pefined in the knowlecge base.

(2} The kpowledgc bese under comsiderotion is
consistent with integrity constreints.
(Integrity consireints are alse copsistent.)

{3} Fnowledge {(rules, Facis end integrity
ooneiraints) in the koowledge base are
oescribed in Prolog.

{4} The systea adds the knowledpe to be
as=ipilated just cfter the existing koowledge
in the knowledge bese.

The essimiiastion aigorithm is organized ao
follows:

(A1) If the integrity constiraints concerned
c&p't be proved from the knowledge besed on
the apotion thet input knowledpe has been
immerted inte the Enowledpe base, resLore
the knowlesce pase to lts oripinal siatle
because it is inconsistent.

(h2]) Rescve redundancy froz the knowledge base
tcnoLhe assuzption thet input knowledge has
been inseried inte the knowledge base.
However, redundancy removal processing
depends on user's imncention.

=T ¥

(K3) If the integrity constraints concerned
can't be proved from the ¥nowledge hase on
Lhe grounds thet redundunt knculedge has
peen rescved from the  knowledge base,
restore the knowledge base to i1ts original
state (In {R2), redundancy mpay be removed.).

(&) IP input Koowledge gqualifdes for inserticn
under 81l of procedures (A1) and {43 ,
insert the input knowledge into the
knowledge basse.

assimilation

The predicate "assi=ilate” has
The first argument gives the
namec, K¥BEM, @af the knowledge base whiokh stocres
facts and rules. The second argusent gives the
Nama , IC_name; of the Knouledge base which stores
integrity constraints. The third argument
zpecilies input knowledge.

Figure T shows a Prolog program faor
by this alporithm.
three BrEuments.

A% (A1) 1 1s ["lzput"e"KRET] impoconslastent with "Ils® 7
arsipllate(FER, IC_ At , IRput):-

iemert_keouledge (KB, Ingui IR0},

pasert{inssried [XOE I51, Tmputl),

1 pmantzz] ],

hend_partflnpat, Head ],

chack_ineofdlatencyl JC_nawe , IDZ, KB insert Head].

reatars_en [ EBE],

Besakge [ imsert_insomsistent.IC pame, ID2, TRgutl.
FEOLABY = 1a [Hew_ki® ¢ "Inpui®="KOF"] redurdsht T "
sazicilatelREK, IC_nase, Inputlie=

nead_barE{laput, berd],

BEtibend, Concept),

suEry_£lininzte_Tedundanoy .

parerhiel L=inase_resundarsr),

climimake_redensamey KBY, Concent ), fall.

FBO[EYY ¢ Ta | ®Neu WRT] lenonsistert with *ICY 7 *
pasim!late |TRY, T0_name, Imgutl;—

1C_nmen el 5,

¢LIEIRATE_redumdamey.

mesd_pari[Impus, Fead],

eneck_inponsimienoy [ JC_naws Il THO debewle, Head)

raztore_kblERK],

mesparel biaert_inccnaistent, I0_naee, I, input ).

#* (h&} 1 Popl_proceazing.

egaiciiate KEN, I0_Tabd, Inpws o=
pesi_proceaaing| LDE, Inpat ),
Empaapeapaie swecess Tapet ).

#% Cheek innonaistency im the kbowledge Bede wit: Ile, W

aneek_imcons i steney ! 1i_name , L Kbk, hetien_Rece headti-
mewt_clause! 15 name, 1D, [Lheonzaatent |Retiens, Bead] 1-Ooalal, [ ],
pebe tAETLen Hoge, Aetione),
pele Semo]CEL, Coale).

A% Take oWL hest PAFL Frow She clmuane '

Fews_part]Clause, Heed ) seClimunes| Headr=Gopial, |,

newc_parb] Clewse, Hesd lo-Clauaerehent .

JY [liclpale Fr2éplabEy 0/

wlasipate_redundarey) EBE, ID 1=
maxt_einvss (KBK, IDG, Sheuse [ 3R]},
Aeguee (FRH, Blause [ TH1 ]},
whde Le_knowleogelKBN[ ], 10V],
sesertiupdated [KER, 201 Clavsel],
peasagel redunfant JKRE, Tlausil,
faki.

The "mgt" predicate is the predicete defined
=238 -

gLl F,PO) i=functer(F,F, K], funeter(PO,F, N} .

Tigure 7. A Frolog Frogran for Enowledge
Aasimilation.

In Figure 7, the predicate "insert knowledpe®

and  "update_knowlecge" are predicates Lo insert



and  upéete kpawledge in ithe knowledge base,
respectively. The predicate "assert™ is used o
cortrol the assimilation procodure.  The predicale
nenpek_incopsistent® i3 the predicate  to check
ineconsistency im the knowledge base with integraity
constreints named TIC name®. This predicale hes
fave argumentz. The first and third argument give

the neme, I1C_nape, of integrity censtraints and
the name FEE, off the knowledge basze,
recpectlvely. If this predicete  discovers
inconsistency using an integrity constreint, and
peturns  the identifier, I of the integrity
constraint to the sceond argument. The fou-~th
arpuneit specifies a4 wuser eection, "insert?,
ngelete”™ or Mupdate™ Lo check the integrity
constraines. The fifth arguments glives the
concepl for "Head™ checked by integrity
penstraints. The prediczte Mrestore_kb"™ is the
predicate to restore the knowledge base to its
ocriginzl state. The predicate

nquery_redundancy_elimination® asks for & decision
concerning whether or not de eliminate redundaney.

The predicate "elipinave_redundancy® is the
predicate to eliminste redungancy in & given
popcept. The svntax of integrity constraints is

a5 fellows Torm:
inconsistent(Action list,Concept):= Condition.

Uszer's action, "Acticn 1ist”™, for the "Congeplt® i=

inconsistent, il the "Condition® is Wipue®. The
miction list® gives some  aotions  ("insert”,
ndelete® and Mupdater ) for the knowledge base.
The T"Condition" gives Soome goals which  elso
inelude the meie predicate if neoessary.
. EROWLEDGE ACCOMMODATION
Enowledge accommodaticon for a knowledge Dase

is zimilar we the debugging of logie programming,
and includes functions {eor the revisicn of
exiating knowledge JFfrom faels and the direct
repleoement of existing knowledge | with new
knowliedpe. Feor this operetion, thiz esccommodztion
is nepessary in the following procedures:

(1) Reviszion= of exiating knowledge in the
knowledge base.

(2) Reduncency eliminetion (depends on user's
intention}.

{3} Kpnowledge beae recovery by means of
discovering contradictions.

Enowledge actommodation can be executed uwsing
the

following predicezrtes {Feor exaople, 3ee
APPERDIX=2):
socommocete! KEN, IC_name, AK).
The first ergupent gives the neme, KEBN, ef
she knowledpe bese to be accommodated; Lhe second

arguzment gives the name, IC_name, of the knowledge
brse ito be specified by integrity constraints for
"EE¥"; the third argumnent specifies the post
peneral form, LY, of the kKnowledpe to be
scoopsodated. I5 the "AE® knowledge is not in the
knowledge bese, the execution of this

ol 1e

predicate [alls because 1t 1=
In lhis pese, we may Lry to create
from several facts.

I order to create mew knowledpe froom  facts,
this aystem he=z the following predicete which 1=
similar Lo the "acoommodale® predicate:

Tacconzodate”
mezhinglens
new knowledge

createl RBN, IC _name, CK).
The Tirst twoe  argusents  have ihe sSame
apecifications a3 the "aesommodnte™ predioste,
The third argusent specilies the wmost general
form, C¥, of the knowledge to be created.
7. EXAMPLEE OF

EROWLEDGE ACOUISITION PROGRAM EXECUTIONS

This ehapter presents sevepzl kipde ol
examples using the well-kpown building block
probles, One is Y kpowledge
sesisilation/aopomnedation problem and the other
iz a2 madel inference problem  used ir  the
previously described speeding up strategpies. In

additien to these probless, this chapter prescnis
an exaople of DCC {Definite Clause Jramcar).

7.1 Froblen setting
Figure & shows
blooks., Suppose

an arrangement of pullding
that towers gre buillt on {loor
“"p I.I:Sim b"l.l.i.ldiﬂg blocks "‘bn| -c“fi-!il "h® and
LE LN Puilding bleek iz rectabgular, the
others sguare. Azsume further that peilding
blopks ™j* and "™k" are in hand, cherecterized L¥
the gbhsence of deite related to "j" and "k" in  the
predicate called the relation ®on®. rin o is
reetehgular, "k" square.

The Froleg prograg in Figure % shows the
locgtien relation: of the  building blocks
presented in Figure 8. Tach buiiding bleek 23
represented by the predlpsie "block®; their staes
reldtions, Dy the predicete "on".

nen
H

o | =T

d

a

Figure B, Arrangement of Building Bleocks.

The facts in this koowledge base are the
predicates "rectangular_block", T"souare_blook®,
"flear®, and Mon®; and Lthe rules are the



"fleor®, and Yor",; end Lhe rules are the
prodicates "block®™ and  "Lower”. The krowledge
base iz pamed "bulld"®.

/® rectanguiar bleockz ¥/

fleorial.
rectangubar_block! ).
rectengular blocki ).

#% agquare bloacks v/

souare_tlockibl.
sguware_blockie].
agunrr_blockid]}.
aguare_blockie).
souere bleckigl.
sguare_bloak[hl.
agquare_block{i}.
sguare_bleckik].

/% block ¥

block(L)i=
mouare_blockiIll;
rectangular_ block(Z);
fleor(L}.

s oonl{X,¥) 1 X 13 o0 T 4

amib, 8.
enld, ®w]a
onie,b).
orlf,e).
onie,d).
onlf e,
enlg ol
LT
onl L. k).

S towerf X, ¥} ¢ The towss conzisis of bBlock I #/
L pn top of Lower Y. LE

Lower(X,¥)i=-toverl{L. ¥}, Ysl].

tower1 (X, [])1=lloar{Z}.
powert (X, [¥12]) i-block{X)  onlX, Y], towenllT, 2],

Fipure ¢, Enowledge Base Aepresented Location
Relations of Building Blocks.

The foliewing restristions are czsuoed  &s
integrity censtreimte (ICe).

[1) ®"FMleer(al® iz mever deletec.
[2) "rectengular_bleck" is supported by Lwo
or more "towers".

Figure 10 =hows these relations. This

knowledpe bese is named "ie®.

J0 Iptegrity Constrainze o7

sncarststent![delete] floori_}l:i- ‘weetademofbuild, flesriall.
ineensistent([galece, iraer: updute] onl_, ) )=
restengules_bleck{X),
setof_kbibuild, [T], itower X, Y], nedy, [230, 20, length! 3, M) HCE,
The "aetof_kE® and "meta_dews” predicates are defined below:

aetel kb{KEEL,%.0oals,Set)-zetof (X, pete desaKRNL, Goala) Set).

sech_Benel KAWL, Genls)=gesol KBYL, Cozls, T [ 3,00, fus 500, [orue, 0110,

Figure 10. Integrity Constraipts ob Budlding
Block Knowledge Baae.

Frog the foregoing, the prograz iz executed
Lo solive the fellowing examplées:

[Example 1) Protlems of inteprity constrainls
reilated Lo assesbly of building blogks.

[Fxacple 2 hccommodation of the predicete
Tabove®.

(Fxample 3) Model inference problem of farch®.

In addtion to these examples, weo Lry Lo execulbe
the follewing example:

(Example L) Svnthesis of the aimple DCC
{pefinite Clause Grammar]. In order to make
inferences based on Bs few observation data
25 possible, an integrity constraint is
delfimed below:

tneonsistent{[insert],s{_,_}):-
(X, []),exiat_wvariablel(X]).

We asszume that the smentencos and dictionary of
DEG are stored in the koowledge bese as "degh.
The sentence predicate of DOG is named "s".

Feaults of the exceution are given in  the
APPENDIX-Z2. Shepire's mpedel Anference =ysiem
eannet salve Example 3 under Edinburgh Froleg-1D
because the marking shoewn in Figure 3 Iis nob
sulfficient for disecovering new hypothesis. Chap
systen ocab S50lve t from 1 fact And § dintegrity
constraint. We ecsn elso sclve Exazple 4 frem 2
faolLs amd 1 inteprity eonatreint. Shapire's
repert [21] sclves o =imilar example using &
soecific ref inement speretion which &z DCC
griented, bul our systen Soives 1t using & penerel
refinement cperation and integrity comstrainte.

E. CONCLUDSION

He mave discussed & conoceptual Qconfiguration
for & knowledge-besed knowledpe Aoguisition systeo
#nd presented results of it= impleséntaiion In
Proleg. The dimplementetion paris 1o this systeo
are @meba inference, deduction, azaimilalion,
acconmedation, deduclive guestion_answering
pechapise and podel inference ayvates improved [lor
spaed. ¥e have almc obtained uselul resultsz for
some executicn of the system.

411 prograozs are interpreted under Lhe
Edinburgh Preleg-10 en & DEC2D&D.

fur future research plans will eonseérn the
following subjects:

{1} & method for implementing knowledge
acquisition which allews imput ef two or
more clavgs=es of the kpowledge, instead of
only ong as discussed here, in each
progcessing run.

{2} Goperglization and speeding wp of redundzncy
resoval.

13} Geoerelizetion and speeding up of inductive
podel inference,

(47 Induetive inference for imtegrity constraints
from Tacks,

(8] The problem of proving ecuslity Delwesh
concepts in knowledge bases.

{6} Speeding up of processzing through introduning
& parellel cooputaticn mechanism.
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APPENDIX-1
Cell-graph for assimilate, agcozmodzte,
podel inference (show the pajor predicates used)
and retrieve, The " * " parked predicates
are the predicate te be implemented by Shapirs.
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APPENDIX-2

Execution traces of 2 user running
Sy Etez.

i Exagple 1 op

This ezaemle ASsi=llabes bhe tus IRSLakoes,
onl3,1) aod onlk, L}, with Thé LBLcgrily conastrairts "fe".

§ T= limi_sillle).

(incansistent((delete] FlooriLlli- jemets_dess! build Tloa=imlll. 5=
{znoonsistent{[delece, inaert apdatel.op(X, Th]i-

reciatguler_blegk{T],

antef_Wh{tulld, (U], [tower{Z &) oefU,[]}), 1), leagehi Y, 01),0922),

i
§ 1~ listibuild,oni_,_}).

Liating of en{l,¥}:
onlk, &),
anle &),
onic,b}.
anil.el.
anfe £},
anifal.
walEale
onlk,gl.
aril,hl.

¥ea
4 = “lil—:lil’.i[hull‘.lt,ﬁhl;.hl.]:l.',

* The Input_Koowledge "ond ], 1)*

is ipeeraistant with the Imtegrity Constralels

"linseRslaTe ﬁtf[dtltht,‘_l-_ttr'.,upd-u}.nu[_ w=1ihim
reatangalar_blask{_2I.,
setof_kbplevild, [ 3], (toveri_Z, 3}, mel _3,0110,.81,
lengthi B, 0)  Be)",

Yai
¥ 5~ peaiEllstefbulld. de, onlk, 20,

* Elizipats Reduncanmcr 7 (¥iml B,

* The Inpul_Tnewiedpe “onik,1]" wis asaisilsced.
Fug
P 0= retrievelbulle,oniX, ¥h, [X,¥1).

[o,m]
[e.e}
[2.u]

re

0= listibwidd,onl_,_03.

Listirg af en(l,¥):
ernib_al,
ehld,al.
enlc.b}.
onlf, o).
onfe. dj.
onl i el
enlg.al.
anf{k.E].
anlz,h).
onlk,1].

yez

Gz

Silzmaple 20%h

In grder R officiently delint "above™, thla szsmzle uses
Poth LRE CHaslEilaie” ap2 Cpocomsodate’ precuivaley
The first ste; LF1eF LE InseTt ar IRLEE-iRY comsicsinl wne La
d2alzilate wR¢ "Abhove® knowiecpe. The pecond sten frdussjve ]y
Ledie The gofreciness of thw AMESLAntE, A3 tme "abeve” ronsopl
O #htuph, Lhe gecoeondeiion of the “dJbgve® concept is excculeld
Ly bhe "acgoerpdabe” prodieste fno Do third auen,
Tre [inal sitep decwciively iATers al Lhe dnmignoes af Fabgret,

fabure”

L inaeri_knoe iecged i,
T T [imconaistenti]icaert] . abowel_, }ii= mbovelX, I3, Y.

[inconsistenti[deleie], Fioor(E) ) n ey descibuelic, fleoriall i,
[5"'EU='=11'-H11Hl:liultt.in:!rt,up-.".al.r;,m;-:;;.:]:.:..

reclanguier, blockill,

aetel_KEibudle d 0], | vower{ X B0 nedl, 0100, %1 Jangtbd T1,00),0142),
tancerslatent ([ inarrt ] abeve S, Y1) 1- oboawalD, 201,

s
§ 7 masicilatelouild,le, iabove(T,T) —onl%, 7100,
* Eitntnate Redunzincy 7 (winl m.

¥ The Irpet_KEhowledpr lebovw[ 8, Ghi-emi @, 11

waz aasiedjeted

Fes
Fo¥e mssisiletwibulle, iz, i8bovelE, Tl aenlT, T] 0n0ll,F11],

* Elizinate Redundancy 7 {w/m) n.

* The Imput_Eaowledge “{abowe(_0,_1)1-on]
was edpimilimtec.

W 2lioni_g. 1))

yea
5 V= petslevedbolid abeve (X, 702,700,

Te.al

ves
¥ 7o aetomnodatel bulld, dv.abovel b,

* Initiallse parapever|yinl? g,
* It Lhowledge_oase ‘schuolisne® war CReLtec es Core_Space.
P The Dntwiecge_basre ‘rejecied” vay createc on Lore_Spees,

kexi factlsentenos,treeffalec] ef end 7 above! . ad, trus,
Chegking facijal, ..

Errer: missing aciviion abavefd,al. CiapmeEing. ..
Suery: on{i.a)? B,

Swery: anih, e}? oo
brror cispnoacd: ebovell,a) 13 unceverss,

Searching fer & oover te aboveld,al...
Refiming: [apovelZ,Th:-trae!

Fefiming: {wbowelE,¥}:=orl. US)

Felining: lsbove(I,Tl:-enlX,0),on{Z, ¥}
Reriming: (ebeve(2, ¥ =onlI, 0}, 0000, 4]
FETIRINET (BBEve (X, T1aeniX, 0} abovedd W)
Thecking: (above(X.¥)i-eall, U], muovell, ¥

Fours tlause: [mbevelX,TiiconiZ, U], abovell, Y]}
&TLEr SearchEirg 20 clowses,
Listing of apovell, Ti:
lapeve{Z, Yii=onll, 1)),
lebovelZ, Thi-onl2, U),aniT, 1],
CroovelX, T)i-s801,0). abavelt, T},

Checiimg Fact{s)...ss errer founc.

bzt faotieepbence bruefTalas] or ooz 7 eme.



Fuorpe Fecta{yie) 7 7.

The Logwlédrpe_base *sclutions® wea @ropped Troe Core _SDRcE.

Furce refuled theasyly/e) 7 ¥.

The Leewlécge base "pefuled Rypoihesis® wa» croppec Fros Core Space,

Purps Felinemant atstusiesel T oy,
Ellsineie hedundancy 7 (FA) ¥.

Tee Enowledge =[anovel 0, %ii-enl &, 7%,ec( 2,_111°
was elieinated frog Encwledpe Base ®pelld® |

* Copsuruvchiien of thne Knowlecge “above®
hes pewn finiahec,

A

£ F- sist{bwild,abovelZ, Th).

Limsing of sbowe|E,Th:
daporeld Yiiean(T Y],
(abavelT, T1canl T, U wbavel T, Y1),

e
§ T- mepLrievelbuilc.aboverll. T R T
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12 erder e Ard@uclively infer The “areb® conceph, the [irat atep
4Tecsied LY IRaert o mrta-ruie. that 15 &R IRCEESILY coRILEEimG.
The aecord step eXeculed LEE “cresie® predicadle Le LRfer Lke "sreh®
epBrezl. The Flik) abtedp deduciively L0fera all ithe instances of "arch®,

T inseri_gnowlespelis,
I 7= iioconsistent|[irsert] areni_, . 00i=- meeR{Z, Y, 210, 1.
e

3
Te list_aelllis].

Spcoraiaient(loeletal, floor{l)) i venete_demolbuild,floorla))).
lipecmazatent({delete, imert, update ], e0iX. 7)) 1=
rectangular, Block(2)],
setof_xbibulle, [U], {toweri2 0, et T13) . 710, lenghlY1, 000, D122,
timesnakateRtlinzert) areh{ 0, 4,2} wrenl 3§, 8, _8]1]

¥es
L e ermatelbulle, fe,arsh_,_,_ 11,

¥ leisialize paraccier(y/nl? .
¥ Toe Leoviedpe_Base "soluticne® wa: ertated on Core_Spase.
® Tek Imowledge_base "rejecied” wes srested ob Core_Spaca.

hex: factisentence, true/falae) or end 7 archlf,[o.b,0]. (e, d,2)), true,
Cnesking reetial,..

Errer: ®lasing seluiics archif, lc b, nl),fe.e,a]). dimgnosing. ..

Error sisgnosec: arenif.ie.b,0],0e,8,0)1 iz uncovered.

Sexsining for a cover Lo arekif e, bead,le.20))...
Ferierag: (areblX, ¥, 2):iotrun)

Refiring: larchiX [¥IT]. 00 i—vrus)

Relierng: farehiI, T, [1]%]);=crus)

Refirings larek(I, T, 2] imtower(Z, V)

Meriniep: [erehlX, [T3I},(00¥) ) ~trun}

Refleing: [aren(X, 0¥, 210],¥):atrue)

Refining: larebld,[T)I], 00 i-tower{Z Wi}
heririeg: darchiX, [T12],[01¥] ) smtrue)

Kefieing: [eresld, T, |2, 00¥] ) :i=true)

Reliriar: terehlid. T, [210) ) =towe-l1, W]}
Fefiniop: [eren(X.T.20:-tower(L, V), tewer(I, T10)
Créceing: [wrehlX, I, 1) :toweriZ, Th.ooveriZ. 2}

1ane

Found clause: (arenld, 5,0 =tower (I, ¥), towerfE, 2]
afiter agarching 2B cleuses,

Liating of archiX ¥, 2):
farenl B, T, Il c-tewerid, T) bower (2, 2)0,

' The Knowlegge *lereRi_ 0, 0. 7l =towes! 0, 1), tewer| ¢, 2]0"
1% Ineonzistent with ihé Imteprity Lfonsctrainia
"limconatatenti] tnsert} arehi _C,_%, 200 := archi_3

S LI B
Crecning Fagzinl...
Errer. sliaalog solwiien erenis.de,o.a) fe,0.6]}. AIGERBEINE. . .

irrer glagmeaed: srchlf (e, b,8], (e, 0,07} 13 unecveres.

fedrehlng For oo cover to wrchif (e bon) le.d,al), .,
Feflning: CarchlY, ¥, 7) =towes (Y Vi toweri® 2150
Checkling: [ares!Y Y, 2l ictoweriX, ¥) SomerlZ, 20}
Mefuted: (areniX, 7,50 =teweriT, T, Lemer(E, 200
Chegking: (areh(l, ¥, Z):-toweriX, ), tewer(L, %))
Fournd clause: (arch{X,T,2)i=tomer(i, L) tover{l,T]]
wfier mesrcning & clawses.
Linting of areh(X, 7 ,7):
[ren(X, ¥, Ile-tower(Z. 2}, tover(X,T11.

* The Frowledge *(argh C, 1, B)i-tower! 0, 2),bower(_0,_100"
la Jnconslatent wilh itne Incvegrity_Corstrainie
"fincenaistentf[inserc ), mreh( 0, 1, 2)):= aren) 1, &__L]]%,

Chegking factial...
Error: sissing solutden arenif (e.b,a}.je.g.0]), diagnosing...
Errar dingnosed: archif,{c,b,a),[e,8,2]) 18 uneovered.

SenreRikg for o eaver ks sreklf, (e, b,0),.0e,d,ad)...
Befinimg: (wren(I,¥1,2):=tower(T, V), tower[X, X103
Cnacking: [areh(X,? Z)}:=tewer(Z,Y), tower(},2})
Fefwied: (wreh(X, Y, Ilr=tower(I, T}, ower(X, 1)
Chweking: [ereh(X,T.T1:-tewertl, ), tower{I, ¥]}

Befuted: (arch(X,T,I)r-tower{X.I). temerid,¥))
Refiming: {arenlY (Y, 200),[VIN])=true)

Refinieg: {arenlr, [YI2], 00, ¥1¥]) =trus)

Reriming: farenlX, [Y02], [V r-towerid, 2000
Refiping: (areb{2,[Y.2:0).0ViN) ) cnrued

Reliring: {ereml®, (Y. 2,000}, Miretree}

Rafiving: {erpnlX (7, 2100,¥)i-coveriZ. 291}
Refiveng: (wren{X, [¥12]), Ulictower|l, W), toueriX, Y1)
Fefining: (areb{X [YIZ].00,¥VIN]) =trued

Refimang: farem{Y [T, 2000, VIV]) atrue)

Relinimg: (ereh{X, [7123,]100%] ) =towe=lX,X1]]
Refiming: {areb{Z,[T12),[C. VIV] ) :imtrue}

Reficing: {areh{I, T 02, 0.VIN] ) i-true)

Refirdng: (erchi{X.Y.J2.0!¥)):-vener(s,211)
Heldning: (wreb(X, T iTI0] r-towerl I, ¥}, tover(Z, Y1)}
heflhing: (areh{X,¥ Ttiatower{X, ¥, tover(Z. 21
Crecking: (archi®, Y, 2} i -tower(X, T, tovertI, 2]  recinncules bloekiZ]]

Founc elmuar: {sronf, 2 20 etewer(X, Y], tover(Z, 2}, rectangules_tlosk(X))
afier searching 37 cleuses.

Listing &f mrenfii,¥.20:
lareh(X, 3. 2] i-vowerlZ, ¥}, coveriZ, 2} ,rectanpula-_block (E]).

* The Lnowledge

frareni D, %, Flietmer| T, 1], tover! 0, 2], recianpules bloek(_0))0
i» impohsliatent with The Imiegrity_lonstreinis
"linconsistenti tnaert] aren( 0, %, Fllie arehl 1, k11",

Cneekaing faciisl...
Errer: missimg sclviion arenif. fe.p.a).le,8,870. camgmesing...
Errer caapnosed: srchif. {c,b.al.le.d,8)) L umeovereg.

Femrohing for & fover ke sreblf fe,b,m], [, 2,0]...
Refuring: larchil, T, Zlt=tower (X, V), sower(d, 2])
Coeceing: (aren{l, I I)r=towes{X, T}, cover!), I}, rectangular_block(X}}
Fefuted: (arehll, 1. 2] iatower(I, 7)), tewer!1, 2], rectangul ar_blocki¥1]
Checking: (ares{l,i.2):c-teweril, T} koweriZ, 20 . Yiacl)
Found clause: [wrcnlX, ¥, Ili-tover(I, T, 5over(2,2).T0esl)
after seerching & olaumes,
kisting of archiI ¥, Z):
IareblX. Y.l)i=bower!I, T], tower!

T.7},Thza?).

Checkiny Tactis)...no e=ror [oumdg,

Bezt fapiipenience,broe/fLise! or BRZ 7 &R,

¥ Furge Facis{x/e] 7 7.
" The Lnowletge_ base *solutions® wes eropped Tres Gore_Space.

' Furge refulec theeryiysnl 7 y.

¥ The Encwladge_tase *refcled_RYpothesis® was dropped Proo Core_Space.

' Purpe relfinement atatusiyin) Ty,

Eliminaie Ewcumdamey 7 (¥/R] h.

¥ Comstrectiion of the Knowiedge “arch®
has bers flrdames,

TES



b Ve Lasbibullé,erehl bl

Lamilpe 7 mrchiX
'

Tl
(amen{Y, Y, Ih-s

PRI ST LS IS LTI
'v.' L] -
t te retrieveitutle,aresiy DD ORTEN

rr bz b.al, Je.e,n]]
Irie.e.aldeangall

Yer

¢ [xacple B B>

¥r ordfs 1o syfnibesire the DG, the firal alep ereculed Lo Inseslh
2 TEle—Figle, Lhat 1= eh imbegriiy conslralkl. The second ALep
systnesizes the DOO From © (EQLE walng the “creste® presichie.
*he fimal migp dedustively Lifess #ll the imataneesz ©F MET.

$ Y- lisy_allildegl.

mlipereinl _0). 0}
ni]lyaander| 0. 0]
viliwalks| D), £}
vii[hovesi 8]0}

yr2
L oie inseri knewledgeilc, .
1 7- [ineemsisteniilansert].ai__tli- BiE.[ 1) pemaat_varlubleiTl), ).

¥un
§ fm iant_allliel.

tinepnetatens{{delete] floor{T}]:- venete_tepelbulld, Mlourlalll,
linteraistent [[eelete, innest updatel 0Rii.T10=
+ eegianguier_blockl 2},
aeref_kbieuild, (U], ( tewer (2,00, me 0, [11E, TE Jengehi Y1, UL, UNEET .
[amconsistessi[sirsert], s G, 1071- al 7.0]} esinr varianlel i),

Wl
5. preateleeg, 6,800,100

1 Inftinlive parastier|¥ nlT O

¢ The Imowleape_base “acloilena® wes srestec on Dora_Space.

% Tme Enowlecie Suse "rejected” waa crented oo CBPe_Space.

Hext Focbllaeslesee, bruef/falae) or eod T pifmercia wakka, []11.brue.
Crpeief TRCE(Blau.
Leper: missimp aphutlec of[hereis, walea), D11, Clagnesing, ..
Eerer dippnosed: slfbercis,welkz],[1) o wnceversc,
Searching for & cover ta allbermia,walks],[J)...
Refaning: tafl,T)i-true]
cheeking: faiE []1li-krus]
Feund claust: [siE,[]l-=true]
sfuar sesroning & clauses.
Liating of alX,¥):
»0T,[ 31

® Tha Laewlesge *iaf 0, [Fii-Lruel®
is imfenaisieft wilh the Integrity Coematrainla
srimponsimventd[insert], 30 0. 111 i- 8l 2 [hlaexiar wardsblel 2115,

Checking Fectiad, -
Errer: missing sclutdes si)permia, wallea],[]]. CLOEROILRR. .
trror dispnosec: ol merzie walis],[]) Iz vooeverec.

tgarching fer a eaver Lo sl [hersin,waiks], [ 11,
Eeranings {a{l.T)]:=trual
Coecelng: [alX.[)1:-truel
hefutess [a(X,[]):=troe]
Refining: [af{2!¥),11:-True]
coecking: (a(ITIT] 03] r=truw)
Fefuwed: |laf[TiT],[10i-brmel
hefaring: (2R, [hic-1rue)
Cheekinr: (82!} ()0 i-trme)
Refwved: (a[[X]T],]]):ctrue)
kefining: (={X,T]:=nlL,F}]}
Refinzng: (a(lX,7Ti2].0):=true)}
Checeimg: (a(lI.TIZ) Fli=truc]
hefutec: {ei[Z,TI2], 20 -%ruel
Cowekang: {s([L.YI12].[1):=true)
Fefuted: (al(X, TI2], [Jlz=true]}

hefamang: LaflXi2).fT0i=trued

creoningt (S[[X.¥3I]. 000 wurmne)
Berwies: (207X, 7i2),]]Mi-trus}
Refinimg: (af0XIT), 10 .=wiiT1.¥V])

Cheekiegt (a(lIiY¥],1)o=vi(%.T))
Foupe ciewse: (sflXET).T0-vilT.20)
Afier searChing 36 clauses.

12

Liating ef s[X,Th:
CallEiY . Ti-wdlT 20,

P otme Dmewlegpe "lafl B 1], 2 Freval 1, 2000
13 imcomsisient witk the Imteprity_Comatraednts

*iinconzistent || teaers] i B, 1o sl D0l exiot_wardabl ef 201",

Crecking fantlizl. ..
Error: misairg sclutiom #i|persla.valus] [ ]). Stagraalng. ..
tppar clagnosed: of[hereia,walen] []) Lo wreevered.

Searching Tor a cover i al[mercip.walkal, [11.se
Fefinkmg: (([Xi¥). 20 aviiy, ¥]]
Chepki ng: Eal{riy] . yr=vilY, L]
FefuLtee: (af|XI¥j,Zir=vil3. 2T}
Reflriag: Qaf{IiT), [])e-truel
thecksng: fallR, Y530 I0:-nmee)
Fefutes: [a{[Z.Ti2),[]):=truel
Bafgndog: {a1X,¥):iwnlI M), nll, K1}
Befining: 1al¥,Tl:=niX U], vil0,¥!]
Chasking: (a(I,T):=niX, U1, vi00.T10
Feund clmuse: (eiZ,7)i-g(I,U],vdil,¥])
after searching 10 cleuses.
Liaking ef a(X.T):
(#l3.T)ienlX, U}, »«i(F,T1]).

Checking Tactial...he errer found.

Mext Thetisentence,irueslalse} or end 7
al[hersin, loves, dyannaer],[ 1), srue,

Checking factis)...

Error: missing solut fon s([ber=is,loves,lysanderd []), clapmesing. ..

uery: wil[loves lysarser], []17 k.
Error dimgnoaet: sl her=ia, loves, Ivaander] 1]} i3 uncoverss,

Sesrobing [8F & eover to ol [hermie, Joves, lysander], 13,0,
RafiniRE: (S02,T)i-true)

Creeriop: (B(3,) )} =troe!

hefutes: 1af3, [)ii-true)

perarang: {al[ziT imbre ]

Cnegking:
Befwhes: (a[iX2¥],[l1i=hrwel
kefining: (alX,{1h:=trwel
creciieg: (af[2T],[11ienrue]
Rerekeg: 1aflRtTa . 01F
Refaping: 1a/X, ¥l =nlX

Pefinime: Calf®, YiLil, Lho-trwtl

Caeceing: (Al 1) 11 -trueld

Fefoed: 1af[L, 0tZ2].0 0 =tmue)
r

1,01 e-Lrne)
JdTiisvree)

Eefules: (a(l¥, Jli=true)
Rerining: (20iX r=ve{ T,V
Reriring: (801X Jretrge)

cmeekaizng: {a([Z,
Befutess |allX. T
keFining: [al®,T)li-pll. O} aLE,W))
efinieg: (alX,Tlo=n(Z 0}, veiv,Wl)
Fefipampr (aQiL Y210, Viiekrue]
Casprirg: (a([I,7.I30],00=true]
¥oupt clawme: (allX, Y, 205D i=-truc]

Efter searching 2L ELAVACL.
Lirsting of 2{1,7):

180, Ti=-niE, @y %15, TI).

I R H T

[liz=truwe}

" The Doowledage *(a(f 0, %, Pl 3] 3li-treel”
i3 inespalstent witk the Iategrity_Lénatryinis
Pl incenniateet[[irserti.el B, 100~ sl 2. 0] . extat_ variablei 231",

Chackire Tmer{a):.s
Error: piasing svlution =ilhersis,leves, lysanderl [0, disproadeg. ..
Erior Blagnosad: al[Bemsie, lover, lyaaneeri.J]) 12 uncoveres,

Tenrcking fer & cover Lo allbermia,doves lysendes] (0000,
Fefating: 1ail3,¥, 310 Fla=tres]
Cheecang: (8([2.7,2/0).0h:atrue]
releved: Lallz, 2,200, D) etre)
Cpegiies: (aliI, T, 2IH), 010 -true]
Eefutec: (afl%, T, 200). 03 i=2rued
Rerinimg: (afl2,7!3).000i-true}
thecking: (oail2.0.2105, [Fir-1rus)
hejutes: (84[X, T, 2I0],0)b:atrwel
Refseang: [s{[I.Ti2],U):=nll, )}
creeding: (a[[T,792],0):eniT,0i]
Founc clause: §s80]%,3:50).0h:=miZ,B))
alter mwarching 7 clawaea.
Listimg of alI,7):
{{X,TYVr=nlZ,ul,va{0, 7))
THES YR IR

b othe Kpewiespe Tlal[uf..t 2] Si-niz 300
ip LmespEsistest with Lhe IRLefrliy_Conzirtainia
*{ipconaiatenti[Lasert] .o 0, 100:- 81 7, []] wxist_variablel 2 0i%
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Cheening Foctla), ., )
Erpor: sissing scluilon .-t:[hlruil,'-ﬂ'!l.]l_'a-lMIF].-[]l. ElaFPusing. o
Frroe Aimpnoses- 3fihercis,loves, dysenten] [1] Ls ungosered.

tmarching fEF & EOver LO :!Ihﬂtlu.Jwt!drﬂr’hﬂ-[i]u-

periring: (allL 7120, UhemIZ,MID

checking: (ai[x,Ti2), B i-ni2.0])

Fefuted: (aliZ, T 0je-niz, U]

Reririmg: [=20{E.712). 000 c-true]

speckiner (8002,7.2100,100-true)

Beruteg: (adl¥. 7. 20} [}1:=true}

Berining: (aflTrT) Brrevel 1, Y0 0l ¥, T10}

checking: (allxind ERRECATE 98 S TR -

Foun? clauat: [a0iE V] 8wt T, VI IV, 200
sfier SEArERIng 7 cheuzea.

visting of =X, 7]
1ot Thoanl B, 00, w400, 700,
[ed[E18) 2)zmvel T, ¥ miv, 20},

¢ gpe Enewlecge =(si[ 81 11,20 :=vui_1,.3).nl 3. 20"
1s Lpeonsistemt with the lategrity_Constraints
wiinconsistent([1hsert] 80 0, 1)):= 8( 2,11} exdnt_variublel 2))%.

Coecking feetiel...
Freper ml8SLRE soiution sl hersis, loves, tysender]. (1), clagnosing. ..
trror dimgnosec: s(|hergik, loves, lyaanse=].[]) 15 uncovered.

tearching for 2 eover te afnermia,loves,lysander] []h...
Refiming: (BLIEITH,T0i-veiT,¥).nl¥, 210}
Cheeking: (BUIEIT].Z0ravtl Y, Vunl¥, 20}
Fefuled: (a{[X1T1.20eavt{T, ¥ nl¥, 20}
perimengr (adl¥1¥), Tho-vil¥, ¥l vELT. 2000
Ferimimg: (al[X,¥12),[})e=true}
crweking: (a0[X, 7, 2000,[0):=truel
Fefuted: (aflX, T, 20 [ Vbs-true)
helimimg: (ECE,The-alT, 0, AlX, M), nlX,T1))
pefiming: (al2,T!:enf¥ 0}, ni¥ W), »ti0, ]l
Rerandeg: {s{I,T)cen(X, ), nlX, W), vElK, T10)
Rerining: (A{I.YlimnfX, 00 vRilWl.nik, 2100
Fefineng: (80X, ThoenlX, U] wed U, W), BIK, Y11}
Enecking: [afl,Thz-nll, W) vt Wi, 6(8. 1))
Fousd cleuse: (a(X,Thi-plE. 0wl nlk ¥}

after searchiog 20 cisuses.
Lasiang ef all,Ti:

(X, Fl=nlE, 00, wiiU, Y]]

(afE, Thian(T ) wt[0,W] n(¥, ¥,

Crezking fachisi...hd error found.
wegt fEEt/sentecce, trueffelse) or emd 7 end.

4 pyrge Facialyiz! Ty,

The Lhowledge_base *aclutions® wazr crepped fron Core_Space.

Purge refuted theorr{xial T r.

Tae Lnowledge_btase “refvlei hypotheziz® was orepped Froe Core _Ipace.

Fupge Fefipezer: atatus[y/n) 7 7.

Lilsinate Hesumdansy 7 {¥/m) B.

Capatrection € Lhe Eoowleage *a°
miy peen flpzskes.

yesx

% f= listideg.mi_,_11.

Listipg of 3[X, ¥

{1al¥,T}eenlZ, 1,500,100
(802, ¥ cmnlX, B0, w0i0, W), 00w, 73T,

Fed
1 9= retrieveleeg, a(X.010,020).

Tirarsia.deves, nerminll
[[mersin, loves, lyspnaer]]
flmemeia,. valks] )

Illvammer loves, perstiall
lhlpamezer , loves, Iyasnder]]
[l lveamcer , walus ]
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