
DlsH:rtAUon Sulaltt.ed 1ft '-dlal ~lf111Nl\'t. 

of the llequtnmenu for \M oetne of 

f,)\Stmi OF 'PHilOSOPHY . 

1981 

VUAY KUMAJt SllDfAL 

SCH'lOL OP COMPU'I'S1l AND SYSTEMS SCI&CSS 

J'AWAHAlUAL Ni!HRU UNlV'l'mS trY 

NEW DEUIX • 110 061 



The research wl'lt ent.ttl~ •I<NO'i1LetnS.BASBO 

taOWTION SYSW\8 end etr1bodl4td ln tbl$ di&aenetton has 
\ 

bHft canted qut ln the School (tf ~·I' afld SJ&t.,. 

Sotenc••·• J._hcrlel Nebru Unlve.ntty, Hw Delhi. 110 061. 

The work le odtlna1 artd haa not bMft sublttttiCS 

tn Jtaft or full iol" any other detne .,. dlt'lOIMJ of any 

Unl venity·. 

R. So.J.~J~ 
(DR. a. SAOANANDA) 

Supemsor 

~'l~ 

(VUAY IOJtiAR SltGfAL) 
Stud.nt 

~{~, ~~~v--~r 
(PPOP. DtLIP K. ~ 

Dean 

setmL o.rr C1JMNnm AND svsms scrmcss 
J'A\1AHARI.AL NEHRU UN1VBRSI1'Y 

N£W DEtH! • 110 067 

..... 
; 



DSDICJ..TEiD 

To ., lat.• gnftd-panats 

•NSJA• and 'DAM• 

whose blenltwat en always with rae. 



I ae deeply gnt•ful to f1t1 aupei'Ylo:r 01'. R. 

sadananda, Assoolat.e PJ:of•s-sor. Sehttol of Comput•l' and 

s,n-. Scl4mcea, Jowabarlal Nctlml Untwntty, New Delht, 

••• fnnk .,.opentlon ·- efficient ouldanc. enabled 

• to COfftl)lete tbls vedt succesafully. fl'm)ughotlt mv sgy 

tn tbts S~l. I •n.Joved hla valuabl• •1199•&-tlons end 

offectlonate ne•u.a. 
I alnca~ly express Rf· gtatlt~ to Prof. Dlllp K. 

BaMI'Jlt Dean and PJ:of • N.P. Mukhe~••• ~ of tM 

School. fo~ provldlnt • with all the fecllltl•• du:d.ng f1¥ 

a\udp and paj.ect wlk. 

I t•k• tl,ds nn opponuntty to t.bank ell or IIV 

frtende and cl•st-f•llot~a for '\1\elr help end cmcoufttement 

et vadous stao•• of "'' at.tlf!r. I also thank whole of the 

facul'Y end tbe steff, eapeclelly M:t. C.A. 'Qtekuzo. S.etlon 

Officer of the School, for Utet• co-opera\lon. 

Nen, I upn•• fill dMP napeets to t19 pannta 
I 

and eld•r bJOthen. o •• ~ t\lr\l Slttghel end Shd Govlftd 

S.IOOP StntJ)tal, for their 1.,,.. asaletanc• and •uppol't 

«;JlWft to u tbtouof\out mr at.udeat.llte. 

My eput.el thenka aft also cltW to •· s.K. hpn 

fol' typlng tbls dlss•nat.lon w1th can and patlenc.. 

VUAY lQ.IIAI\ SDGfAL 



1. lNT~TION l 

2. PtfSf • OJO!R PllS>ICATe CAlCULUS 4 

2.1 Syrrt.aa 5 
2.J semantlce 6 
:l.3 Yad,oblH and OWitlfl•n ? 
a.4 Val1dltr and Set1afl&bd11tr a 

3. tHE ~?LUT!Ot'J AND rlS RBPINS!ENTS 11 

3.1 Boetc Reaolutlon Syet.em 11 
3.1.1 Substttutl.on and tM1flcat1on 11 
3.1.2 ~lventa 13 
3.1.3 The flesolutlon Plinclpl• l4 
3.1.4 Soundneaa and Completeftfta 

of RnolutlOJt. 16 
3.2 Aeflfte1Den'ta of Resolution 16 

3.2.1 S1~11floetloa st~atog1ea 17 
3 .. 2.2 Reflnemen\ stn\.eglea 19 
3.2.3 o~rtno stcateol•• aa 

4. ttm l<NC)t1Lfh86 • BASS 24 
4.1 the Knowledp Lewl 25 
4.2 The Nat.vn of l<ftOwledg• 16 
4.3 Bepnaentat.lora of Knowl.-to• a9 

s. DESIGNING THG KNOr:Le.:GE • BASS 3a 

5.1 An Ove"1ew aa 
5.2 O..itft of Ute Krtow1ed9 .. Bia• 31 

5.2.1 Thumb Rul.. 37 
S.R..a The Data-Btse 410 
a.a.3 Global O.claretton• 43 



6i CCI-JCEP'fPBllQ.CE +I 

6.1 Codf.nt and Attribut•s 44 
6.2 eonc.,t Pomatlon 46 . 
6.3 Inf•.nnce PbaM Iff 
6.4 An Eaampl• 48 

7 • THE I<N08LEDGE • BASiD RESowrtON SYSTeM 51 

1.1 TM A190I'lthm '1 
'1.2 bplan.atlon ·52 
1.3 Examples &4 

a. CONCLUSIONS 6$ 



CffAPTEil - 1 

In huun bet~•· the eb11lty of pel'foDJt.no cei"Hln 

tasl•• such es solving pua%les, ~zovlng theonms, playlno 

<r•••• writing programs Ol' even drlvlno a oa~. ls cal1Gd 

•t.nte11toenc.•. In othot words. such a type of tasks nquln 

int.elllgence... •Art1f1cle1 tntel1t.gen~ • ls tm &na of study 

tn Computer sotenoe vmtch concoma vd th JMllslno 1ntelllQtmt;e 

f.n thts ••ns• by macblnes. 
Hen wan concerned wi'th •problem aolvlno•, 1:\Jcb 

of the Art..lflclal ln\elllpneft nna,rch hat conc•ntnted on 

1t. In ita bnedeat ••••• ')robl• solving •RCOmpass•• all 

of C:O.,\Jtel' Science bcrceua& any· c~tatlon task can M 

teoald.-1 as a problem to be solved (14]. A way to lam 

about intelllg•ce le to s~udy the tJSQblem sol.S.n(J bebovlou• 

of a tn.an belfto. 

tt.ecbentcal theonm ptovll\9 ls •n important at.ibj•ct 

ln An1fle1e1 lrttellloence. tt. has long been un•o eebltlon 

to flftd qeneral · decision 'Proceduns to prove t.heonms. 

U.dlanlcal theorem proving t•chnlquee have bMn a:ptJlled to 

many areea. &ucb ae p:ognm anelyelst PI'O(Jhll synthesl•• 

ded&Acttva quenioa-en-~lng syetdt, p'-'Jbl.,.solvlno aystttmS 

and Fbbot tectmo109r. nt.e• teohfttquea an finding 

lncnaalng num~r of app11catlons ln nal 11 fe o1\uatlont [ s] • 

A majo~ bnaktttJOUth 1ft --..nlca1 thMnm pnvlng 

was made htf Robinson [1"1] 1n 196S. Be devet-,1*1 • single 

lnfennc. xulet called the •neolutlon prt.nclpl.• • • which 
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-.a shown to be highly efflotat eftd eetlly lapleent,able 

Oft ~·n• Slnce "heft m&l\f 1u.tpHVGil'Mtt8 of the ~osolutlon 

pd.nelple bave btten made. 

Tbe eppllcetton of Data Base cortC4tP'tt 1n t'h• fltld 

of AR1f1c1•1 Int.,111gence 11 lncreeat.ng rapidly 1n neon\ 

yean. These d-et.a-b.eeta an conceptually dlffennt end 

thftnfon theY an knowledQe-baaea ,aa tbty sn pOpulal'lf 

kno.n. Th1a won is an effen to develop a nsolutlon 

srst• used on the appllcottoa of the knowladt*-ba•• to 

mak• 'Ute tmp1~tl0ft of the nsolut.lon f)rinc1ple osleJ', 

t:1on effto1et'lt., 1eet-•xpens1 vt end t.t.me-aevtng. 

Formal end logical models an bctooad.ng tmpodsn\ 

tools of Coulputer Sc14mc.. tn ~st.lculttr. tben aeems to bo 

qult• .a ffl/lfl concepts and modela ln ~ltc 1Q9le .tdcb can 

bt used for mcJ•lllng problea& ltt end.· ei'Ound Coaputer SclenM. 

1ft our work, • bow ueed the flht.oldet pndl.cat.e calculus 

due to ita efJlq)llcity end power of apftsslon. rte beva 

~lied to give a tJr19f lnt~uctlon of fl~st-oldes- logic ln 

Chepter.a. 

In Chepte:a-3,, we bev• "J)l"OduMd t.he nelutlon 

prtnc1pl• end some Nal"cb a'\rat-,lee, whlch on also being 

lmpl..,.,ed tn our knottledoe-'-•-' nsol\ltloft IJ&t.em. 

t._ heve tlwn e brief d•scriptlon of wbst. wtt 

Men by the· •tnowlectt.-baae'• 1n Cbapt.... In Chapte•~• 

we •k• e bl'lef euxvey of knowledte-besfla eo fer tq,lemented 

br different pJ"Ogr.-s, end g1ve the deelgn of U. knowledg .. 

baN of our eyetem. 



At e perticuler domeln of pmbl-., upon. wbleb 

• wish to apply the &Yatem develof*l bV us, ·~ have chosen 

a syetem, called •tonc;eptf•nnee• • w!dcb hat bee ·d•veloped 

tJr Sedaunda end Maba!Ntla [ 18]. In Cbaptexr..6, q glve a 

brief tnti'Oduct.lon of Ccm~feftftee. 

We have Qlwn ~text of tho aloor1tllll of tbe 

kno\vled9e-beHd nao lutlon ayst.ea, olontaw1th tte explanation 

and two ••atUPlea of tts eppltcetion, lo Cbeptoz-"1. .lJI t.b.e 

lest chepter, we have 118de our COl'.mMftts end concluaione on 

the wodl done and elso cl1&cusaocl about tbe furtbel' posalbL-

11t1•• arlelng o.tlt of ovr effol'ts. 



Solutlone to 11aftY pnblems mlgb' nquln loqlcal 

analyela. Por -tbls. purpose,"• need some klncl of fol'Rial 

lenguaoe, ln \~leh .. ~ ean etate prelee&: and mat• valld 

toglc•l deductions. The •tlnt.oJder l~!.c• Ol" *flnt-older 

pftdlceto calculus' l& e system of logl«; ln whlcb It 1s 

t)Ossl ble to eJq>nos much of mathematics and manv ete"tementa 

of evexyday lan;uage. 

Conetde:r tbe fo 1 t.owtng example of deducttcm of 

statements 1 

1) Ram 1& a man. 
I) Evesv man ls mrtal. 

3) thenfon, Pam te mo1!1U!l. 

Let us denote •• it a men• bp tV\N(a) and •a le 

moJ:t.al • by tclRTAL( x) • '~'heft• -. can npnsen't the abcmt 

net.eents as t 

1) rwa(Ram) 

a) 'lrJ •• r"Wtt •>• mmAI.( x) 

3) f~RTAL( '-) 

when symbol •v• means 'foJ' •11 • end ••• meena •t.mpltes•. 

In t.hlu examp1a, •r~.AN• end •t.nflTAL' aft 1pl'edicat••' • 

1!1htch can have ·values 'TJUe' ol' 'Faltse't '•' 1s a ·~liable•, 

whlcb can have any value ln its nngea and •Ram• 1& a 

•constant'• Vfhld'l denotes e panlcul&"C value of val'lable •· 

Thte syst.a has a nu~~ber of Nlee of lnferenee 

that e11ow us to make valid lotlcal deductions of n-. 



&tat.nent.a fi'OtQ e set of given st&t~u. Beceuae of tta 

C)eMra11ty and logical ~t't the predtcat• calculua 1& WJY 

sultable for e w1de ronge of epp11catlons. Now we g1ve the 

&yntax end eemantlcs of t.be ftnt-otder pt'Od1cete calculu4t 

2.1 SYNTAX 

Tbe btalc elpbabe~ of ftnt.o.J'del' predicate 

c.lcu1us consl•t.a of 'be followt.ng •et of symbols t 

( l) ~ct.uettoft Dlll'k& a • • •, '( • • •) • 

( ~) Lottcal symbols • '"""'(not). •••( l.alplles), 
• /\'(and) • •V•( or) 

( 3) Venables • •• y, •• ••• 

( 4) Cona\mt.e • a, b, c, ••• 

( S} Pwtctton lett en 1 f, o, h, ••• 

( 6) Predtcate letten t P, Q, R, ••• 

Uslnt these &yllll)ole we can collstwct manv 

•xpnsalons. Some· classes of such •xpJU:slons en deflnecl 

es follows • 

1. Terms ' 
(e) A constant l& e tem. 

(b) A valiable 1& a to~. 

(c) If f la e ftme'\1tm ayabol end t.1 ...... ,tn•" ~1. 

an toms, then f( \ 1 , •••• • 'n} is • tem. 

(d) No othel' expreaef.cms ere 'teas •. 

2. Atomic fo~les (o~ A~a) • 

{e) A ~red!e~t• .,mbol ts an •tomlc fo~la. 



(b) If t.1••••••'n•" ijl• en tel'll& and P ls e pndlcat. 

.,mbo11 t.hen the expression P(t1 ...... ,t.,.) !s eft 

a'\omtc follt\llth 

( o) No other eapnsslOM on atomic fomules. 

3.W.ll-fomed formula• (wfft) 1 

(a) Aft af4111c f omtala le, a wff. 

(lJ) tt A la a wff, so 1&-vA. 

( o) tf A end B an wffe.. eo 1& • { and hence. alae 

AI\B and A Vlt . because A A S. ""'( Ari;tw~8) and AV 811 

(..v A)_. B} .t 

z.a SSMNTICS 

fo make •lt-fonttd fomulaa meanlngful, we baw 

to tnterpnt them 1n terms of •domaJa' end •estl~t.e• 

of ti'Uth values to con•tente. function &ya!l»l& sad ptedtcete 

syebols. oceud.ng ln a fo~~~t~la ln tbo ftnt.oldet logic. 

Tbo well..foi.'IWJ fonaulas en said to h4ve the valwt •r• OJ' 

tp• d .... lftQ .on ~.bel' the easertlon.a el'e ·~t.JUe ox- felae 

ow:r the domain. 

2d&a&UQD t An 'lnterpntetton' ol' e 'IIOdel' of a all. 

fol'lled fo.l'll\tla w in tht! ftrst.older l~tc constst.s · of a 

rron-apty dOt!Oln o and eft •aslgnaont of veluet. to, e.ach 

c~nent, functlott symbol artd p.ndlcate Sf'lbJtl occudftt(J 

tn n •• follows t 

(e) For every constant ayarbol, we acd.gn an •1-..nt 

in o. 
(b) Po~ ovesy foftotlon symbol, we esslgn: e tltpplng 

fnm Da to o. wb•n o".ox-o. x ..... xo, n t.1mes. 
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(c) Po~ eve~r pn6lcet.• $flllbol, • eauon a aapplftl 

ft:or~ fit to l T, P j • 
Th• value of • ~atomtc weli-foi'CIUtd folt!Ula can 

"- coeputed ncus-alvely fmm '\be wlu•• of lts COIIpOftent 

foUN1es. In tbts computation, we use the fctltowlfto 

deflnltlOM 1 

( l) If X le env wft. tMn IV)( ( ..... •not x•) has val• 

T, lf X has value P oftd N X has valu. P,. When X 

hat value t. 
(2) tf x1 and x2 an any wffs, then the Yttlues of 

x1 v ~· x1 "~ and x1tJ> x, era otven, bt \M 

following •tiUtb table• • 
xl Xa x1vx, "l''Xa x1•xa 

T f T T T 
T , 1' p , 
p T T p T , , p p T 

2.3 VA.tt.IABLES AND QUANTIFIEflS 

Soaetllles to emphaslao t.he domatn o. • apeak of 

en tnt.ei'J)fttat.ton of thtt well-fol'lled folmUb over D. Mltm 

we ev•1uate the tJ.'Uth A~elue of a fomula ln en lfttezPnt.a

tlon over the domain D, ( ¥ •l wtll be lnterp~<tted ae •to .. 

all •l•cmts • tn o• aNI ( 3 •> os •then oxtne an eltmen\ 

• tn o•. Tho »lon •v• le celled tho •unlwnal quem1f1er• 

and the cornepondt..no variable. hen •• ls called a 
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'Wllvonally quanilf1ed var.lable'. The slgn • 3 ' te ea11td 

•eatatetlal quentifl•~· . ond the ~l'nepordtng variable le 

call.S n '•Jd.stentlally quantified variable'. 

Fo• lntoJ~pfttat.lOft ()f a we11-fo1Md fotmule 

eMrt.elnlng quantlfl•n owr e doealn o, 1n addltlon to abo• 

IMJ\'tloned JUles, • use the following two mlee to avaluat• 

'the well-follltd fonule • 

( 1) (*a) t1 le evaluated to t lf Ute tmh value of 

t~ te •veluated t.o T fol' ewzy • tn o, ot.beNI.se 

lt le evaluoted to P. 

(2) ( da) !11• •valuahd to T tf the tMtl value of 

tv i.e r for at lust on. x 1n D, othelWS.ee lt, la 

evelue\ed to P. 

e, \l'Vtb •abltt me\hod we can show thnt IV ( ¥a) 

P( x) elwaya has thtt HtllO truth value as does ( :1 a)f-'P( te)), 

Stmilarly, rv( .:j X) P(•) and (.VaJ ( NP(ic)) an equivalent.. 

a.4 VALIDITY AND SATISP'IA8%LtTY 

Qdlea&Slta 1 A wll-fo..O fomule S.s called 'valid• lf 

1t hils tho valu. T for ltt ell lnteJPntations. 

Thus \h~ well-foi'IHd foaula PCal~ (P(e) VP(b)) 

ls velld beceuse lt. alwaye baa the value T nvaldlets of 

lts lftterpft\et1on&, aa lt may be shown by the \Mb tabl•. 

Bt t~ -bl• mfftbod we can elweyt dtttelldne the wlldlty 

of • well..foftled foJ~JUle ~bat do•• not conteln eny- quantlf1eJ'. 
\ 

t:ilwn quentl fl. en occur w ce not e lway• dfteJid.n the 

valldtty of that well-follled fo~~~Ula, beoaus• than do•• m\ 
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edet..,., oenenl N\hod to waluste the value o-f ell of 

·t.M lnft.nite tnterpm~t1Gns J'epnsented bv t.l\e quant.lflen. 

1be veltdlty of certain kinds of fo-..le& containing 

quantt.flen csn M de\emlned. t\ has been shown thet lf a 

. W4111-fo....S fo~ le lftfect. w11d tbtn o PI'OCedUI'e ed&ts 

fol' venfytntJJ lte valldtty. 
' 

PtUai:Ji&QD • A well-folmed fosmula o !s uld to be 

•nttsft.eblo' ol' •cons1stent • • f.f then o'Jdett an lntos

p,..etlon 1 of \V such th&t whee a value T undel' thls 

!ntei'J)ntetion. The l'*'eJ"Pn'ta'tlon t 1e seld to be se.t.lefy

lng o. 
QIQnbiiD. a A wll-fGs:mef formula tt le · ·Hid t.o bo 

•unsatisfloble' or •tnconslat.ont' if then exlets no lnto• 

pnte\J.on m1afYtnt o. 

tf the seme tnteJ"Pntotion satlaflea e4ch wff tn 

e set of wffe. then • say that thta 1nterpn\at1on setteftes 

the set of welt.fomed fomulas. 

PlfSDbian 1 A ue11-fomed lomula \1 'tootcetly follows• 

fi'Oe e sot s of wll.folmtd tonnalas, lf ew:y lrttei'PJ:ttetlon 

satlsfrlng s elso sat1ef1ee w. 
A 'proof'• \hst a welt.foxmed formula o ls a 

loolcal consequence of a gtven se"t S of wffn, ta o 

deeonat.•atlon that \7 logtcally follows fi'Om s. Glven n 

arblti'&IY wff rJ end en el'blt.rszv set s of wtfs, unfonunatftly_ 

· tbeJe can exlst M effective procedU<m tmlGh mer· alttays 

deeidt whether n 1og1ca11y followt fftll!l s o-.. not. tf t:l dNa 

follow fmm s, tbon there en f)-J:Oced\ll"e& thot wlll al\11af8 



detctc\ 1t, tN\ 1f t1 does not follOtf fJ'Oftl s, theM p.o-. 
dun• will not always 1M: eble to flftd thts f4let• 

lba• • A wll-follMd formula \1 loglcally fotlowe ftom 

a set. s of ..,11-formect folmtllaa, tf, end only 1f • the e.t 

s v(~ o) le UftanlsfUtble-. 

The above tbeanm te vazr useful to detellllne 

wh.ffthor Ol' not e well-foi\Hd foi'IINla tt followt fnur a eet 

s o.f wffo. To show that \1 lC*Qlcelly follow fi'OID s, • 
wlll show that s v ( ,..; W) la unast1•f1.e'b1e. In one~: to 

ebow t.hst a set s of welt.fol'lled fomules 1& unsettef1eble. 

w ft'Uat ·$1\oW that then extate no lnWZPnt.etlon for which 

Mch of tho wffs tn s baa tlMth value T. 

Portunlately • sOM vezy powel'ful 'Pftcedvna do 

exlat t.o pe.rfom thla taek. l'heae pi'OCeddflt demand that 

well-foJaed fOI'lm.tlea in o set be ·pV\. tn o special foftl 

called •oleuH fom•. Pol' t.he procedu;re to conwl't a 

wll.foftliCS fonula lnto clauM fom nacter• en nten:ed 

to [10. 14]. 



3.1 BASIC 1\re?Ltn't.t»~ SYGT&V! 

S.. of t.be ~'" of Psoo•eant.no e compUt.el' 

to pzove tbeon.s concom Anlflclal Int.ollloeJ'lce end 

deductlcm. t1rltlng & Uteonm JtJ'Ov!ft9 pl'OgftUlt whteh uses 

ma'the&tlcal 10f31C alto. us to study deductions tn tt.t 

puna't fom. Deduction 11 important becauH l't playa a , 

ma.Jol' I'Ole ln solving uny td.nde of pi'Obl-. and not. only 

1ft l'..ethematlce. Pd~ thls purposo the. pzognmmel' may devel~p 

powerful, natural, 1ntu1t.lve Inference zulea to wbtcb 

heulia'tlcs can be eddod ees1ly [2D]i 

The •nsolut.lon prtncl.,l•' 1& su·ch • pOWe'lful q 

end nat.uul avle of lftterenctt, whld'r was developed by 

~blnscm lt1].t Poughly s'f')8ak1ng, the nsolut.lon t)d.nctple 

draw h I'IOat. @orteal J'O&$lbl.e concluelon fi.'OID t.wo gl wn 

a\atements. '~'he conclualon and \ho two st.etewsents .fJGn&ntlly 

coM.aln vadeblea. TM nsolutltm pdnclple S.s mon 
natunl, mre in\ultlve and uele• for ptOple t• ""than 

en tbfl lnfennee aulae used by urllet pJ.iOtr-.. Ful'tbol'

_., lt ta eea1u to th!nk: of he-udetles to add to the . 

.-solution p.tnet-1• [20). Befoze d1scusslng the tetolu\lon 
pd.nctple, we dlaeu:ss below the un1f1cat1on and nsolventa. 

3.1.1 !MJldi&GiaD 1111 1lJJifiGdlOU I 

The process called •unttlcatloa• le a b&alc PDr:t of 

the tomal eanlpu1a.t10M porfol'lled 1ft obta!nlng. nsolwnts. 

t'le abe11 nf•~ as 'llt.eral" an etomlc foJ1!lUlo o~ lts negatlw. 



Tho \c .. of e ll tonl can be Vttl'leble lett.en.. const.oa\ 

Ht.~en or •llPftsetons constatlno of function lRten and 

t•lf!S· A •subetltutlon instance• of a lltenl 1& obtelntd 

b¥ sobstlt.u\tnt tom& fol' vaneblee 1n the ltteral. Pol'· 

eui!Pl•• a auklltl.l\101\ lnet.anc» of the llte~al P( a,f(y),b) 

c-,utd he P(a,f(g(a)l.b) ln whlcb •aJtable 11 baa been 

subttttutecl by e etm&taftt. •a-• end. y bes beoft eubltlt.u'hd 

br • tem Q(&). 

bllDb11D 1 A 1 aubet1tutton• e S.s a finite set. of ordered 

paln [ tt1,v1) •••••• t~n'vn)J , wl\en t.be pat• (t1,.1) meaftl 

'\bat the vad&ble v1 is ~~ly substituted 17t the tem 

t.1 end no two vanables en thee .... l.e. lt'J .. v1flttj·• 
Pox example, tho $Ubs'tlt.utlon vsed ln. abOve 

example tG obtain an lnstence of P(a.f(y),.,) 1a~•[(a.a), 

(o(a),y)}. 

Qsi&J!Uism t The •compoalt.ton• of 'two aubstttutlona d.. and 

fb • dwmoted by ol.f> , l& 'thet. tubstl totS. on ob\eln«< by 

epplyJ.no (?> to · tb• t~•• of o{ · end tben eddlt.g 'thGse peln of 

~ • whose vanablea do not OCCUI' 8IIOft9 the varlablea of o< • 

f'oJ: eumple the composl-t 1on of o\ •{ ( ot ••Y) ,w)} 
end ~ •f(e,xl. (bt'V),(c.w)5 ls ot~ • {<gta,b),w),(llta), 

( btY)} • If e sub.sttt.uUon 9 le appllod to eveJY •••~ of 

a eat t.1s of litenla. • denote \be l\ft of subRJ.tutlon 

J.natancn by { '-t..1 9 • 

Qlf&Di&ka\ 1 A &et of l1itera1a l&..11 t&· uld t.a be •urtl.fleble• 

lf then exte•• e ·aubstlttrt.ion e such th~t S,.o-•1-aa-•••••--"nr;• 
In such & C,M, t.be a:ubstltutlon f1 Se aald tc. M a •untfl•r• 

of { L11• 
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Po• exempt•• 9- • ~ (a,x),(b.y) 1 t.ll\lflet { P(x,f(y), 

o) ,pt x,f( b) ,o) 1 to yield { P(a.f( b),c) J. 
etfkll!AID ' A unlflel' .A of a Ht of 11terela l L1} te 
Nld to be the 'st.fot'leat• o.-. ••st:-oonoral untft•~>• of [ L1J 
tf. for ewsr unt.flel' e- of f t.1J, then exlets e substlt\1\lon 

S such \he'\ \ Lf.\~b • i L11 e- • 

The co11m0n lnstence produced by • eat.oenerel 
unlfl•l' ts unique except for all)habet.1c variants. Po.

•~le, the eultstltutton ~•t(b,yl1 1& the mos~enenl 

uniflel' foso the set of 11\enla ln tho above mentloned 

.... 1 •• 

Th•n 1• an algt\ri:tbm, called tbe •t•nlfleot~on 

algortthll• that pmduces tbe O'l1)et-genen1 unlfler ?\ for a 

unlfleble ut \ L1 \ of 11ten1s and l'epona feilun whan th• 

ao\ le not. unlfleblo[$,1T). 

2tfta1Sian • If a sublet of tho 11\e~ela 1n a cleuse tL1\ 
ls unlflable by t.he most-genel'el unt.fter /1 • then w cell 

the clause { ~~ \ ~ • fe cto~ of ~ 1.1\ • A clause may have mon 

them ono factol' but only finlt.ely manv. 

3.1.2 ilaa&WIDla • 
VJct can now define th• process by t:mlcb we can 

s!)ftl(t\laea S.nfer t new cleta•• called e •neolvent•, fiOI! 

t• Olwn clwsee, celled the 'pc""t clavsoa•. 

RtiiDll.Ja'A • lA\ the pennt eleusoe bo \ L11 and { UJ l eftd 

nc vad.ebl• 1& coanGn ln the two eleuee$. StAppoco thet 

\ 1t\ ~ { Ll ~ cmd t mj ~ f f Mj ~ bG two eubeeto of [ L~ and { '; ~ 
napoctlvely, auoi\ t.hot e most-gonoral un!:flel' 1\ exlots 



u 
fOI' tbo aet { l1J U t rvlf)J J • then we sa, that the olauses 

\L1) an4 ~ a,) 'nsolw• and that tho n• oleuse 

[{Ltl1s.}l)t U [ l Mj1•{•j}]i\ 
l• e nulve11 of the two clauses. 

n. nsolv:ent 1s en •lnfel"nd cleute• and the 

r>~c:ttl& of fo.U~ e .neolvert\ 11011 •• ps~t~nt cle.usea it 

cal1.0 •nsolution•. tf tJSO olouaoa nsol'Ve ~er may beve 

eon than one resolvent& because tbon _,.be •n then 

one ways to choose { 11) end { mJ}• ln. lJftY cane, t.her oen 
he.,. et ~Det. a ftntte ftt.IIJ.\ber of naolvente. 

As en ex-.1•• conalder the two claus••• 
{ L1\ • _f'(a,f(a))VP(a,f(y)) VQ(y) 

_ · 8ftCI {MJ\ •.-vP(a,f(a))VN Q(a) 

then ere foul' different nsolvents of thq• '\\YO cla\Jtea, 

•• followl.ftt s 

( 1) Pl••f(y)) VQ(y} V'(\} Q( a) 

(2) P(z.f(a))VQ(e)VtV Q(a) 

(3) Q(a)V"'Q(a) 

(4) P(x,f(ta))VP(•,f(a))V~Y P(a,f(o)) 

If • resolve rv P(e)VQ(a) swJ P(e), • oe\ Q(a), 

-1ch le tb• UM· thtftl(J as lnfernd bv P(e)" Q(•) (which le 

- «~Qlvalent to ,_,pte)VQ(a) ) and P(a). Thus we eee tbe't t.he 

reaolutloa is noWng but e genen1 aule of infennce-. 

3.1.3 !b1 llea~.fi&DG&II& t 

As lndlea'\ed ln tect.ion 2.4. we dealn to be ebt. 

to find a 0100f th&t a wll.foi!Hd foJmula ·w tn the pndtcau 
celcula logtcally fo110\lfa fnm e sot 6 of wffa. Foa- tht•, 
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It ts euffldent t.o show that tbo sets \l f"'r1] 1• uneotls

ft.able. Tile procees IJ\ol'dfto the unsatlefleblllty of a •• 

of cl.-una 11 called 'nfu\atlon p.I'Ocess•. 

It us beM ~ thttt if w add tn an unu'tle

flable nt S of clauses J!l\1'0 claus•• genera-ted by tb.o 

nsolu\lon bet.weeft tbe petn of s, then the MW· IR w111 

etlll be un&&tlsfbble end lf we -.ntlnue to pelfolm 

nsolutlons Oft tho sets thutJ obtelned, then we will eV'Gftt.ta. 

ally geMrete tho empt.y c14use. deno'ecl by 'NIL•, lhowlng 

the unutlsfleblllty [$,J.O.l.4,11}.· 

Let ua dettote bf R( S) t.tw unton of s \'d:th tbe sot 

of all raaolvtmts ebtalftlblo bet.WHn tho pain of cleusn 
tn s, and by nl(s) we MSft ii(R(S)) etc. Then. lf s lo 

unutlsflebl•, • an guannt.efld cor soma f1nlte n. tttet 

'the emPty oleUM will be contet.ned in It"( S). 

1bo grepb showing the process of aosolu\lon ls 

eeUed the •nfut.e.tlon gnph•. 1be nfut&tlon 98pb fo• 

\he unaatl.aft.able nt {at •) •"' e( •> ve( J(), ~C(a) \1 D( b), 

rvC( c) V S(d), tvO( t~)V rv S(y)} ls ahoMa 1ft ftg.-1~ 

eta) ,.,B(a)V C(x) 
~· 

N C( o) Vn(d) C( •> "'C(a) v D(b) 
·~~ 

E(d) D(b) rJ Dt•) \frV e(y) 

~ 
r.JE(y) 



'' 
3.1.4 §atllt!!UI.!J!I;. Cf.m!RJd:l!rJW.JJI ,luSJut.liD I 

Sowldft••• fmd completeness of the n•lutton 
principle •• establllhed by i'oblnson (l?]. The nsolt.t\1oa 

cntnctple ls sound. becausa • cla~~M locJ1oe11y !aplles 

etch of lta factors el\4 two cltuses, 'tk.M 'oo•tM~. ltaply 

each of the11' naolwnte [a>]. t• ls also celled .complete. 

becauta lf tb• odg1nel set of clauses 1s uneatlsflabl•• 

t.hon t.be .empty· cl•ue• wlll even\ually ba pS'Oduced 1ft •· 

flnlte numbozo of applloattons of tho nsolutlon p!'lnct.ple 

end 1f the ~Y cltus• te ~ pi'Oduc-' tbtm U. oJtglnal 

ae't of olaus•• must have bHn· unaaUsfleble. below • 

stau \he completeness thec:rtmt without pzoof. 

DIUE ( Completonees of the nsolutlon pdMlple) · t A set 
-./ 

s of cl...,.n ts unsat1eftable tf. end only lf, then ls e 

deductton of the empty oleuse fmm s. 

· ( Tho pmof of tbe theoftll la aV.tlsbl• ln tbe 

llteatun [5,10.141t11 J. The thtofttl lmpll•a 't.h&t the 

gener-ation ot ~ty clause fnli o set of clauMs br 

n~1ut10ft 1a a nness&JY .and aufflcterrt condl\ton foa- t.M 

m bolno unsetlsfleble.. Tbenfo:n, to ett.a·bll•h the 

t..tnut.laflablllty of e an of clawn we haw t.o podom 

only a fin1t• ftllflber of flppl.lcatlcms of' 'U.le psolu.tlon. 

3.2 REP:mau:MTS OP iWSOLU'i'ION 

ta nctlon 3.1.3• we hew sMn tha't our ••e~c h 
for e ~etlon st.ans with a set s ot clauee$ end addlng 

to thts set atl of the resolwm• fmm the pall'S of claiJSeo 

1n s to l)I'Oducct the eet R( S). Ned. .ell of tho ntso1wnts 
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a.twtn the peln of eleu~es ln R( S) wl.l1 be ad4td to 

pi'Oduce V.• Itt\ !\(R(S))~S), end cu .on, untll we OR 

an empty clauM. 1bls type of seel'eh 1& usually . 

1mpr.-actlcel because tho sets R(S),rts), •••• 91'0W too 

ropldly. At tble pleee, we will ctms1del' ~ p:eet1ea1 

woya ln which the beaic l)IOcedun ean be altel'ed keeping 

souadness end completeness pftaerved. 

Pint., l'Q8 will defltte some termlftOlogy •· 9p a 

•ns~nctloft' of .,soceduft P we..,,. a pnc:tldun •tch 
otMratea e. eubte\ of deductions of P tol" all Olvtn aete 

and a l)I'Opox Sl.Jbset of deductions fo.- ei least one tlwn 

set.. A trefl~nt• of pmcedtmt P l• tlt.hes- a netlictlon 

of P or • p!Oeedun that sSaply noll'l•n tho dewlopeent 

older of ded-.tctlons •aaoclat.od wlth P. Somotlws. we 

'ftfer to e n.ol'derlnt nft.fteaent ea e •stntew•. 

Pnetlcol fii'OOf pmceduns depend Oft Mei'Cb 

at.rateglee '" apee4 up e nai'Ch. l'heM at.zoateglea are 

of thne tyr»st &lfl!;)llflcatlon stnteglea, nflnement 

atnt.eotea end o~erino euate;J.ee. Hen we pnaent a 

bdef dl$CUI&l0ft of those at~~tegles rihlch •n easily 

opplle&ble 1ft tho knowlCJdt.-b&eed nsolvllon qste11 

descnbed in this cU.esel't8tlon. 

1.2.1 lia&l.fia~S&a.Br.u•t•a • 
SometlMs e nt of clauses cart be •1ep11f1ed 

jun br elbd.na'tlon of certain clauses ol' lltuel& lft 

the clauses. llesolutlon it Ute •n •1lolble J)I'Ocedure 

fos- '&tlcb elbatMttan Nles. 'lhen s!.mp11flcat1oft an 
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eucb that the stmpllfled set. of cleuos la UftPttaftable 

lf • tnd only lf.. th• ortglNl nt 1s unsatlafS.eble. We 

contlde~ them hen briefly. 

(a) fiiii,Jtl&aa& lillm&IISita • A literal L le celled 

'PU.n' tn .e given set of oleuaes lf lt ball no instance 

\'td.cb 1•· compleenta~r to an &astance of enot.her Utqral 

tn the set. Cl•u•• conutnlng 1Nft llt.enls can eafely 

bt ftJIOved at anv \lme !n th• pncet• end this ,...,val 

tmtaoft'f.ta the unsetlafleblltty. 

(b) ItMMJ.o.a .IUBDIUaa 1 A dauu la called to be • 

'tautologv' • if lt. conut.ne a lS:t•~l end Its eompl-.nt 

totb. Such olaa• may be ellainated ln tenerel nsolutlODt 

bo.w~ n:ot always [10), wt:Uaaut hltttng tM uneatleft.-. 

blllt.y of the set of cleun$. The cleuse like P(e) VQ(&) 

\J ,.J Q( y) may et once be J'ellt)wd fna tbe set. 

(c) iull•\llld Qauaa·. DJaiDaSlAl\ t 

Rd&D&Siml 1 A oleu•• t Ls, \ ·•aubeUM&' • claun \ ''l ~ lf 
thea exlst.s a eu1lst1Wlton t1 such the"\ { '1.1 9 c. { MJ 1 • 
1ft such • case clause \ •.!\ le called e 'subttD«t cleun •. 

Pozo eUJ~Pl•• P(x) s~ P(y)\J' Q( a). 

A clause 4ft s aubsUIHd by enotber oleu" tn s 
can be elltllneted without affecting -the unnt.1efleb111ty of 

the l'ftl of tbe eot., Bll•lnatlng ClauH• eubsl.lled by othore 

f ...... tly leeda to &Ubatantlal nductlons 1ft the fMibel' of 

. neolut.tona to tMJ JMI'fttllltd foX' findlnt a ;tZOOf. 

!be •ubsuap\lon algo'l'1tle1 t •.•• an alf()d:t.ta. 

\bet t.eata 'Wbe\ht~tr or not e cla\tH L aubsurotM ent.tthel' r;leuae 
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Mt ls glwn ln [&]. 1ft ,.,.nl, tevtoloot•• may be 

e1llll.ftatect •• soon aa they are teneJ:ated dul'tag a seanh. 

but ~ eleuaes should be ellalnatfad only eftel! .acb 

•.twet• bee been coaple\ed (14)~ 

(4) Iedb IUI'8ll1D. Uledldlal\ • SoN euthob lftti'Odu• 

•llmtns\ton zules baeed on evaluation of lltelel 1n some 

lftt.ttJ:l)l'e\&t.10fta, bKeuN tt le soeetlaea poeatbl• t.o eeally 

.,.lUBte the tl\lth ve1ue of ltt.enle. 'Q\o zule 1• eteted 

•• • OM can olbd.nete the: derived clouse tlllch eontalna • 

11t.•1 that. ls ovaluatocl to ·•t.ne• ln the lnteJ'I)Mat1on 

end •lildnate e 11t.en1 in a den ved cleuee lf lt S.& •false · 

tn the tnte~zetotlon. 

3.2 .l. fttfiDn!tllt. S~DIIGIII .• 
fieflftOlHflt stl'.tell•• stete 'Ulat not. ell of the 

posalble nsolutlons Med to be perfo...S ln .ozd•r to ff.nd 

e ~ot;lOR. In other wom. only naoltltlons bGt_.n 
cleUMe t'DHtlfto eena1n .mted.on need to bet ped"D'Ied• t'
shall denot.• by Re(S) tho UftlGil of s wltb tbe ••• of al~ 

ns(tlV'lltft'ta a.-.. the pain of s aet.lno edwd.on c. tie 

tiote \hat Re( s) £ Jl( S) • Such a atntegy t.e oa ll.S • nsolutltn 

nlatlve to c• and • comput• a!<s) etc •• until for &OM 

"• ~s) contelna the npt.y cleun. 
the J»>ten•tal value of a ~eflfte~~ent .tntGQV le 

that,.,__. z.s1)1utlon• need t. pertolfled et eacb lctWl. 

A nftneunt. stratew ta uaeful only 1f 1\a use nduces 

th• total M.ol'd\ effort lncludlng tl\e . ~~~on needed to teat 

eplftst the erttel'lon c [u] •. ·Hila, we consld•r one •Jor 



ftftftaeftt. atretotr thttt 1s vesy much useful fol' the 

tmowl.SV-.besed nsolut10ft syst• of tJd.• dtsnnatton 

\ 
6MIDIY=fi&Hai. Eta 2ardl • ~ 

{ q .. 

A •..,lution pzoof gl"aph' o~ •nf~10n 9nJ>h• 
j, ' \ 

is e a~IUC'tun of. no4oa, each nocle being a cu. ~·~\\ Nod. •• 

t.n the+ tnpb bavlftQ no anceatttn an oell.S ttl~\~-•, 

which ln f&c\ con:eapond to cleusn ln s, called ~~,.._ 
clauses •. 1'tMt node ln the gnph havlno no d•scenctanta ls 

celled the 11'00t Mde• and t.t corneponda. tt.t the clause 

that t& p~"' tl\e o~raph, possibly the empty clause. 

itfli&Simt 1 A nfu\atlon graPh ls called to be lft 

'Aneeatay-Ptltel'tld' (AP) foJI!l t.f ••cb nod• tn the graph 

co.-rosponds to ei 'the I' of the followtno t 

( l) e be.._cleuse. 

(2.) en lmmedlat• deseendant. of· o 1>:1s~elauno, 

( 3) a la!ledlote d4tlcendmt of tw9 ftOI').'btJM olauMa 

A •nd a stscb thetA la an ancuter r;.t B. 

A bll•• c\auu c Ia an Al\.to• tm'Db is called e 

'tttp Md•' tf .WJV otber nod• in th9 t.ne la •J.tber a bee• 

cleuM or o ct••.,..•• of c, n. 'thftnm tlva below 

cleS. tllat en AR..folll refutatlOft 9hl»h slwaya edsts '" 

•nv tmn'tleflabl• ••• of eleuan~ ntenfon, a nfl~ 

stntew based on •••rchtfto fo~ AP.fom. nfutatlon g .. apb 

11 complete. 

:r.balll t Lft G( MIL) be .-. nfutetlon t•tth fo• en 

uneetts.fleble set s of cla\IMS end lft. C bt a. claus• ln S 
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OCCUI'lf\9 1ft G( tl!L) • theft a I'Ofu\8\!oft gftph G '(NIL) tn 
AP.foam exlsts fo¥ s wlt.h e as e top node of o•(N!L}. · 

Pnof of the ataow tbeote caft· be found 1ft L~) 

•• stated ln l14 ). Tzuatlftg on t.he abaft tbeo~ we can 
ntttlct WI' search of pnof for the seereb of AP:.folll of 

the nfut&\lon 9npb. t1e m.te that tbe eb>W t.beoftm also 

;lves us \be fnedom of eel.ct.lng a •011 node fol' tbe 

Af.fQI'fti mutatton gl\1pb. t<Je .:an utf.llae the obctw theonm 

as follO\'!Itl. 

The up node .. t bO one that occurs 1n aame 

nfutetlon "n:pta•· rJe se1eet it f:rot~ &ome sUblet K£S 

that te certel" to cent.at.n only clau..a that oecur ln some 

ftfut.ation gn~. Por enmple. K mltht bel t.'heee cleuMa 

od91Mtt.ng fne t.be negation ·of the lftfennce w be pmved. 

Thus to 1'8-801~ a pels- (A.s) of clauses., they llUGt eatlafy 

the fotlOWlno criterion • 

Otte ~r of the r>oll' belt)ng& to s end tbe ot.how te tt 

de~ of -the t.op ole••• 

oa 
One ..-.r of the PG1r ts an encosto of tbe ot-her. 

Por •M~~Pl•• the AR.fom of tbe nfut.etlon ·ODfPh 
of fit .-1 le tlven 1n fit ..a. when t.J\9 eleva. 8( a) I.e 

tak• a a the top clause. 

If we denot·• tJt i\w(S) the union of s w1th the 

· set of ell ft&ol'leftt.s bet_.., paln c..f s allowed br AP.fom 

8'\fttee't then by the above \1$oJ'Oil •· an pnnttted tha\, 



lf G ts unse\l&flable, then then will oatat. tome a aucb 

thet __, clause belongs to a:pts)~j 

3.9,.3 ~.§l.r.Utai:M I 

Wl'tbln the l'a'ft\tG of nso1ut.1on c'holces pxovldttl 

by the vari«Ns wflRemoftt at.D\~1••• l:t 1& ._.ttaea 

possible to $8BJ:d\ for a hfutatlon b'f coftfully oJdedftg 

tho neolut1ottt1 to bo p(tdolt'lll9d. Oldeling atnt.egles do 

not. ttl'Ohlbl\ nr periic~ler ty,.-e ot n-solutlons,but 

menly pmvide -autd.oneo ah:Jut ~Jh!\"'J\ one f!hould btt podozaed 

tint .. 

T~ W"lf offtclowrt ol.'dennn atnt"lea en tt. 

•unlt-pnfennce e:t.l'lltew• end the tf-6\fJfit-~tnta 

etntt~r'• The unt.t-prefennce &tnt.egy malt" use t4 

urd\:S( ol' one-lttonl)clouau, ond unlt fect.on wh1dl an 

tml\ GloU.&Ga. Ofte pel'folma ft&Olu\lOft OJH)ftlt.lona when 

ot te•et one pesen\ c1euae ls a untt oleuse, t.a. 'unlt 

resolutions•, befon lt la MI'IUlly bo pel'fonted under tiM 



c;tlve seahh plan. lt ta art ol:Wioua etut.,, stnce tiM . 

object of ~J"etlnt, ceaolwnta ls to produce tbe empty 

clause. 
1be f.,_st-comJ)Onent ethtegr olden noolvtlon& 

accoJdlftO to the lenotb& of tho zat:olvenis pl'Oduced. l'bu&t 

those t• clet.tlea that wlll pmduce the ehol"teet. seeolwn\ 

en resolved flht. lhlrs stretegr 1& soma what eapenalw 

t.o epply becou&O' of l"s 1cmothy comptttat.ton. 1ft c ... r 

tmowledoe.lN:lud ftt';oMton ev••· - wlll Ute lhf.a 

&\J'll'tffW In s sllgbtly chsntt«S t!!Grtne:r, l.e. am:mg &11 

posalble naolwmts of e eelooted pall' of elou•••• we wll1 

coftsldel' that one flt:e't vmlcb is of the ehenoat lengt.b. 

so. we call thbl atntew e-s '\he 'tborteet-length etratew•. 

The above t• oldertng stn~los ·•" ~e uee 
ln our syetee ln edditlon t& etDpllflcatlon et~at.~tas 

..s AP.fom proof stnt.eor., 



1'be •• •tmowttdge' le e ker t.o mucb of lllod•m 
tMonm pmvlrag. .some-how, .. ...,. w.ta\ to uu the latest 

evelllble W\'llod13e accumulated bv tho humans to help 

dlnot. seai'Ctl fo• the paof. the uu of krtOWledte end· 

bullt.ln procedutes pnztlally ellmlnotes the fteed fo2 

long llet. of eal.Ofls, whteh t•nd ~ $low up PlOOf& end 

••cuslve amount. of memos.y [ 4 J. such k.ftOWledt• must be 

Ol'fanS.Hd in e way tb8t ls easy t.o uso end cbenge. 

\"Je non tnfoxma\lon and knowled9e t.n a epeclel 

·type of data base. called •tmowled9 .. beee •, end proceso 

that 1nfo~mat1on to obt.alrt otbel" lnfomo'tlon• and lnt.ei'I'O

~·te tho ~led)Je-beae \'!A\on neceauJ!f to aft&W8l" questlona. 

The- central tdea behind thta ls tbot facta en et.ond a~ 

·Objects. t.e. terms anelrtO tn a psoof. ~"athol' tben 

pndlcetea. Also knowloctoe 1 & at.ond about cofteopts ln 

fom of pzccedUfta or list& or otbor data-a\suctuna. 

Acco!:d\t~~ to o~a C 6 J• all thoonm pi'Oving 

pngre!Ml havo at least tw~ c~entsa the *Infennc. 

iift9lne•, end the •tc.now1q .. Bas••, 
as shOIJI) in flg.-3. Th• knowledg .. 

' 
baH 1s the PI'09.htnS store of task 

' 

specific hnowled~e ~het makes 

poastblo hlgh '1-'!erfomana. and t.be 

lnfenneo engine ls aft 1nterpnte_. 

that uses ...,_ knowledg-..beae to 

lnfennce 
Engine 



aolva p:robJ.e et bend n,eatedly plectlng knowledoe

aourcoa fJ:Om tho knowl-.lg...,ban end applying tbem. 

The knowl~._bas• 1s UlMnt.lce11y1 if not 

f)hyalcally, a dtffoftftt eoacept fna 'that of dat.,.IM:a. 

t'lh11e ln ~~»•• we e\o:re Z'SW dete and tnfoxmat.ton, ln 

lmowledo..,baM we etol'ft \lll\et • cell •tmowltdt• • • In 

genonl aenso. 

It. 1~ not always poe&lble to gl.ve a fo-.1 

d.tlnttlcm of k.nowled9e. tn ftnt. elQht, we C8ft aey the\ 

'kn.ow1edge-base• oonslats of the facta. JUles. actions 

end anrt.hlft9 that 1$ nol Just .e data· but. l$ uMd f.n 

declslo._klng. To undentand tho tmowl_.e complnely• 

we wtll 1\aw to tum to a papeJ' by New\lll [ 13), 1n .t'Jlch 

be bas tded to eaplat.n tb& concept of •tmowlec.toe• with 

:nfennce to wba\ he calls the 1kftowtedv• level•. 

4.1 TH& &OD"iLEUGE LSVSJ. 

The system at t.hG knowl~ l•ve1 ls call.t tM 

soent. whlch ie a composltlon of e •-' of act lone, a· set 

of <JOtla and a body. 1be mecllt.e at the km¥11«10• level 

le ttao kftowlecto•• Tbe etnt PJ'OUQH lte ~ledge to 

det.el'l'd.M the eottons to be ·taken eftd aet.lons en selected 

to att.&1n tbe atent.'- ~le,., tabttr. wa aey that o syetem :le 

at the knowledge level. we went to aey that. the syst• 

baa ~ knowledge and ... ooale and .. an n1y tba't 

'the qst~m will do wbatwer 1& wlth!n lta powen of 

kaowled(Je tc» obtalft the pal.s ... 



the 1Mb&vlou1'81 law thot ,ovcme an ~~tent end 

pemtte of lt behevtour l& the •nt:lonoltt.y prlnolpto•, 

which le foZ!mUlet.ed ee follows 1 

l!dD&lPJI Rl filttaulia t If en egent bas lmoWledge the\ 

one of 1 t.s action$ will lead t.o tme of 1 t.s QO&ls, then t.he 
' . 

ooent Vflll select that. aot.l01'l. 

Tbla prlnclple lt silent about 11\ltMt happeas when 

the· Jtri.nclple applies to •• \haft one actions fore glvcm 

90el or to mon t,.._ one '0041 tn a olwn ettutlon. 1'bhe 

tl'hort-·comlnge can be oovend bV adding two aud1lesy 

pd.ftCll)les as follow.tng • 

imdlll:!fta,al, I'UDiJb&a,.adi&DI • For gtven ttnowlectg•, . ' 

t.f actlon A1 and aotlon A; both l•ad to a goal _o, then 

both actions en ••l•cted• 

f.DfU'I.DJtt, !t 2a&DS MSSIIIDiaD • For tlven knowledge, 

tf goal G1 has tho set of selected actions~ A11\ eftd {\oal 

a2 taae tho Mt of Mlected actions { Aa.t \ , then the 

effectlv. aet of Mlected ao\lon-a l·a tbe tntenectlon of 

\A11\ end fAajJ• 
4.i. THE NAT'\JBE OP ~~WU.U:OB 

Knwledg• la d•flm!d to be tho medium et tbq 

knowlecto• level. Tbla can be put lnto e complete deflnt

tlon ;tven br Ntwe1~3}os follows ' 
fSDR!tl!SIIt ' t'llatever- can be aacnbed to an. a.gent1 euch 

that 1 te bebavlou~ can be computed accosdlJtg to the 

pd.no1pl.e of ratl.tmaltty. 



Accoldlngly. knmvl•do• I.e to be c'het•ct•l'la«< 

ontlnly functlonally, l.e. 1ft toms f)f \!~hat lt doe, .. 

.m not. physically, 1 ••• tn t.ei'U of pbys1cal objects. 

wlth ~t~nlculaJ: pJ'Ot)eJ'ttes and ~elat1ons, becauu J:mow

ledc)e ta M't jue.t a collectt.cm of symbollc expnsstOM 

plua emoe etet1c oqantsatlon, 1 t nqulnt bGth pnc•e••• 

eftd dste-etzuct:uns. 

Iii& 1! slia • Pl9 .-41ahowa t.he el tuatlon whlch lnvolv.a 

an o'bse"er and tm agen\,. !be obsener t.nst.a the agent 

ae a ay•tem et the knowledge level. bavlno knowledg• K 

and ps.la G wlth possible actions A, so that he can 

predict. t.h• agent. • a act1one ualf'g t.he prtnctpl• of 

~etlonallty. \1bat the egent nally he a la e symbol eyst• 

s. Ut&t pol'l'dte 1t to CI~IY out the calculetlons of what 

a.ctlon lt w111 take, because 1t bee knowledge K aM goals 

G with ac\lon& A tn thtrt envt.niVIGftt.. thus tM egent baa 

the ~ledo• l:rf vlnue of a aynem that. provldoa ·t.M 

eblllty to ae\ •• lf lt had ttte knowledge. The total 

syste I'UM wl\hO\It being any . phfelcal at.zuctun that la 

tt• knowledge. 

P.teae~: [ 16] t•e defined the knowledt;e to M of 

t.wo typq t. •etetlc• and •dpnmc•. Fer thts,, he glvu 

•:xnp1e of a bicycle (fig.-$). The stetlc knowledge 

ab:)ut bicycle is ~ hloht, shape, nlettve Pf)Sltion of 

COIIPOftents. cbcnct,enst1cs of ~'•• pr1ce. ~loul' 

etc •• and the dylwnt.e tu'towledge ts 1 funct1tm of t.be tlfbole 
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dmce, l,e. to tnnslcte ttae up.down J')laPI.ng of lett 
1nto tb& foi'Wtld motion, and function of each ~en-t. 

lloth typeo of know1edt•• he aeya, an not lftdltpendent, 

bit they ,,.. dlst.lngu!shable. 

1ft a t>nadaa' UMe, wo can def'lne the kftowl.Sge 

"to be of t\!ICt t.ypet t • conaet•' and • eb&tnct • • Tbe 

concnte fvlowlodge coneems With the lndlvidual ph.....,... 
entitles o:r nlat.lonsht.pa in the model of the nellty. Oftd 

the abstl'act kl\0\'fledge conceme wttb the 1nte~rnot.J.ona 

of cortonte 1nfozmatlone and bf wblch we could dnw 

lnfenncea and concluslons el»ut other focta. 

4.3 tmPREGBn"ATI~l Or ~:Jt~EOOE 

i'h&n an m,told lft.su•• conc•m1ng the dealgn, 

conatNC'tlon, maltatenanc• and nf1nement of upen ~ 
ledo..,.btaes. The· hasdeet onea ere the deston of t.IMa 

npresantat1on epproprtat.e to the proc•aslnQ t.hat will be 

cented out fJ'tld Ute ac.qutef:t.lon of thla knowl~[al). 

Dealqnlng s un1 fol'lft ftl)ftaenta\lon faclll t.e\ea meln.t.e1ning 

en ...nlvlng knovfledge..baM and pel111te checks of ndun

deftey aftd co.nsletenC¥• F•iCJenbenn(s] discusses .-. of 

t.lw soctel factowe that influence the deal;n of a· know. 

1-'o• npnaent.atlon. In fact, each of us le &t\acld.ng 

the pnblea of npneent.tng .e knowledg• of how tb1f19a 

•* 1" the world• tb.n using that knowladp to undentand 

t»J"Cel)tlona ( 16 J. 



Bocelllno Newe11[13), the pttnclple of ~et1ona
lltr p~vj.det a tanenl functional equat.1on fo~ knowladg•• 

Tbe J)I'O'blem of M.Jtmt la to find syet-. and aymtol level 

tile\ al'e eoldlona to tbla functlonsl equation end benet 

can se:I'Wt ea npn~a\lcm of tmowledp. Log!oa provlde 

tolu\lona to •Me PI'OblM. tte cen find many 11 tuatlons 1n 

whlch e(Jent•a knowledge can be chel'tJctedsad by en 

•xpnsslon 1tl a lotte end fCOII 'Vihf.ch we can del'lve actions 

to taka.· 

A l~lc ls not the kn.o\"11edo• 1-tplf, lt ls Just 

a npnsentotlon of' the knowledge. the't is & sttuctul't' et 

the symbol level. tf we an tlven loolcal eapnaalune 

~L11 " say • then by aaylng that the agent kftowl. {L11. • 
0 mean to sey that. \he aoent know& all tba\ he oen lnf•• 

fnrc the OOflSunetlon of \L1\ • 
The \Moly of lmowlfdte level pnvtc.tu a 

deflrd.tlon o·f npnsent.at10ft as •o symbol ayst..am \bot, 

encod•a 'he body· ot kmwled~'. rJlthout PJ"'vldlng e 

thttosy of J'ePftMft'tat.lon 1t &Ufg•sts that • UHfuJ. war 
of Wtttd.f\9 about np.nsentatl.on ta the !dee '\bat •the 

BJ)nscmtotlon ls 'ttl• knowltdt• plus 1ts aceees •. In 

other wttJd•• the ftl)ftt&entetlon conslate of e ayatfm! for 

pl'Ovldlng ecce&s to s body of tmowled;e. 

Coneme knowledge can eaelly 'be npnaent..-1 

ua:btt ._. ktrtd af cteta stzuctttft1Jt. for ·~1•• ltets. 

teblee et.c. PG• ab$tnct knowledge,, two eppneche• ..-let. 
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Plat., the decleratlw ep,roech, whlcb t·s based oa 

fomulaa ustno 80!'!.\e •tbematlcel notott.on. fol' qample, 

pmdle&te calculus. and aecond. tho pnduottve epp:naeta. 

ln tfb!ch tbo kraowled(Je 1& built lnto pl'Ocoduns wh1eh 

deo1 wltb mdifylno t.l\e tnmv1edge.baM end en&wertng 

quen.oa. 

Artiftclal tntellltence contalM many· systes 

t.b8t en no\ logtos.,but can bet u-sed ae "PI"fl·eentation of 

\be knowledg•~ Sf.milnrly, many concepts of edence 

oubjee.\a bl1.ng toM npneentet.tonel stNC.tuns vef!:f cloae 

to 'toM· needs of Aztlflclol Xn~•111fertce •. Good exmrrple& 

an a~bnlc m.ertheetlcs and chmcal notations [131• 



!.1 AN OVIlJWIEW 

tn Chepter-4. we have tlven an ln\Z'04uctlon of 

~ledge, ita npnatmtatlon and knowledGe-base. Hen 

we with ~o dtsc:t.~~a blefly sot1lCt appi'Oachn of the 

npnaentetltm of knowledf• used bV dl ftennt PJ0\11'111&• 

Sebenk and Abelaon [19] have Men lmrHtl98tlng 

technlquea to 111pnsent the tyr- of la%'9•»-•t•no 'typed 

pe'ttoma of 'btwf.t.o-do-it• knowledge. called •sedpte•. 

to be U&ed for undentancllng tm.~lt.lsentenc• ehon e.t.onn. 

Minsky [11) lntnducu •tnD• ae o dete

etzuctun i.o npreeent a steno-typed sl'tuat.s.on. ltk• 

belng tn e co-rtala klftd of llvlt19 ~ ol' going to e 

dd.ld'e bf.l'th.day pony. Attached to eeeh fnme an 

sevenl klftds of lnfoaatlOft. Some of t.hls lnfosmet.1on 

te about how to uae the f..-, SOf!Mt la abou't \eat one 

C8ft opec\ to happen Md1 SOM 1s about •t \o do lf 

thou expectations an not. conftJ:IIl«l. Collact..lons of 

related fnmea are linked tog•ttter Into *frame e.yat.emt.•. 

the effect of· l.t'Dportant ectlona .an mlnoftd by tzana. 

foJ'Yia\lons between the fnms of a ayet•• 

Automatic t.heonm PI'OWlS of Be11ant.yM and 

Bledaoe[l) use the knowledtt-base ln tb•11' pl'Ofl'eme end 

tmplement the procedUS'Ol npn$4WitaUon of knowledge. 

tn whlcb thflv st.ete JUlos tn f om of tebl••· 
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Devl& and othen[?) haw d.wloptld • Jcnowledge

btted :fppllcat1on pJ'ogra•• celled tha IAYC!N eyste, end 

u&ed •t)l'Oduct.1on rulos' as a knowledge n.pnaento'tton. 

Aa Ghotft 1n ftg .. -6, the system hae slx components • fou.

pi'Og,._, the knowledge-bas• end the pe't1en't det..be•. 

All cf tM crystem•s knowlftdo• of infectl011• d•e•e•• Ia 

contelned mthlR the knowledcJ..,.bese. Data about a epeclfic 

psttent collocted durtncJ a consultettOft is stored 1ft t.he 

pettent dats-baae. AJ'J:CWS indicate the ctlnetton of tho 

!nfometlon flow. 

the M\ICIN &ysta was developed od.glnally 'to 

prov!tle coneul testive advice on dlagnoata end tt.nw of 

lnfecttcma deteesn. 1n psrticul.er bact.ertel lnfectlons 

'" the bl~. ~ say that. p.roduetloft :Nlea offel' a 

krmvlodge.ftl)reaontetton t.ht1t greatly fsc;ll1t.ates. the 



accompllahment. of tMM tNls. Such I'Ules en a\elgbt 

foX"W~Id enough to make feeelbl• •nv lntenatlng feetuna 

bepond pedom.ance, yoi. l'»W8du1 enough w supply 

elgntflcant pnblem sol~ capeblllt.tea (?]• 

Eectt of UYCJ.N•e au1• ls a st.mpl• omdlt.lonel 

atet.ement.. 1hct pnmltea le eonstnlnctd to be e lool.-n 

exl)naston. the act.lon oontetns OM or mote· CMtclualont 

end each ls completely module~: and l~dt of the 

othon. l't al.o baa sa. $MJ!t-OOI!lng' because it 1e 

not .elwayt easy to map e saqtJence of ttu!:nd act.tons Of" 

tasks into e ed of rnoctuctloft: rulo&• wt~ooe CJO&l dlncte4 

lftvolont.on will prove that ·~·· 
aantow[a) in hls paPfir on eutomat.tc PJOODrr.mlftg 

usee the kMWled; .. base an4 npnsent;s the knowledge ln 

foa of JUln tn hle sye.tem. called PECOS. Hls espod

mental tecbfttqwt •• to nlect a psl'tleular pmgnmlng 

domain, altment&&y symbolic PI'04JI'8mift9 and e pal'tlcular 

Pnf!~ taek, t.he Stpltcat.ton of ebstnct. eloortthat, 

end to tsv t~ codify the lmowledge Meded fol' 'the domain 

and the tesk. 1be foDl used to e~~.pnss tbe knowledo• was 

e m of aules, eech intended to ~ orte sul.l ftu:t 

abttut elementazy symbctltc PJ:091'8mmlng. A· ~er syat.e, 

t.e. PECOS., was then built ,., .. epplytng such zulos to tau 

of ~ltmonttno sbstl'act olg()l'tt.hm. 

Th& nsulttno knowlodge.bane con&l$\S of about 

fou~ hundred wlea dealiftt wltb s van.t.y of syt!boll.c 



pJ'Otftllld.ng concept•. The ••t. dlat.nct concepts are 

eollectlons eftd mepplng alongrd. tb the eppxopl1.ete 

ot:Mtnttona, fo~ eabmpl•• watlfte3 the mambenblp ln e 

collection. comP\Stt.ng t.btl bwene ltaage of tm object 

under e mepplng etc., and contal etnet.ulU-1 fo&' 

exampl•• tmt..aentlftg the obje.ct.s f.ft e coll"'-lon.. The . 

lmpl.,.ntetlon techniques eovC?red 1:lf tbe Wlft lftelude 

the npresent.st.lon of collec\ton as llftked list•• 

ouays (both olftnd and tmGI'dend) eftd Dool..-n mepplnge. 

thct npna.ntatlon of ~~&pplng as tables, qts of paint 

pmpel'ty llet a.Sd.ftte and lnvuted aepptnge. PECOS 

wdte the naultS.ltQ proglell 1ft LISP. · 

Detailed eaplenat.lon of PECOS and ftP%'et.._, 

t.etlcm zules le glven ln Bantow[3]. 

Davtel61 r1aea e cau-stlon i how· Clift we insure 

tbet the knowledge lebldd.t tn e pZOQftm l& applied 

eff•ettv•lyf Tndt\lonelly·, 'he a1tswor to this queet.lOR 

has been soUght. 1ft dl ffeftl't' pJOhla eolvlnt pandlg~JS 

ettd 1ft different eppZOecbu to encoding end lndexlntJ 

knowled9•· Paftdlgt~a explGnd h&w lnctuded uans-end 

anetyat.a. seaolut.lon• heurist.lc •••reb• pnble nductt.on 

etc., .tttle lnde11ing end ntdovel hew be«m bosed oa neaa, 

effect nd cottten. All of theM t.lno useful, howeveJ"e 

tban a ·COtll'nOft ahort-CDS.ng, thn lf, they t.come ln 

lneffeotlw ln the face of 4 sufftclewt.ly ter;e knowlec:tg._ 

base. Tho pi'Oblem I\Ow ta J ho.w cea we make lt posalble 

for e ays:tem to Cl)fttlft\19 funotl0ft1ng !n t.be fae• of a 

wsy 1•• numbel' of pleuatbly us.tul chunks of knowled<Jt? 



'trt nfennce to the abc)ve qt.l8&~lon,. Devla (6} 

pJ"Oposee e fnme.wozk fol' vtewlng lesues of knowledge 

tftd•uno and nt.deval• tllat lncluctea wbn't OPPtl.lre to 

t» e useful penpocttve on •• concept of a •at.mteur•. 
lie v1-. et~t.aa as e M8ftC Gf cont1:0lllno t.nwcatlon 

1n •ltutrtf.ontJ when tndttlOMl nlectlon Mehanlsm 

becaes laeffecttw. Ho una •meta.~Uleo• o& & meefts 

to Ol'Qcify stnt-ot••• h lnfomation ln mo'h-zulee 

le tbe odvic• about t.ho likely ut111ty of object level 

cule&. It can "1• ouldo PI'OODl'A's pel'fomance, but 

lt. ltl different lft klnd fi'Om the lafomatlon. camed 

tn an object 1•ve1 zules. Add1ftt aete-wln to the 

we\• .-.qulntl only a mtnol" eddl t.lcm to the contml 

8\I'URUJ'G Of t:ho syt'\em • 

. A papa~ by Plkes[t) desod.ws o demonstration 

$)'$te1 collod •Odye-soy•·· whlob ·•• dealtf\8d to show hew 

tack domelft knowlqe C?u16 be used to help a UUJ' t.o 

r-•pen fox- a bualMSI trip. The· doealft krlowledge tn 

Odyssev deals with the st.zvctun of the tl'lp&, the s'tePt& 

tnV1)1ved in tlip pnpal'atton. PIOPGI'tlee of date& and 

tlllee, elt.tes. eli'J)O:rt.• et.e. TtMt pnJen tbet built the 

eyct.om wa& fowsHCJ on t.bo p:ro))lw of n~lllf! 

kftowledcJe aftd u.aing 1t eff•ctlvely., He baa dft'Olopod 

c •tftCfl oriented• style of PI'Orln.tng that combine& 

tho featuau of fDme st.NCtund knowledge npnaentatlon 

a a in [!..a.} • &nd object oriented pxognmmlno, as ln [10] • 



s.a DESIGN OP 'DiG l<NQ~.x;&.IASB 

In this section, we 9lve the detl9ft of ·the 

lmowl.cJt•base tmp1..,.W 1ft the :cesolutton ayete of 

thl• dteaettetlon:. OUJ" knowlqe.baae oontd.sts of thfte 

parta a thumb wtes. date-baM etld 9lobal d•clan\lons. 

In the fln'l part, • glw 601\e 9uldlng lUlu to oove~n 

GUI' aeei'Ch fer a ftfute\ion <J~"Vtl'b. nt.&e rules include 

ell the eeardi atrat.egl••• wh1dt w war.t to 1~1...,1. ln 

ou~ system end whlch hew been discussed tn aeotlon 3.a. 

we have s\oted tbeso tutdlng Nlee o& almple eonttltlonal 

at.etemente of owzy-dey Engltob. Dr doing eo we come 

mufih nea:nr to 'pi'Oduetl()l'l.mles• of Osv1•• Badtaalm 

and Shorlllffe(?J • which haw J:MMn dlscuaeed tn sec\ion ,.1. 

1"bb second tJ,ed, '""llt le dsta.baoe. contelM tM 

d.,. and 1ftfot:mot1on about c1ousos of the pl'Olll• 1ft und. 
end they l'Mtlp the syst«n 1n decldlnQ wbleh. wle ia applt

cable ldMtre. The thll"d,. end l.o.t, pal'\ wmulns some 

global declantlona. exl011a or &ssumpt.lons. \'fhlcb ere 

used ln MtMrttlc &etf8e of ~- o.lat~ees, o:r lP otbel' wcu:d•• 

in ts.uth oveluatton of the 11toJ01s of olau$0$. 

s.a .1 . III!IILIHIII • 
Reb wo pn&tmt &11 \he wlos eml \bel., 

oaplenations t 

131111:1 ( Pu:re.-1ttent Elltdnotton P.ul•l • lf a oleuee c 

contains a 11ton1 L •udl that. then an m tnetances of 

L which· 1• comp.lometturv t.o en 1nfJt.tiftC'e of •rtf lt~erel 1n 

othor cJa\tus, thtm nmve cleu1Je c. 



Thte rule ellowa ue. \o ~- t.h:.se ctauua, 

whlch coftt.aln enr 'puze-11t.el'81'. 1'he followt.no fOUl' 

wles en nlct.td to other aU:lp11t1cat1on s~nteolos • 

llllt:ci ( fautolotY Elt.eS.not.ton J{ule) t If e cl&use c 
contains tlu:relc L1 and ~ auch that on lnstence of L1 
la CC'Jmt)let·entaJy t.o an ltt&tane• of '2• then nasove the 

clsuae c. 
11111=1 ( SUb&ttmed-olause EllmJ.IMt1an Rule) s tf e clous• c1 
eubs:uraa enot.hor clause c2.then IWJI!OW the oleuaa c2• 

ill"=! ( 1'wth-ew luat.f.Mt &lt.mtru:;t1on 1\ule.!) · t If e 

clause c cont&1ne a lt.tonl L, Wh3e• ti'U\h valuet is . 

evaluated 't.e 

IY&I-rl ( T~.evaluetlon Elld.netlon 1\U.l .. II) • tf e 

ola\lae c om~talns o literal L whos• tmb value la 

evaluated to •talee• • then I'Gtl!Oft 'the llt.oral L ,.., the 

olaae e. 
As st;ated ea.-tler, &bove flw C"'-'les an nothing 

wt the slmpllficatlon stret.egl•• 61acussad tn ••otion 

a.a.l. Pint the glwn m of cleua• is t••'• aooinat 

thH• flve nlea ond lt· o 'tule ts found t.o h appll•IJle 

· t.o soH clat.tM, thtt syst.• tako aot.lon acooJ:dtng to that. 

hi•· App1toabtl1t.y of ell thes• wlee ls tetited wltb 

help of tbe oth•r Wo pane of the blowledg .. bes•• ea 

• will cll•ouss leur. 

rt•• we olve the f~tel nle of 'the 

ftlaalut.t.Gft procas, which ct.oldes t.he hH1vabtl1ty of 

two otven claus••· 



Bult:6 ( Roeolvablll\y Rule) • tf then edat clauses c1 
and c2 such that c1 ccmtatns e lttonl L1 end Ca ccmtalna 

e l.l\oz-&1 La eucb tbot an lna\anc• of t.1 ls ~lemtft'MI'/ 

•o an tn~t.nee of ~· thon c1 my 1» nsolwd w1tb c2 •. 

rue should- mted.that th1e tul• <Jl'Vea the 

necessaxy and sufflclent fmdlt·10ft of two claut" b&ln; 

naolvabla. The follow!t1g Nle.le s nfl~nt. at ... , 

called the •eneency-flltem foam stl'at••, dlaeu&sec.t 

tn aect!on 3.2.2, which teste t:flether two .~ec,lwble 
c16\Js.ta elY be nsolved aceol'dlng to tbe cl'ltenon of 

·.ALtom rofutot.lon o~ef)b. 

&allr:7 (Aneeetsy.Plltned Pom St.~ntegv) 1 TYJO h&()lveble 

«Jlaueas c 1 and Ca t!ttly be nsolvert •. lf any one of tbe t.\10 

clauaee Is e 'bctso clause end the otbot 16 e de&cendant of 

the tof) clause ; or • l f one of the \¥10 ls 8ft anceeter of 

the other. 

The foll0\1lno two l'tllos n9resont •ho oldoJ:1.-.g 

stntogles. detC"I'lbed ln nct1on 3 .2.3, ~lcb juet. define 

tbe pnference among •n thDn one cholcoa 1 

&alatl (Unlt-Pnfeftftee Stn.t~QY) a 8etWMn two· olaua.e 

c1 and c2, wblcb an othondn equivalent. ln propozt.lea. 

Pftfel' e1 ovoc- c2• 1f lt has the lnaer mab&r of lltenla 

than c2• 

JJHle« (SMrt.eat-terqth stnt.ew) 1 8ftwMn two resolvent.& 

a1 end~ of t\ft nsotvele clattees e1 end c2 prefer a1 
owr Sa• lf R1 hae lessel' naber of ll'tenle then ~· 



1M sules tteted a.bovo on tba most !mportartt 

pan of our tmowledg .. bau. 1'hay an, however, bf.lple&e 

without the eeoond pan, i.e. the d4t.a-bD·M, whlch Ctmtolna 

facts and Womntlons obout the clauses. In neat Metlon. 

we P"Hftt the dtrta-bos.•, which helps tho &yc\em Sn 

decldlng tho &ppllcablll.ty· of these wl•• 4uling e oea~ch 

fol" tho proof. 

~.a .. a Xbl 8111:1111 • 
oe aton ~·data files on 'the det.o-boM. 'lbo 

flht one 1& the •etA.use.FtU!•, that kMpa all nee.easeq 

lnfomctton'S at»tat the cleuaea bavtno one ftCOid fo&

eveJy clause. The key to tbi:t CLAUSS.PILB l& the aortal 

~r of tho cleuse., A neon of the CLAUSS.Ptt.e is 

ahown and its dete.lt.ems en oxplelned below r 

CLAUSS.NO CLAUS&. PAI\ENT.. PABEt:t. tO.Oil. -
STATUS CLAUSB-1 CLAUSB.a LlTEPALS 

---.-----~-------.-----..------. 

__ j ~TPJJ I~~ I =~tae I LXTSMLS I 

Slalwtba • 
CLAUSS..NO 1 IWy to t.h.e CLA.tJSS.PIUi ( '1' for tho Top.cleuse 

end wccesslve: nwtuml ~n tot others). 

CIJUS!.SfATUS 1 o. if the claus• Ms no-t. been l'emoved. 

\sucb a Cleua• ls called e •ll~cl~uae•) 

lt lf tho elauso has bHft 'l'ellOwd fftG the 

set. •. 
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PAR:NT..CLAUsE-1} [CLAUSS.m& of tho t)Onnt clau$es, lf 
PARENT.CtAUSW 

1 
tho clause le note bes ... eleufMtt 

O's If the clause 1m o IJGso-cla.use. 

t«l-OR.LITGr.ALS 1 . Total 1\UmbGJ' of lltonls oceulino ln 
~ cleua•• 

tO.OP.PJmf>XCATSS • Tot.el ntambeJ' ot predlcntee occ~ 
in the eta""• 

LITEMI.S r 

'lbe l.ln of 'PiD!CAts.ros of thou 
pred1cat.os which eppec¥" ln \bo cleuee 
ln offlme'tlve fom. 

1"h& U.t of PliUWiCATS-tbs of ~hose 
pndlt:hJtel, \'d\lch appear ln the 
cl.-M l.n negat1w foa.. 

The Uat of ell 11t.omle Dppeol'lng ln 
the clause. 

A ncord 1n kopt for Mcb cleuso 1ft t.he given 

· Get.. end as ooon os e new clause is generated duJ"lftg \be 

eoo~ a new zocord is o~&ted fo~ that cleuae 1n the 

CLAUJt-PtLll. anc:l tobe pmceas contim.tea. Thue this ftl• 

. ls of tncteflnlt.e l'enotb· tf dlJI'lng the set':rch llJ elouo• 

le be1ft9 removed fmo lho set., them th& COiftlpondlng 

CLAUSS.STATUS J.s aet. to • 1'. Remowd cler.ases en l.gn~nd 

lft forthtrl' ~earch. 

The CI.AUSS..FILB 1e uaerJ w!len teotlno D s1 t.uatlon 

against. any of tho fo11~ N1•• 1 Rule-a. t.'f.ula-3. 

tlule-4. Rule-t. Rule-7 end Rt.Jle-0. The ..,at l.mpo.rtJml . 

use of tb1o fllo 1& made \'4\eft t.eo\lftt agoirtot. the Ru1e-?, 

that 1&, wbe we declde wbe'thGI' a patr of cleuse& can 1». 



resolved unct•l' the AP.fom e\ratew. tale tile be1:pt 

the ayetem to cheek whether e oleuM le • bes...,olouae, e 

deaelftdant of the top.clat~M Ol' an &nMat.el' of the othor 

Clet.JM·• 

11\e othor file ls 'tM PREDICATE-FILE, tdllch 

consle\s of ona ncold for each pftdtcste, whieb appee~ 

Ul the g1ven set.. of olal.ls••• A ncold of '\t. PREDICATe

PILE !.s shown and lte ·data..t:td& an explelned below • 

PREDlCAT&.m 

iDJiD!t12Jl • 

PREOICAtts.tD 

CLAUSSS.\VlfH-. CLAUSES-tlrrR. 
POSITtVS.LITEMLS NEGAT IVS.LITBRALS 

• senel number of the pi'Odlcate and 
the key to the Ptu!DIOATS.PILE. 

CLAUSEs-tnm.. The llet of CLAUSS.t«ls of \bose 
POSITIVG-LITERAtS 

1 
claus .. whtch eon\atn a lltexel 
llavlng thls p~GCllcate ln affl:~mSt.1w 
fom. 

CLAUSi-t'IITH- Th• 11st of CLAUSS.NOI of tt..ae 
tJEGAT.tVS.LlTt::MLS 

1 
c:1auns which oonta1a s 11ton1 

1\avlng tht• pnd1G&U in Mg&tlve 
fosm .. 

Thla ftl• te vtlllnd ln deoldlng wbethez- o&- not 

Rule-1, Jtule-2 and Rule.6 sn applicable 1ft e e1tuatt.on 

er!el~ in tbe sea!Ch. 

"i'1W PREDICATS.PILS 1& of the f1ad l.ngth for s 
<glveft problem,. V'lhlle tho CLAUSS.PtLB le of va.*Ylng length. · 

tthefteWI' e new clouse ls odded in the set of cl.eusea. ol' a 



oleue• le nmoved fi'Oil 1t. both f!lee Dn updtt.t-ed 

eccosdlngly to koep the 1e\est. lnfomat.lOJ\ awUoble to 

the &yet•• 

a.a.3 Plata& -b&kli'.IS1a ' 
1'h<t thlld pan of O\JJ' kno\'11-.tge-beae· eonol&ta 

of some 'lribal declarations, aJd.OGUJ Gftd J'Ulos of predleata 

cel~ulus. whteb I!'!&Y be useful for the &yatem to function 

•tf•ctlvoly., Glt)bal decleratlon& en ao.me semantic; 

iftfomotions about the phdlcat.ee of e pentculor d«MM1tt 

of P~~Gblems. Fox- eutrlJ)le, hen oul' pn'b.lea dON in I& 

•eoncept.torence• of [1s), \\4\lcb wlll be doacl'lbtd 1n 

Chapter.-6. In connection to t.hle dol.rlatn, we can f.'!ltlke &OIM 

nles el»ut tho pzedleates llte LEPft Asm. INSI.DB. 

SQUABS etc.· Some ex.soPlee of euch poo$lb1e l'tlles on 

given below • 

( 1] TRtANGt.B., SQUAFU3, RECTAAtGLE am unnzy. 
( 2) un .. Aeove, · tt~ms en blnal'f. 

(3) t.flpf• AB~ ore not tnn&ttl~. 

( 4} INSIDE l$ trnnta-l ttve. 

Th18 1)&%1. of the kfto.wledg ... baee ls umul lft 

dacldinq ebcJut the op-pl!e&b.tlltv of ilule-4 and a..tle-5• 

that ls. wbcm .,.. tay to evelunte o literal 1n. o clause. 



CHAPTER • 6 

ln oStler to uelec\ a d01'13ln of problems to epply 

upon which t.M knowledge.baeed neolutlon &yfitom glwn tn 

thls dl seencrtloft. we have chosen tbe eysum •Ct~ncept.feftflC• • 

vhlicb wat developed by Ssdanenda MKl ~habola (18 1 * 
The &Ystem •Conceptfo~• \'IOI'k& ln t.WD f,'thesea. 

In tbe fin\ l)haee, celled 'tn1ntng•pt.se•• • Conceptf•nnce 

lfl e~aed to e domain cf l)lctures ldfmt.lfled tJr thoi:r 

pn...asetgned na•a (see flQ.-1) end t\ dawlope •cone•pt.& • 

of t.he&e ptctures in termt of tb$11' spart.l.al attributes 

and nltJtlonshlpa and genontes tntomal npresentotlOft 

fozo them. 1'hHe eoncepte en etond. . ·br the sy&tetn ln the 

fom of well-fomed tomules of tho flret.older phdtcete 

~lculus. 

In tho eecond phuse. celled •tnfennee ptwaee'• 

tho eystem employe the nsolut1on prtnotple ~ dnw 

inferences about •dstence, ldet1flcaticm and detJCI'lp\i.on 

of ttl• pletonol obJects of an er'blt.nsy eeene. 

6.1 CODING AND ATTlUMSS 

The &yGtem 1& dest~ ln LtsP, The input of 

'tho syatGm 1& · b4nd coded, A typle.al ret.;t4ft131e (fl-o .-e) 

( RECTANGLS (, (a( 1 O)( tJ d)) 
(b(2 O)(a o))(c(2 l)(b d)) 

( d( 1 1) ( 0 c) ) ) ) 

1 
f 

lf----H 
---0)---•t---ilL-

. 1 . 

' 
fit.-8 
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the flnt. ~r npnaent• the name or deal~ 

'tlon end the second le o 1lst of llsts, each of whoM flnt 

llltlnber ts an ol'de:ed sequence fo.tlowed br tts C*rt•len co

ol'd1nat.ee foll:)we.d by &.ft unol'd•nd ltst of labels 'lo whlcb 

ibe f1nt. has o dlnct connec:tlon. 

Conceptference ls equipped with • sequence ~f 

g~\l'lc attribute ctetect.on. Whose values on t!Ht wl'lous 

attribute& whenewl' a picture input la apll&bl•• v 

The te\ of values for the edhoc detectors pzovld• 

ln the pnsent l.mple~atlon cormtsta of ( 1) ft\IIJlber of sldea. 

(.2) ratio of ell eldes mutually \aken two et o t1me, ( 3) m. 
of anvl••• (4) :f'&t.lo of various antles tak.n t.WD at o time. 

( S) the orentost ~.;ngle, ( 6) the least angle1 ( 7) tho gnat.es-t 

sld•• (S) tha 'leost s1d•• (C)) the rst11) ot tho gcet~te&t angl• 

to the least an;le; ( 10) t.be ratio of tho gnato&t sld• to \he 

least e1de end ( 11) the c.onat.ant..( P/JA), d\on P ts the pO:rlmetttl" 

of a simply cl~n1ed curve f:lftd A !s tho encloted ant. 

6.2 CONCEPf FON.lATION 

A set of att.l'lbute det.eeton feed the, LISP functlcm 

ABSTMCT1, vla1ch doet the 'abstraction'. The •JVW'Itm'ta of 

ABSTAPCTl co\lld be elthel" llet.a g.nerated ~ th• ettribu"• 

det.ect.on, or they could be the l'ltsul t of aotne pnvtous stet• 

of abst.nctton. ABSTRACTa is a LISP function dea1oned to 

gen,en11w• ABSTRACTl. ABSTRACU accepts al'b1t.a-eqr 11sts of 

att.l"lbute lt.ets oany1ng Oft auccetu~lvely two- at a time calling 

AB5TRACT1 fti)Ht8d1y. 



To ln1 tla llze the • concept • of • tsi.aftgle, fO# 

instance, conc.ptfennce woltce as followe 1 In the 

ln1t.1al phase, wrlous tlienglea are coded as de&cJ:lbld 

and Ute attribute detecton together 'lldth ABSTRACTa obtain 

the •abstractlon• Of tho concept of s ti'Ungl&~ tthen the 

system 1& •xPOaed -to a set of three \d.attgln. tho ll'lte»

f!Utdlate J:O$ult e.fter th• att.l'lbtl\e ltste an foi!.Did mGY 

look lltte • 

(m!ANGLE(3t.L.o o.7 1.4)ato.s a.o 1.0) 90 45 1.4. 1.0 
2 .. 0 1.4 4.9)) 

(TJUAtGI.£(3{1.1 0.5 1.2) 3(3.3 1.$ 2.0) 90 30 2.0 1.0 
3.o a.o ,.a)) 

(TRIANGLE( 3( 1 1 1) 3( 1 1 1) «> EO 1 l 1 1 4.6)) 

They yield the • concept. t of e t.r1ano1• as 1 

( miANGLe( 3( Xl xa X3) 3( X4 X! X6)Yl ft V3 Y4 YS Y6 YT)) 

Art informal S.ntot'Pntatlon of the conettpt of a 
t.danqle could be 'A triangle te one with t'hne alda. thfte 

•ntl•• the "atlo of s1dea baing et vonance fnm td.eft9le 

to tdaft\llo a& en t.he ntlo of &ft9l••• the length of tbe 

Qftoteet snd least atd••• the a:at:lo of th• perlmetel' to the 

aquan..zoot of tho enclosed ana•. 

6.3 U4fBJU!«:S PHASS 

tn l.t.s second t)baM, conceptfennc. o,_rates tn the 

domain of a flnt-o:rde~ theoJV• Thet entia ecene t.e expna:aed 

1ft tents of w1J-to-.d foliDUlat of the flnt.-o:nlel' pndlcate 

calculus. 11w names of the coacept.e fo-.d ln tbe flnt 

phase en indeed th• predicate letters OOM:t.ltt41no the •11-

fo!IM'Id fcu:mulaa gener•ted ln the eecond 'PM••· 



Besldea. the &Yate OtmOfttH b1Mry •1-t't.lons 

· &ucb as LEVI' • ABtlV&t INS IDS etc., bctt..-n CWGIY ptlr- of 

neltbboul'lnQ pictures eapreand. ln the foa of •11-foa:med 

fol'IUlae. To declct• t.M netghboui'Mod we obooae an 

a sold. ti'I:JY .mlftilme dl:tteftce d. 1'he dtetanoe ts celculated 

C$ th• lutJt 2uclloeen distance be't\IMeft labeled CO.OJdl.nat.e& 

of the t1r10 pl.ctuns,. 

Conceptfenneo. accepts questions ln the fom of 

+•tttons eJCPnsstd a a well.fol'lled fozmulae, Tht lnfes-ence 

tneobaftlsm utlll.aes the nsolut.ion pr1no1p1e alter cmvel'tlno 

the aeto of well-fol'tled fo~t~Ulas, 1nto the clause fo~TJ. 

The deduc\ive etnteov t.ak•• lnt.o acc\)unt the Mtun of the 

asM11loa to be ea,tabllabed. 

6.4 AN ex.AMPLS 

A de.&cd:ptlon of f19••9• 

ta Q$MI'&ted 1n t,em. o.f a set of 

well.fom.ed foJmUlas. some of whose 

mem!Jtn a.-. a 
( 1) RECTANGLe ( Pl) 
(2) S~B (P2) 
(3) TRIANGLE ( P3) 

( •> SQUAfE { P4) 
( 5). nECTAt«lLS t PS) 

I IPl 

~~:N 
PI 

lft add1t!on, tho we&L.fome\1 fomt.~lla eJtpnaslng 

the blnlsy nbt1cme bet--' the n•l9hboun en eene:nted., 

aome •f whtob an t 

(6) LHPT (~ P3) 
( 7) t.SPT ( P3 M) 
( 9) AOOVS ( P3 M) 



t!ow, one intel'rogetn conettptfennce wbe\hal' 

then exleta on object whose &hepe end ~ M1etlone 

with other objects leode one to ldenUfy 1t ea o 'no"'• 

H• defines the nose eo t 'A nose le somatld.ftg tl'l&ngulsJt 

ln wpe. surrounded by a ~. ncungulsr ln ehapef and, 

o pa1r of ores. squarish S.n tbapo. 1M mouth la below the 

noee and then le on• GJ• on the lef't and tu non t.s ta 

the l•ft of sm\taer ev•'• or ltt tem!.\ of o t1trlL-fo..S 

'"IIIUle • 

TRtAMJLt!( X} A SQUARE( Y) A SQUAW:( Z) f\ RECTANGLE( W) 

A LEfT(Y X) f\ LSPT(X Z)/\ ASOVB(X rJ). f~OSI(X) 

The negatleft of tble t..pl1f1cet1on expnsaed tn 

tho clause tom la a 

,v l'lUANGLE( X) V"' SQUAN( Y)V ,v SQUARE( Z) V,.; JU:CtAttn.G( 11) 

Vr--~ LBPT(Y X)Vf"'IJ!Pf(X Z)V,v Aoova(X W)'VNOSE(X) 

Now '"• nsol\1\lon pr1nc1p1.e le used to eatab11ab 

tho ••lfJt.ena of nose,. ~tch !a ldont1fle4 ee P3. The 

nfut.atltm ozoapta of this pt:OGf te olwn tn f!o.-10. 



ry TIU'AfGLS( X)VrvSQ\1'\M( Y) V'tv SQUAfm( &) 
\} rv il'ECTAMlU( t1) VtVLBPT( Y X)Vf'-' LI!PT( X Z) 
\)rv AB?W( X r1) VNOSB( X) 11\tANGLE( P3) 

1-~ 
(V SQUA~m(Y)Vr-!~(Z}Vtv RECTANGL&(U) 
v tVIJll'T(Y P3) Vrv LEPf( P3):&) 
\lf'-1 AB!We( P3 t1) V NOSE( P3) ~( P2) 

1 
IV SQU!\RE(Z.)Vr-~RECTANGLE(t1}V,.vLBP1'( P:4 P3) 
\} rJ LEfT( P3 Z) Vf\/Atr>VJ( P3 tl) V NOSE( P3) SQUARE( P4) 

1 
IV JU!CTANGLE( tf) V,v LSPT. Pa P3)VrVLEPI'( P3 1>4) 
\frJ ABOVS( P3 ti) \/NOSE( P3) BmTANGLE( PS) . 1 

rv UiPT( Pa P3)VrJ LBPT( N) 
\ltV ABO'/!( P3 ") V NOSS( P3) LEPT( Pa P3) 

l 
IVL£Pf(P3 P4)VtvAW'WE(P3 PS) 
V N?SE( P3) LBPI( P3 M) 

ABOVE( P3 P5) 



CHAPfBR. 1 

T .1 THB ALGOl\mfJ 

w• present hen tho aloon'thm of our knowledg-. 

baaed ner.tlut.Son aystem. Thls a1go~1'thm ls b&sed. on 

back\ncklng end wol1c& lft a..opeJ1tt1on w1th th• thteb JUJ.•• 
etond ln the flnt pe..t of our ltnawlectoe.bese and lte"-1 1n 

section 5.2 .• 1, Fotlowlft\t ls 'the t•at of the alooritllm • 

Stap..J. 1 S•lect the toJ> clause c. c1~. steck4,-empty, 

Step.a a Plnd a ltve.ctau•• c2 nsolvabl• w1 tb c1 and 
eatlefylng Ru1•1 such that c2 has not yet 
been ftlclved vd~h c1• If aucb e claua• 
•1•t•• then to to ltep.SJ •1••• nmovo c1• 

S\..,_3 a ~lfy the da~base aceozdlng ·to the 
olet.lcm. 

St•P-4 t (B&cktracklftt) If noOk 1~ epty1 then 
t.el'mlneu i algorithm fell at elu, c; 1 ~atack 
and oo t.o St...,a. 

Step.S t Plnd the set s • of ell I'U01wnt• of c1 and c2_. 

Step.6 1 a.ove all tautolool•• D1ld •ubal.llfttd ol•u•n 
fi.'OID s'. Apply Jtule-4 and Rul-.51 l f appllcoble, 
on tbe J'ftmalning nt. 

Step.? I If S' ts apty• go to Stcrp..2. 
Elae, 1f s• contalna the empty cleus•• theft 
t•mlnate 1 t.he & .. la unutiaflebleJ 
else, select a nsolvent e3 fmta s' satlsfy1ng 
the Rut .. ,. 

step.e • ston c3• stack ~1• c1 ~3 .. 
Step.9 s If c1 subsum.s env llve-clouae• r_,ve lt .. 



Step-10 1 t.~lf\t the dota.baae eceol'dll\9 to ad4ltlon 
and dele\lons ( tf any) and go to S\ep.2. 

In tho followlnt aectlon we oxpllttn the abOw 

•1<JOdt'hm tn d.Ulla. 

1.2 EXPLANATION 

Our Man:h ·for e ntutatlcm gnpb begins w1 th 

modlfyt.no the gtven set of clauan, whtch aleo lnc&udee 

tho negation of the set of lnf•l'nd clauses, aceoldlng to 

Rule...l, Ruled and liule-3 and stol'lng CLAUSS..PILE and 

Pra>IeATS..Pit.s on the daU.ban. 

then• out first st.ep 1n the eearch ls t.o t;Jelect 

a t.o" clause c, pnfem~ one of the tnfenn ct.eusee fol' 

tbte pt.ll'p&ee. Taking the tttp clsua• os tM ouneftt. eleU&e. 

c1• we find a claus• ca naolwbl• with c1• whteb hos not 

alleady been resal~ ~t' lt and ~1ob oleo aat1sf1ea the 

erit•:don of ence$\lf•f11tend tom strategy ('Rule.?). 

!f M such clat.Jte ed&te. we note that the 

clause c1 1& e redundant clouse ln the e.e't, tt) mt ~ve 

lt f~ the set by set.tina the CLAUSE-STATUS of tbie 

olause t.o • 1 1 tmd go t.Cl stock for: the neltt cunent. ClGU$e. 

At thl• polnt, lf the &teet !.a empty. the alocnthm fail& 

lndlcettng that et~r the set is not uns.et1efleble t.)~ the 

top. clause nHde to be nplaeed. \1e may nplece th• t3p.. 

clause with fte.t clause tn the set. end I'UJ1 tbo aystt• 

agat.n. lf we have doubt about tJw satisfiablllty of t.he 

vtwn set. 



BUt, if Cz exlste, then at ~tep.~ we fi.ftd the 

•ot s• of ell poaslb1• n&olnJ\'h of c1 end Ca• 

At Step.6• • ~ all t.wt.olagtea and aubs't.lltld 
l 

clauaee, f.f ear. fi'OeJ ee\ s• end then tJ.y to evaluate tho 

llter~lt of the bJit'llnlng se\. If we aucceed tn 10m0 case, 

we take actions oocoadl.ng to Rule.41 and Rula.S, theft ls. 

we l'«!llW tboM nsolverrte wbl.ch contain any 11te•il1 

wblch is evaluated to '\sue' em those lltew:ale wh:lch an 

evaluated to •telae•. 
If 'tho ~imng eet s• 1s empty, then we to 

back to St•p.2. for GCM otheJ: obolce of e2• Ble•• lf 

G t c:onftotns the etQPty clause, then we t.e.mlnDt• ou~ 

aul'Cb wltb tho conclusion th&t ttht CJiW!'l se"' of cleus.s. 

lncludlno the ntgati()fl of t.ho infe:tnd elaJ,Jse. 1& 

unsettsflable. or in othe-r wolde, the infefted clou•• 

I.e a l:1tlcal ~sequence of t.ho given nt of clauses. 

If s• 1s nelthol" empty nor contains tbe emptJr 
ctau:se, then VJe &elect a ~esolwnt c3 from s• ecettl'dlno 

t.o nule-9 and eton lt &e D new e!ousa. The cu"*" 

cleuse c1 mw aoes to the ataek end e3 becomes t.he n• 

cunent clause, i.e. c1• 

At. S\ep..t, \\• check whtthar c1 subfl\ltlGS any 

11ve-e16uee in tbo gnpb. If tsG• we delete f£\Uoh ol.euue 
fnm tM set not to ~a!der th• l.n ~l!d soenb. 

At t.he "-' step. wo ~lfy o;.~r cet.a-bena 

ac<:ol'dlft\1 to new &dd1t1ons end cl•letlona, lf Gf'IJ, and oo 
t<:J Step.2 to eany em t.h& search. 



Gxemplea, give in the next &ect.lOftt lllu$\J:&te 

tho epplloatlon of tbl& el~o!ithm. 

? .3 mwt!PLBS 

~uall=l t CoMlder the eutDPle of fl~ ... 11. tekon fnn 

SadaMnda aftd tlahabale (18) • 1n whlch we bow the. following 

eet of clcusea : 
(l) _,TlUAr~LE( X)V (""SQUARe( Y) V f"'SQ\1-ABE( Z) 

\lev RECTAf>.XlLE( \'1) VI"' t.EPT( Y X) V ,v LEn( X Z) 
\}('1 AOOV!(X t1)V r~E(X) 

(2) 

(3) 

(4) 

(S) 

ReCTANGLE( Pl) 

SQUAml(P2) 

11\tA\\'lLE( P3) 

SQUARE(M) 

( 6} RECTMeLE( 1'5) 

(7) LSPT(Pa P3) 

(B) LEPT( P3 P4) 

( 9) ASOW( P3 P$) 

t 10) ,._~t~et P3) 

....__ __ __,IPS 

the last ole"se 1s tbe nGCJat1on of the infefted 

clause N'lS&( P3). t'i!e oelect tbe n~atton of 1nfe~ 

c1ouse es the top.clause. so. the Clll'hftt clouee c 1 la 

the t.':Jp.cleuee, l.e • .....-r~B( VJ). 

l-, w sn that clause (1) ls the only clatJs• 

\Mt. bas the phdtcate N')S!1 eo it can be nsolved with c1., 



Th• only resolvent of tt.n two clauses ls t 

rJ TRt.ArGLS.( P'J )Vr-J SWAm( Y) V ~srlJAAB( 2:) VN ftiCTANGLE( g) 

V tv'LSPT{ Y P3)\l,v LEPT( P3 Z.)V ,v AtnVi( P3 a) 

Hen, we note that. t.be U \enl NTJ\I.Al\tlLE( P3) Is 
I 

evaluated to •telae' ln light of otevse (4)t thet la 

TRII\mL!( P3). Sot • l'emove t.hls llto:al fnm ~ 

nsolvertt end the remalntng nsolvent 1& • 

IV sauARE( Yl" (\) S®.AFm( z> v NR£CTANGtE( tlt) v~ Lent v P3) 
\/'tV Lint P3 Z) V rJ ABOVB( P3 \1) 

which la at.ond at clause ( 11) on the da-ta-base,.. It l!lGY 

b-. noted that nmovlng tho 11'\e:ral ~'~TRIANGLE( P3)' f~ the 

1n1t1el ftlVllvent le equlvaleat to nsolvlno 1t td:tb the 

oleuM (4). 

·Now the OUJ'htl\ clause c1 qoee to the staCk, 

and the cl•use ( 11.) · 'be-comes new wnen' ol.e\flSe. Th• 

•••nh for • nsol\fable cleuse wl t'h c1 "\akea ua ·t,o clcu,ae 
( 3), wnlch am be naolwd with c1 with nepect to th•· 

pndloat• SQUARE. tho naG1ttt1on of -.... two claus•• 

psoduces thna possible resolven-t• oe follo.s t 

(a) rJ N.:CTAmLB( W) V,v LEFI'( P2 P3)V fV · LEP'l( P3 Pa) 
V N AMVE( VJ 0) 

(b) r-J SQUARE( Z)\/1\J RECTANGU:( rl)V ,v LEPT( P2 P3) 
v tV LEPT( P3 Z) VrV AOOVE( P3 \1) 

(c) NSQuARa(Y)VNfti!CTIWGLE(U)\/t"LSPT(Y P3) 
V cv LSPT( .P3 Pa)VN AOOV!( P3 \1) 

The naolwnt (a} looks .tlk•· a 'Uutologr,, but 

• can not be sun. because tsVl(X Y) ls mt equlvalet 



to ~"~Lnnt Y X). ~- can, howver, evalue\.fJ 11-teral& 

NLEPt( P2. P3) and "'U!PT( P3 P2) with help or el•v• ( T), 

l.e. LBPT( P2 P3). t7e see th.ot. the fom&J' ia false wl\11• 

thit lotar ls twa. so v~e nmove thl& nsolwn\ tnm th• 

a•t eceordlng to Rule.4. S1m11arly, the .·1it.oJ'e1 

NLEFJ'( P3 1'2) ls t.Ne tn mo~lwnt t c) • so we de let• thls 

"solvent.. too, f~ the &et. 

Now. tl\~· only J"es'"'lvtnt teft 1n the aot ta the 

nsolvent (b), whose lltem1 NL!PT(Pa P!J} ls evaluated to 

'fals• • • so we delete tble lltenl fmm \be neo1vent 

accoJdlng \o Rule-s •. thus the remained naolwnt le • 

tV SWAB&( a) v"' BECTAf«it.e( \1) v"' LBPT( P3 i)V,v ABOVE( P3 u) 

wh1Ch ls stond as clause ( 12) on \be data-baM end the 

deta-be•e 1& ~tfl-ed accoxdtngly. 

Nea, this new clause-~· our new current. 

clause and two re&olv.abl• clet.asea, now. 8J'.'ef 

{ 1) SQUAJ'm( 1:'2) 

and ( 11) SQUAr~( P4) 

, whlcb an clauses (3} and (~) napect.tvely· of our dete.baae. 

The nspect!w n&olvents ef tt.so olat~na w1tb t.be curnnt 

cleuse•n a 
( 1) IVRECTAt~LE( W)VN LEn( P3 P2)V'N A91W( P3 t1) 

and (11) NiUCTAl«llJl(W)VtVtnPT{P3 P4)ViVAOOVG(VJ w) 

t1• see that the literal NLGPT( P3 112) of nsolvent. 

(1) is •wlueted to be tsu. with claus• (T). ao vm lgnob 

thla l'ftolwrtt. Now. the nmolnlnq "solveftt. MtJ a llte~al 



r-~LEP'f( P3 P4), whlch can be evaluated &a •tale•' ln llgbt 

of clause (9) • so, • delete tbis llt.enl ,.,., the ••~lVftJ't't 

encl get the folletdno 1 

N ~ECTAJGLE( \1)V {\} ABOVe( P3 W) 

whlch beeomes clause ( 13) a.S new curnnt clause. Nowt tMo 

claus" which eatl&fy Ruth? and an resolvabl• wl't.h thte 

clauae ere t 

( 1) lmCTANGLS( Pl) 

( :t) RECTANGLE( P5) 

Ft~t. \3 :resolve our cul'ftnt c18\lse Vlith ( 1) •net 

9et t~ ~solvent as. s 
f'<'ASOVB( P3 Pl) 

wht.ch, thot.19b does not ~etr. any varteble, oa:n not be 

•valuat.ed Uftd•r g1wn lnfoftlatlon. So, we st.on thle 

nsolvent os eleue• ( 14) end 1 t 1Mcomes t,.._ mm curnnt 

cto\aHe fomor cul'X'Itftt cltute ~olng to etack. 

At thls point, wet flftd that. there !e no elftus• 

ln o~ set "1h1ch c~uld be na,lvod. with thls. So, 1I1ft 

nmtJve our cun-ent etause f:r:om the eet and b.oektsoecktng 

tum to 'tho tJttlck _for .n9u_ C'Jttef't oltn.~&•• Thua, clause (13) 
• ~ I ' 

• .. • •I • 

egaln ~ the current clause. 

thls time it 1s naotved wltb c1eune ( 6) aftd Oi"" 
the naol'\18ftt. c3 ~• 

N ABOVE( P3 PS) 

which 1& .valuaUd to be false ln light of the clause (9). 

t ••• ABJVE(P3 P5). So, aymlying Rule.~. the hsolvent. now 



'Hcoaea an empty claWle, Gfld. h.eftc•, • \erad.nate the 

au :reb wl t.h the conclu.elcm that the eot. of olauns it 

unsatlaflabl•• In ot.bel." woats. the 1nfttsnd claun NOSE(P3} 

i.e a logical consequence of the vlwm eet of claus•a• 

whlch means thDt tbe object P3 ln the QlWft tigu", 

t.e. flo.-11,. 1& rocoonlaed •• • 'non*. 
fiHDIIei t Con8lde .. the following set of clauses & 

( 1) tvB(JC)V"'C(x) 

(2) tvG( a)V Dhd 
(3) tvf'(Jt)V C(a) 
( 4) tvD( x) Vr-~ B( a) 
(S) "'F(a)v eta) 
( 6) (\rA( a) v P(a)V G( f( ll)) 
( ?) tvG( x) v B( a) 
(9) A(g(x) )V P(b( a)) 

t1e "k• ·the clauM ( 1) e& ttw top.cleuse, wbldl 

1• 4l&o t.he lftltta~ current claus•• two claus•• ( S) and 

(1) eto naolvable with lt. Pli'S'tt • nsolve 1t. vd.tb 

elause (5), t. ••• NP(J&)V Bhd, w.r.t. the predlcat• s, and 

get ~ reaol~t es 

"'C(•)V,v F(x) 

wnt.ch becoMe claus• (9) end now C\lft'Cmt cltJUH. Ncnct, 

tt t• resolved with clause ( 3) w.~.t. pftdlcat• C 4nd we 

,., the bt\Ol,..t •• 

IVP(X) 

Vlhlcb ts •tol'ed as clause ( 10) and becomes nw c~ 

clouso. Now, lt 1e nsc>lved with clause ( 6) and we get 

tbe h&olwnt es 

IVA( x)V G( f( ac)) 



~ing in thit Vf4Y and &f'ter eme beck

t,ncklttg wo get the AP-fom nfut.otltm \J~pb a-a shown 

ln tt.g.-ta. 
' It ls w be noted tb.at bltfore· aach $t•p of 

ft801ut1oft, we have to oanault ou~ kMi.t1ec~Qe-bsse to 

flrd wbethol' e pall' of clouHs is nsti1able and wb•ther 

lt could be n-solvad undel' the AP..fom atnt-w. 

After oxemlning the e.-plea Ql.wn a~. wct 

Mte the follow~ focts : Plrat, nusbtr of naolvt.tons 

hea been nduced due to ellttilnat.lno &Ofl:'Je llt•nla ofter 

evaluation. Secondly, a lot. of Cliftlculatlcms and 

COI\partatcme have al.eo betm ~~:vae. becous• the knowledg._ 

boae etcmce prov!.dea necessalY t.nfomntton, wh! ch may 

tek• a lot of t.lm• to finO when eves.y clau•• is examlntd 

•oaln •nd &fl&lft. A nsolutlon tak" mo:n t.l~N tMn 

evaluatlng e ltterel or ntl'1ev1ag •om• l.nfo~lon ffttn 

the knowtedge-bs&e, beoeuu our knowled-ge-baa• te MlthoZ" 

mach big Mr it le c~lex, and ftucmer of oleuM& and 

numbel" of ltteml& 1n cleuses 1& laroe. 
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rJF(a)V B(x) 

tVP{ a) \.f C( •l 

") 



1M exemple-rtglvtrt ln the left cheptel' showsth8\ 

th• knowl~e.baaed nsolu\lon system d•eonbecl 1ft t.bla 

dlss•natton ta ••rt effectlw and efflc1ent. fO¥' the g!Wft 

d,._ln of pJObles. It can bet ho~JfU'"• seen ~t lt. le 

also VtJ:V •ffeottve fol' othel' typaa of problems, t.e~use 

lt is • 98ftt:to1 J)I.QOf pi'GcothJZ'ft for t.beohll pmvlng. wt\lch 

utill&ft the ft9t:>lut!on prJ.ncf.plo aa t1ell oa ~lffdg ... bah, 

t& •k• the searoh for the pnof lea.,.tucpenslve and ttmG

MVlng. 

A lot of •n, of C!)Uft&, .remains to be don•, 

beca\Jae thrt presented system l& bai&4Jd only on bt.lole 

nsolut.ion alonptth aome nfln-.nt stratogtea.. Some 

othlr proof procedu,_. based on tba reaolutlon prlnotple 

haft bHn d..,.lopa4 r•cently, wnlc'h an eomel\ow _,n 

effectiw and •fficlent. th~ugh m3rct difflcu:lt. to apply 

on the C-ompl.ltctl'. For ••mpl•• Plalst~ {l!) has com• td..th 

a particuler kind of eMlow. whlch 1& appll.S to 

zesolvtlon tbeonm pmvlf\9 ln tM flat-old.ax- 1)nd1cate 

calculua. 
He d•fln•• .e cl4es af mepplnos, called •abstract 

mapping• •, w.h1ch eettsfy cetteln pJ:t)pGrtl&e. Thete mappings 

C)nven a set A of cleuses into e simpler vet a of claua••·• 

such that ptoofe from A C!)ft*tpond to proofs fzoom 9 havlng 

e ela!lar stNctun. H• has alven $OM new inference n1es 



nlated to re&:>lut.lons lntmductnt 8lltJ;..c1auees 

(m.clousea) • whtch on multt..aat.a of ltterala, i.e. wlth 

each 11 tenl 1n tho m.oleue•, a c~unt la k~t of •how 

many tl.mee lt oceuJ"e* ln the: m-clauso. A wn1on of 

ftsolutlon, called •resolution, la d•ftnod fo,. m.clauna 

and S.n addltlon m.abstnet.lona ore deftne4~ TheM mG.P a 

••' A.· o! m.olause• lftto e stmpl•l" "' a. auch thfrt 

m-resolut.ion p:roofs f~ A up onto m.nsolut.tGft proof& 

·ln B having tho aes shape. 

ibo -v-antage of m.eb8t~actlons le the\ 'tMf' 
pnsel"YY much mon of th~ etructun of a p10of thon do 

oldlnaJy ebst.nctlons. Tho uae of abstrac\1one oftd hlftted 

methttds of analoqy glvea a way to use semontlc lnfomatf.on 

and spec1ella~ knowledge. 

In conntus" of the method of atstract.ton of 

~lalsted ~5 J • which nqutn $t&tclent• to t» in cleuse 
-. 

fom, r.bft'O'I[la) bas developed a proof pxocedvn, called 

•te-l'esolutl.on • • whlch conslden a wnlon of the flnt. 

o,cler pi"Gdleate caleulus.. in wblcb the· su\-..nta a~e 110t 

~lnd to be 1n the clatJSe fo~m •• nqulnd l7t atandald 

nso1ut.1on ttt.onm p~n. It nqulna t.be well-fo'l'ad 

fo~~Nlas 'o be qucnt1fler-fne and to haw dla\J.nct 

ve:rlabl••• 1n whlcb all variables are unlvel'selly quent1f1tcl. 

1be 9ft&ont syst• c.n t.. extnded by epplylng 

th• aJ»ve mentioned pro,f p~ceduna, which may l...S u• 

t.o bulld 190_.. effective end •ff1olent tbqna proven. 
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