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lN'fRODUCTION 

According to Claud Bernard, "Fundamentally, all 

Sciences reason in the same way and a1m at-the-same object. 

~hey all try to reach knowledge of the Law of Phenomena, so 

1 as to foresee, vary, or master Phenomena" • , 

The medical scene can be looked upon as a struggle . 

to organise .medical knowledge in a way so· that it wl-11 be 

usefUl to clinicians. 2 This is particularly tnte in view 

of the tr~mendous explosion of medical, knowl.ed.ge,. i.,e. 
~ 

·taking pl.ce now with tb.e enormous amount of effort all 
} 

over the *orld in studying biology and medicine. The 
'~ . . 

volume of the relevant information for a cl~nical situation 

is going to be so enormous · that no. individual will be able 

to process 1 t himself. Infact, 1t can be easily shown that 
J 
' ' . . an experi(!nced medical man is at any :time using only a very 

small fraction of the knowledge which he carries with h1a• 

which, it'l turn is a nderoscopic part of the available 

knowledge. 



Needless; therefore; to emphasise the importance 

o.f an information system. to aid clinical diagnosis. Due 

-to h1;:~tor1oal reason, medicine and biology have grown 

under a style and culture different from mathematics -and 

and engineer1D.g, on account of these reasons it 'has become 

difficult to introduce concept familiar· in computer 

science into medicine profitably~ ln mathematics one .1s 

used to precise statements and clear conclusions. MedicinE 

being an area handling human beings 1n real ~fe situation 

the mathematical methodology cannot be directly applied ae 

it is difficult to get precise facts and much more di.fficu 

to make precise conclusions. However, mathematics and 

logic represents accumulated human efforts to know, under· 

stand; process and decision making. The compl!ter is a ·. 

physical realisation of this process.' 
~' 

D~ring the last two decades the progress has been 

made considerably ·in the devel.opment of th ~- c omp11ter-Basec 

Medical Consultant sys~ems, and. upto what extent the 
. . 

eomputer may 'be useful in· the aid to the Physician in 



diagnosis continue to be a topic of l1v-ely in.terest~. 

Here in Chapter IX we have discussed about some 

of the well known Medical Consultant Syste~• like MYCIN 1 

CASNET and INTERNIST• The a1m of the designers or these 

systems has been attempted to capture the special knowledge 

ot experts in a given subject matter field and represent 

this in a knowledge Base which will be computer processable. 

In these consultant systems two types of Medical 

Knowledge have been represented, (a) The genertal knowledge 

of diseas~s including manifestat1orts, causal .. mechanism, 

and diagnostic procedUres; and (b) Speci:t1c knowledge 

about Pat.ient, including the cur.rent medical history. ln 

MYCIN the medical knowledge is represented by a set ot 

production rules augpta'lted by certaintY factors... These 
' \ ' .. ·~· : . 

factors expres.s the strength of bel!etness on the 'basis ot 

evidence for: a partieular hypothesis~, . ln CASN.ET knowledge 

Base is represented by causal - network in which eacb CAUSES 

link is qualified by a number represe'Jlting the strength of 
, 

causality.; Xn INTERNIST knowledge Base is s>ept"esented in 

the form of a Tree, where each terminal nodes. 1& referred 
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to a di.sease entity and non•terminal nodes en d. 1 ts ·SUbtrees 

are refert.ecl to as a disease area. 

All these systems use some thresholding t~chniques~ 

lf the numerical. score, of a hypothesis exceeds a certain 

preset, threshold, the hypothesis is believed to be tr\le. 1 

In MYCIN the premise ·of a rule is considered true. I:f' the 

combined value of the associated certainty te.ctor.s exceeds 

a preset threshold, In CASNST, a status measure is linked 

w1 th each state in the causal network. A state is considered 

confirmed 1£ its status is greater than a preset threshold .• 

Xn INTERNIST, disease hypothe.&.es are scored by a procedure 

that depends on. the strength of association at:nong the . 
l 

manifestation, ('1) shown by the patient and disease;· and 

( 2) associated with the disease that are not pres.ent ia 

the Patient.; and (3) confirmed diseases causally related to 

this disease. Disease hypothesEas are ranked, and the top• 

ranked diseases are taken into fUrther investigation. It 

the difference between the scores of the top two disease 

hypotheses reaches a criterion, then the top-l:'anked disease 
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ln Chapter llt we have discussed about the logic 

used by Medical Consultant Systexns. The Medical knowledge 

can be represented and an inference engine can be made on 

the basis of First-order predicate calculus logic. '.rhe first 

order predicate calculus 1s rich enO\lgh to model many real 

life problems. The resolution principle indicates a 

procedure of proof handling Which is both sound and effective. 

In Chapter IV we ba.ve discussed about the Logic-Based 

Medical Consultant System, Here we have considered two 

important parts of this system ( 1} Patient data aase; and 

(2) Knowledge • Base, where Patient Data · Base having the 

available information about patient and the Knowled.ge•Base 
. 

is having information about the d1seases. We assume that 

all these knowledge are represented. 1a the form of First• 

Order Predicate Calculus. Here we have applied the ResolutioJ 

Principle between the patient data Base and the K-nowl.edge•Bas~ 

which. gives the contirmation of a disease"· 

We have described a diagnostic proee4ure Which gives 

the final diagnoals. We have also described a technique 
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wn1ch will give the certain! ty of diseases in percentage. 

In all these techniq,ues Resolution principle plays main 

role. 

As we know that like most of the problems 1n Arti.fictal. 

Intelligence. the resolution process causes comb1Bator1al 

explosion in terms of space and time. Most. of these problems 

are solved by accepting some heuristic procedure to tackle th 

s1tuat1oa. In this connection we have also described some 

strategies to tackle these problems~ 
• 
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This system was developed in 1976 at tb.e Stanford 

University. 'rhis is sel'eral rears work of a grattp ot 

Physicians and computer scientists. 4 'fh1s system pro1/1des 

consul tat! ve advice on 41agaos1s of and therapy tor iJl• 

feetions diseases. 

1"' Consultation Program 

2-.: Explanation Progra!ll 

3~ Question-answering Prosran1 

4. Knowle4ge acquis1 tion Progrtm1 

5. Knowledge Base 

- ,6, Patient· Data Base 
• 



Pat1eftt 
Data Base 

Consul 'tat1on 
Program 

BxplanaU.O. 
Program 

Knowle4ge 
Acquisition 
Program 

8 
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' 

All ot tile system•· s kilowledge o t infectious disease is 

contained within the knowledge Base., Data about e specific 

patleat co lleeted 4uring a eonsultatlon is stored in the 

Patient Data Base Arrows lnd..tca'te the direction of 

information tlow. 11 

Tne medical knowledge 1ft MYClN ls encoded_ as 

Produetlon Rules of tba sort sboa 1n Flg (2).·11 

BPJ& o~Q 

PREMISE: ( t JliD (SAME ctr.rXT INFECT PRIMARY • BACTFRJ!MIA) 

(MEMBF CNTXT ·SITE STWL!SIDS) · 

(SAME CNTU PORTAL Gl)). 

AettON: (CONCLUDE CNTXT IDPE'r BACTEROIDES TALLY ··• 7). 

1Fa 1-. The infection S.s Primar)f-Bacteremlat. and 

2. The site ot tbe culture is one ot th.e 

eter1lesites, and 

'• The suspected portal of . entry of the organlsn 

is gastrointenstlnal tract, 
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Them There 1s a sUggestive ev14Gnce ("7) That tbG 

l4ent1t1 of the organism ,ia bate"!des • 

Fig.2. A rule from knowledge Base AND and OR ere the multi• 

valued analogues of the Standard Boolean AND and Gl. .• 

The prem1se ot each rules aJ:tfa.YS have a conjunction 

of clauses and the action part cen also bave more than one 

conclusion., Eaeh rule 1s stored 1n the IF • mm tonnate 

coded hi LISP Languago a T~anslaUon Ps-ogram exp1aift 

Program• s inferences to the expert 1n English language •. 

. 'the curre~~t MYCIN Knowledge Base cont,eins 450 .such rules. 

Kaow\edga R GJ!I!BSgntGJ,gq 

MYCIN knowledge represented by simple statements 

ot the facts about the 44ma1n. !hese statements are 

represented 1n the form ot Attributes Objact•Velue1 and. 

Predica~(fJ Ftmet10D .-

!xemple (The Site of the culture is one ot the 

Ster1les1tes) or. 

in LISP (MEMBF CNTXT SITE STERILEslTES 

Predicate Ob3ect Attribute$ Value 
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A Standardized. set ot some 24 domaill • :f.ndopdklent 

Predicate Function (e.g. SAl4E1 KNOWN, DEFINITE)' and a 

range of domain spec1f1c attributes (e.g. IDENTifY, SITE), 

Ob3ects (e. 6• ORGANI9Js, CULTURE) • aeaoc1ate4 values 

(e.g. s., coLI, BLOOD) trom tbe vocabulary of conceptual 

Primitlv~s tor construet1ng.ru1ee.1 

. UCJ!! fiQdeJ. tQ£. b~aL §Sl:euSb4 

MYCIN has choosen two unite of fl\easurements tnlttall 

1. Bel1et 2. 41s'bel1ef 

end finally comes to the certatnv Factor. The certainty 

Premise and act1on clauses ot each rule. 
. 

MB (b.e) · 01ves tbe measure Of increased BeUot .ln the 

hypothesis h on the basis ot evid.ence e. 

MD (h,e) Gives the measure· ot Increas-ed. 41sbe1S.ef 

ln tbe hypothesis h on the basis ot evidence •• 

cr (h,e) ~ e 
. 

nor 41sconf1rms bypotbes1s h. 

Range of degrees of the MB; MD aad OF area 

0 <:.. MB (ta,e) ~ 1 - -
0 L 1m - (h,.e) L 1 

... 4. _CF 1 h .• e) ~· 1 -
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MYCIN also proves that 

CF (b1.e) + a' (Not h1 e) o o • 
... 

R~ad't P£os;aaa 
(, 

Tbe mechanism is based on the r-uloa tn the knowledge 

Base an4 the eurrent ·date .base ot. the patients. Whtm the 

the rules that makes a conc1uelotl abota"t the goal. In some 
. . 

cases (~cause of th.e lack o£ J:ntormaticm ·about a patient) 
. ' f 

another subgoel 1s set up, that is a generalized torm ·ot 

tbe ortglnal goal. · Since the rule a are lnexact. l t leads 

to a conclusion of less than total certainty. ln th1s 

situation, MYOIN collects ell evid.eace about tbe subgoal 

using :other applical>le rules. If the weight: ot tbe evidence 

about a hypothesis talls under tbe area of determined ~eshol 

value, systsm asks the user to gS:~re the value· of aubJOal• 

MYClN uses the- other techftiq,ues ( 1n addition to the 

first) also to increase the ett1c1ency of the Inference 

Engines, one ls when tha subaoal le set up,. In tb1a 

· situatioa, the attempt 1$ made to f.lnd a set ot rules to 

establish the main goal .ot\ the basts of known informat1ot_l' 



Be tore going to retrieve the entire 11at o t ru.l.es t<~r 

eubgoalt and the other is evaluation ot rules premises. 

lf the value of one clause in a premise .S.s este:b11ehedt 

13 

While the reGts are still unkacwn, and. the knOWD clause alone 

makes· the premise false. Then there is no need to d.o al.l 

' search to establish the other clauses, because the rule is 

guaranteed. to fe11 aecor41ng to BooUen oomblnatlon ot 'lruth, 

False ·and unkn~ 

F Xu D F 

F • False 

u • Untmow 

tn"ClN was one of the f'irs't of a aew breed of computer 

system$ • system that step out ot the 'loy Worlds ot AI into 

real wrw.1 Modu1ar1 ty, representation ot knowledge, 

reasonS.ng 111· sp.eclfie domain, explenatlon of a systan' s 

1og1c, all these itnportant iss\les are cons14ered Wh1ch 

are real, ald. to tbe cl1n1o1ans ln the real worM. 

1 The eaus~al Assoc1ational NET ~k' • % t was tleveloped 

in 19'18 by weiss. Ku11kowsk1 1 encl saa.r at tbe ttnlvers1tr 

o.t Rutgere.1 The system <i1asnoses a patient by d.e~q 
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the pattern of Pathophysi.oloaical causal p.a.thWars present 

1n the patient ancl by ideatityJ.ns this pattern with a 

disease category. The m~or appllcatlon of CASNET hes 

})een 1ri th~ domain of Glaucoma •. 

It consists ot three planes. of lmowl.etlge. 

'' '.rhe plane con.telns the classlflcatlon 
tables tar the disease&. 

fbe plan ot Patbopbysiolog!.cel state a the 

itnportant part of the model; elementary hypotheses are 

connections between two elemen~ hypotheses. To 

conf.lnnlns and 41scontirm1ng the pre.sence ot a Patho· 

phys1olog1oal State, there ia a contlderlee value, a .. 

number ·on a scale of 1 throu1Jh.5~1 rspresents •Rarely 

causes• and 5 represents 'Almost eauses' • The confidence 
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physio1ogi.ca1 States are pre<letermltled by the desisn&rs. 

of cASNBT. 

The Plane of observations contaue all. the 

information about a Patient (Sign,. Symptoms• results of 

the various laboratory . tests) represented by nodes. 

No4es 1ft this plane are Uftkad. With the nodes 1ri the 

·Pathophys1olog1cel plane. the Unke are essoolated 

wi tb certain d.esree of ooptid.ence on a scale ot 1 

thr0\tll1 .,. 

Bxemp1e1 

A ·scotoma (a Perimetry mea~$1\•) stroaslf 

indicates VISUAL FIELD LOSS, so it- has a confJ.dcmce 

value of '• 

ad treatmcsnt atatenen'ts of a 41sease. ' - - . ' . ~- ·.--
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fbe C1rassUJ.cet1on table 1ft Flg. 

S'l'ATB .DISEASES 

Angle Cl·osure 
0 

.. 

xma tOP Allgle Closure Glaucoma Trea'tmen.t 

CUPPING 
-

VFL Cbrord.Q Angle Closure TR 1 TR 
Glaucoma 

.. .. -· 

Fig. 1nd1Qates that if a Patient is fo\1114 to have ANGLE 

CLOSURS and. INCREASED INTRAOCULAR PRESSU\E but nei'tlaer 

CUPPING noJ- VISUAL FIELD LOSS• then he (or She) bas ANOL~ 

CLOSURE GLAUCOMA., lt he hss ANGLE CLOSURSt 'INCREASED 

lN!RAOCULAR PRESSURE, CUPPING, at1d VISUAL FIELD LOSS1 

tb$11 he bas CHRONIC ANGLE CLOSURE GLAUCOMA-. 

1 

2 
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fhe maifl aim of the CASNE'f J.s to mt.ud.m1ze the 

l.1ke11nood ·· ot t11uU.ngs causal pathveJs between tbe States 

on the baais ot the available PatS.ent 1nfonnat1oas (SlgD, 

Symptoms and. results ot the various Tests). · · 
I 

Firstly, the Program asks the que.stions about the 

Patient to tbe Pbysielart. tn:e Physielaa gives t.be avail• 

able patient 1nt'onnat1on (SJ.Ds, Symptom et14 Results of 

tbe ftl'lous Tests) with values. 

causal arcs, status of eacb aode in the causal Net 1s 

states arro~d J.t~. A state is tnadted. oontirme4 or ells• 

confJ.nned, J.f J.ts status ls sree'ter then. a p:reaet 

threshold or lese thari a secoft4 thJ!tesboldt otbend.ee 

tt 1$ undem1ned.. 
. \ 
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After computing a status value and elltering all_ 

available information about a patient; the class1t1catS.on 

It was developsd. in 19?5 by H., Popl$ a computer 

scientist and I. t4yers a sp ee1al1st 1n blternel medic1De' 

It has at extecsive tmowiedge base em also uses the 

INf!RNIST ., I way ot d.lagaoaie 1a somehow same as 

the physician does d1agnos1a. Attar getting bltonnat1on 

about e. patient, tile physician makes hypotbosls in bis 

mind and concentrates on some disease area J.gnoring the 

otber 41sease area. INTERNIST .. I. Program also follows 

the same path. Data are considered as man1:testat1on. end 

INTERNIST • I sets a set ot tiaeases 01\ the baels 

ot some or all SJmPtome entt 1t selects one 41aeeee mons . . 
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~ s 

sympt:oms Ql\4 agalft selects the posslltle 4leea.se. ~he 

precess ccmUnue$ tS.ll. ell symptoms have 'been taken into 

INTERNIST • X knowledge about d.l.seesea is 

two ways., 

. 1• A manifestation can evoke a. dleeastt. 

2~ A d.lsease can cnsn1fest certain slp and sympto!Da.1 

the strength of these relat10Nll t.e represented bJ' a 

number on a seale of o thrOugh 5, lflterl'e. o represents that 

no· conclust.otl ~be drawn about 1be dlseaae end. the - - ' . - - - - - . 

maid.testatloa; and ' represents tha't the manitestat1on ls 



r··a· r:: . 

' 
always tlS$OClate4 With the disease. For each noa•termina1 

nodes ot the Tree, a list ot men1testaUon is 0$1culatecl 

bY taking the cOlliinOtl of the· manifestation llsts of that 

aod.e' $ off sprtng. be manlfeatatl<m associated with two 

1mportmt properties called TYPE end lMPORT • !be TYPE 

property meamares tale expenses for a man1testat1on 1D 

terms ot financial cost and ·physiCal risk to the pattents 

and also order the question asked. by tbe' consu·1tat1on 

program. tthe lt-tPORT 1s a property of mard.festation to the 

ipore<iitselt easilyia Uasnosis. 

-At. the begird.ng a list ot 1llm1f'estat1on 1s entered 

and l.t e¥okes one or more nodes of tbe disease bee. For 

each e'tfokecl disease node a mo*'el ot tour 11at is createct. 

A diasnos1s corresponds to set of evoked Termt.nal. nodes 

that account tor all ot the symptoms. AgaJ.a progrtiD ask 

tor fUrther intoNation because generally at tbi$ stage 

, very-few of tile Terminal nodes are eVOked. To get this 



further 1nto:rma:t1on, ~he, prosram focus on a disease area 

anc1 tcmu!.a"Ce a problem. Each tisease model 1e scored by 

gettil'lg a poa1t1ve end negatlv~ scwe tor each man1teste.t~ 

tnat 1t can eJqJlai.n and cannot explalri re.spect1vely. Bott 

are welghted by IMPORT. . l t g~ts a bonUs, 1t it is 1J.nke4 

causally to a disease til at has already ·been ccmftmed. 'll 

disease mod•l.s are partit1oned !ato two .setsJ 

1•; The Top ranttad model sad the diseases that 

are alternative to it. 

2. The diseases tbat are.complemen~ery to the 

~op ranked model. 

Attar Part1t1ord.ng the disease mOdel, the problem ·ts 

formulated. the system uses one· or saveral strategies 

depend.Utg on the number ot candidate di&c;e.s,t 1n tbe 

prot:;lem set .. 

It ~l\ere ere many alternative hypotheses. 11: 

attempts to rule .. out as many as poss1l:lle quesU<ma 

.about ttial\1festat1cm., that strongly lnd1eetes .a disease 

(high P (M/Dl are selected 11rst.1 It these matd.festatic 



attempts to d1ect11n1nate between them. Then the questions 

about manifestation that st:r'ongly 1nd1ca:tes one <lts.ease . 

D1 (hlab P (M/D1) , aM. weakly 1nd1cate OflOtber disease 

D2 (Low P (t4/D2), ere selected. 1 These questions 8ft!. used 

to 41fferentlate the one disaase b'om. an another. Ia some 

cases because ot lack of 1Dfonnatlan1 termhaal nodes wtll 

all the 4iseases those are 11nked with thls disease. fhe 

. f'oeus shifts to the new top ranked disease end the tormulat 
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PFU}DICATE CALCULUS & . RESOLYJION PBINCIFJ:I 

Predicate calculus is a mathematical language 

bonsisting ot statements expressed in the form of well 

formed formulae• The basic vocabul~y consists ot 

predicate symbols• function letters and terms1 these 

are well defined in the literature.8 

1. Predicate symbols 

a. Function symbols 
.. ,. Variable symbols 

4. Connectives 

5. Quantifiers 

• 
.,. 

-
.... 

• 

n ) u) ~ 
(ana), (or) 1 (implies) 

\3) 
• (Ex1stential quantifier) 

.\'-'/) 
• (Universal quantifier) 

6. Parenthesis • brackets and eommae. 

Now we are giving some examples .,. illustrating the. 

above components. 
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Eeple a 1_ .· 

•Ram• s mother is married to Ram• s father' 

We can write it in formula. 

MARRIED (father (Ram) ·• mother (Ram)) where MARRIED 

is Predicate symbols father • mother are fUnction letters. 

Exmn-g);e : 25 

·• All elephants are gray• , represented by 

( V x) ( EL~HANT ( x) -~ COLOUR ( x, GRAY)} • 

and " 

t fhere is a person who wrote computer chess' 

Represented by 

( j x) WRITE ( Xt computer • chess) 8 

To define the statements we are giving following 

definitions, 

Def'initions: Aceording to Zohar Manna 

ponstan;t: 

(a) n • ary tunetion -constants -~ (1 ~1, n ~o ) ; 

t~, is called an individual const-ant and is also denoted 

by a1~ 
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. . 

(b) n • ary Predicate constant p~ (1 '::71; n ~o); 

p~ is ealled a propositional constatit. 

Vm:iabliil 

(a) ·. n '!IIi ary function variables ~ ( :l ~ 1. 'A 40) ,, 

F! is cs,lled an 1nd1vidual varlable and 1s also denoted 

by Xt• 

( tl)) n. ·'"!" ery Predicate variables P~ ( 1 ~ 11 n "?- o) :• 

·'0 P 1 is called a propositional valiiables. 

( a) E aeh individual constant 8j. and each individual 

't'ariable lts. is a Tenn. 

(b) It t 1, ~· • • ••• •'tn• (n ~1) are terms then so 

are ~. ( t 1, ~-~·---- ~) end r~ ( t 1, ta----~-•·\t) •. 
(c) If A is a wtt and t 1 and ··ta are_ terms (then, it 

A then "1~ else t 1) is a Term. 

A:t:omc . Eermu&e: 

(a) T and F are a~fs 

(b) Each Propositional ~constant ·Pt and e~h 

Propositional variables Pt are aUs. ', 



(c)· I,~ t 1, ~ --- 'tn ( n 9·1) are terms, then . . 

~ (~, t 2 ~ ......... ~) and P~ (t1, 'a·~--·· ·ta> are atts 

where 1, n ~ 1. 

Well totmad Fomylast 

(a) Each atf is a wffs. 

(b) X f A, B and e are wffs., then so are ( ,.....,. A) I 

( A :::> B) ,. ( A f\ I ) 1 (A U B) . (A * B) • 
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.INTERPRETATION of i.orpw.la in the. first grder 1ogig3 

To define an interpretation for a .tormula in the 

first order logic we have to specify two things, namely, 
' ' 

the domain and an assignment to eonst9t;1t, function symbo.ls 

and predicate symbols, occuring in the formula. ~he 

. '' 
following is the formal definition of en tnterpretations 

·of ~ formula in the first order logic. 

pefinitionf 

An interpretation of a F.ormula F in the tirst order 

logic consists ot. ·a non•empty domain D, antf an assignment 
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of • values•. to each constant, . functi~n symbol, and pr,ed1¢ate 

symbol ;Qeeuring in F as folJ.owst .. . . . . . 

. ' 
1. To each constant, we assign an element in D • 

. 2 •. !13 each n•plaoe function symbol., we assign 

a ma{>pbig from Dn to ll. 

3. . To each n-place Predicat~ symbol, we assign. a. 

mapping :t:rom J)n to (-.r; F}. . . 

Sometimes, to emphasize the domain D1 we speak of an 

interpretation of the formula over D, When We evaluate · . 

the Truth 'Value of a Formula in an interpretation over the 

domaitl D,· ( V x ) will b~ ·interpreted as "tor all 'elements x 

in D" and ( J x ) · as "There. is an el~ment in D" • 

r or every interpretation Of a formula over domain D 

the formula can be evaluated to ·..r or F according to the 

following rules.' 

·1• · lf the Truth Values of fonnulas G and H are 

evaluated, then the Truth f a1uesof the tomula 

are evaluated by. using this Table. 
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TABLE 
'. 

G I :--C '' ' . 
(GO fl) (GUll) (G '*H) (G~B).,, 

T ' F ' ' if ' 
T F f F 'r F F 

F T T r f T F 

" 
F F ' F F ' T 

··,,: ( 

2. ( 'v' x) G is evaluated _toT -it the Truth Value . 

. of 0 is evaluated. to T for e"ery x ln Dt otherw1$e; 

1t is evaluated to F. 
. ' 

_:;. ( 3 x) G 1s evaitti ted to T i:t · the Truth value 

ot G tor at least Qtle x 1n D,, otherwise. 1t is 

· evaluated to F. 

Any .Formula containing free variables cannot be 
I 

: .. . ,,. ' . ' . 
evaluated• ··we assume either that formula do not contaU1 

free vatiabies ·or that ··free ·variables are treated .as 

constant. 

. ' 



',Interpretations are defined; all the ~on.ee~~ 

such ap val1<ii ty, i_nconsistene.y .and logical col)sequenoe 

for formulas of tne~first order io~c. 

A Formula G is consistent (Sat1sfJ.able) if and 

only if there exists an interpretation I such that G is 

evaluated to T in I. If a formula G is T in an inter• 
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pretation l t we say that I is a model o.f G and I satisfies 

G., 

Defin!:t&,on3 

A formula G is valid 1£ ~d only if every inter• 

pretation of G satisfies G. 

A F orm.ula G is inconsistent ( un.satisfiable) 1f 

and. only if there exist no interpretation ·that satisfies G-. 

A form"la G is a logical con~.equence of formulas 

r 1t F2, ·---- Fn 1:f and only if for every interpretation I 

if F.1 n .F 2 r\ -· ... --.... n F8 is ·true in I, G is al.so 'l'rue in t • 



infinite numbe,r of domains in general, there sre an 
'' 

intinite number of interpre~~tion.s of a tormula so it 

is not. posst'ble to verify a valid or an in oonsistent 

formula by evaluating the formula und~ all the possible 

interpretatior1s. · .. 

~REl'fEX. NCftJAL FORMS. IN. THE. fiRST, QRDER. LOGic 

The prenex normal: form of a formula is to s1mp11fy 

proof procedure in the first order logic~ 

30 

A Formula F in tbe tirst..-order logic. 1s said to be 

in a Prenex norm:al form if ancl only 11' the formula F is in 

th.e form of 

( Q1.. x..) ...................... (Q. 
--·· . . n 

. (K)· 

where every (a1 .Xj_), 1 a . 1 -----... --n is either 

ElVXJ.). · or ( 3 x.t> and · M is a tonnula: containing l10 · 

(!Uantif1ers (Q1 x,> __ • .;._ ( ~ a,.> .is callced 1":he. 

Prefix and M is called the matrix of the Formt1la F • 
. ' ~ 



Transfor1tling Formulas into Prenex norrna~ form' 

S :keP 1 · lJ se the Law 

F ~G c (F~G} (G-=* F) · 

F~G =-FUG 

to eliminate the logical connective and. 

· Step Ii R1!Peatedly use the Law 

__.. (i' U G) = ,...;F R .- G 

...- (F n C) = .-p \J r- G 

and the Laws 

,..._, ( ( \1 x) F( x)) · 

-.-- ( ( j x) F( x) ) 

= ( :J ;t) (--F ( X ) ) 

= ( \J x) ( r- F ( X ) ) 
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'l'o bring the negation sign immediately before atoms. 
' 

§,~i!P . II.! . Rename )ound variables if' necessary. 



§tea IV Using the Law 

(Q 1() f(x) U G e (Q )() (F(x) U G) 

(Q x) f(x) {\ G e (Q x) (F(x) f) G) 

(\;/ x) F(x) () (Vx) H(x) .ji:i (Vx) (F(~) n H(x)) 

(3 x) F(x) U (3 x) H(x) = (3x) (F(x}U M(x)) 

,(Q1x) F(x)ll(Q 2:x) H( x) 1:= (a1x) (Q.aZ) (F(x) \m(Z)) 

(Q;x) F(x)U (a4x) H(x) e (Q;x) (at.2) (F(x)O H(Z)} 

to move the quantifiers to the. left ot the entire 

formula to obtain a Premex normal·· fo:nn. 

The first order Predicate cal.oulas introduce some .. 
restri.ctions on the usage of qUantifies.· If one limits 

the quattti£lcat1on to var.iables one gets a simpler system 

ot well formed formula. 

(3x) (Vt) ((P ( Xt Y)n Q (Y, x))~a ( x)) 
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is an exmnple of first order predicate calculus statement. 

Representation ot Statements in the form of 
_ Presticate ca1cu).ua. 

Here we are giving some examples of the statement 

represented in the fornr of predicate calculus logic. 
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Every city has a dogeateher Wbo has been bitten by 

every dog in the town. 

ftept esent ed in the form• 

( \:! x) (CiTY (x) ~ ( 7:1 1') (DOG CATHFR (x, Y) 

0 ( \1 Z) {(DOG (Z) 0 LIVES • IN·. (x, Z) )=>BIT (Y t Z)) )). 

§xamplgti8 

For every set x, there is a set f, such that cardina:U.ty 

of Y 1s greater than the cardinality of x. 

Represented in the form. 

( \J x) (SET (x) ~ ( j T) ( 3 U) ( "3 V) 

(SST (Y) 0 CARD ( x, U) f\ CARD (Y t V) f) G(U •· V))) '. 

EfSWpl~. 1IJ8 

All blocks on Top . o£. bloeks that have l>een, mov~ 
\ 
\ 

or that are attached to bloc~s that have been mo'ted have 
-
also been tnoYed can be Represented .in the form, .. 

( \1 x) ( ~ Y} ( ( BLOCK ( x) n BLOCK (Y) 

f\ :(ON TOP ( Xt Y). U ATTACHED ( x, 1)) . 

n :(MOVED ('f)) =9 MOVED ( x)). 



typically one eould represent medical knowledge 

in tenns of . the first order Predle ate calculus 1 then a 
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medical inference is simply the development ot a ~roo:t for 

a theoram, ~he medic at knowledge can be of any kind;. It 

could be a diagnosis, 1£. given a set of .symptoms and 

results o£ various tests, all expressed in Predicate 

calculus. It would be a decision towards a therapy based 

on symptoms, available drugs, compelling constraints etc. 

!be resolution Principle offex-s .a mechanical 

procedure ·wttich combines various kJ.nds of .ltf erences into 

one :torm. There are su~sti tut1on, modus ponens and other 

form of inference· systems~, 

tne resolution method is a form of proof by 

contradiction that involves producing new clauses, called 

resolvents, from the union or the axioms and . the negated 

theorem. These resolvents are then adde4 to the set of 
) 

c.lauses trom which they were derived, and. new resolvents 

are derived. i'his process continues• recursively, until 
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I 

.it produces a contradiction. Resolution is guaranteed to 

produces a contradiction if the theoretn follO'Wa from the 

axioms.2 

B''efore using the resolution principle, any predicate 

calculus wf£s converted to a set ·ot elauses,.1 

Clause • A clause is de.f1ned as a wff consisting of 

a disjunction of titer~ls. 

ponver~i!!§ a Formula ~P clausal form2 

Conversion into a clausal form .1.s done by a series 

of .steps. 

1., ·Negate f' ·: Replace F ·'by ,.J F • 
• 

2.. Remove: ~· and ~·by replacing ( A~ B) by 

(,_,AU B) and ( A#B) bj ((-AUB)n (-BUA)) 

3. Move~ inward. using the rules 

,_;(-A) 

..-( AOB) 

__.( AUB ) 

-- ti :x A(x) 

-3 x A(x) 

= .A 

=.-A f) ......, B 
o j x _., 4(x) 

=vx ..-A(x) 
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4-. Move V and 3 tnv~rd. 

5. Rename '\r~iables so that no two quantifiers 

.. qUantify the variables. 

-6. Exchange 3 for sk~len ft,;.ncti-ons and th~n drop\;/*· s. 

7-. Convert _to CNF (Conjective normal form) by repeatedly 

applying Demorgan' s haws 

~(AnB) 

,..... (AUB) 

= ,.._,·AU ,__, D 

= r-A n _.B 

Given a well formed formula describing the condition 

of required for infering a diagnosis :Lt is simply a mechaDctil 

process to achieve, at it given a set of available symptoms 

expr~ssed 1n the form of statements in the oalculus. 2 

Given !our c'lauses (well formed form ula reduced by 

substituting logical equivalence to a form .sui table for 

resolution) • ~esolution looks like 
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P (x, :f (a) )U a{Y) .. ;..- P (x, t(a) > '·v ~ Q(Z) · · 

R(Y): V .- Q(Z) .-R (Z) 

,_ Q (Z) o(a} 

NIL 

Fig. 3 
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A ~tL clause indic.ates ~ contradic:tion. ~he usual 

way ·of pro"{~ng a i;heorern 1$ to 111 ~oduee .the .. negation of 

the propositiQn ·to be established and add it to tne corpu~s 
' . . .. . 

of. clauses •. If' a rasoluti.on tree yield$ a •N.IL• clJiuse, th1 

propa,sition is esta'Plished• 

Like mos:t problan of Artificial Intelligence the 

resolution proees,s can cause combinatorial exp~osion in 

terms o ~ spaee and time. Most of these problems are solved 

by accepting some heuristic procedure to tackle tha 

situation. 

Here we are discussing some of the strategie$ used 

by theorem proven •. 

The li-terals or clauses can be elimimted f'rom a 

set of clauses in a Ulanller th.at. It does not .effect the 

unsatisfiability or satisfiability of the cl.ausea. There 

are three ways to simplifying a ·set of. clauses. to 

eliminate tautologies,. evaluate pr:edicate \~.bare possible 

and eliminate clauses that are subsumed by other clause, 
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Linear - input fcttm Strateg 

This strategy ·involve.s choosing resolvent so that 

one resolvent is Blways from. the set of· original clauses •. 

It is used because of its .simplicity and ef:tieienoy •. 

Medical men always do this precisely at any point 

of time, the doctor has a hypothesis when he is diagnosing 

a problem.. Me directs his tests. and studies the result. ot 

these tests witll this in mind. A resolution system is 

very well suited for a S'!-!Oh an interactive situation. A 

hypothesis can be tested and. the resolution· tree ean be 

heuri.stically directed through the most likely paths. ln 

case the results do not promise in one path, another path 

can be attempted • . , 
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CHAPTER • X! 

LQGIC. BASED MEDICAL CONSU&;tQiZ ~YftRJ.§ 

H~re we have considered two important parts ot the 

system 

1. Patient Data Base. 

2. Knowledge Base.(which are based. Qn the logic 

given in Chapter III.) 

A resolution principle 1s called to act between Patient 

Data Base and Knowledge Base. on the basis of the resolved 

and unresolved literals in the clauseJa formula is 

described to find out the certainty factor ot diseases. 

Patient Data Base 

It consists of the available information about a 

patient li'ke (History, Signs, Symptoms. and results of 

the various laboratory tests Ehg• Blo0d1 Urinet X•ray 

etc.) represented in the form of wff using first order 

Predicate calculus logic. 
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One can make a Patient Data Base in the following 

formatel 

.. .. 

Patient Patient. Age Se:lt History Signs ~ymptoms Results ot 
No. Nane various 

Laboratory 
- teats _ 

In the above formate Patient No. and name gives 'the 

identification o:t a Patient. It does not play any role 

1n diagnosis but the remainins part plays vi tal role in 

diagnosis. All these information are represented in thE! 

form of first•order Predicate calculus. Here we are 

assuming that the represented form of these 1ntormat1on 

into first order Predicate c~leulus logic are s1• s2, ·s, •• 

where 81• ~2' ••••••• sa· are ~lauses. These clauses are 

stored in se ctuence where the se'<tuenoe could be done 

accordingly the priority of inftJrmation .in addition it 

also depends on the physician's criteria~ 

1 



Knoyledg IAU 

It consists of the information _about diseases. 

The facts, inferences; heuristics about ~seases are 

stored. All these kno"'ledge are represented in the .torm 

of first .. order Predicate calculus loglc_. Here we assume 

· that the facts of the diseases are repx-esented in tlte form 

of s1• Sat $, ......... s._ and the hypothesis or rules or 

inferences are represented !n the torm of s1 0 Sa(\ s,. • •. (I: 

> D1 (\ Da n DJ •. • • •• n Dn• :, Here we have also considered 

one table o.f common . and. diagnostic symptoms of each 

" 

diseases. 'the heuristics are also stored because of 

combiriational· explosian. --

K~owledge Base can be seen by :tollowing tonnate" 

.. , ' 



Facts 

Table 

Heuristics 

Common 
symptoms 

r 

Diagnostic! Common !-Diagnostic u)~ 
symptoms j symptoms! symptoms 

I f-7-. -::,- - c:r - - - - Cf:l-. 

I 
..... ~ :j(J) s s ~~ ~s ~o 

2 t s 1 I 32 ° 0 I 0 0 0 .jJ 

~ s ~~i jfoi I ~g. 
1 ""4 3 ·s 5 1 s4 u ~. .~ ~ I , ~ &i i ____ ._..~. _____ ..!--___ _..,;_ __ , ____ _.. ___ .....~.1~,---,;.L-... . 

Figo 4 
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Symbol Statements 

s2 

. ft " 
ft 



· Here we are a'l.so eonsid.ering the same unit of 

measurement given in Chapter It·• (MYCIN). 

1. · MB (h, e) • X Means itThe measure Of increased 

belie£ in the hypothesis h, based on evidence e 

is x!'. 

I • c ' • 

disbelief in the hypotl:lesia h, based on evidence 

e is Y". 
3• . We are al.so applying the same theory here. 

Total No._ of Literals in the hypothesis 

• No. of resolved literals in _the hypothesis 

+ No,. of unresolved literals in the hypothesis .•.. 

MB = (Total No. of literals in the hypothesis <1!0 
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No. of unresolved Literals 1n the hypothesis) • 

MD = (Total No. ot Li tarals in the hypothesis • 

No. of resolved Literals in the hypothesis). 
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Here· we have also .considered e .cer.ta1nty factor (CF) 

CF .:=~ MB • MD 

and 
CF X· 100 

.. total No. of Literals in the ttypotnesis . 
• 

0 L MB L... n - -
0 L.. MD ~-n -

-n ~ CF ·c::.. +n -

fhe J?hys·ieian gets the available information 

about a Patient l.ike (History, Sigp.s, Symptoms. Results 

ot .tner various Tests):,. . The user enters these information - . 

into the computeZ.• · 1-'hese ·information st¢red in the· 

,computer as a Patient data base. · The knowledge about 

diseases are alr~ady sto~ed in Knowledge Base~ 

Firstly the :1nformati9n ·about a Patl.ent 1n. 

Patient Data Base is compred with the facts about the 
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diseases 1n Knowledge Base.. All those diseases are taken 

into consideration whose facts mached with all or any subset 

of the Patient information. Tnese diseases are arranged 1n 

·the descending order of the maximum matched taots. disease. 

Secondly the .first disease 1s taken from the List 

into consideration. The resolution Princi.p le is called to 

act between the t?atient Data Base and the related. hypothesis 

of the first disease in Knowledge Base. If the NIL clause 

obtained then the oceurence of this disease is eontirme4~ 

lf not 1,e. (NIL clause does not obtained) and resolution 

is continued then after n steps (n depends on the 

situation and environment) stop the resolution processing, 

and come to the calculation wbieh. gives tb.e oert.ainty 

factor of the disease. 

The unresolved Literals are, displayed on the 

terminal with the English Statements written J:n the Table 

stored in. Knowledge Base. The resolution shifts to the 

next disease of the list, and adopts the same d1agnost1c 

procedure till the last disease of the list has been 

processed~ After seeing the unresolved part ot tbe 

hypothesis clause, Physician again endevours to tind out 
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the information like {Signs, Symptoms, Various Laboratory 

Testa). I£ he gets any positive information then the 

Patient Data lase is updated and agatn same diagnostic 

procedttt'e is followed. Otherwise· the result ot the ti.rst 

processing is taken into consideration • 

. Sometimes two diseases get the same pe~eentf$e o£ 

certainty factors. In this situation the unresolved 

literals of both diseases are compared with th~ Table 

(for diagnostic sympt.oms area and common .syalptoms ereal 

' stored in Knowledge Bas~. t.rne disease whose 11 terals 

falls under the common symp-toms area gets the. positive 

marks ~or each literals. If it :falls• under the dJ.agnostic 

·symptoms area gets the negative marks for each literals. 

Finally the disease of. the maximum marks is c~ns-.dered 

first in the list, followed 'by oth.ers .J.n deeend1ng order. 

Now we are giving examples assurnlng some caselh, 

Exampte 1 

. SUppose s1t ·s2, s3 • S4 are tbe Patient tnformation 

in Patient flata Base. After comparing these information to 



the facts of the diseases in,Knowledge.Base we get~ 

. " 

D1; n2, D3, Dt. 

'Where n1 .is . the maxim~ maebed Facts d1S!ease followed 

by D2•: n 3, n4,. Now to p~ove the ocour~ce of the 

disease D1 • we put negative sign before D1 and sto:re lt 

in Patient Data Base. Now the "esol.ution starts between 

the hypothesis of dlsease n1, 1n Knowledge Base and the 

J? atient Data Base. 

Asaume hypothesis ?f D1 in Knowledge Base J.s 

ln this case we assume that s1 • s2, s3, s4 are un1 t 

clauses Of literals S1*' S2 t s,, S4 • 
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NIL 

;Hence D1 is co~fi~med 

.nere MB = (5-0) ~.· 5 
MD == (5•5) = 0 
CF • (5-G) . = 5 

% CF •+x 1.00.. ,oo 
CF . o 1<XJJ' . 
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Now we will see tbe possibility of ooc~enoe ot disease n2 

put negative sign befor,e n2 and store 1t in Patient Data 

Base.. A.ssume hypotheses bt D2 in Knowledge Base 1a 

/ 

. s1 n 

Here also· we assume that the each s1, s2, s4 , s, are unit 

clatl$eS of literals S1' S2•. S4t s,. 
the Resolution shown m·Fig~? •. ' 



Here 
.MD c 

MD :::: 

CF = 
% CF ~ 

CF == 

{ .5•1) 
(S-4) 

- :4. - . 

(4-1) == 3 + "100 .= 60. 
6()6 



In this case we stop the resolution proce.ss at 

this level, and unresolved part o£ the hypothesis are 

diaplayed on the terminal. 
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~he Physician tries to f.ind out s5 1n the Patient. 

If he gets, th,en the Patient Da~a Base is updated by s5 

and again same diagnGstic procedure adopted.. l f !:lot, 

then the D2 S.s con$1dered with certainty 'of 60}&. 

Now we are considering DJ put the negation betore 

D3 and store it in Patient Data lase. Suppose hypoth~ses 

in n3 is 

sa f\ 

and we also assume that s1, s2, sJ, S5 ar$ .. unit clauses 

of literals s1. sa, s,, $,. 
The Resolution. Tree shown in Fig. a. 



u 

MB' • c s-1) .. 4 
- - - . (5-4) 0 1 
CP , = -( 4-t) o 3 

% C:F · ., + Z100 "' 6qlci 
CF ·= · 6tW 
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W ~· 'stop the resolution process· at this :level, and 

. unresolved part of the hyPothesis ClatlSe ( $6) al'e 'clisplayed 

on the terminal and again follow the :s8$e ·<Uagnostte . , 

. Suppose DJ comes ;ri th the same certainty £actor 1 .. e~ 

60}&. In tbi.s situation the unresolved literals of the 
' \ 
1 . . . . . 
r,t.ypothesis of both . the diseases are compared with the table 

in Knowledge Base.. Whether they belong to the coimnon . 

Elymptom area or diagnostic symptom area. If s5 belongs to 

·diagnostic area and S6. 'bel9ngs. to the ·common symptom area 

then DJ has more we1ght then D2 and vice-versa... lt s5 and 

s0 belongs to the . same area the~ both D2 and o,_ consider 

with the same weight and certainty Factor •. 

Now we consider th~ (t.~st disease of tbe.List) o4 •, 

Put negati~~ 'b~fare D4 and store it in Patient Data Bat: 



·, '. 

SUppose hypothesis ·otD4 is 

n s 
' 

Also Q$S'Wile that s,, ,s,, fJ7 and. b4 are unit clauses~ 

We come to the resolution process • 

. The Resolution tree Shown in ·fig. t. 
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We stop the resolution process at this level.. 'the 

~esolved Literals S5 and S7 .displayed on the terminal 

MB = 
MD = 
CF 

·" CF 

OF = 

( 

( 

( 

4•2 

4•2 

2•2 

0 

0 

) = 2 

) a 2 

) 0 

Physicians try to find out '$t and s1 1f1heygets 

then again .follow the same diagnostic procedure otherwise 

the first result iB considered i.e. D4 is not con~idered. 

Finally we get the following result.$ 

Df with 1oo& certainty 

Da Vlith 60J' certainty + Extra weight 

o, with 60)& certainty 

Dtt with 0 certainty 
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·Combinatorial E!PlO~ion 

· Like most pro'Q,.ems of Artificial Intelligence, 

the resolution process can cause. combinatorial GxPlOsion 

1n terms of space anct time. Most of these problems ere 

_solved by accepting $0l'D.e heuristic procedure. 

Here we have also developed two strategies, 

. . . 

1. !he resolution take place between the hypothes.t·s: 

clause in Knowledge Base and one clause from the 

set ,of c.lauses in Petien.t Data Base~ No oiher 

J:'Qsolution will take place at this ·level. 

2. The next resolution Will take place between the 

derived c~use and next clause in the sequence 

of ·Clauses .in patient Data· Base, No other 

resolution will take pl~ce with the same derived. 

clause at the same level. 

3· This process continue till. last clause of the 

sequence .in the patient Data Base is processe4. 
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These ·strategies h.ave been applled in the example 

shown in Fig.) 5 and through this, we get the result in 

5 .steps. same example is solved in. arrotm.d 300 step.a• 
. ' . .. ~ 

without using ·these s~atesi.es. ttne example which we. 

na-ve taken is hav!ttg only ti,;oe clauses wh1.oh tarE! simple 
'. .. 

while the literals are also in simplest :torm. . . . \ 
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C(JfCLUSION 

Computer may not replace PhY.~ioians but .can very 

well assist their decisions. Francis T • 12 .says "The 

·early systems attempted to do diagnosis for the doctors 

which is crazy." Evan still today there are several. 

functioning Knowledge-.Based decision systems, called 

'Knowledge....])ased'. According to Dombal "What we are 

really trying to do .• " 12 " is to get the expexo.ienoed. 
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doctor' s level of perfonnanee upto that of the Seni9r 

·clinicians· within a few weeks, as opposed to· ten· years.• 12 

while lnd.ld!.ng A I systems, researchers discover additional 

information al:tout human exr>ertise which they add to later 

ver.sions of their systems. Shortlitfe used trail•and• 

error technique in his system MYCIN. According to 

asking an expert for everything be knows about meningitis 

and writing it down. It's very nard for people to 

analyse their own kno\tledge." 12 
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The other systems using AI• teohnique for a much 

larger area ot medicine, like INTERNIST which .has ourrentl: 

a hovtledge.}Jase of more than 600 disease. The system is 

designed. to guide Phys1eians in order to solve difficult 

diagnostic problems.. According te .Jack Myres.12 

•I f you put this all together,, you have got a 

' ' bowledge-iase in internal· medicine alone that is many 

times what the human brain could possibly remember.• 

The system which we have described is also 

Knowledge•Based. !the medical knowledge .is represented 

1n the form of F irst~rder Predicate ealeul.us logic. 

This logic e~ represent many real life. problems 1n the 

world,. 
• 

The result of. this model could ·be. easily generalized 

We can adopt these techniques for a variety o£ situation 

involving large number of diseases ana. pati·entth 

The resolution principle of the first•order 

Predicate calculus suffers from the issues associated 

with combinational explosion as in m.ost problems of 
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Artificial I ntelligenee• Further it bas been shown. that 

predicate calculus is semi•dec1dable. 

We ean, however • over·come these d.iftieul ties .• 

partially, by adop-ting ·some strategies f'or handling ·the 

resolution tree. The number of ·clauses and steps can 

be reduced very well by adopting the strategies described 

earlier in Chapter IV. Interestingly enough, we get the 

result through this method in 5 steps and 5 clauses, 

only-. Without using these strategies, .it takes around. 

300 steps and clauses to get the result. 

However; we don• t elaim that the .system wbic.h 

we have described or the systems which are already 

d.eveloped1 are fulproof tnEttbods. ·However, \..re can clailll 

that it is proof procedure for medical diagonosis and it 

has a number of distinct advantages as a clinical a14. 

lt can store enormous amount ot factual data more than 

any single physipian can. manage411 It can be used by a 
. . 

number of physicians at a1 time. where the physicians 

are restricted to one situation at the given time. 



I. t can be made available wher-ever , and. whenever it is 

needed• Xt can be made ,,available in situations Ulte 

Rural Hospitals or Ship at Sea where the phys1cian 

needs mere· advice and 1nformation.6 
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