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A simple and 9._ral d41f1Rlt.ion of a COl'ftJN'te~ 

may be QprnsaO in V.ree -.u'dst !ft~o;aoptlop SOJ=!ISS!ng 

-~. tnfo11'1Jat1on is ttle data ( •data. is a tem .. ~ 
'th4t. afexs to iftfonnatton. which may cons!$' of 

mawsbe-rs._ W~:Jrds• symbols. or combiftat.ion of 'these" ClE ) 

that haw been O%garti%41d into e: ft~N1'l1nc)ful sequence. 

Compu\er takes lnfoaa'tion as input ad gives info»-· 

eatton as output. It. is muc:h llt. a .ashing •chine 

that takn dlrty clothes es iftput and gives clean 

clot.has as out.pt.t\. 

During ••ly 19SO"s• ewm as the WGrld was 

just baglrmlng 'to dist»ver tbe existence of cowputeu. 

•a ,_ ctreamen• (as e. 11aphee1[31J puts it} were 

t.blnking about the d1•tant fut.ur. of such dtWie&$,. 

He quotes fxom a f8M\I$ paper pUblished 1n 19!0 by 

A.M. Turlr~h t.ha't staus 1 

•we may hope that machines will eventually 
eompete with men in all ptlftly intellectual 
fields. But wbieh: are the best ones to 
start wit.h? Even t.his is a difflo.Jlt. decision. 
Many people t.birtk that a vexy abstract 
act.tv1"Y 1 like t.he playing of Chess. would 
be ~:test. lt can also J)e maln'taln«i that it 
1 s bast to provide the maeblne wi:th t.he best 



sense organs that money can tuy • and· 
then teach it to understand and speak 
£m,Jllsb. this process cuuld fol..tow 
'the noDDBl 'teaching of a Child. Things 
~ld be Pt.Jlnt.ed out and namea.~e. 
Again I do not kno-w whvt thtl ~UJbt 
tmSW41r is but I think t»t.h approaches 
sbotdd ba tried .c 

Mow• we au Uvlng 1n the 34\h yeax- af'-er 
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A .. ~. Tarlftg pttt. h1s $UCJ94!stiottth Today.. computers 

have started invading the lives of practically every 

one. ~ ar. used in medi.cine, education.. contml 

sr•'tem$• fine an. aixlines, law enfo.rcemmt.. printing 

acf\d publishil'lq, and 1n ~lames. 

One would put. queatiens as to t ucan machines 

thiftk?lt and •ts it. possible 'to s~k of uchlne undes. 

st.and!nq..,_ A fJ.eld of &Cience eal14Kl ttAJttiPICIAL 

INTELLIG~ may glve an answeJ: tt» t.hese quost.1ons. 

1.1 MTlP!C!AL nn'ELLit;SNt."S 

Art.i flcial Int.ell1C)«ftee is tho part of computer 

ecienc:e t.hclt. is eottCemed with ~be design of intelligent 

C01'4PUter systems. Int&lll9en~ computer systas am 

t.h'3&e ws'tflms that eld'tlbl't the charact.erl:stics we 

assoeiate with tntelli9enco in human betunrlcnar. 

cbaracte,;i&ttcs like leamib:J. nasoniru.h undorstancling 

languaoe .end solving problems. 



f!DN clearly • the practical charactttr of 

artificial int.elltgence is nicely defined • M.L. 

Mlnskyt •AJ:t,i1'1c1a1 Inf.elliqence is the sci~ of 

making mach1nes do thint,;$ that. ¥!10Uld requtxe 1ntalll-

9ence if done t.;y men•[ao]. 

The first success 1n develii)Pint programs 'that 

oxbibit lntell!gence was a pJ:OfJram by A.L. S.rmuel of 

IBr~. In 1961. he developed a program to make a 

comptl'ter play checkers. Tbe program cauld even. beat. 

samuel. its creator. A.nother prog,ram that. was developed 

could play chess. 'l'tlese p%Q9:riims wxk by searchi.ng 

through a space of po:as1ble moves. 'that. is. Cetnsiderift(} 

'the altematlve mvu and their consequences Geve.ral 

steps ahead in the oame. jus~ as a human play&rs do .. 

Thus• comSNt•rs can be taught how to t.hlnk. 

Tha ~ matn goals of antf1cia1 in~lltoence 

ere 41 : (a) to ·make comput.exs moM useful; and 

(b) w understand the ttr1nc1ples whiCh make in'tellt

gence possible. CoDlputer sclef'ltists end ~exs 

~ wlt.h the first, goal, need t.o know bo"Al 

.artificlal 1nt.e1l1gence can help them in the solution 
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of c:ltfflelllt PJ:Oblems. P&ycbologist.s and pbilGsophers 

conce.med wi'th the &G:cond goal, ~bink t.ha't understanding 



art1fiec1al intelli9ence is a way to study nat.ural 

intelligence. Artif1clal int;elligence r&Harcbers 

belleve that int.•lll9eat machines should help men 

in all field&. Just. as aedwmical machiMS have 

been helping atm in t.he1r phy&:lcal act.1vit.1es. these 

1n'telllgent tuddnes would help men in their intell• 

C'tual act.lvit.1es. 

&'tfty ;~rog:rams were des~, us1fttJ art.lficlal 

J.n'h111gence ~ecbnlques,. t.o ped'o1111:1 the followin9 

Uaksl 
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1) P.mViftcJ t..h«Jnll$t U.S. progr._ prove assert.ions 

by man1ptd.et.ing a database of fac.~s. 

2) t..eaming: the ability 't4 leam is Ute most 

s1gn1flcant. aspect. of human lntelll<jence.. Pm.;tratDS 

that. can lea.xn fxom OBfl1)1es• £SO$ trheiz own pel'for

.ance ancl fmm. being told a~ 'the knowledge 4011J181n 

are at.\~. 

3) Au\omatlc programm1ft9t In t.bls field the at.tept 

ts t4 ct.velop systems t.hat can wr!t;e cmaputer pragDtDS. 

•) Robotics and Vislan~: Pxograms that. manlpulate 

ftbots are developed. rr.ost · industrial rol»ts an 

'bllnd. tut some· see through a TV ca.ra.. Pmcesslng 

visual informatlon is another very active ana of 



srt.lf1c1al intelli(JeDce .search 'that Qm mnke robots 

see their environment. i»mgraa'l$ ·have been developed 

that. can mcoqniu objec;ts and shadows in v15Ulll 

scenes. and can even identify small changes fma one 

pi~ to 'the naxt. for •xample,. for aerial rec:m

naissanc• .. 
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5) Natural language underst.anding: Usinc) artif1e1a1 

intelligence tocbniques. pl'Ogral95 have been wrtt.t.en 

that answer questions posed in English. that trBn$1ate 

sent.enc$& £xom OR& lanqua9e t.eJ another and t.ha' acquint 

knowledge by reading \.G~l material and bui.Wiftg an 

in·t.exnal data base. As an e~le, L~ (~s. 1973) 

was a natural language pxogr.aa dGsigned as •n interface 

to a database tha't. doscrlbad the I'DO';)ft rock $BmJ)les 

bxought back bv th& Apollo est.mnavts. ~ could 

answer qwts'tlon& posed in English. 

6) ?roblem Solving: Humans always solve a 'PJ:Oblem 

by finding .a way of thinking ab,ut it 'that makes t.he 

solution easy. IU:tific1a1 intelligence pJ:09rat!ts must 

be told 11&.:4 t.o thlnk atmlt the pro,bloms 'they solve. 

Te~.niques like lookifte) ah..,ad several mavas and di.viding 

difficult problems tnto oasler subproblems evolved into 

the fundamental art1flc1al intelligence t.edtniques of 



seaxoch 8ftd pxbbla xedud.itm Clo1 • USlnt these 

techniques. programs t,bat solve puzzles and play games 

llh ches$ wen developed. To solve a problem Ute 

cboi.ce of problem ftf)rasentat.ion 1s most lmpo:Rant. 

Consider the clessieal pmbl4m of artificial int.elli.

C)ettce called •IDOftker and bananas• that. btvolves a 

nol'tkev • a box• and a bunch of bananas hangiNJ from the 

~Ulng 1n a rooa. the distances ere such t.bat. the 

aonker is unable to get. 'the bananas unless he i$ 

standJ.nQ on the box. To solva this pJ!W:)blttm,. knowledge 

about. boxq, ~-- barumas. and distances must. be 

.,cadecl in the program:. For example. the progmm ms't 

be t.old tbflt. bBxas may be pushed._ \Mi. pushing has 

eertein ef'fect.s on a box and on the individual doi.ng 

t.he pustd.ftCJ• that ~xes may be cltmlw" on. et.c. An 

inhlli9ent. pmgram then can dec:lttce froa t.bls know

ledge clollaln.. ~t the bes't plan for the lmlkey is 'to 

push the box under the bananas._ to climb on the box, 

and finally to 9P5P t.he bananas. 

?) Expertise: The most useful Bf'i'll-catlons of 

artificial lntelllCJtmea tecbn1.ques are found in a vexy 

neent area called ~!P!!.'Xt-. a,s~. A user interacts 

with an expert. system 1ft a smsul!l:t.Jon d}J!J.9JI!I!, just 

6 



as he 1QU1d interact- with a human ~ bad. some type 

of expertise. Through consulta~ion dialogue,. the 

user tnqtlains his pmbl..,_ get:a ftspM~HS end 

solution$• and can ask questions almA the proposed 

aolutlOJ'ltl. CUrrent experl.tlttmtal expert sys'te$ have 

•cMewd high levels of pexfoDJam;-e ln consultaUon 
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. t-asks. like -chemlcel and C}uolovlcal data aM lysis. 

comput.er syat._ C!)Rfiguration and ...Cical dlaqMsls. 

1.2 SXPERT SYSTEMS 

AtDong t.he· mut s1qn1ftatnl succ•$ses in t.he 

fi•ld of axUticlt,tl . Intel litence ba.s been t.he .develop. 

mente of ~rful new computer systetts kn~ as •expert• 

or •Jntwbdge-basecP systtfttS C 2J. Expert systems axe 
·, 

. pn.qrams that have bmm desigJUtd to np:esewt and 

apply factual knowledge of spttc1f1c. an&s of esper\1se 

t.G salve problems. 

!lqJertia consists of knowled<J• ab?ut a ftltJ:t1cular 

d011aift. underst.anding of domain problems and skill for 

aolviftf} some of these problems. these systems pmvlda 

ttlq)Sr\ lewl solutions to given problems within thelr 

dmaatn of knowledge. 

ln what ways do ~nese ex;aert. systems differ from 

conventional daU processing systems? M answer to 



this question 11d.ll giw us an idea as to bow t.bese 

$JStems could bebava much like an expert in probl-.. 

s,l vlft9 envJ.ronment. 

Traditional t)r~rams (also called algortt.hm

based pnrgrama) tend to reflect t.he o'l'derly domain for 

which i:hey wen wd.tt:en; t.hev are detet:min1st1e and 

possess no reclundanqr.. For any t~1ven input then is 
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a s!nc.tle ~t1onal path t!Mt. l,s always followed and 

then 1s a single mechania capable ot producing 'the 

correct output for that. input. Also. a a:mvent.icmal 

prog_ram lJSWtlly exhibits a aharp d1st,ine\1on :be'tw..,. 

code and data. i.e. batween the procedures for how to 

mani.pttlate stNCt.ures and t.he st~s themsel,... 

Stne. only the struct~s are t~cettS51ble to the pJ:ogram. 

. . i't t.tms lacks any abllit.y to reason about or explain t.he 

teth#Jiques and llleGhBnisms that it. employs. 

In contrast ta these traditional dat.a pmcess1nq 

programs,. tnow1edge-based systems am Ctlfl!lple'tely deptm... 

dent. on kmwle!dqe tn solving problesD$. Knowlqe 

1nvolvas facts. ab:Nt the task domain, and hturist.ies or 

rules of thumb that t]ulde the use of kmwled9e to SGl'tfe 

problems in the ctomatn. Mist. c~ expert. syatas are 

di vldtld• nat 1trt.o code and data. btJt into a corpus of 



lcnow1edcpt and a compara~l;vely $1..fnple aechanl$11 for 

applyin«J the knowledge in an opport.unistle way to 

solve problems. the power ef the ayst.ern does m'tt 

COJJJe principally from 'this k.no!.'lledge application 

mechanism-. bUt from 'the ri.cbness• pert~· and 

ndunr:J4mc)t of t.hG knowledge ~~$elf. 

!be oxpe%'t uystGms are also different. f.rom 

the bxoad clast; of art!ficS.al int.elll(Jence task.s in 

several ftspects. nnt. th*Y perfoJJD d1fftcult tasks 

at •xPGrt levels of porfo.rmanc•-: second., they emt)hasize 

domain spat:if"ic pmbl.em.-sol~ st.l"atttr;}iu. 'ftd.m. t.hey 

apl~ •elf-tn.owledqe to nason abtn.lt t.he1~ own 1fthrenq 

:processe.s and provide explanat.ians or Just1ficat.ions for 

the conclusions nadled. 

&pen syst.ems a.olve pr.tblems in t.he following 

cat.twprles [2] J lnterpre\at.ion.,_ pr.t1ct.ion, d•bt;oolng. 

design. plamin~h mtmitrozolng, dlatJmsis. repair, 

inst.Net;1ort. and contxol. 

W.11 known pDctlcal expert syst..a aret 

PR·lSPECTOR b't qeolorw. Rl in ccmfi9'1Xbl9 custo.er 

requ95'ts f'<tr VAX ~er systems at DEC• Di:NDRAL ln 

ebemlcal stxuctu.re •1tteldat1on1 and CAOUCSJS and PUPP 

in disease dla~sl$. 
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"allen evalua-ted• some e.xpert systems were 

found to be perfoming better than experts themselves. 

'For ctxample the perfo.;anance of MYClN was judged as 

~ as or superior t.o that of st'ft'M medical experts. 

1.3 tAEOICAL <niSULTATl~ SYST'El'$ 

Compute~J)a.sed medical eonsult.at.lon systems 

are t.~~~G t.ypo of' expert systems t.hat d~,al wit.h solving 

domain specific medical problems .. 

Thea are t\1ftl J.'e&s-+ms fer ha'Y1ng medlc;al 

cronsultation systeras.. First, medical knowledr)e is 

rapidly growing and changing, and often, especially 

a" the primal:y care: level, only a subset of aval.lahle 

~teal ~l~ge 1s put to. actual use. C<Japute~based 

medical COftsul tatian systems ~uld uke available the 

mont ad:vancetf and ~l~~e cllnical k.nowledg:e .• espeet

ally in .emaa where experts are difficult 'to find. 

Second. 1n med!cal consultat.lon systems t.he p~ of 

reason.lng and use of medical knowledge is made explicit.. 

Hence, these sy&t.ems will aid in thea training of 

clinicians. 

SOJ:n& of the experimental medical c~sul'iatlon 

systems are:. UVClN {S!mrtl1ffe, 1976) in the dtl!!lain 

of 1nfectioU1l dlseaaes. CASNST ( ~1els~" .n..aL ..... )..Vft\ \.n 
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'the domain of gu~. PIP (SZolorlts and Panker. 1978) 

in rena 1 dl$ea$e$t and INTEmiiST ( .Paple. 197$) in 'the 

area of int.emal medicine. 

To 1'JG -accept.ed by the elinic:ians, the medical 

eonsultatton systfH'I!S provide users. with explanations 

about. their conclustons. 111ay ansWff&- qtJQ-s\icms and 

shaw the pat.h Qf their na·S'Ol11ng pmeess. A& clint-

clans did not ~ ~er languages and would Mt 

aqree ta leam \Mse artlficiBl languages. medical 

cr.ms.utt.ation systems were fO"rced to accept natural 

lantNafiO quest 10M UJ')'to a limS. ted extent. 

t!.~ical consulttltlon syst.el!l$ mav be eade vexy 

flO"'erful and pe.rlarm accurate dlagnosi-e • but. for a user 

these systems, axe of no use if he cannot in't.eract with 

t.bem. 

1,.4 l'NTERFACD~ 

!n ~eral, the M$'t lm;»rtant fMtors. affeet.inf3 

the ~t~u: usag9 are: red~ C05t. increased 

functimu~lity • improved availability .and sexvicing,. and 

p:st~bnps th& rc.ost imp1>rtant ane 1 .. .s user inttt.rtac:e. 1be 

first. thme fa4tors al-me a~ nac•ssaxy • hut n:.t suffi

cient for wide&p~"ld usago. .For GXarcple• reduced cost 

will allow people to bt..ay Compu\Qcrs,_ but ~~mvett user 
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If computer-based medical e>nsult.at1on systems 

are to be accepted end attract. a wide .range of users• 

their suCCE$$ vd.ll be largely dependent. on user int.e:c

faces. the inte·rface here is of paramount. J.mpoxtance 

since the user !~ a ~rs:tm w.Jt q'o.~it.e acqwd..nted with 

tho <:renttuter •. o .. g. 0 thq user is a eltnician or the 

patient hiDsel f .. 

It f·,ll.3ws then. ~bat it is l.mtmrtant \U, st.t.S 

!..h~ .~~uas eoneon,!m .. ~'!e • .!!!.~!t1!.ae}m .~'"l user 

j~P!f ,.3t ~~1 prt~p~ta.t,\p!;t ~!t:.!E• S·pecifi C& lly t the 

pr.>blarns that are <mf»'..mtered in t.ha interaction 

( cr,msultatit>n} :process are of our interest in this 
. .... .... ._ Ill ~-..... •·t••"· ......... _...... •• 

Let us first identify aa t? what. we maan by 

interface and tvhitt exactly hat'pen& in an in'teraction 

session bw!ttween the user and th() consultation system. 

!nteri'ace ls a eommun1eation b3undtu.y be'tween 

t.W"> systems [26j. In this dd"in1t.ion1 the user 1$ 

representing one system, tmile the ot.her i.s the medical 

consultation system. an,:; ~ication ftfers tG the 

exchange of information bet.,""Yeen the t.wo iftterac'ting 

systams. During t.hG p~ss of a t.ypi.cal eonsult.at1on 



&.es$lon (Appendix A) we raay describe lnt.eraction 

between t.be sy~ and a user as follows ; 

1. system asks for deta. e.g. latn~~1Y data 

and othoJ: per:~l 1nfozaation al»ut the pa:'tient.. 

2:. Answers for sy~•s quesU.ons are to be 

ent..nd by thct user., 

3,. User may ask system for explanations as to why 

:sudt questions are ask.U. 

4. USer may ask 'the syst.em about t.he pa'th of 

reasoning in di.at.Jnos!ng: a disease or prescrib1ftg a 

theuw. 

5.- Entering (addl't!on) of new kmwl«<ge to the 

knowledge '-'• of the syster.t or d'umging exisUng 

knowledge. am 
6., user may au gDMnl questions for the sake of 

leamin9 -~ the domain of medical of Ute syst.e. 

1. e. us!ng t.htt $Y&'te for «tueat.ional put:pc)sea. 

For eft'e-etllltt ex~e of lnfomation in the 

above interaction lxlth systems D.tfit (a) !» able ~ 

understand each others messages. {b) be able to qenemte 

responses 1n reply, and (c) have a common language for 

COJmlUnica'tion. a is also requ1Pd that t.hare should 

be Stl1.H ID\!t&ns of ensurl.ng that the message received by 



Brft of the 'bm systems is e»rmct and means What. the 

so~rce system intended t-o mean. 

In hUfOall COCJr.unicatton. people adjus-t to eaCh 

ot.her. tole~ ermrs. ~1cat4 freely through 

unrestrlctrea dialogue. Pf'!i8 ~stlons to cla~fy 

a!Jiguit.ies,. g1 'le ftSpm\HS with &!most. f\0. t.ime. aftd 

~~~le t.xy 'to •ran t.lleiJ:' questions and responses 

in a wxy lu:lef and clear fm:at. 

As an a4.:cept.tld dialogue partne.r. a user would 

_,., the 1!11ed1c;al consultation s.ystltll to have all the 

atxwe cba-raeterist.it~.s of bullan ~ieat.lons. In 

pxactlce. ttte following at:o.P.lms. ?1 .. '-nterfeC* are 

!l!S!!!'tered in usi!!l Mdlcal !!!!!!!1'-at.-ina g·s•-5 -. 
i?l11-I!W''I*P.JI.1!1.1 ~---~~ rr, _;tvt:ilii~l;i-=i•· 

(1} lhe problem of language aaaptaUm~; tor a user 

the Q'\ls't afficlent way of expxesflin9 himself is 

14 

through the net\tral 1~. Tea.chlng cllntd.ans and 

pat.iants CDmFdter .t.anguages 6Rd txe:Wng t11t1m to use 

t.hese cn:1.lficial lantjuages effectively,. \'llbil$ inte• 

sct.-lng wlt.h the systems, ant vexy expensive jobs and 

m-:J&t ineffiCient,. A bet.ter appmach would be the 

teachlnq of nat.ural 1~ to sy-s~ lnsteaci of 

toeacbinq fter.s 'the ~ar languages. ( :t) response t 

fihon and W9ll-fomed res~ are easy 'to undeutand. 

Systems m&st be able to frame th~Jir b-sponses and 



quest.ians clearly and in short form. ResPGft&e timo 

is a wxy i~,portant f.aet.~r in a dial~Uf.h Consulta

tion systems are to provide responsf!S in vexy short 

"ir1e to avoid b0Fred3m or impatienee of an on-line 

user who is walting fox .an answor-. { 3) na. behaviour 

of the $Y&'tem tGwards the user t medical consultation 

ayst81$ 8'.ls't p%'3v!de a friendly atmspbere for a user. 

users would Mt be lnsp1rad q, partners that. ftl:tee 

15 

them to a-et. in a rest.ri.ct.ed llilmeJ!'. the .-ystem srnmld 

provide help t11ben &$ked or lfhtenewr 1 t. perceives that. a 

••r is 1n need for halp. ( 4) Tolerance : pe-ople 

adjust to each o'the.r during a dialogue. They tolerate 
, 

graumatieal and spelling errors. Systems must be 

desitfled 1n sucb a way as to be able to 'tol-eta'te 

9ratD'l1at1ca1 and spelling er·mrs. 

f!~r example, mlaspelllntJS are a real problem 

of imexface that cause cmf'usion and fms1.ra" a 

user 1nt.eract.1ng with the medical consu.ltation system 

'through a t.emtnal. This reality can be seen in the 

foll tWing int~ractian be'tt:\'f.Ntft MVCD-l and a elinician. 

flgunt (1.1.). In fi~ (1.1) •. M'YCIM*S nquest.a am 

mabered. ~ile user nsptmses am in upper case and 

follow double asterisks [U:J. 



-~· .... PATIOO- 538 -·-· --

1} 

•• PT 538 

2) Age : 

** 34 YEARS 

3) sex ; 

• MALE 

In the ift'teractton a~va. fi9 {1.1}. as a 

response \o MYCm•s t.tdnl ftqUest. t.he us.,r ente.rs 

"MML• whiCh 1s ~ly spelled, its correct. spelli~tCJ 

ie •tM.LP • For a m,.nt. let U$ t.bink of tlrfCIK \o 

l6 

ha,. ntJ s})elling. correct.ion faeilit.y. Then. the- t4"LCIN 

system ~ld have &imply· rojee\Gd the pllysician•.s 

answer. ati it does nttt. UJ'f.dqrstand •uAEL" because 1 t 

(MALE} I.$ n::Jt in th• syst.em's d1~1ona,.y. But oux 

c11n1c1an is v-uy sum of his answer l ntis will 

cemfuse the user. nws., th:e user may think of chang~ 

hl:s response or m may feel t.hat M'iGIN is m't friendly 

o.r he my feel that NYC»• could be sick too t {the 

user did not notice his mistake even after reje~1on}. 

However if the USQ~ see& h15 mistake• be \euld buUied.ly 



:rety:pe hls answer or if ba was quite experienced 1n 

usiftf} 'thO system. be mould call the llne editor and 

.coract his ftSpm\se without retyping t.bo en\.ire 

sent.ene• ( respons•). 

Fortunat.ely .. !f:fClN hes 111'1 alltlit.y \Q. C'ar.rect 

mtsspellin\1&... fltYCIN calls its spelling cor.rect.ion 

nll\cines. It iMpects if t.be wom l& a misspelling 

of an?ther in its dictiona:ry. r«CDi ciet.ects and 

CGr:reets the ermr { t.ran&poa1tion of adjacent letters,. 

i.e. •L• and *"P) and prints •-.MAW' to bring \he 

attention (Jf 1ts user to t.he exmr COOJYitt.ed (fol' 

verification).. t\YCIN continutt& (" user agxees to the 

correction} the consultation as if there was n::.: 

rJ.sspalling., 
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Thus. after underftanding the problem of spelling 

CGrJ:ect.ion end it.s lmportan• in an lnt.eJ.'f ace wi t.h 

med1eal G3MUltat1an sys.ttDS1 we chose t.o design 

pn.,}.n~q~mve. sal,l!ne ... ~.x:~e.~.i?!'. !!S!Sr~ ss an mple

mntaUon of one of the problems of interieee. 

our int.oractive spelling correction pr!M)ram is 

a convent-ional progrart designed to Olrxec't only four 

classes of $1ngle error that account. for SO perc.nt of 

the spelllrtg ermrs [ 4.)] • 



(a) one letter wrong. 

(b) one le'\ter missing 

(c) one le~ter edra 

(d) 1'.nnspos1tion of two ad,ta-cent letters" 

It. ts also assumed that. thd'e is exactly Ofte error 1R 

'th1J \tK'JJ.'d to be co:nvet.ed ~ that t.he error arises fJ.'Om 

one of the ab(wa..1Den't.ioned four causes. 

Sillce response t.lme l!i the most important 

factor tn the U$&1' lnterfac. with lnt.e.rac'tl ve sysi.es:ns1 

we cbtlsa hash files for dictlonaJ.Y &toDIJO to proviu 
dt.l'(tct 1..._up •.. the bash \able entJ:y is the head of a 

cbaln of entnes (woJ:ds) Ncb with the-.. hash value. 

1'o co.nect a wold. t.bat is suapected tG be a 

misspelling of afl'!Aber in t.he dict.lortal¥• the plOCJra~U 

first s•rc:hes t.be dictional)' for tbe given •:a:t~ If 
- \ . 

the g1wm woxd is found in the d1f3ioneq • the 1)r09rata 

gives the l'l&ssage *wont is correct.• and it te1'1'1d.nat.ttS. 

18 

If ncJ •tcb .,o~ \be given woxd is found in the dicUonsxy. 

theft the ~ inapeets the giv.n wo:td fo~ the asStaed 

stmJl• •zror by using its four corMct.i.on muttnest 

EXTRA• 111ANS'POS2t ~ and MISSlm• one at & 'tJae.· 

The mat.cblng words. l.f any • axe ·put. on a M4TCHLIST,. 
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If lnspe:ction nsul'ts 1n mon than one· matchlncJ• all 

the wolds in the MATCHUST are displayed and tl\e 

PJ'O(JJ!'am asks the user to plck up tile eGrftc\ wom 'that. 

be was int.encU.ng. If exactly one ma~Chl.ng woxd 1s 

fowut on the MA.TCHLIST t 'thtt pngram displays that 

single~ and asks for userts appzooval., If no 

metcbing was found• the 9iven v10rd 1s rejected and ~e 

user 1s ln!omod that his woxd is not a valid one. and 

the Pr.J9ft1E\ t.omlna'tes. 



BSVISW OF MeDICAL CONSULTATION SYSTEMS 

IJ..Ite other ftelds• the mmlieal field bad ~ 

greatly lnfluenee« by tile computer revolution during 

the la$1. two decad«s.. Camput.ers are UHd ltu ho-spital 

accounting syst.ema.• medical ft'COnis maintenance,. 

Labcn:atory and ~mac.y data systems •. hospital 1nfor

tut.ion systems •. ~tcu:..alded instxw:iions for medical 

education• hiom&dloal eng1neeJ:ing and clinical decisiOn

making support. 

The aim of this chapter is to mview the work 

done 1ft med1ca1 consultation ~rams. tbrt is1 doclsion

maktnq s~n progl.'a1U that can g1.ve explanat.ions of 

theiJ: line of r:easOJii.mj and -can condUct a dialogue w1 th 

l'h"tsi ciim$•• 

Then a~ tW!J t.ac\on that mt)Uvatod the develop. 

ment of OOliP\It.er.hased medical consul ~t.ion systems; 

first• \!t l)nJVide the &tloiet.y w1th reliable and thorough 

diagoostic se.rdces. pexhaps even at a :edu~d oost 

(in v1ew of the rapid dea:reasa in bn::dwaxe cost and 

inc:reasing s-peed of Ctmlputcrt.ion 1n ~te-rs. and tho 

ri.slnq unavailability of medical ex~rt.s }. 'IbeJ:e are 



$3m8 tasks that C.:mtpt.Jtors can perfom more mpioly and 

accurately them 'tl\0 ~linieian can G-Utb as calculating 

do5e'& of medidaes. a It has beG"t t,lbs&n'od ( t.edlny and 

Lust.ed• 19~9) t.hat nust. o! the ~~xs made l1y clint. 

c1afts. are errors of ~siontt[llJ • This .is t.lu& t.o 

t.he facet t.ha.t. in deciding what tha disease is, the 

physician does not oa thr.;;ugb all possibilities and 

t.hi& :.nsult.s in wrong diaqmais. on the other hand, 

a computer prog,Ufl pmvided "~i.tb t.ha needed data about 

t-he diseaSS5 and tbe patient's ease can give· a highly 

ace~ diagft{)sis bf searchin~ all P'JIS&1bilit.tes 

within its damaln-

S-ecmd m:>'tivatton is t.h4 study t~f the ~nit.ive 

proeess in com~r soleace. Cogn1t.1on J»fers to the 

acquis1t1on and use of kn3wledg&., It includes \hink1ng. 

llet:l3Xft pxoblem solving• decision making• intelligew.;e., 

am ep1$t.em:>logy [ BJ.. Diagnosis as a o:Jgnitiva pm~ss 

inV':tlvo.s a woll-o~i~ed krKW.tledge base1 a numl'»r of 

human expe1"'t.s in 'Lft.e $p.ecific l\'t$d1cal domain• Clnd & 

h19hly developed modlcal taxo~. 

2.1 EARLY USE OF COMPUTERS m UEDICAt. 0 .CISlON t,t)'U(!NG 

t~cal dcci$1<m making process 1n'VOlves; data 

gathering - laboratory data and other persona 1 info»-

21 
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aauon ah>ut. pa:t1ent; dlagmsu • U$ill9 the gat.taerc:Kl 

dc.t.a to ct~rmtne the lllness1 and t.nataent. recomman

dsi.i"'fts. ln t.he eerly siAles, cmuputer p~rams were 

designed: to aid the medical decision making process, 

mcmtioned amve,, by provid:inq physicians with the 

Lal»ra~xy data and collected pe;rs,!mal infol.'l'tlat.:ion 

about the pa'timt under t.matmtmt.. perfoxaing the 

diagnostic procegs by sel~ct,1ng t.htJ disease aftd finally 

atdin9 in the selection ttf p~r dJ.."UQs and wstqmi

at.ion of clrug doses,. 

These early decision making SUl'PQX't programs 

(~at is. before 'the evolutinn of expert tlledical 

Consult.atlon systems ualng arti'fid.al int.elligence 

teemiques) are classified ini.o three 9XOtiP$ based ,on 

~he ~ of computation used bV these pxogrmns [ 6] ; 

1. Pit~ .. ~E!.e.Y!.l.Ji).'!,~ ; 
L&zge lfm!ttmts of data for $8Yeftl tlKieat.s are 

stored 1n • computer-based info~ion st.orqe system. 

Data ret.rleWJl s,y~ xetrl•w data fl\)lt} these .info.n. 

amtlon s~es and provide the da'ta 'to phys1etans to 

aid pbysld.ans in 'the dects1~1ng process. The 

stored 1nfol'iD4'tioft 1n the storage system may include 

physical ,a~ra of patient-s,. diagnasls p~eedures. 
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treatment plans and ~s to therapy. For fUtilllple. 

physician is suJ)Plied infoxmat.ian on how previous 

pat-ient.s with a sim.i1ar disease as that of 'the p¥esent 

pat.icmt (patient under treatment} have bSpcndad to 

tlutrctpy.. this he:lps t.he pllysiclan select. tb.e best 

treaw.mt. plan for his patient;. 

2. !7!9...~ ... .Pf!ng H!!!,~t:;t1 ... ~19.!'A : 

Gompvt.er programs 'that .peJ:foxm calculatians and 

their 1nterpretat.ions are ve.xy lmport.ant for physicians 

in PJ!OVidlng nsult.s of some mat.heBtat.ical f'oi18Ulae that 

.are usually dlff.icul't ~· %'elrleJiber or perfo.rm by physi

cians. 

Fo% example,, PX'O<JI"atDS wen written to assist. 

phys1c1an$ 1n the olasslflcatian and ~ement of 

electrolyte ·ami ac1Q...based disordezs: here 'the relation

ship of blood ·pH t.o variables suc:h il1i kidney funcUon 

and electmlyt.e leve1s is well dtaract.erlzed by fetmulae 

t.ha't utilize the tU!lerlcal VBlua of blood gas and G'\her 

lal»rato~ test.s. 

Programs written 1:¥ Bleich and Scb-ent;z. f.)rovlded 

calwla'tions of J)at.ient parameters and infoDDatcion 

nga.ldin; pat.ient •·s stat.us. They also proVided physi. 

clans. with a ll1!$t. ttf Aiologies and CJa¥8 literature 
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refel'ences to guic:ht the physician. ( Sl•J.ch. 1969, 1971,. 

1972) and (Scmenue. 1910) [6J. 

Numedcal calculations uslng lifMll deflrted fomulae 

were used 1n the cus'tomlzation of d~ d-osas once the 

agent. to be used had been sel~c:\8~ ~ in this 

field axe t.hclse tha't involve the s~lecti<m of a digoxin 

regimen for a patient with bean disease (Sheiner. 19?2; 

J'e111ff•• 191'2; Pack• 1.973) and t.httse tMt help physL

c1ans decide on insulin doses for diabet.lcs ( tJollinge~. 

19'13} [6]. 

3. !t!!Jra"s P:l~f!! S~t1;stJ,~l T~e,s : 

Declsto.n trees and sa,e•s 'ftworem are widely U$ed 

stat1·st1eal techniques in tbe:se programs... Decision tzees 

canrtG't be adjust.ed ·tn CCI$85 ·\'ldlen unexpectod findings or 

unavailable ten nsult.s t.ake place.. This is due to the 

fact t,hat "•• an ~c. Monover modification 

of tre.s 1s vexy difficult. becauM of tbe subtle intez

relationshlps with!.n such xeascmino netm1"ks4 (Womer. 

19?:2a; Sletten. 1913; aodman. 1966; But~. 19?3; Koss. 

1971t r.rayer, 19'73) are examples af' pl'09Dms t.ha't are at 

least. paztlally dependettt upon. 'tree stxuctured decis101'1 

pat.bways [6]. 



Bayesian probab11.1ty Uteoxy is t.be most 

c~nty used &te'llst1cal t.echn~ in medical d&eislon 

ald programs. Accoxdi.ng to 'the pmbabiltty theoJ:Y 'to 

evezy HMrt.imt A one can. Ds&i.gn a probabil.ity value 

P(A).. P aeasures the degree -to which 1-' is belicwed to 

be txu., whuoe P = 1 if A is Ju•own to be 'we• and 

P ..- 0 if A is kn~ t.o be false. 1be degree o-f belief 

in A d'teft9e& as new infomatlon i.s obtained. If. for 

e~le •. the new :f.nfo~tion is 8~ A. ~n P(A} 

donot.es the: int.ial or prior Jwli~f in A ~nd: th~ condi

tional probability 'P(A/9) deru:ttes ·tDe revlsecl belief in 

A upa.n leaxrd.ftg that B is t.zue. 

In diac.Fr,sis, 1f A is taken as tbe CAUSE and 

B as tlte EPFiCT. it is viewed tbat the cmnpt.Jtetion of 

P( A/a) is an inf•rance tha:t th$ CAUSE is p):'eson't upon 

obs.e~ion of t.he EF.Pa..7.. Araot.her com~tat!on is that 

of P( 9/A) mien is Ute probability of obsezvi.ftiJ the 

Er'"PECT B ~tim CAUSe A 1s acUve. The cal-cula-tion 

P( 8/A) is easier than 'ttw.t. of P{A/B} due to tha fact 

that.; "The ~bab1l1t.y of a disease. given a symptom, 

may Ya%Y with t.ime and plar.o, while tbe probability of 

a ~01'!. given a elise~. fttilBins invariant { l.tlst.ec.t. 

J.968)c [12J • thus &""Ye' s rule is c~ly employed -to 
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compute ?(A/B) from P( B/A). To employ the Bayesian 

Theoxy twa impt~J!tant \bing& are neacled to be Ct.'lllpUted' 

'the p,rior probability P(A) and t.hf<' likelihood ratio ( 1..) 

defined by : 

~m ·pt B/ r-~A) is ~ pJ:Clbabili1:.y of obsel'Viftg effect 

n when cause A is abstmt. 

$1) far it ls oonstdaftd that •\f•IY cause A has 

one effect. e. aut. when cause A has n plausible effects 

91• Bat B:J• ••• f\.• then the likel.i.hood rat.1G L is 

calculatod as follows ' 

P {B. & 8:t & Sa & ••• 8.,/A) 

P (Bl & ~ & a3 & •••. B,/ ~A) 

•tn 1964. 4~mer •t. el. introduced a computer 

progrbm t.turt aided in the diagnosis ttf congenltal heart 

disuses ( wamer. 1964). D&ta bed been ga~red for 

••veral twndnd. patients ~ltb congenital ea1'diac malfo.z.. 

ma'tions't As a result, all t.he conditional probitbilit.ies 

, needed for the a&yesian 'J'heorem could be computed. The 

program acccudlngly classified new pat.ients wi tb an 



accu.J:ae'¥ similar to ~ha-t of caJ!diologist&• [6] • 

n.e disadvantages of programs usinq statistical 

'tocbniqu9s like Bay&sian Theorem area firstly • due to 

"he exbaust.1ve pat.ient. data collection process needed 

for 'these pi\)(Jrams to perform diagnos1.._ problems like 

errors in data and unavailability of data are YeJ:Y 

~. making t.!'M! use of these pruqrams a difficult 

tasks. Sec:mdly • error& occur d.ue to the change of 

sy~~pt.oas of d.t.s.-ses from time to Ume. 

Sesides 3aye•s Theorem other s:t.at1$t1.cal d1ag

mat.1c prmp-ams used a tec'hnique called pa:t.tem racog.. 

nition., Pattern DYC3gnition Mnt• is the ree\hod that 

attempts to extract the f'\l.Ost. character1st.1c feat.ures 

of each d1agnC)St1e category. rather then trying t.o 

dl scriminate ·directly bett•en categories. The patient 

then i& &aid to hel,ng to a Sl)<&c;.if1c ca.~ry with 

which the patient t s data shaHs the W>s:t features. 

thia patt.m recogniU.on technique needs hugo data 

ab,ut a larqe mmber ctf patients .wJ tb various diseases. 

2.2 WHY USDICAL Q»SULTATION PB~'S AS UF:CISION :.~ AIOS 

As me~laned in the preneding subsee~ion. the 

early sta1;istical and n tmerical C!lm}l\ltat.lon pro;rams. had 

only provided the physicians with results suCh as data .. 
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ntJ~terl.cal eompu't.ation J:esults. disease selection by 

diagmsts. selection ef dxugs or t.natment fo-r partt

cul3r dln&se or customizat.ian of drug doses. etc., bUt 

did ntrt. provide an exttlanation as to hrJW sucb result.& 

were ohtalfted or .shaw thea l'88soning pat.h or allow a. 

dialOQWJ t.n l.t. pbysif;!an ask questions and know about 

'the domain of knowledge in the program. The:ref.,re, 

t.his 1eft. phy&iclafte unsatisfied with sueh perfol"m811ce., 

because physicians weB· willing t.o accept the advice of 

t.he p~ram only if they are able to und•.rstand the 

decisiOn steps that the ~U'Ol)ram has takf!cn in rNching 

the part.icula¥' .rasul t. .. 

For systens ~explain t.heir reasoning and $bow 

their ~slon steps and carxy a dial~ue with physl.

eiana. · \bey neari 'to understand questions and generate 

an$\'MI'S and exp!.en,a'UtmS. Questions and answers consti

tute a memanism by which physicillns and systems can 

ccmrnunicat• with udt other. 

These eharactertstles. explan~t!an and dialogue.. 

were not available in the early statistical and numerical 

programs like Bayesian and decision t%'e9 ~rams. Hence. 

t.he need for medical e»nsult.ation sys.t.ems as declaion

making aids was vexy necessaxy for physicians. 



•G.A"" Gony became aware tnat the ~rely 

$\at.isUcal pmc,rams had tbree failings that are 

major iml)ed1ment.s to physieian acceptance of the 

system5ti [6]. ~irstly,. t.h• pr~s bave M real 

'*unden'toandincJ" of ~l:r problem area. Gony explains 

t.hia puint as follows (Gorxy. 1973a) : 

'¥l"hare axe several ,aJ)proachea t.!J 1Rfening 

ftnal functi!')n bmi essessin(J ~her i.t. ls stable or 

~anging. 'nt1$ det.aJ.nJinat.i~n is vert im;JO:r'L6llnt. in 

diagonsis and; in ch~tsing DnnaqbOnt- strat.ec)i«s.. from 

the experts. it is ~ssible to olltllin the procedl'.lrft ·uv 
which they infer a value from renal funct.imt.. PuJ:ttter. 

many statements ablut the intarpret~rtifln of changflts in 

renal function can be nmie.. To capture the kno'#ledgo 

embodied in t.he&e stater.1onts• some c~t.or 1\'Mllzat.lon 

of the ~pt of J:'e'ttBl funetion tt~Ust. be· dev~loped_.• 

thl s ttcQncept f.,mationu that Gorxy fec?ls is 

needed can be achieved by usi119 knawl~e mpmsen

ta'tton techniques tn artificial intelligence. 

Secondly. "tbe p~rams cannot .C\'lm.1uc.t a dialogue 

w!t.h 'the user. Even if one gives ti'KI traditional programs 

an •understanding' of 'their: domain. t.boy will sUll be 

unable ta ~cate wl·th -the us!tr becau$tt they have 



no Dttdl8nism for discussing their lmowled(je wi tb the 

user. Alysicl.ans ~.re unhallPY with 'Prfl9ratrrs that. glve 

d1agn.?s1s and numerical YDlues hut. are unable to ans.wer 

qut!st.ions about btlw diagnosis and result$ suere Drrlvad 

at.. Gorry therefore calls for the develoPftlent. of 

f~atural :Lart;®\le Interfaces to pemit. discourse between 

physicians and diiMJMstie p~ams.. Onee again art1f1-

c.tal 1n\elligenc• provides a natuxal environment f~>r 

examining this r.qai~ment-
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Thildly 1 physicians need pr~rams that. !)iYe 

explanation$ for t.helr advice. This is to justify their 

reasoning JJJX"JCess. To achieve this• PX"'(Jr«nls $bould 

underst&nd their· re&sonln9 process end should be able t-o 

~rat.e explanations in a languaqe that is underst-ood 

by t.he usoJ:. He~. a natural language will be most. · 

convenient for t.he user to understand explanations and 

~unicate wit.h t.be system. *Gorxy•s gr<Jup hlt5 ther.. 

fore wetfted on. devel~plng knowledge Mpr~sentation$ and 

language capabilities that. tdll height-en t.he aeeeptab111ty 

of a s;yst.em sud\ as their .acute renal failure pll)gX'am 

( Gorry • l973b)• [ 6]. 

2.3 r.1EDICAL CONSULTATI~} SYSTf'.NS : STATE OF THE ART [11] 

The stat• of the art in medical mnsttlUtion 

systems. will be xepresenter! 1n \he following paragraphs 
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Which ~ systetes in a vexy lui.ef way. ~ of 

the prog:rauus ldll ba d1.scusud 1n the next subsections 

of this cbapter fmm t.he point ot· view of t,nair 

X'U'IttnintJ am kftJwledge representation tecbniqW~S. 

MYCIN { sbort11ffa. 1976)' ·rnts ..,,,.,. was 

designed. t.o prov.ld• consulh\lfa advice on di4t9nnsis and 

~berapy for infeot.toua d1$8i*••· MYCIM•s knoWledge base 

Cfm$1s~s of 200 J:Ul-.. To solve a pX"Oblem f.f/CIN tes~$ 

tho conditions of a rule agains't available data or 
- . ' 

DaqUests dirt& fmm tha phys.id.an.. •When a panel of 

experts evaluated 'the periol1.taf~Ce of seveu:l oltfer•t

aget\U• 1ncludinq medical expens. lntel:n$ end MYCIN. 

fstetN•s perfo:aaanee was judged as gomi a:s or supecrtor 

~ fJtat. of all others• [ 2]. 

CASNBT (W.1ss,. Ku11kowsk1• and S•ftr. 1977) s It. 

was developed a~ Rutgen university for pexfo111ing 

medical di.agmsis. Its 81JIJ11crtion 1.$ 1n the domain of 

g16uc:BBa. In this system 'the disease is D!presGn-ted as -a 

dynaaiG p~cess {mt statte state) \1ih1ch is modeled &$a 

net.•n of causally linked ,attat.phystologlcal states. 

It df!teJ.'Id.MS \.he patt.em of pathopl'l'fsiologlcal causal 

pat.t.eys pxesent in the patient. and it ident-ifies this 

pattem w1 Ut a dlatNU- caUr;Joxy. Aft.er identifying the 



cwtegoxy of the disease, it prescribes- the most 

appJ."opriate t.nauent.. 

INTERNIST ( Pople, 1975) t It 1$ a cunst~lt.a\lon 

P¥'09mtn in the dotaa1n of int.xnal medi cine• developed 

jointly by H. Pople. Computer scientist, and .J. JJV•n• 

a specialist. in intel'.'nal medicine. Th.is pro(Jram gives 

. only diagnosis and no tlwra:w. l:tBnifostations of 

diseaSfla 1n a patient ( Laboritto1)' data., pbysiea.l s1C}fls. 

,and ~s) are presented to the system. The diagnosis 

involves . a . list of di$Uases that 4lccount. for '"he mani.

f~ions. USing infozmation durl.ng . tM course of the 

consult-ation. the program is a·ble to discr.lainate be'tween 

capet1no disease bypatbesea. 

PIP ( Present illness prmJram} = It was developed 

at. N.I. T. by kolovits and i'ankar 1n J.9?S. Tb11J pJ.'Of)ram 

can decide the present. illMss of' patitmt.s wi tb renal 

{Kidnoy) disease. A patient is asked a'b3ut his sin 

0'31!lPla1nt. lbis matn complaint then becomes t.be toCU$ 

of the cnnsultation.. Tba program requims vesy low cost 

1nfouaat.ion abol:t. the pat.ient, like patient histo.ry, 

physical ~!nation and r.autine lab.')J.'att>:ry 'telit.th, 

Digitalls therapy Advisor {Silverman. .1975; 

Swaztout. 197'7) 1 This system advls•s physlc:.la.ns on t.he 



administration of t.he dntg dig1\al1s. It does not. 

perfom the diagnostic pxocess. It. de'texmtnes an 

appropriate ~reatmen~ agimen and the subsequent 

management of t.ba't tmatment for fN!tients known ~o 

requia dig1talls. 

IRIS ( Tri(JOboff and Kulikowski, 1971) : It 

is a prm,ra that is used as 41 'tOGl for lmllding and 

expe.rlalentlng the consultation systems. It 1s used 

by ~r specialists 1n collaboration wittt medical 

domain experts 1n bu1ldlng Md U)')eriment!,ng syst.ems 

with d1 fferent representations of 'lf!'Rt!Dl !Hdlcal 

kmwled(Je• clinical strat.ec;Jles• l:lnd modee of in'tez. 

Kt1tm.. IRIS eploys both $Ct1MI\t.le no'ts and ~ion 

:wles t..echniques in it.s kn:lWladge J.'ep~tat.ion. 

EXPERt" {'Riess -and Kulikowski., 1979) t l'hls 

&Ys'tem was cievel,ped cl'& RutcJers university 'to. belp 

investlqa:tors deslCJD and ~et&t. consultatlon model• in 

med1.c1ne. 

PUFP ( Pftthen. 1900) : It is a pullnonaJ.Y 

function program,. It is an EMYCIM (system 'that 

c-on\a1ns all of tlfVCIN except 1 t.s kmlwlt!dge of tnfe:c=t.!ou$ 

diseases). 



There are several ot.ber experimental eo:nsut. 

t..ation programs Uhier development.. including : 
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1. H:ll'X3KINS, a systc. fo:r: perfoxming diagnostic 

planning for Hodgktns disease { SBfrans. Desfoxges• 

and Ts1ch11s. 1976) J 

2. ff!.ADMa)• a PsychoJ)bal':I'MCOlogy advisor ( HIJ1ser •. 

1978) : 

3. VAt, Bft int4rluve-can t.»nlt.o~: ( ~"• 19?<)) r 

4. IlK (Blum and N1C~Citf1'hold•. ~918) J and 

5. ONCOCtN. a p%'0qratfl f(t:t f-4onit.oJ:in9 the t:reatmeftt 

·o.f OflC3:1ogy out-pat.ient.s on experiltental t.:reat

..,.t, hgi1Dens ( sho.rtliffe. et.al,l981). 

2.4 KtD'AL!DG& REmESattATia~,. Rl?'ASONINGt EK,PLANATIONS ANil 
J<NG.1U:OOB ACQUIStTI:.lt 

&Qi~.S. ;'iFP1!§1!~T~TJ:gj : 

•A .-epteaentation 1$ s set. of comtentions for 

ctuscribin..""J the W4rld. In t.he parlanco of .art tificial 

1nteli1gence. tho ~t.ation of lttaowledge is the 

:etm~mi'U'aent w a vocat:ula.xy • data &Uilctures. and 

PI'OIJI'&Id t.Mt all;lW kmr-vleig• of' domain 't:t be acquiad 

and used• • [12]. 

Atuong 'htaDan beings, the ab111t.y of a person 'to 

behave wi'th ,1nt.ell!!J!'\C!l. is alwayn described in teas 



o.f the k.n!>wledg• the person bas. Thus. the foC\15 

of artiflclal lntelli9ence reseaS'Chen 1n des.ignlnCJ 

systems that. c;an perfom 111nt.elligent.• task& was 

concentrated on developing ciata structures for st.oring 

1nfo1\'!J&~ion in ~r PX'09raPJS and d.lo~ of 

procedues that allow intelli~ manipu:latlon of 

theM data s:t.~ros tn make 1nfe.reneos. 

In medical (;tmsultation systttms. the medical 

knllwledga needed by the system t!t t')arfo.xrn 1 ts task-s 

!s of t.wo types : a} ~wledgo about diseases \"Jhieh 

involves t.axonmuy of diseases. f!anifestat.ions., causal 

mtchaniStBS.and cii.aomstic procttdures cuctra<Oted from 

the ned!cal ex~uts. and b) kt'towledge about ·tb~ 

patient which includes curl'ent. r.Jedical history and 

therapies. 

Artificlal 1ntelU.gence wchniques like produc

tion r...tles1 predicate calc\llus, f•es and Hmant!e nets 

are used 1n the :r:epresontation of t.his nwdical ~mo-. 

ledge. These Hj)msentation fomal!sms could not be 

uHd directly ~cause of.· the inexact nature of medical 

kMWledc}e. i.e •• inco112plete certainty of tnrldieal facts .. 

Thus. factors or weights u~ used to augment their 

representations to provide same way of ex~ressing 

strongth of belit!f or stwrength of asso.elatlon. 



Fo~ example• 'the med1cal 'lcnawledge 1n MVCIN 

1 s repnstl'nted as .a ·set of produ~ion rules. the•• 
rules are augmented by cextainty facto.ts to expass 

the strength Bf •bellefli in the conclus.ion of a Nle. 

assumift9 that all the p.r:eedws are t.l'Ue. The following 

. sule 1• froe tWCIN tnowledg.e base : 

lP r 1) THS STAIN OF THE OFGANISM IS GRAM PaS.tTIV£• 

~} niB ~L'JGY OF nre Oln.AtUSM IS CO::C....US• 

At~ 

3) nfE GR'Jimf CON:'ftlRtJ'ATD)N OF THE OrGANISM IS 

CHAINS 

nnD-h THERE tS SLO'.SEST!VE EVIUF.NCH ( ,. 7) THAT THE 

marrrrv OF THE omAN!SM IS STf.lm:rroc:.occus 

In this rule the medical expert indicates a 70~ belief 

1.hat the c.-Jnclus!;Jn \":us valid .. 

A causal-net \~l1.t rep~sentation is used bt 

CASNE'f in tmi:::ll ·.ch CAUSES link 1 s associat.Gd with a ... 
!\Ul!i'b1!r rep~.~tring the strangt.h of c:aus.ality. 

In !lfiE~IST, know1edqe (Taxrm:mry of diseases) 

!s stored 1ft a huge tree.. Ea(;b n~e in the ~e 

represents a disease. A list of manifestations ls 

assad.a~ with oadh cUseaf.e n,Oe. 1-\ffnifesutions are 
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&Ufjmmltfl€1 l'lit:l\ numefl.cal ~J.qbta rQflq~ing tho s:tn.n.gth 

of a&soo1~\lor~ between t.ht'II!D «md the diseases. 

"Cl1n1Ql reasoning lftvalves we1ghlng diffennt 

pieces of evidence for particular ..,pothesis~ ~l]" The 

'Ulmshold techftiq~ 1s \lsed by oos't of tho synteos in 

thei~ xeasord.ng process. If the valuo of pr-esent 

threshold (defined ~ thtl mad1cal ex~rt. who builds the 

~ledge base) is exce~d for a byp:rtbesi&• then that. 

hypatbatiis is belir:tV&d t.l:) be two. A s~ry of some 

xeasoninq mocliitni~ and their usc by the different 

systems is presmted in t.he following paragraphs. 

A rule-ba.sGd mechanism i& used in t,.iYCIN systeD 

in itcs reasoning pxoces.ltr to det.E:mino parameters like 

patient.•s infections lmU the ca-usatiw cu:ganlsms. lhe 

parameter is said <to be k~ if tl\Q cext.ainty factor 

of the ttXt5t highly supported byp:.lthe$1s e~ds the 

t~ld. nae p~ses of a mle are cansidored tl"Ue 

if the comblnecl vatu~ of the associated certainty 

f.ac\oJ:s exceed$ • predefift{.td t,tuqshold. If several ~les 

contribute to • t:anclusion abm.Jt a parameter, their 

certainty factors ant functionally combined t? fo:nn a 

Ctml))!.)$it.e eert.aint.y faetor for this ~onelusion_. 
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In CASNET, a status measure is associated with 

each state in the causal net work. In the semantic 

network in CASNET, weights are propagated in both fo:r,..;ard 

and backward dLrections depending on diseo~;e causality. 

A state is considered conformed if i·ts s·tatus exc~cds a 

specified threshold .. 

In INJERNIST, figure ( 2a) sho\vs the knowledge 

representation on which reasoning is done. 

All diseases 

~ form-- o·f 

Liver-diseases 

Hepatocellular 
disease 

I 

Lung-disease5 

Hepatocellular 
injury 

He pa to cellular 
infection 

·~~ 

Head diseases 

figure ( 2a). INTEHNIST 1 s Di~eas~ Tree [11] • 
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A list of manifestations 1 s entered at. the beglning 

of a consultat.ion. then eaeb manifestation will invoke 

omt or more nodes of the disease tree.. ~for each 

invoked disuse node a· m,;Jdel is created which consists 

of four lists J 

1. Obs.eJWd ~~en1fests~ions that this disease cannot. 

uplalft. 

2.. Obsezved anife&'tatiMS 'that a~ C-'msiSt.eftt with 

th• disease. 

3. Manifestations that &Muld be .,rextmt -if 'this 

disease is the eorrec:t d1atJnosis but have not 

bMn observed 1n 'the patiMlt. and 

4.. Manifestations etmsistat with thi$ disease but 

that haw nn't yet been obn~ in the pat.ient.. 

At this .up. veqr few of t.he t.emlnsl nodes will be 

invoked. so 'tho p~ must. ask for further 1nfttmation .• 

Pm;ram will focus on a c.lisease ana and foD'!nllate a 

pzoblem and 'then start asking qt~t~st.ions. 

tf a disease model explains a rnanifestat.ian tt. 

gatns t»Sitive sc·!lre,. and it gains a negative score for 

the man1fest.at1ons that. it ean not explain.. Also a 

disease mdttl ~aceives bonus if it is linked causally 

to a disease that has <tlready been confiunod. 



the ~ls of dise.tses are partitioned in~ 

two sets: a.) the top. ranked 111t'de1 and the diseases 

t.hat. are lllt4ual1y exclusive t.o it. { al'tematives). 
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b) the diseases \hat an complementasy to the top.ranked 

model. ~ fi<,;ure (28) on last paps if tbe hp...rank.ed

node ls hepatocellulax tnjusy. then other 1rwoked liver 

diseases will be a:ltemaUves to it., while lung or heart. 

di.-ses will be ~lementaxy. After t.his part.lt..ioning. 

depending on the tu~ber of candidate dlseaSCMJ in 'the 

ttxoblem set, the system will f'a11ow one of tho followJ.no 

s\ra'tegies •. 

If there are •• titan four al'tematl y;e 

hypot~Ms&a. the '$Yt;\em attempts to zu1e out as many as 

l'JOS&ible. This ts dtme _.. select.ing t.he menif'estattons 

that strongly 1nd1cs\e a disease and if 'these manL

fest.\.tons am not- p~:esent, t.he disease ls Nled out. 

lf the number of t.ypoi;heses is between 'twa and four. 

then manlfest.3't1on$ strongly lndica'ting one disease and 

manifestations weakly 1ndicat.lng another disease axe 

selectee~ .• and the syst.em asks questions to discriml.nate 

between these t.-, disuse$. Jt;hen the difference beb'een 

the scores of the. c\!)p t;wa dlsesse byp;:rt.heses nacbts a 

predet.exmlned thftsmld .level t.be top rank :lng disease 

is confl.J;med. 
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If there is only one bypotluJs1s. t.hen tJle 

quesU:1ns that. have a guoci chance of confimlng t.he 

disoase are asked. taton a disease is cr,nfimed• its 

manifestations are mark9d •a·ccount.ed to~.,. and bemus. 

scores an given to pnv1ously manifests diseases 

'that axe causally 11nked to thi:S disease. 

~T,IO¥fS. t 

l'h• mttst. l.rDportant t'actGr for phys1clms 

cu;ceptance of medical cansult.at.ion systeas is explana.. 

titm-. By explaining the s-teps of it.s nmsoning. p:zocess. 

t.he syst• ¥aakes it possible for physicians 'to unde»

stard and btl able to de-t.eci and correct. wrong steps 1n 

the nasoning process in the peJ.'ticular d1agms1s. 

S'.J far. MYCIN and the Digitalis l'Mrapy Advisor 

have offered CJOod explanatiaft capab1lit.1es. tAVCIN gives 

E'ngllsh translation of tho rules used in t.he dia.cJnosis-. 

The Digl\illis Therapy Advisor gives the English Trans.. 

latlon of its J'eBsoning steps. ~le tbe other consul

tation svstems cttuld give t.beir scores of hypo.t.hesas,. 

'they muld mt give eJCl)lanations Gt the aet.hods by 

Which they :&rrived at; these scores.. 

For example. in systems that a.:sk. user for 

infoDMt1on from f!libich to draw c::onclu:slons. the user 



might wish 'k» check 'the ft«<SORiftg of t.he system by 

ask1nc} •wtar do you want ~o know X?- lbe ftsponsa of 

t.be sy&t.em would be an exp.lanatl•lft or a tran$lat1on 

of \he xule or related xules to \he current question 

(information) t.hat was needed. by the system. The 

answer of the systa:~ uy he in 'the fo.zm •So 'that Ute 

wlue of Y can be deteminad .• 

The follt"lwln; ls an example of a question and 

ansaer between. MYCIN and the physician : 

MVCIN t ~t ia the age of the patient ? 

PH'IStCIAJt 1 Why do you ask 'the aqe of the patient? 

J.WCJ:N : 'Relevant wl~s: Several Nles 

.includlng Rule 118 R\tle 1.35 Rule 137 

Rule 138 Rule 1.50. 

Physician ; Rule 150 

MVCtN t 8!!1! . .!.!1! 

IF t 1) nts THERAPY \.NOS\ Ol~IOa'VtTION 

IS Sl.JLFISOXA.2PLE, .~10 

2) THE AGE ( Ul Yf.:AF~} OF ntS PATIENT 

IS LP.SS TPRl 58• AM!l 

3) THE PATterr IS J'J\tB-WICBO 

nla.l 1 tt !S tl!!P!N!TE {l) T"riAT SULFISOXAZOLe 

IS NOT A roTENT!t'\L i"tiEAAFi FOR USE 

AGAINST THE OrGANISM.-



N!l~ tP.J.tWT.I$11 ; 
Knowledge acqu1s1t.ion is 'the "ransfor of 

medical expertise fxom the medical expex:t to the 

cansultat.lon sys~em. The medical expeJ:t 1s a physician 

&Meializ..ed in a domain of Mdlcal knowlodge on which 

'the syst.etn would give consultstiva advice. Tbe metical 

expartl·se is a colled.ion of specialized facts. 

proceduns. and judgr:.entol sules about the specified 

doma~ ·1n which th6 medical expert is specialbed .• 
. . . 
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THEN t 1 

and 2 

After this frame ls filled by the expert. 

physician •. t"iYCIN txanslates the premises and actions 

into i-ts LISP repnsent.at.ion and requests an assaclated 

certainty fact.or if necttssazy. MYCIN t.ranslat.es the 

rule to Snrjlish and di$plays. 1ts underst.and!ng of the 

rule. askinc) Ute expert if t.WCD~'S understand.ing was 

con:ect.,and if tbe :rule lleafts ~that it was meant to be. 

If thue aft any alstakes,, the p1"Gmises and the actions 

•xe cornctod and the· p~~~ C)ntJnues till the 

expert. eppmves MYClfv understanding of i.Mt :rule. Aft.er 

.:;ppro.val by tht~ tf)fpert, the rule is added to the corpus 

of xules that constitute the knowledge base of f1':YCIN. 



As def1ned in our: int-roduetoxy ~pte~:-. 

i,nt.eFf~t¥. is a ~iqt.ion btJundasy be~ween t.wo 

sy$'tema [26J. tn t.his cieflnition. e t.tSe% is consl<.iered 

t.o be ppresent1ACJ one system 1a t.I\Q ~ication 

pmcns. wh:lle the. ot.her 1s the medical c:onault.ation 

syst.GJD. Hare,. ~icat.1on refers u the excbange 

of infouaat.im between tbe user and t.he medial 

consulut.ion syst-em durl.nt;J a typical consultation 

session. {Typical c,!msultation MSSi:>n. bftwaen t::fCIN 

c:!msultation system and a usel\-physiclan- 1s given 1n 

A~i• A). During the ~ss of a. typical consul

tation SG$Slon we can desct:1be int.eract.ion ~ the 

sy&tem and the user as f~ll ,. : 

1. System asks for dat(l- e.g. Lat»rawry dat.a and 

other personal infoD'tilt.ion atm.tt the pat.lent-• 

.a. Answers for srs~•s questions are to be ent.ozed 

by t.he user. 

3. User ~MY. ask system for explanations as to.~ 

such questions are asked. 



4. User may ask the system about the pat.b of 

rea50ft1.nt) in d1agmstng a disease or prescribing 

a 'the:Rw, 
5.. Snte..-tng of new knnwledge 'to t.he Jtnowled9e base 

of 'the :System or ·changing ed.s'ting k.nowledgot and 

6.. user tooy· ask geneml qU1tst1ons for tcbe sake of 

lea1'ftim.l abtttlt the domain of m.od1cal kmwledge in 

the system. i.e. usint;J the ·system for eduf:at.ional 

puzt»ae. 

For effective exchange of infoDt"J;Btion ~th 

syst.etq, USGX and COilSltlt.at.i>;lft system .• tutts't : (a) be 

able to unden'tand each others message$ I (b) be able 

to (Jener&te J:esponses; (e) have a CQ.'!I}lon language foi· 

~icatttm. And i't is also raqui~ that there 

should be some ~ns of ensuring t.bat the message 

:received 1:ly any of 'the two sys'tems 1s correct. and means 

what the source systar.~ intended 'to mean •. 

~t are t.he problems encountered in t.he inter

ac't!on process? Por a user, 'the medical consultation 
' 

system is n!!plac1ng a huttan expert-physician 1n t.he 

1nt.e:ract1on pmce5s. Thua. usel'•s eccep't.atlce \\IOUld be 

vexy much depend-ent on th<t perfol.\tfanett of the medical 

system •ich• for tbe user, h&s 't() resemble that of 

tho huntan expert... In this cha1Jter1 our aim is to study 



the problems encountered in the eottl:lUnication { inte.x;.. 

action) proeess between the user end medical consul

tation system. 111e inkrface problems :range fxom 

• use-r·•s adaptation to systems programm1ng language• • 

~svst.emts bi!hav1our towams \he usez.tt 1 "System•s 

tolermce to errors introduced by -the usex-, to 
I 

•s,st.em•s respons.-. S?lvin9 these problems would 

hl8Danize t.htt consultat.i!)n systems. The success of 

tledieal conault..atlon sys~et!l'S will be laD:]ely dependent 

on user interface. TbQ interfaca here is of paramount 

importance since the user is a person n.;,t. qui.te 

acquainted with a computer11. fhfJ. our user 1& a patient 

or a pbysid.an. 

31. PB'.JBLEMS O.F I..ANGUME AOAPTATlQil 

ln the past l.IH of ·C~ers was 11m1ted .to 

highly 'trained compruter specialists.. Computers wen 

used, in a small ntJI!iber of speclaUzed fields like 

scJ.ent.1f1c ~t.Ions. engineering and banking with 

the bctlp of these ~er speclalis.'t$.- In the near 

futuxe ~rs will be almost. as aadlly available 

as typewriters or t.elephmtes. Future compute-r users 

will bit people fxom all walks of llfe .. docton. 

patients., lawyers. students. managers. libmxy users 



aftd tMm housewiv.s. Do we have to U.ch evety one 

~~ lal'lg\laqes 'to· enable t.bem to use computem? 

tt would definitely be a waste.. Inst..ad o£ uach.ing 

~r J.anouages to people. a pxeferable approach. 

would be to 'teach natural tanvufiCJos to c:omputeJ.'S., 

Talking of the il.npon.anc. of natural language 

in the user int.erfac. wit.h fifth genera:t.ion computtu:s. 

T. bbtoo-Oka says• *'thff larger t.he ,..be_. of computer 

usen beC010es• the mon ~ent will beCOtW the need 

for high level conversat.1onal tanouave. Natural 

language is t.he highest 1avttl conversational language 

and is also one whlcb ~~rt users pmfer to 

use"· t 5]. Thu$,, equipping Cl'JJ'IJpUt.e%'$ w1 th natvzal 

lliU't9taa'98 would 11~crati~e· cOJJrpUt.e.- use. 

Health c:are is the field wheze eve~.y one of 

t.om3.l"mw•s soQe\y will become a COlllJ)Ut.er use.r. Por 

a user of medical ~sultation syst.ems langW:fJO of 

interaaion with the ays'tem Will be the moat important 

factor that. influences user acceptance of the system. 

Natural languf)ge is the cnost. efficient. language far 

a user 1n expres&ing himself. In contrast. using 

art.ifi~lal lanouages (language& tha~ have been invented 

by people fo~ pa:rt.iet.tl1!r kinds of COftllliJf'ltcat.lon [ 31]) • 



'the user can e,quoeas only litd.Wd .SGtt of 1dGas. 

For example. using mmputer language a ws.er can 

•~s easily only those concep'l.s tbat ar,e important 

in p~rarm:niftg - a.~1p 1'H1S lS TRUE, -mEN 00 THAT& .• 

•sEE IF TH:tS lS EQUAL TO n-IAT*' • ~11• iA-Ju1.WS like -

• IF nte ~\:;iAlN ::>F AN a.R;AN1St1 tS NmATl'J! AND lT 

!S A klD• 00 YCJJ ~l.UUS THAT tT t¥\Y BS A ~U'\511' 

ttn nG't po-ssible 'to express in an artificial l~e 

with ease. 

Art1f1c1al ~rammin9 iantJU•ges are nc4 cl.sr 

md genemlly they ar"9 confusing:... The follcwd.Rg example 

will illustrate t.ba difficulty 1n u$1ftfJ artif1Ql.al 

laft9UE}t'Je 1n ~lcat.!.mJ with 'tho systet<l [2!{1: 

RS :/TOmf/./THJIH/ 

This ts ~ typleal inte.ract.iw ~ edtwr ~ in 

wbie)u RS stands for •aeplace st.rtng•. The effect of 

t.bls ~-. is w nplaee the next oc~urrence of t.be 

character string •TO'lllf! with 'tbe string ·~. 

'(Je no'\ice 'tMt the meaning of this c~nd 1s not self

evident. 1'he syntax 1& arb-itraxy in t.bat. it does not 

follow the c»nventions of any tddely used mean.& of 

comt'lUnication. 
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is meaningful to any English Speake-1'. lt.s foll'rJat 

is that of a la;Jitbaat.e E~lish pbm'Sf! a.nct the wont• 

are bath fantlllar and highly descrip-tive of the t.ask 

to be perfomed by \be ~ncl. It is elear. for 

exa~le,. thnt •Tntm{'l ld.ll roplaee roaTR, and not. the 

other way around .. 

aefo:nJ \'.Je proceod to the other probl•s of 

lnterf ace, \f& should intxodtJCe s:me definition of 

tems r&lating to natural language proeessf:ng as they 

will be used in the coming sutmec;ti:ms of this 

chapter. 

Nat.ural L!I!tu.a9! : A nat.uBl langu~ge 1 s the language 

that ts used as the ·principal means of coromuntca:tion 

in t.he day-t.o-day buslness af a human society [ 31] .. 

Eng \ish, A~bte, Fl.'lmch, H1nd1. etc. • a.re ell nat.ural 

laftfJUSges. lbe JJain property of 'these natural languages 

is that nearly any c..""wpt that comes t.o m1nd can be 

cmweyed to aMt.ber person thl:ough a ~ nat.ural 

langtta()e. on 'the other hand. !J.~~I1p!a,l_lp!!J!!Mes are 

tmse languages t.hctt. hAve been designed to be highly 
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expnsslve over a lim! ted rango of ideas [ 4]. 

~ G~r of .. 1anguaqe is a schtRM for 

apeeifying the a~ allowed 1n 'the liln9tJBCJ~ .• 
1ncl1CCttimJ the syntactic rul95 for cornbifting wol\is 

into well-fomed phases and clauses [ lOJ. 'ftle 

~r 1.$ used !n l!...rfYB t.hq lan;uqe· sent.ences_. 

Z!r.&J.na ; I" is the •d.el:lntteriuticmtt of Unguist.i'(: 

input.., 'that. is., the usa of ~t1Qt1 rules ..a other 

sota'Ces of ~ledge t.o. det.exmine the functions of \he 

woms in the input sentence (a l!.n&ar st..rlng of ~;<Oxds.) 

ln omer to c~te • moxe. t:omplicataa data st:xucture, 

for e~te, a d•rtvation t.me [lOJ. nt1s struause 

depicts $1.JtM oi' the relations ~ \\Oxd& in the 

sentenc.t { •ttt1s. adjective modifies that nM~n• which 1 s 

the object of a p~sit.ional pbmse ......... •) and can 

be U$ed to 9ftt. at. t.h• meaning of the ~ce. 'the 

$lWc\ural descri-pt.ion of the ift!lUt sent.ert.ee that 

nrsulb f'rom pa~ is called the apaxsett.. Fozo 

example. the pane of the English sentence •t'HE CAT DMNK 

mE MII.Ktt ls shotm in 'the t.reo of figuee t 3.1) .. 
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Figure ( 3.1) taken from [36] : Pu :rsc of the 
English sentence "THE CAT DRANK THE l.1ILK". 

2J.nta x. It is the description of the ways in ·,:hich 

word's must be ordered to make structurally accept~blc 

sentences in a language [ 4]. Every natural language 

has a syntax. It (syntax) may be defined as a system 
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of word ordering. The basic task for Syntactic analysis 

is to tell which sentences are grammatical ai.d which 



are ,_t,. A sentence may be synt.actl.cally correct but. 

have no mearuno. 
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~,_e,s ; S~ic;s ftfers to the meanings of w:tJ:ds, 

and sentence& of a given language. There are t.wo 

met.hada of processi.rtc) natuml tangua9e sent.•ne,es by 

c~:rs •.. e) ~.tete synttu:ttc paning method t In 

this me\bod the :r»rsing depemds on 'the syntax ( ~sr) 

of Ulo lJitft't,.ence. If t-he sentence is syntecUcally 

Whnq ( unqra~~~~mt,t-ca:l) • then it eenMt. bft ~SlUKl by 

t.be com~r. b) S~ntlc proeessin.t) mctt.hod; Hen.. 

dettend1tUJ on semaat1~s.,. the input. sentence is pmcessed. 

If not successful •. the computer calls srntsctic 

analy~er. 

3.2 SYS'I'S1*S BEHAVIOUR 

A •well-behaved~ sys~em is onte that lftakes a 

user feel thet. "the system is friendly.. A friendly 

syst.em is one that pmvldas help to a user. does not. 

cons-train a. user 1ft 1nt.ent'*it.m1 and o.M Vtat .i.s easy 

to use .. 

A user of medleal c~sultat.ion systems would 

not. be inspired by a sy$'tem t.hat. asks him to act in a 

st:ri.c:tly prescribed way,. User, as hu.man. would Med 

his in'teracti·tm l1fi th the system to resettle that. of 
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human to lwstan -COII'Il\lnlca'tion in ~hlem.s"Olving 

env!X'onment.- Hence. the system muU. 1M flexible 

'towasd$ a user. P:ree dialogue in a na-tural language 

would be an ideal flexibilit.y. A user shtl~tld be able 

to ssk quest.ions whenever he/she needs clarification .. 

This can be achieved t.hraugh a que:st.ion-answarlng 

facility. A two-sided queation-a..,swering facility· will 

hunsaniae t.ne canuuni<:at.ion process. Bot.ll• user and 

systa. may intei'Z'OlJste Hch other in the consultation 

session. 

A friendly ~sphere 1!; to be provided by "the 

medical consultation syst.•• such as. g1vin9 Mlp 'to 

user on req~ or helping user whenever system 

perceives 'that t.hft user is in cl!fficult.y. For •xample. 

system may· help a ti!Jer in phrasing antwJen ot: knay- · 

provide for 'the user a list of possible responses t.b.Bt 

he might h& X'ffqui_J:'ed. t.o- give. 

An example of such help fac1l1't1-8$ is provided 
- ' 

by 'the MVCIH GBnsulta'tic:Jn systent. It. print$ a- $UI!IllaJ:Y 

of user opt1oras as ~ below :-

.. (May be abbavls'ted U or UN~<) used 'to 

indicate that the physician does not 

know the answer to the question. usually 

b&cause the data are unavailable. 



? - Used to request. a list. of SatniJle 

recognized responses. 

- Used 'to request a list of all raettgni&Q£1 
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RUIJ:. - Used t.o request t...-ltat MYCIN disttlay t.he 

'\r;o.nsla"iorl !tf the CUH'en't decision rule. 

This featw:e pravldes s simple cape.b111t.y 

for explaining why ·tiM program is asking 

the questtott .• 

· ~ - Used to d~ss t8lp.tt.Drily in 4J:der 'to 

use tho SXplanstlon system_. 

~ - Used to nquest. a d4ttalled exp16fta\ion of 

·the quaat.ion beifttJ asked. 1'his .feature 

is ~auch more OOftv-.nat.ional ··than t.he KJLe 

option allow and pr.utD1tcs 1nvesUgat1on of 

the currGnt state of \he entire reason:ing 

chain. 

CliAmEXXX - Used 'trs ~e the answer to a ~ous 

question. Whenewar t.NCIN asks a quesU.Oft 

it p~:ints a number in front of the pmmpt •. 

This CHAt«;B 4 means •Go Sack and Lft. me 

ronswer question 4'* .. 

STOP - Halts t.be pxogram \d. \hout cmnpletlftg t,he 

consultation. 



For e.xample. if a U$GX' wanta to know why· the 

sy:;tem ls asking such a question, he sb3uld bG able 

to simply put WHY as he does in • converPtion with 

another person. The fol;lowiftC) is an flxmuplo from 

M'W.:lN [ 6] : 

26) Has Je,remiab Sample ( PATIENT-1) had any gu 

surgery or man1pulat1,?R of the ur!aitzy tract? 

(e.g. ~lling catheter, eystosc~w. etc.) 

~4-!'Y Thi$ is the user quest.ion to whi.ch 
tM system dlsplqs tho follmd,ng 

I N1. TRYING to riND OUT AnJT mE IDENTITY OF THE 

OrGAJ,JISM. . 

I ~ mfll tHAT t 

THE lURrAL OP EMI'RY OP THE OPG/.J~!St-1 IS UPPER - Gu 

niE llORPHOIOGY OF nil! OJGANISM IS POD 

niE STA.Dl Or THE ~ISh1 IS GBA!lNIG 

THE SITE Or THE COLnJRe IS 9UJOl1 

lHl-:tmFO'Re• IF 

1) THE PATIENT HAS KlT HAD A GJ:N.rfO,.URI.NARY 

MANIPULAT!VS PROCEOURE, ANO 

2) UlUNARY-1'AACT-INPECTIO!~ !SOOT A Pl'OBLEM lOB 

tlHICM tHE PATI~f HAS BeEN TREATFD 
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THEN: 

'lHSi\E. IS SU':iGESTIVE EVID~ ( .6) 

THAT THE ID:!NTllY O.P THE OFGANISU IS E. CClLI 

{Rtn.e 156) 

~ 

Aft-er the explanation fJMtt syst.em the user enters 

his answer• that h~s to be YES. and the system 

cont.inue• asking questions .. 

3.3 TOLEPANCE 

5'7 

In human ~1cat.ion peo_ple adjust. t.hemsel vas 

to each ot.her 1n t.oleratlncJ errors, such as. grammatical 

and spelling ermn int-roduced by any of t.he two .pel'$01l$ 

engBQed 1rl a two-sided conv&l."Sat.ion. In interacting 

with medical consult.atil!Jft systemn a U&e':r comlts 

dmllu urors. i.e. 9~t.1ca1 and spelling errors. 

Por effective int.eract.ion and for user•s acceptance 

at medical consultation systems, these systcr.fs aust. be 

'tolerant to gammatlcal and spelli.ng errors and must. be 

able to engage 'tbmnselves in a eonvel."Sat.ian tdtb the 

user when they do ntat. understand user• s reques't OJ;' 

lm$wer. Such facilities. if pmvtded by tho ststem. 

will 1norease user•s confidenee in tba consultation 

syst.cn and will humanize the int.eract.ion process. 
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Systems do not haw ~uons and do Mt unde:a::

st.and human psycbolagy 1 How can such sysUm&.. 'then, 

have tolerance? 11':• answer to thi,s 1 s: We have to 

equip syst.ems wit.h such abtli t.ies like tolerance to 

gul'mllftoi:cal aJl(l spe-lling e:rmn. The first. we d1scuss 

t.be probla of gra~t.ical!ty ' ., I:t is a probl<ml 

because. despite msearcbexs best. effort.s no C!mplete 

gra~r of Engl1$b ex1st.s•C32J. If no comp1c4e computer 

q~r of Efttlish exists, allowi119 unconstr.alned 

English sentences is n3t. possible if we insist that a 

synt.actie 1lJBne• be ctmst.ruct.ed 1ft omer to: derive the 

semantic ·C~t. ( meai'Um)). nurt. is. first :Checking 

if the sentence is grammat.ically correct.: if correct. 

then i'ts moanintJ is derived, ot.he%W.ise, the sent:ot1ce 
; i 

is ftjec\ed,. 

The sGluti;)fl to the problem of granrnatlcality 

is to desi9n the sy$tem in such a way· that it is 

primarily driven by semantic ~siderat.ions { :setUnt:lc 

processi.mj) • In this ~ no completo syntactic 

•parse• is ftqtdred prior to semantic proCes$1ng. 

Rat.ber. GYnt.acttc proce&sing is done only when a 

semant.ic analyz.er request.s it. nus t.ecbnitlue will 

result in a syst..em that t.ttlarat.es 9ra~t.ical ermrs 



and it. does not forces 'the user to follow rigid 

4JJ:alm!81' •- Irtst.ead a user has only to fctm meaningful 

santenees'" 

Tbe other 1nf'er1or sol~~ to the f)r3blcm of 

q~iealit.y is to pmcau only a subset of english. 

1'h1s will f'allofll ·~ntax f1rstJt st.ratagy.. rt is 

1nfe:riot: t»ceuse it pd'ts1 on Ule user. the constraint 

59 

of exp~&11UJ himself in ~bat. l1mlted subset of English. 

The §eP!'!!! 1s the problem of mlsspe111ngs. 

Spellino errors are introduced by tho user while he is 

typiftt hie inpttt thJ.oaugh t.he keyboani or duo to hi& 

lgno'rance of correct spellinC}. these spell.iftg er:coxs. 

if not ~ aut.otnatically by snedical consultation 

systems. cause confusion to Ute use-r.. PoJ: example., 

considexo th• foll.Ot.dftt -ilrt.eraction be't.waen· MYClN and 

pbysi<:!an usrer. l11NCIN 'S ftqtleS'\s an ftUIDbered. User•s 

aspanae& are 1n df)per case and follow double aa-terl.sks[u]. 

Hue. the f!JY&tem guides the consultation~ 

•••••• it·• PATiert-. ~ 

l.) Patlel'lt •.s name :. 

•• n 538 

2) Age t 

** 34 YEARS 



.3) s.. = 

.. ~MEL 

•MU 
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In the third ftStJOftse to M\'Cl'N*'S request,• the 

U5er (physician) enWn •J..#A£1.• whl.m ls w~ly spelled. 

It.s corxect. spelling is ·~. Par a ~. let us 

think of J:WCIN as IVA having spellimj cttrrect.ion fscill.ty. 

The r..M:lN System W\1Uld have $imply mjec\ed the pbysictan•s 

answe:r: beca.uSIJ 1 t does tmt. und~rstand •t4AEI.•, since tt. 

(tl!AEL) is rt'3t h1 fpbe systea•s dictionaxy... aut our 

physician is vexy sun of his enswar 1 This will 

confuse the physician. He ma.y think of cban(Jing his 

response or he may feel that. UYCJN is nut friendly ('\he 

user did rm.t not.lce his mistake even after rejection) • 

Au:tunat•ly., lft'CIN tass an ab11l'ty 'to coxrect 

misspellinqs.. t:lYClt<l calls its spelling conectlon 

routines which inspect. if the wold is a msspelllng of 

a one in its didlana:ry. UNCIN finds oll\ the misspelling 

( transp::Jsi t1on of adJacent let.tera • JJl and •s-) and 

J)rin'ts • ~Le- to bd.rt9 tbe attention of its user to 
the •rmr (for verification). JJ'M::IN continues (as user 

agrees t.o the e»rrttetlon) 'the consult&t.im~ as if thea 

was no m,;spelling. 
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It is ridiculous. for example. that a syste1n 

does not umerstand question like : MOil DID YOU 

07·:ClDE THAT OFGANISM-2 ·Q.\S m£ SA.W: AS OfGAtSt-\..3• 

slmply because OFGANISM-3 we& misspelled { t~tu is 

mis&ing). More ~les of mtaspelllngs corrected 'bV 

~IN are 5,.:~~ in Appendix (A). 

T-ype$ of ld.&spellings and an automatic 

spelling correction program. as all it,plemtmtatlon .. 

are CJiven in~ next. chapter. 

3.4 SYS'l&~RES~E 

AntJ\her fact.o.r which is a problem in inh£face 

is the response time of the medical coasultat.lon .fWst•. 

'*sponse tim~ is the tlee taken J::Jy the sys'teln t.o 

veerate a nsponse for the user's request.. I't is a 

pi'Oblem because ou:r use~ is an on-line ttser who is 

waiting far a ftSt'On&e• Response Ume must. be ve:qr 

$h.ort 'to awld 'bontdom or impatience of an on-line 

Tb• 'OU\-pu\ of the system stnuld be given in its 

s.h;)rt. fol'ID. This will help a user t.o quickly leaxn. the 

shortened fo%11& cturtng an ongoing cansulwtion session. 

Pol: example. itt aply to question ttw avstem must. 

px:ovide explicit anS*r.s [25] • It should no\ simply 



dump out. a file of inf~ion whid"t some wbttre 

contains 'tb:e a~r. 

3.5 AN ~LE OF MAN-COMP.n'ER C~ICATl:tB ·~ 

G2 

As ~a ~J.Y t.o some of tb<t pn:blems of lnte»

f.ace di~cussed 1ft this cha~-r. we choou to gi,e an 

example of a liialogue wi.t.b ftlMa.ll syst.em. ftitlilil is 

a" 1nt;e.ract.1ve el~d'omnie mail ays'ta in daily use by 

s.ewral hundred DS.eil.r~ in the ~t.O:r $Cience 

department at Ca!'J!!91~.ellon Un1~nity. RdMail bas 

a convent.ional typescr1pt-orlent.«l ~ laft9UC19•• 

whem most CGmrftBndS consist :Jf a 'Verb follt?Wed ~ B 

sequence of axgUf94!mts,. Thla example is 1~ t4 

•demanstrate ~lClltion problems dulacter1stic• 

of all current interactive inwrfacestt[35]. Problems 

of system tol$:t:ance to g~t-1ea,l and spelling 

errors, system behaviour 'tt:Jwal."ds user. and lang~ 

adaptation am vexy clea~ly noticed in t.he example. 

1"he example was given by Kayes• et.alC35J. In this 

transcript• tbe user input. follo\l:ts the 11 ~ • tdqn. 

and the syst.em'& response follows the •?t sign. the 

anna't.&t.ions are added in squaJ."e brackets. 

[The user J..n this oxampl• 1&. "talk~ 
t,o the Rd~11 p~. . Me wanttJ tO 
find otat tm&t. massages be has ncei
ved fxom someone called Robertson 



since May 15. To dtJ t-his \he user 
selects the Jweders Ctm'Jltland whicb 
prints out .a line of $U!BlMJ.Y 1nfoz
tna'ti{)n for each of a sequence ( 1 ••• 
set} of me&segas it 'takes as argument.. 
The taser also kno'.~a that it is l'OS$~ 
ble to a08C1fy subsets of all the 
aHsages· in his message· file by various 
selection k..,..rds1 including • fn1il~P 
whic:h selects lm!ssages from a given 
soorce. aRd &! siru:a• whi.el'l selects 
metUH!Q9S dated aft.er a 9i.,_. dwte. 
With this ift mifld-. the user gives tho 
foll0¥'lif19 earmnand.J 

.(-- haeden fmm rohe:rt.aon since ~ l!l 

'\o Which '\he system replies 

? No such~ es baeders. 'f\rpe 1 for help 

[Unfortunately• the user has cnisepelt 
t.he nct11• of the command. HOi"'GVer, 
user sus his mtstak• lmeedlat.ely. 
decides he can pr'3ceed with~ut. the 
pJ:t.Jffercad help, and $0 retypes 
»bcadidrs* eorreet.ly • a long with. . the.· · · 
remainder of the ~ line. In 
fact.. t.be ev:or c(Juld have been 
corneted by 1nwk1ft<) a llne editor 
buUt. tnto :Hdt!ail; anforturuttely • 
the ueeZ' ·can only lum ab!lut this 
facili'\y by xeading the Gntim , 
Rdf4.81l use:r•s manwi1~ . · 

«E- headers from :robertson sinoe ~~ .15. 

1 Illegal M•sr~age sequence at •f~ - missing 

quoted string 

PfO~Il RlBEm'SON SINCE t~Y 15 
t 

63 
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~ haeders t-J:'Om embert.son*l slnee ,,rcay 15" 

? No such conmrmd as haedeh Type ? for help. 

Dam 1t f The:t. same type again. No 
way ~Mt to type evexyttling over again. 

<E- header.'$ from "snlxu~tson• since PMay 15ft 

? Ill~l l~ssage sequence at "SINCEO - junk at end 

PROM • B:'JBEBTS<'.)N'l Srt~E ,._11'..,\Y l!P 

-·· ~ ? 

.,.. 
,G~bat went wrong this time? Tbe 
1 quotes around .t~bertson seem t3 

·· J:Mt acceptable to the system. . 
This time lt sald the error bad to 
do wi tb • $1nce• • btl\ • junk at ent.P 
is n~t very tnf,xmat.tve. Perhaps 
he ah?uld ru,t have quoted the date? 
However. at. t.hi«; stage the user is 
so int1m1datej that he declde$ he 
really does need belt'• so he asks 
for it 1n the way some earl1ez •rrox 
massaqes advlsGd. J..e .. type? f'3r help.] 

Type HELP for complete online asslstaneft 

Ty-pe Dt'JC\R.mNfATI"lN to enter the editor nading 



the entixe, cxoss-refenneed Rd:Mail documen

tation 

<E- '":31p 

[In &dd1t1on 'to 'tho above lines, tb~ 
RdMa11 displays the foll~lng ~ al.l 
systan ~s. sy.stem attriwtes. 
and the messnve sequence k~1ds. 
The user finds tlult •help' was n,t 
vez:y helpful t~ the problem at hand. 
Tbe user decides be no.as t.he u complete" 
online Ds!listanc::e., he gives *holptt .J 

Ty,- HELP <topic) fol' help on <tooJ,d.c > • 
Type HELP Y.'3PIC f~.tr assistance in using t.he 

TOPIC co~nd to search tho Help index. 

? CJ11ttl& a list of ~ 

Cstnce he went. wsong in using the 
ustnee• koyword, the user assume$ 
be need:s to know mom about it. 
Ho a\s? imt:tlicit.ly assumes 'that 
•stncr is a < t;,pic> • and -this 
turns aut ttl bP correat-.J 

~ help stnco 

[Tbe unar accepts. all the holp available 
at»ut • sines•, by taking the default 
ay~ ZG!)ly to eaeh question. but. ho 
s't1ll does n3t feel wu.y helped. The 
only infl):tmnti.r.m helnful 't~ his prm;,ram 
is t.hat the date foll'lwing 10 since1l must 
indeed bo quoted. At this point the 
user has had en!)ugh of on-line help. 
Poor use:t> t He goes off 'to ask someone 
better rehearsed in the folklo~e of the 
system. It turns out that this p»:Jblem 
has a simple answer. ln osder ~ specify 
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two cmstxaints on a ~~11 message 
sequence. yau Jrr,.tst. tell tho syt1t.em . 
to take "the 1nterseeti,n of the two 
set.s generated by the enMtra1nts 
1ndi vidually .J 

<E- headers fro.11 •mbert.son** intersect!~ since 

fiNily w 
? Ill.l mes~e uquence at 0 ROSBHISOW • 

\lnknown symbol 

FRJM *FOB!:~ INT'"'cl1SSCT!CII suce. 8 f:!lAY J.5't 

[It still does nnt •*• Back to ·'the 
oracle t ott. tt -sJnuld be utntenl9ct.• 
not • !nter$ect.ion.,'.]s~ finally _ ........ 

~ headers from tsmberts~ intersect since .. May 15• 

52 16 ~-~eo 

61 21 J'ul til 

Geoxg.e ~rt.son 

Kamila Rttbertson 

'13 2S .Jul 00 lGandlii Robert$on 

[At lest tbe user has the infcnmation 
he want.Gd• and t.htst was so readily 
a. eeesslble with just a _ldnale M!~il 
cam:-1and. aut w~ sb.uld the u~r 
have had such d1~f1culty in .~£
eating tbert cotmtand t.o t.he syste:a1 J 



~ pd.maxy aDd sec.ondaxr schools. stud•t.s 

an given d1ct.at.1on class••• w~~.- the t•dter :reads 

a pa:d of • 'ted (or a 1b:t of WO:ltl$} ami .tuden'ts 

are •sked to wrlte down.. stuct.m. ~Jfo1'1'1fim.c.e 1s utte 

.valuated on the basis of the Au8eJ: of SJ)elllng 

aft'lll'S he oJ> shit 111kes.. St.\lden.t.s 2'J:i8 •aU~Jht. how ·to 

speU wolds 031"''ffc\ly in OJ:d•r <to mlnbd.se tbe 

s~llintJ Groft 1ft thtd.r ~tcaUf;)ft with the world,. 

't~ wd.tllig_1- and. abo t.o add •n powex "<t their 

~ -sfQ\M t,o. be able t.o ~· • lldsspallecl 

... sagtt glva to t."'-• ay this process. Pf!JOPl• develop 

the ability w correct aDd understand me&sao- ·~ 
~1n spelling en:o.n ~ SOla level • 

..,_ple neat•• telegram tnessages wlth ms
~led wolds that ~!Jake the t.leg%8111$• ~. 

ununders'tandable:. Enars 1ft 'tel-er;rratBs aay be cfue. to 

~ypogaphtcal -~ 1n tbe ~ office and 

~vlng office or due tO t.zansalss.ion t~J."m,r5 1:ty 

tn'th t.ransaJ:tt.ing and recetvltlg medlilnisas.. Hence• 

ihet spelling erron aay be classified lrrto• Uu:ae types 

d~lno on the SOtJrct Utat J.ntzodltces Ute eft9r ;: 



1. PeJ:SOfts ignorance of couect. spelllncJ : th

errors swsult fmm \be. d1fferenc• be~ how 

a •I'd sounds .and the way it is spelled. fto.l." 

•xarDPl••· omt may clte TYP.X)MA-JICAL. es 

1Yi0'3M.PICA1.. 
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2. lYpoga'PhJ.cal en-ora : These en:ors axe COIJidtt,ed 

dU~tftt typ.tng flu• "to wmrtq t:m)..,_ents of flngers1. 

nsut:ting ln pftssi.ng \fiJ:Oftg keys o~ aiplng: keys. 

3. TJ:ammlssion en'Ors a ibis ty.pe of error occure 

·due to· apectf.te Mcodlng ..m tran&Salsslon 

~-· within the sy·.st;em. 

Com~•"• llka st\Jdttnta •. ba-Y& to be taught 

how to d•t.ect and COU<tct sp•lling armxs in • given 

•ssap to th• {sn input to \he ·compUter). No one 

has pex beasd of a s.cbool 'that. tea'Chn COI!Iputer:s the 

an of ~lliftg COU'Oct.ion tbraugb dic.t.&tton clasMs l 

Por o.~m .. there are ·computer S}'MeiaUs"t& who 

design pJ:OCJraas that ensble COflf!lUters detect. and 

corref# spelllnCJ exro:n 1n a given input. data., 

:1\e.saarch WGl'tt on .automatic detect-ion and 

couect1on of spelling erroA ~ cmputers Wits started 

as early as 1957 • but the firs-t app.tlOfUon Pr<Ml~ 

was •sPP..t.Le .rtt.t.en bt Relph Govin at. Stanfom 1ft 1911. 
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s.:PSIJ. .as UMd· tn 'the wee-.10 machine for chocking 

adli'Ua:ry '&ext fil-es. The £ollmdng paagml')hs wlll 

N-D~• ·the hb\t.lsy of ftfiai~J:ch in spelllRg co~xec.t1on 

.JIXGgatb 8$ Qiftft b:i Pf4:•X'$01l [ 7] ,_ 

·aarly wo.rk on s-pelling .GlJ-.ction programs was 

,caa'l.ad out. lly Oa:vidson ( 1962} 1 be was Ctlfte&med w1 ttl 

'tbft r*"'tS'ltwal of td.sspel:led ncees tn e1zUnes passenger 

ucoxd system. Slmila-rly • Carlson ( 1966) •s CM\Cemed 

tdth ...... Bad places- 1ft • g--loglcal eta base. 

Mc61weln 8Jid Bvans (1962) WM'ked for S..,zori.ng the 

outpUt of a- sy--shra t.o ftCOOniu Morstt Code-. 

'ft.Morl.t,lcal •4 was dofte ea -the tn:abl• of 

stung IU'tchJ.ng and -03~tng algod:ttas. For 

acuaple, All:teXga ( 1967)• sta:t.es the pr&hla of stsi.ng 

simi.larity and sls$l)fdllt1J as f'ollowsr "Glven a lis\ 

of •••• ~haps wlt.b infolflla't1on. ins'Uuc.Uona or 

s-.e sueh data atuched. and a -'rlrl9 t:tf ctuu:act.ers 

lidlid'a don 11(1\ ~ in 'tha~ list• Cilft one det.Ddne 

•lth soae tala-~ of cartataty whether that at.ring 

is a misspelling of one of 'the ~ ln. the list.. 

Rutrlction of tJHt a-..mwt.:Lm ~ a t"alr degree of 

cerwinty is necesslut.ed because we aze he~:e at.t.tmptlng 

to d1Yin-. 'thtt intent of the person .m ongina'teci 'the 
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•SS89ett[9J. On the saae problem ( st.xlfto aatchlng) 

wott was dona by o.emu 1964; RlHflllln and Henson 

19T4J towrance and, ~r 197$. 

SPELL. a spell1nt c'J\ecker p~ was 

develoP*~ tn 19'11 and used by o;:r-.10 and DEC-20 

uchlnes. SPSJ.. was used tor correct.lng spelling 1n 

t.ext files. Since .19'"/l when SPlU.L ~ts doveio,pnd as 

an ttxpedllent.al p.rt;Jgram• work on spelling eon.ct.ioa 

progfiQs wa.s always 1n the cont.•xt. of <»ttect.ing 

ml$'lp&ll.iftgs in a general eenuscript,, end input. data 

'to ayst.Gm progxas. A zecen't app;roach by i.Nrbam.et. .. al 

19 takes up the pmblem .>f a.p•lling wrrection 1n 

user interface. Tl'wy develo.,ad spelling correction 

p~reJD f~ the ~11 System. 

Thls chapter wJ.ll diswss t.he de-vel~pment. of 

an 1nt.eraet1 v• &pelliru) correction program in a user 

interlace application. Diff'e1.--ent factors a:re to be 

e:on&1dered in the de&iC)ft of a spelling ~Uon 

p~am 'to be inGOJ:pORted 1ft t.he U&Gr ifttedace with 

1nteract.ive systems like - medical consultation 

systesna. Human factoxs.,. sto~a. ty~ of $fl011ing 

miatalte:s to be~ unci otber f'ac:tors will be 

discussed in th• emntng '&u~1ons .as we proc;eect. 
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4.1. S:Pa.l.OO OJRR£Cttm AND USER INTiaRPACDil UITH HEUICAL 
cn-ISULTATIOO SYStEMS 

In a typlcal o.msul tatlon session{ Append! s--A), 

\fllh!te using ttl• medical consultation system. tm type, 

of interaction pm~sses take place bot-ween t.he system 

and t.he userJ a) di.a logu. \"JU!dad. by the syst..; the 

sy5'blrn a.sks qu~$t.i<m$ 't-a t!\'4!! use.r and anmur& an 

ont~xed ·1:7 the ~:r in res.tt3llse._ ai'\1 b} dial~>gue 

.gtt.f.dl!d lJy ~'tft usa:rt the ••~r ,.,.sks qut1st.ions !fh.-. 'the 

use.r'?t qu.,ati~s are .ant&:red th~Ur.Jh a teml.nal ~ 

thct &y'5t9!'a generate$ an$Wan in H~~. 

Dtlrtn~ the lnt-e~actitm pr~eeas betwe&n tiM 

user and th& system, ·s~ll~..ng e:rxnrs am introduced 

bv the user while bq is ent.r1n; his answ.rs and 

quos-tiona. A qu~"tion "'r an ~...,r !tk'l}' b& a single 
.se~"c:.c. 

¥nl.'d or a !!!i/o~!'P'!. .. of: ""l Ii,!} ( smttence) • Spelling 

tfJ:S'Qra in the entexed word(s) am !nt.roduced by t.be 

user due to ; lmm~ of •. ;'i,?rl!;rt gu,.llit!! or due to 

!l:e:t9ral!hlp2!,l px:fq!!:,.. l'hese typH o.f· or~l:lD will be 

discussed in !Joe't13n { 4.4) es we p.r>:'>eeed. 

tt is wry lmporl:Bnt t~ inC?J:i)al!llta nn 

~;0.~~.1v:, .. spn111!J!! s:~.~~RI: in tho user int~rtace 

tdth medical ~"msult.a-tion systems. This w111 help in 



h~Bml.aln(J \he interac:tion p~cess between the user 

and 'the consultaUon syst• (In tuaan w:el~t.en COiliDUl"d.· 

cation peGple use ~ senso in understanding 

misspelled woJ.tls in & glwn mussa9fl Qf ~unieatlon.). 

Hance, it. would be an unfntmdly set by the system to 

rejee\, an &n$\'ff'lr or a ques~.ion of user sirr!ply because 

it ~ns one or two mlsspalled ~oerds. r-or example. 

~!Jider the foll~ que$t1on ltf ~M;IN consultation 

syat.em and ~ misspell«d answer of physician .. 

MYCtN t enter the 1dent1'ty ( gttm$) o-f omt~JJ>M-.3 

Physician 1 KLEBSI£IA 
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In t.his example. t:t<LSBStEIA0 is wr-3Y'qly spelled 

'bv pbysit:ian ( unr}.. Its oorr.ct spelling in the 

sy.stem~s dictionsl'f is llt::,l:.Ea5!'.SJ..t.A0 {one letter1 i.e. 

• L•, was missing) • nut sr•tems rejec:t1on by ·t.'-
sys'tem of this answer will. cause CIUCh of e.3nfus.ion 

.and dtvorsion of att.mtf.on of pbysleian Who· is WJ.Y 

$UJ:"e of his correct an_.r (mlss.pelllng still not 

obMrved by physleian) • Phya1e1ene are not lnspf.recl 

by r.uch an unfrtendly partne-r in the ciialoque. 

Instead• MYCDf calls 1ts spelling conect.1on 

routines, c:arrects the misspelled lnp\lt-j and continues 

asking questions. irS if no ·spelling error was there,. 
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(MYCJN di!l1)1ays the .c~ned .spelliftg• 1.-e .. • KLEBSII:t.LA),. 

~. spelling corre41on f1c."#1lit.y ln user tnt.erfaett 

will enhance Ute acceptability of eoftsult.aUon synems 

by pllys1c.lans1 in aaking Ute interaction ( QmSuJ-.. 

t..at.loft) more 11b a ~-to-human communlcat.ion process. 

A vduPGlllnt,J of a word may.. ~J.tus. llll'tc:b 

more them one wo%4 in the d1ct1ttna~ of the syst.m. 

%n this slt.uat.ton. the int•ac:Uve ·spellinc) correc;t,or 

t.akea I\Ot,e of all t.be ~-' th.at rta'tdl and asks the 

uaez as 'to which tol'd of those at.cbift<)s doe& he aeen. 

Thls is a-no'tbe:r pdvan'\84e of iftt.ctaetlve $!Mll;in9 
,) 

corac'(brs in ~lft(J 1COfVJ dlagnosl$ due 'to 

lllsapellblrJ •. 

v.., •XM'ple• we O'Jfts1<hr the t• ••• 

·~ and·~ wMch are 'two ~-of~ 

dif:fertmt. dUens. The "t.wl:t wolds an sto·Dd 1ft aur 
- - ' 

dietiona&y (correct _,.,,. 1A't the ~tom of 

pattent tt. ·~. Let the syst.s ~ion be ·•· 
' ' 

what are the aymptoms ot V.. pat~? Tlw P:"Ynclan 
;nply will be •».~. But t.tt• pbrelcian wxon;ly 

.-nun •XXYX'Y't (_. 't~ the last. two l«t•r&). 

If t.bi$ ft&'Or ts no-t. ~- t.he srst• would asSU~~Mt 

the ~ l.s ~ •. as ~ • ...-d 'th1-s tdll :nault 

ln a WDJn9 d~s. 
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to avoid \hi.s disaster. our 1nteract.lve 

spelling corrector sqard'Jes f':tr all pos~ble: mcrtchings 

and asks the user aa to which woJ.d out. of lliiiYf (.if any) 

. does 'the usex mean~ Thls is anft.ber advantag• o.f the 

intereoUve spe11.1nc;J ~ctor in making Itt• consuL

UUon syst.em 8D¥'e rellable. 

4.,2 THE Dtt."tt~ 

Ttul llJOS't. ltnponant factors .tn U.e design of 

tho d.ictionaxy &l'eJ l.l the d1etion&J¥ siu an4 

2} \he search time,, !.a. U• taken by the $Y&'tem 'to 

find a pazt.tcular wold in the dicUonaxy •. the till8ller 

~he dlct1onaJ.y sue. the cheape~ the atorac;-e cos-t ancl 

thet shorter the search ts..e. A omall dict.l011B1"f may 

be atoftd 1n t.be main a&IIOxy • In aodlcal c:onsult.at.lon 

systa&. 'tbe · vocebulazy that GOnSt.i-t•es the d1ctloaazy 

ls w-ay $1!Dl1, t.bis is due to t.be fact tha't aedical 

GOn$Ult.at.1ora qs;t.ems are ~llzml 1n a wry nari'Olf 

dossa1n of medi~l knowledge~ 1oX' exa.mple. t.he 

d1ct1onary of MYCIN $J'SUm is about tiXl wolds. 

one aett.wd of reducing -the sue of tlle dtcUonaxy 

is to reJDI)ve affixes. only roots of the woJ:tls are 

stoftd. 



m!Y!I: 
l'Dtftxes of the WGJd$ are detached and tbe · 

~s •• looked UJJ m the atc::U.ortaxr.. :pze... .. xa-. 
antt.. 'trans-. 41...,,. un-•. etc .. are examples of 

pntr!xas,. Woats like, ·~.- and •X'flil:ppJ.r< en 

~ tJ!'Om tlW di.ct.lm»J.Y. Por WOlds Uke 

•reaf.nde.-. •ft'tat.•". •nqui~tstt. et.o. $1.JIQ 

'theu ~ i.a nr4 nad-lly declud.ble when the paflx 

.... ., is suppnssetl •. first- should look up t.be wom 

.itt. t.M dtc\lonaJ.Y. If ROt found, delet• tiM prefix 

end search for Ute wom ... Dr t.h1s ~ {paflx. 

ht83Wel) t.ne woxd •rectaco~. f• exatDpl•• is 

.'*'Oved 11'0m the cacUONty. t'hue is no point In 

. stodng D!!q.z:altf and.· decorate both. 

SUffius &-

then a%e many tmdittgs. suff1aea, t'b&t can he 

added 'to a verb sfMA ·to make a nw WCIJ.'d. Bxa~~Jtlu of 

affixes an : .1ng • .-~ ..... ton • .-.:101\$~ -.tonal .• -tonally • 

.abl•• .abl:y. -es,. -•• .t-c. For ~·• the plural la 

o1t\ainad sit'lply br adding •-r to many woms. 11ut 

st.os'ing of a ntM~ in .~lar .- plunl :fODA.s is a 

waste of sto~ :&tJCh as •DRU3• and •DRtGS•. n. 
suff'1x of 1.r1ft 91_,. wem 1·s ~and 'tbe wr.Jd ls 
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looked up 1n the d1dl~ry. •tt f).rrilxes and 

suffixes aJ» coneet.ly handled, our dict.ionaxy ·may 

even be able to deduce the meaning of •antidis 

estab1ishmefttar1an1att given aly t.lw vexy •t.em 

"Qtablish" [ 13] + 

In an interat:tlve use:r int.ort••• the zoes:mnae 

tiM 1s of 9:mat. concem.. The user is Witlting for 

response. Tbus, tlw 1ntemet1ve sp&lling coD"ttc:tol' 

mvst be sufflciently fast to ava1d frustrating the 

user. Hence, in the design of our tlictianex.y 1 we 

concent.rat. on the search time factor. 

For efflclqnt dlct1onal.Y stor69-e- •ant:~ look,.up, 

many Jtmthods were developed that. \ake advaot.ge of 

pxopertin found in English text. For ins\BnC"Ut7 the 

'ten most ~ wozds (the._ of, and, 'to, a 1 in, tbat1 

1s. was •. he} account f~ ~of all 'the woats. UB of 

the ~Di)st f.nqt.mnt wold$ account. tor nearLy ~· of •11 

woJd$ C34]. Taklng Ulese pm..,en.t..s of &lgltsh 'text. 

into con$1<terat.ion1 one ruay desic)n a dtctloMzy of 'two 

levels fo~ fatrt searching [?J. A t.wo.level dl.cU.ona~ 

constst.s td a small (128 •J.ds} dlctlonaJ.Y ~lrd.rQ 

tbe fiOS\, coram ( 'f.nquently xef•J."MMeed) Wt.)J'ds. Tbts 

SDJ811 dtetionaxy is :sear:cbed. f'o:r a (Jiwn wom. before 
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tiM la:gu dictlanaJ¥ t'-t cotttatns the rat of t.be 

wolds. OM..,., further_ C.JO for a 3-letvel dlct.tOMry• 

in which the 3ld dicti'OJIBXJ is a subject;.s-ped.f1c 

dl~J.."y·. th1.s multS,...level dlc.Uonerr lti used lR 

-fvll t.•xt ~ces~d.~~g •41_. the dlcU.onaxy .slae goes 

t.o •re than 20 IXlD woms. .. . . . . . . 

Xh ~be U.sign of tbe d1ct.1-maqt., for our 

prog~ w. aSStae that all woms ~. SJ.!!!l}.t. UU,lr...$2 

· !!!. et~*' lhu$ • !'!!! !tv$!1 •a.satPNw:.!f.. 
Sf¥t!E• How to sttmt the one level d1ct.kmaxy &Udt 

'\let it pX\'W'ldee fast searcbi~~g. is our next &trap. 

Them an tw aathods of sto~ ~a d1ct1oftarr. 

:Plh'tly • a dl<itton&'l'f may be Gtored " a 'bee dJ.Uctun 

amS ee«:tmdly., i.t. may 'be stored in a fom of 'Ublee. 

Th« ~ st.zuc'tllres an convenient for s"tortn9 
sO'ts of l&ld.~phical.ly oJXSeretl objeds for Pl.tl'POSM 

of alpbsbe.tl•lly orientod 1nfoJ.l!I.Bt.1on :l'e't:rieval ~~ • 
An example \'doll !.Uus\.cau bow t:rea st.%uct-uStts an 

used for \IVOJ:ds eto.ra')•• Conslde.- thlt f1 ve woxds •dog• .• 

•ca\o• •1ttm",.11 fmt*l., •t.1g~ \9 raprasent. a dictionary. 

Pigl.U'e ( 4.,1) shoW$ ·'the t.ne stmcture. 



Fig. ( 4.1) taken from [36] • Tree u~;ed 
for information retrieval. 

To search a word in the tree of f:Lg. { 4.1),. 

the given word is compared with the root node first, 

If not matched the left successor of the root node 

is considered next for comparison if the given word 

occurs earlier in the dictionary t othe::nvise, the right 
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successor of the root node is considered for comparison, 

if the word occurs later in the dictionary. For 

example, to determine if the word 11 fox 11 is in tbf~ tree, 

11 fox 11 is compared with the word 11 dog" and sj_nce it 

occurs later in the alphabet, the right br2nch is taken. 

Then "fox" is compared with "lion11 and sinco it occurs 

earlier in the alphabet, the left branch is taken. 

Then 11 fox" is compared with the left successor of '1 lion11 

which results in a match. 
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l'na 'the esample a.b3ve-. we Gbse~e that fo• 

a dlct:ionary of fitte wold•• fS.g •. {4.J.)-. 'thne ~ 

rtson operations l.'fUG nqaiftd. Fox a cti.ct.tOftaxy 

('t.ne) of li'QD 'than~- wOld$,, how llaftl'' ~rison 

operations an ,~~1 a .ls clear., fXOIU the abov• 

·~-. tba't the 'tne st.l!Uetlmf f'o:r a laxge ciicU.onaxr 

ls v•:ry tlmJ. con$UIIlng,. whlle ~Rhing for e given 

wom • ......_. • aus:'t look fo~ an efficleftt aet;hed •f 

s~urtng "h• d1c:U.or&aly t.hat al16WS veq fast 

.-ftt&ing. 

Mllsh 'ta'bla method fo~ dt~J.Y stzvcture 

provldtts fast ••••tag. A ha$11 table ~$U of a 

number of buckets. Bach budte't Cm'lsis-ts of one or: 

li'n8 ~~ blocks of .stoDge. ,Bftd each blJclud. bas a 

unique key. Thtt hash tahlo en'by i& t.hG head of a 

chain of •·tries (_woms) .acb with \he . ..- h8.1Sh value •. 

Thtt 'Chain ls seaxdwd 'for the input woJd. Rasti1NJ 
f':unct.ion is U$erl \-o ~ an address { MBd of a 

obaln of ~esl intQ. thct hac•h t.able. 

4.3 HASHll'G 

We ita• c'hosen the stmct..ue of the d,lctioruu..y 

'to be of tabltlar foza. A table is a colleaton of da~ 

ftCOJds ( woms). The wold& have no zelat.i.~tp tJtber 
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t1tt1n *hey aJ:e 1n Ule ume t.ab1e.. A table is a small 

file, and a large 9'XOIIP of f'Ue-s const.1'1ute t.he 

dietionaJ.Y. swxy dcRa xeco%0 (\\Oat} in ~h9 'bible has 

a key. A. key is a -particular field or cam'btnation of 

field:& in a cktta ncom upon; which some *'JAok upV or 

ord&:ftnQ pmces$ is pedoJ.'IIled ~t1· A zat.ionale for 

· our choice of hash files for the storaoe of the 

dictionaqr • roay be prq'dded ·by giving· a brief touCh 

to other teehniquea. of files of storage and tbtd.r 

search 'time. 

~al, §Hr!S.f .. fllg 

:RecoiXI& of a sequent.ial filcG are physically 

stored 1n ascending or descending oxder. The ·recoxda 

can be t:etrlewd only in sequential omer. nws if 

'the ftle had 20•()[X) re~xds, a'trleviDtJ the J.01000tb 

mcom would xequln the l..Otng of lt"l.ca> .mQ.u.es. 

This mtt\hod is far too stow to liJe used for a dlct1onasy 

search whttte search t.Jae i,s rrost. blportarat faf:tor. 

l!!!!!a fi9Y!!!.\i§!, i!!!'!U P!lf1i 
If tb• ft.l• is 1n k«y sequence. the usual 

~ of addatS$ift9 it is by •a• of s table called 

itlfll• AA index may be defined as a talJ1o which 

operates with a pl:'tlceduxe that a~ 1nfoa.-,t1on 
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a~»ut certain attribute values " input, and givres 

infoD~a'"'tion as output w.k1ch asds'ts in quickly locaUng 

the mcom or acol.ds tha\ have tho• at.t,rtbute 

valtlft$ [ Z)J. The input to the index t&ble is the koy 

of tiM aeonS (•J.'Cl) SOU<Jht. and the asult, of the 

table lao~ o~ration is the X'elaUw address ox 

actual address of the reco:zd on 'tho f'!lit unit... Ttte 

d1Sildvantages of 1nd~uent:ial files a:re ; 

(a} th• time :requlreli to access and search the lndex 

table for a g1Vt~n kqr... and ( b} the ~xy •t~e 

raquired for imex table s\tn:ege. It 1s much faster 

·than the ·soquentW search. and inferior to hesh1nt 

-files~ 

nf•A'IV sea~"t!~ of T-tttY Tattt_e: : li":":f1=«sn - -i . -,=; _ rm • • .:tf!n . .-r.. • • • ~ . -

DlneJ.Y &ea:rt:hll'lfJ requtms that s table be 

cn:du«i on the table k$Y~h The principal feawre of 

this ~ttJvides 'that each •1oolt9 into the t.abl,e eit.h-er 

ft.nds the key in question or ellm1Mtie$ half of the 

table PQ1 t.ions fX'(JIJ further CM1$ideratton.. ·. The key 

of the given. ftCOnl is ~ wd.:th the tey. of the 

mldpoint of the a:rea 'to be s.arcbed.. If' t.!ta gtven 

ftCO:rd-k.-y is greater.,· t-he lower half of the a..a to 

be s.erched is 1~. The next look is ~ at. 'the 



mldposiUon of Ute ~1rd.nt.J upper half. This PJ:Ot:tt&s 

continues un$il a key ll'Wtc'h ts found or i.be ana 

ttsfu:iftk.&* to not.hin;~ Ttd.s aeardllf\9 method is Sima 

conSUidng becau• it uses the tnal-and-e~r method 

tn locating the key .. 

Vf!asbiftg is -an J.ngtnd.ovs and useful fom of 

addxess calwlat.i~[23J • Hashing or key t.:ran$fo»

aat.ion i-s a *ecbnique 1n which direct table toot-up 

can be made ather than trl&~and-error search. n. 
!$ the fa$test method of tabla ~J:Ch. Ift bashing 

t..chnique. s:ome J:mttine operation( bashing func:t.lon) 

ts done an the original key· to t.s-ansfom 1t into a new 

key. The t.rensfoDDml keya a.re called the bash 

ackl.reases. Tbeo htt$11 addnsses are then uGed as 

d1~uy to "table :positions. 

I"-lly• ~ba bashing scheme w.;,u1d conven ttte 

original kers to t.,rMSf'onaed kef$ mth no dupttc;ates. 

The .situatiGn where 'bo keys have the aame hash value 

(duplicate kay$) is call8111 tJha&h claah• a:r &co111slon•. 

Col11s1on canno~ be •lhdnated completely• but. a 

ta.shing function may be c.boa«\ in 5UCh a way S:$ to 

minimiztt th• rwl'llbe-r of collis1ona. 



For a gi van numbe~ of entrt••• if the bashed 

addmsses could be ~ over a la• uhle space., 

the l'd'lhe-r of co-llisions would be %'educed., bat the 

number of .empty table buckets ~ld incl'lfl!aSe.. A 

gmxl hashing 't~ $hould balance 'the opp-osing 

s'tD1ns of qmpty {was~) table buck(lts and clecree:se 

in t.be ~r of CGl 11&100$. A bucklJ\ is an address 

sp.,~e:e which can. hold Oftfl r.lr more ftfktnl& (wolds) .. 

lhe stu or the b>Jeket. i11 cho$ea ~- the p_roq~r ... 

Tbe e~l11sions can bl handled by an ove~tluw 

me~lsm. !ft t.hls me-dtanism-1 if the trandomed key 

hashes to a stora9• 'SP8CG (bucket.) t.Mt is alnady 

full. 'the recoxd is stored in an owl:'flow bucke-t. 

n.e. add•ss of \he ovel:flow !:Iucke\ 1& recoJ'ded in the 

horne btcke--t {the budt«t to \\t'lieb the t.ransf'obled by

hashed ftnt) ~ If t.tt. fl.rst. oved'l.O\'f !Judte't l·s full 

and another t:ran&fo.l'l'Oed kt!J is asstgned 'to- the same 

full ~'tome bucket. then the rtteozd is stored in a 

&eCOid overt-low bucket. nte hash addres5 of the second 

overflow bucket.is zecoxded in the first ~W&ril.ow 

bucket. and so on { fibn ~ ana overflow bucket is 

••ldom needed}• Ibda• the overflow erea ( ow:rflow 

buCkets} will btl ~rched setquen'tially~ This will 
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result tn longer sea_J'Cb ~ for 1~ a aco.ld 

that. happens to be, in the .overflow ana.. 1'bus1 iJ1e 

btieket s1ae is t<l be c;azefully decided such t.ha\ the 

mabe:r of overflow buckets requiftti Is ain.tmum. In 

pzact.ic••· the bdcket. capacity is often tailo-xed to 

Ute ha ... n cbamcterl.sUcs,. thf,lb\tcke't eapac1t.y 

is ihe number of nco:rc:hi (wo»:is) \ha't can 1Je a~ 

dated in OM bucket. P19ure (4.:t.). is an 11lusU"at.lon 

of hasbJ.ng w .a storage of 29' bucke"s• eac:h of capacity 

Por .a given wo.x:G. bow to deteurd.a• whether 

the wo:r:d is 1ft the bash table (d:1et1onaq) or not.? 

Swxy woJXl may be apreseted bt a numedc key.. The 

wold.•s key ls canvexted irrt.o a n~»-rardom manber 

( b:ansfo.aaed key) • This nea»-randoln number Zefen 

to 'the address \1d\•n· t.hft 'ltDrd 1s st.oreci. WoDis hav1tlg 

the .-e neax..random f'\UIIbers are stored 1ft one bue:ket. 

The budce~ 1s refernd t.o with this near-random number., 

· If the number of wolds nav1nc} t.ta. ~ neaz-r.aw:t• 

ns.aber is gnater than the bucket capaci tv. then an 

overflow mecbani$1!1 is U$ed. Thlls1 searchift9 for a 

woad in ota d.lcUonaxy is done bf applying t.he hashing 

functf.on to the VDJXI and pxoduclng t.be uanstoswed key. 
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Key 
1 BUTTY 
2 JUNE 
3 CHLOE 
4 KRISTEN 
5 YVONNE 
6 M:JLLY 
7 DIANA 
8 ELECTRA 
9 OWA 

10 GRACIE 
11 LAM 
12 NANCY 
13 PRUDENCE 
14 SAMANTHA 
15 ANNE 
16 FRED 

Figure {4.2) Simple hashing process with a 
buck~t capacity of 2. From : Il~.L\RTIN, J. [2.3] 
A. Hashing to a storage with 29 prime 

buckets, each of capacity of 2. 

Key Remainder 
converted after 
to digits dividing E!Y 29 

Storage 
Bucket capacity = 2 

17 MARBLESAAAH 
18 MARY 
19 FWSSY 
20 JANET 
21 PNI! 
22 XANTHIPPE 
23 PRISCILLA 
24 CAIDL 
25 ROSEMARY 
26 RUTH 
27 ELIZABETH 
28 NEFERTITI 
29 ELLEN 
30 ZOE 
31 PATIENCE 
32 Pfl\JNY 
33 VANESSA 
34 WILLY 
35 VALERY 
36 LOUISE 
37 SCARLETT 
38 CLEOPA IRA 
39 GEOPGIE 
40 CANDI CE 
41 NATALIA 
42 roLLY 
43 HOPE 
44 DELILAH 
45 GERT 
46 DOBBY 
t 

Sequence 
of file 
loading 
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Key 
1 BETTY 
2 JUNE 
3 CHLOE 
4 KRISTEN 
5 VYONNE 
6 MOLLY 
7 DIANA 
8 ·ELECTRA 
9 OLCJA 

10 GRACIE 
11 LARA 
12 NANCY 
13 PRUDENCE 
14 SAiv\ANTHA 
15 A.NNE 
16 FRED 
17 MABLESARAH 
18 tv'iARY 
19 FLOSSY 
20 JANET 
21 PAM 
22 XANTHIPPE 
23 PRISCILLA 
24 CAROL 
25 ROSEMARY 
26 RUTH 
27 ELIZABETH 
28 NEFERTITI 
29 ELLEN 
30 ZOE 
31 PATIENCE 
32 PENNY 
33 VANESSA 
34 WILLY 
35 VALERY 
36 LOUISE 
37 SCARLETT 
38 CLEOPATRA 
39 GEORGIE 
40 CANDICE 
41 NATALIA 
42 PJLLY. 
43 HOPE 
44 DELILAH 
45 GERT 
46 DOBBY 
47 LESLIE 
48 JOAN 
49 JENNIFER 
50 MARTA 

B. Four new records (the words - LESLIE, 
JOAN, JENNIFER, ¥ARTA) are added to 
fig. 4.2(A). 

Key 
converted 
to digits 
25338 
1455 
38365 
2992355 
856555 
46338 
49151 
5353391 
6371 . 
791395 
3191 
51538 
79445535 
21415381 
1555 
6954 
41235021918 
4198 
636228 
11553 
714 
715389775 
799239331 
31963 
96254198 
9438 
539912538 
556593939 
53355 
965 
71395535 
75558 
5155221 
69338 
513598 
364925 
23193533 
335671391 
7569795 
3154935 
5131391 
76338 
8675 
4539318 
7593 
46228 
352395 
1615 
15559659 
41931 

Remainder 
after 
di v_iding !?¥ ___ ?9 

21~ 

~~·~ 
25 \\\ 
25 
20 
20 
14 
1-

.s 
6 

12 
18 
23 
15 
22 
26~ 
11 
18 
27 
27----.. 

5 
8 

13 
21 
13 
24 

8 
0 

13 
7 

28 
8 

18 
0 

16 
12 
25 
15 

1~) 
24 

2 
16 
20 
28 
26 

storage 

Bucket capacity = 2 
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l'*'•• hash add;ress. Which \dll hash to the bucket. 

address Vllhere the wt'tDI l$ stored.. lbe bucket. 1:$ 

titeR• ~ for the ._tven wo:ll'J. If the word 1e 

st.oa:ed in an overflow ~:tuctet.. tha· overflow bt.lcket. 1$ 

1aca:ted and sea:rcbtld for ttt. given wom. Addre$s of 

tbe overflow ~ ia given in the hoae budc.et.. If 

the wom U not found 1R thee di"iona.xy then 1 t. 1& 

etthe.r misspelled or l't is Mt. 1n the dict.ionaxy at. 

.ell. 1'he $pe11imJ cn-rxect.ion mu'ti.RG:a ( see-tion ( 4.5)) 

may bt called end the wom IUY. be dmckeci for spelling. 

Kn'Y•TO-Aif~ CONVSl-Sr.tti JU.GORilft.~ t 

The key of any wold ls c:onve3ed to an address 

where \bat WDrd ·{ox a g~ of -..m.s having the same 

address) 1a s'tor..O. The 4J.lqori:thm ~ conven a key to 

·<in addross is of 'three st.ps C23Jt 

1. lbe key is C'Omtert.ed iftto a numeri~ fom aedy 

for man!pal.a"tion. 

2. The twys are operated on trt an Blgor.i tbm .tdch 

converts '\hem into a spread of ~n. of the 

oxder of magnitude of 'the addaas numbers nqu1nd. 

the key ut. should be d1 st.J:ibuted t.s emlx as 

I!•M'-11! 4C1"0Ss •.. tbi§ ~f'!.\98 gf ad~rGS!!J!• 
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3. l1le ft$lll'ting m.abers are malttmplied 1:¥ a 

constant 'Aibich compznses ttt. to the precise 

xange of addxesses. If the secmtd at.ep, for 

example,. gtves foul' dl91ts 'Aflen '70CX) bJckab 
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an ·tn be used• tt. f~igit ...,.r ts mv1U. 

·pllet! by o.? to ptJt it .tn the aft98 (XJOO. ~ 6999. 

~~ p1a~~~ )lu~!:f!!!!b!r is 'then .conwn.t 

into • machine addt:e$5 of t.he buck.t. 

For Ute second step many tram;folllls have been 

p~posed and. tened. I' is des1rabiA that the t.X'Bftsfom 

distorlbut-a t.he keys as .vanly as pasibl• bet.ween the 

available lJuckfJ'ts. Below some of these goad t,ransfo•a~. 

f4artJ.n [23] giws •vo:el tzansfoi1D ~. 

1. Mtd.squaa Metboci t 

In thls JHt.hacl• the key 1s mult1pUed by lt•elf 

and the central 41q1t.s of the aquan an taken and 

adjust..ed tG f1~ Ute 1:Bft9e of .Gdd.zesses. For woms 

hlw1ng 6 digit keys Utat an to be stored 1n 1000 buckets, 

the key may be sqt.la':bd t.o fom a ~1t field of 

wbl.ch, digits 5 tt:t e an t.tsed. Por example. if the key 

1s 172148, t.he squaa is 029634933904 and ttw central 

four dlc)1t$ .are 3493. 1."M fOtJr cllgit.s 3493 aJ:e rmd.U.. 

pUed by o. 7 ;: 

3493 x o.1 • 2.445 



nw 1\\D'ber a4e ls used as the tucket addn&s. 

2. D1vlcl1m) J , 

TIM key is dlv14ttd - a manber AlJPJ:Odlnately 

equal t.o the ftUlll!Jer of available addnssea. anci "he 

lW!Ii\1w..iu ls taken as the xeUUv. llueket addnst;. 

Consider the _. kt~Y 172148 fJga1n cmd asstDfl there 

a:n 1lXX.l buckets. Here. lT.d-48 II&Y be divided 1rt fJX1'1. 

na. neainder is 42201 and 'this is taken as the 

s-elatlYe bucket addnss.. thls M'Utod d.istrib.i'te$ the 

k.,s &m.tCh crore evenly tJwm m1d-squan 11M'4hod. 

· 3. Wlx eonY4t.rslon r 

In 'this algorl:t.IID. 'Ute radl• of a ~r . ..., 

be conwrt..;. for exaaaple. to radix 11. 1'he excess 

hi9b-oxder diglts may then be 'truncated. Tbe key 

112.148 1& COIMU!'ted to l 

1 X 115 + 7 X u 4 + 2 X 1.13 + 1 X 112 + 4 X .U1 + 

8 X 11° • 266373 

and tho d!ttt.s 63'73 eQt multiplied hv o. 7 'to glve 'the 

reLTU.ve bucket addftas 4461,. 

4.4 MISSPEU.DI.!S t 

In this section we will consider the possibl• 

IDisspellings that occur cluftng an interaction p~cess 
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between a use~: and the sys'hm. Methods of how to 

eoft'Gct these ld.SJMI;llings. ere dlsQJSSad too. IR 

'the next section, design cunstderat.ions and fl~ 

ctun:t of ~lftes of an tmplasenta•ton pngnm •• 

pftsonted. 'the progzaam cornets :f!DIH types of 

spelling enon .. 
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In C3!!1tlltnicat.:lng wit.b an J.ftt.etacttve system• 

lUte mmdteal ... eu1ta<t1on !&)'stem. 'the mlsspelltngs 

~Ddly occur because of aer l!J!!!ranee of, .eo,~F! 

Je.l'-119 and due t.o JYlRilaPl!lC!'J. .. ttm!l• tn:espec'tl.v• 

of ~ source Uta\ caused t.bo eft'OI.'t ell are called 

spelllnv erroD. 

Pour cle~ssn of $1ngle spelling enoxo were 

discovered bi P .. J. ~an [40]. In the· exped.ment. 

his p.I'Og.&m aj:d.ted all the wcmls that had no. ma'tchJ.ng 

in t.bci systems mas:ter list of acceptltble woxds. An 

.lnspeet1on of t.hnse !fOxds .mje&t.ed because of spalliftCJ 

. erxon ~ Umt. 0var fl) percent fell into tme ~~ the 

~~classes of alnqle eft'Or- ,_. l•t.wr was WJ.tmO• 

o;t one letter was ld.sdng. or an extra letter had been 

inserted• or t.o adjacent cba:nclem ·had been UClll$

posec~.· These erJ."On aay occur due to btt.ttng a ker 

'bdM; or misnm.U.n~~tc os- 19ftorance of spelling• or 

hlttlrtg e Wl"JftiJ kt!f• 



Por e~l•• Contlder \be W!l'Jd !NPS:TION to 

be as in~ to the sys'tf~Jn.. Tho four possibilities 

of havimJ a aingt. ono:r to occur 1n entering this 

INFACtmt 
~T:ttlt 

IN~l 
INP!CT!m 

INF_a::TtlN 
no~FB:Tr:!f 

!Nl'-CETL'JN 

fNFSCT!ON 
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PJ:OtD 'table. (4.-1). one may notice :that. the &1~1• 

•~r mstly oocurs aft.er the &~condor tbtal :Character 

in 'tilE! misspwll«l ~m.- Th!s o~t1oft may- help 1n 

; : 

Table (4.1) 

the tncoxoxect spelllnc) ls due tt; one tJf 
the fO-tJJ:' classe• of single -error .. one 
let:t.r m1$s1nt~t one ext• • one WJ:'on9• 
t.xanspusitlon of' t.!I!.~G adjacent 141tte:t$,. 
uoms are taken from [40].. -; 

Mf o Yt ill iii :Mut• •• .._ N± t di nal ... ._.. . ..., ..._....,,•••:illlbJI!IL41J&II 1 4u u r 



....... Jfa LUI LllL1.J1 ·- _, .• •~ 'tr 1 ........ J l 

tncmftCt Spelling 

._._,., P -12 lt·T· IAiJIIIIIIA\....... I lw 4_.. • t ... -
J.SA.t~spellings b1aed nn btr.t t.b2 w~u:ds Mund are 

very often. A tJse:r may ~\y ~!t.e the sound 11 ph'l 
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·as •p or·~ as "Jt'l or *or# es 110W or .vm •ought' as 

•o• • Thus. the 'WOrd "phytdestt • for exaple, l:s ld..s. 

s~ll«l as •fysles.•. and tb• wards •tbm..rgbt• aJid 

•br~t•. an s-pelled as •tbot• and •bzot• ~espeeUwly. 

one ~ $0lutiun t.t> f»D"ect such spelling UTOI"S 

is tba~ the wcu:ds ( tltat ax-e SUSPected to b• Edaspelled) 

are conve.rtiid to ~t swnda.J:d ~1c spelling whieh 

would be u$90 u find similarly souradJ.fuJ ~Jde 1n ~be 

cl1ct.iona1'f. 

There are some c:nano.n mt.ss-pellil'gs 1ft Engllsb• 

such as. wcn~ds.l1ke •gutef'ully~ • whld\ is always 

misSPe tled as •gS'(N!tfully" .. tf a l')%0per stt.dy was done 

ana thn-G commtm ml$$pellings are identified,, the solution 



would be to tnelude the misspelled wolds in our 

dict10l'laty al~ vd:tb an 11\f(Jm.rJtion indJ.cating that 

'this mtxd is a elsS'f)9lling of ano-t.her corre~;t. -.m. 
Thus •gftlif\full,.- vmvld be tsgved as a ltli&spelling 

of •gratofull~ ~ 

Another apelliRtJ error S>3urce is the ldaus• 
of affixes. r'\-s was di&CUs$M in soet.ion ( 4.2) • care

ful handling. of affix• ''~tmld reduce the d!ct.!Anaxy 

sue. on~~ is used t~ solve affixes hcmdliftg .. 

In t.h1s nmthod• eech l-"'I:rd is qxill\'d.md for a 11s't of 

eot'DOn affixu. These affilte.& ~ire romved if found 

in the wold. 'nM resulting roat ~rd is then looked 

03 V' 

up in the dlctionazy. If found, the ono!d is considered 

cor.Nct. This method do¢s n~ c.atdl misspelled woma 

which are the %&$\Jlt {)f co-rrect affixes 1J'Ic»:rntctly 

applied to t:ormctly $iKllled ~ms, such as •implyed". 

Here. 'Ute suffix e....ecP 1$ incorrectly awttea t.o 

.,implyts. The CQrntet. fom ls •impl!P-d". This allows 

a l~s numbl)r of m1$apel1ed Wt11ds to escope a.tect.1on. 

The 5~1\Jtinn to t.hi$ prabt~ 1 s ttt flag .-ch 

~xd in the d!ctionaxy with it.s legal affixes. In 

t.his apt,ll!Ocu:h. the dic'ti-,na%}1 is f"int $~:robed for 

the ~xd. If mt found. the word b e..nfted 'for 



pou!ble afftxos~ These are J:emO,_ and the 

ciictlcna'q sea-rched for the ... 'L. If J!OO\ is 

f'otmd •. its fl«ff)& ant ~ to ue that. the 

particular &f'f1x ~ is l4gel fo.r this J:Oot. 
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4.5 ll!SIGN C?NSIDEMT!ONS AND ~RAM PtiJ~ CHARTS-

S.fore dlscuss!ng Ute design considerations 

of 'the interactive spellimJ cormctor. 1t. would be 

wrthwhlle po1nUng out the dlfferenee between. 

ccu:recting S}H!lliftg tn general 118ftUSU1p:\s artd 

correcttno spellimJ in Ute user intexfac:e applications. 

:In • Q*neral manuaQ:lpt. the comcU.on program ftads 

the· Whole text vthieh 1s to be conectttd and the PS'OCJfttll 

searches tbe dtct.lot'N).lY for every wo.U ~hat l.s read • 
.. 

Then the proghtl puts. 1tl 4J. list.. all th• waxds that. 

an not. found in the dictlonaxy. Por each g1ven woJd 

Ulat 1S n.ttf. ftQ'ad in "t'- d1c\1anuy 1 t.he P~nll 

const:~s a llr.t. of all wox.d& wbich could produce the 

given wo:zd bJ using its couect.lon rGUttnes. These 

woxds 1n 'the list are called candidate &pallings. 

The list of candida-te spellings {of each word) 1s 

displayed to the user for t.M selection of 'the c;oft'eC't 

wom. ProP.! ~1&, we conclude that if a given a t.e~ 

has ~ csspellinga. t.he user is etRed :; 'tilaes to select 

a conect. J~CJJd eacb t.J.me. 

On \be other._ band, 1n \'he user inted'ace 

applicatlons t.be s-pelling coBecUon proqram is called 

_only when tbe int.er.ac:Uve system does no-t undeJStand a 

pcu:ttcular mid of the input senb!nce. 



our spelltng correctton prog.ram is .-n intez:.. 

aotlve spelling corrector t.bat c;ould be !Morpo~a't.S 

1n tbE¥ user 1nt.orfaefJ· ta tnteraetiV. sy$tems lik• -
v 

mediul o:msultat-ton systems. 

Al'ttli:tugh ow: J)l'tWJDm is for correetl.ftg 

spellings in t.he usu l.tlt.edaca. we lao~ a few 

ideas f:DJm Petenon [ ?J,. wbose pxogram was for 

con.w~tno spelling in 9emtral manuscript-s •. 

1be detJ1gn eonsideratlans for our lntel'ac\i'ft 

SJMllb:lg cOrnctlOR p~r.am are of two categories ; 

(a) eonslnra\ions that offect the design c£ the 

algorlthm, and {b) considorat.1M& t,hat effoet. the 

·user of the interact! w system. 

a} AlgodtJD Design Cons1d"Gra.t1on& 

we assume ·t.b4t t.heft is exactly one •~%Or in 

the gJ.yen wa1!4 whieh is to Ci')rreet.ed and 'that t.he errol' 

is caused by one of the four classes of •lng:le euor 

· ~ accG~t for over eo percent. of the spelling 

(l) ~ranspos1t.1on of tWC!i adjacen-t letters 

{2} mM letter extza 

(3) on., l~er dong 

( 4) one tetter missing 
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these four classes of single error that. account for 

00 percent t)f spelling errors weB d1!UAtvered by 

P • .1. Dameran [ASOJ. In the same tes't. that was done 

by him, (Apptmd1..,.B) • we not.ice that 9.!; percent of 

the four classes of sln;le enor were comml '\ted in 

th@ t.hird or subsequent letten of the misspelled \"tOni• 

and only 9 peS'Cent of t.h~tse erxors occuxed in 'the 

fl.rat t.\110 letters of the wom .. 
For the hashing function, we Choose the first 

t\'lf!) letters or the word and the •rei length to. generate 

t.he f'N'!)erl.c key of a (}ivert \1!01'd. This choleo has t.wo 

advanta~es~ ( 1) Since the freqt.tenCy of erron that 

occur 1n the first ~ lett-erG. in 'the given ~J.d is 

vexy low• tJd.s will decre«UUl~ t.tte possibility of heVJ.ft9 

words that. O%e Wl."mlg b.tt have matching WOJ:ds f.n t.bo 

d1c'tiollal'J' and ( 2:) rt will help in detec\.lncJ t.be uron 

of one letter miss!ftg and one le"t-ez: wmntj.. This point 

will be clearer as"" proceed. 

HGw doea the program 1«1rk? For a given wozd. 

the prog~ t;;ear~s the dtcti'lnaxy and. if the wctld 1e 

found in the dlcUortalY it is assumed to be Ct)rre"ly 

spelled. Thus,• a& stated by L. Press C 1,8]: 11Don•t, 

expect. 'teo t'UCh from a spelling pl'OOf~ader. It will 



sea natht.ng .wmng with "tld.s sentence, because tb• 

woJ.'d $eC1 is in its dic:t.lona"Y*• this ·pmgram cannot 

d.-tact the ermr in the woxd • sea• wh1eh is a mis

spelling of •seett because botb wonts am :1n tbe 

d1~1onesy •. 

1.f the wnrd is mt f!tUnd 1ft the dictionaxy. 

1t 1s .suspe-c:tttd to b9 a misspelling of another word 

in the· ciictionaJy. 1'httn the psngram calls its fovr 

coneRlOR xoutines - TRA.~mse. EXTBA, mssoo, and 

rmoNG, on• at a Um4lt and lt inSf)ects the given wo:rd 

for one of ttt. four 91:'m.n: the 'transpo$itlon of two 
adjacent. letters. one tett•r extra • one lntu missing 

and one letter wn.mg,. 

To CGrHC't. \he erX'Or that results fmm the 

t...ansfMJS1tion of \W() adjacent. let tArs. \he p~nm 

'\ranSl)Oses •.m pcd.r of adjaomt. letteft of the 91 ven 

word. one rmtr at. a time. aacf 1'\ :Searclws for t.be 

rewlt.!ng wold in 'the dlct.tonar.y. As an exafDJ'Jle, let 

the 9lven wozd be represented by t.ha string "Ata)R•. 

'then. 'the %e$ttlt.s of transposincJ each pair of adjacent 

18\ters are the followlng strings : 
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ACeD£ 

AJ!lC:& 

AOOED 

( uanspos1~1on o'f •A•t and '*IJ'i) 

(tJ:Msposition of •.ae and •c-) 
( traA$po$1 tt;;~n ()f •c- end •Jl'l) 

{ 'transl)l)sltion of :DJ.l'l and •p) 

Thus fo~ a woxd of length ttL•, the prog~ soarches 

the dictlunaJ.Y •t-l• times to detect. -all possible 

matddngs,. lhe mst.dllng wonts. if any• are put on 

a list called ~TtalL~1r. 

Next. the woJ:';l is 1Mpeettld for the -e.rror of 

one lllt-t.er extra.. This is d~me by deleting each 

letter in ttt. tGJ.'d, one a\ e t!Jee •. and the progxam 

seart:bfts the dictionaty for the resulting word& .. , !f 

tvo -oon&ider the strlng •A~D£11' as the given f:l3ld_1 tht!n 

the Dnultn of the aolet.ian process are the followino 

\iOxd$ : 

tam { 11A11 is delet.ed) 

ACDE (•~ is deleted) 

AS!l£ ( •co l $ delet.e.d) 

AS:E ( 0 0'1 is delet.ed) 

A ace ( llEfJ is delete.:!) 

I£ an,. of t.be above st.~s u found to. be 

mc'\chl.ng a w:n:d iR t.he dicti?MJ.Y• t.he string ls added 

t~ the W:;I'CHJ..!ST • and the p~ogriml pJ."Oeeeds 'to 1n$p&Ct. 

39 
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the given wo1'd fo.r tba next possi!Jle errors. i.e. one 

letter wrong and one letter mlsslng. 

To correct one lett•r wrong in the q:tven _,J.d., 
ou" f)1'09ram assuutes t.h~t tbtt etTOr {~ lett.ex-} is 

in the t-hird OJ." subsequent lett.era.. Applying our 

hasbinq funrt!Oft "c \.he given ~m will result in & 

ba$1\ table ef't'tl'y mere e-11 tho expected mateto.lng vtoxd$ 

axe stored., E~ exptJCtod word 1s compared tdth the . 

given wol'.d to detenrd.ne t.ba woxds that differ fnm t.h.e 

given "-''zd by exactly one lcrt.t.er. Our p~ram t.rl•& 

vaqri.f'IC) 'Ulat single miss-match let.'ter of the given 

•• thxough all the 26 alpbabet.s till an exact match 

ls reached. The d1ctL~sy wo.td 1$ put on t.he 'MAlaiLIST. 

:Por errors 1n t'f1e flnt and second le~t.ten., 

the t~rooram ~ri" vaxyin<J tbe second tetter 'tbJ:clugh 

all the 26 a~ each 'time searching the diet.tonaxy 

far a matching and adding the matChing trr."Jms. if any. 

to the MATCHLtST • Then all ~6 po&silltle values of the 

first. tst.er are 'tried, after setting the second. letter 

't() its original value. After making th• abave 26 

senrchings in the dtcUonaxy amS after addin«J the 
· PJ'~·rtu"' 

ma'tched woxds (if anyj t.o 'lbe NATCHLIST, the p•bl• 

proceeds 'to do t.he nwt't 'test.. i.e. t:'lhe letter missing. 
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Por \he on• lift tel' m.tssi.ng in the gi van Wl.>Jd 

of lengi.h •L• • the program 1n$el:ts a blank in evexy 

posslbl• position in tJle g1ven wom. 1b1s w111 nsult 

in •~.+.1• t«txd$ each wlU.-. letter wrong {.the blank 

chaxacter) '* If t.l\9 t1vert wont is ap•sented by t.ba 

sUint A'£GJS• t.htm the zesul'til\9 woxds due t.G the 

lns•rtion of the blank are a 

~a::oa 

A)$talS 

~a 

AS:$! 

AS:O)fs 

ASCO¥ 

To-~ a wozd wlth ene letter wrong (blank), the 
. ~"~ 

UIM pmcecun:e as '\hat of one letter mtruifte is followed 

&ftd 'the matchin9 wJ»s (if any) are ada.~ '-3 the MAlCHLIST. 

Aft.er inspectincJ the qiYen WODi for 411 the fOUl' 

possible erroxs. if exactly one Y~G1'd is present lrt the 

IIATCHI.IST ~ t.he pxog.ram 9t1eS$8$ t.bat wont as the 

correct one and 1t displays \be woJ.'d for the user 

appmval. If more than one \\QDI is in t.htt MATCHt.IST, the 

PJ:OCJam displays 'the ll$t. Bftd. asks the user to pickup the 

COI'fte:\ wom. 



If no wt~xds are 'there tn the J..iAicHLtST • then 

'the given wcuxl ls rejected and the user 1$ asked :to 
change hi& input, ~hen the program temi.nates. 

b) USer tn'teractlon Contdderat.lons s 
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Ha'llng a spelJ.in9 corrector 1n the user lntex

face to lntemeUve sys'tems (Jives rise 'to many cons1dera

t.1ons that are to be decided. These £m1sider.atiorts 

COJ\C.m the interactions wdt.h 'the usor when spoiling 

co~ctlon is attempted. These conslde.raUons are 

baportant because they affect the user's ability t.o woxtc. 

with the in'terface. 

One of tbe cons1de.rat1ons 'tba't effects 'the 

uaer•s interaction with the syst• is t.be num!:ler of 

times 'th9 system irrteraets with the user when spelling 

cornct.ioft of a given WBJ.'d is at.tempted. Por example. 

if for a given msspelled wom, each of the four 'tests 

for the single euor ( t.mnspostt.ion. ext..-a-.letter, ~ 

l..tter and mlsslng.lett.er) :msults in one matching wo:r:d 

or mo:Ee, sh3uld the system then interact wi'tb the user 

four t.lmes to correct the given wozd? This option. if 

used, will cauoe the diversion of a'ttention of the user 

whose main aim is the consultation {the medical sdvice} 

and also wtll cause the loss cf computer ttme (in the 
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ten•raUon of ~Dessages}. Hence. we chose that the 

!$pelltng C3rrector should ·put on a list all t.be matching 

wolds that result f.rmn the fouJ' (t.zansp!)81t1on, ex\ra

l.t~er. ~let.ter. end mS.ss1nc;J-1et.ter). The 11s't of 

mat.cld.nq woms ttf any) is 'then disi)layed to t.he user 

fG:r the choice of oae correct W3rd ovt. of many. 

Anottwr CMH~iderat1on is the 1~ of the 

given WGxci. If tbs. 9iVel'l misspelled want contialns only 

~ let.ters1. 'the various testa for corxec~1nv ermrs may 

&t.lll ·IU'Oduce a gdbstantial number of possible matches. 

Han, the • extra-let.ttU:"'· and ~le'tter tens will 

produce a brqe m~~Qber of lJDSSible JllSt.dles. As an·· 

•x•nnple. le-t •XY- blil the 9iven misspelled wold wbleb 

is t.a be corrected. Applyift9 t.he •ext.~let.t.UO test. 

would mt.ch a 11 the •Dis beginning wd t.h either X or Y. 

\'d\11e the •WJ:Ol"'9-le'ttel!" t.ut would tu't.cb all Woxds 

baglnnintj w1t.h X? and ?V. where 1 am'tdle$ any· let'\er. 

Than tbe appllcatlon or the two tes\s (extra and \.1JZOr4-

1ft.'ter}. t.o the t_, letter •m wm•ld result ln a laJ.'t)e 

mabel." of maUbing wnds. The displaying of avch a long 

f.,1ATCHLIST would pUZzle Ute user and would tniJke it. 

dUfkult 'for him 'to choose t.he C.">I'Dct we:txd. Qn the 

other hand ~ tttzansposition• t.es~ and •mtssibg-letu~ 
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t.es'\s are ~sonable and behave in the same. way for 

txtth 'two-le'tter woS'ds. and longer woJ.ds. to avoid the 

a~va problem. our program assumes all t.\'Ords of length 

·~ axe oorxect:ly s-pelled. 

Thcr ather Cmlsidentlnn eoncems th• wams of 

length ., 1• • ld\a~ should we do with wold& t.Mt have one 

lett,erl J...et •• for a moment.,. fo~.et wr pxoposed 

hashing func\ton. If the given woni is of length •1•, 

t.he'fext.ra..-le'lt.er test. ~lei om!.\ this t~mDi of single 

letter fxom the dict.J.onaxy search and ~uld t.henfore 

match all the wonts in the dictiona·.xy ( ol' none of t.nern, 
d~tng on the seN.nU.cs of an empt.y st.ring) • This 

does not help t'he use:r. on t.he o-ther hand 'the ~wz:ong

letteJ:ID test would ~Mttm U. given one let~er wit.h all 

the other letters in the alphabet... ThtJS,. our pmgram 

assumes all t.he \'$)xQS of leJ'l(Jth •1• are corre~tly 

spelled. 



Yes 

search in 
dictionary 

No 

START 

read word 

count word 
length. say L 

is 

L < 2 

7 

Yes 

\ 

';word i. s 
correctu 
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'--------. , ___ _} 

t 
(_ STOPJ 



No 

initialize 
K == 0 
1vVo~.TCH = 0 

K=K+l 

remove the Kth 
letter of the 

word 

search dictionary 

Yes 

program ca 11 s 
EXTPA routitle 

put the word 
· on f•'v\TCHLIST 

MJ\ TCH=MATCH+ 1 



No J >L-1 

? 
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lthe pr-ogrc:m calls 
--- ----- -{ the TPJ\NSPOSE 

l routine 
~~~--~ L_ 
initializ~ 

J = 0 

J = J+l 

interchange the 
letters J and J+l 

of the word 

search dictionary 

No Yes ;r--...:;...;;:.. ___ , ___ _ 

? 

Yes 

put the word 
on 1-o'll\ TCHLIST 

IN.::... TCH = lN\ TCH+l J 
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~~ the program calls 
_______ - - the WRONG routine 

.. t... . I 
1n1 1a11ze ~ 

WORDU is the 
user word. 
WORDDIC is the 
dictionary word. 

I = 2 
I 

compare Ith letter 
of WORDU with the 
Ith letter of 

NOMA TCH=NOlvlA TCH+ 1 

initialize 
J = 0 

i 

Yes 

No 

ary the Kth lettE? 
f 'N00DU through 
11 26 alphabets 
_11 r.~atch is obtai ~d 

lput\;JRiJDIC on J 
l__j:.16_TCHL IST 

L_~A~:H_ =:'MA.TCH+l l 
I 

vary the Jth letter o 
WORDU through all 26 
alphabets and search · ..____ ______ __j 

No 

J 



No 

he program 
H" MISSING 

, utine 
~~------1-- -----------1 

initialize L_. 

J = 0 ' 
NOMATCH=O 

copy WORDU in BUFF 

insert blank in 
Jth position of 

BUFF 

vary Jth letter 
of WORDU thro'Jg 
all 26 alphabet 
and search 

searc a1c. ~oria:ry and l 
compare Kth letter of 
WORDU with Kth letter of 1 

WORDDIC ___j 

call~ 



Yes 

varv e etter of 
WORDU through all 26 
alphabets till complete 
match is obtained 

put WORDDIC 
on IvV:..TCHLIST 

the end of the 
four tests 

No Yes 

display the W--.TCHLIST 
and ask the user to 
select his correct 

lsp ay e single 
word of the 

MP.TCHLIST and ask 
the user for his 

approval 

reject the 
user's input 

word 
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After studying the problems of interface with 

1ntexac.t.1wt computer systems. tt. ls. e'riderrt thc!t for 

mass ll$898 of t.be iftt.era~1ve systems. the user int.ez.. 

face :plays the aajor .mle. 

Na'tur.a.l laRgusg.e is an essential factor for 

mas& uaage of lnt.eract.lve systems 1n an area like the 

l\O:edleal care sesvice, Where t.he user (physician or 

patient) is a paxson not quit.e ocquaint.ed wit.h the 

CQliiPUter. Hen •. t.he aim ef natural LviguaQe 1nteJ!faces 

is to make the interactive systems flexibly and· 

•ffec;t1vely ac:ettsnd by U$&rB with no train1"9 1n U.e 

~l1cat1on langdAge, ami perhaps with no comput.er 

t.rait'l1ng a't a 11. 

ih.a .analysts of .a ~ural language sent.ence 

consists of t.hl'ee nt.ajol:' steps ; syntactic analy:sis. 

&8ftlant.ic analysis, and semantie 1nt.l!.q>xetation with 

:respect i.o • WOJ'ld mod•l. One pxoblem that effe-Cts 

~he us•r of natural l.anquaqe int.eract.ive sy:fJtem ·.1s the 

~lannce of the system to g.r;muatical errors. Thus a 

caftfu.l ~t.udy IIWi't be irlade befo:n dactcllng as w how 

the system should p1"0Cfts tn. given sentence. ho\"l far 

should t.he systal depend on syntactic processing and 

how to deal with ung~ical input. 



The other problem of interface 1s spelling 

enon. In our implermmt.a'tion program., we have 

designed an intarac\1 ve spelling Q3rrection program 

that corrects only one type of •rrors namely the four 

classes of single ermr- one lett.er 1uct.ra1 or one 

lett.er wrong. or one letter missing. or two letters 

'transf)O$ed. These enors account for eo percent of 

spelling ermn [40]. Also our program assumes that 

t.he given ml&spell\!d \f:ttrd contain$ only one of those 

four er:ton. 

112 

~ver. 1n practice. a user mtgbt C-:)tmnlt more 

than one error in one word. This is very p.r:tba-ble due 

to the tact tfuit some tll01'ds ate relatively long (for 

example, the med1eal tesma). Thus. a propc!r study 

must. be done on the charactEristics of the woms 1n 

the langua(Je and work to develop a method t.h&t. corrects 

more than one error. in a given \110xd• would be of great 

advantage 'to spelling coxrect.ion in U$'9%' interfactt. 
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,,\>. 

A typical c.ontiUltatiMl session between MY'CDf system 

and physician., 1'b1s part of t.bis consultat-ion is 

~eed fX'Om 1 Compute•Based ff.-ilcal CoN;ul.t.ationt 

MYClN. E,.H. SlORTLl'FFe [ 6] • 

l'htt fol-lowing ~· will help the reader follow 

~- saple !n\eractiva $9S&hm ; 

(1) 

(2) 

(3) 

Mlt:lN asks quest.ions ami makes ~s in mixed 
~rand lowel! case letten; 

~lH aMWUS questions ancl displ.Bys de~isi.on ml• 
using uppe•ca&e J.et:te.rs only; 

The physlcian t,ylMS woxds in ~z-Ci!lse 1f4ters 
and tbeH ~-r.ses t~l"!&Ys follow ~IN's ~ 
ctw.mcter ••l, the do\lble asterisk (not4 the 
aster1$ks .lstint.Julsh wolds t.yped l7t the physician 
from tfPPR-C&H phrases pzlnted bf MVClN); 

(4) H~tozy ~ts baw occas1t.lR8lly been 
insu'ted 1ft sq~~&re Jmlcke'ts at the u'treme 
d.tJht ma:tg!n of the 1Ja9e. 

lnst.J:\IC'tions? t {Yes or No) 

•*YES 
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. If you ere no~ ce:r:t.ain of' your answer• JOll may· 
~1fy Ute response by inse:rt.J.ng a certalnt;y :factor 
(a m.abex from 1 to lO) in parentheses afte%. your 
ft5pon!,t9. Absolute ce.rtaS.rtty ( lO} is assumed for 
eve1Y u.nmodififl(i answer. 

:r.t y011. wl.&h t!) ~ an. answer tn a p~ 
qw"~Stion• ent.et: CHRiS& f.oll.o-.-d by \he numbez( s} of 
the question(&) to be altered. Txy to awld 9(lint 
beCk• however. because the pmces• zequir.s xecon
slder!ng t.be patient. from 't.h9 beginn1RtJ and 1-t l\ay' 
t.hemfon be slow ... 

Nota 'that. you MY· also enter tHt (for ~wn) if 
ym~ do m:tt lUmw th• answer to a ~st.ion.,? if you 
would like to see $1JJ!l8 exaapl~s of ~&eel nspon&O&,?? 
If y!ltl wan\ to see all recognized .response$,_ t.be wet:rd 
RULE if you would like t.o see the decision rule which 
has generat.ed the question beit~g ast«t. the woJ.d t.riHY 
lf ym.t would like 'to see a ma.re detailed. explenat.icn 
of the question. O".r the latera OA tf you would llke 
~ 1Rterrupt the C.3R&Ult.at.ion in ot:der to •* ~ions 
~nllnc.J 'the eurrent status of the program•s reasoning. 
If you an wer puzxled alx'Jut. what options are available 
'to you d~ • CXISUltation., enter the wom HELP and a 
list. of option$ will l1e llstA:Ki for you. 

sample twspons• 

Did OFGANISM-1 po-a 1n clumps, oh&ifts• o~ paixs? 
*"CHAINS ( 7) PAITS ( 3} 

SUMMAJI'/ OF USSl OPTI\J.IS t 

UNK ---.r not known 
1 -~t for examples of .me!Jgnized ft5poftses 
n .. request to~ list. of all recognizttd nsponses 
P.Ut.S -nquest for current decision rtale 
OA -request for enter quuti.on-answerlng mode 
t'IIY -request for debited explanation of the 

queS'tlOR being asked 
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CH.AMGE. XXX -90 back aJid ,...request answer to question 
number )O{X · 

STOP -Halts 'the prttgram \1Jlthttut completing '\be 
CmlSUlta'tion . 

HELP -Prints 'this l1$t 

----·MTI£HT-J,... ........ .. 

l) P&t.ieftt's namet (first-last) 

••JE:RPJUAH ~~LE 

2.) Sets 

3) Age: 

**00 

I will ftfer t.u the BJ&'t recant p~itlve culture for 
which yw de<~txe t.hempeutic advice as: 

•••21••• n OJL~·l•••••-• 

**9ttlDD 

-sl.tlOO 

5) tbw IJitl'IY day.s ago was VIis blood cult.ure (CUt.nJRE..l) 
obtained? . 
**2 



••·•t•••.rwOP£iANISf,A.}.,.••••• 

6) Enter tthl identity ( gerN5) of QFGAN:I&!,..l: 

·**ml( 

1J6 

?) S'binimJ c:Mmct.ed.-stles of OF:GAN!SM..J.{ 9J!'ln'A) t 

~? 

f:IHA.T IS THE STAIN oP OFGANlSf~l? 

Expected re&JJQMU ilntl ACmFAST GRArAPOS CiJW.flai 
Enter HELP for Us't of user aptions. 

·~ 
a) I$ t'JJGANIS?-tl-1 • ~ or coccus (etc.) t . 

.. reD 

9) were any organisms tha-t were. significant (but no 
lontter require tharapeut.1c at:tent.ion} lsolnt.ed 
mtbin the l•st. approximately 30 day-s? 

'**YES 

.10) 'Fz'om ~t site wa& the speci.men for CUL~ taken? 

**SiUIUM 

ll) Maw many days .aoo was 'this upper-res.p cultuxe 
( CULTURS..2) obtatMd? 

**4 DAYS 
PI..P.ASE USE DFCVML NU'MBERS POR t:.RACTta~S 

· ... DAYS mT A RECC'GNIZED RESIQ4SB 
\1fiAT IS mE NUMBER OF DAYS SINCE THE SPECI18 
FOB ntiS UP.PEP-.RESP CU.t.nmi.! ;;u(S ACQU.tm-lJ? 



Expected responses are: ~.BER OF DAYS 
Enter HELP £or list of' user optlons. 
**4.5 
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I wilt ftfer to the prior oxganiSill f:l'Om this uppe.ll
J:eGp culture ( CULn~) as r: 

•••. , ..... QfGANISfA.2--···--

12) Errter the 1d..t1ty ( qenus) o"f OR:;ANISY,..~:. 

**PSElD"JJ~ 

13) Anf· other n:19nifica.nt. organisans isol~ted f·xom 'lhis 
Ul)per-zap c;t.tlt:ure (CUt.~)? · 

.-KLEBSIELA 

~XLEil~.IEl .. lA 

15) Any other s1gn1f1cant 0.1.1J$ni$R15 isolated from this 
uppez-resp culture t CULruRfi,..2)? 

**ENTEROB 

•ENTEB:lBACTER 

17) Arty ot.ft&r sigJ'tificartt oqanism& isolated from 'this 
t~ppe»-:resp eul ture ( CUL'fU'RB...2) 1· 



18) Arrt· otJun:· slc).~ficant. erlier ctt1tures from 
which ¢mgens were 1solat4d? . .., 

1.18 

19) What 1& the swspe-cted ~ste.rUe portal of ent.-J.y 
of OPGANISt!wl 1nto this st.ertle si'te? 

Iflt .1) tHe SITE OP THE CULTURi! IS 00'£ OPJ DOSE 
S~.tTeS 'IW\1 ARii NORMALLY STSRI:t.B .... AND 

2) THS mRTAL OP Bm:rt OP 1lm OPGANISM ts lH! 
SAME AS ntB StTS OP A PRIOR O!GANISM WUH 
11fE SN~m Itrittftl'Y AS "l'Hts CUfiRENJ OlGANISM 

l'MENt tHSE IS RJRtHSt S\lrGESTIVS SVIOENCE { .31 THAT 
EACH OP lHEM ts A P.R!OR OfGANISf<l iiflTH THE SAt..ll2 
maanY AS THIS CUBRSfT Ql'GANISN . 

•iiGU 

20) 014 OfGANISM-J. gmw aeJ:Obi,cally? 

**ViS 

21) Did OFGANISM-l c;paw anael:'3bi.ca11y? 

•*NO 
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1YP• HELP fo% tb& 11st. of quest.ion options 

•• IQ 1\HA.T 00 VOU THDUC THe !DLNTil'Y OF OFGAN191...-l !S AT 
**THIS miNT? 
1l-lS IDa.tTI1Y OP OmAN!SM-J. IS :t~ ( .333) KJ..E&... 
SISLf.A ( .333) ENTSRlSACTSR ( .333) 

•4-RETtm 

[ Hs:vJ.ftg asked the question of 
in~ezest. the phvs1c1an %._ 
tums to the Cortnltai.ian 
Sy5'tta ( S\lbpmgram l) .] 

22) Vias any chemfJ. .. then;JY recently begun specifically 
to cmntmt ORiANISM..l? ..., 

23) Is -kremlah s.ple ( PAT!ENT-1) a bum l)Cit,ient.? 

••BJLE 

!.l THE SITE OF THE CULTUFE IS BLOOD • .AND 
~) 'l'KE Dli:MTITY OF l'HF! OJ.'GAN!S.Iit IS N')T 

JQO~ti \iiTH CERTAINlY • AND 
3~ 1H~ STA!N, OP THE Q.fGA.Ntst.· ·a. IS .. GiVWfifn •. AMl> 4. 1HS f'CRPHrlUlGY OF THE OFGANISM IS l'DD •. ~ 
5 THE PATIENf HAS 8ESN SERIOUSLY tllJftN&l 

TKEP.B lS r1P.Al<LY su:;t;ESTNE lNIDSCE { .4) T"riAT 
'mE lD!itt.lTf 0? THE OfGANISM IS .PSBtll~~ 

24) ts the ·pati-ent*$ 1-ll.Mss with OFG.ANISM-1 e 
hospltat-aequ11'ed tnfect.ion? 

**YES 



25) Do you consider ..Jeremiah S&mple ( PATIENT-1} 
w be a COl'ftPmmlsed bttst-'1 (alcohttlic, lJ!lmm~ 
suppressed. e'tc.) t ..., 

26) Has Jeremiah Samy)le ( PATtaff-1) had •RY gu 
suxgeq oz manipulat.lon of 'the ur1mu.y 'tme't? 
( •·'~•• t.ndwellinC} -ca'ttwter, qrswseapy. etc.) 

**141Y 

t ~1 'fJlY1IitG TO FIND OUT A93UT THE :ti>EMTlTY OF THE 
·OR'iANtm.t. 
t ALIF...ADV t<NO~~ THAT: 
THE iOJ\TAI. OP S'~TRY OF 1'HE oroANISM IS UP?Jm.GU 
ntS l#ORRft:):ti.::GY OP 1HE OIGAN:tSM IS IOl 
THE STAIN OF nil! ()JGANIS!!t IS G~>'Nffi 
THE SITE OF THE CUt.TU.RE IS 8J.DOD 
TiiEREFOhE, IPt 
1) THE PATim.T HAS NOT HAD· A GENiltl-lmiNARY fMNIP'J-

1ATIVE PROOEIJt.JlE... AND 

2) lJiUNARY-tRACT-INFECTION IS NOT A PROBLS!t POR lfifiCH 
tHS PAT!~T HP.S BSEN TR5Ats:~ 

THENt 
THERE ts St.GGESTIVE EVLJENCE { .6) niAT THE IDENTitY 
OP THE OJGANtstf IS e.OOLI 
(f«JLE 156) 

120 
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29) Do. yot~ feel that. the findi.ftQ of -the entcu:obacur 
{OPGANISM-4) at this ftOxmaliy m.m-n•nl·e ~te 
is suggest.i ve of disuse in thie patient? 

•*NO 

30) Do you believe that 'the en'temtJact.er (Ol"fJANum1-A) 
is a contamlnimt. (or n~nnal £lox-a in 'the case of 
non.st;erll• sl'tes)? 

·~'0· ' 

31) Was tho pa'tietllt treated foJ: the infeet.ton w1t.h 
t.be klebs!ell• {omANIS:\...3)? 

32) Do you feel 'that the findlmJ of the klebsiella 
(oro.AN!Sr"-3) at this n~mally non-swrile site 
is siJ9t}est-1w of disea• in 'this ~'t1ent.? 

iHff'J 

33) Do you believe that tbe k19bs1ella (O'FGI\t~ISM.3) 
is a ~t (for nosmal floxa 1ft t.he case 
of mn-stertle slt.es)? 

'*au« 
34) ~s the J)Ntl-mt t.~ for t.he inf'ection with 

t.ho pseudom-~s { OTGANI.Si-.2}? 

~) Do you foel that t.he finding of t.h., ~s 
(OiGANlSM-2) at t.his no.malty ft!m-st.nle sl'te 
t.s suggestive of disease in 'this patient.? 

**YES{S) 



1~2 

36} Ha.s t.M lc.,b apor\ed the 1D-v1t1'0 , ~i.biotic 
settsi'Uvltia of t.he pse~ (QmANig\...2)? 

'*itfl) 

37) Has Juemi-ab ~le ( PATI&rr-1) had -. operation$ 
that you feel may bf£t relevant. tD the current 
infe~1on? 

*"YES 

39} ~~long agt> was OPERAt~l pedoDOflfd? 

••llDAYS 

39) 1~ any ant.i'biotieta given dtll':ing OPERATU~l-l? 

**YES 

C)) ~'t dxu;? 

•-cEPAL?nnti 

[ fliCIN corrects pbonettc spell.J.ng error J 

42) Arft otbel' s:Upt1ftcant. operati\te pmr.edures? . ..., 
43) tnclud1nq this blood cult.ure (CULTURS-1). bow many 

t!Ul'tuns were "bta1ned f»:om thbr; no~lly sterile 
site Oft the sati'Kt dtty? 

**BULB 



W!!,~ 

IPl 1) THE S!TJ: OF '1'HE Q,JI,.nJRE IS ONE OF: 
TK>SB SITES THAT ARB NOR~iALLY 
STEBILB, AND 

2) THE NUMBER OP CULTtiRSS lN THE SERIES 
IMCUIDit«; THE CULTUBli! IS GBEATEH »>AN 1, 
AN!J 

3} nfE WMSER O.F. CULTURES QJNTAIN!NG niE 
OmANISt~ IS GRSAT!R n-~ 1 

THEN: t'HSRE IS EVID:JCE (CP o THE QUOTiatt OP THS 
1\U!..BER OP CULTUH!S f.'n'-l'TAIND<G THS OPGANISM 
DIVmeo SV THE trutt.18ER OF CULnJRES IN THE . 
!:."ERIES D£WUim Tti6 etJJ .. TURI!) THAT THERE IS 
S!GN!FICANT DISEASE ASSCCtATSJ WITH THIS 
~CE OF THS OFGANtst.3 .... 

44) How many of the cult.ufts were -positive for 
OEGANI~J.? 

(i?ote tMt the certainty 
factor ( CF) foJ: RULE 044 
is calculated from 'tho 
answers to questions 43 and 
44~ 

45) Any o~lte~: org&ni$10& isolated fl'Om th!s blood 
c.~l'tun ( CtJLTUBB.l) for: which you would 11ke 
a 'therr&l)Qllt1c recomt;~'tion? 

·~ 
46) Does ..Jeremt.ab Sample (PATIENT-1} show any 

evidence of infection at a stte 1naccess1ble 
to eultuze <•·9·• brstn. b:me, liver• etc.)? 

•"NN 
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47) Uere any additiunal pctsit1ve specimens 
recen"tly dram f:rmo Jeftllnlah sample 
( PATISfT-1) which revealed one or •r.• organism.s 
fot whtcb y~ wish t.heraptt\ltic advice? 

**NO 

[ tf/CIN bas now asked ell 
question. s necesuzy. in oxder 
t.<J decide (a) wbttther 
OFGANISt~ ls si.Qnifioant, and 
(b) the likely identltles of 
OIG4.~!$~i1-l.J 

My Vlerapy. rec~ti()n will ba based on the following 
tJOSS!ble 1dent.i ties of the OJ.'9an!sm( s) tlurt s.- to be 
slgnlflcantt 

Ita J. the J.dent1-qr of OFGAtUS1.\-l NY be PSI:1.10010fAS 
lttJm 2 · llte identity of OFGAH.zsM...l may be KLEBSIELLA 
It• 3 Tbe J.d*ltl:ty of OFGAN.ISM-1 may be ENTEIOBACTER 
Item 4 The identity of OFGANISM-1 may be E.CaL 
Itam 5 The 1datlty of ORGANISl\..1 rosy be PROTEUS 

(subtype unknown} 

[ ~'YCDV n'!l:Y beq1ns a,skirQ 
· quest. ions to assist. w1 th 

d&"Ug selection J 

48) On a scale Gf 0 to 4. where higher numbers 
indicate 1nereas1ng severity, h~ W:Juld you 
rate Jeremiah 5amp14) { PATI&IT-1) •s degree of 
sickness? 

-*4 

49) Does .Jeremiah sample ( PATISIT-1) have a 
c11n1col.ly slqnJ.ficant a-llergic reaction to 
any ant.imt.c1'3bi.al agent? 

•*NO 

Cofts!der1ng GF.NTA~ICIN for us• again$t Oft:»ANISt\.J. •• ., 



! 

I 

Rec l . lolf ~ern<S th<Jraw ~t.lon is as fol10'41 

lno~toco~forltems 1 2 3 4 5: 
/ ;{ ' 

/;'ve Ute followlft9 in ~tlon;. 
, . i/ l GSNTAM!CJN 

Dose t .1.? l!G/YU Q9H - IV OR 1M 
~ts; NJDtfY DOSB IN RENAL. rA!Um£ 

2 CARB&:ICl:t.LlN 

Do$tt, 25 rG/'rti Q'2H - tv 
~rts: ,.,Jnl:FY DOSH 1M l1JlMAL :FAll..Ul£ 

Do you wish to -• the next clloiett? 

*1IFYES 

COftsio.rlng COLISTD4 for use aq«tiftsl OJlGANISI,...l ••• 
Bejecti.Rg SULFISOXAmt.E for use against OFGANISM-1 ••• 

1ft oxder to CCJver fft Items 1 

Giver COLISTIN 

Dose: -1,.2; tG/m Q6H .. ~2 

3 4 ' 

Conlnent~U M'JDIPY UOSE IN aENA1. PAIU..Jm: 
Do ym~ wlsb t.o see the nttll't dmtce? 



Please ask any simple-Engllsh questions· ~.Edlng 
the al»ve consultation session oc~: t.he overall 
knowledge of the Q)ftsultatlon system. ~en 
dlscusslng 'tbe consultation abo\f.e. please refer 
to oD)anisms• cultures. ate. by their numeric names 
( ••CJ•• oalAN!SM-1):. The names of xules need not be 
priftt.ed .in full wfum using the PB ootlon ( 'PR37 • 1 s 
okay).- but use the whttle name 1n dher contexts 
( • •9. ~ RULal31) •· Quest. ions JUY be specified .. the 
numben t.hat precedad 'them ab!lve. art.er the was:d 
STOP When you haw no further qt:J•st.lons. Certa.ln 
11tandaxd question types may also be pao«<ed t¥ 
•lMelal codes that will speed up 'the •••rs to 
your quast.tons. 

Type HELP for the list of quest.lmt optlnns. 

*-HBLP 

QUSST~fiERtNG ('Vt) OPJ'!Qm;: 

M!LP - PRINTS THIS LIST 
EQ • llEQUSSTS AN SXPLANATI<m OP tHE SPS:tP.tED 

QUBSTU»J{ S} FroM THE QHi\JLTATICII 

IQ -. PREFIX TO A QUEST.I~ WHICH AS1'$ ABOUT 
lNR>l'WATICJf ACQUIBJJ) BY DiE PlU.mA..IJ! 
DURl!«i tHi o.JNSULTATI<14 

NOPRBPIX • THIS QJESTIC:If QUERIES v~tarrS OP 
DECISION lllJLaS lN THE SYST!M 

Pil - REQUESTS THAT S'PEC!9IEO RUU!( S) BE 
PRINTED 

StoP - £SCAPi PB.l..'4 SXPLANAT:tQri SYSTEM 
BA • &n'l1Y TO Jl.JLB.ACQUIStt:tt:»> M:)J)ULE FOB 

m:a:JGNUEO EXPERTS 

**IQ WHAT IS THE PitlAL DECISI<J.l imGA:m.IIiG THE lDf.NT!TY OP 
•-omANISM-11 

THE IDENTI1Y OP OFGANISN-1 IS PSE~ ( .z?l' 
KLEBSISLIA ( .177) £NTEMSACTSR ( .166) S.,COLt .137) 
9RlTEUS {.US} SERRATIA ( .042) 



1'··'7 ...... ' 

~T MADE YOU THINK OFGANISM.l. MIGHI' BS A PJOTEUS?. 

I USSil RJLS 163 to ~tCUJ>f; THAT THS IOENTilY 01 
. omANl~'t-1 IS ProTEUS. tHIS GAVB A cawtATIVS 

C,.F. OP .ra?,.. tHa 1.AST Q'J.ESTtrJ'I ASKS) BE!OEE 
TH.B ~UIS:ttJ.i WAS fW:B WAS 26. 

I USJD RULS 084 m· QH:u.tlfi ntAT niB IDENTtlY OP 
0~~1 !S PJUUUS. THIS GAYS A C'.l'&JLATM 
C .11. OP •. 119.. tHE LAST U.flih'ilr:»l ASI(Sti 9EPtlHe 
mE C'l!C"1.oUS!a4 tlAS MADa ~ ~4. 

••M 84 .1.63 

If; 1) THE SITS OF THE CULTUl£ IS CME OPt 1mS! 
SITES tHAT ARE 1\.'GBW\LLY STER!I.£,. AN4l 

:l) 1'HS LIST OP Lll(SLY PATHOOSNS ASSX:tATSJ 
WITH 1'HB PORTAL Of S-tTRV OP THE OrGANISM 
IS JC.N();-If., AND 

3) nus OroANISM ANAl ntE f&t.BER$ THAT YaU 
ARS o:tl$IDEBING AGREE Nitti RSSP!!CT TO Trm 
F:J!..L l'U!t«l PRJPSRI'IES; GltAM Mli\PH AIR . 

l'HENJ t'HEPS IS SllQt;LY SU3GESTIVS EVtD~"CS {.e) 
THAT EACH OF THEM IS n1E IDENTll'Y Of THE 
ORJANISl4 

WL§!!! 
IF; 



1 ··8. 
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3) nmte IS t~EAKLY Sl..GGSST!VE SVIDSNCS ( .1) 
tHAT THE IOENTITV OP nte OFGANISM IS 
SERBATIA. ANU 

4) Tf-~Eni IS !ttl!AI(LY StmSSTIV! WIDa«:a { .18) 
THAT tHE ID~I"iY OF 1'HE OFGAN!S1~ 1S 
arrmt)BACf&Flt ANlJ . 

5) 'ftlallE lS *JEi«l.Y S\ 13GESTIVS SVmENCE:. ( ~18) 
THAT ntE DJan'ITY OF ntE OH::WflSM 'IS 
KLliBSISLLA 

**HOW OlD Y"tJtJ DB:ID'E THAT PSEULX>tOlAS tU\S 'DIE t:o&"T 
**LIKELY marrrrt OP OFGANlSM-11 

! USED BtJl • .E163 TO CQCUJl!S ntAT niE !DJNrtTV OP 
O.FGANI~l !S PSilJOO!t:JfAS,. THIS GAVe A 
OJMULATIVS c.F .. OP .651,. THE LAST QUESTION 
ASKEU BEfOBB nfS CONCUJSICM WAS MADE WAS ~6. 

I ·llSfiD RULE 084 TO C'.(H;UJDE THAT THE ma..tt!TY OF 
OfGANISllioal IS PSBlJXlta~. ntiS GAVE A 
~UtATIVJ! C. F. OP .65. l'HS LAST QUESTIC»i 
.ASK1W BEmRE THE C'.lNCLUSia.J \1AS f.WlS WAS 24. 

I USED RJLE050 ro O»CLUDE mAT THE mattrrv OP 
OmANISM.l IS PSBt.Jaa~. nJIS GAW A 
COMULATIW C.P. OF .~. THe LAST QUESTION 
ASKED BEPORE THE CONCLUSIOO WAS MADE WAS 2.4,.. 

I USBD 9JUDfO TO (AK';UJ):! THAT THS IDENTITY OF 
Ol~itSM-.1 IS PSetJIXlM:JIW). ntiS GAW A 
C01~LATIVJ! C.P. OP .833. THI! LAST QUBSTlll'f 
ASKeD BEFORE tHH O"JNCWSit'fl lfAS. MADE •fAS 21. 

I USED RULFD21 to CJtCIJJ!)E THAT n.m ID dttllY OF 
OiGANIStt..l IS PSaJJ:»rJNAS. THIS GAVE A 
Clt~ULATIVS C.P. OF .19., mE LAST QUESTIC»l 
ASKSU BE~ THB C'JV«:WSIOO gA,S MADE WAS· .21. 

J!!!&W! 
IFt THERE IS A PRIOR OFGANISM .. ICH YAY BE THE 

SAtm At) TH£ CURitEMT OiGANI$1 



l ·,.·s , .. 

TRBtt lT IS DafllNIT! (1) THAT n1SS! PROPBRriES -
IDENTITY - SRJJW BE TMNS~ FlU~ A · 
PRIOri Omt\.'fts!~ ~lUCH !:l\AY BE THE SAt•1E AS tHE 
OPEW~ISM. TO ntiS CURru:NT OFGAa"'f!S1~1 

._lQ OlD Vt:JJ Da:::mE 01-'GA'1ISM4 ~·THE. SAf,$ AS 
•-o.FGAN.ISM-.1? 

OFGANISA.4 ( e.19) OfGAN.ISllJ,..3 { .• 19) DmANISM--2 (.19) 1$ A· 
PJUO.R OZGAtUSM l'Jlid l'HE SAME XOPNTITY AS Of.l:'iA."liiSM--1 

·~ DID YOU DS:mt 'DrAT OMAN.l:SM-2 WAS ntE SN1\E AS 
**O'RiA!~ISl4-i? 

I USED RJ'~ ·TO aJCl..Ut>S 'nil\T niE PSEUJXJ.t~AS IS 
A PHIOR OlliAtfiSM ~ftm THE SAME ·mlffTilY AS 
OR'iANISi\..1., THIS GA.">/E A O'.J.'!i.Jt.AlliWS C.,P •· OP 
.19. THE lAST G(Je,7Ia4 ASKSl 9£i'Oia£ tHE 
c:ctCUJStm WAS HADE WAS 21. . 

I US'!O RUl.SX).4 TO ~CUA)S mAT me PSJ!'tl.lX»~ IS 
A MIOB. OroAN!$1 t:V!TH niE SA.~ IDatriTY AS 
OmAN!Sf~l. TiUS GAVE A COMUIATIVS C.P. OP 
,.133.-. THE J.AST ~UESTlJJN ASKE£J BEFORE tHE 
o:t«:WSicr.l i'f;'\S 1!J!Dt:. r~ lB. 

!!JJ:~ 
.IF; 1) nm !DattiTY OP THS OMAN1$M IS mT 

JCNO?iN ~ITH CSHTAD-nY • ANil 
2) t"H!S C\.IRRSNT OFGANIS'd ANO PRIOR 

OfGAtUSMS OP THE PATIENT AGRSS JIITH 
BESPECT tO THB FtlLL•:);.ttNG ?EDPERTIES; 
t1.0RRi GRAM 

nn:Nt THERE IS -.46\KL'J' :.stmESTIVE SVID9CCS { .4) 
THAT EACH Or T$\1 IS A PRIOR OPGANISM WlTH 
THS SAMe IDENTITY AS THE OFGANISM 

~ 
IF; 'DUS CURJeli' O'FGANIS4 A~l A PRIOB OllJANlSM 

W:r:R nm SA'AE Wettl1Y AS THE l'JfGANISM AC5UE 
U!lH HSSPSCT TO THE FOL.to:Jn«; PRI'l'PERJ'IEStAIR 
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••EQ 48 

48 QU£5TIOO 49 WAS ASKED D't OR>SR T·:l PIND otn' 
JEllEMIAH SMlPLE'S OmREE 09 SICKNESS (ON A 
SCALE OP 4) LN AN SFR:>RT to t:XFQJTE RULf.068,. 

lt;•PJ4 68 

l!!YP§! 

t:Fa l) THE THSM..W tWEli OONSmSMTl\M IS 
G&li'NttC~. ANil 

2) tHE IDSlf'ITY 0~ THB OfGANISM MAY BE 
PSEl..IX»4:1fAS, AND 

3) THS PATISn'*S omREl! Of SIC~S 
(ON A SCALE OF 4) L<i GiEATER THAN 3• 
ANil 

4) A- THE PATl-a'NT IS NOT ALJ..a:rn.C TO 
AlfttSIOTl'CS• OR B-CARBENICILLIN IS 
fl)T A UR!J3 TO WHICH THE .PATIENT IS 
At.l..BJGIC 

THe~ l- mnlPD nra POLtDWll\13 AS A J.DRE APPR:lPRtATE 
lliEHAPY "mAN GalTA.l\f:ICDS; ntE OOMBIHATI!II OP 
Gf.NTAMtCIN i'UtH CARSiNICILLIN 

*~P 

SO) Do you wial't advice on another pau.nt? 

**tO 



APPENDIX •. B 

A table of the l!d.sspelled woms t.ha\ w-. njeci;eci by 

D.AA1ERAU1S program. 80 percent of 'tbe mtsspe lllld wolds 

that wen nject.ed fe-11 tnt.o one of the four classu 

of single •~ let.t.er was wrong. or one let.'l•r 

was mi"Sdng. or an extra letter bad bMn insert-s. ox

~ adjacent let.ten bad bael t.ranspcsed. We also 

nz:rtic~ that 91 percent of tba four c!asses of &ingle 

error oceurad in the thi!d or subsequent. letters of 

the alsspe.lled ~~. Fxomt DN.u:Mu •. P • .:. [ 4l]. 

W'llt 111· QO l"f)t
1 

llin\ ....... 1111 1 t:it.1 a•llil&!llii.Jh_t .. l!lll ....... liiUit"lll"~,_l"~ ··~······ __, 

In~rnct Sl)e ll!.ng 

X 
X 
;.'( 

·X 
X 
X 
X 
X 
X 
X 

·x 
·x 

X 

cr 

·x 



SJ.ncJ1e Enor 

1. I .. _._WIt )I**" ' ' - .. 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

}( 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 
X 
X 

X 

X 

l( 

X 
X 
X 
X 

X 
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- • · .. 1St •. n *••• _i n 1 1 •=-: .,_ a: ... r•n •u••• 1 t n t r •- • ., a r ,.._. · .J f • ..-r 

Correct Spelling Single Bftor 

....,_ IU 1 I tU & i .11 J 4 .~ .......... ••• • 0 R ] I N F 411 •••tllte •••• . ......_- «I . 'W .... § ........ "' ... 
X 
X 

X 

X 
X 

X 
X 
X 

X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

X 
X 

X 
X 

X 

X 
)( 



Incorrect Spelling 

X 
X 
1( 

X 
X 

X 

X 
X 
it 
X 
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