
2&

Correspondence

Irr.E Tr^Ns^cTloNs oN sysrExs. x !{, AxD cylER.NETrct vot- src.I6, ,.o.2.'t|}at/L?ul l9t6

prrzry Set Th.ory i! Mediczl Dirgrosis

KIl'U9PETER ADI-ASSNIG

L6rtma-Frray J.f 6.o.y L* r aubcr ol pogertics örr Erl13 h
littblc to. fornrdi:ing tt: uravrrin inJororri:a cpo.r träl$ E di€d
dirgrnsir rrrd trrrnn nt is'-'-ny bes.d" Fr6üy, h &{ints irrr.xr a+dicd
cntitier rl lurzy rctr Sccordly, it prorltr I lirgrisic rpprord ritÄ rn
.ür{lcnt rggmrirnrtion to tcrt!. Iiully. f|Jzy bgic offcs rresonin3
rcttrds crprbl: oI &rring epro';-.rc inlertrs.:. Tbcr ln rrgcsr
t$-t fr.rzzy s.r throry rnight b. r rrjrrblc brsit la tlt &vclogocnt of r
codF tdücd dirgruis sysca This ü rciJicd ! eids pcrformcd rrü rlrc
a.dicJ crp"rr systcm OlDlAGl *ich rscl frcr.v:er 6cy to tdnj-
hc acdisl rtlrtionCrips rnd frzry logk ro oodcl üc di{iro{ric F.Ar

L Ixnooucnox
It is widcly acccpred tlat r.bc inforaatioo evailablc ro the

physiciaa about his padcnt aad about mcdisl rclauooships i.o
gcaera.l is inhcrcndy unclnain- Nsverrlel.ss, rlc pbysioaa is srill
qrutc capable of drawing (approxioate) conclusions from rhi<
information. This paper descnbcs :rl ancmpr o provide a forrnal
modcl of this proccss rxi-og frzy s.r rbeory, rad to implcmeot
tbc modcl in t-hc form of a compurcri:cd die",.osuc svsrcm.

lo medicinc, tbc principlc oi' mcrsuriag-c"eryr-Uiog rlc:Lsur-
ablc and tryiBg to male mcasurablc rlar ebjch bas oor beeo
mcesurablc so fa/' (Galilco) is stril practiccd, aluhoug.b somc
fuadlmcntal lirnitations bavc beea rccognrzed dunng t-be coursc
of this ccntury. Wc oow kaow that feaj-*s1ld knowlcd3e is
chrracterizcd by ilcoopletroers (irnplyrog rlat üe hu.araa pro.
ccss of cogn:don is infiarte); i-oacnurcy (as sured ia Hascobery's
Unccnunry Pnooplc); a.od iaco'.i.reocy (as liay bc aarropatld
by Girdei's Theorem).

Fuzzv sct t-beory, which was dcveloped bv Z:dch [l], nalcs ir
possible to definc isexact mcdical csuucs 1s frr-y 5.,r. It offers a
lio3uisuc approach that rcprcscnts a.o exccueot approxr.o]aUoo to
medrcal texu [2], [31. In additioo, fir:zy log:c prondcs rcasoniag
me*rods capable of mal.iog approri.oate iafcrtoccs [n], [5]. Tbcse
facts suggest t-bat fuz.v s.r r.bcory olrght bc e surtable basis for
thc dcvelopmcnt of a compurcrued di,t.osü s.vstea [6]. Currat
developmcns and applic-auoos of somc ocdrc.ai expen svsteurs
oo the basis 6f firny sct tbeorv 1rd flzy lOgrc SbOw g3g rhis i5
indeed tlrc casc [7]-[X]. CADTAG-2 (compurer.assrsled di:gno-
srs). an expert syslem cspecia.ily designed for iaremal srecüo.ue.
wäch is prescntJy berng c[rucajly rcsled, *dl bc descr:bed is
more dctarl in order to provrdc an cxanpic lud re?on some
1esu.lts.

U. R-eer-Wouo Krowlocr
Precisioo exiss only tbrougb abstractioo- Absrractioa oay bc

dcfioed as t-bc abilit-v of buma.n bci-ogs to recogaizc ald scicct tbe
rel<vant propenics of rcal-world phcoomca: aad objecrs. This
lcacis to tbe constructioo of cooce?rual oodcis dcfinbg abstract

lt{rnrsnpr mvcd Fcbruery 20. l9t5: mrd Scprmbcr 19. 19t5. Thjryn wü iupporrcd In prn by r Mu Kadc Fcllwrtup lq Soorrfic Reuch.
rn prn bv rhc N.trond Sooc Fwnderron undc grur NSF-IST $:Oal6.
rnd rn p.n by NASA undcr g:u! NCCl-l?j.

Thc eurhor rr wrrh rhc Compurr Scm Dngn DoutlFr of Emriql
Engncnng and Compurc Sccs Urumrrv ol Ceirforur gcrtcla, CA
9at:0. USA. and rhc Dcpumr o( McdrceJ Compura Sooe Urultüry o{Vsnr" Gemrrcn3u lJ. A.lO9O Vi<u Aurna

iFFF Lo! Numb<r F.aO67t6.

dasscs of pbesomcaa and objecs. Ho*wa, ia rctualiry cvcry
real-world pbesooenou aad objcct is of coursc uaiqua

Absrnct oodels of rcal-world pbcaomroa ard objcca sucb
as Eathcmatical structures (cirdc, point, ac), cqualitics
(a - b + c), rnd propositiou (yes, oo) rt ttificirl colsuucls"
Thcy r4rescot ideal stnrcrures, idcal c+ulitier rnd idcal pro
Posirioos

Ncvcnäeles, dcspitc tbcsc c:rveats, absuzctioo fonns tbe basis
of hrr.Er.ü thoug,ht and b"naa kaowlcdgc is is rcsult-

1- Incomplctcncss

Absracdon" bowaner, is oot a sudc coDcrpL Tbc process of
absracdon is cootiauous a.od is coosu.ntly producilg Dc!/ tr-
lults. Tbc s.t of propcnies of real-sorld pbcoomeaa and objeca
undcr considcradoo is cootiaually bciag coLargcd -i1 chenged.

K-nowlcdgc is thcrcforc alwap aad ncctss:rily i.ocooplcra

B. Ituca.uacy

Ualimitcd prccisioo is impossible ia thc rcal world. Anytbing
said to bc "precisc" .'n oDly bc coosdcred as 'prcosc rc a
ccnain stcot."

Tbc pursurt of oarimum prccision is stiIl u ispon:lt aim in
scicacc. Galilco, wbo is oftco crcditcd witb bcug thc faüer of thc
qrr^nq13gvs scicou-lc cxpcn-srsat, was cctlai-Ejy rcsponsible for
many scicoufic adva.occs uhrougb his pbrJoophy of "mcrsuring
ever_n-b.i-og measurablc and tryEg to makc ocasurablc that whicb
bas oot bcca oeasurablc so frr," alt-boug.b üc liniutions of thi<

approach sbouJd be rccotoscd.
Hascoberg's Uocrnaiary Priaople [23] sutcs tbe limits to

ac4:uratc EcasurcmcDt very dcarlv. oI cour:c, tbc pnaople rp.
pties onty to tbe world of orcropbcooareae r.od oicroob;ecrs, but
is phiJosophical implicauons go furtber. It sbows tbat nature
possrbly is fundarncatrlty i.odctemunrsuc. A.nd it sctos oca.oroS-

lcss to ask wbcthcr saturc inhcrcttly lacls dctcrmi-uism or wbct-hcr

r:.uccnai::ry stcas ooly from cxpcrimeauuot

C. Inconsstcncy

Abstractioo docs oot dwavs lead lo tbe s:.o. rcsuls. whicb i-u

turn lrc sq1 always i-oterprcted in tbe s:.oe sav. Knowledge may
differ :ccording to nadon cu.iture, rcligioo.:ocial status, cduca'
tioo- etc.. and i.nforrnatroo from differeot sources roay tbcrefore

bc ilcoossteot. To cli.ruoatc ilcoosistmc-v hom t-bc i-oforoatron
sysrca is oa,ly porsible i.o linilsd systcrns. ald Gödel's Tbcorcm

[24] dcarly dcmonstratcs tbat conuadictjsss vithio a systcm
c-nns1 !p climmatcd by thc systco itscu.

trI. Mtotcrr lxrorurrnox

In aedicine. it is oot Decssäty to dcd vrth micropbcuomeoa
ud mrcroobjects to run iato tbe problcns of iacomplctcocss.
ulcrraiory, and i-oconsistcaqv. Tbe lack of idorcradon, ald its
imprecisc a.nd somctimes cooradictou natr:re. is much more a
facr of life i.o mcdicine tlä-u iD. say, tle phlsial scienccs. Tbcsc
problcns bavc to be tala i.nto accoturt il cvery medicai decision

c/hcrc they trray bavc inpon:.ut de! vitil cooscqueoces for tbe

ob;cct of medical attcatiou: tbc patreoc

/- Infonnation Abut thc Patrcat

Dara about tbe paticnt c:.u bc dividcd ilto a numbcr of
differcot categ,ones. *hicb are all cbaractcnecd by an nhcreot
lacl' of ctnaiory.
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I) Medical HLstory o! thc Patient: Tbc mcdical history of tbc
paticot is glvco by tbc paticot hins€ll It is highly subjective end
aay i.ocludc simulatcd, aättcrätcd, or uDdcrtarcd slaptoros-
Ig.ooraocc of prcvious discascs i! hins.lt or his family, failur to
mcotioo previous opcrations, rad grocral poor rccollcctioo of!6
raisc doubs about a paticnt's mcdical history h üg Fin! 6f thg
doctor. Oo tbc othcr hend, l6e,,gv6, üc ialoroatiol tbar Eaally
lcads o tbc correct di"goosis is vcry ofta found bsrc

2) Physicat Examinaion Tbc physician subjccts thc paticat to
e pbysieJ cra.srioatioo ftem, vhich bo obtaios more or lcss
objcctivc data. But of coursc, pbysicians c' m:Ic nisakcs,
ovcrlook important iadicatioos, or farll to carry out e corcplcre
6armin21i9s- Funbcrmore, tbcy aay ni<in16ps3g otbcr indica-
tioas bccausc the bouodary bctcrcd aorgral r.od paüological
rrarus is Dot always dcarly dc6acd.

3) Raalts of l-abratory lcrrs.' Tbe rcsuls of laboratory tcss
ue coasidcred to bc objcctiw data Howevcr, Ec:surcoent cr-
ron. orgaaization aJ. problcms (nislabclin g sanpl cs, garl i n g thco
to tbc rnong laboäory, ctc), or irpropcr bcbavior on lbc part
of the prticos prior to creninsxisss caa lcad o irnpreclsc ud
rcoctimcs 6/eD roLally iacorrcct datr Again" tbc bouldarics
bcrwcco nonnal and paüological rtsults are gcocrally aot strjo:
tbcre uc dways bordcdiac valucs gs1 e'an6s bc said o bc cithcr
normai or paubologieJ.

1) Retulu ol Histological, X-ray, Ultnsonic. ard Other Clinical
Inoesttgations: Tbcsc resu.ls agai! dqcad on correct iatcrpreta-
tion by medical or othcr staff. Such 6odiag5 are oftc! crucirl.
bccausc tbey frcqucntly i.odicatc ilvasivc tberapy. fD many cjrs.s,
coosrdcration of uncenailry is pan of tbe orduetioo proccdure;
for c'mplc, ia ccll couas. ctll dcrcrai.aadon piclure aalysrs,
ctc.

B. Inlonution on Medicat Relattonshipt

Mcdiel L,aowlcdgc cousists of mcdical dcscriptioos aod rsscr.
tjons täat arc incomplcre and unccn:r-o. It bas beeo buiJt up stcp
by stcp, aad is bascd panly oo räcorctjcal studics (i.D ars,s such
.s anatomv and physiology) and parrly oo dmost pureiy eur-
pirical obscrvatioos (made io tbe coursc of sur3el-v, for cra.arple).
Mcdical Laowlcdge may bc said to comprix k-oosledBe about
ca"<al relationsfups bascd in tlcory, staGusl ialoroauoa, pure
defiaitions. and persooal jud gmeot.

To edd to t-be problcm. tbc eleoos coosidsrcd to form
mediei relatiooships dlffsl &so1.ling to placc &d tine, vary
bctwern medical schools. ud ia some cescs bave lot b.s!
studjcd to aoy siBarfic'nt a,ttoc

>IF./LIUFE

C. Mcdical Inlcrencc

Tbis is thc pro€ss by whicb tbe pbysiciao uscs his medical
lsewledgc ro iafcr e diagposis from the syaptoar displaycd by
thc patieot, his lab tcst rcsr:Ju, rad his medical history. It is a

complcx aad partly uniavcstigated proccss ia whic! tbc pbysician
is obviously ablc o work with unccnain aad imprccisc scu of
data To some cxteot it is a subconscious .ctivity, whicb is wby it
is probably ofta callcd aD arL

W. M-eorc.lr Frnr Svsran CADLAG.2

CADTAG-2 is iatcoded to bc ra acLivc rssistaat o the pbysi-
cia.u ia dia$ostic situatioDs. ls thi< er3y tbe cxpcrieocq creativc-
acss, r.od iatuitioo of tbe pbysiciaa is *pplcoentcd by tbc
laowlcdgc-bascd computationd po*er of tb. conputcr. The
gcocral sructurc of CADLAG-2 is showa ia Frg" l"

A. Rzpracntation of Mcdicol Knaicdge

CADTAG-2 considcrs four dsscs of oedical catitics:

. syEproE\ signs, tcst rcsults rld Eadirg (s,)
o discascs, ead diagDoscs (Q)
o iltersrcdiatc combiaations (IC. )
. syEptoE combinatioas (SC,).

Syoptoms $ t"l. va)ues;r,, iD [0.U U{r}. Tbc valuc p,.
indicatcs thc dcgree to which the paticat crhibis symptorn E (a
valuc of r inpücs tbat syoptom S, bas not ya beco crarnincd).
In tbc lenguagc of fr'-y sct thmry, ,rs. crprcsrs tbc grade of
mcmbcrship to shicb thc padcat's syoptoln nenif656{e1 $
bcloogs to thc patient. Aa cssple of this aodc of re?rcscntation
ir givca i.o Tablc L

A binery f"-y rclationqhip Rrs c n x X is tüca esublishcd.
defioed by ,rr-(Pr,$) - ps, for paticot P., wbere P, e fl
(n - (P,,...,P,))ard de:(:- (S',"',5-)).

Discescs or diagnoscs rlso ulc valucs il [0.1] u (r). Fuzry
vduc: 0.00 < po. ( l.0O rcprcscat possiblc dieposcs. whjlc thc

vdues p2 - 1.0Ö rad po. - 0.00 correspood to coofirsrcd and

excludcd diagnoscs. rcsfictivcly. D,g"oscs tb:t bave Dot yet
bcc! considercd ulc tbe valuc pp. - r. Foroell.'", e relationshjp
Rrn c Il x A is cstablisbed. dc{tcd by p_.*( P,,D,) - Fn, tor
paucnr Pe,wbcrc Q eÄ (a- (Dr,'..,D.)l

Inrermädiate codrbinations (fu:zy logrcrl combinations of
symptoms aod dirascs) wcre iatroduccd to modcJ tbe pathoph;"s-
iologicaj sutes of paticoui syEptom combilatous arc combina'
tions of qfnptoms, discascs, ud i.otcrmediatc combioations.

ggEi Acfls.JS

ffigloi, oN atraotat
t fit t t ao pt I ond t ympa oa coaoi rol i oat
fuzry nloltonthrPt

EDCI-
ü€crt
ItO(EEt

cDß.IrElrsgS?Eo
XED|C{
cELtIrtX

qita|TEH
iaul ol oolitnl't tyfrDtoar
e.raclion ol coilrbd ict i ont
dttDloy of Epli.^t doid
a'oc{ion of dtoqrcnic Arovot'lOd 0n CtOCDO]ItC ArXCtt
ctt?tol of. dioQnotlic r.tettt
drtotcv o, aaotad,oht
cisprov of aroht^olton groootalc
dttgtoi of unrD!ot6act tvm?tont
roxttlioa ef Croonosttc brxtrtg.'^tyl af dige;otltc ntuttt
lonorc, &nArct, F ,oltant, doP

ECß ar'FrtTElfl tlra
FE FEIT

EUCI
FG.YI'i
Jl157Et

-- looicol cg6b;Nliod, of olomnloty obtadoltgqt
-- oiotvltc /unctre^t lor- io0 tatt ratut(t
-- Zoa*rrtoa oatotnt f or olD4ngfr?tcal

€oaFrttont
Era r-tla?

-- Flt.i1't htatory
-- tglt.al't tlolvt
--'Xtnm't ,og 1.11 ptullt, llrditgt' .lc .

Fi3. l. Structurc of CAD[AG-2 vrr] conncction o r mcdic.rl inform:uon sysrcm (deshcd liocs mrrk componcnts cflcctrlc
bcfore suruo3 thc iodividu:l consuluuon).

nrtng



lEtE Tr^NS^CT!ONS ON TySTEA l{^N. A}rD CyIET.NETTCS VOL S{C.16. NO. 1 X^rCH/A|tlL 19g6

Qu:ntitetive
Vduc

TA3LE I
Ax E:lour oF rrc R.Elrrsxr^Trox or l,{rorcrt lxrorxrnox

oN ttc PATrE!.r

rr v r: - !oax(rr,lr) s'itb tesp€ct tJo ir - I -.:r 0J, but rre
Dow Do longer valid. Furtbcr discussioo oo fuzy cooocctivca 63y
bc found iD [25]-[21.

Tbc following Elation<hips bctweto ocdical cotitics Ire coo-
sidcrcd b CADIAG-2:

. slmptom-dis€asc relationships (S, 4)

. ryEptom coobiaation-discasc. rclatioaships (SC, D;)

. syrlprom-qrEploB rclario8ships ( s,s,)
r discascdisssc rclationships (D,4). '

Tbcsc rcletiooships rre cbenckrizcd by two paraoctcrs:

o frequcocT of ocorrreacc (o)
o srreogth of coofir:oatioo (c).

For a rcIetiooship bctwcca nedical cotities X ryd Y (wbct X
|lrd Y oay bc slmpoos, dis€ascs, or slEptoE coobinatiou),
the frequcacy of ocsurrcoc! dcscribcs üc ecqrccy wit! whicä
X oca:rs wbcn Y is grcscat Sinilarly, thc strogr.h of confiroa.
tion rc{'lects thc degree to shjcb täe prcscocc of X inplics tbc
prescacr of ).

Tbc rclatiooships bctweea ocdical cotitirs rre givca in thc
form of 613{6n<hip rulcs witb rssociatld rclatiooship tupcls Tbc
gcacral formulatioo of thcsc rulcs is

v (anrcccdmt) THEtt (rrinseqaarr) wrrx (o, c).

Tbc rclatiooship tuplcs (o, c) coat'i. citbct ouocrical v1t'x po
tad p., or lirguistic firzzy vrluc Äo rad Ä., or bor.h [3].

Thc dcf:-airioos of tbc liaguistic vducs I. rod 1., thc iacrvrls
tbat tbcy covcr, ud tbck reprcscatativc D"hc:'ic:l vdrrcs arc
givea i.o Tablc II. Rrprcscnutivc o"ncrical vducr rre trscful io
ordcr to oalc fuzy iafercaccs cesily possible (sce 9ctioo W.B),
Tbc r,ay in e,bicb thc tiaguisric fuzf vducr thc oumcrical
i.otcrvals aad tlcir rcprcscnlativc ou-srcrie.l vducs gcrc cbosca is
dcscribd ia morc deail i.o [8], [91. Sooc crroplcs of reladooship
rulcs are givea bcloc,.

Ezamplc I:
tr (ultresonjc of paacreas ir pathological)
THEN (pancreatic .-.ccr)
wrffi (0.75 - oftcq 0.25 - weal).

Etample 2:
tr (tophr)
rHEN (touO
wTffi (0.25 - scldoq 1.00 - rlsays).

E*"mple 3:
u (lowcr bact painn l;-;tatioa of aotiou of üe luobar spiac

n diminisbcd cbcst cxp,n.i6s n ode peticot n age bcrweta
20 ud aO ycars)

nrx (aalylosiog spoudylitis)
trTnr (r, 0.90 - vcry stroug).

SFspoo
Fnzy
Vrluc

Mca.srred
pqtrca.a Fuzy
laadol 

-@-tSomll

l6t.rtina,
jrcrtly nduccd

p6rciln,
tdrJ*l

p6trcina.
erod

POr.6'ilrl
dcrucd

Poussi"-,
grcrüy dcvrtcd

Is, - Om

ls, - O6

ls, - O{)

tr. - o.@

fs, - 0.m

Botä cotitics talc rlcir vd"'. prc. rad pra (rcspecrivcly) in
[0, 1] u(r], wbcrc r implies rhar ihc rnral valuc has Dor ycr
bc=a dctcrmiaed- Tbc nlarioaship R'.c c II x K is dcEned by
pt*(P* SCr) - Irr, for paticot P.. rbcre SC1 € K (K
- ( SCr,. . ., Sg )) foroally dcscribcs rÄc syoptoo coobiaarioas
obrrved in t-hc paticot-

Thc firzzy logical coucctivcs rre dcfiacd s follows.

Conjuaction:

- | oria (.r,, .rr), iI .r, e [0,1] aad :, e [0.11r.A.:,-(
I r' if .r, - r nd/or x, - 2.

Disjuttction:

foax(.r,,.rr),
I rr'r,Vrr-(
l"'
\r,

Negatioa:

if :t e [0,1] rad .:, e [0,11
iI :r € [0, l] a.od x, - 7

ilr, - r and rt e [0, 11

if .rr - t :r.od .rr - v.

r,-/1-tt, ilrr€to,U
' [r, if.r,-r.

Notc tbat thc iauoductioa ol a vrluc r for aissing opcrands,
whicb bas oeccssarily to bc i.ocluded inro r.he dc6nirion of rhc
connectives and tbe legatroa out of pnctica.l rcasoosi lcads'o
violariou of ssveral laws (e.g, De Morg^aa's lac,s). Thcsc hws are
valid for üe dassical fuzy conaecdvcs .tr A.!t - -i^(;r1,:2),

TASLEiI
L:xcu:ittc Fuzty V^lttEs. Nurcrrcel brravrr.s. Ar{D Rgrlsrrrr^fiw Nurcrrcrr
Vrt ug DrscurtNc FEeuErrc'r oF Ocdlltr.\cr 

^rrD 
StrrNcrfl of CoNRrxAnoN

Frequarl o( Occrrrtoct Stragtb of Coa.6raadoa

Vdue
I,

RcArc:caetiw YrJue
lurcrvd Vduc p, I.

Rcprtscoutive
IDE-ftd Vduc g.

Nvr)6
ALg|o3r dlrF
Very oftca
Oftco
Medium
Scldom
Vcry scldom
Ala6t Ev6
N*ct

Uaknovn

[1.m.r.ml
[0.er.0.eel
[0.E3,0.eI
[0.6r.0.121
[0J3.0.6I
[0.1t.0.321
[0.03,0.rI
[0.01.0.021
[0.m.0.m1

l.m
0.99
0.90
0.75
0.50
n r{
0.10
0.01
0.m

,

Lm
0.99
0.F
0.75
0.50
05
0-10
0.0r
0.m

,

Alsev: [1.00. l-ml
AlEost e,l'eyt [0.9t.0.99]
Vcry suoog [0.83,0.9I
Stroog [0.68.0.E21
Mediuo [0.33,0.6I
We-L [0.ft.0.321
Vry x:l' 10.03,0.17i
ALoostocvtr [0.01.0.021
Narr [0.m.0.m1

UsLoorro
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Tbcvducs.p. rad;r, rrcintcrpreridrtbevduesof rhcfuzzy caregory is dcfrairely abscal rnd ro cxcludc outr::Ily aclusivc
t=1"gqn<hips bctt'cto alt.c-leoB ,.d cooscqucots Tbus discas.s if onc of tbcsc discascs is confiroc4
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$D, (occuncocc rdationship) RiD c X x Ä
S,4 (confrroadon rtlatiooship) f'sD c: x Ä
SC,Q loccurcnce rclationqh;pj R[ c E x A
SC,.d, lconfroation rclatiooship) Rfr c E x A
S,{ (occurrcae Elation<h;p) nb c: X X
$S, (con0nnafi6s rc[fiearhig) .Ris c: X >
QD; (occurcoct rclationship) RöD c A x Ä
D,\ (crlaßm.ation rclatioaship) t'DD c A x A.

B. fizzy bdc"l Inlcrence

. Thc coopositiooal inJcrcocr nr.lc proposcd by Zadch [a] rad
inuoduccd into oedical diegn65i5 by grcha [2E], [29] is edoptcd
rs en iafcrtocc 6gsleni<n It accryts hrzzy dcscriptions of tÄc
patient's sr/EptoEs ud ialcrs fuzzy dcscripticros of tbe petio,r's
discasc by ocaas of thc fuzy rdariooships dcs.ribcd i! ti€
pr6/ious scctioo-

Tbree sö inJcrcacr ruJcs (coopositions) ue uscd b dcducr
the discascs Dr $Jfcred by paticat P. froo rbc obsrrved ryrp
toos S-:

I) Coapaition lor $\ (byporlcscs rad confiraation):

A'ee - Rtt ' Nio (1)

{efia6at ly
prb( P., 4) - r;ri" [rr.(r., s,) ; p.s(s,, 4)1.

2) Cotnposition h, 5,4 (erdusion @y prcscor sloptoos)):

Rt - ß,r.(l - nlD) (2)

dcfraed by

yr";( P.,4) - r-- .ia Ir.,(p., d); I - r^s(s,, 4)1.s,

3) Cotnpositioa for S,D, (crdusioo (by rbscor syoptoms)):

RID - (l - Rr:). Äio (3)

dchoed by

p RE( P., r, ) - 1: .ir I 
r - rr. ( p., s, ) ; p.a( s,, 4 )l .

Tbe_folloviag diaglostic rcsuls lre obrailc4 A diegne5i5 is
conlrocd iI

rr;o(Pr,4) - t-m' (4)

A diaS,Dosis is possible if
r < Frb(p* q) < o.ee. (5)

Tbe bouadary vajue r is a beuristic vrluc shicb precludcs dia{-
aoscs sitb vcry tos anidcacc (e.&, ( - O.l0). A diagDolis L
crdudcd if

pri,(Pf , 4) - t.m (6)

or

pib(P.,4) - t.m. (?)

Symp tom coobiaatiob-djscasc inJertoccs (ellcd composi ti oas
,f, 5, eld 6) are carricd our aod ilrcmrcad io ra a.ualor,ous wav.
Symptom-symproo infcroccs (callcd cooposoons 7, i. aaa iy
ere co_mputcd I.o order to cooplerc üc padaot's synptoro pat-
tcras. Discasc-discasc ialcrcnccs (ellcd cocroosftiois iO. tt.-ua
12) ere pcrformed ia ordcr o coalirm geocral discsc carcgoncs
lrom tbe prcscDcr of diffemtial diagnoscs. to acludc carrre
rrcas of diffcrcodd dirgrnosc iI e partiorbr geoer-al disasc

C lcquisition of Mcdical Knowledgc

Tbc knowledgc uquisition systcm is capölc of :cquiriog
äoroation on medical cotjries a.od üg rchrienrhips bcrweeo
thc- ln CADIAG.2" t 1a66.<hips are stord $ srrn3rid y1tgg5
in tbc rangc [0, U. Mdical inJormarjoo cal bc acquircd ia tso
ways: 1) tbrougb numcrjcal or liaguistic evaJurtion by oedical
apcrts aad 2) by statistical analuation of a daubasc co!r';n;ng
ocdical data oo paticorr wit-h coafiroed dirgroscs.

Iqformation oa rdationships r. bc gathcred Durncr.i€ny or
linguisticaly n<ing prcdcliacd lioguisric v:lurs to dercroine
prrilnctcrs such rs frcqucncy of ocanrrrocr o rad streagth of
coo-Eraatjon c (scc Table tr). Erapirical, judgraral, rad dcfini-
tive Lnowlcdge cr. bc acquired in this way.

CADLAG-2 rclatiooships bavc thc iuporraat prorpcrty tbar
tbcy a. bc iatcrpretcd sutistically. The rrduo of tbe frequeory
of oca.ureacc po rad tbc strcagr.b of coo.Eroatioo p" erc dcfiacd
rs follows:

F(s,n4)F,-ffi'F(s,/q (t)
\-tl

F(s,n4)
,'. - -iGf - F(Dr/s,) (e)

rrbcre

{(Enq ) ebrclutc frcqucacy of occurreacr of .1, ud QF(D,) ' rbsolutc frcqucncy of occurrcocr of Q
F(t) rbsolute frequcocy of euncae of .{
F(5,/D,) conditional frcqucacy of S givce Q
F(Dl/5,) coodruoual frcqucacv of D, gvca 5,.

Witb dcfinitions (E) and (9), ertcodcd sbGricäl araluatjoos of
Llorra medisl r=1"66n<hips or rs yct u.n.idcorijlcd rdauooships
ce-oie erricd qg1 ,rdng dau oo patieou wit! confroed diag.

D. Thc Diagnastic Prras
I ) Symptoas: Tbc ryzrptoms of thc paticot -" bc rotcred i-oto

CADIAG-2 iD tbft! wavs (descnbcd in dcuri in [Ef): a) by
Däturd la.oguage i:oput of syrBplons S,; b) by uatural lelguage
bput of Lcpords t-hat tr!3ger wbole groups of syurptoms .S,; and
c) by ecccssing e databasc contaiarog tle p:ueat's d:t: rnd
tra-osfcrrilg inforsration via a .fuzy ilterpreter.

Natr.u'al lalguage input of synptons 5, srcb as 'hig,b forer."
'davated GOT," or 'blood stool positive' is rchiorcd by a

wrDplom scarcb algorirhn witb an csrbedded word scgrneouuon
dgonüm that alloc/s the usc of synolr'Es r.od abbrariauons.
ort-bographic variaru" rad djffertat medical sufh:es.

tnput of Leyweld5 sucb as 'prescot complainu." -pnlious
compiaias," 'blood count " or 'ultrasooic" causcs shole scc-
tions of tbe syoptoo thcsaunrs o be displayed. Subsequcotly,
fuzz-v vducs c:n !6 linlrs4l sritl t-bcsc synprous by the physicial.

Tbc cxisteocc of e daubasc tbat dready conains tbe paticat's

')Eplolns 
sugS,esls tle automauc fransfer of inJormaticin from

tbe databasc to C-{DIAG-2. Durirg üis tralsfer, tbe data is
passcd tbrough a furzy interpretcr, whic!: co'ltrin< instructioos
ebout the 3.ssigmot of f"-y valucs to obscrvations. leb tcst
resuis. r.od aco si.urple alpbanu.u:cnc texs.

After t!c paricot's sytnptons bave been collccrcd.
synptom-syrlptorn iafercoccs rrc pcrforu:ed. Tbc rynptom list
cDgr:in< ell ncccssalv itcros of d:a ildudilg fr-y value. origio
(mcasured: iafcrred). prcdefiacd qflnplorn d:ss (rouuoe: spc-
cidly requcstcd; i.ovasrve or crp<nsive;, ouracrical veluc. uruts.
rnd datc of obscrnatroa Tbc üst of swrotoos ü üca cbeclcd for
coorndictioos-
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2) Symptom Combinationt: Intcrocdiatc combinetioos of
rymptods erc waluatcd ia tbc ocrt srcp. Having pasrd tbc
@n.i.tcoqf cbcct, firzy valucs for dl qpptoo coobinations rre
computd. Tbe rcsultbg lisrs are oow as cooplctc rs possiblc end
do oot contain ray contr::dictioos.

3) Coa/inncd diagnosa: Tbc fr.rzzy vd"': po - 1.00, ia, coo.
Erroed. di'gnof Q for padcot P., üc idäd6cd uoi'g rbc
touor^nt cquauoD:

1) Exc,hded Diagrasa: Thc fuzzy vd'^ pa - 0.00, ia, cr-
Cludcd di:groscs Q for paticat P., are idcarificd usinB

( t1)

Discasc-discasc rclatior.hips now altoe, thc injcreacc of furtlcr
dirt.oscS (confnocd or ar.luded):

6) Explanation of Diagnosric Renlu: Thc pby:ici:a's ecccp-
r-'cr of CaDLAG-2'g diagloscs dcpcads srroDgly oa tbc abiliry
of CADIAG-2 o crplain its di:g.ostic outpuL O'g rcqucs! the
inf orro:tioa supponiag coofrocd diagloseq crdr:dcd d ir o n 654a
end posstrlc di-t.oscs ir prcscoad; rhit 1al6 tbc forro of tbc
aa-sres of thc oedic:l catiticg tbcü dt6n;ticras, thcir aeasr:rcd
ud fi:zy vducq aad tbeir rclationships !o thc .li'fcstic ourpul

7) Progosah lor Fsthcr Ezaminatiotr ol thc Parient One of r.be

oaia objcctives of C^DIAG-2 is !o provide itcrative coosulra-
tions, starti.og witl si-oplc, casy.torlranbe, rld chrp darä- A
luEb€f of possiblc .lirgnos€s rn usually bc idcsTd lroo tbcsc
daq ard filrtbcr cr.a-rai-oatioos are thca occcss:ry o coa.6rm or
cxdudc tbcsc bypothescs- CADTAG-2 uscs thc ocdical inforoe-
tioa srored ia is tloeledge bas. to proporc rörr fora tbcsc
furtbcr cram.i-oations $ould te&a Tbc synpoos lor lunbcr
lrudy arc dcarly tbosc th't sould coof:ra 6J rrclrwle e partioJar
di^fosir Addirioaally, tbosc qlmptoos whicb ahrnr r.hc posi-
tioa of tbc possiblc rlirgnosis in thc ra*cd lisr of dt possiblc
diagnoscs are dso iodicatcd.

8) Unapleincd Symptotw: Tbc confiroed fiam^s ud aay
66aining possiblc diagoscs should togethcr cxpieia ray patbo
logie.l rynptoo, i:rdicatioo" ot leb t6t rc$ir of tbc paricat-
Unexpl-ins4 d:ta (usudly) i-odicatcs furtbcr discasr: rlat shouid
bc invesdgatcd- 

!Y" R-esuLTs

,1. Rhewtatic Diseasa

CADLAG-2//RHEUIIA has uadcryonc partid trss wir! da..
trom paticos et a öaroetologcal bospiul A sordy of a00
paticots vit! öcu.o:oid .rtbritis, tout, Ecc.btcrls'l dis.!sc,
Sjögtco's dis€as€, 51'51mis lupr.rs crytlcoe15s,f Rcitr/s discasc.
ud sc.icrodcra: sboeed t!:t CADLAG-2, 6!r'ingd tbc correct
d,i:on65i5 in 94.5 pcrc-t of tbc cascs considcrd. Thü 6gure *as
caJo:latcd by coopariag tbc discbarge dirg.oscs csublished by
tbe consuiuar et thc öcunetologtcal bospiui (rsoocd to bc
correct) srtb tbc conf:rocd end possiblc dia{,aosc: aadc by
CADTAG-Z Most of tbe ceses ia shich dia'iaj di:geosc cou.ld
Dot b€ coo-6r6ed fcil :ao t/o class6: l) tbc prdclt wu il
bospiuj oaiy tcaporariiy to cicct tbc cfficacy of drug alrcady
{nini<16a61 ud 2) the patiot sas ia tbc ceriy st4s of one of
tbe öcu.natic discasc considcred: in ai.aost all of tbcsc cases a

Possrblc 4i:gnosis rlas srggcstc4

B. Pansaltc Discasa

CADIAG-2/PANCI-E^5 sas tcsted witb daq lroo 47 pa-
tieots. Tbc discharye diagnoscs of thcsc paticos wtrc lssuocd o
bc mrrect-

Pancreadc c:rnc!f, iras coafrmed tbrte tiner CoaEroatiou
gas aided by tbc cxiscacc of a resujt "Specifc abnoroai pan-
creatic biops_v," which b:s e strcngth of coofroadoo p. - I.ffi
for pa::cieauc .-.ctr.

Possrblc blpot-bcsc ecre geacratcd for tbe otbcr cascs. and the
beunsoca.lly detcrmi-oed !u6b<r of poi-Bts w15 trlrgs es tbe be<i<

for cvaluatro!- Tbc resuirs ate Eivc! ia Tablc Itr.

TASLE III
Coxrrer:ox ol CADLAG-2 Possgu Dr^cNosEs (4. C^srr)

Wrß TrE Curncrr Duoxog.s

Cliaical Dir4lcai:
Pcrcaqe

of cescs

CADIAG.2'l di:lr'osrs vrü rlc hjgbcr ournbcr oi pornu
C^DIAG-2's di'tlorir vrü tlc t ..'od Lig^bcet onrbcr

o( pciats
No CADIAG_2.ti,grloer

(r'7'(r"4) - t'm
lor
I r's( r,,4) - t.m

pe, - 0.@, iI( or

l116(P.,4) - t.m
lor
(r'6(r,,4) - t.m.

(r,5(n,'Di) - l'm
pa, - 1.S, iI ( or' tras(P*Dr)-t'm'

f 
t.*, irp"B(p.,4) - r.m

Po, - {0.ct0, ilp"$(P.,4) - t.m (12)

t0.m, if prrl(p?,4) - 1.m.

[,.,,t (P.,D,) <o.gg

I and/ot

ili. < r.";( p.,D)) <0.99

I nd/ot

t,. *",g(p.. 4) <o.gg

(10)

( 13)

5) Possüle Diagnasa: Mcr.bod a): Furzy vr.lucs pp sucb tbar

ir1;1ß"l,O. 
rt iadicarc possrb lc diagnoscs- Tbcsc are-äcrcrsrioed

tLnt - rrtaxlr.J( p., o,)t r^;(pr,4):rrg(r,, q;] ,

Metbod b): Bccau- rhc vducs po, calo:l:ad by (13) arc
ildepcodcur of thc ou.mbcr of rulcs thät can bc uscd to suppon
D, a beuristic fulcrioo is iltroduccd which cooriders tbe ouobcr
of criteria prcssot or partly pressor, whicb sr4gest but do nor
confirm discasc Q. Tbc fuacrioo thea cajsularcs lbe corresoood-
ing number of pciias PNo,. Thc valucs of No, e hctpiul in
;udgng bcrc/ec! the various possiblc dja€!o*, air.bough üc
qltim2ls aim sbould b€ to oblair a cou.firocd di'qlosis. Tbc
D"nbsr of poinu PNoris calculatcd as follocrs:

a.

tno, - too I { o -io Irr..( pr, .t) ; prb(s,, Dj)l

'-r 
+p Ei![r".(1..T); r"r(q,o,)]], (r4)

where rn' is tbe oumbcr of symptoms_ exhibircd by rhc patieot p,
that occur in r.hc dcfrnition oi 4, atd c + p - l:00. Ätprcscoi
we geaera.lly ralc o - 0.09 arä F - 0.91, lc, tbc suägü of
coofinnation h"< tco ti.cocs oorc inJ'lucoct rhrr g3 frequsoc, of
occurrcoc€ on tbc valuc of PNn . Thc oujtipücauon of rhc sul]3q/ilb l0O is carricd out ia ordä 16 6lrein'-ciy rcadable end
mcoorizablc poiat ouobc-n

t4.I

6.t
9.1
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GISMO A Visusl hoblem-Stnrctrring rnd
Ibowledge-'Organizati on Tool

W]LLIAM E PR^CI{T

Akttacr-A vtnll poölco-cuturint üd bod.{c+4rnizttion
lcchniqrr rpdicrbL lo complcr ut*nrcilrsd d.dsio.EdjnS riturrions is
F6.nrcd Tb. roa. of lar4cr ia ttc h.urrrrr cogrrirlrc D.c.ss b bric0y
crrarincd to r.rvc rt r blsis lor r l'tcdlod drrt Gnrbl6 i:divirlurls to rgplp'
ti: porcr o{ tfic coargutcr to Fölca rnrruri4 ia r aurr urrt doeell'
rt=eobliq tllc nrnprJ $oqh poccr- Firc pärsa o{ intcrrrivc peoblem

rnrnrirq /lrrlowlcd3c oqui.rrriorr rr? drssib.ü l) gccilyiq tb. g.ob.
lan clcnrnt\ 2) sgrilyiq täc rtbtionship btren tÄt c.hocnts 3)
lplcilyi4 tbc srnfdu rnd dE &byr for ti:s rr{rtionöipr l) con.
fn.Etint r viod rgrcntrtio{r oa thr foblcn ollcd r dignpfi rrd 5)
nlinin6 end rcddng dirrttl tiö ö. dlgntL Tbc c{fccrr on dcsrrion
anlcr o{ tü. ri$rl groölco ornriry ld rrc di*sd.

brrrogucnox
Modcra computcf,:i bavc bceo succcsfully rgplid to tbe solu-

tion of problsns for ocarly hall r ccutury. Froo tbc caiculation
of ocnr trejcctory teblcs for diffcnnt qrpca o( rrtillcry ia tbc
t9{O's to tbc laodi-og of tbc spar. sbuttlc io tbe 1980's, cooputcrs
bave beer urcd by profcssioDajs i! tbcir li.oc of rrork. Thc
inuoduction i.o 1975 of the microcooputcr !i:dc the power of tbe
computcr rcadily rveilablc to sEall oBaüzauoos aad iodividuals.
Accompa.oying tbe npidly iacreasing n"obet of mjctocosrput.rs
rre basic cbaoges ia üe phiJoscpby aad conpicrjou of computer
rofre/are. No looga b tlc tylpical uscr eD spcrt i"o computen
rod so softwsre is fr.st bccooiag "fric[dlier" :!d Eorc attractrvc
to thc rod uscr (i.a rDorc i.Dtcr:rctlve ald us.f,€ncrtcd). To put it
r"Dothcr Bray, wb:t thi< 6gas5 is softwarc tbat pcrmif brtfta.os to
us. tbal yi5ual rhinLing ebilities to solve problclrs rathcr tha!
thc prwiously Eor€ clrDrloo produral. rcrt+asd approachcs.
Visicalc the dcctroaic visiblc c:lorlator, is a wcll-Laown caamplc
of üis ryp€ of softwere.

Thü.rsuai conputilg crvitonmcÄt does ildcd 6rblc us€rs to
rpply tlc power of thc computcr i.n a ma.o.ner vhich more clorly
ressEblcs tbe natural tbougbt procBs€s iavoived ia br:.cran prob-
lco solvi::g. Wtrat ü laelring, boworer, 15 35 in:tc-bascd tool to
lssist us.rs' yi5ual thinking proc6s i.Dvolved i-o probieo formula-
tion. A grcät dcal of cffon has b€so erpc,cied in dcveioping
Ecbl.iqucs to r(<i(t iDdividuls il solvrag problens. Wbat s
Dccded Dcxt are tools to bclp problco solvers conccptr.alizr a.nd

foroulate probleEs" It is tbe coEputcr's capabrlqr icr rctatning
end displayrng im.ages (i.c. knowlcdge rElatcd io problem situa-
tioos) that gives it pcrhaps tbc grutest potcuaj for assisung
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