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Absrr.ca. MEDICUS (6odelint. qxplaDation' atd Ciagnostic suPpott for cohPlex
ur.dtah rübiect matleis) is e inle iSent mod'lin8 ed dia8nosis 

'nviroMeDt 
d€sigDed

to suPlon tbe onstluction of exPlan.tion models dd diagnostic re'soniDg in domains

wber;^knowledt. it conPlex, lrasile, and uncenai! MEDICUS is dereloPed in

collaborltioD w-ith several nedical itrstitÜtioDs ir the ePideniolotical fields of
eDvnonmetrtlrly caused ati6e4es ed humd tenetics UrcettaiDty is büdled by the

Bryesie fttw;rk aPProach b no.khn& tbe us'r @'tes a Bayesia! ßtwort for the

pottem at Uana, re-celving belP iüfomarion 5nd 4PluttioDs ftoE lbe svslem This

äiffers fron ensbg rea$nirg syttem bsed otr Bay€sia! rctworls ie iE medical

doDaiis, wbich cln;iD a buif-in tDoeledge bse tb my be u*d büt not @at€d or

nodiJieri by the üs€r' MEDICUS suPPorls dd8@sta 'eaoritt bv PrcPosi!8 diaSoostic

hypotleses and reco$mending €rMiDations ln this PaPer w' will focus oo tbe

mdcling cohpolent of MEDICUS.

l. Introduction

Medical diagBosis is a rcasoDing and problem solving t2sk üat cante quite difficlrll.IBdrows& TambbD 19E01'

feo.boi""n"& S"b-iot r9921,-tEbGin et al. 1978i' tElslein & Bordage 19801, [Patel & Grcen 1986l One

orerequisite is üe avaitabilily o,expir,alory models of disease.s, tleir etiologies, and sldlptoms associat€d witl
ü".]ru. r. .,p".rarv t 

"jin 
you'ng meaicl suroomains {'iö particultrly complex' inieflelale-d' fragitre' and

oocen irLo*i"oge. i*o examples-are the epidemiology of diseases ca.sed bJ enviroDmental influenc€s' like

rnllütion- strd of diseas€s cause,rl bv human genetic defects Mucb of the howledge in tbese domains is nol yet

;;;Äü ir ;;G;;. way, anä cbar-cu-t oronomies and explanatory models of diseases have not been

a"*f"pJl", itff m* do aias are getting increasingly ißponant. This is.reflecled by the fact that they

r"ariuJinc1i""iog "ttoti* 
in medical sc;nc€; üiv€rsity as weüis in postqualilicarion coüses fd physiciaN'

_1" 

ti" Oo. ioi oi*uiro,**ülm€dicine and hu'an genedcs, explanatory models of dis€ases ae imporlant i) iD

Äio..iotoei"J...""ro io order to sysrcEalize info;ation ftom s€veral resoüces, tike epidemiological südi€s

Ääiurrä"""*", irt a pr.vide a bas; Iof making e.g. €nviro0mental examinations mofe efEcimr, aDd üi) in üe

äot"rt of -"aiä riaioiog and qualification. Th-us the leatner should bave an c4['cr$nity @ adilel, conttruct

rrodels of diseases, tleii possible causes, and tie symptoms associated witb them, and to evahal€ th€

-n"*o*ces of mse -oaeis. In this way üe leamea acquiras and uses tbe loowledge nec€ssary for diag[oslic

"Ätir!. F"trt*."", ,te leamer shouid nave an opJrortunity to attively pedorm diaS3ostic reasoning ald !o

apply diagDostic st€tegies.
t*iJriog iotp'r.r-uria.yst€ms süpponing medical Ieasonine (i.e MYCIN [Sbglq{fe 197-6] CASNET tweiss

J rr. räA,ip fsr"ro'd a pautü rszei rssrl' INTERNIST Mire' et al. 198-21. ABEL lPatil et al' 1981]'

l.iEsToR ic";p;; 19841, MuNIN [Amireassen ei al. 1987]' PATI{FIN'DER fHe'keIman 199U' see also

rn"rEronn ä 
"r. 

is9s1) ,; pdnarity ained at proposing diagDostic bypotheses, giveD_available clioical evideoce,

ä"J t"-i"gj*i i*tfi"r Oiägrrostii evidence'gaineririg s[ps, for example, for differeodal diagnosis (e.9"

fHaat""",äir 
"r. 

19921). S;me systems, like-CASNEf, atm generate uerapeütic recommendätions and bave

iorääp"uri yii 
"iprli, 

tteir reÄoning sops. nut none of these sysrems is atesigned to suppon üe crearior ol

etolanaiom ädels iot dtse3ses and üe u?iDiDg of diagnosric straEgies. ln coopefarion with s€veral nedicd

äi irUonitffätl e",lority oI Oldeoburg, Do;umentalron and lDformation Cenkr for EnYironmetrtal Issues'
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Osnabrück, Medical Institule for Environmental Hygiene, Düsseldorf, Robert-Kocb Instirute, Berlin), we
crffendy develop MEDICUS, an intelligen! modeling and diagnosis enviroDment. Tle aims of MEDICUS are

. to assist a user in developing a mo&l of prceived causes, efreqs, and olher rclaionships in a alomain
of jnleresL The user may be a leam€r in a Eaining context or a prcfessional iütdested in creating an
explanatory model sunrnarizing epidemiologicrl tlpotbeses and fmdbgs.

. to assist a |rser in diagnostic reasoning trsks. Again the user may be a leamel itr a training context,
or he / she nay be a professional planning, execuaing and evaluationg for examplg an environmental
monitoring survey (i.e_, chemical analysis of air in rcoms).

MEDICUS differs from existing medical eryen syst€rns by being desi$ed to suppoft these two activities:

. Model coßttu4tion ß $prf']ed by a lingoisric model editor based on a simplifieal natural languagg
and a graphical model edilor for editing Bayesian networks. Aft€r creating an inilial linguisdc;nd7or
graphical model of tie domain of interest, tbe modeler may furtier specify, evatuate, and revise rhe
model at a qüalitatir€ änd qualtitatii€ level.

. DiaS-nord will also be suppofted qualitarively (i.e., wlBt informarion is necessary in 6der to support
or differcntiarc between what hypotbeses? I and quanrihrively (i.e.. how strongli do new facts afteat
diagnostic hypolbeses?).

Although MEDICUS is developed within the mentioned fields of medicine, our intention is üat it will be
eplicable in general in domatus of uncettah and complex howledge. Tbe next s€clion gives an overview of the
design d€cisions for üe system. The rhird s€ction describ€s the modeling componen,of MEDICUS in some
detail. Th€ fourth secrion giv€s a brief sketcb of tbe stare of the diagnosis aupport component. Conclusioos and
di'rections of fürther work will tle sketched iD tbe ctosiog section-

2. Design Decisions for MEDICUS

Model construction and diagnostic ressonitrg can be viowed as problem solving tasks. ln order to create a sy$em
designed to support problem solving in a howledge domain, design principles are required tbat are basea on a
theory of pmblem solving and knowledge acquisition. For tcaining atrd howledge cor;munication contex6, we
developed design principles leading to lhe corcept of üt Intelligent probleh Solying Enyironnzü APSE,
Möbus 199t): Tbe leamer acquires klowledge while working ön ä sequetrce of pro6bms, acrively ,srtjrS
llpotfteJ€J. Tbis means that tbe leamer deates solution proposals, t€sts hypotieses tbout their coirecEless, and
the systeh analyzes tbe proposals making use of an oracle or an expert loowtedge base, and provides help and
explanations. Tbe lsycbological foondarion of otrr IPSE approach is the ISP-DL Theory of howiedg€
acquisition and problem solving (i.e., Möbus l95l) wbicb is influenced by tvan Lehü 19881, tNewell 19901,
tAnderson f9931, [Go witzer 1990]. Brielly, it s6tes that new krcwledgtis acquirea as a resutt ol proUtem
solving and applying weak heuristics in respons€ to impasses. In contrast, existing loowledge is optimized if
applied successfirlly. Füflhermore there are foul distinct problem solving phases: deliberarjng;d s€tiing a goal,
plandng how to reach th€ goal, execuring lhe plm and evaluating the result. The ISP-DL Tbeory leads !o seveDl
design principles for IPSE s Möbus 19951. For exanplo, füsdy, tbe tbeory states thal the leam€r will appre4ia|e
helpat a! impasse. So üe system sbould no! intefiupt tie learner bur offer help on demand. Serondly, 

'f;edback

qd help infodBtion should be available any time, aiming at the actual problem solving phase of the leaner.
Thirdly,Ibe leamer should be prcvenEd f.om trapping into follow-up impasses. Thüs böb infomation should
refer to tbe leafler's pr€-howledge as mucb as possible-
Ile system !o be descfibed here is designed accordiog to these crileria. Help infomEtion is or will be always
available @ demäDd. Planning a mjdel is facilitated by üe simplified-natral-language oodel €ditor alowing lhe
leamer to stäte bet or his ideas in an informal way. The evaluation of models is aupponed qualitativeltand
$ültitatively- Close conespondedce to the leamels kowledge will be acbieved by giving help tiat chatrges the
learners proposal as litde as possiblg (minimal cofectioDs and minimat completions).
ftom the beginning, computer-based suppoft of medicat reasoning haal tolace the Foblem of üncertailly of
lnowledge. Uncenainty s?s handled by heuristic approaches (for example, in MYCIN, CASNET, i'lp,
!ITPBNI!!9I 4!EL) as well as in a Bay€siar, probabiliry-based way (for example, in NESTO& MIJNIN, or
l4nq[\IDER) W9 choso rolandle onceübry by rhe Bayesia! Detw@k approa;h. A Bayesian nerwork (e.g.,
lNeapotitan 19901, lPearl 1988]) represenls krcwledge as a set of proJ,ositiona.l vafiabies and probabilisic
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intenelationshiDs betw€en them bv a ditecEd acycÜc grqh The variables are tepresenkd by tbe nodes of thr

;;i;ff;iJ";Jv oirecei arcs. The retaioos are iondnionat probabiliries (eacb variable conditjoned on

f,.T;;; ;-;-.;"-;;'iir-hat denne a;oint prouatililv distributiotr of the variöles Tbe left of [Figüe l]
;"il;-sil;;h 8"""6 tetwol* änd tbe 

-corre-sponding 
joint distributioD lndepend€ncies between vadables ate

ä;;ä;;;;;;, .ni"n .itpufi". ti" 
"otüPontliDg 

corditiooal dismbutions For examPle' iD üe

""T". üi"-tr"it, 
"r 

rrü*" i l, rte uariaütes "reuer" a"d i'mre Goat ' are indepeodeot givetr trowledge abour

;iiln;;;'i ffd iniecil;oitt-"t;. rni. -"*. tLt the infoffntion "fever' is üot relevant fot the hypotbesis

"*" iäL-<-a "i* 
ti"a) if it is already lslown whether the padent bas influenza and a thoat infectioü

@ and wilb (on üe righo indep€odencies

An imDortant re€son for choosing tbe Bayesian network approacb is that it slPports qualitative reasoning A

nhv.ician ensaeed in medical dlagnosis proceeds in a higUj iebctive marmer li;., Elsrei! el al. 19781. Tbere is

i;iüil'ri;ffi;;[ü;,tv.-"u" .*itain"a uv 
"*pt;dng 

indePendencies Lhar are also present io Bavesian

,"t*otü. O* t"ui"u,. of ca; sqdies in tbe dom;n oi envirorureoat medicine support this blTtothesis. There is

;;;;;id";* that qualitative reasoning as supponed by Bayesian ßtworks correspoods-closely to buman

,ä*t-r*-o"L-. Llitg*aDo & 'Ihüring lgg3l twaldmanD & Holyoak 19921' lHenrion 1987]'.;i;"äi;;;;";A;;.rni 
oempste.-s'-larer iläorv of eviaenut reasonine fi e lccdoo & shordiffe 19901)

a.*. n ,t r.ouirä a coorntete Droba6iüsuc model of tie siluadon. so il can drsdtrguisb betw€€n unceflarnty and

ä"rr *Äi,Gi .r*"it". ,{ cons€queoce of this is tiat b€lief a'd disbelief in an eve do not have to sum !o

ffi:, i"ä;ö ;i;il;*jt r.Ä-tr" p.iiti* *rief h a ser of possible evene to 
-their 

mere possibilitv- so

tl" ä.p.tolSufo n"ooy allows to rePresent beliefs, disbeliefs, and uncomnitted beließ' rcquiring two rdües

ö;"i;ü;;biiil, ;.i; of one irobability measure Tbrs does not s€em o€cessary at.the current stage of

ü- ä1""J il 
"oai 

i.;", 
"ithin 

üe proüability'b;ed approach we cm relrcseot the uncedainty ol probabilities

# i:Jää;üä;ilii*. rc[i"*"'*'ts8sl. tNe'apolitan leeoi fPearl 1988] so we conside' the

"roiffi; 
la; fi;;.t tumiiint rot o- p."'.oi "i.t *hicb is not meaot o prectude oüer meüods at laer

iff-ü-s", Th.r* t""*os with propositions tbal have vague meanins Again tbere is a loowledge acquisition

"r.l,r[_- 
i."-_ü; 

"*"i.ition 
odna-ny membership funcdoos. Bu! h our applicarioo domarn, lhere are Eany

ää;;ä6"i;;ä;lii";**iä t."a*n " & "rypical svmpom" tser also the a\amples below) Therefüe

;?;äil;;düi;ä ä"""ni a."c'i6*, ittt" ine lavesian newo't approach bv acquiriug coDihtiooal

disüibutions for fuzzy relations.

3. Modeling with MEDICUS

This sechon is organized in lhree steps: First we describe how the user may create an initial model_ Then we

"lo*_no* 
r"mlivs as.ists the us€fln üe quaticative revision of the model. The tbird subs€ction descfit€s the

quandotive sp€cificatiotr of a model.

3.1 Itritial Model Formülatioh

One of üe two main goals of MEDIC\JS is !o assist a user in developing a model of causes' effects' atrd other

ü;:"":"rfrp'J ii 
" 

oi"iri;oiinte.est, whe.e rhe user may be a learnei in a training context or a professional' In

p(influenz4 infection of tbroal, fever, sce thoa0 =
t(fever t sorc tboat, influenza infection of throat) *

p(sore thrcat t influenza infection of thrcat) *

p(influenza, infeclion of tbroat, fevet sore tkoat) =
p(fever I influenza, infe.lion of tbroal) t

p(sore tlroat ! influeoza, infection of tbroat) *

p(iDfluenza I infe.tion of tbrcat) * p(infection of üroao p(influenza) * p(infectior of lhtoal)
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MEDICUS, the nodel is reFesented with a fomat tool, Bayesian network. The reason !o use a formal tool is
to have.a pjecise tose for reasoning and commrnrication, and to be öle to derive cons€qu€nces (in-ldepend€Dcies,
aposteriori distributions) wbich can be used for Foposing recomnenilations, help, and modificadöns. At tbe
same time it is necess€ry that the modeler is able to state her or his ideas in an infomlat way which Vhe is us€d
!0. Thercforgve develop€d a simplfied-natural-lrnguage model editor ("linguisric model edi!or"). After scating
his model in thi-s editor, rhe system can generate aD inirial graph automaticaly. Allematively, the user may al6
crate a grapb dirediy in rhe graphical model ediror.
[Figrre 2] sbows an ex,rmple from the linguistic model editor with five seDtenc€s from the domain of
envi.onmental medicine: possible effeats ofb€nzol. Each sentence is pla@d in a senteoce fielal. In oder to c.reate
sentences, tÄe modeler Day s€lect variable categories, relaiions, modifier, and logicaljunctiotrs ftom a meru, and
name tiem. Tbe relarions are classified based on i) prcbabilistic conceprs of causatity tsaimon l9g4l, Isuppes
19701 organized according to 'kiDd of influence" (positive / negative) atr(l .atirection of influence" (forwär4
bacll1qd: or-un9irecled), and ii) has-pan / is-a hiera.cbies. Tabte 1 shows this lzionomy. Retations currendy
available in the linguistic model editor are marked by asl€risks, but the modeler may introduce bis or her ow;
rclations by specifying üeir kind md direction of influence. The sentences cf,eated by the mod€ler are checked by
a definite clause gram['ar. Besides syntactical correcüEsi seEEndc Estrictions are cle,ckerl, Tfu modeler receivei
feedback if üe granmar finds efiors.
If tbe modeler asks the system to create a gaph ßFes€ntation for lhe model specified in the linguisric model
editor, a graph is cieated in lbe graphical model editor lFigure 3]. The graph is a! inirial heuristic proposal which
may have to_be refined by lbe modeler qualitatively and quantitarively (see below). In d€ating tbe graph, noüns,
that is, vadable categories nämed by rhe us€I, ae rcF€sented by nodes (propositional variabies). Töie 2 shows
lhe propositions assigned to the vdable categories. (If not specfied otherwise by tbe user, the sysiem crea@s
binary variables by default.) The relations between nouns de represent€d by links as depicred in the dghElost
colüln of Töle l. For rclations desdibing undirectod relarions oike "conesponats to.), a dialog is evoteä wtrere
the l€amer is aiked to sp€cify the direction, or to specify another variable as the cornnon caus€ or effect of the
corresponding \,9riabl9s.
When_th-e gr"aph is create4 natural-langlrage expressions of the conditional distribudons for each node (resp.
apriori distdbutioN in case of loot nodes) arc cteated. Tbey can be iDspected by lhe user, Furöermore, the u;r
nay ask fo. an expl€nation of üe relationship betwe€n rhe sent€nces in the model editor, and the graph. The
explanation is based on the laxonomy of @tations shown in Töle 1. For example, the dircction of t tink is
explained by üe dfeation of influence of tie verbal rclation represented by tnat ü!k.

3.2 Qualitative Model R€vision

After the iniaial formulation of the mod€I, it has to be analyzed and possibly revised on a qualirative level. In
padcular, itlas to b€ verified thar tbe depend€ncies and indep€ndencis implied by the grapb correspond lo üe
intentions of thi modele!. As sho*a in fFigllle 1], in Bayesian networks indelrenalencias äe expressert by
missing lints. For example, the gmph in lFigure 3] stäres üat anaemia and leükopenia arc indepnden! given
be[zol (tbat is, p(araemia I benzol) = p(anaemia I benzol, leükopenia)). This meatrs that bowledge that a p;dent
suffers from leükopenia is not relevant for tbe hypothesis ttrat he suffeß from anaemia, if it is krcc,n whether
lbe patient is expos€d to benzol. In contras! if nothing is klol^,n atlou! benzol, infomrarion aboüt leukopenia is
useful for the b'pothesis "anaemia' (p(anaenia) + (anaemia I leukq'enia)).

1.

2.

3.

4-

5-

Ieukopaia Ksornüjn)Es Surings Kitriut $n?äiäi of ,ntcout nenr"

Figure 2: Five sentences created in rhe linguistic model editor
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Table 1: Taxonomy of relations üs€d in lhe linguistic model editor

Pm|nnidn

Dirccted and undirected relations:
kind of influerce

Is-a and Parr-of hierarchies: I l"lT:g:'

A prevenls B
A suppresses B

p(B lA) < p(B)

?"
Qn

A causes B*
A brings about B*
A triggers B*
A may lead to B

Bl A) > p(B)

A follows B
A is consequen@ of B

p(AtB)>p(A)

A does not follow B
A is suppressed by B

p(Al B) < p(A)

A cüreq'onals lo B*
A occüN with B*

A is exanple fo( B* A is exemPlfied by B

A contains B* A is pdt ofB
p(BlA)=I p@t-Al=0 ?^

Qu

<)ersoD>

<objec>
<s[bst nce> Peßon has to do witi üe substance <substance>

Tabl€ 2: Propositions assiFed to variable car€gories

Similarly, "necrosis ofmucous meflrbrme" and "chills" are indeFndent, given howledge about leukopeni4 but
"leukopenia' atrd "cold" arE dependeDt given "chills': lf it is hrown lbat a patr€nt su-ffers fim cbills, then new

evitlence üat weatens tb€ h)?oüesis "cold" will strengthen the b)'pothesis 'leükopeaia', and vice versa:

Weakeüing otre explanation for 'chills" s8engthens lhe other one. For example, if we le€m that a patient

sofferitrg from chtb has leukopenia, then we have atr exPlanation for tbe cbills, making the altemative
explrnation Ccold) less likely. Fodnaly, conditional independence is des$ibed by tbe d_separation criterion

lPearl1988l.
Itr MEDICUS, we *ant lhe lspwletlge of the modelet to be acqüired in a way tbat is at lhe same time
coEforlable to üe modeld and informative for gen€tating iüdePeadence assertions. Thereforc, a loowledge
ecqrisition facility is correndy developed thar can be us€d fot modol construction and fot model i€lidation, that

is, for verifying or rqi€ctiDg the indepetrdeocies intrerent in the graph. The system offers a diagnosdc aliälog lbat

Foceeds in three steps:

1. For a case, lhe modele! specifies tbe initial data and symploms, i.e., Iesul6 of history taking (left window in

lFigurc 4l: for example, 'benzol", "pa[or', and'cold'). Nex! he specifies a bypotbesis (midalle window in

lFigure 41, for example 'atraemia"). Thitdly, he specifies wbat infoüration he considers relevant for his
hFothesis, tbat is, wtat iDformalion he would look for oext (tight wmdow in lFigure 4]: "oxy€en deficietuy'
anit "vitrmfu supply" in tbis case). Indepenalency asserlions are constructed from this dialog in lhe folowing
way: Informafon rot considercd leleva lo tie h,'lolhesis by üe modeler, given the initial aläla and slmptoms,

Person is <Person>
P€rson is in tXe state <stale>
Person exl)€riences the event <evenD
Person performs tbe action <action>
Person has to ö wirh tbe object <objecb
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is tndependent of the h)?olhesis, b€cause it is not considered informative for the h),pothesis by lhe modeler. In
[Figlre 4], "chill- s' was rrr selected in tbe dght window, so "chills. and ',ana€mia' are considered independent,
given "benzol:', "pa.Ior , and "cold': p(anaemia lb€nzol, pallot cold, chi[s) = p(atraeDia I benzol, pal&, colo.
Similarly, "leukopenia" and "necrosis of mucous membmne,, were also nol selected in üe dgtri window of
IFigur€ 41, so p(anaemia lbenzol, pallor, cold, leükopenia) = p(amemia I benzol, pallor cold), and p(aoa€nia I

beüol, paltr, col4 treclosis of mücous membrane) = p(araeEria I benzol, pallof, colo.

figüre 3: Cr"aph r€presentation in the glaphical mod€l editor generat€d for the s€ntences of lFigure 2]

Figure 4: Diagnostic dialog for the acquisition of fuiormafon about independencies

2 The modeler states the hlTotbesis that the graph is consistent with the infonnarion spe4ifred by her or him in
lie diagnostic dialog. Th€ system analyzes üis hyporbesis using the d-sepa.ation criterion. If aliffercnces are
foun4 a graph is construcred intemally lsdnivas et al. 1990] ftom tbe dependence aDd indep€ndence assenions
a.4uir€d in lhe diagnostic dialog. This intemal grapb is comparEd to the modeler,s graph. Tbis may lead to one of
lhl following resüfts: i) Th€ modeler's graph and tbe in-/ depedencies acquired in üe dialog are consistent, ii)
linls bave to be removed from the gaph in order to be consis@nt wilh the in-/ dependencies, fu) ünks have to be
{dded to the graph, iv) links have to be rcnoved from and added to the graph as well. After the dialog of lFigüre
4l bas t ken placr, üe feedback for üe güph in lFigure 3] is tbat a link haito be added.

i
FI

Pstient dats,
Sumploms

Additionall U needed
informationHqpothesie

benzol

leukopenia
pa llor
orugen deficienc
co ld

pal lo r

cold
ch ill s
necrosis of muf o
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3. On firrlher reqüesl, lhe modeler may ask the systeßr for modification proposals and e explanatioD of lbes€
propogls. For exrmple, after the diafog of [Fi$r€ 4] bas occuflt4 the system proposes for [Figüe 3] to add a
link between "anaeinia" and "vit@in supply" beca[se the modeler speailied tbat "vitamio slrpply" is informadve
ior 'anaemial given "benzol", "pallor', ald "cold". The dirccdon of tbe to-be-added link is not sp€cified in the

syst€rn's pmposal because both directions are compatible srith tle information specified in [Figure 4]. The

explaDation pEsented to (he modeler oll rcqüest is shown in lFigu€ 5].

Figur€ 5: Explanadon of tbe modilication proposal for the Sraph in [Figure 3]
affer the dialog shown in lFigure 4] has occüred

3,3 Quantitative Mod€l Sp€cinc.tion

lvhen tbe qualitative structure of üe model is fir(ed, tbe Eodeler Eay quantify the Del with aFiori aDd

coDditional probabilities, enter evidences, and let th€ system genel,ate posterior distributions. Like in ERCO and

HUGIN, evidenc€ propagation is implemented accoding to üe algorithm of [suritzen & SPiegelhalter 1988]

As Dmtioned al tü€ end of lsection 2], we waDl MEDICUS to gendate the need€d conditional probabifties fiotrl
lhe vedal relalions sp€ctlied by üe modeler in the liDguisüc model editor. This is patt of ollr crErent w6k-

4. Supporting Diagnostic Reasoning

Fot a specified model, MEDICUS generates qualitative diagnostic recommetrdations in a preliminary way
(without a ulility model, Gleckef,ma.n et al. 1992D. For syxoptons given, MmICUS lisß the curendy most
plobable q!&ome h)'potheses, and it recoDmenö diagnostically relel,anl sympt@s and enviromeütal factors

to ccnsider Dext. Tb€se recolDmendations have b€eD abmonsEat€d v,/ith a morc realistic, mültiply colrnec@d net
containing aboüt fifty vtriables to a community of envimnrnental Eedicinal professiooals.

5. Conclusions and Further Work

Together with oür coopffadoD pairers, diagnostic support will be applied to problems of plandng and
iEterpredüg clinical aDd envir@mentrl invest-igations. CureDtly we create practically useable applications for
problems of enviroimental monitorng and human geüetics- With the Medical Insliote of Environneutal
Hygiene, Dässeldorf, it is planned to apply oü system to a large se! of case data fr@ envircnm€Dtal medrcile.
In tbis way it wi]l be possible to construcl a large md realistic Detwork suitable for seriolrs diaglostic Eaining.
One of oür lmg-temr go6ls is to establish MEDICUS wilhi[ university and postqualification coürses. So oDe of
t[e next research goals is to give mde aletai]ed support ald explanations fü diagnostrc re3soning. Atrother
research goal is to enable collaboralive o[ cornpelitive modeling of seveml agents. Thus modeling will become a

Rdd edge betu,een anaemia and uitamin
supplu because uou specified that
uitamin supElu is anformatiue for
anaemia giuen benzol and pallor and
cold
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group activity. Tbe goal of lhis application wil be ro help sEuctüre cases aDd res€arc.h tesulß in envilonmenta.l
m€dicine to achieve a uDified model, o( if this is not possible, to pitrpoint differeDces and contradictions.
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