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The goal of this paper is to giYe an OYerYiew· of a general problem-so!Ying framework for diagnosis. 
im·estigution and treatment tasks, that incorporares concepts o f abducti,·e inference. fuzzy sct logic and 
decision theory. In this work ,,.c focus on t!1e use o f tlus frnme\\·ork in agriculture. "ith an illustration in 
com plantations. The general frame,,·ork models time Jurations and intensit,· of manifestntions as tuzz,· 
sets, and, in the particular case o f agrictllture, it takes i;:to account the faYorable conditions fo r the 
J c, ·cloprncnt o f a given disorder and the se,·erit\' o r its mani festations to recommend a trca tmcnt. togethcr 
with otht:r importam factors such as risk and cost. 

1\.ey words: abductiYe infert:nce, fuzzy sets, diar;~osis. im·est igat ion. treatment. 

I Introduction 

Clinicai problem soh·ing has been the subject or intense interesr b,· researchers ,,·ho intcnd to model 
human rcasoning. Research in cognitiYe science. decision theory and computer sciencc has supplied a 
large ,·ic,,· o i· the cognitiYe process that is the lvundation of lhe clinicai decision-making proccss. The 
main scgments of a clinicai problem are diagnosis, investigrtüon and treatment. The success of clin icai 
problem-sol ,·ing depends on 1 main factors: diagnosis correctness and treatment ~ffecti\'<:ness. 

Funhennore. when lhe inYestigation task is ,,.~!1 Jone. better diagnoses and treatmcnts a re L'bta inecL ,,·i th 
n reduction o r risks an; costs. 

Diagnosis is a traditional tocus of attention in Aniticial lntclligence. Diagnostic n::asoning is a comple:-.: 
cogniti1·c process that invoh·es knowl~dge about a particular domain_ general nnd domnin spccit'ic 
heuristic,; about the diagnostic reasoning itst::l f. and constraints imposed b\· cogniti\'l; limitat ions ot' 
human diagnosticiuns. Systems hm·e been designcd for medicai diagnosis and trca tmcnt. e.g. Myci n 
l Shonli t'c.l 976), as ,,·eJl as "earth diagnos is .. in ,·i~w o f mineral prospection. e .g. Prospector tflemion <.:t. ai. . 

1992 ). :Vlost reasoning framcworks ha,·e becn bu;;ed on interence from the consequenccs to the causes. a:; 
thc onc-; employed in the s1·stems citcd nbo1·e. More rccent approaches base thc inl·c r<.:ncc fr,,m thc 
causes to the consequences_ in an abducti,·e man.1cr. :;uch as Parsimonious CtlYering Theory IPCTl 1 Peng 
and Rcggw. 1990). 

PCT is <~n a ttcmpt 111 fonnalizc abJucti,·c rcasonmg ot'thc di,..gnostic process. Se1-.;:ral <.:.\tcnsions ,·,lr PCT 
ha\·c bccn prnposed ror that purpose. im·oh·mg possibilit\' ti1CI'I"' ( Dub,J i; ,md Pradc. I 91l5a l: inte!Yal:> (\) 
moJel duratinn o r manitcstatinns t Wamcr .m-1 Rezende. I 1ll.l7). und fuzz\ mt..:tYals to trc;lt durau,,n .mJ 
intenstl\ 11t'manifestations (. Wainer and Sandri. l CJ<J8). 
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Also dccision-making i; usuallv cmplo,-cd in the pmccss oi· diagno~is. 1\n agri..:ultuml cngin.:cr. 1\1r 
instance. mnv have to decide which labornton· an:tl,·sis is 111<.\fl: help tul :md cost-elTcctÍ\-c. in ordcr 11.1 
conlinn or ruk out a possiblt: disc:tsc in a gi,·en cr<.lp. Als11. <.lll<.:e a d iagrwsis has been reuchcd. hc/sh-: 
has to deci.dc which of the possiblc trcntmcnt~ has :1 bctter chance o f contmlling the culture. t::rking into 
account prognosis, linanciallimitati1111S and possibh: sitie cft'ects. 

Thc tasks of diagnosís nnd trcatnH.:nt im·oln: decisi<.ln-nwking un<.kr unccrtaint~· - En:n though strongl,· 
related , Jiagnosís and trentmcnts are not ol.ten fo..:uscd togcthcr. Morco,·cr, other aspects relt:,·ant to 

these two subjects nre usually no! gí,·en the neccssarv consideration. Recent works integratc decísion
theof\· conccpts with techniqucs t'rom kno" ledge-based e' per! S\"Stems nnd art iticíal intelligence. notabl_,. 
in applications of int1ucnce diagrams and Ba,·csian 13elief networks rJknrion et. ai., 1992). Severa! 
publications havc been proposcd for qualitnti,·e dccision-making wherc uncerta intY is dcscribed by 
possibility thcmy (Dubois and Pradc. l 995b). 

The goal of this paper is discuss a new integmted frnmcwork ror diagnosis. im·estigation and treatment. 
callcd Fuzzy Covering Theory (FCT). that incorpomtc:> concepts of fuzz,· iogic , abducti\·e inference and 
qualitati,·c decision thcOf\' (Massruhú, 2003: Massruhü ct ai, 200-l). An application of this frnme1mrk in 
agriculturc is presented in Massruhá (2003) and Massruhá et al. (2003). This work is organized as follows. 
Section 2 prcsents the decision-making process in diagnos is, im·estigation and trearment. Section 3 brings 
an e'ample o f this decision-making process in phvtopatolog~·. Section 4 presents a quick description o f 
FCT and, finally, section 5 brings the conclusions. 

2 Problem Oefinition 

f ig. I shows un o,·ef\·itw of the clinicnl problem-so!Ying process. The clinicai probiem-solving tasks are 
dcpicted ns rcctangles ar..d dccision-making tasks are dcpictcd b,· diamonds. On the left-hnncl sick o f F ig. l 
the four ma in stages o f this processare described: pre-diagnosis, diagnosis , investigation and tre:nment. 

The pre-dia~·'Osis stagc includes the initial tasks of the clinicai probiem-soh·ing process. Giwn n subject 
(c.g. patient. plantatiou or computer), the diagnosticinn trics to acquirc infomwtion about the case. such as 
prescnt or ab~ent sYmptoms, through intef\·iews, inspet.:tion ur anamnesis. Each h' puthcsis obtained in 
this stage is compared ''ith a disorder model nnd ne\Y data can be acquired. as the initial h,·pothe~es ser is 
refincd. Th~: invcstigation stage begins from this problem s~· nthesis. 

N ew hvpotheses can be generated from the im·estigation proccss anel ne\\· stratcgies can be claboratecl to 
so!Ye a clinicai problem. Whcn a new piece o f infonnntion is obta inecL be ir positiYe or negati,·e. it mu~t be 
added for th~ problem svnthesis. In a c\·clical reasoning process, the addition of new manifestntions or 
symptoms trnnsform the plausiblc h,·potheses set. 

After thnt t::e problem synthesis is estabi ished, lhe diagnos is s tage stnns. The e ' pertise decides wha t 
hvpotheses are more plausible to e:-;piain a dinical problem. for such. the e'pertise eYaluates if 'he 
problem 3:-·ntitcsis corresponds to acti,·e h\-pothesis. comparing the positi\·e and nega<iYe finding:; o r 1:1e 
particular case with the e'pectcd tindings of a diagnostic hypothesis. Oncc the seYerai hypotheses nrc 
e \·atuated. thc most plnusibie oncs are taken and the most appropriate trcatment for thcm are generatcd 
(the final stagc o f Fig. I). Thc choice o f trcaunent cnn involve scn:ral factors. sue h as eftecti,·cness. cost. 
risks, etc. ln the case of mcdicine. in addition the thernpcutic decision-ma king, paticnt monit\1ring may 
aiso be nccessa rv. as described in Rca-Neto ( 1998). and the results oi thc patient monitoring proccss 
Juring treatment can modi t\ · the problcm , ,·mhesis in ~l c\·cfit.:al and d,·namrca l process. 
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Fig. L: An ovcrvic" · o f thc clinicai problem-so\ving p roce~s . 

3 A Clin icai Problem-Solvin g in phytopatology 

An examplc o f the dccision-making process in diagnosis, im ·estigation and treatment in phytopawlogv 1s 
represented in the Fig. 2 . Each node 11) denotes a manifestation poss1h[\· caused hv a disordcr d;. F ig. :; 
brings a simplified gmph that represents the model of Cercospora (d 10 ), a disorder that a ffects corn 
plantations: the degrees on the ares represent the frequency with 11·hich d 10 causes each m. considering 
that no othcr cause can be deemt:d possible. 

An are between a node Ac anda disorder d, in Fig.2 indicates that 1-\, is a causal agent of Jisorder J,. ;\n 
are belwcen a treatm~.:nt tk anel a disorder d; indicates that trcatment t,, is [tdequate to treat disorder d,. (for 
example. tht.: causal organism for Cercospora disorder (d 10) is the fungus .. Ct:rcospora zcae-1n<11·dis·'. that 
can be treated b\· some t'ungicides.) The treatment anel test clec ision 1·ariables art.: dep1ct~.:J. as rccrangks . I f 
a h1-pothes is is confinned, a treatment is chosen considering not onl\ the s.:t llf manifeswtíons pn:sent 
()'v!") but also the value o f some other observation 1·ariables, sue h as se\·eritl· t SE V- ). development stage 
(DS- ), li11 orable com.litions (FC- l, anel cost cnot indicated in the figure ). A decision-making mcasure l<..· 
evalutate outcomes is depictecl b1 a d iamond nocle . 

The unc~:nain causa l rela tions presented in Fig. 2 can be e:-;pn:ssed b1· probabi lit1 nwdeb. Holle\·er. it is 
ra ther cl ifiicult to obtain quantitati\·~,; anel statisllcal inlünnation from e';perts. In this 11·ork. 11c use 
possibilitv tbctlrY (Dubois anel Prade, 19):18) as an alternati\·e uH.:ans to repn;sent unccnain in l,mnatü.: .. . 
The fCT modl.!i invo!l·es snme characterist ic~ tu suppllrl th~.: dt:cisiun-making pn h.:css ll lustra ted :l btli"C : 

- an abducti1·c infcrcnct: modelto rcprescnt c\pcn kno11 kdgc : 
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- a modclto rcprcscnt thc uncertain and incomplcte infonnalion o f a clinica i problem sol\·ing pro..:c$5~ 

- a model to ordcr the generaled h\ polhesis t'rom diagnostic llu·,,ugh a generalization o f till' 
temporal/categorical PCT propost.:d [n Wainer anel Sandn ( 1998) combining lhe consistenc,· inde\e~ tn u,;c 

them in a diagnoslic-problem solving~ 

- functions associated with elecision lheon conccpls to help in lhe ci1llice anel classificalil'l1 ~.,f lhe 

nwnifestations fo r invcstigation~ 

- a rnodel to idcnt ify incomplete assoc iations bel\Yeen Jisorders anel manit'eslations~ 

-a mecanism to idcntify tüvorable conditions ror the Jevelopment o f a disorder anning deci$ion making in 

treatments. 

In following, a fuzzy abductive framework lO support thc characterislics abo,·c is prcsented. 

PHYTO Lab 
Test? 

Fig. 2: An e~nmple ofthe decis i o ti· :1 t· , ~ing proccss in phytopatology. 

Fig. 3: An cxamplc o f c:tu\al rclarion o f cc n:os pora diso rdcr R(d,,mi). 
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4 An Integrated App roach for Diagnosis, lnvestigation and T reatmen t 

FCT puts togcthl:r wncl'pls tJt Parsimoniou~ Con~ring Thl:llfY (PCT). fuzz, sers k)gic and del:ision thcon. 

in order to atltlress thc 1·arious inherent aspects im·ol\·cJ in dinical rensoning, such as the possibilitY l'l' 
sc, ·eral disorders to conjLmcri,·eJv cause a se ries or manit'estations. the manipulation of tempo ra l 
infonnation. the mtluencc oi· ta1·orablc condilions in the de1·e!opment of a Jisorder, rhe ditfículr1· N' an 
e~pert to ,· icld generalized kno\\·ledge Je,·oid of uncertaintl·fimprecision. the manipulation ll l cruc i:J! 
factors· in tlccision making in inYcstigati,m anJ treatmcnt tasks like cost anel ri sk. etc. We use th~· 

Parsimonious Covering Theory (PCT) as rhe foLmdatíon for our approach (Peng and Reggia. 1990). in 
which kr1o1vledge is rcprescnted b1· associati,·e (o r semantic) net \\'Ofks o f binary re lations, and 11hich use,; 
parsimon1· cri teria to order h1·pothcses. 

The basic \'crsion o f PCT uses two finitc scts to d~.:t'ine lhe scopt: of diagnost ic problems st:t D . 
rc presenting ali possible d isorders di that can occur, anel se t M. representing ali possible mani&scations rr1 
that may occur when one or more d isorders are present. An association < ~,n~ > means that c\ nw,· 
d.irectly cause mj. A knowledge base KJ3 is Llel'íncd as a triplc KB =< D .M,C > , " ·here C is the causa'. 
re lation bet\veen the d isorders in D anel thc manifestations in M. The goal o f the s1·stem is to order the 
possible diagnoses (hypothcscs ) fo r a part icular case, based on the models bui lt for the set o f disorders D 
Given a subset tvr o f the manifestations present in a case as evidence, a subset of clisorclers rhar can 
explain tvf is called a covcr. A set is an explanation o f M- for a cliagnostic problem, if E cover-s ~- and 
satisfies a given parsimony criterion. In this work 11e use the irredLmciancy parsimony c riterium, (see 
aproach Peng and Reggia ( 1990) for other parsimony cri teria). A cover C for a case CA is said to be 

irreclundant i f none o f its pro per ~!Jbsets is also a co\·er o f CA; it is redundam othenúse. 

Like in PCT, thc knowledge in FCT (fig. 4) is rcprt:sentcd by associative (or semamic) networks o f bina[\· 
rclations. In the cliagnosis phase. knowledge is moclelecl by associations oi the type disordas ta 
mamfesFaFions. Given a set o f observations ot a particular case. an abducti1·e inference mt:chanism is used 
' -~ ::c0d~~ the !'.1m" pluusible e~planations for this case. In 1.~ •<:', ir. \'l· o: i ?"';An ~ n•l tr·p~ ttn~"' phaS<'-"

knoll lcdge is mode lecl. respectively, by associations o f thc type exams 10 manijestaFions anJ Freaunents 
to disorders. Then, as in the diqnostic case, the abducti1·c mechanism is usecl to infer, accordingl\·. sets 
o f e:-;ams anel sets o f tr,:>a tments adequare for the ongoing diagnostic h)·poihesis. The formal definition o f a 
clinicai problem-solv;ng is described as follows . G iven a clinical problem-so[\·ing P (clefínition l ). 11·e can 
define the solution o f :h e problcm ( clcfinition 6). 

Definition 1: .--l clini.:·al problem-solving for diagnosis. invesFigaFion and treannenl is dejlned as a 

quad1·uplc P = < KBd,J.:B.,KB,C.-1 > where: 
• KBdrepresems disorders informaiion ond Fheir eJJects; 
• KB, npresents exams or laboro!on• Fests information and lhe disorders lha! Fhev ver{/ i•; 
• IJ31 represenrs treannenls infmma!ion and lhe disorders controlled bv !hem : 
• CA repl'esenrs th~ case informa lion (svmptoms ofa sickness, maljimcFion signs. ele). 

Tre nssocintive k"·~ · ·- ·! .odge of the diagnos is, investigation anel treatment are ve1T compk:~. In rhis \\'ork. 
the clinical-problem solv ing is dinded in rhrce subpwblems: diagnosis, inwstigation anel treatmcnt. Eac!J 
,;ubproblem. i.s represented for an abductive framewor~ that has two set of entities anel a binatY relation 

b~.:tween them. 

Detin ition 2 : .-1 diagnosl/C problem is dl!ji'ned as a 6-iup/e !\13d = < D,.\ i ,R.G,CC, t3> 1rhere : 

• D is <1 sel ofdisorders: 
• .\-1 is a se! of mani(i'slations L•nd svmplorns: 
• I? relores each disonler d, to its manifeslalions . . -ln experl assigns a value fo r each R fc(,m,,. ro ken 

ji ·onl a se! of pred4ined word values n-flich are associa ted 10 a sca/1!. f-feri! , lt 'e suppose ihM lhe 
J(;l/mring pairs (le/'1/ IS. munericalvalues) are used: fd; always causes ll 'i, I i. 1d, typically causes 111;, 

O. 751, rd, 111ay cause 111" O. 5 ). (d; se/dom causes m;. O.] 5; and (d; doe.m 't cause 111. li ). 

• (}f]: T) is lhe tempoml graph oj'evems ofa disorder: 
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F ig. 4 : An integratcd framcwork for diagnosis, investiga tion and t reatment 

• CC i)· a ser of contra! condirions r h ar are taken inro account in rhe spec((ica rion o f rire dis01·ders 
conrrol. In our case CC isformed by: FC, 111hich are rhefavorable environmenral condirionsfor the 
evolution oj'a disorde1-·,· :·rn~. ::·: ... :;:·: ... :;_ .. . -. ~.~._-: .' .-: t..;/ i!""c disordf.r ,';;··,·h\": 1;c;tie;·; ,· <-;; · ;;!ar.:~:~·c.~:/. and 

DS, the developmenr slages o/lhe cullure or age ofthe parienr. 
• (} is <7 lime scale. 

Dejinition 3 : A investigation problem is dej)ned as n 5-lllple EJJ. =< E,.\l,D,I.R> where: 

• Eis a sei of exams or labora101:\' lesls; 
• :li is n sei of man(/estations and symp!oms observa(: 
• D is a sei o f disorders; 
• I relclles each exam ej lo the manisfesltltions (or disorders) whose exisrance it cem verify; 
e R relales each disorder d 1 to ils manifestations. 

Detinitio n -' :A lherapeulic problem is dejined as a 5-lliple f.."B, =< T.D,Z.CC, I > IVhere: 
• Tis a se/ oftreatments: 
• D is a sei ofdisorders: 
• Z relares each trearmenll k to rhe d isorders (or manifestalionsj that ir ccn tre. 1r o r conlrol: 
• CC is a se / ofconlrol condi!ions !hat have ro be consiste n/ wilh lhe case to g uarantee 1ha1 a given 

lremment tk is ejfective to comrol a given clisorder d,: 
• I· is a sei lha I helps the expertise in lhe decision making in trearmenl for a disorder. 

Each variable in sets CC and V are nwJeled b,· fuzzy intCJYals. The conte.\t of CC and V depend on the 
application domain. Given a knowlcdge base KBr=<LD.Z,CC,V>, in phytopatholugy, the contm1• 

condi tion~ (CC) associated to each pair <tkod,> is repre~entcd by a set CC={FC.SEV.DS} where the set FC 
Jepcnds largely on the kind of subjecL for each trc:ltment soughL In the context of plant pathoJogics we 
mav haYe. for instance. FC=(.TEr.tlP. 1-!Ulv[[D) whcre TEMP and HU1vUD are fuzzy intervals rcspecti\·ely 
rcpresel\\ing. the temperature and h\.U1lidit\· that are tàvorab\c for tk to control d;; SEV. thc severi.tY scalc ,)f 
thc disorder evolution, and DS. thc dc,·clopment stage o f the culture. 

Thc infLll'lnation aboul a particular case and an abduc!ÍYc $0 \ution for lhe case CA are dcfineJ as follL)\\ ·s. 

. · . : · ·'. · : ·, -2005 EFITAJWCCA;;;J~I~T~:eoNç3RE;SS!ÇIN ~I IN AGRICUL:TURE '. · . , ·· . · 
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Dejbrition 5: The informarivn about a parricular case is modeled by 5-ruple C. -I= _Ir, _\r, 

E V", TIME-. CC+> where: 
• .lí is rhe ofmanifesrarions known ro be. or tu have been. preserrt in rhe case. 
• _\[ is the ser ofmanifesrarions lmOII'n to he absentji·omthe case. 
• EI- is a se/ ofeFentsfor which one has remporal inj(Jrmation . .-lmong 1he e1·ems in E f- are 1he ones 

rhar represen r rhe beginning and end ofeach man[/esrarion in .\F_ 
• TI.\ f~ is a jimction that associares ro each evenr e E E I- a jitz::y remporal illterl'(l/ 1har represenrs 

rhe possible moments in which that event happened. 
• CC- = {CF,SEV',DS~} where: CF is the fimction rhat associates to each case rhe temperawre anel 

humidity conditions (TE.VJP- and HUlvf!D-) in the moment ofthe diagnosis: S'E f- and DS- are rhe 
jimcrions rhat associare rhe severiryjor each mi E .lí and rhe phase of rlle culrure in rhe mamem of 
diagnosis, respecrively. 

Definition 6: Given a set of knowledge bases e = {KBt~oKB,,KBJ for a clinicai problem-solving Panda 

parricular case C.-1 , SOL(P} = {SOLtl. SOL,, SOLJ is an abductive solurion jor rhe case C-I UI e u 
SOL(P} covers C. -i according to some given parsimony cri teria ande u SOL(?) is consistem. 

From the particular case, we can inter the most plausible causes of obsef\·ed problems (for example_. 
d iseases or machine faults) given a set of evidences (symptoms, patient characteristics or test results). 
Then, we have to verify the consistency o f the case in re lation to a disorder model and the consistency o f 
the disorder (plausible hvpothesis) in relation to exams and treatments to control them. To doso, we use 
the degrees o f consistency proposed in Massruhá (2003) (see nlso Massruhá et ai (2003) and Massruhá et 
al(2004) for dctails on lhe framework). 

5 Conclusions 

In this paper, we present an ovef\·iew of an integrated framework for clinicai problem-solving process 
ill\ oivlllg ti1c tasks o f di_agnosi:;, inn:stigation, ami treaun~::m. This [rame\\·ork \\'US deYeloped under a new 
approach for diagnosis, investigation and trealmcnt that allow:: ~he organization of , -arious pieces of 
information generated in these tasks during a cl inicai problem-soh·ing process. In this new approach. 
called Fuzzy Covering Theory (FCT), tht: knowledge is basically mudeled through causal associations and 
inference is abductive (sce Massmhá 2003) 

Tht: framework proposed models the knowledge of the diagnos is. im ·estigation anu treatment tasks in a 
dinical problem, respectively tl·om disorders to manifestations, exams to manitestations and treatments to 
disordcrs, in counterpart to the expert systems, in which the kno\Yledge is structured from tht:: 
manifes tations to disorders and disorders to treatments. Also , the framework t•ses fuzzy sets instead or 
intcr,als to model ,-ariablc , -a]ues. adding tlexibi lity to the tool. The framew0rk uses a ftlZZ'- decision
making in the treatment phase instead of the traditional methods of representing problems in decision 
theorv. l he cost decision variable is incorporated in the trea lments knowledge base anu wc use a nC\\
consistcnc~- index ~o calculare it. 

The literature brings se,·eral works in the area of decision-making in treatments ([uncz et ai. 1998: Taboada 
ct a i, 1999). However. the abduc tive approach integrated lo fuzzy sets providc a pom!rful alternati,-e 
melhod in IA for lreatments problem-solving. This method makes the clinicai problem-so lving proccs:; 
bt:tter beca use it uses directJ~· the rc:;ults o f the uiagnostic frame\\·ork aiming lo minimize lhe com pl.::xil\- o f 
picking a choice o f treatment. 

To vuliuate o ur approach, we workcd with a knowlcdge base \\-ith 42 di sorciers of thc com planlation anu 
1.5 kinu' ,)f i'ungic iues. The obtained results were compntiblcs in each phase (, diagnosis. inYestigation and 
trcalmcnt )_ [n lhe uiagnosis and li1\'CStigation pba:;es, \VC Obtained an 86% reuuction o f thc h\ pothescs 
sct in thc simulation o f Ccrcospora di sordcr data using FCT compared ,,-ith the original PCT. Considering 
thc :;ymploms C\'Olution of Ccrco:;p0ra. \\-e obtaint:u a 67o/- rcduction using F( 'T. In the trt:a tment phasc , 
\\-c obscf\·cJ that thc results gencrateu about lhe best fungicides to control Cercospora using FCT. 
corre->pnndcd the rcsults obtaineu in the field (Morandi and Mer;ezes. 2002 ). 

~- -- - · · · ·- · - --- ·- . - -- - -- .-- --
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Our studies show that our approach attends the main requircments of clinica i reasoning, uncertaint~· anJ 
dccision-making to ~upport the dinical problcm-soh·ing process in plnnts d iseases. It is also c:-;pcctt.:d that 
tbe thl:o rct ica l Jen;lopments (lbtain~.:d therdrom can bc successfull\' appliccl fo r another problems vf 

d\'11amic Jiagnosis. 

7 Refe rences 

Oubois. 0 .: PruJe, !-!.. 1988. Possibilit~· theorY: an approach to computerized processing of uncertaintY. 
New York: Plenum Press, 263 p. 

Oubois, 0.: Pracle, H., 1995a. fuzzy rela tion equations and causal reasoning. f uzzy Scts and Systems v. 75, 

n . 2. pp. 11 9-134. 

Oubois, 0.: Prade , l-I.. 1995b. Possibility theory as a basis for qualitati,·e decision theory.ln: Proc. 1-Hh lnt. 
Jo int Conf on Artificial Intelligcnce. 

Henrion, M.; Breeze, J. S. ; Horvilz, E. 1. , 1992. Decision analysis and e:-;pert systems. Magazine , .. 13, n. 8, 

p 64-9 1. 

Massruhá .. S. M .F .S., Sandri S. A. : Wainer,J., 2003. Fuzzy covering theory: an alternati,·e approacb for 
diagnostic problem-solving. In Proc. -Hh European Conf. for Information Technology in Agriculture -
EFITA 2003, Budapeste: 1-IAAJ. 

M assruhá, S. M. F. S., 2003. U ma teoria de coberturas nebulosas para diagnóstico, investigação e 

tratamento. 251 f Tese (Doutorado em Computação Aplicada)- Instituto Nacional de Pesquisas Espacia is, 
São José dos Campos. (in Portugucsc \\'ith C:nglish abstract) 

ivia::.o,.ui,: ... S. ~vl .l .S .. Siu•u•Í S. A. : Waincr,J .. 200~ . Ordering man, ;e;statious fo, •ú\·estt~attür. :11 

incompletc diagnosis. In Proc. ••;:h Intemational Confercncc !PtvfU 2004, Pentgia,Italy, pp.II53- Il60 

Morandi, M. T3. ; Menezes, C ., : 002. Monitoramento das principais doenças foliares do nulho e controle 
químico da cercosporiose (cercospom zeae-mavdis) em função do nível de se,·eridade da doença. Rio 
Verde: Fesurv. 10 p. R~:latório :(:cnico. ( in Portuguese) 

Pcng, Y., Rcggia , J. A. , 1990. Abductivc inference modcls for diagnostic problem-sol\'ing. Ne11 York: 
Springcr Vcrlag, 235 p. 

Réa-Nelo .. A.. I 998. O raciocínio cl ínico - o processo de decisão diagnostica c terapeutica. Re\'ista da 
Associação Médica Brasi leira. pp. 301-31 1. (in Portugucsc ) 

Shorti ife, E., 1976. Computt>r-: •'lscd medicai consultation: MYCrN. Ne11· York: Else1·ier. 

Taboada. tvL Lama, tvL , BmTo. S., Marín, R. , Mira, J. , Palac ios, F, 1999. A problem-solving method l'or 
unprotocol is..:d therap1 administration task in medicinc. Artificial lntclligence in Mcdicine 1·. 1-:- . pp. 157-
180. 

Tunez. S.: Marin .. R.: Aguila. L Bosch. A. T. M. , 1993. An abducti,·e method for soh·ing ,1 treatment 
problcm. ln: ElJROMICRO Confcrcnce. Emünecring. S1·stcms and Sofl\,are for lhe ncxt J ccadc. 2-l. f 99R. 
Vasteras. ProeeeJings. Vasteras: IE EE Computer Socielv, v. 2, pp. 737- 7~-l. 

Waincr. L Rcz..:nde. r\., 1997. A temporal e:-;tension lo thc parsímonius cm·ering thcorY r\rtil'icial 
lnte llig.cncc in tv!cdici.ne. , .. 10 .. n. Y. pp. 235-255 . 

Waim:r. .r.: Samlri. S .. 1998. :\ t'uzzy tcmporal!.:atcgorica! in.fonnation in diagnonis. Inteligcnt Temp,,ra( 
!nfonnation S1·st..:ms in MccEcine. pp. 1-!9. 




