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Wor k i n Qual i t at i ve Reasoni ng ( QR) has made many
t echni cal advances and cur r ent t echni ques ar e now
adequat e f or some r eal wor l d pr obl ems. As a r esul t , i t
i s t i me t o t hi nk about f ur t her appl i cat i ons of QR. I n
or der t o do so, i t i s hel pf ul t o have a summar y of what
has been done t o dat e . Thi s hel ps t o pr ovi de a pi ct ur e
of i n whi ch appl i cat i on ar eas t he t echni ques have
been appl i ed, and who i s wor ki ng i n each ar ea . I n t hi s
paper , we pr ovi de a summar y of appl i cat i on or i ent ed
wor k usi ng qual i t at i ve r easoni ng . Because of t he l ar ge
number of pr oj ect s summar i sed, t her e i s onl y a shor t
descr i pt i on of each pr oj ect .

The f ast par t of t hi s paper comment s on t he i mpor t ant
mat hemat i cal aspect s r el at ed t o qual i t at i ve al gebr as
and qual i t at i ve cal cul us and pr ovi des a br i ef over vi ew
of t he most common r epr esent at i on f or mal i sms and
r easoni ng al gor i t hms used so f ar , wi t h t he r el at ed
r ef er ences. I t i s not t he pur pose of t hi s paper t o
pr ovi de a det ai l l ed t echni cal sur vey . Thi s sect i on ai ms
at hel pi ng t he non exper i enced r eader t o r el at e t he
descr i bed pr oj ect t o t he t ype of t echni que been used.
I t i s al so not t he pur pose of t hi s paper t o comment on
t he r ange of t echni ques i n use . I t i s acknowl edge t hat
i n some pl aces t he t ext i s i n t he f or m of shor t
comment s r at her t han f l owi ng sent ences . I t i s al t er al l ,
not yet a f or mal paper .

What i s appl i cat i on or i ent ed wor k? For t he pur poses
of t hi s summar y, t hi s i s r epor t s of wor k i n pr ogr ess or
compl et ed wher e t he exampl es gi ven ar e mor e t han
t oy or gener i c exampl es. For exampl e, when an
appr oach t o qual i t at i ve si mul at i on i s i l l ust r at ed by an
exampl e of t he cont r ol of a gr eenhouse heat i ng
syst em. Thi s def i ni t i on i ncl udes many pr oj ect s t hat
ar e not veal appl i cat i ons, or t hat wi l l go beyond t he
l abor at or y wor k of a r esear ch gr oup . They do ser ve t o
i l l ust r at e t he pot ent i al appl i cat i on ar eas of QR and
how t he t echni ques appl y t o t ypi cal i ndust r i al
pr obl ems .

At t hi s t i me, t her e ar e ver y f ew r eal i ndust r i al QR
syst ems, or syst ems t hat ar e desi gned f or day t o use.
Thi s r ef l ect s t he st at e of t he appl i cat i ons of QR. I t i s
hoped t hat a si mi l ar summar y i n a f ew year s wi l l
pai nt a ver y di f f er ent pi ct ur e . Al t hough many
appl i cat i on or i ent ed exampl es ar e gi ven i n t hi s paper ,
ver y f ew ar e bei ng devel oped wi t h t he i nt ent i on of
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maki ng a usabl e appl i cat i on. Many ar e used as
r eal i st i c vehi cl es f or r esear ch onl y.

Not e t hat some of t he wor k by maj or r esear cher s i n
t he f i el ds of qual i t at i ve r easoni ng and model based
di agnosi s i s not i ncl uded i n t hi s summar y . Thi s i s
because i t i s a summar y of t he appl i cat i on or i ent ed
exampl es, r at her t han t he t echni cal appr oaches .

The second par t of t hi s paper i s or gani sed by br oad
cat egor i es of appl i cat i on domai ns . Wi t hi n each
domai n, a summar y of pr oj ect s or ongoi ng wor k i s
gi ven, wi t h an i ndi cat i on of t he t echni ques bei ng used
and t he cur r ent st at us of t he pr oj ect . I n gener al t hi s
i nf or mat i on was t aken f r om publ i shed t echni cal
paper s, so i n many cases some of t he i nt er est i ng
i nf or mat i on i s not gi ven .

I . Some r epr esent at i on f or mal i sms and
al gor i t hms used i n QR

Thi s paper pr esent s some of t he i mpor t ant
mat hemat i cal aspect s r el at ed t o qual i t at i ve al gebr as
and qual i t at i ve cal cul us and pr ovi des a br i ef over vi ew
of t he most common r epr esent at i on f or mal i sms and
r easoni ng al gor i t hms used i n Qual i t at i ve Reasoni ng
[ 831 .

I . I . Qual i t at i ve Al gebr as and qual i t at i ve cal cul us

I t i s common i n QR t o assume t hat physi cal var i abl es
ar e cont i nuousl y di f f er ent i abl e f unct i ons of t i me and
t o di scr et i ze t hei r val ue r ange i nt o a number of f i ni t e
qual i t at i ve val ues, gener al l y or der ed, whi ch i s cal l ed
t he quant i t y space of t he var i abl e. As i t i s of t en
r ef er ed t o 9t as t he val ue r ange of physi cal var i abl es,
t he quant i t y space i s gener al l y a par t i t i on of t he r eal
l i ne i n whi ch a qual i t at i ve val ue cor esponds t o a
subset of 9t ( f or i nst ance, see Fi g . 2) . The i dea of
qual i t at i ve al gebr as i s t o be abl e t o per f or m t he same
al gebr ai c mani pul at i ons, l i ke sumand pr oduct , as i n
9t by usi ng a qual i t at i ve cal cul us consi st ent wi t h t he
r eal count er par t .

Qual i t at i ve Al gebr as can be r anged i n a cont i nuum
goi ng f r om t he poor est i nf or mat i ve par t i t i on ( si gn
al gebr a) t o t he mor e i nf or mat i ve one ( i nt er val al gebr a
whi ch, al l ows r epr esent i ng even r eal number s) .
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Fi g. 2- A speci al par t i t i on of t he r eal l i ne

The most i mpor t ant concept of qual i t at i ve equal i t y i s
gener al l y under st ood as " possi bi l i t y of bei ng equal " .
I n ot her wor ds, t wo qual i t at i ve val ues ar e
qual i t at i vel y equal i f t he subset s of r eal s t hat t hey
r epr esent have non empt y i nt er sect i on. An axi omat i c
of t he qual i t at i ve equal i t y was pr ovi ded i n [ 81] . A
maj or di f f i cul t y i n qual i t at i ve cal cul us l i es i n t hat
qual i t at i ve equal i t y i s not t r ansi t i ve.

Si gn Al gebr a

Thi s al gebr a i s based on t he r oughest par t i t i on of t he
r eal l i ne : negat i ve number s, posi t i ve number s and
zer o . The set of symbol s i s t hen S=[ +, - , 0, ?] wher e ?
st ands f or undet er mi ned si gn . ? i s necessar y t o obt ai n
cl oseness of sumand pr oduct oper at or s. Oper at or s ar e
def i ned i n a t r i vi al way, e . g . +®+ = +, +®- = ?, . . .

Al t hough t he si gn par t i t i on r oughness cer t ai nl y
i nduces some l i mi t at i ons, i t al so of f er s sever al
si gni f i cant advant ages i n t er ms of i nt er est i ng
mat hemat i cal pr oper t i es

( 1) qual i t at i ve equal i t y i s t r ansi t i ve i f t he mi ddl e
el ement i s di f f er ent f r om ?,

( 2) sumand pr oduct ar e associ at i ve.

Thi s makes qual i t at i ve cal cul us r at her f easi bl e [ 76] .
I n par t i cul ar , a qual i t at i ve r esol ut i on r ul e has been
pr oved [ 80] . Si gn al gebr a i s one of t he most of t en
used t ool s i n Qual i t at i ve Reasoni ng .

Or der of Magni t ude Qual i t at i ve Al gebr as
The mai n l i mi t at i on of si gn al gebr a l i es i n t hat si gn
knowl edge by i t sel f of t en l eads t o undet er mi nat i ons,
e. g. +6L = ? . Mor e sophi st i cat ed st r uct ur es based on
f i ner r eal l i ne par t i t i ons have t hen been st udi ed t o
capt ur e or der s of magni t ude [ 81] . These al gebr as
i ncl ude quant i t at i ve i nf or mat i on i n t he numer i cal
boundar i es whi ch speci f y a par t i t i on of 9f . Cal cul us
t hen r equi r es expl i ci t r ef er ence t o r eal number s .

Thi s causes t he f undament al di f f er ence r el at i ve t o
si gn al gebr a si nce a gi ven set of symbol s cor r esponds
her e t o an i nf i ni t y of par t i t i ons of 9f ( r el at ed t o t he
choi ce of numer i cal boundar i es, a, b, a' , b' f or t he
Fi g. 2 exampl e) . Consequent l y, symbol i c t abl es f or
et ® whi ch pr eser ve consi st ency wi t h r eal number s
ar e not uni que . However t hei r number i s not i nf i ni t e
as t he boundar y space can be par t i t i oned i nt o
equi val ence cl asses, each one cor r espondi ng t o a
di f f er ent symbol i c t abl e. Thi s ki nd of st udy has been
devel oped f or t he par t i t i on gi ven i n Fi g2 [ 64] , wher e

t he boundar y space i s t he connex domai n of 9t ' 4 gi ven

by D={ ( a, b, a' , b' ) e 9?4 , b' <a' <0<a<b} . For ®, i t has

been shown t hat 201 t abl es ar e possi bl e i n t he gener al
case . However t he 201 t abl es come down t o 2
qual i t at i vel y di f f er ent ( i . e . t her e exi st s at l east a pai r
of val ues f or whi ch t he r esul t s ar e not qual i t at i vel y
equal i n t he t abl es) ones onl y . I n t he most commonl y
used symmet r i cal case ( a' =- a, b' =- b) t her e ar e 3
possi bl e t abl es onl y, whi ch come down al so t o 2
qual i t at i vel y di f f er ent t abl es as wel l . Robust ness and
pr eci si on of t hese t abl es have been st udi ed

These mat hemat i cal st r uct ur es do not have t he same
i nt er est i ng pr oper t i es as si gn al gebr a so t hat
qual i t at i ve cal cul us i s mor e di f f i cul t [ 57] . Besi des non
t r ansi t i vi t y of - , t wo ot her si gni f i cant pr obl ems ar e

encount er ed : l ack of associ at i vi t y of oper at or s ®and
®and l ack of di st r i but i vi t y . I n ot her wor ds t he same

ar i t hmet i c expr essi on yi el ds di f f er ent r esul t s
dependi ng on pr ocessi ng sequence . I t i s r eassur i ng
t hat t he r esul t s ar e al ways qual i t at i vel y equal , but t hi s
means t hat " mi ni mal i t y" of t he sol ut i on i s not
guar ant eed I n a si mul at i on f r amewor k, t hi s i s one of
t he causes of spur i ous behavi or s . I n t hi s case
however , spur i ous behavi or s ar e a subset of t hose
whi ch woul d be gener at ed wi t h si gn al gebr a .
Par t i cul ar par t i t i ons can be pr oposed t o over come
some of t hese pr obl ems [ 82] . On t he ot her hand,
pr el i mi nar y di scussi ons on t he advant ages and
di sadvant ages of f uzzy par t i t i ons can be f ound i n
[ 27] .

L2. Some exampl es of QRappr oaches

The Conf uences

	

r
f '

oach

Conf uences ar e mul t i var i abl e l i near equat i ons whose
par amet er s t ake qual i t at i ve val ues. The t er m
" conf l uence" was i nt r oduced by de Kl eer and Br own
[ 24] .

I n t hei r appr oach, a syst em i s descr i bed by t hr ee
t ypes of el ement s : mat er i al s, component s and
condui t s . The component s act upon mat er i al s and t he
condui t s t r anspor t mat er i al s f r omone component s t o
anot her . A component i s descr i bed by a set of
var i abl es, a set of conf l uences and a set of
connect i ons . Then t he model of t he gl obal syst em i s
obt ai ned by assembl i ng t he di f f er ent component s.

I n t hei r appr oach, t he val ue r ange of var i abl es i s
di scr et i sed i n t hr ee val ues [ +, 0, - ) . Conf l uences
expr ess t he const r ai nt s l i nki ng var i at i ons of
si gni f i cant var i abl es i n t he nei ghbour hood of an
equi l i br i um poi nt . They may be der i ved by
di f f er ent i at i ng physi cal equat i ons at equi l i br i um f or
i nst ance. Asyst emmay have sever al modes, each one
descr i bed by a set of conf l uences .

De Kl eer and Br own appr oach pr ovi des an
envi si onment Roughl y, and wi t hout consi der i ng
sever al modes, t he f i r st st ep consi st s i n sol vi ng t he
conf l uences i n t he si gn al gebr a . The sol ut i ons
r epr esent t he admi ssi bl e st at es of t he syst emar e t hen
chr onol ogi cal l y or der ed i n a myt hi cal t i me axi s by
usi ng heur i st i cs der i ved f r om t he pr oper t i es of
cont i nuousl y di f f er ent i abl e f unct i ons l i ke t he

i nt er medi at e val ue and t he mean val ue t heor ems.
Envi si onment t akes t he f or m of a di agr am i n whi ch

possi bl e syst em behavi or s appear as sequences of
st at es whi ch t he syst emmay go t hr ough .
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Sol vi ng conf l uences i n t he si gn al gebr a has been

	

behavi or s i n t er ms of sequences of st at es. Numer ous
ext ensi vel y i nvest i gat ed, see i n par t i cul ar [ 80] . i mpr ovement s have been added t o t he al gor i t hm
Sol vi ng conf l uences by means of or der of magni t ude

	

i ni t i al ver si on [ 31] .
al gebr as has al so been st udi ed [ 57, 81] .

Thi s appr oach al l ows qual i t at i ve compar i son of
ent i t i es wi t hout r ef er i ng t o any absol ut e scal e. Unl i ke
i nf or mat i on pr ovi ded by qual i t at i ve al gebr as, t he
i nf or mat i on f or a gi ven var i abl e i s al ways expr essed
r el at i ve t o ot her consi der ed var i abl es .

The or i gi nat or of t hese model s i s t he f or mal syst em
FOG pr esent ed i n [ 67] . FOG i s based on t hr ee
oper at or s expr essi ng t he r el at i ons " negl i gi bl e i n
r el at i on t o" , " cl ose t o" , " has t he same si gn and or der
of magni t ude as" . FOG i ncl udes one axi om and 30
i nf er ence r ul es whi ch al l ow pr opagat i ng i ni t i al
knowl edge .

Oper at or s ar e used t o expr ess r el at i onshi ps bet ween
var i abl es, t hus pr ovi di ng a st at i c model of t he syst em
at some oper at i ng poi nt .

Ot her f or mal i sms, der i ved f r om FOG, wer e l at er
pr oposed t o pr ovi de sol ut i ons t o some unsol ved
pr obl ems [ 20, 27, 53] . I n par t i cul ar , maj or i ssues wer e
t o make t he syst em accept pur el y numer i cal val ues,
and t o pr ovi de sat i sf act or y answer t o t he pr obl em of
non r eal t r ansi t i vi t y of oper at or s.

The Qual i t at i ve Di f f er ent i al Equat i ons ( ODE)

Appr oach
Thi s appr oach was pr oposed by Kui per s [ 45] and
i mpl ement ed i n t he syst em QSI M. A syst em i s
descr i bed by t hr ee t ypes of el ement s : var ai bl es,
const r ai nt s and oper at i ng r egi ons . Oper at i ng r egi ons
def i ne t he di f f er ent modes of t he syst em. The
const r ai nt s speci f y t he r el at i ons bet ween var i abl es
wi t hi n a gi ven oper at i ng r egi on. Basi cal l y, t he
r el at i ons bet ween var i abl es ar e expr essed by usi ng t he
f ol l owi ng oper at or s [ 45] zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

" Der i vat i on DERI V( x, y) f or y=dx/ dt ,
" SumADD( x, y, z) f or z=x+y,
" Pr oduct MULT( x, y, z) f or z=x. y,
" I ncr easi ng or decr easi ng monot oni ci t y

M+( x, y) ,

	

M- ( x . y) f or y f i x) wher e f i s an
i ncr easi ngl y or

	

decr easi ngl y monot oni c f unct i on .

The model i s t her ef or e gi ven by a Qual i t at i ve
Di f f er ent i al Equat i on whi ch cont ai ns sever al
const r ai nt s . Const r ai nt s ar e not sol ved but ar e r at her
used as f i l t er s whi ch di scar d non consi st ent
qual i t at i ve st at es . Fi l t er i ng i s per f or med i n t he si gn
al gebr a.

QSI Msi mul at i on al gor i t hm st ar t s f r om an admi ssi bl e
i ni t i al st at e, t he al gor i t hm f unds al l possi bl e successor
st at es by usi ng a t abl e of aut or i zed t r ansi t i ons . Thi s
t abl e r el i es on t he pr oper t i es of cont i nuousl y
di f f er ent i abl e f unct i ons ( not i ce over l appi ng wi t h De
Kl eer & Br own' appr oach) . The second st ep uses t he
QDE model t o f i l t er out st at es whi ch ar e i nconsi st ent
wi t h some const r ai nt i n t he QDE. Because of
i naccur acy i nher ent i n t he model , t her e ar e gener al l y
sever al admi ssi bl e successor st at es . Hence si mul at i on
pr ovi des a t r ee whose br anches r epr esent possi bl e
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The Qual i t at i ve Tr an_t f er Funct i ons ( or Pr o.

Funct i ons) . 4onr oach

As opposed t o t he t hr ee appr oaches pr esent ed above,
whi ch do not pr esume causal i t y, t hi s appr oach i s
causal i n t he sense t hat t he syst em model i s suppor t ed
by an or i ent ed gr aph i n whi ch t he nodes r epr esent t he
var i abl es of t he syst emand t he edges mat er i al i se t he
i nf l uences f r om one var i abl e t o anot her . Thi s
f or mal i sm i s i nspi r ed f r omAut omat i c Cont r ol Theor y
i n whi ch t r ansf er f unct i ons ar e used t o r el at e l i near
syst ems out put var i abl e t o i nput var i abl e changes . To
a t empor al f unct i on as i nput , t hey associ at e anot her
t empor al f unct i on as out put [ 4, 16, 48] .

I n a si mi l ar way, Qual i t at i ve t r ansf er f unct i ons ( QTF)
def i ne a behavi or al const r ai nt bet ween i nput and
out put var i abl es and capt ur e t he t ype of const r ai nt as
wel l as exper i ment al dat a l i ke qual i t at i ve val ue of
gai n, del ay, set t l i ng t i me, . . . Ti me i s di scr et i zed i n
epi sodes so t hat t he out put t empor al f unct i on shape i s
def i ned a- pr i or i by a pi ecewi se l i near f unct i on . The
a- pr i or i shape of t he f unct i on i s an appr oxi mat i on of
wel l - known r esponses of numer i cal t r ansf er f unct i ons
t o cl assi cal i nput s ( st eps and r amps) .

As t he out put pr ovi ded by a QTF i s a l i near pi ecewi se
f unct i on, i t i s t her ef or e sui t abl e as i nput of anot her
QTF, whi ch al l ows pr opagat i on of a t empor al
f unct i on t hr ough a cascade or a net wor k of QTFs.
Thi s pr opagat i on pr ocedur e i s at t he basi s of t he
si mul at i on al gor i t hm [ 47] .

Pr opagat i on f unct i ons ( PF) i nt r oduced by Vescovi
[ 87, 88] al so def i ne a behavi or al const r ai nt bet ween
syst em i nput and out put var i abl es. However , onl y
st eps ar e consi der ed. PFs expr ess t he r esponse t o st ep
i nput s . I nput si gnal s ( r amp, exponent i al , . . . ) ar e
appr oxi mat ed by a sum of st ep si gnal s ( cal l ed
" per t ur bat i ons" ) whose magni t ude i s si gni f i cant t o
pr ocess exper t s. Besi des, PFs ar e def i ned as f uzzy-
val ued cont i nuous f unct i ons.

The Const r ai ned I nf l uences Appr oach

Thi s appr oach pr oposed by Bousson and Tr av6-
Massuyes [ 9, 10] i s based on a combi ned use of
causal i t y and deep knowl edge i n t er ms of
mat hemat i cal equat i ons . Thi s t wo l evel s f or mal i sm
has been devi sed so as t o over come t he l i mi t at i on of
causal appr oaches whi ch ar e not abl e t o capt ur e
gl obal const r ai nt s, such as bal ance equat i ons . I t has
been i mpl ement ed i n t he syst emCA- EN.

Ti me i s r epr esent ed expl i ci t el y as a di scr et e set of
l i near l y or der ed t i me poi nt s, whose r esol ut i on i s
suf f i ci ent f or t he dynami cs of t he syst em. The causal
model of a pr ocess i s r epr esent ed as bot h a causal
net wor k of i nt er act i ng el ement ar y dynami c syst emps,
cal l ed qual i t at i ve aut omat a, i nf l uenci ng one anot her ,
and a set of qual i t at i ve const r ai nt s l i nki ng possi bl y
sever al of such aut omat a

At t he f i r st l evel , i nf l uences i ncl ude t he r epr esent at i on
of act i vat i on caondi t i ons, t i me del ay and r esponse
t i me. The hi gher l evel i s composed by f unct i onal



const r ai nt s r el at i ng sever al aut omat a t aki ng t he f or m

of mat hemat i cal equat i ons whose par amet er s t ake
numer i c i nt er val val ues .

A cycl e of t he si mul at i on al gor i t hm i ncl udes t hr ee

st eps, r un at ever y cl ock t i ck : ( 1) per t ur bat i on

pr opagat i on i n t he causal gr aph usi ng an i nf l uence

combi nat i on pr ocedur e [ 11] , ( 2) var i abl e st at e
updat i ng, ( 3) st at es f i l t er i ng on t he hi gh l evel gl obal

const r ai nt s .

I L Appl i cat i on or i ent ed wor k

U. 1 . Cont i nuous Pr ocesses

oni t or i Y and Di agnosi s

ARTI ST: Chemi cal pl ant and el ect r i ci t y net wor k
The Ar t i st ESPRI T pr oj ect ( Lei t ch et al . [ 50] ) i s
concer ned wi t h pr ocess moni t or i ng and di agnosi s .

The mai n f ocus i s a gener i c model based di agnosi s
t ool . Ther e ar e t wo appl i cat i ons . One i s an el ect r i ci t y

di st r i but i on net wor k and t he ot her i s a chemi cal pl ant
di st i l l at i on col umn . I t i s expect ed t hat t he f i nal

pr ot ot ype wi l l i mpl ement a st at i c qual i t at i ve model
based appr oach onl y . However , t he pr oj ect i ncl udes

some r esear ch on how t o per f or m a di agnosi s based
on dynami c model s ( usi ng qual i t at i ve si mul at i on) .
Thi s r esear ch i s bei ng conduct ed by Lei t ch et al . [ 74,

75] at Her i ot - Wat t Uni ver si t y i n Scot l and . They ar e

usi ng t hei r own qual i t at i ve si mul at or FuSi m whi ch
i mpl ement s a QDE- based appr oach wi t h f uzzy

quant i t y spaces associ at ed t o var i abl es . Thi s i s one of
t he l ar gest model based di agnosi s pr oj ect s i n Eur ope.
Par t ner s i ncl ude Her i ot - Wat t Uni ver si t y i n Scot l and,
Si emans i n Ger many and CI SE i n I t al y. The pr oj ect i s

st i l l under way i n 1993 .

Beni n, et al ( 7] descr i bes wor k at CI SE on moni t or i ng

and di agnosi s of pr ocess cont r ol syst ems . The wor k i n

t hi s paper was par t of Espr i t pr oj ect 820, a pr e- cur sor

t o Ar t i st . The aut hor s ar e now par t of t he Ar t i st
pr oj ect .

DI APASON: I l l ust r at ed wi t h a pul sed col umn i n a

nucl ear pl ant
Anot her l ar ge pr oj ect i s Di apason [ 47, 49, 5~, 63] .
The goal of t hi s pr oj ect i s moni t or i ng and di agnosi s of

cont i nuous dynami c syst ems . The appl i cat i on
exampl e i s a pul sed col umn f or a nucl ear r epr ocessi ng

pl ant . The col umns ar e used t o separ at e ur ani um and
pl ut oni um f r om f i ssi on pr oduct s . They use t he

qual i t at i ve t r ansf er f unct i ons appr oach ( see Sect i on I )

whi ch was devi sed i n t he f r amewor k of t hi s pr oj ect . A

si mul at i on i s per f or med t o pr edi ct t he f ut ur e
t r aj ect or i es of var i abl es . These ar e t hen t r acked

agai nst act ual t r aj ect or i es t o per f or m f aul t det ect i on.
The f aul t det ect i on pr ocedur e i s pr esent ed i n [ 59] .

The syst em i s st i l l i n pr ot ot ype f or m but i t i ncl udes a

ver y f ancy user i nt er f ace .

Di st i l l at i on Col umn
The wor k by Fer ay- Beaumont [ 5, 6] i s i n conj unct i on

wi t h t he peopl e wor ki ng on Di apason, al t hough t hi s

aut hor has now moved . Hence t he mai n f ocus and

appr oaches ar e si mi l ar . The f ocus of t he wor k i s usi ng

qual i t at i ve r easoni ng f or cont i nuous pr ocess
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super vi si on . Thi s wor k i s on a di st i l l at i on col umn .

They ar e usi ng t he Qual i t at i ve Tr ansf er f unct i on

appr oach t o si mul at i on . The exampl e gi ven i s a pi l ot

pl ant di st i l l at i on col umn wi t h met hanol and wat er .

They show t hat t he si mul at i on pr oduces a si mi l ar

r esul t t o t he r eal par amet er s f or t he t op pr oduct f l ow.

Fer ay- Beaumont has moved t o Al cat el Al st hom

Resear ch i n Mar coussi s, Fr ance. The cont act of t he

Uni ver si t y of Newcast l e i s nowDr . F. Cor ea .

Bi ot echnol ogy f er ment at i on pr ocess
Tr ave- Massuyes et al [ 12] ar e wor ki ng on a pr ocess

super vi si on syst em f or a f ed- bat ch bi ot echnol ogy

f er ment at i on syst em. They ar e usi ng t he CA- EN t ool

whi ch i mpl ement s a const r ai ned i nf l uences appr oach

[ 9, 11] . CA- EN i s ai med at r easoni ng on l i ne, t o

suppor t t asks r equi r ed i n dynami c syst ems

super vi si on such as: ( 1) assessi ng t he val ue of non-

obser vabl e var i abl es and t he cur r ent st at e of t he

syst em; ( 2) maki ng pr edi ct i ons ; ( 3) det er mi ni ng

cor r ect i ve act i ons m case of f aul t y behavi or ; ( 4)

expl ai ni ng t he pr ocess behavi or by r ef er r i ng t o i t s

hi st or y . CA- EN has an expl i ci t r epr esent at i on of t i me,

usi ng on t he one hand a l ogi cal cl ock accor di ngl y set

t o t he swi f t ness of t he pr ocess, on t he ot her hand a

t i me management modul e based on t i me- poi nt

al gebr a. The CA- EN model i ng i nvol ves ' q- aut omat a'

t o r epr esent t he pr ocess var i abl es t oget her wi t h t he

knowl edge needed t o r eason about t hem( see Sect i on

I ) .

Co- gener at i on pl ant
Okuda and Ushi o ( 61] have as an appl i cat i on a co-

gener at i on pl ant . Thi s i s a pl ant t hat gener at es heat

and el ect r i ci t y t oget her usi ng a gas t ur bi ne . They ar e

usi ng pet r i net based qual i t at i ve model s . Thei r mai n

f ocus i s usi ng t he pet r i net s and qual i t at i ve si mul at i on

t oget her . They gi ve an exampl e of a hi er ar chi cal

model of t he pl ant . They t hen show a si mul at i on

whi ch cor r ect l y gi ves t he changes i n t he key

par amet er s due t o an i ncr ease i n speed. They ar e

i nt er est ed i n moni t or i ng and di agnosi s, but t he cur r ent

st at us of t he pr oj ect i s not cl ear i n t he paper .

TI GER: Gas t ur bi nes .
The Espr i t pr oj ect Ti ger ( 55, 56] i s a r ecent pr oj ect

t hat i nvol ves Qual i t at i ve Reasoni ng. Thi s i s l ead by

Rob Mi l ne of I nt el l i gent Appl i cat i ons [ 54] and

i ncl udes t he f r ench QR gr oups of Loui se Tr ave-

Massuyes of CNRS- LAAS and Laur ent Zi mmer of

Dassaul t Avi at i on . The appl i cat i on f ocus i s

moni t or i ng and di agnosi s of a gas t ur bi ne .

Appl i cat i on si t es i ncl ude a l ar ge i ndust r i al t ur bi ne at

Exxon Chemi cal and a smal l ai r cr af t auxi l i ar y power

uni t t ur bi ne at Dassaul t Avi at i on . Qual i t at i ve

si mul at i on i s bei ng used t o pr edi ct t he behavi our s of

t he t ur bi ne at st ar t up and i n r esponse t o l oad changes .

The t ool t o be used i s CA- EN whi ch i mpl ement s a

const r ai ned i nf l uences appr oache i ncl udi ng expl i ci t e

r epr esent at i on of causal i t y and t i me . The CA- EN

pr edi ct i on modul e i s f or eseen t o be used i n a model -

based f r amewor k ( 1) t o pr ovi de t he r ef er ence

dynami c behavi or t o whi ch obser ved behavi or wi l l be

compar ed, t hus al l owi ng di scr epancy det ect i on; ( 3) t o

per f or mcandi dat e gener at i on by sear chi ng backwar ds

i n t he causal dependency gr aph of t he model s ; ( 2) t o

t est f aul t candi dat es and pr oceed t o t hei r

di scr i mi nat i on .



SEXTANT. Nucl ear Power Pl ant s
Thi s pr oj ect [ 22, 51] has devel opped a di agnosi s
st r at egy based on a combi ned use of numer i c and
QSI M- l i ke qual i t at i ve model s . Qual i t at i ve model s ar e
used t o f or candi dat e gener at i on wher eas t he
val i dat i on of t hese candi dat es i s per f or med wi t h t he
numer i c model s . The syst em i mpl ement s a Rei t er
t ype of di agnosi s al gor i t hm. The exampl e gi ven i s a
t oy exampl e but t he syst em i s i nt ended t o be used on
nucl ear power pl ant s .

QDI AG: Dynami c syst ems di agnosi s
Thi s pr oj ect [ 17] uses t he qual i t at i ve si mul at or QSI M.
I t uses f aul t model s whi ch ar e si mul at ed of f l i ne. The
di agnosi s modul e t hen f ol l ows t he t r ees of behavi or s
cor r espondi ng t o t he obser ved evol ut i on of t he
syst em, al l owi ng t hen t o i ndi cat e t he f aul t model s
whi ch mat ch t he cur r ent syst em behavi or . The syst em
needs t o be used on a r eal syst em.

Wast e wat er t r eat ment
Tet r eaul t , et al . [ 78] ar e wor ki ng on a wast e wat er
t r eat ment pr ocess . The mai n f ocus of t hei r wor k i s on
how t o use t empor al const r ai nt s t o r educe t he
si mul at i on space t hat r esul t s f r om a QSI M l i ke
si mul at i on . They mi x qual i t at i ve dat a wi t h
quant i t at i ve dat a t o hel p r educe t he si mul at i on space .
They have not devel oped a wor ki ng syst em, but show
how t hei r wor k can be appl i ed t o t he wast e wat er
t r eat ment pr obl em t o gi ve an accur at e si mul at i on .
They have shown t hat t he semi -
qual i t at i ve/ quant i t at i ve model t hey devel oped
pr oduces a si mi l ar behavi our t o a numer i cal
si mul at i on . They ar e usi ng QSI M, and onl y
per f or mi ng si mul at i on so f ar .

Model l i ng and Anal ysi s

Cool i ng ci r cui t of an el ect r i cal power pl ant
The wor k by Sugaya [ 77] of ABB has as an
appl i cat i on t he cool i ng ci r cui t f or an el ect r i cal power
gener at or . Focus i s model l i ng and anal ysi s . They use
a devi ce cent er ed appr oach . The syst em i s
i mpl ement ed i n Pr ol og and pr opagat es t he behavi our s
t hr ough t he devi ce model s . The r esul t s can t hen be
vi ewed gr aphi cal l y . Typi cal quest i ons t hey ar e t r yi ng
t o addr ess : " What happens i f t hi s val ve of a gener at or
cool i ng ci r cui t get s pl ugged?" , " Can I t ur n on t hi s
br eaker of a swi t ch gear st at i on, and i f not , why not ?"

Col d Tr ap i n a Nucl ear Power Pl ant
The appl i cat i on by Bour seau [ 8] i s t he col d t r ap i n t he
secondar y sodi um ci r cui t of a br eeder nucl ear power
r eact or . I t t r ansf er s heat f r omt he r eact or t o t he st eam
gener at or whi ch i s t r anspor t ed vi a t he sodi um. I t i s
i mpor t ant t o keep t he hydr ogen l evel s down. They ar e
usi ng a Si gned Di r ect ed Gr aph ( SDG) appr oach. Al l
possi bl e behavi our s of t he col d t r ap ar e si mul at ed .
Ther e ar e 11 . The si mul at i on does mat ch t he r eal
behavi our s. They st at e t hat t her e i s a need t o mi x
qual i t at i ve and quant i t at i ve met hods i n or der t o
capt ur e some or der of magni t ude i nf or mat i on whi ch
may hel p sol vi ng undet er mi ned i nf l uences or capt ur e
t he evol ut i on of pr eponder ant i nf l uences over t i me.
Thei r obj ect i ve i s mai nl y t o pr ovi de good expl anat or y
model s whi ch woul d be used as an ai d t o t he
engi neer t o per f or m an anal ysi s . The pr oj ect appear s
t o have been a st udy, and i s not i n r eal use .
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I I Z. Engi neer i ng

Moni t or i ng and Di agnosi s

CRACK: St eel br i dge cr acks
CRACK st ands f or Consul t ant Reasoni ng About
Cr acki ng Knowl edge [ 71, 72] . For many engi neer i ng
pr obl ems, t he engi neer must use a combi nat i on of
quant i t at i ve and heur i st i c knowl edge . Thi s gr oup
f i nds t hat Qual i t at i ve Reasoni ng i s a good way t o

br i dge t he gap bet ween t he t wo. The dat a i s of t en
i ncompl et e, i nexact and st at ed i n non- numer i c t er ms.
The appl i cat i on domai n i s t he abi l i t y t o anal yse and
pr edi ct f ai l ur es i n st eel br i dge beams. Thi s has been
done f or t wo t ypes of br i dges . The goal of an
appl i cat i on i s as a consul t ant advi sor t o a br i dge
engi neer t o hel p hi m per f or m t he needed anal ysi s .
The syst em has t hr ee l evel s ; ( 1) A r ul ebased l evel t o
def i ne pr obl ems, gener at e hypot heses and r each
concl usi ons ; ( 2) A qual i t at i ve l evel t o const r uct ,

val i dat e and r ef i ne model s ; ( 3) A quant i t at i ve l evel
f or numer i cal anal ysi s . A l i br ar y of component s i s

used t o r epr esent a t ypi cal br i dge . The pr i mar y
qual i t at i ve t echni que i s usi ng const r ai nt s and a
net wor k of dependency r el at i onshi ps ( nor mal l y causal
r el at i onshi ps) bet ween t he syst em' s st at e par amet er s
( QDE- l i ke appr oach) . The net wor k i s used t o pr opose
possi bl e cr ack pr ogr essi on sequences t o gui de a
quant i t at i ve anal ysi s . These pr oposed pr ogr essi ons

ar e t hen eval uat ed t o det er mi ne t he most pr obabl e
cr ack cause . Each st ep of t he qual i t at i ve sequence i s
si mul at ed wi t h a numer i cal model . The aut hor
comment s t hat mor e t echni cal advances and a
combi nat i on of t echni ques ar e needed bef or e t hi s wi l l

be r eal l y pr act i cal .

Hydr aul i c ci r cui t s .
The wor k by P. A. Hogan, et al , [ 34] i s on di agnosi s of
f aul t s i n Hydr aul i c Ci r cui t s . The goal i s t he post event
di agnosi s of i n- ser vi ce hydr aul i c ci r cui t f ai l ur es . A
maj or at t r act i on t o QR i s t he component model
appr oach. A model of each component i s made,
pr i mar i l y of t he pr essur e l evel s and t he f l ow r at es.
The Fai l ur e Modes and Ef f ect s Anal ysi s ( FMEA)

r esul t s ar e used t o hel p bui l d t he model s . The
di agnost i c pr ocedur e t r i es t o i sol at e t he f aul t t o a
speci f i c component and suggest s t he component
f ai l ur e mode. They use f aul t model s t o do t hi s. The
i ni t i al i nput t o t he pr ogr am i s a st at ement f r om t he
user of t he syst em l evel f ai l ur e mode t o be di agnosed
and an i ndi cat i on of wher e t he pr obl em was obser ved .
The di agnosi s get s i nf or mat i on f r om t he oper at or i n
an i nt er act i ve way . Pr i mar y f ocus i s on f aul t s i n a
Hydr ost at i c Tr ansmi ssi on. The si mul at i on i nf er s t he

pr essur e and f l ow i nf or mat i on at t he cr i t i cal poi nt s i n
t he syst em. The syst em seems t o be appl i ed i n t he

r esear ch envi r onment t o one or t wo exampl es, but i n
t he Fl ui d Power cent er .

Tur boj et engi nes
Raj agopal an [ 68] has been wor ki ng on t he model l i ng

of t he mai n par amet er s of a t ur boj et engi ne . A causal
model has been i mpl ement ed t o pr ovi de a si mul at i on.
The paper gi ve exampl es of t he ef f ect s of an i ncr ease
i n ai r speed and t hr ot t l e set t i ng, and an exampl e of t he

possi bl e pat hs l eadi ng t o a change i n t hr ust .



Vacuumf or semi - conduct or f abr i cat i on
I n t he paper on numer i cal behavi our envel opes f or
qual i t at i ve model s by Her ber t Kay et al . [ 39] t he mai n
f ocus of t hi s wor k i s t o bound weak qual i t at i ve
model s wi t h dynami c envel opes i n t he QSI Msyst em.
Thi s i mpr oves t he qual i t at i ve si mul at i on . The
appl i cat i on exampl e i s an ul t r a hi gh vacuum f or semi -
conduct or f abr i cat i on. The f ocus i s a moni t or i ng
syst em t o det ect when t he syst em goes out of
t ol er ance. The syst em t hey have devel oped i s abl e t o
det ect a l eak usi ng a ser i es of pr essur e measur ement s
t hat si mul at e a gasket l eak. Appl i cat i on i s j ust an
exampl e, al t hough i t i s r obust f or t he exampl e gi ven.

Aut omobi l e scr een wash syst em.
Hunt and Pr i ce [ 35, 37, 65, 66] ar e wor ki ng on a
qual i t at i ve model based di agnosi s syst em. The wor k
i s under way . They have wor ked on t he scr een wash
subsyst em of a Jaguar Car . They use t hei r own
qual i t at i ve si mul at or , whi ch pr opagat es val ues acr oss
component s based on a connect i vi t y net wor k . Thei r
cur r ent pr oj ect i s f or t he el ect r i c mi r r or cont r ol of t he
car . Thi s pr oj ect i s i n conj unct i on wi t h Jaguar and
Genr ad, who devel oped t he exi st i ng Jaguar di agnosi s
syst em.

Naval di esel engi ne
Mar chal and Camacho [ 52] ar e wor ki ng on an
appl i cat i on t o a naval di esel engi ne super char ger
syst em. Thei r mai n obj ect i ve i s t o devel op qual i t at i ve
behavi our model s of t he mai n engi ne of a shi p t hat
can be used f or moni t or i ng, f ai l ur e det ect i on,
di agnosi s, pr edi ct i on and i nst r uct i on. The syst em i s
i mpl ement ed i n SMALLTALK. They gi ve QSI M
model s of t he t ur bochar ger syst em. They gi ve an
exampl e of how t he syst em can det ect a pr obl em of
t he cool er becomi ng soi l ed. They al so show how t he
qual i t at i ve model agr ees wi t h a numer i cal si mul at i on.
The wor k i s cont i nui ng.

CNCmachi ni ng cent er s
Rehbol d [ 69] i s wor ki ng i n t he appl i cat i on ar ea of
di agnosi s of CNC machi ni ng cent er s . The syst em i s
cal l ed MOLTKE. I t uses component or i ent ed model s .
These pr ovi de f or t he pr opagat i on of behavi our s
based on model s . The syst em i s i mpl ement ed i n
SMALLTALK. The mai n f ocus t o dat e i s t he
el ect r i cal and hydr aul i c sub syst ems . They have
i mpl ement ed exampl e di agnost i cs f or t hese ar eas .
They use t hei r own st yl e of model and pr opagat e
qual i t at i ve st at es . Wor k on t he syst em i s cont i nui ng .
Thi s i s one of t he mor e appl i cat i on or i ent ed pr oj ect s,
but i s mor e i n t he ar ea of model based di agnosi s t han
qual i t at i ve r easoni ng.

Phot ocopi er machi nes
Umeda et al [ 84] ar e wor ki ng on t he devel opment of
machi nes t hat can cont i nue t o f unct i on even when
t hey have a f aul t ( f aul t t ol er ant ) . They combi ne model
based di agnosi s and r epai r wi t h a qual i t at i ve physi cs
based model . They gi ve an exampl e of t he t echni que
appl i ed t o a phot ocopi er .

Gr eenhouse heat i ng syst em
The wor k by Br adshaw and Young [ 13] i s an exampl e
of a si mpl e gr eenhouse heat i ng syst em. The syst em i s
cal l ed Dor i s . They gener at e an envi si onment gr aph of
t he pr edi ct ed behavi our st at es of t he r epr esent ed
devi ce . These ar e t hen compar ed wi t h t he knowl edge

of pur pose of t he behavi our descr i pt i ons . When
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conf l i ct s ar e det ect ed, t he syst em t r i es t o i dent i f y t he
sour ce of t he conf l i ct . They pr opagat e qual i t at i ve
val ues . Ti me advances onl y when an i nt er est i ng
qual i t at i ve change i s made . Envi sonment gr aph i s i n
t he st yl e of de Kl eer and Br own. Two exampl es ar e
used t o show t he evol ut i on of t he pr edi ct ed st at es and
t he det ect i on of devi at i ons f r om t he si mul at i on. For
t hi s wor k an envi si onment i s used t o embody t he f ul l
si mul at i on ( not shown i n t hi s paper ) . Thi s i s j ust an
exampl e of t hei r t echni que, not a r eal appl i cat i on.

DI AMON: Moni t or i ng and Di agnosi s of a cent r al
heat i ng syst em
Lacki nger and Nej dl [ 46] ar e wor ki ng i n t he
DI AMON ( Di agnosi s and Moni t or i ng Al gor i t hm)
syst em. I t combi nes consi st ency based di agnosi s wi t h
QSI M l i ke syst em model s . They show how t he
t echni que can be used f or t r oubl eshoot i ng of a cent r al
heat i ng syst em. The model shows t he QSI M
const r ai nt s bet ween t he par amet er s. The syst em i s
shown t o i dent i f y t he cause of an exampl e f aul t . Thi s
i s not a r eal appl i cat i on, j ust an exampl e f or t he
r esear ch .

Anot her cent r al heat i ng syst em
Koch' s [ 44] appl i cat i on domai n i s al so a cent r al
heat i ng syst em. He i s wor ki ng wi t h Landi s and Gyr ,
one of t he l ar gest bui l di ng envi r onment al cont r ol
compani es . The f ocus i s on di agnosi s . He assumes
t hat you can have t he bui l di ng cont r ol syst em per f or m
t est s t o hel p wi t h t he di agnosi s . The syst em i s shown
t o wor k on an exampl e of bl ocked damper s . The wor k
has been conduct ed on a model , and not on a r eal
bui l di ng. He uses si mpl e st at i c qual i t at i ve model s and
pr opagat i on of val ues. The wor k i s cont i nui ng .

Engi neer i ng De *

Ai r suppl yf or space sui t
Tr av6- Massuybs and Zi mmer ar e wor ki ng i n t he
desi gn of t he ai r suppl y ci r cui t f or a space sui t whi ch
was i nt ended t o be used wi t h t he Her mes space
shut t l e. They ar e usi ng t hei r own t ool , SQUALE [ 58] ,
whi ch i s i nspi r ed f r om QSI M, but has bet t er
mechani sms f or const r ai nt handl i ng and t o r educe
spur i ous behavi our s . The goal i s t o use t he qual i t at i ve
si mul at i on t o gi ve al l behavi our s of t he space sui t
syst em. These behavi our s can t hen be eval uat ed i n
or der t o check f or desi gn pr obl ems or unwant ed
behavi our s . A basi c si mul at i on has been i mpl ement ed
and t he wor k i s cont i nui ng.

El ect r i c mot or s
Ki r i yama, Tomi yama and Yoshi kawa [ 41, 42, 431 ar e
wor ki ng on t he desi gn of el ect r i c mot or s . They use a
met a model t o ant i ci pat e t he behavi our s of t he syst em
bei ng desi gned . The i dea i s t o be abl e t o ant i ci pat e i t s
behavi our s bef or e t he devi ce i s bui l t or suf f i ci ent dat a
i s avai l abl e f or a numer i cal si mul at i on. The syst em
uses a l i br ar y of component s t hat ar e assembl ed by
t he desi gner . The desi gner makes a pr i mar y model , a
qual i t at i ve model i s t hen der i ved f r om t hi s . The
syst em i s i mpl ement ed i n SMALLTALK. They show
t he pr i mar y model of t he mot or and t he cor r espondi ng
der i ved met a model . The met a model i ncl udes al l t he

pot ent i al behavi our s of t he mot or . The syst em can
al so cr eat e a dynami c model of t he mot or showi ng t he

di f f er ent epi sodes f r om r ot at i on. For a bad desi gn or



pr obl em, such as a br oken coi l , t he syst em i s shown
t o cor r ect l y pr edi ct t he ( i ncor r ect ) behavi our .

Mechani cal Syst ems
Sacks and Joskowi cz [ 73] ar e wor ki ng on a
si mul at i on pr ogr am f or r i gi d par t mechani sms . The
pr ogr am per f or ms a ki nemat i c si mul at i on of t he
behavi our pr oduced by par t cont act s and i nput
mot i ons al ong wi t h a dynami c si mul at i on of t he
behavi our pr oduced by gr avi t y, spr i ngs and f r i ct i on.
The pr ogr am i s mor e ef f i ci ent and i nf or mat i ve t han
t r adi t i onal si mul at or s . I t cover s mor e mechani sms
t han do pr evi ous model based si mul at or s, gener at e
f ul l er behavi our al descr i pt i ons, and expl oi t s
ki nemat i cs mor e f ul l y . They have demonst r at ed t hat
t he si mul at i on al gor i t hm capt ur es t he wor ki ngs of
most mechani cal mechani sms by sur veyi ng 2, 500
mechani sms f r om an engi neer i ng encycl opedi a. I n
t hei r paper t hey gi ve exampl es of a f eeder
mechani sm, br ake shoe and a r i m l ock.

Mechani cal syst enu ,
Yannou [ 89] pr oposes a desi gn t ool cal l ed QDES
based on t he model envi si onment and t he
r epr esent at i on of f unct i onal r equi r ement s r el at ed by
desi gn hi st or i es . The syst em det ect s t he i nt er sect i ons
bet ween t he expect ed behavi or s ( r equi r ement s) and
t he possi bl e behavi or s ( envi si onment ) .

Desi gn of aut omat i c pr ocess di scr et e cont r ol sysl ens
Val i sou i n Fi nl and [ 85, 86] i s f ocused on t he desi gn
of aut omat i c pr ocess pl ant di scr et e cont r ol syst ems
and t o hel p pl an act i ons t o t ake when t he pl ant i s
oper at i ng . They have devel oped a pr ot ot ype t ool
cal l ed I SI R. The wor k uses an appr oach si mi l ar t o
QSI M, and i s i mpl ement ed wi t h const r ai nt l ogi c
pr ogr ammi ng. An exampl e i s gi ven of a power pl ant
f eed wat er syst em. The wor k i s cont i nui ng,

11 . 3 . Ecol ogy

Pr edi ct i on i n pl ant physi ol ogy
The wor k by Ri ckel and Por t er [ 79] i s based on
QSI M. The f ocus of t he wor k i s t o hel p pr edi ct t he
behavi our s t hat woul d r esul t f r om a hypot het i cal
si t uat i on ( a pr edi ct i on quest i on) . The domai n of
i nt er est i s i n pl ant physi ol ogy . A t ypi cal quest i on
mi ght be : " How woul d a decr easi ng amount of soi l
wat er af f ect pl ant si ze and gr owt h r at ?" Fr om t he
i nf l uence net wor k , i t can be seen t hat t hi s woul d
r esul t i n an i ncr ease i n si ze, si nce soi l - wat er - amount
- >Q+ wat er - upt ake- r at e - >I + apopl ast - wat er - amount
- >Q+ sympl ast - wat er - amount - >Q+ t ur gor - pr essur e
- >Q+ gr owt h- r at e - >I + si ze . Thi s i s one pat h r esul t i ng
f r omt he model and i t s qual i t at i ve r el at i onshi ps .

Ot her pr oj ect s
The paper by Cooke and Hunt [ 18] gi ves shor t
descr i pt i ons of ei ght pr oj ect s i nvol vi ng qual i t at i ve
r easoni ng i n t he bi ol ogi cal and ecol ogi cal domai ns .
For now, onl y a summar y of t he pr oj ect s i s i ncl uded:
( 1) Gagl i o model s t he cel l cycl e and t he ef f ect s of
ant i - pr ol i f er at i ve dr ugs on i t ; ( 2) Uni ver si t y of Texas
at Aust i n i s devel opi ng an i nt el l i gent t ut or f or f i r st
degr ee l evel bi ol ogy st udent s; ( 3) Hunt and Cooke ar e
devel opi ng QRP, Qual i t at i ve Reasoni ng f or Pl ant s t o
anal yse t he pot ent i al ef f ect s of mut ant st r ai ns of
pl ant s and t he pot ent i al ef f ect s of ext er nal
envi r onment al changes ; ( 4) Rogoyski has devel oped a

qual i t at i ve model of t he dr op r at e of appl es
t hr oughout t he gr owi ng season ; ( 5) Schmol dt has
devel oped a qual i t at i ve model based si mul at i on of t he
r esponse of a Ponder osa Pi ne t r ee t o st r ess ; ( 6)

- Guer r i n i s wor ki ng on a qual i t at i ve model of an
aquat i c ecosyst em of f i sh ponds whi ch ar e f ed on
phyt opl ankt on and zoopl ankt on [ 32, 33] ; ( 7) Pl ant
and Loomi s ar e devel opi ng a qual i t at i ve si mul at i on
based model t o be par t of an i nt egr at ed deci si on
suppor t syst em f or cr op management ; ( 8) Saar enmaa
has devel oped a qual i t at i ve model of ani mal - habi t at
i nt er act i on . I n par t i cul ar t he model i s of t he
i nt er act i on of moose and f or est pl ant at i ons i n
Scandi navi a .

H. 4. El ect r oni c Ci r cui t s

Di agnosi s : OR gat e
The appl i cat i on exampl e i n Mozet i c [ 60] i s di agnosi s
of el ect r oni c ci r cui t s . Hi s r eal f ocus i s t he
combi nat i on of qual i t at i ve and quant i t at i ve
si mul at i on . The numer i c model i s used t o
di scr i mi nat e bet ween compet i ng qual i t at i ve
hypot heses. He gi ves an exampl e of an ORgat e at t he
l evel of t hr ee npn t r ansi st or s . He der i ves t he
qual i t at i ve model f r om t he numer i cal one . He uses
f aul t model s t o hel p wi t h t he di agnosi s . He f unds t he
f aul t model s at t he qual i t at i ve l evel and t hen uses t he
numer i c l evel t o ver i f y t hem. Thi s i s an exampl e t o
show hi s t echni que, not a r eal appl i cat i on .

Di agnosi s : Anal og ci r cui t s
Dague et al [ 19] ar e al so wor ki ng on t r oubl eshoot i ng
of compl ex anal og ci r cui t s . The r eal f ocus i s on
di agnosi s usi ng r el at i ve or der of magni t ude r easoni ng
( see Sect i on I ) . The syst em i s cal l ed DEDALE.
DEDALE was t est ed on a r eal si ze appl i cat i on i n a
f act or y envi r onment They st at e t hat i t can f i nd 75%
of f ai l ur es. These ar e t he cl ass wher e a f aul t l eads t o a
si gni f i cant change of behavi our . The ot her 25%do
not cause si gni f i cant changes of behavi our , but can be
f ound by ot her means. Nei t her of t he l ead aut hor s ar e
st i l l at I BM. Thi s i s an exampl e, but t he wor k has
been done wi t h El ect r oni que Ser ge Dassaul t who
cont i nued wor k i n t hi s ar ea and now commer ci al i ses a
pr oduct cal l ed DI AGMASTER i mpl ement i ng t hi s
r esear ch .

11. 5 . Busi ness and Commer ce

Di agnosi s of Busi ness Per f or mance
Dani el s and Feel der s [ 21, 22, 23] ar e wor ki ng on
model based di agnosi s of busi ness per f or mance. Thei r
appl i cat i on i s di agnosi s of a busi ness per f or mance.
For exampl e t o answer t he quest i on of " why di d sal es
go down?" They gi ve an exampl e of a qual i t at i ve
model of t he sal es vol ume, pr i ce and cash posi t i on of
a company . They show how t hi s can pr ovi de
expl anat i ons f or changes such as a decr ease msal es .
Thei r appr oach i s basi cal l y one of causal and
const r ai nt r el at i ons r at her t han si mul at i on . They gi ve
an exampl e t hat t r aces why a decr ease i n adver t i si ng,
l eads t o a decr ease i n sal es, whi ch causes assest s t o
decr ease, whi ch i s a busi ness pr obl em. The syst em i s
i mpl ement ed i n t he const r ai nt l ogi c pr ogr ammi ng
l anguage CHI P. They show how t hey ar e usi ng a
st andar d di agnosi s ar chi t ect ur e. The syst em t r i es t o
gener at e al l expl anat or y sequences f or a quer y . The



syst em seems t o be a devel opment pr ot ot ype,
al t hough a suppor t t ool f or l oan eval uat i on by_ banks

i s bei ng i nvest i gat ed. The wor k i s cont i nui ng i n
conj unct i on wi t h t he AMRObank i n t he Net her l ands .

Pr edi ct i on : mar ket exchanges
For Far l ey and Li n [ 30] t he appl i cat i on ar ea i s mar ket
based model l i ng usi ng qual i t at i ve si mul at i on . The
f ocus i s t he commodi t y exchange . They use t he

qual i t at i ve si mul at i on t o pr oduce pr edi ct i ons of t he

ef f ect s of changes i n t he demand, suppl y and pr i ce.
They use a QSI Mappr oach. They gi ve sever al model s
of t he i nf l uences of dr i nks commodi t i es . The cur r ent

st at us of t he pr oj ect i s not cl ear f r om t he paper .

Pr edi ct i on : busi ness cash f l ow
Bai l ey et al . [ 1] ar e wor ki ng t o suppor t busi ness
execut i ves i n pl anni ng, cont r ol l i ng and busi ness

eval uat i on t asks. They ar e usi ng QSI M. They gi ve an
exampl e of a qual i t at i ve model of a busi ness cash
f l ow. Bai l ey [ 2, 3] gi ves mor e det ai l ed exampl es . The

model s and si mul at i on i s desi gned t o hel p audi t or s . I n
or der t o di agnose pr obl ems, t hey use a f aul t model

appr oach . The wor k i s cont i nui ng but not i n usage

yet .

11 . 6 . Medi cal

Expl anat i on of el ect r ocar di ogr ams .
For Ki r by and Hunt er [ 38, 40] t he appl i cat i on ar ea i s
t he human hear t . Al t hough Hunt er wor ks i n t he

medi cal domai n, t hi s syst em has not gone f ur t her . He
gi ves an i ndi cat i on of how qual i t at i ve si mul at i on can

be used t o expl ai n el ect r ocar di ogr ams i n t er ms of t he
under l yi ng physi cal pr ocesses . The t echni cal

appr oach i s t o use a QSI Ml i ke st r at egy wi t h t empor al
const r ai nt s . The model i s shown t o pr ovi de accur at e
pr edi ct i ons of t he ECGf or t he sel ect ed exampl es .

KARDI O: i nt er pr et at i on of ECGs
The KARDI Osyst emby Br at ko [ 14] i s pr obabl y t he

most advanced appl i cat i on of qual i t at i ve r easoni ng .
The appl i cat i on f ocus i s t he i nt er pr et at i on of ECGs

f or t he human hear t . The t ask was t o r ecogni se
ar r hyt hmi as . Qual i t at i ve model s ar e used t o gener at e
t he behavi our s of t he hear t . A r ul e i nduct i on syst em i s

t hen used t o cr eat e a ' r ul ebase' f or di agnosi s . The
syst em pr oved ver y accur at e i n ear l y t r i al s bot h at

r ecogni si ng and pr edi ct i ng what an ar r hyt hmi a woul d
appear l i ke i n t he ECG. I t i s under st ood t hat some of
t he di agnosi s i s now bei ng embedded i n a syst em
cal l ed I nt el l i gent Pacemaker by a company
Tel ect r oni cs i n Aust r al i a.

Di agnosi s : car di ovascul ar syst em
Downi ng [ 26] i s wor ki ng on qual i t at i ve model based
di agnosi s usi ng t he car di ovascul ar syst em. He
combi nes a qual i t at i ve causal net wor k wi t h model
based di agnosi s t echni ques based on GDE and
SHERLOCK. The net wor k he has can hel p t o expl ai n

some exampl e f aul t s . The wor k i s j ust t heor et i cal and
not bei ng appl i ed t o a r eal medi cal si t uat i on .

Di agnosi s : t hyr oi d st i mul at i ng i mmunogl obul i n
For Duger di l and Gui l l od [ 28] t he appl i cat i on ar ea i s

medi cal wi t h a f ocus on di agnosi s . Not e t hat t he

second aut hor wor ks at a hospi t al . The mai n f ocus of

t hei r wor k i s a qual i t at i ve di agnosi s syst em, and an

ar chi t ect ur al t ool i s pr oposed . They gi ve a model of a

15 2

t hyr oi d st i mul at i ng i mmunogl obul i n . They use t hr ee

val ues f or t he si mul at i on ( i ncr easi ng, nor mal ,
decr easi ng) and pr opagat e t he i nf l uences. The syst em

seems t o wor k f or t he exampl e gi ven i n t he paper .

The cur r ent st at us of t he pr oj ect i s not cl ear .

Expl anat i on : met ast at i c cancer causes br ai n t umor

Par sons and Fox [ 62] r epor t on mor e wor k i n t he
medi cal domai n. The wor k i s par t of t he Espr i t pr oj ect

DRUMS. They gi ve an exampl e of how met ast at i c
cancer can cause a br ai n t umor . They ar e usi ng an
ext ended ver si on of Wi l l i ams' Q1 appr oach. They
al so gi ve an exampl e of gast r oent er ol ogi cal

compl ai nt s such as ucl er s and gal l st ones . The
appr oach i s shown t o wor k on t he t wo exampl es

gi ven . The wor k i s cont i nui ng .

I L7. Ot her ar eas

EL. A: Aval anche pat h anal ysi s
Bui sson [ 15] devel oped a syst em cal l ed ELSA f or
aval anche pat h anal ysi s . I t i s wr i t t en i n SHI RKA, an

obj ect or i ent ed l anguage . The syst em combi ned
heur i st i c r ul es wi t h qual i t at i ve spat i al si mul at i on and

numer i cal si mul at i on. The syst em i s desi gned t o be

used by a snow speci al i st t o exami ne scenar i os of
snow r el ease . The key cal cul at i on i s t he st oppi ng

di st ance . The syst em t ook f our year s t o devel op and i s

oper at i onal. Sever al exampl es ar e gi ven i n t he paper .

Pr edi ct i on : ur ban t r af f i c cont r ol
The appl i cat i on f or Tol edo et al [ 79] i s t o ur ban

t r af f i c cont r ol . I t ai ms at pr edi ct i ng f ut ur e conf l i ct i ve

si t uat i ons as wel l as at det ect i ng abnor mal si t uat i ons.

The mai n f ocus i s a qual i t at i ve si mul at or wi t h

t empor al aspect s . The syst em i s i mpl ement ed i n

PROLOG. A r eal zone of t he ci t y of Val enci a
cover i ng si x i nt er sect i ons was used as a t est case .

They concl ude t hat t he si mul at i on i s good enough .
Thi s wor k i s par t of t he ESPRI T pr oj ect EQUATOR.

Geopr ospect i ve anal ysi s
The pr oj ect PROSPECT [ 25] ai ms at bui di ng

evol ut i on scenar i os f or geaopr ospect i ve anal ysi s .
They use a causal model i n whi ch t hey pr opagat e

hi st or i es ( pi ecewi se l i near t empor al f unct i ons) by

usi ng t he oper at or s associ at ed t o ever y edge of t he

gr aph. The model i s pr ocess or i ent ed .

Even mor e!
The paper of Hunt et al [ 36] pr ovi des a summar y of
sever al mor e appl i cat i ons usi ng qual i t at i ve r easoni ng .

Al t hough over 20 appl i cat i ons ar e l i st ed, some of

t hese ar e mor e pr oper l y consi der ed model based

di agnosi s t ool s, r at her t han speci f i c appl i cat i ons ( f or

exampl e, GDEand SHERLOCK) .

Concl usi on

Thi s paper has gi ven a summar y of r ecent appl i cat i on

or i ent ed wor k. Al t hough t her e i s a l ong l i st of

pr oj ect s, t he maj or i t y ar e r esear ch pr oj ect s wi t h

r eal i st i c exampl es and have no shor t t er m i nt ent i on of

bui l di ng a usabl e appl i cat i on . Ther e ar e a f ew

appl i cat i ons under way, however , ver y f ew syst ems

ar e i n r egul ar use.



I t i s i nt er est i ng t o not e t hat most peopl e doi ng
appl i cat i on or i ent ed wor k ci t e t he need f or t he
i nt egr at i on of qual i t at i ve and quant i t at i ve model s .
Most al so comment t hat cur r ent si mul at i on t echni ques
do need i mpr ovement bef or e bei ng abl e t o deal wi t h
t he r eal pr obl ems bei ng t ackl ed. I n ot her wor ds i t
appear s t hat a consensus i s emer gi ng of ar eas f or
f ur t her wor k and i nt egr at i on wi t h ot her t echni ques
t hat wi l l be needed t o make r eal , usabl e dai l y,
qual i t at i ve r easoni ng based appl i cat i ons .
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