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Abstract. Designis anactiity thattranslateasetof requirementin
a feasibleproductby consideringconstraintscoming from physics,
technologyavaibility and designerpreferencesConfigurationis a
specialcaseof designin whichtheproductcomponenpropertiesare
alreadypredefinedIn this paper the designof a new conceptgor
thevalidationof existing ones)is consideredsa configuratiorprob-
lem. In thefirst partof this paper we presenta genericapproactor
conceptuabesign,the earliestphaseof design,combiningthe con-
straintsatisfictionformalismandthe object-orientedramevork. In
the secondpart, we introduceanapproacho dealwith uncertainties
mostly found duringthe conceptuablesignphase The proposedap-
proachis very easyto implementandguaranteethe upperboundof
the solutionexistenceprobability Thedesigneicannov male his or
herdecisionsotonly basedn theproductperformancebut alsoon
therisk associatedb thatperformance.

1 Intr oduction

Designis an activity thattranslatea setof requirementsn a feasi-
ble productwhich canbestsatisfytherealizationconstraintcoming
from physicalphenomenaghetechnologyavailability anddesigner
preferences.

Configurationis a specifictaskof design.We canseea configura-
tion taskasa designof a productgivenasetof componentgpossibly
sizable)describedy afixedsetof propertiedncludinginformations
on the interactionswithin componentslin this paperwe restrictthe
designcontet in aconfiguratiortask.

A conceptor a productis a solution of a configurationproblem
asaresultof a productinstantiation In this paper we areinterested
at a systemto aid designerin the configurationtask usinga generic
approach.

Our prior internalstudiesrelatedto the designandsizing of sens-
ing systemg3, 2] shavedthatthe CSPframeawork [12] offers:

o aflexible approactby anaturalproblemrepresentationsingcon-
straints;

e a contet free applicationincluding an absenceof domaintype
restrictions.

CSPframework is definedby a setof variables,a setof domains
eachassociatedo onevariableanda setof constraintsallowing val-
uescombinationsvithin asubsetof variablesDomainscanbeof all
types:symbolicor numeric,discreteor continue.Constraintcanbe
extensivelydefined(list of allowed/prohibitedzaluecombinationspr
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intensivelydefined(relationsuchasequation) Further arepresenta-
tion framavork suchasanobject-orientedramevork wouldenhance
adesignproblemrepresentationiVe basedur proposedyenericap-
proachonthesetwo frameworks.

The genericnatureof the proposedapproachnjuresconsequently
its computingpower, which limits its usefor the conceptuabesign.
More adwancedphase suchas detaileddesign,speciallyin the air-
craftdesigndomain,is therealmof parametrimptimization[10, 15]
evenif non classicaloptimizationtechniquessuchasgeneticalgo-
rithmscanbeused[1].

Basedon the CSP point of view, a numberof framevorks have
beenproposedo dealwith configurationproblem.

The Dynamic CSP framework [14] extendsthe classicalCSP
framework to dealwith asituationin which thesolutionsdonotneed
to have thesamevariablesandneitherto satisfythe sameconstraints.
Theideais to associatéo eachvariableandeachconstraintwo pos-
sible statesactive andnon-actve. Statescontrolis doneby a setof
activationconstraints.

The CompositeCSPframeawvork [19] answergo the samecaseas
previous extensionbut avoid the use of activation constraintsThe
ideais to allow avariableto have a subproblemasavalue.

The framavorksrepresenteth [17, 22] proposewo stepsof res-
olution. Thefirst stepconsistof determininghefinal productarchi-
tectureandthe secondconsistsof resolvingthe correspondinglas-
sical CSPproblemgiventhe productarchitecture.

Oneof thecharacteristicef designactiities, speciallyduringthe
early stageis the existenceof imprecisionanduncertaintyfactorsin
theproblemmodelandin externalinput[6, 21]. Noneof theprevious
frameaworks offers a techniqueallowing a designerto take into ac-
countthisuncertaintiesn his decisiormaking.However, we canfind
in [13, 18] a probabilisticapproacthasedon Monte Carlo method
whichis time andresourceconsuming.

In this paperwe proposean approachto deal with uncertainty
basedon CSPframevork which guaranteeanupperboundof solu-
tion existenceprobability Ourdiscussionsrefocusedontwo points:

1. A descriptiorof thegenericapproacho helpdesigneto structure
the designknowledgeof a productbeingconsideredthis knowl-
edgeis expressedn a genericmodelwhich is usedto generate
concepts;

2. A propositionof anapproactio dealwith uncertaintywhich guar
anteesan upperboundof solutionexistenceprobability; we will
shav by a caseexamplehow this measurecould be animportant
elementf decision.



Aswe areapplyingtheproposedpproacthin aeronauticatiomain,
examplesfoundin this paperwill be onaircraftdesignproblems.

2 Presentationof the genericmodel

Our genericapproachto dealwith configurationproblemis based
on genericmodelof the productbeingdesignedThe genericmodel
combinegwo framevorks:

e CSPframawvork with the notionsof variables,domainsandcon-
straintsto formalizethe configurationproblem;

e Objet-orientedrepresentationwith the notion of objects at-
tributes classesinstancesandinheritanceto structurethe con-
figurationknowledge.

2.1 The configuration knowledge

Configurationknowledge,usuallyrelatedto a given designdomain,

is structuredin classedollowing an object-orientedepresentation.

Here,a classcan be seenas a templateof anitem. An instanceis
build uponclassdescriptioncorrespondingo anitem (final product
or aproductcomponent).

2.1.1 Classessgenericdesignknowledg@

The knowledge aboutitemsis modeledby classesTypically there
is a classfor the final productand classedor its componentgand
recursvely). A classcanbe:

e abstrac(instancesannotbe built upondirectly);

e generic(e.g. sizeablecomponentinstancecanbe built upon, its
exactsizeis not predefined);

e nonsizeable(only existing instancef this classaretaken into
accountduringthe productinstantiation).

Simpleinheritanceas consideredi.e. aclasshasonly onemother
class A classis describedy a setof typedattributes.

Attrib utes

Eachattribute is characterizedy a definition (mainly its name
andtype). The domainof valuesassociateavith a variabledepends
ontheattributetype.Our systemallows thefollowing types:

e oneof (List):List isalist of elementsof ary discretetype
(number atom, string, etc) andthe value canbe ary elementof
Li st;

e oneof (M n, Max) : M n and Max are two integers, and the
valueof the variablecanbe ary integer belongingto the[ M n,
Max] intenal;

e instance(d 1): d 1 is a classnameand the value can be
ary instanceof ary subclasgd 2 of d 1 if C 1 is abstracbr an
instanceof d 1 if not;

e instance(List):List isalist of classemiameandthevalue
canbeary instanceof ary classin Li st ;

e instances(Mn, Max, C) :d is aclassnameandthe
value canbe ary collection of instancef the classCl whose
cardinalitybelonggo theintenal [ M n, Max] ;

e interval (M n, Max) : M n andMax arerealnumbersandthe
valuecanbeary subinteral of theinterval [ M n, Max] .

The five first typesintroducedirect choice points sincethey all
leadto a finite setof possibilities.The last type may alsoleadto
choicepointsbut only whenintenal splitting is consideredThein-
heritancepropertywill apply every attribute of a classto its special-
izations.

For example the classassociatedo a wing mayhas:

e attributes describing wing geometry in real numbers: wing
Area, Span and Aspect_ratio, etc;
e attributesdeterminingwing componentsflaps,slots,etc.

Generic constraints

Genericconstraintsare expressedt the classlevel. They define
relationshipdetween:

e thevaluesof someattributesof theclass;asanexample thethree
geometricattributesof awing Area, Span and Aspect_ratio are
relatedby the constraint:Aspect_ratio = Span® [Area

e the valuesof the attributesof someof its componentsfor ex-
amplethe relation betweenthe wing masswith the massof its
componentswing_total_mass = wing_mass+ flap_mass+
slot_mass

In theimplementatiorwe have two typesof constraintasfollows:

e pre-instantiationconstraintshelp to prunethe searchspaceand
avoid to considemrong optionsduring the productinstantiation;
thereis only asmallnumberof constraintsvhich canbeexpressed
in thisway dependingn the structuralchoicesfor aninstance;

e post-instantiatiorconstraintsare usedto verify theinstances at-
tributesconsisteng duringthe productinstantiation.

Using the inheritancepropertiesall of constraintsn a classare
alsoappliedto all of classspecializations.

2.1.2

Therearetwo typesof instances:

Instancesascomponents

e generic instancesresulting directly from the instantiation of
classewsingthe productinstantiation;

e instancesmodelingexisting component®r Component$On The
Shelf (COTS) whereall of the attributeshave a fixed value (at
leastthosedescribingits structure);theseinstancesarerecorded
in abaseof components.

After a productinstantiationof anitem representetby a generic
classmayresultin agenericinstanceor acomponentn COTS. But,
an item representecs non sizeableclasscan only be instantiated
in one of a componentin COTS. COTS can be usedto perfectly
representhe componentsion-customizableln aircraft design,the
enginesareusuallyconsiderecsCOTS.

2.1.3 Specificconstraintsasdesigners model

A modelis associatedo the classto be instantiatedlt determines
a setof basicrestrictionsexpressedn unary constraintsThe con-
straintsdefinedn amodeltakesinto accounthedesigrrequirements
andthedesignepreferences.

A modeldescribes:



o therequirementimposedo theproductor its componentsn civil
aircraft designdomain,a requirementan be the typical aircraft
flight mission,aircraftcapacity etc.

e explicit designempreferencessuchasa simple trapezoidalwing
plan-formor doortypeselections.

2.2 The synthesisfunction

The secondmain part of our systemis the synthesisunction. This
function is in chage of the productinstantiationi.e. to instantiate
theclasscorrespondingo the productusingthe availableknowledge
andproductmodel.Here,we find the connectiorbetweenCSPfor-
malism andthe object-orientedproblemrepresentationDuring the
instantiationof a class,a variableis associatedo eachattribute. An
instancecanbe consideredsa setof variables.

A synthesidunctioncanbeexpressedsbelow:

Instances = synthesis(Domain, Class, Model, Comps)
It builds asetof instance®f theclassClass, with:

e Domain: thesetof classesn genericknowledge;

e Model: a setof constraintsvhich representhe designerprefer
encesanddesignrequirements;

o Comps: asetof re-useccomponentén COTS.

The last two entriescan be empty When both are empty only
generidnstancewill beconsideredOtherparameterbave beende-
finedto limit the searchto thefirst n solutionsor within atime limit
andto usedifferentlevelsof constrainfpropagation.

The set of available classesand COTS implicitly describeghe
productinstantiationsearchspace.Techniquesutilized to explore
the searchspacein synthesisunction are basicallytree searchand
constraintpropagatiortechniquesDuring the productinstantiation,
searchn the synthesidunctiontakesinto account:

e designchoicesexpressedn classdescriptionschoiceof a class
amongseveral possiblesclassesdefinedin a domain attribute,
choiceof acomponentn COTS, finite domainattributes,etc.

e the choice betweenreusingan existing componentin COTS or
building a new genericone;

e otherchoicesrelatedto the managemendf propagatiorover in-
tervals.

Dependingon the componensetandthe model,the samesynthe-
sisfunctioncanbeusedto:

e validateanexisting conceptusingonly non-sizeablelassesthis
canbeinterestingto verify weathera proposectonfigurationsat-
isfy the productrequirements;

o definenaew concepts genericclassesreauthorizedandthe setof
componentss reducedo the setof COTS.

2.3

We chosea constraintprogramminglanguageto be our supporting
language The continuousdomainsis usefulto expressthe sizeable
propertieson anitem. Two languagesalthoughnot fully equivalent
areselectedPr ol og |V [4] andEcl i pse [8]. In our obsera-

tions, Prol og |V is more powerful than Ecl i pse in terms of

constrainpropagatiormechanismbut is muchslower asfaraspure
searclis concerned.

Implementation

The approactcombiningconstraintandobjectsbearssomesim-
ilarities with theideaimplementedn the d ai r e languagg11, 7]
(notionsof parameterizedlassabstractlass settypeattributeetc).
Butasd ai r e doesnot provide, presentlyconstraintsver realin-
tenals, this option hasbeendiscarded.In our opinion, it is easier
to addbasicobject-orientedeaturesadaptedo our needsin an ex-
isting constraintprogrammindanguagethanto develop an efficient
constraintpropagationmechanisnover an existing objectoriented
language.

To avoid aprematurechoicebetweerary constrainpprogramming
languagewe defineda kind of meta-languagto express:

genericconstraintexpressions;
genericpredicateslefiningclassesandattribute;
genericpredicatesaccessingttribute values;
genericpredicatego controlthe productinstantiationprocess.

Both constraintprogramminglanguagechosedo not supporta
graphicalinterface.To overcomethis disadwantage web-baseditil-
ities suchas NetscapeHTML, Javascript, Perl/CGIl and Wais are
used.

Theresultingsystemstill underimprovementswas usedfor the
civil aircraftsdesignstudieq16]. It is currentlyusedfor a designof
High Altitude Long EnduranceJnmannedAerial Vehicles(HALE
UAVs) [5].

UAVs designis aninterestingdomainfor configurationsincean
UAV can be more or lesstailored for the applicationdepending
mainly on the type of sensordo be loadedand the flight mission
characteristic¢range endurancealtitude,etc).

The currentUAV domainis organizedsuchthat differentaircraft
typescanbe consideredclassicalconfigurationplane,flying wing,
airplanewith acanardving, etc.Differentpropulsionsystemsarede-
scribed: pistonenginesturbojets,electricmotorswith solararrays
or batteriesfuel cellsaswell asdifferenttypesof sensors electro-
opticalcamerassyntheticapertureradars spectrometergjatatrans-
missionrelays.This domaincanbe easilyextendedby filling up the
domainknowledgeby otherclassesncludingmoregeneraklasses.

2.3.1 Asmallexample

Let bethedomainconsidereaonsistf thefollowing classes:

propul sion::
[[ engi ne, i nstance(engine)],
[ nb_engi nes, oneof (1,2)]] .

engi ne: :
[[consunption,interval (0.0,10.0)]].

t ur bomachi ne(engi ne) : :
[[thrust,interval (0.0,100.0)],
[ bypass_ratio,interval (1.0,10.0)]].

turboj et (turbomachine)::
[[thrust,interval (0.0,10.0)],
[ bypass_ratio, 1.0],
[ consunption,interval (0.0,8.0)]].

t ur bof an(t ur bomachi ne) : :
[[thrust,interval (0.0,50.0)],



[consunption,interval (0.0,5.0)]].

pi st on_engi ne(engi ne) : :
[[ power,interval (0.0,100.0)],
[r_propeller,interval (0.7,0.9)],
[d_propeller,interval (0.0,3.0)]].

abstract ([ engi ne, turbonachine]).

We supposehatthe engi ne andt ur borrachi ne classesare
abstract.t ur bonachi ne andpi st on_engi ne are classese-
sulting of a specializationgrom the classnot or andt ur boj et
andt ur bof an are specializedclassfrom the classt ur bona-
chi ne. A specializedclassis allowed to have a refinedattributes
domainsfrom its motherclasssfor theclasst ur boj et .

Without ary specificconstraintsix solutionsarebuilt by the syn-
thesisfunction:s- 1, s- 2 with turbojet,s- 3, s- 4 with turbofan
engineands- 5, s- 6 with pistonengine.

- engi ne,tj-1], [ nb_engi nes, 1]]
engi ne,tj-2],[nb_engines, 2]]
engi ne, tf-3], [ nb_engi nes, 1]]
engi ne,tf-4], [ nb_engi nes, 2]]
engi ne, pe- 1], [ nb_engi nes, 1]]
engi ne, pe- 2], [ nb_engi nes, 2]]

v v oo
4

with thecomponents:

{tj-1,tj-2}::[[consunption,[0.0,0.8]],
[thrust,[0.0,10.0]]]

{tf-3,tf-4}::[[consunption,[0.0,0.5]],
[thrust,[0.0,50.0]]]

{pe-1, pe-2}::[[consunption,[0.0,10.0]],
[ power,[0.0,100.0]],
[r_propeller,[0.7,0.9]],
[d_propeller,[0.0,3.0]]]

If we adda constraintatthenot or i sat i on statingthatif two
motorsareconsideredthey canbeonly turbojets,

not ((M nb_engi nes = 2),
((M engine.class = turbofan)

(M engi ne.class = piston_engine)))

the previous solutionss- 4 ands- 6 will not be built becausehey
will notbeconsistent.

3 Dealingwith uncertainty

After presentingpur systemn theprevioussectionjn thissectionwe

describeour approactto dealwith uncertaintyin conceptuatiesign,
theearliestphasédn designactivity. We basedurproposedpproach
on CSPframevork. We bagin by observingtwo kinds of variable
natures.

While representing designproblemasa constrainsatisactionor
constrainbptimizationproblem all thevariablesdonotrepresenthe
samething. Someof themrepresenpossibledesignerchoices.One
saysthatthey arecontrollable.Someothersrepresentincertaintyor

imprecision.One saysthat they are uncontrollable But sucha dis-
tinctiondoesnotexist in thestandardCSPframevork. Both aredealt
with the sameway.

Thereareat leasttwo extensionsof the CSPframeawvork thataim
atdealingwith uncertainty:

e Probabilistic Valued-CSP[20] associatesvith eachconstraint
(or eachcombinationof values)a probability of existencein the
realworld (or probability to be forbiddenin the realworld). The
objectie is thento find an assignmenfor all the variablesthat
maximizesits probabilityto be solutionin therealworld;

e Mixed-CSP [9] explicitly distinguishescontrollableand uncon-
trollable variables The objectie is thento find anassignmentor
all the controllablevariablesthatis a solution whatever the as-
signmentof the uncontrollablevariablesis. But, if a probability
distribution is available on the domainsof all the uncontrollable
variablesthe objective canbe,asin the ProbabilisticvaluedCSP
framework, to find anassignmentor all the controllablevariables
thatmaximizesits probability to be solutionin therealworld.

Both extensionsonly differ in the way of expressinguncertainty:
in the first framework, uncertaintyis associatedvith constraintsor
combinationsof values,while variablesand domainsare the same
asin the standardCSP framework; in the secondframework, un-
certaintyis associateavith valuesof uncontrollablevariableswhile
constraintsarethe sameasin the standardCSPframeavork. At least
theoreticallyary problemexpressedn oneof theabore framewvorks
canbeexpressedn theother

To dealwith uncertaintyin designproblemswe choosehesecond
framework basedn thedistinctionbetweercontrollableanduncon-
trollablevariables Usingthe genericmodelpresentegreviously:

1. weexpresghisdistinctionin thedefinitionof theclassesthenary
variableinvolvedin adesignproblemis eithercontrollable or not;
it suffice to stateweatheranattributeis controllableor not;

2. we usethis distinctionto provide the designemwith usefulinfor-
mationaboutthe consisteng probability of the currentproblem.

Wewill seethatsuchanextensiondoesnotimply ary changeneither
in thegenericmodel,nor in the synthesidunctionpresentecbove.

3.1 Controllable variables

Here,controllablemeanshatthe assignmenbf a valueto the vari-
ableis underthe control of the designerWe can distinguishthree
typesof controllablevariables:

e designvariablesthey physicallydescribehedesignedgroduct;in
the exampleof section3.4, the attributesrepresentingving span,
thewing areathelift coeficient,andtheaircraftdragdueto sur
facefriction areall designvariables;

e evaluationvariablesthey characterizehe performancef the de-
signedproduct;in thesameexample theattributelift-to-dragratio
is anevaluationvariable;

e intermediatevariablesthey areusedto simplify the problemex-
pressionstill in the sameexample theaspectatio AR is aninter-
mediatevariable.

3.2 Uncontrollable variables

Onthecontrary uncontrollableneanghatthe assignmenof avalue
to thevariableis not underthe control of the designerThis may be
dueto thepresencef:



e imprecisionor uncertaintyin the availabledesignknowledgei.e.
in itemmodelexpressedn classes;

o imperfectlyknowvn ervironmentfactors;someinputs maybeim-
preciseor uncertain;

e otherdesignerdecisionsn adistributeddesigncontext.

3.3 Proposedapproach

We male thefollowing assumptions:

e uncertaintycan be modeledas a probability distribution on the
domainof eachuncontrollablevariable;

e all theuncontrollablevariablescanbe consideredisindependent.

Using the constraintpropagatiormechanismgduring the product
instantiationcontrollablevariableassignmentarepropagatedh the
whole problemandmayinducedomainreductionsontheuncontrol-
lable variables.The smallerthe size of the currentdomainsof the
uncontrollablevariables the smallerthe probability of existenceof
arealsolutionin the currentproblem.We simply proposeto usethe
sizeof the currentdomainsof the uncontrollablevariablesto com-
puteanupperboundontheprobability of existenceof arealsolution
in thecurrentproblem.

Moreformally, aCSP = (V, D, Pr,C, ) is defined:

o V = (VcUVu)whereVe = {vcy, ..., ven} is the setof con-
trollablevariablesandVu = {vua, ..., vun, } isthesetof uncon-
trollablevariables;

e D = (DcU Du)whereDc = dey X ... X dey, de; isthedomain
associatewvith vc;, Du = duy X ... X durm, anddu; isthedomain
associateavith vu;;

e Pr = {mi, ..., mm} Wherer; is, for eachuncontrollablevariable,
the probability distribution associatedvith du;;

e (C asetof constraintseachof theminvolving atleastonecontrol-
lablevariable;

e a = H;.n:l aj @ o = f(duj,nw;), where f(duj, ;) =
fduj mj(z).dz for continuous domains, and f(duj,w;) =

Zzemj m; (%) for discretedomains.

Underthe independencassumptiong is an upperboundon the
probability of existenceof a real solutionin the currentproblem.If
we make thefollowing assumptions:

e for eachuncontrollablevariable,the probability to take its value
in its initial domain(beforesynthesisj.e. beforeconstraintprop-
agationandtreesearch)s equalto 1;

o for eachuncontrollablevariable the associategrobability distri-
butionis uniform.

«; is simply the ratio betweenthe size of the currentdomainof
A; andthesizeof its initial domain.a is consequentlyery easyto
computeat ary stepof the synthesis.

Moreover, by associatingeachuncontrollablevariable with one
item (productor component)suchan approachcanbe easilyinte-
gratedin the object-orientedramework.

3.4 A problemexample

We take an exampleof UAV designfor cruisingflight. The designer
hasto determinea wing placementvith regardon aircraftbodythat

hasgoodaerodynamigropertiesy consideringhewing geometry
uncertaintyln this examplethewing placements representetly the
lift coeficientvariable.

Here,we considerntwo sizeablecomponents aircraftcomponent
and wing componentwhere the wing componentis a subpartof
aircraft component.Below, we definethe wi ng andai rcraft
classes.

Thewing classhasthefollowing attributes:

e wing span:span
e wing surface:ar ea
e wing Oswaldfactor:oswal d

The Oswald factoris a parameterepresentinghelift distribution
alongthewing. It is affectedby mary otherspecificwing parameters
suchastwist angledistribution andwing airfoil distribution. In the
earlystage®of designthisinformationis notavailable.Onecancon-
siderthe Oswald factorasanuncontrollablevariabletakingits value
over a given interval. In this example,we take aninterval between
0.7and0.8. Thereis no constrainin thewi ng classdefinition.

Theai rcr af t classhasthefollowing attributes:

e aircraftaerodynamipropertyrepresentedly thelift-to-dragratio:
lift_to_drag

aircraftlift coeficient:c_Iift

aircrafttotal dragcoeficient:c_dr ag

aircraftsurfacefriction dragcoeficient:c_dr ag_fr
aircraftwing componentac_w ng

Theai r cr af t classcontaingonstraintbetweerthesevariables
andthevariablesin thewi ng class.In this examplewe assumehat
the surfacefriction dragcoeficient doesnot dependon thewing ge-
ometryvariation.

Wi ng: :

[[span, interval (0.0,10.0)],
[area, interval (0.0,20.0)],
[unc(oswal d), interval (0.7,0.8)],
[al pha, interval (0.0,1.0)]].

aircraft::

[[lift_to_drag, interval (0.0,20.0)],
[c_lift, interval (0.0,1.0)],
[c_drag, interval (0.0,1.0)],
[c_drag_fr, interval (0.0,1.0)],
[ac_wi ng, instance(w ng)],

[al pha, interval (0.0,1.0)]].

The predicateunc( X) definesX asan uncontrollablevariable.
Thefollowing constraintareexpressedittheai r cr af t level:

aircraft_constraints(Aircraft)

{

W ng Aircraft.ac_w ng

Sp_2 = power (W ng. span, 2.0)
di v(Sp_2, Wng. area)
_ power (Wng.c_lift, 2.0)
E W ng. oswal d
K pr oduct (pi,
Ch =div(d_2, K
Wng.c_drag = plus(Wng.c_drag_fr,

%

AR E)

a_2
Chi)
}



Ai rcraft is avariablerepresentinghe currentinstancebeing
built, power , di v, pl us, product belongto thesetof basiccon-
straintsdefinedin thelanguageandpi refersto thevalueof =.

Letusassumeow thatthedesignehassetsomecontrollablevari-
ablesandexpressedhis preferencegin IlU metrics)in the following
aircraftmodel:

Ai rcraft.ac_w ng. span
Aircraft.ac_wi ng. area
Aircraft.c_drag_fr
Aircraft.c_drag <

In
coro

Let us supposethat the designerhastwo designalternatves to
compare:

1. Aircraft.c_lift

0.4
2. Aircraft.c_lift 0. 42

After runningthe synthesidgunction,we find thefollowing results
for thelift-to-drag ratio, the Oswald factorandthe a: parameter:

First alternative:

Aircraft.lift_to_drag in
Aircraft.ac_wing.oswald in
Aircraft. al pha =

[14.04. . 14.59]
[0.7..0.8]
1.0

Secondalternative:

Aircraft.lift_to_drag in [14.73..14.90]
Aircraft.ac_wing.oswald in [0.77..0.8]
Aircraft.al pha =0.3

An aircrafthasa betteraerodynamigropertywhenit hashigher
lift-to-drag ratio. The designemay thenchoosethe secondalterna-
tive becausef its higherlift-to-drag value, but this solutioninduces
alower valueof theupperboundon the probability of existenceof a
solution,i.e. ahigherrisk. Thus,a prudentdesignemay choosethe
first alternatve insteadof the second.

4 Conclusionand perspectives

We have presentedh genericapproachfor configurationanddesign
which associate®bject and constraintprogrammingtechnologies.
Thebasicschemeénhasbeenextendedto dealwith someof theuncer
taintiesa designemay encountein the earlieststageof design.

Possiblefuture developmentscould considerthe introduction of
dynamicparametersSuchparametersnayalsosupportprobabilistic
aspectdik e the probability that a given characteristidakes a given
value at a given point of time. Modeling suchknowledgewill help
to addresprospectie designandgive answergo questionsuchas:
is it possibleto designa productwith a given level of performance
within agiventime horizon.

Other developmentscould considerthe “compilation” of the
knowledge base.Oncethe domaindescriptionis stable,the actual
synthesicouldbereplacedby a moreefficient version,by “compil-
ing” the setof classesandproducinga constraintprogramwhereall
designchoicesare for example expressedas discretedomainvari-
ables.This would allow the useof morepowerful propagatiortech-
niguesandhelpsto definespecificdesigndomainconfigurators.

REFERENCES

(1]

[2

(3]

[4]

(5]

(6]

(71

(8]
9]

[20]

[11]
[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

T. Barret, G. Coen,J. Hirsh, L. Obrst, J. Spering,and A. Trainer
‘Madesmart anintegrateddesignernvironment’,in ASMEDesignfor
ManufacturingSymposium(Septembre 997).

C. Barrouil, E. BensanaC. Castel, L. ChaudronC. CossartR. Man-
pey, and C. Tessier ‘Programmeperception’,Rapportfinal 96-97 RF
2/7996.34DCSD-T, ONERA/DCSD,(Mars 1998).

G. Bel, M. Barat,andC. Geeuriot,ProgrammePERCEPTION theme
Conceptionet Dimensionnement’ Rapportfinal 2/7995.02-3575.00,
CERT/DERA, (Octobre1996).

F. Benhamou;Lecture notesin computerscience’,in Constaint Pro-
gramming: basicsandtrends ed.,A. Poldelski,volume910of Lectue
notesin computerscience chapterintenal constraintlogic program-
ming, 1-21,SpringerVerlag,(1994).

E. Bensana;Etudesconceptuellesl’avions non pilotes: apportsde la
programmatiorpar contraintesurlesintenalles’, in 2emeCongesde
la SociétéFrancaisede Reterche Opémtionnelleet d’Aide la Déci-
siosn (Jarvier 1999).

D.C. Brown, ‘Design’, in Encyclopediaof Atrtificial IntelligenceVol 1,
ed.,S.C.Saphiro,331-339 JohnWiley andSonsNew York, (1992).
Y. CaseawandF. Lahurthe,‘Introductionto the CLAIRE programming
language’,Technicalreport, DépartemenMathématique®t Informa-
toique,EcoleNormaleSupérieureFrance(1997).

ECRC. Eclipserelatedpapersandreports.

http://ww. ecrc. de/ eclipse/htm/reports. htni .

H. Famier, J. Lang,andT. Schig, ‘Mix ed ConstraintSatiskction: A
Framevork for DecisionProblemsunderincompleteKnowledge’, in
AAAI-96 pp.175-180AAAI Press(1996).

I. Kroo, S. Altus, R. Braun,P. Gage andl. Sobelski, Multidisciplanary
optimizationmethodsdor aircraftpreliminarydesign’,AAIA, 94(4325),
(1994).

F. LaburtheandY. CaseauEcrire ducodeéléganpourdesalgorithmes
complees’, Langaesst Modelesa Objets (1996).

A.K. Mackworth, ‘Consisteng in Networks of Relations’ Artificial In-
telligence 8(1),99-118,1977).

D.N. Mavris, O. Bandte,andD.A. DeLaurentis;Robust DesignSimu-
lation: A ProbabilisticApproachto Multidisciplinary Design’,Journal
of Aircraft, 36(1), 298—307 (jan 1999).

S. Mittal andB. Falkenhainer‘Dynamic ConstraintSatisaction Prob-
lems’, in 8th National Confeenceof Artificial Intelligence pp.25-32,
Boston,MA, (1990).AAAI-90.

F. Morel, ‘Multi variate optimizationappliedto conceptualdesignof
high capacitylog rangeaircraft’, AIAA, (1994).

T Mulyanto, Utilisation d’outil deprogrammatiorpar contraintespour
I'étape conceptuellede la conceptiond’avions Masters thesis,EN-
SAE, Aout 1998.

B. O’Sullivan and J. Bowen, ‘A Constraint-basedpproachto Sup-
porting ConceptuabDesign’,in Artificial Intelligencein Design'98, pp.
291-308/nstituto SuperiorT cnico,Lisbon, (jul 1998).

B. Roth,D. Mavris, andD. Elliott, ‘A ProbabilisticApproachto UCAV
EngineSizing’, in Joint PropulsionConfeence AIAA98-3264 Cleve-
land,OH, (1998).AIAA.

D. Sabinand E.C. Freudey ‘Configuration as CompositeConstraint
Satishction’,in AAAI-96Fall Symposiunon Configuation, pp.28-36,
(1996).

T. Schi, H. Famier, and G. Verfaillie, ‘Problémede satishction de
contraintesvalué’, Revue d’Intelligence Atrtificielle, 11(3), 339-373,
(1997).

T.W. SimpsonD. RosenJ.K. Allen, andF. Mistree, ‘Metrics for As-
sessingDesignFreedomandInformationCertaintyin the Early Stages
of Design’, Journal of Mechanical Design 120, 628-635,dec1998).
Transaction®f the ASME.

M. Veron,H. Famier, andM. Aldanondo, From CSPto Configuration
Problems’,in AAAI-99Wbrkshopon Configuation, Orlando,Florida,
(jul 1999).



