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Abstract. Productconfigurationis a major commercialapplica-
tion of knowvledge-basedystemsandjoint configuratiorby multiple
businespartnerss becomingakey applicationin todays highly spe-
cializedeconomy The requiredintegration of configurationknowl-
edgeis a challengingtaskdueto the variety of knowledgerepresen-
tation formalismsusedin commercialconfigurators Ontology lan-
guagesuchasDAML+OIL provide aninfrastructurdor the Seman-
tic Webwith the goal of intelligentinformationintegration. Theaim
of this paperis to shav theapplicability of suchlanguagesor build-
ing configuratiorknowledgebasesWe join thetwo majorstreamsn
knowledge-basedonfiguration(descriptionlogics on onehandand
predicatelogic, including constraint-base@nd resource-balancing
techniqueon the other) by giving a descriptionlogic baseddefini-
tion of aconfiguratiortaskandshaving its equivalencewith existing
consisteng-basedlefinitions.We shav thatSemantidMebontology
languagesanbe appliedto configurationby formalizing language
elementsrelevant for building configurationknowledge basesand
discussextensionsneededn orderto provide full fledgedconfigu-
ration knowledgerepresentationThe resultis a commonbasisfor
currentconfigurationapproachesnthe SemantidVebthatis neces-
saryfor the provision of joint configurationservices.

1 Intr oduction

Knowledge-basedonfigurationhasa long history as a successful
Al applicationarea(e.g.,[3, 10,12, 13, 15, 19]). Startingwith rule-
basedsystemsuchasR1/XCON{[3], varioushigherlevel represen-
tationformalismsweredevelopedto exploit the advantagef more
conciserepresentatiorfasterapplicationdevelopmenthighermain-
tainability and more flexible reasoning Although theserepresenta-
tions have proven their applicability in variousreal world applica-
tions, the heterogeneityof configurationknowledge representation
is the major obstacleto incorporatingconfigurationtechnologyin
eCommercervironments.Thetrendtowardshighly specializedso-
lution providersresultsin a situationwheredifferentconfiguratorof
complex productsandservicesmustbe integratedin orderto trans-
parentlysupportdistributedconfigurationproblemsolving.

For this integration,configuratorsmusthave a clearcommonun-
derstandingof the problemdefinition and the semanticof the ex-
changedknowledge. Consequentlyit is necessaryo agreeon the
definition of a configurationproblemand its solution. Of the two
currentmainstreamsn representing@ndsolving configuratiorprob-
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lems,thefirst approachs basedn predicatdogic or varioussimpli-
fiedvariantsthereof specificallyconstraint-baseslystemgincluding
theirdynamicandgeneratre variantse.g.,[10, 13,14]) andresource
balancingnethodge.qg.,[12]). Thesecondapproachusesdescription
logics asknowledgerepresentatiomndreasoningnechanisnie.g.,
[19]). Clearly, anintegrationof theseapproacheis amajormilestone
for configuratorintegration.

A solution for the exchangeof knowledge is the provision of
a standardizedconfiguration knowledge representationanguage
which is basedon state-of-the-ariVeb technologiesallowing easy
integration of existing proprietaryconfigurationervironments.On-
tologyrepresentatiofanguagesuchasOIL [9] or DAML+OIL [18]
developedin the context of the SemantidNeb [4] arewell suitedfor
designingand sharingontologies.Theselanguagesre strongly in-
fluencedby descriptionogicsandthereforepossessleardeclaratie
semanticsproviding oneimportantpreconditionfor theexchangeof
knowledge.Nonethelesstheir rootsin descriptionlogics reinforces
theneedfor thedefinitionof acommonview of aconfiguratiortask,
sothatpredicatdogic basedepresentationsanbe mappedo them.

The practicalconsequencef a commonlyacceptedgroblemdef-
inition andknowledgesemanticsn joint provisioning of configura-
tion servicess awell definedinterfacebetweerconfiguratoimple-
mentationsProprietaryconfigurationsystemsanbe independently
implementedollowing differentapproacheandarestill ableto in-
teroperate We only require that cooperatingconfiguratorsdeliver
valid solutionsw.r.t. thecommondefinitionof the problem the solu-
tion, andthe semantic®f the exchangedknowledge.

In this paperwe give a descriptionlogics baseddefinition of a
configurationtask and shav the equivalenceof this definition with
a consisteng-baseddefinition givenin [8] - the majorresultof this
equialenceis that configurationtasksdefinedin termsof descrip-
tion logics and predicatelogic can easily be transformednto each
other and consequentlybe representedn ontology representation
languagesuchasDAML+OIL. Usingconceptof OIL®, we present
the constitutingelementsof a configurationknowledge representa-
tion languageby formalizing modeling conceptsof de facto stan-
dard configurationontologies[7, 17] emplag/ed in industrial appli-
cationé. In addition,we point out extensionsneededo apply OIL
andDAML+OIL for full fledgedconfigurationknowledgerepresen-
tation. As a result,we provide a commonbasisfor knowledgerep-
resentationn configurationproblemsolving,thusenhancinghe ap-
plicability of configurationtechnologyto Web-base@nvironments.

Therestof thepaperis organizedasfollows. In Section2 weintro-

3 For presentatiorpurposeswve employ OIL text - this representatiorcan
easilybetransformednto a correspondindd)AML+OIL representation.

4 Note that thesediffer somevhat from the configurationontologythat was
describedor demonstratiopurposesn [11].



duceanexamplethatprovidesanoverview of themodelingconcepts
requiredfor building configuratiorknowvledgebasesin Section3 we
give adescriptionogics basedlefinition of a configurationtaskand
shaw its equivalenceto the consisteng-basedlefinitiongivenin [8].
In Sectiod we describeanOlL-basedormalizationof themodeling
conceptpresentedh Section2 andsummarizeheresults.Sections
closeswith conclusions.

2 Configuration domain specificmodeling concepts

In the following we discussa set of relevant modeling concepts
for building configurationknowledgebasesTheseconceptsare ex-
tractedfrom the configurationontologiesdefinedin [7, 17]. Figure
1 shaws the simplified structureof a configurableComputersystem
whichis composedf thefollowing representatiomoncepts.
Componentypesrepresenthe parts,a final productis built of -
they arecharacterizedy attributes(e.g.,the componentype CPU
is characterizedby the attribute clockrate). Componentypeswith a
similar structurearearrangedn a genealization hierarchyandrep-
resentchoicesfor the configurableproduct(e.g.,in the final con-
figuration an instanceof CPU can be eithera CPU1 or a CPU2).
Part-wholerelationshipsanbe consideredsbill-of-materialrepre-
sentationsemanticallyenrichedwith multiplicities, statinga range
of how mary subpartsan aggrgatecanconsistof (e.g.,a MB must
containat leastone CPU andat mosttwo CPUS. In additionto the
numberandtypesof differentcomponentsheproducttopologymay
beimportantin afinal configuratioraswell, i.e.,howx thecomponents
areinterconnectedb eachother(e.g.,which videoportis usedin the
configurationto connecthe Videocad with the Sceer).
Additionally, a setof constraintsspecifiesallowed combinations
of componentandattribute settingsin thefinal configurationSome
componentypescannoteusedn thesamefinal configuration(they
areincompatibl@. E.g.,we canimposethe constrainton the product
structureof Figure 1 thata CPU1 is incompatiblewith a mother
boardMB2. In somecasestheexistenceof acomponenbf acertain
type requires the existenceof an instanceof anotherspecifictype.
Regardingthe productstructureof Figurel, we canimposethe con-
straintthatthe existenceof a CPU2requiresthe existenceof a MB2.
Finally, partsof a configurationproblemcanbe interpretedasa re-
sourcebalancingtask,wheresomeof the componentsreproduces
andothersareconsumes. In the final configuration,consumersnd
producersmustbe balancedw.r.t. someresourcebalancingcriteria-
e.g.,the amountof installedhard-diskcapacityis the upperbound
for the capacityrequirement®f the installedsoftware.In Section4
we will shawv how to representheseconceptsn extendedOIL [9].

3 Defining configuration tasks

For the descriptionof a configurationtask we emplg/ a descrip-
tion logic language(e.g., OIL) starting from a schema$S =
(CN,RN,ZN) of disjoint setsof namesfor conceptsyoles,and
individuals [5]. Conceptscanbe seenas unary predicategefining
classeqcomponentypes).Rolesare usedto expressrelationships
betweerdifferentelementf a domain.Finally, individualsarespe-
cific namedelementf the domairt.

Definition 1 (Configuration problem in description logic): In
geneal we assumea configuation problemis describedby a triple
(DDpr,SRSpL, CLANGpL). DDp1 representsthe domain

5 In the following we assumehatthe readeris familiar with the conceptsof
OIL. See[9] for anintroductorytext.
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Figurel. Exampleconfiguratiormodel

descriptionof the configuable productand SRSp1. specifiesthe

particular systemrequirrmentsdefining an individual configua-

tion probleminstance CLANGpr comprisesa set of concepts
Ceonfig C CN andasetof rolesReonfig € RN which serveasa

configuation language for the descriptionof actual configuations
(solutions).A configuation knowledg@ base K Bpr, = DDppU

SRSpr is constitutedbf sentences a descriptionlanguage. O

In thefollowing we will definea solutionof a configuratiornprob-
lem basedon the interpretationof conceptsand roles. In addition
we requirethatrolesin CLANGp aredefinedover the domains
given in Ceonfig, i.€., we add for eachR; € Rconfig the role
descriptionsrange(R;) = CDom anddom(R;) = CDom for
= _ C; to theknowledgebaseK Bp 1, if such
descriptionsare not subsumedby other descriptionsalready con-
tainedin theknowledgebase.

Example 1: In this examplewe usea part of our Computeron-
tology (seeFigure 1) that comprisesCPUs and MBs On eachMB
atleastonebut at mosttwo CPUsarepluggedin (constraintc;). A
CPU mustalways be mountedon a MB (constraintcs). A CPU of
type CPU2 mustbe mountedon a MB of type MB2 (constraintcs).
ThedomaindescriptionDDp 1, ={

class-defM B subclass-of{M B1 or M B2)

slot-constraintpu-of-mbmin-cardinalityl C PU
slot-constraintpu-of-mbmax-cardinality2 CPU. [¢1]

class-defM B1 subclass-of\f B.

class-defM B2 subclass-off B.

disjoint M B1 M B2.

class-defC' PU subclass-o{C PU1 or CPU2)

slot-constrainmb-of-cpucardinalityl M B. [¢2]
class-defC’ PU1 subclass-oC'PU.

class-defC’ PU2 subclass-oC PU

slot-constraintmb-of-cpucardinalityl M B2. [cs]

disjoint CPU1 CPU?2.

disjoint CPU M B.

slot-defmb-of-cpu

inversecpu-of-mbdomainC PU rangeM B.
slot-defcpu-of-mb
inversemb-of-cpudomainM B rangeC PU .} O

Thecustomerequirementtwo CPUsof typeCPUlandoneCPU
of typeCPU2" is expressedy SRSpr = { (instance-ot1 CPUY),
(instance-oft2 CPU1), (instance-oc3 CPU2) }. The configuration
languageCLANGpy is definedby Ceonfig = {CPU1, CPU2,
MB1, MB2} andRconsig = {mb-of-cpy.

In ourexamplewedonotincludetheconceptsC PU andM B and
therole cpu-of-mbin CLANGp 1. sinceweareonly interestedn the



leaf conceptof ageneralizatiorhierarchyandspecificrelationships
(e.g.,to manuacturethefinal systemwe only needto know themost
specifictypefor eachcomponentaindits connections).

The semanticf descriptiontermsare usually given denotation-
ally usinganinterpretationZ = (A%, (-)%), whereA” is adomain
(non-emptyuniverse)of valuesand(-)* amappingfrom concepte-
scriptionsto subset®f thedomain,andfrom role descriptiongo sets
of 2-tuplesover thedomain.Themappingalsoassociatewith every
individual namein ZA somedistinctvaluein A*. The reasonfor
this distinctnessds the uniquenameassumption(UNA) we employ
in our formalism.We requirethe UNA for conceptsandroleswhich
describeconfigurationsn orderto make surethatdifferentidentifiers
for individuals(e.g.,modulesof a systemYyeferto differentindividu-
als.ThisUNA canbelifted if necessarjor conceptandroleswhich
arenotusedo describeconfigurationsln thefollowing we give ade-
scriptionlogic basedlefinitionof a configurationproblemandshav
its equivalencewith consisteng-basedlefinitionsgivenin thelitera-
ture[8]. This definitionsenesasa joint foundationof configuration
knowledgerepresentatioin the SemantidVeh

Definition 2 (Valid configuration in description logic): LetZ =
(AZ, ()% be a modelof a configuation knowledg base K Bp 1.,
CLANGDL = Ceonfig U Reonysig @ configuation language, and
CONFpr, = COMPS UROLES adescriptionof a configuation.
COMPS isasetoftuples(C;, INDIVS ¢;) for everyC; € Ceonyig,
whee INDIVS ¢, = {ci1,...,cin; } = CF is the setof individu-
als of conceptC;. Theseindividualsidentify componentsn an ac-
tual configuation. ROLES is a setof tuples (R;, TUPLESg;)
for every R; € Reconfig Whee TUPLESR;, = {(rj1,sj1),...,
(rjm;,sjm;)} = RI is the setof tuplesof role R; definingthe
relationof componentin an actual configuation. O

Example 2: A valid configuration for our example knowl-
edgebaseis CONFpr = {{CPU1,{cl,c2}), (CPU2,{c3}),
(MB1,{m1}), (M B2,{m2}), { mb-of-cpy{{cl, m1),{c2,ml)
(3, m2)})}.0

We also have to describecomponenparametessettingsin addi-
tion to component&ndtheir connectionsUsing descriptionlogics,
parametesettingsof componentaremodeledby specialfunctional
roles(alsocalledfeatues expressingherelationbetweerthe com-
ponentandthe datavalue assignedo a particularattribute. There-
fore, componenstructureand parametesettingscanbe treatedin a
uniform mannerexceptthat the parametevaluescomefrom some
datavalue domaindom(D) [16] disjunct from the individuals in
COMPS.

In additionto the definition of a valid configurationgiven above,
we canprovide anequivalentcharacterizatiothasedn checkingthe
consisteng of asetof axioms.

Remark 1: Let KBpr be a configuration knovledge base,
CLANGDL = Ceonfig U Reonyig aconfigurationlanguageand
CONFpr = COMPS U ROLES adescriptionof aconfiguration.

The concepts C; are defined by the component axioms
AXcomps =

{C; = one-ofciy, ..., cin;]|{Cs, INDIVS ¢;) € COMPS where

; Clng -

TherolesR; aredefinedby therole axiomsAXrorLes =

{R; = | |

(rj,sj)€ TUPLES p;

INDIVS ¢; = {cis, . ..

producfone-ofr;], one-ofsj]]|

(Rj, TUPLES®,) € ROLES with

TUPLESRJ = {(’f’j] ) 3j1 )7 RN (ijj7 Sjmj>}}'

CON Fpy, is avalid configurationiff KBpr, U AXcomps U
AXROLES is satisfiabled

Notethatwe usethe above notationfor definingthe completeex-
tensionof rolesin orderto apply the translationfunction from de-
scriptionlogicsto predicatdogic definedin [5]. An alternatve to the
productconstructomvould be a constructothat(in a similar manner
to the one-of constructorfor concepts)ermitsthe enumeratiorof
permissibleentriesfor a role. However, the usualcompleity prob-
lemswith the productconstructodo notactuallyarisesincewe only
applyproductto singletonarguments.

Example 3: In order to verify that a given configura-
tion is valid w.rt. our example KBpr, we needto add the
axioms CPU1 = one-ofcl,c2], CPU2 = one-ofc3],
MB1 = one-ofml], MB2 = one-ofm2], mb-of-cpu =
producfone-ofel], one-ofm1]] U producfone-ofc2], one-ofm1]]U
producfone-ofe3], one-ofm2]].0

We now give a consisteng-baseddefinition of a configuration
problemusingpredicatdogic (this definitioncorrespondso thedef-
inition givenin [8]) andshav the equivalencewith the description
logic baseddefinitiongiven before.

Definition 3 (Configuration problem in predicate logic): In
general we assumea configuation problem is describedby a
triple (DDrog,SRSLoa,CLANGLoc) whee DDrog and
SRSLoc are logical sentencesand CLANGLoc is a set of
predicatesymbols.D Do representshe domaindescriptionand
SRSLoc specifiesthe particular systemrequirements A configu-
ration CON Frog is describedby a setof positiveground iterals
whosepredicatesymbolsare in thesetof CLANGro¢. O

Example4: For ourexample,D Dr,0¢ canbeexpressedy using
monadicanddyadicpredicateandnumericalquantifiersj.e.,

DDroc ={

VX : MB(X) <+ MB1(X) VvV MB2(X).
VX :-MB1(X)V-MB2(X).
VX : MB(X) — 37Y : mb-of-cpyX,Y).
VX : CPU(X) < CPU1(X) VvV CPU2(X).
VX : -CPU1(X)V -CPU2(X).
VX : CPU(X) — 3lY : mb-of-cpyY, X).
VX : CPU2(X) — 31Y : mb-of-cpyY, X) A MB2(Y).
VX :-MB(X)V-CPU(X).
VX,Y : mb-of-cpyX,Y) < cpu-of-mi§y, X).
VX,Y : mb-of-cpX,Y) - mb(X) A cpu(Y)}.
SRSrog = {CPU1(cl). CPU1(c2). CPU2(c3).}.
CLANGLoc = {CPU1,CPU2, MB1,

M B2, mb-of-cpg¢.O

Definition 4 (Consistent configuration in predicate
logic): Given a configuation problem (DDrog, SRSroa,
CLANG10c), a configuation CONFoc is consistent iff
DDroc USRSLoc UCONFLog is satisfiableO

This definition allows determiningthe consisteng of partial con-
figurations, but doesnot guaranteethe completenes®f configu-
rations[8]. It is necessanthat a configurationexplicitly includes
all neededcomponents(and their connectionsand attribute val-
ues), in order to assemblea correctly functioning system. We
needto introducean explicit formula for eachpredicatesymbolin
CLANG0¢ to enforceits completenesproperty In orderto stay
within first order logic, we model the property by first order for-
mulae. For our example we have to add the completenessxiom
VX : CPUL(X) = (V,coonmmoq CPULX) = Z) for the
predicateCPU1 and similar axiomsfor CPU2 and mb-of-cpu



Notethat\/zeCONFw CPU1(X) = Z senesasamacrowhich
is expandedbasedon the elementsin CONFroc. We refer to
CONF'Loc extendedoy completenesaxiomsasC@\VFLOG.

Example 5. CONFroc = {CPUl(cl). CPU1(c2).
CPU2(c3). MB1(ml). M B2(m2). mb-of-cpycl, m1).
mb-of-cpic2, m1). mb-of-cpc3, m2).}

The completenessxiom for CPU1 is VX : CPU1(X) =
CPU1(X) = CPU1(cl) VCPUL(X) = CPU1(c2), whereun-
satisfiablditeralsaredeleted O

Definition 5 (Valid configuration in predicate logic): Let
(DDrog, SRSrLoc, CLANGLo¢) be a configuation problem.
A configuation CON Froc is valid iff DDroc U SRSLoc U
C5J\VF,_OG is satisfiable O

NotethatCON Fro¢ in Example5 is avalid configuration.

In orderto shav the equivalenceof valid configurationsfor de-
scription logic and predicatelogic we apply a translationfunction
T (-) thatmapsdescriptionlogics to predicatelogic, i.e., axiomsto
formulaswith no free variables,conceptgo formulaswith onefree
variablez, androlesto formulaswith two freevariablesez andy.

Borgida [5] provides sucha translationfunction 7¢(-} suchthat
conceptsroles,terms,andaxiomsaretranslatednto equialentfor-
mulasin predicatdogic. KBroc = T{(KBpr) whereKBrog is
satisfiabléff K Bp, is satisfiable.

Remark 2 (Equivalenceof configuration problems):

Let CLANGroc = CLANGpr whereeachconceptis in-
terpretedas monadicand eachrole is interpretedas dyadic predi-
cate.CON Froc describeghe actualconfigurationby two setsof
factsCONFroe = COMP-factay ROLE-facts Theconstruction
of CONFLog is basedon CONFpr, = COMPS U ROLES
where COMP-facts= {Ci(ci)|ci € INDIVSc;, Ci € Ceonfig}
and ROLE-facts = {R;(rj,sj)|{rj,sj) € TUPLESg;,R; €
Reonfig}- DDrog = T(DDpL), andSRSrLoc = T{(SRSpL).

CONFroa is a valid configuration for
(DDrog,SRSrLoc,CLANGLo¢) iff CONFp. is a valid
configuratiorfor (DDpr, SRSpr, CLANGpy).O

Remark?2 follows from Remarkl andthe equivalenceproperty
of the translationfunction. Note that the completenesaxiomscor-
respondexactly to the translationof the axioms AXconmps and
AXrorrs by applyingthetranslationfunctionproposedn [5].

Fromtheequialenceof configuratiorproblemdollow twoimpor-
tantconsequencesiirst, thetwo main streamsn solving configura-
tion problemshasedon descriptionlogics on the one handandfirst
orderpredicateor propositionalogic on the otherhandcanbe eas-
ily transformedo eachother Secondsincedescriptionlogics with-
outtransitive closureareequallyexpressie to dyadicpredicatdogic
with atmostthree(counting)quantifierg5] it follows thatthe predi-
catelogic basedapproactis strictly moreexpressvethanthedescrip-
tion logicsbhasedapproachimplying thatcertainlogic constructions
have to be simulatedby more complex descriptionlogic construc-
tions,andalsothatcertaincomplex structuralrestrictiong6] will not
be expressiblein the languagedirectly but will have to beincorpo-
ratedusinga moreexpressie assertionalanguage.

4 Building configuration knowledgebasedor the
SemanticWeb

In thefollowing we shav how to representhe configurationdomain
specificmodelingconceptsliscussedn Section2 usingOIL.

Component types. The representatiorof componenttypes is
straightforvard and hasalreadybeenshawvn in Section3. Compo-

nenttypesare transformedinto correspondingconcepts attributes
into role definitionsconstrainingdatatypeandcardinality (the cardi-
nality of attributerolesis setto 1). Attributesaswell asabstractoles
areinheritedby thedefinedsubconceptdn mostconfiguratiorervi-

ronmentghe semantic®f a generalizatiorhierarchyaredisjunctive
(disjoint conceptiandcompleteby default (eachinstanceof a super
typeis alsoaninstanceof exactly oneof its subtypes).

Part-whole relationships. Part-wholerelationshipsplay an im-
portantrole in mary applicationdomainshaving quite differentse-
mantics(see[1], [16]). Basically a part-wholerelationshipcan be
expressedusing the two roles PartOf and HasRart, where PartOf
is the inverserole of HasRart. In OIL or DAML+OIL we cande-
fine - dependingn the applicationdomain- differentsemanticgor
part-wholerelationshipsy imposingrestrictionson theusageof the
correspondingoles. Sattler[16] presentsan extensionof the basic
descriptionlogic ALC with conceptdor adequateepresentationf
part-wholerelationships in this contect a cateyorizationof different
facetsof part-wholerelationshipss given. In our working example
(Figure 1) we only allow part-wholerelationshipsvherea compo-
nentis part-of exactly one other component(this is also denoted
as exclusive part-wholerelationship).Such excluskity restrictions
canbeintroducedby restrictingthe cardinalityof the corresponding
roleto 1, e.g.,slot-constaint mb-of-cpucardinality 1 MB, wherethe
role mb-of-cpumustbe interpretedas a subslotof the role PartOf.
Furthermorerestrictionsconcerninghe cardinalityof partsmustbe
addedo theconceptefinitionof thewhole,e.g.,slot-constaint cpu-
of-mbmin-cadinality 1 CPU (max-cadinality 2 CPU).

Port connections.As mentionedabove, certain predicatelogic
constructanustbe simulatedby morecomplex descriptionlogic ar-
rangement$5]. In termsof predicatdogic, port connectionsanbe
representedsinga predicatecon(C1, P, Ca, P»), i.e.,component
C1 is connectediia port P, with componenC> via port P, - e.g.,
conn(videocardl, videoport2, screenl, screenportl) describes
connectionbetweenvideoport2 of videocardl and screenportl
of screenl. In orderto represenport-basedconnectionswe have
to introducea Port concept,which is characterizedy a role indi-
catingtherelatedcomponentoncepi(role compn} andarole which
indicatesheusedportnameof theconnectior(role portname - addi-
tionally, a role connindicatesthe connectiorto the secondnvolved
Port concept Although a representationf port connectionss pos-
sible with OIL or DAML+OIL, the original knowledge of domain
expertsis split into multiple piecesof knowledgewhich arehardfor
thesedomainexpertsto understandAlso, notethatthe connections
via sucha connectiorobjectmustbe uniqueandthereforethe roles
must be bidirectionally definedusing the inverse role constructar
The constraintthat a Videocad mustbe connectedria videoport2
with a Scieenvia screenportl canbeformulatedas

Example 6: Videocad:(slot-constaint videoporthas-valug(slot-
constaint portname has-value (one-of videoport?) and (slot-
constaint conn has-value ((slot-constaint compnt has-value
Sceer) and (slot-constaint portname has-value (one-of screen-
port1)))))). O

Theconstitutingelementof suchport constraintarenavigations
representingole compositiondetweerconnecteadoncepts.

Navigation in product structur e. In the following we discussa
setof representatie constraintconceptswhich are frequentlyused
in the configurationdomain[7, 17]. The constraintsonsistof navi-
gationexpression®ver conceptsvhich arerepresentethy comple
pathsover abstractoles.

Definition 6 (Navigation expression): Given two conceptsCi
and Cs, a navigationexpressionfrom C; to C is formulatedas a



sequencef existentialrole quantifications

(slot-constaint 1 has-value(slot-constint ro has-value.. (slot-
constaint r,, has-valueCs))),

whee<ry, ra, ...,7,> denotesa sequencef rolesalongthenav-
igation pathfromC, to Cs (r1 isaroleof C; andCs isin therange
of r,,). In the following we usethe expressionnavpath(C,, C:) as
shorthandnotationfor a navigationpathconceptfromC; to C». O

Definition 7 (Common root): A conceptCr is denotedas com-
monroot of a setof conceptsC = {Ch, ..., Cr}, if there existsa
navigationpathfromCg, to ead conceptof C. O

Incompatibilities. An incompatibility constraintbetweencon-
ceptsCy, Cs, ..., C,, canbeexpressedsCr: not(navpatfCr, C1)
and navpathCr, Cs) ... and navpath(Cr,C»)), whereCpk is the
commonrootof Cy, Cs, ...,Cy, in DDpy.

Example 7 (IDEUnit incompatible with MB2): Computer:
not((slot-constaint hdunit-of-computerhas-value IDEUnit) and
(slot-constaint mb-of-computehas-valueMB2)) O

Requirements.A requirsdependencbetweenconcept; and
C> (C1 requiresCy) canbeexpresse@dsCr: not(navpati{Cr, C1))
or navpatfCr, C>) with thecommonrootCr of C1, C2 in DDpr..
Similar to incompatibilities,requirementganbe extendedby intro-
ducingfurther navigation pathson the LHS and RHS of a requires
dependeng e.g.C1 A Cs requiresCs V Cs.

Example 8 (SCSIUnit requires MB1): Computer{(not(slot-
constaint hdunit-of-computer has-value SCSIUni}) or (slot-
constaint mb-of-computehas-valueMB1)) O

Resource balancing. Resourceonstraintscanbe formulatedus-
ing aggr@ation functionsas proposedn [2]. We assumehe exis-
tenceof avaluedomaindom (D), asetof predicatesymbolsP; asso-
ciatedwith binaryrelations(typically <, <, =, >, >) overdom(D),
and a set of aggreation functionsagg(D) (typically sum, avg,
count, id; thelastbeingidentityin the casewherewe wantto com-
pareto a singlefixed valueinsteadof to an aggregate).Concerning
the pathleadingto the conceptwhosefeaturevaluesareaggreated,
the definition of [2] requiresthatall but the last one of therolesin
this pathmustbefeatures.

Let<r{, 75, ..., 75 1, ry> and<ry, r5, ., rP ., rh> benavi-
gationexpressionsvith Cr ascommonrootleadingto theconsumer
(producer)conceptC. (Cp). Furthermorelet f., f, befeaturesof
C. andC, andX € agg(D) be anaggregationfunction. We can
expressaresourceonstrainesCr: P(r§ rs .75 _1 X(rs o feo), ¥
5 ..rh 1 X(rh, o fp)) accordingo [2].

Generally if two aggr@atesare comparedpneinterpretsthe set
thathasto producea smallervalueasthe setof consumes, andthe
setthathasto producea largervalueasthe setof produces.

Now we candefinea conceptComputerthatcomesequippedvith
asetof HDUnitsthatprovide acorrespondindpard-diskcapacityand
a setof software componentghat needhard-diskcapacity We ex-
presstherequirementhatthe total hard-diskcapacityconsumedy
software cannotexceedthe installedhard-diskcapacity In this case
navigation expressionsonly consistof two elementsconsequently
hdcapacitymustbe a feature while hdunit-of-computeis a general
role. Thelastline is theactualresourceconstraint.

Example 9 (X swcapacity< X hdcapacity):

Softwae: slot-defswcapacityrange (min 0) propertiesfunctional

HDUnit: slot-defhdcapacityrange (min0) propertiesfunctional

Computerslot-defhdunit-of-computerange HDUnit

slot-defsw-of-computerange Softwae
lesseqsun{sw-of-computerswcapacity,
surr(hdunit-of-computethdcapacity) O
Analysis. While the basic frame structureand formal basis of

descriptionlogics basedlanguagesnakes them one of the natural
choicefor configurationrepresentation;ertaindemandson expres-
sivenessnustbe met. The currentversionsof OIL andDAML+OIL
do not supportaggr@ation functionswhich are fundamentarepre-
sentatiorconceptdrequentlyusedin the configurationdomain.Sat-
tlerandBaadef2] providedconcretedomainsandaggreationfunc-
tions over them as extensionsto the basicdescriptionlogic ALC.
In additionto aggre@ationfunctions,built-in predicatesmustbe al-
lowedin orderto supportcomparison®n the resultsof aggregation
functionsaswell ason local features Sincetrivial structuralcondi-
tions leadto definitional overhead(e.g., when defining restrictions
on port connections)additional conceptamustbe provided allow-
ing thedefinition of roleswith arity greatethantwo; thedescription
of morecomple structuralproperties(see[6]) would be supported
by permittingthe usageof variables As far asthe definition of rule
languagedor expressingdetailedconfigurationknowledge on top
of DAML+OIL is concernedwe muststressthat sucha language
mustallow disjunctsof positive literals whenwriting the constraint
in clausafform, e.g.,to expressalternatve port connections.

Happily, most of the requiredmeansof expressionare already
availablein the DescriptionLogic designers toolbox; hawever, the
degreeof expressvity requiredalsoleadsto problemsa.r.t. to decid-
ability of basicpropertiessuchas satisfiability or subsumptiori2].
State-of-the-artonfiguratorsachieve decidability by putting a pre-
definedlimit on the numberof individualsandallowing only finite
domainsof valuesfor features(constraintvariables).Furthermore,
only fixed concepthierarchiesare allowed (as part cataloguesare
typically consideredunchangeable)vhich reducesthe importance
of subsumptiorversusthatof A-Box reasoning.

5 Conclusions

In this paperwe have shavn how to apply SemanticWeb ontology
representatiotanguagesor configuratiorknowledgerepresentation
andintegration.We gave adescriptioriogic basedlefinitionof acon-
figuration problemand shaved its equivalencewith corresponding
consisteng-baseddefinitions.A consequencef this equivalenceis
thatconfiguratiorproblemsepresenteth descriptiodogicscaneas-
ily betransformednto configurationproblemsrepresentedh pred-
icate logic or simplified variantsthereof (and vice-versa).Conse-
quently we provide acommonfoundationthatenablegoint research
activities andexplorationof results.With respecto ongoingefforts
to extend DAML+OIL our papercontritutesa setof criteriawhich
mustbefulfilled in orderto usesuchalanguagédor full-fledgedcon-
figurationknowledgerepresentationThus DAML+OIL hasthe op-
portunityfor beingastandarcknowledgerepresentatiofanguagdor
the configurationdomain.
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