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Abstract

This paperdescribesa productconfigurationtool calledConfigItDeveloperfor rapidde-
velopmentof websiteswhereuserscantailor productssuchasgoodsandservicesto specific
needs.Thetool supportsall phasesof thedevelopmentof aconfigurator-backedwebsite,from
themodelingof theproductto thedeploymentof theconfiguratoron theInternet.

1 Intr oduction

Configurableproducts—suchascomputersystems,customizedbikesor cars,furniture,andmade-
to-orderfactoryparts—arecharacterizedby having a setof inter-dependentparametersthat the
usermustchooseamongto obtainaproperlyfunctioningproduct.Theparameterscantakeonsets
of valuessuchasenumerationsof values(e.g.,“red”, “green”, “blue”) or numericalvalues. Pa-
rameterscanberealphysicalpartsthatareto becomponentsof acustomizedproductor attributes
of a component.Parametersmayalsocaptureneedsandhave no directphysicalcounterpartbut
still berelatedto whatchoicesareappropriate.Inter-dependenciesamongvaluesarecapturedby
acollectionof rules.Therulesexpress,for instance,constraintsonwhichpartsfit togetherandon
thepossibleattributesof any givenpart. They canalsoexpressrelationshipsbetweena parameter
capturinganeedandthephysicalcomponentsfulfilling thatneed.

A productmodelis aprecisedescriptionof theparametersandtheirdependencies.Theparam-
eters arerepresentedby variables���������������
	 , andthesetof thepossiblevaluesfor theparameters
arerepresentedby thesets

� ���������
� � 	 . Thedependenciesover theparametersaredescribedby a
list of rules � ���������
� ��� over thevariables.

Productconfiguration is thetaskof findinga valid configurationof aproductmodelby select-
ing valuesfor theparameters���������������
	 suchthat the rules � ����������� ��� arefulfilled, andtheuser
endsup with a satisfactorysolution. Technically, this takestheform of a guidedsearch in which
theuserrepeatedlyeitherinquiresa configurator aboutwhatvaluesarelegal for thevariables,or
makesa choiceby assigninga value to a variable. A usercanbe a customerwho buys goods
for personaluse,a salespersonwho usesa configuratorfor salessupport,a technicianwho helps
customers,or anengineerwho searchesfor purpose-built partsfor a machine.Thekey operation
of theconfiguratoris, givenanassignmentto a subsetof thevariables,returnwhatvaluescanbe
assignedto theremainingvariables.�
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Figure1: The8-queensproblem.

The 8-queensproblemis an academicexamplewhich illustrateshow a configuratorsupports
a guidedsearch.Theproblemis to placeeightqueenson a chessboardsuchthatno queenis on
theline of attackof any otherqueen.In ConfigIt Developer’s productmodelinglanguage,we can
describethis asfollows:

constant
N: 8;

variable
col: array N of [0..N-1];

rule
forall i in [0..N-2]:

(forall j in [i+1..N-1] :
(col[i] <> col[j] and
i+col[i] <> j+col[j] and
i+col[j] <> j+col[i]);

Theinitial inquiry to theconfiguratorrevealsthatwe mayplacea queenon any squareof the
chessboard1. Assumewe placea queenon A5, seeFig. 1(a). The configuratorthen responds
that thenext queencannotbeplacedon any of thecrossed-outsquaresin Fig. 1(b). Most of the
crossed-outsquaresareobvious, exceptfor E6 which is disabledbecausethereareno solutions
with queenson bothA5 andE6. Next, we placea queenon F8, seeFig. 1(c),andtheconfigurator
respondsby disablingmoresquares.Theconfiguratoralsoplacesaqueenon G6 becauseall other
squaresin theG columnaredisabledandthustheuseris left with no choicebut G6, seeFig. 1(d).
Placingaqueenon H1 resultsin thefinal configurationshown in Fig. 1(e).

2 RelatedWork and Contributions

Many commercialtoolsexist for performingproductconfiguration—forexampletheILOG Con-
figurator[4], Selectica’s ACEEnterpriseconfigurator[5], theTactonConfigurator[6], andBaan’s
SalesPlus[1, 9]. Thesetoolsareall basedon constraintpropagationtechniques,originally devel-
opedin theAI community. They basicallywork asfollows: whenever a userselectsa valuefor a
parameter, theconfiguratorderivestheconsequencesof thischoiceby searchingtherulesspecified
in theproductmodel.

Our maincontribution is a new, patent-pendingtechniquefor compilinga productmodelinto
a so-calledvirtual table that representsall solutionsto the configurationproblemin a compact

1This is not obvious—onecouldimaginethattherewerenosolutionswith, for example,a queenin a corner.



form. The compilationof the productmodelhasseveral advantagescomparedto the traditional
constraintpropagationtechnique:� High performanceat runtimesincetheconfigurationproblemis solvedat compiletime.� Predictableresponsetimesthatonly dependon thesizeof thevirtual table.� Syntacticformulationof therulesdoesnot influencethesizeof thevirtual table.� Rulesandproductinformationfrom databasesneedonly beavailableat compiletime.

The sizeof the virtual tabledependson the structureof the productmodel(i.e., the number
of variablesandrules),but not on thenumberof legal solutions.For productmodelsthatappear
in practice,thevirtual tableis usuallyvery compact,typically lessthata few hundredkilobytes.
However, thereis no guaranteethat the virtual table is always compact. On the other hand,it
is possibleto prove that no representationof the legal solutionsexists which is compactfor all
productmodels.This is becausetheBooleansatisfiabilityproblem(which is NP-complete)canbe
solvedefficiently givenacompactrepresentationof all solutions.

It is not possiblein generalto tell when the sizeof the virtual tableexplodes,or guarantee
thatany configurationproblemcanbecompiledefficiently. In fact,no technologycangive such
a guaranteedueto the NP-completenessof theconfigurationproblem.Whatwe canguaranteeis
that if it is possibleto compilea smallvirtual tablethentheconfiguratoris capableof servingthe
requestsveryefficiently.

3 ConfigIt Developer

ConfigItDeveloper[3] is anintegratedtool environmentfor developingconfigurator-backedweb-
sites.ConfigItDeveloperconsistsof four maincomponents:

1. Theproductmodelcompiler(pmc) for translatingaproductmodelwrittenin PML to avirtual
table. PML is a high-level, stronglytypedproductmodelinglanguagewhich caneitherbe
storedin a textual formator asanXML schema.

2. Theproductmodelingstudio(pmstudio), depictedin Fig. 2(a),providesa simpleintegrated
developmentenvironmentfor editing,compiling,andviewing productmodels.

3. Theproductmodelviewer(pmview) for investigatingtheproductmodelin agraphical,stand-
aloneconfigurator, seeFig. 2(b).

4. Theconfiguration serverwhich is anencapsulationof thevirtual tablein a COM object[7].
Theconfigurationserver makesit easyto build webpageswith configuratorsupportasfor
exampletheconfigurablebikedepictedin Fig. 2(c).

During the compilationof the productmodel,the compilerfinds all valid configurationsand
storesthemin a datastructurecalleda virtual table. Findingall valid configurationsof a product
modelmightbecostly2. However, in practicewehave foundthatproductmodelscanbecompiled

2ThePML languageis rich enoughto encodeNP-completeandevenhardermathematicalproblems.In threadwith
thecurrentstateof researchin complexity theory, it is thereforeimpossibleto giveany formalboundonthesizeof the
virtual tableasa functionof theproductmodel.Whatwecansayis thatwhenthetableis constructed,responsetimes
areboundedandpredictableby propertiesof thetable.



(a) ProductModelingStudio (b) ProductModelViewer (c) ConfigurableBike

Figure2: ConfigItDeveloper.

in a few secondsandevenvery large setsof solutionsendup beingrepresentedby small virtual
tables.For example,we have developeda bike configurator[2] which has127million solutions,
but requiresonly 29 kilobytesof virtual table.

Whentheproductmodelhasbeencompiled,thecorrespondingvirtual tableis loadedinto the
configurationserver. Thevirtual tableholdsall the informationnecessaryto respondto inquiries
aboutthevalid configurations.In principle,a virtual tableis like a real,explicit tableof all solu-
tions: An assignmentof a valueto a variable ����� correspondsto theremoval of all recordsin
which � doesnot have thevalue � , andobtainingthe legal domainsof a variablecorrespondsto
returningall possiblevaluesoccurringfor a givenfield in somerecordof thetable. Countingthe
numberof valid configurationscorrespondsto thelengthof thetableandsoon.

A key advantageof virtual tabulationis thattheresultingtableis independentof thesourcesof
therulesandtheexactformulationof them.It dependsonly on theactualspaceof solutions.The
runtimeof the compilermight be influencedby how the rulesaredefinedin the productmodel,
but the sizeof the resultingvirtual tableandthusthe performanceof the configurationserver is
independentof how themodelis written.

The configurationserver is implementedasan NT serviceusingCOM-technology3. The use
of the standardizedCOM objectparadigmprovidesa simpleinterfaceto a configurationservice,
allowing awebsiteto interactwith theconfiguratorusing,for example,C++ or VisualBasic(in an
ASP script).Thesmallsizeof thevirtual tablemakesit possibleto downloadit onaclient for local
configuration.

4 The Product Modeling Language

Considerabikeshopthatwantsto sellcustom-designedbikesovertheInternet.Theusercanselect
amongdifferentcomponents—frames,rims, tires,gears,andsoon—but not all combinationsare
legal. Whenthe userchoosesa particularframe,only the rims thatwill fit on that frameshould
appearin themenuwith rims andsoon. A productmodelfor thebike describesthecomponents,
their attributesandtheir inter-dependencies.Thebasicdatatypesin PML areBooleans,integers,
andenumeratedtypes.For example,wecanmodelthecolor of thebikeasanenumeration:

type
Color : [ Black | "Black Purple" | Red | Green | Yellow ];

3A Unix implementationis alsoavailable.



Thebasictypesareusedin recordtypesto allow theconstructionof largerstructuredmodels
as,for example,theframecomponentof thebike:

variable
frame : {

name: Name;
color: Color;
category: [ Racer | Mountain | Touring ];
size: [0..28];
ext_gear: boolean;

};

That is, a framehastheattributes:name (e.g.,a stockkeepingunit or an id), color, category,
size, andext_gear (whetherexternalgearcanbemounted).

Very oftentherewill be inter-dependenciesamongthecomponentsof a product.Theseinter-
dependenciesareexpressedasrules in PML. An inter-dependency canexpresscompatibility, e.g.,
thatthesizeof therims andthetiresmustmatch:

rule
rims.height = tires.height;

An inter-dependency canexpressavailability, e.g.,thatagivenframeis only availablein red:

rule
if frame.name = Faggin then frame.color = Red;

Finally, inter-dependenciesmayexpressclassification, for example:

rule
if frame.type = Racer then is_sportive = true;

Typically, rulesareon oneof thefollowing forms: (1) If-thenruleson theform if � then �
expressthat � mustbe fulfilled whenever the condition � holds. (2) Conflict rules on the form
not ��� � and ����� and ��� � expressthat the conditions � �!�������
� ��� areconflicting (i.e., they can
never be fulfilled simultaneously).(3) Database-deducedrules areobtainedas the resultof an
SQL-query. If the resultingtable hasfields correspondingto variables �����������
����" and the rec-
ordsin the tableare �$# �%����������� # �&" � ��������� �$#�' �!��������� #�' " � thenthis correspondsto the formula � ���(�# �%� and ����� and ��")� # �&" � or ����� or � � ' � #�' � and ����� and ��"*� #�' " � . In otherwords,thetableis
interpretedasa formulaondisjunctivenormalform.

The richnessof the productmodelinglanguageallows the formulation and maintenanceof
rulesto takeplacein variouswaysdependingontheparticularapplicationandskills of thepersons
in charge of the task. The simple if-then rules andconflict rules caneasily be formulatedand
maintainedfrom asimplegraphicaluserinterfaceresemblingtheconfiguratorpresentedto theend
user. Theserulesarein factquitepowerful andsufficient for many applications.Otherrules,asthe
table-deducedrules,canbeobtainedfrom externalsystems—suchasERP-systems,PDM-systems,
or otherexternaldatasources—andmaintainedfrom within thesesystemsaspartof maintaining
otherdata.Writing moregeneralrules,suchasthenestedforall rule in the8-queensproblem,
might requiresomemoreknowledgeof booleanlogic andtheproductmodelat hand.



<form action="shirt.asp" method="post">
<table>
<tr><td>Material:</td>

<td><% ConfigItRadioButtons "material" %>
<% ConfigItBoolean "itches" %>Itches</td></tr>

<tr><td>Size:</td>
<td><% ConfigItSelect "size" %></td></tr>

<tr><td>Color:</td>
<td><% ConfigItSelect "color" %></td></tr>

</table>
</form>

(a) (b)

Figure3: Web-basedconfigurator.

5 WebIntegration

To allow usersto usetheconfiguratorover the Internet,ConfigIt Developerprovidesa library of
Visual Basic functionsfor interfacing to the COM configurationserver throughthe web-server.
Supposewewantto developaconfiguratorfor thefollowing modelof a shirt:

variable
material : [ Cotton | Flax | Polyester ];
size : [ XS | S | M | L | XL ];
itches : boolean;
color : [ Blue | Green | Red | Yellow ];

rule
if color=Red then size=L;
if color=Blue then material=Cotton and order(size)>=order(M);
if material=Polyester then itches else not itches;
not (itches and color=Yellow);

Figure3(a)showshow to writeaconfigurator-backedwebpagein ASP for thismodel,andFig.3(b)
shows the correspondingoutput in a browser. Eachtime the userperformsa selection,the ASP

scriptreloadsthewebpageandupdatesthedrop-down menus,radiobuttons,andcheckboxesby
makingappropriateinquiriesto theconfigurationserver(notshown in thefigure).Thecompilation
of theproductmodelinto a virtual tablewhich is loadedinto theconfigurationserver effectively
separatesthedevelopmentof theproductmodelandtheweb-integration.

6 PerformanceEstimation

Thecompilationof theproductmodelinto avirtual table,implicitly listing all legalconfigurations,
ensuresgoodandpredictableruntimeresponsetimes. By measuringtheservicedemand

�
for a

requestto the configurationserver, we canusea queuemodel[8] to estimateexpectedresponse
time for variousnumbersof concurrentweb-users.Agoodestimatefor the responsetime # asa
functionof thenumberof concurrentusers+ is:

#-,/.1032 4 + ��576 � �98:�$+ 5<; � �; 8<6 =>�@? �



where
6

is thethinking time of theusers,that is, thetime betweentwo consecutive requestsfrom
auser.

A typical servicedemandmeasuredon a 450 MHz PentiumIII is
� �BADC .FE . With

6 �C>GHG>G .IE , thequeuemodelgivesthepredictionthatupto 157concurrentuserswill getconfiguration
responsetimeswithin half asecondandup to 171concurrentuserswill getit within onesecond.

7 Conclusion

We have given a shortpresentationof the tool ConfigIt Developer. The uniquefeatureof Con-
figIt Developeris theproductmodelcompilerwhich precompiutesall legal productcombinations
andstoresthemin a compactdatastructurecalleda virtual table. A virtual tablecanbeaccessed
througha COM configurationserver, andefficiently inquiredwith shortandpredictableresponse
timesfrom awebpage,makingit easyto developconfigurator-backedwebsitesfor complex prod-
ucts.
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