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Abstract

This paperdescribesa productconfigurationtool called Configlt Developerfor rapid de-
velopmentof websiteswhereuserscantailor productssuchasgoodsandserviceso specific
needs.Thetool supportsall phase®f thedevelopmentof a configuratoibacled website from
themodelingof the productto the deploymentof the configuratoron the Internet.

1 Intr oduction

Configurableproducts—suclascomputersystemsgcustomizedikesor cars,furniture,andmade-
to-orderfactory parts—arecharacterizedy having a setof inter-dependenparametershat the
usermustchooseamongto obtaina properlyfunctioningproduct. The parametersantake on sets
of valuessuchasenumeration®f values(e.g.,“red”, “green”, “blue”) or numericalvalues. Pa-
rametergsanbereal physicalpartsthatareto be component®f a customizegroductor attributes
of a component.Parametersnay also captureneedsandhave no direct physicalcounterparbut
still be relatedto whatchoicesareappropriate Inter-dependencieamongvaluesarecapturedby
acollectionof rules. Therulesexpressfor instancegconstrainton which partsfit togetherandon
the possibleattributesof ary givenpart. They canalsoexpressrelationshipetweera parameter
capturinga needandthe physicalcomponentsulfilling thatneed.

A productmodelis a precisedescriptiorof the parameterandtheir dependencieslheparam-
eteis arerepresentedyy variablest, . . ., z,,, andthe setof the possiblevaluesfor the parameters
arerepresentetty thesetsD,, ..., D,. Thedependenciesverthe parameteraredescribedy a
list of rules ¢, ..., ¢, overthevariables.

Productconfiguationis thetaskof finding a valid configurationof a productmodelby select-
ing valuesfor the parametersy, . .., z,, suchthattherules¢,, ..., ¢,, arefulfilled, andthe user
endsup with a satishctorysolution. Technically this takesthe form of a guidedsearh in which
the userrepeatedlyeitherinquiresa configuator aboutwhatvaluesarelegal for the variables,or
makes a choiceby assigninga valueto a variable. A usercanbe a customerwho buys goods
for personaluse,a salespersowho usesa configuratorfor salessupport,a technicianwho helps
customerspr anengineemwho searches$or purpose-hilt partsfor amachine.The key operation
of the configuratoris, givenanassignmento a subsebf the variables returnwhatvaluescanbe
assignedo theremainingvariables.
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Figurel: The8-queengproblem.

The 8-queengroblemis anacademiaxamplewhich illustrateshow a configuratorsupports
aguidedsearch.The problemis to placeeight queenson a chessboardsuchthatno queenis on
theline of attackof ary otherqueen.In Configlt Developers productmodelinglanguageye can
describethis asfollows:

const ant
N: 8;
vari abl e
col: array N of [0..N1];
rul e
forall 1 in [0..N2]:

(forall j in [i+1..N1]
(col[i] <> col[j] and
i+col[i] <> j+col[j] and
i+col[j] <> j+col[i]);

Theinitial inquiry to the configuratorevealsthatwe may placea queenon ary squareof the
chessboard. Assumewe placea queenon A5, seeFig. 1(a). The configuratorthenresponds
thatthe next queencannotbe placedon ary of the crossed-ousquaresn Fig. 1(b). Most of the
crossed-ousquaresare obvious, exceptfor E6 which is disabledbecausdhereare no solutions
with queensn both A5 ande6. Next, we placea queenon F8, seeFig. 1(c), andthe configurator
responddy disablingmoresquaresThe configuratoralsoplacesa queenon G6 becausell other
squaresn the G columnaredisabledandthusthe useris left with no choicebut G6, seeFig. 1(d).
Placinga queenon H1 resultsin thefinal configurationshovn in Fig. 1(e).

2 RelatedWork and Contrib utions

Many commercialtools exist for performingproductconfiguration—forexamplethe ILOG Con-
figurator[4], Selecticas ACE Enterpriseconfiguratof5], the TactonConfigurator{6], andBaans
SalesPlu$l, 9]. Thesetoolsareall basedon constraintpropagatiortechniquesoriginally devel-
opedin the Al community They basicallywork asfollows: wheneer a userselectsa valuefor a
parametertheconfiguratorderivestheconsequenced this choiceby searchingherulesspecified
in the productmodel.

Our maincontritution is a new, patent-pendingechniquefor compiling a productmodelinto
a so-calledvirtual table that representsll solutionsto the configurationproblemin a compact

1Thisis not obvious—onecouldimaginethattherewereno solutionswith, for example,a queenin acorner



form. The compilationof the productmodelhasseveral advantagesomparedo the traditional
constraintpropagatiortechnique:

¢ High performancet runtimesincethe configurationproblemis solvedat compiletime.
e Predictableesponsgimesthatonly dependonthesizeof thevirtual table.
e Syntacticformulationof therulesdoesnotinfluencethe sizeof the virtual table.

e Rulesandproductinformationfrom databaseseedonly be availableat compiletime.

The size of the virtual table dependn the structureof the productmodel(i.e., the number
of variablesandrules),but not on the numberof legal solutions. For productmodelsthatappear
in practice,the virtual tableis usuallyvery compacttypically lessthata few hundredkilobytes.
However, thereis no guaranteehat the virtual table is always compact. On the other hand, it
is possibleto prove that no representatiof the legal solutionsexists which is compactfor all
productmodels.Thisis becausehe Booleansatisfiabilityproblem(which is NP-complete)canbe
solvedefficiently givena compactrepresentatioof all solutions.

It is not possiblein generalto tell whenthe size of the virtual table explodes,or guarantee
thatarny configurationproblemcanbe compiledefficiently. In fact, no technologycangive such
a guaranteelueto the NP-completenessf the configurationproblem. Whatwe canguaranteas
thatif it is possibleto compilea smallvirtual tablethenthe configuratoris capableof servingthe
requestwvery efficiently.

3 Configlt Developer

Configlt Developer[3] is anintegratedtool environmentfor developingconfiguratorbacledweb-
sites.Configlt Developerconsistsof four maincomponents:

1. Theproductmodelcompiler(pmc) for translatinga productmodelwrittenin PML to avirtual
table PMmL is a high-level, stronglytypedproductmodelinglanguagewhich caneitherbe
storedin atextualformator asanxML schema.

2. Theproductmodelingstudio(pmstudio), depictedn Fig. 2(a), providesa simpleintegrated
developmentervironmentfor editing,compiling,andviewing productmodels.

3. Theproductmodelviewer (pmview) for investigatingheproductmodelin agraphical stand-
aloneconfiguratoyseeFig. 2(b).

4. Theconfiguation serverwhich is anencapsulatioof the virtual tablein acom object[7].
The configurationsener makesit easyto build web pageswith configuratorsupportasfor
examplethe configurablebike depictedn Fig. 2(c).

During the compilationof the productmodel,the compilerfinds all valid configurationsand
storesthemin a datastructurecalleda virtual table. Finding all valid configurationsof a product
modelmight be costly’. However, in practicewe have foundthatproductmodelscanbe compiled

2ThepmL languagsés rich enoughto encodenP-completeandevenhardemrmathematicaproblems.In threadwith
thecurrentstateof researchin complexity theory it is thereforempossibleto give any formalboundonthesizeof the
virtual tableasa function of the productmodel. Whatwe cansayis thatwhenthetableis constructediesponsdéimes
areboundedandpredictableby propertiesof thetable.
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Figure2: Configlt Developer

in afew secondsandeven very large setsof solutionsendup beingrepresentedby small virtual
tables. For example,we have developeda bike configuratoff2] which has127 million solutions,
but requiresonly 29 kilobytesof virtual table.

Whenthe productmodelhasbeencompiled,the correspondingirtual tableis loadedinto the
configurationsener. Thevirtual tableholdsall the informationnecessaryo respondo inquiries
aboutthe valid configurations.In principle, a virtual tableis like a real, explicit tableof all solu-
tions: An assignmenbf a valueto a variablex = v correspondso the removal of all recordsin
which z doesnot have the valuev, andobtainingthe legal domainsof a variablecorresponds$o
returningall possiblevaluesoccurringfor a givenfield in somerecordof the table. Countingthe
numberof valid configurationscorrespondso thelengthof thetableandsoon.

A key advantageof virtual takulationis thattheresultingtableis independentf the sourcef
therulesandthe exactformulationof them. It depend®nly on the actualspaceof solutions.The
runtime of the compilermight be influencedby how the rulesare definedin the productmodel,
but the size of the resultingvirtual table and thusthe performanceof the configurationsener is
independendf how themodelis written.

The configurationsener is implementedasan NT serviceusing com-technology. The use
of the standardizecdtom objectparadigmprovidesa simpleinterfaceto a configurationservice,
allowing awebsiteto interactwith the configuratomusing,for example,c++ or VisualBasic(in an
ASP script). Thesmallsizeof thevirtual tablemakesit possibleto downloadit onaclientfor local
configuration.

4 The Product Modeling Language

Considerabike shopthatwantsto sell custom-designeblikesoverthelnternet. Theusercanselect
amongdifferentcomponents—framesims, tires, gearsandso on—hut not all combinationsare

legal. Whenthe userchoosesa particularframe,only the rims thatwill fit on that frame should

appeaiin the menuwith rims andsoon. A productmodelfor the bike describegshe components,
their attributesandtheir inte-dependenciesThe basicdatatypesin PmL areBooleansjntegers,

andenumeratedypes.For example,we canmodelthe color of the bike asanenumeration:

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

3A Unix implementatioris alsoavailable.




The basictypesareusedin recordtypesto allow the constructiorof larger structuredmodels
as,for example,theframecomponenof thebike:

vari abl e
frame : {
name: Nanme;
col or: Col or;
category: [ Racer | Mouwuntain | Touring ];
si ze: [0..28];

ext _gear: bool ean;

H

Thatis, a framehasthe attributes:nane (e.g.,a stockkeepingunit or anid), col or, cat egory,
si ze, andext _gear (whetherexternalgearcanbe mounted).

Very oftentherewill beinter-dependencieamongthe component®f a product. Theseinter-
dependencieareexpressedsrulesin PML. An inter-dependengcanexpresscompatibility, e.g.,
thatthe sizeof therims andthetiresmustmatch:

rule
rinms. height = tires. hei ght;

An inter-dependeng canexpressavailability, e.g.,thata givenframeis only availablein red:

rule
if frame.nanme = Faggin then frane.col or = Red;

Finally, inter-dependenciesay expressclassification for example:

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

Typically, rulesareon oneof thefollowing forms: (1) If-thenrulesontheformi f ¢t hen ¢
expressthat ¢ mustbe fulfilled wheneer the condition¢ holds. (2) Conflict rules on the form
not (¢; and --- and ¢,,) expressthatthe conditions¢;, ..., ¢,, areconflicting (i.e., they can
never be fulfilled simultaneously).(3) Database-deducedlles are obtainedas the resultof an
sQL-query If the resultingtable hasfields correspondingo variableszy, . .., x; andthe rec-
ordsin thetableare (r11,...,71%), -, (T, - - ., 7i) thenthis correspondso the formula (z; =
ripand---and x, = ryg) or ---or (x; = ry and---and zx = ry). In otherwords,thetableis
interpretedasa formulaon disjunctve normalform.

The richnessof the productmodelinglanguageallows the formulation and maintenanceof
rulesto take placein variouswaysdependingnthe particularapplicationandskills of the persons
in chage of the task. The simpleif-then rules and conflict rules can easily be formulatedand
maintainedrom asimplegraphicaluserinterfaceresemblinghe configuratompresentedo theend
user Theserulesarein factquite powerful andsufficientfor mary applications Otherrules,asthe
table-deducedules,canbe obtainedfrom externalsystems—suchsERP-systemspPDM-systems,
or otherexternaldatasources—andnaintainedirom within thesesystemsaspart of maintaining
otherdata.Writing moregeneralkules,suchasthenested or al | rulein the8-queengroblem,
might requiresomemoreknowledgeof booleanogic andthe productmodelat hand.
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Figure3: Web-baseaonfigurator

5 WebIntegration

To allow usersto usethe configuratorover the Internet,Configlt Developerprovidesa library of
Visual Basic functionsfor interfacingto the com configurationsener throughthe web-serer.
Supposeave wantto developa configuratorfor thefollowing modelof a shirt:

vari abl e
material : [ Cotton | Flax | Polyester ];
si ze [ XS| S| M| L | XL ]J;
itches : bool ean;
col or : [ Blue | Geen | Red | Yellow];
rule

if color=Red then size=L;

if color=Blue then material =Cotton and order (size)>=order(M;
if material =Pol yester then itches el se not itches;

not (itches and col or=Yell ow);

Figure3(a)shonvshow to write aconfiguratotbacledwebpagein Asp for thismodel,andFig. 3(b)
shows the correspondingutputin a browser Eachtime the userperformsa selection,the Asp
scriptreloadstheweb pageandupdateghe drop-davn menus radio buttons,andcheckboxesby
makingappropriatenquiriesto the configuratiorsener (notshown in thefigure). Thecompilation
of the productmodelinto a virtual tablewhich is loadedinto the configurationsener effectively
separatethe developmenbf the productmodelandthe web-integration.

6 PerformanceEstimation

Thecompilationof theproductmodelinto avirtual table,implicitly listing all legal configurations,
ensuregjoodandpredictableruntimeresponsdimes. By measuringhe servicedemandD for a
requesto the configurationsener, we canusea queuemodel[8] to estimateexpectedresponse
time for variousnumbersof concurrentweb-users.Agood estimatefor the responsdime r asa
functionof thenumberof concurrenusersn is:

(n—1)D
> — -~ 7
r max(nD Z,D+1 7/D )



whereZ is thethinking time of the usersthatis, thetime betweertwo consecutie requestérom
auser

A typical servicedemandmeasuredn a 450 MHz Pentiumlll is D = 3bms. With Z =
5000ms, thequeuamodelgivesthepredictionthatupto 157concurrentserswill getconfiguration
responsdimeswithin half asecondandupto 171 concurrenuserswill getit within onesecond.

7 Conclusion

We have given a shortpresentatiorof the tool Configlt Developer The uniquefeatureof Con-
figlt Developeris the productmodelcompilerwhich precompiutesll legal productcombinations
andstoresthemin a compactdatastructurecalleda virtual table. A virtual tablecanbe accessed
througha com configurationsener, andefficiently inquiredwith shortandpredictableresponse
timesfrom awebpage makingit easyto develop configuratotbacledwebsitedor complex prod-
ucts.
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