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Abstract

We develop a rule-basedmethodfor representing
version spacesof software products. The ver-
sion informationis expressedwith versionclauses
that may be combinedusingconjunctionanddis-
junction. A configurationmodel is divided into a
databaseandasetof inferencerules.Theruleshave
a declarative semanticsandthey are implemented
usingtheextendedrule typesof theSMODELS sys-
tem.

1 Intr oduction
A configurationmodelconsistsof aset

�������
of components

and a set
�����	��


of constraints. Eachcomponentis of the
form � -  , where � is thecomponentbasenameand  is the
version string. A configuration is a subset� � �������

that
satisfiesall constraints. In a configurationproblemwe are
given a setof userrequirementsandwe want to constructa
configurationthatsatisfiestherequirements.

Theconfigurationproblemis difficult evenwhentheunder-
lying systemstaysconstant,andin practicethathappensonly
rarely. If a configurableproductis successful,it will evolve
with time; new componentsareaddedandold components
aremodifiedandthe configurationmodelhasto bechanged
accordingly. For example,Barker and O’Connor have re-
ported that 40% of the configurationrules of the XCON
configurationsystemchangeyearly [Barker andO’Connor,
1989].

In this work we considertheproblemof configuringlarge
softwareproductsthat have possiblyhundredsor thousands
of componentsthateachmayhaveseveraldifferentversions.
The particularcasethat we have in mind is the configura-
tion managementof theDebianGNU/Linux system[Debian,
2001] that currentlyhaswell over 4000individual software
packagesandover300maintainers.

Maintaininga large configurationsystemis not easy. We
try to createa rule-basedformal model that canbe updated
with minimalusereffort whentheproductchanges.Wewant
themodelhaveat leastthefollowing threeimportantproper-
ties:

1. a declarativesemantics;

2. modularupdates;and

3. diagnosticcapabilities.

A rule-basedconfigurationmodelhasadeclarativesemantics
if theorderingof therulesdoesnotaffect thesetof valid con-
figurations. If this propertyis missing,maintaininga model
with complex relationshipsmayquickly becomeintractable.

A configurationmodel can be updatedmodularly if a
changein onecomponentchangesonly thepartof themodel
that encodesthe componentand leaves the other partsun-
touched.

Finally, if the usergivesunsatisfiablerequirementsor an
updateleavesthe model in an inconsistentstate,we should
get a diagnosisexplaining wherethe problemlies. Oneim-
portantadvantageof rule-basedconfigurationis thatit is rela-
tively straightforwardto designa diagnosticmodelthatiden-
tifies at leastone reasonwhy a configurationcould not be
found. Presentingdiagnosticrules is out of the scopeof
this work but a discussionon the subjectcan be found in
[Syrjänen,2000a].

Thebasicideais to dividetheconfigurationmodelinto two
separateparts:� configuration databasethat containsthe knowledgeon

componentsandtheir versions;and� a setof inferencerules thatacton thedatabase.

The inferencerulesaredefinedonly once,whentheproduct
is first modeled,andafter that they remainunchanged.The
databaseshouldcontainonly simple factsso that its main-
tenanceis aseasyaspossible.Whena componentchanges,
we have to changeonly the factsthatdefineit andleave the
modelotherwiseintact.

Thedatabaseandinferencerulesarecombinedinto theac-
tual configurationmodel that is usedin a stand-alonetool.
The userrequirementsare given to the tool as input and it
thenconstructseithera suitableconfigurationor a diagnosis.
Thisprocessis illustratedin Figure1.

During the last few yearsthe stablemodel semanticsof
normal logic programs[Gelfond and Lifschitz, 1988] has
emergedasa declarative alternative for expressingconfigu-
ration knowledge[SoininenandNiemel̈a, 1999]. However,
thequestionof expressingconfigurationversionspacesusing
thestablesemanticshasbeenleft with little attention.

The main contribution of this work is a set of inference
rules that implement the dependency, incompatibility, and
choice constraintsfor configurationsystemswith complex
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Figure1: Theconceptualflow of aconfigurationprocess

versionspaces.A componentA dependson a componentB
if A doesnot functioncorrectlywhen B is not in the config-
uration. ComponentsA and B are incompatible, or conflict
with eachother, if bothcannotbe in theconfigurationat the
sametime. Thechoicesareusedto encodeoptionalityin con-
figurations.For example,we may want to expressthatafter
including the componentA in the configuration,we may in-
cludeoneor moreof B , � , and C .

We definethe constraintsin termsof versionclausesthat
representsetsof differentversionsof components.With ver-
sionclauseswecanexpress,for example,thefollowing types
of relations:� ThecomponentD dependson E version2.0or later;� The componentD conflictswith the 1.5 variantbranch

of E ;� If D is in a configuration,we mayaddexactly onever-
sionof either E or F to it.

The inferenceruleshave a formal declarative semanticsand
they are implementedusing the extendedrule typesof the
SMODELS system[Niemel̈aetal., 2000]. Theextendedrules
allow us to encodechoicesover componentsin a very com-
pactmanner.

Therestof this paperis organizedasfollows: In Section2
we introducetheconceptsof versionandproductspacesand
give a formal definition for versionclauses.In Section3 we
definethe rule languageandin Section4 we show how the
versionspacesmaybeencodedusingit. In Section5 weshow
how theconstraintsandvalid configurationscanbemodeled
andSection6givesaverybrief outlineof theimplementation.

2 VersionSpaces
The configurationknowledgecan be divided into two sep-
aratedimensions,the product spaceand the version space
[ConradiandWestfechtel,1998]. Theconfigurationcompo-
nentsandtheir relationshipsform the productspaceandthe
versionspacedescribesthe relationsof differentversionsof
components.The two spacesarenot completelyorthogonal
sincetherelationshipsbetweentwo componentsmaydepend
on their specificversions.

A versionspaceis mostoftenrepresentedasagraphwhere
the differentversionidentifiersform the nodesand thereis
an edgebetweennodesG and H if H is a direct modification
of G . ThedifferencebetweenH and G is calledtheir delta. If
we intendthatanew versionshouldreplacetheolderone,we
call it arevision. Conversely, if wewantto havebothversions
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Figure2: Simpleexampleson versiongraphs
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Figure 3: The version spaceof the Linux kernel. The
brancheswith even seconddigit arestableandodd areun-
stable.

available,we call themvariants. However, thatdistinctionis
not very importantin thecontext of this work.

The Figure 2 containsthreesimple versiongraphs. The
componentD hasa linearversionhistoryanda new version
hasalwaysreplacedtheold one. ThecomponentE hastwo
branchesthat have divergedat the version m	nMo . Thecompo-
nent F hasalsotwo branchesbut this time thebrancheshave
beenmerged againat version p�nMq . A branchmay be either
open(active) if it is still maintainedor closed(inactive) if no
morework is donefor it. A mergeclosesoneor bothof the
branches.

Softwareversiongraphsmay becomevery complex with
many branchesandmerges.Forexample,theversionspaceof
theLinux kernelis dividedinto stableandunstablebranches,
wheretheideais thatnew changesarefirst testedin theunsta-
blebranchbeforethechangesareincorporatedinto thestable
branch.Currentlythreestable(2.0,2.2,and2.4)andoneun-
stable(2.5)branchesaremaintained.

2.1 ExpressingVersionRelationships
Wenow defineasimplelanguagefor expressingversionrela-
tionships.Thebasicbuilding block is a versionclauseof the
form r%� �%� ts where � is a componentname,  is a version
string and

�%� u v9wyx$zyx�{|x�}{|x$~yx$���
is a comparisonopera-

tor. A basicversionclauseD denotestheset ��r�D�s of versions



�t� of � for which �t� �%� � holds.Notethattheversioncompar-
isons� aredefinedby thearcsof theversiongraphwith �t� w �
if thereis apathfrom �t� to � in thegraph.Weusetwo special
versionstrings, ��� ��
 and �'�!���%� ��
 to denotethe first andthe
latestversionsof thecomponents.

We alsodefinetwo othersimpleclauses1:� r%A ��� �-s denotesall versionsof � ; and� r%��B'�%A � ����B-s denotesthewholebranch B of � .
We maycombineversionclausesusingconnectives � and � .
If D and E are clauses, r�D � EZs denotesthe intersection��r�D�s7� ��r�EZs . A disjunction r�D � EZs is defineddiffer-
ently and it denotesthe set

v ��r�D�s x ��r�EZs � . The intuition
hereis thatadisjunctionmodelsachoiceoversetsof compo-
nentswhile a conjunctionspecifieswhatspecificversionsof
a componentshouldbelongto oneset. The compoundver-
sionclauseshave to bein disjunctivenormalform. Thatis, a
compoundclauseis of theform:

r�D�����D7�0� �$�$�$��D7�	s�� �$�$�-� r�Ey����E���� �$�$�-��E���s n (1)

In somecases,for examplewhenexaminingdependencies,
we want to checkwhethera versionclauseis satisfiedin a
configurationor not. In the basiccasea clauseis satisfied
if somecomponentversionthat belongsto it is in a config-
uration. However, we may want to expressmore complex
choices. For this, we definean integral �k�S� -cardinality for
eachversionclause D . This is denotedby D7 ¡ . The intu-
ition is that the clauseis satisfiedif therearebetween� and� componentsfrom it in theconfiguration,or in thecaseof a
disjunctionthatbetween� and � disjunctsaresatisfied.If we
do notwantto imposeacardinalityona clause,wecanleave
it out. In thatcaseit is interpretedasan p���¢ -cardinality.

Definition 2.1 Let £7¤¡ be a version clauseand ¥ be a con-
figuration. Then, £7¤¡ is satisfiedin ¥ if oneof the following
conditionshold:

1. £7¤¡ is a simpleclauseor a conjunctionof theform ¦�£�§	¨©$©$© ¨�£7ª�«¬¤¡ , and �® ¯
¥�°�±�¦�£�«

¯!® ²
³

2. £7¤¡ is a disjunctionof the form ¦�£�§*´ ©$©$© £7ª	«¬¤¡ , µ�¶ ·¸ £7¹
¯
£7¹ is satisfiedin ¥�º and»® ¯

µ�¶
¯t® ²

³
The satisfiabilityof a disjunctive clauseis well-definedbe-
causeall clausesarein disjunctivenormalform.

Example2.1 Considertheversionspaceshownin Figure 2
andthefollowing two versionclauses:¼ §�½!¦�¦k¾ ¿ ÀS«�¨ ¦k¾ Á Â�«�«¼ÄÃ ½!¦�¦kÅ Æ Ç ³`È «�´ ¦'É Á À ³ ÀS«�« §§
Now ±�¦ ¼ §$«�· ¸ ¾ - À ³ Ç	Ê�¾ - À ³ À�º±�¦ ¼ÄÃ «�· ¸�¸ Å - Ç ³MË º9Ê ¸ É - À ³ Ç!º�º ³

1It would alsobe possibleto definedual clausesÌkÍ!Î$Í	ÏÑÐ�Ò andÌ¬Ð�Í!Î$Ó - Ô?Í - Õ%Ö�×$Í!Ð�ØZÕ'Ò but they areleft out for brevity.

Considertheconfiguration ¥ · ¸ ¾ - À ³ À�Ê�É - À ³ Ç	Ê�Å - Ç ³MË º . The
clause

¼ § is satisfiedsince ¾ - À ³ À�Ù ¥�° ±�¦ ¼ §$« . Theclause¼ÄÃ
is notsatisfied,sincethenumberof its satisfiedsubclauses

is ÂZ¿ À thatwastheupperbound.

3 Rule Language
Thebasiclanguagecomponentis anatomof theformÚ ¦�Û	§SÊ ³$³$³ Ê%Ûtª	« Ê (2)

whereÚ is apredicatesymboland Û	§ to Ûtª areall variablesor
constants.We will usetheconventionthatall variablesstart
with a capitalletterandall constantswith a lowercaseletter.
A literal is eitheraatom Û , its negationÜ	Ý�ÞßÛ , or acardinality
constraint of theform:à ® ¸ Û	§SÊ ³$³$³ Ê%Ûtª>Ê�Ü	Ý�Þ�á$§SÊ ³$³$³ Ê�Ü	Ý�Þ�á�âyº

® ã
(3)

where Û	§SÊ ³$³$³ Ûtª , á$§SÊ ³$³$³ á�â areatomsand
à Ê

ã
are integral

lower andupperbounds. The boundsmay alsobe left out.
In thatcasewe setthe lower boundto 0 andupperboundto
infinity. A literal thatis not a cardinalityconstraintis a basic
literal. A literal is ground if it doesnot have any variables.
We may usethe syntax Ú ¦"ä « ½�å!¦"ä « to denotethe set of
atomsÚ ¦"ä « for which å!¦"ä « is alsotrue.

We encodethe relationshipsbetweenatomsusing infer-
encerulesof theform: æ ç 

§SÊ ³$³$³ Ê

ª (4)

wherethe literal

æ
is the rule headand the literals


§ , ³$³$³ ,

ª form the rule body. If

æ
is an atom, the rule is a basic

rule, otherwiseit is an extendedrule. A basicrule with an
emptyrule bodyis calleda fact. A program is a setof rules.
A rule is ground if all literals in it areground. A rule with
variablesdenotesthesetof groundrulesthatcanbeobtained
by substitutingthevariableswith constantsof theprogram.

We areinterestedin finding answersetsof rule programs.
Herewe give only aninformal definitionfor them.A formal
onecanbefoundin [Niemel̈aandSimons,2000]. Intuitively,
an answerset is a setof atomsthat satisfiesall rulesof the
programandeachatom in it is justified in the sensethat it
occursin a rule headthathasits bodysatisfiedby theset.An
atom Û is satisfiedin an answerset è if Û Ù è . Respec-
tively, a literal Ü	Ý�ÞyÛ is satisfiedif Û éÙ è . A cardinality
constraint

à ® ¸  §-Ê ³$³$³ Ê

ªQº

® ã
is satisfiedif thenumberof

satisfiedliterals


§SÊ ³$³$³ Ê


ª is between

à
and

ã
, inclusive. A

rule

æ ç 
§SÊ ³$³$³ Ê


ª is satisfiedif eitheroneof the literals


¹

in its bodyis not satisfiedor if

æ
is satisfied.

Example3.1 Let ê betheprogram:

Û ç Ü	Ý�Þ�áá ç Ü	Ý�Þ�Ûë ç Â
® ¸ ÛQÊ%ì	º ³

Then ê has two answersets, è § · ¸ Û�º and è Ã · ¸ á-º .
Let us consider è § . The first two rules are satisfiedsinceÛ Ù è § . Thebodyof the third rule is not satisfiedbecause
only oneatomof

¸ ÛQÊ%ì	º is in è § sowedo not haveto add ë
into theanswerset.



Example3.2 Let ê betheprogram:

Û>¦¬ÀS« çÛ>¦íÂ�« çÀ
® ¸ á�¦"ä Ê%î|«Ä½�Û>¦�îZ«�º

®
À ç Û>¦"ä « ³

Thenthethird rule denotesthegroundrules:

À
® ¸ á�¦¬À�Ê$ÀS«�Ê�á�¦¬À�Ê�Â�«�º

®
À ç Û>¦¬ÀS«À

® ¸ á�¦íÂ!Ê$ÀS«�Ê�á�¦íÂ!Ê�Â�«�º
®
À ç Û>¦íÂ�« ³

Sinceboth Û>¦¬ÀS« and Û>¦íÂ�« are true, ê hasfour answersets2:è § · ¸ á�¦¬À�Ê$ÀS«�Ê�á�¦íÂ!Ê$ÀS«�º , è Ã · ¸ á�¦¬À�Ê$ÀS«�Ê�á�¦íÂ!Ê�Â�«�º , è ï ·¸ á�¦¬À�Ê�Â�«�Ê�á�¦íÂ!Ê$ÀS«�º , è ð�· ¸ á�¦¬À�Ê�Â�«�Ê�á�¦íÂ!Ê�Â�«�º .
4 Encoding VersionSpaces
In this sectionwe definea rule-basedrepresentationof ver-
sion spaces.First we defineencodingsfor componentsand
versiongraphsand thenwe show how they can be usedto
encodetheversionclauses.

4.1 Components
The componentsand their versionsare modeledseparately
usingconstants.For example,thecomponentñ - À ³ Ç generates
the constantsñ and À ³ Ç to the model. The first one is the
componentbasenameandthesecondtheversionstring.

A versionstring is connectedto the correspondingbase
nameusing the predicate ò�ó�ô�õ�ó�ö>÷'ö�ø$¦¬ö>ñ�ô�÷�Ê$ù�÷'ú�û�ü�ó�ö�« . As
we do not want to worry about old components,we use
the predicate ñ�ù�ñ�üþý,ñ�ÿ'ý,÷ - ò�ó�ô�õ�ó�ö>÷'ö�ø$¦¬ö>ñ�ô�÷�Ê$ù�÷'ú�û�ü�ó�ö�« to de-
notethat ö>ñ�ô�÷ - ù�÷'ú�û�ü�ó�ö is still available.

Weusethepredicateüþö�¦%ò�Ê$ùt« to denotethatthecomponentò - ù is in theconfiguration.

4.2 VersionGraph

Weencodetheversiongraphusingthepredicate��÷'ý`ø�ñ!é�� . The
fact: ��÷'ý`ø�ñQ¦%ò�§�Ê$ù'§SÊSò Ã Ê$ù Ã « ç (5)

is addedto the modelwhenever ò Ã - ù Ã is a direct modifica-
tion of ò�§ - ù'§ . Note that we allow the modifiedcomponent
to changeits basename.In many configurationdomainsthis
is not desirableandthe componentnameshouldremainthe
sameacrossall of its modifications.However, we areinter-
estedin creatinga configurationtool for a GNU/Linux sys-
tem. It is commonin the open-sourceworld that someone
takesthesourcecodeof anexistingprogram,addssomefunc-
tionality to it, andreleasesit undera new name.Allowing a��÷'ý`ø�ñ to changethebasenamemakesit potentiallyeasierfor
a maintainerto definerelationshipsfor a new componentas
all differentbut closelyrelatedcomponentsdonot haveto be
specifiedindividually. On the otherhand,it is possiblethat
in somecasesthis mayactuallyresult in morecomplex ver-
sion clauseswhensomeuncompatiblecomponenthasto be
excluded.

2Theatoms�	Ì��'Ò and �	Ì��-Ò areleft outof theanswersetsfor clar-
ity.

The transitive closureof ��÷'ý`ø�ñ!é�� is expressedusing the
successorpredicateû	��ò�ò-é�� :
 ² ë'ë ¦'Éß§SÊ���§SÊ�É Ã Ê�� Ã « ç ��÷'ý`ø�ñQ¦'Éß§�Ê���§SÊ�É Ã Ê�� Ã «û	��ò�ò�¦'Éß§�Ê���§SÊ�É�ï�Ê��Qï-« ç ��÷'ý`ø�ñQ¦'Éß§�Ê���§SÊ�É Ã Ê�� Ã «�Êû	��ò�ò�¦'É Ã Ê�� Ã Ê�É�ï�Ê��Qï-« ³ (6)

Wealsodefinethepredecessorpredicateõ>ú%÷�Qé�� analogously.
A version ù of ò is currentif it doesnot have any successors
and the first if it doesnot have predecessorswith the same
basename:

ò��!ú�ú%÷'ö�ø - ù�÷'ú�û�ü�ó�ö�¦'É Ê���« çò�ó�ô�õ�ó�ö>÷'ö�ø$¦'É Ê��y«�Ê (7)Ü	Ý�Þ��	ñSû - û	��ò�ò�÷�û�û$ó�ú!¦'É Ê��y«� ú�û�ø - ù�÷'ú�û�ü�ó�ö�¦'É Ê���« çò�ó�ô�õ�ó�ö>÷'ö�ø$¦'É Ê��y«�Ê (8)Ü	Ý�Þ��	ñSû - õ>ú%÷��÷�ò�÷�û�û$ó�ú!¦'É Ê�� «
wheretheauxiliarypredicatesaredefinedasfollows:

�	ñSû - û	��ò�ò�÷�û�û$ó�ú!¦'É Ê����t« ç ��÷'ý`ø�ñQ¦'É Ê����$Ê�É Ê����'«
�	ñSû - õ>ú%÷��÷�ò�÷�û�û$ó�ú	¦'É Ê����	« ç ��÷'ý`ø�ñQ¦'É Ê����$Ê�É Ê����'« ³ (9)

Branchesand merges are modeledusing the predicatesÿ'ú%ñ�ö>ò�>é�� , û�ø�ñ�ú�ø�û - ÿ'ú%ñ�ö>ò�>é�Â , ô�÷'ú��9÷�é�� , and �	ñSû - ô�÷'ú��9÷�é�Â .
Similarly to versions,eachbranchis identifiedby a constant.
Thefact: ÿ'ú%ñ�ö>ò� ¦%ÿ�ÊSò�Ê$ùt« ç (10)

is addedto the modelwhenever the componentò - ù startsa
new branch ÿ . We identify thecomponentsthatarefirst ele-
mentsof somebrancheswith û�ø�ñ�ú�ø�û - ÿ'ú%ñ�ö>ò�>é�Â :

û�ø�ñ�ú�ø�û - ÿ'ú%ñ�ö>ò� ¦'É Ê�� « ç ÿ'ú%ñ�ö>ò� ¦kÅ;Ê�É Ê�� « ³ (11)

Thefact ô�÷'ú��9÷9¦%ÿ�§�ÊSÿ Ã ÊSò�Ê$ùt« ç (12)

indicatesthat the branch ÿ�§ is mergedinto the branch ÿ Ã to
producethe componentò - ù . Merging the branch ÿ�§ into ÿ Ã
closesthebranchÿ�§ but leaves ÿ Ã open.If atwo-waymergeis
desired,alsothefact ô�÷'ú��9÷t¦%ÿ Ã ÊSÿ�§�ÊSò�Ê$ùt« ç shouldbeadded.
The predicate ò'ý,óSû$÷�Qé�Â is usedto indicatethat a branchis
eventuallyclosedby a merge:

ò'ý,óSû$÷� ¦kÅÄ§$« ç ô�÷'ú��9÷9¦kÅÄ§�Ê�Å Ã Ê�É Ê���« ³ (13)

4.3 VersionClauses
We divide the handling of version clausesinto two parts.
First, we want to find out whatavailablecomponentsbelong
to thesetthattheclauserepresent.Second,we wantto know
whethertheclauseis satisfiedin a configurationor not. For
this,we definetwo predicates:� üþö - ò'ý,ñ��tû$÷9¦%ò�Ê$ù�Ê$ù�ò-« is trueif ò - ù is in ±�¦¬ù�òS« ; and� û$ñ�øíü?û � ÷��¦¬ù�ò-« is truewhenever ù�ò is satisfiedin thecon-

figuration.

We definethetwo predicatesdifferentlyfor eachclausetype.
We associatea uniqueidentifier ù�ò for eachversionclause.
Theidentifierscanbecreatedmodularlyby prependingthem
by thecomponentnameandversionstrings.



ÿ�ñSû�ü�ò - ò'ý,ñ��tû$÷9¦¬ù�ò�ÊSò�ÊSó%õ�Ê$ùt« ñ�ö�� - ò'ý,ñ��tû$÷9¦¬ù�ò�ÊSò-«ò�ó�ö! 	�!ö>ò'øíü�ó�ö - ò'ý,ñ��tû$÷9¦¬ù�ò-« ÿ'ú%ñ�ö>ò� - ò'ý,ñ��tû$÷9¦¬ù�ò�ÊSò�ÊSÿ-«��ü?û" 	�!ö>ò'øíü�ó�ö - ò'ý,ñ��tû$÷9¦¬ù�ò-«
Table1: Predicatesfor reperesentingversionclauses

The versionclausesare representedas factsthat identify
thetypeof theclauseaswell asrelevantparameters.Thetype
predicatesareshown in Table1. We alsohave to storethe

é
²
-cardinalitiesof clauses.For this we definethepredicateò�ñ�ú#��üþö>ñ�ý`üþø��Q¦¬ù�ò�Ê$ý�Ê!�Q« .

In the rest of this sectionwe show how the individual
clausetypesaremodeled.

BasicClauses

We define üþö - ò'ý,ñ��tû$÷�é�� for basicclauses¦%ò0ó%õ;ùt« separately
for all comparisonoperators. For example, the compo-
nent ë - $ itself and all its successorsare compatiblewith
the ¿ -relation:

üþö - ò'ý,ñ��tû$÷t¦'É Ê��|Ê���É�« çÿ�ñSû�ü�ò - ò'ý,ñ��tû$÷9¦%��É Ê�É Ê$¿yÊ��y«�Êñ�ù�ñ�üþý,ñ�ÿ'ý,÷ - ò�ó�ô�õ�ó�ö>÷'ö�ø$¦'É Ê��y«üþö - ò'ý,ñ��tû$÷t¦'É Ã Ê�� Ã Ê���É7« çÿ�ñSû�ü�ò - ò'ý,ñ��tû$÷t¦%��É Ê�Éß§SÊ$¿yÊ���§'«�Êñ�ù�ñ�üþý,ñ�ÿ'ý,÷ - ò�ó�ô�õ�ó�ö>÷'ö�ø$¦'É Ã Ê�� Ã «�Êû	��ò�ò�¦'Éß§�Ê���§SÊ�É Ã Ê�� Ã « ³

(14)

All otheroperatorsaredefinedin asimilarmanner. A basic
clauseis satisfiedif thenumberof compatiblecomponentsin
a configurationis betweenthecardinalitybounds


and

²
:

û$ñ�øíü?û � ÷��¦%��É�« ç & ® ¸ üþö�¦'É Ã Ê�� Ã «Ä½üþö - ò'ý,ñ��tû$÷9¦'É Ã Ê�� Ã Ê���É�«�º
® '

Êÿ�ñSû�ü�ò - ò'ý,ñ��tû$÷t¦%��É Ê�Éß§�Ê$¿yÊ���§�«�Êò�ñ�ú#��üþö>ñ�ý`üþø��Q¦%��É Ê & Ê
'
« ³

(15)

Branch Clauses

Wedefineanauxiliarypredicateüþö - ÿ'ú%ñ�ö>ò� ¦%ÿ�ÊSò�Ê$ùt« to denote
the fact that ò - ù belongsto the branch ÿ . The branchpoint
belongsalwaysto ÿ .

üþö - ÿ'ú%ñ�ö>ò� ¦kÅ;Ê�É Ê��y« ç ÿ'ú%ñ�ö>ò� ¦kÅ;Ê�É Ê��y« ³ (16)

We thenrecursively work up the ��÷'ý`ø�ñ -relationuntil we find
themergepoint or a point wherea new branchhasbeencre-
ated. The following rule capturesthe situation where the
branchis open:

üþö - ÿ'ú%ñ�ö>ò�ß¦kÅ;Ê�É Ê�� Ã « ç üþö - ÿ'ú%ñ�ö>ò�ß¦kÅ;Ê�É Ê���§'«�Êû	��ò�ò�¦'É Ê���§SÊ�É Ê�� Ã «�ÊÜ	Ý�ÞÄû�ø�ñ�ú�ø�û - ÿ'ú%ñ�ö>ò�ß¦'É Ê�� Ã «�ÊÜ	Ý�Þ�ò'ý,óSû$÷��¦'É Ê�Å « ³
(17)

And similarily for closedbranches:üþö - ÿ'ú%ñ�ö>ò�ß¦kÅÄ§�Ê�É Ê�� Ã « çüþö - ÿ'ú%ñ�ö>ò�ß¦kÅÄ§�Ê�É Ê���§'«�Ê
��÷'ý`ø�ñQ¦'É Ê���§SÊ�É Ê�� Ã «�ÊÜ	Ý�Þ0û�ø�ñ�ú�ø�û - ÿ'ú%ñ�ö>ò�ß¦'É Ê�� Ã «�Êô�÷'ú��9÷9¦kÅÄ§�Ê�Å Ã Ê�É Ê���«�Ê
� (· � Ã ³

(18)

Having defined üþö - ÿ'ú%ñ�ö>ò�>é�� , it is easy to define theüþö - ò'ý,ñ��tû$÷�é�� rule for ¦%ò�ÿ'ú%ñ�ö>ò��ÿ-« :üþö - ò'ý,ñ��tû$÷9¦'É Ê��ZÊ���É�« ç ÿ'ú%ñ�ö>ò� - ò'ý,ñ��tû$÷9¦%��É Ê�É Ê�Å «'Êñ�ù�ñ�üþý,ñ�ÿ'ý,÷ - ò�ó�ô�õ�ó�ö>÷'ö�ø$¦'É Ê���«�Êüþö - ÿ'ú%ñ�ö>ò� ¦kÅ;Ê�É Ê�� « ³
(19)

Thesatisfactionof abranchclauseis definedsimilarly to (15).

Any Clause
Any versionof ò is compatiblewith an ñ�ö�� -clause.üþö - ò'ý,ñ��tû$÷t¦'É Ê��ZÊ���É�« çñ�ö�� - ò'ý,ñ��tû$÷9¦%��É Ê�É�«$Êñ�ù�ñ�üþý,ñ�ÿ'ý,÷ - ò�ó�ô�õ�ó�ö>÷'ö�ø$¦'É Ê���« ³ (20)

Again, thesatisfactionis asby (15).

Connectives
The connectives are modeledusing predicatesò�ó�ö! 	�!ö>ò'ø%é�Â
and ��ü?û" 	�!ö>ò'ø�é�Â . A conjunction ù�ò7· ù�ò!�7¨ ©$©$© ¨ ù�ò) is ex-
pressedwith * facts:ò�ó�ö! 	�!ö>ò'ø$¦¬ù�ò�Ê$ù�ò!�9« ç ©$©$© ò�ó�ö! 	�!ö>ò'ø$¦¬ù�ò�Ê$ù�ò)�« ç ³

(21)
A disjunctionis definedin a similar manner. A component
is compatiblewith a conjunctionif it is compatiblewith all
conjuncts:üþö - ò'ý,ñ��tû$÷9¦'É Ê��ZÊ���É�« ç

üþö - ò'ý,ñ��tû$÷9¦'É Ê��ZÊ���É,+?«Ñ½Qò�ó�ö! 	�!ö>ò'ø$¦%��É Ê���É,+?«�Êò�ó�ö! 	�!ö>ò'øíü�ó�ö - ò'ý,ñ��tû$÷9¦%��É�« ³ (22)

The satisfaction rule for ò�ó�ö! 	�!ö>ò'øíü�ó�ö - ò'ý,ñ��tû$÷�étÀ is similar
to rule (15). To see why we cannot define the satisfac-
tion in termsof satisfaction of the conjuncts,considerthe
caseof ¦�¦%ñ ¿ À ³ Ç9«0¨ ¦%ñ

®
À ³.- «�« . Now the configuration¸ ñ - Ç ³ À�ÊSñ - À ³0/ º satisfiesbothsub-clausesbut theconjunction

is not satisfied.
Wedonotdefinean üþö - ò'ý,ñ��tû$÷�é�� rulefor disjunctionssince

wewantto preservetheidentitiesof thesetscorrespondingto
thedisjuncts.Sincetheclausesarein disjunctivenormalform
this doesnot causeany problems.

We maydefinethesatisfactionof a disjunctiondirectly in
termsof its disjuncts. A disjunctionwith an


é
²
-cardinality

is satisfiedif the numberof satisfieddisjunctsis between

and

²
: û$ñ�øíü%û � ÷�>¦%��Éy§'« ç& ® ¸ û$ñ�øíü?û � ÷��¦%��É Ã «Ñ½

��ü?û" 	�!ö>ò'ø$¦%��Éy§SÊ���É Ã «�º
® '

Ê
��ü?û" 	�!ö>ò'øíü�ó�ö - ò'ý,ñ��tû$÷t¦%��Éy§'«ò�ñ�ú#��üþö>ñ�ý`üþø���¦%��É�§SÊ & Ê

'
« ³

(23)



5 Creating Configurations
Our basicapproachin creatingvalid configurationsis to di-
vide theactualconfigurationprocessinto two parts.First,we
try to find whatcomponentshavesomereasonto bein acon-
figuration,andthenwe choosetheconfigurationfrom theset
of justifiedcomponents.

5.1 Justification
A componentmaybe in a configurationif we cansomehow
justify why it shouldbein there:¸ üþö�¦'Éß§�Ê���§'«�º ç  	�tû�øíü � ÷��¦'Éß§�Ê���§'« ³ (24)

Intuitively, acomponentò is justifiedif� it is a partof userrequirements;� anothercomponentin theconfigurationdependsonit; or� after includingsomeothercomponentwe have a choice
to include ò .

In thefirst two casesò absolutelyhasto be in theconfigura-
tion but in the third casewe may eitherput it in or leave it
out.

When we have a dependency on or a choiceover a ver-
sionclausewith an


é
²
-cardinality, we want to justify a cor-

respondingnumberof componentsinto theconfiguration.For
example,considerthe versionclause ¦k¾ ¿ Â ³ Ç9« Ã1 wherethe
versionspaceof ¾ is asdefinedin Figure2. Now theclause
correspondsto theset:

� · ¸ ¾ - Â ³ Ç	Ê�¾ - � ³ Ç	Ê�¾ - � ³ Âtº ³
Supposethat we had a choiceover this set, with the Çté�Â -
cardinality. We can now include any subsetof � that has
at mosttwo elementsin the configurationso therearethree
possiblewaysto allocatejustificationson � :2 §�· ¸  	�tû�øíü � ÷�>¦k¾�Ê�Â ³ Ç9«�Ê� 	�tû�øíü � ÷�>¦k¾�Ê#� ³ Ç9«�º2 Ã · ¸  	�tû�øíü � ÷�>¦k¾�Ê�Â ³ Ç9«�Ê� 	�tû�øíü � ÷�>¦k¾�Ê#� ³ Â�«�º2 ï�· ¸  	�tû�øíü � ÷�>¦k¾�Ê#� ³ Ç9«�Ê� 	�tû�øíü � ÷�>¦k¾�Ê#� ³ Â�«�º ³
The reasonwhy we cannotsimply justify all componentsin� is that the choiceallows us to includeat most two com-
ponentsfrom � . If we justify all threecomponents,we do
nothaveany convenientway to preventconfigurationswhere
they all arein3. Thenext sectionpresentstheexactrulesthat
areusedto createjustifications.

5.2 Dependencyand Choice
Weusethepredicates��÷kõ�÷'ö3�Sû9¦%ò�Ê$ù�Ê$ù�ò-« and ò�	ó�ü�ò�÷9¦%ò�Ê$ù�Ê$ù�ò-«
to denotethat the correspondingrelationshold betweenò - ù
andtheversionclauseù�ò .

We definethe justificationsin a two-stageprocess.In the
first stagewe keeptrackon what componentsjustify others.
This is doneso that the correctnumberof justificationsis
createdfor eachversionclause.In thesecondstagewe hide
theoriginatorsof thejustifications.

3Thatis, if theversionclausecorrespondsto thechoicerelation.
With thedependency relationwe demandthattheclausealsohasto
besatisfiedsothis problemdoesnotexist there.

Thefirst stageis implentedby definingthefollowing rule:& ® ¸  	�tû�øíü � ÷�û9¦'Éß§�Ê���§-Ê�É Ã Ê�� Ã «Ä½üþö - ò'ý,ñ��tû$÷t¦'É Ã Ê�� Ã Ê���É�«�º
® ' ç

ò�ñ�ú#��üþö>ñ�ý`üþø��Q¦%��É Ê & Ê
'
«$Êñ�ò'øíüþù�÷ - ò'ý,ñ��tû$÷9¦%��É�« ³

(25)

Now  	�tû�øíü � ÷�û9¦%ò�§�Ê$ù'§SÊSò Ã Ê$ù Ã « is truewhenthecomponentò�§ -ù'§ givesus a reasonto add ò Ã - ù Ã to the configuration. The
predicateñ�ò'øíüþù�÷ - ò'ý,ñ��tû$÷9¦¬ù�ò-« is anauxiliary thatdenotesthat
thereis now somechoiceto bemadeover thecomponentsinù�ò .

As theversionclausesarein disjunctive normalform, the
top-level clause £7¤¡ is always a disjunction. If we activate£7¤¡ , eitherbecausesomecomponentdependson or makesa
choiceover it, weactivatesomeof thedisjunctsof £7¤¡ :& ® ¸ ñ�ò'øíüþù�÷ - ò'ý,ñ��tû$÷t¦%��É Ã «Ñ½

��ü?û" 	�!ö>ò'ø$¦%��É�§SÊ���É Ã «�º
® ' ç

��ü?û" 	�!ö>ò'øíüþù�÷ - ò'ý,ñ��tû$÷t¦%��É�§'«�Êò�ñ�ú#��üþö>ñ�ý`üþø���¦%��É�§�Ê à Ê
ã
«�Ê

��÷kõ�÷'ö3�Sût¦'É Ê��|Ê���É�§$«�Êüþö�¦'É Ê��y« ³
(26)

An identicalrule is definedalsofor ò�	ó�ü�ò�÷�é�� .
Thesecondstageof thejustificationcreationcanbeimple-

mentedusingonly singlerule:

 	�tû�øíü � ÷��¦'É Ã Ê�� Ã « ç  	�tû�øíü � ÷�û9¦'Éß§�Ê���§SÊ�É Ã Ê�� Ã « (27)

sincea componentis justifiedif any componentjustifiesit.
Finally, we assertthat a dependency hasalwaysbe satis-

fied: ç Ü	Ý�ÞÄû$ñ�øíü?û � ÷��¦%��É�«'Ê
��÷kõ�÷'ö3�Sû9¦'É Ê��;Ê���É�«�Êüþö�¦'É Ê�� « ³ (28)

A rule without a headis usedto discardinvalid answersets
thatsatisfytherule body.

5.3 Incompatibility
The incompatibility relation is the simplestone to model
since it doesnot createjustifications. We us the predicateò�ó�ö54Äü�ò'ø�û9¦%ò�Ê$ù�Ê$ù�ò-« to denotethat it is an error if ò - ù is in a
configurationwhen ù�ò is alsosatisfied:ç û$ñ�øíü?û � ÷��¦%��É�«'Êò�ó�ö54Äü�ò'ø�û9¦'É Ê��|Ê���É�«'Êüþö�¦'É Ê��y« ³ (29)

5.4 Example
Consideragainthesituationin Figure2. Supposethat ñ - � ³ Â
hasto be in theconfigurationandthat it dependson thever-
sionclause ¼ÄÃ · ¦�¦%ÿyÆ Ç ³`È «�´ ¦%ò�Á À ³ ÀS«�« §§
of Example2.1.Let usdenotethesubclausesof

¼ÄÃ
by

¼ÄÃ §*·¦%ÿyÆ Ç ³`È « and
¼ÄÃ%Ã · ¦%ò�Á À ³ ÀS« .



By rule (26)wededucethatexactly oneof¸ ñ�ò'øíüþù�÷ - ò'ý,ñ��tû$÷t¦%ò Ã §$«�ÊSñ�ò'øíüþù�÷ - ò'ý,ñ��tû$÷t¦%ò Ã%Ã «�º
has to be true. If the first one is true, then by the rule
(25) we know that ÿ - Ç ³MË hasto be justified, so we deduce 	�tû�øíü � ÷�û9¦%ñ	Ê#� ³ Â!ÊSÿ�Ê%Ç ³MË « . Next, usingthe rule (27) we deduce 	�tû�øíü � ÷��¦%ÿ�Ê%Ç ³MË « . Now, by (24) we may eitherinclude ÿ - Ç ³MË
in theconfigurationor not. However, if it is left out, therule
(28) invalidatestheconfigurationandthis forcesusto include
it andconcludeüþö�¦%ÿ�Ê%Ç ³MË « . Nothingelsecanbeaddedsothe
first configuration¥Q§*· ¸ ñ - � ³ Â!ÊSÿ - Ç ³MË º .

In thesecondcasewechooseto activate
¼ÄÃ%Ã

. Usingasim-
ilar deductionwecomeinto theconclusionthat üþö�¦%ò - À ³ Ç9« has
to be true in the answersetso ò - À ³ Ç is in the configuration
alongwith ñ - � ³ Â and ¥ Ã · ¸ ñ - � ³ Â!ÊSò - À ³ Ç!º .
5.5 Abstract Components

Sometimeswedonotwantto specifythecomponentsexplic-
itly whendefiningrelationships.For example,we maywant
to saythatacomponent¾ dependsonfunctionality 6 but we
arenot interestedin what particularcomponentprovidesit.
The mostsimpleapproachto handlethesecasesis to define
an abstractcomponent7 andmake it dependon thecompo-
nentsthat provide the functionality. A similar approachis
usedin thecurrentDebianGNU/Linux systemto definecol-
lectionsof components[Debian,2001].

6 Implementation

We constructeda test implementationof the configuration
model using the SMODELS logic programmingsystem[Si-
mons,2000]. Themodelworkswith thesmodelsversion2.26
andlparseversion1.0.3.Themodelhasnotbeenusedin any
practicalapplications,yet,but weareplanningto addit to our
formalizationof the DebianGNU/Linux system[Syrjänen,
1999;2000a;2000b].

7 Conclusions

We presenteda methodfor representingsoftware configu-
ration versionspacesusing logic programswith the stable
modelsemantics.We defineda simplelanguagefor express-
ing versionrelationshipsin termsof versionclauses.A ver-
sionclausedenotesasetof versionsof acomponentandthey
may be combinedusing conjunctionand disjunction con-
nectives. However, for implementation-specificreasonsthe
clauseshaveto beexpressedin disjunctivenormalform.

We formalized the version clausesinto extendedhigh-
level logic programmingrulesandformalizedthethreebasic
configurationconstraints,dependency, incompatibility, and
choice,usingthem. The dependency andchoiceconstraints
do not directly addcomponentsinto a configurationbut do
thatvia justfications.

We haveproducedonly a prototypeimplementationof the
modelandhavenottestedit onany realisticsystem.In future,
we areplanningto test it by incorporatingit into our model
of theDebianGNU/Linux system.
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