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Abstract

We develop a rule-basedmethodfor representing
version spacesof software products. The ver-
sioninformationis expressedvith versionclauses
that may be combinedusing conjunctionand dis-
junction. A configurationmodelis divided into a
databasandasetof inferencerules. Theruleshave
a declaratve semanticsandthey areimplemented
usingtheextendedrule typesof the SMODEL S sys-
tem.

1 Intr oduction

A configuation modelconsistsof aset Comp of components
and a set Const of constaints Eachcomponents of the
form c-v, wherec is the componenbasenameandv is the
versionstring. A configumationis a subsetC C Comp that
satisfiesall constraints. In a configurationproblemwe are
given a setof userrequirementsandwe wantto constructa
configurationthatsatisfiegherequirements.

Theconfiguratiorproblemis difficult evenwhentheunder
lying systemstaysconstantandin practicethathappensnly
rarely. If a configurableproductis successfulijt will evolve
with time; new componentsare addedand old components
aremodifiedandthe configurationmodelhasto be changed
accordingly For example, Barker and O’Connor have re-
ported that 40% of the configurationrules of the XCON
configurationsystemchangeyearly [Barker and O’'Connor,
1989.

In this work we considerthe problemof configuringlarge
software productsthat have possiblyhundredsor thousands
of componentshateachmay have several differentversions.
The particularcasethat we have in mind is the configura-
tion managementf the DebianGNUY/Linux systemDebian,
2001] that currently haswell over 4000individual software
packagesndover 300 maintainers.

Maintaininga large configurationsystemis not easy We
try to createa rule-basedormal modelthat canbe updated
with minimal usereffort whenthe productchangesWe want
themodelhave at leastthefollowing threeimportantproper
ties:

1. adeclaratve semantics;
2. modularupdatesand

3. diagnosticcapabilities.

A rule-baseatonfiguratiormodelhasa declaratve semantics
if theorderingof therulesdoesnotaffectthe setof valid con-
figurations. If this propertyis missing,maintaininga model
with comple relationshipsnay quickly becomeintractable.

A configurationmodel can be updatedmodularly if a
changeén onecomponenthange®nly the partof the model
that encodeshe componentand leaves the other partsun-
touched.

Finally, if the usergivesunsatisfiablaequirementor an
updateleavesthe modelin an inconsistentstate,we should
geta diagnosisexplaining wherethe problemlies. Oneim-
portantadvantageof rule-baseaonfigurationis thatit is rela-
tively straightforvardto designa diagnostionodelthatiden-
tifies at leastone reasonwhy a configurationcould not be
found. Presentingdiagnosticrulesis out of the scopeof
this work but a discussionon the subjectcan be found in
[Syrjanen,20004.

Thebasicideais to divide the configuratiormodelinto two
separatgarts:

¢ configumation databasethat containsthe knowledgeon
componentgandtheir versionsand

¢ asetof inferencerulesthatactonthedatabase.

Theinferencerulesare definedonly once,whenthe product
is first modeled,and after thatthey remainunchanged.The
databaseshould containonly simple factsso that its main-
tenancds aseasyaspossible.Whena componenthanges,
we have to changeonly the factsthat defineit andleave the
modelotherwiseintact.

Thedatabasandinferencerulesarecombinednto theac-
tual configurationmodelthat is usedin a stand-alondool.
The userrequirementsare given to the tool asinput and it
thenconstructsithera suitableconfigurationor a diagnosis.
This processs illustratedin Figurel.

During the last few yearsthe stablemodel semanticsof
normal logic programs[Gelfond and Lifschitz, 198§ has
emegedasa declaratve alternatve for expressingconfigu-
ration knowledge[Soininenand Niemek, 1999. However,
thequestionof expressingconfiguratiornversionspacesising
the stablesemantichasbeenleft with little attention.

The main contrikution of this work is a setof inference
rules that implementthe dependeng, incompatibility, and
choice constraintsfor configurationsystemswith complex
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Figurel: Theconceptuaflow of a configurationprocess

versionspaces.A componentz dependsn a componenth
if a doesnot function correctlywhenb is notin the config-
uration. Components: and b areincompatible or conflict
with eachother if both cannotbein the configurationat the
samdime. Thechoicesareusedto encodeoptionalityin con-
figurations. For example,we may wantto expressthat after
including the components in the configurationwe may in-
cludeoneor moreof b, ¢, andd.

We definethe constraintdn termsof versionclauseghat
represensetsof differentversionsof componentsWith ver
sionclausesve canexpressfor example thefollowing types
of relations:

e Thecomponentd depend®n B version2.0or later;

e The componentd conflictswith the 1.5 variantbranch
of B;

e If A isin aconfigurationwe may addexactly onever
sionof eitherB or C' to it.

The inferenceruleshave a formal declaratve semanticsand
they areimplementedusing the extendedrule typesof the
SMODEL S systemNiemeketal., 200d. Theextendedules
allow usto encodechoicesover componentsn a very com-
pactmanner

Therestof this paperis organizedasfollows: In Section2
we introducethe conceptof versionandproductspacesand
give a formal definition for versionclauses.In Section3 we
definethe rule languageandin Section4 we shav how the
versionspacesnaybeencodedisingit. In Sections we shav
how the constraintsaandvalid configurationscanbe modeled

andSection6 givesaverybrief outlineof theimplementation.

2 \Version Spaces

The configurationknowledge can be divided into two sep-
aratedimensions the product spaceand the version space
[Conradiand Westfechtel 1999. The configurationcompo-
nentsandtheir relationshipsorm the productspaceandthe
versionspacedescribeghe relationsof differentversionsof
components.The two spacesare not completelyorthogonal
sincetherelationshipbetweertwo componentsnaydepend
ontheir specificversions.

A versionspacds mostoftenrepresentedsagraphwhere
the differentversionidentifiersform the nodesandthereis
an edgebetweennodesa andb if b is a direct modification
of a. Thedifferencebetweerb anda is calledtheir delta. If
weintendthatanew versionshouldreplacetheolderone,we
callit arevision Corverselyif wewantto have bothversions
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Figure2: Simpleexamplesonversiongraphs
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Figure 3: The version spaceof the Linux kernel. The
brancheswith even seconddigit are stableand odd are un-
stable.

available,we call themvariants However, thatdistinctionis
notveryimportantin the context of this work.

The Figure 2 containsthree simple versiongraphs. The
componentd hasa linearversionhistory anda new version
hasalwaysreplacedhe old one. The componentB hastwo
brandhesthat have divergedat the version0.6. The compo-
nentC' hasalsotwo branchesut this time thebranchedhave
beenmeiged againat version1.3. A branchmay be either
open(active) if it is still maintainedor closed(inactive) if no
morework is donefor it. A merge closesoneor both of the
branches.

Software versiongraphsmay becomevery comple with
mary branchesandmemes.For example theversionspaceof
theLinux kernelis dividedinto stableandunstablebranches,
wheretheideais thatnew changesrefirst testedn theunsta-
ble branchbeforethechangesreincorporatednto thestable
branch.Currentlythreestable(2.0,2.2,and2.4) andoneun-
stable(2.5) branchesremaintained.

2.1 ExpressingVersion Relationships

We now defineasimplelanguagédor expressingrversionrela-
tionships.The basicbuilding block is a version clauseof the
form (¢ op v) wherec is acomponenname,v is a version
stringandop € {<,<,=,#,>,>} is acomparisoropera-
tor. A basicversionclaused denoteshesetl (A) of versions



v’ of ¢ for whichv' op v holds.Notethattheversioncompar
isonsaredefinedby thearcsof theversiongraphwith v’ < v
if thereis apathfrom »’ to v in thegraph.We usetwo special
versionstrings, first and current to denotethe first andthe
latestversionsof thecomponents.

We alsodefinetwo othersimpleclauses:

¢ (any c) denotesll versionsof ¢; and
e (c branch b) denoteghewholebranchb of c.

We may combineversionclausesisingconnectvesA andv.

If A and B areclauses,(A A B) denotesthe intersection
V(4) n V(B). A disjunction(A Vv B) is defineddiffer-

ently and it denotesthe set {V'(4),V(B)}. The intuition

hereis thata disjunctionmodelsa choiceover setsof compo-
nentswhile a conjunctionspecifieswhat specificversionsof

a componenshouldbelongto one set. The compoundver-

sionclausesave to bein disjunctive normalform. Thatis, a

compounctlauses of theform:

(AT AAs A~ AA) V-V (BiABs A~ ABp) . (1)

In somecasesfor examplewhen examining dependencies,
we want to checkwhethera versionclauseis satisfiedin a
configurationor not. In the basiccasea clauseis satisfied
if somecomponentersionthat belongsto it is in a config-
uration. However, we may want to expressmore complex
choices. For this, we definean integral I /u-cardinality for
eachversionclauseA. This is denotedby A;'. The intu-
ition is thatthe clauseis satisfiedif therearebetween and
u componentérom it in the configurationor in the caseof a
disjunctionthatbetween andw disjunctsaresatisfied.If we
do notwantto imposea cardinalityon a clausewe canleave
it out. In thatcaseit is interpretedasan 1/oco-cardinality

Definition 2.1 Let A} be a version clauseand C be a con-
figuration. Then, A} is satisfiedin C if oneof the following
conditionshold:

1. A} isasimpleclauseor a conjunctionof theform (A; A
-~ AN Ay, and

1<ICNVA)| <u .

2. A} is a disjunctionof the form (4; V --
{4; | 4, is satisfiedn C} and

[<|Sal<u .

‘ An);l/a SA =

The satisfiability of a disjunctive clauseis well-definedbe-
causeaall clausesrein disjunctive normalform.

Example 2.1 Considerthe version spaceshownin Figure 2
andthefollowing two versionclauses:

Ci:(A21)A(A<2)
Cy:((B>0.7)V(C< 1.1))}
Now
V(Cy) = {A-1.0,A-1.1}
V(C2) = {{B-0.8},{C-1.0}} .

LIt would alsobe possibleto definedual clauses(none ¢) and
(¢ not-in-branch b) butthey areleft outfor brevity.

Considerthe configuationC = {4-1.1, C-1.0, B-0.8}. The
clause( is satisfiedsince A-1.1 € C N V(C4). Theclause
Cs is notsatisfied sincethenumberofits satisfiedsubclauses
is2 > 1 thatwastheupperbound.

3 Rule Language
Thebasiclanguageeomponents anatomof the form

p(al,"'aan) ) (2)

wherep is apredicatesymbolanda, to a,, areall variablesor
constantsWe will usethe corventionthatall variablesstart
with a capitalletterandall constantsvith a lower caseletter.
A literal is eitheraatoma, its negationnot a, or acardinality
constaint of theform:

L <{ai,...,an,not by,...,not b,,} <U 3)

whereay,...ay,, by,...b, areatomsand L, U areintegral
lower andupperbounds The boundsmay alsobe left out.
In that casewe setthe lower boundto 0 andupperboundto
infinity. A literal thatis not a cardinalityconstraintis a basic
literal. A literal is groundif it doesnot have ary variables.
We may usethe syntaxp(X) : ¢(X) to denotethe set of
atomsp(X) for which ¢(X) is alsotrue.
We encodethe relationshipsbetweenatomsusing infer-

encerulesof theform:

h%ll,...

(4)

wherethe literal i is the rule headandthe literals /4, ...,
l, form therule body. If A is an atom,therule is a basic
rule, otherwiseit is an extendedrule. A basicrule with an
emptyrule bodyis calledafact. A programis a setof rules.
A ruleis groundif all literalsin it areground. A rule with
variablesdenoteghe setof groundrulesthatcanbe obtained
by substitutingthe variableswith constantof the program.

We areinterestedn finding answersetsof rule programs.
Herewe give only aninformal definitionfor them. A formal
onecanbefoundin [NiemekandSimons,200d. Intuitively,
an answersetis a setof atomsthat satisfiesall rulesof the
programand eachatomin it is justified in the sensethat it
occursin arule headthathasits body satisfiedby theset. An
atoma is satisfiedin ananswerset M if a € M. Respec-
tively, a literal not « is satisfiedif a ¢ M. A cardinality
constraintL < {l,...,l,} < U is satisfiedf the numberof
satisfiedliterals!y, ..., [, is betweenL andU, inclusive. A
rule h < I4,...,1, is satisfiedif eitheroneof theliterals!;
in its bodyis not satisfiedor if & is satisfied.

sln

Example 3.1 Let P betheprogram:

a + notb
b+ nota
¢+ 2<{a,d} .

Then P hastwo answersets,M; = {a} and My = {b}.
Let us considerM;. Thefirst two rules are satisfiedsince
a € M;. Thebodyof the third rule is not satisfiedbecause
only oneatomof {a, d} isin M; sowedo nothaveto addc
into theanswerset.



Example 3.2 Let P betheprogram:

a(l) +
a(2) <
1<{b(X,Y):a(Y)} <1<+ a(X) .

Thenthethird rule denoteghegroundrules:

1< {b(1,1),6(1,2)} < 14 a(1)
1< {b(2,1),6(2,2)} <14 a(2) .

Sincebotha(1) anda(2) are true, P hasfour answersets:
My = {b(1,1),b(2,1)}, My = {b(1,1),b(2,2)}, M3 =

4 Encoding Version Spaces

In this sectionwe definea rule-basedepresentationf ver
sion spaces.First we defineencodingdor componentand
versiongraphsand thenwe shav how they canbe usedto
encodeheversionclauses.

4.1 Components

The componentsand their versionsare modeledseparately
usingconstantsFor example thecomponent-1.0 generates
the constantse and 1.0 to the model. The first oneis the
componenbasenameandthe secondheversionstring.

A versionstring is connectedo the correspondingbase
nameusing the predicatecomponent(name, version). As
we do not want to worry aboutold componentswe use
the predicateavailable- component(name, version) to de-
notethatname-version is still available.

We usethepredicatein(c, v) to denotethatthecomponent
c-v is in the configuration.

4.2 VersionGraph

Weencodedheversiongraphusingthepredicatelelta /4. The
fact:

delta(cy,vi, ez, v2) ()

is addedto the modelwhenever c»-v5 is a direct modifica-
tion of ¢;-v;. Note that we allow the modified component
to changdts basename.ln mary configurationdomainsthis
is not desirableandthe componennhameshouldremainthe
sameacrossall of its modifications. However, we areinter-
estedin creatinga configurationtool for a GNU/Linux sys-
tem. It is commonin the open-sourcavorld that someone
takesthesourcecodeof anexisting programaddssomefunc-
tionality to it, andreleasest undera nev name.Allowing a
delta to changethe basenamenakesit potentiallyeasierfor
a maintainerto definerelationshipgor a new componenas
all differentbut closelyrelatedcomponentsio nothave to be
specifiedindividually. On the otherhand,it is possiblethat
in somecaseghis may actuallyresultin morecomple ver
sion clauseswvhensomeuncompatiblecomponentasto be
excluded.

2Theatomsa(1) anda(2) areleft outof theanswersetsfor clar-
ity.

The transitive closureof delta/4 is expressedusing the
successopredicatesucc/4:
SUCC(Cl, Vl, Cg, Vz) — delta(Cl, Vl, 02, VQ)
suce(Cy, Vi, C3, V3) « delta(Cy, Vi, Cs, Va), (6)
SUCC(CQ, V2, 03, V3) -
We alsodefinethepredecessaredicatepred /4 analogously
A versionv of ¢ is currentif it doesnot have any successors
andthe first if it doesnot have predecessoraith the same
basename:
current-version(C, V) «+
component(C, V), @)
not has-successor(C, V)
first-version(C, V) +
component(C, V), (8)
not has-predecessor(C, V)

wherethe auxiliary predicatesaredefinedasfollows:

has-successor(C, V) < delta(C, V1, C, V>)
has-predecessor(C, Ve) < delta(C, V1, C, Va) .

Branchesand memes are modeledusing the predicates
branch/3, starts-branch/2, merge/4, and has-merge/2.
Similarly to versions gachbranchis identifiedby a constant.
Thefact:

9)

branch(b, c,v) (10)

is addedto the modelwheneer the componentc-v startsa
new branchb. We identify the componentshatarefirst ele-
mentsof somebranchewith starts-branch/2:

starts-branch(C, V') < branch(B,C, V) .
Thefact

(11)

merge(by, ba, ¢, v) (12)
indicatesthatthe branchb, is memgedinto the branchb; to
producethe componentz-v. Merging the branchb; into b
closeghebranchb, butleasesb, open.If atwo-way memgeis
desiredalsothefactmerge(bs, b1, ¢, v) + shouldbeadded.
The predicateclosed /2 is usedto indicatethat a branchis
eventuallyclosedby amerge:

closed(By) < merge(By, B2, C, V) . (13)

4.3 VersionClauses

We divide the handling of version clausesinto two parts.
First, we wantto find out whatavailablecomponentdelong
to thesetthatthe clauserepresentSecondwe wantto know
whetherthe clauseis satisfiedin a configurationor not. For
this, we definetwo predicates:

e in-clause(c, v, ve) istrueif c-v isin V(vc); and
e satisfied(vc) is truewhenever vc is satisfiedin thecon-
figuration.

We definethetwo predicatedlifferentlyfor eachclausetype.
We associatea uniqueidentifier vc for eachversionclause.
Theidentifierscanbe createdmodularlyby prependinghem
by thecomponenhameandversionstrings.



basic-clause(vc, ¢, op, v)
conjunction-clause(ve)
disjunction-clause(vc)

any-clause(ve, ¢)
branch-clause(vce, ¢, b)

Tablel: Predicategor reperesentingersionclauses

The versionclausesare representeds factsthat identify
thetypeof the clauseaswell asrelevantparametersThetype
predicatesare shavn in Table1. We also have to storethe
[ /u-cardinalitiesof clauses.For this we definethe predicate
cardinality(ve, 1, u).

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

BasicClauses

We definein-clause /3 for basicclauses ¢ op v) separately
for all comparisonoperators. For example, the compo-
nent c-v itself and all its successorsare compatiblewith

the>-relation:

in-clause(C, V, VC) «
basic-clause(VC, C,>, V),
available- component(C, V)

in-clause(Csy, Vo, VO)
basic-clause(VC, Cy, >, V1),
available- component(Cs, Vs),
suce(Cy, Vi, Ca, V) .

(14)

All otheroperatoraredefinedin asimilarmannerA basic
clauseis satisfiedf thenumberof compatiblecomponentén
a configurations betweerthe cardinalityboundd andu:

satisfied(VC) < L < {in(Cy, V3) :
in-clause(Csy, Vo, VC)} < U,
basic-clause(VC, Cy, >, Vi),
cardinality(VC,L, U) .
(15)

Branch Clauses

We defineanauxiliary predicatein-branch(b, ¢, v) to denote
the factthat c-v belongsto the branchb. The branchpoint
belongsalwaysto b.

in-branch(B, C, V) < branch(B,C,V).  (16)

We thenrecursvely work up the delta-relationuntil we find
the memge point or a point wherea newv branchhasbeencre-
ated. The following rule capturesthe situation where the
branchis open:

in-branch(B, C, V3) < in-branch(B, C, V1),
suce(C, Vi, C, V),
not starts-branch(C, Vz),
not closed(C, B) .

17

And similarily for closedbranches:
in-branch(By, C, V3) +
in-branch(By, C, V1),
delta(C, V1, C, V3),
not starts-branch(C, Vz),
merge(By, By, C, V),
V£V .
Having defined in-branch/3, it is easyto define the
in-clause /3 rulefor (¢ branch b):
in-clause(C, V, VC) < branch-clause(VC, C, B),
available-component(C, V),
in-branch(B,C, V) .

(18)

(19)
Thesatishctionof abranchclausds definedsimilarly to (15).
Any Clause
Any versionof ¢ is compatiblewith an any-clause.
in-clause(C, V, VC) «
any-clause(VC, C),
available-component(C, V) .
Again, thesatishctionis ashy (15).

(20)

Connectives

The connectves are modeledusing predicatesconjunct /2
and disjunct /2. A conjunctionve = vey A -+ - A vey, IS €X-
pressedvith n facts:

conjunct(ve, vey) conjunct(ve, vey) .
(21)
A disjunctionis definedin a similar manner A component
is compatiblewith a conjunctionif it is compatiblewith all

conjuncts:
in-clause(C,V, VC) +
in-clause(C, V, VC") : conjunct(VC, VC"),
conjunction-clause( VC) .

The satishction rule for conjunction-clause/1 is similar
to rule (15). To seewhy we cannotdefine the satishc-
tion in termsof satishction of the conjuncts,considerthe
caseof ((a > 1.0) A (¢ < 1.5)). Now the configuration
{a-0.1, a-1.6} satisfiesboth sub-clausebut the conjunction
is not satisfied.

We donotdefineanin-clause /3 rulefor disjunctionssince
we wantto preseretheidentitiesof thesetscorrespondingo
thedisjuncts.Sincetheclausesrein disjunctive normalform
this doesnot causeary problems.

We may definethe satishictionof a disjunctiondirectly in
termsof its disjuncts. A disjunctionwith an!/u-cardinality
is satisfiedif the numberof satisfieddisjunctsis between
I andu:

(22)

satisfied(VCy)
L < {satisfied(VC5) :
disjunct(VC,, VCy)} < U,
disjunction-clause(VC1)
cardinality(VC1, L, U) .

(23)



5 Creating Configurations

Our basicapproachn creatingvalid configurationss to di-
vide theactualconfiguratiornprocessnto two parts.First, we
try to find whatcomponentfiave somereasorto bein acon-
figuration,andthenwe choosehe configurationfrom the set
of justifiedcomponents.

5.1 Justification

A componenmay bein a configurationif we cansomehav
justify why it shouldbein there:

{in(C, V1)} « justified(Cy, V1) .

Intuitively, acomponent: is justifiedif

(24)

e it is apartof userrequirements;
e anotheicomponenin theconfiguratiordepend®nit; or

¢ afterincludingsomeothercomponentve have achoice
toincludec.

In thefirst two cases:c absolutelyhasto bein the configura-
tion but in the third casewe may eitherput it in or leave it
out.

Whenwe have a dependeng on or a choiceover a ver
sionclausewith anl/u-cardinality we wantto justify a cor-
respondinghumberof componentinto theconfiguration.For
example,considerthe versionclause(4A > 2.0)2 wherethe
versionspaceof A is asdefinedin Figure2. Now the clause
correspondso theset:

V = {A4-2.0,4-3.0, A-3.2} .

Supposethat we had a choice over this set, with the 0/2-
cardinality We cannow include ary subsetof V' that has
at mosttwo elementdn the configurationso therearethree
possiblewaysto allocatejustificationson V':

J1 = {justified(A, 2.0), justified(A, 3.0)}
Jo = {justified(A,2.0), justified(A, 3.2)}
J3 = {justified(A, 3.0), justified(A,3.2)} .

The reasonwhy we cannotsimply justify all componentsn
V is thatthe choiceallows us to include at mosttwo com-
ponentsfrom V. If we justify all threecomponentsye do
nothave ary corvenientway to preventconfigurationsvhere
they all arein®. The next sectionpresentshe exactrulesthat
areusedto creatgustifications.

5.2 Dependencyand Choice

We usethepredicatesiepends(c, v, ve) andchoice(c, v, ve)
to denotethatthe correspondingelationshold betweenc-v
andtheversionclausevc.

We definethe justificationsin a two-stageprocess.In the
first stagewe keeptrack on what componentgustify others.
This is doneso that the correctnumberof justificationsis
createdor eachversionclause.In the secondstagewe hide
theoriginatorsof thejustifications.

3Thatis, if theversionclausecorrespondso the choicerelation.
With thedependengcrelationwe demandhatthe clausealsohasto
be satisfiedsothis problemdoesnot exist there.

Thefirst stageis implentedby definingthefollowing rule:
L < A{justifies(Cy, V1, C, V2) :
in-clause(Cy, Vo, VO)} < U +
cardinality(VC,L, U),
active-clause(VC) .

(25)

Now justifies(c1, v1, c2, v2) is true whenthe componente; -
vy givesus a reasonto add c»-v» to the configuration. The
predicateactive- clause(vc) is anauxiliary that denoteghat
thereis now somechoiceto be madeoverthe componentsn
ve.

As theversionclausesarein disjunctive normalform, the
top-level clauseA} is always a disjunction. If we activate
A}, eitherbecausssomecomponendependson or makesa
choiceoverit, we activatesomeof thedisjunctsof A;":

L < {active-clause(VC?y) :
disjunct(VCy1, VC3)} < U «+
disjunctive-clause( VCYy),
cardinality(VC1,L,U),
depends(C, V, VCy),
n(C,V) .

(26)

An identicalrule is definedalsofor choice /3.
Thesecondstageof thejustificationcreationcanbeimple-
mentedusingonly singlerule:

Justified(Cy, Va) < justifies(Cy, Vi, Ca, V) (27)

sincea components justifiedif any componenjustifiesit.
Finally, we assertthat a dependeng hasalways be satis-
fied:
+ not satisfied(VC),
depends(C, V, V),
in(C,V) .
A rule without a headis usedto discardinvalid answersets
thatsatisfytherule body:.

(28)

5.3 Incompatibility
The incompatibility relation is the simplestone to model
sinceit doesnot createjustifications. We us the predicate
conflicts(c, v, ve) to denotethatit is anerrorif c-v isin a
configuratiorwhenwc is alsosatisfied:
+ satisfied(VC),
conflicts(C, V, VC),
in(C,V) .

(29)

5.4 Example

Consideragainthe situationin Figure2. Supposéhat a-3.2
hasto bein the configurationandthatit dependsn the ver-
sionclause

Co=((b>07)V (c<L1)}

of Example2.1. Letusdenotethesubclausesf C; by Cy1 =
(b > 07) and022 = (C < ].].)



By rule (26) we deducethatexactly oneof
{active-clause(ca1), active-clause(caz)}

hasto be true. If the first one is true, then by the rule

(25) we know that 5-0.8 hasto be justified, so we deduce
Justifies(a,3.2,b,0.8). Next, usingtherule (27) we deduce
Justified(b,0.8). Now, by (24) we may eitherinclude b-0.8

in the configurationor not. However, if it is left out, therule

(28)invalidategheconfiguratiorandthis forcesusto include
it andconcludein (b, 0.8). Nothing elsecanbe addedsothe
first configuratiorC; = {a-3.2, b-0.8}.

In theseconctasewe choosdo activateCs,. Usingasim-
ilar deductionve comeinto theconclusiorthatin(¢-1.0) has
to be true in the answersetso ¢-1.0 is in the configuration
alongwith @-3.2 andCy = {a-3.2, ¢-1.0}.

5.5 Abstract Components

Sometimesve do notwantto specifythecomponentgxplic-

itly whendefiningrelationships.For example,we maywant
to saythatacomponentd depend®n functionality F' but we
are not interestedn what particularcomponentprovidesit.

The mostsimpleapproacho handlethesecasess to define
an abstracttomponentf andmake it dependon the compo-
nentsthat provide the functionality A similar approachis
usedin the currentDebianGNU/Linux systemto definecol-
lectionsof component§Debian,2001].

6 Implementation

We constructeda test implementationof the configuration
model using the SMODELS logic programmingsystem[Si-
mons,200d. Themodelworkswith thesmodelsversion2.26
andlparse version1.0.3. Themodelhasnotbeenusedin ary
practicalapplicationsyet, but we areplanningto addit to our
formalizationof the Debian GNU/Linux system[Syrjanen,
1999;2000a;20004.

7 Conclusions

We presenteda methodfor representingsoftware configu-
ration version spacesusing logic programswith the stable
modelsemanticsWe defineda simplelanguagedor express-
ing versionrelationshipsn termsof versionclauses.A ver
sionclausedenotes setof versionsof acomponentandthey
may be combinedusing conjunctionand disjunction con-
nectives. However, for implementation-specificeasonghe
clausedaveto be expressedn disjunctive normalform.

We formalized the version clausesinto extended high-
level logic programmingulesandformalizedthe threebasic
configurationconstraints,dependenyg incompatibility, and
choice,usingthem. The dependeng and choiceconstraints
do not directly add componentsnto a configurationbut do
thatvia justfications.

We have producedonly a prototypeimplementatiorof the
modelandhave nottestedt onary realisticsystem.In future,
we areplanningto testit by incorporatingit into our model
of the DebianGNU/Linux system.
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