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1 Intr oduction

The non-monotonicreasoningsystemnoMoRe [2] implementsanswersetsemanticgor
normallogic programslt realizesa novel, rule-basegaradignmto computeanswersetsby
computingnon-standardjraphcoloringsof the blodk graph associatedvith a givenlogic
program(se€]6, 8, 7] for details). Thesenon-standardraphcoloringsarecalleda-colorings
or application-coloringssincethey reflectthe setof generatingules(appliedrules)for an
answerset.HencenoMoReis rule-basedindnot atom-basedik e mostof the otherknown
systemsin therecentreleaseof noMoRewe have newly implementedadkward propaga-
tion of partiala-coloringsandatechniquecalledjumpingin orderto ensurdull (backward)
propagatior[8]. Both techniquesmprove the searchspacepruningof noMoRe Further
more,we have extendedthe syntaxby integrity, weightandcardinalityconstraintg11, 5]*.

ThenoMoRe-systemis implementedn the programminganguageProlog;it hasbeen
developedunderthe ECLiIPSe ConstraintLogic ProgrammingSystem[1] andit wasalso
successfullytestedwith SWI-Prolog[12]. The systemis available at http://www.cs.uni-
potsdam.de/"linke/nomore. In order to use the system,ECLiPSe - or SWI-Prolog is
needed1, 12J°.

2 Theoretical Background

The currentreleaseof the noMoRe systemimplementsnonmonotoniaeasoningwith nor-
mal logic programsunder answerset semantics[4]. We considerrules r of the form
P Qi,...,qn,n0t S1,...,n0t sy wWherep, ¢; (0<i<n)ands; (0<j<k) are
atoms,head(r) = p, body™ (r) = {q1,...,qn}, body~ (r) = {s1,..., s} andbody(r) =
body™ (r) U body ™ (r).

Theblock graphof programP is a directedgraphontherulesof P:

Definition 1. ([6]) Let P bea logic programandlet P’ C P be maximalgrounded. The
block graphI'p = (Vp, A% U AL) of P is adirectedgraphwith verticesVp = P’ andtwo

! Obsere, that we usea transformationfor weight and cardinality constraintsinto normal logic
programswhich is exponentialin the worst case.That s, so far we did not considerefficiency
issuesvhendealingwith theseconstraints.

2 Both Prologsystemsarefreely availablefor scientificuse.

3 A setof rules S is groundediff thereexists an enumeration(r; )« of S suchthatfor all i € T we
have thatbody™ (r;) C head({r1,---,m-1}). A maximalgroundedset P’ is a groundedsetthat
is maximalwrt setinclusion.We generalizethe definition of the headof a rule to setsof rulesin
theusualway.



differentkindsof arcs

A% ={(",r) | r',r € P andhead(r') € body™ (r)}
AL ={(r',r) | r',r € P' andhead(r') € body~ (r)}.

Sincegroundednesgoy definition) ignoresnegative bodies thereexists a uniguemaximal
groundedsetP’ C P for eachprogramP, thatis, I'p is well-defined Definition 1 captures
theconditionsunderwhicharule r’ blocksanotheruler (i.e. (r',r) € A'). We alsogather
all groundednesimformationin I'p, dueto therestrictionto rulesin the maximalgrounded
partof P. Thisis essentiabecause block relationbetweentwo rulesr’ andr becomes
effectiveonly if 7' is groundablehroughotherrules.Thereforel's capturesall information
necessaryor computingthe answersetsof programpP.

Answersetsarecharacterizedsspecialnon-standargjraphcoloringsof block graphs.
Let P be alogic programandlet I'p the correspondindlock graph.Forr € P let G, =
(V», A,) beadirectedgraph.ThenG,. is agrounded0-graphfor r in I'p iff thefollowing
conditionshold: 1. G, is anacyclic subgraptof I'p s.t. A, C A%, 2.7 ¢V, andbody ™ (r) C
head(V;) and 3. for eachnoder’ € V, andfor eachq’ € body™ (r') thereexists a node
r" €V, s.t.q' = head(r") and(r",r'") € A,.. Thedifferentgroundedd-graphsfor rule r in
I'p correspondo the differentclassical‘proofs” for head(r) in P*, ignoring the default
negationsof all rules.Now letC : P — {©,®} beatotal mappingd. We call r grounded
wrt I'p andC iff thereexist agrounded-graphG,. = (V,., A,.) forrin I'p s.t.C(V,.) = .
r is calledblodkedwrt I'v and(C if thereexistssomer’ € Pred1r) s.t.C(r') = @®. Now we
arereadyto definea-colorings.

Definition 2. Let P bea logic program,let I'p bethe correspondingolodk graph and let
C : P — {6,®} bea total mapping ThenC is an a-coloring of I'p iff the following
conditionholdsfor each r € P

AP C(r)=@ iffr isgroundedwrt I'p andC andr is notblodkedwrt I'p andC.

Obsere, thatthereareprogramge.g. P = {p « not p}) s.t.no a-coloringexistsfor I'p.
Intuitively, eachnodeof theblock graph(correspondingo somerule)is coloredwith oneof
two colors, representingpplication(¢) or non-application(e) of the correspondingule.
In [6] we show thatthereis a one-to-onecorrespondencketweena-coloringsandanswer
sets.Thatis, the setof all @-coloredruleswrt somea-coloringarethe generatingulesfor
someanswersetof the correspondingprogram.

3 Description of the System

NoMoReusesa compilationtechniqueo computeanswersetsof alogic programP in three
stepgseeFigurel). At first, theblockgraphlI's is computedSecondlyI'p is compiledinto
Prologcodein orderto obtainan efficient coloring procedure User may choosebetween
two differentkindsof compilation,onewhichis fastbut which givesalot of compiledcode
andanotheronewhichis alittle bit slower but which producedesscompiledcodethanthe

4 A mappingC : P +— C is calledtotal iff for eachnoder € P thereexists someC(r) € C.
OppositelymappingC is calledpartialif therearesomer € P for whichC(r) is undefined.



other Thesecondvay of compilinghasto beusedwith largelogic programsdependingn
the memorymanagemendf the underlyingPrologsystem.The compiledPrologcode(to-
gethewith theexample-independerbde)is thenusedto actuallycomputeheansweisets.
To readlogic programswe usea parser(eventuallyafter runninga groundeye.g.lparse

or dlv ) andthereis a separatgartfor interpretationof a-coloringsinto answersets.Ad-
ditionally, noMoRe comeswith aninterfaceto the graphdrawing tool DaVinci [10] for
visualizationof block graphs.This allows for a structuralanalysisof programs.

_>| computingblock graph|—>| compilation|—>| coloring|

| visualizingblock graph| output

Fig. 1. Thearchitectureof noMoRe.

ThenoMoRe systemis usedfor purpose®f researcton the underlyingparadigm But
evenin this earlystate usabilityfor anybodyfamiliar with thelogic programmingparadigm
is given. The syntaxacceptedy noMoReis Prolog-like. For example,arulea « b, not ¢
is representethrougha:-b,not c. FurthermorenoMoReis ableto dealwith integrity
constraintaswell asweightandcardinalityconstraintswhich aresomeof the mostinter-
estingsyntacticafeaturesof smodels .

All discussedeatureqe.g.backwardpropagationjumping,daVinci outputandsome
experimentalfeatures)can be controlled by correspondindlags (seethe noMoRe man-
ual[9]).

4 Evaluating the System

As benchmarksye usedsomeinstance®f NP-completgoroblemsproposedn [3], namely
the independensetproblemfor circle graphs, the problemof finding Hamiltoniancycles
in completegraphsandthe problemof finding classicalgraphcolorings.Furthermorewe
have testedsomeinstance®f then-queengproblem.In Table1 we havetime measurements
for noMoRe smodels anddlv (from left to right). For resultsconsideringhe numberof
choicesneededo computeall solutionfor similar examplessee[8]. For Hamiltonianand
n-queengroblemswe clearly seeanimprovementwhenusingbackward propagatiorand
jumping.For independensetandcoloringproblemsnoMoRebecomeslower, but usedess
choiceghanwithout backward propagatiorandjumping (se€[8]). For coloringproblemsa
similar behaior canbeobsenedfor thesmodels system.

® A so-calledcircle graphCir,, hasn nodes{v1, - --,v,} andarcsA = {(vi,vi+1) | 1 < i <

n} U {(va,v1)}.



noMoRe smodels | dlv
backprogno yes yes |with (without)
jumping |no no yes lookahead
hamk.7 |17.6 3.25 3.92 |0.38 (0.16) 0.1
hamk_8 |328.8635.86 44.23 |7.69 (3.57) 0.71
ind_cir 405.84 7.18 7.24 |1.31 (0.77) 1.97
ind_cir_50/106.15127.45128.9923.87 (16.81)40.6
coldx4 |1.92 2,51 1.96 (0.1 (0.27) 0.36
col5x5 |179.38223.42180.3511.54 (41.17)24.7
queens7/0.73 0.84 0.5 |0.08 (0.03) 0.05
queens83.82 4.3 1.86 |0.32 (0.09)0.12

Table 1. Time measurements seconddor differentproblemg(all solutions)on AMD 1.4 GHz.
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