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1 Intr oduction

The non-monotonicreasoningsystemnoMoRe [2] implementsanswersetsemanticsfor
normallogic programs.It realizesa novel, rule-basedparadigmto computeanswersetsby
computingnon-standardgraphcoloringsof the block graph associatedwith a given logic
program(see[6,8,7] for details).Thesenon-standardgraphcoloringsarecalleda-colorings
or application-coloringssincethey reflectthesetof generatingrules(appliedrules)for an
answerset.HencenoMoRe is rule-basedandnot atom-basedlike mostof theotherknown
systems.In therecentreleaseof noMoRewe havenewly implementedbackward propaga-
tion of partiala-coloringsandatechniquecalledjumpingin orderto ensurefull (backward)
propagation[8]. Both techniquesimprove the searchspacepruningof noMoRe. Further-
more,we haveextendedthesyntaxby integrity, weightandcardinalityconstraints[11,5]1.

ThenoMoRe-systemis implementedin theprogramminglanguageProlog;it hasbeen
developedundertheECLiPSe ConstraintLogic ProgrammingSystem[1] andit wasalso
successfullytestedwith SWI-Prolog [12]. The systemis availableat http://www.cs.uni-
potsdam.de/˜linke/nomore. In order to use the system,ECLiPSe - or SWI-Prolog is
needed[1, 12]2.

2 Theoretical Background

Thecurrentreleaseof thenoMoResystemimplementsnonmonotonicreasoningwith nor-
mal logic programsunder answerset semantics[4]. We considerrules � of the form��� ���
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Theblock graphof programH is a directedgraphon therulesof H :

Definition 1. ([6]) Let H bea logic programandlet HJILKMH bemaximalgrounded3. The
block graph N�O%4P0RQBO 	>SUTO E S

�
O 2 of H is a directedgraphwith verticesQBOV4WHJI andtwo

1 Observe, that we usea transformationfor weight and cardinality constraintsinto normal logic
programs,which is exponentialin the worst case.That is, so far we did not considerefficiency
issueswhendealingwith theseconstraints.

2 BothPrologsystemsarefreelyavailablefor scientificuse.
3 A setof rules X is groundedif f thereexistsanenumerationY[Z"\^]_\ `ba of X suchthat for all cedUf we

have that g�hji
k/lLm[Z"\^nporqDsut
ivm � Z
w-x-y-y-yjx_Z"\1zvw���n�{ A maximalgroundedset | } is a groundedsetthat
is maximalwrt setinclusion.We generalizethedefinitionof theheadof a rule to setsof rulesin
theusualway.



differentkindsof arcs
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Sincegroundedness(by definition) ignoresnegative bodies,thereexistsa uniquemaximal
groundedset HJI�K�H for eachprogramH , thatis, N O is well-defined.Definition1 captures
theconditionsunderwhicharule ��I blocksanotherrule � (i.e. 0^�
I 	 ��2;� S � ). Wealsogather
all groundednessinformationin N O , dueto therestrictionto rulesin themaximalgrounded
part of H . This is essentialbecausea block relationbetweentwo rules ��I and � becomes
effectiveonly if ��I is groundablethroughotherrules.ThereforeN�O capturesall information
necessaryfor computingtheanswersetsof programH .

Answersetsarecharacterizedasspecialnon-standardgraphcoloringsof block graphs.
Let H be a logic programandlet N�O the correspondingblock graph.For �J�#H let �J��4
0bQv� 	>S �
2 bea directedgraph.Then �J� is a grounded0-graphfor � in N�O if f the following
conditionshold:1. �J� is anacyclic subgraphof N�O s.t. S ��K S5TO , 2. ����UQB� and 6-7�.�8 9 01�32 K
)+*-,�.�0bQv��2 and3. for eachnode ��I���Qv� and for each � I���6-7�.38 9 0^��I12 thereexists a node
� I I ��Qv� s.t. � I 4�)+*-,�.�01� I I 2 and 0^� I I 	 � I 2�� S � . Thedifferentgrounded0-graphsfor rule � in
N�O correspondto the differentclassical“proofs” for )+*-,�.�01�32 in H 9 , ignoring the default
negationsof all rules.Now let ����H����<�� 	-��? bea total mapping4. We call � grounded
wrt N O and � if f thereexist a grounded0-graph� � 4V0bQ � 	�S � 2 for � in N O s.t. ��0bQ � 2:4 � .
� is calledblockedwrt N O and � if thereexistssome��I
� Pred10^��2 s.t. ��01��I[2D4 � . Now we
arereadyto definea-colorings.

Definition 2. Let H bea logic program,let N�O be the correspondingblock graphand let
��� H��� <�� 	-��? be a total mapping. Then � is an a-coloring of N�O iff the following
conditionholdsfor each ���;H
��� �L0^�32�4 � iff � is groundedwrt N�O and � and � is notblockedwrt N�O and � .

Observe, that thereareprograms(e.g. HC4=< �������
����? ) s.t.no a-coloringexists for N�O .
Intuitively, eachnodeof theblockgraph(correspondingto somerule) is coloredwith oneof
two colors,representingapplication( � ) or non-application( � ) of thecorrespondingrule.
In [6] we show that thereis a one-to-onecorrespondencebetweena-coloringsandanswer
sets.That is, thesetof all � -coloredruleswrt somea-coloringarethegeneratingrulesfor
someanswersetof thecorrespondingprogram.

3 Description of the System

NoMoReusesacompilationtechniqueto computeanswersetsof a logic programH in three
steps(seeFigure1).At first, theblockgraphN�O is computed.Secondly, N�O is compiledinto
Prologcodein orderto obtainan efficient coloring procedure.Usermay choosebetween
two differentkindsof compilation,onewhich is fastbut whichgivesa lot of compiledcode
andanotheronewhich is a little bit slower but which produceslesscompiledcodethanthe

4 A mapping  ¢¡£|¥¤¦¨§ is called total if f for eachnode Z�d©| thereexists some  �m[Z
n dª§ .
Oppositely, mapping  is calledpartialif therearesomeZ�dp| for which  �m[Z�n is undefined.



other. Thesecondwayof compilinghasto beusedwith largelogic programs,dependingon
thememorymanagementof theunderlyingPrologsystem.ThecompiledPrologcode(to-
getherwith theexample-independentcode)is thenusedto actuallycomputetheanswersets.
To readlogic programswe usea parser(eventuallyafterrunninga grounder, e.g.lparse
or dlv ) andthereis a separatepart for interpretationof a-coloringsinto answersets.Ad-
ditionally, noMoRecomeswith an interfaceto thegraphdrawing tool DaVinci [10] for
visualizationof blockgraphs.Thisallows for a structuralanalysisof programs.

grounder parser computingblock graph compilation coloring

visualizingblock graph output

Fig.1. Thearchitectureof noMoRe.

ThenoMoResystemis usedfor purposesof researchon theunderlyingparadigm.But
evenin thisearlystate,usabilityfor anybodyfamiliarwith thelogic programmingparadigm
is given.Thesyntaxacceptedby noMoRe is Prolog-like.For example,a rule « ��¬
	����
��­
is representedthrougha:-b,not c . Furthermore,noMoRe is ableto dealwith integrity
constraintsaswell asweightandcardinalityconstraints,which aresomeof themostinter-
estingsyntacticalfeaturesof smodels .

All discussedfeatures(e.g.backwardpropagation,jumping,daVinci outputandsome
experimentalfeatures)can be controlledby correspondingflags (seethe noMoRe man-
ual [9]).

4 Evaluating the System

As benchmarks,weusedsomeinstancesof NP-completeproblemsproposedin [3], namely,
the independentsetproblemfor circle graphs5, theproblemof finding Hamiltoniancycles
in completegraphsandthe problemof finding classicalgraphcolorings.Furthermorewe
havetestedsomeinstancesof then-queensproblem.In Table1 wehavetimemeasurements
for noMoRe, smodels anddlv (from left to right). For resultsconsideringthenumberof
choicesneededto computeall solutionfor similar examplessee[8]. For Hamiltonianand
n-queensproblemswe clearlyseean improvementwhenusingbackwardpropagationand
jumping.For independentsetandcoloringproblemsnoMoRebecomesslower, but usesless
choicesthanwithout backwardpropagationandjumping(see[8]). For coloringproblemsa
similarbehavior canbeobservedfor thesmodels system.

5 A so-calledcircle graphCir ® has ¯ nodes
�"° w x-y-y-y-x ° ®e� andarcs ±�² � m ° \ x ° \ l w n#³£´ªµ=c�¶

¯@��· � m ° ®Bx ° w n¸� .



noMoRe smodels dlv
backpropno 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 40 5.84 7.18 7.24 1.31 (0.77) 1.97
ind cir 50 106.15127.45128.9923.87 (16.81)40.62

col4x4 1.92 2.51 1.96 0.1 (0.27) 0.36
col5x5 179.38223.42180.3511.54 (41.17)24.79

queens70.73 0.84 0.5 0.08 (0.03) 0.05
queens83.82 4.3 1.86 0.32 (0.09) 0.12

Table1. Time measurementsin secondsfor differentproblems(all solutions)onAMD 1.4GHz.

References

1. A. Aggoun, D. Chan, P. Dufresne,et al. Eclipse user manual release5.0. Available at
http://www.icparc.ic.ac.uk/eclipse,2000.

2. C. Anger, K. Konczak,andT. Linke. NoMoRe: A systemfor non-monotonicreasoningunder
answersetsemantics.In W. FaberT. Eiter andM. Truszczýnski, editors,Proceedingsof the6th
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