
An UpdateFront-End for ExtendedLogic Programs

ThomasEiter,MichaelFink, GiulianaSabbatini,andHansTompits

Institut für Informationssysteme,Abt. WissensbasierteSysteme184/3,
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Abstract. In recentyears,several approachesfor dealingwith updatesof logic
programshave beenproposed.In this paper, we describethe systemupd , an
implementationof theupdateformalismdueto Eiter et al. This methodis based
on a compilationtechniqueto standardanswerset semantics,in which update
sequencesare translatedinto single logic programs,and which allows the use
of existing logic programmingsystemsas underlyingreasoningengine.In the
presentcase,upd is conceivedasa front-endto thestate-of-the-artsolver DLV.
Besidesthebasicupdatesemanticsof Eiteretal., theimplementationhandlesalso
refinementsof thesemanticsinvolving certainminimality-of-changecriteria.

1 Background

Theproblemof updatingnonmonotonicknowledgebaseshasgainedincreasinginterest
in recentyears.In particular, severalupdateapproacheshave beenproposedin which
knowledgebasesarerepresentedaslogic programs[1–3,6,7]. In thispaper, wepresent
thesystemupd , whichis animplementationof themethodfor updatinglogic programs
dueto Eiteretal. [2, 3].Thisapproachis basedontheanswersetsemanticsfor extended
logic programs,and,like relatedupdateformalisms,it incorporatesnew information
into thecurrentknowledgebaseaccordingto acausalrejectionprinciple. Thisprinciple
enforcesthat,in caseof conflictsbetweenrules,morerecentruleshaveprecedenceover
olderrules.Thegeneralapproachcanbedescribedasfollows.

Givena sequence�������
	�	
	
����
�� of extendedlogic programs,each��� is assumedto
updatetheinformationexpressedby theinitial sequence�������
	
	�	
����������� . Thesequence
��� � ��	
	
	
��� 
 � is thentranslatedinto asinglelogic program��� , respectingthesuccessive
updateinformation,suchthat theanswersetsof ��� representthe“updateanswersets”
of ��� � �
	�	
	���� 
 � . The translationis realizedby introducingnew atomswhich control
the applicability of ruleswith respectto the given updateinformation.Informally, if
two rules, ����� � and �������! , assertconflicting information,where "$#&% , thenthe
morerecentrule, � � , is applied,whilst � is “rejected”.Froma technicalpoint of view,
this rejectionprinciple is expressedin termsof the so-calledrejectionset, '�(�)*�,+�� P � ,
which consistsof all rulesof the givenupdatesequenceP -.�������
	�	
	�����
/� which are
rejectedon thebasisof anupdateanswerset + .

A propertywhich this basicupdatesemanticsintuitively doesnot respectis mini-
mality of change. In general,however, it is desirableto incorporatea new setof rules
into an existing programwith aslittle changeaspossible.This is realizedby the no-
tions of minimal andstrictly minimal updateanswersets, as introducedin [2, 3]. In-
tuitively, an updateanswerset + is minimal if f thereis no updateanswerset +0� of



Algorithm ComputeMinimal Models(P)

Input: A sequenceof ELPsP 132�465 ,. . . , 4�7�8 .
Output: All minimal answersetsof P.

var 9;:�<>=@?BA�C�D�9EC�FHG
var IKJL=�INMPO�C�Q ?R:S9�C�F TEU <>=S?VA�C�DV9�C�FW?XG
9;: 1ZY[C]\�F <>=S?BA�C�D 9�C�F�2 P ^�8�G
while 9`_1 nil do

var abM�c�=@F�C�Dd:e9�C�F TEU <>=S?BA�C�DV9�C�FW?�G
abM�c�=@F�C�Df: 1gabM�hjikc�F�C <>=@?BA�C�D 9EC�FW?X2 P l*m 7n 8�G
if 2HabM�c�=@F�C�Do1qpX8 then

IKJL=eIrMPO�C�Q ?s: 1ZIKJL=eIrMPO�C�Q ?bt � 9!�XG
fi
9;: 1uY�C]\�F <>=S?VA�C�D 9�C�F�2 P ^v8�G

od
return IwJL=eINMPOXC�Q ?�G

Fig.1. Algorithm to calculateminimal updateanswersets.

the updatesequenceP -.�������
	�	
	
����
�� yielding a smallerrejectionset,i.e., suchthat
'�(x)*��+0�,� P �zy.'�(x)*��+�� P � holds.Strict minimality is a somewhat strongernotion taking
alsothe rulesrejectedat specificlevels into account.More specifically, let '�(x) � �,+�� P �
be the rejectedrulescontainedin ��� ( {}|~"�|~� ), then the updateanswerset + is
strictly minimal if f thereis no updateanswerset + � of theupdatesequenceP suchthat
'�(x) � �,+0��� P �Ryg'�(�) � ��+�� P � and '�(x)  ��+0��� P �6-�'�(�)  �,+�� P � for "v��{�|�%K|u� .

Generallyspeaking,theimplementationupd handlesthefollowing reasoningtasks:
(i) checkingthe existenceof an updateanswerset for a given updatesequence,(ii)
brave reasoning,and(iii) skeptical reasoning.Eachof thesetasksis realizedfor the
basicupdatesemantics,aswell asfor minimalandstrictly minimalupdateanswersets.
Furthermore,the tasksaredefinedfor function-free(datalog)programs,utilizing the
advancedgroundingmechanismof DLV.

2 SystemSpecifics

2.1 General Inf ormation

Sincethe above updateapproachis basedon a compilationtechniqueto standardan-
swer set semantics,it is possibleto build an implementationusing an existing logic
programmingsystemasunderlyingreasoningengine.In thepresentcase,upd is real-
izedasa front-endto thelogic programmingtool DLV [4,5], which is a state-of-the-art
solverfor disjunctivelogic programsundertheanswersetsemantics.Of course,smod-
els [8], a state-of-the-artsystemfor normallogic programs,couldalsobeemployed
asunderlyingreasoningengine.

Given a sequenceof updateprogramsasinput, upd first translatesthis sequence
into asingleextendedlogic program,P � , andtheninvokesDLVto calculatetheanswer



setsof P � . In ordertoobtainupdateanswersetsof thegiveninputsequence,thespecial-
purposeatomsintroducedby thetranslationarefilteredfrom theanswersetsof P � .

For dealingwith minimal andstrictly minimal updateanswersets,upd employs a
two-phaseevaluationapproach.The overall algorithmfor calculatingminimal update
answersetsis depictedin Figure1. Roughlyspeaking,the algorithmproceedsasfol-
lows: First, the answersetsof the updateprogramP � arecalculated.As soonasan
answerset + is produced(denotedby ��(��e� �f���P�>(�' �v(
�
� P � � ), it is testedfor being
minimalby calculatingtheanswersetsof aparticulartestprogram,P �6���� , consistingof
therulesof P � togetherwith asetof additionalrules. + is minimal if f thetestprogram
P �6���� hasno answerset.Thealgorithmfor strictly minimal updateanswersetsis anal-
ogous,the only differenceis that the testprogramP �>���� is replacedby a suitabletest
programP �]��� �L� �� .

2.2 Applying the System

Thegeneralsyntaxof upd coincideswith thesyntaxof DLV. Updatesequencesarerep-
resentedby groupingrulesusingthebraces“ � ” and“ � ”, asillustratedby thefollowing
example:

{sleep :- night, not tv_on.
watch_tv :- tv_on.
night.
tv_on.}

{-tv_on :- power_failure.
power_failure.}

This input representsanupdatesequence��� � ������� , wherethefirst groupof rulescon-
stitutestheinitial knowledgebase,� � , andthesecondgroupcorrespondsto theupdate
information ��� .

Intuitively, theaboveexampleexpressesthefollowingsituation:Theinitial program
specifiesthat someonesleepsat night unlessthe TV is on, in which casethe person
is watchingTV. This knowledgeis updatedby the informationthat the TV is not on
providing thereis a power failure,andthereis actuallya power failure.

Theprogramupd processesinputseitherin theform of files or asimmediateinput
via a commandshell.Supposingtheabove sequenceof programshasbeensaved in a
file namedtv.lps , thecomputationof thecorrespondingupdateanswersetscanbe
engagedby thecommand“upd ”, producingthefollowing output:

> upd -p=˜/bin/dlv tv.lps
upd [build BEN/Nov 15 2000 gcc 2.95.2 19991024 (release)]

dlv [build BEN/Jun 11 2001 gcc 2.95.2 19991024 (release)]

{night, power_failure, sleep, -tv_on}

Observethatupd requirestheexplicit specificationwhich particularprovershould
beinvokedduringthecomputationprocess.Thischoiceis determinedby theoption-p ,
which allows for selectingalternateevaluationtoolsbesidesDLV.

It is alsopossibleto feedupd with multiple inputs.For instance,supposewe have
anotherfile, saytv cont.lps , containingthefollowing sequenceof programs:



{-power_failure.}
{switched_off :- not tv_on, not power_failure.

tv_on :- not switched_off, not power_failure.
-tv_on :- switched_off.}

If theseprogramsare assumedto updatethe informationgiven by file tv.lps ,
the updateanswersetsof the overall sequence(comprisedof four programs)canbe
computedasfollows:

> upd -silent -p=˜/bin/dlv -o=-silent tv.lps tv_cont.lps
{-tv_on, night, switched_off, -power_failure, sleep}
{tv_on, watch_tv, night, -power_failure}

Here,options -silent and -o=-silent have beeninvoked to suppressany
additionalupd andDLV messages,where-o allows to passoptionsto the employed
evaluationprogram(DLV in thepresentcase).

Furtheroptionsof upd are-min and-strict , which specifywhetherminimal
or strictly minimal updateanswersetsshouldbecomputed,respectively. For instance,
if weareinterestedin computingtheminimalupdateanswersetsof thesequencegiven
by thefiles tv.lps andtv cont.lps , we maycall upd asfollows:

> upd -min -silent -p=˜/bin/dlv -o=-silent tv.lps tv_cont.lps
{tv_on, watch_tv, night, -power_failure}

Finally, upd canbedownloadedfrom theWebat

http://www.kr.tuwien.ac.at/staff/giulian a/proj ect.ht ml .
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