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Abstract. In recentyears,several approache$or dealingwith updatesf logic

programshave beenproposedln this paper we describethe systemupd, an

implementatiorof the updateformalismdueto Eiter et al. This methodis based
on a compilationtechniqueto standardanswerset semanticsjn which update
sequencesre translatednto single logic programs,and which allows the use
of existing logic programmingsystemsas underlyingreasoningengine.In the
presenttaseupd is conceved asa front-endto the state-of-the-arsolver DLV.

Besideghebasicupdatesemanticef Eiteretal., theimplementatiorhandleslso
refinement®f the semanticsnvolving certainminimality-of-changecriteria.

1 Background

Theproblemof updatingnonmonotoniknowledgebase$iasgainedincreasingnterest
in recentyears.In particular several updateapproachesave beenproposedn which
knowledgebasesrerepresentedslogic programs[1-3,6, 7]. In this paperwe present
thesystemupd, whichis animplementatiorof themethodfor updatingogic programs
dueto Eiteretal. [2, 3].Thisapproachs basedntheansweisetsemanticgor extended
logic programs,and, like relatedupdateformalisms,it incorporatesnew information
into thecurrentknowledgebaseaccordingo acausalrejectionprinciple. This principle
enforceghat,in caseof conflictsbetweerrules,morerecentruleshave precedencever
olderrules.Thegeneralpproacttanbedescribedasfollows.

GivenasequencéP,, ..., P,) of extendedogic programsgachP; is assumedo
updatetheinformationexpressedy theinitial sequencépPy, ..., P,_;). Thesequence
(P, ..., P,) isthentranslatednto asinglelogic programP’, respectinghesuccessie
updateinformation,suchthatthe answersetsof P’ representhe “updateanswersets”
of (P,...,P,). Thetranslationis realizedby introducingnew atomswhich control
the applicability of ruleswith respectto the given updateinformation. Informally, if
two rules,r € P; andr’ € P;, assertconflicting information,wherei < j, thenthe
morerecentrule, 7', is applied,whilst r is “rejected”. Froma technicalpoint of view,
this rejectionprinciple is expressedn termsof the so-calledrejectionset rej (S, P),
which consistsof all rulesof the givenupdatesequenc® = (P,..., P,) which are
rejectedon thebasisof anupdateanswersets.

A propertywhich this basicupdatesemanticsntuitively doesnot respects mini-
mality of change. In generalhowever, it is desirableto incorporatea new setof rules
into an existing programwith aslittle changeaspossible.This is realizedby the no-
tions of minimal and strictly minimal updateanswersets asintroducedin [2, 3]. In-
tuitively, an updateanswerset.S is minimal iff thereis no updateanswerset S’ of



Algorithm ComputeMinimal_Models)

Input: A sequencef ELPSP = (P;,...,Py).
Output: All minimal answersetsof P.

var S : AnswerSet;

var MinModels : Set_Of _AnswerSets;

S := Nest_Answer_Set(Pq);

while S # nil do
var Counter : Set_Of _AnswerSets;
Counter := Compute_Answer_Sets(PT™™);
if (Counter = @) then

MinModels := MinModels U {S};

fi
S := Next_Answer_Set(Pq);

od

return MinModels;

Fig. 1. Algorithm to calculateminimal updateanswersets.

the updatesequencd® = (P, ..., P,) yielding a smallerrejectionset,i.e., suchthat
rej(S',P) C rej(S,P) holds.Strict minimality is a somavhat strongemotion taking
alsothe rulesrejectedat specificlevels into account.More specifically let rej, (S, P)
be the rejectedrules containedin P; (1 < i < n), thenthe updateanswerset S is
strictly minimal iff thereis no updateanswersetS’ of the updatesequencé® suchthat
rej;(S',P) C rej; (S, P) andrej ;(S',P) = rej;(S,P) fori +1 < j <n.

Generallyspeakingtheimplementatiorupd handleghefollowing reasoningasks:
(i) checkingthe existenceof an updateanswersetfor a given updatesequence(ii)
brave reasoningand (iii) skepticalreasoningEachof thesetasksis realizedfor the
basicupdatesemanticsaswell asfor minimal andstrictly minimal updateanswersets.
Furthermorethe tasksare definedfor function-free(datalog)programs utilizing the
adwancedgroundingmechanisnof DLV.

2 SystemSpecifics

2.1 General Information

Sincethe above updateapproachs basedon a compilationtechniqueto standardan-
swer setsemanticsijt is possibleto build animplementationusing an existing logic
programmingsystemasunderlyingreasoningengine.In the presentcaseupd is real-
izedasafront-endto thelogic programmingool DLV [4, 5], whichis a state-of-the-art
solverfor disjunctivelogic programaundertheanswersetsemanticsOf course smod-
els [8], astate-of-the-arsystemfor normallogic programscould alsobe employed
asunderlyingreasoningengine.

Given a sequencef updateprogramsasinput, upd first translateghis sequence
into asingleextendedogic program Py, andtheninvokesDLVto calculatetheanswer



setsof P,. In orderto obtainupdateansweisetsof thegiveninputsequencehespecial-
purposeatomsintroducedby thetranslationarefiltered from the answersetsof P,.

For dealingwith minimal andstrictly minimal updateanswersets,upd employs a
two-phasesvaluationapproachThe overall algorithmfor calculatingminimal update
answersetsis depictedin Figure 1. Roughlyspeakingthe algorithm proceedsasfol-
lows: First, the answersetsof the updateprogramP_, are calculated As soonasan
answerset S is produced(denotedby Next_Answer_Set(Py)), it is testedfor being
minimal by calculatingthe answersetsof a particulartestprogram P%" | consistingof
therulesof P4 togethemwith a setof additionalrules.S is minimal iff thetestprogram
PZ¥" hasno answerset. The algorithmfor strictly minimal updateanswersetsis anal-
ogous,the only differenceis that the testprogramPZ" is replacedby a suitabletest
programPgfrict,

2.2 Applying the System

Thegenerakyntaxof upd coincideswith thesyntaxof DLV. Updatesequencearerep-
resentedy 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 representsin updatesequencé Py, P,), wherethefirst groupof rulescon-
stitutestheinitial knowledgebase,P; , andthe secondyroupcorrespondso the update
information P.

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

Theprogramupd processeputseitherin theform of files or asimmediateinput
via a commandshell. Supposinghe above sequenc®f programshasbeensaredin a
file namedtv.lps , the computationof the correspondingipdateanswersetscanbe
engagedy thecommand'upd”, producingthefollowing output:

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

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

{night, power_failure, sleep, -tv_on}

Obsenethatupd requiresthe explicit specificationwhich particularprover should
beinvokedduringthecomputatiorprocessThischoiceis determinedy theoption-p ,
which allows for selectingalternateevaluationtoolsbesideDLV.

It is alsopossibleto feedupd with multiple inputs.For instance supposave have
anotheffile, saytv _cont.lps , containingthefollowing sequencef 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 assumedo updatethe informationgiven by file tv.lps
the updateanswersetsof the overall sequencécomprisedof four programs)canbe
computedasfollows:

> upd -silent -p="/bin/dlv -o=-silent tv.ps  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 suppressary
additionalupd andDLV messagesyhere-o allows to passoptionsto the employed
evaluationprogram(DLVin thepresentase).

Furtheroptionsof upd are-min and-strict  , which specifywhetherminimal
or strictly minimal updateanswersetsshouldbe computedyespectiely. For instance,
if we areinterestedn computingthe minimal updateanswersetsof the sequencegiven
by thefilestv.lps  andtv _cont.ps ,wemaycall upd asfollows:

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

Finally, upd canbedownloadedrom theWebat

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