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Abstract

We considethow to forgeta setof atomsin alogic
program.Intuitively, whena setof atomsis forgot-
tenfromalogic programall atomsin thesetshould
be eliminatedfrom this programin someway, and
otheratomsrelatedto themin the programmight
also be affected. We de ne notionsof strongand
weakforgettingsin logic programgo capturesuch
intuition and reveal their closeconnectiondo the
notion of forgettingin classicalpropositionalthe-
ories. Basedon thesenotions,we then proposea
framawork for con ict solvingin logic programs,
whichis generalenoughto representmary impor-
tantcon ict solvingproblems.We alsostudysome
essentiakemanticand computationapropertiesn
relationto strongandweakforgettingsandcon ict
solvingin our framework.

1 Intr oduction

Onepromisingapproachn the researchof reasoningabout
knowledgedynamicss to represenagentsknowledgebases
aslogic programson which necessarypdatesareconducted
asaway to modelagents’knowledgeevolution. A key issue
in this studyis to solve variouscon icts andinconsistencies
in logic programse.g. [Leite, 2003.

While different logic program update approacheshave
beendevelopedrecently we obsene that sometypical con-
ict solving problemsin logic programshave yet to bethor-
oughly investigatedn the literature. Let us considera sce-
nario. JohnwantsSueto help him to completehis assign-
ment. He knows that Suewill helphim if sheis not sobusy.
Tom s a goodfriend of JohnandwantsJohnto let him copy
JohnsassignmentThenJohnalsolearnsthatSuehatesTom,
and will not help him if he lets Tom copy his assignment,
whichwill be completedunderSues help. While Johndoes
not carewhetherSuehatesTom or not, he hasto consider
Sues conditionto offer him help. Whatis Johngoingto do?
We formalize this scenarioin a logic programmingsetting.
Johnsknowledgebase ;:

r1 : Complete(J ohn; Assignment)
H elp(Sue;John),
r, : Help(Sue;John)  notBusy(Sue),

rs : Good riend(John; Tom) ,

r4 : Copy(T om; Assignment)
Good riend(John; Tom),
Complete(J ohn; Assignment),

andSues knowledgebase s:

rs: Hate(Sue;Tom)
re:  Help(Sue;John); Copy(Tom;Assignment).

In orderto take Sues knowledgebaseinto account,sup-
poseJohnupdateshis knowledgebase ; in termsof Sues

s. By applyingproperogic programupdateapproachJjohn
may obtaina solution: final — ¢ r1;r2;rs;rs; rggorits sta-
ble model,from which we know that Sue will helpJohn to
completeheassignmenandJ ohn will notlet Tom copy his
assignment.Although the con ict between ; and s has
beensolved by updating,the resultis someha not always
satishctory For instancewhile JohnwantsSueto helphim,
he may have no interestat all in integratingthe information
thatSuehatesTom into his new knowledgebase.

As an alternatve, Johnmay just wealken his knowledge
baseby forgettingatomCopy(T om; Assignment) from
in orderto accommodaté&ues constraint. Then Johnmay

have a new program " = fry;r,;r3g - Johnremains
a maximalknowledgesubsetwhich is consistentwvith Sues
condition without being involved in Sues personalfeeling
aboutTom.

The formal notion of forgettingin propositionaltheories
wasinitially considereddy Lin and Reiterfrom a cognitive
roboticsperspectie [Lin andReiter 1994 andhasrecently
receved a greatattentionin KR community It hasbeen
shavn thatthetheoryof forgettinghasimportantapplications
in solvingknowledgebaseinconsistenciedyelief updateand
merging, abductve reasoning,causaltheoriesof actions,
andreasoningaboutknowledgeundervariouspropositional
(modal) logic frameworks, e.g. [Lang and Marquis, 2002;
Langetal., 2003;Lin, 2001;Suetal., 2004.

In this paperwe considethow to forgeta setof atomsfrom
a propositionalnormallogic programandhow this ideacan
be usedin generakon ict solvingunderthe context of logic
programs. Therestof this paperis organizedasfollows. We
presentpreliminaryde nitions andconceptdn section2. In
section3, we give formal de nitions of strongandweakfor-
gettingsin logic programsBasedon thesenotions,in section
4, we proposea framework calledlogic programcontexts for



generalcon ict solvingin logic programs.In section5, we
investigaterelatedsemanticandcomputationapropertiesin
section6 we concludethe paperwith somediscussions.

2 Preliminaries

We consider nite propositionalnormal logic programsin
which eachrule hastheform:

a b; ;by;notc;

where a is either a propositional atom or empty and
bi; ;bm, c1; ;¢ arepropositionalatoms. Whena is
empty rule (1) is calleda constaint. Givenaruler of the
form (1), we denotehead(r) = fag, poqr) = fby; ;bng
andneg(r) = fci; ;cng, andtherefore,rule (1) may be
representedstheform:

head(r) podr);not neg(r): (2)

We also use Atom(r) to denotethe set of all atomsoc-
curring in ruleqg. For a program , we dg ne notions
head) =5 ~,, headr), pos) = ,, pos(r),
neg() = ,, neg(r), Atom() thesetof all proposi-
tional atomsoccurringin program . Givensetsof atomsP
andQ, we mayusenotion

rO: head(r) (pog(r) P);not(neg(r) Q)
to denoterule r° obtainedfrom r by remaving all atomsoc-
curringin P andQ in thepositive andnegationasfailureparts
respectiely.

The stablemodel of a program is de ned as follows.
Firstly, we consider to be a programin which eachrule
doesnot containneggationasfailuresignnot. A nite setS
of propositionalatomsis calleda stablemodelof if S is
thesmallestsetsuchthatfor eachrulea  by; by, from

,ifb;  ;by 2 S,thena2 S. Now let beanarbitrary
normallogic program. For ary setS of atoms,program °
is obtainedrom by deleting(1) eachrulefrom thatcon-
tainsnot cinthebodyandc 2 S; and(2) all formsof not ¢
in thebodiesof theremainingrules. ThenS is a stablemodel
of if andonly if S is a stablemodelof S. A program
may have one,morethanone,or no stablemodelsatall. A
programis calledconsistentf it hasa stablemodel. We say
thatanatoma is entailedfrom program , denotechs F a
if ais in every stablemodelof

Giventwo programs 1 and ,. ;and ; areequivalent
if 1and , havethesamestablemodels. 1 and , are
called strongly equivalentif for every program , ;|
and ,[ areequialent[Lifschitz etal., 2001].
Obsewvation: Let bealogic program.If eachruler in
is of oneof the following two forms: (1) head(r) 6 ; and
head(r) poqr), or (2) pogr)\ neg(r) 6 ;,then is
stronglyequiwalentto the emptyset.

For a later referencewe call the two typesof rulesmen-
tionedabove redundantules

Let bealogic program.Weuse[] € to denotethe con-
junctive normal form obtainedfrom by translatingeach
ruleoftheform(1)in intotheclausea_ : by by _
C1_ Cn. Forinstancejf = fa notb;c ag,then
wehave[] © = (a_b)” (c_: a). In generalwe maywrite
[1¢ =fCy; ;ChgwhereeachC; isaconjunctof[] €.

;notc, (1)

If C; is aclausewe call ary subformulaof C; a subclause
of Ci.

Now we introducethe notion of forgettingin a classical
propositionatheory[Lin andReiter 1994;Lin, 2001]. Let T
be propositionattheory We useT (p=true) (or T (p=false),
resp.)to denotehetheoryobtainedrom T by substitutingall
occurrencesf propositionabtomp with true (or false resp.).
Forinstancejff T = fp q;(gq"r) sg,thenT(g=true) =
fr sgandT(g=false) = f: pg. Thenwe cande ne the
notion of forgettingin termsof a propositionattheory For a
givenpropositionatheoryT andasetof propositionaktoms
P, theresultof forgettingP in T, denotedasF orget(T; P),
is de nedinductively asfollows:

Forge(T;;) =T,
Forget(T;fpg) = T(p=true) _ T(p=false),
Forget(T; P [ fpg) = Forget(Forget(T;fpg);P).

It is easyto seethatthe orderingin which atomsin P are
consideredloesnotaffectthe nal resultof forgettingP from
T.ConsidefT = fp ¢q;(g*r) sgagain.Fromtheabove
de nition, we have Forget(T;fqg) = f(r s)_: pg.

3 Strongand Weak Forgettingsin Logic
Programs

Let usconsidethow to forgeta setof atomsfrom alogic pro-
gram. Intuitively, we would expectthat after forgettinga set
of atoms,all occurrence®f theseatomsin the underlying
programshouldbe eliminatedin someway, and moreover,
otheratomshaving connectiongo themthroughrulesin the
programmightalsobeaffected.We obsenethatthenotionof
forgettingin propositionaltheoriesis not applicableto logic
programssincethereis no disjunctive operatiorfor logic pro-
grams.Further differentwaysof handlingnegationasfailure
in forgettingmay alsoleadto differentresultingprograms.
To formalizeourideaof forgettingin logic programsye rst
introducea programtransformatiorcalledreduction

De nition 1 (Program reduction) Let bea programand
p an atom. We de ne the reductionof  with respecto p,
denotedhsReduct( ;fpg), tobea programobtainedirom
by (1) for eadrule r with head(r) = p andead rule r°with
p 2 pogr9, replacingr®with a new rule r°: head(r%
(pos(r)[ pog(r®) fpg);not(neg(r)[ neg(r9); (2)if there
issudrule r®in - andhasbeenreplacedby r ®°in (1), then
remaoving rule r from the remainingprogram. Let P be a
setof atoms. Thenthe reductionof  with respectto P is
inductivelyde ned asfollows:

Reduct( ;;)= ,

Reduct( ;P [ fpg) = Reduct(Reduct( ;fpg);P).

Note thatin our programreductionde nition, step(1) is

the sameaslogic programunfolding[BrassandDix, 1999.
While unfoldingis to eliminatepositive body occurrencesf
anatomin alogic program,the reduction,on otherhand,is
furtherto remove thoseruleswith headof this atom.

Examplel Let ; = fa notb;a d;c  a;noteg,
2 = fa c;notb;c notdg, and 3 = fa
b;b notd;c a;noteg. Then Reduct( ;;fag) =

fc notb;note;c d;noteg, Reduct( ;fag) = o,
andReduct( 3;fa;bg) = fc  notd;noteg.



De nition 2 (Strongforgetting) Let bea logic program,
and p an atom. We de ne a program to be the result of
strongly forgettingp in , denotedas SForgetLP( ;fpg),
if it is obtainedfromthefollowing transformation:

1. %= Reduct( ;fpg);

2. 9= O frjrisaredundantuleg;
3. %= 0 frjheadr) = pg;

4. %= 0 frjp2 pogr)g;

5 %= 0 frjp2neg(r)g;

6. SForgetLP( ;fpg)= ©

Let ustake a closerlook at De nition 2. Stepl is justto
performreductionon  with respecto atomp. Thisis to re-
placethosepositivebodyoccurrenceof p in ruleswith other
ruleshaving p asthehead.Step2 is to remove all redundant
ruleswhich may be introducedby the reductionof  with
respectto p. From Obsenationin section2, we know that
this doesnot changearnything in the program.Steps3 and4
areto remove thoseruleswhich have p asthe heador in the
positive body. Note thatafter Stepsl and 2, theredoesnot
exist any pair of rulesr andr®suchthathead(r) = fpgand
p 2 pogr9. Thentheintuitive meaningof Steps3 and4 is
thatafterforgettingp, ary atom'sinformationin ruleshaving
p astheirheadsr positive bodieswill belostbecaus¢hey are
all relevantto p, i.e. theseatomseithersene asa supportfor
p or pisin partof the supportsor theseatoms.On the other
hand,Step5 stateghatary rule containingp in its negationas
failure partwill be alsoremoved. The consideratiorfor this
stepis asfollows. If we think neg(r) is a partof supportof
head(r), thenwhenp 2 neg(r) is forgotten,head(r)'s en-
tire supports lostaswell. Clearly, suchtreatmenbdf negation
asfailurein forgettingis quite strongin the sensehatmore
atomsmaybelosttogethemith not p. Thereforewe call this
kind of forgettingstrongforgetting

With a differentway of dealingwith negationasfailure,
we have a weak version of forgetting. We de ne a pro-
gramto be the result of weaklyforgetting p in , denoted
asWForgetLP( ;fpg), exactlyin the sameway asin De -
nition 2 exceptthatStep5 is replacedoy thefollowing step:

0= (0 Y[ Y, where
=frjp2neg(r)gand Y = fr%r%: head(r)
pogqr);not(neg(r) fpg) wherer 2 g.

Supposewe have a rule like r : head(r) pog(r),
not neg(r) wherep 2 neg(r). Insteadof viewing neg(r)
aspartof thesupportof head(r), we maytreatit asadefault
evidenceof head(r), i.e. underthe condition of poqr), if
all atomsin neg(r) arenot presentedthenhead(r) canbe
derived. Therefore forgettingp will resultin the absencef
p in ary case. Sor may be replacedby r° : head(r)
pog(r); not (neg(r) fpg).

Strongandweakforgettingscanbe easilyextendedto the
caseof asetof atoms:

SForgetLP( ;;)= ,
SForgetLP( ;P [ fpg) =
SForgetLP(SForgetLP( ;fpg);P),
andWForgetLP( ;P) is de ned accordingly The follow-
ing propositionensureghat our strongandweakforgettings
in logic programsarewell de ned understrongequialence.

Proposition1 Let
sitionalatoms.Then

1. SForgetLP(SForgetLP( ;fpg);fgg) is strongly
equivalento SForgetLP (SForgetLP( ;fqg);f pg);

2. WForgetLP(WForgetLP( ;fpg);fgg) is strongly
equivalento WForgetLP(WForgetLP( ;fqg);fpg).

Example2 Let = fb a;c;d
Thenwe have SForgetLP( ;fag) = fe notfg,and
WForgetLP( ;fag) = fd ;e notf g. Now we
considerForget([] ©;fag), which is logically equialent
toformula(b_:c_d) "~ (f _e). Thenit is clearthat
F Forget([] ¢;fag) [SForgetLP( ;fag)]®,and

F [WForgetLP( ;fag)]® Forget([] ©;fag).

The above example motivatesus to examinethe deeper
relationshipsbetweenstrong and weak forgettingsin logic
programsand forgetting in propositionaltheories. Let
be a programand L a clause,i.e. L = |; _ _k
whereeachl; is a propositionalliteral. We saythatL is -
coheentif thereexistsasubset °of anda setof atoms
P Atom() (P could be empty)suchthatL is a sub-
clauseof [Reduct( %P)]¢ (i.e. [Reduct( %P)]¢ is asin-
gle clause). The intuition behindthis notion is to specify
thoseclausesthat are parts of clausesgeneratedrom pro-
gram throughreduction. Considerprogram = fa
b;d a;notc;e notdg. Claused _ bis -coherent,
whereclause: d _ eis not. Obviously, for eachruler 2,

bea logic programandp; q two propo-

nota; e notf g.

[frg]© is -coherent.The following propositionprovidesa
semanti@accountfor -coherenclauses.

Proposition2 Let be a program and L a -coheent
clause TheneitherF [1¢ LorfE L for some

clause wheefF [] €

De nition 3 Let bea logic program,' ,' ; and' , three
propositionalformulaswhere ' ; and' , are in conjunctive
normalforms.

1. ' ; is calleda consequencef' with respecto if F
' ' 1 and each conjunctof' ; is -coheent.' ; is
a strongestonsequencef' with respecto if ' 1 is
a consequencef ' with respectto  and there does
not exist anotherconsequence§ of' (' $ 6 ' 1) with
respecto sucthatE ' 9 ' .

2. ' ,iscalledapremissof' with respecto ifF ',

andead conjunctof' , is -coheent.' , is aweak-
estpremissof ' with respectto  if ' , is a premiss
of' with respecto andthere doesnot exist another
premiss goof' ' 96 ' ;) withrespecto  sud that
F'2 "2

Example 3 (Example 2 continued) It is easy to verify
that [SForgetLP( ;fag)]® is a strongestconsequencef
Forget([] ©;fag) and[WForgetLP( ;fag)]C is awealest
premissof Forget([] ©;fag). In fact,thefollowing theorem
con rms thatthisis alwaystrue.

Theorem1 Let be a logic program and P a set
of atoms. Then [SForgetLP( ;P)]® is a strongest
consequenceof Forget([] ©;P) with respect to
and [WForgetLP( ;P)]® is a wealest premiss of
Forget([] ©;P) with respecto



Theoreml actuallyprovidesa precisesemanticharacter
ization for strongandweakforgettingsin logic programsn
termsof the forgettingnotionin the correspondingroposi-
tionaltheory

4 Solving Con icts in Logic Program
Contexts

In this section,we de ne a generalframework calledlogic
programcontext to represens knowledgesystemwhich con-
sistsof multiple agents'knowledgebases.We considerthe
issueof con icts occurringin thereasoningvithin theunder
lying logic programcontext. As we will shaw, the notionsof
strongandweakforgettingsprovide aneffective way to solve
suchcon icts.

De nition 4 (Logic program context) Alogic programcon-
textisan-arytuple = ( 1; ; n),wheeeahh jisa
triplet ( i;G;Fi) -  andG are two logic programs,and

Fi Atom( ;) is asetof atoms.We alsocall each ; the
ith componenof is consistenif for eachi, ;[ G is
consistent. is con ict-free if for anyi andj, [ G is
consistent.

In the above de nition, for a givenlogic programcontext
, eachcomponent ; representagenti's local situation,
where ; isagent'sknowledgebase(G is asetof constraints
thatagenti shouldcomply andwill not changen ary case,
andF; is asetof atomsthatagenti may forgetif necessary
To simplify ourfollowing discussionywe assuméhatfor each
component i, thecorrespondinggentsknowledgebase |
doesnotcontainconstraintgi.e. ruleswith emptyheads) Al-
ternatively suchconstraintwill becontainedn theconstraint
setG thoughG mayalsocontainruleswith nonemptyheads.
Now the problem of conict solving under this setting
can be statedas follows: given a logic program context
= ( 1, ; n), whichmaynotbeconsistenbr con ict-
free, how canwe nd an alternatve logic programcontext
0= (9% 5 9 suchthat Ciscon ict-free andis closest

=( %
totheoriginal in somesense?

De nition 5 (Solution) Let = ( 1; ; n) bealogic
program context, whee eadh | = ( i;G;F;). Wecall a
logic programcontext  °a solutionthatsolvescon ictsin
if Osatis esthefollowing conditions:

1. Qisconict-free;

2. %= (9% 5 D.whee = ( %G;F),and {=
SForgetLP( i;P;) or ? = WForgetLP( ;;P;) for
someP; Fj.

We denotethe setof all solutionsof —asSolution() .

De nition 6 (Ordering on solutions) Let , %and %be
threelogic program contexts, whee % 992 Solution() .

We saythat Ois closeror ascloseto as % denoted
as © 0 if for eachi, %= ( %G;Fi) 2 %and
0= ( 0c;F) 2 %whee ?= SForgetLP( ;;P;)
or 9 = WForgetLP( ;;P;) for someP; Fi, and
9= SForgetLP( i;Qi) or = WForgetLP( ;;Qi)
forsomeQ; F; respectivelywehaveP; Q; F;i. We
denote © 0o 0 and % ©

De nition 7 (Preferredsolution) Let and °betwologic
programcontets. We saythat %is a preferredsolutionof
if ©2 Solution() andthere doesnot existanother 02
Solution() sudthat 0

Exampled Let = ( 1; 2),where
1: 2!
1-a s 2. C .
b a;notc, d note,
d a;note, e ¢,
f d, f d,
G: d;notf, G:  b;notc,
notd; notf , b ¢
Fi: fa;b;cg, F,: fa;b;c;d;e;fg.

is consistentbut not con ict-free
2 [ G is consistent. Now
1= (9 9 and

It is easyto seethat
becauseneither ; [ G nor
considertwo logic program contets
2=( % 99, where
9 = (SForgetLP( 1;fcg); GiiF1),
= (WForgetLP( ;feg;G;F2), and
6?): (WForgetLP( 1;fa;cg); G;F1),
%= (WForgetLP( »;feg; G;Fa).

It canbeveri ed thatboth ; and , aresolutionsof
only ; isapreferredsolution.

, but

5 Semanticand Computational Properties

In this section,we studysomeimportantsemanticandcom-
putationalpropertiesin relationto strongand weak forget-
tingsandcon ict solving.

5.1 SemanticCharacterizations

We obsere that the consisteng of program does
not necessarilyimply a consistentSForgetLP( ;P) or
WForgetLP( ;P) for some set of atoms P, and vice
versa For example,considerprogram = fa ;b
not a; not bg, thenweaklyforgettinga in ~ will resultin an
inconsistenprogramf b not bg. Similarly, stronglyforget-
ting a from aninconsistenprogram = fb  nota;c
b;not cg will getaconsistenprogramfc  b;not cg.

To understandvhy this may happen,we rst introduce
somenotions. Given program and a set of atomsP,
we specify two programsX andY. ProgramX is a sub-
setof  containingthreetypesof rulesin : (1) for each
p2 P,if p62head) ,thenruler 2  with p 2 poqr)
isin X; (2) for eachp 2 P, if p 62poy) , thenrule
r 2 with head(r) = fpg X;and(3) ruler 2
with neg(r) \ P 6 ; but not of the types(1) and (2) is
alsoin X . Clearly, X containsthoserulesof satisfying
Atom(r)\ P 6 ; butwill notbeaffectedby Reduct( ;P).
OntheotherhandprogramY is obtainedasfollows: for each
ruler in X of thetype (3), areplacemenof r of the form:
r%: head(r) pog(r);not(neg(r) P)isinY. It should
benotedthatbothX andY canbeobtainedin lineartimein
termsof thesizesof andP.

Theorem?2 Let bea programand P a setof atoms. A
subsetS of atomsoccurring in SForgetLP( ;P) (or in
WForgetLP( ;P)) is a stablemodelof SForgetLP( ;P)



(or WForgetLP( ;P) resp.) iff program X (or (
X)[ Y resp.)hasa stablemodelS°sudithatS = S° P.

Theorem? presentsninterestingresult: givenprogram
andsetof atomsP, althoughcomputingSForgetLP( ;P) or
WForgetLP( ;P) mayneedexponentialtime (seeSection
5.3), its stablemodels,hawever, can be computedthrough
someprogramthatis obtainedfrom in lineartime.

Now we considerthe existenceof (preferred)solutionsfor
logic programcontexts in con ict solving. It is easyto see
thatnoteverylogic programcontext hasa preferredsolution.
Forinstance, = ((fa notag;;;;)) hasnosolution,and
hencehasno preferredsolutionneither The following result
shavsthatthe existenceof a 's solutionalwaysimpliesthe
existenceof 'spreferredsolution,andviceversa

Theorem3 Let bea logic program context.
ferredsolutioniff Solution() 6 ;.

Although decidingwhethera hasa (preferred)solution
is NP-hard (seeTheorem6 in section5.3), we canidentify
a usefulclassof logic programcontexts whosesolutionsal-
waysexist (we have shaved in our full paperthatall major
logic programupdateapproachesanbetransformednto the
following form of con ict solving context).

Proposition3 Let = ( 1; ; n) bea logic program
contxt. If foreadh ; = ( i;G;F;), G is consistentand
foreacdhr 2 ,F;\ Atom(r) 6 ;,thenSolution() 6 ;.

Proof: We shawv that ° = (9 ; 9), where
= (;GF)@ i n) is a solutionof . Since
for eachi, Fi \ Atom(r) 6 ; for eachr 2 ;, we have
9 = SForgetLP( i;Fi) = ; (notethatthis is because
we alreadyassumedhat ; doesnot containary ruleswith
empty heads. Instead,this type of rule is containedin G).
Thisfollowsthat ?[ G = G forallj = 1; ;narecon-
sistent.So((;; G;F1);  ;( ;G Fn)) isasolutionof

hasa pre-

5.2 RepresentingLogic program Updates

Onemajoradvantageof theproposedramawork of logic pro-
gram contets is that it canrepresennew conict solving
scenariogor which the traditionallogic programupdateap-
proachesmay not handleproperly, like the onediscussedn
sectionl (or Exampled4). In fact, our framevork canalso
represenprevious logic programupdateapproachesTo il-
lustratethis, we take Sakamaand Inoue's updateapproach
[SakamaandInoue,1999 asanexample(notethatwe need
to restricttheir approactto a normallogic programsetting).

De nition 8 [Sakamaand Inoug 1999 Let ; and ; be
two consistentiogic programs. Program Cis a Sl -result
of a theoryupdateof 1 by 5 if (1) Cis consistent(2)

2 0 1[ 2, and(3) there is no other consistent
program %sucithat © 0 [ 5.

Now we transformSakamaandInoue's theoryupdateinto
alogic programcontext. First,for eachruler 2 1, weintro-
duceanew atoml” whichdoesnotoccurin Atom( [ 2).
Then we de ne a program 9: for eachr 2 4, rule
ro: headr)  pog(r);not(neg(r) [ fl'g)isin 9. That
is, for eachr 2 1, we simply extend its negative body
with a uniqueatom|’. This will make eachr®in 9 be

removable by strongly forgettingatom|" without in uenc-
ing otherrules. Finally, we specify s = ( 1; 2), where

1= ( §fl"jr2 ig)and 2= (G 255).

For corveniencewe alsouse  "°'P to denotea program
obtainedfrom by removing all occurrencesf atomsin P
fromthenegativebodiesof all rulesin . Forinstanceif =
fa b;notc ; notdg, then  Mtfcd = fa b;not dg.
Now we have thefollowing characterizatiomesult.

Theorem4 Let ; and , betwo consistenprograms,and
s) asspeciedabove Cis a Sl -resultof updating 1 by
5 iff 0— notfl"jr2 19 ,, whee 0— (i

r2 19);(G; 2;;)) isapreferredsolutionof s;.

In our full papermwe have shavedthatotherlogic program
updateapproachesuchaskEiter et al's causalrejectionand
DynamicLogic ProgrammingEiteretal., 2002;Leite,2003
for dealingwith sequencef programsanalsobeembedded
into our framework. In this sensethelogic programcontext
providesa uni ed framework for logic programupdates.

5.3 Complexity Results

We assumethat readersare familiar with the compleity
classeof P, NP, coNP, 5 and 5 = co 5. Theclassof
DPcontainsall languages suchthatL = L\ L, wherel ;
isin NPandL is in coNP. The classcoDP is the comple-
mentof classDP (readergeferto [Papadimitriou,1994 for
furtherdetails).

We obsene thatthe main computatiorof strongandweak
forgettingsrelies on the procedureof reductionthat further
inherits the computationof programunfolding. Hence,in
generalcomputingstrongandweakforgettingmay needex-
ponentiaktepsof rule substitutionsn termsof thesizesof the
input programandthe setof forgottenatoms. However, the
following resultshows thatthe inferenceproblemassociated
to strongandweakforgettingsstill remainsin coNP.

Proposition4 Let bea logic program, P a setof atoms,
anda an atom. ThendecidingwhetherSForgetLP( ;P) F
a (or WForgetLP( ;P) E a)is coNP-complete

Proof: (Sketcdh) The hardnesss followed by settingP = ;,
andthemembershiganbe provedby usingTheorem?2.

Now we considerthe compleity of irrelevancein re-
lation to strong and weak forgettingsand con ict solving.
Fromasemanticviewpoint, theirrelevancetells uswhethera
strong/weakorgettingor con ict solving procedurewill af-
fect someparticularatomsoccurringin the underlyingpro-
grams.Hence studyingits associate¢domputationaproper
tiesis important.

De nition 9 (Irr elevance Let bealogic program,P aset
of atoms,anda an atom. We saythat a is irrelevantto P in

, if either [ aiff SForgetLP( ;P) F a,or F aliff
WForgetLP( ;P) F a.

We generalizethe notion of irrelevanceto the logic pro-
gramcontet. Formally, let bealogic programcontect and
a anatom,we saythata is derivablefrom 'sithcomponent,
denotecas Fiaif j=( i;G;Fi)2 and | F a.



De nition 10 (Irr elevance wrt logic program contexts
Let and © be two logic program contexts whee © 2
Solution()) , anda anatom.\We saythata is irrelevantwith
respecto and ©on their ith componentspr simply say
thatais( ; 9'-irrelevant,if F; aiff °F; a.

Theorem5 Let bea logic program, P a setof atoms,a

anatom,and and °two logic program contexts whese
02 Solution() . Thethefollowing resultshold:
1. Decidingwhethera is irrelevantto P in  is coDP-
complete;
2. Deciding whethera is ( ; 9'-irrelevant is coDP-
complete
Proof: (Sletd) We describethe main idea of proving

the hardnesgart of Resultl. a is irrelevantto P in  if
(1) F aiff SForgetLP( ;P) F a,0or(2) F aliff
WForgetLP( ;P) E a. Herewe considercase(1l) and
proof for case(2) is the same. Let ( 1; 2) be a pair of
CNFs,where ;= fC;; ;Cpgand ,=fCP ;Clqg,
and eachC; and Cjo (1 i n,1 j n) are sets
of propositional literals respectiely. We also assume
Atom( 1) \ Atom( 2) = ;. We know that deciding
whether ; is satisable or , is unsatis ableis coDP-
complete[Papadimitriou,1994. We constructa program
polynomially basedon setAtom( 1) [ Atom( 2) [ X [
Y[ fli; ;la;p;a;sat ';unsat ;unsat 2g, whereary
two setsof atomsaredisjoint andjXj = jAtom( 1)j and

i¥j = jAtom( ,)j. consistof four groupsof ruleswhere
atomp only occursin  4:
1: rulesto generatall truth assignmentsf
>: rulesto derive unsat * andunsat 2 if
unsatis ablerespectiely;

3: rulesto force atruth assignmenof
if unsat 2 isderivablefrom ;
4 contains4 rules: sat *

unsat 2 nota,p

Thenwe canprovethat ; is satis ableor ; isunsatis able
iff ( | aandSForgetLP( ;fpg)  a)or( 6 aand
SForgetLP( ;fpg) & a).

rand »;
L and , are

2 making: , true

notunsat *, a sat t,

Finally, the following theoremsummarizesmajor com-
plexity resultsof con ict solvingin logic programcontexts.

Theorem6 Let = ( 1; ; np)and °=( 9 ; Q)
be two logic program contets, whee for each | =
( :G:;F) 2 (1 i n), %2 0Yis of the form
0 = ( 9%G;Fi), whee ? = SForgetLP( i;P;) or
9= WForgetLP( ;;P;) forsomeP; F;.

I
1. Decidingwhether hasa preferredsolutionis NP-hard;

2. Decidingwhether Cis a solutionof is NP-complete;

3. Decidingwhether Cis a preferred solutionof s in
P, if stongandweakforgettingsin  canbecomputed
in polynomialtime;

o

In ourfull paperwe have classi edcertainclasse®f logic pro-
gram contexts, wherefor each ; = ( ;G;Fi) 2 and each
Pi  Fi,SForgetLP( i;P;i)andWForgetLP( i;P;) canalways
be computedn polynomialtime.

4. For a givenatom a, decidingwhetherfor each 2

Solution() , % aisin b, if stongandweakfor-
gettingsin  canbecomputedn polynomialtime

6 Conclusions

In this paper we de ned notionsof strongandweakforget-
tingsin logic programswhich maybeviewedasananalogy
of forgettingin propositionaltheories. Basedon theseno-
tions, we developeda generalframewvork of logic program
contetsfor con ict solvingandstudiedthe relatedsemantic
andcomputationaproperties.

Ourwork presentedh thispapercanbeextendedn several
directions.Oneinterestingopicis to associatelynamicpref-
erencego setsof forgettableatomsandcomponentsn logic
programcontexts, so that the extendedframework is more

e xible to handletask-dependemton ict solving.
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