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Abstract

As a promising formulation to represent and reason about
agents’ dynamic behavious, logic program updates have been
considerably studied recently. While similarities and differ-
ences between various approaches were discussed and eval-
uated by researchers, there is a lack of method to repre-
sent different logic program update approaches under a com-
mon framework. In this paper, we continue our study on a
general framework for logic program conflict solving based
on notions of strong and weak forgettings (Zhang, Foo, &
Wang 2005). We show that all major logic program update
approaches can be transformed into our framework, under
which each update approach becomes a specific conflict solv-
ing case with certain constraints. We also investigate related
computational properties for these transformations.

Introduction

As a promising formulation to represent and reason about
agents’ dynamic behavious, logic program updates have
been considerably studied recently. Basically, there are
three major approaches to deal with logic program updates:
model based, syntax based, and integrated approaches. In
model based approaches, atoms/literals occurring in a logic
program are assumed to be persistent by default, unless
there are explicit reasons to cause them to change. Con-
sequently, the result of an update is usually characterized
in terms of stable models/answer sets of the underlying
update program. Eiter er al’s causal rejection based up-
date (Eiter et al. 2002) and Alferes, Leite et al’s dy-
namic logic program (DLP) update (Alferes et al. 1998;
Leite 2003) are typical model based update approaches. The
syntax based approach, such as Sakama and Inoue’s ap-
proach (Sakama & Inoue 1999), aims to generate an explicit
syntactic representation of an update result, in which con-
flicts are solved under a consistency criterion for a maximal
syntax coherence. The main problem with this approach is
that it may also generate some unwanted update solutions.
Zhang and Foo’s integrated update approach (Zhang & Foo
1998), on the other hand, combines both semantic and syn-
tactic features of the above two types of approaches. This
approach first applies inertia and update rules to solve con-
flicts between new and old atoms/literal (as in model based
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approaches), and then employs a principle of maximal syn-
tax coherence (as in Sakama-Inoue’s approach) to extract an
explicit resulting program.

While similarities and differences between Eiter et al’s
causal rejection based approach and DLP update approach
can be formally characterized, e.g. (Eiter et al. 2002),
it is believed that comparing different types of update ap-
proaches at some formal level are generally difficult (dis-
cussions on this topic are referred to (Eiter et al. 2002;
Leite 2003; Zhang 2005)).

In our paper (Zhang, Foo, & Wang 2005), we developed a
general framework for logic program conflict solving based
on notions of strong and weak forgettings in logic programs
(Zhang, Foo, & Wang 2005), that can be viewed as an anal-
ogous notion of forgetting in propositional theories (Lang,
Liberatore, & Marquis 2003; Lin 2001). In this paper, we
continue our study on this framework and further show that
all major logic program update approaches can be trans-
formed into our framework, under which each update ap-
proach becomes a specific conflict solving case with certain
constraints.

The rest of the paper is organized as follows. Sections 2
and 3 present an overview on strong and weak forgettings in
logic programs and a general framework for conflict solving
named logic program contexts. Section 4 represents trans-
formations from different logic program update approaches
into the framework of logic program contexts. Section 5
provides some related complexity results about these trans-
formations. Finally, section 6 concludes the paper with some
discussions.

Strong and Weak Forgettings in Logic
Programs

We consider finite propositional normal logic programs in
which each rule has the form:

a <« by, -, by,notcy, -+, note, (D)

where a is either a propositional atom or empty, and
b1, ,bm, 1, -, c, are propositional atoms. When a
is empty, rule (1) is called a constraint. Given a rule r
of the form (1), we denote head(r) = {a}, pos(r) =
{b1, -+, by} and neg(r) = {c1,--+,cn}, and therefore,
rule (1) may be represented as the form:

head(r) < pos(r),not neg(r). )
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Sometimes, (2) is also simply denoted by head(r) «—
body(r). We assume that readers are familiar with the stable
model semantics of normal logic programs. A program II
is called consistent if it has a stable model. An atom a is
entailed from II, denoted as II |= a if a is in every stable
model of II.

Given a program II, a rule » € II is called redundant if
r is of one of the following forms: (1) head(r) # @ and
head(r) C pos(r), or (2) pos(r) Nneg(r) # 0. It is easy
to show that removing redundant rules from a program will
not affect the stable model of this program.

Definition 1 (Program reduction) Let I1 be a program and
p an atom. We define the reduction of II with respect to p, de-
noted as Reduct(I1, {p}), to be a program obtained from 11
by (1) for each rule r with head(r) = p and each rule '’ with
p € pos(r'), replacing v’ with a new rule v’ : head(r’) —
(pos(r)Upos(r')—{p}),not(neg(r)Uneg(r’')); (2) if there
is such rule r' in 11 and has been replaced by "’ in (1), then
removing rule v from the remaining program. Let P be a
set of atoms. Then the reduction of 1I with respect to P is
inductively defined as follows:

Reduct(I1, ) =TI,

Reduct(II, P U {p}) = Reduct(Reduct(Il, {p}), P).

Note that in our program reduction definition, step (1) is
the same as logic program unfolding (Brass & Dix 1999).
While unfolding is to eliminate positive body occurrences
of an atom in a logic program, the reduction, on other hand,
is further to remove those rules with heads of this atom.
Example 1 Let II; = {a < notb,a <« d,c < a,note},
Il = {a < ¢,notb,c « notd}, and II3 = {a «— b,b «
notd,c < a,note}. Then Reduct(Ily,{a}) = {c <
notb,note,¢ « d,note}, Reduct(llz,{a}) = Il and
Reduct(Il3,{a,b}) = {¢ < notd,note}. O

Definition 2 (Strong forgetting) Let 11 be a logic program,
and p an atom. We define a program to be the result of
strongly forgetting p in II, denoted as SForgetLP (I, {p}),
if it is obtained from the following transformation:

Il = Reduct(I1, {p});

I =1I' — {r | r is a redundant rule};

II' =1I' — {r | head(r) = p};

IV =1 — {r | p € pos(r)};

=1 — {r | p € neg(r)};

SForgetLP(IL, {p}) = IT".

SR L~

In Definition 2, step 1 is just to perform reduction on
II with respect to atom p. Step 2 is to remove all redun-
dant rules which may be introduced by the reduction of 11
with respect to p. Steps 3 and 4 are to remove those rules
which have p as the head or in the positive body. The in-
tuitive meaning of Steps 3 and 4 is that after forgetting p,
any atom’s information in rules having p as their heads or
positive bodies will be lost because they are all relevant to p,
i.e. these atoms either serve as a support for p or p is in part
of the supports for these atoms. On the other hand, Step 5
states that any rule containing p in its negation as failure part
will also be removed. The consideration for this step is as

follows. If we think neg(r) is a part of support of head(r),
then when p € neg(r) is forgotten, head(r)’s entire support
is lost as well. Clearly, such treatment of negation as fail-
ure in forgetting is quite strong in the sense that more atoms
may be lost together with not p. Therefore we call this kind
of forgetting strong forgetting. Definition 2 can be easily ex-
tended to the case of forgetting a set of atoms:

SForgetLP(IL, ) = 11,

SForgetLP(II, P U {p}) =

SForgetLP(SForgetLP(I1,{p}), P).

With a different way of dealing with negation as failure,
we have a weak version of forgetting. We define a pro-
gram to be the result of weakly forgetting p in II, denoted
as WForgetLP(II, {p}), exactly in the same way as in Defi-
nition 2 except that Step 5 is replaced by the following step:

' = (II" — II*) U IIf, where
IT* = {r | p € neg(r)} and
If = {r' | v’ : head(r) «
pos(r),not(neg(r) — {p}) where r € II*}.

Itis easy to see that weakly forgetting p from a rule having
p in its negative body will result in the absence of p in any
case. The notion of weakly forgetting a set of atoms, denoted
as WForgetLP(II, P), can be defined in a similar way:

WEorgetLP(IL, ) = 11,
WPForgetLP(II, P U {p}) =
WPForgetLP(WForgetLP (I, {p}), P).

Example 2 1T = {a < b,notc, a « note,d < a,e, e —
nota}. Then SForgetLP(I1,{a}) = {d « b, e,notc}, and
WPForgetLP(I1, {a}) = {d < b,e,notc, e —}. O

A General Framework for Solving Logic
Program Conflicts

We define a general framework called logic program context
to represent a knowledge system which consists of multiple
agents’ knowledge bases. We consider the issue of conflicts
occurring in the reasoning within the underlying logic pro-
gram context. The notions of strong and weak forgettings
provide an effective way to solve such conflicts.

Definition 3 (Logic program context) A logic program
context is a n-ary tuple ¥ = (&4, -, ®,,), where each ¥,
is a triplet (I1;, C;, F;) - I1; and C; are two logic programs,
and F; C Atom(11;) is a set of atoms. We also call each ®;
the ith component of 3. ¥ is consistent if for each i, I1; UC;
is consistent. ¥ is conflict-free if for any i and j, I1; UC; is
consistent.

In the above definition, for a given logic program context
Y., each component ®; represents agent 7’s local situation,
where II; is agent ¢’s knowledge base, C; is a set of con-
straints that agent ¢ should comply and will not change in
any case, and F; is a set of atoms that agent ¢+ may forget if
necessary.

Now the problem of conflict solving under this setting can
be stated as follows: given a logic program context X =

(P4, -, P,,), which may not be consistent or conflict-free,
how can we find an alternative logic program context ¥/ =
(®},---, @) such that 3’ is conflict-free and is closest to

the original X in some sense?
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Definition 4 (Solution) Ler 3 = (®q,---,®P,,) be a logic

program context, where each ®; = (I1;,C;, F;). We call a

logic program context 2" a solution that solves conflicts in

Y, if X' satisfies the following conditions:

1. Y is conflict-free;

2. % = (®),---,P)), where ®; = (I, C;, F;), and IT}, =
SForgetLP(I1;, P;) or 1, = WForgetLP(Il;, P;) for
some P; C F;.

We denote the set of all solutions of & as Solution(X).

Definition 5 (Ordering on solutions) Let X5, ¥/ and X" be
three logic program contexts, where X' 3" € Solution(X).
We say that ' is closer or as close to X as X", denoted
as ¥ <y X", if for each i, ®;, = (1I;,C;, F;) € ¥ and
o7 = (I17,C;, F;) € £, where 11, = SForgetLP(11;, P;)
or Il, = WForgetLP(I1;, P;) for some P, C F; and
I/ = SForgetLP(I1;, Q;) or II} = WForgetLP(I1;,Q;)
Sfor some Q; C F; respectively, we have P; C Q; C F;. We
denote ) <5 X" if ¥ <5 X and X" A5 ¥

Definition 6 (Preferred solution) Let Y and ¥’ be two
logic program contexts. We say that ' is a preferred so-
lution of %, if ¥’ € Solution(X) and there does not exist
another ¥ € Solution(X) such that ¥ <5 Y.

Applications of this conflict solving approach in complex
problem domains, and semantic and computational founda-
tions in relation to strong and weak forgettings and logic
program contexts have been studied in detail in our paper
(Zhang, Foo, & Wang 2005).

Representing Logic Program Updates

In this section, we show that three major logic program up-
date approaches can be transformed into the framework of
logic program contexts, in which all these update approaches
become special cases of conflict solving problems with dif-
ferent types of constraints.

Representing Causal Rejection Based Approach

Eiter et al’s update approach is based on a principle called
causal rejection where a sequence of logic program updates
is allowed (Eiter et al. 2002). Let P = (114, - - -, I1,,), where
II;,- -+, II; are extended logic programs, be an (extended
logic program) update sequence and A a set of atoms. We
say that P is over A iff A represents the set of all atoms
occurring in the rules in IIy,---,II,,. We use Lit 4 to de-
note the set of all literals whose corresponding atoms are in
A. We assume a set A* of atoms extending .4 by new and
pairwise distinct atoms rej(r) and a;, for each rule  occur-
ring in Iy, - - -, IT,, and each atom a € A. Then Eiter et al’s
update process is defined by the following two definitions
(here we only consider ground extended logic programs in
our investigation).

Definition 7 (Eiter et al. 2002) Given an update sequence
P = (I, --,1II,) over a set of atoms A, the update pro-
gram Py = I «- - -<Il,, over A* consisting of the following
items:

1. all constraints in 11y, - - -, 11, (recall that a constraint is a
rule with an empty head);

2. foreachrinll; (1 <i<mn):

l; < body(r),notrej(r) if head(r) = {i};
3. foreachr € II;_1 (2 <1 < n):

rej(r) « body(r),—l; if head(r) = {l};
4. for each literal l occurring in 111 U - - - U1L,:

Liii—L(1l<i<n) [|+I.

Intuitively, this program expresses the derivation of a lit-
eral [, beginning at II,, downwards to II;. A rule in II,
is always applicable where a rule in II;_; can only be ap-
plicable if it is not refuted by a literal derived at II; that is
incompatible with head(r). Persistence of a literal [ propa-
gates a locally derived value for [ downwards to II;, where
the local value of [ is made global.

Definition 8 (Eiter et al. 2002) Let P = (IIy,---,11,,) be
an update sequence over A. Then S C Lit 4 is an update
answer set of P iff S = S’ N Lit 4 for some answer set S’ of
P.. The collection of all update answer sets of P is denoted
by U(P).

As an example, consider an update sequence P =
(I1;, I, II3), where 114, 15 and I3 consist of the following
rules respectively (Eiter ez al. 2002),

Hll

r1 : sleep < not tv_on,
ro @ night «—,
r3 :tv_on «—,
ry : watch_tv < tv_on;
Hg:
r5 @ Ttv_on <« power_failure,
re : power_failure «—,
Hg:

r7 @ mpower_failure «—.

According to Definitions 7 and 8, it is easy to see that
P = (11,115, 1I3) has a unique update answer set S =
{—power_failure, tv_on, watch_tv, night}, which is con-
sistent with our intuition.

In order to transform this update approach into our frame-
work of logic program context, we first re-formulate this
approach in a normal logic program setting. In particular,
given an update sequence P = (IIy, - - -, II,,) over A, we ex-
tend the set A to A by adding atom @ to A for each a € A.
Then by replacing each negative atom —a occurring in II;
with @, we obtain a translated (normal logic program) up-
date sequence P = (IIy, - - -, II,,) over A

We also extend set A to A by including new atoms
rej(r), a; and @; for each rule r in IIy,---,II,, and each
pair of atoms a, @ € A. Then following Definition 7, we can
obtain the corresponding update program P which is also
a normal logic program. We also call a stable model of P,
update stable model of P.

Proposition1 Ler P = (IIy,---,11,,) be an update se-
quence, P the update program of P, and P and P the
corresponding translations of P and P 4 respectively as de-
scribed above. S C Lity is an update answer set of
P iff there is an update stable model S of P such that
S=(nNA)U{-a]|aes}
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Having Proposition 1, we only need to consider a trans-
formation from a normal logic program update sequence
P = (I, - -,1II,,), where P is translated from an extended
logic program update sequence P as described above, to a
conflict solving problem under the framework of logic pro-
gram contexts.

Definition 9 Let P = (IIy,---,11,,) (n > 1) be a normal
logic program update sequence over A. We specify a se-
quence of logic program contexts Qcr = (X1, , XSp_1)!
over the set of atoms B = AU {lo;, la, | as,a; € Z*,i =
1,---,n} wherel,, and lz, are newly introduced atoms:

1.y = (T, 0, F),(0,C1,0)), where T, consists of the
following rules:

(a) all constraints in 1, -, I,;

(b) for each v € Il;: a «+ body(r) or @ < body(r)
(1<i<n)
a; < body(r),notls, a; <« B(r),notl,, respec-
tively,

(c) foreach a,@in A,
ai—1 < a;, @1 < a; (1 <i<n)
a <~ ay, a <~ aj.

(d) ‘Fl = {lan717la7171 | va € A}’

(6‘) Cl - {<_ Ap—1,0n, < Ap—1,0n | Va € A},
2. ;= ((ﬁ:,@,fi), (0,C;,0) (1 <i<n-—1), where

(a) ﬁ% = ﬁz 1, and ﬁl—il is in a preferred solution of

21 17 Ez 1= ((ﬁj—bmﬂfi—l)u (@761'—170))»

(b) fz - {lan,i, Tn—i | Ya € A},

(c) C; ={+ an—i, An—it1, < Gn—i,0n—i+1 | Ya € A}.
A set of atoms S' C B is called a model of Qcg if S" is a

stable model oan "
of Suorr Ty = (M1, 0, Faa), (0.Ca, ).

Let us take a closer look at Definition 9. Given an update
sequence P = (IIy,- - -, II,,), Definition 9 specifies a se-
quence of logic program contexts Qcr = (X1, ++, Xp-1),
where each ¥; solves certain conflicts embedded in P. ¥,
represents the first level of conflict solving, where ﬁi is sim-
ilar to P except that the possible conflict between a,,_1 and
@, (or a,_1 and a,) has been reformulated as a constraint
“— Qp—1,0ap (Or < Tp_1,a, resp.) in C;. Note that in rules
specified in 1.(b) of Definition 9: a; < body(r),not lg;,
a; < body(r),not l,,, formulas not Iz, _, and not I, _,
(here i« = n — 1) are introduced to solve the conflict between
an—1 and a, (or a,—_1 and a,, resp.).

Observe that X1 only solves conflicts between atoms at
level n — 1. For example, if both a,_; and @,, can be de-
rived from ﬁ;, thenrule a,,_1 < body(r),not Iz, _, willbe
eliminated from II; by strongly forgetting atom Iz, , under
the constraint < a,,_1, @y, in Cy.

= . . .
where I1,,_, is in a preferred solution

'Note that when = 1 our transformation becomes trivial since
we can simply specify {cr to consist of a single logic program
context ¥ = ((TI1, 0, B), (0, @, 9)). In this case ¥ has a (preferred)
solution iff TT; is consistent. So in the rest of the paper we will only
consider the case n > 1.

In the sequence Qcr = (X1, -+, 2n—1), conflicts are
solved in a downwards manner with respect to the update
sequence P = (IIy,---,II,), where each ¥; (i > 1) is
specified for the purpose of solving conflicts between atoms

Gp—; and @p—;y1 (Or Gp—; and ap—jy1).

Example 3 Consider the TV example mentioned earlier
again, where P = (II, I, II3) is an update sequence. It
is easy to translate P to the corresponding normal logic pro-
gram update sequence P = (II;, Iy, II3), where —tv_on
and —power_failure are replaced by atoms fv_on and
power_failure respectively. According to Definition 9, we
then specify a sequence of logic program contexts Qcp =
(¥1,%2) to solve the conflict occurring in P. X; =
((ﬁIiQL F1), (0,C1,0)), where I, consists of the following
rules”:

sleep; < not tv_on,not l7——
night, <« not l———

tv_ony < not lg—nrs
watch_tv; < tv_on,not [

sleep1’

nighty’

watch_tv,’
tv_ong «— power_failure,not li,_on,,

power_fazlureg < not lm,

power_failure3 < not lpower_failuregv
night <« nighty,

tv_on < tv_onq,

watch_tv «— watch_tvy,

tv_on; < tv_ong,

tv_on < tv_onq,

power_failure, < power_failures,
power_failure; « power_failure,,
power_failure «— power_failure,,
power_failure; «— power_failures,
power_failure «— power_failurey,

Fl = {lpower_failure2 5 lpower_failurez }, and
C1 = {— power_failures, power_failures}.
It is easy to see that X35 is not conflict free since ﬁ: UCi is

not consistent (i.e it has no stable model). To specify 2, we
first need to obtain a preferred solution of ;. In fact 3J; has

a unique preferred solution ¥] = ((ﬁi, 0,F1),(0,C1,0)),
where T, = SForgetLP(IL,, {I o -
{power_failures — not |

power_failure, }) =
power_failures J*

Now we specify YNy = ((ﬁi,@ F2),(0,C2,0)), where
Fo = {liw_ on s loom om, p and Co = {— tv_ony,tv_ ong}
Note that >, is already conflict free. So by ignoring
those atoms with subscripts, 2cr has a unique model
{power_failure, tv_on,watch_tv,night}, which is the
same as the update stable model of update sequence P. O]

Theorem 1 Let P be a normal logic program update
sequence over the set of atoms A, and Qcp =
(31,-+,2n_1) a sequence of logic program contexts as
specified in Definition 9. A subset S of Ais an L update stable
model of P iff Q¢ r has a model S’ such that S = S’ N A.

2To avoid unnecessarily tedious details, here we omit some ir-
relevant rules and atoms from HT, JF1 and C;y. The same for >s.
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Representing Dynamic Logic Programming

Logic program update based on dynamic logic programming
(DLP) (or simply called DLP update approach) was pro-
posed by Alferes, Leite, Pereira, et al (Alferes et al. 1998),
and then extended for various purposes (Leite 2003). Using
a similar technique as described in last subsection, we can
also transform the DLP update approach into the framework
of logic program contexts and prove an equivalence theorem
between these two formulations.

Due to a space limit, the details are referred to our full
paper. Here we only highlight that: compared to the trans-
formation presented earlier, the main feature to transform a
dynamic update program Pg, = II; & - - - @ I1,, (readers are
referred to (Leite 2003) for the definition of Pg) to a se-
quence of logic program contexts Qprp = (X1,--+,%,) is
to employ an upwards conflict solving policy to solve possi-
ble conflicts between atoms (recall Definition 9 uses a down-
wards method to solve conflicts among atoms). For exam-
ple, for each pair of inheritance rules in Pg:

a; «— a;—1,not ap,, and
a;—1 < a;—1,no0t ap,

we replace them with the following rules in Q py,p:

a; < a;_1,n0t lq;, @;—1 < @;_1,n0t lg,,
lg; < not hg,, lz, < not hg,,
lai — aPm lﬁi — aPi,?

and under constraints < a;, ap, and < @a;, ap,, conflicts are
solved by weakly forgetting atoms from {hg,, ha, }°.

Representing Updates as Constraints for Conflict
Solving

Sakama and Inoue’s update approach (or simply denoted
as SI approach) is viewed as a typical syntax based logic
program update approach (Sakama & Inoue 1999), which
solves conflicts between two programs on a basis of syn-
tactic coherence. In (Zhang, Foo, & Wang 2005), we have
showed that there is a simple one-to-one correspondence be-
tween SI approach and our conflict solving framework.

From previous descriptions and (Zhang, Foo, & Wang
2005), we observe that the key step to transform an update
approach into a sequence of logic program contexts (or one
logic program context like the case of SI approach) is to
construct the underlying constraints for conflict solving. In
both Eiter et al’s causal rejection and DLP approaches, con-
straints are specified based on atoms, €.g2. «— ayp—i, Gp—it1
in QCR, and «— Ay G p— in QDLP-

For SI approach, on the other hand, the underlying con-
straints are specified as the entire update program. For in-
stance, consider the update of II; by Il using SI approach,
the corresponding logic program context for this update is
of the form ¥ = ((II, 0, F), (0,112, 0)), in which program
115 serves as constraints for conflict solving (Zhang, Foo, &
Wang 2005).

From the above observation, we can see that the main dif-
ference between model based and syntax based update ap-

3Recall that in Q¢r conflicts are solved through strong forget-
tings.

proaches is to solve conflicts under different types of con-
straints, namely atoms based and program based constraints
respectively.

Representing Integrated Update Approach

Different from both model based and syntax based ap-
proaches, Zhang and Foo’s update approach integrated both
desirable semantic and syntactic features of (extended) logic
program updates (Zhang & Foo 1998). Their approach
also solves default conflicts caused by negation as failure
in logic programs by using a prioritized logic programming
language. Consequently, Zhang and Foo’s update approach
can generate an explicit resulting program for a logic pro-
gram update and also avoid some undesirable solutions em-
bedded in Sakama-Inoue’s approach (Zhang 2005).

Since we do not consider default conflict solving in this
paper, we will only focus on the transformation from first
part of Zhang-Foo’s update approach, that is, the conflict
(contradiction) elimination, into a logic program context.

Let IT; and II, be two extended logic programs. Updating
II; with Il consists of two stages. Step (1): Simple fact
update - updating an answer set S of II; by program Il5. The
result of this update is a collection of sets of literals, denoted
as Update(S,I13). Step (2): Selecta S’ € Update(S,II2),
and extract a maximal subset IT* of II; such that program
Im* U {l —| 1 € S’} (or simply represented as IT* U S”) is
consistent. Then IT* U I, is called a resulting program of
updating IT; with IIs.

Note that in Step (1), the simple fact update is achieved
through a prioritized logic programming (Zhang & Foo
1998). Recently, Zhang proved an equivalence relation-
ship between the simple fact update and Sakama and In-
oue’s program update (Zhang 2005): Update(S,1l5) =
(U S(SI-Update(I1(S),3)), where II(S) = {l —| | € S},
and |J S(SI-Update(I1(S),I13)) is the class of all answer
sets of resulting programs after updating I1(.S) by Il using
Sakama-Inoue’s approach.

Example 4 Consider two extended logic programs II; and
II5 as follows:

Hll HQI
a <+, b« a,
c < b, —c < b.
d <— not e.

II; has a unique answer set {a,d}. Then Step
(1) Zhang-Foo’s simple fact update of {a,d} by Ils,
Update({a, d},1I3), which is equivalently to update {a «,
d <} with II; using Sakama-Inoue’s approach, will con-
tain a single set {a,b, —c,d}. Applying Step (2), we ob-
tain the final update result {a «—,d < not e} U II5. Note
that directly using Sakma-Inoue’s approach to update II;
with Il will obtain an extra unwanted resulting program
{¢ —b,d—note} UTIl. O

As we have already provided a transformation from
Sakama-Inoue’s approach to a logic program context, to
show that Zhang-Foo’s update approach can also be repre-
sented within our framework, it is sufficient to only trans-
form Step (2) above into a conflict solving problem under
certain logic program context.
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As before, given two extended logic programs II; and Il
over the set of atoms A, we extend A to .4 with new atom
a for each a € A. Then by replacing each —a in S’ and I
with @, we obtain the corresponding normal logic programs
II; and I, respectively. Suppose Update(S,II5) is the re-
sult of the simple fact update, where S is a stable model of
II4.

Definition 10 Let I1;, Ty, and Update(S,115) be defined
as above, and S’ € Update(S,1l,). We specify a logic pro-
gram context Y zp = ((IV1,0, F), (0,C,0)) over the set of

atoms AU {l,. | v € T;} where l, are newly introduced
atoms:

1. Ty consists of rules: (a) for each rule v : head(r) «
body(r) in Iy, head(r) < body(r),not I, is in 1’1, and
(b) 5" C 1I'y,

2. F={l,|rell},

3. C={<a,ala,ac A}

The following theorem shows that Step (2) in Zhang-
Foo’s approach can be precisely characterized by a logic
program context specified in Definition 10.

Theorem 2 Let 11y, 1y, and Update(S,113) be defined as
above, and S’ € Update(S,Tly). T is a maximal subset
of Iy such that TI' = I uUS is consistent iff I is in a
preferred solution of ¥ zp: X = ((IU, 0, F), (0,C, 0)).

Computational Issues

In this section, we consider the related computational is-
sues regarding the transformations from different update ap-
proaches into the framework of logic program contexts.

Given a (normal logic program) update sequence P =
(I, - - -, II,,), translating it to a sequence of logic program
contexts Qer = (X1,--+,Xn—1) is usually expensive be-
cause each X; (1 < ¢ < n — 1) is defined based on the com-
putation of a preferred solution of X;, which is only achiev-
able in exponential time generally. More precisely, we have
the following complexity result.

Theorem 3 Let P = (I, - --,11,,) be an update sequence
over A, and (X1, --,%,_1) an arbitrary sequence of logic
program contexts built upon B = AU {la; g, | ai,a; €
Ai=1,-- ,n}. Deciding whether (X1,---,%,_1) se-
quence satisfies conditions of Definition 9 is I1 -complete.
The hardness holds even if n = 3.

Theorem 3 tells us that representing Eiter e al’s causal re-
jection based update approach within the framework of logic
program contexts has to pay higher computational costs. We
can obtain a similar result for the DLP approach. The fol-
lowing theorem, however, shows that performing Zhang-
Foo’s program updates (and the same for Sakama-Inoue’s
approach) in our framework are not harder than using their
original approaches.

Theorem 4 The following results hold:

1. Logic program context Y.z can be constructed in poly-
nomial time;

2. Deciding whether a given logic program context ¥ is a
preferred solution of ¥z is 115 -complete.

Conclusion

In this paper, we moved one step further to study a gen-
eral framework for solving logic program conflicts, where
conflicts among different agents are solved through strong
and weak forgetting operations on corresponding logic pro-
grams. We showed that under this framework, all major
approaches of logic program updates become special cases
of conflict solving within certain logic program contexts
(or sequences of logic program contexts), and program up-
dates are achieved by solving conflicts in these contexts. To
the best of our knowledge, this is the first general frame-
work to precisely represent all major logic program up-
date approaches. Our complexity results also confirm that
achieving syntactic results for solving logic program con-
flicts has to pay higher computational costs than obtaining
model based results.

Recently Eiter et al also developed a general framework
to model nonmonotonic knowledge base evolution (Eiter et
al. 2005). Since their framework is built upon an abstract
model, the underlying update semantics has to directly de-
pend on the specific update approach captured by the frame-
work.
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