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Abstract

This paper presents the equivalence relationship between disjunc-
tive and abductive logic programs. We show that the generalized stable
model semantics of abductive logic programs can be translated into the
possible model semantics of disjunctive programs, and vice versa. It is
also proved that abductive disjunctive programs can be expressed by
abductive logic programs under the possible model semantics. Further-
more, when considering the disjunctive stable model semantics instead
of the possible model semantics, it is unlikely that disjunctive programs
can be efficiently expressed in terms of the generalized stable model se-
mantics. The results of this paper reveal that disjunctive programs and
abductive logic programs are just different ways of looking at the same
problem if we choose the appropriate semantics.

1 Introduction

Disjunctive programs and abductive logic programs are two extensions of
logic programming which draw much attention recently. Disjunctive pro-
grams provide us with the framework of reasoning with indefinite informa-
tion. The framework was firstly studied by Minker [Min82] in which he
introduced the minimal model semantics of positive disjunctive programs.
In the last decade, various extensions of this framework have been studied

∗In Proceedings of the 11th International Conference on Logic Programming (ICLP’94),
MIT Press, pp. 489-503, 1993.
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for disjunctive programs with negation. On the other hand, abductive logic
programs supply the ability to perform reasoning with hypotheses. Such
a framework was firstly investigated by Eshghi and Kowalski [EK89] and
then generalized by Kakas and Mancarella [KM90] who extended Gelfond
and Lifschitz’s stable model semantics [GL88] to the generalized stable model
semantics. Further extensions have been studied by several researchers in
the last few years [KKT92].

Disjunctive programs and abductive logic programs have been indepen-
dently developed and have different syntax and semantics from each other.
However, in disjunctive programs, each disjunction is considered to repre-
sent knowledge about possible alternative beliefs, and such beliefs can also
be regarded as a kind of hypotheses. In abductive logic programs, on the
other hand, each candidate hypothesis is examined whether it is adopted or
not, and this situation can be considered as meta-level disjunctive knowledge
that either a hypothesis is true or not. Thus, each formalism appears to deal
with very similar problems from different viewpoints. Then the question nat-
urally arises whether there is any formal correspondence between these two
frameworks.

There are some works which can be related to the above question. Dung
[Dun92] presents a program transformation from acyclic disjunctive pro-
grams to normal logic programs under the stable model semantics and uses
Eshghi and Kowalski’s abductive proof procedure for such programs. How-
ever, Dung’s transformation is restricted to acyclic disjunctive programs and
not applicable in general. Inoue and Sakama [IS93] present a program trans-
formation from abductive logic programs to disjunctive programs under the
stable model semantics and use a bottom-up model generation proof proce-
dure for computing abduction. While their transformation is fairly general,
it is a one-way transformation from abductive logic programs to disjunctive
programs.

This paper investigates a general correspondence between disjunctive
programs and abductive logic programs. For the part from abductive logic
programs to disjunctive programs, we show that the generalized stable mod-
els of an abductive logic program are characterized by the possible models
[Sak89, SI93] of the transformed disjunctive program. Conversely, from dis-
junctive programs to abductive logic programs, we show that the possible
models of a disjunctive program are exactly the generalized stable models
of the transformed abductive logic program. Moreover, if the disjunctive
stable model semantics [Prz91] is taken as the underlying semantics instead
of the possible model semantics, it is unlikely that disjunctive programs can
be efficiently expressed in terms of the generalized stable model semantics.
It is also shown that abductive disjunctive programs can be expressed by
abductive logic programs under the possible model semantics.

The rest of this paper is organized as follows. In Section 2, we introduce
notations used in this paper. In Section 3, we present a program trans-
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formation from abductive logic programs to disjunctive programs and show
that the generalized stable models of an abductive logic program are char-
acterized by the possible models of the transformed disjunctive program. In
Section 4, we present that a converse transformation is also possible and show
that the possible models of a disjunctive program are the generalized stable
models of the transformed abductive logic program. In Section 5, abductive
disjunctive programs are also translated into disjunctive programs and it is
shown that abductive logic programs are as expressive as abductive disjunc-
tive programs under the possible model semantics. Section 6 discusses the
relation between disjunctive programs and abductive logic programs from
the complexity point of view. Section 7 concludes this paper.

2 Definitions

A normal disjunctive program is a finite set of clauses of the form:

A1∨. . .∨Al ← B1∧. . .∧Bm∧notBm+1∧. . .∧notBn (l ≥ 0, n ≥ m ≥ 0) (1)

where Ai’s and Bj ’s are atoms and not denotes negation as failure. The
left-hand side of the clause is called the head , while the right-hand side of
the clause is called the body . In this paper, we often use the Greek letter Γ to
denote the conjunction in the body of a clause. A clause is called disjunctive
(resp. normal) if its head contains more than one atom (resp. exactly one
atom). A clause with the empty head is called an integrity constraint . A
normal disjunctive program containing no not is called a positive disjunctive
program, while a program containing no disjunctive clause is called a normal
logic program. As usual, we semantically identify a program with its ground
program, which is the possibly infinite set of all ground clauses from the
program.

An interpretation of a program P is a subset of the Herbrand base HBP
of the program. An interpretation I is called a disjunctive stable model
[Prz91] of P if I coincides with a minimal model of the positive disjunctive
program P I defined as

P I = { A1 ∨ . . . ∨Al ← B1 ∧ . . . ∧Bm | there is a ground clause

of the form (1) from P such that {Bm+1, . . . , Bn} ∩ I = ∅ }.

In particular, when P is a normal logic program, I is called a stable model
of P [GL88].

The possible model semantics proposed in [Sak89, SI93]1 is an alternative
semantics for disjunctive programs. It is introduced to enable one to specify
both inclusive and exclusive disjunctions in a program.

Given a normal disjunctive program P , a split program is defined as a
ground normal logic program obtained from P by replacing each ground

1In [SI93], it is called the possible world semantics.
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disjunctive clause of the form (1) with the following ground normal clauses
(called split clauses):

Ai ← B1 ∧ . . . ∧Bm ∧ notBm+1 ∧ . . . ∧ notBn for every Ai ∈ S

where S is some non-empty subset of {A1, . . . , Al}. Then a possible model
of P is defined as a stable model of any split program of P . Clearly, pos-
sible models reduce to stable models in normal logic programs. In positive
disjunctive programs, the notion of possible models also coincides with the
possible worlds presented in [Cha93].

Example 2.1 Let P be the program:

{ a ∨ b← not c, d← a ∧ b }.

Then the split programs of P are

{ a← not c, d← a ∧ b },

{ b← not c, d← a ∧ b },

{ a← not c, b← not c, d← a ∧ b },

and {a}, {b}, {a, b, d} are the possible models of P . 2

Note that {a} and {b} are also disjunctive stable models, while {a, b, d} is
not. Thus the disjunctive stable models exclude the possibility of an inclusive
interpretation of the disjunction in the above example, while the possible
models consider both exclusive and inclusive interpretations. Notice that if
one does not want the inclusive interpretation {a, b, d} under the possible
model semantics, it is enough to insert the integrity constraint← a∧ b in P .
Intuitively speaking, each possible model presents an interpretation in which
each atom has its possible justification in a program, and both exclusive
and inclusive interpretations of disjunctions are considered whenever there
is no integrity constraint to inhibit inclusive ones. In [Sak89, SI93], it is
shown that the possible model semantics can provide a flexible mechanism
for inferring negation in disjunctive programs.

An abductive logic program is a pair 〈P,A〉 where P is a normal logic
program and A is a finite set of atoms called the abducibles.2 Let 〈P,A〉
be an abductive logic program and E be a subset of A. An interpretation I
is a generalized stable model of 〈P,A〉 if I is a stable model of the normal
logic program P ∪ E. A generalized stable model I is called A-minimal if
there is no generalized stable model J such that J ∩ A ⊂ I ∩ A. Clearly,
(A-minimal) generalized stable models coincide with stable models if A = ∅.

2We slightly modified the original definition of [KM90] by including integrity constraints
in a program and considering abducible atoms instead of abducible predicates. Here, an
abducible containing variables is identified with its ground instances.
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Let 〈P,A〉 be an abductive logic program and O be an atom which
represents observation.3 Then a set E ⊆ A is an explanation of O if there is
a generalized stable model I of 〈P,A〉 such that I satisfies O and E = I∩A.
An explanation E of O is minimal if no E′ ⊂ E is an explanation of O.

Note that the problem of finding explanations is essentially equivalent
to the problem of finding generalized stable models since E is a (minimal)
explanation of O with respect to 〈P,A〉 iff I is a (A-minimal) generalized
stable model of 〈P ∪ { ← notO}, A〉 such that I ∩ A = E [IS93].

Example 2.2 Let 〈P,A〉 be an abductive logic program such that

P = { p(x)← q(x) ∧ not r(x), q(x)← s(x), q(x)← t(x) }

and A = { s(x), t(b) }. Then, for a given observation O = p(a), the
(A-minimal) generalized stable model I = { p(a), q(a), s(a) } of 〈P,A〉
satisfies O and its (minimal) explanation is E = I ∩A = { s(a) }. Here, I is
also the unique generalized stable model of 〈P ∪ {← not p(a)},A〉. 2

3 Generalized Stable Models are Possible Models

In this section, we present a program transformation from abductive logic
programs to normal disjunctive programs and show that the generalized
stable models of an abductive logic program can be expressed by the possible
models of the transformed normal disjunctive program.

In an abductive logic program, each candidate hypothesis is either as-
sumed or not. Such a situation is naturally expressed by disjunctions in a
program.

Definition 3.1 Let 〈P,A〉 be an abductive logic program. Then its dlp-
transformation is defined by a normal disjunctive program dlp(〈P,A〉) which
is obtained from P by adding the following disjunctive clauses for each ab-
ducible A ∈ A:

A ∨ ε← (2)

where ε is an atom not appearing elsewhere in P . 2

The intuitive meaning of the dlp-transformation is that when an ab-
ducible A is assumed in an abductive logic program 〈P,A〉, the correspond-
ing disjunct A is chosen from (2) in the transformed normal disjunctive
program dlp(〈P,A〉). Else when A is not assumed, the newly introduced
atom ε is chosen from (2). Thus the dlp-transformation specifies meta-level
knowledge representing whether each abducible is assumed or not.4

3As discussed in [IS93], without loss of generality an observation is assumed to be a
non-abducible ground atom.

4A similar transformation is also presented in [IS94] in the context of extended disjunc-
tive programs with positive occurrences of negation as failure.
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Now we express the generalized stable model semantics in terms of dlp(〈P,A〉).
Let I be a possible model of a normal disjunctive program P . We say that
I is A-minimal if there is no possible model J of P such that J ∩A ⊂ I ∩A.
In the following, an atom A is identified with the unit clause A← in E.

Theorem 3.1 Let 〈P,A〉 be an abductive logic program. Then,

(i) I \ {ε} is a generalized stable model of 〈P,A〉 iff I is a possible model
of dlp(〈P,A〉).

(ii) I \ {ε} is an A-minimal generalized stable model of 〈P,A〉 iff I is an
A-minimal possible model of dlp(〈P,A〉).

Proof: (i) Let I ′ be a generalized stable model of 〈P,A〉. Then I ′ is a stable
model of P ∪ E for some E from A. Now let us consider the transformed
program dlp(〈P,A〉). Then there is a split program P ′ of dlp(〈P,A〉) such
that for each disjunctive clause (2), A ← is in P ′ if A ∈ E ; ε ← is in P ′,
otherwise. When ε ← is in P ′, I ′ ∪ {ε} is a stable model of P ′ and also a
possible model of dlp(〈P,A〉). Else when ε ← is not in P ′, I ′ is a stable
model of P ′ and also a possible model of dlp(〈P,A〉). Hence the result of
only-if part follows.

Conversely, when I is a possible model of dlp(〈P,A〉), it is a stable model
of some split program P ′ of dlp(〈P,A〉). Let E be the set of all split clauses
included in P ′. Then I is a stable model of P ∪E. Since E \ {ε←} consists
of instances from A, I \ {ε} is a generalized stable model of 〈P,A〉.

(ii) The result directly follows from (i) and the definitions of A-minimal
generalized stable models/A-minimal possible models. 2

Corollary 3.2 Let 〈P,A〉 be an abductive logic program. Then, for a
given observation O, there is a (minimal) explanation E of O iff there is an
(A-minimal) possible model I of dlp(〈P,A〉) satisfying O and I ∩A = E. 2

Example 3.1 Let 〈P,A〉 be an abductive logic program such that

P = { wet-shoes← wet-grass ∧ not driving-car,

wet-grass← rained,

wet-grass← sprinkler-on },

and A = { rained, sprinkler-on }. Then,

dlp(〈P,A〉) = P ∪ { rained ∨ ε←, sprinkler-on ∨ ε← }

which has the five possible models:

{rained, sprinkler-on, wet-grass, wet-shoes},

{ε},
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{ε, rained, wet-grass, wet-shoes},

{ε, sprinkler-on, wet-grass, wet-shoes},

{ε, rained, sprinkler-on, wet-grass, wet-shoes}.

Thus, the generalized stable models of 〈P,A〉 coincide with the sets which
are obtained by removing ε from each possible model. In particular, {ε} is
the A-minimal possible model and it corresponds to the A-minimal general-
ized stable model ∅ of 〈P,A〉. 2

The result of this section indicates that abductive logic programs are also
considered as disjunctive programs. In the next section, we present that the
converse also holds.

4 Possible Models are Generalized Stable Models

As presented in introduction, indefinite information in disjunctive programs
is viewed as possible hypotheses in a program. Then it is natural to represent
disjuncts in terms of abducibles in an abductive logic program. However,
the problem is that disjunctive clauses possibly have conditions in their bod-
ies, while abductive logic programs introduced in Section 2 lack the ability
of expressing assumptions with preconditions. Then our first task is to ex-
tend the framework of abductive logic programs to possibly include such
hypothetical rules.

An abductive logic program considering in this section is a pair 〈P, C 〉
where P is a normal logic program and C is a finite set of normal clauses
called the abducible rules. The abducible rule intuitively means that if the
rule is abduced then it is used for inference together with the background
knowledge from P . In this sense, abductive logic programs presented in the
previous sections are considered as a special case where each abducible rule
has the empty precondition. The generalized stable model semantics of such
an extended framework is defined as follows.

Definition 4.1 Let 〈P, C 〉 be an abductive logic program and F be a subset
of C. An interpretation I is a generalized stable model of 〈P, C 〉 if it is a
stable model of the normal logic program P ∪ F . 2

The generalized stable models introduced above are a direct extension of
those presented in the previous sections, and they reduce to the usual notion
when C = A.

Next we provide a program transformation which translates normal dis-
junctive programs into abductive logic programs. For a normal disjunctive
program P , we define P = disj(P ) ∪ disj(P ) where disj(P ) is the set of all
disjunctive clauses from P and disj(P ) is the set of all normal clauses and
integrity constraints from P .
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Definition 4.2 Given a normal disjunctive program P , let us consider the
set of normal clauses

C = { Ai ← Γ | A1 ∨ . . . ∨Al ← Γ ∈ disj(P ) and 1 ≤ i ≤ l } (3)

and the integrity constraints

IC = { ← Γ ∧ notA1 ∧ . . . ∧ notAl | A1 ∨ . . . ∨Al ← Γ ∈ disj(P ) }. (4)

Then we define the alp-transformation of P by alp(P ) =〈 disj(P )∪IC, C 〉. 2

The intuitive meaning of the alp-transformation is that each disjunctive
clause in a program is replaced with a set of abducible rules (3) in C. The
integrity constraints (4) in IC impose the condition that at least one of
disjuncts are chosen as an abducible whenever the body of a disjunctive
clause is true. In this way, by the alp-transformation each disjunctive clause
is rewritten by a set of abducible rules.

Now we present the relationship between the possible models of a normal
disjunctive program P and the generalized stable models of the transformed
abductive logic program alp(P ).

Theorem 4.1 Let P be a normal disjunctive program. Then I is a possible
model of P iff I is a generalized stable model of alp(P ).

Proof: Let I be a possible model of P . Then there is a split program
P ′ of P such that I is a stable model of P ′. Suppose that each ground
disjunctive clause Ck : A1∨ . . .∨Alk ← Γk from P is replaced with the split
clauses in Ck

S = {Ai ← Γk | Ai ∈ S} in P ′ where S is a non-empty subset
of {A1, . . . , Alk}. Then I is a stable model of disj(P )∪

⋃
k C

k
S . Since

⋃
k C

k
S

consists of instances from C and I satisfies integrity constraints IC, I is also
a generalized stable model of alp(P ).

Conversely, let I be a generalized stable model of alp(P ). Then I is
a stable model of P ∪ F where F is a subset of C. For each normal clause
Ai ← Γ in F , there is a corresponding disjunctive clause C : A1∨. . .∨Al ← Γ
in disj(P ) such that 1 ≤ i ≤ l. Also, since I satisfies integrity constraints
IC, when I satisfies Γ, at least one normal clause Ai ← Γ is included in F .
In this case, there is a split program P ′ of P in which each ground instance
of a disjunctive clause C is split into a corresponding ground instance of a
normal clause Ai ← Γ. Thus I is also a stable model of P ′, hence a possible
model of P . 2

Example 4.1 [Cha93] Let

P = { violent ∨ psychopath← suspect,

dangerous← violent ∧ psychopath,

suspect← }.
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Then, alp(P ) = 〈 disj(P ) ∪ IC, C 〉 where

disj(P ) ∪ IC = { dangerous← violent ∧ psychopath,

suspect←,

← suspect ∧ not violent ∧ not psychopath },
C = { violent← suspect, psychopath← suspect }.

Thus, alp(P ) has three generalized stable models:

{suspect, violent},

{suspect, psychopath},

{suspect, violent, psychopath, dangerous},

which coincide with the possible models of P . 2

Note that in the above example there is no minimal model of P con-
taining dangerous. By contrast, alp(P ) has a generalized stable model in
which dangerous is true, which corresponds to a possible model in which
the disjunction is inclusively true.

The abductive logic programming framework presented in this section
is also introduced by Inoue [Ino91] in the context of the knowledge system
for extended logic programs [GL90]. He also shows that an abductive logic
program 〈P, C 〉 can be translated into a semantically equivalent usual ab-
ductive logic program 〈P,A〉. Given an abductive logic program 〈P, C 〉, let
us consider a program P ′ which is obtained from P by including the clause
A ← A′ ∧ Γ for each abducible rule A ← Γ in C. Here A′ is a newly intro-
duced atom not appearing elsewhere in P and is uniquely associated with
each A. Also let A′ be a set of abducibles which consists of every newly in-
troduced atom A′. Then he proves that there is a one-to-one correspondence
between the generalized stable models of 〈P, C 〉 and the generalized stable
models of 〈P ′,A′ 〉. This fact implies that the possible models of a normal
disjunctive program are also expressed by the generalized stable models of
a usual abductive logic program.

5 Generalized Possible Models are Generalized Sta-
ble Models

This section presents a connection between abductive disjunctive programs
and abductive logic programs.

Abductive disjunctive programs are normal disjunctive programs with
abducibles. The definition of an abductive disjunctive program 〈P,A〉 is the
same as an abductive logic program except that P is a normal disjunctive
program. For a given set E ⊆ A, an interpretation I is a generalized disjunc-
tive stable model of 〈P,A〉 if it is a disjunctive stable model of the normal
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disjunctive program P ∪ E. On the other hand, I is a generalized possible
model of 〈P,A〉 if it is a possible model of the normal disjunctive program
P ∪ E. A generalized disjunctive stable model (resp. generalized possible
model) I is A-minimal if there is no generalized disjunctive stable model
(resp. generalized possible model) J such that J ∩ A ⊂ I ∩ A.

The above definitions are direct extensions of the previously proposed
notions. In fact, generalized disjunctive stable models (resp. generalized
possible models) reduce to disjunctive stable models (resp. possible models)
in normal disjunctive programs with A = ∅, and both generalized disjunctive
stable models and generalized possible models reduce to generalized stable
models in abductive logic programs.

A difference between generalized disjunctive stable models and general-
ized possible models is illustrated in the following example.

Example 5.1 Let 〈P,A〉 be an abductive disjunctive program such that

P = { a ∨ b← c, d← a ∧ b }

and A = { c }. Then, ∅, {c, a}, {c, b}, {c, a, b, d} are all generalized possible
models, while {c, a, b, d} is not a generalized disjunctive stable model. Thus,
for a given observation O = d, it has an explanation c under the general-
ized possible models, while no explanation is available under the generalized
disjunctive stable models. 2

In this way, the generalized possible model semantics can provide ex-
planations which come from inclusive disjunctions, while the generalized
disjunctive stable model semantics cannot in general.

Inoue and Sakama [IS93] present that generalized disjunctive stable mod-
els of abductive disjunctive programs are translated into disjunctive stable
models of normal disjunctive programs. That is, normal disjunctive pro-
grams are as expressive as abductive disjunctive programs under the dis-
junctive stable model semantics. We first show that this fact also holds for
the possible model semantics.

For an abductive disjunctive program 〈P,A〉, we define its dlp-transformation
dlp(〈P,A〉) in the same manner as presented in Definition 3.1. Then the
following results hold.

Theorem 5.1 Let 〈P,A〉 be an abductive disjunctive program. Then,

(i) I \{ε} is a generalized possible model of 〈P,A〉 iff I is a possible model
of dlp(〈P,A〉).

(ii) I \ {ε} is an A-minimal generalized possible model of 〈P,A〉 iff I is an
A-minimal possible model of dlp(〈P,A〉).

Proof: Similar to the proof of Theorem 3.1. 2
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The above theorem, together with Theorem 4.1, implies the following
result.

Corollary 5.2 Let 〈P,A〉 be an abductive disjunctive program. Then I \
{ε} is a generalized possible model of 〈P,A〉 iff I is a generalized stable
model of alp(dlp(〈P,A〉)). 2

By Theorem 5.1, normal disjunctive programs are also as expressive as
abductive disjunctive programs under the possible model semantics. More-
over, Corollary 5.2 presents that abductive disjunctive programs can be ex-
pressed even by abductive logic programs under the generalized possible
model semantics.

6 Discussion

In this section, we discuss relationships between disjunctive programs and
abductive logic programs from the computational complexity point of view.
Throughout this section, programs are assumed to be propositional pro-
grams.

When abductive logic programs do not contain negation as failure, Sel-
man and Levesque [SL90] and Eiter and Gottlob [EG92] show that the de-
cision problem of the existence of explanations for a given observation in
an abductive Horn program is NP-complete. In other words, in an abduc-
tive Horn program, deciding whether there is a generalized stable model
satisfying an observation is NP-complete.

Inoue [Ino91] and Satoh and Iwayama [SI91] show that an abductive
logic program can be translated into a semantically equivalent normal logic
program. For an abductive logic program 〈P,A〉, consider a normal logic
program obtained from P by adding the following clauses for each abducible
A in A:

A← notA′ ,

A′ ← notA ,

where A′ is a newly introduced atom not appearing elsewhere in P and
is uniquely associated with each A. Then these authors show that there
is a one-to-one correspondence between the generalized stable models of
〈P,A〉 and the stable models of the transformed normal logic program.
Since it is known that deciding whether an atom is true in a stable model is
NP-complete [MT91], the above translation implies that deciding whether
there is a generalized stable model satisfying a given observation is also
NP-complete.5

5More precisely, the generalized stable models include the stable models as a special
case, then its set-membership problem is NP-hard. Since the polynomial-time transforma-
tion translates the decision problem for a generalized stable model into the corresponding
problem for a stable model which is in NP, the membership in NP also follows.
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Table 1: Comparison of Computational Complexity

Program Semantics Complexity

Abductive LP Horn Abduction NP-complete
Generalized Stable Model NP-complete

Normal DLP Possible Model NP-complete
Disjunctive Stable Model ΣP

2 -complete

Abductive DLP Generalized Possible Model NP-complete
Generalized Disjunctive Stable Model ΣP

2 -complete

Sakama and Inoue [SI93] have shown that possible models of a normal
disjunctive program can be efficiently expressed by stable models of a normal
logic program. For a normal disjunctive program P , let us consider a normal
logic program obtained from P by replacing each disjunctive clause:

A1 ∨ . . . ∨Al ← Γ

in P with the following normal clauses and an integrity constraint:

Ai ← Γ ∧ notA′
i for i = 1, . . . , l ,

A′
i ← Γ ∧ notAi for i = 1, . . . , l ,

← Γ ∧A′
1 ∧ . . . ∧A′

l ,

where each A′
i is a new atom not appearing in P and is uniquely introduced

for each Ai in HBP . Then they show that there is a one-to-one corre-
spondence between the possible models of P and the stable models of the
transformed normal logic program. Therefore, deciding the existence of a
possible model satisfying a given atom is NP-complete. Furthermore, from
discussion presented in Section 5, since generalized possible models can be ef-
ficiently translated into possible models, the corresponding decision problem
for generalized possible models is also NP-complete.

On the other hand, deciding the existence of a disjunctive stable model
containing a given atom is known to be ΣP

2 -complete [EG93a]. Inoue and
Sakama [IS93] present a polynomial-time transformation from abductive dis-
junctive programs to normal disjunctive programs under the disjunctive sta-
ble model semantics. Therefore, deciding whether there is a generalized
disjunctive stable model satisfying a given observation is also ΣP

2 -complete.
These results are summarized in Table 1.

The above complexity measures verify the results of this paper that the
generalized stable model semantics of abductive logic programs can be ex-
pressed in terms of the possible model semantics of normal disjunctive pro-
grams by a polynomial-time transformation, and vice versa. Moreover, we
can observe that there is no efficient way to express the disjunctive stable
model semantics in terms of the generalized stable model semantics unless
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the polynomial hierarchy collapses. This observation extends the fact that
disjunctive stable models cannot be expressed by stable models of a normal
logic program in polynomial time [EG93b]. This explains the reason why
we have chosen the possible model semantics in this paper. Also we can
observe that when considering to extend the framework of abductive logic
programs to abductive disjunctive programs, the generalized possible model
semantics enables us to extend the framework without increasing computa-
tional complexity, while this is not the case for the generalized disjunctive
stable model semantics. The fact that the complexity of the (generalized)
disjunctive stable model semantics is higher than the complexity of the (gen-
eralized) possible model semantics is explained as follows: computation of
disjunctive stable models introduces an additional source of complexity for
its minimality-checking, while this is not the case for computation of possible
models due to its “non-minimal” feature.

The possible model semantics is originally introduced in order to provide
a flexible mechanism for closed world assumptions in disjunctive programs.
However, the results of this paper reveal that the possible model semantics
also contributes to bridge the gap between disjunctive programs and abduc-
tive logic programs. As presented earlier in this section, under the possi-
ble model semantics normal disjunctive programs are reducible to normal
logic programs. Since abductive disjunctive programs are reducible to nor-
mal disjunctive programs, abductive disjunctive programs are also reducible
to normal logic programs under the possible model semantics. Moreover,
in [SI93] we have shown that normal disjunctive/logic programs are also
transferable to semantically equivalent positive disjunctive programs. These
facts, together with the results presented in this paper, indicate a somewhat
surprising fact that all “extensions” of logic programming, i.e., normal logic
programs, disjunctive programs, and abductive logic programs, are essentially
equivalent under the possible model semantics. That is, negation as failure,
disjunctions, and abducibles can be used interchangeably under the possible
model semantics.

7 Conclusion

This paper has investigated the relationship between disjunctive programs
and abductive logic programs. The contributions of this paper are summa-
rized as follows.

1. A program transformation from abductive logic programs to normal
disjunctive programs was presented. It was shown that the generalized
stable models of an abductive logic program are characterized by the
possible models of the transformed normal disjunctive program.

2. A converse transformation from normal disjunctive programs to ab-
ductive logic programs was presented. It was shown that the possible
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models of a normal disjunctive program are exactly the generalized
stable models of the transformed abductive logic program.

3. Normal disjunctive programs were proved to be as expressive as abduc-
tive disjunctive programs. Moreover, it was shown that abductive dis-
junctive programs, normal disjunctive programs, abductive logic pro-
grams, and normal logic programs are all equivalent under the possible
model semantics.

4. From the computational complexity point of view, we have argued that
expressing the disjunctive stable model semantics in terms of general-
ized stable models is most unlikely possible in polynomial time. Also,
it was shown that the generalized possible model semantics can extend
the framework of abductive logic programs to abductive disjunctive
programs without increasing the computational complexity.

Disjunctive knowledge in disjunctive programs and abductive hypotheses
in abductive logic programs appear to deal with very similar problems from
different viewpoints. This paper verified this conjecture and revealed close
relationships between disjunctive programs and abductive logic programs.
That is, both formalisms are just different ways of looking at the same prob-
lem if we choose the appropriate semantics. The results of this paper verify
the usefulness of the possible model semantics as a theoretical tool not only
for disjunctive programs but also for abductive logic programs. Moreover,
we have argued that the possible model semantics can provide a unifying
framework for various extensions of logic programming, and in spite of its
usefulness, it does not increase the computational complexity more than the
classical propositional satisfiability. The possible model semantics also has
a close relation to autoepistemic logic [IS94].
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