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Abstract

This paper presents the relationship between disjunetive logie programs and default
theories. We firsl show that Hidoit and Froidevan’s positivist default theory causes a
problent in the presence of disjunciive information in a progeam. Then we present a
correct transformation of digjunctive logie programs into defauit theories and shiow a
one-to-one correspondance between the stable models of a program and the extensions
of its associated default theory. We also extend the results to extended disjunctive
programs and investigate their connection to Gelfond et al’s disjunctive defanll theory.

1 Introduction

A defoult theory initially inlroduced by Reiter [Rei80] is well-known as one of the major
formalism of nonmonotonic reasoning in Al. Recent sindies have shed light on the rela
tionship between nonmonotonic reasoning and logic programming, and the default theory
iz alzo turned ot to be closely related to the declarative semantics of logic programming
[Prz8%, BFOla, BF9Lb, MTS9a, LY21, MS02, L592]

Bidoit and Froidevaux [BF91a, BEY1b] have firstly investigated the relationship he-
tweer Jogic prograniming and default theories and introduced a positivist defauli theory
for stratifiabie and non-stratifiabie logic programs, Marek and Truszczynski [MT89a] have
ilsar developed transflornnations of geperal logic programs into default theories and shown a
one-to-one correspondence between stable models of a logic program and its corresponding
default extensions. While, Li and You [LY91] have presented a method of translaling some
specific defanlts into logic programs and shown its connection to the stable and the well
founded semantics of logic programs. Marek and Subrahmanian [MS92] have alse shown
the relationship between supported models of general logic programs and weak extensions
of defanit thearies. On the other hand, Gelfond et al {GLI'T91] have recently proposed a
new framework called a disgunctive defondt eory which is devised to treat default reasoning



with disjunctive information, The disjunctive default theory is also closely related to the
answer set semantics of extended disjunctive programs.

It is often said that the difficulty of Reiter's default theary arises when one considers
defanlt reasoning with disjunctive information. Using a popular example from [PoofS].
when we consider default rules:

t Th-usable n =lh-broken : rh-usable A ~rh-broken
lh-usahle !

rh-usable

with a disjunctive formula:
{h-broken Vv rh-broken

they have a single extension containing both Me-usable and rh-usable, which is unintuitive.

From the point of view of disjunctive logic programming, Lobo and Subralmanian
[1.592] present a one-ta-one correspondence belween minimal model semantics of a positive
disjunctive program P and extensions of a defanlt theary which is oblained from P by
adding delanlts —‘1 for cach atom A In the presence of negation in a program. Bideit
and Frojdevaux [Bl 91a] present the relationship between a stratified disjunctive program
and its associated positivist defanlt theory. However, we will point ont in this paper that
Hidoit and Froidevaux’s positivist default theory contains a flaw and cannot be applicable
to a disjunctive program with negation even if it is stratifiable. Hence modification and
extension are needed to relate disjunctive logic programs and default theories in general.

In this paper, we study the relation between disjunctive logic programs and default
theories. In Section 3, we revisit Bidoit and Froidevaux’s study and peint out its problem in
disjnnetive logic programs, Then in Seclion 4 we introduce a transformation of a disjunctive
logic program into a default theory and show a ane-to-one correspondence between stable
models of the program and extensions of its associated default theory. In Section 5, we
extend the results to extended disjunctive logic programs, and their connection to Gelfond
et al’s disjnnctive default theory is presented in Section 6. Finally, in Section 7 we discuss
connections to autoepistemic logie and circumscription.

2  Disjunctive Logic Programs and Default Theories
A program is a finite set of clauses of the form:
AV VA=A A A A AnelApg A Anetd, (n2mzlE 1)

where A, are atoms and nol is a negation by failure operator,! and all the variables are
assumned to be universally quantified at the front of the clause. A clause is called disjunctive
il » 1, else if { = 1, it is called normal. When a clause contains no not {m =), itis called
postitve. The disjunction Ay V...V Ay is called the fead and the conjunction 4; A, . . Anetd,

"While the operator = denoles classical negation in this paper.



is called the body of the clause. Each predicate in the head is said to be defined by the
predicates in the hady,

A program which contains at least one disjunctive clause is called a disjunctive (logic)
program and a program containing no disjunctive clause is called a general logic program. A
program consists of only positive clauses is called a positive program. A program romtaining
no predicate recursively defined through its negation by failure is called a stratificd program.
A ground clause 13 a clause which contains no variable, A ground program is a program in
which every variable is instantiated by the elements of the Herbrand universe of tie DrOgram
i every possible way. A ground program is a possibly infinite set of ground clanses. From
the semantical point of view, 2 program is equivalent to its ground program, su we consider
a ground program in this paper. As usual, we consider an interpretation and a model of a
program F to be subsets of the Herbrand base HBp of the program.

As for the semantics of programes, we consider the stable mode! semantics which is
introduvced hy Gelfond and Lifschitz in [GLS8). The definition of the stable model semantics
was initially given for general logic programs, and it is also extended to programs possibly
containing disjunctive clauses,

Definition 2.1 Let P be a program and M be an interpretation of 1. Consider a prositive
program "M ohtained from P as follows:

P = fA Y VA — A A A Ay | othereisa ground clause A W ..o A o
.J"h_,..]_ FLY .-4.,7,_ A T.!Uv!.-"']..;;.,_.{.'; Moo huntAd, from P and fi,-“_.f. Lo eees Alg E. _I;I-f}.

PM s called the reduct of P with respect to M. Then if M coincides with a minimal
model of f’M, A s called & stable model of P, O

A similar extension is aiso presented in [Prz290). A program has none, one or mulliple
stable models in general. Especiully, when a program is stratified, it has at least one stable
madel called a perfect model,

A default theory D is a set of defaull rules of the form:
o _J.i'p " --1."3'1-
8

where a, 8y,... f, and 7 are closed first order formulas and respectively called the prerequi-
site, the justifications and the consequent. Especially, if a is empty, we call D a prereguisite-
Jfree defanlt theory. Note here that the above definition, which is due to [GLPTY1], is dif-
ferent from the standard one [Rei80] in which the theory is given by the pair (W) of
defaults and first order formulas. As noted in [GLPT91], since a formula F in W is viewed
as a special default with the prerequisite true and the empty justification # in D, both
definitions are equivalent. Henee, throughout of this paper, we do not distinguish W from
I} and such a special default is written by F, instead of F-

A set of sentences 5 is deductively closed il § = Th{§) where T'h is the deductive closure
operator as usual. An extension of a default theory is defined as follows.

3



Drefinition 2.2 [GLPT91] Let &) be a default theory and £ be a set of sentences. Then E
is an extension of D if it coincides with the smallest deductively closed set of sentences £

satisfying the condition: for any ground instance of any defanlt rule o : 4y, .., 4,/ from I},
if o € £ and -3, .., -8, § E then~vy e E'. O

A default theory may have none, one or multiple extensions in general.

3 DPositivist Default Theory Revisited

To relate logic programming with default theories, Bidoil and Froidevaux [B1'91a, BF81b)
have presented a transformation which translates logic programs into so-called positivist
default theories. According to [BF91a), this transformation is presented as follows.

Definition 3.1 [BF91a] Let P be a program. Then its positivist default theory D associated
wilh # is constructed as follows:

{1) For each positive clause Ay V. WA = Aoy A, A d, fram P its corresponding formmla
A A VAR = Ay v v Ay s e D

(it} Each clause containing negation by failure 4y V.. v Ay — Ag g A A A A ot dg g A
- Amat Ay in P s transtormed into the following default in D:

fi.'.'_l M e M .14.11‘_: "‘1.‘:1,,|+1. ey '.‘1"_
J"‘].T Vo W ..‘].r

(i) For each atom A in HEp, the following CWA-default is in D:

v A

=
(iv) Nothing else js in D, O

Then [BFO1a] claims that a positivist default theory associated with a stratified disjunc
tive program has always at least one extension (Theorem 3.5 in [BF91a}). Moreover,

(Thearem {.1.3 in [BF91af) Let P be a stratifiable logical database. Then M is
a perfect model for I iff M is a defoult model for ity positivist default theory.

In the above theorem, a default model means an Herbrand model of an extenszion and a
“logical database” corresponds to a disjunctive program in our terminology, However, the
following example shows that there ezists a stratified disjunctive program whose positivist
default theory does not have any extension.



Example 3.1 Let F be the stratified disjunctive program:
i — b nonote

b — atnote
b o—

which has the perfect model {a,b}). While, consider its positivist default theorv 1J:

b:—g w:-w o c=h -
. avh —, —, —
{ a fr = -k =it }

[f we assume B = Th{{a,b,—c}), then E' — Th{{a v b, «w})is the smallest deductively
closed set satisfving each default in I, Since F £ £'. D has no extension. O

The above example presents that the result reported in [BF91a] is problematic. Fspe.
cially, when & program contains disjunctive information, the positivist defanlt theory is of
no use.” This observation also leads to the assertion that Theorem 5.2 in [Prz90], which
presents the relationship between positivist default theories and the stable semantics aof
diﬂjllﬂr‘['r'l.'i' TORTATS does it Liesld Alty [ore, Since prm’inusl,\' ]f‘rr?:—‘-F'nh‘-'r: resulls are now
turned out to be incorrect, we now need modification and reconstruction of theories to relate
disjunctive logic programs and defaull theories.

4 Translating Disjunctive Logic Programs into Default The-
ories

In this section, we present a transformation which translates dizjunctive logic programs into
defanlt theories,

Definition 4.1 Let F be a disjunclive program. Then its asseciated default theory Dy is
comstructed as follows:

(1) Each clause Ay v ..oV dy — Appg noon Ay Amet A, 0 A A nat A, in P s transformed
into the following default in Dp:

. sy, o, A
.’1,l+| MNoA "‘im = .-‘!.1 LU T ."'1,!

(it} For each atom A in HBp, the ollowing CWA-default is in Dp:

|
=4

*According te our analysis, the prool of Lemma 3.3 in [BF%1a) seems to contain a problem. Mowever, if
a disjunctive program contains no negation, the positivier default theory reduces to the defaulte presented

i [LSE'?] and 11 works well.




(1i) Nothing else iz in 2, O

Motice that Jp is a prerequisite-free defanlt theory.

Remark: Marek and Truszezynski [MT89a] have developed three kinds of transforma-
tions fry, try and trs which transform general logic programs into default theories. Consid-
ering these transformations in the context of disjunctive logic programs, a transformation
presented in (i) is a direct extension of the transformation try excepl that we are considering
CWA-defanlts in {ii}. While a transformation based upen tr3 corresponds to the positivist
default theory presented in the previous section, which is already turned out inappropri-
ate Lo characterize disjunctive programs. While a #7y-based transformation translates each
clause into the following default:

A;'H E e "F" -qm : _‘Am+£1 =y _'A'I'l
Ai v v 4y

A difference between try and tra is thal in ey, each positive clause is transformed into
a justification-free defanit in D, However, we cannot use this fr)-based transformation as
the following example shows.

Example 4.1 Cousider the program {a «— b b — a, aVv b —}. Then by the above
try-based transformation, it is translated into the following set of defaults,
i=a b

b
f— — Wb — P
{ﬂ, g evh — o

which haz no extension. 0O

These observations tell us that among three transformations in [MT8%a], the try-based
transformation is the only candidate which can be used to characterize the semantics of
disjunctive logic programs. Before verifying this expectation, we address some features of
prerequisite. free defaulis,

Lemma 4.1 Let D) be a prerequisite-free default theory. Then £ is an extension of D iff

E=Th({y} 22 ¢ b where 81,5, ¢ E))

FProof: II E is an extension of I, by Theorem 2.1 in [Rei80), £ = | )72, E; where

Lo = {F|F isafirst order formula in D},

Eiyi = ThiE)u{y| ﬁ‘_’:r_ffﬁ € D where =8, =i, ¢ E}.

Then E; = Th{Ey) for i > 2, the result immediately follows. The anly-if part follows
from Theorem 2.5 in [Rei8D]. O



The above lemma presents that prereguisite-free defaults are snfficient to assure the
converse of Theorem 2.5 in [Rei80]. The above result is further simplified as follows. Let [¥
be a default theory and £ be a sel of sentences. Then let D be a default theory which is
obtuined from [ by

, )
ac e, Gy

i i
Dt = (== €D and -p,., 6, € F)
7 7
D s called the reduct of D with respect o £ [GLPT91]. Then the following property
]‘l('llii!ﬂ-.

Lemma 4.2 [GLPTU1] A set of sentences £ is an extension for a default theary 1} iff E
is the minimal set E’ closed under provability in propositional caleulus and under the rules

from DE
From the above two lemmas. we get the following corollary.

Corollary 4.3 Let 17 be & prerequisite-free default theory, Then P is an estension of 17
it £="ThiD¥) O

The aliove corallary presents that for a prevequisite-free default theory 12, its extensions
are charactenzed by the set of first order formubas DF,

Now we are in a position to prove the main result of this section. Before that, we recall
the following result for positive disjunctive programs,

Lemma 4.4 [],592] Let £ be a positive disjunctive program. If E' 15 an extension of Dp,
ErHEp 15 a minimal model of 7, O

Theorcmn 4.5 Let P be a program and Dg be its associated default theory, Then
(i) if M is a stable model of P, there is an extension & of Dp such that M = EnNHBp;

(i1 i F is an extension of Dp, then M = Er HBp is a stable mode] of F.

Praof: (i} Suppose M is a stable model of P and let £ = Th{M U ~M) where =M =
17A A e HEp\ M}, Then fur each clause A, v .. v A +— Appr A A Ay, in PM ) the
corresponding formula 41 A LA A = A3V LV Apis in Dpf. Since M is a minimal
model of P and Dpt = PM [=4 1 A& M)}, Mis also a minimal moedel of Dp®. Then
ThiMu-M) = T.’:{D‘;:E} holds. Therefore, by Carallary 4.3, Th{M U =AM ) is an extension
of Dp, and since ThiM U -M)nHBp = M, the result follows.

(i) When E is an extension of Dp, E = Th{DpE) holds by Corollary 4.3, Let M =
L HBp. Then for each formula Ay A LA Aw = Ay V v A, in DpE, the corresponding
clause Ay VoV Ap — Ay AL n Ay s in PM. Since M is a minimal model of DpE (by
Lemma 4.4), it is also a minimal model of PY. Hence the result follows. O

|



Corollary 4.6 A program P has no stable model iff Dp has no extension. 0O

The above thearem presents a onc-to-one correspondence between the stable madels of
a program and its extensions. Especially for general logic programs, the above theorem
reduces to the result in [MT8%a].

Example 4.2 [GLPT91] Let  he the program consisting of the clauses:
[h-usable — not aby
rh-usable — not aby
afy — lh-broken
iifrg +— rh-braken
li-frraken v rh-broken «
Then each rule is transformed into the following defaults in Dp:

 2ahn by Hi-lrokent = aby, vh-broken = aby, {h-broken v vli-broken

Ih usable’ vh-usable’
with the ("WA-defanlts:

c=lh-lroken o orhobroken o slheusable : —rhousable :—HIE_rl 2 =l
lh-broken ' ~rh-broken ' <lh-usable ©  =lh-usable ' —aly T aby

Then De has two extensions in which a collection of all atoms from cach extension
becomaos

{ih-usable, rh-broken, aby} and {rhi-usable, (h-broken, ab }
which coincide with the stable models of P, ©
The above example presents that Moole’s paradox is eliminated in Reiter’s default by
considering CWA-defaults for each atom.
5 Default Translation of Extended Disjunctive Programs

An cxiended dispunctive program is a disiunctive program which contains elassical negation
as well as negation by failure in the program [GLY1]. The definition of an extended dis-
Junclive program is the same as that of a disjunctive pregram in Section 2 except that each
clause in a program has the {ollowing lorm? :

L] Yoo .E.rg = L“.] Mo Lm M Hﬂ‘!-f.—m{.] Mo i"LTl-ﬂfL"_ Eﬂ. 2 Tk 2 ! E 1}

*In [GLA1], & connective | is used instead of v Lo distinguish properiies of an extended propram from
classical first ordes logic, Bl here we abuse the classical notation as far as no confusion arises,



where each L;is a positive or negative literal. Especially, if a program contains no disjunctive
clavse, it 1s just called an extended logic prograrm.

The semantics of an extended disjunctive program is defined in the same manner as the
stable model semanties of disjunctive programs. Let P be an extended disjunctive program
and & be a set of Lterals. Then the mduct P¥ of I’ with respect to § s defined as follows:

L hav.vily— Liggn o ALy | there is a ground clanse Ly v ... v [,
Lisy 0o A Lon Attt Dyngey Ao Aoniot Ly, from Poand Loy, L, ¢ 5.

Then § s called an answer set of P,if § is a mininal set satisfying the conditions:
{1} for cach clause in P¥, il Ligi,ooydm arein 5, then some L, (1 <i<{}isin §,

(il) il 5 contains both A and =4 for some atom A, then § = £ where £ is the set of all
literals in the language.

A program has none. one or multiple answer sets in general, A program which has an
angwer sot different from £ is called consistent,

For au extended disjunctive program P, its positive fort I is obtained from £ Liw
replacing each negative literal =4 appearing in P with a newly introduced atom A° which
lias the same arity with 4. Then P is a disjunctive program containing no classical negation,
For notational convenience, let 5" be a positive form of an answer set § where eacl negative
literal =4 in 5 is rewritien by A in §'. Then the following relationship holds.

Lemma 5.1 [GLY1] Let /7 be a consistent exlended disjunctive program. Then  has an
answer set 50T P has o stable model 8. O

Note that in the above lemma, the consistency assumption is necessary (see Example
2.1} Since an extended disjunctive program reduces to a disjunctive progran: by considering
its pasitive form, we can directly apply Definition 4.1 1o give an associated defanlt theory
for an extended disjunctive program. We firstly rephrase Theorem 1.5 for our current use.

Lemma 5.2 Let J* be an extended disjunctive prograla and £ be its positive form. Then
(i} it " is & stable model of P!, there is an extension E' of Dp: such that M’ — E'fvH B pr:
(i) il E" is an extension of Dp., then M" = E' 1 HBp: is a stable model of . O

The next theorem directly fallows from the above two lemmas, which states a one-to-one
correspondence between the answer sets of a program and its extensions.

Theoremn 5.3 Let F be a consisten! extended disjunctive program and P be its positive
form. Then

{i)if 5 is an answer set of P there is an extension E' of Dpe sucl that £ = F'ny HE e



(ii}if £ is an extension of Dpe, then §' = E' 1 HBpr is a positive form of an answer set
Sof M, O

Clearly the abave results reduce to the case of extended logic programs in the absence
of disjunction in a program.” It should be noted that when a program is not consistent, we
cannot apply Theorem 5.3 in a straightiorward way. To present such a case, let us introduce
a vouple of terminologies. An extension E' of Dp: is said contradictory if it contains a pair
of complementary atoms A and A, otherwise it is called consistent. Then the following
relation holds.

Corollary 5.4 Let I" be an extended disjunctive program and P’ be its positive form. If
L is the unique answer set of P, Dps has no consistent extension, 0O

The converse of the above corollary does not hold in general.
Example 5.1 Let P be the extended program,
@ =l A

=ip —
b i— me b
I T

which has no answer set. While its positive form P' becomes
n— & ae

a —

b — noth
¢~ note
and its associated default g consists of

T T B ] A T
!llll.'"l.ff::"ﬂ. ﬂ;. T‘; T S ] ot 1 A
o i i _lb = L _'f-"r N

which has a contradictory extension Thi{a, =, ~c,a’,0',¢'}). O

1o characterize a program having no answer set, consider a program P which is the
reduct of F with respect to L. Then P¢ is a collection of all net-free clauses from 7. Now
the following property holds.

'[GLYL] presents a default translation of extended logic programs, which corresponds to rr, and differs
Tronm onrs,

10



Lemma 5.5 [lno‘]l] Let P be an extended disjunctive program, Then #* has a unique
answer set [ iff 7% has a unique answer set O, 0

Using this property, the following result holds.

Theorem 5.6 Tet I be an extended disjunctive program, I’ he its not-free subprogram,
and PY be its pusitive form. Then

(i} P has a unigue answer set £ iff Dy, has a unique contradictory extension:
(i ] P J -

{ii] 1" has no answer set §ff e has a consistent extension and Dpe has no consistent
cxtension. O

6 Relationship to Disjunctive Default Theory

A diginnetive default theory, recently proposed by Gelfond et al [G1L Fratl is kaown as
one of the extension of Reiter's defanlt theory which is devised to treat default TEASOLINE,
with disjunctive information. To this section, we investicate the conpection between the
associated default theory presented in the previons sections and the disjunctave defankb
theory,

A disjunetive defoult theory A is a collection of delaults of the form:

. l'lj]r--.ili?re
N |

where o, By, Jng, 71007 (e 2 0) are closed first order formulas and also respectively
called the prerequisite, the justifications and the conseguents.

An exlenizion of a disjunctive defanlt theory is defined in the same manner with that of
a default theary except thal it is a minimal deductively closed set E of senrences such thal
il I' sutisfies the prerequisite and justification conditions, £ is required to contain one of
the consequent ~ {1 < ¢ < n) rather than the disjunction itself,

Fur a given extended disjunctive program P, its essociated disjunctive default theory Mg
i¢ defined as follows: a clanse Ly V...V L — Ligr noon Lo Amot Ly A A motDy in Pis
translated into the following -:‘Iu.s]uuctj v defuul

Ligg A A Jr-r.—._'i L1, hoy
L

Sote here that any OWA-defanlt is not nmuded im Ap. The lollowing lemma is due
to [(‘Il Tﬁl] whirh presents the relation between an extended disjunctive program and its
associated disjunctive default theory.

Lemma 6.1 [GLFT91] Let P be an extended disjunctive program and Ap be its associated
disjunctive default theory. Then a set of literals § is an answer set of P if § is the set of
all literals from an extension of Ap, O

11



In the previous section, we have investigated the relationship between extended disjunc-
tive programs and default theories. Then we get the following theorem fram Theorem 5.3
and Lemma 6.1. Recall here that 57 is a positive form of an answer sel 5.

Theorem 6.2 Let I’ be a consistent extended disjunctive programn and P’ be its positive
form. Then

i) il Ey is an extension of Ap and § = Ex 1 £, then there exists an extension k' of Dp
such that §' = E' M HBp::

(i) if E'is an extension of Dp and §' = E' A HBp, then there exists an extension Ea of
Ap such that S = Eand. O

Corollary 6.3 Let I’ be an extended disjunctive program. PF be its not-{ree subprogram,
and P be its pesitive form. 'T'hen

(i} Ap has a vnique extension Th(L) iff Dy has a unique contradictory extension:

(i} Ap has no extension T Lo has a consislent extension and Lipe has no consistent
extonzion. 1

The above results bridge a gap between disjunctive defaults and Reiter’s delult iheories
in terms of disjunctive logic programs,

In [GLPTH1], the difficulty of expressing disjunctive information in Rejter’s defanit is
discussed nsing some examples  However, we have already seen that Poole's paradox is
eliminated by considering the CWA-delauits in its associated defanli theory. The following
examples, which are also given in [GLPT91] to differentiate cach formalism, present that
we do not Jose any information under Reiter’s default theory in the presence of disjunctive
information,

Example 6.1 Let Ap = {a ¢+ b, a|b}. Then the default theory

Ml :_—uh
Dp=faeb, avh, — 2

has Lhe unique extension Th{{e,b}} which is equivalent to the extension of Ap. O

Example 6.2 Let Ap be the following disjunclive default theory:

i DOTHR
h, —, —1}
{ﬂ' ] d b 1 ¢ }
Then the corresponding default theory
T B
Dp=davbh a=b, —, — —
p=fa Iy it ~il = }

has the unique extension Th{{-a,b,¢)) where Th{{-a,b,c} N HBp) coincides with the
unique extension of Ap. O

12



In 1z not clear whether there is a general correspondence between the disjunctive default
and Heiler's defanlt, however, the results presented in this section show that Reiter’s defanlt
theory has the same expressiveness as the disjunctive default theory to characterize Lhe
stable and answer set semantics of digjunctive logic programs.

7 Connection to Autoepistemic Logic and Circumscription

I'rom the point of view of autvepistemic logic, it is known that there is a currespondence
hetween extensions of Reiter’s default theery and expansions of Moare’s autoepistemic logic
Moos3|. Marek and Truszezynski [MT89b] have shown that there is a one-to-one correspon-
dence between a weak extension of a default theory and an expansion of its corresponding
antoepistemic theory, Further, they showed that for prevequisite free defaults, the notions
of weak extensions and extensions coincide. These facts imply that the results presented
i this paper are alsu rephrased under autoepistemic logic. That is, in Definition 4.1 il
inslead of translating each clavse in a program inlo a corresponding defanlt rule, we can
transforin it into the following autoepistemic formula:

."1|'+] Ao A .'1."! ) —'L_-"I,",r} Mo 'L-."l,,_ = ."!] VoW _"LI

and instead of the CWA-defanlts in (i), we have

LA = =l

Thus we obtain the autuepistemic theory ALp associated with a disjunctive logic pro-
gram P. Then the following result halds.

Theorem 7.1 Let P be a disjnnetive logic program and AEp be its associated autoepis:
temic theory defined above, Then there is a one-to-one correspondence between stable
models of Pand expansions of AFp. O

Such an autoepistemic translation is also presented in [Prz90] in the context of the
d-valued stable model semantics.® Moreover, by using the same technique presented in
the previpus sections, this antoepistemic translation is also extenszible to the answer set
semiantics of extended disjunctive programs and their associated disjunctive defaunlt theories.
These observation presents that the results presented in this paper also provide yet another
episteniie characterization of extended disjunctive programs and digjunctive default theories,
which is different from such as [Lif81, Tru81).

Circumseription [Mc80)] is also closely reluted with default theories. Etheri ngton [ELhET]
has shown that a certain class of default theories is identified with its corresponding cir-
vuinscriptive theories. Saying the relationship in the context of logic programming, for
positive disjunctive program F, the default theory PLF{E} ! A HEp} coincides with the

"However, its defaull connterpart is incorrectly stated as is presented in Section 3.
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circumseription Cire( P A} where Cire(P; A) denotes circumscribing each predicate of A4
in F.

Now we consider a correspondence between disjunctive programs and circumseription
in general. For a disjunctive program P, let Py, be a program ubtained from P by replacing
each notd in F by LA, where LA s a new atom meaning A is believed. Theu AEp =
FrUlUuews, {A = LAY In the following, a model means an Herbrand model. Now the
following theorem holds.

Theorem 7.2 Let F be a disjunctive program and Dp be its associated default theory.
Then E is an extension of Dp iff M s a model of Cire{Py; A} A Naenrp LA = A such that
MnOHEr = FniBe.

Proof:  An extension E of p is also an extension of Dp¥ (Lemma 4.2). Now put
M' = EnHBp. Then Dpf is a default theory associated with a positive disjunctive
program PMand M' is equivalent to a model of Cire{ PM'; 4) [Eth#T). (1)

Now comsider Cire{ AEp; LA; A) where the third argument in Cire denotes variables.
Put M = M"U{LA | A M}, Then clearly M is a model of Circ{4Ep: LA4; A). Let
Fr.™ he a positive disjunctive program which is ohtained from Py by deleting (i) each clause
which has a negative literal =LA in its body such that LA & M, and (ii) all megative literals
oA in the remaining clauses. Then it clearly holds that A is a model of Cire{l AEp; LA A)
Hf A s o model of Cirel AR LA Al where AER™ js M Ul seng 14 = LA} Since
an atom LA does not appear in Pr" and the minimization of LA implies that of 4 by
~LA = =A, the extension of each predicate from A in a model M of Cire(AEpM . LA; 4)
coincides with that in a medel M 1 1Bp of Cire( PLM; Al

Then it holds that M is a model of Cire(AEp;LA; A) iff M 1 HBp is a model of
Cire{ PrM: A). Moreaver, Chive( AEe; LA A)is cquivalent to Cére( Py ,q].,ﬁﬁ,_le.ﬂﬂp A=A
{by Proposition 3 in [Lif87]), it follows that M N HEBpg is 4 model of Cire PR™; A)iff M s
a model of Cire(PLiA) A Ayenp, LA= A (2)

Simce PMT = My (1) and (2) the result follows. ©

The above Cwre(FPriA) A Agenp, LA = A corresponds to the so-called introspective
circumseription in [Lif89).% Then the above theorem extends the result presented in [Lifsy]
tor general logic programs to the case of general and extended disjunctive Programs.

&8 Conclusion

This paper has presented the relationship between disjunctive logic programs and default
theories. T'he contributions of thus paper are summarized as follows:

1. The problem of Hidoit and Froidevaux's pusitivist default theory was pointed out. It
was shown that we could not use the positivist default theory any more in the presence
of disjunctive information in a program.

Ea E:il.rli.lﬂl' resalt is recently reported by Lin and Shobam in [TiS82],
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. A transformation of disjunctive logic programs into default theuries was presented.
This transforination is the one and only one extension of Marek and Truszczynski's
transtormations, and it was shown a one-to-one correspondence between the stable
models of a disjunctive logic program and the default extensions of its associaled
defanlt theary,

o

3. The above result was also extended to extended disjunctive programs, It was shown
that the answer set semantics of an extended disjunctive program was also character
ized by its associated default theory,

40 The comnection between the associated defunlt theory and Gelfond et al's disjunctive
default theory is presented. Reiter’s defanlt theory was shown to be still expressive
as well as the disjunctive default theory to characterize the semantics of disjunective
logic programs.

. We have alsa discussed relationships between disjunctive logic programs and avtoepis
temic theories and eircumscription. These results not only provide bridges between
our work and proviously proposed approacles, bul also present vet another chaguac-
tetization of extended disjunctive programs and disjunctive defauit theories,

=
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