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Ahstract An investigation into the relationship between argnmentation and disjunctive logic programs with
explicit negation (EDLP) is conducted. By employing the coherence principle, an argumentation-theoretic
framework for EDLP is presented, in which various forms of argumentation can be performed. In particular,
e sgeprical semantics Acc is introduced in a natural way. To provide a more suitable form of argumentation, a
less skeptical semantics Mod is also defined which naturally extends the well-founded model.
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Traditionsl logic programs are not sufficiently expressive for tasks of representing large classes of knowl
edge bases, and thus have been extended according 1o the following twu considerations

I. Disjuncetive information can not be fully and directly expressed in traditional logie programs. which is
proven to be a major obstacle to using them in various knowledge domains. In particular. it constitutes a major
cbstacle to using logic programming as a declarative specification language for software engineering. As a re-
sult, the class of disjunctive logic programs is introduced by allowing disjunction te appear in the heads of elans-
es of logic programs. Disjuncrive programs uot only allow more dircet representation of incomplete information
but also they are more expressive than traditional ones.

However, the problem of defining a suitable semantics is proven to be a difficult one, as evidenced by a lot
of studies (see Ref. [1] for » survey). The argumentation-theoretic frameworks defined in Refs.[2,37] seem to
be such two promising semantics.

2. The negazive l:lormation in the traditional logic programming is implirit and represented by the default
negation. A proposition is assumed falsc if there is no reason to believe that itis true. However, as argued by

. sunie researcliers . explicit negative informativn can not be expressed in lugic programs without explicit negation
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though it is crucial in applying logic programming to diagnosis, database updates, and declarative debugging. In
recent years, researchers have understood the importance of extending logic programming by introducing explicit
negation. This enhancement of logic programming immediately leads to the new basic problem of how to deal
with contradiction in such extended disjunctive programs.

Argumentation constitutes a major part of human intelligence. The ability to be engaged in arguments is
important fcr people to understand new problems. to perform scientific reasoning, to express and defend their
opinion in their daily life. The basic idea of argumentative reasoning is that a statement is believable if it can be
argued successfully against the atracking arguments. In other words, whether or not a rational agent believes in
a statement depends on whether or not the argument supporting this statement can be successfeily defended
against the counter-arguments.

But surprisingly, not much attention has been paid so far to the argumentation in extended disjunctive pro-
gramming though these kinds of reasoning are prominent in legal reasoning, defeasible reasoning and ronmono-
tonic reasoning. Thus, the goal of this paper is to provide a semantic framework for performing argumentation
in extended disjunctive programs. We do so by incorporating the coherence principle into the approach proposed

in Ref. [2].
1 Coherence Hypotheses

Without loss of generzlity, we will consider only propositional logic programs. There will be two kinds of

negations in the logic programs considered in this paper, that is. the default negation ‘~' and the explicu

negation “=1'. For any atom 2, '—1a is true’ means that —1a is provable in the given logic program system;
‘~gis true’, howsver, means that the attempt to prove g fails. The disjunction ‘|’ in logic programming is
the so-called epistemic disjunction.

An objective Lleraf { is an atom a or its explieit negation —7 ¢; a disjunct 4, {... |I of objective literals
Liw..oolis said to be a disjunciive objective literal., The default negation ~{ of an objective literal is a subjective
literal and a disjunctive subjective literal is a disjunct ~1, |... | ~I, of subjective literals ~{;.... ,~/. We use
Or. Sp DXOp and £8p 10 denote the sets of all objective literals, subjective literals, disjunctive abjective literals
and disjnnctive subjective literals, respectively.

We first give the syntax of extended disjunctive logic programs.

Definition 1. 1 An extended disjunctive program P is a finite ser of clauses of the form

Il .

Lol ivavaslyy ~ Ly s ~ 1
where L' s are objective literals.

If we cunsider Gp as the Herbrand base (in particular, an objective literal is taken as a new ‘atom’) as in
the traditional logic progremming, then some notions introduced in Ref. [27, such as expansion and canonical
for_’m, can be easily generalized 10 extended disjunctive programs,

Definition 1. 2. A (désjunctive) assumption a of P means a disjunctive subjective literal. A subset A of DS,
is a (disjunctive) hypothesis of P it || Al = A

The task of defining a semantics for logic programs is in fact 10 determine the sets of literals that should be
inferred from the yprogram. Since the incorporation of explicit negation makes the reasoning of programs ex-
traordinarily complicated, the argamentation-theoretic framework defined in Ref. [2] can not be directly gener-
alized to extended disjunctive programs.

In the rest of this section, we will formulate a useful principle (the coherence principle) intraduced in Ref.

[4] in the setting of extended disjunctive programming. This principle will greatly simplify the approach of
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negations and allow us to define 2n intuitive semantic framework that can properly handle different negations

and contradictions. The coherence principle guarantees that ~a is true whenever =1 a is truc. In other words,

aur acceptable hypothesis A should possess such a property: if —14a can be inferred from an extended disjunctive

program P under the hypothesis 4, then ~a is &lso inferred. We now formulate this intuitive principle in the

following definition.
Definition 1. 3. Let A be a hypothesis of extended disjunctive program F. Then the coherence hypothesis

Cohp(A) of F is defined as
Cohp(A) = imy|o [~ Ly AUPU (~Lilees ~ T 0| ol I,
€ Oebbmn~ 4l L~ L},
where F ., is the minimal first-order inference by taking all objective and subjective literals as new atoms,
The function of Cohp(A) is to collect all the assumptions that are inferred by the original hypothesis A.

This means that our real hypothesis will be Cohp(A) once we take the hypothesis 4.
Corollary 1. 1. For any hypothesis A of an extended disjunctive program P, the following twe items hold:

1. ASCohplA)Y; 2. Cohp(Cohp(A))=Cohp(A).
Example 1.1. Let the extended disjunctive program P consist of the following three clauses:

a Ib -~
= ¢e—~d
=d

Then Cohp(Z)= | ~c,~d || . For A= || ~&1| » Cohpl | ~b| J== | ~b,~c,~d | . This example also shows
that, in general, (Jahps (AL A.

From the example above we can see that the norion of coherence hypotheses characterizes the intended rela-

tionship between default negation and explicit negation{that is, the intuition of the coherence prinziple). How-
ever, there is no relation between an atom 2 and its negative objective literal —1 a at present. Intuitively, at

least we should guarantee that, if a is provable, — a must not be inferred from P (.e. ~ 71 a should be prov-

sble). Consider the following example.
Example 1.2. Suppose that one has to take train or bus, instead of taking airplane, if the weather is bad.

Now, today’s weather is really bad. Then this knowledge base can be expressed as the extended disjunctive pro-
gram P
1 bad-weather<
by-bus |by-train<bad-weather
Since — bad-weather holds at present, we often implicitly assume that bad-tweather does not hold. That is,
bad-weather holds if and only if both bad-weather and ~ 1 bad-weather hold at the same time, Therefore, P
actually expresses the following program.
1 bad-weather<—
by-bus | by-train—bad-weather , —1 bad-weather.

Definition 1. 4. Let P be an extended disjunctive program. The intended program P’ of P is the extended
disjunctive program by replacing every clause of the form /i |... [L<Lpise e sl ~byys- -0 v ~{ by another {,
b Lodpss~ N lpysene sdhis~ "1y =1Ly1se ..y T 1. P will be an extended disjunctive program if we do not
state explicitly.
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In the rest of this paper, whenever an extended disjunctive program is mentioned we always mean its in-

tended program.
2 Acceptability of Hypotheses

In this section, we will seek basic conditions for determining acceptable hypotheses. First, a reasonable
agent should not directly derive contradictory conclusions from an acceptable hypothesis. Thus, the following
definition is in order.

Definition 2. 1. Let A be a hypothesis of extended disjunctive program P. A is self-consistent if there are no
objective literals /,... ,/. € Op such that Cohp (AYU P F il for all 1==1,... .m implies both ~{,|... |~I. €&

Cohp(AY und Cohp(AIUP F o 18| o o | 1l
The intuition of this delinition is that direct contradictions can not be inferred from P under a self consis-

tent hypothesis A. In our opinion, an acceptable hypothesis should be self-consistent. It is not hard ro sse that

there really exist hypotheses that are not self-consistent. For example, suppose that P={ 7 g« ~~6; b—~a} .
Take A= | ~& || , then Cohp(AY= || ~a, ~& | . Thus. Ais not self-consistent since Coip (A P F nnb but ~
b A

By the delinition above, the following corollary is obvious.

Corollary 2. 1. For any disjunctive program P that contains no explicit negation, I possesses at legst one
self-consistent hypothesis,

Proof. Take A=, then Cobp(A)= . It is obvious that & is a self-consistent hypothesis of P.

This conclusion will not hold for programs that contain explicit negation. Consider P= {a=—; —14+},
Cobp(BY=| ~a |l but Cohp(ZI P F nna. Thus, & is not a self-consistent hypothesis of P. In fact, P pos-
sesses no self-consistent hypotheses. This coincides with our intuition on P.

Definition 2. 2. An extended disjunctive program is self-consistent if & is a self-consistent hypothesis of P.

The following theorem says that the condition in Definition 2. 2 is the weakest condition that guarantees the
existence of self-consistent hypotheses for F.

Theorem 2. 1. An extended disjunctive program P has at least one self-consistent hypothesis if and only if P
is sell-consistent.

Proof.  The condition is obviously sufficient. For necessity, by Definition 2.1, P would have no self-con-
sistent hypatheses if ¢ is not a self-consistent hyporhesis of P.

In general, not every sell-consistent hypothesis represents the intended meaning of P. Fur example, P—
{@|b<—~c}. Intuitively, the default negation ~~c of ¢ should be true, which implies that a |& is also derivable
from P. Therefore, ~a and ~#& can not held at the same time. However, A'= || ~~q,~% | is self-consistent.
This means that the class of self consistent hypotheses must be further constrained. To this cnd . based on the
paradigm of argumentation, we will introduce the definition of acceptable hypotheses after some notations are
defined.

We say that a hypothesis A denies an assumption =~ |... |~ of P if Coh; {AMJP F ..l for all 1=
| Y

Definition 2. 3. Let A and A’ be two hypotheses of P. A is said to attack A", denoted as A, 22 if one of
the following conditions is satisfied .

1. there exists an assumption S€ 4’ such that A denies §;

2. there exist assumptions ~Z;s...~,€ A" such that Cohip(A) UP Fauwli|... 4.

The above cendition (2) means that A may ‘deny’ more than ¢ne (non-disjunctive) hypathesis of A,
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Notice that ¢nly the condition (1) above is not enough to reflect the attack relation. For example, P={—a]|

=16+ }, then A= attacks &'= || ~—7a,~ 18] though & denies no assumption in &',

Similar to the definition of acceptable hypotheses in Ref. [2], we have the following fundamental concept.

Definition 2. 4. Let A be a hypothesis of P, An assumpton 8==—~{,|... | ~{, of I’ is acceptable with re-
spect to & if A& ) 4" for any hypothesis &' of P that denies &,

Ar(A) denotes the set of all acceptable hyputheses of P wrt A.

The intuition of this definition is thai; for any hypothesis &' that denies 2y A will defend @ by attacking A7,
Intuitively, if A is an acceptable hypothesis of P, then each assumption of Cohs(A) should be acoeptable with
respect to 4.

Definltlon 2. 5. Let A be & self-consistent hypothesis of I'. A is said to be acceptable if Cokh, (AYTA-(A),

From Corollary 1. 1, the following result is obvious.

Corollary 2. 2. If Ais acceptable, then so is CohpCA). Moreover, Ap{AY=A;(Coky(A)).

kxample 2. 1.  Let P consist of two clauses:

alb—~-c

e
Then A= || ~c | is acceptable but A'= || ~z,~&|| is not.

Theorem 2. 2. Let P be an extended disjunctive program. If P is self-consistent, then it has at least one ac-
ceptable hypothesis.

Proof. Take A;=Cohp(Z). We want to prove that dis acceptable. Since & is self-consistent, so is Je.
To show that A AR(A), it suffices 10 prove that if A" ) » 4y then A” must not be self-consistent. In fact.
suppose 4" attacks 8=~ |... |~ € .. Then Cohr(A Y JP b mnl; for all i=1,...,n. On the other hand, by
BE Cohp( &), we have Cohp (@IUP + . Again, Cohy( @) Cohp(A ), thus Cohp(A Y JP + wnB. This im-
plies that A" | p 4", Therefore, A5 A (4). By Corollary 1. 1, Ay=Cokr{Ay), and thus the conclusion follows.

Definition 2. 6. The semantics Acc(P) of extended disjunctive program is defined as the set of all acceptable
hypotheses of P,

By the definition abave, the inference defined by semantics Acc(P) corresponds to the intersection of all ac-
ceptable hypotheses of £. We know that Cohs (@) is the least acceptable hypothesis of 2. Thus, Acc(P)=
Cohp (). This semantics is obviously too skeptical to infer anything from some programs.

Erample 2. 2.  Let P consist of two clauses:

Ta*
Glev~d
Then Cohy ()= || ~a| . However, it is obvious that the assumption ~d should also be acceptable, Thus, 2

little mote credulous semantics is highly needed.

3 Moderate Hypotheses

Suppose that there is an agent whose reasoning will be considered reasonable by all other rational agents.
Therefore . the hypotheses accepted by this agent will be consistent with other acceptable hypotheses. If Ayis an
acceptable hypothesis of our agent, then A,!J A’ is always self-consistent for any accepteble hypothesis A'.

Definition 3. 1. A hypothesis &, of P is moderate if it is 2 maximal member of the hypotheses that satisfy
the following condition : for any acceptable hypothesis 4 of P, || AlUA || is also acceptable.

We can show that each self-consistent program possesses the unique moderate hypothesis.
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Theorem 3. 1. Tf an extended disjunctive program P is self-consistent, then P has the unique moderate hy-
pothesis,

Proof. First, to prove the existence of moderate hypothesis: by the proof of Theorem 2. 1, Cohs (2 is
an acceptable hypothesis of P and Coks (& )T A for any hypothesis A, Thus, Cokp(@)|JA is still acceptable if
Ais acceptable, Write Dp={4;: 4, is an acceptable hypothesis of P such that || 4,{JA || is acceptable for any
acceptable hypothesis A}. Then Cohr(2) € Dp and thus De7=@f. By Zorn's lemma, the partially ordered set
(Dz, =) has a maximal element Au., which is exactly a moderate hypothesis of P.

Next, to show the uniqueness of moderate hypothesis : suppose that P has another moderate hypothesis &',
then A= || A, lJ4' || is acceptable, and AlJ A is acceptable for any acceptable hypothesis A. However, 4A,.4C24
and A'CA, by the maximality of .. and &', we have A =A=A,_..

The moderate semantics Mod (P) is defined by its unique moderate hypothesis. This semantics provides a
natural argumentation-based extension of the well-founded semantics, By Theorem 3. 1. Mod is complete for
the class of self-consistent programs.

An extended disjunctive program is said to be consistent if it has at least one answer set(5). Notice that
some self-consistent programs are not consistent, which means that our semantics Mod can handle inconsistent
programs better (see the following example).

Ezxample 3.1. P consists of three clauses.

la~—
ae—-h
[

This program is inconsistent under the answer set semantics. But P has the unique moderate hypothesis Apw

(P)=|{ ~a,~ 14, ~—1c| , which is exactly our intuition on P.

Corollary 3. 1. Every moderate hypothesis is an acceptable one.

Proof. Tt follows directly from Definition 3. 1.

Since Cohp(&') is the least acceptable hypothesis, the following result is obvious.

Corollary 3. 2. If an extended disjunctive program P is self-consistent and 4,.,,{P) its moderate hypothesis,
then Cokp ()5 A (P).

This corollary says that, in general, the semantics Mod is more credulous than Ace.

Comnsider the program in Example 2. 2. Tt is straightforward to verify that Auu(P)= || ~ay~d,~ k.~

el

* 4 Conclusion

By exploiting the coherence principle, we have established an argumentation-theoretic framework for ex-
tended disjunctive programs. In particular, we define a well-founded semantics mod and its properties are stud-
ied including its completeness and uniqueness for the class of self-consistent logic programs. In this framework
we can also introduce other forms of argumentation similar to the DAS in Ref, [3], but they will be more com-
plicated. There are some interestipg research directions. One possibility is tc compare our semantics with other
ones for extended disjunctive programs, such as the answer set semantics and the abductive semantics in Ref.
£6]. Our framework can also be generalized to the class of bi-disjunctive logic programs with explicit nega-

tion[". More importantly, a procedural interpretation for Mod is highly needed.
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