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Abstract. 2 A frame-based semantics forPAS
In this work, paraconsistent answer sets for extended rditijie

logic programs are presented as a fully declarative apprdacor- Now we present an glternative entir.e_ly logical def_initiom ms
der to do so, we introduce a frame-based semantics. Frames ar Pased on frames [3] instead of requiring a syntactic opmvefike

powerful and elegant tool which have been used to charaeterid ~ the program reduct) as in [4]. Frames are characterisecpigsteon-
study substructural logics. Unlike the original definitiom kind of ~ Stituted by point sets, accessibility relations, and tséfs:
syntactic transformation is employed. Indeed, paractergignswer
sets are defined by minimising models satisfying some ciomgit
Considering that paraconsistent answer sets embed botteassts
and stable models, these semantics are also captured wiadra

Definition 1 (Point Set) [3] A point setP = (Q,LC) is a setQ to-

gether with a partial ordeiZ on Q. The setProp(P) of propositions
onP is the set of all subsets X &f closed upwardgshat is, ifx € X

andz C 2’ thenz’ € X.

We shall employ accessibility relations to evaluate iniemes
1 INTRODUCTION connectives:

Paraconsistent answer [4] sets can be used to represent Roufefinition 2 (Accessibility Relations) [3]
Knowledge Bases supporting reasoning with Rough Sets, Ipdare
medical applications. Nonetheless, as the authors de#ireséman-
tics by resorting to syntactic transformations, the aimtadracteris-
ing logic programming semantics by following only standgical
definition is not totally accomplished.

In [2], Pearce characterised Stable Models and Answer Sets a
specific minimal models under Heyting’s monotonic logichefre-
and-there Afterwards, Cabalar [1] resorted to a two-dimensional
version of the logic of here-and-there to capture the Waliafled Se-
mantics. For Paraconsistent Answer Sets, however, until tieere
is no fully declarative proposal.

Our general aim in the present work is to fill this gap by pro-
viding a definition of paraconsistent answer sets groundgy io
logical terms. Unlike the original one, this is attainedheiit em-
ploying any kind of syntactic transformation. Like Pearce also
resort to the logic here-and-there; like Cabalar, we alsodluce a
two-dimensional version of this logic. However, we empliog addi-
tional dimension to capture explicit negation informatinatead of
incomplete information as Cabalar does.

Although preserving Pearce’s original motivation, we &ihour
approach by sticking to frame-based semantics as presey®dg  pefinition 4 (Frame) [3] A frame is a point seP together with any
Restall [3]. Frames are a powerful and elegant tool whicleti®en  nymper of accessibility relations and truth sets/n
used to characterise and integrate substructural logicthérmore,
since paraconsistent answer sets embed both answer sedtahfed Below we present the frame we shall use in the definitioR45.
models, frames are also suited to capture them. We reserver to denote the following frame:

In next section we show our main contributions: the definitx
paraconsistent answer sets as a frame-based semanti¢epanee 1. The point seP = (Q,C) such that) = {hp, hn, tp,tn}, hp C

e ArelationC' is a plump negative 2-place accessibility relatiom
the point sef? = (@, C) if and only if for anyz, y, 2", y' € @, in
whichzCy, ' C z andy’ C y it follows thatz’ Cy’.

e Arelation R is aplump 3-place accessibility relatiam the point

setP = (Q,C) if and only if for anyz,y, z,2",y’,2" € Q, in

whichRzyz, ' C x,3' Cyandz C 2’ thenRz'y’2'.

Plump negative 2-place accessibility relations will beoagsted
with negations, whilst plump 3-place accessibility redas with the
rule symbol “>”. Below we define truth sets, whose interpretation
makes them eligible to define the truth constiant

Definition 3 (Truth Sets) [3] If R is a (plump 3-place accessi-
bility relation on a point setP = (Q,C) then for any subset
T € Prop(P), T is aright truth setfor R if and only if for each
z,y € Q, z C yifand only if for some: € T', Rzzy.

Now that we have defined a point set, accessibility relatam
truth sets, the notion of frame can be introduced straightiadly:

can easily adjust it to grasp answer sets and stable modws, h hp, tp C tp, hn C hn, tn C tn, hp C tp, andin T hn. In

Section 3 we draw conclusions and mention future work. Figure 1 we exhibit a graphical representatiorioin which the
relation C is presented through the sense pointed by the arrow.
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1 hnﬁ [ Point] Intended Truth Value |
hp Necessarily true
hn Necessarily not explicitly false
tp True

- hp nZD in Not explicitly false

Figure 1. Point Set folPAS Table 1. Intended Truth Values if®

2. The accessibility relations defined 81 R, R, Rnot, inwhich R
is exhibited in Tables 2, an®- and Rnot respectively in Figures
2, 3, such that an arrow fromto y denotes that there is an acces-
sibility relation fromz to y. As the reader can check,is a plump
3-place accessibility relation, whilgt- and Rt are plump neg-
ative 2-place accessibility relations.

R hp hp hy R tn tp tn 0

R hp hp tp| R tn tp hn

R hp tp tp| R tn hp tn|

Ritptptp| R tn hp hn| tp (: hp IDO
Rtp hptp| Rhn hp h

Table 2. Accessibility Figure 2. Accessibility Figure 3. Accessibility
RelationR RelationR-, Relation Rnot

3. The (right) truth set oR? is { hp, tp}, and corresponds to the truth
constants (see Definition 7).

The accessibility relation®, R- and Rno are obtained by adapt-
ing N-valuations used in [2] to present respectively therafges—,
- andnot into our frame to capturd®’AS2. Alternatively, explicit
negation could be treated in terms of a partial Kripke-sgdenan-
tics as Pearce did. However, guided by Greg Restall's dines;t
we prefer to preserve the two-valued assessment appliedvio-a
dimensional frame. In the sequel some definitions handleehean-
tical part.

Definition 5 By belief set, we meat?, .S™), in which S and S™
are sets of atoms. Thus, an atom A is trus8fn( resp.S™) iff A € S?
(resp.A € S™); otherwise, A s false it5? ( resp. Aiis false ir6™).

The knowledge ordering, (see [4]) can be mimicked in a re-
lationship involving belief sets as follows: I&;, = (S¥,ST') and
B, = (S%,5%) be belief sets. The knowledge orderigg, among
them is defined byB: <, B iff S7 C S%,S3 C ST. The mech-
anism behind knowledge ordering between belief sets isalrtm
guarantee the expected definition BfAS. Pursuant to this aim,
firstly we use<, to defineHT?—interpretations:

Definition 6 A HT?—interpretation is the paifB", B*
B" and B are belief sets satisfying" <, B'.

], in which

Recalling frameF, for each atom, & T —interpretation can as-
sign nine possible (truth) values corresponding isomagilyi to
the values found in the nine-valued logic IX (see [4]). To @xge
any misunderstanding, we shall reserve the letterand S to re-
spectively denote belief sets and sets of atoms, using ttetiow

h = (8" Sy and B! = (S*, S'™). Now we are going to asso-
ciate eachS” in [B", B']to az € Q:

Definition 7 (HT?—model) Letw € {hn, hp, tn, tp} be a point of
F, M = [B", B'] be aHT?—interpretation,“A” be an atom, and

2 In [2] N-valuations are used to determine Answer Sets.

both ¢ and v be formulae. We say that is satisfied byM in w,
written (M, w) I ¢, iff

(M w) I+ Aiff A e 5™

Ikt for all win {hp, tp}

I ¢ A1 iff (M, w) I ¢ and (M, w) IF 1

-V 2 iff (M, w) I+ ¢ or (M,w) - ¢

I =g iff for eachw’ in F s.t.wR-w', (M,w’) IV ¢

I not ¢ iff for eachw’ in F s.t.wRnotw’, (M, w") If¥ ¢
IF ¢ — ¢ iff for eachw’,w” in F s.t. R w w' w”, if

w') Ik 4, then(M, w") I+ ¢

M is aHT27modeI of a theory” iff (M, hp) I+ ¢ for eachg in T.

We say aHT?—model [B", B'] of a program P is p-minimal if
there is no belief seB’ <, B such thafB’, B'] is a HT?—model
of P. The main result of this paper is shown below:

Nogkr~wdhRE

Theorem 1 The p-minimalHT2-models[B*, B] of a program P
are exactly its paraconsistent answer sets.

Considering paraconsistent answer sets embed both anetger s
and stable models, our proposal is obviously eligible tol déth
them. Answer sets can be defined by addipgC hn andip C n
to the point set ofF, and because of the conditions in Definition 2, we
should also add new instancesRo R, and Rnot. Similarly, stable
models can be seen as answer sets versions free of expteitioe.
The resulting frame is isomorphic to the one presented byceg2]
for answer sets (stable models). The main difference isReatce
resorts to partial Kripke models to characterise answes, setilst
we preserve the two-valued evaluation in each point (world)

3 Conclusion

We have defined a fully declarative approach for parac@#isin-
swer sets, by resorting to a frame based semantics. Thig irgt
time a complete declarative characterisation is presefttegara-
consistent answer sets, no syntactic transformation id. usdeed
paraconsistent answer sets are obtained by minimising Is\edgs-
fying some conditions. Our proposal not only captures parsistent
answer sets for extended disjunctive logic programs, lsat@odels
for any theory composed by formulae recursively definabteafb

program connectives. We have shown how one embed answer sets

and stable models via frames.

Motivated by preliminary results, a general frame-basedase
tics to simultaneously capture both stable models and foalded
semantics families is expected in a following work. Finatlyr pro-
posal permits us to explore questions involving the roleogfd pro-
gramming semantics in the context of substructural logics.
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3 A program is asetof rulef1 A ... A L; A notL;4 1 A... ANOtLy, —
Lm+1 V...V Ly, where eaclL; is an atom or its explicit negation.



