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Abstract

For modeling the assumption-based intelligent agents who make assumptions and use them to construct their
belief sets, this paper proposes a logic programming language AASP (Assumable Answer Set Programming)
by extending ASP (Answer Set Programming). Rational principles of assumption-based reasoning are given
to define the semantics of the AASP program. The relation of AASP to some existing default formalism and
extensions of ASP implies that AASP can be used to model and solve some interesting problems with incomplete
information in the framework of assumption-based reasoning.
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1. Introduction

In the case of incomplete information, one framework of the mental behavior for an intelligent agent
is to make assumptions, and use them to construct belief set through deductive reasoning [1]. Var-
ious approaches for assumption-based or hypothetical reasoning have been proposed in the past.
Examples include Assumption-Based Truth Maintenance System introduced in [2], [3], [4], and [5],
Probabilistic Assumption-Based Model and language proposed in [6] and [7], Poole’s Default Theory
in [8] and [9] etc.. Some efforts are made to explore the way of identifying assumptions in reasoning,
in which assumptions are not given explicitly. For example, [10] explores the derivation of assump-
tions to explain observed events, [11] and [12] present an approach to hypothetical planning involves
generating assumptions about actions that can not be derived from the knowledge-base etc.. Besides,
many studies show that assumption-based reasoning is closely related to the topics like argumenta-
tion [13], action reasoning [14], planning [15], contextual reasoning [1], defeasible reasoning [16],
logic programming [17], default reasoning [18] [19] etc..

Presently, Answer Set Programming (ASP) has become an increasingly popular tool for declarative
programming, knowledge representation, and nonmonotonic reasoning [20] [21] [22] [23]. Answer
sets are widely accepted as a rational reasoner’s views in an environment described by a logic program
that may contain incomplete information. The increasing success of the answer-set based reasoning
inspires us to explore how to use it in both assumption making and belief building of the framework
of the assumption-based reasoning.

This paper presents a new logic programming formalism for assumption-based reasoning by com-
bining the idea of ASP and the framework of assumption-based reasoning. Specifically, we propose
Assumable Answer Set Programming (AASP) language, an extension of ASP, that can be used to de-
sign the assumption-based intelligent agent whose mental behaviors of assumption making and belief
building are defined on the answer-set based reasoning.
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The rest of the paper will introduce AASP formally and is organized as follows. In the next sec-
tion, ASP, two extensions of ASP, and constrained default logic are briefly introduced as background
knowledge for the self-contained requirement and as objects compared with AASP. In section 3, we
introduce syntax, semantics, and some properties of the AASP program. In section 4, the relation
between AASP and some other formalism is given. We conclude in section 5 with some further dis-
cussion.

We will restrict our discussion in this paper to propositional programs. However, as usual in answer
set programming, we admit rule schemata containing variables bearing in mind that these schemata
are just convenient representations for the set of their ground instances.

2. Preliminaries

2.1. Answer Set Program
Follow the description of ASP from [22]. A regular ASP program is a collection of rules of the form
Lior..or ly < L1, ..., Iy, not Lyt ..., not I,

where the Is are literals, not denotes negation as failure, or is epistemic disjunction. The left-hand
side of a rule is called the head and the right-hand side is called the body. A rule is called a fact if its
body is empty (equivalent to containing only a literal T) and its head contains only one literal, and a
rule is called a denial if its head is empty (equivalent to containing only a literal 1). An answer set
X of a program IT if it is the minimal set (in the sense of set inclusion) that satisfies ITX, where IT is
G-L reduct of IT with respect to X achieved by two rules:

« delete all rules whose bodies are not satisfied by X.

« delete not I in the bodies of the remaining rules.

AS(IT) is used to denote the set of all answer sets of an ASP program II.

2.1.1. CR-Prolog

CR-Prolog extends the regular ASP with a purpose of representing indirect exceptions to defaults
([22]). Follow the description of CR-Prolog from [24] and [22], a CR-Prolog program is a collection of
regular ASP rules or consistency-restoring rules (CR-rule) of the form

N
Lor..orly < liq,.... L, not lyyq, ..., not I,

where the Is are literals, not denotes negation as failure, or is epistemic disjunction. And, < is a partial
order defined on sets of CR-rules in the program. This partial order is often referred to as a preference
relation based on the set-theoretic inclusion (R; < R; iff R c Ry) or defined by the cardinality of the
corresponding sets (R; = Ry iff [Ry| < |Ry)).

The set of regular ASP rules of a CR-Prolog program Q is denoted by Q"; By a(r) we denote a regular
rule obtained from a consistency-restoring rule r by replacing il by «—, and & can be expanded in a
standard way to a set R of CR-rules, i.e., a(R) = {a(r)|r € R}.

A minimal (with respect to the preference relation of the program) collection R of CR-rules of Q
such that Q" u R is consistent (i.e., has an answer set) is called an abductive support of Q. Then, a set
M is called an answer set of Q if it is an answer set of a regular program Q u a(R) for some abductive
support R of Q. We use ASc(Q?) and AS:(Q?) to denote the collection of answer sets of Q w.r.t. the
preference relation on set-theoretic inclusion and the cardinality respectively.



2.1.2. Abductive ASP

We consider two versions of the abductive answer set programs. In [25], an abductive logic program
(ALP93) T is defined as a pair < P, A > where P is a regular ASP program and A is a set of literals
from the language of P called abducibles. G a ground literal represents a positive observation. A set
Sis a belief set of " with respect to E if S is an answer set of Pu E where E c A. S is called .4 minimal
if there is no belief set T of I" such that T n . A < Sn A. A set E is an explanation of G with respect
to I' if G is true in a belief set S of I such that E = S n A. An explanation E of G is minimal if no
E’ c E is an explanation of G. E is a minimal explanation of G iff S is an .A minimal belief set of
< Pu{« not G}, A >.

In [26], an abductive logic program (ALP95) I' is defined as a pair < P, A > where both P and A
are regular ASP programs. G a ground literal represents a positive observation. A pair (E, F) is a
explanation of G with respect to I' if

1. Ge M forvM € AS((P-F)uE)
2. (P - F) v E) is consistent
3. Ec(A-P)andFc AnP
On the other hand, a pair (E, F) is an anti-explanation of G with respect to T if
1. Gg¢ M forvM € AS((P - F) U E)
2. (P - F) u E) is consistent
3. Ec(A-P)andFc AnP
An (anti-)explanation (E, F) of G is called minimal if for any (anti-)explanation (E’, F’) of G, E’ ¢ E
and F/ c Fimply E’ = Eand F/ = F.

2.2. Constrained Default Logic

As defined by Reiter in [27], a default theory A is a pair (D, W) where W is a set of first-order formulas
and D is a set of defaults of the form
a: Mp
Y
where a, f, and y are quantifier-free first order formulas. « is called the prerequisite, p the justifi-
cations, and y the consequent. Formally, For any set S of first order logic formulas, Let I'(S) be the
smallest set of formulas such that

. WcI(©S)

. T(S) = Th(T(S))

' M
L if & MP

€ D and o € T(S) and —f ¢ S then y € T(S)

A set of formulas E is an extension of A iff E = T'(E)
[28] proposes a variant of the extension of Reiter’s default logic, for any set T of first order logic
formulas, let Y(T) be the pair of smallest sets (S, T”) of formulas such that

e WS cT
« 8 =Th(S)and T” = Th(T")

M
¢ ’BGD,ifaGS’andTU{ﬁ,y}bLJ_thenyGS’and,B/\yET’.
Y

« For any

A pair of sets of formulas (E, C) is an constrained extension of A iff Y(C) = (E, C).



3. Assumable Answer Set Program

3.1. Syntax
An AASP rule r is written as
Lior..orly«—eiq,.,em : let, ., I

where the Is are literals in propositional logic language and es are literals possibly preceded by nega-
tion as failure not, : is called assumption operator. head(r) is used to denote the left-hand side of
r where or is an epistemic disjunction, and headlit(r) is used to denote the set {1, ..., s} of literals
in the head of r. body(r) is used to denote the right-hand side of r, and bodylit(r) is used to de-
note the set {ey, ..., €m, lks1, .-, I} of literals in the body of r. ey, ..., ey, is called the precondition of r
and denoted by pbody(r). Let pbodylit(r) denote the set {ey, ..., ey, } of literals in the precondition of
r. lis1, . Iy is called the assumption of r and denoted by abody(r). Let abodylit(r) denote the set
{lk+1, ..., I} of literals in the assumption of r. As in usual logic programming, a rule is called a fact if
its body is empty (equival to containing only a literal T) and its head contains only one literal, and
a rule is called a constraint if its head is empty (equival to containing only a literal 1). An AASP
rule is called assumption-free if its assumption is empty, otherwise it is called an assumption rule.
Sometimes, we use head(r) «<— body(r) or head(r) «— pbody(r) : abody(r) to denote r. lit(r) is used
to denote the set of propositional logic literals appearing in r. r can be read as On the assumption of
abody(r), head(r) is believed if pbody(r) is believed or head(r) is believed if pbody(r) is believed and
it is consistent to assume abod y(r).

An AASP program is a collection of AASP rules. lit(II) is used to denote the set of propositional
logic literals appearing in II. For convenient description, sometimes an AASP program II is written
as a pair (IT°,II1V) in which IT" is the set of assumption-free AASP rules in IT and II” is the set of
assumption rules in IT.

It is clear that an assumption-free AASP rule is a regular ASP rule, and an assumption-free AASP
program is an ASP program that can be dealt with by ASP solvers like DLV ([29]), CLASP ([30]).

3.2. Semantics

3.2.1. Satisfiability

Let M be a collection of literals, r be an AASP rule, the notion of satisfiability denoted by kaasp is
defined below.

o MEaasp LifleM

o M Eppasp notliflg M

o M kapsp head(r) if 31 € headlit(r), M kpasp [

« M kpasp pbody(r) if Ve € pbodylit(r), M kaasp €

o M Epasp abody(r) if Ve € abodylit(r), M kpasp e

o M Epasp body(r) if M kpasp abody(r) and M kaasp pbody(r).
o M Epasp 1 if whenever M kpasp body(r), M Eaasp head(r).

We say M is a model of an AASP program II, denoted by M kaasp II, if we have M kpasp 1 for
vr € IL. A set M of literals is inconsistent if it contains a literal [ and its contrary 1.



3.2.2. Assumable Answer Set

We first introduce the notion of Assumption Set of an AASP program that is viewed as the result of
assumption making in the framework of assumption-based reasoning.

Definition 1. Given an AASP program 11, an arbitrary set A c lit(Il), A is an assumption set of I1 if
and only if

«—

A€ AS(Wy A)

where IIW is a regular ASP program obtained by

4 = {head(r) «— pbody(r)|r € Il and A kaasp abody(r)}

and A is used to denote the rules set {l «— |l € A}.
ASS(II) is used to denote the collection of all assumption sets of an AASP program II.

Example 1. ConsiderIl;:
p—:4q
AL =@, Ay = {p}, As = {q}, and Ay = {p, q}. We have

l) — (Z) H(lAZ) - Q)

M = {p—} 07 = {p}
Therefore,
IM™uva =0 0™ ua,={p}

both H( 2 A3 and H( U A4 are:

P <«—

q <«
Then,

AS(MM v Ay) = (o) AS(T™ u 4,) = {{p}}

AS(IY 0 45) = ({p )} AS(T 0 A) = {{p.q))
Thus, we have
A€ AS(IM u4)) Ay e AS(TIV) U Ay)
As @ AS(I) U As) Ay € AS(TIV y A,)
Hence, @, {p}, and {q, p} are assumption sets of 111, {q} is not.

Definition 2. Given an AASP program1l, an arbitrary set M c lit(IT), M is an assumable answer set of
I if and only if there exists an assumption set A of II such that

1. M € ASITY), and
2. McA

We say that M is an assumable answer set of I1 on the assumption set A, and that (M, A) is a view of IL



AAS(II) is used to denote the collection of all assumable answer sets of an AASP program II
VIEW(II) is used to denote the collection of all views of an AASP program IL.

Example 2. Continue Il; mentioned in the above example. Consider M, = @ and M, = {p}, obviously,

we have
ASI™) = {@})  ASII™) = {@}  ASTI™M) = {p}

Then,
M1 € AS(H(lAl)) and Ml < Al

M1 € AS(H(lAZ)) and Ml < Az
M2 € AS(H(lA4)) and Mg c A4

Hence, @ is an assumable answer set of Iy on Ay, @ is also an assumable answer set of I1; on A,, and {p}
is an assumable answer set of I} on Ay.

The intuitions implied in the definitions are as the following principles based on the ASP-based rea-
soning:

1. Rationality of Assumption Making. This principle tells that, in assuming a formula, the agent
reasons and behaves as if it is a fact.

2. Rationality of Belief Building on Assumptions. This principle tells that the agent’s beliefs are
obtained by reasoning within the scope of assumptions.

3. Consistency between Assumptions and Beliefs. This principle tells that an agent’s assumptions
and beliefs must be consistent.

The notion of Assumption Set is defined by the first principle. By the second and the third principles,
the notion of Assumable Answer Set is defined.

In the scenario of incomplete information, different assumption sets may be generated by a different
set of assumption rules in the program. Some of them are from more assumption rules and some of
them from less. Just as the example above shows, the assumption set @ satisfies no assumption of
the rule in the program Iy, and {p, q} satisfies the assumption of one rule in the program. Based
on this observation, we define several strategies of assumption making while keeping the principles
unchanged.

Definition 3. Given an AASP programI1, A is an assumption set of I1,

1. A is a max. assumption set of I if there is no assumption set A’ of I such that TI4 c TI4),
2. A is a minc assumption set of I if there is no assumption set A’ of I such that TI¥ > TI4),
3. A is a max, assumption set of I if there is no assumption set A’ of I such that [lI¥] < [I14))].
4. Ais a min, assumption set of I1 if there is no assumption set A’ of II such that [IT4)| > 14,

Definition 4. Given an AASP program1l, M is called max. (minc or max, or min, ) assumable answer set
of ITif (M, A) is a view of I1 and A is a max.(minc or max; or min, ) assumption set of IL. Correspondingly,
the pair (M, A) is called a max(minc or max, or min,) view of TL.

maxc(minc or max; or min,)-AAS(I) is used to denote the collection of all max.(min. or max, or
min,) assumable answer sets of an AASP program II. max.(minc or max; or min,)-VIEW(II) is used
to denote the collection of all max.(min. or max, or min;) views of an AASP program II.



Example 3. Continue II; mentioned in the above examples. Obviously, both @ and {p} are not only
minc but also min, assumption sets, while {p, q} is both max. and max; assumption set. Thus, @ is a
minc assumable answer set and also a min, assumable answer set of I1;. {p} is a maxc assumable answer
set and also a max, assumable answer set of I1;.

The intuitions of max and min strategies of assumption making are direct: max means that the
reasoner is positive/optimistic/ credulous in making assumptions. min is just the opposite. Let us
consider a common advice “Work hard and you will succeed” that can be represented by an AASP
program with one rule

succeed <—: workhard

Then, a positive reasoner’s view is the max-(max;) view ({succeed}, {workhard, succeed}) of the
program, a passive reasoner’s view is the minc(min,) view (@, @) of the program.

3.3. Properties
In this subsection, some properties of AASP are given.
Theorem 1. For a assumption-free AASP program I1:
AAS(IT) = X, - AAS(IT) = AS(IT)
where X € {max, min} and » € {c,#}.
Theorem 2. For an AASP programI1, an assumption set of I is a model of I1.

Theorem 3. For an AASP programI1 and a literal subset A c lit(IT)

A€ ASMW y A) if and only if A € ASIT |4 uA)

where

I | 4= {head(r) < pbody(r), abody(r)|r € Il and A kaasp abody(r)}

Theorem 3 tells that an alternative definition of the notion of Assumption Set is: A is an assumption set

of ITIif A € AS(I | 4 UZ), that can be viewed as another way of formalizing the principle of Rationality
of Assumption Making.

Theorem 4. For an AASP program 11 = (IT°,11V), let A be an assumption set of I1
n" <
Theorem 5. For an AASP program 11 = (IT°,11V), let M be an assumable answer set of T1
M kpasp TV

Theorem 5 tells that an assumable answer set of an AASP program always satisfies the assumption-
free rules in the program.

Theorem 6. AASP is constraint monotonic under the assumable answer set semantics.

Theorem 7. AASP is not constraint monotonic under the X, assumable answer set semantics, where
X € {max, min} and » € {c,#}.



Theorem 7 can be demonstrated by the following example.

Example 4. II, is an AASP program containing one rule:

p:p

IT, has only one max. (also max;) assumable answer set {p} and only one minc (also min,) assumable
answer set @. Consider I1}:

p—:p
P
Clearly, II}, has only one max. (max;) assumable answer set @ that is not a max. (or max;) assumable
answer set of II,. Consider 11}/ :

p:p
«— notp

Obviously, I has only one minc (or min,) assumable answer set {p} that is not a minc (or min,) as-
sumable answer set of I1,.

4. Relations

For exploring the power of AASP in commonsense reasoning, this section presents the relationship
between AASP and several well-known knowledge representation languages, including constrained
default logic [28], CR-Prolog [31], and abductive logic programming [25] [26]. First of all, we compare
AASP and ASP in representing assumptions.

4.1. Comparison of AASP and ASP in Representing Assumptions

It seems that the assumption rule On the assumption of a, f is believed if y is believed can also be coded
into an ASP rule f < y, not ~a where not -« is used to express « is assumable or it is consistent to
assume a. However, the following cases demonstrate the difference between ASP encodings and AASP
encodings of the assumptions.

Firstly, let us consider a case containing:

« An assumption: p if it is consistent to assume p.

« A constraint: p is impossible.

Intuitively, the constraint is a denial of p such that the assumption is blocked, thus the result is @. If
the case is modeled by an ASP program

p < not p

7P
there is no solution because the ASP program is unsatisfiable. If the case is represented by an AASP
program
p:p
7P
there is an assumable answer set @ as expected.
Now, let us consider another case with two assumptions:



« pifit is consistent to assume r, and
« q if it is consistent to assume —r.

If they are represented as an ASP program
p < not r

q < notr

The result is its answer set {p, q}. Meanwhile, if they are represented as an AASP program
p «<—:r
q<—:r

There are three assumable answer sets {p}, {gq}, and @. Among them, both {p} and {q} are max.
(and max;) assumable answer sets, and @ is a minc (and min;) assumable answer set. Consider that
r and its contrary —r cannot appear in one world, the results given by the AASP program should be
more praised than that of the ASP program.

Another seeming ASP-based encoding of it is consistent to assume « is not not a. But, it is easy to
verify that the encoding of the second case in this way

p «<— not not r

q <— not not r

has only one answer set @.

The above two examples demonstrate that it is hard to represent assumptions using the regular
ASP language, and that AASP provides an easy approach to handling assumptions by extending ASP
with a new operator :.

4.2. Relation to Constrained Default Logic

Constrained default logic meets some properties that are in line with human intuition in common-
sense reasoning. The following theorem shows that AASP is closely related to the constrained default
logic.
Define a mapping ¢ from a disjunction-free and NAF-free program of AASP to default theories,

identifies an AASP rule r:

b — Ly bkt sty s Iy (1)
with the default ¢(r):

Lhineonly : Mg Ao n

lo

(2
Then we have

Theorem 8. For any disjunction-free and NAF-free AASP programI1, if (S, A) is a max. view of I1, then
(Th(S), Th(A)) is a constrained extension of ¢(IT).



Example 5. ConsiderIl5:
c—:b

d<«—: b

has two max. views: ({c}, {b, c}), and ({d},{d,—b}). {c,d} is not an assumable answer set of I3 be-
cause {b,~b, c,d} is not an assumption set of the program. Correspondingly, $(Ils) is a default theory
containing two defaults:
: Mb : M-b
c d

that has two extensions:

(Th(c), Th(b, c))

and
(Th(d), Th(—b, d))

4.3. Relation to CR-Prolog

CR-Prolog is an ASP extension that greatly extends the expression ability of ASP language. The
following theorem provides an approach to converting a CR-Prolog program into an AASP program.
Define a mapping 7 from a CR-prolog to AASP, identifies a CR-rule r:

lior..orl < Leity oo I, not Lipeq, ..., not I, (3)
with an AASP rule 5(r):
Loor..orly < liyq, oy Iy not Lypsy, .y not I, = apply, (4)

where apply, is used to denote the fresh atom obtained from a CR-rule r. Besides, nidentifies a regular
ASP rule in the CR-prolog program with itself.

Theorem 9. For any CR-Prolog program Q
AS.(Q) = min., - AAS(n(Q2))
where x € {c, #}.
Example 6. Consider a simple CR-Prolog program Q that contains only one CR-rule r:
a <
It is easy to see Q has only one answer set @. Then, an AASP program n(Q) is
a<«: apply:

whose min; and minc assumable answer set is also @.



4.4. Relation to Abductive ASP

Define a mapping 0, for an ALP93 program I' =< P, A >, 6(I') is an AASP program:
Pu{l<«:Ile A}

We have

Theorem 10. For the ALP93 programT =< P, A >, S is a minc assumable answer set of 0(T) if and only
if S is a A-minimal belief set of T.

Example 7. Consider an abductive logic programT'y =< P, A > in [32]:
e P:p<« nota
e Ata
The program has one A-minimal belief set {p}. O(I'1) is an AASP
p <« nota
a<—:a
Both {a} and {p} are its assumable answer sets, only {p} is its minc assumable answer set as expected.

Theorem 11. For the ALP93 programT =< P, A > and a positive observation G.

1. If S is a minc assumable answer set of the AASP program () u {«— not G}, then Sn A is a
credulous explanation of G with respect toT.

2. IfE is a credulous explanation of G with respect to I, then there exists a minc assumable answer
set S of the AASP program 0(I') u {«<— not G} such thatE = Sn A.

Example 8. Continue to consider I'y mentioned in Example 7, given a positive observation G = p.
Clearly, @ is a credulous explanation of p with respect toT'1. Now, we have 0(I';) u {«— not G}:

p «— not a
a<—:a

<« notp

that has a minc assumable answer set @ such that E = @.

Define a mapping ¢’, for the ALP95 program I =< P, A >, &/(T) is an AASP program:
(P-A)u {head(r) < body(r), apply,r € (A - P)}u
{apply, <+ apply,|r € (A~ P)}u
{head(r) «— body(r), not block,|r € (A n P)}u
{block, <—: block,|r € (An P)}

where both apply, and block, are used to denote the fresh atoms obtained from r € .A. We have

Theorem 12. For the ALP95 programT =< P, A > and a positive observation G.



1. IfS is a minc assumable answer set of the AASP program 0/(T) u {«— not G}, then there exists a
minimal explanation of G with respect toT is

({r|applyr € S}, {r|block, € S})

2. If(E, F) is a minimal explanation of G with respect to T, then there exists a minc assumable answer
set S of the AASP program ¢’(T) u {«— not G} such that

E = {rlapply € S}
F = {r|block, € S}

Example 9. Consider an abductive logic programI'; =< P, A > and a positive observation G:

e P:
fly « bird
bird < penguin
penuin «—
e A:
(1). fly « bird
(2). ~fly < penguin
e G:fly

Thus, 0/ (T,) is:
bird «— penguin

penuin «—
fly <« bird, not block
~f ly < penguin, applys
block; «<—: block;
apply, < applys
Then, 6'(Ty) u {«— not ~fly} has a minc assumable answer set
{apply,, blocky, ~fly, penguin, bird}
by which
E = {~fly « penguin}
F = {fly < bird}

such that (E, F) is a minimal explanation of =f Iy with respect toI';.

Theorem 13. For the ALP95 programT =< P, A > and a positive observation G.

1. IfS is a minc assumable answer set of @/ (T)u{<«— G}, then there exists a minimal anti-explanation
of G with respect toT is
({ rlapply, € S}, {r|block, € S})



2. If (E,F) is a minimal anti-explanation of G with respect to I', then there exists a min. assumable
answer set S of 0'(T) u {«<— G} such that

E = {rlapply, € S}, F = {r|block, € S}

Example 10. Continue to consider the abductive logic program I'; used in the Example 9. By the The-
orem 13, the anti-explanation of fly with respect to I'y is the minc assumable answer set of the AASP
program

0'(T2) v { fly}

Obviously, a minc assumable answer set of the program is {penguin, bird} that tells neither (1) nor (2)
is used, and the corresponding minimal anti-explanation (E, F) of fly is

E=@ F={fly <« bird}

5. Conclusion

This paper introduce AASP that extends ASP with an operator : to express the notion of assump-
tion in logic programming. AASP can be viewed as a tool to design the intelligent agent capable of
assumption-based reasoning that is a framework of many intelligent behaviors in the case of incom-
plete information. AASP provides a rational approach to assumption-based reasoning by using the
answer set-based reasoning in both assumption making and belief building, which makes the exit-
ing ASP solvers can be used to facilitate the implementment of the AASP solver: ASP solvers can be
directly used to generate assumption sets and then the assumable answer set of an AASP program.
Several strategies of assumption making are given in the definition of the semantics of AASP. Those
strategies depicts the attitude of agents to assumptions. The preliminary exploration results on the
relationship between AASP and other existing knowledge representations show that AASP provides
a more general way to model the problems with defaults, exceptions, and to solve the explanation
problems. Especially, the close relationship between AASP and constrained default logic implies that
AASP is able to address several limitations of the original ASP in representing defaults .

Future work includes more properties of the AASP languages, implementation, and applications.
The first next step is to investigate the properties of the assumption set of the AASP programs, and the
algorithm and its complexity in solving AASP programs. Besides, it is still needed to explore the rela-
tion of AASP to ASP and its extensions, and the relation of AASP to other knowledge representation
languages more deeply.
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The limitations of Reiter’s default logic are extensively studied in [28]. Because of the close relationship between ASP
and Reiter’s default logic shown in [33] and [22], ASP cannot meet some properties, such as the property of joint consistency
of the justifications of applying default rules
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