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Abstract. The concept of argumentation may be used to give a
formal semantics to a variety of assumption based reasoning formalisms. In particular, various argumentation semantics have been
proposed for logic programming with default negation. For extended
logic programming, i.e. logic programming with two kinds of negation, there arise a variety of notions of attack on an argument, and
therefore a variety of different argumentation semantics.
The purpose of this paper is to shed some light on these various
semantics, and examine the relationship between different semantics.
We identify a number of different notions of attack for extended logic
programs, and compare the resulting least fixpoint semantics, defined
via acceptability of arguments. We investigate the validity of the coherence principle, and notions of consistency for these semantics.
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Introduction

Argumentation has attracted much interest in the area of AI. On the
one hand, argumentation is an important way of human interaction
and reasoning, and is therefore of interest for research into intelligent
systems. Application areas include automated negotiation via argumentation [15, 14, 17] and legal reasoning [16]. On the other hand,
argumentation provides a formal model for various assumption based
(or non-monotonic, or default) reasoning formalisms [3, 4]. In particular, various argumentation based semantics have been proposed for
logic programming with default negation [3, 7], some of them equivalent with well-known semantics for normal logic programs such as
the stable model semantics [9], or the well-founded semantics [8].
Argumentation semantics are elegant since they can be captured
in an abstract framework [7, 3, 19, 12], for which an elegant theory
of attack, defence, acceptability, and other notions can be developed,
without recourse to the concrete instance of the reasoning formalism
at hand. This framework can then be instantiated to various assumption based reasoning formalisms. Similarly, a dialectical proof theory
can be defined for an abstract argumentation framework, and then applied to any instance of such a framework [7, 11].
In general, an argument A is a proof which may use a set of
defeasible assumptions. Another argument B may have a conclusion which contradicts the assumptions or the conclusions of A, and
thereby B attacks A. There are two fundamental notions of such
attacks: undercut and rebut [16] or equivalently ground-attack and
reductio-ad-absurdum attack [6]. We will use the terminology of undercuts and rebuts. Both attacks differ in that an undercut attacks a
premise of an argument, while a rebut attacks a conclusion.
So, given a logic program we can define an argumentation semantics by iteratively collecting those arguments which are acceptable to
a proponent, i.e. they can be defended against all opponent attacks.

In fact, such a notion of acceptability can be defined in a number of
ways depending on which attacks we allow the proponent and opponent to use.
Normal logic programs do not have negative conclusions, which
means that we cannot use rebuts. Thus both opponents can only
launch undercuts on each other’s assumptions. Extended logic programs [10, 2, 20], on the other hand, introduce explicit negation,
which states that a literal is explicitly false. As a result, both undercuts and rebuts are possible forms of attack; there are further variations depending on whether any kind of counter-attack is admitted. A
variety of argumentation semantics arise if one allows one notion of
attack as defence for the proponent, and another as attack for the opponent. The aim of this paper is to examine the relationships between
and properties of these different argumentation semantics. In particular, we would like to relate different existing argumentation semantics [6, 16], and find an argumentation semantics which is equivalent
to the well-founded semantics for extended logic programs [2].
The paper is organised as follows: First we define arguments and
notions of attack and acceptability. The relationships between the fixpoint semantics resulting from the different notions are examined in
Section 4. In Sections 5, we examine some properties of these semantics regarding consistency, and the coherence principle which relates
explicit and default negation.
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Arguments

Definition 1 An objective literal is an atom A or its explicit negation
¬A. We define ¬¬L = L. A default literal is of the form not L where
L is an objective literal. A literal is either an objective or a default literal. An extended logic program is a (possibly infinite) set of rules of
the form L0 ← L1 , . . . , Lm , not Lm+1 , . . . , not Lm+n (m, n ≥ 0),
where each Li is an objective literal (0 ≤ i ≤ m+n). For such a rule
r, we call L0 the head of the rule, head(r), and L1 , . . . , not Lm+n
the body of the rule, body(r).
Our definition of an argument for an extended logic program is
based on [16]. Essentially, an argument is a partial proof, resting on
a number of assumptions, i.e. a set of default literals.2 Note that we
do not consider priorities of arguments, as used e.g. in [16, 19].
Definition 2 Let P be an extended logic program. An argument for
P is a finite sequence A = [r1 , . . . rn ] of ground instances of rules
2

1

Extended LP and Argumentation

We summarise the definitions of arguments for extended logic programs, and define various notions of attack between arguments.

In [3, 6], an argument is a set of assumptions; the two approaches are equivalent in that there is an argument with a conclusion L iff there is a set of
assumptions from which L can be inferred. See the discussion in [16].

ri ∈ P such that 1. for every 1 ≤ i ≤ n, for every objective literal
Lj in the body of ri there is a k > i such that head(rk ) = Lj . 2. No
two distinct rules in the sequence have the same head. The head of a
rule in A is called a conclusion of A, and a default literal not L in
the body of a rule of A is called an assumption of A.

attacks = a = u ∪ r
defeats = d = u ∪ (r − u−1 )

fffff
fffff
undercutsV=
VVu
VVVVV
V

The restriction to minimal arguments is not essential, but convenient, since it rules out arguments constructed from several unrelated
arguments. Generally, one is interested in the conclusions of an argument, and wants to avoid having rules in an argument which do not
contribute to the desired conclusion.
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strongly attacks = sa = (u ∪ r) − u−1
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strongly undercuts = su = u − u−1
Figure 1.

Hasse diagramme for notions of attack

Notions of Attack

There are two fundamental notions of attack: undercut, which invalidates an assumption of an argument, and rebut, which contradicts a
conclusion of an argument [6, 16]. From these, we may define further
notions of attack, by allowing either of the two fundamental kinds of
attack, and considering whether any kind of counter-attack is allowed
or not. We will now formally define these notions of attacks.
Definition 3 Let A1 and A2 be arguments. 1. A1 undercuts A2 if
there is an objective literal L such that L is a conclusion of A1 and
not L is an assumption of A2 . 2. A1 rebuts A2 if there is an objective
literal L such that L is a conclusion of A1 and ¬L is a conclusion of
A2 . 3. A1 attacks A2 if A1 undercuts or rebuts A2 . 4. A1 defeats A2
if A1 undercuts A2 , or A1 rebuts A2 and A2 does not undercut A1 .
5. A1 strongly attacks A2 if A1 attacks A2 and A2 does not undercut
A1 . 6. A1 strongly undercuts A2 if A1 undercuts A2 and A2 does
not undercut A1 .
The notions of undercut and rebut, and hence attack are fundamental for extended logic programs [6, 16]. The notion of defeat is
used in [16], along with a notion of strict defeat, i.e. a defeat that
is not counter-defeated. For arguments without priorities, rebuts are
symmetrical, and therefore strict defeat coincides with strict undercut, i.e. an undercut that is not counter-undercut. Similarly, strict attack coincides with strict undercut. For this reason, we use the term
strong undercut instead of strict undercut, and similarly define strong
attack to be an attack which is not counter-undercut. We will use the
following abbreviations for these notions of attack. r for rebuts, u for
undercuts, a for attacks, d for defeats, sa for strongly attacks, and su
for strongly undercuts.
These notions of attack define for any extended logic program a
binary relation on the set of arguments of that program.
Definition 4 A notion of attack is a function x which assigns to each
extended logic program P a binary relation xP on the set of arguments of P , i.e. xP ⊆ Args 2P . Notions of attack can be partially
ordered by defining x ⊆ y iff ∀P : xP ⊆ yP

This diagram in Fig. 1 contains the notions of attack used in [6,
16], plus strongly attacks which is a natural intermediate notion between strongly undercuts and defeats. Undercuts are present in all
the notions of attack, since they are fundamental when dealing with
default literals. In the absence of priorities, rebuts are symmetric, i.e.
if A rebuts B, B also rebuts A, while undercuts are not symmetric in
general.
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Definition 6 Let x and y be notions of attack. Let A be an argument,
and S a set of arguments. Then A is x/y-acceptable wrt. S if for
every argument B such that (B, A) ∈ x there exists an argument
C ∈ S such that (C, B) ∈ y.
Based on the notion of acceptability, we can then define a fixpoint
semantics for arguments.
Definition 7 Let x and y be notions of attack, and P an extended
logic program. The operator FP,x/y : P(Args P ) → P(Args P ) is
defined as FP,x/y (S) = {A | A is x/y-acceptable wrt. S}.
The set of x/y-justified arguments is the least fixpoint of FP,x/y .
We denote the set of x/y-justified arguments by JP,x/y . If the program P is clear from the context, we omit the subscript P .
For any program P , the least fixpoint exists by the Knaster-Tarski
fixpoint theorem [18], because FP,x/y is monotone. It can be constructed by transfinite induction as follows:

Definition 5 Let x be a notion of attack. Then the inverse of x, denoted by x−1 , is defined as x−1
P = {(B, A) | (A, B) ∈ xP }.
In this relational notation, Definition 3 can be rewritten as a =
u ∪ r, d = u ∪ (r − u−1 ), sa = (u ∪ r) − u−1 , and su = u − u−1 .
Proposition 1 The notions of attack su, u, sa, d, a of Definition 3
are partially ordered according to the following Hasse diagram in
Fig 1.
Proof. Apply set-theoretic laws A − B ⊆ A ⊆ A ∪ C and (A ∪
B) − C = (A − C) ∪ (B − C) (for all sets A, B, and C), to the
definitions.
2

Acceptability and Justified Arguments

Given the above notions of attack, we can deploy them to define the
acceptability of an argument. Basically, an argument is acceptable if
it can be defended against any attack. Depending on which particular notion of attack we use as defence and which for the opponent’s
attacks, we obtain a host of acceptability notions.
Acceptability forms the basis for our argumentation semantics,
which is defined as the least fixpoint of a function, which collects
all acceptable arguments. The least fixpoint is of particular interest
[16, 6], because it provides a canonical fixpoint semantics and it can
be constructed inductively.

0
Jx/y
α+1
Jx/y
λ
Jx/y

=
=
=

∅
α
FP,x/y (Jx/y
)
S
α
J
α<λ x/y

for α + 1 a successor ordinal
for λ a limit ordinal

λ0
λ0
Then there exists a least ordinal λ0 such that Fx/y (Jx/y
) = Jx/y
=
Jx/y .
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Relationships of Notions of Justifiability

This section is devoted to an analysis of the relationship between the
different notions of justifiability, leading to a hierarchy of notions of
justifiability illustrated in Figure 3.

First of all, it is easy to see that the least fixpoint increases if we
weaken the attacks, or strengthen the defence.

p
q

P1 =
← not q
← not p

p
q
r

P4
←
←
←

Proposition 2 Let x0 ⊆ x, y ⊆ y 0 be notions of attack, then Jx/y ⊆
Jx0 /y0 .
Theorem 3 states that it does not make a difference if we allow
only the strong version of the defence. This is because an argument
need not defend itself on its own, but it may rely on other arguments
to defend it.
We only give a formal proof for the first theorem; the proofs for
the other theorems are similar, and we provide an intuitive informal
explanation instead.
Theorem 3 Let x ⊇ undercuts and y be notions of attack, and
sy = y − undercuts −1 . Then Jx/y = Jx/sy .
Proof. Informally, every x-attack B to an x/y-justified argument
A is y-defended by some x/sy-justified argument C (by induction).
Now if C was not a sy-attack, then it is undercut by B, and because
x ⊇ undercuts and C is justified, there exists a strong defence for C
against B, which is also a defence of the original argument A against
C.
The formal proof is by transfinite induction. By Proposition 2, we
have Jx/sy ⊆ Jx/y . We prove the inverse inclusion by showing that
α
α
, by transfinite induction on α.
⊆ Jx/sy
for all ordinals α: Jx/y
Base case α = 0: Jx/y = ∅ = Jx/sy .
α+1
Successor ordinal α ; α + 1: Let A ∈ Jx/y
, and (B, A) ∈ x. By
α
definition, there exists C ∈ Jx/y such that (C, B) ∈ y. By induction
α
.
hypothesis, C ∈ Jx/sy
If B does not undercut C, then we are done. If, however, B underα
cuts C, then because C ∈ Jx/sy
, and undercuts ⊆ x, there exists
α0
D ∈ Jx/sy (∅)(α0 < α) such that (D, B) ∈ sy. It follows that
α+1
.
A ∈ Jx/sy
α
α
for all α < λ. Then
⊆ Jx/sy
Limit ordinal λ: Assume Jx/y
S
S
λ
α
α
λ
2
Jx/y = α<λ Jx/y ⊆ α<λ Jx/sy = Jx/sy
In particular, the previous Theorem states that undercut and strong
undercut are equivalent as a defence, as are attack and strong attack.
This may be useful in an implementation, where we may use the
stronger notion of defence without changing the semantics, thereby
decreasing the number of arguments to be checked. The following
Corollary shows that because defeat lies between attack and strong
attack, it is equivalent to both as a defence.

Corollary 4 Let x ⊇ undercuts. Then Jx/a = Jx/d = Jx/sa .
Proof. With Proposition 2 and Theorem 3, we have Jx/a ⊆ Jx/d ⊆
Jx/sa = Jx/a .
2
Theorem 5 Let x ⊇ strongly attacks. Then Jx/u = Jx/d = Jx/a .
Proof. Every x-attack B to a x/a-justified argument a is attacked
by some x/u-justified argument C (by induction). If C is a rebut,
but not an undercut, then because B strongly attacks C, and because
x ⊇ strongly attacks, there must have been an argument defending
C by undercutting B, thereby also defending A against B.
The statement for defeats follows in a similar way to Corollary 4. 2
Theorem 6 Jsa/su = Jsa/sa
The proof is similar to Theorem 5.
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Figure 2.
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Examples

Theorem 7 Jsu/a = Jsu/d
Proof. Every strong undercut B to a su/a-justified argument A is
attacked by some su/d-justified argument C (by induction). If C
does not defeat A, then there is some argument D defending C by
defeating B, thereby also defending A against B.
2
We will now present some example programs which distinguish
various notions of justifiability.
Example 1 Consider P1 in Figure 2. For any notion of attack x,
we have Jsu/x = Jsa/x = {[p ← not q], [q ← not p]}, because
there is no strong undercut or strong attack to any of the arguments.
However, Ja/x = Jd/x = Ju/x = ∅, because every argument is
undercut (and therefore defeated and attacked).
Example 2 Consider P2 in Figure 2. Let x be a notion of attack.
Then Jd/x = Ja/x = ∅, because every argument is defeated (hence
attacked). Jsa/su = Jsa/sa = {[q ← not p]}, because [q ← not p]
is the only argument which is not strongly attacked, but it does not
strongly attack any other argument. Ju/su = Ju/u = {[¬p]}, because there is no undercut to [¬p], but [¬p] does not undercut any
other argument. Ju/a = {[¬p], [q ← not p]}, because there is no
undercut to [¬p], and the undercut [p ← not p] to [q ← not p]
is attacked by [¬p]. We also have Jsa/u = {[¬p], [q ← not p]},
because [q ← not p] is not strongly attacked, and the strong attack [p ← not q] on [¬p] is undercut by [q ← not p]. Finally,
Jsu/x = {[¬p], [p ← not q], [q ← not p]}, because none of the
arguments is strongly undercut.
Example 3 Consider P3 in Figure 2. Let x be a notion of attack.
Then Jsa/x = ∅, because every argument is strongly attacked.
Jsu/u = Jsu/su = {[¬p]}, because all arguments except [¬p]
are strongly undercut, but [¬p] does not undercut any argument. And
Ju/a = Jsu/sa = Jsu/a = {[¬p], [q ← not r], [s ← not p]}.
Example 4 Consider P4 in Figure 2. Let x be a notion of attack.
Then Ju/x = Jd/x = Ja/x = ∅, because every argument is undercut. Jsu/su = Jsu/sa = Jsa/su = Jsa/sa = {[p ← not q], [q ←
not p]} In this case, the strong attacks are precisely the strong undercuts; The argument [r ← not p] is not justified, because the
strong undercut [p ← not q] is undercut, but not strongly undercut, by [q ← not p]. Jsu/u = Jsu/a = Jsa/u = Jsa/a = {[p ←
not q], [q ← not p], [r ← not p]} Again, undercuts and attacks, and
strong undercuts and strong attacks, coincide; but now [r ← not p]
is justified, because non-strong undercuts are allowed as defence.
Example 5 Consider P5 in Figure 2. Then Ja/x = ∅, because both
arguments attack each other, while Jd/x = {[¬p]}, because [¬p]
defeats [p ← not ¬p], but not vice versa.

su/a = su/d
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operator, because they attack either the head of a rule or a default
literal in the body.
2
Note also the following observations:
1. The notions of a/x-, d/x- and sa/x-justifiability are very skeptical in that a fact p may not be justified, if there is a rule ¬p ← B
(where not p 6∈ B) that is not x-attacked. On the other hand this is
useful in terms of avoiding inconsistency.
2. sx/y-justifiability is very credulous, because it does not take into
account non-strong attacks, so e.g. the program {p ← not q, q ←
not p} has the justified arguments [p ← not q] and [q ← not p].

5
Figure 3.

Hierarchy of Notions of Justifiability

Example 6 Consider P6 in Figure 2. Let x be a notion of attack. Then Jsa/x = Jd/x = Ja/x = ∅, because every argument
is strongly attacked (hence defeated and attacked), while Ju/x =
Jsu/x = {[p], [q]}.
Theorem 8 The notions of justifiability are ordered (by set inclusion) according to the Hasse diagram in Figure 3.
By definition, Dung’s grounded argumentation semantics [6] is exactly a/u-justifiability, while Prakken and Sartor’s semantics [16], if
we disregard priorities, amounts to d/su-justifiability. As corollaries
to Theorem 8, we obtain relationships of these semantics to the other
notions of justifiability.
Corollary 9 Let JD be the set of justified arguments according to
Dung’s grounded argumentation semantics [6]. Then JD = Ja/su =
Ja/u = Ja/a = Ja/d = Ja/sa and JD ( Jx/y for all x 6= a and y.
Corollary 10 Let JP S be the set of justified arguments according
to Prakken and Sartor’s argumentation semantics [16], where all
arguments have the same priority. Then JP S = Jd/su = Jd/u =
Jd/a = Jd/d = Jd/sa , JP S ( Jx/y for all x 6∈ {a, d} and y, and
JP S ) Ja/y for all notions of attack y.
For normal logic programs, it has been established that the least
fixpoint argumentation semantics is equivalent to the well-founded
semantics, see e.g. [13]. One of the aims of this paper is to clarify which notions of attack would be appropriate to obtain a least
fixpoint argumentation semantics equivalent to the well-founded semantics for extended logic programming [2]. The following theorem
presents the solution.
Theorem 11 Let P be an extended logic program and W F M (P )
its well-founded model [2]. Then W F M (P ) = {L | there exists a
u/a-justified argument for L} ∪ {not L | all arguments for L are
attacked by a u/a-justified argument}.
Proof (Sketch). For the sake of brevity we can only sketch the proof.
In [1], the well-founded model is defined as the least fixpoint of the
operator ΓΓs , where Γ is the Gelfond-Lifschitz operator [9], and Γs
is the same operator applied to the semi-normal version of the program, obtained by adding not ¬L to the body of each rule with head
L. The fixpoint is generated by a transfinite sequence of interpretaα
as defined
tions {Iα }. We show that I alpha corresponds to Ju/a
in Def. 7 by showing that undercuts correspond to the Γ operator,
because they attack default literals and attacks correspond to the Γs

The Coherence Principle and Consistency

The coherence principle for extended logic programming [2] states
that “explicit negation implies implicit negation”. If the intended
meaning of not L is “if there is no evidence for L, assume that L
is false”, and the intended meaning of ¬L is “there is evidence for
the falsity of L”, then the coherence principle states that explicit evidence is preferred over assumption of the lack of evidence. Formally,
this can be stated as: if ¬L is in the semantics, then not L is also in
the semantics. In an argumentation semantics, we have not defined
what it means for a default literal to be “in the semantics”. This can
easily be remedied, though.
Definition 8 Let P be an extended logic program, and x and y notions of attack, and let L be an objective literal. Then L is x/yjustified if there exists a x/y-justified argument for L.
Let nL be a fresh atom, and P 0 = P ∪ {nL ← not L}. Then
not L is x/y-justified if [nL ← not L] is a x/y-justified argument
for P 0 .
Note that because nL is fresh, Jx/y (P 0 )
Jx/y (P 0 ) = Jx/y (P ) ∪ {[nL ← not L]}.

=

Jx/y (P ) or

Definition 9 A least fixpoint semantics Jx/y satisfies the coherence
principle if for every objective literal L, if ¬L is x/y-justified, then
not L is x/y-justified.
The following result states that a least fixpoint semantics satisfies
the coherence principle exactly if we allow any attack for the defence.
Informally, this is because the only way of attacking a default literal
not L is by undercut, i.e. an argument for L, and in general, such an
argument can only be attacked by an argument for ¬L by a rebut.
Theorem 12 Let x, y ∈ {a, u, d, su, sa}. Then Jx/y satisfies the
coherence principle iff Jx/y = Jx/a .
Proof. For the “if” direction, we show that for those notions of justifiability x/y 6= x/a, the coherence principle does not hold.
Consider P3 in Figure 2. Then Ju/u (P 0 ) = Jsu/u (P 0 ) =
Jsu/su (P 0 ) = {[¬p]}. Now Consider P5 in Figure 2. Then
Jsu/sa (Q0 ) = Jsa/sa (Q0 ) = {[p ← not ¬p], [¬p ← not p]}.
For the “only if” direction, let x be a notion of attack. Let P be an
extended logic program, and ¬L a x/a-justified literal, i.e. there is an
α
argument A = [¬L ← Body, . . .] and an ordinal α s.t. A ∈ Jx/a
.
0
0
Let A = [nL ← not L], and (B, A ) ∈ x. Because nL is fresh,
the only possible attack on A0 is a strong undercut, i.e. L is a conα+1
clusion of B. Then A attacks B, and so [nL ← not L] ∈ Jx/a
.
2
Consistency is an important property of a logical system. It states
that the system does not support contradictory conclusions. In classical logic “ex falso quodlibet”, i.e. if both A and ¬A hold, then any
formula holds. In paraconsistent systems [5], this property does not

hold, thus allowing both A and ¬A to hold for a particular formula
A, while not supporting any other contradictions.
A set of arguments is consistent if it does not contain two arguments such that one attacks the other. There are several notions of
consistency, depending on which notion of attack is considered undesirable.
Definition 10 Let x be a notion of attack, and P an extended logic
program. Then a set of arguments for P is called x-consistent if it
does not contain arguments A and B such that (A, B) ∈ xP .
The argumentation semantics of an extended logic program need
not necessarily be consistent; because of explicit negation, there exist
contradictory programs such as {p, ¬p}, for which there exist sensible, but inconsistent arguments ([p] and [¬p] in this case).
A general result identifies cases in which the set of justified arguments for a program is consistent. It states that if we allow the attack
to be at least as strong as the defence, i.e. if we are sceptical, then the
set of justified arguments is consistent.
Theorem 13 Let x ⊇ y be notions of attack, and P an extended logic
program. Then the set of x/y-justified arguments is x-consistent.
α
Proof. We show that Jx/y
is x-consistent for all ordinals α, by transfinite induction on α.
Base case α = 0: Trivial.
α+1
Successor ordinal α ; α + 1: Assume A, B ∈ Jx/y
and (A, B) ∈
α
x. Then there exists C ∈ Jx/y such that (C, A) ∈ y ⊆ x. Then by
α
α
. Because
, then A 6∈ Jx/y
induction hypothesis, because C ∈ Jx/y
α+1
α
A ∈ Jx/y , there exists D ∈ Jx/y
such that (D, C) ∈ y ⊆ y.
This contradicts the induction hypothesis, so we have to retract the
α+1
assumption and conclude that Jx/y
is x-consistent.
λ
Limit ordinal λ: Assume A, B ∈ Jx/y
and (A, B) ∈ x. Then there
β
α
exist α, β < λ s.t. A ∈ Jx/y and B ∈ Jx/y
. W.l.o.g. assume that
β
β
α
⊆ Jx/y
α ≤ β. Then because Jx/y
, we have A ∈ Jx/y
, contradictβ
ing the induction hypothesis that Jx/y
is x-consistent.
2
The following example shows that, in general, the set of justified
arguments may well be inconsistent.

Example 7 Consider P = {q ← not p. p. ¬p.} Then Ju/a =
{[q ← not p], [p], [¬p]}, and [p] and [¬p] rebut each other, and [p]
strongly undercuts [q ← not p].
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Conclusion and Further Work

We have identified various notions of attack for extended logic programs. Based on these notions of attack, we defined notions of acceptability and least fixpoint semantics. These fixpoint semantics
were related by establishing a lattice of justified arguments, based on
set inclusion. In particular, we identified an argumentation semantics
Ju/a equal to the well-founded semantics for logic programs with
explicit negation, W F SX [2], and established that JD ⊆ JP S ⊆
Ju/a = W F SX, where JD and JP S are the least fixpoint argumentation semantics of Dung [6] and Prakken and Sartor [16]. Finally,
we identified a sufficient and necessary criterion for when a least
fixpoint semantics satisfies the coherence principle, and a sufficient
criterion for a fixpoint semantics to be consistent.
There have been some results [7, 13] showing that certain argumentation semantics for normal logic programs coincide with wellknown semantics such as the stable model semantics [9] or the wellfounded semantics [8]. For extended logic programs, it has been

shown in [6] that the stable argumentation semantics coincides with
the answer set semantics of [10]; a similar result [6] is stated for
the well-founded semantics, albeit restricted to the case of normal
logic programs. One aim we achieved with this paper is the definition of an argumentation semantics equivalent to the well-founded
semantics for extended logic programs [2]. The results concerning
the relationships as depicted in Fig. 3 have been valuable in identifying such a semantics, as well as relating it to existing semantics.
Furthermore the equivalence of Ju/a and W F SX allow the use of
the efficient top-down proof procedure for W F SX [1] to compute
justified arguments in Ju/a .
Future research will determine how to adapt this proof procedure to different argumentation semantics and its relation to dialogue
games as defined in [7, 13, 16, 11]. It is also an open question how the
hierarchy changes when priorities are added as defined in [16, 19].
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