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Abstract. We study a number of properties concerning the behaviour
of semantics for Dung style abstract argumentation when the argumentation framework changes. The properties are concerned with how the
evaluation of an argumentation framework changes if an attack between
two arguments is added or removed. The results provide insight into the
behaviour of these semantics in a dynamic context.
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Introduction

Argumentation is a process that usually involves a series of steps taken to achieve
a particular end. However, an argumentation framework (AF, for short) represents only a static snapshot of this process. To consider dynamics of argumentation, we need to consider AFs that change, for example due to the addition of
new arguments and attacks. In this paper we focus on the behaviour of semantics
for argumentation in a dynamic context, by studying properties related to how
the evaluation of an AF changes if the AF changes.
Our work extends the growing literature on the general problem of change
in Dung style argumentation theory. This includes studies of strong equivalence [12], enforcing [3] and revision in argumentation [6, 10]. In particular, this
paper extends the approach of Boella et al. [4, 5], who studied refinement and
abstraction principles, which are conditions under which the evaluation of an
AF remains unchanged when an attack is added or removed. While they only
focussed on semantics that yield a single extension or labelling, we extend their
approach by considering three types of properties that also apply to semantics
that yield multiple extensions or labellings:
– XY addition persistence: a σ labelling of an AF F in which x is labelled X
and y is labelled Y is still a σ labelling of F after adding an attack from x to y.
– XY removal persistence: a σ labelling of an AF F in which x is labelled X
and y is labelled Y is still a σ labelling of F if removing the attack from x to y.
– XY skeptical monotony: if in all σ labellings of an AF F , x is labelled X
and y is labelled Y , then adding an attack from x to y does not lead to new
σ labellings.

We systematically check, for each combination of labels X and Y (relying
on Caminada’s three-valued labellings [7]) whether XY addition persistence,
removal persistence and skeptical monotony are satisfied under the grounded,
complete, preferred, stable and semi-stable semantics. Our results provide insight
into the behaviour of these semantics in a dynamic context. For example, OO
addition persistence reflects the principle that a point of view represented by a
labelling L need not be revised due to the addition of an attack from x to y, if
both x and y are labelled out in L. This is intuitive because the added attack
does not introduce a conflict with respect to L in this case. We show that some
combinations of X and Y yield counterintuitive properties that are, indeed, not
satisfied under any of the semantics we consider. Other properties are intuitive,
such as the above mentioned OO addition persistence, and are satisfied under
some semantics but not under all.
The layout of this paper is as follows. In section 2 we recall the necessary
definitions concerning AFs, extension-based semantics and labelling-based semantics. In sections 3, 4 and 5 we introduce the addition persistence, removal
persistence and skeptical monotony properties and we check whether they are
satisfied or not. In section 6 we discuss related work. In section 7 we conclude
and discuss a number of directions for future research.
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Preliminaries

Formally, an AF is a directed graph represented by a set A of arguments and
a binary relation
over A called the attack relation [11]. To simplify our discussion we assume that A is a finite subset of a set U called the universe of
arguments.
Definition 1. Let U be a set whose elements are called arguments. An argumentation framework (AF, for short) is a pair F = (A, ) where A is a finite
subset of U and ⊆ A × A. We denote by F the set of all AFs.
Given an AF (A, ) we say that an argument a ∈ A attacks an argument
b ∈ A if and only if (a, b) ∈ . Given an AF F we denote by x− (resp. B − ) the
set of arguments attacking x (resp. some x ∈ B) and by x+ (resp. B + ) the set
of arguments attacked by x (resp. some x ∈ B).
2.1

Extension-based Semantics

An extension-based semantics is defined by a condition that an extension (i.e., a
set of arguments) must satisfy so that it represents a rationally acceptable set of
arguments. Three basic conditions are conflict-freeness, admissibility and completeness. An extension E is conflict-free if it is not self-attacking, admissible if
it defends all its members, and complete if it furthermore includes all arguments
that it defends. The notion of defence used here is defined as follows.
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Definition 2. [11] Let F = (A, ) be an AF. An extension E ⊆ A defends an
argument y ∈ A if and only if for all x ∈ A such that x
y, there is a z ∈ E
such that z
x. We define DF (E) by DF (E) = {x ∈ A | E defends x}.
Definition 3. [11] Let F = (A, ) be an AF. An extension E ⊆ A is conflictfree iff for no x, y ∈ A it holds that x
y; admissible iff E is conflict-free and
E ⊆ DF (E); and complete iff E is conflict-free and E = DF (E).
An extension-based semantics σ can be represented by a function Eσ : F →
U
22 satisfying Eσ ((A, )) ⊆ 2A . The following definition presents some of the
most-used semantics, namely the complete (co), grounded (gr), preferred (pr),
semi-stable (ss) and stable (st) semantics.
Definition 4. Let F = (A,
–
–
–
–
–

) be an AF.

Eco (F ) = {E ⊆ A | E is a complete extension of F }
Egr (F ) = {E ∈ Eco (F ) | @E 0 ∈ Eco (F ) s.t. E 0 ⊂ E}
Epr (F ) = {E ∈ Eco (F ) | @E 0 ∈ Eco (F ) s.t. E ⊂ E 0 }
Ess (F ) = {E ∈ Eco (F ) | @E 0 ∈ Eco (F ) s.t. E ∪ E + ⊂ E 0 ∪ E 0+ }
Est (F ) = {E ∈ Eco (F ) | E ∪ E + = A}
The grounded extension can also be characterized by a fix point theory.

Proposition 1. [11, Theorem 25] Given an AF F , the grounded extension of
F coincides with the least fixed point of DF .
2.2

Labelling-based Semantics

While an extension only captures the arguments that are accepted in a given position, a labelling assigns to each argument an acceptance status. This approach
can be traced back to Pollock [13]. We follow Caminada [7], who defined the semantics considered here using three-valued labellings: I (accepted), O (rejected)
and U (undecided). The benefit of labellings over extensions is that they permit
us to distinguish not only arguments that are accepted and not accepted, but
also those that are explicitly rejected and those that are undecided.
Definition 5. A labelling of an AF (A, ) is a function L : A → {I, O, U}.
Given a label l ∈ {I, O, U} we define L−1 (l) as {x ∈ A | L(x) = l}. Given an
AF F , we let L(F ) denote the set of all labellings of F .
We also denote a labelling L by a set of pairs {(x1 , L(x1 )), . . . , (xn , L(xn ))}.
Complete labellings are defined as follows.
Definition 6. Let F = (A, ) be an AF. A labelling L ∈ L(F ) is complete if
and only if for all x ∈ A, L(x) = I iff for all y ∈ x− , L(y) = O; and L(x) = O
iff for some y ∈ x− , L(y) = I.
The following definition introduces the labelling-based versions of the semantics presented in the previous section [8].
3

Definition 7. Let F = (A,
–
–
–
–
–

) be an AF.

Lco (F ) = {L ∈ L(F ) | L is a complete labelling of F }
Lgr (F ) = {L ∈ Lco (F ) | @L0 ∈ Lco (F ) s.t.L0−1 (I) ⊂ L−1 (I)}
Lpr (F ) = {L ∈ Lco (F ) | @L0 ∈ Lco (F ) s.t.L−1 (I) ⊂ L0−1 (I)}
Lss (F ) = {L ∈ Lco (F ) | @L0 ∈ Lco (F ) s.t.L0−1 (U) ⊂ L−1 (U)}
Lst (F ) = {L ∈ Lco (F ) | L−1 (U) = ∅}

The following proposition establishes a correspondence between extensions
and labellings. It has been shown that this is a one-to-one mapping [8].
Proposition 2. Let F = (A,

) be an AF and let σ ∈ {co, gr, pr, ss, st}.

– If L ∈ Lσ (F ) then L−1 (I) ∈ Eσ (F ).
– If E ∈ Eσ (F ) then L ∈ Lσ (F ), where L is defined by L(x) = I, if x ∈ E,
L(x) = O, if x ∈ E + and L(x) = U, otherwise.

3

Addition Persistence Properties

We first consider addition persistence, defined with respect to two labels X and
Y . We say that a semantics σ satisfies XY addition persistence whenever a σ
labelling of an AF F in which x is labelled X and y is labelled Y is still a σ
labelling of F after adding an attack from x to y. Formally:
Definition 8. Let σ be a semantics and let X, Y ∈ {O, I, U}. We say that σ
satisfies XY addition persistence if and only if for all (A, ) ∈ F and x, y ∈ A,
if L ∈ Lσ ((A, )), L(x) = X and L(y) = Y , then L ∈ Lσ ((A, ∪{(x, y)})).
For some combinations of X and Y , the semantics we consider obviously do
not satisfy XY addition persistence. These are II, IU and UI addition persistence. The reason is that no two arguments x and y such that x attacks y ever
receive these combinations of labels in a complete labelling.
Proposition 3. The grounded, complete, preferred and semi-stable semantics
do not satisfy II, IU and UI addition persistence.
Under the stable semantics, where arguments are never labelled U, all properties involving U-labelled arguments are trivially satisfied.
Proposition 4. The stable semantics satisfies UO, UU, UI, UO and UI addition persistence but does not satisfy II addition persistence.
For the remaining combinations of X and Y , XY addition persistence may
be considered desirable. For example, OO, OU and OI addition persistence together reflect the principle that a point of view L need not be revised due to the
addition of an attack from x to y, if x is labelled O. This is intuitive because
the added attack does not in this case introduce a conflict with respect to L, as
4

the argument from which the added attack originates is rejected. Similar considerations apply to UO, UU and IO addition persistence, which also concern
combinations where the added attack does not introduce conflict.
We now turn to the question whether the semantics we consider satisfy these
remaining properties. Let us start with the grounded and complete semantics.
While the grounded semantics satisfies OO, OU, UO, UU and IO addition
persistence, it does not satisfy OI addition persistence.
Theorem 1. The grounded semantics satisfies OO, OU, UO, UU and IO
addition persistence but not OI addition persistence.
Proof. Due to lack of space we only provide a proof sketch. Satisfaction can be
proven by induction on the construction of the grounded extension of F as the
fix point of DF . A counterexample for OI addition persistence is provided below.
The failure of OI addition persistence is due to the fact that the addition
of an attack from an O to an I labelled argument may lead to a new complete
labelling in which both arguments are U. This new labelling will become the
new grounded labelling. This is demonstrated by the following example.
Example 1 (Failure of OI addition persistence under the grounded semantics).
Consider an AF with two arguments a, b, where a attacks b. In the grounded
labelling, a is labelled I and b is labelled O. If we add an attack from b to a the
grounded labelling assigns U to a and b.
The complete semantics satisfies all properties satisfied by the grounded semantics but it also satisfies OI addition persistence.
Theorem 2. The complete semantics satisfies OO, OU, OI, UO, UU and IO
addition persistence.
Proof. Follows easily from definition 6. We omit this proof due to lack of space.
The preferred semantics satisfies all properties satisfied by the complete semantics, except for UU addition persistence.
Theorem 3. The preferred semantics satisfies OO, OU, OI, IO and UO addition persistence but not UU addition persistence.
Proof. Let (A, ) ∈ F and let L ∈ Lpr ((A, )) be a labelling s.t. either
L(x) = O or L(y) = O. We prove that L ∈ Lpr ((A,
∪{(x, y)})). If x
y
we are done. For the case x 6 y, assume the contrary. We have L ∈ Lco ((A,
∪{(x, y)})) and thus there must be an L0 ∈ Lpr ((A,
∪{(x, y)})) such that
L−1 (I) ⊂ L0−1 (I). It then follows that either L0 (x) = O or L0 (y) = O and hence
L0 ∈ Lco ((A, )). This contradicts L ∈ Lpr ((A, )). Hence L ∈ Lpr ((A,
∪{(x, y)})). A counterexample for UU addition persistence is provided below.
Failure of UU addition persistence is due to the fact that an attack from a U
to another U labelled argument may lead to a new complete labelling in which
one of the two is labelled I. This new labelling will replace the old labelling as
one of the preferred labellings. This is demonstrated by the following example.
5

Example 2 (Failure of UU addition persistence under the preferred semantics).
Consider an AF with two arguments a, b, where a attacks b and a is selfattacking. The unique preferred labelling assigns U to a and b. If we add an
attack from b to a the unique preferred labelling assigns O to a and I to b.
We already saw that addition persistence properties involving U-labelled arguments are trivially satisfied under the stable semantics. The remaining interesting properties are OO, OI and IO addition persistence. They are all satisfied.
Theorem 4. Stable semantics satisfies OO, OI and IO addition persistence.
Proof. This follows from the proof of theorem 2 together with the fact that a
labelling is stable if and only if it is complete and no argument is labelled U.
Under the semi-stable semantics, none of the remaining XY addition persistence properties are satisfied.
Theorem 5. The semi-stable semantics does not satisfy IO, UO, OO, OU or
OI addition persistence.
We list here the counterexamples.
Example 3 (Failure of IO, UO and OO addition persistence under semi-stable
semantics). The AF shown in figure 1 has a unique semi-stable labelling L =
{(a, I), (b, O), (c, I), (d, O), (e, U), (f, U)}. If we add an attack from a to b (labelled I and O); from f to b (labelled U and O); or from d to b (both labelled
O), L is no longer a semi-stable labelling. Instead we get the unique semi-stable
labelling {(a, I), (b, O), (c, O), (d, I), (e, O), (f, I)}.

a

b

c

d

e

f

Fig. 1: Failure of IO, UO and OO addition persistence under semi-stable semantics.

Example 4 (Failure of OU addition persistence under semi-stable semantics).
The AF shown in figure 2 has a unique semi-stable labelling L = {(a, U), (b, I),
(c, O), (d, U)}. If we add an attack from c to a (labelled O and U, respectively)
then L is no longer a semi-stable labelling. Instead we get the unique semi-stable
labelling {(a, O), (b, O), (c, I), (d, O)}.

a

c

b

d

Fig. 2: Failure of OU addition persistence under semi-stable semantics.
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Example 5 (Failure of OI addition persistence under semi-stable semantics).
Consider an AF with three arguments a, b and c, where a attacks b, b attacks c
and c is self-attacking. The unique semi-stable labelling is {(a, I), (b, O), (c, U)}.
If we add an attack from b to a (labelled O and I, respectively) the unique
semi-stable labelling becomes {(a, O), (b, I), (c, O)}.
Let us summarize the results obtained in this section. At the start we established that none of the semantics we consider satisfy II, IU and UI addition
persistence, except the stable semantics, which does not satisfy II addition persistence but trivially satisfies all properties involving U-labelled arguments. The
complete and stable semantics can be considered the best behaved ones, as they
satisfy all remaining properties, while the semi-stable semantics can be considered the worst behaved one, as it satisfies none. Table 1 contains an overview of
the results.
Grounded:

Complete:

Preferred:

Stable:

Semi-Stable:

X
OU I
O333
Y U33 I - - -

X
OU I
O333
Y U33 I 3 - -

X
OU I
O333
Y U3 - I 3 - -

X
OU I
O333
Y U333
I 33 -

X
OU
O - Y U - I - -

I
-

Table 1: Overview of addition persistence properties.

4

Removal Persistence

We now consider the property of removal persistence. We say that a semantics
σ satisfies XY removal persistence whenever every σ labelling of an AF F in
which two arguments x and y are labelled X and Y , respectively, is still a σ
labelling of F after removing the attack from x to y. Formally:
Definition 9. Let σ be a semantics and let X, Y ∈ {O, I, U}. We say that σ
satisfies XY removal persistence if and only if for all (A, ) ∈ F and x, y ∈ A,
if L ∈ Lσ ((A, )), L(x) = X and L(y) = Y , then L ∈ Lσ ((A, \{(x, y)})).
Like in the previous section we now determine, for all semantics that we
consider, and for all combinations of X and Y , whether XY removal persistence
is satisfied or not. We first establish a number of obvious cases. First of all, II, IU
and UI removal persistence are trivially satisfied under all semantics we consider,
because these combinations of labels are never assigned by a complete labelling
to any two arguments x and y where x attacks y. Similarly, all removal properties
involving U-labelled arguments are trivially satisfied under the stable labellings,
7

where argument are never labelled U. Furthermore IO removal persistence fails
under all semantics we consider, because in a complete labelling, an argument
is labelled O only if some attacker is labelled I. Thus, removing an attack from
an argument labelled I in L to an argument labelled O in L may invalidate L.
The same holds for UU removal persistence, which fails under all semantics we
consider, except under the stable semantics, where it is trivially satisfied.
Proposition 5. The grounded, complete, preferred and semi-stable semantics
satisfy II, IU and UI removal persistence but do not satisfy IO and UU removal
persistence.
Proposition 6. The stable semantics satisfies II, UO, UU, UI, OU and IU
removal persistence but does not satisfy IO removal persistence.
In the remainder of this section we focus on OO, OU, OI and UO removal
persistence. All these properties may be considered desirable. For example, OO
removal persistence reflects the principle that a point of view L need not be
revised due to the removal of an attack from x to y, when both x and y are
labelled O in L. This is an intuitive principle, because y is not in this case
rejected due to being attacked by x, and removing it does not change whether
or not the rejection of y is justified. Similar considerations apply to OU, OI and
UO removal persistence.
Let us start with the grounded, complete and preferred semantics.
Theorem 6. The grounded, complete and preferred semantics satisfy OO, OU,
OI and UO removal persistence.
Proof. Grounded: Due to space constraints we only provide a sketch of the proof.
The satisfied properties can be proven by induction on the construction of the
grounded extension of an AF F as the fix point of DF . Complete: Follows easily
from the definition of a complete labelling. Preferred: Let (A, ) ∈ F and let
L ∈ Lpr ((A, )) be a labelling s.t. L(x) = O. We prove that L ∈ Lpr ((A,
\{(x, y)})). If x 6 y we are done. For the case x
y, assume the contrary.
We have L ∈ Lco ((A, \{(x, y)})) and thus there must be an L0 ∈ Lpr ((A,
\{(x, y)})) such that L−1 (I) ⊂ L0−1 (I). It then follows that L0 (x) = O and hence
L0 ∈ Lco ((A, )). This contradicts L ∈ Lpr ((A, )). Hence L ∈ Lpr ((A,
\{(x, y)})). This proves that the preferred semantics satisfies OO, OU and OI
persistence. The proof for UO is similar.
Let us move on to the stable semantics. Proposition 6 already lists a number
of properties that are trivially satisfied. The following theorem concerns the two
remaining non-trivial properties.
Theorem 7. The stable semantics satisfies OO and OI removal persistence.
Proof. This follows from theorem 6 together with the fact that a labelling is
stable if and only if it is complete and no argument is labelled U.
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Under the semi-stable semantics we see that all the remaining properties
(OO, OU, OI and UO removal persistence) fail.
Example 6 (Failure of OO and OI removal persistence under semi-stable semantics). The AF shown in figure 3 has a unique semi-stable labelling L =
{(a, O), (b, I), (c, O), (d, I), (e, O), (f, U)}. If we remove the attack from a to e
(both labelled O) then L is no longer a semi-stable labelling. Instead we get
the unique semi-stable labelling {(a, I), (b, O), (c, I), (d, O), (e, I), (f, O)}. Similarly, if we remove the attack from c to b (labelled O and I, respectively)
then L is no longer semi-stable. Instead we get the unique semi-stable labelling
{(a, O), (b, I), (c, I), (d, O), (e, I), (f, O)}.

a

b

c

d

e

f

Fig. 3: Failure of OO and OI removal persistence under semi-stable semantics.

Example 7 (Failure of OU removal persistence under semi-stable semantics).
The AF shown in figure 4 has a unique semi-stable labelling L = {(a, U), (b, U),
(c, O), (d, I), (e, O), (f, U)}. If we remove the attack from c to b (labelled O and
U, respectively) then L is no longer a semi-stable labelling. Instead we get the
unique semi-stable labelling L = {(a, O), (b, I), (c, I), (d, O), (e, I), (f, O)}.

a

b

c

d

e

f

Fig. 4: Failure of OU removal persistence under semi-stable semantics.

Example 8 (Failure of UO removal persistence under semi-stable semantics).
The AF shown in figure 2 has a unique semi-stable labelling L = {(a, U), (b, I),
(c, O), (d, U)}. If we remove the attack from a to c (labelled U and O) then L is
no longer a semi-stable labelling. Instead we get the unique semi-stable labelling
{(a, U), (b, O), (c, I), (d, O)}.
Let us summarize the results obtained in this section. At the start we saw
that under all semantics we consider, the II, IU and UI removal persistence are
trivially satisfied. Furthermore, the UU and IO removal properties fail under
all semantics, except for the stable semantics, which does not satisfy IO removal
persistence but trivially satisfies all properties involving U-labelled arguments.
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As for the remaining properties, it holds that the grounded, complete and preferred semantics are all similar in that they all satisfy OO, OU, OI and UO
removal persistence. However, the semi-stable semantics satisfies none of these
properties. Table 2 contains an overview of these results.

Grounded:

Complete:

Preferred:

Stable:

Semi-Stable:

X
OU I
O33 Y U3 - 3
I 333

X
OU I
O33 Y U3 - 3
I 333

X
OU I
O33 Y U3 - 3
I 333

X
OU I
O33 Y U333
I 333

X
OU I
O - - Y U - - 3
I - 33

Table 2: Overview of Removal Persistence Properties.

5

Skeptical Monotony

Suppose that two arguments x and y are labelled X and Y in all σ labellings of
F . The XY addition persistence property then implies that all σ labellings of F
are also σ labellings of F after adding an attack from x to y. In other words, XY
addition persistence implies that no σ labelling gets destroyed. But is it also the
case that no new labellings are created? This is the property that we consider
in this section. We call it skeptical XY monotony.
Definition 10. Let σ be a semanitcs and let X, Y ∈ {O, I, U}. We say that σ
satisfies XY skeptical monotony if and only if for all (A, ) ∈ F and x, y ∈ A: If
for all L ∈ Lσ ((A, )), L(x) = X and L(y) = Y , then Lσ ((A, ∪{(x, y)})) ⊆
Lσ ((A, )).
Like before, it is obvious that for some combinations of X and Y , the semantics we consider do not satisfy skeptical XY monotony. If x and y are both
labelled I then adding an attack creates a complete labelling which is not a complete labelling of the initial AF. Thus, skeptical II monotony fails, and skeptical
IU and UI monotony fail for the same reason, except under the stable semantics,
which does not satisfy II skeptical monotony but trivially satisfies all properties
involving U labelled arguments.
Proposition 7. The grounded, complete, preferred and semi-stable semantics
do not satisfy II, IU or UI skeptical monotony.
Proposition 8. The stable semantics satisfies UO, UU, UI, UO and UI skeptical monotony but does not satisfy II skeptical monotony.
10

In the rest of this section we focus on the remaining properties, namely
OO, OU, OI, UO, UU and IO skeptical monotony. Again, all these properties
may be considered desirable. For example, OO skeptical monotony reflects the
principle that adding an attack between two arguments that are both labelled O
in every labelling does not lead to the creation of new points of view on argument
acceptance. This is intuitive because the added attack does not introduce a
conflict with respect to any of the labellings of the initial AF. The other skeptical
monotony properties may be considered desirable for the same reason. We now
check whether the semantics we consider satisfy these properties.
Let us start with the grounded semantics. Because the grounded labelling is
unique, there is no difference between XY skeptical monotony and XY addition
persistence. Thus, the following result follows immediately from theorem 1.
Theorem 8. The grounded semantics satisfies OO, OU, UO, UU and IO
skeptical monotony but not OI skeptical monotony.
We move on to the complete semantics.
Theorem 9. The complete semantics satisfies OO, OU, UO and IO skeptical
monotony but not UU or OI skeptical monotony.
Proof. Let (A, ) ∈ F and x, y ∈ A. If x
y we are done. In the remainder
we assume that x 6 y. The OO, OU, UO and IO cases can be reduced to the
following two cases:
– For all L ∈ Lco ((A, )), L(y) = O. Then y is O in the grounded labelling of
F . Hence there is a z ∈ A s.t. z
y and z is I in the grounded labelling of
(A, ). Furthemore since x 6 y it holds that x 6= z. Theorem 1 implies that
y is O and z is I in the grounded labelling of (A,
∪{(x, y)}). Hence for
all L ∈ Lco ((A, ∪{(x, y)})), L(y) = O and L(z) = I. Definition 6 implies
that Lco ((A, ∪{(x, y)})) ⊆ Lco ((A, )).
– For all L ∈ Lco ((A, )), L(x) = O and L(y) = U. Then x is O and y
is U in the grounded labelling of F . Theorem 1 implies that x is O in
the grounded labelling of (A,
∪{(x, y)}). Hence for all L ∈ Lco ((A,
∪{(x, y)})), L(x) = O. Theorem 6 implies that Lco ((A,
∪{(x, y)})) ⊆
Lco ((A, )).
Counterexamples for OI and UU skeptical monotony are provided below.
Example 9 (Failure of OI and UU skeptical monotony under the complete semantics). Consider an AF with two arguments a and b where a attacks b. This
AF has a unique complete labelling {(a, I), (b, O)}. Adding an attack from b to
a leads to an additional complete labelling {(a, O), (b, I)}. A counterexample for
UU skeptical monotony can be constructed by making a self-attacking.
The preferred semantics satisfies none of the remaining properties.
Theorem 10. The preferred semantics does not satisfy OO, OU, OI, UO,
UU or IO skeptical monotony.
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Example 9 is also a counterexample for OI and UU skeptical monotony under
the preferred semantics. Counterexamples for the other cases are provided below.
Example 10 (Failure of IO and OO skeptical monotony under preferred semantics). The AF shown in figure 3 has one preferred labelling {(a, O), (b, I), (c, O),
(d, I), (e, O), (f, U)}. Adding an attack from e to c (both O in all preferred
labellings) or from b to c (I and O in all preferred labellings) leads to a new preferred labelling that is not a preferred labelling of the initial AF: {(a, O), (b, I),
(c, O), (d, O), (e, I), (f, O)}.
Example 11 (Failure of OU skeptical monotony under the preferred semantics).
The AF shown in figure 2 has one preferred labelling {(a, U), (b, I), (c, O), (d, U)}.
Adding add an attack from c to a (labelled O and U in all preferred labellings)
leads to a new preferred labelling that is not a preferred labelling of the initial
AF: {(a, O), (b, O), (c, I), (d, O)}.
Example 12 (Failure of UO skeptical monotony under the preferred semantics).
The AF shown in figure 1 has one preferred labelling {(a, I), (b, O), (c, I),
(d, O), (e, U), (f, U)}. Adding an attack from f to b (labelled U and O in all
preferred labellings) leads to a new preferred labelling that is not a preferred
labelling of the initial AF: {(a, I), (b, O), (c, O), (d, I), (e, O), (f, I)}.
The stable semantics satisfies none of the XY skeptical monotony properties, except those that are trivially satisfied due to U labelled arguments, as
established in proposition 8.
Theorem 11. Stable semantics does not satisfy OO, OI, IO skeptical monotony.
For the OO and IO case, example 10 can be turned into a counterexample
by removing from the AF shown in figure 3 the argument f . For the OI case,
example 9 counts as a counterexample.
Like the preferred semantics, the semi-stable semantics satisfies none of the
remaining XY skeptical monotony properties.
Theorem 12. The semi-stable semantics does not satisfy OO, OU, OI, UO,
UU or IO skeptical monotony.
All counterexamples for the preferred case (examples 9, 10, 11 and 12) also
apply in the semi-stable case.
Let us summarize the results of this section. At the start we established that
under all the semantics we consider, the II, IU and UI skeptical monotony
properties fail. The exception is the stable semantics, which fails II skeptical
monotony but trivially satisfies properties involving U-labelled arguments. Furthermore, the results for skeptical monotony under the grounded semantics coincide with the results of addition persistence. Finally, while the complete semantics still satisfies OO, OU, UO and IO skeptical monotony, the preferred and
semi-stable semantics satisfy none of the skeptical monotony properties. Table 3
contains an overview of these results.
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Grounded:

Complete:

Preferred:

X
OU I
O333
Y U33 I - - -

X
OU I
O333
Y U3 - I - - -

X
OU
O - Y U - I - -

I
-

Stable:

Semi-Stable:

X
OU I
O - 3 Y U333
I - 3 -

X
OU
O - Y U - I - -

I
-

Table 3: Overview of skeptical monotony properties.

6

Related Work

As we mentioned, our work extends the approach of Boella et al. [4, 5]. The refinement and abstraction principles that they studied are, in the single-extension
case that they consider, equivalent to the addition and removal persistence properties. Indeed, the results we obtained for the grounded semantics coincide with
theirs. As we discussed, our results extend theirs in a number of ways.
Our work is also related to earlier work we did on counterfactuals in argumentation. Sakama studied counterfactuals of the form α2→ β (meaning “if α
were true then β would be true”) where α and β are literals of the form I(x) or
O(x) [15]. A counterfactual α2→ β is true w.r.t. an AF F and semantics σ if
the change of F represented by α leads to the truth of β in all σ labellings of
F . Here, the premise O(x) represents the addition of a new argument attacking
x, while I(x) represents the removal of all attacks pointing to x. Rienstra’s approach [14] is similar, and is based on a relation ||=F
σ determined by an AF F and
semantics σ, between so called interventions and consequences. An intervention
is a set of literals of the form O(x) or ¬I(x) that represent, respectively, addition
of a new argument attacking x or of a new self-attacking argument attacking
x. A formula φ is a consequence of an intervention Φ (written Φ ||=F
σ φ) if the
change represented by Φ leads to the truth of φ in all σ labellings of F . A number of properties that were studied using these models follow from the results
that we have obtained. For example, failure of Cautious Monotony (if Φ ||=F
σ α
F
φ)
under
the
preferred
semantics
demonstrated
and Φ ||=F
φ
then
Φ
∪
{α}
||=
σ
σ
by Rienstra follows from the failure of IO skeptical monotony (theorem 10).
F
F
Similarly, the failure of Cut (if Φ ||=F
σ α and Φ ∪ {α} ||=σ φ then Φ ||=σ φ) under the semi-stable semantics follows from the failure of IO addition persistence
(theorem 5).
Cayrol et al. [9] studied the impact on the evaluation of an argumentation
framework when new arguments and attacks are added. They define a number
of properties to characterize this impact. Examples are changes leading to a
larger, unique, or smaller set of extensions, changes that are monotonic (every
extension of the old AF is included in an extension of the changed AF) and
monotony w.r.t. an argument (every argument included in an extension of the
old AF is also included in an extension of the changed AF). Then they study the
13

relation between these properties and determine some conditions under which
the addition of an argument leads to a certain type of change.
The results we obtained can be contrasted with the characterization of the
strong equivalence relation between AFs [12]. Two AFs are strongly equivalent
with respect to a semantics if they generate equivalent sets of extensions, and
this equivalence is robust with respect to the addition of new arguments and attacks to both AFs. The characterization of this relation shows that the presence
and absence of an attack from an argument x to an argument y are indistinguishable if certain syntactical conditions are met. Examples of such conditions
are that one or both of x and y are self attacking, or that y attacks x. Oikarinen
and Woltran [12] have determined the exact condition for a number of different
semantics. The results that we obtained also imply that in certain cases, the
presence and absence of an attack between two arguments x and y are indistinguishable. In our case, however, the conditions are not syntactic but depend on
the status of x and y.

7

Conclusion and Future Work

We studied a number of properties concerning the behaviour of semantics for
abstract argumentation when the AF changes. The properties are concerned
with how the evaluation of an AF changes if an attack between two arguments
is added or removed. The results provide insight into the behaviour of these
semantics in a dynamic context. In particular, we have shown that the complete
semantics satisfies all the intuitive properties that we have considered, that the
grounded, preferred and stable semantics fail some of them, and that the semistable semantics fail all of them.
We plan to extend the current line of research in a number of ways. First
of all, we plan to study weaker versions of the properties considered in this
paper, look at skeptical monotony with respect to removal and obtain results
with respect to semantics that were not considered here. Furthermore, we plan
to study connections between the properties considered here and in other work
on the behaviour of semantics of argumentation, such as strong equivalence [12],
input/output behaviour [1] and directionality [2]. Finally, we expect that the
results we have obtained will be useful in the ongoing research into modelling
dynamical aspects of abstract argumentation, such as counterfactuals, abduction
and revision.
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