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Abstract
Timed Argumentation Frameworks (TAFs) allow taking into
account the availability of arguments and attacks in abstract
argumentation. We propose a new reasoning approach for
TAFs, where a standard Dung-style AF can be associated with
each timepoint. We show that, although this framework is
more expressive than Dung’s framework, our approach does
not lead to an increase in computational complexity for most
reasoning problems and classical extension-based semantics.

1 Introduction
Abstract argumentation (Dung 1995) is a major topic in
Knowledge Representation and Reasoning, allowing the el-
egant modeling of conflicting pieces of information and pro-
viding methods for reasoning in presence of this conflicting
information. An Argumentation Framework (AF) is a di-
rected graph where nodes represent the arguments and the
edges are the attacks (i.e. oriented conflicts) between argu-
ments. Classical reasoning methods, called extension-based
semantics rely on so-called extensions, which are sets of
jointly acceptable arguments (Dung 1995; Baroni, Cami-
nada, and Giacomin 2018).

For modeling real-world scenarios, it may be necessary
to take into account the actual availability of arguments
through time. For instance, the natural language argument “I
cannot go on vacation (in a particular city) because hotels are
expensive” is not true all along the year. Timed AFs (TAFs)
were proposed by Cobo, Martı́nez, and Simari (2010), where
classical semantics are adapted to take into account the
availability of arguments in the notion of defense. Timing
was studied in different directions in argumentation (Mann
and Hunter 2008; Cobo, Martı́nez, and Simari 2011b;
Cobo, Martı́nez, and Simari 2011a; Pardo and Godo 2011;
Barringer, Gabbay, and Woods 2012; Budán et al. 2012b;
Budán et al. 2012a; Budán et al. 2015; Budán et al. 2015;
Budán et al. 2017; Baumann and Heinrich 2020; Bistarelli
et al. 2023a; Bistarelli et al. 2023b; Bistarelli et al. 2024).
Here, we propose an alternative approach for reasoning
of TAFs, which does not require adapting the semantics.
We map a TAF to a set of AFs corresponding to differ-
ent timepoints, and apply classical extension-based seman-
tics to these AFs. This induces, for each classical deci-
sion problem, two variants: is a property (e.g. the credu-
lous acceptability of a given argument) true with respect to

at least one (possible view) or to each (necessary view) of
these standard AFs. This kind of approach is reminiscent
of reasoning with Incomplete AFs (Baumeister et al. 2018;
Fazzinga, Flesca, and Furfaro 2020; Baumeister et al. 2021;
Mailly 2022). Yet, in contrast to incomplete AFs where
complexity of reasoning typically increases (Baumeister et
al. 2018; Baumeister et al. 2021), we show that complexity
of reasoning in TAFs coincides with classical AF reasoning
for most tasks.

2 Background
We recall basics of abstract argumentation (Dung 1995).

Definition 1. An argumentation framework (AF) is a pair
F = ⟨A,R⟩, where A is a finite non-empty set of arguments
and R ⊆ A × A denotes an attack relation. If (a, b) ∈ R
then argument a attacks argument b.

In an AF F = ⟨A,R⟩ a set of arguments S ⊆ A defends
an a ∈ A if ∀(b, a) ∈ R we find a (c, b) ∈ R with c ∈ S.
Semantics can then be defined, as follows, for FF (S) =
{a ∈ A | S defends a}.

Definition 2. Let F = ⟨A,R⟩ be an AF and S ⊆ A.

• S is conflict-free in F iff ∄a, b ∈ S s.t. (a, b) ∈ R.
• S is an admissible extension in F iff S is conflict-free in
F and S ⊆ FF (S).

• S is a complete extension in F iff S is an admissible ex-
tension in F and S = FF (S).

• S is the grounded extension in F iff S is conflict-free and
S is the least fixed point of FF .

• S is a stable extension in F iff S is conflict-free in F and
∀a ∈ A \ S, there is b ∈ S with (b, a) ∈ R.

• S is a preferred extension in F iff S is a ⊆-maximal ad-
missible extension in F .

Reasoning for a given semantics, AF, and an argument
includes credulous acceptance of the argument, i.e., is the
argument in at least one extension of the chosen seman-
tics, and skeptical acceptance, i.e., is the argument in all
extensions of the chosen semantics. For admissible, com-
plete, stable, and preferred semantics credulous acceptance
is NP-complete and skeptical acceptance is trivial for admis-
sible, in P for complete, coNP-complete for stable, and ΠP

2 -
complete for preferred semantics. Verifying whether a set



of arguments is admissible, complete, or stable is in P, and
coNP-complete for preferred semantics (Dvořák and Dunne
2018).

Cobo, Martı́nez, and Simari (2010) augment AFs with a
time component, indicating availability of arguments.

Definition 3. A Timed abstract Argumentation Framework
(TAF) is a tuple T = ⟨A,R,AvA,AvR⟩ where

• A is a set of arguments,
• R ⊆ A×A is an attack relation,
• AvA : A → P(Q) is the availability function over argu-

ments, and
• AvR : R → P(Q) is the availability function over at-

tacks.
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Figure 1: A Timed AF for deciding where to go on vacation

Example 1(a) (Vacation). Consider e.g. this example of de-
cision making: where (and when) to go on vacation? There
are three options: going to the grandparents’ farm in the
countryside (g), or visiting one of the nice cities of Toulouse
(t) or Vienna (w). We assume that the person would prefer
to go to Toulouse or Vienna over the grandparents’ farm, but
because of financial reasons, (s)he can not do it if the hotels
in Vienna are expensive (h) or if the flights to Toulouse are
expensive (f ). The prices of hotels and flights evolve through
time, so the arguments h and f are not always relevant, i.e.,
when prices are cheap then h and/or f are not available for
reasoning. Figure 1 represents this scenario, with time in-
tervals given close to the nodes f and h. For a matter of
simplicity, we assume that arguments and attacks without
explicit time intervals are always available, and that time is
restricted to months in [Jan,Dec] with Jan corresponding
to January 2026 and Dec to December 2026.

3 Time-point Reasoning
In this paper, we assume that the availability of arguments
and attacks is represented by a finite set of intervals. For-
mally, AvA(a) and AvR(a, b) both map to sets of rational
intervals denoted by Iyx . For the sake of a clearer presenta-
tion, we assume that each interval is closed, i.e., of the form
[x, y], indicating that the argument or attack is present be-
tween x and y, including x and y. We also allow for x or y
to be ∞ or −∞ (indicating no bounds).

In a TAF we identify for t ∈ Q an associated AF.

Definition 4. Given a TAF T = ⟨A,R,AvA,AvR⟩, a time-
point AF is Ft = ⟨At,Rt⟩ such that

• At = {a ∈ A | t ∈ AvA(a)},
• Rt = {(a, b) ∈ R | a, b ∈ At, t ∈ AvR(a, b)}.

Naturally, asking for argument acceptance at a specific
time-point leads to reasoning coinciding to the classical
case.
Definition 5. Given a TAF T = ⟨A,R,AvA,AvR⟩, a ∈ A,
σ an extension-based semantics, and t ∈ Q a time-point, a
is t-credulously (resp. t-skeptically) acceptable if a is cred-
ulously (resp. skeptically) acceptable in Ft.

When considering a given time-point, the corresponding
time-point AF can be directly obtained (in polynomial time):
selecting available arguments and available attacks such that
both arguments involved in the attack are available.
Example 1(b) (Vacation, cont.). Considering our running
example, and the time-point Mar , we first compute the set
of arguments AMar = {t, w, g, h}, and then RMar =
R \ {(f, t)}. For the time-point May , on the contrary,
we have AMay = {t, w, g, f} and the corresponding at-
tacks. In Jul we have all the arguments and attacks,
while in Oct we have AOct = {t, w, g} and ROct =
{(t, w), (w, t), (t, g), (w, g)}.
Proposition 1. The complexity of checking t-credulous and
t-skeptical acceptance coincides with classical credulous
and skeptical acceptance, under admissible, complete, sta-
ble, and preferred semantics.

To investigate more general notions of reasoning in TAFs,
we make use of possible and necessary acceptance, bor-
rowed from incomplete AFs (Baumeister et al. 2021).
Definition 6. Given a TAF T = ⟨A,R,AvA,AvR⟩, a ∈ A,
I a closed interval, and σ a semantics,
• a is possibly credulously (resp. skeptically) accepted w.r.t.
I and σ if a is credulously (resp. skeptically) accepted
w.r.t. σ in some Ft with t ∈ I , and

• a is necessarily credulously (resp. skeptically) accepted
w.r.t. I and σ if a is credulously (resp. skeptically) ac-
cepted w.r.t. σ in each Ft with t ∈ I .

Example 1(c) (Vacation, cont.). Continuing the previous ex-
ample, we observe that argument g is possibly skeptically
accepted: in situations where both f and h are available (in
[Jul, Aug] ∪ [Dec,Dec]): when all arguments are present,
there is a single extension {f, g, h} under e.g. stable seman-
tics. For similar reasons, when considering the whole inter-
val [Jan,Dec], t (resp. w) is possibly skeptically accepted
when only h (resp. f ) is available. For this reason, none
of the arguments is necessarily accepted under the stable
semantics.

Towards complexity results, we next define some useful
shorthands.
Definition 7. For a TAF T = ⟨A,R,AvA,AvR⟩, let
• IT = {Iyx | Iyx ∈ AvA(a), a ∈ A or Iyx ∈ AvR(r),
r ∈ R} be the set of intervals of arguments and attacks,

• NT = {z | Iyx ∈ IT , x = z or y = z, z ̸= −∞, z ̸= ∞}
be the set of all start and end points of intervals,

• ST = {x | Iyx ∈ IT } the starting time-points and
ET = {y | Iyx ∈ IT } the endpoints in T .



In the next definition we define “invariant intervals”, i.e.,
intervals that represent no change is occurring during the
time elapsing in this interval.
Definition 8. Let T = ⟨A,R,AvA,AvR⟩ be a TAF. For
(t1, . . . , tn) the sorted time-points ti ∈ NT of T , define the
invariant intervals of T by the set PT containing exactly the
following intervals:
• ]−∞, t1[ and ]tn,∞[,
• [ti, ti] if ti ∈ ST ∩ ET ,
• [ti, ti+1] if ti ∈ ST \ ET and ti+1 ∈ ET \ ST ,
• ]ti, ti+1] if ti ∈ ET and ti+1 ∈ ET \ ST ,
• [ti, ti+1[ if ti ∈ ST \ ET and ti+1 ∈ ST ,
• ]ti, ti+1[ if ti ∈ ET and ti+1 ∈ ST .
Example 1(d) (Vacation, cont.). Continuing the run-
ning example, let us visualize the intervals and PT .

timeJan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

AvA(f)

AvA(h)

AvA(x), for x ∈ {t, w, g} and AvR(x, y), for (x, y) ∈ R

PT =
{
]−∞,Mar [, [Mar ,Mar ], ]Mar ,May [, [May , Jul [,

[Jul ,Aug ], ]Aug ,Sep], ]Sep,Dec[, [Dec,Dec], ]Dec,+∞[
}

By restricting our attention to time-point AFs based on
PT we do not miss any critical time-point AF, as witnessed
by the next observation. For convenience, if i ∈ PT is some
interval, let Fi be some time-point AF Ft with t in the inter-
val i. For instance, for ]−∞, t1[ and ]tn,∞[ we can consider
any t < t1 or t > tn, respectively. And for all the other in-
tervals, we can consider the mean of the bounds.
Lemma 1. Let T = ⟨A,R,AvA,Avatts⟩ be a TAF repre-
sented as intervals. It holds that

{Ft | t ∈ Q} = {Fi | i ∈ PT }.
Regarding computation, note that we can obtain PT in

polynomial time w.r.t. a given TAF T .
Proposition 2. Let T = ⟨A,R,AvA,Avatts⟩ be a TAF
represented as intervals. The set of intervals PT can
be constructed in O(n × log(n)) steps where n =
|
⋃

a∈A AvA(a)|+ |
⋃

(a,b)∈R AvR((a, b))|. Moreover, |PT |
is linear w.r.t. T .

Now we will establish the complexity of reasoning with
TAFs. Notice that a TAF where all arguments and attacks
are always available is equivalent to an AF, so AF reasoning
induces lower bounds (Dvořák and Dunne 2018).
Proposition 3. Given a TAF represented as intervals with
rational numbers, the problem of deciding whether a given
argument is
• possibly credulously accepted is NP-complete under ad-

missible, complete, preferred, and stable semantics,
• necessarily credulously accepted is NP-complete under

admissible, complete, preferred, and stable semantics,
• possibly skeptically accepted is trivial under admissibil-

ity, in P under complete semantics, coNP-complete un-
der stable semantics and ΠP

2 -complete under preferred
semantics,

• necessarily skeptically accepted is trivial under admissi-
bility, in P for complete semantics, coNP-complete un-
der stable semantics and ΠP

2 -complete under preferred
semantics.

Proof. For all problems, for a given TAF T , construct PT ,
which can be computed in polynomial time, including re-
stricting PT to a given interval.

For possibly credulously accepted arguments, consider
the following non-deterministic algorithm. Guess an inter-
val i ∈ PT and a subset of arguments available in Fi. Check
whether this set is admissible (for admissible, complete, and
preferred semantics) or stable in Fi and whether the set con-
tains the queried argument.

For necessarily credulously accepted arguments, guess for
each i ∈ PT a subset of arguments available in the corre-
sponding Fi. Check whether the subset is admissible (sta-
ble) in Fi and whether the queried argument is part of the
guessed subset.

For possibly skeptically accepted arguments, the algo-
rithm depends on the semantics. For complete semantics,
construct the grounded extension for Fi for each i ∈ PT

and check whether the queried argument is part of some
grounded extensions. For stable semantics, consider the
complementary problem. Guess for each i ∈ PT a subset
of arguments in Fi. Check whether the queried argument is
excluded in each guessed subset and whether each subset is
stable in the corresponding Fi. For preferred semantics, also
consider the complementary problem and guess for each Fi

a subset and check whether the subset excludes the queried
argument and the subset is preferred in Fi.

For necessarily skeptically accepted arguments, again
consider the semantics individually. For complete seman-
tics, construct again the grounded extension for each Fi,
i ∈ PT and check whether the queried argument is part of
all these grounded extensions. For stable and preferred se-
mantics, consider the complementary problems. Guess one
i ∈ PT and a subset of arguments in Fi. Check whether this
set is stable or preferred and whether the queried argument
is excluded.

Hardness for all cases can be inferred from credulous and
skeptical reasoning in AFs.

Similarly, extension verification can be adapted.

Definition 9. Given a TAF T = ⟨A,R,AvA,AvR⟩, S ⊆ A
and σ an extension-based semantics,

• S is a possible extension w.r.t. I and σ if S is a σ-
extension in Ft for some Ft with t ∈ I .

• S is a necessary extension w.r.t. I and σ if S is a σ-
extension in Ft for each Ft with t ∈ I .

Proposition 4. Given a TAF represented as intervals with
rational numbers, the problem of deciding whether a given
set of arguments is

• a possible extension is polynomial under admissible, com-
plete, and stable semantics, and coNP-complete under
preferred semantics,



• a necessary extension is polynomial under admissible,
complete, and stable semantics, and coNP-complete un-
der preferred semantics,

Then, we are interested in the opposite question: when is
an argument (or a set of arguments) acceptable? We start
with the notion of acceptability period of an extension.

Definition 10. Given a TAF T = ⟨A,R,AvA,AvR⟩, S ⊆
A and σ an extension-based semantics, the acceptability pe-
riod of S under σ is the set of intervals I = {I1, . . . , Ik}
such that S is a σ-extension for all time-points in I1∪· · ·∪Ik,
and no other time-points.

Example 1(e) (Vacation, cont.). We continue the running
example. The set S = {t, h} is a stable extension when h
is available, and f is not, so its acceptability period w.r.t.
stable semantics is [Mar,Mar] ∪ [Sep, Sep].

Proposition 5. Given a TAF represented as intervals with
rational numbers, S a set of arguments, and I a set of inter-
vals, the problem of deciding whether I is the acceptability
period of S is polynomial under the admissible, stable and
complete semantics.

We handle the preferred semantics separately, first focus-
ing on a slightly simpler version of the problem. Indeed, in
Proposition 5, we want to know if the set I is exactly the
acceptability period of S. Now we want to determine (un-
der the preferred semantics) if I is part of the acceptability
period. Formally, given I a set of intervals and IS the ac-
ceptability period of S under preferred semantics, we write
I ⊑ IS if

⋃
I∈I I ⊆

⋃
I′∈IS

I ′.

Proposition 6. Given a TAF represented as intervals with
rational numbers, S a set of arguments, and I a set of in-
tervals, the problem of deciding whether I ⊑ IS is coNP-
complete under the preferred semantics.

Regarding the verification of the acceptability period
under the preferred semantics, we provide the following
bounds.

Proposition 7. Given a TAF represented as intervals with
rational numbers, S a set of arguments, and I a set of inter-
vals, the problem of deciding whether I is the acceptability
period of S is coNP-hard and in DP under the preferred se-
mantics.

Although this remains to be proven, we conjecture this
problem to be DP-complete.

Finally, we remark that, e.g., for admissible semantics and
credulous acceptance, one can compute all intervals (in PT )
where the argument is accepted via a linear number of NP
oracle (SAT) calls, also in a parallel fashion. Thus, this prob-
lem is in FPNP

|| . A tight bound is currently open. However,
hardness holds for FPNP[log n], i.e., the functional problem
allowing for a logarithmic number of NP oracle calls, via
reducing from forms of Maximum Satisfiability. While the
relation between FPNP

|| and FPNP[log n] does not appear fully
clarified in complexity theory, one can consider it plausi-
ble that these two classes are distinct (Jenner and Torán
1995). We further remark that the underlying oracles are
for decision problems. In case of search problems, like is

the case here, it was previously discussed that complexity
classes permitting oracles to return whole witnesses might
be a fruitful research direction (de Haan 2019), which we
leave for future work.

Proposition 8. Computing the set of intervals in PT where
an argument is credulously accepted under admissible, com-
plete, stable, or preferred semantics is FPNP[log n]-hard, un-
der metric reductions, and in FPNP

|| .

Proof sketch. For hardness, we reduce from the FPNP[log n]-
complete problem of computing the maximum number of
clauses in a Boolean formula in CNF that are simultaneously
satisfiable (Krentel 1988). Construct for each 1 ≤ k ≤ C,
with C the number of clauses, a formula ϕk being satisfiable
if at least k many clauses are satisfiable in the given for-
mula (e.g., via standard cardinality constraints). Construct
for each of the ϕk a time-point whose time-point AF di-
rectly corresponds to the AF that has a specific argument
credulously accepted iff ϕk is satisfiable (using standard re-
ductions) (Dvořák and Dunne 2018).

4 Discussion
In previous works on Timed AFs (Cobo, Martı́nez, and
Simari 2010; Cobo, Martı́nez, and Simari 2011b; Cobo,
Martı́nez, and Simari 2011a) (and their subsequent gen-
eralization with support relations (Budán et al. 2017), or
adaptations to structured argumentation (Budán et al. 2012a;
Budán et al. 2015)) one relies on the notion of t-profiles,
which are pairs of an argument associated with a set of time-
points where this argument is available. Then, extension-
based semantics are adapted using sets of t-profiles instead
of sets of arguments. So, compared to our approach where
time is associated to time-point AFs in order to compute
sets of acceptable arguments, in these works time remains
attached to arguments in a different notion of extension. De-
termining whether there are some formal connections be-
tween the result of reasoning with the t-profile-based ap-
proach or with our approach based on time-point AFs is an
interesting future work.

There is a relation between our approach based on time-
points and standard reasoning approaches with Incomplete
Argumentation Frameworks (IAFs) (Baumeister et al. 2018;
Fazzinga, Flesca, and Furfaro 2020; Baumeister et al. 2021;
Mailly 2022), where arguments and attacks can be identi-
fied as uncertain, which induces a set of completions, i.e.
standard AFs corresponding to the possible resolutions of
the uncertainty. In dynamic contexts, uncertainty regard-
ing the existence of arguments and attacks can be seen as
a form of uncertainty about their availability (for instance,
whether they will or will not be used in the next steps of a
debate), and completions thus have a similar role to time-
point AFs. However, since temporal information is not ex-
plicitly encoded in IAFs, it is not possible reason about
when an argument is acceptable, only about the possibil-
ity of its acceptability. Recently, IAFs have been extended
in various directions (e.g. adding constraints regarding the
valid completions (Fazzinga, Flesca, and Furfaro 2021a;
Fazzinga, Flesca, and Furfaro 2021b; Mailly 2024), adding



supports relations (Fazzinga, Flesca, and Furfaro 2023;
Lagasquie-Schiex, Mailly, and Yuste-Ginel 2024) or higher-
order attacks (Doutre et al. 2025), or using quantitative rea-
soning (Fazzinga et al. 2024)). All these generalizations
could be considered for future work in the context of Timed
Argumentation Frameworks.

Our complexity results pave the way for algorithmic so-
lutions of TAFs. Our results are that the complexity coin-
cides, in many cases, with classical AF reasoning, which
signals that SAT(isfiability) or Answer Set Programming
(ASP (Brewka, Eiter, and Truszczynski 2011)) based ap-
proaches present themselves for implementations of TAFs.
Additionally, since a linear number of, e.g., SAT calls can
determine the intervals an argument is credulously accept-
able (e.g., under complete semantics), it is an interesting av-
enue whether associated concepts, such as Maximum SAT
solving can be fruitfully applied in this scenario.
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Simari, G. R. 2015. Modeling time and valuation in struc-
tured argumentation frameworks. Inf. Sci. 290:22–44.
Budán, M. C.; Cobo, M. L.; Martı́nez, D. C.; and Simari,
G. R. 2017. Bipolarity in temporal argumentation frame-
works. Int. J. Approx. Reason. 84:1–22.
Cobo, M. L.; Martı́nez, D. C.; and Simari, G. R. 2010. On
admissibility in timed abstract argumentation frameworks.
In Coelho, H.; Studer, R.; and Wooldridge, M. J., eds.,
Proc. ECAI, volume 215 of Frontiers in Artificial Intelli-
gence and Applications, 1007–1008. IOS Press.
Cobo, M. L.; Martı́nez, D. C.; and Simari, G. R. 2011a.
Acceptability in timed frameworks with intermittent argu-
ments. In Iliadis, L. S.; Maglogiannis, I.; and Papadopoulos,
H., eds., Proc. AIAI, volume 364 of IFIP Advances in Infor-
mation and Communication Technology, 202–211. Springer.
Cobo, M. L.; Martı́nez, D. C.; and Simari, G. R. 2011b.
Stable extensions in timed argumentation frameworks. In
Modgil, S.; Oren, N.; and Toni, F., eds., Proc. TAFA, vol-
ume 7132 of Lecture Notes in Computer Science, 181–196.
Springer.
de Haan, R. 2019. Parameterized Complexity in the Polyno-
mial Hierarchy - Extending Parameterized Complexity The-
ory to Higher Levels of the Hierarchy, volume 11880 of Lec-
ture Notes in Computer Science. Springer.
Doutre, S.; Lagasquie-Schiex, M.-C.; Mailly, J.-G.; and
Yuste-Ginel, A. 2025. Incomplete higher-order abstract ar-
gumentation frameworks. In Ågotnes, T., and Doder, D.,
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A Proof Details
Here we provide (sketches of) proofs that are missing from
the main body of the paper.

Proof of Lemma 1. Let A = {Ft | t ∈ Q} and B = {Fi |
i ∈ PT }. By construction, A ⊇ B follows immediately.
Suppose Ft ∈ A for t ∈ Q and Ft /∈ B. We first show
that t ∈

⋃
Iy
x∈PT

Iyx = I (i.e., PT covers all of Q). This
is immediate if t < t1 or t > tn. Assume t1 ≤ t ≤ tn.
If t ∈ Nt, then by construction t ∈ I (Item 2, 3, and 5
of Definition 8). Assume t /∈ NT and ti and ti+1 are the
greatest lower and smallest upper bound, respectively, for t
in Nt. Then I

ti+1

ti ∈ PT (closed or open). Then t ∈ I .
Let i ∈ PT be the interval containing t (i is unique). By

assumption it follows that Ft ̸= Fi. Suppose argument a is
part of Ft and not part of Fi (other case and for attacks is
analogous). Then [x′, y′] = i′ ∈ AvA(a) with t ∈ i′. By
construction, for the starting point x of i and end point y of
i we find x′ ≤ x ≤ y ≤ y′. Then for Fi to be different to Ft

regarding a, we find x = t and x is excluded in i or y = t
and y is excluded in i. Consider the former case (later is
analogous). Note that x ̸= y (otherwise [x, x] ∈ PT ). Then
x ∈ ET . But then there is another i′′ ∈ PT including x, a
contradiction to i being the interval with x the greatest lower
bound and y the smallest upper bound of t in PT .

Proof of Proposition 4. For all problems, for a given TAF
T , construct PT in polynomial time.

For admissible, complete and stable semantics, for each
Ft ∈ PT , we can check in polynomial time whether S is an
extension.

For the preferred semantics, for each Ft ∈ PT , we can
check if it is admissible, then guess a strict superset of S
and check (in polynomial time) if it is admissible.

Proof of Proposition 5. First, compute PT (in polynomial
time). Still in polynomial time, we can compute P ′

T =
{IT ∩ I | IT ∈ PT , I ∈ I}. Then, let Ī be the set of in-
tervals such that

⋃
I∈Ī I is the complement of

⋃
I∈I I , and

P̄ ′
T = {IT ∩ I | IT ∈ PT , I ∈ Ī}.
For all t ∈ P ′

T (resp. t ∈ P̄ ′
T ), we can check in polyno-

mial time if S is (resp. is not) an admissible, complete or
stable extension of Ft.

Proof of Proposition 6. First, compute PT (in polynomial
time). Still in polynomial time, we can compute P ′

T =
{IT ∩ I | IT ∈ PT , I ∈ I}.

For all t ∈ P ′
T we can check in polynomial time if S is

not admissible in Ft. Then, for each Ft, we can guess a
strict superset S′ of S and check in polynomial time if S′ is
admissible. This gives a coNP algorithm for verifying if S
is a preferred extension for all timepoint in I.

As in other cases, coNP-hardness can be obtained from
the known complexity of the verification of preferred exten-
sions in Dung’s framework.

Proof of Proposition 7. For the membership in DP, first,
compute PT (in polynomial time). Still in polynomial time,
we can compute P ′

T = {IT ∩I | IT ∈ PT , I ∈ I}. Then, let
Ī be the set of intervals such that

⋃
I∈Ī I is the complement

of
⋃

I∈I I , and P̄ ′
T = {IT ∩ I | IT ∈ PT , I ∈ Ī}.

For all t ∈ P ′
T (resp. t ∈ P̄ ′

T ), we can check in polyno-
mial time if S is (resp. is not) an admissible, complete or
stable extension of Ft.

For all t ∈ P ′
T we can check in polynomial time if S is

not admissible in Ft. Then, for each Ft, we can guess a
strict superset S′ of S and check in polynomial time if S′ is
admissible. This gives a coNP algorithm for verifying if S
is a preferred extension for all timepoints in I.

A similar approach for all t ∈ P̄ ′
T induces an NP algo-

rithm for verifying if S is not a preferred extension for all
timepoints in Ī. Thus we have a DP algorithm.



For coNP-hardness, we can again use verification of pre-
ferred extensions in Dung’s framework to obtain the lower
bound.
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