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Abstract

In Dung-style abstract argumentation, various semantics cap-
ture notions of acceptability of arguments. The admissibil-
ity semantics capture the notion that an argument can be
consistently defended from any potential counterargument.
Weak semantics often relax the demands of admissibility by
restricting which counterarguments must be taken seriously
(e.g., discounting self-defeating or otherwise incoherent at-
tacks). Many prominent proposals for weak semantics remain
extension-based in a stronger sense. While these semantics
discount attacks from arguments which are considered unrea-
sonable, they still require a uniform defense against all rea-
sonable arguments, even if they are collectively inconsistent.
This uniformity can be too demanding when defensibility is
inherently strategic, and thus the appropriate reply depends
on the opponent’s line of attack.

We introduce tenability, a family of dialogue-based semantics
that formalize when a designated argument (or a set of argu-
ments) can be maintained in debate by a proponent against
any conflict-free attack which the opponent may present.
The approach is motivated by three natural benchmark pat-
terns: self-defeating attack, floating assignment, and disjunc-
tive reinstatement, on which tenability behaves differently
from all weak semantics previously considered in the liter-
ature. We define three variants—static tenability, tenabil-
ity, and strong tenability—via monotone commitment games
over finite conflict-free moves, differing in the obligations im-
posed on the disputants. We establish the relative strength of
these notions, prove implications and separations with previ-
ously studied weak semantics, and we analyze computational
complexity on finite frameworks: deciding static tenability is
I1% -complete, while deciding tenability and strong tenability
is PSPAC E-complete.

1 Introduction

Dung’s abstract argumentation frameworks (AFs) (Dung
1995) have become a core formalism for defeasible reason-
ing in knowledge representation (Bench-Capon and Dunne
2007; Rahwan and Simari 2009). An AF represents argu-
ments as abstract entities related by an attack relation; a
semantics then determines which sets of arguments (exten-
sions) can be collectively maintained. A foundational role
in this landscape is played by admissibility-based seman-
tics: a set should be internally consistent (conflict-free) and
able to withstand counterarguments by defending each of
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its members against every attacker. This uniform defense
ideal underlies the standard Dung-style semantics (com-
plete, grounded, preferred, stable) and their numerous re-
finements (Dung 1995; Baroni, Caminada, and Giacomin
2011).

At the same time, it is equally well known that strict ad-
missibility may be overly conservative in the presence of
pathological attack patterns, most notably those featuring
self-defeating arguments and odd cycles. In such config-
urations, an attack may arguably fail to constitute a seri-
ous challenge precisely because its source undermines itself,
yet admissibility treats it on par with ordinary attacks (Bo-
danza and Tohmé 2009; Baroni and Giacomin 2007). This
and related concerns have led to a large and still expand-
ing body of work proposing alternatives that weaken or re-
shape the admissibility requirement, yielding a landscape of
semantics that is both broad and structurally diverse (Ba-
roni and Giacomin 2007; Baroni and Giacomin 2009; Ba-
roni, Caminada, and Giacomin 2011; Baroni et al. 2018;
van der Torre and Vesic 2017). Classic examples include
non-admissible or cycle-sensitive proposals (e.g. stage-style
or semi-stable variants) (Verheij 1996; Caminada, Carnielli,
and Dunne 2012) as well as resolution-based families de-
signed to tame problematic cyclic structures while retaining
key principles (Baroni, Dunne, and Giacomin 2011).

Within this broad spectrum, weak semantics aim to pre-
serve the defense-based intuition while refining which at-
tacks count or how they must be responded to. For orienta-
tion, we recall three influential lines that will serve as com-
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Figure 1: S - Self-Defeating Attack, F - Floating Assignment, I -
Disjunctive Reinstatement
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parison points throughout the paper.

» Cogency-based approaches start from a comparative idea:
extensions are ordered by a binary at least as cogent as
relation X > Y, which captures that X defends itself
against attacks from Y. In the standard cogency case, this
admits an equivalent, more operational reading: selecting
the undominated extensions amounts to retaining a Dung-
style notion of defence while discounting self-defeating
attacks. (Bodanza and Tohmé 2009; Bodanza, Tohmé, and
Simari 2016; Bliimel and Ulbricht 2022).

* Weak admissibility weakens defense recursively via
reduct-style constructions that filter which attackers re-
main relevant once a candidate position is assumed (Bau-
mann, Brewka, and Ulbricht 2020). This yields semantics
that mitigate odd-cycle effects while staying close in spirit
to defense-based acceptability, and has already prompted
further extensions and complexity analyses (Dvofék, Ul-
bricht, and Woltran 2022; Dauphin, Rienstra, and van der
Torre 2020).

e Weakly complete semantics revise Dung’s complete la-
belings by relaxing the propagation of undecidedness: un-
der suitable conditions, an argument may be accepted
even if some attackers remain undecided, via the mech-
anisms of undecidedness blocking or propagation (Don-
dio and Longo 2021). This provides a principled way to
model acceptance under unresolved counterevidence and
connects naturally to ambiguity-blocking intuitions.

Despite their differences, the above approaches share a
common structural commitment typical of extension and
labeling-based semantics: acceptability is witnessed by a
single stance that must be adequate against all attacks that
the semantics deems relevant, simultaneously. This “uni-
form witness” pattern is also reflected in classical proof-
theoretic and dialogical characterizations of argumentation
semantics (Vreeswijk and Prakken 2000; Prakken 2005;
Caminada and Wu 2009; McBurney and Parsons 2009).
However, in many debates and evidential settings, defensi-
bility is inherently strategic: the appropriate reply depends
on which consistent line of attack an opponent commits
to, and mutually incompatible challenges need not be met
Jjointly by one fixed, consistent position. Requiring a single
stance that neutralizes every consistent challenge at once can
therefore be too demanding.

This paper develops tenability, a family of semantics de-
signed to capture non-uniform defendability. The key con-
ceptual shift is from there exists one stance answering all
relevant attacks to for every consistent attack, there exists
an appropriate response. We formalize this idea through
monotone commitment protocols in which players build fi-
nite conflict-free positions by increasing moves, yielding
three notions with increasing dialogical structure: static ten-
ability, strong tenability, and tenability. These notions are
motivated and contrasted on a small set of benchmark pat-
terns in Section 2, formally defined in Section 3, and stud-
ied from a mathematical and computational perspective in
Section 4. Section 5 positions tenability within the weak-
semantics landscape and highlights the distinctive role of
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non-uniform defense, while Section 6 discusses limitations
and directions for further work.

2 Motivation

Our starting point is a simple query: When is a desig-
nated argument a defensible in a dispute? In Dung-style
abstract argumentation, defensibility is most often verified
through a uniform witness: acceptance is certified by a sin-
gle stance (an extension or a labeling) that must be ad-
equate against all counterarguments deemed relevant by
the semantics, simultaneously. This uniformity is also re-
flected in standard dialogical and game-theoretic charac-
terisations of Dung-style semantics, where acceptance is
tied to the existence of a (winning) defense that is robust
across all opponent choices (Vreeswijk and Prakken 2000;
Prakken 2005).

In this paper we isolate a complementary, strategy-
oriented reading: defensibility is the ability to answer any
consistent line of attack, possibly with different replies
against incompatible challenges. This motivates tenability
as a semantics of non-uniform defense.

To make the issue concrete, we focus on three small
benchmark patterns shown in Figure 1: self-defeating attack
S, floating assignment F, and disjunctive reinstatement U.
Across these benchmarks, we test whether a can be main-
tained against reasonable challenges. In an abstract AF, a
minimal proxy for a reasonable line of challenge is legiti-
macy: an opponent should not be allowed to press, as a sin-
gle line of contestation, a bundle of mutually incompatible
arguments. Accordingly, we treat a legitimate attack as a
conflict-free set of arguments advanced as one line of chal-
lenge.

Self-defeating attack (S). In S, the only attacker of a
is self-defeating. Such patterns have long been recognised
as problematic for classic admissibility and related seman-
tics: if an attacker undermines itself (directly or via odd-
cycle phenomena), it is unclear why it should count as a
decisive challenge (Dung 1995; Bodanza and Tohmé 2009;
Baumann, Brewka, and Ulbricht 2020; Dondio and Longo
2021). Under a consistency constraint, a self-defeating
argument cannot constitute a reasonable attacking move.
This aligns with the guiding intuition behind several weak-
semantics proposals that discount self-defeating (or other-
wise problematic) attacks when assessing defense (Bodanza
and Tohmé 2009; Baumann, Brewka, and Ulbricht 2020;
Dondio and Longo 2021).

Floating assignment (F). The framework F exhibits a
different phenomenon. Here a is attacked by two incom-
patible counterarguments b; and bo (they attack each other).
While {b1, b2} is not a legitimate line of attack, each single-
ton {b1} and {bo} is legitimate. Yet a has no satisfactory
reply to either: any attempt to counterattack b; must employ
b, as defender, and vice versa, but either choice immedi-
ately destroys consistency with a itself. So F captures the
principle that a position is untenable whenever the opponent
can mount a legitimate challenge that the proponent cannot
answer even in isolation. This benchmark is widely dis-
cussed in connection with ambiguity and standards of proof
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in legal-style readings, where incompatible testimonies may
or may not suffice for a verdict depending on the eviden-
tiary threshold (see, e.g., (Horty 2001)). For tenability, the
decisive point is structural: inability to answer a consistent
singleton challenge already voids defensibility.

Disjunctive reinstatement (/). The crucial benchmark
for our purposes is /. As in F, the designated argument a
faces two incompatible attackers by and b,. Unlike F, each
attacker can be met by independently consistent defenses: ¢;
neutralises by and ¢y neutralises bs, and each of {a, ¢; } and
{a, c2} is conflict-free. What fails is precisely uniform de-
fense: there is no single conflict-free set extending {a} that
counterattacks both by and by at once, since ¢; and co are
themselves incompatible. This illustrates the gap between a
uniform-witness reading of defense and a strategic reading.
Under a strategic reading, once the opponent commits to a
consistent line of challenge, the proponent may tailor her re-
ply to that line. Thus a can be maintained even though it is
not uniformly defended by any fixed conflict-free stance.

This gap also exposes an asymmetry that can arise when
uniformity is imposed at the level of witnessing stances: the
proponent is required to provide a single consistent “story”
that addresses mutually incompatible accusations jointly,
even when no rational opponent would be entitled to main-
tain those accusations together as one consistent line. We
refer to this as the Master versus Ignoramus effect: the pro-
ponent is treated as a master who must answer every objec-
tion within one account, while the opponent enjoys the free-
dom of switching between incompatible objections without
committing to their joint consistency.

To make the strategic reading more intuitive, consider the
following toy narrative modeled by U{.

Miss Scarlett is accused of a crime that occurred in the ball-
room. The following testimonies are available as evidence.

a: Miss Scarlett claims she was not at the scene at the time
of the crime.

b1: Colonel Mustard claims he saw Miss Scarlett leaving
the west exit of the library at the time of the crime.

ba: Mr. Green claims he saw Miss Scarlett leaving the east
exit of the library at the time of the crime.

c1: Mrs. White testifies that Colonel Mustard and Profes-
sor Plum were with her in the lounge throughout the
evening.

co: Professor Plum testifies that Mr. Green and Mrs. White
were with him in the study throughout the evening.

If the opponent challenges a by committing to the line
{b1}, the proponent can respond with {c; }; if the opponent
instead commits to {by}, the proponent can respond with
{c2}. Crucially, in U the opponent is not entitled to press
{b1, b} as a single consistent line of attack, since b; and b
are mutually incompatible.

Taken together, S, F, and U isolate three desiderata for a
tenability-style notion of defensibility:

1. Inconsistent challenges should not by themselves under-
mine defensibility (S).
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2. Every consistent line of attack must be answerable on
its own; if some consistent attack admits no consistent
reply, the position is untenable (F).

3. The defense may depend on the opponent’s consistent
line of challenge; incompatible attacks need not be re-
butted jointly by a single consistent stance ().

These desiderata motivate our three tenability notions in-
troduced next. Static tenability captures the one-shot strate-
gic idea already visible in U/: for every consistent challenge
B attacking a position A, there exists a conflict-free exten-
sion C' O A that counters every attack from B. Strong ten-
ability and tenability lift this to dynamic disputes via mono-
tone commitment protocols: the proponent must maintain
and defend her accumulated commitments over time. For-
mal definitions are presented in Section 3.

3 Notions of Tenability

We now formalize tenability as a family of weak semantics
grounded in the strategy-based reading developed in Sec-
tion 2: defensibility is the ability to answer any consistent
line of attack, possibly with different replies against incom-
patible challenges. Technically, we capture this via mono-
tone commitment protocols over finite conflict-free moves.

We introduce three notions: static tenability (Section 3.1),
strong tenability (Section 3.2), and tenability (Section 3.3).
Tenability is our main target; the other two notions are in-
troduced first because they isolate key components of non-
uniform defense and help motivate the design choices in the
final definition.

We fix some terminology regarding argumentation frame-
works. An argumentation framework F = (F, —) will al-
ways be identified with its set of arguments F, i.e., we write
a € Ftomeana € F.

Definition 3.1. Given an argumentation framework F, ar-
gument a € F, and sets of arguments A, B C F, we say:

* q attacks a set of arguments B (a — B)if (3b € B)[a —
bl;

e At ={zx e F|(Fa€ A)ar— x]};

e Ais as cogent as B, written A = B, if A is conflict-free

and every b € B which attacks A is counterattacked by
some argument in A: (Vb € B)[b — A = be AT,

* B is more cogent than A (B > A) if B is as cogent as A,
but A is not as cogent as B.

3.1 Static Tenability

One possible way of understanding the debate over a € U
is to recognize that for every consistent attack on a, there
is a consistent extension containing a which defends itself
against said attack. In other words, a naive defense strategy
is one that has a reply for every set of incoming attacks.
Thus, the minimal working definition to capture tenability
is the following:

Definition 3.2. A set of arguments A is statically tenable if
for every finite conflict-free B, there is a conflict-free C' O A
which is as cogent as B.
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Figure 2: An argumentation framework £ in which {a} is statically
tenable, but not strongly tenable.

As a preliminary test, we analyze the examples S, F, and
U from Figure 1. Static tenability accepts a € S because
there is no conflict-free attack to defend against, and rejects
a € F because there is a conflict-free B = {b1} for which
there is no defense. In the case of U, there are 4 conflict-
free sets which attack {a}. Namely, {b1}, {b1,c2}, {b2},
and {bz,c1}. The first two are handled by extending {a}
to {a, c1}. The latter two are handled by extending {a} to
{a,c2}. In any case, the proponent of {a} has a strategy to
counter any consistent attack on her beliefs.

This interpretation of tenability has some advantages and
some drawbacks. The definition is concise and straightfor-
ward and represents a preliminary or heuristic check that an
agent may apply to its beliefs. However, this definition does
leave much to be desired. It merely represents the first ex-
change of a debate; it is a minimal requirement for an agent
to defend its beliefs against incoming attacks. In a more
realistic exchange, the attacker would continue its charge,
bringing forth further arguments against the defending set.
Consider for example the argumentation framework &£ (Fig-
ure 2). The set {a} can be checked to be statically tenable.
However, in an extended dispute, a has no adequate defense,
hence should not be classified as tenable.

The extended dispute may go as follows: the opponent to
a proposes by. In order to counterattack b;, the proponent
must extend its position by accepting c¢; or co. If she accepts
c1, then the opponent continues their attack with b3. There
is no way for the proponent to counter the attack b3 without
contradicting the positions she has already assumed during
the debate. On the other hand, if she accepts co, then the op-
ponent continues their attack with b,. There is no consistent
rebuttal to {by, b2} which extends {a, c3 }. The tables below
are a representation of these debates as two player games
between the proponent (Pro) and her opponent (Opp).

Pro | {a} {a,c1} {a,ca}
Opp | {b1}  {b1,03} {61,062}

Pro | {a}
Opp | {b1}

The important aspect we are highlighting is that the ten-
ability of {a} is conditional upon having a winning strategy
in a certain dispute about {a}. Arguments and debates in-
volve back-and-forth, so tenable arguments should be main-
tainable beyond the first round of attacks. We thus isolate
precisely which disputes are relevant and give dynamic def-
initions for tenability.

49

3.2 Strong Tenability

Definition 3.3 (Strong Tenability). Let F be an AF. A
strong tenability dispute on F is a sequence of subsets
(Xo, X1, ..., X;,) of F, of which the even moves (Xy;) are
Pro moves (for Proponent), and the odd moves (Xo;1) are
Opp moves (for Opponent), such that:

(1) each X; is conflict-free;

(2) X; € X,4o forallg;

(3) X; and each (X;, 2 \ X;) are finite;'

(4) every Pro move, Xs,, is as cogent as the preceding
Opp move Xy, y1,1.e., Xop = Xop_1;

(5) every Opp move, Xo,41, has an attacker of the preced-

ing Pro move, X5, which is not counterattacked by
Xop, ie., Xopt1 A Xop.

The strong tenability game is the alternating move game be-
tween Pro (or Proponent) and Opp (or Opponent) where the
legal positions are the strong tenability disputes.

A strong tenability dispute (Xo, X1,...,X,,) has con-
cluded if there is no X,, 1 such that (Xo, X1, ..., X;11)
is a strong tenability dispute. A concluded strong tenabil-
ity dispute is won by the player making the last move X,.
A strategy for Pro is a function mapping each strong ten-
ability dispute of even length to a legal move for Pro,
i.e. mapping (Xo,...,Xo,+1) to some set Xo, 12 so that
(X0, .- Xont1, Xant2) is also a strong tenability dispute.
We say that a strategy is a winning strategy for Pro if ev-
ery concluded dispute where Pro’s moves are determined
by the strategy is won by Pro. A set A C F is strongly ten-
able if Pro has a winning strategy beginning with X, = A.
Note that a winning strategy need not lead to a concluded
dispute. Rather, if the strategy leads to an infinite sequence
of moves, we consider this a victory for Pro, since she has
successfully defended Xy = A against successive attacks.

In the case that Opp plays last in a concluded dispute, this
means that Opp has played a set with an attacker of Pro’s
last move which is not consistently counterattacked by any
collection of arguments I has played or can play. In the
case that Pro plays last, Pro may only need to play a set
of arguments ‘as good as’ any further counterarguments. In
a debate this may look like the opponent realizing he has
no strictly better counterarguments, so he resigns his assault
upon A. Thus strong tenability semantics, following the lead
of Dung, are also guided by the principle “the one who has
the last word laughs best” (Dung 1995, p. 322). A further
note is that backtracking is omitted as part of the dispute:
A’s strong tenability being defined in terms of a winning
strategy means that if backtracking is necessary for a player,
then that player loses the run of the dispute and a winning
strategy would avoid such plays.

Compare the strong tenability dispute to the argument
game for admissibility (see (Vreeswijk and Prakken 2000))
where there is more asymmetry in the roles of proponent and

'Note that the definition allows for X to be infinite, while all
subsequent attacks and defenses may only introduce finitely many
new arguments. Formalizing strong tenability disputes and tenabil-
ity disputes in this manner facilitates the future study of tenability
semantics in infinite Argumentation Frameworks. See section 4.1.
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opponent. The proponent must maintain consistency while
the opponent need not (‘Master versus Ignoramus’). It is ex-
actly this asymmetry which is addressed through the family
of tenability semantics. Indeed it underscores how admis-
sibility requires a uniform response to challenges, whereas
tenability does not. However, there is an asymmetry to our
definition that persists: the opponent does not need to de-
fend the arguments they put forth. Pro must defend all of
the arguments it incorporates into the dispute, while Opp
may leave loose ends. For this reason, we find it plausi-
ble (indeed likely) that a rational agent defending its posi-
tion a will disregard the opponent’s evidence if it is not also
defended in the course of the dispute. Consider again the
Strong Tenability dispute on &, in the form of a dialogue:

Pro: I propose a.

Opp: Well by is true, so a is not.

Pro: If by is the position you hold, then I will defend a
by adopting c;.

Opp: I now propose bs, another reason a cannot hold.
Pro: Now hold on, you haven’t defended your own po-
sition by. I don’t believe you are proposing your ar-
guments in good faith. Thus I reject this threat upon
a.

The lesson we take from this is that a rational agent may
not be forced to abandon her positions in the face of bad
faith arguments. To be swayed from the original position,
we should require the opponent to play by the same rules.
If admissibility is captured by a game of ‘Master vs Igno-
ramus’, then the strong tenability dispute is one of Master
versus Novice where the novice need not defend his posi-
tions, yet is expected to not take explicitly contradictory po-
sitions. We next define tenability in order to model a dispute
of Master versus Master.

3.3 Tenability

In addition to the desiderata suggested by F,S, and U, our
investigation has yielded further refinements for an adequate
notion of tenability:

(1) The proponent and opponent are allowed to progress the
dispute by extending their current stance (accepting fur-
ther arguments);

(ii) Both proponent and opponent must argue in good faith,
that is, they must defend the positions they’ve proposed
during the dispute;

(iii) An argument is tenable when the proponent has a (pos-
sibly non-uniform) rebuttal to all lines of attack from the
opponent, i.e. has a winning strategy.

We now propose a refined definition of tenability incorpo-
rating these criteria.
Definition 3.4 (Tenability). A tenability dispute on F is
a sequence of subsets (Xo, Xy,...,X,) of F, of which
the even moves (X5;) are Pro moves, and the odd moves
(X2;41) are Opp moves, such that:
(1) each X; is conflict-free;
(2) X; C X9 foreach i;
(3) X; and each (X;1o \ X;) are finite;
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(4) every move must be as cogent as the preceding move
(Xip1 = Xi);

(5) every Opp move Xo; 1 must be more cogent than the
preceding Pro move Xo; (X241 > Xo5).

The tenability game is the alternating move game between
Pro (or Proponent) and Opp or (Opponent) where the le-
gal positions are the tenability disputes. A tenability dispute
(X0, X1,..., X;,) has concluded if there is no X, 1 such
that (Xo, X1, ..., Xp+1) s a tenability dispute. A concluded
tenability dispute is won by the player making the last move
X,.. We say that a strategy is a winning strategy for Pro if
every concluded dispute where Pro’s moves are determined
by the strategy is won by Pro. A set A C F is tenable if
Pro has a winning strategy beginning with Xy = A.

The distinction between the tenability dispute and the
strong tenability dispute is found only in the symmetry be-
tween Pro and Opp in the fifth requirement (5). One asym-
metry still remains, in that Opp’s moves must contain an
attacker of Pro’s prior move which is not counterattacked,
while Pro need only provide counterattacks. It is worth here
justifying this asymmetry:

Because we are interested in modeling the plausibility of
an argument, rather than its provability, we are seeking an
inherently defensive notion. Hence Pro’s plays need only
provide an adequate defense of A, rather than proactively
proving A. This same motivation also indicates why Opp
must provide a argument which attacks and is not attacked
by Pro’s move: if Opp does not provide a strictly stronger
play Xo,+1, then Pro’s current play X5, has already main-
tained itself against that charge. There is no good reason
to adopt further beliefs to defend against Xo,,+1 as Xs, ac-
counts for those doubts, hence X5, 41 is not a move which
progresses the dispute. Furthermore, we have no require-
ment on the number of arguments that Pro and Opp may
include in a dispute, besides that they may introduce only
finitely many new arguments, which means that both Pro
and Opp have the appropriate means at every stage of the
dispute to both defend their prior positions and, in the case
of Opp, put forward a new attack. The tenability dispute
serves our intuitions about Master vs. Master debates.

4 Mathematical Analysis

The preceding discussion suggests that these notions of ten-
ability are distinct, yet related. Indeed this is the case, as
shown in the next proposition. Proofs are available in the
extended version, to appear on arXiv.

Proposition 4.1. Strong tenability implies tenability; ten-
ability implies static tenability. Moreover, each implication
is strict.

The strictness of these implications are given by the
framework in Figure 3, which is statically tenable, but not
tenable, and the framework in Figure 2, which is tenable,
but not strongly tenable.

One concern for tenability and other weak semantics is
their compatibility with existing semantics. The follow-
ing proposition shows that the tenability notions are indeed
weakenings of admissibility.
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Figure 3: An argumentation framework in which {a} is statically
tenable, but not tenable.

Proposition 4.2. If A is admissible, then A is (statically/-
/strongly) tenable.

We also show that (strong) tenability is compatible with
the grounded extension. Further, in finite AFs, static tenabil-
ity is also compatible with the grounded extension.

Theorem 4.3. If A is (strongly/-) tenable and G is the
grounded extension, then A U G is (strongly/-) tenable. If
F is finite and A is statically tenable, then A U G is stati-
cally tenable.

As an aside, there exists an infinite argumentation frame-
work F and an argument a so that a is statically tenable, yet
a is attacked by the grounded extension. See Theorem 4.8
and Figure 5.

The next proposition highlights a structural property that
sharply distinguishes tenability from most familiar weak se-
mantics: downward closure (or conservativity) with respect
to set inclusion.

Proposition 4.4. If A is (strongly/-/statically) tenable, and
X C A, then X is (strongly/-/statically) tenable.

At first sight this may look surprising, since many
extension-based semantics are not closed under subsets: an
extension is meant to be a self-standing position, and drop-
ping arguments may destroy the internal support needed to
defend the remaining ones. Tenability is deliberately differ-
ent. Under our strategy-based reading, a set A is not certi-
fied because it is a single stance that “stands on its own”;
rather, A is tenable because it can be maintained against
consistent attacks by suitably extending it, possibly in differ-
ent ways for different attacks. If A can be maintained, then
any weaker commitment X C A can be maintained as well:
starting from X the proponent can simply follow the very
same defense strategy, committing (when needed) to some
of the additional arguments that were available from A. In-
tuitively, moving from A to X removes liabilities rather than
resources: any consistent attacks on X were already attacks
on A, and it cannot make defense harder, since the propo-
nent is always allowed to add further arguments later. In this
sense, conservativity is not an artefact but an intrinsic con-
sequence of modeling acceptance as maintainability under
monotone commitments.

A useful corollary is that credulous tenability of an argu-
ment a is equivalent to the tenability of the singleton {a}.
Accordingly, tenability is best understood as a semantics
of maintainable commitments rather than of complete po-
sitions.
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One may wonder about the effect of restricting the num-
ber of arguments each player can introduce at each stage
of the debate. In the case of strong tenability, this has ab-
solutely no impact on which player has a winning strategy.
Strong tenability is robust with respect to play size restric-
tions. This indicates that the winning motto of strong ten-
ability is to play as little as possible, so as not to be forced
into contradiction.

Theorem 4.5. A C F is strongly tenable if and only if Pro
has a winning strategy starting with A in the strong tenabil-
ity game where each player may only introduce 1 new argu-
ment in each play.

Tenability is not robust in this sense. Consider {a} of the
argumentation framework given in Figure 4. The winning
strategy to refute a in the tenability game, playing {b1, b2},
is not available when we restrict each player to advancing
a single argument at a time. If Opp attacks a with by, then
he gets stuck defending b, from ¢;. He would need to play
co, but this is not a play more cogent than {a,c,}, thus is
not a legal move. Even if we were to allow Opp to play co,
this would nullify the threat of by, highlighting that in the
tenability game, b; and by need to be played simultaneously
for Opp to win.

Figure 4: An AF demonstrating the need to play sets of arguments
simultaneously.

We end this portion of the investigation by classifying the
complexity of each semantics.

Theorem 4.6. For finite F:

a. The problem of determining if A C F is statically ten-
able is T1Z -complete.

b. The problem of determining if A C F is tenable is
PSPACE-complete.

c¢. The problem of determining if A C F is strongly tenable
is PSPACE-complete.

In terms of complexity, this shows that tenability and
strong tenability are on par with weak admissibility which
is also PSPACE complete (Dvorak, Ulbricht, and Woltran
2022). Static tenability is on par with skeptical acceptance
for the preferred semantics which is also I} (Dunne and
Bench-Capon 2002). This is evidence for the relative practi-
cal applicability of these new semantics that their complex-
ity for implementation is on par with existing semantics.

4.1 Tenability in the Infinite Setting

Though our main focus is on finite argumentation frame-
works, we have made definitions for (strong/-/static) tenabil-
ity which also work well in the infinite setting, and the pre-
vious results hold for infinite argumentation frameworks as
well. We note that in each definition, we make the choice to
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allow the set of arguments A under discussion to be infinite,
yet we demand that at each stage, each player may only play
finitely many new elements. We note that alternate defini-
tions could be made, but we choose the most concrete def-
inition, hewing closely to the goal of modeling debate via
dialog. In a debate, for A to be conclusively refuted, it must
be refuted via a finite-length debate using finitely many ar-
guments at each stage.

In set theory, games are considered between two play-
ers where alternating moves are used to construct some se-
quence (Xo, X1,...) and the victory condition for each
player is determined by membership of the sequence
(Xo0,X1,...) in some set S. A particular pitfall in this
area is that, as a result of the axiom of choice, there can
exist games so that neither player possesses a winning strat-
egy (Jech 2003, Chapter 33), or even games that have win-
ning strategies for different players, depending on the cho-
sen model of set theory (Larson and Shelah 2008). This
is distinctly not the case for the games we use to define
(strong/-/static) tenability. Our notions are well-defined and
no set theoretic problems arise:

Theorem 4.7. If A C F is any argumentation framework,
then either Pro has a strategy showing that A is (strongly/-
/statically) tenable or Opp has a strategy showing that A
is not (strongly/-/statically) tenable. Further, the (strong/-
/static) tenability of A C F does not depend on the model of
set theory used to evaluate its (strong/-/static) tenability.

We also note that it is necessary to consider the tenabil-
ity of infinite sets A C F in order to model consistently
simultaneously defending the set A of beliefs. In particular,
this is strictly stronger than consistently defending each fi-
nite subset. The argumentation framework given in Figure 5
demonstrates this. The set in question is a, together with the
unattacked arguments.

Theorem 4.8. There exists A C F so that A is not statically
tenable, yet every finite subset of A is strongly tenable.

0o o
NS N
oo o

P

Figure 5: An argumentation framework with a set A, consisting
of a along with all unattacked arguments, which is not statically
tenable, yet every finite subset is statically tenable.

5 Comparison to Other Semantics

Tenability departs radically from labeling-based, extension-
based, and recursion-based semantics. There is no way to
label arguments in, out, undec that coincides with our in-
tuitions about tenability. The core idea of a non-uniform de-
fense strategy is not naturally captured by a single labeling.
Further, the PSPACE-completeness indicates that tenability
cannot be captured by the existence of a certain labeling with
some simple properties. The dynamic mechanism of tenabil-
ity thus separates it from many other weak semantics, but it
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is included with game-based weak semantics. Here, we will
situate tenability among a few semantics that have played
key roles in the recent literature.

The cogency semantics of Bodanza, Tohmé, and Simari
(Bodanza, Tohmé, and Simari 2016) were introduced to di-
rectly address issues of self-defeating attack and acceptance
in odd-length cycles. They do so by implementing the as co-
gent as relation which allows for comparison between sets of
arguments: one set X C F is as cogent as another Y C F,
if X is admissible in the restriction of F to X UY (see Def-
inition 3.1). The isolated comparison of sets of arguments
via the cogency relation naturally corresponds to evaluating
those sets on how they may be argued against each other in
a dialogue. A set is cogent if it is undominated with respect
to this relation. A weaker notion, cyclic cogency relaxes this
further in anticipation of the issues presented by odd-length
cycles.

Definition 5.1. Let F be an argumentation framework and
X C F. X is cogent if forevery Y C F,Y > X implies
X =Y. X is cyclically cogent if for every D C F at least
one of the following holds: (1) D * X; 2) X = D; (3)
there existsachain D = D; < Dy < --- < D, = X.

The cogency relation plays a key role in defining tenabil-
ity, however, (strong/-/static) tenability semantics require
strictly less than cogent semantics; where the latter requires
a fixed singular line of defense for a set of arguments, ten-
ability semantics relaxes this to allow for the defense to
change, dependent upon the attacks presented. We note
that cogency and cyclic cogency are also captured by game-
based semantics (Bodanza, Tohmé, and Simari 2016).

A different approach to defending against illegitimate
arguments lies in the recursion-based weak admissibility
semantics of Baumann, Brewka, and Ulbricht (Baumann,
Brewka, and Ulbricht 2020). Informally, a set of arguments
X is ruled acceptable whenever its attackers are rendered
unacceptable after removing the arguments attacked by X.

Definition 5.2. For any argumentation framework F and
A C F, FA is the restriction of F to F ~ (AU AT), called
the A-reduct of F. A set A C F is weakly admissible if it is
conflict-free and for every attacker y of A, y belongs to no
weakly admissible set of F4.

The last weak semantics we will consider is weakly com-
plete semantics introduced by Dondio and Longo (Dondio
and Longo 2021). Weakly complete semantics employs a
different mechanism for evaluating acceptance, and capture
acceptance in scenarios where undecided arguments may
play lessened roles.

Definition 5.3. An extension is weakly complete if it is
the set of in-labeled arguments in a weakly complete
labeling of F. Such a labeling is a map from F to
{in, out,undec} where for every a € F, each of the
following holds: (1) if a is labeled in, then there are no
attackers of a labeled in; (2) if a is labeled out, then it has
at least one attacker labeled in; (3) if a is labeled undec,
then it has at least one attacker labeled undec and it has no
attackers labeled in.
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Weakly complete semantics are by far the weakest seman-
tics in this realm with respect to which arguments are cred-
ulously accepted. However, it is not the case that every, e.g.,
cogent extension is weakly complete, rather, every cogent
extension is a subset of a weakly complete extension. We
next introduce a formal method of capturing this relation be-
tween semantics and show all possible relationships between
the semantics discussed in this paper.

Definition 5.4. Let o and 7 be semantics. We say that o is
an inclusion-based refinement of 7 if every o-extension is a
subset of a T-extension.

Observe that if o C 7, then o is also an inclusion-based
refinement of 7.

Theorem 5.5. For finite argumentation frameworks, Figure
6 represents the implications and inclusions between weak
semantics. Each solid arrow indicates implication. Each
dashed arrow indicates inclusion-based refinement. If there
is no directed path from one semantics to another, then nei-
ther implication holds.

Strongly Statically

\ v
Cyclically Weakly _____ 5| Weakly
Cogent Admlss1ble Complete

Figure 6: The relations among weak semantics in finite argumen-
tation frameworks.

We remark that some of the refinements among seman-
tics presented in Theorem 5.5 need not persist in infinite ar-
gumentation frameworks. In fact, semantics such as weak
admissibility fail to be well-defined for arbitrary argumenta-
tion frameworks.> We leave the project of mapping out the
relations among weak semantics in the arbitrary setting to
future work.

6 Discussion

This paper introduced three tenability notions—static ten-
ability, strong tenability, and tenability—all centered on the
same conceptual shift: defensibility is not necessarily wit-
nessed by a single uniform stance, but may consist in the
ability to respond non-uniformly to any consistent line of
attack. In this sense, tenability adds a new axis to the weak-
semantics landscape: it preserves a defense-based intuition
while making strategic non-uniformity explicit at the ab-
stract level.

Because our definitions are purely abstract, tenability is
not intended as a standalone model of practical reason-
ing in rich domains. In applications, the main modeling
work lies upstream: extracting an AF from structured argu-
ments, rules, evidence, and preferences. Well-established
structured argumentation formalisms (and their instantia-
tions into abstract AFs) therefore provide a natural interface,

Consider whether ao is weakly admissible in (F,—) where
F ={a;:t€N}anda; — a; foralli < j.
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including systems developed with legal and evidential rea-
soning in mind (Prakken 1997; Modgil and Prakken 2014;
Gordon, Prakken, and Walton 2007). Within such pipelines,
tenability can be viewed as a dialectical evaluation layer
that targets a specific phenomenon: whether a position can
be sustained against consistent lines of attack without requir-
ing a uniform defense against mutually incompatible chal-
lenges.

Adversarial legal procedure is an obvious arena in which
the distinction between uniform and non-uniform defense
matters, since legal debates intertwine presumptions, bur-
dens of proof, and varying standards of proof (Gordon,
Prakken, and Walton 2007; Prakken and Sartor 2006; Wal-
ton 2014; Prakken 2009). Tenability does not aim to encode
such standards directly; rather, given an AF extracted from
an evidential record (possibly via a structured formalism), it
can support analyses of whether a party’s position is dialec-
tically maintainable against legitimate challenges, allowing
conditional rebuttals of the kind highlighted by /. In partic-
ular, static tenability naturally matches “one-shot” settings
where an opponent advances an internally consistent body
of evidence and the proponent must be able to extend her
commitments with a consistent counter-case. This resonates
with the organisation of evidential reasoning around com-
peting hypotheses or “case theories”, and with hybrid ap-
proaches combining argumentative and narrative structure
(Bex et al. 2010).

The game-based notions—strong tenability and (espe-
cially) tenability—are better suited to modeling extended
exchanges in which commitments accumulate over time.
Here, monotone commitment protocols capture the idea that
argumentative moves incur liabilities that cannot simply be
ignored later, a theme studied extensively in dialogue the-
ory and commitment-based models of argumentation (Wal-
ton and Krabbe 1995; Prakken 2005). In this setting, the
distinction between strong tenability and tenability is not
merely technical: it separates debates in which one party is
held to a stricter standard of sustained defensibility from de-
bates in which both parties are held to this higher standard.
This provides a principled handle on the Master versus Igno-
ramus effect isolated in Section 2: strong tenability blocks
spurious attacks, giving a suitable model of Master versus
Novice settings, whereas tenability blocks forms of “attack
switching” that would be unreasonable under a defensibility
requirement on lines of challenge, while still allowing the
proponent’s defense to be non-uniform, thus giving a suit-
able model of Master versus Master debates.

Outside legal domains, tenability seems relevant when-
ever deliberation proceeds against a background of defaults
and asymmetric costs of revision. In many practical set-
tings, an agent has a current stance that is not abandoned
unless a challenger can articulate a plausible defeating case,
an idea closely connected to presumption and burden allo-
cation (Walton 2014; Prakken 2009). This suggests poten-
tial uses in interactive explanation and decision support: a
system may justify maintaining a position by exhibiting a
defense strategy tailored to a user’s reasonable objections,
without committing to a single all-purpose extension that an-
ticipates mutually incompatible challenges.
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Conclusions and Future Work

Our comparison with existing weak semantics (Theorem 5.5
and Figure 6) does not exhaust the landscape. A natural next
step is to extend the map to additional weak semantics—
for instance, the weakly-preferred and UB-preferred se-
mantics studied by Dondio and Longo (Dondio and Longo
2021). Another direction concerns principle-based evalua-
tion. Since each tenability notion is closed under subset, sev-
eral standard principles for extension-based semantics will
fail for reasons that are orthogonal to the intended reading.
Two ways to make such a study informative are to analyze
maximal variants of the tenability notions, and to extract
from tenability new principles that isolate non-uniformity as
a design dimension applicable beyond our specific games.

A particularly promising direction concerns the extension
of tenability to richer argumentation formalisms, where the
strategic character of defense becomes even more salient.
Bipolar Argumentation Frameworks (BAFs) (Amgoud et al.
2008) are a natural target: by distinguishing attack from sup-
port, BAFs better capture the structure of real dialogues, in
which a proponent typically marshals not only counterat-
tacks but also corroborating arguments. Lifting tenability
to this setting, however, is not a routine exercise. The de-
sign choices that make tenability work in the purely conflict-
based setting—Ilegitimacy as conflict-freeness, monotone
commitment, unanswered attack as the trigger for proponent
moves, counterattack as the source of vindication—must all
be rethought once support is present. One must decide,
for instance, whether commitments should be closed under
supported acceptance, whether the proponent may introduce
supporters of arguments already in play as a distinct kind
of move, and whether the opponent may legitimately attack
a position by attacking its supporters. Analogous questions
arise for structured formalisms such as ASPIC+ (Modgil and
Prakken 2014), where tenability’s strategy-based, monotone
character appears especially well-suited to incremental di-
alectical evaluation.

Looking forward, a promising application of this work
lies in the generation of transparent explanations in legal Al
Implementing tenability semantics in automated legal rea-
soning tools offers a natural solution for this domain, where
courtroom disputes inherently require non-uniform, strate-
gic defenses tailored to specific lines of attack. By translat-
ing the monotone commitment games introduced here into
applied computational frameworks, we aim to develop di-
alectical tools that assist legal practitioners in evaluating the
defensibility of complex claims and formulating targeted,
context-aware rebuttals.

To conclude, tenability isolates and formalizes non-
uniform defense against consistent attacks as a principled
alternative to uniform-witness notions of acceptance. We
expect this perspective to be most useful when combined
with established modeling layers for structure, priorities,
and proof standards, rather than as a replacement for them.
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