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ABSTRACT
This paper develops a new approach to computational argumenta-
tion that is informed by philosophical and linguistic views. Namely,
it takes into account two ideas that have received little attention
in the literature on computational argumentation: First, an agent
may rationally reject an argument based on mere doubt, thus not
all arguments they could defend must be accepted; and, second,
that it is sometimes more natural to think in terms of which indi-
vidual sentences or claims an agent accepts in a debate, rather than
which arguments. In order to incorporate these two ideas into a
computational approach, we first define the notion of structured
bipolar argumentation frameworks (SBAFs), where arguments con-
sist of sentences and we have both an attack and a support relation
between them. Then, we provide semantics for SBAFs with two
features: (1) Unlike with completeness-based semantics, our se-
mantics do not force agents to accept all defended arguments. (2)
In addition to argument extensions, which give acceptable sets of
arguments, we also provide semantics for language extensions that
specify acceptable sets of sentences. These semantics represent
reasonable positions an agent might have in a debate. Our seman-
tics lie between the admissible and complete semantics of abstract
argumentation. Further, our approach can be used to provide a new
perspective on existing approaches. For instance, we can specify
the conditions under which an agent can ignore support between
arguments (i.e. under which the use of abstract argumentation is
warranted) and we show that deductive support semantics is a
special case of our approach.
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1 INTRODUCTION
For most people, the primary contact point with arguments is
through discussions and debates, be it in person or online. In these
contexts, they are confronted with the following central question:
Given all the arguments, what should you believe? One way to an-
swer this question is through computational argumentation [5, 22].
We can build models of debates and use them to evaluate which
sets of arguments, called extensions, an agent considering the de-
bate should. This can help agents navigate complex and potentially
inconsistent information. The literature has produced a wide range
of semantics that determine the acceptability of arguments (see
[4]). Many of these approaches come out of an interest in mod-
elling different ways of formal reasoning based on specific logics,
logic programming, or how agents can reason with inconsistent or
uncertain knowledge [1, 3, 14, 22, 33, 38, 40].

This paper uses computational approaches such as abstract [22],
structured [11], and bipolar [15] argumentation as its starting point,
but incorporates aspects of informal approaches to argumentation
such as philosophy [25, 27, 42, 49], linguistics [28], and communi-
cation studies [45, 46].1 Amongst these approaches, we can find
two general ideas that are not always explicitly taken into account
in formal approaches: (1) In formal approaches, rational agents are
assumed to automatically accept all defended arguments, while in
informal ones they are allowed to reject such an argument, e.g. if it
relies on a premise the agents deem very implausible. (2) Formal
approaches often require agents to evaluate arguments as a whole,
meaning they often take the sentences of an argument (its premises
and conclusion) into account only to determine its relations to
other arguments. Informal approaches, in contrast, often assume
that agents evaluate directly which sentences they should accepted.
While some computational approaches implement aspects of these
ideas [9, 17, 24, 37, 41], we take both of them fully into account.

The idea of rejecting defended arguments comes from the notion
of critical reactions [29, 47]. While an agent has to react critically
to an argument in order to reject it, a critical reaction does not have
to consist of a counterargument. For instance, instead of attacking
an argument, the agent can also challenge it. Such a challenge ex-
presses doubt about a premise of the argument and if that doubt
cannot be overcome, the argument can be rejected. Thus, even in
the absence of any attacks, agents can reject arguments if doubted
premises are not supported. Our approach is accordingly one of
bipolar argumentation [15], where arguments can be both attacked
and supported. The use of an explicit support relation is also in

1This is an extended version of a paper that was accepted to ArgXAI@ECAI’25. Proofs
for all propositions can be found in http://arxiv.org/abs/2602.03286.
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line with empirical results on how we intuitively deal with argu-
ments [28, 36]. The following example illustrates the novelty and
expressiveness of our approach.

Example 1. Consider the following situation, loosely inspired by
[2], where an agent considers a debate containing the following argu-
ments: 𝑎1 : “This violin is a Stradivarius since Alex says so”, 𝑎2 : “This
violin is expensive since it is a Stradivarius”, 𝑎3 : “We know Clara says
that Anne-Sophie owns this violin since she is cited in a newspaper
saying so.”, 𝑎4 : “Anne-Sophie owns this violin since Clara says so”,
and 𝑎5 : “Hilary owns this violin since Diego says so”. This gives the
following situation of bipolar argumentation, where → are attacks
and →·· are supports.

𝑎1 𝑎2 𝑎3 𝑎4 𝑎5

If the agent uses any form of complete semantics [22, 50], they have
to accept all defended arguments. Thus any such agent has to accept
at least 𝑎1 and 𝑎2. However, one might reasonably doubt whether Alex
really made the claim in 𝑎1. The agent might suspect that Alex does
not know anything about violins and thus his claim strikes them as
odd. This suspicion does not amount to a full counterargument that
could be added to the framework, but it is enough for the agent to
doubt 𝑎1 and reject it if there is no support to remove their doubts.

The next weaker semantics are based on admissibility [22]. Ad-
missibility allows agents to doubt 𝑎1, but it also removes any notion
of support to 𝑎2, as the two arguments can be accepted fully inde-
pendently of each other. Using d-admissibility of deductive support
semantics (see [13, 16] and Section 4.2), support is taken into account
and 𝑎1 can only be accepted together with 𝑎2, giving the following
extensions: ∅, {𝑎1, 𝑎2}, {𝑎3, 𝑎4}, {𝑎5}, {𝑎1, 𝑎2, 𝑎5}, and {𝑎1, 𝑎2, 𝑎3, 𝑎4}.
But now also 𝑎3 can only be accepted together with 𝑎4. However, as 𝑎4
and 𝑎5 contradict each other, one might want to abstain from accept-
ing either of them while still accepting 𝑎3. That is, an agent might
want to accept that Clara claims that Anne-Sophie owns the violin
based on the newspaper while suspending judgment on whether she
really owns it. D-admissibility does not allow for this option.

One of the semantics we define, weak coherence (see Section 3.2),
captures these dynamics that elude both completeness-based semantics
and d-admissibility by allowing agents to accept the extension {𝑎3}.
A full analysis of this case is provided in Example 10.

The idea of doubting individual sentences also illustrates how
informal approaches often evaluate arguments on the level of their
sentences. For people confronted with arguments, it is often more
intuitive to think about what sentences they accept rather than
which arguments [12]. The latter can be complex structures and it
can be challenging to analyse them and figure out to what you are
committed when accepting them. Taking into account sentences
can help explain why some agent accepts (or should accept) an
argument extension, namely by referring to the set of sentences
they agree with. This requires taking into account the structure of
arguments and accordingly our approach takes the perspective of
structured argumentation.

Example 2. It might be intuitive for agents to indicate which indi-
vidual sentences they accept without thinking about the arguments
directly. In Example 1, we might accept the sentences 𝑆𝑡𝑟 : “This vi-
olin is a Stradivarius”, 𝐸𝑥𝑝 : “This violin is expensive”, 𝐶𝑙𝑎 : “Clara
says that Anne-Sophie owns this violin”, and 𝐻𝑖𝑙 : “Hilary owns this

violin” (see Example 3 for a full translation). Is {𝑆𝑡𝑟, 𝐸𝑥𝑝,𝐶𝑙𝑎, 𝐻𝑖𝑙}
an acceptable set of sentences? In the terms we introduce in Section
3.2, we can understand this as a weakly coherent language extension
and it corresponds to the argument extension {𝑎2}.

In this paper, we define structured bipolar argumentation frame-
works (SBAFs) and provide a range of semantics for them. At the
argument level, we define two versions of what we call coherent se-
mantics. They contrast with completeness-based semantics in that
they sometimes allow rejection of defended arguments, but they
also contrast with (abstract) admissible semantics in that they take
support between arguments into account. We additionally provide
two versions of adequate semantics that operate on sets of sentences
directly. This way, we offer a new perspective on computational
argumentation which is informed by informal theories.

The paper is organised as follows. We first sketch the familiar
preliminaries from abstract argumentation (Section 2) and then
introduce SBAFs in Section 3. Both argument semantics, which
evaluate sets of arguments, and language semantics, which evaluate
sets of sentences, are defined in Section 3.2. These semantics are
then used to interpret existing semantics from abstract and bipolar
argumentation in Section 4. Finally, we discuss related approaches
in the literature (Section 5).

2 PRELIMINARIES
We briefly recall the definitions of abstract argumentation [4, 22].

Definition 1 (Abstract Argumentation Framework). An
abstract argumentation framework (AF) is a tupleA = ⟨𝐴,→⟩ where
𝐴 is a finite set of arguments and → ⊆ 𝐴 ×𝐴 an attack relation.

We write 𝑎 → 𝑏 in case (𝑎, 𝑏) ∈ → and generalise to sets of
arguments, i.e. 𝐸 → 𝑏 in case 𝑎 → 𝑏 for some 𝑎 ∈ 𝐸 and 𝑎 → 𝐸 in
case 𝑎 → 𝑏 for some 𝑏 ∈ 𝐸. Further, we write 𝑎 ̸→ 𝑏 if (𝑎, 𝑏) ∉ →.
For two sets of arguments, 𝐸 → 𝐸′ means 𝑎 → 𝑏 for some 𝑎 ∈ 𝐸

and 𝑏 ∈ 𝐸′. A set of arguments 𝐸 ⊆ 𝐴 defends an argument 𝑎 ∈ 𝐴 if
∀𝑏 ∈ 𝐴 : 𝑏 → 𝑎 =⇒ 𝐸 → 𝑏.

The semantics are as usual. Let A = ⟨𝐴,→⟩ be an AF. An exten-
sion 𝐸 ⊆ 𝐴 is called conflict-free if ∀𝑎, 𝑏 ∈ 𝐸 : 𝑎 ̸→ 𝑏, admissible
if it is conflict-free and defends all its arguments, complete if it is
admissible and it contains all arguments it defends, preferred if it is
⊆-maximal among admissible extensions.

Note the difference between admissible and complete seman-
tics. Whereas admissible extensions are never forced to include
an argument, complete semantics requires accepting all defended
arguments, including any unattacked ones. Even when it comes to
bipolar semantics (see Section 4.2), the focus still lies on variants of
complete semantics (cf. [50]). The semantics we define in Section
3.2 fall in the gap between admissible and complete semantics.

3 STRUCTURED BIPOLAR ARGUMENTATION
In this section, we first introduce structured bipolar argumentation
frameworks and then go on to define their semantics.

3.1 Frameworks
Now we start introducing the frameworks for structured bipolar
argumentation. We take a structured approach and as such we first
have to define the language which we use to represent arguments.
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Definition 2 (Language). A language L = ⟨𝐿, , 𝑛⟩ consists
of a non-empty set of sentences 𝐿, a (partial) incompatibility function
: 𝐿 → 2𝐿 , and a (partial) naming function 𝑛 : 2𝐿 × 𝐿 → 𝐿.
We assume to be symmetric, i.e. ∀𝑠, 𝑡 ∈ 𝐿 : 𝑠 ∈ 𝑡 ⇐⇒ 𝑡 ∈ 𝑠 .

Additionally, we assume that 𝑛(⟨{𝑡}, 𝑡⟩) = ∅.

The set of sentences can be any set of objects. All the structure
we need to represent arguments is given by the incompatibility
and the naming functions. Incompatibility is used to model conflict
between sentences in that it associates each sentence with the
set of sentences incompatible with it. It is a symmetric notion of
contrariness, cf. [41]. Intuitively, two incompatible sentences should
not be accepted together. The naming function allows us to talk
about arguments within the language. We represent arguments as
a tuple of a set of sentences (the premises) and another sentence
(the conclusion), see Definition 3. Thus, 𝑛 takes arguments and
gives them names which express the claim that one can infer the
conclusion from the premises, cf. [32]. The main use of this is to
define undercutting attacks (Definition 4) using sentences that are
incompatible with the name of an argument. Finally, the condition
𝑛(⟨{𝑡}, 𝑡⟩) = ∅ states that an argument that uses the same sentence
as its single premise and as its conclusion (see Definition 3) cannot
be undercut, as there are no circumstances where we cannot infer
a sentence from itself. Note that we do not assume any logical
structure or consequence relation on the set of sentences.

Example 3. Let us continue Example 1 and consider a language
with 𝐿 = {𝐴𝑙𝑒, 𝑆𝑡𝑟, 𝐸𝑥𝑝, 𝑁𝑒𝑤,𝐶𝑙𝑎,𝐴𝑛𝑛, 𝐷𝑖𝑒, 𝐻𝑖𝑙}, corresponding to:
𝐴𝑙𝑒 : “Alex says this violin is a Stradivarius”, 𝑆𝑡𝑟 : “This violin is a
Stradivarius”, 𝐸𝑥𝑝 : “This violin is expensive”, 𝑁𝑒𝑤 : “Clara is cited
in a newspaper article mentioning that Anne-Sophie owns this violin”,
𝐶𝑙𝑎 : “Clara says that Anne-Sophie owns this violin”, 𝐴𝑛𝑛 : “Anne-
Sophie owns this violin”, 𝐷𝑖𝑒 : “Diego says Hilary owns this violin”,
and 𝐻𝑖𝑙 : “Hilary owns this violin”, with 𝐴𝑛𝑛 ∈ 𝐻𝑖𝑙 and 𝐻𝑖𝑙 ∈ 𝐴𝑛𝑛.
We can also add 𝑛(⟨{𝐴𝑙𝑒}, 𝑆𝑡𝑟 ⟩) : “One can infer that this violin is a
Stradivarius from Alex saying so”.

As in abstract argumentation, we do not construct arguments.
Rather, we take them as given, e.g. through a debate. This means
that we do not need any logic or inference rules that determine from
which sentences we can infer others. Formally, any combination of
premises and conclusion could be an argument. In the following
definition, we use 𝑃𝑟𝑒𝑚 as a function from arguments to sets of
sentences in order to indicate the premises of an argument and
𝐶𝑜𝑛𝑐 as a function from arguments to sentences in order to indicate
the conclusion of an argument. For an argument 𝑎, 𝑃𝑟𝑒𝑚(𝑎) is its
set of sentences and 𝐶𝑜𝑛𝑐 (𝑎) is its conclusion.

Definition 3 (Arguments). An argument in a language L =

⟨𝐿, , 𝑛⟩ is a tuple 𝑎 = ⟨𝑃𝑟𝑒𝑚(𝑎),𝐶𝑜𝑛𝑐 (𝑎)⟩ where 𝑃𝑟𝑒𝑚(𝑎) is a
non-empty finite subset of 𝐿 and 𝐶𝑜𝑛𝑐 (𝑎) ∈ 𝐿.

We also define the set of sentences of an argument 𝑎 as 𝑆𝑒𝑛𝑡 (𝑎) :=
𝑃𝑟𝑒𝑚(𝑎) ∪ {𝐶𝑜𝑛𝑐 (𝑎)}. The set of sentences generalises to sets of ar-
guments 𝑆𝑒𝑛𝑡 (𝐸) =⋃

𝑎∈𝐸 𝑆𝑒𝑛𝑡 (𝑎).
We say 𝑎 is a minimal argument for sentence 𝑠 ∈ 𝐿 if 𝑎 = ⟨{𝑠}, 𝑠⟩

(see e.g. [32]).

Example 4. In Example 3, we already saw one argument: 𝑎1 :
⟨{𝐴𝑙𝑒}, 𝑆𝑡𝑟 ⟩, which corresponds to “This violin is a Stradivarius

since Alex says so”. The other arguments are: 𝑎2 : ⟨{𝑆𝑡𝑟 }, 𝐸𝑥𝑝⟩,
𝑎3 : ⟨{𝑁𝑒𝑤},𝐶𝑙𝑎⟩, 𝑎4 : ⟨{𝐶𝑙𝑎}, 𝐴𝑛𝑛⟩, and 𝑎5 : ⟨{𝐷𝑖𝑒}, 𝐻𝑖𝑙⟩. An
example of a minimal argument would be ⟨{𝑆𝑡𝑟 }, 𝑆𝑡𝑟 ⟩, i.e. “This vio-
lin is a Stradivarius since this violin is a Stradivarius”. It is an edge
case of an argument as it does not contain any real inference step, but
they are useful to represent single sentences in frameworks.

Next, we define supports and attacks between arguments. At-
tacks are defined such that an argument attacks another argument
if its conclusion is incompatible with some part of it [32]. We call
an attack on the name of an argument an undercut and we say
that a set of arguments 𝐸 contains undercutting information for
an argument 𝑎 if 𝑛(𝑎) ∩ 𝑆𝑒𝑛𝑡 (𝐸) ≠ ∅. Note that attacks are define
only through the conclusions of arguments. Accordingly, a set of
arguments can contain undercutting information for an argument
without attacking it and an argument containing a premise incom-
patible with the premise of another argument does not necessarily
attack it. For instance, there are no attacks between the arguments
𝑎 : ⟨{𝑟 }, 𝑥⟩ and 𝑏 : ⟨{𝑦}, 𝑧⟩ with 𝑟 ∈ 𝑛(𝑏) and 𝑦 ∈ 𝑟 , since the
conflicts occur only between their premises. However, 𝑎 contains
undercutting information for 𝑏. While there are more fine-grained
notions of attack in the literature [19], they are often variations of
the attacks defined here.

The support relation requires more explanation. We want to
capture situations where accepting some set of arguments commits
you to accepting another: If you accept an argument 𝑎1 : ⟨{𝑠}, 𝑡⟩ and
there is an argument 𝑎2 : ⟨{𝑡}, 𝑢⟩, you should also accept 𝑎2 since
you accept all its premises. When it comes to arguments with more
than one premise, only a set of arguments can potentially force its
acceptance. For instance, accepting 𝑎1 does not force acceptance
of 𝑎3 : ⟨{𝑡, 𝑣},𝑤⟩. But if you also accept 𝑎4 : ⟨{𝑣}, 𝑣⟩, then you
should accept 𝑎3. Thus, we define support not as a binary relation
between arguments but as a relation between sets of arguments
and arguments. Hence, we capture a notion of premise support [18].

But there are more situations where accepting some arguments
can commit you to accepting another. Suppose there is also an
argument 𝑎5 : ⟨{𝑠}, 𝑟 ⟩. Then, accepting 𝑎1 means accepting all
premises of 𝑎5 and thus 𝑎5 should be accepted as well. This is a
kind of premise-sharing-support, sometimes called exhaustion [43].
In that sense, our notion of support combines premise-support and
premise-sharing-support in order to capture all situations where
accepting a set of arguments commits you to accept another one as
well. This leads to the following definition.

Definition 4 (Support and Attack). Let 𝑎, 𝑏 be arguments in
language L.

We say a set of arguments 𝐸 supports 𝑎 if 𝑃𝑟𝑒𝑚(𝑎) ⊆ 𝑆𝑒𝑛𝑡 (𝐸).
We say that 𝑎 attacks 𝑏 if 𝐶𝑜𝑛𝑐 (𝑎) ∈ 𝑠 for some 𝑠 ∈ 𝑆𝑒𝑛𝑡 (𝑏) or if

𝐶𝑜𝑛𝑐 (𝑎) ∈ 𝑛(𝑏).

Example 5. Using the setting of Examples 1, 3 and 4, we have
a support from 𝑎1 : ⟨{𝐴𝑙𝑒}, 𝑆𝑡𝑟 ⟩ to 𝑎2 : ⟨{𝑆𝑡𝑟 }, 𝐸𝑥𝑝⟩ and a mutual
rebut between 𝑎4 : ⟨{𝐶𝑙𝑎}, 𝐴𝑛𝑛⟩ and 𝑎5 : ⟨{𝐷𝑖𝑒}, 𝐻𝑖𝑙⟩.

The following definition collects all of this together.

Definition 5 (Structured Bipolar Argumentation Frame-
work). A structured bipolar argumentation framework (SBAF) is
a tuple SB = ⟨L, 𝐴,→,→·· ⟩ where 𝐴 is a finite set of arguments
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in language L and→,→·· are the corresponding attack and support
relations.

We write 𝑎 →·· 𝑏 in case (𝑎, 𝑏) ∈ →·· and use the same notational
conventions as with attacks. The intuitive running example is revis-
ited in Example 10. Here, we introduce a more technical example.

Example 6. The following example is based on 𝑡 ∈ 𝑟 , 𝑟 ∈ 𝑡 ,
𝑟 ∈ 𝑛(𝑎6), and 𝑧 ∈ 𝑝 (and accordingly 𝑝 ∈ 𝑧). Note that 𝑎5 undercuts
𝑎6 as it attacks its inference claim.

𝑎1 : ⟨{𝑠}, 𝑠⟩ 𝑎2 : ⟨{𝑢}, 𝑣⟩ 𝑎3 : ⟨{𝑤}, 𝑥⟩

𝑎4 : ⟨{𝑠}, 𝑡⟩ 𝑎5 : ⟨{𝑣, 𝑥}, 𝑟 ⟩ 𝑎6 : ⟨{𝑦}, 𝑧⟩

𝑎7 : ⟨{𝑝}, 𝑞⟩

It is useful to define (strongly) saturated frameworks. These are
such that they contain minimal arguments for sentences that are
incompatible with others. This ensures that all important relations
between sentences are visible as relations between arguments.

Definition 6 (Saturated SBAFs). An SBAF SB is called satu-
rated (resp. strongly saturated) if ∀𝑠 ∈ 𝑆𝑒𝑛𝑡 (𝐴) 𝑠 .𝑡 . ∃𝑡 ∈ 𝑆𝑒𝑛𝑡 (𝐴) ∩ 𝑠 ,
there is a minimal argument for 𝑠 or (resp. and) for 𝑡 in 𝐴, and
∀𝑢 ∈ 𝑆𝑒𝑛𝑡 (𝐴) 𝑠 .𝑡 . 𝑢 ∈ 𝑛(𝑎) for some 𝑎 ∈ 𝐴, there is a minimal
argument for 𝑢 in 𝐴.

The SBAF in Example 6 is not saturated, but could be made so
by adding, for instance, ⟨{𝑟 }, 𝑟 ⟩ and ⟨{𝑧}, 𝑧⟩. To make it strongly
saturated, ⟨{𝑡}, 𝑡⟩ and ⟨{𝑝}, 𝑝⟩ would also have to be added.

3.2 Semantics
We now develop semantics for SBAFs with two goals in mind: to
allow rejecting certain defended arguments, and to evaluate both
acceptable sets of arguments and acceptable sets of sentences. This
dual perspective assists agents with different capabilities to commu-
nicate and resolve potential disagreements. That is, it allows agents
that stores their knowledge in form of sentences to communicate
and interact with agents that only see arguments.

For argument semantics, we find a middle ground between ad-
missible and complete semantics. One is not forced to accept all
defended arguments, but their rejection is limited by support. A
simple way of doing this is to start with admissible semantics and
to add a condition that makes sure that extensions are closed under
support (cf. [16, 43]). You should accept an argument not if it is
defended, but if you already accept all its premises.

However, there are cases where this condition may be relaxed.
A first exception occurs in case you already accept undercutting
information for the supported argument. In such a case, you accept
that the inference in the argument does not hold and as such you
can reject it, even if you accept all its premises. Another exception
can be argued for in case you accept all premises of an undefended
argument. Depending on how strongly one interprets the support
relation, you might be forced to accept it or not.

We give two semantics, based on whether the second exception
is allowed. This gives a strong and a weak interpretation of support.

Definition 7 (Coherent Argument Extensions). A strongly
coherent argument extension in an SBAF SB = ⟨L, 𝐴,→,→·· ⟩ is an
admissible extension 𝐸 ⊆ 𝐴 that satisfies:

Strong Support-Closure: ∀𝑎 ∈ 𝐴 : if 𝐸 supports 𝑎 and 𝐸 does
not contain undercutting information for 𝑎, then 𝑎 ∈ 𝐸.

A weakly coherent argument extension is an admissible extension
𝐸 that satisfies:

Weak Support-Closure: ∀𝑎 ∈ 𝐴 : if 𝐸 supports 𝑎, 𝐸 does not
contain undercutting information for 𝑎, and 𝐸 defends 𝑎, then
𝑎 ∈ 𝐸.

Observation 1. Strongly coherent extensions are weakly coherent.

Example 7. Consider the SBAF of Example 6. The extension
{𝑎1, 𝑎2, 𝑎3, 𝑎4, 𝑎6} is weakly coherent, but not strongly so. Accord-
ing to strong coherence, it is not possible to accept all of 𝑎1, 𝑎2, and 𝑎3
together since strong support-closure forces acceptance of 𝑎4 and 𝑎5,
violating admissibility.

The difference between strong and weak coherence lies in differ-
ent answers to the question whether support can force you to accept
undefended arguments. Strong coherence says “yes”, weak coher-
ence says “no”. Weak coherence allows you to reject an argument if
it would violate defence, even if you accept all its premises. In some
sense, it allows you to infer that the inference of the argument must
be faulty without having explicit undercutting information. Strong
coherence, in contrast, requires explicit undercutting information
to reject an inference. Without it, the inference is assumed to work.

A more formal way to bring out the difference between strong
and weak coherence is the property of directionality [6, 50]: Argu-
ments should only affect the acceptability of other arguments if
they are connected via a directed path through support and attack.
This is true for weak coherence, but not for strong coherence.

Directionality: Let SB be an SBAF, 𝑈 ⊆ 𝐴 be such that
𝐴\𝑈 →··̸ 𝑈 and 𝐴\𝑈 ̸→ 𝑈 and define SB |𝑈 = ⟨L,𝑈 ,→ ∩
(𝑈 ×𝑈 ),→·· ∩ (𝑈 ×𝑈 )⟩. A semantics 𝜎 satisfies directionality
if an extension 𝐸 ⊆ 𝑈 is acceptable according to 𝜎 in SB |𝑈
iff there exists a 𝜎-acceptable extension 𝐸′ ⊆ 𝐴 in SB such
that 𝐸 = 𝐸′ ∩𝑈 .

Proposition 2. Strong coherence fails directionality.
Weak coherence satisfies directionality.

What does a semantics from the language perspective look like?
If we are interested in acceptable sets of sentences, we first require
that they do not contain incompatible sentences. We call a set of
sentences 𝑆 compatible if ∀𝑠, 𝑡 ∈ 𝑆 : 𝑠 ∉ 𝑡 . But apart from this
condition, it is the arguments that limit the choice of sentences we
can accept—this is the point of arguing. For this we need to know
to which arguments you are committed to when accepting some
sentences and vice-versa.

Given an argument extension, we can simply say that the corre-
sponding language extension consists of all sentences of accepted
arguments. When we start with a language extension, however,
it is less clear how the accepted sentences translate to accepted
arguments. For instance, perhaps it is possible to accept all premises
and the conclusion of an argument without accepting the argument
itself—one can simply disbelief that one can infer the conclusion
from the premises. We define two ways of translating from lan-
guage extensions to argument extensions that are analogous to
strong and weak coherence.
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The first way, similar to strong coherence, is to count all argu-
ments as accepted of which the premises are accepted and there is
no undercutting information. This gives the strong argument set.
Starting with a set of accepted sentences, it collects together all
arguments that should be accepted according to the strong inter-
pretation of support.

Definition 8 (Strong Argument Set). Given a set of sen-
tences 𝑆 in SB = ⟨L, 𝐴,→,→·· ⟩, we define its strong argument set
𝐴𝑟𝑔𝑠 (𝑆) := {𝑎 ∈ 𝐴 | 𝑃𝑟𝑒𝑚(𝑎) ⊆ 𝑆 and 𝑛(𝑎) ∩ 𝑆 = ∅}.

Analogously, we can define a weak argument set. Given a set
of sentences 𝑆 in an SBAF SB, we define its weak argument set
which collects together all the arguments in SB which should be
accepted according to the weak interpretation of support. As we
only require accepting defended arguments, we define it using a
fixpoint construction analogous to that in abstract argumentation
for complete extensions [4, 22]. We first define the analogue of the
characteristic function in abstract argumentation.

Definition 9 (Characteristic Function). Given an SBAF
SB = ⟨L, 𝐴,→,→·· ⟩ and a set of sentences 𝑆 ⊆ 𝑆𝑒𝑛𝑡 (𝐴), we define
the characteristic function 𝑅𝑆SB : 2𝐴 → 2𝐴 as

𝑅𝑆SB (𝐸) := {𝑎 ∈ 𝐴 | 𝑎 ∈ 𝐴𝑟𝑔𝑠 (𝑆) and 𝐸 defends 𝑎}.

With this, we can define the weak argument set.

Definition 10 (Weak Argument Set). If 𝑆 is compatible, then
its initial set, 𝐼𝑛𝑖𝑡 (𝑆), is defined as the largest admissible subset of
{𝑎 ∈ 𝐴 | 𝑆𝑒𝑛𝑡 (𝑎) ⊆ 𝑆 and 𝑛(𝑎) ∩ 𝑆 = ∅}. The weak argument set
of a compatible 𝑆 , 𝐴𝑟𝑔𝑤 (𝑆), is the least fixpoint of 𝑅𝑆SB containing
𝐼𝑛𝑖𝑡 (𝑆).

We need to make sure that the weak argument set contains
𝐼𝑛𝑖𝑡 (𝑆), as otherwise the least fixpoint of 𝑅𝑆SB would sometimes
be too small. For instance, in case of two arguments 𝑎1 : ⟨{𝑠}, 𝑡⟩
and 𝑎2 : ⟨{𝑢}, 𝑢⟩ with 𝑢 ∈ 𝑡 and 𝑡 ∈ 𝑢, the least fixpoint for the
language extension 𝑆 = {𝑠, 𝑡} would be empty. However, we want
it to contain 𝑎1 as all its sentences are accepted and it defends itself.

Proposition 3. The weak argument set is well-defined.

One motivation for introducing language extensions is that
agents may find it easier to judge which sentences they accept
than which arguments. The formal complexity of defining the weak
argument set confirms this intuition. Further, it allows us explain
why certain arguments are accepted or rejected by reference to
their underlying sentences.

Example 8. Consider again the SBAF of Example 6 and take the
language extension 𝑆 = {𝑠, 𝑡, 𝑢, 𝑣,𝑤, 𝑥,𝑦}. Its strong argument set
is 𝐴𝑟𝑔𝑠 (𝑆) = {𝑎1, 𝑎2, 𝑎3, 𝑎4, 𝑎5, 𝑎6}, which is not conflict-free. For the
weak argument set, we have: 𝐼𝑛𝑖𝑡 (𝑆) = {𝑎1, 𝑎2, 𝑎3, 𝑎4} and𝐴𝑟𝑔𝑤 (𝑆) =
{𝑎1, 𝑎2, 𝑎3, 𝑎4, 𝑎6}.

Consider also 𝑆 ′ = {𝑠,𝑢, 𝑣,𝑤, 𝑥, 𝑟 } with 𝐴𝑟𝑔𝑤 (𝑆 ′) =

{𝑎1, 𝑎2, 𝑎3, 𝑎5}. While both 𝑆 and 𝑆 ′ end up accepting all of 𝑎1, 𝑎2,
and 𝑎3, thus supporting both 𝑎4 and 𝑎5, they differ in which of them
they accept. On the argument level, the situation looks symmetri-
cal, but using the sentence perspective, we can explain this difference
through the prior commitment of 𝑆 to the conclusion of 𝑎4 and the
prior commitment of 𝑆 ′ to that of 𝑎5.

Proposition 4. For a compatible language extension 𝑆 , 𝐴𝑟𝑔𝑤 (𝑆)
is admissible.

We can now specifywhich sets of sentences should be accepted in
an SBAF.We again get a strong and a weak semantics, depending on
whether we take language extensions to commit to their strong or
their weak argument set. For both, we require language extensions
to include conclusions of accepted arguments. Further, we know
from Proposition 4 that weak argument sets are defended, but for
strong argument sets, we have to require it explicitly.

Definition 11 (Adeqate Language Extensions). A strongly
adequate language extension in an SBAF SB = ⟨L, 𝐴,→,→·· ⟩ is a
compatible set of sentences 𝑆 ⊆ 𝑆𝑒𝑛𝑡 (𝐴) such that 𝐴𝑟𝑔𝑠 (𝑆) defends
all its arguments and it satisfies:

Sentence-Closure: ∀𝑎 ∈ 𝐴𝑟𝑔𝑠 (𝑆) : 𝑆𝑒𝑛𝑡 (𝑎) ⊆ 𝑆 .
A weakly adequate language extension 𝑆 ⊆ 𝑆𝑒𝑛𝑡 (𝐴) is a compatible
set of sentences that satisfies sentence-closure w.r.t. 𝐴𝑟𝑔𝑤 (𝑆).

Example 9. As seen in Example 8, 𝑆 = {𝑠, 𝑡, 𝑢, 𝑣,𝑤, 𝑥,𝑦} is not
strongly adequate, as sentence-closure would require adding 𝑟 to it,
violating compatibility. However, it is weakly adequate, as 𝐴𝑟𝑔𝑤 (𝑆)
does not include 𝑎5. In contrast, 𝑆 ′ = {𝑢, 𝑣,𝑤, 𝑥, 𝑟,𝑦, 𝑧} has𝐴𝑟𝑔𝑠 (𝑆 ′) =
{𝑎2, 𝑎3, 𝑎5} and is strongly adequate. Note that 𝑆 ′ contains undercut-
ting information for 𝑎6 (namely 𝑟 ) and does not have to accept it.

Proposition 5. Strongly adequate language extensions are also
weakly adequate.

Example 10. We can now fully analyse Example 1. The language
is provided in Example 3. We get the following SBAF.

𝑎1 : ⟨{𝐴𝑙𝑒}, 𝑆𝑡𝑟 ⟩ 𝑎2 : ⟨{𝑆𝑡𝑟 }, 𝐸𝑥𝑝⟩

𝑎3 : ⟨{𝑁𝑒𝑤},𝐶𝑙𝑎⟩ 𝑎4 : ⟨{𝐶𝑙𝑎}, 𝐴𝑛𝑛⟩ 𝑎5 : ⟨{𝐷𝑖𝑒}, 𝐻𝑖𝑙⟩

We can see that {𝑎3} is weakly, but not strongly coherent, and
that {𝑆𝑡𝑟, 𝐸𝑥𝑝,𝐶𝑙𝑎, 𝐻𝑖𝑙} is weakly but not strongly adequate. This is
because a strongly adequate extension would have to add 𝐴𝑛𝑛, since
𝑎4 is in its strong argument set, but then compatibility would be vio-
lated. In this example, strong coherence coincides with d-admissibility
(Section 4.2 expands on this observation). But weak coherence captures
novel dynamics of doubt in argumentation.

Adequate language extensions and coherent argument exten-
sions capture similar ideas. But, as the following example illustrates,
there are SBAFs where the two notions come apart.

Example 11. Consider an SBAF with two arguments 𝑎1 : ⟨{𝑠}, 𝑡⟩
and 𝑎2 : ⟨{𝑢}, 𝑣⟩ with 𝑠 ∈ 𝑢. Then, {𝑎1, 𝑎2} is a strongly (and thus
weakly) coherent argument extension, but its set of sentences is not
compatible and hence neither strongly nor weakly adequate.

Nevertheless, we can show that for a large class of SBAFs, there is
a direct correspondence between adequate language extensions and
coherent argument extensions. This confirms that even when we
are interested in whether an agent accepts an acceptable argument
extension, we can evaluate directly their accepted set of sentences.

Proposition 6. Let SB = ⟨L, 𝐴,→,→·· ⟩ be a saturated SBAF.
Then for every strongly adequate language extension 𝑆 , its strong
argument set 𝐴𝑟𝑔𝑠 (𝑆) is a strongly coherent argument extension.
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Also, for every strongly coherent argument extension 𝐸, its set of
sentences 𝑆𝑒𝑛𝑡 (𝐸) is a strongly adequate language extension.

Proposition 7. Let SB = ⟨L, 𝐴,→,→·· ⟩ be a saturated SBAF.
Then for every weakly adequate language extension 𝑆 , its weak argu-
ment set 𝐴𝑟𝑔𝑤 (𝑆) is a weakly coherent argument extension.

Also, for every weakly coherent argument extension 𝐸, its set of
sentences 𝑆𝑒𝑛𝑡 (𝐸) is a weakly adequate language extension.

This concludes the semantics for SBAF, implementing both the
critical reaction of doubt and the language perspective.

4 INTERPRETING ABSTRACT AND BIPOLAR
SEMANTICS IN SBAFS

We now give new interpretations of preferred semantics and de-
ductive support semantics [13, 16], as they both describe special
cases of weakly, resp. strongly coherent semantics. Thus, in some
circumstances, SBAFs can be seen as instantiating these semantics.

4.1 SBAFs and Preferred Semantics
We now compare our semantics with those of Dung-style abstract
argumentation. Those semantics take neither support between ar-
guments nor argument structure into account, so the following
results show the circumstances under which we can ignore these
aspects of SBAFs. The following observation shows that Dung-style
semantics are related to weak coherence.

Observation 8. Complete extensions are weakly coherent and a
weakly coherent extension is ⊆-maximal iff it is preferred.

But we can use the language perspective to reach a more interest-
ing result. While preferred extensions correspond to an agent who
accepts as many arguments as possible, what kind of extensions do
we get from an agent who accepts as many sentences as possible?
We first define confident extensions to capture this idea.

Definition 12 (Confident Extensions). Let SB be an SBAF.
A language extension 𝑆 ⊆ 𝑆𝑒𝑛𝑡 (𝐴) is called a confident strongly (resp.
weakly) adequate language extension if it is ⊆-maximal amongst
strongly (resp. weakly) adequate language extensions.

An argument extensions 𝐸 ⊆ 𝐴 is called a confident strongly
(resp. weakly) coherent argument extension if it is strongly (resp.
weakly) coherent and there exists a confident strongly (resp. weakly)
adequate language extension 𝑆 ⊆ 𝑆𝑒𝑛𝑡 (𝐴) such that 𝐸 = 𝐴𝑟𝑔𝑠 (𝑆)
(resp. 𝐸 = 𝐴𝑟𝑔𝑤 (𝑆)).

Example 12. In the SBAF of Example 6, we have the following
confident strongly coherent extensions: {𝑎1, 𝑎2, 𝑎4, 𝑎6}, {𝑎1, 𝑎3, 𝑎4, 𝑎6},
and {𝑎2, 𝑎3, 𝑎5, 𝑎7}. And the following confident weakly coherent ex-
tensions: {𝑎1, 𝑎2, 𝑎3, 𝑎5, 𝑎7}, and {𝑎1, 𝑎2, 𝑎3, 𝑎4, 𝑎6}.

We can again note correspondence between argument and lan-
guage extensions. This time, the direction from arguments to sen-
tences works only indirectly, as the set of sentences of a confident
coherent argument extension might not itself be confident adequate.

Proposition 9. Let SB be a saturated SBAF. For every confident
strongly (resp. weakly) adequate language extension, its strong (resp.
weak) argument set is confident strongly (resp. weakly) coherent.

Also, for every confident strongly (resp. weakly) coherent argument
extension 𝐸, there exists a confident strongly (resp. weakly) adequate
language extension 𝑆 such that 𝐴𝑟𝑔𝑠 (𝑆) = 𝐸 (resp. 𝐴𝑟𝑔𝑤 (𝑆) = 𝐸).

Figure 1: 𝑆𝐶𝐴: strongly coherent argument extensions,𝑊𝐶𝐴:
weakly coherent argument extensions, 𝑊𝐴𝐿: weakly ade-
quate language extensions, 𝑆𝐴𝐿: strongly adequate language
extensions. SCA ⊆ WCA indicates that each strongly coher-
ent extension is also weakly coherent. “⊆∗” relates argument
extensions with the argument sets of language extensions.
Dashed relations only hold in saturated SBAFs.

In Example 12, confident weakly coherent extensions correspond
to preferred extensions. Thus, there, maximising arguments is the
same as maximising sentences. But this is not always the case.

Example 13. In the following SBAF (with 𝑠 ∈ 𝑢), ∅ is confident
weakly coherent, based on {𝑡,𝑢} being confident weakly adequate,
but it is not preferred.

𝑎1 : ⟨{𝑠}, 𝑠⟩ 𝑎2 : ⟨{𝑡,𝑢}, 𝑡⟩

Nevertheless, we find that in saturated SBAFs, preferred exten-
sions are confident weakly coherent. For the other direction, we
need strongly saturated frameworks. Thus, it is only in strongly sat-
urated frameworks, where manyminimal arguments are added, that
maximising arguments and maximising sentences coincide. The
correspondence between confident weakly coherent extensions and
preferred extensions also shows that, in strongly saturated SBAFs,
the former does not take support into account, as the latter can be
calculated in pure attack-frameworks.

Proposition 10. Let SB = ⟨L, 𝐴,→,→·· ⟩ be a saturated SBAF.
Then any preferred extension 𝐸 ⊆ 𝐴 is confident weakly coherent.

Proposition 11. Let SB = ⟨L, 𝐴,→,→·· ⟩ be a strongly saturated
SBAF. Then any confident weakly coherent argument extension 𝐸 ⊆ 𝐴

is preferred.

These two propositions show that at least in a large class of
SBAFs, an agent who wants to maximise either arguments or sen-
tences can safely disregard support between arguments and solely
focus on attacks. In some sense, then, support becomes redundant
if we use preferred-style semantics. While it is an open question
whether we can find a full correspondence between weakly co-
herent and complete semantics, it indicates that we should indeed
use admissible-style semantics if we want to account for supports.
Figure 1 shows all our semantics and their relations.
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4.2 SBAFs and Deductive Support Semantics
We base our discussion of bipolar semantics on the notion of de-
ductive support [13, 16]. This approach implements the idea that
accepting a supporting argument entails accepting the supported
argument as well. We show that it is related to strong coherence.

Definition 13 (Bipolar Argumentation Framework). A bipo-
lar argumentation framework (BAF) is a tuple B = ⟨𝐴,→,→·· ⟩ where
𝐴 is a finite set of arguments, → ⊆ 𝐴 × 𝐴 an attack relation, and
→·· ⊆ 𝐴 ×𝐴 a support relation.

Definition 14 (Supported and Mediated Attacks). Let B =

⟨𝐴,→,→·· ⟩ be a bipolar argumentation framework and take 𝑎, 𝑏 ∈ 𝐴.
We say that there is a supported attack from 𝑎 to 𝑏 if there exists

𝑐 ∈ 𝐴 such that 𝑎 →·· 𝑐 and 𝑐 → 𝑏.
We say that there is a mediated attack from 𝑎 to 𝑏 if there exists

𝑐 ∈ 𝐴 such that 𝑏 →·· 𝑐 and 𝑎 → 𝑐 .

Example 14. In the following, BAF, the attack from 𝑎1 to 𝑎3 is a
mediated attack and that from 𝑎3 to 𝑎4 is a supported attack. Added
attacks are indicated with dotted arrows.

𝑎1 𝑎2

𝑎3𝑎4

𝑎5

Definition 15 (Deductive Support Semantics). Let B =

⟨𝐴,→,→·· ⟩ be a bipolar argumentation framework. We define the
set of complex attacks,

→𝑐𝑜 :=
⋃
𝑖∈N

→𝑖 ,

where →0:=→ and →𝑖+1:= →𝑖 ∪ {(𝑎, 𝑏) ∈ 𝐴 ×
𝐴 | there is a supported or mediated attack from 𝑎 to 𝑏 w.r.t. →𝑖 }.

An extension 𝐸 ⊆ 𝐴 is called d-admissible, d-complete, or d-
preferred if it is admissible and closed under→·· , complete, or preferred
in A = ⟨𝐴,→𝑐𝑜 ⟩.

Example 15. In the BAF of Example 14, we have the unique d-
complete, and d-preferred extension {𝑎2, 𝑎3, 𝑎5}. On the d-admissible
side, we have ∅, {𝑎5}, {𝑎2, 𝑎5}, and {𝑎2, 𝑎3, 𝑎5}. Note that {𝑎3, 𝑎5} is
not d-admissible since it is not closed under →·· .

We can now observe that strong coherence behaves like d-
admissibility under certain conditions. Thus, SBAFs can specify
exactly the circumstances under which the structure of the argu-
ments does not need to be considered.

Proposition 12. Let SB = ⟨L, 𝐴,→,→·· ⟩ be an SBAF where
∀𝑎 ∈ 𝐴 : |𝑃𝑟𝑒𝑚(𝑎) | = 1 and ¬∃𝑡 ∈ 𝑆𝑒𝑛𝑡 (𝐴), ∃𝑎 ∈ 𝐴 : 𝑡 ∈ 𝑛(𝑎).
Then an extension 𝐸 ⊆ 𝐴 that is strongly coherent is also d-admissible.

If further ∀𝑎, 𝑏 ∈ 𝐴, we have 𝑃𝑟𝑒𝑚(𝑎) ≠ 𝑃𝑟𝑒𝑚(𝑏), then an exten-
sion 𝐸 ⊆ 𝐴 that is d-admissible is also strongly coherent.

This result tells us that strong coherence coincides with d-
admissibility if each argument has exactly one premise that is
unique and there is no undercutting information in the frame-
work. Accordingly, we only need to take information about the
structure of the arguments into account if they are more complex
than unique single-premise. Strong coherence can then be seen as
a generalisation of d-admissibility to these more complex cases.

5 RELATED APPROACHES
5.1 Bipolar Argumentation
The semantics presented in this paper rely on the notions of strong,
resp. weak support-closure. Both variants find their analogues in
the literature, be it under different background assumptions.

A version of strong support-closure can be found in the notion
of exhaustion in premise-augmented BAFs (pBAFs) [43]. pBAFs go
some way towards a structured approach to bipolar argumentation
by adding information about the premises of the arguments. This
allows keeping track of which premises an argument extension
is committed to. A p-admissible extension is then required to be
admissible and exhaustive, meaning that it contains all arguments
of which all premises are accepted. As there are no exceptions
made for undefended arguments this corresponds, disregarding
undercutting information, to the notion of strong support-closure.

Crucially, pBAFs do not take the conclusions of arguments into
account, only their premises. This can lead to frameworks that work
as pBAFs but are uninstantiable if we think about the conclusions.

Example 16. Consider the following pBAF, where 𝜋 indicates the
premises of the arguments.

𝑎1, 𝜋 (𝑎1) = {𝑠} 𝑎2, 𝜋 (𝑎2) = {𝑡}

𝑎3, 𝜋 (𝑎3) = {¬𝑡} 𝑎4, 𝜋 (𝑎4) = {𝑢}
This framework is uninstantiable once we think about the conclu-

sion of 𝑎1. Namely, it has to support both 𝑡 and ¬𝑡 . This might be
possible if the conclusion of 𝑎1 is itself contradictory, but then it would
have to support everything, including 𝑎4. Thus, this framework cannot
be instantiated, but we only see it if we consider the conclusions of
arguments. This is exactly the information SBAFs add.

The notion of weak support-closure occurs in bipolar set-
argumentation frameworks (BSAFs) [10] in the definition of Γ-
admissibility. While BSAFs do not take the structure of arguments
into account, they allow for collective supports, as do SBAFs. Fur-
ther, it can be shown that in saturated SBAFs, weak coherence does
not need to take into account undercutting information explicitly,
as this is covered by the defence-requirement. This makes weak co-
herence analogous to Γ-admissibility, which requires an extension
to contain all supported arguments that are also defended.

The difference between BSAFs (as well as pBAFs) and SBAFs
lies in the notion of defence. Namely, BSAFs and pBAFs require
defence only against closed sets of arguments, i.e. against sets of
arguments that are closed under the support relation. SBAFs, in
contrast, require defence against all attacking arguments.

Example 17. Consider the following SBAF with 𝑠 ∈ 𝑟 , 𝑟 ∈ 𝑠 , and
𝑡 ∈ 𝑛(𝑎3).

𝑎1 : ⟨{𝑠}, 𝑡⟩ 𝑎2 : ⟨{𝑟 }, 𝑟 ⟩

𝑎3⟨{𝑟 }, 𝑢⟩

Argument 𝑎1 defends itself against the closed set {𝑎2, 𝑎3} because
it attacks 𝑎3, but it is not defended against 𝑎2. Accordingly, {𝑎1} is
not weakly coherent, but it would be Γ-admissible.
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We can further find an implementation of the notion of doubt
in evidential argumentation systems [35, 37]. In these frameworks,
an argument is only relevant if it is supported by evidence. Any
argument that has no evidential support can be rejected. This al-
lows for rejecting unattacked arguments and thus can be seen as an
expression of doubt. However, this implementation of doubt is quite
different from ours in at least two respects: First, doubt in evidential
argumentation systems needs to be justified by reference to a lack
of evidence and whether an argument lacks evidence is determined
by the argumentation system. There is no room for different agents
doubting different arguments in the same system, as is possible in
SBAFs. In our approach, it is the agents that decide what to doubt,
no the framework. We also make no external assumptions on when
doubt is justified. Second evidential argumentation systems rely
on a notion of necessary support [33, 34], whereas we showed in
Proposition 12 that our notion of support generalises deductive sup-
port. With necessary support, an argument can only be accepted
if all its supporters are also accepted. In that sense, accepting the
supporter is necessary for accepting the supported argument. In
SBAFs it is never required to accept a supporting argument, sup-
port can only force acceptance of supported arguments. Thus, the
direction goes the different way and accordingly there is no natural
correspondence to necessary support in SBAFs.

5.2 Structured Argumentation
Our account bears similarities to structured approaches to argu-
mentation such as ASPIC+ [31, 32, 39] or ABA [14, 41]. Both ap-
proaches structure arguments into premises and conclusions, where
this structure then determines the relations between the arguments.
However, our conception of arguments differs from theirs. First,
we take the arguments as given, while both ASPIC+ and ABA use
knowledge bases (resp. assumptions) and a set of inference rules to
construct them. This guarantees some rationality in the inferences
of the arguments as they must be licenced by some rule. In contrast,
SBAF arguments could in principle combine any premises with
conclusions, just like abstract argumentation could in principle
count any statement as an argument. Second, our account of argu-
ment structure is less complex than that of ASPIC+ or ABA. Our
arguments are simple premise-conclusion structures, whereas argu-
ments in other structured approaches are full inference trees that
derive their conclusions by means of potentially many inference
rules and intermediary steps from their premises. This difference is
brought out by our use of a support relationwhere ASPIC+ and ABA
work with attacks only. An argument that concludes with a premise
of another one counts as a supporting argument (or an element of
a supporting set) in SBAFs, but would count as a sub-argument of
a larger, more complex argument in ASPIC+. Third, ABA allows
evaluation of frameworks in terms of acceptable sets of sentences,
similarly to our language extensions. The difference is that lan-
guage extensions take account of all sentences that are involved
in arguments, where ABA only gives sets of assumptions, which
represent the original premises of their inference tree-arguments.

Finally, claim-augmented argumentation frameworks (CAFs)
[9, 23] associate each argument with a claim, representing their
conclusion, and provide semantics that work purely on the level of
claims. They also compare the strategies of maximising accepted

claims and maximising accepted arguments, and they conclude
that these strategies are identical in well-formed CAFs. As SBAFs
are well-formed by definition, their result differs from ours: Confi-
dent weakly coherent extensions and preferred extensions do not
coincide in general, as SBAFs also take into account the premises.

6 CONCLUSION
Argumentation in practice has many features and aspects, which
in turn lead to many ways of modelling it. In this paper, we fol-
lowed ideas from informal approaches to argumentation and de-
veloped an approach to structured bipolar argumentation. This
approach is characterised by semantics that are weaker than typical
completeness-based semantics in that not all defended arguments
have to be accepted and by the correspondence between the argu-
ment and the language perspective. Not only are we be able to say
which arguments an agent should accept, but we can also directly
evaluate which sentences they should accept. As our results show,
depending on the properties of the framework (i.e. whether it is
saturated), the two perspectives can align or come apart. Further,
we can compare the strategy of maximising accepted arguments (i.e.
choosing a preferred extension) with that of maximising accepted
sentences (i.e. choosing a confident weakly coherent extension).
Again, these strategies can lead to different results, but they coin-
cide in strongly saturated frameworks. Amongst the semantics for
bipolar argumentation, we find a correspondence to d-admissibility.

Our approach allows agents to doubt any sentence which they
cannot infer from already accepted sentences. This implements a
very generous notion of doubt that may make it difficult to force
some agent to accept an argument, as they could in principle always
doubt our premises. Accordingly, it might be desirable to distinguish
between sentences that can be freely doubted and other sentences
that belong to a form of common ground that should be accepted by
all agents. A strong version of this could be captured in our approach
by requiring all extensions to contain the sentences representing
the common ground. However, it would be useful to implement a
weaker common ground where commonly accepted sentences can
be rejected if they are attacked, but have to be accepted otherwise.

The comparison between SBAFs and other approaches to struc-
tured argumentation should also be explored further. For instance,
it would be interesting to examine how a notion of doubt could be
added to frameworks such as ASPIC+ or ABA. A further point of
comparison are approaches to argumentation where it is uncertain
which arguments are present. There, doubt could be modelled by
removing an argument, thus possibly presenting an alternative to
our account. Such approaches can be found in probabilistic argu-
mentation [26, 30] or argumentation with incomplete frameworks
[7, 8]. Finally, it would also be interesting to follow empirical ap-
proaches on argumentation [20, 21, 44, 48] and examine whether
the informal ideas of allowing for doubt and evaluating frameworks
on sentences correspond to the intuitions of ordinary reasoners.
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