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ABSTRACT
In this paper, we propose solid semantics to obtain the most accept-

able sets of arguments. Besides, we study the application of solid

semantics in the eld of judgement aggregation.
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1 INTRODUCTION
An argumentation framework [10] is a directed graph, where nodes

represent arguments and edges represent elements of a binary

relation. One of the core notions of argumentation frameworks is

admissibility. An admissible extension is a set of arguments that

contains no internal conict and defends against any attacker of

their elements.

In this paper, we mainly focus on obtaining the most accept-

able arguments in argumentation frameworks by strengthening

Dung’s admissibility. Before discussing this idea, let us rst illus-

trate two drawbacks observed from the literature. The rst one

arises from the observation of graded acceptability [12] which pro-

vides an approach to rank arguments from the most acceptable to

the weakest one(s) by parameterizing the numbers of attackers and

counter-attackers. What if we want to nd out precisely in an argu-

mentation framework the sets of arguments such that they contain

all the counter-attackers for each attacker of their elements? It is

impossible to achieve this goal by tune the parameters, as dierent

attackers may have dierent numbers of counter-attackers.

The other drawback arises from the observation of arguments

which are attacked indirectly and defended indirectly by some ar-

gument. There are other semantics [1, 6] also provide approaches

to rank arguments. But their approaches rely on assumptions re-

garding the processing of cycles. However, Dung [10] indicates

that the presence of cycles could be a problem. An argument 𝐴 is

controversial w.r.t. 𝐵 if 𝐴 indirectly attacks and indirectly defends

𝐵. In the literature, there is no consensus on whether to accept
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or reject such arguments. There is a lot of discussion about this

topic [2, 3, 5, 9]. Note that any argument in an odd-length cycle is

controversial w.r.t. any argument in the odd-length cycle.

Motivated by the observations above, we argue that the most ac-

ceptable arguments should satisfy two criteria: (i) they should have

defenders as many as possible, and (ii) they should avoid the unde-

sirable interference of some arguments. Dung’s admissibility only

requires the weakest defense in the sense that only one mandatory

defender is enough. An interesting fact is that some problematic

situations disappear after Dung’s admissibility is strengthened. In

this paper, we propose solid admissibility which satises the two

criteria. Roughly speaking, a solidly admissible extension is a set

of arguments without internal conict which defends against any

attacker and contains all the defenders. We will show that if an

argument 𝐴 is controversial w.r.t. an argument 𝐵, then 𝐵 will never

occur in any solid extension based on solid admissibility. To sum up,

such extensions not only contains all defenders of their elements,

but also avoids the presence of any argument which is indirectly at-

tacked and indirectly defended by some argument. This conforms to

the intuition in practical reasoning or real life in the sense that if an

argument has more defenders, then surely it has less controversies.

We also study the application of solid semantics in the eld of

judgement aggregation, a branch of social choice theory. Especially,

we show that there are more possibility preservation results for

solid semantics than for Dung’s semantics.

2 PRELIMINARY
This part reviews some notions of abstract argumentation [10].

Some denitions are adopted from Grossi and Modgil [12].

Denition 2.1. An argumentation framework AF is a pair 〈Arg,⇀
〉, where Arg is a nite and non-empty set of arguments, and⇀ is

a binary relation on Arg. For 𝐴, 𝐵,𝐶 ∈ Arg and Δ ⊆ Arg. 𝐴 ⇀ 𝐵 (or

𝐴 attacks 𝐵) denotes that (𝐴, 𝐵) ∈⇀. 𝐵 denotes the set of all the

attackers of 𝐵. Δ ⇀ 𝐵 denotes that there exists an argument 𝐴 ∈ Δ
such that 𝐴 ⇀ 𝐵. 𝐴 ⇀ Δ denotes that there exists an argument

𝐵 ∈ Δ such that 𝐴 ⇀ 𝐵. 𝐴 is a defender of 𝐶 i there exists an

argument 𝐵 ∈ Arg such that 𝐴 ⇀ 𝐵 and 𝐵 ⇀ 𝐶 .

Denition 2.2. An argument 𝐴 indirectly attacks an argument 𝐵

i there exists a nite sequence 𝐴0, . . . , 𝐴2𝑛+1 such that (i) 𝐴 = 𝐴0

and 𝐵 = 𝐴2𝑛+1, and (ii) for each 𝑖 , 0 6 𝑖 6 2𝑛, 𝐴𝑖+1 attacks 𝐴𝑖 . An

argument𝐴 indirectly defends an argument 𝐵 i there exists a nite

sequence 𝐴0, . . . , 𝐴2𝑛 such that (i) 𝐴 = 𝐴0 and 𝐵 = 𝐴2𝑛 , and (ii) for
each 𝑖 , 0 6 𝑖 < 2𝑛, 𝐴𝑖+1 attacks 𝐴𝑖 . 𝐴 is controversial w.r.t. 𝐵 i 𝐴

indirectly attacks and indirectly defends 𝐵.
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Denition 2.3. Given AF = 〈Arg,⇀〉. Δ ⊆ Arg defends 𝐶 ∈ Arg
i for any 𝐵 ∈ Arg, if 𝐵 ⇀ 𝐶 then Δ ⇀ 𝐵. The defense function 𝑑AF :
2
Arg → 2

Arg
of AF is dened as: for any Δ ⊆ Arg, 𝑑AF (Δ) = {𝐶 ∈

Arg | Δ defends 𝐶}. The neutrality function 𝑛AF : 2Arg → 2
Arg

of AF
is dened as: for any Δ ⊆ Arg, 𝑛AF (Δ) = {𝐵 ∈ Arg | NOT Δ ⇀ 𝐵}.

Denition 2.4. Given AF = 〈Arg,⇀〉 and a set of arguments

Δ ⊆ Arg. Δ is a conict-free extension of AF i Δ ⊆ 𝑛(Δ); Δ is a self-
defending extension ofAF i Δ ⊆ 𝑑 (Δ); Δ is an admissible extension
of AF i Δ ⊆ 𝑛(Δ) and Δ ⊆ 𝑑 (Δ); Δ is a complete extension of AF
i Δ ⊆ 𝑛(Δ) and Δ = 𝑑 (Δ); Δ is a preferred extension of AF i Δ is

a maximal (w.r.t. set inclusion) admissible extension of AF; Δ is a

stable extension of AF i Δ = 𝑛(Δ); Δ is the grounded extension of

AF i Δ is the least (w.r.t. set inclusion) xed point of the defense

function 𝑑AF.

We next introduce a model for the aggregation of extensions [11].

Given AF = 〈Arg,⇀〉. Let 𝑁 = {1, · · · , 𝑛} be a nite set of 𝑎𝑔𝑒𝑛𝑡𝑠 .
Suppose that each agent 𝑖 ∈ 𝑁 reports an extension Δ𝑖 ⊆ Arg.
Then 𝚫 = (Δ1, · · · ,Δ𝑛) is referred to as a prole of extensions. An
aggregation rule is a function 𝐹 : (2Arg)𝑛 →Arg

, mapping any given

prole of extensions to a subset of Arg.

Denition 2.5. Given AF = 〈Arg,⇀〉. Let 𝑁 be a nite set of

𝑛 agents, and let 𝑞 ∈ {1, · · · , 𝑛}. The quota rule with quota 𝑞 is

dened as the aggregation rule mapping any given prole 𝚫 =

(Δ1, · · · ,Δ1) ∈ (2Arg)𝑛 of extensions to the set including exactly

those arguments accepted by at least 𝑞 agents:

𝐹𝑞 (𝚫) = {𝐴 ∈ Arg | #{𝑖 ∈ 𝑁 | 𝐴 ∈ Δ𝑖 } > 𝑞}. (1)

The quota rule 𝐹𝑞 for𝑛 agents with𝑞 = d𝑛+1
2
e (resp.,𝑞 = 1,𝑞 = 𝑛)

for AF is called the strict majority (resp., nomination, unanimity)
rule. In an argumentation framework, the set of all extensions under

a semantics could be understood as a property.

Denition 2.6. Given AF = 〈Arg,⇀〉. Let 𝜎 ⊆ 2
Arg

be a property

of extensions of AF. Then an aggregation rule 𝐹 : (2Arg)𝑛 → 2
Arg

for 𝑛 agents is said to preserve 𝜎 if 𝐹 (𝚫) ∈ 𝜎 for every prole

𝚫 = (Δ1, · · · ,Δ𝑛) ∈ 𝜎𝑛 .

3 SOLID SEMANTICS
In order to address the drawbacks in the introduction, we introduce

solid admissibility by strengthening Dung’s admissibility.

Denition 3.1. Given AF = 〈Arg,⇀〉. Δ ⊆ Arg solidly defends (or
S-defends) 𝐶 ∈ Arg i for any argument 𝐵 ∈ Arg, if 𝐵 ⇀ 𝐶 , then

Δ ⇀ 𝐵 and 𝐵 ⊆ Δ. The solid defense function 𝑑AF
S

: 2
Arg → 2

Arg
of

AF is dened as follows. For any Δ ⊆ Arg, 𝑑AF
S

(Δ) =
{
𝐶 ∈ Arg |

Δ S-defends 𝐶
}
. Δ ⊆ Arg is S-self-defending i Δ ⊆ 𝑑AF

S
(Δ). Δ ⊆

Arg is a S-admissible extension of AF i Δ ⊆ 𝑛(Δ) and Δ ⊆ 𝑑S (Δ).

A S-admissible extension is a set of arguments that is conict-

free and S-self-defending.

Theorem 3.2. Given AF = 〈Arg,⇀〉. Let Δ be a S-admissible
extension Δ of AF. If an argument𝐴 is controversial w.r.t. an argument
𝐵, then 𝐵 ∉ Δ.

In the theorem above, 𝐴 could be in a S-admissible extension,

because it could be an initial argument. It is not reasonable to reject

an unattacked argument. However, any argument in an odd-length

cycle will never occur in a S-admissible extension. Next we develop

solid semantics that strengthen Dung’s semantics in the sense that

given an argumentation framework AF, for any solid extension Δ
of AF, there exists a Dung’s extension Γ of AF such that Δ ⊆ Γ.
Besides, the solid extensions dened below are S-admissible.

Denition 3.3. Given AF = 〈Arg,⇀〉. For any Δ ⊆ Arg, Δ is a

S-complete extension of AF i Δ ⊆ 𝑛(Δ) and Δ = 𝑑S (Δ); Δ is a

S-preferred extension of AF i Δ is a maximal (w.r.t. set inclusion)

S-admissible extension of AF; Δ is a S-stable extension of AF i

Δ = 𝑛(Δ) and for any 𝐴 ∉ Δ, 𝐴 ⊆ Δ; Δ is the S-grounded extension

of AF i Δ is the least (w.r.t. set inclusion) xed point of 𝑑S.

4 PRESERVATION OF SOLID SEMANTIC
PROPERTIES

Next, we analyze that in the scenarios where a set of agents each

provides us with a set of arguments which satises a property,

under what circumstance such a property will be preserved. We

present our preservation results by using techniques in [4, 11].

Theorem 4.1. Given AF = 〈Arg,⇀〉. Any quota rule 𝐹𝑞 for 𝑛
agents preserves S-self-defense for AF.

Note that dierent from S-self-defense, Dung’s self-defense can
not be preserved by some quota rule. One example is the strict

majority rule, as Chen and Endriss [8] have demonstrated.

Theorem 4.2. Given AF = 〈Arg,⇀〉. Any quota rule 𝐹𝑞 for 𝑛
agents with 𝑞 > 𝑛

2
preserves S-admissibility for AF.

No quota rule preserves Dung’s admissibility for all argumenta-

tion frameworks [8]. However, we have obtained a positive result

for S-admissibility, i.e., there exist some quota rules (e.g., the strict

majority rule) preserve S-admissibility for all argumentation frame-

works. Notably, a similar result [7] states that the majority rule

guarantees admissibility on proles of solid admissible sets during

aggregation of extensions. Next, we letM(AF) denote the maximal

number of the defenders of an argument in E(AF), where E(AF)
denotes the set of arguments that are not initial arguments and

whose attackers are not initial arguments either.

Theorem 4.3. Given AF = 〈Arg,⇀〉. A quota rule 𝐹𝑞 for 𝑛 agents
preserves S-completeness for AF if 𝑞 > 𝑛

2
and 𝑞 · (M(AF) − 1) >

𝑛 · (M(AF) − 1) − 1.

As the S-grounded extension is unique, any quota rule preserves

S-groundedness for AF. We say that a property 𝜎 is inclusion max-
imal if for any Δ1, Δ2 ∈ 𝜎 , if Δ1 ⊆ Δ2 then Δ1 = Δ2. Both the

S-preferredness and S-stability are inclusion maximal. Let |𝜎 | > 2,

and let 𝑛 be the number of agents. If 𝑛 is even, then no quota rule

preserves 𝜎 for AF. If 𝑛 is odd, then no quota rule dierent from

the strict majority rule preserves 𝜎 for AF.
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