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Zusammenfassung

Rangbasierte Semantiken bewerten die Starke von Argumenten in der abstrakten
Argumentation. Diese Arbeit fiihrt eine Semantik ein, die Argumente einordnet,
indem sie die minimale Anzahl von Angriffs-Loschungen berechnet, die erforder-
lich ist, um ihre Aufnahme in die Grounded Extension zu erzwingen. Wir evalu-
ieren diesen Ansatz anhand etablierter Prinzipien, um seine Starken und Grenzen
zu identifizieren. Um eine mangelnde Differenzierung zwischen akzeptierten Argu-
menten zu beheben, schlagen wir eine Modifikation vor, die die Granularitét erhoht.
Abschliefiend implementieren wir beide Semantiken mittels Answer Set Program-
ming und bewerten ihre praktische Nutzbarkeit.

Abstract

Ranking-based semantics evaluate the strength of arguments in abstract argumenta-
tion. This thesis introduces a semantics that ranks arguments by calculating the min-
imum number of attack deletions required to enforce their inclusion in the grounded
extension. We evaluate this approach against established principles to identify its
strengths and limitations. To resolve a lack of differentiation among accepted argu-
ments, we propose a modification that increases granularity. Finally, we implement
both semantics using Answer Set Programming and assess their computational fea-
sibility.
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1 Introduction

Abstract argumentation offers a powerful method of knowledge representation and
reasoning in Artificial Intelligence (Al). Its simple structure of arguments and at-
tacks can represent complex argumentation scenarios in a simple directed graph
[9]. Various semantics have been developed to determine whether sets of argu-
ments are acceptable or not [9]. These traditional semantics, such as the grounded,
preferred, complete, and stable extensions, provide a binary qualitative assessment
on the acceptability of arguments [9]. This, however, can reach its limits in real-
world scenarios, where there are large amounts of arguments to be evaluated and
relatively few extensions to classify them by. Ranking-based semantics allow for
a more customized and finer evaluation of arguments [1]. Depending on the use
case, different semantics can be used to rank arguments based on various criteria [1]
which are established by evaluating different principles from the literature [6]. The
grounded extension is highly intuitive because it identifies the arguments present
in every complete extension of a framework [9], implying a high level of acceptabil-
ity. However, its binary classification lacks nuance. It treats an almost acceptable
argument exactly the same as a completely defeated one. To solve this, we intro-
duce an approach that preserves the logical foundation of the grounded extension
while adding the granularity of a ranking system. By measuring the effort required,
specifically the number of attack deletions to introduce a rejected argument into the
grounded extension, we can create an intuitive metric for argument strength.

Consequently, this thesis addresses the question: How can the strength of arquments
be quantified by their distance to the grounded extension using attack deletion? To answer
this, we introduce a new ranking-based semantics. We first introduce a new score
for arguments, counting the minimum number of attacks that have to be removed
for each argument to be in the grounded extension. Arguments are then ranked
on the basis of this score, where a lower score means a higher ranking. This is an
intuitive approach to ranking arguments, since it measures arguments by how far
they are away from being universally acceptable and can have value in real world
applications.

Many real-world argumentation scenarios do not have a clear-cut solution that is
acceptable without compromise. Certain risk factors must be willingly accepted for
the best possible outcome to occur. The newly introduced ranking-based semantics
may have value in finding such compromises.

Example 1 (Potential Use Case). An example of a realistic scenario can show a use
for the semantics.



Figure 1: Argumentation framework showing internal attacks on A and B. A’s in-
ternal defense structure (A% countering A'-A43%) makes A closer to the

The argumentation framework in Figure 1 could show a hypothetical consider-
ation of a family of what kind of car to buy. The choice is between A, an electric
car, and B, a gasoline car. The family only wants to buy one car. The following

grounded extension than B.

arguments are collected:

A: The family should buy an electric car.

Al: Electric car’s battery degrades over time.

A?: Electric cars are expensive.

A3: Electric cars have little range.

A% Many conceptions about electric cars are outdated.

A®: The claim from A* comes from the brochure of the car manufacturer.
B: The family should buy a gasoline car.

Bl: The running and fuel costs of gasoline cars are high.

B2: Gasoline cars are bad for the environment.



Analyzing arguments A and B using the new ranking-based semantics results in:

gAttDel

A>T B

This is because the deletion of the attack (4, A%) would make A part of the grounded
extension, while the two attacks from B! and B2 on B would need to be removed
to make B be accepted by the grounded extension. Following this result, the family
chooses to believe the brochure of the car manufacturer making the argument A%
part of the grounded extension. This argument defends A from arguments Al-A3,

We begin by establishing the necessary background on abstract argumentation
and existing ranking-based semantics. Building on these foundations, we formally
define the new attack deletion scoring function and present an implementation us-
ing answer set programming. Subsequently, we derive the ranking-based semantics
from this score. Based on an analysis of established principles, we introduce an
improved version of the semantics. Finally we introduce an implementation of the
new semantics and analyze its computational performance.

2 Background

This chapter outlines the preliminary concepts needed as a basis for the definition,
analysis and implementation of the introduced semantics. This includes the general
structure of Abstract Argumentation [9], the necessary extension semantics and pre-
existing argument-ranking-based semantics. The introduced preliminary concepts
are based on work by Dung [9] and Bonzon et al. [6].

Additionally, a declarative method of implementation using answer set program-
ming is introduced.

2.1 Abstract Argumentation

Abstract argumentation was introduced to isolate the mechanism by which humans
evaluate competing arguments and to express it in a form suitable for general rea-
soning [9]. It defines a minimal data structure that abstracts away from internal
argument content while retaining the conflict structure that determines acceptabil-
ity. The outcome is a directed graph in which nodes represent arguments and edges
represent attacks, providing an abstract model of the conflict on which semantic
analysis can be performed [9].

Definition 1 (Argumentation Framework [9]). An Argumentation Framework (AF) F
is a pair:
F=(A,R)

where:



¢ Ais a finite set of argquments.

* Ris a binary relation on 4, i.e., R C A x A. This relation is called the attack
relation.

For any two arguments a, b € A, the notation (a,b) € R means that argument « at-
tacks argument b. Intuitively, the attack relation maps the invalidation of argument

b by argument a.
OO
a b C
O N

Figure 2: A simple abstract argumentation framework.

Figure 2 shows a basic abstract argumentation framework with three arguments
and two attacks with argument a attacking argument b and argument b attacking
argument c. Since b is attacked by a, a defends c from the attack by b.

Definition 2 (Defense [1]). A set of arguments S C A defends an argument a, if for
all attackers b with (b, a) € R, some argument ¢ € S attacks b.

Some definitions in this thesis rely on a specific notation for layered sets of at-
tacks and defenses. For an argument a € A, the index n € N5 explicitly denotes
the length of a directed path to a. Odd path lengths form sets of attackers, denoted
R;, (a), while even path lengths form sets of defenders, denoted R (a). Therefore,
Ry (a) contains all direct attackers of a (equivalent to {a}~), R3 (a) contains the di-
rect defenders (attackers of R; (a)), R3 (a) contains the attackers of those defenders,
and so on.

2.2 Extension-Based Semantics

Acceptability of arguments is determined by grouping them into extensions, which
are subsets of the arguments in the argumentation framework that satisfy certain
properties. These properties are solely built upon the previously introduced con-
cepts of attacks and defense. The grounded extension is essential for this thesis. It
relates to other extensions which are briefly introduced in the following definitions.

Definition 3 (Conflict-Free Set [9]). A set of arguments S C A is conflict-free if there
are no arguments a, b € S such that (a,b) € R.

Definition 4 (Admissible Extension). A conflict-free set S C A is admissible if every
argument in S is defended by S.

Definition 5 (Complete Extension). An admissible set S C A is a complete extension
if it contains all arguments it defends.



Definition 6 (Grounded Extension). The grounded extension is the least (with respect
to set inclusion C) complete extension.

The grounded extension represents the set of arguments that are uncontrover-
sially acceptable. All arguments that are present in every complete extension are in
the grounded extension. The formal definition describes the grounded extension as
the least fixed point of the characteristic function of the AF.

The characteristic function Az : 24 — 24 of an AF F = (A, R) is defined for any
set S C Aas:

Ar(S) ={a € A| ais defended by S}

The grounded extension is the least fixed point of A r:

GE =A%)

i>0

This formal definition offers a compact iterative approach of computing the grounded
extension by building upon itself, which is important for the context of this the-
sis. Throughout this thesis, a grounded argqument refers to an argument within the
grounded extension.

Definition 7 (Preferred Extension). The preferred extension is the maximal (with re-
spect to set inclusion C) admissible set.

The preferred extension is the largest complete extension of an AF.

Definition 8 (Stable Extension). A conflict-free set S C A is a stable extension if for
every argument a € A\ 5, there exists an argument b € S such that (b,a) € R.

2.3 Ranking-Based Semantics

Evaluating the acceptability of arguments is a main goal of discussions. To compare
arguments on their validity, they can be ranked from strongest to least strong. In
abstract argumentation, given the simple structure and the lack of further informa-
tion, this must be done based solely on the attack relationships between arguments.
In contrast to extension-based semantics which provide a binary classification of
arguments (accepted or rejected), ranking-based semantics aim to provide a more
detailed evaluation by inducing an ordering over the set of arguments.

Definition 9 (Ranking-Based Semantics). A ranking-based semantics 0 is a function
that maps any argumentation framework F = (A, R) to a ranking =% on A. This
ranking is a preorder (a transitive, reflexive relation).

For any two arguments a, b € A:

* q ifr b means that a is at least as strong as b.

* a =% b (ais strictly stronger than b) holds if a =% b and not b =% a.



* a ~% b(aand b are equally strong) holds if a =% b and b =% a.
* a =% b (aand b are incomparable) holds if no ranking between a and b can be
established.

Example 2 (Attack-Based Ranking). The score Scorer(a) for an argument a in an
AF F is the number of its direct attackers:

Scoreex(a) = [{a}3]
The ranking =4 is then defined for any two arguments a,b € A as:

Att
a i]:

b <= Scoreer(a) < Scoreer(b)

While the ranking tff directly compares individual arguments, this can be ex-
tended to compare sets of arguments, which is essential for certain principles. A
set of arguments .S} is considered at least as acceptable as a set S if there exists an
injective function f : Sy — S such that for every argument a € Sy, f(a) tff a [1].
Similarly, strict preference (.S} >fr S) and equivalence (S :fr S5) between sets can
be derived from this [1]. To evaluate ranking-based semantics, principles have been
introduced. Based on the compliance of these principles, one can compare different
semantics to fit the use case. For this, the concepts of isomorphism and connected
components are used [6].

Definition 10 (Isomorphism [6]). Two argumentation frameworks F = (A, R) and
F' = (A", R') are isomorphic if there is a bijective function p : A — A’ such that for all
a,b € A, wehave (a,b) € R < (p(a),p(b)) € R/, i.e., the AF graph structures are
identical.

Definition 11 (Connected Component [6]). A connected component of an AF F (CC(F))
is a maximal subgraph where for any two arguments a, b in CC(F), there exists a
path between a and b, ignoring the direction of the attacks.

2.4 Implementation Preliminaries

The implementation chapter will show that implementations of the new semantics
will run into performance challenges, as the problem is complex [18]. Declarative
approaches which are highly optimized for solving optimization problems are able
to handle large frameworks [18]. Answer set programming is one of these declar-
ative solving approaches, and will be used for the implementation in this thesis.
Though it is not the fastest approach for the issue at hand [18], it is relatively easy to
work with and gives a first insight into, and helps with the analysis of the semantics.
A more efficient approach can be used later on [18]. Answer Set Programming (ASP)
is a declarative programming paradigm for solving complex search problems [14].
Given a problem encoded as rules and constraints, it derives admissible answer sets
by logical inference over the provided information. Solving is performed by Clingo,



a grounder—solver system that converts a logic program into a propositional rep-
resentation and computes its stable models via conflict-driven search [15]. An ASP
program consists of facts, choice rules, normal rules, constraints, and directives [14].

Example 3 (ASP Example). Using a simple example, these components of the pro-
gram are explained.

person (alice). (1)
person (bob) .

person (carol) .

friends (alice, bob).

friends (bob, carol).

friends (carol, alice).

friends (bob, alice).

{ likes most (X,Y) : friends(X,Y) }. 2)
best_friends (X,Y) :— likes_most(X,Y), likes_most(Y,X). (3)
:— likes_most (X,Y), likes most(X,2Z2), Y != 7. (4)
:— person(X), not likes_most (X,_). 5)
#maximize{l,X,Y : best_friends (X,Y)}. (6)
#show likes_most/2. (7)
#show best_friends/2. (8)

Facts (1) describe indisputable atoms that are unchanged. The selection that cre-
ates satisfactory set models is defined by Choices. The Choice in this example (2)
specifies, that a set of 1ikes_most atoms is selected for the program to be satisfi-
able. Rules define relations between atoms. The rule in this example (3) specifies,
that for two friends to be best friends, they must like each other the most. Constraints
specify things that should not happen. In this case, it is defined, that a person can
only like one other person the most (4) and that every person must like some per-
son the most (5). The directives take this logical program and define what to solve
for. In this case, the solver is assigned to find the model with the largest num-
ber of best_friends (6) and to return the corresponding likes_most (7) and
best_friends (8) relations. The Friend relation is visualized in Figure 3.



DEC

Figure 3: Friend relation from Example 3.

Solving for maximum best_friends relations, the resulting answer set is visu-
alized in Figure 4:

ORC DEC

(a) Likes Most Relations (b) Best Friends Relations

Figure 4: Friend Relations based on Clingo Output

Modeling problems in logic programs and solving using Clingo is a powerful
tool that can solve a wide range problems [14]. It can be used for finding optimal
solutions or all possible solutions efficiently [14].



3 Attack Deletion Ranking-Based Semantics

Modifying the structure of an argumentation framework to change argument ac-
ceptability is an established concept in the literature known as extension enforcement
[18]. Traditionally, extension enforcement explores how operations like adding or
deleting attacks can force a specific argument or set of arguments to become ac-
cepted under a given semantics [8]. We adapt this concept from a modification tool
into an evaluation metric. This section introduces a scoring function that counts the
minimal number of attack deletions required to enforce a given argument’s inclu-
sion in the grounded extension. Building from this, a ranking-based semantics is
introduced, which ranks arguments based solely on their score.

3.1 Attack Deletion Scoring Function

The score reflects how resilient an argument is: arguments that require many at-
tack deletions are far from being universally acceptable and receive a high score,
while arguments that are in the grounded extension receive a score of 0, as no attack
deletions are required to include them in the grounded extension.

Definition 12 (Attack Deletion Optimization for Grounded Extension (Att DelScore)!).
Given an AF F = (A, R) with an argument a € A and a predicate

Gr(F',a) = {a is in the grounded extension of F'}

find a minimal k for which a subset R’ C R exists such that |R'| = k, 7/ = (A, R\ R)
and Gr(F',a) is true.

As this problem is a version of non-strict extension enforcement under grounded se-
mantics with a single element input set, the underlying decision problem is NP-
complete [19]. Consequently, the associated optimization problem, minimizing the
number of attack deletions to achieve this enforcement, is inherently NP-hard [13,
18].

3.2 Attack Deletion Ranking-Based Semantics

Building upon the attack deletion score, we define a new ranking-based semantics
that orders arguments by their distance to the grounded extension. Arguments re-
quiring fewer attack deletions to enter the grounded extension are ranked higher,
reflecting their closeness to universal acceptability. This provides an intuitive and
interpretable measure of argument strength. Formally, the ranking is defined using
the minimal attack deletion score as the basis for comparison.

!The definition is based on the definition of grounded extension enforcement by Niskanen et al. [18].



Definition 13 (Attack Deletion Grounded Extension Enforcement Ranking-Based
Semantics (#4*P)). Given an AF F = (A, R), define a ranking-based semantics
gAtDel Forall a,b € A:

gAttDel

arF b < AttDelScorer(a) < AttDelScorer(b)

Based on the weak order tgftwel, the strict ranking and equivalence relations are
naturally derived as follows:

eAttDel gAttDel

°* a>% biff a tofA“Del band b #% a, which is the case if AttDelScorer(a)
AttDelScorer(b).

°*a 23_-““38[ biff a E%Atwez band b t?tmez a, which is the case if AttDelScorer(a)
AttDelScorer(b).

Due to the nature of AttDelScorer mapping all arguments to non-negative integers,
the relation tg_-Atth is inherently a total and transitive relation, fulfilling the criteria
for a ranking, when applied to an AF F [1]. Throughout this thesis, §4%P¢ is regu-
larly referred to as AttDel.

To establish an intuition for this ranking system compared to traditional extension
semantics, we consider the distinction between arguments that extension semantics
would evaluate equally.

Figure 5: AF F demonstrating graduality in the AttDel semantics compared to the
grounded extension.

In F from Figure 5, the unattacked arguments u; — ug are part of the grounded ex-
tension, with a, b and c being rejected. AttDel ranks the arguments u; —ug, which are
unattacked and therefore have an AttDelScorer of 0, highest. Because the deletion
of their direct attackers is required, the scores of a, b and c are 3,2 and 1 respectively,
leading to the intuitive sequence ¢ =41P¢l b 41Dl g This yields the complete
equivalence class and ranking sequence:

AttDel c

AttDel AttDel AttDel AttDel AttDel
~r U2 >F U3 >~ Ug XF U5 > ug =

AttDel b >_é_ttDel

Ui >‘]:

We find a clear coherency between the grounded extension and AttDel, as all ar-
guments accepted by the grounded extension are ranked highest by AttDel and all

10
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arguments rejected by the grounded extension rank lower than these accepted ones.
AttDel therefore serves as a bridge between the simple and intuitive extension se-
mantics and the more complex ranking-based semantics.

4 Principle Analysis

Having formally defined the Attack Deletion ranking-based semantics (6ARDely it
is essential to evaluate its theoretical behavior against the standard principles es-
tablished in the literature [6]. This axiomatic analysis serves to benchmark the new
semantics against existing approaches, potentially revealing a novel behavioral pro-
file and also finding structural weaknesses of the AttDel semantics compared to
other benchmarked semantics. The aim is to characterize the semantics based on
its structural properties, determining specifically how it prioritizes conflicting intu-
itions, such as the trade-off between the quantity and the quality of attackers.

4.1 Abstraction

Principle 1 (Abstraction (Abs) [6]). A ranking-based semantics ¢ satisfies Abstraction
if for any two isomorphic AFs F and F/, the following holds for all a, b € A:

a=%b < pla) =% p(b)

Intuitively, this means that any renaming of arguments will not change the ranking
between them.

Proposition 1 (Abstraction).
The AttDel semantics complies with abstraction.

Proof. For our semantics, this holds if for any isomorphic AFs F = (A, R) and F' =
(A’, R") mapped by an isomorphism =, for any a € A the following holds:

AttDelScorer(a) = AttDelScorex (y(a))

Let F = (A,R)and F' = (A", R') = (v(A),v(R)) be isomorphic under . We prove
that for any « € A and its image 2’ = ~(z) € A/, it holds that AttDelScorer(x) =
AttDelScorez (x').

Given AttDelScorer(x) = k, there exists a set R™°? C R where |R"™?| = k such
that z is in the grounded extension of F™°¢ = (A, R\ R™°?). Since the grounded
extension satisfies the abstraction principle as it is solely defined by the graph struc-
ture [9], if 0% is the grounded extension of F, then v(c% ) is the grounded extension
of F'.

The isomorphic graph structure implies that z’ is in the grounded extension of
Frmod — (A" R\ v(R™%). Since isomorphism is a bijective relation, |R™%| =
|y(R™%)|. Furthermore, since v is reversible, the removal of no smaller set than
|y(R™%)| can enforce ' in the grounded extension of 7, as its inverse would cause

11



a smaller set than R’ to enforce the grounded extension for z, contradicting mini-
mality.

Consequently, AttDelScorer(z) = AttDelScorer (z'). Because the scores are
identical across the isomorphism, the ranking defined by the semantics is preserved.
Thus, the AttDel semantics complies with abstraction. O

4.2 Independence

Principle 2 (Independence [6]). A ranking-based semantics complies with Indepen-
dence, if for any AF F = (A, R) where

A € CC(F),abe A ax=Fbiffa=% 4 b

If one argument ranks higher than another argument within the ranking semantics
of a connected component, it also ranks higher within the whole AF.

Proposition 2 (Independence).
The AttDel semantics complies with independence.

Proof. For our semantics, given any AF F = (A, R) and any connected component
F' = (A" R") € CC(F), this is satisfied if for alla € A"

AttDelScorer(a) = AttDelScorer (a)

Let F = (A, R) be an AF, 7/ = (A', R') € CC(F) be a connected component, and
a € A’ be an argument. We must prove that the minimal set of attack deletions R'~
required to enforce a in the grounded extension of F' is identical to the minimal set
R~ required to enforce a in the grounded extension of F.

By the directionality principle of the grounded extension [3], the acceptability of
an argument depends exclusively on the acceptability of its ancestors. By definition
of a connected component [6], there exists no attack r = (z,y) € R such that x ¢ A’
and y € A’. Therefore, the grounded acceptance of a is completely isolated from any
graph structure outside of F'.

Consequently, any set of attack deletions R'~ that places a in the grounded exten-
sion of the component 7"™°¢ = (A’ R’ \ R'~) inherently places a in the grounded
extension of the full framework 7™ = (A, R\ R'7).

To prove minimality, assume there exists a set R~ C R such that |R™| < |R'"| and
a is in the grounded extension of (A, R\ R™). Due to the directionality principle,
any deletion in R~ involving arguments outside of A’ is strictly redundant for the
acceptance of a. This implies that a purely internal subset exists that is smaller than
R'~, which directly contradicts the premise that R'~ is minimal for F.

Consequently, AttDelScorer(a) = AttDelScorer/(a). Because the score of any
argument is identical whether evaluated globally or within its isolated component,
the internal ranking is preserved globally.

Thus, the AttDel semantics complies with independence. O

12



4.3 Total

Principle 3 (Total (Tot) [6]). A ranking-based semantics # complies with the Total
principle, if for any two arguments a,b € A in an AF F = (4, R):

ax=%b or bx%a
Any two arguments can be ranked against each other.

Proposition 3 (Total).
The AttDel semantics complies with total.

. . . . . AttDel
Proof. For our semantics, since the ranking is determined by a =% b —

AttDelScorer(a) < AttDelScorer(b), this is satisfied if for any argument a € A:
AttDelScorer(a) € N

Let F = (A, R) be an AF, and let a, b € A. We must prove that there are no incom-
parable arguments, meaning their respective scores can always be mathematically
compared.

By definition, the AttDelScorer(a) corresponds to the cardinality of a minimal
subset of attacks R C R whose deletion enforces a in the grounded extension. R’
always exists, because if all direct attackers of a are deleted, a is inherently part of
the grounded extension. Therefore: |R'| < |{a}~|. Since the AF is finite [9], the
set of attacks R is finite. The cardinality of any subset of a finite set is strictly a
non-negative integer.

Consequently, AttDelScorer(a) and AttDelScorer(b) are both integers. Due to
the total order properties of integers, it must unconditionally hold that either

AttDelScorer(a) < AttDelScorer(b)

or
AttDelScorer(b) < AttDelScorer(a)

implying a té“D phorb 534:”[) el g,
Thus, the AttDel semantics complies with total. O
4.4 Non-Attacked Equivalence

Principle 4 (Non-Attacked Equivalence (NaE) [6]). A ranking-based semantics com-
plies with this principle, if all non-attacked arguments are ranked the same. For-
mally, under a ranking-based semantics 0, if for an AF F = (A, R) with any argu-
ments a,b € A, where Ry (a) = Ry (b) = 0

a :g_- b

Proposition 4 (Non-Attacked Equivalence).
The AttDel semantics complies with non-attacked equivalence.
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Proof. For our semantics, given any AF F = (A4, R) and any unattacked arguments
a,b € Awhere Ry (a) = Ry (b) = 0, this is satisfied if:

AttDelScorer(a) = AttDelScorer(b)

Let F = (A, R) be an AF, and let a, b € A be unattacked arguments. We prove this
by showing that for any unattacked argument, the AttDelScore is 0.

By the definition of the grounded extension, any argument with no attackers is
automatically included in the grounded extension. Therefore, the minimal set of
attacks required to be removed for a (and b) to be in the grounded extension is the
empty set S = (). Since |S| = 0, every unattacked argument has a score of 0.

Consequently, AttDelScorer(a) = 0 and AttDelScorer(b) = 0, meaning
AttDelScorer(a) = AttDelScorer(b). This implies a ~A1*D< p,

Thus, the AttDel semantics complies with non-attacked equivalence. O

4.5 Void Precedence

Principle 5 (Void Precedence (VP) [6]). A ranking-based semantics complies with
Void Precedence, if for any AF F = (A, R):

a,b€ A, {a}7 =0and {b} 7 # 0 thena =% b

Intuitively, if any unattacked argument ranks strictly higher than any attacked ar-
gument, a ranking-based semantics § complies with void precedence.

Proposition 5 (Void Precedence).
The AttDel semantics does not comply with void precedence.

Proof. This is demonstrated by the counter-example in Figure 6.

OO

Figure 6: Counter-example AF F for void precedence.

In 7, the relevant arguments evaluate to the following attack deletion scores:

e AttDelScorer(a) = 0 (because it is unattacked and part of the grounded ex-
tension).

e AttDelScorer(c) = 0 (because it is defended by a, making it part of the grounded
extension).

Based on these scores, AttDelScorer(a) = AttDelScorer(c), which yields a ~4D¢

c. However, under void precedence, because a is unattacked ({a} > = () and c is at-
tacked ({c} 7 = {b}), the strict ranking a > c s required.

This contradiction proves that the AttDel semantics does not comply with void
precedence. O
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4.6 Cardinality Precedence

Principle 6 (Cardinality Precedence (CP) [6]). For an argument a in an AF F, the set
R (a) is the set of all arguments that attack a. A ranking-based semantics 6 complies
with Cardinality Precedence, if for all arguments a,b € Ain an AF F:

IRy (a)| < |Ry (b)] thena =% b

Under a ranking-based semantics complying with cardinality precedence, an ar-
gument with fewer attackers than another will rank higher than ones with more
attackers.

Proposition 6 (Cardinality Precedence).
The AttDel semantics does not comply with cardinality precedence.

Proof. This is demonstrated by the counter-example in Figure 6 from the previous
section.

In the AF F depicted in Figure 6, the relevant arguments evaluate to the following
attack deletion scores:

e AttDelScorer(a) =0

e AttDelScorer(c) =0

Based on these scores, Att DelScorer(a) = AttDelScorex(c), which yields a ~4*D¢

c. However, under cardinality precedence, because a has an empty set of direct at-
tackers (| R} (a)| = 0) and c has a non-empty set of direct attackers (| R} (¢)| = 1), the
strict ranking a =% c is required.

This contradiction proves that the AttDel semantics does not comply with cardi-
nality precedence. O

4.7 Quality Precedence

Principle 7 (Quality Precedence (QP) [6]). The Quality Precedence principle checks
the quality of a single attacking argument. A ranking-based semantics 6 complies
with quality precedence if for any AF F = (A, R) with arguments a,b € A if there
exists an argument b’ € {b}~ for which any argument «’ € {a}:

v =% d thena =% b

Intuitively, if an argument b has an attacker strictly stronger than all attackers of
argument a, then a is strictly stronger than b.

Proposition 7 (Quality Precedence).
The AttDel semantics does not comply with quality precedence.
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Proof. This is demonstrated by the counter-example in Figure 7.

()
O

Figure 7: Counter-example AF F for quality precedence.

In the AF F depicted in Figure 7, there are five arguments for which the attack
deletion score can be calculated:

e AttDelScorer(ar) =1

o AttDelScorer(az) =1

2
0

(
(
o AttDelScorer(a)
o AttDelScorer(by)
(

o AttDelScorer(b) =1

By these scores, we can deduce b =4*P¢! q. Under quality precedence, this would
imply that the strongest attacker of b is weaker than some attacker of a. This, how-
ever, is not the case, as both arguments in {a}~ have a score of 1, while the score
of the only attacker of b, b; has a score of 0. The strongest attacker of b is therefore
stronger than the strongest attacker of a.

This contradiction proves that the AttDel semantics does not comply with quality
precedence. O

4.8 Self-Contradiction

Principle 8 (Self-Contradiction (SC) [6]). A ranking-based semantics § complies
with Self-Contradiction, if for any AF F = (A, R):

a,b € A, if (a,a) ¢ Rand (b,b) € R, thena ~% b

Intuitively, self attacking arguments are always strictly ranked lower than non-self
attacking arguments.

Proposition 8 (Self-Contradiction).
The AttDel semantics does not comply with self-contradiction.
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Proof. This is demonstrated by the counter-example in Figure 8.

Figure 8: Counter-example AF F for self-contradiction.
In the AF F depicted in Figure 8, the relevant arguments evaluate to the following
attack deletion scores:
e AttDelScorer(a) =1
e AttDelScorer(b) =1

In the AF F, a is self-attacking and, under self-contradiction, b >é“D el g must

hold. However, AttDelScorer(b) = AttDelScorer(a) = 1 and therefore a ~4#P¢l
b. This contradiction proves that the AttDel semantics does not comply with self-
contradiction. O

4.9 Counter-Transitivity

Principle 9 (Counter-Transitivity (CT) [6]). A ranking-based semantics § complies
with Counter-Transitivity if for all AF F = (A, R):

a,b € A, {b}7 =% {a} > thena =% b

Intuitively, a is at least as strong as b if all attackers of b are at least as strong as all
attackers of a.

Proposition 9 (Counter-Transitivity).
The AttDel semantics does not comply with counter-transitivity.

Proof. This is demonstrated by the counter-example in Figure 9.
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Figure 9: Counter-example AF F for counter-transitivity.

In the AF F depicted in Figure 9, the relevant arguments evaluate to the following
attack deletion scores:

e AttDelScorer(ay

Il
OOOO

) =
o AttDelScorer(as)
)
)

(
(
e AttDelScorer(by
o AttDelScorer(bs
(

e AttDelScorer(a) =
e AttDelScorer(b) =1
For each of the direct attackers of a, a; and ag,
AttDelScorer(ai) = AttDelScorer(az) =0

the same holds for the direct attackers of b, by and by. Under this condition, when
complying with counter-transitivity, a ~4%P¢! h must hold due to the symmetrical
nature of the principle. If a ranking-based semantics 6 ranks the attackers of  and y
as equally strong, then for 6 to satisfy counter-transitivity,  ~Y y must hold. Since
the principle requires x > 1 when y’s attackers are at least as strong as x’s, the
symmetrical nature of equal attackers necessitates both =% y and y =% x, forcing
an equivalence.

In the AF F depicted in Figure 9, AttDelScorer(a) = 2, since deleting the two di-
rect attacks of a would cause a to be unattacked and part of the grounded extension.
AttDelScorer(b) = 1, since deleting the attack from b4 to b3 causes b3 to defend b
from its direct attackers. b =4"*P¢ ¢ holds, contradicting a ~4%*D¢l p,

This contradiction proves that the AttDel semantics does not comply with counter-
transitivity. |
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This example shows the valuation of the new semantics of bottlenecks in an ar-
gumentation structure. Even if the attackers of a and b seem identically strong, a’s
attackers build upon a more structurally sound basis of argumentation, requiring
more compromises to accept a, than to accept b.

Principle 10 (Strict Counter-Transitivity (SCT) [6]). A ranking-based semantics 6
complies with Strict Counter-Transitivity, if for all AF F = (A, R):

a,be A {b}+ -4 {a} > thena =% b

Intuitively, this principle works analogous to counter-transitivity with strict accept-
ability ranking. a is stronger than b if all attackers of b are stronger than all attackers
of a.

Proof. With SCT implying CT [6], because AttDel does not comply with CT, SCT can
also not hold for the semantics. O
4.10 o-Compatibility

Principle 11 (0-Compatibility [5]). For an extension o, a ranking-based semantics
complies with o-Compatibility, if for all AF F = (A, R):

ifa e UJ(}') and b ¢ UJ(}') thena % b

Intuitively, all arguments that are accepted by the o-extension are stronger than the
arguments outside of that extension.

In the following section, we investigate the compliance of o-compatibility with re-
spect to the AttDel semantics, going over the common extension-based semantics.

Proposition 10 (edm-Compatibility).
The AttDel semantics does not comply with adm-compatibility.

Proof. This is demonstrated by the counter-example in Figure 10.

Figure 10: Counter-example AF F for adm-compatibility.

In the AF F depicted in Figure 10, the relevant arguments evaluate to the follow-
ing attack deletion scores:

e AttDelScorer(a;) =1

e AttDelScorer(az) =1
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e AttDelScorer(b) =1

The admissible sets in this example are (), {a;} and {a2}, as a; can defend itself
against as and vice versa. Note that b is not inside an admissible set, since it at-
tacks itself. Since AttDelScorer(a1) = AttDelScorer(az) = AttDelScorer(b) = 1,
the deletion of the only attacking argument would make each argument part of the
grounded extension, showing a; :f}tmd b. Under adm-compatibility a; >—éttD€l b
must hold.

This contradiction proves that the AttDel semantics does not comply with adm-
compatibility. O

Proposition 11 (co-Compatibility).
The AttDel semantics does not comply with co-compatibility.

Proof. This is demonstrated by the counter-example AF F in Figure 10.

Under this example, since the complete extension is a set of arguments that is ad-
missible and contains each argument that it defends, we find that the complete ex-
tensions of F are (), {a; } and {a2}. Since b is not accepted by any complete extension,
with the AttDelScore being equal among all arguments, the resulting equivalence
ap ~41P¢l b violates the principle.

This contradiction proves that the AttDel semantics does not comply with co-
compatibility. O

Proposition 12 (pr-Compatibility).
The AttDel semantics does not comply with pr-compatibility.

Proof. This is demonstrated by the counter-example AF F in Figure 10.
Since the preferred extension is the largest possible admissible set, with this being
the case for {a;} and {a2} in F, b is non-accepted by any preferred extension. The

resulting equivalence a; ~4P¢ b contradicts the requirement a; =4"P¢ b,
This contradiction proves that the AttDel semantics does not comply with pr-
compatibility. O

Proposition 13 (st-Compatibility).
The AttDel semantics does not comply with st-compatibility.

Proof. This is demonstrated by the counter-example in Figure 11.

Figure 11: Counter-example AF F for st-compatibility.
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In the AF F depicted in Figure 11, the relevant arguments evaluate to the follow-
ing attack deletion scores:

e AttDelScorer(a) =2
o AttDelScorer(b) =2

In F, argument a attacks all other arguments except itself and {a} is the only
stable extension of F, because c does not attack b and b attacks itself. Ranking a and
b against each other yields a ~4P¢! b, which contradicts st-compatibility, as a is part
of a stable extension, which b is not.

This contradiction proves that the AttDel semantics does not comply with st-
compatibility. O

Proposition 14 (gr-Compatibility).
The AttDel semantics complies with gr-compatibility.

Proof. For our semantics, given an AF F = (A, R) and arguments ¢ € GR(F) and
b ¢ GR(F), this is satisfied if:

AttDelScorer(a) < AttDelScorer(b)

Let 7 = (A, R) be an AF. We prove this by the definition of the AttDel scores
relative to the grounded extension.

Any argument a that is accepted by the grounded extension has an AttDelScore
of 0, because no attacks need to be removed to include it. Conversely, any argument
b that is not accepted by the grounded extension requires the deletion of at least
one attack to be included, resulting in an AttDelScore of k > 1. Consequently,
arguments accepted by the grounded extension always rank highest and higher than
any unaccepted arguments.

Thus, the AttDel semantics complies with gr-compatibility. O

4.11 Defense Precedence

Principle 12 (Defense Precedence (DP) [1]). A ranking-based semantics # complies
with Defense Precedence if for an AF F when two arguments a,b € A have the same
number of direct attackers, |R; (a)| = |R; (b)|, a is defended and b is not defended,
RJ (a) # 0 and Ry (b) = 0, then a =% b. Intuitively, defense precedence only takes
two surrounding layers of attacks on an argument into account: the direct attackers
and the first-layer defenders.

Proposition 15 (Defense Precedence).
The AttDel semantics does not comply with defense precedence.

Proof. This is demonstrated by the counter-example in Figure 12.
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Figure 12: Counter-example AF F for defense precedence.

In the AF F depicted in Figure 12, the relevant arguments evaluate to the follow-
ing attack deletion scores:

e AttDelScorer(a) =1
e AttDelScorer(b) =1

If in an AF F = (A, R) with a,as € A when ay € RJ (a), a is defended by as,
however, if as is attacked by an unattacked argument, an attack must be removed
for a to be defended by the grounded extension, resulting in AttDelScorer(a) =1,
which is equal to Att DelScorer(b). Even though a is defended and bis not, a ~4P¢!
b follows.

This contradiction proves that the AttDel semantics does not comply with defense

precedence. O

4.12 Distributed-Defense Precedence

Principle 13 (Distributed-Defense Precedence (DDP) [1]). A defense of an argument
is simple, if every defender of that argument attacks exactly one direct attacker of
that argument. A defense of an argument is distributed, if every direct attacker is
attacked by no more than one defender. A ranking-based semantics 6 complies
with Distributed-Defense Precedence, if for two arguments a,b € A in an AF F with
|R; (a)] = |R; (b)|, with the defense of both being simple, but the defense of a is
distributed and the defense of b is not, then a »% b. Intuitively, distributed-defense
precedence suggests that spreading defenses across different attackers is stronger
than concentrating them.

Proposition 16 (Distributed-Defense Precedence).
The AttDel semantics does not comply with distributed-defense precedence.

Proof. This is demonstrated by the counter-example in Figure 13.
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Distributed defense of a Concentrated defense of b

Figure 13: Counter-example AF F for distributed-defense precedence.

In the AF F depicted in Figure 13, the relevant arguments evaluate to the follow-
ing attack deletion scores:

e AttDelScorer(a) =1
e AttDelScorer(b) =1

While the formal requirements for distributed-defense precedence are obeyed
by a and b, with both having two attackers, two defenders, their defenses being
simple and the defense of a being distributed, with the defenders injectively at-
tacking attackers only once, a does not rank higher than b. a3 is an argument
part of the grounded extension attacking the defender ay. For the grounded ex-
tension to defend a, one of the attacks on this branch must be removed leading to
AttDelScorer(a) = 1. b being undefended from b3 requires the attack from b3 to be
removed causing AttDelScorer(b) = 1. a ~41P¢l p holds.

This contradiction proves that the AttDel semantics does not comply with
distributed-defense precedence. O

4.13 Change-Related Principles

The following principles require alternative AFs to compare the same argument a
in unequal conditions. Specifically, the alternative graph F is a clone of the existing
graph F adding additional branches to the argument a. These branches consist of a
non-empty set of arguments which are linearly connected by attacks ending at a. An
attack branch br4* is such a branch of odd length, while a defense branch brPel is
such a branch of even length [6]. An improvement of ranking in this case is defined
as a”’ = a”, ranking a against itself in in the different scenarios.

Principle 14 (Strict Addition of Defense Branch (¢DB) [6]). A ranking-based se-
mantics § complies with Strict Addition of Defense Branch, if the addition of a defense
branch to a improves its ranking.

Principle 15 (Addition of Defense Branch (+DB) [6]). A ranking-based semantics 6
complies with Addition of Defense Branch, if for any attacked argument a, the addition
of a defense branch to a improves its ranking.

23



Principle 16 (Increase of Defense Branch (1DB) [6]). A ranking-based semantics 6
complies with Increase of Defense Branch, if for any argument a with a defense branch,
increasing the length of the defense branch degrades a’s ranking.

Proposition 17 (Addition and Increase of Defense Branch).
The AttDel semantics does not comply with addition of defense branch or increase
of defense branch.

Proof. This is demonstrated by the counter-example in Figure 14.

)

O— O—O

Original F Modified F*

Figure 14: Comparison of an argument before and after the addition of a defense
branch to disprove +DB.

The addition of a defense branch to any argument a in an AF F does not improve
its ranking within the AttDel semantics. Disproving the non-strict version of this
principle, that the addition of a defense branch to any attacked argument does not
improve its ranking directly proves the non-compliance of the semantics for the
strict version.

In the AFs F and F* depicted in Figure 14, for the semantics to comply with
addition of defense branch, the relationship a* >3,47§tD el g would need to hold for a
and its defense-branch added counter-image a*. However, since deleting one attack
makes a part of the grounded extension and a* is not in the grounded extension,
a* also needs at least, in this case exactly, one attack deletion, to be included in the
grounded extension. Therefore a* =41P¢ g does not hold. Increasing the length of
the defense branch would not change this result.

Thus, the AttDel semantics does not comply with addition of defense branch,
strict addition of defense branch, or increase of defense branch. O

Principle 17 (Addition of Attack Branch (+AB) [6]). A ranking-based semantics 6
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complies with Addition of Attack Branch, if for any argument a, the addition of an
attack branch to a degrades its ranking.

Proposition 18 (Addition of Attack Branch).
The AttDel semantics complies with addition of attack branch.

Proof. For our semantics, given an AF F and its modified version 7’ with an added
attack branch of length n > 0 attacking q, this is satisfied if:

AttDelScorer (a) > AttDelScorer(a)

Let 7 = (A, R) be an AF and a € A be an argument with AttDelScorer(a) = x.
Let 7/ = (A’, R') be the modified AF where A’ = AU AttBranch, AN AttBranch =
{a},and R' = RU{(an, an-1),...,(a1,a)}.

By definition, this attack branch attacks a and is not defended against, as it has
no other connections to the rest of 7. Since a is undefended, it cannot be part of the
grounded extension. To make a defended, at least one attack from the new attack
branch must be deleted. Consequently, AttDelScorer(a) = x implies
AttDelScoreri(a) = x + 1.

Thus, the AttDel semantics complies with addition of attack branch. O

Principle 18 (Increase of Attack Branch (AB) [6]). A ranking-based semantics 6
complies with Increase of Attack Branch, if for any argument a with an attack branch,
increasing the length of the attack branch improves a’s ranking.

Proposition 19 (Increase of Attack Branch).
The AttDel semantics does not comply with increase of attack branch.

Proof. Since the length of the attack branch has no influence on the increase of
AttDelScore, as for any attack branch the increase in AttDelScore is exactly 1, the
ranking of a remains unchanged regardless of the branch length.

This proves that the AttDel semantics does not comply with increase of attack
branch. O

Principle 19 (Attack vs Full Defense (AvsFD) [6]). A ranking-based semantics com-
plies with Attack vs Full Defense if an argument that is attacked by one non-attacked
argument ranks lower than an argument that does not have an attack branch.

Proposition 20 (Attack vs Full Defense).
The AttDel semantics complies with attack vs full defense.

Proof. For our semantics, given an AF F where argument a has zero attack branches
and argument b is attacked by exactly one non-attacked argument, this is satisfied
if:

AttDelScorer(a) < AttDelScorer(b)

Let 7 = (A, R) be an AF containing two arguments, a and b. Let argument a € A
possess some amount n € N of defense branches and zero attack branches. Let
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argument b € A be attacked by exactly one argument ¢, such that R; (b) = {c} and
Ry (c) =10.

By the definition of the grounded extension, since a is either fully defended by
non-attacked arguments or is itself unattacked, it is necessarily part of the grounded
extension. Therefore:

AttDelScorer(a) =0

Argument b is attacked by a single non-attacked argument c. Since cis unattacked,
itis a member of the grounded extension. Because the grounded extension is conflict-
free, b cannot be accepted by the grounded semantics in its current state. To make b
part of the grounded extension, the attack from ¢ must be deleted. Therefore:

AttDelScorer(b) >0

Since a lower score implies a higher rank, it follows that a =4%P¢ b. Thus, the
AttDel semantics complies with attack vs full defense. O

4.14 Comparison Between Ranking-Based Semantics

Following the principle-based analysis, we now evaluate the Attack Deletion ranking-
based semantics (94*P¢!) within the context of the established literature. We utilize
the comparative framework provided by Bonzon et al. [6] to benchmark our results
against a variety of existing ranking-based semantics, interpreting the implications
in a ranking that each principles compliance or non-compliance can give insight to.
This comparison serves to highlight the unique behavioral profile of §4*P¢..

The following ranking-based semantics are used for comparison, as formalized in
the comparative study by Bonzon et al. [6]:

Ranking-based Semantics 1 (Social Abstract Argumentation (SAF) [16]). Rather
than a single semantics, this represents a family of semantics where a model is a
solution to an equation system, which can be implemented and weighed differently.
Broadly, the semantics calculates a strength score for arguments by combining some
initial score with an aggregation of scores of its direct attackers.

Ranking-based Semantics 2 (Categoriser (Cat) [4]). A semantics that recursively
computes a value for each argument based on the idea that an attacker’s strength is
inversely proportional to the strength of its own attackers.

Ranking-based Semantics 3 (Burden-Based (Bbs) [1]). Similar to the categoriser,
this semantics uses an iterative process to assign burden numbers to arguments, where

an argument is considered weaker if its attackers are themselves relatively unbur-
dened.

Ranking-based Semantics 4 (Discussion-Based (Dbs) [1]). This semantics ranks ar-
guments by counting paths ending in the argument to score, punishing arguments
with more path ends. On equal results between two arguments, the semantics re-
cursively increases the path length, alternating between rewarding defense paths
and punishing attack paths, until a difference is found.
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Ranking-based Semantics 5 (Tuples* [7]). This semantics evaluates an argument
by lexicographically comparing the lengths of all its ancestor branches. It prioritizes
arguments with shorter defense branches and longer attack branches.

Ranking-based Semantics 6 (Matt & Toni (M&T) [17]). Based on game theory, this
semantics determines strength by calculating the value of a zero-sum game between
a proponent and an opponent of a given argument to score, where the payoff is
determined by the number of successful attacks between their chosen sets of argu-
ments.

Ranking-based Semantics 7 (Grounded (Gr) [6, 9]). This serves as a baseline rank-
ing that provides a binary classification following the grounded semantics, rank-
ing all arguments in the grounded extension as equally acceptable and all others as
equally rejected.

While gr-compatibility has not yet been established for many ranking-based se-
mantics, it has been proven that Cat, Dbs, Bbs, and M&T do not comply with this
principle [20]. By the definition of o-compatibility, Tuples* cannot be gr-compatible.
The principle requires the comparability of any two arguments [5], as defined in
total, which Tuples* does not comply with [6]. The full comparative results of the
principle analysis between different semantics are shown in Table 1.

| Properties | SAF | Cat | Dbs | Bbs | Tuples* | M&T | Grounded | AttDel |

Abs
In
Tot
NaE
VP
DP
CT
SCT
CP
QP
DDP
sC

®DB
+DB
1TAB
1DB
+AB
AvsFD

| gr-Comp |

XXX XX X|NNX TSNS
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SRR RRASE:
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NN XXX XXX X XX XX XN

N

Table 1: Properties Comparison including Attack Deletion Semantics
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4.15 Interpretation and Discussion of Results

Bonzon et al. [6] have classified the introduced principles into two different cate-
gories. The first category, consisting of Abs, In, VP, NaE, Tot and +AB, are seman-
tics that serve as a baseline of what should be satisfied by all semantics. The other
principles aim to distinguish different properties between ranking-based semantics
in detail. The inclusion of the grounded extension is meant to make an example
of the principle profile of bad ranking-based semantics, which is the case for the
grounded extension, since lacks graduality in its ranking, only classifying between
accepting and rejecting. It is notable that this significant drawback does not go past
AttDel, since its granular ranking between different arguments only applies to argu-
ments that are not part of the grounded extension. This is the reason why VP is not
satisfied by AttDel, and is an issue that must be addressed, as arguments that are
fully unattacked intuitively should rank higher than arguments that are attacked [6].
The current AttDel treats arguments accepted by the grounded extension as perfect,
which does have some merit, because under the grounded extension, accepted argu-
ments are deemed as uncontroversially acceptable [9]. Going by the logic of AttDel
itself, attack deletions are a valid tool for establishing rankings between arguments.
Following up this logic, an attacked argument, that is defended by the grounded
extension can be made unaccepted by deleting defensive attacks. For an argument
that is unattacked, this is not possible. As this logic can be applied, non-compliance
with VP is not a necessary drawback for the semantics, but more of a symptom of
inconsistent logic that can be improved upon.

AttDel can be classified into the same class of semantics as Tuples* and M&T. These
semantics do not factor the local surroundings of an argument differently to fur-
ther away parts of the AF. These semantics satisfy attack vs full defense, as they
globally take whole branches of into account, not prematurely punishing defended
arguments. Conversely, other semantics primarily score based on the direct sur-
roundings of the argument, giving decreasing value based on the distance from the
argument.

This fundamental divergence in scoring mechanics the two classes of semantics
hard to compare. While local semantics rely on damping factors to diminish the
impact of distant attackers, AttDel views the framework as a global optimization
problem where an attacker’s status is prioritized over its distance.

Consequently, the following analysis focuses on its closest relatives in the class
complying with attack vs full defense: Tuples* and M&T. Comparing these allows
for a better characterization of how AttDel behaves and can show potential benefits
compared to similar semantics.
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Properties | Tuples* | M&T | AttDel
P 1%

Abs
In
Tot
NaE
VP

SC -
+DB
TAB
TDB
+AB

AvsFD

| gr-Comp |
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Table 2: Global Ranking-based Semantics Principle Differences

As seen in Table 2 we find, out of the compared similar semantics, AttDel is the
only one to comply with gr-compatibility, which is a clear advantage compared to
the other semantics, as it bridges the gap between the simple extension-based se-
mantics and a more detailed ranking-based semantics. This compliance captures
the purpose of the semantics and is the reason for its intuitiveness. On a purely
quantitative scale, however, AttDel complies with fewer principles than M&T and
Tuples, as it does not comply with self contradiction or many of the change based
principles. Going past purely principle based analysis, compared to M&T, AttDel
excels in intuitiveness, as the semantics can be easily explained and results, includ-
ing sets of deleted attacks, are easily tracable. M&T, dealing with probability distri-
butions and mixed strategies [17] is more complex. Compared to Tuples*, AttDel’s
biggest advantage is its compliance with Total. A semantics that does not comply
with Total makes it hard to use in practical applications [6]. An altered variant of
AttDel that complies with void precedence, while preserving the compliance with
the other principles, would make the semantics viable under all necessary principles
[6] and would solidify its advantage regarding gr-compatiblity within an acceptable
ranking-based semantics.

5 Extended Attack Deletion Ranking-Based Semantics

The principle analysis of AttDel has shown the promising result of uniquely com-
plying with the grounded extension, which the other semantics fail to do. There
were also the finding of a significant drawback, as AttDel does not comply with
void precedence. In this section, we propose an extended AttDel ranking-based se-
mantics that complies with VP while preserving the unique profile of the semantics.
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The reason for the non compliance with VP is the fact that all arguments that are
in the grounded extension of an AF receive an AttDelScore of 0. This includes
attacked arguments and unattacked arguments. An additional ranking of all ar-
guments within the grounded extension that ranks unattacked arguments higher
than attacked arguments, while preserving the original semantics ranking over ar-
guments outside of the grounded extension would cause this new semantics to com-
ply with VP.

AttDel measures the distance to the grounded extension of arguments, ranking ar-
guments that are very close to the grounded extension, requiring only few attack
removals to be part of it, higher than ones far away. Continuing the approach to
within the grounded extension, we can measure the minimum number of attacks
to be deleted for an accepted argument to leave the grounded extension. This is a
novel alteration of extension enforcement, where the goal, opposite to traditional
extension enforcement, is to modify the AF in a way that an argument is denied
by the semantics. This new approach using modifications on accepted arguments
allows for the evaluation of the strength of an arguments defense. We introduce a
new scoring function that ranks attacked arguments within the grounded extension:

Definition 14 (Attack Deletion Score for Denial by 09" (Att Del DenyScore)). Given
an AF F = (A, R) with an argument a € A, where there exists b € A and (b,a) € R
and a predicate

Gr(F',a) = {a is in the grounded extension of F’
g

find a minimal & for which a subset R’ C R exists such that |R'| = k, 7/ = (A, R\ R/)
and Gr(F', a) is false.

Given this score, arguments within the grounded extension can be ranked based
on their resilience within the grounded extension. If an argument a is in the grounded
extension and is attacked by argument b, given the formal definition of grounded
semantics, there exists an argument ¢ within the grounded extension that attacks b,
defending a [9]. Deleting the defending attack, given there are no other defenders
defending a from b, causes a to leave the grounded extension. Provided multiple de-
fenders, the minimum number of attack deletion causing a to be undefended from
at least one attacker, is the AttDelDenyScore of the argument, with a higher score
implying a more resilient, stronger argument. Given the new score, we introduce
the new unified ModAttDelScore.

Definition 15 (Modified Attack Deletion Score for 09" ModAttDelScore). Given an
AF F = (A, R) with an argument a € A and a predicate

UnAtt(F,a) = {{a}” =0}
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we introduce a new score ModAttDelScore : A — (Z \ {0}) U {—oc}:

—00 if UnAtt(F,a)

ModAttDelScorer(a) = .
AttDelScorer(a) — AttDelDenyScorer(a) otherwise

The usage of —oo ensures the higher ranking of unattacked arguments for comply-
ing with VP, symbolizing the highest possible rank. Subtracting AttDelDenyScore
from AttDelScore yields a strict classification between arguments based on their
grounded acceptance. Because an argument cannot simultaneously require effort
to be enforced and effort to be denied, the two underlying scores are mutually ex-
clusive regarding a value of 0. With one of the scores always being 0 and the other
being positive, ModAttDelScore cannot be 0. This non-zero property ensures the
strict differentiation of the grounded acceptance based on the sign of the score, with
ModAttDelScores of arguments inside of the grounded extension being negative
and ModAttDelScores of arguments outside of the grounded extension being posi-
tive.

Lemma 1 (Score Mirroring).
Let 7 = (A, R) be an argumentation framework and a € A.

1. If a ¢ 0%, then ModAttDelScorer(a) = AttDelScorer(a).
2. If a € 0%, then ModAttDelScorer(a) < 0.

Proof. By definition of AttDel, a € 0% <= AttDelScorer(a) = 0.

If a ¢ 0%, a is not unattacked and zero attack deletions are required to deny it
from the grounded extension, meaning AttDelDenyScorer(a) = 0. Applying the
definition yields:

ModAttDelScorer(a) = AttDelScorer(a) — 0 = AttDelScorer(a)

Ifa e ag_f , it requires zero enforcement deletions, meaning AttDelScorer(a) = 0.
If a is unattacked, its modified score is defined as —oco and —co < 0. If a is attacked,
successfully denying it requires deleting at least one defending attack, meaning
AttDelDenyScorer(a) > 1. Applying the definition yields:

ModAttDelScorer(a) = 0 — AttDel DenyScorer(a) < —1 <0

O

Definition 16 (Modified Attack Deletion Ranking-Based Semantics (ModAttDel)).
Given an AF F = (A, R), define a ranking-based semantics #*°44*P¢l For all a,b €
A:

QA/IodAttDel

arr b <= ModAttDelScorer(a) < ModAttDelScorer(b)
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Example 4 (Comparison of AttDel and ModAttDel Rankings). Consider the argu-
mentation framework F depicted in Figure 15. It consists of four target arguments
to be evaluated: u (which is unattacked), a (strongly defended by y; and y2), b (de-
fended by a single chain), and ¢ (attacked by an unattacked argument, thus not in

the grounded extension).
®

)
© 92@ O,

Figure 15: Example AF F comparing structural resilience.

Under the original AttDel semantics, the distance to the grounded extension is
measured solely by attack deletions for extension enforcement. Because u, a, and b
are all inherently part of the grounded extension, they all require zero attack dele-
tions to be enforced. Argument c requires one deletion (the attack (v1, ¢)) to become
grounded. The resulting scores are:

e AttDelScore(u

e AttDelScore(a

(u) =0
(a) =0
e AttDelScore(b) =0
(c)=1

e AttDelScore(c

This results in the ranking:

OAttDel eAttDel HAttDel
u 2; a :]: >_F C

This demonstrates the failure to satisfy VP, as the unattacked argument u is ranked
equally with the attacked arguments a and b. Furthermore, the semantics fails to
capture that a is structurally more robust than b.

By applying the new ModAttDelScore, we evaluate both the inclusion and denial
distances. The modified scores are:

* ModAttDelScore(u) = —oo
* ModAttDelScore(a) = —2
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e ModAttDelScore(b) = —1
* ModAttDelScore(c) =1

Yielding the strict ranking:

gModAttDel gModAttDel gModAttDel
U >r arr ~F c
This example illustrates how ModAttDel successfully enforces Void Precedence
by isolating unattacked arguments at the top of the ranking. It also shows finer
granularity in the ranking, allowing for a more accurate assessment of argument
strength.

5.1 Principle Analysis

The ModAttDel semantics features a more granular ranking mechanism, while keep-
ing the same general order of arguments as AttDel. In this section, we analyze
which principles are kept from AttDel and in which principles the two semantics
differ. The compliance of many principles by AttDel has been disproven using ex-
amples comparing AttDelScores of arguments outside of the grounded extension.
Since ModAttDelScore = AttDelScore for all arguments rejected by the grounded
semantics, as shown in Lemma 1, these counter-examples still hold for the new se-
mantics. Consequently, ModAttDel does not comply with QP, SC, DP, DDP, DB,
+DB, ®DB, 1DB, tAB, adm-compatibility, co-compatibility, pr-compatibility and st-
compatibility. We start this analysis with Void Precedence, as this is the principle
that motivated introducing a new semantics.

5.1.1 Void Precedence

Proposition 21 (Void Precedence).
ModAttDel complies with VD, ranking all unattacked arguments higher than all at-
tacked arguments.

Proof. Let AF F = (A,R) and a,b € A, {a} > =0 and {b} 7 # 0. We find:
ModAttDelScorer(a) = —o0

and
ModAttDelScorer(b) > —(|R| — 1)

because causing denial of b by the grounded semantics at most requires deletion
of all attacks except one direct attacker of b. In the case where b is not part of the
grounded extension, ModAttDelScorex(b) > 0, therefore —(|R| — 1) is the smallest
possible ModAttDelScore of b. Since |R| is, by definition, finite [9],

ModAttDelScorer(b) > —oc and a =)odAttDel p, O

We continue the analysis of the remaining principles.
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5.1.2 Abstraction

Proposition 22 (Abstraction).
The ModAttDel semantics complies with abstraction.

Proof. This holds if for any isomorphic argumentation frameworks 7 = (A, R) and
F' = (A, R") mapped by an isomorphism ~, the following holds for any a € A:

ModAttDelScorer(a) = ModAttDelScorer (y(a))

Having already proven the compliance of abstraction of AttDelScore previously, it
remains to be proven, for any attacked argument o’ € A:

AttDelDenyScorer(a’) = AttDel DenyScorex (y(a'))
and for any unattacked argument a” € A:
ModAttDelScorer(a") = ModAttDelScorex (y(a")) = —occ

Let F = (A,R) and F' = (A", R’) = (7v(A4),~(R)) be isomorphic under . We prove
that for any € A and its image 2/ = y(x) € A, where {z}~ # 0, it holds that
AttDelDenyScorer(x) = AttDelDenyScorer (z').

Given AttDelDenyScorer(z) = k, there exists a set R™°? C R where |[R™%| =
k such that z is not in the grounded extension of 7 = (A, R\ R™%). Since
the grounded extension satisfies the abstraction principle as it is solely defined by
the graph structure [9], if 07 is the grounded extension of F, then v(¢%) is the
grounded extension of F.

The isomorphic graph structure implies that 2’ is not in the grounded extension
of F'med = (A’ R'\ v(R™°9)). Since isomorphism is a bijective relation, |R™°¢| =
|y(R™?)|. Furthermore, since v is reversible, the removal of no smaller set than
|7(R™°4)| can enforce rejection of 2’ by the grounded semantics of F, as its inverse
would cause a smaller set than R™°? to enforce the grounded extension for z, con-
tradicting minimality.

Consequently, AttDelDenyScorer(x) = AttDelDenyScorer (y(x)).

We find, for any attacked argument a’ € A4,

ModAttDelScorer(a) = ModAttDelScorer (y(a))

because ModAttDelScorer(a) = AttDelScorer(a) — AttDelDenyScorer(a) and
AttDelScore and AttDelDenyScore comply with Abstraction.

Let v € A be an unattacked argument. By definition, ModAttDelScorer(u) =
—oo. Given the attack relation structure is preserved by an isomorphism, ~y(u) is
unattacked and ModAttDelScorer(y(u)) = —o0

Because the scores are identical across the isomorphism, for attacked arguments,

as well as unattacked arguments, the ranking defined by the semantics is preserved.
Thus, the Mod AttDel semantics complies with abstraction. O
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5.1.3 Independence

Proposition 23 (Independence).
The ModAttDel semantics complies with independence.

Proof. We have already proven the compliance of AttDel by proving the equality
of scores within connected components compared to the global AF. As ModAttDel
mirrors AttDel for all arguments outside the grounded extension, this proof re-
mains valid. Therefore, it only remains to prove the compliance of Independence
for unattacked arguments and other arguments within the grounded extension.

Let F = (A4, R) be an AF and F' = (A',R’) € CC(F) be a connected component
containing an argument a € A’.

If a is unattacked in F/, by definition of a connected component, there are no
attacks from outside A’ into A’, meaning « is also unattacked in F. Therefore,
ModAttDelScorer(a) = ModAttDelScorer (a) = —oo.

If a is attacked and in the grounded extension, we must prove that the minimal
set of attack deletions R~ required to deny a from the grounded extension of F' is
identical to the minimal set R~ required to deny a from the grounded extension of
F.

By the directionality principle of the grounded extension [3], the acceptability of
an argument depends exclusively on the acceptability of its ancestors. By definition
of a connected component, there exists no attack » = (z,y) € R such that z ¢ A’
and y € A’. Therefore, the grounded acceptance (and consequently, the denial) of a
is completely isolated from any graph structure outside of F'.

Consequently, any set of attack deletions R~ that removes a from the grounded
extension of the component F'™°? = (A’ R'\ R'~) inherently removes a from the
grounded extension of the full framework F°¢ = (A, R\ R'7).

To prove minimality, assume there exists a set R~ C R such that |[R™| < |R'~| and
a is not in the grounded extension of (4, R\ R™). Due to the directionality principle,
any deletion in R~ involving arguments outside of A’ is strictly redundant for the
denial of a. This implies that a purely internal subset exists that is smaller than R'~,
which directly contradicts the premise that R'~ is minimal for 7.

Consequently, AttDelDenyScorer(a) = AttDelDenyScorer (a). Because, for at-
tacked arguments,

ModAttDelScorer(a) = AttDelScorer(a) — AttDelDenyScorer(a)

and both underlying scores comply with independence, the score of any attacked
argument is identical whether evaluated globally or within its isolated component,
preserving the internal ranking globally. Additionally, any unattacked argument
has the identical ModAttDelScore = —oo.

Thus, the ModAttDel semantics complies with independence. O
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5.1.4 Total

Proposition 24 (Total).
ModAttDel complies with total.

Proof. As already shown that AttDel complies with total, implying an AttDelScore
for all arguments. For full coverage by ModAttDelScore it remains to prove that
all arguments can either be assigned an AttDelDenyScore if attacked or their Mo-
dAttDelScore is —oo if unattacked. Let 7 = (A, R) and a € A be an argument
outside of the grounded extension. By definition, AttDelDenyScorer(a) = 0, as no
argument deletion is required because a is not part of the grounded extension. Now
let a be an attacked argument and part of the grounded extension. Let b € {a}~.
The grounded extension defends a against b by virtue of the characteristic function,
implying there being a non empty set of arguments within the grounded extension
D C ¢% and D C {b}~, inherently implying that b is attacked. Removing all incom-
ing attacks of b causes b to be part of the grounded extension. Since the grounded
extension is conflict free, a is consequently rejected by the grounded extension, as b
attacks a. Therefore all attacked arguments can receive an AttDel DenyScore. Since
all attacked arguments can be assigned an AttDelScore and AttDelDenyScore, they
can also be assigned a ModAttDelScore, which is the difference of the two scores.
Unattacked arguments u € A, by definition are assigned ModAttDelScorer(u) =
—o00. Therefore, all arguments can be assigned a ModAttDelScore mapping to
{—o0} UZ. Since this set is totally ordered, any two arguments can be compared,
proving ModAttDel complying with total. O

5.1.5 Non-Attacked Equivalence

Proposition 25 (Non-Attacked Equivalence).
ModAttDel complies with NaE. All non-attacked arguments are ranked the same.

Proof. Let F = (A, R) be an AF with any two arguments a,b € A, which are non-
attacked. By definition, ModAttDelScorer(a) = —oo and

ModAttDelScorer(b) = —occ. Therefore a ~MedAttDel j_Gince q and b were chosen
arbitrarily, this equivalence applies to all non-attacked arguments, proving compli-
ance with the principle. O

5.1.6 Counter-Transitivity

Proposition 26 (Counter-Transitivity).
ModAttDel does not comply with CT or SCT.

Proof. The proof of non-compliance of CT by AttDel relies on the direct attackers
of arguments a and b in the AF F in Figure 9 having the same AttDelScorer. For
all arguments = € {ay, as,b1,b2}, ModAttDelScorer(x) = —1, therefore, the direct
attackers of a and b remain equally strong under ModAttDel and the same proofs
follow for CT and SCT. O
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5.1.7 Cardinality Precedence

Proposition 27 (Cardinality Precedence).
The ModAttDel semantics does not comply with cardinality precedence.

Proof. This is demonstrated by the counter-example in Figure 16.

Figure 16: Counter-example AF F for Cardinality Precedence.

In the AF F depicted in Figure 16, a would be part of the grounded extension if its
single incoming attack was deleted. b is already part of the grounded extension. To
cause rejection by the grounded semantics for b, one of the attacks from x; towards
its direct attackers require deletion. the relevant arguments therefore evaluate to the
following modified attack deletion scores:

* ModAttDelScorer(a) =1
* ModAttDelScorer(b) = —1

Based on these scores, M odAttDelScorer(a) > ModAttDelScorer(b), which yields
b >¥ odAttDel ; However, under cardinality precedence, because b has two direct at-
tackers, whereas a only has one, a =3/0d4tDel p, ig required.

This contradiction proves that the ModAttDel semantics does not comply with
cardinality precedence. O

5.1.8 grounded-Compatibility

Proposition 28 (gr-Compatibility).
ModAttDel complies with grounded compatibility.

Proof. As Lemma 1 shows, for any argument a € A in an AF 7 = (A, R) that is
not part of the grounded extension of F, ModAttDelScorer(a) > 0, and for any
argument b € A that is part of the grounded extension of 7, ModAttDelScorer(b) <
0. Therefore, ModAttDelScorex(a) > ModAttDelScorer(b), implying b = odAttDel
a. 0
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5.1.9 Addition of Attack Branch

Proposition 29 (Addition of Attack Branch).
ModAttDel complies with addition of attack branch.

Proof. For an AF F = (A, R) with an argument a, and an AF 7" which mirrors F,
containing an argument ¢’ which mirrors a, but has an attack branch added. o’ is not
part of the grounded extension, because it has an undefended attack branch. If a is
part of the grounded extension, due to Mod AttDel complying with gr-Compatibility,
aranks higher than o'. If a is not part of the grounded extension, ModAttDelScorer(a) =
AttDelScorer(a). Because AttDel complies with addition of attack branch, Mo-
dAttDel complies with the principle for arguments outside the grounded extension.
With the compliance of arguments accepted and rejected by the grounded extension,
ModAttDel complies with addition of attack branch. |

5.1.10 Attack vs Full Defense

Proposition 30 (Attack vs Full Defense).
ModAttDel complies with attack vs full defense.

Proof. By definition, an argument with zero attack branches is inherently accepted
by the grounded extension, while an argument attacked by an argument without
defense is rejected [9]. Because ModAttDel complies with gr-compatibility, it ranks
any grounded argument higher than any non-grounded argument. ModAttDel
therefore complies with attack vs full defense. O

5.2 Improvement over AttDel

Having established Mod AttDel and analyzed its compliance with the common ranking-
based semantics principles, we can verify whether resolving the problem of non-
compliance with VP has any effect on the compliance with other principles.
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| Properties | Tuples* | M&T | AttDel | ModAttDel |
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Table 3: Global Ranking-based Semantics Principle Differences including Mo-
dAttDel

As shown in Table 3, Mod AttDel mirrors the principle compliance of AttDel with
the exception of VP. It preserves its unique compliance with the grounded exten-
sion. ModAttDel extends the methodology of AttDel to accepted arguments, rank-
ing strongly defended arguments higher than weakly defended ones. Since AttDel
postulates attack deletion as a valid evaluative tool, the expansion by ModAttDel is
a logically sound measure. The compliance of VP completes the compliance of all
important principles [6] making ModAttDel a viable semantics.

6 Implementation

As a proof of concept of plausibility that the ranking-based semantics can be com-
puted efficiently, we introduce an approach of implementation. Following this, we
propose optimizations that may mitigate weaknesses that arise in specific use cases
of AttDel. The calculation is computationally expensive, as determining the mini-
mal attack deletions necessitates evaluating the grounded extension of the full ar-
gumentation framework for each possible subset of attacks. As this problem is a
version of non-strict extension enforcement under grounded semantics with a single el-
ement input set, it is also NP-hard [18]. A first imperative solution illustrates the
need for an optimized approach of calculation.

6.1 Primitive Solution

Given argument AX within the connected component 7/ = (A’, R') in AF F = (A, R)
with a function ground ( (A,R’)) that calculates the grounded extension for an
AF F = (A, R') in polynomial time [10] and a function subset_of_size (set,
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size) returning all subsets of a given set at a given size, the score can be computed
as follows:

deletion_score(A',R"):
for 1i=0 to i=|R'|:
for attacks_to_remove in subsets_of_size(R', 1i):
attacks_to_check = R' \ attacks_to_remove
if (ground (A, attacks_to_check) .contains (AX) ) :
return |attacks_to_remove|

By effectively iterating through the power set sorted from smallest to largest, the op-
timal solution is found at the first occurrence of AX in the given grounded extension.
Since for a set of size n, the powerset is of size 27, this algorithm is of exponential
complexity, which illustrates the need for optimization.

6.2 ASP Solution

We introduce a function for scoring arguments based on the minimum attack dele-
tions to enforce a grounded extension. Niskanen et al. [18] have laid the ground-
work for this with different implementations of extension enforcement.

Definition 17 (Extension Enforcement). Given an extension semantics o and an AF
F = (A,R) and a set A’ C A, find the minimum set " C R such that A’ is the
o-extension of 7/ = (A, R\ R’). With the non-strict extension enforcement, A’ must be
a subset of the o-extension of F’ [18].

The implementation for our scoring function calculates non-strict extension en-
forcement with single element input sets and returns the size of the resulting set.
The preexisting implementations can therefore be used verbatim. Niskanen et al.
[18] define a language-agnostic ASP approach of implementation. Our implemen-
tation leverages the language features of Clingo to provide a shortened version.?"

6.2.1 ASP Implementation using the Grounded Extension

For a given set of arguments and attacks, represented as the facts arg (X) and
att (X,Y) and an enforced argument a, this ASP implementation solves for the
smallest set of attack deletions to make a part of the grounded extension. The logic
of the implementation consists of three major parts, the definition of the AF and the
targeted argument, the calculation of the membership of the grounded extension
and the minimization of the set of attacks to delete.

To calculate the score, the whole AF must be encoded as facts in the ASP program.

>The complete source code and benchmark scripts used in this section are publicly available at
https://github.com/JakobHaastert/master—-thesis-resources.
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arg(a) . 1)
arg(b) .

arg(c) .

att (a,b) . (2)
att (b, c) .

enf (a) . (3)

This example set of argument (1) and attack (2) facts encodes the AF F from Figure

17

Figure 17: Argumentation framework encoded by Clingo program.

enf (a) . defines the argument to be enforced in the grounded extension.

The following module of the program is responsible for minimizing the amount
of attack deletions to make the enforced argument part of the grounded extension.

{ att_to_remove(X,Y) : att(X,Y) }. 4)
mAtt (X,Y) :— att(X,Y), not att_to_remove (X,Y). (5)
:— not grounded(X), enf (X). (6)
#minimize { 1,X,Y : att_to_remove (X,Y) }. (7)

The program chooses a subset of attacks to remove (4). The program optimizes for
minimality of this set (7). From the removed attacks, a modified attack relation is
generated symbolizing the attacks that remain after removal (5). The grounded ex-
tension is then constrained to contain the enforced argument (6).

The section of the program calculating the grounded extension utilizes Clingos abil-
ity to utilize conditional literals and is based on the ASPARTIX system [11].

grounded (X) :- arg(X), defeated(Y) : mAtt(Y,X). (8)

defeated (X) :- arg(X), mAtt (Y,X), grounded(Y). 9

The implementation calculates the grounded extension for the resulting AF after
deleting attacks, and therefore uses the mAtt relation as its attack relation. The
program defines all arguments to be grounded if all their attackers are defeated
(8). Attackers are deemed as defeated if they are attacked by the grounded extension
(9). This is an encoding of the definition of the grounded extension, which is defined
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by iterating over defended arguments using the characteristic function until the least
fixed point is found:

Ar(S)={a € A|aisdefended by S}
GE = | J A%R(D)

i>0
Using #show att_to_remove/2., the Clingo program returns a minimal set of
attacks to remove, which, by calculating its cardinality using a script yields the de-
sired AttDelScorer(a).

6.2.2 ASP Implementation using Strongly Admissible Sets

The previous implementation determines the enforced arguments belonging in the
grounded extension by calculating the whole grounded extension. The fully cal-
culated grounded extension is not further used for the purpose of score calcula-
tion, which leads to the assumption that some performance is wasted calculating
other parts of the grounded extension that are unrelated to the targeted argument.
Strongly admissible sets are a common approach of determining whether an argu-
ment is part of the grounded extension without calculating the whole extension [12].

Definition 18 (Strongly Admissible Set [12]). In an AF F = (A4, R), a set of argu-
ments S C A is strongly admissible if S strongly defends all of its arguments.

An argument a € A is strongly defended by S if all of its attackers {a} ~ are attacked
by an argument b € S\ {a} and b is strongly defended by S'\ {a}.

In contrast to admissible sets, which are conflict-free sets, where each incoming
attack is defended by the set, strongly admissible sets require the defense branches
to be rooted in an unattacked argument [12].

If an argument is part of a strongly admissible set, it is also part of the grounded
extension [12].

An implementation of AttDel using strongly admissible sets builds upon the same
structure as the implementation using the grounded extension.

{ att_to_remove (X,Y) : att(X,Y) }.

mAtt (X,Y) :— att(X,Y), not att_to_remove (X,Y).

:— not strongly_admissible (X), enf (X). (10)
#minimize { 1,X,Y : att_to_remove (X,Y) }.

#show att_to_remove/2.

The minimization implementation specifies that the enforced argument must be in
a strongly admissible set (10).

The calculation of the strongly admissible sets is also based on the ASPARTIX sys-
tem [11].
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in(X) :- arg(X), not out (X). (11)
out (X) :— arg(X), not in(X).

fixedPoint (X) :— in(X), defeated(Y) :mAtt (Y,X). (12)
defeated (X) :— arg(X), fixedPoint(Y), mAtt (Y,X).

:— in(X), not fixedPoint (X).

strongly_admissible (X) :— in(X).

The solution guesses a set of in arguments, which will form the strongly admissi-
ble sets (11). The fixed point for each set is then calculated by using the same fixed
point approach as the grounded extension (12), where defeat of attacking arguments
of in is checked. The two implementation approaches perform very similar calcula-
tions with the difference, that the grounded extension approach uses a mechanism
to check if the enforced argument is inside the grounded extension using a deter-
ministic calculation of the grounded extension. This may be inefficient when the
grounded extension is very large. The strongly admissible set approach non deter-
ministically checks the membership of the enforced argument by guessing strongly
admissible sets. If the enforced argument is inside one of these strongly admis-
sible sets, the calculation may be much more efficient than the calculation of the
grounded extension as a whole, because a strongly-admissible set is only a subset of
the grounded extension [12].

In cases, where AttDelScore > 0, the solution candidates, where the enforced ar-
gument is not part of the grounded extension, typically makes up the computa-
tional load in non-trivial examples. Optimizing for efficiency in cases when a po-
tential solution is found should therefore be of lower priority than the dismissal of
non-suitable candidates. We can see that a singular attempt of finding a strongly
admissible set containing the enforced argument can theoretically be done much
faster than any such attempt using the grounded extension. This may seem intrigu-
ing. However the two approaches in the context of a whole optimization problem
scale differently. The approach of computing the grounded extension to dismiss a
solution candidate is much more suitable because it is a deterministic polynomial-
complexity calculation [10]. Disproving the membership in the grounded extension
this way can therefore be done efficiently. In contrast, the second approach must
prove a negative: that no strongly admissible set containing the target exists. This
requires an exhaustive search of the power set of relevant arguments, which is in-
herently exponential. This theoretical divergence in complexity suggests that the
polynomial grounded approach performs significantly better in practice. However,
because ASP solvers like Clingo are highly optimized for complex search and repet-
itive calculations [14] confirming or denying that this theoretical advantage trans-
lates into real improvements in performance necessitates a practical analysis.
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6.2.3 Search Space Optimization

To assess whether the enforced argument is part of the grounded extension, it is
not necessary to calculate the whole grounded extension. Arguments that are not
connected to the enforced argument by an attack chain have no influence on its
membership in the grounded extension, since they neither attack nor defend the
argument itself or any of its defenders.

Figure 18: AF F = (A, R) pruned for efficient calculation of the membership of tar-
get argument ¢ in the grounded extension.

The dotted attacks and arguments in Figure 18, ¢, d and g have no attacking
branch towards t. Let A’ = A\ {d, e, g} be the set of relevant arguments. ¢ is in the
grounded extension of F iff it is in the grounded extension of 7/ = (A4’, RN(A’x A)).
As an optimization of our implementation of AttDelScore, we can therefore per-
form calculations on an alternative AF containing only relevant arguments and at-
tacks. For this, we introduce the rArg (X) predicate, which is a subset of arg (X)
containing only relevant arguments. rAtt (X,Y) is a subset of att (X,Y) of all
relevant attacks.

rArg (X) :— enf (X). (13)
rArg(Y) :— rArg(X), att(Y,X). (14)
rAtt (X,Y) :— att(X,Y), rArg(X), rArg(Y). (15)

The implementation specifies the enforced argument as the first relevant argument
(13) and then builds a cone of relevant arguments based on the attack relation to-
wards relevant arguments (14). The set of relevant attacks is then built by checking
whether both arguments in an attack relation are relevant (15).

By substituting att for rAtt and arg for rArg in the calculation of the grounded
extension and strongly admissible sets respecively, the search space for potential
included arguments can shrink drastically, especially in AFs that contain many ar-
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guments that are sparsely connected by attacks. The removal of irrelevant argument
and attacks is assumed to be especially effective when applying it to the choice rules
for att_to_remove, since the size of search space should be the biggest hinderance
given the exponential nature of the search problem.

6.2.4 Implementing ModAttDel

Provided the implementation of AttDelScore, the implementation of ModAttDelScore
requires minor adjustments. To calulate AttDelDenyScore, the enforcement con-
straint of AttDelScore needs to be flipped

:— grounded (X), enf (X). (16)

The constraint (16) enforces that it is impossible for the enforced argument X to be
grounded.
This logic cannot be applied to the implementation with strongly admissible sets.

:— strongly_admissible (X), enf (X). (17)

Since ASP operates on answer sets, instead of finding all strongly admissible sets
and evaluating the presence of the enforced argument in one of them, its answer
sets only find one strongly admissible set. Since the empty set is strongly admissi-
ble, the minimal number of attack deletions to enforce the enforced arguments to not
be in a strongly admissible set is always 0. Proving non-existence of the argument
in any strongly admissible set requires the calculation of all strongly admissible sets
which equates to calculating the grounded extension. Since we already have an ef-
ticient way of calculating the grounded extension, the approach of using strongly
admissible sets is ineffective for negative ModAttDelScores. The strongly admissi-
ble implementation approach is therefore used for positive ModAttDelScores, with
negative scores being calculated by the grounded approach.

6.2.5 Performance

Given the value that the semantics provides, the second important factor for the
application of the semantics is its performance. Due to the NP-hard nature of the
semantics, its implementations are likely to become exponentially more complex
with larger AFs until a point where it loses its viability. In this section, we investi-
gate when that point is reached. To ensure meaningful benchmark results, we are
using a diverse set of AFs from the 2025 ICCMA competition [2]. Instead of calcu-
lating ModAttDel for all arguments, we target three arguments per AF of varying
supposed difficulty of extension enforcement. The first argument is an argument
that is part of the grounded extension. This ensures the inclusion of the calcula-
tion of ModAttDelScore. The second argument is an argument that is part of a
complete extension but is not part of the grounded extension. Such an argument
has an existent support structure and an AF may not need many alterations for it
to also be generally accepted. The third targeted argument is an argument that is
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rejected by the complete semantics. An additional goal in this section is assessing
if the problems of the approach using strongly admissible sets translate into worse
performance.

Previous work by Niskanen et al. [18] demonstrates that MaxSAT implementations
vastly outperform ASP solutions for extension enforcement. Because this perfor-
mance gap is already established, the goal of this section is not to achieve state-of-
the-art runtime. Instead, we use ASP to isolate and analyze the performance behav-
ior of different logical formulations. By this, we provide baseline data to inform the
design of future solvers.

The benchmark is performed on the dataset’s 200 AFs with the smallest number
of attacks, ranging from 111 to 74998 attacks. Each argument receives a timeout
threshold of 60 seconds. An instance is solved if all selected arguments are solved.
We analyze the average solve time in the benchmark for the selected arguments.
We perform the pruned and unpruned approach of the strongly admissible and
grounded implementation for ModAttDelScore respectively. The benchmark is run
on a Windows machine using a 6-core processor with a 3.6 GHz clock speed able to
boost to 4.2 GHz and 32 GB of memory. Clingo is configured to utilize all available
CPU-cores.
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Figure 19: Comparison of ModAttDel calculation using grounded extension and
strongly admissible approach.

Comparing the computational performances of the approach using the grounded
extension and the approach using strongly admissible sets, as seen in Figure 19,
shows no significant difference in performance. The presumed increase in compu-
tational load due to the nested search problem for the strongly admissible approach
did not occur in this benchmark. Given the number of solved instances for both
pruned approaches is 99, we can assume nearly equal performance between both

approaches.
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Figure 20: Pruning Performance for Grounded and Strongly Admissible Approach.

As seen in Figure 20, pruning the search space for both approaches leads to de-
creased computational load initially. However, given the pruned versions only
solved 95 instances before timing out, while the unpruned variants solved 99 (grounded)
and 100 (strongly admissible), we cannot assume any significant performance in-
crease by pruning, with the opposite being the case in this benchmark.

The results demonstrate performance parity between the grounded and strongly
admissible approaches. The higher theoretical complexity of the SA logic did not
result in a significant runtime penalty, indicating that the primary bottleneck is the
inherent complexity of the semantics. Both methods remain viable computational
baselines for extension enforcement.

7 Conclusion

This thesis aimed to introduce a novel ranking-based semantics that ranks argu-
ments in an AF by a distance to the grounded extension. Such a semantics captures
the intuition of universally accepted arguments, by utilizing the grounded seman-
tics as the key reference point to rank by. To facilitate such a ranking, we have
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introduced a scoring system AttDelScore which represents the minimum num-
ber of attack deletions to enforce a targeted argument in the grounded extension.
The score utilizes non-strict extension enforcement, which is an NP-hard search-
optimization problem. By comparing AttDelScores between arguments, we built a
preorder gAtDel  referred to as AttDel, our Attack Deletion ranking-based seman-
tics. Due to its intuitive and comprehensive nature, AttDel is able to map realistic
argumentation scenarios, as shown in the introductory chapter, and perform a rank-
ing closely matching human intuition, while being quite comprehensive in its way
of working.

To assess the structural strenghts and weaknesses of AttDel, we have analyzed how
it behaves in reference to common key principles. This initial analysis has shown
that AttDel belongs to the global category of ranking-based semantics, where, in
contrast to local semantics, the direct neighborhood does not have any inherent
value in the ranking, and any argument with a large distance to the targeted argu-
ment can have equal impact to its ranking as a close neighbor. Local ranking-based
semantics, like SAF or Categorizer often comply principles regarding the direct
neighborhood and direct attackers like cardinality precedence, quality precedence
or counter transitivity, which specifically target direct attackers [6]. Global ranking-
based semantics like Tuples*, M&T have a global scope and cannot discriminate
based on distance to the target argument [6]. Since a grounded extension can mas-
sively change with simple changes in the attack structure regardless of the distance
to the target argument, AttDel belongs in the global category. These ranking-based
semantics comply with Attack vs Full Defense, as their ranking scope spans along
full attacking and defense branches and a more accurate assessment of defeat can
be made.

The principle analysis has shown a unique behavioral profile of AttDel, being com-
patible with the grounded extension, which in the set of compared semantics only
the grounded semantics is capable of, while coming with the significant drawback
of being a binary semantics that lacks nuance.

The principle analysis has also shown that AttDel does not comply with void prece-
dence as it values arguments accepted by the grounded semantics equally regard-
less of whether it is attacked. This finding demonstrates a weakness of AttDel, that
its granular method of ranking arguments only applies to arguments outside of the
grounded extension. In an attempt of solving this problem, we have introduced a
modified version of AttDel, ModAttDel.

ModAttDel preserves the ranking of arguments outside of the grounded extension
established by AttDel. For accepted arguments, it introduces a new, structurally
similar ranking approach aimed at finding tipping points at which an argument
becomes rejected by the grounded extension by attack deletions. While it rewards
weak attack structures for non-grounded arguments, equally to AttDel, it also pun-
ishes weak defense structures for grounded arguments. Analyzing the compliance
of the established principles by ModAttDel has shown no difference to AttDel, ex-
cept the compliance with void precedence. Due to this, ModAttDel complies with
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all established baseline principles for ranking-based semantics, further underlining
the value of the semantics.

In the final section, we have shown approaches of implementing AttDel and Mo-
dAttDel. Due to its NP-hardness, imperative, deterministic approaches struggle
with the exponential complexity making them unviable for the problem. As the lit-
erature has shown, extension enforcement can be efficiently implemented using spe-
cialized solvers. As a proof of concept we have implemented AttDel and ModAttDel
using answer set programming (ASP), using the Clingo grounder and solver to suc-
cessfully compute AttDelScore and ModAttDelScore for small AFs in reasonable
runtime. In an attempt of runtime optimization within the bounds of Clingo, we
have created different approaches of implementation. The approach using the cal-
culation of the grounded extension most closely matches the formal definition of
AttDel, while the approach using strongly admissible sets attempts to reduce com-
putational overhead by only calculating a subset of the grounded extension. We
have also experimented with preprocessing the search space by pruning arguments
and attacks that logically cannot be part of the resulting set of attack deletions. Since
all approaches and optimizations performed relatively equal, we can assume that
the advanced solving logic of Clingo does significant optimization by itself, elimi-
nating the need for additional manual tweaking.

7.1 Limitations

A notable theoretical limitation of both AttDel and Mod AttDel is their non-compliance
with a significant number of established principles for ranking-based semantics. As
the comparison of properties illustrated, while they satisfy fundamental baselines
like Abstraction and Independence, they fail to comply with numerous standard lo-
cal and global principles, including Cardinality Precedence, Quality Precedence, De-
fense Precedence, and Counter-Transitivity. This widespread non-compliance stems
directly from their core design: by relying strictly on extension enforcement and the
grounded extension, the semantics prioritize the overarching acceptability status
of arguments over granular topological features, such as direct attacker counts or
specific defense branch structures or lengths. Consequently, in applications where
compliance with these specific structural properties is strictly required, AttDel and
ModAttDel may not be suitable choices. Given the performance analysis has not
found significant differences between approaches, we have not been able to find
meaningful optimizations within the bounds of Clingo. Further analysis would be
required to assess this. Within the constraints of the analysis, of the 200 least com-
plex AFs from the test set, at least one half of the attempts timed out yielding no
result. The Clingo approach is therefore not a solution that can be used in produc-
tive environments with comparable AFs to the test set. However, as Niskanen et al.
[18] had shown, MaxSAT implementations of extension enforcement perform much
better, showing a bigger likelihood of the new semantics being viable in practical
applications.
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The concept of the attack deletion semantics also poses limitations. The semantics
is not sensitive to double standards, which can be shown in the following example:

Example 5 (Double Standard). We introduce a scenario where a vehicle system has
to decide which services to keep running while low on battery.

Figure 21: AF symbolizing a car system behavior on low battery.

The AF shown in Figure 21 shows three arguments:
¢ [: The battery is low and resources must be limited.

¢ s: High Priority: The car safety system must stay enabled to preserve safety of
the passenger.

* a: Low Priority: The air conditioning must stay enabled so the passenger is
comfortable.

Paradoxically, AttDel ranks s and a equally (AttDelScore = 1), as the deletion of
the respective direct attack from [ causes both arguments to be part of the grounded
extension. Following the example, the battery being low justifies the preservation of
air condition over the clearly more important safety systems. At the same time, the
battery being low is ignored by the air conditioning itself to justify staying on. This
is a double standard and in this abstract example, AttDel is a bad choice of rank-
ing. A semantics that is more sensitive to double standards, while keeping a similar
approach, would be an ArgDel semantics that enforces arguments in the grounded
extension with a minimum number of arguments deleted. In this example, argu-
ments [ and s would require deletion to make a part of the grounded extension,
while only [ would require deletion to make s part of the grounded extension. Such
a semantics would therefore result in the expected ranking, which AttDel fails to.

7.2 Future Work

As this thesis has shown, the approach of attack deletion to enforce a semantics and
establish a preorder offers high potential for intutive and comprehensive ranking.
This concept can be easily extended to other extension semantics depending on the
users definition of accepted. The tendency of exponential runtime increases warrants
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the deployment of more advanced solvers for the calculation of AttDel and to in-
vestigate other targeted optimization techniques for the implementation. Very simi-
lar implementations using different MaxSat frameworks already exist [18], showing
high performance compared to Clingo, and require only minor changes and the in-
clusion of AttDelDenyScore to successully map ModAttDel.

Another potential topic of research is investigating the deletion of arguments for
extension enforcement and ranking by the minimum set of deletions. AttDel works
on accepting and minimizing the consequences of certain attacks, the acceptance of
consequences could also be carried forward to all other consequences that an argu-
ment poses. This more invasive approach, leading to more jarring changes may be
more logically consistent as double standards of attack acceptance are prevented.
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