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Abstract. Abstract Argumentation Frameworks allow to represent sets
of arguments, together with possible relations among them, in form of
oriented graphs. This paper gives a short overview of a plug-in function
developed for ConArg, a solver of Abstract Argumentation related prob-
lems. The web-based tool we present computes a ranking of arguments
by applying different voting games power indexes, where the coalitions
of individuals are defined by the extensions satisfying Dung’s semantics.
At this stage of development, the tool can make use of both the Shapley
Value and the Banzhaf Index.

1 Introduction

ConArg is a suite of tools that was started to be developed with the purpose
to facilitate research in the field of Argumentation in Artificial Intelligence [3],
a discipline that copes with uncertainty and defeasible reasoning. In Abstract
Argumentation, arguments have no internal structure and the attack relation is
not defined; it provides means by which it is possible to distinguish acceptable
and not acceptable arguments at an abstract , as its name suggests. In order
for a set of arguments to be accepted, it has to be justified according to some
criteria, that are called semantics. The sets of collectively-acceptable arguments
according to a certain semantics are referred to as “extensions”.

Recent works (as the ones presented in [Bl6]) have been carried out with
the help of ConArﬂ The project involves a series of components that address
different aspects of argumentation, building on a constraint-based solver for ar-
gumentation problems [709]. The tool has already been extended with two main
additional features that allow for handling weighted [68] and probabilistic [5]
argumentation. While the former relies on algebraic structures (c-semirings) for
dealing with weights, the latter makes use of a probabilistic logic programming
language.

In this work, we present a new component of the ConArg suite, which inte-
grates the possibility of managing ranking semantics. In classical argumentation,
arguments can be either accepted or rejected according to their justification sta-
tus, but no further distinction can be done beyond this division into these two

3 ConArg Website: http://wuw.dmi.unipg.it/conarg/.
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categoriesﬁ On the other hand, ranking semantics permit to assign an individ-
ual score to each argument so that an overall ranking of all arguments can be
established by sorting the obtained set of scores. Carrying on the work in [4],
we here propose an implementation of a ranking function based on the Shapley
Value [I3], a very well known concept in cooperative game theory, which we use
to distribute the scores among the arguments: the more an argument contributes
to the acceptability of an extension, the higher its score. In addition, we also
take into account a different valuation scheme, the Banzhaf Index [2], and we
implement it in order to study the differences with the results obtained through
the Shapley Value. Given an argumentation framework, the tool computes the
score of every argument over both the ranking schemes introduced above, and
its output is a ranking of the arguments with respect to a given semantics.

As previously introduced, this line of work commenced in [4] with the first
theoretical results. This paper is instead dedicated to the description of the
underlying tool, which also computes the Banzhaf Index, differently from [4].
In Section [2| we introduce the background information about Abstract Argu-
mentation and Power Indexes. Section [3| describes the tool and its integration
in ConArg, while Section [d] presents two examples of application on abstract
frameworks. Finally, Section [5] wraps up the paper with final conclusions and
ideas about future work.

2 Preliminaries

We introduce our tool by first reporting the necessary background notions on
labelling and ranking semantics in Abstract Argumentation, and successively we
introduce Power Indexes in cooperative game theory.

2.1 Argumentation

This work takes advantage on notions coming from two different fields: argumen-
tation and cooperative games. In the following, we provide a brief introduction
only to the concepts which are most relevant to us. An Abstract Argumentation
Framework [12] (AF in short) consists of a pair (A, R) where A is a set of ar-
guments and R C A x A expresses the relations between pairs of arguments.
Such relations, which we call “attacks”, are interpreted as conflict conditions
that allow for determining the arguments in A are acceptable together (i.e.,
collectively).

An argumentation semantics is a criterion that establishes which are the
acceptable arguments by considering the relations among them. Two leading
characterisations can be found in the literature, namely extension-based [12]
and labelling-based [11] semantics. While providing the same outcome in terms
of accepted arguments, labelling-based semantics can be used to differentiate

4 More than just two categories have been proposed in the literature, but still from a
qualitative point of view.



between three levels of acceptability, by assigning labels to arguments according
to the conditions stated in Definition [Il

Definition 1 (Reinstatement Labelling). Let F = (A, R) be an AF and
L = {in,out,undec}. A labelling of F is a total function L : A — L. We
define in(L) = {a € A | L(a) = in}, out(L) = {a € A | L(a) = out} and
undec(L) = {a € A| L(a) = undec}. We say that L is a reinstatement labelling
if and only if it satisfies the following conditions:

— Va,be A, ifa€in(L) and (b,a) € R then b € out(L);
—Va€ A, ifa € out(L) then 3b € A such that b € in(L) and (b,a) € R.

The labelling obtained through the function in Definition [I] can be then
analysed in terms of Dung’s semantics [12].

Definition 2 (Labelling-based semantics). A labelling-based semantics o
associates with an AF F a subset of all the possible labellings for F, denoted as
L,(F). Let L be a labelling of F = (A, R), then L is

— conflict-free if and only if for each a € A it holds that if a is labelled in
then it does not have an attacker that is labelled in, and if a is labelled out
then it has at least one attacker that is labelled in;

— admissible if and only if the attackers of each in argument are labelled out,
and each out argument has at least one attacker that is in;

— complete if and only if for each a € A, a is labelled in if and only if all
its attackers are labelled out, and a is out if and only if it has at least one
attacker that is labelled in;

— preferred/grounded if L is a complete labelling where the set of arguments
labelled in is mazimal/minimal (with respect to set inclusion) among all
complete labellings;

— stable if and only if it is a complete labelling and undec(L) = 0.

The accepted arguments, with respect to a certain semantics o, are those
labelled in by o. In order to further discriminate among arguments, ranking-
based semantics [I] can be utilised for sorting the arguments from the most to
the least preferred.

Definition 3 (Ranking-based semantics). A ranking-based semantics asso-
ciates with any F = (A, R) a ranking = on A, where = is a pre-order (a
reflexive and transitive relation) on A. a = b means that a is at least as accept-
able as b (a ~ b is a shortcut for a =p b and b =p a, and a > b is a shortcut
fora=pbandb #rb).

2.2 Power Indexes

In game theory, cooperative games are games where groups of players (or agents)
are competing to maximise their goal, through one or more specific rules. Voting
games are a particular category of cooperative games in which the profit of



coalitions is determined by the contribution of each individual player. In order
to identify the “value” brought from a single player to a coalition, power indezxes
are used to define a preference relation between different agents, computed on
all the possible coalitions. The most used power indexes for voting games are the
Shapley-Shubic Value [I3I14] (Shapley Value in the following) and the Banzhaf-
Coleman Power Index [2] (Banzhaf Index in the following). Given a set N of
players, both indexes rely on a characteristic function v : 2V — R that associates
each coalition S C N with a real number in such a way that v(S) describes the
total gain that agents in S can obtain by cooperating with each other. The
Shapley Value of a player i € N is computed as follows.

% Y ISIEANT =[S = 1)} (u(S U {i}) = v(S)) (1)

@1(’0) =
INT SCN\{i}

The formula considers a random ordering of the agents, picked uniformly
from the set of all |N|! possible orderings, and exploit the difference of gain
between S and S U {i} for estimating the expected marginal contribution of the
player i. The value |S|! (|N| — |S| — 1)! expresses the probability that all the
agents in S come before 7 in a random ordering.

The second fair division scheme we use is the Banzhaf Index, which evaluates
each player by using the notion of critical voter: given a coalition S C N \ {i},
a critical voter for S is a player i such that SU {i} is a winning coalition, while
S alone is not. In other words, i is a critical voter if it can change the outcome
of the coalition it joins in.

Bil0) = gy Yo (S Ui —(S)) (2)

SCN\{i}

On the following section we show how the chosen power indexes are used to
evaluate arguments and how the tool computes the corresponding ranking.

3 An Implementation of Ranking Semantics using Power
Index

Ranking semantics allow to establish an ordering over arguments in a frame-
work, in a way to discriminate between multiple degrees of acceptance and to
identify which arguments are the most preferred ones. Different ranking-based
semantics, such as those summarised in [10], use different criteria for evaluating
the arguments (for instance, relying on the number and the “strength” of at-
tackers). The approach we propose, instead, takes into account the contribution
that an argument brings to the sets of extensions. In particular, arguments that
contribute more in forming an extension (e.g., because they defend all the other
arguments in that extension) are ranked higher than the others. Each argument
is considered a player and the extensions are the coalitions that players want to
form. In this way we can deal with the problem of forming the extensions as a



cooperative game. Moreover, we can compute the power index of all the argu-
ments in the framework. Note that this kind of ranking semantics is parametric
w.r.t. a chosen Dung’s semantics, that is the ranking one obtains is different
depending on the sets of accepted arguments.

3.1 Computation of Argument’s Indexes

The procedure for computing the value of an argument ¢ through the voting
power indexes Shapley Value (Equation and Banzhaf Index (Equation
using the formal formulas. Each index is a mean of the gains of the argument
over the coalitions S U {i}: for the sake of modularity, the shared part of the
formula (namely, [v(SU{i}) —v(S5)]) is computed once for both schemes. We use
v: 2N — {0,1} as the characteristic function for both the indexes we consider:
the function outputs 1 if a coalition is an extension according to a given semantics
(Definition , 0 otherwise. Finally, in terms of computational time, the Shapley
Value can be computed in O(|N|?), while the Banzhaf Index in O(|N|). In order
to ease the computation, instead of computing all the possible subsets in the
set of arguments, the script only selects the sets of the extensions, since they
represent the “winning coalitions” within all the possible subsets. This means
that all the subsets S required by the formula consist in the set of extensions
received as a parameter.

The script computes the value of the shared part of the formula for each
argument, assigning a value of —1 when an argument is not part of an extension
and S U {i} is not included in the semantics; 1 if the argument is part of the
extension, and if without its presence the corresponding set is not included in the
semantics; 0 otherwise. This computation is repeated on all the given extensions.

The ranking is an arithmetic decreasing ordering of all the values computed
for the selected index. In order to ensure a better ranking definition, in addition
to the set of in arguments (i.e., the extension), also out ones are taken into
account, that is the power indexes are calculated also on the set of out-labelled
arguments. This second ranking is used for breaking ties when two arguments
receive the same score by the evaluation done with respect to in arguments. The
script returns first both the ranking of in and out arguments. When the values of
two arguments are equal in the in ranking, the script checks the corresponding
couple of values of the same arguments in the out ranking. The lowest value
between them represents the preferred argument of the pair in the final ranking:
if also the out ranking returns two equal values, then the tie cannot be resolved.

3.2 Tool Description

The visual tool we present takes advantage of all the features offered by ConArg
in order to select and to process a particular framework. This tool is composed
by a javascript (JS) and a PHP class. The former contains the functions for
both the user and the ConArg interface, while in the PHP class it is possible to
find all the power index calculation and output formatting. Once a framework
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Fig. 1. An example of the tool execution in ConArg. The ”Output” frame shows the
arguments ordered according to the ranking obtained through the Shapley Value, from
the most to the least preferred. Each argument is paired with its corresponding Shapley
Value.

is created (or imported) by using ConArg functionalities, the “Ranked” option
must be selected from the edit menu, as shown in Figure

In this menu, the tool places different kinds of options to compute semantics.
The specific semantics can be chosen in the selection pad above the compu-
tation options provided by the menu. The ”Enumerate” choice generates the
selected semantics. The ” Credulous” option identifies if there is an extension in
the selected semantics which contains a given argument: the id of an argument
is required as a further parameter in the options menu. The “Sceptical” option
identifies if all the extensions of a semantics contain the given argument: as for
the ”Credulous” option, the id of the argument is requested as a further pa-
rameter. The last choice is the "Rank” option, which can be used to compute a
possible ranking of the framework with the specific semantic. This option asks
the user to select the Power Index that is used to produce the ranking. Even if
the rankings for both the indexes are provided by the PHP class, the tool shows
the selected one in the options menu, together with the computed values.

The tool first computes the set of extensions for the selected semantics, and
only at a second stage, it calls the script function that computes the final ranking.
All the script functions can be reached by a post PHP rest call, which asks for
four different parameters: the set of extensions satisfying the requested seman-
tics formatted as ConArg output string (e.g., {{a}, {a,b}, {c,d}}), the number
of arguments, the attacks between the arguments on the framework and an ar-
ray of option values (that we plan to use in future implementations). All this
information is retrieved from the ConArg toolkit by the JS class. The output of
the script is a json file that contains the extensions formatted as ConArg output
string, and two lists of arguments ordered according to the Shapley Value and
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Fig. 2. Example of an AF F. The sets of extensions for the complete, preferred and
stable semantics are: COM = {{a,d},{a,c,e},{a,c,d}}, PRE = {{a,c,e},{a,c,d}},
and STB = {{a,c,e},{a,c,d}}, respectively.

the Banzhaf Index, respectively. The JS class shows the final ranking on the
Output field. Here the ranking is defined according to the power index speci-
fied by the user. The value obtained for each argument is approximated to the
nearest fifth decimal digit.

4 Examples

In this section, we present an example based on the framework shown in Fig-
ure 2] that is representative of some different features. The considered AF has
an initiator (i.e., the argument a, which is not attacked by any other argument),
a symmetric attack (between b/d, and d/e) and a cycle (b-d-e).

We use the tool described in Section [3| for computing the ranking-based
semantics of the framework. Table [I] reports the final ranking for the AF in
Figure [2] obtained by using the Shapley Value. In Table [2] instead, we consider
the Banzhaf Index. In both tables, power indexes are computed for the conflict-
free, admissible, complete, preferred and stable semantics, alternating in each
row the values of the indexes with respect to the sets of in and out arguments.

l a l b l c l d l e ‘Semantics‘ Ranking

INcFp —0.050 [—0.46667| —0.050 |—0.21667|—0.21667
SV-CF |a>c>e>d>b

OUTc R —0.350 | 0.06667 |—0.26667|—0.18333|—0.26667

INADM 0.050 [-0.61667| —0.20 |—0.11667|—0.11667
SV-ADM |a = d~e>c>b

OUT App|—0.31667 0.10 —0.31667| —0.234 | —0.234

INcopm | 0.11667 | —0.134 | 0.11667 | —0.050 | —0.050
SV-COM |a~c>d~e>b

OUTcopm|—0.11667 0.3 —0.11667| —0.034 | —0.034

INpRE 0.06667 —0.1 0.06667 |—0.01667|—0.01667
SV-PRE [a~c>d~e>b

OUTpRrE |—0.06667 0.1 —0.06667| 0.01667 | 0.01667

INsTB 0.06667 —0.1 0.06667 |—0.01667|—0.01667
SV-STB [a~c>d~e>b

OUTgrp |—0.06667 0.1 —0.06667| 0.01667 | 0.01667

Table 1. Shapley Value for the arguments of the AF in Figure [



‘ a ‘ b ‘ c ‘ d ‘ e ‘Semantics Ranking

INcFp —0.06250|—0.68750[—0.06250(—0.31250|—0.31250
OUT¢gpr |—0.31250| 0.06250 |—0.18750(—0.06250|—0.18750

BPI-CF |a>c~e>d>1b

INADM 0.06250 |—0.68750|—0.06250(—0.18750(—0.18750
OUTapp| —0.250 0.1250 —0.250 | —0.1250 | —0.1250

BPI-ADM|a > c>d~e>b

INcom 0.18750 |—0.18750| 0.18750 [—0.06250(—0.06250
OUTcon|—0.18750| 0.18750 |—0.18750(—0.06250|—0.06250

BPI-COM|a ~c>d~e > b

INpRE 0.125 | —0.1250 | 0.1250 0.0 0.0
BPI-PRE|ja ~¥c>d~e>b
OUTpRrE | —0.1250 | 0.1250 —0.1250 0.0 0.0
INgTB 0.125 | —0.1250 | 0.1250 0.0 0.0
BPI-STB ja~c>d~e>b
OUTgrp | —0.1250 | 0.1250 | —0.1250 0.0 0.0

Table 2. Banzhaf Index for the arguments of the AF in Figure

Except for conflict-free and admissible sets, the obtained rankings are the
same for the two indexes. In both cases, argument a is always ranked at the first
position, correctly following the principle that unattacked arguments should be
ranked before than attacked ones [10].

5 Conclusion

In this paper, we have described a Web-based tool to compute voting games
power indexes over the arguments of an AF. What we obtain is a ranking-based
semantics for each index and, within the same index, for each Dung’s semantics
that defines our set of arguments.

In the future, we plan to implement other indexes in the tool, or combinations
of them: our aim is to understand which ranking properties (or families of them,
i.e., local or global) listed in [I0] such indexes can successfully capture. With
the comparison of different indexes, we would like to define if there is a link
between ties on rankings and the possible resolution of ambiguities. We would
like to design indexes or procedures on top of them, which are able to capture
global properties instead of local ones. Local properties [I0] are local to an
argument: they can be checked by inspecting attacked or attacking arguments
in the immediate neighbourhood of an argument. Global properties [I0] derive
instead from the whole framework structure: they depend, for instance, by full
attacking or defending paths.
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