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Abstract

We present ongoing work on the definition of an argumentation
framework to support technology selection in software architec-
ture using bipolar argumentation. Our approach models standard
design options, such as the choice of programming languages, li-
braries, and their configurations, as arguments, and captures their
relations via attack and support among arguments. The framework
enables reasoning under conflicting technical constraints and stake-
holder goals, such as energy efficiency, security, and open source
compliance. We formalize different kinds of argument interaction,
including incompatibilities, goal-driven conflicts, and dependen-
cies. By leveraging argumentation semantics, we derive rational
and explainable design decisions based on user-defined criteria.
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1 Introduction

In the software architecture field, choosing the right components,
such as programming languages, libraries and configuration op-
tions, may be a difficult task. The decisions should take into ac-
count not only the availability but must often balance different
constraints and goals from several stakeholders, for instance per-
formance, energy efficiency, and commitment to open source. In
order to support this decision-making process, we propose a for-
mal framework based on bipolar argumentation [10]. A Bipolar
Argumentation Framework extends the classical argumentation
theory [11] by introducing the notion of support relation between
arguments. This richer expressivity enables us to represent not only
conflicts among arguments (attacks), but also positive dependen-
cies, so that a specific configuration may contribute to achieve a
given goal, or a module can depend on another component.

In this paper, we describe ongoing work on the definition of
an argumentation framework for modeling software architectural
decisions where goals and options are represented as arguments.
Their relations, such as software dependencies or incompatibilities
between different options and objectives, are encoded by means of
attack and support relations. The result is a semantics where we
can identify coherent sets of design options that satisfy a given goal
and where configuration conflicts are resolved through support
relations. We also show some possible extension of the Bipolar Ar-
gumentation Framework, whose semantics, striving for maximality,
often include unused arguments, still supporting the specific goal.

The paper is organized as follows. In Section 2 we provide the
background on the Bipolar Argumentation Frameworks. In Section
3 we present our modeling approach, and in Section 4 we apply it
to a practical case study. In Section 5 we present our conclusions
and discuss potential future work.

2 Background

In this section, we recall some fundamental notions concerning
Computational Argumentation. The first definition we need is that
of Abstract Argumentation Framework (AF), proposed by Dung [11]
to define an abstract framework that disregards the underlying logic
of arguments and focuses solely on the relationship between them.

DEFINITION 1 (AFs). An Abstract Argumentation Framework is
a pair AF = (Arg, Att) where Arg is a set of arguments and Att is a
binary relation on Arg (representing attacks among arguments).


https://orcid.org/0000-0002-6214-5198
https://orcid.org/0000-0002-1268-7829
https://orcid.org/0000-0002-3700-3788
https://orcid.org/0000-0002-2105-4855
https://doi.org/10.1145/3748522.3779886
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.1145/3748522.3779886

SAC ’26, March 23-27, 2026, Thessaloniki, Greece

In the basic Abstract Argumentation Framework, negative inter-
actions are explicitly represented by the attack relation, whereas
positive interactions are only implicitly modeled through the de-
rived notion of defence (an attack to an attacker). This makes sup-
port and attack inherently interdependent.

Within an AF, the goal is to identify subsets of arguments by
employing specific criteria known as argumentation semantics [6,
11], e.g., admissible, complete, stable, semi-stable, preferred, and
grounded (denoted as adm, com, stb, sst, prf and gde, respectively).

To formalize more realistic argumentative scenarios, it is neces-
sary to extend beyond Dung’s Abstract Argumentation Framework,
which only considers attacks. In real-world contexts, indeed, posi-
tive (support) and negative (attack) interactions often coexist and
operate independently of each other. To account for this distinction,
Cayrol et al. [10] proposed the Abstract Bipolar Argumentation
Framework, which explicitly models support and attack as two sep-
arate and independent types of relations within the argumentation
structure.

DEFINITION 2 (BAFs). A Bipolar Argumentation Framework is a
triple AF = (Arg, Att, Supp) where (Arg, Att) is an AF and Supp is
another binary relation on Arg representing supports among argu-
ments.

For example, in a Bipolar Argumentation Framework, the set
Arg may include arguments representing different software settings
and system goals. The support relation can capture how certain
configurations contribute to achieving specific objectives, while
the attack relation models conflicts between incompatible settings
or between settings and goals that cannot be jointly satisfied.

Given a Bipolar Argumentation Framework, the goal is to deter-
mine which arguments are considered acceptable based on a specific
semantics, that is, a particular selection criterion. Arguments that
do not meet this criterion are regarded as rejected.

Just like in classical Argumentation Frameworks, bipolar frame-
works also allow for the evaluation of argument acceptability using
various extension-based semantics (e.g., [8, 9]). These semantics
aim to identify “good” subsets of arguments, each reflecting differ-
ent desirable properties. However, in the bipolar setting, attack and
support relations are treated as separate and independent compo-
nents.

In order to define acceptability in Bipolar Argumentation Frame-
works, [10] generalizes the key concept of defeat! between two
arguments, by combining a sequence of supports with a direct
defeat:

DEFINITION 3 (SUPPORTED DEFEAT). [10] A supported de-
feat for an argument B from an argument A is a sequence
A1 RiAy---Ry_1Ap, n > 3, with A = Ay, A, = B, such that for
eachi € [1,...,n— 2], Ry = Supp and R,_1 = Att. By extension,
a sequence reduced to two arguments (A Att B) will be also called a
supported defeat for B from A.

DEFINITION 4 (INDIRECT DEFEAT). [10] An indirect defeat for an
argument B from an argument A is a sequence A1 Ry Az - - - Rp—1An,

'In accordance with the terminology adopted in [10], where the term defeat is used
to denote negative interactions among arguments, we will use defeat and attack
interchangeably throughout this paper.
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n > 3, with A = Ay, Ay = B, such that for eachi € [2,...,n —1],
R; = Supp and Ry = Att.

Taking into account sequences of supports and defeats, the arti-
cle by Cayrol and Lagasquie-Schiex [10] introduces the following
definitions concerning sets of arguments:

DEFINITION 5 (DEFEAT/SUPPORT BY A SET OF ARGUMENTS). [10]
LetS C Argand A € Arg.

o S set-defeats A iff there exists a supported defeat or an indirect
defeat for A from an element of S.

o S set-supports A iff there exists a a sequence of the form
A1R1Ay---Ry_1Ap, n > 2, withA; € S, Ay, = A, such
that for eachi € [1,...,n— 1], R; = Supp.

The notions of set-defeat and set-support extend the defeat and
support relations to sets of arguments. Based on the concept of set-
defeat, the following definition of collective defence is introduced
in [10]:

DEFINITION 6 (DEFENCE BY A SET OF ARGUMENTS). Let S C Arg
and A € Arg. S defends collectively A iff for each B € Arg, if {B}
set-defeats A then there exists C € S such that {C} set-defeats B.

[10] identifies key properties that a set of arguments must satisfy
in Bipolar Argumentation Frameworks, including coherence, the
ability to win disputes, and often maximality. It also introduces new
semantics for argument acceptability based on these criteria.

DEFINITION 7 (CONFLICT-FREE SET). [10] Let S C Arg. S is
conflict-free iff there do not exist A, B € S such that {A} set-defeats B.

External coherence is taken into account by the following

DEFINITION 8 (SAFE AND CLOSED SET). [10] LetS C Arg.

o S is safe iff there does not exist B € Arg such that S set-defeats
B and either S set-supports B or B € §S.

o S is closed for Supp iff for every pair of arguments A, B € Arg,
ifA €S and ASuppB then B € S.

Among the various semantics proposed in abstract argumen-
tation theory, preferred semantics are particularly well-suited for
selecting appropriate technologies to implement a software sys-
tem that meets specific requirements. In such systems, reasoning
mechanisms often need to handle conflicting information, (such as
performance versus security or cost versus scalability), incomplete
data, and dynamic environments.

Preferred semantics help identify sets of arguments that defend
the most coherent and justifiable choices, resolving the maximum
number of conflicts through counterarguments. Unlike stable se-
mantics — which may fail to yield any extension in certain frame-
works — preferred semantics always ensure the existence of at least
one extension. This guarantees that the reasoning process remains
functional even in the presence of inconsistency or uncertainty.

By resolving the maximum number of conflicts, preferred exten-
sions offer a reliable foundation for selecting suitable components.
This ensures that the system’s reasoning capabilities remain opera-
tional even under challenging or contradictory scenarios.



Bipolar Argumentation for Supporting Decisions in Software Design

Additionally, preferred semantics identify maximal admissible
sets, capturing the largest collections of defensible arguments with-
out internal conflict. This property supports the development of sys-
tems that aim to be inclusive and comprehensive in their decision-
making logic.

In [10] the notion of admissibility is introduced as the foundation
for defining preferred extensions as maximal admissible sets. It
presents three definitions of admissibility, ordered by generality.

The first is d-admissibility, defined as follows:

DEFINITION 9 (D-ADMISSIBLE SET). [10] Let S C Arg. S is d-
admissible iff S is conflict-free and defends all its elements.

Taking into account external coherence leads to the definition
of s-admissibility.

DEFINITION 10 (S-ADMISSIBLE SET). [10] Let S C Arg. S is s-
admissible iff S is safe and defends all its elements.

Finally, [10] strengthens external coherence by requiring that
an admissible set be closed for Supp, leading to the notion of c-
admissibility.

DEFINITION 11 (C-ADMISSIBLE SET). [10] Let S C Arg. S is c-
admissible iff S is conflict free, closed for Supp and defends all its
elements.

Building on the different notions of admissibility, preferred ex-
tensions are defined as those admissible sets that are maximal with
respect to set inclusion. Depending on the underlying admissibil-
ity criterion (d-, s-, or c-admissibility) different types of preferred
extensions can be identified, as formalized below:

DEFINITION 12 (PREFERRED EXTENSION). [10] AS C Argisa
d-preferred (resp. s-preferred, c-preferred) extension iff S is S is maxi-
mal (for set-inclusion) among the d-admissible (resp. s-admissible, c-
admissible) subsets of Arg.

To compute preferred extensions on BAFs we used Aspartix [12]
(https://www.dbai.tuwien.ac.at/proj/argumentation/systempage/)

3 Argumentation-based framework for
technology selection

In this section, we illustrate how bipolar argumentation can be
used to model a realistic design scenario. We consider the prob-
lem of selecting appropriate technologies (e.g., programming lan-
guages, libraries, configurations) for implementing a software sys-
tem [14]. We define a Bipolar Argumentation Framework AF =
(Arg, Att, Supp), in which application and configuration relations,
as well as goals, are mapped to arguments. Positive and negative
dependencies among them are captured through support and attack
relations, respectively. This formal approach allows:

e modeling technical incompatibilities and preferences
e reasoning under conflicting goals
o justifying and explaining the final design decision.

In the following, we will use the single arrow — and the double
arrow = to denote the attack and support relations, respectively.

First, we define the arguments Arg used in our modeling frame-
work:
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e Arguments of the form
use(Product, Context)

are used to indicate a relationship between two elements,
where Product represents a technology or library and
Context represents the category or context in which it is
used. For example, contexts can be used to model the DBMS
or the programming language, and products can refer to the
specific choices we have for each context.

e Arguments of the form
conf(Product, Context, Configuration, Value)

are used to indicate a setup or adjustment process for a spe-
cific Product (a technology or a library) in a given Context,
to achieve a particular configuration (or setting). For ex-
ample, a database library can use secure or unsecure connec-
tions, or a DBMS can be configured to use different storage
engines.

e Arguments of the form
goal (Goal)

are used to model the objectives or criteria being considered
in the configuration process. For example, in a software
design project we may consider non-functional requirements
such as performance, efficiency, security, portability.

Moreover we define supports Supp between arguments as follows
o Goal-based support: Supports of the form
use(_,_) = goal(L)
indicate that the given technology or method supports the
achievement of a specific objective or criterion. Within the
considered set of arguments, this support relation implies
that the element on the left contributes to promoting the
satisfaction of the element on the right.
® Requirement-based supports: Supports of the form
use(_,_) > use(_,_)

indicate a dependency constraint between two use(_,_)
relations.

o Enabling supports: Supports of the form

use(L,M) = conf(L,M,_,_).
In these cases, support reflects a practical dependency be-
tween the use of a technology and the actions required to
make it functional.

o Goal-level supports: The framework can also account for the
fact that certain goals may positively influence or enable oth-
ers, and such relationships are modeled as support between
goals.

goal (G1) = goal(G2).
In our framework, we consider four main categories of attacks
between arguments as follows:
e Incompatibility-based attacks: Attacks of the form
use(_,_) —use(_,_)
or

conf(_,_,_,_) = conf(_,_,_,_).


https://www.dbai.tuwien.ac.at/proj/argumentation/systempage/
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This type of attack represents a logical incompatibility or
mutual exclusivity between two project choices. If a tech-
nology or tool is tied to a specific platform or environment,
then its use contradicts the use of an incompatible platform.

e Dependency based attacks: In certain cases, a design choice
may inherently entail another, thereby implicitly attacking
all alternative options to the latter choice.

o Goal-based attacks: This type of attack models a situation
where choosing a particular technology contradicts a high-
level objective of the system, such as openness, sustainability,
or security.

e Goal-level attacks: The framework can also take into ac-
count conflicts between goals, which are modelled as attacks
between goals.

Given an argument that expresses a specific objective or criterion
relevant to the configuration process, it is possible to compute the
preferred extensions that include this argument. These extensions
represent the most comprehensive (i.e., maximal) sets of compatible
arguments that support design choices aimed at achieving the given
objective, while resolving conflicts through counterarguments and
reinforcing coherence through support relations.

Therefore, we define the extensions that satisfy a design choice
or a specific objective as follows:

DEFINITION 13 (GOAL-BASED PREFERRED EXTENSION). Let
goal(G) € Arg be an argument representing a specific objective
or evaluation criterion. A set S C Arg is a G-based d-preferred (resp. s-
preferred, c-preferred) extension with respect to G if and only if S is a
d-preferred (resp. s-preferred, c-preferred) extension and goal (G) € S.

4 Case Study: Applying the Modeling
Framework

In this section, we present a toy instance of the modeling framework,
demonstrating how it can be used to evaluate alternative technology
choices based on goal satisfaction.

4.1 Arguments

In our framework, arguments represent concrete design decisions
that shape the system’s architecture and behavior. These decisions
may involve selecting a specific library, choosing a programming
language, or defining configuration options. The following argu-
ments outline common design patterns within the framework.

The design choice to use a library for database access is modeled
by using the dblib context. Product values that can be used within
the dblib context are pdo, mysqli, jdbc that correspond, respec-
tively, to the choice of the PHP Data Object (PDO), MySQLi, JDBC
library, and mysql_any, pgsql_any corresponding to the choice
of any library that is compatible with MySQL or PostgreSQL, re-
spectively. Thus the set of arguments for the dblib context are the
following:

use(pdo,dblib)
use(mysqgli,dblib)
use(jdbc,dblib)
use(mysql_any,dblib)
use(pgsqgl_any,dblib)
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The choice of which DBMS to use for a database is modeled by
using the db context, with mysql, oracle and pgsql being the prod-
ucts corresponding to MySQL, Oracle and PostgreSQL, respectively,
thereby obtaining the following arguments:

e use(mysql,db)
e use(oracle,db)
e use(pgsql,db)

Potentially, we could model a system with multiple databases,
using contexts of the form db(X) and dblib(X), where X denotes
a specific database instance. This is shown in the full source code
of the example which is available on-line, but not pursued here to
avoid too much cumbersome notation.

Programming language choices are also modeled as arguments
within the pl context:

e use(php, pl): Choosing PHP as the programming language
e use(python,pl): Choosing Python
e use(java,pl): Choosing Java

Arguments corresponding to configuration options further refine
some of the choices indicated above:

e conf(pdo,dblib,secure_conn,yes):
Enabling secure connection in PDO

e conf(pdo,dblib,secure_conn,no): Allowing unsecure
connections in PDO

e conf(mysqli,dblib,secure_conn,yes): Enabling secure
connection in MySQLi

e conf(mysqli,dblib,secure_conn,no): Allowing unse-
cure connections in MySQLi.

The apparent redundancy of the second argument of conf (ie.,
dblib), is useful for configuring the same library in different con-
texts, such as, for accessing different databases as outlined above.

Finally, high-level project goals that influence design decisions
are explicitly modeled within the framework. In particular, we
consider the following arguments corresponding to the key goals
of environmental sustainability (green), cybersecurity (security)
and open source software licensing (opensource).

goal(green)

goal (security)
goal (opensource)
goal (privacy)

4.2 Attack relations

Attacks represent conflicts between argument, which may arise due
to incompatibility, mutual exclusivity, or trade-offs with respect to
goals like energy efficiency or security.

Incompatibility-based attacks. When two design choices cannot
coexist due to technical limitations or mutual exclusivity, we intro-
duce incompatibility-based attacks between them. In the following,
we will provide some examples of these incompatibility constraints
related to the choice of DBMS or programming languages.

o If the DB library L1 cannot be used to access the DBMS L2
then we introduce an attack between L1 and L2:

use(L1,dblib) — use(L2,db).
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For example, mysqli is a DB library that is specifically de-
signed to access the MySQL DBMS and cannot be used with
other DBMS’s. Thus, we have:

use(mysqgli,dblib) — use(pgsql,db).

o Similarly, we add an attack between a DB library L1 and a
programming language L2 when L1 cannot be used with L2:

use(L1,dblib) — use(L2,pl).
For example, since the PDO DB library is a PHP-only library,
it cannot be used with languages other than PHP. Thus, for

expressing the incompatibility between PDO and Python we
add the following attack:

use(pdo,dblib) — use(python,pl).

o If we stipulate that in a given context C, we cannot adopt mul-
tiple solutions at the same time, we may introduce attacks
for modeling mutual exclusion as follows:

use(L1,C) — use(L2,C) when L1 # L2.

So, for example, in order to model the forced choice between
the two programming languages PHP and Python, we add
the following attacks:

use(php,pl) — use(python,pl).

o Additionally, a mutual exclusion constraint holds between
different values V1 and V2 of a configuration option O for the
same product P in context C. We can model such constraint
by adding the following attack:

conf(P,C,0,V1) — conf(P,C,0,V2) when V1 # V2.

For instance, secure connections for the DB library mysqli
are either enabled or disabled. Thus, we have

conf(mysqli,dblib, secure_conn,yes) —
conf(mysqli,dblib, secure_conn,no)

conf(mysqli,dblib, secure_conn,no) —
conf(mysqli,dblib, secure_conn,yes).

Goal-based attacks. Other attacks can be introduce to model
inadequacy of the use of some solutions with respect to some high-
level project goals, such as security or software licensing.

For example, the decision to use Oracle as the database man-
agement system conflicts with the goal of adopting open source
technologies.

use(oracle,db) — goal (opensource).

Since Python is generally less efficient? than PHP, which is avail-
able as an alternative choice, we might add

use(python,pl) — goal(green).

4.3 Support relations

Support relations model positive interactions, such as enabling
choices or promoting goal satisfaction. In this example, we consider
goal-based support only.

o Configuring a library to use secure connections supports the
goal of enhancing the security of the system.

conf(L,dblib,secure_conn,yes) = goal(security)

2See: https://akcoding.com/1-billion-nested-loop-iterations-in-different-languages
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o Likewise, disabling secure connections reduce power con-
sumption and hence enables the green goal.

conf(L,dblib, secure_conn,no) = goal(green)

e Moreover, we may use a goal level support for expressing
that the security goal supports the privacy goal (intended as
compliance to privacy laws).

goal (security) = goal(privacy)

4.4 Results

We have implemented the example discussed above using the As-
partix [12] tool. The implementation is available online® and we
plan to apply static analysis techniques [2, 3] to formally verify the
correctness of the code. Aspartix implements different semantics
of Dung’s argumentative framework and its extensions, such as
Bipolar Argumentation Frameworks. It is essentially a collection of
ASP (Answer Set Programming) programs for either Clingo [13] or
DLV [1], although the implementation of the bipolar framework
only works on the latter.

When we compute the c-preferred extensions, we get two exten-
sions that are reported below. Both extensions correspond to the
choice of PHP as the programming language, MySQL and the mysqli
library for accessing the DBMS. However, since they differ in the
configuration of secure connections, they support different goals
and represent two alternative choices for the software designer.

(1) This solution does not use secure connections and, thus,
supports the green goal but not the security goal.
{ goal(open_source), goal(green),
use(php,pl),
use(mysqgl,dbms), use(mysqli,dblib),
conf(pdo,dblib, secure_conn,no),
conf(mysqli,dblib, secure_conn,no) }

(2) This alternative solution, on the contrary, uses secure con-
nections and supports the security (and privacy) goal but
not the green one.

{ goal(open_source), goal(security),
goal (privacy), use(php,pl),
use(mysqgl,dbms), use(mysqli,dblib),
conf(pdo,dblib, secure_conn,yes),
conf(mysqli,dblib, secure_conn,yes) }

In both cases the opensource goal is supported. Note that the
PDO DB library is configured even if not used. We will discuss this
issue in the conclusions.

5 Conclusions and future work

We have applied the Bipolar Argumentation Framework to model a
problem of technology selection in software architecture. The aim
of this paper is twofold: to show the expressive power of BAF in
representing attack and support relations and to highlight some
possible extensions of the framework. Our approach is to encode
all the design choices (technical options such as the use of specific
libraries or configuration settings and project requirements such as
security, energy efficiency, or open source) as arguments and to an-
alyze them with a standard argumentation semantics. In particular,

3https://github.com/CLAI-UdA/Argumentation-Decision- Framework
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our case study shows that BAF supports multi-criteria decisional
analysis in a realistic scenario, capturing the relations between the
components and offering valuable insights to software architects.

A previous work with aims similar to ours is [5]. In contrast, we
model both library choices and overall objectives within a single
bipolar argumentation framework, while that work relies on a
standard Dung-style framework [11] and handles objectives via an
external structure mapping design choices to objectives.

While the BAF provides a powerful formalism for modeling both
negative (attacks) and positive (supports) interactions between the
decision choices, our previous example shows some difficulties.

A key issue arises when computing the c-preferred extension
in the BAF. Since the extensions are defined as maximal sets
of arguments (which are conflict-free, defensible and support-
closed), they may include some configuration arguments, such
as conf (pdo, secure_conn) even if the corresponding usage ar-
gument, such as use(pdo, dblib), is not present in the extension.
The result is a set of design choices which may appear incoherent
since it includes a configurated component which is not part of the
system. From a software architect perspective, this violates a widely
adopted consistency principle: configuring a component that is not
used has no practical effect and then should be avoided. This hap-
pens since BAF can only model the problem as an attack/support
graph, but it cannot express the notion of operational coherence
to configure only those components that are actually used. This
could align with stakeholder which may prefer a minimal design,
with the smallest number of components, which produces a simpler
configuration.

There are multiple research directions that could further im-
prove and broaden the applicability of the proposed framework.
For example, it is important to identify the conditions under which
all goals—or at least the maximal number of goals—are guaranteed
to be included in an extension. Providing such guarantees would
enhance the reliability and predictability of the decision-making
process.

In realistic scenarios it is often impossible to satisfy all goals
simultaneously, so it would be useful to integrate multi-criteria
optimization techniques that could help prioritize goals based on
stakeholder preferences.

Another direction for future work could be to perform a com-
prehensive experimental evaluation to assess the scalability of the
approach and its performance in real-world settings. Analysis of
the results would provide valuable information on computational
feasibility and help identify potential bottlenecks.

Finally, a key limitation observed in our case study is the lack
of operational coherence: extensions may include configuration
arguments without the corresponding usage arguments, leading
to incoherent designs. To overcome this issue, we could consider
adopting richer frameworks such as for instance [8] which exhibits
anotion of coherence or framework with preferences [4, 7, 15]. This
could help in designing a semantics more aligned with the goal.
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