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Abstract—This paper presents a novel structured argumen-
tation approach, combining a bipolar weighted argumentation
framework with non-standard Description Logics reasoning for
the appraisal of argument relations. This enables autonomous
decision-making in Semantic Web of Things (SWoT) contexts
with a formal explanation of outcomes. While inherently general-
purpose, the proposal is particularly fit for autonomous agents in
smart mobility scenarios, as exemplified by a collaborative traffic
management case study in a vehicular network.

Index Terms—Bipolar Weighted Argumentation, Semantic
Matchmaking, Web Ontology Language

I. INTRODUCTION

In Semantic Web of Things (SWoT) [1] environments, indi-
vidual knowledge fragments are disseminated and exchanged
by heterogeneous autonomous agents via machine-to-machine
interactions. This paradigm fits classical Abstract Argumenta-
tion (AA) frameworks [2], as a method for multi-agent dialog
and autonomous decision-making. However, AA studies the
acceptability of arguments based solely on the topology of an
argumentative graph –a constellation of arguments connected
by relations– and abstracted from their structure, which is
needed for the assessment of relations between arguments
modeling information generated by physical devices.

This paper introduces a SWoT-oriented argumentation
framework, integrating Knowledge Representation and Rea-
soning (KRR). Information shared by a device is annotated in
Web Ontology Language (OWL) 2 [3] w.r.t. reference ontolo-
gies. Each annotation takes the role of an argument, referring
to the Bipolar Weighted Argumentation Framework (BWAF)
family [4]. BWAF exploits numeric weights to represent type
(either attack or support) and strength of a connection between
a pair of arguments. In the proposal, type and weight are eval-
uated by means of non-standard, non-monotonic reasoning [5].
This enables a meaningful appraisal of relations, as well
as interpretability of results, due to logic-based explanation
features of the adopted inferences. The framework is basically
general-purpose, but it has been assessed in a collaborative
traffic management case study within a vehicular network,
as it appears particularly fit for smart mobility contexts. The
proposed argumentation framework is described in the next
section, before conclusion.

II. PROPOSED ARGUMENTATION FRAMEWORK

A BWAF G is a directed graph whose nodes a ∈ A
represent arguments and edges r ∈ R ⊆ A × A represent
attack or support relations (pictured with solid or dashed lines,
respectively). Edges are labeled with weights w(astart, aend) :
R → [−1, 0[ ∪ ]0, 1] representing the strength of relations.
Given two arguments a, b ∈ A and a path ⟨a, x1, x2, . . . , xn, b⟩
of length n+ 1 (with n ≥ 0) from a to b, then a attacks b if
the product of weights w(⟨a, x1⟩) ·w(⟨x1, x2⟩) · . . . ·w(⟨xn, b⟩)
is negative, while a supports b if the product is positive.

In the proposed framework, each agent is associated with
a semantic-based annotation representing the knowledge it
shares. Annotations are expressed as concept descriptions –
in an OWL 2 subset corresponding to the Attributive Lan-
guage with unqualified Number restrictions (ALN ) Descrip-
tion Logic– and are unfolded and normalized in Conjunctive
Normal Form w.r.t. a common domain ontology T [5]. The
framework can work in different application domains just by
changing the reference ontology. For the case study described
in what follows, the ALN ontology (not reported here due to
space constraints) contains all the classes used to describe the
devices in the scenario and their properties.

One lane of a two-way road is interrupted for maintenance.
On each lane a temporary traffic light allows vehicles coming
from both directions to pass in an alternate fashion. Each
vehicle is able to describe itself by transmitting a semantic-
based annotation in the vehicular network. Roadside units
include: two cameras, each monitoring a lane; two traffic
lights, managing the traffic by gathering information from in-
coming vehicles and from the cameras. Two Controllers work
as actuators of the decision evaluated as the most acceptable
argument at the end of the argumentation process, setting the
traffic lights accordingly. Figure 1 depicts the scenario: in an
initial configuration with red East Traffic Light (ETL) and
green West Traffic Light (WTL) for the next 30 seconds, three
cars are coming from the West, and an ambulance is arriving
in 5 seconds from the East. Due to the higher priority of the
ambulance w.r.t. the cars, Controllers should decide to switch
the traffic lights to let the ambulance pass.

Given two smart devices DR and DS in a SWoT network,
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Fig. 1. Case study scenario
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Fig. 2. Argumentative graph

RC: Camera and (hasTrafficDensity some owl:Thing) and (hasTraffic-
Density only NoTraffic) and (requiredTrafficLight some owl:Thing) and
(requiredTrafficLight only GreenEastTrafficLight)
ETL: TrafficLight and (hasTrafficDensity some owl:Thing) and (hasTraf-
ficDensity only LowTraffic) and (requiredTrafficLight some owl:Thing)
and (requiredTrafficLight only RedEastTrafficLight) and (hasDurationSec
min 30 owl:Thing) and (hasDurationSec max 30 owl:Thing)
A := (requiredTrafficLight some owl:Thing) and
(requiredTrafficLight only GreenEastTrafficLight)
B := TrafficLight and (hasDurationSec min 30 owl:Thing) and (hasDu-
rationSec max 30 owl:Thing)
C := (hasTrafficDensity some owl:Thing) and (hasTrafficDensity only
LowTraffic)
D := Camera and (hasTrafficDensity only NoTraffic)

Fig. 3. Reasoning outcomes of RC ⇝ ETL argument relation evaluation

their annotations –denoted as R and S respectively– are treated
as arguments. If DS communicates with DR (DS ⇝ DR),
assessing the relation of S w.r.t. R means determining whether
S attacks or supports R and with how much intensity. As
an illustrative example, Figure 3 reports the appraisal of the
relationship of Reolink Camera (RC) w.r.t. ETL –arguments
are in OWL 2 Manchester Syntax (http://www.w3.org/TR/
owl2-manchester-syntax) – and analyzed hereafter. The first
step is a semantic consistency check: if R ⊓ S is satisfiable
w.r.t. T , then S ⇝ R is a support, otherwise it is an
attack. Considering ETL and RC, the check fails, as disjoint
classes RedEastGreenLight and GreenEastGreenLight clash.
The relation is thus recognized as an attack.

Four contributions are taken into account to weigh attacks:
(A) the amount of conflicting information between the two
arguments; (B) the amount of information in the attacked argu-
ment which is neither confirmed nor rebutted by the attacker;
(C) the amount of information confirmed by both arguments;
(D) any amount of additional information in the attacker which
is unspecified in the attacked argument. Term A is the cause
of semantic inconsistency, and thus of the attack relation. It is
computed as the CNF norm ||G|| of the inconsistent part G of
R w.r.t. S, extracted by the Concept Contraction non-standard
inference service [5]. The remaining three terms mitigate the
strength of the attack, since they express either agreement
(term C) or non-disagreement (terms B and D) in an Open
World Assumption. Taking the consistent part K of R (i.e.,
where R ≡ K ⊓G) from the previous Concept Contraction,
term B is computed with Concept Abduction [5] of K w.r.t.
S. It determines the concept H , representing the additional
information in K w.r.t. S, and the induced norm ||H||. Term
C is computed via two nested Concept Bonus [5] inferences:
the inner Bonus returns the extra information in S w.r.t. K and

the outer Bonus identifies what is “not extra”, i.e., in common
between K and S. The last term D is obtained from a (single)
Concept Bonus between R and S. Concept expressions A,
B, C and D in Figure 3 provide the formal explanation of
the relation appraisal outcome. Conversely, in case argument
S supports R, two terms are computed: (A) the amount of
information R has additionally w.r.t. S; (B) the amount of extra
information S has w.r.t. R. They are directly determined via
Concept Abduction and Concept Bonus, respectively. In both
cases, the relation weight is obtained via a score combination
function on the various terms.

Using the proposed approach for all communicating pairs
of devices in the SWoT network of the reference scenario,
the argumentative graph in Figure 2 is obtained. The red
ETL is attacked (solid edges) by both the RC and the
Ambulance, which describes itself as a high-priority vehicle.
The three cars and the Foscam Camera, instead, support
(dashed edges) the green WTL. Finally, the two controllers C1

and C2 attack each other, as they represent mutually exclusive
actions. A preliminary assessment of arguments acceptability
has been conducted by evaluating the stable semantics with
the ARGUER argumentation reasoner [6]. A single extension
has been obtained: {Reolink, Ambulance, C2, Foscam, Fiat
Panda, Audi A3, BMW X3}. It includes C2, which corresponds
to green East Traffic Light and red West Traffic Light.

III. CONCLUSION

This paper has presented a novel approach for integrating
non-standard, non-monotonic inferences into a BWAF, allow
a principled structured appraisal of relations between pairs of
arguments and formal explanation of results. The proposal
is general-purpose, but motivated by autonomous decision-
making in smart mobility and other SWoT contexts. Further
investigations will concern the definition of a gradual seman-
tics for fine-grained argument acceptability ranking, exploiting
BWAF peculiarities while granting computational efficiency.
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