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Abstract

Multi-agent systems are increasingly being used in complex applications due to features such as autonomy, pro-activity, flexi-
bility, robustness and social ability. These very features also make verifying multi-agent systems'a challenging task. In this article,
we propose a mechanism, including automated tool support, for early phase defect detection by comparing the plan structures of a
Belief-Desire-Intention agent design against the requirements models and interaction protocols. The basic intuition of our approach
is to extract sets of possible behaviour runs from the agents’ behaviour models and\to verify whether these runs conform to the
specifications of the system-to-be or not. This approach is applicable at design time, not requiring source code, thus enabling detec-
tion and removal of some defects at an early phase of the software development lifecycle. We followed an experimental approach
for evaluating the proposed verification framework. Our evaluation shows that even simple system’s specifications developed by
relatively experienced developers are prone to defects, and our approach is successful in uncovering most of these defects. In
addition, we conducted a scalability analysis on the approachy and theé outcomes show that our approach can scale when designs
grow in size.
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1. Introduction errors may result in undetected faults in the final product and
) ) ) consequently, lead to significant failures in its behaviour.
Autonomous agents are increasingly beng used for devel- In software engineering, it has long been established that

.oping complex systems in a broad range Of domains1]. Agents .47y detection and resolution of software defects saves the de-
in such systems are often autonomous, im order to make the ,, velopment cost, especially for large projects [6, 7]. However,

most suitaple decisions ‘F)ased 0l the current environment sit-  there has been little research into verifying agent-based designs
uations, without human IntervoRf10Ry Mar.1y models were pro-  aoqinst their point-of-reference artefacts? (i.e. during the design
posed to be used as blueprints for.developing agent-based sys- phase and before the implementation phase). Existing work

tems [2]. A popular and saccessful model that have been used o verifying BDI agent systems focuses on formal verification
in many application aréas such as automated manufacturing, techniques [8], particularly using model checking (e.g. [9]) and
robotics and flight management is the Belief-Desire-Intention theorem proving (e.g. [10]), or runtime testing (e.g. [11]). Even
(BDI) model [3]. The BDI'model has been used as the basis for  hough these techniques are effective in ensuring the correct-
many agent implementation platforms such as JACK, Jasonand  pegs of the agent system, they are a late check, and they require

JadeX [4]. complete agent programs to be written before any verification
The development of BDI-based systems involves many de- . i performed.

sign and implementation activities hence numerous Agent-Oriented In this article, we propose a framework, grounded in the
Software Engineering (AOSE) methodologies have been pro-  prometheus methodology [12], that enables early detection of
posed to act as frameworks that organise these activities (se€  gefects in agent designs. Prometheus is a well-established agent-
[5] for arecent survey). The development activities within these oriented methodology that has not only been adopted in academia,
BDI-based methodologies are performed by software engineers ,, byt also it has been used in the industry [13, 14]. Even though
(i.e. humans); hence, these activities are error-prone. These our framework is grounded in Prometheus, the general con-
cepts and approach are applicable to the other methodologies
that support the BDI model of agency, as they are similar [15].
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3Such artefacts document the specifications of the intended system
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