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ABSTRACT

As the complexity of software systems rises, the ability to provide
explanations of system behavior has become a desirable property
for any Artificial Intelligence based system, including autonomous
multi-agent systems. While explainability is mainly explored to
increase trust and understanding for end-users, it is also an interest-
ing property from a software engineering perspective, supporting
developers and designers in the debugging and validation phases.
To address the different needs and expertise of these roles, we pro-
pose a framework that generates explanations at multiple levels of
abstraction, enabling both the engineering and the understanding
of BDI agents.
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1 INTRODUCTION

Explainability, i.e., the ability of a system to provide explanations
of its behavior, has emerged as a desired property for Artificial
Intelligence (AI) systems [18, 29]. Among these, multi-agent sys-
tems play a prominent role [28]. As intelligent agents become more
autonomous and integrated in real-world systems, their ability to
explain their behavior and the reasoning behind their decisions is
essential in order to be trusted by humans [3, 15, 17].
Explainability has been explored not only from an end-user per-
spective to understand and trust the system (e.g., [7, 11, 14, 16, 27]),
but also from an engineering perspective [22, 26], e.g., developers
can use explanations to spot and debug runtime problems (e.g., [1,

Proc. of the 25th International Conference on Autonomous Agents and Multiagent Systems
(AAMAS 2026), C. Amato, L. Dennis, V. Mascardi, J. Thangarajah (eds.), May 25 — 29,
2026, Paphos, Cyprus. © 2026 International Foundation for Autonomous Agents and
Multiagent Systems (www.ifaamas.org). https://doi.org/10.65109/Z1QG2381

This work is licensed under a Creative Commons Attribution Inter-
national 4.0 License.

4191

Samuele Burattini
Alma Mater Studiorum, University of Bologna
Cesena, Italy
samuele.burattini@unibo.it

Alessandro Ricci
Alma Mater Studiorum, University of Bologna
Cesena, Italy
a.ricci@unibo.it

13, 25]), or designers can use explanations to validate the system be-
havior according to the system requirements (e.g., [2, 8, 24]). When
adopting an engineering perspective, explainability is strongly in-
fluenced by the agent architecture and programming language, as
explanations need to be expressed in terms of their underlying ab-
stractions. As a result, explanations should be tailored to different
roles and needs.

We propose a multi-level explainability framework that presents
explanations at three levels of abstraction: (i) Implementation Level,
based on agents’ programming language abstractions and targeting
developers, (ii) Design Level, based on agents’ design architecture
abstractions and targeting designers, and (iii) Domain Level, based
on the domain knowledge and targeting end-users. We select the
BDI architecture [6, 20] as a reference abstraction to build explana-
tions for the Design Level and Jason [5] programming language for
the Implementation Level. We discuss how the Domain Level can
be supported through use cases [9], user and system stories [23].

Explanations are generated from execution logs that capture
relevant agent events, and the knowledge about the semantics un-
derlying the specific level. These events are mapped from lower
levels to higher levels and presented as narratives, with concepts
depending on the level of abstraction. The explanation of an event is
given by another set of events associated with its causal link. Users
can request explanations at any level of abstraction, depending on
the desired granularity. We present a prototype that supports expla-
nation at Implementation and Design Levels, leaving the Domain
Level for future work.

This paper summarizes the contribution published in Autonomous
Agents and Multi-Agent Systems [30].

2 DIFFERENT ROLES, DIFFERENT LEVELS OF
EXPLANATION

Different user roles require explanations expressed at the appropri-
ate levels of abstraction. Developers require explanations addressing
the inner workings and technological aspects of the MAS. Designers
require explanations addressing the agent system’s principles and
architecture to validate the system requirements. Domain experts
and end users require explanations related to the domain require-
ments, abstracting from the agent’s architecture and technology.
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Figure 1: The idea of multiple levels of abstraction for the
explanation of a (computing) system.

From the needs of these different roles, we propose the following
levels of abstraction in generating the explanations:

o Implementation Level, which generates explanations closely
related to the technology used to implement MAS (e.g., spe-
cific agent-oriented programming language);

e Design Level, which generates explanations focusing on the
principles and architectures adopted to design the system
(e.g., specific cognitive architecture), abstracting from the
low-level implementation details; and

e Domain Level, which generates explanations focusing on the
functional and non-functional requirements of the system
as defined with stakeholders and domain experts, dealing
with domain-specific knowledge and insights.

This is the underlying idea of our multi-level explainability frame-
work, a framework that builds explanations of BDI agents at multi-
ple levels of abstraction.

3 BUILDING NARRATIVES AT MULTIPLE
LEVELS OF ABSTRACTION

A traditional way to collect information about the running system
is by using logs to capture the events related to the agent’s reason-
ing and behavior. From these events, we can generate sentences of
the agent’s behavior using the abstractions at a certain level. We
refer to a narrative, a story of the agent’s behavior composed of
a sequence of events that are presented in natural language sen-
tences. An explanation of a certain event is given by a subset of
such a narrative composed of events that cause the event to explain.
Users can select the suitable level of abstraction, read the narra-
tive, ask, and receive explanations of specific events. In order to
build narratives at multiple levels above the system logs (Fig. 1),
we identify the following elements at each level: (i) a set of events
that encapsulates the agent’s behavior based on the abstraction
level, (ii) an explanation function that defines the causal link among
events of one level, and (iii) a set of mapping functions that defines
the relations from lower-level events to build higher-level events.
At the Implementation Level, we choose Jason [5] as the refer-
ence agent-oriented programming language. The relevant events
composing the narrative at this level concern the Jason agent’s
reasoning cycle and are built directly from the logs of the system.
The events concern the perception of the environment, reception
of messages, updates to the belief base and plan library, selection of
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a plan, goal lifecycle (i.e., created, suspended, removed), intentions
lifecycle (i.e., created, waiting, suspended, removed), and actions
(i.e., triggered, failed, finished). A first trivial explanation function
can be based on goals, i.e., events are caused and explained by
goals [12]. The explanation of an event is linked with the closest
goal that can be identified by the same intention.

At the Design Level, we choose the BDI cognitive architec-
ture [20], which refines Newell’s knowledge level [19] by defining
agents having knowledge and goals, with practical reasoning con-
cepts [6]. Events at this level capture the agent’s beliefs, goals, and
intentions that are mapped and abstracted from the Implementation
Level. To show the flexibility of different explanation functions at
different levels and to exploit the semantics of the BDI architecture,
we define the explanation function as the closest related event that
causes the event to explain (e.g., an action executed is caused by a
new intention, and a new intention is caused by a new goal).

The Domain Level requires further integration with other method-
ological approaches (e.g., use cases or user stories) to incorporate
domain knowledge and capture system requirements at a higher
level of abstraction. Following the established schema for describing
use cases [9], domain events can be identified and generated accord-
ingly. These events enable domain experts and end-users to validate
system behavior against the use cases or system requirements and
to request explanations when misalignments are detected [24].

4 CONCLUSION AND FUTURE WORK

The key idea of the contribution is to frame explainability for BDI
agents at multiple levels, enabling stakeholders playing different
roles (e.g., developers, designers, end-users) to request explanations
about the (agent) system behavior at the proper level of abstraction.
Among the necessary steps to validate the idea, an open-source
prototype of the framework has been developed for the Implemen-
tation and Design Levels!, along with an example to showcase
the functionalities of the tool. The architecture includes a logger
component, attached to each Jason agent to collect the logs, and a
narrative generator component exposing a web interface to process
the logs and build narratives.

This work opens several research directions. Our current focus
is on BDI and Jason agents, but the modular approach to build nar-
ratives enables the reuse of the framework with other BDI-based
agent technologies by adapting the Implementation Level abstrac-
tions and their mapping to the Design Level. Furthermore, the
framework can be mapped to non-BDI, sub-symbolic, or generative
LLM agents as well. On top of these agents’ technologies, it would
be useful to create a level that acts as a cognitive neck [21] to facil-
itate the explanation by exploiting cognitive concepts. Moreover,
the current work focuses only on the agent dimension, generating
explanations for individual agents. In the broader MAS community,
there are other dimensions [4, 10], i.e., environment, interaction,
and organization, that can also be explored to build explanations
at multiple levels. This enables richer narratives that capture the
interactions between agents, actions with possible failures in the
environment, and the structural, functional, and normative aspects
of the organization.

Logger component: https://github.com/yan-elena/agent-logging and a narrative gen-
erator component: https://github.com/yan-elena/agent-explanation
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