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ABSTRACT

Norms are an important abstraction for multi-agent systems (MAS)
because they specify flexible constraints. As constraints they help
bring order to agent behaviour. However, being flexible, they can
be violated, and thus do not over-constrain autonomous entities. In
order to build MAS with cognitive agents that use norms we need
to be able to engineer these agents to be norm-aware, i.e. being able
to take norms into account in their reasoning. This paper defines an
approach to engineering norm-aware BDI (Belief-Desire-Intention)
agents that can deal with cases including adding steps in order to
comply with norms and that can be used with off-the-shelf BDI
agent languages.
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1 INTRODUCTION

Norms are important for MAS [1, 3, 6, 10, 12, 13] because they
specify flexible constraints that are usually obeyed, simplifying
interactions, but that can also be violated. Agents therefore need to
be able to reason about whether to violate a norm and when they
should adapt their behaviour to comply with it.

Running example: we have a goal to go to work, and can do this
in four different ways: walking (if the distance is small), using a
ride sharing service, driving ourselves (if we have access to a car),
or using public transport (“PT”, which involves the steps: go to the
station, board the train, wait until one arrives at the destination,
and then disembark). The use of public transport is subject to a
norm that passengers must have a valid ticket when using public
transport, or each be subject to a fine. In the ADICO format [5]
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Table 1: Prior work: support for the three cases and platform.

this could be written as: Attributes: a person who is a passenger of
public transport, Deontic: must, alm: have a valid ticket, Condition:
when riding public transport, Or else: pay a fine.

In this context the sorts of reasoning that we want our norm-
aware BDI agent to be able to do, if it chooses the PT option, include:
(1) adapting its plan to add buying a ticket (if it decides to comply
with the norm); (2) deciding to violate the norm knowingly by taking
account of the consequences of doing so (the possible fine); and (3)
when reasoning about what course of action to choose, take account
of the consequences of violating the norm and of the additional
action(s) required to conform with the norm.

This paper proposes an approach for engineering norm-aware
BDI agents (for full details see [15]). The core idea of our approach
is to transform each norm into a goal-plan tree in a way that allows
the agent to be norm-aware without requiring the BDI platform to
be extended. Although there has been prior work on norm-aware
agents, none of the approaches (see Table 1) cover the three cases
and are usable with existing (unmodified) BDI platforms.

2 ADDING NORMS TO BDI AGENTS
Our overall process is to:

(1) translate each norm Nj into a corresponding goal with Goal-
Plan Tree (GPT) Gy;,, following a pattern (Figure 2);

(2) augment the original GPT G with links to a norm from the
point where additional steps to comply with the norm might
be required,;

(3) augment G and Gy, with valuings, which capture key at-
tributes of the various options, including the consequences
of violating norms, and of any additional steps required to
conform with norms.
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Figure 1: GPT for the example: G (left, black only), the link (blue dashed), GV (include red bold text), Gy, (right, black only), Gl‘\/l]
(include red bold text). Notation: each goal has multiple plans that achieve it (“or” decomposition), numbers on edges denote

order, “PT” = “Public Transport”, conditions are in brackets, red bold text in square brackets = valuing,.
D = “must”™: D = “must not™: We evaluated our work by demonstrating, using our example:
Violate norm Violate norm (1) that our approach handles the three cases highlighted in the
(A) (A) introduction: choosing to conform with a norm, requiring
[0(0)] [v((c)l)’l}(l) ] plan modification; knowingly violating a norm; and changing
Conform 2 the choice of plan.

N (A) Conform (2) how our framework operates at the right level of abstrac-
i [o(D] (A) tion by showing that it is easy to accommodate changes,
do/achieve T such as: adjusting norm applicability (e.g. young children do
not require a ticket), adding new norms, providing different
N/A N/A ways of satisfying the norm condition, and dealing with plan

-A) (DA) do I failure.

Figure 2: Mapping Norms to GPTs. Notation: letters A,D,I,C,0
correspond to those components of the norm, plan context
condition is in brackets, valuings are red bold in square brack-
ets, plan body is italic, “do/achieve” = “do” if I is an action,
“achieve” if it is a condition, v(I) is the valuing of doing/achiev-
ing I, and v(O) is the valuing of O.

Figure 1 shows the result for our running example. The agent then
uses meta-reasoning—taking into account the valuings—to decide
which plan to select.

3 IMPLEMENTATION & EVALUATION

Our running example has been fully implemented in Jason. This
involves: using Jason meta-events to implement the link between G
and Gy, translating the valuings into beliefs, defining the agent’s
preferences over options, and adding meta-reasoning to decide
between options taking into account its preferences over the conse-
quences. Where we have used features that are particular to Jason,
we also have an alternative approach that is generic (for full details
see [15]).
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4 DISCUSSION

We presented an approach for engineering norm-aware BDI agents
that can be used with existing AOPLs without requiring them to be
modified. Our approach includes a simple process for translating
norms into goal-plan trees, and a method for implementing these
in Jason.

Future work includes: automating the generation of code; au-
tomating the identification of where links are required; developing
a larger norm-aware BDI system to provide a basis for assessing
the run-time overhead, possibly building on the agent-based so-
cial simulation of the COVID crisis [7]; adding dynamic norms
using runtime plan addition; and exploring using norms in explana-
tions (e.g. “I chose to walk in order to avoid a fine for using public
transport without a ticket”).
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