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ABSTRACT

The increasing sensitivity to human aspects in autonomous systems
engineering calls for principled approaches to embed normative
concerns into their behaviour. Recent research has focused on ex-
pressing and validating sets of social, legal, ethical, empathetic,
and cultural (SLEEC) concerns as rules, and on verifying that a
system design adheres to them. However, to date, there is limited
work related to the actual implementation and actuation of SLEEC-
aware behaviours. Yet, we believe that operationalising SLEEC
rules can enable responsible behaviour of autonomous systems and
advance research on the topic. For this purpose, we propose an
operational solution for ethical-aware autonomous systems. Specif-
ically, we devise a principled approach, which we call CO-SLEEC
(Context-Oriented SLEEC), connecting the normative setting of
SLEEC rules to context-oriented programming (COP). CO-SLEEC
promotes runtime adaptation and exhibition of context-dependent
ethical behaviour through a modular and transparent design.
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1 INTRODUCTION

Autonomous and artificial intelligence (AI) systems interacting with
or affecting humans with their behaviour come with associated
risks that must be properly addressed. Namely, autonomous agents
should transparently behave in accordance with recognised social
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and human values, and adapt ethically to different users in different
contexts [3]. At the time of global Al policy frameworks [8, 9, 13]
and regulations [2, 6, 14], the mounting sensitivity on these aspects
is driving research on ethical AI [5, 7] and so-called ethical-aware
autonomous systems (EthicASs) [1]. In this direction, Townsend et
al. [11] propose a methodology to elicit social, legal, ethical, em-
pathetic, and cultural (SLEEC) rules for multi-agent systems. An
example rule of this kind is the following, which governs a robotic
agent’s response to the user requesting to open curtains in an as-
sistive robotic scenario:

WHEN CurtainOpenRequest THEN OpenCurtains (0)
UNLESS UserUndressed IN WHICH CASE (Refuse AND ExplainWhy) (D
UNLESS UserDistressed IN WHICH CASE (WarnUser AND OpenCurtains) (2)

The default rule (o) prescribes that the robot has to open the curtains
when asked. However, two hedge clauses are present to introduce
context-dependent behaviour: if the user is undressed, the robot
refuses and explains the reason (1), to account for privacy and
cultural sensitivity; if the user is highly distressed, this clause is
in turn overridden and the curtains are opened (2), prioritising
emotional state and autonomy.

Recent research has provided ways for turning high-level nor-
mative principles into explicit, formalised, consistent sets of SLEEC
rules [12, 15]. The decoupling of system designs from norms is
useful, as it enables domain experts without programming com-
petencies to define the norms, and it accounts for the separate
evolution of norms and systems. However, there is currently a lack
of contributions regarding the actual operationalisation (namely,
the identification of mechanisms and procedures to turn principles
into design and then implementations) of SLEEC rules in EthicASs.

We propose a solution to implement SLEEC rulesets in auto-
nomous systems (e.g., multi-service robots). Since SLEEC rules
ground normative concerns in specific contexts, we argue that their
operationalisation can be achieved with programming abstractions
that explicitly represent context. Accordingly, we develop Context-
Oriented SLEEC (CO-SLEEC), an approach mapping SLEEC rules to
context abstractions, promoting their implementation following the
context-oriented programming (COP) paradigm [4, 10]. This leads to
a principled mapping and design pattern from SLEEC rules to COP
constructs, and a reusable implementation of CO-SLEEC within the
Robotic Operating System (ROS) framework.
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SLEEC element COP concept

Specification

Rule trigger

Default rule obligation
Hedge clause

Hedge clause condition
Hedge clause obligation

Event triggering a method call

Base method implementation

COP layer

Runtime context

Layer-specific method implementation

Runtime

Rule evaluation Layer activation

Rule trigger occurrence Layered method dispatch

Table 1: Mapping of SLEEC elements to COP concepts.

2 THE CO-SLEEC APPROACH

CO-SLEEC consists of two main ingredients: (i) a principled map-
ping from SLEEC rules to COP abstractions, and (ii) a reusable
design and implementation schema tailored to ROS-based systems.

2.1 Operationalising SLEEC Rules through COP

The core idea of CO-SLEEC is to exploit COP as a programming
abstraction for implementing the context-dependent behaviour
prescribed by SLEEC rules. A SLEEC rule specifies how a system
should react to an event under different contextual conditions;
similarly, COP enables behavioural variation through dynamically
activated layers. Overall, each SLEEC rule is associated with a
method (with multiple COP layer-bound implementations, each one
implementing a different obligation), one event handler triggering
the method, and a set of layers that regulate the selection of the
correct method implementation variant as per the SLEEC semantics.
Table 1 maps SLEEC rule elements and COP concepts. The trig-
ger of a SLEEC rule corresponds to an event that has to be captured
to request the dispatch (call) of the method, associated with the
rule, realizing the rule’s obligation. The default rule obligation maps
to the base implementation of the method associated with the rule
(i.e., the one dispatched when no layers are active). Each hedge
clause can defeat previous obligations, and is mapped to a distinct
COP layer. The hedge clause condition is mapped to a predicate that
is evaluated against the runtime context and used to drive proper
layer activation. Finally, the hedge clause obligation is mapped to a
distinct implementation of the method associated with the rule, la-
belled with the layer corresponding to the hedge clause. At runtime,
SLEEC rules are continuously evaluated against the current con-
text to determine the possibly active hedge clauses, i.e., the clauses
whose obligation must be enforced when their rule trigger occurs.
According to the SLEEC semantics [12], the active hedge clause of
a rule is the last clause in the ordered sequence whose condition
holds; hence, at most one hedge clause per rule may be active.
More formally, a system contains a finite set I' of SLEEC rules,
anda SLEEC rule R; € T is of the form: WHEN C) THEN O] UNLESS CJ IN
WHICH CASE Of ...UNLESS Cj, IN WHICH CASE Oy . Given a run-

time context y, a hedge clause hc{ = (£(Rj)i, Cf O{) is active iff:

J J J ;
{)(|=C1/\~--/\Ci‘/\—|Ci+1 ifi <nj,

)(|:C{/\»-~/\C{ ifi =nj.
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Figure 1: CO-SLEEC architecture.

The layers labelled as £(Rj);, corresponding to the active hedge

clause hc{ of each SLEEC rule Rj, are then activated in the COP
runtime. When the trigger of a rule occurs, the method associated
with the rule is dispatched, and the implementation bound to the
active layer is executed (or the default one if no layer is active), en-
suring that the system behaviour conforms to the intended SLEEC
semantics.

2.2 CO-SLEEC for ROS-based Systems

We implement CO-SLEEC within the ROS framework, which struc-
tures robotic applications as distributed nodes communicating via
publish/subscribe topics. Figure 1 illustrates an overview of the
CO-SLEEC architecture. Two main roles are involved: SLEEC ex-
perts, who elicit domain-specific SLEEC rules, and the developer,
who implements ROS nodes augmented with CO-SLEEC facilities.

The integration of CO-SLEEC into ROS is realized via an Man-
ager module that bridges rule reasoning and robotic execution.
This module supports the parsing and evaluation of SLEEC rules
and manages COP layers, by providing the necessary ROS nodes,
message types, and interfaces. A dedicated Context Listener node
monitors contextual conditions and domain changes and triggers
the evaluation of the relevant SLEEC rules. Based on these updates,
the COP Layer Manager determines and activates the set of layers
corresponding to the current context.

Robot missions are defined as collections of tasks, each imple-
mented as a ROS node. When a task is constrained by SLEEC rules,
its implementation consists of a default behaviour and multiple
behavioural variants, associated with the rule’s hedge clauses and
corresponding COP layers. At runtime, the COP mechanism dis-
patches the implementation according to the active layer, enabling
dynamic adaptation of robot behaviour in accordance with norma-
tive and contextual requirements.
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