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1 INTRODUCTION

Formal Requirement Elicitation Tool (FRET) is a tool for formalizing
and managing requirements, especially for safety-critical systems. It
prioritizes usability by offering GUI features and a domain-specific
language, FRETish, close to natural language that removes ambigu-
ity, to be used even by engineers and domain experts without strong
formal methods backgrounds. Beyond formalization, it supports au-
tomated future and past time metric LTL encoding of requirements,
realizability checking, simulation, and test-case generation [3, 4].

FRET has been used to manage requirements for safety-critical
applications in avionics, healthcare, space exploration, etc. In these
areas, multi-agent systems based on Al and ML are increasingly
common, creating a growing demand for mechanisms to manage
concerns related to these techniques, also driven by regulations
such as the EU AI Act [7].

SLEEC rules were introduced by Townsend et al. to capture social,
legal, ethical, empathetic, and cultural requirements [10], providing
domain experts with a methodology to elicit these requirements.
SLEEC rules were proposed as an instrument to ensure that the
goals and behaviours of autonomous agents “can be assured to
align with human values through their operation” [2]. The specifi-
cation format consists of an obligation under a condition, with an
arbitrary number of defeaters that override the obligation under
more specific conditions, as common in normative requirements.
It was intended that experts should be assisted during elicitation
with technical means to check for consistency, non-redundancy,
etc. Tools offering these services were already proposed [1, 12]. In
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particular, SLEECVAL and LEGOS-SLEEC are end-to-end software
systems designed to support experts in SLEEC rule elicitation.
Contribution. We extend FRET to support the management of
SLEEC rules alongside “standard” requirements, following requests
from industry and project partners developing agent-based safety-
critical systems. Our extension enables:
(1) the use of several temporal scopes and timing constraints in
SLEEC rules. This goes beyond the ‘within’ timing constraint sup-
ported by existing tools (see Section 2);
(2) to inherit all the functionalities of FRET for requirement elicita-
tion. This goes significantly beyond the support for well-formedness
properties checking from existing tools.
In particular, our tool also supports realizability checking, simula-
tion, and test-case generation for SLEEC requirements. The GUI
also provides access to FRET’s analytical tools and dashboards, and
the management of the life-cycle of requirements, managing states
such as “in progress”, “paused”, “deprecated”, etc.

2 SLEEC REQUIREMENTS IN FRET

We extend the SLEEC syntax of [13] by introducing a scope and
more timing constraints. Scopes can be one of!: in, before, after,
notln, onlyIn, onlyBefore, or onlyAfter, followed by some condition.
Timings can be one of: immediately, next, always, never, eventually,
until, before, for, within, or after, followed by some condition.

A SLEEC requirement with n defeaters has therefore the form:

[SCOPE mode] IF Cy THEN [T;] O,
UNLESS C; IWC [T;] Oy,

UNLESS C, IWC [T,] O,
IWC stands for ‘in which case’. Following [11], this requirement is
translated into n + 1 FRET requirements as follows:

1. [SCOPE mode] (Co & 1Cy)
shall [Ty] satisfy Og

(Co & Cy & 1Cy)
shall [T1] satisfy Oy

2. [SCOPE mode]

(n+1). [SCOPE mode] (Co & C1& ... & Cp)
shall [T,,] satisfy O,

We refer to [3, 11] for the proof of correctness of the translation,
for the formal semantics—which is the same as the one of FRETish
requirements—and for complexity considerations, noting that the
translation from SLEEC to FRETish adds only a linear number of
new FRETish rules of linear size.

'We employ the same colouring of the FRET GUI light brown for scope, blue for
timing, etc.
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3 THE TOOL

Our extension, called SLEECIinFRET, is available on GitHub?. The
extension has been created as a fork of the official FRET tool at
commit id ba6e9d2. Once compiled as standard for FRET, SLEECin-
FRET adds a drop-down menu to the CREATE button for new
requirements, through which a user can choose to create a standard
FRETish requirement or a SLEEC requirement. If the user selects
SLEEC requirement, SLEECIinFRET generates the corresponding
FRETish requirements as described in Section 2, i.e., if a SLEEC
requirement has n defeaters, n + 1 additional FRETish requirements
are created. The new requirements are added to the same project as
the SLEEC requirement. The generated requirements are marked
as children of the SLEEC requirement and are read-only. If the
parent is modified, they are recomputed accordingly. Aside from
being read-only, they retain all standard FRET features, including
LTL translation, simulation, and more importantly, realizability
checking and test case generation.

In FRET, “a set of requirements for a system component is real-
izable if an implementation of the component exists, such that it
conforms to the requirements, given any input from the system’s envi-
ronment” [5]. For instance, consider two requirements of the form
(1) “whenever a, X shall immediately satisfy p”, and (2) “whenever
b, X shall immediately satisfy !p”. These two requirements are con-
sistent (meaning that they can be true at the same time, for instance
if a is true and b is false, then p should be true). However, the two
requirements are not realizable: if a and b are input Boolean vari-
ables, an implementation does not exist for all combinations of a
and b, in particular when a and b are both true. Our SLEECinFRET
allows for realizability checking of requirements that can involve
both standard FRETish and SLEEC requirements.

In addition to realizability checking, FRET supports the genera-
tion of tests from requirements, following the approach presented
in [4] and [9], which introduce a notion of coverage for require-
ments. Intuitively, given a requirement of the form “whenever a,
X shall satisfy p”, one can generate tests in which a is true and p
is false and expect a failure. By introducing temporal constraints,
tests are represented by execution traces that provide the values of
input variables and an expected output (typically, the requirement
holds or the requirement is violated). Due to space limitations, we
refer to [4] for additional details but we remark here that, to the
best of our knowledge, SLEECInFRET is the first tool that enables
automated test case generation from SLEEC requirements. As a
concrete example, consider a robot in a nursing home, helping in
taking care of elderly people. A general rule of the nursing home is
that when the temperature is below a threshold, there cannot be
an obligation to open the window of the room. This requirement
can be modelled using the standard FRET as: “whenever temper-
ature_below_freezing Component shall satisfy lopen_window”. We
employ here only Boolean variables for simplicity, but one could
equally use numeric values and inequalities for temperature. In
addition, a SLEEC requirement is introduced to respect the au-
tonomy and privacy of the user. The robot has the obligation to
open the window upon the user’s request, unless the user is not
dressed and their privacy is at risk, in which case the robot has the

2The code is available at: https://github.com/mirgit/SLEECinFRET and a video for the
demo is available at: https://youtu.be/88Shf VOqchs
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obligation to not open the window. This requirement can be mod-
elled using SLEEC syntax: “if user_asks then open_window unless
user_undressed iwc do_not_open_window”, where we introduce the
explicit obligation do_not_open_window to highlight that there is a
difference between having the obligation do_not_open_window and
not having the obligation open_window. SLEECinFRET automati-
cally breaks this rule into two FRETish requirements:

(1) Whenever (user_asks & ! user_undressed) Component shall satisfy
open_window

(2) Whenever (user_asks & user_undressed) Component shall satisfy
do_not_open_window

By creating these two requirements in our tool and running the
realizability analysis it becomes evident that these two require-
ments are unrealizable. The tool also provides a counter example
that shows unrealizability. In our example, it is possible that the
user asks to open the window while the temperature is below the
threshold. One quick fix to this issue is to change the SLEEC re-
quirement so that the robot opens the window only when the user’s
demand is not in conflict with the temperature outside. The new
requirement becomes: “if user_asks & ! temperature_below_freezing
then open_window unless user_undressed iwc do_not_open_window”.
This new requirement allows FRET to successfully pass the real-
izability checking, meaning that for all possible combinations of
values of input variables there is an implementation that satisfies all
the requirements. The tool also inherits test case generation from
FRET. For the current example it generates 13 test cases. These test
cases correspond to 13 traces that show how to satisfy or violate
requirements as defined by the coverage metric in [4] and [9].

4 RELATED AND FUTURE WORK

Existing tools such as SLEECVAL [12] and LEGOS-SLEEC [6] enable
the elicitation and analysis of SLEEC requirements. However, these
tools mainly focus on the well-formedness of a set of requirements,
not only in terms of syntax but also in terms of overall consistency,
non-redundancy, etc. Compared to these tools, SLEECinFRET al-
lows the management of the whole life-cycle of the requirements,
simulation, and test case generation.

In previous work [8], we have investigated how to generate an
obligation inference engine and monitors for a restricted syntax of
SLEEC properties (no support for scopes nor timing). Compared to
this work, we add support for scopes and timing, and for test-case
generation, in addition to the re-use of FRET realizability checks.

In terms of limitations, LEGOS-SLEEC and SLEECVAL allow for
additional checks of well-formedness properties, such as redun-
dancy and sufficiency: these are not directly handled by our tool
and we plan to incorporate or to interface with existing tools to add
these functionalities. SLEECIinFRET has currently no support for
contrary-to-duty obligations (corresponding to the keyword ‘other-
wise’ in other works). Compared to our work in [8], we do not have
monitoring and obligation inference. In terms of implementation,
SLEECIinFRET does not have syntax highlighting yet, and some
component names are hard-coded. We are currently working at
improving these UI aspects for a funded EU project®.

Shttps://matisse-kdt.eu/
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