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We combine methods from the fields of Model-Based Testing (MBT) and Behaviour-Driven Devel-
opment (BDD) to define a testing approach with human-readable specifications and test cases, as in
BDD, while using the modelling techniques and automatic test generation algorithms from MBT. We
introduce PICKLES, a Precise Input and Control-flow Keyword-based Language for tEst Scenarios;
an extension of BDD-style scenarios, specified in structured natural language. We provide a transla-
tion from Pickles scenarios to formal models, and a method to obtain a so-called master model that
combines all translated scenarios. Standard MBT algorithms can then be applied to automatically
derive test cases from it. Our translation is bi-directional, so that we can obtain test cases in the
Pickles format again, which can then be executed using standard BDD tooling.

1 Introduction

In critical systems, such as spacecrafts, testing plays a central role in ensuring reliability and safety.
Space systems are typically developed under strict reliability constraints, operate in environments where
failures are extremely costly or irreversible, and must behave correctly over long mission lifetimes with
limited opportunities for intervention. As a result, exhaustive testing is essential, as it directly strengthens
confidence that the system behaves correctly under all expected conditions.

Model-Based Testing (MBT) can address this need by generating test cases from formal models of
system behaviour, ensuring broad and systematic coverage. Despite its potential, the adoption of MBT
in industrial settings is limited. A central barrier is the difficulty of defining and maintaining formal
system models, as expertise in formal specification techniques is required [17]. As pointed out by the
authors of [3], practitioners recognise that effective MBT adoption depends on the active involvement
of all stakeholders in modelling, including those without a technical background. This challenge is
particularly pronounced in the space sector, where requirements are specified by experts from highly
diverse domains, each with their own terminology and perspective. Establishing a common language
that allows these actors to jointly reason about system behaviour is therefore crucial.

In practice, requirements are often specified in natural language [[10f]. This is the case in Behaviour-
Driven Development (BDD), which has become increasingly popular in industry. In BDD, system be-
haviour is specified through examples, typically written as scenarios in a Given-When-Then format, that
can become automated test cases through tools like Cucumber [[1] or RobotFramework [2]. These exam-
ples, usually called scenarios, serve simultaneously as documentation of requirement and as (executable)
test cases. The human-readable nature of BDD scenarios facilitates communication between experts
from diverse domains. In particular, space software and firmware development is usually conducted
under certified standards, where clearly documenting both requirements and the corresponding tests for
verifying them is essential for certification and review. Nonetheless, example-based specifications can
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result in large test suites that are costly to maintain [[14]. Moreover, when defining requirements in natural
language, there is a key challenge to overcome: ambiguity, inconsistency and incompleteness [10].
There is a clear tension in industrial practice: natural language is widely adopted due to its accessibil-
ity, however, it suffers from ambiguity and quality issues, while formal MBT models provide precision at
the cost of understandability and organizational acceptance. To address this gap, we introduce PICKLES,
a Precise Input and Control-flow Keyword-based Language for tEst Scenarios. In it, both the specifica-
tions and the generated test cases remain human-readable in Pickles format, a natural language Domain
Specific Language grounded in BDD-style constructs. A formal model is automatically derived from
each of the Pickles specifications and all of them are composed into a master model; from it, test cases
are generated by means of MBT algorithms, and then translated back to Pickles syntax. This way, we
can ensure both high-coverage, rigorous testing as well as maintainable, stakeholder-friendly artifacts.

2 The Pickles framework

The envisioned contributions of this work are as follows:

1. We present our domain-specific language (DSL) PicklesDSL. It preserves BDD’s Given-When-
Then structure while introducing constructs for explicitly defining variable ranges, constraints,
and control flow. This way, Pickles scenarios can capture a well-delineated set of requirements,
preserving understandability for humans while ensuring unambiguous description of the desired
behaviour.

2. We provide a bi-directional translation between Pickles scenarios and formal models called Sym-
bolic Transition Systems. Such models can be derived automatically from the scenarios, and vice
versa; thus, test cases are also human-readable, with the same terminology as the specifications.

3. We define how to compose a so-called master model from a set of formal partial models, each of
them obtained via translation from a Pickles specification. The master model thus comprises a
unified representation of the specified system behaviour, enabling the automatic derivation of tests
that better reflect the system’s operational behaviour compared to isolated scenarios.

Figure 1{shows the Pickles testing pipeline, including where contributions (1), (2), and (3) take place.
This paper introduces a high-level description of the approach. Its complete description, including formal
definitions and analysis with a real case study, can be found in [12].

(2) 3 ) (1)

—_—
—
P

MR
°%00

2 o

Figure 1: The Pickles testing pipeline: Pickles scenarios (1) are translated (2) into STS, which are then
composed (3) into a master model. Formal test cases are derived from the master model, and translated
back (2) to Pickles test cases (1).
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2.1 Pickles Specification Suite and translation to Symbolic Transition Systems

shows an example of a specification in PicklesDSL. It models a simplified satellite image
acquisition system; the spacecraft acquires images over selected Regions of Interest (ROIs), stores the
acquired data in on-board memory, and downloads it during contacts with a ground station.

Listing 1: Pickles Specification Suite example.

Variable Settings

"memory" is a variable of type with range (0.0, 10000000.0)

"max memory" is a variable of type with range {10000.0}

"active ROI" is a variable of type with range {Global, South America, Europe}
"image size" is a variable of type with range (0.0, 1000.0)

Scenario 01: Image acquisition in South America
Given the system is in its initial state
And the satellite has an on-board "memory" lower than "max memory"
And the satellite is in an "active ROI" equal to Global
When the satellite enters an "active ROI" equal to South America
Then the satellite should acquire an image with "image size" between 250.0 and 500.0
And the satellite has an on-board "memory" such that:
"memory" has a value equal to "image size" + stored "memory" AND
"memory" has a value lower than "max memory"

Scenario 02: No acquisition in Global ROI

Given the satellite is in an "active ROI" not equal to Global

When the satellite enters an "active ROI" equal to Global

Then the satellite has an on-board "memory" such that:
"memory" has a value equal to stored "memory" AND
"memory" has a value lower than "max memory"

Scenario 03: Ground station data download

Given the satellite has an on-board "memory" greater than 0.0

When the satellite starts a scheduled contact with a Ground Station
Then the satellite downloads all science products

And the satellite has an on-board "memory" equal to 0.0

Scenario 1 models image acquisition when the satellite transitions from the Global ROI to South
America and sufficient on-board storage is available: an image of bounded size is acquired and the used
memory is increased accordingly, while remaining below the maximum capacity. Scenario 2 captures
the complementary case in which, upon entering the Global ROI from any other region, no image is
acquired and the on-board memory remains unchanged. Scenario 3 describes data download during a
scheduled contact: if stored data are present, all products are downloaded and the on-board memory is
emptied. These behaviours are parametrized by the variables in the Variable Settings block. The variables
"memory" and "max memory" represent used and maximum on-board storage, "active ROI" denotes
the region currently overflown by the satellite, and "image size" captures the storage required by an
acquired image. Their declared ranges constrain all conditions appearing in the scenarios.

As depicted in our example, a specification suite in Pickles consists of a set of Scenarios and a Vari-
able Settings block. Each scenario describes a functionality in the typical Given—When-Then structure
used in BDD. The Given clause specifies the precondition of the scenario, that is, the expected state
of the System Under Test (SUT) before any interaction occurs. The When clause denotes an interaction
initiated by an external actor. The Then clause describes an observable response of the SUT.

Scenarios may be parametrized using variables and guarded by conditions over them. All variables
used across scenarios must be declared in the Variable Settings, where their types (e.g. ) and
ranges (e.g. (0.0, 1000.0)) are defined. Variables may appear in any step. Conditions over variables
can be specified to constrain their admissible values through the use of operators (e.g., equal, between,
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lower than). Multiple conditions can be connected through logical operators such as AND or OR.

We express the semantics of our DSL in terms of Symbolic Transition Systems (STS). This formalism
extends Labelled Transition Systems (LTS) with data constructs. In STS, it is possible to have variables,
both global, called location variables, and local to transitions, called parameters. Transitions may be
augmented with conditions over parameters and location variables, as well as with assignments, that is,
updates to the values of location variables.

In the Pickles framework, each scenario is automatically translated to a STS. The Given clause is in-
terpreted as an additional condition on the first transition of the STS. The When and Then clauses define
transitions of the STS, corresponding to input and output actions, respectively. Conditions attached to
these steps are translated into transition conditions. All variables in transitions are subject to the type and
domain constraints specified in the Variable Settings block. Finally, some scenarios may include the pre-
condition the system is in its initial state. This denotes that the scenario can be executed
as soon as the system starts; if the condition is not present, we assume that this is not possible.

2.2 Model composition

By applying the translation of on a specification suite in Pickles, we obtain a set of STSs rep-
resenting partial specifications of the system’s behaviour. We are interested in (automatically) composing
such partial models, so that we have a unified model of the complete system behaviour.

A simplified version of the master model resulting from the composition of all three scenarios pre-
sented in[Listing 1]is introduced in[Figure 2] In it, transitions in red correspond to the steps of Scenario 1,
those in blue to Scenario 2 and in green are transitions of Scenario 3. We achieve this master model with
a combination of two composition operators: choice and sequential composition. Any scenario marked
as initial can be chosen as the first to be executed; from then onwards, the sequence may continue with
any other scenario. However, tests will only be derived from paths where it is possible to meet all the
constraints. For example, the satellite may enter the Global ROI (Scenario 2) after Scenario 1, as the
latter implies that the final position of the satellite is the South American ROI (i.e. outside the Global
ROI). However, Scenario 2 could not be executed twice sequentially, as the condition stated in its own
Given would not be met.

®
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updateMemory!
enterGlobalROI? /l contact? @ download!

memoryUnchanged! emptyMemory!

Figure 2: Master model of the Pickles Specification of Transitions in red correspond to the
steps of Scenario 1, blue to Scenario 2 and green to Scenario 3. Conditions and assignments are omitted.
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2.3 Formal test cases translation to PicklesDSL

Once a full representation of the SUT is obtained as a Symbolic Transition System, we derive concrete
test cases using model-based test generation techniques, e.g. for achieving 100% model coverage [6]].
We then aim to formally define a mapping that expresses each resulting test case back in Pickles syntax.

presents an example of a test case derived from the master model shown in The
test case first assigns initial values to all variables, such that they satisfy the condition of the Given step
of the first scenario, and then executes a sequence of actions. The test sequentially executes Scenario
1, Scenario 2, and finally Scenario 3. Such a composition is possible because the Then step of each
scenario satisfies the Given step of the subsequent one; we therefore only include the Given step of
the first scenario and omit the others. For instance, after Scenario 1 the active ROI is South America,
which enables the execution of Scenario 2. Similarly, after Scenario 2 the on-board memory is non-zero,
enabling Scenario 3, which downloads the products during a scheduled contact. The test case could then
continue, for example, with Scenario 1 again, as its Given step is satisfied.

The When steps in the test differ from those in the specification because concrete values are assigned
to the variables, subject to their defined ranges and step conditions. The Then steps, however, remain
unchanged, as the goal is to evaluate the outputs produced by the SUT; accordingly, the original condi-
tions are preserved. The terminology used in the When and Then steps (shown in black text) is also
maintained from the specification (presented in to the derived test cases.

Listing 2: Pickles Test Case Example.

Test 01
Given the system is initialized with values:

"memory" has a value equal to 100.0

"active ROI" has a value equal to Global

"max memory" has a value equal to 10000.0

"image size" has a value equal to 300.0
When the satellite enters an "active ROI" with value South America
Then the satellite acquires an image with "image size" between 250.0 and 500.0
And the satellite has an on-board "memory" such that:

"memory" has a value equal to "image size" + 100.0 AND

"memory" has a value lower than 10000.0
When the satellite enters an "active ROI" with value equal to Global
Then the satellite has an on-board "memory" such that:

"memory" has a value equal to "image size" + 100.0 AND

"memory" has a value lower than 10000.0
When the satellite starts a scheduled contact with a Ground Station
Then the satellite downloads all science products
And the satellite has an on-board "memory" equal to 0.0

3 Related Work

Existing approaches have explored translating natural language (NL) requirements into formal models.
For instance, [20] introduces an intermediate language to convert BDD scenarios into formalisms called
BDD Transition Systems (BDDTS), but this requires manual translation and additional domain-specific
input. Building on this, [19] defines sequential composition for BDDTSs, an idea we adopt for model
composition. Other work, such as [8]] and [18], automates test generation from parametrized restricted
NL specifications, although the resulting test cases are machine-readable only. Structured NL has also
been used to formally define requirements. Frameworks such as TEARS [9] and FRET [11] allow formal
specification of parametrized timed requirements, yet do not support automated test generation.
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Tools like ComMA [15]] and TorXakis [16] implement automated test generation with MBT tech-
niques, supporting parametrized and compositional specifications. However, neither the specifications
nor the tests are human-readable. Other approaches attempt to produce readable test cases from UML
diagrams, for example by extracting tests [5]] or generating Gherkin-style criteria [4] from them, but these
lack parametrization and are restricted to UML input.

In summary, no existing approach combines parametrized requirement specification, formal seman-
tics, automated test generation and human-readable artifacts, precisely the gap Pickles addresses.

4 Discussion and Future Work

Discussion. The Pickles approach provides several complementary benefits, particularly over tradi-
tional BDD-style specification and testing. First, by providing a formally defined, deterministic DSL,
our framework enforces specifications with precise syntax and semantics suitable for automated testing.
Nonetheless, as it is grounded in BDD-style constructs, it also preserves the familiarity and readability
of textual specifications. In addition, Pickles specifications are self-contained, condensing information
that is typically scattered across requirements, test cases, and auxiliary documents. This improves com-
munication with stakeholders both during requirements definition and on achieved test results.

Another advantage lies in the automatic generation of test cases, including input values. This not only
provides greater coverage than BDD, but also reduces tester confirmation bias; when examples are writ-
ten manually, testers tend to select input values that confirm their expectations about correct behaviour,
rather than values that may expose errors [7]]. In addition, automatic test generation also improves main-
tainability as specifications evolve; test suites can be regenerated automatically, avoiding the need for
manual updates and potential inconsistencies. Moreover, test generation heuristics can be adapted to dif-
ferent testing goals, such as generating small suites for smoke testing or large, thorough suites for system
testing. As these suites are derived from the same model, they are consistent by construction.

Additionally, explicitly defining variable types and ranges enables early consistency checking at the
specification level. Ill-typed expressions or incompatible ranges can be detected before any tests are
executed. This feature is particularly useful when different parts of the specification are produced by
different teams, as interfaces can be checked early in the development process.

Finally, the automatic composition of scenarios allows the derivation of longer and more diverse
test cases that better reflect system usage than isolated scenarios, as typically specified in BDD. This
capability enables a shift-left testing approach: integration, system, and even acceptance-level tests can
be generated and executed at early stages of development, leading to earlier fault detection [13].

Future Work. In future work we aim to evolve our framework in several directions. To validate Pickles
at scale, we will automate the complete pipeline and evaluate its performance across a diverse set of case
studies. Additionally, we will conduct user studies to evaluate the developer experience; this process will
also allow us to recollect valuable feedback for further improvement.

Moreover, we aim to enrich our DSL with expressions that allow diverse control-flow sequences, in-
cluding non-deterministic behaviour. We also envision extensions that allow users to annotate scenarios
with information about their criticality; such information can be integrated to the test generation algo-
rithm to identify high-risk bugs faster. Given that timing is crucial in critical systems, we also plan to
incorporate time-constraint definitions.

Finally, in order to ease the transition from BDD to our framework, we plan to investigate ways to
assist this migration. In particular, we will explore how can pre-existing BDD test cases be processed to
automatically generalize the expected behaviour of the system from these examples.
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