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Abstract. In this paper, we introduce an approach for developing soft-
ware models for robots using a domain-specific language: RoboChart.
Our proposed approach leverages Large Language Models, with the sup-
port of formal verification, to reduce the effort of creating RoboChart
models. With (verified) RoboChart models, we can obtain code and tests
for the software. We present our vision and preliminary results.

1 Introduction

The application of Large Language Models (LLMs) in coding reveals significant
potential for utilising them in innovative ways [4]. Here, we propose its joint use
with formal verification for developing design models for robot software.

Designing a robot is a complex and time-consuming task. The RoboStar
framework provides a comprehensive model-based approach to design and verify
software for robots [3]. It supports code generation, and verification by simula-
tion, testing, and proof, catering for requirements of the robotic platform and of
human interaction. At the core of RoboStar is RoboChart [9], a diagrammatic
Domain-Specific Language (DSL), for modelling and verifying the functional,
timed, and probabilistic behaviours of robotic software.

A RoboChart model is defined by a module: a robotic platform and one or
more controllers, defined by one or more state machines. The platform defines
events, operations, and variables representing services required from the robot
for use by the software. Distinctively, they can specify timing properties and
probabilistic choices. They also have a formal semantics for refinement.

RoboChart models insulate roboticists from the mathematical underpinnings
of the RoboStar techniques, using familiar concepts to capture requirements. Yet,
the definition of models is challenging, and our approach provides assistance to
develop validated models, minimising errors in design due to human oversight.

In our proposed approach, requirements are translated into a formal prop-
erty language, specifically RoboCert [8, [13] using an LLM. As a readable, but
formal notation, RoboCert enables iterative improvements to natural language
requirements using an unambiguous account as a target. Our proposal is to use
RoboCert requirements to guide an(other) LLM to define a RoboChart model.
After we have such a model, we check for syntax correctness, well-formedness,
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and then finally semantic correctness by comparing its formal semantics to that
of the RoboCert requirements. In this approach, the requirements, as captured
in natural language, RoboCert, and finally RoboChart, play a central role.

In summary, the work we propose utilises two LLMs. The first generates
RoboCert requirements, while the second produces RoboChart models based
on those specifications. This process incorporates learned patterns provided by
a teaching prompt, allowing us to subsequently test and validate the result-
ing models. Our preliminary results so far, however, cover the generation of
RoboChart models directly from natural language requirements.

2 LLM-based generation of RoboChart models
In this section, we describe our proposed approach and preliminary results.

Overall approach. Our vision is depicted in Figure Our approach uses an
existing teaching prompt((4) in Figure [1)) as input to an LLM (5) that cre-
ates RoboChart models based on requirements of the software (1). These re-
quirements are described using a RoboStar language called RoboCert (3), which
mixes sequence diagrams and controlled natural English (CNL) . To cre-
ate the RoboCert document, an(other) LLM (2) uses a prompt that describes
the requirements in English. This means that the requirements prompt that is
in natural language (1) is passed to the LLM (2) and RoboCert (3) is the output
which is then checked to ensure that it is as intended. If it is not, the require-
ments prompt is revised. Otherwise, the RoboCert requirements can be used as
input for later verification of RoboChart models.

The point of using RoboCert is to describe the requirements in a precise
way, using a notation that has a formal semantics that can be used to verify



RoboChart models. Because RoboCert documents are readable, it is feasible for
the user to check the descriptions generated by the requirements LLM. (There is
also the potential for formal analysis of RoboCert requirements.) This, combined
with the various notations we utilise for RoboCert—such as controlled natural
language for refinement properties and for probabilistic temporal logic (for use
in model checking), and sequence diagrams—has the potential to enhance the
overall results in the generated RoboChart models.

The validity of the RoboChart model, that is, syntactic correctness and well
formedness, can be checked using the RoboChart modelling and verification tool,
called RoboTool (7)ﬂ If RoboTool flags errors of this nature, this feedback is
integrated back into the teaching prompt (4), and the LLM is reprompted (5).
If the RoboChart model is valid, it is submitted to a model checker or theo-
rem prover (8). RoboTool can generate automatically a CSP [5] script and an
Isabelle [11] theory, which can be used to ensure that the RoboChart model meets
the RoboCert requirements. If the verification succeeds, the process is complete.
If not, the RoboChart model and a counterexample generated by FDR or Isabelle
are used to enrich the requirements prompt, if the issue is a problem with the
requirements, or the teaching prompt, if the issue is with RoboChart.

Of course, there is also the possibility of fixing the RoboChart model by hand.
This will depend on an evaluation of whether the model obtained is close enough
to that envisaged. Judging the relative effort of reprompting or modifying the
model can be helped by analysis of the counterexamples provided by verification.

The quality of the RoboChart models that can be obtained depends on the
LLMs used. Even if LLMs evolve to consistently provide excellent results, how-
ever, the use of our approach is still of relevance. It provides the evidence of
quality that will be missed if we just accept those results.

Below, we describe preliminary results and experiments towards our vision.

Teaching prompts. The teaching prompt is structured as a sequence of examples
of RoboChart models. For each example, we have three parts. The first part
gives a natural language description of the requirements used to develop the
RoboChart model. The second part is the model itself (provided in a textual
format accepted by RoboTool). The third part is a natural language descrip-
tion of the model written by hand: it defines the RoboChart robotic platform,
therefore, the inputs and outputs, the controllers, and the machines, in detail.

For evaluation, we have considered four RoboChart models for: the alpha
algorithm [2], a chemical detector robot [6], and two vacuum cleaner robots [13].
These four RoboChart models have been incorporated in the teaching prompt ((4)
in Figure [1)) so that the LLM is supplied with concrete examples of complete
RoboChart models to enhance syntax and well-formedness in generated models.
The teaching prompt and all artefacts of our experiment are availableﬂ

Qualitative results. We have then evaluated the approach by constructing a
natural language description of a previously unseen robotic system, and asking

3 https://robostar.cs.york.ac.uk/robotool/
* https://github.com/UoY-RoboStar /robochart-llm-gen/
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for a corresponding RoboChart model using seven LLMs: GPT 4. and o3,
Gemini 2.5 Flash and Prﬂ Gemma3d 27B, DeepSeek-R1 70B and 671B.

As a small example, we present the following natural language description
of the requirements for the walking nose robot used to generate a RoboChart
model. “The WalkingNose Robot performs a random walk. While it mowves, it
senses for gases in the environment. If gas is detected at a concentration above
some threshold, a flag event is raised and execution stops.” The RoboChart
model generated by the LLM effectively identifies the system’s requirements,
establishing the need for one module, one platform, a single controller, and a
state machine with a plausible structure and control flow.

The minimal valid structure for a RoboChart model is described in Figure
Impressively, the description of a RoboChart model that follows this structure
was accomplished in a few-shot context, that is, where the teaching prompt
includes examples. In particular, the definition of the abstraction of the services
of the robotic platform is not trivial. This highlights the LLM’s capabilities,
as they were achieved through straightforward prompting rather than model
fine-tuning or techniques like RAG.

The experimentation indicates that pre-trained models, in particular GPT 4.1
and Gemini 2.5 Pro, can successfully generate syntactically correct RoboChart
models most of the time, although they can make minor syntactic errors. Gem-
ini 2.5 Flash generates models with more severe syntax errors, for example, using
operations instead of events even when explicitly asked to use an event. For out-
puts, events or operations can normally be used, but the choice has an impact on
how components can be connected, and can create problems. Smaller LLMs like
Gemma3 27B and DeepSeek-R1 70B fail to generate RoboChart models with a
sensible structure or correct syntax, and are much more prone to hallucination.

In general, the generated models can sometimes be ill-formed, for example,
violating RoboChart scoping rules by not declaring variables or events. We have

® https://openai.com/index/gpt-4-1/
S https://blog.google/innovation-and-ai/models-and-research/
google-deepmind/gemini-model-thinking-updates-march-2025/


https://openai.com/index/gpt-4-1/
https://blog.google/innovation-and-ai/models-and-research/google-deepmind/gemini-model-thinking-updates-march-2025/
https://blog.google/innovation-and-ai/models-and-research/google-deepmind/gemini-model-thinking-updates-march-2025/

also experimented with augmenting the prompts with well-formedness rules from
RoboChart’s reference manual to obtain improvements in output quality. This
has eliminated problems in the models generated, and further experiments will
include in the teaching prompt a full account of the well-formedness conditions.

Our experiments so far have not covered the use of RoboCert. We expect,
however, that the generation of RoboChart models and RoboCert documents
will inevitably face similar challenges in that they both are formal and are being
created from informal requirements. Because of this there is a need for review of
these documents and models to ensure that they encapsulate the requirements.

3 Future and related work

In conclusion, LLMs have the potential to shape the future of how we generate
models of robot software. Future work will experiment further with our ap-
proach to (1) enrich the teaching prompt; (2) extend RoboCert to suit the needs
of LLM-based model generation, facilitating the definition of properties that re-
flect common mistakes; (3) and integrating the various tools. Enrichment of the
teaching prompt can take advantage of all RoboChart models freely availablem
to cover a wide variety of architectures for the controllers and machines.

Currently, we have not taken advantage of RoboCert to define requirements.
Further in the future, we will identify whether use of RoboCert, instead of nat-
ural language, can indeed reduce the effort of generation of RoboChart models.
Finally, we can provide similar support to automate the evaluation of the Robo-
Cert requirements. Since it has a formal semantics, we can consider the use of
animators and other validation approaches to support this work.

Although the work presented here is closely related to the RoboStar suite of
notations and frameworks, there is a degree of generality that may be applied
across various domains. The core focus of our research pertains to robotics, and
this method of generating code for different domain-specific languages could
potentially be beneficial for modelling using any requirements language that has
a formal semantics and verification support.

Although our preliminary evaluation results do not fully cover the proposed
framework, it is a valuable step to demonstrate that LLMs are capable of gener-
ating useful RoboChart models. This initial work highlights the potential for re-
fining the process to establish the workflow we propose, to incorporate RoboCert
as a readable, but formal, notation, complementing the verification effort.

Related work. The research in [10] has a goal similar to ours. The authors present
a proof of concept in which creation of models of multi-agent systems is based
on mission specifications and follows an iterative process using an LLM. In con-
trast, our vision is for models created from requirements using two LLMs and
formal verification. The work of 7] examines code generation using LLMs, pro-
viding a high-level overview of ongoing developments. The work in [1] investigates

" https://robostar.cs.york.ac.uk/case_studies/
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the generation of DSL code and explores optimisation techniques by assessing
whether Retrieval-Augmented Generation can enhance the outcomes produced
by LLMs. Our work can complement that effort as well.
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