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Goals of the STSM

Purpose and summary of the STSM.

(max.200 word)

The overall goal of the visit is to discuss and plan for a framework for formal verification of
floating-point programs, in the context of verification over CHCs (Constrained Horn Clauses).

Me (Jesper) and Prof. Rimmer have previously collaborated successfully, resulting in one
published paper[1] and another one awaiting publication. Both works were centred around
using the CHC-solver Eldarica[5], and its back-end SMT-solver Princess[6], for the purpose of
automatically verifying and annotating C programs. Both tools are mainly developed at the
University of Regensburg. With this visit, we intend to continue the collaboration by turning our
focus to verification of floating-point programs. In particular, we plan to work on developing
theories to support reasoning over real numbers in Horn Clause solvers. We shall consider
such theories for program verification, but also for generating function contracts and loop
invariants. Such annotations act as witnesses for program correctness and take the role of
proofs.

Working Plan

Description of the work to be carried out by the applicant.
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(max.500 word)

The plan for Jesper is to first learn, with help from the host, more about the implementation of
Eldarica, in order to understand what theories and practicalities are needed to implement
support for real arithmetic. This will also include learning about the underlying SMT-solver
Princess used by Eldarica. Today, Eldarica has some, but limited, support for real numbers,
due to a separate Bachelor thesis project, which we plan to build upon.

We shall first discuss how to finalise the current proof-of-concept implementation for floating
point support in Eldarica; we then plan to go on to discuss how to use such an implementation
for specification inference. Eldarica today has an existing framework for inference of ACSL][3]
specifications, which we plan to extend to also cover floating-point programs. ACSL
specifications can, e.g., be used for further verification of C programs in Frama-C[4].

An important part of the specification inference aspect is back translation of witnesses (proofs)
of correctness over real numbers into contracts over floating-point programs. We will discuss
how this back translation can be designed to encompass the differences between the domains
of real numbers and floating-point numbers, such as the presence of round-off errors in the
latter.

Another aspect we plan to consider in particular is a theory dedicated to handling
transcendental functions, such as sine and cosine when verifying floating-point functions. Calls
to such functions are ubiquitous in industrial embedded systems code (e.g., with calls to the
math. c library for C programs). However, as pointed out, e.g., in [2], it is not well-understood
how to handle such calls in program verification.

Expected outputs and contribution to the Action MoU objectives and deliverables.

Main expected results and their contribution to the progress towards the Action objectives (either research
coordination and/or capacity building objectives) and deliverables.

(max.500 words)

The expected output is a plan for how to handle industrial-scale programs containing floating-
point programs in Horn-clause solvers, as well as to start an implementation that extends
Eldarica for this purpose. We also plan to have an emerging approach for handling
transcendental functions. With this work, we will mainly contribute to the working group 3
(Program Verification) of the COST action. Since the work touches upon SMT-solving, we may
also contribute to working group 2 (Automated Theorem Provers).

First, the overall goal is the automated verification of floating-point programs, and thus we
contribute to RCO3: “Make techniques for program verification more effective and more
accessible to all stakeholders.”

Within my (Jespers) research group, the main focus is on deductive verification of C programs,
using high-level tools such as Frama-C. Philipp, on the other hand, has experience of
developing techniques for, e.g., SMT-solving (Princess) and Horn-clause solving (Eldarica);
thus, his knowledge will be a great resource for my work, since it can help for a better
understanding of the back-end SMT-solvers for, e.g., Frama-C. This contributes to CBO1:
“Bring together members of the different communities working on proofs in Europe.”

Also, my research project is in collaboration with the Swedish heavy-vehicle manufacturer
Scania, and the idea for our work stems from the need of Scania to verify certain properties of




floating-point programs of larger scale, related to the safety of the vehicles. Thus, our work also
contributes to: CBO2: “Act as a stakeholder platform in the field of formal proofs from its
theoretical grounds to its industrial applications.”

Lastly, the collaboration between my research group and Philipp has already seen several
successes, and it is likely that it will continue so for the foreseeable future, contributing to CBO3:
“Create an excellent and inclusive network of researchers in Europe with lasting collaboration
beyond the lifetime of the Action.”
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