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Abstract

SPARK is a subset of the Ada programming language, extended with
annotations, contracts and providing its own toolset, that has been suc-
cessfully used in several industrial products for embedded and real-time
programming of critical systems.

Even though SPARK and its toolset have become very popular over
these past few years, we find that the tool support for automatic and
manual proving is rather limited. We also believe that there is little docu-
mentation for these tools and that they have very particular characteristics
which make them hard to learn and use effectively.

In this thesis, we intend to improve upon SPARK essentially by for-
malizing a meaningful subset of the language and creating for such subset
a VCGen for a multi-prover target (e.g. Jessie) and thus allow proving,
automatic and interactive, to be made with a wider collection of well
known tools.

1 Motivation

This thesis is motivated by work that has been done in a previous research
grant for the RESCUE project1 where we explored the SPARK language and
its toolset in the context of software verification.

1REliable and Safe Code execUtion for Embedded systems. The project has a multi-
disciplinary group of researchers from several portuguese universities that aim at developing
methods and tools for the verification of software for embedded systems
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In that work, we tried to learn about the language (without having prior
knowledge of Ada) and we were especially interested in what SPARK could
offer for proof support. During that work, we noticed that the tools, while
being able to discharge most proof conditions, were lacking in features that are
standard in modern automated theorem provers, such as SMT solvers, and in
interactive provers (namely Coq).

Even though there is a published paper [14] that benchmarks Simplifier
(one of the proof tools of SPARK) against SMT solvers and that states that
SMT solvers (CVC3 and Yices) are less capable than the Simplifier for SPARK
programs, we find that the approach in[14] falls short, in particular because of
the incompleteness of the SPARK model there considered and because of the
quality of the examples used for the benchmark.

Another aspect that we find important and that is lacking in [14] is that
they do not compare the expressiveness of FDL (SPARK’s language for rule
files) for writing rules/axioms with the way that rules can be written in SMT
solvers. The paper [14] shows a great amount of work done in benchmarking
safety properties of programs (e.g. overflow of integer types/sub-types) but not
in proving correctness of programs.

Also, the type of rules that we can write in FDL, for the Simplifier and
for the Proof Checker, is very limited (but we mostly focus on the Simplifier).
When defining rules, we can only assume that things are true, given or not
certain conditions, and we can only define rules for replacing terms with other
terms.

While this is sufficient in some cases, it is not a powerful mechanism. Because
of its limitations, we sometimes have to write certain rules that may look a bit
quirky (i.e. a = b < − > c = d may be deduced after having defined that a = c
and b = d) if we want the Simplifier to discharge all verification conditions.

It can be argued that this happens not because of the tool but because of the
logic that the tool knows and implements. Either way, it should be expected that
in a modern proof tool such trivial things should be easy to prove and should
be done automatically. With SMT solvers we have a large array of predefined
theories that can be used in proofs and that are used automatically.

Furthermore, because the SPARK toolset works as a tightly coupled set
of tools, the verification conditions that are generated by the tools can only
be discharged using the tools that are supplied with SPARK, thus discarding
several well known tools that are being used and taught in verification courses
and that people already have experience with.

To sum up, while we believe that the SPARK language is a well thought of
and powerful subset of the Ada language and that the Examiner is an extremely
powerful tool for enforcing programming practices and verifying data and infor-
mation flow, we find that the tool support for proofs is a bit disappointing.

We also believe that SPARK is a great language that is also being backed
up with a great support program and, because of that, the language and tools
are quickly gaining a widespread acceptance in the industrial and academic
communities. With this thesis we hope to bring features to SPARK that might
be of interest for industrial users, academic researchers and teachers in the
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formal methods and software verification areas.

2 Objectives

Generation of verification conditions for SPARK programs and proof tool sup-
port for proving such conditions are the focus of this thesis. As such, we intend
to complement the SPARK Examiner with our own VCGen implementation for
a multi-prover system, while using the SPARK Examiner to enforce its con-
straints to Ada/SPARK source code.

The objectives for this thesis are:

• To design a sequential subset of the SPARK language, named mSPARK,
and to create a Hoare logic and VCGen for that subset. This subset should
be a large and meaningful subset of the SPARK language.

• Implement the VCGen, preferably in SPARK or Ada, with the Jessie tool
and language as its target. This will enable a multi-prover approach that
can be used with SMT solvers and interactive provers. To do this it is also
necessary to create a large amount of axioms about the SPARK language
and encode them in Jessie.

• After having this implemented, we will focus on adding new functional-
ities to the SPARK language, such as loop variants and package invari-
ants, among other things. Being able to generate and discharge verifica-
tion conditions related to floating-point arithmetic using Grappa would
be considered a good bonus, since SPARK only has limited support for
floating-point arithmetic.

3 Research methods

The following work method/investigation is proposed:

• Reading the bibliography that is presented here and searching for further
related and meaningful work.

• A wiki is to be maintained and updated regularly with the work being
done.

• Every two weeks a meeting shall take place with the supervisor and co-
supervisor to monitor the progress; there may be weekly meetings for
minor things.

• Tokeneer will be used as the benchmark for the implementations in this
thesis since it is an open source and well-known project in the SPARK
community. Initially we will focus on a subset of the Tokeneer project
and, as the implementation matures, we expect to progressively extend
this subset towards the full Tokeneer.
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• Tools will be developed and properly documented, whenever necessary.

• GAP (GNAT Academic Program) will be used to clarify any doubts re-
garding Ada and/or SPARK.

4 Milestones

Milestone 1: October & November Read relevant bibliography, starting
to write the pre-thesis and clearly defining the initial subset for mSPARK.

Milestone 2: December, January & February Create the Hoare logic
and VCGen and start doing the implementation. At the end of the milestone,
mSPARK should be usable for its initial subset and a pre-thesis should be
prepared.

Milestone 3: March & April Improve mSPARK support for SPARK.

Milestone 4: May, June & July Add new features to mSPARK that we
believe to be relevant.

Milestone 5: August, September & October Add extra features to
mSPARK that SPARK does not possess and finish the thesis.

Note: The writing of the thesis must be progressive and it is encouraged to
use the wiki as a means of compiling ideas, paper reviews and other kinds of
information that may be helpful for the writing of the thesis.
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