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Abstract

This paper describesSOSSubC : a system for automatically translating programs written in SubC ,
a simple imperative language, into a set of first-order equations. This set of equations represents
a SubC program and has a precise mathematical meaning; moreover, the standard techniques for
mechanizing equational reasoning can be used for verifying properties of programs. Part of the
system itself is formulated abstractly as a set of first-order rewrite rules. Then, the rewrite rules
are proven to be terminating and confluent. This means that our system produces, for a given SubC
program, a unique set of equations. In our work,simpleimperativeprograms are equational theories
of a logical system within which proofs can be derived.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

In most cases in which a program specification is done correctly, software deficiencies
that come from the gap between the specification and its actual coding are far more
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Fig. 1. The proof process overview.

numerous than errors due, for instance, to hardware failure or to the compiler. To increase
confidence in code production, effort should be focused on verifying that programs meet
their requirements, that is, that they are sound with respect to their specifications.

When dealing withprogram soundness, developers usually use empirical methods such
as the test sets approach. But this is not sufficient for applications that need a high degree
of reliability. For validation, applications would strongly benefit fromformal methods, i.e.
mathematical tools and techniques aimed at specifying and verifying software or hardware
systems. By verification, wemean the analysis that demonstrates that a program has the
desired properties.

1.1. Outline ofour approach and related work

In [21,7], we promote the idea of generating equations from imperative programs.
The principle is to translate source code into a set of first-order equations expressing
the program semantics. This translation is part of a framework for automatically proving
properties of programs.Equational logic, a subset of first-order logic, benefits from a
simple and clear semantics (substitution of equals), as well as from efficient algorithms
and existing tools.

The general outline of our framework is shown inFig. 1. Developers write down the
SubC code of a program; they also write program specifications as a set of required
properties expressed in equational logic: theprogram property equations. Then the
axiomatization (SOSSubC system) automatically transforms the source code into a set
of equations: theprogram equational theory. These equations constitute a theory within
equational logic. They also can be seen as an algebraic specification. The properties to be
proved are conjectured theorems. Therefore, proving these theorems from the equational
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