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1 Introduction

Program transformation [12J3] can be described as the act of changing one pro-
gram to another. The aim being an alteration of the program syntax but not its
semantics, hence leaving both source and target programs functionally equiva-
lent. Consider as examples of transformations the following program fragments:

Ti: if (el) s1; else s2; = if (lel) s2; else si;
T5: if (true) si; else s2; = s1;

T3:x=2; x=x-1; y=10; x =x + 1; = x = 2; y = 10;

T,: for (s1; e2; s2) s3; = s1; while (e2) s3; s2;

Program Transformations are generally written in order to generate better
programs. In transformations, we apply a number of simple transformation ax-
ioms to parts of a program source code to obtain a functionally equivalent pro-
gram. The application of these axioms is treated as a search problem and we
apply a meta—heuristic search algorithm such as hill climbing to guide the direc-
tion of the search.

1.1 The Transformation Problem

An overall program transformation from one program p to an improved version p’
typically consists of many many smaller transformation tactics [T}2]. Each tactic
consists of the application of a set of transformation rules. A transformation
rule is an atomic transformation capable of performing the simple alterations
like those captured in the examples T} ...Ty. At each stage in the application
of these simple rules, there are many points in the program at which a chosen
transformation rule could be applied.

There are many points in a program; typically one per node of the Control
Flow Graph. The set of pairs of possible transformation rules and their corre-
sponding application point is therefore large. Furthermore, to achieve an effective
overall program transformation tactic, many rules may need to be applied, and
each will have to be applied in the correct order to achieve the desired result.
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2 Local Search-Based Transformation

Meta-heuristic search algorithms such as hill-climbing may be applied to arrive
at an optimum result, or at least, a locally optimal result. Rather than apply the
transformations manually, one after the other, we allow the algorithm to pick
the best transformations to apply from a given set. We assume a search space
containing all the possible allowable transformation rules and define our fitness
function using an existing software metric [Bl4], for example to be size of the
program in Lines of Code (LoC).

An optimum solution would be the sequence of transformations that results
in an equivalent program with the fewest possible number of statements. For
instance, in the examples used in the introduction, transformation T3 clearly
shows a reduction in the size of the program from 4 nodes to 2 nodes and so
would be selected as one which returned a better program, than, for example,
the identity transformation.

Using a simple hill-climbing search algorithm and a size-based metric such
as LoC, after a particular transformation is applied, the size of the new program
is compared with that of the previous program. Any transformation which re-
duces size, is retained and the search continues from the new smaller program
found. When no smaller program is found by the application of a rule, the search
terminates.

3 Evolutionary Search-Based Transformation

Our approach is to use the transformation sequence to be applied to the program
as the individual to be optimised. Using the transformation sequence as the in-
dividual makes it possible to define crossover relatively easily. Two sequences of
transformations can be combined to change information, using single point, mul-
tiple point and uniform crossover. The result is a valid transformation sequence
and since all transformation rules are meaning preserving, so are all sequences
of transformation rules.
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