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A Machine Description Facility for Compiler Testing

HANAN SAMET, MEMBER, 1EEE

Abstract—-Requirements for a machine description facﬂjty for com-
piler testing are discussed. ‘Tﬂg, compiler testing procedure consists of
proving that programs are coifébﬂy translated by the compiler at hand.
This is achieved by use of a common intermediate representation for
both the source and object programs. The intermediate representation
for the pbject program is built by use of a process termed symbolic
interpretation. This process interprets a set of procedures which de-
scribe the effects of machine language instructions corresponding to
the target machine on a suitable computation model in a manner con-
sistent with an execution level definition of the high level language.
Some of the important factors which enter into such a definition are
discussed. These include architectural constraints posed by the target
machine, and a description facility for memory and data types. Once
such a definition is formulated, the actual instruction set of the target
machine can be described. The highlights and limitations of such a
definition facility are discussed in the context of a specific Lisp imple-
mentation on a PDP-10 computer.

Index Terms—Compilers, compilei' testing, correctness, data types,
LISP, machine description languages, program testing, program
verification.

I. INTRODUCTION

IVEN A computer, one of the first questions that comes
Gto mind is what are its capabilities. This question is often
answered by describing its instruction set. This description
process is generally geared towards a specific application.
These applications include very low level wiring diagrams at
the electronic gate level, microprograms [8], and higher level
register transfer languages [1]. In this paper we present a for-
malism for describing a computer for compiler testing.

In order to motivate our ideas we define the concept of com-
piler testing and discuss its relationship to other work. Once
this is done we present a machine description facility that is
suited to compiler testing. The facility is decomposed into
two parts—instructions and memory. The presentation draws
heavily on examples from an existing compiler testing system
[19].

II. CoMPILER TESTING

Compiler testing is a_terrﬁ we use to describe a means of
proving that given a compiler (or any program translation pro-
cedure) and a program to be compiled, the translation has been
correctly performed. This concept is useful when the transla-
tor exhibits a considerable amount of optimization since it is
not unusual for optimizations to result in erroneous program
behavior. Some possible approaches to tackling this issue in-
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clude program proving [14], program testing [7], and decom-
pilation techniques [6].

Program proving methods have traditionally been character-
ized by the specification of assertions ([5], [10]) about the
intent of the program and then proving that they do indeed
hold. Such techniques have two drawbacks. First, the process
of specifying assertions as to what constitutes coirect program
behavior is not easy ([2], [22]), and even when a program has
been found to satisfy the supplied assertions there is no guar-
antee that the assertions are sufficiently precise to account for
all contingencies. The assertions generally deal with what will
be termed the intent or “high level” behavior of the program,
whereas we are interested in “low level” behavior. Some nota-
ble work using assertions in verifying low level behavior is
reported in [12] and [13]. Second, proofs using assertions
rely on the existence of a theorem prover, and a correctness
proof for a compiler can be characterized as proving that there
does not exist a program that is incorrectly compiled. This is
in contrast to an alternative program testing approach which
would prove that specific programs are correctly translated on
a case by case basis.

Decompilation methods could conceivably be used to verify
the equivalence of a source program and an object program,
This would require a priori knowledge of how the various con-
structs in the source language have been encoded in the object
language. However, such an approach sets a limit on the varia-
tion in the object code that can be presented to such a system.
A more serious flaw is the fact that compilation is a many-to-
many process. Namely, the object program corresponding to
a program written in a high level language can be encoded in
many equivalent ways. Similarly, to an object program there
corresponds more than one equivalent source program.

Our notion of compiler testing is a variation on the concept
of program testing. We feel that in the case of a compiler there
exists a willingness to settle for proofs that specific programs
are correctly translated from a high level language to the object
language. Thus a proof system is embedded in the compiler
which proves the correctness of the translation for each pro-
gram input to the compiler. This sidesteps the issue of proving
that there does not exist a program that is incorrectly com-
piled; but this issue is now moot since essentially we are only
interested in the correctness of translations of the programs
input to the compiler. In other words we are not concerned
with the correctness of translation of programs that have not
been input to the compiler. Thus our variation enables us to
bootstrap ourselves to a state where we can attribute an effec-
tive correctness to the compiler.

Our test criterion for compiler testing is a proof of equiva-
lence betweer a program input to the compiler and the corre-
sponding translated object program. The manner in which we
proceed is to find an intermediate representation which is com-






