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ABSTRACT

We describe how to transform certain flowchart
programs into equivalent explicit primitive recursive
programs. The input/outpul correctness conditions for the
transformed programs are more amenable to({;roof than the
verification conditions for the corresponding flowchart
prozrams. In particular, the transformed  correctness

conditions can often be verified automatically by the
theorem prover developed by Boyer and Moore [lﬁ.
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INTRODUCTION

Experiments with the theorem prover developed by R.
Boyer and J Moore [1] have shown that structural
induction in combination with symbolic evaluation and
some generalization heuristics can be used (o prove
properties of a wide variety of LISP functions completely
automatically. The Xev property of these functions making
them amenable to induction is their explicit primitive
recursive specification. Roughly speaking, the explicit
primitive recursive form produces the effect that when the
formula to be proved in the induction conclusion is
symbolically evaluated, it assumes the form of the
induction hypothesis.

In order to use the theorem prover on flowchart
programs, it is necessary to translate the flowcharts into
functional form. The easiest approach is that described in
McCarthy [3] which  produces  partial  recursive
specifications. One is then forced either to extend the
theorem prover to cope with a limited class of partial
recursive specifications (as Moore does in [4]) or to
further transform these specifications @where possible) into
explicit primitive recursion. In this paper we are concerned
with the second approach.
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Of course, not all programs compule primitive
recursive functions (for example, programs that compute
Ackermann’s function or that interpret FORTRAN
programs compute partial "recursive, but not primitive
recursive functions.)  Furthermore, it 1is undecidable
whether a function for which a partial recursive definition
is given is primitive recursive. Thus, the method described
here is not applicable to arbitrary flowchart programs, but
only to those fitting certain schemes known to describe
primitive recursive functions.

AN EXAMPLE

Our approach is best outlined with an example.
Although we have restricted our presentation to the domain
of lists and numbers, the general ideas are more broadly
applicable.

Figure | shows a flowchart program computing the
function int(x) that converts a binary number represented
as a list of 1's and 0's into an integer. The program scans
the input list from left to right. At each position scanned,
it doubles the value of an accumulator A and adds the
value of the scanned bit. After all bits have been scanned,
the value of the accumulator is returned.

Consider the theorem stating that left-shifting a binary
number (i.e., tacking a 0 onto the right end) has the effect
of doubling that number's value: .

(1) int(append(L,1list(0))) = 2*int(L),

where L is understood to be a universally quantified
variable ranging over all lists of 1’s and 0's.

The first step in proving the theorem. is to convert the
flowchart program into functional form. McCarthy [3] has
shown that one can do this in a mechanical way for
arbitrary flowchart programs by introducing a new
recursive function for each tag point. In the above
example, one obtains:

int(x)} = intl(x,0),













