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ABSTRACT

An automatic verifier, called TKP 2, to prove correct-

ness of recursive programs is presented. It generates an

effective proof in English.

The implementation method of

the theorem prover is shown with an example.

1. INTRODUCTION

Verification of programs is a very
important problem in software engineering.
In order to prove correctness of programs,
a number of automatic verifiers have been
designed [1],[5]. But most of them display
proofs with their own peculiar forms, then
it tends to be difficult to understand
their proofs even .for logicians or engin-
eers.

We implemented a theorem prover called
TKP 1.2 to prove correctness of recursive
programs in 1975 [2],[141. Though it can
prove various properties of recursive pro-
grams and the proof figure generated by
this system has the form to be easily read
for a man, it may not be familiar with some
mathematicians. Moreover the proof figure
contains many steps which seem to be trivial
and redandunt for mathematicians.

We have designed and implemented a new
version of TKP 1.2 which is called TKP 2.
It generates an effective proof in English
as if it had proved correctness in human-
like way. This paper describes the imple-
mentation method of this new system with

an example.

2. VERIFICATION OF RECURSIVE PROGRAMS

2.1 NoTaTiONS

The methodology of our system is based
on the fixed point approach of mathematical
theory of computation and a Gentzen-type
formal system representing properties of
functions by T.Nishimura [3]. We introduce
notations used in this formal system.

Now let us consider two Lisp programs,
£[x] and g[x;yl, computing factorials of
integers.

fix]=[zerop[x]+1;
trxxf [x-1]1

glx;yl=lzerop[x]-y;
trg[x-1;xxy]l]

The least fixed point of f with a formal
parameter X is written as

ey
Jeeo,
where fn(x) is denoted as
£1x) = p(x)Al v\ (x) axx £ Ix-1) (1)

£%x) is a totally undefined function and

its value is undefined. n designates the

number of the applications of functions.
g(x,y) is expressed as

g7(x,¥) =p(x)ay v \p(x)ag™ lx-1,xxy) (2)

2.2 PROPERTY OF RECURSIVE ProGRAMS
Properties of the fixed point of a recursive
program are considered. For example, a
property of the two recursive programsm may be
if a=flk)va=ft)va=£{x)v - va=FtK)v ---
then a=§(k,1JVQ:g{k,l)va:g%k,l)v---vazéTk,l)v--‘.

We abbreviate above statement as follows.
if a= Uek)  then a= Pg(k,1) (3

In order to illustrate the proving process
of TKP 2, we will describe the proof of the
property (3).
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2.3 MATHEMATICAL INDUCTION

TKP 2 proves a property of a recursive
program by mathematical induction on the
number of applications of functions. Namely,
éhe property is proved in induction basis and
induction step. The given property will be
proved for n=0 at first. In this case it is

written as

if a=f%k) then a= Vdlk,1).
m=o

since £f{k) is undefined, a=f{k) is false, and
the above statement holds. Next the hypothesis
of the induction is given such that the follow-

ing statement is valid for every 7 < n+1.

if a=£1K)  then a=glk,1).
TKP 2 generates automatically the hypothesis
of the induction from the given program.

In this case, the program is to proved
that

if a=f"x) then a= Ve, 1. (4)
m=

In order to prove (4), it is sufficient to

prove that

if a=f%K)  then a=g'k,1). (5)

2.4 User SuppLIED KNOWLEDGE

Definitions of F and G are supplied by user

in forms of (1) and (2). According to these

(5). By definition
(1), the statement (5) is equivalent to
if a=p(k)al v \p(k)Afo%k‘l)
then a=g"'tk,1).

definitions, TKP 2 proves

(6)

There are two kinds of user supplied
nowledce. One of them is a definition.
The other

Theorems are assumed that

Definitions represents programs.
is a theorem.
are already proved. An example of the
theorem used in this problem is
xxgy,z) =

g”(y,xxz)J (7)

2.5 Use oF BUILT-IN PROPERTIES

Let us continue the proof of the statement
(6). TKP 2 attempts to prove in two cases.
p(k) is assumed true in one case. p(k) is
false in the other case.

If we assume that p(k) is true, the state-
ment (6) is transformed into

if a=1 then a=g"{k,1). (8)

<2>

This is valid by the following process.
Here,
if a=1 then a=1
when p(k) is true, gtk,1) is
1 by definition (2). (8) is wvalid.
The property is proved in one case.

is trivial.

Therefore,

Now, let us consider the proof in the
other case. If p(k) is assumed false, the
statement (6) is equivalent to the following

statement.

ni
if a=kxf{k-1) then a=g (k,1). (9)
By the hypothesis of the induction, this is

transformed into the following.

if a=kxgtk-1,1) then a=@"lx,1). (10)

Here,

if a=g{k-1,k) then a=d(k-1,k)

is trivial.
By theorem (7), this is equivalent to that,

if a=kxg{k-1,1) then a=g{k-1,k)
Because p(k) is false, this is the same state-

ment of (10). Therefore, (9) is proved.

Then, this completes the proof.

2.6 ViIsuALIZER oF TKP 2

The proof of TKP 2 is almost same procedure
described in previous sections.

This system is written in the Lisp language
on PDP 11 with 28K words.
phases in TKP 2.

There are three
Translator translates expres—
sion in the mathematical notation into prefix
notation. Prover performs a proof.
writes the proof in natural language.
The proof tree generated by the prover has
many nodes to traverse lofical steps.

Visualizer

Main
purpose of the visualizer of TKP 2 is to reduce
some steps generated by the prover which seems
to be trivial or redundant.

We show the algolithm of visualizer.

ALGORITHM

1. 1If mathematical induction is applied,
display the proof of induction basis and
the proof of induction step.

2.

Eliminate inherently true formulae in the
antecedent and inherently false formulae in
the ‘consequent. So the undefined formulae

placed in the consequent are eliminated.



3. Assign true or false to predicates in
formulae , interpret .them, and display the
interpretation massages to the effect that
the value is assigned. As the result, all 20
predicates are eliminated from formulae.
4. In principle, the output is formed in
top-to-bottom order. But at the node that
has only one leaf to be arrived, it is
formed in bottom-to-top order (Fig. 1).

2.7 EXPERIMENTS

TKP 2 tried to prove same problems which
were proved by TKP 1.2.

Problem 1 is a property on factorial programs
stated in the previous sections. Problem 2 and

3 are the following.

o7

Fig. 1 The order of the Output.
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The comparison of proving steps is shown in
Table 1.

Table 1.

Problem 1 Problem 2 Problem 3

TKP 2 12 12 13

TKP 1.2 29 33 20

The output of TKP 2 about Problem 1 will be
shown in Appendix A. The proof of TKP 1.2 will
be in Appendix B.

3. CoNCLUSION

We have attempted to make a mechanical veri-
fier of recursive programs which proves property
of programs and writes the proof in human-like
way. The proof is efficient and easy to under-
stand for a man. We hope that this prover be-
comes to be effective to verify or develop

recursive programs.
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