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On a Proving System, PROVER, for the Verifivation Conditions

Shigeru Yanaci, Michinori Urasaxi, Yoshiharu SATO and Michiaki KaAwaGUCHI
(Reccived September 30, 1976)

Abstract

The problem of proving a program correctness was reduced to prove a set of formulae
which are called verification conditions.

The purpose of this paper is to construct a system named PROVER which is designed
for proving the verification conditions of program correctness, and is intended to produce a
program verifying system.

In order to represent the verification conditions, we must introduce new functions. But
there is no formal way to prove the formulae with the functions. And to prove these
formulae, we have set forth the properties of new functions by certain adequate formulae
which are interpreted as tautologies. Then these formulae are added to the deductive system
of the PROVER as axioms.

By adopting this method, the PROVER increases its capacity for proviog formulae. And

thus it is possible to construct a system which verifies the program correctness.
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(i) VCG (Verification Condition Generator)
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(i) PROVER (Theorem Prover)
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ENTRY N>=1;
BEGIN
I.=1;
ASSERT N>=I1-1 & E§, X, 1, I)=1 & N>=1;
WHILE I<=N DO
SI): =X(1);
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I:=1+1
END;

A1:ASSERT G(X, 1, N)=G(S, 1, N} & 1<=N;

D:=5(1);
C:=0;
I.=2;
J:=1;

ASSERT G(X, 1, N)=G(S, 1, N) & B(S, 1, I-1)=58(]) & S(J)=D &
BB, 1, I-1, )=C & I-1<=N & B(S, 1, I-1)=D;

WHILE I<=N DO
IF S(I)>D THEN
BEGIN
C:=D;
D:=8(J);
Jo=1
END;
ELSE
BEGIN
IF S{(I)<=C THEN
C:=5()
END;
END;
IF C1=0 THEN
BEGIN
S(Jy: =D-C;
GO TO Al
END;
Z:=D
END;
EXIT Z=G(X, 1, N);
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Ale E(XsYala)=1

A2+ ECXaYa1laU=13=1 IMPLILS ECVOGUaY U ) v Y 1aU=1)2E (X Ys1l)
A3 FCXsYalatd=1 IMPLIES G(Ys1sU)=G(Xa 1)

Abs  BUXv141)=Xx(1)

Ad.e  BE(X+1s1+41)=0

Abe  BEBCX«LaYaUI=0 & BCXv1aY)=A(U) IMPLIES XU =G(Xe14Y)

ATe  XCQYDC=ACU) 6 BOXalaY=12=X(U) IMPLIES p(XelaY)=X(U2

A8 XCYDC=X(UY & X(YIDnBlAv1l Y=1aU) [MPLIES Hb{X+1aY 2 U)=X(Y)
A9, X(YDKEBE(X1Y=15U) FAPLIES BE(X LY U =bi(XelaY=1U)
ALO. X(YICEB(XalaYm=1) & ECATaY=0)=X(U) J™PLIES HIXLaY)=X(Y)
Alle XCYIDIBOXalaY=1) IMPLIES BLXa1aY)=x(Y)

AL2. XCYIDBOXalaY=1) & pOXelaY=1)=X(U) [MELIES BRI T YaYI=x{n)

*® 3

N>=1
IMPLIES
N>=1 & N>=1-1 & E(S+Xv141-1)=1

N>=1 & N>=f-1 & E(S.Xy141-1)=1 & I<=N
(MPLIES
N>=1 & ND=(T41)~1 & FUV(S+]aXC(I))eXelal)=1

N>=1 & ND>=[~1 & E(S+Xa141=12=1 & (1K=
IMPLIES
GEXv1aNI=G(S+1sN) & NO=1

GEX1LaNI=6(S 1sN) & ND>=1

IMPLIES

GEXA 1N =GCS I WN) & BES 11D =5(1) & S(1)=(5(1)) & BR(S 141410=0 & 2-1
<=N & B(S»1+2-1)=(5C1))

GLXs1aNI=0(S 1) & RS Iai~13=5Cd) & S(H =R & BB(S 1:1=1.0=C & 1-1¢
=N & B(Ss1si-1)=D & 1<=N

IMPLIES

GUXsLyNI=GIVISy I (D=C) ) v 1) & 1(=N

GEXs1aNI=G(S 1 aN) & B(Sa11=10=5CJ) & SC¢JIr=D & BB(S 1+i=1,0)=C & I~1<
=N & 1¢=N & BB(S«1vI-1s0)=C & ~{I<=N) & (=0

IMPLIES

D=G{X+1sN)

GEX+1eN)=0(S1vN) & ECSaIaI=1)=5CJ) & s{N=D & B8RS 1sI=1443=C & [-1<
=N & B(S 1s1=12=D & I<=N & =(S5C(D20) & S

[MPLIES

GCXaLaNI=GCS 1aN) & BLSa1CT+1)=-1)=8Cy) & SCI=D & BR(SALs({+1)=1s )=
(5CI)) & (I+1)~1<=N & B(S+La(I+1D=1)=D £ 1(=N

GEX+1aNI=G(S+1sN) & B(S 1s1=1)=G(d) & S(H=D & BR(SV141=-1v0)=C & I-1<
=N & B(Salei=1)=D & 1<=N & [<=N & ~(S(1I>D) & =(SCIKO)

TMPLIES

GEX1eMNI=0(Ss1en) & B(S1e (I+1)=1)=5C0) & S(U=D & BB(S»Ly(I+1)~1+ )=
C b (I+1)=1<=N & B(S+14(I1+1)~1)=D

GLXaLaNI=6(S 1aN) & BLSIs1=1)=5(d) & SCH=0 & BHLS1s1-1,0y=C £ 1-2¢
=N & B(Silal=1)=D & 1<=N & I<=N & S(I)>D

[MPLIES

GLXA LMY =6LH 1N & BSeLa(I+1I=1)=S(1) & SCI2=(5C12) & B(S+1s(1+1)~1
vDED & (1+1)=1¢=N & B(S 1y (I+1)~1)=D
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THE VEKIFICATION CONDITION 1§ FOLLOWING.

GUAVINI =SS IaN) & BUS1al=1)=5Cd) & S(UI=U & 1=1<=N & 1<=N & BH(Se1.
=1+v0)=C & - (1<=N) & C=0

IMPLIES

D=G(X+ 14N

THE VeCo 1S TRANSFORMEL 1O THE FOLLOWING FUM,

I*GEXA LN =1 %G ESe 1 NI40 =0 b 1RU(S I I=0)=125( )+ =0 & 1%5( ) =1#D+0 =
0 & 1#N=1s142 >0 £ 14N+0 D0 & IaBE(S.1al=1,0)=1%Ce0 =0 & 1xbtimlx{+0 <O
& 1#C+0 =0

IMPLIES

1¥GIX LN =1 2#D+0 =0

CALL SUBPROGRAM S[MP1
THE V.Co IS TRANSFORMEDL TO THE FOLLOWING FORM.

LHGCAVLIN)=1#GLS 1aM)+0 =0 & 12351 1=1)=128CU)+0 =0 & 1%5(U)-14De0 =
0 & TRUE & 1#N+0 30 & 1#RBCS 1v[=11UD=1%C+0 =0 ¢ LaN=1%{+1 =0 § 1#C+0
=0

TMPLTES

1#GEX 1 NY=15D+0 =¢

CALL SUBPROGRAM SupsT
THE V+C. 1S TRANSFORMEL 1O IHtb FOLLOW NG FURM.

IHO(X 3 l-1) =16 (541411040 =0 & 1#b(S«1.1-1)=185C0)+0 =0 & THUE & TRy
E & 1%1-1 >0 & THUE & TRUF & 1#80(5:141-1+02+0 =0

IMPLTES

1#GUXa1+1=1)=125( ) +0 =0

CALL SUBPROGRANM AX10OM
CALL SUBPROGRAM MATCH
CALL SUBPROGRAM MATCH
CALL SUBPROGRAM MATCH
CALL SUBPROGRAM MATCH

THE V.Co IS TRANSFORMED TG THF FOLLOWING FuKM,
1#GEX L 1=1)=146(S4 1+ [~1)+0 =0 ¢ TRE(S L l=10=0nG(S 1o [~1)+0 =0 & [RUE
& TRUL & 1sf=~1 >0 & [KUF & Thup 1#RB (S 101100 +0 =0

IMPLIES
I#G (X0 1y I=1) =1#G(S 1y 1=1)+0 =0

THIS FORMULA 1S VALID. )
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