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1 DO

Al A 1
S
DO
A 1
S
P
P(l<i<n)
. P . P,
(1=sj=<q)
P, P,
1
2 2
2
Dijkstra 0
2.1 1 {Q:i,=i,}
var S: real; var i integer;
S: =5(0) ;i =iy,

doi<i,—S: =p* 8 +q;i: =i +1 od

{R:S=S(i —i) }

S=8(0) (Viiy<i<i,-1:8(i-i,+
1) =p* (S(i-1))" +4q) 1=1, -1

R:S=8(i,-i,)) ©Q S
i S(0) <ig~i,
S: =p* S +q p-g-r p#O0.r#
0. :
(i)
S S(0) Lo
(i) i<i.
(i) S=5(i-1) A
Ly SI<I,,
(iii S:=p* S +q

S(i) =p* (S(i-1))"+gq;
(iv) (ii) ( iii)
I
S=8(i-i) Nig=si<i, A
S(i) =p* (S(i-1))"+q .

(i) Q=WP("S: =S(0) i =i," I)

L, =z=((S=8(1-4) Nig=si<i, A S(1) =
p* (S(i=1))" +4q )i)iy ={ S(i) =p*
(S(i-1))"+q }
1, =,=5(0) =5(0) Nig<io<i, A\ S(i) =p*
(S(i-1))" +q =true.

(i) I\ Guard=WP("S=p* S +q;i=i+1" I)

Guard “<i)”
INGuard=S=S(i-1,) Nip<i<i, A\ S(i) =
p* (S(i-1))"+q Ni<i,=
S=S(i-1) Nig<si<i, A S(q) =
p* (S(i-1))"+q .
WP("S=p* § +q;i=i+1" I) =

((S=S(i-iy) Nig<i<i, N S(i) =p*
(SCi=1))"+q )ivt) pe sy ={ .

p* S +q=S(i+1-1,) Nip<i+1<i, A S(i) =
p* (S(i-1))" +q ={ S(i) =p*
(S(i-1))"+q  S(i+1-i) }.

p* S +q=p* (S(i-1iy)) +qNi,-1<i<i, \
S(i) =p* (S(i-1))"+q =
S=S(i-1i,) Nip —1<i<i, N\ S(i) =
p* (S(i-1))"+q .
I\ Guard=WP("S=p* S +q;i=i+1" I) =

{i,<i<i, =i, -1<i<i,} =true.
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(i) IA = Guard=R Guard S=5(i,-1) Nipg<i<i, N S(i,-1+1) =
. p* (S(i =i)) +a i-1
IN= Guard=S=5(i-1y) Nig<i<i, N WP("i=i-1;S=p* S +a i " 1) =((S=S(i, -
S(i) =p* (S(i—l))’+q Nizi, = ) Nig<i<i, A S(i, —i+1) =p* (S(i, —i))" +

S=S(i-ig) Ai=i, A S() =p* (SG=1)"+a = aio1 )y )= ;.

S=5(i, - )/\ S(i) =p* (S(i-1)) "+q = p* S +a i-1 =S8(i,—i+1) Nip +1<i<i, +1A

8 =5(i, =iy) - S(i, —i+1) =p* (S(i, —i)) +a i-1 =

(IN\= Guard=R) =true. { S(i —i+1) =p* (S(i, —i)) +a i-1
(iv) S(i, —i+1) }.

2.2 2 p¥ 8 +a i-1 =p* (S(i,-i)) +a i-1 A
{0:i,=1,} iy +l<si<i, +1A S(i, —i+1) =p* (S(i, -1))" +
var S: real; var i: integer; ai-1 =85=8(i,-i) Nig+1<i<i, +1A
S =S(0) ;i =i,; S(i, —i+1) =p* (S(i, i) +a i-1
doi>iy—it =i=1;8" =p* S +a i od I\Guard=WP("i=i-1;S=p* S +a i " I) =
{R:S=S(i,~i,) }. {iy <i<i, =i, +1<i<i, +1} =true.

§=8(0) (Viti+1<is<i,:S(i, —i+ (1) IA - Guard=R Guard

1) =p* (S(i,-i)) " +a i-1) 1=1y+1 .

R:S=5(1, —iy) IN- Guard=S=5(i —i) Niy<i<i, A
(1) S(i, —i+1) =p* (S(i,-1)) +a i-1 Ais
S 5(0) Ly iy=S=5(i, —i) Ni=ig\ S(i,-i+1) =
(i) £>1o p* (S(i,—i)) +a i-1 =S=S(i, —i,) A
(1) (i, —i+1) =p* (S(i,—i)) +a i-1 =

S=S(i, —i) Niy<i<i,; S=S(i—i).
( 1ii) St=p* S +ai I\ = Guard=R =true.

SCi, = (i=1)) =p* (S(i, - ()
) +a i-1;
(iv) (i) (i) 3
I

S=S8(i,-1) Nip=si<i, N S(i,-(i-1)) =

p* (8(i,-7)) "+a i-1 NN

(1) Q=WP("S: =5(0) i =i," I) 3

1

i, =i,=((S=5(i, -1) Nig<i<i, A S(i, - | |
i+1) =p* (S(i,=0)) "+a i-1 );)§q= 1 2
{ S(i—i+1) =p* (S(i i) +a i-1 Lo

}.

i,=iy=5(0) =S(0) Nig<i,<i, A S(i,-i+1) = | 10 1
p* (S(i,-1)) "+a i-1 =true. 1 "

(i) INGuard=WP("i=:1-1;S=p* S + {0:10=1}
a 1" 1) Guard “i>0,7 var i: integer; var s integer;

si=10 =15

INGuard=S=S(i, —i) Nip<i<i, A\ S(i, -

i+1) =p* (S(i, ~i)) +a i-1 Ai>iy=

doi<10—s: =2% s+2;1. =i +1 od
{R:s=s(9) }.
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1 p= (i) i>0 s=s(n-1) A
2 ¢g=2r=1. (IESE/N
(i)s 1 1; (i) s=s* x+a 1
(i)z<10 s(n=(i-1)) =s(n-0)* x+a i-1);

s=s(i-1) N1<i<10;
(i) s: =2% s+2
s(i) =2% s(i-1) +2;
(iv) (i) (i)

s=s(i-1) ANI<i1OA s(7) =2*% s(i-1) +2 .
2 b . b

5 3201)
138 =3% 5% 42% 5' 4 0% 5% 4+ 1* 5°,

n-1
n-1 1
{Q:n=0}
var . integer; var sum! integer;
var a: array( 0: n — 1 integer) ;
sum: =0;1 =0;
doi<n—osum: =sum+a i * b i =i+1
od
{R:s=s(n) }.

n-b
(1) sum 1 0;
(i)i<n
sum =sum( i) NO<i<n;
(iii) sum: =sum +a i * b'
sum( i) =sum(i—-1) +a i-1 * b'"";
(iv) (1) (i)
sum =sum( i) NO<i<n/\ sum(i) =
sum(i-1) +a i-1 * b
3 an-1%x""4+a n-
2 ¥ x" P4 4a 1l *x+a 0
{Q:n=0}
var . integer; var s: integer;
var a: array( 0: n —1 integer) ;
st =054 =n;
doi>0—i: =i-1;s: =s* x4+a i od

{R:s=s(n) }.

(iv) (1) (i)
s=s(n-i) NO<isnA s(n-(i-1)) =

s(n=i)* x+a i-1)
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The Research on Methods of Developing a Class of Loop Invariants of
Single-Variable-Assignment Type

YANG Huangdei XUE Jin-yun”
( Jiangxi Provincial Key Laboratory for High Performance Computing Technology Jiangxi Normal University Nanchang Jiangxi 330022 China)

Abstract: According to definition of loop invariants and strategy for developing loop invatiants proposed methods of
developing a class of loop invariants of single~variable-assignment type and confirmthe correct of loop invariants by
using Dijkstra’ s weakest pre-condition method hans been elaborated. Finally some typical examples to illustrate the
application of the methods has been listed.

Key words: single-variable assignment; loop invariants; strategy for developing; the weakest pre-condition method



