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Program testing is useful for indicating errors in the program. However, it
can not confirm the correctness of the program. Furthermore, we can test only
executable programs. Thus testing is not wusable for all steps of progran
developing in stepwise refinement.

This paper proposes a method for verifying the correctness of programs during
all steps of the program development in stepwise refinement. We show a
programming support system based on this method.

In our method. a programmer writes both an incompleted program and logical
expressions specifying its function in every step of the development. The
support system confirms the correctness of the program. Moreover, it generates
some conditions +to- specify some incompleted parts of the program. The
programmer repeates this process until the program is completed.

In this study., we use a programming language in the functional style. We
refine both functions and data during the steps of the program development. If
a progarmmer uses our system and writes his/her program in accordance with our
method., he/she can writes a completed program those correctness is verified.
When the programmer detects an error. he/she can correct it without worrying
about many parts of the program.
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(function-definition bubble-sort (int-list)
return (int-list)
by
bubble-sort (list_0) ==
if list=nil
then nil
else (let
( (int_0.1list_1)= select-min(list_0)
list_2 = bubble-sort(list_1))
(cons int_0 list_2)))
(define-data-type int-list
by
(*+ integer))
undefined function
select-min ¢ int-list — int-list

V=F 4V IO TCRRDLD BERMNBEO L~
REZ SRV,

3

P UYRAIPHNOEENY—FShTL 3,
R 2:

V=T 4V IORBRTY A FOKKE S
AlE L

ECCETURICHT IR EELTHS,
int-list# R UMYV - + FAHhSHALHEHBRCE
¥ % % sorteds ¥ 3,

sorted : int-list — bool

B8 ¥ bubble-sort WOV THKR I AK O TR
SN S
(sorted (bubble-sort 1)) (4.1)
PELWRTCHB, 2T ORETEHRA M
O RTFEE DB Hselect-min® ik 3 sortedic 2\ T ¥
ATH 3B,
@G.NEROLS>ScTBsRLI OGNS,
x=(bubble-sort 1) — (sorted x) (4.2)
bubble-sort® EFH & 0 1A nil0HE& & 29 TH
WA LD B,

(1= nil > x=nil} — (sorted x) (4.3)
(1#nil D> x=(cons
(car (select-min 1))
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> ((sorted n)
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(function-definition reverse (list)
return (list)
by
reverse (x
if (null x)
then nil .
else {(append (reverse {(cdr x))
(cons (car x) nil)))
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(length x) = (length (reverse x)) (4.12)
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(listp x) A y = (reverse x)
— (length x) = (length y)
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(listp x) A (listp y) —
(length (append x y))
= (length x) + {(length y)
(listp x) —
(length {cons x nil)) =1
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(function-definition length (list)

return (integer)
by
length (x) ==
if (null x)
then 0

else (length (ecdr x)) + 1)
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=) z= (if ((## 1)) then (X 1)
else (case (((#H#2)) (% 2))
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crBRE B
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Y- ACREICE SN
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FwShA  eos
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A mE MmO
S| bar T

T HAMALABCEIEEBEETRN
N—nOoETRBEINTHEONSY -V F
LoTEEWRAZ, V- LORBHHEEOP
(7) #8FBR Lk, V- idBT 2HBR
EBAWERT .

not-left
if (== (left) (not {expression) ))
then (delete-expression {left) )
(insert-right (expression) )

rule-8
if (== (left-1) (type ’list (x))
(== (left-2) (not {null (x) )))
then (delete-expression (left-1) )
(delete-expression (left-2) )
(insert-left (type "cons <(x)))

not- /&

-~

A
(not E) , & —

bl o

rule-8

(type 'cons x),A — T
(type ’1list x),(not {null x)),A — T

B 4 w— oD H
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mr&éOM&fﬁﬁzékxau%ﬂﬂoﬁéﬂ
AiDKA v P RAUSHNBERORRTCH S, FP
STRESRMARNORBAELLCHBER LT
0%6mm&ﬂ&&mbzn—v—cﬁi#é.ﬁ
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BB oBET. ~BHEHEAABMER AL S
K%kmr&D\VZ%AM?M\K0~%ﬁ%M
&w&téi\ﬂ%ﬂﬁT\&X%iﬁﬁmﬁﬂw
HlkERPS D,

B, RS A

(x€tl,y€t2,2€t3) p(x,y,2)
— f(g(x,y))=h(z) (6.2)

DEE. x,yOEBP. g0 MBELHAT K. I
DEXBOEROBEWIZIOVT

f(w) = h(z) (6.3)

ORMEEELD, BLELSBVBA(6.3) ZRY
sechDOMPeE L. WHER

glv,z) — £(v) = h(z)
’&Etﬁﬁ?‘nlf(ﬁ.z)liﬁfcfiﬁﬁ'ﬁ#!

(xEtl,yE t2,zEt3) w=g(x,y) Ag(v,2)
— p(x,y,2)
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