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A Model for Reuse Based on Formal Specifications

MAKOTO KAWAKITA,T MASAHIKO SAKALTT SHINICHIROU YAMAMOTO T
and KryosHI AGusa T

As software demands increase, more efficient and reliable software development methods
have been required. Automatic programming is one of the candidates. However it cannot
always produce an expected program from the view point of performance. One of alternative
approaches is software reusing. Reuse of a high performance software may provide a required
software of high performance. There are two problems in reusing ; retrieving and customiza-
tion. Since reusing in upper stream increases reusability of software products, our reusing
targets reusing of requirements specification. We adopt an algebraic specification because of
its abstractness and formality. We define the similarity of algebraic specifications for retriev-
ing. The similarity is expressed by orders with abstract equations. With several examples, we
get a new program which is retrieved from the database and customized. The reusability
is 60%, that is, about 609 part of derived programs is reused one.
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Fig.1 Balzer’s automation-based software paradigm.
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Fig.2 A model for reuse based on similarity of
specifications.

BOEGEEEAAT 2, MieHRcEosBmEL,
EHEEMZZIEZE5>T, HROBWI s 5 L%
BT 2. 2070, R Fa S 25HE LT
T I N— AT 2. AR CTRETZ2EFT A%
H2wrd, 5%, BIUOWESTsnkTa s A
ZiEE L, BRATRESS 2 ERE2 W THRET 3,
INEDHIEDWT, L 70 A0RED
FEBBEIGRRT, RETHEEZHVRBRICONT
B,

2.2 REHTH

HERE 70 7 Z ADOXIET DWW TR B FIA
R TR R DWW CEE ST 5. &
TR, FEMEICEN D w3 B AL SR8
KR v 3, RENEETcREROESTHIES
ks 5, REHBROFI 2R 3 1Rd*, V— D&
&S, BRTOES C, IFERTOES D, THOE
BV E BEERITERNOES E DS 5 ERTF L
BEROEDORINCEHN T EHESTH Y,
BT @2 nAOBBEETH 5, RERIHEEDS
MR DWW TSR 10) 2B Sz, RRXXTH S

* 1{TE®D {DATA} iZ 4 APPEND DEHRTHW LMD
HERERT. FRX TSRS L OEBRTTY, Z0OM:
KTHAO T2 MO AR L 2w 0T, SHlikEm T
%, ZORERIC DV TR 6) 2B N7z,



1052

APPEND = ({DATA},(S,C U D),V, E)
§ = { list },
C = {Nil :

Cons :
{ Append :
{

— list;

data, list — list;},
list X list — list;},

d : data; x, y : list;},

{ Append (Ni1(),y)=y;
Append(Cons(d,x),y)=Cons(d, Append(x,y));}

D =
V=
E =

B3 YR MDOTYROMEE
Fig.3 Specification of append on list.
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typedef struct list {

DATA data;
struct list *next_list;
} *LIST;

LIST append(LIST x, LIST y)
{
if (is_nil(x))
return(y);
else if (is_cons(x))
return(cons(cons_inv_1(x),
append(cons_inv_2(x), y)));
else {
fprintf(stderr, "Unexpected argument");
exit(1);
¥
LIST cons(DATA x, LIST y)
{
LIST p;
p = (LIST)malloc(sizeof(struct list));
p->data = x;

p~>next_list = y;
return(p);

B4 7RyYROFTT T AF
Fig.4 An implemented program of append.
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X5, 8)= (X0 2] |

|

X(&, & )=X(n,7")
GE3: Ge(S(x), S(y)) = Ge(x, y)

X(&, &) =Y({X(n, 7" )

DIF 2: Dif{x,5(y)) = Pred(Dif(x, y))

X(&, &' )=C(LX(n, 7))

Fy: F(S(x),y) = S(S(F(x, y))
G G(S(x),S(y)) = S(F(G(x, y)))

X(5,8)=CX(n, )
ADD 2: Add(S(x), y) = S(Add(x, y))

X(&, &)=Y X(n, 7")1 ")

MULT 2: Mult(S(x), y) = Add(Mui(x, y), y)

5 FRERICED MRS

Fig.5 Abstract equations and equations matching them.
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function retrieve(SP: 8 T: TR FEX B R H O K &)  HMUR;
var e : %3
P:HEEABEHFEFIO—20ORH;
order| ], sim[ ], sim'[ ], SIM : BB R;
begin
N:=(SPO%ROK);
for n:=1to N do
begin
e:=(SPOnEHOER)
Np:=(TlBwTeMhritnTss

237 X0% 41
for i:=1to Np do
begin
P=(TlBWTet b tdTi
iF H O &)
order[i] := (PR E T el it ¥ 2 HER);

end
sim[n]:=(order[] % & B L 72 B R);
sim/[n):=(sim[n] CHENZBA LA OERD ) &,
BEOHEM LSRN L BB L 2R R),
end
SIM := (sim/[] % & B L 2 B R);
end
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Fig.6 Algorithm of retrieving specifications.
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NINUS = ({¢},(S,C U D),V,E)

S = { nat },

C={Z: — nat; S : nat — nat;
ERR : — nat;},

D = { Minus : nat X nat — nat;},

V={x,y: nat;},

E = { Minus(x,2())=x;
Minus(Z(),S(x))=ERRQ);
Minus(S(x),S(y))=Minus(x,y);}

X7 BABOBMEOMLEE

Fig.7 Specification of subtraction on natural number.
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ZHOGKXEEWRT 2,
NINUS, @D W TROEMEXDE S,
order[1]={ABS,, EQ,} < w{DIF,, GE:}
<u{MINUS,},
order[2]1={ADD,, DIF\}<.,{ MINUS,}.
B order [ &KL T,
sim[1]1={ABS\, EQ.}<.,{ADD,, GE\}
<.{DIR} < {MINUS}. (3.1)
(3.1) R UCHEFEOERITEZVLDT,
sim/[1]={ABS:, EQ.} <,{ADD\, GE:}
<{DIF\} <.{MINUS}. (3.2)
MUTREERIC LT, MINUS, LT,
order[11={ABS,, EQ\} <»{ADD,, MULT,,
GE»} <o{ MINUS,},
order[2]={ADD,, DIF\} <o{MULT\, GE,, GE2}
<o MINUS,).
INBDIEFEERT S &,
sim[2]={DIF\, ABS), EQ\} <,{GE:}
Sz{ADDl} < {MUL T, GE»} < {MINUS:}.
(3.3)
(3.3) KL VEUEFOER2HIKYT 5 &,
sim'[2]={DIF\, ABS:, EQ.} <:{ADD}
<AMULT, GE3} <{AMINUS:}. (3.4)
MINUS: 2341 T,
order[1]={ABS:, EQ\} <a{ADD,, MUL T}
<a{GEs} <a{ MINUS:},
order[2)={ GEs} <a3:{ MINUSs},
order[3]={ADD\, DIF\} < ss{ GEs} < 5s{ MINUSs).
INnsDEREEKRT % &,
sim[3]={ABS:,, EQ}<:{ADD\, ADD,, MULT,
DFF) <o{ GEs} <s{ MINUSs} (3.5)
(3.5) AL VEUHBHOSEREHIERYT % &,
sim/[3]={ABS,, EQ\}<:{ADD,, MUL T, DIF'}
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GE = ({¢},(S,CUD),V,E)

S = { bool, nat },
C={T: — bool; F: — bool;

Z : — nat ; S : nat — nat;},
D = {Ge : nat X nat — bool;},
V={x, y: nat;},
E = { Ge(x,Z20)=TQ);

Ge(Z(),5(x))=FQ);
Ge(S(x),S(y))=Ge(x,y);}

8 WEOMRE LB R
Fig.8 Specification similar to MINUS.

<{GEs} <o{ MINUSs}. (3.6)

(3.2), (3.4), (3.6) XEAKLT,
SIM={ABS, EQ}<{MULT}<{DIF, ADD)

<{GE}<{MINUS}. (3.7
OB L GE 28 1R d. V— MIER
50, FHOBESTPIBHOEROHERESER L
PEEBIL T3, GE BZEN U ErE»EHET 2
B THY, Z5RD 2 MINUS LELILTWAET
HEIZ LAY 5.
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FEETH D,
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SUBST = ({IF, EQ_CHAR},(S,C U D),V,E)
S = { char, line },
C = { ILINE : - line;
MLINE : char x line — line;},
D = { SUBST : line x char X char — line;},
V = {c0,c1,c2 : char; 10 : line;},
E = { SUBST(I.LINE(),c1,c2)=I_LINE();
SUBST(M_LINE(c0,10),c1,c2)
=IF (EQ.CHAR(c0, 1),
M_LINE(c2,SUBST(10,c1,c2)),
H_LINE(cO,SUBST(10,c1,¢2)));}

B49 EREE (—XFEBR

Fig.9 Requirement specification (substituting a character).

Specification most similar to (SUBST) is this:

Name (exch_lin)
Other spec. ~> (if)(ishere)
Constructor
M_LINE : char, line -> line ;
Nonconstructor
EXCH_LIN : line, char, int ~> line ;
Equation
EXCH_LIN(M_LINE(cO, 10), ci, S(n0))
== IF(ISHERE(S(n0)),
M_LINE(c1, 10),
M_LINE(cO, EXCH_LIN(10, ci, n0)))

Source File => exch_lin.c

10 —XFEBOAREOREER
Fig. 10 Result of retrieval of SUBST by prototype system.

21X SUBST ("abcabe”, 'a’, "A’) ='AbcAbc’ ¢
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4.2 EEOBFRAG
M0 25K OHEEBE LTI, RO LI REES

fToft%, Bz erEfRInEl v, COEESRH

CETCAFRLIS>TRKD D TH 5,

(1) BXCH LIN®3&FEH®Y — b int % char iz
EET S, ZRGUT, 7580 EXCH LIN 0%
3B L AL D EXCH LIN 0% 3 HE ZF +
5,

(2) SUBST 0% 1X%EMMT 5.

(3) IF OZ%MHETH 25 13HISHERE (S (n0))
% EQ CHAR (c0, cl) WEHEY 2,

(4) IFOHE2EM LINE OF 13[#cl % c2 iz
EHET 5,
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LINE subst(l, c1, ¢2.,)
LINE 1;
char ci;
char c2;(,,

LINE rslt, 10, 11, mline(), m.line_inv.2();
char c0, m.line_inv.1();

if (is_iline(1)) {,
rslt = iline();,
return(rslt);,
} else,, if (ism line(1)) {
c0 = m_line_inv_1(1);
10 = m_line_inv.2(1);
if (eqchar(c0, c1),) {
rslt = m_line(c2,,, subst(10,c1,c2),));
return(rslt);
} else {
11 = subst (10, ci, c2,));
rslt = m_line(cO, 11);
return(rslt);

}
} else {
fprintf (stderr,

"subst:Unexpected argument");
exit(1);

M1 #EFERO S0 T A
Fig. 11 Program before customization.
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X 100(%). (4.1)
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X 100(%). (4.2)

4.1) KEFBFFEO7T 7 F LB THEFHL-#E
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LTwahrizryd., (4.2) XEFHLiEsne7as

FLAREBOTHEIHALZEGE2RITETHD, Bpi

ERLH LW TSI ARERTEDERT,
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LINE exch.lin(1, ci, n;)

LINE 1;

char ci;

int i)

LINE rslt, 10, 11, mline(), m_line_inv_2();

char c0, m.line_inv_1();

int n0, s.invQ);,,

if (ism.line(l) && is.s(n),) {
¢0 = m_line_inv_1(1);
10 = m line.inv.2(1);
if (ishere(n)) {

rslt = m_line(c_lm, 10.));

return(rslt);
} else {
n0 = s_inv(n);,
11 = exch 1in(10, c1, n0,));
rslt = m_line(c0, 11);
return(rslt);
} else {
fprintf (stderr,
"exch_lin:Unexpected argument");
exit(1);

12 ZEROTTT T A
Fig.12 Program after customization.
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