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A Sampler of Software Design Methods

Kinji MINEO
Nippon UNIVAC Kaisha, LTD

2-17-51 Akasaka Minatoku Tokyo, Japan

Abstract

To demonstrate the applicability and usefulness of software design
methods and to promote them, we "tasted” them in applying to a small exercie.
One of the design methods we tasted is one that generates Cobol code from a
specification in the frame of denotational semantics. The other is the method
to generate Modula-2 code from specification in CSP. As a result of the trail
testing, we got the feeling that above two methods are applicable and also
effective for the applications in the business fields.
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| billing: AZI—% l

—

%ﬁw =" { invf, newcf, rep }

1 = }ﬂﬂzzjl{«%y(sumargz;l)
= &ﬂﬂgi sumarea;

i = EHXHRXEEXELXAR

FE EaX

= t g
- mftﬁﬁﬁifivmnwm@& Fam)

0z € T, = [HA#EK&£2 — HRE+FIE+HEE+SUNL+SIN2)
sunl € SIML = X B XBA

sum2 € SN2 = XEXEXA
BB

billing:

billlns IA%] = auxbillins [A71] (initialstate); report

initialstate = [ invf = ©, newef — () rep — <O,
-~ sufamal - (IJ 0,8,>
aux ng - [Z, —' 1
auxbilling (%jl
= cdataf (ZT 51 ;  auxbilling {AH]
report : X, —Z
report{ i) = [ jnvf —o1(invf), newe — o1 (newc),
. rep —* reportediting( oi(sumareal) ) 1

reportediting :SUM]—

reportediting(sunl) = < suml.BiZR, suml.#33E, suml. A,

suml BT+ suml 85— suml.BA >

cdataf :ET—2— [%, =%, ]
cdataf [ZF—%1 = auxcdataf (EF—%) o,
ZIT

auxcdataf: - [Z —'2
besi ) T e e

custf (M%) (d:) H tloop [B31]
sumlupdate: £z 32

sumlupdate(o2) =02 /[sumareal — <o z(sumareal) . BB + o 2(sumareal) . 7%, 01
o 2(sumareal) 3278 + o 2 (sumareal) .55,
o a(sumareal) . A + o z(sumareal) . A >)

invoicing : 2 ~ X,

invoicing( 02) =02 /T invf—<sum2. %4, sum2. B, sum2. 7. sum2. A, n
sum2. %+ sum2.7E— sum2. A >l

newc : Tz =X,

newc{dz) = [ invf —> o a(invf),
newc — < sun2. %%, sun2. B+ sun2.FE-— sum2.A >,
rep —0cz(rep),

sumareal — J2(sumareal) ]

; sumlupdate ; invoicing ; newc

EH € Z4a = FEH

iR € = * report: X1 =X
e :-i cdata: Eirop— [E4 — 5,4 ]
xHh e XU = BE
AR e MR = By
EX < B2 - Bn —

3 - custf: JZ~ tloop — | | sunlupdate: invoicing: | | newe:
BA < Ex - B B3 ~221 | | TR o e s A I s L RSB
R 34
B € % = B
® € = BR
A € A = BR

*
tranf: X, - X,

Rl BHREROERD & HSE

3. 2 %EH
HEREEELRT I CLTERTE3. HONEER
FoTHREATZLER, RANICEEL BREREE

BRERLEABHBHTS 2. BBTERLTVWE S

05 AEHECBOL Ta— Kb+ 3 ELUTFOk> ik 3,

COEBRBEENTS 3.

identification division.

program-id. billing.

environment division.

configuration section.

source-conputer. univac-1100.

object-computer. univac-1100.

input-output section.

file-control.
select sales assign to disc.
select receipts assign to disc.
select customers assign to disc.
select invoices assign to disc.
select balreport assign to disc.
select newcustomers assign to disc.

data division.

file section.

fd sales label record standard.

srec pic x(18).

*

fd receipts label record standard.

reprec pic x(18).

*

fd customers label record standard.

01 crec pic x(18).

*
custf: %~ [T, =%, ) fd invoices label record standard.
custf (W] ( 01) = 0. +[ sumarea2—< %K. %, WE. MR .0, 0> 1 01 invrec.
t}oop{ Feg— [§ =22 ] gg gnz;me; pigt(:a))((lﬂ).
tranf (IX31] ; tloop (IX315—#] 02 sal pic 9(8).
:ran;‘:[u ’—>([§=) Z2] 02 receipt pic 9(8).
T (sSates (WAl — 02 newbal pic 9(8).
o2 /[ sumarea2— <0 z(sumareal). &%, o:(sunareaZ) %, *
Oa(sunarea?) B+HE. 2. olsunaread). A1, fd balreport label record standard.

lsRecelpt(l!?l) -
2 /1 sumarea2— <0a(sunarea?) %%, oa(sumaread).’,

O 2(sumarea2) . JE, oz(sumarea2) A+A%. $8>1)

01 breprec.
02 bal pic 9(12).
02 sal pic 9(12).
02 receipt pic 9(12).
02 newbal pic 9(12).
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fd newcustomers label record standard.
01 ncusrec.

02 cnames pic x(10).

02 newbal pic 9(8).

working-storage section.
01 sumi.

02 bal pic 9(12).

02 sal pic 9(12).

02 receipt pic 9(12).
01 sum2.

02 cnames pic x{10).

02 bal pic 9(8).

02 sal pic 9(8).

02 receipt pic 9(8).

01 inputfile.
02 inputeof pic x value space.
88 is-inputeof value ’e’.
02 inputrec.
03 rectype pic x.
88 is-sales value ’s’.
88 is-receipts value ’r’.
88 is-customer value ’‘c’
03 inputitems.
04 cnames pic x(10).
04 amounts pic 9(8).
04 balances pic 9(8).
02 mincode pic x(10).
01 inputrecordarea.
02 salesrec.
03 cnames pic x(10).
03 amounts pic 9(8).
02 receiptrec.
03 cnames pic x(10).
03 amounts pic 9(8).
02 cusrec.
03 cnames pic x(10).
03 balances pic 9(8).
procedure division.
billing.
perforn openinf.
perforn openoutf.
perform initialstate.
perform readinputfile.
perforn auxbilling until is-inputeof.
perforn makereport.
perform closeinf.
perforn closeoutf.
stop run.
initialstate.
nove 0 to bal of suml,
sal of suml,
receipt of suml.
auxbilling.
perform cdataf.
makereport.
nove corr suml to breprec.
conpute newbal of breprec =
bal of suml + sal of suml - receipt of suml.
write breprec.
cdataf .
perforn auxcdataf.
perforn sumlupdate.
perforn invoicing.
perforn newc.
auxcdataf.
perform custf.
perforn readinputfile.
perforn tloop until not (is-sales or is-receipt)
or is-inputeof.

suniupdate.

add bal of sum2 to bal of suml.

add sal of sum2 to bal of suml.

add receipt of sum2 to receipt of suml.
invoicing.

nove corr sum2 to invrec.

compute newbal of invrec =

bal of sum2 + sal of sum2 - receipt of sum2.
write invrec.

newc.
move cnames of sum2 to cnames of ncusrec.
compute newbal of ncusrec =
bal of sum2 + sal of sum2 - receipt of sum2.
write ncusrec.
custf.
nove cnames of inputitems to cnames of sum2.
move balances of inputitems to bal of sum2.
move 0 to sal of sum2,
receipt of sum2.
tloop.
perforn tranf.
perform readinputfile.
tranf.
if is-sales
add amounts of inputrec to sal of sum2
else if is-receipts
add amounts of inputrec to receipt of sum2.
openinf.
open input sales, receipts, customers.
perform readsales.
perform readreceipts.
perform readcustomers.
closeinf.
close sales,
receipts,
customers.
openoutf.
open output invoices,
balreport,
newcustomers.
closeoutf.
close invoices,
balreport,
newcustoners.
readinputfile.
if not (cnames of cusrec = high-value and
cnames of salesrec = high-value and
cnames of receiptrec = high-value)
perform getminrec
else
move ‘e’ to inputeof.
getminrec.
move cnames of cusrec to mincode.
if mincode > cnames of salesrec
move cnames of salesrec to mincode.
if mincode > cnames of receiptrec
move cnames of receiptrec to mincode.
if mincode = cnames of cusrec
move ’c’ to rectype
move corr cusrec to inputitems
perforn readcustomers
else if mincode = cnames of salesrec
move ’s’ to rectype
move corr salesrec to inputitems
perform readsales
else if mincode = cnames of receiptrec
wove ‘r’ to rectype
move corr receiptrec to inputitems
perform readreceipts.
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readcustomers.

read customers into cusrec at end

move high-value to cnames of cusrec.
readsales.

read sales into salesrec at end

move high-value to cnames of salesrec.
readreceipts.

read receipts into receiptrec at end

move high-value to cnames of receiptrec.

4. BEtE:2
4. 1 CcSPolEz

CSP LSRR o X TH S, HE-oFp Tk
AP O¥ER L% POHEREAS (alphabet) Wy, P
LEL. TR BEINARVORE» S b B AT
TEAERBLARRORFEEL, ChEEWH (trace) &
Wi, Tok2P OLETE23RTOEHOLEERE
HES (traces) E VWP B, TR ERP %
ETOHFHGaP LOBWHES P oMl ;

= (aP,tP)
LLTERT S, CCT, tP CaPr RKROWBERE
72560 ¢T 3 (aPxizaP OB OLE).
D <> erP (O iFaProZEF])
@ srtetP 251 serP
(" R aP+0ESHE)

Dz, P OEFL/-EEORE, 2T RAOES D
B> TOWEWEEERL, QR ZEHE TORHM
st THENE, TGOS 3BAT, ThiToR
BHbedE s KR-TWBIEERLTWS,

T Z2DLEPO LTV, OhDEEEERT 2.

(1) STOP = ( A, {©) )

FakR STOP WERBAELLTA 2b-TLEH
BADHERGERLAEY (BicEEn) b0TH 3.

(2) (a=P)=(aP U({a},{O}U (ka>rtte ¢ P))

TeeZ(aP)BIFESR a MERLT, 2hIR
Bbs587ne2 P LEBREEHTZ L2 TH
3 (a ®h»s P) .,

(3) (a~Plb - Q)= (aP U af U{a,b},(<}U

{Ka>*s|se t PYU (<b>Atlte £ Q)) (a#b)

a#b & LT, a BEETNILZO®KIZ PLEIMK, b
BEETHEETO®RIZ QLERCETHT 2 ukxTh
%5 (a Zhd» S PE#iRr b #hhs Q)

(4) (x:B—’P(x))=((!LéBaP(x) JUB,{<YU

{<x>2slx €B A se v Pix)))

(5) P/s = (aP,(t]|s? € P})

Tet2 PORMBE &> sThort b &, 2hll
D POEYE T2 0€xTH2 (s DbED P) .
(6) PII@ =(aP Ual,{sise (aP UaBlx A

s€(st aP)etP A(st al)e Q)

(choice).

TuteR PEF oL QBWITFIBOTVWE X 5T
BEXDIETHS (P I Q& I;EFT) .

staP REW sEFRBL P cHBLAbOER
LTw3,

W)(uXAHH%(A%rGNHWH
$§%AA%ﬁc7nsz7ntx£ﬁXLﬁ16
FERX X=FX) 0o—BREE 2 b,

4. 2 INVSYSTEN oft#k
PlEoL#EB kDL >ii 3
Id = [0. (* The set of Customer

Id Numbers x)

.maxidl
Money = NonNegativelnteger
Balance = Integer
INVSYSTEM = Customers |f DataBase I| Invoice
Il Report
Customers = || (i€1d) i:Customer
Customer = (openacc — C)
C = (buybook— u:Money— book!u — C
| makepay — v:Money— pay!v - ()
DataBase = || (ield) i:D
D = (openacc — D(0,0,0))
D{(balance,sale,receipt)
= (book?u — D(balance,sale+u,receipt)
| pay?v — D(balance,sale,receipt+v)
| mkinv — state!<balance,sale,receipt>
— D(balance+sale-receipt,l,0))
Invoice = (start— Inv(0)(0,0,0))
i < maxid = inv(i)(tb,ts,tr)
= (i.mkinv—i.state?x —left.mkinv!<i,x>
=Inv(i+1)(tb+7z 1(x) ,ts+ 7 2(x) ,tr+ 7 3(x)))
i = maxid =Inv(i)(tb,ts,tr)
= (i.mkinv—i.state?x —left.mkinv!<i,x>
~—left.mkrepi<tb,ts,tr> —Invoice)
Report = (left.mkinv?x — right! e 1(x)
— left.mkrep?x — righte 2(x))

LOHBT, r1n2ns BROKE
T x(< e1,62,83>) = e (x=1,2,3)
DCET, e itinvoice DRWE%E, s2 ireporto i
L2 T M EREGST 2.
WEDFMIT > VT IR EEE.
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4. 3 Modula-2ic X 3EE

CO{tH%E Nodula-2 TEE L. Modula-2 DIEfT
MEBREEFIATHERBECERTE2,5THS.

H#icBRA3CSPFukzxd3 B DataBase,
Invoice, Report 3£ @ % % Modula-2 O 7mtEzx &L
TEBE L. #- T DataBase © S o R BEAEOHL
% 5. Customerit, BICANF— 5 2ZIWMD, £0
¥ ¥ Database 3| 2372t o T ASLE G K BIR
ghTlEofk.

HEBE>WTIX, SENDE WAIT TEHL %,

T D—MIXKDOED .

MODULE INVSYSTEN;

FROM DataBase IMPORT D:

FROM Invoice IMPORT INV:

FROM Processes " IMPORT Alpha, SEND:

FROM InOut INPORT Read, ReadInt, Write, WriteString, Writeln;
FROM PC9801  IMPORT StartScroll, EnebleLastlime, DisableLastline,
SaveCursor, SetCursor, ClearScreen, ClearLine,
¥riteInvert;

CONST BEL = 07C: ESC = 33C;

VAR process, action: CHAR: 1id: INTEGER:

BEGIN

EnableLastline; ClearScreen;

WriteInvert ("INVSYSTEM = CS || DB [1 INV."):

WiriteLn; Writeln:

WriteString (" >Customer id ( OPENACC | BOOK u | PAY v )");
WriteLn; Writeln:

WriteString (* >Invoice”); Writeln: Writeln:

EtartScroll (1 H

SaveCursor; WriteString (">”); Read (process):
CASE process
| "e", "C": WriteString ("Customer id: "); ReadInt (id);
WriteString (" "): Read (action);
CASE action OF
"o”, "0": SEND (D, id, openacc); Writeln
| "b", "B": SEND (D, id, book):; Writeln
| "p", "P": SEND (D, id, pay): Writeln
ELSE
grlte (BEL); SetCursor: ClearLine
| "i", "I": WriteString ("Invoice Start”): WriteLn; Writeln:
SEND (INV, 0, start); Writeln
ELSE
Write (BEL): SetCursor; ClearLine
END
END:
DisableLastline
END INVSYSTEM.

IMPLEMENTATION MODULE DataBase;
FROM Invoice IMPORT INV;
FROM Processes IMPORT
Alpha, MessPtr, Message, StartProcess, WAIT, WAITS, OUTPUT:
FROM InQut IMPORT ReadInt, Write, WriteString:
FROM SYSTEM IMPORT ADR:
VAR i: INTEGER:
PROCEDURE  D:
VAR action: Alpha;
BEGIN
rec.i := i; recptr := ADR (rec):
WAIT (openacc); INCL (openids, rec.i);
VITH rec

rec: Message; recptr: MessPtri u, v: INTEGER:

WriteString ("OPENACC"):

IMPLEMENTATION MODULE Invoice:
FROM DataBase IMPORT D, openids;
FROM Report ~ IMPORT R:
FROM Processes IMPORT
Alpha, MessPtr, Message, StartProcess, SEND. WAIT, INPUT, OUTPUT:
FROM SYSTEM  IMPORT ADR;
PROCEDURE  INV;
VAR id: INTEGER:
BEGIN
recptr := ADR (rec):
LOO

P
WAIT (start):

rec, sum: Message; recptr, sumptr: MessPtr;

sumptr := ADR (sum);

WITH sum
b:=0; s:=0; p:=10
END:
FOR id :=0 TO 15 DO
IF CARDINAL(id) IN openids THEN
SEND (D, id. mkinv); INPUT (D, id, state, recptr);

SEND (R, 0, mkinv);
VITH sum
b := b + rec.b;
s 1= s + rec.s;
p i= p + rec.p
END

END
END;
SEND (R, 0, mkrep); OUTPUT (R, 0, state, sumptr)

END
END INV:
BEGIN

StartProcess (INV, 0, 512)
END Invoice.

IMPLENENTATION MODULE Report:
FROM Invoice IMPORT  INV;
FROM Processes IMPORT

Alpha, MessPtr, Message, StartProcess, WAITS, INPUT:

OUIPUT (R, 8, state, recptr);

FROM InOut IMPORT WriteString, Writeln, WriteInt:
FROM SYSTEM ~ IMPORT ADR;
PROCEDURE  R:
BEEAS action: Alpha: rec, sum: Message; recptr, sumptr: MessPtr;
I B

recptr := ADR (rec); sumptr := ADR (sum):
00}

WAITS (action);
CASE action OF

wkinv: INPUT (INV, 0, state, recptr):
¥ITH rec
WriteString ("Customer "): Writelnt (i, 1):
WriteString (", Balance "): Writelnt (b, 1):
WriteString (", Book "): Writelnt (s, 1);
ENgrlteStrins (", Pay "); Writelnt (p, 1}
| wkrep: INPUT (INV, 0, state, sumptr);
¥ITH sum DO
WriteString ("Total Balance "): WriteInt (b, 1):
¥riteString (", "); Writelnt (s, 1);
¥riteString (", Pay "); Writelnt (p, 1)
END
END:
¥riteln
END
END R;
BEGIN
StartProcess (R, 0, 512)
END Report.

DEFINITION MODULE Processes:

EXPORT QUALIFIED

Alpha, MessPtr, Message, StartProcess, SEND, WAIT, WAITS, INPUT, QUTPUT:

TYPE Alpha = (null, openacc, book, pay, start, mkinv, mkrep, state):
MessPtr = POINTER TO Message;
Message = RECORD
i, b, s, p: INTEGER

END;
PROCEDURE StartProcess (P: PROC: i: INTEGER; n: CARDINAL):

bi=0: s:=0; pi=0 PROCEDURE SEND (P: PROC; i: INTEGER: e: Alpha);
END; PROCEDURE WAIT (e: Alpha);
Loop PROCEDURE WAITS (VAR e: Alpha);
&? ;ﬁigm&_ PROCEDURE INPUT (P: ngc: 1 INTEG%:‘ c: All\;lah'a‘: recpt:r M:ssl’é{);
Ol Rm, . H H H T H H H
book : WriteString ("BOOK u: "); ReadInt (u): ENS pmeg.g,nm ® oC; 1+ INTE . € Phas  recptr: Resstir
WITH rec DO
e TSt DEFINITION ml}ﬁn Dalt)aBase:.
) pay :  MriteString (" PAY v: "); ReadInt (v); Eﬁmzpﬂmiz T A
WITH rec DO PROCEDURE  D;
ENB i=pev END DataBase.
| wkinv: OUTPUT (INV, 0, state, recptr); DEFINITION MODULE Invoice:
WITH rec DO EXPORT QUALIFIED INV:
Eml; i= bes-p; s i=0; pi=0 PROCEDURE  INV:
EISE  VWrite (070) (s Bell %) BN Invoice.
END DEFINITION MODULE Report:
. EXPORT QUALIFIED R:
E»!momn. PROCEDURE R:
ooentds i= 0 END Report.
FOR 1:=0 TO 15 DO StartProcess (D, i, 512) END
END DataBase.
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