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FEM Pre/ Postprocessor APPEX
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Abstract APPEX is a pre and post processor for FEM packages to make input data and display results.

Pre-processor defines FEM object shapes by using various APPEX commands, as well as obtains the

data from other CAD systems.

Post-processor displays, saves, and redisplays the calculated pictures such as deformation, contour

line, stress vector chart , etc.

APPEX, a useful interactive system with many functions, will reduce manpower in object shape

modeling, FEM data definition and evaluation of analysis results.
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Development of a Capability for Generating a Smooth Corner
Surface with Arbitrary Number of Boundaries

B OH -]
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Abstract It is indispensable for modeling real-life complicated shape (e. g. an inner panel of a car body)
to effectively generate a surface at a corner, where several fillet surfaces meet. Since UNICAD/
SURFACE has not provided the effective commands for generating corner surfaces, it has been extreme-
ly time consuming to generate them by trial and error. As far as the author knows, there are few general
purpose CAD systems which have this function. The reason seems that the number of boundaries is not
fixed, and that the shape to be generated is ambiguous. Thus this has been considered to be one of the
major remaining problems in geometric modelling.

We have developed a capability for generating smooth corner surfaces with given arbitrary number
of boundaries, and has implemented it into UNICAD/SURFACE. As a result, the man-hour required has
drastically decreased.

This paper describes the problems, requirements, and details of the algorithm, and finally evaluates

the results.
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Table 1 Operation time in adhesive tape method
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Fig. 4 An example of corner surface by

adhesive tape method
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Fig.5 A corner surface consisting of N surfaces
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Table 2 Response time of the new command

F OB | IR (B A () TGEIFE (7))
s | N 17.2 3.6 23
Py 100.1 1.8 113
o | Nii 22.8 2.4 27
Wi 107.4 3.3 122

(HIE iz UNIVAC 1100/61 1I)

®&3 Ny F - BOBEKOR

Table 3 Number of patches and surfaces

) i DA EK oSy FEE
s | Niti 5 71
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6 | Nii | 6 96
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3-D Composite Design Functions in CAD/CAM System
UNICAD®/SURFACE

oA X &

B ¥ SKRTREERIZ, FRIRTTHIETNVEZOEEORTANL, SEOBREL
FToTHESES*HATsREHFEES S, LK, BEOHRBHEHEAELE THREEK
T3 L5 OMBRE L BT,

Zhiz, MEcEDE 3RTHREEDOF T 2 RS L TH D REROEHOREE FTE
EXHE &Y 2 RTEE L &) kDb, XD ARCGHEVEALATRETZ S,

AT, BERz=,vy 7 DL CAD/CAM ¥ X 7 & UNICAD/SURFACE T#HRL 7
SRITREHHA I Y RO W TR T 5.

BEUHIZ, [HRD 2KRTHFEHFDRBCDONTEREL, ZORT IRTRERITTEALY
DEICHBENS »EBRND,

Abstract The purpose of this paper is to explain the 3D composite design function, which processes 3D
geometries directly and builds up the required one by simply assembling part blocks. It has been
implemented in the CAD/CAM system, UNICAD/SURFACE.

At the first we will examine the weakness of traditional 2D design system. And afterwards we will

describe the concept of 3D composite design system, and show how to use it.
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~F LT 3RFWEMED, KEHEEE P(2)
EHEOTHGEE AN S, (FREH) L(2)
L(1) L(3)] 62
L(4)
P(1)
PROG RECGT  rreeerssessremresrienuiisionoenoimne. v - 7us 9 LRECT O MG
% CREATE RECTANGLE  teeeersessnertrmimeiminiia, * ThhE 217133 4~ MMT
POINT P(2)  seereeeemomsmmiuciiininiiiin, HOEHE
LINE L(4) cererereeermmmmmiiinniiien.. AR B
£
H#$2D MODE  seererernrerestneninninmiinaniceseii 2D E—- N2+ 3.
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‘DIGITIZE TWO CORNER POINTS'DIG P2 «eeee- 28P(1),P(2)%57 94 X AN+ 5,
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*
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10 UDLiz&3~v20 70735406
Fig. 10 Example of UDL program
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List of UNICAD commands associated with 3-D composite design

Pax:| awyv R % BE

N CREATE DRAWING Fo—a v ITDEEH

N HEY A X - Rl R - Ko —1 Y T RBOEE
4 BHEFEOEZ7F v L H6» UnBRLFITBL,
» | MODIFY DRAWING Fo—A 7 ECRETTREREE T 5,

-Fo—A v AR

CLOSE DRAWING

Fo—dq 7 ETOBRERT

¥ | CREATE PICTURE €7 F v OEH
A HRME - RREW - BEY A XB0HEE
¥ | MODIFY PICTURE ¥ F v LTRETERRE L T 5.
CLOSE PICTURE €7 F v ETORERT
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# | USE PICTURE’ E27FvDFo—A v ECORR
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f | DEUSE PICTURE ¥ s F v OEROMLE
CHANGE USE PICTURE ¥ F v ORERGOEE
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é DT D B,
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1| COPY PICTURE INFORMATION| €7 7 v EHREN & € 7 7 + BAEMEONT
REORGANIZE STRUCTURE THRIME DR D & 2
STRETCH SEEAORFOEEE L F2ixBl)., 0L EFEHOBIHBEETD.
Zé ROTATE AND TRANS BEHENOEBOEE 0L &THOBHESTS.
) | CALIBRATE MEASURE €2 F o RME DT HROBHE
MEASURE AUTO AN ORI T 2 WFI &« Bt~ ik « MR/ R ETEO—IHAIRK
B | CREATE AUTO DESIGN INFOR- | @& 1##R (UDL7 02 7 ARITROASIMNE) DRl
% MATION
# | MODIFY AUTO DESIGN INFOR- | BB st Ro & E
MATION
AUTO DESIGN BEREHEREASNIL, UDL7 0 /5 A% HT
i | LOGIN PD JOBUNIT INITIAL | #5383y a 70ES
L
% GET PD BLOCK with PICTURE | R X# ¥ a7 &0 Fa—4 ¥ L7 F v DATREFY 3 7ADIRD Ak

Ty,

UPDATE ORIGINAL BLOCK

WITRE S a TEIVEH oy 22w I g TARDRAHR, TAY
YalRNOToy s L BERL B,

UPDATE REFERRED BLOCK

ZEA7O Y 7 DBRYAS

DISPLAY PD INFORMATION

WATHRHEREWRB L UMD Az 7oy 7 DREDOHRT

41



42

BEAEBLTOWARERYATLAZHEMICLTHS B, ZOYAT AR, TTIIWL
DhDLI-HTHEHINTED, SBREL—YVTOFHASEBRLYEE 2T, JWITHEE
BHOERICHVHATO X W EESTWS,

2EXHE (1] UNICADFZH® it - WEE, A& =2=,vy 7 483845427-0,
[2] UNICADMMERES® 381 - MR, BAx=,vy 27 483845424-5,
[3] UNICAD###%i# UDL#, HA&=z=, vy 2 483845428-3,
HWEBNT ¥ W % (Mitsuyoshi Nitta)
WA 24 44, 50 B Wb R AP BL E AR ETT e B HCE
WHE LRE T, RIEWEAR = vy 7 BEMRAT AL,
52 HEHA 2= vy 2#ALE, 554E L D UNICADO % iz
ot 4,




UNIVAC TECHNOLOGY REVIEW £ 16 5, FEB. 1988

BB T RIS T3 EENEHBEREI R T A

An Automated Structural Design System
for the Wood-frame Construction House
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Abstract The paper describes the outline of a CAD system for a wood-frame construction house.

1.

This system generates the structural database by designing the wood-frame structures automatically.
Its input, the three-dimensional house design data is provided by the design support system. The system
outputs the detail estimates and structural drawings by co-operating with the cost calculating system,
the figuring system, and the drawing system.

The system realizes automation in:

1) input of data (with no interactive operations)
2) recognition of the structural model
3) selection of the housing materials.

It is not easy to develop a completely automated structural design system unless the structural

standard is established in the wood-frame constructions. However, the usable structural database is

expected to be completed in a relatively short time by the interactive operations of designers.
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¥ v g E OB R BRERIZAR BT 2 5HOME D RIS, NEEOE
RTHEE) S S NBRI Nz, TR0 RSBOMEEE L HRROBETORED
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)7 bz TPEREHEDKRE
A Sampler of Software Design Methods

g B K =

V7Y 2 7HREHEHBEOEREERLUEREH S0, NERBEIHLTZ oD%

SHEEHRR L, —DIF, BRNEKREBOVSEAIC & D 4k S Cobol 2 — K 2K T %
BFETHD, b5 —2iF CSP oAEH» 5 Modula-2 2 — K 2ER T3 FETH 5, REORKE
B IhsORHESEERIIBWTLTHERCHL S &0 BiteB7.,

Abstract To demonstrate the applicability and usefulness of software design methods and to promote

them, we “tasted” them in applying to a small exercise. 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 a specification in CSP. As a result of the tasting, we got the

feeling that above two methods are applicable and also effective for the applications in the business

fields. .

1.

i C &

BETOY 7 b7 7HBERTZDE, V7 727 TEORR2ToTE
7o. FOHE 1T [ERERO®KR] U Th3, ZhiZZ0OE2HTH 5.

V727 IERHEFOFBCERTI20KIE, DIBORFELEZL ZLHEY
»5b, lek 2,

1) BHBELUEOHEIIM,

2) HEEFEERTS 7200, BHECEET 30502 2 ERORTE,

3) WTHE L OREL L EBITFIE,

4) BEOHEHRZED T » OBBEDEI,

BRETHB, £l V7 N7 TZEOEREHET 5 - 01id, BAERLEREICY
LTRAL, ZORBEYHEET2LENDZ, 20> RBEHENMS, Y7 by 2T7T
R bl>oTOHEE2FEAL, TORREHEAOMME L HIIT>TREHLIT
b3, FREIBETHELCDOWTTH 3.

ZEticBAL T, BRETHSR - BET A - REXBEREL UPBRTE 3, REWRK
DWTOHERIZ, HIAEONREFSEEL, THILL>TREFZDOLDOEHLHE
BEHEMELLES WS D THS, ZITR, HREZODVTOMHEE»S BRICEDHE
Ezon2 22T, O AREBEEHRESB L Lo T, LCPYR
ISP N R s —EDELFTHEHAL, Thro—FDFRERX LI >TZDEHR
REBETIORTH 3,

FEH AR DOV TOHERIZ, NREBELEZVWTY 7 by 2 7R ECRENZEE
ORED» %>, BECNT 2HEAHERIBRCRITI2b0ELT, L XER
BEYERONE - BELEZERT 2, BR7T 7B L 2 0RBFEMALR 820
Th5.
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3.

. Bl

&

SEFFIG PR OBE % T, TR T — 5 B L £ OERREAIEER{L (HISPY, IOTA®,
HDM', VDM™), #fh & REERRI & > TREIHEERD 71075 A% MY
% Dijkstra®, Gries® DAk, ZOAT/ o ARTH 2HEBEFEHER S 0 R
(CSP"™) 2 RN Z0fTH 3.,

MEHTIEEE, RHERXBIABEDI LT, ZOREFEORBRRE S FE
T3LOTHBHI I TN,

WNREMBOBHER, TE2EETNEZOEOREBCN L TELICERTE?
FlEzE b > T3, BETEROKREERR, —BOLFETH L2, SRcwT
ZENLRBELEEL, FLOBE S0 IRLoCTHEDRERTEL fELR
VARV, ZITNIBREEREL, WEOP» O FL LT O0HEERALT
BT UL, BEELR, 707 ASE0MRERERE > T, RRNERR
MRt CHAEETER L, ThA» BRI S0rSABNERTESZ VI HDTH
3, THIRNREMBBEHEICE > T3, BRENE 21, CSP 2H L JSDURicE
216D TH5, INBEEETHROFRCHRFEROE 2 2EDAAL, VDX
BERD D EWVZ B,

&

PIREE L CHBEDORMERELRAN, DD L) 2METH 2.

[H2BETR, BEOBEFCNL TEBOHTET > TS, BoEkiE, S
HICMREEREECEL, TCEDEL FLEEE) »&iREES.

SHFE TR, BRIEZ 2 L Z20B0R EEERER L RHERRREERFRT L L
AR, SFLECHERELXSL ZLIZR>TWV3,

T, HEPBRTHEAR I > THEREEZXHI D, —BIC2BEEXHI L
RS2, ASBIIMBRL SHRASERE LTS RICERER IR TR 5, KFHF
DIEBE 75 AL,

FEGE . EEA . (BFE4 Bf M £8)

(LEo#gDEL)
ASEE  BEA . A&EH
THBRBHREE | TARRRERR ) YAKRTLE  YARAER
VBN ST
BRE EEGMBRERE . YAELE ) YAZIE HAFERE]

B % 1

BEIZ, FAFhBEELTRIIINTWEREGEEY 74V, ASEBE7 741,
BE77ANVEANLT, FBRET7 74N, FBREZ 74V, REET 74 VEHN
THHOLT S, ik, REGROERESR, Hf, ML, SEFIHEMET20E
AL, BELLEFHEEOAL LT,

3.1 RRAVBRRERIC & B LHRECR

777 AERORTHERR T, * IHXOFR & BROFS & RN 718
RRTERT 5., DE¥CEKREHLERT 5. BWRERK L 3, BXERICERTRO
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BREE DY THIHHUT, COBEREIEXEROEKELS, T4b5, Syn i
XHEE%E, Sem BNEKREBRTH B LT3 L, BEWEHIZ

¢ Syn— Sem
Thb, HXERsESyn OEHK % uls] TRRT 3.

HEOEHE, A7 7ANVETROBIXTRLIEIREELATLY, 2OHX
FIE, BEREDQISCERELZEE, FLva— P20 &> CHEREBRTT
Eon24EE, BIUANTZ7 7ANVZREDE S CHXOBRNZHFBRRICL hRE
B S5 TETVS, BWERIE, M7 740 GERE7 74V, FBRE7 74
W, EBT 74 NV) ORBLFEDO L DDIEEBROREL S TET WS, ANH
XERZ L DREBOELE, RO LD LERBEETRANCERL (HEOEKES
Z5,

u . Syn - [REE—IREE]
PO EE L LRD X Ik B,
1) # X # =

xE € EEY= XFF|
& € &8 = EW
BE € BB = BN

Frrva—F € Fhra—F = &4 x &8
Ag&Vva—F € Agva—F = ZH x &8
FEEVa—-F € BEEVvaI—F = & X RBRE
AHZ7 740 € ABZ774N
&7—5 e E7—7%
B5|7¥—% € W3lF—7%
Hg| € K5l
2) 1B X
ARZ7 740 ii= BF—F AN7740n
&7—5 = WEFVva—-F WE[7F-¥
5| 7—5 = W5 W57 -2
5| = Fhra—-r Ag&va-F
3) B OB O#E M
{tRR&}
o € X = [{invf, newct, rep}+{grdsum, cussum}
—SEREO+FEE +REE + 1R+ Kit]
72720 o(invf) € kB
olnewc) € HFEE*
o(rep) € ®E
o(grdsum) € #8&
olcussum) € %Ki
{HH7v 2 -}

BERE = ZF& X MR x HbE X X# X

#
S
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FRE = && X BR

WEE = HIE X #B5w X BA X FHE
{&EHEE)

Met = HIEE X &% X BA
it = FL X B X B X A
(=B}

R € FBH = XFF

ik € HEk = B

Bt € B = ®BH

Xth € Xih = B

R € HEK = BH

BE € RE = BH

we € B = EX

BA € #BA = EH

¥y € IR = BH

B o€ B = BH

®T € % = BH

A € A = B

4) B % B #

billing : A#7 74 v—[E-Z]
billing[ AF17 7 4 W }¥(6)=auxbilling{ AJ77 7 4 /] (initialstate) ; ®makereport
ZIT

initialstate = {invf—<>, newcf—><>, rep—><>, grdsum—<0, 0, 0>}®

auxbilling : AH7 7 4 v—[Z->Z]

auxbilling[& 7 —% AN 7 7 4 V)(o)=cdataf[& 7 — 2 )(o) ;

auxbilling[ AS17 7 4 ]
makereport : 21—
makereport(o) = o[rep/reportediting(o(grdsum))]®
ZZT
reportediting : et ~WEE
reportediting(s)=<s Hi%%, s-#F%, s KA,
(s BB +s-#85E—s-BAD
cdataf : £7 — 5 ~[>2-%]
cdataf[%& 5 — # )(0) =auxcdataf[%& 7 — % ](¢) ; grdsumupdate ; invoicing
; newc
ZZT
auxcdataf : 75— -»[Z—-3]
auxcdataf[EZ LV 2—F E|No)=custf[E%& v 2 — F](0o) ; tloop[EX
51)
grdsumupdate : 2 —> X
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grdsumupdate(o)= o[ grdsum/<o(grdsum)- %% + o(cussum) - %,
o(grdsum)-#5% + o(cussum)+ 7%,
o(grdsum)*# A + o(cussum)+ A>]
invoicing : 2 —» =
invoicing(o) = o[invf/o(invf) <o(cussum) %4, o(cussum)+%,
o(cussum)+7¢, ol(cussum)- A,
(o(cussum) % + o(cussum)+5¢ —
o(cussum)+ A)>]
newc : 21—
newc(o) = o[newc/o(newc) {o(cussum)+ %4, (o(cussum)-%+
o(cussum)+58 — o(cussum)+ A)>]
custf ! BELV I —F-[3 - 3]
custf[BEZV 72— FY(o)=0[cussum/<BEZV 2 — F - &L, BEEV 21— F -HiR,
0,00]
tloop : }F|F—5 —-[2 - 2]
tloop(Bt3| B317 —% Jo)=tranf[Hx5|](0) : tloop[HR5|7— 5]
tranf . BR3[—[2 — X
tranf[§53(])(o)=
(isSales?(B¢3() —
o[cussum/<o(cussum)+* &4, o(cussum)-5%,
(o(cussum)+38+58 LV a3 — K « &%), o(cussum)* A>]
isReceipt (BX5{)—
olcussum/<o(cussum) %4, o{cussum)-%,
o(cussum)-58, (o(cussum)s A+ A&l a—F « £HEN])
BB, LORTEOVTETHET 2.
TR OARTIIESEE, TROZWARMIERESR 2R T.
D* 3 D EoFIe®T, $Rhbb,
D*={Kd\, ds, -+, dn> | 0<m, di€ED}+{<}
deD D d*¥*=Ld,, do, -+, d>ED* D L & d*"d=<d\, d, ", dn, d>
® EREISf 2R s KHAT S IR T fs] L BL,
@ PAf, gL f) g 3B AER g f LRALUTH %,
® #HzLEFw3EHROER
®
@

® e

olsiv] IXIREE 0 DEALRTRL, s DEF T2 v KX 3, TRbb, os)=v

&5
ARV I—FEBAEVI—Fd, BEVI—FREMBIEBTEL TN
RS H % LIREL 2.
3.2 ¥ i)

COBOL TOERFI*K 1 TRT. 2N EhOEREH 2 FHE L L, BNICESR
L 7- B3 perform X2 & 2 RIEEG RT3, 12720, REANZ 7 v bV
I—-REBIANFEREEARLR,



identification division,
program-id. billing.
* .
environment division.
configuration section
source-computer. 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 disec,
data division.
file section.
fd sales label record standard.
01 srec pic x(18).
¥
fd receipts label record standard.
01 rcproc pic x(18).
*
fd customers label record standard
01 crec pic x(18).
¥
fd invoices label record standard.
01 invroc.
02 cnames pic x(10).
02 bal pic 9(8).
02 sal pic 9(8).
02 receipt pic 9(8).
02 newbal pic 9(8).

fd balreport label record standard.
01 breprec.
02 bal pic 9(1
02 sal pic 9(1
02 receipt pic
02 newbal pic 9

2
2

newcustomers label record standard.
01l ncusreoc.
02 cnames pic x(10).
02 newbal pic 9(8).
¥
vorking-storage section
01 grdsum
02 bal pic 8(12).
02 sal pic 9(12).
02 receipt pic 9(12).
01 cussum.
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 "¢’
038 inputitems.
04 cnames pic x(10)
04 amounts pic 9(8)
04 balances pic 9(8
02 mincode pic x(10)
0t inputrecordarea.
02 salesrec.

).
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03 cnames pic x(10).
03 amounts pic 9(8).
02 receiptrec.
08 cnames pic x(10)
03 amounts pic 9(8).
02 cusrec.
03 cnames pic x(10)
03 balances pic 9(8).
procedure division
billing.
perform openinf.
perform openoutf.
perform initialstate.
perform readinputfile
perform auxbilling.
perform makereport.
perform closeinf.
perform closeoutf.
stop run.
initialstate.
move 0 to bal of grdsum,
sal of grdsun,
receipt of grdsum.
auxbilling
perform cdataf until is-inputeof.
makereport.
move corr grdsum to .breprec.
compute newbal of breprec = bal of grdsum
+ 'sal of grdsum
- receipt of grdsun,
write breprec
cdataf.
perform auxcdataf.
perform grdsumupdate.
perform invoicing.
perform newe.
auxcdataf,
perform custf.
perform readinputfile.
perform tloop.
grdsumupdate
add bal of cussum to bal of grdsum
add sal of cussum to sal of grdsum
add receipt of cussum to receipt of grdsunm.
invoicing.
move COrr cussum to invrec.
compute nevbal of invrec = bal of cussunm
+ sal of cussunm
- receipt of cussum.
write invrec.
newec.
move cnames of cussum to cnames of ncusrec
compute newbal of ncusrec = bal of cussum
+ sal of cussum
- receipt of cussum.
¥rite ncusrec.
custf.

move cnames of inputitems to cnames of cussum
move balances of inputitems to bal of cussum.
move 0 to sal of cussunm,
receipt of cussum.
tloop.
perform tranf until not (is-sales or is-receipts)
or is-inputeof.
perform readinputfile.
tranf.
if is-sales
add amounts of inputrec to sal of cussum
else if is-receipts

add amounts of inputrec to receipt of cussunm
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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,
newcustomers.
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 migcode.
if mincode = cnames of cusrec
move ‘¢’ to rectype
move corr cusrec to inputitems
perform readcustomers
elso if mincode = cnames of salesrec
move 's’ to rectype
move corr salesrec to inputitenms
perform readsales
else if mincode = cnames of receiptrec
move ‘'r’ to rectype
move corr receiptrec to inputitenms
perform readreceipts.
readcustonmers.
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

M1 COBOL(c&3%ER
Fig.1 Implementation in COBOL

4. & B & 2

4.1 CSP OHIE
CSP LS Yo A LERTH S, FERAREZO—MThhehToHhnT
UEeRAEEZDL, lEzid, 7ok AL UCHBRGEE2E X 2B81%, BRI, [
wrEAND ], [RyUEHT], [EE—AsH2]| 2Ens, BRETE, Yot
ALBRIBEEMECT, UTRET IO RBEEE TP EIHEL2 DL O L HE
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T35, utR P OBERLEE P DBRES (alphabet) L1y, oP LEL, Fu
EAPEENTBRYIORE» S H2REEE TCCERBLLBRORII2EL, ZhiE
BR (trace) L5, utR P DRBOLESL BIES (traces) W\, P L&
<.

ZITTuXAPiZDERES oP LORYES P LDIE ;

P=(aP, tP)
ELTERT S, ZIT, tPSaPid, ROUBRHTOIDLTS (aP* ik aP O
BRFID ),
@ O P (7272L, OB aP* DZEF))
® srterPislfssP
(272U, "~ i3 aP* OREEHE)

@iz, POERLLZEORE, D VADERHEZ > TRLEERL, Q)
HEIFRETOREM st THhIT, FhLFIOH2KEHT, FRETORES &
HIESKEDTHRBEIEERLTWS,

TR ADEE P DLETH OhDEEREHT 5,

1) STOP=(4,{O)

WHEEFE LRV ERHEETHS., YO ASTOP i3, BERESLLTA
ELoT0EH, AOBRLERLLZY FBICHEEY) bDTH 3,
2) (a—P)=(aPU{a}, {O}U{K> ¢t | tEP))
7a¥A(a—P) ik, ETBReVERLT, TAUER B> 70X A P
ERBICEEIT S SR THS (e Fhd s P),
3) (a=P|b—=Q)=(aPUaQU{a,b}, {O}U{Kad>"s | sEPIUKEIt | tE1Q))
(72721, a¥*b)
a*b L UT, aBERTNITZORIZ P LR, b ERBTHEZORIX Q
EEMRICEBT 2 0 ATHS (afhrd P, £k b 2hd s Q).
4) (x: B—vP(x))=((ILEJBaP(.r))UB,{<>}U

{Kx> s | xEBAsEP(x)))
5) Pls=(aP{t|s teP})
TR PORBHBELIEs Tholb &, #nLiIED POXMET2 7
ORATHD (sDHED P),
6) PlQ=(aPUaQ,{s|s€(aPUaQ)*A(s 1 aP)EPA(s 1 aQ)E rQ})
7O APLFUXR QBPUTREHWTVWE LIRS OLADIETHS
(PiX Q LI9T),
sTaP ZEHF s *HKES oP THBRLZ b D(DED, EBFs #MRT 25
RKDO>H aP BT 2HDEFTEHELIZHD) 2L TS,
7) (X AF(X)=(A,\U «(F(STOP))

HREGARDDOFOLRT, 70 AEH X extd 2 HBR X=F(X)
D—REE22bD, %8, FRUECETEE (¢ 230) 12 & > THERX
hie X LOBETH 3,
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4.2 CSP iz & 2{tisicak
ZETIE, M2OBEDHFREFKTY X7 4 INVSYSTEM 0 AAk% CSP O

TEWBR AT 3,
M E L ECHEL: CSP OO OBEDERERERL, 0L I3, £/ 0L
STHD, DD, BVERWEIZIHE, BoTwnb,

(1) constnoc =20 (% The maximum number of customers )

Id ={1,..., noc} (% The set of customer Id numbers %)
(2} INVSYSTEM = Customers | DataBase || Invoice || Report
{3) Customers = || { eId)i:C (% C simulates a customer %*)

(3.1} C = (openacc — opensv — Cl)
(3.2) Cl = (buybook ? u—price ! u—Cl
| makepay ? v—pay ! v—Cl
| closeace — closesv — C)
(4) DataBase = || (1eId)1:SV (*SV is the state vector of a customer %)
(4.1) SV = (opensv — V(0, 0, 0) | mkinv— notmkinv — SV)
(4.2) V (balance, sale, receipt)
= (price ? u— V (balance, sale +u, receipt)
| pay ? v —V (balance, sale, receipt+v)
| mkinv — sv | <(balance, sale, receipt)
— V (balance +sale—receipt, 0, 0)
| closesv — leftl. mkinv ! <balance, sale, receipt) — 8SV)
(5) Involce = (start — Inv (0) (0, O, 0) )
(6.1) 1eId-» Inv () (th, ts, tr)
= (I. mkinv —
(1. notmkinv — Inv (i+1) (tb, ts, tr)
| 1. sv ? x — left. mkinv ! <i, x>
=Inv (1+1) (tb+m (x), ts+ 1 (x), tr+m (x) ) )
(6.2) i=noc+1Inv (i) (tb, ts, tr)
= (left. mkrep ! <tb, ts. tr> — Invoice)
(6) Report = (left. mkinv ? x — right ! ¢, (x)
| left. mkrep ? x — right ! ¢, (x)
| (1 € Id) L leftl. mkinv ? x — right ! ¢, (x))

%8B, IIT, m m mIXROHE
(e, e, e)=eli=1, 2, 3)
DI ET, alifinvoice DIFE%R, & id report DRE L T2 EN T2, BED
FEMICOWTIZIHRET B,
8T, UTTR, totkeEeEo THHET S, 28, ®o [ ] F20%5Q
LOHERTOEBICHIGL T3,
(1] noc 3T, ZOVATATRZ ZEABEEHETT. Id 3EED IDE
BOREERT,
[2] INVSYSTEM BIEDDOH 7Y R F LoD, 2o NEEEHTLCE L.
Z®dD > %, Invoice & Report i3, ThZh—D2D 7L A5k > T35, Cus
tomers & DataBase D —Di%, % 5 Tld% V>, Customers TiE, noc D C & R
%%, DataBase Tk, &V nocf@D SV 7ot A48, 2R ZFRFEELEITL CH L
([3]1, [4] z=m@).
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ARG HARY =
openacc openace
buybook buybook
makepay
makepay
closeacc
closeacc
]
Customers
' 11 C peeeesemesnenenne noc : C
| L] L1
opcnsy opensyv
price price
pay pay
closcacc closcace
1
DataBase
) .
1:8V preemrme s noc . SV '
L sv v
- Jlo noc. left 1.mkinv
o
' 1.mkiny . ¢ -,
3 (8) '
. 3
left. mki ;
ctart | eft. mkinv b oright
Invoice left. mkrep Report
TRV —-%
L. -

M2 INVSYSTEM
Fig.2 Overview of INVSYSTEM

[3] Customers X, nocf®7ax X i:C(i € Id) BFEFAEITL THL T
AFLTHS,

iCRSNWAE 7L AT, 22 TR IdDERMNI AN >TwD,i: C DR
28V, Phd Cr [FEE] 7228, BT DBRESTIIHBLRE
FiXF o7 BVDT, nocflDi:C FukRid, WML, HAR[ALEE
T2l EL. iiCHRETZOR, ZOVATLADHMICVRRE (1) &, ¥
AF AH®D DataBase D—BRTHB1:SV o AT TH 5,

Ciz, BEDEZ2EBVEYIaL— T3 70XAT, ZTOBEEERT 200
[3.1] & [3.2] TH3, 22T, ?2k1id, FNFRF X ANVANEHIERT,

C & O N EREEER (openace) 12 & > TBIZ a0, FFXIET 5 SV #I#b
#g~ (opensv) 2T, THLEDIRZ B ClIZRES.

CloiE38vid, RO 3B KPS,
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O ADOHEA:

buybook ¥ ¥ AN 5, ROMMEEE (u) 2ZIFED, 21 % price F ¥ AN %8

LTSViAIs®, Cl DWEREICR S,
@ Zthw:

makepay ¥ ¥ AUH ST WEHE (v) 2RITIRY, FhEpay F v Rl %
HMLTSViAISE, Cl D#HIREICR 2,

® DEDRSH:

R O ORERASHFER (closeace) 2% 1T 5 &, SV IZHA#NET (closesv) 2 H
T, ZE0OHE, COVIHRE (ClD, TiriEw) TR-T, BEERER
(openacc) %®#F-,

[4] DataBase i3, noc D 7u+ R i:SV( € Id) BELEITL TEH 7+ X

TLATHSD,

SV iZ, HEDRE~R 2 b VOBREIZIES Fax X T, BEOH B KES (balance),
MHTE LR (sale), YA ALRE (receipt) 2DV T, ZOBRFOIRELHEET 5,
HPRMERIICI, Fh o OEEFEREMER 70 € R Invoice IZH L 3.

SV DR 2 MEAIZIRD 2B TH 3,

@ wik
C SIS (opensv) ®2%iF2 &, %12 V(0,0,0) L LTIE2ES.
@ WIHHELAET O TR BIERIER A DKL :

HIMELARTIC Invoice ¥ A& Z DR (mkinv) 22133 &, SV i3,
ERAEIR (notmkinv) % Invoice 238 L, SV O#IRBREEIC R - T, #IHA
{bHaR (opensv) %D,

V (balance, sale, receipt) DR 5 #E\ >, (RO 3IEY ThH 3.

O® HAFRLORM:

CoroFrAprice B BLTESONTELRRuELEBLT, DBV

(balance, sale+u, receipt) & L TR 58>,
@ YAA&DORM:

CorosFrapay ZELTESRTEIASE Y 2EHEL, Lt V(bal-
ance, sale, receipt+v) & LCIE28ES.

® REERZ PLDRE(E

Invoice 7 &, FERBIERIETR (mkinv) 2212 L, Fvr2Lsv 2ELT
Z DRFDRE~ 2 + % Invoice 1B L TH» 5, REER 2 MLOEEREFL, b
& 1% V(balance+sale—receipt, 0, 0) ¥ U CIE2 &>,

@ &1k

C 5 TR (closesv) #%1F % &, Report KFEREBERIEREEHL T,
SV (Vo, Tidiw) FIHMRER 2,

(5] FERBERBAAIET (start) W&o TEEHL, &3 Inv(0)0,0,0) & L

TR 8>,
Inv(i)(tb, ts, tr) DIES WL, i DEIR L > TRO LS XEDL S,
@ i€ dogs:
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BEEIDOHEREEERL, BHREEL O IRER7 MVOBEORET RIS,

241 SV ICEREBERIET (.mkinv) 2HT, HEiZi: SV » 5 0REM

Azl >T, 2DWAH\|VITRD 2B CH»h 5,

@ PERAEETE (. notmkinv) 255> T & 725, @H LW TROLE Inv(i

+1)(th, ts, tr) i 5.
® FrarsviEBLTORERZ MUXHE->TERS, F v 2 left.
mkinv 8L T, Report iZEEZ ID & Z DIREERZ bV 2ED, REXJ b
NVOEERBREL, ROLE Inv(i+1)(-) 5,
® i=noc+1 DIFE .
ZDEED (th, ts, tr) 1Zi&, TRTOBEEORERT M VOESETFEINL T

2., TOEHER S F v 2V left. mkrep 238 L T Report iZ% > ThH 5,

Invoice DHIEPRIBIZRE - C, FHRBIEHBHIET (start) 2D,

[6] Reportid, Invoice & SV DIERICH L TWT, BREBIUVARERET

3,

4.3 CSP {1txrnER
REITIE, CSP I & 2144 INVSYSTEM % Modula-2 QMifT 7o A TEBEL
FIEHBET 2, IUDIZCSP Fu ADEBFEEMETL, R ZOBREFBETH 2
BEOYAT AERT S,
4.3.1 CSP 7otANFERX
Modula-2 7o v 2%, B FHEERaN—F  BETHS, INERAVTCSP
O A EEET S LEMICEHECR S, 22T, NWirthizk > TRREATY
=Y HAROAET o A 2EHT S, Wirth ik, WAIT (signal) & SEND (sig-
nal) TEWET 24T 7 2 ¥ A % Modula-2 TEBRL T 51,
1) BRLAYyL—VHEE - -CSPO7ut i, BRTREE & > THET 2,
HLERPEID L, FNEFOTRTCOS L ANEHT 2, A vEe—YEE
X, WEFrAINEAVE—VE2EBALLLOTHS, BEF v ANVLBRO—
STHY, TRNTARLHAIORABEZ LD Ay -V RERTZ, AvE—Vid,
VAT LTHEBRETABARVI-FTEHRT 3.

BRIZIEZ, BESOARBEDOLDOLSTRTD /Ot ACHBEDOODET
Nh2, BEYAFAORTIE, start i Invoice 7u ABEOBERTH D,
openacc 133~ TP Customers 7ot A ZHBOHERTH 3,

CSPO7ut A 2HBET 201, BRELS>RXToSPOMEICRS, 2
DEHRTIE, WEBEIO EVENT TEREEZEL, LH»L, ThXZFTRLER
HHERHDOSULRAPOBE SO A R, £ I ThRIZHR~% PROCESS
B S ABIFLEIZLT, (PROCESS, EVENT) THEH2RTILIZT
3. ZORR, start DL IRV AT ARBEEDBERTY, <Inv,start) & L2
hidnoekins,

2) CSP 7ux AD&ERK:-CSP 7uv A 2§+ 2 BRLFHERIF, Va2 -0
CSP wEHsh T3, 7ut ADERNHEYR EVENT ® MESSAGE &1 >~
B—1r&h, EBREREZZIAR-—PENTNE,
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&7ax R, EED 7 ox AZBRF (ProcessDescriptor) b > T8,
PROCESS i¥ 7o A& FH K4 >~ v T35, 7u ik, PROCESS #O{E
BHRISELTED, 2B 7 ARFFci s, FYox AEHBFi3, signal &
event E msg D7 4 —NFEbDLva— K CHERKT 5, signal 3 7ux X 2EIE
270, BESRIOREHET 3,

CSP Fux A, F#Ex Process (P,p) CEKT S, 22T, PE7akR
FERANDFESHE XL, pl3ER LI 70k ABPF%ZHE 3 PROCESS Bl #
ThH5,

CSPik, YATLDHZ HHBE S0 A LMATICENET 5, BEVAT LD
B SO R Y, BECEREIAETHS, IOKHTRE, 70/ 7608
WAOLRAL VAT LDMDA VS 7x2—A% L%, EFO7I50D7 AR
AFix, CSP Y a— VDI TERL =2 AR -7 3,

3) BROFBELFL - a®BR, Pr7ovRALT5LE,

(a—P)
X, BRadbY, RICPOBERT B oA %2RT. ZORKR, FovX
HESERERETLIILE, BREFOILDZODEKRESATEY, 20
EhEOMIRTHIMT S, 2D, ROZODOFHRE 2HRITS.
Event (p,e)* : BR<p,e> ¥ FKET 3, p IBRETBLZ o ADEFIFT
H5,
Prefix (p,e) : BR (p,e> %D, Z2T, pRESHFORINFTH 3,

4) BIBEROBIRWEL aq, bRBER, P,QETULALTHLE,

(a—P| b—Q)
B, BRab»bDHY, ZRRXEDVROEN P Q370 A%ERT. F
# % Choice (p, x) ¥, ZHEELHICERT 3, pdESBEBHFORINFT, 7o
LA p DERUEET 2 ETHRD. BELLERE, B xR AshE, 7
XA, x OERE VNEERIT S, p WEDOBRTRIINE, Yo AfIT%
hEERT 5.

5) AvE—YEFE - cEFrAINVER mEAVEL-VETDHLE, c?Tmid

FrANVANE, clmiBFrAVHNERT. F+2ANVOAHBAR, BERcTH
W Xxye—YmEiET 3,

F ¥ AV ASE, FHEE Input (p, ¢, x) TEMENIZEIR T 5. p IHSEFOR
BFT, p DERVHLET S £ THRHD, cBRELLBRE2ARATIER, x i34
v —VERATEEHTH S, c BF ¥ ANBRTRITIE, Yo AfTZER
P#HRT %, Input i¥, Choice DEIERELDT, ZORACES 2L b TES,

F ¥ 2VHS7Id, FHEE Output (p, ¢, m) THRET 5, p 3BERc 2E2 %70
Y ADBANFT, mBERETEIAVvE—-ITHB, %8, Output 12, Event D)
E2EATH S,

* Fiks Eventid, $TEREEAL 7L ASHERBICH S Z L 2 BHET 2720, FHEAWAIT AV 5.

AWAIT i, —Byic 2y o — L2 HREL, BREABNCEMSE5 0T, Wirth QEfTr o A 2R L, %
B, 7O ANELICRVE &O SEND (signal) X ERC2 5.
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Tz, €Y2—VCSPOI—F&RT,

(x MEOEHBERY AF L ¢ CSPOKRE £ Modula 207 0 XA TRHE »)

MODULE INVSYSTEM;

FROM SYSTEM IMPORT TSIZE;

FROM Storage [MPORT ALLOCATE;

FROM Processes IMPORT
SIGNAL, StartProcess, SEND, WAIT, Awaited, Init, AWAIT;

FROM PC98#1 IMPORT
KeyPressed, ReadInt, Write, WriteString, Writelnt, Writeln,
StartScroll, SaveCursor, SetCursor, ClearLine, Invert, Bell;

TYPE EVENT = ( openacc, opensv, buybook, makepay, price, pay,
closeacc, closesv, start, sv, mkinv, mkrep,
notmkinv );

MESSAGE = RECORD
i, b, s, r: INTEGER
END;

MODULE CSP;
IMPORT EVENT, MESSAGE, TSIZE, ALLOCATE,
SIGNAL, StartProcess, SEND, WAIT, Awaited, Init, AWAIT;

EXPORT PROCESS, Main,
Process, Event, Prefix, Choice, Output, Input;

TYPE PROCESS = POINTER TO ProcessDescriptor;

ProcessDescriptor = RECORD
signal: SIGNAL; event: EVENT; msg: MESSAGE
END;

VAR Main: PROCESS; (x E7 Q¥ S 4L «70%X %

PROCEDURE Process (P: PROC; VAR p: PROCESS);

BEGIN
ALLOCATE (p, TSIZE(ProcessDescriptor)); (¢ CSPT LA
Init (p”~.signal);
StartProcess (P, 408)

END Process;

PROCEDURE Event (p: PROCESS; e: EVENT);
BEGIN
WITH p~ DO
WHILE NOT Awaited (signal) DO AWAIT END;
event := e; SEND (signal) (¥ e -> P %)
END
END Event;

PROCEDURE Prefix (p: PROCESS; e: EVENT);
BEGIN
WITH p” DO
REPEAT WAIT (signal) UNTIL event = e (x e => P %)
END
END Prefix;

PROCEDURE Choice (p: PROCESS; VAR x: EVENT);

BEGIN
WITH p” DO
WAIT (signal); x := event (* x!B -> P(x) %)
END

END Choice;

PROCEDURE Output {(p: PROCESS; c: EVENT; m: MESSAGE);
BEGIN

WITH p~ DO

WHILE NOT Awaited (signal) DO AWAIT END;

event := c¢; msg := m; SEND (signal) (k ¢ ! m %)
END

END Output;

75
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PROCEDURE Input (p: PROCESS; VAR c: EVENT; VAR x: MESSAGE);
BEGIN
WITH p~ DO
WAIT (signal); ¢ := event; Xx := msg (k ¢ ?2 X *)
END
END Input;

BEGIN
ALLOCATE (Main, TSIZE(ProcessDescriptor));
Init (Main”.signal)

END CSP;

4.3.2 WEOFRHIK S R T LNER
INETORR% CSP OFEHL#% (3] (Customers), [4] (DataBase), [5]
(Invoice), [6] (Report) i #AL, & 72 ¥R % Modula-2 TEHT 2, Yur
i, REERCIZIZERCERTE, CSP ORHICDEN 2 ETET 2D L2 3.,
70X R, TF¥AMNOLETEIIEE O LBOREE LEUCEELTYS, 127501,
7ueAi, V-7LTBDFEHREOHTIT 2 Lidky, &, FESEUHL
DA DT, Start Process & > TEHMEDALTICAS, FiEx OB, 7ur i)
K&z 3,
7ov A&, E70S 7 LACERYICER SRS, Customers & DataBase i3 U
WE% 9 % noc D 7o 24D 5,
1) Customers & DataBase 70 ¥ &+ Customers & DataBase i, 7o+ X
BAFCH LSVl R#bD, 22T, i BOEESCHYL, KSEKacc 2H
WTESULRARIEL SRS,

Customers D EifF %, BEHIE» SBISHTH S S, buybook F + AL & ma-
kepay # ¥ 2 VD ASIFEH B & U closeacc DESAFH 12 Input % {#1>, closeace
ORI A Y-V 2MEL T3,

DataBase 12, JRIBZH V TOERNZ 2 HFE L T 3, price # ¥ 2 & pay F#
Y ANVTHOEART 2 EH L, mkinv BRTCOBAREH T2, #7270, O
open N TwiiFhiE, notmkinv B 2 ic = 7,

COEEB i CEOMETOLARET — YR~ 2 %

CONST noc = 2@; (% number of Customers x)
VAR acc: INTEGER;
C, SV: ARRAY [l..nocl OF PROCESS;

PROCEDURE Customers;

VAR x: EVENT; msg: MESSAGE; i: INTEGER;
BEGIN
i := acc; x OEES *)
LooP
Prefix (C[i], openacc);
WriteString (' B8 '>; WriteLn; Event (SV(il, opensv);
1.OOP
Imput (CLil, x, msg);
CASE x OF
openacc : Bell (1)
| buybook : Output (SV[il, price, msg)
! makepay : Output (SVI[il, pay, msg)
i closeacc: EXIT
END
END;
WriteString (' @8 ')>; Event (SVI[il, closesv)
END

END Customers;
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PROCEDURE DataBase;
VAR x: EVENT;  V, msg: MESSAGE; i: INTEGER;

BEGIN
i := ace; V.i := acc; (« OFEEZES x)
LOOP
Choice (SV[{il, x);
CASE x OF
opensv: WITH V DO
bi=08; s i=6; r = @;
LOOP
Input (SVI[il, x, msg);
CASE x OF
price S (= s + msg.s
! pay r :=r + msg.r
I mkinv Output (Inv, sv, V);
b :=b+s -r;
s 1= @;
r =9
} closesv: EXIT
END
END;
Output (Rep, mkinv, V)
END
! mkinv: Event (Inv, notmkinv)
END
END
END DataBase;
2) Invoice T+ A & Report 70 & X +++eee Invoice ® 7o+ A WAIFiX, Inv

T, start BRTIE T 5. Invoice IZ, open L TVv>3 DataBase » & EANA %
BPROBRELRTT S, 2/, YHOSHSEPEHLMETLES, HKK
LIREEDIREIL, Report 7ot XiZ{ER 3,

HweFdEHNT 2 L Invoice DABIZKDY, £ T LK start BREE
25, ZOM, 707 A3RERBICL>TVS,

Report O 70t AHAIFit Rep TH 5. 7uX i, HITF v ANVATRSLL
TEY, Fv 2 VEK(mkinv > mkrep) iIZ & D, FRELHEWMOMBEL T 5.
BB, FrAVRIonrueAMicas—2 CHEAAOBEET 20, i left
1. mkinv, left. mkinv, left. mkrep THER%XHL TV 258, #2250 TH
Uiz, %72, right ZRTEBIC L.

(r WRBEBEHETIER »
VAR Inv, Rep: PROCESS;

PROCEDURE Invoice;
VAR x: EVENT; total, msg: MESSAGE; k: INTEGER;
BEGIN
LOOP
Prefix (Inv, start);
WITH total DO
b= @; s :=0; r = 4@;
FOR k ¢= 1 TO noc DO
Event (SV[k], mkinv);
input (lnv, x, msg);
CASE x OF
sv: Output (Rep, mkinv, msg);
i= + msg.b;
S i= s + mMSE.S;
r i=r + msg.r
} notmkinv: (% none %)

Output (Rep, mkrep, total);
Event (Main, start) x FTOQT 5L EEH
END
END Invoice;
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PROCEDURE Report;
VAR x: EVENT; msg: MESSAGE;

BEGIN
LOOP
Input (Rep, x, msg);
CASE x OF

mkinv: WriteString ¢
| mkrep: WriteString ¢
END;

WriteString (' W% '>; Writelnt (msg.b, 6);
WriteString (' X E '); Writelnt (msg.s, §);
WriteString (* A& '); Writelnt (msg.r, §);
WriteLn
END
END Report;

COEEH '); Writelnt (msg.i, 2)
-E SRR R ] ")

3) EFUS b FETFOSS A, TUERABHFMain Eb B, ThHIZEY
2—NWCSP L7 AR— T2, 70541, CSPOKZSa A E2ERKL,
F—AR—FrE_ Y 2 HEoTRBES O AL VATFABODA VY 72 —RA% L
5, FHRREOBER22BOC &,

(« E70Y 98 7O ARREBRUVRRED LI Y Tz - % LD 1

VAR menu: CHAR; msg : MESSAGE;
BEGIN
FOR acc := 1 TO noc DO

Process (Customers, Claccl);
Process (DataBase, SV({accl)
END;
Process (lInvoice, Inv);
Process (Report, Rep);
Invert (TRUE) ; WriteString (' acc ( open | buy | pay | close ) ");
Invert (FALSE); WriteString (' ');
Invert (TRUE) ; WriteString (' invoice ");
Invert (FALSE);
StartScroll (3);
LOOP
SaveCursor; Write ('>');
REPEAT AWAIT UNTIL KeyPressed();
ReadInt (acc, menu); SetCursor; ClearLine;
IF (1 <= acc) & (acc <= noc) THEN
wWriteString (" OEES '); Writelnt (acc, 2);
CASE menu OF

‘o': Event (Claccl, openacc)
t 'ec't Event (Clacc), closeacce)
! 'b': WriteString (' M A '); Readlnt (msg.s, menu); WriteLn;

Output (Clacc), buybook, msg)
! *p': WriteString (' ¥X¥A '); ReadInt (msg.r, menu); Writeln;
Output (Claccl, makepay, msg)
ELSE
SetCursor; ClearLine; Bell (1)
END
ELSIF menu = 'i' THEN
WritelLn;
Event (Inv, start);
Prefix (Main, start); (x FREBFOKVBHD %
¥Writeln
ELSE
Bell (1)
END
END
END INVSYSTEM.
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5. & b

BE M

UTEMERITH 5.
acc ( open | buy | pay | clos-e )] ’ invoice
OEEFS 1 H#
OBES 19 &
OEES 20 MB
OEES 1 BA 1000
OEES 1 WA 2000
OBEES 10 @ A 3000
OFE&S 20 B A 4000
BRE . COERS 1 915 3 BELt 3000 A& ]
WRE . COEFS 10 A0 5% g AL 3000 A2 [
HRE:OEES 20 915k o Btk 4000 A& 2
WER . At 4&H IR o H L 100006 A& ]
OEES 10 Xih 3000
OEES 10 AH HFRE: OBES 10 65 3000 K L 8 A& 3000
MR . OEES 1 8% 3006 B L 0 A& ]
WRE OEERS 20 18 4000 R L 8 A& 2
HeE®: GHEH i 7% 7000 R L AN ?

houc

REE: 11X, BTRNERROBEE o THBIHBRMEET v/ 50%%
Wiz T ¥V, continuation 2 ¥EAR I EBRALHWOTHETH D, ¥
WNTHATEZ FETH S, TROLDIZIZ, PHE%2 3 5Bz L, Bl
MSREY, XREH2EL, BAHEBESEL TELLLWEITH B,

ETHE 213 CSP DT ad hoc iICfEAf 2 B X S WA 2 598, Zhid JSD
DEZ % CSPTEHEABRLIbDEVZD, Lo, 23 ISDOERER 2 LE
2P 5,

REPEL, 2&bC, BR, NREMBOBEHETH S, AL ERT B EE
WMAEEBBRIZZONEDT, HiE»6FKE 2L S0l AERRNTE BT
BEMEDID 5. LLARPERR, B|Eh, XEL, RFZEOROOZEROERDLI L
TE, ZhoDldicd, MEOEREHELREL, RFLERI L ILEER
U2, &8, FERZ, V7 by 27ITFERRSORER, MEE=, EEK—,
REFE, FeER BHRE, 1AW, HREE LEFE) ofRo—&T
H5,

(1] hoge=, R8E, WEH, HIREHE, FRETFE, LEFHE  ARER0KE, Wil
MEESY 7 N x 7 TEWFRS, 40-12, 1985. 2. 7.
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JSD D EBERIT

Direct Execution of a JSD Specification

m & B =

B B OBHE EE551, YryrVy e VAT LARREEOXERE (JSE: Jackson System

development Environment) #BiF L T\» 3, 4\ JSE OFHRTH 3 “JSD O EEE
fIR” OERNZHEELRBE L 2O THRE T S, JSDEER LAY AT LM CBIE5 Y
yReZabyLEr sy, 20 “ISDABOEERTR” 2FAT 3 I Lk - THEER
z oz,

JSE Tix, JSD RO 7T ¥ A M RE L, ZOEEETOZHIC JSL  (Jackson System
development Language) % #8A L7z, BB WTIE, JSL OXEH - 2 DRIR%A (inter-
preter) 2HLIMZFHEAT B, %8B, JSD 2HIS L WHEED DI JSD OEER AL EAL
T8NV,

Abstract This paper presents a direct execution program of a JSD (Jackson System Development)

1.

specification, which is developed as a part of the JSE (Jackson System development Environment). We
introduced a language, named JSL (Jackson System development Language) which is a textual form of
a JSD specification. We can make a prototyping approach in a JSD project using the JSL interpreter
which executes a JSD specification directly.

The paper describes the main part of JSL and explains its interpreter. We insert a short explanation

of JSD for a better understanding of the JSL interpreter.

T C & I

BV AT LAOBECBIARYOEEF, a— ML) b BERAELRIER
TN, ERMARICHIEDIE, TAMEEDO LS RBOBRBTRIEEI NS Z L%
W, RYDERIEBIRDIIEY, TS5 ERITHRE»SIUBES I 8L TFHL
{iz3, giz, FIAEL COBORLABETREZERBLA2TH25, By oRHER
WIIHRROETHENTH S, 2hics->T, MEZEOEROBEBOLEOITRDS
DOBRDTSENBRI TR, VAT LM% T 2002 FRAFTRT I LTE 3,
HARDBERY BRRCHRHL 2D, ZOEL & 2EELLEELNTRETHNE, D
BEEETBYV 727 ORBCEX2HBEI—BREL 23, ZOkHITR, ¥%
VAT LADFFEBERERED SRTFEREEZ T, —HLTXET 3V 27 AHAEEOR
RABROS5ND, 851, ZORBEEIBTI2ERES LN L VMRS LEIETH
55, VAT LRFEE L ZOXBER L, FIABZECHREED “YATARZELL TR
T2R00EN" 2ALEERE-DITLEETH 3,

V¥V ey AT LEFE (JSD) BEBLEIFICB W CEE R EOERANR S
BETH2U0, JSD ik, BEROBBHEZREL bRV aY 22 b OBIKRRE» S Y X
TADTEE, ES5ICRRTFCBTHHEATE S, £, XBEEOTKRICL- T,
JISD DERBEBEART2THS S, TTK, W 20D JSD XIBEEHFETEETH

81
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DB, 72y 2 Ada DY S ab—yay e Ry r =Yo7 JSDHERORTOR
BRIEYLRRINTV S,

JSD HAEDEEETIX, ORI L ) A TEWERD. ARORELCE Y S a
Ly a v 2P VEERLEREETLTALFEY L, IR EEREETT 2 550
#z 5N, JSD ORI EENIC I RTTRE R 20, S IERCERETT S
MEHOBR R REL, JSD O 7 % X b BE» ORI RAREREFL LT
EL%%ALK.&%,BE@E%%ﬁ%K@,FV—X&%&EQ“%%QE%%
BHXT2:H0O8B” BEEIIL TV,

LIk, B28 T JSEOME, $3ETJSLOEEREHAL, H4ETISD OfFf
B IR b 7 OHBEOREIR 2R ~, Jackson DEBITH 5 MBELHY £\ JSL O
ITRERERT.

E

JSE i3 JSD A DML 7 4 & %, JSL #FRR, JSD ZHik (JSD fkx BRIS 7
WEHRTS) »okb, JSEOHEERR1ERY.

BESEE R EEY, AL RL VBRETCSNIEERNTH S, BIRRRIR, 7
22 MEREL D LHROBWATEOBEREARCT S, IF7 + 7 3#iER L JSL
PO AEE L OMOERENHETT I, 2hid, brd 7 —slEx7 15"
LREMOBEERED, 8512, ZOIF 4513 JSL TEBRNWIALRD A Y T —7
[ SSD (System Specification Diagram) %<, JSD OFHARR CHIkEFABL &
2+ nid, JSEDIF 4 3%k JSLEBEETRP JSL RO AN THEME I
BT 5728, Fuvz2 OHATELRAFRTH—TE 5.

JSL f#IR%I, JSL TR S ni- ke £TT 5, BENICBBTHAT 2. &H,
JSD OHAE, ¥R T AOEBOMBEELETRED > RMIL T 20T, Lk

o o

JSL JSL
54 7 & A b BLIERITR

JSL.
Pt 2

o

BiEiE
v—Aa=F

1 JSE ¥
Fig.1 Overview of JSE
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DRSO TETBECEST2 Lo, BAuELa—- NeEBRLEThER Sk
v, JSD OEHER T, AREEBROETRE CETAURRI-FCERT S, &
Diz 8, JSD iZ#s# (inversion) 48 (dismemberment) @ X 3 > { DO
HEREEARELTWS,

JSL Z#Rik, JSL TR Mz e AR — R & > TEHRWERE (e 2l
COBOL) D 2 — R iz&E#t 2, HMB— A3, £EHEA S5 L BAHA L
naHA» %25, JSLICE 2HBRERCORBEDOL LD T —IYHOEEMNEZTENT
W3H, FT—FREDEENRL L ZITHB—ADHRK->T, 7F—sBsHRS
NEBREREREZ o3, JSLERRIZ, YER—D0 vty ETOERS
ZET 2, LiedtoT, HEORET oy V2EDLEH 02y ETCOEFRD
XBERIEROREHTER TV 3,

JSL
JSLix, JSD f1i%% 7 * A bR TRHT 2D ICHALLLDTHS, ZOFF
A M, DEROBHEIZEbETJSL N—Hi2 &> T, &5 RFIOHMRBICERE
N, JISLO7a 03V ATLEER Lo Tiidadh, AV, F—F ALY
— A, KRBT bV, PO AOREFMTCHEKINS, kB, Yot XHEERE,
JISD OREET F AN TERLI VD TH 3,
AFETIE JSL #2503 2 0558 BNF 24 5, #;% BNF i3, BNF i BE b
EOLBRVELE()}T, BEL1EY: [ ] CERRET2REZBMLIZODOTH 2,
3.1 YRTLEE
ZHiZJISLOBEMOEETH S,
(#30)
{SystemDeclaration)
1 ='SYSTEM’
(SystemHeader>
{BventDeclaration>
{DataStreamDeclaration>
{StateVectorDeclaration)
{ProcessClassDecralation>
'SYSTEM' 'END’

3.2 SYRFLRHLE
HBOBBIF2 IODEETEZ S,
(#30)
{SystemHeader) : : ="' :’ {Idenfier)

(1)
SYSTEM : simplebank

O ADEE L, ARV Mo TEREENSE, YATATRETZTRTO



84

ARV EZIITEET S, ZOEER, BEX (nessage) DB L ZDFLDES %
FHRLTW2, ZZTEr25kLE, BENCEDAZN TS “BEXERZITMS
7akR” OBFNFOZELTHS., BEXFER, BELCE> TRINLEDIITD
2, BEXAGE»STF— Y 2E2RTIREICOBELE2ED, JSDAEKROITEH
(Action) ¥, ZZTWLIARYITH B,

HENEY X F LACBWTIR, 1Y FORENN I VI I v a v OREEEKRT
3, FIv¥IVaviE, Va—FRickoTEEEINS, D, EEXDE (message
type) A XY FOEERTHED,

(#%37)
{BventDeclaration)

:: ='RVENT’
{<BventDescription)}
'EVENT 'END’

{BventDescription>

:: = {(BventName)
[<ProcessId)]

*(* {Attributed)')’

(1)
BEVENT
invest customer_id (date customer_id amount)
EVENT END
ZOBITI, 4 bDART invest TH D, ZDA4 X2 bDEMIE, date, cus
tomer _id, amount TH 3, DA X b (invest) 2RIFEZ 7 vt A DHFIFid
customer id DETH 2, LW IILEHEEL T3,
() 2]
BEVENT
enquiry (customer_id)
EVENT END
CHIRFBET T RADBIFOEESEWHAITH 2, F0x ADBIFOEIEHT]
BER DI, ZOBEXIERTET—F AN —20N—DT, DOBEIATHEY
OtAH—DTHIHFT, FEANHE—DICRE>TWARTH S, enquiry L35 4 <
> M&, B customer id 2 Fb, FANHE—DORE > TLABEXDOHNTH 2,

3.4 F—HXAPM)—LEER

T—FAM) =L« 27TRF, TOF—FALN)—LHETEHEINS, F—F 2
M) —b« 77 ARREDEFMHB L OFREBITFITHY, ZICALZBEEXOHE, &
DF=F AP —ATHEEND IO TOXR « 75 R >THESND, 7F—
FALY—L2EETHHATIEEXORE, TRTAXRY MVEEWTERIN TR
Do, g, FTORR7 5 AEEWICH B TRTO read/write S D F
—F ALY =LK, ZOF—F A M) —LAESHTEREI N TR TFER S 20,



Gh JSD HBROEEET 85
(#ExQ)

(DataStreamDeclaration>
:: =" DATASTREAM’
{<DataStreamClass>}
'DATASTREAM’ 'END’
{DataStreamClass>
11 = (DataStreamName>)
[ (' {<BEventName>}’)"]
': ' (DataStreamConnection)
(DataStreamConnection>
:: = <{SenderProcessClass>
{MultiplicityMark>
{DataStreamConnector>
{MutiplicityMark>
{ReceiverProcessClass>
{SenderProcessClass>
i ="#" ] {(ProcessClassName>
{ReceiverProcessClass>
i1 ="#" | <{ProcessClassName)
{DataStreamConnector>
::="_" | (DataStreamName>
{MultiplicityMark>
=T N
B AR EERT S, CPEHTARTLET ¥ A MY — LK E MR 5 L ERKL,
D1 EERL, D RSEEKT D,
(#1)
DATASTREAM
¢ (invest pay_in withdraw terminate)
:# > _ > customer_l
DATASTREAM END

ZOPITE c WS F—F X MY —4 7T RF invest, pay_in, withdraw, termi-
nate £ WO BOBEXEERE L THD, AitH» S S o¥ A2 5 R customer_1
NFEEENLTWS,

() 2)
DATASTREAM
exception_report ()

:customer 1 > > #
DATASTREAM END

ARV MEEEBBLIBITH S, HELIES, BEXOMIFERENY AT LOHN
T, BRER1TOXFITHS LBRT 3, hiZHAIENNREET, HI»ERE
BTHIRICESE TS, 7—F A MU —Ah+7 5 R exception report i customer 1
WEYAT LADHNEEERTBY, TOHNZ ITOXFIITH?.
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3.5 RE~I PIEES

REERZ MV 7 S AR ZOEETHCEHRSI NS, RERZ PV 7T A JSD K
B 2RER MREEREET S, REXZ PVEEEE, 2RENEToL R0
BEEHPL, 77 ¥ AHFEOES2aL, RE~2 P VESOARTZ, TorADOR
HREOEE 2 ERT 2 BEX L, ZOREOEEXERT 2EKETRT, 7 7%
AHFETE, KRB M ORIRGKMS L BRIEF 21877 5. JSLiR, —207 0k
AExL, BEEORER7 PLVOSREHFT.

(0]
{StateVectorDeclaration>
: ='STATEVECTOR’
{(StateVectorClass)}
'STATEVECTOR' 'END’
(StateVectorClass>
1. = (BtateVectorName
[ " (" {<LocalVariableName> }')" ]
[ 'ORDER' ' = ' {<LocalVariableName) }]
[ 'PREDICATE' ' = ' <BooleanExpression]
'’ (StateVectorConnection)
{StateVectorConnection>
.. = (InspectedProcessClassName>
{MultiplicityMark>
{StateVectorConnector>
{MultiplicityMark>
{InspectProcessClassName)
({StateVectorConnector>
: = _ '] (StateVectorName)
H U e— 2, HEHUARERS A EEKT 5, MultiplicityMark> i, F—2 A M) —2EEHELA
UHXTH 5,

(F11)

STATEVECTOR
cv (balance) : customer_1 > > enquiry_fn
STATEVECTOR END

Uk A2 5 A customer 1 D7t 213, balance &> ARIODRHRELE b >
T, FULA 2T R enquiry fn i customer 1 7 5 A DWERREEIREN 7 b
MES v BEVEBRT S, cvizEN1THB. T2bb, enquiry_fn O RAEFID—
21z, %< O customer 1 D EEFISFEEEN TV,

() 2)
STATEVECTOR

cvs (customer_id balance last_date)

ORDER = balance customer_id

PREDICATE = balance > 0
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:customer_ 1 >> > fn_ 1
STATEVECTOR END

ZZTHREERZ P v evsid, FOE R + 75 R customer 1 DFFERD 5 b cus-
tomer id, balance, last date #ZMR L, balance D{EMWIED 77 ¥ X T balance, cus-
tomer id DEDRIFIZT 7€ AT 3 L IRER7 PAVERT, 7oA 275 R
customer 1 D% DEMAFIIR LT, ok X7 I R fn_1 D—2DEEFIHHER &
NTWBEIELREFLTWVS,

3.6 YOovR-JISREEH

VAT LARDTOREA 7 FAONMEEIXC ZTEE SRS, ZOEHIOMX,
JSDAKED#EET F A b ERBIUTH B, KBTI, JSL OELEEHGS (communi-
cation statement) D& ¥ AT 3,
(430

{ProcessClassDeclaration>
= 'PROCESS’
{(ProcessClass>)}
'PROCESS’ 'END’
{ProcessClass>
:: = <(ProcessClassName>
[<ProcessClassType)]
[<ConstantDeclaration)]
{Structure>
{Operations>
{Conditions>
{ProcessClassName) 'END’
{Operations>
:: = 'OPERATIONS’
{<{OperationDeclaration) }
{OperationDeclaration>
: = (Number) *: ' {Statement)
{Statement>
. = (AssignStatement)
| <CommunicationStatement)
| <ProcedureCall>
{CommunicationStatement>
:: = (ReadStatement>
| <(WriteStatement>
| <GetStateVectorStatement)
| <WaitStatement)

3.6.1 Read &%
Read i3 7— % A b U —Lad 5 BEX 2EB T, (VariableName>iZ & - THR S
NIEBIRAT S, EENEBEATVS L E, Yo ALBEEXOBEERDR
U RFIR IR Lo THEXFTORKEDERT 7 A TE S,
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3. 6.

fe & z21F, .amount IZBEXHOBEMS amount DERRT, iz, T—F ALY
— LCTEEX DR VBRI, 2D read IS TE BB T —FIRA M) —LWLZABET, 7
ok R EEEL, BEXB AL E, #IEL T read f34 5 70 ¥ A DEITEFEH
T3,

(#832)
(ReadStatement)
11 = 'sread’
g
(DataStreamName) {(DataStreamName)}
[ ', <VariableName) ]
Ty
(1) sread (c)
WA EF—F X DY —hbchbFLs,
() 2) sread(a b)

W, F—=FAr)—saktbi[77<—Y] (roughmerge) L7227 —5 A
M) —sapoBehnsd, 2@UEDF—F R M) —20oHDBIETBERELER—Y
T2k 7=—V] WS, JSDTIET 77—V % SSD THINWEHT 5. JSL
THEETH S, 722, JSL TR, AU AEEDH Csread (a b) & sread
(a)RFEHTER L,

(% 3) sread(a, rec)

F—F AP —bahSBEELEHRA, Brec iITHEMNT 5,
2 Write 4%

write | IZ T —F A MY — LA CBEXEEL,

(1%30)
{WriteStatement>
1 = 'swrite’
L
("each”]
. <DataStreamName>
[<EventName)]
{<Bxpression)}
"y
(#11) swrite(c 'invest’ 860228 10000 "jun kato™)

Coficit, BEXRF—F AN —hciErnD, BEXOHI invest T, %
DK 860228, 10000, ”jun kato” £\> S EDFITH 5.

(51 2) swrite(exception_report "over draw”)

MEBSLELHTH S, I I Tidexception report L3 F—F A b Y — A
"over draw” L W3 BEXEE L. BEXOED FO I ABITE, BEXICER
BEgghs,

(51 3} swrite("each” timer ‘alarm’)
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BEXDOHE alarm 27 —F A b —A+ 2 5 timer KBT 2T RTDF—F X b
V—aizEL,
3.6.3 GetStateVector %%
GetStateVector f3 ik, il 7o A DREEZ BB T 5, LD 7o+ X DWIRR
BOBELERT % L %Iz GetStateVector 54 2T 3,
(1830)
{GetStateVectorStatement)
1 ='getsv’
(e
{StateVectorName)
{Destination>
{VariableName>
"y
{Destination>
:: = "next” | (ProcessIdentifier)

(#1) getsv (cv "jun kato” svrec)

ZOBIOEITRERIZ, "jun kato” 2B F 2T B customer 1 Ok AV FADS
v A0 SREBR Y b EES cv 2RBEL T, ZORER Y b VOBEHEH svrec i
RAEHhB, ZOREE, cvRERI PVEFSO7 7 AHETORDEREE .2 b/
BVREER 7 P VIZIBY BRITH 5.
() 2)

RER7 PNEE VS BT ARERZ VVOTRTEBREBT LI ENTE

2, ZORR% svrec KHEMT 3 L 2T XS iR Thid v,
getsv (cvs "next” svrec)

TARTCOTu A RBBLKboE &, svrec Enil TR 3, ZOfmyd, cvsik
R MVEEDT7 7 AHET, ORDEREE % b DRERZ MVIKBOBERTH
5,

3.6.4 Waité$ %

oL AORE%: &£ 3 L %12 wait g 2 # S,
(#30
(WaitStatement>

1 = 'wait’

(e
[all"]
{DataStreamName>
[<ProcessIdentifier>]
{BEventName>
"y

#1) wait ("all” ta 'tgm’)

ZOBOREERITTEE, T—FAI) =L 75 RtallBTBF—F AN —
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ADStgm VI BHOBEXN R LB ETT O ADETRELT S, wait i d
& write iy ERTHES . 72 & 2,

swrite ("each” ..) ; wait ("all” ..)
D& D EART 3.
(#12) wait (ta "jun kato” "tgm’)

ZOEk

swrite (ta 'tgm’ 871031 "jun kato”) ; wait (ta "jun kato” ’tgm’)
rudnciEREsns, hEETT AL, Vjun kato" 2BAFTET—F AU —
LeZ T A ta TRGENI 7O LAY, TOF—F ALY =255 tgm &0 3EEX
W T, 7o ADETHEIEIND,

(I}

4. JSLO *E 1T

JSL O#EFTid JSD DR T L H 2 DT, U JSD OB EBRN, Tnd o
JSD H#h & 2 DREFER~< S 2 LIz T 5. K JSL BRROBMEBELHBL, K012l
BMife @y, JSL TRRL kL 2 DORTRRERT.

4.1 JSDO % ¥

JSD Wk, [Fik] x> [FIE] »57% 3, JSD O [FIE] &, EARIERERRE
X DEFBEC PG, EREREE TR, EBOETREPLKRBEDOI:DDOER
WETAREERE T, EREE TERBOERTRELERDI:HDORRICHET L ITNT
ERET 5.

V7MY 27 » VAFLDBRBEIBLT, —RICEEZ LFBEEIOEWREEBRLE
WOREIZEEL TW»AEH, BELSEY (HROLBHAD) REZERRETH S

D23, A6, PELLRERERL, DTFLLLREBEEERIIT S LW EF
LY 7927« VATFLRAKTCR—BHTHS. JSDO [FE] B, T0EXE2HE
FZLTWwW3, Thbb, JSDREELSBEVRERRICT S (Bu#fianld, BX
GEVIEIBRET 3) Ze, RELVLEE» SR TIEMTE T AL WEESR
#gELICT 300 [FE] 2RLTH3S,

HHEERRERPS TIt, BEOZDE» SR UHEMAOET NV EESL, &K, ET NV
BB UMBEER AL T 5, FEEBR TR EBEERK (re-package) LT, %
BB Hho BRI Pt 5, TOBEBRTED [FE] &, BRERA TV a—
SORATHSE, BELWIID D, HREIEETLIERVARERLHDDLAT V2
— Yy 7T XL, ETRBCKELLREERE D, EHRBECENT
5Zkicizb,

ISD o [Fi] ik, KEEE Rk [MTAE] OB&L, [RELvbyrD
IV sIh] 2 [BREINDIEI LMERRLT S0 I0] CEHRTS [
Oy LB FHEESTERIIHS, BUDIMARKE LT, HFE Furlsa%
T %, JSDIK ko T [ ur T A58 2D, FROI VY RT A LETS,
[F:] L [FIE] L3, EEREESHLDTFIE LidEsbe T JSD 0%
BB,

JSD i3 HMEF N BB L TV 2 7 0 v X BRI EER T % EARIERERRS &, % Dftkk
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PEBROETRRECHE L 70/ 7 2 ET 2 RERE b0 5, AHCE
v¥ R ERERYT B EE, BN EEEERCRKRTE S 2L, EHLREBEED
HANBETSNEZLThHD, EERBET,HNAEELA Y Y 2 — 7 DHEATHREL,
EFOTGAEYTN—F oo R 5REEEICT S, ESQSTLANAT Y a—7T
ThD, £l, EEBET, RO SO AORREREET —FIR—Z(7 74 V)
DVIA—RELTTuAnSSHT 5,

JREICIZ, JSD OHARIZERERTAIEETH Y, JSD 2@ALLIEY K« Fu b
FACVIBRATES, 351, ARPESEETLERE LRI —EORBERL
TEBOETRECELE 7050 0RRBETE S, i3, BENT7 So—F
(operational approach)®\Z X2V AT ABFELARETHS Z L 2EKRT 5, JSD %
BERT7 70 —FO—DRETL0HZDRDTH 5.

4.2 JSD Mtk & ¢ DEEIR

JSD ORI, FELTROXE»SRS,

1) BR7a0vA557%2558EEMC L 28R, ZO#EEME JSD Tk SSD
(System Specification Diagram) & \>v>, REESEE > T 5,

2) FRFIROBRFO LA, (727 F A MNREDOY v 7Y »K(Jackson
Tree) TEZRS LS.

3) TENOEH - T, 7B, HREBILIER (1) BRY, £
Ve FukRi, TBMORERMOERF:2Y v 27 Y Y RTESRL MG 2B L
LTwa, 7otAld, BRI > TEBXH, ROBROFEERE O THEL
T3, ¥, VAFLADAREBLTWE 7O AT TRL, YAT ARNEIC
HBETuLRABEARCBRICE > TEENT 5, DS A7 LANTRET SHKD
EHLHI LTS, BRI, ZOEEOHII, TATHETIEMEELD, 0O
BROBHICI->T, 7O0ANLOF—FNEHEINS, ok AMEEEOH
BOBROFELFEXDRELBRTE50DT, BRI LWIHIGT 3 HEXD
BpshdeHEZTED,

7ot AROEE R, 2BVOFRHE, OF—F A M) -GS
HWEL, OREBRI MBS IZBETHS. WINLHERBEETH S, H
B EET 5 HER T, EREOBEXD Sy 7 7THD, HRICEVTIEH
HiIzEHESNS, HM20F2HV 0 AMEFCDWTRRS,

2@EMbNE, T—FA MY —LREBCLLEETHS, ChOBERER 3 %2
Aoz, M3k, M2@EMEL, 7oL ABOEERN—D2THIEE
EFRLTWS, BEKAREFIRCEFXELDOILNTELDT, YOk AP
WBEXEEDOIELETE I LRy, 20T 7e—YEnn, HBO
FakAHSDBEXS—DOORBERICELDSN, —D2DTukARESND
HEETT., 30 ZhOERTHY, BEKALBDOIBOLEH o DRERFEX
BEAERIC S0 AQAK S MIRFERENTH Y, KCEELBEN 2 EEN
W7 EAQAES LW FAINH BT ERL, K20IRERI MBS
I2WETHB, IR, HEO SO AOHNSEHROELBRT 5 BRETH 5.
FOX ABEDIDRERY MESCE>TEEB LD L2k, O2ET2 o
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FLIEDS
A /
P —_{:>——+ Q P [O0O0S «a
(a) =% A b)) — LEtr (a) =% 2 MY — LD
A /ié{éjc
P Q P : — Q
B
R R
(b) 97v—YDhHKED (b) 572—Y0b 254
JatAP®D
A (,1;(53/\*7 FLOBE
P —®——> Q P "“O O—. Q

(c) IRIE~NY b LA HRBAX

(c) RIE~Z b AEEL

2 PRT AT (SSD) & HRH M3 #ERES (M2) OEERICLZRE
Fig.2 Examples of SSD Fig.3 Representation by communication channels

in cases of various connections (ref. Fig. 2)

CANBRENE 7O ADRERY M VOEERBERT 2EETE2E2, OF
KEEXERITE - 585D 7o 213, ZORMWREOEERXVIET, D
DAT YRS, LWIHEFEMTbhS, ZDL i, 5ES I RONE
REIELEV, M20Q0BEI7oLAQ, FYuvAPORNEERDES
BB ELRBRL, 7O APRETONBEROELEE T 2EETH2. 18,
ZOB/ER T APOWIREBIZEL Tz, B3©OIkED—DDER %
mLTW3B,

VAT LRCEBX DS L&, THERBIIRAL 0 RARLTEET S, L
TeoT, YAT LPITBEXHH SR JSD HIRETIh T3, Zhid,
ARRICBO TR 7o RADERPEREERTILER W L2 EHKT 3,

4.3 JSL E#ERTH
JSL E#ETRIZ, JSL 2@RUETT2MERTH 2. ZOEBETETE, 2
BEOEEHE (0FV—2BT—F A M) —ARESERHT 20, flo—2I3R
R MREEERETZ2HD) 2104 7Y227 bELTHD., Lad, Zhed
T AR B bATRETENTVEPD LS, JSL EEETRIZY I 21—
T B,
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4.3.1 JSL E#ERITROEEL
JSL E#ETRIZ, JSLS—¥% & JSLETRE»5% 5, TOWEEN 4 TRY.
4.3.2 JSL/S — #
JSL /$—3i%, JSL 7 % A b OHESURIF & B2 BWREM 2 1THU T 2ERT 2.,
1) ERF—T N BRESEEHRL T, BE - & 5 BEXOER,
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SYSTEM : simplebank
EVENT
invest customer_name (customer_name amount)
pay_in customer_name (customer_name amount)
withdraw customer_name (customer_name amount)
terminate customer_name (customer_name reason)
enquiry (id)
EVENT END
DATASTREAM
¢ (invest pay_in withdraw terminate)
: # > _ > customer_l1;
exceptionreport ()
¢ customer_1 > _ > #;
enquiryinput (enquiry)
: # > _ > enquiry_fn;
enquiryreport O
¢ enquiry_fn > _ > #;
DATASTREAN END
STATEVECTOR
cv  (balance) : customer_l >> _ > enquiry_fn;
STATEVECTOR END
PROCESS
customer_1
STRUCTURE
customer_l1 SEQ
DO 1 D0 2
invest SEQ DO 3 invest END
DG 2
customer_body ITR WHILE cl
movement SEL c2
pay_in SEQ DO 4 DO 2 pay_in END
movement ALT ¢3
withdraw SEQ
DO 5
p_exeptrep SEL ¢4
DG 6
p_exeptrep END
DO 2
withdraw END
movement END
customer_body END

X5 JSL OERFI(tD 1)
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terminate SEQ ;
terminate END
customer_1 END
OPERATIONS
1: balance := 0
2: sread(c)
3: balance := .amount
4: balance := balance + .amount
5: balance := balance - .amount
6: swrite(exceptionreport “overdrawn” .name balance)
CONDITIONS
¢l: (withdraw or pay_in)
¢2: pay_in
¢3: withdraw
cd: balance < 0
customer_1 END

enquiry_fn
STRUCTURE
enquiry_fn SEQ
DO 1
enquiry_fn_bedy ITR WHILE cl
enquiry SEQ
DO 2 D0 3 D01
enquiry END
enquiry_fn_body END
enquiry_fn END
OPERATIONS
1: sread(enquiryinput)
2: getsv(cv .id svrec)
3: swrite(enquiryreport .id “balance is
CONDITIONS
cl: true
enquiry_fn END
PROCESS END
SYSTEM END

svrec.balance)

5 JSL gl (¢ o 2)
Fig.5 Example of a specification in JSL (simple bank system)
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Evaluating Region
“data_stream event_name attribute_values?"
c invest  ("Jjun kato* 1eeee) (a)
*data_stream event_name attribute_values?®
c invast  (‘aki sato'  2008) (b)
'data strean event_name attribute_values?" .

c

'dutu stream event_name attribute values?*®
c pay_in ("Jun kato" 1000) (d)
"data_stream event_name attribute_values?"
c withdraw ('aki sato® 18e0) {e)
*data_strean event_name attribute_values?*
enquiryinput enquiry (*Jjun kato*) o)
“data_stream event_name attribute_values?" ’

2

end

ENDUIRV FN ENOQUIRYREPDRY ("Jun kato* *balance is * 11008) (hy
*data_stream event_name attribute_values?"

c uithdrau ("aki sato® 1508) (i)
“data_strean event_name attribute_values?*

c uithdrau ("Jun kato" 2008) (3
duta stream event_name attribute_values?”

en
‘ukl gato® EXCEPTIONREPORT (*overdraun® "aki sato' -500) (P8}
*0:0ult Sv:Statevecter HS0:MeSsale DS:DataStream ° SV
*gntry process class * customer_l
rantr prucens id " *jun kato*
<BALRNCE,
<BALANCE, lBBBB> (x)
<8ﬂLRNCE, llBBB)
<BALANCE, 90e!
*0:0uit SV: Statevecter MS0:Me5saBe DS:Datastream * MSG
‘entry process class " customer |
*entry process id " “jun kato®
sender o “environment” datastream = C_svent =
nasaage body = <CUSTDHER _NRME, 'Jun knto') <RHDUNT, 10080> .
genger = “environment" datastrean = C = evel P ()
measage body = <CUSYOHER_NRAHE, Jun katu'> <AMOUNT, 1000> .
sgnder = “environment® gatastream = C ent = WITHDRAW
nessage body = <CUSTOMER_NAME, 'Jun kat0'> (HHDUNT, 209> .
*0:0uit BY:Statevecter ME0:HeSsads DS: Datastrean
“entry process class * custoner_|
'untrs process id * *aki sato®
<BALANCE, @>, (z}
<BALANCE, 2000>.
<BALANCE, lBBB)
¢BALANCE, -500>
*0:10uit SU:StatalVecter MSG:MeSsaGe DS:Datastream *
(18:34 Finished printing Default Screen and Who-1ine on printer RINKD of NIKKO]

2HACS (Common-Lisp) JUN3.JSLBODYB6H> JK3; NIKKD: (38) 14
req ut11ity? (Y or N) Yes.

ANY : Print an image of the streen, Same as Terminal Q.

08,04/87 87:08:29PN JKI UBER: Keyboard FILE serving FUGEN

6 5 NETH
Fig.6 Output of simple bank system (ref. Fig. 5)
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Nonstop Real-time System for Financial Industries
# B 2 B

B # SEMECBLTRE, BEY—ECRAORERBMCE VT4 v OFHRFHERCHERSE
HiEiEssBia s T 3.

SR BB - SR Y R 7 LR T, RFERE»OF VT4 VORBREREE
BUTYRT LB TORATVS, BYRT ATHRASNERN, HiksRRERN
Iz L ¥R S TREHNICIE 24 BEENSICR DV Tn EE LS,

FRFETIE, 24 BEMEEDRODOY AT AOBEE L TIRD 4 RE/T .

1) Y54 VBRTECIEREERLZVYAT A

2) BHERKE (F—SFR—ADEHOEL) EBRLBVOYAT A

3) AEBOFH(

4) AEOINEL

AT, 24 BEEEAD T 70 —F L L3 BED» S, MEOEE L 7 OBREFIOMEN

Pt

2175,

Abstract Recently an EDP facility in the financial industries is faced with ever increasing, huge volume
of online transactions, and the cutoff time of its operation is correspondingly extended. It is not rare
that the operation is forced to continue until next morning. Thus its full time operation through 24 hours
emerges as a pressing need.

The author had an experience to develop a nonstop real-time system of a customer in the financial
industries. ‘

The paper will make clear the problems in developing the system and show how to solve them.

We set the system goals as follows :
1) System can be developed without considering the cutoff time of its online operation.
2) Its operation does not enforce the static files, or in other words the inhibitance of file updations

should be minimized.
3) Its work load should be well ballanced by distributing the processes of transactions.

4) Its performance should be improved at its best.

1. {3 C & |(C
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F 7o, KOBEIES L - RREREOR 2 b5 L, LEREORY:, Wb
2uvy e SYOEFHANI VBN EHE» SBRE L2/ 2> TER,
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ZOZEPSE—ZHIZDWTIE, BIEREEEL VI A4 YRICHARADLET TR
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Tablel End time of computer use in
banking industries

24 | FEKRTRE | C—2 BRTEY
X X 381F 22100 4:00
X X R1T 23:00 0:00
X X $BfT 22100 7:00
X X 1T 23:30 1:00
X X §R1F 1:00 3:30
X X §R4T 2230 1:00
ixﬁﬁﬁ ——>=20 | 2:00

XX EMEmE |  21:00 =]
X XfER&E 22:15 0:00
X X {GRA%E 1:00 3:00
X X {ERA&E 21:30 23:00
X X {EFR&HE 21:00 21:30
X XER&H 20130 2330
X X EH&E 1:00 4:00
F i (30 %) 23100 2:30
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Table2 Jobs not runnable during real-time operations
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