ISSN1000-9825 Journal of Software #% # % 2000,11(8).1041~1046

—HANHEENR ZRABRBYBLEERE
Izk! RE B4 BEE FER

ERRXEHAYVEHFEABREASRE ®E 210093
BREBTKES8%KE Hx 211on

E-mail; wangy{@seg. nju. edu, en

WE COOZ(complete chiect-oriented Z) & H A FTHABE A B E S M4 . CO0Z 2 5468 B R 144
HRE XM TCOOZHAEREA B COOZRAFEATENFT AR THEASFTL FHLRENA
COOZ, 84T COOZ ERH P EFAMAN AL, ANLERTRASERZ AL FAFTFF LN 445
BREFAFEAA-MEAXAERTFREA. AR ETEATCOOZ MR Eeb b4 Bl &
Wil T AL RERL T AR EENRAAT ARG T ~FREH LT, B —FEFaigH
R F Ao 5T OGRS F .

XA HEALALTHMOERE BALY. T a .

PEEST RS TP3ll

ERAAESHOARIEHEACRIEAHEFEBRG P EE M. 0 ERB BEAMAKEST Z
ATEOMEAT ERITEBLA.NESL TH TP Z Wi g 385 58K E. CO0Zcomplete object-ori-
ented Z)VERESWTUE ZWE AN BT EOEW LR E R AH SR AR 2 $4TH M RE T R

COOZMMBEFRHBHRAARNBAFNAN. COOZFEMEN T EFEARE. BERILAM B
BEFFEA. ZMFHANRAATMTRELEEK, FEHENEME RSt 5 L.CO0Z KiE Hi 4
FENEH OEAHRITSEE IRHET COOZ GREARD, AT AN HE SR AERFERITSE
WE B RE M COOZ UM ARBN AR THRENT R ¥ LEET A COOZ, % # T COOZ #
RHMEHENENAR Rt GEk r S EA N ESHNRRTE N8 GRFEFREE -5
EHER MBI,

BBARF S COOZE S BY -~ PHEXMSMNBARTER. £ —ELF .7 URH COCZ &M *
REAMAERBERGEONG . RAERERCREN T RATEFHL. EFRIRRRFRAAB R A TH
FRBHEE —BEES P RERCREER O MR ER. HENCE RS N B S E N T T
THEMER . ERBEREBRFESR L VERET AN B, EFRE,

RIMMBELTEFTCOOZWEA RGN M AR RN ARt THREREMBERE B4 . 005N
B -FEEREE T BB T M ETHERCEENEFHDRENREN LN FE AV LA TG
BETHp A&

1 EHEEE

1.1 COOZ
EMBABERZTANAFANKS RIEFAESEM L BNV TRES TR AR R .55

 AUHEBIERBRHEH L (No. 69573000 AR H"E AR H XM EH RS (No. 98-780-01-07-06) BEBT. f &
ERM, 1964 S4B FEPRAEARALF R RS EER. BR, 06 4. R+4 T ERARARABANLYE,
PGERT TR WS, 1975 F4A B LA T ENRASABACHF R FLIEHN TR GPE. 1076 £4 .0 +4 . I EFAAR
KAt B EBIES LR, BER, 1937 F4,. 88 . L E W, TEHRAE A HHELA.
AXHABKRAAN . TTE, B 210093, BA KEHTRHHEESRERE
AR 3L 2000-01-17 ¥ 8T , 2000-04-03 Y B {5 & By

© HIEERES AT hip:/ www. jos. org. cn



— 1042 — Journal of Software ¥ #F#  2000,11(8)

BRI Z Y AME COOZ, A MK TN BNF BREXMT AR HEAEL. KAAEAS XBH. LK
E NREOBHELREEXDHARR . FERAURKEANREMNHH R GRHERERXAR, 10
BB, R E XS 2]

B4, 3538 — A B4R % 4 B9 2% ClassStudent, B R¥EE S HWH BIFHRAREIH AMNELE, WA
TRy XA HTURHBFTE.NAHBAENLERR. WA ZHR KP UAREEERHHTERL En
rolt _OK, 3 i 4 B 8  4F 0.

[Student]
maxt N
maxzz0
Class Classname TypeParameters—— —Qass  ClassStudent
Superclass list 3
Object interface i.n;: Student
Local definitions
Anonymous state schema #y) nsS max
Initialize schema F s
Method schemas e
Real time and history constraints 4 ClassStudent
57 tStudent
st&yUn
y=y
n —nl) {s7}
Fig. 1 Class schema in COOZ Fig. 2 Class schema ClassStudent
1 #0002 H2 ## R ClassStudent
1.2 MEWRW

WAL B P T Dijkstra B TR A 4B, £ T B 104 # b In AR 018 41 (specification statement). HL#
BT ERFERE—HEER TUEAER —BAAN—RIHARFERF UEFNFRARENTE
B EX—FEAB R MR EFE - WRENAAEY,. BANBEFAGSTHRTAB. MARIETH
BFEEFHEWHESE. ‘

- MY IER

HABNEREBEP—HNEEMBREETHE AAEOHRMKT -#AENTE AHRAABRARRF.
BE.BRES HAE N pre=>[Slpost  HABRAREREF o:[ prepost |, EF r BERAEBFHREHENER
FIEHMNEEABERARREETFA. AAENNIELELDT .

[z:[pre.post | [IP==pre N(¥ x » post=P).

TH.AH - THABFEMRNAEDEHEE.

x:[truesz=max(a,b}]
CGf azb>x;=albza—>z:=b fi
HP DRAWAEXE.

- JEEA

WERLTANBFBELN - 0. BRI HARBERES —AAKERAER MEFNEAR
Hggrs THERLGEMRERLNEBRE L.

MR sim B T simulation, S’ WA SGEHS<=8)GANY

Sisim_simS'.

IR, 40 8 sim B F co-simulation,S' M SGEH S<=SIHHEMNH

sim;S_IZ_S' ssim.

L E RSB BEM I REAE, TURERERLEXRETRNERSHPRRE SRR . EHER
AR TRFBREFHEHTE. Sim.

© HIERRESSAHIIFTR  http:/ www. jos. org. cn



5k F.—HA BN R 7 RS RSk — 1043 —

arg:[pre.post1<<=c,g:[sim pre,sim post].

AP o AURRHEMAATR, FFRLEFR ZAZTTULNAEA AP HE N R KRN A Co-
simulation— & & X % . X E R G P,

sim P==(3 a+ RAP).
Kb REHSTEMA KA E MK LR, W T simulation sim —BE LN

sim P==Y¥ a « R=>P.
1.3 BRWAKE

B OB AR H Robinson il Staples EARH KM AFHNHEBEAN - MHIERERER. FRPORE

ARUNFLEEAEBR F LA ASHFER. KPP ERFFEORRNBINSE DE. FTHEOHERESF T
FETFETFTXOMBEFEOMBREF T E%.IREBTOAMRE. A B THDRREFNEFCRC,
MEERFOREWEXRL. SRBERAANE--BIH, TUASBRFATEMAN. BFFOEERLR
HORBAREN—FHT RV TUBRMABEFN LT L. EFSXRAEL BFEORERETLILRE
BFTR. MAELAN FHEEIIBIFEMEH ETXAREAFE. FEFETREBEFFORBRZNTR

FirabE.
HFEMTERFECEE 1P THERE IFRAN.
regCc §
I = fB-RBOC~THLHB =S OC~T fi
W& T B B A

{(P}if B+SOC->T fi.
ESHEEIR Y FOREHANELAG P URAESAE B MRAEH LmHE D FEMNMA S, Tk
REPHMB AK MEANARERAS L MELAREHR
{PHf B=~{PAB}SOC{FPACIT fi.
BEZAHIABEFRE ARRY PRAIERM . EXERIEI AR . AJA-FHEHEN . BFEH.EIO
BRI W MR AR A, ERE O FERNRTRA

Cypre PAB = 5] [ &
I'=if B—~5)0C—-T 4

pre P Cif B+8"0C—~T fi.
EX—BNF EBASHMBRME pre PAMM EEHERZMH BES S HAENMERS. WRF pre (AT
W iny B lval —BHOMENBFEHOMBEEPIHXEF HEAHER T ="M BEHH T EBEEN. A
W,pre PAB LR E#RR pre(P AB).

2 BHFEHEY

RATMFACOOZ HERThEE & ik &, T — A4k B R EBNALHTRORIT. ELENR
SRS RGBS RGBS XTFREEIANFERANESHL. ELEHRAHR
B EB—REAENEFE EETEAGAA.

2.1 FEHE

E—FESYEL COOZ nEMFTRER . MME 3 AR,

BRACOOZBERMERAMWNA AEHBRERAKEIRERETHAHEN. L RERHATH
SR BERELCEEPHEEREEE LB ORE HEHLREPARLEAN. RN BOHTHRER
. BAYCOOZERTHHERF. BE . MHFEFREFHHSBER SR A ENARETHNEFAB. I
JAVA,C+ 1 %.

2.2 MM
WGP RE . HEANBEABREHALER ATV R TBRANE L. EEFTRAMABETRRAEX

© HEERERKLEIF  hps/ www. jos. org. cn



— 1044 — Jowrnal of Software #HAF$I_  2000,11(8)

Abstract speciiicat%onq‘

(CO0L)
J Data refinement calculus @ Oy,
d QUEIEAL M,
(Refinement calculus)® MR RE, N
l Operation refinement calculus @ %g égg(ﬁ%xﬂﬁ BAREED,
Abstract program DBRFRE.

(COOZ and refinement calculus lan,;mage)@

lSystem transformanon program@

Executable code@
(C+ + ,PASCAL, JAVA,.. )

Fig. 3 Develop model 1
B3 FRIEAEI]

B A T BT BB 43 T 4 BRFE R O AT AT B A AR OR (L. AT — F RWEF T A COOZ F i+ HEAT,
BEAMAENHEEUEXNYBEFR I HLESF ZF BUOAEFRNESE X AN THLRNE
ABREFAMEHERTE NN ENHNERF . FERIMTRAHNERIAEM. N M EHATE,
BAUEXL - EREHBANER. Ef COOZ WY i BRAAFEEMNGEXE . MH AR, FEEATE
Ald-list EH A R RER £ BARIAMLE A RO ER G EESF AXET f §HENAEREAM
EEEMAST. B ETHE L AE COOZ R AR RMME Y MNEES. B CO0Z FHTR
AN R RIS FE G THEMSECHM FRANWELA S G RAENEERMF AWM, — T8
B A b R E it [pre pone ]

——Methodname
Deelarations=~-eo [

post-conditions -
if precondinons T
- [re.ma] I =

i precomlians T

Fig. 4 The corespandent relation of specification statement and operation schema
Ee RBHIENHFTERANMIERR
FEn, & 2 P E &R Enroll_OK ] RS 8 5 MLETEE 4 .
n;[s? &yUn.n=n0U{s?}]. 1)

Kb ao RAMN AR o WIRENERESTI A, FEATE 2 288 A0 RIBW L.

RS s Mt EE AT SHARE AP ERTRESHR. EARAGTANEL &
ZH MU A EREES R EERENEXRA - TR K51 ma) JBERK ClassSeudent FHLH
ClassSrudent_ 1, E X AR EHELI0E 5 BiR.

¢f +1. . max—Student
ext1. . max-—+Bool
ragne: 0, . Max
1 (€1, . remd <) € (W ww=Student)

Fig. 5 State schems of ClassStudent
Es5 HClassStudentfl) k2

EFREFRFAER LKA PW e A AR FEETREN DR ALFCEERHPEEREH. HAAE MR
FEAFL AR R #R,

Raly={i:L..qum|Cexr id=true » I DN {i: 1. aum| ek i)=false « (el ) }).
BBEENERE a.[pre,post)<c:[Sim pre Sim post LA PHA (B RFHEBRINETWES IR REEX

© HIEERES AT hip:/ www. jos. org. cn



TEH F —HUEENE 2RI R BRI R R — 1045 —
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From Object-Oriented Z Specification to Code by Refinement Calculus
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Abstract ~ The advantage of COOZ (complete object-oriented Z) is to specify large scale software, but it does
not support refinement calculus. Thus its application is confined and it can not be taken as a complete method
for software development. Including refinement calculus into COOZ remedies its disadvantage during design and
implementation. The separation between the design and implementation for structure and notation is removed as
well. Then the software can be developed smoothly in the same frame. In this paper, development model is es-
tablished, which is based on COOZ and refinement calculus. Data refinement and operation refinement are de-
bated with a example. As for implementary technology of refinement calculus, a data refinement calculator is
constructed and an approach for data refinement which is based on data refinement calculus and program window
inference is provided.

Key words Formal development method, refinement calculus, formal specification, object-oriented.
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