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An Approach to Translating Object-Z Specification to CSP Specification
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(School of Computer Engineering and Science, Shanghai University, Shanghai 200072}

Abstract Object-Z is an extension to the formal specification language Z, which facilitates specification in an object-ori-
ented style and improves the clarity of large specifications through enhanced structuring. Object-Z is an excellent tool
for modeling data and algorithms, but it is difficult to be used to capture the behaviour of concurrent reactive systems.
CSP is good at modeling concurrent behaviour, but has little support for modeling the state of a complex system. The
blending of Object-Z and CSP is a trend today, but the refinement and verification are taken apart for the blending
speicification respectively, which is very inconvenient. This paper introduces an approach to translating the Object-Z
specification to CSP specification, which is in favor of refinement and verification for the blending specification because
refinement and verification can accord with the method of CSP uniformly. Moreover, conversional Object-Z specifica-

tion can be model-checked according to that of CSP.
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BARE,— M B REF, f Hoarel'V7E 20 48 80 AR
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Object-Z 58] CSP M4 4, FHAEX (8145 H 7 HIBL M HEHR
5k,

KESHERNBIERE AT BRF BT REL, — 3
BRUCSIR I THIN M. B3 F Object-Z #I CSP 441
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— 2R XMEEN . 2R UERE A At
B U LR RSN E AR TEM—%. 2REX
ME—NRAP BRI EH Z e L. KRER—
M EEHFE  EREIEE 1.

— Classname [Parameters}
Inherited classes
Type definitions
Constant definitions
Anonymous state schema
Initialization schema
Operation schema

B 1 Object-Z HysEHy

—MRBEBHE S TUMEK BN, SLEREH
TR ERERBIFASR TR, CROBIEETRYE R
BSOS TR 5 — M RIESA R TR, M F2R Pl A E
HEX—FZRERE. RIEBRERELFREL L

He REZRE LALLREEX A 7T LA By
AP RSB AT UH HAREM, BREFERK,
EEXTREZEL RO FEMRERAFH—MRE. 47
AR RGNS R BBIME. BRIETTUATRE
G B A8 B e SR o AT AP B FE A Ak
THREEREATUEXRHOMAS@HE R, X LR
MASRNTE NRASRESRER, REMRESEE
BRI R BRI RN THAERMREEXR
. 2RER RSERERBIEA S B#BE HAMR
AL,

3 CSP#fr

CSP J& Hoare F 1985 4E 42} (— Rt B HEiS, &
FEELLEZ SR MEM L EATHHERZENITRH,
ARG RERE  RA RN RN AT
BRI ABRER S, AR SEGE CSPPREEMY
BNEGHAE, ABRELERIITHERBEMHRE X.
CSP A g LT W 1k 3#7#2 : Stop 45 Skip, H A Stop £R5E
8, Skip /R BRI F UL ST, Bl FARARE P SBEHITHE
B x 5 y 25 AT RBURE

P, =x—y—>Stop

CSP 42 A5 , 7] IALE © B ik B R K A,
wign, Tk

P;=in? x; T— out! x—>Stop
FRRE xR T RBEE, #HE P, AT UPITIX Y in? 2 B
. AP MRS HLEELE, MFRRE 2 HFE i 8
BN 8 RO 2R 2L, R P, BDAT$UAT I in? = ¥, 518
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HER x BME v, MENFEFMH our! v AT IAT. K
HES  out FEMBE S in FERANBMEMR. TR
#

P;=in? x:T— out! x> P,

RAERHRE, HEREBA in Mow BHHEM. HEBGATLIE
BSEFRER Bl
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P,[X]=in? x:T— out! x— P,[XUx]

CSP 4L 7 FENATE M K2 BB, AW E 1%
B R EHBRERER, LR RER, AR R R
IR HRBRIZ F RS X LRI T 2 A B R RRAE .
PAT 2 CSP i FI iy LA B R A B AEST

ﬂ[]%ﬁl‘%ﬁﬂkﬁﬁ%ﬁﬁﬁﬁﬁ! W’Jﬁﬂ :Ps=a—>Ps; P =
b—Ps 5 Pr =Ps[ [P MRS R AL T AP R , ISR SN ER
fﬁﬁﬁ$ﬁ: a!ﬂﬂ P;=P;s 9ﬁu%5b%ﬁﬂ:fﬁﬁﬁ$ﬁ: b, N'J P, =
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PEREEEE, IRE AR R AT IR, BIAn. Pa=Ps [P, P
AT AR ESEREDPITEM a g b, IR RAFER BRITEM
a, il Ps BIATBIEBE R BATH 4 b, M4+ 2 HBEPHZE, CSP
B E B SRR M EOR SR B TR AT T (guard) BIE A,

(3) P|QRIRSMERHAE HERE A, T LAKE SR P, 7T DA
# Q. #lin:Py=P; |Ps= a—>P; | b>Ps , IR —FF1H 1% a,
WI$% Ps $04T s ISR —FF AR EHE b, MIE P 04T,

(4) P || Q #/REFBIFATHA B P QAR
W RER B A LR BISER P QESRME XNY LR
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MR, BMERT AL R HREERF | HEAIETA
HEPITHF#R, X UREZEERE.

(5) P |QFRFMHBIE. #HB P M QHALEMEME
LR, ENZ B2 E T .

(6) P\E FRaisRfE, Kb P Bi#t#  E B7E P B4 36
TP BB, Fli, Po=P\(a}, ME P, KFATR
B4R {a,b} U Py iy AT LK (b},

(7) JOUPr R TRAEL AR T TR IR S5 8R4

4 ¥4 Object-Z 23| CSP i#1E

Object-Z MASULEH th — bR A K. —PHE— PR,
AAEBARBI R, — D RTEREZ B R A—R
SEHRI MRS, BNMNREHARERHR, EIH
HAERE TUHE—- M LERE—HE.

{8 Object-Z Hr #2584k g CSP #UAE U6 B P g — A i 2,
AL E#T. — 1 CSPHBAUh—EHEN#EES
BAEE ST AL H i R R S, RAVEHRBT Uk, B —
MEERE—NEHE, —DEPHOBRERERE—lE,
ENRfEs R . EHBRA L OERIESE, FHESRESR
HESHALHE AL T Object-Z T4 RAER A& LHPR
SEBERNSH. XESHALKHRTT A EABIERA.

HAXT T CSP W R SHAEH R & 7 5 R T
Object-Z ALA& LB H B9 R B AEm_ LA S HOT R . — 1
BER—NFER. BN TEAERSHE B REF, R
BEBCR , T2 AU R B AR R B, BEE B BT T B

B9 Object-Z K HIBETT UM E ABE FE A TR, B
PLBRITHERE 23 5 6 W8 ER B A8, N F CSP
R AREAE, B3 B4 TAZIRIERNE G 8E M
MHIAR S BRIEHE,

4.1 Ei#tE :

FEE N EHBZH BRITER L — M REH#RE Value
[variables], BpXH AR & 4F B variables #F47RH , T E— N FE
HEHERR
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Value[ variables | = (variables; =es) ; Skip
KA, variables #ARRELRIES es RHEMNERES. B
R HXPRAE R HITRE.

—MEETLUFERE - FHE, KBE Y LWRELH;
— AR AR R Object-Z 8 M B9 #2 1F & I _E S 30 .
FHitk, E#BET R TR

Class = Value[ init. variables]; Class[ init _ variables]

Class[ variables ]= (OP, [ variables ][ JOP, [ variables ]

[]+++[] OP,[variables])

H i, Value[ init_ variables |FZ R X AR S A B 9] (E, BI04
RL#9 Object-Z K IR Init B R FIERSA MM APRE
AR, fF547 R CSP hfUF i BMEGE 7, EEF A #
2,2 P, QR#E, N (P; QL B2, 5eH% P 3h{E, 4 P i
LG, (P QiR QafE. FHBRSRAEHERE -ITK
B, Bp S BEG L, A BB H N B S EHRE THRE
HRTHBR. RAO1E Class[ variables ] R S EHE,
BEMNSEER—JTHE, AT HERR, B AER T.1E
FLAA R FH B B R 5k

4.2 HBREHRR

E Object-Z B2 fEhAIRE AWM A /L A&, FrLlEH
R IRIES R A R A S . EREER S,
E Object-Z At R H ¥4 B B — N8, in EFF =07 #
WARIRRENEE F R AR L. 7E Object-Z r, —
MRS BT, EHB YRR SRR E BT E &0
BELGRE RS ERABIMBIE. BT LFH CSP #Ii
TR R R TS F Y PLbA Q7 B RN IR R b AL
¥ P, B QahfE. BAEHBILURRRA.

OP,[ variables ] = (OP;? inputs; INPUTS—OP;! out-
puts; OUTPUTS—>Class[ variables’ ])<<OP. pre#Class[ vari-
ables |

£ Object-Z MR 4 A B K7 4 input?”, i A2
BFR R output!”, B IR F CSP i H A5 5 th F4,
BERR CSPHBRTHRAASHHEAN EHEREH.
Object-Z Hy4I A 5% 48 B R A KB (9, #8 RE A9 K BI7E CSP
HRPRREMN N EREE.

B F Object-Z # A i A St B RIFZ 4 Bl
B Sk R &, g URFE R RM, EF -4 K
WL EM—AMEA R EES AT E, £ CSP#R i
R, MREATTLURBOMEFEEBEE 7 "R ER T
P TR R R m k. variable’ FR 23 /R R
ERERSHERNE, AEREEEREFHFENSH.
%} R F Object-Z #4E OP R A F B A FOIRA. OP. pre &
7R FARLHY Object-Z ¥4E OP BIRTE & 14, AT B K AR %
j\j:

% Object-Z — KA B R, Invariant (variables) , H
rf variables: Variables JEFf ¥ R MR AL 8 R H KR —4
etk OP ] RIS A S5 i £ B 2 inputs: Inputs, output:
Outputs, #R#E Object-Z #AEAT B RMAHIKE , REATRE
BENOEES D BRE.

OP. pre= J variables’ ; Variables; outputs: QOutputs *

OP(variables, variables’, inputs, outputs)

A Invariant(variables) A Invariant(variables’)
H. b OP(variables, variables’, inputs, outputs)FmnRE{E OP
B4y, SRS A& variables, J5AR A & variables’ AT E
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inputs 4 HAF & outputs X EAf MM R B A X, EXER
BEEFH TR HAEERIFANR,

4.3 HEHBEHER

7E Object-Z 1 . H LA B-EBREF AW T D
AR A G RO D FEREMR CO L BRBMTLHS
B— MR OP, BRFATRE D EERE(DS
CSP i3 RBAEL D AR E S IR B RIE (DS R
A ERE—-HNEEE X ERASMER, HA5F Object-Z
Fe R BT AR, W CSP R EERERAHE. 5
“;7 R CSP Wy FF B BT, 1 s " J Object-Z RS E R
BT ENRARFR. :

(1) OP=0P; A OP,, /- #:4E OP &t #:4F OP, s
& OP, [Alt &4/, OPy #1 OP, $hAT R AH B IS, 52 B
WM R, Hilk, 7 CSP b, B e R RRE/HmER.

EAHMA SRR S5 R AR R A S XA, B R
A EFRSEENE, RESTEL MM ELE,
BIA_—ETREERERENLERR, FEIMNEEHRE
TREEAGHETH. F5RE LA

SEM=P->V-—»>SEM .

TR LMEAS BRI MR R, ROEREHBRE
A

OP;[ variables | = (mutex;; SEM // (OP;? inputs; IN-
PUTS—~

OP,! outputs; OUTPUTS~— mutex;. P— Value[ varia-

bles’ ]
—mutex;. V—>Skip) )£ OP;. preSkip

TR (B R Value[ variable’ ]RRICIAH N T Object-Z ¥
fE OP, hiy)E BE&MHNEREERA MM APRSE R, 48
IRRASTBERBE, REUASUE. —SHLRE
PR ES, CEEHES MESFERERHES. At
AZEERESR. EAKZH ISR BRERBRTH.
Hitt, BAT1H

OP[ variables = (OP; [ variables]| | | | OP;[variables]);

Class[ variables’ ]

(2) OP=0P, | |OP; , #/R BN 85 HAHE R, — A
I6] 75—~ R AR (L TS L MR R AL B
Rt ASHHMNERRA S BTLEARMER "M,
7 CSP L, X #ei A 5t BB B @8 OP, A1 LIE
BN SEBIL IR E L -

OP; [ variables] = (mutex;;: SEM // (OP? inputs: IN-

PUTS—
OP! outputs;: OUTPUTS—>mutex;. P
—>Value[ variables” ]-—+mutex;. P))<<OP,. pre#
Skip
bk, B RIEFE CSP R & BUE & RATH
OP[ variables ]= (OP, [ variables ]| | OP;[ variables]);
Class[ variables’ ]

(3) OP=0P, ; OP, , Z/RBIATTE8AE OP, , HEEE AT
Bk OP, . RHEAIFHERT AL EFREER, B
UABDERERESE. WLHEX BN S H B AR
FBENAECSP LA

OP; [ variables]= (OP;? inputs; INPUTS—~OP;! out-

puts:
OUTPUTS—>Value [ variables’ ]) £ OP,. pre#Skip
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OP WIS BALBRIEHRE LR
OP{ variables] = (OP, [ variables]; OP; [ variables) ;
Class[variables’ ]

(4) OP=O0P,[]JOP; , &/~ #4E OP, #R4E OP; 5|2 &
e E R, HeE— R4 ARERIAT R4, Bk, #4E OP M
RIS BT T L B4 4E OP, FifE OP; RIS Bk
HBHIERESE FiEkR%, BHARE OP, MkE OP,
ALEREE, UALHERESE. 3T TF#7E OPLEIME
NI B HALHERRA -

OP;[ variables]= (OP;? inputs; INPUTS—OP;! out-

puts:
OUTPUTS—Value[ variables’ ])<<OP;. pre;*Skip

OP B BB IEH R E LN -

OP[ variables]=(OP; [ variables ][] OP; [variables]);

Class[ variables’ ]

(5) OP=O0P, + OP:, & #4E OP HE X RHHE &
EEYT RIBME OP, F,84E OP, 1T, AT REBEIAT
¥tk OP,, #£ CSP &, v LA 84 " e

OP, [variables]= (OP,? inputs; INPUTS—QOP,! out-

puts:
OUTPUTS—Value[ variables’ ])<<OP;. preSkip

OP ;[ variables ] = (OP, ? inputs; INPUTS— OP! in-

puts:
INPUTS—OP! outputs; QUTPUTS—Skip

OP;; [variables R EHTA € LEENRMASH HE
B % A8 E 8 OP; (variables {8 H ,{B OPy, [ variables ]~
ST REHBHORTERNSEE.

OP; [ variables ] = (OP? inputs; INPUTS—OP;! out-

puts:
OUTPUTS— Value[ variables” ])<<OP,. pre4Skip

OP BB AEHB AT LIE XK -

OP [variables]= OP, [variables]; (OPy; [variables] ||

OP; [ variables]) ; Class[ variables’ ]

FRFEHATRAIEH R OP) [variables], B Fi# 8B OPy
[variables J#LFT A & SGEE N A 54 H A B4 T 48
OP; [ variables], Bt & 12 H KT .

5 i

T ER N F R U6 B 0 fa 48 Object-Z J =X H0AE 13 99
#5403 CSP AR . WA —BAFIK Queue[ T] (H 2),
HBHH T, KhgEXLTREEE Length R H & max,
FEAR items AKEAZ R size, BAFI2E Queue[ TIHPRAR
A3, Invariant(items, size) = (size= # items A size<{max),
MBREATh T, BPEE LT AR ST Bk
Join #1H{ BAFI#4E Leave,

FEBAFI2E Queue[ TIRAEBERFE X TRELRNR: i-
tems; seq T F size; N, B]l variables= {items, size}, E{]JHI#]
1B B e /e INIT 58 32K items= () I size=0, B
R size PIAEBR BA H  BERRETB(ERSEX+
ERSTRESRERSTRAFSA"FF . HSA"TFTHEY
RRERSTR)  NETEELR items(AHELRER : size
= # jtems),

PR TRAE SRR AR B T2 S D B4 L3R 1E , AT LIS R
TRBYME. RHit, KhRE#RY.
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Value[init variables] = (variables; =es) ; Skip
= (items, size=(), 0);Skip

BAF25 Queue[ T] A B #-1E . i BAS Join #1E 5
BAF| Leave $2fE. BHULILAHRR MBIEHBE L RN Join[(I-
tems, items), (Size, size) JHl Leave[ (Items, items), (Size,
size) ], TEZ AL IEH T Join[(Ttems, items), (Size,
size) ]9, B {E (Ttems, items) BN, B —1 Items ERET R
MBFE EAREEE, B—MriRF RE NS EG TR =4
iterns & FCAR IRAFAH DL HME , & 2 RS R S0 AT T 28 30 B, X307
F Object-Z X P HFREERNE, BERR CSP MM MIE
B, FTREXT € FE Object-Z #4546 R i {2 3317 R BB
¥, BULRATAT LB BIHAN KBNS BALREHRE

___ Queue[T]

Length=1..10
Imax : Length
items : seq T

A

size:N

size = # items
size<max

— INIT’
items =< >

— Join
A\(items)
item?:T

items’ = items”"<item?>
size<max

— Leave
A\ (items)
item!:T
size>0
items=<item!>"items’

B2 2 Queue[T]
(1) Xt TFH4E Join, HATE &4

Join. pre= 3T variables’; Variables; outputs; Qutputs
Join(variables, variables’, inputs, outputs)
A Invariant(variables) A Invariant(variables’)

= Jitems’; T « [items; seq T; size; N + items’

=items™ {item?) A size{max A (size= # items A size<C

max) A (size’ = # items’ A size’ <max) ]
A RN (one-point rule) L EHFTILHE, BIFT 8 : Join.
pre=(sizeCmax) . HIHSHBRIERBRN:

Join[ (Items, items), (Size, size) ]=(Join? item; T

—~Queue[ (Items, items™ (item?)), (Size, size-+1)])

£ (s1ze<“max) 7 Queue[ (Items, items), '(Size, size)]

(2) X FHAE Leave, FETTEHATE RN

Leave, pre= (size=>0),

BAE Leave MM RSB BRIEHEN

Leave[ (Items, items), (Size, size) ]= (leave! item; T
—Queue[ (Items, tail(items)), (Size, size—1)])

£ (size>>0) #Queue[ (Items, items), (Size, size)]
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BA 8B AME Leave i # 8 &0 F, F items =
(item!) " items’ , H GRS R items’ FEE R FHFF items
BEE-NTRUGHBRNFF], B o] LR R tail kR
N XERET T HM AR,

B1(1).(2) , RATAI13BAF 2 Queue TR IS B E
HER

Queue = Value[ init_variables ]; Queue[ (Items, ¢ )),
(Size, 0)]

Queue[ (Items, items), (Size, size) ]= (Join[ (Items, i-
tems), (Size, size) ][ ]Leave[ (Items, items), (Size, size)])

#it Object-Z BEXMBUNAIES Z WH BN RY
. EFEHRNETESEEEE, BRI R KRBT R
REEMBE S5, 7T DI R R i1, RS
CSP i BRI R R G, o] AR BRI R 17 HE 2L
Object-Z # CSP %78 A 5 ity R BR4E , Bl Object-Z A RER IR H-
RRERHATH, T CSP FREMIFHRRENEM SH %,
A, B AT Object-Z 5 CSP M4 A B— M A. SFEFTE
WYL HR I R KRB F M R RS, BERIES TIRS
T8, BRI S BIE E14 65 AR RAFEES 5
#7438, B Y ObjectZ &5 CSP A ARIMRFIE A 51E X,
R AR E, ASCRE T —N 7k, 18 Object-Z AR
BFE1k0 CSP A& R , X456 5 M ALAG UL B AT L1 #% CSP #
W59 B— Bk H AT R S RAE. 4 5#, Object-Z — AR
REAfTHERAERRIFE, M CSPHF—-IMREERH TR
FDR, &1t $#%4L/G#Y Object-Z J X HUME S AT LU FDR
FTRRRE.

St#44LJE ) ObjectZ B MB IR A WA R E 5 RIE
BEMNSBHRIE.
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+ACOcourseselect
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