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Abstract Object-Z is an extension to the formal specification language Z, which facilitates specification in an object-ori-
ented style and thus has object-oriented characteristics. It improves the clarity of large specifications through enhanced
structuring. Class and its relationship construction technology in Object-Oriented method(OO)are apt to describe large-
scale and complicated system with Object-Z, based on mathematics logic and set theory, thus we can reason about its
formal specification. One of the most important ideas underlying the object-oriented approach is polymorphism. This
paper discusses how to reason about the polymorphic behaviors in Object-Z and presents its inference rule. With our
approach, we can reason about the specific behaviors of subclass objects. Moreover, we take into account the reuse of
reasoning emphatically.

Keywords Object-Z, Polymorphism, Precondition, Postcondition, Reasoning, Reuse

X[7IRR9E T FERR PR A0 TH (M 0 R B S HERL, (5 1) T HE 37
BEHN,BRAEERBHEMN. BT Object-Z B#HERR
BRURSPULRE AXETHROARRARNE S
B3, FRBHITHRE T HRE R, FERA THEEK
EA.

1 B

Object-ZM REAMBRIIET ZWEMX R R, %
THHEZBE5EGR, AATENE B, &N TR R
KEVRRMF R G H BT LA 5045 UL AT HE 7, T LA
B SRR LB DA B B S R4 . Object-Z RB RA E )

)i}

XRE— R R R B S EE%. Object-Z 2
AR RAR BN R KRB R 4 AR BB MERBEH
B,

AR — T REROBERESE, 217,28
BHEAFBRNER— T RSB H L LM R, A
BIAKxt R BGERAER 2 B SR E LA FEPRZRRE.
RANERT AU R, 77 LUE — B kA= EN. X
FERATT AT LASR Ry AR RIS 1, K4 R & M — BUE X8
R, A TRBEFHE AOH.

EAEESERERIT A FLRYGHE, FEI
RARFELLXIROTH., MBFERMX RRBRAEH X
R, 7EB1TH, TROTHA L HR B, RE MR
B ARLEF T,

AR — M Object Z RN FEKRBEEEHES
W, MRRNETESEREHMEET - RERNTFE
B, RE T B 81T R, AR LB BT LA AR AT
X, B H LEEBRFHIT R, B FRBEY KT,

2 Object-Z MMEIHAR B

Object-Z £ Z MEMXN KT B, KR EN - EEHNE
. HE 1 FiReER.
—— Classname [Parameters }———eeeeemver
Inherited classes
Type definitions
Constant definitions
Anonymous state schema
Initialization schema
Operation schema

B 1 Object-Z KX

AR TURRERLE, SXKRLH
i RARERBUBIAA B TR KEMRAEFETRYRT
BhEEA, TN S — MREBAR TR, TR TUE
FEX—FERE, XPEYREREL ARE L]
HREFEXNHAH) . EAREEX B REEA KR

OBERARPEES GOIBTDM LB TEBENHEAFHBREL R, XER W4, W, EXRHRAB TN RER SEA

Ik .
» 230 -


http://www.cqvip.com

PERE .

W—ANEMAEX R Invariant(), o 2. X REFHR
KRB EERHER,; —MREhaEREA SR L ZERN
input: INPUT, output: OUTPUT, ## Object-Z Wi B &K1F5
EE &R REAELSERUSES M REP. B
WH:

OP. pre = 31’ ; X; output; OUTPUT « OP(xz, ', input,

output) A Invariant(z) A Invariant(z’)
@)

OP. post = OP(z’,output) A Invariant(z") 2
Hedh OP(2 soutput) R #ERB 4y, SEREZER 7 S
ZHoutput HX., FEFMHRESHEREZEHNIFAEK
BARE . HERMNEERMGEEXEASITREMGER
AR, BRETHIREAGRETERATEES L HER
—AMiFARER P, WR-DRERE T ER— X RE,
AR LIRE—CEREENIERME. BT
B, B RAREBEMEE.

Y ATREFH IS, BAEFHEOT R R T
RERE T ARA T, EBITH AT LA AE S E MR AR
fE. 7 Object-ZH, — N EEHFEHRES , BE X 0: ¥
Ctype, Hef Ctype £— 1433, 2 Ctype HEHN FEH—H
LB LIRS BB TR o,

3 BERERE

—MREFBVUFARNEE, SEHARNEERTFEN
WM& URAE. 4B RT - RER.KFEABRTER
CHRE. MA—ERLENRE, LLXREFTER
MRAMTARL—BEATITINEEE. ZFHE®R
£ EREANBEE TR NS Bk 2ERIAT, ] I H
WA B FT R T R AL R B K, R EE T AR AT 6
g AR RInT, AT LU B X RAF T 170 B2, BATA
LB R EEMEA,

3.1 SAMmER

FE XIS diype. o RINEE TR o IFHME
R, otype. 0 Z/RZ R o FTIEHIXT R SEPR YA ; currentstate
(OFBAREE o X R MEMIRTE ; oldstate (o) RR T H o
Frig REPITIRIERTHR S P(a, )RR a 1 6 W RIEA
Pia, BRiGa 70 LHBE .a PREb6 HFXNHS. BRIED
BT,

MEFRNELSER o FIER T X B KK A RET,
AR o AT SR T EIiE XER, R
A Hoare £iXxx:

{dtype. 0=BA OPs. pre(currentstate(o)s) }

o. OPBO) 3

{OPs. post(currentstate(o) g soldstate(o)) }

LTHMNERR MRAAEESTR o FTENHERE
B, RA0iE H BT 5 B 0t S BLR B9 K RIRS, ZE AT H R 1E OPs
(EBPHBRE M, HFENTENRESHELB LAY
(B3t B 52 BA LM AIPRE) 728 1E OP: MRTE
&1F. PATTRHRRIE OPs, Z5 TR o IR R BATRE
(BrAT52EE OPs J5 IR N o Fri M3 & RS (AT
OFs RIBRD) EMA A B L, — & 2 81E OPs 1
EB %M.

WRRMNAMETESER o EXMARE B, B HHFT

£ 000 http://www.cqvip.com|

et ELR KRR D, 7] LU $4T8R1E OPp Ja BT R/RM

BT R, BATE
{dtype. o=BA otype. 0=DA OPp. pre(currentstate(o)) }
o, OP, O 4

{OPp. post(currentstate(o) ,oldstate(o)) }
H Q) (DOXPHHTE  JEEREROD .. QOXPFEXLH.

3.2 #EMNER

AN REFRIHER T RBEH, -1 ETLUSE
BHEXNTFE, FEALEELEMEALMNRE., BRNEHE
—FE, EAX AT T HE B, M RATX I T R AT HE A
MATBAEERFRENERTERH T, RALLNHER
FEE T FERMEHEN, RITA B LEN L FEEHHATHE
X EEEMRRFRITHEEER. @adRISET
S, B LKA FREE FIENRERNS .

MF—IEEBEEONR, HHETHE KLER
FHEGETHEE, R O R b A AT, XBEERY X
EHH,, BT EaSJLAERXITE.

3.21 FEREXBRTLEREX

WRTFEAZRE FRLERERX, B FERBA X LHEDY
RETBEHAR, WERASIAFHRETE. HFETH
AL HEMBRIE MR A MR F AT AT RERLEN
PR A YR T R BEFEPER E LE L RBRE,

(DX FREGETRMBE, EMNEFLEPRAGHBEBHN,
SRR B BRER—BH, RNALMNEMNHTEFEE, K
R LAEA.

()X TR TRABEFRP BB RARE, BEFE
PEXLT PN ELEEGIHMRLERE, DPEREOP K

R BAAFTHEN:

OPp. pre=[ 3 x': X; output: QUTPUT » OPp(x,x’,input,output)
A Invariant(x) A Invariant(x')]

e[ I xs’: Xssoutputs: OUTPUTs * OPp{xg,xg’,inputg,outputg)
A Invariant(xg) A Invariant(xg') ]

A [ 3 outputsp: OUTPUTap * OPap (inputsp , outputsp) ]

&0Ps. pre A OPgp. pre

OPp. post=[OPp(x’,output) A Invariant(x')]
[ OPs(xs’youtpute) A Invariant(xg)] A OPsp{outputsp)
&0Ps. post A OPgp. post

Her,zg RoRFES BPHPRSZE; OPs R X B HHE
iH;OPw RIEEXFE Do, HEF ML BRABRIESIH
ZRTHERSY, BIF OPp=0Ps A OPwo , HEHIFR R LML EX
#, 7 OPo ¥4 BAH T A KRS E R ATHA FNEA
Smhixg.

MRRAEGE o BT MM FAREHE R 2K B hy— 1
OPs (BT & 5~ B4 RERIEEWEHR¥E BD LMETE
#1% OPgp. pre BIA[, Hk#E OPs LGB RHREFE. A
TR, W H X R R A BD LGB &R OPew. post.
EXBE B &KEBATLIEE OPs ()G B &4, e
169 OPs ATLAZ . MMATLAG R

{dtype. 0 = BA otype. 0=DA OPs. pre(currentstate(o)n)
A OPgp. pre(currentstate(o)pp) }

0. OPp ()

{OPs. post(currentstate(o)s,oldstate(0)s)

A OPgp. post(currentstate(o)ap»oldstate(o) gp) }

Eit, BB TR o FIFSHIXMRIVREE B LMREHE
B fhifk OPs MORTER &4, RERIF . ISR A7 BD LY
B R OPw SR4M 3 B 444, MIAT LASRAT., $84E OP, MJE
B4 NTE B L OPs )5 B %A%, & BUE BD L OPw (854>
& B AT,
(OM FEGFTBS, LEBERKL THiEFLPE
e 231 -


http://www.cqvip.com

FEXT —ARZERE, XA REEXFARR B HRIEH
TEHEA.

322 TEREXMNKXEREXNGMBERT L

EXHFR T , FRPEESIAFKRE LR, HEXT45 K
TREORBEAPHRETEREIMBT AR, 5XEHRER
BBLRESEAENT XS BRIERBAETH.

3.2.3 FEREAT AR

EXMERT , FEIAFHIRESTREHLREREL
(BRI AR R PR AR RET R, X SHPRER
AR, Invariants 1 Invariantgy B AFE,

(OHXFF SRR A BRI RE, B TR ARG EB
V7, AR ESHHRESTERBHFMETL, FLEH
R, L ERRARHER.,

)X FERALLKHIRIE  EFLRPEXT 1 RAHRER
€, Bl# OPpb=0Ps A OPw »fH OPey R 5FEHERE R, 5

BARERIR, BIE:

OPp. pre=[3x":X; soutput: OUTPUT » OP(x, x',input,output)
A Invariant(x) A Invarlant( x)]
©0Ps. pre A [ 3 x'sp: Xeo soutputen : OUTPUTgp * OPrp
(XBD+ X BD»inputen,outputep) A Invariant(xgp) A Invariant(x'sp)]
&0Ps. pre A OPgp. pre

Opp. post=0P(x’ ,output) A Invariant(x’)
&0Ps. post A [OPgp (x'gp»outputen) A Invariant(x'sp) ]
&0Pg. post A OPgp. post

B, HE o FTSHXT R BAPRASH 2 OPw BT E &
{4, T LA R B 9HE R, OPp S5 8 44 OPs T4 A OPw
WA BEAHE.

)3 FAERRL K MBI, FERE X T — R4 g3k,
{BFEMER S OPp PEEEFFAIRAL Y OPs R N E|# T
FHORAZR, W A ESTMLER,

(4) % F AR LLTE Bk G B P BB &2 O BRAE  FE TR P EH
EXT —AF&EMAE, BRI RAXE BELETHE, REEH
B,

3.2.4 FEAREXBMBELT L

EXHER T, FRRSERXFPEIIATHORSER,
NAE TP g R a2 BN A5, B R R E R K
Hm,

4 B

TEZE— A EEATREH, B— 1 BAF Queue [T]
(A 2),BES¥00 T, A E. EPEXTRFBLEAR Length
B E & max . FEFE items AIREZFE size, EAER
size = # items A size<Cmax, ¥ I RASBAFI R 2. Kk
X T WAEEAE : Join FT Leave, T2 CQueue [T](H 3) 8k
% Queue [T],IH35IA T H A RESAER count, FEAER
HEMNREHABRYT HERMR, EFEPEXT—-1TEX
%[ 4 HHRAE Join, K RBIA T 5#HRAEZE R count HX
B 244 (B 3 X LA HRAE Join BAER LA,

Bi%A o: ¥ Queue [T]. BB RIEHITHREMER
BIHERE . 0. Join M1 o. Leave,

W FAER,H:

InvariantQuew[T]= size = # items A 0< size<Cmax
Invariantoquew[T]= size = # items A 0< size<Cmax A count==0
InvariantqQuese TICQueue{ TJ= countz=0

Xt FRIE &M H

Join. preguew 1= 3 items’ ; seqT * items' =items~ {item?>
A size<max A Invarian ), (items, size)

A Invariantqueet] (items' , size’)

Leave. preques 1= Jitem! . T;items’:seqT o

s 232 -

£ 000 http://www.cqvip.com|

items= (item!) ~items A size_>0

A Invariantueu[ ] (items, size) A Invariantques. ] (items’ , size’)
Join, PrecQue T)= Jitems :seqT;count :N e

items =items~ (item?) A size<max

A count’ =count+1A Invanants:oueue[r] (items, size, count)

A Invariantoque ] (items’, size , count’)

Leave. precoues 11= Leave. prequeu(T)

Join. preQuese TI0Queue T1= 3 count’ : N "» count’ = count+1

A InvariantQueue[ T]CQueue T (cOUNt) A InvariantQuese T10Quewe ] (count’)
Leave. Prequeuel TI0Queve[ T] = E

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!> 7 items’

B2 2 Queue[T]

——CQueue[T]
Queue[T]

e ]NIT ——
count=0

— Join

A(count)

count’=count+1

B3 2 CQueuel[T]
FEB&EEA:

Join. postquew[T]=items —ltems"(ltem‘7>

A Invariantgyew ] (items’ , size')

Join. postoques11=J0in. PoStquese(T]

A count’ = count+ 1 A Invariant, TIcauese 7] (count’)

Join. POStQueue{ TI0Quene[ T]= COUNt =count+ 1 A InvariantQueue[ TJoQuene[ T]
(count’)

Leave. postQueue(T] —1tems-— (ltem' )y ~items’

A Invariantues 1] (items’ , size')

Leave. postcquen[T]= Leave. postgueu[T]

Leave. postQuend TICQuene(T]=TRUE

(DXFF o. Join, AAER o iIFBNEE  BIF AL
3 Queue [T], BRI R T2 CQueue [ TIHIXT R 0T LIK S
EEEE o, BHHMR 3.2.3(2),

WERIIAREEZ S TR o TSN S M Bk KR, X
MR, RAEH BT EE X 2R Queue [T, BLXF &
HAPRASTEZ Queue [T] LB TES & items K size £

(F4# 256 )


http://www.cqvip.com

ALK GREE RS WS RRmERGES, LESE
HHMAE R, ZEENIITT LR SMAERERAERZ
JEETERA N F(REBFTZ 0. REMHITSEME 6 FF
Re

HXTERGE HWOHAXRERAFAKETENES,
RO TR R AR R VAR
HE TSR AR {4 2 5 7 A — RE B R W L B RO B
F (R RS A2 G e A 380 B 20 3 T S STHR M R AL 3K 44 B 5T
%. BRTHAEERETESEARR SR RIE AR KR
BELAR B SRR A R, 1 B R EEE P 0 2 8]
M SERAR. R FH G2 A S S HBHRK XA @,
B OB AR R X PR R W EA R A, M H
B HARE AR U R AR T RERENRE, HE#E
EMIMAFEROBOR . A B A4 O i 4%
BARRAERCTERHR S5HES T HG4REHXRE, N
WHFAREA LS AR AR ERENREITT 1.
FP AT LARRYE L FH 75 R BRI R M e A8, B TR T RE X
BEREAHMANARMY. BRI RIEETZ
Ja » R AL BRST R CIMA, A Sh 4 BUIRICHEH %
BEEFNE WG, AR EREE RN RS . B
AR USSR TRENRGT R AR TREREN
FFRUBAFER .

£ 000 http://www.cqvip.com|

& ¥ X W

1 Clements P C. From Subroutines to Subsystems: Component-
Based Software Development. In: Component-Based Software
Engineering: Selected Papers from the Software Engineering In-
stitute, IEEE Computer Society Press, 1996. 3~6

2 MWE.ME.H. ABC.ETHRAKREH. . @EHAENKETFR
Fik, R, 2003,14(4):721~732

3  Department of Computing. The Darwin Language. 3d edition.
Imperial College of Science, Technology and Medicine, September
1997

4 Allen R,Garlan D. A formal Basis for Architectural Connection.
ACM Transactions on Software Engineering and Methodology,
1997,6(3):213~249

5 Shaw M, DeLine R,Klein D, et al. Abstractions for Software Ar-
chitecture and Tools to Support Them. IEEE Transactions on
Software Engineering,1995,21(4): 314~335

6 RUHIR, KB, BIK, & ETRER RS WO T ARAERE
%, KA, 2000,12(9):1351~1359

7 Adamek J,Plasil F. Component Composition Errors and Update
Atomicity: Static Analysis. Accepted for publication in the Jour-
nal of Software Maintenance and Evolution: Research and Prac-
tice, 2004

8 Visnovsky S. Modeling Software Components Using Behavior
Protocols; [ Ph D. Thesis . advisor; Frantisek Plasil, Dec. 2002

9 Tansalarak N, Claypool K T. XCompose: An XML-Based Compo-
nent Composition Framework. Third International Workshop on
Composition Languages, 2003

10 EBEE, Rk, MFAL I REFFR R R, WAER, 2003,
14(6).1066~1074

(E#% 232 7))

8, MR eI R RE Jon WA ERG, NESERGTH
currentstate(o) HIEY S5 AR AL £ 1, 15 RS HARE "BUH,
A oldstate(o) NP FIRASZE & AT, A "2 F7F , BA1A -

{dtype. 0 =Queue [ T] A Join. preques[T] {currentstate(o)queue[T1) }
0. Joinquenef11()

{currentstate(o). items = oldstate(o). items~ (item?)

A currentstate(o). size = 4 currentstate(o). items

A O<Ccurrentstate(0). size<{max}

RETVLZEHEHRMNEH. RAEET o Frigkxt
FAEEE R CQueue [T], H 3T 8RS 7 B 1E Join 7E
2 CQueue [T] BB E %44, BA1AE .

{dtype. 0=Queue [ T]
A otype=CQueue [ T] A Join. preques 1] currentstate(o))
A Joir. preguee TI0Quene[ T] (currentstate(o)) }

0. Joincgueuwe 71 ()
{[currentstate(o). items = oldstate(o). items~ (item?)

A currentstate(o). size = 4 currentstate(o). items
A O<Ccurrentstate(o). size<imax

A currentstate(o). count = oldstate(o). count+1
A 0<{currentstate(o). count ]

&Join. postqueu T A JOir. POStQuesel TICQueue(T] }

BPRERIEST R BATR AW R Join. preguee tiogue] B
L HREHE, AT ERESRH R Join. postauwest
Join. postaue Ticauen 11 BPST G B, WENTE BT LB B
J& B Join. postoquedt) » XELRIEIHEH .

()% F o. Leave, BEiES1EM 3. 2. 3(1) , #& FiR¥4E, B

1A .

{dtype. 0 = Queue [ T] A Leave. pregueue 1] (currentstate(o) queve[1])}
0. Leavegueuwe[ 1] ()

{oldstate(o). items = (item!) ~currentstate(o). items
(currentstate(o). size

= # currentstate(o). items A 0<currentstate(o). size<imax}

MRAGET o PrigfyXF KEHEBR CQueue [T, HAi14

{[dtype. 0=Queue [ T] A otype==CQueue [ T]

A Leave. prequeue{T] (currentstate(o))

A Leave. prequeue[ T} 17 (currentstate(o0) )]

S[dtype. 0=Queu OlT‘Mjr/\ otype=CQueue [ T]

A Leave. preques 1) (currentstate(o)) |}

0. LeavecQuen 11 ()

{[oldstate(o). items = (item!) ~currentstate(o). items

A currentstate(o). size

+ 256 -

= # currentstate(0). items A O<Ccurrentstate(0). size<<max
SJoin. postQuene 17 }

XATEAUEEH, X F PR AZRY REAIEMHELT,
TRERGRLKHBRE. BRTEOAELYRET 513
THERESZR B XLKRERARRE, RIS LI E #
TTEFHEH,

BERSERIE AUEWTETEEMNREME
WHIES ObjectZ B SHBERHEN. R Object-Z &
R BTER G BE&M, B T — SN, BEAT LA
TR, AT LR FRBFNT . AETESE
RPTIEEX RIERBTR, MAEFLEER T, TR E
BARBrig s RAFH 17008, T LIS BN TR .

B A X R IE XA UL IE T Object-Z T LUK 4 3
TR KRR R REE XXBTE MAs UE B TR B9 I
HESHER, T LA R AR AR R AR UL P R E R, Hit, 5
JE K TAERBIFR I AR R B T E A R 7 5.

2 £ x W

1 Soundarajan N, Fridella S. Behavioral subtyping and behavioral
enrichment of multimethods Technology of Object-Oriented Lan-
guages and Systems. TOOLS, 2000. 105~114

2 EZM,FNMEBER mREXR Z 8T 288k K 80
AE2£4R,2000,11(4) . 481~487

3 Liskov B H. A Behavioral Notion of Subtyping. ACM, 1994, 16
(6):1811~1841

4 Smith G. The Object-Z Specification Language. Advances in For-
mal Methods. Kluwer Academic Publishers, 2000

5  Sun Jing,Dong Jing Song. Specifying and Reasoning about Generic
Architecture in TCOZ, APSEC, 2002

6 Soundarajan N, Fridella S. Inheriting and modifying behavior.
Technology of Object-Oriented Languages and Systems, TOOLS,
1997. 148~162

7  Soundarajan N, Fridella S. Reasoning about polymorphic behav-
ior. Technology of Object-Oriented Languages and Systems,
TOOLS, 1998. 346~358


http://www.cqvip.com

