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BE ZHWRESRTY LR ESIEHENE TR SHMBIRHN - MUENRE. f s
HT —MEHRN G b ey A Fod B0 B shH f i B AR, R el A H & &IE
TRk,

X @i WiiEE,EE . PEISZ, g AT, IEE.

7 — AR T R I I SR BT HIE R O IE B B AR Y AR R AR R B A ARE BT, B )
BT AR 5 @A A RN R AR A M HE 20X B — R 2R
HFEHN T EERAREMAERSWARAASTHE RERIIELERT —EX#
ZW TR R, X R A B EA 28R 2 7 | AT e e, BN SR RiIErE 4
tH LR R A R TR SR O TR O E A R SRR T A SR IR A
BNVRFEATLAGEN 3 BB RN S 0 77 kW — N A4

A Z RGN R, R ZEX R XM B RAR LR AR ERAE
e BIEHRERFMRNNS HEEHE—BHS BERRET SRR —X
T3 8 (R 4 A B R IR . Foab a0 el i — N AR AT R AR M, B KBS A
S LB RN BEE GO EALHE T BT L EMXFFRAGHEY.

X F N RREE, BATL ST SUEARUEME A7 B E0EFEREN
MR X RAAN—TEE, FZ AWML EE. X T EMLL (schema) KR R4
RS AT R RS A LA R I , BR R LA i S s fb 2 1.

s A SE B AR AR E R R T DU AT 2 TR AR R B R T . 2
FASEE 3 R R GRS R IR AR A 1. L 7 AR TR BR 9 — IRE SN A S8 B EL B, A0 8R £h 2 B Y T
REZH, IF HRF AR . WHRSRAS H TRER A TR AE.

— M AGIE AR 7 R 4 B A IE B B b i — M B 25 (R IE 4. I 9 30t 1T 3R B 4 E FHIE
WS UE A O — R . A E T Z MR K B R IE B TR 40 HOL™fI ZedB®I G HR X
FEAWAERL. EXEWH AT AEARM A5 88. BT ARCRIER —1ER, A P s

» 31994 05— 18 BN 1994—11-30 R
FIEEREE 863 BB T WA MER A2 E S E. 5850, 1053 4, I, TEFRME 5
I8, B, B o R, John McDermid, 1952 %4, H 4, TEH KT AHF LR, £ £ A A 4. lan Toyn, 196]
4.8 FEMRESGHETE. KETL.
ASCETEE A EHE, LI 201800, LRSI R

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



— 752 —  # # R 6%

TR A HE B A TR 18, Ak AR 9 b F 30, ik 2 3 CH A7) TR 7 B 4R 2 28 3E, W
o+ B brid RASFNUE A, LR R 1 30 W S uE AR SR AT L FEAC BT SR IR R P
TR TE M A RO R .

RITAELEMYEBR L EDWIEREE. AP HERA X T Z B ILER
i (Conjecture) , RIFZETIZ RS, MBEBIFR 3, BIE[EIE. FH X EE
FRAY 8l 9 0 H0E L TE B SRR PP AR 3R T LA B Sh 2SR B — D 308 A SO A R R R
BI—A Z IR AT AR Z A 8 P 46 b e B 5 #2 PEISZ (PEISZ 2l A X
W H B R S BHA S TR, AT 5 PIECES 64h. B B A R (THIH 12549 H 3
TIE BH i #2058 R A A s b e T
SRIGUE B 2 304 1 HAUE R E S . FR TR 7 P 1-wrba fh 8 2. DAL Ui PEISZ g7ihqT.

1 PEISZ £ BH#ELEHN

PEISZ B2 T A BEEE, F sy 2007 LR, FkEFE—ky
ZHEHEAREM. EI1R R EEE — T EHER sg—stk; — P EBFE; — A~ 11§
1% br—sth; — N AE LR EUE.

R LETHERARAERSNE L Z2HREPE D E LA RWEHREH E
XoEMHEAPEAJHRE Tl THEMBRKE. FEE LT PEISZ MHRTHHT
BH—WIHIE E 1.

AT E DR PR MR b 8 5 X AN E B R — D B AR, M S AR RH A
WERPEFEETHE TEHREXAS Rk X PR Eiid” #0087 BirfkHh
sg—stk. i3 f2 PEISZ A f% sg—stk PR —4F B¥R T ER, EE#E 4 sg—stk H 7,
X BEREF Z GG b2 B O HE , 38 PEISZ W% 45 K.

A TBEIERH Z M E AR S BT BANBEEBEUIN BITEFENENR Y E
. X B R R IR AT U 2b FRAE KA U BA R BT L A R PR IR B A R AR ET
BEFI% BRIV iZE X EBE, XEEREMIFIE M EMAN, §— M AT E0CH#
FEHEMmALEHOCENEEI R LM -EXT ZMEAEREXROITERHE

&, S AT LI — &£ Z BRI MR ERBA NN ER. I TS EREE,EH
B 58 it A] LA B AE M UE Al s T T8 R R find WTARERSG E B F H AR RIS A IR
AR AR AR MR R R T A H BRI M ERN e€S, oSS FET
PRI .

] 2 B S 5E P RE RT G SEME, 7E PEISZ b, B AR T A T [ 3 09 bt —
stk, i A B — L ZBUE — R (sub—goal yindex) , Big 3 T — 4 F H 47F0 fif £
#EBRIEFE PN IR SR — WA EX (1, 0. B—4 T HAR S BHE ], AT (2,
O)EAFHE bt —sth L, IR XA FHARTMIEAE L R 72 bt — stk PER T AAM TR
OIS BB T — MER R E.

LHAXENEE, S LB AT HRR, TR R T BinT 8y BRAX Bl
HE—THRER—IH ARERT P REAWLER P XA PEISZ 3 F -1 2HEHEH
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I P9 5E SCHD PR RO .
2 —NZ FEF0iTE PEISZ

WS BT RIBREWERN A, N REH YRS TH B — MR InieS R 4
R AT MR 3 . InitS

Tt PEISZ 1, 7 — M 2 gen, EW T AVBHNER G, EREN T HERIR %WJ&“
RER, MHRE B R ERLEFEREN AT L “‘Init” 874 , 3 B L) 371 (decorated IR A
B RS — MR (declaration). — M Z FBEB YT EXHE— M EHHERITE R +H
XM TR R PRI &M R R A S W R, Bk S
MR TERFEER, R ER NG b EE. CBE LAEE M ENE
=AM EIE. PEISZ M T2 RE . FEVGI 28, B R 7 AR
#LI (One— Point Rule), 5> 8 B 5% H brAE H @ B UEHF B #7.

PEISZ /M T T B EH:

- gen(InitS,G) , — "X F4A EHIWIGIRE InitS S A4 1AL SR Ag R

« expand (GY, — MR E XESHE SCRBIF BT G oG e 7.

« elim (G), — M EETHER G PH | 7T AE S 4 B Bery T 2.

» opr —app(G),— X G W A3 W&o 2.

* separate (G), —™MEEIR G P BERFHIT 1o 2. MR XRAEMESN.HHH
G AHGREFGTERUEANENL B G=g A Ag..

* push(d,stk), —MREEEILE d EALER stk BT RE.

» position(L.) , — M EER B L ZEEF TRy R $L.

* pop (stk) , —PMHER stk THSTE I B EZT R AER MR

« top (stk) , —~18 [ stk B TR 7T 8] 16 A 55 R A9 B B

» find (sg,pos,o), — T HRATHHAFFHR se MERMEYE AREEERETE
£, pos B4 FIE B EE DY TR0 &1 3K15H mgu(most general unifier), Al —
H—Fi.

+app(L,a,sg,tag), PR ER L M mgu o W T F HAIT sg B3 05 sg BiE, I
tag 5 T 0, MR sg WHEFARE—FE W tag A 1. WR sg HEEEREET, W tag H 2,
Hsg BEEEMTFHR.

» print (str), P FTET &8 str F1 5% bt —stk H{E BT E.

* exception, =M ERRET EEPFREFTHNEROERATE.

B b, AT AT LU R B PR LA M E I B M E A e R R
MWE—T2FERAHAN, BRAE mRERNE - NMEEEREEL 7 aHIE, ZFiH
e ) 8 4 B 1 M A4 25 B AR A AR, IR 4 RE 0 R R R AT LA R 530 3K B 3 R A B 1R R
jaqiofa ik

D9 T8 R AL 3R AT 0 - Ca) 198 B A 6 () 92 TE W A 2R BN R B (DD FE TR R P 4
X 8 1 Y I Ay A B

A A E AT R R R BXAANEREAN FEREEEGERAEAR, K
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Wk TRMA A CADIZ M Zed B E &L 3 T XML

find B4 78 PEISZ PR EFMMRIFEZ — EFAMIN T FHIRN SRR, £
HER W ER, LMER T AREF H IR P — MRS 5 SR ILE. find P HXTFH
PRHE HEAT & — 8912 2 Unification. & — R H S @ B IE A S A A M 8. {3 B B F
X, —HZETNE - BMEREY R ARG U RRMAS EEH B FAURER
BRI REEH, WA find MRERT T — & 0T H A B8, WE B E R EE Y
THR—1 mgu o. HENREBIEAE 0 f— D BHBH/TF“$ 7.

WU app M find —HER EEATERRESFHE, R FrEHEEEHRN—
ARl (Instance) , T B AR E M & true; 1R+ H AR 2 E M —4-5F J& (Contridition),
T HFRRER . BTERRAR— & i @ETEHIEERES RN T80T
Hip. |

1% print SEBAR T A8 str, RS BoR T bt—stk HTHESR, b 1 BEW LLE B89 IK)T BR
bt—stk FH{5 B, print B HE bt —stk PRISCE, IFIEBE T BIE R (#, 0T,

Procedure PEISZ

{ This is a procedure to prove the initialization theorem in Z specification. The proof
justfication can be generated automatically by the procedure.

Input: A state scheme S with its component declarations, and the initialization
schema,InitS. }

1. gen(InitS,G);

{generate the initialization theorem G as a goal from InitS,i.e. G<3 & « InitS;}

2. expand(G)

{expand the schemas in G}
3. elim(G);
{eliminate ‘[’ if they occur in G by the laws 3 JIP - Q=3 J« PAQand ¥ J|p
QY ] P=Q1
4. opr—apps{(G);
{apply One Point Rule to G as many times as possible};
5. sg~—stk<nil;
bt —stk-—mnil ;

6. separate((5); {separate G into sub—goals g,y... sg.}

push(gi,sg—stk),i=n,n—1,...:1;

7. while sg—stk+nil do

[
8. . sg =poplsg—stk);
pos <03 { pos is the current index of the laws in library}
9. -~ L«{ind{(sg,pos,o) {find next applicable law in the library}
10. if position{L. )70 then

{L’s index is calculated }
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11. push ((sg,position(L)),bt—stk};
{keep(sg, position(L) as backtracking information or a justification }
12. app(L,o,sg,tag);
{apply law L and ¢ to sg,tag is 0 if sg is proven, 1 if tag is false, 2if sgisa
new sub—goal by rewriting}
13. case tag
0: push((#,0),bt—stk);
1: print ("This is not a theorem”);
terminate;

2: push(sg,sg—stk);

14. else
if top(bt—stk)=(# ,0) then exeception { can’t backtrack any further, and
let user add some laws, or print exception message and end the procedure}
else [ (sg,pos)=+ pop(bt—stk); goto 9]
i
15. print{ ‘The initialization theorem has been proven’);
BREFESEMAULHER FARSREXE—REE . RITTENELEERFL
SEEY. XRREK/Y. BH-TEREEREN AU ER T -1 FH
b B R — R B4, IR 43T R exception M) & 75 (W] & 3k a] Fl P72 454 (b))
B EERR - RE O EE MREEREEN, WA RPN —RHER, RE
BT EREA sg—stk, 3 H% while fF# k5% IR BIE R TEHR, T exception BRFI#H
{7 8., # PEISZ &1k, FUER R, JH P g ik & R & R IE B . X197 188 Iy s
R Z 5 SURIELTF IR SR T LUIE R , ZEAR TR I DART , & R — %31 .

3 Bl

FE3 354, F A 1% B 4~ ), — 4~ Storage Allocator (FE % 53 B ) B A #5077,
H—AJ Library DBCE 18 $OHE )R AAEGE ™, RS T e mikikea,
H PEISZ SEiEH. N AN L TN ILE RER, AT HRRIIGE, MR EFH—
Moy EHERDNE EERENEAT, M EENEN ZAAHRSE, LESERARE

i
BEXMIMIERESHANTER:
PSS L,
B EFS L.
FES—>.T L,
§=§ Le
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S8 L,
SEPT «<=8CT L
SNG=2. L,
S\&=8 Lg
domgi =g L,
ran = & Lo
R{Sp=ran(S<]R) L.
&= Ly,
QGSD:Q Lis
Q=>true L.
Y x:T-true Ly

#1.Storage Allocator
BRIERRTFE TR EERNERANE. RFERNES VB HANES
FHU BHENRESTE o MEENFEERT SHPMAEL

- SM —— r InitSM——
nt N dir'B U M
B PN {reesPB
dit' =
B=1..n free=B\dom dir free' =8
1 Ee 3

FREEBTFE - TERICR T WEHE S A T O, X E E4EW IR dir, ok
WAL A S HATERBEFR R free 9. RBREXNMULEHHR T —MEA SM, I E2.
X EROVLRREEE SO B — RSB T A2 g HREE
B R, 3.
R AVBAEN ] PEISZ BN TAFH. BIE gen =AML EE: + 3 SM' -InitSM
P H expand BAXIGHLEE S . :
F3 dir' :B—— Uj;free’ : PB|free’ =B\dom dir' +dir' = @& A free’ =B
VA elim, JHBR" |7, FA1H .
‘3 dir’ ;B> Ujfree” . PBefree’ =B\dom dir’ Adir' =& A free’ =B
A opr—app, fii i &AL, R )BE
FZ2ER|+UABEPBAB=B\dom@
XA H AR separate, P34 F HAR g1 gl g s FLAEFEA sg—stk.
g FEBH-U
£: B&£PB
B3 B=B\(dom&
BINMTFHE ¢ AR LIARA SHARIEH. ¢ &M L. EE X BB, RimER
L2 BIRZERA. BT bt—stk PEH, ‘
((t#,0),(BEB,5),(BEPB,6), (#,0),(FEB—-TU,3)).
2R B sg—sth FRUE, ¥ find ILE LI EHE L5 g, /L, {H Unification 7K ILAZ At
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R TR LS g PH “dom @7 ICEL, 8 F app,.g. M E S 5 B=B\&, Bl &/ L, f
L iZF HHRRIE. I bt—stk TR FA 4 mER(#,0),(B=B,4),(B=B\J,8),(B=
B\(dotm @),9). i sg—stk %2, FH L print WAH, ERTHTEE:

The initialization theorem has been proven!

(Z€B——=U,3),(BEPB,6),(B=B,5), (B=B\(dem@),9), (B=B\Z,8), (B=B,4).

{2, Library DB

A E T Wings Library Problem™, 8348 55 81 B T F 0 A 45 2 28 7 (given
type) : [ Book, Copy, Person, Author, Subject, Report |

RATX BN FE copy Fil person B4~ given 441, 4 Book A fER B RIE S . Copy
R KA FTREATIE DAY SR & sperson BFTE A[BEM AMEE.

#58, Library DB 1 InitLibrary DB Tfﬁﬂé/’ﬁ

| MaxcopiesAllowed: N

~ LibraryDB
borrower, staff: F Person

available, checkedout: F Copy
previouslyborrowedby, borrowedby: Copy—> Person

borrower [ staff = &

available ) checkedout= ¢

dom borrowedby = checkedout

ran borrowedby C borrower

¥ p:Person|p€ borrower «#(borrowedby ({p}) )<Maxcop1esAllowed

InitLibraryDB-—— oy

LibraryDB'

borrower’ = &

staff’ = ¥

available’ = &

checkedout’ = ¥
previouslyborrowedby’ =
barrowedby’ = &f

118 PEISZ da) gen Fe/= 43 t5ik E 8 b 3 LibraryDB'. InitlibraryDB
expand Y 5B I AL ;

F 3 borrower’ ,staff’ ;F Person;available’ ,checkedout’ :F Copy;
previouslyborrowedby' ,borrowedby’ : Copy—|— Person |
borrower’ (M staff’ = @ A available’ (\checkedout’ = 27 A
dom borrowedby’ =checkedout’ A ran borrowedby' Shorrower’ A
(VY p:Person|p Eborrower’ «

# (horrowedby’ = ( {p} D)SMaxcopiesA[lowed) .
borrower’ = (& A staff’ = & A available’ = @& A
checkedout’ = & A previouslyborrowedby’ = & A
borrowedby’ = &

EH elim, BER"17, AR
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F 3 borrower’,staff’ .F Person;available’ ,checkedout’ :F Copy;
previouslyborrowedby’ ,borrowedby’ : Copy——> Person -
borrower’ [ staff’ = & A available’ Mcheckedout' = & A
dom borrowedby’ =checkedout’ A ran borrowedby' Chorrower’ A
(¥ p:Person-

p € borrower’»
# (borrowedby’ ™ ( {p} )< MaxcopiesAllowed) A
borrower’ = & Astaff’ = & Aavailable' =& A
checkedout’ = & A previouslyborrowedby' = & A
borrowedby’ = &
B F S AR, BRYR AT opr —app, #14G (L2 22 5 -
I & € FPerson A & € FPerson A & € FCopy A & € FCopy A
& € Copy——= Person A & € Copy—=Person A @GN &= A
BNB=& Adom@ = AranF & A
(¥ p:Person+p€ @=# (J~({p} hI)<CMaxcopiesAllowed)
HT Separate, % H AR5 BRI T F HAR , FWEAN sg—stk .

£ 2 € FPerson

g2 {7 €EFPerson

g & € FCopy

g4 & €EFCopy

g5 2 € Copy—i— Person
g6 &5 € Copy—1|— Person
4 SNS=&

Bs BND=3

€ dom@ =&

£ ran @< &

B ¥ p:Person+p € J=# (™ (| {p} psiMaxcopiesAllowed

PEISZ ﬁﬁﬁ%% szﬁ%‘%ﬁﬁﬁﬂT g8 8o gos [FIFE g 71 gsEIEE FERE L,k 12/
gaﬂ'lil%@ L3k ’gsEHiE% L8k ’glom%ﬁ Ll qugTE!%ﬁ%ﬁE%ﬂﬁE)\ﬁ bt—
stk. FEIR g IEIRR L E R T . R1BET go FMEAT R

sg L=find bt—stk

¥ p:Personp€ gi= 12 (V_p:Person‘pE,@'nb

#(Z~ ( {p} D)< Maxcopies Allowed #{@~({p}D)<MaxcopiesAllowed, 12)
¥ p:Person-p& &= 1 (¥ p:Person-p& &=

#(Z ({p} D)<Maxcopies Allowed # (I {p} P)<MaxcopiesAllowed , 113

¥ p:Person.p& &=
# (ran{p<] @ Y Maxcopies Allowed
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EREMRS T, ERIMMBRRMERRAEENERH, Bt PEISZ P13, pop bt—
stk,sg Y p:Person+p€ @=# (I ({p} P)sCMaxcopiesAllowed,pos H11. &L F2B
RT FHR g BNES R, KPP I —LENG B— PN EXHIEREHRT —1MEE+HTE
A% f—-LEQ B —A W2 LEH HE M REARTWE P TEHETEXER.

sg L=f{ind bt—stk

¥ p:Personp& &=> 12 (¥ p:Person p€ &=

#{F 4 {p} brs=MaxcopiesAllowed # (@~ 0 {p} Pr=<MaxcopiesAllowed, 12}
Y p:Person«p€ F=> 13 (¥ p:Person-p& @

# (@ ( {p} D)< MaxcopiesAllowed # (Z({p} DI<MaxcopiesAllowed, 13)
¥ p:Personp€ &= f—LENG {¥ p:Person-p Z=

# ()= MaxcopiesAllowed # (& yssMaxcopiesAllowed , {—LENG)
¥ p:Person:p€& &= {—LEQ (¥ p:Personp€ &=

0=l Maxcopies Allowed (= Maxcopies Allowed , {-LEQ)
¥ p:Person p& & =true 14 (¥ p:Person+p€ @=true, 14)
¥ p;Person-trye 15 (¥ p:Person-ture, _ : . 15)
true (H, 0)

55 print B 7R : The initialization theorem has been proven!

(Z € FPerson,2) (@ € FPerson, 2)

(& €FCopy,2) (& €FCopy,2)

(& € Copy——> Person, 3) (& € Copy—i— Person, 3)
(@GN =,7) (BONS=&,D
(dom@Z=f,9) (ran@ < & ,10)
(FEF,5)

(¥ p:Person'pE€ F=H# ("~ ({p} D)={MaxcopiesAllowed, 12)
(¥ p:Person+p€ F=>#(Z{{p} Pr<MaxcopiesAllowed, 13)
(¥ p:Person-p& &= # (¢ )<MaxcopiesAllowed , f —LENG)
(¥ p:Person+p & =0 MaxcopiesAllowed, {—LEQ)

(¥ p:Person+p € F=>true, 14)

(¥ p:Person-true, 15)

4 &

HAVEH T —MEMAI L ST K PEISZ, W F— 48 8 R SRR E,
PEISZ P )ik 2 RS TE R &, AN SR AR A AT , I 4% 18 ik B 0t R P B R 8.

PEISZ ] LA {E M iE B — A% Z SRS 500 59 8 2L &Y 2588 T B LA 3™ 7. gen . expend .elim . opr
~-app.separate fl subsTitution T HBHBR B ERIN CADIZ ZREPHEB LY, KR
MEATHSEP. B EETFR Z MR HE TSR ORI — RS HENEHY
HHE (tactics).
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PROVING THE EXISTENCE OF INITIAL STATE
IN Z SPECIFICATIONS

Miaoc Huaikou
(Department of Computer Science, University of Shanghai, Shanghai 201800

John McDermid Ian Toyn

(Department of Computer Science, University of York, U.K.)

Abstract Proof of the initialization thecrem is a standard check that may be carried out
for any state —based specification. A procedure for proving initialization theorems is pre-
sented. The proof justifications can be generated automatically by this procedure. By way
of example, two initialization theorems are proved using this procedure.

Key words Initialization theorems, proof, PEISZ, specifications, justification.
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