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A Theorems Proving Method in Z Speclfxcatlons
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S ¥ This paper discusses the theorems proving in Z specifications, presents a proof algo-

rithm. The proof justificationé can be generated automatically by this algorithm. By way of exam-

ple,two theorems are proved using this algorithm.
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— AddMember 1
AFid
applicant?; PERSON
id],ID
applicant? & ran members
id] & dom members
members’ =members | {id] |>~applicant?}
banned’ =banned

KB AFid B — MR

— AFid 1
Fid

Fid’
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AddMember RE I FHF - ERB AR HiFE
BRBUAREZF — I FHBEFARS M RiFRED
BR-NER:ENBARR-ACRKERANS
BE; BN members W FWHEEB X2 H S

banned' K2 1k — A AB BRI MIEE L b
BanMember

[_AFid . '

ban?:ID

ban? € dom members

banned’ =banned U {ban?}

members’ =members
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UBHERERIIR - EENELER, L — &

BN, , ‘
Decls | Pred  Conclu

XA EEOIEP R Th LR TR

B AEROIVREES TR FATRER,

BHE—SWIERE, REBIFRENER. TS

B —AERREBREOA ER L HERRE,

BLRGHRE AR E RNBEEH O TR,
BanMember |ban? € banned + E Fid

KE“="FR REMRA RS2, B

— HFid 1

AFid

members’ =members -

banned’ =bsnned U {bsn?}
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EXRORAS A —RRENTEE, LA
BB R MRS B—AHRTRENHARNL B
LARECBBODERERTUAB—AEX itS
¥ FoRJFid AR AT L b . _

— InitFid - _ |
Fid' .

.members’ = -
banned' =@
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AR AERNERERITELFIBTILE
EXERSTEITH Z B RETENARD,
XEFRREBESENES..—MEENRLIE
NBEERR - FE FEBRECRENNES
EREXEE . FEETENERY dB,ET TR
MERGRNFERRAHARNR R RMNEER
— A EMEAL R BFLL FERREREZRID T
B

(DA (2)A<B,;,B;,*,B.

B@QRHERXZBRT MR BABAAB. &
3L A RRIZ.

X MBRIE, 0SS,V x: P +P(x),dom(f
Ug)=dom f Udom g 1 id XSQARCSQAQ;QC
Q>R°CQ TS YRFHWTFER,

(1HOSS. '

(2)V¥ x:@ - (Px).

(3)dom(ng)=dom fUdom g.

(DR SQ+id XQ,REQ,Q;QEQ.

— AN R LRI IE BE RZ 32 6% ¥ 4B Y IE BHIE 32, RY
VS BNE - SNATHARNRER. EH
BIERIEHEENMEASERS - HEE . RMNE
T — 4 # bt-stk id RiF . bt-stk L ER—4
& %4 (sub-goal,index), EiC R 7T Y B FH & UK
FEAORNRERETEHAGS—-INFEHEZH,
(#,0BE A bstk, UZR—AFH, T~ FH
BREOIEBAFF 4R EBA & R, B e R B TRV i R IR
BMEHRIEE.

4 EMKHE

RAIH | B ¥R 2 % ProTISZ (Proving Theo-
rems In Specification of 2), & % simplify 1 prove
AR RIOVER simplify ITFr -

Procedure simplify (P)

{simplify the predicate P} .

(1) expanding (P) ; {expand the schema components in P by
their definitions}

(2) eliminating(P) ; {eliminating “{” if they occur in P by
thelaws 3 J{P Q=3 J<PAQand V JIP Q&
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V ] -P=>Q}
(3)opr-app(P) ; {apply one point rule to P as many
times as possible }
(4) transform (P); {transform P into conjunctive
form}
(5)end;
S #H R (one point)5

I x:S(PAx=t)t€SAP[t/x] (X\v)
R mRBAOEGE - FEERARATRIRE X
HEATHBSRADTREBHOEBARTU
AXEERBHRTNRIATROHH.

RAIEE B U sg-stk, RRIEER T B
e A AR IE F B ¥R . 53 B ProTISZ &k 2k M sg-stk
HR—MFEFRHFIERZ HE sg-stk HATHE.
B E EIEBASE e . 13 2 prove iEBA T sg-stk B th
FERNFERATHEARL BRTHRTHEEDR
FERNESRX EL 138 prove T :

procedure prove;
{prove all the sub-goals in sg-stk}
(1)bt-stk<nil
(2)while sg7nil do
(3)|_sg<-pop(sg—stk) 5
(4)if sg is a primitive sub-goal then push((# ,0),bt-stk)
{to indicate that the proof of a new sub-goal begms)
(5)j+0;
(6)search-match(sg,dB,j,u) s
{search a hypothesis or a non-rewriting law,u is the
most general unifier if the search succeeds and tlle uni-
fication takes}
(Dif j70 then
(8) ush((sg »j) sbt-stk) 5
(9)if dB[j]- right#nil then
(10)push((dBf_|:| right)u, sg-stk) {put the substituted dB
(j)- right into sg-stk}
1)
(12)else
(13)[_ search-rew (sg,dB, j,u) ; {search a hypothesis or a
’ rewriting law
(14)if j70 then
(15)] push((sg,,j),bt-stk);
€16)rewrite(s ,dBEj]yu)l{tewﬁte the sg'by the rewriting
law dB[jf)
(17)push(sg,sg-stk)
as)_|
(19)else if top(bt-stk) = (# 0)then
(20)exception
(21)else
(22 (sg,j)=pop(bt-stk);
(23)goto(6) {backeracking }-
(24)
(25)
(26)
(27)Pnnt(bt-stk) '
(28)end

prove $1fy search-match R— M H/IRJANE
BER— TR E. FEFRRNERAENERRE
E—EAGRWERR—RBRHNE—BHR.JRERRK
AT R B F #5 . search-rew & — 4 5 search-match 3§
P E BEEERNRE—ATANES R,
rewrite R— M HEE R, EEFEHRDREIAN
SR FRNMESER MESNHNERVERSNE
RORFEFRTH—ITREAN—KESER
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‘=5 ‘S’ —INILE rewrite ¥ L ‘=" ‘@’
BERTHS—aRRBZZERX.EEETROMEH
MR LREEFFINH.EHit, THEENES
TREBEROLE.

M= FER, mB&E — &K AT B
¥ ,exception RI[E A P RE R E MM —&FHOE
BREED, MREAEREEEN WARKEF B sg
FE A% sg-stk 34k &% while fEEK:; FRI B REWE
B A EAIE. R FMARERN XA Z
WEXRMAFNERITIAZ.

RMNAETTUMRIEWR L ProTISZ,

procedure ProTISZ,

{prove the theorem in Z specification}

it hypotheses;&ml then

ol

(3)check; {check the variables in conclusion is in the scope

eclaration in hypotheses}

(4)simplify Chypotheses) s

5)_Is

(6)simplify (Conclu) s

i hypot.heseﬁ&ml tben(merge hypotheses into library
and dB is the merged library }-

(8)merge (hypotheses, library ,dB)

(9)separate (Conclu ,ag-stk)
{sl:puate the Conclu and push the sub—goals onto sg-
stk}y

(10)prove;

(11)end
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(L1)PES.

(L2)SEP T--SCT

(L3)PS.

(LOPES>+T.

* (L5)dom®=>%.

* (L6)rand=Q.

* (L7)dom(fUg)=dom fUdom g

(L8)SU {x}=S=x€8.

(LIISUT=S<TCS.

(L10) {x}CS==x€ES.

*(L11)3 x:S «x& TOSHT.

*(L12)V x:S«x€T&=S=T.

(L13)SCTUR<SCT.

(L14)SSTUR<SCR.

L1XU {x}>y} €S> |>T<y€& ran T,x € dom
R.

HE»"NEREEEER.
1 iEEAMmR i RE
+3 Fid' InitFid

ProTISZ # A sxmpllfy. JBFF Fid' .

3 members': ID > |->PERSON A banned' : P ID l
banned’ Sdom members’ smembers’ =® A banned’
=0
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3 members’ ;ID> |>PERSON A banned’ :P ID «
banned’© dom A members’ A members'= ® A
banned’ =®

B A AR .

@€ ID>>PERSON A€ P ID A ®"dom®

BERSER=AT B

81,9€ ID>+>PERSON.
$2:9€EP ID
$3:9Cdom D. A

FE AR sg-stk SLE A prove .3t s1, BRFIE R

L4,u={ID/S,PERSON/T}.%} s2, & R EIFE R L2,

u={®/S,ID/T}, ERALPERY% O<ID HHEX%

FOTFERREA sg-stk XM T BREER

dB, ¥ 5% L3pLAt ,u={ID/S}.% S3, AR EIF

B L5,dom @ EEX O, FHWFHIRE PO EA sg-

stk % F B #r @< &R dB, e LI5ZrKE.&

bt-stk B {(PS D, 3), (PSdom®, 53), (#,0),

(@<ID, 3),(#,0), (<}D€ID>—}+PERSON 4),(#,

0}. sg—stk X, @BESE pnnt,“;z*}??]‘ﬁ] bt-stk

FAYIESE .

{(®€ ID> |>PERSON, 4), (?< 1D, 3), (PC dom
®,5), (= ®,3))

2 EBAER:

BenMember |ban? € banned + =Fid’

- FEBRGERER BRd ZR—iFE, Bk 4 R
BAZEN D EANERERAH#A BenMember
£ 75 B P . ProTISZ % 18 FI 3 /8 check, Py & B AFid
RIET SERESEN. ST AR, BAEE
simplify, BF € :

members ; ID> |PERSON A members’ . ID> I-*PERSON
Abanned ;P ID A banned’ ;P.ID Aban2:ID .

Aban? € dom members A banned’ =banned U (ban?}

A members’ =members |ban? € banned -

BER“”:

members ;: ID> FPERSON A members’ ; H)> I-PERSON
Abanned;P ID/\ banned’ :P mAbﬂn?t

Aban? € dom members Abanned’ =bannedlJ {ban?} -
A members’ =members A ban? € banned

HAB®EFER AN BAER AN 2 E
BOUTAAMRGEEER T EREQRE, MoK
dBo ’

members € ID > |+ PERSON, members’ € ID > |» PER-
SON, banned € P ID, banned’ € P ID,ban? € ID, ban? € dom

‘members , banned’ = banned U {ban?}, members’ = mem-
bers, ban? € banned
tip BFid' 5 HR AR :

members’ =members A banned’ =banned
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EBTEN:

s1:members’ =members

s2:banned’ =banned
HBEA sg-stk I EA prove. i FHR s1,H%
EREEZ—, 8 E dB d # ik ¥ members’'=
members,S1/8iE . % s2, 7 dB h Z R BT 4R banned’
=banned U {ban?},E 5 s2/83 F B #x banned U
{ban?} =banned, %X F B ¥R, ER L85 > fik
P& ,u= {banned/S,ban?/x}, & #t L8 £ M ¥ &
AT ban?€ barmed , Z X R HIR Z —, 7 dB ]
R B, WD IE . BLAE sg-stk 923 . ] H print, LLEFF

#7673 bt-stk IRGIERIm T .
(members’ = members, 8), (banned’ = banned, 7),
(banned U {ban?) = banned, 17, (ban? € banned,
9)}.
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