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GILO/Z: An Extension of Z Notation for
Object-Oriented Specification

SHIN NARAjIMA |

Object-oriented technology and formal specification technique are expected to have
significant impacts on future software development methodology. This paper proposes GILO/
Z, an object-oriented extension of Z notation. Z notation is a model-based specification
notation, which allows system modeling with respect to states and operations. As object in
object-oriented technology is considered as an entity with states and operations, Z notation is
considered suitable to be a rigorous basis for object-oriented software. However, it is difficult
to encode in ZF axiomatization of set theory, which Z notation has its basis on, most of
object-oriented concepts such as encapsulation, property inheritance, polymorphism, and
object states. To overcome the above difficulties, GILO/Z has adapted a mixed approach which
consists of kernel language as an extension of Z notation, and specification style for describing
object-oriented software. In addition, GILO/Z has a set of rewriting rules from surface syntax
language to basic syntax. The former provides object-oriented concepts such as inheritance
and polymorphism. The semantics of the latter language is given precisely as an extension of
the denotional semantics of the original Z notation.
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— AddressNote

— State
known : P NAME
address : NAME + ADDRESS

known = dom address

Init
State’

known’ = ¢

Add
FA(knoum, address)
name? : NAME

addr? : ADDRESS

name? &€ known

address’ = address U {name? — addr?}

FindAddress
’_E(known, address)
name? : NAME

addr!: ADDRESS

name? € known

addr! = address(name?)

DummyAdd = Add

1 *Ya—) AddressNote DIEH
Fig.1 Definition of module AddressNote.
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— MyAddressNote < AddressNote

city : ADDRESS — CITY
city = first

State
rresideni :CITY +P NAME

— Init
State’

dom resident’ = ¢

— Addl
AddressNote. Add
A(resident)

Ahere : CITY o here = city(addr?) A

here ¢ domresident A resident’ = resident & {here — {name?}}

— Add2
AddressNote. Add
A(resident)

Jhere: CITY o here = city(addr?) A
here € dom resident A

resident’ = resident @ {here — ({name?} U resident(here))}

— FindResident
Z(resident)

city? : CITY
people! : P NAME

city? € dom resident

people! = resident(cily?)

Add = Addl v Add2

2 &Y a—) MyAddressNote DEZ
Fig.2 Definition of module MyAddressNote.
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Syntactical Transformation
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Valuation Function

[Variety-based Semantics j

3 EWiRosz
Fig.3 Illustration of GILO/Z approach to formal semantics.
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Fig.4 Relationship among schema’s for semanic Domains.
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spec : ENV — SPEC - ENV
sexp : ENV — LEVEL — SEXP -+ VARIETY
sdes : ENV — LEVEL -» SDES + VARIETY
schema : ENV — LEVEL — SCHEMA -+ VARIETY
pred : ENV — LEVEL — PRED + P STRUCT
term : ENV — LEVEL — TERM -+ TMEANING
decl : ENV — LEVEL — DECL -+ VARIETY

5 Z kO EREE
Fig.5 Valuation functions for original Z notation.

gspec : GENV — GILO-SPEC + GENV

mexp : GENV — ENV — LEVEL — MEXP + ENV

mspec : GENV — ENV — LEVEL — MSPEC + ENV

spec : GENV — ENV — LEVEL - SPEC + ENV

sexp : GENV — ENV — LEVEL — SEXP -+ VARIETY
sdes : GENV — ENV - LEVEL — SDES + VARIETY
schema : GENV — ENV — LEVEL — SCHEMA -+ VARIETY
pred : GENV — ENV — LEVEL — PRED -~ P STRUCT
term : GENV — ENV — LEVEL — TERM + TMEANING
decl : GENV — ENV — LEVEL — DECL -+ VARIETY

X 6 GILO/Z DFE%REIH
Fig.6 Valuation functions for GILO/Z basic syntax.

ZIT, B W R ZIFEETH S,

ZEHETR, ZEEAF -~ LRI 25 TE 52
LS, AF—HZEEBROBEMREEHE T LR
ENV 2SEsRMEE & L TnEic7 %, global 13 KIRAY
CEBSNIEL ZEEAF—OBEKES 2, sdict
AT E ZEHER F — < wxt U TR LBk oNt
IGBER F 5 2 5. SMEANING 4RI S Z 50k A
—SVEDREW®RESZBHDT, local i3 ZE R
F—vNTREWICESE L EEOER, fparam X
NIRXR—FEZREAF—VDERTCLEL RS
BT, ZEWEAF —<BBERRICE AT X -5 LB

TBRNT A—5 %¥eD,

ULDBRAF —< TERESNI N A4 v I
PRE~vy 7T 2BEWREMEEZ LI ETZRED
BRNERZBLIENTES, BB, 2O,
ZELRE T 2 BRSO Y 4 SRR 5 IR LT,

4.3 GILO/Z Ekk

GILO/Z DFRFWEKR RS2 57012, BEY 2 —
VOERE—EDODENV EREL, 851, EYa—
BEWT LEE GENV 2EA L7, UT, GILO/Z &
UCZEBEBIL - EEEROBWELE hL
BT B, TRbb, EYa—LEEREEAT LIS
EEYV 2 —)VHD R F—< BB T 35T DT
B9 2,

GENV & GILO/Z D RIBHZRE 25 2 5 EWR X
F—TIDOEELS% 5, plainl3E Y 2 — 4
TSN ZEEAF—<OBEEY» 5 2 5, mdict
FEY 2 —NHEEY 2 —VDEHRICHY T 2 ENV
DX GRERE 52 5. gdict 3 €Y 22— VEZEEY 2
— eV x i —% SENV ORMIGER %2522 b DT
b3, EVa—Ne Vil —F L MRERRCHES
THEHEBRENEAECTHE, 220C, Yo —
FERPBERERICIVFMI 22 TEY 21D
BRI T2 ENV 2182, &) &0 %2, EkBE#K
mspec & AW TR L 72,

— GENV
plain . ENV

mdict . WORD+ ENV

gdict : WORD+w SENV

Yw: WORD ® w=dom gdict
|mspec(gdict(w))=mdict(w)
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SENVEBEYa— VY i —F 552 2EHkA
F— 2 TIPS 2 180> & %8 %, global 13E ¥
2= VROLEIT T S hTwicwn Z 5k o ki
L3/ —FPRERPEHT S, 22T, ASTick Vg
BRIFESOR 2 RF S T2, sdict 1Z R F—~ 4 & ERRET
W3/ —FOMGRERES 2 5, wseq IZERIZ
DNEFFAT T (topological sorting) $EE %252 2, &%y
ML LT, sdict & wseq 25 UM (AST) #4558
THIE, KEBER<IREVEZon 3 FIEFEGEE
Wied e, 2 EHE2HRL:,

— SENV

global . P AST
sdict . WORD+ AST
wseq . seq WORD

domsdict =ran wseq
Y a: ran wseq ®
(35: ran wseq ® (a< b))V root(a)

<, MEFBER<IE 3.4 Bl X F —< OfFE
ERTIDDLDT, UTD &> B2,
-<_: WORD WORD

root . WORD

ooy
R oo

YVa b c.: WORD® a<bANb<c=a<c

Va: WORDe®—(a<a)

Ya: WORD(root(a)

——(Jx: WORD®a<zx))

UEOERAF - TEZESNL N A4 v T
HRrz~y 735 RWHEHKESE 23 2 &£ TGILO/Z
DEREINT 5 RRWERERB S 2L HTE 2,
6IWRLIzL DK, £ YYD ZEFEOHIET S
ERBES L B 2 AT 15180 GENV % & % 45
ThH5.

gspec : GENV—GSPEC+GENV

gspec v [gs1 5 g9sa] = pm

mspecy pk[[s] = specypk [s]

st

May 1995

E-

AL VOBERERKIE Ny PNV O EE S
&35 gspec ThH5D, RTIKRLIZEI Iy 7P~
VOB y REET L, BEAEPT v 12T 2580
BE%CE 2 DWW, Th e K8 R L TH S, mexp
72 6 TNZ mspec WAEXBER IS L TEZ L7228, i/
HiTali 7z & SR F =< EHEIIHEARICE S 1z
SNTWVEID, IFEAEMBLELTREYL, M9ID
HEWRBAS spec 25X F —~ LD RO ERICER B (T
532bDT, GENVTH2 vy %L 3 LU43 Z 0k
DENEZIERICTH 5,

TERBA sdes 2R F — < BHAHE L SDES D 2k %
525b0DT, HTOBESLEL RS, ZIZTH,
fHDIDINT A—F DRV F—~ 25T 2854
ZOWCHEHAT 5, H10 22Ha v,

WX Esdesiz3 2D W 2 E >, %11, WORD
DECOR %2 L7z b DT, ZhId, ZEEDRAF —<
SBEBELCTHS, JTu— " WIBETICHLESL
WEEAF —<EHEL % combine 2 & W ASbHYE
TefERB SN B VARIETY I L W Ek % 5 2 228,
Ja— Vi B L U Cy.plainglobal # w2 Z &
WHEET %, 22T, combine iX 2 20 VARIETY
WIS 1Y T 2 VARIETY =& 2 588EKCH

g-enrich : GENVXENV -+ GENV

g-enrich = Ay : GENV; p:ENV o
i | viplain = p Aymdict = y.mdict A yy.gdict = v.gdict

add_top : GENV X WORDXx ENV ++GENV

add_top = Ay: ENV; w: WORD; p:ENV | w ¢ dom v.mdict
#1 | m.plain = v.plain A
Y1.mdict = y.mdict U {w ~ p} A

71.9dict = y.gdict

8 fHBIER%K
Fig.8 Auxiliary functions.

gspec y flet w = m] = add_top(y, w, mezp v arid 0 [m])
GENV | 11 = gspec v [9s,] o gspec v1 [gs;]
gspec 7y [s] = g_enrich(y, spec v v.plain 0 [s])

mezp : GENV—ENV—LEVEL—-MEXP+-ENV

mezp v p k [module ms end] = mspec vy p k [ms]

mspec : GENV—ENV —LEVEL—-MSPEC+ENV

7 FEWREAEC gspec, mexp, mspec
Fig.7 Valuation functions gspec, and mspec for GILO/Z.
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sm.param = {zy, ..
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spec : GENV—SENV S LEVEL—SPECwENV

specy p k [given z1,...,2,] = enrich(p, new_givens(p.global, tag k (z1, ..., 2.)))
spec v p k [let s end] = enrich (p, schema v p k [s])
specy pk [let wiz, ..., z,] = se] =

i p1: ENV | py & envich (p, new._givens(p.global, tag k+1 (z1, ..., 2,))) o

u sm : SMEANING | sm.local = sexp vy pr k+1[se J A
. Za) ® add_schema (p, w, sm)

specypk[siins;] = pp: ENV | py X specy pk [s1] o specy pr k [s2]

9  FEBRBIS spec
Fig.9 Valuation function spec for GILO/Z.

sdesy pk Jwq] =

sdesy pk ['wq] =

sdesy pk [wn q1 ! wp g =
U pi:iENV | p1 = v.mdici(w) o

sdes : GENV—-ENV —>LEVEL—SDES+ VARIETY

p sm: SMEANING | sm = v.plain.sdict(w) A #sm.fparam = 0
combine (v.plain.global, retag (q, k) sm.local)

p sm: SMEANING | sm 2 p.sdict(w) A #sm.fparam = 0 o

combine (combine (y.plain.global, p.global), retag (g, k) sm.local)

b sm: SMEANING | sm = py.sdict(ws) A #£sm.fparam = 0 e
combine (combine (v.plain.global, py.global), retag (concat(q:, g2), k) sm

10 FEBREEH sdes
Fig. 10 Valuation function sdes for GILO/Z.

5% 8212, WORDDECOR 0% Liz0db T, [E
—EYV a2 VIET B AF—<vEBERT. rplain
global £ £ 2 —WVAD 7 1 —3 p.global L #i5
B X% — < & %combined %, 312, WORD
DECOR!'WORD DECOR D TH D, HiEY 2 —L D
A F—v&EEERT. 7: plain: global tf§EEY 2
—)VAD 7 a1 —,30 prglobal L HEBEAF —< & %
combine ¥ %,

5. B ) IZ

2Rk A 7Y 2 o MEAEEE EEA L7z GILO/Z
PREL, ERUBERES 22, 0oL 7Y 22 1B
FHLE Z fik L OV, AEoES HOIRIZLD
AV FNVD ZEFRCRAINBEOTREMZ 2720
T, 7YV MEMESE ZEEOMEOT TER
WERHTEXLZER2RLIATH S, HiftRICZ, &
T2 P DB, AV vy RRAF—vDHEEINE,
Y 2 —VOWEMKA, ORDFICTRZETSC
EEERL, Yriv—F L wIEZHEROIEX
By 72 AT & BRI X D IR 5 ke BA L
B L, —77, GILO/Z O TIE, WERIREEES

*XER12) D pd3 EEBROZ &,

72EEREUCA 7Yz PEIKBITERLS LB, En»
SHEAED S, Object-ZPD LS A7V 7 bk
AFERTEHLHROCEATEEZ b H B,
ZOE, —BEERIELIA 7Y 7 NBBTFOE
H, twORORENEL S, ZOfED gensym B0
MR 2 T 2 A SGHROBED—DTH 5,

KR THE U EBAM c BREEOMS L TL
T, GILO/Z %% 7Y = 7 MEABRICHEB T % 3 H
BT T3, Bz, 7Y 27 F OEMBRIRE D
BRI EDNERELL TV VMER TV —AY
— 7 OARRERANDOBAEF N D 510, £,V 7 b
=7 ORI TEBE L AR ISR I DT 572
», BRAABEOATTRTEERT 2 2 L i3BENT
v, OMTEDTA 777 a2ty 2ET) »
Ik E GILO/Z #@i& T2 2 T, MEOEFRE4
BT LD BFERORNVBDEEEZ T b,

HEE AMEORE R 52 TTF & 572 NEC C&C
HFEFIUAF R %2 & I ER CAD #HEEE, B LU
Z BRI D W THBURT & - 72 Oxford K% John Ni-
cholls W@z L &5,
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AN AN

GILO-SPEC

MEXP

#= let WORD = MEXP
| GILO-SPEC ; GILO-SPEC
| SPEC

== module MSPEC end

MSPEC := SPEC

SPEC

u= given IDENT, ..., IDENT
| let SCHEMA end
| let WORD [IDENT, ..., IDENT) = SEXP

Specifications, Proc. ZUM ’91, pp. 329-351 [ SPEC in SPEC
(1991). SEXP ::= schema SCHEMA ond
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A 7Y 27 MEAE TV, EHOE, Vol. 35, No. ||V SCHEMA » SEXP
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Hall (1994). | DECL ; DECL
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12) Spivey, J.M.: Understanding Z, Cambridge
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PRED := TERM = TERM
| TERM € TERM
| true

| false

[ = PRED
Prentice Hall (1992). | PRED A PRED
14) Stepney, S., Barden, R. and Cooper, D. (eds.) : | PRED v PRED
. . . . . | PRED = PRED
Object  Orientation in Z, Springer-Verlag | 3 SCHEMA « PRED
(1992). | ¥ SCHEMA » PRED
15) P BUREERATY, BAS (1971). TERM := IDENT
| $[TERM]

| {TERM, ..., TERM}

| {SCHEMA « TERM}

| SDES

| P TERM

| (TERM x --- x TERM)
| ¢ WORD DECOR

| TERM . IDENT

| TERM ( TERM )

| A\ SCHEMA » TERM

| A SCHEMA o TERM

IDENT := WORD DECOR

WORD — F21—v 2 v0knRi7
DECOR — Fat—vav
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GILO/Z OREH LB EAEC AT 28U 725
DTH5.

GILO-SPEC := let WORD inherit WORD = MEXP

MSPEC := method WORD [IDENT, ..., IDENT] = SEXP
| MSPEC in MSPEC
| state SCHEMA end
| injit SCHEMA end
| composition SCHEMA end

DECL == A (IDENT )
| = (IDENT)

AXF TR L 7K 1 HF TR B2 L
FRETOBREHET 272012, UTCIR1DEY =
— )V AddressNote DHIHREXER 52 5,

let AddressNote =
module

state known : P NAME ; address : NAME -+ ADDRESS
| known = dom address
init State’ | known' = ¢
method Add =

schema A (known, address) ; name? : NAME ; addr? :

| name? ¢ known A address’ = address U {name? - addr?}

ADDRESS

end
method FindAddress =
schema E (known, address) ; name? : NAME ; addr! : ADDRESS

{ name? € known A addr! = address (name?)
end
method DummyAdd = Add

end

CFR 6 57 519 A=A
(PR 72 B 10 BEER)
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