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7 notations is based on typed set throry and first-order logic. Z provides & construct, called s
schema. to describe a specification's state space and operations. A schema groups variable

declarations with a list of predicates that constrain the possible value of variable. In Z, he
schema X is defined by the form

5 x
declarations

predicates

Global funictions and constants are defined by the form

declarations

predicates

The declaration gives the type of the function or constant, while the predicate gives il value.
Only an abbreviated set of 7 symbols is presented in this table.

Sets :

S PX % is declared as a set of Xs.

xES % 15 a member of 5.

xz§ x 15 not member of 8.

5cT % is a subsel of T Every member of is alsomn T,

SUT The unton of S and T It contains every member of S or T or both,

SnT The intersection of § and T: It contains every member of both 3 and

T

SAT The difference of S and T Il contains every member of § except
those alsomn T.

@ Empty set: [t contains no members.

{x} Single set: It contains just x.

e The set of natural numbers 8,12,

BiFX 3 is declared as a finite set of X5

max (S) The maximum of the nenempty se of numbers 3.

Functions:

FiX=%Y fis declared as a partial mjection rom X to'Y

dom f The domain of £ the set of values x for which f{x) is defined,

ran f The range of - the set of values taken by flx) asx varies over the
domain of f

fa {x— v} A function that agree with fexeept that x is mapped to y,

ixjaf A function like f, except that x is removed [rom its domain.

Logic:

FAQ Fand Q  Itistrue if both Poand Q are true.

P=4 P implies Q; It 1s true if exther Q 15 true or P is false.

B8=8%

Ma components of schema 5 change in an operation,

AR #

L 5l; (5,108 ailis) pide acdl =Yy
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Name: partialQueue
Sorts: quene(7)

Operators:

emptyQueue: 2 queue(Z)

addItem: Z X queue(Z) 2 queue(Z)
removeltem: Z X queue{T) = guaws{Z)
first: queue(Z) > Z

last: queue(Z) > Z

isEmpty: quer=(Z} 3 Hoolaen
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sorts: symbolTable(z) with =

Operaiors:
empltyTable:
addItem:
removeliem:
isIntable?:

join:
common:
isPartr?:

isEqual?:
isEmpty?:

> symbolTahle(Z)

Z. % symbaolTable(Z) 2 symbolTable(Z)

Z. X symbolTable(Z) = symbolTable(Z)

L % symbolTable(Z) = Boolean
symbolTable(Z) ¥ svmbolTable(Z) 2>
symbolTable(£)

symbolTable(Z) ¥ symholTable(Z) =2
symbolTable(Z)

symbolTable(Z) X symbolTable(Z) 2> Boolean
symbolTable(Z) X symbolTable(Z) 2 Boolean
symbolTable(Z) = Boolean
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else addItem(s1,addTItem(s2,5))
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removeltem(sl,emptyTable)= emptyTable
removeltem(sl,addItem(s2,s)) =  if s1=s2 then removeltem(s1,s)

else addItem(s2,removeltem(sl,s))
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isInTable?(s1,emptyTable)= false
isInTable?(s1,addItem(s2.5))= if s1=52 then true
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join{s,emptyTable)= 5
join(s,addItem(s1,t))= addItem(s1,join(s,t))
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common(s,emptyTable)= emptyTable
common(s,addItem(s1,t))= if isInTable?(s1,5)
then addItem(sl,common(s,t))
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isPartOff?(emptyTable,s)= true
isPartOf? (addltem(s1,s).t)= if isinTable?(s1,s) then isPartOf?(s,t)
else false
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Name table

Sorts: symbolTable(z) with =

Operators:

empltyTable: =2 symbolTable(Z))

addItem: Z X symbolTable(Z) > symbolTable(Z)

removeltem;: Z X symbolTable(Z) = symbolTable(Z)

isintable?: Z ¥ symbolTable(Z) = Boolean

join: symbolTable(Z) X symbolTable(Z) 2
symbolTable(Z)

common: symbolTable(Z) X symbolTable(Z) =
symbolTable(Z)

isPartOf?: symbolTable(Z) X symbolTable(Z) 2 Boolean
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iskqual?: symbolTable(Z) X symbolTable(Z) < Boolean
isEmpty?: symbolTable(Z) 2 Boolean
addItem(s2,addItem(s1,s))= if s1=s2 then addItem(s2,s)

else addItem(s1,addItem(s2,s))
removeltem(sl,emptyTable)= emptyTable
removeltem(sl,additem(s2,5))=  if s1=s2 then removeltem(sl.s)

else addItem(s2,removeltem(sl,s))
isInTable?(s1,emptyTable)= false
isInTable?(s1,addItem(s2,s))= if s1=s2 then true

else isInTable?(s1,s)
join(s,emptyTable)= §
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else comman(s,t)

isPartOff?(emptyTable,s)= true

isPartOf?(addItem(s1,s),t)= if isinTable?(s1,s) then isPariOf?(s,t)
else false
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isEmpty?{emotyTable)= trup

isEmpty?(addItem(s1,s))= tilee
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Computer. vol. 28 no 4, Aprl 1935
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In-addition 10 the books used as references in s chapler, a fairly large number of

books on formal methods topics have been published aver the past decade, A listing

of some of the mere useful offerings follows:

Bowan, 1., Formal Specification and Documentation using . A Case Study Approach, lntems-
ticnal Thomson Computer Press, 1996

Casey, C. A Programming Approach to Formeal Methods, MeGraw-Hill, 2000

Cooper. D, and R Barden, 7 in Pracnhice, Prentice-Hall, 1995

Craigen, [3, 8. Gerhart, and T. Ralston, Industrial Applicanas of Formal Methods to Model, Deugr

and Analyze Computer Systems, Noyes Data Corp., 19385,

Duller, A, Z: An Intraduction to Formal Methods, Ind ed, Wiley, 1994,

Harry, A, Farmal Methads Fact File! VDM ond 7, Wiley, 1997,

Hinchley, M. and I. Bowan, Applicatiohs of Farmal Mathods, Prentice-Hall, 1995,

Hinchley, M. and 1. Bowan, Indusine! Strength Formal Methads. Acadermis Press, 1997
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Hussmann, H., Formal Foundations for Software Engineering Methods, Springer-Verlag, 1997,

Jacky, 1., The Way af 2 Praciical Programming with Formal Methods, Cambridgs University
Press, 1997

Lano,] and H Haughton {eds ), Gheer-Crignted Specificaniaon Case Sheaies, Prentice-Hall, 1993,

Rann, D, 1 Tumer, and ). Whitworth, Z: 4 Beginmer's Guide, Chapman and Hall, [994,

Ratehiff, B, frircducing Specification Using 24 Prachical Case Study Approach, MoGraw-Hill,

fond

12 Sheppard, dn {ntreduchon 1o Foreal Spez T ooemwith £ avd FOM, MeGraw Hill. 1995,
The September | 990, issues of [EEE Transactions on Software Engineering, iCEE Soft-
ware, and JEEE Computer were dedicated to foimal methads Thew remain an excel-
lent source of useful information.

Schuman (Formal Qbject-Orrented Lieveluzmont Springer-Venag, 19961 bus cdind
a book that addresses [ormal methods and abjec) techmologies, providusg godelines
nn the selective USe uil fe.) motods and showing how such methods can b vised
wp pecuelies Thovmnncans vk (o L e for Open
Ohject-Based Distributed Systems, Kluwer Academic Publishers, oo
of formal methods when coupled with 00 applications in a distnbuted environment.

A wide vanety of information sources on formal methods and related subjects 1=

available on the Internet. An up-to-date list of World Wide "Web references that are

I GO kinial W ikda

relevant o formal metheds o0 Bl lound ot the SEPA Web site:
bittp. fwww mhhe com/enges/compscl/pressman caources/
formal-methods mhtml



