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Q) What is Z specification, why it is used for, also give Example?

Answer)

History:
In 1974, Jean-Raymond Abrial published "Data Semantics". He used a notation that would later be taught in the University of Grenoble until the end of the 1980s. While at EDF (Electricite de France), Abrial wrote internal notes on Z. The Z notation is used in the 1980 book Methodes de Programmation. 
Z was originally proposed by Abrial in 1977 with the help of Steve Schuman and Bertrand Meyer. It was developed further at the Programming Research Group at Oxford University, where Abrial worked in the early 1980s, having arrived at Oxford in September 1979.Abrial has said that Z is so named "Because it is the ultimate language!" although the name "Zermelo" is also associated with the Z notation through its use of Zermelo–Fraenkel set theory.

Definition:
Z is a model oriented formal specification language based on Zermelo-Fränkel axiomatic set theory and first order predicate logic. It is a mathematical specification language, with the help of which natural language requirements can be converted into mathematical form.

· Is a formal specification language
· Used for describing and modeling computing systems.


Usage and notation:
Z is based on the standard mathematical notation used in axiomatic set theory, lambda calculus, and first-order predicate logic. All expressions in Z notation are typed, thereby avoiding some of the paradoxes of naive set theory. Z contains a standardized catalogue (called the mathematical toolkit) of commonly used mathematical functions and predicates, defined using Z itself.
Although Z notation (just like the APL language, long before it) uses many non-ASCII symbols, the specification includes suggestions for rendering the Z notation symbols in ASCII and in LaTeX. There are also Unicode encodings for all standard Z symbols.


Based on :
•	Typed first-order predicate logic 
•	Zermelo-Fraenkel set theory
•	Rich notation

International standard 
•	ISO/IEC 
•	JTC1/SC22

Tools 
· LATEX style 
· Type checker 
· Z/Eves deduction system

Example Banking System:
[image: ]


Set Comprehension
 A set comprehension is written as follows: 
{ x : T | A } 
This stands for the set of objects x of type T satisfying predicate A. 
Examples:
 N = { n : Z | n ≥ 0 } 
S, T : P M 
S ∪ T = { x : M | x ∈ S ∨ x ∈ T }
 S ∩ T = ? 
S \ T = ? 
{}M = { x : M | false } 
M = { x : M | true }

Build In Operators:

Logical operators: 
¬ negation 
∧ conjunction 
∨ disjunction 
⇒ implication (note: not →) 
⇔ equivalence (note: not ↔)

Equality: 
= equality 
On all types (but not predicates)

Notation for sets:

Abbreviation:
{x : T | pred(x)} for {x : T | pred(x) • x}

Example: 
N = {x : Z | x ≥ 0}
The empty set:
 ∅ = {x : T | false}

Note:
 ∅ = ∅[T] is typed

Types:
Pre-defined Types:
Z with constants: 0, 1, 2, 3, 4 . . . 
Functions: +, −, ∗, /
 Predicates:  ,≥

Sets:
Every set can be used as a type 
Basic types (given sets) 

Example:
 [Person]


Free Type Definitions

Example: 
WeekDay ::= mon | tue | wed | thu | fri | sat | sun
Example: 
Tree ::= leafhhZii | nodehhTree × Treeii

Meaning:
 [Tree] generated by leaf , node 
· ∀x1, y1, x2, y2 : Tree | node(x1, y1) = node(x2, y2) • (x1 = x2 ∧ y1 = y2)
· ∀x1, x2 : Z | leaf(x1) = leaf(x2) • x1 = x2 
· ∀x : Z; y, z : Tree • leaf(x) 6= node(y, z) 
· Note: Generatedness is not expressible in first-order logic


--------------------------------------THE END----------------------------------
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Example: Banking System

WithdrawMoney

ABankAccount
dollarAmount? : N
centAmount? : N

dollarAmount? < dollars
dollarAmount? = dollars = centAmount? < cents
centAmount? > cents
= ( dollars’ = dollars - dollarAmount? - 1
A cents’ cents - centAmount? + 100 )





