1

Rosemary MonahanNUIM

Chapter 13

Reification and Decomposition

Rosemary MonahanNUIM

Z Specifications

Class1 d:P Person

# d <= Max

D Class1

� Class1 Ù Class1 ´

X Class1 [ D Class1 | d ´ = d]

InitClass1 [Class1 | d = Æ ]

�

�

Rosemary MonahanNUIM

Operations:

Leave1

D Class1

p?: Person

p? Ï d

d ´ = d \ {p?}

Rosemary MonahanNUIM

Specification, Design, Implementation

¯ Formal Specifications help us to write programs and enable us to

prove that a particular program either does or does not meet its

specification.

¯ Z: Many high level abstract mathematical data types and operations

are specified by giving their preconditions and postconditions

¯ In moving towards the programming language constructs that are

available to us, we often rewrite the specification using less abstract

data types and more `algorithmic´ constructs.

¯ This second specification in an intermediate between the specification

and the final program and it is often referred to as the design.

¯ Any program which is a correct implementation of the design must

also be a correct implementation of the specification.

Rosemary MonahanNUIM

Data Reification

¯ Classroom Specification - could implement the set d of people as a

linked list or as an array, but any proofs relating specification and

proof would be more complicated that necessary.

¯ A design involving sequences rather than sets would help here,

reducing the distance between specification and implementation and

resulting is much less complicated proofs.

¯ Data Reification: the process of taking an abstract mathematical data

type, like a set and representing it in another way , e.g. as a sequence.

˘ Transforms one data type to another

˘ Transforms an abstract data type into a more concrete one.

Rosemary MonahanNUIM

Modelling Sets by Sequences

¯ Let U: P Person e.g. {Paul, Tom, James}

¯ We can represent the set U by means of an appropriate sequence of

people s : seq :Person, where seq person is the seq of all finite

sequences of elements drawn from the type Person e.g.

s = <Tom, Paul, James>

¯ The abstract data type (ADT) consists of the elements of P person and

the operations defined on those sets and the concrete data type (CDT)

consists of all the elements of seq Person and the operations defined

on those sequences.

2

Rosemary MonahanNUIM

Retrieve Function

¯ Retrieve Function maps the concrete data type onto the abstract one:

Ret : seq Person

6

Rosemary MonahanNUIM

Prove: pre Enter1 Ù Class1Class2 pre Enter2 is a theorem of FOL

#d < Max Ù p? Ï d

# d<= Max Ù # l <= Max Ù d = ran l

# l < Max Ù p? Ï ran l

This is a theorem of FOL iff the following is a valid sequent :

#d < Max , p? Ï d, # d<= Max, # l <= Max, d = ran l

# l < Max Ù p? ran l

˘ # l < Max follows from #d < Max, d = ran l and # l = # ran l where

# l = # ran l follows as l doesn´t contain duplicates.

˘ p? ran l follows from p? Ï d and d = ran l

Applicability of Enter2

6

Rosemary MonahanNUIM

Correctness of Enter2

Prove:

pre Enter1 Ù D Class1Class2 Ù Enter2 Enter2 is a theorem of FOL

#d < Max Ù p? Ï d

# d<= Max Ù # l <= Max Ù d = ran l

# d´<= Max Ù # l´ <= Max Ù d ` = ran l´

# l < Max Ù # l´<= Max Ù p? Ï ran l Ù l ´ = append(I,<p?>)

# d < Max Ù # d´<= Max Ù p? Ï d Ù d ´ = d È {p?} º

#d < Max , p? Ï d, d = ran l, # d´<= Max, # l´ <= Max, d ` = ran l´,

# l < Max, p? Ï ran l, l ´ = append(l,<p?>)

# d < Max Ù # d´<= Max Ù p? Ï d Ù d ´ = d È {p?} 6