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Steps in Software Design

@ Two issues:

@ Each is a re nement of the original speci cation
@ Often refer to the

@ The relationship between the abstract and concrete is de ne d by
a re nement relation
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Data Design

@ make choices of data representation

@ relate these to speci cation, particularly initializatio n and
operations
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Examples

Abstract  Concrete

nats ints

sets lists

sequences les, arrays
functions functions, arrays
relations array x array
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Representing Naturals as Integers

The rst one of the examples is straightforward

Abstract Concrete

var Xx yy
xx:0..100 yy:0..100 & yy = xx
init xx:=0 yy =0

xx:: 0..100 yy:=0

We have a choice for the abstract initialization, but not for the
concrete initialization
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Pc concrete invariant
Ga abstract initialisation
Gc concrete initialisation
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Proving Correctness of Design |

then correctness is
[Gc] ![Ga] 'Pc

Informally: The concrete initialisation makes it impossible for the
abstract initialisation to fail to establish the concrete invariant
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Elimination of Double Negative

Can we simplify
[Gc] 1[Ga] !Pc
to
[Gc] [Ga] Pc

?

Answer: It depends!
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Deterministic Initialisation: xx:=0

Correctness constraint is
[yy:=0]![xx:=0]!(yy:0..100 & yy=xx)

perform the second substitution
[yy:=0]!!(yy:0..100 & yy=0)
[yy:=0](yy:0..100 & yy=0)

perform the remaining substitution
(0:0..100 & 0=0)

Clearly true
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Non-deterministic Initialisation: xx::0..100

[yy:=0]![xx::0..200]!(yy:0..100 & yy=xX)

using the choice from a set rule
[yy:=0]!@2zz.(zz:0..100 =>[xx:=zz]!(yy:0..100 & yy=xx))
[yy:=0]!@2zz.(zz:0..100 =>!(yy:0..100 & yy=zz))
|@2zz.(zz:0..100 =>!(0:0..100 & 0=zz))

using negation of universal quanti cation
(@p.(P=>Q)) = #q.((P=>Q))

and negation of implication
I(P=>Q) = P & !Q

we get
#22.(zz:0..100 & 0:0..100 & 0=zz)

which is true
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Correctness of Operation

Suppose
Abstract Concrete
inv xx:0..100 yy : 0..100 & yy = XX

up PRE xx<100 THEN xx:=xx+1 END vyy :=yy+1

The correctness condition is
Pa & Pc & Qa => [Hc] ![Ha] 'Pc

where

Pa abstract invariant

Pc concrete invariant

Qa abstract precondition

Ha abstract substitution (then part)
Hc concrete substitution

Informally: If the concrete and abstract invariants are true, and the
abstract precondition is true, then the concrete operation makes it
impossible for the then-part of the abstract operation to fail to
establish the concrete invariant



The Up Operation

Pa & Pc & Qa => [Hc] ![Ha] 'Pc
substituting the appropriate expressions gives:

xx:0..100 & yy:0..100 & xx=yy & xx<100 =>
[yy:=yy+1]I[xx:=xx+1]!(yy:0..100 & xx=yy)

substituting
xX:0..100 & yy:0..100 & xx=yy & xx<100
=> [yy:=yy+1]ll(yy:0..100 & xx+1=yy)
e => [yy:i=yy+1](yy:0..100 & xx+1=yy)
. => (yy+1:0..100 & xx+l=yy+1)

which is true
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