Functional Refinement

Using Z
Woodcock & Davies

Cancellation property

RcS3f~ < R3fcS




How does this work?

RcSsf~
S VXx:X;y:Yex—yeR=>x—-yeSsSf~
[by def of <]
S VX:X;y:Y e
X—yYeR=>
dz:Zex—zeSANzZz—yeEf™
[by def of g]
S VX:X;y:Y e
X—yYER=>3Iz:Zex—zeSANy—~z<cf
[by def of ~]

S VX:X;y:Y e
X—yYER=>3Iz:Zex—~zeSAz=[f(y)
[f is a total function]
S VX:X;y:Ye
x—~yER=>f(y)eZAXx—[f(y)ES
[by 3-opr]
S VX:X;y:Ye
X—yeR=>x~f(y)es
[f is a total function]
S VX:X;y:Y e
fyY)eZAXx—yeER=>x~[(y)€ES

[f is a total function]




S VX:X,yv:Y;,z: 70
Zz=f(Y)) AX»YER=>Xx—~2ZES
[by V-opr]
S VX:X;y:Y;z2: 70
X—yYERANYy—zeEf=>2x—-2z€S8
[f is a total function]
S VXX, z:Z e
(Ay:Yex—yeERAYy~2zEf) >
x—zeS

[by predicate calculus]




S VXX, Z:Z e

X—ZERSf=>x—~2z€S

< R3fcS

[by def of ]

[by def of <]

Forwards simulation

relational:

domao<f~3cocaosf~

functional:

domao<f~3cosf < ao




Rules for retrieve functions

cisf < ai

domao<f~ScoSf < ao

ran((domao) < f~) < dom co

With schemas

VCe3 AeR

VA; C'|CI AR o Al

VA, A, C,C'|pre AOARACOAR o AO
V A; C epre AO A R= pre CO




Example

ListRetrieveSet
ASystem
CSystem

s=ranl

V CSystem o 3; ASystem e ListRetrieveSet

V CSystem’; ASystem’ |
CSystemlnit A ListRetrieveSet’ o ASystemlnit

V ASystem; CSystem |
pre AEnterBuilding A ListRetrieveSet e
pre CEnterBuilding

V ASystem; ASystem’; CSystem; CSytems’ |
pre AEnterBuilding A
ListRetrieveSet A
CEnterBuilding A
ListRetrieveSet’
o AEnterBuilding




Calculation

If the retrieve relation is a total surjective function from
concrete to abstract, we can

« write down the concrete state
o record the retrieve relation
o calculate the rest of the concrete system

The result is the weakest refinement W.

How to find ' W

f~gwo
=f~sfgaosf"
[by definition]
=id[ranf]gaosf~
[by relational calculus]
=aosf~

[since f is surjective]




Rules for calculation

o Wi = aidf”~

- wo = fgaogf-

With schemas

FZ[A C|0A=Ff(0C)]
o CI = AI3F

« CO = FSAOQF'




Example
specification:
s =su {p?}

retrieve relation:

s=ranl

weakest refinement:

ranl’ =ranl U {p?}

Farenheit

°F=={f:R|—-459.4 < f < 5,000}

FTemp
f:°F




StdTemp == 65

FTemplnit
FTemp’

f" = StdTemp

FTInc
AFTemp

f <4,999
ff=rf+1

FTDec
AFTemp

[ = —458.4
fr=f-1




Celsius

Celsius == {t:R | =273 <t <2760}

1>

ClTemp =[c:C]

RetrieveFC
FTemp
CTemp

f=2%c+32

CTemp’
m * ¢’ + 32 = StdTemp

CTemplnit
CTemp'

c = w * (StdTemp — 32)




ACTemp

Y % C+32 < 4,999
Dk +32=2%xc+32+1

CTInc
ACTemp

¢ <2759,
' =c+,

ACTemp

Y% C+322>-4584
Sk +32=2%xc+32-1

CTDec
ACTemp

4
mewmmv
c'=c-—




Jsing 7 18-25
Promotion
‘the refinement of a promotion is the promotion of the
refinement’
Jsing Z 18-26
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1>

P=[f:1-+S]

Promote

AS

AP

i?:1

i?7 € domf

0S = f(i?)
f'=fe{i?— 08"}

PO = 3 AS e Promote A SO

Example

FTDisplay = [ fd : Ind — FTemp ]

FTPromote
AFTDisplay
AFTemp

i?: Ind

OFTemp = fdi?
fd = fde {i? - OFTemp’}




Promoted operations

FTDisplaylnc = 3 AFTemp ¢ FTPromote A FTInc
FTDisplayDec = 3 AFTemp o FTPromote A FTDec

Concrete state

CTDisplay = [ cd : Ind — CTemp ]




Refinement of promoted system

CTPromote
ACTDisplay
ACTemp

i?: Ind

OCTemp = cd i?
cd =cde {i? - OCTemp'}

Refined, promoted operations

CTDisplayInc = 3 ACTemp ¢ CTPromote A CTInc
CTDisplayDec = 3 ACTemp o CTPromote A CTDec




Summary

cancellation property

retrieve functions

calculating refinements

refinement of promotion




