Jsing Z 18-1

Functional Refinement

Using Z
Woodcock & Davies
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Cancellation property

RcS3f~ < RsfcS
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How does this work?

RcSsSf~
VX X;y:Yex—yYyER=>Xx—-YESSf™
by def of <]
S VXX, y:Ye
X—yY€EeR=>
dz:Zex—zeSANz—~yef™
[by def of g]
S VXX, y:Ye
X—yYER=>Tz:Zex—~zeSANYy—z€f
[by def of ~]
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S VXX, y:Ye
X—yYER=>3Iz:Zex—zeSANZz=[(y)
[f is a total function]
S VXX, y:Ye
X—~yYyER=>f(y)eZrx~—f(y)es
[by 3-opr]
S VXX, y:Ye
X—yeR=>x—Ff(y)es
[f is a total function]
S VXX, y:Y e
fy)eZAx—yeR=>x~[f(y)esS

[f is a total function]
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S VX X,v:Y,z:Z e
Z=f(yY) AX—yYER=>Xx—-2z€S
by V-opr]
S VX X,v:Y,z:Z e
X—~YVYERANYy—zeEf=>x—2z€S
[f is a total function]
S VXX, z:Z e
(Ay:Yex—yeRAy—zef)=>
X—z€es

|by predicate calculus]
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S VXX, zZz:/ e
X—ZERSf=>x—~2z€S
[by def of §]
< R3fcS
[by def of <]
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Forwards simulation

relational:

domao< f~3cocaol ™

functional:

domao<f~%coSf < ao
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Rules for retrieve functions

domao<f~ScoSf < ao

ran((domao) < f~) € dom co
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With schemas

VCed AeR

VA; C'"|CI AR o Al

VA, A, C;, C'|pre AOARACO AR o AO
VA, Cepre AOAR= pre CO
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Example

__ ListRetrieveSet
ASystem
CSystem

s =ranl
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V CSystem o 4, ASystem e ListRetrieveSet

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

Vv ASystem; CSystem |
pre AEnterBuilding A ListRetrieveSet o
pre CEnterBuilding

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

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

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

The result is the weakest refinement W.
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How to find W

f~3wo

=f~8fsaosf”

=id[ranf]3aodf~

=aogf~

by definition]

|[by relational calculus]

[since [ is surjective]

18-14



Jsing 7 18-15

Rules for calculation

e Wi = ai§f”~

e wo = fgaosf~
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With schemas

F=[A C|OA=((0C)]
e« CI = AISF
« CO = F3AOSF
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Example
specification:
s =sU {p?}

retrieve relation:

s=ranl

weakest refinement:

ranl’ =ranl v {p?}
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Farenheit

°F=={f:R|-459.4 < f < 5,000}

__Flemp
f:°F
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StdTemp == 65

___Flemplnit
FTemp'

" = StdTemp
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__FTInc

AFTemp

[ <4,999

fr=F+1

_ FTDec

AFTemp

[ > —-458.4
fr=f-1
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Celsius

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

CTemp =[c:C]

__RetrieveFC
Flemp
CTemp

f=2%c+32
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CTemp’

% * ¢ + 32 = StdTemp

__ CTemplnit

CTemp’

4

C =

* (StdTemp — 32)

O|ul
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ACTemp
2 % ¢+ 32 < 4,999
2k +32=2%xc+32+1

_ CTiInc

ACTemp

Cc < 2759%

-
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ACTemp
2% c+32>-458.4
2k +32=2%xc+32-1

_ CTDec
ACTemp

4
C>272§
C =C— 3
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Promotion

‘the refinement of a promotion is the promotion of the
refinement’
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ao

co

d (ao)

B(A) .

\
\
\
4 P
\
\
\
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P=[f:1-+S]

__Promote
AS
AP

i?:1

i?7 e domf
0S = f(i?)
ff=f&{i?~ 05"}

PO = 3 AS e Promote A SO
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Example

FTDisplay = [ fd : Ind — FTemp ]

__FT'Promote
AFTDisplay
AFTemp
i?: Ind

OFTemp = fdi?
fd = fde {i? - OFTemp'}
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Promoted operations

FTDisplayInc = 3 AFTemp ¢ FTPromote A FTInc
FTDisplayDec = 3 AFTemp ¢ FTPromote A FTDec



Jsing 7 18-30

Concrete state

CTDisplay = [ cd : Ind — CTemp ]
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Refinement of promoted system

__ CTPromote
ACTDisplay
ACTemp

i?: Ind

OCTemp = cd i?
cd =cde {i? — 0CTemp'}




Jsing Z 18-32

Refined, promoted operations

CTDisplaylnc = 3 ACTemp ¢ CTPromote A CTInc
CTDisplayDec = 3 ACTemp o CTPromote A CTDec
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Summary

o cancellation property
e retrieve functions
o calculating refinements

o refinement of promotion



