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REALIZING CONCEPTS

* A Redlization is an implementation of a Concept
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end;
- Realization must implement ...
* Types
« Operations

... sSpecified by its Concept
» Example: LightBullb_Bool_Realiz



IMPLEMENTING TYPES

« Concept defines a type in terms of a math type
Conecpi=iln ghieBuloSTemp it et

Type Family LightBulb is modeled by B;

» Readlization implements the type in terms of a

Resolve type
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for LightBulb Template;

Type LightBulb is represented by Boolean;



TYPE CONSTRAINTS

» Concept uses constraint clause
Conecpi= i gReBnilth NS lempliche.:
iirec gl am 1t gz e gilnisiRig. 8 St s odlicilic e iV
exemplar some bulb;
constraint some bulb = 0 or some bulb

- Redadlization uses convention clause

Readlte 7 aetions dueinBud oM Re el i 2
for LightBulb N Template;

Type LightBulb is represented by Integer;

convention some bulb = 0 or some bulb



TYPE INITIALIZATION

- Concept uses initialization ensures clause
Ceonheepitly ghrvsaion dempits se:
Type Family LightBulb i1s modeled by B;
exemplar some bulb;
initialization ensures some bulb = false;

« Realization uses initialization block
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Type LightBulb is represented by Boolean;
initialization
some bulb := False();
end;



NAME REFERENCES

» Redlization refers to names defined in Concept
Concept Simple S
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Type Family (Stack)is modeled by StriEntry);

Reais 2z renlant s irp el siecie ks vie ey o il 7
ror Jimple Stack Template;

Type(Stack) is repres&nted by Reco
Contents: Rrray 1.ax Deptl? of
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exemplagr

end;
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IMPLEMENTING OPERATIONS

« Concept specifies Operations
ConecpEisinplic ftibgcle Tionmp liatk eaae, )

Operation Push (alters E: Entry; updates S: Stack);

» Redlization implements the operations

Reailizaiet o naSHmpibeliot o ke M e s R e a Talz
for Simple Stack Template;

Procedure Push(alters E: Entry; updates S: Stack);
SETIHC O e o Rl o o o anl L
5. Gericem sl Top | a2 H;
end Push;



IMPLEMENTATION FLEXIBILITY

* The mathematical model specified in the Concept
can be implemented using any sufficiently capable
Resolve type
« Does not have to “match” the math type

« Example: LightBullo_Int_Realiz
» Readlizes a boolean-modeled light bulb using an Integer



SOMETHING IS MISSING

» Our specification system is nearly complete

- Need a way 1o specity how Concept Type values
map to Realization Type values
« Consider LightBulb_Template
* Which value maps to on¢ off¢ How do you know?
« Consider LightBulb_Int_Realiz
* Which value maps to on¢ off¢ How do you know?

* This specification is needed by
« Developers writing the Realization
« Resolve’s Verification System



BASIC CORRESPONDENCE

When Realization values match Concept values,
correspondence is simple equivalence

Comcoet L ghrBallssiemp s tes;
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exemplar some bulb;
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Type LightBulb is represented by Boolean;
correspondence
Fomessoic, buths=srsome s il lsss
Concept value , \
Realization value



MAPPING CORRESPONDENCE

When Realization values do not match Concept
values, write a formal math expression to map a

Realization value to a Concept value.
@omecpict il gt Sul B itenp e et
Typce Pami B T idlhtBo L bt s “madeulad {by  BY

exemplar some bulb;
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Type LightBulb is represented by Integer;

goreEpohdemnce
Cane..s omler ST W5 =0, (8 eiact DURTR.L = Rlk)e;
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e ] Concept value

Realization value



STACK EXAMPLE

» Stack Concept

» Represents stack using a math string

Tyag=kiam 1y Sigaiek Sals medetltead, doi™ Sibr (Enser 3

» Stack Redlization
« Represents stack using an array and an index

Type Stack 1s represented by Record
Comtelits o A miy Sl Na X s Cla ot F [ ed .7
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end;

- Need to map array contents to Math string



CONCATENATION

« Concatenation in Formal Math Notation

end_index

1_[ < arrayname(i) >

i=start_index

« Concatenation in Resolve Math Notation

Concatenation 1: Integer
wlaShac gsloElis i) iglolep = liide ehaiol sliaoiek.
< Wohrie Viname ().



STACK CORRESPONDENCE

Type Stack 1s represented by Record
ComiEariEsio® 2 bisa Al asiiMa s ilie ol sk ot (s EyA;
IReeN i IRgr s STe SYe
end;
convention
0 <= S.Top <= Max Depth;
correspondence
Conc.S = Concatenation 1: Integer
where <= i1 <= 2

4 (e




VALID CORRESPONDENCE?

* Must check that

« Correspondence holds for inifial value
« Operation implementations preserve correspondence

* Let’'s do some examples

Operatien*Pushilall ko T SSEne missaipdate sh sl S 8 clie )
mECHIcshe | S s ke S SR it g
ensures S = #S o <#E>;

Operation Pop(replaces R: Entry; updates S: Stack);
requires |S| /= 0;

SRS HEeSENES. = U5 1o, RS



EXAMPLES

m Conceptual Stack | Realized Stack

| .= 5;

Push(l, S);

| :=10;

Push(l, S);

| :=15;

Push(l, S);
Pop(l, S);

<>

<5>

<5, 10>

<5,10, 15>

<5, 10>

S.Top =0

S.Contents=[0 | 0|0 |0 | 0]

S.Top =1

S.Contents=[5 |00 |0 | 0]

S.Top =2

S.Contents=[5 | 10| 0| 0| O]
S.Top =3

S.Contents=[5 | 10| 15| 0| O]
STop =2

S.Contents=[5 | 10| 2 | 0| O]



ALTERNATE SPEC

Consider this Stack spec:

QperaFiuon Blrgh (alFans ™ Fes FiE ryFi-apdasie st S S a clke.
evepollnisl SIS i SBR[ elisla
ensures S = <E> o #8S;

Qper Ao Nt POpiise pilfekC &5~ RielRn Ty S pdatas IShE Sk o/Clicte
PEGHI ] Tee8S| F/ Sii()
ensures #S = <R> o S;

What needs to change in the Realization?
« Correspondencee
« Procedure implementations?



EXAMPLES

m Conceptual Stack | Realized Stack

| .= 5;

Push(l, S);

| :=10;

Push(l, S);

| :=15;

Push(l, S);
Pop(l, S);

<>

<5>

<10,5>

<15,10, 56>

<10,56>

S.Top =0

S.Contents=[0 | 0|0 |0 | 0]

S.Top =1

S.Contents=[5 |00 |0 | 0]

S.Top =2

S.Contents=[5 | 10| 0| 0| O]
S.Top =3

S.Contents=[5 | 10| 15| 0| O]
STop =2

S.Contents=[5 | 10| 2 | 0| O]



ALTERNATE CORRESPONDENCE

Type Stack 1s represented by Record
ComiEariEsio® 2 bisa Al asiiMa s ilie ol sk ot (s EyA;
IReeN i IRgr s STe SYe
end;
convention
0 <= S.Top <= Max Depth;
correspondence
Conc.S = Reverse (Concatenation i: Integer
where 1 <= 1 <= S.Top,
GBS €eomice s )= )E



EXERCISE

Modify Stack_Array_Realiz to use an array with
indices from 0..MAX_DEPTH-1



