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SPARK 2014: State Abstraction
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procedure Increase (X : in out Integer) with
Global => null,

Pre => X <= 100,

Post => X’'01ld < X;
procedure Increase (X : in out Integer) is
begin

X =X+ 1;
end Increase;
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procedure Increase (X : in out Integer) with
Global => null,

Pre => X <= 100,
Post => X’'01d < X;
while X <= 100 loop -- The loop will terminate
Increase (X); -- Increase can be called safely
end loop;
pragma Assert (X = 101); -- Will this hold ?
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package Stack is
procedure Pop (E : out Element);
procedure Push (E : in Element);
end Stack;

package body Stack is
Content : Element Array (1 .. Max);
Top : Natural;
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package Stack with
Abstract_State => The_ Stack
is

package Stack with
Abstract_State => (Top_State, Content_State)
is

pragma Assert (Stack.Top_State = ...);
-- Compilation error: Top_State is not a variable
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package body Stack with
Refined State => (The_Stack => (Content, Top))
is
Content : Element Array (1 .. Max);
Top : Natural;
-- Both Content and Top must be listed in the list of
-- constituents of The Stack
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package Stack with Abstract State => The Stack is

procedure Pop (E : out Element);

procedure Push (E : in Element);

private
Content : Element Array (...) with Part Of => The Stack;
Top : Natural with Part Of => The_Stack;

end Stack;

package body Stack with
Refined State => (The_Stack => (Content, Top))
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package P with Abstract State => State is

package Visible Nested with
Abstract State => Visible State is

end P;

package body P with
Refined State => (State => Hidden Nested.Hidden_ State)
is
package Hidden Nested with
Abstract State => Hidden State is
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package body Stack with
Refined State => (The_Stack => (Content, Top, Max))

is
Max : constant Natural := External Variable;
Content : Element Array (1 .. Max);
Top : Natural;

-- Max has variable inputs. It must appear as a
-- constituent of The_ Stack
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package Stack with
Abstract State => (Top_State, Content State) is

procedure Pop (E : out Element) with
Global => (Input => Content_ State,
In Out => Top_ State),
Depends => (Top_State => Top_State,
E => (Content, Top_ State));

package Stack with
Abstract State => The Stack is

procedure Pop (E : out Element) with
Global => (In_Out => The_Stack),
Depends => ((The_Stack, E) => The_ Stack);
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package body Stack

procedure Pop (E : out Element) with
Refined Global => (Input => Content,
In_Out => Top),
Refined Depends => (Top => Top,
E => (Content, Top)) is
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package Stack
function Is Empty return Boolean;
function Is Full return Boolean;

procedure Push (E : Element) with
Pre => not Is_Full,
Post => not Is_Empty;

package body Stack

function Is Empty return Boolean is (Top
function Is Full return Boolean is (Top

0) 7
Max) ;
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package Stack

procedure Push (E : Element) with
Pre => not Is_Full,
Post => not Is_Empty;

package body Stack

procedure Push (E : Element) with
Refined Post => not Is_Empty and E = Content (Top);
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package Stack with
Abstract_State => The_Stack,
Initializes => The_ Stack
if Flow analysis will make sure both Top and Content are
-- initialized at package elaboration
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package P with

Initializes => (V1, V2 => External Variable)
is

V1 : Integer := 0;

V2 : Integer := External Variable;
end P;

-- The association for V1 is omitted, it does not depend
-- on any external state.
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package Communication with
Abstract_State => State,

Initializes => (State => External Variable)
is
private
package Ring Buffer is
Capacity : constant Natural := External Variable;

end Ring Buffer;

end Communication;

package body Communication with
Refined State => (State => Ring Buffer.Capacity) is
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package Communication with
Abstract_State => State,

Initializes => (State => External Variable)
is
private
package Ring Buffer is
63 Capacity : constant Natural := External Variable;

end Ring Buffer;

end Communication;

package body Communication with
Refined State => (State => Ring Buffer.Capacity) is

C T T, Capacity [&, Communication DIEABETERSINTNEY. #>T,
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package Communication with
Abstract_State => State,
Initializes => (State => External Variable)
is
private
package Ring Buffer with
Abstract State => (B_State with Part Of => State)
is
private
Capacity : constant Natural := External Variable with

Part_Of => B State;

end Ring Buffer;

end Communication;
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package Communication with
Abstract_State => State,
Initializes => (State => External Variable)
is
private
package Ring Buffer with
Abstract_State => (B_State with Part_ Of => State)
is
private
Capacity : constant Natural := External Variable with
Part_Of => B State;

end Ring Buffer;

end Communication;
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package Counting with Abstract State => State is
procedure Reset Black Count;
procedure Reset Red Count;

end Counting;

package body Counting with

Refined State => (State => (Black_Counter, Red_Counter))
is

Black Counter, Red Counter : Natural;

procedure Reset Black Count is

begin

Black Counter := 0;
end Resgt_Black_Count;

end Counting;

procedure Main is

begin
Reset_Black_Count;
Reset Red Count;

end Main;
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package Counting with Abstract State => State is

end Counting;

package body Counting with

Refined_State => (State => (Black_Counter, Red_Counter))
is

Black_Counter, Red_Counter : Natural;

procedure Reset Black Count is

begin Reset_Black_Count [C3 U TSN B ER

Black Counter := 0; _
end Resst, Black Count; #(d, (In_Out => State) TY.

end Counting;

procedure Main is
begin
Reset_Black_Count;

COTOTS AR, MEEESNTNENT—SEFHHEEA. ULH'L, GNATprove (&
COBEDRIECEMUEY., REMRTHRBLULEELDIC, 70—, REHSO
mOD, HTTOTSLAOHEEHELET. o T, FHME Reset_Black_Count I
State DEZHOERRLET.
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package Counting is
procedure Reset Black Count;
procedure Reset Red Count;

end Counting;

package body Counting is
Black_Counter, Red_Counter : Natural;

procedure Reset Black Count is
begin

Black_Counter := 0;
end Reset Black Count;

end Counting;

procedure Main is

begin
Reset_Black_Count;
Reset_Red_Count;

end Main;
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package Counting is
procedure Reset Black Count;
procedure Reset Red Count;

end Counting;

package body Counting is
Black_Counter, Red_Counter : Natural;

procedure Reset Black Count is
begin

Black_Counter := 0;
end Reset Black_Count;

end Counting;

procedure Main is

begin
Reset_Black_Count;
Reset_Red Count;

end Main;

CC T, RBHZETISNTNEEA. GNATprove (&, ZEHORDSHRAZTL,
< T —5 DML ZIE L.

24



{7
(FzyOPALIVEDIYDTD)

\C \ 5/10 )
9 1E UL T?D Qumz

(IS—-0\BHED' v DI

package Counting with Abstract State => State is
procedure Reset Black Count with Global => (In_Out => State);
procedure Reset Red Count with Global => (In_Out => State);
procedure Reset All with Global => (Output => State);

end Counting;

package body Counting with
Refined_State => (State => (Black_Counter, Red Counter))
is
Black_Counter, Red_Counter : Natural;
procedure Reset Black Count with
Refined Global => (Output => Black_Counter) is

procedure Reset Red Count with
Refined_Global => (Output => Red Counter) is

procedure Reset All is
begin
Reset_Black_Count;
Reset Red Count;
end Resgt_AIl;
end Counting;
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package Counting with Abstract State => State is
procedure Reset Black Count with Global => (In_Out => State);
procedure Reset Red Count with Global => (In_Out => State);
procedure Reset All with Global => (Output => State);

end Counting;

package body Counting with
Refined State => (State => (Black Counter, Red Counter))
is
Black_Counter, Red_Counter : Natural;
procedure Reset Black Count with
Refined Global => (Output => Black Counter) is

procedure Reset Red Count with
Refined Global => (Output => Red Counter) is

procedure Reset All is
begin
Reset Black Count;
Reset_Red_Count;

J0—51ld, REBFCHEUICH LT, RERNOFME/N—I 3 Y ERALET.
Rest_AlAY, EDIC State ZHHHE I DT EERIEIT D ENTEET.
Refined_Global & Global i3, METEHOEEA. Y—ILICK>TEHEIDCE
ETEIT.
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package Stack with Abstract State => The Stack is
pragma Unevaluated Use Of 0Old (Allow);

type Element Array is array (Positive range <>) of Element;
Max : constant Natural := 100;
subtype Length Type is Natural range 0 .. Max;

procedure Push (E : Element) with
Post => not Is_Empty and
(if Is_Full’Old then The_ Stack = The_Stack’Old else Peek = E);

function Peek return Element with Pre => not Is_Empty;
function Is Full return Boolean;
function Is:Empty return Boolean;

end Stack;

package body Stack with
Refined State => (The_Stack => (Top, Content)) is
Top : Length Type := 0;
Content : Element Array (1 .. Max);

procedure Push (E : Element) is ...;
function Peek return Element is (Content (Top));
function Is_Full return Boolean is (Top >= Max);
function Is Empty return Boolean is (Top = 0);

end Stack; -
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package Stack with Abstract State => The Stack is
pragma Unevaluated Use Of 0Old (Allow);

type Element Array is array (Positive range <>) of Element;
Max : constant Natural := 100;
subtype Length Type is Natural range 0 .. Max;

procedure Push (E : Element) with
Post => not Is_Empty and
Q (if Is Full’Old then The Stack = The Stack’Old else Peek = E);

function Peek return Element with Pre => not Is_Empty;
function Is Full return Boolean;
function Is:Empty return Boolean;

end Stack;

package body Stack with
Refined State => (The_Stack => (Top, Content)) is
Top : Length Type := 0;
Content : Element Array (1 .. Max);

procedure Push (E : Element) is ...;

Push OBHEFMHIC, DVNAIVIS—D'HODEY. =R, The_Stack [FREMKTH
D, BHTEHDEEA. APTERIDCLLETEEEA.
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package Stack with Abstract State => The Stack is

type Stack Model is private;

procedure Push (E : Element) with
Post => not Is Empty and

(IS—-0\BHED' v DI

(if Is_Full’Old then Get_ Stack = Get_Stack’Old else Peek = E);

function Peek return Element with Pre => not Is Empty;

function Is Full return Boolean;
function Is_Empty return Boolean;
function Get_Stack return Stack Model;

private
type Stack Model is record
Top B Length Type := 0;
Content : Element Array (1 .. Max);
end record;
end Stack;

procedure Use Stack (E : Element) with Pre => not Is_Empty is

F : Element := Peek;
begin
Push (E);

pragma Assert (Peek = E or Peek = F);
end Use_Stack;

29



® IFLLTIH 70 =

package Stack with Abstract_ State => The_Stack is

type Stack Model is private;

procedure Push (E : Element) with
Post => not Is_Empty and
(if Is Full’Old then Get Stack = Get Stack’Old else Peek = E);

function Peek return Element with Pre => not Is_Empty;
function Is_Full return Boolean;
function Is_Empty return Boolean;
function Get Stack return Stack Model;
private

end Stack;

procedure Use Stack (E : Element) with Pre => not Is Empty is

F : Element := Peek;
begin
Push (E);
0 pragma Assert (Peek = E or Peek = F);

end Use_Stack;

COTOTSAIIELL. UHL, GNATprove [&, Use_Stack PORBERRIIT D
CENTEFEA. 2, Get_Stack DRI TH > TH, ZOMT 1 &b, Stack D
MT 1 EHTIE, FAIRICROFET.
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package Stack with Abstract State => The Stack is

procedure Push (E : Element) with
Post => not Is Empty and
(if Is_Full’Old then Get_Stack = Get_Stack’Old else Peek = E);

private

Top : Length Type :=
Content : Element Array (
function Peek return

function Is Full return

function Is_Empty return

function Get Stack return
end Stack;

0
1

with Part Of => The_Stack;
Max) with Part Of => The Stack;
Element is (Content (Top));
Boolean is (Top >= Max);
Boolean is (Top = 0);

Stack Model is ((Top, Content));

procedure Use_Stack (E : Element) with Pre => not Is_Empty is

F : Element := Peek;
begin
Push (E);

pragma Assert (Peek = E or Peek = F);

end Use_Stack;
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package Stack with Abstract State => The Stack is
procedure Push (E : Element) with
Post => not Is Empty and
(i1f Is_Full’Old then Get_Stack = Get_Stack’0ld else Peeck = E);

private

Top : Length_Type := 0 with Part Of => The_Stack;
Content : Element Array (1 Max) with Part Of => The Stack;
function Peek return Element is (Content (Top)):;
function Is_Full return Boolean is (Top >= Max);
function Is_Empty return Boolean is (Top = 0);

function Get_Stack return Stack Model is ((Top, Content));
end Stack;

procedure Use_Stack (E : Element) with Pre => not Is_Empty is

F : Element := Peek;
begin GNATproveld, Use_Stack?Dz<8l
Push (E); ZRIEITDCENTEET.
pragma Assert (Peek = E or Peek = F); Get_Stack®RT 1 LBADTEME
end Use_ Stack; BFoTUL\B3H5TY.
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package External Interface with
Abstract_State7=> File System,
Initializes => File System
is
procedure Read Data (File Name : String; Data : out Data_Record)
with Global => File System;
end External Interface;

package Data with Initializes => (Data_l1, Data_ 2, Data 3) is
pragma Elaborate Body;
Data_1 : Data_TyEe_l;
Data_2 : Data_Type_2;

end Data;

pragma Elaborate All (External Interface);
package body Data is

begin
declare
Data_Read : Data_Record;
begin
Read_Data ("data_file_name", Data_Read);
Data 1 := Data_Read.Field_l;
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package External Interface with
Abstract_State7=> File System,
Initializes => File System
is
procedure Read Data (File Name : String; Data : out Data_Record)
with Global => File System;
end External Interface;

(:) package Data with Initializes => (Data_l1, Data_ 2, Data 3) is
pragma Elaborate Body;
Data_1 : Data_Tyge_l:
Data_2 : Data_Type_2;

end Data;

pragma Elaborate All (External Interface);

package body Data is Data_1 O#HAEE File_System D
begin (3, Data DIHHEP RN T
declare 2 MESNBNETT.
Data_Read : Data_Record;
begin
Read_Data ("data_file_name", Data_Read) ;
Data 1 := Data_Read.Field_l;

34



© TLLTIH 00

package Data is
pragma Elaborate Body;
Data_1 : Data_ Type 1;
Data_2 : Data_Type_ 2;

end Data;

pragma Elaborate All (External Interface);
package body Data is
begin
declare
Data_Read : Data_Record;
begin
Read_Data ("data_file name", Data_Read);
Data_1 := Data Read.Field 1;

end;
end Data;
procedure Use Data is

X : Data_Type 1 := Data_l1;
begin

v/
X
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package Data is
pragma Elaborate Body;
Data_1 : Data_ Type 1;
Data 2 : Data Type 2;

end Data;

pragma Elaborate_All (External_lnterface);
package body Data is

begin
declare
Data_Read : Data_Record;
begin
Read_Data ("data_file_name", Data_Read);
Data_1 := Data Read.Field 1;
end;
end Data; Data [S#I8HEP 2D FER > TLENDT,
procedure Use Data is GNATprove &, ZDRTTEEREDT, IR
O X : Data_Type 1 := Data_1; SNEEROBESELET. ZORR, Data_1hH*

begin HIC Use_Data ATHIHHESNDCEZRIEI DT
.. ENTEET.
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