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Example 1

| Ex_Olvc.ada |

-- ex_0lvc Exami ner: verification = vc

--# mai n_program
procedure ex_0lvc (X: in out integer; Y: in out integer)
--# derives X, Y fromX, Y;

is
Xi: integer := 0;
begin
Xi = X
--# assert -127 <= X and X <= 127 and X=X ;
| F X<0
THEN Y := -X;
ELSE Y : = X
END | F;

--# assert Y <= 127 and Y = abs X and X=Xi;

end ex_0O1lvc;

Ex Olvclst |

EE R R I R R I R I O R R R R R I R I R O O O

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Rel ease 5.01 / 08.00
Denonstrati on Version

EE R R I R R I R I O R R R R R I R I R O O O

DATE : 10- DEC-2001 16:20:11. 86

Li ne
1 -- ex_01lvc Exam ner: verification = vc
2
3 --# nmai n_program
4 procedure ex_0lvc (X: in out integer; Y: in out integer)
5 --# derives X, Y fromX Y,
6 is
7 Xi: integer := 0;
Ity (1) Flow Error : 54: The initialization at declaration of Xi

i neffective.

8 begin
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9 Xi =X
n2
'y (2) FlowError . 10: Ineffective statenent.
10 --# assert -127 <= X and X <= 127 and X=Xi;
11 | F X<0
12 THEN Y : = - X
13 ELSE Y := X;
14 END | F;
15 --# assert Y <= 127 and Y = abs X and X=Xi;
16 end ex_Olvc;
rrr ( 3) Flow Error : 31: The variable X is exported but not (inter-
nal | y)
def i ned.
't ( 4) Flow Error : 35 Inportation of the initial value of vari-
able Y
is ineffective.
't (5 Flow Error : 33: The variable Xi is neither referenced nor
export ed.
't ( 6) Flow Error : 50: The inported value of Y is not used in the
derivation of X
rrr (7)) Flow Error : 50: The inported value of Y is not used in the
derivation of Y.
--End of fil@----mmmmm e
Ex_0Olvc.siv

ERE R R R R R R R R R R R R R R R R R R O R

Semantic Anal ysis of SPARK Text

SPARK95 Exami ner with VC and RTC Generator Release 5.01 / 08.00

Denpnstration Version

ERE R R R R R R R R R R R R R R R R R R O R

CREATED 10- DEC- 2001, 16:20:11 SIMPLIFIED 10- DEC-2001, 16:20: 29

(Sinplified by SPADE Sinmplifier, Version 1.4)

procedure ex_0lvc

For path(s) fromstart to assertion of line 10:

procedure_ex_0Olvc_1.

H1: X >= integer__first

H2: X <= integer__|ast

H3: y >= integer__first

H4: y <= integer__| ast
->

ClL: - 127 <= X

c2: X <= 127

For path(s) fromassertion of line 10 to assertion of line 15
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procedure_ex 0lvc_2.

H1: - 127 <= Xi

H2: Xxi < 0 . true
->

Cl: - Xi = abs(xi)

procedure_ex_0lvc_3.

H1: Xi <= 127 . true
H2: 0 <= Xxi

->
Cl: Xi = abs(xi)

For path(s) fromassertion of line 15 to finish:

procedure_ex _0lvc_4.

*** true . /* all conclusions proved */
Ex_01: 4VCsgen. 2VCs rel 0 of rel. VCs proved checked 2001.12.14
Example 2

| Ex_02vc.ada |

-- ex_02vc Exam ner: verification = vc

--# mai n_program
procedure ex_02vc (X: in out integer)
--# derives X fromX;

is
SUBTYPE RA is Integer Range 1..10;
TYPE TA is array(RA) of integer;
A TA

begin

--# assert a(l) =1 and a(5) = X ;
a(a(1)) :=5;
--# assert a(a(l)) = 5;

end ex_02vc;

Ex_02vc.Ist |

EE R R I R R I R I O R R R R R I R I R O O O

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Rel ease 5.01 / 08.00
Denonstrati on Version

EE R R I R R I R I O R R R R R I R I R O O O

DATE : 11-DEC-2001 08:09:51.56

Li ne
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1 -- ex_02vc Exam ner: verification = vc
2
3 --# mai n_program
4 procedure ex_02vc (X: in out integer)
5 --# derives X from X
6 is
7 SUBTYPE RA is Integer Range 1..10;
8 TYPE TA is array(RA) of integer
9 A TA
10 begin
11 --# assert a(l) =1 and a(5) = X ;
12 a(a(1)) := 5;
nL, 2
It (1) Flow Error . 23: Statenent contains reference(s) to unde-
fined
variabl e A
'ty ( 2) FlowError . 10: Assignnent to Ais ineffective
13 --# assert a(a(l)) = 5;
14
15 end ex_02vc;
't ( 3) Flow Error : 35: Inportation of the initial value of vari-
able X
is ineffective.
't ( 4) Flow Error : 31: The variable X is exported but not (inter-
nal | y)
defi ned.
't (5 Flow Error : 50: The inported value of X is not used in the

derivation of X

--End of fil@----mmmmm e

Ex_02vc.siv

EE R R I R R I R I O R R R R R I R I R O O O

Semantic Anal ysis of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Rel ease 5.01 / 08.00
Denonstrati on Version

EE R R I R R I R I O R R R R R I R I R O O O

CREATED 11- DEC- 2001, 08:09:51 SIMPLIFIED 11-DEC-2001, 08:10:00
(Sinplified by SPADE Sinplifier, Version 1.4)

procedure ex_02vc

For path(s) fromstart to assertion of line 11

procedure_ex 02vc_1.

H1: X >= integer__first

H2: X <= integer__|ast
->

Cl: element(a,[1]) =1 .
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c2: el enent(a,[5]) = x .

For path(s) fromassertion of line 11 to assertion of |line 13:

procedure_ex_02vc_2.
H1: element (a,[1]) =1 . partially correct:

-> x=5 or a(5)=x should be mentioned
Cl: el ement(a,[5]) =5 .

For path(s) from assertion of line 13 to finish:

procedure_ex_02vc_3.

*** true . /* all conclusions proved */
Ex 02: 3VCsgen. 1VC rel. O of rel. VCs correct  checked 2002.Jan.07
Example 3
| Ex_03vc.ada |

-- ex_03vc Exam ner: verification = vc

--# mai n_program

procedure ex_03vc (n: in out integer; a: in out integer)
--# derives n, a fromn, a;

is

0;
0;

X : integer
y . integer

function p(a: in integer) return boolean is
Ret _Val ue: bool ean;

begin
return Ret_Val ue;

end p;

function s(a: in integer; b: in integer) return integer is
Ret _Val ue: integer;

begin
return Ret_Val ue;

end s;

function r(a: in integer) return integer is
Ret _Val ue: integer;

begin
return Ret_Val ue;

end r;

function h(a: in integer) return integer is
Ret _Val ue: integer;

begin
return Ret_Val ue;

end h;
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--# function f(a: in integer) return integer

begin

--# assert true;

X = a;
y :=n;

while not P(y) |oop

x
1

s(X,y);
r(y);

<
1

--# assert s(x,f(y)) = f(n);
end | oop;
X 1= s(x, h(y));

--# assert x = f(n);

end ex_03vc;

Ex_03vc.Ist |

ERE R R R R R R R R R R R R R R R R R R O R

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Release 5.01 / 08.00
Denpnstration Version

ERE R R R R R R R R R R R R R R R R R R O R

DATE : 04-JAN-2002 09:10: 23. 62

Li ne
1 -- ex_03vc Exam ner: verification = vc
2
3 --# mai n_program
4 procedure ex_03vc (n: in out integer; a: in out integer)
5 --# derives n, a fromn, a;
6 is
7
8 X : integer := 0;
rr (1) Flow Error : 54: The initialization at declaration of x is
i neffective.
9 y : integer := 0;
rr (2 Flow Error : 54: The initialization at declaration of y is
i neffective.
10
11 function p(a: in integer) return boolean is
12 Ret _Val ue: bool ean
13 begin
14 return Ret_Val ue;
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"3
Ity (3 Flow Error . 20: Expression contains reference(s) to unde-
fined
vari abl e Ret _Val ue
15 end p;
'ty (4 FlowError : 50: The inported value of a is not used in the
derivation of the function value
??? (5 Warning :602: The undefined initial value of Ret_Val ue
may be
used in the derivation of the function val ue
'y ( 6) FlowError : 30: The variable a is inported but neither
ref erenced nor exported
'y (7)) Flow Error : 32: The variable Ret_Value is neither inported
nor
def i ned.
16
17 function s(a: in integer; b: in integer) return integer is
18 Ret _Val ue: i nteger
19 begin
20 return Ret _Val ue;
"8
Ity ( 8) Flow Error . 20: Expression contains reference(s) to unde-
fined
vari abl e Ret _Val ue
21 end s;
'y (9 FlowError . 32: The variable Ret_Value is neither inported
nor
def i ned.
't ( 10) Flow Error : 50: The inported value of a is not used in the
derivation of the function value
'ty ( 11) Flow Error : 50: The inported value of b is not used in the
derivation of the function val ue
??? ( 12) WArning :602: The undefined initial value of Ret_Val ue
may be
used in the derivation of the function val ue
'ty ( 13) Flow Error : 30: The variable a is inported but neither
ref erenced nor exported
't ( 14) Flow Error : 30: The variable b is inported but neither
ref erenced nor exported
22
23 function r(a: in integer) return integer is
24 Ret _Val ue: i nteger
25 begin
26 return Ret_Val ue;
~15
Ity ( 15) Flow Error . 20: Expression contains reference(s) to unde-
fined
vari abl e Ret _Val ue
27 end r;
Ity ( 16) Flow Error : 50: The inported value of a is not used in the

derivation of the function val ue
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??? ( 17) Warning :602: The undefined initial value of Ret_ Val ue
may be
used in the derivation of the function val ue.
Ity ( 18) Flow Error 30: The variable a is inported but neither
ref erenced nor exported.
'ty (190 Flow Error 32: The variable Ret_Value is neither inported
nor
def i ned.
28
29 function h(a: in integer) return integer is
30 Ret _Val ue: integer;
31 begin
32 return Ret _Val ue;
n20
Ity ( 20) Flow Error 20: Expression contains reference(s) to unde-
fined
vari abl e Ret _Val ue.
33 end h;
'y (21) Flow Error 50: The inported value of a is not used in the
derivation of the function val ue.
??? ( 22) Warning :602: The undefined initial value of Ret_ Val ue
may be
used in the derivation of the function val ue.
Iy (23) Flow Error 30: The variable a is inported but neither
ref erenced nor exported.
'ty ( 24) Flow Error 32: The variable Ret_Value is neither inported
nor
def i ned.
34
35
36 --# function f(a: in integer) return integer;
37
38 begin
39 --# assert true;
40
41 X 1= a;
n25
It ( 25) Flow Error 10: Ineffective statenent.
42 y = n;
26
Ity ( 26) Flow Error 10: Ineffective statenent.
43
44 while not P(y) | oop
n27
Py (27) Flow Error 10: Ineffective statenent.
45
46 X 1= s(X,Y);
n28
rrr (28) Flow Error 10: Ineffective statenent.
47 y i=r1(y);
n29
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' (29 Flow Error 10: Ineffective statenent.
48
49 --# assert s(x,f(y)) = f(n);
50
51 end | oop;
52
53 X = s(x,h(y));
730
' ( 30) Flow Error 10: Ineffective statenent.
54
55 --# assert x = f(n);
56 end ex_03vc;
1M1 ( 31) Flow Error 31: The variable n is exported but not (inter-
nal | y)
defi ned.
1M1 ( 32) Flow Error 31: The variable a is exported but not (inter-
nal | y)
defi ned.
It ( 33) Flow Error 50: The inported value of a is not used in the
derivation of n.
Il ( 34) Flow Error 50: The inported value of n is not used in the
derivation of a.
--BEnd of fil@---mmmmmm e
Ex_03vc.siv

For

LR S R R R S R O R R I R S R

Semantic Anal ysis of SPARK Text

SPARK95 Exam ner with VC and RTC Gener at or

Denonstrati on Version

LR S R R R S R O R R I R S R

Rel ease 5.01 / 08.00

CREATED 04- JAN-2002, 09:10:23 SI MPLI FI ED 04-JAN-2002, 09:10:31

(Sinplified by SPADE Sinplifier,

procedure_ex_03vc_1.

*** true

/> all

path(s) fromstart to assertion of

Version 1.4)

procedure ex_03vc

line 39

concl usi ons proved */

For

path(s) from assertion of

procedure_ex_03vc_2.

H1:

not p(n)

line 39 to assertion of

i ne 49
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->
Cl: s(s(a,n),f(r(n))) = f(n)

For path(s) fromassertion of line 49 to assertion of |line 49:

procedure_ex_03vc_3.

H1: s(x,f(y)) = f(n)
H2: not p(y)
->
Cl: s(s(x,y),f(r(y))) = f(n)

For path(s) fromassertion of line 39 to assertion of |ine 55:

procedure_ex_03vc_4.

H1: p(n)
->
Cl: s(a,h(n)) = f(n)

For path(s) fromassertion of line 49 to assertion of |ine 55:

procedure_ex_03vc_5.

H1: s(x,f(y)) = f(n)
H2: p(y)

->
Cl: s(x,h(y)) = f(n)

For path(s) fromassertion of line 55 to finish:

procedure_ex _03vc_6.

*** true . /* all conclusions proved */
Ex_03: 6VCsgen. 4VC rel. 4ofrel. VCscorrect checked 2002.Jan.07
Example 4

| Ex_04vc.ada |

-- ex_04vc Exam ner: verification = vc

--# mai n_program
procedure ex_04vc (n: in out integer; prod: in out integer)
--# derives n, prod fromn, prod;

is

n_i: integer := 0;

--# function fact(n: in integer) return natural;
begi n

ni :=n;

prod : = 1;

10
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FOR i

--# assert prod =1 and n >0 and n = n_i;

IN integer range 1..n LOCP

prod := prod * i;

--# assert prod = fact(i) and n>=0 and n = n_i;

END LOCP;

--# assert prod = fact(n) and n>=0 and n = n_i;

end ex_04vc;

Ex_04vc.Ist

Li ne

~No o bh~ wN PR

11
12
13
14
15
16
17
18

R o o ok R R S Sk kR R R R R R R o R kS S R R ok kb e R R

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC CGenerator Release 5.01 / 08.00

Denonstrati on Version
EE R R RS RS E S S S SRR SRS EEEEEE RS SRS EEEEEEEEEEEEEEEEEEEEEEEEEEEES

DATE : 18- DEC- 2001 10:44:55. 22

-- ex_04vc Exam ner: verification = vc

--# mai n_program
procedure ex_04vc (n: in out integer; prod: in out integer)
--# derives n, prod fromn, prod;

is
n_i: integer := 0;
1) Flow Error : 54: The initialization at declaration of n_i is
i neffective.
--# function fact(n: in integer) return natural;
begi n
ni :=n;
n2
2) FlowError : 10: Ineffective statenent.
prod := 1,

--# assert prod =1 and n >= 0 and n = n_i;
FOR i INinteger range 1..n LOOCP
prod := prod * i;
--# assert prod = fact(i) and n>=0 and n = n_i;
END LOOP;
--# assert prod = fact(n) and n>=0 and n = n_i;
end ex_04vc;

3) Flow Error : 31: The variable n is exported but not (internally)
def i ned.

4) Flow Error : 35: Inportation of the initial value of variable
prod is ineffective.

5) Flow Error . 33: The variable n_i is neither referenced nor
export ed.

6) Flow Error : 50: The inported value of prod is not used in the
derivation of n.

7) Flow Error : 50: The inported value of prod is not used in the

11
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derivation of prod.

--BEnd of fil@---mmmm e

Ex_04vc.rls |

/*********************************************************/

/ *Proof Rul e Decl arations*/
/ * SPARKO5 Exami ner with VC and RTC CGenerator Release 5.01 / 08.00*/
/ *Denonstration Version*/

/*********************************************************/

/ *DATE : 18-DEC 2001 10: 44: 55. 20*/

[ *procedure ex_04vc*/

rule_famly fact:
fact(n) requires [n: i].
fact(1): fact(0) may_be_repl aced_by 1.
fact(2): fact(a+l) may_be replaced_by fact(a)*(a+l) if [a>=0].

definition of the proof function fact
but it is NOT used by the Simplifier
rule fanily ex_04vc_rul es: the rules for fact have been added manually

X requires [ X any] &

X <=Yrequires [Xire, Yiire] &
X >= Yrequires [Xire, Yiire].

ex_04vc_rul es(1l): character__pos(X) may_be_repl aced_by X

ex_04vc_rul es(2): character__val (X) may_be_repl aced_by X

ex_04vc_rules(3): integer__first <= integer__|last may_be_deduced.
ex_04vc_rules(4): integer__base_first <= integer__base__|ast nay_be_deduced.
ex_04vc_rul es(5): integer__base_first <= integer__ first may_be_deduced.
ex_04vc_rul es(6): integer__base_last >= integer__|ast may_be_deduced.

Ex_04vc.siv |

R o o ok R R S Sk Rk Rk e R R Rk R kS R R R Rk o

Semantic Anal ysis of SPARK Text
SPARK95 Exam ner with VC and RTC CGenerator Release 5.01 / 08.00

Denonstrati on Version
EE R R R RS RS E S S SRR SRS EEEEE SRS RS EEEEEEEEEEEEEEEEEEEEEEEEEEEES

CREATED 18- DEC- 2001, 10:44:55 S| MPLI FI ED 18- DEC- 2001, 10:57:34
(Sinmplified by SPADE Sinplifier, Version 1.4)

procedure ex_04vc



Result Protocols for SPARK-aut

For path(s) fromstart to assertion of line 12:

procedure_ex_04vc_1.

H1: n >= integer__first

H2: n <= integer__|ast

H3: prod >= integer_ first

H4: prod <= integer__ | ast
->

C1: n>=20.

For path(s) fromassertion of line 12 to assertion of line 15:

procedur e_ex_04vc_2.
H1: 1 <=n_i

->
ClL: 1 = fact(1)

true

For path(s) fromassertion of line 15 to assertion of line 15:

procedure_ex_04vc_3. true, in principle
HL: ni >0 . H2 shouldread : 1 <=loop__1 i<n_i
H2: loop__1_ i <> n_i
->
Cl: fact(loop_1 i) * (loop_1 i + 1) =fact(loop_1 i + 1)

For path(s) fromassertion of line 12 to assertion of line 17:

procedure_ex_04vc_4.

H1: ni >=20.

H2: ni <1. true
->

Cl: 1 =fact(n.i)

For path(s) fromassertion of line 15 to assertion of line 17:

procedure_ex_04vc_5.
**x true . /* all conclusions proved */

For path(s) fromassertion of line 17 to finish:

procedure_ex_04vc_6.
**x true . /* all conclusions proved */

Ex_04: 6 VCsgen. 4VC rel 1 of rel. VCs proved checked 2001.12.18

13
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Example 5

| Ex_05vc.ada |

-- ex_05vc2 Exam ner: verification = vc

--# mai n_program
procedure ex_05vc2 (n: in out integer; prod: in out integer)
--# derives n, prod fromn, prod;

is
subtype IndexTy is integer range 0..7;
Type FactTy is array(lndexTy) of natural;
fact: FactTy;
n_i: integer := 0;
begin
prod : = 1;
fact(0) := prod;
n_i :=n;

--# assert n > 0 and n <=7 and n = n_i and prod=1 and fact(0)=1;
FOR i IN integer range 1..n LOOP
prod := prod * i;
fact(i) := prod;
--# assert n>=0 and n <= 7 and n = n_i and prod<=32767 and prod=fact (i)

and

--# fact(0)=1 and ( for all Kin indexty range 1..i =>

--# (fact(K)=fact(K-1)*K) );
END LOOP;

--# assert n>=0 and n<=7 and n = n_i and prod<=32767 and prod=fact(n)
and

--# fact(0)=1 and ( for all Kin indexty range 1..n =>

--# (fact(K)=fact(K-1)*K) );

end ex_05vc2;

Ex_05vc.lst

EE R R I R R I R I O R R R R R I R I R O O O

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Rel ease 5.01 / 08.00
Denonstrati on Version

EE R R I R R I R I O R R R R R I R I R O O O

DATE : 19- DEC-2001 15:58:20.78

Li ne
1 -- ex_05vc2 Exam ner: verification = vc
2
3 --# nmai n_program
4 procedure ex_05vc2 (n: in out integer; prod: in out integer)
5 --# derives n, prod fromn, prod;
6 is
7 subtype IndexTy is integer range 0..7;
8 Type FactTy is array(lndexTy) of natural;
9 fact: FactTy;
10 n_i: integer := 0;

14
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'ty (1) Flow Error : 54: The initialization at declaration of n_i
is
i neffective.
11 begin
12 prod := 1;
13 fact(0) := prod;
n2,3
'ty (2) Flow Error . 23: Statenent contains reference(s) to unde-
fined
variabl e fact.
'ty (3 FlowError . 10: Assignnent to fact is ineffective
14 n_i :=n;
v
'ty (4 FlowError . 10: Ineffective statenent.
15 --# assert n > 0 and n <= 7 and n = n_i and prod=1 and
fact (0)=1;
16 FOR i INinteger range 1..n LOOP
17 prod := prod * i;
18 fact(i) := prod;
"G
It (5 FlowError . 10: Assignnent to fact is ineffective
19 --# assert n>=0 and n <= 7 and n = n_i and prod<=32767 and
prod=fact(i) and
20 --# fact(0)=1 and ( for all Kin indexty range 1..i =>
21 --# (fact(K)=fact(K-1)*K) );
22 END LOOP
23 --# assert n>=0 and n<=7 and n = n_i and prod<=32767 and
prod=fact(n) and
24 --# fact(0)=1 and ( for all Kin indexty range 1..n =>
25 --# (fact(K)=fact(K-1)*K) );

26 end ex_05vc2;

't ( 6) Flow Error : 31: The variable n is exported but not (inter-
nal | y)
def i ned.
vt (7)) Flow Error : 35: Inportation of the initial value of vari-
abl e
prod is ineffective.
rtr (8 Flow Error : 33: The variable n_i is neither referenced nor
export ed.
rr (9 Flow Error : 50: The inported value of prod is not used in
the
derivation of n.
't ( 10) Flow Error : 50: The inported value of prod is not used in
the
derivation of prod.
--End of fil@----mmmmm i
Ex_05vc.siv

IR R R SR EEEREEEEREEEREEEEREEEREEEREREEEREEE SRS SRR SRR EEEEEEEE SRR SRS

15
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Semantic Anal ysis of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Release 5.01 / 08.00
Denonstrati on Version

EIE R R S I I R R I I S O R I R S S O

CREATED 19- DEC- 2001, 15:58:20 SIMPLIFIED 19-DEC- 2001,
(Sinplified by SPADE Sinplifier, Version 1.4)

15:58: 52

procedure ex_05vc2

For path(s) fromstart to assertion of line 15

procedure_ex_05vc2_1.

H1: n >= integer__first
H2: n <= integer__|ast
H3: prod >= integer__ first
H4: prod <= integer__| ast
->
C1: n>=20
c2: n <=1797
For path(s) fromassertion of line 15 to assertion of line 19

procedure_ex_05vc2_ 2.
H1: ni <=7

true
H2: el ement (fact,[0]) =1 .
H3: 1 <= n_i
->
Cl: (for_all)(k_ : integer,k_>=1 and k_ <=1 ->
el ement (update(fact,[1],1),[k_]) = elenment(update(fact,[1],1),[k_ - 1])

* k_)

For path(s) fromassertion of line 19 to assertion of line 19
procedure_ex_05vc2_3. (true)

H1: ni >=20. H6 is not sufficient

H2: n_i <=7. H7: 0<=loop__| 1 required

H3: el ement (fact,[loop__1 i]) <= 32767

H4: el ement (fact,[0]) =1 .

H5: (for_all)(k_: integer,k_ >=1and k_ <=1loop__1 i ->

el ement (fact,[k_]) = elenent(fact,[k_ - 1]) * k)
H6: loop__ 1 i <> n_i
->

Cl: el ement(fact,[loop__1 i]) * (loop__1 i + 1) <= 32767

Cc2: el enent (update(fact,[loop__1 i + 1],elenment(fact,[loop__1 i]) *
(loop__1 i +1)),[0]) =1

C3: (for_all)(k_ integer,k_ >= 1 and k_ <= loop_1 i + 1 -> ele-
ment (update(fact,[loop__1 i + 1],elenent(fact,[loop__1 i]) * (loop__1_ i +

1)),[k_]) = elenent(update(fact,[loop__1 i + 1],elenment(fact,[loop__1_ i]) *
(loop__1 i +1)),[k_- 1]) * k)
For path(s) fromassertion of line 15 to assertion of line 23
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procedure_ex_05vc2_ 4.

H1: ni >=20
H2: el enent (fact,[0]) = 1 .
H3: ni <1. true
->
Cl: 1 = elenent(fact,[n_i])
c2: (for_all)(k_ : integer,k_>=1 and k_ <= n_i -> elenent(fact,[k_]) =
el enent (fact,[k_ - 1])
* k_)
For path(s) fromassertion of line 19 to assertion of line 23
procedure_ex_05vc2_5.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 23 to finish
procedure_ex_05vc2_6.
*** true . /* all conclusions proved */
Ex_05: 6VCsgen. 4VC rel. 1ofrel. VCsproved checked 2001.Dec.20
Example 6
| Ex_06vc.ada |
-- ex_06vc Exami ner: verification = vc
--# mai n_program
procedure ex_06vc (x, y: in out integer; s: in out integer)
--# derives x, y, s fromx, vy, s;
is
X_i: integer := 0;
y_i: integer := O;
begin
X 1 :=x; y_i =y, s:=0;
--# assert x_i>=0 and x=x_i and y=y_i and s=0;
WHI LE x /= 0 LOCP
--# assert x*y + s = x_i * y i and x>0;
VWHI LE x nmod 2 = 0 LOCP
y 1= 2%y;
X 1=x1 2
--# assert x*y + s = x_i * y i and x>0;
END LOOP
--# assert x*y + s =x_i * y i and x>0 and x nod 2 /= 0;
s = s +y;
X =X - 1;
--# assert x*y + s = x_i * y_i and x>=0;
END LOOP
--# assert s = x_i * vy i;

17
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end ex_06vc;

Ex_06vc.Ist

EIE R R S I I R R R I R R R I R R I R I I

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Rel ease 5.01 / 08.00
Denonstrati on Version

EIE R R S I I R R R R I R R I R S S O

DATE : 19- DEC-2001 10: 34: 23. 32

Li ne
1 -- ex_06vc Exam ner: verification = vc
2
3 --# mai n_program
4 procedure ex_06vc (X, y: in out integer; s: in out integer)
5 --# derives x, y, s fromx, vy, s;
6 is
7 X_i: integer := 0;
'ty (1) Flow Error . 54: The initialization at declaration of x_i is
i neffective.
8 y_i: integer := 0;
'y ( 2) FlowError . 54: The initialization at declaration of y_i is
i neffective.
9 begin
10 X i = x; y_i =y, s:=0;
"3 v
'ty (3 FlowError . 10: Ineffective statenent.
'ty (4 FlowError . 10: Ineffective statenent.
11 --# assert x_i>=0 and x=x_i and y=y i and s=0;
12 WHI LE x /= 0 LOCP
13 --# assert x*y + s = x_i * y i and x>0;
14 WHI LE x nod 2 = 0 LOOP
15 y = 2%y;
16 X 1=x 1 2
17 --# assert x*y + s = x_i * y i and x>0;
18 END LOOP
19 --# assert x*y +s = x i * y i and x>0 and x nod 2 /= 0;
20 S =S +Yy;
21 X 1=x - 1
22 --# assert x*y + s = x_i * y_ i and x>=0;
23 END LOOP
24 --# assert s = x_i * vy i;
25
26 end ex_06vc;
't (5 Flow Error : 35 Inportation of the initial value of vari-
able s
is ineffective.
't ( 6) Flow Error : 33: The variable x_i is neither referenced nor

export ed.

18
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33

50:

50:

50:

50:

The

The

The

The

The

variable y i is neither referenced nor
i mported value of y is not used in the
i nported value of s is not used in the
i nported value of s is not used in the
i nported value of s is not used in the

--BEnd of file-----------ccmmmm e

'y (7)) Flow Error
export ed.

'ty ( 8 FlowError
derivation of x.

'y (9 FlowError
derivation of x.

't ( 10) Flow Error
derivation of y.

'ty ( 11) Flow Error
derivation of s.

Ex_06vc.siv

EE R R I R R I R I O R R R R R I R I R O O O

Semantic Anal ysis of SPARK Text

SPARK95 Exam ner with VC and RTC Gener at or

CREATED 19- DEC- 2001,

For

procedure_ex_06vc_1.

Rel ease 5.01 / 08.00

Denonstrati on Version

EE R R I R R I R I O R R R R R I R I R O O O

10: 34: 23 SI MPLI FI ED 19- DEC- 2001,
(Sinplified by SPADE Sinplifier,

10: 34: 31
Version 1.4)

procedure ex_06vc

path(s) fromstart to assertion of

line 11:

H1: X >= integer__first
H2: X <= integer__|ast
H3: y >= integer__ first
H4: y <= integer__| ast
H5: s >= integer__first
H6: s <= integer__|ast
->
Cl: X >= 0
For path(s) fromassertion of line 11 to assertion of line 13
procedure_ex_06vc_2.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 22 to assertion of line 13
procedure_ex_06vc_3.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 13 to assertion of line 17
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procedure_ex_06vc_4.

H1: X*y +s =xi*y
H2: x>0 . true
H3: x mod 2 =0
->
Cl: xdiv2?®* (2*y) +s =x_i * vy
c2: x div2 >0
For path(s) fromassertion of line 17 to assertion of line 17
procedure_ex_06vc_5.
H1: X*y +s =x_i * vyl
H2: x >0
H3: x mod 2 =0
->
Cl: x div2* (2*y)+s=xi*yl true
c2: x div2 >0
For path(s) fromassertion of line 13 to assertion of line 19
procedure_ex_06vc_6.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 17 to assertion of line 19
procedure_ex_06vc_7.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 19 to assertion of line 22
procedure_ex_06vc_8.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 11 to assertion of |line 24:
procedure_ex_06vc_9.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 22 to assertion of |ine 24:
procedure_ex_06vc_10.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 24 to finish
procedure_ex_06vc_11.
*** true . /* all conclusions proved */
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Ex_06: 11VCsgen. 9VC rel. 7 of rel. VCs proved checked 2001.Dec.21
Example 7
| Ex_07vc.ada |
-- ex_07vc Exam ner: verification = vc
--# mai n_program
procedure ex_07vc (x, y: in out integer; s: in out integer)
--# derives x, y, s fromx, vy, s;
is
X_i: integer := 0;
y_i: integer := 0;
ternO integer := O;
term: integer := O;
begi n
X 1 :=x; y.i =y, s:=0; ternD:= x;
--# assert x_i>=0 and x=x_i and y=y_i and s=0 and
--# tern>>=0 and ter nO=x;
WHILE x /=0 L
ternO = Xx;
term = x;
--# assert x*y + s = x_ i * y_ i and x>0 and
--# term>>0 and ternmO=x and term >=0 and ternl =x;
WHI LE x nod 2 = 0 LOOP
term := x;
y 1= 2%y;
X :=x 1 2
--# assert x*y + s = x_ i * y i and x>0 and
--# tern®>>0 and termO>=x and term >0 and x<term ;
END LOOP;
--# assert x*y + s = x_ i * y i and x>0 and
--# tern>>0 and ter nO>>=x;
s = s +y;
X 1=x - 1
--# assert x*y + s = x_i * y i and x>=0 and x<ternD
END LOOP;
--# assert s = x_i * vy i;

end ex_07vc;

Ex_07vc.lst

IR R R SR EEEREEEEREEEREEEEREEEREEEREREEEREEE SRS SRR SRR EEEEEEEE SRR SRS

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Gener at or
Denonstration Version

IR R R SR EEEREEEEREEEREEEEREEEREEEREREEEREEE SRS SRR SRR EEEEEEEE SRR SRS

Rel ease 5.01 / 08.00

DATE : 19-DEC- 2001 16:57:17.03
Li ne
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1 -- ex_07vc Exam ner: verification = vc
2
3 --# mai n_program
4 procedure ex _07vc (X, y: in out integer; s: in out integer)
5 --# derives x, y, s fromx, vy, s;
6 is
7 X_i: integer := 0;
'y (1) Flow Error . 54: The initialization at declaration of x_i is
i neffective.
8 y_i: integer := 0;
'y (2) FlowError . 54: The initialization at declaration of y_ i is
i neffective.
9 termO integer := 0;
'ty (3 FlowError : 54: The initialization at declaration of ternD
is
i neffective.
10 term: integer := 0;
'ty (4 FlowError : 54: The initialization at declaration of term
is
i neffective.
11 begin
12 X I :=x; y_i =y, s:=0; ternD:= x;
) "G NT
't (5 FlowError . 10: Ineffective statenent.
Iy ( 6) FlowError . 10: Ineffective statenent.
'y (7)) Flow Error . 10: Ineffective statenent.
13 --# assert x_i>=0 and x=x_i and y=y_i and s=0 and
14 --# tern>>=0 and ter nO=x;
15 WHILE x /= 0 LOOP
16 termO : = x;
"8
Ity ( 8 FlowError . 10: Ineffective statenent.
17 term = x;
aX°)
'ty (9 FlowError . 10: Ineffective statenent.
18 --# assert x*y + s = x_i * y_ i and x>0 and
19 --# term>>0 and termO=x and term >=0 and term =x;
20 WHI LE x nod 2 = 0 LOOP
21 term := x;
10
It ( 10) Flow Error . 10: Ineffective statenent.
22 y 1= 2%y;
23 X 1=x1 2
24 --# assert x*y + s = x_i * y_ i and x>0 and
25 --# term>>0 and term>>=x and term >0 and x<term ;
26 END LOOP;
27 --# assert x*y + s = x_i * y i and x>0 and
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28 --# tern>>0 and ter nO>=x;
29 S :=5s +vy,;
30 X :=x -1
31 --# assert x*y + s = x_i * y i and x>=0 and x<ternD,
32 END LOOP
33 --# assert s = x_i y_i;
34
35 end ex_07vc;
It ( 11) Flow Error 35: Inportation of the initial value of vari-
able s
is ineffective.
Ity ( 12) Flow Error 33: The variable x_i is neither referenced nor
export ed.
It ( 13) Flow Error 33: The variable y_i is neither referenced nor
export ed.
It ( 14) Flow Error 33: The variable ternDis neither referenced
nor
export ed.
It ( 15) Flow Error 33: The variable term is neither referenced
nor
export ed.
It ( 16) Flow Error 50: The inported value of y is not used in the
derivation of x.
Ity ( 17) Flow Error 50: The inported value of s is not used in the
derivation of x.
It ( 18) Flow Error 50: The inported value of s is not used in the
derivation of vy.
Ity (190 Flow Error 50: The inported value of s is not used in the
derivation of s.
--BEnd of fil@---mmmmmm e
Ex _07vc.siv

LR S R R R S R O R R I R S R

Semantic Anal ysis of SPARK Text
SPARK95 Exami ner with VC and RTC Generator Release 5.01 / 08.00

Denpnstration Version
EIE R R I I I IR I R I I I I I O I R I I I I I R R R R I S I I I I I I I I R R R O R I O R S R I 3 O

CREATED 19- DEC- 2001, 16:57:16 SIMPLIFIED 19- DEC- 2001, 16:58:52
(Sinplified by SPADE Sinplifier, Version 1.4)

procedure ex_07vc

For path(s) fromstart to assertion of line 13

procedure_ex_07vc_1.
>= integer__first
<= integer__|ast
>= integer__first
<= integer__|ast

H1: X
H2: X
H3: y
H4: y
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H5: s >= integer__first
H6: s <= integer__ | ast
->
C1: x >= 0
For path(s) fromassertion of line 13 to assertion of

procedure_ex 07vc_2.

*** true . /* all conclusions proved */

For path(s) fromassertion of line 31 to assertion of line 18
procedure_ex 07vc_3.

*** true . /* all conclusions proved */

For path(s) fromassertion of line 18 to assertion of |ine 24:

procedure_ex _07vc_4.

H1: X*y +s =x_i * vyl
H2 x >0
H3: x >0 . true
H4: x md 2 =0
->
Cl: x div2?®* (2*y) +s =x_i * vy
Cc2: x div2>0
C3: X >= x div 2
Ca: x div 2 < x

For path(s) fromassertion of line 24 to assertion of |ine 24:

procedure_ex 07vc_5.

H1: X*y +s =x_i * vyl
H2: Xx >0
H3: termp >= X
H4: X < term . true
H5: x nmod 2 =0
->
Cl: x div2?®* (2*y) +s =x_i * vy
C2: x div2>0
C3: termp >= x div 2
4 x div 2 < X

For path(s) fromassertion of line 18 to assertion of |ine 27
procedure_ex _07vc_6.

*** true . /* all conclusions proved */

For path(s) fromassertion of line 24 to assertion of |ine 27

procedure_ex 07vc_7.
*** true . /* all conclusions proved */
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For path(s) fromassertion of line 27 to assertion of line 31
procedure_ex_07vc_8.

*** true . /* all conclusions proved */

For path(s) fromassertion of line 13 to assertion of line 33
procedure_ex_07vc_9.

*** true . /* all conclusions proved */

For path(s) fromassertion of line 31 to assertion of line 33

procedure_ex_07vc_10.

**% true . /* all

concl usi ons proved */

For path(s) from assertion of

procedure_ex 07vc_11.

line 33 to finish

*** true . /* all conclusions proved */
| Ex_07: 11 VCsgen. 9VC rel 7 of rel. VCs proved checked 2001.12.21
Example 8
| Ex_08vc.ada |
-- ex_08vc Exami ner: verification = vc
--# mai n_program
procedure ex_08vc (x, y: in out integer; s: in out integer)
--# derives x, y, s fromx, vy, s;
is
X_i: integer := 0;
y_i: integer := 0;
ternO integer := O;
term: integer := O;
begin
X_i =X; y_i :=y; s:=0; ternD:= x;
--# assert x_i>=0 and x=x_i and y=y_i and s=0 and
--# -32767 <= Y_i and Y_i <= 32767 and
--# -32767 <= X_i * Y_.i and X.i * Y_.i <= 32767 and
--# term>>=0 and ternmO=x;
WHILE x /= 0 LOOP
ternO : = X;
ternl = X;
--# assert x*y + s = x_i * y i and x>0 and
--# -32767<=x_i*y_ i and x_i*y_ i<=32767 and
--# term>>0 and termO=x and term >=0 and term =x;
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VWHI LE x nod 2
term = x;
--# assert x*y + s =

= 0 LOCP

X_1 * y i

--# -32767<=X_i *Y_i and
--# term>>0 and tern>>=x

y 1= 2%y;
X = x 1 2
--# assert x*y + s = x_i * y_ i an
--# -32767<=X_i *Y_i and X_
--#

END LOOP
--# assert x*y + s = x_i * y_ i an
--# -32767<=Y_i *X_i and X_
--# Xmd 2 /=0 and
--# term>>0 and tern>>=x;

S =5 +y;

X 1= X 1;
--# assert x*y + s = x_i * y i an
--# -32767 <= X_i * Y_i an
--# X < ternG

END LOOP
--# assert s = x_i * vy i and
--# -32767 <=s and s <= 32767

and x>=2 and x nod 2 = 0 and
X i*Y_i<=32767 and

and term >0 and ternl =x;

d x>0 and
i *Y_i <=32767 and

term>>0 and termO>>=x and ternl >0 and x<term ;

d x>0 and
i *Y_i <=32767 and

d x>=0 and

d Xi * Y_.i <= 32767 and

end ex_08vc;

Ex_08vc.Ist

EE R R S I R I I I S O R

EIE R S R I R I O I R O

Li sting of SPARK Text

SPARK95 Exam ner with VC and RTC Gener at or

Denpnstrati on

EE R R S I R I I I S O R

DATE : 19- DEC- 200
Li ne
1 -- ex_08vc Exam ner: verificat
2
3 --# mai n_program
4 procedure ex_08vc (x, y: in out in
5 --# derives x, y, s fromx, vy,
6 is
7 X_i: integer := 0;
'ty (1) Flow Error 54: The
i neffective.
8 y_i: integer := 0;
'y ( 2) FlowError 54: The
i neffective.
9 ternO integer := 0;
'ty (3 FlowError 54: The
is
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ion = vc

teger; s: in out integer)

S,

nitialization at declaration of x_i

nitialization at declaration of y_i

nitialization at

is

is

decl aration of ternD
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i neffective.

10 term: integer := 0;
'ty (4 FlowError 54: The initialization at declaration of term
is
i neffective.
11 begin
12 X I :=Xx; y_i =y, s:=0; ternD:= x;
) "G NT
't (5 FlowError 10: Ineffective statenent.
'y ( 6) FlowError 10: Ineffective statenent.
'y (7)) Flow Error 10: Ineffective statenent.
13 --# assert x_i>=0 and x=x_i and y=y_i and s=0 and
14 --# -32767 <= Y_i and Y_i <= 32767 and
15 --# -32767 <= X_i * Y_i and X_i * Y_.i <= 32767 and
16 --# term>=0 and ternO=x;
17 WHILE x /= 0 LOOP
18 ternD : = Xx;
"8
Il 8) Flow Error 10: Ineffective statenent.
19 terml = Xx;
aX°)
'ty (9 FlowError 10: Ineffective statenent.
20 --# assert x*y + s = x i * y_ i and x>0 and
21 --# -32767<=x_i*y i and x_i*y_i<=32767 and
22 --# term>>0 and termO=x and term >=0 and term =x;
23 WHI LE x nod 2 = 0 LOOP
24 terml = Xx;
10
It ( 10) Flow Error 10: Ineffective statenent.
25 --# assert x*y + s = x_i * y i and x>=2 and x nod 2 = 0 and
26 --# -32767<=X_i *Y_i and X_i*Y_i<=32767 and
27 --# term>>0 and term>>=x and term >0 and term =x;
28 y = 2%y,
29 X = x 1 2
30 --# assert x*y + s = x_i * y_ i and x>0 and
31 --# -32767<=X_i*Y_i and X_i*Y_i<=32767 and
32 --# term>>0 and term>>=x and term >0 and x<term ;
33 END LOOP
34 --# assert x*y + s = x_i * y i and x>0 and
35 --# -32767<=Y_i *X_i and X_i*Y_i<=32767 and
36 --# Xmd 2 /=0 and
37 --# term>>0 and tern>>=x;
38 S = s +vy;
39 X :=x -1
40 --# assert x*y + s = x_ i * y_ i and x>=0 and
41 --# -32767 <= X_i * Y_i and X_i * Y_.i <= 32767 and
42 --# X < ternG
43 END LOOP
44 --# assert s = x_i * vy i and
45 --# -32767 <=s and s <= 32767,
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46
47 end ex_08vc;

'ty ( 11) Flow Error . 35: Inportation of the initial value of vari-

able s
is ineffective.

'ty ( 12) Flow Error : 33: The variable x_i is neither referenced nor
export ed.

'ty ( 13) Flow Error : 33: The variable y_i is neither referenced nor
export ed.

't ( 14) Flow Error . 33: The variable termOis neither referenced

nor
export ed.

't (15 Flow Error : 33: The variable term is neither referenced

nor
export ed.

Ity ( 16) Flow Error : 50: The inported value of y is not used in the
derivation of x.

'y (17) Flow Error : 50: The inported value of s is not used in the
derivation of x.

Ity ( 18) Flow Error : 50: The inported value of s is not used in the
derivation of y.

'ty (190 Flow Error : 50: The inported value of s is not used in the
derivation of s.

--BEnd of fil@-----mmmmmmm o

Ex_08vc.siv

ERE R R R R R R R R R R R R R R R R R R O R

Semantic Anal ysis of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Release 5.01 / 08.00
Denpnstration Version

ERE R R R R R R R R R R R R R R R R R R O R

CREATED 19- DEC- 2001, 10:55:45 SIMPLIFI ED 19- DEC- 2001, 10:56: 00
(Sinplified by SPADE Sinmplifier, Version 1.4)

procedure ex_08vc

For path(s) fromstart to assertion of line 13

procedure_ex_08vc_1.

H1: X >= integer__first

H2: X <= integer__|ast

H3: y >= integer__first

H4: y <= integer__| ast

H5: s >= integer__first

HG: S <= integer__|ast
->

C1 x >= 0 .

c2: - 32767 <=y .

C3: y <= 32767
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- 32767 <= x * y .

C4:
C5: X * y <= 32767

For path(s) fromassertion of line 13 to assertion of |ine 20:
procedure_ex _08vc_2.

*** true . /* all conclusions proved */

For path(s) fromassertion of line 40 to assertion of |ine 20:
procedure_ex_08vc_3.

*** true . /* all conclusions proved */

For path(s) fromassertion of line 20 to assertion of line 25

procedure_ex _08vc_4.

H1: X*y +s =x_i * vyl

H2: x >0

H3: - 32767 <= x_i * y_i

H4: X_1 * vy i <= 32767

H5: x >0

H6: x md 2 =0 . true
->

CL: X >= 2

For path(s) fromassertion of line 30 to assertion of line 25

procedure_ex 08vc_5.

H1: X*y +s =x_i * vyl

H2: Xx >0

H3: - 32767 <= x_i * y_i

H4: X_1 * vy i <= 32767

H5: termp >= x

H6: X < term

H7: x mod 2 = 0 . true
->

C1. X >= 2

For path(s) from assertion of line 25 to assertion of |line 30:

procedure_ex_08vc_6.

H1: X*y +s =x_i * vy
H2: X >= 2
H3: x nod 2 =0
H4: - 32767 <= x_i * y_i .
H5: X_i * y i <= 32767 . true
H6: termp >= X
->
c1 xdiv2?®* (2*y) +s=x1*y.
c2: x div 2 >0
C3: terno >= x div 2
(0] x div 2 < x
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For path(s) fromassertion of line 20 to assertion
procedure_ex_08vc_7.

*** true . /* all conclusions proved */
For path(s) fromassertion of line 30 to assertion
procedure_ex_08vc_8.

*** true . /* all conclusions proved */
For path(s) fromassertion of line 34 to assertion
procedure_ex_08vc_9.

*** true . /* all conclusions proved */
For path(s) fromassertion of line 13 to assertion
procedure_ex_08vc_10.

*** true . /* all conclusions proved */
For path(s) fromassertion of line 40 to assertion

procedure_ex_08vc_11.
*** true . /* all conclusions proved */

of

of

of

of

of

line 34:

line 34:

i ne 40:

i ne 44:

i ne 44:

For path(s) fromassertion of line 44 to finish

procedure_ex_08vc_12.

*** true . /* all conclusions proved */

| Ex_08: 12 VCsgen. 10VC rel. 7 ofrel. VCs proved checked 2001.Dec.21
Example 9

| Ex_09vc.ada |

-- ex_09vc Exam ner: verification = vc

--# mai n_program

procedure ex_09vc (N: in out integer; current: in out

--# derives current, NfromN, current;

is
previ ous: integer := 0;
count . integer :=1;
X . integer := 0;
n_i . integer := 0;

--# function fib(i: in integer) return integer

i nt eger)
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begin
current := 1,
n_i :=n;
--# assert count = 1 and count <= Nand n = n_i and
--# current = fib(1) and previous = fib(0);

VWH LE count < N LOOP

X 1= current;

current := current + previous;

previ ous : = X;

count := count +1;

--# assert count >= 1 and count <= Nand n = n_ and
--# current = fib(count) and previous =

END LOOP

--# assert current=fib(N);

i
fib(count-1);

end ex_09vc;

Ex_09vc.lst

ERE R R R R EEREEEEREEEREEEEREEEREEEEREE SRR E SRS SRR SRR R SRR SRR SRR SRS

Li sting of SPARK Text

SPARK95 Exami ner with VC and RTC Generator Release 5.01 / 08.00

Denpnstration Version

LR R R E R EEEREEEEREEEREEEEREEEREEEEREEEEEE SRS SRR SRR EEEE SRR EREEE]

DATE : 02-JAN-2002 07:23:35.29

Li ne

1 -- ex_09vc Exam ner: verification = vc

2

3 --# mai n_program

4 procedure ex_09vc (N: in out integer; current: in out

5 --# derives current, N fromN, current;

6 is

7

8 previous: integer := 0;

9 count . integer := 1;

10 X . integer := 0;
rr (1) Flow Error : 54: The initialization at declaration of x is

i neffective.

11 n_i . integer := 0;

't ( 2) Flow Error : 54: The initialization at declaration of n_i
i neffective.

12

13 --# function fib(i: in integer) return integer;

14

15 begin

16 current : =1

17 ni :=n;

"3
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'ty (3 FlowError . 10: Ineffective statenent.
18
19 --# assert count = 1 and count <= Nand n = n_i and
20 --# current = fib(1) and previous = fib(0);
21 WHI LE count < N LOOP
22
23 X := current;
24 current := current + previous;
25 previ ous : = X;
26 count := count+1;
27
28 --# assert count >= 1 and count <= Nand n = n_i and
29 --# current = fib(count) and previous = fib(count-1);
30 END LOOP
31 --# assert current=fib(N);
32

33 end ex_09vc;

't ( 4) Flow Error : 31: The variable Nis exported but not (inter-
nal | y)
def i ned.
't (5 Flow Error : 35 Inportation of the initial value of vari-
abl e
current is ineffective.
't ( 6) Flow Error : 33: The variable n_i is neither referenced nor
export ed.
rrr (7)) Flow Error : 50: The inported value of current is not used
in the
derivation of N.
rrr (8 Flow Error : 50: The inported value of current is not used
in the

derivation of current.

--End of fil@----mmmmm e

Ex_09vc.siv
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Semantic Anal ysis of SPARK Text
SPARK95 Exami ner with VC and RTC Generator Release 5.01 / 08.00
Denonstration Version

LR R R E R EEEREEEEREEEREEEEREEEREEEEREEEEEE SRS SRR SRR EEEE SRR EREEE]

CREATED 02- JAN- 2002, 07:23:35 SIMPLIFIED 02-JAN- 2002, 07:23:51
(Sinplified by SPADE Sinplifier, Version 1.4)

procedure ex_09vc

For path(s) fromstart to assertion of line 19

procedure_ex_09vc_1.

H1: n >= integer__first
H2: n <= integer__|ast
H3: current >= integer__first
H4: current <= integer__|ast

32
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->
C1: 1 <=n
c2: 1 =fib(1)
C3: 0 = fib(0)
For path(s) fromassertion of line 19 to assertion of line 28
procedure_ex _09vc_2.
Hi: 1 <n_i true
->
C1: fib(1) + fib(0) = fib(2)
For path(s) fromassertion of line 28 to assertion of line 28
procedure_ex _09vc_3.
H1: count >= 1
H2: count < n_i true
->
Cl: fib(count) + fib(count - 1) = fib(count + 1)
For path(s) fromassertion of line 19 to assertion of line 31
procedure_ex _09vc_4.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 28 to assertion of line 31
procedure_ex _09vc_5.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 31 to finish
procedure_ex_09vc_6.
*** true . /* all conclusions proved */
| Ex_09: 6 VCsgen. 4VC rd. 2 of rel. VCsproved checked 2002.Jan.03
Example 10
| Ex_10vcada |
-- ex_10vc Exam ner: verification = vc
--# nmai n_program
procedure ex_10vc (n: in out integer; current: in out integer)
--# derives current, n fromn, current;
is
previous: integer := 0;
count i nteger := 1;
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X . integer := 0;
n_i . integer := 0;
Term . integer := 0;

-- Term ni erungsfunktion: Term = n-count

--# function fib(i: in integer) return integer
begin
n_i :=n;
--# assert 1 <=nand n =n_ and fib(0) =0 and fib(1l) =1
previous := 0;
current := 1,
count := 1;
Term : = n-count;

--# assert count = 1 and count <= n and n = n_i and

--# previous = 0 and current = 1 and
--# fib(0) =0 and fib(1l) =1 and
--# Ter m>=0,;

VWH LE count < N LOOP
Term:= n - count;
X = current;
current := current + previous;
previ ous : = X;

count := count +1;

--# assert count >= 1 and count <= N and previous = fib(count-1) and

--# current = fib(count) and n = n_i and
--# Term > n - count and n - count >= O;
END LOOP

--# assert current=fib(n) and n=n_i;

end ex_10vc;

Ex_10vc.lst
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Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Release 5.01 / 08.00
Denonstrati on Version

EIE R R S S I R R R R R R I R R I R S O

DATE : 08-JAN-2002 14:59:15.02

Li ne
1 -- ex_10vc Exam ner: verification = vc
2
3 --# mai n_program
4 procedure ex_10vc (n: in out integer; current: in out integer)
5 --# derives current, n fromn, current;
6 is
7
8 previous: integer := 0;
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'y (1) Flow Error 54: The initialization at declaration of previ-
ous is
i neffective.
9 count integer :=1
'y (2) FlowError 54: The initialization at declaration of count
is
i neffective.
10 X . integer := 0;
'ty (3 FlowError 54: The initialization at declaration of x is
i neffective.
11 n_i i nteger := 0;
'ty (4 FlowError 54: The initialization at declaration of n_i is
i neffective.
12 Term i nteger := 0;
't (5 FlowError 54: The initialization at declaration of Term
is
i neffective.
13 -- Term ni erungsfunktion: Term = n-count
14
15 --# function fib(i: in integer) return integer
16
17 begin
18 n_i :=n;
"G
Iy ( 6) FlowError 10: Ineffective statenent.
19 --# assert 1 <= nand n =n_ and fib(0) =0 and fib(1) = 1;
20 previous := 0;
21 current :=1
22 count :=1
23 Term : = n-count;
T
Iy (7)) FlowError 10: Ineffective statenent.
24
25 --# assert count = 1 and count <= n and n = n_i and
26 --# previous = 0 and current = 1 and
27 --# fib(0) =0 and fib(1l) =1 and
28 --# Ter m>=0,;
29 WHI LE count < N LOOP
30
31 Term:= n - count;
"8
Ity ( 8 FlowError 10: Ineffective statenent.
32
33 X = current;
34 current := current + previous;
35 previ ous : = X;
36 count := count+1;

35
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37
38 --# assert count >= 1 and count <= N and previous = fib(count-1)
and
39 --# current = fib(count) and n = n_i and
40 --# Term > n - count and n - count >= O;
41 END LOOP
42 --# assert current=fib(n) and n=n_i;
43
44 end ex_10vc;
'ty (9 FlowError . 31: The variable n is exported but not (inter-
nal | y)
defi ned.
It ( 10) Flow Error . 35: Inportation of the initial value of vari-
abl e
current is ineffective.
It ( 11) Flow Error . 33: The variable n_i is neither referenced nor
export ed.
Ity ( 12) Flow Error . 33: The variable Termis neither referenced nor
export ed.
It ( 13) Flow Error . 50: The inported value of current is not used
in the
derivation of n.
It ( 14) Flow Error . 50: The inported value of current is not used
in the
derivation of current.
--BEnd of fil@---mmmmmm e
Ex_10vc.siv
SRR R S I I S R R I I R R R I S I
Semantic Anal ysis of SPARK Text
SPARK95 Examniner with VC and RTC Generator Release 5.01 / 08.00
Denpnstration Version
SRR R S I I S R R I I R R R I S I
CREATED 08- JAN- 2002, 14:59:14 S| MPLIFI ED 08- JAN-2002, 14:59:48
(Sinplified by SPADE Sinplifier, Version 1.4)
procedure ex_10vc
For path(s) fromstart to assertion of line 19

procedure_ex_10vc_1.

H1: n >= integer__first

H2: n <= integer__|ast

H3: current >= integer_ first

H4: current <= integer__|ast
->

C1: 1 <=n

Cc2: fib(0) =0

C3: fib(1) =1.
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For path(s) fromassertion of line 19 to assertion of line 25
procedure_ex_10vc_2.

*** true . /* all conclusions proved */

For path(s) fromassertion of line 25 to assertion of line 38

procedure_ex_10vc_3.

H1: fib(0) =0 .

H2: fib(l) =1.

H3: term>= 0

H4: 1 < n_i true
->

C1: 1 =fib(2)

For path(s) fromassertion of line 38 to assertion of line 38

procedure_ex_10vc_4.

H1: count >= 1

H2: term> n_i - count

H3: cgunt < n_i true

Cl: fib(count) + fib(count - I) = fib(count + 1)

For path(s) fromassertion of line 25 to assertion of line 42
procedure_ex_10vc_5.

*** true . /* all conclusions proved */

For path(s) fromassertion of line 38 to assertion of line 42

procedure_ex_10vc_6.
*** true . /* all conclusions proved */

For path(s) fromassertion of line 42 to finish

procedure_ex_10vc_7.

*** true . /* all conclusions proved */
Ex_10: 7 VCsgen. 5VC rd. 3of rel. VCsproved checked 2002.Jan.08
Example 11

| Ex_1lvcada |

-- ex_11lvc Exam ner: verification = vc

--# nmai n_program
procedure ex_11vc (n: in out integer; current: in out integer)
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--# derives current, n fromn, current;

is
previ ous: integer := 0;
count . integer := 1;
X . integer := 0;
n_i . integer := 0;
Term . integer := 0;

-- Term ni erungsfunktion: Term = n-count

SubType | ndexTy is integer range O0..23;
Type FibTy is array(indexTy) of natural
fib: FibTy;

begin
n_i :=n;

--# assert n >= 1 and n <= 23 and n = n_i;

previous := 0;
current = 1;
count = 1;
fib(0) = 0;
fib(1) = 1,
Term := n-count;
--# assert n >= 1 and n <= 23 and n = n_i and
--# previous = 0 and current = 1 and
--# count = 1 and
--# 1 =fib(l) and 0 = fib(0) and
--# Term >= 0;
WHI LE count < n LOOP
Term:= n - count;
fib(count+1l) := fib(count) + fib(count-1);
X 1= current;
current := current + previous;
previ ous : = X;
count := count +1;

--# assert count >= 1 and count <= n and n<=23 and

--# previous = fib(count-1) and
--# current = fib(count) and n = n_i and
--# current <= 32767 and
--# fib(0) =0 and fib(1l) =1 and
--# (for all Kin indexTy range 2..count =>
--# (fib(K) = fib(k-2) + fib(k-1)) ) and
--# Term > n-count and n-count >= O;

END LOOP

--# assert current=fib(n) and current <= 32767 and n=n_i and n<=23 and

--# fib(0) =0 and fib(1) = 1 and
--# (for all Kin indexTy range 2..n =>
--# (fib(K) = fib(k-2) + fib(k-1)) );
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end e

Xx_11lvec;

Ex_11lvc.lst
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Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Release 5.01 / 08.00
Denonstrati on Version

EIE R R S I I R R I I S O R I R S S O

DATE : 08-JAN-2002 16:07:40. 85

-- ex_11lvc Exam ner: verification = vc
--# mai n_program
procedure ex_11vc (n: in out integer; current: in out integer)
--# derives current, n fromn, current;
is
previ ous: integer := 0;
1) Flow Error : 54: The initialization at declaration of previ-
i neffective.
count . integer := 1;
2) Flow Error : 54: The initialization at declaration of count
i neffective.
X . integer := 0;

3) Flow Error . 54: The initialization at declaration of x is
i neffective.

n_i . integer := 0;

4) Flow Error . 54: The initialization at declaration of n_i is
i neffective.

Term . integer := 0;
5) Flow Error . 54: The initialization at declaration of Term
i neffective.
-- Term ni erungsfunktion: Term = n-count
SubType | ndexTy is integer range O0..23;

Type FibTy is array(indexTy) of natural
fib: FibTy;
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20
21 begin
22 n_i :=n;
"G
'y ( 6) FlowError . 10: Ineffective statenent.
23 --# assert n >= 1 and n <= 23 and n = n_i;
24
25 previous := 0;
26 current = 1;
27 count = 1;
28 fib(0) = 0;
7,8
'y (7)) FlowError . 23: Statenent contains reference(s) to unde-
fined
variable fib
Ity ( 8 FlowError : 10: Assignnent to fib is ineffective
29 fib(1) =1,
aX°)
'ty (9 FlowError : 10: Assignnent to fib is ineffective
30 Term := n-count;
10
It ( 10) Flow Error : 10: Ineffective statenent.
31
32 --# assert n >= 1 and n <= 23 and n = n_i and
33 --# previous = 0 and current = 1 and
34 --# count = 1 and
35 --# 1 =fib(1l) and 0 = fib(0) and
36 --# Term >= 0;
37 WHI LE count < n LOOP
38
39 Term:= n - count;
~11
It ( 11) Flow Error . 10: Ineffective statenent.
40 fib(count+1l) := fib(count) + fib(count-1);
n12
Ity ( 12) Flow Error . 10: Assignnent to fib is ineffective
41
42 X := current;
43 current := current + previous;
44 previ ous : = X;
45 count := count +1;
46
47 --# assert count >= 1 and count <= n and n<=23 and
48 --# previous = fib(count-1) and
49 --# current = fib(count) and n = n_i and
50 --# current <= 32767 and
51
52 --# fib(0) =0 and fib(1l) =1 and
53 --# (for all Kin indexTy range 2..count =>
54 --# (fib(K) = fib(k-2) + fib(k-1)) ) and
55
56 --# Term > n-count and n-count >= O;
57 END LOOP
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58
59 --# assert current=fib(n) and current <= 32767 and n=n_i and n<=23
and
60 --# fib(0) =0 and fib(1) = 1 and
61 --# (for all Kin indexTy range 2..n =>
62 --# (fib(K) = fib(k-2) + fib(k-1)) );
63
64 end ex_11lvc;
'y ( 13) Flow Error : 31: The variable n is exported but not (inter-
nal | y)
def i ned.
'y ( 14) Flow Error : 35: Inportation of the initial value of vari-
abl e
current is ineffective.
't ( 15) Flow Error : 33: The variable n_i is neither referenced nor
exported
't ( 16) Flow Error : 33: The variable Termis neither referenced nor
exported
'y (17) Flow Error : 50: The inported value of current is not used
in the
derivation of n.
'y ( 18) Flow Error : 50: The inported value of current is not used
in the
derivation of current.
--End of fil@---mmmm e i
Ex_11vc.siv

*

LEEEEEEEEEEEEREEEREEEEREEEREEEREEEREEEEEE SRR EEREEEREEEREERESES

Semantic Anal ysis of SPARK Text

SPARK95 Exam ner with VC and RTC Generator Release 5.01 / 08.00

*

Denpnstrati on Version

LEEEEEEEEEEEEREEEREEEEREEEREEEREEEREEEEEE SRR EEREEEREEEREERESES

CREATED 08-JAN- 2002, 16:07:40 SIMPLIFIED 08-JAN-2002, 16:07:49

For path(s)

procedure_e
H1: n >=
H2: n <=
H3: curr
H4: curr
->
C1. n >=
c2: n <=

(Sinplified by SPADE Sinplifier, Version 1.4)

procedure ex_1l1lvc

fromstart to assertion of line 23

x_11vc_1
i nteger__first
i nteger__| ast

ent >= integer_ first
ent <= integer__|ast
1

23

For path(s)

fromassertion of line 23 to assertion of |line 32
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procedure_ex_11lvc_2.
*** true . /* all conclusions proved */

For path(s) fromassertion of line 32 to assertion of line 47:

procedure_ex_11lvc_3.

H1: n_i <= 23 .
H2: 1 = elenment(fib,[1])
H3: 0 = element(fib,[0]) .
H4: term>= 0 . true
H5: 1 <n_i
->
Cl: 1 =elenment(fib,[1]) + elenment(fib,[0])
c2: (for_all)(k_ : integer,k_>= 2 and k_ <= 2 -> ele-

ment (update(fib,[2],elenent(fib,[1]) + elenent(fib,[0])),[k_]) =

el enent (update(fib,[2],element(fib,[1]) + ele-
ment(fib,[0])),[k_ - 2]) +

el enent (update(fib,[2],element(fib,[1]) + ele-
ment (fib,[0])),[k_ - 1]))

For path(s) from assertion of line 47 to assertion of line 47:

procedure_ex_11lvc_4.

H1: count >= 1 .
H2: n_i <= 23 .
H3: el ement (fib,[count]) <= 32767 .
H4: element (fib,[0]) = 0 .
H5: element (fib,[1]) =1 .
H6: (for_all)(k_ : integer,k_ >= 2 and k_ <= count -> elenment(fib,[k_]) =
element (fib,[k_ - 2]) + element(fib,[k_ - 1]))
H7: term> n_i - count
H8: count < n_i true
->
Cl: element (fib,[count]) + element(fib,[count - 1]) <= 32767 .
c2: el ement (update(fib,[count + 1],element(fib,[count]) + ele-
ment (fib,[count - 1])),[0]) = O .
C3: el ement (update(fib,[count + 1],element(fib,[count]) + ele-
ment(fib,[count - 1])),[1]) =1 .
C4: (for_all)(k_ : integer,k_ >= 2 and k_ <= count + 1 -> ele-

ment (update(fib,[count + 1],element(fib,[count]) + element(fib,[count -
1])).[k_]) =

el ement (update(fib,[count + 1],element(fib,[count]) +
el ement (fib,[count - 1])),[k_ - 2]) +

el ement (update(fib,[count + 1],element(fib,[count]) +
element (fib,[count - 1])),[k_ - 1]))

For path(s) from assertion of line 32 to assertion of |line 59:

procedure_ex_11lvc_5.

H1: ni >=1.
H2: 1 =elenment(fib,[1])
H3: O:element(f|b[0]) .
H4: term>= 0 . true
H5: ni <=1.
->
C1: 1 =celement(fib,[n_i])
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Cc2: (for_all)(k_ :

i nteger, k_

>= 2 and k_ <= n_i

-> element(fib,[k_]) =

el ement (fib,[k_ -

2]) + element(fib,[k_ - 1]))

For path(s) fromassertion of line 47 to assertion of line 59
procedure_ex_11lvc_6.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 59 to finish
procedure_ex_11lvc_7.
*** true . /* all conclusions proved */
Ex_11: 7 VCsgen. 5VC rd. 2 of rel. VCs proved checked 2002.Jan.08
Example 12
| Ex_12vc.ada |
-- ex_1vc2 Exam ner: verification = vc
--# mai n_program
procedure ex_12vc (n: in out integer; sum in out integer)
--# derives sum n fromn, sum
is
X : integer :=0;
begin
--# assert n>0;
X 1= 0;
sum:= 0
WHI LE x < n LOOP
X 1= x+1 ;
sum : = sum + X
--# assert sum= x*(x+1)/2 and x <= n;
END LOOP

--# assert sum = n*(n+l)/2;

end ex_12vc;

Ex_12vc.Ist |

EE R R I I R R I R R R I R R I R I S O O

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Gener at or
Denonstrati on Version

EE R R S O I R R R I R R R I R R I R I I O

Rel ease 5.01 / 08.00

DATE : 04-JAN-2002 08:49:18. 40
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Li ne
1 -- ex_1vc2 Exam ner: verification = vc
2
3 --# mai n_program
4 procedure ex_12vc (n: in out integer; sum in out integer)
5 --# derives sum n fromn, sum
6 is
7
8 X : integer :=0;
Il 1) Flow Error . 54: The initialization at declaration of x is
i neffective.
9
10 begin
11 --# assert n>0;
12 X 1= 0;
13 sum:= 0
14
15 WHI LE x < n LOOP
16 X = x+1 ;
17 sum : = sum + X
18 --# assert sum = x*(x+1)/2 and x <= n
19 END LOOP
20
21 --# assert sum = n*(n+l)/2;
22 end ex_12vc;
Il 2) Flow Error . 31: The variable n is exported but not (inter-
nal | y)
def i ned.
Il 3) Flow Error . 35: Inportation of the initial value of vari-
abl e sum
is ineffective.
Il 4) Flow Error : 50: The inported value of sumis not used in
the
derivation of n.
Il 5) Flow Error : 50: The inported value of sumis not used in
the
derivation of sum
--BEnd of file-----------ccmmmm e
Ex_12vc.siv

LR R R E R EEEREEEEREEEREEEEREEEREEEREREEEEEE SRS SRR SRR R SRR SRR SRR SRS

Semantic Anal ysis of SPARK Text
SPARK95 Exami ner with VC and RTC Generator Release 5.01 / 08.00
Denonstration Version

ERE R R R R EEREEEEREEEREEEEREEEREEEREREEEEEE SRS SR SRR EEEEEEREEEREEE]

CREATED 04- JAN- 2002, 08:49:18 SIMPLIFI ED 04- JAN- 2002, 08:49: 25
(Sinplified by SPADE Sinplifier, Version 1.4)

procedure ex_12vc
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For

procedure_ex_12vc_1.

path(s) fromstart to assertion of

line 11:

H1: n >= integer__first
H2: n <= integer__|ast
H3: sum >= integer__ first
H4: sum <= i nteger__| ast
->
C1: n >0
For path(s) fromassertion of line 11 to assertion of line 18
procedure_ex_12vc_2.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 18 to assertion of line 18
procedure_ex_12vc_3.
H1: X <n. true
->
Cl: X* (x+1) div2+(x+1) =(x+1) * (x+1+1) div 2
For path(s) fromassertion of line 11 to assertion of line 21
procedure_ex_12vc_4.
|*** true . /* contradiction within hypotheses. */
For path(s) fromassertion of line 18 to assertion of line 21
procedure_ex_12vc_5.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 21 to finish
procedure_ex_12vc_6.
*** true . /* all conclusions proved */
Ex 12 6 VCsgen. 4VC rd. 3 of rel. VCs proved checked
2002.Jan.04
Example 13
| Ex_13vc.ada |
-- ex_13vc Exam ner: verification = vc

--# mai n_program
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procedure ex_13vc (N: in out integer; in out
--# derives N, summe from N, summe;

is

sunme:

n_i i nteger := 0;
X : integer 0;
termold : integer 0;

Term ni erungsfunktion

begin
n_i n;

i nt eger)

--# assert 0 < n and n
X 0;

sumre : = 0;

termold := n-x;

--# assert n > 0 and x 0 and summe = 0 and n

VWHI LE x < n LOOP

termold := n-x; -- alter Wert der Term nieru
X = X+1;
sumre = sumMme + X;

--# assert sume
--#
END LOOP

x*(x+1)/2 and x <= n and 0
termold >n - x and n - x >= 0O;

--# assert summe = n*(n+l1)/2 and n = n_i;

n_i and termold >= 0;

ngsfunktion

< n and n=n_i and

end ex_13vc;

Ex_13vc.lst
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Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Gener at or
Denonstrati on Version

Re

| ease 5.01 / 08.00
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DATE : 02-JAN- 2002 08:23:42
Li ne
1 -- ex_13vc Exam ner: verification = vc
2
3 --# mai n_program
4 procedure ex_13vc (N in out integer; sunme:
5 --# derives N, sume from N, sunme;
6 is
7
8 n_i i nteger := 0;
'Y ( 1) Flow Error 54: The initializat
i neffective.
9 X : integer := 0;
'Y ( 2) Flow Error 54.
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10

I

i neffective.
termold : integer := 0;

3) Flow Error 54: The initialization at declaration of

termold is

i neffective.

11 -- Term ni erungsfunktion = n-x
12
13 begin
14 n_i :=n;
v
'ty (4 FlowError 10: Ineffective statenent.
15 --# assert 0 <nandn =n_i;
16 X 1= 0;
17 sume : = 0;
18 termold := n-x;
"5
It (5 FlowError 10: Ineffective statenent.
19
20 --# assert n >0 and x = 0 and summe = 0 and n = n_i and termold
>= 0;
21 WHI LE x < n LOOP
22 termold := n-x; -- alter Wert der Term ni erungsfunktion
"G
Ity ( 6) FlowError 10: Ineffective statenent.
23
24 X = xX+1;
25 summe = sume + X;
26
27 --# assert sunme = x*(x+1)/2 and x <= n and 0 < n and n=n_i and
28 --# termold >n - x and n - x >= 0O;
29 END LOOP
30
31 --# assert summe = n*(n+l1)/2 and n = n_i;
32
33 end ex_13vc;
vy (7)) Flow Error 31: The variable N is exported but not (inter-
nal | y)
defi ned.
rtr (8 Flow Error 35: Inportation of the initial value of vari-
abl e
summe is ineffective
rr (9 Flow Error 33: The variable n_i is neither referenced nor
export ed.
't ( 10) Flow Error 33: The variable termold is neither referenced
nor
export ed.
It ( 11) Fl ow Error 50: The inported value of sunme is not used in
the
derivation of N.
Ity ( 12) Flow Error 50: The inported value of sunme is not used in
the

derivation of summe.
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--BEnd of file--------------cmmi e

Ex_13vc.siv

ERE R R E R EEEREEEEREEEREEEEREEEREEEEREE SRR E SRS SR SRR R SRR SRR SRR SRS

Semantic Anal ysis of SPARK Text

SPARK95 Exami ner with VC and RTC Generator Release 5.01 / 08.00

Denpnstration Version

ERE R R E R EEEREEEEREEEREEEEREEEREEEEREE SRR E SRS SR SRR R SRR SRR SRR SRS

CREATED 02- JAN- 2002, 08:23:42 SIMPLIFIED 02-JAN-2002, 08:23:49

(Sinplified by SPADE Sinmplifier, Version 1.4)

procedure ex_13vc

For path(s) fromstart to assertion of line 15

procedure_ex_13vc_1.

H1: n >= integer__first

H2 n <= integer__|ast

H3: sumre >= integer_ first

H4: sumre <= integer__ | ast
->

Cl: 0<n

For path(s) fromassertion of line 15 to assertion of |line 20:
procedure_ex_13vc_2.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 20 to assertion of line 27
procedure_ex_13vc_3.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 27 to assertion of line 27
procedure_ex_13vc_4.
H1: 0 < n_i
H2: termold > n_i - x . trUe
H3: X < n_i

->
Cl: X* (x+1) diva2+(x+1) =(x+1) * (x+1+1) div 2
For path(s) fromassertion of line 20 to assertion of line 31

procedure_ex_13vc_5.
*** true . /* contradiction within hypotheses. */




Result Protocols for SPARK-aut

For path(s) fromassertion of line 27 to assertion of

procedure_ex_13vc_6.

*** true . /* all conclusions proved */

line 31:

For path(s) fromassertion of line 31 to finish

procedure_ex_13vc_7.

WHI LE x < n LOOP

termold := n-x;
X = X+1;
sunme = summe + X;

*** true . /* all conclusions proved */
Ex 13 7VCsgen. 5VC rd. 4 of rel. VCs proved checked
2002.Jan.03
Example 14
| Ex_l4vcada |
-- ex_14vc Exam ner: verification = vc
-- Fehler bei den fir FPP generierten Ada sourcen
-- BEs wird n_i als bool sche variable eingesetzt und nicht zur verifikation
von n konstant.
-- Bsp: summe = --!pre: n <= 10 and n_i;
--# nmai n_program
procedure ex_14vc (n: in out integer; sunme: in out integer)
--# derives n, sume fromn, summe;
is
X: integer := 0;
n_i i nteger := 0;
termold : integer := 0; -- alter Wert Term ni erungsfunktion
begin
ni :=n;
--# assert 0 <nand n <= 10 and n = n_i;
x 1= 0;
sumre := 0;
--# assert n >0 and n <= 10 and x = 0 and summe = 0 and n_i = n
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--# assert summe
and

--#
END LOOP

= x*(x+1)/2 and x <= n and 0 < n and n <= 10 and n_i

n- x <termold and n - x >= 0; -- Term ni erungsfkt

--# assert sunme = n*(n+1l)/2 and sume <= 60 and n_i n;

end ex_1l4vc;

Ex_14vc.lst

ERE R R E R EEEREEEEREEEREEEEREEEREEEEREE SRR E SRS SR SRR R SRR SRR SRR SRS

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Generat or
Denonstration Version

ERE R R E R EEEREEEEREEEREEEEREEEREEEEREE SRR E SRS SR SRR R SRR SRR SRR SRS

Rel ease 5.01 / 08.00

DATE : 02-JAN- 2002 08:31:01. 97
Li ne
1 -- ex_1l4vc Exam ner: verification = vc
2
3 -- Fehler bei den fiur FPP generierten Ada sourcen
4 -- Es wird n_i als bool sche variabl e eingesetzt und nicht zur verifi-
kati on von n konstant.
5 -- Bsp: summe = --Ipre: n <= 10 and n_i;
6
7 --# mai n_program
8 procedure ex_14vc (n: in out integer; sumre: in out integer)
9 --# derives n, sunme fromn, summe;
10 is
11
12 X: integer := 0;
rr (1) Flow Error 54: The initialization at declaration of x is
i neffective.
13 n_i : integer := 0;
't ( 2) Flow Error 54: The initialization at declaration of n_i is
i neffective.
14
15 termold : integer := 0; -- alter Wert Term nierungsfunktion
't ( 3) Flow Error 54: The initialization at declaration of
termoldis
i neffective.
16
17 begin
18
19 n_i :=n;
av!
't ( 4) Flow Error 10: Ineffective statenent.
20
21 --# assert 0 <nand n <= 10 and n = n_i;
22
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23 X 1= 0;

24 sume : = 0;

25

26

27 --# assert n >0 and n <= 10 and x = 0 and sutmme = 0 and n_i = n;

28

29 WHI LE x < n LOOP

30

31 termold := n-x;

"5

't (5 Flow Error : 10: Ineffective statenent.

32

33 X 1= X+1;

34 sume = sume + X;

35

36 --# assert summe = x*(x+1)/2 and x <= n and 0 < n and n <= 10 and
n_i =n and

37 --# n - x <termold and n - x >= 0; -- Term ni erungsfkt

38 END LOOP

39

40 --# assert summe = n*(n+l)/2 and sume <= 60 and n_i = n

41 end ex_l4vc;

't ( 6) Flow Error : 31: The variable n is exported but not (inter-
nal | y)
defi ned.
'y (7)) Flow Error : 35: Inportation of the initial value of vari-
abl e
sumre is ineffective
rr ( 8 Flow Error : 33: The variable n_i is neither referenced nor
exported
'y (9 FlowError : 33: The variable termold is neither referenced
nor
exported
It ( 10) Flow Error : 50: The inported value of sume is not used in
the
derivation of n.
Ity ( 11) Fl ow Error : 50: The inported value of sume is not used in
the
derivation of summe.
--End of fil@---mmmmm e e i
Ex_14vc.siv

EE R R R I I R R R R I R I R O R O R

Semantic Anal ysis of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Rel ease 5.01 / 08.00
Denonstrati on Version

EE R R R I I R R R R I R I R O R O R

CREATED 02- JAN- 2002, 08:31:01 SIMPLIFIED 02-JAN-2002, 08:31:18
(Sinplified by SPADE Sinplifier, Version 1.4)

procedure ex_l4vc
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For

path(s) fromstart to asse

procedure_ex_14vc_1.

rtion of line 21

H1: n >= integer__first
H2: n <= integer__|ast
H3: sumre >= integer_ first
H4: sume <= integer__ | ast
->
C1: 0 <n
c2: n <= 10
|For path(s) fromassertion of line 21 to assertion of |ine 27
procedure_ex_14vc_2.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 27 to assertion of line 36
procedure_ex_14vc_3.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 36 to assertion of line 36

H1:
H2:
H3

H4:

C1.

For

For

procedure_ex_14vc_4.

0 <n

n <= 10

n- x <termold
<n

x

->

X * (x +1) div 2 + (x

path(s) from assertion of

procedure_ex_14vc_5.
*** true

/* contradict

path(s) from assertion of

procedure_ex_14vc_6.

on within hypotheses.

true

+ 1) = (x + 1)

line 27 to assertion of

*/

line 36 to assertion of

*(x + 1+ 1)

i ne

i ne

div 2 .

40:

40:

H1: 0<n.
H2: n <= 10
H3: n-n<temold . true
->
C1: n* (n+1) div 2 <= 60
For path(s) fromassertion of line 40 to finish

procedure_ex_14vc_7.

*** true

/* all con

cl usi ons proved */
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function push(a:

Ret _val ue: integer;
begin

return ret_Val ue;
end push;
function pop(a:

Ret _val ue: integer;
begin

return Ret_Val ue;
end pop;

function top(a:

in integer; b:

in integer)

in integer)

53

in integer)

return integer

return integer

return integer

is

is

Ex 14 7VCsgen. 5VC rd. 3 of rel. VCs proved checked
2002.Jan.03
Example 15
| Ex_15vc.ada |
-- ex_15vc Exam ner: verification = vc
--# mai n_program
procedure ex_15vc (x: in out integer;
A: in out integer; z: in out integer;
s: in out integer; Enpty: in out integer)
--# derives x, A z, s, Enmpty fromx, A z, s, Enpty;
is
Ai: integer := 0;
Enmpty_i: integer := 0;
function P(a: in integer) return boolean is
Ret _Val ue: bool ean;
begin
return Ret_Val ue;
end P;
function r(a: in integer) return integer is
ret_Val ue: integer;
begin
return Ret Val ue;
end r;
function g(a: in integer) return integer is
Ret _Val ue: integer;
begin
return Ret Val ue;
end g;
function h(a: in integer; b: in integer) return integer is
ret_Val ue: integer;
begin
return ret_Val ue;
end h;

is
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Ret _Val ue: integer;
begin

return ret_Val ue;
end top;

--# function P_virt(a: ininteger; b: in integer) return integer;
--# function f(a: in integer) return integer;

begin

Ai = A
Empty_i := Enpty;

--# assert x = Aand A= A i and Enpty
s := Enpty ;
WHI LE not (P(x)) LOOP

s := push(x,s) ;

X 1= r(x);

--# assert P virt(x,s) = f(A and A
END | oop;

Empty_i;

A i and Enpty = Enpty i;

z :=9(x) ;

WHI LE s /= Enpty LOOP

z := h(z,top(s)) ;

s 1= pop(s);

--# assert p_virt(z,s) = f(A and A
END | oop;

A i and Enpty = Enpty i;

--# assert z = f(A) and A= A i and Enpty = Enpty_i;

end ex_15vc;

Ex_15vc.Ist

EIE R R S I R I R R R R I R R I R S O O

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Release 5.01 / 08.00
Denonstrati on Version

EIE R R S I R I R R R R I R R I R S O O

DATE : 12- JAN-2002 09:08:17. 37

Li ne
1 -- ex_15vc Exam ner: verification = vc
2
3 --# mai n_program
4 procedure ex_15vc (x: in out integer;
5 A: in out integer; z: in out integer;
6 s: in out integer; Enpty: in out integer)
7 --# derives x, A z, s, Enpty fromx, A z, s, Enpty;
8 is
9
10 Ai: integer := 0;
It (1) Flow Error : 54: The initialization at declaration of A
is

i neffective.
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11 Enmpty_i: integer := 0;
Il 2) Fl ow Error . 54: The initialization at declaration of
Empty_i is
i neffective.
12
13 function P(a: in integer) return boolean is
14 Ret _Val ue: bool ean;
15 begin
16 return Ret _Val ue;
"3
Il 3) Flow Error . 20: Expression contains reference(s) to unde-
fined
vari abl e Ret _Val ue
17 end P;
Il 4) Flow Error : 50: The inported value of Ais not used in the
derivation of the function val ue
??? (5 Warning :602: The undefined initial value of Ret_Val ue
may be
used in the derivation of the function val ue
Il 6) Flow Error : 30: The variable A is inported but neither
ref erenced nor exported
Il 7) Flow Error . 32: The variable Ret_Value is neither inported
nor
def i ned.
18
19 function r(a: in integer) return integer is
20 ret _Val ue: integer
21 begin
22 return Ret_Val ue;
"8
Il 8) Flow Error . 20: Expression contains reference(s) to unde-
fined
vari abl e Ret _Val ue
23 end r;
Il 9) Flow Error : 50: The inported value of Ais not used in the
derivation of the function value
??? ( 10) Warning :602: The undefined initial value of Ret_Val ue
may be
used in the derivation of the function val ue
'ty ( 11) Flow Error : 30: The variable A is inported but neither
ref erenced nor exported
'ty ( 12) Flow Error : 32: The variable Ret_Value is neither inported
nor
def i ned.
24
25 function g(a: in integer) return integer is
26 Ret _Val ue: i nteger
27 begin
28 return Ret_Val ue;

~13
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Ity ( 13) Flow Error . 20: Expression contains reference(s) to unde-
fined
vari abl e Ret _Val ue
29 end g;
't ( 14) Flow Error : 50: The inported value of Ais not used in the
derivation of the function value
??? ( 15) Warning :602: The undefined initial value of Ret_ Val ue
may be
used in the derivation of the function val ue
Ity ( 16) Flow Error : 30: The variable A is inported but neither
ref erenced nor exported
'y (17) Flow Error : 32: The variable Ret_Value is neither inported
nor
def i ned.
30
31 function h(a: in integer; b: in integer) return integer is
32 ret _Val ue: integer
33 begin
34 return ret_Val ue;
18
Ity ( 18) Flow Error . 20: Expression contains reference(s) to unde-
fined
vari abl e Ret _Val ue
35 end h;
'ty (190 Flow Error . 32: The variable Ret_Value is neither inported
nor
def i ned.
Ity ( 20) Flow Error : 50: The inported value of Ais not used in the
derivation of the function val ue
'y (21) Flow Error : 50: The inported value of b is not used in the
derivation of the function val ue
??? ( 22) Warning :602: The undefined initial value of Ret_ Val ue
may be
used in the derivation of the function val ue
Iy (23) Flow Error : 30: The variable A is inported but neither
ref erenced nor exported
'ty ( 24) Flow Error : 30: The variable b is inported but neither
ref erenced nor exported
36
37 function push(a: in integer; b: in integer) return integer is
38 Ret _val ue: integer
39 begin
40 return ret_Val ue;
n25
Ity (25 Flow Error . 20: Expression contains reference(s) to unde-
fined
vari abl e Ret _Val ue
41 end push;
Iy ( 26) Flow Error : 32: The variable Ret_Value is neither inported
nor
def i ned.
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42
43
44
45
46

fined

47

(

222 (

may be

I
nor

48
49
50
51
52

fined

53

(

(

222 (

may be

I
nor

54

(

27) Flow Error : 50: The inported value of Ais not used in the
derivation of the function val ue.

28) Flow Error : 50: The inported value of b is not used in the
derivation of the function val ue.

29) Warning :602: The undefined initial value of Ret_ Val ue
used in the derivation of the function val ue.

30) Flow Error : 30: The variable A is inported but neither
ref erenced nor exported.

31) Flow Error : 30: The variable b is inported but neither

ref erenced nor exported.

function pop(a: in integer) return integer is
Ret _val ue: integer;
begin
return Ret _Val ue;
32
32) Flow Error . 20: Expression contains reference(s) to unde-

vari abl e Ret _Val ue.

end pop;

33) Flow Error : 50: The inported value of Ais not used in the
derivation of the function val ue.

34) Warning :602: The undefined initial value of Ret_ Val ue
used in the derivation of the function val ue.

35) Flow Error : 30: The variable A is inported but neither
ref erenced nor exported.

36) Flow Error . 32: The variable Ret_Value is neither inported
def i ned.

function top(a: in integer) return integer is
Ret _Val ue: integer;
begin
return ret_Val ue;
37
37) Flow Error . 20: Expression contains reference(s) to unde-

vari abl e Ret _Val ue.

end top;

38) Flow Error : 50: The inported value of Ais not used in the
derivation of the function val ue.

39) Warning :602: The undefined initial value of Ret_ Val ue
used in the derivation of the function val ue.

40) Flow Error : 30: The variable A is inported but neither
ref erenced nor exported.

41) Flow Error : 32: The variable Ret_Value is neither inported
def i ned.
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55 --# function P_virt(a: ininteger; b: in integer) return integer
56 --# function f(a: in integer) return integer
57
58 begin
59
60 Ai = A
NA2
'ty ( 42) Flow Error 10: Ineffective statenent.
61 Empty_i := Enpty;
N43
'y ( 43) Flow Error 10: Ineffective statenent.
62 --# assert x = Aand A= A i and Enpty = Enpty_i;
63 s .= Enmpty ;
64 VWHI LE not (P(x)) LOOP
65 s := push(x,s) ;
66 X = r(x);
67 --# assert P_virt(x,s) = f(A) and A= A i and Enpty = Enpty_i;
68 END | oop;
69
70 z = g(x) ;
71
72 WHI LE s /= Enpty LOOP
73 z := h(z,top(s)) ;
74 s := pop(s);
75 --# assert p_virt(z,s) = f(A) and A= A i and Enpty = Enpty_i;
76 END | oop;
77
78 --# assert z = f(A) and A= A i and Enpty = Enpty_i;
79 end ex_15vc;
'yt ( 44) Flow Error 31: The variable A is exported but not (inter-
nal | y)
defi ned.
't ( 45) Flow Error 35: Inportation of the initial value of vari-
able z
is ineffective.
't ( 46) Flow Error 35: Inportation of the initial value of vari-
able s
is ineffective.
'y (47) Flow Error : 31: The variable Enpty is exported but not
(internally) defined
't ( 48) Flow Error : 33: The variable Ai is neither referenced nor
export ed.
'y (49) Flow Error 33: The variable Enpty_i is neither referenced
nor
export ed.
It ( 50) Flow Error 50: The inported value of Ais not used in the
derivation of x.
't ( 51) Flow Error 50: The inported value of z is not used in the
derivation of x.
rrr (52) Flow Error 50: The inported value of s is not used in the
derivation of x.
It ( 53) Flow Error 50: The inported value of Enpty is not used in
the
derivation of x.
't ( 54) Flow Error 50: The inported value of x is not used in the
derivation of A
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SPARK95 Exami ner with VC and RTC Gener at or
Denpnstration Version

50:
A.
50:
A.
50:
A.
50:
Z.
50:
Z.
50:
Z.
50:
S.
50:
S.
50:
S.
. 50:
Enpty.
. 50:
Enpty.
. 50:
Enpty.
. 50:
Enpty.

The

The

The

The

The

The

The

The

The

The

The

The

The

i mported
i mported

i mported

i mported
i mported
i mported
i mported
i mported
i mported
i mported
i mported
i mported

i mported

val ue

val ue

val ue

val ue

val ue

val ue

val ue

val ue

val ue

val ue

val ue

val ue

val ue

of z is not
of s is not

of Enpty is

of Ais not

of z is not
of s is not
of Ais not
of z is not
of s is not
of x is not
of Ais not
of z is not
of s is not

LR R R E R EEEREEEEREEEREEEEREEEREEEEREEEEEE SRS SRR SRR EEEE SRR EREEE]

Semantic Anal ysis of SPARK Text
Rel ease 5.01 / 08.00

LR R R E R EEEREEEEREEEREEEEREEEREEEEREEEEEE SRS SRR SRR EEEE SRR EREEE]

used in the

used in the

not used in

used in the
used in the
used in the
used in the
used in the
used in the
used in the
used in the
used in the
used in the

CREATED 12- JAN- 2002, 09:08:16 S| MPLI FI ED 12- JAN-2002, 09: 08: 36
(Sinplified by SPADE Sinplifier,

procedure ex_15vc

Il 55) Flow Error
derivation of
Il 56) Flow Error
derivation of
Il 57) Flow Error
t he
derivation of
Il 58) Flow Error
derivation of
Il 59) Flow Error
derivation of
Il 60) Flow Error
derivation of
Il 61) Flow Error
derivation of
Il 62) Flow Error
derivation of
Il 63) Flow Error
derivation of
Il 64) Flow Error
derivation of
Il 65) Flow Error
derivation of
Il 66) Flow Error
derivation of
Il 67) Flow Error
derivation of
--End of file
Ex_15vc.siv
For path(s) fromstart to assertion of

procedure_ex_15vc_1.
i nteger__first

H1:
H2
H3:
H4:
H5

H6
H7:

X

W NND D X

>=

nt eger __| ast
nteger __ first
nt eger __| ast
nteger __ first
nt eger __| ast
nteger __ first
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H8: s <= integer__ | ast

H9: enpty >= integer__ first

H10: enpty <= integer__|ast
->

C1: X = a

For path(s) fromassertion of line 62 to assertion of line 67
procedure_ex_15vc_2.
H1: not p(a_i)
->
Cl: p_virt(r(a_i),push(a_i,enpty_i)) = f(a_i)

For path(s) fromassertion of line 67 to assertion of line 67

procedure_ex_15vc_3.

H1: p_virt(x,s) = f(a_i)
H2: not p(x)
->
C1: p_virt(r(x),push(x,s)) = f(a_i)

For path(s) fromassertion of line 62 to assertion of line 75

procedure_ex_15vc_4.
*** true . /* contradiction within hypotheses. */

For path(s) fromassertion of line 67 to assertion of line 75

procedure_ex_15vc_5.

H1: p_virt(x,s) = f(a_i)
H2: p(x)
H3: s <> enpty_i
->
Cl: p_virt(h(g(x),top(s)),pop(s)) = f(a_i)

For path(s) fromassertion of line 75 to assertion of line 75

procedure_ex_15vc_6.

H1: p_virt(z,s) = f(a_i)
H2: S <> enpty_i
->
Cl: p_virt(h(z,top(s)),pop(s)) = f(a_i)

For path(s) fromassertion of line 62 to assertion of line 78

procedure_ex_15vc_7.

H1: p(a_i)
->
ClL: g(a_i) = f(a_i)

For path(s) fromassertion of line 67 to assertion of line 78
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procedure_ex_15vc_8.

H1: p_virt(x,enmpty_ i) = f(a_i)
H2: p(x)

->
Cl: g(x) = f(a_i)

For path(s) fromassertion of line 75 to assertion of line 78

procedure_ex_15vc_9.

H1: p_virt(z,empty_ i) = f(a_i)
->

Cl: z = f(ali)

For path(s) fromassertion of line 78 to finish

procedure_ex_15vc_10.

*** true . /* all conclusions proved */
Ex_15: 10 VCsgen. 8VC rel. 8 of rel. VCs correct JW 2002.01.12
Example 16
| Ex_16vc.ada |

-- ex_16vc Exam ner: verification = vc

with IntArray;

--# mai n_program
procedure ex_16vc (b: in out IntArray.IntArrayType;
X: in out integer; Ind: in out integer)
--# derives X, B, ind fromX, B, ind;

is
term integer := 0;
len : integer := 0;
X_i : integer := 0;
len_i : integer :=0;
begin
ind := 1;
I en = b'last;
len_i :=len;
X_1 1= x;
term:= |l en+l-ind;

--# assert ind=1 and | en>=1 and
--# (for sone j in natural range 1..len => (b(j) = x))
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- #

and x = x_i and len = len_i;

WHI LE b(ind) /= x LOOP
term:= |l en+l-ind;
ind :=ind+1;

--# assert 1<=ind and ind <=len and

--# not((for sone j in natural range 1..ind-1 => (b(j) = x)))
--# and (for sonme j in natural range 1..len => (b(j) = x))

--# and x = x_i and len = len_i

--# and term > len+l-ind and |l en+1-ind>=0; -- Term ni erungsfkt
END LOOP

--# assert l<=ind and ind<=len and b(ind) = x

--# and not((for some j in natural range 1..ind-1 => (b(j)=x)))
--# and x = x_i and len = len_i;

end ex_16vc;

| IntArray.ads |

package IntArray is

SubType | ndexType is Natural

range 1..100;

Type IntArrayType is Array (lndexType) of I|nteger

end I ntArray;

Ex_16vc.Ist

EE R R R I I R R R R I R I R O R O R

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Rel ease 5.01 / 08.00
Denpnstration Version

LR S R R R S R O R R I R S R

in
in

DATE
Li ne
1 -- ex_16vc Exam ner
2
3 with IntArray;
N
--- (1) \Warning
clared or
not visible at this
4
5 --# mai n_program
6 procedure ex_16vc (b
7 X
8 --# derives X, B

i nd

03-JAN- 2002 10:38:21.21

verification = vc

1: The identifier IntArray is either unde-

poi nt .

out IntArray.IntArrayType;
out integer; Ind: in out integer)
fromX, B, ind;

62




Result Protocols for SPARK-aut

9 is
10 term integer := 0;
Il 2) Flow Error 54: The initialization at declaration of term
is
i neffective.
11 len : integer := 0;
Il 3) Flow Error 54: The initialization at declaration of len
is
i neffective.
12 X_i i nteger := 0;
P 4) Fow Error 54: The initialization at declaration of x_i
is
i neffective.
13 l en_i i nt eger :=0;
Il 5) Flow Error 54: The initialization at declaration of |en_i
is
i neffective.
14
15 begin
16
17 ind :=1
18 I en = b'l ast;
"G
P 6) Flow Error 10: Ineffective statenent.
19 len_i := len;
NT
Il 7) Flow Error 10: Ineffective statenent.
20 X_1 1= x;
"8
P 8) Flow Error 10: Ineffective statenent.
21 term:= | en+l-ind;
"9
Il 9) Flow Error 10: Ineffective statenent.
22 --# assert ind=1 and | en>=1 and
23 --# (for sone j in natural range 1..len => (b(j) = X))
24 --# and x = x_i and len = len_i;
25 WHI LE b(ind) /= x LOOP
26 term:= | en+l-ind;
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~10

It ( 10) Flow Error 10: Ineffective statenent.
27 ind :=ind+1
28
29 --# assert 1<=ind and ind <=len and
30 --# not ((for some j in natural range 1..ind-1 => (b(j) = x)))
31 --# and (for sonme j in natural range 1..len => (b(j) = x))
32 --# and x = x_i and len = len_i
33 --# and term > len+l-ind and |en+l1l-ind>=0; -- Ter-
m ni er ungsf kt
34
35 END LOOP
36
37 --# assert 1l<=ind and ind<=len and b(ind) = x
38 --# and not((for some j in natural range 1..ind-1 =>
(b(j)=x)))
39 --# and x = x_i and len = len_i;
40 end ex_16vc;
't ( 11) Flow Error 31: The variable b is exported but not (inter-
nal | y)
defi ned.
'ty ( 12) Flow Error 31: The variable X is exported but not (inter-
nal | y)
defi ned.
Iy ( 13) Flow Error 35: Inportation of the initial value of vari-
able Ind
is ineffective.
It ( 14) Flow Error 33: The variable termis neither referenced
nor
export ed.
It ( 15) Flow Error 33: The variable x_i is neither referenced nor
export ed.
Ity ( 16) Flow Error 33: The variable len_i is neither referenced
nor
exported
'y (17) Flow Error 50: The inported value of X is not used in the
derivation of b.
Ity ( 18) Flow Error 50: The inported value of Ind is not used in
t he
derivation of b.
'ty (190 Flow Error 50: The inported value of b is not used in the
derivation of X
Ity ( 20) Flow Error 50: The inported value of Ind is not used in
the
derivation of X
Iy (21) Flow Error 50: The inported value of Ind is not used in
t he
derivation of Ind.
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--BEnd of fil@--cmmm o

| IntArray.Ist

LR S R R R S R O R R I R S R

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Release 5.01 / 08.00
Denonstrati on Version

LR S R R R S R O R R I R S R

DATE : 03-JAN-2002 10:38:21.10

package IntArray is

SubType | ndexType is Natural range 1..100;
Type IntArrayType is Array (lndexType) of |nteger

end I ntArray;

--BEnd of file----------------cem e

Ex_16vc.siv

For

ERE R R R R R R R R R R R R R R R R R R O R

Semantic Anal ysis of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Rel ease 5.01 / 08.00
Denonstration Version

EE R R S I S I R R R I S O I

CREATED 03- JAN- 2002, 10:38:21 S| MPLIFIED 03-JAN-2002, 10:38:28
(Sinplified by SPADE Sinmplifier, Version 1.4)

procedure ex_16vc

path(s) fromstart to assertion of line 22

procedure_ex_16vc_1.

H1: (for_all)(i__ 1 : integer,i__ 1 >= 1 and i___ 1 <= 100 -> ele-
ment (b,[i___1]) >= integer__first and elenment(b,[i__ 1]) <= integer__|ast)
H2: X >= integer__first
H3: X <= integer__|ast
H4: ind >= integer__first
H5: ind <= integer__|ast
->
Cl: (for_sone)(j_ : integer,j_>= 1 and j_ <= 100 and elenent(b,[j_]) = x)
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For path(s) from assertion of line 22 to assertion of line 29

procedure_ex_16vc_2.

H1: len i >= 1.
H2: (for_sone)(j_ : integer,j_>= 1 and j_ <= len_i and elenent(b,[j_]) =
X_1)
H3: el ement (b, [1]) <> x_i . true
->
Cl: 2 <= len_i
c2: not (for_sone)(j_ : integer,j_>= 1 and j_ <=1 and elenment(b,[j_]) =
X_1)

For path(s) from assertion of line 29 to assertion of line 29:

procedure_ex_16vc_3.

H1: 1 <=ind.
H2: ind <= len_i
H3: (for_all)(j_ : integer,j_ < 1 or ind - 1 < j_ or elenment(b,[j_]) <>
X_1)
H4: (for_sone)(j_ : integer,j_>=1 and j_ <= len_i and elenent(b,[j_]) =
X_1)
H5: term>leni + 1 - ind.
He:  element(b,[ind]) <> x_i true
->
Cl: ind + 1 <= len_i
not (for_sone)(j_ : integer,j_>= 1 and j_ <= ind and elenent(b,[j_])
= x_i)

For path(s) fromassertion of line 22 to assertion of line 37:

procedure_ex_16vc_4.

H1: len_i >= 1 .
H2: (for_sonme)(j_ : integer,j_>=1 and j_ <= len_i and elenent(b,[j_]) =
element(b,[1])) . true
->
Cl: not (for_sone)(j_ : integer,j_>= 1 and j_ <= 0 and elenent(b,[j_]) =

el enment (b, [1]))

For path(s) fromassertion of line 29 to assertion of line 37:

procedure_ex_16vc_5.
*** true . /* all conclusions proved */

For path(s) fromassertion of line 37 to finish:
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procedure_ex_16vc_6.

*** true . /* all conclusions proved */
Ex_16: 6 VCsgen. 4VC rel 1 of rel. VCs proved  checked 2002.Jan.04
Example 17
| Ex_17vc.ada |

-- ex_17vc Exami ner: verification = vc

--# nmai n_program

procedure ex_17vc (A: in out integer; B: in out integer; P: in out integer)
--# derives A, B, PfromA B, P

is

A |l: integer
B I: integer

no
e e

begin

--# assert a > 0and b >0 and a = a_i and b = b_i;
p := 0;

--# assert p =0 and a > 0 and b >> 0 and a = a_i and b = b_i;
FOR i IN integer RANCE 1..b LOOP

--# assert p = (i-1)*a and a >> 0 and b >0 and a = a_i and b = b_i;
FOR j INinteger RANGE 1..a LOOP

p = ptl;

--# assert p = (i-1)*a+j and a > 0 and b > 0 and a = a_i and b =
END LOOP
--# assert p=i*a and a >> 0 and b >0 and a = a_i and b = b_i;

END LOOP;

--# assert p=b*a and a >> 0 and b >> 0 and a = a_i and b = b_i;

end ex_17vc;

Ex_17vc.Ist |

LR S R R R S R O R R I R S R

Li sting of SPARK Text
SPARK95 Exami ner with VC and RTC Generator Release 5.01 / 08.00
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Denonstrati on Version

EREE S R R I R R R R R I R O R O R

DATE : 02-JAN-2002 08:41:29. 32

Li ne
1 -- ex_17vc Exam ner: verification = vc
2
3 --# nmai n_program
4 procedure ex_17vc (A: in out integer; B: in out integer; P: in out in-
t eger)
5 --# derives A, B, PfromA B, P
6 is
7
8 Al: integer := 0;
It (1) Flow Error : 54: The initialization at declaration of Al
is
i neffective.
9 B 1: integer := 0;
't ( 2) Flow Error : 54: The initialization at declaration of B_I
is
i neffective.
10
11 begin
12
13 --# assert a >=> 0 and b >> 0 and a = a_i and b = b_i;
14 p :=0;
15
16 --# assert p =0 and a >0 and b >= 0 and a = a_i and b = b_i;
17 FOR i INinteger RANCE 1..b LOOP
18
19 --# assert p = (i-1)*a and a >= 0 and b > 0 and a = a_i and b =
b i;
20 FOR j IN integer RANGE 1..a LOCP
21
22 p := p+1;
23 --# assert p = (i-1)*a+j and a > 0 and b > 0 and a = a_i and b
= b_i;
24
25 END LOOP
26 --# assert p=i*a and a >> 0 and b >0 and a = a_i and b = b_i;
27
28 END LOOP
29
30 --# assert p=b*a and a >= 0 and b >= 0 and a = a_i and b = b_i;
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32 end ex_17vc;

'ty (3 FlowError . 31: The variable A is exported but not (inter-
nal | y)
def i ned.
'ty (4 Flow Error . 31: The variable B is exported but not (inter-
nal | y)
def i ned.
It (5 Flow Error : 35: Inportation of the initial value of vari-
able P
is ineffective.
't ( 6) Flow Error : 33: The variable Al is neither referenced nor
export ed.
'y (7)) FlowError . 33: The variable B I is neither referenced nor
export ed.
'ty ( 8 FlowError : 50: The inported value of Bis not used in the
derivation of A
it (9 Flow Error : 50: The inported value of P is not used in the
derivation of A
't ( 10) Flow Error : 50: The inported value of Ais not used in the
derivation of B.
It ( 11) Flow Error : 50: The inported value of Pis not used in the
derivation of B.
'ty (12) Flow Error : 50: The inported value of P is not used in the
derivation of P.
--- ( 13) Warning :403: Al is declared as a variable but used as
a
const ant .
--- ( 14) Warning :403: B | is declared as a variable but used as
a
const ant .
--BEnd of fil@--ommmmm e
Ex_17vc.siv

EE R R R I I R R R R I R I R O R O R

Semantic Anal ysis of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Rel ease 5.01 / 08.00

Denonstrati on Version
EIE R R I I I IR I R I I I I I O I R I I I I I R R R R I S I I I I I I I I R R R O R I O R S R I 3 O

CREATED 02- JAN- 2002, 08:41:29 SIMPLIFIED 02-JAN-2002, 08:41:37
(Sinplified by SPADE Sinplifier, Version 1.4)

procedure ex_17vc
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For

procedure_ex_17vc_1.

path(s) fromstart to assertion of

line 13:

H1: a >= integer__first
H2: a <= integer__|ast
H3: b >= integer__first
H4: b <= integer__|ast
H5: p >= integer__first
H6: p <= integer__|ast
->
Cl: a>=20.
cz2: b >=0
C3: a=20".
Ca: b =0.
For path(s) fromassertion of line 13 to assertion of line 16:
procedure_ex_17vc_2.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 16 to assertion of line 19:
procedure_ex_17vc_3.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 26 to assertion of line 19:
procedure_ex_17vc_4.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 19 to assertion of line 23:
procedure_ex_17vc_5.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 23 to assertion of line 23:
procedure_ex_17vc_6.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 19 to assertion of line 26:
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procedure_ex_17vc_7.

H1: ai >0

H2: bi >0

H3: ai <1
->

Cl: ai =0

For path(s) from assertion of

true

procedure_ex_17vc_8.

*** true

For path(s) from assertion of

line 23 to assertion of |line 26

/* all conclusions proved */

procedure_ex_17vc_9.

H1: ai >0

H2: bi >=20

H3: b i <1
->

Cl: 0 =Dbi *

For path(s) from assertion of

line 16 to assertion of |ine 30:

true

procedure_ex_17vc_10.
/* all conclusions proved */

*** true

line 26 to assertion of |ine 30:

For path(s) from assertion of

procedure_ex_17vc_11.
/* all conclusions proved */

*** true

line 30 to finish

Ex 17: 11 VCsgen.

9 VC rel.

7 of rel. VCs proved checked 2002.Jan.14

Example 18

| Ex_18vc.ada |
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ex_18vc

--# mai n_program

procedure ex_18vc (k:

is

--# derives k from

--# function I (k:

function P(k:
Ret Val ue :
begin
return RetVal ue;
end P;

begin

Exam ner:

ve

i n out

k;

in integer)

in integer)
bool ean;

rification Ve

i nt eger)

return boolean is

return bool ean;

--# assert true;

k := 0;

WHI LE P(k) LOOP
k 1= k+1;
--# assert

END LOOP;

1 (k);

--# assert false;

end ex_18vc;

Ex_18vc.Ist

L

ERE R R R R R R R R R R R R R R R R R R O R

Li sting of SPARK Text
SPARK95 Exami ner with VC and RTC Gener at or

Denpnstrati on Versi

on

Rel ease 5.01 / 08.00

ERE R R R R R R R R R R R R R R R R R R O R

DATE : 08-JAN-2002 10: 40: 40. 85
ne
1 -- ex_18vc Exam ner: verification = vc
2
3 --# mai n_program
4 procedure ex_18vc (k: in out integer)
5 --# derives k fromk;
6 is
7
8 --# function I(k: in integer) return bool ean;
9
10 function P(k: in integer) return boolean is
11 Ret Val ue : bool ean;
12 begin
13 return RetVal ue;

~
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20: Expression contains reference(s) to unde-

30: The variable k is inported but neither

32: The variable RetValue is neither inported

50: The inported value of k is not used in the

val ue of RetVal ue

I mportation of the initial value of vari-

50: The inported value of k is not used in the

Iy (1) Flow Error
fined
vari abl e Ret Val ue
14 end P;
'y (2) FlowError
ref erenced nor exported
Ity (3 Flow Error
nor
def i ned.
'ty (4 FlowError
derivation of the function val ue
??? ( 5) Warning :602: The undefined initial
may be
used in the derivation of the function val ue
15
16 begin
17
18 --# assert true;
19 k := 0;
20 WHI LE P(k) LOOP
21 k 1= k+1;
22 --# assert 1(k);
23 END LOOP
24
25 --# assert false;
26
27 end ex_18vc;
't ( 6) Flow Error 35:
abl e k
is ineffective.
vy (7)) Flow Error
derivation of k.
--End of file--------------
Ex_18vc.siv

EEE R R R R R R R R R R R R R R R O O R

Semantic Anal ysis of SPARK Text

SPARK95 Exami ner with VC and RTC Gener at or

Rel ease 5.01 / 08.00
Denpnstration Version

EEE R R R R R R R R R R R R R R R R O O R

CREATED 08- JAN- 2002,
(Sinplified

10:40: 40 SI MPLI FI ED 08- JAN- 2002,
by SPADE Sinplifier, Version 1.4)

10: 40: 48

procedure ex_18vc
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For path(s) fromstart to assertion of line 18:

procedure_ex_18vc_1.
*** true . /* all conclusions proved */

For path(s) fromassertion of line 18 to assertion of |line 22:

procedure_ex_18vc_2.

H1: p(0)
o> OK
C1: i (1)

For path(s) fromassertion of line 22 to assertion of |line 22:

procedure_ex_18vc_3.

H1: i (k)

H2: p(k) . OK
->

Cl: i(k + 1)

For path(s) fromassertion of line 18 to assertion of |ine 25:

procedure_ex_18vc_4.

H1: not p(0)
o> OK
CL: fal se .

For path(s) fromassertion of line 22 to assertion of |ine 25:

procedure_ex_18vc_5.

H1: i (k) . OK
H2: not p(k)

->
CL: fal se .

For path(s) from assertion of line 25 to finish:

procedure_ex_18vc_6.

*** true . /* all conclusions proved */
Ex_18: 6VCsgen. 4VC rel. 4ofrel. VCs OK checked 2002.Jan.14
Example 19
| Ex_19vc.ada |

-- ex_19vc Exami ner: verification = vc
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--# nmai n_program
procedure ex_19vc (N in out integer; s: in out integer)
--# derives S, NfromN, S

is
n_i: integer := 0;
j i integer := 0;
begin
ni :=n;

--# assert n >= 0 and n
s 1= 0
--# assert n > 0 and s = 0 and n = n_i;
FOR i IN integer RANGE 0..n-1 LOOP

joi= 2%i 41,

S = St

--# assert s = (i+1)**2 and n = n_i;
END LOOP

--# assert s = n**2 and n = n_i;

end ex_19vc;

Ex_19vc.Ist

EE R R I R R I R I O R R R R R I R I R O O O

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Release 5.01 / 08.00
Denonstrati on Version

IR R R SR EEEREEEEREEEREEEEREEEREEEREREEEREEE SRS SRR SRR EEEEEEEE SRR SRS

DATE : 02-JAN-2002 09: 05: 33. 89

Li ne

1 -- ex_19vc Exam ner: verification = vc

2

3 --# mai n_program

4 procedure ex_19vc (N in out integer; s: in out integer)

5 --# derives S, NfromN, S

6 is

7

8 n_i: integer := 0;
' (1) Flow Error : 54: The initialization at declaration of n_i
is

i neffective.
9 j i integer := 0;
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It ( 2) FlowError . 54: The initialization at declaration of | is
i neffective.
10
11 begin
12 ni :=n;
"3
'ty (3 FlowError . 10: Ineffective statenent.
13 --# assert n >= 0 and n = n_i;
14 s :=0;
15 --# assert n > 0and s =0 and n = n_i;
16 FOR i IN integer RANGE 0..n-1 LOOP
17 joi= 2%i 41,
18 S .= stj;
19 --# assert s = (i+1)**2 and n = n_i;
20 END LOOP
21
22 --# assert s = n**2 and n = n_i;
23 end ex_19vc;
'y ( 4) Flow Error : 31: The variable N is exported but not (inter-
nal | y)
defi ned.
It (5 Flow Error : 35: Inportation of the initial value of vari-
able s
is ineffective.
Iy ( 6) FlowError : 33: The variable n_i is neither referenced nor
export ed.
vy (7)) FlowError : 50: The inported value of s is not used in the
derivation of N.
It ( 8 FlowError : 50: The inported value of s is not used in the
derivation of s.
--End of fil@----mmmm e e
Ex_19vc.siv

ERE R R R R R R R EEEEEEREEEEREEEREEEREREEEEEE SRS SRR SRR EEEE SRR SRR SRS

Semantic Anal ysis of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Rel ease 5.01 / 08.00
Denonstration Version

EE R R I S I R R I R R R I R R I R I I O

CREATED 02- JAN- 2002, 09:05:33 SI MPLIFI ED 02- JAN- 2002, 09:05:41
(Sinplified by SPADE Sinplifier, Version 1.4)

procedure ex_19vc
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For

procedure_ex_19vc_1.
H1: n >= integer__first

path(s) fromstart to assertion of

line 13:

H2: n <= integer__|ast
H3: s >= integer__first
H4: s <= integer__|ast
->
C1: n>=20
For path(s) from assertion of line 13 to assertion of line 15
procedure_ex_19vc_2.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 15 to assertion of line 19
procedure_ex_19vc_3.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 19 to assertion of line 19
procedure_ex_19vc_4.
*** true . /* all conclusions proved */
For path(s) fromassertion of line 15 to assertion of line 22
procedure_ex_19vc_5.
H1: ni >=20
H2: ni <1. true
->
ClL: O =n_i * n_i
For path(s) fromassertion of line 19 to assertion of line 22

procedure_ex_19vc_6.

*** true . /* all

concl usi ons proved */

For path(s) from assertion

procedure_ex_19vc_7.

of line 22 to finish
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*** true . /* all conclusions proved */

Ex 19: 7VCsgen. 5VC rel. 4 ofrel. VCs proved

checked 2002.Jan.17

Example 20

| Ex_20vc.ada |

-- ex_20vc Exam ner: verification = vc

--# mai n_program

procedure ex_20vc (n: in out integer; a: in out integer)
--# derives n, a fromn, a;
is
n_i: integer := 0;
termold: integer := 0; -- Term nierungsfunktion alt
begin
Ni :=n;
termold :=n - a;
--# assert a=0 and n>=0 and n = n_i and
--# termold = n - a;
WHI LE (a+1)**2 <= n LOOP
termold := n - a;
a = a+l;
--# assert a**2<=n and n = n_i and
--#n - a<termold and n - a >=0; -- Term ni erungsfunktion
END LOOP
--# assert (a+l)**2>n and n>=a**2 and n = n_i;

end ex_20vc;

Ex_20vc.Ist

EE R R R I I R R R R I R I R O R O R

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Gener at or
Denpnstration Version

Rel ease 5.01 / 08.00

LR S R R R S R O R R I R S R

DATE : 02-JAN-2002 09: 39: 48. 84

Li ne
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1 -- ex_20vc Exam ner: verification = vc
2
3 --# mai n_program
4 procedure ex_20vc (n: in out integer; a: in out integer)
5 --# derives n, a fromn, a;
6 is
7
8 n_i: integer := 0;
It (1) Flow Error 54: The initialization at declaration of n_i
is
i neffective.
9 termold: integer := 0; -- Term nierungsfunktion alt
rr o 2 Fl ow Error 54: The initialization at declaration of
termold is
i neffective.
10
11 begin
12 Ni :=n;
"3
Ity ( 3) FlowError 10: Ineffective statenent.
13 termold := n - a;
ay!
'ty (4 FlowError 10: Ineffective statenent.
14 --# assert a=0 and n>=0 and n = n_i and
15 --# termold = n - a;
16 WHI LE (a+1)**2 <= n LOOP
17 termold := n - a;
"5
'ty (5 FlowError 10: Ineffective statenent.
18
19 a ;= a+l,
20
21 --# assert a**2<=n and n = n_i and
22 --# n - a<termold and n - a >=0; -- Term ni erungsfunktion
23 END LOOP
24
25 --# assert (a+l)**2>n and n>=a**2 and n = n_i;
26 end ex_20vc;
't ( 6) Flow Error 31: The variable n is exported but not (inter-
nal | y)
defi ned.
'y (7)) Flow Error 33: The variable n_i is neither referenced nor
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export ed.
1t (8 Flow Error : 33: The variable termold is neither refer-
enced nor
export ed.
't (9 Flow Error : 50: The inported value of a is not used in the
derivation of n.
--End of fil@----mmmm e e e
Ex_20vc.siv

EIE R R S I I R R I I S O R I R S S O

Semantic Anal ysis of SPARK Text
SPARK95 Exami ner with VC and RTC Generator Release 5.01 / 08.00
Denonstrati on Version

ERE R R R R R R R R R R R R R R R R R R O R

CREATED 02- JAN-2002, 09:39:48 S| MPLIFI ED 02- JAN- 2002, 09: 39: 56
(Sinplified by SPADE Sinplifier, Version 1.4)

procedure ex_20vc

For path(s) fromstart to assertion of line 14:

procedure_ex_20vc_1.

H1: n >= integer__first

H2: n <= integer__|ast

H3: a >= integer__first

H4: a <= integer__|ast
->

C1: a=2=0

c2 n>=20

For path(s) fromassertion of line 14 to assertion of line 21
procedure_ex 20vc_2.

*** true . /* all conclusions proved */

For path(s) fromassertion of line 21 to assertion of line 21

procedure_ex_20vc_3.

H1: a* a<=n_i
H2: ni - a<termold.
H3: ni - a>=2~0
H4: (a+1) * (a+ 1) <=n_i
o> true: (atl)(atl) £ ni ©°

Of a(atl) £ n_i—(at+l)
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procedure_ex_20vc_5.
*** true

/* all

concl usi ons proved */

Cl: ni - (a+1) >=0

For path(s) fromassertion of line 14 to assertion of line 25
procedure_ex_20vc_4.

*** true . /* all conclusions proved */

For path(s) fromassertion of line 21 to assertion of line 25

Fo

r

path(s) from assertion of

procedure_ex_20vc_6.

line 25 to finish

*** true . /* all conclusions proved */
Ex 20: 6VCsgen. 4VC rel. 3ofrel. VCs proved checked 2002.Jan.17
Example 21
| Ex_21vc.ada |
-- ex_21lvc Exam ner: verification = vc
--# mai n_program
procedure ex_21vc (X: in out integer; Y: in out integer)

--# derives X, Y fromX, Y;

is
tenp: integer := 0;
X_i i nteger := 0;
y_i integer := 0;
begin
X_i = X;
y_i 1=y;
--# assert x = x_i andy =y _i;
temp 1= x ;
X =y ;
y 1= tenp;
--# assert x = y_ i and y = x_i

end ex_21lvc;
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Ex_21vc.lst

EIE R R S I I R R R I R R R I R R I R I S O O

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Gener at or
Denonstrati on Version

Rel ease 5.01 / 08.00

ERE R R E R EEEREEEEREEEREEEEREEEREEEEREE SRR E SRS SR SRR R SRR SRR SRR SRS

DATE : 02-JAN-2002 09:40: 21. 22

Li ne
1 -- ex_21lvc Exam ner: verification = vc
2
3 --# mai n_program
4 procedure ex_21vc (X: in out integer; Y: in out
5 --# derives X, Y fromX, Y,
6 is
7
8 tenp: integer := 0;

1M1 (1) Flow Error

54: The initialization at

i nt eger)

decl aration of tenp

is
i neffective.
9 X_i : integer := 0;
't ( 2) Flow Error 54: The initialization at declaration of x_i
is
i neffective.
10 y_i : integer := 0;
' ( 3) Flow Error 54: The initialization at declaration of y_i
is
i neffective.
11
12 begin
13 X_i 1= X
!
' ( 4) Flow Error : 10: Ineffective statenent.
14 y i 1=vy;
"5
"1 ( 5 Flow Error . 10: Ineffective statenent.
15
16 --# assert x = x_i andy =y_i;
17 tenmp : = x ;
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18 X =y

19 y i = tenp;

20 --# assert x =y i andy = x_i;
21

22 end ex_21vc;

't ( 6) Flow Error : 33: The variable x_i is neither referenced nor
export ed.

'y (7)) FlowError . 33: The variable y_i is neither referenced nor
export ed.

'ty ( 8 FlowError : 50: The inported value of X is not used in the
derivation of X

it (9 Flow Error : 50: The inported value of Y is not used in the

derivation of Y.

--BEnd of file----------------cem e

Ex_21vc.siv

EE R R I R R I R I O R R R R R I R I R O O O

Semantic Anal ysis of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Release 5.01 / 08.00
Denonstrati on Version

IR R R SR EEEREEEEREEEREEEEREEEREEEREREEEREEE SRS SRR SRR EEEEEEEE SRR SRS

CREATED 02- JAN- 2002, 09:40:21 SIMPLIFIED 02-JAN- 2002, 09:40: 29
(Sinplified by SPADE Sinplifier, Version 1.4)

procedure ex_21vc

For path(s) fromstart to assertion of line 16

procedure_ex_21lvc_1.
*** true . /* all conclusions proved */

For path(s) fromassertion of line 16 to assertion of |ine 20:

procedure_ex_21lvc_2.
*** true . /* all conclusions proved */

For path(s) fromassertion of line 20 to finish

procedure_ex_21lvc_3.
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*** true . /* all conclusions proved */
Ex 21: 3VCsgen. 1VC rel. 1ofrel. VCs proved checked 2002.Jan.17
Example 22

| Ex_22vc.ada |

-- ex_22vc Exam ner: verification = vc

--# mai n_program
procedure ex_22vc (X: in out integer; Y: in out integer)
--# derives X, Y fromX Y,

is
X_i: integer := 0;
y_i: integer := 0;
begin
X_1 1= X
y_i 1=y,
--# assert x = x_i andy =y_i;
X 1= X - y;
y 1= X +y,;
X 1=y - X

--# assert x =y i andy = x_i;

end ex_22vc;

Ex_22vc.lst

EIE R R S I R I R R R R I R R I R S O O

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Release 5.01 / 08.00
Denonstrati on Version

LR R R E R EEEREEEEREEEREEEEREEEREEEREREEEEEE SRS SIS ERE SRR SRR SRR SRS

DATE : 02-JAN-2002 09:44:01.55

Li ne
1 -- ex_22vc Exam ner: verification = vc
2
3 --# mai n_program
4 procedure ex_22vc (X: in out integer; Y: in out integer)
5 --# derives X, Y fromX, Y,
6 is
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7
8 X_i: integer := 0;

'Y (1) Flow Error 54: The initialization at declaration of x_i

is

i neffective.

9 y_i: integer := 0;

1M1 ( 2) Flow Error 54: The initialization at declaration of y_i

is

i neffective.
10
11 begin
12 X_i 1= x;
"3
1" ( 3) Flow Error I neffective statenent.
13 y i 1=vy;
!
'Y ( 4) Flow Error I neffective statenent.

14
15 --# assert x = [ =
16 X =X -,
17 y 1= X +Yy,;
18 X 1=y - X
19 --# assert x = y_i
20

21 end ex_22vc;

' (5 Flow Error

export ed.
1 ( 6) FlowError
exported
--End of file

Ex_22vc.siv

33: The variable x_i

33: The variable y_i

is neither referenced nor

is neither referenced nor

EE R R R I I R R R R I R I R O R O R

Semantic Anal ysis of SPARK Text
SPARK95 Exam ner with VC and RTC Gener at or
Denpnstration Version

Rel ease 5.01 / 08.00

LR S R R R S R O R R I R S R

CREATED 02- JAN-2002, 09:44:01 SIMPLIFIED 02-JAN-2002, 09:44:09

(Sinplified by SPADE Sinplifier,

Version 1.4)
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procedure ex_22vc

For path(s) fromstart to assertion of line 15

procedure_ex_22vc_1.

*** true

/*

all conclusions proved */

procedure_ex_22vc_2.
*** true

/*

For path(s) fromassertion of line 15 to assertion of line 19

all conclusions proved */

For path(s) fromassertion of line 19 to finish

procedure_ex_22vc_3.

*** true . /* all conclusions proved */
Ex 22: 3VCsgen. 1VC rel. 1ofrel. VCs proved checked 2002.Jan.17
Example 23
| Ex_23vc.ada |
-- ex_23vc Exam ner: verification = vc

--# mai n_program

procedure ex_23vc (X
--# derives X, Y fromX Y,

in out integer; Y. in out integer)

is
X_i i nteger := 0;
y_i i nteger := 0;
begin
X_i 1= X;
=y
| --# assert x = x_i and -100 <= x and x <= +100 and
| --# y =y i and -100 <=y and y <= +100;

X

X -y,
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--# assert -100 <= x and x <= +100 and -100 <=y and y <= +100;
y 1= X +y,;

--# assert -100 <= x and x <= +100 and -100 <=y and y <= +100;
X =y - X

--# assert X
--#

y i and -100 <= x and x <= +100 and
Xx_i and -100 <=y and y <= +100;

end ex_23vc;

Ex_23vc.lst

ERE R R E R EEEREEEEREEEREEEEREEEREEEEREE SRR E SRS SR SRR R SRR SRR SRR SRS

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Rel ease 5.01 / 08.00
Denonstration Version

EIE R R S O I R R R R R R I R R I R S I S O O

DATE : 02-JAN-2002 09: 45:55. 33

Li ne
1 -- ex_23vc Exam ner: verification = vc
2
3 --# mai n_program
4 procedure ex_23vc (X in out integer; Y: in out integer)
5 --# derives X, Y fromX Y,
6 is
7
8 X_i : integer := 0;
'ty (1) Flow Error : 54: The initialization at declaration of x_i
is
i neffective.
9 y_ i : integer := 0;
vy (2 Flow Error : 54: The initialization at declaration of y_i
is
i neffective.
10
11 begin
12
13 X_i 1= x;
"3
It ( 3) FlowError : 10: Ineffective statenent.
14 y i 1=vy;
!
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'ty (4 FlowError 10: Ineffective statenent.
15
16 --# assert x = x_i and -100 <= x and x <= +100 and
17 --# y =y i and -100 <=y and y <= +100;
18 X 1= X -y,
19
20 --# assert -100 <= x and x <= +100 and -100 <=y and y <= +100;
21 y := X +vy;
22
23 --# assert -100 <= x and x <= +100 and -100 <=y and y <= +100;
24 X 1=y - X
25
26 --# assert x = y_ i and -100 <= x and x <= +100 and
27 --# = x_i and -100 <=y and y <= +100;
28
29 end ex_23vc;
It (5 FlowError 33: The variable x_i is neither referenced nor
export ed.
Iy ( 6) FlowError 33: The variable y_i is neither referenced nor
export ed.
--BEnd of fil@-----mmm i e
Ex_23vc.siv

Fo

r

EIE R R S I R I R R R R I R R I R S O O

Semantic Anal ysis of SPARK Text

SPARK95 Exam ner with VC and RTC Generator Release 5.01 / 08.00

Denonstrati on Version

LR R R E R EEEREEEEREEEREEEEREEEREEEEREEEEEE SRS SRR SRR EEEE SRR EREEE]

CREATED 02- JAN-2002, 09:45:55 SIMPLIFI ED 02- JAN-2002, 09: 46: 03
(Sinplified by SPADE Sinplifier, Version 1.4)

procedure ex_23vc

path(s) fromstart to assertion of line 16

procedure_ex_23vc_1.

H1:

H2
H3:
H4

C1.

X >= integer__first
X <= integer__|ast
y >= integer__first
y <= integer__| ast

->

100 <= Xx
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c2: X <= 100 .
C3: - 100 <=y .
C4: y <= 100 .

For path(s) fromassertion of line 16 to assertion of |ine 20:

procedure_ex_23vc_2.

H1: - 100 <= x_i
H2: X_i <= 100 .
H3: - 100 <= y_i
H4: y_ i <= 100 .
s false
ClL: - 100 <= x_i - y_i
c2: X_i - y_ i <=100 .

For path(s) fromassertion of line 20 to assertion of |ine 23:

procedure_ex_23vc_3.

H1: - 100 <= x .

H2: X <= 100 .

H3: - 100 <=y .

H: Y:_ 100 false
CL: - 100 <= x + vy .

c2: X +y <= 100 .

For path(s) from assertion of line 23 to assertion of |line 26:

procedure_ex _23vc_4.

H1: - 100 <= x .

H2: x <= 100 .

H3: - 100 <=y .

Ha: y <= 100 . false
->

C1: y - X =y_i .

c2: - 100 <=y - x .

C3: y - x <= 100 .

C4: y = X_i

For path(s) fromassertion of line 26 to finish:

procedure_ex_23vc_5.
*** true . /* all conclusions proved */

Ex 23: 5VCsgen. 3VC rel. O0ofrel. VCsdisproved checked 2002.Jan.17
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Example 24

| Ex_24vc.ada |

-- ex_24vc Exam ner: verification = vc

--# nmai n_program
procedure ex_24vc (X: in out integer; Y: in out integer)
--# derives X, Y fromX, Y,

is
X_i: integer := 0;
y_i: integer := 0;
begin
X_i 1= x;
y_i 1=y;

--# assert X X i and y =y i and -100 <= x-y and x-y <= +100 and
--# -100 <= x and x <= +100 and -100 <=y and y <= +100;
X 1= X - y;

--# assert x = x_i-y_i and y =y_ i and -100 <= x+y and x+y <= +100 and
--# -100 <= x and x <= +100 and -100 <= y and y <= +100;
y 1= X +y,;

--# assert x = x_i-y_i and y = x_i and -100 <= y-x and y-x <= +100 and
--# -100 <= x and x <= +100 and -100 <=y and y <= +100;
X 1=y - X;

--# assert x = y_ i and -100 <= x and x <= +100 and
i y = x_i and -100 <= y and y <= +100;

end ex_24vc;

Ex_24vc.lst

EE R R S I I I R R I S O R I R S S O

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Release 5.01 / 08.00
Denonstrati on Version

ER R R R R R R R R R R R R R R R R O R

DATE : 02-JAN-2002 09:50: 27. 04

Li ne
1 -- ex_24vc Exam ner: verification = vc

0
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--# nmai n_program
procedure ex_24vc (X

is

N OB WD

X_i: integer := 0;

'ty (1) Flow Error

in out integer; Y: in out integer)
--# derives X, Y fromX, Y;

54: The initialization at declaration of x_i

is
i neffective.
9 y_i: integer := O;
Iy ( 2) Flow Error 54: The initialization at declaration of y_i
is
i neffective.
10
11 begin
12 X_i 1= x;
"3
Ity (3 FlowError 10: Ineffective statenent.
13 y i 1=vy;
!
'y ( 4) Flow Error 10: Ineffective statenent.
14
15 --# assert x = x_i andy =y i and -100 <= x-y and x-y <= +100 and
16 --# -100 <= x and x <= +100 and -100 <=y and y <= +100;
17 X 1= X -,
18
19 --# assert x = x_i-y_i and y = y_i and -100 <= x+y and x+y <= +100
and
20 --# -100 <= x and x <= +100 and -100 <=y and y <= +100;
21 y =X +vy;
22
23 --# assert x = x_i-y_i and y = x_i and -100 <= y-x and y-x <= +100
and
24 --# -100 <= x and x <= +100 and -100 <= y and y <= +100;
25 X 1=y - X
26
27 --# assert x = y i and -100 <= x and x <= +100 and
28 --# y = x_i and -100 <=y and y <= +100;
29

30 end ex_24vc;

't (5 Flow Error
export ed.

33: The variable x_i is neither referenced nor
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'y ( 6) FlowError : 33: The variable y_i is neither referenced nor
export ed.

--BEnd of fil@----mmmm i e

Ex_24vc.siv

For

EIE R R I I I R R R R R R I R R I R I I O O

Semantic Anal ysis of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Release 5.01 / 08.00
Denonstrati on Version

ERE R R E R EEEREEEEREEEREEEEREEEREEEEREE SRR E SRS SR SRR R SRR SRR SRR SRS

CREATED 02- JAN-2002, 09:50:27 SIMPLIFI ED 02- JAN-2002, 09:50: 34
(Sinplified by SPADE Sinplifier, Version 1.4)

procedure ex_24vc

path(s) fromstart to assertion of line 15

procedure_ex_24vc_1.

H1: X >= integer__first

H2: X <= integer__|ast

H3: y >= integer__first

H4: y <= integer__| ast
->

C1: - 100 <= x - vy .

c2: X -y <= 100

C3: - 100 <= x

C4: x <= 100

C5: - 100 <=y .

C6: y <= 100

For path(s) fromassertion of line 15 to assertion of line 19

procedure_ex_24vc_2.
*** true . /* all conclusions proved */

For

path(s) from assertion of line 19 to assertion of line 23

procedure_ex_24vc_3.
*** true . /* all conclusions proved */

For

path(s) from assertion of line 23 to assertion of line 27
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procedure_ex_24vc_4.
*** true . /* all conclusions proved */

For path(s) fromassertion of line 27 to finish

procedure_ex_24vc_5.

*** true . /* all conclusions proved */
Ex_24. 5VCsgen. 3VC rel. 3 of rel. VCs proved checked 2002.01.18
Example 25
| Ex 25vc.ada |

-- ex_25vc Exam ner: verification = vc

--# mai n_program
procedure ex_25vc (X in out integer; Y: in out integer)
--# derives X, Y fromX Y,

is

X_i: integer := 0;

y i: integer := 0;

function f(a: in integer; b: in integer) return integer is
Ret _Val ue: integer

begin
return ret_Val ue;

end f;

function g(a: in integer; b: in integer) return integer is
Ret _Val ue: i nteger

begin
return Ret_ Val ue;

end g;

function h(a: in integer; b: in integer) return integer is
Ret _Val ue: i nteger

begin
return Ret Val ue;

end h;

begin
X_1 1= X
y_i =y,
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--# assert x = x_i andy =y _i;
x 1= f(x,y);
y 1= 9(x,y);
x 1= h(x,y);
--# assert x = y_i and y = x_i

end ex_25vc;

Ex_25vc.Ist

EIE R R S I I R I R R R R I R R I R O O

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Release 5.01 / 08.00
Denonstrati on Version

ERE R R E R EEEREEEEREEEREEEEREEEREEEEREE SRR E SRS SR SRR R SRR SRR SRR SRS

DATE : 03-JAN-2002 10:25: 23.04

Li ne
1 -- ex_25vc Exam ner: verification = vc
2
3 --# mai n_program
4 procedure ex_25vc (X: in out integer; Y: in out integer)
5 --# derives X, Y fromX, Y,
6 is
7
8 X_i: integer := 0;
It (1) Flow Error : 54: The initialization at declaration of x_i
is
i neffective.
9 y_i: integer := 0;
't ( 2) Flow Error : 54: The initialization at declaration of y_i
is
i neffective.
10
11 function f(a: in integer; b: in integer) return integer is
12 Ret _Val ue: i nteger
13 begin
14 return ret_Val ue;
"3
Ity ( 3) Flow Error . 20: Expression contains reference(s) to unde-
fined
vari abl e Ret _Val ue
15 end f;
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?2?2? (
may be

16
17
18
19
20

222 (

may be

22
23
24
25
26

4)

5)

6)

8)

9)

10)

11)

12)

13)

14)

15)

16)

Fl ow Error . 32: The variable Ret_Value is neither inported
def i ned.

Fl ow Error : 50: The inported value of a is not used in the
derivation of the function val ue

Fl ow Error : 50: The inported value of b is not used in the
derivation of the function val ue

War ni ng :602: The undefined initial value of Ret_Val ue

used in the derivation of the function val ue

Fl ow Error . 30: The variable a is inported but neither
referenced nor exported
Fl ow Error : 30: The variable b is inported but neither

ref erenced nor exported

function g(a: in integer; b: in integer) return integer is

Ret _Val ue: integer

begin

return Ret_ Val ue;
~10
Fl ow Error . 20: Expression contains reference(s) to unde-

vari abl e Ret _Val ue

end g;

Fl ow Error : 32: The variable Ret_Value is neither inported
defi ned.

Fl ow Error : 50: The inported value of a is not used in the
derivation of the function val ue

Fl ow Error : 50: The inported value of b is not used in the
derivation of the function val ue

Wr ni ng :602: The undefined initial value of Ret_ Val ue

used in the derivation of the function val ue

Fl ow Error : 30: The variable a is inported but neither
ref erenced nor exported
Fl ow Error : 30: The variable b is inported but neither

ref erenced nor exported

function h(a: in integer; b: in integer) return integer is

Ret _Val ue: integer

begin

return Ret Val ue;
~NT7

95



C. Freining, J F H Winkler

Iy (17) Flow Error . 20: Expression contains reference(s) to unde-
fined
vari abl e Ret_Val ue

27 end h;
It ( 18) Flow Error . 32: The variable Ret_Value is neither inported
nor
def i ned.
It ( 19) Flow Error : 50: The inported value of a is not used in the
derivation of the function val ue.
It ( 20) Flow Error : 50: The inported value of b is not used in the
derivation of the function val ue.
??? ( 21) Warning :602: The undefined initial value of Ret_ Val ue
may be
used in the derivation of the function val ue.
Iy (22) Flow Error . 30: The variable a is inported but neither
ref erenced nor exported.
rr (23) Flow Error : 30: The variable b is inported but neither

ref erenced nor exported.

28
29 begin
30 X_i 1= x;
n24
It ( 24) Flow Error : 10: Ineffective statenent.
31 y i 1=vy;
n25
Ity (25 Flow Error : 10: Ineffective statenent.
32
33 --# assert x = x_i andy =y _i;
34
35 x = f(x,y¥);
36 = g(x,y);
37 X 1= h(x,y);
38
39 --# assert x =y i andy = x_i;
40 end ex_25vc;
Iy ( 26) Flow Error : 33: The variable x_i is neither referenced nor
export ed.
rr (27) Flow Error : 33: The variable y_i is neither referenced nor
export ed.
--End of fil@---mmmmm e e i

Ex_25vc.siv

IR R R SR EEEREEEEREEEREEEEREEEREEEREREEEREEE SRS SRR SRR EEEEEEEE SRR SRS
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Semantic Anal ysis of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Rel ease 5.01 / 08.00
Denonstration Version

EIE R R S I I R R R I R R R I R R I R I S O O

CREATED 03- JAN- 2002, 10:25:23 S| MPLIFI ED 03-JAN- 2002, 10:25:30
(Sinplified by SPADE Sinmplifier, Version 1.4)

procedure ex_25vc

For path(s) fromstart to assertion of line 33

procedure_ex_25vc_1.
*** true . /* all conclusions proved */

For path(s) fromassertion of line 33 to assertion of line 39

procedure_ex_25vc_2.

H1: true . OK

->
C1: h(f(x_i,y_i),g(f(x_i,y_i),y_i)) =y
c2: g(f(x_i,y_i),y_i) = x_i

For path(s) fromassertion of line 39 to finish

procedure_ex_25vc_3.
*** true . /* all conclusions proved */

Ex_25: 3 VCs gen. 1VC rel. 1ofrel. VCs correct checked 2002.Jan.18

Example 26

| Ex_26vc.ada |

-- ex_26vc Exam ner: verification = rtc

--# nmai n_program

procedure ex_26vc (n: in out integer; X: in out integer)
--# derives X, n fromn, x

is
n_i: integer
y : integer

0;
0;
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Z  integer := 0;
begin
ni :=n;
--# assert n >= 0 and n = n_i;
x 1= 0;
y =1
Z .= 6;
--# assert n >= 0 and n = n_i and
--# x=0 and y=1 and z=6;
FORi INinteger RANGE 1 .. n LOOP
X 1= X+y;
y 1= y+z;
z .= z+6;
--# assert x = i*3 and y = 3*i**2 + 3*i + 1 and
--# z=6*i+6 and n = n_i;
END LOOP

--# assert x=n**3 and n = n_i;

end ex_26vc;

Ex_26vc.Ist

EE R R R I I R R R R I R I R O R O R

Li sting of SPARK Text
SPARK95 Exam ner with VC and RTC Generator Rel ease 5.01 / 08.00

Denonstrati on Version
EIE R R I I I IR I R I I I I I O I R I I I I I R R R R I S I I I I I I I I R R R O R I O R S R I 3 O

DATE : 02- JAN-2002 09:53: 23. 84

Li ne
1 -- ex_26vc Exam ner: verification = rtc
2
3 --# mai n_program
4 procedure ex_26vc (n: in out integer; X: in out integer)
5 --# derives X, n fromn, X
6 is
7 n_i: integer := 0;
Ity (1) Flow Error : 54: The initialization at declaration of
is
i neffective.
8 y : integer := 0;
Ity ( 2) FlowError . 54: The initialization at declaration of y is

i neffective.
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9 Z : integer := 0;

'ty (3 FlowError . 54: The initialization at declaration of z is
i neffective.

10
11
12 begin
13 ni :=n;
ay!
'ty (4 FlowError . 10: Ineffective statenent.
14 --# assert n >= 0 and n = n_i;
15 X .= 0;
16 y = 1;
17 zZ = 6;
18 --# assert n >= 0 and n = n_i and
19 --# x=0 and y=1 and z=6;
20 FORi INinteger RANGE 1 .. n LOOP
21 X = X+ty;
22 y = y+z;
23 Z .= z+6;
24 --# assert x = i*3 and y = 3*i**2 + 3*i + 1 and
25 --# z=6*i+6 and n = n_i;
26
27 END LOOP
28
29 --# assert x=n**3 and n = n_i;
30 end ex_26vc;
't (5 FlowError . 31: The variable n is exported but not (inter-
nal | y)
def i ned.
Itr ( 6) HowError : 35: Inportation of the initial value of vari-
abl e x
is ineffective.
Ity (7)) Flow Error . 33: The variable n_i is neither referenced nor
exported
Ity ( 8 FlowError : 50: The inported value of x is not used in the
derivation of n.
'y (9 FlowError : 50: The inported value of x is not used in the
derivation of x.
--BEnd of fil@-----mmmmmmm -
Ex_26vc.siv
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Semantic Anal ysis of SPARK Text
SPARK95 Exami ner with VC and RTC Generator Release 5.01 / 08.00
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For

Denonstrati on Version
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CREATED 02- JAN- 2002, 09:53:23 SIMPLIFI ED 02- JAN- 2002, 09:53:31
(Sinplified by SPADE Sinplifier, Version 1.4)

procedure ex_26vc

path(s) fromstart to assertion of line 14:

procedure_ex_26vc_1.

H1: n >= integer__first
H2: n <= integer__|ast
H3: X >= integer__first
H4: X <= integer__ | ast
->
C1: n >=20
For path(s) fromassertion of line 14 to assertion of line 18

procedure_ex_26vc_2.
*** true . /* all conclusions proved */

For

path(s) from assertion of line 18 to assertion of |ine 24:

procedure_ex_26vc_3.
*** true . /* all conclusions proved */

For

path(s) from assertion of line 24 to assertion of |line 24:

procedure_ex_26vc_4.

H1:

C1:

loop__1 i <> n_i . true
->
loop_ 1 i ** 3 + (3 * (loop__1 i * loop__1 i) + 3 * loop__1 i

= (loop__1 i + 1) ** 3

For

path(s) from assertion of line 18 to assertion of line 29

procedure_ex_26vc_5.

H1:
H2:

ni >=20
ni <1
->

true

+ 1)
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C1: 0 ** 3

1
=}

For path(s) fromassertion of line 24 to assertion of line 29

procedure_ex_26vc_6.
*** true . /* all conclusions proved */

For path(s) fromassertion of line 29 to finish

procedure_ex _26vc_7.
*** true . /* all conclusions proved */

Ex_26: 7VCsgen. 5VC rel 3 of rel. VCs proved checked 2002.Jan.18
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