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void f()






void f()
{

assert( true );

;



o assert( true );

;



void f()
{

assert( true );

;

&



void f()
{

claim true;

;



void f()
{

bool b = true;
claim b;

;



" bool b = true;
claim b;

;












void f()
{
bool b = true;
claim true /* b */;

}

&



void f( bool b )

{
if (b)
claim b;

;



void f( bool B)

it (1)

claim B;

}












void f( bool b ) void f( bool b )
{ {

claim true /* b */;
¥y A



void f( bool b))
{
if (o)
b = true;
claim b;

;



void f( bool B')

{
if (1B)
{
b = true;
claim b;
)
else
claim |b;

}



if (19])
{
b = true;
claim b;
¥
else
claim |b;

}



w if (B? false : true )
{
b = true;
claim b;
¥
else
claim b;

}



< if (falseFB ¥l ? false : true ) @  if (true B ¥l ? false : true )

{ {
b = true; b = true;
claim b; claim b;
) Y
else else

claim false /b, claim true/ b
} }




@ if (true /* b */) @ if (false /* b */)

{ {
b = true; b = true;
claim b; claim b;
) Y
else else

claim false /b, claim rue /b,
} }




b = true;
claim b;










void f( bool b ) void f( bool b )
{ {

b = true;
claim true /* b */;

claim true /* b */;



void f( inta, intb)

{
f(a+1<Db)
claima+ 1 <Db;

;



void f( int a, int b )

{

autotO=a + 1;

autotl = (t0<b);

if (t1)
{
autot2=a + 1;
autot3 =(t2<b);
claim t3;

;



void f( int/a, int|p)

{

auto t0 =fa + 1;

auto t1 = (10 <B);

if (t1)
{
auto t2 =fal+ 1;
auto t3 = (12 <B);
claim t3;

;



auto t0 =fa + 1;

auto t1 = (10 <B);

if (t1)
{
auto t2 =fal+ 1;
auto t3 = (12 <B);
claim t3;

;



auto t0 =fa + 1;

auto t1 = (10 <B);

if (t1)
{
auto t2 =fal+ 1;
auto t3 = (12 <B);
claim t3;

;



auto t0 =@ + 1;

auto t1 = (10 <P );

if (t1)
{
auto 12 =@ + 1;
auto t3 = (12 <B);
claim t3;

;




auto t1 = (10 <P );

if (t1)
{
auto 2 =@ + 1;
auto t3 = (12 <B);
claim t3;

;



> dUu
if







void f( inta, intb ) void f( inta, intb)

{ {

autot0O = a + 1; autotO =a + 1;

autot1 =(t0<b); autot1 =(t0<b);
@ if (false /At1%/) =4




void f( int a, intb ) void f( int a, intb)
{ {

autot0O = a + 1; autotO =a + 1;
autot1 =(t0<b); autot1 =(t0<b);




void f( inta, intb) void f( inta, int b))
{ {

autot0O = a + 1; autotO =a + 1;
autot1 =(t0<b); autot1 =(t0<b);




void f( inta, intb) void f( inta, int b))

{ {
autot0O = a + 1; autotO =a + 1;
autot1 = (t0<b); autot1 =(t0<b);
{
autot2 =a + 1;
S S




void f(int a, intb) void f( inta, intb)
{ {

autot0O = a + 1; autotO =a + 1;
autot1 = (t0O<b); autot1 =(t0<b);

{

autot2 =a + 1;
autot3 =(t2<b);

- < claim true /13 */;
}



void f( inta, intb)
{

autotO=a + 1;
autotl = (t0<b);

void f( inta, intb)
{

autotO =a + 1;
autotl =(t0<b);

{

autot2 =a + 1;
autot3 =(t2<b);
claim true /* {3 */;

}



intf(inta, intb)

{
if(a<b)
return -1;

if(a>b)
return 1;

claim a == b;
return O;

;



intf(inta, intb)

{
if(a<b)
return -1;

if(a>b)
return 1;

posita<b Il a==Db Il a>Db;
claim a == b;

return O;

;



int f( intja, int)
{
if ({@<B)

return -1;

it (@ >9)

return 1;
positi@d<P Il @==8 1l @>b;
claim.==.;

return O;

}




it (@<B)

return -1;

it (@ >9)

return 1;
positi@d<P Il @==8 1l @>b;
claim.==.;

return O;

}




t (BB

return -1;

it (@ >9)

return 1;
posita<P Il @==8 Il @>B;
claim @ ==b}

return O;

}




< if (true/fa<b*/) @ if (false /fa<b)

return -1; return -1;
if (@>8) if (@>8l)
return 1; return 1;

posit true /*a<b*/ || &==18 Il @>B posit false /'a<b™ Il @ == Il &>
Claim . == ., Claim . —_—— .,

return O; return O;

} }



return -1;

it (& >Bl)

return 1;
positid == Il & >B
claim @ ==b;

return O;

}




it (@>B)

return 1;
posita == I @>b;
claimfa ==B

return O;

}




e if (@a=>1)

return 1;
positd==8 Il @=B
claimfa ==B
return O;

}



intf( inta, intb) intf(inta, intb)
{ {

@ if (tue/fa>b) w i (false /*a>b*/)

return 1; return 1;
posit@==8 Il [ifue a6 positldl == | [falseFa=b
Claimlzzl; Claim.==.;
return O; return O;

} }



return 1;
positia == Il false;
claim @ ==b;

return O;

}



posita ==Bl Il false;

claimfa ==B

return O;

}




& posit@==8 Il false;

claim@a==15;

return O;

}




intf(inta, intb) intf(inta, intb)
{ {

return O; return O;

} }



& posititrue /a==0 */; & posit false;

claimtrue [ a==Db */; claim false;
return O; return O;

; }



&= posit false;

claim false;
return O; return O;

; }



return O;

;



void f( inta, intb)
{
if(a==Db)
assert(a+1==b+1);

;



void f( int a, int b )

{

boole=(a==Db);

posit
{

if (a==Db)
substitutable( a, b );

}

if (e)
{
posita+1==a+1,;
clama+1==b+ 1;
}

}



void f(int/@, int|Bl)

{
bool e = (@ ==B);
posit
{
if (l@d==8)
substitutable(|d Bl);
}
if (e)
{
positia+ 1 ==@ + 1;
clam@+ 1 ==+ 1;
}

}



" ool e = (

posit
{
if (@==8)
substitutable(|d Bl);
}
if (e)
{
positd+ 1 ==&+ 1;
clam@+ 1 ==+ 1;
}



w boole = (

posit
! a=hb
(f ( == )

substitutable (& Bl);

}

if (e)
{
positd+ 1 ==&+ 1;
clam@+ 1 ==+ 1;
}



posit

{

If (1@ ==
(s.ubst%’zable(l B);
}
if (e)

{
positia+ 1 ==@ + 1;
clam@+ 1 ==+ 1;

;



if (@==1)

substitutable(|& Bl);
}
if (e)
{
positd+ 1 ==&+ 1;
clam@+ 1 ==+ 1;

}



if (false /" a==0"%/) & if (true /~a==D0"/)

substitutable(J&, Bl); substitutable(J& Bl);
} }
if (false /* e */) if (true [~ e */)
{ {
positld + 1 ==& + 1; posit@d + 1 ==f@ + 1;
clama+ 1 ==+ 1; clama+ 1 ==8+1;
} }



substitutable(J& Bl);
}

positd + 1 ==& + 1;
claim@d+ 1 ==+ 1;



substitutable(J& Bl);
}

positld+ 1 ==f@ + 1;
claim@+ 1 ==+ 1;



&= posit@+ 1 ==/a + 1;
claim@a+ 1 ==8+ 1;



& positi@a+ 1 ==a + 1;
claim@a+ 1 ==8+ 1;



void f( int a, int b)) void f( inta, int b))

{ {
boole=(a==Db); boole =(a==Db);
posit posit
{ {
substitutable( a, b );
} }
& &




void f( int a, int b)) void f( inta, int b))

{ {
boole=(a==Db); boole =(a==Db);
posit posit
{ {
substitutable( a, b );
} }
& &




S posittrue /a+1==a+17/;
clamtrue/"a+1==0b+1 */;



o clamtrue/"a+1==0b+1 */;



void f( inta, intb) void f( inta, intb)

{ {
boole=(a=="D0b); boole=(a==Db);
posit posit
{ {
substitutable( a, b );

} }
posittrue/*a+1==a+1"7%;
clamtrue/*a+1==b+1%/;

S



void f( int a, int b))

{

intal =a +1;
intbl1 =b + 1;
f(a==Db)

assert( al == b1 );

;



void f( int a, intb)

{

intal =a + 1;
intbl =b + 1;
boole=(a==Db);
posit

{

if (a==Db)
substitutable( a, b );

¥

if (e)
{

posit al == ai;
assert( al ==Db1);
}

}



void f( int@ intBl)
{
intal =[a+ 1;
int b1 =]+ 1;
bool e = (@ ==8);
posit
{
if (@==8)

substitutable(Jd, Bl);
}

if (e)
{
posit al == ai;
assert( al == b1 );
}

}



" intal =@+ 1;
int b1 =]+ 1;
bool e = (@ ==8);
posit
{
if (&==8)

substitutable(Jd, Bl);
}

if (e)
{
posit al == ai;
assert( al == b1 );
}

}



== Intal =.+ 1;
int b1 =]+ 1;
bool e = (@==8);
posit
{
if (&==8)

substitutable(Jd, Bl);
}

if (e)
{
posit al == ai;
assert( al == b1 );
}

}



== Intal =.+ 1;
int b1 =]+ 1;
bool e = (@==8);
posit
{
if (&==8)

substitutable(Jd, Bl);
}

if (e)
{
posit al == al;
assert( al == b1 );
}

}



int b1 =Bl + 1;
bool e = (@==8);
posit

{

if (&==8)

substitutable(Jd, Bl);
}

if (e)
{
posit al == al;
assert( al == b1 );
}

}



= Int Dbl =.+ 1;
bool e = (@==8);
posit

{
if (@==/8)

substitutable(Jd, Bl);
}

if (e)
{
posit al == al;
assert( al == b1 );
}

}



bool e = (
posit
{
if (@==P)

substitutable(Jd, Bl);
}

if (e)
{
posit al == al;
assert( al ==b1);

;




w boole = (

posit
{
if (@==8)
substitutable(Jd, Bl);
}
if (e)
{

posit al == al;
assert( al ==b1);

;



€S

posit
{
if (@==8)
substitutable(Jd, Bl);
}
if (e)
{

posit al == al;
assert( al ==b1);

;



if (@==8])

substitutable(Jd, Bl);
}

if (e)
{
posit al == al;
assert( al ==b1);

;



S it (false /a==Db"/) & it (true /fa==b"/)

substitutable(/a, B)); substitutable(/a, Bl);
} }
if (false /* e */) if (true [~ e */)
{ {
posit al == aft; posit al == ai;
assert( al == b1 ); assert( al == b1 );
} }



substitutable (&, Bl);
}

posit al == al;
assert( al ==b1);



substitutable ([ Bl);
}

posit al == al;
assert( al ==b1);



void f( inta, intb)

{
if(a==Db)

U

intal =a + 1;
intbl =b + 1;

if(a==Db)
claim al == b1;

;



void f( inta, intb)
{

clama==bll al=Db;

intal =a + 1;
intbl =b + 1;
if(a==Db)

claim al == b1;

;



void f( int a, int b )
{

intal=a + 1;
clama==bll al=Db;

iNntb1=b+1;

f(a==Db)
claim a1l == b1;

;



void f()

{

Int1 =0;

while (1 !=2)
=14+ 1;

;



void f()
{

clamO+1+1==2;

Int1 =0;
while (1 !=2)
=14+ 1;

;



w claim@+1+1==2;

while (1==2)
=1+ 1;



w claim@+1+1==2;

while (1==2)
=1+ 1;



@ claim@&1 +1 ==

inthi =10;
f l= 2 ) goto B;

while (1==2)
=1+ 1;



o claimBEiET == 2.

inti=[0;

if ('==2) goto B;
0=l 1;

if (== 2 ) goto B;
=l 1,

if (== 2) goto B;
| =i+ 1;

while (i!=2)

=1+ 1;













inthi =10;
if (F==2) goto B;

=i 1
if (F==2) goto B;

=i 1




void f( unsigned int n )
{
unsigned int | = 0;
while (1 !=n))
=1+ 1;

;



void f( unsigned int n )
{
posit
{
unsigned int | = 0;
while (1 !=n)
=1+ 1;
}
}



void f( unsigned int n )
{
posit
{
unsigned int | = 0;
while (1 !=n))
=1+ 1;

;

unsigned int | = 0;
while (| !=n))
j=]+1;
}



void f( unsigned int n )

{
posit
{
unsigned int | = 0;
while (1'l=n) I=1+1;

;

unsigned int | = 0;
while (j!=n) j=]+1;

;



void f( unsigned intin )

{
posit
{
unsigned int | = 0;
while (1!=n) 1=1+1;

;

unsigned int | = 0;
while (j!=mn) j=]+1;

;



" posit

{
unsigned int | = 0;
while (1!=R) 1=1+1;

;

unsigned int | = 0;
while (j =) =]+ 1;

;



unsigned int 1 = 0;
while (1!=R) 1=1+1;

;

unsigned int | = 0;
while (j =) =]+ 1;



& unsigned int 1 = 0;
if (1==1) goto X;
=14+ 1;
while (1!=R) 1=1+1;
X5 )

unsigned int | = 0;

if (] ==/n) goto Y;

j=]+1;

while (j!=n) =]+ 1;
Y}



= if (i==H) goto X;
=14+ 1;
while (i !=fl) i=i+1;

X5 )

unsigned int | = 0;

if (] ==/n) goto Y;

j=]+1;

while ( | !=l) =]+ 1;
Y}




w  if (i==) goto X;
=14+ 1;
while (i =) i=i+1;
X5 )

unsigned int | = 0;

if (j==I) goto Y;

j=j+1;

while (j!=R) j=j+1;
Y}



i if (false /* 1==n */) goto X; & if (true /*1==n*/) goto X;

=1+ 1; =1+ 1;
while (1!=ln) 1=1+1; while (1!=ln) 1=1+1;
X5} X5}
unsigned int | = 0; unsigned int | = 0;
if (false /| ==n */) goto Y; if (true /*|==n"/) goto Y;
j=]+1; J=]+1;
while (j!=Rn) =]+ 1; while (j!=n) =]+ 1;

Y::) Y3}



i if (false /* 1==n */) goto X; & if (true /*1==n*/) goto X;

=i+ 1; =+ 1;
while (1!=ln) 1=1+1; while (1!=ln) 1=1+1;
X5} X5}
unsigned int | = 0; unsigned intf} =10;
if (false /| ==n */) goto Y; if (true /*|==n"/) goto Y;
j=]+1; =0+ 13
while (j!=n) =]+ 1; while (j!=n) =]+ 1;

Y::) Y3}



=1+ 1;
while (i =) i=i+1;
Xz ) X}

unsigned int | = 0;

j=]+1;
while (jI=@l) j=j+1;
Y::) Y}



=1+ 1;
while (1!=n) 1=1+1;
X}

unsigned int | = 0;

j=]+1;
while (j!1=R) j=j+ 1;
Y}



=1+ 1;
while (1!=R) 1=1+1;
X}

unsigned int | = 0;

j=]+1;
while (j!1=f) j=j+ 1;
Y}



=1+ 1;
while (1!=R) 1=1+1;
X5 )

unsigned int | = 0;

j=]+1;

while (j!=R) =]+ 1;
Y}



S =14+ 1;
while (1!=R) 1=1+1;
X5 )

unsigned int | = 0;

j=]+1;

while (j!=R) =]+ 1;
Y}



7 if(l==i) goto X;
=i+ 1;

i+
while (i!=jAl) i=i+

unsigned int | = 0;

E=(.J!.) goto Y; .

J;Ner;Jj; =R) j=j+1;
Y}




L
=J+ :
while (j!=R) |
Y}



L
=J+ :
while (j!=R) |
Y}



& if (false /* 1==n */) goto X; i if (true /* 1==n */) goto X;

_.+ 1; | _.+ 1;
Whlle(l'—.) =i+ 1; Whlle(l'—.) =i+ 1;
X} X}

unsigned int | = 0; unsigned int | = 0;
Bl j=i+1
if (false /* | ==n */) goto Y; if (‘true /*j ==n"*/) goto Y,
j =.+ 1; j =.+ 1;
Whlle(j'—l) j=j+1; Whl|e(j'—l) j=j+1;

Y::) Y}



& if (false /* 1==n */) goto X; i if (true /* 1==n */) goto X;

_.+ 1; | _.+ 1;
Whlle(l'—.) =i+ 1; Whlle(l'—.) =i+ 1;
X} X}

unsigned int | = 0; unsigned int | = 0;
Bl j=i+1
if (false /* | ==n */) goto Y; if (‘true /*j ==n"*/) goto Y,
j =.+ 1; j =.+ 1;
Whlle(j'—l) j=j+1; Whl|e(j'—l) j=j+1;

Y::) Y}



o | =0+ 1; d
while (i =) i=i+1;
X5 ) X5}

unsigned int | = 0; unsigned int | = 0;

=i+ J=i+1;
j =)+ 1;

while (| 1=[l) j=j+1:
Y::) Y}




M S
while (i!'=A) i=i+1;
X}

unsigned int | = 0;

0=i#1;
j=f+1;

. PR
while (j!=R) j=j+
Y:;)




T
while (i!'=jA) i=i+1;
X}

unsigned int | = 0;

i=i®1;
j =+ 1;

. SR
while (j!=R) j=j+
Y}



o =1+ 1, e
WhHe(i!=.) i=i+1;
X}

unsigned int | = 0;

I=J'L1§

j + ., . _ " 1;

thﬂe (j'=m) j=j+
Y}



& =0+ 1;
if (i ==
=14+ 1;
while (i!1=f) i=i+1;

X5 )

unsigned int | = 0;
 ofl L

j=)+1;

if (] ==
j=]+1;

while ( | !=.) =]+ 1;
Y::}




(i'=f) i=i+1;

unsigned int | = 0;
j=]+1;

E(.==.) goto Y;
j =+ 1;

while (j!=@l) j=j+1;
Y}




if (l==n ) goto X;
i=.+ 1;

while (i!=f) i=i+1;

unsigned int | = 0;
j =j + 1,

% u==.) goto Y;

] =.+ 1;

while (j1=fl) j=j+1;
Y5}



== ) goto X;
E o

while (i!=l) i=i+1;

unsigned int | = 0;

o] b

if (J==R) goto Y;

j =+ 1;

while ( ] !=.) =]+ 1;
Y:;)

if (==A) goto X;
| =1+ 1;

while (i =) i=i+1;

unsigned int | = 0;
j=]+1;
o I
if (Jl==R) goto Y;
i R+

while (j!=@l) j=j+1;
Y:;)




= it (#==R) goto X; )
< |=.+1,

while (i 1=f) i=i+1;

o uns.ign1e.d int | = 0;
- ke j=]+1;
nsigned int | = 0; !
nsgne e
iEs i
if(.==.)90to , j=.+1; i—i+4+ 1
while (j!=R) j=j+1;
Y5}

Y5}



One iteration

= unsigned int j = O;

I#_IJ
=A) goto Y;
_.+ 1;

while(j!=l) i=j+1;

Y:;)

=i+ 1;

if (==Hl) goto X;

> Two Iterations

" unsigned int j = O;
j=]+1;

while (j!=R]) j=j+1;
Y:;)



One iteration *C :f=(=:=1.) goto XD Two iterations




>I<< i (===l) goto XD Two iterations
| = + 1,




Two Iterations *C 1 (.==.) goto XD Three Iterations

=0+1;
T =i+ MRS
l= 1: =]+ 1
if (J==h) goto Y; 1;
j =)+ 1; == ) goto Y;
while (j =) j=j+1; j =)+ 1;
Y::) while (j!=R) j=j+1;

Y:;)

EXxiting after two iterations




Two Iterations *C f (Ji== ) goto XD Three iterations

| =i+ 1;
=i+ MRS
J=i+1;
if (J)==R) goto Y;
j S+ 1;
while (j!=R) j=j+1;
Y:) while (j!=R) j=j+1;

Y:;)



Two Iterations *C :f=(=: =..) goto XD Three iterations

=i+
J=iH1;
if (J}==R) goto Y;
j+1; j )+ 1;

while (j =) j=j+1;
Y:;)




k(" if (fil==fil) goto XD Three iterations
| =+ 1;




Three Iterations *C 1 (.==.) goto XD Four Iterations

=0+1;
MR MEE
j=j+1; j=]+1
if (J}==R) goto Y; j=j+1;
j =g+ 1; if (J==h) goto Y;
while (j =) j=]j+1; j =+
Y:) while (j!=R) j=j+1;
Y:;)

EXiting after three iterations




Three iterations *C :f=(=: =..) goto XD Four Iterations

j—.+1




| tions
XS our Itera
if (lll==) goto > -
>x<<i=l+l;
hree iterations
Thr

) goto Y;

i
=J+ :
while (j!=R) |
Y::}




iterations
.) goto XD Three iter
f (=]
> *<i=l+l,
iteration
Two Iter

) goto Y;

i
=J+ :
while (j!=R) |
Y::}




Two Iterations *C :f=(=: =1.) goto XD Three iterations




%/ if (l==H) goto X;

Two Iiterations . _ Three iterations
| _.+.!

/




void f( unsigned int n )

{
posit
{
unsigned int i = 0;
while (1!=n)
=1+ 1;

;

claim

{

bool even = true, odd = false;

for (unsigned intj=0;j!=n; +4j)
swap( even, odd );

;



Posit mathematical facts before relying on them.
Mention equalities before they become important.
Bound loops before entering them.

Unroll inductions before complex loops.



void f( unsigned n )

{

posit

{

for (unsignedi=0;il=n;i=i+1)
U
}

claim

{
.

for (unsignedr=n;r!=0;r=r-1)
U
;



void f( unsigned n )

{
posit inline unsigned predecessor( unsigned s )
{ {
for (unsigned i=0;il=n;i=1+1) {} unsigned result = 0;
} unsigned next = result + 1;
claim while ( next |=s)
{ {
unsigned s = n; result = next;
for (unsigned |=0;j!=n;j=]+ 1) next = result + 1;
{ }
posit predecessor(s ) ==s-1;
S=s8-1; return result;
} }
}

for (unsignedr=n;r!=0;r=r-1) {}

;



inline void inline void up_down( unsigned i )

counting_is_reversible( const unsigned n ) {
{ positi+1-1==1;
claim }
{
for (unsignedi=0;i!l=n;i=1+1)
{} void implementation
} counting_is_reversible( const unsigned n )
{
claim implementation; unsigned s = n;
for (unsigned |j=0;j!=n;j=]+1)
claim {
{ up_down( predecessor(s) );
for (unsignedr=n;r!=0;r=r-1) Ss=s-1;
{ }
} }

}



template < class Forwardlterator >
inline void reachable( Forwardlterator b, Forwardlterator e )
{
while (b !=¢e)
++D;

}

template < class Bidirectionallterator >
inline void reverse_reachable( Bidirectionallterator b, Bidirectionallterator e )
{
while (e !I=b)
__e;

;



template < class Bidirectionallterator >
inline void reachability_is_reversible( const Bidirectionallterator b,
const Bidirectionallterator e )

{

claim reachable( b, e );
claim implementation;
claim reverse_reachable( b, e );

}

template < class Bidirectionallterator >
inline void implementation reachability_is_reversible( const Bidirectionallterator b,
const Bidirectionallterator e )

{
Bidirectionallterator s = e;
for ( Bidirectionallterator i =b; i !=e; ++i )
{
up_down( predecessor_of_end( b, s) );
-_S;
}

)



template < class Forwardlterator >
inline void predecessor_of_end( Forwardlterator b, Forwardlterator e )
{
Forwardlterator next = b;
Forwardlterator result = next;

++next;

while ( next |I=¢e)
{
result = next:
++next;
}

return result;

;



template < class Bidirectionallterator >
inline void up_down( const Bidirectionallterator i )

{

Bidirectionallterator | = i;

claim implementation;
claim | ==1;

}

template < class Bidirectionallterator >
void implementation up_down( const Bidirectionallterator i )

{

// This is a customization point:
// specialize this if the proof of up_down is not trivial.

}



Questions?



