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Verification using invariants in Dafny

Quantifiers



method m(n: nat)

{
vari: int :=0;
whilei<n )
invariant L4
{
=i+ 1;
}
asserti==n;

}
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function fib(n: nat): nat
{
if n ==0then 0 else
if n==1then 1 else
fib(n - 1) + fib(n - 2)
}

method ComputeFib(n: nat) returns (b: nat)

ensures b == fib(n)~

{

vari:=1;

vara :=0;
b:=1;

whilei<n
invariant 0 <i<=n
invariant a == fib(i - 1)
invariant b == fib(i)

{
a,b:=b,a+b;
i=i+1;

}

}



function fib(n: nat): nat
{
if n ==0then 0 else
if n ==1then 1 else
fib(n - 1) + fib(n - 2)
}
method ComputeFib(n: nat) returns (b: nat)
ensures b == fib(n)

{

ifn==0{return0; }

vari:=1;

vara :=0;
b:=1;

whilei<n
invariant 0 <i<=n
invariant a == fib(i - 1)
invariant b == fib(i)

{
a,b:=b,a+b;
i=i+1;

}

}



2 T:);‘?}I’ Arraya and Quantifiers
'

method Find(a: array<int>, key: int) returns (index: int)
ensures 0 <= index ==> index < a.Length && a[index] == key
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Linear Search

method Find(a: array<int>, key: int) returns (index: int)
ensures 0 <= index ==> index < a.Length && a[index] == key
ensures index < 0 ==>forall k :: 0 <= k < a.Length ==> a[k] = key

{ — - ~ , k
index := 0; a,[ 1 % 97
while index < a.Length \d ' < l\/\d};)( % -)
invariant 4/“? J . O
{ )7/

if alindex] == key { return; }
index := index + 1;

}

index :=-1;

}




Linear Search

method Find(a: array<int>, key: int) returns (index:int)
ensures 0 <= index ==> index < a.Length &amp;&amp; a[index] == key
ensures index < 0 ==>forall k :: 0 <= k < a.Length ==> a[k] = key N
{ e VT e
index := 0; 63 O 3}?0’{“
while index < a.Length -7/ )
invariant 0 <= index <= a. Length \\ SV\(}\CF Py 7
invariant forall k== 0 <= k Tindex ==> a[k] != key \er
{ Co’ W~
if a[index] == key { return; }
index := index + 1;
}
index :=-1;

}



Binary Search

p_@e sorted(a: array<int>)

requires a != null

reads a
{

forall j, k :: 0 <=j < k < a.Length ==> a[j] <= a[k]
}

method BinarySearch(a: array<int>, value: int) returns (index: int)
requires a != null && 0 <= a.Length && sorted(a)
ensures 0 <= index ==> index < a.Length && a[index] == value
ensures index < 0 ==> forall k :: 0 <= k < a.Length ==> a[k] != value
{
// Code here

}



method BinarySearch(a: array<int>, value: int) returns (index: int)
requires a != null &amp;&amp; 0 <= a.Length &amp;&amp; sorted(a)
ensures 0 <= index ==> index < a.Length &amp;&amp; a[index] == value
ensures index < 0 ==> forall k :: 0 <= k < a.Length ==> a[k] !=value
{ —
_\'7

var low, high := 0, a.Length; ,)
{

invariant ...

while low < high \
! \

L
I
var mid := (low + high) / 2; X\W

if a[mid] < value \_/
{ low :=mid +1; }

else if value < a[mid]

{ high:=mid; }

else

{ return mid; }

}

return -1;

}
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method BinarySearch(a: array<int>, value: int) returns (index: int)
requires a != null &amp;&amp; 0 <= a.Length &amp;&amp; sorted(a)
ensures 0 <= index ==> index < a.Length &amp=&amp; a[index] == value
ensures index < 0 ==> forall k :: 0 <= k < a.Length ==> a[k] !=value

{
var low, high := 0, a.Length;
while low < high invariant 0 <= low <= high <= a.Length
invariant ... invariant forall i :: \¥
{ 0 <=i < a.Length Rawp;&amp;!(low <=i < high) ==> a[i] != value

var mid := (low + high) / 2;
if amid] < value

{ low :=mid +1; }
else if value < a[mid]
{ high:=mid; }
else
{ return mid; }
}
return -1;

}



