Sample Loop derivation: 

Postcondition {S = (( k . 0<= k < N. b[k]) }states that S contains the addition of all the elements in the array b, where the indices of array b range from 0 to N-1.

Loop Derivation: Starting with the postcondition we derive the loop through weakest precondition calculus which gives us the semantics of program statements through the use of preconditions and postconditions.

Stage 1: Loop Template

INITIALISATION TO BE DERIVED

{S = (( k . 0<= k < i. b[k])} Invariant

DO ( (i = N)

{S = (( k . 0<= k < i. b[k]) ( ( ( i =  N) } Invariant ( ( Guard


LOOP BODY TO BE DERIVED

{S = (( k . 0<= k < i. b[k])} Invariant

OD 

We are now ready to fill out the loop template

{S = (( k . 0<= k < i. b[k]) ( i =  N }

Rewrite the postcondition so that it fits the loop template ( i.e { Invariant ( (Guard } => {R})

By replacing a constant by a variable.


{R} = {S = (( k . 0<= k < N. b[k]) }



Stage2 : Loop Body Derivation.

DO ( (i = N)

{S = (( k . 0<= k < i. b[k]) ( ( ( i =  N) } 
//Invariant ( ( Guard from loop template

(
{S = (( k . 0<= k < i. b[k])}  // by cancelling + b[i] on either side
(
{S + b[i] = (( k . 0<= k < i. b[k]) + b[i]} 



//wp(S = S +b[i]; S = (( k . 0<= k < i. b[k]) + b[i]))
S = S +b[i];

{S = (( k . 0<= k < i. b[k]) + b[i]}
(
{ S = (b[0] + b[1] = … + b[i-1] )+ b[i]}
(
{S = (( k . 0<= k < i+1. b[k])} 

//wp( i = i +1, Invariant)

i:= i+1

 //decrease variant function N-i by increasing i each time we execute the loop

{S = (( k . 0<= k < i. b[k])} 

Invariant from loop template
OD 
Stage 3: Initialisation Derivation:

{True}

(
{0 = 0}
S = 0; 


//The identity of addition is 0
{S = 0 }

(
{S = Id ( }

(
{S = (( k . 0<= k < 0. b[k])} Invariant
i:=0;




// initialise by shrinking the range 
{S = (( k . 0<= k < i. b[k])} Invariant

DO ( (i = N)

Stage 4: Putting it all Together

{True}

( {0 = 0}
S = 0; 


//The identity of addition is 0
{S = 0 }

( {S = Id ( }

( {S = (( k . 0<= k < 0. b[k])} Invariant

i:=0;


// initialise by shrinking the range 

{S = (( k . 0<= k < i. b[k])} Invariant

DO ( (i = N)

{S = (( k . 0<= k < i. b[k]) ( ( ( i =  N) } 
//Invariant ( ( Guard

(
{S = (( k . 0<= k < i. b[k])}  // by cancelling + b[i] on either side
( 

{S + b[i] = (( k . 0<= k < i. b[k]) + b[i]} 



//wp(S = S +b[i]; S = (( k . 0<= k < i. b[k]) + b[i]))
S = S +b[i];

{S = (( k . 0<= k < i. b[k]) + b[i]}
(
{S = (( k . 0<= k < i+1. b[k])} 

//wp( i = i +1, Invariant)

i:= i+1

 //decrease variant function N-I by increasing i each time we execute the loop

{S = (( k . 0<= k < i. b[k])} 

Invariant

OD
We are now ready to fill out the loop template
{S = (( k . 0<= k < i. b[k]) ( i =  N }

Rewrite the postcondition so that it fits the loop template ( i.e { Invariant ( (Guard } => {R})

by replacing a constant by a variable.


{R} = {S = (( k . 0<= k < N. b[k]) }



Start Here!





Start Here!








