Exercises for Formal Derivation of Programs Part 2
Show all your working.
d Selection
In the program:
(* x <= 0 *)
IF (a > 7) & (z <= p) THEN (* P1 *) S1 ELSE (* P2 *) S2 END
d1. What is P1?
d2  What is P2?
In the program (# means ‘not equal to’, )
(* TRUE *)
IF (x # 2) OR (x # 6) THEN
  (* P1 *) S1 
ELSE 
  (*P2*) S2 
END
d3. What is P1?
d4. What is P2?
In the program:
(* 0 <= x <= 100 *)
IF x < 40 THEN S1
ELSIF x < 60 THEN S2
ELSIF x < 70 THEN (*R*) S3
ELSE S4
END
d5 What is R?
e Repetition
On a computer with no multiply instruction, multiplication is to be emulated by repeated addition.
A program sets y to z*n, where n >= 0.
e1. Give the specification of this program.
e2. Find an invariant for the repetition and state the strategy used to find it.
e3. Give initialisation statements.
e4. Give the continuation condition for a while repetition.
e5. Give the body of the repetition and show that it maintains the invariant.
f Repetition again
f1. Prove that 
(* x>= 0 & y>0 *) r :=x; q := 0 (* x = q*y + r & 0 <= r*)
A program containing the declaration
VAR x, n: INTEGER;
[bookmark: _GoBack]is required to set z to x to the power of n (n >= 0) The program can change the values of x and n, so explicit names are included in the precondition for their initial values. The there is no exponentiation operator in the language. 
The precondition is
x = x0 & n = n0 & n >= 0
The postcondition is: z = x0^n0
A suitable repetition invariant is
z * x^n = x0^n0
f2. Give an initialisation which will establish the invariant, given the precondition.
f3. What condition Q must be true as well as the invariant, to imply the postcondition?
f4 Give the continuation condition of the (while) repetition.
f5. Give the body of the repetition and prove that it maintains the invariant.

