Formal Software Engineering

Program Derivation: Solutions to Exercises, Part 1

Specifications

a1 (* TRUE *) ZisXPlus1 (* z = x+1 *)

or alternatively: (* x = x0 *) ZisXPlus1 (* z = x0 + 1 *)

a2 (* x < MAX(INTEGER) *) PreconZisXPlus1 (* z = x + 1 *)

a3 (* x # y *) Max (* (z = x & x > y) OR (z = y & y > x *)

or the more permissive:

(* TRUE *) Max (* ( z = x & x >= y) OR ( z = y & y >= x) *)

a4 (* x >= 0 *) Sqrt ( z*z = x *)

Use your mathematical knowledge to discover this precondition.

a5 (* x >= 0 *) IntSqrt (* z*z <= x < (z+1)*(z+1) *)

Assignments

b1 Substitute x+1 for x in postcondition to give x+1 = 4 as precondition: x = 3

b2 Substitute 3 for z in postcondition to give 3 = 4: FALSE, never works

b3 4=4: TRUE, always works

b4 Substitute r-y for r in postcondition, gives x = q*y + r-y, which can be simplified to x = (q-1)*y + r

b5 x*10 +ORD(ch) - ORD("0") <= MAX(INTEGER)

Compositions

c1 precondition of second assignment is: y+3 = 4, which is postcondition of first assignment, so pre of first is: x+1 + 3 = 4, so x = 0

c2 pre of third assignment is:

x = y0 & t = x0, which is post of second assignment, so pre of second is:

y = y0 & t = x0, which is post of first assignment, so pre of first is:

y = y0 & x = x0

so it exchanges the values of x and y.

c3 pre of third assignment is:

x - y = y0 & y = x0, which is post of second assignment, so pre of second is:

x - (x-y) = y0 & x-y = x0, which is post of first assignment, so pre of first is:

y = y0 & x = x0, so it exchanges the values of x and y.

c4 pre is x= q*y + r-y & r-y >= 0, which simplifies to:

x = (q-1)*y + r & r >= y

c5 pre of second assignment is answer to c4, so pre of c5 is:

x = (q+1 - 1)*y + r & r >= y, or x = q*y + r & r >= y
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