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Attempt three questions.

1. (a) Explain what is meant by each of the following terms:

(i) Verification

(ii) Precondition

(iii) Postcondition

(iv) Floyd-Hoare Triple

(v) Code

(vi) Program

(b) Explain the distinction between

(i) Partial and Total Correctness;
(ii) Free and Bound Variables;

(iii) Valid and Invalid Substitutions.

2. (a) Explain the terms Precondition Strengthening and Postcondition Weakening, giving an
example of each.

(b) Write down the free variables (if any) in each of the following assertions:
(i) (v;)(A(z,2) = (3,)B(y))
(i) (V,)(P(2) A Q(2)) V (3,)Q(y)
(i) (3,)3,)(A(z,9) A B(y,2) = Ala, 2))
(c) Determine which of the following are valid substitutions:

(i) @)z < yly/s] -
(i) (3,)(z < y)[2/7] /
(ii)) (V,)3,)(P(2,9) V Q(g,2))[v/7]

(iv) P(z) = (3,)Q(y,2)[z/v] : /



3. (a) Use the Assignment Axiom to determine which (if any) of the following programs are

correct:

(i) F{z > y}x:=y; y:=2{c < y}

(ii) F{(z <0) A (y > 0)}x:=x-1; visytl{z <z +y <y}
(it) F{(z > 0) A (y < 0)}x:=x~1; Vi=sy*ti{y <z +y < z}

(b) Verify the following Floyd-Hoare formula which calculates the maximum m of three

4. (a)

(b)

numbers i, j, k:

if (i<=j) then
begin
if (j<k) then m:=k
else m:=j
end

else
begin
if (i<k) then m:=k
else m:=i
end

{(m 2 4) A (m > j) A (m > &)}

This program calculates the square of a number. Verify its correctness, using the Method
of Loop Variable Substitution to find the loop invariant.

i:=1; j:=1
while (i<>x) do
begin
ji=j+2i+1
ir=i+1
end
{i =2%
A repeat C until S statement (where C is a program and S a condition) is described
by the following behaviour:
(1) Execute C
(2) If S is false goto (1)
(3) Finish

This can equivalently be written as
C; while =S do C

Given that to verify a while program we must prove
o F{A}Cy; Gy ... Cu{P}
e -{P AS}C{P}
o F{PA- S}Cpir; Cnt2; ... Cn{B}

write down three equivalent steps that must be proven to verify a repeat C until §
program.




(a) Prove
F{(4[z] = 3) A (A[y] = 0) A (A[] = 6)}
A[x]:=Aly]
Alyl:=A[z]
Alz] :=A[x]
{Alz] + Aly] + A[2] = 6}

(b) For two positive integers  and y, the following program calculates ¢ (the integer division
of z by y) and r (the remainder). Verify its correctness.
F{(z>0)A(y >0)}

q:=0; r:=x

vhile (r>=y) do

begin r:=r-y; q:=1+q end
{z=gy+r)A0<r<y)}



Axioms and Rules of Hoare Logic
Assignment axiom: F{P[E/I]} I:=E {P}

Array assignment axiom: + {P[A{B: + E;}/A]} AlE:]:=E, {P}
o where

FA{N « E}N)=E
F (N # M) D (A{N + E}(M) = A(M))

FP>Q F{Q} C {R}
+{P} C {R} |

Precondition strengthening:

F{P} C {Q} FQOR .

Postconditidn weakening:
| +{P} C {R}

H{P} G, {Q} +{Q} C; {R}

Sequencing:

F{A} C {Q} F{A} C {Q:}
F{P AP} C {Qi AQ:}

Specification conjunction:

F{A} C {Q} F{R}C {Qz_}__
F{AVR}C {QLV_‘Q_z} _

Specification disjunction:

H{P} C {Q)
F {P} beginvar I;; ...; var I,; C end {Q}

Block:

. T ’ . LI
where none of I, ..., I, occur in P or Q.

'}-{P/\S} C {Q} FPA~S§Q
+{P} if Sthen C {Q}

One-armed conditional:

F{PAS} G, (@} F{PA-S} G, {Q)

Two-armed conditional:

F {P} if S then C, else C; {Q}

-{PAS} C {P}
 {P} while $ do C {P A =S}

While:




