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1.

3.

(a) Explain what is meant by the derived inference rule

F{PyC{Q} rIPICIT]
FPICd]

Does the converse hold?
(b) Calculate the results of carrying out the following substitutions:
(i) (X2 -3*X)[X —1/X]
(i) (X +Y)[Y,X/X,Y]
(i) (X +Y)[X/Y][Y/X]
(iv) (Z<L<Y)X+Z/Z][X +2,Y]Y, X]
(c¢) For all variables in the following expressions, state whether they are free or bound:
(i) (Vz.(3y.P(z) = Q(y)) A ~R(z,z))
(ii) P(z,y) vV (32.Q(z)) = R(z)
(ili) Vz.((y > 1) A (z > y)) AVz(=(2 =1))

(a) Prove:
F{AX]=zAA]Y]=yAX #Y}
A[X] := A[X]+A[Y];
ALY] := A[X]-A[Y];
A[X] := A[XI-A[Y]
{AX] =y ANA[Y] =2}
(b) Explain the distinction between

(i) Specification and Implementation
(ii) Partial and Total Correctness
(iii) Axiom and Theorem

(c) Explain the meaning of the notation wp(C, Q) used in Weakest Precondition Semantics,
with Code C' and Postcondition Q).

(a) Explain the meaning of the following Floyd Hoare specifications (here, T stands for TRUE
and F stands for FALSE):
(i) F [T]CT]
(i) F {T}YC{T}
(iii) F {P}C{T}
(iv) F [FICIQ]
(v) F [T]C[F]
Only one of these specifications actually requires further details (on precondition P, code

C, postcondition Q) to verify its correctness. State which specification this is, and state
whether the other four specifications are correct or not.

(b) Prove the following formulas of Floyd Hoare logic:
(i) {2xX)>2})Xx:=X—-1; X:=X+XX >0}
(ii) {True}h:=Y; Z:=1{Z = XY4}
(i) {Y =nAX =m}
X=X+Y; Y=X-Y; X:=X-Y
{X=nAY =m}



4. (a) Prove:
F {X=nAX2>0}
Y :=1;
WHILE X > O DO
BEGIN Y :=Y x*x X ; X :=X - 1 END
{Y =nl}
given that F0l =1 and FVan > 1=nl=nx (n—- 1)L
(b) Prove:
F[Y >0
R:=X,;Q :=0;
WHILE Y <R DO
BEGINR :=R - Y ; Q :=Q + 1 END
X=YxQ+RARKY]

(N.B.: this is a total correctness specification).

5. (a) In each of the following state which (if any) condition is stronger.
(i) z(z—1)=0; z=0
(i) z>2-y; y—1>—=x
(ili) z=6; z#6
(iv) P(4) =6; (3,)P(y) =6
(b) Using Weakest Precondition Semantics, determine W P(x:=x-1;x:=x*x ,z =9).
(c) In Program Refinement we define [P, Q] = {C| F [P]C[Q]}-
(i) Prove that [P,Q] D [R, Q] provided - P = R.
(ii) If [P, Q] = C1C2C5 and #(C;) = i + 2, how many distinct refinements are there?



Supplementary Material — Axioms and Inference Rules
Assignment Axiom + {P[E/I|} I := E{P}
Array Assignment Axiom F {P[A{E; < Ey}/A]} A[E\] := E» {P}

FP=Q F{Q}C{R}
F{P} C{R}

F{P}C{Q} FQ=R
={P} C{R}

H{P} i {Q} F{Q}C:{R}
F{P} Cy;Cy {R}

Precondition Strengthening

Postcondition Weakening

Sequencing

F{P}C{Q}
Blocks T BEGINVART,;... VAR I; C END{Q}

F{PAS}Ci{Q} F{PA-5}Cy{Q}
F{P}IF STHEN C, ELSE C;{Q}

Two-Armed Conditional

F{PAS}C{Q} F(PA-S)=Q
F{P}IF STHEN C {Q}

One-Armed Conditional
F{PAS}C{P}
F{P}WHILE SDO C{P A-S}

F{P} C{@1} F{R}C{Q2}
F{PL AP} C{Q1 A Q2}

F{P} C{Q1} F{R}C{Q2}
F{PV P} C{Q:1V Qa}

While

Specification Conjunction

Specification Disjunction



