Exercise 1

{N>0 A\ N=n} % = Pre
Z:=1
{Pre \ z=1} % annotation
WHILE N >0 DO
(N2ONZ*MV=M"Y % = Inv
BEGIN
Z:=2Z*M;
N:=N-1;
END;
{z=M"} % = Post
Exercise 2
Prove partial correctness of the guarded command program specification:
x=0} vi=lixfyxy=xy—vi=yv+llivi=v—1 V¥ <x< (v+1)%}

Hint: try with invariant (y - 1)* < x
Exercise 3

Given an annotated program S4||S, verify if it is interference free and prove the partial correctness of S; and
S, separately.

Pi={x<4Ay=2}
Sii(x22->y:=y-2)
Qi={y<xAax>0}
|

P,={x>0Ay=0}
S{x=4Ay=1>72:=x-3)
Q={y+2<x}

Exercise 4
Specify the cooperation tests for channels C and D

P={x=6Au=0Ay—-x=6}
Pi={x>=5Ay>T7}
Sii(CIx+3); {Xx>0Ay=>7KD?y); {y>10 A x>0}
Qi={y>9 x>0}
|

PZE {U = 0}

S, { C?uy; {u= 8K D! u+b)

[l

S, {(C?u); (u:= u-L{u=7K D! u+b)
Q.={u<9}

Q={x>0Au<10Ay>0}



Exercise 5

Let R and 7 be nonempty sets of natural numbers. Consider the fol-
lowing partitioning algorithm Sy ||S;. where

S1 = max ;= max(R); c?mn; d'max;
*|max > mn — R := (R\ {max})\ ) {mn}. max := max(R).
c?mmn.d'max|

Sy = min == min(T ). e'min.d?mx;
wlmx = min — T = (T \ {mrin} ) {mx} o min 2= min(T).
eltmin.d?mx)

Prove, by means of the method of Levin & Gries,
{R=Ro#0oNT=Th#0ARNT =0} 5|52

{IR| = |Ro| A |T| = |To| ARUT = Ro ) Ty Amax(R) < min(T)}
where. for a set 4. |4| denotes the number of elements of 4. and Ry
and 7; are logical variables denoting a finite set of natural numbers.



