Assignment 9: Solution

Exercise 1

1. Inference rules for v, a; — ag, and aq * ao:

<a‘17 U) ‘Ua U1 <a2> G> ‘U’a V2 <a17 U) U’a U1 <a27 U> ‘U’CL (%)

<’U¢ G> lla v

(a1 —az,0) J4 v1 —v2 (a1 * ag, o) Y4 v1 * V2

2. Inference rules for true, false, —b and by V ba:

(b, o) p true (b, o) yp false
(true, o) | true (false, o) )y false (=b, o) | false (=b, o) Uy true
(b1,0) Jp true (ba, o) p true (b1,0) {p false (bo, o) |y false
<b1 V by, o) {p true <b1 V by, o) | true <b1 V by, o) |y false

3. Show that ((z—2 < y)A(—false), o) |y true, where 0 = {z +— 1,y — 2}:

(z,0) Ja 1 (Lo) da'1
(x+1,0) g2 (y,0) Yq 2 (false, o) |y false
(x+1<y,o) | true (—false, o) |y true
((x+1 <y) A (—false), o) Jp true

Exercise 2

1. The program P can be defined as:
if x <0 then x := 2z x(—1) else skip

2. The longest trace is:
cp = (if © <0 then z := x x (—1) else skip, {z — —1})
— ¢1 = (if true then z := z * (—1) else skip, {z — —1})
—c=(x:=xx(-1),{z— —1})

—ec3=(r:=1{zx— —1})

(

ey = {z—1})



For the steps ¢; — c2 and ¢3 — ¢4 we do not need any hypotheses.
For the other two steps the hypotheses are:

(x <0,{x— —1}) |3 true (x*x(=1),{z— —1}) Ja 1
co — C1 C2 — C3

Exercise 3

pc| x| Y pc | x | Y pc x Y pc T Y
0 | L|L O | T|T 0 T T 0 T T
1 | L] L 1 | L | L 1 | even | T 1 | even | T
2 | L | L N 2 | L | L N 2 1 1 N 2 | even | T N
3 | L | L 3| L] L 3 L L 3 1L L
4 | L | L 4 | L | L 4 1 1L 4 1 1L
5 | L | L 5 | L | L 5 1 L 5 1 L
6 | L | L 6 | L | L 6 1 1 6 | even | T
pc T Y pc T Y
0 T T 0 T T
1 | even | T 1 | even | T
. 2 | even | T N 2 | even | T
3 L 1 3 L L
4 | even | T 4 | even | T
5 L 1 5 | even | odd
6 | even | T 6 | even | T

Exercise 4

The domains Sign and Interval are comparable. Parity is not comparable
with both Sign and Interval.

1. The Interval domain is more precise than Sign. This is because any
state expressed with the Sign domain can be expressed with the In-
terval domain. The converse does not hold, there are states expressed
using the Interval domain that cannot be expressed using the Sign
domain.

2. The following program can be verified using the Interval domain, but
it cannot be verified with the Parity domain:

int x = 1;
assert x > 0;

The following program can be verified using the Parity domain, but it
cannot be verified with the Interval domain:



foo(int i) {
X = 2%i;
assert x is even;

}



