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Note. Let us denote (integer) linear arithmetic formulas by F, ϕA and ϕB .

Exercise 5.1. Prove or refute each of the following propositions.

(∃x′.F ∧ x = x′) ≡ ∃x′.F[x′/x] (1)

(∃x′.F ∧ x = x′) ≡ ∃x′.F[x/x′] (2)

Exercise 5.2. Give an interpolant for each pair of formulas.

1. ϕA := (x ≥ z ∧ z > y + 1), ϕB := (x + 1 ≤ y)

2. ϕA := (x− y = 0 ∧ y + y ≥ 1), ϕB := (x ≤ 0)

3. ϕA := (x = 1 ∨ x > 0 ∧ z > 1), ϕB := (x > 1)

4. ϕA := (z + 2 ≤ x ∧ x + 1 ≤ y − 3), ϕB := (y > 0 ∨ z > 0)

5. ϕA := (z + 2 ≤ x ∧ x + 1 ≤ y − 3 ∧ z + 2 ≥ 4), ϕB := (y > 8 ∨ z < 0)

Exercise 5.3. Let the programs given in exercises 3.3 and 3.4 be P3.3 and
P3.4. Execute the Abstract Rechability (AR) algorithm on those programs. Use
the function more as abstraction function, and the sets of predicates Preds3.3 =
{pc = linit , x ≤ y,⊥, x ≤ y + 1, x > y} and Preds3.4 = {pc = l1,⊥, x − 1 ≥
y, pc = lexit , pc = lerr} for P3.3 and P3.4.

Exercise 5.4. Consider the following source code fragment.

assume(y <= z);
while(x > y) x--;
assert(x <= z);

A corresponding program for the fragment is P = (X, pc, T, ϕinit , ϕerr ) where

• X = {x, y, z}

• T = {ρ1, . . . , ρ5}
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• ϕinit = (pc = l1)

• ϕerr = (pc = l5)

• ρ1 = (pc = l1 ∧ pc′ = l2 ∧ y ≤ z ∧ x′ = x ∧ y′ = y ∧ z′ = z)

• ρ2 = (pc = l2 ∧ pc′ = l2 ∧ x > y ∧ x′ = x− 1 ∧ y′ = y ∧ z′ = z)

• ρ3 = (pc = l2 ∧ pc′ = l3 ∧ x ≤ y ∧ x′ = x ∧ y′ = y ∧ z′ = z)

• ρ4 = (pc = l3 ∧ pc′ = l4 ∧ x ≤ z ∧ x′ = x ∧ y′ = y ∧ z′ = z)

• ρ5 = (pc = l3 ∧ pc′ = l5 ∧ x > z ∧ x′ = x ∧ y′ = y ∧ z′ = z)

Give a set of predicates for the abstraction function more such that the AR
algorithm gives a set formulas AbstReach such that

¬∃x, y, z, pc.(
∨

AbstReach) ∧ ϕerr

Exercise 5.5. Draw the reachability tree denoted by the output of AR in
exercise 5.4.
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