2G1516 Formal Methods — HT05
CTL Exercises

Exercise 1 Two CTL formulas, ¢ and v, are equivalent, ¢ = 1, if for all
transition systems 7" and all interpretation functions p, T' |= ¢ iff T' = ¢ (using
p). Prove, using the semantics of CTL, the equivalence:

Ao U ) = ~(E(=¢ U (=¢ A=) V EG—y)
0

Exercise 2 For each state in the model given in Figure 1 determine whether
or not the following CTL formulas hold for that state:

1. EGp
2. AGp
3. EFAGYp
4. A(p U EG(p — q))
5. E(((pAg)vr) U (E(rUAGp)))
O

Definition: We use |¢| to denote the length of formula ¢, that is, the number
of symbols in ¢ viewed as a string over the set of atomic propositions union the
set of connectives (A, =, A, G, F, U, (, ), etc.).

Exercise 3 (advanced)
Construct models M; and N;, as in Figure 2. Prove for all CTL formulas ¢,
that whenever |¢| < i then

1.siEoiff s =¢
2 tiEdifft = o

Conclude that the LTL property <> [|p (almost always p) is not expressible in
CTL.

Hint: Prove first, by induction on |¢|, that for any CTL formula ¢,
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Figure 1: Model for Exercise 2.

o (35 =19l s = ¢) iff (Vi > 4] s} = @)
o (F 21el tj ) iff (Vi =19l t; = ¢).



Figure 2: Model for Exercise 3.



