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Exercise 1 (3 points)

Consider three transition systems given in the next figure:
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Questions:

For each i, j ∈ {1 . . . 3} × {1 . . . 3}, i 6= j, determine whether TSi ≈ TSj or TSi 6≈ TSj. Justify your
answer.

Exercise 2 (3 points)

Consider the transition systems TS1, TS2, TS3 over AP = {a, b} shown in the following figure:
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Questions:

For each i, j ∈ {1 . . . 3} × {1 . . . 3}, i 6= j, determine whether TSi � TSj. Justify your answer.

Exercise 3 (4 points)

Let TS = (S,Act,→, I, AP,L) be a transition system. A stutter simulation for TS is a relation R on S
such that for all (s1, s2) ∈ R:

1. L(s1) = L(s2).

2. If s′
1
∈ Post(s1) with (s1, s

′
1
) /∈ R, then there exists a finite path fragment s2 u1 . . . un s′

2
with n ≥ 0

and (s1, ui) ∈ R, i = 1, . . . , n and (s′
1
, s′

2
) ∈ R.

s1 is said to be stutter simulated by s2, denoted s1 �st s2, iff there exists a stutter simulation for (s1, s2).

A stutter simulation R for TS is called divergence-sensitive if for all pairs (s1, s2) ∈ R and each infinite
path fragment π1 = s0,1 s1,1 s2,1 . . . in TS with s0,1 = s1 and (si,1, s2) ∈ R for all i ≥ 0 there exists
a transition s′

2
∈ Post(s2) with (sj,1, s

′
2
) ∈ R for some j ≥ 1. We write s1 �div

st s2 iff there exists a
divergence-sensitive stutter simulation R for (s1, s2).

Question:

Prove the following statement: let s1, s2 be two states in TS. If s2 |= Φ ⇒ s1 |= Φ for any Φ ∈ ∀CTL∗
\©,

then s1 �
div
st s2.


