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Exercise 1 (15 + 2 points)

Consider the GNBA A = ({q0, q1, q2}, {a, b}, q0, δ, F1, F2, F3) where F1 = {q0, q1}, F2 = {q1, q2}, and F3 =
{q0, q2}, and where δ is represented graphically.

q0 q1
a q2

b

b

• Construct the corresponding equivalent NBA.

q0, 1 q1, 1 q2, 1

q0, 2 q1, 2 q2, 2

q0, 3 q1, 3 q2, 3

a a
b

b

a

a b
b

a

a b

b

Here, the yellow states mark the final states.

• Is L(A) = ∅? If not, then provide a word which is contained in L(A).

L(A) = {a a a a . . . }.
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Exercise 2 (14 points)

Consider the following channel system which transmits values from a producer via a store to a consumer.

producer store

got data

consumer

delivered

c ! value c ?x d !x d ? y consume

We assume that the capacity of channel c is 1 and the capacity of channel d is 0. To construct the transition
system for this channel system we will encounter states of the form

(`1, `2, `3,Eval(c),Eval(d))

where we ignore the evaluation of variables since there is only one possible value. Here, `1, `2, and `3 are (the
first letters of) the locations, i.e., `1 ∈ {p}, `2 ∈ {s,g}, and `3 ∈ {c,d}. Of course, value can be abbreviated by
v. Some initial part of the transition system is already depicted below. Draw the remaining parts.

(p, s, c,∅,∅) (p, s,d,∅,∅)consume

(p, s, c,v,∅)

(p,g, c,∅,∅)

(p,g, c,v,∅)

(p, s,d,v,∅)

(p,g,d,∅,∅)

(p,g,d,v,∅)

τ τ

τ

τ

τ

τ τ

τ

consume

consume

consume
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Exercise 3 (2 + 15 points)

Consider the following transition system TS of an Austrian traffic light using the atomic propositions {red, orange,
green, flash}.

red

1

red
orange

2

green

3

orange
flash

4

orange

5

green
flash

6

Consider the following CTL∗-formula Φ.

Φ = A G (¬red ∨ E (orange U X red))

Perform CTL∗-model checking to decide whether the transition systems satisfies Φ.

(i) Compute a formula Φ′ which is equivalent to Φ and does not contain E .

Φ′ = A G (¬red ∨ ¬A¬(orange U X red))

(ii) Compute Sat(Ψ) for every state-subformula Ψ of Φ′. Note that the subformula ¬red ∨ . . . of Φ′ should be
seen as a state-formula.

When computing a set Sat(Aϕ) write down the corresponding LTL-formula ϕ′ that is checked. However,
it is not necessary to perform the LTL-model checking explicitly.

• Sat(red) = {1, 2}

• Sat(¬ red) = {3, 4, 5, 6}

• Sat(orange) = {2, 4, 5}

• Sat(A¬(orange U X red)) = {3, 6} (This step involves LTL model checking of the formula ¬(orange U X red).)

• Sat(¬A¬(orange U X red)) = {1, 2, 4, 5}

• Sat(¬red ∨ ¬A¬(orange U X red)) = {1, 2, 3, 4, 5, 6}
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• Sat(Φ′) = {1, 2, 3, 4, 5, 6} (This step involves LTL model checking of the formula G a where a is a new
atomic proposition representing the state-formula ¬red∨¬A¬(orange U X red). Hence, all states are labeled
with a.)
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Exercise 4 (6 + 6 points)

Consider the LTL formula
ϕ = aU (X (b ∧ (cU X b)) U c)

The GNBA Aϕ is of the form (Q, 23, q0, δ, F1, F2, F3).

(i) The set of states Q is 2m ∪ {q0}. Determine m by specifying which subformula corresponds to which bit di

in the state (d1, . . . , dm)T . 

d1

d2

d3

d4

d5

d6

d7

d8

d9


∼



a
b
c

X b
cU X b

b ∧ (cU X b)
X (b ∧ (cU X b))

X (b ∧ (cU X b)) U c
ϕ


Hence, m = 9.

(ii) Suppose F1 corresponds to the left U of ϕ, F2 to the middle U of ϕ, and F3 corresponds to the right U
of ϕ. Complete the definitions of F1, F2, and F3.

F1 = {(d1, . . . , dm)T | d9 = 0 ∨ d8 = 1}

F2 = {(d1, . . . , dm)T | d5 = 0 ∨ d4 = 1}

F3 = {(d1, . . . , dm)T | d8 = 0 ∨ d3 = 1}


