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Petri nets

Question 1 : Give, in each of the following four cases, either an arbitrary Petri net which has
the given properties, or, if such a Petri-net does not exist, explain briefly why it does not exist.

— A live, deadlock free Petri-net..
— A Petri net which is quasi-live but not live.
— A Petri net which is live but not quasi-live.
— An unbounded Petri net which has a deadlock.

Hint : You do not need to give complex Petri nets. Petri nets with two places and two transitions
(or less) are sufficient.

Question 2 : Consider the following Petri-net :

1. Draw the reachability graph of the Petri-net.

2. Is it bounded ?

3. Is the net quesi-life ? Does it contain a deadlock ?

4. Is it possible to fire transition t4 in this net ? If not, modify the net as little as possible so
that t4 can be fired.

Justify your answers.

Exercise 2 Properties of a Petri-net (10 points)

Consider the following Petri-net:

t1 t3

s2 s3

s5

t2

s4

t4

s1

(a) Draw the reachability graph of the Petri-net.

(b) Is the net safe? Is it bounded? Is it unbounded?

(c) Is the net weakly life? Does it contain a deadlock?

(d) Is there a reachable marking, under which the set of transitions {t2, t3} is concurrently
activated?

(e) Which transition or which transitions are the necessary conditions for the firing of t2?

(f) Is it possible to fire transition t4 in this net? If not, modify the net as little as possible so
that t4 can be fired.

Justify your answers.

Exercise 3 S-invariants (5 points)

Let the following Petri-net be given:

s1

s2

s3

s4

t1

t2

t3 t4

(a) Give the incidence matrix of the Petri-net.

(b) Give all S-invariants of the Petri-net. Also give the computation by which you obtained
your answer.

(c) Use an S-invariant of your choice to show that the marking (0, 1, 0, 0) is not reachable.

(Please turn)

Figure 1 – A Petri net

Question 3 :

1. Give a Petri net with the reachability graph of Figure 1.
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Question 2 Building Petri nets (8 points)

(a) Give a Petri net with the following reachability graph.

(1,1,0)

(0,1,1) (1,0,1)

(0,0,2)

(2,0,0)(0,2,0)

t3

t2
t3

t2 t1

t3

t4

t1

t4

t2
t1

t4

(b) Explain why there is no Petri net with the following reachability graph.

(1,0,0) (0,1,1)

(1,0,1)

(1,1,0)

(2,0,0)t1

t2

t3

t3

t2

t4

Hint. Some transitions are missing.

(c) Give a loop-free Petri net with the following incidence matrix.

0
@

�1 2 �1 0
0 �1 0 1
0 �1 1 �1

1
A

(Please turn over)

Figure 2 – Reachability graph

2. Give, if it does exist, a Petri net having the reachability graph of Figure 2. In case such a
net does not exist, explain why.

Question 2 Building Petri nets (8 points)

(a) Give a Petri net with the following reachability graph.

(1,1,0)

(0,1,1) (1,0,1)

(0,0,2)

(2,0,0)(0,2,0)
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(b) Explain why there is no Petri net with the following reachability graph.

(1,0,0) (0,1,1)

(1,0,1)

(1,1,0)

(2,0,0)t1
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Hint. Some transitions are missing.

(c) Give a loop-free Petri net with the following incidence matrix.

0
@

�1 2 �1 0
0 �1 0 1
0 �1 1 �1

1
A

(Please turn over)

Figure 3 – Reachability graph

3. Give a Petri net with the coverability graph of Figure 3.

Exercise 2 Building Petri nets (8 Punkte)

(a) Let the following structure of a reachability graph be given.

m0

m2

m5

m3m1 m4

t1
t2 t4

t3

t3
t4 t2

t1

t3

t4 t1

t2

All of the markings m0–m5 are di↵erent. The names of the fired transitions are given in
the graph. The Petri net, whose reachability graph is given, has three places and its initial
marking is (1, 0, 1).

Give a Petri net with three places, which has the graph above as reachability graph. Also
indicate which markings coincide with m0–m5. (3 Punkte)

(b) Give a Petri net with the following coverability graph:

(1, 0, 0) (0, 1, 1) (1, !, 0) (0, !, 1)
t1 t2

t1

t2

Hint: There are infinitely many possible solutions. It is only required to give one! (3 Punkte)

(c) Give a loop-free Petri-net with the following incidence matrix:

0
@

�1 0 1
1 �1 0
1 2 �1

1
A

(2 Punkte)

(Bitte wenden)

Figure 4 – Coverability graph
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LTL and Büchi automata

Question 1 : Warm-up exercise on LTL

1. Express the G operator in terms of the F operator.

2. Express the F operator in terms of the U operator.

Question 2 :

1. Encode the following properties in LTL :

(a) The light is always green.

(b) Whenever the light is red, it eventually becomes green.

(c) Whenever the light is green, it remains green until it becomes yellow.

(d) Whenever the light is yellow, it becomes red immediately after.

2. Check whether the four LTL properties in the previous exercise are satisfied by our simple
controller. For three over these four formulae justify your answer in English. For one of these
four formulae, prove your answer by building the synchronized product of the negation of
the formula and the model of Figure 4.
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Warm-up Exercise on LTL
` i) Express the G operator in terms of the F operator.
` ii) Express the F operator in terms of the U operator.
` Feel free to use any of the propositional logic operators.

` G M =  � F�M
` FM =  (true U M)
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Exercise – (1)
` The light is always green.
` G green

` Whenever the light is red, it eventually becomes green.
` G( red � F green )

` Whenever the light is green, it remains green until it 
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g g g
becomes yellow.
` G(green � (green U yellow))

` Whenever the light is yellow, it becomes red immediately 
after.
` G( yellow � X red)

` Encode these properties in LTL.

Exercise – (2)
` Check whether the four LTL properties in the 

previous slide are satisfied by our simple controller.

green yellow red
s0 s1

s2
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Traces    s0Z, s0*s1s2Z, s0*s1s2*s0Z ….

G green   Not satisfied,  why?
G(red � F green )     Not satisfied, why?
G(green � (green U yellow))   Not satisfied, why?
G( yellow � X red)  Satisfied, why?

LTL Exercise – (3)
Consider a resource allocation protocol where n processes 

P1,…,Pn are contending for exclusive access of a shared 
resource. Access to the shared resource is controlled by an 
arbiter process. The atomic proposition reqi is true only when 
Pi explicitly sends an access request to the arbiter.  The atomic 
proposition gnti  is true only when the arbiter grants access to 
P  Now suppose that the following LTL formula holds for our Pi. Now suppose that the following LTL formula holds for our 
resource allocation protocol.

` G (reqi � F gnti)
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LTL Exercise – (3)
` i) Explain in English what the property means.
` ii) Is this a desirable property of the protocol ?
` iii) Suppose that the resource allocation protocol has 

a distributed implementation so that each process is 
implemented in a different site  Does the LTL implemented in a different site. Does the LTL 
property affect the communication overheads  among 
the processes in any way ?
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Figure 5 – Traffic light controller

Question 3 : Show that the following pairs of temporal logic formula are not equivalent. You
should construct an example system model which satisfies one of them but not the other. You
may assume that p,q are atomic propositions.

1. FGp and GFp

2. (trueUp)and (pUtrue)

3. GF(p∧ q) and GFp∧GFq.
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