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Chair of Foundations of Software Reliability and Theoretical Computer Science
School of Computation, Information and Technology
Technical University of Munich

Eexam
Place student sticker here

Note:
• During the attendance check a sticker containing a unique code will be put on this exam.
• This code contains a unique number that associates this exam with your registration

number.
• This number is printed both next to the code and to the signature field in the attendance

check list.

Petrinetze

Exam: IN2052 / Retake Date: Thursday 9th October, 2025
Examiner: Prof. Dr. Javier Esparza Time: 08:00 – 09:15

Working instructions
• This exam consists of 8 pages with a total of 4 problems.

Please make sure now that you received a complete copy of the exam.

• The total amount of achievable credits in this exam is 45 credits.

• Detaching pages from the exam is prohibited.

• Allowed resources:

– one non-programmable pocket calculator

– one analog dictionary English ↔ native language

• Subproblems marked by * can be solved without results of previous subproblems.

• Answers are only accepted if the solution approach is documented. Give a reason for each
answer unless explicitly stated otherwise in the respective subproblem.

• Do not write with red or green colors nor use pencils.

• Physically turn off all electronic devices, put them into your bag and close the bag.

Left room from to / Early submission at
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In all problems, Petri nets do not have arc weights,
unless explicitly mentioned.

Problem 1 Reachability graphs (8 credits)

a) Give a Petri net with transitions {t1, t2, t3} and the following reachability graph (with initial marking M0), or
prove that it does not exist.

M0 M1

M2M3

t1

t1

t2

t3

Since t2 is not enabled at M1, there exists a place s ∈ •t2 which is not marked at M1. Since M0
t1−→ M1,

s /∈ t•
1 . Since M1

t1−→ M2, s is still unmarked at M2, and therefore t2 is not enabled at M2. Hence there
does not exist a Petri net with such a reachability graph.

b) Give a Petri net with transitions {t1, t2, t3} and the following reachability graph (with initial marking M0), or
prove that it does not exist.

M0 M1

M2M3

t1

t2

t1

t3

s1

s2 s3 s4

t1 t2 t3
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Problem 2 Coverability graph (6 credits)

Consider the following Petri net (N, M0) with M0 = (1, 0, 1):

s1 s2

s3

t1

t2t3

Give a coverablity graph of (N, M0).

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

(0, 1, 0)(1, 0, ω)(0, 1, ω)

t1

t2

t3

t1

t2
t1

t2, t3

0
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4

5

6
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Problem 3 Reductions (9 credits)

a) We call a Petri net floodable if for every n ∈ N, there exists a reachable marking M such that M(s) ≥ n for
every place s.
Given a Petri net (N, M0), show how to construct a Petri net (N′, M′

0) and a place s′ of N′ such that:

(N, M0) is floodable iff s′ is not bounded in (N′, M′
0).

Indicate clearly which are the sets of places, transitions and arcs of N′, which is the marking M′
0, and which

is the place s′. Sketch a proof of correctness of the construction.

Your construction should be implementable as a program that runs in polynomial time in the size of (N, M0).

Let S be the set of places of N. N′ is the result of adding to N

• a new place s′, and

• a new transition ts with preset S and postset {s′}.

M′
0 is the marking that coincides with M0 on S and puts no tokens in s′.

We have:

(N, M0) is floodable
iff for every n ≥ 0 some reachable marking of (N, M0) puts at least n tokens

in each place of N
iff for every n ≥ 0, some reachable marking of (N′, M′

0) puts at least n tokens in s′

iff s′ is unbounded in (N′, M′
0).

b) Bonus points: We call a firing sequence maximal if it is infinite or ends in a deadlock.
Given a Petri net (N, M0), show how to construct a Petri net (N′, M′

0) such that:

(N, M0) has only one maximal firing sequence iff (N′, M′
0) is deadlock-free.

Indicate clearly which are the sets of places, transitions and arcs of N′, and which is the marking M′
0. Sketch

a proof of correctness of the construction.

Your construction should be implementable as a program that runs in polynomial time in the size of (N, M0).

Let N = (S, T , F) be the set of places of N. N′ is the result of adding to N

• a new place s′;

• arcs (t , s′) and (s′, t) for all t ∈ T ;

• a new transition t ′ with preset and postset {s′}; and

• for every pair (t1, t2) ∈ T , a new transition t12 with preset •t1 ∪ •t2 ∪ {s′} and postset ∅.

M′
0 is the marking that coincides with M0 on S and puts one token in s′.

(N, M0) has only one maximal firing sequence if and only if no two transitions in T are ever simultane-
ously enabled. If this is the case, then no extra transition t12 can ever fire, and (N′, M′

0) is deadlock-free
because t ′ is always enabled. If two transitions t1, t2 ∈ T are simultaneously enabled at some point,
then t12 can be fired, removing the token from s′ and leading to a deadlock in (N′, M′

0).

– Page 4 / 8 –



Sam
ple

Solu
tio

n

Problem 4 True or false (22 credits)

For each of the following statements, decide whether the statement is true. If it is true, give a proof. If it is
false, give a counterexample.

Recall that Petri nets are assumed to be connected and have at least one place and one transition.
Therefore, your counterexamples must satisfy these properties.

a) Let N be a connected T-net. If N has a nonzero S-invariant, then N has a semi-positive S-invariant.

False. Counterexample:

s1

s2

t1

t2

This T-net has the S-invariant (−1, 1), but no semi-positive S-invariant because I(s1) + I(s2) = 0 for
every S-invariant I.

b) Let (N, M0) be a bounded Petri net. If N has a positive T-invariant and every place is marked under M0,
then (N, M0) is deadlock-free.

False. Counterexample:

s1

s2 s3

s4 s5

t1 t2

t3

t4 t5

This Petri net is bounded (firing a transition does not change the total number of tokens) and has
the positive T-invariant (1, 1, 1, 1, 1), but a deadlock can be reached by putting all tokens into s2, e.g.
t3t2

4 t2
5 t5

1 .
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c) Let I be a semi-positive S-invariant. Then ⟨I⟩ is a siphon.
Reminder: ⟨I⟩ = {s ∈ S : I(s) > 0} is the support of I.

True. Assume that ⟨I⟩ is not a siphon. Then there exists a transition t such that •t ∩ ⟨I⟩ = ∅ and
t• ∩ ⟨I⟩ ̸= ∅. In particular,

∑
s∈•t I(s) = 0 and

∑
s∈t• I(s) > 0 because I is semi-positive. This contradicts

the fact that I is an S-invariant.

d) Let N be a connected net such that for every place s, the set {s} is both a siphon and a trap. Furthermore,
let M0 be the marking which puts one token in every place. Then (N, M0) is live.

True. Let s ∈ S and t ∈ T . If (s, t) ∈ F , then (t , s) ∈ F , otherwise {s} would not be a trap. Analogously,
if (t , s) ∈ F , then (s, t) ∈ F , otherwise {s} would not be a siphon. So for any pair (s, t), we have either
(s, t), (t , s) ∈ F or (s, t), (t , s) /∈ F . Hence the effect of every transition is zero. Since M0 enables every
transition, it follows that (N, M0) is live.

Alternative solution: Marked traps stay marked. Since every place is a trap, every place stays marked.
Hence all transitions are always enabled, and (N, M0) is live.
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e) Let N be a connected net such that for every place s, the set {s} is both a siphon and a trap. Furthermore,
let M0 be a marking different from the zero marking. Then (N, M0) is deadlock-free.

False. Counterexample:

s1 s2
t1

f) Let N = (S, T , F) be a connected S-net. If X ⊆ S is both a siphon and a trap, then there exists an S-invariant
I such that ⟨I⟩ = X .

True. Since N is connected, X must be connected to S \ X . Let t be a transition connecting X to S \ X .
Then there exist s, s′ ∈ S such that (s, t), (t , s′) ∈ F . If s ∈ X and s′ ∈ S \ X , then X is not a trap; if
s′ ∈ X and s ∈ S \ X , then X is not a siphon. Hence such a transition cannot exist, and therefore
X = S. Now let I = (1, ..., 1). Then ⟨I⟩ = X , and I is an S-invariant because every transition consumes
as many tokens as it produces, see Proposition 5.1.6.

Alternative solution: Let I(s) = 1 for s ∈ X and I(s) = 0 for s /∈ X . Since X is a siphon and a trap and N
is an S-net, every transition either takes a token out of X and puts it back into X , or does not interact
with X at all. Hence I is an S-invariant.
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Additional space for solutions–clearly mark the (sub)problem your answers are related to and strike
out invalid solutions.
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