
Unfolding of Coloured Petri Nets
–

Comparing the Runtime of two Approaches

George Assaf
– 29 Jan 2020

Computer Science Institute, Brandenburg Technical University (BTU),
Postbox 10 13 44, 03013 Cottbus, Germany

http://www-dssz.informatik.tu-cottbus.de

George.Assaf@b-tu.de

This document summarizes some computational experiments comparing the
runtime performance of the IDD unfolding and Gecode engines by help of
the tool Marcie. The first two sections categorize the Coloured PNML models
collected over the years for the Model Checking Contest (MCC) [3]. The models
are called as on the MCC web site and are alphabetically ordered. The third
section comprises some results obtained by case studies of our own collection,
comprising PN C , CPN C , SPN C , and HPN C .

All experiments were done with Marcie [2] running scripts on a linux machine in
our computer lab (2.83 GHz, 8.0 GB RAM running x 86 64 Bit linux Ubuntu
18.04 LTS).
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1 MCC models – No substantial unfolding time
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Fig. 1: Airplane system; N – a value from wich the maximum speed, the maximum
altitude, and the associated thresholds are computed

2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
N

0.0

0.5

1.0

1.5

2.0

2.5

tim
e(

se
c)

IDD
Gecode

N | P | | T | | A |
1 28 52 326
2 48 288 2090
4 78 968 7350
5 108 2228 17 190
9 128 1328 10 010

10 138 2348 18 090
11 168 5408 42 330
15 188 2108 15 950
16 198 3728 28 830
20 228 8588 67 470

Fig. 2: Bridges and vehicles; N – sequential model version number.
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Fig. 3: CS Repetitions; N – number of Clients, Servers and Buffer Size.
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Fig. 4: Database With Mutex.; N – number of servers on which the database is
distributed and the number of files in the database.
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Fig. 5: Dot and Boxes; N – number of Dots Per each grid line .
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Fig. 6: Lamport Fast Mutex; N – Number of processes competing to access the
critical section.
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Fig. 7: Neo Election; N – number of network nodes participating in the election.
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Fig. 8: PermAdmissibility; N – Multiplier for the marking of places.



Unfolding of Coloured Petri Nets 7

2 3 4 5 6 7
N

0.0

0.5

1.0

1.5

2.0

tim
e(

se
c)

IDD
Gecode

N | P | | T | | A |
2 108 138 432
3 256 356 1112
4 500 730 2280
5 864 1302 4068
6 1372 2114 6608
7 2048 3208 10032

Fig. 9: Peterson; N – number of processes .
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Fig. 10: PolyORBLF; N – sequential model version number .
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Fig. 11: Quasi certification protocol; N – Size of the Leaf Sets.
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Fig. 12: Referendum; N – the maximum number of voters .
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2 MCC models – Exponential run time increase
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Fig. 13: Drink Vending Machine; N – Number of products.
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Fig. 14: Family Reunion; N – number of legal residents.
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Fig. 15: Global Resource Allocation; N – Cardinality of process and resources.
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Fig. 16: philosophers; N – number of Philosophers.
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Fig. 17: PhiloDyn; N – number of Philosophers.
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Fig. 18: Safe Bus; N – number of interlocutors connected to the bus.
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Fig. 19: Shared Memory; N – number of processors.
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Fig. 20: Token Ring; N – Number of processes.
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3 Test cases from our own Collection
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Fig. 21: 3D Diffusion with six neighbours; N – grid size of a 3D cube.

Diffusion is a basic mechanism underlying many biological processes and
is thus crucial for many case studies undertaken by help of our unifying
framework, building on scaleable SPN C , CPN C or HPN C , as introduced in [1].
Here, we consider a basic CPN C consisting of one place and one transition, and
each grid element in the 3D cube has six neighbours. The scaling factor is the
grid size, i.e., the edge length of the 3D cube.
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Fig. 22: Brusselator; N – grid size of a 2D square.

The Brusselator [6] is a popular reaction diffusion system, typically modelled
as partial differential systems (PDE). Using this case study, we have shown
in [4] how to systematically encode PDEs as CPN C , which then can be equally
read as SPN C or HPN C. The coloured Petri net modelling the Brusselator
involves diffusion in 2D with four neighbours and yields exactly the same results
as obtained in [6] using PDEs. CPN C size: 2 places, 6 transitions, and 11 arcs.
The nodes can either be read as discrete or continuous nodes. However, this does
not have any effect on the unfolding efficiency. The scaling factor is the edge
length of the 2D grid.
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Fig. 23: Botanical garden; N – number of concurrent processes (turnstiles).

A PN C illustrating for teaching purposes the need for mutually exclu-
sive synchronisation of processes concurrently writing to a shared global variable.
This model is inspired by the ornamental garden problem [5]: people enter a
botanical garden through either of two turnstiles. The management wishes to
know how many visitors are in the garden at any time. The PN C is scaleable by
the number of turnstiles, i.e., concurrent processes, and the number of people
using each turnstile.
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The following experiments were done by Martin Schwarick.
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Fig. 24: Gradient 2D with four neighbours; N – grid size of a 2D square.
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Fig. 25: Dicty; N – grid size of a 2D square.
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Fig. 26: Phase variation; N – grid size of a 2D square.

References

1. Gilbert, D., Heiner, M., Liu, F., Saunders, N.: Colouring Space - A Coloured
Framework for Spatial Modelling in Systems Biology. In: Colom, J., Desel, J. (eds.)
Proc. PETRI NETS 2013. LNCS, vol. 7927, pp. 230–249. Springer (June 2013)

2. Heiner, M., Rohr, C., Schwarick, M.: MARCIE - Model checking And Reachability
analysis done effiCIEntly. In: Colom, J., Desel, J. (eds.) Proc. PETRI NETS 2013.
LNCS, vol. 7927, pp. 389–399. Springer (June 2013)

3. Hillah, L., Kordon, F.: Petri Nets Repository: a tool to benchmark and debug Petri
Net tools. In: Proc. PETRI NETS 2017. LNCS, vol. 10258, pp. 125–135. Springer,
Zaragoza, Spain (June 2017)

4. Liu, F., Blätke, M., Heiner, M., Yang, M.: Modelling and simulating reaction-diffusion
systems using coloured Petri nets. Computers in Biology and Medicine 53, 297–308
(October 2014)

5. Magee, J., Kramer, J.: Concurrency: State Models and Java Programs. Wiley
Publishing (2006)
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