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Petri Nets

for Systems Engineering

A Guide to Modeling, Verification,
and Applications Claude Girault, Ridiger Valk:

Petri Nets For Systems Engineering:
A Guide to Modeling, Verification, and Applications

Springer Verlag, Berlin, 2003
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Petri Net Varieties

Stochastic colored Petri Net

https://www.researchgate.net/figure/Stochastic-colored-Petri-net-model-of-a-supply-chain_figl 228918128
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Labeled Petri Net

https://www.researchgate.net/figure/Labeled-Petri-net-structure-for-Example-1 figl 224560983

Timed Petri Net

https://www.researchgate.net/figure/Time-Petri-Net-model-with-observer-to-check-property fig4 228619768
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Functional Partitioning Composition Method

* Modularization * Assembly of Partitions
* Complexity reduction * Module interfa)ci}g/
» Separation of concerns . [No hierarchy!

Network
Modeling
Freedom
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State Space Explosion

Suitable
Functional
Partitioning
required
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Reggie Davidrajuh:

Petri Nets for Modeling of
Large Discrete Systems

Springer Nature Singapore Pte.,
Singapore, 2021

ISBN 978-9-811-65202-8
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Petri Module: Key Concepts

Inter-Modular Connector [IMC]

@Building Blocks of Modular Petri Nets

Q Petri Modules

https://www.mdpi.com/2073-431X/8/4/83

Inter-Modular Connector [IMC]
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Petri Module: Key Concepts A Petri Module is defined as a six-tuple:
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Petri Module: Key Concepts
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2 Building Blocks of Modular Petri Nets

Q Inter-Modular Connector [Composition]

-

Inter-Modular
Connector
[IMC]

Connecting/Composing
Petri Modules:

» Functionality

» Control Flow

» Timing

» Mesh Structure

» Same Formalism

SS$ 2023

— — — — —

— — — — — —

Module ‘Alfa’

tBI1 pBL1

pBL3 pBAL4
‘,<_

-, O tBL1 tBL2

tBl2 PBL2
Module ‘Beta’

https://www.mdpi.com/2073-431X/8/4/83

12



https://www.mdpi.com/2073-431X/8/4/83

(U iniversis SS 2023: Modular Petri-Nets / Petri Modules

Petri Module: Key Concepts An Inter-modular Connector (IMC) is defined as a four-tuple:
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Composition Composition

Method:

Inter-Module Connector [IMC]

Composition
Structure:
Network/Mesh [unrestricted]
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Modular Petri Net A Modular Petri Net is defined as a two-tuple:

One or more Petri Modules

MPN=(M|/]

Zero or more Inter-Modular Connectors

SS$ 2023
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Modular Petri Net
= Timed Petri Net A

Machine M1

Painting
robot R4

Conveyor

Example:
Flexible

Manufacturing
System
[FMS]

Functional
Decomposition:

4 Modules
Loosely Coupled

Robot R3

552023 Machine M2

4 Petri Modules
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Modular
Petri Net
Engineering
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1) Functional/Information Partitioning of the Information System
(Modularization, Separation of Concerns) <= Conceptual Model

2) Definition of the
Relationships <
Conceptual Model

SS$ 2023

—> Specification of the Petri Modules
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Distributed
Development
& Deployment
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% Main Simulation File (MSF) for
the simple Petri Net

Modular Petri Net Simulator GPenSIM

png = petrinetgraph(’'simple def');

dyn.m0 = {'pl", 1, 'p2",1};

Modeling Discrete-Event Systems with GPenSIM describes the design and

dyn.ft = {'tl", 3]; . . . .
ori = initialdyranics (ng, dyo); applications of the General Purpose Petri Net Simulator (GPenSIM), a software tool
olotp(sim, {"p17, 'p2°, 'p3° 135 for modeling, simulation, and performance analysis of discrete-event systems

SPRINGER BRIEFS IN
APPLIED SCIENCES AND TECHNOLOGY

The brief explains the principles of modeling discrete-event systems, as well as the
design and applications of GPenSIM. The brief uses GPenSIM to enable the efficient
modeling of complex and large-scale discrete-event systems. GPenSIM, based on
MATLAB, is designed to allow easy integration of Petri net models with a vast number

of toolboxes available in MATLAB.

Reggie Davidrajuh

| MOd e I I n g https://ch.mathworks.com/academia/books/modeling-discrete-event-systems-with-gpensim-davidrajuh.html
Discrete-Event :
Systems with
) Main‘ Pet_ri .l\{et Tra.t‘lsilion
GPenSIM sl petinion
. (MSF) (PDFs) (TDFs)

An Introduction ‘ y

A4 \J Y

GPenSIM
Modules: Net Utilities, Timer, Simulator, Analysis, Display
EXTRAS ONLINE &\ Springer J:
MATLAB Engine 24
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Legacy Petri Net Models => Modular Petri Net Models
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Digital Object Identifier
10.1109/ACCESS.2020.3020213

2020

https://uis.brage.unit.no/uis-
xmlui/bitstream/handle/11250/304
9494/09179742.pdf?sequence=1
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Conclusions

N
~ -

-cliparts.html

http://clipart-library.com/conclusion

(1) Modular Petri Nets & Petri Modules are a promising modeling mechanism for large, real-
time cyber-physical systems

(2) Due to the powerful partitioning the Modular Petri Nets & Petri Modules have a low
cognitive complexity (= good understandability), even when the technical complexity is
high

(3) The graphical representation is intuitive and comprehensive. Due to the clear composition
model, large systems can be represented well

SS 2023 © Prof. Dr. Frank J. Furrer 26
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