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Artigo Final: teremos mais um milestone na aula que vem, 
onde vocês devem inserir a proposta de uso das RdP 

junto com a sua aplicação.  A entrega está marcada para 
14/12 e teremos alguns minutos no final da aula para 

discussão. O artigo final fica para o dia 21/12.
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Sincronismo com o livro texto
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Petri Nets
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Use of Petri Nets in Design

Requirements Requirements 
Model
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Matching by construction
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Look at the forest first  
and refine,

Look at the trees  
and compose. 

A false dilema!?
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A false dilema!?

Actually, choosing a state-space or events 
development does not detach the process from the 

system approach, just orient priorities.  

We advocate a top-down and structured approach, starting with high-level
Modeling dividing the system into communicating subsystems, and ending
with low-level modeling defining the protocol of a subsystem.
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From the complete net model one can derive the protocol, which is often
too complicated to be of any value. However, after abstracting from internal
communication, retaining only a few essential actions, the system often has
to satisfy a simple protocol. The notion of branching bisimilarity can be used
to verify that the complete system obeys this protocol.
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Physical X Functional Decomposition
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External Interface

Interface

Interface Interface
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The System of Systems (SoS) Approach
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IFIP-Balanced Automation Systems, 1995
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Decomposing a system (stepwise) means defining 
subsystems (eventually independent systems) and 
(first) their interface (with the main system or with 

any other system).  

Object-oriented Systems Design
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Completeza comportamental 

•  separation of concerns 
•  encapsulation 
•  classification 
•  inheritance (single and multiple) 
•  polymorphism 

A abordagem de objetos
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It should be noticed that objects can be used 
indistinctly in a physical, functional, or hybrid 

decomposition.  
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Supermarket modeling
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Sub-system (system) communication requires a 
specific “protocol" or transaction.  Such transactions 

can be modeled as a net and denote a dynamic 
workflow. 



Escola Politécnica da USP PMR5237

Prof. José Reinaldo Silva

26

Modeling “services" is also a good example (like one of 
the supermarkets), where the “interaction protocol” is 

the target. 

value
 co-creat

ion
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Modeling “services" implies a special protocol or 
transaction covering the interaction between the 

system and the user of the service (be it human or 
machine). It is called “value co-creation”.  

value
 co-creat

ion
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When modeling service, value co-creation is important 
because it is directly connected to the ROI (return of 

the investment) of Service Systems.  
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Protocols can be modeled by process algebra, which has 
matching with Petri nets. It is possible to describe a net 

locality (composed of pre and post conditions and a 
transition or step as a single protocol - see the textbook 

for further information). 
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returning to the example…
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The interaction modeled as Custs assumes that a 
customer comes to the supermarket and expend some 
money in exchange for some product. It is quite clear 

its importance to the business, even in this very simple 
example.
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Wil van der Aalst
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The construction method based o events explores the 
formalism of Petri nets but is also based on intuition 

and interpretation of the physics (or archetype) 
system. The necessary step after the modeling would 

be validation/verification.

34



Escola Politécnica da USP PMR5237

Prof. José Reinaldo Silva

35

The first step to analysis and validation would be to 
look for possible reductions in the net, especially to 

detect problems with invisible transitions.

It is intuitive to use simulation to check for errors. But in systems modeling, 
it is also necessary to “prove" that errors are absent, especially in automated 

systems. 
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Abstraction consists of declaring the non-essential events to be silent,
which is done notationally by labeling them with the label . The net thus
modified is then reduced modulo an equivalence relation that disregards 
-labeled actions as much as possible. The reduced net is often a simple 

protocol net that embodies all desired behavior and nothing more.

τ

τ
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Example: the bank loan process

Bissimilarity
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Bissimilarity and silent transitions can be faced with 
a process of abstraction, which concerns finding 

simpler models with clear attribution of transitions 
and respecting the occurrence of events that are 

observable but not controlled by the system.
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Property analysis can also help, and address the 
dichotomy between validation and verification, besides 

being a way to combine methods.
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In the discussion so far 
there is no bias to classic 

or high-level nets, 
implying that we could 
use event-analysis with 

both net classes.
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Old and new challenges to System Modeling 
(with Petri nets)
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I4.0 brings new challenges for two main 
reasons:  

i) it enhances concurrence in the 
implementation of production systems;  

ii) it enhances the notion of manufacturing 
services or service-oriented 
manufacturing.
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Industry new era!

Good-dominant
vs

Service-dominant

“Servitization”

Embedded Systems

Networked 
Embedded Systems

Cyber-Physical Systems

Industry 4.0Service Science
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Industry 4.0

Product-Service 
Systems

Industry new era!

Co-production 
structure

Smart products �
(Cyber-physical)

Service Science

Smart Factories
PSA !

BigData
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General requirements of new service systems

“… in the shoulders of thousands of pygmies”.
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Managing microservices
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Next class we will reserve more time to discuss the 
paper and will summarize the discipline with an 

appreciation about Systems Modeling (with Petri nets) 
as a research area and its possibilities, as well as the 

possibilities in practice.
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