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PMR 5237�
Modelagem e Design de Sistemas 

Discretos em Redes de Petri 
Aula 10: Modelagem formal de sistemas baseada no 

espaço de estados
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Plano de Aulas
Aula Tema Data

Aula7 Propriedades das redes P/T 
e Coloridas 9/11

Aula8 Análise de Invariantes 16/11

Aula9 Técnicas de modelagem 23/11

Aula10 Métodos de Design 
orientados a estados 30/11

Aula11 Métodos de Design 
orientados a eventos 07/12

Aula12
Perspectivas de pesquisa em 

modelagem de sistemas 
discretos com RdP

14/12
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Artigo Final: teremos mais um milestone na aula que vem, 
onde vocês devem inserir no artigo mais detalhes de 
como vão usar redes de Petri no tema proposto. O 

deadline será na sexta 3/12. Teremos mais uma aula e 
outro milestone para o dia 14/12 onde será apresentado 
os detalhes do uso das redes de Petri. O artigo final fica 

para o dia 21/12.
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Sincronismo com o livro texto
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System-as-is System-to-be
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Na aula passada vimos as técnicas de design (as 
principais) para a modelagem de sistemas em redes de 
Petri, nesta aula trataremos brevemente da técnica de 
building blocks aplicada às redes de alto nível e 
seguiremos na discussão dos métodos de modelagem 
de sistemas usando Redes de Petri, hoje com o método 
orientado a estados . 
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PN Basic Properties
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Use of Petri Nets in Design
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Petri Nets
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Structured approach

Systemic,

Based on refinements

Reusability,

Based on compositionality
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Communication should be synchronous or asynchronous…

… asynchronous communication must be 
represented by place fusion or arc addition.

PN1

PN2

PN1

PN2
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Automatic Teller Machines


A classic automation example
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Applying place fusion to the 
modeling with CPN requires 
that the color of marks in the 
fusion places be respected and 
preserved. 
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Applying arc addition to the 
modeling with CPN requires 
the addition of an arc 
expression. 
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Applying transition fusion 
to the modeling with CPN 
requires some filter 
expressions connected to the 
transitions and the fusion. 
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Model

State-oriented

Event-oriented

Hybrid

Object-oriented
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General Systems

Engineering 


Design
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Petri Nets
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Model

State-oriented

Event-oriented

Hybrid
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State Space PN modeling is 
problem-oriented.

Requirements Requirements

Model

Design

Model

Model 
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Req.  Analysis
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Structured and Systemic Method

Problem Solving Method

Formal Methods

Petri Nets

Systems Design
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Some assumptions: fairness and determinism

Productive transitions eventually occur in an infinite occurrence sequence if they are 
persistently enabled. This characteristic is also known as the  finite delay property or as

the weak fair condition. In an  infinite sequence, productive transitions must

not be enabled in the last marking.

Fair transitions (also known as strongly fair) eventually occur in an infinite occurrence 
sequence if they are enabled infinitely often. In an infinite sequence, fair transitions must 
not be enabled in the last marking.

Weak-fair transitions

All other transitions are said normal and are not constrained.
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A formatação teórica usada comumente diz que os 
requisitos devem ser feitos de maneira formal, bem 
como o modelo do sistema. Para sistemas dinâmicos 

automatizados a nossa recomendação (e de vários 
pesquisadores no mundo) é que ambas sejam feitas em 

redes de Petri. 
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The need for  requirements 
formal modeling

and verification

value
 co-creat

ion

Robin Qiu, Service Science, Wiley, 2014

In the new design scenario, requirements 
should be modeled (following an MBE 
approach) and verified before going 
further with the design process.
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A manufacturing example

ROADEF is a challenge repositories were real companies 
leave some challenges to be solved to academics. Car 

sequencing was proposed in 2005 by RENAULT and were  
used in several competitions of knowledge engineering 

systems later on.
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The proposed method

requirements

LTL PetriNets

Formal verification

Req. elicitation

REKPLAN
Req. Engineering Knowledge 


for Planning

KAOS Documentation
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Objectiver REKPLAN
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Converting KAOS 
to Petri nets
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New approach to 

manufacturing & assembling design should be:


Systemic;

Free from functional/non-functional dilema;

Device oriented;

Attached to service;

Distributed;

Flexible.
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Petri nets
?
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Matching by construction
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Os requisitos podem ser previamente modelados usando 
métodos goal-oriented ou UML, o importante é que 

podem ser sintetizados em redes de Petri, especialmente 
no caso de sistemas dinâmicos automatizados. 
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Petri nets
Petri nets

O matching entre o modelo de requisitos e do design da 
solução seria um algoritmo de construção (da solução) 
que respeite as restrições dos requisitos, os invariantes e 

que produza uma rede isomorfa à rede dos requisitos. 
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In the beginning of this century a new approach to 
Requirements Engineering was introduce: Goal-oriented 
Requirement Engineering (GORE) which can be a good 

alternative to achieve the features to service-oriented Mfg.

The new approach based

on Objectives



Escola Politécnica da USP PMR5237

Prof. José Reinaldo Silva

46



Escola Politécnica da USP PMR5237

Prof. José Reinaldo Silva

47

www.respect-it.com

http://www.respect-it.com
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State-oriented modeling (SOM) is a very reliable 
approach to formal verification and produces models 
correct by construction. However, it implies a state-
space analysis, and its generation beforehand or 

“on the fly”. For critical systems, it is the 
recommended approach, but it is computationally 

hard.
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Who works with that?
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Who works with that?
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RENEW

Who works with that?
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Event-oriented PN modeling is directed to 
transactions and workflow.
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Na próxima aula vamos ver como aplicar a técnica de 
building blocks nas redes de alto nível e seguiremos na 
discussão dos métodos de modelagem de sistemas usando 
Redes de Petri.
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