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Sincronismo com o livro texto
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Prometemos tratar nesta aula do problema da análise 
de invariantes nas redes coloridas e voltaremos à 
discussão sobre o uso da análise de propriedades na 
modelagem e análise de sistemas automatizados. 
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PN Basic Properties
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Seja qual for a opção para análise de invariantes 
(em redes clássicas ou coloridas) o nosso objetivo é 
nos certificar de que o ambiente de modelagem 
segue o formalismo, e, se for o caso usá-lo para 
determinar os invariantes. 
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Lembrando a Aula2…

SCC-strongly connected component
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Many different notions of fairness have been proposed 
in the literature on Petri nets. We present here two basic 
fairness concepts: bounded-fairness (B-fairness) and 
unconditional (global) fairness (U-fairness).

Fairness

Two transitions t1 and t2 are said to be in 
a bounded-fair (or B-fair) relation if the maximum number 
of times that either one can fire while the other is not firing 
is bounded. A Petri net (N, M0) is said to be a B-fair net if 
every pair of transitions in the net are in a B-fair relation.

B-fairness
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Many different notions of fairness have been proposed 
in the literature on Petri nets. We present here two basic 
fairness concepts: bounded-fairness (B-fairness) and 
unconditional (global) fairness (U-fairness).

Fairness

U-fairness

A firing sequence  is said to be unconditionally (globally) 
fair if it is finite or every transition in the net appears infinitely 
often in a. A Petri net (N, M0) is said to be an unconditionally 
fair net if every firing sequence  from M in R(M0) 
is unconditionally fair

σ

σ
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Distância Síncrona
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The basic idea behind place invariants is to construct 
equations which are satisfied for all reachable markings. 
In the data base system we expect each manager to be 
either Inactive, Waiting or Performing.  

This is expressed by the following equation satisfied for 
all reachable markings  

M: M(Inactive) + M(Waiting) + M(Performing) = DBM(x). 



Escola Politécnica da USP PMR5237

Prof. José Reinaldo Silva

20

If we now look at the messages properties…


M(Unused) + M(Sent) + M(Received) + M(Acknowledged) = MES(s)

 

M(Active) + M(Passive) = 1’e. 
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Invariants now mens to preserve the type of marks, or 
to establish a common  type to be preserved in different places.

Still, there is no well-accepted “algorithm” to perform 
invariant calculus in Colored Petri Nets.
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Petri nets modeling: where to begin?
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Use of Petri Nets in Design

Requirements Requirements 
Model

Design 
Model

Model  
Analysis

Req.  Analysis

Design

Verification/Validation
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Petri nets modeling
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The designer

The model

Modeling a system means 
knowing at the beginning what 

to model! 
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The designer

The model

The initial (preliminary) model 
should be taken from 

requirements
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Petri Nets
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There are invariants that could be inferred at the very 
beginning, it does not matter is we are using P/T or CPN. 

We will call it “design invariants”. 

Other invariants can be only calculated (specially in large 
projects) and then there is the problem of synthesising a  
P/T net - or unfolding the net - before doing it. We will 

call that operational invariants.
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Systems Modeling

System-as-is
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objects Actions States
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Incremental development
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In this simple and intuitive system, 
objects (frogs and the princess) are 
not “created" dynamically or 
destroyed, they are both system 
resources. Therefore, there is a p-flow 
associated with that. Any available 
resource agent belongs either to the 
class “frog" or to the class “princess".
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Model

State-oriented

Event-oriented

Hybrid
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Structured approach

Systemic, 
Based on refinemets

Reusability, 
Based on compositionality
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Components - preferably SCC’s - can be developed altogether 
with the system, by refinements, or can be developed 
separately and joined to the general model. In such a case, we 
have systems and sub-systems that communicate with each 
other.
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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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In the canonical definition fusion places (smess, rmess) 
belong to different components. When the components are 
matched the corresponding fusion places are collapsed 
(fusion).
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Os importantes são: i) quando uma rede coloca marcas em 
um lugar que é retirado pela outra (channel, caso 1), ii) onde 
o fusion place (pin) pode desabilitar uma transição na outra 
rede (2); iii) quando ambas as as redes podem usar o token 
do fusion place (3) causando possível mutex. 
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Outra forma de comunicação assíncrona é o arc addition 
uma transição em uma rede é ligada a um lugar da outra 
(sem interrupção de fluxo) - input addition - ou ao contrário 
- output addition. Uma terceira possibilidade é com combinar 
input e output in a I/O addition. 
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Comunicação síncrona: transition fusion 

No caso anterior a ativação ocorre em duas fases: uma das 
redes produz um token em um fusion place e a outra pode 
retirar depois. Na comunicação síncrona fundiremos 
transições, assim, se uma fusion transition está habilitada a 
ocorrência promove fluxo em ambas as redes causando o 
sincronismo.



Escola Politécnica da USP PMR5237

Prof. José Reinaldo Silva

58

Em uma versão revisada podemos modelar o ciclo dos sapos e 
da princesa como componentes distintas, sincronizadas na 
ação de “beijar o sapo” para eventualmente se transformar em 
príncipe. A princesa pode ainda se retirar do lago, deixando os 
sapos brincando em paz!
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O objetivo do processo de síntese é produzir um modelo que 
será analisado por simulação e/ou por análise de propriedades 
(usando o modelo P/T ou de redes de alto nível ou coloridas).  
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Wil van der Aalst



Escola Politécnica da USP PMR5237

Prof. José Reinaldo Silva

61

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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