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PN Basic Properties

Fairness
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Modelagem de Sistemas 
Discretos

• Síntese da rede; 
• Procedimentos de redução; 
• Análise da rede (atingibilidade, deadlock, etc.); 
• Simulação.
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Methods to solve these equations: 

Mathematic linear programming (Simplex); 

Gaus-Jordan method
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Passo 1: Para obter os invariantes de lugar é preciso em primeiro lugar calcular a transposta
da matriz de incidência(AT ).

Passo 2: Em seguida deve-se aplicar o método de Gauss- Jordan para transformar a matriz de
incidência em uma matriz diagonal. Se o posto da matriz de incidência R(AT ) for
menor que o numero de incógnitas (numero de lugares da rede), então ir ao passo 3.
Se o posto da matriz de incidência for igual ao numero de incógnitas, então terminar,
o sistema não tem invariantes de lugar.

Passo 3: Obter a solução básica do sistema representado pela matriz de incidência.

Algoritmo para calcular invariantes de lugar
Tese de doutorado: Modelagem e Análise de Requisitos de Sistemas Automatizados
Usando UML e Redes de Petri, Arianna Z. Olivera Salmon
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Invariants are a very important feature in CPN 
Design. However, we should not expect to solve 
the design problem by just inserting invariant 
analysis.  
 
Besides those inherent problems with invariants, 
the difficulty to apply this approach to large 
systems is still present.   
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Boudedness in CPN

Let be CPN net N and a generic place   in this net and   the size 
of the multiset for making  .  The place   is said bounded iff there is 

an integer   which is un upper bound of  , that is, 
 .

p |M(p) |
M p

n p
∀Mϵℜ(M0) . |M(p) | ≤ n

A CPN net is said to be bounded if all its place are bounded.
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The basic idea of state spaces is to calculate all reachable states 
(markings) and state changes (occurring binding elements) of the CPN 
model and to represent these in a directed graph where the nodes 
correspond to the set of reachable markings and the arcs correspond to 
occurring binding elements. The state space of a CPN model can be 
computed fully automatically and makes it possible to automatically analyse 
and verify an abundance of properties concerning the behaviour of the 
model. Examples of such properties include the minimum and maximum 
numbers of tokens on a place, the states in which the system may 
terminate, and the system always being able to reach a certain state.

State space analysis in CPN
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Analysis in CPN 
Nets
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Directed Graphs
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Lembrando a Aula2…

SCC-strongly connected component
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Terminal-SCC
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A CPN net N is said to be live iff   .∀M ∃ |MϵL(M0)

A CPN net N is said to be strongly live iff ∀M ∃ |MϵSCC(M0)
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The proposition of algorithms and methods to detect home 
states in CPNs is still an open problem. However direct 

graphs can also be used to spot loops, which are essential 
(necessary condition) to reversibility.
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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. 
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If we now look at the messages properties…


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

 

M(Active) + M(Passive) = l'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 Coloured 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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Next class will discuss High Level Petri nets, or 
HLPN, stressing CPN as a special case of that.  

Theoretical aspects must be developed in HLPN 
basis (and eventually applied to CPN) to fit the 

standard ISO/IEC 15.909. 
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Fim!


