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Use of Petri Nets in Design
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Exit
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The Gas Station 
Problem

del Foyo, P.M.G., Salmon, A.O., Silva, J.R.; Requirements Analysis of Automated Problems Using UML/Petri Nets, Proc. of the 21st. Congress of Mech. Eng., Natal, 2011.  
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Requirements 
Analysis

All transitions must fire to get a 
complete cicle of using the gas 
station (it does not matter how 

many Pumps it has)
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CPN$Analysis$follow$the$same$procedures$than$the$classical$analysis$and$
face$the$same$problems,$even$if$has$new$formal$resources$to$include.$
$
Again,$we$have$a$state/transi>on$approach,$in$a$discrete$flavor,$with$the$
possibility$of$explosion$of$the$number$of$combina>ons$of$states,$that$is,$in$
the$composi>on$of$processes.$

CPN Analysis
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As#redes#possuem#propriedades#-picas#dos#esquemas#que#as#tornam#
Uma#excelente#representação#formal#para#sistemas#(dinâmicos)#discretos,#
Entre#os#quais#figuram#:#
#

# #o#princípio#da#dualidade#
# #o#princípio#da#localidade#
# #o#princípio#da#concorrência#
# #o#principio#da#representação#gráfica#
# #o#princípio#da#representação#algébrica##

#

Modelagem clássica
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As#in#the#classic#net#systems,#we#detached#specific#net#
configura7ons#that#cons7tute#a#challenge#in#the#analysis#
process#(or#situa7ons#to#be#avoided,#in#order#to#have#the#
desirable#system).##Some#of#this#situa7ons#are#
#
• #Conflict#

• #Branching#and#synchroniza7on#

• #Deadlocks#

Special 
configurations
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As#before,#everything#is#based#on#the#concept#of#locality.#
According#to#that,#individual#states#could#be#classified#as#
independent,#and,#in#such#a#case,#they#could#be#grouped#in#
macro#states#called#cases.#Conversely,#independent#
transi;ons#could#be#also#grouped#in#steps.#
#
Thus,#cases#and#steps#could#be#arranged#in#a#dual#way,#
genera;ng#a#more#abstract#net.##

Distribution and 
concurrency
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Concluding,+the+modeling+in+Classic+P/T+nets+(taken+as+the+
abstract+archetype+of+the+classic+nets)+is+very+similar+to+the+
modeling+in+CPN+(or+in+any+high+level+net).++
+
On+the+other+hand,+the+inclusion+of+type+theory,+or+even+a+
simple+disAncAon+in+the+tokens+should+not+be+
underesAmated+as+good+resources+to+analyze+complex+
systems+more+comfortably.+Such+advances+is+what+open+new+
applicaAons+to+PN+and+what+could+make+the+modeling,+
analysis+(and+more+recently+the+verificaAon+process)+reliable.+++

Classic and HL 
modeling
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Even%extension%elements%are%used%in%a%similar%way.%So%far%we%
have%seen%two%very%important%extension%elements:%
%
• %Gates%

• %Hierarchy%%

Extensions
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Analysis in CPN 
Nets
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Directed Graphs
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O-Graph
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O Graph algorithm
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The invariant 
method
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Automating the invariant 
analysis
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The invariant method in 
CPN
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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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Hierarchy is not anything new and is actually 
connected with any kind of net, including the 
classical ones.  
 
In design, hierarchy means to abstract the elements 
which properties are not relevant in an analysis 
phases.   
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Hierarquia em redes 
clássicas
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Substituição de uma sub-rede

transition bounded substitution
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place bounded substitution

Tuesday, April 23, 13



Escola Politécnica da USP PMR5237

Prof. José Reinaldo Silva

31

Tuesday, April 23, 13



Escola Politécnica da USP PMR5237

Prof. José Reinaldo Silva

32

! 

Seja xy um elemento genérico (instanciável por ty  ou por py ). Este elemento é
dito próprio se e somente se é limitado por transição (lugar), tem somente dois
elementos de borda, com pelo menos um processo vivo entre eles.

Se os elementos abstratos são próprios as propriedades da rede subjacente se 
conservam a menos de um termo aditivo. (J. R. Silva, On The Property Analysis 
of Abstract and Hierarchical Nets, to appear).  

Elementos próprios
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Hierarchy is a good abstraction feature. However, 
the real challenge is to associate that with the 
property analysis, so that the abstract net preserve 
the same properties than the expanded one. 
 
The proper requirement is a key issue for that. 
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Um#bloco#é#um#conjunto#genérico#de#instruções#de#programa,#onde#uma#
dada#instrução#é#iden7ficada#como#a#entrada#do#bloco#e#outra#(diferente#
da#primeira)#é#iden7ficada#como#a#saída.#

Se#A#e#B#são#blocos#de#um#mesmo#programa,#então#A#e#B#são#ditos#
independentes#se#e#somente#se#A#∩#B#=#∅.##
#
Se#A#e#B#são#tais#que#A#∩#B#≠#∅#então#(A#⊆#B)#OU#(A#⊆#B)#

Fundamentos do método 
estruturado
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Elementos)próprios)

Base)de)elementos)cons2tuintes)(componentes))

Elementos)próprios)indivisíveis)são)chamados)primos.)Um)conjunto)LI)de)
elementos)primos)pode)cons2tuir)uma)base)e)portanto)pode)descrever)qualquer)
programa.))

Constituintes próprios e 
primos
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Decomposição+por+refinamentos:+o+método+
estruturado+

Top$down( Bo*om$up(
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The$Main$system$

Refinement$1$

Refinement$1$

Estrutura Nassi-
Schneiderman
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The$great$advantage$in$the$structured$method$is$its$accumula3ve$nature$in$
the$forward$(top$down)$development.$Conversely,$it$adds$composi3onality$
in$the$bo>om$up$construc3ve$development.$Such$a$combina3on$is$the$key$
issue$that$makes$the$structured$approach$a$good$feature$in$modeling$and$
design.$
$
Petri$Nets$has$been$cri3cized$by$its$lack$of$composi3onality.$The$inclusion$
of$hierarchy$(in$both$classic$and$high$level$nets)$is$the$best$answer$to$that$
cri3c.$$
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Redes%
Hierárquicas%e%
de%alto%Nível%

Redes%Orientadas%a%%
Objetos%

Para além da 
estruturação
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Fim!
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