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Motivacao

# Potencial da modelagem com RdP em sistemas
computacionais:
= Escalonamento de processos
= Protocolos de comunicacao
= Sistemas concorrentes

# Verificacao de propriedades como: deadlock e
livelock. Refletem caracteristicas do sistema
modelado

# Funcionalidades desejaveis:
= Token Animation Game”
= Geracdo da Arvore de Alcancabilidade
= Editor Grafico
= Verificacao de Propriedades
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Objetivo

# Desenvolvimento e implementacao de
uma ferramenta que reune
funcionalidades desejaveis em
ferramentas de RdP

#Independente de plataforma
#Resultados graficos
#Interacao com usuario
#Extensivel
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Redes de Petri

N

#Grafo composto por 3 elementos:

= Lugares

* Representam os estados da rede
= Transicoes

» Representam as acoes da rede

m Arcos
+ Ligam os lugares as transicoes e vice-versa
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Redes de Petri

N
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Redes de Petri

O
|

Lugares

7N\
OO
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Redes de Petri

N

Transicao —»

<+— Transicao
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Redes de Petri

N

Arco
Entrada

Arco
Saida

> <

Arco
Entrada

Arco
Saida
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RdP — Regras de Execucao

N

# Transicao habilitada

= Uma transicao pode disparar quando todos os
seus lugares de entrada possuirem fichas em
guantidade superior ou igual ao peso do arco que
o0 liga até a transicao.

# Regra

= Para todo lugar de entrada da transicao disparada
é removida a quantidade de fichas equivalente ao
peso do arco de entrada, enquanto para todo
lugar de saida € adicionada a quantidade de
fichas equivalente ao peso do arco de saida.
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RdP — Regras de Execucao

OXO

Transicao
desabilitada

Transicao
habilitada
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'RdP — Regras de Execugao

Alteracao
das
Marcagoes .

6
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RdAP — Propriedades

N

# Rec
# Rec
@ Rec
# Rec

# Rec

e limitada

e segura

e reinicializavel ou propria
e conservativa

e viva

# Bloqueio ou deadlock

14 de maio de 2007 Projeto Final de Curso

13




N

RdP — Representacao Matricial

Rede de Petri: RP = (P, T, 1, O, up)
Lugares: P= (P, P,,..,P)

Transicoes:T-=(Fy; Fs5ov5- T
Matriz de Entrada (Znput). 1
Matriz de Saida (Output): O, y .
Marcagao Inicial: py = (Mot , Ho2, «+v , Ho")
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Exemplo: Atelier Simples

N

PO — NUmero de pecas

P1 — Rob0 esta carregando
P2 — Peca na usina

P3 — Rob0 livre para operar
P4 — Torno esta livre

P5 — Rob0 descarregando

TO — Rob0 pega peca nova

T1 — Rob0 carrega o torno
T2 — Rob0 descarrega o torno
T3 — Rob0 solta a peca pronta
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Atelier Simples: Arvore
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Atelier Simples: Arvore
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Fronteira[2,0,0,1,1,0]
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Atelier Simples: Arvore

Fronteira[2,0,0,1,1,0]Transicdes Habilitadas: TO
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Atelier Simples: Arvore
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Atelier Simples: Arvore
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Interior[2,0,0,1,1,0]

lTO
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Atelier Simples: Arvore

14 de maio de 2007

Interior[2,0,0,1,1,0]

lTO

Fronteira[1,1,0,0,1,0]
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Atelier Simples: Arvore
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Interior[2,0,0,1,1,0]

lTO

Fronteira[1,1,0,0,1,0]Transicdes Habilitadas: T1
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Atelier Simples: Arvore

Interior[2,0,0,1,1,0]

lTO

Fronteira[1,1,0,0,1,0]

lTl
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Atelier Simples: Arvore
J Interior[2,0,0,1,1,0]

lTO

Interior[1,1,0,0,1,0]

lTl

[]'IOI]'I]'IOIO]
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Atelier Simples: Arvore

Interior[2,0,0,1,1,0]

lTO

Interior[1,1,0,0,1,0]

lTl

Fronteira[1,0,1,1,0,0]
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Atelier Simples: Arvore
J Interior[2,0,0,1,1,0]

lTO

Interior[1,1,0,0,1,0]

lTl

Fronteira[1,0,1,1,0,0]Transi¢des Habilitadas: T0, T2
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Atelier Simples: Arvore
J Interior[2,0,0,1,1,0]

lTO

Interior[1,1,0,0,1,0]

lTl

Fronteira[1,0,1,1,0,0]

lTO
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Atelier Simples: Arvore

Interior[2,0,0,1,1,0]

lTO

Interior[1,1,0,0,1,0]

lTl

Fronteira[1,0,1,1,0,0]

lTO

[OI]'I]'IOIOIO]
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Atelier Simples: Arvore
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Interior[2,0,0,1,1,0]

lTO

Interior[1,1,0,0,1,0]

lTl

Fronteira[1,0,1,1,0,0]

lTO

[0,1,1,0,0,0] Terminal
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Atelier Simples: Arvore
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Interior[2,0,0,1,1,0]

lTO

Interior[1,1,0,0,1,0]

lTl

Fronteira[1,0,1,1,0,0]

lTZ lTO

[0,1,1,0,0,0] Terminal
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Atelier Simples: Arvore

Interior[2,0,0,1,1,0]

lTO

Interior[1,1,0,0,1,0]

lTl

Interior[1,0,1,1,0,0]

lTZ lTO

[1,0,0,0,1,1] [0,1,1,0,0,0] Terminal
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Atelier Simples: Arvore

Interior[2,0,0,1,1,0]

lTO

Interior[1,1,0,0,1,0]

lTl

Interior[1,0,1,1,0,0]

lTZ lTO

Fronteira[1,0,0,0,1,1] [0,1,1,0,0,0] Terminal
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Atelier Simples: Arvore

Interior[2,0,0,1,1,0]

lTO

Interior[1,1,0,0,1,0]

lTl

Interior[1,0,1,1,0,0]

lTZ lTO
Fronteira[1,0,0,0,1,1] [0,1,1,0,0,0] Terminal

Transicoes Habilitadas: T3
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Atelier Simples: Arvore

Interior[2,0,0,1,1,0]

lTO

Interior[1,1,0,0,1,0]

lTl

Interior[1,0,1,1,0,0]

lTZ lTO

Fronteira[1,0,0,0,1,1] [0,1,1,0,0,0] Terminal

lTB
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Atelier Simples: Arvore

Interior[2,0,0,1,1,0]

lTO

Interior[1,1,0,0,1,0]

lTl

Interior[1,0,1,1,0,0]

lTZ lTO

Interior[1,0,0,0,1,1] [0,1,1,0,0,0] Terminal

lTB

[]'IOI]'I]'IOIO]
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Atelier Simples: Arvore

Interior[2,0,0,1,1,0]

lTO

Interior[1,1,0,0,1,0]

lTl

Interior[1,0,1,1,0,0]

lTZ lTO

Interior[1,0,0,0,1,1] [0,1,1,0,0,0] Terminal

lTB

Duplicado[2,0,1,1,0,0]

14 de maio de 2007 Projeto Final de Curso 36




N

Atelier Simples: Arvore

[ZIOI]'I]'IOIO]
Estado [

Inicial
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lTB

[ZIOIOI]'I]'IO]

lTO

[]'I]'IOIOI]'IO]

lTl

[]'IOI]'I]'IOIO]

lTZ lTO
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Atelier Simples: Propriedades

O

==

T3]

104

TEI

J P :

i

T2

O A" ®Limite =2

P # Nao reinicializavel
# Nao conservativa
# Nao € viva
#® Possui deadlock

(=)
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\ Rede em Estado

de Deadlock
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Trabalhos Relacionados

Atributos JARP PetriTool jPNS JSARP
Composicao visual D — - D
Simulacgao interativa D — i D

Simulacdo automatica T T

Geracéao de arvore alcancabilidade ] ]

Verificacédo de propriedades [] — —

Resultados graficos o

Persistir rede D D D .
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Ferramenta: ARP

# DOS 3.0 ou superior

# Edicao de Redes - texto

# RdP temporizadas

# Andlise por Enumeracdo de Estados — Arvore

de Alcancabilidade
# Calculo de Invariantes
# Verificacao de Equivaléncia
# Simulacao
# Avaliacao de Desempenho
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Ferramenta: ARP

e C:AWINDOWS\system32\cmd.exe - arp2-4.exe

D:~REDESP™~1~ARP~ARF24BIN~EXB1 .PN
D:~REDESP™~1~ARP~ARFZ4BIN
5 E
] P
Petri Nets Editor ———— NN NN U0
Met Atelier_Simples ;

Const
Pecas_Entrada = 2 ; { pecas na entrada da maguina ¥

Modes
{ armazem de pecas
Armazem : Place <Pecas_Entradar ;

Edicao

{ nodos do robo gue alimenta o torno

Robo_Livre : Place {13 ;

Robo_Carregando.

Roho_Descarregando Place ;

Pega_Peca_Nova Transition [1.181]
Solta_Peca_Pronta Transition [3, 31
Carrega_Torno.

Descarrega_Torno Transition [5.15]1 Hormal <5» ;
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Ferramenta: ARP

e C:AWINDOWS\system32\cmd.exe - arp2-4.exe

e CIAWINDOWSAsystem 3 2emd.exe - arp2-4.exe

D:~REDESP™1-~ARP~ARP24BIN~EX#A1 .FN
D:“~REDESP™1-~ARP~ARP24BIN

s E H
U P Q

Observed Properties —————— RIS T
Met under analysis is not strictly conservative.

Multi—enabled Tw.: ¥

Met wunder analysis is not live.
Live Tr. L
"Almost—-1live" Tr {all:

Mon—-fired Tr. >
States from which the net cannot go back to MA: C3
Mo live—locks detected.

States Cand fire sequencies? in deadlock:
c3 :Pega_Peca_Mova Carrega_Torno Pega_Peca_Mova

14 de maio de 2007 Projeto Final de Curso
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Ferramenta: ARP

e C:AWINDOWS\system32\cmd.exe - arp2-4.exe

e CIAWINDOWSAsystem 3 2emd.exe - arp2-4.exe

e CAAWINDOWS\system32\emd.exe - arp2-4.exe

Reached State Fired Transition

Inicial State+q Pega_Peca_Mova
[11 Carrega_Torno
[21 Descarrega_Torno
[31 Solta_Peca_Pronta
State Uisuwalization

2.
{Armazem, Robo_Livre, UsinandoX
{Pega_Peca_Hovall,18]1, Descarrega_Tornol5,1513

{Pega_Peca_Hova, Descarrega_Torno = ~
Simulacao

Depth
Marking
Bounds
Fired

Fire sequence bheginning at Inicial State C(depth B>
and ending at <C{depth 2>
—* Pega_Peca Mova [1]1 Carrega _Torno [51]
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JSARP - Descricao Geral

# Tecnologia Orientada Objetos
# Java — Multiplataforma
#® GUI: Swing e AP1 Forms JGoodies

# Exporta para XML.:

# Idiomas: Inglés e
# Composicao Visua
# Verificacao de Pro

API XStream
Portugués

yriedades

# Gera Arvore de Alcancabilidade
# Simulacao Interativa

14 de maio de 2007 Projeto Final de Curso
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JSARP — Arquitetura

Programa

Executavel

I

Janela Principal

fRepresentagéo da

Rede de Petri

l l i l l
Simulacio Tratador da Area Tratador da Analise
¢ de Edicéo Janela Principal
Janela de Janela de
Simulacéo Resultgdos da
Analise

14 de maio de 2007
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JSARP — Estrutura do Codigo

| =
ImplPetriNetBase
k 4

MainProgram

( PetriNetGraph P

IntfSimulator

Simulatinn‘.lﬂ.'indnw

|

‘9| DefaultMutableTreeNotie

TreeNodeState

# As acOes que dirigem a simulacao sao capturadas atraves da
Classe SimulationAction

# Notifica as acoes para a interface grafica, classe
SimulationWindow, e para a classe que representa a rede
estendida, PetriNetGraph

# A simulacao é realizada pela classe Impl/Simulator, que opera sobre
a classe ImplPetriNetBase

14 de maio de 2007
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JSARP — Formato XML

N

L/

<br.uerj.petrinetanal yzer.gui.objects. Petri Net G aph>
<nonme>RedeSi npl es. xm </ nonme>
<l i st Lugar >
<br.uerj.petrinetanal yzer. gui.objects. Pl aceG aph>
<X>27</ x>
<y>69</y>
<none>P0</ none>
<posi cao>0</ posi cao>
<fi chas>2</fi chas>
<identificador>P0</identificador>
</br.uerj.petrinetanal yzer. gui.objects. PlaceG aph>
</ listLugar>
<l i st Transi cao>
<br.uerj.petrinetanal yzer. gui.objects. TransitionG aph>
<orientation>l</orientation>
<x>83</ x>
<y>69</y>
<nonme>TO0</ none>
<posi cao>0</ posi cao>
<identificador>TO</identificador>
<seft>0.0</seft>
<slft>0.0</slft>
<cur vaDensi dade>0</ cur vaDensi dade>
</ br.uerj.petrinetanal yzer. gui.objects. Transiti onG aph>
</listTransicao>
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Formato PNVML

N

L/

<?xm version="1.0" encodi ng="1S0 8859-1"?><pnm xmns = "">
<npet id = "nl"type = "http://ww.irt.rwh-aachen. de/ downl oad/ netl ab/pntd/pnsniNet">
<nanme><t ext >Petri net 1</t ext></nane>
<place id = "pl">
<gr aphi cs>

<position x = "300"

y = "100"/>
<di nensi on x = "40"

y = "40"/>

</ graphi cs>
<i nitial Marki ng>
<text>1</text>
</initial Marki ng>
<capacity>
<t ext >1</text>
</ capacity>
</ place>
<transition id = "t1">
<gr aphi cs>
<position x = "300"

y = "200"/>
<di nension x = "40"
y = "40"/>

</ gr aphi cs>
</transition>
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Produtor

o

Produzir

Consumidor

limitador
do buffer

armazZenar

consumir

Produtor e Consumidor

com

14 de maio de 2007

Buffer Limitado

JSARP — Exemplo

PO — Produtor pronto p/ armazenar

P1 — Consumidor pronto p/ retirar
do buffer

P2 — Consumidor pronto p/
consumir

P3 — Limitador do buffer

P4 — Buffer

P5 — Produtor pronto para produzir
TO = Produzir

T1 — Armazenar no buffer

T2 — Remover do buffer

T3 — Consumir
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JSARP — Exemplo

N

L

JSARP - Simulator/Analizer of Petri Nets # ProdutorConsumidorBufferLimitado.xml

File Simulation Analisys Help

Mowve Delete

Trans Arc

Stop Back

Place's Information

Hame:; |Limitad|:|r_Eluffer

Tokens: |

Transition's Information

Mame:

SEFT:
SLFT:

Density:

Arc's Information

Place:

Transition:

Weight:

Safe archive successiully
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JSARP — Exemplo

W
Information of Analisys =
Reachahility Tree State Description

State 0[0,1,0,3,0,1 sl . =

? I?llj StatL 1011.0 3]||:| 0] Markings of the states:
b £ State 2 I[IIII1IIIII21 1 =| | Pronto_armazenar=10 |

A Fronto_retirar =1

¢ [ State 3[1,1,0,2,1,0] " | | Pronto_consumir=10
o [ 5tate 5[0,1,0,1,2,1] Limitador_Buffar = 3 1
9o [ State 7[1,1,0,1,2,0] Buffer=10 I

9 [ State 9[0,1,0,0,3,1] Fronto_produzir=1
9 [ State 11 [1,1,0,0,3,0]

¢ Cstate 12[1,0,1.1,2.0] Mvailable transitions: |
o [ State 14 10.0.1.0.3.1] ~| | 12 T0- Produzir -

Properties of Petri Het

Mlarme af the Petri Met: ProdutorConsumidorBufferLimitada

The netis alive.

The netis limited.
Lirmit of the netis equal to 3.

The netis conservative.
Total of tokens ofthe net: 4.
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Trabalhos Futuros

N

" @ Redes de Petri Temporizadas

= Usar o arcabouco existente para
analise/simulacao em RdP temporizadas

# Verificacoes de Propriedades

= Atraves da representacao matricial

= Através da arvore de alcancabilidade
# Melhorias na Interface Grafica

= Permitir edicao de rotulos

= Menu de ajuda
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Conclusao

N

#Codigo fonte e documentacao disponivel

#Producao:
= Workshop de Sistemas Operacionais 2007
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Fim

L

#Perguntas ?

#Contatos:

= felipelino44@gmail.com

= http://br.geocities.com/jsarp_project
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