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TRADUCAO DE MODELOS DE REDES DE AUTOMATOS
ESTOCASTICOS PARA A LINGUAGEM DO NUSMV

RESUMO

Redes de autbmatos estocasticos (SAN) é um formalismo que permite a descricdo
de sistemas a fim de realizar avaliagbes quantitativas. O objetivo deste trabalho é
possibilitar avaliacfes qualitativas de modelos SAN através de sua traducdo para a
linguagem de um verificador existente. O trabalho propde, detalha e exemplifica o
mapeamento de um subconjunto de modelos SAN para a linguagem de entrada do
NuSMV. Conforme o resultado observado, os modelos para o NuSMV gerados pelo
tradutor preservam a semantica dos respectivos modelos SAN originais pois
apresentam sistemas de transicdo de estados isomorficos. A verificacdo de
propriedades em CTL (Computation Tree Logic) sobre os modelos SAN é
exemplificada.

Palavras Chave: Verificacdo de Modelos, SAN, NuSMV, Tradu¢do de Modelos



TRANSLATION OF STOCHASTIC AUTOMATA NETWORK MODELS
TO NUSMV INPUT LANGUAGE

ABSTRACT

Stochastic Automata Network (SAN) is a formalism that allows the description of
systems in order to evaluate them quantitatively. The aim of this work is to enable
the qualitative evaluation on SAN models through its translation to the language of
an existent model checker. This work proposes, details and exemplifies the mapping
of a subset of SAN models to the NuSMV input language. As observed, the NuSMV
models generated by the translator preserve the semantic of its originals SAN
models because they have an isomorphic transition state system. The model
checking through CTL (Computation Tree Logic) on SAN models is exemplified as
well.

Keywords: Model Checking, SAN, NuSMV, Model Translation
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1 INTRODUCAO

Nos ultimos anos tem crescido o desenvolvimento de sistemas digitais na
maior parte do mundo, sendo cada vez mais importante a validacdo da corretude
deles.

Cerca de 30% a 50% do custo de um projeto de software é destinado para a
fase de qualificacdo, sendo que as duas técnicas de verificacdo mais utilizadas séo
a revisdo em pares e a execucao de testes. Apesar da revisdo em pares identificar
em média 60% dos defeitos, erros sutis de concorréncia e em algoritmos dificilmente
sdo identificados por meio desta técnica. Diferentemente da primeira técnica, que
analisa o cddigo de forma estatica, através da segunda é possivel executar o codigo
e verificar se o resultado é igual ao esperado. Como é praticamente inviavel verificar
todas as possiveis computacbes de um software, usualmente se utiliza apenas um
subconjunto a fim de criar os testes. Portanto, a execucdo de testes possibilita
identificar a presenca de erros, mas ndo garante a sua auséncia.

O custo para correcdo de uma falha identificada através destas técnicas pode
ser até 500 vezes mais alto em relacdo a uma correcdo efetuada na fase conceitual
do projeto. Portanto, quanto mais complexo for o projeto e maior o impacto do risco
de insucesso, maior sera a exigéncia de investimentos em analises preliminares.
Como foi possivel verificar, o foguete Ariane 5, lancado pela European Space
Agency (ESA) em junho de 1996, devido a validacao incorreta do sitema resultou
num prejuizo de 7,5 bilhdes de dolares. Ha também o caso do Therac 25, uma
maqguina de radioterapia controlada pelo computador, que foi responsavel por
mortes e danos a saude dos pacientes, entre 0os anos de 1985 e 1987, devido a
radiacdo em excesso. Ambas as falhas poderiam ter sido identificadas através de
uma técnica de verificagao formal.

Métodos formais sdo muito eficientes na realizacdo de verificagdes durante a
fase conceitual possibilitando a reducédo do tempo total de verificagdo do sistema.
Em uma abstragdo de alto nivel, métodos formais podem ser considerados a
aplicacdo matematica para modelagem e analise de sistemas digitais que tem por
finalidade obter a corretude de sistemas com o rigor matematico. Além disso, os

métodos formais sdo técnicas de verificacdo altamente recomendadas para o
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desenvolvimento de software critico de seguranca de acordo com o padrdo de
melhores praticas do International Electrotechnical Commision (IEC) e dos padrbes
da ESA.

Uma técnica de verificagdo formal € a verificagdo de modelos, conhecida
como Model Checking. Esta técnica permite realizar anélises qualitativas a respeito
de um modelo de estados finitos. Através destas analises, é possivel verificar se um
conjunto de propriedades € respeitado pelo modelo. As propriedades sédo
tipicamente especificadas em logica temporal, como por exemplo, Computation Tree
Logic (CTL). Um grande atrativo desta técnica € o fato de que ela é completamente
automatica, mostrando contra exemplos caso o modelo ndo satisfaca alguma
propriedade. Portanto, diferentemente das técnicas mais utilizadas (reviséo de pares
e execucdo de testes) para validacdo de sistemas, Model Checking valida a
auséncia de defeitos para as propriedades especificadas. Sua aplicacdo ndo se
restringe apenas a projetos de software, sendo aplicado também em projetos de
hardware.

E possivel realizar Model Checking para diversos formalismos existentes,
inclusive para formalismos voltados a avaliacdo quantitativa. O formalistmo Redes
de Autbmatos Estocésticos (Stochastic Automata Network — SAN) é um dentre os
diversos formalismos que objetivam a avaliagcdo quantitativa de sistemas. SAN € um
formalismo estruturado, com conceitos simples — permitindo a descricdo de modelos
de forma facil e clara — e focado em sistemas concorrentes com sincronizacao e
dependéncias. Além disso, SAN conta com um conjunto de técnicas e ferramentas
gue possibilita a avaliacdo quantitativa de modelos descritos em SAN.

A motivacao desta dissertacdo é decorrente da auséncia da possibilidade de
realizar analises qualitativas, através de Model Cheking, para modelos SAN a fim de
obter a certeza da corretude dos modelos SAN existentes. Consequentemente, o
objetivo deste trabalho € possibilitar a analise qualitativa, realizada através de Model
Checking, de modelos descritos em SAN. Este objetivo pode ser alcangado a partir
de duas abordagens: (i) desenvolvendo um verificador de modelo SAN e (ii)
mapeando os conceitos SAN para linguagem de entrada de uma ferramenta
existente de verificagdo. Neste trabalho é utilizada a segunda abordagem, e pela
facilidade de modelar os conceitos de eventos sincronizantes para a linguagem da
ferramenta NuSMV, comparando com outras linguagens de ambientes de Model

Checking, optou-se por esta ferramenta.
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Portanto, esta dissertacdo propde um mapeamento de parte dos conceitos de
SAN para a linguagem do NuSMV, apresenta os modelos SAN traduzidos bem
como realiza andlises qualitativas, por meio de propriedades CTL, através do
NuSMV com as traducdes dos modelos SAN.

Este trabalho esta estruturado da seguinte forma: sdo apresentados os
conceitos da linguagem SAN no Capitulo 2; a ferramenta NuSMV e alguns conceitos
de sua linguagem sdo abordados no Capitulo 3; em seguida, no Capitulo 4 é
explicado o conceito de CTL, os seus operadores, sua sintaxe e a aplicagcdo de
propriedades CTL sobre modelos SAN; no Capitulo 5 € apresentado os trabalhos
relacionados; no Capitulo 6 € explicado o mapeamento de alguns dos conceitos
SAN para a linguagem do NuSMV, a estrutura geral do cédigo gerado para o
NuSMV, o detalhamento da traducéo apresentando pequenos exemplos, a traducao
das operacfes SAN, o algoritmo de traducdo de expressdes SAN e 0 processo que
foi utilizado para o desenvolvimento do tradutor bem como suas limitacbes; no
Capitulo 7 é apresentada uma discussao sobre a corretude do tradutor SAN assim
como o algoritmo de caminhamento desenvolvido; no Capitulo 8 é apresentado
exemplos completos da traducdo de modelos SAN para a linguagem do NuSMV
assim como avaliagdes qualitativas realizadas com modelos traduzidos; e por fim a

concluséo é apresentada no Capitulo 9.
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2 REDES DE AUTOMATOS ESTOCASTICOS (SAN)

De acordo com Fernandes et. al. [14], SAN possibilita a descricdo de modelos
de sistemas com o0 objetivo de avaliar seu desempenho. Ao representar um sistema,
SAN permite a descricdo deste sistema através de um conjunto de subsistemas,
onde cada subsistema € modelado por um autbmato estocastico, e pela interacdo
deles entre si. O autbmato estocastico € constituido por estados e transi¢des, que
sdo as mudancas do estado atual, ocasionadas por eventos locais ou
sincronizantes.

Os eventos modelam fendbmenos aleatérios da realidade em questdo, por
exemplo, o tempo de servico de um servidor, o intervalo de tempo entre as
chegadas a fila 1. Eles disparam transi¢cdes, que mudam o estado de um ou mais
autbmatos. Os eventos locais disparam uma transicdo em apenas um autébmato, ja
0S sincronizantes sdo responsaveis por transicdes simultdneas em todos o0s
autdmatos onde constam mais de um autdbmato, representando uma importante
forma de comunicacdo entre autdbmatos. Cada evento possui uma taxa de
ocorréncia, sendo um valor numérico ou o retorno de uma fungcédo. Funcdes avaliam
sobre o estado global da rede, retornando um valor. Assim, um evento de um
autbmato pode ter uma taxa descrita por uma funcdo cuja avaliagdo depende de
outros autdbmatos, representando outra forma de comunicacdo ou dependéncia
entre autbmatos.

SAN possui operadores préprios de sua linguagem, tais como: st, nb e rw. A
lista completa pode ser consultada em [3]. O operador st € aplicado sobre um
autbmato retornando o estado em que tal autbmato se encontra. A fim de saber
guantos autbmatos no modelo se encontram em determinado estado, é utilizado o
operador nb informando o estado desejado. O operador rw € aplicado sobre um
autébmato retornando o valor de reward que o estado atual daquele autbmato possui.

As funcbes em SAN possuem grande capacidade de representacdo, sendo
possivel juntar operacbes de diferentes tipos na mesma expressdo, como por
exemplo, efetuar uma operagcdo matematica com o resultado de uma operacao
I6gica ao resultado de uma expressao SAN. Elas podem avaliar o estado do modelo

SAN, ou seja, expressoes que dado um estado global avaliam e retornam um valor.
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Um autébmato pode possuir em sua especificacdo um numero de replicacdes
do autbmato ou de um determinado estado, provendo a modelagem uma
capacidade de representacdo poderosa, pois ndo sera necessario reescrever todo o
autdbmato ou um determinado estado diversas vezes, mas apenas indicar o namero
de vezes a ser replicado. Ao estado de um autdmato é possivel atribuir um valor
numérico de reward, que é utilizado pelo operador rw. Caso ndo seja atribuido um
valor de reward a algum estado, este assume um valor sequencial, de acordo com a
ordem da listagem deste estado dentro do autdmato.

Ao modelar uma realidade em SAN é necessario informar os estados
atingiveis, sendo possivel determinar todos os estados atingiveis ou apenas parte
deles através da funcédo de alcancabilidade reachability ou alcancabilidade parcial
partial reachability, respectivamente. Dado um estado do espaco de estados
produto, a funcéo de alcancabilidade retorna verdadeiro ou falso caso o estado seja
respectivamente alcancavel ou ndo. A funcdo de alcancabilidade parcial retorna
verdadeiro somente para um subconjunto dos estados alcancaveis pelo modelo. Ao
utilizar a secdo partial reachability, o PEPS (Performance Evaluation Of Parallel
Systems), ferramenta que avalia os modelos SAN, descobre os outros estados

atingiveis a partir do conjunto de estados definidos nesta secéo [3].

2.1 Modelo SAN - Jantar dos Fil6sofos

O Modelo SAN apresentado nesta se¢éo representa o problema do jantar dos
fildsofos, modelado com quatro filosofos. Este modelo foi retirado de [5] [24]. Este
modelo apresenta quatro autdmatos, respectivos a cada filosofo: PO, P1, P2 e P3.
Todos os autdbmatos deste modelo possuem os mesmos estados: Thinking, Right e
Left. Entretanto alguns possuem transi¢cdes diferentes e todas as transicdes sao
originadas por eventos diferentes. Abaixo é apresentada a descri¢cdo textual deste

modelo.

//=== Dining philosophers problem (P=4) ===
identifiers

// Number of philosophers
P = 4;

// Acquisition rate
lambda = 1.000000;

// Release rate

mu = 2.000000;



events

syn t_r_0 (lambda);
syn r_1 @ (lambda);
loc 1. t @ (mu);
syn t_r_1 (lambda);
syn r_1 1 (lambda);
loc 1 t 1 (mu);
syn t_r_2 (lambda);
syn r_1 2 (lambda);
loc 1. t 2 (mu);
syn t_1 3 (lambda);
syn 1 r_3 (lambda);
loc r_t 3 (mu);

partial reachability = ((nb Thinking) == P);

network PHILOSOPHERS (continuous)

aut P3
stt Thinking to (Left) t 13
to (Thinking) r_ 1 0 t r_2
stt Left to (Right) l1r3
to (Left) rle
stt Right to (Thinking) r_t_3
aut P2
stt Thinking to (Right) tr2
to (Thinking) t. r 1 t_1 3
stt Right to (Left) r.l2
to (Right) tr.1
stt Left to (Thinking) 1 t 2
aut P1
stt Thinking to (Right) t r.1
to (Thinking) t. r @ r_1 2
stt Right to (Left) rli
to (Right) troe
stt Left to (Thinking) 1_t_1
aut PO
stt Thinking to (Right) troe
to (Thinking) r_1.1 1 r_3
stt Right to (Left) rle
to (Right) 1r.3
stt Left to (Thinking) 1 t ©

Na imagem e tabela abaixo é possivel verificar a estrutura de cada autémato e
os eventos do modelo, respectivamente. A funcdo de alcancabilidade parcial deste

modelo, como é possivel verificar acima, é ((nb Thinking) == P).
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Right

r10.tr2

Left

P2

Thinking tr1,t13
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P1

Thinking

tr 0

rl

1

Left

1t 1

Figura 1: Representacdo grafica de philO4c.san

Tabela 1: Eventos de philO4c.san

Evento ‘ Tipo Taxa
tro0 sincronizante 1
r 1.0 sincronizante 1
I to Local 2
tr1l sincronizante 1
rl 1 sincronizante 1
It 1 Local 2
tr2 sincronizante 1
rl 2 sincronizante 1
It 2 Local 2
t 1.3 sincronizante 1
I_r 3 sincronizante 1
rt3 Local 2

tro.rl2

Right

rlo

Left

PO

Thinking

r 1 1.1 3
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3 NUSMV

O NuSMV é um verificador simbdlico de modelos (Symbolic Model Checker)
desenvolvido a partir da reestruturagdo da ferramenta SMV (Symbolic Model
Verifier), o verificador original que utiliza o conceito de BDD (Binary Decision
Diagrams) para efetuar a verificacao de propriedades de légica temporal CTL [19].

O NuSMYV foi desenvolvido em parceria pelas seguintes instituicdes: Carnegie
Mellon University (CMU), Instituto per la Ricerca Scientifica e Tecnologica (IRST),
University of Genova (UG) e University of Trento (UT) [21].

3.1 Linguagem do NuSMV

Nesta secdo sao apresentados o0s principais conceitos da linguagem do
NuSMV, com base no “NuSMV 2.5 User Manual” [7] e no “NuSMV 2.5 Tutorial” [8].

Um modelo na linguagem do NuSMV possui um ou mais modulos, sendo o
modulo main obrigatério. Cada modulo possui algumas sec¢fes especiais, tais como:
VAR, INIT, TRANS, DEFINE, CTLSPEC, entre outras que nao estdo no escopo
deste trabalho.

A declaracéo de variaveis dentro de um moddulo é realizada dentro da secao
VAR. Cada variavel possui um nome e um tipo, seguindo a seguinte estrutura
“‘Nome : Tipo”. Os tipos que a linguagens do NuSMV dispdem sao: booleanos,
inteiros, enumeradores, array, moédulos, entre outros. Uma variavel do tipo
enumerador é composta por valores numeéricos inteiros ou simbdlicos, ou por
ambos. Estes valores {1, 200, 10, -5, 4}, {OK, NotOK, 33, -2}, {a, B, c, X, Y, z} sdo
alguns exemplos de valores possiveis do tipo enumerador.

A secao INIT possui uma expressao booleana a qual determina um estado
inicial ou um conjunto de estados iniciais para o modelo. A expressao booleana
“varl = valorl & var2 = valor2 & var3 = valor3” € um exemplo que pode ser utilizado
na secdo INIT para determinar os valores iniciais de trés das variaveis de um
determinado modelo.

As transicdes de um modelo sdo descritas na secdo TRANS através de
expressdes booleanas que avaliam o estado atual e o préximo estado das variaveis

do modelo. A fim de verificar o préximo estado de uma determinada variavel é
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utilizado o operador next da seguinte forma next(variavel) = valor. Desta forma a
expressao “varl = valorl & next(varl) = valor2” descreve a transi¢ao do valor valorl
da variavel varl para o valor2.

A fim de utilizar a mesma expressao em diversos lugares do modelo atribui-se
esta expressdo a um identificador, que representa a expressao associada a ele,
podendo ser utilizado quantas vezes forem necessarias descrendo a expressao
somente uma vez. Esta atribuicdo de expressdo a um identificador é o conceito de
um define, os quais sdo descritos na secdo DEFINE do mddulo. Os defines sdo
avaliados em tempo de execucédo, portanto, eles ndo possuem um tipo de retorno
fixo como as variaveis.

Assim como diversas linguagens de programacgéo, a linguagem do NuSMV
possui a expressdo chamada If-Then-Else ou operador ternario. Sua estrutura €
representada da seguinte forma “ExpressaoDeCondicdo ? Valorl : Valor2”. Apés
avaliar o valor de ExpressdoDeCondicdo, esta expressao ternaria retorna o Valorl
caso ExpressdoDeCondicao for verdadeiro e em caso contrario retorna o Valor2.

A secdo CTLSPEC serve para especificar as propriedades em légica temporal
CTL que realizam uma andlise qualitativa do modelo. Ao verificar as propriedades
CTL do modelo, caso alguma delas néo for verdadeira é apresentado pelo NuSMV
um contraexemplo.

Além do médulo main, € possivel criar outros modulos que possuam as
mesmas secdes anteriormente explicadas. Ao criar uma instancia de um modulo é
encapsulada toda a descricdo do modulo — variavel, defines, transicées e outras
caracteristicas — e é criado um novo contexto para esta instancia, ndo existindo
conflito na estrutura de dados de duas instancias diferentes. Para instanciar um
modulo, basta criar uma variavel do tipo daquele médulo, conforme anteriormente
explicado. E possivel acessar as variaveis e defines que uma instancia de médulo
possui através do operador “.” (ponto) para entrar no contexto daquela instancia. Por
exemplo, dado um modulo X que possui a variavel V e a instancia A deste maédulo, €
possivel acessar a variavel V da seguinte forma “A.V”.

No exemplo abaixo, retirado de [8], € possivel verificar o uso de alguns dos
conceitos acima explicados. De acordo com a se¢cdo TRANS do modulo inverter o
valor da variavel output sera a negacao de input ou permanecerd o mesmo, sendo

esta escolha ndo deterministica.
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MODULE main

VAR
gatel : inverter(gate3.output);
gate2 : inverter(gatel.output);
gate3 : inverter(gate2.output);

MODULE inverter(input)

VAR

output : boolean;
INIT

output = FALSE
TRANS

next(output) = linput | next(output) = output

O maddulo inverter poderia ser escrito da forma apresentada abaixo, criando
dois defines que possuem as expressdes que estavam na secdo TRANS. Estes dois
novos defines — changeOutputValue e unchanged — s&o utilizados na secao
TRANS. Desta forma o sentido semantico das transicdes deste modulo continua o
mesmo, pois ao executar tais defines as expressfes que eles contém serdo
avaliadas.

MODULE inverter(input)
VAR
output : boolean;
INIT
output = FALSE
TRANS
changeOutputValue | unchanged
DEFINE

changeOutputValue := (next(output) = !input);
unchanged := (next(output) = output);

3.2 Ferramenta NuSMV

A primeira versdo do NuSMV foi atualizado em trés dimensdes, em relacédo a
ferramenta SMV. Da perspectiva de funcionalidades do sistema, o NuSMV possui
algumas funcionalidades a mais que aumentam a habilidade do usuario interagir
com a ferramenta, além de prover heuristicas adicionais, como por exemplo, para
alcancar a eficiéncia ou parcialmente controlar a explosdo de estados. A arquitetura
do NuSMV é altamente modular e aberta, permitindo ndo somente a adicéo,
substituicdo e edicdo de modulos como também a ordenacdo de execucdo de
alguns dos modulos do sistema. A terceira dimenséo das atualizagbes € a qualidade
do cddigo, que além de ter aumentado existe uma documentagdo bem robusta,

sendo considerado, por seus criadores, relativamente facil de modificar [10].
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A segunda versdo do NuSMV contém adicionalmente a integracdo de
técnicas proposicionais de satisfatibilidade (SAT) [9]. BDD e SAT geralmente
solucionam diferentes categorias de problemas de verificagdo de modelos, tornando
assim o NuSMV uma ferramenta eficiente, pois possuem técnicas complementares.
O NuSMV permite a representacdo de modelos sincronos e assincronos através de
um conjunto de estados finitos, bem como suporta analise de propriedades
expressas em CTL e LTL. Além disto, a licenca da ferramenta foi modificada para
ser OpenSource [7], permitindo que qualquer individuo possa utilizar livremente a

ferramenta e participar no desenvolvido dela [20].
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4 COMPUTATION TREE LOGIC (CTL)

CTL é uma logica temporal que considera o conjunto de computacdes como
uma estrutura ramificada, sendo o futuro ndo deterministico, a qual é
suficientemente expressiva para formular um conjunto importante de propriedades
de um sistema. Cada uma destas ramificacbes representa uma das diversas
possibilidades de estados futuros que existem a partir de um determinado estado do
sistema [2]. Esta l6gica foi originalmente definida por Clarke e Emerson [11] e por
Queille e Sifakis [25] para realizar verificacdo de modelos.

Uma férmula CTL € composta por proposicdes atbmicas, operadores
booleanos e operadores especificos de CTL. As proposicbes atbmicas sao
utilizadas para formalizar caracteristicas do modelo e intuitivamente expressam
fatos simples sobre o estado do sistema avaliado. H& dois tipos de operadores CTL:
0s que quantificam sobre os as ramificacdes da estrutura da computacao e os que
realizam avaliacdes temporais. Abaixo é possivel verificar todos os operadores CTL.:

e Operadores quantificadores:
o O operador V significa “para todos os caminhos” (representado por
A
o O operador 3 significa “existe pelo menos um caminho” (representado
por “E");
e Operadores Temporais:

o O operador O significa “globalmente” (representado por “G”);
o O operador U significa “até que” (representado por “U”);

o O operador O significa “em um estado futuro” (representado por “F”);

o O operador O significa “no proximo estado” (representado por “X”);

A sintaxe de uma férmula CTL é apresentada abaixo. Para mais informacdes

sobre a sintaxe e sua semantica é possivel verificar em [2].

¢ =true|a|dradr|-d|3p| Ve
@ =0 |dr1U P2
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4.1 Propriedades CTL sobre modelos SAN e suas traducdes

As propriedades CTL sobre um modelo SAN seguem a estrutura de uma
propriedade CTL explicada anteriormente, com a Unica ressalva de que as
proposicdes atdmicas sdo descritas em SAN. Tais proposicfes atbmicas descritas
em SAN seguem as regras de [3] anteriormente apresentadas. O mesmo ocorre
para propriedades CTL sobre um modelo aceito pelo NuSMV, conforme é possivel
verificar em [7], onde as proposi¢cdes atdmicas sao, naturalmente, descritas na
linguagem aceita pelo NUSMV.

A fim de verificar uma propriedade CTL com o NuSMV em um modelo
traduzido € necessario seguir 0s seguintes passos:

e Criar a propriedade CTL escrevendo as proposi¢cdes atbmicas em SAN;
e Traduzir manualmente as proposi¢cdes atbmicas utilizando o mapeamento

descrito na Secéo 6;

e Adicionar uma secdo CTLSPEC - para cada propriedade — no final do
modelo traduzido juntamente com a propriedade CTL traduzida;

Executar o comando check ctlspec do NuSMV, apo6s carregar modelo no
NuSMV;
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5 TRABALHOS RELACIONADOS

Diversos formalismos para avaliacdo de desempenho contam com a
possibilidade de Model Checking, como é o caso de Redes de Petri (RDP), Algebra
de Processos, e Cadeias de Markov. Até o momento, além deste trabalho, apenas
uma abordagem para verificacdo de Redes de Autdmatos Estocasticos foi proposta
[12], apresentando a primeira versdo de um verificador de modelos construido para
SAN que faz uso de técnicas de verificacdo simbdlica para propriedades escritas em
CTL. Contudo, trata-se da primeira versdo de um verificador, faltando a geracao de
contraexemplos.

A vantagem de utilizar o tradutor de SAN para a linguagem de entrada do
NuSMV proposto por este trabalho, frente a um novo verificador préprio para SAN
[12], € que parte-se da qualidade e do desempenho de duas décadas de
experiéncias com este ambiente [19] mantido por um grupo de universidades [21].

Diversos trabalhos realizaram o mapeamento e traducdo de uma determinada

linguagem para a linguagem do NuSMV, dentre eles estao [1, 4, 16, 18].

5.1 Redes de Petri e Diagramas de Atividades em uma especificacdo de
controle légico

Em [16], Grobelna et. al. propdem um novo método de transformacdo para
sistemas baseados em eventos. Nele € apresentando um mapeamento de
Diagramas de Atividades (DA) da UML 2.0 para modelos de RDP, bem como um
mapeamento das RDP para a linguagem do NuSMV a fim de realizar andlises
gualitativas.

O mapeamento entre DA e RDP foi realizado da seguinte forma: nodos de
acao dos DA séo transicbes das RDP; os nodos de bifurcagdes e jungdes dos DA
séo transi¢oes de bifurcacdes e juncdes das RDP; condicdes de entrada para acdes
dos DA séo transi¢coes das RDP com a condi¢céo de disparo apropriada. Além disto,
nodos de sincronizacdo sdo necessarios nas RDP visto que os DA forcam a
sincronizagdo através do nodo de juncgao.

Depois de aplicar o mapeamento anteriormente descrito, a RDP equivalente
ao DA é criada. De acorco com os autores, a RDP resultante possui nodos

desnecessarios os quais podem ser eliminados aplicando um método para reducao
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de nodos dispensaveis. No exemplo apresentado em [16], ao utilizar esta técnica de
reducdo foi possivel reduzir em aproximadamente 40% do tamanho da RDP
resultante. A RDP resultante é apresentada através da abstracdo RTL (Register
Transfer Level), descrita em termos do fluxo de sinais, de tal forma que é facil
sintetizar, de acordo com os autores, como um controlador I6gico reconfiguravel
sem modificacdes adicionais.

Além dos mapeamentos previamente citados, o mapeamento da RDP
resultate para a linguagem do NuSMV é brevemente descrito fazendo referéncia a
partes de um modelo do NuSMV equivalente a RDP resultante.

Todos estes mapeamentos estédo explicados em nivel conceitual em [16], pois
ainda nado desenvolveram um tradutor que faga tais mapeamentos
automaticamente, sendo isto considerado como um trabalho futuro.

O modelo descrito na linguagem do NuSMV, resultante do mapeamento das
RDP apresentado em [16], possui uma diferenca notéria com relacdo a esta
dissertacdo que € a descricdo de todo o espaco de estados atingiveis em apenas
uma unica variavel do tipo enum, utilizando apenas o médulo MAIN. Isto ocasiona
na falta de escalabilidade desta abordagem, tornando-se cada vez mais inviavel a
descricdo do modelo ao passo que o modelo aumenta. Conforme é explicado no
Capitulo 6, esta dissertacdo encapsula um conjunto de estados dentro de outros
modulos, ndo especificando explicitamente todo o espaco de estados atingiveis que
0 modelo possui em uma variavel, deixando este calculo para 0 NUSMV realizar em
tempo de execucdo. A abordagem utilizada neste trabalho, portanto, possui uma
melhor escalabilidade.

Além desta diferenca, ha diferencas sintaticas tais como: a utilizacdo da
secao ASSIGN em [16] — em vez de usar as sec¢Oes INIT e TRANS — para inicializar
as variaveis e determinar as transicdes do modelo; a falta da utilizacdo de sec¢bes
DEFINE, contribuindo com o crescimento exponencial do tamanho da secé&o
ASSIGN, de acordo com o tamanho do modelo, corroborando com o aumento da
dificuldade de compreenséo e descricdo do modelo — isto esta intimamente ligado a
decisdo de utilizar uma Unica variavel para determinar todos os estados atingiveis
do modelo; a utilizagdo da secao LTLSPEC no em vez da CTLSPEC - tal diferenca
apenas diferencia o tipo de légica temporal utilizada a fim de realizar as analises

qualitativas.
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Enfim, através dos conceitos de mapeamento apresentados em [16] € possivel
modelar um determinado sistema em mais alto nivel, através de DA, ou especifica-lo
diretamente em RDP, a fim de realizar andlises qualitativas sobre o modelo

mapeado para a linguagem do NuUSMV.

5.2 Model Checking em Redes de Petri Temporais utilizando o NuSMV

Em [4], Bobbio et. al. apresentam uma técnica para verificar se as Redes de
Petri Temporais (RDPT) satisfazem propriedades especificadas em Real Time
Computational Tree Logic (RTCTL), através de um mapeamento para a linguagem
do NuSMV.

As RDPT séo utilizadas para especificar sistemas onde o passar do tempo é
um parametro critico que pode afetar o comportamento do sistema. O grafo de
transicbes das RDPT €& construido de forma composicional baseado na
discretizacdo dos intervalos de disparo através da algebra de Kronecker. Através
desta descricdo composicional, o modelo na linguagem do NuSMV pode ser
automaticamente traduzido. Em [4] ndo apresentam nenhum tradutor que realize
esta traducao de forma automatica, apenas descrevem o mapeamento enfatizando
gue ele pode ser aplicado de forma a obter a tradugcéo automaticamente.

O mapeamento entre RDPT e a linguagem do NuSMV foi descrito da
seguinte forma: cada transicdo da RDTP é uma variavel possuindo um valor
numeérico, que € mapeado para uma informacdo da transicdo (habilitada,
desabilitada, tem memoria e ndo € o préximo candidato, etc); uma variavel numérica
em é criada para indicar em qual nodo o marcador esta.

O modelo descrito na linguagem do NuSMV, resultante do mapeamento das
RDPT apresentado em [4], é similar ao apresentado neste trabalho com apenas
duas pequenas diferencas de sintaxe: todo o modelo € descrito em um mddulo
secundério, permanecendo no médulo MAIN apenas a criagcdo de uma instancia do
modulo secundario; a outra diferenca € a néo utilizagdo de DEFINE, sendo
especificado todas as transicdes diretamente na secdo TRANS.

Em [4], da mesma forma que esta dissertacdo, ndo descreve todo o espaco
de estados explicitamente da forma como em [16] (anteriormente explicado) realiza.
Consequentemente, e diferentemente do apresentado por Grobelna et. al. [16], a

secdo que descreve as transicdes do modelo (em [4] é realizado na TRANS) néo
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cresce de forma exponencial. Isso traz beneficios a escalabilidade para modelagem
de modelos maiores. Outro aspecto em comum em [4] com 0O esta dissertacéo é a
utilizacdo da secédo VAR e INIT para criacéo e inicializacdo das variaveis do modelo,

respectivamente.

5.3 AsmetaSMV

Diferentemente dos trabalhos anteriormente citados — que abordam
formalismos de avaliacdo de desempenho de sistemas, tais como RDP e RDPT —
em [1], Arcaini et. al. tratam de um método formal (Abstract State Machine - ASM)
que é utilizado no desenvolvimento de sistemas complexos sem falhas, sendo
aplicado desde a fase de cria¢do dos requisitos até o seu desenvolvimento.

Neste trabalho é apresentada uma nova ferramenta, o AsmetaSMV, que
agrega no conjunto de ferrametas ASMETA (ASM mETAmodeling). O AsmetaSMV
apresenta um novo mapeamento de modelos ASM para a linguagem do NuSMV.

Conforme Arcaini et. al., diversas tentativas foram realizadas a fim de traduzir
modelos ASM para a linguagem de um model checker existente, como SPIN e
NuSMV. Outras abordagens para realizar a verificacdo de modelos ASM foram
desenvolvidas como a criagcdo do algoritmo AsmL — que realiza a verificacdo dos
modelos ASM nativamente sem a necessidade de tradugdo para outra linguagem,
mas de forma ineficiente e incapaz de lidar com modelos complexos — bem como a
utilizacdo mista do model checker [mc] square com o simulador CoreASM
(pertencente ao conjunto ASMETA) utilizado para criar o espaco de estados dos
modelos ASM.

A principal motivacdo da criacgdo do AsmetaSMV € originado pela
impossibilidade de utilizacao das abordagens de traducédo de ASM para a linguagem
do NuSMV bem como pelo término de suporte para tal ferramenta.

O modelo criado pelo AsmetaSMV € similiar ao apresentado neste trabalho,
com as seguintes diferencas sintaticas: todo o modelo € descrito no moédulo MAIN,
ndo havendo modulos secundérios; a inicializacdo de variaveis e as transi¢coes do
modelo sdo especificadas dentro da secdo ASSIGN em vez de utilizar a secao INIT
e TRANS, respectivamente. Entretanto o modelo gerado pelo AsmetaSMV também
possui secoes DEFINE, bem como ndo especifica todo o espaco de estados

atingiveis explicitamente.
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O AsmetaSMV é uma ferramenta que prove uma camada de abstracdo ao
utilizar o NuSMV de tal forma que o usuario ndo necessita ter conhecimento da
sintaxe NuSMV e do modelo resultante do AsmetaSMV. Desta forma o usuério cria
um modelo em ASM, especifica suas propriedades em CTL e manda o AsmetaSMV
realizar a verificacdo de modelos. Ele, por sua vez, traduz o modelo ASM e interage
com o NuSMV realizando a verificacdo do modelo. Caso algum contra exemplo seja
gerado pelo NuSMV, o AsmetaSMV traduz o contra exemplo para utilizar as
variaveis e nomenclaturas do modelo ASM e entdo informa o usuéario o contra
exemplo.

Esta camada de abstracdo néo foi desenvolvida neste trabalho, sendo de
responsabilidade do usuério do tradutor de SAN conhecer a sintaxe do NuSMV a fim
de especificar as propriedades em CTL e ent&o utilizar o NuSMV a fim de realizar a
verificacdo de modelo. Esta camada pode ser desenvolvida como um trabalho
futuro.

Portanto, Arcaini et. al. [1] criam o AsmetaSMV, uma nova ferramenta
pertencente ao conjunto ASMETA a fim de prover uma forma de realizar verificagédo
de modelos ASM, através do NuSMV.

5.4 S2N

Em [18], Jiang et. al. apresentam a ferramenta S2N que realiza a traducao de
modelos descritos em Promela, linguagem de entrada do model checker SPIN, para
a linguagem do NuSMV. Segundo os autores, o SPIN e o NuSMV, sdo os model
checker mais convencionais existentes. Entretanto o SPIN suporta apenas
verificacdo de modelos através de LTL, jA o NuSMV suporta verificacdo de
propriedades descritas em CTL como também em LTL.

O mapeamento abrange a maior parte das funcionalidades de Promela,
entretanto € traduzido um proctotype por vez, portanto a complexidade € linear ao
numero de proctotypes que o modelo possuir. O modelo resultando na linguagem do
NuSMV é composto de modulos secundéarios onde cada um possui as se¢fes VAR,
ASSIGN e TRANS. No mddulo MAIN sédo criadas as variaveis globais e as locais
ficam dentro dos modulos secundarios. A secdo ASSIGN contém a inicializacédo das
variaveis bem como a suas transicbes. Ja a secdo TRANS possui regras de

restricbes sobre o agendamento dos processos e com seus contadores. A se¢ao
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DEFINE néo é utilizada no mapeamento de modelos Promela. Da mesma forma que
esta dissertacdo, em [18] ndo € especificado todo o espaco de estados atingiveis
explicitamente, deixando este célculo para o NuSMV.

E possivel, portanto, verificar com propriedades CTL um modelo descrito em
Promela, apos traduzi-lo para a linguagem do NuSMV através do S2N. Além disto,
segundo Jiang et. al., por Promela ser uma linguagem de mais alto nivel em relacao
a linguagem do NuSMV, pode ser mais dificil especificar um modelo diretamente na
linguagem do NuSMV. Neste caso a utilizagdo do S2N pode ser interessante ao
modelador, pois se pode especificar primeiramente 0 modelo em Promela e entéao

traduzi-lo.
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6 TRADUCAO DE MODELOS SAN PARA MODELOS DO NUSMV

Na primeira parte desta se¢cdo sdo comparados conceitos analogos de SAN e
NuSMV, indicando a estratégia da traducédo, na segunda parte € apresentada e
discutida a estrutura geral de um modelo traduzido, na terceira parte é detalhado e
exemplificado cada uma das equivaléncias, na quarta parte é apresentado a
traducdo das operacdes SAN, na quinta parte € explicado o algoritmo de traducdo
de expressdes SAN e por ultimo é apresentado o processo que foi utilizado para o

desenvolvimento do tradutor bem como suas limitacdes.

6.1 Conceitos Analogos

Antes de detalhar o mapeamento feito entre SAN e a linguagem do NuSMV é
necessario comparar os principais conceitos das linguagens. A Tabela 2 apresenta

as principais equivaléncias que as linguagens possuem.

Tabela 2: As principais equivaléncias entre SAN e a linguagem do NuSMV

Automatos Mddulos
Finite State Machine (FSM)
fungdo de atingibilidade estados iniciais
estados dos autdmatos variavel state dos modulos
transicGes n?s definigdes de seciio TRANS
automatos
Eventos

ao DEFINE
Identificadores macro em secao

operadores matematicos e légicos sdo os mesmos
(exceto a precedéncia dos operadores)

acesso da variavel state

dor ST ;
operador 3 do médulo
expressao booleana que
i .
operador NB verifica a quantidade de

modulos em determinado
estado

expressao booleana que
verifica o valor de reward
associado com o estado atual
do médulo

operador RW

Ambas as linguagens servem para a construgcdo de modelos com um

conjunto finito de estados. Também ambas linguagens possuem abstracfes para



30

estruturar modelos, seja como autbmato em SAN ou moédulo na linguagem do
NuSMV. Outro aspecto que vale ressaltar € a possibilidade de representar
explicitamente transi¢cdes de estado. Em SAN cada autbmato tem transi¢cdes e em
alguns casos uma transicdo do modelo € dada pela composicdo de transicfes de
autbmatos que sincronizam no mesmo evento. No NuSMV transicfes entre estados
anterior e posterior podem ser explicitamente declaradas considerando estados de
diferentes madulos. O conceito de estados atingiveis € bastante peculiar de SAN,
nédo se encontrando analogo em diversas outras linguagens. SAN também permite a
definicdo de um subconjunto de estados atingiveis (atingibilidade parcial) [3]. O
conceito mais préximo no NuSMV é o de estados iniciais. Considerando-se estados
iniciais como atingiveis, se uma declaracdo de estados iniciais do NuSMV
especificar o mesmo conjunto de estados da declaracao de atingibilidade parcial de
SAN, entdo este conceito pode ser mapeado. Como sera visto em mais detalhe, é
possivel mapear uma declaracdo de atingibilidade em uma declaracdo de estados
iniciais no NuSMV.

SAN possui 0 conceito de autbmatos e cada um deles tem um conjunto de
estados. A estrutura considerada analoga em NuSMV é a do modulo. Assim, cada
autbmato é representado em um moédulo. Cada médulo tem uma variavel de estado.
O intervalo de valores possivel desta variavel de estado cobre exatamente os
estados possiveis do autdmato.

A mudanca de estados em SAN pode ser local, afetando apenas um
autbmato, ou sincronizante, afetando mais de um autémato. Para representar estas
possibilidades, especialmente a mudanca simultanea de estado em mais de um
autbmato (modulo), optou-se pelo uso da secdo TRANS. Na secdo TRANS
especifica-se logicamente estados atuais e proximos estados possiveis, levando em
consideracao os eventos, suas probabilidades e taxas, sejam estas funcionais ou
nao.

Para eventos locais deriva-se as possiveis mudancas de estado de um
autbmato de forma direta a partir da estrutura do autbmato. Dado um estado atual
(verdade) e um evento habilitado (verdade), existe um proximo estado definido. O
nao determinismo do NuSMV auxilia no caso onde um evento pode levar a mais de
um estado, assim como no caso de mais de um evento habilitado.

Para eventos sincronizantes cuida-se para que todos autdmatos que tenham

um dado evento sincronizante habilitado em sua estrutura, que o evento
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sincronizante realize uma mudanca de estado em cada um destes autbmatos. Em
um dado autdbmato, um evento pode gerar diferentes mudancas de estado. Assim,
um evento sincronizante no NuSMV, utilizando a se¢cdo TRANS, se traduz em uma
conjuncao entre as possibilidades de mudancas de estado de cada autbmato que
usa o evento considerado, onde cada possibilidade em cada autémato é dada por
uma disjuncdo de condicfes que representam ocorréncia de um evento em um
automato.

Existem trés tipos de operadores, que compdem expressdes, em SAN:
I6gicos, matematicos e operadores da linguagem SAN. Os mesmos operadores
I6gicos e matematicos existem na linguagem do NuSMV. Ja os operadores
especificos da linguagem SAN, apesar de ndo existirem na linguagem do NuSMV,
podem ser mapeados facilmente através da constru¢cdo de macros que avaliam o
estado da rede. Os operadores SAN mapeados sdo: st, nb e rw. O operador st €
diretamente representado pelo acesso do valor da variavel de estado de uma
instancia de um maodulo.

O operador nb é representado por uma expressao que verifica o estado atual
de todos os modulos do modelo, somando em uma unidade no valor que ira retornar
para cada médulo em que se encontrar no estado determinado, ou seja, € uma
soma de condi¢des, havendo uma condicdo para cada moédulo do modelo, onde
cada condi¢cado retorna o valor numérico “1” quando o valor do estado atual do
modulo for o valor verificado.

O operador rw é representado por uma expressao que verifica o estado atual
do méddulo e retorna o valor de reward associado ao estado atual. O mapeamento
do valor de reward € retirado da estrutura do autbmato e caso ndo exista um valor
associado é atribuido um valor numérico sequencial para cada estado que nao
possua o reward conforme a definicdo de SAN segundo a pagina 6 do manual do
PEPS 2003 [3].

Em SAN, diferentemente da linguagem do NuSMV, os operadores légicos e
matematicos aceitam tanto valores numéricos quanto valores booleanos como
argumentos. Além disto, SAN possui uma peculiaridade: a precedéncia implicita de
uma expressao é sempre da esquerda para a direita, diferentemente da precedéncia
comum matematica e logica. Para especificar em SAN qualquer outra precedéncia

7

diferente da esquerda para a direita € necessario o uso dos parénteses. Desta
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forma, foi necessario realizar um algoritmo de traducédo de expressdes SAN para a

linguagem do NuSMV, o qual sera explicado posteriormente.

6.2 Estrutura geral do codigo gerado pelo tradutor para o NuSMV

O codigo gerado pelo tradutor para o NUSMV tem a seguinte estrutura:

hddulos

Modulo main

VAR

INIT

TRANS

DEFINE

Figura 2: Estrutura geral do cddigo gerado pelo tradutor para o NuSMV

A primeira parte do cédigo é constituida por modulos, respectivos a cada
autdmato. Na segunda parte do codigo, o modulo main é definido, sendo composto
por quatro secdes: VAR, INIT, TRANS e DEFINE.

A primeira secdo do médulo main, a VAR, é constituida por uma instancia
para cada modulo existente diferente do médulo main. Cada uma destas instancias
€ guardada por uma variavel, sendo que os nhomes destas variaveis seguem uma
regra de formagé&o que utiliza o do autbmato correspondente.

Na secdo INIT é descrita uma expressao booleana que determina um estado
inicial ou um conjunto de estados iniciais, mapeados diretamente da traducédo da
expressao do partial reachability ou do reachability.

A terceira secdo do moédulo main, a TRANS, € composta por uma disjuncéo
de defines (entradas na secdo define) que determinam as transicOes locais e

sincronizantes do modelo. Desta forma, a cada mudanca de estado acontece uma
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transicdo local em um autdbmato ou uma composicdo de transi¢cdes locais de
autdmatos, rotuladas com mesmo evento sincronizante, que representam apenas
uma transicéo no estado global do modelo.

A ultima secéo, a DEFINE, é composta por diversos defines, sendo que cada
um deles possui um nome e uma expressao. Um define serve como uma macro de
programacdo funcionando pela simples busca e substituicdo textual do seu
contetdo, que no caso do define € uma expressdo. Portanto, se uma determinada
expressao € utilizada mais de uma vez no modelo, pode ser descrita em um define a
fim de ser reutilizada quantas vezes forem necessarias, bastando utilizar o nome do
define. Visto que identificadores e eventos sdo conceitos de SAN que também séo
utilizados em mais de um lugar no modelo, tais conceitos sdo mapeados para o
conceito de define. A explicacdo e exemplificacio do mapeamento de
identificadores e eventos para 0 conceito de define sao apresentadas
posteriormente, bem como a estrutura dos defines que descrevem as transicoes

locais e sincronizantes.

6.3 Detalhamento da traducéo e exemplificacao

O conjunto de modelos SAN possiveis é determinado pelas regras de sintaxe
em [3] (paginas 5 a 14). Este trabalho ndo mapeou o0s seguintes conceitos de SAN,
significando que um subconjunto de modelos SAN, 0s quais nao utilizam tais
conceitos, sdo aceitos para o processo de traducao:

e numeros reais;

e 0s operadores min e max;

e replicacdo e, consequentemente, os operadores SAN que utilizam o

conceito de replicacdo — nb [aut ... aut] state, sum_rw [aut ... aut], sum_rw
[aut ... aut] state, prod_rw [aut ... aut] e prod_rw [aut ... aut] state.

O Unico tipo numeérico que o NuSMV contempla é o inteiro, por iSsO 0s
nameros reais nao estdo mapeados. Portanto € necessario ajustar os modelos SAN
a fim de remover quaisquer valores numéricos que ndo sejam inteiros antes de
utilizar o tradutor. Os demais conceitos ndo foram mapeados por questdes
temporais. Deve-se notar que esta limitacdo ndo invalida a demonstracdo de
possibilidade de mapear modelos SAN para o0 NuSMV uma vez que todo modelo

SAN com replicacdo pode ser convertido para um modelo SAN sem utilizar
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estruturas de replicacdo. A gramatica aceita pelo tradutor SAN para a linguagem do
NuSMV encontra-se no Apéndice A.

A seguir é detalhada a traducdo de um modelo SAN para outro aceito pelo
NuSMV, seguindo a estrutura de um cddigo gerado para o NuSMV apresentada na
Figura 2. Todos os trechos de codigo SAN utilizados para a exemplificacdo abaixo
sdo baseadas na traducdo do modelo do jantar dos fil6sofos, retirado de [5] [24]. A
maior parte dos trechos séo retirados do modelo phil04c.san e alguns do modelo
phil04f.san. Ambos os modelos descrevem o jantar dos fildsofos — modelados com
guatro filésofos, entretanto o primeiro utiliza eventos sincronizantes e o segundo
possui eventos com taxas funcionais. Utilizando estes dois modelos como base para
detalhamento da traducdo e exemplificacdo, € possivel cobrir todos os conceitos
mapeados de SAN para a linguagem do NUSMV.

Cada autémato é representado por um maodulo. Este modulo possui a variavel
de estado state do tipo enumerador, onde séo especificados todos os estados que o
autébmato que originou o médulo pode assumir. Cada valor do enumerador state —

b}

gue representa o nome de um estado — é constituido do prefixo “s_” seguido do
nome do estado. O nome do médulo possui o prefixo “ad_” — automata definition —
seguido do nome do autdbmato. Além desta variavel, 0 médulo é composto por um
define chamado unchanged que retorna um valor booleano indicando se o estado
atual do médulo é igual ao préximo estado do modulo na préxima transicdo de
estado global do modelo. Este define € amplamente utilizado nos defines do modulo
main para determinar as transi¢cdes locais e sincronizantes, explicadas nesta secao
posteriormente.

Por exemplo, tome-se a definicdo SAN abaixo:

aut PO
stt Thinking to (Right) troe
to (Thinking) r_ 1.1 1 r_3
stt Right to (Left) rle
to (Right) 1r3
stt Left to (Thinking) 1 t o

O autdbmato acima PO resulta no modulo PO abaixo:

MODULE ad_Po()

VAR state : {s_Thinking, s_Right, s_Left};
DEFINE

unchanged := state = next(state);
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A secdo VAR do modulo main, possui uma instancia para cada maodulo
anteriormente definido.

Desta forma, considerando existentes os médulos ad_PO, ad P1, ad P2 e
ad_P3, esta secédo resulta no exemplo abaixo, onde as instancias destes modulos

sdo a PO, a P1,a P2e a P3respectivamente:

MODULE main

VAR
a_Po : ad_Pe();
a_ P1 : ad P1();
a_ P2 : ad P2();
a_P3 : ad_P3();

A segunda se¢do do modulo main, a INIT, possui uma expressao booleana
gue determina um estado inicial ou um conjunto de estados iniciais, mapeados
diretamente da traducdo da expressdo do partial reachability ou do reachability.
Caso haja mais de um estado inicial valido o NuSMV escolherd, néo

deterministicamente um destes estados iniciais.

partial reachability = ((nb Thinking) == P);

Considerando a expresséao reachability acima, onde P € um identificador com
um valor numérico, a se¢ao INIT resultante se encontra abaixo. Neste exemplo, esta
expressdo na sec¢ao INIT significa que qualquer estado global inicial do modelo que

possuir o numero P de autdmatos no estado Thinking € um estado inicial valido.

INIT ( nb_Thinking = P )

A traducéo e exemplificacdo dos operadores SAN que este trabalho aborda —
st, nb e rw — serdo detalhados posteriormente.

A secdo TRANS é descrita pela composicdo da disjuncdo de defines que
determinam as transi¢des locais — um define para cada modulo que possuir pelo
menos uma transi¢ao local — e sincronizantes — caso o modelo tenha pelo menos
uma transicao sincronizante.

TRANS
next_local step_ad_Po
| next_local step_ad_P1
next_local_ step_ad_P2

|
| next_local step ad P3
| synchronized_steps
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Neste exemplo a se¢do TRANS utiliza cinco defines: quatro referentes aos
modulos determinando transi¢des locais e um define referente a todas as transicfes
sincronizantes do modelo. Como cada um destes defines sdo mutuamente
exclusivos, como veremos adiante, e estdo ligados por uma disjuncao,
consequentemente apenas uma destas transicdes ocorrerd em cada mudanca de
estados do modelo.

Note-se que na linguagem do NuSMV as possiveis transi¢fes de estado sédo
definidas como relagBes entre estado atual e proximo estado. Assim, como em um
dado momento somente uma transicdo pode acontecer, segundo a semantica de
SAN, entdo esta relacdo que leva em conta estado atual e estado posterior tem
somente uma transicdo aplicavel. Isto ndo significa que o ndo determinismo dos
modelos SAN ndo esta representado, pois tomando em consideracdo somente 0
estado atual, sem considerar o proximo estado, a traducdo para a linguagem do
NuSMV cobre todas possiveis transi¢cdes para proximos estados desdobrando cada
um dos casos possiveis.

A explicacao da traducéo das operacdes SAN e do algoritmo de traducéo de
expressdes SAN serdo explicados nas Secdes 4.4 e 4.5 respectivamente.

Na secdo DEFINE s&do representados os conceitos de: identificadores,
eventos, transicdes locais e sincronizantes.

Cada identificador do modelo SAN possui um nome e uma expressao
associada. Cada identificador é mapeado em um define, o qual também possui o
mesmo nome, acompanhado do prefixo “i 7, e a expressdo traduzida para a
linguagem do NuSMV. As expressfes dos identificadores s&o sempre traduzidas
para retornarem um valor numérico, a fim de manterem um padrédo entre os defines
gue mapeiam os identificadores.

lambda = 1;
Thinking_to Right @ = (st P1 != Left) * lambda;

Os dois identificadores acima séo traduzidos nos seguintes defines, ambos
retornando valores numericos:

i lambda := (1 );
i Thinking to Right @ := ( ( ( ( v_Pl.state != Left ) ) 2 1 : @ ) * lambda );
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Os eventos do modelo SAN possuem um nome, uma taxa, e um tipo — local
ou sincronizante — e sdo representados por defines. O nome do define € o mesmo
utilizado pelo evento acompanhado do prefixo “e ” e a expressdo deste define &
sempre estruturada de uma verificacdo — se a taxa do evento € superior a zero,
indiferentemente se a sua taxa é uma valor numérico ou um identificador — ou seja,
sempre ira retornar um valor booleano. Caso a taxa for um identificador, ele sera,
como explicado anteriormente, traduzido em um define que sempre retorna um valor
numérico, desta forma é possivel estruturar desta maneira a traducdo de todos os
eventos, ndo existindo construcdo de expressfes invalidas na linguagem do
NuSMV.
loc 1 t @ (mu);

loc t_r_@ (Thinking_to_Right_0);
syn some_event_with_numeric_rate (35);

Os eventos acima séo traduzidos nos seguintes defines:

elto:=(mu>0);
et r @ := ( Thinking_to_Right @ > 0 );
e_some_event_with_numeric_rate := ( 35 > 0 );

Para cada modulo que possuir pelo menos uma transi¢do local existe um
define que descreve todas as possiveis transicoes locais deste médulo. Este define

possui 0 seu nome composto do prefixo “local_step ” concatenado ao nome do
modulo no qual as transi¢des locais estdo sendo descritas.

No exemplo abaixo, € possivel verificar apenas uma transicdo local do
modulo ad_PO descrita no define chamado local _step_ad PO, pois as outras
transic6es deste modulo séo sincronizantes. Caso houvesse mais de uma transicao
local para este mddulo, esta conjuncdo apresentada abaixo, que descreve apenas
uma transicao local, estaria ligada através de uma disjuncdo a outras conjungdes,
gue descreveriam as outras transi¢cdes deste modulo.
local_step_ad_PO :=(

-- connection s_Left - s_Thinking

((a_PO.state=s_Left & e_| _t 0) & ( next(a_PO.state) =s_Thinking))
);

Esta transicdo local é referente & mudangca do estado s Left para o

s_Thinking. Esta transicdo esta sendo ocasionada pelo evento local |_t_0. Conforme
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explicado anteriormente, o define e_| t O que representa o evento |_t 0 sempre
retorna um valor booleano.

Este define chamado local_step_ad PO determina apenas as transi¢cdes
locais do médulo ad_PO e ndo representa uma mudanca de estados global do
modelo. Por isso é criado outro define, para cada define que determina todos as
transi¢des locais de um determinado médulo. Este outro define € composto por uma
conjuncao entre os defines unchanged de todos os outros modulos do modelo e o
define que determina todas as transi¢cdes locais de um determinado modulo. Desta
forma € possivel descrever mudancas de estado globais e, consequentemente,
utilizar tal define na segdo TRANS.

O exemplo abaixo mostra o conteddo do define chamado
next_local_step_ad_ PO, o qual é utilizado na secdo TRANS, conforme exemplificado
anteriormente. Ele consiste na conjuncéo do define chamado local_step_ad_PO com
os defines unchanged de cada um dos outros médulos do modelo.
next_local_step_ad_PO := ( local_step_ad_Po

& a_Pl.unchanged

& a_P2.unchanged
& a_P3.unchanged

)5

Para todo modelo que possuir pelo menos um evento sincronizante, existe o
define chamado synchronized_steps que possui a descricdo de todas as transi¢coes
ocasionadas por eventos sincronizantes do modelo. Tais transicdes sdo descritas
através de uma conjuncédo entre as possibilidades de mudancas de estado de cada
autébmato usando o evento considerado, sendo estas uma disjuncdo de condicGes
das aplica¢gdes do evento no autdmato.

Considerando as transicdes do modelo phil04c.san, o exemplo abaixo mostra
apenas uma porcado do define synchronized_steps apresentando as possiveis
transicOes resultantes obtidas somente a partir dos eventos sincronizantes t r 0 e
r_1_0. Vale ressaltar que uma transicdo em SAN pode especificar o proximo estado

igual ao estado anterior em um determinado autdmato.

synchronized_steps := (
(
etro
&

(

-- connection s_Thinking - s_Thinking
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( a_Pl.state = s_Thinking & next(a_Pl.state)
-- connection s_Right - s_Right

| ( a_Pl.state = s_Right & next(a_Pl.state) = s Right )
)
&
(
-- connection s_Thinking - s_Right

( a_Po.state = s_Thinking & next(a_PO.state)
)
& a_P3.unchanged
& a_P2.unchanged

s_Thinking )

s_Right )

er.l®e
&
(
-- connection s_Thinking - s_Thinking
( a_P3.state = s_Thinking & next(a_P3.state) = s_Thinking )
-- connection s_Left - s_Left

| ( a_P3.state = s_Left & next(a_P3.state) = s_Left )
)
&
(
-- connection s_Right - s_Left
( a_Po.state = s_Right & next(a_PO@.state) = s_Left )

)
& a_P2.unchanged

& a_Pl.unchanged

)5

No exemplo acima sdo apresentadas quatro possiveis mudancas de estados
globais, sendo duas através do evento e t r 0 e as outras pelo evento e r | 0. A
primeira, ocasionada pelo evento e t r 0, a instancia a PO do médulo ad_ PO
transiciona do estado s_Thinking para s_Right, a instancia a_P1 do médulo ad_P1
transiciona do estado s_Thinking para s_Thinking e as instancias a P2 e a P3
permanecem no mesmo estado (utilizacdo do define unchanged). A segunda,
ocasionada pelo evento e t r 0, a instancia a_PO transiciona do estado s_Thinking
para s_Right, a instancia a_P1 transiciona do estado s_Right para s_Right e os as
instancias a_P2 e a_P3 permanecem no mesmo estado. A terceira, ocasionada pelo
evento s r | 0, a instancia a_PO transiciona do estado s_Right para s_Left, a
instancia a_P3 transiciona do estado s_Thinking para s_Thinking e as instancias
a P1 e a P2 permanecem no mesmo estado. A quarta, ocasionada pelo evento

e r | 0, a instancia a_PO transiciona do estado s_Right para s_Left, a instancia
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a_P3 transiciona do estado s Left para s_Left e as instancias a P1 e a P2

permanecem no mMesmo estado.

6.4 Traducdo das operacdes SAN

As operacdes SAN que foram mapeadas e traduzidas a linguagem do NuSMV
séo st, nb e rw.
O operador st é diretamente representado pelo acesso do valor da variavel de

estado de uma instancia de um modulo.

st P1 != Left

Considerando a expressdo SAN acima que verifica se o estado do autdmato
P1 é diferente do estado Left, a expressao traduzida resultante é:

a_Pl.state != s_Left

Esta expressao na linguagem do NuSMV acessa o valor da variavel state da
instancia a_P1, que representa a instancia do médulo ad_P1, e verifica se o seu
valor é diferente de s_Left.

O operador nb é representado por uma expressao que verifica o estado atual
de todos os modulos do modelo, somando em uma unidade no valor que ira retornar

para cada médulo em que se encontrar no estado determinado.

nb Thinking

A expressédo nb acima, que retorna um valor numérico referente a quantidade
de autdbmatos que se encontram no estado Thinking, € traduzida na seguinte
expressado, considerando que o modelo possui as seguintes instancias a_ PO, a_P1,
a P2ea P3:

( a_Po.state
( a_P2.state

s_Thinking ? 1 :
s_Thinking ? 1 :

a_P1l.state

0 ) + ( s Thinking ? 1 : @ ) +
0 ) + ( a_P3.state 0 )

s_Thinking ? 1 :

7

Esta representacdo € composta de verificacdes ternarias unidas pelo

7

operador da soma. Desta forma € possivel representar de forma correta o

comportamento do operador nb de SAN.
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O operador rw é representado por uma expressao que verifica o estado atual
do médulo e retorna o valor de reward associado ao estado atual. O mapeamento
do valor de reward é retirado da estrutura do autbmato e caso néo exista um valor
associado é atribuido um valor numérico sequencial para cada estado que nao
possua o reward, conforme a definicdo de SAN segundo o manual do PEPS 2003
[3] apresentada na péagina 6.

A expressao que traduz o significado do operador rw é apresentada abaixo,
considerando a aplicacao do operador rw ao autdmato PO e que tal autbmato possui
0s seguintes estados: Thinking, Left e Right.

(a_Po.state = s_Thinking ? @ : (a_PO.state = s_Right ? 1 : (a_PO.state = s_Left ?
2 :-1)));

Essa expressdo inicialmente verifica se o estado da instancia a PO é
s_Thinking, e em caso positivo retorna o valor de reward 0; em caso negativo, ela
realiza outra verificacdo: se o estado da instancia a PO € s_Right, e em caso
positivo retorna o valor de reward 1; em caso negativo, ela realiza a terceira e Ultima
verificacdo: se o estado da instancia a_ PO é s _Left, e em caso positivo retorna o
valor de reward 2; e em caso negativo retorna o valor -1, que ndo tem significado
algum e nem € esperado que seja retornado tal valor, pois todos os estados do
modulo ad_PO foram considerados e verificados, portanto ndo existe a possibilidade

de tal instancia nao estar em um dos estados verificados.

6.5 Algoritmo de traducéo de expressdes SAN

A flexibilidade que SAN permite descrever uma expressdo ndo é diretamente
mapeada para a linguagem do NuSMV. Tal flexibilidade permite que tanto os
operadores matematicos quanto os booleanos aceitem como argumentos valores
numericos e booleanos. A expressdo abaixo exemplificada é valida segundo a

linguagem SAN.
2>=3+48 7>6==8-1/9
A fim de representar uma expressao na linguagem do NuSMV que tenha o

mesmo poder de expressao, como a descrita acima, foi necessario desenvolver um

algoritmo que realizasse tal traducdo. Além deste objetivo, o algoritmo de traducéo
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de expressdes SAN para a linguagem do NuSMV também objetiva manter a
precedéncia original da expressdo SAN — visto que ambas as linguagens possuem
conceitos de precedéncia diferentes.

Este algoritmo decompde a expressdao SAN de entrada, cria uma arvore
binaria que a representa e, a partir dela, retorna uma expressao que € compativel a
linguagem do NuSMV e que representa o significado da expresséo de entrada.

A &rvore correspondente aquela expressdo SAN exemplificada é apresentada
abaixo. A traducdo é realizada a partir das folhas de maior profundidade desta
arvore, verificando sempre qual o tipo dos argumentos que o operador necessita.
Caso o operador necessite de um argumento de um determinado tipo e pelo menos
um deles for de outro, é realizada a conversdo deste(s) argumento(s) para possuir 0
tipo que o operador requer. A conversdo de um argumento booleano para numérico
€ realizada, dentro de uma expressao, através de uma operacdo ternaria. Ja a
conversdo inversa é realizada através de uma verificacdo — se o0 argumento é

superior a zero.

Re

Figura 3: Arvore bindria representando uma expressao valida segundo SAN

Glo
.
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Por exemplo, o operador >= requer que ambos argumentos sejam do mesmo
tipo, a fim de realizar a comparacdo. Neste exemplo, ambos os argumentos sao
numéricos — valores “2” e “3” — logo ndo h& necessidade de converséo dos tipos dos

argumentos.

Ja no proximo caso o operador da soma necessita de dois argumentos
numericos, sendo um deles o resultado da operacao >=, ou seja, um valor booleano,
e 0 outro um valor numérico — valor “4”. Portanto, é necessario converter esta parte
da expresséo com o objetivo de manter o mesmo significado da expresséao original e
para a linguagem do NuSMV reconhecer como valida esta expressédo. A traducao da
sub expressado “2 >= 3 + 4” resulta na seguinte expressao (2 >=3 7?1 :0) + 4’
aceita pelo NuUSMV.

Continuando a traduzir esta arvore é verificado que o operador da conjuncéo
l6gica exige que seus dois parametros sejam booleanos. Entretanto ambos, neste
exemplo, sdo numéricos, sendo necessario converter o tipo de ambos o0s
argumentos para booleanos. A tradugao da sub expressao “2 >= 3 + 4 && 7” resulta
na seguinte expressao “(((2>=371:0)+4)>0) & (7 > 0)” aceita pelo NuSMV.

Seguindo este algoritmo até realizar por completa a traducdo, aquela
expressao utilizada como exemplo sera traduzida para a linguagem do NuSMV na

seguinte expressao.

(CCCCC(((2 >=3)2 1: @) +4) >0) & (7 >0))? 1: @) >6)? 1: @) =8)? 1: @) - 1/ 9

6.6 Desenvolvimento do tradutor

Para desenvolver o tradutor da linguagem SAN para a linguagem do NuSMV
foi utilizado duas ferramentas: um analisador léxico e um analisador sintatico.
Considerando que a estrutura de dados interna do tratutor foi modelada para utilizar-
se do paradigma de programacao orientado a objetos, foram escolhidas as
seguintes ferramentas para desenvolver o tradutor: JFlex [17] e o BYACC/J [6],
sendo o analisador léxico e o0 sintatico respectivamente, pois ambos geram cédigo
em Java. Através da definicdo das regras léxicas de SAN — utilizadas pelo JFlex — e
da definicdo das regras sintaticas — utilizadas pelo BYACC/J — sé@o geradas classes

em Java as quais constituem o tradutor de SAN para a linguagem do NuSMV.
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Conforme ja citado na Secéo 6.3, a gramatica aceita pelo tradutor desenvolvido
encontra-se no Apéndice A. A traducdo de expressdes CTL dentro de um modelo
SAN ndo é comtemplado pelo tradutor, de forma que a fim de aplicar alguma
propriedade CTL no modelo traduzido deve-se seguir o procedimento explicado na
Secao 4.1.

Tabela 3: Conceitos SAN mapeados atualmente e para trabalhos futuros

Conceitos presentes Conceitos para trabalhos futuros

st <aut_name> nb [<aut_name> ... <aut_name>] <stt name>

@ <aut_name> sum_rw [<aut_name> ... <aut_name>]

nb <stt_name> sum_rw [<aut_name> ... <aut_name>] <stt_name>
rw <aut_name> prod_rw [<aut_name> ... <aut_name>]

<expl> + <exp2> prod_rw [<aut_name> ... <aut_name>] <stt_name>
<expl> - <exp2> min ( <expl> , <exp2> )

<expl> * <exp2> max ( <expl> , <exp2> )

<expl> / <exp2> <expl> ™ <exp2>

<expl> == <exp2>

<expl> l= <exp2>

<expl> < <exp2>
<expl> <= <exp2>
<expl> > <exp2>
<expl> >= <exp2>
I <expl>

<expl> || <exp2>
<expl> && <exp2>

Considerando os conceitos apresentados como na Tabela 2.1 em [3], a Tabela 3
desta dissertacdo explicita 0s conceitos presentes no tradutor atual e os conceitos
0S quais serdo mapeados em trabalhos futuros. Em [3] € possivel encontrar a
explicagdo detalhada de cada um destes conceitos SAN bem como exemplos de
sua utilizagao.

A estrutura de dados utilizada pelo tradutor para carregar um modelo SAN e, a
partir dela, gerar um modelo na linguagem do NuSMV ¢é apresentada na Firgura 4.

O tradutor inicialmente Ié linha por linha do modelo textual SAN, extrai a
informacdo relativa aquela linha e a guarda na estrutura de dados. Apos ler a ultima
linha do modelo textual SAN, a estrutura de dados esta completamente carregada.
Entdo o tradutor inicia 0 processo de criagdo do modelo textual para o NuSMV
sempre consultando a estrutura de dados que representa 0 modelo SAN. O modelo
de saida do tradutor € gerado linha por linha de forma sequencial iniciando pela
secao dos modulos e finalizando pela se¢édo dos DEFINEs, conforme a Figura 2 da

Secao 6.2 apresenta.



Identifier Event EventRate
- name : string - name : string - isldentifier : bool
- smvExpression ; string -isLocal: bool - identifieriame : string

- rate : EventRate

- numericYalue :int

Automata

Transition

Reachability

- states : list<string=
- transitions : list<Transition>

- fromState : string
- toState : string
- eventMame : string

- smvExpression ; string

SAN_Model

- identifiers : list<ldentifier>

- events : list<Event=

- automatas : list<Automata=
- reachability - Reachability

Figura 4: Representacao dos dados de um modelo SAN

45



46

7 DISCUSSAO DA CORRETUDE

A argumentacdo de corretude da traducdo acontece idealmente através de
uma prova de que esta traducdo esta correta. Para um exemplo de complexidade
de tal prova, tome-se [26] onde se demonstra que uma traducdo de Gramatica de
Grafos para PROMELA é correta. Devido a tal complexidade, uma prova de
corretude da traducao néo faz parte do escopo deste trabalho e se constitui trabalho
futuro.

Entretanto, este trabalho retne fortes indicativos da corretude da traducdo
proposta. Estes indicativos se ddo com base na experimentacdo de traducdes de
dezessete modelos. Para todas estas traducdes é observado que o sistema de
transicdo de estados definido pelo modelo SAN (a Cadeia de Markov equivalente,
desprezando-se informacdo quantitativa) tem a mesma topologia do sistema de
transicdo de estados gerado pelo modelo NuSMV. A seguir, detalham-se estes
experimentos.

Foram traduzidos quatro tipos de modelos: o jantar dos filésofos [5] [24], o
protocolo de rede de sensor sem fio [13] [24], linha de producédo [23] e 0 primeiro
servidor disponivel [5] [24]. A partir destes quatro tipos foram derivados dezessete
modelos SAN os quais foram todos traduzidos para modelos aceitos pelo NuSMV.
Estes quatro tipos de modelos sédo os Unicos em [24] que possuem todos 0S seus
conceitos dentro do escopo do tradutor, pois a maior parte dos outros modelos
utiliza-se do conceito de replicacdo — sendo considerado como trabalho futuro
adicionar este conceito SAN ao tradutor.

A fim de verificar similaridade entre os modelos, foram verificadas as
seguintes caracteristicas dos modelos de entrada e de saida do tradutor. a
guantidade de estados totais, a quantidade de estados atingiveis e o numero de
transicoes.

O primeiro tipo de modelo descreve o problema do jantar dos fildsofos. Foram
traduzidos sete derivacbes deste modelo, variando a quantidade de fildsofos para
cada modelo (philXX, onde XX é o numero de fil6sofos) ou a sua estrutura interna.
Das sete variagOes, apenas dois modelos variam sua estrutura interna mantendo o

mesmo nuamero de filésofos — phil04f e phil04c, ou seja, um utiliza apenas eventos
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locais (phil04f) enquanto o outro (phil04c) utiliza, além de eventos locais, eventos
sincronizantes

O segundo tipo de modelo descreve um protocolo de uma rede de sensor
sem fio (adXX, onde XX € o numero de nodos). Foram traduzidos trés modelos
derivados, sendo duas delas com modificacbes no valor de identificadores e uma
com um aumento no numero de nodos.

O modelo da linha de producéo é o terceiro tipo, variando apenas 0 numero
de estacbes em cada modelo (pIXX, onde XX € o numero de estacbes). Foram
traduzidos trés variacdes deste modelo.

O modelo de primeiro servidor disponivel € o quarto tipo, variando apenas o
namero de servidores em cada modelo (fasXXc, onde XX €& o numero de
servidores). Foram traduzidos quatro variacdes deste modelo.

Na Tabela 4 € possivel verificar as caracteristicas coletadas de cada modelo.

Tabela 4: Comparacdo de caracteristicas dos modelos SAN e dos respectivos modelos traduzidos
utilizados pelo NuSMV

Estados Totais Estados Atingiveis Transicoes
Modelo SAN NuSMV SAN NuSMV SAN Algoritmo de
caminhamento

phile3f 27 27 12 12 22 22
phileaf 81 81 29 29 72 72
phile4c 81 81 29 29 72 72
philie 59.049 59.049 5.741 5.741 36.518 36.518
phil12 531.441 531.441 33.461 33.461 256.104 256.104
philis 14.348.907 1.43489e+007 470.832 470.832 4.516.760 -
phil2e 3.486.784.401 3.48678e+009 | 38.613.965 3.8614e+007 | 495.238.728

ado4c 36 36 6 6 6 6
ade4af 36 36 6 6 6 6
ad1of 26.244 26.244 98 98 186 186

pl4a 125 125 115 115 334 334

pls 625 625 551 551 1.961 1.961
plio 1.953.125 1.95313e+006 | 1.391.275 1.39128e+006 9.505.540 -
fas5c 32 32 32 32 111 111
fasb6c 64 64 64 64 255 255
fas7c 128 128 128 128 575 575
fasloc 1.024 1.024 1.024 1.024 6.143 6.143

As informacgfes de estados totais e atingiveis dos modelos para o0 NuSMV
foram obtidas através do comando print_reachable_states, o qual informa os valores
de forma precisa até “10’ — 1”. Qualquer valor que seja superior a este limite de
precisdo, o valor é informado em notagcédo cientifica com cinco nimeros apos a
virgula. Por isso os modelos phill5, phil20 e pl10 apresentam as diferencas grifadas

acima. Por exemplo, o valor informado pelo NuSMV de estados totais do modelo
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phil20 é 3,48678e+009. O numero de transicdes ndo foi obtido para os modelos
phill5, phil20 e pll0 devido a complexidade espacial do algoritmo de

caminhamento, conforme é explicado na Sec¢éo 7.1.

7.1 Algoritmo de caminhamento

Através do NuSMV ndo é possivel obter o nimero de transicbes que
determinado modelo possui, entretanto é possivel realizar através dele um
caminhamento no modelo de forma interativa, ou seja, a partir de um estado atual o
NuSMV mostra as proximas possibilidades de estados atingiveis permitindo que o
usuério escolha o préximo estado. Por isso foi necesséario desenvolver um algoritmo
gue interagisse com o NuSMV a fim de explorar todas as possibilidades de
transicbes que um modelo possui. Através deste algoritmo de caminhamento é
possivel obter o sistema de transicdo completo gerado pelo modelo, no qual consta
0 numero exato de estados atingiveis bem como o nimero de transi¢coes.

Este algoritmo realiza um caminhamento em profundidade no modelo e
possui 0 seguinte funcionamento: inicialmente ele executa o0 NuUSMV informando um
determinado modelo; inicializa o sistema para a verificacdo de modelos através do
comando “go” que |é o modelo informado; utiliza o comando “pick_state —r” a fim
selecionar de forma ndo deterministicamente um estado global inicial; verifica o
estado global inicial escolhido através do comando “print_current_state -v” e guarda
este estado global ndo visitado em uma estrutura de dados; entdo a partir deste
momento o algoritmo entra em um laco que apenas é finalizado quando nao ha mais
estados globais que ndo foram visitados; dentro deste laco é utilizado o comando
“simulate —i —a —k 1” para o NuSMV informar quais sao todos os préximos estados
globais possiveis a partir do estado atual do modelo; para cada estado global
possivel que o comando “simulate —i —a —k 1” retorna, o algoritmo salva tal estado
na estrutura de dados (isso se ele ja ndo esta salvo anteriormente) e o deixa
marcado como um estado que ainda nao foi visitado; apds salvar todos os préximos
estados globais possiveis que o comando “simulate —i —a —k 1” retorna, o algoritmo
marca o estado atual na estrutura de dados como visitado; o proximo estado é
selecionado — o algoritmo informa um valor numérico ao NuSMV referente as
opcOes que ele gerou ao processar 0 comando de simulacdo — dentre as

possibilidades retornadas pelo comando “simulate —i —a —k 1” e que ainda nao foi
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visitado; entdo o algoritmo volta ao inicio do laco; quando todos os estados globais
retornados pelo comando “simulate —i —a —k 1” ja estdo salvos na estrutura de dados
e ja foram visitados entdo o algoritmo percorre a estrutura de dados procurando um
estado global que ainda néo foi visitado; ao encontrar tal estado o algoritmo utiliza o
comando “goto_state” para trocar o estado global do NuSMV — para um estado que
ja foi descoberto mas néo visitado — voltando ao inicio do laco; por fim, ao sair do
lago, o algoritmo informa a quantidade de estados globais distintos, o nimero de
transicdes existentes entre estes estados e gera um arquivo textual que é,
posteriormente, utilizado pelo Graphviz [15] a fim de gerar imagens.

Por necessitar visitar todos os estados globais do modelo, o laco acima
descrito € executado n vezes, onde n é o numero de estados globais que o modelo
possui. Portanto este algoritmo possui uma complexidade temporal de O (n). Ao
analisar a complexidade espacial é possivel verificar que o pior caso € aquele que a
partir de qualquer estado global é possivel atingir todos os outros estados globais.
Considerando o pior caso onde todos 0os nodos do modelo possuem uma transicao
para cada nodo do modelo, a complexidade espacial € de: O (n(n-1)), ou seja, O(n2 -
n) que € o mesmo que O(n2) onde o n é o numero de estados globais atingiveis que
o modelo possui. A complexidade espacial deste algoritmo de caminhamento € a
razdo pela qual nao foi possivel obter as informacdes de nimero de transicdes para
0s modelos phill5, phil20 e pl10 — conforme é possivel observar na Tabela 4 — os
guais possuem mais de 470 mil estados globais atingiveis e mais que quatro
milhdes e meio de transicoes.

A estrutura de dados utilizada para este algoritmo foi uma lista de objetos que
possui as seguintes informacdes: um identificador dnico (representacdo de um
estado global do modelo), uma propriedade que informa se o objeto ja foi visitado,
uma lista de outros estados globais com os quais ha transi¢cdo, duas propriedades
numericas as quais guardam o trace number e o state number informados pelo
NuSMV e necessarios para utilizar o comando “goto_state” do NuSMV. A partir
dessa estrutura € possivel gerar um arquivo textual — que contém todos estados
globais e suas interagdes — aceito pelo Graphviz [15] a fim de gerar imagens. Desta
forma € possivel comparar a topologia da cadeia de Markov de um determinado
modelo SAN com o sistema de transi¢cdo da traducdo deste modelo SAN, conforme
€ possivel visualizar na Secao 8.2 bem como nos Apéndices B, C, D, E, F, G, H, I, J

e K. Em todos estes exemplos a topologia de ambos é igual, tornando-se, cada uma
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destas comparacdes, mais um indicio da corretude do mapeamento de conceitos e

do tradutor desenvolvido.
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8 EXEMPLIFICACAO

A traducao de dois modelos, retirados de [5] [13] [24], € apresentada abaixo

em detalhes, bem como um conjunto de propriedades CTL para estes dois modelos.

8.1 Traducao do modelo textual philO4c.san

O modelo apresentado abaixo € resultado da traducdo do modelo SAN
apresentado na Sec¢ao 2.1 e citado em diversas partes na Secéo 6.3.

Conforme explicado na Sec¢édo 6, é necessario modificar os valores reais para
gue sejam valores inteiros. Para realizar a traducdo do modelo SAN da Secéo 2.1, é
necessario alterar os valores de lambda (1.000000) e de mu (2.000000) para 1 e 2,

respectivamente. Abaixo esta a traducao para a linguagem do NuSMV.

MODULE ad_P3()

VAR state : {s_Thinking,s_Left,s_Right};
DEFINE

unchanged := state = next(state);

MODULE ad_P2()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P1()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_Po()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE main

VAR
a_P3 : ad_P3();
a_P2 : ad_P2();
a_P1 : ad_P1();
a_Po : ad_Pe();

INIT
( nb_s _Thinking = i P )
TRANS
next_local step_ad_P3
| synchronized steps
| next_local step _ad P2
| next_local step ad P1
| next_local step_ad_Po



52

DEFINE
a_P3_getCurrentIndex := ( a_P3.state = s_Thinking ? @ : ( a_P3.state =
s Left 21 : ( a_P3.state = s Right ? 2 : -1 ) ) );

-- ================== ad_P3 automata local steps section ==================
local_step_ad P3 := (

-- connection s_Right - s_Thinking

( ( a_P3.state = s Right & e r t 3 ) & ( next(a_P3.state) = s_Thinking ) )
)
next_local_step_ad _P3 := ( local_step_ad_P3

& a_P2.unchanged

& a_Pl.unchanged

& a_P@.unchanged

)s
a_P2_getCurrentIndex := ( a_P2.state = s_Thinking ? @ : ( a_P2.state =
s_Right ? 1 : ( a P2.state = s Lleft 2 2 : -1 ) ) );

-- ================== ad_P2 automata local steps section ==================
local _step_ad P2 := (

-- connection s_Left - s_Thinking

( ( a_P2.state = s_Left & e_1 t 2 ) & ( next(a_P2.state)
)
next_local step_ad P2 := ( local _step_ad P2

& a_P3.unchanged

& a_Pl.unchanged

& a_Po.unchanged

s_Thinking ) )

)3
a_P1 getCurrentIndex := ( a_Pl.state = s_Thinking ? @ : ( a_Pl.state =
s Right ?» 1 : ( a_ Pl.state = s left ? 2 : -1 ) ) );

-- ================== ad_P1 automata local steps section ==================
local_step_ad P1 := (

-- connection s_Left - s_Thinking

( ( a_Pl.state = s Left & e 1 t 1 ) & ( next(a_Pl.state)
)
next_local_step_ad P1 := ( local_step_ad P1

& a_P3.unchanged

& a_P2.unchanged

& a_Po.unchanged

s_Thinking ) )

)s
a_Po_getCurrentIndex := ( a_P@.state = s_Thinking ? @ : ( a_P@.state =
s_ Right ? 1 : ( a_Po.state =s_ left?2: -1 ) ) )

-- ================== ad_PO automata local steps section ==================
local_step_ad PO := (

-- connection s_Left - s_Thinking

( ( a_Po.state = s_Left & e_.1 t © ) & ( next(a_Po.state)
)
next_local step_ad PO := ( local step ad P9

& a_P3.unchanged

& a_P2.unchanged

& a_Pl.unchanged

s_Thinking )

~

)
-- ================== SYNCHRONIZED STEPS ==================
synchronized_steps := (
(
etr.o
&
(

-- connection s_Thinking - s_Thinking

( a_Pl.state = s_Thinking & next(a_Pl.state) = s_Thinking )
-- connection s_Right - s_Right

| ( a_Pl.state = s_Right & next(a_P1l.state) = s_Right )
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-- connection s_

( a_Po.state =

)
& a_P3.unchanged

& a_P2.unchanged

er.l®eo
&
(

-- connection s_

( a_P3.state =
-- connection s_
| ( a_P3.state =
)

&
(

-- connection s_

( a_Po.state =

)
& a_P2.unchanged

& a_Pl.unchanged

et r1
&
(

Thinking - s_Right
s_Thinking & next(a_P@.state)

Thinking - s_Thinking
s_Thinking & next(a_P3.state)
Left - s_Left

s_Left & next(a_P3.state)

Right - s_Left
s_Right & next(a_P@.state)

-- connection s_Thinking - s_Thinking

( a_P2.state =
-- connection s_
| ( a_P2.state =
)

&
(

s_Thinking & next(a_P2.state)
Right - s_Right

s_Right & next(a_P2.state) =

-- connection s_Thinking - s_Right

( a_Pl.state =
)
& a_P3.unchanged
& a_Po.unchanged

erl1

&

(

-- connection s_
( a_Pl.state =

~ R0~

s_Thinking & next(a_P1l.state)

Right - s_Left
s_Right & next(a_Pl.state) =

-- connection s_Thinking - s_Thinking

( a_Po.state =

)
& a_P3.unchanged

s_Thinking & next(a_PO.state)

s_Right )

s_Thinking )

s_Left )

s_Left )

S_

s_Thinking )

Right )

s_Right )

s_Left )

s_Thinking )



& a_P2.unchanged

etr?2
&
(
-- connection s_Thinking - s_Thinking
( a_P3.state = s_Thinking & next(a_P3.state) = s_Thinking )

~ R0~

-- connection s_Thinking - s_Right
( a_P2.state = s_Thinking & next(a_P2.state) = s_Right )
)
& a_P1.unchanged
& a_P@.unchanged

er.1l2
&
(
-- connection s_Right - s_Left
( a_P2.state = s_Right & next(a_P2.state) = s_Left )

~ R0~

-- connection s_Thinking - s_Thinking
( a_Pl.state = s_Thinking & next(a_Pl.state) = s_Thinking )

)
& a_P3.unchanged
& a_PO.unchanged

e tl13
&
(
-- connection s_Thinking - s_Left
( a_P3.state = s_Thinking & next(a_P3.state)

s_Left )

~ 20—

-- connection s_Thinking - s_Thinking
( a_P2.state = s_Thinking & next(a_P2.state)

s_Thinking )

)
& a_P1l.unchanged
& a_P@.unchanged

elr3
&
(
-- connection s_Left - s_Right
( a_P3.state = s_Left & next(a_P3.state) = s_Right )

)
&



(

-- connection s_Thinking - s_Thinking
a_Po.state = s_Thinking & next(a_P@.state) = s_Thinking )

(

-- connection s_Right - s_Right

| ( a_Po.state = s_Right & next(a_P@.state) = s_Right )

)

& a_P2.unchanged
& a_P1l.unchanged

nb_s_Thinking := (

~ ~~~]|

:= ( i_lambda > 0 );

et r.1:
er.1l1:
el t1:
et r2:
er.1l2:

el t2:

etl3

elr3

er t3:

.state = s_Thinking
.state = s_Thinking
.state = s_Thinking
.state = s_Thinking
============ events

1
~

(imu>o);

1
~

imu>0);

(imu>e0);

:= ( i_lambda > 0 );

:= ( i_lambda > 0 );

(imu>o0);

i_lambda > 0@ );

( i_lambda > 0 );

( i_lambda > @ );

( i_lambda > @ );

( i_lambda > @ );

AP AR LV ERLVERYY)
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A cadeia de Markov equivalente ao modelo SAN apresentada no Apéndice B

foi obtida com através do San-Lite-Solver [27] e do Graphviz [15]. O sistema de

transicdo de estados do modelo traduzido para o NuSMV

€ apresentado no

Apéndice C. A imagem do Apéndice C foi obtida através do algoritmo de
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caminhamento — que € explicado na Secao 7.1 — juntamente com o Graphviz. As
taxas neste modelo ndo séo relevantes visto que o NuSMV realiza uma analise

gualitativa e ndo quantitativa.

8.2 Tradugéo do modelo textual ad04f.san

Este modelo foi utilizado no artigo [13]. Os comentarios iniciais do modelo

gue informam como citar tal modelo foram retirados, como também a secao result.

identifiers

bandwidth_b = 2000000; // bandwidth in bits/seconds

bandwidth_B = bandwidth_b/8; // bandwidth in bytes/seconds

bandwidth_Mbps = bandwidth_b/1000000; // bandwidth in bytes/seconds

size_pack = 1500; // package size in bytes

RTS = 40; // Request To Send header in bytes

CTS_ACK = 39; // Clear To Send and Acknowledge
headers in bytes

MAC = 47; // Medium Access Control header in
bytes

IFT = 50+(3*10)+280; // InterFrame Time (DIFS + 3*SIFS +
Average Backoff Time) in microseconds (approximated)

IFS = ((bandwidth_B/1000000)*IFT); // InterFrame Size cost in bytes
(approximated)

overhead = RTS+CTS_ACK+MAC+IFS; // headers

mu = (bandwidth_B)/(size_pack+overhead); // maximum throughput rate
(theoretically as many package as the medium can handle)

lambda = 50000; // package generation rate (one
package/DIFS)
r12 = lambda * ((st MN_3 == I) & & (st MN_4 == I));
r23 = lambda * ((st MN_1 == I) && (st MN_4 == I));
r34 = lambda * ((st MN_1 == I) && (st MN_2 == I));
events
loc tx1 mu; // transmission of one package
loc tx2 mu; // transmission of one package
syn tx3 mu; // transmission of one package
syn gl2 rl2; // package generated from 1 to 2
syn g23 r23; // package routed from 2 to 3
syn g34 r34; // package routed from 3 to 4
partial reachability = (nb I == 4); // initial state

network Ad (continuous)
aut MN_1
stt I to (T) gi2
stt T to (I) tx1

aut MN_2
stt T to (R) gl2
stt R to (T) g23
stt T to (I) tx2
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aut MN_3
stt I to (R) g23
stt R to (T) g34
stt T to (I) tx3

aut MN_4

stt T to (R) g34
stt R to (I) tx3

Na imagem e tabela abaixo é possivel verificar a estrutura de cada autdmato e

os eventos do modelo, respectivamente. A funcao de alcancabilidade é (nb | == 4).
MN_1 MN_2 MN_3 MN_4
I 223 234 I 12 I 212 I gl2 223
212 1 gl2 223 234 3
T R 2 R 3 R
g23 234
T T

Figura 5: Representacdo grafica de ad04f.san

Tabela 5: Eventos de ad04f.san

Evento Tipo Taxa
tx1 Local 145,6876
tx2 Local 145,6876
tx3 sincronizante 145,6876

gl2 sincronizante | 50000 * ((st MN_3 == ) && (st MN_4 ==))
g23 sincronizante | 50000 * ((st MN_1 ==1) && (st MN_4 == 1))
g34 sincronizante | 50000 * ((st MN_1 ==1) && (st MN_2 ==1))

Abaixo esta a traducao para a linguagem do NuSMV do modelo acima:

MODULE ad_MN_1()
VAR state : {s_I,s T};
DEFINE
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unchanged :=

MODULE ad_MN_2()

VAR state : {s_I,s R,s T};

DEFINE

unchanged := state = next(state);

MODULE ad_MN_3()

VAR state : {s_I,s R,s T};
DEFINE

unchanged :=

MODULE ad_MN_4()

state = next(state);

state = next(state);

VAR state : {s_I,s R};
DEFINE
unchanged := state = next(state);
MODULE main
VAR

a_MN_1 : ad_MN_1();

a_MN_2 : ad_MN_2();

a_MN_3 : ad_MN_3();

a_MN_4 : ad_MN_4();
INIT

(nbsI=24)
TRANS

next_local step_ad _MN_1

| synchronized_steps

| next_local_step_ad MN_2
DEFINE

a_MN_1 getCurrentIndex := (
1: -1 ) );

-- ================= ad_MN_1 automata local steps section
local_step_ad MN_1 := (

-- connection s T - s I

( ( aMN_1.state = s T & e_txl ) & ( next(a_MN_1.state) =
)
next_local_step_ad_MN_1

& a_MN_2.unchanged

& a_MN_3.unchanged

& a_MN_4.unchanged

)5

a_MN_1l.state =s I ?0 : (

:= ( local_step_ad MN_1

a_MN_2_getCurrentIndex := ( a_MN_2.state = s_ I 2?0 : ( a_MN_2.state = s_R ?
1: ( a MN 2.state=s T ?22: -1 ) ) );
MN_2 automata local steps section =================

local_step_ad MN_2 :=
-- connection s_T -
( ( a_MN_2.state =
)s
next_local step_ad MN_2
& a_MN_1.unchanged
& a_MN_3.unchanged
& a_MN_4.unchanged

)5

S

== S================ ad_
(
S

s_? & e_tx2 ) & ( next(a_MN_2.state) =

:= ( local_step_ad MN_2

a_MN_3 getCurrentIndex := ( a_MN 3.state = s I ?0 : ( a_MN_3.state = s R ?
1: ( aMN3.state=sT?2: -1 ) ) )
a_MN_4 getCurrentIndex := ( a_MN_4.state = s_ I ?0 : ( a_MN_4.state = s

1: -1 ) );

a_MN_1.state = s_T °

R 3



synchronized_steps := (
(
e_tx3
&
(

-- connection s_T
( a_MN_3.state =

~ R0~

-- connection s_R
( a_MN_4.state =
)

& a_MN_1.unchanged
& a_MN_2.unchanged

)
|
(
e _gl2
-- connection s_I
& ( a_MN_1.state =
&
(
-- connection s_I
( a_MN_2.state =
)
& a_MN_3.unchanged
& a_MN_4.unchanged
)
|
(
e_g23
&
(
-- connection s_R
( a_MN_2.state =
)
&
(
-- connection s_I
( a_MN_3.state =
)
& a_MN_1.unchanged
& a_MN_4.unchanged
)
|
(
e_g34
&
(

-- connection s_R
( a_MN_3.state =

~ R0~

-- connection s_I
( a_MN_4.state =
)
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- s I
s_ T & next(a_MN_3.state) = s I )

- s I
s_R & next(a_MN_4.state) = s I )

- s T
s I & next(a_MN_1.state) = s T )

- s R
s_ I & next(a_MN_2.state) = s R )

- s T
s_R & next(a_MN_2.state) = s T )

- s_R
s_ I & next(a_MN_3.state) = s R )

- s_T
s_R & next(a_MN_3.state) = s_T )

- s_R
s_I & next(a_MN_4.state) = s_R )
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_1.unchanged
_2.unchanged

i _bandwidth b :=

i_bandwidth_B :

i_bandwidth_Mbps

i_size_pack := ( 1500 );
i RTS := (40 );

i CTS_ACK := ( 39 );

i MAC := (47 );

i IFT :=

i IFS :=

i_overhead

imu :=( ( i_bandwidth B ) / ( i_size_pack + i_overhead ) );
i_lambda := ( 50000 );
i_r12 := ( i_lambda * ( ( ( ( a_MN_3.state = s_I ) & ( a_MN_4.state
1:0));
i r23 := (i_lambda * ( ( ( ( a_MN_1.state = s_I ) & ( a_MN_4.state
1:0));
ir34 := (i lambda * ( ( ( ( a_MN_1l.state = s I ) & ( a_MN_2.state
1:0));
-= S=E================ nb Oper‘ator‘s Section —=================
nb_ s I :=(
( aMN 1l.state=s I ?1:0) +
( aMN 2.state=s I ?1:0) +
( aMN 3.state=s_I?1:0) +
( aMN_4.state=s I ?1:0)
)
-=- S=E================ events Section —=================
e_txl := (i_mu > @ );
e tx2 := (imu>0);
e tx3 := (i_mu >0 );
e gl2 := (irl2 > 0 );
e g23 := (ir23 >0);

e g34 := (i_r34 > 0 );

identifiers section
( 2000000 );

( i_bandwidth_b / 8 );

:= ( i_bandwidth_b / 1000000 );

( (50 + (3*10) ) + 280 );
( ( ( i_bandwidth_B / 1000000 ) * i_IFT ) );

:= ( ( ( i_RTS + i_CTS_ACK ) + i_MAC ) + i_IFS );

sI)))

sI)))

sI)))



61

A cadeia de markov equivalente ao modelo SAN apresentada abaixo foi
obtida com através do San-Lite-Solver [27] e do Graphviz [15].

145 6896456876457 145.6876456476457

Figura 6: Cadeia de Markov equivalente ao modelo ad04f.san

O sistema de transicdo de estados do modelo traduzido para o NuSMV é
apresentado pela imagem abaixo. Esta imagem foi obtida através do algoritmo de
caminhamento — que é explicado na Secdo 7.1 — juntamente com o Graphviz. As

taxas neste modelo ndo séo relevantes visto que o NuSMV realiza uma analise
gualitativa e ndo quantitativa.
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Figura 7: Sistema de transi¢dao de estados do modelo ad04f.smv — modelo traduzido

8.3 Avaliacédo qualitativa em modelos SAN

Um conjunto de propriedades CTL foi desenvolvido para alguns modelos SAN
a fim de realizar a analise qualitativa nos modelos equivalentes traduzidos. Estas
oito propriedades foram desenvolvidas para o modelo phil3.san. Tais propriedades
também foram executadas para modelos maiores, que modelam o mesmo problema
do jantar dos fil6sofos, presentes na Tabela 4.

E importante ressaltar que todas as propriedades apresentadas nesta secéo
sdo executadas quase que instantaneamente no NuSMV, pois visivelmente todas
elas demoram menos que um segundo para o NuSMV retornar o contra exemplo ou
afirmar que a propriedade é verdadeira. As oito propriedades apresentadas a seguir
também foram executadas de forma instantdnea com o modelo phil20.san que
possui trés bilhbes de estados totais, 38 milhbes de estados atingiveis e 495
milhdes de transi¢cdes, conforme € possivel verificar na Tabela 4. Por uma questao
de limitacdo de espaco, € apresentado 0s contra exemplos para as proximas

propriedades para o modelo phil3.san em vez do phil20.san.



63

1. EF EG st PO == Right

2. AG (st PO == Left — AF (st P1 = Left && st P2 != Right))

3. AG st P1 == Right

4. E [st PO ==Thinking U EG ( st P1 == Right)]

5. (! EX st PO ==Thinking) | (! EF EG st P1 == Right)

6. E[TRUE U EX(st PO == Thinking)] & E [TRUE U EG (st P1 == Right)]
7. AG AX st P2 == Right

8. AG ( (st PO == Thinking || st PO == Right) — AF (st P1 == Left) )

As primeiras trés propriedades possuem significado, j& as demais foram
desenvolvidas apenas para verificar o contraexemplo e testemunhas gerado pelo
NuSMV. A primeira propriedade assegura que existe algum caminho onde o filésofo
0 sempre quer comer. Esta propriedade também € verdadeira para todos 0s outros
fildsofos do modelo. A segunda propriedade significa que enquanto o filésofo 0 esta
comendo os demais nao estdo. Esta propriedade, da mesma forma que a primeira,
também é verdadeira para os demais fildsofos do modelo. A terceira verifica se
globalmente o filésofo 1 quer comer.

A fim de verificar estas propriedades com o NuSMV é necessario traduzir as
proposicdes atbmicas, que estdo descritas em SAN, de forma que sejam
compativeis com a linguagem do NuSMV e com o modelo traduzido, conforme
explicado na Secgao 4.1.

No NuSMV nédo é possivel criar uma testemunha no NuSMV para uma
propriedade CTL verdadeira. Portanto a fim de obter uma testemunha para cada
propriedade verdadeira, cada propriedade verdadeira foi negada ao ser verificada
pelo NuSMV. Desta forma, foi possivel obter um contraexemplo da negacao de uma
propriedade verdadeira, sendo equivalente a uma testemunha da propriedade
verdadeira. Abaixo € apresentado: a traducdo de cada uma das oito propriedades

acima, bem como o contraexemplo ou testemunha de cada propriedade.

1. EF EG a_PO.state = s_Right; Esta propriedade é verdadeira. A testemunha —
contraexemplo da negacéo — desta propriedade é:
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-> State: 1.1 <- -> State: 1.4 <-
a_P2.state = s_Thinking a_P2.state = s_Right
a_Pl.state = s_Thinking a_Pl.state = s_Thinking
a_Po.state = s_Thinking a_Po.state = s_Right

-- Loop starts here -> State: 1.5 «<-

-> State: 1.2 «<- a_P2.state = s_Thinking
a_P2.state = s_Thinking a_Pl.state = s_Thinking
a_Pl.state = s_Thinking a_Po.state = s_Right
a_Po.state = s_Right

-> State: 1.3 <-
a_P2.state = s_Left
a_Pl.state = s_Thinking
a_Po.state = s_Right

AG (a_PO.state = s Left - AF (a_P1l.state != s Left & a_PZ2.state !=
s_Right)); Esta propriedade é verdadeira. A testemunha — contraexemplo da
negacao — desta propriedade é:
-> State: 1.1 <-

a_P2.state = s_Thinking

a_Pl.state = s_Thinking
a_Po.state = s_Thinking

AG a_P1.state = s_Right; Esta propriedade é falsa conforme € apresentado o

seu contraexemplo:

-> State: 1.1 <-

a_P2.state = s_Thinking
a_Pl.state = s_Thinking
a_Po.state = s_Thinking

E [a_PO.state =s_Thinking U EG ( a_P1.state = s_Right)]; Esta propriedade é

verdadeira. A testemunha — contraexemplo da negacédo — desta propriedade

é:

-> State: 1.1 <- -> State: 1.4 <-
a_P2.state = s_Thinking a_P2.state = s_Thinking
a_Pl.state = s_Thinking a_Pl.state = s_Right
a_Po.state = s_Thinking a_PoO.state = s_Left

-- Loop starts here -> State: 1.5 <-

-> State: 1.2 «<- a_P2.state = s_Thinking
a_P2.state = s_Thinking a_Pl.state = s_Right
a_Pl.state = s_Right a_Po.state = s_Thinking
a_Po.state = s_Thinking

-> State: 1.3 <-
a_P2.state = s_Thinking
a_Pl.state = s_Right
a_Po.state = s_Right
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(! EX a_PO.state = s _Thinking) | (! EF EG a_Pl.state = s_Right); Esta

propriedade é falsa conforme é apresentado o seu contraexemplo:

-> State: 1.1 <- -> State: 1.2 <-
a_P2.state = s_Thinking a_P2.state = s_Left
a_Pl.state = s_Thinking a_Pl.state = s_Thinking
a_Po.state = s_Thinking a_Po.state = s_Thinking

E [TRUE U EX(a_PO.state = s_Thinking)] & E [TRUE U EG (a_P1l.state =
s_Right)]; Esta propriedade é verdadeira. A testemunha — contraexemplo da
negacao — desta propriedade é:

-> State: 1.1 <-

a_P2.state = s_Thinking
a_Pl.state = s_Thinking
a_Po.state = s_Thinking

([N

AG AX a P2.state = s _Right; Esta propriedade é falsa conforme

apresentado o seu contraexemplo:

-> State: 1.1 <- -> State: 1.2 <-
a_P2.state = s_Thinking a_P2.state = s_Left
a_Pl.state = s_Thinking a_Pl.state = s_Thinking
a_Po.state = s_Thinking a_PoO.state = s_Thinking

AG ( (a_PO.state = s_Thinking | a_PO.state = s_Right) — AF (a_P1.state =
s _Left) ); Esta propriedade é falsa conforme € apresentado o seu

contraexemplo:

-- Loop starts here -> State: 1.3 «<-

-> State: 1.1 <- a_P2.state = s_Right
a_P2.state = s_Thinking a_Pl.state = s_Thinking
a_Pl.state = s_Thinking a_Po@.state = s_Thinking
a_Po.state = s_Thinking -> State: 1.4 «<-

-> State: 1.2 <- a_P2.state = s_Thinking
a_P2.state = s_Left a_Pl.state = s_Thinking
a_Pl.state = s_Thinking a_PoO.state = s_Thinking
a_Po.state = s_Thinking

Estas trés propriedades foram desenvolvidas para o modelo ad10.san.
AG (stMN_1==T — AF (st MN_10==R))
EG(stMN_1==T — EF (st MN_10==R))

E([!(stMN_10==R) U (st MN_1 ==T)])
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A primeira propriedade significa que para todos os caminhos no modelo
sempre que ocorrer uma transmissdo do nodo MN_1 no futuro o nodo MN_10 vai
recebé-la. A segunda possui 0 mesmo significado da primeira com a Unica diferenga
gue nesta ao gerar a testemunha apresenta um caminho onde um envio do nodo
MN_1 é recebido pelo nodo MN_10. A terceira propriedade assegura que o nodo
MN_10 ndo receberd a transmissdo até que ocorra uma transmissdo do nodo
MN_1.

A traducdo destas trés propriedades segue abaixo juntamente com os

contraexemplos e testemunhas.

1. AG (a_MN 1.state =s T — AF (a_MN_10.state = s_R) ); Esta propriedade é
verdadeira. A testemunha — contraexemplo da negacao — desta propriedade

é:

-> State: 1.1 <-
a_MN_1.state =
a_MN_2.state =
a_MN_3.state =
a_MN_4.state =
a_MN_5.state =
a_MN_6.state =
a_MN_7.state =
a_MN_8.state =
a_MN_9.state =
a_MN_10.state =

nuuvLnuununuan
HoH HHHHHHH

wn |

I

2. EG (a_MN_1.state =s T — EF (a_MN_10.state = s_R) ); Esta propriedade é
verdadeira. A testemunha — contraexemplo da negacao — desta propriedade

é:

-- Loop starts here -> State: 1.11 <-

-> State: 1.1 <- a_MN_1.state = s_1I
a_MN_1.state = s_TI a_MN_2.state = s_I
a_MN_2.state = s_T a_MN_3.state = s_I
a_MN_3.state = s_I a_MN_4.state = s_1I
a_MN_4.state = s_I a_MN_5.state = s_1I
a_MN_5.state = s_I a_MN_6.state = s_R
a_MN_6.state = s_T a_MN_7.state = s_I
a_MN_7.state = s_T a_MN_8.state = s_I
a_MN_8.state = s_I a_MN_9.state = s_1I
a_MN_9.state = s_I a_MN_10.state = s_I
a_MN_10.state = s_I -> State: 1.12 <-

-> State: 1.2 <- a_MN_1.state = s_I
a_MN_1.state = s_T a_MN_2.state = s_I
a_MN_2.state = s_R a_MN_3.state = s_I



a_MN_3.state =
a_MN_4.state =
a_MN_5.state =
a_MN_6.state =
a_MN_7.state =
a_MN_8.state =
a_MN_9.state =
a_MN_10.state
-> State: 1.3 <-
a_MN_1.state =
a_MN_2.state =
a_MN_3.state =
a_MN_4.state =
a_MN_5.state =
a_MN_6.state =
a_MN_7.state =
a_MN_8.state =
a_MN_9.state =
a_MN_10.state
-> State: 1.4 <-
a_MN_1.state =
a_MN_2.state =
a_MN_3.state =
a_MN_4.state =
a_MN_5.state =
a_MN_6.state =
a_MN_7.state =
a_MN_8.state =
a_MN_9.state =
a_MN_10.state
-> State: 1.5 <-
a_MN_1.state =
a_MN_2.state =
a_MN_3.state =
a_MN_4.state =
a_MN_5.state =
a_MN_6.state =
a_MN_7.state =
a_MN_8.state =
a_MN_9.state =
a_MN_10.state
-> State: 1.6 <-
a_MN_1.state =
a_MN_2.state =
a_MN_3.state =
a_MN_4.state =
a_MN_5.state =
a_MN_6.state =
a_MN_7.state =
a_MN_8.state =
a_MN_9.state =
a_MN_10.state
-> State: 1.7 <-
a_MN_1.state =
a_MN_2.state =
a_MN_3.state =
a_MN_4.state =
a_MN_5.state =
a_MN_6.state =

nun unnnunonnon n . nunun nn n n nn n . ununu nn nun nun
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a_MN_4.state =
a_MN_5.state =
a_MN_6.state =
a_MN_7.state =
a_MN_8.state =
a_MN_9.state =
a_MN_10.state
-> State: 1.13 <
a_MN_1.state =
a_MN_2.state =
a_MN_3.state =
a_MN_4.state =
a_MN_5.state =
a_MN_6.state =
a_MN_7.state =
a_MN_8.state =
a_MN_9.state =
a_MN_10.state
-> State: 1.14 <
a_MN_1.state =
a_MN_2.state =
a_MN_3.state =
a_MN_4.state =
a_MN_5.state =
a_MN_6.state =
a_MN_7.state =
a_MN_8.state =
a_MN_9.state =
a_MN_10.state
-> State: 1.15 <
a_MN_1.state =
a_MN_2.state =
a_MN_3.state =
a_MN_4.state =
a_MN_5.state =
a_MN_6.state =
a_MN_7.state =
a_MN_8.state =
a_MN_9.state =
a_MN_10.state
-> State: 1.16 <
a_MN_1.state =
a_MN_2.state =
a_MN_3.state =
a_MN_4.state =
a_MN_5.state =
a_MN_6.state =
a_MN_7.state =
a_MN_8.state =
a_MN_9.state =
a_MN_10.state
-> State: 1.17 <
a_MN_1.state =
a_MN_2.state =
a_MN_3.state =
a_MN_4.state =
a_MN_5.state =
a_MN_6.state =
a_MN_7.state =
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a_MN_7.state = s_I a_MN_8.state = s_I
a_MN_8.state = s_ I a_MN_9.state = s_R
a_MN_9.state = s_T a_MN_10.state = s_1I
a_MN_10.state = s_I -> State: 1.18 <-

-> State: 1.8 <- a_MN_1.state = s_I
a_MN_1.state = s_I a_MN_2.state = s_1I
a_MN_2.state = s_T a_MN_3.state = s_I
a_MN_3.state = s_T a_MN_4.state = s_I
a_MN_4.state = s_T a_MN_5.state = s_I
a_MN_5.state = s R a_MN_6.state = s_I
a_MN_6.state = s_ T a_MN_7.state = s_I
a_MN_7.state = s_TI a_MN_8.state = s_I
a_MN_8.state = s_T a_MN_9.state = s_T
a_MN_9.state = s_I a_MN_10.state = s_R
a_MN_10.state = s_1I -> State: 1.19 <-

-> State: 1.9 <- a_MN_1.state = s_I
a_MN_1.state = s_TI a_MN_2.state = s_I
a_MN_2.state = s_T a_MN_3.state = s_I
a_MN_3.state = s_I a_MN_4.state = s_I
a_MN_4.state = s_1I a_MN_5.state = s_I
a_MN_5.state = s_R a_MN_6.state = s_I
a_MN_6.state = s_T a_MN_7.state = s_I
a_MN_7.state = s_TI a_MN_8.state = s_I
a_MN_8.state = s_I a_MN_9.state = s_I
a_MN_9.state = s_I a_MN_10.state = s_I
a_MN_10.state = s_I

-> State: 1.10 <-
a_MN_1.state = s_TI
a_MN_2.state = s_I
a_MN_3.state = s_I
a_MN_4.state = s_T
a_MN_5.state = s_T
a_MN_6.state = s_R
a_MN_7.state = s_TI
a_MN_8.state = s_I
a_MN_9.state = s_T
a_MN_10.state = s_I

3. E(!'(a_MN_10.state =s R) U (a_MN_1.state = s T)] ); Esta propriedade é
verdadeira. A testemunha — contraexemplo da negacao — desta propriedade

é:

-> State: 1.1 <- -> State: 1.2 <-
a_MN_1.state = s_TI a_MN_1.state = s_T
a_MN_2.state = s_T a_MN_2.state = s_R
a_MN_3.state = s_I a_MN_3.state = s_I
a_MN_4.state = s_I a_MN_4.state = s_1I
a_MN_5.state = s_I a_MN_5.state = s_1I
a_MN_6.state = s_T a_MN_6.state = s_I
a_MN_7.state = s_T a_MN_7.state = s_I
a_MN_8.state = s_I a_MN_8.state = s_1I
a_MN_9.state = s_I a_MN_9.state = s_1I
a_MN_10.state = s_I a_MN_10.state = s_t
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Para o modelo pl3.san [23] foi desenvolvido a propriedade abaixo a fim de
obter a sua testemunha. Esta propriedade também foi executada para modelos
maiores, que modelam o mesmo problema da linha de producdo, presentes na
Tabela 4.

1. E[TRUE U (stM3 ==st_1 2)]

A traducao desta propriedade segue abaixo juntamente com sua testemunha.

1. E [TRUE U (a_M3.state = s_st_1 2)] ; Esta propriedade é verdadeira. A
testemunha — contraexemplo da negacdo — desta propriedade € a mesma

apresentada na quinta propriedade desta lista;

-> State: 1.1 <- -> State: 1.4 <-
a_M2.state = s_st_0_1 a_M2.state = s_st_1_1
a_M3.state = s_st_0_0 a_M3.state = s_st 01

-> State: 1.2 <- -> State: 1.5 <-
a_M2.state = s_st_1_1 a_M2.state = s_st_0_1
a_M3.state = s_st_0 0 a_M3.state = s_st_1_1

-> State: 1.3 <- -> State: 1.6 <-
a_M2.state = s_st_1_2 a_M2.state = s_st_0_1

a_M3.state = s_st_0_0 a_M3.state = s_st_1 2



70

9 CONCLUSAO

Esta dissertacdo propfe uma abordagem a fim de realizar avaliagdes
gualitativas de modelos SAN. A Secdo 6 apresenta e detalha o primeiro
mapeamento existente dos conceitos da linguagem SAN para os conceitos de um
verificador de modelos existente. O verificador de modelos utilizado nesta
dissertacdo foi o NUSMV. A partir deste mapeamento foi implementado um tradutor
de modelos textuais SAN para modelos textuais utilizados pelo NuSMV, o qual é
descrito na Segao 6.6.

Conforme € discutido na Secédo 7, as caracteristicas comparadas — estados
totais, estados atingiveis e transicbes — dos modelos SAN e respectivos modelos
traduzidos séo idénticas, o que da fortes indicios de que a traducdo esta correta.
Além disso, as topologias — os sistemas de transi¢cdes de estados — dos modelos
SAN e suas traducdes sdo isomorficas, conforme é possivel verificar nas imagens
dos apéndices, reforcando a hipétese da corretude da traducdao.

Dois tercos da Secdo 8 apresentam dois modelos SAN e seus respectivos
modelos traduzidos, desta forma exemplificando de forma completa a traducdo de
modelos SAN. A Secdo 8.3 aborda a realizacao de analises qualitativas através de
propriedades CTL em modelos resultantes da traducdo. Desta forma € possivel
verificar propriedades CTL descritos para trés modelos SAN e 0s seus respectivos
contra exemplos (para as propriedades que sao falsas) gerados pelo NuSMV.
Conforme a Secédo 8.3 as andlises qualitativas foram realizadas de forma quase
instantanea (aproximadamente um segundo) até mesmo para modelos com trés
bilhdes de estados totais, 38 milhdes de estados atingiveis e 495 milhdes de
transicoes.

Portanto esta dissertacdo possibilita realizar avaliagcbes qualitativas de
modelos SAN através de sua traducéo para a linguagem do NuSMV e da utilizacao
do modelo traduzido pelo NuSMV. Entretanto, conforme é detalhado na Secéo 6.3 e
principalmente na Tabela 3, ainda existem conceitos de SAN que ainda nao foram
mapeados para a linguagem do NuSMV, sendo a maior parte deles baseados no
conceito SAN de replicagao.

Consequentemente 0 mapeamento dos conceitos restantes de SAN para a

7

linguagem do NuSMV €& considerado como um dos trabalhos futuros. A
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argumentacdo formal da corretude da traducdo, conforme citado na Secédo 7,
também esta inclusa nos trabalhos futuros. Além destes, o aprimoramento do
tradutor através da criagdo de uma camada de abstracdo similar a apresentada em
[1] é outro aspecto que pode ser desenvolvido futuramente. Através desta camada o
usuario SAN nédo necessitaria entender da sintaxe e da semantica da linguagem do
NuSMV bem como da utilizagdo deste Model Checker. O desenvolvimento desta
camanda de abstracdo pode ser dividido em duas partes: a primeira é a expansao
do tradutor a fim de traduzir uma nova secdo em SAN que aceite a especificagdo de
propriedades CTL descritos na sintaxe SAN, ja a segunda é capacidade de traduzir
0s contra exemplos gerados pelo NuSMV para a sintaxe utilizada no modelo SAN.
Para ambas as partes, a logica apresentada na Secdo 6 desta dissertacdo sera
fundamental para desenvolver esta nova camada de abstragao.
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APENDICE A — GRAMATICA ACEITA PELO TRADUTOR DA
LINGUAGEM SAN PARA A LINGUAGEM DO NUSMV

SANModel : identifiersSection eventsSection reachabilitySection networkSection
automatalist resultsSection ;

identifiersSection : IDENTIFIERS identifierlList ;
identifierList : identifierDeclaration | identifierDeclaration identifierList |;

identifierDeclaration : ID '=' expression ';' ;

eventsSection : EVENTS eventsList ;
eventslList : eventDeclaration | eventDeclaration eventsList | ;
eventDeclaration : eventType eventName eventRate ';' ;
eventType : LOC | SYN ;
eventName : ID ;

eventRate : NUMBER | ID | '(' NUMBER ')' | '(' ID ')' ;

reachabilitySection : PARTIAL reachabilityDeclaration | reachabilityDeclaration ;

reachabilityDeclaration : REACHABILITY '=' expression ';' ;

networkSection : NETWORK networkName '(' networkType ')' ;
networkName : ID ;
networkType : CONTINUOUS | DISCRETE ;

automatalist : automataDeclaration | automataDeclaration automatalist ;
automataDeclaration : automataHeader automataBody ;
automataHeader : AUT automataName ;
automataName : ID ;
automataBody : automataStatelList ;
automataStatelList : automataStateHeader automataTolList | automataStateHeader
automataTolist automataStatelist ;
automataStateHeader : STT automataStateName | STT automataStateName ('
automataReward ')' ;
automataStateName : ID ;
automataReward : ID | NUMBER ;
automataTolList : automataToDeclaration | automataToDeclaration automataTolist

automataToDeclaration : TO '(' automataStateName ')' automataEventlList ;
automataEventList : automataEventDeclaration | automataEventDeclaration
automataEventList ;
automataEventDeclaration : eventName | eventName '(' eventProbability ')';
eventProbability : NUMBER | ID ;

resultsSection : RESULTS resultlList | ;
resultList : resultDeclaration | resultDeclaration resultlList ;

resultDeclaration : ID '=' expression ';' ;

expression : constant

| automataName

| operatorWithOneArgBeforeArg expressionArgument

| expressionArgument operatorWithOneArgAfterArg

| expressionArgument operatorWithTwoArguments expressionArgument
| expressionArgument operatorWithTwoArguments expression

| expression operatorWithTwoArguments expressionArgument

| "(' expression ')' ;

constant : NUMBER | '(' constant ')' ;
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expressionArgument : NUMBER | automataName | expression | '(' expressionArgument
l)l;
operatorWithTwoArguments : "+" | "-" | "*" | "/" | EQUAL | DIFFERENT | "<" |

LESS _THAN_OR_EQUAL | ">" | GREATER_THAN OR_EQUAL | LOGIC OR | LOGIC_AND |
LOGIC_IMPLICATION | XOR | '(' operatorWithTwoArguments ')' ;

operatorWithOneArgBeforeArg : ST | "@" | NB | RW | "!™ | '("
operatorWithOneArgBeforeArg ')' ;

operatorWithOneArgAfterArg : "!" | '(' operatorWithOneArgAfterArg ')' ;

LETTER=[A-Za-z_]+
ID={LETTER}({LETTER} | {POSITIVENUMBER})*
POSITIVENUMBER=[0-9]+
NUMBER=-?{POSITIVENUMBER}
IDENTIFIERS = "identifiers"
EVENTS = "events"

LOC = "loc"

SYN = "syn"

PARTIAL = "partial”
REACHABILITY = "reachability"
NETWORK = "network"

RESULTS = "results"
CONTINUOUS ="continuous"
DISCRETE = "discrete"

AUT = "aut"
STT = "stt"
TO = "to"
FROM = "from"
ST = "st"

NB = "nb"

RW = "rw"

GREATER_THAN_OR_EQUAL = ">="
LESS_THAN_OR_EQUAL = "<="
XOR = "A"

EQUAL = "=="

DIFFERENT = "I="

LOGIC_AND = "8&"

LOGIC_OR = "||"
LOGIC_EQUIVALENCE = "<->"
LOGIC_IMPLICATION = "->"
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APENDICE B — CADEIA DE MARKOV EQUIVALENTE AO MODELO
PHILO4C.SAN
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APENDICE C - SISTEMA DE TRANSICAO DE ESTADOS DO
MODELO PHIL04C.SMV — TRADUCAO DE PHIL04C.SAN
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APENDICE D — CADEIA DE MARKOV EQUIVALENTE AO MODELO
FAS5C.SAN
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APENDICE E - SISTEMA DE TRANSICAO DE ESTADOS DO
MODELO FAS5C.SMV — TRADUCAO DE FAS5C.SAN
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APENDICE F — CADEIA DE MARKOV EQUIVALENTE AO MODELO
FAS6C.SAN
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APENDICE G - SISTEMA DE TRANSICAO DE ESTADOS DA
TRADUCAO DE FAS6C.SAN PARA FAS6C.SMV
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APENDICE H — CADEIA DE MARKOV EQUIVALENTE AO MODELO
FAS7C.SAN
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APENDICE | — SISTEMA DE TRANSICAO DE ESTADOS DO
MODELO FAS7.SMV - TRADUCAO DE FAS7C.SAN
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APENDICE J — CADEIA DE MARKOV EQUIVALENTE AO MODELO
PL4.SAN
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APENDICE K — SISTEMA DE TRANSICAO DE ESTADOS DO
MODELO PL4.SMV - TRADUCAO DE PL4.SAN



APENDICE L — ARQUIVO TEXTUAL DO MODELO PHILO3F.SAN

identifiers

// Number of philosophers
P =3;

// Acquisition rate
lambda = 1;

// Release rate

mu = 2;

Thinking_to_Right_©
Right_to_Left_o

(st P1 != Left) * lambda;
(st P2 I= Right) * lambda;

Thinking_to_Right_ 1
Right_to_Left_1

(st P2 == Thinking) * lambda;
(st PO == Thinking) * lambda;

Thinking_to_Left_2

(st P1 == Thinking) * lambda;
I

Left_to Right 2 = (st PO != Left) * lambda;
events

loc t_r_@ (Thinking_to_Right_0);

loc r_1 0 (Right_to_Left 90);

loc 1.t @ (mu);

loc t_r_1 (Thinking_to_Right_1);

loc r_1 1 (Right_to_Left_1);

loc 1. t 1 (mu);

loc t_1_2 (Thinking_to_Left_2);

loc 1_r_2 (Left_to_Right_2);

loc r_t_2 (mu);

partial reachability = ((nb Thinking) == P);

network PHILOSOPHERS (continuous)

aut P2
stt Thinking to (Left) t 12
stt Left to (Right) l1r2
stt Right to (Thinking) r_t_2
aut P1
stt Thinking to (Right) tr.1
stt Right to (Left) rli1
stt Left to (Thinking) 1_t_1
aut PO
stt Thinking to (Right) troe
stt Right to (Left) rle
stt Left to (Thinking) 1 t o
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APENDICE M — ARQUIVO TEXTUAL DO MODELO PHILO3F.SMV

MODULE ad_P2()

VAR state : {s_Thinking,s_Left,s_Right};
DEFINE

unchanged := state = next(state);

MODULE ad_P1()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_Po()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE main

VAR
a_P2 : ad_P2();
a_P1 : ad_P1();
a_Pe : ad_Po();

INIT
( nb_s_Thinking = i P )
TRANS
next_local step_ad_P2
| next_local step_ad_P1
| next_local step ad _Po

DEFINE
a_P2 getCurrentIndex := ( a_P2.state = s_Thinking ? @ : ( a_P2.state =
s Left 1 : ( a_P2.state = s Right ? 2 : -1 ) ) )

-= S=E================ ad_Pz automata local Steps section =—=================
local _step_ad P2 := (

-- connection s_Thinking - s_Left

( ( a_P2.state = s_Thinking & e t_ 1 2 ) & ( next(a_P2.state) = s_Left ) )

|

-- connection s_Left - s_Right

( ( a_P2.state = s_Left & e 1 r 2 ) & ( next(a_P2.state) = s_Right ) )

|

-- connection s_Right - s_Thinking

( ( a_P2.state = s_Right & e_r_t 2 ) & ( next(a_P2.state) = s_Thinking ) )
)5
next_local step_ad P2 := ( local step _ad P2

& a_Pl.unchanged

& a_Po.unchanged

)
a_P1 getCurrentIndex := ( a_Pl.state = s_Thinking ? @ : ( a_Pl.state =
s Right ? 1 : ( a Pl.state = s Lleft 2 2 : -1 ) ) );

-- ================== ad_P1 automata local steps section ==================
local_step_ad_P1 := (

-- connection s_Thinking - s_Right

( ( a_Pl.state = s_Thinking & e t r 1 ) & ( next(a_Pl.state) = s _Right ) )

|

-- connection s_Right - s_Left

( ( a_Pl.state = s_Right & e_.r_ 1 1 ) & ( next(a_Pl.state) = s_Left ) )

|

-- connection s_Left - s_Thinking
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( ( a_Pl.state = s_Left & e_.1 t 1 ) & ( next(a_Pl.state) = s_Thinking ) )
)s
next_local _step_ad P1 := ( local step _ad P1

& a_P2.unchanged

& a_P@.unchanged

)s
a_Po_getCurrentIndex := ( a_Po.state = s_Thinking ? @ : ( a_Po.state =
s_Right ?» 1 : ( a_Po.state = s Lleft ? 2 : -1 ) ) );

-= SESSSSSS=S========= ad_Pe automata local Steps Section sS====s=s==s==========
local step_ad PO := (

-- connection s_Thinking - s_Right

( ( a_Po.state = s_Thinking & e t r @ ) & ( next(a_P@.state) = s_Right ) )

|

-- connection s_Right - s_Left

( ( a_Po.state = s_Right & e_.r_ 1 @ ) & ( next(a_PO@.state) = s_Left ) )

|

-- connection s_Left - s_Thinking

( ( a_Po.state = s _ Left & e 1 t @ ) & ( next(a_Po.state) = s _Thinking ) )
)
next_local_step_ad PO := ( local_step_ad_Po

& a_P2.unchanged

& a_Pl.unchanged

i_Thinking_to_Right_© :
)s

i Right_to Left @ := ( ( ( ( a_P2.state !=s Right ) ) ? 1 : @ ) * i_lambda );

( ( ( (aPl.state !=s Left ) ) ?1:0 ) * i lambda

i_Thinking_to Right_1 :
i_lambda );

( ( ( ( a_P2.state = s_Thinking ) ) ? 1 : 0 ) *

i_Right_to_Left_1 := ( ( ( ( a_Po.state = s_Thinking ) ) ? 1 : @ ) * i_lambda );

i Thinking to Left 2 := ( ( ( ( a_Pl.state = s_Thinking ) ) ? 1 : @ ) * i lambda
)s

i Left_to Right 2 := ( ( ( ( a_PO.state !=s Left ) ) ? 1 : 0 ) * i _lambda );

nb_s_Thinking := (
( a_P2.state = s_Thinking ? 1 : @ ) +
( a_Pl.state = s_Thinking ? 1 : @ ) +
( a_Po.state = s_Thinking ? 1 : @ )

-=- S=E================ events Section —=================
et r @ :=( i Thinking to Right @ > 0 );

™

]
II—'
|®

Il

( i_Right_to_Left @0 > 0 );

(0]
=
Ir+
I®

1]

(imu>o0);
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etr1:
er1l1:
el ti1:
et 1l2:
elr2:

er t2:

( i_Thinking_to_Right_1 > 0 );
( i_Right_to_Left 1 > 0 );
(imu>o0);

( i_Thinking_to_Left 2 > 0 );
( i_Left_to Right 2 > 0 );

(imu>o0);



APENDICE N — ARQUIVO TEXTUAL DO MODELO PHIL0O4F.SAN

identifiers

// Number of philosophers
P = 4;

// Acquisition rate
lambda = 1;

// Release rate

mu = 2;

Thinking_to_Right_©
Right_to_Left_o

(st P1 != Left) * lambda;
(st P3 != Right) * lambda;

Thinking_to_Right_ 1
Right_to_Left_1

(st P2 != Left) * lambda;
(st PO == Thinking) * lambda;

Thinking_to_Right_2
Right_to_Left_2

(st P3 == Thinking) * lambda;
(st P1 == Thinking) * lambda;

Thinking_to_Left_3

(st P2 == Thinking) * lambda;
I

Left_to_Right_3 = (st PO != Left) * lambda;
events

loc t_r_© (Thinking_to Right_0);

loc r_1 @ (Right_to_Left_0);

loc 1 t @ (mu);

loc t_r_1 (Thinking_to Right_1);

loc r_1_ 1 (Right_to_Left_1);

loc 1_t_1 (mu);

loc t_r_2 (Thinking_to Right_2);

loc r_1 2 (Right_to_Left 2);

loc 1_t_ 2 (mu);

loc t_ 1 3 (Thinking_to_Left_3);

loc 1 r_3 (Left_to_Right 3);

loc r_t 3 (mu);

partial reachability = ((nb Thinking) == P);

network PHILOSOPHERS (continuous)

aut P3
stt Thinking to (Left) t 13
stt Left to (Right) l1r3
stt Right to (Thinking) r_t_3
aut P2
stt Thinking to (Right) tr2
stt Right to (Left) rl2
stt Left to (Thinking) 1 t 2
aut P1

stt Thinking to (Right) tr1
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stt Right to
stt Left to

aut Po
stt Thinking to
stt Right to
stt Left to

(Left)
(Thinking)

(Right)
(Left)
(Thinking)

r
1

11
_t 1

_r 0
10
_t o



APENDICE O — ARQUIVO TEXTUAL DO MODELO PHIL04F.SMV

MODULE ad_P3()

VAR state : {s_Thinking,s_Left,s_Right};
DEFINE

unchanged := state = next(state);

MODULE ad_P2()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P1()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_Po()

VAR state : {s_Thinking,s Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE main

VAR
a_P3 : ad_P3();
a_P2 : ad_P2();
a_P1 : ad_P1();
a_Po : ad_Pe();

INIT
( nb_s_Thinking = i_P )
TRANS
next_local step_ad_P3
| next_local step ad P2
| next_local_step_ad_P1
| next_local_step_ad_Po
DEFINE
a_P3 getCurrentIndex := ( a_P3.state = s_Thinking ? @ : ( a_P3.state =
s Left 21 : ( a_P3.state = s Right ? 2 : -1 ) ) );
-- ================== ad_P3 automata local steps section ==================
local_step_ad P3 := (
-- connection s_Thinking - s_Left
( ( a_P3.state = s_Thinking & e t 1 3 ) & ( next(a_P3.state) = s_Left ) )
|
-- connection s_Left - s_Right
( ( a_P3.state = s_Left & e_.1 r 3 ) & ( next(a_P3.state) = s_Right ) )
|
-- connection s_Right - s_Thinking
( ( a_P3.state = s_Right & e_r_t 3 ) & ( next(a_P3.state) = s_Thinking ) )
)
next_local_step_ad _P3 := ( local_step_ad_P3
& a_P2.unchanged
& a_Pl.unchanged
& a_Po.unchanged
)
a_P2 getCurrentIndex := ( a_P2.state = s_Thinking ? @ : ( a_P2.state =
s Right ?» 1 : ( a P2.state = s Lleft 2 2 : -1 ) ) );
-- ================== ad_P2 automata local steps section ==================
local_step_ad_P2 := (
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s_

S_

)5

-- connection s T
( ( a_P2.state
|

-- connection s_R
( ( a_P2.state

hinking - s_Right
s_Thinking & e_t r_2 ) & ( next(a_P2.state)

ight - s_Left
s_Right & e_r_1 2 ) & ( next(a_P2.state)

-- connection s_Left - s_Thinking

( ( a_P2.state
)

next_local step_ad_

& a_P3.unchanged
& a_Pl.unchanged
& a_Po.unchanged
)s
a_P1 _getCurrentInde
Right ? 1 : (

local_step_ad_P1
-- connection s_T
( ( a_Pl.state
|
-- connection s_R
( ( a_Pl.state
|
-- connection s_L
( ( a_Pl.state

)5

next_local step_ad_

& a_P3.unchanged
& a_P2.unchanged
& a_Po.unchanged

)5

a_Po_getCurrentIndex :
a_

Right ? 1 : (

local_step_ad_Po :

a_

s Left & e.1 t 2 ) & ( next(a_P2.state)

P2 := ( local step _ad P2

X ( a_Pl.state = s_Thinking ? @ : (
Pl.state = s_left ? 2 : -1 ) ) )

ad_P1 automata local steps section

(
hinking - s_Right

s_Thinking & e_t_r_1 ) & ( next(a_P1l.state)

ight - s_Left
s Right & e r 1 1 ) & ( next(a_Pl.state)

eft - s_Thinking
s Left & e 1 t 1) & ( next(a_Pl.state)

P1 := ( local _step_ad_P1

( a_Po.state = s_Thinking ? @ : (
PO.state = s_left ? 2 : -1 ) ) )

ad_Po automata local steps section

(

-- connection s_Thinking - s_Right

( ( a_Po.state

s_Thinking & e_t_r_0 ) & ( next(a_P@.state)

-- connection s_Right - s_Left

( ( a_Po.state

s_Right & e r 1 @ ) & ( next(a_Po.state)

-- connection s_Left - s_Thinking

( ( a_Po.state
)

next_local step_ad_Po

& a_P3.unchanged
& a_P2.unchanged
& a_Pl.unchanged

)5

iP:i=(4);
i lambda := (1 );
imu:=(2);

i_Thinking_to_Right_o

s Left & e.1 t @ ) & ( next(a_Po.state)

:= ( local_step_ad _Po

= ( ( ( (a_Pl.state I=s Left ) ) ? 1 :

s_Right ) )

s_Left ) )

s_Thinking ) )

a_P1l.state

s_Right ) )

s_Left ) )

s_Thinking ) )

a_Po.state

s_Right ) )

s_Left ) )

s_Thinking ) )

@ ) * i_lambda



)5

)5

i Right_to_Left_ 0 := ( (

i_Thinking_to_Right_1 :

i Right_to Left 1 := ( (

i_Thinking_to_Right_2 :=
i lambda );

i Right_to Left 2 := ( (

i_Thinking to_Left_3 :=

i_Left_to_Right 3 :=

nb s Th1nkin

A/\/\/\|
QJ QJ QJ ml

et r.1:
er.1l1:
el t1:
et r2:
er.1l2:
el t2:

et l1l3:

= (
.state = s_Thinking ? 1 : @ ) +
.state = s_Thinking ? 1 : @ ) +
.state = s_Thinking ? 1 : @ ) +
.state = s_Thinking ? 1 : 0 )

S ss=s=s=s=s==s==s====== events Section =====
= ( i_Thinking _to_Right @ > 0 );
= ( i_Right_to_Left_0 > 0 );
= (imu>0);
= ( i_Thinking_to_Right_1 > 0 );
= ( i_Right_to_ Left 1 > 0 );
= (imu >0 );
= ( i_Thinking_to_Right 2 > 0 );
= ( i_Right_to_ Left 2 > 0 );
= (imu>0);
= ( i_Thinking to_Left 3 > 0 );
:= ( i_Left_to_Right_3 > 0 );

elr3

er t3:

¢ (
¢ (

¢ (
¢ (

¢ (

imu>o0);

a_P3.state I= s Right ) ) ? 1

( ( a_P2.state !=s Left ) ) ? 1 :

a_Po.state = s_Thinking ) ) ? 1 :

( ( a_P3.state

a_Pl.state = s_Thinking ) ) ? 1 :

( ( ( ( a_P2.state

( ( ( ( a_Po.state !=
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: 0 ) * i lambda );

@ ) * i_lambda

@ ) * i _lambda );

= s Thinking ) ) 21 : 0 ) *

@ ) * i _lambda );

= s_Thinking ) ) ? 1 : @ ) * i_lambda

s Lleft ) ) 21 :0 ) * i lambda );
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APENDICE P — ARQUIVO TEXTUAL DO MODELO PHIL10.SAN

identifiers

// Number of philosophers
P = 10;

// Acquisition rate
lambda = 1;

// Release rate

mu = 2;

Thinking_to_Right_©
Right_to_Left_o

(st P1 != Left) * lambda;
(st P9 != Right) * lambda;

Thinking_to_Right_ 1
Right_to_Left_1

(st P2 != Left) * lambda;
(st PO == Thinking) * lambda;

Thinking_to_Right_2
Right_to_Left_2

(st P3 I= Left) * lambda;
(st P1 == Thinking) * lambda;

Thinking_to_Right_3
Right_to_Left_3

(st P4 != Left) * lambda;
(st P2 == Thinking) * lambda;

Thinking_to Right 4
Right_to_Left 4

(st P5 != Left) * lambda;
(st P3 == Thinking) * lambda;

Thinking_to_Right_5
Right_to_Left_5

(st P6 = Left) * lambda;
(st P4 == Thinking) * lambda;

Thinking_to_Right_6
Right_to_Left_6

(st P7 != Left) * lambda;
(st P5 == Thinking) * lambda;

Thinking_to_Right_7 = (st P8 != Left) * lambda;

Right_to_Left 7 = (st P6 == Thinking) * lambda;

Thinking_to_Right_8 = (st P9 == Thinking) * lambda;

Right_to_Left_8 = (st P7 == Thinking) * lambda;

Thinking _to_Left 9 = (st P8 == Thinking) * lambda;

Left_to Right 9 = (st PO != Left) * lambda;
events

loc t_r_© (Thinking_to Right 0);

loc r_1 @ (Right_to_Left_0);

loc 1 t @ (mu);

loc t_r_1 (Thinking_to Right_1);

loc r_1 1 (Right_to Left 1);

loc 1_t 1 (mu);

loc t_r_2 (Thinking_to Right_2);

loc r_1 2 (Right_to Left 2);

loc 1. t 2 (mu);

loc t_r_3 (Thinking_to_Right_3);

loc r_1 3 (Right_to_Left_3);



loc 1_t_3 (mu);

loc t_r_4 (Thinking_to_Right_4);
loc r_1 4 (Right_to_Left 4);

loc 1 t 4 (mu);

loc t_r_5 (Thinking_to_Right_5);
loc r_1 5 (Right_to_Left _5);

loc 1.t 5 (mu);

loc t_r_6 (Thinking_to_Right_6);
loc r_1 6 (Right_to_Left 6);

loc 1.t 6 (mu);

loc t_r_7 (Thinking_to_Right_7);
loc r_1_7 (Right_to_Left_7);

loc 1. t 7 (mu);

loc t_r_8 (Thinking_to_Right_8);
loc r_1 8 (Right_to_Left_8);

loc 1 t 8 (mu);

loc t_ 1 9 (Thinking_to_Left 9);
loc 1_r_9 (Left_to_Right_9);

loc r_t_9 (mu);

reachability = ((nb Thinking) == P);

network PHILOSOPHERS (continuous)

aut P9

stt Thinking to (Left) t 19

stt Left to (Right) l1r9o

stt Right to (Thinking) r_t_9
aut P8

stt Thinking to (Right) t r8

stt Right to (Left) r18

stt Left to (Thinking) 1 t_8
aut P7

stt Thinking to (Right) tr 7

stt Right to (Left) rl7

stt Left to (Thinking) 1_t_7
aut P6

stt Thinking to (Right) tr6

stt Right to (Left) rle

stt Left to (Thinking) 1 t 6
aut P5

stt Thinking to (Right) t.r>5

stt Right to (Left) rls5

stt Left to (Thinking) 1 t 5
aut P4

stt Thinking to (Right) tr 4

stt Right to (Left) rla

stt Left to (Thinking) 1 t 4
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aut P3
stt Thinking
stt Right
stt Left

aut P2
stt Thinking
stt Right
stt Left

aut P1
stt Thinking
stt Right
stt Left

aut PO
stt Thinking
stt Right
stt Left

to
to
to

to
to
to

to
to
to

to
to
to

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)



APENDICE Q — ARQUIVO TEXTUAL DO MODELO PHIL10.SMV

MODULE ad_P9()

VAR state : {s_Thinking,s_Left,s_Right};
DEFINE

unchanged := state = next(state);

MODULE ad_P8()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P7()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P6()

VAR state : {s_Thinking,s Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P5()

VAR state : {s_Thinking,s Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P4()

VAR state : {s_Thinking,s Right,s Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P3()

VAR state : {s_Thinking,s Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P2()

VAR state : {s_Thinking,s Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P1()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_Po()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE main

VAR
a_P9 : ad_P9();
a_P8 : ad_P8();
a_P7 : ad_P7();
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a_P6 : ad_P6();
a_P5 : ad_P5();
a_P4 : ad_P4();
a_P3 : ad_P3();
a_P2 : ad_P2();
a Pl : ad _P1();
a_Po : ad_Pe();

INIT
( nb_s_Thinking = i_P )
TRANS
next_local step_ad_P9
| next_local_step_ad P8
| next_local step ad P7
| next_local step ad P6
| next_local_step_ad_P5
| next_local_step ad_P4
| next_local step_ad_P3
| next_local_step_ad_P2
| next_local step_ad_P1
| next_local_step_ad_Po

DEFINE
a_P9 _getCurrentIndex := ( a_P9.state = s_Thinking ? @ : ( a_P9.state =
s Left 1 : ( a_P9.state = s Right ? 2 : -1 ) ) )

-- ================== ad_P9 automata local steps section ==================
local _step_ad P9 := (
-- connection s_Thinking - s_Left
( ( a_P9.state = s_Thinking & e t 1 9 ) & ( next(a_P9.state) = s_Left ) )
|
-- connection s_Left - s_Right
( ( a_P9.state = s _Left & e.1 r 9 ) & ( next(a_P9.state) = s_Right ) )
|
-- connection s_Right - s_Thinking
( ( a_P9.state = s_Right & e_r_t 9 ) & ( next(a_P9.state) = s_Thinking ) )
)
next_local step_ad P9 := ( local step _ad P9
a_P8.unchanged
a_P7.unchanged
a_P6.unchanged
a_P5.unchanged
a_P4.unchanged
a_P3.unchanged
a_P2.unchanged
a_P1.unchanged
a_P@.unchanged

20 20 20 Q0 2O RO RO Qo RO

)s
a_P8 getCurrentIndex := ( a_P8.state = s_Thinking ? @ : ( a_P8.state
s Right ? 1 : ( a_P8.state=s left?2: -1 ) ) )
-- ================== ad_P8 automata local steps section ==================
local step_ad P8 := (
-- connection s_Thinking - s_Right
( ( a_P8.state = s_Thinking & e t_ r_8 ) & ( next(a_P8.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P8.state = s_Right & e_r_1 8 ) & ( next(a_P8.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P8.state = s_Left & e_.1 t 8 ) & ( next(a_P8.state) = s_Thinking ) )
)s
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next local step ad P8 := ( local step ad P8
a_P9.unchanged
a_P7.unchanged
a_P6.unchanged
a_P5.unchanged
a_P4.unchanged
a_P3.unchanged
a_P2.unchanged
a_P1.unchanged
a_Po.unchanged

20 20 20 Q0 PO RO RO Qo RO

)s
a_P7_getCurrentIndex := ( a_P7.state = s_Thinking ? @ : ( a_P7.state =

s_Right ?» 1 : ( a_P7.state = s left ? 2 : -1 ) ) );

-- ================== ad_P7 automata local steps section ==================
local step_ad P7 := (
-- connection s_Thinking - s_Right
( ( a_P7.state = s_Thinking & e t r 7 ) & ( next(a_P7.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P7.state = s_Right & e_.r_ 1 7 ) & ( next(a_P7.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P7.state = s _ Left & e 1 t 7 ) & ( next(a_P7.state) = s_Thinking ) )
)
next_local_step_ad P7 := ( local_step_ad_P7
a_P9.unchanged
a_P8.unchanged
a_P6.unchanged
a_P5.unchanged
a_P4.unchanged
a_P3.unchanged
a_P2.unchanged
a_P1.unchanged
a_P@.unchanged

20 20 RO Q0 20 O RO RO Q0

)
a_P6_getCurrentIndex := ( a_P6.state = s_Thinking ? @ : ( a_P6.state =

s Right ? 1 : ( a_P6.state = s Lleft 2 2 : -1 ) ) );

-- ================== ad_P6 automata local steps section ==================
local_step_ad _P6 := (
-- connection s_Thinking - s_Right
( ( a_P6.state = s_Thinking & e t r 6 ) & ( next(a_P6.state) = s _Right ) )
|
-- connection s_Right - s_Left
( ( a_P6.state = s_Right & e_r_1 6 ) & ( next(a_P6.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P6.state = s_Left & e_.1 t 6 ) & ( next(a_P6.state) = s_Thinking ) )
)
next_local_step_ad P6 := ( local_step_ad_P6
a_P9.unchanged
a_P8.unchanged
a_P7.unchanged
a_P5.unchanged
a_P4.unchanged
a_P3.unchanged
a_P2.unchanged
a_P1.unchanged
a_P@.unchanged

20 Q0 Q0 Q0 Q0 QO QO QO Qo

)5
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a_P5_getCurrentIndex := ( a_P5.state = s_Thinking ? @ : ( a_P5.state =
s_Right ? 1 : ( a_P5.state = s_left ? 2 : -1 ) ) )
-- ================== ad_P5 automata local steps section ==================
local_step_ad_P5 := (
-- connection s_Thinking - s_Right
( ( a_P5.state = s_Thinking & e_t_ r_ 5 ) & ( next(a_P5.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P5.state = s_Right & e_r_1 5 ) & ( next(a_P5.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P5.state = s_Left & e 1 t 5 ) & ( next(a_P5.state) = s_Thinking ) )
)s
next_local_step_ad P5 := ( local_step_ad_P5
a_P9.unchanged
a_P8.unchanged
a_P7.unchanged
a_P6.unchanged
a_P4.unchanged
a_P3.unchanged
a_P2.unchanged
a_P1.unchanged
a_Po@.unchanged

20 Q0 Q0 Q0 QO QO QO QO Qo

)s
a_P4 getCurrentIndex := ( a_P4.state = s_Thinking ? @ : ( a_P4.state =
s Right ?» 1 : ( a_P4.state = s Lleft 2 2 : -1 ) ) );
-- ================== ad_P4 automata local steps section ==================
local _step_ad P4 := (
-- connection s_Thinking - s_Right
( ( a_P4.state = s_Thinking & e_t_ r_4 ) & ( next(a_P4.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P4.state = s_Right & e_r_1 4 ) & ( next(a_P4.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P4.state = s _ Left & e 1 t 4 ) & ( next(a_P4.state) = s _Thinking ) )
)
next_local_step_ad_P4 := ( local_step_ad_P4
a_P9.unchanged
a_P8.unchanged
a_P7.unchanged
a_P6.unchanged
a_P5.unchanged
a_P3.unchanged
a_P2.unchanged
a_P1.unchanged
a_P@.unchanged

20 20 20 20 Qo 2O QO RO o

)
a_P3_getCurrentIndex := ( a_P3.state = s_Thinking ? @ : ( a_P3.state =
s Right ?» 1 : ( a P3.state = s Lleft 2 2 : -1 ) ) );
-- ================== ad_P3 automata local steps section ==================
local_step_ad_P3 := (
-- connection s_Thinking - s_Right
( ( a_P3.state = s_Thinking & e t r 3 ) & ( next(a_P3.state) = s Right ) )
|
-- connection s_Right - s_Left
( ( a_P3.state = s_Right & e_r_1 3 ) & ( next(a_P3.state) = s_Left ) )
|

-- connection s_Left - s_Thinking



( ( a_P3.state =

)5

next_local _step_ad_P3
a_Po.
a_P8.
a_P7.
.unchanged
a_P5.
a_P4.
a_P2.
a_P1.
.unchanged

a_Pe6

20 20 20 Q0 PO RO QO Qo Qo

a_Po
)5

a_P2_getCurrentIndex := (
s_Right ? 1 :

unchanged
unchanged
unchanged

unchanged
unchanged
unchanged
unchanged

local_step_ad_P2 :
-- connection s_Thinking - s_Right
( ( a_P2.state =

( a_
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s Left & e.1 t 3 ) & ( next(a_P3.state) = s_Thinking ) )

:= ( local_step_ad_P3

-- connection s_Right - s_Left
( ( a_P2.state =

a_P2.state = s_Thinking ? @ : ( a_P2.state =
P2.state = s Left ? 2 : -1 ) ) );
ad_P2 automata local steps section ==================
(
s_Thinking & e_t r_2 ) & ( next(a_P2.state) = s_Right ) )
s Right & e r 1 2 ) & ( next(a_P2.state) = s_Left ) )

-- connection s_Left - s_Thinking
( ( a_P2.state =

)5

next_local step_ad_P2

& a_P9.
a_P8.
a_P7.
a_Pé6.
a_P5.
a_P4.
a_P3.
a_P1.
a_Po.

20 2o 20 QO R0 2o QO RO

)5

a_P1_getCurrentIndex := (
s_Right » 1 :

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

local_step_ad_P1 :
-- connection s_Thinking - s_Right
( ( a_Pl.state =

( a

s Left & e.1 t 2 ) & ( next(a_P2.state) = s_Thinking ) )

:= ( local_step_ad_P2

-- connection s_Right - s_Left
( ( a_Pl.state =

a_Pl.state = s_Thinking ? @ : ( a_Pl.state =
Pl.state = s_left ? 2 : -1 ) ) )
ad_P1 automata local steps section ==================
(
s_Thinking & e_t_ r_ 1 ) & ( next(a_Pl.state) = s_Right ) )
s Right & e r 1 1 ) & ( next(a_Pl.state) = s_Left ) )

-- connection s_Left - s_Thinking
( ( a_Pl.state =

)5

next_local step_ad_P1
a_P9.
a_P8.
a_P7.
a_Pé6.
a_P5.
a_P4.
a_P3.
a_P2.

20 0 0 RO RO QO QO Qo

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

s_Left & e_1 t 1 ) & ( next(a_Pl.state) = s_Thinking ) )

:= ( local _step_ad P1
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& a_Po.
)5

unchanged

a_Po_getCurrentIndex

s_Right ? 1 :

local_ste

p_ad PO :

( a_Po.state

a_Po.state = s_Thinking ? @ : ( a_Po.state =

s left?2: -1 ) ) );

ad_P@ automata local steps section ==================

-- connection s_Thinking - s_Right
s_Thinking & e t r @ ) & ( next(a_P@.state) = s_Right ) )

( ( a_P

0.state =

-- connection s_Right - s_Left
s_Right & e_r_1 0 ) & ( next(a_P@.state) = s_Left ) )

( (arP

0.state =

-- connection s_Left - s_Thinking
s Left & e.1 t @ ) & ( next(a_P@.state) = s_Thinking ) )

( (arP
)5

next_local step_ad_Po

& a_P9.
a_P8.
a_P7.
a_P6.
a_P5.
a_P4.
a_P3
a_P2.

" 20 0o 20 20 20 20 R0

)3

i Right_t

i_Thinking_to_Right_1 :

)5

i Right_t

)5

i Right_t

)5

i Right_t

i _Thinking to Right 4 :

)5

i Right_t

0.state =

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

.unchanged

unchanged

.unchanged

o _Left_ o :

o_Left 1 :

o_Left_2 :

o_Left_3 :

o_Left 4 :

i_Thinking_to_Right_0 :

(

(

i_Thinking_to_Right_2 :

(

i_Thinking_to_Right_3 :

(

(

:= ( local_step_ad_Po

( ( a_Pl.state !=s_Lleft ) ) 21 : 0 ) * i lambda

a_P9.state != s Right ) ) ? 1 : 0 ) * i lambda );

( ( a_P2.state !=s_Lleft ) ) 2?1 : 0 ) * i _lambda

a_Po.state = s_Thinking ) ) ? 1 : @ ) * i _lambda );

( ( a_P3.state !=s_left ) ) 2?1 : 0 ) * i lambda

a_Pl.state = s_Thinking ) ) ? 1 : @ ) * i_lambda );

( (a_P4.state != s left ) ) 21 :0 ) * i lambda

a_P2.state = s_Thinking ) ) ? 1 : @ ) * i_lambda );

( ( a_P5.state !=s Left ) ) 21 :0 ) * i lambda

a_P3.state = s_Thinking ) ) ? 1 : @ ) * i_lambda );



i_Thinking_ to_Right_5 :

)5

i_Right_to_Left 5 := ( ( ( (

)5

i_Right_to_Left_6 := ( ( ( (

)5

i_Right_to_Left 7 := ( ( ( (

i_Thinking_to_Right_8 := ( (

i_lambda );

i_Right_to_Left_8 := ( (

i_Thinking_to_Left_9

)5

i_Left_to_Right_9

nb_s Thinking := (
( a_P9.state = s_Thinking ? 1 : @ ) +
( a_P8.state = s_Thinking ? 1 : @ ) +
( a_P7.state = s_Thinking ? 1 : @ ) +
( a_P6.state = s_Thinking ? 1 : @ ) +
( a_P5.state = s_Thinking ? 1 : @ ) +
( a_P4.state = s_Thinking ? 1 : @ ) +
( a_P3.state = s_Thinking ? 1 : @ ) +
( a_P2.state = s_Thinking ? 1 : @ ) +
( a_Pl.state = s_Thinking ? 1 : @ ) +
( a_Po.state = s_Thinking ? 1 : @ )

)

-=- SSESSESSE=S=SS=SS======== events Section =======

et r @ :=( i Thinking_to Right @ > 0 );

er_ 1o :=( i Right to Left_ @ > 0 );

elto:=(Cimu>0);

et r 1 := ( i_Thinking_to_Right_1 > 0 );

e r_11 :=( i_Right_to_Left_1 >0 );

elt1:=(Cimu>0);

et r 2 := ( i_Thinking_to_Right_2 > 0 );

er 12 :=( iRight to Left 2 > 0 );

elt2:=(Cimu>0);

e t r 3 :=( i_Thinking_to Right 3 > 0 );

i_Thinking_to_Right_6 := ( (

i_Thinking_to_Right_7 := ( (

I
~
~

( ( a_P6.state

a_P4.state =

( ( a_P7.state

a_P5.state =

( ( a_P8.state

a_P6.state =

( ( a_P9.state

( ( a_P7.state =

:= ( ( ( ( a_P8.state

S_

S_

S_

S_

= ( ( ( ( a_Po.state !=s Left ) ) ? 1
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I=s Left ) ) 2?1 :0 ) * i lambda

Thinking ) ) ? 1 : @ ) * i _lambda );

I=s Left ) ) 2?1 :0 ) * i lambda

Thinking ) ) ? 1 : @ ) * i _lambda );

I=s Left ) ) 2?1 :0 ) * i lambda

Thinking ) ) ? 1 : @ ) * i_lambda );

= s_Thinking ) ) ? 1 : 0 ) *

Thinking ) ) ? 1 : @ ) * i_lambda );

s_Thinking ) ) ? 1 : @ ) * i lambda

: 0 ) * i lambda );
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er13:
el t3:
etr4:
er.1l4:
el ta:
et r5:
er.l5:
e 1 t5:
et r6:
er_16:
el te6:
et r7:
er1l7:
el t7:
et r8:
er.1l8:
el t8:
et lo9:
elro9:

er to.:

(

(
(

(
(

(
(
(

(
(
(

i_Right_to_Left_3 > 0 );
imu>e);

i _Thinking_to Right 4 > 0 );
i_Right_to_Left_4 > 0 );
imu>0);

i Thinking to Right 5 > 0 );
i_Right_to_Left 5 > 0 );
imu>0);

i Thinking to Right 6 > 0 );
i Right_to Left_ 6 > 0 );
imu>0);

i Thinking_to_Right 7 > 0 );
i_Right_to_Left_7 > 0 );
imu>0);
i_Thinking_to_Right_8 > 0 );
i_Right_to_Left_8 > 0 );
imu>e0);

i Thinking to Left 9 > 0 );
i_Left_to_Right 9 > 0 );

imu>0);



APENDICE R — ARQUIVO TEXTUAL DO MODELO PHIL12.SAN

identifiers

// Number of philosophers

P =12;

// Acquisition rate
lambda = 1;

// Release rate

mu = 2;

Thinking_to_Right_©
Right_to_Left_o

Thinking_to_Right_ 1
Right_to_Left_1

Thinking_to_Right_2
Right_to_Left_2

Thinking_to_Right_3
Right_to_Left_3

Thinking_to Right 4
Right_to_Left 4

Thinking_to_Right_5
Right_to_Left_5

Thinking_to_Right_6
Right_to_Left_6

Thinking_to_Right_7
Right_to_Left 7

Thinking_to_Right_8
Right_to_Left_8

Thinking_to_Right_9
Right_to_Left 9

Thinking_to_Right_10
Right_to_Left_10

Thinking_to_Left_11
Left_to_Right_11

events
loc
loc (mu);

loc

loc 1 (mu);

*

*
*

lambda;
* lambda;

lambda;
lambda;

lambda;

* lambda;

* lambda;
* lambda;

* lambda;
* lambda;

* lambda;
* lambda;

* lambda;
* lambda;

lambda;

* lambda;

* lambda;
* lambda;

* lambda;

P8 == Thinking) * lambda;

(st P1 != Left)
(st P11 != Right)
(st P2 != Left)
(st PO == Thinking)
(st P3 I= Left)
(st P1 == Thinking)
(st P4 != Left)
(st P2 == Thinking)
(st P5 != Left)
(st P3 == Thinking)
(st P6 = Left)
(st P4 == Thinking)
(st P7 != Left)
(st P5 == Thinking)
(st P8 != Left)
(st P6 == Thinking)
(st P9 I= Left)
(st P7 == Thinking)
(st P10 != Left)
(st

(st P11

(st P10 == Thinking) * lambda;

== Thinking) * lambda;
(st P9 == Thinking) * lambda;

(st PO != Left)

t_r_o (Thinking_to_Right_90);
loc r_1 @ (Right_to_Left_0);
1te

t r_ 1 (Thinking_to_Right 1);
loc r_1 1 (Right_to_Left_1);
1t1

* lambda;
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loc t_r_2 (Thinking_to_Right_2);
loc r_1 2 (Right_to_Left_2);

loc 1. t 2 (mu);

loc t_r_3 (Thinking_to_Right_3);
loc r_1 3 (Right_to_Left_3);

loc 1_t 3 (mu);

loc t_r_4 (Thinking_to_Right_4);
loc r_1 4 (Right_to_Left_4);

loc 1 t 4 (mu);

loc t_r_5 (Thinking_to_Right_5);
loc r_1 5 (Right_to_Left_5);

loc 1_t 5 (mu);

loc t_r_6 (Thinking_to Right_6);
loc r_1 6 (Right_to_Left 6);

loc 1t 6 (mu);

loc t_r_7 (Thinking_to Right_7);
loc r_1 7 (Right_to_Left 7);

loc 1. t 7 (mu);

loc t_r_8 (Thinking_to_Right_8);
loc r_1 8 (Right_to_Left _8);

loc 1 t 8 (mu);

loc t_r_9 (Thinking_to_Right_9);
loc r_1_9 (Right_to_Left_9);

loc 1.t 9 (mu);

loc t_r_10 (Thinking_to_Right_10);
loc r_1 10 (Right_to_Left_10);
loc 1 _t_ 10 (mu);

loc t_ 1 11 (Thinking_to_Left_11);
loc 1_r_11 (Left_to_Right_11);
loc r_t_11 (mu);

partial reachability = ((st P@ == Thinking) && (st P1 == Thinking) && (st P2 ==
Thinking) && (st P3 == Thinking) && (st P4 == Thinking) && (st P5 == Thinking) &&
(st P6 == Thinking) && (st P7 == Thinking) && (st P8 == Thinking) && (st P9 ==
Thinking) && (st P10 == Thinking) && (st P11 == Thinking));

network PHIL12f (continuous)

aut Po
stt Thinking to (Right) t roe
stt Right to (Left) rlae
stt Left to (Thinking) 1 t o
aut P1
stt Thinking to (Right) tr1
stt Right to (Left) rli
stt Left to (Thinking) 1 t 1
aut P2

stt Thinking to (Right) tr2



stt Right
stt Left

aut P3
stt Thinking
stt Right
stt Left

aut P4
stt Thinking
stt Right
stt Left

aut P5
stt Thinking
stt Right
stt Left

aut P6
stt Thinking
stt Right
stt Left

aut P7
stt Thinking
stt Right
stt Left

aut P8
stt Thinking
stt Right
stt Left

aut P9
stt Thinking
stt Right
stt Left

aut P10
stt Thinking
stt Right
stt Left

aut P11
stt Thinking
stt Left
stt Right

to
to

to
to
to

to
to
to

to
to
to

to
to
to

to
to
to

to
to
to

to
to
to

to
to
to

to
to
to

(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Left)
(Right)
(Thinking)
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APENDICE S — ARQUIVO TEXTUAL DO MODELO PHIL12.SMV

MODULE ad_Po()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P1()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P2()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P3()

VAR state : {s_Thinking,s Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P4()

VAR state : {s_Thinking,s Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P5()

VAR state : {s_Thinking,s Right,s Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P6()

VAR state : {s_Thinking,s Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P7()

VAR state : {s_Thinking,s Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P8()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P9()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P10e()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);
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MODULE ad_P11()

VAR state : {s_Thinking,s_Left,s_Right};
DEFINE

unchanged := state = next(state);

MODULE main

VAR
a_Po : ad_Pe();
a_P1 : ad_P1();
a_ P2 : ad_P2();
a_P3 : ad_P3();
a_P4 : ad_P4();
a_P5 : ad_P5();
a_P6 : ad_P6();
a_P7 : ad_P7();
a_P8 : ad_P8();
a_P9 : ad_P9();
a_P1o : ad_Pi1e();
a_P11 : ad_P11();

INIT

(e eee(arPro.state = s_Thinking ) & ( a_Pl.state = s_Thinking ) )
& ( a_P2.state = s_Thinking ) ) & ( a_P3.state = s_Thinking ) ) & ( a_P4.state =
s_Thinking ) ) & ( a_P5.state = s_Thinking ) ) & ( a_P6.state = s_Thinking ) ) & (
a_P7.state = s_Thinking ) ) & ( a_P8.state = s_Thinking ) ) & ( a_P9.state =
s_Thinking ) ) & ( a_Pl1@.state = s_Thinking ) ) & ( a_Pll.state = s_Thinking )
TRANS

next_local step_ad_Po

| next_local step_ad_P1

| next_local_step_ad_P2

| next_local step _ad P3

| next_local step ad P4

| next_local_step_ad_P5

| next_local_step_ad_P6

| next_local_step_ad_P7

| next_local step ad P8

| next_local step_ad P9

| next_local_step_ad_P10

| next_local_step_ad_ P11

DEFINE
a_Po_getCurrentIndex := ( a_Po.state = s_Thinking ? @ : ( a_Po.state =
s Right ? 1 : ( a_Po.state = s Lleft 2 2 : -1 ) ) );

-- ================== ad_PO automata local steps section ==================
local_step_ad PO := (

-- connection s_Thinking - s_Right

( ( a_Po.state = s_Thinking & e t r @ ) & ( next(a_P@.state) = s Right ) )

|

-- connection s_Right - s_Left

( ( a_Po.state = s_Right & e_.r_1 @ ) & ( next(a_PO@.state) = s_Left ) )

|

-- connection s_Left - s_Thinking

( ( a_Po.state = s_Left & e 1 t @ ) & ( next(a_PO.state) = s_Thinking ) )
)
next_local step_ad PO := ( local step ad P9

& a_Pl.unchanged

& a_P2.unchanged

& a_P3.unchanged

& a_P4.unchanged

& a_P5.unchanged



112

a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P10.unchanged
a_P11.unchanged

R0 Q0 0 RO RO Qo

)
a_P1 getCurrentIndex := ( a_Pl.state = s_Thinking ? @ : ( a_Pl.state =
s_Right ?» 1 : ( a_Pl.state = s Lleft ? 2 : -1 ) ) );
-- ================== ad_P1 automata local steps section ==================
local step_ad P1 := (
-- connection s_Thinking - s_Right
( ( a_Pl.state = s_Thinking & e t r 1 ) & ( next(a_Pl.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_Pl.state = s_Right & e_.r_ 1 1 ) & ( next(a_Pl.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_Pl.state = s_Left & e_.1 t 1 ) & ( next(a_Pl.state) = s_Thinking ) )
)
next_local step_ad P1 := ( local step ad P1
a_Po@.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P10@.unchanged
a_P11.unchanged

20 20 20 20 20 20 Q0 20 QO Q0 QO

)
a_P2_getCurrentIndex := ( a_P2.state = s_Thinking ? @ : ( a_P2.state =
s Right ? 1 : ( a_P2.state =s_left?2: -1 ) ) )
-- ================== ad_P2 automata local steps section ==================
local _step_ad P2 := (
-- connection s_Thinking - s_Right
( ( a_P2.state = s_Thinking & e_t_ r_2 ) & ( next(a_P2.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P2.state = s Right & e r 1 2 ) & ( next(a_P2.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P2.state = s Left & e 1 t 2 ) & ( next(a_P2.state) = s_Thinking ) )
)s
next_local_step_ad P2 := ( local_step_ad P2
a_P@.unchanged
a_P1.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P1@.unchanged
a_P11.unchanged

20 Q0 Q0 Q0 Q0 RO QO QO QO QO O

)5
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a_P3_getCurrentIndex := ( a_P3.state = s_Thinking ? @ : ( a_P3.state =

s_Right ? 1 : ( a_P3.state = s_left ? 2 : -1 ) ) )

-- ================== ad_P3 automata local steps section ==================
local_step_ad P3 := (
-- connection s_Thinking - s_Right
( ( a_P3.state = s_Thinking & e_ t_ r_3 ) & ( next(a_P3.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P3.state = s_Right & e r 1 3 ) & ( next(a_P3.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P3.state = s_Left & e 1 t 3 ) & ( next(a_P3.state) = s_Thinking ) )
)
next local step ad P3 := ( local step ad P3
a_Po@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P1@.unchanged
a_P11.unchanged

20 Q0 Q0 Q0 QO RO QO QO QO QO QO

)s
a_P4_getCurrentIndex := ( a_P4.state = s_Thinking ? @ : ( a_P4.state =

s Right ?» 1 : ( a_P4.state = s Lleft ? 2 : -1 ) ) );

-- ================== ad_P4 automata local steps section ==================
local_step_ad P4 := (
-- connection s_Thinking - s_Right
( ( a_P4.state = s_Thinking & e t r 4 ) & ( next(a_P4.state) = s _Right ) )
|
-- connection s_Right - s_Left
( ( a_P4.state = s_Right & e_r_ 1 4 ) & ( next(a_P4.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P4.state = s_Left & e_1 t 4 ) & ( next(a_P4.state) = s_Thinking ) )
)
next_local step_ad P4 := ( local step_ad P4
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
& a_P10@.unchanged
& a_P11.unchanged
)
a_P5_getCurrentIndex := ( a_P5.state = s_Thinking ? @ : ( a_P5.state =

20 20 20 Q0 Qo PO RO RO Qo

s Right ?» 1 : ( a P5.state = s Lleft 2 2 : -1 ) ) );

-- ================== ad_P5 automata local steps section ==================
local step_ad P5 := (

-- connection s_Thinking - s_Right

( ( a_P5.state = s_Thinking & e t r_ 5 ) & ( next(a_P5.state) = s_Right ) )
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-- connection s_Right - s_Left
( ( a_P5.state = s_Right & e_r_1 5 ) & ( next(a_P5.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P5.state = s_Left & e_.1 t 5 ) & ( next(a_P5.state) = s_Thinking ) )
)s
next_local _step_ad P5 := ( local _step_ad_P5
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P10@.unchanged
a_P11.unchanged

20 Q0 Q0 Q0 Q0 QO QO Q0 QO QO O

)
a_P6_getCurrentIndex := ( a_P6.state = s_Thinking ? @ : ( a_P6.state
s Right ?» 1 : ( a_P6.state = s Lleft ? 2 : -1 ) ) )
-- ================== ad_P6 automata local steps section ==================
local_step_ad P6 := (
-- connection s_Thinking - s_Right
( ( a_P6.state = s_Thinking & et r_ 6 ) & ( next(a_P6.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P6.state = s Right & e r 1 6 ) & ( next(a_P6.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P6.state = s _ Left & e 1 t 6 ) & ( next(a_P6.state) = s _Thinking ) )
)
next_local_step_ad _P6 := ( local_step_ad_P6
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P1@.unchanged
a_P11.unchanged

20 20 20 20 RO 2O O R0 Qo0 RO RO

)
a_P7_getCurrentIndex := ( a_P7.state = s_Thinking ? @ : ( a_P7.state =
s Right ? 1 : ( a_P7.state=s left?2: -1 ) ) )
-—- S SSSSSS======= ad_P7 automata local Steps section S SS=SS=S======
local_step_ad_P7 := (
-- connection s_Thinking - s_Right
( ( a_P7.state = s_Thinking & e t r 7 ) & ( next(a_P7.state) = s Right ) )
|
-- connection s_Right - s_Left
( ( a_P7.state = s Right & e r 1 7 ) & ( next(a_P7.state) = s _Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P7.state = s_Left & e_.1 t 7 ) & ( next(a_P7.state) = s_Thinking ) )
)s
next_local step _ad P7 := ( local step ad P7
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a_Po@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P8.unchanged
a_P9.unchanged
a_P10.unchanged
a_P11.unchanged

20 20 20 Q0 QO RO RO Q0 RO QO RO

)s
a_P8 _getCurrentIndex := ( a_P8.state = s_Thinking ? @ : ( a_P8.state =

s_Right ? 1 : ( a P8.state = s Left 2 2 : -1 ) ) );

-- ================== ad_P8 automata local steps section ==================
local _step_ad P8 := (
-- connection s_Thinking - s_Right
( ( a_P8.state = s_Thinking & e t r 8 ) & ( next(a_P8.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P8.state = s_ Right & e r 1 8 ) & ( next(a_P8.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P8.state = s_Left & e_.1 t 8 ) & ( next(a_P8.state) = s_Thinking ) )
)
next_local step_ad P8 := ( local step _ad P8
a_Po@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P9.unchanged
a_P10@.unchanged
a_P11.unchanged

20 20 20 Q0 R0 20 RO R0 QO RO QO

)3
a_P9_getCurrentIndex := ( a_P9.state = s_Thinking ? @ : ( a_P9.state =

s Right ? 1 : ( a_P9.state = s Lleft 2 2 : -1 ) ) );

-- ================== ad_P9 automata local steps section ==================
local_step_ad P9 := (
-- connection s_Thinking - s_Right
( ( a_P9.state = s_Thinking & e_t_ r_ 9 ) & ( next(a_P9.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P9.state = s_Right & e_.r_ 1 9 ) & ( next(a_P9.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P9.state = s Left & e 1 t 9 ) & ( next(a_P9.state) = s _Thinking ) )
)
next_local step_ad P9 := ( local_step_ad P9
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged

Q0 Q0 Q0 Q0 Qo0 Qo Qo
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& a_P7.unchanged
& a_P8.unchanged
& a_P1@.unchanged
& a_P11.unchanged

)s
a_P10_getCurrentIndex := ( a_P1@.state = s_Thinking ? @ : ( a_Pl1o.state =
s_Right ?» 1 : ( a_Plo.state = s left 2 2 : -1 ) ) );

-- ================== ad_P10 automata local steps section ==================
local_step_ad P10 := (
-- connection s_Thinking - s_Right
( ( a_Plo.state = s_Thinking & e_t_r_10 ) & ( next(a_P1@.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_Plo.state = s_Right & e_r_1 10 ) & ( next(a_Ple.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_Plo.state = s _Left & e 1 t 10 ) & ( next(a_Pl@.state) = s_Thinking ) )
)
next_local_step_ad P10 := ( local_step_ad_ P10
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P11.unchanged

20 Q0 Q0 Q0 Q0 QO QO QO QO QO QO

)s
a_P11 getCurrentIndex := ( a_Pll.state = s_Thinking ? @ : ( a_Pll.state =
s Left 2?1 : ( a_Pll.state = s Right ?2: -1 ) ) )
-- ================== ad_P11 automata local steps section ==================
local_step_ad P11 := (
-- connection s_Thinking - s_Left
( ( a_Pll.state = s_Thinking & e_t_1 11 ) & ( next(a_Pll.state) = s_Left ) )
|
-- connection s_Left - s_Right
( ( a_Pll.state = s_Left & e_1 r_11 ) & ( next(a_Pll.state) = s_Right ) )
|
-- connection s_Right - s_Thinking
( ( a_Pll.state = s_Right & e_r_t_11 ) & ( next(a_Pll.state) = s_Thinking ) )
)
next_local step_ad P11 := ( local step ad P11
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P1@.unchanged

" 20 20 20 20 20 20 20 R0 20 2 2



i _lambda

= (1);

imu:=(2);

)5

i Right_to_Left @ := (

)5

i Right_to_ Left_1 := (

i_Thinking_to_Right_2 :

)5

i_Right_to_Left_2 := (

i_Thinking_to Right_3 :

)5

i_Right_to_Left_3 := (

)5

i_Right_to_Left_4 := (

i_Thinking_to_Right 5 :

)5

i_Right_to_Left_5 := (

i_Thinking_to_Right_6 :

)5

i_Right_to_Left_6 := (

)5

i_Right_to_Left_7 := (

)3

i_Right_to_Left_8 := (

i _Thinking_to Right 9 :

)
i Right_to Left 9 := (

i _Thinking_to_Right_10
i_lambda );

i_Thinking_to_Right_ o :

i_Thinking_to_Right_1 :

i_Thinking_to_Right 4 :

i_Thinking_to_Right 7 :

i _Thinking to Right 8 :

:= ( ( ( ( a_Pll.state =

( ( a_Pl.state

a_Pll.state !=

( ( a_P2.state

( ( a_Po.state =

( ( a_P3.state

a_Pl.state =

( ( a_P4.state

a_P2.state =

( ( a_P5.state

a_P3.state =

( ( a_P6.state

a_P4.state =

( ( a_P7.state

a_P5.state =

( ( a_P8.state

a_P6.state =

( ( a_P9.state

a_P7.state =

( ( a_P8.state =

S_

S_

S_

S_

S_

S_

S_

S_

( ( a_Plo.state !=s Left ) ) ? 1

S_
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I=s Left ) ) 2?1 :0 ) * i lambda

s Right ) ) 21 : 0 ) * i lambda );

I=s Left ) ) 2?1 :0 ) * i lambda

Thinking ) ) ? 1 : @ ) * i_lambda );

I=s left ) ) 2?1 :0 ) * i lambda

Thinking ) ) ? 1 : @ ) * i_lambda );

I=s Left ) ) ?1:0 ) * i lambda

Thinking ) ) ? 1 : @ ) * i_lambda );

I=s Left ) ) ?1 :0 ) * i lambda

Thinking ) ) ? 1 : @ ) * i_lambda );

I= s Left ) ) ?1:0 ) * i lambda

Thinking ) ) ? 1 : @ ) * i_lambda );

I= s Left ) ) ?1 :0 ) * i lambda

Thinking ) ) ? 1 : @ ) * i_lambda );

I= s Left ) ) 1 :0 ) * i lambda

Thinking ) ) ? 1 : @ ) * i_lambda );

I= s Left ) ) 2?1 :0 ) * i lambda

Thinking ) ) » 1 : @ ) * i_lambda );

: 0 ) * i lambda

Thinking ) ) ? 1 : @ ) * i lambda );

s_Thinking ) ) ? 1 : 0 ) *
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i_Right_to_Left_10

)5

i_Thinking_to_Left_11

i lambda );

i_Left_to_Right_ 11

et r1:
er_11:
el t1:
et r2:
er12:
el t2:
et r3:
er.1l3:
el t3:
et r4.:
er.l4:
el t4:
et r5:
er.1l5:
el t5:
etr6:
er.l6:
el te6:
et r7:
erl7:
el t7:

et r8:

(

(
(

(

(

(

(

(

(

(

(

(

i_Thinking to_Right_©
i _Right_to_Left @ > ©
imu>o0);
i _Thinking_to_Right_1
i_Right_to_Left_ 1 > @
imu>o);
i _Thinking_to_Right_2
i_Right_to_Left_2 > @
imu>o);
i_Thinking_to_Right_3
i Right_to_Left 3 > ©
imu>0);
i_Thinking_to_Right_4
i Right_to_Left 4 > ©
imu>0);
i _Thinking_to_Right_5
i Right_to_Left 5 > @
imu>o0);
i_Thinking_to_Right_6
i Right_to_Left_ 6 > @
imu>o0);
i_Thinking_to_Right_7
i Right _to_Left 7 > ©
imu>0);

i_Thinking to Right_8

:= ( ( ( ( a_P9.state =

:= ( ( ( ( a_Plo.state =

nb operators section
events section

= ( ( ( ( a_Po.state !=s_Left ) ) ? 1

>0 );

)5

>0 );

)5

>0 );

)5

>0 );

)5

>0 );

)5

>0 );

)s

>0 );

)5

>0 );

)5

>0 );

s_Thinking ) ) ? 1 :

s_Thinking ) ) ? 1

@ ) * i lambda

:0 ) *

: 0 ) * i lambda );



er.l8:
el t8:
et r9:
er_1l9:

el to:

e t r 10 :

er_1l10 :

el t 10 :

e t 111 :

el r_11 :

e r t 11 :

( i_Right_to Left 8 > 0 );
(imu>0),;
( i_Thinking_to_Right 9 > 0 );
( i_Right_to_Left 9 > 0 );
(imu>o0);
( i_Thinking_to_Right_10 > 0 );
( i_Right_to_Left_10 > 0 );
(imu>0);
( i_Thinking to_Left_11 > 0 );
( i_Left_to Right_11 > 0 );

(imu>o),;
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APENDICE T — ARQUIVO TEXTUAL DO MODELO PHIL15.SAN

identifiers

// Number of philosophers
P = 15;

// Acquisition rate
lambda = 1;

// Release rate

mu = 2;

Thinking_to_Right_©
Right_to_Left_o

(st P1 != Left) * lambda;
(st P14 != Right) * lambda;

Thinking_to_Right_ 1
Right_to_Left_1

(st P2 != Left) * lambda;
(st PO == Thinking) * lambda;

Thinking_to_Right_2
Right_to_Left_2

(st P3 = Left) * lambda;
(st P1 == Thinking) * lambda;

Thinking_to_Right_3
Right_to_Left_3

(st P4 != Left) * lambda;
(st P2 == Thinking) * lambda;

Thinking_to Right 4
Right_to_Left 4

(st P5 != Left) * lambda;
(st P3 == Thinking) * lambda;

Thinking_to_Right_5
Right_to_Left_5

(st P6 = Left) * lambda;
(st P4 == Thinking) * lambda;

Thinking_to_Right_6
Right_to_Left_6

(st P7 != Left) * lambda;
(st P5 == Thinking) * lambda;

Thinking_to_Right_7
Right_to_Left 7

(st P8 != Left) * lambda;
(st P6 == Thinking) * lambda;

Thinking_to_Right_8
Right_to_Left_8

(st P9 I= Left) * lambda;
(st P7 == Thinking) * lambda;

Thinking_to_Right_9
Right_to_Left 9

(st P10 != Left) * lambda;
(st P8 == Thinking) * lambda;

Thinking_to_Right_10
Right_to_Left_10

(st P11 != Left) * lambda;
(st P9 == Thinking) * lambda;

Thinking_to_ Right_11 = (st P12 != Left) * lambda;
Right_to_Left_11 = (st P10 == Thinking) * lambda;
Thinking_to Right 12 = (st P13 != Left) * lambda;
Right_to_Left 12 = (st P11 == Thinking) * lambda;

Thinking_to_Right_13
Right_to_Left_ 13

(st P14 == Thinking) * lambda;
(st P12 == Thinking) * lambda;

Thinking_to_Left_14
Left_to_Right_14

(st P13 == Thinking) * lambda;
(st PO != Left) * lambda;

events



loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc

(Thinking_to_Right_0);
(Right_to_Left_0);
(mu);

(Thinking_to_Right_1);
(Right_to_Left_1);
(mu);

(Thinking_to_Right_2);
(Right_to_Left_2);
(mu);

(Thinking_to_Right_3);
(Right_to_Left_3);
(mu);

(Thinking_to_Right_4);
(Right_to_Left_4);
(mu);

(Thinking_to_Right 5);
(Right_to_Left_5);
(mu);

(Thinking_to_Right 6);
(Right_to_Left_6);
(mu);

(Thinking_to_Right_7);
(Right_to_Left_7);
(mu);

(Thinking_to_Right_8);
(Right_to_Left_8);
(mu);

(Thinking_to_Right_9);
(Right_to_Left_9);
(mu);

(Thinking_to_Right_10);

(Right_to_Left_10);
(mu);

(Thinking_to_Right 11);

(Right_to_Left_11);
(mu);

(Thinking_to_Right 12);

(Right_to_Left_12);
(mu);

(Thinking_to_Right 13);

(Right_to_Left_13);
(mu);

(Thinking_to_Left_14);
(Left_to_Right_14);
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loc r_t 14 (mu);

partial reachability = ((st P@ == Thinking) && (st P1 == Thinking) && (st P2 ==
Thinking) && (st P3 == Thinking) && (st P4 == Thinking) && (st P5 == Thinking) &&
(st P6 == Thinking) && (st P7 == Thinking) && (st P8 == Thinking) && (st P9 ==
Thinking) && (st P10 == Thinking) && (st P11 == Thinking) && (st P12 == Thinking)
&& (st P13 == Thinking) && (st P14 == Thinking));

network PHIL15f (continuous)

aut Po

stt Thinking to (Right) troe

stt Right to (Left) rle

stt Left to (Thinking) 1 t o
aut P1

stt Thinking to (Right) tr1

stt Right to (Left) rli

stt Left to (Thinking) 1_t_1
aut P2

stt Thinking to (Right) tr2

stt Right to (Left) rl2

stt Left to (Thinking) 1_t_2
aut P3

stt Thinking to (Right) tr3

stt Right to (Left) rl3

stt Left to (Thinking) 1 t 3
aut P4

stt Thinking to (Right) tr4

stt Right to (Left) rla

stt Left to (Thinking) 1_t_4
aut P5

stt Thinking to (Right) t r5

stt Right to (Left) rl15

stt Left to (Thinking) 1 t 5
aut P6

stt Thinking to (Right) tre6

stt Right to (Left) rle

stt Left to (Thinking) 1 t_6
aut P7

stt Thinking to (Right) t.r 7

stt Right to (Left) rl7

stt Left to (Thinking) 1_t_7
aut P8

stt Thinking to (Right) t r 8

stt Right to (Left) r.ls

stt Left to (Thinking) 1 t 8
aut P9

stt Thinking to (Right) t r9

stt Right to (Left) rl9

stt Left to (Thinking) 1 t 9



aut P10
stt Thinking
stt Right
stt Left

aut P11
stt Thinking
stt Right
stt Left

aut P12
stt Thinking
stt Right
stt Left

aut P13
stt Thinking
stt Right
stt Left

aut P14
stt Thinking
stt Left
stt Right

to
to
to

to
to
to

to
to
to

to
to
to

to
to
to

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Left)
(Right)
(Thinking)

t_r_10
r_1 10
1t 10

t r 11
r_1 11
1t11

t r 12
r 112
1t12

t_r_13
r_113
1 t 13

t 1 14
l1r 14
r_t_14
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APENDICE U — ARQUIVO TEXTUAL DO MODELO PHIL15.SMV

MODULE ad_Po()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P1()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P2()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P3()

VAR state : {s_Thinking,s Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P4()

VAR state : {s_Thinking,s Right,s Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P5()

VAR state : {s_Thinking,s Right,s Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P6()

VAR state : {s_Thinking,s Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P7()

VAR state : {s_Thinking,s Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P8()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P9()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P10e()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);
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MODULE ad_P11()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P12()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P13()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P14()

VAR state : {s_Thinking,s_Left,s_Right};
DEFINE

unchanged := state = next(state);

MODULE main

VAR
a_Po : ad_Pe();
a_P1 : ad_P1();
a_P2 : ad_P2();
a_P3 : ad_P3();
a_P4 : ad_P4();
a_P5 : ad_P5();
a_P6 : ad_P6();
a_P7 : ad_P7();
a_P8 : ad_P8();
a_P9 : ad_P9();
a_P1e : ad_P1o();
a_P11 : ad_P11();
a_P12 : ad_P12();
a_P13 : ad_P13();
a_P14 : ad_P14();

INIT
(CccecececeeeeeC( aro.state = s_Thinking ) & ( a_Pl.state =

s_Thinking ) ) & ( a_P2.state = s_Thinking ) ) & ( a_P3.state = s_Thinking ) ) & (
a_P4.state = s_Thinking ) ) & ( a_P5.state = s_Thinking ) ) & ( a_P6.state =
s_Thinking ) ) & ( a_P7.state = s_Thinking ) ) & ( a_P8.state = s_Thinking ) ) & (
a_P9.state = s_Thinking ) ) & ( a_P1@.state = s_Thinking ) ) & ( a_P1l1l.state =
s_Thinking ) ) & ( a_Pl12.state = s_Thinking ) ) & ( a_P13.state = s_Thinking ) ) &
( a_Pl4.state = s_Thinking )

TRANS

next_local step_ad_Po

| next_local step_ad_P1
| next_local step _ad P2

| next_local step ad P3

| next_local_step_ad_P4

| next_local_step_ad_P5

| next_local step ad P6

| next_local step ad P7

| next_local step ad P8

| next_local_step_ad_P9

| next_local step_ad P10
| next_local step ad P11
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| next_local step ad P12
| next_local_step_ad_P13
| next_local_step ad P14

DEFINE
a_Po_getCurrentIndex := ( a_Po.state = s_Thinking ? @ : ( a_Po.state =
s_Right ? 1 : ( a Po.state = s Left 2 2 : -1 ) ) );

-- ================== ad_P0@ automata local steps section ==================
local_step_ad PO := (
-- connection s_Thinking - s_Right
( ( a_Po.state = s_Thinking & e t r_ @ ) & ( next(a_PO.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_Po.state = s_Right & e r 1 @ ) & ( next(a_Po.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_Po.state = s_Left & e_.1 t © ) & ( next(a_P@.state) = s_Thinking ) )
)s
next_local _step_ad PO := ( local step _ad P9
& a_Pl.unchanged
& a_P2.unchanged
& a_P3.unchanged
& a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P10@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged

20 Q0 0 Q0 QO QO QO QO QO O

)
a_P1_getCurrentIndex := ( a_Pl.state = s_Thinking ? @ : ( a_Pl.state =
s Right ? 1 : ( a_Pl.state=s_left?2: -1 ) ) )
-- ================== ad_P1 automata local steps section ==================
local step_ad P1 := (
-- connection s_Thinking - s_Right
( ( a_Pl.state = s_Thinking & e_t_ r_1 ) & ( next(a_Pl.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_Pl.state = s Right & e r 1 1 ) & ( next(a_Pl.state) = s _Left ) )
|
-- connection s_Left - s_Thinking
( ( a_Pl.state = s Left & e 1 t 1 ) & ( next(a_Pl.state) = s _Thinking ) )
)s
next_local_step_ad P1 := ( local_step_ad P1
a_P@.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P1@.unchanged
a_P11.unchanged
a_P12.unchanged

20 R0 Q0 Q0 QO QO QO QO QO QO RO QO
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& a_P13.unchanged
& a_P14.unchanged
)5
a_P2 getCurrentIndex := ( a_P2.state = s_Thinking ? @ : ( a_P2.state =

s_Right ? 1 : ( a P2.state = s Left 2 2 : -1 ) ) );

-- ================== ad_P2 automata local steps section ==================
local_step_ad P2 := (
-- connection s_Thinking - s_Right
( ( a_P2.state = s_Thinking & e t r 2 ) & ( next(a_P2.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P2.state = s_Right & e r 1 2 ) & ( next(a_P2.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P2.state = s_Left & e_.1 t 2 ) & ( next(a_P2.state) = s_Thinking ) )
)
next_local step_ad P2 := ( local _step_ad P2
a_Po@.unchanged
a_P1.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P1@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged

20 Q0 Q0 Q0 QO QO QO Q0 QO QO RO QO QO QO

)s
a_P3_getCurrentIndex := ( a_P3.state = s_Thinking ? @ : ( a_P3.state =

s Right ? 1 : ( a_P3.state=s_left?2: -1 ) ) )

-- ================== ad_P3 automata local steps section ==================
local _step_ad P3 := (
-- connection s_Thinking - s_Right
( ( a_P3.state = s_Thinking & e_t_r_3 ) & ( next(a_P3.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P3.state = s_ Right & e r 1 3 ) & ( next(a_P3.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P3.state = s_Left & e_.1 t 3 ) & ( next(a_P3.state) = s_Thinking ) )
)
next_local step_ad P3 := ( local step ad P3
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P1@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged

20 20 20 20 20 Q0 20 Q0 Q0 RO Q0 QO QO
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& a_P14.unchanged

)s
a_P4_getCurrentIndex := ( a_P4.state = s_Thinking ? @ : ( a_P4.state =
s_Right ? 1 : ( a_P4.state = s Lleft ? 2 : -1 ) ) );

-- ================== ad_P4 automata local steps section ==================
local step_ad P4 := (
-- connection s_Thinking - s_Right
( ( a_P4.state = s_Thinking & e t r 4 ) & ( next(a_P4.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P4.state = s_Right & e_.r_1 4 ) & ( next(a_P4.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P4.state = s_Left & e_1 t 4 ) & ( next(a_P4.state) = s_Thinking ) )
)
next_local_step_ad P4 := ( local_step_ad P4
a_Po@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
.unchanged

20 Q0 Q0 Q0 Q0 QO QO QO Qo

0
QU

0
=
()

& a_P11.
& a_P12.
& a_P13.
& a_Pi4.

unchanged
unchanged
unchanged
unchanged

)s
a_P5 getCurrentIndex := ( a_P5.state = s_Thinking ? @ : ( a_P5.state =
s_ Right ? 1 : ( a_P5.state =s left?2: -1 ) ) )
-- ================== ad_P5 automata local steps section ==================
local_step_ad P5 := (
-- connection s_Thinking - s_Right
( ( a_P5.state = s_Thinking & e t r 5 ) & ( next(a_P5.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P5.state = s_ Right & e r 1 5 ) & ( next(a_P5.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P5.state = s_Left & e_.1 t 5 ) & ( next(a_P5.state) = s_Thinking ) )
)
next_local step _ad P5 := ( local step ad P5
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P10@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged

20 0 Q0 Q0 QO Q0 Q0 QO QO QO QO QO QO QO
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)s
a_P6_getCurrentIndex := ( a_P6.state = s_Thinking ? @ : ( a_P6.state =

s_Right ?» 1 : ( a_P6.state = s Lleft ? 2 : -1 ) ) );

-- ================== ad_P6 automata local steps section ==================
local step_ad P6 := (
-- connection s_Thinking - s_Right
( ( a_P6.state = s_Thinking & e t r 6 ) & ( next(a_P6.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P6.state = s_Right & e_.r_ 1 6 ) & ( next(a_P6.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P6.state = s _ Left & e 1 t 6 ) & ( next(a_P6.state) = s_Thinking ) )
)
next local step ad P6 := ( local step ad P6
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P1@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged

20 0 Q0 QO Q0 QO Q0 Q0 QO Q0 QO QO QO QO

)
a_P7_getCurrentIndex := ( a_P7.state = s_Thinking ? @ : ( a_P7.state =

s Right ? 1 : ( a_P7.state = s left ? 2 : -1 ) ) );

-- ================== ad_P7 automata local steps section ==================
local_step_ad P7 := (
-- connection s_Thinking - s_Right
( ( a_P7.state = s_Thinking & e t r 7 ) & ( next(a_P7.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P7.state = s_Right & e_r_1 7 ) & ( next(a_P7.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P7.state = s_Left & e_1 t 7 ) & ( next(a_P7.state) = s_Thinking ) )
)
next_local_step_ad _P7 := ( local_step_ad_P7
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P8.unchanged
a_P9.unchanged
a_P10@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged

20 Q0 Q0 Q0 Q0 QO QO Q0 Q0 QO QO RO RO QO

)5
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a_P8 getCurrentIndex := ( a_P8.state = s_Thinking ? @ : ( a_P8.state =
s_Right ? 1 : ( a P8.state = s Left 2 2 : -1 ) ) );
-- ================== ad_P8 automata local steps section ==================
local_step_ad P8 := (
-- connection s_Thinking - s_Right
( ( a_P8.state = s_Thinking & e t_ r_8 ) & ( next(a_P8.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P8.state = s_Right & e r 1 8 ) & ( next(a_P8.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P8.state = s _ Left & e 1 t 8 ) & ( next(a_P8.state) = s_Thinking ) )
)
next local step ad P8 := ( local step ad P8
a_Po@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P9.unchanged
a_P1@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged

20 Q0 Q0 Q0 Q0 Q0 Q0 Q0 QO QO QO RO QO QO

)s
a_P9_getCurrentIndex := ( a_P9.state = s_Thinking ? @ : ( a_P9.state =
s Right ? 1 : ( a_P9.state = s left ? 2 : -1 ) ) );
-- ================== ad_P9 automata local steps section ==================
local_step_ad P9 := (
-- connection s_Thinking - s_Right
( ( a_P9.state = s_Thinking & e_t r_ 9 ) & ( next(a_P9.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P9.state = s_Right & e_r_1 9 ) & ( next(a_P9.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P9.state = s_Left & e_.1_ t 9 ) & ( next(a_P9.state) = s_Thinking ) )
)s
next_local_step_ad_P9 := ( local_step_ad_P9
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P1@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged

20 R0 Q0 Q0 QO QO QO QO QO QO QO QO RO QO

)5
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a_P10_getCurrentIndex := ( a_P1@.state = s_Thinking ? @ : ( a_Pl1o.state =

s_Right ? 1 : ( a Plo.state = s Left 2 2 : -1 ) ) );

-- ================== ad_P10 automata local steps section ==================
local_step_ad P10 := (
-- connection s_Thinking - s_Right
( ( a_Plo.state = s_Thinking & e_t_r_10 ) & ( next(a_P1@.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_Plo.state = s Right & e r_ 1 10 ) & ( next(a_Pl@.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_Plo.state = s_Left & e 1 t 10 ) & ( next(a_Pl@.state) = s_Thinking ) )
)
next local step _ad P10 := ( local step ad P10
a_Po@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged

20 Q0 Q0 Q0 Q0 Q0 Q0 Q0 QO QO QO RO QO QO

)5
a_P11_getCurrentIndex := (  a_Pll.state = s_Thinking ? @ : ( a_Pll.state =

s Right ? 1 : ( a_Pll.state = s left 2 2 : -1 ) ) );

-- ================== ad_P11 automata local steps section ==================
local_step_ad P11 := (
-- connection s_Thinking - s_Right
( ( a_Pll.state = s_Thinking & e_t_r_11 ) & ( next(a_Pl1l.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_Pll.state = s_Right & e_r_1 11 ) & ( next(a_Pll.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_Pll.state = s _Left & e 1 t 11 ) & ( next(a_Pll.state) = s_Thinking ) )
)s
next_local_step_ad P11 := ( local_step_ad P11
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P10@.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged

20 R0 Q0 Q0 QO QO QO QO QO QO QO QO RO QO

)5
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a_P12_getCurrentIndex := ( a_P12.state = s_Thinking ? @ : ( a_Pl12.state =
s_Right ? 1 : ( a Pl2.state = s Left 2 2 : -1 ) ) );
-- ================== ad_P12 automata local steps section ==================
local_step_ad P12 := (
-- connection s_Thinking - s_Right
( ( a_P1l2.state = s_Thinking & e_t_r_12 ) & ( next(a_P12.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_Pl2.state = s Right & e r 1 12 ) & ( next(a_Pl2.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_Pl2.state = s_Left & e 1 t 12 ) & ( next(a_Pl2.state) = s_Thinking ) )
)
next local step _ad P12 := ( local step ad P12
a_Po@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P1@.unchanged
a_P11.unchanged
a_P13.unchanged
a_P14.unchanged

20 Q0 Q0 Q0 Q0 Q0 Q0 Q0 QO QO QO RO QO QO

)s
a_P13_getCurrentIndex := ( a_Pl13.state = s_Thinking ? @ : (  a_Pl3.state =
s Right ? 1 : ( a_Pl3.state = s left 2 2 : -1 ) ) );
-- ================== ad_P13 automata local steps section ==================
local_step_ad P13 := (
-- connection s_Thinking - s_Right
( ( a_P1l3.state = s_Thinking & e_t_r_13 ) & ( next(a_P13.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P1l3.state = s_Right & e_r_1 13 ) & ( next(a_P13.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P1l3.state = s_Left & e_1 t 13 ) & ( next(a_Pl3.state) = s_Thinking ) )
)s
next_local_step_ad P13 := ( local_step_ad P13
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P10@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P14.unchanged

20 R0 Q0 Q0 QO QO QO QO QO QO QO QO RO QO

)5
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a_P14 getCurrentIndex := ( a_Pl4.state = s_Thinking ? @ : ( a_Pl4.state =
s Left 2 1 : ( a_Pl4.state = s Right ? 2 : -1 ) ) );
-- ================== ad_P14 automata local steps section ==================
local_step_ad P14 := (
-- connection s_Thinking - s_Left
( ( a_Pl4.state = s_Thinking & e_t_1 14 ) & ( next(a_Pl4.state) = s_Left ) )
|
-- connection s_Left - s_Right
( ( a_Pl4.state = s_Left & e 1 r 14 ) & ( next(a_Pl4.state) = s_Right ) )
|
-- connection s_Right - s_Thinking
( ( a_Pl4.state = s_Right & e r_ t 14 ) & ( next(a_Pl4.state) = s_Thinking ) )
)
next local step _ad P14 := ( local step ad P14
a_Po@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P1@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged

" 20 20 20 20 20 20 20 20 20 R0 2O R0 2O R0

]
~
~

i _Thinking _to Right o : ( ( a_Pl.state !=s Left ) ) 2?1 : 0 ) * i lambda

)3

i Right to Left @ := ( ( ( ( a_Pl4.state != s Right ) ) ? 1 : @ ) * i lambda );

]
~
~

i Thinking _to Right 1 : ( ( a_P2.state !=s Left ) ) 21 : 0 ) * i lambda

)
i Right to Left 1 := ( ( ( ( a_PO.state = s_Thinking ) ) ? 1 : @ ) * i lambda );

i_Thinking_to_Right_2 :
)3

i Right to Left 2 := ( ( ( ( a_Pl.state = s _Thinking ) ) ? 1 : @ ) * i lambda );

1l
~
~

( ( a_P3.state !=s Left ) ) ? 1 :0 ) * i lambda

1
~
~

i_Thinking_to_Right_3 : ( ( a_P4.state !=s_Left ) ) 21 : 0 ) * i lambda

)
i Right to Left 3 := ( ( ( ( a_P2.state = s_Thinking ) ) ? 1 : @ ) * i lambda );

i_Thinking_to_Right_4 :
)3

1
~
~

( ( a_P5.state !=s_Left ) ) 21 : 0 ) * i lambda
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i_Right_to_Left 4 := (

)5

i_Right_to_Left 5 := (

i_Thinking_to_Right_6 :

)5

i_Right_to_Left_6 := (

i_Thinking_to_Right_7 :

)5

i_Right_to_Left_7 := (

)5

i Right_to Left 8 := (

)5

i Right_to Left 9 := (

i_Thinking_to_Right_10 :

)s

i_Right_to_Left_10 :=
)s
)

i_Right_to_Left_11 :=
)

i_Thinking_to_Right_12 :

)5

i_Right_to_Left_12 :=
)3

i _Thinking_to_ Right_13 :

i_lambda );

i_Right_to_Left_13 :=
)s

i_Thinking_to_Left_14
i_lambda );

i _Left_to_Right 14 :=

:= ( i_Thinkin

i_Thinking_to_Right_5 :

i_Thinking_to Right_8 :

i_Thinking_to Right 9 :

i_Thinking_to_Right_11 :

( ( ( a_P3.state = s_Thinking ) ) ? 1 : @ ) * i_lambda );

I
—~
—~

( ( a_P6b.state !=s Left ) ) ?1 :0 ) * i lambda

( ( ( a_P4.state = s_Thinking ) ) ? 1 : @ ) * i_lambda );

]
~
~

( ( a_P7.state !=s Left ) ) 21 :0 ) * i lambda

( ( ( a_P5.state = s_Thinking ) ) ? 1 : @ ) * i_lambda );

]
~
~

( ( a_P8.state !=s Left ) ) 21 :0 ) * i lambda

( ( ( a_P6b.state = s_Thinking ) ) ? 1 : @ ) * i_lambda );

]
~
~

( ( a_P9.state !=s Left ) ) 21 :0 ) * i lambda

( ( ( a_P7.state = s_Thinking ) ) ? 1 : @ ) * i lambda );

]
~
~

( ( a_Plo.state !=s Left ) ) 21 : 0@ ) * i _lambda

( ( ( a_P8.state = s_Thinking ) ) ? 1 : @ ) * i lambda );

( ( ( (a_Pli.state !=s Left ) ) ? 1 : 0 ) * i lambda

( ( ( ( a_P9.state = s_Thinking ) ) ? 1 : @ ) * i lambda

( ( ( (a_P12.state !=s Lleft ) ) 21 : 0 ) * i lambda

( ( ( ( a_Plo.state = s_Thinking ) ) ? 1 : @ ) * i lambda

( ( ( (a_P13.state !=s Left ) ) ? 1 :0 ) * i lambda

( ( ( ( a_P11.state = s_Thinking ) ) ? 1 : @ ) * i_lambda

( ( ( ( a_Pla.state = s_Thinking ) ) 2 1 : 0 ) *

( ( ( ( a_Pl2.state = s_Thinking ) ) ? 1 : @ ) * i_lambda
:= ( ( ( ( a_P13.state = s_Thinking ) ) ? 1 : 0 ) *

( ( ( ( aPo.state !'=s Left ) ) ? 1 :0 ) * i lambda );
nb operators section ==================

events Section —=================
g to_Right_ @ > 0 );



erlo:
el to:
etr1:
er1l1:
el ti1:
et r2:
er.l2:
el t?2:
et r3:
er.1l3:
el t3:
et r4.:
er.l4:
el ta:
et r5:
er.1l5:
el t5:
et r6:
er.l6:
el te6:
et r7:
er1l7:
el t7:
et r8:
er.1l8:
el t8:
et r9:
er.1l09:

el to:

(

(
(

(
(

(
(
(

(

(
(

i Right_to_Left @ > @
imu>o0);
i_Thinking to Right 1
i Right_to_Left 1 > ©
imu>o0);
i _Thinking_to_Right_2
i Right_to_Left_ 2 > @
imu>0);
i _Thinking_to_Right_3
i Right_to_Left 3 > @
imu>o);
i_Thinking_to_Right_4
i Right_to_Left 4 > ©
imu>o);
i_Thinking_to_Right_5
i Right_to_Left 5 > ©
imu>0);
i _Thinking_to_Right_6
i Right_to_Left_ 6 > @
imu>o0);
i _Thinking_to_Right_7
i Right_to_Left 7 > @
imu>o0);
i_Thinking_to_Right_8
i Right _to_Left 8 > ©
imu>0);
i Thinking_to_Right_9
i Right_to_Left 9 > ©

imu>e);

)5

>0 );

)5

>0 );

)5

>0 );

)5

>0 );

)5

>0 );

)5

>0 );

)s

>0 );

)s

>0 );

)5

>0 );

)5
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e t r 10 :
e r_1 10 :
el t 10 :
e t r 11 :
e r_111:
el t 11 :
et r 12 :
er. 112 :
el t 12 :
et r 13 :
e r_113:
e 1l t 13 :
et 114 :
elr 14 :

e_r_t 14 :

(
(
(
(
(

(
(
(
(
(

(
(
(

i_Thinking_to_Right_10 > 0 );
i Right_to Left_10 > 0 );
imu>0);

i Thinking to Right 11 > 0 );
i Right_to Left_11 > 0 );
imu>0);

i Thinking to Right 12 > 0 );
i_Right_to_Left_12 > 0 );
imu>0);
i_Thinking_to_Right_13 > 0 );
i Right_to Left_13 > 0 );
imu>0);
i_Thinking_to_Left_14 > @ );
i Left_to Right 14 > 0 );

imu>0);
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APENDICE V — ARQUIVO TEXTUAL DO MODELO PHIL20.SAN

identifiers

// Number of philosophers
P = 20;

// Acquisition rate
lambda = 1;

// Release rate

mu = 2;

Thinking_to_Right_©
Right_to_Left_o

(st P1 != Left) * lambda;
(st P19 != Right) * lambda;

Thinking_to_Right_ 1
Right_to_Left_1

(st P2 != Left) * lambda;
(st PO == Thinking) * lambda;

Thinking_to_Right_2
Right_to_Left_2

(st P3 I= Left) * lambda;
(st P1 == Thinking) * lambda;

Thinking_to_Right_3
Right_to_Left_3

(st P4 != Left) * lambda;
(st P2 == Thinking) * lambda;

Thinking_to Right 4
Right_to_Left 4

(st P5 != Left) * lambda;
(st P3 == Thinking) * lambda;

Thinking_to_Right_5
Right_to_Left_5

(st P6 = Left) * lambda;
(st P4 == Thinking) * lambda;

Thinking_to_Right_6
Right_to_Left_6

(st P7 != Left) * lambda;
(st P5 == Thinking) * lambda;

Thinking_to_Right_7
Right_to_Left 7

(st P8 != Left) * lambda;
(st P6 == Thinking) * lambda;

Thinking_to_Right_8
Right_to_Left_8

(st P9 I= Left) * lambda;
(st P7 == Thinking) * lambda;

Thinking_to_Right_9
Right_to_Left 9

(st P10 != Left) * lambda;
(st P8 == Thinking) * lambda;

Thinking_to_Right_10
Right_to_Left_10

(st P11 != Left) * lambda;
(st P9 == Thinking) * lambda;

Thinking_to_ Right_11 = (st P12 != Left) * lambda;
Right_to_Left_11 = (st P10 == Thinking) * lambda;
Thinking_to Right 12 = (st P13 != Left) * lambda;
Right_to_Left 12 = (st P11 == Thinking) * lambda;
Thinking_to_Right_13 = (st P14 != Left) * lambda;

Right_to_Left_ 13

(st P12 == Thinking) * lambda;

Thinking_to Right_14
Right_to_Left_14

(st P15 != Left) * lambda;
(st P13 == Thinking) * lambda;

Thinking_to_Right_15

(st P16 != Left) * lambda;
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Righ

Thinking_to_Right_16

Righ

Thinking_to_Right_17

Righ

Thinking_to Right_18

Righ

Thin
Left

events

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

loc
loc
loc

t_to_Left 15

t_to_Left_16

t_to_Left_17

t_to_Left 18
king_to_Left_19
_to_Right_19
t_r_

r 1.

1t o (mu);
t r_

r 1l

1t1 (mu);
t r_

r 1l

1t 2 (mu);
t r_

r 1l

1t 3 (mu);
t_r_

r 1.

1t 4 (mu);
t r_

r 1l

1 t 5 (mu);
t r_

r 1

1t 6 (mu);
t r_

r 1l

1t 7 (mu);
t_r_

r 1l

1t 8 (mu);
t r_

rl

1t9 (mu);

(st

(st
(st

(st
(st

(st
(st

(st
(st

P14 == Thinking) * lambda;
P17 != Left) * lambda;
P15 == Thinking) * lambda;
P18 != Left) * lambda;
P16 == Thinking) * lambda;
P19 == Thinking) * lambda;
P17 == Thinking) * lambda;
P18 == Thinking) * lambda;
PO = Left) * lambda;

0@ (Thinking_to_Right_0);
0 (Right_to_Left_0);
0

1 (Thinking_to Right _1);
1 (Right_to_Left_1);
1

2 (Thinking_to_Right_2);
2 (Right_to_Left_2);
2

3 (Thinking_to_Right_3);
3 (Right_to_Left_3);
3

4 (Thinking_to_Right_4);
4 (Right_to_Left_4);
4

5 (Thinking to Right 5);
5 (Right_to_Left_5);
5

6 (Thinking_to Right _6);
6 (Right_to_Left _6);
6

7 (Thinking_to Right 7);
7 (Right_to_Left _7);
7

8 (Thinking_to_Right_8);
8 (Right_to_Left_8);
8

9 (Thinking_to_Right_9);
9 (Right_to_Left_9);
9

t_r_10 (Thinking_to_Right_10);
r_1 10 (Right_to_Left_10);

1t 10 (mu);
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loc t_r_11 (Thinking_to_Right 11);
loc r_1 11 (Right_to_Left _11);
loc 1 _t 11 (mu);

loc t_r_12 (Thinking_to_Right 12);
loc r_1 12 (Right_to_Left _12);
loc 1 _t 12 (mu);

loc t_r_13 (Thinking_to_Right 13);
loc r_1 13 (Right_to_Left_13);
loc 1 _t 13 (mu);

loc t_r_14 (Thinking_to_Right_14);
loc r_1 14 (Right_to_Left_14);
loc 1_t_14 (mu);

loc t_r_15 (Thinking_to_Right_15);
loc r_1 15 (Right_to_Left_15);
loc 1 _t_15 (mu);

loc t_r_16 (Thinking_to Right_16);
loc r_1 16 (Right_to_Left _16);
loc 1 t_ 16 (mu);

loc t_r_17 (Thinking_to Right_17);
loc r_1 17 (Right_to_Left _17);
loc 1 t 17 (mu);

loc t_r_18 (Thinking_to_Right_18);
loc r_1 18 (Right_to Left 18);
loc 1 t 18 (mu);

loc t_1_19 (Thinking_to_Left_19);
loc 1_r_19 (Left_to_Right_19);
loc r_t 19 (mu);

partial reachability = ((st PO == Thinking) && (st P1 == Thinking) && (st P2 ==
Thinking) && (st P3 == Thinking) && (st P4 == Thinking) && (st P5 == Thinking) &&
(st P6 == Thinking) && (st P7 == Thinking) && (st P8 == Thinking) && (st P9 ==
Thinking) && (st P10 == Thinking) && (st P11 == Thinking) && (st P12 == Thinking)
&& (st P13 == Thinking) && (st P14 == Thinking) && (st P15 == Thinking) && (st P16
== Thinking) && (st P17 == Thinking) && (st P18 == Thinking) && (st P19 ==
Thinking));

network PHIL20f (continuous)

aut Po
stt Thinking to (Right) t roe
stt Right to (Left) rlae
stt Left to (Thinking) 1 t o
aut P1
stt Thinking to (Right) tr1
stt Right to (Left) rli
stt Left to (Thinking) 1 t 1
aut P2

stt Thinking to (Right) tr2
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stt Right
stt Left

aut P3
stt Thinking
stt Right
stt Left

aut P4
stt Thinking
stt Right
stt Left

aut P5
stt Thinking
stt Right
stt Left

aut P6
stt Thinking
stt Right
stt Left

aut P7
stt Thinking
stt Right
stt Left

aut P8
stt Thinking
stt Right
stt Left

aut P9
stt Thinking
stt Right
stt Left

aut P10
stt Thinking
stt Right
stt Left

aut P11
stt Thinking
stt Right
stt Left

aut P12
stt Thinking
stt Right
stt Left

aut P13
stt Thinking
stt Right
stt Left

aut P14

to
to

to
to
to

to
to
to

to
to
to

to
to
to

to
to
to

to
to
to

to
to
to

to
to
to

to
to
to

to
to
to

to
to
to

(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)



stt Thinking
stt Right
stt Left

aut P15
stt Thinking
stt Right
stt Left

aut P16
stt Thinking
stt Right
stt Left

aut P17
stt Thinking
stt Right
stt Left

aut P18
stt Thinking
stt Right
stt Left

aut P19
stt Thinking
stt Left
stt Right

to
to
to

to
to
to

to
to
to

to
to
to

to
to
to

to
to
to

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Right)
(Left)
(Thinking)

(Left)
(Right)
(Thinking)

t r 14
r 114
1t 14

t r_15
r_1 15
1t 15

t r_16
r_1 16
1t 16

t_r_17
r_1 17
1t17

t_r_18
r_1 18
1t 18

t 1 19
1l r_ 19
r_t 19
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APENDICE W — ARQUIVO TEXTUAL DO MODELO PHIL20.SMV

MODULE ad_Po()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P1()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P2()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P3()

VAR state : {s_Thinking,s Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P4()

VAR state : {s_Thinking,s Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P5()

VAR state : {s_Thinking,s Right,s Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P6()

VAR state : {s_Thinking,s Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P7()

VAR state : {s_Thinking,s Right,s Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P8()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P9()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);

MODULE ad_P10e()

VAR state : {s_Thinking,s_Right,s_Left};
DEFINE

unchanged := state = next(state);



MODULE ad

DEFINE
unchanged

_P11()
VAR state :

{s_Thinking,s_Right,s_Left};

:= state = next(state);
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MODULE ad

DEFINE
unchanged

_P12()
VAR state :

{s_Thinking,s Right,s_Left};

MODULE ad

DEFINE
unchanged

_P13()
VAR state :

{s_Thinking,s Right,s_Left};

:= state = next(state);

MODULE ad
VAR state
DEFINE

unchanged

_P14()

: {s_Thinking,s Right,s Left};

MODULE ad

DEFINE
unchanged

_P15()
VAR state :

{s_Thinking,s Right,s_Left};

MODULE ad

DEFINE
unchanged

_P16()
VAR state :

{s_Thinking,s Right,s_Left};

MODULE ad

DEFINE
unchanged

_P17()
VAR state :

{s_Thinking,s Right,s_Left};

MODULE ad

DEFINE
unchanged

_P18()
VAR state :

{s_Thinking,s Right,s_Left};

MODULE ad
VAR state
DEFINE

unchanged

_P19()

: {s_Thinking,s_Left,s Right};

MODULE ma

VAR
a_Po :
a_P1 :
a_bP2 :
a_P3 :
a_P4 :
a_P5 :
a_P6 :
a_PbP7 :
a_P8 :
a_Po :
a_P1o :
a_P11 :

in

ad_Po();
ad_P1();
ad_P2();
ad_P3();
ad_P4();
ad_P5();
ad_P6();
ad_P7();
ad_P8();
ad_P9();
ad_P10();
ad_P11();
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a_ P12 : ad _P12();
a_P13 : ad_P13();
a_P14 : ad_P14();
a_P15 : ad_P15();
a_ P16 : ad_P16();
a_ P17 : ad_P17();
a_P18 : ad_P18();
a_P19 : ad_P19();

INIT
(cceceeceececeeceeeceeeCeCaro.state = s_thinking ) & ( a_Pl.state

s_Thinking ) ) & ( a_P2.state = s_Thinking ) ) & ( a_P3.state = s_Thinking ) ) & (
a_P4.state = s_Thinking ) ) & ( a_P5.state = s_Thinking ) ) & ( a_P6.state =
s_Thinking ) ) & ( a_P7.state = s_Thinking ) ) & ( a_P8.state = s_Thinking ) ) & (
a_P9.state = s_Thinking ) ) & ( a_Pl@.state = s_Thinking ) ) & ( a_Pll.state =
s_Thinking ) ) & ( a_Pl2.state = s_Thinking ) ) & ( a_P13.state Thinking ) ) &

( a_Pl4.state = s_Thinking ) )
s_Thinking ) ) & ( a_P17.state
( a_P19.state = s_Thinking )
TRANS
next_local step_ad_Po
| next_local step ad P1

| next_local_step_ad P2
| next_local_step_ad_P3
| next_local_step_ad_P4
| next_local step_ad_P5
| next_local_step_ad_P6
| next_local step_ad_P7
| next_local_step_ad_P8
| next_local_step_ad_P9
| next_local step_ad _Ple
|

|

|

|

|

|

|

|

( a_P15.state = s_Thinking ) )
s_Thinking ) ) & ( a_P18.state

I R0 1
I 2 1

s_
( a_Pl6.state =
s_Thinking ) ) &

next_local step_ad_P11
next_local_step_ad_P12
next_local_step_ad_P13
next_local_step_ad_P14
next_local_step_ad_P15
next_local_step_ad_P16
next_local_step_ad_P17
next_local_step_ad_P18
| next_local step_ad P19

DEFINE
a_Po_getCurrentIndex := ( a_Po.state = s_Thinking ? @ : ( a_Po.state =
s Right ? 1 : ( a_Po.state = s left?2: -1 ) ) )

-= S=E================ ad_Pe automata local Steps section =—=================
local step_ad PO := (

-- connection s_Thinking - s_Right

( ( a_Po.state = s_Thinking & et r @ ) & ( next(a_PO.state) = s_Right ) )

|

-- connection s_Right - s_Left

( ( a_Po.state = s Right & e r 1 @ ) & ( next(a_Po.state) = s_Left ) )

|

-- connection s_Left - s_Thinking

( ( a_Po.state = s_Left & e_.1 t © ) & ( next(a_P@.state) = s_Thinking ) )
)
next_local step_ad PO := ( local step ad P9

& a_Pl.unchanged

& a_P2.unchanged

& a_P3.unchanged

& a_P4.unchanged
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a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P10.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged
a_P15.unchanged
a_P16.unchanged
a_P17.unchanged
a_P18.unchanged
a_P19.unchanged

R0 Q0 Q0 Q0 QO QO Q0 QO QO RO QO QO QO QO QO

)s
a_P1 getCurrentIndex := ( a_Pl.state = s_Thinking ? @ : ( a_Pl.state =
s Right ?» 1 : ( a Pl.state = s Lleft ? 2 : -1 ) ) );
-- ================== ad_P1 automata local steps section ==================
local_step_ad_P1 := (
-- connection s_Thinking - s_Right
( ( a_Pl.state = s_Thinking & e_t_ r_1 ) & ( next(a_Pl.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_Pl.state = s_Right & e_.r_1.1 ) & ( next(a_Pl.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_Pl.state = s Left & e 1 t 1 ) & ( next(a_Pl.state) = s_Thinking ) )
)s
next_local_step_ad P1 := ( local_step_ad P1
a_P@.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P10@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged
a_P15.unchanged
a_P16.unchanged
a_P17.unchanged
a_P18.unchanged
a_P19.unchanged

20 20 20 20 20 20 2O R0 Q0 2O RO QO 2O 2O Q0 Q0 QO RO QO

)
a_P2 getCurrentIndex := ( a_P2.state = s_Thinking ? @ : ( a_P2.state =
s Right ? 1 : ( a_P2.state=s left?2: -1 ) ) )
-- ================== ad_P2 automata local steps section ==================
local step_ad P2 := (
-- connection s_Thinking - s_Right
( ( a_P2.state = s_Thinking & e t r 2 ) & ( next(a_P2.state) = s Right ) )
|
-- connection s_Right - s_Left
( ( a_P2.state = s_Right & e_r_1 2 ) & ( next(a_P2.state) = s_Left ) )
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-- connection s_Left - s_Thinking
( ( a_P2.state = s_Left & e_1 t 2 ) & ( next(a_P2.state) = s_Thinking ) )

)

next local step ad P2 := ( local step ad P2

a_Po@.unchanged

a_P1.unchanged

a_P3.unchanged

a_P4.unchanged

a_P5.unchanged

a_P6.unchanged

a_P7.unchanged

a_P8.unchanged

a_P9.unchanged

a_P10.unchanged

a_P11.unchanged

a_P12.unchanged

a_P13.unchanged

a_P14.unchanged

a_P15.unchanged

a_P16.unchanged

a_P17.unchanged

a_P18.unchanged

a_P19.unchanged

20 Q0 Q0 Q0 QO QO Q0 Q0 QO QO QO QO QO Q0 QO QO RO QO QO

)s
a_P3 getCurrentIndex := ( a_P3.state = s_Thinking ? @ : ( a_P3.state =
s Right ?» 1 : ( a_P3.state = s Lleft ? 2 : -1 ) ) );
-- ================== ad_P3 automata local steps section ==================
local_step_ad_P3 := (
-- connection s_Thinking - s_Right
( ( a_P3.state = s_Thinking & e_t_ r_3 ) & ( next(a_P3.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P3.state = s_Right & e_r_1 3 ) & ( next(a_P3.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P3.state = s _ Left & e 1 t 3 ) & ( next(a_P3.state) = s_Thinking ) )
)
next_local_step_ad _P3 := ( local_step_ad_P3
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P1@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged
a_P15.unchanged
a_P16.unchanged
a_P17.unchanged
a_P18.unchanged
a_P19.unchanged

20 20 R0 Q0 R0 20 RO RO 20 RO RO RO RO RO RO RO QO RO QO

)5
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a_P4 getCurrentIndex := ( a_P4.state = s_Thinking ? @ : ( a_P4.state =
s_Right ? 1 : ( a P4.state = s Lleft 2 2 : -1 ) ) );
-- ================== ad_P4 automata local steps section ==================
local_step_ad P4 := (
-- connection s_Thinking - s_Right
( ( a_P4.state = s_Thinking & e .t r_4 ) & ( next(a_P4.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P4.state = s_Right & e_r_ 1 4 ) & ( next(a_P4.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P4.state = s_ Left & e 1 t 4 ) & ( next(a_P4.state) = s_Thinking ) )
)s
next local step ad P4 := ( local step ad P4
a_Po@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P1@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged
a_P15.unchanged
a_P16.unchanged
a_P17.unchanged
a_P18.unchanged
a_P19.unchanged

20 Q0 Q0 Q0 QO Q0 Q0 Q0 QO QO QO QO QO QO QO QO QO QO QO

)
a_P5_getCurrentIndex := ( a_P5.state = s_Thinking ? @ : ( a_P5.state
s Right ? 1 : ( a_ P5.state = s Lleft 2 2 : -1 ) ) );
-- ================== ad_P5 automata local steps section ==================
local_step_ad P5 := (
-- connection s_Thinking - s_Right
( ( a_P5.state = s_Thinking & e t r 5 ) & ( next(a_P5.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P5.state = s_Right & e_r_1 5 ) & ( next(a_P5.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P5.state = s Left & e 1 t 5 ) & ( next(a_P5.state) = s _Thinking ) )
)
next_local_step_ad P5 := ( local_step_ad_P5
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P1@.unchanged
a_P11.unchanged

20 Q0 Q0 Q0 QO Q0 RO Q0 QO O Qo
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a_P12.unchanged
a_P13.unchanged
a_P14.unchanged
a_P15.unchanged
a_P16.unchanged
a_P17.unchanged
a_P18.unchanged
a_P19.unchanged

20 2o 20 Q0 Qo o RO RO

)
a_P6_getCurrentIndex := ( a_P6.state = s_Thinking ? @ : ( a_P6.state =
s_Right ? 1 : ( a P6.state = s Left 2 2 : -1 ) ) );
-- ================== ad_P6 automata local steps section ==================
local_step_ad _P6 := (
-- connection s_Thinking - s_Right
( ( a_P6.state = s_Thinking & e t r_6 ) & ( next(a_P6.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P6.state = s Right & e r 1 6 ) & ( next(a_P6.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P6.state = s _ Left & e 1 t 6 ) & ( next(a_P6.state) = s_Thinking ) )
)s
next_local _step_ad P6 := ( local step_ad P6
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P1@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged
a_P15.unchanged
a_P16.unchanged
a_P17.unchanged
a_P18.unchanged
a_P19.unchanged

20 Q0 Q0 Q0 QO Q0 Q0 QO QO QO QO QO Q0 QO QO QO QO QO QO

)
a_P7_getCurrentIndex := ( a_P7.state = s_Thinking ? @ : ( a_P7.state =
s Right ?» 1 : ( a_ P7.state = s Lleft 2 2 : -1 ) ) );
== =S================= ad_P7 automa'ta local Steps Section =========—=========
local_step_ad_P7 := (
-- connection s_Thinking - s_Right
( ( a_P7.state = s_Thinking & e t r_ 7 ) & ( next(a_P7.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P7.state = s_Right & e_.r_ 1 7 ) & ( next(a_P7.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P7.state = s Left & e 1 t 7 ) & ( next(a_P7.state) = s _Thinking ) )
)
next_local_step_ad P7 := ( local_step_ad _P7
& a_Po.unchanged
& a_Pl.unchanged



20 Q0 Q0 Q0 R0 QO QO Q0 QO QO QO QO QO QO QO RO RO

)5

a_P2.
a_P3.
a_P4.
a_P5.
a_Pe6.
a_P8.
a_Po

a_P1e.
a_P11.
a_P12.
a_P13.

a_P14

a_P15.
a_P16.
a_P17.
a_P18.
a_P19.

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

.unchanged

unchanged
unchanged
unchanged
unchanged

.unchanged

unchanged
unchanged
unchanged
unchanged
unchanged

a_P8 getCurrentIndex := (

s_Rig

ht » 1 :

local_step_ad_P8

(

a_P8.state

= (

a_

P8.state =

s _Left ? 2 :
ad_P8 automata local steps section

-- connection s_Thinking - s_Right

( ( a_P8.state

= s_Thinking & e_t_r_8 ) & ( next(a_P8.state) =

-- connection s_Right - s_Left

( ( a_P8.state

= s Right & e r_ 1 8 ) & ( next(a_P8.state) =

-- connection s_Left - s_Thinking

( ( a_P8.state

)5

next_local step_ad_P8

20 20 20 20 20 20 20 20 20 RO Q0 Q0 2O RO RO QO RO RO QO

)5

a_Po.
a_P1.
a_P2.
a_P3.
a_P4.
a_P5.
a_Pé6.
a_P7
a_Po.

a_Pie.
a_P11.
a_P12.

a_P13

a_Pi4.
a_P15.
a_P16.
a_P17.
a_P18s.
a_P19.

= s Left & e 1 t 8 ) & ( next(a_P8.state) =

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

.unchanged

unchanged

unchanged
unchanged
unchanged

.unchanged

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

a_P9_getCurrentIndex := (

s_Rig

ht » 1 :

local_step_ad_P9

(

a_P9.state

= (

a_P9.state =

s Left ? 2 :
ad_P9 automata local steps section

-- connection s_Thinking - s_Right

( ( a_P9.state

= s_Thinking & e_t_r_ 9 ) & ( next(a_P9.state) =

s_Thinking ? © :

-1

:= ( local_step_ad_P8

)

)

)5

s_Thinking ? 0@ :

-1

)

)

)5

( a_P8.state =

s_Right ) )

s_Left ) )

s_Thinking ) )

( a_P9.state =

s_Right ) )

149
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-- connection s_Right - s_Left
( ( a_P9.state = s_Right & e_r_1 9 ) & ( next(a_P9.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P9.state = s_Left & e_.1 t 9 ) & ( next(a_P9.state) = s_Thinking ) )
)
next_local _step_ad P9 := ( local_step_ad P9
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P10@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged
a_P15.unchanged
a_P16.unchanged
a_P17.unchanged
a_P18.unchanged
a_P19.unchanged

20 Q0 Q0 Q0 QO QO Q0 Q0 QO QO QO QO Q0 QO QO QO QO QO QO

)s
a_P10_getCurrentIndex := ( a_Plo.state = s_Thinking ? @ : ( a_Plo.state =
s Right ? 1 : ( a_Plo.state = s left ? 2 : -1 ) ) )
-- ================== ad_P10 automata local steps section ==================
local _step_ad P10 := (
-- connection s_Thinking - s_Right
( ( a_Plo.state = s_Thinking & e_t_r_10 ) & ( next(a_P1@.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_Plo.state = s_Right & e_r_1 10 ) & ( next(a_Ple.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_Plo.state = s_lLeft & e_1 t 10 ) & ( next(a_Plo.state) = s_Thinking ) )
)s
next_local step_ad P10 := ( local_step_ad P10
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged
a_P15.unchanged
a_P16.unchanged
a_P17.unchanged
a_P18.unchanged

20 20 20 0 20 R0 20 R0 0 20 RO 20 RO 20 RO 20 RO QO
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& a_P19.unchanged
)s
a_P11 getCurrentIndex := ( a_Pll.state = s_Thinking ? @ : ( a_Pll.state =

s_Right ? 1 : ( a_Pll.state = s left 2 2 : -1 ) ) );

-- ================== ad_P11 automata local steps section ==================
local step_ad P11 := (
-- connection s_Thinking - s_Right
( ( a_Pll.state = s_Thinking & e_t r 11 ) & ( next(a_Pll.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_Pll.state = s_Right & e_r_1 11 ) & ( next(a_Pll.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_Pll.state = s_lLeft & e_1 t 11 ) & ( next(a_Pll.state) = s_Thinking ) )
)s
next_local_step_ad P11 := ( local_step_ad P11
a_Po@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P1@.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged
a_P15.unchanged
a_P16.unchanged
a_P17.unchanged
a_P18.unchanged
a_P19.unchanged

20 Q0 Q0 Q0 Q0 RO QO Q0 Q0 QO QO QO QO Q0 Q0 QO QO QO QO

)s
a_P12 getCurrentIndex := ( a_Pl12.state = s_Thinking ? @ : ( a_Pl1l2.state =

s Right ? 1 : ( a_Pl2.state=s left?2: -1 ) ) )

-- ================== ad_P12 automata local steps section ==================
local _step_ad P12 := (
-- connection s_Thinking - s_Right
( ( a_P12.state = s_Thinking & e_t r 12 ) & ( next(a_Pl2.state) = s _Right ) )
|
-- connection s_Right - s_Left
( ( a_Pl2.state = s Right & e r 1 12 ) & ( next(a_Pl2.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_Pl2.state = s_Left & e_1 t 12 ) & ( next(a_Pl2.state) = s_Thinking ) )
)
next_local step_ad P12 := ( local step ad P12
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged

20 Q0 Q0 Q0 Q0 QO QO Qo0 Qo
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a_P9.unchanged

a_P10.unchanged
a_P11.unchanged
a_P13.unchanged
a_P14.unchanged
a_P15.unchanged
a_P16.unchanged
a_P17.unchanged
a_P18.unchanged
a_P19.unchanged

Q0 0 Q0 QO QO QO QO QO RO RO

)s
a_P13 getCurrentIndex := ( a_Pl13.state = s_Thinking ? @ : ( a_Pl13.state =
s_Right ?» 1 : ( a_Pl3.state = s left 2 2 : -1 ) ) );
-- ================== ad_P13 automata local steps section ==================
local _step_ad P13 := (
-- connection s_Thinking - s_Right
( ( a_P13.state = s_Thinking & e_t r 13 ) & ( next(a_P13.state) = s _Right ) )
|
-- connection s_Right - s_Left
( ( a_P13.state = s_Right & e_r_1 13 ) & ( next(a_P13.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_P1l3.state = s _Left & e 1 t 13 ) & ( next(a_Pl3.state) = s_Thinking ) )
)s
next_local_step_ad P13 := ( local_step_ad P13
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P10@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P14.unchanged
a_P15.unchanged
a_P16.unchanged
a_P17.unchanged
a_P18.unchanged
a_P19.unchanged

20 20 20 R0 Q0 RO 20 R0 QO RO RO QO RO RO RO RO RO QO RO

)
a_P14 getCurrentIndex := ( a_Pl4.state = s_Thinking ? @ : ( a_Pl4.state =
s Right ? 1 : ( a_Pl4.state=s left? 2 : -1 ) ) )
-—- S SSSSSS======= ad_P14 automata local Steps Section S SSSS=S======
local_step_ad_P14 := (
-- connection s_Thinking - s_Right
( ( a_Pl4.state = s_Thinking & e t r 14 ) & ( next(a_Pl4.state) = s Right ) )
|
-- connection s_Right - s_Left
( ( a_Pl4.state = s Right & e r 1 14 ) & ( next(a_Pl4.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_Pl4.state = s_Left & e_1 t 14 ) & ( next(a_Pl4.state) = s_Thinking ) )
)s
next_local step_ad P14 := ( local step _ad P14
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a_Po@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P10.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P15.unchanged
a_P16.unchanged
a_P17.unchanged
a_P18.unchanged
a_P19.unchanged

20 Q0 Q0 Q0 Q0 QO Q0 Q0 QO Q0 QO QO QO QO QO QO RO QO QO

)s
a_P15 getCurrentIndex := ( a_P15.state = s_Thinking ? @ : ( a_Pl5.state =
s Right ?» 1 : ( a_Pl5.state = s Lleft ? 2 : -1 ) ) );
-- ================== ad_P15 automata local steps section ==================
local_step_ad_P15 := (
-- connection s_Thinking - s_Right
( ( a_P15.state = s_Thinking & e_t r_15 ) & ( next(a_P15.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P15.state = s_Right & e_r_1_15 ) & ( next(a_P15.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_Pl5.state = s_Left & e 1 t 15 ) & ( next(a_Pl5.state) = s_Thinking ) )
)
next_local_step_ad_P15 := ( local_step_ad_ P15
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P10@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged
a_P16.unchanged
a_P17.unchanged
a_P18.unchanged
a_P19.unchanged

20 20 20 20 20 20 20 R0 Q0 RO RO Q0 QO QO QO QO QO RO QO

)s
a_P16_getCurrentIndex := ( a_Pl6.state = s_Thinking ? @ : ( a_Pl6.state =
s Right ? 1 : ( a_Pl6.state = s Lleft 2 2 : -1 ) ) );
-- ================== ad_P16 automata local steps section ==================
local_step_ad_P16 := (
-- connection s_Thinking - s_Right
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( ( a_Pl6.state = s_Thinking & e_t_r_16 ) & ( next(a_Pl6.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_Pl6.state = s_Right & e_r_1 16 ) & ( next(a_Pl6.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_Plé6.state = s_Left & e_1 t 16 ) & ( next(a_Pl6.state) = s_Thinking ) )
)
next_local_step_ad P16 := ( local _step_ad P16
a_Po@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P1@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged
a_P15.unchanged
a_P17.unchanged
a_P18.unchanged
a_P19.unchanged

20 Q0 Q0 Q0 QO Q0 Q0 Q0 QO QO QO QO Q0 Q0 QO QO QO QO QO

)s
a_P17_getCurrentIndex := (  a_Pl7.state = s_Thinking ? @ : ( a_Pl7.state =
s Right ? 1 : ( a_Pl7.state = s Left 2 2 : -1 ) ) );
-- ================== ad_P17 automata local steps section ==================
local_step_ad P17 := (
-- connection s_Thinking - s_Right
( ( a_P17.state = s_Thinking & e_t_r_17 ) & ( next(a_P17.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_Pl7.state = s_Right & e_.r_ 1 17 ) & ( next(a_Pl7.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_Pl7.state = s_Left & e_1 t 17 ) & ( next(a_Pl7.state) = s_Thinking ) )
)s
next_local_step_ad P17 := ( local_step_ad P17
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P10@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged
a_P15.unchanged

20 20 20 RO 20 20 20 20 RO O 2O QO QO RO O 2O
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& a_P16.unchanged
& a_P18.unchanged
& a_P19.unchanged

)
a_P18 getCurrentIndex := ( a_P18.state = s_Thinking ? @ : ( a_P18.state =
s_Right ? 1 : ( a P18.state = s Left 2 2 : -1 ) ) );

-- ================== ad_P18 automata local steps section ==================
local_step_ad P18 := (
-- connection s_Thinking - s_Right
( ( a_P18.state = s_Thinking & e_t_r_18 ) & ( next(a_P18.state) = s_Right ) )
|
-- connection s_Right - s_Left
( ( a_P18.state = s Right & e r_ 1 18 ) & ( next(a_P18.state) = s_Left ) )
|
-- connection s_Left - s_Thinking
( ( a_Pl8.state = s_lLeft & e_1 t 18 ) & ( next(a_Pl1l8.state) = s_Thinking ) )
)s
next_local step_ad P18 := ( local step ad P18
& a_Po.unchanged
& a_Pl.unchanged
& a_P2.unchanged
& a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged
a_P7.unchanged
a_P8.unchanged
a_P9.unchanged
a_P1@.unchanged
a_P11.unchanged
a_P12.unchanged
a_P13.unchanged
a_P14.unchanged
a_P15.unchanged
a_P16.unchanged
a_P17.unchanged
a_P19.unchanged

20 Q0 Q0 Q0 QO QO Q0 Q0 QO QO QO RO QO QO QO

)
a_P19_getCurrentIndex := ( a_Pl19.state = s_Thinking ? @ : ( a_Pl19.state =
s Left 21 : ( a_P19.state = s Right ? 2 : -1 ) ) );
-- ================== ad_P19 automata local steps section ==================
local _step_ad P19 := (
-- connection s_Thinking - s_Left
( ( a_P19.state = s_Thinking & e_t_1 19 ) & ( next(a_P19.state) = s_Left ) )
|
-- connection s_Left - s_Right
( ( a_Pl9.state = s_Left & e_1 r 19 ) & ( next(a_Pl19.state) = s_Right ) )
|
-- connection s_Right - s_Thinking
( ( a_P19.state = s Right & e r t 19 ) & ( next(a_P19.state) = s_Thinking ) )
)
next_local step_ad P19 := ( local_step_ad P19
a_P@.unchanged
a_P1.unchanged
a_P2.unchanged
a_P3.unchanged
a_P4.unchanged
a_P5.unchanged
a_P6.unchanged

Q0 Q0 Q0 Q0 Qo0 Qo Qo
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a_P7.u
a_P8.u
a_P9.u
a_P1lo.
a_P11.
a_P12.
a_P13.
a_P14.
a_P15.
a_P16.
a_P17.
a_P18.

" 20 00 20 20 20 20 0 20 20 R0 @0 20

imu = (

i_Thinking
)s

i_Right_to

i_Thinking
)s

i_Right_to

i_Thinking
)s

i_Right_to

i_Thinking
)s

i_Right_to

i_Thinking
)s

i_Right_to

i_Thinking
)

i_Right_to

i_Thinking
)

i_Right_to

i_Thinking
)

i_Right_to

nchanged

nchanged

nchanged

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

_to_Right_© :

_Left_ @ := (

_to_Right_1 :

_Left_1 := (

_to_Right_2 :

_Left_2 := (

_to_Right_3 :

_Left_3 := (

_to_Right 4 :

_Left_4 := (

_to_Right 5 :

_Left 5 := (

_to_Right 6 :

_Left 6 := (

_to _Right 7 :

Left 7 := (

(

( ( a_Pl.state !=s Left ) ) ? 1 :

a_P19.state != s _Right ) ) ? 1

( ( a_P2.state !=s Left ) ) ? 1 :

a_Po.state = s_Thinking ) ) ? 1 :

( ( a_P3.state !=s Left ) ) ? 1

a_Pl.state = s_Thinking ) ) ? 1 :

( ( a_P4.state !=s Left ) ) ? 1 :

a_P2.state = s_Thinking ) ) ? 1

( ( a_P5.state !=s Left ) ) ? 1 :

a_P3.state = s_Thinking ) ) ? 1 :

( ( a_P6.state !=s Left ) ) ? 1 :

a_P4.state = s_Thinking ) ) ? 1 :

( ( a_P7.state !=s Left ) ) ? 1 :

a_P5.state = s_Thinking ) ) ? 1 :

( ( a_P8.state !=s Left ) ) ? 1 :

a_P6.state = s_Thinking ) ) ? 1 :

@ ) * i _lambda

: 0 ) * i lambda );

@ ) * i _lambda

@ ) * i _lambda );

: 0 ) * i lambda

@ ) * i _lambda );

@ ) * i _lambda

: 0 ) * i lambda );

@ ) * i _lambda

@ ) * i _lambda );

@ ) * i _lambda

@ ) * i_lambda );

@ ) * i _lambda

@ ) * i lambda );

@ ) * i _lambda

@ ) * i lambda );



i_Thinking to_Right_8 :
)

i Right_to_ Left_8 := (

i_Thinking_to_Right 9 :
)

i Right_to_ Left 9 := (

i_Thinking_to_Right_10 :

)s

i_Right_to_Left_10 := (
)s
)s

i Right to Left 11 := (
)s

i_Thinking_to_Right_11 :

i_Thinking_to_Right_12 :

)s

i Right to Left 12 := (
)s
)

i_Right_to_Left_13 := (
)3

i_Thinking_to_Right_13 :

i_Thinking_to_Right_14 :

)s

i_Right_to_Left_14 := (
)s
)
i Right to Left 15 := (
)s
)

i Right to Left 16 := (
)

i_Thinking_to_Right_15 :

i_Thinking_to_Right_16 :

i _Thinking_to Right_17 :

)5

i_Right_to_Left_17 := (
)3

( ( ( (a_P9.state !=s_Left ) ) 2?1

( ( a_P7.state = s_Thinking ) ) ? 1 :

( ( ( (a_Plo.state !=s Left ) ) ? 1

( ( a_P8.state = s_Thinking ) ) ? 1 :

((

((

( ( a_Pll.state !=s Left ) ) ? 1

a_P9.state = s_Thinking ) ) ? 1 :

( ( a_Pl2.state !=s Left ) ) ? 1

a_Plo.state = s_Thinking ) ) ? 1

( ( a_P13.state != s left ) ) ? 1

a_Pll.state = s_Thinking ) ) ? 1

( ( a_Pl4.state != s_Left ) ) ? 1

a_P12.state = s_Thinking ) ) ? 1

( ( a_Pl5.state !=s Left ) ) ? 1

a_P13.state = s_Thinking ) ) ? 1

( ( a_Pl6.state !=s Left ) ) ? 1

a_Pl4.state = s_Thinking ) ) ? 1

( ( a_P17.state !=s_Left ) ) ? 1

a_Pl15.state = s_Thinking ) ) ? 1

( ( a_P18.state !=s Left ) ) ? 1

a_Pl6.state = s_Thinking ) ) ? 1
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: @) * i lambda

@ ) * i lambda );

: @) * i lambda

0 ) * i lambda );

: 0 ) * i lambda

@ ) * i lambda

: 0 ) * i lambda

: 0 ) * i lambda

: 0 ) * i lambda

: 0 ) * i lambda

: 0 ) * i lambda

: @) * i lambda

: 0 ) * i lambda

: @) * i lambda

: 0 ) * i lambda

: @) * i lambda

: 0 ) * i lambda

: 0 ) * i lambda

: 0 ) * i lambda

: @) * i lambda
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i_Thinking_to_Right_18 := ( ( ( ( a_P19.state = s_Thinking ) ) ? 1 : @ ) *
i lambda );

i Right_to Left 18 := ( ( ( ( a_Pl17.state = s_Thinking ) ) ? 1 : @ ) * i _lambda
)s

i Thinking to_Left 19 := ( ( ( ( a_P18.state = s_Thinking ) ) ? 1 : @ ) *
i_lambda );

i_Left_to Right_19 := ( ( ( ( a_P@.state !=s Left ) ) 21 : 0 ) * i lambda );
nb OpePatOPS Section === =====

events section ==================
i_Thinking_to_Right_ @6 > 0 );

i Right_to Left @ > 0 );
imu>o);

et r 1 := ( i_Thinking_to_Right_1 > 0 );
er 11 :=( iRight to Left 1 >0 );
eltil1:=(imu>0);

et r 2 :=( i_Thinking_to Right 2 > 0 );
er 12 :=( i Right to Left 2 > 0 );
elt2:=(Cimu>0);

et r 3 :=( i_Thinking_to Right 3 > 0 );
er_13 :=( i Right_to Left_ 3 > 0 );

elt3:=(Cimu>o0);

et r 4 := ( i_Thinking_to_Right_4 > 0 );
er 14 :=( iRight to Left 4 > 0 );
elt4d:=(Cimu>0);

e_t r 5 := ( i_Thinking_to_Right_5 > 0 );
er 15 :=( i Right to Left 5 > 0 );

el t5:=(imu>0);

et r 6 :=( i Thinking to Right 6 > 0 );
er 16 :=( i Right_to_Left_ 6 > 0 );
elto6 :=(Cimu>0);

et r 7 :=( i_Thinking _to Right 7 > 0 );

e r_17 :=( i_Right_to_ Left_7 > 0 );



el t7:
et r8:
er.l8:
el t8:
et r9:
er.l9:
el to:
et r 10 :
e r_1 10 :
el t 10 :
e t r 11 :
e r_111:
e 1 t 11 :
et r 12 :
er_112:
el t 12 :
e_t r 13 :
e r_113:
el t 13 :
et r 14 :
e r_114 :
e 1 t 14 :
e t r 15 :
e r_115:
e 1l t 15 :
e t r 16 :
e r_1 16 :
el t 16 :
et r 17 :

e r 117 :

(

(

(

(
(

(
(
(
(
(

(

(
(
(
(
(

(
(
(
(
(

imu>o0);

i Right_to Left 8 > 0 );

imu>o0);

i Right_to Left 9 > 0 );

imu>o0);

i _Thinking to_Right_10
i Right_to_Left 10 > ©
imu>0);
i_Thinking_to_Right_11
i Right _to Left 11 > @
imu>0);
i_Thinking_to_Right_12
i Right_to_Left_12 > @
imu>o0);
i_Thinking_to_Right_13
i Right_to_Left_13 > @
imu>o0);
i_Thinking_to_Right_14
i Right _to Left 14 > @
imu>0);
i _Thinking_to_Right_15
i Right_to_Left_15 > @
imu>0);
i _Thinking_to_Right_16
i Right_to_Left_16 > @
imu>oe);
i_Thinking_to_Right_17

i_Right_to_Left_17 > o

>

)5

>

)5

>

)5

)5

>

)5

>

)5

>

)5

i Thinking to_Right 8 > 0 );

i Thinking _to_Right 9 > 0 );

0

)5
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el t 17 :
e t r 18 :
e r_ 118 :
e 1l t 18 :
et 119 :
el r 19 :

e_r_t_19 :

(
(
(

(
(
(

imu>0);

i Thinking to Right 18 > 0 );
i Right_to_ Left_18 > 0 );
imu>0);
i_Thinking_to_Left_19 > 0 );
i Left_to_Right 19 > 0 );

imu>0);
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APENDICE X — ARQUIVO TEXTUAL DO MODELO AD0O4C.SAN

identifiers

bandwidth_b = 2000000; // bandwidth in bits/seconds

bandwidth_B = bandwidth_b/8; // bandwidth in bytes/seconds

bandwidth_Mbps = bandwidth_b/1000000; // bandwidth in bytes/seconds

size_pack = 1500; // package size in bytes

RTS = 40; // Request To Send header in bytes

CTS_ACK = 39; // Clear To Send and Acknowledge
headers in bytes

MAC = 47; // Medium Access Control header in
bytes

IFT = 50+(3*10)+280; // InterFrame Time (DIFS + 3*SIFS +
Average Backoff Time) in microseconds (approximated)

IFS = ((bandwidth_B/1000000)*IFT); // InterFrame Size cost in bytes
(approximated)

overhead = RTS+CTS_ACK+MAC+IFS; // headers

mu = (bandwidth_B)/(size_pack+overhead); // maximum throughput rate
(theoretically as many package as the medium can handle)

lambda = 50000; // package generation rate (one
package/DIFS)
rl2 = lambda;
r23 = lambda;
r34 = lambda;
events
loc tx1 mu; // transmission of one package
loc tx2 mu; // transmission of one package
syn tx3 mu; // transmission of one package
syn gl2 rl2; // package generated from 1 to 2
syn g23 r23; // package routed from 2 to 3
syn g34 r34; // package routed from 3 to 4
partial reachability = (nb I == 4); // initial state

network Ad (continuous)
aut MN_1
stt I to (T) gi2
to (I) g23 g34
stt T to (I) tx1

aut MN_2
stt T to (R) gl2
to (I) g34

stt R to (T) g23
stt T to (I) tx2

aut MN_3
stt T to (R) g23
to (I) gl2
stt R to (T) g34
stt T to (I) tx3

aut MN_4
stt I to (R) g34
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to (I) gl2 g23
stt R to (I) tx3



APENDICE Y — ARQUIVO TEXTUAL DO MODELO AD0O4C.SMV

MODULE ad_MN_1()
{s_I,s_T};

VAR state :

DEFINE
unchanged
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MODULE ad_MN_2()
{s_I,s_R,s_T};

VAR state :

DEFINE
unchanged

state = next(state);

MODULE ad_MN_3()
{s_I,s_R,s_T};

VAR state :

DEFINE
unchanged

MODULE ad_MN_4()

VAR state : {s_I,s_R};
DEFINE
unchanged := state = next(state);
MODULE main
VAR
a_MN_1 : ad MN_1();
a_MN_2 : ad_MN_2();
a_MN_3 : ad_MN_3();
a_MN_4 : ad_MN_4();
INIT

(nb_s I=4)

TRANS

next_local step_ad _MN_1
| synchronized_steps
| next_local_step_ad MN_2

DEFINE
a_MN_1 getCurrentIndex := ( a_MN_1l.state =s I ?0 : (
1: -1 ) );
-- ================== ad_MN_1 automata local steps section
local_step_ad MN_1 := (
-- connection s_ T - s_I
( ( a_MN_1.state = s T & e txl ) & ( next(a_MN_1.state)
)s
next_local step_ad MN_1 := ( local_step_ad MN_1
& a_MN_2.unchanged
& a_MN_3.unchanged
& a_MN_4.unchanged
)s
a_MN_2 getCurrentIndex := ( a_MN_2.state = s I ?0 : (
1 ( a_MN_2.state = s T 2?2 -1 ) ) )
-- ================== ad_MN_2 automata local steps section
local step_ad MN_ 2 := (
-- connection s T - s I

( ( a_MN_2.state

)5

next_local step_ad MN_2

& a_MN_1.unchanged

s_? & e_tx2 ) & ( next(a_MN_2.state)

:= ( local_step_ad MN_2

a_MN_1.state = s_
s 1))
a_MN_2.state = s_|

T?
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& a_MN_3.unchanged
& a_MN_4.unchanged

)5

a_MN_3_getCurrentIndex :

1:

(

-1

a_MN_3.state =

) )

synchronized_steps :=

(

e_tx3
&

(

S_
a_MN_4 getCurrentIndex :

(

n =1

(
22 -1 ) ) );
(

-- connection s T - s I

( a_MN_3.state

~ R0~

S

_T & next(a_MN_3.state)

-- connection s_ R - s_I

( a_MN_4.state
)

& a_MN_1.unchanged
& a_MN_2.unchanged

e _gl2
&
(

-- connection s_

( a_MN_1.state

~ 20—

-- connection s_

( a_MN_2.state

~ 20—

-- connection s_

( a_MN_3.state

~ 20—

-- connection s_

( a_MN_4.state
)

e_g23
&
(

-- connection s_

( a_MN_1.state

)
&
(

- connection s_

I

I

I

I

I

R

S

S

_R & next(a_MN_4.state)

H wn
2 —

next(a_MN_1.state)

H wn
2

next(a_MN_2.state)

H wn
20

next(a_MN_3.state)

H wn
0

next(a_MN_4.state)

I

s
I & next(a_MN_1.state)

a_MN_3.state = s I ? 0 :
a_ MN 4.state = s I ? 0 :

s I)

s 1)

s T)

s R)

s I)

s I)

s I)

a_MN_3.state

a_MN_4.state

S_

R

R

?

?



( a2 MN _2.state = s R & next(a_MN 2.state) = s T )
)
&
(
-- connection s I - s R
( a_MN 3.state = s I & next(a_MN 3.state) = s R )
)
&
(
-- connection s I - s I
( a2 MN 4.state = s I & next(a_MN 4.state) = s 1)
)
|
(
e _g34
&
(
-- connection s I - s I
( a_MN_1.state = s_I & next(a_MN_1.state) = s I )
)
&
(
-- connection s I - s I
( a_MN_2.state = s_I & next(a_MN_2.state) = s I )
)
&
(
-- connection s R - s T
( a_MN_3.state = s_R & next(a_MN_3.state) = s T )
)
&
(
-- connection s_I - s R
( a_MN_4.state = s_I & next(a_MN_4.state) = s R )
)
)

i_bandwidth_b :=

i_bandwidth_B :

i_bandwidth_Mbps

==== identi'Fier‘S section =—=================

( 2000000 );
( i_bandwidth_b / 8 );

:= ( i_bandwidth_b / 1000000 );

i size pack := ( 1500 );

i RTS := ( 40 );

i CTS_ACK := ( 39 );

i_MAC :

(47 );

i IFT :

i IFS :

( (50 + (3*10 ) ) + 280 );

( ( ( i_bandwidth_B / 1000000 ) * i_IFT ) );

i_overhead := ( ( ( i_RTS + i_CTS_ACK ) + i_MAC ) + i_IFS );
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imu:=( ( i_bandwidth B ) / ( i_size pack + i _overhead ) );

i_lambda := ( 50000 );

i rl12 := ( i_lambda );
i r23 := ( i_lambda );
i r34 := ( i_lambda );
-=- S=E=S=S=S=====—======== nb Oper‘ator‘s Sec‘tion === ============
nb_s I :=(
( aMN 1l.state=s I ?1:0) +
( aMN 2.state=s I ?1:0) +
( aMN 3.state=s_I?1:0) +
( A MN_4.state=s I ?1:0)

-= S================= events Section —=======—==========
e_txl := (i_mu > 0 );

e tx2 := (imu>0);
e tx3 := (i_mu >0 );
e gl2 := (irl2 > 0 );
e g23 := (ir23 >0);

(0]
oQ
w
.;;

I

(ir3d>0);
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APENDICE Z — ARQUIVO TEXTUAL DO MODELO AD10F.SAN

identifiers
bandwidth_b
bandwidth_B

bandwidth_Mbps

2000000
bandwidth_b/8;
bandwidth_b/1000000;

size pack = 1500;

RTS = 40;

CTS_ACK = 39;
headers in bytes

MAC = 47;
bytes

IFT = 50+(3*10)+280;

IFS =

(approximated)
overhead = RTS+CTS_ACK+MAC+IFS;
mu = (bandwidth_B)/(size_pack+overhead); // maximum throughput rate

(theoretically as many package as the medium can handle)
lambda = 50000;

package/D

rl2
==1));
r23 =
== I));
r3a
==1));
r45 =
== I));
r56
== I));
ré7 =
==1));
r78
== I));
r89 =
role =

events
loc
loc
loc
loc
loc
loc
loc
loc
syn

t~x1
tx2
t~3
tx4
t™~5
tx6
t~x7
tx8
tx9

IFS)

lambda
lambda
lambda
lambda
lambda
lambda

lambda

ES

lambda *

lambda

mu;
mu;
mu;
mu;
mu;
mu;
mu;
mu;
mu;

syn
syn
syn
syn
syn
syn
syn

gl2
g23
g34
g45
g56
g67
g78

rl2;
r23;
r3i4;
r45;
r56;
ré7;
r78;

((st
((st
((st
((st
((st

((st
((st

I)
I)
I)
I)
I)

I)
I)

((bandwidth_B/1000000)*IFT);

&&

&&

&&

&&

&&

(st
(st
(st
(st
(st
(st

(st
(st

MN_
MN_

MN_

MN

MN_
MN_

MN_
MN_

// bandwidth
// bandwidth
// bandwidth

// package

in bits/seconds

in bytes/seconds
in bytes/seconds
size in bytes

// Request To Send header in bytes
// Clear To Send and Acknowledge

// Medium Access Control header in

// InterFrame Time (DIFS + 3*SIFS +
Average Backoff Time) in microseconds (approximated)

// InterFrame Size cost in

//

// package generation rate

1

3
4

5

headers

(st

I)
I)

I)

&& (st

8&& (st

&& (st

I)
I)
I)

I) && (st
I));

&& (st

&& (st

&& (st

transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission
transmission

MN_9 == I)

| | | |
~ (o)) ul IS w
1 1 I 1 1

|
00
1l

bytes

(one

I) && (st

I) && (st
I) &&

I)

(st
&8& (st
I) &&

I)

(st
&8& (st

&& (st

MN_10 == I));

of
of
of
of
of
of
of
of
of

one
one
one
one
one
one
one
one
one

package
package
package
package
package
package
package

generated from 1

routed from
routed from
routed from
routed from
routed from
routed from

package
package
package
package
package
package
package
package
package

to 2
2 to 3
to 4
to 5
to 6
to 7
to 8

3
4
5
6
7

MN_4
MN_5
MN_6
MN_7
MN_8
MN_9

MN_10
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syn g89 r89; // package routed from 8 to 9
syn g910 r91e; // package routed from 9 to 10
partial reachability = (nb I == 10); // initial state

network Ad (continuous)
aut MN_1
stt I to (T) gi2
stt T to (I) tx1

aut MN_2
stt T to (R) gl2
stt R to (T) g23
stt T to (I) tx2

aut MN_3
stt T to (R) g23
stt R to (T) g34
stt T to (I) tx3

aut MN_4
stt I to (R) g34
stt R to (T) g45
stt T to (I) tx4

aut MN_5
stt T to (R) g45
stt R to (T) g56
stt T to (I) tx5

aut MN_6
stt I to (R) g56
stt R to (T) g67
stt T to (I) tx6

aut MN_7
stt I to (R) g67
stt R to (T) g78
stt T to (I) tx7

aut MN_8
stt T to (R) g78
stt R to (T) g89
stt T to (I) tx8

aut MN_9
stt T to (R) g89
stt R to (T) g91e
stt T to (I) tx9

aut MN_10
stt T to (R) g91e
stt R to (I) tx9



APENDICE AA — ARQUIVO TEXTUAL DO MODELO AD10F.SMV

MODULE ad_|
VAR state :

DEFINE
unchanged

MN_1()
{s_I,s_T};

:= state = next(state);

169

MODULE ad_|
VAR state :

DEFINE
unchanged

MN_2()
{s_I,s_R,s_T};

:= state = next(state);

MODULE ad_|
VAR state :

DEFINE
unchanged

MN_3()
{s_I,s_R,s_T};

MODULE ad_|
VAR state :

DEFINE
unchanged

MN_4()
{s_I,s_R,s_T};

MODULE ad_

VAR state
DEFINE
unchanged

MN_5()
: {s_I,s_R,s_T};

MODULE ad_

VAR state
DEFINE
unchanged

MN_6()
: {s_I,s_R,s_T};

MODULE ad_|
VAR state :

DEFINE
unchanged

MN_7()
{s_I,s_R,s_T};

MODULE ad_|
VAR state :

DEFINE
unchanged

MN_8()
{s_I,s_R,s_T};

MODULE ad_|
VAR state :

DEFINE
unchanged

MN_9()
{s_I,s_R,s_T};

MODULE ad_|
VAR state :

DEFINE
unchanged

MN_10()
{s_I,s_R};

:= state = next(state);

MODULE main

VAR

a_MN_1 :
a_MN_2 :
a_MN_3 :

ad_MN_1();
ad_MN_2();
ad_MN_3();
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a_ MN 4 : ad MN_4();
a_MN_5 : ad_MN_5();
a_MN_6 : ad_MN_6();
a_MN_7 : ad_MN_7();
a_ MN 8 : ad MN_8();
a_ MN 9 : ad MN_9();
a_MN_10 : ad_MN_10();

INIT
(nbsI=10)
TRANS
next_local step_ad_MN_1
| synchronized steps
| next_local step ad MN_2
| next_local_step_ad _MN_3
| next_local_step_ad MN_4
| next_local step_ad MN_5
| next_local step_ad MN_6
| next_local _step_ad MN_7
| next_local step_ad MN_8
DEFINE
a_MN_1_getCurrentIndex := ( a_MN_1.state = s I ?0 : ( a_MN_1.state = s_T ?
1: -1 ) )
-- ================== ad_MN_1 automata local steps section ==================
local_step_ad_MN_1 := (
-- connection s T - s_I
( ( a_MN_1l.state = s T & e tx1 ) & ( next(a_MN_1l.state) = s I ) )
)s
next_local step_ad MN_1 := ( local_step_ad MN_1
a_MN_2.unchanged
a_MN_3.unchanged
a_MN_4.unchanged
a_MN_5.unchanged
a_MN_6.unchanged
a_MN_7.unchanged
a_MN_8.unchanged
a_MN_9.unchanged
a_MN_10.unchanged

20 20 20 Q0 Qo PO QO RO o

)
a_MN_2 getCurrentIndex :=
1: ( a_MN_2.state = s T
-- ================== ad_M
local_step_ad MN_2 := (
-- connection s_ T - s_I
( ( aMN 2.state = s T & e tx2 ) & ( next(a_MN_2.state) = s I ) )
)
next_local step_ad MN_2 := ( local_step_ad _MN_2
a_MN_1.unchanged
a_MN_3.unchanged
a_MN_4.unchanged
a_MN_5.unchanged
a_MN_6.unchanged
a_MN_7.unchanged
a_MN_8.unchanged
a_MN_9.unchanged
a_MN_10.unchanged

1) ) )

( a_MN 2.state = s I ?0 : ( a_MN_2.state = s_ R ?
? 2
_2 automata local steps section ==================

20 R0 0 QO RO RO QO QO O

)s
a_MN_3_getCurrentIndex :

= ( a_MN_3.state = s I ?0 : ( a_MN_3.state = s_ R ¢
1: ( a_MN 3.state = s T ?

2: -1.) ) )



)5

next_local_step_ad_MN_3

)5

a_MN_4 getCurrentIndex :

)5

next_local step_ad MN_4

)5

a_MN_5_getCurrentIndex :

)5

next_local step_ad_MN_5

)5

a_MN_6_getCurrentIndex :

)5

local_step_ad_MN_3

= (

-- connection s T - s_I

( ( a_MN_

a_MN_1.
a_MN_2.
a_MN_4.
a_MN_5.
a_MN_6.
a_MN_7.
a_MN_8.
a_MN_9.

20 20 20 20 2O RO RO Qo 2o

3.state

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

( a_MN_4.state

local_step_ad MN_4

s T &e_tx3 ) & ( next(a_MN_3.state)

:= ( local_step_ad _MN_3

a_MN_10.unchanged

= ( a_MN_ 4.state = s I ?0 : (
=sT?»2: -1 ) ) );
ad_MN_4 automata local steps section
i= (

-- connection s T - s_I

( ( a_MN_4.state

& a_MN_1.
& a_MN_2.
& a_MN_3.
a_MN_5.
a_MN_6.
a_MN_7.
a_MN_8.
a_MN_9.

20 2o 20 Qo Qo 2o

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

( a_MN_5.state

local_step_ad_MN_5

s T &e tx4 ) & ( next(a_MN_4.state)

:= ( local_step_ad MN_4

a_MN_10.unchanged

= ( a_MN_ 5.state =s_TI?0 : (
s T?2: -1 ) ) )
ad_MN_5 automata local steps section

= (

-- connection s_T - s_I

( ( a_MN_

a_MN_1.
a_MN_2.
a_MN_3.
a_MN_4.
a_MN_6.
a_MN_7.
a_MN_8.
a_MN_9.

20 20 20 20 QO RO QO QO Qo

5.state

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

( a_MN_6.state

local_step_ad MN_6

-- connection s_T

( ( a_MN_

6.state

s T & e tx5 ) & ( next(a_MN_5.state)

:= ( local_step_ad MN_5

a_MN_10.unchanged

= ( a_MN_ 6.state =s I ?0 : (
=sT?»2: -1 ) ) );
ad_MN_6 automata local steps section
= (
- s 1

s T & e_tx6 ) & ( next(a_MN_6.state)

s I))

a_MN_6.state S_|
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next local step ad MN 6 := ( local step ad MN 6
a_MN_1.unchanged
a_MN_2.unchanged
a_MN_3.unchanged
a_MN_4.unchanged
a_MN_5.unchanged
a_MN_7.unchanged
a_MN_8.unchanged
a_MN_9.unchanged
a_MN_10.unchanged

20 20 20 Q0 PO RO RO Qo RO

)s
a_MN_7_getCurrentIndex := ( a_MN_7.state = s I ?0 : ( a_MN_7.state = s_ R ?
1: ( a_MN 7.state=s T ?2: -1 ) ) );
-- ================== ad_MN_7 automata local steps section ==================
local_step_ad MN_7 := (
-- connection s T - s_I
( ( a_MN_7.state = s T & e_tx7 ) & ( next(a_MN_7.state) = s I ) )
)s
next_local step_ad MN_7 := ( local_step_ad_MN_7
a_MN_1.unchanged
a_MN_2.unchanged
a_MN_3.unchanged
a_MN_4.unchanged
a_MN_5.unchanged
a_MN_6.unchanged
a_MN_8.unchanged
a_MN_9.unchanged
a_MN_10.unchanged

= 1

Q0 Q0 Q0 QO Q0 QO QO QO Qo

)3
a_MN_8 getCurrentIndex :
1: ( a_MN_8.state
-- ================== ad_M
local_step_ad MN_8 := (
-- connection s_ T - s_I
( ( a_MN_8.state = s T & e_tx8 ) & ( next(a_MN_8.state) = s I ) )
)s
next_local step_ad MN_8 := ( local step _ad MN_8
a_MN_1.unchanged
a_MN_2.unchanged
a_MN_3.unchanged
a_MN_4.unchanged
a_MN_5.unchanged
a_MN_6.unchanged
a_MN_7.unchanged
a_MN_9.unchanged
a_MN_10.unchanged

a_MN_8.state = s_ I ? 0@ : ( a_MN_8.state = s_R :
1) ) )

2
8 automata local steps section ==================

I

wn

— 1
=Z v~

20 2o 0 QO PO 20 RO Qo o

)s

a_MN_9 getCurrentIndex := ( a_MN_9.state = s_ I ? 0 : ( a_MN_9.state = s_R ?
1: ( aMNO9.state=sT?22: -1 ) ) )

a_MN_10 getCurrentIndex := ( a_MN_10.state = s I ? 0 : ( a_MN_10.state =
sR?1: -1 ) );

synchronized_steps := (
(
e_tx9
&
(

-- connection s_T - s_I
( a_MN_9.state = s_ T & next(a_MN _9.state) = s 1)
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~ R0~

-- connection s R - s I
( a_MN_10.state = s R & next(a_MN_10.state) = s I )

)

& a_MN_1.unchanged
& a_MN_2.unchanged
& a_MN_3.unchanged
& a_MN_4.unchanged
& a_MN_5.unchanged
& a_MN_6.unchanged
& a_MN_7.unchanged
& a_MN_8.unchanged

e _gl2
-- connection s_ I - s T
& ( a_MN_1.state = s_I & next(a_MN_1l.state) = s T )
&
(
-- connection s_ I - s_R
( a_MN_2.state = s_I & next(a_MN_2.state) = s R )

)

& a_MN_3.unchanged
& a_MN_4.unchanged
& a_MN_5.unchanged
& a_MN_6.unchanged
& a_MN_7.unchanged
& a_MN_8.unchanged
& a_MN_9.unchanged
& a_MN_10.unchanged

e_g23
&
(
-- connection s R - s T
( a_MN_2.state = s_ R & next(a_MN_2.state) = s T )
)
&
(
-- connection s_ I - s R
( a_MN_3.state = s_ I & next(a_MN_3.state) = s R )

a_MN_1.unchanged
a_MN_4.unchanged
a_MN_5.unchanged
a_MN_6.unchanged
a_MN_7.unchanged
a_MN_8.unchanged
a_MN_9.unchanged
a_MN_10.unchanged

20 R0 Q0 QO QO RO QO QO -~

e _g34
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&
(

-- connection s_R -

( a_MN_3.state =

~ R0~

-- connection s_I -

( a_MN_4.state =

)

& a_MN_1.
& a_MN_2.
& a_MN_5.
& a_MN_6.
& a_MN_7.
& a_MN_8.
& a_MN_9.
&

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

s_T
s_R & next(a_MN_3.state)

_R

s
s_I & next(a_MN_4.state)

a_MN_10.unchanged

e_ga5s
&
(

-- connection s R - s T
( a_MN_4.state =

~ 0~

-- connection s_I -

( a_MN_5.state =

)

& a_MN_1.
& a_MN_2.
& a_MN_3.
& a_MN_6.
& a_MN_7.
& a_MN_8.
& a_MN_9.
&

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

s_R & next(a_MN_4.state)

s R
s_I & next(a_MN_5.state)

a_MN_10.unchanged

e_g56
&

(

-- connection s R - s_T
( a_MN_5.state =

~ R0~

s_R & next(a_MN_5.state)

-- connection s_I - s_R
( a_MN_6.state =

& a_MN_1.
& a_MN_2.
& a_MN_3.
& a_MN_4.
& a_MN_7.

unchanged
unchanged
unchanged
unchanged
unchanged

s_I & next(a_MN_6.state)

s T)

s R)

s T)

s R)

s T)

s R)



& a_MN_8.
& a_MN_9.

unchanged
unchanged

& a_MN_10.unchanged

e_g67
&

(

-- connection s_R
( a_MN_6.state

~ 0~

-- connection s_I
( a_MN_7.state

a_MN_1.
a_MN_2.
a_MN_3.
a_MN_4.
a_MN_5.
a_MN_8.

)
&
&
&
&
&
&
& a_MN_9.
&

e_g78
&
(

-- connection s_R
( a_MN_7.state

~ R0~

-- connection s_I
( a_MN_8.state

a_MN_1.
a_MN_2.
a_MN_3.
a_MN_4.
a_MN_5.
a_MN_6.

)
&
&
&
&
&
&
& a_MN_9.
&

e_g89
&
(

S

S

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

a_MN_10.unchanged

S

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

a_MN_10.unchanged

S_

s T
R & next(a_MN_6.state)

s R
I & next(a_MN_7.state)

s_T
R & next(a_MN_7.state)

s R
I & next(a_MN_8.state)

-- connection s R - s T

( a_MN_8.state

)
&
(

S

_R & next(a_MN_8.state)

- connection s I - s R

175

s T)

s R)

s T)

s R)

s T)
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( a_MN 9.state = s I & next(a_MN 9.state) = s R )

a_MN_1.unchanged
a_MN_2.unchanged
a_MN_3.unchanged
a_MN_4.unchanged
a_MN_5.unchanged
a_MN_6.unchanged
a_MN_7.unchanged
a_MN_10.unchanged

20 Q0 Q0 Q0 QO R0 QO QO -~

e_gole
&
(
-- connection s R - s T
( a_MN_9.state = s_ R & next(a_MN_9.state) = s T )

~ 20~

-- connection s_ I - s_R
( a_MN_10.state = s_I & next(a_MN_10.state) = s_ R )

a_MN_1.unchanged
a_MN_2.unchanged
a_MN_3.unchanged
a_MN_4.unchanged
a_MN_5.unchanged
a_MN_6.unchanged
a_MN_7.unchanged
a_MN_8.unchanged

20 20 Q0 Q0 RO QO QRO QO -~

-= S=E================ identi'Fier‘S section =—=================
i_bandwidth_b := ( 2000000 );

i_bandwidth_B := ( i_bandwidth_b / 8 );
i_bandwidth Mbps := ( i_bandwidth b / 1000000 );
i size pack := ( 1500 );

i RTS := ( 40 );

i CTS_ACK := ( 39 );

i MAC := ( 47 );
i IFT := ( (50 + (3 *10 ) ) + 280 );
i IFS := ( ( ( i_bandwidth B / 1000000 ) * i IFT ) );

i overhead := ( ( ( 1. RTS + i CTS_ACK ) + i MAC ) + i_IFS );
imu := ( ( i_bandwidth B ) / ( i_size_pack + i_overhead ) );

i_lambda := ( 50000 );
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irl2 := ( i lambda * ( ( ( ( aMN 3.state = s I ) & ( a MN 4.state =s 1) ) )
1:0));

ir23 := (i lambda * ( ( ( ( ( a_MN_1.state = s I ) & ( a_MN_4.state =s_I ) )
(aMN5.state=sI)))?21:0));

ir34 :=(ilambda * ( ( ( ( ( ( aMN_1.state = s I ) & ( a_MN_2.state =s_I)
& (A MN 5.state=s I ))& (aMNGb6.state=sTI)))?1:0));

ird45 := (i_lambda * ( ( ( ( ( ( a_MN_2.state = s I ) & ( a_MN_3.state = s I )
& (A MN 6.state =s I ) )& (aMN7.state=sI)))?1:0));

ir56 := (i lambda * ( ( ( ( ( ( aMN_3.state = s I ) & ( a_MN_4.state = s_I )
& (aMN 7.state =s I ))& (aMN8.state=sI)))?1:0));

ire7 := (i_lambda * ( ( ( ( ( ( a_MN_4.state = s I ) & ( a_MN_5.state = s I )
& (A MN 8.state =s I ))& (aMNO9.state=sI)))?1:0));

i r78 := (i_lambda * ( ( ( ( ( ( a_MN_ 5.state = s I ) & ( a_MN_6.state = s_I)
& ( a_MN 9.state = s I ) ) & (aMN 10.state=s_TI ) ) ) ?1:0));
a_MN 6.state = s I ) & ( a_MN 7.state =s_ I ) )

i r89 := ( i_lambda * ( ( ( (
) ) ) ?

( _
( a_MN_10.state = s_I 1:0));

i r910 := ( i_lambda * ( ( ( ( a_MN_7.state = s I ) & ( a_MN_8.state =s.I) ) )
1:0));

-—- S ==—s============ nb Oper‘ator‘s Section === ========

nb_s I := (

( aMN_1.state=sI ?1:0) +
( aMN 2.state=s I ?1:0) +
( aMN 3.state=s I ?1:0) +
( aMN_4.state=s I ?1:0) +
( aMN 5.state=s I ?1:0) +
( aMN 6.state =s I ?1:0) +
( aMN 7.state=s I ?1:0) +
( 2 MN 8.state=s I ?1:0) +
( aMN 9.state=s I ?1:0) +
( a_MN_10.state =s I ?21 :0)

e tx3 := (i_mu > 0 );
e_tx4 := (i_mu > 0 );
e tx5 := (imu >0 );
e _tx6 := (i_mu > 0 );
e tx7 := (imu>0);
e_tx8 := (i_mu > 0 );

e tx9 := ((imu>0);
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e g12 := ( i_ri2
e g23 := ( i_r23
e g34 := ( i_r34
e g45 := ( i_r4s
e g56 := ( i_r56
e g67 := ( i_re67
e g78 := ( i_r78

e_g89 := ( i_r89

>

>

e g910 := ( i_r91le

0);
0);
0);
0);
0);
0);
0);

0 );

>0 );
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APENDICE AB — ARQUIVO TEXTUAL DO MODELO PL4.SAN

identifiers

// Service rates

mul
mu2
mu3
mu4d

= 1;
=1;
=1;

1-

J

// Blocking functions (allow that station "j" goes to the "blocking" state with
a rate "mu_i", indicating that station "i" is blocked)

f2 3 b = (st M2 !I= st 0 0) * mu2;

f3 4 b= (st M3 !=st 0 0) * mu3;

// Functional probabilities to allow back transitions in station 2
backM3 = ((st M3 == st_2_2));

// Functional probabilities to avoid back transitions in station 2
nbackM3 = !(backM3);

events

loc
syn
loc
syn
syn
loc
syn
loc
syn

ri 2
r2_3
r2_3_b
r2_3_u
r3_4
r3 4 b
r3_ 4 u
r4_x
r4_x_u

(mul);
(mu2);

(f2_3_b);

(mu2);
(mu3);

(f3_4 b);

(mu3);
(mug);
(mug);

reachability = !((st M2 == st @ 0) && (st M3 == st _2 2)) & & !((st M3 == st 0 0) &&
(st M4 == st_2 2));

network B2_2 B3 2 B4 2 (continuous)

aut M2
stt st_0_0

stt st_ 0 1

stt st_1_1

stt st_ 2 1

stt st_ 2 2

aut M3
stt st_o0_©o
stt st _ 0 1

to
to
to
to
to
to
to
to
to
to
to
to
to

to
to
to

(st_0_ 1)
(st_0_9)
(st_1.1)
(st 0 1)
(st_0_9)
(st_2_1)
(st_1_1)
(st 0 1)
(st_2_2)
(st_2_1)
(st_1_1)
(st 2 1)
(st_2 2)

(st_0_ 1)
(st_1.1)
(st_0_0)

rli2

r4_x_u

rl 2

r4_x_u(nbackM3)

r2_3 r3_4_u r4_x_u(backM3)
rl 2

r4_x_u(nbackM3)

r2_3 r3_4 u r4_x_u(backm3)
rl 2

r4_x_u(nbackM3)

r2_3 r3_4_u r4_x_u(backM3)
r2_ 3 u r3_4 u r4 x_u(backm3)
r4_x_u(nbackM3)

r2_3 r2_3_u
r2_3r2_3u
r3_4 r4 _x_ u
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stt st 11 to (st 2 1) r2 3 r2 3 u
to (st ©.1) r3 4 r4 x u
stt st 2 1 to (st 2 2) r2.3 b
to (st_1.1) r3 4 r4_x_u
stt st 2 2 to (st 2.1) r3. 4 urd x_ u

aut M4

stt st @ 0 to (st @ 1) r3 4 r3 4 u

stt st @1 to (st 1.1) r3 4 r3 4. u
to (st @ 9) r4 x

stt st_1 1 to (st 2.1) r3 4 r3 4. u
to (st _ @ 1) r4_x

stt st 2 1 to (st 2. 2) r34b
to (st 1 1) r4 x

stt st 2 2 to (st 2 1) r4 x u
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MODULE ad_M2()

VAR state : {s_st @ @0,s st @ 1,s st 1 1,s st 2 1,s st 2 2};

DEFINE

unchanged := state = next(state);

MODULE ad_M3()

VAR state : {s_st @ @0,s st @ 1,s st 1 1,s st 2 1,s st 2 2};

DEFINE

unchanged := state = next(state);

MODULE ad_M4()

VAR state : {s_st @ @0,s st @ 1,s st 1 1,s st 2 1,s st 2 2};

DEFINE

unchanged := state = next(state);

MODULE main

VAR
a_M2 : ad_M2();
a_M3 : ad_M3();
a_M4a : ad_M4();

INIT
' ( ( ( aM2.state = s st @0 ) & (a M3.state =s_ st 22 ) ))& ! ( ((
a_M3.state = s st 80 ) & ( a Md.state =s_st 22 ) ) )
TRANS
next_local step_ad_M2
| synchronized_steps
| next_local_step_ad_M3
| next_local_step_ad_M4
DEFINE
a_M2 getCurrentIndex := ( a_M2.state = s st @0 ? 0 : ( a_M2.state =
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s ste1?1: ( a_M2.state = s_ st 1 1°? 2 ( a_M2.state = s st 21?3 :

( aM2.state=sst22?4: -1 ) ) ) ) )
-- ================== ad_M2 automata local steps section ==================
local _step_ad M2 := (
-- connection s_st @ @ - s_ st 0 1

( (a_M2.state = s_ st © @ & e rl 2 ) & ( next(a_M2.state) = s st @ 1))
|

-- connection s_st @ 1 - s_st 11

( ( a_M2.state = s_st @1 &erl2) & ( next(a_M2.state) = s_st 1.1 ) )
|

-- connection s_st_ 1 1 - s_st 21

( (aM2.state = s_st 1 1&erl2) & ( next(a_M2.state) =s_st 2.1 ) )
|

-- connection s_st 2 1 - s_st 2 2

( (aM2.state = s st 21 &erl 2 ) & ( next(a_M2.state) = s st 22 ) )

)
next_local_step_ad M2 := ( local_step_ad M2
& a_M3.unchanged
& a_M4.unchanged
)s
a_M3_getCurrentIndex := ( a_M3.state =s_ st 80?0 : ( a_M3.state =

ssto1?1: ( aM3.state=sst11°? 2 ( a_M3.state =s_st 21 7? 3:

( aM3state=sst22?24: -1 ) ) ) ) )
-=- S ============= ad_M3 automa'ta local Steps Section === ==========
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local_step_ad M3 := (

-- connection s_st 2 1 - s st 2 2

( (a_M3.state = s_st 2 1 &er23b) & ( next(a_M3.state) =s_st 2.2 ) )
)
next_local_step_ad M3 := ( local_step_ad M3

& a_M2.unchanged

& a_M4.unchanged
)
a_M4_getCurrentIndex := ( a_M4.state = s st @0 2?0 : ( a_M4.state =
sstoe1?1: ( a M4.state = s st 11?2 : ( a M4.state = s st 2.1 ? 3 :
( a Mi.state=s st22?4: -1 ) ) ) ) );

-- ================== ad_M4 automata local steps section ==================

local_step_ad M4 := (

-- connection s st @1 - s st 0 @

( ( aM4.state = s_ st @1 &erd x) & ( next(a_M4.state) =s_st 0.0 ) )
|

-- connection s_st 1 1 - s st 0 1

( (aM4.state = s st 11 & e rd4d x ) & ( next(a_Md.state) = s st 0 1) )

|

-- connection s_st 2 1 - s st 2 2

( ( aM4.state = s st 21 &er3 4b ) & ( next(a_Md.state) = s st 2 2 ) )

|

-- connection s_st 2 1 - s st 11

( ( aM4.state = s st 21 &erd4d x) & ( next(a_M4.state) =s_st 1.1 ) )
)s
next_local step_ad M4 := ( local step_ad M4

& a_M2.unchanged

& a_M3.unchanged

)
-- ================== SYNCHRONIZED STEPS ==================
synchronized_steps := (
(
e r2_3
&
(
-- connection s_st @ 1 - s_st 0 @
( a_M2.state = s_st 0 1 & next(a_M2.state) = s_st 0 0 )
-- connection s_st_ 1 1 - s st 0.1
| ( a_M2.state = s_st 1 1 & next(a_M2.state) = s st @ 1)
-- connection s_st 2 1 - s st 11
| ( a_M2.state = s_st 2 1 & next(a_M2.state) = s st 1. 1)
)
&
(
-- connection s_ st @ @ - s st 0 1
( a_M3.state = s_st © @ & next(a_M3.state) = s st 0.1 )
-- connection s_st @01 - s st 11
| ( a_M3.state = s_st @ 1 & next(a_M3.state) = s st 1. 1)
-- connection s_st 1 1 - s_ st 21
| ( a_M3.state = s_st 1 1 & next(a_M3.state) = s st 2 1)
)
& a_M4.unchanged
)
|
(
e r23u
&
(

-- connection s_ st 2 2 - s st 2 1
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( a_M2.state = s_st 2 2 & next(a_M2.state) = s_st 2 1)
)
&
(
-- connection s st @ @ - s st 0 1

( a_M3.state = s_st 0 0 & next(a_M3.state) = s_st 0 1)
-- connection s_st @1 - s st 11
| ( a_M3.state = s_st @ 1 & next(a_M3.state) = s st 1 1)
-- connection s_st 1 1 - s st 21
| ( a_M3.state = s st 1 1 & next(a_M3.state) = s st 2.1 )

)
& a_M4.unchanged

e r3 4
&
(
-- connection s_st @ 1 - s_st 0 0
( a_M3.state = s_st © 1 & next(a_M3.state) = s_st 0 0 )
-- connection s_st 1 1 - s st 0 1

| ( a_M3.state = s_st 1 1 & next(a_M3.state) = s st @ 1)
-- connection s_st 2 1 - s st 11

| ( a_M3.state = s_st 2 1 & next(a_M3.state) = s st 1 1)
)

&

(

-- connection s_st @ @ - s st 0 1
( a_M4.state = s_st 0 0 & next(a_M4.state) = s_st 0 1)
-- connection s_st_ @ 1 - s_st 1 1

| ( aM4.state = s_st @ 1 & next(a_M4.state) = s st 1. 1)
-- connection s_st 1 1 - s st 21
| ( a_M4.state = s_st_ 1 1 & next(a_M4.state) = s st 2.1 )

)
& a_M2.unchanged

er34u
&
(
-- connection s_st @ 1 - s_st 0 @
( a_M2.state = s_st ©_1 & next(a_M2.state) = s_st 0 0 )
-- connection s_st_ 1 1 - s st 0.1

| ( aM2.state = s_ st 1 1 & next(a_M2.state) = s st @ 1)
-- connection s_ st 2 1 - s st 11

| ( a_M2.state = s_st 2 1 & next(a_M2.state) = s st 1. 1)
-- connection s_st 2 2 - s st 21

| ( a_M2.state = s_st 2 2 & next(a_M2.state) = s st 2. 1)
)

&

(

-- connection s_st 2 2 - s st 21

( a_M3.state = s_st 2 2 & next(a_M3.state) = s_st 2 1)

- connection s_st_© 0 - s_st_0_1
( a_M4.state = s_st @ 0 & next(a_M4.state)

s st 1)



184

-- connection s st @1 - s st 11

| ( aMd.state = s st @ 1 & next(a M4.state) = s st 1.1 )
-- connection s_st 1 1 - s st 21
| ( a_M4.state = s_st 1 1 & next(a_M4.state) = s st 2.1 )
)
)
|
(
e_rd4 x_ u
&
(
-- connection s_st @ @ - s_st 0 @
( a_M2.state = s_st_ @ 0 & next(a_M2.state) = s_st @0 0 )
-- connection s st @1 - s st 01
| ( a_M2.state = s st @ 1 & (i_nbackM3 > @ ) & next(a_M2.state) =
s_.sto1)
-- connection s_st @ 1 - s_st 0 @
| ( a_M2.state = s_st @ 1 & (i_backM3 > @ ) & next(a_M2.state) =
-- connection s_st 1 1 - s st 11
| ( a_M2.state = s_st 1 1 & (i_nbackM3 > @ ) & next(a_M2.state) =
s st 11)
-- connection s_st 1 1 - s st 0 1
| ( a_M2.state = s_st 1 1 & (i_backM3 > @ ) & next(a_M2.state) =
-- connection s_st 2 1 - s st 21
| ( a_M2.state = s_st 2 1 & (i_nbackM3 > @ ) & next(a_M2.state) =
s st 21)
-- connection s_st 2 1 - s st 11
| ( a_M2.state = s_st 2 1 & (i_backM3 > @ ) & next(a_M2.state) =
-- connection s_st 2 2 - s st 2 1
| ( a_M2.state = s_st 2 2 & (i_backM3 > @ ) & next(a_M2.state) =
-- connection s_st 2 2 - s st 2 2
| ( a_M2.state = s st 2 2 & (i_nbackM3 > @ ) & next(a_M2.state) =
s st 22)
)
&
(
-- connection s_st @ 1 - s_st 0 @
( a_M3.state = s_st 0 1 & next(a_M3.state) = s_st 0 0 )
-- connection s_st_ 1 1 - s st 0.1
| ( a_M3.state = s_st_ 1 1 & next(a_M3.state) = s st @ 1)
-- connection s_ st 2 1 - s st 11
| ( a_M3.state = s_st 2 1 & next(a_M3.state) = s st 1 1)
-- connection s_st 2 2 - s st 21
| ( a_M3.state = s_st 2 2 & next(a_M3.state) = s st 2.1 )
)
&
(
-- connection s_st 2 2 - s st 21
( a_M4.state = s_st 2 2 & next(a_M4.state) = s_st 2 1)
)
)
)
-- ================== jidentifiers section ==================
imul ;= (1);

s_st_0 0o

s st o1

s st 11

s st 21



i mu2 :

i mu3 :

i mug :

i f2.3b :
i f3.4.b :

i_backMm3 :

(1);
(1);
(1);

i_nbackM3 :

M
e
lN
w
1}

er23u:

e r34:=

er34db:

er344u:

e r4 x :=

e r4 x u:

((((aM2.state l=s st@@))?1:0)*imu2);

((((aM3.state !l=s sto@@))?1:0)*imu3);

( ( (aM3.state=s st 22)?1:0));

( (" ((ibackM3 ) >0 ) ?> 1 :0) );

imul > 0 );
imu2 >0 );
(if2.3b>0);
(imu2 >0);
imu3l >0 );
(if3_4b>0);
(i_mu3 > 0 );
imud > 0 );

(imud >0 );

nb Oper‘ator‘s section ==================
—=====—==—========== events Section
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APENDICE AD - ARQUIVO TEXTUAL DO MODELO PL5.SAN

identifiers

// Service rates

mul = 1;
mu2 = 1;
mu3 = 1;
mud = 1;
mu5 = 1;

J

// Blocking functions (allow that station "j" goes to the "blocking" state with
a rate "mu_i", indicating that station "i" is blocked)

f2 3 b= (st M2 !=st_0 0) * mu2;

f3 4 b= (st M3 !I=st 0 0) * mu3;

f4 5 b = (st M4 = st 0 0) * mu4;

// Functional probabilities to allow back transitions in station 2
backM3 = ((st M3 == st_2 2));

backM3 4 = ((st M3 == st 2 2) && (st M4 == st_2 2));

// Functional probabilities to allow back transitions in station 3
backM4 = ((st M4 == st_2_2));

// Functional probabilities to avoid back transitions in station 2
nbackM3 = !(backM3);

nbackM3 4 = !(backM3_4);

// Functional probabilities to avoid back transitions in station 3
nbackM4 = !(backM4);

events

loc r1_2 (mul);
syn r2_3 (mu2);
loc r2.3 b (f2_3_b);
syn r2_3 u (mu2);

syn r3_4 (mu3);
loc r3_ 4 b (f3_4 b);
syn r3_4 u (mu3);

syn r4_5 (mud);
loc r4 5 b (f4_5 b);
syn rd_5 u (mud);

loc r5_x (mu5);
syn r5_x_u (mu5);

reachability = !((st M2 == st_0 0) & & (st M3 == st_2 2)) && !((st M3 == st_0 _0) &&
(st M4 == st_2 2)) & !((st M4 == st_© 0) & (st M5 == st_2_2));

network B2 2 B3 2 B4 2 B5 2 (continuous)

aut M2
stt st 0 0 to (st_@0 1) r1_2
to (st ©0) r4 5 ur5x.u
stt st @1 to (st 1.1) r1.2
to (st @ 1) r4 5 u(nbackM3) r5 x u(nbackM3 4)
to (st_ @ 0) r2_3 r3_4 u r4_5 u(backM3) r5 x_u(backM3_4)
stt st 1.1 to (st_2_1) r1_2
to (st 1 1) r4 5 u(nbackM3) r5 x u(nbackM3_4)
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to (st_@ 1) r2_3 r3_4 u r4_5 u(backM3) r5_ x_u(backM3_4)
stt st 2 1 to (st 2 2) r12

to (st_2_1) r4_5 u(nbackM3) r5 x_u(nbackM3_4)

to (st_1.1) r2. 3 r3_ 4 u r4_5 u(backM3) r5_x_u(backM3_4)
stt st_2 2 to (st_2.1) r2.3 u r3_4 u r4_5 u(backM3) r5_x_u(backM3_4)

to (st_2_2) rd4_5 u(nbackM3) r5_x_u(nbackM3_4)

aut M3
stt st @ 0 to (st @ 1) r2 3 r2. 3 u
to (st @ 0) r5 x u
stt st ©1 to (st 1 1) r2 3 r2 3 u
to (st_©0_1) r5_x_u(nbackM4)
to (st_ @ 0) r3 4 r4_ 5 u r5_x_u(backm4)
stt st 11 to (st 2 1) r2 3 r2 3 u
to (st _1 1) r5 x_u(nbackM4)
to (st_@ 1) r3_4 rd 5 u r5_x_u(backM4)
stt st 2 1 to (st 2 2) r2.3 b
to (st_2_1) r5_x_u(nbackM4)
to (st_1_1) r3_4 rd 5 u r5_x_u(backM4)
stt st_ 2 2 to (st_2.1) r3 4 u rd4_5 u r5_x_u(backMm4)
to (st_2_2) r5_x_u(nbackM4)

aut M4
stt st_ @ @ to (st ©.1) r3 4 r3 4 u
stt st @1 to (st_1.1) r3 4 r3 4 u
to (st ©0) r4 5 r5 x u
stt st 1.1 to (st 2 1) r3 4 r3 4. u
to (st @ 1) r4 5 r5 x u
stt st 2 1 to (st 2.2) r3 4 b
to (st_1.1) rd4 5 r5 x u
stt st 2 2 to (st 2 1) r4 5 u r5 x_ u

aut M5

stt st 0.0 to (st_ @ 1) r4_5 rd_5_u

stt st 01 to (st_1_1) r4_5 rd_5_u
to (st_@ @) r5 x

stt st 11 to (st 2 1) r4 5 r4 5 u
to (st_@ 1) r5_x

stt st_2_1 to (st_2_2) r4 5D
to (st_1 1) r5 x

stt st 2 2 to (st_2 1) r5 x u
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MODULE ad_M2()

VAR state : {s_st @ @0,s st @ 1,s st 1 1,s st 2 1,s st 2 2};
DEFINE

unchanged := state = next(state);

MODULE ad_M3()

VAR state : {s_st @ @0,s st © 1,s st 1 1,s st 2 1,s st 2 2};
DEFINE

unchanged := state = next(state);

MODULE ad_M4()

VAR state : {s_st_ @ @0,s st @ 1,s st 1 1,s st 2 1,s st 2 2};
DEFINE

unchanged := state = next(state);

MODULE ad_M5()

VAR state : {s_st @ @0,s st @ 1,s st 1 1,s st 2 1,s st 2 2};
DEFINE

unchanged := state = next(state);

MODULE main

VAR
a_M2 : ad_M2();
a_M3 : ad_M3();
a_M4a : ad_M4();
a_M5 : ad_M5();

INIT

(' (((aM2.state =s_st ©0 ) & (aM3.state=s_st 22 ) ))& ! (((
a_M3.state = s st 80 ) & (aMd.state =s_ st 22 ) ) ))& ! ( ( ( a_Ml.state =
s st @0 )& ( aM5.state =s_st 22)))
TRANS

next_local step_ad_M2

| synchronized_steps

| next_local_step_ad_M3
| next_local step ad M4
| next_local step_ad M5
DEFINE
a_M2_getCurrentIndex := ( a_M2.state =s st ©0 ?0 : ( a_M2.state =
sst@1?1: ( aM.state=sst11?2: ( aM.state=s_st 217?3:
( a M2.state=s st22?4: -1 ) ) ) ) );
-- ================== ad_M2 automata local steps section ==================
local_step_ad_M2 := (
-- connection s_st @ @ - s_ st 01
( ( a_M2.state = s_st @ @0 & e rl 2 ) & ( next(a_M2.state)
|
-- connection s_ st @1 - s st 11
( ( a_M2.state = s_st @1 &e rl2) & ( next(a_M2.state)
|
-- connection s_ st 1 1 - s st 21
( (aM2.state = s st 11 &e rl2) & ( next(a_M2.state)
|
-- connection s_st 2 1 - s_ st 2 2
( ( a_M2.state = s_st 21 &erl2) & ( next(a_M2.state)
)s
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next local step ad M2 := ( local step ad M2
& a_M3.unchanged
& a_M4.unchanged

& a_M5.unchanged
)s

a_M3_getCurrentIndex := ( a_M3.state = s st @0 ? 0 : (
ste1?1: ( a_M3.state = s st 1. 1?2 : ( a_M3.state
_M3.state =s st22?4: -1 ) ) ) ) );

local_step_ad M3 := (
-- connection s st 2 1 - s st 2 2
( ( a_M3.state = s_st 21 &e r23b) & ( next(a_M3.state)
)s
next_local step_ad M3
& a_M2.unchanged
& a_M4.unchanged
& a_M5.unchanged

)5

ad_M3 automata local steps section

:= ( local_step_ad_M3

a_M4_getCurrentIndex := ( a_M4.state = s st @0 ?0 : (
st @1 ?1: ( aM.state=sst 11?2 : ( a_Mi.state
a M4.state=s st 22?4 : -1 ) ) ) ) );

local _step_ad M4 := (
-- connection s_st 2 1 - s_st 2 2
( ( aM4.state = s_ st 21 &er3 4b) & ( next(a_M4.state)
)
next_local step_ad M4
& a_M2.unchanged
& a_M3.unchanged
& a_M5.unchanged
)

ad_M4 automata local steps section

:= ( local_step_ad M4

a_M5_getCurrentIndex := ( a_M5.state = s st @@ ?0 : (
st @1 ?1: ( aM5.state=sst11?2: ( a_M5.state
aM5.state =s st 22?4 : -1 ) ) ) ) )

local _step_ad M5 := (
-- connection s_ st @1 - s_st 0 @
( ( a_M5.state = s_st @1 & e r5 x ) & ( next(a_M5.state)
|
-- connection s_st 1 1 - s st 0 1
( ( a_M5.state = s_ st 11 & e r5 x ) & ( next(a_M5.state)
|
-- connection s_st_2 1 - s_st 2 2
( ( aM5.state = s_st 2 1&er45b) & ( next(a_M5.state)
|
-- connection s_ st 2 1 - s st 11
( ( aM5.state = s_st 21 &e r5x ) & ( next(a_M5.state)
)
next_local _step_ad_M5
& a_M2.unchanged
& a_M3.unchanged
& a_M4.unchanged
)

ad_M5 automata local steps section

:= ( local_step_ad_M5

synchronized_steps

(

e_
&
(

a_M3.state

a_M4.state

a_M5.state
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s st21?3:

s st22))

s st21?3:

s st22))

s st21?3:

s st 22))

s.st11))
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-- connection s st @1 - s st 0 @
( a_M2.state = s st @ 1 & next(a_M2.state) = s st @ 0 )
-- connection s_st 1 1 - s st 0 1

| ( a_M2.state = s_st 1 1 & next(a_M2.state) = s st @ 1)
-- connection s st 21 - s st 11

| ( aM2.state = s st 2 1 & next(a_M2.state) = s st 1.1 )
)

&

(

-- connection s st @ @ - s st 0 1
( a_M3.state = s_st ©_ 0 & next(a_M3.state) = s_st 0 1)
-- connection s_st @1 - s st 11

| ( a_M3.state = s_st @ 1 & next(a_M3.state) = s st 1. 1)
-- connection s st 11 - s st 21
| ( a_M3.state = s st 1 1 & next(a_M3.state) = s st 2.1 )
)
& a_M4.unchanged
& a_M5.unchanged
)
|
(
e r23u
&
(
-- connection s_st 2 2 - s st 2 1
( a_M2.state = s_st 2 2 & next(a_M2.state) = s_st 2 1)
)
&
(
-- connection s_st @ @ - s_st 0 1
( a_M3.state = s_st 0 0 & next(a_M3.state) = s_st 0.1 )
-- connection s_st @1 - s st 11
| ( a_M3.state = s_st @ _1 & next(a_M3.state) = s st 1 1)
-- connection s_st 1 1 - s st 2 1
| ( a_M3.state = s_st_ 1 1 & next(a_M3.state) = s st 2.1 )
)
& a_M4.unchanged
& a_M5.unchanged
)
|
(
e r3 4
&
(

-- connection s_ st @1 - s_ st 0 @
( a_M3.state = s_st © 1 & next(a_M3.state) = s_st 0 0 )
-- connection s_st_1 1 - s_st_©0_1

| ( a_M3.state = s_st 1 1 & next(a_M3.state) = s st @ 1)
-- connection s_st 2 1 - s st 11

| ( a_M3.state = s_st 2 1 & next(a_M3.state) = s st 1 1)
)

&

(

-- connection s_st @ @ - s st 0 1
( a_M4.state = s_st © 0 & next(a_M4.state) = s _ st 0.1 )
-- connection s_ st @1 - s st 11

| ( a_M4.state = s_st @0 1 & next(a_M4.state) = s st 1. 1)
-- connection s_st_1 1 - s_st_ 2 1
| ( aMd.state = s st 1 1 & next(a_M4.state) = s st 2.1 )
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)
& a_M2.unchanged

& a_M5.unchanged

e r34u
&
(
-- connection s st @1 - s st 0 @
( a_M2.state = s_st © 1 & next(a_M2.state) = s st 0 0 )
-- connection s_st 1 1 - s st 0 1

| ( a_M2.state = s_st 1 1 & next(a_M2.state) = s st @ 1)
-- connection s st 2 1 - s st 11
| ( a_M2.state = s st 2 1 & next(a_M2.state) = s st 1.1 )
-- connection s_st 2 2 - s st 2 1
| ( a_M2.state = s_st 2 2 & next(a_M2.state) = s st 2 1)
)
&
(
-- connection s_st 2 2 - s st 2 1

( a_M3.state = s_st 2 2 & next(a_M3.state) = s_st 2 1)
)
&
(
-- connection s_st @ @ - s st 0 1

( a_M4.state = s_st 0 0 & next(a_M4.state) = s_st 0.1 )
-- connection s_st @1 - s st 11
| ( a_M4.state = s_st 0 1 & next(a_M4.state) = s st 1 1)
-- connection s_st 1 1 - s st 2 1
| ( aMa.state = s_st 1 1 & next(a_M4.state) = s st 2 1)

)
& a_M5.unchanged

e r4 5
&
(
-- connection s_st @ 1 - s_st 0 0@
( a_M4.state = s_st 0 1 & next(a_M4.state) = s_st 0 0 )
-- connection s_st 1 1 - s st 0 1

| ( a_M4.state = s_st_ 1 1 & next(a_M4.state) = s st @ 1)
-- connection s_st 2 1 - s st 11

| ( aM4.state = s_st 2 1 & next(a_M4.state) = s st 1 1)
)

&

(

-- connection s_st_© 0 - s_st_0_1
( a_M5.state = s_st © @ & next(a_M5.state) = s_ st 0.1 )
-- connection s_ st @1 - s st 11

| ( a_M5.state = s_st @ 1 & next(a_M5.state) = s st 1. 1)
-- connection s_st_1 1 - s_st_ 21
| ( aM5.state = s st 1 1 & next(a_M5.state) = s st 2.1 )

)
& a_M2.unchanged

& a_M3.unchanged
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e_rd4 5 u
&
(
-- connection s st @ @ - s st © @
( a_M2.state = s_ st @ @ & next(a_M2.state) = s st @ 0 )
-- connection s_st @1 - s st 0 1
| ( a_M2.state = s_st @ 1 & (i_nbackM3 > @ ) & next(a_M2.state) =
s st 1)
-- connection s st @1 - s st 0 @
| ( a_M2.state = s_st @0 1 & (i_backM3 > @ ) & next(a_M2.state) = s_st 0 @

-- connection s_st 1 1 - s st 11
| ( aM2.state = s st 1 1 & (i_nbackM3 > @ ) & next(a_M2.state) =
s st11)
-- connection s_st 1 1 - s st 0.1
| ( a_M2.state = s_st 1 1 & (i_backM3 > @ ) & next(a_M2.state) = s st @ 1

-- connection s_st 2 1 - s st 2 1

| ( a_M2.state = s_st_2 1 & (i_nbackM3 > @ ) & next(a_M2.state) =
s st 21)

-- connection s_st 2 1 - s st 11

| ( a_M2.state = s_st 2 1 & (i_backM3 > @ ) & next(a_M2.state) = s st 1 1
)

-- connection s_st_2 2 - s_st 2 1

| ( a_M2.state = s_st 2 2 & (i_backM3 > @ ) & next(a_M2.state) = s st 2 1
)

-- connection s_st 2 2 - s st 2 2
| ( a_M2.state = s_st_2 2 & (i_nbackM3 > @ ) & next(a_M2.state) =
s_st. 22)

~ 20—

-- connection s_st @ 1 - s_st_ 0 0

( a_M3.state = s_st ©_1 & next(a_M3.state) = s_st 0 0 )
-- connection s_st 1 1 - s st 0 1

| ( a_M3.state = s st 1 1 & next(a_M3.state) = s st @ 1)
-- connection s_st 2 1 - s st 11

| ( a_M3.state = s_st 2 1 & next(a_M3.state) = s st 1 1)
-- connection s_st 2 2 - s st 2 1

| ( a_M3.state = s_st 2 2 & next(a_M3.state) = s_ st 2 1)

)
&
(
-- connection s_st 2 2 - s st 2 1
( a_M4.state = s_st 2 2 & next(a_M4.state) = s_ st 2 1)
)
&
(
-- connection s_st @ @ - s st 0 1
( a_M5.state = s_st © @ & next(a_M5.state) = s _ st 0.1 )

-- connection s_st @1 - s st 11

| ( a_M5.state = s_st @ 1 & next(a_M5.state) = s st 1. 1)
-- connection s_st 1 1 - s st 21

| ( aM5.state = s_st 1 1 & next(a_M5.state) = s st 2 1)
)
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e r5 x u

&

(

-- connection s_st @ @ - s_st 0 @

( a_M2.state = s_st © @ & next(a_M2.state) = s st 0 0 )

-- connection s st @1 - s st 01

| ( a_M2.state = s_ st @ 1 & (i_nbackM3 4 > @ ) & next(a_M2.state)
s st 1)

-- connection s_st @ 1 - s_st 0 @

| ( aM2.state = s st @ 1 & (i_backM3 4 > @ ) & next(a_M2.state) =
s st @0 )

-- connection s_st 1 1 - s st 11

| ( a_M2.state = s_ st 1 1 & (i_nbackM3 4 > @ ) & next(a_M2.state)
s st11)

-- connection s st 11 - s st o1

| ( a_M2.state = s_st_1 1 & (i_backM3_4 > @ ) & next(a_M2.state) =
s st @1)

-- connection s_st 2 1 - s st 2 1

| ( a_M2.state = s_st_ 2 1 & (i_nbackM3_4 > @ ) & next(a_M2.state)
s st 21)

-- connection s_st 2 1 - s st 11

| ( a_M2.state = s_st 2 1 & (i_backM3_ 4 > @ ) & next(a_M2.state)
s st 11)

-- connection s_st 2 2 - s st 2 1

| ( a_M2.state = s_st_2 2 & (i_backM3_4 > @ ) & next(a_M2.state)
s st 21)

-- connection s_st 2 2 - s st 2 2

| ( a_M2.state = s_st 2 2 & (i_nbackM3_ 4 > @ ) & next(a_M2.state) =
s.st22)

~ R0~

-- connection s_st @ @ - s_st_ 0 0
( a_M3.state = s_st 0 0 & next(a_M3.state) = s_st 0 0 )
-- connection s_st © 1 - s st 0 1
| ( a_M3.state = s st @ 1 & (i_nbackM4 > @ ) & next(a_M3.state) =
s st 1)
-- connection s_st @ 1 - s_st_ 0 0
| ( a_M3.state = s_st @ 1 & (i_backM4 > @ ) & next(a_M3.state) = s st 0 0

-- connection s_st 1 1 - s st 11

| ( aM3.state = s st 1 1 & (i_nbackM4 > @ ) & next(a_M3.state) =
s_st.11)

-- connection s_st_ 1 1 - s st 0.1

| ( aM3.state = s st 1 1 & (i_backM4 > @ ) & next(a_M3.state) = s st @ 1

-- connection s_st 2 1 - s st 21

| ( a_M3.state = s_st_2 1 & (i_nbackM4 > @ ) & next(a_M3.state) =
s_st. 2.1)

-- connection s_ st 2 1 - s st 11

| ( aM3.state = s st 2 1 & (i_backM4 > @ ) & next(a_M3.state) = s st 1 1
)

-- connection s_st_2 2 - s_st 21

| ( aM3.state = s st 2 2 & (i_backM4 > @ ) & next(a_M3.state) = s st 2 1
)

-- connection s_st 2 2 - s st 2 2

| ( a_M3.state = s_st_2 2 & (i_nbackM4 > @ ) & next(a_M3.state) =
s_ st 22)

)
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&
(
-- connection s_st @ 1 - s_st 0 @
( a_M4.state = s_st 0 1 & next(a_M4.state) = s_st 0 0 )
-- connection s st 11 - s st o1

| ( aM4.state = s st 1 1 & next(a M4.state) = s st @ 1)
-- connection s_st 2 1 - s st 11

| ( a_M4.state = s_st 2 1 & next(a_M4.state) = s st 1. 1)
-- connection s_st 2 2 - s st 21

| ( aMd.state = s st 2 2 & next(a_M4.state) = s st 2.1 )
)

&

- connection s _ st 2 2 - s st 21
( a_M5.state = s_st 2 2 & next(a_M5.state) = s_st 2 1)

imus := (1);

if23b:=((((aM2.state !l=sst@O@))?1:0)%*imu2);
if34b:=((((aM3.state!l=s sto@@))?1:0)*imu3);
ifa5b:=((((aMi.state !=s st @@ ))?1:0)*imud);
i backM3 := ( ( ( a M3.state=s st 22 )?1:0));

i backM3 4 := ( ( ( ( a_M3.state = s_ st 2 2 ) & ( a Md.state = s st 22 ) ) ?1
10));

i backM4 := ( ( ( a M4.state =s st 22 )?1:0));

i nbackM3 := ( (! ( ( i_backM3 ) >0 ) ? 1 :0 ) );

i nbackM3 4 := ( (! ( (ibackM3 4 ) >0 ) ?>1:0) );
i_nbackM4 := ( (! ( ( i_backM4 ) >0 ) ? 1 :0 ) );

-=- S=E================ nb Oper‘ator‘s Section —=================
== =S================= events Section —=========—========
erl2:=(imul >0 );

e r23 :=(imu2 >0 );

er23b:=(if23b>0);

er23u:=(1imu2>0);

er3 4 :=(imu3 >0 );



er34b:

er3du:

e r4 5 :

e r4d 5b:

e r4 5u:

e r5 x :

e_r5 x u :

(

(1.f3_4b>0);
(imu3 >0 );
imuad > 0 );
(i_f4.5b >0 );
(imud >0 );
imus > 0 );

( i_mu5 > 0 );
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APENDICE AF — ARQUIVO TEXTUAL DO MODELO PL10.SAN

identifiers

// Service rates
mul =
mu2 =
mu3 =
mu4 =
mus =
mué =
mu7 =
mu8 =
mud =
mule =

=
e Wwe W

e W W .« e

PR RPRRRRRPR
-

..

J

// Blocking functions (allow that station "j" goes to the "blocking" state with
a rate "mu_i", indicating that station "i" is blocked)
f2 3 b= (st M2 != st 0 0) * mu2;

f3 4 b= (st M3 !I=st 0 0) * mu3;

f4 5 b = (st M4 = st 0 0) * mu4;

f5 6 b = (st M5 != st_© @) * mu5;

f6_7_b = (st M6 != st_0©_0) * mu6;

f7 8 b = (st M7 != st _ @ 0) * mu7;
*

f8 9 b = (st M8 != st _ @ @) * mus8;
f9 10 b = ( st M9 I= st 8 0 );

// Functional probabilities to allow back transitions in station 2

backM3 = ((st M3 == st_2 2));

backM3 4 = ((st M3 == st 2 2) && (st M4 == st_2 2));

backM3_4 5 = ((st M3 == st_2 2) && (st M4 == st_2 2) && (st M5 == st_2 2));

backM3_4 5 6 = ((st M3 == st 2 2) & & (st M4 == st_2 2) && (st M5 == st_2 2) &&
(st M6 == st_2 2));

backM3_ 4 5 6 7 = ((st M3 == st_2 2) & (st M4 == st_2 2) && (st M5 == st _2 2) &&
(st M6 == st 2 2) && (st M7 == st_2 2));
= ((st M3 == st_2 2) & (st M4 == st_2 2) && (st M5 == st_2 2)
2 2) & & (st M7 == st_2 2) && (st M8 == st_2 2));

backM3_ 4 56 7 8 9 = ((st M3 == st_2 2) & (st M4 == st _2 2) && (st M5 ==
st 2 2) & & (st M6 == st_2 2) & (st M7 == st_2 2) && (st M8 == st_2 2) && (st M9
== st _2 2));

// Functional probabilities to allow back transitions in station 3

backM4 = ((st M4 == st_2_2));

backM4 5 = ((st M4 == st 2 2) && (st M5 == st 2 2));

backM4 5 6 = ((st M4 == st 2 2) && (st M5 == st 2 2) && (st M6 == st_2 2));

backM4 5 6 7 = ((st M4 == st_2 2) & (st M5 == st _2 2) && (st M6 == st 2 2) &&

(st M7 == st_2_2)),

backM4 5 6 7 8 = ((st M4 == st_2 2) & (st M5 == st_2 2) && (st M6 == st _2 2) &&
(st M7 == st 2 2) && (st M8 == st_2 2));

backM4 5 6 7 8 9 = ((st M4 == st_2 2) & (st M5 == st_2 2) && (st M6 == st_2_2)

&& (st M7 == st_2 2) & (st M8 == st_2 2) & (st M9 == st_2 2));
// Functional probabilities to allow back transitions in station 4
backM5 = ((st M5 == st 2 2));
backM5 6 = ((st M5 == st 2 2) && (st M6 == st 2 2));
backM5 6 7 = ((st M5 == st 2 2) && (st M6 == st 2 2) && (st M7 == st_2 2));
backM5 6 7 8 = ((st M5 == st_2 2) & (st M6 == st _2 2) && (st M7 == st_2 2) 8&&
(st M8 == st_2 2));



backM5_6_7_8 9
(st M8 == st 2 2)

backM6 = ((st M
backM6_7 =
backM6 7 8 = ((
backM6_7 8 9 =
(st M9 == st_2_2)

// Functional probabilities to allow back transitions in station 6

backM7 = ((st M
backM7_8 =

backM8 = ((st M
backM8 9 =

backM9 = ((st M

// Functional probabilities to avoid

nbackM3 = !(bac
nbackM3 4 = I (b
nbackM3_4 5 = |
nbackM3 4 5 6 =
nbackM3_4_5_6_7
nbackM3_ 4 5 6 7

// Functional probabilities to avoid

nbackM4 = !(bac
nbackM4_5 = I (b
nbackM4_5 6 = !
nbackM4 5 6 7 =

nbackM4 5 6 7 8 = !(backM4 5 6 7 8);

// Functional probabilities to avoid

nbackM5 = !(bac
nbackM5 6 = !(b
nbackM5_6 7 = !

nbackM5 6 7 8 =
nbackM5_6_7 8 9

nbackMé = !(bac
nbackMé_7 = !(b
nbackM6_7_8 = !

nbackM6_7_8_9 = !(backM6_7_8 9);
// Functional probabilities to avoid

nbackM7 = !(bac
nbackM7_8 = !(b
nbackM7_8 9 = !

// Functional probabilities to avoid

nbackM8 = !(bac
nbackM8 9 = ! (b

// Functional probabilities to avoid

nbackM9 = !(bac

events
loc r1_2

syn r2_3
loc r2. 3 b
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= ((st M5 == st_2 2) & & (st M6 == st_2 2) && (st M7 == st_2 2) &&

&8& (st M9 ==
6 == st_2 2));

st M6 ==

st_2 2));
// Functional probabilities to allow back transitions in station 5

((st M6 == st 2 2) & & (st M7 == st 2 2));
st 2 2) & (st M7 ==

st 2 2) & & (st M8 ==

st 2 2));

((st M6 == st_2_2) && (st M7 == st_2 2) && (st M8 == st_2_2) &&

)
7 == st 2 2));

8 == st 2 2));

((st M8 == st 2 2) && (st
// Functional probabilities to allow

9 == st _2 2));

kM3);

ackM3 4);

(backM3_4 _5);
I(backM3_4 5 6);

I (backM3_4_ 5 6_7);

kM4);

ackM4_5);

(backM4_5 6);
I(backM4_5 6 _7);

kM5) ;

ackM5 6);

(backM5_6_7);
I(backM5_6_7_8);

= l(backM5_6_7_8_9);
// Functional probabilities to avoid

kM6) ;
ackM6_7);
(backMé_7_8);

kM7);
ackM7_8);
(backM7_8_9);

kM8) ;
ackM8 9);

kM9);

(mul);
(mu2);
(f2_3 b);

((st M7 == st 2 2) & & (st M8 == st 2 2));
backM7_8 9 = ((st M7 == st_2 2) && (st M8 == st_2 2) && (st M9 == st _2 2));
// Functional probabilities to allow back transitions in station 7

M9 == st 2 2));
back transitions

back transitions

back transitions

9);
back transitions

back transitions

back transitions

back transitions

back transitions

in

in

in

in

in

in

in

in

station

station

station

station

station

station

station

station
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syn r2_3_u (mu2);

syn r3_4 (mu3);
loc r3. 4 b (f3_4 b);

syn r3_4 u (mu3);

syn r4_5 (mud);
loc r4 5 b (f4_5_b);

syn rd_5 u (mud);

syn r5_6 (mu5);
loc r5 6 b (f5_6_b);

syn r5_6_u (mu5);

syn r6_7 (mu6);
loc r6_7_b (f6_7_b);

syn r6_7_u (mu6);

syn r7_8 (mu7);
loc r7.8 b (f7_8 b);

syn r7_8 u (mu7);

syn r8_9 (mu8);
loc r8 9 b (f8_9 b);

syn r8_ 9 u (mu8);

syn r9_1e (mu9);
loc r9_10 b (f9_10 b);
syn r9_10 u (mu9);
loc ri1e_x (mul1e);
syn rle_x_u (mule);

partial reachability = !((st M2 == st 0 @) && (st M3 == st 2 2)) && !((st M3 ==
st_ 0 0) && (st M4 == st_2 2)) && !((st M4 == st_0 0) && (st M5 == st_2 2)) &&
I((st M5 == st_© 0) && (st M6 == st_2 2)) && !((st M6 == st_0 _0) && (st M7 ==
st 2 2)) & !((st M7 == st_©0_0) && (st M8 == st_2 2)) & & !((st M8 == st_0 _0) &&
(st M9 == st_2 2)) & !((st M9 == st_0_0) && (st M1o == st_2 2));

network B2_2 B3 2 B4 2 B5 2 B6 2 B7 2 B8 2 B9 2 B10 2 (continuous)

aut M2
stt st @0 0 to (st_0_1) r1_2
to (st ©0) r4 5 ur56 ur6 7 ur78ur89ur910 u rie x u
stt st @1 to (st 1.1) r1.2
to (st_@ 1) rd4_5 u(nbackM3) r5_6_u(nbackM3_4) r6_7_ u(nbackM3_4_5)
r7_8 u(nbackM3_4 5 6) r8 9 u(nbackM3_4 5 6_7) r9_10 u(nbackM3_4 5 6 _7_8)

to (st. @ 0) r2 3 r3 4 u r4_5 u(backM3) r5_ 6 u(backM3_4)
ré_7_u(backM3_4 5) r7_8 u(backM3_4 5 6) r8_9 u(backM3_4 5 6 7)
stt st 1.1 to (st.2.1)r1 2
to (st_1 1) r4 5 u(nbackM3) r5 6 u(nbackM3 4) r6_7_u(nbackM3_4 5)

to (st_@ 1) r2_.3 r3_4 u r4_5 u(backM3) r5_6_u(backM3_4)
ré_7_u(backMm3_4 5) r7_8 u(backM3_4 5 6) r8_9 u(backM3_4 5 6 _7)
stt st 2.1 to (st22)rl2
to (st_2_1) r4_5 u(nbackM3) r5_6_u(nbackM3_4) r6_7 u(nbackM3_4_5)

to (st_1.1) r2 3 r3 4 u r4_5 u(backM3) r5 6 _u(backM3_4)
ré_7_u(backM3_4 5) r7_8 u(backM3_4 5 6) r8 9 u(backM3 4 5 6 7)



stt st_ 2 2 to (st_2.1) r2.3 u r3_4 u r4_5 u(backM3) r5_6_u(backM3_4)
ré_7_u(backM3_4 5) r7_8 u(backM3_4 5 6) r8_9 u(backM3_4 5 6_7)

r7_8 u(nbackM3_4 5 6) r8_9 u(nbackM3_4 5 6 _7) r9_10 u(nbackM3_4 5 6 7_8)
r10_x_u(nbackM

W |
&1
vt
(o))
~
00
o)
N

aut M3
stt st @ 0 to (st @ 1) r2 3 r2. 3 u
to (st ©0) r5 6 Uur6 7 ur7. 8 ur89ur9 10 u rle x u
stt st ©1 to (st 1 1) r2 3 r2 3 u
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to (st_@ 1) r5_6_u(nbackM4) r6_7_u(nbackM4 _5) r7_8 u(nbackM4_5 6)

to (st_@ 0) r3_4 rd 5 u r5 6 _u(backM4) r6_7 u(backm4_5)
r7_8 u(backM4_5 6) r8 9 u(backM4_5 6 _7) r9_10 u(backM4_5 6 _7_8)

stt st 1.1 to (st 2 1) r2 3 r2.3 u

to (st_1_1) r5_6_u(nbackM4) r6_7 u(nbackM4 5) r7_8 u(nbackM4_5 6)

to (st_© 1) r3 4 r4 5 u r5 6 u(backM4) ré_7 u(backM4 5)
r7_8 u(backM4_5 6) r8 9 u(backM4 5 6_7) r9_10 u(backM4_5 6 7 _8)

stt st 2 1 to (st 2 2) r2.3 b

to (st_2_1) r5_6_u(nbackM4) r6_7_u(nbackM4_5) r7_8_ u(nbackM4_5 6)

to (st_1.1) r3 4 r4 5 u r5 6_u(backM4) r6_7_u(backMm4_5)
r7_8 u(backM4_ 5 6) r8 9 u(backM4 5 6_7) r9_10 u(backM4_5 6 7 _8)
stt st 2 2 to (st_2.1) r3.4 u r4 5 u r5_6_u(backM4) ré_7_u(backM4_5)
r7_8 u(backM4_5 6) r8 9 u(backM4_5 6 _7) r9_10 u(backM4_5 6 _7_8)

aut M4
stt st © @0 to (st @ 1) r3 4 r3 4 u
to (st ©0) r6 7 ur7. 8 ur89ur9 10 urle_x u
stt st_ @ 1 to (st_1.1) r3 4 r3 4. u

to (st_@_1) r6_7_u(nbackM5) r7_8 u(nbackM5_6) r8_9_ u(nbackM5_6_7)

r9_10 u(nbackM5_6_7 8) r1@_x_u(nbackM5 6 7 8 9)
to (st.© 0) r4 5 r5 6 _u r6_7 _u(backM5) r7_8 u(backM5_6)
r8 9 u(backM5_6_7) r9 10 u(backM5_ 6 7 8) rlo_x_ u(backM5 6 7 8 9)
stt st_1 1 to (st_.2.1) r3_4 r3_4_u

to (st_1_1) r6_7_u(nbackM5) r7_8 u(nbackM5_6) r8_9 u(nbackM5_6_7)

r9_10 u(nbackM5_6_7 8) r1@_x_u(nbackM5 6 7 8 9)
to (st © 1) r4 5 r5 6 _u r6_7 _u(backM5) r7_8 u(backM5_6)
r8_9 u(backM5_6_7) r9_10 u(backM5_6_ 7 8) rl1@_x_u(backM5_6 7 _8 9)
stt st 2 1 to (st 2.2) r3 4D

to (st_2_1) r6_7_u(nbackM5) r7_8 u(nbackM5_6) r8_ 9 u(nbackM5_6_7)

r9_10 u(nbackM5_6_7 8) r1@_x_u(nbackM5 6 7 8 9)
to (st_1.1) r4 5 r5 6 u r6_7_u(backM5) r7_8 u(backM5_6)
r8_9 u(backM5_6_7) r9_10 u(backM5_6 7 8) rl1@_x_u(backM5_6 7 8 9)
stt st_ 2 2 to (st 2.1) r4 5 u r5 6 _u r6_7_u(backM5) r7_8 u(backM5_6)
r8 9 u(backM5 6 7) r9 10 u(backM5 6 7 8) rl1o_x u(backM5 6 7 8 9)

to (st_2 2) r6_7 u(nbackM5) r7_8 u(nbackM5 6) r8 9 u(nbackM5 6 7)

r9_10 u(nbackM5_6_7 8) r1@_x_u(nbackM5 6 7 8 9)

aut M5
stt st © @ to (st @ 1) r4 5 r4 5 u
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to (st ©0) r7Z 8 ur8 9 ur9 10 u rloe x u
stt st ©1 to (st 1 1) r4 5r4 5 u
to (st_©0 1) r7_8 u(nbackMé) r8 9 u(nbackMé_7) r9 10 u(nbackMé6_7_8)
r10_x_u(nbackMée_7_8 9)
to (st © 0) r5 6 r6_7 u r7_8 u(backMe) r8 9 u(backMe_7)
r9_ 10 u(backMée_7 8) r10 x_u(backMé 7 8 9)
stt st 1.1 to (st 2 1) r4 5 r4 5 u
to (st_1_1) r7_8 u(nbackMé) r8 9 u(nbackMé6_7) r9 10 u(nbackMé6_7_8)
r10_x_u(nbackMée_7_8 9)
to (st © 1) r5 6 r6_7 u r7_8 u(backMe) r8 9 u(backMe_7)
r9_ 10 u(backMée_7 8) ri10 x_u(backMé 7 8 9)
stt st 2 1 to (st 2. 2) r4 5 b
to (st_2_1) r7_8 u(nbackMé) r8 9 u(nbackMé6_7) r9 10 u(nbackMé6_7_8)
r10_x u(nbackMe_7 8 9)
to (st_1 1) r5 6 r6_7 u r7_8 u(backme) r8 9 u(backMe_7)
r9_10 u(backMé6_7_8) ri1@_x_u(backMé_7_8 9)
stt st 2 2 to (st 2 1) r5 6 u r6_7_u r7_8 u(backMe) r8 9 u(backme_7)
r9_10 u(backMé6_7 8) ri1@_x_u(backMé_7_8 9)
to (st_2_2) r7_8_u(nbackM6) r8_9_u(nbackMé_7) r9_10 u(nbackMé6_7_8)
r10_x_u(nbackMé_7_8_9)

aut Me
stt st @ @ to (st ©@ 1) r5 6 r5 6_u
to (st_ @ ©) r8 9 u r9_10 u rie_x_ u
stt st_ @ 1 to (st_.1.1) r5.6 r5_6_u
to (st_@ 1) r8 9 u(nbackM7) r9_10 u(nbackM7_8) ri1@_x_u(nbackM7_8 9)
to (st_. @ 0) r6_ 7 r7_8 u r8 9 u(backM7) r9_10 u(backM7_8)
r10_x_u(backmM7_8 9)
stt st_1 1 to (st 2.1) r5.6 r5_6_u
to (st_1_1) r8_9_u(nbackM7) r9_10_u(nbackM7_8) ri1@_x_u(nbackM7_8 9)
to (st_ @ 1) r6_7 r7_8 u r8 9 u(backM7) r9_10 u(backM7_8)
r10_x_u(backM7_8 9)
stt st_ 2 1 to (st_2.2) r5 6 b
to (st_2_1) r8_9_u(nbackM7) r9_10_u(nbackM7_8) r1@_x_u(nbackM7_8_9)
to (st_1_1) r6_7 r7_8_u r8 9 u(backM7) r9_10 u(backM7_8)
r10_x_u(backM7_8 9)
stt st 2 2 to (st 2 1) r6_7 u r7_8 u r8 9 u(backM7) r9_10 u(backM7_8)
r10_x_u(backM7_8 9)
to (st_2_2) r8_9 u(nbackM7) r9_10_u(nbackM7_8) rl1@_x_u(nbackM7_8_9)

aut M7
stt st © @ to (st @ 1) r6 7 r6_7_u
to (st_0 0) r9_10 u rie_x_u
stt st_ @ 1 to (st_1.1) r6_7 r6_7_u
to (st _ @ 1) r9_10 u(nbackM8) r1@_x_ u(nbackM8 9)
to (st @ 0) r7.8 r8 9 u r9_10 u(backM8) rie_ x_u(backM8 9)
stt st_1 1 to (st 2.1) r6_7 r6_7_u
to (st_1_1) r9_10_u(nbackM8) ri1@_x_u(nbackM8_9)
to (st_ @ 1) r7_8 r8 9 u r9_10 _u(backM8) ri1e_x_u(backM8_9)
stt st 2 1 to (st 2 2) r6 7 b
to (st_2 1) r9_10 u(nbackM8) r1@_x_u(nbackM8 9)
to (st_1.1) r7_8 r8_ 9 u r9_10_u(backM8) ri1e_x_u(backM8_9)
stt st 2 2 to (st 2.1) r7_8 u r8 9 u r9_10 _u(backM8) rie_x_u(backM8_9)
to (st_2 2) r9_10 u(nbackM8) ri1e_x u(nbackM8_9)

aut M8
stt st 0.0 to (st_ @ 1) r7_8 r7_8_u
to (st_@ 0) rle_x_u
stt st ©1 to (st 1 1) r7.8 r7_8 u



stt

stt

stt

aut M9

stt
stt

stt

stt

stt

st 11

st 2.1

st 22

st 1.1
st_2_1

st 2 2

aut Ml1o

stt
stt

stt

stt

stt

to
to
to
to
to
to
to
to
to
to

to
to
to
to
to
to
to
to

to
to
to
to
to
to
to
to

(st_0_1)
(st_0_0)
(st_2_1)
(st_1_1)
(st_0_1)
(st_2_2)
(st_2_1)
(st_1_1)
(st_2_1)
(st_2_2)

(st_0 1)
(st 1.1)
(st_0 0)
(st_2_1)
(st 0 1)
(st_2_2)
(st_1_1)
(st_2_1)

(st_0 1)
(st_1_1)
(st_0_9)
(st_2.1)
(st 0 1)
(st_2_2)
(st_1_1)
(st_2_1)
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r10 x _u(nbackM9)

rg 9 r9 10 u ri1o_x_u(backMm9)
r7_8 r7_8_u

rl1e_x_u(nbackM9)

rg_ 9 r9 10 u ri1o_x_u(backMm9)
r7_8 b

rl1e_x_u(nbackM9)

r8 9 r9_10 u rie_x_u(backM9)
r8 9 u r9_10 u ri1o_x_u(backM9)
r10 x_u(nbackM9)

r8_9 r8_ 9 u
r8_ 9 r8 9 u
ro_10 rl1e_x_u
r8_9 r8_9_ u
r9_10 rl1e_x_u
r8_ 9 b

ro_10 ri1e_x_u
ro_10_u rle_x_u

r9_10 r9_10 _u
ro_10 r9_10_u
rlo_x

r9_10 r9_10 _u
rie_x

ro_10_b

rlo_x

rlo_x_u
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APENDICE AG — ARQUIVO TEXTUAL DO MODELO PL10.SMV

MODULE ad_M2()

VAR state : {s_st @ @0,s st @ 1,s st 1 1,s st 2 1,s st 2 2};
DEFINE

unchanged := state = next(state);

MODULE ad_M3()

VAR state : {s_st @ @0,s st © 1,s st 1 1,s st 2 1,s st 2 2};
DEFINE

unchanged := state = next(state);

MODULE ad_M4()

VAR state : {s_st_ @ @0,s st @ 1,s st 1 1,s st 2 1,s st 2 2};
DEFINE

unchanged := state = next(state);

MODULE ad_M5()

VAR state : {s_st @ @0,s st @ 1,s st 1 1,s st 2 1,s st 2 2};
DEFINE

unchanged := state = next(state);

MODULE ad_M6()

VAR state : {s_st @ @0,s st @ 1,s st 1 1,s st 2 1,s st 2 2};
DEFINE

unchanged := state = next(state);

MODULE ad_M7()

VAR state : {s_st @ @0,s st @ 1,s st 1 1,s st 2 1,s st 2 2};
DEFINE

unchanged := state = next(state);

MODULE ad_M8()

VAR state : {s_st @ @0,s st @ 1,s st 1 1,s st 2 1,s st 2 2};
DEFINE

unchanged := state = next(state);

MODULE ad_M9()

VAR state : {s_st @ @0,s st @ 1,s st 1 1,s st 2 1,s st 2 2};
DEFINE

unchanged := state = next(state);

MODULE ad_M1e()

VAR state : {s_st @ O0,s st @ 1,s st 1 1,s st 2 1,s st 2 2};
DEFINE

unchanged := state = next(state);

MODULE main

VAR
a_M2 : ad_M2();
a_M3 : ad_M3();
a_M4 : ad_M4();
a_M5 : ad _M5();
a_ M6 : ad_M6();
a_M7 : ad_M7();
a_M8 : ad_M8();
a_M9 : ad _M9();



a

_M10 : ad_Mi10();

INIT

¢ (

(et cCCa
= S_S

( ( ( a_M3.state t
a_ M4.state = s st 0 0 )
a
)

s st 0 ) & ( a_M6.stat

a_M7.state = s_st_2_2

s st22)))) &!
) & ! ( ( ( a_M9.stat

TRANS
next_local step_ad_M2

synchronized_steps

next_local step_ad_|
next_local step_ad_|
next_local step_ad_|
next_local step_ad_|
next_local step_ad_|
next_local step_ad_|
next_local step_ad_|
next_local step_ad_|

DEFINE

a_

M2_getCurrentIndex

((C(Ca
e = s_

0
&
e
)

VIIAG)N

:Mla.;tate = s_st_

M3
M4
M5
M6
M7
M8
M9
M1o

= ( a_ M2.state = s st @0 ? 0 :

sst@o1?1: ( aM2.state=sst11°? 2 ( a_M2.s

(

a_M2.state = s_st_2

local step_ad M2 := (
-- connection s_st @ @ - s st 0 1
( ( a_M2.state = s_st_ 0.0 & e_r1_2 ) & ( next(a_M2.stat

)5

next_local step_ad M2 :=

)5

a_

224 -1 ) ) ) ) )

ad_M2 automata local steps section

-- connection s_st @1 - s st 11
( (aM2.state = s_ st @1 & e rl 2 ) & ( next(a_M2.stat

-- connection s_st_ 1.1 - s_st 2_1
( ( a_M2.state = s_st_ 1 1 & e_rl_2 ) & ( next(a_M2.stat

-- connection s_st 2 1 - s st 2 2
( ( a_M2.state = s_st 2 1 & e r1_2 ) & ( next(a_M2.stat

a_M3.unchanged
a_M4.unchanged
a_M5.unchanged
a_M6.unchanged
a_M7.unchanged
a_M8.unchanged
a_M9.unchanged
a_M10.unchanged

20 20 20 RO 20 QO Q0 Qo

M3 _getCurrentIndex

( local_step_ad M2

= ( a_ M3.state = s st @0 ? 0 :

s ste1?1: ( a_M3.state = s st 1 1°? 2 ( a_M3.s

(

lo

)5

ne

a_M3.state = s_st_2

cal step_ad M3 := (

224 -1 ) ) ) ) )

ad_M3 automata local steps section

-- connection s_ st 2 1 - s st 2 2
( ( aM3.state = s st 21 &er23b) & ( next(a_M3.state) =s st 22 ) )

xt_local _step_ad M3 :=

& a_M2.unchanged

( local_step_ad_M3

“a_Mo.

s st22)))

)& (
( ( ( a_M5.state
a
)

+

+

(]
|

=s st ©00)
& ( a_M8.state
=s st 22)

22))))

( a_M2.state =

203

~ I 2
P

tate = s_st 21?3 :

e) =s.st0.1))
e) = s.st.1.1))
e) = s st21))
e) = s.st22))

( a_M3.state =

tate = s_ st 21?3 :
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a_M4.unchanged
a_M5.unchanged
a_M6.unchanged
a_M7.unchanged
a_M8.unchanged
a_M9.unchanged
a_M1@.unchanged

20 R0 Q0 O RO RO Qo

)
a_M4_getCurrentIndex := ( a_M4.state = s st @0 2?0 : ( a_M4.state =
sstoe1?1: ( a M4.state = s st 11?2 : ( a M4.state = s st 2.1 ? 3 :
( a Mi.state=s st22?4: -1 ) ) ) ) );
-- ================== ad_M4 automata local steps section ==================
local_step_ad M4 := (
-- connection s_st 2 1 - s st 2 2
( (a_M4.state = s st 21 &er3 4b ) & ( next(a_M4.state) =s_st 22 ) )
)s
next_local step_ad M4 := ( local step_ad M4
a_M2.unchanged
a_M3.unchanged
a_M5.unchanged
a_M6.unchanged
a_M7.unchanged
a_M8.unchanged
a_M9.unchanged
a_M10.unchanged

20 Q0 Q0 Q0 QO RO RO QO

)s
a_M5_getCurrentIndex := ( a_M5.state = s st @@ ?0 : ( a_M5.state =
s ste1?1: ( a M5.state = s st 11?2 : ( aM5.state=sst217?3:
( aMs5.state=sst22?4: -1 ) ) ) ) )
-- ================== ad_M5 automata local steps section ==================
local_step_ad M5 := (
-- connection s_st 2 1 - s_st 2 2
( ( aM5.state = s_st 21 &er45b ) & ( next(a_M5.state) = s_st 22 ) )
)
next_local_step_ad M5 := ( local_step_ad_ M5
a_M2.unchanged
a_M3.unchanged
a_M4.unchanged
a_M6.unchanged
a_M7.unchanged
a_M8.unchanged
a_M9.unchanged
a_M10.unchanged

20 20 20 Q0 Qo 2o RO QO

)
a_M6_getCurrentIndex := ( a_M6.state = s st @0 ? 0 : ( a_M6.state =
s ste1?1: ( a_M6.state = s st 1. 1?2 : ( a_M6.state = s _ st 2 1? 3 :
( aMé.state=sst22?4: -1 ) ) ) ) )
-- ================== ad_M6 automata local steps section ==================
local_step_ad_M6 := (
-- connection s_st 2 1 - s_st 2 2
( ( a_M6.state = s_st 2 1 &e_r56b ) & ( next(a_M6.state) = s_st 2.2 ) )
)
next_local_step_ad M6 := ( local_step_ad M6
a_M2.unchanged
a_M3.unchanged
a_M4.unchanged
a_M5.unchanged
a_M7.unchanged
a_M8.unchanged

20 Q0 Q0 o o Qo
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& a_M9.unchanged
& a_Mi1@.unchanged
)5
a_M7_getCurrentIndex := ( a_M7.state = s st @@ ?0 : ( a_M7.state =

sstoe1?1: ( a M7.state = s st 1.1 °? 2 ( a M7.state = s st 21 °? 3 :

(

a M7.state=sst22?4: -1 ) ) ) ) );
-- ================== ad_M7 automata local steps section ==================
local_step_ad M7 := (
-- connection s_st 2 1 - s_ st 2 2
( ( aM7.state = s st 21&er6 7b ) & ( next(a_M7.state) = s st 22 ) )
)
next_local _step_ad M7 := ( local_step_ad M7
a_M2.unchanged
a_M3.unchanged
a_M4.unchanged
a_M5.unchanged
a_M6.unchanged
a_M8.unchanged
a_M9.unchanged
a_M1@.unchanged

20 Q0 Q0 Q0 QO RO RO QO

)s
a_M8_getCurrentIndex := ( a_M8.state = s st @0 ?0 : ( a_M8.state =

s ste1?1: ( a_M8.state = s st 1 1 °? 2 ( a_M8.state =s st 217? 3:

(

_M8.state =s st 22?4 : -1 ) ) ) ) )
-- ================== ad_M8 automata local steps section ==================
local _step_ad M8 := (
-- connection s_st 2 1 - s st 2 2
( ( aM8.state = s st 21 & e r78b ) & ( next(a_M8.state) = s st 22 ) )
)3
next_local_step_ad M8 := ( local_step_ad M8
a_M2.unchanged
a_M3.unchanged
a_M4.unchanged
a_M5.unchanged
a_M6.unchanged
a_M7.unchanged
a_M9.unchanged
a_M10.unchanged

20 20 20 Q0 Qo 2o RO QO

)
a_M9_getCurrentIndex := ( a_M9.state = s st @@ ? 0 : ( a_M9.state =

s ste1?1: ( a_M9.state = s st 1 1°? 2 ( a_M9.state = s_ st 2 1? 3 :

(

a Mi.state=s st 22?4 : -1 ) ) ) ) );
-- ================== ad_M9 automata local steps section ==================
local_step_ad M9 := (
-- connection s_ st 2 1 - s st 2 2
( ( aM9.state = s st 21 & e r89b ) & ( next(a_M9.state) = s st 22 ) )
)
next_local_step_ad M9 := ( local_step_ad_M9
a_M2.unchanged
a_M3.unchanged
a_M4.unchanged
a_M5.unchanged
a_M6.unchanged
a_M7.unchanged
a_M8.unchanged
a_M1@.unchanged

Q0 Q0 Q0 QO Q0 QO Qo Qo

)5
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a_M10_getCurrentIndex := ( a_Mlo.state = s st @@ ? 0 : (
sstoe1?1: ( a Mlo.state = s st 11?2 : ( a_M1o.state
( a_Mlo.state =s st 22?4 : -1 ) ) ) ) )

local step _ad M1@ := (
-- connection s_st @
( ( a_Mlo.state

1

s_st_

- S
0 1

ad_M10 automata local steps section

st oo

& e r1o x ) & ( next(a_Mie.state)

-- connection s_st 1 1 - s st 01

( ( a_Mlo.state

-- connection s_st 2 1 - s_ st 2 2

( ( a_Mlo.state

-- connection s st 2 1 - s st 11

( ( a_M1o.state
)s
next_local_step_ad_Ml1o
a_M2.unchanged
a_M3.unchanged
a_M4.unchanged
a_M5.unchanged
a_M6.unchanged
a_M7.unchanged
a_M8.unchanged
a_M9.unchanged

" 20 20 20 20 20 20 2o R0

synchronized_steps := (
(
e r2_3
&
(
-- connection
( a_M2.state
-- connection
| ( a_M2.state

S
S

:= ( local_step_ad_Mie

st ©1 - s st 0.0

s_st_0_1 & next(a_M2.state)
st 11 -5s stoe1l
s_ st 1 1 & next(a_M2.state)

-- connection s_st_2 1 - s_st 1 1

| ( a_M2.state

)

&

(

-- connection
( a_M3.state

s_st 2 1 & next(a_M2.state)

s st @ee - s sto1
s_st_0 0 & next(a_M3.state) =

-- connection s_ st @1 - s st 11

| ( a_M3.state

s st @ 1 & next(a_M3.state)

-- connection s_st_1 1 - s_st_ 21

| ( a_M3.state
)

& a_M4.unchanged
& a_M5.unchanged
& a_M6.unchanged
& a_M7.unchanged
& a_M8.unchanged
& a_M9.unchanged
& a_M10.unchanged

s_st 1 1 & next(a_M3.state)

s st 11&er1d x ) & ( next(a_Mle.state)

s st 21&erie x ) & ( next(a_Mlo.state)

s st 0.0 )

s st 1)

s.st11)

s st o1)

s st11)

s st21)

a_

s st 21&er9.10b ) & ( next(a_Mle.state)

M10.state
s st 21

v |l

s stee))

s ste1))

s st22))

s.st11))
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er23.u
&
(

-- connection s_st 2 2 - s st 21

( a_M2.state = s_st 2 2 & next(a_M2.state) = s_st 2 1)
)
&
(
-- connection s_st @ @ - s_ st 0 1

( a_M3.state = s_st 0 0 & next(a_M3.state) = s_st 0 1)
-- connection s st @1 - s st 11
| ( a_M3.state = s_st @ 1 & next(a_M3.state) = s st 1. 1)
-- connection s_st 1 1 - s st 21
| ( a_M3.state = s st 1 1 & next(a_M3.state) = s st 2.1 )

)

& a_M4.unchanged
& a_M5.unchanged
& a_M6.unchanged
& a_M7.unchanged
& a_M8.unchanged
& a_M9.unchanged
& a_M10.unchanged

e r3 4
&
(
-- connection s_st @ 1 - s_st 0 0
( a_M3.state = s_st ©_1 & next(a_M3.state) = s_st 0 0 )
-- connection s_st 1 1 - s st 0 1

| ( a_M3.state = s_st 1 1 & next(a_M3.state) = s st 0 1)
-- connection s_st 2 1 - s st 11

| ( a_M3.state = s_st 2 1 & next(a_M3.state) = s st 1 1)
)

&

(

-- connection s_st_@ 0 - s_st 0_1
( a_M4.state = s_st @0 0 & next(a_M4.state) = s_st_ 0 1)
-- connection s_st @1 - s st 11

| ( aM4.state = s_st @ 1 & next(a_M4.state) = s st 1. 1)
-- connection s_st 1 1 - s st 21
| ( a_M4.state = s_st 1 1 & next(a_M4.state) = s st 2.1 )

)
& a_M2.unchanged

& a_M5.unchanged
& a_M6.unchanged
& a_M7.unchanged
& a_M8.unchanged
& a_M9.unchanged
& a_M10.unchanged

e r34u
&
(
-- connection s_st @0 1 - s_st 0 0@
( a_M2.state = s_st © 1 & next(a_M2.state) = s _ st 0 0 )
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-- connection s st 11 - s st 01

| ( aM2.state = s st 1 1 & next(a_M2.state) = s st @ 1)
-- connection s_st 2 1 - s st 11
| ( a_M2.state = s_st 2 1 & next(a_M2.state) = s st 1. 1)
-- connection s st 2 2 - s st 21
| ( a_M2.state = s st 2 2 & next(a_M2.state) = s st 2.1)
)
&
(
-- connection s st 2 2 - s st 21

( a_M3.state = s_st 2 2 & next(a_M3.state) = s st 2 1)
)
&
(
-- connection s st @ @ - s st 0 1

( a_M4.state = s_st © 0 & next(a_M4.state) = s_st 0 1)
-- connection s_st @1 - s st 11
| ( a_M4.state = s_st @ 1 & next(a_M4.state) = s st 1. 1)
-- connection s_st 1 1 - s st 2 1
| ( a_M4.state = s_st 1 1 & next(a_M4.state) = s st 2.1 )

)
& a_M5.unchanged

& a_M6.unchanged
& a_M7.unchanged
& a_M8.unchanged
& a_M9.unchanged
& a_M10.unchanged

)
|
(
e r4 5
&
(
-- connection s_st @ 1 - s_st_ 0 0
( a_M4.state = s_st 0 1 & next(a_M4.state) = s_st 0 0 )
-- connection s_st 1 1 - s st 0 1
| ( aM4.state = s_st 1 1 & next(a_M4.state) = s st @ 1)
-- connection s_st 2 1 - s st 11
| ( a_M4.state = s_st 2 1 & next(a_M4.state) = s st 1 1)
)
&
(
-- connection s_st @ @ - s_st 0 1
( a_M5.state = s_st @0 0 & next(a_M5.state) = s_st 0 1)
-- connection s_ st @1 - s st 11
| ( aM5.state = s_ st @ 1 & next(a_M5.state) = s st 1. 1)
-- connection s_st 1 1 - s_ st 2 1
| ( a_M5.state = s_st 1 1 & next(a_M5.state) = s st 2. 1)
)
& a_M2.unchanged
& a_M3.unchanged
& a_M6.unchanged
& a_M7.unchanged
& a_M8.unchanged
& a_M9.unchanged
& a_M10.unchanged
)



e_rd4 5 u
&
(

-- connection s_st @ @ - s_st 0 @

( a_M2.state = s_st @ @ & next(a_M2.state)
-- connection s st @1 - s st 01
| ( a_M2.state = s_st @ 1 & (i_nbackM3 > @ )
s st 1)

-- connection s_st @ 1 - s_st 0 @

| ( aM2.state = s st @ 1 & (i_backM3 > @ )
)
-- connection s_st 1 1 - s st 11
| ( a_M2.state = s_st_1 1 & (i_nbackM3 > @ )
s st11)
-- connection s st 11 - s st o1
| ( a_M2.state = s_st 1 1 & (i_backM3 > @ )
)
-- connection s_st 2 1 - s st 21
| ( a_M2.state = s_st 2 1 & (i_nbackM3 > @ )
s st 21)
-- connection s_st 2 1 - s st 11
| ( a_M2.state = s_st_2 1 & (i_backM3 > @ )
)
-- connection s_st 2 2 - s st 2 1
| ( a_M2.state = s_st 2 2 & (i_backM3 > @ )
)
-- connection s_st 2 2 - s st 2 2
| ( a_M2.state = s_st_2 2 & (i_nbackM3 > @ )
s.st22)
)
&
(
-- connection s_st @ 1 - s_st_ 0 0
( a_M3.state = s_st 0 _1 & next(a_M3.state)
-- connection s_st_ 1 1 - s st 0.1
| ( a_M3.state = s_st 1 1 & next(a_M3.state)
-- connection s_st 2 1 - s st 11
| ( a_M3.state = s_st_2 1 & next(a_M3.state)
-- connection s_st 2 2 - s st 2 1
| ( a_M3.state = s_st 2 2 & next(a_M3.state)
)
&
(
-- connection s_st 2 2 - s st 2 1
( a_M4.state = s_st 2 2 & next(a_M4.state)
)
&
(
-- connection s_st @ @ - s_ st 0 1
( a_M5.state = s_st @ 0 & next(a_M5.state)
-- connection s_ st @1 - s st 11
| ( a_M5.state = s_st @ 1 & next(a_M5.state)
-- connection s_st 1 1 - s_ st 21
| ( aM5.state = s_st 1 1 & next(a_M5.state)
)
& a_M6.unchanged
& a_M7.unchanged
& a_M8.unchanged
& a_M9.unchanged
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s st @0 )

& next(a_M2.state) =

& next(a_M2.state) = s st 0 0
& next(a_M2.state) =

& next(a_M2.state) = s_st 0 1
& next(a_M2.state) =

& next(a_M2.state) = s_ st 1 1
& next(a_M2.state) = s_st 2 1

& next(a_M2.state) =

s st 90)

s st e1)

s_ st 1.1)

s st 21)

s st 21)

s st @1)

s_ st 11)

s st 21)
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& a_M1@.unchanged

e rs 6
&
(

-- connection s_st @ 1 - s_st 0 0@

( a_M5.state =

| ( a_M5.state

| ( a_M5.state

)
&

(

-- connection s_st @ @ - s st 0 1

( a_M6.state =

| ( a_M6.state =

| ( a_M6.state =

)

& a_M2.
& a_M3.
& a_M4.
& a_M7.
& a_M8.
& a_M9.
& a_M10.unchanged

e_r5 6_

&
(

-- connection s_st @ @ - s_st 0 @

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

u

( a_M2.state =

| ( a_M2.state =

s st 1)

-- connection s_st @ 1 - s_st 0 @

| ( a_M2.state =

s_st_ 0.0 )

-- connection s_st 1 1 - s st 11

| ( a_M2.state =

s_st.11)

-- connection s_st_1 1 - s_st_©0_1

| ( a_M2.state =

s st o1)

-- connection s_ st 2 1 - s st 21

| ( a_M2.state =

s_st. 2.1)

-- connection s_ st 2 1 - s st 11

| ( a_M2.state =

s st 11)

-- connection s_st_2 2 - s_st 21

| ( a_M2.state =

s st 21)

s_st 0 1 & next(a_M5.state)

-- connection s st 11 - s st 01

s_st 1 1 & next(a_M5.state)
-- connection s_st 2 1 - s st 11

s_st 2 1 & next(a_M5.state)

s_st_0 0 & next(a_M2.state)
-- connection s_st_@ 1 - s_st 0_1
s st 1 & (i_nbackM3 4 > © ) & next(a_M2.state)

=s st 90)

s st e1)

s st11)

s st © @ & next(a_M6.state) = s_ st 0 1)
-- connection s_st @ 1 - s st 11
s_st 0 1 & next(a_M6.state)
-- connection s_st 1 1 - s st 21
s_ st 1 1 & next(a_Mé6.state)

s.st11)

s st 21)

=s st 90)

s_ st © 1 & (i_backM3_4 > @ ) & next(a_M2.state)

s st 1 1 & (i_nbackM3 4 > 0 ) & next(a_M2.state)

s st 11 & (i_backM3_4 > @ ) & next(a_M2.state)

s st 2 1 & (i_nbackM3_4 > @ ) & next(a_M2.state)

s st 2 1 & (i_backM3 4 > @ ) & next(a_M2.state)

s st 2 2 & (i_backM3_4 > @ ) & next(a_M2.state)



-- connection s st 2 2 - s st 2 2
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| ( a_M2.state = s st 2 2 & (i_nbackM3 4 > @ ) & next(a_M2.state) =
s st 22)
)
&
(
-- connection s_st @ @ - s_st 0 @
( a_M3.state = s_st @ 0 & next(a_M3.state) = s_st 0 0 )
-- connection s_st @1 - s st 0 1
| ( a_M3.state = s st @ 1 & (i_nbackM4 > @ ) & next(a_M3.state) =
s st @1)
-- connection s_st @ 1 - s_st 0 0@
| ( a_M3.state = s_st @ 1 & (i_backM4 > @ ) & next(a_M3.state) = s st 0 0
)
-- connection s st 11 - s st 11
| ( a_M3.state = s_st_1 1 & (i_nbackM4 > @ ) & next(a_M3.state) =
s st 11)
-- connection s_st 1 1 - s st 0 1
| ( a_M3.state = s_st 1 1 & (i_backM4 > @ ) & next(a_M3.state) = s_st 0 1
)
-- connection s_st 2 1 - s st 21
| ( a_M3.state = s_st 2 1 & (i_nbackM4 > @ ) & next(a_M3.state) =
s st 21)
-- connection s_st 2 1 - s st 11
| ( a_M3.state = s_st 2 1 & (i_backM4 > @ ) & next(a_M3.state) = s_st 1 1
)
-- connection s_st 2 2 - s st 2 1
| ( a_M3.state = s_st 2 2 & (i_backM4 > @ ) & next(a_M3.state) = s st 2 1
)
-- connection s_st 2 2 - s st 2 2
| ( a_M3.state = s st 2 2 & (i_nbackM4 > @ ) & next(a_M3.state) =
s st 22)
)
&
(
-- connection s_st @ 1 - s_st 0 @
( a_M4.state = s_st 0 1 & next(a_M4.state) = s_st 0 0 )
-- connection s_st_ 1 1 - s st 01
| ( a_M4.state = s_st_ 1 1 & next(a_M4.state) = s st @8 1)
-- connection s_st 2 1 - s st 11
| ( aM4.state = s_st 2 1 & next(a_M4.state) = s st 1. 1)
-- connection s_st 2 2 - s st 2 1
| ( a_M4.state = s_st 2 2 & next(a_M4.state) = s_ st 2. 1)
)
&
(
-- connection s_st 2 2 - s st 21
( a_M5.state = s_st 2 2 & next(a_M5.state) = s_st 2 1)
)
&
(
-- connection s_st @0 0@ - s_ st 0 1
( a_M6.state = s_st © 0 & next(a_M6.state) = s_st 0 1)
-- connection s_ st @1 - s st 11
| ( aM6.state = s_ st @ 1 & next(a_M6.state) = s st 1. 1)
-- connection s_st 1 1 - s st 21
| ( a_M6.state = s_st 1 1 & next(a_M6.state) = s_ st 2 1)
)

& a_M7.unchanged
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& a_M8.unchanged
& a_M9.unchanged
& a_M10.unchanged

=s st oo)

s st e1)

s st11)

s st 11)

s.st21)

=s st 90)

)
|
(
e_re_7
&
(
-- connection s st @1 - s st 0 @
( a M6.state = s st @ 1 & next(a_M6.state)
-- connection s_st 1 1 - s st 0 1
| ( a_M6.state = s_st 1 1 & next(a_M6.state)
-- connection s st 2 1 - s st 11
| ( a_M6.state = s_st 2 1 & next(a_M6.state)
)
&
(
-- connection s_st @ @ - s st 0 1
( a_M7.state = s_st @0 0 & next(a_M7.state) = s_st 0 1)
-- connection s_st @1 - s st 11
| ( a_M7.state = s_st @ 1 & next(a_M7.state)
-- connection s_st 1 1 - s st 21
| ( a_M7.state = s_st_1 1 & next(a_M7.state)
)
& a_M2.unchanged
& a_M3.unchanged
& a_M4.unchanged
& a_M5.unchanged
& a_M8.unchanged
& a_M9.unchanged
& a_M10.unchanged
)
|
(
e_ré6_7_u
&
(
-- connection s_st @ @ - s_st_ 0 0
( a_M2.state = s_st @ 0 & next(a_M2.state)
-- connection s_st @1 - s st 0 1
| ( aM2.state = s st @ 1 & (i_nbackM3_ 4 5 > @ ) & next(a_M2.state)
s_st. @0.1)
-- connection s_st @ 1 - s_st_ 0 0
| ( aM2.state = s st @ 1 & (i_backM3 4 5 > @ ) & next(a_M2.state) =
s st @0 )
-- connection s_st 1 1 - s_ st 11
| ( a_M2.state = s_st 1 1 & (i_nbackM3 4 5 > @ ) & next(a_M2.state)
s_st.11)
-- connection s_ st 1 1 - s st 0 1
| ( aM2.state = s st 1 1 & (i_backM3 4 5 > @ ) & next(a_M2.state) =
s st o1)
-- connection s_st 2 1 - s_ st 21
| ( a_M2.state = s st 2 1 & (i_nbackM3_ 4 5 > @ ) & next(a_M2.state)
s st 21)
-- connection s_ st 2 1 - s st 11
| ( a_M2.state = s_st 2 1 & (i_backM3 45 > @ ) & next(a_M2.state) =
s_st.11)

-- connection s_ st 2 2 - s st 2 1
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| ( aM2.state = s st 2 2 & (i_backM3 4 5 > @ ) & next(a_M2.state) =
s st 21)

-- connection s_st 2 2 - s st 2 2

| ( a_M2.state = s_st 2 2 & (i_nbackM3 4 5 > @ ) & next(a_M2.state) =
s st 22)

)

&

(

-- connection s_st @ @ - s_st 0 @

( a_M3.state = s_st @0 0 & next(a_M3.state) = s_st 0 0 )

-- connection s st @1 - s st 01

| ( a_M3.state = s_st @ 1 & (i_nbackM4 5 > @ ) & next(a_M3.state)
s_ st 1)

-- connection s st @1 - s st 0 @

| ( a_M3.state = s_st @0 1 & (i_backM4 5 > @ ) & next(a_M3.state) =
s_ st 9.0)

-- connection s_st 1 1 - s st 11

| ( a_M3.state = s_st 1 1 & (i_nbackM4 5 > @ ) & next(a_M3.state)
s st 11)

-- connection s_st 1 1 - s st 0 1

| ( a_M3.state = s_ st 1 1 & (i _backM4 5 > @ ) & next(a_M3.state) =
s st @1)

-- connection s_st 2 1 - s st 21

| ( a_M3.state = s_st_2 1 & (i_nbackM4_5 > @ ) & next(a_M3.state)
s st 21)

-- connection s_st 2 1 - s st 11

| ( a_M3.state = s_st 2 1 & (i_backM4 5 > @ ) & next(a_M3.state)
s st 11)

-- connection s_st 2 2 - s st 2 1

| ( a_M3.state = s_st 2 2 & (i_backM4_5 > @ ) & next(a_M3.state)
s st 21)

-- connection s_st 2 2 - s st 2 2

| ( a_M3.state = s_st 2 2 & (i_nbackM4 5 > @ ) & next(a_M3.state) =
s_st 22)

~ R0~

-- connection s_st © @ - s_st_ 0 0
( a_M4.state = s_st 0 0 & next(a_M4.state) = s_st 0 0 )
-- connection s_st @1 - s st 0 1
| ( aM4.state = s st @ 1 & (i_nbackM5 > @ ) & next(a_M4.state) =
s st o1)
-- connection s_st @ 1 - s_st_ 0 0
| ( a_M4.state = s_st @ 1 & (i_backM5 > @ ) & next(a_M4.state) = s st 0 0

-- connection s_st 1 1 - s st 11

| ( aM4.state = s_st 1 1 & (i_nbackM5 > @ ) & next(a_M4.state) =
s_st.11)

-- connection s_st 1 1 - s_ st 01

| ( aM4.state = s st 1 1 & (i_backM5 > @ ) & next(a_M4.state) = s st 0 1

-- connection s_st 2 1 - s_ st 21
| ( a_M4.state = s_st 2 1 & (i_nbackM5 > @ ) & next(a_M4.state) =
s st 21)
-- connection s_ st 2 1 - s st 11
| ( aMi.state = s st 2 1 & (i_backM5 > @ ) & next(a_M4.state) = s st 1 1

-- connection s_st_2 2 - s_st 2 1
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| ( aMd.state = s st 2 2 & (i_backM5 > @ ) & next(a_M4.state) = s st 2 1

-- connection s_st 2 2 - s st 2 2
| ( a_M4.state = s_st 2 2 & (i_nbackM5 > @ ) & next(a_M4.state) =
s st 22)

)
&
(
-- connection s_st @ 1 - s_st 0 @
( a M5.state = s_ st © 1 & next(a_M5.state) = s st 0 0 )
-- connection s st 11 - s st 01
| ( a_M5.state s_ st 1 1 & next(a_M5.state) = s_st 0 1)
-- connection s_st 2 1 - s st 11

| ( aM5.state = s st 2 1 & next(a_M5.state) = s st 1.1 )
-- connection s st 2 2 - s st 21

| ( a_M5.state = s_st 2 2 & next(a_M5.state) = s_st 2.1 )
)
&
(
-- connection s_st_2 2 - s_st 2 1
( a_M6.state = s_st 2 2 & next(a_M6.state) = s_st 2 1)
)
&
(
-- connection s_st_@ @ - s_st 0_1
( a_M7.state = s_st @0 0 & next(a_M7.state) = s_st 0.1 )

-- connection s_st @1 - s st 11

| ( a_M7.state = s_st @ 1 & next(a_M7.state) = s st 1. 1)
-- connection s_st 1 1 - s st 21

| ( a_M7.state = s_st_ 1 1 & next(a_M7.state) = s st 2.1 )
)

& a_M8.unchanged

& a_M9.unchanged

& a_M10.unchanged

)

|

(
e r7_8
&
(

-- connection s_st @ 1 - s_st 0 0

( a_M7.state = s_st 0 1 & next(a_M7.state) = s_st 0 0 )
-- connection s_st_ 1 1 - s st 0.1

| ( a_M7.state = s_st_ 1 1 & next(a_M7.state) = s st @ 1)
-- connection s_ st 2 1 - s st 11

| ( a_M7.state = s_st 2 1 & next(a_M7.state) = s_ st 1 1)
)
&

(
-- connection s_st @ @ - s st 0 1

( a_M8.state = s_st © 0 & next(a_M8.state) = s st 0.1 )
-- connection s_st @1 - s st 11

| ( a_M8.state = s_st @ 1 & next(a_M8.state) = s st 1 1)
-- connection s_st 1 1 - s st 21

| ( aM8.state = s_ st 1 1 & next(a_M8.state) = s st 2. 1)
)
& a_M2.unchanged
& a_M3.unchanged
& a_M4.unchanged



& a_M5.unchanged
& a_M6.unchanged
& a_M9.unchanged
& a_M10.unchanged

( a_M2.state = s_st_ @ 0 & next(a_M2.state)

s st 0.0 )

| ( aM2.state = s st @ 1 & (i_nbackM3 4 5 6 > @ ) & next(a_M2.state)

| ( a_M2.state = s_ st @ 1 & (i _backM3 456 >0 )

& next(a_M2.state) =

| ( a_M2.state = s_st_1 1 & (i_nbackM3_4 5 6 > @ ) & next(a_M2.state)

| ( a_M2.state = s st 1 1 & (i _backM3 456 >0 )

| ( a_M2.state = s_st 2 1 & (i_nbackM3 456 > 0@ )

| ( a_M2.state = s_st 2 1 & (i_backM3_ 456 > 0 )

| ( aM2.state = s_st 2 2 & (i_backM3 4 56 > 0 )

& next(a_M2.state) =

& next(a_M2.state)

& next(a_M2.state)
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& next(a_M2.state) =

| ( a_M2.state = s_st 2 2 & (i_nbackM3_4 5 6 > @ ) & next(a_M2.state) =

( a_M3.state = s_st @ 0 & next(a_M3.state)

| ( a_M3.state = s_st @ 1 & (i_nbackM4 56 > @ )

| ( aM3.state = s st @ 1 & (i_backM4 56 > 0 )

| ( a_M3.state = s_st 1 1 & (i_nbackM4 56 > @ )

| ( aM3.state = s_st 1 1 & (i_backM4 56 > @ )

| ( aM3.state = s st 2 1 & (i_nbackM4 5 6 > @ )

)
|
(
e r7_8.u
&
(
-- connection s st @ @ - s st 0 @
-- connection s_st @1 - s st 0 1
s st o1)
-- connection s_st @ 1 - s_st 0 0
s st 0.0 )
-- connection s_st_1.1 - s_st 1 1
s st 11)
-- connection s_st 1 1 - s st 0 1
s_.sto1)
-- connection s_st_2 1 - s_st 21
s st 21)
-- connection s_st 2 1 - s st 11
s_st.11)
-- connection s_st 2 2 - s st 2 1
s_st.2.1)
-- connection s_st_2 2 - s_st 2 2
s st 22)
)
&
(
-- connection s_st @ @ - s_st 0 @
-- connection s_st @1 - s st 0 1
s_st. @0.1)
-- connection s_ st @1 - s_ st 0 @
s_st 0.0 )
-- connection s_st_1 1 - s_st_ 1 1
s st 11)
-- connection s_ st 1 1 - s st 0 1
s_ st @0.1)
-- connection s_ st 2 1 - s st 21
s st 21)

-- connection s_st_2 1 - s_st_ 1 1
| ( aM3.state = s_st 2 1 & (i_backM4 56 > @ )

s st 11)

s st 0.0 )

& next(a_M3.state)

& next(a_M3.state) =

& next(a_M3.state)

& next(a_M3.state) =

& next(a_M3.state)

& next(a_M3.state) =



216

-- connection s st 2 2 - s st 21

| ( aM3.state = s st 2 2 & (i_backM4d 56 > @ ) & next(a_M3.state) =
s st 21)

-- connection s_st 2 2 - s st 2 2

| ( aM3.state = s st 2 2 & (i_nbackM4 5 6 > @ ) & next(a_M3.state) =
s st 22)

~ R0~

-- connection s st @ @ - s st © @

( a M4.state = s_ st © @ & next(a_M4.state) = s st 0 0 )

-- connection s_st @1 - s st 0 1

| ( a_M4.state = s_st @ 1 & (i_nbackM5 6 > @ ) & next(a_M4.state)
s st o1)

-- connection s st @1 - s st © @

| ( a_M4.state = s_st @ 1 & (i_backM5_ 6 > @ ) & next(a_M4.state) =
s_ st 0.0 )

-- connection s_st 1 1 - s st 11

| ( a_M4.state = s_st_1 1 & (i_nbackM5_6 > © ) & next(a_M4.state)
s st 11)

-- connection s_st 1 1 - s st 0 1

| ( a_ M4.state = s st 1 1 & (i_backM5 6 > @ ) & next(a_M4.state) =
s st @1)

-- connection s_st 2 1 - s st 2 1

| ( a_M4.state = s_st_2 1 & (i_nbackM5_6 > @ ) & next(a_M4.state)
s st 21)

-- connection s_st 2 1 - s st 11

| ( a_M4.state = s_st 2 1 & (i_backM5 6 > @ ) & next(a_M4.state)
s st 11)

-- connection s_st 2 2 - s st 2 1

| ( aM4.state = s st 2 2 & (i_backM5 6 > @ ) & next(a_M4.state)
s st 21)

-- connection s_st 2 2 - s st 2 2

| ( a_M4.state = s_st 2 2 & (i_nbackM5_ 6 > @ ) & next(a_M4.state) =
s_st 22)

~ 20—

-- connection s_st @ @ - s_st_ 0 0
( a_M5.state = s_st © @ & next(a_M5.state) = s_st 0 0 )
-- connection s_st @1 - s st 0 1
| ( aM5.state = s st @ 1 & (i_nbackM6 > @ ) & next(a_M5.state) =
s_st. @0.1)
-- connection s_st @ 1 - s_st_ 0 0
| ( aM5.state = s st @ 1 & (i_backMé > @ ) & next(a_M5.state) = s st 0 0

-- connection s_st 1 1 - s_ st 11

| ( aM5.state = s_st 1 1 & (i_nbackM6 > @ ) & next(a_M5.state) =
s_st.11)

-- connection s_ st 1 1 - s st 0 1

| ( aM5.state = s st 1 1 & (i_backMé > @ ) & next(a_M5.state) = s st 0 1

-- connection s_st 2 1 - s_ st 21
| ( aM5.state = s st 2 1 & (i_nbackM6 > @ ) & next(a_M5.state) =
s st 21)
-- connection s_ st 2 1 - s st 11
| ( aM5.state = s_st 2 1 & (i_backMé > @ ) & next(a_M5.state) = s st 1 1

-- connection s_ st 2 2 - s st 2 1
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| ( a_M5.state = s_st 2 2 & (i_backMé > @ ) & next(a_M5.state) = s_st 2 1

-- connection s_st 2 2 - s st 2 2
| ( a_M5.state = s_st 2 2 & (i_nbackM6 > @ ) & next(a_M5.state) =
s st 22)

)
&
(
-- connection s_st @ 1 - s_st 0 @

( a M6.state = s_ st © 1 & next(a_M6.state) = s st 0 0 )
-- connection s st 1 1 - s st o1

| ( a_M6.state = s_st 1 1 & next(a_M6.state) = s st @ 1)
-- connection s_st 2 1 - s st 11
| ( aM6.state = s st 2 1 & next(a M6.state) = s st 1.1 )
-- connection s st 2 2 - s st 21
| ( a_M6.state = s_st 2 2 & next(a_M6.state) = s_ st 2 1)
)
&
(
-- connection s_st 2 2 - s st 2 1

( a_M7.state = s_st 2 2 & next(a_M7.state) = s_st 2 1)
)
&
(
-- connection s_st @ @ - s st 0 1

( a_M8.state = s_st @0 0 & next(a_M8.state) = s_st 0.1 )
-- connection s_st @1 - s st 11
| ( a_M8.state = s_st @ 1 & next(a_M8.state) = s st 1. 1)
-- connection s_st 1 1 - s st 2 1
| ( a_M8.state = s_st_ 1 1 & next(a_M8.state) = s st 2 1)

)
& a_M9.unchanged

& a_M10.unchanged

)

|

(
e_r8 9
&
(

-- connection s_st @ 1 - s_st 0 @
( a_M8.state = s_st 0 1 & next(a_M8.state) = s_st 0 0 )
-- connection s_st 1 1 - s st 0 1

| ( a_M8.state = s_st 1 1 & next(a_M8.state) = s st @ 1)
-- connection s_st 2 1 - s st 11

| ( a_M8.state = s_st 2 1 & next(a_M8.state) = s_ st 1 1)
)

&

(

-- connection s_st_© 0 - s_st_0_1
( a_M9.state = s_st © @ & next(a_M9.state) = s _ st 0.1 )
-- connection s_ st @1 - s st 11

| ( a_M9.state = s_st @ 1 & next(a_M9.state) = s st 1. 1)
-- connection s_st_1 1 - s_st_2_1
| ( a_M9.state = s st 1 1 & next(a_M9.state) = s st 2.1 )

)
& a_M2.unchanged

& a_M3.unchanged
& a_M4.unchanged
& a_M5.unchanged
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& a_M6.unchanged
& a_M7.unchanged
& a_M10.unchanged

)

|

(
e_r89u
&
(

-- connection s st @ @ - s st © @

( a_M2.state = s st @ @ & next(a_M2.state) = s st 0 0 )

-- connection s_st @1 - s st 0 1

| ( a_M2.state = s_st @ 1 & (i_nbackM3 4 56 7 >0 ) & next(a_M2.state)
s st o1)

-- connection s st @1 - s st © @

| ( a_M2.state = s_st 0 1 & (i_backM3 4 5 6 7 > 0 ) & next(a_M2.state) =
s_ st 0.0 )

-- connection s_st 1 1 - s st 11

| ( a_M2.state = s_st 1 1 & (i_nbackM3 4 56 7 > 0 ) & next(a_M2.state)
s st 11)

-- connection s_st 1 1 - s st 0 1

| ( a_M2.state = s_ st 1 1 & (i_backM3 456 7 >0 ) & next(a_M2.state) =
s st @1)

-- connection s_st 2 1 - s st 2 1

| ( a_M2.state = s_st 2 1 & (i_nbackM3 4 56 7 > 0 ) & next(a_M2.state)
s st 21)

-- connection s_st 2 1 - s st 11

| ( a_M2.state = s_st 2 1 & (i_backM3_ 456 7 >0 ) & next(a_M2.state)
s st 11)

-- connection s_st 2 2 - s st 2 1

| ( aM2.state = s st 2 2 & (i_backM3 4 56 7 > 0 ) & next(a_M2.state)
s st 21)

-- connection s_st 2 2 - s st 2 2

| ( a_M2.state = s_st 2 2 & (i_nbackM3 4 5 6 7 > @ ) & next(a_M2.state) =
s_st 22)

~ 20—

-- connection s_st @ @ - s_st_ 0 0

( a_M3.state = s_st 0 0 & next(a_M3.state) = s_st 0 0 )

-- connection s_st @1 - s st 0 1

| ( aM3.state = s st @ 1 & (i_nbackM4 5 6 7 > @ ) & next(a_M3.state)
s_st. @0.1)

-- connection s_st @ 1 - s_st_ 0 0

| ( aM3.state = s st @ 1 & (i_backM4 56 7 > @ ) & next(a_M3.state) =
s st @0 )

-- connection s_st 1 1 - s_ st 11

| ( aM3.state = s_st 1 1 & (i_nbackM4 56 7 > @ ) & next(a_M3.state)
s_st.11)

-- connection s_ st 1 1 - s st 0 1

| ( aM3.state = s st 1 1 & (i_backM4 56 7 > 0 ) & next(a_M3.state) =
s_ st @0.1)

-- connection s_st 2 1 - s_ st 21

| ( aM3.state = s st 2 1 & (i_nbackM4 5 6 7 > @ ) & next(a_M3.state) =
s st 21)

-- connection s_ st 2 1 - s st 11

| ( aM3.state = s_st 2 1 & (i_backM4 5 6 7 > @ ) & next(a_M3.state) =
s_st.11)

-- connection s_ st 2 2 - s st 2 1
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| ( aM3.state = s st 2 2 & (i_backM4 56 7 > @ ) & next(a_M3.state) =
s st 21)

-- connection s_st 2 2 - s st 2 2

| ( a_M3.state = s_st 2 2 & (i_nbackM4 5 6 7 > @ ) & next(a_M3.state) =
s st 22)

)

&

(

-- connection s_st @ @ - s_st 0 @

( a M4.state = s_ st © @ & next(a_M4.state) = s st 0 0 )

-- connection s st @1 - s st 01

| ( a_M4.state = s_st @ 1 & (i_nbackM5 6 7 > @ ) & next(a_M4.state)
s_ st 1)

-- connection s st @1 - s st 0 @

| ( aMd.state = s st @ 1 & (i_backM5 6 7 > @ ) & next(a_M4.state) =
s_ st 9.0)

-- connection s_st 1 1 - s st 11

| ( a_ M4.state = s_st 1 1 & (i_nbackM5 6 7 > @ ) & next(a_M4.state)
s st 11)

-- connection s_st 1 1 - s st 0 1

| ( a_M4.state = s st 1 1 & (i_backM5 6 7 > @ ) & next(a_M4.state) =
s st @1)

-- connection s_st 2 1 - s st 21

| ( a_M4.state = s_st_2 1 & (i_nbackM5_ 6 7 > @ ) & next(a_M4.state)
s st 21)

-- connection s_st 2 1 - s st 11

| ( a_M4.state = s_st 2 1 & (i_backM5 6 7 > @ ) & next(a_M4.state)
s st 11)

-- connection s_st 2 2 - s st 2 1

| ( a_M4.state = s_st 2 2 & (i_backM5 6 7 > @ ) & next(a_M4.state)
s st 21)

-- connection s_st 2 2 - s st 2 2

| ( a_M4.state = s_st 2 2 & (i_nbackM5 6 7 > @ ) & next(a_M4.state) =
s_st 22)

~ R0~

-- connection s_st @ @ - s_st_ 0 0

( a_M5.state = s_st @0 0 & next(a_M5.state) = s_st 0 0 )

-- connection s_st @1 - s st 0 1

| ( aM5.state = s_ st @ 1 & (i_nbackM6_7 > @ ) & next(a_M5.state)
s st e1)

-- connection s_st @ 1 - s_st_ 0 0

| ( a_M5.state = s_st @ 1 & (i_backM6_7 > @ ) & next(a_M5.state) =
s st @0 )

-- connection s_st 1 1 - s st 11

| ( a_M5.state = s_st_1 1 & (i_nbackM6_7 > @ ) & next(a_M5.state)
s_st.11)

-- connection s_st 1 1 - s_ st 01

| ( aM5.state = s st 1 1 & (i_backM6 7 > @ ) & next(a_M5.state) =
s st o1)

-- connection s_st 2 1 - s_ st 21

| ( aM5.state = s_st 2 1 & (i_nbackM6_7 > @ ) & next(a_M5.state)
s st 21)

-- connection s_ st 2 1 - s st 11

| ( aM5.state = s_ st 2 1 & (i_backM6 7 > @ ) & next(a_M5.state) =
s_st.11)

-- connection s_st 2 2 - s st 21
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| ( a_M5.state
s st 21)

-- connection s

| ( a_M5.state
s st 22)

)
&
(
-- connection s
( a_M6.state =
-- connection s
| ( a_M6.state
s_ st 1)

-- connection s
| ( a_M6.state

-- connection s

| ( a_M6.state
s st 11)

-- connection s

| ( a_M6.state

-- connection s

| ( a_M6.state
s st 21)

-- connection s

| ( a_M6.state

-- connection s
| ( a_M6.state

-- connection s
| ( a_M6.state
s_st 22)

~ R0~

-- connection s
( a_M7.state =
-- connection s
| ( a_M7.state
-- connection s
| ( a_M7.state
-- connection s

| ( a_M7.state

)

&

(

-- connection s_
( a_M8.state =

)

&

(

-- connection s
( a_M9.state =

-- connection s

| ( a_M9.state
-- connection s
| ( a_M9.state

=s st 2 2 & (i_backMe_7 > 0 )

st 2 2 - s st 22

=s st 2 2 & (i_nbackM6_7 > @ )

st @0 - s_st 00

s st © @ & next(a_M6.state)

st @1 -5sstoel1l

st ®@1 - s st oo

st 11 -5s st11

st 11 - s_stoe1l

=s st 118& (i_backM7 > @ )

st 21 -5s st 21

st 21 -5s st 11

st 22 - s st 21

st 2 2 - s st 22

= s_st 2 2 & (i_nbackM7 > @ )

st @1 - s st 0.0

s_st_0_1 & next(a_M7.state)

st 11 -5s stoe1l

st 21 -5s st 11

st 22 - s st 21

0n
+
IN
N
1

s st 21

%]
%]
~+
N
N

s st o1

R OO
[T

- s st 11

= s:sE_O_l & next(a_M9.state)

st 1.1 - s_st 21

= s st 1 1 & next(a_M9.state)

s st @1 & (i_nbackM7 > 0@ )

s st 1 & (i_backM7 > 0 )

s st 1 1 & (i_nbackM7 > 0 )

s_st_2 1 & (i_nbackm7 > 0 )

s st 2 1 & (i_backM7 > 0 )

s_st 2 2 & (i_backM7 > 0 )

s_ st 1 1 & next(a_M7.state)
s_st_ 2 1 & next(a_M7.state)

s_st 2 2 & next(a_M7.state)

& next(a_M8.state)

& next(a_M9.state)

& next(a_M5.state) =

s st @0 )

& next(a_M6.state) =

& next(a_Mé6.state)

& next(a_M6.state) =

& next(a_M6.state)

& next(a_M6.state) =

& next(a_M6.state)

& next(a_M6.state)

& next(a_M6.state) =

s st 9.0)
=s sto1)
=s st11)

=sst21)

s st 21)

s st @1)
=sst11)

=sst21)

& next(a_M5.state) =

s st 0 0

s st o1

s st 11

s st 21
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)
& a_M1@.unchanged
)
|
(
e_r9_ 10
&
(
-- connection s_st @ 1 - s_st 0 @
( a_M9.state = s st @ 1 & next(a_M9.state) = s st 0 0 )
-- connection s st 11 - s st 01
| ( a_M9.state = s_st 1 1 & next(a_M9.state) = s st @ 1)
-- connection s_st 2 1 - s st 11
| ( a_M9.state = s st 2 1 & next(a_M9.state) = s st 1.1 )
)
&
(
-- connection s_st @ @ - s_ st 0 1
( a_M1o.state = s_st_©_0 & next(a_Ml@.state) = s_st 0 1 )
-- connection s_st @ 1 - s st 11
| ( a_M1o.state = s st @ 1 & next(a_Ml10.state) = s st 1 1)
-- connection s_st 1 1 - s st 21
| ( a_M1o.state = s st 1 1 & next(a_Ml10.state) = s st 2. 1)
)
& a_M2.unchanged
& a_M3.unchanged
& a_M4.unchanged
& a_M5.unchanged
& a_M6.unchanged
& a_M7.unchanged
& a_M8.unchanged
)
|
(
e_ro_ 10 u
&
(

-- connection s_st @ @ - s_st_ 0 0

( a_M2.state = s_st 0 0 & next(a_M2.state) = s_st 0 0 )

-- connection s_st @1 - s st 0 1

| ( aM2.state = s st @ 1 & (i_nbackM3 4 56 7 8 >0 ) & next(a_M2.state)
s st o1)

-- connection s_st @ 1 - s_st_ 0 0

| ( a_M2.state = s_st @ 1 & (i_backM3 4 5 6 7 8 > @ ) & next(a_M2.state)
s st @0 )

-- connection s st 1 1 - s st 11

| ( aM2.state = s_ st 1 1 & (i _nbackM3 456 7 8 >0 ) & next(a_M2.state)
s_st.11)

-- connection s_st 1 1 - s_ st 01

| ( aM2.state = s st 1 1 & (i_backM3 456 7 8 >0 ) & next(a_M2.state)
s st @1)

-- connection s_st 2 1 - s_ st 21

| ( aM2.state = s_st 2 1 & (i_nbackM3 4 56 7 8 >0 ) & next(a_M2.state)
s st 21)

-- connection s_ st 2 1 - s st 11

| ( aM2.state = s st 2 1 & (i_backM3 456 7 8 >0 ) & next(a_M2.state)
s_st.11)

-- connection s_st 2 2 - s st 21
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| ( aM2.state = s st 2 2 & (i_backM3 456 7 8 >0 ) & next(a_M2.state)
s st 21)

-- connection s_st 2 2 - s st 2 2

| ( a_M2.state = s_st 2 2 & (i_nbackM3 456 7 8 >0 ) & next(a_M2.state)

]
wn
wn
—~+
N
N

~

-- connection s_st @ @ - s_st 0 @

( a_M3.state = s_st @0 0 & next(a_M3.state) = s_st 0 0 )

-- connection s st @1 - s st 01

| ( a_M3.state = s_st @ 1 & (i_nbackM4 56 7 8 > @ ) & next(a_M3.state)
s_ st 1)

-- connection s st @1 - s st 0 @

| ( a_M3.state = s_st @0 1 & (i_backM4_ 5 6 7 8 > @ ) & next(a_M3.state) =
s_ st 9.0)

-- connection s_st 1 1 - s st 11

| ( a_M3.state = s_ st 1 1 & (i_nbackM4 56 7 8 >0 ) & next(a_M3.state)
s st 11)

-- connection s_st 1 1 - s st 0 1

| ( a_M3.state = s st 1 1 & (i backM4 56 7 8 > 0 ) & next(a_M3.state) =
s st @1)

-- connection s_st 2 1 - s st 21

| ( a_M3.state = s_st 2 1 & (i_nbackM4 5 6 7 8 > @ ) & next(a_M3.state)
s st 21)

-- connection s_st 2 1 - s st 11

| ( a_M3.state = s_ st 2 1 & (i_backM4 5 6 7 8 > @ ) & next(a_M3.state)
s st 11)

-- connection s_st 2 2 - s st 2 1

| ( a_M3.state = s_st 2 2 & (i_backM4 5 6 7 8 > @ ) & next(a_M3.state)
s st 21)

-- connection s_st 2 2 - s st 2 2

| ( a_M3.state = s_st 2 2 & (i_nbackM4 5 6 7 8 > @ ) & next(a_M3.state) =
s_st 22)

~ R0~

-- connection s_st @ @ - s_st_ 0 0

( a_M4.state = s_st 0 0 & next(a_M4.state) = s_st 0 0 )

-- connection s_st @1 - s st 0 1

| ( aMd.state = s st @ 1 & (i_nbackM5 6 7 8 > @ ) & next(a_M4.state)
s st o1)

-- connection s_st @ 1 - s_st_ 0 0

| ( a_M4.state = s_st @ 1 & (i_backM5 6 7 8 > @ ) & next(a_M4.state) =
s st @0 )

-- connection s_st 1 1 - s st 11

| ( aM4.state = s_st 1 1 & (i_nbackM5 6 7 8 > @ ) & next(a_M4.state)
s_st.11)

-- connection s_st 1 1 - s_ st 01

| ( aM4.state = s st 1 1 & (i_backM5 6 7 8 > @ ) & next(a_M4.state) =
s st o1)

-- connection s_st 2 1 - s_ st 21

| ( aM4.state = s_st 2 1 & (i_nbackM5 6 7 8 > @ ) & next(a_M4.state)
s st 21)

-- connection s_ st 2 1 - s st 11

| ( aM4.state = s st 2 1 & (i_backM5 6 7 8 > @ ) & next(a_M4.state) =
s_st.11)

-- connection s_st 2 2 - s st 21
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| ( aM4.state = s st 2 2 & (i_backM5 6 7 8 > @ ) & next(a_M4.state) =
s st 21)

-- connection s_st 2 2 - s st 2 2

| ( a_M4.state = s st 2 2 & (i_nbackM5 6 7 8 > @ ) & next(a_M4.state) =
s st 22)

)

&

(

-- connection s_st @ @ - s_st 0 @

( a_M5.state = s_st ©_ 0 & next(a_M5.state) = s_st 0 0 )

-- connection s st @1 - s st 01

| ( a_M5.state = s_st @ 1 & (i_nbackM6_7 8 > @ ) & next(a_M5.state)
s_ st 1)

-- connection s st @1 - s st 0 @

| ( aM5.state = s st @ 1 & (i_backM6 7 8 > @ ) & next(a_M5.state) =
s_ st 9.0)

-- connection s_st 1 1 - s st 11

| ( a_M5.state = s_st 1 1 & (i_nbackM6_7 8 > @ ) & next(a_M5.state)
s.st11)

-- connection s_st 1 1 - s st 0 1

| ( a_M5.state = s_ st 1 1 & (i_backM6 7 8 > @ ) & next(a_M5.state) =
s st @1)

-- connection s_st 2 1 - s st 21

| ( a_M5.state = s_st_2 1 & (i_nbackM6_7_8 > ©@ ) & next(a_M5.state)
s st 21)

-- connection s_st 2 1 - s st 11

| ( a_M5.state = s_st 2 1 & (i_backMé_ 7 8 > @ ) & next(a_M5.state)
s st 11)

-- connection s_st 2 2 - s st 2 1

| ( a_M5.state = s_st 2 2 & (i_backM6_7 8 > @ ) & next(a_M5.state)
s st 21)

-- connection s_st 2 2 - s st 2 2

| ( a_M5.state = s_st 2 2 & (i_nbackM6_7 8 > @ ) & next(a_M5.state) =
s_st 22)

~ R0~

-- connection s_st @ @ - s_st_ 0 0

( a_M6.state = s_st 0 0 & next(a_M6.state) = s_st 0 0 )

-- connection s_st @1 - s st 0 1

| ( aM6.state = s_st @ 1 & (i_nbackM7_8 > @ ) & next(a_M6.state)
s st o1)

-- connection s_st @ 1 - s_st_ 0 0

| ( a_M6.state = s_st 0 1 & (i_backM7_8 > @ ) & next(a_Mé6.state) =
s st @0 )

-- connection s_st 1 1 - s st 11

| ( a_M6.state = s_st_1 1 & (i_nbackM7_8 > @ ) & next(a_M6.state)
s_st.11)

-- connection s_st 1 1 - s_ st 01

| ( aM6.state = s st 1 1 & (i_backM7 8 > @ ) & next(a_M6.state) =
s st o1)

-- connection s_st 2 1 - s_ st 21

| ( a_M6.state = s_st_2 1 & (i_nbackM7_8 > @ ) & next(a_M6.state)
s st 21)

-- connection s_ st 2 1 - s st 11

| ( aM6.state = s_ st 2 1 & (i_backM7 8 > @ ) & next(a_M6.state) =
s_st.11)

-- connection s_st 2 2 - s st 21
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| ( aM6.state = s st 2 2 & (i_backM7 8 > @ ) & next(a_M6.state) =
s st 21)

-- connection s_st 2 2 - s st 2 2

| ( a_M6.state = s_st 2 2 & (i_nbackM7_8 > @ ) & next(a_M6.state) =
s st 22)

)

&

(

-- connection s_st @ @ - s_st 0 @

( a_M7.state = s_st © @ & next(a_M7.state) = s st 0 0 )

-- connection s st @1 - s st 0 1

| ( a_M7.state = s_st @ 1 & (i_nbackM8 > @ ) & next(a_M7.state) =
s_ st 1)

-- connection s st @1 - s st 0 @
| ( aM7.state = s st @ 1 & (i_backM8 > @ ) & next(a_M7.state) = s st 0 0

-- connection s_st 1 1 - s st 11
| ( a_M7.state = s_st 1 1 & (i_nbackM8 > @ ) & next(a_M7.state) =
s st 11)
-- connection s_st 1 1 - s st 0 1
| ( a_M7.state = s_st 1 1 & (i_backM8 > @ ) & next(a_M7.state) = s st 0 1

-- connection s_st 2 1 - s st 21

| ( a_M7.state = s_st_2 1 & (i_nbackM8 > @ ) & next(a_M7.state) =
s st 21)

-- connection s_st 2 1 - s st 11

| ( a_M7.state = s_st 2 1 & (i_backM8 > @ ) & next(a_M7.state) = s st 1 1
)

-- connection s_st_2 2 - s_st 2 1

| ( a_M7.state = s_st 2 2 & (i_backM8 > @ ) & next(a_M7.state) = s st 2 1
)

-- connection s_st 2 2 - s st 2 2
| ( a_M7.state = s_st_2 2 & (i_nbackM8 > @ ) & next(a_M7.state) =
s_st. 22)

)

&

(

-- connection s_st @ 1 - s_st_ 0 0

( a_M8.state = s_st ©_1 & next(a_M8.state) = s_st 0 0 )

-- connection s_st 1 1 - s st 0 1

| ( aM8.state = s_st 1 1 & next(a_M8.state) = s st @ 1)
-- connection s_st 2 1 - s st 11

| ( a_M8.state = s_st 2 1 & next(a_M8.state) = s st 1 1)
-- connection s_st 2 2 - s st 2 1

| ( a_M8.state = s_st 2 2 & next(a_M8.state) = s st 2.1 )
)

&

(

-- connection s_st_2 2 - s_st 21
( a_M9.state = s_st 2 2 & next(a_M9.state) = s_ st 2 1)

~ 20—

-- connection s_st @ @ - s st 0 1
( a_Mlo.state = s_st @ @ & next(a_Mlo.state) = s_ st 0.1 )
-- connection s_ st @1 - s st 11

| ( a_Mi1o.state = g_st_@_l & next(a_M1o.state) = s_st 1 1)
-- connection s_st_1 1 - s_st_ 2 1
| ( a_Mlo.state = s st 1 1 & next(a_M10.state) = s st 2. 1)
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)
)
|
(
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&
(

-- connection s_st @ @ - s_st 0 @
( a_M2.state = s_st_ @ 0 & next(a_M2.state) = s_st 0 0 )
-- connection s st @1 - s st @1
| ( a_M2.state = s_st @0 1 & (i_nbackM3 456 789 >0 ) &

next(a_M2.state) = s_st 0.1 )

-- connection s_st @ 1 - s_st 0 0@
| ( aM2.state = s st @1 & (i backMv3 4567 895>0) &

next(a_M2.state) = s st 0 0 )

-- connection s_st_1.1 - s_st 1 1
| ( a_M2.state = s st 1 1 & (i nbackM3 456789 >0) &

next(a_M2.state) = s_st 1.1 )

-- connection s_st_1.1 - s_st 0_1
| ( a_M2.state = s_st 1 1 & (i _backM3 4567 89 >0 ) &

next(a_M2.state) = s_st 0.1 )

-- connection s_st 2 1 - s st 21
| ( a_M2.state = s st 2 1 & (i_nbackM3 456789 5>0) &

next(a_M2.state) = s_st 2 1)

-- connection s_st_2 1 - s_st 1 1
| ( a_M2.state = s st 2 1 & (i backM3 4567 89>0) &

next(a_M2.state) = s_st 1 1)

-- connection s_st 2 2 - s st 2 1
| ( a_M2.state = s_st 2 2 & (i_backM3 4567 89 >0 ) &

next(a_M2.state) = s_st 2 1)

-- connection s_st 2 2 - s st 2 2
| ( aM2.state = s st 2 2 & (i_nbackM3 456 789 >0 ) &

next(a_M2.state) = s_st 2 2 )

)
&

(
-- connection s_st @ @ - s_st 0 @
( a_M3.state = s_st 0 0 & next(a_M3.state) = s_st 0 0 )

-- connection s_st © 1 - s st 0 1

| ( aM3.state = s st @ 1 & (i_nbackM4 5 6 7 8 9 > @ ) & next(a_M3.state)
s st o1)

-- connection s_st @ 1 - s_st 0 @

| ( a_M3.state = s_st @ 1 & (i_backM4 5 6 7 8 9 > @ ) & next(a_M3.state)
s_st 0.0 )

-- connection s_st 1 1 - s st 11

| ( aM3.state = s st 1 1 & (i_nbackM4 5 6 7.8 9 > 0 ) & next(a_M3.state)
s_st.11)

-- connection s_st 1 1 - s_ st 0 1

| ( aM3.state = s_st 1 1 & (i _backM4 56 7 8 9 >0 ) & next(a_M3.state)
s st ©1)

-- connection s_ st 2 1 - s st 21

| ( aM3.state = s_st 2 1 & (i_nbackM4 56 7 8 9 >0 ) & next(a_M3.state)
s_st. 21)

-- connection s_ st 2 1 - s st 11

| ( aM3.state = s st 2 1 & (i_backM4 56 7 8 9 >0 ) & next(a_M3.state)
s st 11)

-- connection s_st 2 2 - s st 21

| ( aM3.state = s_st 2 2 & (i_backM4 5 6 7 8 9 > @ ) & next(a_M3.state)
s st 21)
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-- connection
| ( a_M3.state
s st 22)

)

&

(

-- connection

( a_M4.state

-- connection

| ( a_M4.state
s st @1)

-- connection

| ( a_M4.state
s st @0 )

-- connection

| ( a_M4.state
s st 11)

-- connection

| ( a_M4.state
s_.sto1)

-- connection

| ( a_M4.state
s st 21)

-- connection

| ( a_M4.state
s st 11)

-- connection

| ( a_M4.state
s st 21)

-- connection

| ( a_M4.state
s st 22)

~ 20~

-- connection
( a_M5.state
-- connection
| ( a_M5.state

s st 1)
-- connection
| ( a_M5.state

s_st_ 0.0 )
-- connection
| ( a_M5.state

s st 11)
-- connection
| ( a_M5.state

s_ st @0.1)
-- connection
| ( a_M5.state

s_st. 2.1)
-- connection
| ( a_M5.state

s st 11)
-- connection
| ( a_M5.state

s_ st 2.1)
-- connection

s st 22 -sst2?2

s st 00 - s st 00

s sto1-sstoeil

s st ©01- s stooe

s st11-sst1l11

s st11-sstoei1l

s st 21-sst21

s st 21-s_st 11

s st 22 -sst21

s st 2 2 - s_st_ 22

s st 00 - s st 00

s ste1l1-sstoea1i

s st @1-s stooe

s st 1.1 -s_st 11

s st 11 - s st 01

s st 21-sst21

s st 21 - s st 11

s st 22 -sst21

s st 22 -sst22

s_st_ 0 0 & next(a_M4.state) s st 0.0 )

s st 1 & (i_nbackM5 6 7 8 9 > @ ) & next(a_M4.state)

s st 1 & (i_backM5 6 78 9 > @ ) & next(a_M4.state) =

s st 11 & (i_nbackM5 6 7 8 9 > @ ) & next(a_M4.state)

s st 11 & (i_backM5 6 7 8 9 > @ ) & next(a_M4.state) =

s st 2 1 & (i_nbackM5 6 7 8 9 > ©@ ) & next(a_M4.state)

s st 21 & (i_backM5 6 7 8 9 > @ ) & next(a_M4.state)

s st 2 2 & (i_backM5. 6 7 8 9 > © ) & next(a_M4.state)

s st 2 2 & (i_nbackM5 6 78 9 > @ ) & next(a_M4.state) =

s st @0 0 & next(a_M5.state) s st @0 )

s_ st © 1 & (i_nbackM6_7 8 9 > © ) & next(a_M5.state)

s st @1 & (i_backM6_7 8 9 > © ) & next(a_M5.state) =

s st 1 1 & (i_nbackM6_7 8 9 > ©@ ) & next(a_M5.state)
s st 11 & (i_backM6_7 8 9 > © ) & next(a_M5.state) =

s st 2 1 & (i_nbackM6_7 8 9 > 8 ) & next(a_M5.state)

s st 2 1 & (i_backM6_7 8 9 > © ) & next(a_M5.state)

s st 2 2 & (i_backM6_7_8 9 > @ ) & next(a_M5.state)



| ( aM5.state = s st 2 2 & (i_nbackM6 7 8 9 > @ ) & next(a_M5.state)
s st 22)

~ 0~

-- connection s st @ @ - s st 0 @

( a_M6.state = s_st_ @ 0 & next(a_M6.state) = s_st @0 0 )

-- connection s_st @1 - s st 0 1

| ( a_M6.state = s_st @ 1 & (i_nbackM7_8 9 > @ ) & next(a_M6.state)
s st o1)

-- connection s st @1 - s st 0 @

| ( a_M6.state = s_st @ 1 & (i_backM7 8 9 > @ ) & next(a_M6.state) =
s_ st 0.0 )

-- connection s st 11 - s st 11

| ( aM6.state = s st 1 1 & (i_nbackM7 8 9 > @ ) & next(a_M6.state)
s st 11)

-- connection s_st 1 1 - s st 0 1

| ( a_M6.state = s_st 1 1 & (i_backM7 8 9 > @ ) & next(a_M6.state) =
s_.sto1)

-- connection s_st 2 1 - s st 2 1

| ( a_M6.state = s_st 2 1 & (i_nbackM7_8 9 > @ ) & next(a_M6.state)
s st 21)

-- connection s_st 2 1 - s st 11

| ( a_M6.state = s_st_2 1 & (i_backM7_8 9 > @ ) & next(a_M6.state)
s st 11)

-- connection s_st 2 2 - s st 2 1

| ( a_M6.state = s_st 2 2 & (i_backM7 8 9 > @ ) & next(a_M6.state)
s st 21)

-- connection s_st 2 2 - s st 2 2

| ( a_M6.state = s_st 2 2 & (i_nbackM7_8 9 > @ ) & next(a_Mé6.state) =
s st 22)

~ 20—

-- connection s_st © @ - s_st_ 0 0

( a_M7.state = s_st @ 0 & next(a_M7.state) = s_ st 0 0 )

-- connection s_st @1 - s st 0 1

| ( a_M7.state = s_st @ 1 & (i_nbackM8_9 > @ ) & next(a_M7.state) =
s_st. @0.1)

-- connection s_st @ 1 - s_st 0 0@

| ( aM7.state = s st @ 1 & (i_backM8 9 > @ ) & next(a_M7.state) =
s st 0.0 )

-- connection s_st 1 1 - s st 11

| ( a_M7.state = s_st_1 1 & (i_nbackM8_9 > @ ) & next(a_M7.state) =
s st 11)

-- connection s_ st 1 1 - s st 0 1

| ( a_M7.state = s_st 1 1 & (i_backM8 9 > @ ) & next(a_M7.state) =
s_ st @0.1)

-- connection s_st 2 1 - s st 21

| ( aM7.state = s_ st 2 1 & (i_nbackM8 9 > @ ) & next(a_M7.state) =
s st 21)

-- connection s_st 2 1 - s st 11

| ( a_M7.state = s_st_2 1 & (i_backM8_9 > @ ) & next(a_M7.state)
s st 11)

-- connection s_st 2 2 - s st 2 1

| ( aM7.state = s_st 2 2 & (i_backM8 9 > @ ) & next(a_M7.state)
s_st. 2.1)

-- connection s_st 2 2 - s st 2 2

227
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| ( aM7.state = s st 2 2 & (i_nbackM8 9 > @ ) & next(a_M7.state) =
s st 22)

~ 0~

-- connection s st @ @ - s st 0 @
( a_M8.state = s_st @ 0 & next(a_M8.state) = s_st 0 0 )
-- connection s_st @1 - s st 0 1
| ( a_M8.state = s_st @ 1 & (i_nbackM9 > @ ) & next(a_M8.state) =
s st o1)
-- connection s st @1 - s st 0 @
| ( a_M8.state = s_st @ 1 & (i_backM9 > @ ) & next(a_M8.state) = s st 0 0

-- connection s st 11 - s st 11
| ( aM8.state = s st 1 1 & (i_nbackM9 > @ ) & next(a_M8.state) =
s st 11)
-- connection s_st 1 1 - s st 0 1
| ( a_M8.state = s st 1 1 & (i_backM9 > @ ) & next(a_M8.state) = s st 0 1

-- connection s_st 2 1 - s st 2 1

| ( a_M8.state = s_st 2 1 & (i_nbackM9 > @ ) & next(a_M8.state) =
s st 21)

-- connection s_st 2 1 - s st 11

| ( aM8.state = s_st 2 1 & (i_backM9 > @ ) & next(a_M8.state) = s st 1 1
)

-- connection s_st 2 2 - s st 2 1

| ( a_M8.state = s_st 2 2 & (i_backM9 > @ ) & next(a_M8.state) = s st 2 1
)

-- connection s_st_2 2 - s_st 2 2
| ( a_M8.state = s_st_2 2 & (i_nbackM9 > @ ) & next(a_M8.state) =
s st 22)

~ 20—

-- connection s_st @ 1 - s_st_ 0 0
( a_M9.state = s_st 0 1 & next(a_M9.state) = s_st 0 0 )
-- connection s_st 1 1 - s st 0 1

| ( a_M9.state = s_st 1 1 & next(a_M9.state) = s st @ 1)
-- connection s_st 2 1 - s st 11

| ( a_M9.state = s_st 2 1 & next(a_M9.state) = s st 1 1)
-- connection s_st 2 2 - s st 2 1

| ( a_M9.state = s_st 2 2 & next(a_M9.state) = s st 2. 1)
)

&

(

-- connection s_st 2 2 - s st 2 1
( a_M1o.state = s_st 2 2 & next(a_Mlo@.state) = s_st 2 1)

= =
= =
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imus := (1);

imue := (1);

imu7 := (1);

imu8 := (1);

imug := (1);

imule := (1 );

if23b:=((((aM2.state!l=s sto@@@))?1:0)*imu2);

if34b:=((((aM3dstate!l=ssto@O@))?1:0)%*imu3);

ifa5b:=((((aMi.state !l=s st @@ ) )?1:0)*imud);
if56b:=((((aMs5.state !l=s st @@ ))?1:0)*imu5);

if6e 7b:=((((aMb.state !l=s st @0 ) )?1:0)*imue);

if78b:=((((aM/.state!l=s sto@ @) )?21:0)%*i1imu7);

i f8 9 b :=((((aM8.state !l=s st@@®@))?1:0)%*imug);

ifo910b:=( ( (aMI.state !l=s steo)?>1:0));

i backM3 := ( ( ( a_M3.state =s st 22 )?1:0));

i backM3 4 := ( ( ( ( a_M3.state = s_ st 2 2 ) & (aMd.state=s st 22 ) )?1
10));

i backM3_ 4 5 := ( ( ( ( ( a_M3.state = s_st 2 2 ) & ( a_Md.state = s_st 2.2 ) )

( aM5.state =s st 22 ))?1:0));

i backM3 456 := ( ( ( ( ( ( aM3.state = s st 2 2 ) & ( a_Md.state = s_st 2 2

) & ( a_M5.state = s st 22 ) ) & (aMe.state=s_st22))?21:0));

i backM3 456 7 := ( ( ( ( ( ( (aM3.state = s_ st 2 2 ) & ( a_Ml.state =
st 22 ))& ( aM5.state =s st 22 ))& ( aMb.state =s_st 22 ) ) &
M7.state =s st 22 ))?1:0));

i backM3 4 56 78 := ( ( ( ( ((((aM3state =s_st 22 ) & ( a_Mi.state =
st 22 ))& ( aM5.state =s st 22 ))& ( aMb.state =s_ st 22 ) ) &
_M7.state = s st 22 ) ) & (aM8.state=s st 22))?21:0));

i backM3 456 789 :=(((CCCCCC(aM3.state =s_st 22 ) & ( a_M4 state

s st22))&(aM5.state =s_st 22 ))& ( aMe.state =s_st22)) &
M7.state = s st 22 ) ) & ( a M8.state = s st 2 2 ) ) & ( a_M9.state = s st 2 2

)2 1:0));

i backM4 := ( ( ( a M4.state =s st 22 )?1:0));

i backMa 5 := ( ( ( ( a M4.state = s st 2 2 ) & ( a M5.state=s st 22 ) ) ?1
10));

i backM4 5 6 := ( ( ( ( ( a_M4.state = s_st 2 2 ) & ( a_M5.state = s_st 22 ) )

(aMb.state =s st22))?1:0));



230

i backMa 5 6 7 := ( ( ( ( ( ( a_M4.state = s_st 2 2 ) & ( a_M5.state = s_st 2 2
) ) & ( aM6.state = s st 22 ) ) & ( a M7.state =s_ st 22 ) )?1:0 ) )

i backMa 5 6 78 := ( ( ( ( ( ( ( a_MA.state = s_st_ 2 2 ) & ( a_M5.state =
s st 22)) & ( aMe.state =s st 22 ))& ( aM7.state=5s st 22) ) &¢(
a_ M8.state = s st 22 ))?21:0));

ibackMa 56 789 :=( (((C(C(C(C(aMi.state = s_ st 2 2 ) & ( a_M5.state =
s st 22)) & ( aMbe.state = s st 22 ) ) & ( aM/.state =s st 22 ) ) & (
a M8.state = s st 2 2 ) ) & (a MI.state=s st 22))?21:0));

i backM5 := ( ( ( a M5.state=s st 22 )?1:0));

i backM5 6 := ( ( ( ( a_M5.state = s_ st 2 2 ) & ( a_M6.state = s st 22 ) ) ?1
10));

i backM5 6 7 := ( ( ( ( ( a_M5.state = s st 2 2 ) & ( a_M6.state = s_ st 22 ) )
& (aM/.state =s st 22 ))?1:0));
ackM5 6 7. 8 := ( (

d C (( _M5.state = s_st 2 2
( a_M7.state = s_st 2 2

b M 2.2)
& & ( a_M8.state = s_st

~
vl—l

_ _6_7_8_ .state = s_st 2 2 ) & ( a_M6.s
sst22))8&( ) & ( a_M8.state = s_st 2 2 )
a_M9.state = s_s

i backMé := ( ( ( a M6.state =s st 22 )?1:0));

i backM6_7 := ( ( ( ( a_M6.state = s_ st 2 2 ) & ( a_M7.state =s_st 22 ) ) ?1
10));

i_backM6_7 8 := (

( _M6.state = s_st 2 2 ) & ( a_M7.state = s_st 2.2 ) )
& ( a_M8.state = s_st ?

1:0));

i_backme_7.8 9 := ( (
) ) &

d  (( _M6.state = s_st 2 2
( a_M8.state = s_st 2 2

M 22) & ( a_M7 state =s st 22
& ( a_M9.state = s st 22 ) )

1:0));
i backM7 := ( ( ( a_M7.state =s st 22 )?1:0));

i backM7_ 8 := ( ( ( ( a_M7.state = s st 2 2 ) & ( a M8.state=s st 22 ) ) ?1
10));

i_backM7_8_9 := (

(¢« M7.state = s_st 2 2 ) & ( a_M8.state = s_st 2 2 ) )
& ( a_M9.state = s st 2 2

( a_l
) ) ?1:0) );

i backM8 := ( ( ( a_M8.state =s st 22 )?1:0));

i_backM8_9 :
$0));

i backM9 := ( ( ( a_M9.state =s st 22 )?1:0));

( ( ( (aM8.state = s st 22 ) & (aM9.state=s_st22))?1

i nbackM3 := ( (! ( (i backM3 ) >0 ) ?1:0) );
i nbackM3 4 := ( (! ( (ibackM3 4 ) >0 )21 :0) );

i_nbackM3_4 5 :

( (' ((ibackM3 45)>0)?1:0));



i_nbackM3

i_nbackM3

i_nbackM4 :

i _nbackM4
i_nbackM4
i _nbackM4

i_nbackM4

i_nbackM5
i_nbackM5
i_nbackM5
i_nbackM5
i_nbackMé
i_nbackMé6
i_nbackMé6
i_nbackMé
i_nbackM7
i_nbackM7
i_nbackM7
i_nbackM8

i_nbackM8

i_nbackM9 :

()
e
IN
w
1}

)5

:0)

> 0

)5

:0)

)5

1 0)

)5

:0)

456 :=( (! ((ibackM3_ 456 ) >0 ) ?
4567 :=( (! ((ibackM3_ 4567 ) >80
45678 :=( (! ((i_backM3_4.56_7_8)
456789 :=( (! ((ibackM3_4.56_7 8
=( (! ((ibackMs)>0)?21:0));
5:=( (! ((ibackM45)>0)?1:80)
56 :=( (! ((ibackMsé 56 ) >0 ) ?1
567 :=( (! ((ibackmMs 567 ) >0 ) ?
5678 :=( (! ((ibackMs 5678 ) >80
56789 :=( (! ((ibackms 56789 )
=( (! ((ibackMs ) >0 ) ?21:0));
6 :=( (! ((ibackMs5.6) >0 )?1:80)
6.7 :=( (! ( (ibackMs 67 ) >0 ) ?1
6.7.8 := ( (! ( (i_backM5_6.7.8 ) >0 ) ?
6.7.89 :=( (! ( (i_backM5_6_7 89 ) > @
i= ( (! ((ibackme ) >0 ) ?1:0));
7 :=( (! ((ibackM6_7 ) >@8) 21 :8)
78 :=( (! ((ibackMe 7.8 ) >0 ) ? 1
789 :=( (! ( ( i_backM6_7.89 ) >0 ) ?
i= ( (! ((ibackM7 ) >@)?1:0));
8:=( (! ((ibackM78) >0 )?1:80)
89 :=( (! ((ibackM789)>0) ?1
i= ( (! ((ibackmg ) >0 ) ?1:0));
9:=( (! ((ibackM8 9 ) >0 )21 :80)
=( (! ((ibackMo ) >0@)?21:0));
============ nb operators section
============ events section ==================
(imul > 0 );

(imu2 >0);

(i_f2_3 b

>0 );

(imu2 >0 );
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10));

1 :0));

)P 1:0));

>0 )?21:0));

)s
10));
1 :0));

)21:0));

)5
10));
1 :0));

)5
10));

)s
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er34 :=
e r34db:
er34u.:
e r4s5 :=
erd5b:
er4d5u:
er56 :=
er56b:
er56u:
e_re_7 :=
e rée_7b :
e_r6_7_u:
e r7_8 :=
e r7_8b :
e_r7_8u:
e rg8 9 :=
e r8g 9b:
e r89u:

e ro_10 :=

(

e r9_10 b :

e r9_10 u :

e _rlo_x :=

e rle_x u :

imu3l >0 );
(i_f3_4b>0);
(imu3>0);
imud > 0 );
(1_f4.5b >0 );
(imud >0 ),
imus > 0 );
(i_f5.6 b >0 );
( imu5 >0 );
imue >0 );
(i_f6_7_b >0 );
(imue > 0 );
imu7 >0 );
(1_f7_8_b >0 );
(i_mu7 > 0 );
imu8 > 0 );
(if89b>0);
(imu8 >0 );

imus > 0 );

(i f9 10 b > 0 );

(imuo >0 );
i_mule > @ );

( imule > 0 );
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APENDICE AH — ARQUIVO TEXTUAL DO MODELO FAS05C.SAN

identifiers

// Acquisition rate
lambda = 2;
// Release rate

mu =

events

loc
syn
syn
syn
syn
loc
loc
loc
loc
loc

1;

t1
t2
t3
t4
t5
ri
r2
r3
rd
r5

(lambda);
(lambda);
(lambda);
(lambda);
(lambda);
(mu);
(mu);
(mu);
(mu);
(mu);

reachability = 1;

network FAS5c (continuous)

aut Serverl stt

stt

aut Server2 stt

stt

aut Server3 stt

stt

aut Server4d stt

stt

aut Server5 stt

stt

idle
busy

idle
busy

idle
busy

idle
busy

idle
busy

to
to
to

to
to
to

to
to
to

to
to
to

to
to

(busy)
(idle)
(busy)

(busy)
(idle)

(busy)

(busy)
(idle)

(busy)

(busy)
(idle)

(busy)

(busy)
(idle)

t1
rl
t2 t3 t4 t5

t2
r2
t3 t4 t5

t3
r3
t4 t5

t4
r4
t5

t5
r5
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APENDICE Al - ARQUIVO TEXTUAL DO MODELO FAS05C.SMV

MODULE ad_Serveri()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Server2()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Server3()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Server4()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Server5()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE main

VAR
a_Serverl : ad_Serverl();
a_Server2 : ad_Server2();
a_Server3 : ad_Server3();
a_Serverd : ad_Server4();
a_Server5 : ad_Server5();

INIT
1 =1
TRANS
next_local step_ad_Serverl
| synchronized_steps
| next_local_step_ad_Server2
| next_local_step_ad_Server3
| next_local step ad_Server4
| next_local step_ad_Servers
DEFINE
a_Serverl_getCurrentIndex := ( a_Serverl.state = s_idle ? @ : (
a_Serverl.state = s_ busy ? 1 : -1 ) )
-- ================== ad_Serverl automata local steps section ==================
local _step_ad_Serverl := (
-- connection s_idle - s_busy

( ( a_Serverl.state = s_idle & e_tl1 ) & ( next(a_Serverl.state) = s_busy ) )
|

-- connection s_busy - s_idle

( ( a_Serverl.state = s _ busy & e rl ) & ( next(a_Serverl.state) = s_idle ) )

)
next_local_step_ad_Serverl := ( local_step_ad_Serverl
& a_Server2.unchanged
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& a_Server3.unchanged
& a_Server4d.unchanged
& a_Server5.unchanged

)

a_Server2_getCurrentIndex := ( a_Server2.state = s_idle ? @ : (
a_Server2.state = s busy ? 1 : -1 ) );

-- ================== ad_Server2 automata local steps section ==================

local_step_ad_Server2 := (

-- connection s_busy - s_idle
( ( a_Server2.state = s_busy & e_r2 ) & ( next(a_Server2.state) = s_idle ) )
)s
next_local_step_ad_Server2 := ( local_step_ad_Server2
a_Serverl.unchanged
a_Server3.unchanged
a_Server4.unchanged
a_Server5.unchanged

20 Q0 o Qo

)
a_Server3_getCurrentIndex := ( a_Server3.state = s_idle ? @ : (
a_Server3.state = s busy ? 1 : -1 ) );

-- ================== ad_Server3 automata local steps section ==================
local_step_ad_Server3 := (

-- connection s_busy - s_idle

( ( a_Server3.state = s_busy & e_r3 ) & ( next(a_Server3.state) = s_idle ) )
)
next_local_step_ad_Server3 := ( local_step_ad_Server3

& a_Serverl.unchanged

& a_Server2.unchanged

& a_Server4d.unchanged

& a_Server5.unchanged

)

a_Serverd_getCurrentIndex := ( a_Server4.state = s_idle ? @ : (
a_Server4.state = s busy ? 1 : -1 ) );

-- ================== ad_Server4 automata local steps section ==================

local_step_ad_Serverd := (

-- connection s_busy - s_idle

( ( a_Server4d.state = s_busy & e_rd4 ) & ( next(a_Server4d.state) = s_idle ) )
)s
next_local_step_ad_Server4 := ( local_step_ad_Server4

& a_Serverl.unchanged

& a_Server2.unchanged

& a_Server3.unchanged

& a_Server5.unchanged

)

a_Server5_getCurrentIndex := ( a_Server5.state = s_idle ? @ : (
a_Server5.state = s busy ? 1 : -1 ) );

-- ================== ad_Server5 automata local steps section ==================

local_step_ad_Server5 := (

-- connection s_busy - s_idle

( ( a_Server5.state = s_busy & e_r5 ) & ( next(a_Server5.state) = s_idle ) )
)5
next_local step_ad Server5 := ( local_step_ad_Server5

& a_Serverl.unchanged

& a_Server2.unchanged

& a_Server3.unchanged

& a_Server4.unchanged
)5
-=- S=E================ SYNCHRONIZED STEPS —=================
synchronized_steps := (

(



236

e_t2
&
(

-- connection s_busy - s_busy

( a_Serverl.state = s_busy & next(a_Serverl.state) = s_busy )
)
&
(
-- connection s_idle - s_busy
( a_Server2.state = s_idle & next(a_Server2.state) = s_busy )
)
& a_Server3.unchanged
& a_Server4.unchanged
& a_Server5.unchanged
)
|
(
e_t3
&
(
-- connection s_busy - s_busy
( a_Serverl.state = s_busy & next(a_Serverl.state) = s_busy )
)
&
(
-- connection s_busy - s_busy
( a_Server2.state = s_busy & next(a_Server2.state) = s_busy )
)
&
(
-- connection s_idle - s_busy
( a_Server3.state = s_idle & next(a_Server3.state) = s_busy )
)
& a_Server4.unchanged
& a_Server5.unchanged
)
|
(
e_t4
&
(
-- connection s_busy - s_busy
( a_Serverl.state = s_busy & next(a_Serverl.state) = s_busy )
)
&
(
-- connection s_busy - s_busy
( a_Server2.state = s_busy & next(a_Server2.state) = s_busy )
)
&
(
-- connection s_busy - s_busy
( a_Server3.state = s_busy & next(a_Server3.state) = s_busy )
)
&
(
-- connection s_idle - s_busy
( a_Serverd.state = s_idle & next(a_Server4d.state) = s_busy )



e_t3
e_t4
e_t5

e rl

e r3

& a_Server5.unchanged

-- connection s_busy - s_busy

( a_Serverl.state = s_busy & next(a_Serverl.state) = s_busy )
)
&
(
-- connection s_busy - s_busy
( a_Server2.state = s_busy & next(a_Server2.state) = s_busy )
)
&
(
-- connection s_busy - s_busy
( a_Server3.state = s_busy & next(a_Server3.state) = s_busy )
)
&
(
-- connection s_busy - s_busy
( a_Server4d.state = s_busy & next(a_Server4d.state) = s_busy )

)

-- connection s_idle - s_busy
& ( a_Server5.state = s_idle & next(a_Server5.state) = s_busy )

=(1);

nb Oper‘ator‘s Section ==================
= events section ==================

:= ( i_lambda > 0 );
:= ( i_lambda > 0 );
:= ( i_lambda > 0 );
:= ( i_lambda > 0 );
:= ( i_lambda > 0 );
= (imu>0);
= (imu>0);
= (imu>0);
= (imu>0);

= (imu>0);

237
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identifiers

// Acquisition rate

lambda = 2;
// Release rate
mu = 1;

events

loc t1 (lambda);
syn t2 (lambda);
syn t3 (lambda);
syn t4 (lambda);
syn t5 (lambda);
syn t6 (lambda);
loc rl1 (mu);
loc r2 (mu);
loc r3 (mu);
loc r4 (mu);
loc r5 (mu);
loc r6 (mu);

reachability = 1;
network FAS6c (continuous)

aut Serverl stt idle to (busy) t1
stt busy to (idle) ri1
to (busy) t2 t3 t4 t5 t6

aut Server2 stt idle to (busy) t2
stt busy to (idle) r2
to (busy) t3 t4 t5 té6

aut Server3 stt idle to (busy) t3
stt busy to (idle) r3
to (busy) t4 t5 t6

aut Server4 stt idle to (busy) t4
stt busy to (idle) r4
to (busy) t5 t6

aut Server5 stt idle to (busy) t5
stt busy to (idle) r5
to (busy) t6

aut Server6 stt idle to (busy) t6
stt busy to (idle) ré6
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MODULE ad_Serveri()

VAR state :

DEFINE
unchanged

{s_idle,s_busy};

state = next(state);

MODULE ad_Server2()

VAR state :

DEFINE
unchanged

{s_idle,s_busy};

state = next(state);

MODULE ad_Server3()

VAR state :

DEFINE
unchanged

{s_idle,s_busy};

state = next(state);

MODULE ad_Server4()

VAR state :

DEFINE
unchanged

{s_idle,s_busy};

state = next(state);

MODULE ad_Server5()

VAR state :

DEFINE
unchanged

{s_idle,s_busy};

state = next(state);

MODULE ad_Server6()

VAR state :

DEFINE
unchanged

{s_idle,s_busy};

MODULE main

VAR

a_Serverl :
a_Server2 :
a_Server3 :
a_Server4 :
a_Server5 :
a_Serveré6 :

INIT

1=1

TRANS

ad_Serverl();
ad_Server2();
ad_Server3();
ad_Server4();
ad_Server5();
ad_Server6();

next_local _step_ad_Serverl
| synchronized steps
next_local _step_ad_Server2

next_local step_ad_Serverd

|
| next_local step_ad_Server3
|
|

next_local_step_ad_Server5
| next_local_step_ad_Serveré

DEFINE

a_Serverl getCurrentIndex := (

a_Serverl.state = s _ busy ? 1 : -1
ad_Serverl automata local steps section

local_step_ad_Serverl := (

-- connection s_idle - s_busy

a_Serverl.state = s_idle ? 0 :



240

( ( a_Serverl.state =

s_idle & e t1 ) & ( next(a_Serverl.state)

-- connection s_busy - s_idle
( ( a_Serverl.state =

)5

next_local step_ad_Serverl

& a_Server2.
& a_Server3.
& a_Server4.
& a_Servers.
& a_Serveré6.

)5

a_Server2_getCurrentIndex :

a_Server2.state

local_step_ad_

unchanged
unchanged
unchanged
unchanged
unchanged

s_busy & e_rl ) & ( next(a_Serverl.state)

:= ( local_step_ad_Serverl

= s busy ? 1 :
======= ad_Server2 automata local steps section

Server2

(

(

-1

-- connection s_busy - s_idle
( ( a_Server2.state =

next_local step_ad_Server2

)s
& a_Serverl.
& a_Server3.
& a_Server4.
& a_Servers.
& a_Server6.
)s

a_Server3_getCurrentIndex :

a_Server3.state

local_step_ad_

unchanged
unchanged
unchanged
unchanged
unchanged

a_Server2.state

)

)5

s_idle ? 0 :

s_busy ) )

s_idle ) )

(

s_busy & e r2 ) & ( next(a_Server2.state) = s_idle ) )

:= ( local_step_ad_Server2

= s busy ? 1 :
======= ad_Server3 automata local steps section

Server3

(

(

-1

-- connection s_busy - s_idle
( ( a_Server3.state =

next_local _step_ad_Server3

)
& a_Serverl.
& a_Server2.
& a_Server4.
& a_Servers.
& a_Serveré6.
)s

a_Server4_getCurrentIndex :

a_Server4.state

local_step_ad_

unchanged
unchanged
unchanged
unchanged
unchanged

a_Server3.state

)

)5

s_idle ? 0 :

(

s_busy & e r3 ) & ( next(a_Server3.state) = s_idle ) )

:= ( local_step_ad_Server3

= s busy ? 1 :
======= ad_Server4 automata local steps section

Server4d :

(

(

-1

-- connection s_busy - s_idle
( ( a_Serverd.state =

)5

next_local_step_ad_Server4

a_Serverl.
a_Server2.
a_Servers3.
a_Server5.
a_Serveré6.

20 Q0 Qo Qo Qo

)5

a_Server5_getCurrentIndex :

a_Server5.state

local_step_ad_

unchanged
unchanged
unchanged
unchanged
unchanged

a_Server4.state

)

)5

s_idle ? 0 :

s_busy & e r4 ) & ( next(a_Serverd.state) = s_idle ) )

:= ( local_step_ad_Serverd

= s busy ? 1 :
======= ad_Server5 automata local steps section

Servers

(

(

-1

-- connection s_busy - s_idle

a_Server5.state

)

)5

s_idle ? O :

(
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( ( a_Server5.state = s_busy & e_r5 ) & ( next(a_Server5.state) = s_idle ) )

)s

next_local step_ad_Server5 := ( local_step_ad_Server5

a_Serverl.unchanged

a_Server2.unchanged

a_Server3.unchanged

a_Server4.unchanged

a_Server6.unchanged

20 2o o go Qo

)

a_Server6_getCurrentIndex := ( a_Server6.state = s_idle ? @ : (
a_Server6.state = s_busy ? 1 : -1 ) );
================== ad_Server6 automata local steps section ==================
local_step_ad_Server6 := (

-- connection s_busy - s_idle

( ( a_Server6.state = s_busy & e_r6 ) & ( next(a_Server6.state) = s_idle ) )
)s
next_local_step_ad_Server6 := ( local _step_ad_Serveré6

& a_Serverl.unchanged

& a_Server2.unchanged

& a_Server3.unchanged

& a_Server4d.unchanged

& a_Server5.unchanged

)5
-= S=E================ SYNCHRONIZED STEPS —=================
synchronized_steps := (
(
e_t2
&
(
-- connection s_busy - s_busy
( a_Serverl.state = s_busy & next(a_Serverl.state) = s_busy )
)
&
(
-- connection s_idle - s_busy
( a_Server2.state = s_idle & next(a_Server2.state) = s_busy )
)
& a_Server3.unchanged
& a_Server4.unchanged
& a_Server5.unchanged
& a_Server6.unchanged
)
|
(
e_t3
&
(
-- connection s_busy - s_busy
( a_Serverl.state = s_busy & next(a_Serverl.state) = s_busy )
)
&
(
-- connection s_busy - s_busy
( a_Server2.state = s_busy & next(a_Server2.state) = s_busy )
)
&
(
-- connection s_idle - s_busy
( a_Server3.state = s_idle & next(a_Server3.state) = s _busy )
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)

& a_Server4.unchanged
& a_Server5.unchanged
& a_Server6.unchanged

e_t4
&
(

-- connection s_busy

( a_Serverl.state = s_

~ R0~

-- connection s_busy -

( a_Server2.state = s_

~ R0~

-- connection s_busy -

( a_Server3.state = s_

~ 0~

-- connection s_idle -

( a_Serverd.state = s_

)

& a_Server5.unchanged
& a_Server6.unchanged

e_t5
&
(

-- connection s_busy

( a_Serverl.state = s_

)

&

(

-- connection s_busy -
( a_Server2.state = s_

)

&

(

-- connection s_busy -
( a_Server3.state = s_

)

&

(

-- connection s_busy -
( a_Serverd.state = s_

)

&

(

-- connection s_idle -
( a_Server5.state = s_

s_busy
busy &

s_busy
busy &

s_busy
busy &

s_busy
idle &

s_busy
busy &

s_busy
busy &

s_busy
busy &

s_busy
busy &

s_busy
idle &

next(a_Serverl.

next(a_Server2.

next(a_Server3.

next(a_Server4.

next(a_Serverl.

next(a_Server2.

next(a_Server3.

next(a_Server4.

next(a_Servers.

state)

state)

state)

state)

state)

state)

state)

state)

state)

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy
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& a_Server6.unchanged

)
|
(
e_t6
&
(
-- connection s_busy - s_busy
( a_Serverl.state = s_busy & next(a_Serverl.state) = s_busy )
)
&
(
-- connection s_busy - s_busy
( a_Server2.state = s_busy & next(a_Server2.state) = s_busy )
)
&
(
-- connection s_busy - s_busy
( a_Server3.state = s_busy & next(a_Server3.state) = s_busy )
)
&
(
-- connection s_busy - s_busy
( a_Server4d.state = s_busy & next(a_Server4d.state) = s_busy )
)
&
(
-- connection s_busy - s_busy
( a_Server5.state = s_busy & next(a_Server5.state) = s_busy )
)
-- connection s_idle - s_busy
& ( a_Server6.state = s_idle & next(a_Server6.state) = s_busy )
)
)s

[
3
<

]
~
=
~

-

nb Oper‘ator‘s section ==================
events section ==================
e tl1 := ( i_lambda > 0 );

e_t2 := ( i_lambda > @ );
e_t3 := ( i_lambda > @ );
e t4 := ( i_lambda > 0 );
e_t5 := ( i_lambda > @ );
e_t6 := ( i_lambda > @ );
erl:=(imu>®0);

er2:=(imu>®0);

er3:=(imu>0);
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erd4d := (imu>0);
er5:=(imu>0);

er6 :=(imu>®0);
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APENDICE AL — ARQUIVO TEXTUAL DO MODELO FAS07C.SAN

identi

fiers

// Acquisition rate

lamb

// Release rate

mu =

events

loc
syn
syn
syn
syn
syn
syn
loc
loc
loc
loc
loc
loc
loc

da = 2;

1;

t1 (lambda);
t2 (lambda);
t3 (lambda);
t4 (lambda);
t5 (lambda);
t6 (lambda);
t7 (lambda);

rl (mu);
r2 (mu);
r3 (mu);
r4 (mu);
r5 (mu);
ré (mu);
r7 (mu);

reachability = 1;

networ

aut

aut

aut

aut

aut

aut

aut

k FAS7c

Serverl

Server2

Server3

Server4

Serverb

Server6

Server?7

(continuous)

stt
stt

stt
stt

stt
stt

stt
stt

stt
stt

stt
stt

stt
stt

idle
busy

idle
busy

idle
busy

idle
busy

idle
busy

idle
busy

idle
busy

to
to
to

to
to
to

to
to
to

to
to
to

to
to
to

to
to
to

to
to

(busy)
(idle)

(busy)

(busy)
(idle)

(busy)

(busy)
(idle)

(busy)

(busy)
(idle)

(busy)

(busy)
(idle)

(busy)

(busy)
(idle)

(busy)

(busy)
(idle)

t1
rl
t2

t2
r2
t3

t3
r3
t4

t4
r4
t5

t5
r5
t6

t6
ré
t7

t7

t3 t4 t5 t6 t7

t4 t5 t6 t7

t5 t6 t7

t6 t7

t7
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MODULE ad_Serveri()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Server2()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Server3()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Server4()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Server5()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Server6()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Server7()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE main

VAR
a_Serverl : ad_Serverl();
a_Server2 : ad_Server2();
a_Server3 : ad_Server3();
a_Serverd4 : ad_Server4();
a_Server5 : ad_Server5();
a_Server6 : ad_Server6();
a_Server7 : ad_Server7();

INIT
1 =1

TRANS
next_local _step_ad_Serverl
| synchronized_steps
| next_local step_ad_Server2
| next_local step _ad_Server3
| next_local_step_ad_Server4d
| next_local_step_ad_Servers
| next_local step_ad_Serveré
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next_local step_ad_Server?7

DEFINE
a_Serverl_getCurrentIndex := ( a_Serverl.state = s_idle ? @ : (
a_Serverl.state = s busy ? 1 : -1 ) )

local step_ad_Serverl :
-- connection s_idle - s_busy
( ( a_Serverl.state =

ad_Serverl automata local steps section

(

s_idle & e_tl1 ) & ( next(a_Serverl.state) =

-- connection s_busy - s_idle
( ( a_Serverl.state =

)5

next_local _step_ad_Serverl
a_Server2.
a_Servers3.
a_Server4.
a_Server5.
a_Serveré6.
a_Server7.

&
&
&
&
&
&

)5

a_Server2_getCurrentIndex := (
= s busy ? 1 :
ad_Server2 automata local steps section

a_Ser

ver2.state

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

local_step_ad_Server2 :
-- connection s_busy - s_idle
( ( a_Server2.state =

)5

next_local step_ad_Server2
a_Serverl.
a_Server3.
.unchanged
a_Server5.
a_Serveré6.
a_Server7.

20 2o 2o Qo Qo o

)5

a_Server3_getCurrentIndex := (
= s busy ? 1 :
ad_Server3 automata local steps section

a_Ser

a_Server4

ver3.state

unchanged
unchanged

unchanged
unchanged
unchanged

local_step_ad_Server3 :
-- connection s_busy - s_idle
( ( a_Server3.state =

)5

next_local _step_ad_Server3
a_Serverl.
a_Server2.
a_Server4.
.unchanged
a_Serveré6.
a_Server7.

&
&
&
&
&
&

)5

a_Server4_getCurrentIndex := (
= s busy ? 1 :
ad_Server4 automata local steps section

a_Ser

a_Server5

ver4.state

unchanged
unchanged
unchanged

unchanged
unchanged

local_step_ad_Server4 :
-- connection s_busy - s_idle
( ( a_Server4d.state =

)5

next_local _step_ad_Server4

& a_Serverl.unchanged

s_busy & e_rl ) & ( next(a_Serverl.state) =

:= ( local_step_ad_Serverl

a_Server2.state =

1) );

s_idle ? @ : (

(

s_busy & e r2 ) & ( next(a_Server2.state) =

:= ( local_step_ad_Server2

a_Server3.state =

1) );

s_idle ? @ : (

(

s_busy & e r3 ) & ( next(a_Server3.state) =

:= ( local_step_ad_Server3

a_Server4d.state =

1) )

s_idle ? @ : (

(

s _busy & e r4 ) & ( next(a_Serverd.state) =

:= ( local_step_ad_Server4
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& a_Server2.unchanged
& a_Server3.unchanged
& a_Server5.unchanged
& a_Server6.unchanged
& a_Server7.unchanged

)s

a_Server5_getCurrentIndex := ( a_Server5.state = s_idle ? @ : (
a_Server5.state = s busy ? 1 : -1 ) )

-- ================== ad_Server5 automata local steps section ==================

local step_ad Server5 := (

-- connection s_busy - s_idle
( ( a_Server5.state = s_busy & e_r5 ) & ( next(a_Server5.state) = s_idle ) )
)s

next_local_step_ad_Server5 := ( local_step_ad_Server5

20 Q0 R0 Q0 RO RO

a_Serverl.
a_Server2.
a_Servers3.
a_Server4.
a_Serveré6.
a_Server7.

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

)s
a_Server6_getCurrentIndex := ( a_Server6.state = s_idle ? @ : (
a_Server6.state = s busy ? 1 : -1 ) )

-- ================== ad_Server6 automata local steps section ==================
local_step_ad_Server6 := (

-- connection s_busy - s_idle

( ( a_Server6.state = s_busy & e r6 ) & ( next(a_Server6.state) = s_idle ) )
)s

next_local_step_ad_Server6 := ( local_step_ad_Server6

&

&
&
&
&
&

a_Serverl.
.unchanged
a_Servers3.
a_Server4.
a_Server5.
a_Server7.

a_Server2

unchanged

unchanged
unchanged
unchanged
unchanged

)s
a_Server7_getCurrentIndex := ( a_Server7.state = s_idle ? @0 : (
a_Server7.state = s_busy ? 1 : -1 ) )

-- ================== ad_Server7 automata local steps section ==================
local_step_ad_Server7 := (

-- connection s_busy - s_idle

( ( a_Server7.state = s_busy & e_r7 ) & ( next(a_Server7.state) = s_idle ) )
)

next_local_step_ad_Server7 := ( local_step_ad_Server?

a_Serverl.
a_Server2.
.unchanged
a_Server4.
a_Server5.
a_Serveré6.

a_Servers3

unchanged
unchanged

unchanged
unchanged
unchanged

" 20 20 20 20 20 20

synchronized_steps := (
(
e_t2
&
(
-- connection s_busy - s_busy
( a_Serverl.state = s_busy & next(a_Serverl.state) = s _busy )



~ R0~

-- connection s_idle - s_busy
( a_Server2.state =

)

& a_Server3.
& a_Server4.
& a_Server5.
& a_Server6.
& a_Server7.

e _t3
&
(

unchanged
unchanged
unchanged
unchanged
unchanged

-- connection s_busy
( a_Serverl.state =

~ R0~

-- connection s_busy
( a_Server2.state =

~ R0~

-- connection s_idle
( a_Server3.state =

)

& a_Server4.
& a_Servers.
& a_Server6.
& a_Server7.

unchanged
unchanged
unchanged
unchanged

-- connection s_busy
( a_Serverl.state =

1~ R0~

connection s_busy

( a_Server2.state =

1~ R0~

connection s_busy

( a_Server3.state =

)
&
(

- connection s_idle

( a_Server4d.state =

)

& a_Servers.

unchanged

s_idle & next(a_Server2.state) =

- s_busy

s_busy & next(a_Serverl.state)

- s_busy

s_busy & next(a_Server2.state)

- s_busy

s_idle & next(a_Server3.state)

- s_busy
s_busy &

- s_busy
s_busy &

- s_busy
s_busy &

- s_busy
s_idle &

next(a_Serverl.

next(a_Server2.

next(a_Server3.

next(a_Server4.

state)

state)

state)

state)
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s_busy )

s_busy )

s_busy )

s_busy )

s_busy )

s_busy )

s_busy )

s_busy )
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& a_Server6.unchanged
& a_Server7.unchanged

)
|
(
e_t5
&
(
-- connection s_busy - s_busy
( a_Serverl.state = s_busy &
)
&
(
-- connection s_busy - s_busy
( a_Server2.state = s_busy &
)
&
(
-- connection s_busy - s_busy
( a_Server3.state = s_busy &
)
&
(
-- connection s_busy - s_busy
( a_Server4d.state = s_busy &
)
&
(
-- connection s_idle - s_busy
( a_Server5.state = s_idle &
)
& a_Server6.unchanged
& a_Server7.unchanged
)
|
(
e_t6
&
(

-- connection s_busy - s_busy
( a_Serverl.state = s_busy &

1~ R0~

~ 1

connection s_busy - s_busy
a_Server2.state = s_busy &

1~ R0~

~ 1

connection s_busy - s_busy
a_Server3.state = s_busy &

1~ R0~

~ 1

connection s_busy - s_busy
a_Serverd4.state = s_busy &

~ 0~

next(a_Serverl.

next(a_Server2.

next(a_Server3.

next(a_Server4.

next(a_Servers.

next(a_Serverl.

next(a_Server2.

next(a_Server3.

next(a_Server4.

state)

state)

state)

state)

state)

state)

state)

state)

state)

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy



-- connection s_busy - s_busy

( a_Server5.state = s_busy & next(a_Server5.state) = s_busy )
)
&
(
-- connection s_idle - s_busy
( a_Server6.state = s_idle & next(a_Server6.state) = s_busy )
)
& a_Server7.unchanged
e_t7
&
(
-- connection s_busy - s_busy
( a_Serverl.state = s_busy & next(a_Serverl.state) = s_busy )
)
&
(
-- connection s_busy - s_busy
( a_Server2.state = s_busy & next(a_Server2.state) = s_busy )
)
&
(
-- connection s_busy - s_busy
( a_Server3.state = s_busy & next(a_Server3.state) = s_busy )
)
&
(
-- connection s_busy - s_busy
( a_Serverd.state = s_busy & next(a_Serverd.state) = s_busy )
)
&
(
-- connection s_busy - s_busy
( a_Server5.state = s_busy & next(a_Server5.state) = s_busy )
)
&
(
-- connection s_busy - s_busy
( a_Server6.state = s_busy & next(a_Server6.state) = s_busy )

)

-- connection s_idle - s_busy
& ( a_Server7.state = s_idle & next(a_Server7.state) = s_busy )

]
—~
=
N
-

:= ( i_lambda > 0 );

( i_lambda > 0 );

( i_lambda > 0 );
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e t4 :
e_t5 :
e _t6 :

e t7 :

e r3:
er4 .

e r5:

( i_lambda

( i_lambda

( i_lambda

( i_lambda

(imu>o

( imu
(imu
( i_mu
( imu
( i_mu

( imu

>

0

0

>0 );
>0 );
>0 );
>0 );
)s
)s
)s
)s
)s
)s
)s
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APENDICE AN — ARQUIVO TEXTUAL DO MODELO FAS10C.SAN

identifiers

// Acquisition rate

lambda = 2;
// Release rate
mu = 1;

events

loc t1 (lambda);
syn t2 (lambda);
syn t3 (lambda);
syn t4 (lambda);
syn t5 (lambda);
syn t6 (lambda);
syn t7 (lambda);
syn t8 (lambda);
syn t9 (lambda);
syn t10 (lambda);
loc rl1 (mu);
loc r2 (mu);
loc r3 (mu);
loc r4 (mu);
loc r5 (mu);
loc r6 (mu);
loc r7 (mu);
loc r8 (mu);
loc r9 (mu);
loc r1@ (mu);

reachability = 1;
network FAS10c (continuous)

aut Serverl stt idle to (busy) t1
stt busy to (idle) ri1
to (busy) t2 t3 t4 t5 t6 t7 t8 t9 tie

aut Server2 stt idle to (busy) t2
stt busy to (idle) r2
to (busy) t3 t4 t5 t6 t7 t8 t9 t1e

aut Server3 stt idle to (busy) t3
stt busy to (idle) r3
to (busy) t4 t5 t6 t7 t8 t9 t10

aut Server4 stt idle to (busy) t4
stt busy to (idle) r4
to (busy) t5 t6 t7 t8 t9 t1@

aut Server5 stt idle to (busy) t5
stt busy to (idle) r5
to (busy) t6 t7 t8 t9 t1@

aut Server6 stt idle to (busy) té6



stt

aut Server7 stt
stt

aut Server8 stt
stt

aut Server9 stt
stt

busy

idle
busy

idle
busy

idle
busy

to
to

to
to
to

to
to
to

to
to
to

(idle)
(busy)

(busy)
(idle)

(busy)

(busy)
(idle)
(busy)

(busy)
(idle)
(busy)

ré
t7 t8 t9 tie

t7
r7
t8 t9 tie

t8
r8
t9 ti1e

t9
ro
t10

aut Serverld stt idle to (busy) ti1e
stt busy to (idle) rilo

255



256
APENDICE AO — ARQUIVO TEXTUAL DO MODELO FAS10C.SMV

MODULE ad_Serveri()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Server2()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Server3()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Server4()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Server5()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Server6()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Server7()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Servers8()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Server9()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE ad_Serveri1o()

VAR state : {s_idle,s_busy};
DEFINE

unchanged := state = next(state);

MODULE main

VAR
a_Serverl : ad_Serverl();
a_Server2 : ad_Server2();
a_Server3 : ad_Server3();
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a_Serverd : ad_Server4();
a_Server5 : ad_Server5();
a_Server6 : ad_Server6();
a_Server7 : ad_Server7();
a_Server8 : ad_Server8();
a_Server9 : ad_Server9();

a_Serverl@ : ad_Serverlo();

INIT
1 =1

TRANS
next_local step_ad_Serverl
| synchronized steps
| next_local step ad_Server2
| next_local step ad_Server3
| next_local_step_ad_Server4d
| next_local_step_ad_Servers5
| next_local_step_ad_Serveré
| next_local_step_ad_Server?7
| next_local_step_ad_Servers8
| next_local_step_ad_Server9
| next_local_step _ad_Serverilo

DEFINE
a_Serverl_getCurrentIndex := ( a_Serverl.state = s_idle ? @ : (
a_Serverl.state = s _busy ? 1 : -1 ) )
-- ================== ad_Serverl automata local steps section ==================
local_step_ad_Serverl := (
-- connection s_idle - s_busy
( ( a_Serverl.state = s_idle & e_t1 ) & ( next(a_Serverl.state) = s_busy ) )
|
-- connection s_busy - s_idle
( ( a_Serverl.state = s _busy & e rl ) & ( next(a_Serverl.state) = s_idle ) )
)
next_local_step_ad_Serverl := ( local_step_ad_Serverl
& a_Server2.unchanged
& a_Server3.unchanged
& a_Server4d.unchanged
& a_Server5.unchanged
& a_Server6.unchanged
& a_Server7.unchanged
& a_Server8.unchanged
& a_Server9.unchanged
& a_Serverl@.unchanged
)
a_Server2_getCurrentIndex := ( a_Server2.state = s_idle ? 0 :
a_Server2.state = s busy ? 1 : -1 ) );
-- ================== ad_Server2 automata local steps section ==================
local_step_ad_Server2 := (
-- connection s_busy - s_idle
( ( a_Server2.state = s _busy & e r2 ) & ( next(a_Server2.state) = s_idle ) )

)5

next_local _step_ad_Server2
a_Serverl.
.unchanged
a_Server4.
a_Server5.
a_Serveré6.
a_Server7.
a_Servers8.

Q0 Q0 Q0 Q0 Qo0 Qo Qo

a_Server3

unchanged

unchanged
unchanged
unchanged
unchanged
unchanged

:= ( local_step_ad_Server2
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& a_Server9.unchanged
& a_Serverile.unchanged

)

a_Server3_getCurrentIndex := ( a_Server3.state = s_idle ? @ : (
a_Server3.state = s_busy ? 1 : -1 ) );

-- ================== ad_Server3 automata local steps section ==================

local_step_ad_Server3 := (

-- connection s_busy - s_idle
( ( a_Server3.state = s_busy & e_r3 ) & ( next(a_Server3.state) = s_idle ) )
)
next local step_ad Server3 := ( local step_ad Server3
a_Serverl.unchanged
a_Server2.unchanged
a_Server4.unchanged
a_Server5.unchanged
a_Server6.unchanged
a_Server7.unchanged
a_Server8.unchanged
a_Server9.unchanged
a_Serverld.unchanged

20 Q0 Q0 Q0 RO RO QO QO Qo

)s
a_Serverd_getCurrentIndex := ( a_Server4.state = s_idle ? @ : (
a_Server4.state = s busy ? 1 : -1 ) )
-- ================== ad_Server4 automata local steps section ==================
local_step_ad_Serverd := (
-- connection s_busy - s_idle
( ( a_Serverd.state = s_busy & e r4 ) & ( next(a_Serverd.state) = s_idle ) )

)s
next_local_step_ad_Server4 := ( local_step_ad_Server4
& a_Serverl.unchanged
& a_Server2.unchanged
& a_Server3.unchanged
& a_Server5.unchanged
& a_Server6.unchanged
& a_Server7.unchanged
& a_Server8.unchanged
& a_Server9.unchanged
& a_Serverl@.unchanged
)
a_Server5_getCurrentIndex := ( a_Server5.state = s_idle ? @ : (
a_Server5.state = s_busy ? 1 : -1 ) )
-- ================== ad_Server5 automata local steps section ==================
local_step_ad_Server5 := (

-- connection s_busy - s_idle
( ( a_Server5.state = s_busy & e_r5 ) & ( next(a_Server5.state) = s_idle ) )
)s
next_local_step_ad_Server5 := ( local_step_ad_Server5
a_Serverl.unchanged
a_Server2.unchanged
a_Server3.unchanged
a_Server4.unchanged
a_Server6.unchanged
a_Server7.unchanged
a_Server8.unchanged
a_Server9.unchanged
a_Serverld.unchanged

20 R0 0 QO RO RO QO QO O

)
a_Server6_getCurrentIndex := ( a_Server6.state = s_idle ? 0 : (
a_Server6.state = s busy ? 1 : -1 ) );
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-- ================== ad_Server6 automata local steps section ==================
local step_ad _Server6 := (

-- connection s_busy - s_idle

( ( a_Server6.state = s_busy & e_r6 ) & ( next(a_Server6.state) = s_idle ) )
)s

next local step_ad Server6 := ( local step ad Serveré

20 20 20 20 2O RO RO Qo 2o

a_Serverl.
.unchanged
a_Servers3.
a_Server4.
a_Server5.
a_Server7.
a_Servers.
a_Server9.

a_Server2

unchanged

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

a_Serverle.unchanged
)s
a_Server7_getCurrentIndex := ( a_Server7.state = s_idle ? @ : (
a_Server7.state = s busy ? 1 : -1 ) )
-- ================== ad_Server7 automata local steps section ==================
local_step_ad_Server7 := (
-- connection s_busy - s_idle
( ( a_Server7.state = s_busy & e _r7 ) & ( next(a_Server7.state) = s_idle ) )
)s
next_local_step_ad_Server7 := ( local_step_ad_Server?7
& a_Serverl.unchanged
& a_Server2.unchanged
& a_Server3.unchanged
& a_Server4d.unchanged

a_Server5.
a_Serveré6.
.unchanged
a_Server9.

a_Server8

unchanged
unchanged

unchanged

20 2o o Qo o

a_Serverl@.unchanged
)
a_Server8_getCurrentIndex := ( a_Server8.state = s_idle ? @ : (
a_Server8.state = s busy ? 1 : -1 ) );
-- ================== ad_Server8 automata local steps section ==================
local_step_ad_Server8 := (
-- connection s_busy - s_idle
( ( a_Server8.state = s_busy & e r8 ) & ( next(a_Server8.state) = s_idle ) )

)s
next_local step_ad_Server8 := ( local_step_ad_Server8
& a_Serverl.unchanged
& a_Server2.unchanged
& a_Server3.unchanged
& a_Server4d.unchanged
& a_Server5.unchanged
& a_Server6.unchanged
& a_Server7.unchanged
& a_Server9.unchanged
& a_Serverl@.unchanged
)
a_Server9_getCurrentIndex := ( a_Server9.state = s_idle ? @ : (
a_Server9.state = s busy ? 1 : -1 ) );
-- ================== ad_Server9 automata local steps section ==================
local _step_ad_Server9 := (

-- connection s_busy - s_idle
( ( a_Server9.state = s_busy & e_r9 ) & ( next(a_Server9.state) = s_idle ) )

)5
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next local step_ad Server9 := ( local step _ad Server9

a_Serverl.
a_Server2.
a_Servers3.
a_Server4.
a_Server5.
a_Serveré6.
.unchanged
a_Servers.

a_Server7

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

unchanged

20 20 20 Q0 PO RO RO Qo RO

a_Serverl@.unchanged

)s

a_Serverl@_getCurrentIndex := ( a_Serverld.state = s_idle ? @ : (
a_ServerlO.state = s busy ? 1 : -1 ) )

-- ================== ad_Serverl® automata local steps section

local_step_ad_Serverle := (
-- connection s_busy - s_idle
( ( a_Serverlo.state = s_busy & e _r10 ) & ( next(a_Serverl@d.state) = s_idle )

)s

next_local step_ad_Serverl®
& a_Serverl.unchanged
& a_Server2.unchanged
& a_Server3.unchanged
& a_Server4.unchanged
& a_Server5.unchanged
& a_Server6.unchanged
& a_Server7.unchanged
& a_Server8.unchanged
& a_Server9.unchanged

:= ( local_step_ad_Serverilo

synchronized_steps := (
(
e_t2
&
(
-- connection s_busy - s_busy
( a_Serverl.state = s_busy & next(a_Serverl.state)

s_busy )

~ R0~

-- connection s_idle - s_busy
( a_Server2.state = s_idle & next(a_Server2.state)

s_busy )

)
&
&
&
&
&
&
&
&

~ R M

a_Server3.
a_Server4.
a_Server5.
a_Serveré6.
a_Server7.
a_Server8.
a_Server9.

a_Serverl@.unchanged

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged
unchanged



-- connection s_busy
( a_Serverl.state = s_busy & next(a_Serverl.state)

~ 0~

-- connection s_busy
( a_Server2.state = s_busy & next(a_Server2.state)

~ 0~

-- connection s_idle
( a_Server3.state = s_idle & next(a_Server3.state)

)
&
&
&
&
&
&
&

1~ 0~ 1~ 20—

1~ 20~

(

(

a_Server4.
a_Server5.
a_Servere6.
a_Server7.
a_Server8.
a_Server9.

unchanged
unchanged
unchanged
unchanged
unchanged
unchanged

a_Serverle.unchanged

a_Server5.
a_Serveré6.
a_Server7.
a_Server8.
a_Server9.

connection s_busy
( a_Serverl.state = s_busy &

connection s_busy
a_Server2.state = s_busy &

connection s_busy
a_Server3.state = s_busy &

connection s_idle
( a_Serverd.state = s_idle &

unchanged
unchanged
unchanged
unchanged
unchanged

a_Serverl@.unchanged

e_t5

&
(

-- connection s_busy - s_busy

)

- s_busy

- s_busy

- s_busy

- s_busy

- s_busy

- s_busy

- s_busy

next(a_Serverl.state)

next(a_Server2.state)

next(a_Server3.state)

next(a_Server4.state)

( a_Serverl.state = s_busy & next(a_Serverl.state)
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s_busy )

s_busy )

s_busy )

s_busy )

s_busy )

s_busy )

s_busy )

= s_busy )
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&
(

(

1~ 20—

(

1~ 20—

(

1~ 20—

(

connection s_busy - s_busy
a_Server2.state = s_busy &

connection s_busy - s_busy
a_Server3.state = s_busy &

connection s_busy - s_busy
a_Serverd.state = s_busy &

connection s_idle - s_busy
a_Server5.state = s_idle &

Server6.unchanged
Server7.unchanged

Server9.unchanged

)

& a_

& a_

& a_Server8.unchanged
& a_

& a_

Serverl@.unchanged

connection s_busy - s_busy

a_Serverl.state = s_busy &

connection s_busy - s_busy
a_Server2.state = s_busy &

connection s_busy - s_busy
a_Server3.state = s_busy &

connection s_busy - s_busy
a_Server4.state = s_busy &

connection s_busy - s_busy
a_Server5.state = s_busy &

connection s_idle - s_busy
a_Server6.state = s_idle &

next(a_Server2.

next(a_Server3.

next(a_Server4.

next(a_Servers.

next(a_Serverl.

next(a_Server2.

next(a_Server3.

next (a_Server4.

next(a_Servers.

next(a_Server6.

state)

state)

state)

state)

state)

state)

state)

state)

state)

state)

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy



& a_Server7.unchanged
& a_Server8.unchanged
& a_Server9.unchanged
& a_Serverl@.unchanged

e_t7
&
(

-- connection s_busy - s_busy
( a_Serverl.state = s_busy &

1~ Q0 — 1~ Q0 — 1~ Q0 — I~ 20—

1~ 20—

)
&
(

)

& a_Server8.unchanged
& a_Server9.unchanged
& a_Serverl@.unchanged

e_t8
&
(

-- connection s_busy - s_busy

- connection s_busy - s_busy
( a_Server2.state = s_busy &

- connection s_busy - s_busy
( a_Server3.state = s_busy &

- connection s_busy - s_busy
( a_Serverd.state = s_busy &

- connection s_busy - s_busy
( a_Server5.state = s_busy &

- connection s_busy - s_busy
( a_Server6.state = s_busy &

- connection s_idle - s_busy
( a_Server7.state = s_idle &

next(a_Serverl.

next(a_Server2.

next(a_Server3.

next(a_Server4.

next(a_Servers.

next(a_Servere6.

next(a_Server7.

state)

state)

state)

state)

state)

state)

state)

( a_Serverl.state = s_busy & next(a_Serverl.state)

~ 20—

-- connection s_busy - s_busy

( a_Server2.state = s_busy & next(a_Server2.state)

s_busy )

s_busy )

s_busy )

s_busy )

s_busy )

s_busy )

s_busy )

s_busy )

s_busy )
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1~ 20—

- connection s_busy - s_busy
( a_Server3.state = s_busy &

1~ 20—

- connection s_busy - s_busy
( a_Serverd.state = s_busy &

1~ 20—

- connection s_busy - s_busy
( a_Server5.state = s_busy &

1~ 20—

- connection s_busy - s_busy
( a_Server6.state = s_busy &

1~ 20~

- connection s_busy - s_busy
( a_Server7.state = s_busy &

)
&
(

- connection s_idle - s_busy
( a_Server8.state = s_idle &
)

& a_Server9.unchanged

& a_Serverl@.unchanged

-- connection s_busy - s_busy
( a_Serverl.state = s_busy &

1~ R0~

~ 1

connection s_busy - s_busy
a_Server2.state = s_busy &

1~ R0~

~ 1

connection s_busy - s_busy
a_Server3.state = s_busy &

1~ R0~

~ 1

connection s_busy - s_busy
a_Serverd4.state = s_busy &

~ 0~

next(a_Server3.

next(a_Server4.

next(a_Servers.

next(a_Server6.

next(a_Server7.

next(a_Servers.

next(a_Serverl.

next(a_Server2.

next(a_Server3.

next(a_Server4.

state)

state)

state)

state)

state)

state)

state)

state)

state)

state)

s_busy )

s_busy )

s_busy )

s_busy )

s_busy )

s_busy )

s_busy )

s_busy )

s_busy )

s_busy )



(

1~ 20~

(

1~ 20~

(

1~ R0~

(

~ R0~

(
)

connection s_busy
a_Server5.state =

connection s_busy
a_Serveré6.state =

connection s_busy
a_Server7.state =

connection s_busy
a_Server8.state =

connection s_idle
a_Server9.state =

S_

S_

S_

S_

S_

& a_Serverl@.unchanged

e_t1e

&
(

(

1~ 20— 1~ 20— 1~ 20— 1~ 0~ 1~ 0~
~ 1 ~ 1 —~ 1 —~ 1

~
~ 1

connection s_busy
a_Serverl.state =

connection s_busy
a_Server2.state =

connection s_busy
a_Server3.state =

connection s_busy
a_Server4.state =

connection s_busy
a_Server5.state =

connection s_busy
a_Serveré6.state =

S_

S_

S_

S_

S_

S_

s_busy
busy &

s_busy
busy &

s_busy
busy &

s_busy
busy &

s_busy
idle &

s_busy
busy &

s_busy
busy &

s_busy
busy &

s_busy
busy &

s_busy
busy &

s_busy
busy &

next(a_Servers.

next(a_Servere6.

next(a_Server7.

next(a_Servers.

next(a_Server9.

next(a_Serverl.

next(a_Server2.

next(a_Server3.

next(a_Server4.

next(a_Servers.

next(a_Server6.

state)

state)

state)

state)

state)

state)

state)

state)

state)

state)

state)

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy

s_busy
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e_t3 :
e_t4 :
e_t5 :
e_t6 :
e t7 :
e_t8 :

e_t9 :

e_tlo

e r3:
e_r4 :

e r5:

e_r7 :

(

-- connection s_busy
( a_Server7.state =

~ R0~

-- connection s_busy
( a_Server8.state =

~ R0~

-- connection s_busy
( a_Server9.state =

)

-- connection s_idle

& ( a_Serverlo.state

I
—~
=
~
-

S_

S_

S_

s_busy

busy & next(a_Server7.state) = s_busy )
s_busy

busy & next(a_Server8.state) = s_busy )
s_busy

busy & next(a_Server9.state) = s_busy )
s_busy

s_idle & next(a_Serverl@.state) = s_busy )

—============== nb Oper‘a‘tor‘s Section —=================
—============== events Section —=======—==========

:= ( i_lambda > 0 );

( i_lambda > 0 );

( i_lambda > 0 );

( i_lambda > 0 );

( i_lambda > 0 );

( i_lambda > 0 );

( i_lambda > 0 );

( i_lambda > 0 );

( i_lambda > 0 );

:= ( i_lambda > 0 );

(imu>o0);

(imu >0 );

(imu>o0);

(imu >0 );

(imu>o0);

(imu>o0);

(imu>0);
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er8 :=(imu>®0);

e ro :

(imu>0);

erlo := (imu>0);



