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0 Introducgéo
@ O Projeto MPA

@ MPA e Lua
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Automacéao e Controle de Processos Industriais

Controle Avancado

- Automagao de tarefas rotineiras

- Diagnéstico de cenarios previstos
- Otimizagéo de processos

- Auxilio em emergéncias

Supervisao

- Atuagao de um operador humano
capaz de tomar decisbes em
situagdes emergenciais.

PLC - Programmable Logic Controller

- Intertravamento de seguranca
- Fungdes basicas de operagao

Equipamentos

- Atuagao e sensoriamento do processo
- Operagdes basicas de seguranca
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Histoérico

@ Desenvolvido pelo CENPES na plataforma Gensym G2.

@ Modulo de Partida Assistida de uma plataforma de extracao de
petroleo.

| A\

Tecgraf/PUC-Rio

@ Generalizacado para ser adaptado para diferentes plataformas de
extraga@o de petréleo e ser programavel através de uma
linguagem visual.

@ Independéncia da plataforma Gensym G2.
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Configuracao da Planta
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CMP-01_P2
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CMP-01_P3

SCADA CMP-01_P3_CMD-ABR.F_CY
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CMP-02_P1

SCADA, CMP-02_P1_CMD-ABR.F_CY
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SCADA.CMP-03_P1_CMD-FCH F_CY

CMP-03_P2

SCADA CMP-03_PZ_CMD-ABR.F_CY

SCADA,CMP-03_PZ_CMD-FCH.F_CY

CMP-03_P3

SCADA, CMP-03_P3_CMD-ABR.F_CY

SCADA, CMP-03_P3_CMD-FCH.F_CY

CMP-04_P1

SCADA CMP-04_P1_CMD-ABR.F_CY
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SCADA CMP-04_PZ_CMD-ABR.F_CY

SCADA,CMP-04_PZ_CMD-FCH.F_CY

CMP-D4_P3

SCADA, CMP-04_P3_CMD-ABR.F_CY

SCADA,.CMP-04_P3_CMD-FCH.F_CY

CMP-0S_P1

SCADA CMP-05_P1_CMD-ABR.F_CY

SCADA,CMP-05_P1_CMD-FCH.F_CY

CMP-05_P2

SCADA, CMP-05_P2_CMD-ABR.F_CY

SCADA,CMP-05_PZ2_CMD-FCH F_CY
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Configuracao de Fluxos
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Motivacdo para uso de Lua

Portabilidade

@ As plataformas em operagao usam versoes antigas de VMS.
@ Algumas refinarias utilizam sistemas Microsoft Windows.

v

Extensibilidade

@ O desenvolvedor deve ser capaz de incorporar novas
funcionalidades de acordo com as diferentes necessidades dos
ambientes de automacao.

V.

Manipulagéo de Dados

@ O MPA deve manipular diferentes descricoes do processo.

e Equipamentos que compdem o ambiente de automagéo.
e Procedimentos de automacéo.
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e Servidor de Execugéo
@ Modelo de Execucéao
@ Multithreading Cooperativo

\
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Recursao de Cauda e Maquinas de Estados

function Command:run ()

self.action () — =10

if self.next then
return self.next:run()

end
end Y

function Choice:run()

if self.action() then c=rc+1

R "\\U.'
if self.yes then
return self.yes:run()
end
else
if self.no then
return self.no:run()
end W
end

end

Init = Command{ action function() ¢ = 0 end }
Incr = Command{ action = function() c =c + 1 end }
Test = Choice{ action = function() return c < 10"5 end }

Init.next = Incr; Incr.next = Test; Test.yes = Incr
Init:run()
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Escalonador de Co-Rotinas
Pronto para
execucao
@ Cada co-rotina

representa uma @ @ @

thread

@ O escalonador é Espera por
A tempo
responsavel por

restaurar a
execucao de

cada co-rotina.
Espera por outros
eventos (e.g. E/S) ,{
\
Ay
\U/
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Escalonador de Co-Rotinas
=
Cada co-rotina na

fila de prontas tem ® ® 0O

sua execucao
Espera por
restaurada uma vez, tempo
em sequéncia até o
final da fila.
Espera por outros
eventos (e.g. E/S) ,{\
A
\U/

Pronto para
execucao
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Escalonador de Co-Rotinas
=
Pronto para
execucao

Durante sua

execucao, a ® @ O
co-rotina pode
. Espera por
registrar outras tempo
co-rotinas para
execucao.
? ?
Espera por outros
eventos (e.g. E/S) J\
hENLEN Al
\v/
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Escalonador de Co-Rotinas
-»

As co-rotinas podem ’ ® @ O

suspender sua \
€eXecugao por um -
dado tempo.

Espera por outros
eventos (e.g. E/S) ,{\
AN
\U/

Pronto para
execucao

Espera por
tempo
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Escalonador de Co-Rotinas

-

Pronto para
execugao
Ou ainda esperar / ® ® 0
por um evento como / £
. s / spera por
a disponibilidade de ; tempo
um dado solicitado. | ‘
\ Espera por outros
eventos (e.g. E/S)
A
Tecgraf
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Escalonador de Co-Rotinas
Apos a execugéo /‘/ ﬁﬁ\ﬁ\ﬁ\

das co-rotinas

prontas, o ® 0O O

escalonador move
para o inicio da fila
de pronta todas as

co-rotinas cuja
espera por tempo

tenha estourado.
Espera por outros
eventos (e.g. E/S)
A

Pronto para
execucao

Espera por
tempo
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Escalonador de Co-Rotinas

} Pronto para
Antes de iniciar mais / execugdo
um ciclo de /‘

execugao, o [ ® ® 0O

escalonador verifica

se algum evento Espera por
tempo

ocorreu € move as

co-rotinas em espera
para o inicio da fila

de prontas.
Espera por outros
eventos (e.g. E/S)
-
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Escalonadores Aninhados

4
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@ Permite priorizar a
execucao das
co-rotinas dos fluxos. Tratador de

requisicéo de
o FaCiIita a Enviode UM cliente
- - mensagens de
suspensao/restauragdo  monioramento
da execucao dos fluxos
para implementar
pontos de quebra

(break points).

&

Escalonador
aninhado de
fluxos MPA
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Co-rotinas do servidor
aguardando eventos /{\
dos clientes \U‘D

e-mail (mpa MPA — Lua Workshop 2009 5 de outubro de 2009 27 /100


mailto:mpa@tecgraf.puc-rio.br

Q Interface de Desenvolvimento
@ O Modelo Vix
@ Serializacio de Dados
@ Undo & Redo

\
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Implementacéo da Interface de Desenvolvimento

@ Antes: logica e GUI em Lua, e editor de fluxo em C++.
@ Agora: 100% Lua:
e Evitar complexidades do alto acoplamento de partes em Lua e
C++.
e Usar reflexdo computacional de Lua na implementacéo do Vix.
e Usar coleta de lixo de Lua para minimizar vazamento de memodria.

\
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O Modelo Vix e Chamadas Dinamicas

// Processamento de uma mensagem
struct MoveCommitMsg : public VixMessage {
VixCollection = objs;

int x, y;
static const charx const Msgld() {
return "MoveCommitMsg";

const charx const GetMessageld() {
return MoveCommitMsg:: Msgld ();

MoveCommitMsg ( VixCollection xoc,
objs = oc; x = dx; y = dy;
}

Iy
short int Box::MsgHandlerVO(VixMessage *msg) {
if (msg—>Getld () == MoveCommitMsg:: Msgld())
return MoveCommit ((MoveCommitMsg=)msg) ;
else if (msg—Getld() == MoveFeedbackMsg::Msgld())

int dx, int dy) {

return MSG_NOT_PROCESSED:
}
short int Box::MoveCommit(MoveCommitMsg =m) {

return MSG PROCESSED;
}
// Envio de uma mensagem

MoveCommitMsg move(objects, dx, dy);
move.SendVO(dest);

a Workshop 2009

— Processamento de uma mensagem
function Box:MoveCommit(objs ,dx,dy)

return true
end

— Envio de uma mensagem
dest:inMoveCommit(objs, dx, dy)

\
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O Modelo Vix e Chamadas Dinamicas

// Processamento de uma mensagem
struct MoveCommitMsg : public VixMessage {
VixCollection =* objs;
int x, y;
static const charx const Msgld() {
return "MoveCommitMsg";

const charx const GetMessageld() {
return MoveCommitMsg :: Msgld () ;

MoveCommitMsg ( VixCollection *oc, int dx, int dy) {
objs = oc; x = dx; y = dy;
}

b
short int Box::MsgHandlerVO(VixMessage *msg) {
if (msg—Getld () == MoveCommitMsg :: Msgld ())
return MoveCommit ((MoveCommitMsg)msg) ;
else if (msg—Getld () == MoveFeedbackMsg:: Msgld())

— Processamento de uma mensagem
function Box:MoveCommit(objs ,dx,dy)

llél'urn true
end
— Envio de uma mensagem
dest:inMoveCommit(objs, dx, dy)
return MSG _NOT_PROCESSED;

}
short int Box::MoveCommit(MoveCommitMsg =m) {

return MSG PROCESSED;
}

// Envio de uma mensagem ’(‘\l\
MoveCommitMsg move (objects , dx, dy); \\7/

move.SendVO(dest); Tecgraf
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Persisténcia dos Projetos

— Dados — Campos Persistentes
Command = { CommandFields = {
xmin = 5242, {id = "auto descr/pnon , type = "BOOLEAN"},
ymin = 5254, {id = "xmin", type = "REAL"},
xmax = 5989, {id = "ymin", type = "REAL"},
ymax = 5326, {id = ”xmax", type = "REAL"},
action = { {id = "ymax", type = "REAL"},
_switch = "FUNCTIONCALL", {id = "action", switch = "_switch",
expressions = { "a", "b+c", "123" }, {id = "_switch", type = "STRING"},
variable = { "res" }, {id = "expressions", type = "STRING", list
functionid = "calcMean", {id = "variables", type = "STRING", list =
Y, FUNCTIONCALL = {
errorlist = { {id = "functionid", type = "STRING"},
"unknown function, got ’'calcMean’", b,
} FLOWCALL = {
} {id = "flowid", type = "STRING"},
{id = "operation", type = "STRING"},
— Operacoes b,
CommandMethods = { OBJECTCALL = {
Repaint = function(self) {id = "classid", type = "STRING"},
{id = "objname", type = "STRING"},
end, {id = "member", type = "STRING"},
Move = function(self, dx, dy) {id = "operation", type = "STRING"},
1,
end, 1,
Reshape = function(self, point, dx, dy) } ,{_\r\
end, Tecgrat
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Undo & Redo

function Movement: Complete (device)

local x1,y1, x2,y2 = self:GetTwoPoints ()

local dx = x2—x1

local dy = y2—y1

dx = math.max(self.xmin, math.min(dx, self.xmax))
dy = math.max(self.ymin, math.min(dy, self.ymax))

self.tool :inMoveCommit(self.objects, device, dx, dy, self.box)
end

function Annotation:Move(device, dx, dy, vertex)

if vertex == true then
return Polyline .Move(self, device, dx, dy, vertex)
else — movimentacao de uma aresta

local x, y = self.x, self.y
local next = vertex % #x + 1

x[vertex] = x[vertex]+dx
y[vertex] = y[vertex]+dy
x[next] = x[next]+dx
y[next] = y[next]+dy
self :ResetVertexes(device)
end
end

\
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Undo & Redo

function Movement: Complete (device)
local x1,y1, x2,y2 = self:GetTwoPoints ()
local dx = x2—x1
local dy = y2—y1
dx = math.max(self.xmin, math.min(dx, self.xmax))
dy = math.max(self.ymin, math.min(dy, self.ymax))
UserActions :begin ( "Movimentar selegdo")
self.tool :inMoveCommit(self.objects, device, dx, dy, self.box)
UserActions :commit ()
end

function Annotation:Move(device, dx, dy, vertex)

if vertex == true then
return Polyline .Move(self, device, dx, dy, vertex)
else — movimentacao de uma aresta

local x, y = self.x, self.y
local next = vertex % #x + 1
UserActions : doit{

redo = function(self)

x[vertex] = x[vertex]+dx
y[vertex] = y[vertex]+dy
x[next] = x[next]+dx
y[next] = y[next]+dy
end,
undo = function(self)
x[vertex] = x[vertex]—dx
y[vertex] = y[vertex]—dy
x[next] = x[next]—dx ,{_\r\
y[next] = y[next]—dy \U/
end,

Tecgraf

self:ResetVertexes(device)
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e Comentarios Finais

\
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Onde Lua Ajudou?

Recursdo de Cauda
@ Implementacao dos fluxos como maquinas de estado.

Co-Rotinas
@ Implementagéo de multithreading cooperativo.

Reflexdo Computacional
@ Implementag&o do modelo Vix.
@ Implementacdo da serializac&o de projetos.

Fechos de Funcao
@ Implementagéo do recurso de Undo&Redo.

Tecgraf
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Obrigado!

Equipe MPA

mpa@tecgraf.puc-rio.br

\
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Co-Rotinas e Multithreading Cooperativo

function control (room)
local ¢ =0
while true do
if not bridge:read(room.presence) then
c=c¢c+ 1
if ¢ > 3 then
c=20
bridge : write (room. light , false)
scheduler :suspend(10)
else
scheduler:suspend(1)
end
else
c=0
scheduler :suspend(3)
end
end
end

scheduler:register(coroutine.create (function ()
for _, room in ipairs(rooms) do !
v

scheduler:start (control, room)
end
end))
scheduler:run()
i
—[\
Tecgg:gg
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Co-Rotinas e Multithreading Cooperativo

function control (room) thread principal <;+
local ¢ =0
while true do
if not bridge:read(room.presence) then
c=c¢c+ 1
if ¢ > 3 then
c=20
bridge : write (room. light , false)
scheduler :suspend(10)
else
scheduler:suspend(1)
end
else
c=0
scheduler :suspend(3)
end
end
end

scheduler:register(coroutine.create (function () i
for _, room in ipairs (rooms) do ‘
scheduler:start(control, room) 1
end
\4

end))

scheduler:run ()

\
4
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Co-Rotinas e Multithreading Cooperativo

function control (room) thread principal _
local c = 0 inicia nova thread’ sta
while true do '
if not bridge:read(room.presence) then !
c=c+ 1 1
if ¢ >3 then |
c=0 1
bridge : write (room. light , false)
scheduler :suspend(10)
else
scheduler:suspend(1)
end
else
c=0
scheduler :suspend(3)
end
end
end

scheduler:register(coroutine.create (function ()

for _, room in ipairs (rooms) do

scheduler:start(control, room)
end
end))

scheduler:run()

\
4
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Co-Rotinas e Multithreading Cooperativo

function control (room) thread principal _
local c = 0 inicia nova thread’ sta controle da sala 1
while true do '
if not bridge:read(room.presence) then !
c=c+ 1 1
if ¢ >3 then |
c=0 1
bridge : write (room. light , false)
scheduler :suspend(10)
else
scheduler:suspend(1)
end
else
c=0
scheduler :suspend(3)
end
end
end

scheduler:register(coroutine.create (function ()

for _, room in ipairs (rooms) do

scheduler:start(control, room)
end
end))

scheduler:run()

\
4
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Co-Rotinas e Multithreading Cooperativo

function control (room) thread principal _
local ¢ =0 inicia nova thread star controle da sala 1
while true do 3 read 1& 'room.presence'
if not bridge :read(room.presence) then ! ' -
c=c+ 1 !
if ¢ >3 then 1
c=20 Y

bridge : write (room. light , false)
scheduler :suspend(10)
else
scheduler:suspend(1)
end
else
c=0
scheduler :suspend(3)
end
end
end

scheduler:register(coroutine.create (function ()

for _, room in ipairs(rooms) do
end
end))
scheduler:run()
i
\v"f}
Tecgﬁcang

scheduler:start(control, room) |
v
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Co-Rotinas e Multithreading Cooperativo

function control (room) thread principal
local c = 0 inicia nova ihread' start controle da sala 1
while true do read
if not bridge:read(room.presence) then ¥ 1 roompresence
c=c¢c+ 1
if ¢ >3 then |
c=0 1
bridge : write (room. light , false)
scheduler :suspend(10)
else
scheduler:suspend(1)
end
else
c=0
scheduler :suspend(3)
end
end
end

inicia nova thread stai

scheduler:register(coroutine.create (function () i
for _, room in ipairs (rooms) do |
scheduler:start(control, room) 1
end
end)) ;
\4

scheduler:run()

A
-~

\U/
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Co-Rotinas e Multithreading Cooperativo

function control (room) thread principal
local c = 0 inicia nova ihread' start controle da sala 1
while true do read
if not bridge:read(room.presence) then ¥ ¢ roompresence
c=c¢c+ 1 inicia nova thread stal controle da sala 2
if ¢ >3 then |
c=0 1
bridge : write (room. light , false)
scheduler :suspend(10)
else
scheduler:suspend(1)
end
else
c=0
scheduler :suspend(3)
end
end
end

scheduler:register(coroutine.create (function () i
for _, room in ipairs (rooms) do |
scheduler:start(control, room) 1
end
end)) ;
\4

scheduler:run()

A
-~

\U/
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thread principal

inicia nova thread' start controle da sala 1

ad 1é 'room.presence’
inicia nova thread stai controle da sala 2
= N
c=c¢+ 1 ' A
if ¢ > 3 then | read 1& 'room.presence'
c=0 v

bridge : write (room. light , false)
scheduler :suspend(10)
else
scheduler :suspend (1)
end
else
c=0
scheduler :suspend(3)
end
end
end

scheduler:register(coroutine.create (function ()

for _, room in ipairs(rooms) do
scheduler:start(control, room)
end
scheduler:run()

end)) ‘
y
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function control (room) thread principal
local c = 0 inicia nova ihread' start controle da sala 1
while true do
if not bridge:read(room.presence) then
c=c¢c+ 1 inicia nova thread stal controle da sala 2
if ¢ > 3 then P
c=20 termina' end
bridge : write (room. light , false)
scheduler :suspend(10)
else
scheduler:suspend(1)
end
else
c=0
scheduler :suspend(3)
end
end
end

read & 'room presence’

read 18 'room.presence’

scheduler:register(coroutine.create (function ()

end)) ‘
y

for _, room in ipairs(rooms) do
scheduler:start(control, room)
end
scheduler:run()
i
\v—f}
Tecgg:gg
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function control (room) thread principal
local ¢ = 0 inicia nova ihread' start controle da sala 1
while true do read
. N & 'room presence’
if not bridge:read(room.presence) then
inicia nova thread stal controle da sala 2
c=c+ 1 ]
if ¢ > 3 then H read 1& 'room.presence’

|
c=20 termina' end

brldge ‘write (room. llght ’ false) faz a leitura dos pontos ‘presence’
scheduler :suspend(10)
else
scheduler:suspend(1)
end
else
c=0
scheduler :suspend(3)
end
end
end

scheduler:register(coroutine.create (function ()

for _, room in ipairs(rooms) do

scheduler:start(control, room)
end
end))

scheduler:run ()

A
-~

\U/
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function control (room) thread principal
local ¢ = 0 inicia nova ihread' start controle da sala 1
wh_l le true .dO read | I& ‘room.presence'
if not bridge:read(room.presence) then
inicia nova thread stal controle da sala 2
c=c¢+ 1 >
if ¢ > 3 then | read 18 'room.presence’

R
c=20 Iermina' end
brldge ‘write (room. llght ’ false) faz a leitura dos pontos ‘presence’
scheduler :suspend(10)

else
scheduler:suspend(1)

end

else
c=0
scheduler :suspend(3)

end

end
end

i
|
|
:
—> |

suspend __ suspende por 3 segundos

scheduler:register(coroutine.create (function ()

for _, room in ipairs(rooms) do

scheduler:start(control, room)
end
end))

scheduler:run()

A
-~
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function control (room) thread principal <;+
local c = 0 inicia nova thread' start controle da sala 1
while true do ' y
| read 1é 'room.presence’

if not bridge:read(room.presence) then
controle da sala 2

inicia nova thread stai |

| read i 18 'room.presence’
c=20 termina l end i i
bridge : write (room. light , false) ; P
y . ’ faz a leitura dos pontos ‘presence’ |
scheduler :suspend(10) > |
suspend uspende por 3 segundos
) spend suspende por 1 segundo
end
else
c=0
scheduler :suspend(3)
end
end
end

scheduler:register(coroutine.create (function ()

scheduler:run() :
¥

for _, room in ipairs(rooms) do
scheduler:start(control, room)
end
end))
i
\6\/
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function control (room) thread principal
local c =0 inicia nova thread' start controle da sala 1
wh_lle true .dO read & ‘room.presence’
if not bridge:read(room.presence) then
inicia nova thread star controle da sala 2
c=c¢+ 1 >
if ¢ > 3 then | read 1& 'room.presence’
N "
c=0 termina' end |
bridge : write (room. light , false) faz a leitura dos pontos presence’ i
scheduler :suspend(10) '
else suspend suspende por 3 segundos
scheduler:suspend (1) ispend suspende por 1 segundo
end apos 1 segundo i
else
c=0
scheduler :suspend(3)
end
end

end

scheduler:register(coroutine.create (function ()

for _, room in ipairs(rooms) do
scheduler:start(control, room)
end
end))
,{\
\v—f}
Tecgg:gg
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1
'
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1
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'
1
'
'
:
'
'
'
|
'
'
|
'
'
|
'
'
;
'
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|
'
'
1
'
'
1
'
'
|
'
'
1
'
'
1
|

A
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function control(room) thread principal
local c = 0 inicia nova thread' start controle da sala 1

_ - .
inicia nova thread

c=¢+ 1 controle da sala 2

if ¢ > 3 then - & 'room.presence’

c=20 terminal end

bridge : write (room. light , false)
scheduler :suspend(10)

T
]
|
1
1
1
suspend
else _susp suspende por 3 segundos
scheduler :suspend (1) | suspend suspende por 1 segundo

faz a leitura dos pontos 'presence’ N

end ap6s 1 segundo | |
else read 1& 'room.presence'
c=0
scheduler :suspend(3)
end
end

end

scheduler:register(coroutine.create (function ()

for _, room in ipairs(rooms) do

scheduler:start(control, room)
end
end))

scheduler:run()
J+

1
i
i
'
i
i
i
'
i
i
1
i
i
1
i
i
i
'
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function control (room) thread principal
Io&_:al c=0 inicia nova thread' start controle da sala 1
wh_lle true .dO read & ‘room.presence’
if not bridge:read(room.presence) then ¥
inicia nova thread’ - start controle da sala 2
c=c¢c+ 1
if ¢ > 3 then 1é 'room.presence’

c=20 termina' end

bridge : write (room. light , false)
scheduler :suspend(10)

i
i
|
|
|
;
else suspend " suspende por 3 segundos
scheduler:suspend (1) . suspend isuspendepon segundo

faz a leitura dos pontos ‘presence’ N

end apos 1 segundo :*> !
else read 1& 'room.presence’
c=0
scheduler :suspend (3) faz a leitura do ponto 'presence’
end
end
end

scheduler:register(coroutine.create (function ()

for _, room in ipairs(rooms) do

scheduler:start(control, room)
end
end))

scheduler:run ()

4
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function control (room) thread principal

local c = 0 inicia nova thread' start controle da sala 1
while true do '
read |é 'room.presence’

if not bridge:read(room.presence) then '

inicia nova thread st

controle da sala 2

| read

< N
c=20 terminal end i

bridge : write (room. light , false)

1é 'room.presence’

faz a leitura dos pontos 'presence’

suspende por 1 segundo

I
i
'
i
scheduler :suspend(10) ) 1
suspend uspende por 3 segundos
§£spend i i

end apos 1 segundo | ol
else 0 read : 1& 'room.presence'
Cc = 1 i
scheduler:suspend(3) faz a leitura do ponto 'presence’ : H
end . guspend | ' suspende por 1 segundo
end ! Lo
end ! L
i 1
scheduler:register(coroutine.create (function () | b
for _, room in ipairs(rooms) do ! Pl
scheduler:start(control, room) 1 o
end ! [
end)) : -
[
scheduler:run() i [
: P A
1 - 7
\ I Tecgraf
v Vv
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function control (room) thread principal
Io&_:al c=0 inicia nova thread' start controle da sala 1
wh_lle true .dO read & ‘room.presence’
if not bridge:read(room.presence) then ¥
inicia nova thread’ - start controle da sala 2
c=c¢c+ 1
if ¢ > 3 then 1é 'room.presence’

c=20 termina' end

bridge : write (room. light , false)
scheduler :suspend(10)

else suspend " suspende por 3 segundos
scheduler:suspend (1) . suspend isuspendepon segundo

faz a leitura dos pontos ‘presence’ N

end apos 1 segundo : -
else read 1& 'room.presence’
c=0 : \ . :
scheduler :suspend(a) faz a leitura do ponto 'presence’ >
end ispend suspende por 1 segundo
end apbs 1 segundo

end

scheduler:register(coroutine.create (function ()

for _, room in ipairs(rooms) do

scheduler:start(control, room)
end
end))

scheduler:run ()

A
-~
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function control (room) thread principal
local ¢ = 0 inicia nova thread' start controle da sala 1
_ o W room e
inicia nova thread star controle da sala 2
= —
C=2¢C+ 1 ' oad N ‘
if ¢ > 3 then | : 1é 'room.presence'
c=0 terminal end |
bridge : write (room. light , false) faz a leitura dos pontos presence’ i
scheduler :suspend(10) '
else _suspend __ suspende por 3 segundos
scheduler :suspend (1) . M‘suspendepon segundo
end apos 1 segundo ! e |
else 0 read 1& 'room.presence'
c = i
scheduler:suspend(a) faz a leitura do ponto 'presence’ H
end  guspend suspende por 1 segundo
"
end apos 1 segundo | !
end : read 16 'room.presence’
i i
scheduler:register(coroutine.create (function () | 1
for _, room in ipairs(rooms) do | !
scheduler:start(control, room) ' ;
i 1
end | !
end)) | ;
i 1
i |
scheduler:run () ' !
i 1
1 |
: i A
1 |
1 1
| ! Tecgraf
: 1
v \2
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function control (room) thread principal
Io&_:al c=0 inicia nova thread' start controle da sala 1
wh_lle true .dO read & ‘room.presence’
if not bridge:read(room.presence) then ¥
inicia nova thread’ - start controle da sala 2
c=c¢c+ 1
if ¢ > 3 then 1é 'room.presence’

c=20 termina' end

bridge : write (room. light , false)
scheduler :suspend(10)

i
i
|
|
|
;
else suspend " suspende por 3 segundos
scheduler:suspend (1) . suspend isuspendepon segundo

faz a leitura dos pontos ‘presence’ N

end apos 1 segundo ! e
else read 1& 'room.presence’
c=0 i

cheduler 'Suspend (3) faz a leitura do ponto 'presence’ !

S : l
end ispend suspende por 1 segundo
I

end apés1segundo | 4
end read 16 'room.presence’
P 4 !
scheduler:register (coroutine. create (function () fazaleitera doponio fpresence’ | '
for _, room in ipairs(rooms) do : 1
scheduler:start(control, room) ; !
' |
end i |
end)) | ;
' ;
' |
scheduler:run () i |
' :
: '
3 | i
i i >
' |
: '
3 3 Tecgraf
' :
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function control (room) thread principal

local c = 0 inicia nova thread' start controle da sala 1
while true do '
read |é 'room.presence’

if not bridge:read(room.presence) then '

5 o Controle da sala 2

inicia nova thread stal

| read

< N
c=20 terminal end i

bridge : write (room. light , false)

1é 'room.presence’

faz a leitura dos pontos 'presence’

suspende por 1 segundo

I
i
'
i
scheduler :suspend(10) ) 1
suspend uspende por 3 segundos
§£spend i i

end apos 1 segundo : e
else 0 read : 1& 'room.presence'
c = P
scheduler:suspend(3) faz a leitura do ponto 'presence’ 4?»‘
end spend | suspende por 1 segundo
end apés1segundo | 4
end rgad i ' 16 'room.presence’
L
scheduler:register (coroutine . create (function () fazaleiuradopontopresence’ .,
for _, room in ipairs (rooms) do iLP—JS end | jsuspende por 1 segundo
scheduler:start(control, room)
end
end))

scheduler:run()

A
-~

\v/
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function control (room) thread principal
Io&_:al c=0 inicia nova thread' start controle da sala 1
wh_lle true .dO read & ‘room.presence’
if not bridge:read(room.presence) then ¥
inicia nova thread’ - start controle da sala 2
c=c¢c+ 1
if ¢ > 3 then 1é 'room.presence’

c=20 termina' end

bridge : write (room. light , false)
scheduler :suspend(10)

i
i
|
|
|
|
else suspend " suspende por 3 segundos
scheduler:suspend (1) . suspend isuspendepon segundo

faz a leitura dos pontos ‘presence’ N

end apos 1 segundo : -
else read 1& 'room.presence’
c=0 ; . . |
scheduler :suspend (3) faz a leitura do ponto 'presence’ >
end ispend suspende por 1 segundo
' '
end apés1segundo | 4
end read 16 'room.presence’
P 4 !
scheduler:register (coroutine .create (function () fazaleitadopontopresence’ =, J
for _, room in ipairs (rooms) do 3“—9—'5 end jsuspende por 1 segundo
scheduler:start(control, room) apos 1 segundo | i
| '
end i |
end)) :
!
| '
| ;
scheduler:run () | :
| :
' !
| 3 ,{-,\\
| !
i i
; 3 Tecgraf
| '
v \2
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function control (room) thread principal

local c = 0 inicia nova thread' start controle da sala 1

while true do

; read .. |é 'room.presence’
if not bridge :read(room.presence) then
inicia nova thread’ - start controle da sala 2
c=c¢+ 1
if ¢ > 3 then 1é 'room.presence’

c=20 termina' end

bridge : write (room. light , false)
scheduler :suspend(10)

i
i
|
|
|
|
else suspend " suspende por 3 segundos
scheduler:suspend (1) . suspend isuspendepon segundo

faz a leitura dos pontos ‘presence’ N

end apos 1 segundo : -
else read 1& 'room.presence’
c=0 : \ . :
scheduler :suspend (3) faz a leitura do ponto 'presence’ >
end ‘ spend 8 suspende por 1 segundo
end apés1segundo | 4
end read 16 'room.presence’

scheduler:register (coroutine.create (function () fazaletuadoponto’presence’ ., L

for _, room in ipairs(rooms) do | guspend 'suspendepomsegundo

scheduler:start(control, room) apos 1 segundo |
end

oo read 16 foom.presence’
scheduler:run()
i

\v—f}
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function control (room) thread principal
inicia nova thread ' start controle da sala 1
read .. |é 'room.presence’
inicia nova thread star .5 _ controle da sala 2
| read 1é 'room.presence'
N i
termina l end 1
. R . i
bridge : write (room. light , false) faz a leitura dos pontos presence’ i
scheduler :suspend(10) suspend b ande por @ ’
else I suspende por 3 segundos
scheduler :suspend (1) ‘M‘)suspendeponsagundo
end apos 1 segundo : - |
else read 1& 'room.presence'
c=0 : \ . :
scheduler: Suspend (3) faz a leitura do ponto 'presence’
end spend suspende por 1 segundo
1 I
end apos 1 segundo | !
end read 16 'room.presence’

scheduler:register (coroutine .create (function () fazaleitadopontopresence’ =, J

for _, room in ipairs(rooms) do | guspend 'suspendepumsegundo

enscheduler.start(control, room) apés 1 segundo | '
] |

end)) _read 6 'toom presence’
read 1& 'room.presence'
scheduler:run()
n
\v/
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function control (room) thread principal

local c = 0 inicia nova thread' start controle da sala 1

while true do

read .. |é 'room.presence’
if not bridge:read(room.presence) then
c=c+ 1 inicia nova thread controle da sala 2
if ¢ > 3 then : 1é 'room.presence’
c=0 termina ' end |
. R . i
bridge :write (room.light , false) faz a leitura dos pontos presence’ i
scheduler :suspend(10) suspend b ande por @ ’
U ispende por 3 segundos
else s
scheduler:suspend (1) ‘Misuspendeponsegundo
end apos 1 segundo ! - |
else 0 read 1é 'room.presence’
Cc = i
scheduler:suspend(3) faz a leitura do ponto 'presence’ ‘
end ispend suspende por 1 segundo
1 I
end apos 1 segundo | !
end read 1é 'room.presence’

scheduler:register (coroutine.create (function () fazaletuadoponto’presence’ ., L

for _, room in ipairs(rooms) do | guspend 'suspendepomsegundo

scheduler:start(control, room) apos 1 segundo | :
> :

end
read é 'toom.presence'
end)) S gome
read 1é 'room.presence'
scheduler:run ( ) faz a leitura dos pontos 'presence"

\
4
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i
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function control (room) thread principal

local c = 0 inicia nova thread' start controle da sala 1

while true do

read .. |é 'room.presence’
if not bridge:read(room.presence) then
inicia nova thread’ controle da sala 2
c=c¢c+ 1
if ¢ > 3 then 1é 'room.presence’

c=0 termina' end 3
bridge : write (room. light , false) taz & loitura dos : , !

: pontos 'presence |
scheduler :suspend(10) — > ‘

else suspend " suspende por 3 segundos
scheduler:suspend (1) . suspend suspende por 1 segundo

end apos 1 segundo : -
else read 1& 'room.presence'
c=0 faz & loltura \ . :
scheduler : suspend (3) az a leitura do ponto 'presence’ .
end ‘ spend 8 suspende por 1 segundo
end apés1segundo | 4
end read 16 'room.presence’

scheduler:register (coroutine.create (function () fazaletuadoponto’presence’ ., L

for _, room in ipairs(rooms) do . suspend suspende por 1 segundo
. '
Zcheduler.start(control , room) apbs 1 segundo | :
enzr)\) read 5 ‘foom.presence’
read 1é 'room.presence'
scheduler:run() faz a leitura dos pontos ‘presence’

|
1
suspend | suspende por 3 segundos ,{\

I
I
'
'
I
'
'
I
!
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function control (room)
local ¢ =0
while true do
if not bridge:read(room.presence) then

scheduler :suspend(10)
else

scheduler :suspend (1)
end

else
c=0
scheduler :suspend(3)
end
end
end

scheduler:register(coroutine.create (function ()

for _, room in ipairs(rooms) do
scheduler:start(control, room)
end
end))

scheduler:run()

a Workshop 2009

thread principal

<;+
inicia nova thread' start controle da sala 1
| read ' |é 'room.presence’

'
inicia nova thread stal ! controle da sala 2

N
| read ! 1& 'room.presence’
; X
termina lﬂ’ 1
faz a leitura dos pontos 'presence’ >

i
I
1
1
i
'
suspend ' suspende por 3 segundos
§£spend ' i suspende por 1 segundo
[

apos 1 segundo ! 4>
rgad . l\é 'room.presence’

—
suspend | ' suspende por 1 segundo
—

apbs 1 segundo | i H

*‘>'
read ' 16 'room.presence’

—
. iysgend i 'suspende por 1 segundo

apos 1 segundo | |

faz a leitura do ponto 'presence’

faz a leitura do ponto 'presence’

faz a leitura dos pontos 'presence’ |

i
suspend __ suspende por 3 segundos \
wiite ‘ escreve false' em 'roodJight ~
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function control (room)
local c = 0
while true do

thread principal

inicia nova thread' start controle da sala 1

] C read .. |é 'room.presence’
if not bridge:read(room.presence) then ¥
inicia nova thread’ - start controle da sala 2
c=c¢c+ 1
if ¢ > 3 then 1& 'room.presence’
c=0 termina'%
bridge : write (room. light , false) faz a leitura dos pontos presence’

scheduler :suspend(10)
else
scheduler:suspend(1)
end
else
c=0
scheduler :suspend(3)
end
end
end

scheduler:register (coroutine.create (function () fazaletuadoponto’presence’ ., L

for _, room in ipairs(rooms) do
scheduler:start(control, room)
end
end))

scheduler:run ()

I
i
i
i
i
i
suspend " suspende por 3 segundos
) §gspend i suspende por 1 segundo
apos 1 segundo ! > |

read 1é 'room.presence’
faz aleitura do ponto 'presence’ | :
: iyspend l suspende por 1 segundo
apos 1 segundo oy 1
read 1é 'room.presence’

. §ysgend ' suspende por 1 segundo

i i
apos 1 segundo | !

read 5 ‘foom.presence’
read 1é 'room.presence’

faz a leitura dos pontos 'presence’

I
> !
suspend | suspende por 3 segundos \
wiite i escreve false' em 'roodJight ~
faz a escrita do ponto light' |
| | Tecgraf
! e
i '
i i
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a Workshop 2009 bro de 2009 96 /100


mailto:mpa@tecgraf.puc-rio.br

Co-Rotinas e Multithreading Cooperativo

function control (room) thread principal

local c = 0 inicia nova thread' start controle da sala 1

while true do

. N read . 1& 'room.presence’
if not bridge:read(room.presence) then
inicia nova thread star |, _ controle da sala 2
c=c¢c+ 1
if ¢ > 3 then | read 1& 'room.presence’

-
c=0 termina' end

bridge : write (room. light , false) faz a leitura dos pontos presence’

i
j
]
|
| scheduler:suspend(10) | ‘
else suspend " suspende por 3 segundos
scheduler :suspend(1) ‘MSUSPEHdepOHSegundo

end apos 1 segundo : -
else read 1& 'room.presence’
gc;e%uler :suspend (3) faz a leitura do ponto 'presence" > :
end : iyspend " suspende por 1 segundo
end apés1segundo | 4
end read 16 'room.presence’
scheduler:register (coroutine . create (function () fazaleituradoponto presence’ . J
for _, room in ipairs (rooms) do 3“—"—'5 end jsuspende por 1 segundo
scheduler:start(control, room) ap6s 1 segundo | 3
enzr)u)i ead g to0m.presence’
rgad ‘ 1é 'room.presence’
scheduler:run() faz a leitura dos pontos ‘presence’

I
'

suspend | suspende por 3 segundos \

wiite ‘ escreve false' em 'roodJight ~

faz a escrita do ponto 'light |

— >
Tecgraf
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function control (room) thread principal

local c = 0 inicia nova thread' start controle da sala 1

while true do

; v read .. |é 'room.presence’
if not bridge:read(room.presence) then
inicia nova thread star |, _ controle da sala 2
c=c¢c+ 1
if ¢ > 3 then | read 1& 'room.presence’
c=0 termina'ﬂ’
bridge : write (room. light , false) faz a leitura dos pontos presence’

scheduler :suspend(10)

i
i
|
|
|
|
else suspend " suspende por 3 segundos
scheduler:suspend (1) . suspend isuspendepon segundo

end apos 1 segundo : -
else read 1& 'room.presence’
gc;e%uler :suspend (3) faz a leitura do ponto 'presence" > :
end : iyspend l‘ suspende por 1 segundo
end apés1segundo | 4
end read 16 'room.presence’
scheduler:register (coroutine . create (function () fazaleituradoponto presence’ . J
for _, room in ipairs (rooms) do 3“—9—'5 end jsuspende por 1 segundo
scheduler:start(control, room) ap6s 1 segundo | 3
enzr)u)i read 15 foom.presence’
rgad ‘ 1é 'room.presence’
scheduler:run ( ) faz a leitura dos pontos 'presence’

I
'

suspend | suspende por 3 segundos \

wiite i escreve false' em 'roodJight ~

faz a escrita do ponto 'light |

—_—
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