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Implementacao de Processos

Gerenciamento de processos

Registradores

Contador de programa

Palavra de estado do programa
Ponteiro de pilha

Estado do processo

Prioridade

Parametros de escalonamento
Identificador (ID) do processo
Processo pai
Grupo do processo
Sinais
Momento em que 0 processo iniciou
Tempo usado da CPU

Tempo de CPU do filho

Momento do préximo alarme

Gerenciamento de meméria Gerenciamento de arquivos
Ponteiro para o segmento de codigo Diretério-raiz

Ponteiro para o segmento de dados Diretério de trabalho

Ponteiro para o segmento de pilha Descritores de arquivos

Identificador (ID) do usuario
Identificador (ID) do grupo

Notificagcdo da ocorréncia de um evento
Exs.:

SIGILL - lllegal instruction

SIGINT - Interrupt

SIGKILL - Kill (tferminate immediately)
SIGSYS - Bad system call

SIGXCPU - CPU time limit exceeded

SIGXFSZ - File size limit exceeded

Campos da entrada de uma tabela de processos (contexto)
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Threads: O Modelo (1)

Processo 1 Processo 1 Processo 1 Processo

\ | | |

| | |

Espaco
do <
usuario

Thread Thread
Espaco [/
do Ntcleo Nucleo
nucleo
(a) (b)
thread
leves
espaco de enderecamento
compartiihado
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O Modelo de Thread (2)

Itens por processo Itens por thread
Espaco de enderecamento Contador de programa
Variaveis globais Registradores
Arquivos abertos Pilha

Processos filhos Estado

Alarmes pendentes
Sinais e tratadores de sinais
Informacao de contabilidade

compartilhados privados
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O Modelo de Thread (3)

Pilha
do thread 1

Thread 2

—

Thread 1 Thread 3
\

Nucleo

Cada thread tem sua propria pilha -

—
(]

_—~ Processo

Pilha
do thread 3

Dados de variaveis
locais a sub-rotinas
Dados do endereco
de retorno de uma
sub-rotina
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Uso de Thread (1)
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Nucleo
Teclado Disco

Um processador de texto com trés threads
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Uso de Thread (2)

Processo servidor Web

Thread despachante

>2ﬁ l Thread operario Espaco
( Y > do
2 2 é usuario

Cache de paginas
Web

Espaco
Nucleo do

nucleo

Conexao de rede

Um servidor web com multiplas threads

vs um servico Web com multiplos servidores (mais adiante)
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Implementacao de Threads de Usuario

Processo Thread
Espaco
do <
usuario =
Espaco
do Nucleo
nucleo L
/ \
Sistema Tabela de Tabela de
supervisor threads processos

Um pacote de threads de usuario
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Implementacao de Threads de Nucleo

Processo Thread
\ /

\

Nucleo

—

Tabela de Tabela de
processos  threads

Um pacote de threads gerenciado pelo nucleo
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Implementacoes Hibridas

Threads de multiplos usuarios
sobre um thread de nucleo

|\ |

Nucleo S S<—Thread de nucleo

Espaco

> do

usuario

-/

Espaco
do
nucleo

Multiplexacao de threads de usuario sobre threads de nucleo
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Criacao de um novo thread quando chega

Uma mensagem

Processo Thread pop-up criado para tratar a
\ mensagem que chega

/

Thread existente

Y

X

A

Mensagem que chega |

Rede
(a) (b)
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Processos € Threads

M Threads = processos leves

M Threads de usudrio
M SO gerencia tabela de processos

M Threads de nucleo
M SO gerencia tabelas de processos e de threads (de nucleo)

INFRA-ESTRUTURA DE SOFTWARE



Moftivacao para Threads:

Concorréncio

 Problemas:

— Programas que precisam de mais poder computacional
— Dificuldade de implementacdo de CPUs mais rapidas

- Solucao:

— Construcdo de computadores capazes de executar varias
tarefas simultaneamente
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Problemas com Concorréncia

« Ndo-determinismo
e ] ] baes )
Qual o valor de “x" apos a sua execucAo?

« Dependéncia de Velocidade
= hies L i dies 21

— O valor final de x depende de qual das funcoes, f() e g{).
terminar primeiro

« Starvation

— Processo de baixa prioridade precisa de um recurso que
nunca e fornecido a ele...

Hermano P. Moura
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Problemas com Concorréncia (cont.)

« Deadlock

«  Um sistema de bibliotecas so fornece o Ynada consta”
para alunos matriculados e o sistema de matricula s

matricula os alunos perante a apresentacdo do “nada
consia

— Definigao: dois processos blogueiom a sua execucAo Pois
um precisa de um recurso bloqueado pelo outro processo

Veremos mais detalhes

Conceitos: starvation e deadlock——

Hermano P. Moura
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Apesar dos problemas...

Mais sobre concorréncia




Razoes para ter processos leves

threads

O Em muitas aplicacoes, varias atividades
acontecem ao mesmo tempo — mundo real

O O modelo de programagao smodelondo o mundo real)
se forna mais simples (ou realista) decompondo uma

ophccc;oo em varias threads sequenciais que executam
“paralelo”

O Dado que threads sao mais leves do que processos,

elas sado mais facies (rapidas) de criar e destruir do
que pProcessos

O Criar uma thread pode ser 10-100 vezes mais rapido que
criar um processo

O Quando a necessidade do nuUmero de threads muda

dJ|rr|1c1m|co e rapidamente, esta propriedade € bastante
UTi
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Comparacao de desempenho:
Orocesso x thread

Plataforma fork() pthread_create()
AMD 2.4 GHz Opteron (8 cpus/ 41.07 0.66

node)

IBM 1.9 GHz POWERS p5575 64.24 1.75

(8 cpus/node)

IBM 1.5 GHz POWER4 (8 cpus/ 104.05 2.01

node)

INTEL 2.4 GHz Xeon (2 cpus/ 54.95 1.64

node)

INTEL 1.4 GHz Itanium2 (4 cpus/ 54.54 2.03

node)

Tempos em ms
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Razoes para ter threads (cont)

O Ganhos de velocidade em processos onde atividades
de I/O e de computacao (CPU) podem ser sobrepostas

h > Dispositivo
CPU /O

O Threads ndo levam a ganhos de desempenho quando todas
sao CPU-bound

’ segue...

O Threads sdo Uteis, claro, em sistemas com multiplas CPUs
Oou cores =» paralelismo real
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Tipos de Processo

(incl. thread — processo leve)

« CPU-bound:

— Se o processo gasta a maior parte do seu tempo usando a CPU

ele € dito orientado a computacdo (compute-bound ou CPU-
bound)

— processos com longos tempos de execucdo e baixo volume de
comunicacdo entre processos

ex: aplicacoes cientificas, engenharia e outras aplicacdes que
demandam alto desempenho de computacdo

« |/O-bound:

— Se um processo passa a maior parte do tempo esperando por

dispositivos de E/S, diz-se que o processo € orientado a E/S (I/O-
bound)

» processos I/O-bound devem ter prioridade sobre processos
CPU-bound

.Cen"o y
Ay Mormitica
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Comportamentos de Processos

O Surtos de uso da CPU alternam-se com periodos de espera
por E/S

a) um processo orientado a CPU
b) um processo orientado a E/S

@ | | ] o] |

/

Surto longo de uso de CPU

Espera pela E/S
Surto curto de uso de CPU

| 3 1 i | g | | s |
(b) : e | u u 5 | ) | SRR

Tempo
e

i
[]
E3
c3
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Modelagem de Multiprogramacdo
comparacdo entre processos CPU-bound e IO-bound

: Maioria dos processos € CPU-Bound :

! 20% de espera por E/S l

p—.
o
o

o)
o

S
o

Utilizacao da CPU (em %)
N (@)
o o

0 1 2 3 4 5 6 7 8 9 10
Grau da multiprogramacao

Utilizacdo da CPU como uma funcdo do niUmero de processos na
memaoria
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POSIX Threads (Pthreads)

Modelo de execucdo de threads independente de linguagem,
geralmente implementado como biblioteca

POSIX: Portable Operating System Interface
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POSIX Threads (1)

O Padrdo IEEE POSIX 1003.1c (1995)

O Pthreads sdo um conjunto de bibliotecas para a linguagem C, por exemplo,
que podem ser implementadas como uma biblioteca a parte ou parte da
propria biblioteca C. ,

\

O Existem versoes da biblioteca
O Cerca de 60 subrofinas
O Algumas chamadas de funcoes Pthreads: : 4

~ Thread call - Description

Pthread create Create a new thread

- Pthread exit - Terminate the calling thread

Pthread _join Wait for a specific thread to exit

- Pthread _yield - Release the CPU to let another thread run

- Pthread _attr_init - Create and initialize a thread’s attribute structure |

| Pthread_attr_destroy | Remove a thread’s attribute structure |
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POSIX Threads (2)

#include <pthread.h>
#include <stdio.h>
#include <stdlib.h>

#define NUMBER OF _THREADS 10

void *print_hello_world(void *tid)

{
/* This function prints the thread’s identifier and then exits. */
printf("Hello World. Greetings from thread %dO0, tid);
pthread exit(NULL);
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#include <pthread.h>
#include <stdio.h>
#include <stdlib.h>

#define NUMBER OF THREADS 10 POS'X Thregds

void *print_hello_ world(void *tid)

{
/* This function prints the thread’s identifier and then exits. */
printf("Hello World. Greetings from thread %dO, tid);
pthread_ exit(NULL);

int main(int argc, char *argv|])

{
/* The main program creates 10 threads and then exits. */
pthread t threadsINUMBER OF_ THREADS];
int status, i;
for(i=0; i < NUMBER _OF THREADS; i++) {
printf("Main here. Creating thread %dO0, i);
status = pthread_create(&threads|i], NULL, print_hello _world, (void *)i);
if (status !=0) {
printf("Oops. pthread create returned error code %d0, status);
exit(-1);
}
}
exit(NULL);
}
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Exercicio

O Executando n vezes e verificando a ordem de execucdo
das threads criadas ...
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000 [ threads01v1 - Debugger Console o806 [c| threads01v1.c - threadsO1vl (@]
Release | x86_64 ~ E] ‘& O @ @ g Release | x86_64 MNE -2 - Q- String Matching
Overview Breakpoints  Build and Run Tasks Restart Pause Clear Lo
LOpYrignt Zuv4 rree S0Ttware roungation, InRC. Groups & Files Code
GDB is free software, covered by the GNU General Public License, and you are a = p el g B thread __ a LJ
welcome to change it and/or distribute copies of it under certain conditions. -1 threads01vl threads01vl
Type "show copying" to see the conditions. b[DSource LL] threads01v1.1 o
Thgre is absolute}y no warranty for GDB. Type_ "show warranty" for details. » (] Documentation B threads01vl.c 7K o
This GDB was configured as "x86_64-apple-darwin".tty /dev/ttys000 » (] Product
Loading program into debugger.. roducts
Program loaded. >Targels
run > (4 Executables
[Switching to process 5762] v Q_ Find Results
Running..
Thread 0 created PLL!] Bookmarks
Hello World from thread 0.0 b Edscm
Hello World f thread 1.1 : =
T:re:d :rcru::: rea @ Project Symbols <  » [gthreadsOlvl.c:6 $+ <No selected symbol> % [ Col#s| -
Hello World from thread 1.2 > (& Implementation Files #include <pthread.h> =
Hello World from thread 1.0 » @ Interface Builder Files #include <stdio.h>
Hello World from thread 2.3 #include <stdlib.h>
Thread 2 created .
Hello World from thread 2.0 #define NUMBER_OF_THREADS 5
Hello World from thread 2.1 #define NUMBER_OF_MESSAGES 1000
Hello World from thread 2.4 . X .
Hello World from thread 3.1 v01d_*Pr}ntHello(1nt* pt) {
Thread 3 created int 1; .
Hello World from thread 3.0 for (i=0; i < NUMBER_OF_MESSAGES; i++) {
Hello World from thread 3.2 printf("Hello World from thread %d.%d\n", *pt, i)
Hello World from thread 3.5 .
Hello World from thread 3.2 pthread_exit(NULL);
Thread 4 created }
Hello World from thread 4.0

Debugger stopped.

Program exited with status value:0.

[Session started at 2011-03-30 16:22:48 -0300.]

GNU gdb 6.3.50-20050815 (Apple version gdb-1515) (Sat Jan 15 ©08:33:48 UTC 2011)
Copyright 2004 Free Software Foundation, Inc.

GDB is free software, covered by the GNU General Public License, and you are
welcome to change it and/or distribute copies of it under certain conditions.
Type "show copying" to see the conditions.

There is absolutely ne warranty for GDB. Type "show warranty" for details.
This GDB was configured as "x86_64-apple-darwin".tty /dev/ttys0ol

Loading program into debugger..

Program loaded.

run

[Switching to process 5772]

Thread @ created

Hello World from thread 0.
Thread 1 created

Hello World from thread 1.
Hello World from thread 1.
Thread 2 created

X

Hello World from thread 2.
Hello World from thread 2.0
Hello World from thread 2.1
Thread 3 created

Hello World from thread 3.3
Hello World from thread 3.0
Hello World from thread 3.1
Hello World from thread 3.2

Thread 4 created
Running..

Debugger stopped.
Program exited with status value:0.

Debugging of “threads01v1" ended normally.

(<] Succeedei

int main (int argc, const char * argv([]) {
// insert code here...

f // printf("Hello, World!\n");

// return 0;

pthread_t threads [NUMBER_OF_THREADS];

int status, t;

for(t=0; t < NUMBER_OF_THREADS; t++) {
status = pthread_create(&threads[t],
if (status != @) {

exit(-1);

printf("Thread %d created\n", t);

exit(0);

// printf("Creating thread %d\n", t);
NULL, (void *)PrintHello, &t);

printf("ERROR. Pthread_create returned error code %d", status);

R ®)

Debugging of “threads01v1" ended normally.

@ Succeeded Y
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Type "show copying" to see the conditions.

There is absolutely no warranty for GDB. Type "show warranty" for details.
This GDB was configured as "x86_64-apple-darwin".tty /dev/ttys000

Loading program into debugger..

Program loaded.

run

[Switching to process 5762]

Running..

Thread 0 created

Hello World from thread
Hello World from thread
Thread 1 created

Hello World from thread
Hello World from thread
Hello World from thread
Thread 2 created

Hello World from thread
Hello World from thread
Hello World from thread
Hello World from thread
Thread 3 created

Hello World from thread
Hello World from thread
Hello World from thread
Hello World from thread
Thread 4 created

Hello World from thread

R N . N N R R . N A S S s Sy S S .

o
-

N
weN

WNNN
HbaHD

wWwww
NUONSD

-~
(-]

Debugger stopped.

Program exited with status value:0.

[Session started at 2011-03-30 16:22:48 -0300.]

GNU gdb 6.3.50-20050815 (Apple version gdb-1515) (Sat Jan 15 ©8:33:48 UTC 2011)
Copyright 2004 Free Software Foundation, Inc.

GDB is free software, covered by the GNU General Public License, and you are
welcome to change it and/or distribute copies of it under certain conditions.
Type "show copying" to see the conditions.

There is absolutely no warranty for GDB. Type "show warranty" for details.
This GDB was configured as "x86_64-apple-darwin".tty /dev/ttys001l

Loading program into debugger..

Program loaded.

run

[Switching to process 5772]

Thread 0 created

Hello World from thread 0.0

Thread 1 created

Hello World from thread
Hello World from thread
Thread 2 created

Hello World from thread
Hello World from thread
Hello World from thread
Thread 3 created

Hello World from thread
Hello World from thread
Hello World from thread
Hello World from thread
Thread 4 created
Running..

e
oK

NNN
HoN

wWwww
NHFOW

Debugger stopped.
Program exited with status value:0.

Debugging of “threads01v1" ended normally.

U

A

v

TD Source

» [ | Documentation
» [ | Products

» @) Targets
b (4 Executables
v (O Find Results
» [ Bookmarks
> 4 scm
@ Project Symbols
) (@] Implementation Files
b (@] Interface Builder Files

threads01vl.1
[c] threads0lvl.c

«

OSucceeded] Debugging of “threads01v1" ended normally.

»  [dthreadsOlvl.c:6 %
#include <pthread.h>
#include <stdio.h>
#include <stdlib.h>

<No selected syml|

#define NUMBER_OF_THREADS 5
#define NUMBER_OF_MESSAGES 1000

void #PrintHello(int* pt) {
int 1i;
for (i=0; i < NUMBER_OF_MESSAGES
printf("Hello World from thr
}

pthread_exit(NULL);
}

int main (int argc, const char * arg
// insert code here...
// printf("Hello, World!\n");
// return 0;
pthread_t threads [NUMBER_OF_THRE
int status, t;

for(t=0; t < NUMBER_OF_THREADS;
// printf("Creating thread %
status = pthread_create(&thr
if (status != 0) {
printf("ERROR. Pthread_c
exit(-1);
printf("Thread %d created\n"

exit(0);
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Concorréenciao

Continuacado




Condicoes de Disputa/Corrida

Diretorio
de spool
4 abc out =4
6 prog.n
7 in=7
.

Dois processos querem ter acesso simultaneamente a memoria
compartilhada
‘Cenno

~“lntorm&ti¢a
g -r-r-s
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Conceitos: Regides Criticas (1)

‘Centro y
~“lntormatl¢a

Quatro condicoes necessarias para prover exclusao
mutua:

Nunca dois processos simultaneamente em uma regido
critica
Ndo se pode considerar velocidades ou numeros de CPUs

Nenhum processo executando fora de sua regido critica
pode blogquear outros processos

Nenhum processo deve esperar eternamente para entrar
em sua regido critica
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Regioes Criticas (2)

A entra na regiao critica

/ /

A deixa a regiao critica

Processo A l :
| | | |
| | | | .
| | B tenta entrar | B entra na | B’gelxa‘ a
| | na regiao critica | regiao critica : regiao critica
| |’/ | | /
| |
Processo B ] N ;
| | v | |
' I B bloqueado 1 I
T, T, T, T,
Tempo ————>
Exclusao mutua usando regioes criticas
‘Centro

~“lntorm&ti¢a
g -r-r-s
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Exclusao Mutua com Espera Ociosa (1)

while (TRUE) { while (TRUE) {
while (turn !=0) /*lago */; while (tum !=1) /*lago */;
critical_region( ); critical_region( );
tum =1; tum = 0;
noncritical_region( ); noncritical_region( );
} }
(a) (b)

Solucao proposta para o problema da regiao critica
(a) Processo 0. (b) Processo 1.

‘Cenno

~“lntorm&ti¢a
g -r-r-s
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Exclusao Mutua com Espera Ociosa (2)

#define FALSE 0
#define TRUE 1

#define N 2 /*nUmero de processos */
int tum; /* de quem é a vez? */
int interested[N]; /* todos os valores inicialmente em O (FALSE) */
void enter_region(int process); /* processo € 0Oou 1%
{
int other; /* numero de outro processo */
other = 1 — process; /* 0 oposto do processo */
interested[process] = TRUE;  /* mostra que vocé esta interessado */
tum = process; /* altera o valor de turn */

while (tum == process && interested[other] == TRUE) //* comando nulo */;

}

void leave _region(int process) /* processo: quem esta saindo */

{

}
<. . Solucdo de G. L. Peterson para exclusao mutua

interested[process] = FALSE; /*indica a saida da regiao critica */

~“lntorm&ti¢a
g -r-r-s
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Problema do Produtor-Consumidor

Produtor Buffer Consumidor

4 |

* Se consumo > producao
— Buffer esvazia; Consumidor ndo tem o que consumir

e Se consumo < producao
— Buffer enche; Produtor ndo consegue produzir mais

‘Cemro

~delnl‘ormétlca
g -r-r-s
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Dormir e Acordar (1)

#define N 100 /* numero de lugares no buffer */
int count = 0; /* ndmero de itens no buffer */

void producer(void)

{

int item;
while (TRUE) { /* numero de itens no buffer */
item = produce_item( ); /* gera o préoximo item */
if (count == N) sleep(); /* se o buffer estiver cheio, va dormir */
insert_item(item); /* ponha um item no buffer */
count = count + 1; /* incremente o contador de itens no buffer */

if (count == 1) wakeup(consumer); /* o buffer estava vazio? */

Problema do produtor-consumidor com uma condicao de disputa fatal

‘Cenno

~“lntorm&ti¢a
g -r-r-s
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Dormir e Acordar (2)

void consumer(void)
{
int item;
while (TRUE) { /* repita para sempre */
if (count == 0) sleep(); /* se o buffer estiver vazio, va dormir */
item = remove_item(); /* retire o item do buffer */
count = count — 1; /* decresca de um o contador de itens no buffer */
if (count == N — 1) wakeup(producer); /* o buffer estava cheio? */
consume_item(item); /* imprima o item */
}
}
Problema do produtor-consumidor com uma condicao de disputa fatal
‘Cenno

~“lntorm&ti¢a
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Regido Critica e Exclusdo Mutuo

Conceitos Associados

Leia: doc submetido ao CTD 2015



Conceitos fundamentais

v Condicdo de corrida/disputa
v' Regido Critica

v Exclusdo Mutua
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Semaforo (1)

- Semadaforo € uma variavel que fem como
IUNCAo 0 CONDIE te Qeessy e Ursos
compartilhhados

O O valor de um semaforo indica quantos
processos (ou threads) podem ter acesso a um
recurso compartilhado

O Para se ter exclusdo mutua, sé um processo executa
por vez

O Paraisso utiliza-se um semaforo bindrio, com
Inicializacdo em |

O Esse semdaforo bindrio atua como um mutex

.Cen"o

~“lnformaitlca
w-r-r-=s
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Semaforo (2)

O As principais operacoes sobre semdaforos sao:

O Inicializacdo: recebe um valor inteiro indicando a
guonhqade de processos que podem acessar um
ejrrergnmodo recurso (exclusdo mutua = 1, como dito
antes

O Operacdo wait ou down ou P: decrementa o valor do
semaforo. Se o semaforo estd com valor zerado, o
processo € posto para dormir.

O Operacdo signal ou up ou V: se o semaforo estiver com o
valor zero e existir algum processo adormecido, um
processo sera acordado. Caso contrario, o valor do

semdforo é incrementado.

O As operacoes de incrementar e decrementar devem ser
operacoes atomicas, ou indivisiveis, ou seja,
O enguanto um processo estiver executando uma dessas duas
operacoes, nenhum outro processo pode executar outra

operacao sob o mesmo semaforo, devendo esperar que o
primeiro processo encerre sua operacado.

O Essa obrigacdo evita condigoes de disputa entre vdarios processos

‘Cemro

~“lnformaitl¢a
w-r-r-=s
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Semaforos (1)

#define N 100 /* numero de lugares no buffer */
typedef int semaphore; /* semaforos sao um tipo especial de int */
semaphore mutex = 1; /* controla o acesso a reqiao critica */
Semaphore empty - N, #define N 100 /* ndmero de
Semaphore full =0 ; int count = 0; /* numero de
;’O'd producer(void) ;’O'd producer(void) Sem mutex (semaforo): nao
int item: int item: evita condigoes de disputa
while (TRUE) { while (TRUE) { /* ndmero de
item = produce_item(); item = produce_item( ); /* gera o pro;
down(&empty); if (count == N) sleep(); /* se o buffer
down(&mutex); insert_item(item); /* ponha um
insert_item(item); count = count + 1; /* incremente
up(&mutex); if (count == 1) wakeup(consumer); /* o buffer es
up(&full); }

) )
}
< O problema do produtor-consumidor usando semaforos
Centro

~delnformétlca
g -r-r-s
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Semaforos (2)

void consumer(void)
{
int item;
while (TRUE) { /* laco infinito */
down(&full); /* decresce o contador full */
down(&mutex); /* entra na regiao critica */
item = remove _item( ); /* pega o item do buffer */
up(&mutex); /* deixa a regiao critica */
up(&empty); /* incrementa o contador de lugares vazios */
consume__item(item); /* faz algo com o item */
}
}
O problema do produtor-consumidor usando semaforos
‘Cemro

~“lntormétl¢a
w-r-r-=s
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Exemplo da necessidade de Semdaforo

(a) (b)

(a) Um deadlock potencial. (b) Um deadlock real.

‘Cemro

~delnl‘ormétlca
g -r-r-s
INFRA-ESTRUTURA DE SOFTWARE




Monitores (1)

monitor example
integer i;
condition c;

procedure producer();

end;

procedure consumer( );

end;
end monitor;
Exemplo de um monitor
‘Cemro

~“lntormétl¢a
Tt
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Monitores (2)

monitor ProducerConsumer procedure producer;

condition full, empty; begin

integer count; while frue do

procedure insert(item: integer), begin

begin item = produce_item,
if count = N then wait(full); ProducerConsumer.insert(item)
insert_item(item); end
count := count + 1; end;
if count = 1 then signal(empty) procedure consumer;

end; ] begin

function remove: integer; while true do

begin
if count = 0 then wait(empty);
remove = remove _item,
count = count — 1,
if count = N — 1 then signal(full)
end;
count = 0;
end monitor;

begin
item = ProducerConsumer.remove;
consume _item(item)
end
end;

O O problema do produtor-consumidor com monitores
& O somente um procedimento esta ativo por vez no monitor
@ - e uaditica O o buffer tem N lugares

w-r-r-x
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Exclusdo MUtua com Pthreads

Fernando Castor e https://computing.linl.eov/tutorials/pthreads/




#include <pthread.h>
#include <stdio.h>
#include <stdlib.h>

#define NUMBER OF THREADS 10

void *print_hello_ world(void *tid) P OS | X T h re O d S

{

/* This function prints the thread’s identifier and then exits. */
printf("Hello World. Greetings from thread %dO, tid);
pthread_ exit(NULL);

int main(int argc, char *argv|])

{
/* The main program creates 10 threads and then exits. */
pthread t threadsINUMBER OF_ THREADS];
int status, i;
for(i=0; i < NUMBER _OF THREADS; i++) {
printf("Main here. Creating thread %dO0, i);
status = pthread_create(&threads|i], NULL, print_hello _world, (void *)i);
if (status !=0) {
printf("Oops. pthread create returned error code %d0, status);
exit(-1);
}
}
exit(NULL);
}
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000 [ threads01v1 - Debugger Console o806 [c| threads01v1.c - threadsO1vl (@]
Release | x86_64 ~ E] ‘& O @ @ g Release | x86_64 MNE -2 - Q- String Matching
Overview Breakpoints  Build and Run Tasks Restart Pause Clear Lo
LOpYrignt Zuv4 rree S0Ttware roungation, InRC. Groups & Files Code
GDB is free software, covered by the GNU General Public License, and you are a = p el g B thread __ a LJ
welcome to change it and/or distribute copies of it under certain conditions. -1 threads01vl threads01vl
Type "show copying" to see the conditions. b[DSource LL] threads01v1.1 o
Thgre is absolute}y no warranty for GDB. Type_ "show warranty" for details. » (] Documentation B threads01vl.c 7K o
This GDB was configured as "x86_64-apple-darwin".tty /dev/ttys000 » (] Product
Loading program into debugger.. roducts
Program loaded. >Targels
run > (4 Executables
[Switching to process 5762] v Q_ Find Results
Running..
Thread 0 created PLL!] Bookmarks
Hello World from thread 0.0 b Edscm
Hello World f thread 1.1 : =
T:re:d :rcru::: rea @ Project Symbols <  » [gthreadsOlvl.c:6 $+ <No selected symbol> % [ Col#s| -
Hello World from thread 1.2 > (& Implementation Files #include <pthread.h> =
Hello World from thread 1.0 » @ Interface Builder Files #include <stdio.h>
Hello World from thread 2.3 #include <stdlib.h>
Thread 2 created .
Hello World from thread 2.0 #define NUMBER_OF_THREADS 5
Hello World from thread 2.1 #define NUMBER_OF_MESSAGES 1000
Hello World from thread 2.4 . X .
Hello World from thread 3.1 v01d_*Pr}ntHello(1nt* pt) {
Thread 3 created int 1; .
Hello World from thread 3.0 for (i=0; i < NUMBER_OF_MESSAGES; i++) {
Hello World from thread 3.2 printf("Hello World from thread %d.%d\n", *pt, i)
Hello World from thread 3.5 .
Hello World from thread 3.2 pthread_exit(NULL);
Thread 4 created }
Hello World from thread 4.0

Debugger stopped.

Program exited with status value:0.

[Session started at 2011-03-30 16:22:48 -0300.]

GNU gdb 6.3.50-20050815 (Apple version gdb-1515) (Sat Jan 15 ©08:33:48 UTC 2011)
Copyright 2004 Free Software Foundation, Inc.

GDB is free software, covered by the GNU General Public License, and you are
welcome to change it and/or distribute copies of it under certain conditions.
Type "show copying" to see the conditions.

There is absolutely ne warranty for GDB. Type "show warranty" for details.
This GDB was configured as "x86_64-apple-darwin".tty /dev/ttys0ol

Loading program into debugger..

Program loaded.

run

[Switching to process 5772]

Thread @ created

Hello World from thread 0.
Thread 1 created

Hello World from thread 1.
Hello World from thread 1.
Thread 2 created

X

Hello World from thread 2.
Hello World from thread 2.0
Hello World from thread 2.1
Thread 3 created

Hello World from thread 3.3
Hello World from thread 3.0
Hello World from thread 3.1
Hello World from thread 3.2

Thread 4 created
Running..

Debugger stopped.
Program exited with status value:0.

Debugging of “threads01v1" ended normally.

(<] Succeedei

int main (int argc, const char * argv([]) {
// insert code here...

f // printf("Hello, World!\n");

// return 0;

pthread_t threads [NUMBER_OF_THREADS];

int status, t;

for(t=0; t < NUMBER_OF_THREADS; t++) {
status = pthread_create(&threads[t],
if (status != @) {

exit(-1);

printf("Thread %d created\n", t);

exit(0);

// printf("Creating thread %d\n", t);
NULL, (void *)PrintHello, &t);

printf("ERROR. Pthread_create returned error code %d", status);

R ®)

Debugging of “threads01v1" ended normally.

@ Succeeded Y
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Um contador sequencial

Finolude wstdio h>

long contador = 0O;

void *inc ()¢

i4eE o F =<0

for(; i < 9000000; i++) [ contador++; }
}
void *dec () {

int 1 = 0;

for(; i < 9000000; i++) { contador--; }
}

int main (int argc, char *argv[]) {
inc () ;
Sicies din

printf ("Valor final do contador: %1d\n", contador);
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Um contador com pthreads

#include <pthread.h> #include <stdio.h>
#include <stdio.h>

long contador = 0;

long contador = 0O; void *inc() {
int'i =0;

for(; i < 9000000; i++) { contador++; }
wold: ¥incilveold 2 theadid) { )

e e = void *dec() {
. z ) idb w0
fortr 1 < 9000000; 1++) | contador++; |} for(; i < 9000000; i++) { contador--; }

} }
: . . int mai int , char *
void *dec (void *threadid) { Selodl Ll el e e
it o4 = O,' dec() ;

for ( o l < 90 O O O O O = i_|_+) { Contador—— . } printf ("Valor final do contador: %1d\n", contador) ;
’ ’ ’
}

}

srbemain b nh angos ohar - farge i brd
pthread t threadl;
pthread t thread2;
pthread create (othroadd S NOER - i 0 NI 1o
pthreadicreate (&thread? (o NULTL v den, WNULT )z
pthread join(threadl, NULL);
pthread joinithread?, NULL
printf(UWalopl faihall do contador: S 1ldxnl, ‘contadory.
pthread exit (NULL) ;
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Um contador com pthreads

#%nclude <pth.read.h> inierrupc;ao
#include <stdio.h> =

long contador = 0O;

0 . 0 0 : > x
o gl srndvoddl s bhrean el | \ij\‘__“//\
T oF =0 l) :

for(; 1 < 9000000; i++) { contador++; } // condicdo de corrida!'
}
volid *dec (void *threadid) {

e oie e 4

for(; i < 9000000; i++) { contador--; } // condicdo de corrida!
}
srbemain b nh angos ohar - farge i brd

pthread t threadl;

pthread t thread2;

pthread create (othroadd S NOER - i 0 NI 1o

pthreadicreate (&thread? (o NULTL v den, WNULT )z

pthread join(threadl, NULL);

pthread joinithread?, NULL

printf(UWalopl faihall do contador: S 1ldxnl, ‘contadory.

pthread exit (NULL) ;
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Relembrando: exclusao mutua

O Dois processos nunca podem estar simultaneamente
na mesma regiao critica

K Nao se pode considerar velocidades ou numero de
CPUs

O Nenhum processo executando fora de sua regiao
critica pode bloquear outros processos

O Nenhum processo deve esperar eternamente para
entrar em sua regiao critica
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O A typical sequence in the use of a mutex is as follows:

Create and initialize a mutex variable

Several threads attempt to lock the mutex

Only one succeeds and that thread owns the mutex

The owner thread performs some set of actions

The owner unlocks the mutex

Another thread acquires the mutex and repeats the process

Finally the mutex is destroyed

63
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O When several threads compete for a mutex, the losers block at that call - an
unblocking call is available with "trylock" instead of the "lock" call.

O When protecting shared data, it is the programmer's responsibility to make
sure every thread that needs to use a mutex does so. For example, if 4

threads are updating the same data, but only one uses a mutex, the data can
still be corrupted.

64
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Exclusao mutua com pthreads

O Através do conceito de mutex
O Sincronizam o acesso ao estado compartilhado
O Independentemente do valor desse estado (=> variaveis condicionais)
O Tipo especial de variavel (semaforo binario)

O Diversas funcgdes para criar, destruir ¢ usar mutexes

O Tipo de dados
O pthread mutex t
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Criacao de mutexes

O Estatica:

Erlhire o mit o it R -

ETERELD METR o INTETEET AN,

B Dinamica:

pthread mutex t mymutex;

pthread mutex init (&mymutex,NULL) ;
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Gerenciamento de mutexes

int prthread nulex desk oy

Ehlireas e ea  be i e b

int pthread mutex initA
prhireach it et el B o ety
COnSE piaread MUTexXatir «

Rtaect ety ottt
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Usando mutexes

1Dk brlhroad nmutex: foak.

prthreadh milte x & cphiatex) ;

Int pthread mutex trvlock(

pEhread mutex. b smubax) s

int pthread mutex unlock(

pthread mutex £ *mutex);
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O The pthread mutex lock() routine is used by a thread to acquire a lock on
the specified mutex variable. If the mutex is already locked by another
thread, this call will block the calling thread until the mutex is unlocked.

O pthread mutex trylock() will attempt to lock a mutex. However, if the
mutex is already locked, the routine will return immediately with a "busy"
error code. This routine may be useful in preventing deadlock conditions,
as in a priority-inversion situation.

69
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Um contador

com pthreads

#include <pthread.h>
#include <stdio.h>
long contador = 0;

#include <pthread.h>
$include <stdio.h>
long contador = 0;

pthread mutex t mymutex = PTHREAD MUTEX INITIALIZER;

void *inc (void *threadid) {
inte i o= 0o for (o e ONHH000 g +43 =
pthread mutex lock (&mymutex);
gontiadort+is
pthread mutex unlock (&mymutex); }
}
void *dec (void *threadid) {
il iR T
for(; i < 9000000; i++) {

pthread mutex lock (&mymutex) ;

vold *inc (voild *threadid) {
Tl = 0
Borls e <= GOO0000 - aif ) of

contador++; // condicdao de corride

}

vold *dec (void *threadid) {
T i = O'r
o (g de< S GO 0000 EL) el

contador--; contador=—//condican de: corrids
pthread mutex unlock (&mymutex); } }

} }

int madine (int arge. char. fapgwvl]l).{ int main (int argc, char *argv[]){

pthread tithreadl, ‘threadZs

pthread create(&threadl, NULL, inc, NULL);
pthread create(sthread?, NULL, deec, NULL);

pthread join(threadl, NULL);

pthread join(thread2, NULL);

printf ("Valor final do contador: %1d\n",
pthread exit (NULL);

contador) ;

pthread t ithreadl, thread2;
ptheead-croate(Sthreadl, NURE, 1nc;
P reafocre st (G b e, NI oddeies
pthread join(threadl, NULL);
pthread join(threadZ, NULL)
printf(2Valor final .do contador: =l
pthread exit (NULL);
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Adlla e Linux
Terca, 19/04, 912hn
D=002




There 1s nothing "magical" about mutexes...in fact they are akin to a
"gentlemen's agreement"” between participating threads. It 1s up to the code
writer to insure that the necessary threads all make the mutex lock and
unlock calls correctly. The following scenario demonstrates a logical error:

Thread 1 Thread 2 Thread 3
Lock Lock
A=2 A=A+l A=A*B

Unlock Unlock

72
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Question

O Question: When more than one thread is waiting for a locked mutex,
which thread will be granted the lock first after it is released?

O ANSWER: Unless thread priority scheduling (not covered) is used,
the assignment will be left to the native system scheduler and may
appear to be more or less random.

73
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Varidveis Condicionais com Pthreads

Fernando Castor e https://computing.linl.eov/tutorials/pthreads/




Concorrencia/Sincronizacdo




Exclusdao mutua com pthreads: um contador

#include <pthread.h>
#include <stdio.h>
long contador = 0;

pthread mutex t mymutex = PTHREAD MUTEX INITIALIZER;

#include <pthread.h>
$include <stdio.h>
long contador = 0;

void *inc(void *threadid) {

Trted o= 0n forf=od 2 O0R0000 44y 4
pthread mutex lock (&mymutex);
contador++;
pthread mutex unlock (&mymutex); }

}
void *dec (void *threadid) {

intii= 0

for(; i < 9000000; di++) {
pthread mutex lock (&mymutex) ;

volid *inc (voild *threadid) {
Tl = 0
Borls de <= GQOO0000 = sif ) of

contador++; // condicdao de corride

}

vold *dec (void *threadid) {
T i = O'r
o (g de< cGO 0000 EL) !

contador--; contador=—//condican de: corrids
pthread mutex unlock (&mymutex); } }

} }

int madine (int arge. char. fapgwvl]l).{ int main (int argc, char *argv[]){

pthread tithreadl, ‘threadZs

pthread create(&threadl, NULL, inc, NULL);
pthread create(sthread?, NULL, deec, NULL);

pthread join(threadl, NULL);

pthread join(thread2, NULL);

printf ("Valor final do contador: %1d\n",
pthread exit (NULL);

contador) ;

pthread  t ithreadl, thread2;
ptheead-croate(Sthreadl, - NURE, 1nc;
P lreafocre ot (S b e, NI odeies
pthread join(threadl, NULL);
pthread join(threadZ, NULL)
printf(2Valor final .do contador: 2l
pthread exit (NULL);
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Exclusdao mutua pode nio ser o bastante

O Como visto antes, threads podem precisar cooperar
O Uma thread sé pode progredir se outra tiver realizado certa acao...
O Ou seja, se certa condi¢ao for verdadeira

O A condicao refere-se aos valores dos elementos do estado compartilhado
pelas threads

O Exemplo candnico: produtor-consumidor
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Variaveis de condicao

O Um dos mecanismos implementados pela biblioteca de

pthreads

O Complementam mutexes

O Sincronizacdo no acesso a dados vs. Sincronizacao
dependente de condi¢Oes [based upon the actual value of

data]

O Meccanismo de mais alto nivel que semaforos

O Evitam a necessidade de checar continuamente se a condic¢ao é
oo e

verdadeira

O Sem espera ocupada!!!

This can be very resource consuming
since the thread would be
continuously busy in this activity. A
condition variable is a way to achieve
the same goal without polling.
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Produtor-Consumidor

espera ocupada (1/2)

#include <stdio.h>
#include <pthread.h>

tht bz /4 bffar gioe =1 hJ
int turn=0;

main () {
pthread t producer thread;
pthread t consumer thread;
void *producer();
vold *consumer () ;
pthread create (&consumer thread, NULL,consumer, NULL)
pthread create (&producer thread,NULL, producer, NULL)
pthread join (consumer thread,NULL) ;

}

void put tint Iy{
b= 4:

}

int get () {
return b ;

}
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Produtor-Consumidor

espera ocupada (2/2)

void *producer () {
1 go =u0s
printt (" Produtor n';
while (1) {
while (turn == 1) ;
publiy.
turn = 1;

i=1i+1; " \
}

pthread exit (NULL);

} Espera ocupada:
SpRaRem R -Desperdica 1recursos~
e -(neste caso) produgao € consumo
printf ("Consumidor\n") ; alternados
for i=0:0< 10021 44) 4 .
while (turn == 0) ; -E se houvesse varios produtores ou
v = get); consumidores?
turn = 0;

printf ("Peguei %$d \n",v); ////
pthread exit (NULL) ; .

}
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Usando variaveis de condicao com pthreads

O Sempre junto com um mutex

O Duas operagdes basicas
O Esperar que certa condi¢do torne-se verdadeira
K rthiread cond wait (cond var, mutex)

O Auvisar outra(s) thread(s) que a condigao tornou-se verdadeira
O pthread cond signal (cond var) Ou

O pthread cond broadcast (cond var)
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Criacao e destruicao de

variaveis de condicao
O Estatica:

praroas eona ©nyev =

PTHREAD COND INITIALIZER;
O Dinamica:

pihread c¢aond { mMyev:

/ NULL, em geral

pthread cond init(8mycv,attr);
O Destruicao:

prthread cong destrovisnyey)
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O It is a logical error to call pthread cond signal()
before calling pthread cond wait().

O Proper locking and unlocking of the associated

mutex variable 1s essential when using these routines.
For example:

O Failing to lock the mutex before calling
pthread cond wait() may cause it NOT to block...
O Failing to unlock the mutex after calling

pthread cond signal() may not allow a matching

pthread cond wait() routine to complete (it will remain
blocked....

83
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Produtor-Consumidor

variaveis de condigao (1/3)

fintlude <stdio . >
#include <pthread.h>
#define BUFFER SIZE 10
#define NUM ITEMS 200

int buff[BUFEER SIZEl: /* buffer gizve = 1: */
int items = 0: J/ number of items in the buffer.
TrEEirst — U

int ltast = 0:

pthread muteX © nmitex — PTHREAD MUTEX INTTIAL TZER;
pthread cond t buffer cond = PTHREAD COND INITIALIZER;

main () {
Dihtodan & colistines Eraee ol
pthread t producer thread;
void *producer () ;
vVoid *consumer () ;
pthread create (&consumer thread,NULL, consumer, NULL) ;
pthread create (&producer thread, NULL, producer, NULL) ;
pthread join (producer thread, NULL)
pthread join(consumer thread,NULL) ;
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Produtor-Consumidor

variaveis de condicao (2/3)

void puclint 2 ¢
pthread mutex lock (&mutex) ;
1f (items == BUFFER SIZE) {

pthread cond wait (&buffer cond, &mutex);

}
buffllast] = 17
printf(pos de Uy doob i
itemedts lastdae
1f{last-—BUFFER SI1ZE) { last = 07 1}
if(items == 1) {

pthread cond broadcast (&buffer cond);
}

pthread mutex unlock (&mutex) ;

}

void - fproducerdfi |
ok 4 = 0:
printf ("Produtor\n"):;
for(a=0si<NUM IPEMS. 3443 |
put(iy; o
printf ("Produzi %d \n",; i)
}
pthread exit (NULL);
}
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Produtor-Consumidor

variaveis de condicao (3/3)

int get () {

}

int result;
pthread mutex lock (&mutex) ;
if (items == 0) {
pthread cond wait (&buffer cond, &mutex);
}
result = buff[first];
prindd (Ypos aades Ue 1 padb e
iteme~=2 favstid;
Tt (first=——BUFFER STZF) [ first = =« 1
ifdlitems == BURIEPR ST76 0 1y ]
pthread_cond_brogdcast(&buffer_cond);
}
pthread mutex unlock (&mutex) ;
return result;

volid *consumer () {

}

kg gk
peint EtConsumidor ) g
Tor (1=U;1<NUM ITEMS: 1+ f] |
¥ gt
printf ("Consumi %d \n",v);
}
pthread exit (NULL) ;
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