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Processo

#include <stdio.lh

int main (int argc, char** argv)
{

printf ("Hello World!\n”):

returm (0)

1 processo — 1 Thread (principal)
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O que € um(a) thread?

» Linha de execucao dentro um processo.

Processo 1 Prooesso 1 Processo 1 Processo
x |
Espaco
do ¢
usuario
Thread Thread
Espaco
do Nucleo Nudeo
nucleo

(a) (b)

No entanto, ha varias situagcdes em que é
desejavel ter multiplas linhas de controle no
mesmo espaco de enderecamento rodando em

Cada processo tem um

espaco de enderecamento e
uma unica linha (thread) de
controle/execucao

“paralelo” como se fossem processos (leves)
separados (exceto pelo espaco de
enderecamento compartilhado)

> (a) Trés processos, cada um com uma thread <.
(b)  Um processo com trés threads My "o



Thread

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

* comparivados

o aades
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Thread

Thread 2

Thread 3

Thread 1
\ /

_—~ Processo

xR

Pilha FH H H* Pilha
do thread 1 \—/ do thread 3

Nucleo

Cada thread tem sua propria pilha



Threads

» Porque?
Programas - multiplas atividades

Com varios processos poderiam ser inviavel (ou bastante
complexo)

Criar Thread é mais barato que criar processos
Nao tem recursos associados

Paralelismo...

*C!ntm )
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Razoes para ter processos leves (threads)

» Em muitas aplicacbes, varias atividades acontecem ao
mesmo tempo — mundo real

O modelo de programacéo (modelando o mundo real) se torna
mais simples (ou realista) decompondo uma aplicacdo em varias
threads sequenciais que executam em “paralelo”

» Dado gue threads sao mais leves do que processos, elas
sao mais facies (rapidas) de criar e destruir do que
Processos

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

Quando a necessidade do numero de threads muda dinamica e
rapidamente, esta propriedade é bastante util

*C!ntm )
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Razoes para ter threads (cont)

» Ganhos de velocidade em processos onde
atividades de I/0O e de computacao (CPU) podem

ser sobrepostas
; > Dispositivo
/0

Threads nao levam a ganhos de desempenho quando
todas sdao CPU-bound

» Threads s&o uteis, claro, em sistemas com multiplas
CPUs ou cores = paralelismo real

*Centm )
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Memoria Compartilhada - Servidor

Threads

key = 5B678;

= Comunicacao entre
processos sem threads: comd
fazer?

Memoria compartilhada

D

i

/
* Create the segment.

:icllln'
E shmget

if ((shmid
exit(1);

key, SHMSZ, IPC_CREAT | @666)) < @) {

perror( H

¥
ll,":ic
* Now we
:i-:llln'
if ((shm = shmat({shmid, NULL, @}) == (char *) -1) {
perror{"shmat");
exit(l);

attach the segment to our data space.

¥

J*
* Now put some things into the memory for the
* other process to read.

:i-:llln'
s = shm;
for (c = "a"; c <= "z"; c++)
"=+ = C; <
*s = NULL; Escrevendo dados na memaoria compartilhada..
f*
* Finally, we wait until the other process
* changes the first character of our memory
* to '*', indicating that it has read what
* we put there.
:i-:llln'
while (*shm != "*")

sleep(1); Esperando um “sinal” (caractere mudar)

P
<




Memoria Compartilhada - Cliente

Threads

I*

* We need to get the segment named
* "5678", created by the server.
s

key = 5678

= Comunicacao entre
processos sem threads: con
fazer?
Memoria compartilhada

= Qutras opcoes:
Arquivo
Socket/localhost

/¥

\ Locate the segment.
g,
if ({shmid key, SHMSZ, @666)) < @) {
perror("” 3= ;
exit(1);

¥

¥

I*

* Now we
:i-:llln'
if {{shm = shmat{shmid, NULL, 8}) == {(char *} -1) {
perror{”shmat"};
exit(1);

attach the segment to our data space.

¥

f*
* Mow read what the server put in the memory.
:i-:llln'

for (s = shm; *s != NULL; s++)

putchar(*s); <
putchar{'\n");

Coloca em stdout (tela) dados
da mem. compartilhada

’*

* Finally, change the first character of the

* segment to '*", indicating we have read

* the segment.

:i-:llln'

*shm =

Muda o primeiro caractere — simulando um “s

Tk,

3

nal”



Uso de Thread — Exemplo 1
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Teclado Disco

Um processador de texto com trés threads



Uso de Thread — Exemplo 2

Processo servidor Web

Thread despachante
p Thread operério Espaco
> do
usuario
Cache de paginas
Web
=
Espaco
Ntcleo } do
nucleo

Conexao de rede

Um servidor web com multiplas threads
vs um servico Web com multiplos servidores (mais adiante — modulo |I)



Implementacao de Threads de Usuario

Processo Thread
- \3‘
Espaco
do <
=
Espaco
do Nucleo
nucleo %
Sistema Tabela de Tabela de
supervisor threads processos

Um pacote de threads de usuario



Implementacao de Threads de Nucleo

Processo Tﬁ;ead
\

\

MNucleo

A A

Tabela de Tabela de
processos  threads

Um pacote de threads gerenciado pelo nucleo



Implementacodes Hibridas

Threads de multiplos usuarios
sobre um thread de nucleo

\ |

Espaco
do
usuario

—

Espaco
Nucleo S S*—Thread de nucleo do

nucleo

Multiplexacéo de threads de usuario sobre threads de nucleo



Criacao de um novo thread quando chega uma
mensagem

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

/
\

Y

X

A

Mensagem que chega )

Rede
(a) (b)



POSIX Threads (1)

Padrdo IEEE POSIX 1003.1c (1995)

Portable Operating System Interface

Pthreads sao um conjunto de bibliotecas para a linguagem C, que
podem ser implementadas como uma biblioteca a parte ou parte da

>

propria biblioteca C.

Existem versodes da biblioteca

Cerca de 60 subrotinas

Algumas chamadas de funcdes Pthreads:

:_Thread call
:_F’thread create
-_F’thread exit
::F’thread join

- Pthread _yield
:F’thread attr_init

| Description

: Create a new thread

- Terminate the calling thread

: Wait for a specific thread to exit

- Release the CPU to let another thread run

‘. Create and initialize a thread’s attribute structure |

|_F’thread attr_destroy | Remove a thread’s attribute structure |

‘Centm )
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Comparacao de desempenho: processo x
thread

Plataforma fork() pthread create()
AMD 2.4 GHz Opteron (8 41.07 0.66

cpus/node)

IBM 1.9 GHz POWERS p5575 64.24 1.75

(8 cpus/node)

IBM 1.5 GHz POWER4 (8 104.05 2.01

cpus/node)

INTEL 2.4 GHz Xeon (2 cpus/node) 54.95 1.64

INTEL 1.4 GHz Itanium2 (4 54.54 2.03

cpus/node)

Tempos em ms

‘ Centro
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POSIX Threads - Code

#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);



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

#define NUMBER _OF THREADS 10 POSIX Threads - COdG

void *print_hello_world(void *tid)
{

/* This function prints the thread’s identifier and then exits. */
printf("Hello World. Greetings from thread %d0, tid);
pthread_ exit(NULL);

int main(int argc, char *argvl])
{

/* The main program creates 10 threads and then exits. */
pthread t threads[NUMBER_ OF THREADS];
int status, i

for(i=0; i < NUMBER_OF THREADS; i++) {
printf("Main here. Creating thread 9%d0, 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);



Exercicio

» Executando n vezes e verificando a ordem de
execucao das threads criadas ...

» Linguagem C

*Centm )
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) O [7 threads01v1 - Debugger Console

l Release | x86_64 '] '& ' @ '\E)

Overview Breakpoints  Build and Run Tasks Restart Pause

-

i

Clear Log

0806

Release | x86_64

COPYTIgnT ZUWd Free SoTTWare FoUnOation, Lnc.

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 GDBE was configured as "xB6_64-apple-darwin".tty /dev/ttys0e@

Loading program into debugger.

Program loaded.

run

[Switching to process 5762]

Running..

Thread @ created

Helle World from thread

Helle World from thread

Thread 1 created

Helle World from thread 1

Helle World from thread 1.

Helle World from thread 2

Thread 2 created

Helle World from thread 2

Helle World from thread 2.
2
3

=@
o

we

Helle World from thread
Helle World from thread
Thread 3 created

Helle World from thread
Helle World from thread
Helle World from thread
Helle World from thread
Thread 4 created

Helle World from thread 4.0

Hoe®

MU S

Debugger stopped.

Program exited with status value:@.

[Session started at 20811-83-30 16:22:48 -0300.]

GNU gdb 6.3.5@-200858815 (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 GDE was configured as "xB6_64-apple-darwin".tty /dev/ttys@el

Loading program into debugger..

Program loaded.

run

[Switching to process 5772]

Thread @ created

Helle World from thread 0.0

Thread 1 created

Helle World from thread 1.1

Helle World from thread 1.8

Thread 2 created

Helle World from thread 2

Helle World from thread 2.

Helle World from thread 2

Thread 3 created

Helle World from thread 3

Helle World from thread 3.
3
3

@ N

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

M@ W

Debugger stopped.
Program exited with status value:8.

Debugging of “threads01vl” ended normally.

| Groups & Files
¥ |23 threads01vl

» [ Source

» ] Documentation

» [ Products
> @ Targets
b ¢4 Executables
w (2 Find Results
» [ Bookmarks
=k

- Project Symbols

P [&] Implementation Files
P[] Interface Builder Files

9

B

|c| threads01vl.c - threads01vl (@]
&~ -» [ Q~ String Matching
=T A| < |Code L] A @
threads01vl
threads01vl.1 =
threads01vl.c i [

A
BSucczeded] Debugging of “threads01vl” ended normally.

-

» | [dthreads0lvl.c6 =
#include <pthread.h=
#include =stdio.h=
#include =stdlib.h=

<No selected symbol> % =,

#define NUMBER_OF_THREADS 5
#define NUMBER_OF_MESSAGES 1888

void #PrintHello(int* pt) {
int i;
for (i=0; i < NUMBER_OF_MESSAGES; i++) {
printf{"Helle World from thread %d.%d\n", *pt, i);

¥
pthread_exit{NULL);
¥

int main (int arge, const char * argv[]) {
/f insert code here...
/f printf{"Hello, World!\n");
/4 return B;
pthread_t threads [NUMBER_OF_THREADS];
int status, t;

for(t=0; t < NUMBER_OF_THREADS; t++] {
ff printf{"Creating thread %d\n", t);

status = pthread_create(&threads[t], NULL, (vcid #)PrintHelle, &t);
if (status !'= @)
printf{"ERROR. Pthread_create returned error code %d", status);
exit{-1);

printf{"Thread %d created\n", t};

¥
exit(B);

@ Succeeded /_J




!
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Type "show copying" to see the conditions.

There is absolutely no warranty for GDE. Type “show warranty" for details.
This GDBE was configured as "x86_64d-apple-darwin".tty /Jdev/ttys0on

Loading pregram inte debugger..

Program loaded.

run

[Switching to process 5762]

Running..

Thread @ created
Helle Werld from
Hello Werld from
Thread 1 created
Hello World from
Hello World from
Hello World from
Thread 2 created
Hello World from
Hello Werld from
Hello Werld from
Hello World from
Thread 3 created
Helle Werld from
Hello Werld from
Hello Werld from
Hello Werld from
Thread 4 created
Hello World from

el Iy Wl MaAyhi AMEY Y-Sy W

thread
thread

[l

thread
thread
thread

(S
we N

thread
thread
thread
thread

[T Sy SIS |
e S

thread
thread
thread
thread

Ll L L L
SRS NN -]

thread

Debugger stopped.

Program exited with status wvalue:@.

[Session started at 2011-83-38 16:22:48 -08300.]
GNU gdb 6.3.50-200508815 (Apple version gdb-1515)
Copyright 2884 Free Software Foundation, Inc.
GDBE 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 GDE. Type "show warranty" for details.
This GDE was configured as "x86_64-apple-darwin".tty /Jdev/ttysfal

Loading program into debugger..

Program loaded.

run

[Switching to process 5772]

Thread @ created
Hello Werld from
Thread 1 created

{Sat Jan 15 @8:33:48 UTC 2811)

thread 0.0

Helle Werld from thread 1.1
Helle Werld from thread 1.8
Thread 2 created

Hello Werld from thread 2.2
Hello Werld from thread 2.8
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 Werld from thread 3.2

Thread 4 created
Running..

Debugger stopped.
Program exited with status wvalue:@.

Debugging of “threads01v1” ended normally. @ Succeeded

9

b| | Source
k| | Documentation
F| | Products

> Targets

b (# Executables

¥ O Find Results

| ¥| Bookmarks

b 5CM

| threads01vl.1
E| threads01vl.c

- Project Symbaols
¥ [@] Implementation Files
b (3] Interface Builder Files

-

Debugging of “threads01v1” ended normally.

| [2threads0lvl.c:6 =
#include =pthread. h=
#Finclude =stdio.h=
#include =stdlib.h=

<MNo selected syml

#define NUMBER_OF_THREADS 5
#detine NUMBER_OF_MESSAGES 108088

void #PrintHelle(int+ pt) {
int i;
for (i=8; i < NUMBER_OF_MESSAGES
printf{"Hello World from thr

}
pthread_exit(NULL);
}

int main (int argc, const char #% arg
S5 insert code here...
ff printf("Hello, World!y\n");
fforeturn B;
pthread_t threads [MUMBER_OF_THRE
int status, t;

for{t=0; t <« NUMBER_OF_THREADS;
S oprintf("Creating thread %
status = pthread_create({&thr

if (status != @) {
printf("ERROR. Pthread_c
exit(-1);

printf("Thread %d createdin"
}
exit(@);




Exercicio

» Threads em Java
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Threads: Vocé no controle

» Processos
S.0. gerencia

» Threads
Vocé (programador) tem o controle

Podemos ter problemas?

*C!ntm .
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Conceitos
- Deadlock

- Um sistema de bibliotecas so fornece o “nada consta” para
alunos matriculados e o sistema de matricula s6 matricula
os alunos perante a apresentacéo do “nada consta”

— Definicao: dois processos blogueiam a sua execucao
poIS um precisa de um recurso bloqueado pelo outro
processo

A

Centro
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Conceitos

» Starvation (ou Inanicao)

Processo espera indefinidamente, e nunca é escolhido
para ser executado, “morrendo de fome”.

EX.

1L LT 8
1
-
]

Arquivo escolhido sempre o menor...

Solucéo:

- Aumento de prioridade baseado no
tempo de espera

- Primeiro a chegar, primeiro a ser impresso

*C!ntm )
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Conceitos: Concorréncia...

Veremos mais detalhes
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