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Processo Y e

Programa em execucao

Criar um processo
* Inicializacao do Sistema

« Execucao de chamada ao sistema por processo em
execucao

* Pedido do utilizador para criar novo processo
* |nicio de um batch script
Processos podem correr em:
- foreground: interage com utilizador
» background: executa sem interacao, daemon
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Memoria de um processo g e
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Memoria processo/OS ” -
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Estados de um processo

]

Um processo em execucdo pode estar

NOS seguintes estados
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New
Running
Waiting
Ready
Terminated



Estados de um processo

admitted

interrupt exit terminated

scheduler dispatch

I/O or event completion I/O or event wait

waiting
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Estados de um processo

Waiting for resources and

signals

| Uninterruptible Sleep
(D)

Wakes Up / Signal

Waiting for resources

A4

Interruptible Sleep (S)

Wakes Up

Running

or
Process Runnable State (R)
Created

A

€ SIGSTOP Received

Stopped (T)
SIGCONT Received

exit() or termination signals

A4

Zombie (Z)
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Process Control Block N M

O Process Control Block (PCB) é a estrutura que, no
SO, armazena a informacao sobre um processo

Inclui os seguintes dados:
- Estado do processo
* Program Counter
* Registos do CPU
« Tipo de escalonamento
 Informacéao sobre a memoaria do processo
* Informacéao sobre I/O
« Accounting
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Process Control Block
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process state

process number

program counter

registers

memory limits

list of open files




Process Control Block

il
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Process management
Registers

Program counter
Program status word
Stack pointer

Process state

Priority

Scheduling parameters
Process ID

Parent process
Process group

Signals

Time when process started
CPU time used
Children’s CPU time
Time of next alarm

Memory management
Pointer to text segment
Pointer to data segment
Pointer to stack segment

File management
Root directory
Working directory
File descriptors
User ID

Group ID
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Mudanca de contexto

il

Quando o SO troca 0 processo que esta
no estado Running
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process P,

executing J

» idle

executing M\—

operating system process P,

interrupt or system call

A
save state into PCB,

reload state from PCB, 1
interrupt or system call

save state into PCB,

reload state from PCB,

executing
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|
Estruturas de suporte ao escalonament(;_a | &
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~ |
Representacao do escalonamento ” e
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swap in
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swapped-out processes
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Representacéo do escalonamento ” -
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Topico pratico o M

Directoria /proc

directoria virtual (ficheiros sé existem em memoria)

podem ser consultadas varias informacdes sobre o
Sistema

« Permite alterar parametros do kernel
Contem informacoes gerais:

* EX: cpuinfo; meminfo; etc

Uma directoria para cada processo

* EX: root; cwd, ficheiros abertos; mapa de memoria; etc

Mais informacoes em:
http://www.tldp.org/LDP/Linux-Filesystem-Hierarchy/html/proc.html

DETI/UA 15



Arvore de processos o W

Quando um processo cria um NovVo Processo

Processo criador é designado de processo pai
Novo processo € designado de processo filho

Pode ser formada uma hierarquia de processos
Hierarquia de processos
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Processo pode saber pid do pal
Quando filho morre € enviado o sinal SIGCHLD ao pai

Pai recolhe exit code dos filhos

Quando pai morre, filho € herdado pelo processo 1 (init) ou
systemd

» A partir do kernel 3.4, um processo pode nomear-se como pai dos
processos orfaos seus descendentes (ex: systemd, upstart)

16



, |
Arvore de processos l [I -

bash sshd
pid=8416 pid=3610

tcsh
pid = 4005
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Arvore de processos
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systemd-—

—-t‘.odcmManager——E[gdbus]
{gmain}

—NetworkManager hclient
{gdbus}
{gmain}

-2* [abrt~dump-journ]

—abrt {gdbus}
{gmain}

—alsactl

—atd

l—auditd audispd—Esedispatch

_I: {audispd}
{auditd}

—avahi-daemon

—crond

—2* [dbus-daemon]

~dbus~launch

avahi~-daemon

—dnsmasg—dnsmasqg
l—firewalld [gmain}
—JSSproxy 5*[{gssproxy}]

—htt httpd
4% [htepd
—irgbalance
—libvirtd—I1S*[{libvirtd}]
—1lvmetad
—mcelog
l~polkitd {JS GC Helper}
{JS Sour~ Thread}
{gdbus}
{gmain)
{runaway-killer-}
—rsyslogd {in:imjournal}
{rs:main Q:Reg}
—rtkit-dasmon 2* [{rtkit-daemon}]
s dcim: Xorg—{Xorg}
sddm-helper

18*[{httpd}]
2*[(httpd}i]

sddm-greeter {gDBusConnection}
—E{QQtanhread)
{QXcbEventReader)
{QDBusConnection}

l—smartd

—sshd sshd sshd—>bash—pstree

—2* [systemd— (sd-pam) ]

—systemd-journal

—systemd-logind

—systemd-udevd

18



Tipos de processos N e

/O intensivos
- Fazem muitas chamadas ao sistema relacionadas com I/O
« Muitos pequenos periodos de utilizacao do CPU
CPU intensivos
- Fazem poucas chamadas I/O
* Poucos e longos periodos de utilizacdo do CPU

Num sistema com timesharing e de modo a otimizar a
utilizacao do CPU e positivo que a lista de processos em
execucao seja equilibrada entre os 2 tipos
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Criagao de processos N e

Um processo pode criar Novos processos

« O processo criador designa-se de processo pai e os criados de
processos filhos

* Os filhos podem, por sua vez, criar novos processos
Partilha de recursos

« Pai e filhos partilham recursos

 Filhos partilham um subconjunto dos recursos do pai

« Pai e filhos n&o partilham recursos
Execucao

+ Pai e filhos executam em paralelo

» Pai espera que filho(s) terminem
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Criacao de processos

14

e fd ‘ ]

parent
‘ -
child exec()
A 4

resumes
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Criacao de processos

fork
pid = fork();
if (pid == 0) :
@XeC(...); [
else | :
wait(pid); :
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pid = fork();

if (pid == 0)
exec(...);

else
wait(pid);

pid = fork();

if (pid == 0)
exec(...);

else
wait(pid),

................................

main () {
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Criagéo de processos - POSIX ” ~

#include <errno.h>
#include <{stdio.h>

pid_t childpid;

childpid=Ffork();
switch(childpid)
{
case -1:
fprintf(stderr,”ERROR: Zs\n", sys_errlist[errno]);
exit(1);
break ;
case 0:
/* Child's code goes here x/
execlp(”/bin/1s™,"1s" ,NULL);
break ;
default:
/% Parent’'s code goes here x/
walt(MULL) ;
printf(“Child completed”);
break ;
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Criacao de processos — Win32

#include <windouws.h>
#include <stdio.h>
#include <tchar.h>

void _tmain({ int arge, TCHAR xargu[] ) {
STARTUPINFO si; PROCESS_INFORMATION pi;
ZeroMemory( &si, sizeof(si) ); si.ch = sizeof(si);
ZeroMemory( &pi, sizeof(pi) );

if{ arge *= 2 ) {
printf(“Usage: ¥%s [cmdline]\n", argu[8]);

return;
)
f// Start the child process.
if( 'CreateProcess( NULL, // No module name (use command line)
argu[1], // Command line
MULL, // Process handle not inheritable
MULL, // Thread handle not inheritable
FALSE, // Set handle inheritance to FALSE
@, // No creation flags
NULL , // Use parent's envircnment block
NULL, // Use parent's starting directory
&si, // Pointer to STARTUPINFO structure
&i ) // Pointer to PROCESS_INFORMATION structure
) {
printf( “CreateProcess failed (%d).\n", GetLastError() J:
return;
)

/7 Wait until child process exits.
WaitForSingleObject( pi.hProcess, INFINITE );

/f Close process and thread handles.
CloseHandle( pi.hProcess ); CloseHandle( pi.hThread );
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Criacdo de processos — Java ” -

import java.io.*;
public class OSProcess {

public statiec void main(String args[]) {
try {

// Create process
ProcessBuilder pb = new ProcessBuilder{args[0]):
Process p = pb.start():

// Get BufferedReader linked to process input stream
BufferedReader input =
new BufferedReader
(new InputStreamReader (p.getInputStream())):

// read output from process and print it

String line:

while ((line = input.readLine()) != null) {
System.out.println(line);

}

input.close():

}

catch (Exception err) {
err.printStackTrace () ;

}
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Criagéo de processos — Python ” ~

from multiprocessing i1mport Process

def f (name) :

print('hello', name)
if name == " main ':
P = Process (target=f, args=('bob',))
p.start ()
p.Jjoin()
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Topico pratico N e

Processos em scripts
execC

walit

Processos em background

Process group

jobs

parent.sh parent2.sh child.sh

Adaptado de:
https://gist.github.com/CMCDragonkai/f58afb7e39fcc422097849b853caal4l
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POSIX Input / Output N e

Abrir e fechar ficheiros
int open(const char *path, int oflag, .../*,mode t mode */);

int eclose(int filedes);

Ler / Escrever

ssize t read(int fd, voild *buf, size t count);

ssize t write(int fd, const void *buf, size t nbytes);

Duplicar file descriptors
int dup (int oldfd);
int dup2 (int oldfd, int newfd);
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Leitura

A
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#include <sys/types.h>
$#include <unistd.h>

#include <stdio.h>
#define BUFSIZE 1024
int main(int argc, char *argvl[])
{ int fd, nr;
char buf[BUFSIZE];
nr = read (0, buf, BUFSIZE) ;

printf ("read bytes=%d buf=%.*s\n",

0;

nr,

nr,

buf) ;
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Il
Escrita ! 1 5

#include <sys/types.h>
#include <unistd.h>
#include <fcntl.h>

#$#include <stdio.h>

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

{
int fd;
fd = open("writel.txt"™, O WRONLY|O CREAT, S TIRUSR|S IWUSR) ;
write (fd, "messagel\n",9);

close (£d) ;

0;
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Redirecionamento output g e

#include <sys/types.h>
#include <unistd.h>
#include <fcntl.h>
#include <stdio.h>

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

{
int f£d;
fd = open("rdexl.txt", O WRONLY|O CREAT, S IRUSR|S IWUSR);
dup2 (fd, 1); // close 1, then make 1 refer to same file as fd
close (£d) ; // close fd
execlp("1ls","1s",NULL) ;
07
}
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Redir output no processo filho

Nl

#include <sys/types.h>
#include <unistd.h>
#include <fcntl.h>

#include <stdio.h>

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

{
int f£d;

( fork() ) |
0: // child
fd = open("redirforkexecl.txt", O WRONLY|O CREAT,

S TRUSR|S TWUSR) ;

dup2(fd, 1); // close 1, then make 1 refer to same file as fd

close (£d) ; // close fd

execlp("ls"™,"1ls",NULL); // exec ls

//parent
printf ("pid=%d\n",getpid()):;

r

}
printf ("END.\n");

0;
}
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