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2. Process Groups

3. SEessions

4. Controlling Terminal
5. Job Control
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HOIE 219

= /etc/ttys: 1 line per terminal device

= getty: opens terminal device for reading and
writing

= gettytab: data file for getty

= login: login program

= getpass: read password
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i HOole 20 A

process ID 1
init [reads/etc/ttys;

/ \ } forks once per terminal,
fork

create empty environment;

Iinit
J exec } each child execs getty

getty
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2701 & ArE

process ID 1
init [reads/etc/ttys;

/ \ } forks once per terminal,
fork '

create empty environment;

Init
J oxec } each child execs getty
getty open terminal device
(file descriptors 0, 1, 2);
exec reads user name;
login Initial environment set
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HERAD =2 10l

= Inetd — Internet superserver
= waits for TCP/IP connection requests

= when request arrives, does a fork and exec of the appropriate
program

m telnet
= aremote login application(client) that uses TCP/IP protocol.

s telnetd
= |ELNET server
= opens pseudo—terminal device

= Splits into two processes using fork

= [ he parent handles the communication across the network
connection

= [he child does an exec of the login program.
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TELNET A&

process ID 1
init
: fork /exec of /bin/sh which
| } executes shell script /etc/rc

when system comes up multiuser

TCP connection request ,|  § hatd

from TELNET client when connection request
J fork } arrives from TELNET client

J exXec

telnetd
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m2 A DS

T NA IDs

Process ID(PID)

Process Group ID(GID)

2t IZMA = otLe T2 A OS50 &

2F T2 Nl A= A0 =8 process group IDE JHAIHH
fork Al =2 &=L},

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

pid_t getpgrp(void);
Returns: process GID of calling process
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m2 A DS

SA B oO(0E 3] C)JF MASHS Xt& T2 M ASO| &
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(jol Z2 X 122 #4

= Each process group has a process group leader
Process GID = PID

s IZ2ANA S22 91% ot=0l AFZ2ELIR?
gnal

» I ANA ASE F Hz = 7ol 283

= Kill =INT =3245 %‘ao:ls ﬂiﬁlé 15 324501 SIGINTE &
= Kill —INT 3245 ZE2 L2 AHlA 324501 2F SIGINT £ H
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S i =V

#include <sys/types.h>
#include <unistd.h>
main()
{
int pid, gid;
printf("PARENT: PID = %d GID = %d\n", getpid(), getpgrp());
pid = fork();
if (pid==0){ // A& ZZ2AHA
printf("CHILD: PID = %d GID = %d\n", getpid(), getpgrp());
}
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m2 A DS

e A s Br=))|
s AMA 2 AA = setpgrp 2=
S0 HHUAN M2 Z2AA 5= &
= A process can create a new process group
leader

= int setpgid(pid_t p/id, pid_t pgid);
= A process group leader can create processes in the
group

mOI

TZNA D8 AL

= the last process terminates OR
= jOins another process group

= (leader may terminate first)
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‘L Process Groups

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

int setpgid(pid_t p/d, pid_t pgid);
Returns: O if OK, -1 on error

i

(@=]
= Create new group or join existing group.

s Set the process GID of the process p/d to pgiad.

s pid== pgid > leader

= pid\= pgid > pid becomes a member of the process group
s pid== -> PID of caller At

s pgid == > pid It process group leader &

o=U #&E2 14



—xample

#include <sys/types.h>
#include <unistd.h>
main()
{
int pid, gid;
printf(‘PARENT: PID = %d GID = %d \n”, getpid(), getpgrp());
pid = fork();
if (pid == 0) {
setpgid(0, 0);
printf(“CHILD: PID = %d GID = %d \n”, getpid(), getpgrp());
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_____________________________________________________________________

i IS%%'IT 1| procl || proc2 || | proc3 || proc4 i
process group process group i oroc5 i

session

NI 0| 2t?

= Collection of one or more process groups
= Job MO0 AtE =L,

|

$procl | proc2 &
$proc3 | proc4d | proc5s
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i Sessions

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

pid_t setsid(void);

Returns: PGID if OK, -1 on error

s MEZ2 NHl& BH=D]
= A process (not a process group leader) creates a new
sSession

s The process becomes session leader (new session
contains this process only)

= |[he process become process group leader of a new
process group (PGID=PID)
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AE S HOIE

» NE=S AESE == U= HOIE

= A session can have a controlling terminal
= | he session leader is the controlling process

s NIE e Z2HA DS
= 1 foreground,
= 1 or more backgrounds

= O] foreground groupO| &&= gt=CF.
s ZEZE HOIE2E2H IIEE &= 2 signal &=
= |Interrupt key from control terminal
— SIGINT to all foreground processes
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session leader =
controlling proces

foreground process group

terminal input and
terminal-generated signals

network disconnecgt
(hangup signal)
controlling

terminal
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init or inetd

l

ob Contrd getyor
telnetd
i exec, after setsid, then
establishing controlling terminal
login
} exec
change in status login shell change in status
of children stpgid setpgi of children
tcsetpgrp to|set process group
for controlling terminal
background foreground
process group(s) | Write to terminal may terminal process group
input/outpu

enerate SIGTTOU
K !
Read from t'm‘

generate SIGTTIN
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terminal-generated signals

“terminal dri

(SIGINT, SIGQUIT, SIGSTP)

delivered to process group

user at a
terminal
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* Job Control
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Job Control

s A feature added by Berkeley in 1980

= JOD

= A group of processes

s |0 start multiple jobs from a single terminal

= [0 control:
= which jobs can access terminal
= which jobs are to run in background.
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i Job Control

= 3 forms of support required by job control:
= A shell to support job control
= [erminal driver must support job control
= Job—control signals

= Example
= cat /Jetc/nasswd | agren facultv 1 gort >
A I\ILUIP UUUUUU I vl \IP H CAN A R LJ I I\ 1
faculty.out & < 2 background
Is —1 | grep test | sort > test.out & jobs
vl main.c < 1 foreground job
o=l HHER 24



i Shell for Job Control

s Shells assign a job ID to a background job

s $cat /etc/passwd | grep faculty | sort > faculty.out &

[1] 19277 19278 19279,
$Is —1 | grep test | sort > test.out &  PFOCESS IDs

[2] 19280 19281 19282

$
[2] + Done cat /etc/passwd | grep .. &
[1{+ Done Is —1 | grep test | .. &

job number
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i Terminal Driver for Job Control

= [erminal driver looks out for 3 special characters:
= Interrupt character (DELETE or CTRL-C) generates SIGINT

= Quit character (CTRL-BACKSLASH) generates SIGQUIT
= Suspend character (CTRL-Z) generates SIGTSTP

= SIGTTIN

1)y When background job tries to read from the terminal,
o the terminal driver sends it to the background job
@ This stops the background job.

= SIGTTOU (Stty tostop =2 ZE=0)
1) When background job tries to write to the terminal,

o the terminal driver sends it to the background job
@ This stops the background job.
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i Job Control

$ cat > temp.foo &
[111719
$
[1] + Stopped(tty & =) cat>temp.foo &

$ fg %1
cat> temp.foo

hello, world
AD

$cat temp.foo
hello, world
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i Job Control

$ cat temp.foo &
[1] 1719
$ hello, world

[1] + Done cat temp.foo &

$ stty tostop

$ cat temp.foo &

[1] 1721

$

[1] + Stopped(tty output) cat temp.foo &

$ fg %1
cat temp.foo
hello, world

o=U #&E2
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Job Control

s fg command
= | he shell places the job into the foreground process
group, and
= Sends SIGCONT to the process group

s Stty command
- stty tostop

nd jobs to ol

NATITART TS ARsTTT L g l v-ul

controlling termlnal
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init or inetd

l

ob Contrd getyor
telnetd
i exec, after setsid, then
establishing controlling terminal
login
} exec
change in status login shell change in status
of children stpgid setpgi of children
tcsetpgrp to|set process group
for controlling terminal
background foreground
process group(s) | Write to terminal may terminal process group
input/outpu

enerate SIGTTOU
v
Read from t'm‘

generate SGITTIN

Hr
&=
Vil
0
H0

terminal-generated signals

“terminal dri

(SIGINT, SIGQUIT, SIGSTP)

delivered to process group

user at a
terminal

30



