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UNIX

kill

waitpid

ANSI C POSIX.1

SVR4 4.3+BSD

S| GABRT
S| GALRM
SI GBUS
SI GCHLD
SI GCONT
SI GEMT
S| GFPE
SI GHUP
SIGlLL
SI Gl NFO
SI GI NT
SKeke)
SKeKeln
SI GKI LL
SI GPI PE
SI GPOLL
S| GPROF
SI GPWR
Sl GQUI T
SI GSEGV
SI GSTOP

(abort)
(alarm
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/
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ANSI C POSIX.1

SVR4 4.3+BSD

S| GSYS
S| GTERM . .
S| GTRAP
S| GTSTP
SI GTTI N tty
SI GTTOU tty
S| GURG
S| GUSR1 .
S| GUSR2 .
SI GVTALRM (setitimer)
S| GW NCH
S| GXCPU CPU (setrlimt)

S| GXFSZ (setrlimt)

wi/core

w/core

wi/core
w/core

w/core”
core
UNIX core

(c)
( 711 RLIMIT_CORE) core

core
UNIX

(b)

core

-1D

UNIX 6 (@ (b)
- -ID

4.3+BSD core.prog prog
core

core POSIX.1 UNIX

16

10_ 1u ”
PDP-11

* SIGABRT abort 10.17
« SIGALRM alarm
setitimer(2)
* SIGBUS
* SIGCHLD SIGCHLD

wait ID

10.10

UNIX
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SIGCLD( H)
SVR2 SIGCHLD
10.7
* SIGCONT
Vi 10.20

* SIGEMT

EMT PDP-11 emulator trap
* SIGFPE 0
* SIGHUP

9-11 session s _leader
CLOCAL
CLOCAL 11
9-7
( )
13 SIGHUP

* SIGILL

4.3BSD abort SIGABRT
* SIGINFO 4.3+BSD Ctrl-T

9-8
* SIGINT DELETE Citrl-C
( 998
* SIGIO 1/10 12.6.2
10-1 SIGIO
SVR4 SIGIO SIGPOLL 4.3+BSD
( 4.2BSD)

* SIGIOT

10T PDP-11 TRAP(input/output TRAP)

Y abort SIGABRT

* SIGKILL
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* SIGPIPE 14.2
* SIGPOLL SVR4
12.5.2 poll 43+BSD SIGIO SIGURG
* SIGPROF  setitimer(2)
* SIGPWR SVR4 (UPS)
UPS
15 30 SIGPWR
SIGPWR init
V init inittab powerfail powerwait
UPS RS-232
* SIGQUIT
9-8 SIGINT
core
* SIGSEGV
SEGV “ segmentation violation ”
* SIGSTOP (SIGTSTP)
SIGSTOP
* SIGSYS
* SIGTERM kill(1)
* SIGTRAP
PDP-11 TRAP
* SIGTSTP Ctrl-Z
¢ SIGTTIN
9.8 errno
EIO (a) (b)
* SIGTTOU 9.8
SIGTTIN
11
SIGTTIN (a
5] (stop)

cl-s cul-Q
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(b)
errno EIO
tcsetattr,
tcsendbreak, tedrain, tcflush, tcflow tcsetpgrp 11
* SIGURG
* SIGUSR1
* SIGUSR2
* SIGVTALRM setitimer(2)
« SIGWINCH SVR4 4.3+BSD
ioctl ( 1112 ) ioctl - -
SIGWINCH
* SIGXCPU SVR4 4.3+BSD 7.11
CPU
* SIGXFSZ 7.11 SVR4 4.3+BSD
10.3 signal
UNIX signal
#include <signal.h>
void (*signal (insigno, void (func)(int))) (int);
SI G_ERR
signal ANSI C ANSI C /0
UNIX
ANSI C 2 POSIX.1 15
SVR4 signal SVR2 10.4
4.3+BSD signal sigaction 10.14
sigaction 4.3+BSD
sigaction signal
10-12 signal
signo 10-1 func (a) SIG_IGN (b) SIG_DFL
() SIG_IGN
SIGKILL SIGSTOP SIG_DFL
10-1 1

signal handler signal-catching function
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UNIX
signal
(void) signo
signal (
) signal
10.21
SVR4 4.3+BSD
signal typedef Plauger 1992
typedef void Sigfunc(int)
signal
Si gfunc *signal (int, Sigfunc *);
typedef ourhdr.h B
<signal.h>,

#define SIG_ERR (void (*)())-1
#define SIG DFL (void (*)())O0
#define SIG_IGN (void (*)())1

“ " signa
1 0 1
UNIX
10-1
10.10 pause
10-1 SIGUSR1 SIGUSR2
#include <signal.h>
#include "ourhdr.h"

static void sig _usr(int); /* one handler for both signals */

int
main(void)
{
if (signal (SIGUSR1, sig_usr) == SIG_ERR)
err_sys("can’t catch SIGUSR1"):
if (signal (SIGUSR2, sig_usr) == SIG_ERR)
err_sys("can’t catch SIGUSR2");

for (; ;)
pause() ;
}

static void
sig_usr(int signo) /* argument is signal number */

{
if (signo == SIGUSRI1)
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printf ("received SIGUSR1\n");
else if (signo == SIGUSR2)
printf ("received SIGUSR2\n");
else
err_dump ("received signal %d\n", signo);
return;
}
kill(1) UNIX (kill)
kill(1) kill(2)
$ a.out &
[ 1] 4720 shell ID
$ kill -USR1 4720 S| GUSR1
received S| GUSR1
$ kill -USR2 4720 SI GUSR2
recei ved Sl GUSR2
$ kill 4720 S| GTERM
[1] + Termi nated a.out &
SIGTERM
10.3.1
exec exec
shell
shell
cc main.c &
shell
i nt sig_int(), sig_quit();
if (signal (SIGINT, SIG IGN) != SIG_IGN)
signal (SI GI NT, sig_int);
if (signal (SIGQUIT, SIG_IGN) !'= SIG_IGN)

signal (SIGQUI T, sig_quit)
SIGINT SIGQUIT
signal
sigaction
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10.3.2
fork
10.4
UNIX V7
4.2BSD
SVR3 Vv POSIX.1
BSD
10-1
) int sig_int(); /* my signal handling function */
signal (SIGINT, sig_int); /* establish handler */
sig_int{()
{
signal (SIGINT, sig_int);
/* reestablish handler for next occurrence */
/* process the signal ... */
}
C ANSI C void int
signal
int sig_int_ flag; /* set nonzero when signal occurs */
main ()

{
int sig_int(); /* my signal handling function */
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207

Wa-wmu

signal (SIGINT, sig_int); /*

}

while (sig_int_flag == 0)

pause() ;

sig_int ()

{

/*

signal (SIGINT, sig int); /*

sig _int_flag =

1; /*

establish handler */

go to sleep, waiting for signal */

reestablish handler for next time */

set flag for main loop to examine */

pause
sig_int_flag 0
0
sig_int_flag paust
10.5
UNIX
errno EINTR
* pause( )  wait
. ioctl
. 14

110

1/10
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)
again:
if ( (n = read(fd, buff, BUFFSIZE)) < 0) {
if (errno == EINTR)
got o agai n; /* just an interrupted system call */
/* handle other errors */
}
4.2BSD
ioctl read readv write writev wait
waitpid wait
waitpid
4.3BSD
POSIX.1
Y SVR4 sigaction
10.14 SA_RESTART
4.3+BSD
4.3BSD sigvec
POSIX.1 sigaction
SVR4 sigaction SA RESTART
4.2BSD
10-2
10-2
. V7, SVR2,
si gnal
SVR3, SVR4
Si t, sighold,si |
'gée sig ? sigrel se SVRS, SVRA . .
si gi gnor e, si gpause
signal, si gvec, si gbl ock 4.2BSD . .
si gset mask, si gpause 4.3BSD, 4.3+BSD . .
POSIX.1 . .
Si tion,si k
gaction, si gprocmas SVRa . .
si gpendi ng, si gsuspend
4.3+BSD . .
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UNIX 10-2
Sun0S 4.1.2 sigaction SVR4 4.3+BSD
10-12 signal
SIGALRM 10-13 signal_intr
)

125 select poll

10.6

exit longjmp
malloc
malloc
getpwnam 6.2
? malloc
malloc
getpwnam
POSIX.1 10-3 *
POSIX.1 SVR4SVID AT&T 1989
10-3

_exit fork pi pe st at
abort* fstat read sysconf
access getegid rename tcdrain
al arm geteuid rmdir tcfl ow
cfgetispeed getgid setgid tcflush
cf get ospeed get groups set pgid tcgetattr
cfsetispeed get pgrp setsid tcget pgrp
cfset ospeed getpid setuid t csendbr eak
chdir get ppi d sigaction tcsetattr
chrmod getuid si gaddset tcset pgrp
chown kill si gdel set time
cl ose i nk sigemptyset tinmes
creat | ongj np* sigfillset umask
dup | seek si gi snmember unane
dup2 mkdi r si gnal * unl i nk
execl e mkfifo si gpendi ng utime
execve open si gpr ocmask wai t
exit* pat hconf sigsuspend wai t pi d
fentl pause sl eep write
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10-3 (a)
(b) malloc free (c) /0 I1/O0
10-3 errno
main errno
read errno main
10-3
errno  ( SIGCHLD
wait wait errno )
POSIX.1 10-3 longjmp siglongimp 10.15 siglongimp
siglongjmp
sigsetjmp
10-2 my_alarm getpwnam, my_alarm
10.10 alarm 10-2 SIGALRM
SIGSEGV core main getpwnam
SIGSEGV main
getpwnam EBADF
10-2
#include <pwd.h>
#include <signal.h>
#include "ourhdr.h"

static void my_alarm(int);
int
main (void)
{
struct passwd *ptr;

signal (SIGALRM, my alarm);
alarm(1);

for (; ;) {

if ( (ptr = getpwnam("stevens"))
err sys("getpwnam error");

if (strcmp (ptr->pw_name, "stevens")
printf ("return value corrupted!

ptr->pw_name) ;

, pw_name = %s\n",
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static void
my alarm(int signo)
{
struct passwd *rootptr;
printf("in signal handler\n");
if ( (rootptr = getpwnam("root")) == NULL)
err sys("getpwnam(root) error");
alarm(1l);
return;
}
10.7 SIGCLD
SIGCLD SIGCHLD SIGCLD \%
SIGCHLD BSD POSIX.1 BSD SIGCHLD
BSD SIGCHLD
wait
V  SIGCLD signal  sigset
SRV3 SVR4
SIGCLD
1) SIG_IGN
SIG_DFL 10-1
wait
wait -1 errno ECHILD (
SIG_IGN )
POSIX.1 SIGCHLD
4.3+BSD SIGCHLD
SVR4 signal sigset SIGCHLD
SVR4 sigaction SA_NOCLDWAIT
(  10-5)
2 SIGCLD
SIGCLD
2
10.4 signal
10-3
SVR2
“ SIGCLD received’
signal (2)

SIGCLD
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UNIX
signal
wait signal
SIGCHLD
? POSIX.1
POSIX.1
POSIX.1 sigaction SIGCHLD
SIGCHLD #define SIGCHLD
SIGCLD
10-3 V SIGCLD
#include <sys/types.h>
#include <signal.h>
#include <stdio.h>
static void sig_cld():
int
main ()
{
pid_t pid;
if (signal (SIGCLD, sig_cld) == -1)

perror("signal error");

if ( (pid = fork()) < 0)
perror ("fork error");

else if (pid == 0) {
sleep(2);
_exit (0);
}
pause () ; /* parent */
exit (0);

}

static void

sig_cld()

{
pid_t pid;
int status;

printf ("SIGCLD received\n");
if (signal (SIGCLD, sig_cld) == -1)
perror("signal error");

if ( (pid = wait (&status)) < 0)
perror ("wait error"):;

printf ("pid = %d\n", pid);

return;

/* interrupts pause() */

/* child */

reestablish handler */

/* fetch child status */
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0
kill
generation delivery pending
(a) (b)
sigpending 10.13
?POSIX.1
UNIX UNIX
\ SIGCLD
10.7 AT&T 1990e
sigaction(2) SA-SIGINFO 10-5
SVR4
?POSIX.1
POSIX.1 SIGSEGV
sigprocmask 10.12
POSIX.1
sigset_t 10.11
10.9 kill raise
kill raise
raise ANSI C POSIX.1 ANSI C
kill ID

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

int kill(pid_tid,

i nt signo);
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int raise(intsigno);

0 -1
kill pid
e pid>0 ID pid
e pid == ID ID
! ” UNIX
(pid 0) init (pid 1) (pid 2)
epid<O ID pid
epid==-1 POSIX.1
SVR4 4.3+BSD broadcast signal
4.3+BSD
ID - -ID ID
ID
ID _POSIX_SAVED_IDS SVR4 - -ID
ID
SIGCONT
POSIX.1 0 signo 0 kill
kill -1 errno ESRCH UNIX
ID ID
kill kill signo

10.10 alarm pause

alarm ( )
SIGALRM

#include <unistd. h>

unsigned int alarm(unsi gned isecbnds);
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seconds seconds SIGALRM
UNIX 1
POSIX.1
alarm
alarm
seconds 0
SIGALRM
pause

#include <unistd. h>

int pause(void)

-1 errno El NTR
pause pause -1
errno EINTR
alarm pause 10-4 sleepl
10-4 sleep
#include <signal.h>
#include <unistd.h>

static void
sig_alrm(int signo)
{
return; /* nothing to do, just return to wake up the pause */
}

unsigned int
sleepl (unsigned int nsecs)
{

if (signal (SIGALRM, sig_alrm) == SIG_ERR)
return(nsecs);
alarm(nsecs) ; /* start the timer */
pause () ; /* next caught signal wakes us up */

return( alarm(0) ); /* turn off timer, return unslept time */

sleepl 10.19 sleep
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UNIX
1) sleepl alarm
alarm alarm
sleepl
) SIGALRM
signal
(3) alarm pause alarm
pause pause
sleep 10-4 1 (2 (3)
setjmp sigprocmask
sigsuspend 10.19
SVR2 sleep setimp longimp( 7.10 ) 3)
sleep2 10-5
1) @
10-5 sleep
#include <setjmp.h>
#include <signal.h>
#include <unistd.h>
static jmp_buf env_alrm;
static void
sig_alrm(int signo)
{
longjmp (env_alrm, 1);
}
unsigned int
sleep2 (unsigned int nsecs)
{
if (signal (SIGALRM, sig_alrm) == SIG_ERR)
return (nsecs) ;
if (setjmp(env_alrm) == 0) {
alarm(nsecs); /* start the timer */
pause(); /* next caught signal wakes us up */

}

return( alarm(0) ); /*

turn off timer, return unslept time */

10-4
sleep2
sleep2
SIGALRM
10-6 SIGINT
sleep2

pause SIGALRM

longjmp
for 5
j volatile
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10-6
$ a.out
"2
sig_int starting
sl eep2 returned: O
10-6 sleep2
#include <signal.h>
#include "ourhdr.h"
unsigned int sleep2 (unsigned int);
static void sig_int (int);
int
main (void)
{
unsigned int unslept;
if (signal (SIGINT, sig_int) == SIG_ERR)
err sys("signal (SIGINT) error");
unslept = sleep2(5);
printf("sleep2 returned: %u\n", unslept);
exit (0);
}
static void
sig_int (int signo)
{
int i;
volatile int 3;
printf("\nsig_int starting\n");
for (i = 0; i < 2000000; i++)
Jo+=1i * i;
printf("sig_int finished\n");
return;
}
sleep2 longjmp sig_int SVR2
sleep 10.3
sleepl sleep2
sleep alarm
10.5
10-7
10-7 read
#include <signal.h>
#include "ourhdr.h"

static void sig_alrm(int);



China=pubecom

UNIX

int
main(void)
{
int n;
char line [MAXLINE];

if (signal (SIGALRM, sig_alrm) == SIG_ERR)
err_sys("signal (SIGALRM) error");

alarm(10);

if ( (n = read(STDIN_FILENO, line, MAXLINE)) < 0)
err_sys("read error");

alarm(0);

write (STDOUT_FILENO, line, n);

exit (0);
}

static void
sig_alrm(int signo)
{

return; /* nothing to do, just return to interrupt the read */
}

UNIX
Q) 10-7 10-4 alarm read
read 1
2 SIGALRM read
POSIX.1
longjmp ( 10-8)
10-8 longjmp read

#include <setjmp.h>
#include <signal.h>
#include "ourhdr.h"
static void sig_alrm(int);
static jmp_buf env_alrm;
int
main (void)
{

int n;

char line [MAXLINE] ;

if (signal (SIGALRM, sig_alrm) == SIG_ERR)

err sys("signal (SIGALRM) error");

if (setjmp(env_alrm) != 0)
err_quit ("read timeout");
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}

alarm(10);

if ( (n = read(STDIN_FILENO, line, MAXLINE)) < 0)
err_sys("read error");

alarm(0) ;

write (STDOUT_FILENO, line, n);

exit (0);

static void
sig_alrm(int signo)

{

}

longjmp (env_alrm, 1);

10.11

10-5
1/0 longjmp
select poll 1251 1252

—_— signal set sigprocmask

POSIX.1 sigset_t

#include <signal.h>

int

int

int

int

int

sigemptyset (sigset _set)
sigfillset(sigset_set)
si gaddset (si gset _tsetr i nt signo);

sigdel set (sigset_tet* int signo);

sigi smember (const sigset sét, *i nt signo);

sigemptyset set sigfillset set

sigemptyset sigfillset C 0

sigaddset
sigdel set
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4.3+BSD 31 32 sigemptyset sigfillset
<signal.h>

0)
“(sigset_t)0, 0 )

#define sigemptyset(ptr) ( *(ptr)
#define sigfillset(ptr) ( *(ptr)

sigfillset 0
sigaddset sigdel set sigismember
0 1 10-9

10-9 sigaddset sigdelset sigismember

#include <signal.h>
#include <errno.h>
#define SIGBAD (signo) ((signo) <= 0 || (signo) >= NSIG)

/* <signal.h> usually defines NSIG to include signal number 0 */
int
sigaddset (sigset_t *set, int signo)
{

if (SIGBAD(signo)) { errno = EINVAL; return(-1); }

*set |= 1 << (signo - 1); /* turn bit on */
return(0) ;

}

int

sigdelset (sigset_t *set, int signo)

{
if (SIGBAD(signo)) { errno = EINVAL; return(-1); }

*set &= ~ (1 << (signo - 1)); /* turn bit off */
return(0) ;

}

int

sigismember (const sigset_t *set, int signo)

{
if (SIGBAD(signo)) { errno = EINVAL; return(-1); }

return( (*set & (1 << (signo - 1))) != 0 );

<signal.h> POSIX.1
errno

10.12 sigprocmask

10.8
sigprocmask ( )
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# include <signal.h>

int sigprocmask(i ntow,

const sigset _tset,

sigset _t dset);

oset
how

SIG_SETMASK

10-4

10-4

sigprocmask

how

set
SIG_BLOCK

how

Sl G_BLOCK

S| G_UNBLOCK

Sl G_SETMASK

set

set

set

set

sigprocmask

10-10
10-15
10.9

10-1

10-10

how

sigprocmask

10-14

#include
#include
#include

void

pr_mask (const char *str)

{
sigset t
int

errno_save = errno;

printf ("

if (sigismember (&sigset, SIGINT)) printf ("SIGINT ");
if (sigismember (&sigset, SIGQUIT)) printf ("SIGQUIT "):
if (sigismember (&ésigset, SIGUSR1l)) printf("SIGUSR1 ");
if (sigismember (&sigset, SIGALRM)) printf ("SIGALRM ");

<errno.h>
<signal.h>
"ourhdr.h"

sigset;

errno_save;

%s", str);

/* we can be called by signal handlers */
if (sigprocmask (0, NULL, &sigset) < 0)
err_sys("sigprocmask error");

/* remaining signals can go here */

printf ("

errno = errno_save;

\n") ;
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10.13 sigpending

sigpending set
#include <signal.h>
int sigpending(sigset _set)
0 -1
10-11 SIGQUIT
5
5 SIGQUIT
SIGQUIT
SIG_SETMASK SIG_UNBLOCK
SIG_UNBLOCK
SIG_SETMASK
10.18 system
sigprocmask SIGQUIT
sig_quit printf sigprocmask printf
10-11 sigprocmask
#include <signal.h>

#include "ourhdr.h"

static void sig_quit (int);

int
main (void)
{
sigset_t newmask, oldmask, pendmask;
if (signal (SIGQUIT, sig quit) == SIG_ERR)
err sys("can’'t catch SIGQUIT");

sigemptyset (&newmask) ;
sigaddset (&newmask, SIGQUIT) ;

/* block SIGQUIT and save current signal mask */
if (sigprocmask (SIG_BLOCK, &newmask, &oldmask) < 0)

err sys("SIG_BLOCK error");
sleep(5);
if (sigpending(&pendmask) < 0)

err_sys("sigpending error");
if (sigismember (&pendmask, SIGQUIT))

/* SIGQUIT here will remain pending */



China=pubecom

10

printf ("\nSIGQUIT pending\n");

/* reset signal mask which unblocks SIGQUIT */
if (sigprocmask (SIG_SETMASK, &oldmask, NULL) < 0)
err_sys("SIG_SETMASK error");
printf ("SIGQUIT unblocked\n");

sleep(5);

exit (0);
}

static void
sig_quit (int signo)
{

printf ("caught SIGQUIT\n");

if (signal (SIGQUIT,

SIG_DFL) == SIG_ERR)

err_sys("can’t reset SIGQUIT");

return;

/* SIGQUIT here will terminate with core file */

\ “ QUIT(coredump)”
(

$ a.out

“\

SI GQUI T pendi ng
caught SI GQUI T
SIGQUI T unbl ocked
"\ Qui t (cor edunp)

$ a.out

t

SI GQUI T pendi ng
caught SIGQUIT
SIGQUIT unbl ocked
"\ Qui t (cor edunp)

10.14 sigaction

sigaction

UNIX signal

SIGQUIT
shell

sl eep

si gpr ocmask

10 (5 )

SIGQUIT
SIGQUIT

( )

sigaction

core

10

signal

Ctrl-

#include <signal.h>

int sigaction(insigno,

const struct sigacti oact*

struct sigacti onoatt);
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signo
oact

struct sigaction {

void (*sa_

sigset_t sa_mask;

handl er) ();

act

/* addr of signal

handl er,

or SIG_IGN, or SIG_DFL */
/* additional signals to block */

int sa_fl ags; /* signal options, Table 10-5 */
}
sa_handler ( SIG IGN SIG DFL)
sa_mask
10.8
sigaction
POSIX.1
act sa flags 10-5
10-5 (sa_flags)
POSIX.1 SVR4 4.3+BSD
SA_NOCLDSTOP . . . signo  SIGCHLD
SVR4 SA_NOCLDWAIT
SA_RESTART o . 10.5
SA_ONSTACK . . sigaltstack(2)
SA_NOCLDWAI T . signo SIGCHLD
wait

SA_NODEFER

SA_RESETHAND

SA_SI Gl NFO

10.7

S| G_DFL

10.21

-1 errno

ECHILD
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——signal
sigaction signal 4.3+BSD (POSIX.1
POSIX ) SVR4 signal
SVR4 signal sigaction( SVR4
sigaction SA_RESETHAND SA_NODEFER signal
signal 10-12
10-12 sigaction signal

/* Reliable version of signal(), using POSIX sigaction(). */
#include <signal.h>
#include "ourhdr.h"
Sigfunc *
signal(int signo, Sigfunc *func)
{

struct sigaction act, oact;

act.sa_handler = func;

sigemptyset (&act.sa_mask);

act.sa_flags = 0;

if (signo == SIGALRM) {
#ifdef SA_ INTERRUPT

act.sa_flags |= SA_INTERRUPT; /* Sun0OS */

#endif

} else {
#ifdef SA RESTART

act.sa_flags |= SA RESTART; /* SVR4, 4.3+BSD */

#endif
}
if (sigaction(signo, &act, &oact) < 0)
return(SIG_ERR);
return (ocact.sa_handler);

sigemptyset act
act.sa_mask = 0;
SIGALRM SA_RESTART
SIGALRM
/0 10-7
SunOS SA_INTERRUPT
——signal_intr
10-13 signa

10-13 signal_intr

#include <signal.h>
#include "ourhdr.h"

Sigfunc *
signal_intr(int signo, Sigfunc *func)
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struct sigaction act, oact;

act.sa_handler = func;
sigemptyset (&act.sa mask);
act.sa_flags = 0;

#ifdef SA INTERRUPT /* SunOS */
act.sa_flags |= SA INTERRUPT;

#endif
if (sigaction(signo, &act, &oact) < 0)

return (SIG_ERR) ;

return (oact.sa_handler);

SA_INTERRUPT sa_flags

10.15 sigsetjimp siglongjmp

7.10 setimp longjmp
longjmp ANSI C
abort exit longjmp 10-5 10-8
longjmp
longjmp ?
4.3+BSD setjmp longjmp SVR4
4.3+BSD _setimp _longjmp
POSIX.1 setimp  longjmp
sigsetjmp siglongjmp
#include <setjnmp. h>
int sigsetjmp(sigjmp_berdv, int savemask);
0 si gl ongj nmp 0
void siglongjmp(sigjmp_berv, int val)
setimp longimp sigsetjmp savemask 0O
sigsetimp env siglongjmp 0 savemask
sigsetjmp env, siglongimp
10-14

sigsetjmp  siglongjmp
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10-14 sigsetjmp siglongjmp
#include <signal.h>
#include <setijmp.h>
#include <time.h>
#include "ourhdr.h"
static void sig_usrl(int), sig_alrm(int);
static sigjmp_buf jmpbuf;
static volatile sig_atomic_t canjump;
int
main (void)
{
if (signal (SIGUSR1l, sig usrl) == SIG_ERR)
err sys("signal (SIGUSR1) error");
if (signal(SIGALRM, sig_alrm) == SIG_ERR)
err sys("signal (SIGALRM) error");
pr_mask ("starting main: "); /* Program 10.10 */
if (sigsetjmp(jmpbuf, 1)) {
pr_mask("ending main: ");
exit (0);
}
canjump = 1; /* now sigsetjmp() is OK */
for (; ;)
pause () ;
}
static void
sig usrl (int signo)
{
time t starttime;
if (canjump == 0)
return; /* unexpected signal, ignore */
pr_mask("starting sig usrl: ");
alarm(3); /* SIGALRM in 3 seconds */
starttime = time (NULL);
for ( ; ;) /* busy wait for 5 seconds */
if (time (NULL) > starttime + 5)
break;

pr_mask("finishing sig usrl: ");

canjump = 0;

siglongjmp (jmpbuf, 1); /* jump back to main, don’t return */
}

static void
sig_alrm(int signo)
{
pr_mask ("in sig alrm: ");

return;
}
siglongjmp
sigsetjmp canjump 0 0
siglongimp jmpbuf( ) sigsetimp
siglongjmp

siglongjmp
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C longjmp
sig_atomic_t ANSI C
ANSI volatile
——main
10-1 10-1 ( main)
(sig_usrl) (sig_alrm) 0(
) SIGUSR1

SIGUSR1 SIGALRM

main
signal ()
signal ()
pr_mask ()
sigsetjmp ()
pause ()
SIGUSR1 ;
=|| sig usrl
pr_mask ()
aTlarm()
time ()
time ()
time ()
L SIGALRM {:; ig_alcm
pr_mask ()
- réturn()
Pr m!sk()
sigsetjmp() <«4——— siglongjmp ()
pr_mask()
exit ()
10-1
10-14
$ a.out &
starting main:
[ 1] 531 shell I D
$ kill -USR1 531 SI GUSR1
starting sig_usrl: Sl GUSR1
$ in sig_alrm SIGUSR1 SI GALRM
finishing sig_usrl: SIGUSR1
endi ng mai n:
[1] + Done a.out &
siglongjmp

sigsetjmp
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10-14 sigsetimp  siglongjmp _setimp  _longjmp 4.3+BSD
endi ng mai n: S| GUSR1
_setjmp main SIGUSR1
10.16 sigsuspend
pause
? SIGINT
sigset t newmask, oldmask;
sigemptyset (&newmask) ;
sigaddset (&newmask, SIGINT);
/* block SIGINT and save current signal mask */
if (sigprocmask(SIG_BLOCK, &newmask, &oldmask) < 0)
err_sys ("SIG_BLOCK error");
/* critical region of code */
/* reset signal mask, which unblocks SIGINT */
if (sigprocmask (SIG_SETMASK, &oldmask, NULL) < 0)
err_sys("SIG_SETMASK error");
pause () ; /* wait for signal to occur */
/* continue processing */
SIGINT pause SIGINT
sigsuspend
#include <signal.h>
int sigsuspend(const sigset sigmask);
-1, errno ElI NTR
sigmask
sigsuspend sigsuspend
errno
EINTR( )
10-15
10-15

#include <signal.h>
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#include "ourhdr.h"
static void sig_int (int);

int
main (void)
{

sigset_t newmask, oldmask, zeromask;

if (signal (SIGINT, sig int) == SIG_ERR)
err_sys("signal (SIGINT) error");

sigemptyset (&zeromask) ;

sigemptyset (&§newmask) ;
sigaddset (&newmask, SIGINT);
/* block SIGINT and save current signal mask */
if (sigprocmask(SIG_BLOCK, &newmask, &oldmask) < 0)
err sys("SIG_BLOCK error");

/* critical region of code */
pr_mask("in critical region: ");

/* allow all signals and pause */
if (sigsuspend(&zeromask) != -1)
err_ sys("sigsuspend error");
pr_mask ("after return from sigsuspend: ");

/* reset signal mask which unblocks SIGINT */
if (sigprocmask (SIG_SETMASK, &oldmask, NULL) < 0)
err_sys ("SIG_SETMASK error");

/* and continue processing ... */
exit (0);
}

static void

sig_int (int signo)

{
pr_mask("\nin sig_int: ");
return;

sigsuspend SIGINT
(oldmask)
10-15
$ a.out
in critical region: SIGINT
"2
in sig_int: SIGINT
after return from sigsuspend: SIGINT

sigsuspend

sigsuspend 10-16
main
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$ a.out

" ?

i nterrupt
" ?
interrupt
"?
interrupt
A

ANSI C POSIX POSIX
sig_atomic_t

POSIX.1
10-3 POSIX

10-16 sigsuspend

#include <signal.h>
#include "ourhdr.h"

volatile sig atomic_t quitflag; /* set nonzero by signal handler */

int
main (void)
{
void sig_int (int);
sigset_t newmask, oldmask, zeromask;

if (signal (SIGINT, sig_int) == SIG_ERR)
err sys("signal (SIGINT) erxror");

if (signal (SIGQUIT, sig_int) == SIG ERR)
err_sys("signal (SIGQUIT) error");

sigemptyset (&zeromask) ;

sigemptyset (&newmask) ;
sigaddset (&newmask, SIGQUIT);
/* block SIGQUIT and save current signal mask */
if (sigprocmask (SIG_BLOCK, &newmask, &oldmask) < 0)
err_sys("SIG_BLOCK error");

while (quitflag == 0)
sigsuspend (&zeromask) ;

/* SIGQUIT has been caught and is now blocked; do whatever */
quitflag = 0;
/* reset signal mask which unblocks SIGQUIT */
if (sigprocmask (SIG_SETMASK, &oldmask, NULL) < 0)
err_sys("SIG_SETMASK error");

exit (0);
}

void
sig_int (int signo) /* one signal handler for SIGINT and SIGQUIT */
{

if (signo == SIGINT)
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printf ("\ninterrupt\n");
else if (signo == SIGQUIT)
quitflag = 1; /* set flag for main loop */

return;
}
10-17
8.8 TELL_WAIT TELL_PARENT TELL_CHILD WAIT_
PARENT WAIT_CHILD SIGUSR1
SIGUSR2 14-3
10-17
#include <signal.h>
#include "ourhdr.h"
static volatile sig_ atomic_t sigflag;
/* set nonzero by signal handler */
static sigset_t newmask, oldmask, zeromask;

static void
sig_usr(int signo) /* one signal handler for SIGUSRl and SIGUSR2 */
{
sigflag = 1;
return;
}

void
TELL WAIT (void)
{
if (signal (SIGUSR1, sig usr) == SIG_ERR)
err_sys("signal (SIGUSR1l) error");
if (signal (SIGUSR2, sig usr) == SIG_ERR)
err_sys("signal (SIGUSR2) error");

sigemptyset (&zeromask) ;

sigemptyset (&newmask) ;
sigaddset (&newmask, SIGUSR1);
sigaddset (&newmask, SIGUSR2);
/* block SIGUSR1 and SIGUSR2, and save current signal mask */
if (sigprocmask(SIG_BLOCK, &newmask, &oldmask) < 0)
err_sys("SIG_BLOCK error");
}

void
TELL PARENT (pid_t pid)
{
kill (pid, SIGUSR2); /* tell parent we’re done */

}

void
WAIT PARENT (void)
{
while (sigflag == 0)
sigsuspend (&zeromask); /* and wait for parent */

sigflag = 0;
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/* reset signal mask to original value */
if (sigprocmask(SIG_SETMASK, &oldmask, NULL) < 0)
err_sys("SIG_SETMASK error");

}
void
TELL CHILD (pid_t pid)
{

kill (pid, SIGUSR1); /* tell child we’re done */
}

void
WAIT CHILD (void)
{
while (sigflag == 0)
sigsuspend(&zeromask); /* and wait for child */

sigflag = 0;
/* reset signal mask to original value */
if (sigprocmask (SIG_SETMASK, &oldmask, NULL) < 0)
err_sys("SIG_SETMASK error");

sigsuspend (
) ?
17-13 SIGINT SIGALRM
signal-intr
select ( 1251 )
SIGALRM
if (intr flag) /* flag set by our SIGINT handler */
handle_intr():

if (alrm_flag) /* flag set by our SIGALRM handler */

handle_alrm() ;
/* signals occurring in here are lost */
while (select( ... ) < 0) {
if (errno == EINTR) ({
if (alrm_flag)
handle_alrm() ;
else if (intr_flag)
handle_intr():
} else
/* some other error */

select select
if select

select ( )
(1)  SIGINT SIGALRM

2
©) select( read)
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sigsuspend
10.17 abort

©)

pause

abort

CMM-MM&

#include <stdlib. h>
voi d abort(void);

SIGABRT
ANSI C abort
exit _exit longjmp
siglongimp (10.15 longjmp siglongjmp POSIX.1 abort
SIGABRT
POSIX.1 abort
ANSI C
5.13 ) POSIX.1 abort
/0 fclose abort
\% abort SIGIOT
abort
4.3BSD SIGILL
SIG_DFL ( core )
SVR4 /10 4.3+BSD
/O abort
err_dump B
UNIX tmpfile( ) unlink
ANSI C
10-18 POSIX.1 abort 1/0
/0
fclose
I1/0 _exit
1/0 _exit
10.9 kill
10-18 kill
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kill

10-18 abort POSIX.1

#include
#include
#include
#include

void

<sys/signal.h>
<stdio.h>
<stdlib.h>
<unistd.h>

abort (void) /* POSIX-style abort() function */

{

sigset_t mask;
struct sigaction action;

/* caller can’t ignore SIGABRT, if so reset to default */

sigaction (SIGABRT, NULL, &action);
if (action.sa_handler == SIG_IGN) {

}

action.sa_handler = SIG_DFL;
sigaction (SIGABRT, &action, NULL);

if (action.sa_handler == SIG_DFL)

fflush (NULL) ; /* flush all open stdio streams */

/* caller can’t block SIGABRT; make sure it’s unblocked */

sigfillset (&mask);
sigdelset (&mask, SIGABRT); /* mask has only SIGABRT turned off */
sigprocmask (SIG_SETMASK, &mask, NULL);

kill (getpid (), SIGABRT); /* send the signal */

/* if we’re here, process caught SIGABRT and returned */

fflush (NULL) ; /* flush all open stdio streams */

action.sa handler = SIG_DFL;
sigaction (SIGABRT, &action, NULL); /* reset disposition to default x/

sigprocmask (SIG_SETMASK, &mask, NULL); /* just in case ... *x/
kill (getpid (), SIGABRT): /* and one more time */
exit (1); /* this should never be executed ... */

10.18 system

8.12 system POSIX.2
system  SIGINT SIGQUIT SIGCHLD
10-19  8.12 system ed(1) (ed UNIX
shell
ed
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10-19 syetem ed
#include <sys/types.h>
#include <signal.h>
#include "ourhdr.h"

static void sig_int (int), sig_chld(int);

int
main (void)
{
int status;
if (signal (SIGINT, sig_int) == SIG_ERR)
err sys("signal (SIGINT) error");
if (signal (SIGCHLD, sig_chld) == SIG_ERR)

err sys("signal (SIGCHLD) error");

if ( (status = system("/bin/ed")) < 0)
err sys("system() error");
exit (0);
}

static void

sig_int (int signo)

{
printf ("caught SIGINT\n");
return;

}

static void

sig_chld(int signo)

{
printf ("caught SIGCHLD\n");
return;

sig-chid

10-19 SIGINT SIGCHLD

$ a.out

a

Here is one |line of text

and anot her

1 $p 1 1
Here is one line of text

and anot her

w tenmp. foo 37
37

q

caught SI GCHLD

SIGCHLD
SIGCHLD
POSIX.2

(a.out )

system

$ a.out

system
system
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a
hell o, world
1,$p 1 1
hell o, world
w etmp.foo
13 13
" ?
?
caught Sl GI NT
q
caught SI GCHLD
9.6 10-2
r==—---- 7 [ pfiatialiatiad il h
! | fork | fork | /pin/sh 27Xl /bin/ed i
| shell [T exec a.out exec | in exec :
I I I
[ 4 L e e e e e e e e e -
10-2 10-19
SIGINT shell
a.out ed system ( ed)
system ed) system
system
POSIX.2 system
10-20 system
10-20 ystem POSIX.2
#include <sys/types.h>
#include <sys/wait.h>
#include <errno.h>
#include <signal.h>
#include <unistd.h>
int .
system(const char *cmdstring) /* with appropriate signal handling */
{ .
pid_t pid;
int status;
struct sigaction ignore, saveintr, savequit;
sigset_t chldmask, savemask;
if (cmdstring == NULL)
return(l); /* always a command processor with Unix */

ignore.sa_handler = SIG_IGN; /* ignore SIGINT and SIGQUIT */
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sigemptyset (¢ignore.sa_mask) ;

ignore.sa flags = 0;

if (sigaction(SIGINT, &ignore, &saveintr) < 0)
return(-1);

if (sigaction(SIGQUIT, &ignore, &savequit) < 0)
return (-1);

sigemptyset (&chldmask) ; /* now block SIGCHLD */

sigaddset (¢§chldmask, SIGCHLD) ;

if (sigprocmask (SIG_BLOCK, &chldmask, &savemask) < 0)
return(-1);

if ( (pid = fork()) < 0) {
status = -1; /* probably out of processes */

} else if (pid == 0) { /* child */
/* restore previous signal actions & reset signal mask */
sigaction(SIGINT, &saveintr, NULL);
sigaction(SIGQUIT, &savequit, NULL);
sigprocmask(SIG_SETMASK, &savemask, NULL);

execl("/bin/sh", "sh", "-c", cmdstring, (char *) 0);
_exit (127); /* exec error */
} else { /* parent */

while (waitpid(pid, &status, 0) < 0)
if (errno != EINTR) ({
status = -1; /* error other than EINTR from waitpid() */
break;

/* restore previous signal actions & reset signal mask */
if (sigaction(SIGINT, &saveintr, NULL) < 0)
return(-1);
if (sigaction(SIGQUIT, &savequit, NULL) < 0)
return(-1);
if (sigprocmask(SIG_SETMASK, &savemask, NULL) < 0)
return(-1);

return (status);

if ( (pid = fork()) < 0)
err_sys("fork error");

else if (pid == 0) { [* child */
execl ()
_exit(127);

}

/* parent */

old_intr = signal (SI GINT, SIG_IGN);
old_quit = signal (SIGQUIT, SIG_IGN)
wai tpid(pid, &status, 0)
signal (SI GINT, old_intr);

signal (SIGQUI T, old_quit);

fork

10-20 fork
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execl
execl
system
system shell 8-13
date
0 shell exit 44 44 ?
8-14
$ tsys "sleep 30"
“?normal term nation, exit status = 130
$ tsys "sleep 30"
“\sh: 946 Quit
normal term nation, exit status = 131
sleep pr_exit 8-3 sleep
130 131 ? Bourne shell
128
shell
$ sh Bourne shel
$ sh -c "sleep 30"
"2
$ echo $?
130
$ sh -c "sleep 30
“\sh: 962 Quit-core dumped
$ echo $?
131
$ exit Bour ne shel
SIGINT 2 SIGQUIT shell 130 131
shell system

$ tsys "sleep 30" &
[ 1] 980
$ ps 1D

PID TT STAT TI ME COMMAND

980 p3 S 0: 00 tsys sleep 30

981 p3 S 0: 00 sh -c sleep 30

982 p3 S 0: 00 sleep 30

985 p3 R 0: 00 ps
$ kill -KILL 981 shel
abnormal termi nation, signal number =
[1] + Done tsys "sleep 30" &

shell system
system fork exec

wait system
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10.19 sleep
sheep 10-4 10-5 sleep
#include <unistd. h>
unsigned int sleep(unsigned isecbnds);
0
(0] seconds
@)
alarm
(D 0 sleep (2)
( )
sleep alarm 10.10 alarm
POSIX.1
alarm(10) 3 sleep(5) ? sleep 5
) 2 SIGALRM ?
SVR4 aarm sleep sleep(3)
sleep 2
sleep 0 sleep SIGALRM
alarm(6), 3
sleep(5) 3 sleep 5 sleep
2
4.3+BSD setitimer(2)
alarm sleep
(alarm) (setitimer)
SIGALRM sleep
alarm sleep
sleep
deep
sleep 4.3+BSD
10-21 POSIX.1 sleep 10-4

POSIX.1
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10-21 sleep
#include <signal.h>
#include <stddef.h>
#include "ourhdr.h"

static void
sig_alrm(void)
{
return; /* nothing to do, just returning wakes up sigsuspend() */
}

unsigned int
sleep(unsigned int nsecs)
{

struct sigaction newact, oldact;
sigset t newmask, oldmask, suspmask;
unsigned int unslept;

newact.sa_handler = sig_alrm;
sigemptyset(&newact.sa_mask);
newact.sa flags = 0;
sigaction(SIGALRM, &newact, &oldact);
/* set our handler, save previous information */

sigemptyset (&newmask) ;
sigaddset (&newmask, SIGALRM) ;

/* block SIGALRM and save current signal mask */
sigprocmask (SIG_BLOCK, &newmask, &oldmask);

alarm(nsecs);

suspmask = oldmask;
sigdelset (&suspmask, SIGALRM); /* make sure SIGALRM isn’t blocked */

sigsuspend (&suspmask) ; /* wait for any signal to be caught */
/* some signal has been caught, SIGALRM is now blocked */

unslept = alarm(0);
sigaction (SIGALRM, &oldact, NULL); /* reset previous action */

/* reset signal mask, which unblocks SIGALRM */
sigprocmask(SIG_SETMASK, &oldmask, NULL);

return (unslept) ;

10-4 sleep 10-21
10-5 alarm pause
SIGALRM

10.20

10-1 POSIX.1
* SIGCHLD
* SIGCONT
* SIGSTOP
* SIGTSTP
* SIGTTIN
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* SIGTTOU
POSIX.1 SIGCHLD
UNIX
e shell
Ctrl-z SIGTSTP shell
shell SIGCONT
SIGTTIN SIGTTOU shell
e vi(1)
vi
vi
(SIGTSTP
SIGSTOP SIGTTIN SIGTTOU SIGCONT
SIGCONT
SIGCONT
SIGCONT
10-22
10-22 SIGTSTP SIG_DFL
shell( /bin/sh)
SIG_IGN shell init
SIGTSTP SIGTTIN SIGTTOU SIG_IGN shell
shell SIG_DFL
SIGTSTP
SIGTSTP
( ) SIGTSTP
SIGTSTP
fg shell
SIGCONT SIGCONT
kill
SIGTSTP

18
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10-22 SIGTSTP

#include <signal.h>
#include "ourhdr.h"

#define BUFFSIZE 1024
static void sig_tstp(int);

int
main (void)
{
int n;
char buf [BUFFSIZE];

/* only catch SIGTSTP if we’re running with a job-control shell */
if (signal (SIGTSTP, SIG_IGN) == SIG_DFL)
signal (SIGTSTP, sig_tstp):

while ( (n = read(STDIN_FILENO, buf, BUFFSIZE)) > 0)

if (write(STDOUT_FILENO, buf, n) != n)
err _sys("write error");
if (n < 0)

err_sys("read error"):;

exit (0);
}

static void
sig_tstp(int signo) /* signal handler for SIGTSTP */

{
sigset_t mask;

/* ... move cursor to lower left corner, reset tty mode ... */

/* unblock SIGTSTP, since it’s blocked while we’re handling it */
sigemptyset (&mask) ;

sigaddset (&mask, SIGTSTP);

sigprocmask (SIG_UNBLOCK, &mask, NULL);

signal (SIGTSTP, SIG_DFL); /* reset disposition to default */

kill (getpid(), SIGTSTP); /* and send the signal to ourself */
/* we won’t return from the kill until we’re continued */

signal (SIGTSTP, sig_tstp); /* reestablish signal handler */

/* ... reset tty mode, redraw screen ... */
return;

10.21

10.21.1

extern char *sys_siglist
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psignal

#include <signal.h>
voi d psignal (i nsigno,

const

char .msg);

msg ( )

SVR4 4.3+BSD

sys siglist psignal

10.21.2 SVR4
sigaction sa flags SA_SIGINFO ( 10-5)
siginfo (
)
struct siginfo {
int s1_signo; /* signal number */ -
int si_errno; /* if nonzero, errno value from <errno.h> */
int si_code; /* additional info (depends on signal) */
pid_t si_pid; /* sending process ID */
uid_t si_uid; /* sending process real user ID */
/* other fields also */
1;
SIGFPE si_code FPE_INTDIV
0 FPE_FLTDIV 0 si_code 0
kill(2) si_pid si_uid
SVR4 siginfo(5)
10.21.3 4.3+BSD
4.3+BSD
handl er (i ntsigno, i nt code, struct sigcontextscy);
sigho code SIGFPE code
FPE_INTDIV_TRAP 0 scp
10.22
UNIX
UNIX
POSIX.1
abort system sleep POSIX.1
101 10-1 for (;;)
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10.2 raise
10.3 10-6
104 10-8 setimp  longimp 1/0

signal (SI GALRM, sig_alrm);

al arm( 60)

if (setjmp (env_alrm) !'= 0) {

/* handle time out */
10.5 (alarm setitimer)
10.6 10-17
0 fork
( ) 1
10.7 10-8 SIGABRT
_exit kill
10.8 SVR4 siginfo 10.21 si_uid ID
ID
10.9 10-10 10-1
10.10 sleep(60) 5 (5 )
tm_sec BSD
cron
10.11 3-3 (a) BUFFSIZE 100 (b) signal_intr SIGXFSZ
(c)
write RLIMIT_FSIZE 7.11 1024 ( shell
setrlimit) 1024
10.12 fwrite ( ) fwrite
alarm fwrite
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