8.1
UNIX
ID— ID
system UNIX
8.2
ID ID
5.13 tmpnam 1D
IDO (swapper)
—_— ID1 init
UNIX [etclinit
/sbin/init UNIX init
(etclrc* ) ( ) init
( )
init
UNIX ID2 (pagedaemon)
ID
#include <sys/types. h>
#include <unistd. h>
pid_t getpid(void); I D
pid_t getppid(void); I D
uid_t getuid(void); I D
uid_t geteuid(void); I D
gid_t getgid(void); I D
gid_t getegid(void); I D
fork ID 44
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8.3 fork

fork UNIX (
init

)

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

pid_t fork(void);

0 I D -1
fork child process
0 ID ID
ID fork 0
getppid ID( IDO
ID 0)
fork
(76 )
fork
exec (Copy-On-Write, COW)
“o Bach(J 1986001 9.2 Leffler [ 19890J
5.7
8-1 fork
$ a.out

a wite to stdout
before fork

pid = 430, glob =
pid = 429, glob =
$ a.out > temp.out
$ cat temp. out

a write to stdout
before fork

pid = 432, glob = 7, var = 89
before fork

pid = 431, glob

fork

7, var = 89
6, var = 88

1
o)}

var = 88

8-1

10.6 fork
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printf

5.12

8-1 fork 1/0 3 write
fork write 1/0
printf
printf fork
fork
printf
8-1 fork

exit

#include <sys/types.h>

#include "ourhdr.h"

int glob = 6; /* external variable in initialized data */
char buf[] = "a write to stdout\n";

int

main (void)

{

int var; /* automatic variable on the stack */
pid_t  pid;

var = 88;

if (write(STDOUT_FILENO, buf, sizeof (buf)-1) != sizeof (buf)-1)
err_sys("write error");

printf ("before fork\n"); /* we don’t flush stdout */

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

else if (pid == 0) { /* child */
glob++; /* modify variables */
var++;

} else
sleep(2); /* parent */

printf("pid = %d, glob = %d, var = %d\n", getpid(), glob, var);
exit (0);

fork

8-1
fork
( 33

fork

( shell
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/ .
(fd )ptr v _ :
dor——T =  / — L ________
fd 1:
fd 2:
v / v
[
(fd ) ptr
o
fd 2: v T
v
[
8-1 fork
fork
8-1
fork
1)
2 fork
o ID ID ID ID
. ID
. ID
N ID
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« fork

. ID

. ID

. tms_utime,tms_stime,tms_cutime tms_ustime 0

fork @ (
) (b) ID 2-7 CHILD_MAX
ID
fork
D
_ fork

2 shell

fork exec( 8.9 exec)
2 (fork eXec) spawn UNIX
fork exec
fork exec 1/0 ID
14
8.4 vfork
vfork fork
vfork 4BSD Leffler 1989 5.7
vfork "
SVR4 4.3+BSD vfork
<vfork.h> vfork

vfork exec ( (2) )

1-5 shell vfork fork

exec( exit)



China=pubecot

UNIX
exec exit
UNIX fork
exec
vfork fork vfork exec exit
8-1 vfork fork 8-2
8-2 vfork

#include <sys/types.h>
#include "ourhdr.h"
int glob = 6; /* external variable in initialized data */
int
main (void)
{

int var; /* automatic variable on the stack */

pid t  pid;

var = 88;

printf ("before vfork\n"); /*

we don’t flush stdio */

if ( (pid = vfork()) < 0)
err_sys("vfork error");
else if (pid == 0) { /* child */
glob++; /* modify parent’s variables */
var++;
_exit (0); /* child terminates */

}

/* parent */

printf("pid = %d, glob = %d, var = %d\n", getpid(), glob, var);
exit (0);
}
$ a.out
before vfork
pid = 607, glob = 7, var = 89
glob var 1
fork
8-2 _exit exit 8.5 _exit I1/0
exit _exit
$ a.out
before vfork
printf exit
1/0
I/OFILE printf
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8
printf -1
Leffler  [1989] 5.7 fork vfork 8.1 82
vfork
8.5 exit
7.3
D
(& main return 7.3 exit
(b) exit ANSI C
atexit 11O ANSI C
UNIX
(© _exit exit UNIX _exit
POSIX.1
@)
@ abort SIGABRT
(b) 10
abort
0
exit _exit exit status
termination status
wait  waitpid ( )
: " exit _exit main “
_exit
7-1 8-1
fork
?
init init
ID 1(init ID)
waitpid
ID CPU

UNIX
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zombie  ps(1) Zz
fork
\% 10.7
init
o init init
wait “ init
” init ( 9.2 getty )
init
8.6 wait waitpid
SIGCHLD
( )
(
) 10
wait waitpid
. ( )
. ( )
. ( )
SIGCHLD wait wait
wait
#include <sys/types. h>
#include <sys/wait.h>
pid_t wait(int statloc);
pid_t waitpid(pid_gid, int ‘tatloc, i nt options);
1D -1
. wait waitpid
 waitpid e
wait
wait
wait wait ID

statloc statloc
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8
core
POSIX.1 <sys/wait.h>
WIF
8-1 8.9
8-1 wait waitpid

W FEX| TED(status)

VEXI TSTATUS(status)

exit _exit 8

W FSI GNALED(status)

WIERMSI G(status)

SVR4 4.3+BSD POSIX.1
WCOREDUMP(status)
core

W FSTOPPED(status)

WSTOPSI G(status)

8-3 pr_exit 8-1
WCOREDUMP
8-4 pr_exit 8-4
$ a.out
normal term nation, exit status = 7
abnormal termi nation, signal number = 6 (core file generated)
abnormal term nation, signal number = 8 (core file generated)
8-3 exit

#include <sys/types.h>

#include <sys/wait.h>
#include "ourhdr.h"
void

pr_exit (int status)
{
if (WIFEXITED (status))
printf("normal termination, exit status = %d\n",
WEXITSTATUS (status));
else if (WIFSIGNALED (status))
printf ("abnormal termination, signal number = %d%s\n",
WTERMSIG (status),
#ifdef WCOREDUMP
WCOREDUMP (status) ? " (core file.generated)" : "");
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#else
llll)’.

#endif

else if (WIFSTOPPED (status))

printf("child stopped, signal number = %d\n",
WSTOPSIG(status));
}
8-4 exit
#include <sys/types.h>
#include <sys/wait.h>
#include "ourhdr.h"
int
main (void)
{
pid_t pid;
int status;
if ( (pid = fork()) < 0)
err_sys("fork error");
else if (pid == 0) /* child */
exit (7);
if (wait (&status) != pid) /* wait for child */
err sys("wait error");
pr_exit (status); /* and print its status */
if ( (pid = fork()) < 0)
err sys("fork error");
else if (pid == 0) /* child */
abort () ; /* generates SIGABRT */
if (wait(&status) != pid) /* wait for child */
err sys("wait error");
pr_exit (status); /* and print its status */
if ( (pid = fork()) < 0)
err_sys("fork error”);
else if (pid == 0) /* child */
status /= 0; /* divide by 0 generates SIGFPE */
if (wait(&status) != pid) /* wait for child */
err sys("wait error");
pr_exit (status); /* and print its status */
exit (0);
}
WTERMSIG
(10.21 ) <signal.h> SIGABRT 6
SIGFPE 8
wait
( ID) ? UNIX
wait ID ID
ID wait
wait POSIX.1
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8
waitpid ( )
waitpid POSIX.1 SVR4 4.3+BSD
V 4.3BSD
waitpid pid
epid==-1 waitpid wait
epid>0 ID pid
* pid == ID ID
epid< -1 ID pid
(9.4 )waitpid ID statloc
wait (
10 waitpid
options waitpid 0 8-2
8-2 waitpid
WNOHANG pid waitpid 0
WUNTRACED pid
WIFSTOPPED
SVR4 options WNOWAIT
waitpid
WCONTINUED pid
waitpid wait
(1) waitpid ( wait popen
(2) waitpid wait
(3) waitpid WUNTRACED
8.5 fork
fork
8-5
sleep ID fork
fork ID
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init ID1

8-5 fork

#include
#include
#include

int
main (void)
{

pid t

<sys/types.h>
<sys/wait.h>
"ourhdr.h"

pid;

if ( (pid = fork()) < 0)
err sys("fork error");

else if (pid == 0) { /* first child */
if ( (pid = fork()) < 0)

err_sys("fork error"):

else if (pid > 0)

exit (0); /* parent from second fork == first child */

/* We’'re the second child; our parent becomes init as soon

as our real parent calls exit() in the statement above.
Here’s where we’d continue executing, knowing that when
we’'re done, init will reap our status. */

sleep(2);
printf ("second child, parent pid = %d\n", getppid()):;
exit (0);
}
if (waitpid(pid, NULL, 0) != pid) /* wait for first child */

err sys("waitpid error");

/* We're the parent (the original process); we continue executing,
knowing that we’re not the parent of the second child. */

exit (0);

8-5

$ a.out

$ second child, parent pid =1

8.7 wait3

4.3+BSD
waitpid

( exec ) shell
ID

wait4

wait3 wait4 POSIX.1
rusage

wait

#i ncl ude
#incl ude
#include
#include

<sys/types. h>
<sys/wait.h>
<sys/time. h>
<sys/resource. h>

pid_t wait3(intstatloc, int options, struct rusagerusage);
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pid_t waitd4(pid_pid, int *statloc, int options, struct rusagerudsage);
1D -1
SVR4 BSD wait3
CPU CPU
getrusage(2)
7.11 8-3 wait
8-3 wait
pid options rusage POSIX.1 SVR4 4.3+BSD
wai t . . .
wai t p| d . . . . .
wai t 3 . . . .
wai t 4 . . . .
8.8
race condition fork
fork fork
8-5 ID
exit init
sleep sleep
wait

( 8-5 )

whil e(getppid() !=1)
sl eep(1);
polling CPU 1
UNIX
10.16 (IPC)

14 15

fork



China=hubecom

UNIX
ID
#include '"ourhdr.h"
TELL WAIT(); /* set things up for TELL xxx & WAIT_xxx */

if ( (pid = fork()) < 0)
err sys("fork error");

else if (pid == 0) { /* child */
/* child does whatever is necessary ... */
TELL PARENT (getppid()) /* tell parent we’re done */
WAIT_PARENT(); /* and wait for parent */
/* and the child continues on its way ... */
exit (0);
}
/* parent does whatever is necessary ... */
TELL_CHILD (pid) ; /* tell child we’re done */
WAIT CHILD(); /* and wait for child */

/* and the parent continues on its way ... */

exit (0);
ourhdr.h TELL_WAIT TELL_PARENT
TELL_CHILD WAIT_PARENT WAIT_CHILD
TELL WAIT 10.16
14-3
8-6
8-6
#include <sys/types.h>
#include "ourhdr.h"

static void charatatime (char *);
int
main(void)
{
pid_t pid;
if ( (pid = fork()) < 0)
err_sys("fork error");

else if (pid == 0) {
charatatime ("output from child\n");
} else {

charatatime ("output from parent\n");

}
exit (0);
}

static void
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charatatime (char *str)
{

char *ptr;

int c;

setbuf (stdout, NULL); /* set unbuffered */
for (ptr = str; c = *ptr++; )
putc(c, stdout);

$ a.out

out put from child

out put from parent

$ a.out

oouuttppuutt ffrroomm cphairl edn
t

$ a.out

oouuttppuutt ffrroomm pcahri el ndt

$ a.out
oout put from parent
ut put fromchild

8-6 TELL WAIT 8-7

8-7 8-6

write

#include <sys/types.h> -
#include "ourhdr.h"

static void charatatime(char *);
int
main (void)

{
pid_t pid;

+ TELL_WAIT():

if ( (pid = fork()) < 0)
err_sys("fork error");
else if (pid == 0) {
+ WAIT_PARENT() ; /* parent goes first */
charatatime ("output from child\n");
} else {
charatatime ("output from parent\n");
+ TELL_CHILD (pid);
}
exit (0);
}

static void
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charatatime (char *str)

{

char *ptr;
int c;
setbuf (stdout, NULL); /* set unbuffered */
for (ptr = str; c = *ptr++; )
putc(c, stdout);
}
8-7 fork
else if (pid == 0) {

charatati me("output
TELL_PARENT(get ppi d());
} else {

fromchild\n");

WAI T_CHI LD() ; /* child goes first */
charatatime("output from parent\n");
}
8.3
8.9 exec
8.3 fork exec
exec main
exec ID exec
exec exec exec UNIX
fork exec exit wait
popen system
#include <unistd. h>
int execl (const charpathname, const char argo, /* (char *) 0 */);
int execv(const chamathname, char *constargv[] );
int execle(const charmathname, const char argo,
/* (char *)0, char *conervp [] *1);
int execve(const charpathname, char *constargv[], char *consenp[] );
int execlp(const charfilename, const char afgo, /* (char *) 0 */);
int execvp(const charfiléname, char *constargv[] );
-1

filename
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8
. filename /
. PATH
PATH ( ) name=value
PATH=/ bi n: /usr/bin:/usr/local/bin:.
value
Garfinkel  Spafford [1991]
execlp execvp
shell
/bin/sh filename shell
(1 (list) v (vector)) execl execlp
execle
(execv,execvp execve)
ANSI C execl,execle execlp
char *arg0, char ‘argl, char atgn, (char *) 0
0
char * exec
e execle execve
environ 7.9 7-2
setenv  putenv
shell login
shell ANSI C execle
char * pathname, char “argO0, , char ‘argn, (char *)0, charenvp[]
ANSI C
envp ()
exec p
filename PATH I
\ \ argv[ ] e envp[ ]
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UNIX
8-4 exec
pathname filename argv[] envi ron envp[]
execl . . .
execl p . . .
execl e . . .
execv . . .
execvp . . .
execve . . .
p \Y e
2-7 ARG_MAX
POSIX.1 4096 shell
grep _POSI X_SOURCE /usr/include/*/*.h
shell
arg list too long
\% 5120 4.3BSD 4.3+BSD
20 480 1M 2-1
exec ID
. ID ID
. ID ID
. ID
. ID
. ID
e tms_utime, tms_stime, tms_cutime tms_ustime
exec 3-1 3.13
FD_CLOEXEC exec

exec fentl

exec
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8
POSIX.1 exec 421 opendir
opendir fentl exec
exec ID ID ID
- -ID - -ID - -ID
ID ID ID ID
UNIX execve
8-2
execlp  execvp PATH filename
execlp execl execle
argv argv argv
y
exec = Lot execv
VP PATH environ execve J
8-2 exec
8-8 exec
8-8 exec
#include <sys/types.h>
#include <sys/wait .h>
#include "ourhdr.h"
char *env_init[] = { "USER=unknown", "PATH=/tmp", NULL };
int
main (void)
{
pid t pid;

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

(pid == 0) { /* specify pathname, specify environment */

if (execle("/home/stevens/bin/echoall™”,

else if

}

"echoall", "myargl", "MY ARG2",
env_init) < 0)

err_sys("execle error");

if (waitpid(pid, NULL, 0) < 0)
err_sys("wait error");

if ( (pid = fork()) < 0)
err~sys("fork errox");
(pid == 0) { /* specify filename, inherit environment */
if (execlp("echoall",
"echoall", "only 1 arg", (char *) 0) < 0)

else if

}
exit (0);

err_sys("execlp error");

(char *) O,
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UNIX

execle execlp
execlp

/home/stevens/bin argv [0]

shell
8-8 echoall 8-9

8-9

#include "ourhdr.h"

int

main(int argc, char *argv(])

{

int i;
char **ptr;
extern char **environ;

for (i = 0; i < argce; i++) /* echo all command-line args */
printf ("argv([%d]: %s\n", i, argv[i]):

for (ptr = environ; *ptr != 0; ptr++) /* and all env strings */
printf ("$s\n", *ptr);

exit (0);

$ a.

8-8

out

argv[0]: echoal
argv[1l]: myargl
argv[2]: MY ARG2
USER=unknown

PATH=/t np

argv[0]: echoal

$ argv[1l]: only 1 arg
USER=st evens
HOME=/ hone/ st evens
LOGNAME=st evens

31
EDI TOR=/ usr/ ucb/ vi
shell exec argv[0] argv[1]
8.10 ID ID
setuid ID ID setgid
ID ID

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

int

setuid(uid_uid);



Chin

a'bUb.CON

8
int setgid(gid_gid);
0 -1
ID ID ID
ID
(D] setuid ID ID
- -I1D uid
)] uid ID - -1D setuid
ID uid ID - -ID
3 errno EPERM
_POSIX_SAVED_IDS
- -1D
FIPS 151-1
SVR4 _POSIX_SAVED_IDS
ID
(1) ID ID
login(1) login setuid
ID
2 - - 1D exec ID -
-1D exec ID
setuid ID ID - -1D
ID
(©)] - -ID exec ID exec ID
ID
8-5 ID
8-5 ID
exec set ui d(uid)
ID
- -ID -  -ID
ID uid
ID ID uid uid
- -ID ID ID uid
8.2 getuid geteuid ID ID
- -ID
- -ID
tip(l) (Vv cu(d) )

tip
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UNIX
UUCP
(D) tip uucp - -ID exec
ID
ID ID
ID uucp
- -ID  uucp
(2) tip uucp
uucp tip
(3) tip setuid(getuid()) tip ID
ID ID(
-ID ID(
- -ID  uucp( )
tip ID ID
(4) tip setuid uucpuid uucpuid uucp
ID tip geteuid uucp ID
tip ID setuid -
ID - -ID
ID= ID
ID=uucp
- -ID=uucp
(5) tip tip ID uucp
- -1D
ID
- -1D
( )
tip shell ( fork exec)
ID ID ID( 3 ) shell
tip uucp - -ID shell
-1D exec ID exec ID
ID
- -ID root, tip setuid
setuid ID
setuid ID
8.10.1 setreuid setregid
43+BSD  setregid ID ID

#include <sys/types. h>
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#include <unistd. h>
int setreuid(uid_tuid, uid_t euid);

int setregid(gid_tgid, gid_t egid);

0 -1
ID ID -
ID - -1D
POSIX.1 - -ID
ID - -ID
SVR4 BSD
4.3BSD - -1D setreuid setregid
ID 4.3BSD
tip shell
exec ID ID
ID uucp setreuid shell
setreuid ID uucp
tip ID ID ID
8.10.2 seteuid setegid
POIX.1 seteuid setegid ID
ID
#include <sys/types. h>
#include <unistd. h>
int seteuid(uid_uid);
int setegid(gid_uid);
0 -1
ID ID - -1D
ID uid ( setuid ID )
- -ID
SVR4 4.3+BSD
8-3 ID

8.10.3 ID

ID ID  setgid



UNIX CMM'bUb.COM

setreuid (ruid, euid) setuid (uid) seteuid (uid)
sy u,id

ruid

m
ID , ID ,
setreuid setreuid - -ID
- -ID exec
setuid seteuid setuid seteuid
8-3 ID
8.11
SVR4 4.3+BSD
# pathname [optional-argument]
pathname
# [ bin/sh
pathname ( PATH )
exec exec
pathname
#
pathname
(32 ) # pathname

exec
8-10 exec

8-10
#include <sys/types.h>
#include <sys/wait.h>
#include "ourhdr.h"
int

main(void)
{
pid t pid;
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if ( (pid = fork()) < 0)
err_sys("fork error");
else if (pid == 0) { /* child */
if (execl("/home/stevens/bin/testinterp",
"testinterp", "myargl", "MY ARG2", (char *) 0) < 0)
err_sys("execl error");

}

if (waitpid(pid, NULL, 0) < 0) /* parent */
err_sys("waitpid error");
exit (0);

8-10
$ cat /home/stevens/bin/testinterp
#!/ home/ stevens/ bin/ echoarg foo
$ a.out
argv[0]: /home/stevens/bin/echoarg
argv[1l]: foo
argv[2]: /home/stevens/bin/testinterp
argv[3]: myargl
argv[4]: MY ARG2
echoarg ( ) ( 7-2) exec
(/homelstevens/bin/echoarg) argv[0] pathname argv[1]
pathname (/home/stevens/bin/testinterp) 8-10 execl
(myargl MY ARG2) execl argv[l] argv[2]
execl pathname (testinterp) pathname
pathname -f
awk(1)
awk -f myfile
awk myfile awk
awk awk “ awk” V7
nawk( awk) Aho
Kernighan Weinberger[d 19880
SVR4 awk awk
oawk SVR4 awk nawk POSIX.2 awk
awk
-f

#!/bin/awk -f
( awk )

8-11 /usr/local/binfawkexample
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8-11 awk

#!/bin/awk -f

BEGIN {
for (i = 0; i < ARGC; i++)
printf "ARGV[%d] = %s\n", i, ARGV[i]

exit

}
/usr/local/bin 8-11(
)

$ awkexample filel FILENAME2 f3
ARGV[ 0] = /bin/awk
ARGV[ 1] = filel
ARGV[ 2] = FI LENAME2
ARGV[3] = f3
/bin/awk

/[ bin/awk -f /usr/local/bin/awkexample filel FILENAME2 f3

/usr/local/bin/awkexample
/bin/awk PATH

awk awk awk

$ su

Passwor d:

# mv [/ bin/awk /bin/awk.save

# cp /home/stevens/bin/echoarg /bin/awk
# suspend shell
[1] + Stopped su

$ awkexample filel FILENAME2 f3

argv[0]: /bin/awk

argv[1]: -f

argv[2]: /usr/local/bin/awkexampl e
argv[3]: filel

argv[4]: FILENAME2

argv[5]: f3

$fg shell
su
# mv / bin/awk.save /bin/awk
# exit shell
-f awk
-f
$ awkexample filel FILENAME2 f3
/ bin/awk: syntax error at source line 1

context is
>>> [usr/local <<< /bin/awkexampl e

awk




China=hubecom

/' bin/awk: bailing out at

/ bin/awk /usr/local/bin/awkexample filel FILENAME2 f3

source line 1

8-11

execlp
execlp
shell
fork,exec wait

execlp

localtime

awk /usr/local/bin/awkexample awk
~f shell
?
D
awkexampl eoptional-arguments
awk
awk -f awkexampl eptional-arguments
2
awk shell
awk ' BEGI N {
for (i = 0; i < ARGC; i ++)
printf "ARGV[%d] = %s\n", i, ARGV[i]
exit
Pos*
shell
shell
shell ( ) /bin/sh
shell shell awk
shell
©)] /bin/sh shell shell
/bin/sh
#!/bin/csh
( C shell )
/bin/sh ( C shell)
shell awk #
8.12 system
6.9 time
strftime
system

system("date > file");
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ANSI C system

system
POSIX.2

POSIX.1
11.2

shell
POSIX.2

#include <stdlib.h>

int system(const charcmdstring);

cmdstring

system

fork
waitpid

system
(0] fork
@)
(©)

exec

waitpid

shell)
(fork,exec waitpid)

system 0

UNIX system
exec waitpid
EINTR system 1 errno
shell

system

exit(127)
shell

waitpid
(EINTR)
(10.5

system

system
POSIX.2

8-12 system

shell -c shell

< >
shell

execlp shell
execlp

exit

execl

_exit

8-12 system

10.18

(

null

cmdstring)
) shell

shell shell

null
shell

PATH

I1/0 fork

(

<sys/types.h>
<sys/wait.h>
<errno.h>
<unistd.h>

#include
#include
#include
#include

int
system{const char *cmdstring)

{

pid t pid;

/* version without signal handling */
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8
int status;
if (cmdstring == NULL)
return(l); /* always a command processor with Unix */
if ( (pid = fork()) < 0) {
status = -1; /* probably out of processes */
} else if (pid == 0) { /* child */
execl("/bin/sh", "sh", "-c", cmdstring, (char *) 0);
_exit (127); /* execl error */
} else { /* parent */
while (waitpid(pid, &status, 0) <'0)
if (errno != EINTR) {
status = -1; /* error other than EINTR from waitpid() */
break;
}
}
return(status);
}
8-13 system (pr_exit 8-3 )
13
$ a.out
Thu Aug 29 14:24:19 MST 1991
normal term nation, exit status = 0 date
sh: nosuchcommand: not found
normal term nation, exit status = 1
stevens console Aug 25 11:49
stevens ttypO Aug 29 05:56
stevens ttypl Aug 29 05:56
stevens ttyp2 Aug 29 05:56
normal term nation, exit status = 44 exit
8-13 system
#include <sys/types.h>
#include <sys/wait.h>
#include "ourhdr.h"
int

main (void)
{

int status;

if ( (status = system("date")) < 0)
err sys("system() error");
pr_exit (status);

if ( (status = system("nosuchcommand")) < 0)
err sys("system() error");
pr_exit (status);

if ( (status = system("who; exit 44")) < 0)
err sys("system() error");
pr_exit (status):;

exit (0);
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system fork exec system
( 10.18 system )
UNIX SVR3.2 4.3BSD waitpid
while ((lastpid = wait(&status)) != pid && lastpid != -1)
system
while system
pid ID while
wait POSIX.1
waitpid waitpid popen pclose
- -ID
- -ID system ?
8-14 system

8-14 system

#include "ourhdr.h"

int
main{int argc, char *argvi{l])
{

int status;

if (argc < 2)
err_quit ("command-line argument required");

if ( (status = system(argv([1l])) < 0)
err_sys("system() error");
pr_exit (status);

exit (0);
}
tsys
8-15 ID
8-15 1D
#include "ourhdr.h"
int

main (void)

{
printf("real uid = %d, effective uid = %d\n", getuid(), geteuid()):
exit (0);

printuids

$ tsys printuids
real uid = 224, effective uid = 224
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normal term nation, exit status = 0
$ su
Passwor d:
# chown root tsys
# chmod u+s tsys - -ID
#1s -1 tsys
-rwsrwxr-x 1 root 105737 Aug 18 11:21 tsys
# exit shell
$ tsys printuids
real uid = 224, effective uid =0
normal term nation, exit status = 0

tsys system fork exec
system shell

( - -ID - -ID)
fork exec fork exec
- -1D - -ID system
system shell
shell IFS shell
system IFS
system
8.13
UNIX
32
CPU ID ID
5.9 fread

SVR4 4.3+BSD
SVR4 _ runacct acctcom
4.3+BSD sa(8)

(acct) SVR4
4.3+BSD accton(8) accton
/var/adm/pacct /usr/fadm/acct accton

<gys/acct.h>

typedef u_short comp t; /* 3-bit base 8 exponent; 13-bit fraction */

struct acct
{
char ac_flag; /* flag (see Figure 8.9) .*/
char ac_stat; /* termination status (signal & core flag only) */
/* (not provided by BSD systems) */
uid t  ac_uid; /* real user ID */
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gid_t ac_gid; /* real group ID */

dev_t  ac_tty; /* controlling terminal */

time t ac_btime; /* starting calendar time */

comp_t ac_utime; /* user CPU time (clock ticks) */
comp_t ac_stime; /* system CPU time (clock ticks) */
comp_t ac_etime; /* elapsed time (clock ticks) */
comp_t ac_mem; /* average memory usage */

comp_t ac_io; /* bytes transferred (by read and write) */
comp_t ac_rw; /* blocks read or written */
char ac_comm[8];/* command name: [8] for SVR4, [10] for 4.3+BSD */
}:
4.3+BSD ac_stat
ac flag 8-6
8-6 ac_flag
ac_flag
AFORK fork exec
ASU
ACOMPAT VAX
ACORE core SVR4
AXSI G SVR4
CPU
( fork )
1.10
50 100
fork
exec AFORK
(A exec B,B exec C, C exit)
C CPU A B C
8-16 fork
8-4
8-17
8-16
#include <signal.h>
#include "ourhdr.h"
int

main (void)
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pid t pid;

if ( (pid = fork()) < 0)

err_sys("fork error");

else if (pid != 0) {
sleep(2);
exit(2);

if ( (pid = fork()) < 0)

err_sys("fork error");

else if (pid != 0) {
sleep(4);
abort () ;

if ( (pid = fork()) < 0)

err_sys("fork error");

else if (pid != 0) {
execl (" /usr/bin/dd",
exit (7);

if ( (pid = fork()) < 0)

/*

/*

44" ,

err_sys("fork error");

else if (pid !'= 0) {

/*

/*

parent */

terminate with exit status 2 */

first child */

terminate with core dump */

second child */

"if=/boot"™, "of=/dev/null", NULL);
shouldn’t get here */

third child */

sleep (8);
exit (0); /* normal exit */
}
/* fourth child */
sleep(6);
kill (getpid(), SIGKILL); /* terminate with signal, no core dump */
exit (6); /* shouldn’t get here */
}
O
sleep(2) 4
exit (2) %o
sleep (4) \\\<3L
abort ()
Qhé
sleep(8) Oy
exit (0)
1 sleep(6)
exec kill ()
/usr/bin/dd
8-4
(1) accton
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UNIX
@) 8-16 ( )
execl
€] accton
4 8-17
(4)
accton e = 7, chars = 64, stat = 0: S
dd e = 37, chars = 221888, stat = 0:
a.out e = 128, chars = 0, stat = 0
a.out e = 274, chars = 0, stat = 134: F D X
a.out e = 360, chars = 0, stat = 9: F X
a.out e = 484, chars = 0, stat = 0: F
8-17

#include <sys/types.h>
#include <sys/acct.h>
#include "ourhdr.h"
#define ACCTFILE "/var/adm/pacct"”
static unsigned long compt2ulong (comp t);
int
main (void)
{

struct acct acdata;

FILE *fp;

if ( (fp = fopen(ACCTFILE, "r")) == NULL)

err sys("can’t open %s", ACCTFILE);
while (fread(&acdata, sizeof(acdata), 1, fp) == 1) {

printf("%$-*.*s e = %6l1d, chars = %71d, "
"stat = %3u: %c %c %c %c\n", sizeof (acdata.ac_comm),
sizeof (acdata.ac_comm), acdata.ac_comm,
compt2ulong (acdata.ac_etime), compt2ulong(acdata.ac_io),
(unsigned char) acdata.ac_stat,
#ifdef ACORE /* SVR4 doesn’t define ACORE */
acdata.ac_flag & ACORE ? 'D’ : ' /,

#else
’ l,

#endif
#ifdef AXSIG /* SVR4 doesn’t define AXSIG */
acdata.ac_flag & AXSIG ? ‘X' : ' ',

#else
’ I,

#endif

acdata.ac_flag & AFORK ? 'F’' : ' 7/,
acdata.ac_flag & ASU '8 Ny,

}
if (ferror(fp))
err_sys("read error");
exit (0);
}

static unsigned long
compt2ulong (comp_t comptime)
{

unsigned long val;

int exp;

/* convert comp t to unsigned long */
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val = comptime & 017777; /* 13-bit fraction */
exp = (comptime >> 13) & 7; /* 3-bit exponent (0-7) */
while (exp~-—- > 0)
val *= 8;
return(val);

CLK_TCK 2-6 60
sleep(2) 128 sleep(4) 274
10 sleep fork exit
ac_stat 8.6
core ( ) ( 7
) (exit)
128+6 128 core 6 SIGABRT abort
9 SIGKILL
2 0
dd /boot 110 888 1/10
110 888 110 888 null 1/0
ac flag execl
F F shell fork a.out
abort core (D) abort SIGABRT
core X X
SIGKILL core
/0 0 core
core /0
8.14
ID ID
getpwuid(getuid())
ID ?
ID shell 6.7 getlogin

#include <unistd. h>
char *getlogin(void)

NULL

daemon 13
getpwnam shell
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UNIX
utmp 6.7
Y, cuserid
getpwuid(getuid())
ID
shell
login
LOGNAME

ID POSIX.1 199
FIPS 151-1

4.3+BSD

4.3+BSD

IEEE Std.1003.1-1988

0

LOGNAME,

shell

ttyname 11.9

getlogin
cuserid
cuserid

getlogin

8.15

1.10 CPU

CPU times

#include <sys/times.h>

clock_t times(struct t nbsufy)

buf tms

struct tms {
clock_t tms_utime; /*
clock_t tms_stime; /*
clock_t tms_cutime; /*
clock_t tms_cstime; /*
i

user CPU time */
system CPU time */
user CPU time,
system CPU time,

times

times

clock t
254 )

terminated children */
terminated children */

times

_SC CLK_TCK( sysconf

4.3BSD
0
4.3+BSD SVR4( BSD

V7

)
14

times

1

getrusage(2)

4.3+BSD POSIX.1

CPU

8-18 shell

tms
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$ a.out "sleep 5" "date"

command: sleep 5

real : 5.25
user: 0.00
Sys: 0.00
child user: 0.02
child sys: 0.13
normal termi nation, exit status = 0

command: date
Sun Aug 18 09:25:38 MST 1991

real : 0.27
user: 0.00
Sys: 0. 00
child user: 0. 05
child sys: 0.10
normal termi nation, exit status = 0
child user child sys shell
CPU
8-18
#include <sys/times.h>
#include "ourhdr.h"

static void pr_times(clock t, struct tms *, struct tms *);
static void do_cmd(char *);

int
main(int argc, char *argv[])
{
int i;
for (i = 1; i < argc; i++)
do_cmd(argv[i]); /* once for each command-line arg */
exit (0);
}
static void
do_cmd (char *cmd) /* execute and time the "cmd" */

{
struct tms tmsstart, tmsend;
clock_t start, end;
int status;

fprintf (stderr, "\ncommand: %s\n", cmd);

if ( (start = times(&tmsstart)) == -1) /* starting values */
err sys("times error");

if ( (status = system(cmd)) < 0) /* execute command */
err sys("system() error");

if ( (end = times(&tmsend)) == -1) /* ending values */

err_sys("times error");

pr_times (end-start, &tmsstart, &tmsend):;
pr_exit (status);
}
static void
pr_times(clock_t real, struct tms *tmsstart, struct tms *tmsend)

3
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static long

if (clktck == 0)
(clktck

if (

clktck = 0;

/* fetch clock ticks per second first time */
= sysconf (_SC_CLK_TCK)) < 0)

err_sys("sysconf error");

fprintf (stderr,
fprintf (stderr,

(tmsend-

fprintf (stderr,

(tmsend-

fprintf (stderr,

(tmsend-

fprintf (stderr,

(tmsend-

" real: %7.2f\n", real / (double) clktck);

" user: %7.2f\n",

>tms_utime - tmsstart->tms_utime) / (double) clktck):
" gys: %7.2f\n",

>tms_stime - tmsstart->tms_stime) / (double) clktck);

" c¢hild user: %7.2f\n",

>tms_cutime - tmsstart—>tms_cutime) / (double) clktck);
" child sys: $7.2f\n",

>tms_cstime - tmsstart->tms_cstime) / (double) clktck):

1.10

$ a.out "cd /usr/include; grep _POSIX SOURCE */*.h > /dev/null"

command: cd /usr/include; grep _POSIX SOURCE */*.h > /dev/null

real: 18.67
user: 0.00
sys: 0.02
child user: 0.43
child sys: 4.13
normal terminat;on, exit status = 0
( CPU ) 1.10
8.16
UNIX UNIX
—fork exec _exit wait waitpid
fork
system
exec ID ID(
) - -1D
10
8.1 8-2 exit _exit printf 1
8.2 vfork main vfork
vfork
8.3 $a.out 8-7
$ a.out ; a.out ; a.out
out put from parent
oout put from parent

ouot upt ut

fromchild
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8
put from parent
out put from child
ut put fromchild
8.4 8-10 execl pathname execlp testinterp
filename /home/stevens/bin argv[2]
8.5 - -ID
8.6 system ps(1)
8.7 89 POSIX.1 exec
opendir DIR exec exec
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