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fork
15.2 FIFO 14.5
15.5 IPC
pipe
#include <unistd. h>
int pipe(intfiledes2]) ;
0 -1
filedes filedes[ Q] filedes[ 1] filedes[ 1]
filedeg[ O]
14-1
SVR4 14-1
POSIX.1 pipe
£d4{0] fd(1]
£d(0] fd[1l]
‘_
14-1 UNIX
fstat 4.2 FIFO
S ISFIFO
POSIX.1 stat st_size fstat
st_size
pipe fork
IPC 14-2
fork
fd[O] 14-3
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fork
£d[0] fd[1] £d[0] £d[1] £d[1] £d[0]
14-2 fork 14-3
fd[1] fd[0]
N reed O
FIFO FIFO
(2 SIGPIPE
write errno EPIPE
PIPE_ BUF write
PIPE_BUF FIFO
write FIFO
PIPE_BUF
14-1
14-1
#include "ourhdr.h"
int

main(void)

{

int n, £d[2];
pid t pid;
char line [MAXLINE];

if (pipe(fd) < 0)
err_sys("pipe error");

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

else if (pid > 0) { /* parent */
close (£4[0]);
write(fd[1l], "hello world\n", 12);

} else { /* child */
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close(fd[1]);

n = read(£fd[0}, line, MAXLINE);

write (STDOUT_FILENO, line, n);
}

exit (0);

read write
exec

UNIX

exec 14-2

14-2

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

#define DEF_PAGER "/usr/bin/more" /* default pager program */

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

{
int n, f£d[(2];
pid_t pid;
char line [MAXLINE], *pager, *argv0;
FILE *fp;

if (argc != 2)
err_ quit ("usage: a.out <pathname>");
if ( (fp = fopen(argv(l], "r")) == NULL)
err_sys("can’t open %s", argv(l]):;

if (pipe(fd) < 0)
err sys("pipe error"):;

if ( (pid = fork()) < 0)
err_sys("fork error");
else if (pid > 0) { /* parent */
close (£d[0]); /* close read end */
/* parent copies argv([l] to pipe */
while (fgets(line, MAXLINE, fp) != NULL) {
n = strlen(line);
if (write(fd[l], line, n) != n)
err_sys("write error to pipe"):
}
if (ferror(fp))
err sys("fgets error"):;

close(fd[1]); /* close write end of pipe for reader */
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if (waitpid(pid, NULL, 0) < 0)
err sys("waitpid error");

exit (0);
} else { /* child */
close (£d[1]); /* close write end */
if (£d[0] != STDIN_FILENO) {
if (dup2(fd[0], STDIN_FILENO) != STDIN FILENO)

err_sys("dup2 error to stdin");
close (fd[0]); /* don't need this after dup2 */

/* get arguments for execl() */

if ( (pager = getenv("PAGER")) == NULL)
pager = DEF_PAGER;
if ( (argv0 = strrchr(pager, ’/’)) != NULL)
argv0++; /* step past rightmost slash */
else

argv0 = pager; /* no slash in pager */

if (execl (pager, argv0, (char *) 0) < 0)
err sys("execl error for %s", pager);

fork fork
dup2
fd[0]
dup2
close 3.12
dup2 shell
fopen 0 fd[0]
dup2 close
PAGER
8.8 TELL _WAIT TELL_PARENT TELL_CHILD
WAIT_PARENT WAIT_CHILD 10-17 14-3
14-4 fork
TELL_CHILD “ P
TELL_PARENT N O WAIT_ XXX read
pfd1[0] pfd1[1] P’ » p£d1(0]
pEd2[0] | < pfd2[1]

14-4 -
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#include "ourhdr.h"
static int pfdl[2], pfd2[2];

void
TELL_WAIT (void)
{
if (pipe(pfdl) < 0 || pipe(pfd2) < 0)
err_sys("pipe error");
}

void
TELL_PARENT (pid_t pid)
{
if (write(pfd2[1l], "c", 1) != 1)
err_sys("write error");

}

void
WAIT PARENT (void)
{

char c;

if (read(pfdl[0], &c, 1) != 1)
err_sys("read error");
if (c != 'p")
err_quit ("WAIT PARENT: incorrect data");
}

void
TELL_CHILD (pid t pid)
{
if (write(pfdl[l], "p", 1) != 1)
err_sys("write error");
}

void
WAIT_CHILD (void)
{

char c;

if (read(pfd2(0], &c, 1) != 1)
err sys("read error");
if (¢ !='c’)
err_quit ("WAIT CHILD: incorrect data"):
}

14.3 popen pclose

I1/0 popen pclose
fork exec shell

#include <stdio.h>

FI LE *popen(const charcmistring, const char type);
NULL
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int pclose(FILE fpj;
cmdstring -1
popen fork exec cmdstring I/0
type "r" cmdstring 14-5
type "w', cmdstring 14-6
fp stdout fp | stdin
14-5 fp=popen(command , "r") 14-6 fp=popen(command,"w")
popen fopen
type n r n , type n WI
pclose 1/0 shell 8.6
system 8.12 shell
pclose shell exit 127
cmdstring  Bourne shell
sh - c cmdstring
shell cmdstring
fp = popen("ls *.c" , "r")
fp = popen("cmd 2>&1" , "r");
POSIX.1 popen pclose, shell shell
POSIX.2 POSIX.2 11.2
popen 14-2 14-4 popen
shell ${ PAGER:-more} shell PAGER
more
14-4  popen
#include <sys/wait.h>
#include "ourhdr.h"

#define PAGER

int

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

line [MAXLINE];
*fpin, *fpout;

char
FILE

if (argc !'= 2)

"$ {PAGER: -more}" /* environment variable, or default */

err quit ("usage: a.out <pathname>");
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if ( (fpin = fopen(argv[l], "r")) == NULL)
err_sys("can’t open %s", argv[l]):
if ( (fpout = popen(PAGER, "w")) == NULL)
err_sys("popen error");
/* copy argv[l] to pager */
while (fgets(line, MAXLINE, fpin) != NULL) {
if (fputs(line, fpout) == EOF)
err_sys("fputs error to pipe");
}
if (ferror(fpin))
err_sys("fgets error");
if (pclose(fpout) == -1)
err sys("pclose error");
exit (0);
}
—popen
14-5 popen pclose popen
popen
ID FILE childpid ID
FILE pclose 1/0
fileno ID waitpid
popen childpid popen
pipe fork
POSIX.2 popen /10
childpid
pclose SIGCHLD waitpid
EINTR waitpid
waitpid waitpid
wait  pclose EINTR
pclose wait SIGINT SIGQUIT

SIGHUP POSIX.2

14-5 popen pclose

#include <sys/wait.h>
#include <errno.h>
#include <fcntl.h>
#include "ourhdr.h"

static pid_t *childpid = NULL;

static int maxfd; /* from our open max(), Program 2.3 */
#define SHELL "/bin/sh"
FILE *

/* ptr to array allocated at run-time */

popen (const char *cmdstring, const char *type)
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int i, pfd([2}];
pid_t pid;
FILE *£p;
/* only allow "r" or "w" */
if ((typel[0] != 'r’ && type[0] != 'w’) || type[l] !'= 0) {
errno = EINVAL; /* required by POSIX.2 */

return (NULL) ;
}

if (childpid == NULL) { /* first time through */
/* allocate zeroed out array for child pids */
maxfd = open _max();
if ( (childpid = calloc (maxfd, sizeof(pid_t))) == NULL)
return (NULL) ;
}

if (pipe(pfd) < 0)

return (NULL) ; /* errno set by pipe() */
if ( (pid = fork()) < 0)
return (NULL) ; /* errno set by fork() */
else if (pid == 0) { /* child */

if (*type == 'r’) {
close(pfd[0]);
if (pfd[1l] != STDOUT_FILENO) ({
dup2 (pfd[1], STDOUT_FILENO) ;
close(pfd(1]);
}
} else {
close (pfd([1]);
if (pfd[0] != STDIN_FILENO) ({
dup2 (p£fd (0], STDIN_FILENO) ;
close (p£d[0]);
}

}
/* close all descriptors in childpid[] */

for (1 = 0; i < maxfd; i++)
if (childpid([i] > 0)
close (i) ;

execl (SHELL, "sh", "-c", cmdstring, (char *) 0);
_exit (127);
}
/* parent */
if (*type == 'r') {
close(pfd[1]);
if ( (fp = fdopen(pfd[0], type)) == NULL)
return (NULL) ;

} else {
close (pfd([0]);
if ( (fp = fdopen(pfd[1l], type)) == NULL)

return (NULL) ;
) .
childpid[fileno(fp)] = pid; /* remember child pid for this fd */
return(£p) ;
}
int
pclose (FILE *£fp)

{
int fd, stat;

pid_t pid;
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if (childpid == NULL)
return(-1);

fd = fileno(fp);

if ( (pid = childpid[£fd]) == 0)

return(-1);

childpid[£fd] = 0;
if (fclose(fp) == EOF)
return(-1);

while (waitpid(pid, &stat,
if (errno != EINTR)

0) < 0)

/* popen() has never been called */

/* fp wasn’t opened by popen{() */

return{-1); /* error other than EINTR from waitpid() */

return(stat);

/* return child’s termination status */

1 popen, popen
14-7
POSIX.2 ) 14-7  popen
14-6
fflush
14-6
#include <ctype.h>
#include "ourhdr.h"
int
main (void)
{
int c;
while ( (c = getchar()) != EOF) {
if (isupper(c))
c = tolower(c);
if (putchar(c) == EOF)
err sys("output error");
if (c == ’\n’)
fflush(stdout) ;
}
exit (0);
}
myuclc 14-7

popen

fflush
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14-7 /
#include <sys/wait.h>
#include "ourhdr.h"

int

main (void)

{
char line [MAXLINE];
FILE *fpin;

if ( (fpin = popen("myuclc", "r")) == NULL)
err sys("popen error");

for (; ;) {
fputs ("prompt> ", stdout);
fflush(stdout);

if (fgets(line, MAXLINE, fpin) == NULL) /* read from pipe */
break;
if (fputs(line, stdout) == EOF)

err_sys("fputs error to pipe");
}
if (pclose(fpin) == -1)
err sys("pclose error");
putchar(’\n’);

exit (0);
}
14.4
UNIX
shell
(coprocess)
KornShdll Bourneshel C shel
shell
shell
Bolsky Korn 1989 pp66 66 |, C
popen
(
1 )
£d1[1] stdin
£d2 (0] stdout
2
14-8 —
14-8
14-8
14-8
#include "ourhdr.h"

int
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main (void)

{
int n, intl, int2;
char line [MAXLINE];

while ( (n = read(STDIN_FILENO, line, MAXLINE)) > 0) {
line[n] = 0; /* null terminate */
if (sscanf(line, "%d%d", &intl, &int2) == 2) {
sprintf(line, "%d\n", intl + int2);
n = strlen(line);

if (write (STDOUT_FILENO, line, n) != n)
err sys("write error"):;
} else {
if (write(STDOUT_FILENO, "invalid args\n", 13) != 13)

err_sys("write error");
}
}

exit (0);
}
add2
14-9 add2
14-9 add2
#include <signal.h>
#include "ourhdr.h"
static void sig_pipe (int); /* our signal handler */
int
main (void)
{
int n, £di1([2], fd2[2);
pid t pid;
char line [MAXLINE];
if (signal (SIGPIPE, sig_pipe) == SIG ERR)

err sys("signal error");

if (pipe(fdl) < 0 || pipe(fd2) < 0)
err_sys("pipe error");

if ( (pid = fork()) < 0)
err sys("fork error");
else if (pid > 0) { /* parent */
close (£d41[0]1);
close (£d2(1]1);
while (fgets(line, MAXLINE, stdin) != NULL) {
n = strlen(line);
if (write(fdl[1l], line, n) != n)
err sys("write error to pipe");
if ( (n = read(£d2[0], line, MAXLINE)) < 0)
err_sys("read error from pipe");
if (n == 0) {
err msg("child closed pipe");

break;
}
line[n] = 0; /* null terminate */
if (fputs(line, stdout) == EOF)

err_sys("fputs error");
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}

}
if (ferror(stdin))
err_sys("fgets error on stdin");

exit (0);

} else { /* child */
close (fd1{1]);
close (£d2[0]) ;
if (fd1[0] '= STDIN_FILENO) ({
if (dup2(fdl[0], STDIN_FILENO) != STDIN_FILENO)
err_sys("dup2 error to stdin"});
close (£d41[0]);
}
if (£d2[1] != STDOUT_FILENO) {
if (dup2(fd2([1], STDOUT_FILENO) != STDOUT_FILENO)
err_sys("dup2 error to stdout");
close(fd2[1]);

}
if (execl("./add2", "add2", (char *) 0) < 0)

err_sys ("execl error");

static void
sig_pipe (int signo)

{

printf ("SIGPIPE caught\n");

exit(1l);

}
execl
dup2
14-9 14-9
add2 14-9
14.4
15-1
add2 14-8 UNIX I/O:read write 1/0
14-10
14-10 110

#include "ourhdr.h"
int
main (void)
{

int intl, int2;

char line [MAXLINE] ;

while (fgets(line, MAXLINE, stdin) != NULL) {

if (sscanf(line, "%d%d", &intl, &int2) == 2) {
if (printf("sd\n", intl + int2) == EOF)
err sys("printf error");

} else {
if (printf("invalid aras\n") == EOF)
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err sys("printf error");
}
}
exit (0);
}
14-9 I1/0
14-10 fgets 1/0
isatty 1/0
add2 14-9
14-10 while 4
if (setvbuf(stdin, NULL, _IOLBF, 0) != 0)
err_sys("setvbuf error")
if (setvbuf(stdout, NULL, _IOLBF, 0)!= 0)
err_sys("setvbuf error")
fgets printf fflush
setvbuf 14-10
awk(l)  add2
# [ bin/lawk/ -f
{ print $1 + $2 }
/10 awk
awk
awk
1/0 1/0
setvbuf 19
14.5 FIFO
FIFO
FIFO
14 FIFO stat 4.2 st_mode
FIFO S ISFIFO
FIFO FIFO
#include <sys/types.h>
#include <sys/stat.h>
int mkfifo(const champathname, mode_t mode);
0 1
mkfifo mode open mode 3.3 FIFO
4.6
mkfifo FIFO open /0
close read write unlink FIFO
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mkfifo POSIX.1 SVR3 mknod 2 FIFO
SVR4 mkfifo mknod FIFO
POSIX.2 mkfifo(1) SVR4 4.3+BSD
shell FIFO shell 1/0
FIFO O_NONBLOCK
(@D} O_NONBLOCK
FIFO FIFO
2 O_NONBLOCK
FIFO erno  ENXIO
FIFO SIGPIPE FIFO
FIFO FIFO
FIFO
PIPE_BUF FIFO
FIFO
(1) FIFO shell
(2) FIFO -
—— FIFO
FIFO
prog3
FIFO
——  »  progl
14-9
prog2
FIFO UNIX tee(1)
14-9
tee
—— progl tee
prog2
14-10 FIFO tee
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mkfifo fifol

prog3 < fifol &

progl < infile | tee fifol |

FIFO prog3, progl, tee

FIFO prog2 14-10

E— - FIFO

FIFO

FIFO * "
FIFO 14-11
FIFO PIPE_BUF
FIFO
ID ID
tmp/servL. XXX XX FIFO XXXXX
ID 14-12
y %7%*
EIFO FIFO 1 FIFO ‘ FIFO
%3 i ® 5 5 &
14-11 FIFO 14-12 - FIFO
FIFO SIGPIPE
FIFO
14-12 FIFO
FIFO 1 0 FIFO
- FIFO 14.10
14.6 V IPC
V IPC

IPC
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IPC 1970 Columbus UNIX UNIX
sV
14.6.1
IPC
(identifier)
IPC
1 0 IPC
ipc_perm
IPC msgget semget shmget key
key t <sys/types.h>
IPC
(€] IPC_PRIVATE IPC
IPC_PRIVATE IPC
IPC_PRIVATE IPC_PRIVATE IPC
fork exec
@)
IPC IPC
get msgget semget shmget
IPC
(3) ID ID 0~255
ftok ftok stdipc 3 2
ftok ID
ftok
get msgget semget shmget key flag
IPC
(1) key IPC_PRIVATE
(2) key IPC flag IPC_CREAT
key IPC_CREAT
IPC_PRIVATE
IPC_PRIVATE

msgsnd  msgrev
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IPC IPC
flag IPC_CREAT IPC_EXCL IPC
EEXIST O CREAT O _EXCL open
14.6.2
V IPC IPC ipc_perm
struct i pc_perm {
uid_t ui d; /* owner's effective user id */
gid_t gid; /* owner's effective group id */
uid_t cui d; /* creator's effective user id */
gid_t cgid; /* creator's effective group id */
nmode_t mode; /* access modes */
ul ong seq; /* slot usage sequence number */
key_t key; [ * key */
}
IPC seq msgctl  semctl
shmctl uid gid mode IPC
chown chmod
mode 4-4 IPC
13 ” “ ” 13 ” 13 ” 14_2
IPC 6
14-2 V IPC
MSG_R SEM R SHM R
C ) MSG_W SEM A SHM W
MSG_R >> 3 SEM R >> 3 SHM R >> 3
C ) MSG W >> 3 SEM A >> 3 SHM W >> 3
MSG R >> 6 SEM R >> 6 SHM R >> 6
() MSG_W >> 6 SEM A >> 6 SHM W >> 6
14.6.3
V IPC
IPC
SVR4 [etc/conf/cf.d/mtune
14.6.4
V IPC IPC

msgrcv - msgctl
ipcrm(1)

pipe FIFO
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FIFO
FIFO
V IPC IPC 3
msgget semop shmat Is rm
chmod ipcs ipcrm
IPC 1/0 select poll
IPC /0 IPC
Andrade Carges Kovach 1989 V IPC
V IPC
msgsnd
IPC open write close
msgget
14.6.1
a b
d 12.4
open close 14-3
IPC
14-3 IPC
? ? ? ? ?
UNI X
UNI X
FIFO
15 UNIX ! ”
open
IPC
14-3 IPC
15 UNIX

V IPC

14.7
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? “ ID” msgget msgsnd
msgsnd msgrcv

msqid_ds

struct msqgid ds {
struct ipc_perm msg_perm; /* see Section 14.6.2 */
struct msg *msg first; /* ptr to first message on queue */

struct msg *msg_last; /* ptr to last message on queue */
ulong msg_cbytes; /* current # bytes on queue */
ulong msg_qnum; /* # of messages on queue */
ulong msg_gbytes; /* max # of bytes on queue */

pid t msg_lspid; /* pid of last msgsnd() */

pid t msg_lrpid; /* pid of last msgrcv() */

time_t msg_stime; /* last-msgsnd() time */

time_t msg_rtime; /* last-msgrcv() time */

time t msg_ctime; /* last-change time */

msg-first msg-last

14-4 14.6.3
14-4
MSGMAX 2048
MSGVNB ( ) 4096
MSGWNI 50
MSGTOL 50
msgget

#include <sys/types. h>
#include <sys/ipc.h>
#include <sys/msg. h>

int msgget (key_t key, int flag);

I D -1
14.6 key
msqid-ds
* ipc-perm 14.6.2 mode flag
14-2
e msg_gnum,msg_Ispid msg_Irpid msg_stime msg_rtime 0
* msg_ctime
* msg_gbytes
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msgctl

shmctl) V IPC ioctl

(semctl

#include <sys/types. h>
#include <sys/ipc.h>
#include <sys/msg. h>

int msgctl (intmsgid, int cmd, struct msqi d_dshbuf);

cmd msgid
«IPC_STAT msqid_ds buf
* |PC_SET buf

msg_perm.uid msg_perm.gid msg_perm;mode msg_gbytes
ID msg_perm.cuid msg_perm.uid;
msg_qgbytes
* IPC_RMID

EIDRM ID
msg_perm.uid;
IPC_STAT IPC_SET IPC_RMID

msgsnd

msg_perm.cuid

#include <sys/types. h>
#include <sys/ipc.h>
#include <sys/ msg. h>

int msgsnd(intmsgid, const voidptr, size_tnbytes, int flag);

0 1
nbytes
ptr
nbytes 0 512
struct mymesg {
|l ong mtype; /* positive message type */
char mtext[512]; /* message dataof | engt hnbytes */
b
ptr mymesg
flag IPC_NOWAIT /0 1/0 12.2
IPC_NOWAIT msgsnd EAGAIN IPC_NOWAIT
a b c
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EINTR

msgrev

EIDRM * "

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

#include <sys/ msg. h>

int msgrcv(intmsgid, void ptr,

si ze_t nbytes, | ongtype, i nt flag);

msgsnd ptr

nbytes

flag MSG_NOERROR

type
. type ==
e type>0
*type <O

Otype

ID
flag IPC_NOWAIT
msgrcv ENOMSG

EINTR

14-5
fork
10000 msgsnd

SPARC UNIX
12.4

20M

nbytes
E2BIG
type
type
type
IPC_NOWAIT a
EIDRM c
15.2
IPC
10000 write, 2000
SVR4 pipe
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IPC
IPC 14.6.4
14-5
SPARC,SunOS 4.1.1 80386,SVR4
10.7 11.6 0.7 19.6 20.1
0.3 10.6 11.0 0.5 21. 4 21.9
14.8
IPC FIFO
D
2 1
3) 0 0
(@)
1
1
(binary semaphore) 1
V
(1)
2 semget semctl
©)] V IPC
undo
semid_ds

struct sem d_ds {

struct
struct
ushort
time_t
time_t

sem_nsems

ipc_perm sem perm* see Section 14.6.2 */
sem *sem basey* ptr to first semaphore in set */

sem nsens; /* #of semaphores in set */
semotime; /* last-semop() time */
semctinme; /* last-change time */

sem_base sem
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struct sem {
ushort senval; /* semaphore val ual ways >= 0 */
pid_t senpid; /* pid for |last operarion */
ushort semcnt; /* # processes awaiting senmval > currva
ushort senecnt; /* # processes awaiting senmval */
i
14-6 14.6.3
14-6
SEMVMX 32767
SEMAEM 16 384
SEMWNI 10
SEMWNS 60
SEMMSL 25
SEMWNU undo 30
SEMUME undo undo 10
SEMOPM semop 10
semget ID
#include <sys/types. h>
#include <sys/ipc.h>
#include <sys/sem h>
int semget (key_key, int nsems, int flag);
I D -1
14.6.1 key
semid_ds
e 146.2 ipc_perm mode flag
14-2
e sem_otime 0
e sem_ctime
e Sem_nsems nsems
nsems nsems
nsems
semctl

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

#include <sys/sem h>

int semct! (intemid, int semnum, int cmd, union semurarg);
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union
uni on semun {
int val ; /* for SETVAL */
struct sem d_ds *puf ; /* for | PC_STAT and | PC_SET */
ushort *array,; /* for GETALL and SETALL */
b
cmd semid
semnum semnum
0 nsems 1 0 nsems 1
* IPC_STAT semid_ds arg.buf
« IPC_SET arg.buf
sem_perm.uid,sem_perm.gid sem_perm.mode
ID sem_perm.cuid sem_perm.uid ;
« |[PC_RMID
EIDRM
ID sem_perm.cuid sem_perm.uid
* GETVAL semnum  semval
« SETVAL semnum  semval arg.val
* GETPID semnum sempid
* GETNCNT semnum  semncnt
* GETZCNT semnum  semzcent
* GETALL arg.array
« SETALL arg.array
GETALL GET semctl 0
semop
#include <sys/types. h>
#i nclude <sys/ipc. h>
#i nclude <sys/sem h>
int semop(intsemid, struct sembufemoparray[], si ze_tnops);
0 -1
semoparray
struct sembuf {
ushort sem num /* member # in set (0, 1, nsems-1 */
short sem op; /* operation(negative, 0,or pasitive */)
short sem flg; /* 1 PC_NOWAI T, SEM_UNDO */
I
nops
sem_op 0
undo sem_flg SEM_UNDO
D sem_op sem_op
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undo sem_op
(2) sem_op
sem_op
sem_op 0 undo sem_op
sem_op
@ IPC_NOWAIT EAGAIN;
(b) IPC_NOWAIT semncnt 1
i. sem_op
semncnt 1 , sem_op
undo , sem_op
ii. ERMID
iii. semncnt
1 EINTR.
(3 semop O 0
0
0
@ IPC_NOWAIT EAGAIN
(b IPC_NOWAIT semncnt 1
i. 0 semzent 1
ii. ERMID
iii. semzent
1 EINTR.
semop
exit
SEM_UNDO sem_op 0
sem_op
SETVAL SETALL semctl
0
1
sem_op 1 semop sem_op +1 semop

SEM_UNDO
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14-7
10 000 14-7
14-7
SPARC,Sun0S 4.1.1 80386,SVR4
undo 0.9 13.9 15.0 0.5 13.1 13.7
1.1 15.2 16.5 2.1 20.6 22.9
SPARC 10% 80386
50%
Vv @ b
14.9
IPC
shmid_ds

struct shmid_ds {

struct ipc_perm
struct anon_map *shm_amp;

shm perm; /* see Section 14.6.2 */
/* pointer in kernel */

int shm_segsz; /* size of segment in bytes */
ushort shm_lkent; /* number of times segment is being locked */
pid t shm_lpid; /* pid of last shmop() */
pid t  shm_cpid; /* pid of creator */
ulong  shm _nattch; /* number of current attaches */
ulong shm_cnattch; /* used only for shminfo */
time_t shm atime; /* last-attach time */
time t shm_dtime; /* last-detach time */
time_t shm ctime; /* last-change time */

}i
14-8 14.6.3

shmget

#include <sys/types. h>

#include <sys/ipc.h>
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#include <sys/shm h>
int shmget (key_key, int size, int flag);
ID -1
14-8
SHMVAX 131072
SHW N 1
SHVWNI 100
SHVSEG O 6
14.6.1 key
shmid_ds
* ipc_perm 14.6.2 mode flag
14-2
e shm_lpid shm_nattach shm_atime shm_dtime 0
» shm_ctime
size
size size 0
shmctl
#include <sys/types. h>
#include <sys/ipc.h>
#include <sys/shm h>
int shmctl (i ntshmid, int cmd, struct shm d_ds buf);
0 1
cmd 5 shmid
* IPC_STAT shmid_ds buf
* IPC_SET buf
shm_perm.uid shm_perm.gid shm_perm.mode
ID shm_perm.cuid shm_perm.uid
« IPC_RMID
shm_nattch shmid_ds ,
shmat : ID shm_perm.cuid
shm_perm.uid
* SHM_LOCK

e SHM_UNLOCK
shmat
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#include <sys/types. h>
#include <sys/ipc.h>

#include <sys/shm h>

void *shmat (i nshmid, void #&ddr, int flag);

-1
addr flag SHM_RND
(@D} addr O
(2 addr O SHM_RND addr
3 addr O SHM_RND addr (addr mod SHMLBA)
SHM_RND SHMLBA
2 1 SHMLBA
addr O
flag SHM_RDONLY
shmat 1
shmdt
shmctl
IPC_RMID
#include <sys/types. h>
#i nclude <sys/ipc.h>
#include <sys/shm h>
int shmdt (voi d addr);
0 -1
addr shmat
0 14-11

$ a.out

array[] from 18f48 to 22b88

stack around f7fffb2c

mal | oced from 24c28 to 3d2c8

shared memory attached from f77d0000 to f77e86a0

14-13 7-3
8M
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#include <sys/types.h>
#include <sys/ipc.h>
#include <sys/shm.h>
#include "ourhdr.h"

#define ARRAY SIZE 40000
#define MALLOC_SIZE 100000
#define SHM SIZE 100000
#define SHM MODE (SHM R | SHM W) /* user read/write */

char array [ARRAY SIZE]; /* uninitialized data = bss */

int
main (void)
{
int shmid;
char *ptr, *shmptr;

printf("array[] from %x to %x\n", &arrayl[0], &array [ARRAY SIZE]);
printf ("stack around %x\n", &shmid);

if ( (ptr = malloc(MALLOC_SIZE)) == NULL)
err_sys("malloc error");
printf("malloced from %x to %x\n", ptr, ptr+MALLOC_SIZE);

if ( (shmid = shmget (IPC_PRIVATE, SHM SIZE, SHM MODE)) < 0)
err sys("shmget error");

if ( (shmptr = shmat (shmid, 0, 0)) == (void *) -1)
err_sys("shmat error");

printf ("shared memory attached from %x to $x\n",

shmptr, shmptr+SHM SIZE);

if (shmctl(shmid, IPC_RMID, 0) < 0)

err_sys("shmctl error");

exit (0);

}

a— Ox£7f£fb2c

le—— 0xf77e86a0
100 000

[—— 0x£77d0000

r— 0x0003d2c8
malloc, 100 000
e— 0x00024c28

ra—— 0x00022b88

bss)
© <—0x00018f48} array[],40 000

14-13

——/dev/zero

SVR4



China=pubecom

UNIX
/dev/zero 0
IPC

. mmap
. 0
* mmap MAP_SHARED

14-12 /dev/zero

mmap
mmap MAP_SHARED
MAP_PRIVATE
8.8
1 mmap 0 1 1
1 2 3 update
1
14-12 /dev/zero /O IPC

#include <sys/types.h>
#include <sys/mman.h>
#include <fentl.h>
#include "ourhdr.h"
#$define NLOOPS 1000

$define SIZE sizeof (long)

static int wupdate(long *);
int
main ()
{
int fd, i, counter;
pid_t pid;
caddr_t area;

if ( (fd = open("/dev/zero", O_RDWR)) < 0)

err_sys("open error");

/* size of shared memory area */

if ( (area = mmap(0, SIZE, PROT_READ | PROT_WRITE,
MAP_SHARED, fd, 0)) == (caddr_t) -1)

err_sys("mmap error");
close (fd) ;

TELL_WAIT();
if ( (pid = fork()) < 0) {
err_sys("fork error");
} else if (pid > 0) {
for (i = 0; i < NLOOPS; i += 2) {

/* can close /dev/zero now that it’s mapped */

/* parent */

if ( (counter = update((long *) area)) != i)
err_quit("parent: expected %d, got %d", i, counter);

TELL_CHILD (pid);
WAIT_CHILD();
}
} else {
for (i = 1; i < NLOOPS + 1; i += 2)
WAIT_PARENT() ;

/* child */

if ( (counter = update((long *) area)) != i)
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err_quit("child: expected %d, got %d", i, counter);
TELL_PARENT (getppid());
}

}

exit (0);
}
static int
update (long *ptr)
{

return( (*ptr)++ ); /* return value before increment */
}
/dev/zero mmap
/dev/zero
shmX XX
4.3+BSD /dev/zero
mmap MAP_ANON 1
14-12 4.3+BSD a /dev/zero open
b mmap
if ( (area = mmap(0, SIZE, PROT_READ | PROT_WRI TE,
MAP_ANON | MAP_SHARED, -1, 0)) == (caddr_t) -1)
MAP_ANON 1 14-12
14.10 -
IPC
fork fork
14-8 -
-1D ID
8.9 exec ID ID
“ " 154
open UNIX
! - -1D
root ID

14-12
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IPC
FIFO FIFO
FIFO -
FIFO \Y,
Ipsched
FIFO
)
1
ID
1 msgrecv
@)
FIFO
poll
IPC
- -1D
IPC
msg_lspid
ID
ID
15.5.2 ,
FIFO FIFO
FIFO FIFO
FIFO
ID FIFO stat
- FIFO

st_ctime

mew&@&

- IPC
- Ip(1)
ID
ID
IPC_PRIVATE
ID
select
ID
ID
FIFO
14-12 FIFO
FIFO stat fstat
st_uid FIFO -
stat st_atime,st_mtime
15 30
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FIFO
V IPC
ipc_perm cuid cgid IPC FIFO
IPC - -
IPC IPC
15.5.1
ID ID SVR4
14.11
FIFO IPC
V IPC— IPC
popen
/O
FIFO
UNIX
mmap 12-9
IPC SVR4 4.3+BSD

141 14-2 waitpid close
14.2 14-2 waitpid
14.3 popen
14.4 14-9

SIGPIPE
145 14-9 read write 1/0
146 POSIX.1 waitpid POSIX.1
if ( (fp = popen("/bin/true", "r")) == NULL )
if ( (rc = system("sleep 100")) == -1)
if (pclose (fp) == -1)

waitpid wait
14.7 select poll
select poll

14.8 popen type r cmdstring
14.9 popen shell cmdstring cmdstring ?
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14.10 UNIX FIFO POSIX.1
FIFO FIFO
14.11

14.12

IPC_PRIVATE
ipcs(1)

14.13

14.14 14-12 i update
fork

14.15 14.9 shmXXX 14-12

14.16 14.8 \Y, 14-12

14.17 14-12

14.18 mmap 4.3+BSD
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