ﬁmw&em

12

/O

12.1
110 \% I1/0 select poll
readv  writev /O mmap 14 15
12.2 /O
10.5
FIFO
FIFO
. ioctl
. 14
/0 1/0 open,sread write
1/0
(€] open O_NONBLOCK 3.3
2 fentl O_NONBLOCK
3-5
\Y O_NDELAY
read 0 UNIX read 0
POSIX.1
O_NDELAY POSIX.1
read 1 errno EAGAIN SVR4 O_NDELAY
POSIX.1 O_NONBLOCK POSIX.1
O_NDELAY
4.3BSD fcentl FNDELAY
4.3BSD
/0

3.13
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UNIX
4.3BSD EWOULDBLOCK 4.3+BSD POSIX.1 O_NONBLOCK
4.3BSD FNDELAY 110
BSD
EWOULDBLOCK POSIX.1 EAGAIN
4.3+BSD FIFO 1/0
FIFO
12-1 1/0 100 000
for
clr-fl 35 set f1 set f1 1
12-1
#include <sys/types.h>
#include <errno.h>
#include <fentl.h>
#include "ourhdr.h"
char buf [100000] ;
int
main (void)
{
int ntowrite, nwrite;

char *ptr;

ntowrite = read(STDIN_FILENO, buf,
fprintf (stderr,

set_f1 (STDOUT_FILENO, O_NONBLOCK) ;

for (ptr = buf; ntowrite > 0; ) {
errno = 0;

sizeof (buf));
"read %d bytes\n", ntowrite);

/* set nonblocking */

nwrite = write (STDOUT_FILENO, ptr, ntowrite);

fprintf (stderr,
if (nwrite > 0) {
ptr += nwrite;
ntowrite —= nwrite;

}

clr f1(STDOUT FILENO, O_NONBLOCK) ;
exit (0);

"nwrite = %d, errno = %d\n", nwrite, errno);

/* clear nonblocking */

write
$1s -1 /etc/termcap
-rw-rw-r-- 1 root 133439 Oct
$ a.out < /etc/termcap > temp.file
read 100000 bytes

nwrite = 100000, errno = 0

11 1990 /etc/termcap
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12 I1/0
$1s -1 temp.file
-rw-rw-r-- 1 stevens 100000 Nov 21 16:27 temp.file
write
12-1

$ a.out < /etc/termcap 2>stderr.out

$ cat stderr.out

read 100000 bytes

nwrite = 8192, errno = 0

nwrite = 8192, errno = 0

nwrite = -1, errno = 11 211

nwrite = 4096,errno = 0

nwrite = -1, errno = 11 658

nwrite = 4096,errno = 0

nwrite = -1, errno = 11 604

nwrite = 4096,errno = 0

nwrite = -1, errno = 11 1047

nwrite = -1, errno = 11 1046

nwrite = 4096, errno = 0

errno 11 EAGAIN 4096 8192
write 2005 1822 1811 96 1846
write
SVR4
write
write 700 000 write
EAGAIN e
SVR4 1/0 12.4
SVR4
write 20
CPU 12.5
I1/0
17 /0 PostScript
write
12.3
UNIX

UNIX 16
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record locking

UNIX * " UNIX
12.3.1
12-1 UNIX
12-1 UNIX
fentl lockf flock
POSIX.1 . .
XPG3 . .
SVR2 . . .
SVR3, SVR4 . . . .
4.3BSD . .
4.3BSD Reno . . .
POSIX.1 fentl
\ 4.3BSD Reno
BSD flock
POSIX.1 fentl
POSIX.1 fentl V lockf fentl
1980 John Bass V7
locking
11 Xenix SVR4 Xenix
SVR2 \Y/ fentl 1984
12.3.2 fentl
3.13 fentl

#include <sys/types. h>

#include <unistd. h>

#include <fcntl. h>

int fcntl(inffiledes,int cmd,.../* struct fl ockilotkptr */);

cmd -1

cmd F GETLK F SETLK F_SETLKW flockptr
flock
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12 /0

struct flock {
short 1_type; /*
off t 1 start; /*
short 1 whence; /*

F_RDLCK, F_WRLCK, or F_UNLCK */
offset in bytes, relative to 1_whence */
SEEK_SET, SEEK_CUR, or SEEK_END */

off t 1_len; /* length, in bytes; 0 means lock to EOF */
pid t 1_pid; /* returned with F_GETLK */
i
flock
. F_RDLCK F_WRLCK F_UNLCK
. | start | whence |_stat
|_whence I seek 3.6
. |_len
. [ len O |_start | _whence
. |_start 0 I|_whence SEEK_SET I_len
0
| type L_RDLCK L_WRLCK
12-2
12-2
fentl
e F GETLK flockptr
flockptr flockptr
| _type F UNLCK flockptr
e F SETLK flockptr
fentl errno EACCES EAGAIN

EAGAIN POSIX.1

SVR2 SVR4 EACCES

EAGAIN 4.3+BSD

flockptr |_type F_UNLCK
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UNIX
e F_SETLKW F SETLK w wait
flockptr
F GETLK F SETLK F _SETLKW
F_SETLK
0~99
0~49 0~49 50~99
100~199 150
100~149 151~199
flock 12-2 lock_reg
12-2
#include <sys/types.h>
#include <fcntl.h>
#include "ourhdr .h"
int

lock _reg(int fd, int cmd, int type, off t offset, int whence, off t len)

{

struct flock

lock;

lock.l_type = type; /* F_RDLCK, F_WRLCK, F_UNLCK */
lock.l_start = offset; /* byte offset, relative to 1l_whence */
lock.l_whence = whence; /* SEEK_SET, SEEK CUR, SEEK_END */
lock.l_len = len; /* #bytes (0 means to EQF) */

return( fcntl(fd, cmd, &lock) );

#define

ourhdr.h

B

F GETLK

read_l ock(fd, offset, whence, |l en) \

| ock_reg(fd, F_SETLK, F_RDLCK, of f set, whence, | en)

#define

readw_| ock(fd, offset, whence, |l en) \

I ock_reg(fd, F_SETLKW F_RDLCK, of f set, whence, | en)

#define

write_lock(fd, offset,whence,|len) \

| ock_reg(fd, F_SETLK, F_WRLCK, of f set, whence, | en)

#define

writew_ | ock(fd, offset,whence, |l en) \

| ock_reg(fd, F_SETLKW F_WRLCK, of f set, whence, | en)

#define

un_l ock(fd, of fset, whence, | en)

\

l ock_reg(fd, F_SETLK, F_UNLCK, of f set, whence, | en)

Iseek

12-3

lock_test
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12 1/0
12-3
#include <sys/types.h>
#include <fcntl.h>
#include "ourhdr.h"
pid t

lock_test (int fd, int type, off t offset, int whence, off_t len)

{
struct flock lock;

lock.l_type = type; /* F_RDLCK or F_WRLCK */

lock.l start = offset; /* byte offset, relative to 1_whence */
lock.l whence = whence; /* SEEK_SET, SEEK CUR, SEEK END */
lock.l_len = len; /* #bytes (0 means to EOF) */

if (fentl(fd, F_GETLK, &lock) < 0)
err_sys("fcntl error");

if (lock.l_type == F_UNLCK)
return(0); /* false, region is not locked by another proc */
return(lock.l pid); /* true, return pid of lock owner */

0 ourhdr.h
#define is_readl ock(fd, offset, whence, |l en) \
| ock_test(fd, F_RDLCK, of fset, whence, | en)
#define is_writelock(fd, offset,whence, |l en) \
l ock_test(fd, F_WRLCK, of f set, whence, | en)

12-4 0 1
8.8 -
TELL xxx WAIT_xxx 12-4

12-4

#include <sys/types.h>
#include <sys/stat.h>
#include <fentl.h>
#include "ourhdr.h"

static void lockabyte(const char *, int, off_t);

int

main (void)

{
int fd;
pid t pid;

/* Create a file and write two bytes to it */
if ( (fd = creat("templock", FILE MODE)) < 0)

err sys("creat error");
if (write(fd, "ab", 2) != 2)
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err sys("write error");

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

else if (pid == 0) { /* child */
lockabyte("child", fd, 0);
TELL_PARENT (getppid());
WAIT PARENT () ;
lockabyte("child", fd, 1);

} else { /* parent */
lockabyte ("parent", f£d, 1);
TELL_CHILD (pid) ;
WAIT CHILD();
lockabyte ("parent", £d, 0);

}

exit (0);

}

static void
lockabyte (const char *name, int fd, off t offset)
{
if (writew_lock(fd, offset, SEEK SET, 1) < 0)
err_sys("%s: writew_lock error", name);

printf("%$s: got the lock, byte %d\n", name, offset);
}

$ a.out

child:got the |ock, byte 0

parent:got the |ock, byte 1

child:writew_|ock error: Deadl ock situation detected/ avoided
parent: got the | ock, byte 0

12.3.3

@

fdl=open(pathname, ...);
read_l ock(fdl, ...);
fd2=dup(fdl);

cl ose(fd2);

close fd2 fdl dup open

fdl=open(pathname, ...)
read_lock(fdl, ...);
fd2=open(pat hname, ...);
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12 1/10

cl ose(fd2);

(2) fork
fork
fentl

(©)] exec

POSIX.1

SVR4 4.3+BSD

12.3.4 4.3+BSD

4.3+BSD

fdl = open(pathname, ...);

write_lock(fdl, 0, SEEK SET, 1);

if (fork() > 0) {
£fd2 = dup(£fdl);
£d3 = open(pathname, ...);
pause();

} else {

/* parent */

/* parent write locks byte 0 */

read lock(fdl, 1, SEEK SET, 1); /* child read locks byte 1 */

pause () ;

12-1

fd . ptr

fd1:
fd2:

£d3:

fd1:

£d3:

12-1

struct flock

struct flock

—+—>

4.3+BSD
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UNIX
3-3 8-1 open fork dup
flock i flock
flock write_lock
read_lock ID
fdl fd2 fd3
i flock
ID PID
ID
ID
12-5
ID ID ID
12345\n ID 654
654\n 654\n5\n 0
ftruncate open O_TRUNC
0
O_TRUNC
fork exec
12-5

#include <sys/types.h>

#include <sys/stat.h>
#include <errno.h>

#include <fentl.h>

#include "ourhdr.h"

#define PIDFILE "daemon.pid"
int

main (void)

{
int fd, val;
char buf[10];

if ( (fd = open(PIDFILE, O_WRONLY | O CREAT, FILE_MODE)) < 0)

err_sys("open error");

/* try and set a write lock on the entire file */

if (write_lock(fd, 0, SEEK_SET, 0) < 0) {

if (errno == EACCES || errno == EAGAIN)
exit (0); /* gracefully exit, daemon is already running */

else
err_sys("write_ lock error");

/* truncate to zero lenagth, now that we have the lock */
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I/0

if (ftruncate(fd, 0) < 0)
err sys("ftruncate error");

/* and write our process ID */
sprintf (buf, "%d\n", getpid()):;
if (write(fd, buf, strlen(buf)) != strlen(buf))
err sys("write error");

/* set close-on-exec flag for descriptor */

if ( (val = fentl(£d, F_GETFD, 0)) < 0)
err sys("fcntl F_GETFD error");

val |= FD_CLOEXEC;

if (fentl(fd, F_SETFD, val) < 0)
err_sys("fcntl F_SETFD error");

/* leave file open until we terminate: lock will be held */

/* do whatever ... */

exit (0);

SEEK_END |_start

SVR4

12-6

12-6

|_whence

SEEK_CUR

#include <sys/types.h>

#include <sys/stat.h>
#include <fcntl.h>
#include "ourhdr.h"
int

main (void)

{

int i, fd:

if ( (fd = open("temp.lock", O_RDWR | O_CREAT | O_TRUNC,
FILE_MODE)) < 0)

err_sys("open error");

for (i = 0; i < 1000000; i++) { /* try to write 2 Mbytes */

/* lock from current EOF to EOF */
if (writew_lock(fd, 0, SEEK_END, 0) < 0)
err_sys("writew_lock error");

if (write(fd, &fd, 1) != 1)
err_sys("write error");

if (un_lock(fd, 0, SEEK END, 0) < 0)
err_sys("un_lock error");

if (write(fd, &fd, 1) != 1)
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err_sys("write error");

}
exit (0);
}

$ a.out
writew_ | ock error: No record | ocks avail able
$1s-1 temp.lock

SFW-F--r-- 1 stevens ot her 592 Nov 1 04:41 temp.lock
ENOLCK
12-2 writew_lock write
writew_|ock ! §
un_lock 12-2
12-3
un_lock
for 4 12-4

e e

12-2 writew_lock 12-3 un_lock 12-4 for

write

ford amo ENOLCK
un_lock | _start
1 un_lock

_db_writedat _db_writeidx
16.7

12.3.5

cooperating process

open read write

12-1 SVR4 POSIX.1
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12 1/0
4-4 - - -ID SVR3
read
write
12-3 8
12-3
EAGAIN
EAGAIN EAGAIN
12-3 read,write open
read write 12-3
open flag
O_TRUNC O_CREAT O_NONBLOCK,open errno
EAGAIN O_TRUNC
0 O_CREAT errno
UNIX
. ed
ed ed
unlink
SVR4 truss(1)
4.3+BSD ktrace(1) kdump(1)
. vi
EAGAIN write vi
. KornShell > >> “ cannot creat”
e Bourne shell > >>
Korn Shell O_CREAT O_APPEND
O_CREAT Bourne shell
O_CREAT open write
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12-7

12-7

#include <sys/types.h>

#include <sys/stat.h>
#include <sys/wait.h>
#include <errno.h>
#include <fentl.h>
#include "ourhdr.h"
int

main (void)

{

int fd;
pid_t pid;
char buff(5];
struct stat statbuf;

if ( (fd = open("templock", O RDWR { O_CREAT | O_TRUNC,
: FILE_MODE)) < 0)
err sys("open error");
if (write(fd, "abcdef", 6) != 6)
err sys("write error");

/* turn on set—group-ID and turn off group-execute */
if (fstat(fd, &statbuf) < 0)
err_sys("fstat error");
if (fchmod(fd, (statbuf.st_mode & ~S_IXGRP) | S_ISGID) < 0)
err_sys("fchmod error");

TELL_WAIT();
if ( (pid = fork()) < 0) {
err sys("fork erroxr");

} else if (pid > 0) { /* parent */
/* write lock entire file */
if (write_lock (fd, 0, SEEK_SET, 0) < 0)
err sys("write_lock error");
TELL_CHILD (pid) ;

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

} else { /* child */
WAIT_PARENT() ; /* wait for parent to set lock */

set_f1(fd, O_NONBLOCK) ;

/* first let’s see what error we get if region is locked */
if (read_lock(fd, 0, SEEK_SET, 0) != -1) /* no wait */
err_sys("child: read_lock succeeded");
printf("read lock of already-locked region returns %d\n", errno);

/* now try to read the mandatory locked file */
if (lseek(fd, 0, SEEK_SET) == -1)

err_sys("lseek error");
if (read(fd, buff, 2) < 0)
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12 /0

err_fet("read-failed kmandatory locking works)");
else
printf ("read OK (no mandatory locking), buff = %2.2s\n", buff);
}

exit (0);
) —
fork
EACCES EAGAIN
read EACCES EAGAIN read
SVR4
$ a.out

read_| ock of already-1ocked region returns 13
read failed (mandatory | ocking works): No more processes

intro(2) 13 EACCES
read “ No more processes” fork

4.3+BSD

$ a.out
read_|l ock of already_I|ocked region returns 35
read OK (no mandatory | ocking), buff=ab

errno35 EAGAIN
4.3+BSD i
Vi
Vi
fork
Vi Vi
Vi wait
exec SVR4 SVR4
vi ed

16

UNIX
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12.4
Vv
(1) \Y
2 1/0 12.5.2
3 152 125.2
Dennis Ritchie Ritchie 1984
1/0
SVR3 SVR4 1/0 AT&T 1990d
SVR4
1/0 5.2
- 12-5
ioctl 12-6
12-6
downstream upstream
| A n
| e R | | I
| | | I
| | | I
| | l | |
o o e |
| 1
I | | ,
: : | |
I I : :
: ( : | |
| ) | : :
| 1 1 |
| | | I
L o o e e e — - — | U, o
12-5 12-6
11_2 " ”
“ " |dterm
AT&T 1990d 7 AT&T 1991 7 )

3

open close read write ioctl

SVR3
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12 I1/0
3 getmsg putmsg poll SVR4
getpmsg putpmsg
/dev Is-
, clist (Bach 1986 10.3.1
Leffler 1989 96 ) SVR2 4.3BSD clist
read,write
12.4.1
read write getmsg getpmsg
putmsg putpmsg
12-4 write putmsg putpmsg
strbuf
struct strbuf
int maxlen; /* size of buffer */
int len; /* number of bytes currently in buffer */
char *buf; /* pointer to buffer */
}:
12-4 write putmsg putpmsg
? ?
write N/A M_DATA( )
putmsg 0 0
putmsg 0 M_DATA( )
putmsg 0 M_PROTO( )
putmsg RS_HIPRI M_PCPROTO ( )
putmsg RS_HIPRI , EINVAL
putpmsg 0 255 0 , EINVAL
putpmsg 0 255 MSG_BAND 0
putpmsg 0 MSG_BAND M_DATA( )
putpmsg 1 255 MSG_BAND M_DATA ( )
putpmsg 0 MSG_BAND M_PROTO(( ))
putpmsg 1 255 MSG_BAND M_PROTO ( )
putpmsg 0 MSG_HIPRI M_PCPROTO ( )
putpmsg 0 MSG_HIPRI , EINVAL
putpmsg 0 MSG_HIPRI , EINVAL
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UNIX
putmsg putpmsg len getmsg getpmsg
maxlen len
0 len 1
Olander, McGrath Israel 1986 Y, AT& T[1990d]
5 \Y,
(TLI) Stevens 1990 7
ioctl write
N write
putmsg getmsg
25
read write getmsg
getpmsg putmsg  putpmsg
* M_DATA |/O
*M_PROTO
* M_PCPROTO
0 1~255
12-4 write putmsg putpmsg

12.4.2 putmsg putpmsg

putmsg putpmsg

M_SIG

#include <stropts. h>

int putmsg(intfiledes, const struct str bufctlptr,

const struct

int putpmsg(i nfiledes, const struct str bufctlptr,

const struct

st r bufdataptr, i nt

st r bufdataptr, i nt flag) ;

band, i nt flag) ;
0 -1
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12 1/0
write flag O putmsg
12-4
12-4 o ctlptr ctlptr->len 1
o ctlptr ctlptr->len 0
dataptr ctlptr
12.4.3 ioctl

314 ioctl /10

SVR4 ioctl 29 streamio(7)

AT&T1990d <stropts.h> C ioctl

request 29 request I request
——isastream
i satty
11.9 SVR4 isastream
int isastream(infiledes);
1 0
SVR4

#include

isatty ioctl 12-8

|_CANPUT ioctl
ioctl
12-8
#include <stropts.h>
#include <unistd.h>
int
isastream(int £d)
{
return(ioctl(fd, I_CANPUT, 0) != -1);
}
12-9
12-9 isastream

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

int
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main (int argc, char *argv[])
{
int i, f£d;

for (1 = 1; i < arge; i++) |
printf("%$s: ", argv[i]):
if ( (fd = open(argv[i], O_RDONLY)) < 0) {
err ret("%s: can’t open", argv[i]):

continue;
}
if (isastream(fd) == 0)
err ret ("%s: not a stream", argv([i]);
else
err msg("%s: streams device", argv[i]);
}
exit (0);

ioctl

$ a.out /dev/tty /dev/vidadm /dev/null /etc/motd
/dev/tty:/dev/tty:streams device
/dev/vidadm: /dev/vidadm not a stream Invalid argument

/dev/null:/dev/null:not a stream No suck device
/etc/motd: /etc/motd: not a stream Not a typewriter
/devitty SVR /dev/vidadm
ioctl ioctl EINVAL
/dev/null ioctl ioctl ENODEV
/etc/motd ENOTTY
ENOTTY Not atypewriter ioctl
UNIX ENOTTY
ioctl request |_LIST
AT&T
1990d 10 str_list
struct str_list {
i nt sl _nmods; /* number of entries in array */
struct str_mist *sl _modlist; /* ptr to first element of array */
3
sl_modlist str_mlist sl_nmods

struct str_mist {
char 1 _name[ FMNAMESZ+1] ; /* null term nated modul e name */

b
FMNAMESZ <sys/conf.h> 8 |_name
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I1/0
FMNAMESZ+1 1 null
ioctl 0
ioctl str_mlist
12-10 |_LIST ioctl
12-10
#include <sys/conf.h>

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

#include <stropts.h>
#include "ourhdr.h"
int

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

{
int fd, i, nmods;
struct str_list list;

if (argc != 2)
err_quit ("usage: a.out <pathname>");

if ( (fd = open(argv[l], O RDONLY)) < 0)
err sys("can’t open %s", argv[l]):;
if (isastream(fd) == 0)
err quit("%s is not a stream", argvil]);

/* fetch number of modules */
if ( (nmods = ioctl(fd, I_LIST, (void *) 0)) < 0)
err sys("I_LIST error for nmods");
printf ("#modules = %d\n", nmods);

/* allocate storage for all the module names */
list.sl modlist = calloc(nmods, sizeof(struct str_mlist));
if (list.sl modlist == NULL)

err_sys("calloc error");
list.sl nmods = nmods;

/* and fetch the module names */
if (ioctl(fd, I_LIST, &list) < 0)
err sys("I_LIST error for list");

/* print the module names */
for (i = 1; i <= nmods; i++)
printf(" %s: %s\n", (i == nmods) ? "driver" : "module”,
list.sl_modlist++);
exit (0);

$ who
st evens consol e Sep 25 06:12
st evens pt s001 Oct 12 07:12
$ a.out /dev/pts001
#modul es= 4

modul e: ttcompat

modul e: | dterm

modul e: ptem

driver: pts
$ a.out /dev/console
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#modul es= 5

modul e: ttcompat
modul e: | dterm
modul e: ansi
modul e: char
driver: cmux
ttcompat  Idterm
19
12.4.4 write
12-4 write M_DATA
write
write 0 FIFO
0 FIFO 0 write
ioctl FIFO
12.4.5
ioctl request | _ GWROPT
request
| _SWROPT
3.13 ) )
( )
* SNDZERO FIFO O0 0 0
* SNDPIPE write putmsg SIGPIPE

getmsg getpmsg

12.4.6 getmsg getpmsg

#include <stropts. h>
int getmsg(i nffiledes, struct strbuf ctptr,

struct strbuf dataptr,int *flagptr);
int getpmsg(i nfiledes, struct strbuf ctiptr,

struct strbuf dataptr, int bandptr, int *lagptr);

flagptr  bandptr
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12 /0
flagptr 0 getmsg
flagptr RS _HIPRI
getmsg flagptr
RS_HIPRI
getpmsg bandptr
(a)flagptr  bandptr
(b) () dataptr ctlptr, (d) ctlptr->maxlen dataptr->maxien
getmsg getmsg 2
12.4.7
read (1)
2 read
read
read
ioctl request |_GRDOPT
request |_SRDOPT
* RNORM
* RMSGN
* RMSGD
read
* RPROTNORM - read errno EBADMSG
* RPROTDAT - read
* RPROTDIS - read
12-11 3-3 getmsg read SVR4
$ echo hello,world | a.out

flag=0,ctl.len=-1,dat.|en=13
hel l o, worl d
flag=0, ctl.|en=0, dat.|en=0

$ a.out

this is line 1
flag=0,ctl.len=-1,dat.|en=15
this is line 1

and line 2

flag=0,ctl.len=-1,dat.|en=11
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and line 2

°“D
flag=0,ctl.len=-1,dat.| en=0
$ a.out < /etc/ motd

getmsg error: Not

echo

a stream device
12-11
0 14.2

12-11  getmsg

EOF

getmsg

#include
#include

<stropts.h>
"ourhdr.h"

#define BUFFSIZE 8192

int
main (void)
{
int
char
struct strbuf

n, flag;
ctlbuf [BUFFSIZE],
ctl, dat;

ctl.buf = ctlbuf;
ctl.maxlen = BUFFSIZE;
dat.buf = datbuf;
dat .maxlen = BUFFSIZE;
for (: ;) |
flag = 0;
if ( (n =
err_sys("getmsg error");
fprintf (stderr, "flag = %d,
flag, ctl.len,
0)

if (dat.len
exit (0) ;
else if (dat.len > 0)

if (write(STDOUT FILENO, dat.buf, dat.len)

err sys("write error");

ctl.len
dat.

datbuf [BUFFSIZE];

/* return any message */
getmsg (STDIN_FILENO, &ctl,

&dat, &flag)) < 0)

= %d, dat.len =
len);

$d\n",

= dat.len)

12.5 1/0

while (
if

(n=read(STDI N_FI LENO
(write (STDOUT_FI LENO
err_sys (write erro);

/0

buf,

buf, n)

12-7

/O

BUFSIZ) ) > 0)

1= n)

I/0

18
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/0

12-7

D N

12-8
read
SIGCHLD
SIGUSR1
read
CPU
I/O asynchronous I/0O
/0
POSIX
SIGPOLL
SIGIO e
1
1/0
1/0 I/O multiplexing

/O

read

12-8

read CPU
/0

SVR4
4.3+BSD

/10
/10 12.6

/0
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UNIX
/0 POSIX SVR4 4.3+BSD select
1/10 poll SVR4 SVR4 poll select
1/0 4.2+BSD select
1/0 /0 SVR3
poll SVR4 poll SVR4
poll
select poll
4.2+BSD 105 select
4.3+BSD SA_RESTART SVR4
SA_RESTART select poll SVR4
select  poll signal_intr 10-13
12.5.1 select
select SVR4 4.3+BSD 1/0 select
D
@)
©)
select
D
(@)
110 read write

#include <sys/types.h> * fd_set
#include <sys/time.h>/* struct

#include <unistd. h>

timeval

/* function prototype m ght

data type */

*/

be here */

int select (intmaxfdpl, fd_set readfds, fd_set writefds, fd_set éxceptfds,
struct timeval ‘tvptr);
0 1
struct timeval {
long tv_sec; /* seconds */
long tv_usec; /* and mi croseconds */
}
e tvptr==NULL
select 1 errno EINTR

e tvptr->tv_sec= =0 & & tvptr->tv_usec= =
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12 /0
select
o tvptr->tv_sec | =0 | tvptr->tv_usec! =0
0
tvptr->tv_usec
readfds writefds exceptfds
fd_set
12-9
fd0 fd1 fd2
readfds —w | O 0 0
fe—— —
writefds —w | 0 0 0
fe——  £d set —
exceptfds —w | O 0 0
12-9 select
fg_set (a (b)
(©
FD_ZERO (fd_set *fdset) ; /* clear all bits in fdset */
FD_SET(int fd, fd_set *fdset); /* turn on bit for fd in fdset */
FD_CLR(int fd, fd_set *fdset); /* turn off bit for fd in fdset */

FD_ISSET(int fd, fd_set *fdset); /* test bit for fd in fdset */

fd_set rset;
int fd;

FD_ZERO

FD_ZERO (&rset);

FD_SET (fd, &rset);
FD_SET (STDI N_FI LENO, &rset);

select FD_ISSET

if (FD_ISSET(fd, &rset)){
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select
select
select

select maxfdpl “
1
<sys/types.h>

fd_set readset, writeset;

FD_ZERQ( &r eadset ) ;
FD_ZERO( &wri t eset);

FD_SET(0, &readset);
FD_SET(3, &readset);
FD_SET(1, &writeset);
FD_SET(2, &writeset);

WM’NW&

sleep 10.19 sleep
1 12.6

fd 1 maxfdplusl”
FD_SETSIZE
256 1024
3~10

select (4, &readset, &writeset, NULL, NULL);

12-10

fdo fd1 fd2 fd3

readset: 1 0 0

1

R

writeset: 0 1 1 0
maxfdpl = 4
12-10 select

0 1

0
select
1 1
) 0

©)
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4.3+BSD SVR4
SVR4 BSD select BSD
SVR4
POSIX select
(@h)] readfds read
(2 writefds write
(©)] exceptfds
(a (b)
Stevens 1990 15.10
select
5 select select 5
select
select read
0 UNIX
select
12.5.2 poll
SVR4 poll select poll
SVR4

#include <stropts. h>
#include <poll.h>

int poll(struct poll fidhrray[], unsi gned | ongfds, i nt timeout) ;

0 1
select poll pollfd
struct pollfd {
i nt fd; /* file descriptor to check, or < O to ignore */
short events; /* events of interest on fd */
short revents; /* events that occurred on fd */
b
fdarray nfds
SVR3 nfds unsigned long
SVR4 poll size t <poll.h>

unsigned long
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SVR4

SVR4 SVID AT&T1989
AT&T 1990 d

poll

struct pollfd fdarray] ],

struct pollfd * fdarray C
fdarray

events

poll events

12-5
revents

select select

12-5 poll

events

revents

events

revents

POLLIN
POLLRDNORM
POLLRDBAND
POLLPRI

® o o o
o

0)

POLLOUT .
POLLWRNORM L
POLLWRBAND .

POLLOUT

POLLERR
POLLHUP
POLLNVAL

12-5
revents
poll
e timeout == INFTIM
errno EINTR
* timeout ==
poll
e timeout >0
timeout

POLLIN

select

events

POLLHUP

INFTIM

timeout

read
revents

0

select
<stropts.h>, 1

POLLHUP

poll

poll

revents
POLLHUP

1
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12 /0
12.6 1/0
select poll /O ,
select poll 10
SVR4 4.3+BSD SVR4 SIGPOLL
4.3+BSD SIGIO 1/0
SVR4 select poll 4BSD
select 1/10 SVR4 /0
4.3+BSD 1/0
SVR4 4.3+BSD /0
1/10
12.6.1 SVR4
V 1/0 SVR4 1/0
SIGPOLL
/O ioctl request
|_SETSIG 12-6 <stropts.h>
12-6 SIGPOLL
S_INPUT
S_RDNORM
S_RDBAND 0
S_BANDURG S_RDBAND 0 S| GURG SI GPOLL
S_HIPRI
S_OUTPUT
S_WRNORM S_OUTPUT
S_WRBAND 0
5_NMSG SI GPOLL
5_ERROR M_ERROR
S_HANGUP M_HANGUP
12-6 ” “ ?
ioctl SIGPOLL
10-1 SIGPOLL ioctl
12.6.2 4.3+BSD
4.3+BSD 1/0 SIGIO SIGURG /0
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UNIX
SIGIO
D signal sigaction
2 F SETOWN 3.13 fentl ID ID
(©)] F SETFL fentl O_ASYNC 110
3-2
3 4.3+BSD
SIGURG (1) 2
12.7 readv writev
readv  writev
scatter read gather write
#include <sys/types. h>
#include <sys/uio.h>
ssize_t readv(i nfiledes, const struct ioveiov[ ],int iovent);
ssize_t writev(infiledes, const struct ioveov[ ],i ntiovent);
-1
iovec
struct iovec {
void *iov_base; /* starting address of buffer */
size_t iov_len; /* size of buffer */
b
iov iovent
4.2BSD SVR4
iovec
SVR4 AT&T 1990e SVR4 SVID AT&T
1989 SVR4 4.3+BSD<sys/uio.h>
SVID SVR4 1988 POSIX.1
1990 read write POSIX.1
void * size t, ssize t
readv const 4.3+BSD
SVR4 readv iovec
_ iov_base
4.3BSD SVR4 iovent 16 4.3+BSD Uulo_MAXIOV
1024 SVID IOV_MAX \
SVR4
12-11 readv writev iovec writev iov[0], iov[1]
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12

I/10

iov[iovent-1] writev
readv
readv

iov{0) .iov_base ————D‘i

iov[0] .iov_len len0

iov[1l] .iov_base ~\_l

iov[1l] .iov_len lenl

readv

iovliovent-1] .iov_base

iov[iovcnt-11 .iov_len lenl

12-11 readv writev iovec

16.7 _db_writeidx

D wrtre ,
)
wrtre
3 writev
16.7 writev 12-7
12-7 writev
SPARC 80386
write 0.2 7.2 17.2 05 13.1 137
write 0.5 44 17.2 0.7 7.3 8.1
write 0.3 4.6 17.1 0.3 7.8 8.2
100 200 10 000
3
CPU CPU
write write writev
31
CPU write
writev writev
SPARC 4.9 80386 8.0

12-7 SPARC
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UNIX
386 CPU
readv writev read write
write writev CPU
12.8 readn writen
, SVR4
() read
)] write
write
18 SVR4 BSD UNIX
readn writen N
read write N

#i ncl ude"our hdr. h"
ssize_t readn(i nfiledes voi d *buff, si ze_t nbytes);

ssize_t writen(i nfiledes, voi d *buff, si ze_t nbytes) ;

-1
writen
readn read
12-12 12-13 writen readn
12-12 writen
#include "ourhdr.h"
ssize_t /* Write "n" bytes to a descriptor. */

writen(int fd, const void *vptr, size t n)
{

size_t nleft;

ssize t nwritten;

const char ‘*ptr;

ptr = vptr; /* can’t do pointer arithmetic on void* */
nleft = n;
while (nleft > 0) {
if ( (nwritten = write(fd, ptr, nleft)) <= 0)
return (nwritten); /* error */

nleft -= nwritten;
ptr += nwritten;
}

return(n);
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12-13 readn

#include "ourhdr.h"

ssize t

readn(int fd, void *vptr, size_t n)

{

size_t nleft;
ssize_t nread;

char *ptr;
ptr = vptr;
nleft = n;

while (nleft > 0) {
if ( (nread = read(fd, ptr, nleft)) < 0)

return (nread) ; /* error, return < 0 */
else if (nread == 0)

break; /* EOF */
nleft -= nread;

ptr += nread;

}
return(n - nleft); /* return >= 0 */

/* Read "n" bytes from a descriptor. */

12.9

mmap

1/O

/0

read write 110

#include <sys/types. h>

#include <sys/ mman. h>

caddr _t mmap(caddr _addr, size_tlen int prot,int flag,

int filedes, of f _t off);

-1
/0 4.1BSD 1981 vread vwrite
I/0 4.2BSD mmap
Leffler [1989]2.5 4.2BSD
mmap Gingell,Moran Shannon 1987 mmap
SVR4 4.3+BSD mmap
caddr_t char * addr
0
filedes
len off off
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7-3
N \
\
\
len 1
|
|
""""" = I
N oy |
|
__________ \\ |
|
|
! I
(bss) : |
| |
of len
12-12
13 ” mmap
12-8
proc
12-8 _ prot
'PROT_READ
PROT_WRITE
open PROT_EXEC
PROT_NONE (4.3+BSD )
PROT_WRITE
flag
* MAP_FIXED addr
addr O addr
addr 0
* MAP_SHARED
- write
MAP_PRIVATE
* MAP_PRIVATE
4.3+BSD MAP_xxx
4.3+BSD mmap 2
off addr MAP_FIXED
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12 /0
SC_PAGESIZE sysconf 254 4.3+BSD
<sys/param.h> NBPG off addr 0
12 512 512
500 0 500
SIGSEGV SIGBUS SIGSEGV
mmap
SIGBUS
SIGBUS
fork
exec
munmap filedes
#include <sys/types. h>
#include <sys/ mman. h>
int munmap(caddr _addr, si ze_tlen);
0 1
munmap — munmap
MAP_SHARED
msync fsync 4.24
12-14 I1/0 cp(l)
fstat mmap
Iseek
mmap SIGBUS ftruncate
4.13
mmap memcpy
Src
dst
12-14 110
#include <sys/types.h>
#include <sys/stat.h>
#include <sys/mman.h> /* mmap () */
#include <fcntl.h>
#include "ourhdr.h"
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#ifndef MAP_FILE /* 4.3+BSD defines this & reguires it to mmap files */
#define MAP_FILE 0 /* to compile under systems other than 4.3+BSD */
#endif
int

main(int argc, char *argv([])
{
int fdin, fdout;
char *src, *dst;
struct stat statbuf;

if (argc != 3)
err_quit ("usage: a.out <fromfile> <tofile>");

if ( (fdin = open(argv[1], O_RDONLY)) < 0)
err_sys("can’t open %s for reading", argv{l]);

if ( (fdout = open(argv[2], O_RDWR | O_CREAT | O _TRUNC,
FILE MODE)) < 0)
err sys("can’t creat %s for writing", argv(l]);

if (fstat(fdin, &statbuf) < 0) /* need size of input file */
err_sys("fstat error");

/* set size of output file */

if (lseek (fdout, statbuf.st_size -~ 1, SEEK_SET) == -1)
err sys("lseek error"); ’
if (write(fdout, "", 1) != 1)

err_sys("write error"):;

if ( (src = mmap (0, statbuf.st_size, PROT_READ,
MAP FILE | MAP_SHARED, fdin, 0)) == (caddr_t) -1)
err_sys("mmap error for input"):;

if ( (dst = mmap(0, statbuf.st_size, PROT_READ | PROT WRITE,
MAP_FILE | MAP_SHARED, fdout, 0)) == (caddr _t) -1)
err_sys("mmap error for output”);

memcpy (dst, src, statbuf.st_size); /* does the file copy */

exit (0);
}
read write 8192 12-9
12-9 read/write mmap/memcpy
SPARC 80336
read/write 0.0 2.6 11.0 0.0 5.3 11.2
mmap/memcpy 0.9 17 3.7 0.3 2.7 5.7
3
SPARC CPU + 2.6 12-7
writev 386 mmap/memcpy read/write
mmap SPARC 386 I/0
read/write /10
mmap/memcpy

1/0
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12 /0
/0

/0 -

Krieger,Stumm Unrau 1992 5 /0 1/10

14.9 /0 SVR4 4.3+BSD

/O
12.10

/0

. 1/O— 1/0

. Vv

«1/O ——-select poll

ereadv writev

. /O mmap

121 12-6for write

12.2 <sys/types.h> select FD_

12.3 <sys/types.h> fd_set

2048

12.4 10.11 fd_set

12.5 getmsg

12.6 select poll sleep sleep_us

BSD usleep

12.7 10-17 TELL_WAIT TELL_PARENT
TELL_CHILD WAIT_PARENT WAIT_CHILD

12.8 select poll 2 PIPE_BUF

129 12-14

12.10 12-14 mmap close

110
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