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19-3 rlogind
19.2.2 script
script SVR4 4.3+BSD
shell
19-4 script script shell
shell
script script
typescript script
script
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fork . fork
shel | e::zc script process oxac ™ shel |
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script
195 pty shell
script
19.2.3 expect
18.7 call
18-20 shell
script expect [Libes 1990;1991] 19.5 pty
expect
19.2.4
14-10 /0
/0
fflush 8
19-5
1
3 -
19-5
/0
14-9 15-1
pty_fork 194 fork exec pty
195 pty
19.2.5

shell
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1/0
8192
fflush pty
1/10 19-6 slowout
shell pty fort/exec pty
A
fork
shell | rfa i—:gb pty e;.::c' slowout
stdout stdin
stderr
[l el It F— T~~~ ~~ "~ 71 e By
19-6
19.3
SVR4 4.3+BSD
ptym_open ptys_open
#i ncl ude"our hdr. h"
int ptym open(charptd name);
-1
int ptys_open(infdm char Pts_name);
-1
—_— pty_fork 194 fork
ptym_open
pts_name ptym_open ptys_open




Chinaspubicom .

pty_fork
ptym_open fork
setsid ptys_open
19.3.1 SVR4
SVR4 AT&T 1990d 12
grantpt(3) unlockpt(3) ptsname(3)
/dev/ptmx clone device
open
19-1 SVR4
#include <sys/types.h>
#include <sys/stat.h>
#include <errno.h>
#include <fentl.h>
#include <stropts.h>
#include "ourhdr.h"

extern char *ptsname(int); /* prototype not in any system header */

int
ptym _open(char *pts_name)
{

char *ptr;
int fdm;
strcpy (pts_name, "/dev/ptmx"); /* in case open fails */

if ( (fdm = open(pts_name, O _RDWR)) < 0)
return(-1);

if (grantpt(fdm) < 0) { /* grant access to slave */
close (fdm) ;
return(-2);

}

if (unlockpt (fdm) < 0) { /* clear slave’s lock flag */
close (fdm) ;
return (-3);

}

if ( (ptr = ptsname(fdm)) == NULL) { /* get slave’s name */
close (fdm) ;
return(-4);

}

strcpy(pts_name, ptr); /* return name of slave */
return (fdm) ; /* return fd of master */
}
int
ptys_open(int fdm, char *pts_name)
{
int fds;
/* following should allocate controlling terminal */
if ( (fds = open(pts_name, O_RDWR)) < 0) {
close (fdm) ;
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return(-5);

}

if (ioctl(fds, I_PUSH,
close (fdm) ;
close(fds);
return(-6);

"ptem") < 0) {

}

if (ioctl(fds, I_PUSH,
close (fdm) ;
close (fds) ;
return(-7);

"ldterm") < 0) {

}

if (ioctl(fds, I_PUSH, "ttcompat") < 0) {
close (fdm) ;
close(fds);
return(-8);
}
return(fds);
}
/dev/ptmx
grantpt a
ID b tty c - - -
tty - wall(1) write(1) - -ID tty
grantpt {usr/lib/pt_chmod -ID root
unlockpt
ptsname /dev/pts/NNN
ptys_open SVR4
O_NOCTTY
ptem |dterm
ttcompat
V7 4BSD Xenix ioctl
12-10
19.3.2 4.3+BSD
4.3+BSD
/dev/ptyp0
EIO ENOENT
/dev/ptyMN /dev/ttyMN
19-2 ptys _open chown chmod
- -ID  root 4.3+BSD grantpt
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4.3+BSD pty
4.3+BSD
16 /dev/ptyp0 /dev/ptyTf
pty a b /dev
a b
a b 64 BSD telnetd rlogind
19-2 for pars
19-2 4.3+BSD open

#include <sys/types.h>

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

ptym_open(char *pts_name)
{

int fdm;

char *ptrl, *ptr2;

strcpy (pts_name, "/dev/ptyXY"):
/* array index: 0123456789 (for references in following code) */

for (ptrl = "pqrstuvwxyzPQRST"; *ptrl != 0; ptrl++) {

pts_name[8] = *ptrl;
for (ptr2 = "0123456789abcdef"; *ptr2 != 0; ptr2++) {

pts_name[9] = *ptr2;

/* try to open master */
if ( (fdm = open(pts_name, O_RDWR)) < 0) {

if (errno == ENOENT) /* different from EIO */
return(-1); /* out of pty devices */
else
continue; /* try next pty device */

}

pts_name[5] = 't’; /* change "pty" to "tty" */
return (£dm) ; /* got it, return fd of master */
}
}
return(-1); /* out of pty devices */

}

int

ptys_open (int fdm, char *pts_name)
{

struct group *grptr;
int gid, fds;

if ( (grptr = getgrnam("tty")) != NULL)
gid = grptr->gr_gid;
else
gid = -1; /* group tty is not in the group file */
/* following two functions don’t work unless we’re root */
chown (pts_name, getuid(), gid):
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chmod (pts_name, S_IRUSR | S_IWUSR | S_IWGRP);

if ( (fds = open(pts_name, O_RDWR)) < 0) {
close (£dm) ;
return(-1);

}

return(fds);

19.4 pty_fork

ptym_open ptys _open pty_fork
#include <sys/types. h>
#include <term os. h>
#include <sys/ioctl.h> /* 4.3+BSD defines struct winsize here */

#include "ourhdr.h"

pid_t pty_fork(intptfdm char %ave name,
const struct term oslave termios,

const struct winsizelae winsize);

0 I D -1
pty ptrfdm
slave_name
slave_termios
termios
slave winsize
winsize 0
19-3 ptym_open ptys open
SVR4 4.3+BSD
fork setid
ptys open setsid
9.5 a
C SVR4 ptys_open
4.3+BSD ioctl TIOCSCTTY
termios winsize
exec
fork pty

pty fork
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19-3 pty_fork

#include <sys/types.h>

#include <termios.h>

#ifndef TIOCGWINSZ

#include <sys/ioctl.h> /* 4.3+BSD requires this too */
#endif

#include "ourhdr.h"

pid_t

pty_fork(int *ptrfdm, char *slave_name,
const struct termios *slave_termios,
const struct winsize *slave_winsize)

int fdm, fds;
pid t pid;
char pts_name[20];

if ( (fdm = ptym open(pts_name)) < 0)
err_sys("can't open master pty: %s", pts_name);

if (slave_name != NULL)
strcpy (slave_name, pts_name); /* return name of slave */

if ( (pid = fork()) < 0)
return(-1);

else if (pid == 0) { /* child */
if (setsid() < 0)
err_sys("setsid error");

/* SVR4 acquires controlling terminal on open() */
if ( (fds = ptys_open(fdm, pts_name)) < 0)
err_sys("can’'t open slave pty"):;
close (fdm) ; /* all done with master in child */

#if defined (TIOCSCTTY) && !defined(CIBAUD)
/* 4.3+BSD way to acquire controlling terminal */
/* !'CIBAUD to avoid doing this under SunOS */
if (ioctl(fds, TIOCSCTTY, (char *) 0) < 0)
err sys ("TIOCSCTTY error");
#endif
/* set slave’s termios and window size */
if (slave_termios != NULL) {
if (tcsetattr(fds, TCSANOW, slave_termios) < 0)
err_sys("tcsetattr error on slave pty");

if (slave_winsize != NULL) {
if (ioctl(fds, TIOCSWINSZ, slave_winsize) < 0)
err_sys("TIOCSWINSZ error on slave pty");

/* slave becomes stdin/stdout/stderr of child */
if (dup2(fds, STDIN FILENO) != STDIN_FILENO)
err_sys("dup2 error to stdin");
if (dup2(fds, STDOUT_FILENO) != STDOUT_FILENO)
err_sys("dup2 error to stdout") ;
if (dup2(fds, STDERR_FILENO) != STDERR_FILENO)
err_sys("dup2 error to stderr");
if (fds > STDERR FILENO)
close (fds) ;
return (0) ; /* child returns 0 just like fork() */

} else { /* parent */
*ptrfdm = fdm; /* return fd of master */
return(pid); /* parent returns pid of child */
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19.5 pty

pty
pty prog argl arg2

prog argl arg2
pty

pty 19-4 main pty_fork

19-4 pty main

#include <sys/types.h>

#include <termios.h>

#ifndef TIOCGWINSZ

#include <sys/ioctl.h> /* 4.3+BSD requires this too */

#endif

#include "ourhdr.h"

static void set_noecho (int); /* at the end of this file */
void do_driver(char *); /* in the file driver.c */
void loop (int, int); /* in the file loop.c */

int

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

int fdm, ¢, ignoreeof, interactive, noecho, verbose;
pid_t pid;
char *driver, slave_name[20];

struct termios orig_termios;
struct winsize size;

interactive =
ignoreeof = 0;
noecho = 0;
verbose = 0;
driver = NULL;

isatty (STDIN_FILENO) ;

opterr = 0; /* don’t want getopt() writing to stderr */
while ( (c = getopt(argc, argv, "d:einv")) != EOF) ({
switch (c) {
case ’'d’: /* driver for stdin/stdout */
driver = optarg;
break;
case 'e’: /* noecho for slave pty’s line discipline */
noecho = 1;
break;
case 'i’: /* ignore EOF on standard input */
ignoreeof = 1;
break;
case ’'n’: /* not interactive */
interactive = 0;
break;
case 'v’: /* verbose */
verbose = 1;
break;
case '?':

err_quit ("unrecognized option: -%c", optopt);
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}
}
if (optind >= argc)
err_quit ("usage: pty [ -d driver -einv ] program [ arg ... 1"):;

if (interactive) { /* fetch current termios and window size */
if (tcgetattr(STDIN_FILENO, &orig_termios) < 0)
err_sys{"tcgetattr error on stdin");
if (ioctl(STDIN_FILENO, TIOCGWINSZ, (char *) &size) < 0)
err_sys("TIOCGWINSZ error");
pid = pty_fork(sfdm, slave_name, &orig_termios, &size);

} else
pid = pty_ fork(&fdm, slave_name, NULL, NULL);

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

else if (pid == 0) { /* child */
if (noecho)
set_noecho (STDIN_FILENO) ; /* stdin is slave pty */

if (execvp(argv[optind], &argvioptind]) < 0)
err_sys("can't execute: %s", argv[optind]):;
}

if (verbose) {
fprintf (stderr, "slave name
if (driver !'= NULL)
fprintf (stderr, "driver = %s\n", driver);

$s\n", slave_name);

}

if (interactive && driver == NULL) {
if (tty_raw(STDIN_FILENO) < 0) /* user’'s tty to raw mode */
err sys("tty_raw error");
if (atexit(tty_atexit) < 0) /* reset user’s tty on exit */
err_sys("atexit error");

}

if (driver)
do_driver(driver); /* changes our stdin/stdout */

loop(fdm, ignoreeof); /* copies stdin -> ptym, ptym —> stdout */

exit (0);
}

static void
set_noecho(int £d) /* turn off echo (for slave pty) */
{

struct termios stermios;

if (tcgetattr(fd, &stermios) < 0)
err_sys("tcgetattr error");

stermios.c_lflag &= ~(ECHO | ECHOE | ECHOK | ECHONL);
stermios.c_oflag &= ~ (ONLCR);
/* also turn off NL to CR/NL mapping on output */

if (tcsetattr(fd, TCSANOW, &stermios) < 0)
err_sys("tcsetattr error");

pty
pty_fork termios winsize pty_fork

pty_fork execvp
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exit
do_driver
loop 19-5
18.7
select poll
19-5 loop

#include <sys/types.h>
#include <signal.h>
#include "ourhdr.h"
#define BUFFSIZE 512
static void sig term(int);
static volatile sig_atomic_t sigcaught; /* set by signal handler */
void
loop (int ptym, int ignoreeof)
{

pid_t child;

int nread;

char buff [BUFFSIZE];

if ( (child = fork()) < 0) {

err_sys("fork error");
} else if (child == 0) { /* child copies stdin to ptym */

for (; i) |
if ( (nread = read(STDIN_FILENO, buff, BUFFSIZE)) < 0)
err_sys("read error from stdin");

else if (nread == 0)
break; /* EOF on stdin means we’re done */
if (writen(ptym, buff, nread) != nread)

err_sys("writen error to master pty");

/* We always terminate when we encounter an EOF on stdin,
but we only notify the parent if ignoreeof is 0. */

if (ignoreeof == 0)
kill (getppid (), SIGTERM); /* notify parent */
exit (0); /* and terminate; child can’t return */

/* parent copies ptym to stdout */
if (signal_intr (SIGTERM, sig_term) == SIG_ERR)
err_sys("signal_intr error for SIGTERM");

for (; ;) {
if ( (nread = read(ptym, buff, BUFFSIZE)) <= 0)
break; /* signal caught, error, or EOF */

if (writen(STDOUT FILENO, buff, nread) != nread)
err_sys("writen error to stdout"); :

}

/* There are three ways to get here: sig_term() below caught the
* SIGTERM from the child, we read an EOF on the pty master (which
* means we have to signal the child to stop), or an error. */

if (sigcaught == 0) /* tell child if it didn’t send us the signal */
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kill(child,

SIGTERM) ;

return; /* parent returns to caller */

}

/* The child sends us a SIGTERM when it receives an EOF on

* the pty slave or encounters a read() error. */

static void
sig_term(int signo)
{

sigcaught = 1;

/* just set flag and return */

return; /* probably interrupts read() of ptym */
}
SIGTERM
19.6 pty
pty
KornShell
pty ksh
shell
ttyname 11-7 pty
$ who
stevens console Feb 6 10:43
stevens ttypO Feb 6 15:00
stevens ttypl Feb 6 15:00
stevens ttyp2 Feb 6 15:00
stevens ttyp3 Feb 6 15:48
stevens ttyp4 Feb 7 14:28 ttyp4
$ pty ttyname pty 11-7
fd 0: /dev/ttyp5 ttyp5 pty
fd 1: /dev/ttyp5
fd 2: /dev/ttyp5
19.6.1 utmp
6.7 UNIX utmp
telnetd rlogind utmp
script shell
utmp
who(1)
utmp
19.6.2
pty shell

pty ksh
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UNIX
pty KornShell shell shell
pty shell
pty cat
SVR4 4.3+BSD
"z Sun0$4.1.2 cat pty shell
19-7 pty cat

19-7 pty cat
Ctrl-z cat pty
pty cat
9.10 cat pty
POSIX.1 SIGTSTP
SIGKILL Sun0$4.1.2
POSIX.1 Rationale SIGHUP 8-17
cat SIGKILL
SVR4 4.3+BSD 10-22
SIGTSTP SIGCONT SIGTSTP
SIGCONT
SVR4 4.3+BSD
SIGKILL
pty shell shell
shell Ctrl-Z shell

shell
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19
pty
pty
19.6.3
pty 19-6
pty slowout > file.out &
pty
pty
pty slowout < /dev/null > file.out &
pty
-i
pty -i slowout < /dev/null > file.out &
19-5
file.out
19.6.4 script
pty BSD script 1
#!/ bin/sh
pty "${SHELL:-/bin/sh}" | tee typescript
script ps 19-8
typescript
el sh » tee pty L Pty ksh ps
\ |
tty pty pty
19-8 script shell
SHELL KornShell /din/ksh script
shell

typescript
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19.6.5
14-9 110
if (execl("./pty", "pty", "-e", "add2", (char *) 0) < 0)
if (execl("./add2", "add2", (char *) 0) < 0)
pty I1/0
19_9 " ”
execl 14-9 19-5
fork, exec
fork pty pty add2
exec fork
‘\ / ‘
) -
pty pty
t. y
19-9 pty
pty -e pty
19-4 interactive false isatty
false
-e
-e termios ONLCR
12.8 readn writen
read
pty read
14-9 I1/0 14.5
fgets 14-9 while
19.6.6

pty
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pty pty pty
pty 18.7 call
pty call t2500
call t2500 shell
t2500.cmd
aat n?
call
pty -1 < t2500.cmd call t2500
t2500.cmd
call “ Connected” pty
pty expect
pty 14-9 14-9
14-9
“ Connected”
shell pty
pty
pty_fork expect
-d pty
pty
“ ” 19-9
fork exec pty
19-6 do_driver pty 19-4 main
19-6 pty do_driver

pty

call

pty

#include <sys/types.h>

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

do_driver (char *driver)
{

pid_t child;

int pipel2];

/* create a stream pipe to communicate with the driver */
if (s_pipe(pipe) < 0)
err sys("can’t create stream pipe");

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

else if (child == 0) { /* child */
close(pipe[l]);

/* stdin for driver */
if (dup2(pipe[0], STDIN_FILENO) != STDIN_FILENO)
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err_sys("dup2 error to stdin");

/* stdout for driver */

if (dup2(pipe[0], STDOUT FILENO) != STDOUT_ FILENO)
err sys("dup2 error to stdout"):;
close(pipe([0]) ;

/* leave stderr for driver alone */

execlp (driver, driver, (char *) 0);
err sys("execlp error for: %s", driver);

}

close(pipe([0]); /* parent */

if (dup2(pipe[l], STDIN_FILENO) != STDIN_FILENO)
err_sys("dup2 error to stdin");

if (dup2(pipe[l], STDOUT_FILENO) != STDOUT_FILENO)
err_sys("dup2 error to stdout");
close(pipe{l]):

/* Parent returns, but with stdin and stdout connected
to the driver. */

expect
19.7
19.7.1
pckt
TIOCPKT ioctl
SVR4 4.3+BSD
getmsg
4.3+BSD
Ctrl-S
19.7.2
4.3+BSD

4.3+BSD

pty
/dev/tty
50
AT&T[1990d] 4.3+BSD
SVR4
19-2 4.3+BSD
SVR4
pckt
XON/XOFF XON/XOFF
rlogin rlogid
TIOCREMOTE ioctl SVR4
SVR4 ioctl
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termios
19.7.3
TIOCSWINSZ ioctl
SIGWINCH
19.7.4
SVR4

TIOCSIGNAL ioctl 4.3+BSD
TIOCSIG ioctl
19.8

SVR4 4.3+BSD
pty_fork pty
UNIX
script
19.1 telnet rlogin BSD 19.3.2
19.2 4.3+BSD ptys_open - -1D
SVR4 grantpt

19.3 pty termios winsize

194 loop 19-5 select poll

19.5 pty_fork

19.6 19-7

19.7 19-7

19.8 script(1)

shell

19.9 data ttyname

$ cat data

hel | o,

wor | d

$ pty -i < data ttyname -i stdin

hel | o,
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wor | d ttyname
fd 0:/dev/ttyp5
fd 1:/dev/ttyp5
fd 2:/dev/ttyp5

19.10 pty_fork exec
SIGTERM SIGWINCH

19.7
ioctl SIGTERM
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