(pseudo-terminals)

fl

f

?

(line desciplines
2

2.1



shell

stdout, stderr

stdin

line discipline

terminal

r kernel

|

device driver

terminal

/

P
user at a A\

\" terminal |
\\¥/,

fi 2.1 !

' (signal)
SIGINT SIGQUIT

/
P

1, VilA I



(control-S)

(control-Q)

(newline) !



(master) (slave)
A f
' M 2.2

user process
pty master fd pty slave fd

/

terminal
line discipline

y ékernel
[ T |

V J

pty master pty slave
device driver device driver

ER—

“fi 2.2



4 (c lient-Server)

1 (iterative server)
! !
L Il

! I (concurrent server)

| |
!
!
!
0
(concurrent)

10
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1 fSocket Library Functions)

1 (communication  APIs,
application program interfaces)  § I Berkeley
socket interface System V Transport Layer Interface (TLI)

1, (Socket Address)

' 0 "' <sys/socket.h>

struct sockaddr {
~short sa_family;, [* address family AF XXX value */
char sa_data[l4]; [* up to 14 bytes of protocol-

specific address */
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0 A (Internet family)
<netinet/in.h>

struct in_addr {
_long  _addr; /* 32-bit netid/hostid */
[* network byte ordered */

3

struct sockaddr_in {
short sin_family;
_short sin_port;

*

AF IHET */

16-bit port number */
network byte ordered */
32-bit netid/hostid */
network byte ordered */
unused */

>*

*

struct in_addr sin_addr;

>

*

—_— — — o — -
*

char sin_zero[8];

” N 1

' <sysltypes .h)
¢ data type 4.3BSD System V
unsigned char char unchar
unsigned short short ushort
unsigned int int uint

unsigned long long ulong



<sys/un.h>

Internet TCP

0! ' (Unix Domain) 0 !

struct sockaddr un {
short _family;  [* ARJINIX  */
char _path[ 108]; /* pathname */

N Socket System Calls
2.1 Socket System Calls
fi | !
! socket 0

Internet UDP  XNS  SPF

#include <sys/types.h>
#include <sys/socket,h>

int socket(int family, int type, int protocol);

family
AFJINIX Unix internal protocols
AFINET Internet protocols
AFJiS Xerox NS protocols

AF IMPLINK IMP link layer

14



type
sockJstream
SOCK_DRAM
SOCK_RAW
SOCK_SWQUENCE

SOCK RDM
$ socket
descriptor) ! !
sockfd
AF UNIX

SOCK_STREAM Yes

SOCK_DGRAM Yes

SOCK_RAW

SOCKJSEQPACKET

2.1

15

stream socket

datagram socket

raw socket

sequenceed packet socket

reliably delivered message socket

(not implemented yet)

protocol 0

i (file

(socket descriptor)

AF_INET  AF_NS

TCP SPP
UDP IDP
IP Yes
SPP



less)

2.2

16

Bind System Call

n bind !

#include <sys/types.h>

#include <sys/socket.h>

int bind(int sockfd, struct sockaddr *myaddr,

int addrlen);

fi 2 !
! S bind 3
2.2.1 ; !
! ! ! !
(connection-oriented) (connection-
! 71
2.2.2 1 !

2.2.3



2.3

socketrhu

SPP
(local system)

local address

2.4

socket ?

17

Connect System Cal

? connect [ f

#include <sys/types.h>

#include <sys/socket.h>

int connect(int sockfd, struct sockaddr *servaddr

int addrlen);

sockfd ? ?
2 3
! , ? ? ? TCP
b connect
(foreign system) (bind)
2 ? connect

Listen System Call

? listen ? ?

int listen(int sockfd, int backlog);

bind ? ? accept



hacklog ! ! (queue)

! L ! accept

2.5 Accept System Call

listen

! ! = accept

#include <sys/types.h>

#include <sys/socket.h>

int accept(int sockfd, struct sockaddr *peer

int *addrlen);

accept !
! sockfd
1 accept
! peer

addrlen ! peer 2 !



int sockfd, newsockfd:

if ((sockfd = socket(...)) < 0)
err_sys("socket error");

if (bind(sockfd, .. ) <0)
err_sys("bind error");

if (1isten(sockfd, 5) < 0)

err_sys("listen error");

for (53) {
newsockfd = accept(sockfd, ... ); [* block */
if (newsockfd < 0)

err_sys("accept error");

if (fork() == 0) {
close(sockfd); [* child */
doit(newsockfd); [* process the request *
exit(o);

}

close(newsockfd); [* parent */



(fork)

1 ?)
int sockfd, newsockfd:;
if ((sockfd = socket( ... )) <0)
err_sys("socket error");
if (bind(sockfd, ... ) <0)
err_sys("bind error");
if (listen(sockfd, 5) < 0)
err sys("listen error");
for (i 3) {
newsockfd = accept(sockfd, ... );
if (newsockfd < 0)
err_sys("accept error");
doit(newsockfd); [* process the

close(newsockfd);

/ *

block */

request */

20



delivery)

Close System Call

close riTS

int close(int fd);

fi
TCP SPP

close

(reliable

close

n

21
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! B ? fi 2.3

FwraNnsaluniingas
CHuLALONGKORN UNIVERSITY



Server Client
socket() socket()
: !
bind() connect()
L 4 connectiof request
listen()
=
ready for c%nectlon
l
accept()
|
y arequest) — Y
read() « write()
|
A 4
process request
L data (reply) A 4
write() » read()
. l
close() close() |

fi 2.3




?
I's :
" !
1
! |
(termcap) "o el
! I
] 1
(compile)
(directory hierarchy)

(termcap terminfo and curses’)

(Bill

terminal

(human-readable text file)

\ (curses)

Vi

Joy)

2 b

capabilities.

24

!

cat

(terminfo)
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’ | . !
’ (cursor manipulation)
(Ken Arnold) (Mark Horton)
fi (AT&T) i
(old curses)
(new curses)

1 X A UNDERLINE

$ grep A_UNDERLINE /usrfinclude/curses.h
#define AJINDERLINE 0000400

$

(portat)le)

a "
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1. (Termcap Database)

(text file)

letcl/terracap

(sequential) 100,000

1.1

termcap

# incomplete termcap entry for the Wyse WY-50

n9twy50!WY50!Wyse Technology WY-50:\

‘bs:am:co#80 1li#24:\

Up=AK cl=AZ ho=A*:nd="L:cm=\E=%+ %+

(backslash character)
1 !

termcap 3

! (comment lines)

# incomplete termcap entry for the Wyse WY-50
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(name lines) !
¥ ? ! (vertical
har)
9\wy50IWY50IWyse Technology WY-50:\

(capability lines)

? (tab character)

1.2 3

1.2.1 (boolean capabilities

i
H

am

(automatic right margine)

(cursor)

am
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1.2.2 (nuraberic capabilities)
! (#) :
co#80
1.2.3 I (string capabilites)
(=) " " (command sequence)
up=*K



80 columns

can automargin 24 ines
‘L Imoves cursor right
bs am:co#80 1i#24 \
up=*K:cl=*Z:ho=** nd cm=\E=%+ Y%+

29

‘K moves cursor up moves cursor
home
'z clear screen absolute cursor motion code
fi 2.4 !
|
\E ESC
\b backspace

\ f formfeed



character)

32

\nnn
\072
1200

30

line feed
carriage return

horizontal tab

\

charater whose code is nnn in octal

null character

A , (cm)
[ivi I
cm=\E=%+ %+
fifi ' (space
'ofioowi lifi 18
"ESC=¢&2"
32 + =38

32 + 18 = 50 "2"
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2.
fi ! (Link) fk ?
-1 (library) 1 cC
$ CC main.o ps_terrac.c -lterracap
?
$ CC main.o ps_termc.c -lcurses
§
4
[ *
¥ External variable needed by tgoto() and tputs()
* */
char *BC: [* backspace ("be" capability) */
char *UP; [* cursor up ("up" capability) */
char PC; [* pad character ("pc" capability) */
short ospeed; /* terminal speed (from ioctlO) */
BC UP he up !

tgoto PC



pc
1M tputs

32

ospeed vi
1 N ! M tgetent
/~k
* tgetent - get Termcap entry
¥ RETURN: -1 or 0 on error; 1 on success
* */
int

tgetent(bp, name)
char *hp; [* buffer to hold entry */

char *name; [* name of terminal */

char tchuf[1024], *getenv();

switch (tgetent(tchuf, getenv('term"))) {
case -1

fatal("can't open termcap file");
case 0:

fatal("terminal not found");
case 1

break ;



fi'

tgetnura

33

default:

fatal("bad return from tgetent");

, tgetent , f

/*

¥ tgetnura - get numeric capability

* RETURN: capability or -1 if absent

* ------------------------------------------------------------------------------------------------------ *

tgetnura(id)

char *id; [* capability name */
int cols;
if ((cols = tgetnura("co")) == -1)

printf("co capability is absent\n");
else

printf("There are %d colurans\n", cols);



tgetflag

3 tgetstr

34

* tgetflag - get Boolean capability
* RETURN: 1 if present; 0 if absent

int
tgetflag(id)

char *id; [* capability name */

if (tgetflag(lam"))
printf("Has automatic margin\n");
else

printf("No automatic margin\ ");

* tgetstr - get string capability
* RETURN: pointer to capability or NULL if absent

char *
tgetstr(id, area)
char *id; [* capability name */

char **area; [* addredd of buffer pointer *



A

tgoto

Mtputs

char capbuf[512], *area, *CL, *CM, *tgetstr()

area = caphuf;

35

CL = tgetstr("cl", &area);

CM = tgetstr("cm"1l &area);

2 ?

/*

¥ tgoto - format cursor motion capabhility

¥ RETURN: cursor motion sequence

* .
........................................................................................................ J
char *

tgoto(era, destcol, destrow)
char *cm; [* cursor motion capability */
int destcol; [* column */

int destrow; [* row */
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/ *

*  tputs - send sequence and padding to terminal
* */

void

tputs(cp, affent, outc)

char *cp; [* sequence to send */

int affcnt;  /* number of affected rows */
int (*outc)();/* pointer to output function */

static void
outc(ch)
char ch;

{
putchar(ch);

char *tgoto();

tputs(CL, i, outc);
tputs(tgoto(CM, 53, 17), 1, outc);



(terminology’

# i

(physical screen)
1

(windows) !

(virtual screen)

37

virtual screen 1

virtual screen 2
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(characters)
1 256

128 American
?

3ee oo

0 255
National standard Code for Information Interchange

fi (ASCII code)

(attributes)

(cells)

typedef struct _cell {
char chr;
char att;

} CELL;

[* character */
[* attribute */

(rectangles)

typedef struct _rect {
short rl, cl;
short r21¢2;

} RECT;

[* upper left corner */
[* lower right corner */
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