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I/O interface

× I/O interface

ÁRegular file, FIFO, pipe

Ásocket: raw, unix domain, network domain

Áshared memory, message queue

Ámmap

Ácharacter device
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nameless pipe

×pipe(), popen()

Áfiledes[] : filedes[0] , filedes[1]

Ácommand : 

Átype : r( ), w( )

Ástream : 

int pipe(int filedes[2]);

FILE *popen(const char *command, const char *type);

int pclose(FILE *stream);
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pipe example #1

×popen_ex1.c
FILE *fp_popen;

... (codes) ...;

if ((fp_popen = popen("ls - l", "r") ) == NULL) {

fprintf(stderr, "FAIL: popen() (%d:%s) \ n", errno, strerror(errno)); 

exit(EXIT_FAILURE);

}

while (!feof(fp_popen)) {

if ((n_read = fread(a_buf, sizeof(char), sizeof(a_buf), fp_popen)) == - 1)

{ 

/* error */ 

}

if (n_read == 0) break; /* EOF */

printf("[%1$d byte] %2$.*1$s \ n", (int)n_read, a_buf);

}

pclose(fp_popen);
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pipe example #1 (con't)

×popen_ex1 

Ápopen_ex1 , "ls -l"

$ ./popen_ex1

[820 byte] total 132

- rw - r -- r -- 1 sunyzero sunyzero  1424 Aug  9 12:56 Makefile

- rw - rw - r -- 1 sunyzero sunyzero  1114 Jul 25 02:29 fifo_read.c

- rw - rw - r -- 1 sunyzero sunyzero   892 Jul 25 01:29 fifo_write.c

lrwxrwxrwx  1 sunyzero sunyzero    15 Aug  9 12:32 ipc - > ../3.memory/ipc
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pipe example #2 

×popen_ex2.c
FILE *fp_popen;

... (codes) ...;

if ((fp_popen = popen("sort", "w") ) == NULL) {

fprintf(stderr, "FAIL: popen() (%d:%s) \ n", errno, strerror(errno)); 

exit(EXIT_FAILURE);

}

for(i=0; i<5; i++) {

if (fgets(a_buf, sizeof(a_buf), stdin) == NULL) { /* error */ }

if ((n_write = fwrite(a_buf, sizeof(char), strlen(a_buf), fp_popen))== - 1)

{

/* error */

}

if (n_write == 0) break; /* broken pipe */

}

printf("* Sorting data - >\ n");

pclose(fp_popen);
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pipe example #2 (con't) 

×popen_ex2 

$ ./popen_ex2 

* waiting for your input :

lilo

grub

redhat

GNU/linux

gcc

* Sorting data - >

GNU/linux

gcc

grub

lilo

redhat

5

( 5 sort )
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FIFO

×First - In First -Out

Ápronounced fye-fo

(cf. LIFO, pronounced lye-fo)

Ánamed pipe ( )

ÿnamed = ( ...)
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mkfifo

×

Ápathname : FIFO

Ámode : 

ÁFIFO open()

ÿopen O_RDWR

Á

int mkfifo(const char *pathname, mode_t mode);
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read, write

×file descriptor ...

Ápeer close(2) ...

ÿ read(2) 0 

ÿ write(2) -1, EPIPE, SIGPIPE 
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fifo example

×fifo_read.c :
#define PATH_FIFO   "/tmp/my_fifo"

int main()

{

int     fd, n_read = 0;

char    a_buf[0xff];

if ( mkfifo(PATH_FIFO, 0644) == - 1) {

if (errno != EEXIST) {

fprintf(stderr, "FAIL: mkfifo() (%s) \ n", strerror(errno)); exit(EXIT_FAILURE);

}

}

if ((fd = open(PATH_FIFO, O_RDONLY, 0644) ) == - 1) {

fprintf(stderr, "FAIL: open() (%s) \ n", strerror(errno)); exit(EXIT_FAILURE);

}

while (1) {

if ((n_read = read(fd, a_buf, sizeof(a_buf))) == - 1) { /* error */ }

if (n_read == 0) { /* pipe */

printf("broken pipe \ n"); exit(0);

}

printf("[%1$d byte] %2$.*1$s \ n", n_read, a_buf);

}

return (EXIT_SUCCESS);

}
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fifo example (con't)

×fifo_write.c :
#define PATH_FIFO   "/tmp/my_fifo"

int main()

{

int     fd, n_write;

char    a_input[0xff];

if ((fd = open(PATH_FIFO, O_WRONLY, 0644) ) == - 1){/* FIFO */

fprintf(stderr, "FAIL: open() (%d:%s) \ n", errno, strerror(errno));

exit(EXIT_FAILURE);

}

while (1) {

printf("Plz write message to FIFO >>");

if (fgets(a_input, sizeof(a_input), stdin) == NULL) { /* error */ }

if ((n_write = write(fd, a_input, strlen(a_input))) == - 1)

{ /* error */ }

printf("* Writing %d bytes... \ n", n_write);

}

return (EXIT_SUCCESS);

}
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fifo example (con't)

×

Á FIFO 

$ ./fifo_read

$ strace ./fifo_read

... ...

munmap(0xf6fec000, 79863)               = 0

mknod("/tmp/my_fifo", S_IFIFO|0644)     = 0

open("/tmp/my_fifo", O_RDONLY

$ ls ïl /tmp/my_fifo

prw - r -- r -- 1 sunyzero sunyzero     0 Jul 25 02:28 my_fifo
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socket

× ...

ÁBerkeley-derived IPv4 socket implementation

Ánetworking I/O 

Á
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socket domain

× (domain)

ÁUNIX domain socket

ÿ

ÁNetwork domain socket

ÿ

Åe.g. IPv4 address & transfor layer port
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socket type

×

Ádatagram socket

ÿ (gram)

ÿ

ÿUDP : User Datagram Protocol

Ástream socket

ÿ

ÿ

ÿTCP : Transaction Control Protocol
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socket(2)

×

Ádomain : AF_UNIX, AF_INET (or PF_*)

Átype : SOCK_STREAM, SOCK_DGRAM, SOCK_RAW

Áprotocol : IPROTO_IP, IPPROTO_ICMP

int socket(int domain, int type, int protocol);
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socket(2) (con't)

ÁTCP network domain socket

ÁUDP network domain socket

int  sd;

...

sd = socket( AF_INET, SOCK_STREAM, IPPROTO_IP);

if (sd == - 1) { /* error */ }

int  sd;

...

sd = socket( AF_INET, SOCK_DGRAM, IPPROTO_IP);

if (sd == - 1) { /* error */ }
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byte order

×big & little endian

network 
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check byte order

×chk_endian.c

union byte_long {

long    l;

unsigned char   c[4];

};

int main()

{

union byte_long bl ;

bl.l = 1200000L;

printf ("(%02x - %02x- %02x- %02x) \ n", bl.c [0], bl.c [1], bl.c [2], bl.c [3]);

bl.l = htonl ( bl.l ) ;

printf ("(%02x - %02x- %02x- %02x) \ n", bl.c [0], bl.c [1], bl.c [2], bl.c [3]);

return 0;

}
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check byte order (con't)

×chk_endian 

Ábig endian/little endian

ÿ1726, Jonathan Swift Gulliver's travels

ÿ1981 Danny Cohen IEEE

$./chk_endian

(80 - 4f - 12- 00)                                      

(00 - 12- 4f - 80)
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swap:byte order

×

Áword swap 

ntohl(3) network byte order to host byte order (long = 4B)

ntohs(3) network byte order to host byte order (long = 2B)

htonl(3) host byte order to network byte order (long = 4B)

htons(3) host byte order to network byte order (long = 2B)
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TCP socket

×

bind(2)
. 

.

listen(2)
TCP

connect(2) listen() .

close(2) ID .

shutdown(2) EOF .
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TCP socket (con't)

×

Á flag recv(2), send(2)

.

recv(2),read(2)

send(2),write(2)

readv(2)

writev(2)
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TCP socket function flow

bind


