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- File

- Socket

- Pipe

- Message Queue

- Signal

- Semaphore / Mutex

- Shared Memory / Memory-Mapped File
- Message Passing

- 1O Multiplexing
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“Q9HOWAREYOU”
“AG6IMFINE”

- HT TP Request
GET http://www.naver.com HTTP/1.1

- HTTP Response

HTTP/1.1 200 OK

Date: Fri, 25 Nov 2011 05:47:42 GMT

Server: Apache

Cache-Control: no-cache, no-store, must-revalidate
Pragma: no-cache

Connection: close

Transfer-Encoding: chunked

Content-Type: text/html; charset=UTF-8



http://www.w3.org/Protocols/rfc2616/rfc2616-sec5.html
http://www.w3.org/Protocols/rfc2616/rfc2616-sec6.html#sec6
http://www.w3.org/Protocols/rfc2616/rfc2616-sec6.html#sec6

Socket

client server

socket() socket()

bir;d()

V. sendto() —-‘ recvfrom()

N reevirom() e senitO()
UDP

-zl eelo) M4

- Flow control, congestion controlO| X|& k| X| &
ooz, HQSICHH OfEE[7|0[M &0 O
7|s2 Folof st B

- 7IHE



TCP Server
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Unix Domain Socket
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socket(AF_INET, SOCK STREAM, 0);
serveraddr.sin_family = AF_INET,;

serveraddr.sin_addr.s_addr = htonl(IPADDR_ANY);

Serveraddr.sin_port = htons(port_num);

socket(AF_UNIX, SOCK_STREAM, 0);
serveraddr.sun_family = AF_UNIX;
strcpy(serveraddr.sun_path, file_path);
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int pds[2] = pipe();
if (fork() > 0) {
// parent (writer)
close(pd[0]);

write(pd[1], buf, buf_len);

} else {
// child (reader)
close(pd[1]);
read(pd[0], &buf, 1024);

}
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- Half-duplex
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Read-only
Write-only

Dopen(ﬂlsul uru);

popen(“grep hello”, “wW”);
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Unix shellQ] filter
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mknod("mypipe”, SIFIFO | S_IRUSR | S_IWUSR | S_IRGRP | S_IWGRP, 0);
or

mkfifo(“mypipe”, S_IRUSR | S_IWUSR | S_IRGRP | S_IWGRP);

int fd = open("mypipe”, O_ WRONLY);

int fd = open("mypipe”, O_RDONLY);



Message Queue
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- API

System V message queue
msgget(), msgsnd(), msgrcv(), ...
POSIX message queue
mag_open(), mg_send(), mqg_receive(), ...
mq_timedsend(), mqg_timesreceive()



Message Queue

- AMETE

char msg[] = “hello”;

unsigned int priority = T,

maqd_t magd = mqg_open(“test_ queue”, O WRONLY | O_CREAT);
mqg_send(mad, msg, strlen(msg) + 1, priority);

char msg[1024];

unsigned int priority = O;

maqd_t magd = mqg_open(“test_queue”, O RDONLY);
mq_receive(mad, msg, 100, &priority);
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Signal
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defautl action

SIGHUP Term T2MA 30| 2[EH7F /RS M 2
SIGINT 2 Term Ctrl-C
SIGKILL 9 Term Kill (BA|& 2~ 912)
SIGSEGV 11 Core segmentation fault
SIGTERM 15 Term Graceful termination
EIEHQSFFS Term A2 XE ol A|Td
SIGCHLD lgn KA Z2MAVSEERS
SIGSTOP Stop TENAE STHEAIR 5= §13)

SIGCONT Cont ZCHE| T2 MAZ CHA| AR




Signal

- API

kill(pid, sig_num)
signal(sig_num, handler)

- A EYE

void handler(int signum)

{
printf(“signal %d” is catched”, signum);

}

if (signal(SIGHUP, handler) == SIG_.ERROR) {
perror(“can’t register a signal”);
return -1,

}

kill(345, SIGHUP);
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void sig_int(int sig_ num) {
sigset_t sigset, oldset;
sigfillset(&sigset); // B= Al A|O<E2 =4
sigprocmask(SIG_BLOCK, &sigset, &oldset);
}

struct sigaction intsig;

intsig.sa_handler = sig_int;

sigemptyset(&intsig.sa_mask); // O A| 220 HAZE|X| et
intsig.sa_flags = 0O;

sigaction(SIGINT, &ingsig, 0); // INT A|O<0|| S2



Semaphore

- Synchronization primitive
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Semaphore
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P: test(decrement)
V:increment

- API

System V semaphore
semget(), semctl(), semop()
POSIX semaphore
/dev/shmOf| sem.<0|2>2| T}UZ MM =l
for unnamed semaphore
sem_init(), sem_destroy()

for named semaphore
sem_open(), sem_close()

sem_wait(), sem_post()



Semaphore

char sem_name[] = “/mysem”;
sem_unlink(sem_name);
sem_t *mysem = sem_open(sem_name, O_CREAT, 0664, 1);
while (1) {
sem_wait(mysem);
// critical section
sem_post(mysem);

}

sem_close(mysem);

sem_t *mysem = sem_open(sem_name, O, 0664, 0),
while (1) {

sem_wait(mysem);

// critical section

sem_post(mysem);

}

sem_close(mysem);



Semaphore

- 24
Starvation(7|0})
EN T2 NATLAS X2 ArEsHK| ot R 2 th7 |2 7+s-40| )

;%'% ol =ME Yoll=H shZ 2
Deadlock(ul =)
TZ2MHAA ZZ2MAB
P(S) P(Q)
P(Q) P(S)
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- API

pthread_mutex_init(), pthread_mutex_destroy()
pthread_mutex_lock(), pthread_mutex_unlock()

- Semaphore2}t2| x}0

semaphore= XI2/0|| CHSt SA| XS o= 1
mutex= DO LSt SA| H2g e =7 (ARH 7HE)
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Shared Memory

- API

System V
shmget(), shmat(), shmdt(), shmctl()

POSIX

shm_open(), shm_unlink()

- E25|A
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Shared Memory
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struct region { int len, char buf[MAX_LEN]; };
unsigned int size = sizeof (struct region);
char shm_name[] = “/myshm”;

shm_unlink(shm_name);
int fd = shm_open(shm_name, O_CREAT | O RDWR, 0777);
ftruncate(fd, size);
struct region *ptr =
mmap(NULL, size, PROT_READ | PROT_WRITE, MAP_SHARED, fd, 0);
munmap(ptr, size);
close(fd);



Memory Mapped File
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Memory Mapped File

- API

mmap(), munmap(), msync()

N

msync()E AN E SE5HF[0F T2 M|A 7t S7|5HE

- Shared memory2}f2| H|u!
shm: persistent
mmap: file-backed OfZ 0| OfL|Zd ZEM|A ZF A| AF2}E




Memory Mapped File

- mmap At

struct stat sb;

int fd = open(filename, O_RDONLY);

fstat(fd, &sb);

char* addr = mmap(NULL, sb.st_size, PROT_READ, MAP_PRIVATE, fd, 0);
write(STDOUT _FILENO, addr, sb.st_size);
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|O Multiplexing

- Challenges
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|O Multiplexing

Polling
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Epoll/EventFD



|O Multiplexing

.+ Select

1282 = 102471 O|ste| X1& 2 HIE H|O|== £
select’} CHEEZ A blocking modeZ 10 &=H|7t &£|7|E 7|CI2!
O &=H|7t &M 2f219| fdE ZArsI0] B et A= 5t =

read/write/error£ fdE EE25=2



|O Multiplexing

. Select Af2HHEH

int sockfd, pipefd;
fd_set rfds, wfds;
FD_ZERO(&rfds); FD_ZERO(&wfds);
FD_SET(sockfd, &rfds); FD_SET(pipefd, &wfds);
while (1) {
restart:
struct timeval timeout = {5, 0 };
if (select(2, &rfds, &wfds, NULL, &timeout) < 0) {
if (errno == EINTR) {
goto restart;
}
}
if (FD_ISSET(sockfd, &rfds)) {
/| accept ...
}
if (FD_ISSET(pipefd, &wfds)) {
/] write...
}
}



|O Multiplexing

struct pollfd fds[2];
fds[0].fd = open("/dev/dev0Q", ...);
fds[1].fd = open("/dev/dev1”, ...);
fds[O].events = POLLOUT | POLLPRI;
fds[1].events = POLLOUT | POLLWRBAND,;
while (1) {
ret = poll(fds, 2, timeout_msecs);
if (ret < 0){return-1;}
for(i=0;i<2;i++){
if (fds[i].revents & POLLHUP || fds[i].revents & POLLERR || fds[i].revents & POLLINVAL) { return O; }
if (fds[i].revents & POLLOUT) { handle_normal_data(); }
if (fdslil.revents & POLLPRI) { handle_hi_priority_data(); }




|O Multiplexing

- Event-driven IO
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|O Multiplexing

- Epoll
event-driven HrAl
“Free lunch”

- API

epoll create()
epoll ctl
epoll wait()




|O Multiplexing

. Epoll AF24HH

#define MAX_EVENTS 10000
struct epoll_event ev;
ev.events = EPOLLIN;
ev.data.fd = sockfd;
struct epoll_event all_evs|[MAX_EVENTS];
int epfd = epoll_create(MAX_EVENTYS);
epoll_ctl(epfd, EPOLL_CTL_ADD, sockfd, &ev);
while (1) {
int nfds = epoll_wait(epfd, &all_evs, MAX_EVENTS, 100 /*ms*/);
if (nfds == 0) continue;
if (nfds < 0) break; // wait error
for (i = 0; i < nfds; i++) {
int fd = all_evs[i].data.fd;
/] process the 10 of fd

}
}



|O Multiplexing

Epoll

Event Distribution

Level-trigger: Cl|O|E{ 7} =Xli5tH O[HE Z HiE &
Select/Poll-style
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|O Multiplexing

- Epoll
Epoll®= non-blocking 10 BfAl© = HHYOF CPU utilization=2 =

ol AN Ol
= [ AALC3

Non-blocking 10

fcntl(fd, F_SETFL, flags |
O_NONBLOCK);
restart:
while (1) {
nread = read(fd, buf, size);
/] process the buffer data
if (nread < 0 && errno == EAGAIN)
goto restart,
/] process the buffer data



|O Multiplexing

- EventFD

Full-duplex, pipe descriptor-style semaphore
OO|ZXE Z2M|AE P485t= ClATEE
64H|E =gt ofLiotES 8= Hjo|=Z ¢
MIOFEZO{X= OEHLCE 2 70| writek|H CtE T2 §|AZ HLHX| D QO]
T|™ read”} blockE!
introduced in kernel 2.6.22, revised in 2.6.27 & 30

harmonized with select()/poll()

-+ API

eventfd(unsigned int initval, int flags)



|O Multiplexing

. EventFD Al24ttH

uinté4_t u = 0,
int efd = eventfd(0, 0);
if (fork() == 0) {

// child

u=3;

sleep(2);

write(efd, &u, sizeof (Uint64_t));
} else {

/| parent

read(efd, &u, sizeof (uint64._t));
}
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