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float params[10];

int k;

for (k=0; k<10; k++)
func 1 (params[k]);
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float params[10];

float prev=0;

int k;

for (k=0; k<10; k++)
func 2 (params[k],prev);



Process vs. Thread

= I 2 M X(process)
» REMANEREH XS 2o HEZ2|0f SEet 2 S0 =21
= A EENAE SEAHQ 2 2B S 7K, CHE Z2 M| A9 AZ| &[0 XpLle| 7t
o 22| S2F X[ Ag, ot
« IZNA ZHEA
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= I}0| Z(pipe), T (queue)

» A8 E(thread)
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Process vs. Thread
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Multithreading

= I 2 M X(process)

s SIYIK| ASHE T2 M EE main 2 ERH 2D QS
» HEO| AgE MM S10], main *E1|':7f SEEHAsCE S=2E

= HE|A 2| Y (multithreading)
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Multithreading

int balance=500;
void deposit (int sum) {
int cur balance=balance; // read

cur balance+=sum;
balance=cur balance; // write

}

void withdraw (int sum) {
int cur balance=balance; // read
if (cur balance>0) cur balance-=sum;
balance=cur balance; // write

}
deposite (100); // thread 1 (T1)

withdraw (50); // thread 2 (T2)

= AL}2|2 1: T1(read) = T2(read,write) = T1(write), balance=600
= ALF2|2 2: T2(read) = T1(read,write) = T2(write), balance=450
> MOYHH W4 AR S &4 845H0} B
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Multithreading

» C ANOM O 7he] e 2 BE[AE == 12{Y 0
tse
= POSIX C2| pthread 20| £ 2{2|
= OpenMP
= Intel2] 22T LS =5
= Cilk
» Grand central dispatch (GCD)
= CUDA (GPU)
= OpenCL (GPU/CPU)
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POSIX 28| E (pthread)

= pthread2| =8 7|5
. APE MYI SR
= pthread create(): M2 22| E 44
= pthread exit(): 28ETE
= AfE S7=

>
|>
=
In

= HH71Al7]

= X H==(condition variable): £°3 &0

D20 SFAMNNRES
« AP E g
= pthread join(): &8 A2 EZ Z=3 7K CH7|
" pthread:detach() A EE SEHECE AN TE Al At At diet

= AP E &9 A0

» M| A 37|, AHEY B S ZY s

. GCC9|'9-| ?:]I_l'oali gcc 1nfile.c -o outfile -pthread
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" int pthread create(pthread t *thread,

const pthread attr t *attr,
void * (*start routine) (void ¥*),
void *argqg);

= attrE A HS HEE L= A EE AdY

= attr=NULLY R 7|2 Hd2 d= 28 EHdH

= S A ME HEE A E= threadd A& &

. ﬁEﬂE7|’ )éléél_‘g _%F-JFE start rountine (arg) &

= 2|E 283 Al o, 21§ A| 00 OtEHl @ F ZE

" void pthread exit(void *retval);
» AYETVEAY T EE W Ats 2024 E

n exit () ot Hl=g
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#include <pthread.h>
#include <stdio.h>
#define NUM THREADS 5

In main: creating thread

void *printHello (void *threadID) { In main: creating thread
long tid; In main: creating thread
tid = (long)threadID; In main: creating thread
printf ("Hello from thread #%1d!\n", tid); In main: creating thread
pthread exit (NULL); Hello from thread #1!
} Hello from thread #2!
Hello from thread #0!
int main (int argc, char *argv[]) ({ Hello from thread #3!
pthread t threads[NUM THREADS]; Hello from thread #u!
int rc;
long t;

for (t=0; t<NUM THREADS; t++) {
printf ("In main: creating thread %1d\n", t);
rc = pthread create(&threads[t], NULL, printHello, (wvoid*)t);
if (rc) {
printf ("ERROR: %d\n", rc);
exit (-1);

}
pthread exit (NULL) ;

}
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7|2} pthread join

" int pthread join(pthread t thread, wvoid **retval);
» DECHAYEE HAEF, Uy 2827 S=2E I7HX| 7[CHE
» 2 ESO| FAt = ME AL ZAHE = AUS

« CHE 57|38 W REA, T WA

. CEERLE
Thread 1 |—— pthread create() =3P pthread join() =—p Tholof| Xt
l A °
Thread 2
H| O] E

X 2] — pthread exit ()
Thread 3
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S7|2}: pthrea

#include <stdio.h>
#include <stdlib.h>
#include <pthread.h>

void *worker (void *arg) {
int num = *((int*)arg);
printf ("Thread (%d) completed\n", num);
int *result = malloc (sizeof (int));
*result = num * num;
pthread exit ((void*)result);

}

int main () {
pthread t tidl, tid2;
int a = 2, b = 3;

Thread(2) completed
int *resl, *res2; Thread(3) completed
Result 1 = 4

pthread create(stid2, NULL, worker, &b); Result 2 = 9

pthread create(&tidl, NULL, worker, &a);

/) &7|%: AHE ZEMNXA J|CHE
pthread join(tidl, (void**)sresl); // tidl A#[E=7p 2 DH7FA] o ¢l
pthread join (tid2, (void**)sres2); // tidz AHEZF 22 W7A O

printf ("Result 1 %d\n", *resl);
printf ("Result 2 = %d\n", *res2);

free(resl);
free(res?);

return 0;

}
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. 7|3}
pthread mutex t lock;
pthread mutex init(&lock, NULL);

// PTHREAD MUTEX INITIALIZER {3 EZE AT &

- AT UE T EE
pthread mutex lock(&lock);

// &7 (TG Ha, O E, MY 5)0| s S

= Al TG EE = ofiA|
pthread mutex unlock(&lock);

» A2 Z 2 Al mutex Sl A
pthread mutex destroy(&lock);
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7|2} 7El A (mutex)

" int pthread mutex init(pthread mutex t *mutex,
const pthread mutexattr t *attr);
" mutexs attr FELE X7|3tE
* attr=NULLE & 7|2 £d2 HHE

— —1
. MZ Ao ATfA| Q2 REE 2|EY

" int pthread mutex destroy(pthread mutex t *mutex);
= AE0| E mutexE SHAE
+ B Ao, MIf A oF AEE 2|HY

" int pthread mutex lock(pthread mutex t *mutex);

s putex= MO0 CHE AR E M2 Ote

+ B Ao MIj A 2F AEE 2E
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7|2} 7El A (mutex)

" int pthread mutex unlock(pthread mutex t *mutex);
* mutexs O§M|SH0] CHE AP EZF S 5 A &

- }d 1 }J 0, }JJlH AJ EE_EE JCc2 EE E” EH(DF

" int pthread mutex trylock(pthread mutex t *mutex);

" mutex M= AlLE

« 0|0 &7 AL B EBUsy, & Al0, A 2 LF Al LF ZEE 2|EHY
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int balance=500;
void deposit (int sum) {
int cur balance=balance; // read

cur balance+=sum;
balance=cur balance; // write

}

void withdraw (int sum) {
int cur balance=balance; // read
if (cur balance>0) cur balance-=sum;
balance=cur balance; // write

}
deposite (100); // thread 1 (T1)

withdraw (50); // thread 2 (T2)

= AL}2|2 1: T1(read) = T2(read,write) = T1(write), balance=600
= AIL}2|2 2: T2(read) > T1(read,write) > T2(write), balance=450
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S 7|2} 7 El A (mutex)

int balance=500;
pthread mutex t mbalance=PTHREAD MUTEX INITIALIZER;
void deposit (int sum) {

pthread mutex lock (&mbalance) ;

int cur balance=balance; // read

cur balance+=sum;
balance=cur balance; // write
pthread mutex unlock (&mbalance);

}
void withdraw (int sum) { O_I EEI Al |—|‘E|20'” éal% balance=550

pthread mutex lock (&mbalance) ;

int cur balance=balance; // read

if (cur balance>0) cur balance-=sum;
balance=cur balance; // write
pthread mutex unlock (&mbalance);

}
deposite (100); // thread 1 (T1)

withdraw (50); // thread 2 (T2)

I
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pthread cond broadcast () 2 &

= WOt 22| E& CHA mutexS
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=7|2}: Z2H H

" int pthread cond init(pthread cond t *cond,
const pthread condattr t *attr);

» XA cond E S attr(WULLO|H 7|2 £M)2 X7|3}%t
= dS Ao, I A| F ZEE 2[HY

" int pthread cond destroy(pthread cond t *cond);
» = Bl condE LSO AHE= TEE
= S5 Ao, 2If A F ZES E|HY

" int pthread cond wait(pthread cond t *cond,
pthread mutex t *mutex);

« I B2 condZt MBS 2 NX| AYEES f7IAI7|T, Tf7] B0l
H58 FHL mutexE AFS2E &g SfA[SILL MHO{LHEH CHA| &g
» S5 Ao, 2If Al F ZES E|HY
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7|2k =4 H=

" int pthread cond timewait (pthread cond t *cond,
pthread mutex t *mutex,
const struct timespec *abstime);
» & B condE 7ICE|E], E28 FHA mutexE SHATH A 200 A2
abstimeZtX| L 7|5}4L, A|ZHO] X|LIEH X522 HhetE
« d3 Al o, A2 &3t Al ETIMEDOUT, 1 2 HIf A| @ F ZEE 2|HE

" int pthread cond signal (pthread cond t *cond);
= =0 Bl condUfM CHY| SR A2 E & OtLE M=
= 35 Mo, 2If A F ZES 2| HY

" int pthread cond broadcast (pthread cond t *cond);
= 24 B condd|M L7 B2 ZE A8 ES M=
= d& Ao, 2 Al 27 ZES E|Hy
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#include <pthread.h>
#include <stdio.h>
#include <unistd.h>

#define BUFFER_SIZE 5

int buffer[BUFFER SIZE];
int count = 0;

pthread mutex t mutex =
pthread cond t cond produce =
pthread cond t cond consume =

PTHREAD MUTEX INITIALIZER;

void* producer (void* arg) {
for (int i = 1; i <= BUFFER SIZE; i++) {

pthread mutex lock (&mutex);

// HIHZF B A UM Z|CHEIct

while (count == BUFFER SIZE) {
pthread cond wait (&cond produce, &mutex);
}
buffer[count++]
printf ("Data %$d generated\n",
// ZBIXOA =
pthread cond signal (&cond consume) ;
pthread mutex unlock (&mutex) ;

sleep(1l);

i)s

}
return NULL;

}

2025. 06. 28.

| S

PTHREAD COND_INITIALIZER;
PTHREAD COND_ INITIALIZER;

void* consumer (void* arg) {
for (int 1 = 1; i <= 5; i++) {
pthread mutex lock (&mutex) ;
// HIHZF H|O] QJAo™ J[CtEICt
while (count == 0) {
pthread cond wait (&cond consume,

gmutex) ;

}

int data = buffer[--count];
printf ("Data %d consumed\n",
/) SLERHO A A=

pthread cond signal (&cond produce) ;
pthread mutex unlock (&mutex) ;

sleep (2);

data) ;

}
return NULL;

int main() {
pthread t tl1l, t2;
pthread create(&tl, NULL, producer, NULL);
pthread create(&t2, NULL, consumer, NULL);
pthread join(tl, NULL);
pthread join(t2, NULL);
pthread mutex destroy (&mutex);
pthread cond destroy(&cond produce);
pthread cond destroy(&cond consume) ;
return 0;

25



2025. 06. 28.

1
1
2
2
3
1]
1
5
9
3

generated
consumed
generated
consumed
generated
generated
consumed
generated
consumed
consumed

26



|Al: crez= = A2 80|A

» R

« O e AP EVESAIO| otE =45 HH2E2E0ht JhEE
= 4 2BEs YN0 28|= HRRE HEYS vdotl, AR0E 5

-|Qr H progresse 2 |:'||O|E_c"|£f

« 02 AYEs REOERETVIEE WX CH7| =
» H1g D2l 71X

int progress=0;
pthread mutex t mutex=PTHREAD MUTEX INITIALIZER;

pthread:cond_t cond=PTHREAD COND INITIALIZER;

void *download (void *arg) {
// CI22Es sleep () 2t+==2 A= 0|
// mutex®t condE AMESIY progress YHIOIE

}

Lol

ot

int main() {
// CIRE2E AHE M, mutexlt condE Sl C}

}
I
27
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0| A 7ALC|AM

« O 7he 2=V 57|t Ql0| S Atd S SAI0| E2E M Hre
= 20|~ AC¥E FHEL, = By S8 AE0HH X2 & /US

« OS2 220N 20| AL H0] Bdg
unsigned int cnt=0;

void *count (void *arg) {
int k;
for (k=0; k<100000; k++)

cnt++;
return Num\bmg%a [C A = 7|35} dhAl

} S a4 S AFEoHA|
= k|
_ _ = HAX[AHOY cntE 2SS ) RoMCHE A ET}
int m}alln(()i { eta; « | X|AE 2SIt OjMdZe| ZEE gtopiH
pthread t tids ; FO A o
int k; = 2 K| AH a)\e cntOff A& T U=
for (k=0; k<4; k++) C:\Users\USER\Dropbox\KNUT_Llectures\
pthread create(stids[k], NULL, count, NULL); ce=213683
for (k=0; k<4; k++) C:\Ui;;‘;égSER\Dropbcx\HNUT,lectures\
t=
pthread join (tids[k], NULL);
printf ("cnt=%u\n" , cnt); EI;2EiEg;égSER\Dropbcx\HNUT_lectures\
return O;
} C:\Users\USER\Dropbox\KNUT_lectures\

cnt=132255
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OjAI=a| ' B[0|A HC|M

o O] & L2

L

pthread mutex t mutex;

unsigned int cnt=0; C:\Users\USER\Dropbox\KNUT_lectures
void *count (void *arg) { cnt=U08088
int k;
for (k=0; k<100000; k++) (| C:\Users\USER\Dropbox\KNUT_lectures
pthread mutex lock (&mutex) ; cnt=UeReee
cnt++;

pthread mutex unlock (&mutex) ;

}
return NULL;

}

C:\Users\USER\Dropbox\KNUT_lectures
cnt=U4B0B0ee

int main() { C:\Users\USER\Dropbox\KNUT_lectures
l —
pthread t tids[4]; cnt=U4Peeee
int k;

pthread mutex init (&émutex, NULL) ;
for (k=0; k<4; k++)
pthread create(&tids[k], NULL, count, NULL);
for (k=0; k<4; k++)
pthread join(tids[k], NULL);
pthread mutex destroy (&mutex);
printf ("cnt=%u\n", cnt);
return 0;

}
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M| O % 0f(semaphore)

« A|OFZ O

- ’S—T—ﬁlé H= 5712 4A

» wait () E=p(): MOMREO] 4f &
= 10| oEErﬂ A 2 T

= 20| 00| Ha
" Signal()EEEV : MIOFZEO] &8 &
« AHES ofASHiA CHE A8 EVHE
" §7|ﬂ‘4—137|'o._o | M2 2=
e 270Zt=15> BREANE EX

» 7|%f=3> SA0] 370e] 28| E7HEE Yhs

| M
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. A

ORZOf AFR Q| YHEE Q| S 2
= MOFZO| Hap M

sem T sem;
» X7|39}
sem init (&sem, 0, 1);
// 0: ZEMNAN W AHEDRN S7; 10 RV
= A 2 M= ALE
sem wait (&sem); // ArE E Hp @A, HeE)
/) &7 A ARE
sem post(&sem); // A2 H = (v @4, ofA)
= A SE

sem destroy(&sem);
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M| O % 0f(semaphore)

" int sem init(sem t *sem, int pshared, unsigned int value);
= MORZO| K| semz 2£7| 25
* pshared’f 00| ol MOIEO= &2 Z2A A W2 A ES AO[HAM T S7E
» pshared?} 00| OfL|H “EAﬂA tHEF7
» valuew= MOFEQY Z=V[g[C =, A0
= d5 Alo, EHHAl—EalEd%I'

o
= 7t Ao S XE

[ot

" int sem destroy(sem t *sem);
= MOPZO K| semz MAH ot BRAE A|AE XS Brete
= 35 Ao, 2O Al 1= 2[EHE

—

" int sem wailt (sem t *sem);
= MO0 2K sem= O| &S} At H22 Alee
= MOFZEOC| 0ECHAH, MOFEN 2fE 1 HAA|7| 2 X3 H22 58
= 40| 0O|H, CHE AYELL ZEMAT} sem postE S7HAIZE W7HX] CH7| &
= A3 Ao, A Al -12 2[EHE
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M| O % 0f(semaphore)

" int sem trywalt(sem t *sem);

= MOFZO] K| sem= O| o At H2E Al
= MOFEO] 20| oECF 3H, 45 1 HaA7|A At = A8
= O] 00| CHZ|OHX| BEA1 SA| HretoiH, 2o 2 X2|

=
|
 AS Ao, AHIf Al -1 2 2|HE

" int sem timedwailt(sem t *sem,
const struct timespec *abs timeout);
= MOFZO K| semz O| 8ol AHel o= Al=d
= MORZOf 2i0] o 2L} 3 H, gf5 1 HAA7| L XS ALES
= WO 00| abs_timeoutZtX| CH7|SHH, X| G &l A[ZE7HX| = AHA O] S M = X| 2B 2 i
= M Ao, M Al 12 2 EE

= int sem post(sem t *sem);
- MOFEOf K| sen®l 3E 1 B7HAIA AHE Higte 22
= Oi7] BQ A E/Z2MATE UM SHLEE M TISHA &
= dS Ao, AT Al -1 8 2|EHT
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M| O % 0f(semaphore)

#include <stdio.h>
#include <pthread.h>
#include <semaphore.h>
#include <unistd.h>

sem t sem;

_ _ Thread waiting. ..
void* task(void* arg) { .

int id = *((int*)arg); Thread resource using
printf ("Thread %d: waiting...\n", id); Thread waiting...
sem_wait (&sem); // Motzof F (E|o 2707t SA0 58 Thread resource LlSj.I‘Ig
printf ("Thread %d: resource using\n", id); .

sleep(2); // XS AL3ts 2 o7l (of: mY HIT, AM 5 Thread 2: waiting...
printf ("Thread %d: resource using completed\n", id); 'Hﬁread waji:ing,,.
sem_post (ssem) ; // MOFZO] SHH Thread 5: waiting...

return NULL;
Thread

resource using completed
resource using completed
resource using

resource using

}

Thread
int main() { Thread

pthread t threads[5];

int ids[5]; Thread

mon  EMNERMWEGERMLWWR

// MOFZOl £7|Zt2 22 MHH, SAlo| 27§ A0 B2 7ts Thread resource using completed
sem_init (&sem, 0, 2); Thread resource using completed
for (int i = 0; 1 < 5; i++4+) { .

e ) Thread resource using

ids[i] = i + 1; '

pthread create(&threads[i], NULL, task, &ids[i]); Thread resource using CGH]FII.EtEd
}
for (int i = 0; 1 < 5; i++4)

pthread join(threads[i], NULL);
sem _destroy (&sem) ;
return O;

}
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Ot - (thread safety)

1(deadlock)

1(starvation)
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. ﬁEﬂE O”‘dﬂ | °¢% 3*—1‘—% SA0| =& Al glOo|A ALC|ME, B2 E Aot
UM Its
o o
= A E QHHSHA ':'“:E
- EIE-IIA/A-”[”.iO-I
- A Enfc 22 Kf% A&
= AXtA A Ab(atomic operation) AFE

2 7=t HAHALE AHE

A2 E QMM 242 o A2 E QtEs gt

char *unsafe func() { char *safe func(char *buffer, size t size) {
static char buffer[100]; snprintf (buffer, size, "hello");
sprintf (buffer, "hello"); return buffer;

return buffer; }
PN HAZ AR S 0] AY S SA| M A| 2H 2

T =
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= WA 2Elj(deadlock)

#include <stdio.h>
#include <pthread.h>

i <uni .h> . .
#include <unistd.h void* thread func2(void* arg) {

pthread mutex lock(&lock2);

printf ("Thread 2: lock2 acquired\n");
sleep(l); // Deadlock ZHM Ttz Z7t

printf ("Thread 2: lockl try to acquire...\n");
pthread mutex lock(&lockl);

printf ("Thread 2: lockl acquired\n");

pthread mutex unlock (&lockl);

pthread mutex unlock (&lock2);

return NULL;

pthread mutex t lockl, lock2;

void* thread funcl (void* arg) {
pthread mutex lock(&lockl);
printf ("Thread 1: lockl acquired\n");
sleep(l); // Deadlock ZHM Ttz Z7t
printf ("Thread 1: lock2 try to acquire...\n");
pthread mutex lock(&lock2);
printf ("Thread 1: lock2 acquired\n");

pthread mutex unlock (&lock2); }

pthread mutex unlock (&lockl); int main() {
return NULL; pthread t tl1, t2;
} pthread mutex init(&lockl, NULL);
pthread mutex init(&lock2, NULL);
Thread 1: lockl acquired pthread create(&tl, NULL, thread funcl, NULL);
Thread 2: lock?2 acqujred pthread create(&t2, NULL, thread func2, NULL);
Thread 1: lock? try to acquire,,, pthread join(tl, NULL); pthread join(t2, NULL);

pthread mutex destroy(&lockl);
pthread mutex destroy(&lock2);
return 0;

Thread 2: lockl try to acquire...
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// BlE #=XA: lockl -> lock?2 // BlE #&=A: lockl -> lock2
void* thread funcl (void* arg) { void* thread func2(void* arg) {
pthread mutex lock(&lockl); pthread mutex lock(&lockl);
printf ("Thread 1: lockl acquired\n"); printf ("Thread 2: lockl acquired\n");
pthread mutex lock (&lock2) ; pthread mutex lock (&lock2) ;
printf ("Thread 1: lock2 acquired\n"); printf ("Thread 2: lock2 acquired\n");
pthread mutex unlock (&lock2) ; pthread mutex unlock (&lock2) ;
pthread mutex unlock (&lockl) ; pthread mutex unlock (&lockl) ;
return NULL; return NULL;

Thread 1: lockl acquired
Thread 1: lock2 acquired

Thread 2: lockl acquired
Thread 2: lock2 acquired
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pthread mutex t lock; int main () {
int shared resource = 0; pthread t tl, t2;
pthread mutex init (&lock, NULL);
void* greedy thread(wvoid* arg) { pthread create(&tl, NULL, greedy thread, NULL);
while (1) { pthread create(&t2, NULL, starving thread, NULL);
pthread mutex lock(&lock); pthread join(tl, NULL);
// fﬂe 2 ':'K"_’ el =X %= pthread join(t2, NULL);
shared resource++; pthread mutex destroy(&lock);
printf ("Greedy Thread: resource = %d\n", shared resource); return 0;
usleep(1000); // OrF B = }
pthread mutex unlock(&lock); Greedy Thread: resource = 1
ietuniNULL; Greedy Thread: resource = 2
} Greedy Thread: resource = 3
Greedy Thread: resource = U
V°id;.‘°’ltar(vli)ng{—thread(V°id* arg) f Greedy Thread: resource = 5
wni
pethread mutex lock (s1ock) ; Starving Thread: resource =
/) 28 IR 7ol & = 2 E Greedy Thread: resource = 7
shared_resourcet+; Greedy Thread: resource = 8
printf ("Starving Thread: resource = %d\n" shared | _resource) ; X
sleep(l); // M XS AEsE{T AW AlZH H Greedy Thread: resource = 9
pthread mutex unlock (&lock) ; Greedy Thread: resource =1
sleep(1); // LHAl Al Greedy Thread: resource = 1

}
return NULL;

Greedy Thread: resource
) Greedy Thread: resource
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= Fair lock AFEot= off 2 &
#include <stdatomic.h> // c11 ®#ARE G4

typedef struct {
atomic_int ticket;
atomic_int turn;

} fair lock t;

void fair lock init(fair lock t *lock) {
atomic_init (&lock->ticket, 0);
atomic_init (&lock->turn, O0);

void fair lock acquire(fair lock t *lock) {
int my ticket = atomic fetch add(&lock->ticket, 1);
while (atomic load(&lock->turn) != my ticket) {
// busy-wait (EtE 8. usleep EO{AM cpru dHl =Y = AT
sched yield();

void fair lock release(fair lock t *lock) {
atomic_ fetch add(&lock->turn, 1);

}

2025. 06. 28. 43



SE| A0S ST

= 7|0} & Eli(starvation)
= Fair lock At&5t= Sf{ 2 & &

fair lock t lock;
int shared resource = 0;

void* greedy thread(wvoid* arg) ({

while (1) {
fair lock acquire(&lock);
shared resource++;
printf ("Greedy Thread: resource = %$d\n", shared resource);
usleep (1000); // &g = FHAl Cf7]
fair lock release(&lock);
usleep (500); // cru Y=

}

return NULL;

}

void* starving thread(void* arg) {
while (1) {
fair lock acquire(&lock);
shared resource++;
printf ("Starving Thread: resource

= %d\n", shared resource);
usleep(2000); // AHElE =g e ARE

fair lock release(&lock);
usleep (1000); // CFA[ AlZ

}
return NULL;

2025. 06. 28.
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A Zl(socket) ¥ H| S 7|4 1/0

27

. L ESI EAS 93 A= ZOIE (endpoint)
= O C|ATIEE(file descriptor)2 EHE|H, CHE read () /write () 2
Sk atA O 2 /07t 7HsEl
= C AO{0M <sys/socket.h> S| EHO| &3 2H St=of At g 27t M-S E
= int socket (int domain, int type, int protocol);
= X8t T4 MA domain, 2% TF type, ZEEZ Y2 protocol=
ArESHH MER 2Z1E dde
» S5 Al A CIATEHE, A0 Al -1& 2|
" int bind(int sockfd, const struct sockaddr *addr,
socklen t addrlen);
CIATEE sockfdE AHE & AKX addr 0] AZESIH, =2
40|= addrlenz X788
« dS Alo, 20 Al 15 2|EHE

o<
=it ¢
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A Zl(socket) ¥ H| S 7|4 1/0

" jnt listen(int sockfd,
. 7(|7(o"_‘.'ﬁ 23 sockfdg A

—

int backloqg);

14
£ backlogz 278

Z2 238 U7| JEf= ™etstan, Z[0 t7] F(queue) 37|
d& Alo, 20 Al -15 2|

= int accept (int sockfd,

struct sockaddr *addr,
socklen t *addrlen);

- 01 QNS J|0t2|E A% sockrdd| M MZR S2t0|9IE AAS fatsin, Sat
O|NE Fh HHE adar0| MASIDL 1 27|85 addrlend] 7|58
: A

[
|

int connect (int sockfd,

const struct sockaddr *addr,
socklen t addrlen);

» Z2O|AHE A3 sockfdE MY T addedt T
H O A&

g5 Alo, 20 Al -1 2 2[EHE

20| addrlengd 0|85t Af
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A Zl(socket) ¥ H| S 7|4 1/0

" ssize t send(int sockfd, const void *buf,
B size t len, int flags);
= 23 sockfdE Soll HI bufOf X &= HO[EE 40| 1enTHE S2i1
flags == M85 dEe
= d5 A| TETHHOIE 4=, A0 Al -1 & 2|He
" ssize t recv(int sockfd, woid *buf,
B size t len, int flags);
= 27 sockfdO|A HIO|EHE =450 HIH bufO Z|CH 1en HIO|ENHX|
NESHH, =4 &HA S M2 flagsZE X[ HE
» d5 Al =AISHHOIE 4= AT Al -1 & 2|He
= int close(int sockfd);
» AN CAAEHEH sockfdE SO HZAS SESID
= dS5 Ao, A0 Al -1 5 2[BT

b

e

HEl AreE= oA

—_ -

[jot
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A 7l(socket) U H[S7|A 110

= HlS7[A /0
= Z2IYO| O 7|CH2|0] HEX| 0, THE HYS AL S £ Uk YA
» CPUA|ZEE HH|SHX| &0 22X X2| 7t
”()I}IEl*LEﬂ¢g
= O] /O ot CIAFEEH((FD)E sA|0| ZAISHY, O{= FD7} &1 7|/A4 7]

‘ts JEI7L EIRA=A] ez 7| '
 DENo =z MHOM 2 SEt0[PE HEAS A0 M2z W &8

- 23 g

—_—

" select ()
" poll()
" epoll()
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Zl(socket) U H|S 7|4 1/10

" int select(int nfds, fd set *readfds,
fd set *writefds, fd set *exceptfds,
struct timeval *timeout):;
= O CIAAEH 0RE nfds-17HX[0| A, 817] ZAl e readfds, 27| ZA| &

of writefds, 0|2 Al e exceptfds & TH| = FD7|' UeX| BAFSELD, HAL
*| CH A|ZH2 EFRIOR —T—Lxxﬂ timeout2 2 X[

= M3 A FH|E FD =, AHIf A 12 2|HE
= int poll(struct pollfd *fds, nfds t nfds,
int timeout);
. £ds BYRO| S0{90< neds 7HO| FDO| CHSH 91 7|/247|/012f O|HIE S ZAKSHH, Ef
QAOZ A ZFE timeoutl2 = X|HE
» d5 Al 2l FD 7, EFRIOHR Al o, 21T A| -1= 2B

a
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" int epoll create(int flags);
= HE0 MZ2 epoll AAEHAS A5t 0, WA E epoll M E Y FDE et
_5H:H, x7|_ 2ME flagsi 7(|7<—|'<'5L
= dF Al epoll FD, A1 A| -12 2|EH&
" int epoll ctl(int epfd, int op, int f£d,
struct epoll event *event);

14
= epoll AAAEA cprdOf CHSH, CHed T CIATEEH fdE op SEH2E A0S Of
ME ZHZ2 event= X788
. c>c> AJ 0, EEuH‘*l" Ei ElEﬂE&

" int epoll wait(int epfd, struct epoll event *event,
int maxevents, int timeout);
= epoll AAEHA eprdtM SFE FD=2| O|HEE HASIL, FH|El O|HIEE %
I:H maxevents/HBHE events IGO0 XK} LD, CH7|A[ZH2 timeout 2 X|HTt
= d5 Al =H[E O|HIE 7= EfQOIR Al o, HI§ Al .12 2|EHE
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