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I Multi-threaded program
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I POSIX Thread : pthread

POSIX HE== 2= pthread
e Multi thread ZZI2iUES 2IGt APIE A S

- /9 2= 2FAHAHE AH

CPU 2t HIQQME =AIAQl thread APIE A&

« pthread0f| H|S{A F Ot M52 EHFAIT
« O|AMI GAI/E4+ A9 ZAH=ZE CHEE pthread% ol 8



I Posix Threads (pthreads) Interface

pthreads: Standard interface for ~60 functions that manipulate
threads from C programs

 Creating and reaping threads
- pthread_create()
- pthread_join()
« Determining your thread ID
- pthread_self()
« Terminating threads
- pthread_cancel()
- pthread_exit()
- exit() [terminates all threads] , RET [terminates current thread]
e Synchronizing access to shared variables
- pthread_mutex_init
- pthread_mutex_[un]lock
- pthread_cond_init
- pthread_cond_[timed]wait
- pthread_cond_signal



I Thread Create

#include <pthread.h>
int pthread_create(pthread_t *thread, pthread_attr_t =*attr,
void *(xstart_routine)(void #*), void *arg);

e thread : pthread t structure (thread id)
 attr : pthread attr_t structure

« start routine : Thread et
e arg : Thread et+=2 HZ D7 HE



I Thread Create

#include <pthread.h>
int pthread_join(pthread t thread, void **value ptr);

- SN thread7} 223 U{7}A| L7
 thread : pthread_t structure
 value ptr : return value pointer

#include <pthread.h>
int pthread_detach(pthread_t thread);

- Y MQl thread2 HE| E2|&
« Thread 222} TA|0] A2 g4



The Pthreads "hello,

world” Program

b

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

void *threadfunc(void *vargp);

/* thread routine */

void *threadfunc(void *vargp) {
sleep(1);
printf("Hello, world!\n");
return NULL;

}

int main() {
pthread t tid;

# gcc ex.c -lpthread
# ./a.out

main

Hello, world!

main2

pthread 20| E 22| &
linking

pthread create(&tid, NULL, threadfunc, NULL);

printf("main\n");
pthread join(tid, NULL);
printf("main2\n");
sleep(2);

return 0;




The Pthreads "hello,

world” Program

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

void *threadfunc(void *vargp);

/* thread routine */

void *threadfunc(void *vargp) {
sleep(1);
printf("Hello, world!\n");
return NULL;

}

int main() {
pthread t tid;

# gcc ex.c -lpthread
# ./a.out

main

main2

Hello, world!

pthread create(&tid, NULL, threadfunc, NULL);

printf("main\n");
pthread_detach(tid);
printf("main2\n");
sleep(2);

return 0;




I Thread Mutex

#include <pthread.h>
pthread_mutex_t mutex;

int pthread_mutex_init(pthread mutex t *restrict mutex,

const pthread mutexattr_t #*restrict attr);
int pthread_mutex_destroy(pthread mutex t *mutex);

pthread_mutex_t mutex = PTHREAD_MUTEX_INITIALIZER;

#include <pthread.h>
int pthread _mutex_lock(pthread mutex_t *mutex);
int pthread_mutex_unlock(pthread mutex t *mutex);

/[ 22

10



f 29 dataZ2 ALR3l= threads

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

#include <unistd.h>
#include <stdlib.h>

#define MAX_THREAD 20

void *countall(void *data)

{
int *count = (int *)data;
int i;
pthread_t thread _id = pthread_self();

for (i=0; i<100; i++) // for (i=0; 1<10000; i++)
{

}

xcount = *count+1;

11



| 29 dataZ ArR3tS threads

{

int main(int argc, char **argv)

pthread_t thread_id[MAX_THREAD];
int 1 = 0;
int count = 0;

# gcc ex.c -lpthread
# ./a.out

Main Thread : 2000
# ./a.out

Main Thread : 1957

for(i = 0; 1 < MAX_THREAD; i++)

{ pthread_create(&thread_id[i], NULL, countall, (void #*)&count);
}

for(i = @; 1 < MAX_THREAD; i++)

i pthread_join(thread id[i], NULL);

printf("Main Thread : %d\n", count);
return 0;

12



pthread _mutex_lock/unlock

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

#include <unistd.h>
#include <stdlib.h>

#define MAX_THREAD 20

void *t_ func(void *data)
{
int *count = (int *)data;
int i;
pthread_t thread _id = pthread_self();

for (i=0; i<10000; i++)

{
pthread_mutex_lock(&m_lock);
xcount = *count+1;
pthread_mutex_unlock(&m_lock);

13



I pthread mutex lock/unlock

pthread_mutex_t m_lock; # gcc ex.c -lpthread

int main(int argc, char **argv) # :/a-OUt

{ Main Thread : 2000
pthread_t thread_id[MAX_THREAD];
int 1 = 0;

int count = 0;

if(pthread_mutex_init(&m_lock, NULL) != @)

{
perror("Mutex Init failure");
return 1;
}
for(i = @; i < MAX_THREAD; i++)
{
pthread_create(&thread_id[i], NULL, t_func, (void *)&count);
}
for(i = @; i < MAX_THREAD; i++)
{
pthread_join(thread_id[i], NULL);
}

pthread_mutex_destroy(&m_lock);
printf("Main Thread : %d\n", count);
return 0;




I Exercise

Ex.

Ex.

T+HEHS £26t= threaded program 2HA
thread functionO| SitH F2|H S 2 =&
oteH O of TH4l MO|Z| EEE == (pthread_join ALE)

Parameter 2 thread?| =& =gt Y £0t= threadE M4
Zt thread= MY E &AQ HHSQt At7| thread idE &4

MMEl £AQ| HS = thread function?| parameter® HZ 74
thread Mg «=A HSTI HO|A] EEE & A

$ ./a.out 3

thread 1 10100
thread 3 10102
thread 2 10101

15



I pthread =7|%}

#include <pthread.h>

pthread_cond_t cond;

int pthread_cond_init(pthread _cond t #*restrict cond,
const pthread condattr_t *restrict attr);

int pthread_cond_destroy(pthread cond _t *cond);

pthread cond_t cond = PTHREAD COND INITIALIZER; // O3 =2

#include <pthread.h>

int pthread_cond _wait(pthread cond_t *restrict cond,
pthread mutex_t *restrict mutex);

int pthread_cond_signal(pthread _cond_t *cond);

restrict ?7?

« pointer?Zt 7t27|= H22|7 M2 CtECH=E 29|0]

- Ao 4stE EobF
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pthread cond wait/signal

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

pthread mutex_t mut;
pthread _cond_t cond;

void *func(void *data)

{
printf("before wait\n");
pthread _mutex_ lock( &mut );
pthread _cond wait( &cond, &mut );
printf("after wait\n");
pthread_mutex_unlock( &mut );

return 0;

17



I pthread cond wait/signal

{

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

int res = 0;
res = pthread_mutex_init(&mut, NULL);
res = pthread_cond_init(&cond, NULL);

pthread_t pt;
pthread_create(&pt, NULL, func, NULL);

sleep(2);
pthread_cond_signal(&cond);

pthread_join(pt, NULL);

pthread_mutex_destroy(&mut);
pthread_cond_destroy(&cond);

return 0;

# gcc ex.c -lpthread
# ./a.out

before wait

after wait

18



I pthread * functions

= W2 pthread X[ &S &t &t

Manual page &F11

man pthreads

+50]

riN

M
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Exercise

Ex.

/tmp/ssuis_ref.fnagl= OtU0|= 2M E2FO| text string0| S0 U1,
Zk 21012 60702| character2 FLAE|0{ QL.

- A7 EHE SAStD AFRY A

0| Z0| A "aaccggtt"7} ESHEl 2}0I8 2 3l= findst T2 IS 2N
findst= I2tHEHE & & YR =Lt.

- 1EH mpeto|e]: HEHESIE = (ex. 4)

- 2Hp mapmE{: mpo] 0|2 (ex. ssuis_ref.fna)

HEdote = OFF threadE M5t DHULHOIAM 21 ZNtE &9

A SH

6 |
gettimeofdayES O| &5t £HA|ZFS == SIC}.

-

O

2

roh

ssuis_ref.fna= 33459 2}QI2 7IA|1 A1, HAiut= 15 g}ol
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I Exercise

Ex.

« findst 4 ssuis_ref.fna

gtacagacacttgagccggctactcctcaagaaacttttaaaccggttcattctgatata
gtatctacatagaactttcagtgtaaaaaatcccaaaaaaccggttgacaattgccaaag
cagtttttcgccaaatttcataaaaaaatccaaaaaaccggttgacaattgccaaagtag
aaagaaccggttttagaacatattcattattatcttgatagtggggaatttgtgactttg
aaactagataaaactgaataaccggttgatattgggtagaagggaaactgactgttcaat
tcaaaaaaccggttgacaatgtatataagtcatgatagaataaatgagttgtctcttgag
taattgtaccaatgaaattctagcaagtctaggacaaatgtatattgcagataaccggtt
tttgcagctgttttatcattttcaaaaaaccggttgacaatgtatataagtcgtgataga
gaaaaatacttacggaaccggttccttcatcgtgatgaatacaggtgaagagatgcagtt
gtattgtaatatagtaaaccggttttgtcaacggtttttatcatttattttaaatacttt
taatctttgcttgaaaccggttctggtacaacaagtccttgctccttagecttgtttccaa
ttctcaacaaccggttcatcaatccctttctctaagcgagatagcataggccctgcacca
tcatccattcctgccatccaagcaagatttggttcctcaaaaccggttaccttgatggtt
cttgatgaaaccggttcatcccttgacctaccagaagaccaaagtccctttgeccttatc
cacaaccggttcttcaaacttaatttcttttggcttcttaggttgctttttagcttcctg
Execution time: 1.115533s
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