BAI 6a
LAP TRINH PA TUYEN (MULTI -THREAD)

I. Ly Thuyét
1. Tuyén la gi ? Tai sao phai diing tuyén (thread)

Tuyen la mot phan cua tién trinh so hiru riéng ngan xép (stack) va thuc thi doc lap ngay trong ma Iénh
cua tién trinh. Néu nhu mét HPH c6 nhiéu tién tr|nh thi bén trong mdi tién trinh lai c6 thé tao ra nhiéu tuyén
hoat dong song song Vi nhau twong tw nhu cach tién trinh hoat dong song song bén trong HDH.

Uu dlem cua tuyén la chiing hoat dong trong ciing khong gian dia chi cua tién trinh. Co ché lién lac giira
c4c tuyén don gian va hiéu qua.

Déi voi HPH, chi phi chuyén d6i ngit canh cua tién trinh cao va cham hon chi phi chuyén doi ngir canh
danh cho tuyén.

2. Tao lap va hay tuyén

Khi chuong trinh chinh bét dau, né chinh 1a mot tuyén. Tuyén diéu khién ham main() duoc goi la tuyén
chlnh CAc tuyén khéc do tién trinh tao ra sau dé dwgc goi la tuyen phu. Mdi tuyen dugc cung cip cho mot
sé dinh danh goi 1a thread ID. DPé tao ra mot tuyén moi ngoai tuyén chinh, ban goi ham
pthread_create() . Ham nay duogc khai bao nhu sau:

#include <pthread.h>

int pthread create ( pthread t * thread,
pthread attr_t* attr,
void* (*start_routine) (void*),
void* arg);

Ham pthread_create () nhin 4 tham sb, tham sb tht nhat c6 kiéu cau tric pthread_t dé luu cac
thdng tin vé tuyén sau khi tao ra. Tham s thir hai ding dé dit thugc tinh cho tuyén (trong trudng hop ta dit
gia tri NULL thi tuyén duogc tao ra voi cac thudc tinh mic dinh). Tham sé thir ba 1a dia chi cua ham ma tuyén
s& dung dé thuc thi. Tham s thir tu 1a dia chi dén ving dix liéu s& truyén cho ham thuc thi tuyén.

3. Cho tuyén két thac
a. Cho tuyén hoan thanh xong tac vu

Twong tu nhu tién trinh dung ham wait() dé doi tién trinh con két thic, ban co thé goi ham
pthread_join() d doi mot tuyén két thic.

#include <pthread.h>

int pthread_join (pthread_t th, void* thread_return);

th 1a tuyén ma ban muén cho, thread_return 13 con tré dén ving chua gi trj tro vé cua tuyén.

b. Cho déng thai nhiéu tuyén

Thuong trong céc tng dung dich vu hoat dong theo mod hinh khéach chu (client/server), trinh chu (server)
cua ban phal mo nhleu tuyén dé phuc vu trinh khach. Hay trong céc tng dung cho troi ban phai mé cung lic
nhiéu tuyén, mdi tuyén thuc hién thao tac diéu khién mot nhan vat hoat hinh nao d6. Kiém soat va ch dong
thoi nhiéu tuyén, ban ciing dung ham pthread_join ().




4. Pong b hoa tuyén véi ddi twong mutex

Mot trong nhitng van dé quan tam hang dau cua viéc didu khién 1ap trinh da tuyén trong cuing khéng gian
dia chi cua tién trinh d6 1a dong bd hda. Ban phai dam bao dwoc nguyén tic ‘cac tuyén khéng dim chan Ién
nhau’. Vi du mot tuyén chuan bi dé doc dit liéu tir dia, thao tac doc chua hoan tat thi mot tuyén khac da ghi
de du ligu mai 1én dir liéu cli. Hay don gian va thuong gap hon d6 1a xay ra dung d6 khi truy cap va xu ly
bién chung.

Pé giai quyét tranh chap va xir Iy ddng bo hda ching ta sir dung mot khai niém goi 1a mutex.

a.Mutex la gi

Mutex thyuc sy 12 mot co hiéu, hay di voi hé thdng, mutex 1a mot dbi tugng mang hai trang théi: dang
duoc sir dung va chua sir dung (trang thai sin sang).

Khi mutex bat, mot tuyén s& buéc vao sir dung tai nguyén va tit mutex. Tuyén khac s& khong sir dung
duoc tai nguyén cho dén khi tuyén trude do bat lai mutex & trang thai sin sang.

b. Tao va khéi dong mutex

Dé tao ra ddi twong mutex, trudc hét ban can khai bao bién kiéu cau tric pthread_mutex_t, dong
thoi khoi tao gia tri ban dau cho bién nay. Cac don gian nhat dé khoi tao cau trdc mutex 1a ding hang dinh
nghia tru6c PTHREAD _MUTEX_INITIALIZER. Ma khai bao mutex thudng c6 dang sau:

pthread_t a_mutex = PTHREAD MUTEX_INITIALIZER;

Mot diéu quan trong ban can luu y 1a mutex khoi tao theo cach ndy goi 1a “mutex cap toc”. Poi tuong
mutex nay khong thé bi khda hai lan boi cing mot tuyén. Trong tuyén, néu ban da goi ham khda mutex nay
va thyc hién khéa mutex 1an nira, ban s& roi vao trang thai khoa chét (deadlock).

C6 mot kiéu mutex khaC phuc duoc nhugc diém trén, do 1a mutex cho phép khoa 1ap (recursive mutex).
Trong cling mot tuyén, néu ban khda mutex nhleu lan thi khéng c6 van dé gi xay ra, nhung bu lai mudn giai
phéng mutex, ban phai théo khda bang ding sb 1an ban d4 thuc hién goi ham khoa mutex. Mutex kiéu nay
thuong duoc khoi dong bing hing PTHREAD RECURSIVE_MUTEX_INITIALIZER NP.

Ban ciing co thé goi ham pthread_mutex_init () dé thyc hién cing chirc ning khéi tao mutex:

#include <pthread.h>
int pthread_mutex_init ( pthread_mutex_ t* mutex,
const pthread_mutexattr_t* mutexattr);

mutex la con tro dén bién cau tric pthread_mutex_t ma ban mudn khoi tao. mutexattr la cac
thugc tinh cua mutex (mutex don hay mutex cho phép khoa 1ap). Neu ban dat tri NULL thi mutex vai
thudc tinh mac dinh s& duoc tao ra. Cach tha hai dé khaoi tao mutex sé la:

int res;

pthread_mutex_t* mutex;

res = thread_mutex_init (mutex, NULL);
iT (res = 0)

{

}

perror (“Initialize mutex fail”);

¢. Khoéa va thao khoa cho mutex
bé khda mutex ban c6 thé sir dung ham pthread_mutex_lock (), néu khong khoa dugc (mutex
da bi tuyén khac khoa trude d6) ham s€ dat tuyen hién hanh vao trang thai ngu (cho). Trong truong hop nay



khi mutex dugc thdo khoa, tuyén hién hanh s& duoc danh thirc ddy dé tiép tuc thir khda mutex trude khi di
vao str dung tai nguyén. Dudi day la cach khoa mutex:

pthread_mutex_t a mutex = PTHREAD MUTEX_ INITIALIZER;

int rc = pthread_mutex_lock (&a_mutex);

if (rc)/*Léi phat sinh*/

{

perror (“pthread_mutex lock _error’);

pthread_exit (NULL);
}
/*Mutex da duoc khoéa, tuyén cua ban cé thé s dung tai nguyén moét cach
an toan & day*/

Mot khi khéng can st dung doc quyén tai nguyén nita, ban nén goi ham pthread_mutex_unlock
() dé thao khoa mutex tra lai quyéen stir dung tai nguyén cho tuyen khéc. Ban thao khéa mutex nhu sau:

rc = pthread mutex _unlock (&a mutex);

it (ro)

{
perror (“pthread _mutex unlock error™);
pthread exit (NULL);

}

d. Hiy mutex

Sau khi sir dung xong mutex ban nén hay né. Str dung xong ¢6 nghia 1a khdng con tuyén nao can chiém
giit mutex cho cac cho tac khda/thao khoa nira. Ham pthread_mutex_destroy () dugc dung dé huy
mutex.
rc = pthread mutex _destroy (&a mutex);

Sau khi goi ham hay mutex, ban khdng con sir dung duoc bién mutex duoc nita. Dé s dung lai bién
mutex ban can thuc hién lai buéc khai tao.

Il. Thyuc hanh
Bai 1: Chuong trinh tao lap tuyén: chiing ta tao ham do_loop () dé in ra cac s6 nguyén. Ham do__loop
O nay duoc goi thuc thi & hai noi: mét trong tuyén chinh (ham main) va mét trong tuyén phu tao ra boi
ham pthread create ().
thread create.c
#include <stdio.h>
#include <pthread.h> /*Khai bao cac ham xa ly tuyén*/

/*Ham thuc thi tuyén*/

void* do_loop (void* data)

{
int i; /*B6 &ém cho tuyén*/
/*Dir liéu cho ham pthread_create() truyén vao cho tuyén*/
int me = (int*) data;

for (1 = 0; 1 <5; i+t)




sleep (1); /*Dung*/
printf (" *%d* - Got "%d* \n", me, i);

/*Cham dut tuyén*/
pthread_exit (NULL);
}

/*Chuong trinh chinh*/
int main (int agrc, char* argv[])

{
int thr_id; /*pinh danh tuyén*/
pthread_t p_thread; /*Ciu trtac luu trit cAc théng tin vé tuyén*/
int a = 1; /*pinh danh cho tuyén tha nhat*/
int b = 2; /*pinh danh cho tuyén thut hai*/
/*Tao tuyén*/
thr_id = pthread_create (&p_thread, NULL, do_loop, (void*) a);
/*Chay do_loop trong tuyén chinh*/
do_loop ((void*)b);
return O;
}

Pé bién dich chuong trinh ndy, ban can phai ding dén thu vién lién két hd tro 1ap trinh tuyén 1a
libpthread. Ching ta bién dich chuong trinh nhu sau:

$gcc thread create.c -o thread create -Ipthread
Chay chuong trinh véi két qua két xuat

./thread_create

2" - Got "O"

1" - Got "O"

2" - Got "1°

1" - Got "1°

2" - Got "2¢

1" - Got "3"

2" - Got "3"

1" - Got "3"

2" - Got "4-*

1" - Got "4°

Bai 2: Cho tuyén thuc thi xong tac vu
thread_wait.c
#include <stdio.h>
#include <unistd.h>
#include <stdlib.h>
#include <pthread.h>

char message[] = ""Hello World";

/*Ham xu ly tuyén*/
void* do_thread (void* data)
{

printf ("Thread function is executing ... \n');




printf ("Thread data is %s\n", (char*) message);

sleep (3);

strcpy (message, ""Bye 1'");

pthread_exit ("'Thank you for using my thread');
}

/*Chuong trinh chinh*/
int main

{

int res;
pthread_t a_thread;
void* thread result;

/*Tao va thuc thi tuyén*/
res = pthread_create (&a_thread, NULL, do_thread, (void*) message);

if (res 1= 0)

perror ("Thread created error\n');
exit (EXIT_FAILURE);

}

/*Poi tuyén két thic*/
printf ("Waiting for thread to finish ...\n");
res = pthread_join (a_thread, &thread_result);

if (res 1= 0)
{

perror ('Thread wait error\n'™);
exit(EXIT_FAILURE);

}

/*In két qua tra vé cua tuyén*/

printf ("Thread completed, it returned %s \n", (char*) thread_result);
printf (“"Message is now %s \n', message);

return O;

}

Bién dich va chay chwong trinh tir dong Iénh. Két qua két xuat s& nhu sau:

$gcc thread wait.c -o thread _wait -lIpthread

$./thread_wait

Thread function is executing ...

Thread data i1s Hello World

Waiting for thread to finish ...

Thread completed, i1t returned Thank you for using my thread
Message 1s now Bye !

Bai 3: Cho dong thoi nhiéu tuyén: ding méng dé luu thong tin vé danh sach céc tuyén. Sau do chuong trinh
chinh s€ goi pthread_join () dé cho cac tuyen trong danh sach ket thuc.

#include <stdio.h>

#include <unistd.h>




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

#define MAX_THREADS 6
void* do_thread (void* data);

int main
{ _
int res;
int thread num;
pthread_t a_thread [MAX_THREADS];

void* thread result;

/*Khsi tao danh sach cac tuyén*/
for (thread_num =1; thread_num < MAX_THREADS; thread_num++)
{
/*Tao tuyén va luu vao phan tu mang*/
res = pthread_create (&(a_thread [thread_num]), NULL, do_thread,
(void*) thread_num);

it (res 1= 0)

{
perror ('Thread created error™);
exit (EXIT_FAILURE);
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/*Dung 1 giay*/

sleep (1);

printf ("Waiting for threads to finish ...\n");

/*Chs danh sach céac tuyén két thuac*/
for(thread_num = MAX_THREADS - 1; thread_num > 0; thread_num--)

{
res = pthread_join (a_thread [thread_num], &thread_result);

if (res 1= 0)
{

perror ("Thread exited error');

printf ("Pickup a thread\n');
b
b
printf ("All thread completed \n™);
return O;

/*Cai &t ham diéu khién tuyén*/
void* do_thread (void* data)

int my number = (int) data;

printf ("Thread function is running. Data argument was %d\n", my_number);
sleep (3);

printf ("Finish - bye from %d\n", my_number);
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Bién dich chuong trinh:

$gcc thread_multiwait.c -o thread_multiwait -Ipthread
Chay chuong trinh:

$./thread multiwait

Thread function is running. Data argument was
Thread function is running. Data argument was
Thread function is running. Data argument was
Thread function is running. Data argument was
Finish - bye from 1

Finish - bye from 2

Thread function iIs running. Data argument was 5
Finish - bye from 3

Waiting for threads to finish ...

Finish - bye from 4

Finish - bye from 5

P WNPE

Pickup a thread
Pickup a thread
Pickup a thread
Pickup a thread
Pickup a thread

All thread completed

Bai 4: Su dung mutex
Chuong trinh tao ra hai tuyén. Tuyén thir nhat lién tuc ting bién toan cuc global _var 1én mét don vi va
dirng cho trong 1 gidy. Tuyén tht hai nguoc lai lién tuc giam bién toan cuc global _var di mot don vi va
dung cho trong 2 giay.

#include <stdio.h>

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

/*Bién di liéu toan cuc cé thé truy xudt bsi ca hai tuyén*/
int global_var;

pthread_mutex_t a _mutex; /*Khai bao bién mutex toan cuc*/

/*Khai bao cac ham dung thuc thi tuyén*/
void* do_threadl (void* data);
void* do_thread2 (void* data);

/*Chuong trinh chinh*/
int main
{ _
int res;
int i;
pthread_t p_threadl;
pthread_t p_thread?;




/*Khai tao mutex*/

res = pthread_mutex_init (&a mutex, NULL);
/*Ban ciing cé thé khéi tao mutex nhu sau
a_mutex = PTHREAD_MUTEX_INITIALIZER;

*/

it (res 1= 0)

{
perror ('Mutex create error');
exit (EXIT_FAILURE);
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/*Tao tuyén tha nhat*/
res = pthread_create (&p_threadl, NULL, do_threadl, NULL);
if (res 1= 0)
{
perrror ("Thread create error™);
exit (EXIT_FAILURE);

}

/*Tao tuyén thu hai*/
res = pthread_create (&p_thread2, NULL, do_thread2, NULL);
if (res 1= 0)

perror (“"Thread create error');
exit (EXIT_FAILURE);

}

/*Tuyén chinh cua chuong trinh*/
for (i = 1; 1 < 20; i++)

{
printf (""Main thread waiting %d second ... \n", 1);
sleep (1);

}

return O;

/*Cai &t ham thyc thi tuyén tha nhit*/
void* do_threadl (void* data)

{ o
int i;
pthread_mutex_lock (&a_mutex); /*Khoa mutex*/
for (i=1; 1 <= 5; i++)
{
printf ("Thread 1 count: %d with global value %d \n", i, global _var++);
sleep(1);
pthread_mutex_unlock (&a_mutex); /*Thao khdéa mutex*/
printf ("Thread 1 completed !');
}
void* do_thread2 (void* data)
{

int i;




pthread_mutex_lock (&a_mutex); /*Khoa mutex*/

for (i=1; 1 <= 5; i++)
{

printf ("Thread 2 count: %d with global value %d \n",

sleep(2);
}

pthread_mutex_unlock (&a_mutex); /*Thao khdéa mutex*/

printf ("Thread 2 completed !');

}

global_var--);

Bién dich va thuc thi chuong trinh ban s& nhan duoc két xuat tir dong lénh nhu sau:

$./thread_race

Thread 1 count: 1 with global value O

Main thread waiting 1 second
Main thread waiting 2 second
Thread 1 count: 2 with global
Main thread waiting 3 second
Thread 1 count: 3 with global
Main thread waiting 4 second
Thread 1 count: 4 with global
Main thread waiting 5 second
Thread 1 count: 5 with global
Thread 1 completed!

Main thread waiting 6 second
Thread 2 count: 1 with global
Main thread waiting 7 second
Thread 2 count: 2 with global
Main thread waiting 8 second
Main thread waiting 9 second
Thread 2 count: 3 with global
Main thread waiting 10 second
Main thread waiting 11 second
Thread 2 count: 4 with global
Main thread waiting 12 second
Main thread waiting 13 second
Thread 2 count: 5 with global
Thread 2 completed!

Main thread waiting 14 second

value
value
value
value
value
value
value
value

value




