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POSIX®Threads

s W R A Pthreads

s RUNRAE R G PRfE

s — DA LS CRE T E
n 22 LR AR I N AR Y dw A2 B2 L1 (API)

AR
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Hello World! (1)

#include <stdio.h> 7 B & FPthreads i . 7 & .
' i 1] At
#include <stdlib.h> R,

#include <pthread.h>

/¥ Global variable: accessible to all threads =/
int thread_count;

void #Hello(veid* rank):; /% Thread function =/
int main(int argc, charx argv[]) {
long thread: J/+ Use long in case of a 64— bit system

pthread_t#* thread_handles;

l+ Get number of threads from command line #+/
thread_count = strtol(argv|[1l], NULL, 10);

thread_handles = malloc (thread_count#*sizeof(pthread_t));

#/

oK aEbA%
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Hello World! (2)

for (thread = 0:; thread < thread count: thread++)
pthread_create(&thread_handles|[thread], NULL,
Hello, (void*) thread):

printf("Hello from the main thread\n");

for (thread = 0; thread < thread_count; thread++)
pthread_join(thread_handles[thread]., NULL);

free(thread handles);
return 0:

Vo /% main =/

oK aEbA%

SOUTHWEST PETROLEUM UNIVERSITY



Hello World! (3)

void *Hello(void#* rank) {
long my_rank = (long) rank: J/+ Use long in case of 64—bit svstem #/

printf("Hello from thread %1d of %d\n", my_rank, thread_count);

return NULL;
V' /% Hello =/

oK aEbA%
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HRi%kPthread f2 7

gcc —g —Wall —o pth_hello pth_hello . ¢ —Ipthread

link in the Pthreads library %

AR
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iz4TPthreadsf&F

./ pth_hello <number of threads>

./ pth_hello 1

Hello from the main thread
Hello from thread O of 1

./ pth_hello 4

Hello from the main thread
Hello from thread O of 4
Hello from thread 1 of 4
Hello from thread 2 of 4
Hello from thread 3 of 4

oK aEbA%
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| BE%H

pthread.h One object for

\ each thread.
pthread t

Int pthread_create (
pthread t* thread p /* out */,

const pthread_attr t* attr p /*in*/,
void* (*start_routine ) (void ) /* in */,
void* arg p/*in*);

AR
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pthread t X%
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o 0T R P I EE AR S RS HRE Y

o H P QAR AN G B DT IR AT T B 23 B O

n SR, PthreadstrififrilEpthread thf 5+ 420

Fi B2 ERE, PIME—HpsiR 5 e e
IHESY
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pthread create(1)

Int pthread_create (
pthread t* thread p /* out */,

const pthread_afttr t* attr p /*in*/,
void* (*start_routine ) (void ) /* in */,
void* arg_p /*in*/) ;

We won’t be using, so we just pass NULL.

Allocate before calling.

oK aEbA%
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pthread create(2)

Int pthread_create (
pthread t* thread p /* out */,

const pthread_afttr t* attr p /*in*/,
void* (*start_routine ) (void ) /* in */,
void* arg_p /*in*/);

Pointer to the argument that should
be passed to the function start_routine.

The function that the thread is to run.

oK aEbA%
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pthread_createE JRIHIB1T I &L

0 J?j_—ﬂ
void* thread function ( void* args p) ;

o Void* F] DL Oy C il 2 o A 2 F et 280,

s [, args_prl LG —AMF15KR, =FIRES —
A Z Mhread function 2 H1H

s J5fUHh, thread functionff)i [BI{E A L2 AL 5 —
ANELZ ME R H1 3R

S

AR
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Thread 0

Main / . ] \

\ ./

Thread 1
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£ AT AR

/+ For each row of A =/

for (i = 0; i < m: i++) {
y[i] = 0.0;:
/* For each element of the row and each element of x =/
for (7 = 0 7 < n: J++)
yIil += A[1][3]+ x[J]:
;
n—1
Vi = Z ij.l:‘j
J=0
XN E B 2
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Using 3 Pthreads

Components
Thread of y
0 y[0], y[1]
| |yl2], yI3] \
2 y[4], y[3]
J10] = 0.0 thread O
for (7 = 0. 7 < n; J++)
/ ylO] += A[O][3]* x[3];
general case
v[i] = 0.0
for (7 = 0: 7 < n: j++)
yli] += A[i][J]*=x[7]]:

AR

SOUTHWEST PETROLEUM UNIVERSITY
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Pthreads%F B4 - 5] & 36

void #Pth_mat_vect(void* rank) |{

long my_rank = (long) rank:

int i, 7:

int local m = m/thread count;

int my first row = my_rank*local _m;

int my_last_row = (my_rank+1)*local m — 1;

for (i = my_first_row; i <= my_last_row; i++) {
v[i] = 0.0;

for (3 = 0: 7 < n: j++)
yli]l += A[i][3]*x[3]:

return NULL:
p /= Pth_mat_vect =«/

oK aEbA%
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[ 1 1 |
91:4(1 + —5+---+(—1)”

double factor = 1.0;
double sum = 0.0;

for (i = 0; 1 < n; i++, factor
sum += factor/(2xi+1);
i

pi = 4.0xsum;

2n+1 .“)

—factor) {

oK aEbA%
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void+ Thread_sum(voids rank) |
long my rank = (long) rank:
double factor:
long long 1i;
long long my_n = n/thread_count;

long long my first i = my_n#my_rank:
long long my_last_i = my_first_i + my_n;
if (ny_first_1i % 2 == 0) /= my_first_i is even =/
factor = 1.0;
else /+« my_first_i is odd =/
factor = —1.0;
for (i = my_first_i; 1 < my_last_i; i++, factor = —factor) {

sum += factor/(2+1+1);

}

return NULL;
/% Thread_sum =/

AR
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o

n

10°

10°

10’

10°

TU

3.14159

3.141593

3.1415927

3.14159265

1 Thread

3.14158

3.141592

3.1415926

3.14159264

2 Threads

3.14158

3.141480

3.1413692

3.14164686

WER, BEANRORI, PR S

R

oK aEbA%
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Time Thread 0 Thread 1
1 Started by main thread
2 Call Compute () Started by main thread
3 Assigny = 1 Call Compute ()
4 Put x=0 and y=1 into registers | Assigny = 2
S Add O and 1 Put x=0 and y=2 into registers
6 Store 1 in memory location x | Add 0 and 2
7 Store 2 in memory location x

oK aEbA%
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o (ESEAFH, SRAREAME A A %A, H
b b, HREIRA SR e, AT

A B TAE.
o (HAZ BT B S B4 IR s T S5 7 B
IETRAT
y = Compute(my_rank):
while (flag != my_rank):
X = X + V.
Flag++: flag initialized to O by main thread

oK aEbA%
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t;%ﬁié}zﬁn KIPthreadsiEF

void+ Thread sum(veids rank)
long my_rank = (long) rank.
double factor:
long long i:
long long my_ n = n/thread count;

long long my first i = my_n#my_rank;

long long my_last_i = my_first_i + my_n:

if (my_first 1 % 2 == 0)
factor = 1.0;

else
factor = —1.0;

for (i = my_first_i; i < my_last_i: i++, factor = —factor) {
while (flag != my_rank):

sum += factor/(2+xi+1);
flag = (flag+1) % thread_count;

return NULL:
} /« Thread_sum +/

oK aEbA%
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It X SR & 7 A0 H R X

void+ Thread_sum(void* rank) {
long my_rank = (long) rank;

double factor, my_sum = 0.0;

long long i;

long long my_n = n/thread_count:

long long nmy_first_i = my_n*my_rank;
long long ny_last_i = my_first_i + my_n:
if (my_first_i % 2 == 0)
factor = 1.0;
else
factor = —1.0;
for (i = my_first_i: 1 < my_last_i:. i++, factor = —factor)

my_sum += factor/(2=xi+1);

while (flag != my_rank):

sum += my_sum;

flag = (flag+1l) % thread_count:

return NULL:
} /% Thread_sum =/

oK aEbA%
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ﬁ?ﬂz N ZIE T X PIEN T, ABElA
i 3EN

» PthreadstriE N B FHefit | —FRpik i) 24y

pthread_mutex_t.

int pthread_mutex_init(
pthread_mutex_t=* mutex_p /% out =/

const pthread_mutexattr_ts* attr_p /¥ in /)

@ % G DA% "
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s YqPthreadstEfF i F=)E, BMNIZA

~

int pthread_mutex_destroy(pthread_mutex_t+ mutex_p /% in/out =/):
= /H s — AR M I )

n N BRI A X I UT 1A, 2 FE 1 A

int pthread_mutex_lock(pthread_mutex_t* mutex_p /x in/out =/):.

s A NEERHIGAX G, EMiZiH

int pthread_mutex_unlock(pthread_mutex_t+ mutex_p /% in/out =*/):

-

@ % G DA% "
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voids Thread sum(void#* rank)
long my_rank = (long) rank.
double factor:
long long i

long long my_ n = n/thread count;
long long my first i = my_n=#=my_rank:
long long my last i = my_first i1 + my_n;

double my_sum = 0.0;:

if (my_first 1 % 2 == 0)
factor = 1.0;
else
factor = —1.0;
for (i = my_first_i; i1 < my_last_i; i++, factor = —factor) {

my_sum += factor/(2xi+1);

}

pthread_mutex_lock(&mutex);
Sum += my_sum,;
pthread_mutex_unlock(&mutex ):

return NULL:
} /+ Thread_sum =/

AR
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1

Threads || Busy-Wait | Mutex

I 2.90 2.90

2 1.45 1.45 T

4 0.73 0.73 Tpara]]e] ~ thread count
3 0.38 0.38

16 0.50 0.38

32 0.80 0.40

64 3.56 0.38

THHETIFRER, EHn=108T0H ,
WEFEER ) R S8 FisATIN [R] (D)

E—NHH 4%

AR
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l

Thread
Time || flag 0 1 2 3 d

0 0 crit sect | busy wait | susp susp susp

1 1 terminate | crit sect susp | busy wait susp

2 2 — terminate susp | busy wait | busy wait
? 2 — — crit sect susp busy wait
N/ A L AV A /3 b Mz > Mz
KAMCSEAE, AT A AR, T

He F R PAT Y

AR
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/¥ n and product_matrix are shared and initialized by the main thread =/

/¥ product_matrix is initialized to be the identity matrix =/
void+ Thread_work(veid+ rank) {

long my_rank = (long) rank:

matrix_t my_mat = Allocate_matrix(n):;

Generate_matrix(my_mat);
pthread_mutex_lock(&mutex):
Multiply_matrix(product_mat, my_mat):
pthread_mutex_unlock(&mutex );
Free_matrix(&my_mat );
return NULL:

} /% Thread_work =/

&féﬂﬁ}b};'g’ 41
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threadsﬁ%lﬁ BRE—M

/+ messages has type char*x*. ‘s allocated in main. =/
/+ Each entry 1is set to Amﬂl,rrz main . x/
void #*Send_msg(void* rank) {
long my_rank = (long) rank:
long dest = (my_rank + 1) % thread_count:
long source = (my_rank + thread_count — 1) % thread_count:

chars my_msg = malloc(MSG_MAX=«sizeof (char)):

sprintf(my_msg, "Hello to %1d from %1d". dest., my_rank):

messages|dest]| = my_msqg:
if (messages|my_rank]| != NULL)

printf("Thread %1d > %s\n"., my_rank, messages|[my_rank]):
else

printf("Thread %1d > No message from %1d\n", my_rank, source);

return NULL:
} /% Send_msg =/

@ % G DA% 2
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. 55 & 2pthread ) —# %, 7 BAEAfE
HE 5 & 1R Pk Sk Sof,

#include <semaphore.h>

int sem init(

sem_t semaphore_p /[ out */,
int shared [ in  x/,
unsigned initial_val [ in  x/);

int sem_destroy(sem_t+ semaphore_p /x in/out =/).
int sem_post(sem_tx* semaphore_p /% in/out =/);
int sem wait(sem t=* semaphore_p /% in/out =/):

oK aEbA%
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/¥ Shared =/
double elapsed_time;

41

/% Private x/
double my_start, my_finish, my_elapsed:

synchronize threads;
Store current time 1n my_start:
/¥ Execute timed code x/

Store current time 1in my_finish;

my_elapsed = my_finish — my_start;

elapsed = Maximum of my_elapsed values;

AR

SOUTHWEST PETROLEUM UNIVERSITY
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point 1n program we want to reach;

barrier;

if (my_rank == 0) {
printf("All threads reached this point\n");
fflush(stdout );

oK aEbA%
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m r ﬁ‘ : A
/* Shared and initialized by the main thread =/

int counter: /x Initialize to 0 x/
int thread count: é’—_—\>

pthread_mutex_t barrier_mutex; B — B e SL ) 7 B —
MR E, A0
AT BE R A

voidx Thread_work (. . .) {

/x Barrier =/

pthread_mutex_lock(&barrier_mutex);
counter ++;

pthread_mutex_unlock(&barrier_mutex);
while (counter < thread_count);:

h

AR
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/% Shared variables =%/

int counter; /= Initialize to 0 =/
sem_t count sem; /= Initialize to 1 =/
sem_ t barrier sem:; /% Initialize to 0 =/

void* Thread_work (...) {

/* Barrier =/

sem wait(&count sem);

if (counter == thread_count—1) {
counter = 0;
sem_post(&count_sem);
for (j = 0: j < thread_count —1; j++)

sem_post(&barrier_sem);

} else {
counter++;
sem_post(&count_sem);
sem_walt(&barrier sem);

oK aEbA%
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lock mutex;

if condition has occurred
signal thread(s);

else {
unlock the mutex and block;
[+ when thread 15 unblocked,

}

unlock mutex:

murex

1s relocked

*/

oK aEbA%
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int counter = 0;
pthread mutex_t mutex;
pthread_cond_t cond_var;

void* Thread work(. . .) {

/* Barrier «/

pthread _mutex_ lock(&mutex);
counter++,

if (counter == thread_count) {
counter = 0;
pthread cond_broadcast(&cond_var);
} else {
while (pthread_cond_wait(&cond_var, &mutex) != 0);

}

pthread_mutex_unlock(&mutex);

oK aEbA%
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=Member. Insert fil Delete.
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head p

struct list_node_s {
int data:
struct list node s*x next:

@ % G DA% ”
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R FIMember e E(

Member(int value., struct list_node_s#* head_p) {
struct list_node_s#* curr_p = head_p:

int

while (curr_p != NULL && curr_p—>data < value)

curr_p = curr_p—next;

if (curr_p == NULL || curr_p—>data > value) {
return 0;

} else {
return 1[;

;
} /% Member =/

oK aEbA%
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pred_p curr_p
head p| ——— 2 — 5 ——={ 8
R
W
temp_p 7

oK aEbA%
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int Insert(int wvalu
struct list _node

struct list _node
struct list node

while (curr_p !=
pred_p = curr

A—HE R

e, struct list_node_sx*%x head_pp) |
_S5% curr_p = =*head_pp:

_s#% pred_p = NULL;

_8%+ temp_p:

NULL && curr_p—>data < value) {
P

Curr_p = curr_p—next:

}

if (curr_p == NU
temp_p = mall
temp_p—>data
temp_p—>next
if (pred_p ==
+head_pp =
else
pred_p—>ne
return 1;
b oelse { /+ Valu
return 0O;
f

b /% Insert «/

LL || curr_p—>data > value) |
oc(sizeof (struct list _node_s));
= value:
= Ccurr_p:
NULL) /+ New first node =/
Cemp_p:

Xt = temp_p:;

e already in list =/

oK aEbA%
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head p| —F——> 2 ———

pred_p curr_p

AR
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int Delete(int value, struct list_node_s+*% head_pp) {
struct list_node_s#* curr_p = #*head_pp;
struct list_node_s#* pred_p = NULL:

while (curr_p != NULL && curr_p—>data < value) {
pred_p = curr_p;
CUrr_p = cCurr_p-—hext:

f

if (curr_p != NULL && curr_p—>data == value) {
if (pred_p == NULL) { /« Deleting first node in

+head_pp = curr_p—>next;
free(curr_p);

b else |
pred_p—>next = curr_p—>next:
free(curr_p);

|

return 1:

b else | /« Value isn’t in list =/
return 0O;

f
b/« Delete +/

list

4/

oK aEbA%
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Thread O:
curr_p
head_p > 2 > 5
7 \
Thread 1: Thread 1:
pred_p Curr_p

AR
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s MR W TT S 2 L A2l B T A
HER HI SN .
n X =AREM T EMH L F=IR.
Pthread mutex_lock(&list_mutex):

Member (value);
Pthread mutex unlock(&list mutex);:

¥ Member(value) HiH A .

AV ELEX o

TTTTTTTTTTTTTTTTTTTTTTTTTTTT



1 IR [
 SATBH 71 BER

o UM ERFRATTR B2 1 e 40 R 22 B0 T A
Member, AT 5 22 7R FEATHERIHLL:

n U7, AR EE R B K 2 Hl e X

Insert i1 Delete Wi, APAIXA]HEE B

ZHCEI’JﬁfHJ%ﬁﬁ, *ﬁﬁ%é&ﬁ’]ﬁ'&ﬂ"ﬁ%‘ﬁﬁﬁﬁcﬁ
17947, T XA TT AR 23 52

@ % G DA% cs

TTTTTTTTTTTTTTTTTTTTTTTTTTTT



BRRTR #2
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struct list_node_s {
int data:
struct list node s* next:
pthread_mutex_t mutex,;
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BNMNERG R HE N ERFRERNHELIMember B3 (1)

int Member(int value) {
struct list_node_s#* temp_p:

pthread_mutex_lock(&head_p_mutex):

temp_p = head_p:

while (temp_p != NULL && temp_p—>data < value) {
if (temp_p—>next != NULL)

pthread_mutex_lock(&(temp_p—>next—>mutex));

if (temp_p == head_p)

pthread_mutex_unlock(&head_p_mutex):
pthread_mutex_unlock(&(temp_p—>mutex)):
temp_p = temp_p—>next:

oK aEbA%
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BNMNERGE R HE - NERFRERNHELIMember B3 (2)

if (temp_p == NULL || temp_p—>data > value) {
if (temp_p == head_p)
pthread _mutex_unlock(&head_p_mutex):
if (temp_p != NULL)
pthread _mutex_unlock(&(temp_p—>mutex)):
return 0;
} else {
if (temp_p == head_p)

pthread_mutex_unlock(&head_p_mutex):
pthread_mutex_unlock(&(temp_p—>mutex)):
return |1[;

)
} /% Member =/
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pthread_rwlock_rdlock(&rwlock):
Member(value );
pthread_rwlock_unlock(&rwlock):

pthread_rwlock_wrlock(&rwlock):
Insert(value);
pthread_rwlock_unlock(&rwlock):

pthread_rwlock_wrlock(&rwlock):
Delete(value);
pthread_rwlock_unlock(&rwlock):
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Number of Threads

Implementation I 2 4 8

Read-Write Locks 0.213 | 0.123 ] 0.098 | O.115
One Mutex for Entire List || 0.211 | 0.450 | 0.385 | 0.457
One Mutex per Node 1.680 | 5.700 | 3.450 | 2.700

100,000 ops/thread
99.9% Member
0.05% Insert
0.05% Delete

oK aEbA%

SOUTHWEST PETROLEUM UNIVERSITY

75



L A FEISEIT REIPERE

Number of Threads

Implementation I 2 4 8

Read-Write Locks 248 | 497 | 469 | 4.71
One Mutex for Entire List || 2.50 | 5.13 | 5.04 | 5.11
One Mutex per Node 12.00 | 29.60 | 17.00 | 12.00

100,000 ops/thread
80% Member

10% Insert
10% Delete
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Pthreads#b - [n &3

void *Pth_mat_vect(voidx rank) {

long my_rank = (long) rank:

int i, 7:

int local m = m/thread count

int my_first_row = my_rankx*local_m;

int my_last_row = (my_rank+Il)xlocal_m — 1;

for (i = my_first_row: i <= my_last_row: i++) {
y[i] = 0.0;

for (7 = 0; 7 < n: j++)
yl[i] += A[1][3]*x[]]:

j

return NULL:
V' /= Pth_mat_vect =/
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A . N Yo | s
¥ B - 7] B 3 v ) da AT I TR R 3 2R
Matrix Dimension
8,000,000 x 8 | 8000 x 8000 | 8 x &,000,000
Threads || Time Eft. | Time Eft. | Time Eft.
] 0.393 | 1.000 | 0.345 | 1.000 | 0.441 1.000
2 0217 | 0.906 | 0.188 | 0.918 | 0.300 | 0.735
4 0.139 | 0.707 | 0.115 | 0.750 | 0.388 | 0.290
(B 1) AR 4 BT
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Example
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m SF—IKA

TR 1Y) AR

s FATHIB T F
Salk

n X T )5E

char+ strtok(
char=*

const char=

strtok PRA%X

1B, stringZE N 1Z e 4

3

1R (THI.

fopss
55— NZE N 1ZENULL.

string /% in/out =/,
separators /% iIn /).

AR
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strtok PRA%X
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| Z R E AR

void *Tokenize(void+ rank) {
long my_rank (long) rank:
int count:
int next (my_rank +
char *fg_rv:
char my_line[MAX]:
char *my_string:

sem_wait(&sems[my_rank]);
fg_rv fgets(my_line, MAX,
sem_post(&sems|[next |);
while (fg_rv != NULL) {

printf("Thread %1d > my line

— AR (1)

1) % thread_count;

stdin):

$s", my_rank,

my_line):

oK aEbA%
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| SR FEFRIE —NRA(2)

count = 0;
my_string = strtok(my_line, "™ \t\n"):
while ( my_string != NULL ) {
count ++;
printf("Thread %1d > string %d = %s\n", my_rank, count,
my_string).
my_string = strtok(NULL, " \t\n"):

}

sem_walt(&sems|[my_rank]):
fg_ rv = fgets(my_line, MAX. stdin):
sem_post(&sems|[next |);

}

return NULL:
} /x Tokenize =/
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n UGBS S AL REAT 40 1]

Pease porridge hot.
Pease porridge cold.
Pease porridge In the pot
Nine days old.
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RN EREEAT

Thread 0 > my line = Pease porridge hot.
Thread 0 > string 1 = Pease

Thread 0 > string 2 = porridge

Thread 0 > string 3 = hot.

Thread 1 > my line = Pease porridge cold.
Thread 0 > my line = Pease porridge in the pot
Thread 0 > string 1 = Pease

Thread 0 > string 2 = porridge

Thread 0 > string 3 = 1in OOpS!
Thread 0 > string 4 = the

Thread 0 > string 5 = pot

Thread 1 > string 1 = Pease

Thread 1 > my line Nine days old.

Thread 1 > string 1 = Nine

Thread 1 > string 2 = days

Thread 1 > string 3 = old.

AR

SOUTHWEST PETROLEUM UNIVERSITY

90



A/ CIE N

» Strtokillif 74 ] —Storge & (i A AL KK
SR NAT I A7

n XK SRR
iz EFIES — IR E

N Z_\A:‘:I%‘E/tji%y

MK ZIR], A7

AR

AN EALAT HY o

au
Pl
Lt
/T
Sl
o

H ) AT E

AR

TTTTTTTTTTTTTTTTTTTTTTTTTTTT

91



E /. [a] EH?

-

O klﬂfn éj%%%o_iﬁﬂ

F 24T W AT .

ift, Bian | JRSRZFEL Hstrto

strtok X 4 A 1Y 56

L3 TIHT

RPN

s Ak, striokp A e el R X

AN AL R BF

1, FH

A HEAN L

T

oK aEbA%

TTTTTTTTTTTTTTTTTTTTTTTTTTTT

92



| FAA 2P HICEE R A

o PR TE, X T ChREE BRI, ZRFEA

‘g e L .
n stdlib.h 1) FEALEC A Bi#s B 2 random.
n time.h " { I [8] 7 30 pf 2 localtime
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chars strtok r(

char string /[ in/out */
const charx separators, /% in x/
char xx saveptr_p /[ in/out */);
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