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= MP = multiprocessing
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CPU
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CPU

CPU
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CPU
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Pragmas
n FEOR I TIAL FE 454

 JHEBINB RGN L RN E T EAC

RN A
o AT Frpragmasi g i s = 2B EA.

#pragma
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#include <stdio.h>
memmmesm #Finclude <stdlib . h>
#include <omp.h>

void Hello(veid); /x Thread function =/

int main(int argc, charx zargv[]) {

/¥ Get number of threads from command line =/
int thread count = strtol(argv|[1l], NULL, 10);

# pragma omp parallel num_threads(thread_count)
Hello ():

return 0;
b /% main %/

void Hello(veid) {
int my_rank = omp_get_thread_num();
int thread count = omp_get_num_threads ();

printf("Hello from thread %d of %d\n", my_rank,

} /% Hello */

thread count);

oK aEbA%
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gcc —g —Wall —-fopenmp -0 omp hello omp hello . c

./ omp_hello 4 L
compiling

L running with 4 threads

Hello from thread O of 4 possible \ Hello from thread 3 of 4

Hello from thread 1 of 4 — outcomes

Hello f hread 2 of 4 Hello from thread 1 of 4
ello from threa 0 l Hello from thread 2 of 4

Hello from thread 3 of 4 Hello from thread 1 of 4 Hello from thread 0 of 4

Hello from thread 2 of 4
Hello from thread O of 4
Hello from thread 3 of 4

AR
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OpenMP pragmas

= # pragma omp parallel

n H IR AN parallel 154
o ST GRS B AR B I 1T I RS E .

AR
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Thread

s/ L
\ A

Thread
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B 7

n TR)e BRI TR 2 1 SUA.
= num_threads 7 a)¥s N %] parallel 15§41

o JUVFRESF R 45 € PATAUIS BRI ZERE AL

# pragma omp parallel num_threads ( thread count)

@ % G DA% "
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| REgRPE: DUBHYRiIFSRA T HOpenMP

# include <omp.h>

N

#ifdef OPENMP
# Include <omp.h>
#endif

@b b A ¥ -
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| kgEE: AP gRFERA X REOpenMP

# ifdef _ OPENMP

Int my_rank = omp_get _thread num ();

Int thread_count = omp_get_num_threads ();
# else

Int my_rank = 0O;

Int thread _count = 1;
# endif

AV ELEX 14
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E/AA i

/x Input: a, b, n x/
h = (b—-a)/n;:
approx = (f(a) + £(b))/2.0;
for (i = 1; i <= n—1; i++) {
X 1 = a + 1xh;:
approx += f(x_1i);

;

APProx = hxapprox;

AR

SOUTHWEST PETROLEUM UNIVERSITY



BH—A OpenMP kA

m 1) RS T 55
= Q) BANER I AR BT
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Thread O

/

N

MY 5N W s

Thread 2

A 7 A 7l S
2 [/ \ /b X
Thread 1 Thread 3
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-

Time Thread 0 Thread 1
0 global_result = 0 to register finish my_result
1 my_result = 1 toregister global _result = 0 to register
2 add my_result to global_result | my_result = 2 toregister
3 store global_result =1 add my_result to global_result
4 store global_result = 2

S (EE A ZRFE I
SN AT FHI ) 45 2R

S

AN AT, R

global result += my result ;

&
X F

AR

SOUTHWEST PETROLEUM UNIVERSITY

20




1))
=K

# pragma omp critical
global result += my result ;

— AR N ERFE AT R I S5 R A CRY

oK aEbA%
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#include <stdio.h>
memm#Finclude <stdlib.h>
#include <omp.h>

void Trazp(double a2, double b, int n., doublex global result_p):

int main(int argc, charx argv[]) {

double global result = 0.0: /% Store result in global_result =/
double a, b: /¥ Left and right endpoints */
int n; /¥ Total number of trapezoids */
int thread_ count;
thread_count = strtol(argv[1l], NULL, 10);
printf("Enter a, b, and n\n");
scanf("%1f %1f %d", &a, &b, &n);

# pragma omp parallel num_threads(thread_count)
Trap(a, b, n, &global_result);
printf("With n = %d trapezoids, our estimate\n", n);
printf("of the integral from %f to %f = %.14e\n",

a, b, global_result);

return 0;

b /% main =/

f; ‘%)[’ 7"‘1’7‘; ’gj 22
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void Trap(double z, double b, int n, doublex global_result_p) {
—— double h, x, my_result;

double local a, local b;

int i, local n;

int my_rank = omp_get_thread_num();

int thread count = omp_get num_threads ();

h = (b—a)/n;
local n = n/fthread_count;
local_a = a + my_rank#local n%h;

local b = local a + local n#*h;
my_result = (f(local_a) + f(local_b))/2.0;
for (i = 1; 1 <= local_n—1; i++) {
X = local a + 1i=#h;
my_result += f(x);
}
my_result = my_resultx*h;
# pragma omp critical

*global_result_p += my_result;
Y./ Trap =/

oK aEbA%
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BT EE— DR IRIRAS R R AR B i
#E %) global result.

void Trap(double a. double b, int n, doublex glcbal_ result_p):

FATAT FE AT T PR e R

double Trap(double a, double b, int n);

.

global_result = Trap(a, b, n):

AR

SOUTHWEST PETROLEUM UNIVERSITY



IRRBATTZFEEH], mliseAT!

mA X

double Local_trap(double z, double b, int n);

WHRBATXFEBUCE. ..

global result = 0.0;
# pragma omp parallel num_threads(thread_count)

{
# pragma omp critical
global result += Local trap(double a. double b. int n):

}
L BRATT R SR ALY AT

AR

SOUTHWEST PETROLEUM UNIVERSITY



AT LLE L 7E parallel B 7 B — N FA A AR &
W1l T X 4% 20 bR Z0A FH 2 )5 SRkt 53X A ] .

global result = 0.0;
# pragma omp parallel num_threads(thread_count)

{

double my_result = 0.0; /* private =/

my_result += Local_trap(double z, double b, int n);
# pragma omp critical
global_result += my_result;

AR
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o ML) E M E G ERAESUF S, N A
A2 E T SRS S 45 R T 5

o T A B0 v E) 45 B N AZ ARG LE [A]— A
= IHA) A

@ % G DA% 2

TTTTTTTTTTTTTTTTTTTTTTTTTTTT



#

A2y 4] A LS N2

parallel 54,

reduction(<operator >: <variable list>)

global _result = 0.0;
pragma omp parallel

+1 *1 B &, |a Aa &&: ||

num_threads(thread_count)

reduction(+: global_result)
global result 4= Local trap(double z, double b,

int n);

AR
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Paralle

| for

IS 7ey SARTIEN:

u ?‘j\%ﬁﬁa
WA

o JEOL, 1

harallel forfg 4
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parallel forfg %, R EL
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1) 45 R A AR B

[R5 R A AR B

REZ BRI A AR AT Hefor g 34,
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h = (b—a)/n:

approx = (f(a) + £(b))/2.0;

for (i = 1; 1 <= n—1; i++)
approx += f(a + ix*h);

approx = h*xapprox;

h = (b—a)/n;
approx = (f(a) + £(b))/2.0;
# pragma omp parallel for num_threads(thread_count)
reduction(+: approx)
for (i = 1; 1 <= n—1; i++)
approx += f(a + ix*h);
approx = h*xapprox;

AR
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| A HATALRY for iEERIIEERIES

( index++ \
++index
index < end 1ndex——
index <= end ——-1ndex
for | index = start :; index >»>= end ; index += incr
index > end index -= incr
index = index + incr
index = incr + 1ndex

\ index = index - incr )

oK aEbA%
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fibo[ 0 ] = fibo[ 1] = 1;
for 1 = 2; 1 < n; it+)
fibo[1] = fibo[1—1 ]

+ fibo[i—2];

note 2 threads

fibo[ 0] = fibo[1] = 1; z///

# pragma omp parallel for num_threads(2)
for 1 = 2; 1 < n; it++)
fibo[i] = fibo[i—1 ]+ fibo[i—2|;

l but sometimes
we get this
11235813213455 \
this is correct 1123580000

oK aEbA%
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s OpenMP%iPEs Ak & f parallel for 154
FEAT A BAE 0 P B 2 B AR AR TR MO R &R S ﬁ‘ﬁ
%E/%J\ﬂ% %Uﬁjﬂﬁ@z%ﬁ%%

n — P EE NSRS R T HAmIE AT G 2R
, A ﬁa%ﬁOpenMPLJﬁ%i FATH
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| DT

N = (—1)F
— 4 —— - 4| =4y
" { 375 7" P2y

double factor = 1.0;

double sum = 0.0;

for (k = 0; k < n: k++) {
sum += factor/(2xk+1);
factor = —factor:

;

pl_approx 4.0%sum:

oK aEbA%
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OpenMP solution #1

(FENIR VT

double factor = 1.
double sum = 0.0;
# pragma omp parall
reduction(+:
for (k = 0: k
sum += factor/(2xk+1):
factor = —factor:

pi_approx = 4.0%sum;

AR

SOUTHWEST PETROLEUM UNIVERSITY
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OpenMP solution #2

double sum = 0.0;
# pragma omp parallel for num_threads(thread_count) \
reduction(+:sum) private(factor)

for (k = 0: k < n: k++) {
if (k % 2 == 0)
1.0;

factor =

else fRUE factor B FAA 1F 15k

factor = —1.0;
sum += factor/(2xk+1):

@ % G DA% "
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default FH]
o AR F L4 e B BN AR = AR FH

B default(none)

= [

3@%

RXASTA), gwmiEas R ZOR P 4R
BEANAZ S HIAE R E 2 EBLZ /b

EOES

e P 25 B F 1 i 35

FEALER
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default F5]

double sum = 0.0;

# pragma omp parallel for num_threads(thread_count) \
default (none) reduction(+:sum) private(k, factor) \
shared(n)

for (k = 0; k < n; k++) {
if (k% 2 == 0)
factor = 1.0;
else
factor = —1.0;
sum += factor/(2+xk+1);

AR

SOUTHWEST PETROLEUM UNIVERSITY

45



B L2k TOPENMPRITEH - HEFF

@ %G DA R

TTTTTTTTTTTTTTTTTTTTTTTTTTTT

46



= s HE R

for (list_length = n: list_length >= 2;
for (i = 0; i < list_length—1; i++)
if (a[i] > a[i+1]) {
tmp = ali]:
ali] = a[i+1]:
ali+l] = tmp: &)

list_length——)

oK aEbA%
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| AT EEIRAY

for (phase = 0: phase < n. phase++)
if (phase % 2 == 0)
for (i = 1; i < n: 1 += 2)
if (ali—1] > ali]) Swap(&ali—I1].&a[i]):

else
for (i =1; 1 < n—1; 1 += 2)

if (a[i] = ali+1]) Swap(&a[i], &a[i+1]):

oK aEbA%
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| BT AR S

Subscript in Array

Phase || 0 ] 2 3
0 9 — 7 8 «— 06

7 9 6 8

I 7 9 — 6 8

7 6 9 8

2 7T — 6 9 — 8

6 7 8 9

3 6 7 < 8 9

6 7 8 9

oK aEbA%
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E—> OpenMP HFEHEF

for (phase = 0; phase < n; phase++) {

if (phase % 2 == 0)
# pragma omp parallel for num_threads(thread_count)

default(none) shared(a, n) private(i, tmp)
for (i = 1; i <n; 1 +4= 2) {
if (a[i—1] > a[i]) {
tmp = ali—1];
ali—1] = a[1i]:

ali] = tmp:
}
}
else
# pragma omp parallel for num_threads(thread_count)

default(none) shared(a, n) private(i, tmp)
for (i = 1; 1 < n—-1; 1 += 2) {
if (a[i] > a[i+1]) {
tmp = ali+1];
ali+l] = ali];
ali] = tmp;

}

oK aEbA%
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B — 1 OpenMP HHHER

# pragma omp parallel num_threads(thread_count) \
default(none) shared(a, n) private(i. tmp. phase)
for (phase = 0; phase < n:; phase++) {
if (phase % 2 == 0)
# pragma omp for
for (i = 1; 1 < n; 1 += 2) {
it (a[i—-1] > al[i]) {
tmp = ali—1]:
ali—=1] = alil];
ali] = tmp;

}
}
else
# pragma omp for

for (i = 1; i <n-1; i += 2) {
if (ali] > a[i+1]) {
tmp = ali+1];
ali+l] = alil];
ali] = tmp;

}

oK aEbA%
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H Wi 2k parallel forif #) sl 2% for & F)ia 4T w8 A U I ]

(FAf7: FP)
thread_count I 2 3
Two parallel for directives || 0.770 | 0.453 | 0.358 | 0.305
Two for directives 0.732 1 0.376 | 0.294 | 0.239

Y LY.
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WA E AT X NEIA. sum = 0.0,

for (i = 0; 1 <=
sum += f(1):

Thread

[terations

0, n/t, 2njt, ...

L, n/t+1,2n/t+1, ...

t—1, n/t+t—1,2n/t+1t—1, ...

{3 A R 7070 B AT 55

oK aEbA%
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double f(int 1) {

int j, start = ix(i+1)/2, finish =

double return val = 0.0;

for (j = start; j <= finish;

return_val += sin(7j):

h
return return val:
|V Y

PR T B E X

Jj++) |

start + 1:

AR
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n f(i) A HSINBRZL | IX.
n R BEFATT(21) RIS TR] R 240 2 $ATR(0) P T[] )

Pt
= N =10,000
R

o BT H] = 3.67 7).

oK aEbA% -

TTTTTTTTTTTTTTTTTTTTTTTTTTTT



Lt %
= N =10,000
n LR
s SR T
o IZATHYE] = 2.76 #b
o fIEEE = 1.33
= n=10,000
o PN ER
R
n IZ1THI[H] = 1.84 #
n L =1.99
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Schedule F4]
n A

sum = 0.0;
# pragma omp parallel for num_threads(thread_count) |\
reduction(+:sum)
for (i = 0; 1 <= n: 1++)

sum += f(1i);

n I

sum = 0.0;
# pragma omp parallel for num_threads(thread_count) \
reduction(+:sum) schedule(static ,1)
for (i = 0; 1 <= n: 1i++)

sum += f(i);

@ % G DA% %
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schedule (type, chunksize)

s Type A L& MAIMER—:
» static A BE MG TAT 2 73 Bl 45 2R FE.
= dynamic or guided:i& A RAETEIA AT, #53C
2o LR AR,
s AUtO: 2 PEER AL AT R gu e A E 73k,
n runtime: il B2 EIB 1T E
= chunksize & — > 1IE#44.

@ % G DA% "
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schedule (static, 1)

Thread O :
Thread 1 :
Thread 2 :

0,3.6,9
1,4.7.10
2.5.8.11

AR
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Static 8E 2%

schedule (static, 2)

Thread O: 0,1,6.7
Thread 1: 2,3.8.,9
Thread 2: 4.,5,10,11

AR
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Static 8E 2%

schedule(static, 4)

Thread O: 0,1,2.3
IThread 1: 4.5.6.7
Thread 2: 8,9,10.11

AR
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Dynamic 1 E2R%E

o LI 77 AL chunksize 7 f.éibl_ﬁﬂ’ﬂﬁ%

n B HAT — D, H— RS
L, bMiﬁﬁ%%wXﬁﬁAﬁ

o FFEEFBIETE Bﬁl%ﬁm)ﬁz

a chunksize 7] DL 285 . 4E 1S BB,
chunksize H~1.

&;%)[1}‘&77‘;«;‘ 63
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Guided if§ fFR%I

o

RIS, ERiER TR

n X1, fE guided WS, ZELTERT,

B RN RS
s WIS E A TR Echunksize, MHLH) k7,
s TIEFE%E T chunksize, A4 HLIK7

+chunksize.

VAL

VI A2

chunksize, [& J &g —THp) R/ NA] BN

o BEPLFEMAT B, B ERE R
E
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% R guided 7 A AN 2R FE 43 FCAR TR AR 70 VA 1) 1-9999 kAR .

Thread Chunk Size of Chunk | Remaining Iterations
0 1 — 5000 5000 4999
1 5001 - 7500 2500 2499
1 7501 — 8750 1250 1249
1 8751 — 9375 625 624
0 9376 — 9687 312 312
1 9688 — 9843 156 156
0 9844 — 9921 78 78
1 9922 — 9960 39 39
1 9961 — 9980 20 19
1 9981 — 9990 10 9
1 9991 — 9995 5 4
0 9996 — 9997 2 2
1 9998 — 9998 I |
0 9999 — 9999 I 0

AR
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Runtime 7 ERA
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ynamiczkguidedif,

_—a ) —=

BY A
K ATAR]
5 R FH 1 1E

oK aEbA%

TTTTTTTTTTTTTTTTTTTTTTTTTTTT

66



l

&

O O

EFEERE R

AR

TTTTTTTTTTTTTTTTTTTTTTTTTTTT

67



1 B

-méAm%ﬁﬁ nft), AT AR R R e T
PEERHAT A HH 28 HIH R, PASIHE G =R

JeVH A
.%ﬁ%%%ﬁﬁﬂﬁﬁm%ﬁﬁ‘%ﬁﬁ%

o Bt EBCRATE LA <A AL
T G

E PR R ] e “F* S E R

n JHE %?ﬂzﬂ B A A BT IR SR

K “YHIR” f%

]I\P

\I

é?ﬁ()[::‘-‘bfwg’ o8

TTTTTTTTTTTTTTTTTTTTTTTTTTTT



o FENEAEE AT DA — MR E R BRI,
—NERREEE N AN CRIRHE HT
, B LLRH S B iR BA A R

n —NEREZRIGHER, JFEMNERIHE RS
DS R E P
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JTID

for (sent_msgs = 0; sent_msgs < send_max; sent_msgs++) {
Send_msqg();

Try_receive ();

while (!Done())
Try_receive ():

oK aEbA%
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mesqg = random();:
dest = random() % thread_count;
# pragma omp critical
Enqueue (queue, dest, my_rank, mesqg);

AR
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if (gqueue_size == 0) return:
else iIf (gqueue_size == 1)
# pragma omp critical
Dequeue (queue, &src, &mesqg);
else

Dequeue (queue, &src, &mesqg):
Print_message(src, mesg);
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queue_size = enqueued - dequeued;

1f (queue_size == 0 && done_sending == thread_count)
return TRUE;

else
return FALSE;

BEA SRR 58 e HIfor i 34 Ja 18 ik 4>
{1
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# pragma omp barrier
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Atomic f] (1)

s Scriticaligs & AN A, B RBELRT

I'I'I'IJ

LANCIR

L 0 T PR I X

# pragma omp atomic

o S0OL, ZTERRJIZEAT LR A

X <op>= <expression >;
X++;
++X ;
X——;
— X
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Atomic FH](2)
s X H <op> A PLE& DL MMEE I —nERERT

+'! *3 _'! /’3 &3 A'! ‘ * <<3 Or >>
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oy 73 X

» OpenMPIEML [ [A]1lfn L4528 0 44 PR B s 1

# pragma omp critical(name)

s YIRATXFEMIE 5, A A R LTI
critical 5% Prfr BIAAS 7] LIRS

AN

N

Hrg, ARertdmiEdlfer

|75 B P AT I AR -

AT

B . IRk

1Y B4R, critical
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L ocks

/x Executed by one thread x/
Initialize the lock data structure:

/x Executed by multiple threads x/

Attempt to lock or set the lock data structure;
Critical section:

Unlock or unset the lock data structure:;:

/x Executed by one thread x/
Destroy the lock data structure;
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cue(g_p, my_rank, mesqg):

/¥ q_p = msg_queues[dest] x/
omp_set_lock(&g p—>lock);
Enqueue(g_p, my_rank, mesqg);
omp_unset_lock(&g_p—>lock);
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cue(qg_p, &src, &mesqg);

/¥ qg_p = msg_queues[my_rank]| x/
omp_set_lock(&qg_p—>lock):
Dequeue(qg_p, &src, &mesqg):
omp_unset_lock(&g_p—>lock);
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Matrix-vector multiplication

Vi = djpXo +dj1X1 + - +dip—1Xn—1

doo do1 | don—1 Yo
aio ail | dln—1 X0 V1
X1
aio dil o dip—1 L Vi = djoXo + dj1 X1+ dip—1Xp—1
Xn—1
Um—1,0 | dm—1,1 | " | Um—1,n—1 VYm—1
for (i = 0: 1 < m: i++) {
y[i] = 0.0:
for (7 = 0: §J < n: j++)
yli] += A[1][J]*x[]]
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Matrix-vector multiplication

!

num_threads (thread_count)
7) shared(A, x, y, m, n)

# pragma omp parallel for
default(none) private(i,

for (i = 0; 1 < m; i++) {
y[i] = 0.0;
for (7 = 0: § < n: J++)

y[i] += A[L1][JI*x[]]:

- [71) B 3Ry R A AT IS [R] AN 43R (IS [8] LA D AL )

Matrix Dimension
8,000,000 x 8 | 8000 x 8000 | 8 x 8,000,000
Threads || Time Eff. | Time Eff. | Time Efft.
1 0.322 | 1.000 | 0.264 | 1.000 | 0.333 | 1.000
2 0.219 | 0.735 | 0.189 | 0.698 | 0.300 | 0.555
4 0.141 | 0571 | 0.119 | 0.555 | 0.303 | 0.275
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void Tokenize(

char+ lines]|] /¥ in/out +/,
— . , :

int line count /% 0N +/

int thread count /% in /)

int my_rank, i. 7J:
char #my_token:

# pragma omp parallel num_threads(thread_count)

{

Sy e ee ol

4

\
s

i,

lines[i]);

$s\n"., my_rank. j, my_token);

default(none) private(my rank, i, j. my_token)
shared(lines, line_count)
{
my_rank = omp_get_thread num();
# pragma omp for schedule (static . 1)
for (i = 0; i < line_count; i++) {
printf("Thread $d > line %d = %s", my_rank.
i = 0:
my_ token = strtok(lines[i], "™ \t\n");
while ( my_token != NULL ) {
printf("Thread %d > token %d =
my_token = strtok(NULL, " \t\n");
J++;

1
} /x for i x/
} /+ omp parallel =/

} /= Tokenize «/
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