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2. OpenMP

SMP
CC-NUMA DSM
OpenMP
OpenMP
OpenMP C/C++/Fortran
C
#include <stdio.h>
int ,n=100,2um; _
woid main O
#praema omp for reduction{:sum) private{i}
fordi=1 ;1= n; i++}
UM = sUum + |
return = 0;
1
C #pragma omp
for
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2.1
OpenMP
OpenMP fork-join

master

|
[ #pragma omp }
fork

master slave slave2 slave3

join | | |

master

#pragma omp

fork

join
join
OpenMP



2.2

OpenMP OpenMP
221
C/C++
#pragma omp parallel [clause]...
fork-join
master
master
222
OpenMP
1
C/C++
for #pragma omp for [clause]
sections #pragma omp sections [clause]
single #pragma omp single [clause]
for
for




#pragma omp for [clause]

for

4 for

for
for

sections
sections

#pargma omp sections [clause]

O 4

5 sections

Sections

single
single master
single



2.23

2
critical #pragma omp critical
atomic #pragma omp atomic | critical
omp_set_lock() lock
library omp_set_unlock()
barrier #pragma omp barrier
ordered #pragma omp ordered
master #pragma omp master
OpenMP
2.3
(clause)
private
shared default shared
reduction
firstprivate | private
lastprivate | private




reduction

date race
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#pragma omp parallel

U

U U

private

reduction

8
OpenMP
33.1
#pragma omp parallel
omp_get_num_threads
omp_set_num _threads
ID ID

9

OpenMP "#pragma omp parallel ”

omp_set_num_threads()
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OpenMP



3.3.2

10

for

#pragma omp for

for
for(i = 1;i <=100;i++)
i=1 i =50
:> i=51 i =100
sections
#pragma omp sections
{
#pragma omp section
{ )| =
#pragma omp section
{ } I:|'>
}
10
for
for
for
T _NUM = (master /IN) T_NUM+
T _NUM = (master IN) (T_NUM+ )
N T_NUM ID
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sections

3.3.3
OpenMP
shared
shared (X)
Ko x | I
X
private
private(X)
X x | >
X2
reduction
reduction (+:sum)
1
sam |—> sum = suml + sum2
sum2
11
shared
MAU
private
reduction reduction
private
reduction
34
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34.1

1 100
PE1 PEZ PE4
time
master slawel slave 2 slawe 2
Bj tj BS tj
L - l
_ . g2 = a2 + B
s1 = :“1 A . s3=s3+0C
: sd = g4 + D
n“uFrE M
NP RU P EHAG
sync1 _FTER
reduction {+:5) = =
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reduction private
MAU
3.4.2
2281 AbzFID=0HFE 2| PE1 PEZ PE3 PE4
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PE

3.5
default
critical #pragma omp critical |:> MAU
atomic #pragma omp atomic
barrier #pragma omp barrier |:>
master #pragma omp master |:|'> master
14
default barrier
MAU MAU
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15 SMP

UMA uniform memory access

NUMA non-uniform memory access

UMA NUMA /

SMP UMA NUMA

16



(b)A,B
read

/|

"
® ®

L.

I (d)B

16

SNON

17



NUMA(cache-coherent NUMA)

COMA(cache only memory architecture)

4.2

CcC
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SMP
MAU CC-NUMA MAU
FPGA 1FPGA FPGA
FPGA
RAM SMP
MAU MAU
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FPGA RAM
FPGA
RAM RAM

CC NUMA MAU CC NUMA
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Data Data Data
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MAU
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4.3
FPGA

FPGA

M

- FPGA SelectRAM

18

FPGA FPGA
SelectRAM MAU

and
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FPGA SelectRAM
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