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#pragma xmp nodes p(4)

#pragma xmp template t(0 : N-1)

template 1

#pragma xmp distribute t(BLOCK) onto p

nodel | node?

node3

node4

e #pragma xmp align x[i] with t(i)
=T )L

nodel | node?2

node3

node4

#pragma xmp loop on (i)
for (i=0;i<N;i++) {...}
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XMP-dev®DHl

int x[16], y[16];
#pragma xmp nodes p(2)

#pragma xmp template t(0:16-1)
#pragma xmp distribute t(BLOCK) onto p
#pragma xmp align [i] with t(i) 1 x, y
#pragma xmp shadow [*] iy

int main() {

#pragma xmp reflect (y)
#pragma xmp device replicate (X, y)

{

#pragma xmp device replicate_sync in (X, \
#pragma xmp device loop on (i)

for (i=0;i<16;i++)
for (j=0;j<16; j++)
x[i] +=y[il;
#pragma xmp device replicate_sync out (x

}
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nodel
x[TTTTTTIT]
HOST
y [TTTTTTT]
DEVICE
' node?
X [TTTTTTT]
HOST
y [TTTTTTT]
DEVICE
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XMP-dev®DHl

int x[16], y[16];
#pragma xmp nodes p(2)

#pragma xmp template t(0:16-1)
#pragma xmp distribute t(BLOCK) onto p
#pragma xmp align [i] with t(i) 1 x, y
#pragma xmp shadow [*] iy

int main() {

#pragma xmp reflect (y)
#pragma xmp device replicate (x, y)

{

#pragma xmp device replicate_sync in (X, \
#pragma xmp device loop on (i)

for (i=0;i<16;i++)
for (j=0;j<16; j++)
x[i] +=y[il;
#pragma xmp device replicate_sync out (x

}
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nodel
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HOST
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XMP-dev®DHl

int x[16], y[16];
#pragma xmp nodes p(2) nodel

#pragma xmp template t(0:16-1) X _

#pragma xmp distribute t(BLOCK) onto p HOST
#pragma xmp align [i] with t(i) 1 x, y y
#pragma xmp shadow [*] ::y
int main() {
xCITTTTITT]
#pragma xmp reflect (y) DEVICE
#pragma xmp device replicate (X, y) Y _
{ e N

#pragma xmp device replicate_sync in (x, \ HOST->DEVICE

~]

#pragma xmp device loop on t(i) node?2 DT — Y ERx

y,
for (i=0;i<16;i++)

for (1= 0] < 16 j++) X _ HOST

i += il y T TTTTIT]
#pragma xmp device replicate_sync out (x

}
) X [(TTTTTT1T1]
DEVICE
y [TTTTTTT]
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XMP-dev®DHl

int x[16], y[16];
#pragma xmp nodes p(2)

#pragma xmp template t(0:16-1)
#pragma xmp distribute t(BLOCK) onto p
#pragma xmp align [i] with t(i) 1 x, y
#pragma xmp shadow [*] ::y

int main() {

#pragma xmp reflect (y)
#pragma xmp device replicate (X, y)

{

#pragma xmp device replicate_sync in (X, \
#pragma xmp device loop on (i)

for (i=0;i< 16; i++)
for (j=0;j<16;j++)
x[i] +=y[i];

#pragma xmp device replicate_sync outx

}
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nodel
x[TTTTTTIT]
HOST
y [TTTTTTT]
X
DEVICE
y [TTTTTTT]
' node?
- [IIII1I1r]
GPUDETE HOST
[TTTTTTT]
X
DEVICE
y [TTTTTTT]
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XMP-dev®DHl

int x[16], y[16];
#pragma xmp nodes p(2)

#pragma xmp template t(0:16-1)
#pragma xmp distribute t(BLOCK) onto p
#pragma xmp align [i] with t(i) 1 x, y
#pragma xmp shadow [*] iy

int main() {

#pragma xmp reflect (y)
#pragma xmp device replicate (X, y)

{

#pragma xmp device replicate_sync in (X, \
#pragma xmp device loop on (i)

for (i=0;i<16;i++)
for (j=0;j<16;j++)
x[i] +=y[il;
#pragma xmp device replicate_sync out (x

}
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nodel
X
HOST
Y
X
DEVICE
Y
\ HOST->DEVICE
node?2 DT — IV ERE "
X
HOST
y [TTTTTTT]
X
DEVICE
y [TTTTTTT]
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XMP-dev®DHl

int x[16], y[16];
#pragma xmp nodes p(2)

#pragma xmp template t(0:16-1)
#pragma xmp distribute t(BLOCK) onto p
#pragma xmp align [i] with t(i) 1 x, y
#pragma xmp shadow [*] iy

int main() {

#pragma xmp reflect (y)
#pragma xmp device replicate (X, y)

{

#pragma xmp device replicate_sync in (X, \
#pragma xmp device loop on (i)

for (i=0;i<16;i++)
for (j=0;j<16; j++)
x[i] +=y[il;
#pragma xmp device replicate_sync out (x

}
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nodel
X
HOST
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e ~ DEVICE
DEVICELE®D
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XMP-dev
THE

Global array (aligned array with XMP-dev)
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XMP-dev/CUDA (GPUDH%{EF)

([CXF 9 B FEXT

N

“Be

17518

N{&RIRE
0.25
9
o
5 0 02 -
€ O
o S
% 50.15 -
‘=
o W 64tasks o
) Q
= m 128tasks o 0.1 -
O 2>
0 256tasks k<)
2 0.05 -

N (Number of particles)

oo HASPACS 2/ — = 1GPU, 15CPU corefEft

3w 2014/11/24

W64
: - W28
256

O N | |

4096 8192 16384
N (Matrix size)

15



—A%BY7E Hybrid Work Sharing D&l
o TRIBYRIDEARIBIRIUA DN HDEE

CPU

o +RRYRDENTNWESE

CPU

* TRRIRDOYAIDBRNEE

CPU

£ 2(o]Xcalabl
>3wv>d

PO—7o

GPU

GPU

CPUNEED(CZH D
S R & GPUHLALIE
J
O— RIS VRIRETF

ML — k7D ORR
l
REEN R DOH SR

— WOJEEIEE H D

|
HBEUY—RZEC
2O YA X% 5BEN
FTDIRENDHD

16



52(d]

i

¥
Q

ol

BEI/INSVR

TRRIRPYARZEND B TBHEDHICE, VY —
RCECEBRZ YA AZRTET INEN DD

TR Y —XRICH Lzh&é%%%iﬂ ‘O =N

— “CPU Weight”J\SX—5 DE
. 0= CPU Weight = 1.0
* Replicated arrayDCPUNETEZIBL T D8 2 R7E

. %h%hd)ﬁéﬂz%i’\iuu StarPUTE& T /N1 R[CRT
—)VD%T B

,@Jj/ (S Y RDBEHTTEE
— CPU Weight(a CPU GPU
- )R8 E—

o Fcﬁ%-lj-’r Z N*CPU Weight ¢ N*(1 -CPU Weight)
- PTUT—Y 3 VH

D=2

ERNYI 17



IR DEUCT (3T

« B3BV(CCPU WeightZ38E 9 B & & [J S
— BV A X K> TEYREIL R B
—INSA—IHEEZDDEERDIDBDENH D
—>JRARDFEBICKELN

umi

» 700 SLPTEHNICR{L=EDEEZE
A

— E%Fﬁ%lﬁ é % /o 7‘5AC3‘Z-CPU Welghhb{
RIBECIIET BT EPBFTES




XMP-dev/StarPU(C K DENHE a1 0 BUELRE

. reset weightis ImX DE A
double cpu_weight;

#pragma xmp device reset_weight (cpu_weight) :: list

» cpu_weightfel SHDIETHIHAEL T B
— Default : 0.2 (CPU 20%, GPU 80%)
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reset_weightis mX D

double new_cpu_weight = 0.2;
for (intt=0;t < STEP; t++) {

BRI E

double cpu_time = xmp_cpu_wtime(); RT)INA 2D

double gpu_time = xmp_gpu_wtime(); EX RS

double cpu_ratio = CPUDELTH™E
cpu_time / (cpu_time + gpu_time) * 100; DENEETE

if (cpu_ratio > 51) {new_cpu_weight -= 0.01;
#pragma xmp device reset_weight (new_cpu_weight) }
else if (cpu_ratio < 49) {new_cpu_weight += 0.01;
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CPU Intel Xeon E5-2670 * 2 (16 cores)
Memory DDR3 128GB

GPU NVIDIA Tesla M2090 * 4

CUDA toolkit 4.2

MPI MVAPICH2 1.8.1
Interconnection | Infiniband QDR 4x 2 rails

# of node 2~16

— StarPU(F1GPUDEIRICT CPU corelBE
« ex) 4 GPUs -> 12 (=16 — 4) CPU cores
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