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T: template T

int a[N]; 0 N/41 N/2-1  3*N/4-1 N-1
#pragma xmp nodes P(4)

T:]| nodel | node2 | node3 | node4d

#pragma xmp template T(O:N-1) 0  N/41 N/2-1 3*N/41  N-1

#pragma xmp distribute T(block) on P T+| nodel | node2 | node3 | node4

#pragma xmp align a[i] with T(i)
CINIB nodel | hode2 - node4
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#pragma xmp shadow a[1]

#pragma xmp reflect (a)

nodel

F——— 16

node2

node3

node4d
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— Coarray Fortrand O O, O O O O O
— XMP COO0O0OO

oMPIDOUOOOoodoggbogbodon

int a[N], b[N];
#pragma xmp coarray a:[*]

if (mype ==2) /*mypeldddoag */
a[0:4]:[1] =b[2:4];
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double f[X][Y]; /00 O0O0O */
double myp[N]; 00000 */
double send[N], recVv[N];

#pragma xmp nodes P(3,3)
#pragma xmp template T(0:X-1, O:Y-1)
#pragma xmp distribute T(block, block) on P

|
R R - S - R I [

#pragma xmp align f[i][j] with T(, j) ! !
#pragma xmp shadow f[1][1] Rank 3: O Rank 41 Rank 5
#pragma xmp coarray recv:[*] : (A) :
| |
for (t = 0, t < TIME; t++) { (A) O— -@—
/0000 * I R Y N IR DERER
H#pragma xmp reflect (f) /00 OO 0O OO0 */
/0000 % B

/00000000000

O0O0O0O0O0000Oyp’0 0 "send”d */
recv[O:icount]:[pe] = send[O:icount]; /00000 */
xmp_sync_all(NULL); /700 */

} b oo o o o o e o e e e e e e e e e e e e o e e o e e o

ouboootdbubodtdtdtubddcoarrayld U0 OO H
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1 : Hideo, N. and Atsushi, F.: Kinetic modeling of the heating processes in tokamak plasmas, PhD Thesis, Kyoto Univ (2011).
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2 : Ethier, S., Tang, W. M. and Lin, Z.. Gyrokinetic particle-in-cell simulations of plasma microturbulence on advanced
computing platforms, Journal of Physics: Conference Series, Vol. 16, No. 1 (2005).
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—guoodoodgd : XMP-localview
« GTC-PU OO O U coarrayld U1 [0 [0 [
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« MPI_Sendrecvl coarrayl] [ [

- oo oooi

double *sendr, *recvl;

for(i=0;i<nloc_over;i++)
sendr[i]=phitmpl[i*(mzeta+1)+mzeta];

MPI_Sendrecv(sendr,nloc_over,double,right_pe,
iIsendtag,recvl,nloc_over,double,left_pe,

irecvtag,toroidal_comm,&istatus);

double Xsendr[nloc_over],Xrecvl[nloc_over];
#pragma xmp coarray Xrecvl[*]

for(i=0;i<nloc_over;i++)
Xsendr[i]=phitmp[i*(mzeta+1)+mzeta];

Xrecvl[O:nloc_over]:[right_pe]=Xsendr[O:nloc_over];
xmp_sync_all(NULL);

MP|
— Xxmp_sync_all

XMP-localview

- JUbOUbOOUOOcoarrayld O OUOO
Lecoarrayll OO HOUOOOMPIDDODOUOODOOOOOOO
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#define n_t 2/00000000000 */
#define n_r 4 /0000000
#define n_rp 270000000 ¢
#define nloc_over_all 107722

real phitmp_g [nloc_over_all][2 * n_t];
int b [n_r*n_rp]
={10967,10967,14086,14086,16164,16164,12644,12644},
/*gblockDOD0O0D0OO0DDOOOOOOOOOO ¥/

#pragma xmp nodes P2(n_r * n_rp, n_t)
A0000000o0oo #/

#pragma xmp template T(O:nloc_over_all-1, 0:2*n_t-1)
A000000o0o0oo #/

#pragma xmp distribute T(gblock(b), block) onto P2
/AO000000b000ooooo ¥/

#pragma xmp align phitmp_g  [il[j]] with T(, j)
/AO000000o0o0ooa ¢

#pragma xmp shadow phitmp_g [0][1:0]
000000
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double *sendr, *recvl:

for(i=0;i<nloc_over;i++)
sendr[i]=phitmp[i*(mzeta+1)+mzeta];

MPI_Sendrecv(sendr,nloc_over,double,right_pe,
iIsendtag,recvl,nloc_over,double,left_pe,
irecvtag,toroidal_comm,&istatus);

MPI

\4

#pragma xmp reflect (phitmp) width (0,/periodic/1:0)

XMP-hybridview

reflectU 00000, 0000000001000 0
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— OpenMPU LOOOOOOOOOOOOON
« MPIL XMPU U 0O 0O OO

CPU Intel Xeon E5-2670 x2 (2.6GHz)
CPU (8 cores/CPU) x2 = 16 cores

Memory 128 GB, DDR3 1600 MHz

Interconnect | Infiniband QDR 4 Lanes x2 Rails

oS CentOS 6.1

C Compiler GCC 447
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oooond OoooDooo 00O 00O
16 2x2x4 2X4x2 2x2x4
32 4x2x4 2Xx8x2 2X2x8
64 8x2x4 2x16x2 2x2x16
128 16x2x4 2X32x2 2X2x32
256 32x2x4 2X64x2 2X2x64
512 64x2x4 2x128x2 2x2x128
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— Strong scaling U OO0 OoO00dogn

— Weak scalingU OO0 doooooodon

goodogA Default | 0000000 ggd goo
mstep 100 20 20 20
mpsi 90 90 90 ~ 2880 90
mzetamax 64 2~64 2 2
goooobooooo 100 100 100 100 ~ 3200

 mstep: U
mpsi:dgodoooond

e mzetamax : U oo gmg
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« XMP-localview MPI OO, 00000 OO
 XMP-hybridviewll 5 ~ 25%[0 0 0 0O [
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« XMP-localview MPI OO, 00000 OO
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- 000000000 (uobouooon)

- goooogd
Ooood oooon
ooooo Min Max ooooo Min Max
16 9.902 (10967) 10.144 (16164) 16 10.236 (19805) 10.399 (19916)
32 9.905 (12104) 10.405 (24200) 32 10.241 (19805) 10.425 (19916)
64 9.916 (14130) 11.354 (33462) 64 10.238 (19805) 10.431 (19916)
128 0.974 (17422) 12.798 (74745) 128 10.220 (19805) 10.444 (19916)
256 10.197 (23198) 14.737 (138127) 256 10.225 (19805) 10.447 (19916)
512 10.670 (34522) 18.165 (276110) 512 10.223 (19805) 10.462 (19916)
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