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| slide at SC13 PGAS BoF

XcalableM P(XM P) http://www.xcalablemp.org

= What's XcalableMP (XMP for short)?

= A PGAS programming model and language for
distributed memory , proposed by XMP Spec WG

= XMP Spec WG is a special interest group to design
and draft the specification of XcalableMP language.
It is now organized under PC Cluster
Consortium, Japan. Mainly active in Japan, but
open for everybody.

= Project status (as of Nov. 2013)

= XMP Spec Version 1.2 is available at XMP site.
new features: mixed OpenMP and OpenACC,
libraries for collective communications.

= Reference implementation by U. Tsukuba and Riken
AICS: Version 0.7 (C and Fortran90) is available
for PC clusters, Cray XT and K computer. Source-to-
Source compiler to code with the runtime on top of
MPI and GasNet.

MPI
XcalableMP YGAS

 XMP provides a global
view for data parallel
program in PGAS model

chape

Automatil m
3

derallelizatjon

Possiblity of Performance tuning

Programming cost

>

= Language Features

= Directive-based language extensions for Fortran
and C for PGAS model

= Global view programming with global-view
distributed data structures for data parallelism

= SPMD execution model as MPI

= pragmas for data distribution of global array.

= Work mapping constructs to map works and
iteration with affinity to data explicitly.

= Rich communication and sync directives such as
“gmove” and “shadow”.

= Many concepts are inherited from HPF

» Co-array feature of CAF is adopted as a part of the

language spec for local view programming (also
defined in C).

int array[YMAX][XMAX];

Code example

#pragma xmp nodes p(4)
#pragma xmp template t(YMAX) W
#pragma xmp distribute t(block) on p

#pragma xmp align array[i][*] to t(i)

main(){
inti, j, res;
res = 0;

’ add to the serial code : incremental parallelization ‘

#pragma xmp loop on t(i) reduction(+:res)
for(i=0; i <10; i++)
for(j = 0; j < 10; j++){
arrayl[il[j] = func(i, j);

work sharing and data synchronization

res += arrayl[i][j]l;
}
}



XcalableMP Code Example (Fortran)

program xmp_example

Integer array(XMAX,MAX)

I$XMP nodes p(4)
I$XMP template t(YMAX)

data distribution |
I$XMP distribute t(block) onto p
I$XMP align array(*,j) with t(j)

integer :: i, j, res \
res=0

add to the serial code : incremental parallelization

I$XMP loop on t(j) reduction(+:res)

doj=1,10
dol=1,10
array(l,j) = func(i, j)
res += array(l,j)
enddo
enddo

XMP project

work mapping and data synchronization }




XcalableMP Code Example (C)

int array[Y MAX][XMAX];

#pragma xmp nodes p(4)
#pragma xmp template t(YMAX) data distribution }
#pragma xmp distribute t(block) on p

#pragma xmp align array[i][*] with t(i)

AN

main(){ add to the serial code : incremental parallelization
Inti, j, res;
res = 0;

#pragma xmp loop on t(i) reduction(+:res)

for(i=0;i<10; i++)
for(j=0;j < 10; j++) _ -
array[il[j] = func(i, j): work mapping and data synchronization }

res += array[i][j];

}

}

XMP project
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XcalableMP as evolutional approach
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HPC Class2 Award X=:-MP

s SC13@DenvercJ—XER(11/18 - 21)
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Summary

Benchmark # Nodes Performance
HPL 16,384 | 933.8 TFlops (44.5% of peak) 306
RandomAccess 16,384 162.6 GUPs 250
FFT 36,864 50.1 TFlops (1.1% of peak)| 239 + 283 + 1892
STREAM 16,384 481.8 TB/s 66
HIMENO 1.3 PFlops (12.7% of peak) 137

*

Full compute

nodes




Results(2/3) XcalaﬁM P

o FFT (1 process/node with o STREAM (1 process/node with

8 threads) 8 threads)

100 R
§ 10 100
m =
L_/ ~—
P ()
8 1 / § 10
g & £ S
£ XX 50.1 TFlops, € 4+ 4818 TB/s,
Llq:J o1 1.1% of peak, K . 16,384 nodes
ol 36,864 nodes (131,072 Cores)

(294,912 Cores)
0.01 . ‘ 0.1
3 512 32768 8 512 32768
Number of CPU Cores Number of CPU Cores
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XcalableMP on Xeon Phi X=mc:MP
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OpenMP Laplace Benchmark

48

49 #pragma omp parallel private (k, x,vVy)

50 {

51 for(k = 0; k < NITER; k++) {

52 /* old <- new */

53 #pragma omp for

54 for(x = 1; x <= XSIZE; x++)

55 for(y = 1; y <= YSIZE; vy++)

56 uu[x] [y] = ulx][yl’

57 /* update */

58 #pragma omp for

59 for(x = 1; x <= XSIZE; x++)

60 for(y = 1; y <= YSIZE; y++)

61 ulx] [y] = (uu[x-1][y] + uul[x+1][y]
+ uu[x][y-1] + uul[x][y+1])/4.0;

62 }

63—}

TR264E10A218 @n



Laplace Result OpenMP vs MPI on Phi
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GFLOPS

Laplace Result OpenMP vs MPI on Phi
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XMP version of Laplace Benchmark

16 double u[XSIZE][YSIZE], uul[XSIZE][YSIZE];

19 #pragma xmp nodes p (*)

20 #pragma xmp template t (0: (10000)-1)

21 #pragma xmp distribute t (block) onto p
22 #pragma xmp align ul[j][*] with t(3j)

23 #pragma xmp align uul[j][*] with t(j)
24 #pragma xmp shadow uu[l][0]

86 /* old <- new */

87 #pragma xmp loop (x) on t(x)

88 for(x = 1; x < XSIZE-1; x++)
89 for(y = 1; y < YSIZE-1; y++)
90 uu[x] [yl = ulx]lyl;

91

92 #ipragma xmp reflect (uu)

93

94 /* update */

95 #pragma xmp loop (x) on t(x)

96 for(x = 1; x < XSIZE-1; x++)
97 for(y = 1; y < YSIZE-1; y++)
98 ulx][y] = (uulx-1]1[y] + uu[x+1][y] + uulx][y-1] + uu[x][y+1])/4.0;

265 10H21H @H



Ghost region update using MPI
sendrecv

(1) Pack * |

| |

| |
owevr | (A
HIGH_BUF

| |

(2) Exchange

(3) Unpack

HIGH_BUF :+r :+, :+,
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Ghost region update using MPI
sendrecv

| |

| | :

| |

| |
owevr | (A
HIGH_BUF

| |

(1) Pack

(2) Exchange

(3) Unpack

HIGH_BUF :+r S :+,
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XMP Global Array Allocation

PO P1 P2

Process Variables Variables Variables

Comm
——

Buf B
2% 2 2%
%% %% 20" " "
0 n-1,n n-1,n 2n-1,2n 2n-1,2n 3n-1,3n

Good Aray
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Ghost region update on SHM
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BUF
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S
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BUF
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Laplace 1D Benchmark Results
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2D Distribution Himeno Benchmark

82 static float pl[257]1[257][513];

83 static float a[4][257]([257]1[513], b[3]1[257]1[257][513],
84 c[31[257]1[257]11[513];

85 static float bnd[257][257]1[513];

86 static float wrkl1l[257]([257]1[513], wrk2([257]1[257]([513];

87
88 #pragma xmp nodes n(6,10)
89 #pragma xmp template t(0:512,0:256,0:256)

90 #pragma xmp distribute t (*,block, block) onto n

91 #pragma xmp align [i][j]1[*] with t(*, j, 1) :: p,bnd,wrkl,wrk2
92 #pragma xmp align [*][1i][J][*] with t(*, 3, i) :: a,b,c

93 #pragma xmp shadow p[1][1][0]

231 #pragma xmp reflect (p)
232 #pragma xmp loop(i,j) on t(*,3j,i) reduction (+:gosa)

233 for(i=1 ; i<imax-1 ; i++)

234 for (=1 ; j<jmax-1 ; J++)

235 for (k=1 ; k<kmax-1 ; k++){

236 sO = al0][1]1[3]1[k] * pli+1][3 Ilk ]
237 + alll[i]1[J1[k] * pli T[J+11[k ]
238 + al2][1]1 (31 (k] * pl1 103 1Tlk+1]
239

+ DLOT[4][3] (K] *

FR265%10A21H @H




Himeno Benchmark
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arvk-cnpsnEE X MP

= Our overall performance advantage against OpenMP is

16.8 % for Lap1D and 13.8 % for Hime2D.

@ Blocking Effect of Global Arrays: By dividing global arrays into sub-
arrays detached each others, we could reduce 22.2 % and 27.3 % of CPU
calculation time on Laplace and Himeno respectively.

@ Efficient Ghost Region Exchange: By changing MPI sendrecvs to

direct memory copy on SHM, we could reduce memory traffics about 32.3%
to 44.6% and get the maximum performance gain 62.9 %.
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B X8 X==:MP
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Towards the Next Flagship Machine

Arch: Upscale Flagship Machine
PF | Commodity Cluster
4 | Machine Post K Computer
1000 RIKEN
Soft: Technology Path-
Forward Machl.ne Manycore architecture 9 Universities
Manycore architecture O(100K-1M) nodes and National
100 O(10K) nodes Laboratories
O U. of Tsukuba
U. of Tokyo
10 PF
10 * PostT2K is a production system operated
by both Tsukuba and Tokyo
U. of Tsukuba System software and parallel programming
1 U. of Tokyo language in PostT2K will be employed in a part
K)-/oto U of Post K’s software environment
' Machine resources will be used to develop
system software stack in PostK
T2K 9 Universities Y
and National Laboratories

2008 2010 2012 2014 2016 2018 2020
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