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SIBU JT 9DBMBC

® ODBMBCMF.1 9.1

® JSFDUIJWF CBTFE MBOHVBHF FYUFOTJPO PG "PSU
® XMP/Fortran MBOHVBH®BOEMBOHVBHF FYJTU TBNF E.
® Global-view B OBEocal-view NFNPSZ NPEFMT

® 9.1 HMPCBM WJFX NPEFM FOBCMFT QBSBMMFMJ[J
VTJOH NJOJNBM NPEJpDBUJPO XJUI TINQMF EJSF

® Coarray syntax JT BWBJMBCMF JO CPUI MBOHVBHFT
c 9.1 'PSUSBO JT VQXBSE DPNQBUJCMF XJUI 'PSU
® XMP specification ver. 1.2 B hktp://www.xcalablemp.org

® XMP specification working group DPOTJTUT PG NEFENCFST GS
SFTFBSDI MBCT BOE JOEVTUSJFT

o 60JW PG 5TVLVCB 3*,&/ "*$4 'VKJIJUTV /&$ )JU

® Omni XMP Compiler ver. 0.7 B http://www.hpcs.cs.tsukuba.ac.jp/omni-compiler/
xcalablemp/


http://www.xcalablemp.org
http://www.xcalablemp.org

#FODINBSLT XZ=:=MP

® )1$5% CFODINB SR RandomAccess, FFT, STREAM
® OQUJPOBM CF OHM&NB Banchmark

® 57QJbBM TUFODJM BQQMJIJDBUJPO 1UUQ BDDD S
® SWBMVBUFT QFSGPSNBODF PG JODPNQSFTTJCMF
® 81Z EP XF TFMFDU UIF )*.&/0 CFODINBSL

® 5P EFNPOTUSBUF QBSBMMFMJ[BUJPO CZ

9.1 EJSFDUJWFT XI1JDI TZODISH r
UIF PWFSMBQQFE SFHJPOT
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® 006 Omni XcalableMP Compiler ",
{ 4 > J LL”J [@J [ - "www.hpcs.cs.tsukuba.ac.jp ¢ =5 J LOJ
onnl Omni XcalableMP Compiler
HOME
e High Performance Linpack
Download e RandomAccess
e Fast Fourier Transform
Document e EP STREAM triad
( Benchmark J
Publication e HIMENO Benchmark
Mailing List You can download these implementations at
Links http://www.hpcs.cs.tsukuba.ac.jp/omni-compiler/
xcalablemp/
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® 41"3$ T7***GY $1JQ

° (‘MPQT ()[ Y $PSFT Yas
° #- TIBSFE DBDIF '
e 8

° % %3 4%3".
o (#
o (# T

® 5PGV *OUFSDPOOFDU
® % NFTI UPSVT OFUXPSL
® (# T Y MJIOLT Y
® DPNQVUF OPEFT *0 OPE

http://www.aics.riken.jp
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4VNNBSZ

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
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® Source lines of Code (SLOC) is 306, written in XMP/C

® Block-Cyclic Distribution A[N][N] 1 2 3 24
"HS%E&' () +)*+,

"4$%6&S$' (&) +,-" /012

"#$%&$'(&"3,&"4$3,'3.567890'567892
"H%&S (& +:-3#::<3,'3.2>=4:2.7220'@

"""""""""" =>=4:= 7222'%)3*"

"#$%&9%'(&"$4:%)'AB:CBDC'E:3F'3.D0:2

Programmer can use BLAS for distributed array.

® Panel Broadcast by using gmove directive A[N][N] A L[N][NB]
"H$Y& (- )+ )+, B
"#$%&$'(&"$4:%)'AGHB:CBIC'E:3F'3.10:2
IIIIO k
I"#$%&S$' (&% &*],
(-.)10%8&2+)30*/+'4'()10%&2+)50%/+, len {
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® SLOC is 253, written in XMP/C

® The XMP RandomAccess is iterated over sets of CHUNK updates on

each node

® | ocal-view programming with XMP/C coarray syntax

<KLM)3'#,=JBHNO/PNQRCBPQST7UVICH®

666
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® A point-to-point synchronization is specified with the XMP’s post and
wait directives to realize asynchronous behavior of this algorithm



® SLOC is 239+ 283 +1,892, written in XMP/Fortran + OpenMP
® \We mainly modified “pz[Jtl1d.f” in Ote optimized for the K computer

® This SLOC is 70 (the SLOC of original “pz0t1d.f” is 101)

® The total SLOC of the modified files is 239 (/0 + 169)

® The total SLOC of NOT modified files is 283
® The total SLOC of C interface and another kernels of the [te is 1,892

QAHHZ[/G\PATRINR].20A092 | AQ and B( are ., o /.

666 lobal arrays "

N 2143 M2 J y 9.1@53"/41048&
N N[/ SHSA4, 4+
CD'E4FG*H # [: 19
"CD'[4FG*J

"/OIGEA4/9IGEA | KOIGEA
"L*C'CD
L*C'CD




&1 453&". 5SIBE X 7=::-MP

® SLOC is 66, written in XMP/C + OpenMP

® a[], b[], and c[] are local arrays

"HSU&S! (&) +,-". 1 2
666
7"89143,'1:*MENLO, 1@ @A'B
"HSU&S & SHSAL, 4" H
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® SLOCis 137, written in XMP/Fortran

® SLOC of the original is 380, written in MPI/Fortran

To synchronize overlapped regions, we use XMP shadow and reflect

directives

N (&"-F$+*E™.50a690a692 <
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® HPL (1 process/node + ® RandomAccess
Threaded BLAS) [1 8 processes/nodel]
1000 N
#11$
—~
8 100 m
0T L #s
|_
Z § o
8 105 < (eb)
c S #$_
qv] -
c 933.8 TFlops, g
S 1 44.5% of peak S 162.6 GUPs,
E 16,384 nodes T o 16,384 nodes
(131,072 Cores) Q. (131,072 Cores)
0.1
I"1#$ - 1
8 128 2048 32768 %$ H&'S HHN&S
Number of CPU Cores Number of CPU Cores
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® FFT (1 process/node with ® STREAM (1 process/node with
8 threads) 8 threads)
#I$ (e #INS
m —_
S s 2 s
t_t =
Q ™ 3
S # G g
g § e £
= N 50.1 TFlops, S 4+ 481.8 TBIs,
=R 1.1% of peak, & " 16,384 nodes
P 36,864 nodes - (131,072 Cores)
(294,912 Cores)
I"I#$ - - "4#$ - -
%$ &#'$ ()*%$ %% &H'S ()*%$
Number of CPU Cores Number of CPU Cores
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® HIMENO Benchmark

(1 process/node with 8 threads)
1.3 PFlops, 12.7% of peak

#I1S$ 82,944 nodes(663,552 Cores),
‘0 s
S The performance of the XMP HIMENO Benchmark
L|—L IS 20% better than that of the original one.
5 s - Threaded pack/unpack operations
Q - Persistent communication
©
E #
L
O
O us
"I#$
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Number of CPU Cores
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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

Masahiro Nakao, et al. "Productivity and Performance of the HPC Challenge
Benchmarks with the XcalableMP PGAS language"”, 7th International
Conference on PGAS Programming Models, October, 2013

For more information, please visit

#1437 RIKEN AICS (Advanced Institute for Computational Science)
#2519 Center for Computational Sciences, University of Tsukuba




