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�8�I�B�U���J�T���9�D�B�M�B�C�M�F�.�1� 

�9�D�B�M�B�C�M�F�.�1���	�9�.�1�

�%�J�S�F�D�U�J�W�F���C�B�T�F�E���M�B�O�H�V�B�H�F���F�Y�U�F�O�T�J�P�O���P�G���'�P�S�U�S�B�O�������������B�O�E���$����

XMP/Fortran ���M�B�O�H�V�B�H�F���B�O�E��XMP/C �M�B�O�H�V�B�H�F���F�Y�J�T�U���	�T�B�N�F���E�J�S�F�D�U�J�W�F�T�


Global-view ���B�O�E��Local-view ���N�F�N�P�S�Z���N�P�E�F�M�T

�9�.�1���H�M�P�C�B�M���W�J�F�X���N�P�E�F�M���F�O�B�C�M�F�T���Q�B�S�B�M�M�F�M�J�[�J�O�H���U�I�F���P�S�J�H�J�O�B�M���T�F�R�V�F�O�U�J�B�M���D�P�E�F��
�V�T�J�O�H���N�J�O�J�N�B�M���N�P�E�J�p�D�B�U�J�P�O���X�J�U�I���T�J�N�Q�M�F���E�J�S�F�D�U�J�W�F�T

Coarray syntax ���J�T���B�W�B�J�M�B�C�M�F���J�O���C�P�U�I���M�B�O�H�V�B�H�F�T

�9�.�1���'�P�S�U�S�B�O���J�T���V�Q�X�B�S�E���D�P�N�Q�B�U�J�C�M�F���X�J�U�I���'�P�S�U�S�B�O����������

XMP specification ver. 1.2 ���B�U��http://www.xcalablemp.org

XMP specification working group ���D�P�O�T�J�T�U�T���P�G���N�F�N�C�F�S�T���G�S�P�N���B�D�B�E�F�N�J�B���
�S�F�T�F�B�S�D�I���M�B�C�T����B�O�E���J�O�E�V�T�U�S�J�F�T

�6�O�J�W�����P�G���5�T�V�L�V�C�B����3�*�,�&�/���"�*�$�4����'�V�K�J�U�T�V����/�&�$����)�J�U�B�D�I�J����B�O�E���T�P���P�O

Omni XMP Compiler ver. 0.7 ���B�U http://www.hpcs.cs.tsukuba.ac.jp/omni-compiler/
xcalablemp/
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�#�F�O�D�I�N�B�S�L�T

�)�1�$�$���C�F�O�D�I�N�B�S�L�T���� HPL, RandomAccess, FFT, STREAM

�0�Q�U�J�P�O�B�M���C�F�O�D�I�N�B�S�L������Himeno benchmark

�5�Z�Q�J�D�B�M���T�U�F�O�D�J�M���B�Q�Q�M�J�D�B�U�J�P�O���	�I�U�U�Q�������B�D�D�D���S�J�L�F�O���K�Q�������������I�U�N�


�&�W�B�M�V�B�U�F�T���Q�F�S�G�P�S�N�B�O�D�F���P�G���J�O�D�P�N�Q�S�F�T�T�J�C�M�F���q�V�J�E���B�O�B�M�Z�T�J�T���D�P�E�F

�8�I�Z���E�P���X�F���T�F�M�F�D�U���U�I�F���)�*�.�&�/�0���C�F�O�D�I�N�B�S�L��� 

�5�P���E�F�N�P�O�T�U�S�B�U�F���Q�B�S�B�M�M�F�M�J�[�B�U�J�P�O���C�Z��
�9�.�1���E�J�S�F�D�U�J�W�F�T���X�I�J�D�I���T�Z�O�D�I�S�P�O�J�[�F�T��
�U�I�F���P�W�F�S�M�B�Q�Q�F�E���S�F�H�J�P�O�T
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You can download these implementations at
http://www.hpcs.cs.tsukuba.ac.jp/omni-compiler/
xcalablemp/
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Full compute nodes

Benchmark # Nodes Performance SLOC

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 82,944 1.3 PFlops (12.7% of peak) 137
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Source lines of Code (SLOC) is 306, written in XMP/C
Block-Cyclic Distribution
!"#$%&'()*+)*+,
!"#$%&$'(&"')*+,-'"./012
!"#$%&$'(&"'3,&"4$3,'3.567890'567892
!"#$%&$'(&"'+:-3#:;<3,'3.=>=4:=.7?20'@
'''''''''''''''''''=>=4:=.7?22'*)3*'"
!"#$%&$'(&"'$4:%)'AB:CBDC'E:3F'3.D0:2

1 2 3 4

2

1

A[N][N]

!"#$%&'(-.)*+)*/+,
!"#$%&$'(&"'$4:%)'AGHB:CBIC'E:3F'3.I0:2
''''0
!"#$%&$'(&"'%&*J,
(-.)10%&2+)30*/+'4'()10%&2+)50*/+,

A[N][N]

k

A_L[N][NB]

NB

 

j

 

len

Panel Broadcast by using gmove  directive

Programmer can use BLAS for distributed array.
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SLOC is 253, written in XMP/C
The XMP RandomAccess is iterated over sets of CHUNK updates on 
each node
Local-view programming with XMP/C coarray syntax

<KLM)3'#,=JBHNO/PNQRCBPQST7UV9C6B! CW
666
7"8'95'4'3,'5':'%";*#<=8">?,'5@@A'B
''#,=JBDCB56)<&C6B:G"$#3),#C'X'-,)+B:CB56)<&CW'

!"#$%&$'(&"'->)='&,&*#>
!"#$%&$'(&"'"*-3.".:G"$#3),#20'52
'''0
!"#$%&$'(&"'E$:3.".DG"$#3),#22
Y

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

�%�F�p�O�F���D�P�B�S�S�B�Z

�1�V�U���P�Q�F�S�B�U�J�P�O
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SLOC is 239+ 283 +1,892, written in XMP/Fortran + OpenMP
We mainly modified “pzfft1d.f” in ffte optimized for the K computer

This SLOC is 70 (the SLOC of original “pzfft1d.f” is 101)

The total SLOC of the modified files is 239 (70 + 169)
The total SLOC of NOT modified files is 283
The total SLOC of C interface and another kernels of the ffte is 1,892

QAHH'Z[/G\PA7R/NR].?0A092
666
^_Z[/'4**"'*)'3(.M2
^_N[/'"$#$44,4'+*
CD'E4FG*H
''CD'I4FG*J

''''/9IGEA4/9IGEA ! K9IGEA
''L*C'CD
L*C'CD

�"�	�/�9��/�:�


�#�	�/�:��/�9�


�9�.�1�@�5�3�"�/�4�1�0�4�&�	�


A() and B() are 
global arrays
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SLOC is 66, written in XMP/C + OpenMP
a[], b[], and c[] are local arrays
!"#$%&$'(&"')*+,-'". ! 2
666
7"89143,'1:*MENLO,'1@@A'B
!"#$%&$'*&"'"$#$44,4'`*#
''7"8'9543,'5:?PQ&,'5@@A

''''R)5+'4'$)5+'@'?>R%R8 ! >)5+,
S
666

! T8PR!U/?'4'666''VV'W&87"8<R2>&'"7'&R>X'2"!&
666
!"#$%&$'(&"'#,+<=3:*).V63#:$+O?-2

�1�B�S�B�M�M�F�M�J�[�F���U�I�F���Q�S�P�H�S�B�N

�(�B�U�I�F�S���Q�F�S�G�P�S�N�B�O�D�F���S�F�T�V�M�U�T

�P�O���F�B�D�I���O�P�E�F
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SLOC is 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

^_(&"'-F$+*E'".50a690a692
' bbb
^_(&"'#,`4,=3'."2
'bbb
^_(&"'4**"'.c0U2'*)'3.I0c0U2
+*'U'X'a0'd&$(89
''+*'c'X'a0'D&$(89
''''+*'M'X'a0':&$(89

''''''R5'X'$.M0c0U092 ! ".MV90c0U2'V'bbb
'''''''6
'''',)++*
'',)++*
,)++*

�%�F�p�O�F���P�W�F�S�M�B�Q�Q�F�E���S�F�H�J�P�O

�4�Z�O�D�I�S�P�O�J�[�F���P�W�F�S�M�B�Q�Q�F�E���S�F�H�J�P�O

�8�P�S�L���N�B�Q�Q�J�O�H

�0�O�M�Z���B�E�E���9�.�1���E�J�S�F�D�U�J�W�F�T��

�J�O�U�P���U�I�F���T�F�R�V�F�O�U�J�B�M���)�J�N�F�O�P��

�C�F�O�D�I�N�B�S�L���C�B�T�J�D�B�M�M�Z��
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HPL (1 process/node + 
Threaded BLAS)
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RandomAccess
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FFT (1 process/node with 
8 threads)
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STREAM (1 process/node with 
8 threads)
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HIMENO Benchmark
 (1 process/node with 8 threads)
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The performance of the XMP HIMENO Benchmark 
is 20% better than that of the original one.
  - Threaded pack/unpack operations
  - Persistent communication
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Benchmark # Nodes Performance SLOC

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 82,944 1.3 PFlops (12.7% of peak) 137


