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Overview of XcalableMP（XMP）

�%�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���$�������B�O�E���'�P�S�U�S�B�O��������

�5�I�F���T�B�N�F���E�J�S�F�D�U�J�W�F�T���B�S�F���V�T�F�E���J�O���9�.�1���$���B�O�E���9�.�1���'�P�S�U�S�B�O

�$�P�B�S�S�B�Z���T�Z�O�U�B�Y���J�T���B�W�B�J�M�B�C�M�F���J�O���9�.�1���$���B�O�E���9�.�1���'�P�S�U�S�B�O
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int array[16];
#pragma xmp nodes p(4)
#pragma xmp template t(0:15)
#pragma xmp distribute t(block) onto p
#pragma xmp align array[i] with t(i)

main(){
   ...
#pragma xmp loop on t(i)
   for(i = 0; i < 16; i++){
      array[i] = func(i);
   }
}

XMP/C

integer array(16);
!$xmp nodes p(4)
!$xmp template t(1:16)
!$xmp distribute t(block) onto p
!$xmp align array(i) with t(i)

program main
   ...
!$xmp loop on t(i)
   do i=1,16
      array(i) = func(i)
   done
end program

XMP/Fortran



Overview of XcalableMP（XMP）

3

int b[10]:[*];

if(me == 1){
  b[0:5]:[2] = b[0:5];  // Put
}

XMP/C

�%�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���$�������B�O�E���'�P�S�U�S�B�O��������

�5�I�F���T�B�N�F���E�J�S�F�D�U�J�W�F�T���B�S�F���V�T�F�E���J�O���9�.�1���$���B�O�E���9�.�1���'�P�S�U�S�B�O

�$�P�B�S�S�B�Z���T�Z�O�U�B�Y���J�T���B�W�B�J�M�B�C�M�F���J�O���9�.�1���$���B�O�E���9�.�1���'�P�S�U�S�B�O

XMP/Fortran

integer b(10)[*]

if(me == 1) then
  b(1:5)[2] = b(1:5)  // Put
end if
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Objective

�&�Y�B�N�J�O�F���F$Ž�F�D�U�J�W�F�O�F�T�T���P�G���E�F�T�J�H�O�T���P�G���U�I�F���9�.�1���1�(�"�4���M�B�O�H�V�B�H�F��

�G�P�S���J�N�Q�S�P�W�F�E��productivity ���B�O�E��performance ���P�G���)�1�$���T�Z�T�U�F�N�T

�&�W�B�M�V�B�U�F���U�I�F���Q�S�P�E�V�D�U�J�W�J�U�Z���B�O�E���U�I�F���Q�F�S�G�P�S�N�B�O�D�F���P�G���9�.�1���U�I�S�P�V�H�I��

�J�N�Q�M�F�N�F�O�U�B�U�J�P�O�T���P�G���U�I�F���)�1�$���$�I�B�M�M�F�O�H�F���	�)�1�$�$�
���#�F�O�D�I�N�B�S�L�T

�6�T�F�������
���������D�P�N�Q�V�U�F���O�P�E�F�T���B�U���B���N�B�Y�J�N�V�N���P�O���U�I�F���,���D�P�N�Q�V�U�F�S�T���	�X�I�J�D�I��

�D�P�O�T�J�T�U�T���P�G�������
���������D�P�N�Q�V�U�F���O�P�E�F�T�
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ranked 1st in the Top500 on 
June, 2011
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XMP Global-view model (1/3)
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�5�I�F���E�J�S�F�D�U�J�W�F�T���T�Q�F�D�J�G�Z���B��
�E�B�U�B���E�J�T�U�S�J�C�V�U�J�P�O���B�N�P�O�H��
�O�P�E�F�T

Node 4

Node 3

Node 2

array[16]
0 1 2 3 4 5 6 7 8 9 10 111213 14

Node 1

15

�K�P�V���C�T�T�C�[�=�����?��
���R�T�C�I�O�C���Z�O�R���P�Q�F�G�U���R�
4��
���R�T�C�I�O�C���Z�O�R���V�G�O�R�N�C�V�G���V�
����������
���R�T�C�I�O�C���Z�O�R���F�K�U�V�T�K�D�W�V�G���V�
block �����Q�P���R
���R�T�C�I�O�C���Z�O�R���C�N�K�I�P���C�T�T�C�[�=�K�?���Y�K�V�J���V�
�K��

Distributed Array



XMP Global-view model (2/3)
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�-�P�P�Q���E�J�S�F�D�U�J�W�F���J�T���U�P��
�Q�B�S�B�M�M�F�M�J�[�F���M�P�P�Q���T�U�B�U�F�N�F�O�U
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���R�T�C�I�O�C���Z�O�R���N�Q�Q�R���Q�P���V�
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�K�������K�����������K�
�
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Execute ÒforÓ loop in 
parallel with affinity to 
array distribution

�&�B�D�I���O�P�E�F���D�P�N�Q�V�U�F�T���3�F�E���F�M�F�N�F�O�U�T���J�O���Q�B�S�B�M�M�F�M

Node 4

Node 3

Node 2

array[16]

Node 1

0

�K�P�V���C�T�T�C�[�=�����?��
���R�T�C�I�O�C���Z�O�R���P�Q�F�G�U���R�
����
���R�T�C�I�O�C���Z�O�R���V�G�O�R�N�C�V�G���V�
����������
���R�T�C�I�O�C���Z�O�R���F�K�U�V�T�K�D�W�V�G���V�
�D�N�Q�E�M�����Q�P���R
���R�T�C�I�O�C���Z�O�R���C�N�K�I�P���C�T�T�C�[�=�K�?���Y�K�V�J���V�
�K��



XMP Global-view model (3/3)

�%�B�U�B���D�P�N�N�V�O�J�D�B�U�J�P�O���E�J�S�F�D�U�J�W�F�T�������C�S�P�B�E�D�B�T�U�
���S�F�E�V�D�U�J�P�O�
���H�N�P�W�F

�H�N�P�W�F���E�J�S�F�D�U�J�W�F

�5�S�B�O�T�G�F�S���E�B�U�B���X�I�J�M�F���L�F�F�Q�J�O�H���U�I�F���H�M�P�C�B�M���J�N�B�H�F��

�C�Z���V�T�J�O�H�����B�S�S�B�Z���T�F�D�U�J�P�O���O�P�U�B�U�J�P�O��
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Node 4

Node 3

Node 2

a[10 ]
0 1 2 3 4 5 6 7

Node 1

b[10 ]
0 1 2 3 4 5 6 7

���R�T�C�I�O�C���Z�O�R���I�O�Q�X�G
�C�=�������?�������D�=�������?��

[start_index : length]



XMP Local-view model

�4�V�Q�Q�P�S�U���D�P�B�S�S�B�Z���T�Z�O�U�B�Y���J�O���9�.�1���$���B�O�E���9�.�1���'�P�S�U�S�B�O

�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���U�I�F���'�P�S�U�S�B�O����������

�9�.�1���$���B�M�T�P���V�T�F�T��array section notation���J�O���D�P�B�S�S�B�Z���T�Z�O�U�B�Y
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int b[10]:[*];                  // Declare

       :

if(me == 1)
  a[0:3] = b[4:3]:[2];       // Get

node 1 node 2

a[10]

b[10]

a[10]

b[10]

4 6
�5�I�F���O�P�E�F�����H�F�U�T���C�<�������>���J�O���U�I�F���O�P�E�F����

�*�U���J�T���F�B�T�Z���U�P���F�Y�Q�S�F�T�T���P�O�F���T�J�E�F�E���D�P�N�N�V�O�J�D�B�U�J�P�O���G�P�S���M�P�D�B�M���E�B�U�B���	�1�V�U���(�F�U�
��

�$�B�O���N�J�Y���9�.�1���H�M�P�C�B�M���W�J�F�X���E�J�S�F�D�U�J�W�F�T���X�J�U�I���D�P�B�S�S�B�Z���T�Z�O�U�B�Y��

XMP/C



Designs of XMP for HPC applications

�1�(�"�4���Q�S�P�H�S�B�N�N�J�O�H���M�B�O�H�V�B�H�F���N�V�T�U���I�B�W�F���C�P�U�I��high productivity ��

�B�O�E��high performance

�5�I�F���Q�S�P�E�V�D�U�J�W�J�U�Z���P�G���)�1�$���B�Q�Q�M�J�D�B�U�J�P�O�T���D�P�O�T�J�T�U�T���P�G��programming cost, 
educational cost, porting cost, and tuning cost

�%�F�T�J�H�O�T���P�G���9�.�1���G�P�S���)�1�$���B�Q�Q�M�J�D�B�U�J�P�O�T���	�������


�&�B�T�Z���X�S�J�U�J�O�H���P�G���W�B�S�J�P�V�T���Q�B�S�B�M�M�F�M���B�Q�Q�M�J�D�B�U�J�P�O�T��<programming cost↓>

�<�(�M�P�C�B�M���W�J�F�X�>���&�O�B�C�M�F���Q�B�S�B�M�M�F�M�J�[�B�U�J�P�O���P�G���B�O���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

�<�-�P�D�B�M���W�J�F�X�>���&�B�T�Z���U�P���F�Y�Q�S�F�T�T���P�O�F���T�J�E�F�E���D�P�N�N�����X�J�U�I���D�P�B�S�S�B�Z���T�Z�O�U�B�Y

�&�B�T�Z���M�F�B�S�O�J�O�H��<educational cost↓>

�&�Y�U�F�O�T�J�P�O���P�G���$���B�O�E���'�P�S�U�S�B�O
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Designs of XMP for HPC applications

�%�F�T�J�H�O���P�G���9�.�1���G�P�S���)�1�$���B�Q�Q�M�J�D�B�U�J�P�O�T���	�������


�/�V�N�F�S�J�D�B�M���M�J�C�S�B�S�J�F�T���	�#�-�"�4���F�U�D���
�������.�1�*���M�J�C�S�B�S�Z���D�B�O���C�F���J�O�W�P�L�F�E���G�S�P�N���9�.�1��

�Q�S�P�H�S�B�N����<porting↓�
��tuning cost↓�
��performance↑>
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�K�P�V���C�T�T�C�[�=�����?��
���R�T�C�I�O�C���Z�O�R���P�Q�F�G�U���R�
����
���R�T�C�I�O�C���Z�O�R���V�G�O�R�N�C�V�G���V�
����������
���R�T�C�I�O�C���Z�O�R���F�K�U�V�T�K�D�W�V�G���V�
�D�N�Q�E�M�����Q�P�V�Q���R
���R�T�C�I�O�C���Z�O�R���C�N�K�I�P���C�T�T�C�[�=�K�?���Y�K�V�J���V�
�K��

�O�C�K�P�
���]
������������
�������E�D�N�C�U�A�F�I�G�O�O�
�����������C�T�T�C�[�=�M�?��������������
�_

�9�.�1���J�O�R�V�J�S�Z���G�V�O�D�U�J�P�O�T���P�C�U�B�J�O���M�P�D�B�M���N�F�N�P�S�Z���J�O�G�P�S�N�B�U�J�P�O���G�S�P�N���B���H�M�P�C�B�M���B�S�S�B�Z����

�'�P�S���F�Y�B�N�Q�M�F�
��xmp_array_lead_dim �	�
���P�C�U�B�J�O�T���B���M�P�D�B�M���M�F�B�E�J�O�H���E�J�N�F�O�T�J�P�O���P�G��

�B���H�M�P�C�B�M���B�S�S�B�Z��

�B���Q�P�J�O�U�F�S���P�G���B���H�M�P�C�B�M���B�S�S�B�Z��

�J�O�E�J�D�B�U�F�T���B���M�P�D�B�M���Q�P�J�O�U�F�S���P�O���U�I�F��

�O�P�E�F���U�P���X�I�J�D�I���J�U���J�T���E�J�T�U�S�J�C�V�U�F�E

�5�I�J�T���J�T���B���D�P�E�F���F�Y�B�N�Q�M�F���X�I�F�S�F��

�B��global array���J�T���V�T�F�E���J�O��

�#�-�"�4���M�J�C�S�B�S�Z��



Designs of XMP for HPC applications

�%�F�T�J�H�O���P�G���9�.�1���G�P�S���)�1�$���B�Q�Q�M�J�D�B�U�J�P�O�T���	�������


���0�Q�F�O�.�1���T�B�G�F���
���F�Y�D�F�Q�U���G�P�S���D�P�N�N�����E�J�S�F�D�U�J�W�F�T��<performance↑>

�1�S�P�H�S�B�N�N�F�S���D�B�O���V�T�F��OpenMP directives���J�O���9�.�1
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int array[16];
#pragma xmp nodes p(4)
#pragma xmp template t(0:15)
#pragma xmp distribute t(block ) onto p
#pragma xmp align array[i] with t(i)

main(){
   ...
#pragma xmp loop on t(i)
#pragma omp parallel for
   for(i = 0; i < 16; i++){
      array[i] = func(i);
   }
}

XMP/C

integer array(16);
!$xmp nodes p(4)
!$xmp template t(1:16)
!$xmp distribute t(block) onto p
!$xmp align array(i) with t(i)

program main
   ...
!$xmp loop on t(i)
!$omp parallel do
   do i=1,16
      array(i) = func(i)
   done
end program

XMP/Fortran
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HPC Challenge(HPCC) Benchmarks

�5�I�F���)�1�$�$���#�F�O�D�I�N�B�S�L�T���B�S�F���B���T�F�U���P�G���C�F�O�D�I�N�B�S�L�T���U�P���F�W�B�M�V�B�U�F��

�N�V�M�U�J�Q�M�F���B�U�U�S�J�C�V�U�F�T���P�O���B�O���)�1�$���T�Z�T�U�F�N

�5�I�F���)�1�$�$���#�F�O�D�I�N�B�S�L�T���B�S�F���B�M�T�P���V�T�F�E���B�U���)�1�$�$���"�X�B�S�E���$�P�N�Q�F�U�J�U�J�P�O��

�B�U���4�V�Q�F�S�D�P�N�Q�V�U�F�S���$�P�O�G�F�S�F�O�D�F

�*�O���$�M�B�T�T�����
���P�O�M�Z���U�I�F���Q�F�S�G�P�S�N�B�O�D�F���P�G���B�O���)�1�$���T�Z�T�U�F�N���J�T���F�W�B�M�V�B�U�F�E

�*�O���$�M�B�T�T�����
���U�I�F���Q�S�P�E�V�D�U�J�W�J�U�Z���B�O�E���Q�F�S�G�P�S�N�B�O�D�F���P�G���B���Q�S�P�H�S�B�N�N�J�O�H���M�B�O�H�V�B�H�F��

�B�S�F���F�W�B�M�V�B�U�F�E

�3�B�O�E�P�N�"�D�D�F�T�T

�)�J�H�I���1�F�S�G�P�S�N�B�O�D�F���-�J�O�Q�B�D�L���	�)�1�-�


�'�B�T�U���'�P�V�S�J�F�S���5�S�B�O�T�G�P�S�N���	�'�'�5�


�4�5�3�&�"�.
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���C�B�T�F�E���P�O���I�Q�D�D�����������X�S�J�U�U�F�O���J�O��

�$�������'�P�S�U�S�B�O�������.�1�*���X�I�J�D�I���J�T��

�S�F�M�F�B�T�F�E���C�Z���U�I�F���)�1�$�$��

�D�P�N�N�V�O�J�U�Z���	�I�U�U�Q������

�J�D�M���D�T���V�U�L���F�E�V���I�Q�D�D���T�P�G�U�X�B�S�F���


���X�F�B�L���T�D�B�M�J�O�H



Evaluation

�0�N�O�J���9�.�1���$�P�N�Q�J�M�F�S���W�F�S�T�J�P�O�����������B�M�Q�I�B��

�3�F�G�F�S�F�O�D�F���*�N�Q�M�F�N�F�O�U�B�U�J�P�O

�0�Q�F�O���4�P�V�S�D�F

�0�Q�U�J�N�J�[�F�E���G�P�S���U�I�F���,���D�P�N�Q�V�U�F�S��

�������D�P�O�p�H�V�S�F�������U�B�S�H�F�U���,�D�P�N�Q�V�U�F�S���M�J�O�V�Y���H�O�V��

�5�P���V�T�F���I�J�H�I���T�Q�F�F�E���P�O�F���T�J�E�F�E���D�P�N�N�V�O�J�D�B�U�J�P�O���P�O���U�I�F���,���D�P�N�Q�V�U�F�S�
��

�U�I�F���D�P�B�S�S�B�Z���T�Z�O�U�B�Y���J�T���U�S�B�O�T�M�B�U�F�E���J�O�U�P���D�B�M�M�J�O�H���U�I�F���F�Y�U�F�O�E�F�E���3�%�.�"

�5�I�J�T���$�P�N�Q�J�M�F�S���X�J�M�M���C�F���S�F�M�F�B�T�F�E���J�O���/�P�W������������

15

http://www.hpcs.cs.tsukuba.ac.jp/omni-compiler/xcalablemp/



Environment
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The K computer HA-PACS

CPU SPARC64 VIIIfx 2.0GHz
8Cores, 128GFlops

Xeon E5-2670 2.6GHz x2
8Cores x2, 332.8GFlops

Memory DDR3 SDRAM 16GB
64GB/s/Socket

DDR3 SDRAM 128GB
51.4GB/s/Socket

Network Torus fusion six-dimensional 
mesh/torus network, 5GB/s

Infiniband QDRx2rails
Fat-tree network, 4GB/s

�5�P���N�F�B�T�V�S�F���U�I�F���Q�F�S�G�P�S�N�B�O�D�F�
���X�F���V�T�F�E��32,768 nodes  at a maximum

�P�G���U�I�F���,���D�P�N�Q�V�U�F�S���B�O�E��64 nodes ��at a maximum �P�G���)�"���1�"�$�4

HA-PACS has GPUs 
as an accelerator.
But we used only CPU.



RandomAccess

�5�I�F���3�B�O�E�P�N�"�D�D�F�T�T���C�F�O�D�I�N�B�S�L���N�F�B�T�V�S�F�T���U�I�F���Q�F�S�G�P�S�N�B�O�D�F���P�G��

�S�B�O�E�P�N���J�O�U�F�H�F�S���V�Q�E�B�U�F�T���P�G���N�F�N�P�S�Z���W�J�B���J�O�U�F�S�D�P�O�O�F�D�U

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

�*�U���J�T���T�V�J�U�B�C�M�F���U�P���V�T�F���D�P�B�S�S�B�Z���T�Z�O�U�B�Y

�5�P���S�F�E�V�D�F���D�P�N�N�V�O�J�D�B�U�J�P�O���U�J�N�F�T�
���P�V�S���B�M�H�P�S�J�U�I�N���J�T���J�U�F�S�B�U�F�E���P�W�F�S���T�F�U�T���P�G��

�$�)�6�/�,���V�Q�E�B�U�F�T���P�O���F�B�D�I���O�P�E�F��

�0�V�S���B�M�H�P�S�J�U�I�N���J�T���B�M�N�P�T�U���U�I�F���T�B�N�F���B�T���U�I�F���I�Q�D�D�����������3�B�O�E�P�N�"�D�D�F�T�T

17



RandomAccess
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Declare coarray

PUT

Ensure to finish 
PUT operation

�¬�m�k�€�¥�«�W�©�œ�š�­�’�„�x�•�ƒ�†�~�‡�‰�†�z�Š�”�’�‰�z�•�Œ�…�‚�b�h�”�q�’�a�”�r

�•�¦�©�_�e�e�e�`�²

�W�W�W�e�e�e

�W�W�W�ª�œ�¥�›�’� �ª�œ�¥�›�”�’�g�”�W�t�W�¥�ª�œ�¥�›�r�W�W�f�f�W�ª�œ�«�W�Y�¥�¬�¤�™�œ�©�W�¦�•�W�«�©�˜�¥�ª�•�œ�©�W�œ�£�œ�¤�œ�¥�«�ª�Y

�W�W�W�©�œ�š�­�’�¡�”�’�g�q�¥�ª�œ�¥�›�b�h�”�q�’�ª�œ�¥�›�–�«�˜�©�ž�œ�«�”�W�t�W�ª�œ�¥�›�’� �ª�œ�¥�›�”�’�g�q�¥�ª�œ�¥�›�b�h�”�r

�Z�§�©�˜�ž�¤�˜�W�¯�¤�§�W�ª�°�¥�š�–�¤�œ�¤�¦�©�°

�Z�§�©�˜�ž�¤�˜�W�¯�¤�§�W�§�¦�ª�«�_�§�_�ª�œ�¥�›�–�«�˜�©�ž�œ�«�`�c�W�g�`

�W�W�W�e�e�e

�Z�§�©�˜�ž�¤�˜�W�¯�¤�§�W�®�˜� �«�_�§�_�©�œ�š�­�–�«�˜�©�ž�œ�«�`�`

�Z�§�©�˜�ž�¤�˜�W�¯�¤�§�W�ª�°�¥�š�–�¤�œ�¤�¦�©�°

�W�W�¥�©�œ�š�­�W�t�W�©�œ�š�­�’�¡�d�h�”�’�g�”�r

�W�W�ª�¦�©�«�–�›�˜�«�˜�_�]�©�œ�š�­�’�¡�d�h�”�’�h�”�c�W�¥�©�œ�š�­�c�W�e�e�`�r

�W�W�e�e�e

�´

���4�P�V�S�D�F���M�J�O�F�T���P�G���D�P�E�F���	�4�-�0�$�
 is 258 �
���X�S�J�U�U�F�O���J�O���9�.�1���$



Performance of RandomAccess
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�(�6�1�4���	�(�J�H�B���6�1�E�B�U�F�T���Q�F�S���4�F�D�P�O�E�
��

�q�B�U���.�1�*���	�����1�S�P�D�F�T�T���/�P�E�F�
��

�(�P�P�E���1�F�S�G�P�S�N�B�O�D�F������

The modified hpcc-1.4 RandomAccess, for which the 
functions updating the table are specifically optimized 
for the K computer

163GUPS in 16,384 nodes
 (131,072 CPU Cores)



High Performance Linpack (HPL)

�)�1�-���N�F�B�T�V�S�F�T���U�I�F���q�P�B�U�J�O�H���Q�P�J�O�U���S�B�U�F���P�G���F�Y�F�D�V�U�J�P�O���U�P���T�P�M�W�F���B��

�E�F�O�T�F���T�Z�T�U�F�N���P�G���M�J�O�F�B�S���F�R�V�B�U�J�P�O�T���V�T�J�O�H���-�6���G�B�D�U�P�S�J�[�B�U�J�P�O

�*�O���P�V�S���J�N�Q�M�F�N�F�O�U�B�U�J�P�O�
���U�I�F���D�P�F$•�D�J�F�O�U���N�B�U�S�J�Y���J�T���E�J�T�U�S�J�C�V�U�F�E���J�O���C�M�P�D�L��

�D�Z�D�M�J�D���N�B�O�O�F�S���M�J�L�F���I�Q�D�D�����������)�1�-

�5�I�J�T���E�J�T�U�S�J�C�V�U�J�P�O���J�T���V�T�F�G�V�M���U�P���Q�F�S�G�P�S�N���H�P�P�E���M�P�B�E���C�B�M�B�O�D�F

�#�-�"�4���-�J�C�S�B�S�Z���J�T���V�T�F�E

!"#$%&'()*+)*+,
!"#$%&$'(&"')*+,-'". / 012
!"#$%&$'(&"'3,&"4$3,'3.567890'567892
!"#$%&$'(&"'+:-3#:;<3,'3.=>=4:=.7?20'@
'''''''''''''''''''=>=4:=.7?22'*)3*'"
!"#$%&$'(&"'$4:%)'AB:CBDC'E:3F'3.D0:2

A[N][N]

NB

 

NB
 

node 1

node 2

node 8

�~
�~



High Performance Linpack (HPL)
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!"#$%&'(-.)*+)*/+,
!"#$%&$'(&"'$4:%)'GB:CBHC'E:3F'3.H0:2
''''0
!"#$%&$'(&"'%&*I,
.)10%&2+)30*/+'4'()10%&2+)50*/+,

k

len

�1�B�O�F�M���#�S�P�B�E�D�B�T�U���C�Z���V�T�J�O�H��gmove ���E�J�S�F�D�U�J�W�F

SLOC is 288, written in XMP/C



Performance of HPL
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�����5�I�S�F�B�E�T���1�S�P�D�F�T�T���P�O�������O�P�E�F

543 TFlops in 8,192 nodes
(65,536 CPU Cores),
53% of the theoretical peak

100 GFlops in 1 node, 8 CPU Cores,
78% of the theoretical peak

�*�O���T�Q�J�U�F���P�G���X�F�B�L���T�D�B�M�J�O�H�
���U�I�F���Q�B�S�B�M�M�F�M��
�F$•�D�J�F�O�D�Z���J�T���O�P�U���W�F�S�Z���H�P�P�E��



Fast Fourier Transform (FFT)

�'�'�5���N�F�B�T�V�S�F�T���U�I�F���q�P�B�U�J�O�H���Q�P�J�O�U���S�B�U�F���P�G���F�Y�F�D�V�U�J�P�O���G�P�S���E�P�V�C�M�F��

�Q�S�F�D�J�T�J�P�O���D�P�N�Q�M�F�Y���P�O�F���E�J�N�F�O�T�J�P�O�B�M���%�J�T�D�S�F�U�F���'�P�V�S�J�F�S���5�S�B�O�T�G�P�S�N

�8�F���Q�B�S�B�M�M�F�M�J�[�F�E���P�O�M�Z���B���T�V�C�S�P�V�U�J�O�F���l�1�;�'�'�5���%���z�
���X�I�J�D�I���J�T���U�I�F���N�B�J�O��

�L�F�S�O�F�M���P�G���U�I�F���I�Q�D�D�����������'�'�5

23



Fast Fourier Transform (FFT)

�.�B�U�S�J�Y���U�S�B�O�T�Q�P�T�J�U�J�P�O���J�T���J�N�Q�M�F�N�F�O�U�F�E���C�Z���V�T�J�O�H���H�N�P�W�F���E�J�S�F�D�U�J�W�F��

24

JKLMN'+:-3#:;<3,'3(.;4*=O2'*)3*'"
JKLMN'+:-3#:;<3,'3>.;4*=O2'*)3*'"
JKLMN'$4:%)'A.H0:2'E:3F'3>.:2
JKLMN'$4:%)'APQRST.:0H2'E:3F'3(.:2
JKLMN'$4:%)'?.H0:2'E:3F'3(.:2
'''0
JKLMN'%&*I,
(-6789:0;0<'4'(:0;0< '='>%%?@"?>%%

=ABCD'%""E'"2'@F:G<
=A7CD'E>H>%%&%'!"
I7'J3'G4K;*B
''I7'L3'M4K;*N
''''/:M;G<4(-6789:G;M<
''J3'O7*PG*QR
L3'O7*PG*QR

JKLMN'%&*I,

1. Node 2 transfers data to node 1
    with packing it
2. Node 1 copies A_WORK() to 
    B() by using XMP and OpenMP 
    directives

The SLOC of PZFFT1D0 is 65, written in XMP/Fortran + OpenMP



Performance of FFT

25

�����5�I�S�F�B�E���Q�S�P�D�F�T�T���P�O�������O�P�E�F

24TFlops in 32,768 nodes
(262,144 CPU Cores)

50% of performance of the 
hpcc-1.4 FFT



Agenda

���� �*�O�U�S�P�E�V�D�F���9�.�1���G�F�B�U�V�S�F�T

�� �(�M�P�C�B�M���W�J�F�X���N�F�N�P�S�Z���N�P�E�F�M���X�J�U�I���9�.�1���E�J�S�F�D�U�J�W�F�T

�� �-�P�D�B�M���W�J�F�X���N�F�N�P�S�Z���N�P�E�F�M���X�J�U�I���D�P�B�S�S�B�Z���T�Z�O�U�B�Y

�� �%�F�T�J�H�O�T���P�G���9�.�1���G�P�S���)�1�$���B�Q�Q�M�J�D�B�U�J�P�O�T

���� �&�Y�Q�M�B�J�O���J�N�Q�M�F�N�F�O�U�B�U�J�P�O�T���P�G���U�I�F���)�1�$�$���#�F�O�D�I�N�B�S�L�T���B�O�E

�F�W�B�M�V�B�U�F���U�I�F�J�S���Q�S�P�E�V�D�U�J�W�J�U�Z���B�O�E���Q�F�S�G�P�S�N�B�O�D�F

���� �%�J�T�D�V�T�T���F�Y�Q�F�S�J�N�F�O�U�B�M���S�F�T�V�M�U�T

���� �4�V�N�N�B�S�J�[�F���P�V�S���Q�S�F�T�F�O�U�B�U�J�P�O

26



Comparison with hpcc-1.4 (MPI)

�1�S�P�E�V�D�U�J�W�J�U�Z

�3�B�O�E�P�N�"�D�D�F�T�T�������4�-�0�$������938��������258

���D�P�B�S�S�B�Z���J�T���B���N�P�S�F���D�P�O�W�F�O�J�F�O�U���U�P���F�Y�Q�S�F�T�T���D�P�N�N�V�O�J�D�B�U�J�P�O�T

�)�1�-�������4�-�0�$������8,800��������288

�1�;�'�'�5���%�����P�G���'�'�5�������4�-�0�$������101��������65

�9�.�1���H�M�P�C�B�M���W�J�F�X���F�O�B�C�M�F�T���Q�S�P�H�S�B�N�N�F�S�T���U�P���E�F�W�F�M�P�Q���Q�B�S�B�M�M�F�M��

�B�Q�Q�M�J�D�B�U�J�P�O�T���F�B�T�J�M�Z

�1�F�S�G�P�S�N�B�O�D�F

�3�B�O�E�P�N�"�D�D�F�T�T�������(�P�P�E����

�)�1�-���B�O�E���'�'�5�������5�I�F���Q�F�S�G�P�S�N�B�O�D�F�T���P�G���9�.�1���J�N�Q�M�F�N�F�O�U�B�U�J�P�O�T���B�S�F���X�P�S�T�F��

�U�I�B�O���U�I�P�T�F���P�G���I�Q�D�D��������

27

hpcc-1.4 XMP



Discussion (2/3)

�0�W�F�S�I�F�B�E���P�G���H�N�P�W�F���E�J�S�F�D�U�J�W�F

28

�<�'�'�5�>���*�O���H�N�P�W�F���E�J�S�F�D�U�J�W�F�
���E�B�U�B��

�Q�B�D�L���V�O�Q�B�D�L���P�Q�F�S�B�U�J�P�O���J�T���O�P�U���F�Y�F�D�V�U�F�E��

�X�J�U�I���U�I�S�F�B�E���Q�B�S�B�M�M�F�M�J�[�B�U�J�P�O
JKLMN'%&*I,
(-6789:0;0<'4'(:0;0<

!"#$%&$'(&"'%&*I,
(-.)10%&2+)30*/+'4'()10%&2+)50*/+,

�<�)�1�-�>���(�N�P�W�F���E�J�S�F�D�U�J�W�F���J�T���B���C�M�P�D�L�J�O�H��

�P�Q�F�S�B�U�J�P�O�����$�P�N�N�V�O�J�D�B�U�J�P�O���B�O�E��

�D�P�N�Q�V�U�B�U�J�P�O���B�S�F���O�P�U���P�W�F�S�M�B�Q�Q�F�E��



Discussion (3/3)

�5�P���J�N�Q�S�P�W�F���Q�F�S�G�P�S�N�B�O�D�F

�O�P�O���C�M�P�D�L�J�O�H���H�N�P�W�F���P�Q�F�S�B�U�J�P�O

�E�B�U�B���Q�B�D�L���V�O�Q�B�D�L���X�J�U�I���U�I�S�F�B�E�F�E��

�Q�B�S�B�M�M�F�M�J�[�B�U�J�P�O���J�O���H�N�P�W�F

29

�*�N�Q�S�P�W�J�O�H���U�I�F���Q�F�S�G�P�S�N�B�O�D�F���P�G���U�I�F���H�N�P�W�F���J�T���J�N�Q�P�S�U�B�O�U����But�
��������

�8�I�J�M�F���M�F�W�F�M���P�G���B�C�T�U�S�B�D�U�J�P�O���P�G���U�I�F���H�N�P�W�F���J�T���W�F�S�Z���I�J�H�I�
���U�I�F���Q�F�S�G�P�S�N�B�O�D�F��

�P�G���U�I�F���H�N�P�W�F���S�F�N�B�J�O�T���V�O�D�M�B�S�J�U�Z

�(�N�P�W�F���J�N�Q�S�P�W�F�T���U�I�F���Q�S�P�E�V�D�U�J�W�J�U�Z�
���C�V�U���N�B�Z���C�F�D�P�N�F���X�P�S�T�F���U�I�F��

�Q�F�S�G�P�S�N�B�O�D�F

�*�G���U�I�F���Q�F�S�G�P�S�N�B�O�D�F���P�G���U�I�F���H�N�P�W�F���I�B�T���B���Q�S�P�C�M�F�N�
���X�F���S�F�D�P�N�N�F�O�E���U�I�B�U����

�Q�S�P�H�S�B�N�N�F�S���X�J�M�M���C�F���B�C�M�F���U�P���S�F�X�S�J�U�F���U�I�F���D�P�N�N�V�O�J�D�B�U�J�P�O���X�J�U�I���D�P�B�S�S�B�Z��

�T�Z�O�U�B�Y���P�S���.�1�*���M�J�C�S�B�S�Z

!"#$%&$'(&"'%&*I,' $->)=. async-id2
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