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processes

and synchronous message passing

thread/process synchronization remote read/write

Spread matrices                    spread vectors

spread array and pointers

õ³#&/16�'+�N^Jp�T�'?<+�9#&>+�=<?>+6�'c�K7)PmTKW0XQYa!$#&%�'�()'+*

!&71/)#.<3(4!F7J2��1Sm�Œ���KMo()5�59#&2�/RPA'+71MZ!&71/)#.<3(4!�>+7R5��O*�-ˆ#.<3(4!F296�MR%8�3'�-Q#t-Œ/)#&G1�32I%O*j>+����¡R’?•J•i¤.Ÿ9¢

���

PA6�28<?@

>:#&712l>+�8()>�#.-b-:6�5�587O-q�=BI>+7N%g�NB9�?h82��=B"%9*e>+���
68-:�3'4SHTKW0XQYÊ5�'+7)G1#.B9�=-0>+���K5�'+�=B9�?h82��=B©¡R’?•J•i¤.Ÿ9¢

���

PA6�28<?>:#&712I#.B9�329>:#&>”*e#&2[#L>?-K‘=Ÿ��=¤••”˜JŸ8¡R‘=Ÿg•�h�!&�1S

�Œ���o-:5�'+�=(1B Mo()>+':#$€dP`(1<c#$!C#&>:*V#t-,()'�<c�9#&>+�=<?>+6�'+�=B•(1-
-q��7~E02d#&2«õ³#&/16�'+�eú�S����
	���
�����
���	����������

� �"!$#$%$&(')�+*�,.-/�102#$%$&3'4�+*5,.-76l#.-�>c���H%8(1-:�H<c!.(1-c-�>+�8(D>—#&2����3':#&>�-—PA'+71Ma>+���8���
	���
9��: 	�	�
�;<�

�=6U<c!.(1-c-�(D28B›5�'+7)GJ#.B9�=-
Mj7O-:>R7)P�Pu6�28<?>q#L7J28-,Pu7J6�28Bd#&2©>+���o<?6�'c'+�32O>,#&MN59!&�3MN�329>�()>:#&712�S›…b�3'q#LGJ�=B

PA'+71M†>+�9#.-�<c!.(1-+-H(D'+��>:E�7K71>+���3'Q<c!.(1-c-:�=-3p‰ƒ15�'+�=(1B�wd()>+'q#C€o()28Be…,ƒ15�'+�=(1B�wd()>c':#$€�S������
ƒ15�'c�=(1B�wd()>+':#&@

<?�=-3n�ƒ15�'+�=(JB�w{(D>+':#$€{()28Bd…,ƒ15�'+�=(1B�wd()>+'q#C€">:*958�=-K()'c�
>+7e%8�R'+�=-:5g�=<?>:#&G1�?!&*›68-:�=Bl>+7e/1�3>=p‰h�€��=Bd-ˆ#&œ3�

Mo()>c':#.<?�=-
B9�?h82��=B©B9*928()MR#.<3(4!$!&*1n�h�€��=B‚-”#Lœ3�IMe()>+':#.<?�=-
B9�?h82��=B©-q>�()>:#.<3(4!$!&*1n�G~(D':#.()%9!&�"-ˆ#&œ3�oMo(D>+':#.<?�=-

B9�?h82��=BdB9*O28(DMR#.<3(4!$!L*1S

�Œ���{-:5�'+�=(JB©Mo()>c':#$€ -:�3>e7)P
<c!.(1-+-:�=-§#.-I-:��7)E�2•#&2 Tb5�58�328BJ#$€Õ^1Sû�����I!$#&2��=-I%g�?!&7~E°B9�?h82��›(

>�()%9!&�e7)P�587)#&29>+�3'�-,>+7l>+��'+�3�oBJ#$f��3'+�329>§-q5�'+�=(1BVMo()>+':#.<?�=-3SI�����jh8'�-:>,712��j#t-R(�>1B9*O28(DMR#.<�>{-q5�'+�=(1B

Mo()>c':#$€§E0��7O-:�KBJ#LMj�328-ˆ#&7128-�()'+�Œ#L29#&>:#.(4!$#&œ3�=Bl>+7
z�^=ú,()28Bl^=¹1ú)÷8S������=-:�KBJ#&MN�328-ˆ#&7128-�<3()2j%8�
<c�8()2�/1�=B

B9*928()MR#.<3(4!$!&*1So�����R2��?€�>K>”E�7e712��=-K()'+�<>1-q>�()>:#.<�>e-:5�'+�=(1BdMe()>+':#.<?�=-3S
õ|6�'+>+���3'b#$!$!&68-:>+'�()>q#L7J2«<3()2d%g�

PA716�28Be#&2">c���K2��36�'�(4!&@A2��3>:EQ7J'+v�-”#LMR69!.()>+7J'�<?7}B9�j±”-:�3�KTb5�58�328BJ#.<?�=-
öD@`z9²�S

ú



��� �
	���
��9�7
 � 	����/� � �?z�^=ú �4^=¹)ú)÷
�:÷
�+ù 6 � �Š¹��

���
	���
�����
���	����/� � �=^=úJù ��z�^4ú9�:÷��+ù$6 � �Z^��

���
	���
�����
���	����/� � ��z�^4ú ��ú1z��9�:÷��+ù$6 � �Êú��

���
	���
�����
���	�������� � � �c÷
��ù$6
	 � �Z\yö)_��

template <class T, int VPROSIZE, int HPROCSIZE>

template <class T, int VPROSIZE, int HPROCSIZE>

  SpreadMatrices : SpreadArray<T>{};
template <class T, int VPROSIZE, int HPROCSIZE>

  SpreadMatrix : SpreadMatrices<T, VSIZE, HSIZE, VPROCSIZE, HPROCSIZE>{};

{};  DSpreadMatrix : SpreadMatrices<T, VPROCSIZE, HPROCSIZE>
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