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Memory system queue

Vector processors

Node  1

Node 2
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Figure 3a. Comparison with measurement data.
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Figure 3b. Execution time of 2 processor system.
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Figure 3c. Execution time of 4 processor system.
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Figure 3d. Execution time of 8 processor system.
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*: 8 processors

o: 4 processors

+: 2 Processors

x: 1 Processor

Memory time tm
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z	_5\-y �"opbd_%fw]4](Z�i�]-]~i�bxf[}hbdg�}��	_pu-stZ�u(qRi�f�op_�� �'i�u-g�_Lu(_pg�bd\-](_pu�Xjkd_��j_a`cop_%\(\-bx��_&fnyhqXz�_%u4Z�sCq"_pq"Z�u-l�z�i�f�|�\4Z�u
\(Z�qR_+|�bxf�r�Z�s'q"_pq"Z�u-lR}�bd_%uei�u-o~}wl�r�_%\(bxg�f�\ J ¯ Oc� ¯ Pc� ¯ Qc� ¯ %SRG�8Z�y�kdr�z	_+f�_%op_%\(\ei�u-lW](Z�q�i�bxfw]~i�bxf�}�bxg�}���_%o%](Z�u
�	_pu-stZ�u(qRi�f�op_+stZ�u�\-ln\-](_pq"\���bm]e},i"kdi�u(g�_+f�y�qXz	_pu�Z�s ��u(Znop_%\(\(Z�u(\p�

��}�_�_%��_poa]e\LZ�s�\^lc\^]e_%q{\(b � _�bdf[]e_pu-qR\ Z�s�fnyhqXz�_%u+Z�s���u-Zco%_p\(\-Z�u(\Li�u(_&sty�u^]e}�_%uvbdkxkdy�\^]euei«]e_pr[bdf�¥ bdg�y�u-_ Ph�
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B=256, VL=64, Z=15

tm=5, Pstr1=0.7

*: 128 memory banks

o: 256 memory banks

No. of processors

¥�bxg�y�u(_$P >  _pu^stZ�u(qRi�f�o%_v�c\�f�y�qXz	_pu�Z�s ��u-Zco%_p\(\-Z�u(\%�

��}�_�]��8Z2o%y�u-��_p\�bdf�]e}�_�Xjg�y�u-_�o%Z�u(u-_p\(�	Z�f�r�]eZ[]��8Z�r�bm�G_%u(_pfhop_�f�y�q&z�_%u(\XZ�s<qR_%qRZ�u^l¡qRZnr�y�kx_p\v��bx](}�]e}h_
\ei�qR_5qR_%qRZ�u^l�o%lnopkx_&]ebxqR_  � � Oc�4©�_Xf�Z�](bdo%_&bdf,]e}�bx\ Xjg�y�u(_U]e}ji�]4]e}�_&\-ln\-](_pq ��bm]e}2Z�f�_X��u-Zco%_p\(\-Z�u+opi�f
��u-Zcr�yhop_&o%kdZ�\-_5](Z�Z�f�_L��_%o%](Z�u+_pkx_pq"_pfw]4u(_p\-y�kx] ��_%u4oalnopkd_�� ��Z�� _a��_pu%��i�\�]e}�_5fnyhqXz�_%u Z�sC��u(Znop_%\(\(Z�u(\+bxf[]e}h_
\-ln\^]e_pq bdfhopu(_pi�\(_%\p�C](}�_Rf�y�q&z�_%u&Z�s�u-_p\-y�kx](\&��u-Zcr�yhop_pr���_%u&o%lno%kd_�bx\5fhZ�]&kxbdf�_pi�u(kml�u(_%k�i�](_pr�]eZ[](}�_�f�y�q&z�_%u
Z�s��hu(Znop_p\-\(Z�u-\p�[��f�Z�](}�_puU� Z�u-r�\p� ]e}�_R��_%u-stZ�u-q�i�fhop_"gwi�bdfh\&i�u-_"s£i�u5kx_p\(\U]e}ji�fNkdbxf�_�i�uv��bm]e}�u-_p\-��_%o%]&](Z#]e}h_
bdfhopu(_pi�\(_�Z�s�]e}h_"f�y�q&z�_%uUZ�s ��u-Zco%_p\-\(Z�u-\p�"��}�_pu-_%stZ�u-_��=z�l-[-yh\-]5i�r�r�bxf�g�qRZ�u(_���u-Zco%_p\(\-Z�u(\L]eZ,i�\-ln\^]e_pq Z�fh_
qRi�l f�Z�]�Z�zc]~i�bxf kdbxf�_�i�u"�	_pu^stZ�u(qRi�f�o%_[bxf�opu-_�i�\-_2z	_po�i�y�\(_2Z�svqR_%qRZ�u-lEk�i«]e_pfho%l��*Y[_%qRZ�u^l \-ln\-](_pq �hk�i�ln\
i�f�bdq"��Z�u-]~i�f�]+u(Z�kx_"bxf�i,qXyhkx]ebx��kd_5��_poa]eZ�uU��u-Zco%_p\(\-Z�uU\-ln\-](_pq,�W� ]Ubd\v]e}�_%u(_astZ�u(_"f�_po%_p\-\ei�u^l�](Z[}�i���_Wi�}�bdg�}
�	_pu-stZ�u(qRi�f�op_�q"_pq"Z�u-lN\-ln\-](_pq bdf Z�u(rh_pu�]eZ�i�o~}�bx_%��_[}�bdg�} ��i�uei�kxkd_%kdbd\-q bxf i�qXy�km]ebx��kd_���_poa]eZ�u"��u(Znop_%\(\-Z�u
\-ln\^]e_pq,��� ]�bd\&\-}�Z���f­bxf�¥�bxg�y�u(_-P#]e}ji«]X��bx](}  O&P#q"_pq"Z�u-l�zji�fh|n\%�/]e}�_�\^lc\^]e_%q ��_%u-stZ�u-qR\5z�_a](](_puX]e}�i�f
]e}�i�] ��bm]e} ¯  &%Uzji�f�|�\%���*k�i�u-g�_4f�y�q&z�_%u<Z�s'q"_pq"Z�u-l"zji�fh|n\<��bxkdk�u(_%r�y�o%_vqR_%qRZ�u^l"zji�f�|"bdfw]e_%u-st_%u(_pfhop_p\�i�f�r
bdfhopu(_pi�\(_v��i�uei�kxkd_%kdbd\-q7Z�s=q"_pq"Z�u-lRZ��	_puei«]ebdZ�f�\p�C��}hbd\<s£i�oa]�bd\ styhu-]e}h_pu�bdkxkdy�\^]eu(i�]e_%r�bdf�¥ bdg�y�u-_^Q5��}�_%u(_v��_%o%](Z�u
�	_pu-stZ�u(qRi�f�op_%\�i�u(_v��kxZ�](](_pr,i�\�sty�f�oa]ebxZ�f�\�Z�s fnyhqXz�_%u�Z�s�q"_pq"Z�u^l�zji�f�|�\�stZ�u�rhbx��_pu(_%fw]4\-b � _U\^ln\-]e_%qR\%�

� km]e}�Z�yhg�}�}�bdg�}�rh_pg�u-_p_�Z�s�qR_%qRZ�u^l&bxfw]e_pu-kd_pi��nbxf�gvu(_%r�y�op_%\8q"_pq"Z�u^lXopZ�fh�jbdoa]e\%��iLkdi�u(g�_<f�y�qXz	_pu�Z�s�qR_%q�¤
Z�u^l�qRZnr�y�kx_p\Cfh_pop_%\(\-bx]~i«]e_p\8opZ�q"��kx_a`�bxfw]e_pu-opZ�fhf�_poa]ebdZ�f"fh_%]��8Z�u(|����4Z�]�Z�f�kxl&r�Zc_%\/]e}�_�opZ�qR��kx_a`Xbdfw]e_%u(opZ�f�f�_po1¤
]ebxZ�f2f�_a]�� Z�u(|2bxf�opu-_�i�\-_X]e}�_�}ji�u(rh� i�u(_�o%Z�\-]Lzhyh]Ui�kd\-ZW_pfhk�i�u-g�_&]e}h_�qR_%qRZ�u^l[i�opo%_p\(\v](bdq"_&r�y�_X](Z�f�_%]��8Z�u-|
r�_%k�i�ln\p� �4f�Z�](}�_pu+o%Z�q"qRZ�f[i����hu(Zwi�o~}2](ZWi�o~}hbd_%�nbxf�gW}�bxg�}#q"_pq"Z�u-l��	_pu^stZ�u(qRi�f�o%_&bxf[��_%o%](Z�u+opZ�qR��yc]e_pu-\ bx\

 �



0 200 400 600 800 1000 1200
0

1

2

3

4

5

6

7

N
um

be
r 

of
 r

es
ul

ts
 p

er
 c

yc
le

tm=5, VL=64, Z=8
B=256, Pstr1=0.7
*: 8 processors
o: 4 processors
+: 2 Processors
x: 1 Processor

No. Memory Banks

¥�bxg�y�u-_ Q >  _%u-stZ�u-q�i�fhop_v�n\4f�y�qXz	_pu�Z�s q"_pq"Z�u-lRzji�f�|�\%�

]eZL}ji���_ k�i�u(g�_<u-_pg�bx\-](_pu	Xjkd_%\�Z�uC��_%o%]eZ�u8opi�o~}�_�qR_%qRZ�u-bd_%\�J ¯ � R ����}�_�_%��_po%]8Z�s�}ji��nbdf�gUk�i�u-g�_<u-_pg�bx\-]e_%u	Xjkd_%\8i�f�r
��_%o%](Z�uvo�i�o~}h_�qR_%qRZ�u-bd_%\ bd\�]e}�_�u-_pr�yho%]ebxZ�f�Z�s�q"_pq"Z�u-l,u-_p��y�_p\^]Uuei�](_��v��f¡Z�y�uvi�fji�kxl�](bdo�i�k=q"Znr�_pkA��u-_pr�y�o%_pr
q"_pq"Z�u-l�u-_p��y�_%\-]<u(i�]e_�bdq"��kxbd_p\�bdf�o%u(_�i�\(_prR��u(Znop_%\(\-Z�u8](}�bdf�|5]ebdq"_���¥�bdg�y�u(_�%U\(}�Z���\8](}�_�_%��_po%](\ Z�sG��u(Znop_%\(\-Z�u
]e}hbdf�|U]ebdq"_<Z�f���_po%](Z�u���_%u-stZ�u-q�i�f�op_<stZ�u/rhbx��_pu(_%fw]�fnyhqXz�_%u(\�Z�s���_%o%]eZ�u8��u-Zco%_p\-\(Z�u-\�bxf"iL\^ln\-]e_%q[� ©�_�o~}ji�fhg�_
]e}h_X��u(Znop_%\(\-Z�u+]e}�bxf�|�]ebdq"_Ubdf2]e}h_XqXy�km]ebd�hkd_LZ�s\P&N��$��i�o~}�bxf�opu-_�i�\-_�Z�s�P&N�o%lno%kd_p\vbxf2��u-Zco%_p\(\-Z�u+]e}hbdf�|�]ebxqR_
bdfhr�bdopi�]e_%\X]e}ji�]XZ�f�_�qRZ�u(_���_po%](Z�u"Z���_%uei�](bdZ�f�Z�s kx_pf�g�]e} � ��bd\X�	_pu^stZ�u(q"_pr���bx](}�bdfN��_poa]eZ�u�u(_%g�bd\^]e_%u(\p�E¥jZ�u
_a`hi�q"��kx_���stZ�u���u-Zco%_p\(\-Z�u4](}�bdfh|�]ebxqR_vz	_pbxf�g � � P&N � � � �	�#" 
 �¦��P&N ��_%kd_pq"_pfw](\ i�u-_L��u(Znop_%\(\(_%r2��bx](}�bdf���_%o%](Z�u
u(_%g�bd\^]e_%u(\���}�bdkx_�]e}h_,u-_pqRi�bdfhbdf�g � 8 P N �v_pkx_pq"_pfw]e\"i�u-_�opZ�q"��yh](_prE]e}�u-Z�y�g�}�]e}h_,qRi�bxf�qR_%qRZ�u^l��Eªnbdf�o%_
]e}h_pu(_5bd\�f�ZRqR_%qRZ�u^l,i�opo%_p\-\ r�y�u-bdf�g"]e}�_U��u-Zco%_p\(\-Z�u4](}�bdfh|W]ebdq"_���Z�fh_U��_po%](Z�u _%kd_%qR_%f�]4u(_%\(y�km] bx\4o%Z�q"��yh]e_%r
_%��_pu^l¡o%lnopkx_"fhZ�]LopZ�fh\(bdrh_pu(bxf�g�\-]ei�u-](y��¡Z���_pu-}�_�i�rG�R�4\5i�u-_p\(yhkx]����'&)(*& � �8bdf2stZ�u-qXy�k�i¡¢ ¯  �¨4bx\ ¯ ���'i�u(g�_���u(Z�¤
op_%\(\-Z�u&]e}hbdf�|2](bdq"_Ru-_p\(yhkx]e\5bdf�z�_a](]e_%u&�	_pu^stZ�u(qRi�f�o%_�i�\5\(}�Z���f�bxfN¥�bxg�y�u(_�%h�,��}�bx\5Z�zh\(_pu^��i�]ebxZ�f�z	_po%Z�qR_%\
q"Z�u(_5_%�nbdr�_%fw]Lbxs/]e}h_�uei�](bdZ�Z�s8q"_pq"Z�u^l[oalnopkd_5]ebdq"_Xi�f�r���u(Znop_%\(\-Z�uvo%lnopkx_X]ebxqR_Ubd\+kdi�u(g�_��v��f¡¥�bxg�y�u(_ �h�G�8_
\(}hZ��*]e}�_L�	_pu-stZ�u(qRi�f�op_v��_pu(\-y�\ �hu(Znop_p\-\(Z�u�]e}hbdf�|"]ebdq"_+stZ�u�kdi�u(g�_%u�qR_%qRZ�u-lWoalnopkd_v](bdq"_��  � � � ¯ �h��}�bxo~}[bx\
]e}h_�i���_pu(i�g�_Xq"_pq"Z�u^l[u-_p\-_pu-��i�](bdZ�f[]ebdq"_&Z�s\� uei�l
 n�+��f2]e}�bx\ opi�\(_�� ]e}�_X\-kdZ��	_&Z�s/]e}�_X�	_pu^stZ�u(qRi�f�o%_&o%y�u-��_p\
z	_popZ�qR_%\4qXyho~}#k�i�u(g�_%up����}�bxo~}2\(y�g�g�_p\^]e\4](}ji�]�]e}h_pu(_5bd\�i�g�u(_pi�] �	Z�](_pfw]ebdi�k�bdf,gwi�bxf�bdf�g�z	_%]-]e_%u4�	_pu^stZ�u(qRi�f�o%_
zwl�q"_�i�f�\�Z�s�i���u(Z���_%u�rh_p\(bxg�f,Z�s�q"_pq"Z�u^l�}�bx_pu(i�u(o~}wl��
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tm=5, VL=64, Pstr1=0.7
B=512, M =256
*: 8 processors
o: 4 processors
+: 2 Processors
x: 1 Processor

Processor think time Z

¥�bdg�y�u(_$% >  =_pu^stZ�u(qRi�f�o%_L�n\���u(Znop_%\(\-Z�u�]e}�bxf�|�]ebxqR_ S��

� � ���
�)�D�����������

��fX]e}hbd\���i���_%u��8_�}ji���_�r�_a��_pkxZ��	_pr"i�f�i�f�i�kxl�]ebxo�i�knq"Zcr�_%knstZ�u�q"_pq"Z�u-lUbdfw](_pu-st_%u(_%f�op_%\/r�y�_ ](Z+��_poa]eZ�uCi�opo%_p\(\-_p\
bdf�q&y�kx](bd��kx_���_poa]eZ�u���u-Zco%_p\(\-Z�u�\-ln\^]e_pq"\p����i�o~}���_%o%]eZ�u�i�opo%_p\(\�bx\�i�\(\-y�q"_pr�]eZ�z	_+u(_%g�y�kdi�u(kmlR��i�](](_pu(fh_pr,i�\�bx]
bd\�bdf[u(_pi�k=��_poa]eZ�u4opZ�q"��yh](_pu(\%� ¬8Z�]e}2\-_pkms�¤�bdfw](_pu-st_%u(_%f�op_&i�f�r#o%u(Z�\-\^¤ bdfw]e_%u-st_pu-_pf�o%_XZ�s�qXyhkx]ebx��kd_v\^]eu-_�i�q���_%o%](Z�u
i�o%op_p\-\(_%\Ri�u(_Wo%Z�f�\(bxr�_pu-_pr�bxf�]e}�_�qRZnr�_pk8i�\-\(y�q"bdf�g,]e}ji«]X]e}�_�\-]eu-bdr�_RZ�s�_�i�o~}E��_poa]eZ�u�i�opop_%\(\�bd\&i#uei�f�r�Z�q
f�y�qXz	_puv��bx](}�i�yhf�bxstZ�u-q r�bx\-](u(bdzhyh]ebxZ�f2_a`co%_p�h]5stZ�uLi�op_pu^]~i�bxf¡\(�	_popb Xj_pr�k�i�u(g�_���u-Z�zji�zhbdkdbm]�l,Z�s yhf�bx]L\^]eu(bxr�_��
©�_X}ji���_X�hu(Z��	Z�\(_%r¡i�����u-Z�`hbxq�i«]ebdZ�f,](_po~}�f�bx��y�_p\+](Z�i�fji�kml � _5](}�_Xo%Z�qR�hkdbdopi�]e_%r[��y�_%y�_pbxf�g�z	_p}ji��nbdZ�u4Z�s/]e}h_
q"_pq"Z�u-lL\^lc\^]e_%q ]e}�i�]Co%Z�f�\(bx\-](\�Z�s	i�fnyhqXz�_%uCZ�sjbxf�r�_%��_%f�r�_pfw]/z�i�f�|�\p�C��}h_�i�fji�kml�]ebdopi�k�qRZnr�_%knopi�fXz	_ \-Z�kx��_pr
��_%u-l�_ �Ro%bd_%f�](kxl�yh\(bdfhg�](}�_Lg�bx��_pf#Y[_�i�f,��i�kxy�_v� f�i�kxln\(bx\�i�kdg�Z�u(bm]e}�q,�

��`c](_pf�\-bx��_R\-bdqXy�kdi�]ebxZ�f#_1`c��_%u(bdq"_pfw](\v}ji���_Ri�kd\-ZWz�_%_pf�o�i�u-u(bx_pr�Z�yh]v](ZW��i�kdbxrji�]e_&Z�y�uvi�f�i�kxl�]ebxo�i�k=q"Zcr�_%k �
� ]+}�i�\ z	_p_%f�\(}�Z���f2]e}�i�]+i�fji�kxl�](bdo�i�k=u-_p\-y�kx](\ qRi�]eo~},��_pu^l#�8_pkxk=��bm]e}#\-bdqXyhk�i�](bdZ�f�u(_%\(y�km]e\4Z���_puvi�kdk'��Z�\(\(bxz�kd_
kdZ�i�r2opZ�f�r�bx](bdZ�fh\4��bx](}2]e}�_�qRi«`cbdq&y�q�_pu(u-Z�u+Z�s�kx_p\(\+](}ji�fW% � �L©�_&}ji���_"i�kd\-ZW��i�kdbxrji�]e_%r#Z�yhuvi�fji�kmln\(bd\ z�l
opZ�qR�ji�u(bdfhg#]e}�_�f�y�q"_pu-bdopi�k u-_p\(yhkx]e\�opi�kdo%y�k�i�](_pr�stu-Z�q Z�y�u�i�fji�kml�]ebdopi�k�qRZnr�_pk���bx](}���u(_a�cbxZ�y�\-kxlN�hy�z�kdbx\(}�_%r
q"_�i�\-y�u(_%qR_%f�](\&Z�f�i,u-_�i�k�qXyhkx]ebx��kd_X��_poa]eZ�u5��u(Znop_%\(\(Z�u&qRi�o~}�bdfh_���V�\(bdfhg[]e}h_�i�f�i�kxl�]ebxo�i�k/q"Znr�_pkA�'�8_�}�i���_
\-](y�r�bx_prR](}�_�_%��_po%](\ Z�sGqR_%qRZ�u-l�bxf�](_pu^st_pu(_%f�op_%\ Z�f"]e}�_��	_pu-stZ�u(qRi�f�op_�Z�s���_%o%]eZ�u opZ�qR��yc]e_pu-\p��§+y�u�f�y�q"_pu(bxo�i�k
u(_%\(y�km]e\8\(}�Z���]e}�i�]<q"_pq"Z�u-lX\-ln\-](_pq bx\�](}�_ qRi [-Z�u�z	Z�](](kd_%f�_po~|�stZ�u�k�i�u-g�_�\(opi�kd_4qXy�kx](bd��kx_<��_%o%]eZ�u ��u-Zco%_p\(\-Z�u(\%�
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tm=31, VL=64, Pstr1=0.7
B=512, M =256
*: 8 processors
o: 4 processors
+: 2 Processors
x: 1 Processor

Processor think time Z

¥�bdg�y�u(_ � >  =_pu^stZ�u(qRi�f�o%_L�n\���u(Znop_%\(\-Z�u�]e}�bxf�|�]ebxqR_ S��

��}�_%u(_%stZ�u(_���bx]�bd\�_p\-\(_%f�](b�i�k']eZR}ji���_5}�bdg�},�	_pu-stZ�u(qRi�f�op_Uq"_pq"Z�u-l�\^lc\^]e_%q bxf[Z�u-r�_pu�]eZ�i�o~}�bx_%��_5}�bdg�}[��_%o%](Z�u
�	_pu-stZ�u(qRi�f�op_vbxf�qXy�kx](bd��kx_4��_po%](Z�u���u(Znop_%\(\(Z�u�\^ln\-]e_%qR\%�


 � � �K��� ���`
����	� �^�Z� �

��}�_Li�yc]e}�Z�u-\�i�u-_4��_%u-l�g�uei�](_%sty�k	]eZ �+u%�/��f�g�u-bdr �X��¬ y�o~}h_pu<stZ�u8��u(Z��nbdr�bxf�g&yh\<��bx]e}R]e}�_+q"_�i�\(y�u-_pq"_pfw]�rji�]ei
Z�f � u(i�l � ¤¦Y� �n��}�bdo~}�}�_%kd��\<yh\<g�u(_pi�]ekml�bxfW\(_%kd_%o%]ebxf�gX\^lc\^]e_%q��ji�u(i�qR_a]e_%u(\�i�fhr�r�uei���bdfhg�¥�bdg�yhu(_`�XZ�s�]e}�bx\
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