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CI/O Channels
1-n drives

1-n drives

1-n drives

I/O Nodes

P Processors D I/O Devices

CiPCiI

Parallel
I/O connection
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DataVault

HiPPi or
VME interface

Graphics Output

Processing nodes
with memory

Control
Processors

High-bandwidth
I/O interface
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stripe 4

stripe 0 stripe 2

stripe 5 stripe 6 stripe 7

stripe 8 stripe 9 stripe 10 stripe 11

drive A drive B drive C drive DLogical
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I/O
Processors

1-n drives 1-n drives 1-n drives1-n drives

file
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1-n drives 1-n drives 1-n drives Disk Storage Units

Access Module Processor

(DSU)

(AMP)

Y-Net

Interface Processor
(IFP)

External Devices
(e.g., mainframes, LANs, etc.)

NCR/Teradata DBC/1012

z�?@H%E+&*$C¼)f���&>8*)7?@(*$98>(*E+&�$�5FP�(*)+$�¬ « � º;Zc� � �a�#��Z��

Interconnection Network

P

1-n drives

P

1-n drives

P

1-n drives

Interconnection Network

P P P

1-n drives 1-n drives 1-n drives

Compute processors
and memory

Tightly coupled secondary storage Loosely coupled secondary storage

Disk drive units
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______________________________________________________________________________

/* EXAMPLE : Sample C program using BLOCK mapping */
main()
{

int array[1024]; /* each node’s data is a 1024 element array of ints */
ullong parms[2]; /* data structure to contain mapping parameters */
struct mapinfoioctl map; /* data structure for mapping function information */
int fd; /* striped file descriptor */

fd = open (“/dir1/tmp/foo”, O_RDWR|O_CREAT, 0666); /* open striped file */

map.fn_type = BLOCK; /* select a block mapping */
map.parmcnt = 3; /* number of parameters for this mapping */

/* allocate 32 rows of 128 bytes (32 ints) each, per processor */
parms[0] = 128; /* width of one block (row bytes / blocks per row) */
parms[1] = 32; /* height of block (32 rows) */
parms[2] = 2; /* blocks per row */
map.parm = parms; /* store map parameters */

ioctl (fd, IOCTL_SETSTRIPEMAP, &map); /* inform I⁄O subsystem of selected mapping */
status = write (fd, array, 4096); /* write local data to striped file */
close(fd); /* close the striped file */

}
______________________________________________________________________________
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C Sample code for out-of-core computation.
PROGRAM Sample
real, array(1024,1024) :: A
decomposition temp1(1024,1024)
decomposition temp2(4096,4096)
distribute temp1(Row_Block)
distribute temp2(Block_Block, Out_of_Core, Logical_Map)
align A(i,j) with temp(i,j)

call popen(3,’grid.dat’, old) ! open the file for access.
do ! iteration loop

call pread(3, A, temp1, temp2, eof) ! read data from file into A.
if (eof) go to 20

C start computation
.
.
call pwrite(3, A, temp1, temp2) ! write data back to file from A.
end do
20 call pclose(3) ! close the file
stop
end

______________________________________________________________________________
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sNxPRTI�^_Q)ZHQ+^YQ�QÁGJI�^JeHI�Ra|cIYUE�)Iy|ÆS}I�G_|­B{|c^�I�b@^kX)�HçcIyWY^_|�xÄÆeHI�|c^JG�F}WY^JFHGJIkBERTS}XV|cIyZ§�@¿d^c¿VSVB�bHD~GJIyÏ)FVBEGJI�R~I�b@^_|�QÅUÂUEX+»ÔX)�HçcIyWY^�WYX)RTS�X)bHI�b@^Y|]^JX~�}ILIyQt|­B	U�¿�B{ZVI�b@^cB	¨}IyZQ+b}ZÍZtB{|c^JGcBE�HFH^JIyZÍQ)WYGJX@|�|�^JeHId|cI�^LXÁ[Æ¼�½)¾%ZVI��)B{WYIy|¢Q+^L^�eHIaS�X+BEb@^¢X+[]WYGJIyQ+^cBEX)b.x Ü ^�|cX)R~I¢U{Q+^JI�GL^�B�R~I)�4ZHQ+^_QW�Q+bÍ�}I?GJI�X)GJDVQ+bVBEï�IyZÍÉ\B<xÝI)xE�
Q�UE^JI�GJb}QÁ^cBE�)IÎWYXtRTS}X)bHI�bV^�|�FH��ZtBE�)B{|­BEX)b}|?W�Q+bÍ�}I?FH^cB	U	B�ï�IyZ�Ê¢Q)W�WYX)G_ZtBEbHDÀ^JXÇQtW�WYIy|J|S}Q+^J^�I�GJbÎWYXtb}|c^JG_Q�BEbV^_|��V»PBE^JeHX)FH^�RTX�ZtB	¨�W�Q+^�B�Xtb�X+[�QÁSHSVUÂB{W�Q+^�B�XtbÇWYXHZVI)xiANX)GPIY�NQ+R~SVU�I)��Q)|¦BÂU	UEF}|c^JGYQ+^JIyZ?BEb�¨}D)FHGJIm sH�)ZHQÁ^_QfÉ<S}XV|J|­BE�VUE¿T�)I�GJ¿ËU$QÁGJD)I]Q+D)D)G�I�D@Q+^JIy|YÊ�RaQ�¿L��I�ZtB{|c^JGcBE�HFH^JIyZ?Q+RTXtbHD�^JeHI�ZtB{|cvH|�BEbaQ+D)G�I�I�RTI�b@^
»ÆB�^�eT^JeHIZVIy|­BEGJIyZÀZHQ+^_Q~Q)W�WYIy|J|PS}Q+^�^JI�GJb?[\X)G�WYX)RTSHFH^YQ+^cBEX)b.x Ü W�WYIy|J|�^JXaQ`RaQ+^JGcB	��IYUEI�RTI�bV^LÉcQ+bdX)�HçcIyWY^�Ê4�V¿aSHG�X�WYIy|J|�X)Gw m BEbVBE^cB{Q+^JIy|kQfGJIyÏ)FHIy|�^]^Je}Q+^¦B$|�|cI�b@^�^JXLSHGJXHWYIy|J|cXtG�w
Ú¢»]eHX@|�IÐZtB{|cvdWYX)bV^_Q�BEb}|P^JeHILZVIy|­BEGJIyZ?Xt�Hç9IyWY^�x Ü ^Æ|�X)RTIU{Q+^JI�GPS}XÁB�bV^zBEba^cBERTI)�tB	[
^JeHI]RaQ+^�GcB	�aIYUEI�RTI�b@^Y|]É­X)�HçcIyWY^_|YÊãQ+GJI�W�Q)W�eHIyZaQÁRTX)bHDL^�eHI�SHGJXHWYIy|J|cXtG_|4Q)|P|ceHX+»]b.�t^JeHIZHQ+^_Q~W�Q+b�|­BERTSVUE¿d�}IfGJI�RaQ+SHS�IyZd^JXT^�eHILZtB$|�v�|kQ)W�WYX)G_ZtBEbHD+UE¿)x¼­bdS}I�G_|9B$|�^JI�b@^PX)�Nç9IyWY^]|c^JXtG_Q+D)I�|�¿�|c^�I�Ra|��VRTI�^_Q)ZHQÁ^_QkB{|PSHGJIy|�I�GJ�)IyZdQ�UEX)bHD¢»PBE^Jed^JeHI�ZHQ+^_Qf^JXf�}IL|c^�X)GJIyZ?|cX^Je}Q+^kX)�HçcIyWY^k^9¿VS}IfBEbV[\X)GJRaQ+^�B�Xtb�B{|fQ�UE»ÆQ�¿H|�Q��+Q�B	U$QÁ�VU�I)x¢ÄPeVB{|�IY�H^JG_Q`BEbV[ºXtGJRaQ+^cBEX)bÍÉ<»�eVB$W�eÀ»PX)FVU{Z�e}Q��)I¢��I�I�b��UEX@|c^Y�dBEbáQÇh�bVB	�Ì¨HUEIÇ|c¿H|c^JI�RdÊLW�Q+bÌ��I�F}|cIyZÍ�V¿Í^JeHIdS}Q+G_Q�U	UEIYU�¼�½)¾ |cFH�}|�¿�|c^�I�RìBEbÍB�R~SHGJX+�)BEbHDÍ^JeHI�ZHQ+^_QQ)W�WYIy|J|k|c^JGYQ+^JI�D)¿~BE^LZVI��)B{|cIy|�xkl��HSVU	B$W�BE^Ë¨HU�I?Q)W�WYIy|J|�»iXtFVU$Z�bHXTUEX)bHDtI�G��}I¢bHIyWYIy|J|JQ+G�¿)x Ü W�WYIy|J|]^�XaRTI�R~X)GJ¿?X)G¨HUEITX)�HçcIyWY^_|kW�Q+bÀ�}ITR?Q)ZVIfB�b}ZtB{|c^�B�bHDtFVB$|�e}Q+�VU{I)xaANFHGJ^JeHI�Gy��¼�½)¾�X)S}I�GYQ+^cBEX)b}|k»PBE^JeVBEb'Q+SHSVU	B{W�Q+^cBEX)b}|f»PX)FVU{Z§bHXUEX)bHD)I�G]��I�Q+GYWJeVBE^JIyWY^JFHG�I�ZVI�S}I�b}ZVI�bV^yx
Ì Í¨�G�`ÎÏ*Ê13ÐÁ���$Ñ�ÒÓ�i¦:Ô��Á*"/0*�ÑW!

ÞáeHI�bÎZHQÁ^_Qke}Q)|
^�XL�}I�^JG_Q+b}|­[\I�GJGJIyZ�[ºGJXtRÑX)bHI�WYXtRTSHFH^cBEbHD¢I�b@�tBEGJX)bHRTI�bV^4^JX¢|cX)RTIPIY�H^JI�GJb}Q�U.ZVI��)B{WYI�X)G4|�X)RTIX)^JeHI�GPGJI�R~X)^JIYUE¿aWYX)bHbHIyWY^JIyZd|�FHS}I�G_WYX)R~SHFH^JI�G�É<I)xÝD�xE�+[\X)GPSHGJIkX)GPS}X@|c^�Ù\SHGJX�WYIy|�|­BEbHD}�H�tB$|�F}Q�U	B�ïyQÁ^cBEX)b.�}I�^YW+x	Ê_�V^JeHI�b
Û)å



P1

P2

P3

P4

1 10K
1

10K

10Kx10K Matrix

Y = image[8000, 10000] (access by P1)

P1

P2

P3

P4

1 10K
1

10K

10Kx10K Matrix

Some time later

ACBED)FHGJI m sHM p B$|�^JGcBE�HFH^cBEX)b�XÁ[�S�I�G_|­B{|c^JI�bV^]X)�HçcIyWY^_|]QtWYGJX@|J|PZtB{|cvH|
^JeHIPW�Q+S}Q)W�BE^c¿�X+[}^JeHI4bHI�^c»PX)GJvk�}IyWYXtRTIy|
Q]WYGcBE^cB{W�Q�U�WYX)b}|9B$ZVI�GYQ+^cBEX)b.x r F}|c^CU	B�vtI]¼J½)¾ÌZVI��)B{WYIy|��tbHI�^c»iXtGJvÐW�QÁS}Q)W�BE^9¿e}Q)|ÆU{Q+D)D)IyZ§�}I�eVBEb}ZÀR~I�RTX)GJ¿�Q+b}Z§SHGJXHWYIy|J|cXtG�^JIyW�eHbHX+UEX)D)¿)x�ÄPeVB{|�B{|�B	U	U�F}|�^JG_Q+^JIyZÇB�b§¨}D)FHG�I m Ú~[ºX)G�^JeHITW�Q)|cIX+[
UEXHW�Q�U¦QÁGJIyQ¢bHI�^c»PX)GJvH|��H»PB{ZVITQ+GJIyQ~bHI�^c»iXtGJva^�IyWJeHbHX+UEX)Dt¿de}Q)|]e}QtZ�Q+b§I��)I�b�Ë�Q+^J^JI�G]DtGJX+»]^JedS}Q+^J^�I�GJb�X+�)I�G^JeHIkU{Q)|c^kZVIyW�Q)ZVI o giQ+^_KtÛ�u<x¼­bL^JeHI
S}Qt|c^�[\I�»'¿)IyQÁG_|��yQ�b@FHR¢��I�G.X+[H^JIyWJeHbHXÁU�XtD+BEIy|�e}Qy�tI
�}I�I�bTZVI��)IYUEX)S}IyZf^JXÆB�R~SHGJX+�)I
bHI�^c»iXtGJv]BEbV^JI�Gc[<Q)WYIQ+b}ZÌW�Q+S}QtW�B�^c¿)x ÄÆeHI�ÒPBED)eáw�I�Gc[ºXtGJRaQ+b}WYIdw
Q+G_Q�U	UEIYU�¼­b@^JI�G�[¸Q)WYIÀÉcÒPB{w4w¦¼JÊ�|�^_Q+b}ZHQ+G_ZÃ[\X)GfBEb}|c^_Q+b}WYI)�zBEb}W�UEF}ZVIy|Q§RaQ+SHSVBEbHD·^JXÀ¼cl4l4l ¤)¥ ÛHx Û?[\X)GT|cFHSHS}X)G�^cBEbHD'WYX)RTRTXtb'bHI�^c»PX)GJv·SHG�X)^JXHWYX+U{|�U	BEv)IÀÄkgiwP½�¼9w�x�¼<bV^JI�Gc[<Q)WYIy|¢^JXQ�UE^JI�GJb}QÁ^cBE�)I?U{Qy¿tI�G_|¢Q+GJIdQ�U{|cX·FHb}ZVI�GaZVI��)IYUEX)SHR~I�b@^yxÌANX)G¢IY�NQ+R~SVU�I)�z^JeHId¼­b@^JIYU	U	BED)I�bV^Îw�I�GcBESHeHI�G_QÅU�¼<bV^JI�Gc[<Q)WYIÉ<¼cw
¼<Ù<s�Ê�SHG�XÅ�tB{ZVIy|]WYX)RTR?Q+b}Za|�I�^_|¦[ºX)GPZtB{|cvÎQÁb}ZT^_QÁS}I)�HQ+b}Z?»PB	U	UãQ�U	U�X+»Ö|�FHSHS}X)GJ^z[\X)G]|c^JGcBES�IyZdZtB$|�v�|]QÁb}ZT^_QÁS}IZVI��tB$WYIy|�ZtBEGJIyWY^�U�¿�WYXtbHbHIyWY^JIyZd^JX?ÒPB{w4w¦¼]WJe}Q+bHbHIYU{|�X)GÊ¢ Ü �k|�xÜ bHX)^JeHI�G�^JIyW�eHbHX+UEX)D)¿���IYB�bHDLZVI��tIYU�XtS}IyZ¢�V¿�¼9j � BEbTWYX+U	U{Q+�}X)GYQ+^cBEX)b¢»PBE^Je$¢CQy»�GJI�b}WYI2¢�BE�)I�G�RTX)GJI]�kQ+^cBEX)b}Q�U
¢.Q+��X)G_Q+^�X)GJ¿)�¦B$|dW�QÅUÂUEIyZ"ACBE�HGJIÃg4e}Q+bHbHIYU<x Ü |9B$ZVI§[\GJX)R�^JeHI�F}|�I�X+[�Q+bßX)SH^cB{W�Q�U¢É9Q)|¢XtSHS}X@|cIyZß^JXÌWYX)SHS�I�G�ÊRTIyZtBEFHR��kACB��HG�I·g4e}Q+bHbHIYU�I�b}W�Q+S}|cFVU{Q+^�Iy|dQÀRTX)GJI§IY��^�I�b}|­BE�)I·|cI�^TX+[�|cI�G��)B{WYIy|~^Je}Q+bëZVXVIy|?ÒPB{w4w¦¼_xPh]bVU	BEv)IÒÆB$wzw
¼Y��BE^�^_Q+GJDtI�^_|]FHSÃ^JXaÚ Ø |c»PBE^_W�e·WYX)bHbHIyWY^cBEX)b}|k[\X)GLZtB{|c^_QÁb}WYIy|�X+[4FHS·^�X�|cI��)I�G_Q�U
vtBÂUEX)R~I�^JI�G_|�xTANFHGJ^JeHI�Gy�ACBE�HGJI·gze}Q+bHbHIYUÐ|cFHSHS�X)GJ^_|~R¢FVU�^�B�SVUEI·WYX)bHbHIyWY^cBEX)bá^c¿VS}Iy|?É<I)xòD}xE�4ZHQ+^YQ+D)G_Q+R§�
�)BEGJ^�F}Q�UÐW�BEG_WYFVBE^y�]I�^YW+x	ÊÑX+�)I�GTQ�ÅQÁGcBEI�^9¿?X+[
SHe@¿H|­B{W�Q�U�U{Qy¿tI�G_|kÉ<I)xÝD���WYXVQ��ÎW�Q+�VUEIy|��N¨}�}I�Gy�NU{Q)|cI�G_|;�C¢.l p |;�@I�^YW+x	Ê�Q+^]R¢FVUE^cBESVUEITZHQ+^_QfG_Q+^JIy|;xÜ GJIyWYI�bV^�|c^_QÁb}ZHQ+G_Z���^JeHIdO@W�QÅU$QÁ�VU�I§g4X)eHI�G�I�b@^�¼­b@^JI�G�[¸Q)WYI�ÉJOHg4¼JÊY��RaQ+v)Iy|kS�X@|J|­BE�VUEIa^�eHIaZVI��)IYUEX)SHRTI�bV^LX+[UEX�W�QÅUÐQ+GJIyQ§bHI�^c»PX)GJvH|L»ÆB�^�e |cS}I�IyZH|~X+[�FHSÌ^JX ¤ ó���½Å|~Q+b}ZÃB{|TQ+�}XtFH^ my¥ ^cBERTIy|TQ)|�[¸Q)|�^`Qt|TAHFH^JFHG�I��HF}|<ÕLxOHg4¼PSHGJX+�tB$ZVIy|Æ�HF}|�|cI�G��)B{WYIy|ËÉ<GJIyQ)Z��V»]GcBE^JI)��U�XHW�v��HI�^YW+x	ÊL�V¿aF}|­BEbHDd|cI�b}ZtBEbHDaS}QtWJv)I�^Y|PX+�)I�G]QfU{Q+GJD)I�bVFHR¢�}I�G]X+[S}XÁB�bV^JÙ\^JXtÙ\S}X+BEbV^]U	BEbHv�|;xÜ |cFHRTR?Q+GJ¿TX+[
IY�VB$|�^cBEbHDa^JIyW�eHbHX+UEX)D+BEIy|ÆB{|]SHGJIy|�I�b@^JIyZÎBEb�^_Q+�VUEI�BHx¾]�tI�Gã^JeHIP¿)IyQÁG_|��8¢ Ü �k|4QÁb}ZLÞ Ü ��|Ce}Q��)IiZVI��tIYU�XtS}IyZ?Q�UEX)bHD]BEb}ZVI�S�I�b}ZVI�b@^y��|cX)RTI�^cBERTIy|
ZtBE�)I�G�D)I�b@^���UÂBEbHIy|�xÞßBE^Jea^�eHI�D)G�XÅ»ÆB�bHD¢|cFHSHS}XtGJ^z[ºX)GPZtB{|c^JGcBE�HFH^JIyZdWYX)R~SHFH^cBEbHDTS}Q+G_Q)ZtBED)R?|��)eHI�^JI�G�X)D)I�bHI�X)F}|zbHI�^c»PX)GJvH|
»PB	U	UãWYX)RTIBEb@^�X�RTX)GJIzIY��^JI�b}|9B��tIiF}|�I)x�ÄÆeVB$|z|ceHX)FVU{Z¢Q)WY^4Q)|�Q�ZVG�B��tBEbHD�[\X)G_WYIP^JX�BEb@^JI�DtG_Q+^JIi¢ Ü �ßQ+b}ZfÞ Ü �Í^JIyW�eHbHX+UEX)D+BEIy|�xÄPeHI Ü |c¿Vb}WJeHGJXtbHX)F}|PÄ.G_QÁb}|­[ºI�G � XHZVI¢É Ü Ä � Ê
^JIyWJeHbHXÁU�XtD)¿TX+ñ.I�G_|z^JeHIkS}X@|�|­BE�VBÂU	BE^c¿�X+[�RaQ+vtB�bHD~^JeVB{|PS}X@|�|­BE�VU�I)x¼<R~SVU�I�R~I�b@^JIyZáQ)|f^JeHIdFHb}ZVI�G�U�¿tBEbHD |cFHSHS}XtGJ^TU{Q�¿)I�Gf[\X)GajzÙ\¼JO@jP�f�
BE^TSHGJX+�tB{ZVIy|aQÀWYX)RTR~X)bÍ[ºGYQ+RTI�»PX)GJvÀ[\X)GSHFH�VU	B{WYÙ\»PB{ZVIÇQ+GJIyQ?bHI�^c»PX)GJvH|kQ)|�BE^�ZVXVIy|�[ºX)GkUEXHW�Q�UÆQÁGJIyQ?bHI�^c»iXtGJv�|;x Ü Ä � [¸Q)W�B	U	BE^_Q+^JIy|f^JeVB{|ÐB�bV^JI�D)GYQ+^cBEX)bÀ�@¿SHGJX+�tB$ZtBEbHD?^JeHIk[\X+U	U�X+»PBEbHD o ¢ � Ä�K)s�u<M
m x]h]SHS�I�G]U{Q�¿)I�G�|cI�G��)B{WYIy|�»]eVB{WJeÀQ+GJILQ�U	U�|cFHSHS�X)GJ^JIyZ?�V¿�QT|­BEbHD+UEIf^JG_Q+b}|­[\I�GPRTIyW�e}Q+bVB{|cR�x
ÛNx]ÄPeHIÐQÁ�VBÂU	BE^c¿d^JXfBEb@^JI�GYWYX)bHbHIyWY^�Qf»PB{ZVI�G_Q+bHD)IkX+[ã�}QÁb}ZV»PB{ZV^Je}|]Q+b}Z~UEXHW�Q�U	B�^�B�Iy|ËÉ\B<xÝI)xE�HZtB{|c^_QÁb}WYIy|YÊ_x4w�X+BEbV^JÙ^JX)Ù\S}XÁB�bV^PU	BEbHv�|ÆBERTSHGJX+�)Iy|]|�W�Q�U{Q+�VB	UÂBE^c¿�X+�)I�Gk|ce}Q+GJIyZ?RTIyZtB{Q~bHI�^c»iXtGJv�|;x
sNxkO)I�S}Q+G_Q+^cBEX)b?X+[ã�}Qt|­B{W]^JGYQ+b}|­[\I�GiR~IyWJe}Q+bVB{|cR?|
[\GJX)R%WYX)bV^JGJXÁU}RTIyWJe}QÁbVB$|�Ra|kÉ\B<xÝI)xE�H|cI�S}QÁG_Q+^JIPBEbHÙ\�}Q+b}Z§Q+b}ZX)FH^JÙ\X+[\Ù\�}Q+b}Z?RTIyW�e}Q+bVB{|cRa|YÊPQ�U	U�X+»�|Æ[\X)GzB�b}WYG�IyQ)|cIyZ§I<;ÎW�BEI�b}WY¿)x

Û n



1980 1982 1984 1986 1988 1990 1992

Processing speed

Memory size

LAN speed

Year

100 MFlops, 8 MB, 50 Mb/s

Peak potential

1 GFlop, 80 MB, 500 Mb/s

10 GFlop, 800 MB, 5 Gb/s

100 GFlop, 8 GB, 50 Gb/s

1 TFlop, 80 GB, 500 Gb/s

ACB�DtFHGJI m Ú}Mzó�G�XÅ»�^JeTBEb�U�XHW�Q�U�QÁGJIyQ¢bHI�^c»PX)GJvaW�Q+S}QtW�B�^c¿ o giQ+^YK)Û+u

ÄãQÁ�VU�IÁBHM4��I�^c»iXtGJvaÄCIyWJeHbHX+UEX)Dt¿
Ä4¿VS}I jiQÁb}ZV»PB{ZV^Je p B{|c^YQ+b}WYI ÄCIyWJeHbHXÁU�XtD)¿ACBE�HGJITg4e}QÁbHbHIYU my¥)¥ Ù my¥)¥)¥�� ��½+| ¢ Ü �L�NÞ Ü � ACBE�}I�GkX)SH^cB{W�|]^�IyWJeHbHX+UEX)Dt¿ÒPB{wzw
¼ ¤)¥)¥Ö� ��½+|4XtG m xqå~ó���½+| ×"Û�B`R g4X)SHS�I�GÐW�Q+�VUEIy|ËÉ9s)ÛfX)G�åÁÚLU	BEbHIy|YÊO)I�GcB{Q�UEÙ<ÒPB{w4w¦¼ ¤)¥)¥Ö� ��½+|4XtG m xqå~ó���½+| × my¥~Ø"� ACBE�}I�GkX)SH^cB{W�|kWJe}QÁbHbHIYUOHg4¼ ¤ ó���½Å| ¢ Ü � g4X)SHS�I�GÐW�QÁ�VU�Iy|O)X)bHI�^�½ Ü Ä � BPB+Ù\Ú}x ¤ ó���½+| ¢ Ü �L�NÞ Ü � ACBE�}I�GkX)SH^cB{W�|]^�IyWJeHbHX+UEX)Dt¿��Ù\¼JO p � å+ÚTvV��½Å|�� m xØB � ��½Å| Þ Ü � g4X)SHS�I�GÐW�QÁ�VU�Iy|jzÙ\¼�O p � ×"å)ÛtÛ � ��½Å| Þ Ü � g4X)SHS�I�GÐW�QÁ�VU�Iy|

¢ Ü �ÔÙ
FHS§^JXT|cI��)I�G_Q�U�RTI�^JI�G_|Þ Ü �"Ù
FHS§^JXa|cI��tI�G_Q�U.v)B	UEX)RTI�^�I�G_|

Û ¤



Ü Ä � B{|TQÈRTX�ZVI§X+[�^JGYQ+b}|­[\I�GT»]eHI�GJId^JeHI�BEbV[ºX)G�RaQ+^cBEX)bÍB{|~I�b}W�Q+S}|cFVU{Q+^JIyZ B�b×¨H�ë|­BEï�IyZ �)WYIYU	U{|J�Hxß¼<^`B$|�)Q)|�¿@b}W�eHGJX)bHX)F}|��H�}Q)W�WYX)GYZtB�bHD?^JXT^�eHITg]g4¼cÄ]Ä"ZVIY¨}bVBE^cBEX)b o g]g4¼9K ¥ u<�VBEb�^�eHI�|cI�b}|cIf^Je}Q+^��Á^JeHILGJIyWYFHG�GJI�b}WYILX+[WYIYU	U{|
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