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O+P8QAR+P8SUTWV�XZY[SNQ]\�XZ^`_aXb\dcfeZc�V�RhgiQ]c�V�^jXZV�\�^`XZ^`P8^`Xbk�Vlebk�mnc�^`SNRhXbVlopSN\�^jq�c�rsc�_tSN^`^`SusV�R+Xbc�V�c[v+w�xyS
R+SNz8c�QA^`{|SNVy^`\Ck�r}mnk�{|z8P8^`SNQ$\�mnXbSNVym~S�\Cc�VyR�SNeZSNmn^`Q]Xbmnc�eyc�V�R�mnk�{|z8P8^`SNQ"S�V�gtXbV�S�SNQ]XbV�g(�tk�c�\�^+c�eZk�V�g
^`Q]c�R+XZ^`Xbk�Vlk�rWS���mnSNeZebS�V�mnSFXZVl�Ck�{|z8P8^`SNQ���mnXZSNV�mnStv8��{|k�V�g5k�^`xySNQ�R+Xb\�^`XZV�mn^`XZk�V�\��$^`x�SFmnk�{|z8P8^`SNQ
\�mnXbS�V�mnSN\FR+SNz8c�Q]^`{|SNV�^.�(c�\�^`xyS�rsXZQA\�^.XZV�\�^`XZ^`P8^`Xbk�V�^`klk�rsrsSNQdc�R+k�mn^`k�Q]c�ejR�S�giQ]SNS�XZV�mnk�{|z8P8^`SNQ
\�mnXbS�V�mnStv�O+P8QAR+P8SfTWV�XbYiSNQ]\�XZ^`_lXZ\|c�eZ\�k�x�k�\�^�^`k�^`x�SU�CSNVy^`SNQ�rsk�Q(�+R�P8mnc�^`XZk�V�c�VyR�� SN\�S�c�Q]mnx�XZV
usV�rsk�QA{|c�^`XZk�V&�W\�\�P8Q]c�V�mnS�c�V�R5��S�m~P8Q]XZ^`_a���C��� us�W���s�}�(x�XZmnx&�(c�\�V�c�{|SNR5c�V�c�^`Xbk�Vyc�e�mnSNVy^`SNQ�k�r
SN��m~S�ebeZSNV�mnS�XbV(XbVyr�k�Q]{|c�^`Xbk�V(\�SNmnP8Q]XZ^`_�SNR+P8mnc�^`XZk�V v
w+x�Xb\$XZ\"^`x�S�rsXbQ]\�^[_tSNc�Q k�r�^`x�S�� u�c���c�Q]Rdrsk�Q ^`x�S�¡���u�z8Q]k�¢£S�m~^Av

w+x�S){|c�XZV�z8Q]k�¢¤SNmn^y�(SN��z8c�gtS)XZ\"xy^`^`z$¥§¦+¦,���(�v mn\�v z8P8Q]R+P8Stv S�R�P$¦,{|\�X
¨ ^`xySNQ Q]SNeZc�^`S�Rdz8c�giS�\"XZV�mnebP8R+St¥
x�^`^`z$¥§¦+¦,�(���Fv mn\�v z8P8QAR+P8Stv SNR+P$¦,XbmnR+\a��u�VyR�XZc�V�c��CSNVy^`SNQ rsk�Q ©�c�^`c��tc�\�S���_t\�^`SN{|\��
x�^`^`z$¥§¦+¦,\�x�c�_}v z8P8Q]R+P8Stv SNR+P$¦�ª,R+{|P8eb^`eZc��|��©�Xb\�^`Q]XZ�tP8^`SNRd¡�P8eb^`XZ{|SNR+Xbc���_t\�^`SN{|\"q+c���x�k�{|S�z8c�giS��
x�^`^`z$¥§¦+¦,�(���Fv mn\�v z8P8QAR+P8Stv SNR+P$¦,V�\�e���«¬SN^`�(k�Q]���_t\�^`SN{|\$q+c��.x�k�{|S)z8c�gtSN�
x�^`^`z$¥§¦+¦,�(���Fv mnSNQ]XZc�\>v z8P8Q]R+P8Stv SNR+P$¦ ���C�+� us����x�k�{|S�z8c�gtSN�
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w+x�S)k�YiSNQ]c�ebe�k��N¢¤SNmn^`XbYiS�k�ry^`x�S¯O+P8Q]R�P8S¯¡�P8eb^`XZ{|SNR+Xbc)��P8z8z8k�Q]^iu�Vyr�Q]c�\�^`Q]P8mn^`P8Q]S.��¡���us�yz8Q]k�¢¤SNmn^[XZ\ ^`k
c�R�R+Q]SN\�\.QAS�\�SNc�Q]m~x&m~xyc�eZeZSNV�gtSN\�rsk�Q�R+SNY[S�ebk�z8XZV�gfc|z8QAk�^`k�^`_tz8Sd\�_i\�^`SN{°^`x�c�^C��XZebe XZV�^`SNgtQ]c�^`S�tSN_
XbVyr�k�Q]{|c�^`Xbk�V�^`SNmnx�V�k�eZk�giXZSN\"±jR�c�^`c��tc�\�S2c�V�R�\�^`k�Q]c�gtS2{|c�V�c�gtSN{|SNV�^`��V�SN^`�(k�QAtXZV�gt��c�V�R�\�SNmnP8QAXZ^`_
±jXbV�k�Q]R�S�Q�^`k�\�P8z8z8k�Q]^�cjmnk�{|z8QAS�x�SNV�\�XZYiS2SNV�R+²s^`k�²sSNV�Rd³WP8c�ebXZ^`_t²sk�r�²s��SNQ]Y[XZmnS���³Wk�\���{|c�V�c�giS�{�S�V�^
rsQAc�{|SN�(k�Q]�rsk�Q$R�XZ\�^`Q]XZ�iP8^`S�R�{|P8eZ^`Xb{|SNR+XZc�R+k�mnP8{|SNV�^+c�z8z8ebXZmnc�^`XZk�V�\�v~w�xySj^`SNQ]{´³Wk���R+SNc�eb\C�(XZ^`x
^`x�S�z8Q]k�Y[XZ\�XZk�Vµrsk�Q�P8\�SNQF\�z8SNmnXbrsXZSNR·¶iP8c�ebXZ^`_¸Q]SN¶iP8XbQ]SN{|SNVy^`\���XZV�mnebP8R+XZV�g�\�SNmnP8QAXZ^`_t��Q]SNeZXbc��tXbeZXZ^`_i�
z8Q]SNmnXb\�XZk�V���SN^`m�v�w+x�S¹x�SN^`SNQ]k�gtSNV�S�k�P8\ºV�k�^`XZk�V k�r»^`x�S¹¶[P8c�eZXb^`_¼S�{��tk�R+XZSNR �t_½Y[c�Q]XZk�P8\
^`SNmnx�V�k�eZk�gtXbSN\�k�r$¡���u"Q]c�XZ\�SN\j\�SNYiSNQ]c�e�mnx�c�eZebSNVygiS�\jXb\�\�P8SN\jXbVUmnc�z8^`P8Q]XbVygi�y\�^`k�Q]c�gtSN�yR�S�ebXZY[S�QA_�c�V�R
z8Q]SN\�SNV�^`c�^`XZk�V k�r¾{|P8eb^`XZ{|SNR+Xbc¿XbVyr�k�Q]{|c�^`Xbk�V �(Xb^`x c¿Y[XZSN� ^`k k�z8^`XZ{|XbÀ�SÁ^`x�SÁk�YiSNQ]c�ebe
z8SNQ]rsk�QA{|c�V�mnStv¿Â+_Ãmnk�{|�tXbVyXbV�g·^`x�SNk�Q]_Ã�(Xb^`x�SN��^`SNV�\�XZY[S�SN��z8SNQ]Xb{|SNVy^`c�^`XZk�V��¬^`x�S�z8Q]k�z8k�\�SNR
XbVyr�Q]c�\�^`Q]P8mn^`P8Q]S.�(XbeZe+z8QAk�YiXZR�S�c�gtSNV�SNQ]XZm�rsQ]c�{|SN�(k�Q]d^`x�c�^�XZ\�SN��z8S�m~^`S�R^`k�\�P8z8z8k�Q]^}c�Y[c�Q]XZSN^`_dk�r
R+Xb\�^`Q]XZ�tP8^`SNRd{|P8eb^`XZ{|SNR+Xbc2c�z8z8eZXZm~c�^`XZk�V�\$QAS�¶[P8XZQ]XbV�g.³�k���gtP8c�QAc�V�^`S�SN\�v
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w+x�Slk�YiSNQ]c�ebe¬Q]SN\�SNc�Q]mnx·c�mn^`XbYiXZ^`XbSN\�rsk�QU^`x�Sl¡���u�z8Q]k�¢¤SNmn^drsc�eZe¬XbVy^`kÅ^`x�Q]SNSa^`SNmnx�V�k�eZk�gi_¸c�Q]SNc�\��
V�c�{|SNeb_}¥[{|P8eZ^`Xb{|SNR+XZc�R+c�^`c��tc�\�S�c�VyRp\�^`k�Q]c�gtS�{|c�Vyc�gtSN{|SNVy^`� V�SN^`�(k�Q]iXZV�g�c�V�Rp\�SNmnP8QAXZ^`_}v[oaS
V�k��L�tQ]XbSNrseZ_�R+SN\�mnQ]Xb�tS�c�m~^`XZYiXb^`XZSN\$c�VyRdQ]SN\�SNc�Q]mnx�k�P8^`mnk�{|SN\$XbV(^`x�SN\�S�c�Q]SNc�\�¥
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�¾V�k�YiSNeZ� {|P8eb^`XZ²sebc�_tSNQ]SNR+� Q]SNc�eZ²�^`XZ{|SN� R+XZ\�^`Q]Xb�tP8^`SNRa{|P8eb^`XZ{|SNR+Xbc�R+c�^`c��tc�\�S�\�_t\�^`SN{Û��� w�©�¡�©����
c�QAmnx�XZ^`SNmn^`P8Q]SÜ��XZ^`xÝ³�P8c�eZXb^`_´k�r&��S�QAYiXZm~S´��³Wk����&gtP8c�Q]c�V�^`SNSN\hx�c�\��tSNSNVÞz8Q]k�z8k�\�SNRß�t_´^`xyS
XbVyY[SN\�^`Xbgtc�^`k�Q]\�v,w�xyS�\�_t\�^`S�{àc�ebeZk���\WR+Xb\�^`QAXZ�tP8^`SNR�P8\�S�QA\W^`k�c�P8^`xyk�QA�8\�^`k�QAS��8¶[P8SNQ]_t�8c�V�R&Q]SN^`Q]XZSNYiS
{|P8eb^`XZ{|SNR+XbcdR+k�mnP8{|SNV�^`\Wk�Y[S�Q�cd�tQ]k�c�R+�tc�V�R&VySN^`��k�Q]}v�w�xyS(\�_i\�^`SN{ºP8\�S�\Wc�O+SN^`Q]Xb²sV�SN^$�tc�\�SNR
R+k�m~P8{|SNVy^�{|k�R�S�eirsk�Q {|k�R+SNeZXbVyg�k�r�R+k�mnP8{�S�V�^y{|SN^`c�²sR+c�^`c���¶iP8SNQ]_iXZV�gt��c�V�Rdmnk�{|{�P8VyXbmnc�^`Xbk�V(k�r
{|P8eb^`XZ{|SNR+Xbc�R+k�mnP8{�S�V�^`\�v$w+x�XZ\{|k�R+SNeWXb\c�VÅS�V�x�c�V�mnSNRÜY[S�QA\�Xbk�V�k�r�k�P8Q�SNc�QAeZXZSNQ�z8Q]k�z8k�\�SNR
{|k�R�S�eyrsk�Q"{|P8eZ^`Xb{|SNR+XZc�R+k�mnP8{|SNV�^+mnk�{|z8k�\�Xb^`XZk�V váw+x�S2SNV�x�c�V�mnSNR|{|k�R+SNe[c�eZebk��(\â\�z8S�m~XZrsXbmnc�^`XZk�V
k�r�P8\�SNQeZSNYiSNe�³WP8c�eZXZ^`_Åk�rdO+Q]SN\�SNV�^`c�^`XZk�Vã��³Wk�O+�dz8c�QAc�{|SN^`SNQ]\�c�V�RÃmnk�V�^`SNV�^�XbVyr�k�Q]{|c�^`Xbk�Vµk�r
XbVyR�XZYiXbR+P8c�e {|SNR+Xbc�XbVfc�R�k�mnP8{|SNV�^Av�w+x�S¬{|k�R+SNe x�c�\�\�SNYiSNQ]c�e R+SN\�XZQ]SNR&rsSNc�^`P8Q]SN\�^`x�c�^ r�c�mnXZebXZ^`c�^`S
mnk�V�^`SNV�^(�tc�\�SNR+²��tc�\�SNRäQ]SN^`Q]XbSNYic�e�k�r�R+k�mnP8{|SNV�^`\��jR+SN^`S�QA{|XZV�c�^`Xbk�VÜk�r(\�_t\�^`SN{|²s��XZR+S5Q]SN\�k�P8Q]mnS
Q]SN¶[P8XZQ]SN{|SNV�^`\�^`k�giP8c�Q]c�V�^`SNS�³�k����[c�V�RUXZ{|z8ebSN{|SNVy^`c�^`XZk�VFk�r�\�^`QAS�c�{Þ\�m~xySNR+P8ebXZV�g�{|SNmnx�c�V�XZ\�{|\
rsk�Q \�^`k�Q]c�giS�c�V�Rd\�S�QAYiSNQ \�P8�i\�_i\�^`SN{|\�v

w+x�SÅk�YiSNQ]c�eZe�c�Q]mnx�XZ^`SNmn^`P8Q]c�e�rsQ]c�{|SN�(k�Q]år�k�Q�� w+©�¡�©��·XZ\æ�tc�\�SNRÝk�Vã\�k�{|SÅk�rf^`x�S�{|k�\�^
c�R�Yic�V�mnSNR�^`S�m~xyV�Xb¶iP8SN\ c�V�R�{|k�R+SNeZ\ R�S�Y[SNeZk�z8SNR�r�k�Q}{|P8eb^`XZ{|SNR+Xbc�R+k�m~P8{|SNVy^i{|c�V�c�gtSN{|SNV�^tc�V�R
mnk�V�^`SNV�^`²s�tc�\�SNR QAS�^`QAXZSNYic�e·k�rå{|P8eb^`XZ{|SNR+XbcçXZV�rsk�QA{|c�^`XZk�V vausV z8c�Q]^`XbmnP8eZc�QA��\�SNYiSNQ]c�eäV�k�YiSNe
^`SNmnx�V�XZ¶[P8S�\Wxyc�YiS¬�tSNSNVfz8Q]k�z8k�\�SNR&�t_�^`x�S¬XbV�YiSN\�^`XZgtc�^`k�QA\�rsk�Q�^`x�S�³�k�O+²s�tc�\�SNR�\�z8SNmnXbrsXZmnc�^`XZk�VUk�r
mnk�{�z8eZSN��{|P8eZ^`Xb{|SNR+XZc2k��N¢¤SNmn^`\��>Y[XZR+SNkWR�c�^`c){�k�R+SNeZXZV�g.rsk�Q�S�r�rsXZmnXbSNVy^[\�S�c�Q]mnx�XZV�gWc�VyR�¶iP8SNQ]_tXbV�gWk�r
{|P8eb^`XZ{|SNR+Xbc�R+c�^`c�c�V�R�c�mnmnSN\�\&m~k�Vy^`QAk�e({|SNmnx�c�V�XZ\�{|\�rsk�Q�{|P8eZ^`Xb{|SNR+XZchR�c�^`c��tc�\�Sæ\�_t\�^`SN{|\�v
w+x�SN\�SÝ^`SNmnx�V�XZ¶iP8SN\åx�c�Y[SÝ^`x�SÝz8k�^`SNV�^`XZc�eb\åk�r�\�XbgtV�XZrsXbmnc�V�^`eZ_èc�R+Y[c�V�mnXZV�gè^`xySÞopSN�t²s�tc�\�SNR
{|P8eb^`XZ{|SNR+Xbc�XZV�rsk�Q]{|c�^`XZk�V(^`SNmnx�V�k�eZk�gi_}v

opS.c�Q]S�c�eZ\�k�z8P8Q]\�P8XZV�g|QAS�\�SNc�Q]m~x�Xb\�\�P8SN\2Q]SNeZc�^`SNRU^`kd^`x�S�R+SN\�XZgiV�c�V�RUR+SNY[S�ebk�z8{|SNV�^�k�r�c�Y[XZR+SNk
R+c�^`c��tc�\�S2\�_i\�^`SN{�vCw+x�S)k��N¢£SNmn^`XZY[S�XZ\"^`k�c�eZeZk��Lm~k�Vy^`SNV�^`²s�tc�\�SNRdQ]SN^`Q]XbS�Y[c�e�c�V�RdXZV�R+SN��XbV�g.k�r�ebc�Q]gtSN²
\�mnc�ebSWY[XZR+SNk�c�Q]mnx�XZY[SN\��i�(x�XZmnx�XZV�^`P8Q]V���XZeZe8�iSWc�tSN_�m~k�{|z8k�V�S�V�^}k�r}c.{|P8eZ^`Xb{|SNR+XZc.R+k�mnP8{�S�V�^
{|c�Vyc�gtSN{|SNVy^y\�_t\�^`SN{�v

étk�Q(\�^`k�QAc�gtS{|c�V�c�gtSN{|SNV�^`���(Sc�Q]Srsk�mnP8\�XbVygak�Vl^`��k5c�Q]SNc�\dk�r�Q]SN\�SNc�Q]mnx���V�c�{|SNeZ_t��\�^`k�Q]c�gtS
{|c�Vyc�gtSN{|SNVy^�k�r8Y[XZR+SNk�R+c�^`cjc�V�R�z8ebc�mnSN{|SNV�^yk�r8m~k�{|z8eZSN��{|P8eb^`XZ{|SNR+XbcjR+k�mnP8{|SNV�^`\�v�étk�Q�Y[XZR+SNk
R+c�^`c��,�(Sjc�Q]Sjc�Vyc�eZ_tÀ�XbV�g(\�SNYiSNQ]c�ey^`SNmnx�VyXb¶iP8SN\Crsk�Q"Q]SNc�eZ²s^`Xb{|SjR+Xb\��\�mnx�S�R�P8eZXZV�g}v~étk�Q {�P8eZ^`XZ{�S�R�XZc
R+k�m~P8{|SNVy^`\�� ��S�x�c�Y[S�R+SN\�XZgtV�SNRæ\�S�Y[SNQ]c�eCV�k�YiSNeCR+c�^`cz8ebc�mnSN{|SNV�^)c�V�Rl\�mnx�S�R�P8eZXZV�g&\�mnx�S�{�S�\
^`x�c�^)c�Q]S|mnP8QAQ]SNVy^`eb_��iS�XbV�g�^`SN\�^`SNRp^`x�Q]k�P8gtxaS���^`SNVy\�XbYiS|\�XZ{�P8eZc�^`Xbk�V�vyw�xySN\�S

techniques are also 
being implemented on a Sun E450 server and the Sun A1000 RAID array.  
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opS.x�c�Y[S�\�SN^ rsk�Q]^`xFc�V�S���P8VyXbrsXZSNRU^`x�SNk�Q]_�k�r�R+XbrsrsSNQ]SNV�^`XZc�^`SNRU\�SNQ]YiXbmnSN\)^`x�c�^ XZ\2XZ{�z8eZSN{|SNV�^`c��teZS
k�V�usO�V�SN^`�(k�Q]t\�v�us^yXZ{�z8Q]k�YiSN\$k�V�k�P8Q S�c�Q]eZXbS�Q ��k�Q]�k�V(³Wk��W\�m~xySNR+P8ebXZV�gt��r�c�mnXZebXZ^`c�^`XbV�g.c�^`x�SNk�Q]_
k�r�c�gtgiQ]SNgtc�^`SN²srsebk��L³Wk���mnk�V�^`Q]k�eîv
opSÜx�c�YiSÜR�S�Y[SNeZk�z8SNRïc·rsQ]c�{|SN�(k�Q]¾rsk�QlQ]SNc�\�k�VyXbV�g´c��ik�P8^�^`x�S´ðbgtk�k�R+V�SN\�\>ðUk�r�Y[c�Q]XZk�P8\
R+XbrsrsSNQ]SNV�^`XZc�^`SNR|\�SNQ]Y[XZmnSN\âc�Q]mnx�Xb^`S�m~^`P8Q]SN\�^`x�c�^8m~k�Vy\�XbR+SNQ]\â�tk�^`xd^`xyS�z8SNQ]²sx�k�z��tSNx�c�Y[XZk�Q���O+ñ�Â+�8c�V�R
SNR+gtS2mnk�V�^`Q]k�etz8c�Q]^`\"��x�S�V�z8Q]k�Y[XZ\�XZk�V�XZV�g�P8\�SNQ]²s\�z8SNmnXZrsXbSNR�³�k���²�\�SNV�\�XZ^`XbYiS�V�SN^`�(k�QA.\�SNQ]Y[XZmnSN\�v�oaS
x�c�Y[Sl�iS�V�mnx�{|c�Q]tSNRå^`x�Sæc�Q]mnx�XZ^`SNmn^`P8QASlk�Y[SNQf³W��XZ{|��c�V·Vy\�²s�ic�\�S�R»op�W«¼³�k���\�XZ{|P8ebc�^`XZk�V
SNV�YiXbQ]k�V�{|SNVy^`�.c�V�R»\�x�k��(V·^`xyc�^�k�z8^`Xb{|c�e¬c�gtgtQ]SNgtc�^`SN²sr�eZk�� z8SNQ]²sx�k�zÃ�tSNx�c�YiXbk�QUmnc�V·SN��z8k�Q]^
SNrsrsXbmnXZSNV�^yR+XZrsr�S�QAS�V�^`Xbc�^`SNR�\�SNQ]Y[XZmnSN\$m~k�{|{|SNV�\�P8QAc�^`S���XZ^`x(P8\�SNQ Q]SN¶iP8XbQ]SN{|SNVy^`\�v



��\"cj\�^`c�Q]^`XbV�g.z8k�XbV�^[^`k.XZ{|z8ebSN{|SNVy^`XbV�g.c�rsP8ebeZ²sr�eZSNR+gtSNRdYiSNQ]\�XZk�V�k�r�k�P8Q�k�z8^`Xb{|c�e�c�gigtQ]SNgtc�^`SN²srsebk��
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