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(a) A RAPID-Cache with a unified read/write cache

Incoming Requests

RAID Controller

RAID-5 Cache-Disk

DRAM
Primary
Read/Write
Cache

Write Cache
Backup
NVRAM

Cache

Unified
Primary

DRAM

RAID Controller

Cache-Disk

Incoming Requests

Cache-Disk

Write Cache
Backup
NVRAM

Write Cache
Backup
NVRAM

RAID-5

(b)  A Triple RAPID-Cache with two cache-disks
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(a)  A RAPID-Cache with a dedicated physical cache-disk
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(b)  A RAPID-Cache with a distributed logical cache-disk
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��� � '�� 
�� ��
  ��� �H� #  # � �����C� �	��� � ��� ��!"��#

$ � �
� �
�@Ý4Ý��{õ ì®åÑâ-ìN�Óß,õéõãß,à�ç;åÍí,õ ø àãß"ÝµèQä{Ý��|õãä{ß��pì®íáï ø çiíNì®íáä{ßGì ] ßÅí,õãîõãä;ß¬Ý
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÷¯ß,àãúÑìµç{çÓßNÞ¢
�j�åÑëRåÍúÑì®à�àãßÅî ø ú õãî¬ì
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÷¯ß,à ìµúÍúÊçÓß,àéè Ýµàãë�ìµâ{íÅßG
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÷¯ß,à ì®úÍú/çÓß,àéèêÝ®àãë�ìµâ;í,ß%åÍîÝ<â;ú ô�úÍåÍëRå õãßNÞ �¤ô-õãä{ß¨�pì®íáï ø çLíÅìµí ä;ßG
�ÿ�Ý®õãß4ä;ß,àãß_��ßN�FåÍúÍú¢Ý<â;ú ôîòõ ø Þ³ôÉõãä;ß�íÅìµîéß%ÝµèQõãä;ß%Þ{ßÅÞ{åÍíNì®õãßÅÞ-íNìµí ä;ß,ù²Þ³åÑîéï4
­i;Ý®à�õãä{ßGúÑÝµæ<åÍíNì®úíNìµí ä;ß,ù²Þ³åÑîéï4kÓå õ�åÍî�Þ³å � í ø ú õ�õãÝÉåÍîéÝµúÌì
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��ß�í ä;ÝµîéßGìyç{àãåÍë�ì®àéôÉíNì®íáä{ß�íÅÝ<â{îéåÍîòõãåÑâ{æRÝµè¢ì Â ��
�Ü^egàãßNìµÞíNìµí ä;ß�ìµâpÞ|ì Â ��
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àãæ<ß,àõãäpìµâ�õãä;ß���Ý®àãï³åÍâ{æµù¹îéß,õDÝµèGõãä;ß8õéà ìµí,ßG
 ��ä;ßLÿ���û�ü�Ü�åÑâgõãä{ß
�pìµí ï ø ç8íNì®íáä{ßyåÍî'�ÉÜ^e�
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ßÅÿ���ô � �
��åÍîÉì*úÑì®àãæµß8â;Ý<â�÷¯ÝµúÑì®õãåÍúÍß8ë�ìµåÍâ�ëRß,ëRÝµàéônîòõãÝ®à ìµæ<ßîòô³îòõãßÅë²�pì®îéßNÞ�Ý<â 	pìµîéä �VX¢û�ó�Ü�
§i�úÑì®îéä ��XQû�ó�Ü ä;ìµî�îéÝ<ëRßÞ{åÍîéï¤ù¹úÍåÑï<ß%í äpì
à ìµí,õãßáàãåÑîòõãåÍíÅî�k'å:
 ßGk1Þ;ì
õ ì�ë ø îòõ­�Óß%ß,à ìµîéßNÞ8åÍâJ�;úÍÝ¤í ï³îìµâ;Þ�õãä{ßN�¬àãå õãß4îéçÓßÅßNÞLåÍî�îéúÑÝ���
Rß,ÿ���ô-îéÝ<úÍ÷¯ßNÞ�õãä;ßN�¬àãå õãß4ç³àãÝG�{ùúÍßÅë±�¤ô ø îéåÍâ;æ4ìN�pì
õéõãß,àéô�ùZ�;ìµí ï¯ßNÞ�j³û�ü"Ü6åÍâÉè àãÝ<â¤õ�Ýµè@õãä;ß 	pìµîéä{ù
�VX¢û�ó�Ü�
�Y�ì®õ ìiì®àãß	µ;àãîòõ��¬àãå õéõãßÅâ�åÍâ¤õãÝiõãä{ß�j³û�ü"ÜPìµâ;ÞLõãä{ßÅâçpì
à ìµúÍúÍßÅúÍú ô�õéà ì®â;îòèêßáàéàãßNÞyåÍâ¤õãÝ�õãä;ß 	Óì®îéä �VX¢û�ó�ÜVåÍâyúÑì
àãæ<ß»�;úÍÝ¤í ï�î�

��ä;ß��Fä;ÝµúÍßiîòô³îòõãßÅë>ìµç;çÓßÅì®àãî�õãÝ ø îéß,àãî4ì®îRì8úÌì
àãæ<ßDä;åÍæ<ä³ù²îéçÓß,ßNÞÿ���û�ü�Ü�


� ä{åÑúÍß�õãä{ß�åÑÞ{ßÅì�Ýµè�û�ü�X¢ðZY�ù\[�ìµí ä;ß�åÍî¬åÍâ;îéç{å àãßNÞ �¤ôRõãä;ß�ç{àãß,ù÷�åÍÝ ø î�àãßÅîéßNì
àãíáä¢kÊßÅîéçÓßÅíÅåÑìµúÍú ô�g�i§j-ì®âpÞ�Y'[ YNkpõãä{ß,àãß%ì®àãß�îéßÅ÷¯ß,à ì®úåÍëRçÓÝµàéõ ì®â�õ�Þ³å ] ß,àãßÅâ;í,ßÅî�ìµîFä;åÍæ<ä{úÍåÑæµä¤õãßNÞ-�ÓßÅúÍÝ���

� ð²â �ÓÝ®õãä-g�i§jDì®âpÞ�Y'[ YNk{Þ;ì
õ ìyì®àãß�íÅÝ<úÍúÍßÅí,õãßNÞDåÑâiì�û�ü"Ü
� øQ] ß,à%ì®âpÞLúÑÝµæ<æµßNÞ�åÍâ�õãÝ-Þ{åÍîéï�î'�Fä{ßÅâ�õãä{ß¨� ød] ß,àGåÍîGè ø úÍú:


ð²â�õãä{ß��pìµí ï ø çRíNì®íáä{ß�Ý®è@û�ü�XQð\Y�ù\[�ì®íáä{ßGk�Þ;ì
õ ìGì®àãß��¬àãå õéùõãßÅâTåÍâ�õãÝgìµâ g1û.'>íNì®íáä{ßnë�ì<Þ³ß�ÝµèRÿ���û�ü"Ü�
�ü�íáõãåÑ÷<ßÞ{ì®õ ìFë�ìNô��Óß�Ý
÷¯ßáà0�¬àãåÍõéõãß,â%åÍâ�õãä;ß�g'û.'níÅìµí ä;ß�èÌàãß�l ø ßÅâ¤õãú ô�
ó�â{úÍô8õãä{ß4åÍâpì®í,õãåÍ÷¯ßRÞ;ì
õ ìDßÅ÷�åÍí,õãßNÞ�è àãÝµë�õãä;ß	g1û.'5íNì®íáä{ßì
àãß�íÅÝ<úÍúÍßÅí,õãßNÞDåÑâiìyîéßÅæµëRßÅâ¤õ»� ød] ß,à�ìµâ;ÞDúÍÝ<æµæ<ßNÞiåÍâ¤õãÝ�õãä{ßíNì®íáä{ß,ù²Þ{åÍîéï4
f��ä{ßGîéßÅçpì
à ì®õãåÍÝ<â8Ý®èBì®í,õãåÍ÷¯ßGÞ;ì
õ ìyè àãÝµë åÍâ;ìµí,ùõãåÍ÷¯ßÉÞ;ì
õ ì8îéåÑæµâ;åuµpíÅìµâ¤õãú ô�àãßNÞ ø íÅßÅî%õãä;ß�íNì®íáä{ß,ù²Þ{åÍîéï*õéà ì � íì®âpÞDæ<ì®à?�;ìµæ<ßGíÅÝµúÍúÑß,í,õãåÍÝ<â�íÅÝ<îòõ�

� ð²â_Y�[ YNk®Þ;ì
õ ì�åÍâ%õãä{ß�íÅìµí ä;ß,ù²Þ{åÍîéï�ë ø îòõ��Óß�Þ{ß,îòõ ìµæ<ßÅÞ�åÍâ¤õãÝõãä{ßFÞ;ì®õ ì�Þ³åÍîéïakG�Fä;åÍíáäyë�ìNô<�ÓßÅíÅÝµëRßFì"çÓß,àéèêÝ®àãë�ìµâ{íÅß»�ÓÝµõéùõãúÍßÅâ{ßÅíáï�ì®õ�ä;åÍæµä¨��Ýµàãï�úÍÝ¯ìµÞ{î�
Qð²â4û�ü�X¢ðZY�ù\[�ìµí ä;ßGkµõãä;ß,àãß¬åÍîâ{Ý�â{ßÅßNÞ"õãÝ¬àãßNì<Þ�õãä;ß¢íNì®íáä{ß,ù²Þ{åÍîéï"Þ ø àãåÍâ;æ�Þ{ß,îòõ ìµæ<åÍâ{æQkµîéåÑâ{íÅßì®úÑú�Þ³å àéõ�ôGÞ{ì®õ ì¬íNìµâ_�Óß�ìµíÅíÅß,îéîéßNÞGèÌàãÝ<ë|õãä;ß¢ç{àãåÍë�ì®àéô�íNìµí ä;ßG

��ä{ß,àãß,èêÝ®àãßDõãä{ß�Þ{ßÅîòõ ì®æ<ßÉÝ®÷<ß,àãä;ßNìµÞ�Ýµè�û�ü�XQð\Y�ù\[�ìµí ä;ßRåÍîõãä{ß*îãì®ëRß�ì®îiõãäpì
õiÝ®è4ì?íÅÝ<â�÷¯ß,â�õãåÍÝµâpìµú�îòô{îòõãß,ëb�Få õãäTìîéåÍâ;æµúÍß,ù¹íÅÝ<ç¤ôDÝµà�ì4Þ ø ìµú ù¹íÅÝ<ç¤ôÉÿ���û�ü�Ü��¬àãå õãßGíNìµí ä;ßG


� g�i§jyâ;ßÅßNÞ³î�æ<ì®à?�;ìµæ<ß�íÅÝµúÑúÍßÅíáõãåÑÝµâ��Fä{åÍíáäRîéåÍæ<â{åuµpíNì®â�õãú ôRúÍåÍë4ùå õãî/õãä;ß¬îòô³îòõãßÅë�çÓß,àéè Ýµàãë�ì®â;íÅß¬åÍâ4îéÝµëRß¬íNìµîéßÅî�
V��ä{ßFìµîòô³ë4ùëRß,õéàãåÍíNì®úÍúÍô4çpì®à ì®úÍúÑß,úÊì®àãí ä;å õãßÅí,õ ø àãß�Ý®è@û�ü�XQð\Y�ùK[�ì®íáä{ßFìµâ;Þõãä{ßiîéßÅç;ì®à ì®õãåÍÝµârÝµè�ìµíáõãåÑ÷<ß8Þ;ì
õ ì�èÌàãÝ<ëPåÍâpì®í,õãåÍ÷¯ß-Þ{ì®õ ì�åÍâõãä{ß<�;ìµí ï ø ç8íNìµí ä;ß%ßÅâ;ì��;úÍß ø î�õãÝDÞ³ßÅîéåÍæ<â*ìRæ¯ì®à?�;ìµæµß4íÅÝ<ú ùúÍßÅí,õãåÍÝµâÆì®úÑæµÝµàãå õãä;ëÖõãäpì
õ-åÍîië ø í ägëRÝµàãß�ß � í,åÑß,â�õDõãäpì®âõãä{ßRÝ<â;ß ø îéßNÞ �¤ô�g�i§ja
�ÜiÝµàãß,Ý®÷<ß,à�kQû�ü�X¢ðZY�ù\[�ìµí ä;ßRîéßÅú ùÞ³Ý<ë�àãß�l ø å àãßÅîBæ<ì®à?�;ìµæ<ß�íÅÝ<úÍúÍßÅí,õãåÍÝµâ�
¢ð�âRè ì®í,õ�k¤õãä;ß�æ¯ì
à?�pì®æ<ßíÅÝµúÍúÑß,í,õãåÍÝ<âÉÝ®÷<ß,àãä;ßNìµÞRÝµè1û�ü�X¢ðZY�ù\[�ìµí ä;ßFåÍîBîéÝGúÍÝ��rõãäpì
õ�å õä;ìµîF÷�åÍàéõ ø ìµúÍú ôiâ{ÝyåÍëRçpì®í,õFÝ<âiîòô{îòõãß,ësçÓß,àéèêÝ®àãë�ìµâ;í,ßG

� � º ¹ Û ��½�× ¿
º ¹ ×
'�îéåÍâ;æÉÿ���û�ü�ÜUíNì®íáä{ßÅî�íNìµâ*îéåÍæ<â;åuµ;íNìµâ¤õãú ôLåÑëRç³àãÝ
÷¯ß%õãä{ß<�¬àãå õãßçÓß,àéèêÝ®àãë�ìµâ;í,ß�Ý®è/Þ{åÍîéï4îòô³îòõãßÅëRî�
	��Ý���ßÅ÷¯ßáà�k3�ÓßÅíNì ø îéß�Ý®è@õãä;ß�ä;åÍæµäíÅÝ<îòõBÝµè1ÿ���û�ü�Ü�k¯åÍâ�îéÝ<ëRß�Þ{åÍîéï4îòô³îòõãßÅëRîQõãä;ßFíÅÝµîòõ¬Ýµè1ÿ���û�ü�ÜíNìµí ä;ßÅîRåÍîRë ø í ä·ä{åÍæ<ä;ßáàRõãäpìµâ?õãäpì
õ�Ýµè"Þ{åÍîéï�î4õãä;ßÅëRîéßÅúÍ÷¯ß,îRìµâ;ÞÞ{Ý<ëRåÍâ;ì®õãßÅî%õãä;ßÉÝ®÷<ß,à ìµúÍúFîòô³îòõãßÅë�íÅÝµîòõ�
?ð�â·ì<Þ{Þ{å õãåÍÝ<â¢k�ì�îéåÍâ;æ<úÍß,ùíÅÝ<ç¤ô|ÿ���û�ü�Ü_íNìµí ä;ß�í,àãßNì®õãß,î�ìrîéåÍâ{æ<úÍßnçÓÝ<åÍâ¤õLÝµè4èêìµåÍú ø àãß?åÍâì*ä;åÍæµä;ú ônàãßÅúÍåÑì��;úÍßLÞ{åÍîéïnîòô³îòõãßÅë �Fä{åÍúÑß�ì*Þ ø ìµú ù¹íÅÝ<ç¤ô?ÿ���û�ü�ÜíNìµí ä;ß"åÍî�ßÅ÷¯ßÅâDëRÝµàãß"ßáö{çÓß,â;îéåÍ÷¯ßG
ð�â�õãä;åÍî�çpì®çÓß,à�k��Bß4äpìN÷¯ß�ç{àãßÅîéß,â�õãßÅÞ�ìDâ{ß���Þ{åÍîéï�íNì®íáä{ßRì®àéùíáä{åÍõãß,í,õ ø àãßRíNì®úÍúÑßÅÞ?û�ü�XQð\Y�ùK[�ì®íáä{ßG
���ä{ß�ë�ìµåÍâ�èêßÅì®õ ø àãßÉÝµè¬õãä{ß

Â À



û�ü�XQð\Y�ù\[�ìµí ä;ß*åÍî8åÍõãîLì®îòô{ëRëRßáõéàãåÑíÅìµúÍú ô�çpì®à ì®úÍúÑß,úyì
àãíáä{åÍõãß,í,õ ø àãßõãäpì
õBí,Ý<â;îéåÍîòõãî�Ý®è'ì�èêìµîòõéùE�¬àãå õãß,ù è ì®îòõéù¹àãßÅì<ÞDç³àãåÍë�ì®àéô�íNìµí ä;ß�ìµâ;ÞRìµâåÍâ;ß,ö³çÓßÅâ{îéåÍ÷¯ßGk
è ì®îòõéù��¬àãå õãß,ù¹îéúÍÝ��¬ù àãßNì<Þyä{åÍß,à ì®àãí ä;åÍíNì®úd�;ìµí ï ø çGíNìµí ä;ß�

��ß8õéà ìµÞ{ß�õãä;ß�àãßNì<Þ çÓß,àéè Ýµàãë�ìµâ{íÅßLÝµèGõãä;ß �pì®íáï ø çríNìµí ä;ßLèêÝµàßÅíÅÝµâ;Ýµë�ô�ìµâ;Þ·àãßÅúÍåÑì��{åÑúÍå õ�ô�
 i;Ý®àéõ ø â;ì®õãßÅú ô�k�õãä{ß-íÅÝ<ëRç³àãÝ<ëRåÍîéß-åÍâàãßNìµÞ�çÓß,àéèêÝ®àãë�ìµâ{íÅß4Ýµè¬õãä{ß¨�pì®íáï ø ç*íNì®íáä{ß�Þ{Ý¤ßÅîGâ{Ýµõ%ì ] ß,í,õGõãä;ßîòô³îòõãßÅë çÓß,àéèêÝ®àãë�ìµâ{íÅß�åÑâ|ì®â�ô �¬ìÅôp�ÓßÅíNì ø îéßLàãßÅì<ÞgÝ<çÓßáà ì®õãåÍÝ<â{îè àãÝµë õãä{ß<�;ìµí ï ø ç�íNìµí ä;ß�ì®àãß�â;ßÅíÅß,îéîãì®àéô�Ý<â{ú ôLÞ ø àãåÍâ{æÉßáàéàãÝµà"àãß,ùíÅÝ
÷¯ß,àéô�çÓß,àãåÍÝ�Þ{î�
�ó�â�õãä;ßFÝµõãä{ß,à¢äpìµâ;Þ¢kµõãä;ßFßÅíÅÝµâ;Ý<ë%ô�kµàãß,úÑåÑì
�;åÍúÍåÍõ²ôìµâ;ÞLçÓßáàéèêÝµàãë�ì®â;íÅß�æ¯ì®åÑâ{ßNÞ�äpìN÷¯ßN�Óß,ßÅâ�îéä;Ý��FâLõãÝ �ÓßyÞ�à ìµë�ì
õãåÑí�

j ø íáä �FåÍâ{ùE�FåÍâgõéà ì<Þ{åÍâ{æ�åÍîDë�ìµÞ{ß-çÓÝµîéîéåL�{úÍß �¤ô·ß,ö³ç;úÍÝµåÍõãåÍâ{æ�õãä;ßúÍÝ¤íNìµúÍå õ�ô�Ýµè�Þ³åÑîéïLì®íÅíÅßÅîéîéßÅî�ìµâ;Þ�ß � í,åÑß,â;í,ô*Ýµè¬úÑì
àãæ<ßÉÞ{åÍîéï�õéà ìµâ;îòùèêßáàãî�
���ß�äpìN÷¯ß4îéä{Ý��FâLõãä³àãÝ ø æµä�îéåÍë ø úÑì®õãåÍÝ<âLß,ö³çÓß,àãåÍëRßÅâ¤õãî�ìµâ;Þìµâ;ìµú ô³îéåÍîGõãä;ì®õGå õGåÍî�çÓÝ<îéîéå��;úÍßRõãÝií,Ý<âQµ;æ ø àãßyõãä;ß�û�ü�X¢ðZY�ù\[�ìµí ä;ßåÍâ8ìyâ ø ë<�Óß,à�Ý®è|�¬ìÅô³î¬õãÝ4Ý<ç³õãåÑëRå��Åß�õãä{àãÝ ø æ<ä{ç ø õ�k�àãßÅúÍåÑì��{åÍúÑå õ²ô�kpÝµàîòô³îòõãßÅësíÅÝµîòõ�`

� [BÝµëRçpì
àãßNÞ�õãÝFì¬îéåÑâ{æ<úÍß,ù¹íÅÝµç�ô�ÿ���û�ü�Ü�íÅìµí ä;ßGkµì�û�ü�XQð\Y�ù
[�ì®íáä{ß­�Få õãä�ì�Y"û�ü"Üsç{àãåÍë�ì®àéô�íNì®íáä{ß�ä;ìµîBë ø í äyä{åÑæµä;ß,ààãß,úÑåÑì
�;åÍúÍåÍõ²ôDìµâpÞÉîéåÍëRåÑúÑì
àFçÓß,àéèêÝ®àãë�ìµâ;í,ßGk3�FåÍõãäDÝ<â{úÍôDìGè à ìµíáùõãåÍÝµâiÝµè/õãä{ß"íÅÝµîòõ�


� [BÝµëRçpì
àãßNÞ�õãÝFì¬îéåÑâ{æ<úÍß,ù¹íÅÝµç�ô�ÿ���û�ü�Ü�íÅìµí ä;ßGkµì�û�ü�XQð\Y�ù
[�ì®íáä{ß´�FåÍõãäHìµâ�ÿ���û�ü�Ü ç{àãåÍë�ì®àéô|íNì®íáä{ß?äpìµî�ë ø í ä
�Óßáõéõãß,àFàãßÅúÍåÌì
�;åÍúÍå õ�ô�ì®âpÞiîéåÍëRåÍúÑì®à�çÓß,àéèêÝ®àãë�ìµâ;í,ßGk)�Få õãä8Ý<â{úÍôîéúÍåÍæ<ä¤õãú ôDä;åÍæ<ä{ß,à�íÅÝ<îòõ�


� [BÝµëRçpì
àãßNÞ4õãÝyì%Þ ø ìµú ù¹íÅÝ<ç¤ô4ÿ���û�ü"Ü íNìµí ä;ßGk³ìGû�ü�XQð\Y�ù
[�ì®íáä{ß»�FåÍõãä�ì®âRÿ���û�ü�ÜVç{àãåÍë�ì®àéô�íNìµí ä;ßFä;ìµî¢îéåÑëRåÍúÑì®à�Ýµà
�Óßáõéõãß,àFàãßÅúÍåÌì
�;åÍúÍå õ�ô�ì®âpÞiîéåÍëRåÍúÑì®à�çÓß,àéèêÝ®àãë�ìµâ;í,ßGk)�Få õãä8Ý<â{úÍôä;ìµú è/Ý®è�õãä;ß�íÅÝµîòõ�


� e�ßÅíNì ø îéßGåÍõãîFúÍÝ��Æí,Ý<îòõ�kd�FåÍõãä-õãä{ßN=#5�@�.�!�1Q/
%�.#7:kÓû�ü�XQð\Y�ù
[�ì®íáä{ßÅî@íÅìµâ�äpìN÷¯ß/îéåÍæµâ;åuµpíNì®â¤õãúÍô"ä;åÍæ<ä{ß,à@çÓßáàéèêÝµàãë�ì®â;íÅß¢íÅÝµë4ùç;ì®àãßNÞ?õãÝ�íÅÝµâ�÷¯ßÅâ¤õãåÍÝ<âpì®úFÿ���û�ü"ÜÖíNìµí ä;ß�ì
àãíáä{åÍõãß,í,õ ø àãßÅî
�¤ôDì ] Ý®à Þ{åÍâ;æ4ì4ë ø í äÉúÌì
àãæ<ß,à�ç{àãåÍë�ì®àéôÉíNì®íáä{ß�îéå��ÅßGk)�Fä{åÑúÍßîòõãåÍúÍú1ë�ìµåÍâ¤õ ìµåÍâ;åÍâ;æyæ<Ý¤Ý�ÞiàãßÅúÍåÑì��{åÑúÍå õ�ô�


� ��ä{ßGìµîòô³ëRëRß,õéàãåÍíNì®úÑú ôDçpì
à ìµúÍúÍßÅúQì®àãí ä;å õãßÅí,õ ø àãßGÝµèQû�ü�XQð\Y�ù
[�ì®íáä{ßÅîGìµâ;Þ8åÍõãîGì®úÍæ<Ýµàãå õãä{ë�õãäpì®õ�îéßÅçpì
à ì®õãßÅî%ì®í,õãåÍ÷¯ß4Þ{ì®õ ìèÌàãÝ<ë:åÍâ;ìµí,õãåÍ÷¯ß�Þ;ì®õ ì·÷�åÍàéõ ø ìµúÍú ô�ßÅúÍåÍëRåÑâ;ì®õãßLõãä;ß�æ<ì®à?�;ìµæ<ßí,Ý<úÍúÍßÅí,õãåÍÝ<â�Ý
÷¯ß,àãä{ßNì<Þak»�Fä;åÍíáä�ì
àãß8õãä;ß8ë�ì�³òÝµàDç{àãÝ��;úÍßÅëRîì®îéîéÝ¤íÅåÑì®õãßNÞ �Få õãä�ç³àãßÅ÷�åÍÝ ø îGîéÝµú ø õãåÍÝ<â;î%î ø í änì®î<g�i§j�ìµâ;Þ
Y�[ YN


i ø àéõãä;ß,àãëRÝ®àãßGk ø îéåÍâ;æ­Y"û�ü"Ü�èêÝµà@õãä;ßBç³àãåÍë�ì®àéô"íÅìµí ä;ßBë�ì®ï¯ßÅîå õ�ßÅíÅÝµâ;Ý<ëRåÍíNì®úÍúÍô�è ßNìµîéå��;úÍßnõãÝ·íÅÝ<ë<�;åÍâ;ßLõãä;ß*àãßÅì<ÞTíÅìµí ä;ß �Få õãä
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