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Relational Operators

Query Optimizer

Query Scheduler

Storage Manager

Query Parser
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ÞqÜ-ã]Û>é^Ù.ÛJâ�Ú¯ã]Û·Þ]èZìuÝ�Þ�Û6Ü�ØòôuÝQÙ�ávÚ¨ÜlâQã]Ý$ã]Ûuè¯ç
ôuÝQÙ�ávÚ¨Ülâ�ß£â�ØuÙUÝQÙ-â�æ·Ý�ÛÄÞ]áuávÝQÙ�ßQß£Ú¤Û?Å â�ãq÷�ØuÚ¨Ü�ØQÁ ÝQÙ-âQæuÝQÛ·ß.úfÚ¯ÛÄô·Þ�Ý�â�Ú¨Ü-æuè¨Þ�Ý$Ú¤â
ávã>Ù�ß�Ûuã�âpôuÝQãoéJÚ¨ávÙ�âQØuÙ£ß âQÞ]Ý âQÚ¤Û·à}Þ]áuáuÝ�ÙPß�ß
ã]ë�ÅUö ñ Ú¤Û6Ü-Ù�âQØuÙ£Ù�ÛJâ�ÝQÚ¤ÙPßDÚ¯Ûhâ�ØuÙ°âQÞ]à}Þ�ÝQÝQÞ4ç ß�âQã]ÝQÙ�ã]Ûuè¯çUß�â�Þ�Ý�â�Ú¯Ûuà}Þ]á·ávÝ�ÙPß�ß�Ù�ßDã�ë
ëÎæuÛ·Ü-â�Ú¯ã]Û·ß�ú?â�ØuÙ}âQÞ]Ý�à^Ù-â£Þ^áuávÝQÙ�ßQß�ã�ë�Þ�,�3�75­�,Â<hÚ¯Û·ß â�ÝQæ·ÜlâQÚ¤ã^ÛòÜ.Þ]ÛuÛuã�â$ì6ÙbávÚ¯Ý�ÙPÜlâ�è¯ç�æ·ß�Ù�á�ëÎã^Ý£Þhâ�Þ�àÁêhÞ�âQÜ�ØºÚ¯Û þ�EG�$þ öG×)ã
ãoé]Ù�ÝQÜ.ã]êUÙ%â�Ø·Ú¯ß�ôuÝQã]ìuè¯Ù.êaâQØuÙXô·Ý�ãvÜ-ÙPß�ß�ã]Ý�Þ�è¯÷pÞ4çvßZø]Ù.Ù�ô·ßfâQÝQÞ^Ü�ønã�ëvâ�Ø·Ùpß âQÞ]Ý âQÚ¤Ûuà$Þ]áuáuÝ�ÙPß�ß)ã�ëvâQØuÙ�ëÎæ·Û·ÜlâQÚ¤ã^Û Ü-æ·Ý�ÝQÙ.ÛJâ�è¯çnì6Ù�Ú¤Û·à

Ù-ùvÙPÜ-ævâQÙ�áfö � ØuÙ.ÛºÞ�8.'�)*)vÚ¯Û·ß â�ÝQæ·ÜlâQÚ¤ã^Û
Ú¯ß�Ù.Û·Ü.ã]æuÛJâ�Ù�Ý�ÙPáfúvâQØuÙ�ß�â�Þ�Ý�â�Ú¯ÛuàÁÞ]á·ávÝ�ÙPß�ß:ã]ë)âQØuÙ}Ü�Þ�è¯è¤Ù�Ý:ëÎæuÛ·ÜlâQÚ¤ã^Û
Ú¯ß�ôuæ·ß�ØuÙ�á�ã^Û^âQã
â�Ø·Ù�ìuÝ�Þ�Û·Ü�ØUôuÝQÙ�ávÚ¨ÜlâQã]ÝPõ ß%ÝQÙ-âQæuÝQÛUÞ^áuávÝQÙ�ßQß
ß�â�Þ]Ü�øbß�âQÝ�æ·Ü-â�æuÝQÙ�Þ�è¯ã]Û·à$÷�Ú¤â�ØUâQØuÙ�ÝQÙ-âQæuÝ�ÛhÞ^áuávÝQÙ�ßQß.ö�	£ÛÁÞ©,�367v­�,Â<nÚ¤Û6ß�âQÝ�æ·Ü-â�Ú¯ã]Û�ú
â�Ø·Ù°êUãvávÚzü6Ù�áUìuÝ�Þ�Û·Ü�Øhô·Ý�ÙPávÚ¯Ü-â�ã^ÝDÝ�Ù.â�ÝQÚ¤Ù�é]ÙPß%â�ØuÙ£Ý�Ù.â�æuÝQÛhÞ]áuáuÝ�ÙPß�ßDÞ^ßDæ·ß�æ·Þ]èFú>Þ�Û·áhÞ]è¯ß�ã(à]Ù.âQßDâ�ØuÙ$Ü.Þ�è¯è¯Ù.Ý
ëÎæuÛ6Ülâ�Ú¯ã]Û<ß�â�Þ�Ý�â�Ú¯Ûuà

Þ]á·ávÝ�ÙPß�ßp÷�ØuÚ¨Ü�Ø�Ú¯ß:æ6ß ÙPádâQãhÞ]Ü.Ü.Ù�ßQßpâ�ØuÙ þ�EG�nþ â�Þ�àhÞ�ÝQÝ�Þ4ç]ö

	£Û<â�ØuÙ�ßQÞ�êUÙ©,�3�75­�,Â<bÚ¤Û6ß�âQÝ�æ·Ü-â�Ú¯ã]Û�ú>âQØuÙ�ß�Ù�Ü-ã^Û·á í æuôGáuÞoâQÙPó:Þ^Ü.Ü-ÙPß�ßXâQã þ�EG�$þ Ú¨ß�êhÞ]áuÙ$÷�Ú¤â�ØqâQØuÙ(è¤ão÷pÙ.Ýpã]Ý�ávÙ�Ý
ìuÚ¤âQß(ã]ëXâQØuÙÁß âQÞ�Ý�â�Ú¯Ûuà
Þ]á·ávÝ�ÙPß�ß$ã]ëXâQØuÙÁÜ-æuÝQÝQÙ.ÛJâ(Ý�Ù.â�æuÝQÛuÚ¯ÛuàqëÎæuÛ·ÜlâQÚ¤ã^ÛqÁUö�	£Û�Þ<â�Þ�à�ØuÚ¤â�ú)â�ØuÙhÚ¯Û·ávÙ.ùeéoÞ�è¯æuÙhÚ¯ÛeâQØuÙUâQÞ]à
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Þ�ÝQÝ�Þ4çbÙ�ÛJâ�ÝQçÁÚ¯ß�Ý�ÙPß Ù.âpâQãUã]ÛuÙ^ö

ñ Ú¯Û·Ü-Ù þ�EGF ô·Ý�ÙPávÚ¯Ü-âQßXâ�Ø6Þoâpâ�ØuÙnß ÙPäJæuÙ.Û·Ü.Ù°ã]ë�ëÎæuÛ·Ü-â�Ú¯ã]Û<Ü�Þ�è¯è¯ßpêhÞ]áuÙ°ì>çÁÞ}Ü�Þ�è¯è¤Ù�ÝX÷�Ú¯è¤èGì?Ù°âQØuÙnß�Þ]êbÙ$Þ]ß�â�ØuÙ$è¨Þ]ß â
â�Ú¯êUÙ�âQØ·Þoâ(Ü.Þ]è¤è¯Ù.Ý£÷pÞ^ß�Ù-ùvÙ�Ü.ævâ�ÙPáfúGôuÝQÙ-ëÎÙ-â�Ü�ØuÚ¯Ûuà<Þ]Û
Ù.ÛJâ�Ú¯Ý�Ù}ëÎæuÛ·Ü-â�Ú¯ã]Ûºì·Þ^ß ÙPá
ã]Û�âQØuÚ¨ß°ôuÝQÙ�áuÚ¯Ü-â�Ú¯ã]ÛºêhÞ4çq÷pÞ^ß�âQÙ�ôuÝQã>Ü.Ù�ßQß ã^Ý

ÝQÙ�ß�ã]æuÝ�Ü-ÙPß
ÚzëZâ�ØuÙ$ôuÝQÙ-ëÎÙ-â�Ü�ØuÙ�áhëÎæuÛ·ÜlâQÚ¤ã^ÛdÚ¨ß�Û·ã�âXÚ¯Û>é]ã^ø]Ù�áháuæuÝ�Ú¯Ûuà}â�ØuÙnÞ]Ü-â�æ·Þ]è·Ù-ùvÙPÜ-ævâQÚ¤ã^Û�ö ð ã]ÝQÙ.ãoé^Ù.ÝDôuÝQÙ-ëÎÙ.âQÜ�ØuÚ¯ÛuàbÞ�è¨Þ�ÝQà]Ù

ëÎæuÛ·Ü-â�Ú¯ã]ÛUÚ¯Û^âQã$â�ØuÙ:Ú¯Û·ß�âQÝ�æ6Ülâ�Ú¯ã]ÛUÜ.Þ^Ü�ØuÙ�Ü.Þ]Û ô?ã]è¯è¤æuâ�Ùpâ�ØuÙ�Ü�Þ]Ü�ØuÙpì>ç�ÝQÙ.ôuè¨Þ]Ü.Ú¤Ûuà$Ù-ùvÚ¨ß�âQÚ¤Û·ànÜ�Þ]Ü�ØuÙpè¯Ú¤ÛuÙPß�â�Ø·Þ�âDêhÞ4ç(ì6Ù�ÛuÙ�Ù�ávÙPá

ß�ãJã^ÛuÙ.Ý:âQØ·Þ�ÛqâQØuÙ�ôuÝQÙ-ëÎÙ.âQÜ�ØuÙPá<è¯Ú¯ÛuÙ�ß�ö � Ù.Û·Ü.Ù(â�ØuÙ(ô·Ý�Ù.ëÎÙ-âQÜ�ØºÞ]è¤à^ã]ÝQÚzâQØuê ã^Ûuè¤ç<ôuÝQÙ-ëÎÙ-â�Ü�ØuÙ�ßxÉ Ü�Þ]Ü�ØuÙnè¯Ú¤Û·Ù�ß�úu÷�ØuÙ.ÝQÙWÉ	Ú¯ß°Þ

ô·Þ]ÝQÞ]êbÙ.â�Ù�Ý�âQØ·Þoâ�Ü.Þ]Ûdì?Ù£ì6Þ]ß�Ù�áÁã^ÛÁâQØuÙ(Ü.Þ]Ü�Ø·Ù£ß�Ú$#�Ù]úvè¯Ú¤ÛuÙnß�Ú$#�Ù$Þ]Û·áÁâQØuÙ���û�Ü�Þ]Ü�ØuÙ£êbÚ¨ßQß:è¯Þ�â�Ù.Û6Ü-ç]ö ñ Ú¯Û·Ü.Ù£ã^Ûuè¤çUâQØuÙ$ü·Ý�ß�âxÉ
Ü.Þ^Ü�ØuÙ:è¤Ú¯ÛuÙPß
ã�ëfÞ(Ü.Þ]è¤è¯Ù.ÙpëÎæuÛ·Ü-â�Ú¯ã]ÛÁÞ]Ý�Ù:ôuÝQÙ-ëÎÙ.âQÜ�ØuÙPá}ëÎÝQã]ê ÷�ÚzâQØuÚ¯Û âQØuÙ°Ü�Þ�è¯è¤Ù�Ý%ëÎæuÛ·ÜlâQÚ¤ã^Û�ú^â�ØuÙ�ÝQÙ�ß âDã�ë?â�ØuÙ�Ü�Þ�è¯è¤Ù�Ù:ëÎæuÛ·Ü-â�Ú¯ã]ÛUÚ¯ß

ôuÝQÙ-ëÎÙ.âQÜ�ØuÙPáqÞ�ëÐâ�Ù�Ý�Ù.ÛJâ�Ù�Ý�Ú¯Ûuàbâ�ØuÙ Ü.Þ�è¯è¯Ù.Ù$ëÎæuÛ·Ü-â�Ú¯ã]Û
ì>çÁæ·ß�Ú¤Û·àÁÞbß�Ú¯êbô·è¤ÙW ]��ôuÝ�Ù.ëÎÙ-â�Ü�ØuÚ¤Û·àÁß�Ü�ØuÙ�êUÙ]ö � Ù�æ·ß�Ù£âQØuÙ�Ûuã]âQÞ�â�Ú¯ã]Û
%�+A1 U âQãºÝ�Ù�ôuÝQÙ�ß�Ù.ÛJâ�Þ þ�EGF ß�Ü�Ø·Ù.êUÙhâ�Ø6Þoâ}ôuÝQÙ-ëÎÙ.âQÜ�ØuÙPß(ã]Û·è¤çtÉ Ü.Þ]Ü�Ø·Ùhè¤Ú¯ÛuÙ�ß}ÝQÞ�â�ØuÙ�Ý(â�Ø6Þ�ÛåÞ�Û Ù�ÛJâ�Ú¯Ý�ÙUëÎæuÛ6Ülâ�Ú¯ã]Û ã^Û

Ù�Þ^Ü�Ø<ô·Ý�Ù.ëÎÙ-âQÜ�ØqÝQÙ�äJæuÙ�ß â�ö

Start address of a
function

Prefetch address sent to L2 cache

MUX

Miss in CGHC

Goto L2 level CGHC

Tag Array Data Array

Sequence of functions invoked

Func8 AddressFunc1 Address

Func_Addr

Create_rec

Find_page..

Update_page

1

1 Find_page.. Update_page Unlock_page

Lock_page

1

CGHC Hit

Index selects function to prefetch

Index

(only for 2-level CGHC)

{�Ú¤à^æuÝQÙ L � þ Þ]è¤è E Ý�Þ�ôuØ � Ú¯ß â�ã^Ý�ç þ Þ^Ü�ØuÙ]ö í ß âQÞoâQÙbß�Øuão÷�ÛºÚ¯Û þ�EG�nþ ãvÜ.Ü-æ·ÝQß$Þ]ß�\�sp8.² -`'�=P3£Ú¯ß£ì?Ù.Ú¯Ûuà<ô·Ý�Ù.ëÎÙ-âQÜ�Ø·Ù�á�ëÎÝQã]ê
ªA:*<R« -0'u=�3 :*< ¬�­6®d36, -`sps�) ó

���5� Ê¡��Ë;��½A¼¤Ì^ºA¼dË;��Íd�È 0�n»0�JºA¼]Ë

	£ô?Ù.Ý�Þoâ�Ú¯ã]Û6ßDâQØ·Þoâ�Þ]Ü�Ü-Ù�ßQß:Þ�Û·ádæuôGáuÞoâQÙ°âQØuÙ þ�EG�$þ Þ]Ý�Ù£Ûuã�â:ã]Ûdâ�ØuÙ(Ü.Ý�Ú¤â�Ú¨Ü.Þ]è6ô·Þ�â�Øqã�ë�âQØuÙ$ôuÝ�ãvÜ.Ù�ßQß ã^Ý�ôuÚ¯ô6Ù�è¤Ú¯ÛuÙ(Þ�Û6ádÜ.Þ]Û
ì?ÙUáuã]ÛuÙbÚ¤Ûeâ�Ø·Ùbì6Þ]Ü�ø>à]ÝQã]æuÛ6áföW��Ûòã^æuÝnÚ¤êUôuè¯Ù.êUÙ�Û^â�ÞoâQÚ¤ã^ÛòâQØuÙ þ�EG�$þ Ú¨ß(Þ]Ü�Ü-ÙPß�ß�Ù�áºÞ]Û·áeæuô?á·Þoâ�ÙPáòÚ¯Û�ávÚÎ�GÙ.ÝQÙ.ÛJâ�Ü-çvÜ.è¤ÙPß
â�ãhÙ�è¤Ú¯êUÚ¤Û6Þoâ�ÙnâQØuÙ(ÛuÙ�Ù�á<ëÎã]Ý�Ø·Þ4é>Ú¯ÛuàhÞhávæ·Þ]èzû�ô6ã^Ý âQÙ�á þ�EG�$þ â�Ø·Þ�â°Ü.Þ]Ûqì?Ù�Þ]Ü�Ü-ÙPß�ß�Ù�áqÞ�Û·á<æuôGáuÞoâQÙ�á�Ú¯Ûqâ�ØuÙ�ßQÞ�êUÙ(Ü-çvÜ-è¯Ù]ö
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×:ØuÙ þ�EG�nþ Ú¯ßXÞ]Ü.Ü.Ù�ßQß ÙPá}ã^ÛuÙ°Ü.ç>Ü.è¤Ù�Þ�ëÐâ�Ù�Ý
â�ØuÙ£ìuÝ�Þ�Û·Ü�ØbôuÝQÙ�ávÚ¨ÜlâQã]ÝDôuÝQÙ�áuÚ¯Ü-âQß
âQØuÙ�â�Þ�ÝQà]Ù-âDã]ëGÞ�8@'!)*)�ã]Ýd,�367v­�,Â<nÚ¤Û6ß�âQÝ�æ·Ü-â�Ú¯ã]Û�ö
ñ Ú¯Û·Ü-Ù$âQØuÙ þ�EG�$þ Ú¯ß:ÞUß êhÞ]è¤èfávÚ¯Ý�ÙPÜlâ�êhÞ�ôuô?Ù�áqÜ.Þ^Ü�ØuÙ]úJâQØuÙnâQÞ]à êhÞoâ�Ü�Ødã]ëZâ�Ø·ÙnâQÞ�ÝQà]Ù.âpÞ^áuávÝQÙ�ßQßXÚ¨ß�ávã^ÛuÙ£Ú¯Û � Ü.çvÜ-è¯Ù]öA	£Û
Þ�Ø·Úzâ�Ú¯Û þ�EG�$þ úvÞ}ôuÝ�Ù.ëÎÙ-â�Ü�ØdÚ¨ß�Ú¨ß�ß�æuÙPáÁÚ¯ÛÁâ�Ø·Ù£ÛuÙ.ù>â:Ü.ç>Ü.è¤Ù^ö���ëÐâ�Ù�Ýpâ�ØuÙ£âQÞ]à}êhÞoâ�Ü�ØdÞ�Û·áÁâ�ØuÙnávÙPÜ-Ú¨ß Ú¯ã]ÛÁ÷�Ø·Ù-â�Ø·Ù.Ýpâ�ã Ú¯ßQß æ·Ù
ÞbôuÝQÙ-ëÎÙ-â�Ü�Ø�úvâQØuÙ þ�EG�$þ Ú¯ß:æ·ô?áuÞ�â�ÙPá<Ú¯Ûqâ�ØuÙ(Û·Ù-ù>â°Ü-è¯ãvÜ�ødÜ-çvÜ-è¯Ù$â�ãhÝQÙ6�·ÙPÜlâ:â�Ø·Ù�Ü.Þ�è¯è�ß�Ù�äJæuÙ.Û6Ü-ÙnØuÚ¨ß�âQã]ÝQç]ö

	£æuÝ�Ü.æuÝ�ÝQÙ.ÛJâ þ�EGF Ú¤êUôuè¯Ù.êUÙ.ÛJâ�Þoâ�Ú¯ã]ÛÄôuÝQÙ-ëÎÙ.âQÜ�ØuÙPßnÚ¤Û·ß â�ÝQæ·Ü-â�Ú¯ã]Û·ß(ávÚ¯ÝQÙ�ÜlâQè¤çòÚ¤ÛJâ�ãqâQØuÙg� � ��û�Ü.Þ]Ü�Ø·Ù]ö ×:Ø·ÙUâ�Ý�Þ�
ÁÜ
à]Ù�ÛuÙ.Ý�ÞoâQÙ�ádìJçUâQØuÙnôuÝQÙ-ëÎÙ-â�Ü�ØuÙ�ß:Þ]Û·áÁâQØuÙ�� � Ü.Þ^Ü�ØuÙ£êUÚ¨ß�ß�Ù�ß:Þ]Ý�Ùnß Ù�Ý�é>Ú¨Ü-ÙPáhì>ç}�CI}Ú¤Û�Þw{C�J{�	Lã^ÝQávÙ�ÝX÷�Ú¤â�Ø·ã]ævâ�à]Ú¯é>Ú¤Û·àbÞ]ÛJç
ôuÝQÚ¤ã^Ý�Ú¤â�ç<â�ã<â�ØuÙUávÙ.êhÞ]Û·áºêUÚ¨ß�ß£â�Ý�Þ�
ÁÜ]ö��°èzâQØuã]æuà^ØºâQØuÙ è¨Þ]Ü�ø�ã]ë�ôuÝQÚ¤ã^Ý�Ú¤â�ç<êhÞ4ç�Ú¯Û·Ü-ÝQÙ�Þ^ß Ù}â�ØuÙbè¯Þ�â�Ù�Û·Ü-ç�ã�ë�â�ØuÙUávÙ.êhÞ]Û·á
êUÚ¯ßQßpâ�Ý�Þ�
ÁÜ]úuÚzâ°ß�Ú¯êbô·è¤Ú¤ü·Ù�ßpâQØuÙW�CIbÞ^Ü.Ü-ÙPß�ß�Ú¯Ûuà Ú¯ÛJâ�Ù�Ý ëjÞ^Ü-Ùn÷�ÚzâQØuÚ¯Û�â�ØuÙW� � Ü�Þ]Ü�ØuÙ^ö
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Õ���� Ö×�Æ»0¢dº�ÍdºA�JºA½�Ø

×)ãeÙ�é4Þ]è¤æ6Þoâ�Ù<â�Ø·ÙqÙ��?ÙPÜlâQÚ¤é^Ù.ÛuÙPß�ßbã�ë þ�EGF ÷pÙqÚ¤êUôuè¯Ù.êUÙ.ÛJâQÙ�á ÞÄß�æuì·ß�Ù-âUã�ë£â�ØuÙ�ÝQÙ.è¨ÞoâQÚ¤ã^Û·Þ�èpã]ô?Ù.Ý�ÞoâQã]Ý�ß�ã]ÛÃâ�ã^ô_ã]ë°â�Ø·Ù
ñ�� 	 ��� ß â�ã^ÝQÞ]à]ÙhêhÞ�Û·Þ]à]Ù�Ýdý þpî { ÿ(�!"!� ö ñ�� 	 ��� Ú¯ßbÞ
ëÎæ·è¤è¯çÄëÎæuÛ·ÜlâQÚ¤ã^Û·Þ�è�ß â�ã^ÝQÞ]à]ÙhêhÞ�Û·Þ]à]Ù�Ý�÷�ØuÚ¨Ü�ØåØ·Þ]ß ì?Ù.Ù.Û_æ·ß ÙPá
Ù-ù>âQÙ.Û·ß�Ú¤é^Ù.è¯çåÚ¯ÛÃâQØuÙºáuÞ�âQÞ�ì6Þ]ß�ÙqÝQÙ�ß�Ù�Þ]ÝQÜ�ØÃÜ-ã]êUê æuÛuÚ¤â�çÃÞ�Û6á_Ú¨ßÁÞ�è¨ß�ãÄæ6ß ÙPá_Ú¯Û�ß ã^êbÙ
Ü.ã]êUêUÙ.Ý�Ü-Ú¨Þ�è�áuÞ�âQÞ�ì6Þ]ß�Ù�ß�çvß�âQÙ.êhß�ö
ñ�� 	 ��� ô·Ý�ãoé>Ú¨ávÙ�ßpß�âQã]Ý�Þ�à^Ù°é]ã^è¤æ·êbÙPß.úJü·è¯Ù�ß:ã]ëZæuÛJâ�ç>ô6ÙPádã^ì���Ù�Ü-âQß�ú ï�� â�ÝQÙ.ÙPß.úvÞ�Û6á �]§ â�ÝQÙ.ÙPß.úJëÎæuè¯è�Ü-ã^Û·Ü-æ·Ý�ÝQÙ.Û·Ü.çhÜ-ã]ÛJâQÝ�ã^è
Þ�Û6áÃÝQÙ�Ü.ãoé]Ù�Ý�ç ÷�Ú¤â�Ø â�÷pã�û�ôuØ·Þ]ß�Ù�è¤ãvÜ�ø>Ú¯Ûuà Þ�Û·á ÷�ÝQÚzâQÙ-û�Þ�ØuÙPÞ]áÃè¤ã^à]à]Ú¯Ûuà6ö � ÙºÚ¯êUôuè¯Ù.êUÙ.ÛJâ�ÙPá â�ØuÙ�ëÎã^è¤è¯ão÷�Ú¯Ûuà�Ý�Ù�è¯Þ�â�Ú¯ã]Û·Þ]è
ã]ô?Ù.Ý�ÞoâQã]Ý�ß(ã]Û�âQã]ô ã]ë ñ�� 	 ��� �(°�3�)$3.8675Ù�:*<R«
3@S;3.«&°�3�)$3.8675Ùd=!,�'�8.3dr�s!:*<0Ù�<R36°Â793.«�)$sps@-´°�r�s�:*<`ÙG:*<^«
3@S;3@«Q<^3Â°Â7X3@«�)$sps@-�r�s�:*<
Þ�Û6á?/0'�°�/;T�¬.'�°�3.«�'�=p=
,�39=�'!793.ö � Þ^Ü�Ø ñ`Ú � äJæuÙ.ÝQç�÷pÞ^ß�âQÝQÞ]Û·ß�ëÎã^Ý�êUÙPá
Ú¤ÛJâQãqÞ<ä^æ·Ù.ÝQçqô·è¯Þ]Ûòæ·ß�Ú¤Û·àdâQØuÙ�ß�Ù ã^ô6Ù�ÝQÞ�â�ã^ÝQß�ö$×:Ø·Ù
ÝQÙ.è¨Þoâ�Ú¯ã]Û6Þ�è>ã]ô?Ù.Ý�ÞoâQã]Ý�ß)Þ]Û·á�âQØuÙ:æuÛ·ávÙ�Ý�è¯ç>Ú¤Û·ànß â�ã^ÝQÞ]à]ÙXêUÞ]Û·Þ�à^Ù.Ý�÷XÙ�Ý�Ù:Ü-ã^êUôuÚ¤è¯Ù�á ã]ÛUÞ�Û©��è¯ôuØ·Þ�I � I!h " ôuÝQãvÜ-ÙPß�ß�ã]Ý)Ý�æuÛ·ÛuÚ¤Û·à
	 ñ { � Ù�ÝQß�Ú¯ã]Û " ö K�{pö � ÙhÜ-ã^êUôuÚ¤è¯Ù�á ñ�� 	 ��� æ6ß Ú¯Ûuàqâ�ØuÙ þ ã^êbô6Þ]ä þx��� Ü.ã]êUôuÚ¯è¤Ù�Ý�úfé^Ù.Ý�ß Ú¯ã]Û?huöÛIvúf÷�Ú¤â�Øeâ�ØuÙUû�	GfUû�Ú¤ëÎã
û�Ú¤Ûuè¯Ú¯ÛuÙ�ß ô?Ù.ÙPág�?Þ�à^ßpâQæuÝQÛuÙ�áqã]ÛZö

� Ù æ·ß�Ù�á
â�ØuÙ ñ Ú¤êUôuè¯Ù ñ Ü.Þ�è¨Þ�Ýnß�Ú¤ê æuè¯Þ�â�ã^Ý ý ï � � a � ú?ëÎã]Ý$ávÙ-â�Þ�Ú¯è¤ÙPáòÜ-çvÜ.è¤Ù.û8è¯Ù.é^Ù.èZô·Ý�ãvÜ-ÙPß�ß�ã]Ý£ß Ú¯ê}æuè¨ÞoâQÚ¤ã^Û�ö£×:Ø·Ù}êUÚzû
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