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ñ9æ ê1ß B èoø�ùNàoì�ê9� êWßbà:ëNä�÷9à:ä�ë�ä¥ê=êWßbà?î�ð[ð�àJã�å1à'ò�à'å � ä�â�çTæ)âTè[â�à»ðdä�á�à»ê1ßfà:ä¥ð[ð[å1æÐì°ä¥êNæÐè[â
ì°è[âóêlæÐâóîfàJë�ê1ßfà:â�ä¥ò�æ)á�ä¥êNæÐè[â�örþ�ä¥ò�æÐâ�á6êWñ9è	è[ãbêWßbã�àJàïã�àléLàoã�àJâ�ì°àoë�êlè9èoê1ßfàJã`ðdä�á�àJë�á�æüò�àoë
îbëbêWßbàúðdè�ëNëNæüødæ åÒæüêWûBêlè»êlàJëWêbðdã�àléLàlêlì�ßfæÐâ�á6îfâ�ç�àJã�ëWêlã�æÐì�ê©êlæÐ÷9àwì¥è[â�ç�æ êlæÐè�â�ëNö���ê�ä¥åÒëNè9÷àJä�â�ë
ê1ßfä¥ê�ê1ßfà�ð�ã�è[á�ã�ä�÷ æÐë�í|îfæüêNàÜ�+÷��!æÐâóêlàoâ�ëNæüò�à;ä�â�ç:êWßbà;ëNä¥ò�æ)â�á�ë8æÐâ6ð�àJã�ì¥àJâóêlä�á�à?êlàJã�÷ë�ä�ã�à
ðdèoêlàoâ�êNæÐä¥åÐå)ûBßfæÐá ßfö

E�æÐá îbã�àü�fö��!â�àoàJç�ë:ëNè[÷à#à'õ�ð[å1ä�â�ä¥êlæÐè[â ì°è[â�ì°àoã�â�æÐâ�á#ê1ßfà#â�îf÷6ø�àJãBè�éwâ�è�ã�÷ä¥å�èoødô
ùNàoì�êlëNöGÞ�ßfà;âóîf÷6ødàJã�èoé�â�è[ã�÷9ä¥å`èoøoùLàoì�êlë©ø�à'é�è[ã�à6ä�ý212�¦æÐë B ¹�ö/Þ�ßfà;ì°è[ëWê�èoé�ðdã�è�ì°àJëNëNæ)â�á
�=� èoøoùLàoì�êlë:æÐë6àJí îfä¥å�êlè	êWßbà#ì°è[ëWêBèoéwè[â�àïð�ä�á�à.éLàlêlì�ß æÐâ èoîfã;ëWû�ëWêlàJ÷ àJâóò�æ)ã�è[â�÷àoâ�êNö
q�ò�àJãFû èoøoùLàoì�ê æ)ëúéLàlêlì�ßfàJçºæ)âóêlè
÷àJ÷9è[ãªû	ñVæüê1ß â�è
ì°è[÷6ð�î�êNä¥êlæÐè[â è[ã�ñVä�æüêlæ)â�á9êlæÐ÷à9è[â
ê1ßfàwè�øoùLàJì�ê©ñ;ßbæ)ì�ßñVèoî�åÒç	ì�å1àJä�ãFåÐû�ã�àoçóîbì¥à�ê1ßfàúðdã�àléLàlêlì�ß ç�æÐëWêlä�â�ì°àoö

è ½ è ½ké ��Ã�¿fÉ�Ê�¿fÁ'Ë�Â=í8Æ$ë;¿Iò���Æ4Á�ò
Í`ÎüÍ=ÎÐÏGÎÒÑ % Ô|×-1Ü�× À�& Ý�ÖJÔÃÂ À ÙG×óÜ��jÔ À Ô Ý�Û+Õ
� æüò�àJâÇê1ßfà6ß�îfá�à	á�ä¥ð ø�à'ê1ñVàJàoâºç�æÐë � ä�ì°ì°àJëNë§êlæÐ÷9àä�â�çº÷ä�æÐâ ÷àJ÷è�ãªû ä�ì°ì°àoëNë�êlæ)÷à-�
æüê§÷æ)á|ß�ê§ä¥ð�ðdàJä�ã`ê1ßfä¥ê§è[ã�ç�àoã�ë�èoé�÷ä�á�â�æ ê1îfç�àïæÐ÷wðdã�èoò�ào÷àJâóêlë�æÐâ#à'å1ä¥ðdëNàJç9êlæ)÷àB÷9æÐá ß�ê
ødàïðdè�ëNëNæüø[å1àïñVæüê1ß ðdã�à'é�à'êlì4ßbæ)â�á�ö � âOê1ßfæ)ë:ëNàJì�êlæ)è[â��8ñVà#à'õ�ð[å1ä�æÐâ ñ;ß�û]è[âóåÐû]ã�àlåÒä¥êlæ ò�à'å)û
÷è[ç�àJëWê�æ)÷6ðdã�è�ò�àJ÷àoâ�êNë�ä�ã�à�ð�è[ëNëNæüø[å1à;æÐâ6ðdã�ä�ì�êlæ)ì°ä¥å`ëNæ ê1îfä¥êlæÐè[â�ëNö

E�æÐá îbã�à>�bök¹VëWßfèoñVë�äB÷6î�åÐêNæüåÒàlò�à'åf÷ào÷è[ãªû6ßfæÐàJã�ä�ã�ì�ß�û��Xæ)â�ì�åÐîfç�æÐâ�á»ê1û�ðdæÐì¥ä¥åbëNækä|àJë�ä�â�ç
ëWðdàJàoç�ë	èoéVä�ì°ì¥àJëNëNöæ�ªâ ê1ßfæÐë6êWßbàoëNæÐë6ñVàºä�ã�à è�â�å)ûÿæÐâóêlàoã�àoëWêlàJç¦æÐâ¦ä¥ò�è[æÐç�æ)â�áOê1ßfàRç�æÐë �
åÒä¥êlàoâ�ì4ûOä�â�çTâ�èoê�÷ào÷è[ãFû:åÒä¥êlàoâ�ì4ûødàJì¥ä¥îbëNà»ê1ßfà:ì°ä�ì�ßfàïæÐë�èoéªêlàoâïêlè[è9ëN÷ä¥åÐå�é�è[ã�ç�ä¥êlä�ô
ødä�ëNà�ä¥ð[ð[å1æÐì°ä¥êNæÐè[â�ëNöGþ§ëNëWîf÷à�ñ9àúßfä¥ò�à�ä§ðdã�àléLàlêlì�ßfæÐâ�á?êlàoì�ßfâ�æ)í|îfà§ê1ßfä¥ê�ßbä�ëjê1ßfà�é�èoå)åÒèoñVô
æÐâ�á:ì�ßfä�ã�ä�ì�êNàJã�æ)ëWêlæÐì¥ëA@

� ýfã�à'é�à'êNì�ßfæÐâ�á:ä�ì°ì�îfã�ä�ì4û�æÐë�ä¥å)ñVä¥û�ë B=��� � Î

� q�ò�àoãªû;ðdã�àléLàlêlì�ß ä�ã�ã�æüò�àoë�æÐâ9÷àJ÷è�ãªûBø�à'é�è[ã�à6ä�ì°ì°àJëNëHÎ
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Size

Registers
CPU

C
a
c
h
e

Memory I/O devices

MemoryRegister
reference

Cache
reference reference

Disk memory
reference

< 1 KB < 4 MB < 4 GB > 1 GB

Speed 8 ms2 ns 3 ns 80 ns
�=�����¡ H¢�£=¤"!2¦�#�¢%$�¢-�±d�g°�®8¬ ÐX´3��«H®ù ¸�¢¡¸�¯� RÐ�²���¢� H®� H«H²6Ð'&�(m¢-°�°�¢�±³± Ð�®s°*)ÜÑ�®s¬�¬k¢� H±³¯=°,+Lÿ - -/.%0-¤

� t	àJ÷è[ãFûÇëNækä�à;æ)ë�æÐâ¡�=â�æ êlàJö

Þ�ßfæ)ëGðdàJãFéLàoì�ê�ðdã�à'é�à'êlì�ßfæ)â�á§êlàJì4ßbâ�æ)í|îfàúñVèoî�åÒç��`â�ç:ä¥åÐådè�øoùLàJì�êlëbã�àJëNæ)ç�àJâóê�æÐâ:÷ào÷è[ãFû
ì°è[÷6ðdä�ã�àJç#ñVæ ê1ß]ä	ç�ào÷ä�â�çºä¥ð[ð[å1æÐì°ä¥êNæÐè[â#êWßbä¥ê�ñVèoî�åÒçRèoé êNàJâRëWêlä¥åÐå©éLè�ã�ç�æÐë � ã�àoí|îfàJëWêNëNö
þ§ì°ì°è[ã�ç�æÐâ�áúêlè�Edæ)á|îfã�à��fög¹B÷9àJ÷è[ãFû.ä�ì°ì°àoëNë�æ)ë B��=� � �=��� êlæ)÷àJëGé�ä�ëWêlàoãGê1ßfä�â:ç�æÐë � ä�ì°ì°àoëNëNö
� è�î�å1ç9ê1ßfæÐë;÷àoä�â	ê1ßfä¥ê�ê1ßfà6ð�ã�à'é�à'êNì�ßfæÐâ�á
ä¥ð[ð[å1æÐì°ä¥êlæ)è[âºæ)ë�ä¥åÒëNè B���� � ����� êlæ)÷àJëúé�ä�ëWêlàJã
ê1ßfä�â6ê1ßfà;ç�ào÷ä�â�ç	ä¥ð[ð[åÒæ)ì°ä¥êlæ)è[â 1

Þ�è#ä�â�ëWñ9àoã�ê1ßfæÐë?í|îfàJëWêNæÐè[âÇñVà6ßfä¥ò�à;êlè#ì°è[â�ëNæÐç�àoã�ä¥êd�=ã�ëWê8ê1ßfàâóîf÷6ødàJã?èoé�èoøoùLàJì�êNë
ä�ì°ì°àJëNëNàoç!æÐâ ä	ðdä�á�àJö � é�ñVà9ñVèoî�åÒç!ä�ì°ì°àoëNëVä¥å)ñVä¥û�ëè[â�à
èoøoùLàJì4ê9è�é.ä9ðdä�á�à	ê1ßfàoâ!ä
ëWðdàJàoç�î�ð è�é B���� � ����� æ)ëGéLàoä�ëNæüø[å1àJö;��â»ê1ßfà�èoê1ßfàJã�ßbä�â�ç��[æ éXñVà�ä�ì°ì°àoëNë�÷6î�å)êlæüð[å1à;èoøoùLàJì�êNë
æÐâ:àJä�ì4ß:ðdä�á�à�ê1ßfàJâ»ñ9à`ßfä¥ò�à8êNè�îfëNà8êWßbà`é�èoåÐå1èoñVæÐâ�áúéLè[ã�÷6î�åÒäúêlè;ì°è[÷wð[î�êlà�ê1ßfà�ëWðdàJàoç�î�ð
æÐâä�ì°ì¥àJëNëbêlæ)÷à�@

2 » 343,5�6�» N87:9<;:=>9 ×@? 7 |BADC ·FE�FHG!´|I=¶ ADIF	¶ A I �g�bö ���

ñ;ßfàJã�à$FïæÐë/ê1ßfà�âóîf÷6ødàoã=èoéfä�ì°ì°àoëNëNàJçïèoøoùLàJì�êNë=æÐâ:àoä�ì�ßVð�ä�á�à�� A C æÐëGêWßbà�ä�ì°ì°àoëNë=ì°è[ëWêéLè[ã8ç�æÐë � ä�â�ç ADI ê1ßfàBä�ì¥ì°àJëNë�ì°è�ëWêfé�è[ã8÷àJ÷9è[ãªû+öùE/è[ãbèoîfã�ì�å1æÐàJâóê�÷[ëNàJãFò�àJã�àoâóò�æÐã�è�â�÷9àJâóê
ñ9à6ì°èoî�åÒç îfëNà�êWßbà;ì°è�ëWêúèoé�ä?ð�ä�á�à?é�à'êlì4ß æÐâ�ëWêlàoä�ç�è�é ADC öGÞ�ßfàBã�àJëWî�åÐê�èoé.qXí îfä¥êlæÐè[â9�fö �
æÐëjêlèïã�àJçóîfì°à§ê1ßfàwëWð�àJàJçóî�ð	éLä�ì4êlè[ã8èoé B���� � ���=� ä�ì¥ì°è[ã�ç�æ)â�á»êlèçFGö

E[è[ã/ê1ßfà�èoò�àJã�ä¥åÐådì¥è[÷6ð[î�êlä¥êlæ)è[âïèoé�ê1ßfà�ëWðdàJàoçóî�ð
èoéfä�ð�ã�à'é�à'êNì�ß ä¥ð[ð[å1æÐì°ä¥êNæÐè[â6ñVà;ä¥åÒëNè
ßbä¥ò�àwêlè
ì°è[â�ëNæÐç�àoã�ê1ßfà6é�ã�ä�ì�êNæÐè[âºè�é�ê1ßfà éLàlêlì�ßRêlæÐ÷9à�æ)â ì¥è[÷6ðdä�ã�æÐëNè[âOêlè#ì°è[÷6ð[î�êlä¥êNæÐè[â
êlæÐ÷à9èoé»ä�âºä¥ð�ð[åÒæ)ì°ä¥êlæÐè�â�öÊ�
à:êWßbàoã�àléLè[ã�à	ä¥ð[ð[åÐû#þ§÷ç�ä¥ß�å·p ë/Jjä¥ñ ËÐþ§÷ç�ä¥ß�å·� B Ç ¼�o Í êlè
ì°è[÷6ð[î�êlàúê1ßfà;èoò�àoã�ä¥åÐå=ëWðdàJàoçóî�ð	é�ä�ì�êlè[ã�@

o�¼



2 »/3J3,5�6
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UlWJYmZNMM\�Ö�F N87O9";:=>9 ×@? 7 æ)ë�êWßbàúðdã�èoðdè[ãFêlæÐè�âVèoé=à'å1ä¥ðdëNàJç êlæ)÷à;ç�îfã�æÐâ�á?ñ;ßbæ)ì�ßê1ßfà�ä¥ð�ð[åÒæ)ì°ä�ô
êlæÐè[âïæÐë�æÐçóåÒà���ä¥ñ9ä�æ êlæÐâ�á»ê1ßfà;ä�ã�ã�æ ò�ä¥åfèoé�ä�é�à'êlì4ßbàoç ðdä�á�àoö

½bÝ�¾�¿ &)À ÙsÁ4Ô[n JXà'ê8ê1ßfà:âóîf÷6ødàoã�èoé�ä�ì°ì°àJëNëNàoç
èoøoùLàJì4êlë�ðdàoãbðdä�á�à��·F � ødà B���� ö3�
à
îbëNàúê1ßfà;ä�ì°ì°àoëNëbêlæÐ÷9àJë©é�è[ã8÷ào÷è[ãªûVä�â�ç	ç�æÐë � é�ã�è[÷ Edæ)á|îfã�à��fög¹�ö
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ýBèoñ�ê1ßfàBëWð�àJàJçóî�ð]æÐâ é�à'êlì4ßTêlæ)÷àBæ)ë�ã�àJçóîfì°àoç9éLã�è[÷ B���� � ���=� êlè B � �=��� öd<óî�ð[ðdè�ëNà
ê1ßfà�é�à'êNì�ßêlæ)÷à;æÐëd¹ � � èoé�ê1ßfàúñ;ßfèoåÒà6ä¥ð[ð[åÒæ)ì°ä¥êlæ)è[â ê1ßfàJâ6ê1ßfà;èoò�àoã�ä¥åÐåfëWðdàoàJçóî�ð æÐëA@
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E�æÐâ�ä¥åÐå)ûx��êWßbà?êNèoêlä¥å`ëWð�àJàJç9î�ðºèoéfêWßbà?ð�ã�à'é�à'êNì�ß]ä¥ð[ð[å1æÐì°ä¥êlæ)è[â
æÐë�è[âóåÐû�ä¥ø�èoî�ê?ä»é�ä�ì�êlè[ã
èoé � öúÞ�ßbà»ðdàoã�ì°àoâ�êNä�á�àè�é�ð�ä�á�à»éLàlêlì�ß
êlæ)÷à:æÐë�ò�àJãªûTä¥ð[ð[å1æÐì°ä¥êNæÐè[â
ç�à'ð�àJâ�ç�àJâóêlö�JjèoñVàoã
ðdàJã�ì°àJâóêlä�á�àJë`ê1ßfä�âÃ¹ � ñVèoî�å1ç�ã�àJçóîfì°à�êWßbà;ëNä¥ò�æ)â�á�ë©ð�èoêlàJâóêlæ)ä¥å`àlò�àJâ6éªîfãªê1ßfàJã�ö

Í`ÎüÍ=ÎÐÏGÎg¼ 7 & �XØÚÝ ( Õ;ØÚÝ�¾�Á & Ù=Õ°Ô�,��=Ø À Ô�Õ
Þ�ßbà:ëWîfì°ì¥àJëNë�èoébðdã�àléLàlêlì�ßfæÐâ�áTæ)ë�ç�àlðdàJâ�ç�àJâóêBè[âïê1ßfà:ä�ì°ì4îbã�ä�ì�û èoé=ê1ßfà?ðdã�àJç�æÐì4êlæÐè[â
ä�â�ç
ê1ßfàBì°è[÷wð[åÒàlêlæÐè[â
è�éfê1ßfà?ðdã�à'é�à'êlì4ß
ødà'é�è[ã�à:ä�ì¥ì°àJëNëNö>� à:ç�à��=â�à?ê1ßfà:ì°è[ëWê§èoé�èoøoùLàJì�ê8ðdã�è[ô
ì°àJëNëNæ)â�á»êlè6ø�à K OPM ö'Jjàlê0K Ok7 ç�àJâ�èoêlà?ê1ßfà6ì°è[ëWê�÷[à'åÒä¥ð�ëNàJçïêNæÐ÷à6èoéfð�ã�è[ì°àoëNëNæÐâ�áä�â#èoøoùLàJì�ê
ø[ûúqã<�t ä�â�ç	å1à'ê�K OkP ç�àJâ�èoêlà»ê1ßfàïì°è[ëWê»è�é=ðdã�è�ì°àJëNëNæ)â�á#ä�â
èoøoùLàJì4ê�ø[ûêWßbàïä¥ð[ð[å1æÐì°ä¥êNæÐè[â
ð[åÐîfë©ñVä�æ êlæÐâ�á»êlæÐ÷àoöLK�OÅM�æ)ë�ì°ä¥å1ì�î�åÒä¥êlàoç ø[û?@

K OPM | K Ok7 ·ÆK OkP �g�bö ¼ �

Þ�ßfàïì°è[ëWê�èoé�ä6ðdä�á�à6é�à'êlì4ß?�;K M �©æÐë�ç�à'ð�àJâ�ç�àJâóê è�â
ì�åÒæ)àJâóê»ä�â�çRëNàJãªò�àoã8ð�ã�è[ì°àoëNëNæÐâ�á �
ê1ßfà�â�à'ê1ñVè[ã � ä�â�ç6ê1ßfà�ç�æÐë � ö;K ;RM ç�àoâ�è�êlàJëdê1ßfà�ì°è[ëWê�èoé=ì�åÒæ)àJâóê©ðdã�è[ì¥àJëNëNæÐâ�á Î2K3Ú 9 ç�àJâ�èoêNàJë
ê1ßfà�ì°è[ëWêfèoédâ�à'êWñ9è�ã � êlã�ä�â�ëWé�àJã_ÎùK�� M æ)ë�ê1ßfà�ì°è�ëWêbè�édëNàJãFò�àJã/ðdã�è[ì¥àJëNëNæÐâ�á Î'K����fæ)ë�êWßbà�ëNàoãªò�àoã
í|îfà'îfæ)â�áïì°è[ëWêH�ùK ikN æÐë8ì°è�ëWêfé�è[ãGê1ßfà6ç�æ)ë � ã�à'êlã�æÐà'ò�ä¥å1ö.K M æÐëdê1ßfàJâì°ä¥å1ì�î�åÒä¥êlàoçïø[û?@
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Þ�ßfà�ëNä¥ò�æÐâ�á�é�è[ã©è[â�à�è�î�êNô á�è[æÐâ�á;ã�àléLàoã�àoâ�ì¥à�êlè6ä�â�è[â�ô ã�àJëNæÐç�àoâ�ê�ð�ä�á�à 2 OLN æÐë=ç�àlðdàJâ�ç�ô
àJâóê§è[â ê1ßfà:âóîf÷6ødàJã�è�éúèoø�ùNàoì�êlëbødàlê1ñVàJàoâïê1ßfà:ëWêlä�ãFêúèoé©ê1ßfà�ð�ã�à'é�à'êNì�ß]ä�â�çTä¥ð[ð[å1æÐì°ä¥êNæÐè[â
ä�ì°ì°àJëNëdêlè»ê1ßfà�ð�ã�à'é�à'êNì�ßfàJçTè�øoùLàJì�ê��³F � ä�â�ç�K M @

2 OLN |�� K M \a��EªK OÅM ¶�F�� K M I
K OÅM ¶�F Ö°MM��3,W4�T\1H�3 �g�bö � �

� éXêWßbàoã�à6æÐë8àJâ�èoîfá ß�ð�ã�è[ì°àoëNëNæÐâ�á?êlè:èoò�àoãªå1ä¥ðê1ßfàJâ6êWßbà;ëNä¥ò�æ)â�á6æÐëdê1ßfà�ì°è[ëWê�èoé�ä§ðdä�á�à
éLàlêlì�ßfö���é�â�è�ê6�Gê1ßfàJã�à	æÐë;ä¥åÒëNè#äTëNä¥ò�æÐâ�á �=ä¥åÐø�àJæüê�å1èoñVàJãj��è�é�ê1ßfàä�÷è�îbâóêwèoé�ðdã�è�ì°àJëNëNæ)â�á
éLã�è[÷¨ðdã�àléLàlêlì�ßAëWêlä�ãªê�êlèRä�ì°ì°àoëNëµ�VK�OÅM¶IF � öÇý�ä�á�àoë:â�è[ã�÷ä¥å)åÐû#ßbä¥ò�à#÷ä�âóû èoî�êlôªá�è[æÐâ�á
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pe�Qhq\^k�f^t�h�p�t«t�\^k t�kZlE�M\C]Q_;a�Xokm\^lE]�\C]cb=de\�]�l#£�_;a�j�] nqf^br\^aEb�_;l#[Lf^t�nskm\C¡
t�\rbrXZde_;a�j�l#n�n�[�_;X#l#br_;f�a�]�v

³ `pek¥�@�Z�.¡¦Q5kZf^h�kZ\0n�[=lEXo\C�M\^a
bV]$brkml#br\^jJYRf^p�b=nq\^k«tmf�km�A]e]�_*�Qn�[�\·�@�Z��kZ\0n�[=lEXo\C�A\Ca
brv
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³ °�p�[*br_�n�[�\&nslEkml#[;[=\0[Ru�_;]D�N]R_;a�XokZ\ClE]�\Ab=de\�nq\Ck t�f�kZ�MlEa�Xo\�f^tDnqkm\rt�\rbrXZde_;a�j)l#n�n�[�_*XolE¡
br_;f�a�]�v

³ Qekm\0tm\0b�XZd l#n�n�[�_*Xol#br_;f�a¤Q Y ¡¥¯�Qðnq\Ck t�f�km�M]�hq\0b=b�\CkPb=delEa¤Q Y ¡¥¯�Q Y ��_�b=d��Qp�[;b�_�n�[=\
u�_;]D�N]�v

®«aQb=de_*]VX(d5l#n�br\Ckq�A\�]$b=peu�_;\^u�\0©Ebr\^a�]�_"£�\0[*YRb=de\ nq\Ck t�f�km�MlEa�Xo\Qf^tsb=de\ nqkm\rt�\rbrXZd6l#[�j�f�¡
km_�b$d5�¸Q�°)±�lEa�u2_"br]:£�lEkm_;lEa
br]·Qe¦�ª�Q ¨ lEa�u)Q Y vOQ ¨ ª���de_;XZd�tm\0brXZde\^]gf�a
[;Y&b=de\�de_*jJde\C]$b
nqkmf^hsl#hq_�[=_�b=YgnslEj�\gl#bVl br_*�M\WXof^p�[�u&a�f^b:lEXZde_*\0£�\ b=de\gj�f�f�ucnq\^k«tmf�km�MlEa�Xo\Qf^t�Q Y ª8��de_;XZd
t�\rbrXZde\C]�l#[*[DnqlEj�\^]�l#hsf^£�\,lAb=dekZ\C]$def^[�u�v/¹Rf^� ��\&del#£�\2]$b=peu�_;\Cu±nqkZ\0tm\0brX(d5_*a�j¬X#f��M¡
hq_;a�\Cu���_�b$d?h�p�t«tm\Ck��AlEa�lEj�\C�A\Ca
bLlEa�u�XZ[*pe]$br\CkZ_;a�jQh�p�b�b=de\Rj�kmlEa
p�[�lEkm_"b=Y?f^t�lcnqkm\rt�\rbrXZd
_;]DlEa�f^b=de\Ck�_;�Qnsf�k«brlEa
bL_;]�]$pe\^vD®¥ar±�del#n�br\^kD´��A\�X#f��QnqlEkZ\cb=de\cp5a�_"bUf^t�lcnqlEj�\P£�\CkZ]$pe]
b=de\Dpea�_�b�f^t�l�j�kZf^p�n±f^tVf�h^i�\CXZbr]qbrfchq\ brkZlEa�]$tm\CkZkm\^u�hs\0b=��\C\^a,XZ[=_;\^aEb�lEa�u�]�\Ck«£�\^k�v
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°?f�]$bULW¯ T °)n�]LlEa�uAnqkZ\0tm\0brXZde_*a�j�br\^XZdea�_;°8p5\^]�XolEaAhq\�XZ[=lE]�]�_ � \^u,lE]W\C_"b=de\Ck:nqlEj�\&f�k
f^h^i�\CXZb�]�\Ck £�\CkD]$Y�]$br\^�M]�v�ºR®�t�b=de\�]$Y�]$br\C� _;]�lcnslEj�\�]�\^k«£�\Ckqb=de\WnqkZ\0tm\0brX(d5_*a�jQbr\CX(d5a�_*°Jpe\
�A_"[;[DnqkZ\0tm\0brX(d f�a�\2f�k��Qp�[;br_"n�[�\�nqlEj�\C]a»G¼skm_*]$dea�lEa�ª ¨ º�º����P§D\Ck [;def^t=ª ¨ º�º�´��P¼sa�l#²�lEª
¨ º�º���u��N¼sa�l#²�lEª ¨ º�º�§
h�½`lEa�uM_*aMXolE]�\Rf�t:lEaMf^h�i�\^XZb�]�\Ck«£�\^k`f�a�\Rf�k�lQj�kZf^p�n±f�tVf^h^i�\CXZb�]
»u±�delEa�j�ª ¨ º�§�º��@¼x\0[*[�\Ck�\0b�l#[�v*ª ¨ º�º ¨ �9Q�l#[��A\Ck`lEa�u�¾xu�f�a�_��Nª ¨ º�º ¨ ��¯Dl#Y ª ¨ º�º���½0v

¹5[;[�b=de\�nqkZ\0£�_;f�p5]DkZ\C]�\^lEkmXZd���lE]DXof�a�u
peXZbr\Cu�_*aMf�a�\�f^tsb=de\C]�\ b=��fPb=YEnq\C]qh�p�bsb=de\CkZ\
_;]`a�f�kZ\C]�\ClEkZXZdeª�brfcb$d5\ hq\^]$b f�t:f^pek��<a�f^��[=\Cu�j�\^ª���de_;XZd6lE]�]�\^]�]�\C]�lUnqkm\rt�\rbrXZde_;a�jQb�\CXZde¡
a�_*°Jpe\Qh�Y±Xof��QnqlEkm_*a�j,_�b�]�nq\Ck t�f�km�MlEa�Xo\M_*a6l.nqlEj�\A]�\Ck«£�\^kLlEa�u�f^h^i�\CX(bP]�\Ck £�\CkW_;�Qn�[�\C¡
�M\Ca
brl#br_*f�a�v���f�k�hqf^b$d?]$Y�]$br\C�M]�b=de\g_;�Qnsf�k«brlEa
bxnqkmf^h�[�\C� b�fR]�f^[*£�\g_;]xdef^�Öbrf�l#£�f�_*u�b=de\
®¿²�ðhqf^b=b$[�\Ca�\^X_�<vX�g\^km\P��\�del#£�\cbrf�u�_;]$br_*a�jJpe_;]$d�b=��f�XolE]�\C]gl#b5b=de\�]�\^k«£�\CkD]�_*u�\z� u�_;]D�
nqlEj�\^]�lEkm\�km\^]�_;u�\Ca
b.l#bDb=de\M]�\^k«£�\CkclEa�u�u�_;]D��nqlEj�\^]�lEkm\�a�f^bPkZ\C]�_;u�\^aEbRl#b�b$d5\A]�\Ck«£�\^k�v
®¥a�b=de\Cf�k Y#ªs_"t l#[*[snqlEj�\C]glEkZ\�km\C]�_*u�\Ca
b�b=de\Qf^h^i�\CXZb`nqkZ\0tm\0brX(d5_*a�j�b�\CXZdea�_;°8pe\QdelE]`b=de\�lEu�¡
£�lEaEb�lEj�\Pb=del#bP_"bPXolEa�n�p�b�brf�j�\rb=de\Ckgl#[*[eb=de\&km\r[�\0£�lEa
b.f^h�i�\^XZbr] tmf�kLl.nqkm\rt�\rbrXZd�kZ\C°8p5\^]$b
_;a�u�\0nq\^a�u�\^aEb�f^txd5f���b=de\C]�\gf^h�i�\^XZbr]�lEkZ\gu�_;]$nq\^km]�\^uMf�aPnqlEj�\^]�ve® tNnslEj�\^]VlEkZ\ga�f^bN[=_��N\0[*Y
brf�hs\�km\C]�_*u�\Ca
brªslcnqlEj�\cnqkm\rt�\rbrXZde_;a�j�br\^XZdea�_*°Jpe\PdelE]5b=de\RlEu
£�lEa
brlEj�\cb$d5l#bD_�bUkZ\C°8p5\^]$br]
f�a
[;Y�lWtm\0�üde_;j8dMnqkZ_;f�kZ_�b=YMu�_*]D�RnqlEj�\C]�v

¯Dl#Y/»�¯Dl#Y ª ¨ º�º��N�z�N_;]D�Nf^£?\0bLl#[�v*ª ¨ º�º�´N½W�MlEu�\�lEa,_*a
br\CkZ\C]$br_*a�jA]$b=peuEY,_;a�b=de\cwsdef�k
u�l#b�l#hqlE]�\g_;aP��de_;XZdMde\gX#f��QnqlEkZ\Cu�b=de\�nq\^k«tmf�km�MlEa�Xo\�f^t�l nqlEj�\�]�\^k«£�\Ck`]$Y�]$br\^� �;��_�b=de¡
f^p�bsnqkm\rt�\rbrXZde_;a�j�����_�b=d,lEa�f^h^i�\CXZb�]�\Ck £�\Ck`]$Y�]$br\^�üb=del#bsnqkZ\0tm\0brX(d5\^]Lj�kmf�p�ns]�f^tVf^h�i�\^XZbr]�v
wsd5\��Mf^b�_�£�l#br_*f�a���lE]Qb=del#bQb=de\�nq\^k«tmf�km�AlEa�X#\¬f�tAlS]�_;a�jJ[=\C¡«f^h^i�\CX(b�t�\rbrXZde_;a�j�]$Y�]$br\C�
_;]Wpea�lEXoXo\rn�brl#h�[=\«»�¯D\ � _�b=bR\0b�l#[�v;ª ¨ º�º�¦��`�gf�]D�<_*a�j2lEa�u¤°�f�]�]�ª ¨ º�º���½ v�wsdef�k brkmlEa�]�¡
À�Á+Â¡ÃjÄUÅ\Å\ÆZÇ-È[Á+ÉZÊ�Ë�Â¡Ì+ÍlÎ_Ï<É�Ð3Ä�Ñ ÒÓÑ8Ô@Ä%ÃjÁ+Ï�Â¡ÕlÄ%Ð-Ö6×�Â�ØÙÌ[Ï�Ú+ÄgÊ+Ë�Â¡Û¡ÜÙÄ%Ã¤Û¡Ý�Ä%Þ6Ä%ÎßÍ3Ï<ØÙÕ3ÒgÏ�Ú+ÄUË�Ä%à¡ÍlÄ%É�Ï9Â¡Õ
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t�\^km]&j�kZf^p�nq]�f�t�f^h^i�\CX(br]�tmkmf�� ]�\^k«£�\^kcbrf�XZ[�_*\Ca
brvFWa�km\^Xo\C_"£�_;a�j�l�tm\0brX(d km\^°Jpe\^]$brª�l
wsd5f�k�]�\Ck £�\Ck�]�\r[�\^XZbr]Df^h^i�\^XZbr]�b�f�]�\Ca�u�_;a�km\^]$nqf�a�]�\Cvxwsde\Qj�kZf^p�nHf^t:f�h^i�\CXZbr]D]�\r[�\^XZbr\Cu�_*]
Xol#[;[=\Cu,l ÍNÊCÁ�Ç=ÁJÅ ËrÈ�Ñ^ÊCÆ�ÃsÍ vVwsd5f�kßâ ]Du
Y�a�lE�M_;X�]�\0[=\CXZb�_;f�a2f^t�b=de\�j�kmf^p�n6Xof�a
brkZlE]$br]`��_"b=d
�Mf�]$beu�_;]$brkZ_�h�p�br\^u�f^h�i�\^XZb:u�l#brl#hslE]�\C]<��d5_*XZd,XZ[;pe]$br\^k�f^h^i�\CX(br]`]$brl#br_;X#l#[;[;Y�_;a
brfWnslEj�\^]VlEa�u
brkmlEa�]$tm\Ck:nqlEj�\^]�v�wsde\&]�\0[=\CXZbr_*f�a2f^tLf^h^i�\^XZbr]gXof�a�]�_*u�\Ckm]V£�lEkm_;f�p5]Vbr\CXZdea�_;°8pe\C]Ub=del#bVnskm\C¡
t�\rbrXZd,f^h^i�\CXZb�]�_;aPb=de\�brkZlEa�]�_"br_�£�\cXZ[�f�]$pekZ\gf^tNb$d5\WXZpekmkZ\Ca
b�f^h^i�\CXZb�ve® b:XolEa.p5]�\cu�\rn�b=de¡ � km]$b
f�k�hqkZ\ClEu
b=de¡ � km]$b�]�\ClEkZXZd¬lEa�u,Xof�a�]�_*u�\Ckm]:��de\0b=de\Ck5b$d5\Qf^h^i�\CX(bc_*]Dkm\^]�_;u�\Ca
bLl#bUXZ[=_;\Ca
bLf�k
a�f�brvQwsde\�ns\Ck«tmf�kZ�MlEa�Xo\,\r£�l#[;pel#br_;f�a���lE]R�AlEu�\.�A_"b=d�b=de\�WL�?hq\Ca�XZde�MlEkE��»G±elEkZ\0Y
\0bUl#[=v;ª ¨ º�ºN��½5pe]�_;a�jQb$d5\�u�\^a�]�\&lEa�u,]$nqlEkZ]�\cbrkml#£�\^km]�l#[=]�v`wsde\�j�\Ca�\CkZl#[ kZ\C]$p�[;bL]$def^��\Cu
b=del#beb=de\Uhq\C]$b�b�\CXZdea�_;°8pe\c�AlE] t Ç�ã«Ë0ÃsÅ ÆNÇ=Ç ��l�]�_;�.n�[�\Uhqkm\^lEuEb$d5¡ � kZ]$beb�kml#£�\CkZ]�l#[Nb=del#bUX(p�b�]
f^t¥t�_�b�]L\r©En�[�f�kZl#br_;f�a&p�nqf�a2\^a�X#f^peaEb�\Ckm_*a�j,lEa,f�h^i�\CXZbgl#[�km\^lEu
Y±]�\^aEb`brf�b=de\�XZ[=_;\^aEb�vDwsde\
nqlEj�\Q]�\Ck £�\Ck`]$Y�]$br\C� ns\Ck«tmf�kZ�M\Cu�km\^lE]�f�a�l#h�[;Y���\r[;[e_;aQb$d5\�u�\Ca�]�\Ubrkml#£�\^km]�l#[���d5\^km\cb=de\
lEXoXo\C]�]qnql#b=br\^kmaQ��lE]�]�_;�M_"[�lEkxbrfcb$d5\cXZ[;pe]$br\^km_;a�j�vxwsde\�nqkZf^h�[�\^�ü��_"b=d�b$d5_*]`]$b=peuEY�_*]sb$d5l#b
_�bqu�f�\^]�a�f^bqj�_�£�\Dl�tmlE_;ksXof��QnqlEkm_*]�f�achq\rb=��\C\Ca�lEa�f�h^i�\CXZbelEa�ucnqlEj�\L]�\^k«£�\Ck�nskm\0tm\0b�XZde_;a�j
]$Y�]$br\C� hq\^Xol#pe]�\z�

¨ v�®�bRlE]�]$pe�M\C]cb$d5l#bRl#[;[�nqlEj�\C]�lEkm\�km\^]�_;u�\Ca
b�_*a2b$d5\�]�\^k«£�\CkUh�p�t¥tm\CkUnqf�f^[=v±wsd5_*]R_*]
lEu
£�lEaEb�lEj�\^f^pe]�brf&f^h^i�\CX(benqkZ\0tm\0brX(d5_*a�j�lE]�\0©En�[=lE_;a�\Cu�hq\0tmf�km\^v

Y v�®�b.X#f��QnqlEkZ\C]RlEaSf^h^i�\CXZbWnqkZ\0tm\0brXZde_*a�j�br\^XZdea�_*°Jpe\��A_"b=d�l�u�\C�MlEa�u±nqlEj�_;a�j2]$Y�]�¡
br\C�Av

¹Fj�\^a�\Ckml#[�nqkmf�h�[�\^� �A_"b=d�b=de_;]�b=YEns\Mf^tPj�kmf�p�n2nskm\0tm\0b�XZde_;a�j6_*]�b=del#b._�t`b=de\M]�\^k«£�\^k
_;]Dl#[�kZ\ClEu
Y&b=de\chqf^b=b=[=\Ca�\CX!�±f^t5b=de\R]$Y�]$br\^� b=de\Ca�b=de\�lEu�u�_"br_;f�a�l#[V]�\r[�\CX(br_;f�a�nqkmf�Xo\C]�]Wf^t
f^h^i�\CXZb�]�Xof�]$br]�£�l#[;pel#h�[�\�]�\^k«£�\Ck�\0©�\^XZp�br_;f�aQbr_;�A\Cv�¹Ua�f^b=de\Ck�nqkmf�h�[�\^� _;]<b=de\��Na�f^��[�\^u�j�\
l#hqf^p�bRb=de\�XZ[�_*\Ca
b?XolEXZde\
�S\C_�b$d5\^kM_�bMu�_;]�XolEkZu�].b=de_;]M_*aEtmf�kZ�Ml#br_;f�a�f�k�_"b�a�\C\^u�]�b�f�hq\
brkmlEa�]$tm\CkmkZ\CuAbrf�b=de\&]�\Ck £�\Ck�vWwsde\&lEuE£�lEa
brlEj�\M_*]`b=del#b`b=de\cnqkZ\0tm\0brXZde_*a�j2_*a
t�f�kZ�Ml#br_*f�a,_*]
l#£�lE_�[�l#h�[�\ [�f�X#l#[;[;Y v

wsde\Qu�_"t¥tm\CkZ\Ca�Xo\^]`hq\rb=��\C\^a,l�u�\C�MlEa�u�f^h^i�\^XZbrª�nslEj�\�lEa�u � [=\.]�\^k«£�\^k�]$Y�]$br\^�M]���lE]
]$b=peu�_*\CuSh�Yù¯D\ � _"b=b�\0bMl#[�vä»�¯D\ � _�b$bA\rb�l#[=v;ª ¨ º�º�¦N½0v�wsde\6f^h�i�\^XZb�]�\^k«£�\^k�brkZlEa�]$t�\^km]
f�a
[;Y?f�a�\�f^h^i�\^XZb`hq\0b=��\^\Ca2XZ[=_;\Ca
bLlEa�u2]�\Ck £�\CkDl#bUlPbr_;�A\�lEa�u�hqf^b=d6XZ[=_;\^aEbLlEa�u,]�\^k«£�\^k
XolEa�\0©�\CX(p�b�\2�M\0b=def�u�]�vHwsd5\�nqlEj�\2]�\Ck«£�\^kWbrkZlEa�]$t�\^km]e�e¡å¼ T nslEj�\^]�vSwsd5\ � [=\?]�\^k«£�\^k
p5]�\^]e¹L�\n�brf)lEXoX#\C]�] � [�\^]�lEa�u¬_*]�a�f^b�km\r[�\r£�lEaEb�brf�f^pekR]$b$p5u
Y vSwsde\,j�\Ca�\CkZl#[.km\^]$p�[*b
f^t`b=de_;]Wkm\C]�\^lEkmXZdS�AlE]Vb=del#b�b=de\&f^h^i�\CXZb�¡¥]�\^k«£�\CkclEkmXZde_�b�\CXZb=pekZ\M_;]gkZ\0[=l#br_�£�\r[;YH_*a�]�\^a�]�_�br_"£�\
brf�XZ[;pe]$br\^km_;a�j�v�®�bL_*]g]�\Ca�]�_�b�_�£�\Pbrf�lMXZ[�_*\Ca
bæâ ]�h�p�t«tm\CkW]�_<�J\�p�n2brf�lMX#\Ck«b�lE_;aAnqf�_*a
brª�l#t«br\Ck
�.de_*XZd2b=de\�X#f�]$bLf^t�tm\0brXZde_*a�j�f^h^i�\CX(br]`pe]�_*a�j�b=de\��ZQ�±��M\CXZdelEa�_;]�� u�f��A_;a�l#br\C]�vcwsde\rY
Xof�a�XZ[;peu�\Qb=del#b`tmf�k`b$d5\&f^h^i�\^XZbP]�\^k«£�\CkW_�bg_;]:£�_;l#h�[=\�b�f,]�\Ca�u2lMj�kmf�p�n¬f�tcf�h^i�\CXZbr]�vcwsde\
nqlEj�\^¡¥]�\^k«£�\^k.lEkZXZde_�br\^XZb=pekm\�_*]�£�\Ck YH]�\Ca�]�_�b�_�£�\Qbrf�b=de\�]�_��J\?f�tVb$d5\AXZ[�_*\Ca
bæâ ] h�p�t¥tm\CkVnqf�f^[
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lEa�uPbrf�XZ[*p5]$b�\Ckm_*a�jc�.de\^a�brkZl#£�\CkZ]�_;a�jRf�k�p�nqu�l#br_;a�jQXof��Qn�[=\0©Mf^h^i�\CXZb�]�v � de_�[=\�b=de\�nqlEj�\C¡
]�\Ck«£�\^kDlEkmXZde_"br\CXZb$p5kZ\�_*]`tmlEkD]$p�nq\CkZ_;f�kWf�a2]�\^°Jpe\Ca
br_*l#[ ]�X#lEa2°Jpe\CkZ_;\^]�ªxb=de\�f^h^i�\CX(bc]�\^k«£�\^k
lEkmXZde_�b�\CXZb=pekZ\,u�\C�Mf�a�]$b�kml#br\^]�]$p�nq\^km_;f�kWnq\^k«tmf�km�MlEa�Xo\���de\Ca�b$d5\�u�l#brl#hqlE]�\2_*]Wnqf�f�k«[*Y
XZ[;pe]$br\^km\Cu�f�k<b=de\U�Af�k��N]$brl#br_;f�aNâ ]qh�p�t¥tm\Ck<nqf�f^[:_*]�£�\Ck Y�]��Ml#[*[:_*aMkm\r[�l#br_*f�a�brf�b$d5\�]�_���\Qf^t
b=de\.u�l#brl#hslE]�\Cv

¹Da�f�b=de\CkD]$b=peu
YHXof�a�Xo\^a
brkml#br\^u2f�aAb=de\&_;a
br\CkZlEXZbr_*f�a2f^t�[=f�X_�N_;a�jMlEa�u�b$d5\�u�l#brl#hslE]�\
lEkmXZde_�b�\CXZb=pekZ\/»G±�lEkm\0Y)\0b.l#[=v;ª ¨ º�º8�eX¡½0v�wsd5\rY�nqkm\^]�\Ca
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