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_a`cb]dfehgjilkmdfnpoq nQr q ksk qpt u `vb]dfewgjixkmdfnzy3{p|9} q i~y�� q bW�� qE��t �fnKoq n�|jot iQ} q ns�Wgj� q n~d ��t bW�3�zbI|C{pis� q n~d � � gj� q i~ns�3gjb�n�{p|��Q{p��� t nxgji��.�jd�gjbW�Mg��gj�]ixk�n t �I�I|jot i � d q ��{p��{Ei~d�gjb�n~d�gjisnlg���y.kmnlgj��g �Q{E�f��gj��gvr q i ��� } �'�p���E��� `��.�

�#�C�h�w�w h� r q k~k qpt7�]¡ gjis� q b�y ¢E£K¤l¤j¥H¦E§]§©¨c�Mk«ª t ���	ª gM� t¬f­j®S¯ ¢K° ­j±³².´h­j± ° µ.£m¶	·¸¨v�.¹©ª |º��dSª t b]d � � q k~k qpt ª �]g

»½¼v¾w¿.À]Á�ÂÃ¿
�zb�ns�]d�k©� q �©gji � ns�]ilgMg�nlgM�s�]bId�Ä t gMkWnl{�df���]��gj�3gjb�n	��{p�hd�� q �Å � � k q ixg3n~�W{Eil{ t �h�]�fyÆgje q � tWq nlgM�	Ç3� q km�Idfb]� �YÈY� nsilgMgMk
q bW� q nxgM�~�]b]d�Ä t g³� q �f��gM�É�.dfilgM�jnÊ� q �I�]dfb]�]ªË�Ì��{pb]�
ns�ÃgMksg�n~�]ixgMgÌnxgM�~�]b]d�Ä t gMk � �.dfixgM�jn�� q �]�]dfbI�Íd�kQns�WgÌ��{wkmnix{p¹ t k�nAÎ9dfnÍdfbW� t �MgMk q n���{wkmn�{EbWgÏ� q ��gÍ| qpt �fn�nx{�� q �
q b Å � ���Qq bW�
dfn�k~� q ��gMkÏehgjisy
ÐQgj�f�#nx{³� q is��g � i q �]d��.�fy�wix{MÐ�dfb]�3� q n q ¹ q k~gMk«ªQ� t isn~�Wgjis�3{Eilg � ns�Ãg��j� t kmnxgji~dfb]�H{K|� q bW�.��gMkUns� q n q ilg t k~gM��nl{�� q ����{p�hd�� q � Å � � kQd�k�k�n t � �d�gM�	ªÌ�zb&� q isn~d�� t � q i � ns�Wg=�©gji~|S{Ei~� q bW�Mg�{p| È�� n~ixgMgMk q bW��.dfilgM�jn7� q �I�]dfb]��� q b=df���Iix{Mewg5kmdf�wb]dfÑW� q b�ns�fy#dÒ|]ns�WgÓ� q b ��.��gMk#{K|Q{p¹]ÔmgM�jnlkYn~� q n q ilg=|¸ixgMÄ t gjb�ns�fy q �M�MgMksksgM��¹�y�ns�Wgk q ��g��3gjns�W{.�Ik q ilgH�j� t k�nxgjixgM��ª��I{EiÍ�.dfilgM�jn�� q �]�Idfb]� �nzÐQ{��]� q �Mgj��gjb�nÍ�©{E�fd��jd�gMk q ilg+�M{E��� q ilgM�	Ç��fdfbWg q i q bW�� q nsi~dÒÕ3�j� t k�nxgjisdfbI�Ãª
Ö ×�Ø ¿.À]ÙQÚ�ÛÌÂW¿]ÜCÙ Ø
ÝQ�Wgv| t �f�5k t �I�7{pisn#{K|�{p¹ÃÔ�gM�jn#d��]gjb�nsdfnzy�d�kc{EbWg�{K|�n~�Wg=��{wkmndf���©{pisn q b�nÊ|Cg q n t ilgMk&{K|+{p¹]ÔmgM�jn � {pisd�gjb�nxgM�É� q n q ¹ q ksg
kmy.k �nxgj�3k ¬ Þ } �w� ·Sª�ÝÓ{Hdf���]ix{«ehg=ixgx|Sgjixgjb�nsd q �Wdfb�nxgj�wisdfnzy ��q b+{E¹ �ÔmgM�jn�¹ q ksg3kmy.k�nxgj� q �f��{.� q nxgMk q bß{p¹]ÔmgM�jn=d��]gjb�nsdfÑWgjiÊà Å � �=ánx{Ïgjehgjisy3{E¹]Ô�gM�jn q n�ns�Wgcnsdf�3g#n~�Wgv{p¹]ÔmgM�jnQd�k��jixg q nxgM�	ª9ÝQ�WgÅ � � d�k t k~gM�Hnl{vd��]gjb�n~dÒ|ºyHn~�Wg#{p¹ÃÔ�gM�jn t bId�Ä t gj�fy q bW�Ïnx{=df� ��]��gj�3gjb�n�dfb�nxgji � {p¹]ÔmgM�jn=ixgx|SgjixgjbW�MgMkjª+�znÍd�kÍdfbÃ�]gj�7gjbÃ�]gjb�n�{K|ns�ÃgHkmn q nlgH{p|�n~�WgH{p¹ÃÔ�gM�jn �7q bW��dfnÍd�k=bW{En��~� q bI��gM�³� t isdfbI�ns�ÃgQÐ��W{E��gQ�fdÒ|Sg � n~df��g�{K|�n~�Wg�{E¹]Ô�gM�jn ¬ Þ �Qâwã � � Þ â � ·SªU�zb q � ��.dfn~d�{Eb � �3{hk�n#kmy.kmnlgj��k�� tÃq i q b�nxgMgÌns� q n#gjehgjb+dÒ| q b&{p¹]ÔmgM�jnd�kQ�]gj��gjnxgM� � ns�Wg Å � � ��gjbÃgji q nxgM��|C{pi�ns�Wg#{p¹]ÔmgM�jnUÐ�df�f�	bWgjewgji¹©g t k~gM� q � q dfb�nx{�d��Igjb�n~dÒ|ºy q bÃ{En~�Wgji�{p¹]ÔmgM�jnMÎ�dSª gEª � Å � � k�{K|�]gj��gjnlgM�+{E¹]ÔmgM�jnlk q ilg�bW{pn#ixgM�j� q df��gM�	ª=ÝÓ{�ns�Id�kvgjbW� � Å � � k
q ixg t k tWq �f�fy q n3��g q kmn�â
¹�y�nlgMk���{pb]� �vq bW�äns�Wg�� q n q ¹ q k~gkmy.k�nxgj�å� t kmnÍk t �]�7{pisn q ã �E� ¹]dfnH{piÍgjehgjb
� q i~��gji q �]�.ilgMkskkm� q �MgEª

ÈQq kmd�� q �f�fy � ns�Wgjilg q ixg�nzÐQ{ � dfbW�]k9{p| Å � � kjÇÓ�I��y.k�d�� q � q bW���{p�hd�� q � Å � � k«ª È {pns��� q b+¹©g=|S{ t bW��dfb�gxÕ�d�kmn~dfb]��kmy.kmnlgj��k«ª�æ�]��y.kmd�� q � Å � � d�kÍ�M{pbWkmn~i t �jnlgM��dfbßk t �~� q Ð q yÆns� q n=dfn�M{pb�n q dfbÃkYn~�Wgc�7gji~� q bWgjb�n q �]�.ixgMk~kY{K|9ns�Ãg�{p¹]ÔmgM�jn�dfn#ixgx|Sgjixknx{�à¸dSª gEª � ns�WgÍd��
{K|�ns�WgH��d�k �W� ns�WgÏ� q ��gÍb t �Í¹©gji q bW�³ns�Wgkm��{pn á ª��#b�{p¹]ÔmgM�jn�� q b���dfixgM�jns�fy+¹©g���{ q �]gM�+|ºil{E�å�.d�k � {pbns�Ãg�¹ q k�d�k�{K| q �I��y.k�d�� q � Å � � ª Å b[n~�Wg+bWgj� q nsdfehg+k�d��]g �ns�Ãg�ilgM{Ei~� q b]d�ç q nsd�{pb q bW��ixgM�j� t kmnxgji~dfb]�H{K|Uns�Wg�� q n q ¹ q ksgÌd�k�.dfè�� t �fn�¹©gM� qpt ksg q bÊ{p¹]ÔmgM�jnQ� q b]bÃ{En�kmdf���I�fyH¹7g���{MewgM��nl{
q bW{En~�Wgji�� q ��g�{Ei q bW{pns�Wgji©�.d�k � dÒ|Ã�]��y.kmd�� q � Å � � k q ilg t ksgM�	ªÝÓ{#�3{Mehg q bÏ{p¹]ÔmgM�jn �Kq �I� q �Mgj�W{p���]gjiYàºdSª gEª �wq ¶«£ ±xé ¦ ±mê á � t k�n¹©gÍgMkmn q ¹]�fd�k��WgM�	Î�¹ t n � n~�WgMksg=�]� q �Mgj�W{p���]gjixk q b]b]df�Idf� q nlg�ns�Wg
q �.e q b�n q ��g�{K|��]��yIk�d�� q � Å � � k q k7{K|ºnlgjb�nzÐQ{�� q ��g7| qpt �fnxk q ixgixgMÄ t dfilgM�&nl{�ilg q � q bÆ{E¹]Ô�gM�jn�{pb�n~�WgÍ¹ q kmd�k�{K| q �]��y.kmd�� q �Å � �[q bW��ns�WgU�]� q �Mgj�W{p���]gji �pq bW�=ns�WgQkmnl{Ei q ��g t nsdf�fd�ç q nsd�{pbÍd�kixgM� t �MgM� q kÓn~�Wg��]� q �Mgj�W{E���Igjixk©{p|W��{MewgM�Í{E¹]Ô�gM�jnxk	|ºi q �w��gjb�nns�Ãgv� q n q � q ��gMk«ªÝQ�]d�k�ÐQ{Ei � � qp� gMk q k�nsix{pb]�Æ�7{pdfb�n�|S{Ei���{E�wd�� q � Å � � kà q ��ks{�� q �f��gM��k t i~ix{p� q nxgMk á ªQ��{p�wd�� q � Å � � k q ixg=�3{Eilg�ëÃgxÕ.d �¹]��gcns� q b3�]��yIk�d�� q � Å � � k � k�dfbW�Mgcns�Wgjy��I{ÍbW{pn#�M{Eb�n q dfb3ns�Wg�©gjis� q bWgjb�n q �]��ixgMkskQ{K|Uns�Ãg�{p¹]ÔmgM�jnxk�n~�Wgjy�ilgx|CgjixgjbÃ�MgEª Å ¹ �ÔmgM�jnlk�� q b � ns�Wgjilgx|C{pixg � ¹©g���{«ehgM�/|ºixgMgj�fy �cq bW�/n~� t k � ns�Wg� q n q ¹ q ksgH� q b
Ð�gj�f�Q¹©g�ilgM{Ei~� q b]d�çMgM�&dÒ|#��{E�wd�� q � Å � � k q ixg
t k~gM� ¬ ¡ Þ=Þ } �h  ·SªÉ�zb q �]��dfnsd�{pb � ��{p�hd�� q � Å � � k3k t �I�7{pisn{p¹ÃÔ�gM�jn�ixgj�I�fd�� q n~d�{EbHdfb q �.d�kmn~isdf¹ t nxgM�Íkmy.k�nxgj� � {p¹]ÔmgM�jn�|ºi q � ���gjb�n q n~d�{Eb ��q �M�MgMk~k�nx{���dÒì©gjixgjb�n�ewgjixkmd�{pbWk�{K|�{p¹ÃÔ�gM�jnxk �]q bW��.y�b q ��d���k~�s�Wgj� q gjew{E� t nsd�{pb���{pixg�gxì	gM�jnsdfewgj�fyÍns� q b��]��y.k �d�� q � Å � � k«ª=ÝQ�Wg�ëWgxÕ�df¹]df�fdfnzy � �W{MÐQgjehgji � � t kmn#¹©g=� q d���|C{piAÇ¹©gx|C{pixg q bí{E¹]ÔmgM�jn�� q b�¹©g���{ q �]gM�³|¸ix{p�î��d�k �W� dfnxk���{p�hd�� q �Å � � � t kmn5¹©g�¥H¦lïhï ­~ê nl{��]gjnxgji~��dfbWgUns�Wg��7gji~� q bWgjb�n q � ��.ilgMkskv{K|�n~�WgÍ{p¹ÃÔ�gM�jnAÎ�dSª gEª � ns�ÃgÏµ.¦p§ ê ° ­ n~� q nc�M{Eb�n q dfbWkÌns�Wg
q �]�.ixgMk~k5{K|7ns�Wgc{E¹]ÔmgM�jnU� t kmn�¹©gv{p¹]n q dfbWgM�	ª7ÝQ�Wg#� q �]�Idfb]�{K|9��{E�wd�� q � Å � � k#� q b�ilgMÄ t dfixg q �]��dfnsd�{pb q �Ã� q ��g�| qpt �fnxk q bW�ixgM� t �Mg=ns�WgÍ�©gji~|S{Ei~� q bW�Mgv{K| q k�y.kmnxgj�åkmdf�wb]dfÑW� q b�ns�fy�dÒ|�dfnd�k�bW{pnQdf���]��gj�3gjb�nxgM��� q ixgx| t �f�fyEªÝÓ{=dfb�ehgMk�nsdf� q nlgYn~�Wg5ï ±l®S¯~­ {K|���{p�hd�� q � Å � � k � n~�]ixgMg q �fnxgji �b q nsdfewg5� q �]�Idfb]�QnxgM�~�]b]d�Ä t gMk q ilg5n~�W{Eil{ t �h�]�fy#gje q � tWq nxgM�Ìdfbns�Id�k#� q �7gjiMÇQ� q km�Idfb]� ��È�� nsilgMgMk q bW� q nlgM�s�Ib]d�Ä t g�ixgx|SgjisixgM�nx{ q k��.dfilgM�jnv� q �]�Idfb]�Ãª��#�f��n~�]ixgMg�nlgM�s�]bId�Ä t gMk�| t �f�fy³k t � ��©{Ei~n5��{p�hd�� q � Å � � k q k��]gjÑ]bÃgM�Ídfb ¬ Þ �Qâhãp·SÎ.dSª gEª � Å � � k�ns� q n
q ixg���d�kmnsdfbÃ�jn q bW�ädfbW�]gj�©gjbW�]gjb�n�{K|Ïns�Ãg�kmn q nlg � ��{.� q nsd�{pb �kmn~i t �jn t ixg q bW�3¹©gj� q e�d�{Ei�{K|Uns�Ãg#ixgx|SgjixgjbW�MgM�Ï{E¹]ÔmgM�jnlk«ªUÝQ�Wg�©gji~|C{pis� q bÃ�MgHgxÕ��7gji~df��gjb�nxk=dfbW�.d�� q nxgM�
n~� q nH�.dfixgM�jnH� q � ��]dfb]�Æ{ t ns�©gji~|C{pis�3k#¹©{En~�
� q k��]dfb]� q bW� È�� n~ixgMgMkÍdfb/gjewgjisy



� q ksgEª � dfixgM�jn�� q �]�]dfb]�
� tWq i q b�nlgMgMkHn~� q n q nÊ�3{hk�nÊ{pbWg� q ��g�| qEt �fn�d�k=ixgMÄ t dfilgM�&nl{Ê� q isi~y+{ t n=ns�ÃgÍ� q �]�]dfb]� �©q bW�dfn#ks� q ��gMkQehgji~y�ÐQgj�f� � gjehgjb�dÒ|Un~�Wg�� q n q ¹ q ksg��hil{MÐ#k�i q �]d��.�fyEª�zb q �]�.dfn~d�{Eb � �M{EbW� t isixgjbÃ�jy��M{pb�n~ix{p� q bW�ÊixgM�M{Mewgjisy�d�k�g q kmynx{Ïdf���]��gj�3gjb�n �Iq bW��bÃ{Hnsi q bÃk q �jnsd�{pbWk q ilgv¹]��{.� � gM�ÊdÒ|�bWgjÐ� q �]�]dfbI��kÓ� t kmn5¹©g�ilgM�M{Eil�]gM��Ð��WgjbHbWgjÐä{E¹]ÔmgM�jnlk q ixg#�jilg �
q nxgM� � {Ei�� q �]�Idfb]��kU� t k�n�¹©g#�3{.�.dfÑWgM�ÏÐ��WgjbÊ{p¹]ÔmgM�jnlk q ixg��{«ehgM�	ªYð[�Wgjilg q k�� q km��n q ¹]��gMk q bW� È�� n~ixgMgMk q ixgc��gjbÃgji q � �� t i~�7{wksgcdfbW�]gxÕÊkmn~i t �jn t ixgMk � ��dfixgM�jn�� q �]�]dfbI�HÐ q kvk��7gM�jdfÑ �� q �f�fyÏ�IgMkmdf�wbWgM�vnl{#df���]��gj��gjb�n©��{E�wd�� q � Å � � kjª � dfixgM�jnÓ� q � ��]dfb]�+gxÕ��]��{pdfnxkcns� q n Å � � k q ixg���gjbWgji q nxgM��¹�y+n~�WgHkmy.k�nxgj�àºi q n~�Wgji�n~� q bÍ¹©gjdfb]� t ksgji��]gjÑ]bWgM� áÓq bÃ�HgjbW�M{.�]gMkÓn~�WgQ��{.� qp�nsd�{pb�{p|9n~�Wg�� q bW�.��gc{p| q bÊ{p¹]ÔmgM�jn�dfb�nx{Ín~�Wg#��{p�hd�� q � Å � � {K|
q b�{p¹]ÔmgM�jnMªÝQ�Wg��©gji~|S{Ei~� q bW�Mg©gxÕ.�©gjisdf�3gjb�nxk � | t i~ns�Wgji~��{pixg � k��W{MÐQgM�ns� q n�ns�Ãg�{Mewgjis�Wg q �Ænx{�� q �Æ��{E�wd�� q � Å � � k�d�kH{K|ºnlgjb�ewgjisy��{MÐ�ª��zb
� q isnsd�� t � q i � dÒ|Ìns�ÃgH� q bW�.��gMk�{K|Ì��{E�wd�� q �f�fy³ixgj� q nxgM�{p¹ÃÔ�gM�jnxk q ixg+�j� t kmnxgjilgM� � ��{p�hd�� q � Å � � k�� q ehg��M{E��� q i q ¹I��gixgjn~isd�gje q ���7gjim|C{pis� q bW�MgQnl{Í�]��y.kmd�� q � Å � � k«ÎÃdSª gEª � ns�Ãg�{Mewgji ��Wg q �Ænx{&� q �í��{p�wd�� q � Å � � kHd�k�{EbI�fy�� q i~�hdfb q �SªíÝÓ{³df� ��]il{Mehg�n~�Wg��j� t kmnlgjisdfb]�3{p|5� q bÃ�.��gMk t k�dfb]�Ê��dfixgM�jn#� q �]�Idfb]� �nzÐQ{&�]� q �Mgj��gjb�n��7{p�fd��jd�gMk�|C{piÍ� q bW�.��gMk�ÐQgjixg��]gje�d�ksgM� q bW��M{p��� q ixgM�Ídfb&�Igjn q df�SÇ��fdfbÃg q i q bW�3� q nsi~dÒÕ��]� q �Mgj��gjb�nAªÝQ�Wg�ixgj� q dfbW�]gji�{K|�n~�]d�kU� q �©gji�d�k�{Ei~� q b]d�çMgM� q k9|S{E�f��{MÐ#kjÇ�.gM�jn~d�{Eb � { t ns�fdfbWgMk q �fnxgjisb q n~dfehgH�M{pb]Ñ]� t i q nsd�{pbWkc{p|Ìb q ��gksgji~ehgjilk«ª�ÝQ�Wgcb q ��gvk~gjisewgjixk q ixgcns�WgÌ�]ix{.�MgMk~ksgMkUns� q n���gjb �gji q nxg Å � � k � � q dfb�n q dfb3ns�Wgc¹]dfbW�.dfbI��k�{K| Å � � k�nl{H{E¹]Ô�gM�jnxk
q bW�/� q isisyí{ t n�n~�Wg�� q �]�]dfbI��{K| Å � � kjª'�.gM�jn~d�{Eb   �]g �ks�ji~df¹7gMk�ns�Ãg&ns�IixgMg&� q �I�]dfb]�
nxgM�~�]b]d�Ä t gMkjª*�zb q �]�.dfnsd�{pb �ns�Id�k�k~gM�jnsd�{pbN�.d�k~� t ksk~gMkHixgj� q nxgM�½Ð�{pi � Î�dSª gEª � �Ã{MÐñ��{p�hd�� q �Å � � kÓÐQgjixg�df���I��gj��gjb�nxgM�Ìdfb q �M{ t �]��g�{p|�k q ���]��g�kmy.kmnlgj��k«ª�.gM�jn~d�{Eb � �]il{E�©{wksgMk Å � � ��gjbWgji q n~d�{Eb q �f��{Ei~dfns�]�3k5|C{pi�ns�Wgns�IixgMg#� q �I�]dfb]�ÍnxgM�~�]b]d�Ä t gMk q bW��km�Ã{MÐ#kQ�W{MÐÉ� q bW�.��gMk q ixg�]� q �MgM�Hdfb�nx{=� q bW�.��g�� q ��gMk«ªU�.gM�jn~d�{Eb�ò=�]gjÑIbWgMk�n~�Wg�¹©gjbW�s� �� q i � gjb�e�dfix{pb]��gjb�n ��q bW����gM�jnsd�{pb&ã�k t ��� q i~d�çMgMkQns�Wg=ixg �k t �fnxkv{K|Yns�Wg��©gji~|S{Ei~� q bW�Mg#gxÕ��7gji~df��gjb�nxkjª��.gM�jnsd�{pb � �M{Eb ��j� t �]gMk�n~�]d�kQ� q �7gjiMª
ó ô Á5õ÷ö'ø�ö©À]ù5ö©À[ú³Ù Ø�û�ü Û#À]ÁÓ¿]ÜCÙ Ø ¾
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�Ódf� t ixg   ÇUÝQ�Wg»" q bW�.��g#�.gj�w��gjb�n5dfb3ns�Ãg � dfilgM�jnY} q �]�]dfbI�ÝÓgM�~�]b]d�Ä t g
q bW��{E¹]ÔmgM�jnlkY� q b�¹7gÌ��{MewgM�3¹�y t �©� q nsdfb]��ns�Ãg#� q bW�.��gMkQ{K|{p¹ÃÔ�gM�jnxk#{pb]�fyEªÏ�zb��M{p��� q isd�k~{Eb+nl{�n~�WgÍdfbW�IgxÕ � ¹ q ksgM�+nlgM�s� �b]d�Ä t gMk � n~�Wg#� q dfb3�s� q i q �jnxgji~d�kmn~d��Mk5{K|U�.dfixgM�jn�� q �]�]dfb]� q ixg�fd�kmnlgM�3dfbÊn~�Wg#|C{p�f��{MÐ�dfb]�]Ç
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u�wv ª¼" q bW�.��gÆksgj�w��gjb�nxk�� q b�g q k�df�fyN¹©g
gxÕ �nxgjbÃ�]gM��Ð�dfn~�W{ t n q b�yÆixgM{pis� q bId�ç q n~d�{EbÆ�M{hk�nxk«ªÆÝQ�Ãgjixgx|C{pixg �
q �f��{.� q n~d�{Eb��M{hk�nxk q ixgcdfbW�]gj�©gjbW�]gjb�nQ{p|Un~�Wg#b t �Í¹©gji#{K|U{E¹ �ÔmgM�jnlk�kmnl{EilgM��dfb+n~�Wg�� q n q ¹ q ksgEª9�zb q �]�.dfn~d�{Eb �Iq b Å � � � q b¹©gÍ� q �]�©gM��Ð�dfns� q n=��{wkmn={EbWg�� q ��g�| qEt �fn=dfbW�]gj�©gjbW�]gjb�n{K|9ns�Wgckmd�çMg={p|9n~�Wg�� q n q ¹ q ksgEª
s �����!	���p��zx���
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���� ªj" q bW�.��gQ� q ��gMkU� q b�¹7gQÑI�f��gM��ks{ns� q n q �f��{wkmn/ �w�>} k�nx{pi q ��g t nsdf�fd�ç q nsd�{pb+� q b�¹©g q �s�]d�gjewgM�	ª�?| q b
{p¹ÃÔ�gM�jnvd�kÍ�]gj��gjnlgM� � n~�WgH�M{pisilgMkm�©{EbW��dfb]��gj���]nzy&km��{pndfbíns�Ãg�� q bW�.��g�k~gj�h�3gjb�n�� q bí¹7g�ixg �ºt ksgM� t k�dfb]�&n~�Wg�|¸ixgMgkm� q �Mgc¹]dfns� q �©ªU`�kmdfbI���.dfilgM�jn�� q �]�]dfb]� � {pb]�fy3ns�Wgc� q bW�.��g
q bW�íns�Ãg t b]d�Ä t g�d��]gjb�nsdfÑÃgji�{K|�n~�Wg+{E¹]Ô�gM�jn�àºi q n~�WgjiÍns� q bns�Ãg5Ð��W{p��g Å � �=á � t k�nÓ¹7g�ilgM�M{Eil�]gM�vdfb q � q bW�.��g�ksgj�w��gjb�nAªÝQ�Wgjilgx|C{pixg � �3{Eilg Å � � k�� q bÆ¹©gH� q �]�©gM� t k�dfb]� q kmdfb]�w��g� q bW�.��gÌ� q ��g#n~� q bÊÐ�dfn~� qHÈ�� n~ixgMgv{pi q � q km��n q ¹]��gEª
s&~ �|��A�<�	ª	��>��A�v ~ ���|�8	���t¦����=½�z��A��>����	�v ª�$={H�.dfilgM� �nx{pisyckmnsi t �jn t ixgMk q ixgUbWgMgM�]gM�Ìnx{Q� q � Å � � k«ªUÝQ� t k � bW{Ìkm�©g ��jd q �W�M{EbÃ� t isilgjbW�jyv�M{pb�n~ix{p� q bÃ�ÍixgM�M{Mewgjisy=d�k5ilgMÄ t dfixgM�	ª9�#b�yÑ]bWg � �wi q dfbWgM�ÍixgM�M{«ehgjisy�nlgM�s�]bId�Ä t g��fd � gc�D-#�¾C�� ¬ }�"c��. ��� ·� q b�¹©g t k~gM� �.q bW��ns�Wgc�jixg q nsd�{pb�{K|9bWgjÐN{p¹]ÔmgM�jnlkY�]{.gMkUbW{pn¹]��{.� �½q �jnsdfewg3nsi q bWk q �jn~d�{EbWk=n~� q nH{pb]�fyÆixg q � q bÃ���3{.�.dÒ|ºygxÕ�d�kmn~dfb]��{p¹ÃÔ�gM�jnxkjª
s ������t�
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���� ª¿" q bW����g�� q ��gMkv� q b�¹©gÍilgj�]�fd�� q nlgM��dfb q�.d�k�nsisdf¹ t nxgM�+k�yIk�nxgj� dfb�ns�ÃgHk q ��g=Ð q y q k�{pix�.dfb q i~y�� q n q� q ��gMkjªÓðä�Wgjixg q kUixgj�]�fd�� q nsd�{pb�d�kQÑ]bÃg � �wi q dfbWgM� t kmdfb]�Í� q km� �dfb]�&{pi ÈY� nsilgMgMk�àºdSª gEª � ns�WgÏ� q bW�.��gMk={p|�dfbW�.dfe�d�� tÃq �Q{E¹]Ô�gM�jnxk
q ixgHilgj�]�fd�� q nxgM� ál� dfn q �I�7g q ixkcns� q n=� q bÃ�.��gH� q ��gMk q ixgÏns�Wg��{wkmnY| q eh{pi q ¹]��g t b]dfn�{p|9ilgj�]�fd�� q nsd�{pb3|S{Ei#�.dfilgM�jnQ� q �]�]dfb]�]ª
ÝÓgM�~�]b]d�Ä t gMkÆkmdf��df� q i³nx{ �.dfixgM�jn³� q �]�]dfb]�ä� q ehg½¹7gMgjb

t k~gM��dfb q �M{ t �]��g={p|UilgMksg q ix�~���Iix{pnx{pnzy��©gMk ¬ "0À�â �h�ÃÈ - �h�.�ð[ð �h� ·SÎÓ¹ t n � ÐQg � bW{MÐ {p|5bW{��M{E����gjix�jd q �	k�y.kmnxgj� ns� q ngxÕ��]��{pdfnxk��.dfilgM�jn�� q �I�]dfb]�]ª

Á ú%SzÛÌ¾h¿.ö©ÀWÜ ØÌü Ù#Q�Â Á Ø Ú(SCö©¾
�zb&n~�]d�k�k~gM�jnsd�{pb � ns�WgÍ�j� t kmnxgji~dfb]��{K|�� q bW����gMk�d�k���d�ks� t k~ksgM�	ªÝQ� q nÓd�k � �W{«Ð�n~�Wg5� q bW����gMk7{K|�{p¹]ÔmgM�jnxk q ixgU�]� q �MgM�cdfb�nx{c�.d�k �� q ��gMk q n�ns�Wg�nsdf�3g�{K|#�jilg q n~d�{Eb
ks{Êns� q n�� q ��gÏ| qEt �fnlk�|C{pi� q �]�]dfbI�+��{E�wd�� q � Å � � k q ixg�ixgM� t �MgM��dfb q b q ��g�ksgjisewgjiAª�]{piÊgxÕ q ���]��g � � q bÃ�.��gMk�{K|�{p¹]ÔmgM�jnxk�Ð��W{hk~g3��{E�wd�� q � Å � � k� t k�n�|ºixgMÄ t gjb�n~�fyH¹7gc� q �]�©gM��k��W{ t ����¹©gc�]� q �MgM��dfb�nx{Ïns�Wgk q ��gÌ� q ��gMkjª��zb q �I�.dfnsd�{pb � dfnvd�k#�.d�k~� t ksk~gM��Ð���y�ns�ÃgvilgM{Ei �� q b]d�ç q nsd�{pb q bW�³ixgM�j� t kmnxgji~dfb]�+{p|Ì� q bW����g�ksgj�w��gjb�nlkv� t k�n¹©g��]ilgM�j� t �]gM�Æixgj� q ix�.��gMk~k�{K|cÐ��]d��~�/� q �]�Idfb]�+nxgM�~�]b]d�Ä t gd�k t ksgM�+ks{�ns� q n�n~�Wg=dfb]dfnsd q ���]� q �Mgj��gjb�n�{p|5ns�Wg=� q bW�.��gMk�d�kns�Ãg�{pb]�fy�{p�]�©{Ei~n t b]dfnzy+nl{ q �~�]d�gjewg���{.{.���j� t k�nxgji~dfb]���7gji �|C{pis� q bÃ�MgEª
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C5Õ.�I��{Edfn~dfb]���j� t kmnxgji~dfb]�vd�kUehgji~yH�.dfè�� t �fn t kmdfbI��� q km�Ïn q ¹]��gMk¹©gM� qEt k~g�n~�Wg5� q k���| t bW�jn~d�{Eb��]gjnxgji~��dfbWgMkÃdfbHÐ��]d��~�Í¹ t � � gjnlknx{��]� q �Mgc� q bW�.��gMkjªQÝÓ{H�]� q �Mgcns�Wgc� q bW�.��gMkQ{p|���{E�wd�� q �f�fy3ixg �� q nxgM�={E¹]ÔmgM�jnlkWdfb�nl{�ns�WgUk q ��g9¹ t � � gjn �Aq bÏ{pix�Igji � �]ixgMk~gjise�dfb]�� q km�½| t bW�jnsd�{pb � gEª �]ª � nsi~d�gMk ¬ �Ódfnxâwâ � Å nx{wâhâ � ��� tW��� · ��q bW�
q k��7gM�jd q � � gjyÆ��gjbWgji q nsd�{pb q �f��{pisdfn~�]� d�k�ilgMÄ t dfixgM�	ª³� t �~�
q b q �]�Iix{ q �~��Ð q k t ksgM�Ædfbín~�Wg��IgMkmdf�wb/{p|Ìn~�Wg�� q n q ¹ q k~gkmy.k�nxgj� ¡ -v�=� ¬ Þ �hð ��� ·Sª ¡ dfehgjb
ns�Wg Å � � {p| q ixgj� q nxgM�{p¹ÃÔ�gM�jn � ns�Wg � gjy3��gjbWgji q nsd�{pb q �f��{Ei~dfns�]� nsi~d�gMkQnx{Í��gjbWgji q nlg
q bWgjÐ Å � � Ð��W{wksg�� q �]�Idfb]��d�kÏixgM�M{pix�]gM�Ædfb[n~�Wg+k q ��g¹ t � � gjnMª��Qn�ns�Ãg�k q �3g�nsdf��g � n~�WgQ� q �]�]dfbI��kÓ{K|�ilgj� q nlgM�Í{E¹ �ÔmgM�jnlk�km�W{ t ���+k�nsdf�f�Ó¹©g�k�nx{pixgM�3dfb&n~�Wg�k q �3gv¹ t � � gjn q |ºnxgji qkm�I�fdfn#� q k�{.�M� t ixgM�	ª9`cbI|C{pisn t b q nxgj�fy � k t �s� q b q �I�]ix{ q �~�3d�kbW{pnve�d q ¹]��gÍdfb�� q is��gÍ� q n q ¹ q ksgMkQÐ�dfns�³� q b�y�{p¹]ÔmgM�jnlk«Ç�ns�Wg� q km�&n q ¹I��gMk�nxgjbW�Ênx{3�]gj��gjbÃgji q nxg#¹©gM� qpt ksg=ks{p��g=¹ t � � gjnlk� t k�n9|ºilgMÄ t gjb�n~�fy�¹7g�k��]�fdfn5Ð��Wgjilg q k9{En~�Wgji�¹ t � � gjnlk q ixgQbW{pn
t k~gM�	ªÍÝQ�Wgjilgx|C{pixg � {pb]�fy+� q km��| t bW�jnsd�{pbWk�n~� q n�km�Iixg q ��ns�Wg� q bW�.��gMk q �3{EbI�Ên~�Wg q e q df� q ¹]��g�¹ t � � gjnlk q k t b]dÒ|S{Ei~���fy q k�©{hk~kmdf¹]��g�ÐQgjixg t ksgM�Ïdfb�n~�]d�kYk�n t ��ywª Å � � k�ÐQgjixg���gjbWgji q nxgM�dfb q bHdfbW�jilgj��gjb�n q �w� q b]bWgji�àCgEª �]ª � dÒ|7{E¹]Ô�gM�jn» � ã�ò�Ð q k©Ô t k�n�jixg q nxgM� � ns�ÃgH��{p�hd�� q � Å � � {K|Ìns�WgÏbWgxÕ�nÏ{p¹]ÔmgM�jn=ns� q n�Ð�df�f�¹©g��jilg q nlgM��Ð�df�f�9¹7g& � ãwã á ª��zb+n~�]d�k q �]�]ix{ q �s� � �j� t k�nxgji~dfb]�� q b]bW{pn�¹7gQgxÕ��]��{pdfnxgM�	ÎE¹ t n � ns�Wg�� q km�Hn q ¹I��gMk5� q bHg q k�df�fyÍ¹7gn t bWgM��dÒ|�ns�Wgckmd�çMg={p|9n~�Wgv� q n q ¹ q ksg�d�k � bÃ{MÐ�b7ª�ckÍ{E�]�©{wksgM�+nl{+� q km�]dfb]� � �j� t kmnlgjisdfb]�+� q b�ÐQgj�f�Q¹7g�gxÕ ��]��{pdfnxgM�=dfb q#È�� n~ixgMg t kmdfbI� q ks{p�]�]d�k�nsd�� q nxgM� � gjy=��gjbWgji q n~d�{Eb
q �f��{pisdfn~�]��ª ¡ dfehgjb q1) bWg q i,+Í�]dfb�n � dSª gEª � ns�Wg Å � � {p| q ixg �� q nxgM�Æ{E¹]ÔmgM�jn � n~�WgH��g q |�� q ��gÍn~� q n�ilgM�M{Eil�]k#n~�WgH� q �]�Idfb]�{K|9ns�WgÌixgj� q nxgM��{p¹]ÔmgM�jnQd�kQ��{.{ � gM� t � �Iq bÃ��n~�Wg Å � � {K|9ns�WgbWgjÐ {E¹]ÔmgM�jn�d�k���gjbWgji q nxgM�Ík~{Íns� q n�ns�WgÌ� q bW�.��gv{K|9ns�Ãg#bWgjÐ{p¹ÃÔ�gM�jnQd�k#ixgM�M{pix�IgM�Hdfb&n~�Wgv��g q |U� q ��gEª��?|Uns�Ãgc| q eh{pixgM�3��g q |� q ��gUd�k7| t �f� � ns�WgUbWgjÐÆ� q �]�]dfb]��d�k7ixgM�M{pix�]gM�cdfb q bWgjÐ[àº��{p� �d�� q �f�fy á�q �EÔ q �Mgjb�nQ��g q |U� q ��g q �M�M{pix��dfb]��nx{Hn~�Wgcn t bWgM�3km�I�fdfn�©{E�fd��jy3�]gMks�ji~df¹7gM�Ïdfb³��gM�jnsd�{pb   ª� Eª � ª
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`�k�dfb]����dfixgM�jnÓ� q �]�]dfbI� �pq b q �3gYk~gjisehgji9� q k©n~�Wg�ëWgxÕ�df¹]df�fdfnzynx{��]� q �Mg=ns�Wg�� q bW�.��g�{K| q bWgjÐ�{p¹]ÔmgM�jn#{pb q bWgjÐ � gj���]nzy� q bW�.��g�� q ��g�{pi�{pb q b�y&gxÕ�d�kmnsdfbI��� q bW�.��g�� q ��g=ns� q n�k�nsdf�f�� q k q |ºilgMg�k���{EnMª��zbí� q i~nsd�� t � q i � Ô t kmnÍ�fd � g3Ð�dfn~� ÈY� nsilgMgMk �ns�Ãg#� q bW�.��gMkQ� q bÊ¹©gv�j� t kmnxgjilgM�Hdfb�nx{Ï� q bW�.��g#� q ��gMk�n qp� dfbI�
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�zb+n~�Wg0úQ¦E§ ê £p¥åÐQ{Ei � ��{ q � � dfn#Ð q k#k�df�hb]dfÑÃ� q b�ns�fy3��{pixg�.dfè�� t �fnvnx{�n qp� g q �.e q b�n q ��g�{K|�n~�WgÍ�j� t kmnlgjisdfb]�3{p| q b³{E¹ �ÔmgM�jnc¹ q ksgEªÏÝQ�Wgjixgx|S{Eilg � ns�Wg��©gji~|S{Ei~� q bW�Mgv{K|���dfixgM�jnv� q � ��]dfb]� q bW� È�� nsixgMgMkÌÐ�dfns�Æ�j� t kmnlgjixgM��� q bW�.��gMkc�]gM�jixg q ksgM� q k�M{p��� q ixgM�Ìnx{�n~�WgjdfiÓ�7gjim|C{pis� q bW�Mg�dfbÍn~�Wg»ø ­�� r ­ § e ® ¦p°�ÐQ{Ei �����{ q �	ª'$=gjehgjisn~�Wgj��gMksk � �.dfixgM�jnc� q �]�]dfb]� q bW� È�� nsixgMgMkc�]il{p| �dfnxgM�#|ºil{E�É�j� t k�nxgjisdfbI� � kmdfbW�Mg9ns�Wg7� q bÃ�.��gMkW|C{pi q k�dfb]�w��g���{.� �

t ��g�{.�M� t �]d�gM�3{pb]�fy�|CgjÐ q �pÔ q �Mgjb�nQ� q ��gMk«ª�ÝQ�Ãg�ilgMk t �fnlkY|C{pins�Ãg0úQ¦E§ ê £p¥ Ð�{pi � ��{ q � q ixg=km�W{MÐ�b�dfb&�Ódf� t ilg�â q�á àSkm� q �f�� q n q ¹ q ksg áUq bW�3�Ódf� t ixg=âp¹ á àº� q is��gv� q n q ¹ q ksg á ªj$�{pnxgÌns� q n�.dfilgM�jn�� q �]�Idfb]�
Ð�dfns� q � q nsisdÒÕß�I� q �Mgj�3gjb�n��7gjim|C{pis�3gM�ÐQ{EilksgÍn~� q b³Ð�dfns� q �fdfbWg q i��]� q �Mgj��gjb�n={p|Y� q bW�.��gMk«ª3ÝQ�Id�k�]�WgjbÃ{E�3gjbW{EbÍd�kQgxÕ q ��dfbWgM�Ídfb��]gjn q df�Ãdfb�n~�Wg�bWgxÕ�nQksgM�jnsd�{pb7ª
ÝQ�WgÌ�7{wksk�df¹]df�fdfnzyHnl{�� q �~�Wg�ns�Ãg�dfb]bWgji�bW{.�]gMkU{p| qÍÈ�� n~ixgMgÐ q kÍ�3{EilgÍdf���©{pisn q b�n�dfbín~�Wg�úQ¦E§ ê £p¥�ns� q bÆdfbíns�Wg�ø ­8b� r ­ § e ® ¦p°�ÐQ{pi � ��{ q �	ª3ÝQ�]d�k=d�kÍ�]{.� t ��gjb�nxgM�3¹�y&ns�ÃgHkm�fdf�w��n¹©gjbW�Ídfb3ns�Wg#� t isehgQ|C{piYn~�Wg#�j� t k�nxgjixgM� È�� nsilgMg q n�ns�Ãg��7{pdfb�nÐ��Wgjilg q k�df�hb]dfÑÃ� q b�n��©{Ei~nsd�{pbH{p|Wns�WgQdfbIbWgji�bW{.�]gMk9�M{ t ����¹7g� q �s�WgM��ªHÝQ�WgÏ� q km�&n q ¹]��g�� q � q �f�3{hk�nvn~�WgHk q ��g��©gji~|S{Ei �� q bW�Mg q kQdfb+ns�Ãg0ø ­[� r ­ § e¸® ¦E°UÐQ{pi � ��{ q �	ª
ÝQ�Wg��hi q �]�Ãkv{p¹]n q dfbWgM��|ºil{E� ns�Wg&_=£ e ÐQ{Ei � ��{ q �ßàS�Ódf� �

t ilg �hq�á�q bW���Ódf� t ixg � ¹ á � q ehg q �f�3{hk�n5n~�Wg#k q ��g�k�� q �7g q kns�Ãg��hi q �I�WkY{p¹]n q dfbWgM��|ºix{p�æns�Wg��Iixgje�d�{ t k5nzÐQ{�Ð�{pi � ��{ q �Ik«ªÝQ�]d�kÍÐQ{pi � ��{ q �
�]gj��{pbWk�nsi q nxgM� q b
df���©{pisn q b�n��Iix{p�7gji~nzy�Ç��{pb]� � nxgji~�î� q �~�]dfb]�&{K|Ì� q bÃ�.��gMk=ns� q n q ilg t k~gM��¹�yÆ� q b�y
q �]�]�fd�� q nsd�{pbWk5d�k�{K|ºnlgjb�bWgj�w��gM�jn �Cq ¹]��gEªÓÝQ�WgÌ�7gjim|C{pis� q bW�Mg�{K|
q � q �]�]dfb]��nxgM�~�]b]d�Ä t g�d�kv�M{p���I��gjnxgj�fy��]{E��dfb q nxgM�3¹�y+ns�Wggxì©gM�jnQ{K|��j� t kmnxgji~dfb]� q bW��ns�Ãg#gxì©{pisn�nx{�°f£M¦ ê � q bW�.��g�� q ��gMknx{�ksgjisewg q kmdfbI�h��g q �I�]�fd�� q n~d�{Eb©ªÆ�?|cns�Ãg�� q bW�.��gMk q ixg�bW{pn�j� t k�nxgjixgM�3ÐQgj�f� � dfncd�kvbW{pn#�©{hk~kmdf¹]��g=nl{�¹ t ì©gji#n~�Wg=� q bÃ�.��gMk{K| q km� q �f�#k t ¹WksgjnH{K|=n~�Wg+� q n q ¹ q k~gHÐ�dfn~� q ilg q k~{Eb q ¹]��g
q ��{ t b�n�{p|	¹ t ì	gji5km� q �MgEª7�zbHns�Wg¦_�£ e ÐQ{Ei � ��{ q � � gjehgjbÏns�Wg� q bW�.��gMkH{K|=n~�Wg&ò } µI£ e {E¹]Ô�gM�jnxkH�M{ t ���
bW{pn�¹©g�� q �~�WgM�	ª� t i~ns�Wgji~��{pixg � �.dfixgM�jnc� q �]�]dfb]� q bW�Êns�Wg È�� nsixgMgMkÌ� q � q � �
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a) Small, Sequential
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b) Large, Sequential
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a) Small, Random
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b) Large, Random
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�Ódf� t ixg=â.Ç5ÝQ�Ãg0úQ¦E§ ê £p¥ ð�{pi � ��{ q �
��{wkmn9ns�Wg#k q �3g��7gjim|C{pis� q bW�Mg q kUdfb�n~�Wg2ø ­�� r ­ § e¸® ¦E°9ÐQ{Ei �����{ q � ��q �fn~�W{ t �h�
n~�Wg�ixgx|SgjixgjbW�MgÏ� q n~nxgji~b½Ð q k��M{p���]��gjnlgj�fy�.dÒì	gjixgjb�nAª
ÝQ�Wg+k�� q is�í¹©gjbW�]k�|S{EiHn~�Wg��j� t kmnlgjixgM� È�� nsixgMg q bW�í�.d �ixgM�jn�� q �]�Idfb]��dfbß�7df� t ilg �wq�á k��W{MÐ ns�WgÏ�7{pdfb�n q n�Ð��]d��~�ns�ÃgÍ� q bW�.��gMk={p|Yns�WgÏ{E¹]ÔmgM�jnlkv{K|Ì{EbWg���{.� t ��gÍ�M{ t ���³�M{E� ��]��gjnlgj�fy�¹©g�¹ t ì	gjixgM��¹�y3ns�Ãg�b q ��gvk~gjisewgjiAª9ð[�Wgjb q ��{.� �

t ��gÍÐ q k���{ q �]gM�+¹�y q b q �]�]�fd�� q nsd�{pb � bW{ q �]�.dfnsd�{pb q �Ó� q ��g| qpt �fnlkQÐ�gjilg#ixgMÄ t dfilgM��nl{Íixg �Cq �M�MgMksk q � q bW�.��gc� q ��gEª�zb k t ��� q i~y � �.dfixgM�jnÉ� q �]�Idfb]�*{ t n~�7gjim|C{pis�3gM� ns�Wg
{pns�Wgji3nzÐ�{½nxgM�~�]b]d�Ä t gMk3dfb q �f��� q k~gMk«ªç$�{í�j��g q iÊÐ�dfbIbWgji�M{ t ���3¹7gcd��]gjb�nsdfÑWgM�3¹©gjnzÐ�gMgjb È . � nsilgMgMk q bW�3�fdfbWg q i#� q km� �dfb]�]ÇQdÒ|5ns�Wgjilg#Ð q kc{Eb]�fy3�fdfnsn~��g�¹ t ì	gji#km� q �Mg q e q df� q ¹]��g q bW�ns�Ãg�� q bW�.��gMk©ÐQgjixgUbW{pn9�j� t kmnxgjilgM�vÐQgj�f� � � q km�]dfbI�#�7gjim|C{pis�3gM�¹©gjnsnxgjiMª Å ns�Wgji~Ð�d�ksg � n~�Wg È . � n~ixgMgMk=� q ����gMk~k�� q ��gÏ| qEt �fnlk�©gji�ixgMÄ t gMk�nAª "�gjilg � ÐQg&� t kmn � gMgj�Ndfb ��dfbÃ�/ns� q n�ns�Wg� q km�³n q ¹]��gMkvÐQgjixgÏ�7gjim|CgM�jn~�fyÊn t bWgM�	Î7ns�ÃgHdfb]dfn~d q ��kmd�çMgHÐ q k�]gjnlgjis��dfbÃgM�
dfbW�.dfe�d�� tWq �f�fyä|S{Ei�ns�Ãg&km� q �f� q bW�äns�WgÊ� q i~��g� q n q ¹ q ksgEª
ÿ	ÿ þ ~ t�<�57����	�
6��p Ä2��	��P�!	9������A��û�|��34
u	��>A�� mo����i

��
���p
ÝÓ{��M{p��� q ilg�ns�Wgc�fdfbWg q i q bW�3� q nsisdÒÕ��]� q �Mgj��gjb�nQ�7{p�fd��jd�gMk �
q ksgM�M{pbW�+ksgjnv{K|QgxÕ��©gjisdf�3gjb�nlk�Ð q k�� q isi~d�gM��{ t n t kmdfbI���.d �ixgM�jnÓ� q �I�]dfb]�v{pb]�fyEªUÝQ�Wg2ø ­�� r ­ § e¸® ¦E° q bW�&úQ¦E§ ê £p¥æÐQ{Ei �����{ q �]k�Ð�gjilgvi t b q � q dfbWkmn�n~�Wgv� q is��g�� q n q ¹ q k~g�àºdSª gEª � òÍ��df� ��fd�{pb�{p¹ÃÔ�gM�jnxk á Ð�dfns� q e q isy�dfb]�=b t �Í¹7gjiU{p|W� q ��gMkÓ�©gji���{.� �

t ��gEª¦ � �h�w� r q ��gMkU� q dfb � ��gj��{pisy�¹ t ì©gjiQkm� q �Mg�ÐQgjixg t ksgM�¹�y�ns�Wg=b q ��g=ksgji~ehgji#nl{�� q �s�Wg=� q bW�.��gMkjª#�7df� t ilg� � k t � �� q isd�çMgMkUns�ÃgvilgMk t �fnlk«ª
�?|Wns�WgU� q bW�.��gMk©ÐQgjixg��]� q �MgM��i q bÃ�]{E���fyvdfb�nx{Ìns�WgU� q bW�.��g� q ��gMk�àºn~�WgÓi � } � t isewgMk áx�«q �fdfnsn~��g���gMksk�n~� q b={EbÃg�� q ��g©| qpt �fn�©gji�ilgMÄ t gMkmnÍÐ q k�ilgMÄ t dfixgM�ÆdfbW�]gj�©gjbW�]gjb�n�{p|Ìn~�Wg���{.� t ��gkmd�çMg q bÃ�[n~�Wg+ixgx|SgjixgjbW�Mg�� q n~nxgjisb©ª��?|Ïn~�Wg+� q bW�.��gMk3{K| q��{.� t ��g�ÐQgjixgv�j� t kmnxgjilgM��à¸ns�Wg#�j� � } q bW�3�j� � }î� t isehgMk áx�ns�Ãg#�©gji~|C{pis� q bÃ�MgY{K|U�.dfixgM�jn�� q �]�]dfbI��df���]ix{«ehgM��Ð�dfns�3ns�Wgkmd�çMg={K| q ��{.� t ��gEª9ÝQ�]d�k�gxì	gM�jn�Ð�df�f�Ó¹©g#df�f� t kmnsi q nlgM�H¹�y3ns�Wg|C{p�f��{MÐ�dfb]�3gxÕ q ���]��gEª
ÝQ�Wg1 �w� � q bW�.��gMkÍ�M{pisilgMkm�©{EbW��dfb]�+nx{ q �3{.� t ��gHÐ�dfn~�ò�� q ��gMk q bW�n �w� {p¹]ÔmgM�jnlk�Ð�gjilg���{.� q nxgM�Ædfb[{pbWg�{piHnzÐ�{� q bW�.��gÌ� q ��gMkUÐ�dfns� q � q � q �jdfnzyH{K|¦ �p� � q bW�.��gMk t kmdfbI�Íns�Wg�fdfbWg q i��I� q �Mgj�3gjb�nÏ�7{p�fd��jyEª'�Ì�]�]il{«Õ�df� q nxgj�fy �  pª ò�êhò�� q ��g| qpt �fnlk#�©gji#ixgMÄ t gMk�nv�M{ t ��� � ns�Ãgjixgx|C{pixg � ¹©gÍ{E¹ÃksgjisewgM��Ð��Wgjb

q b q �I�]�fd�� q n~d�{EbÍ��{ q �]gM� q �3{.� t ��g#àCk~gMgYn~�WgQ�j� � }ñ� t isehgMk á ªÅ b�ns�Ãg#{En~�Wgji5� q bW� � nx{=��{ q � q �3{.� t ��gQÐ�dfn~�� � �h�w� � q ��gMk
q bW� �p�I� �w�w� {p¹]ÔmgM�jnxk �#�p�I� �w�w� ê
 �p� Ñ  � MâÆ� q bW�.��g�� q ��gMk� q �[nl{Æ¹7g�ixg q � q bW�N{pb]�fy  � «â�ê
 � �w�w� � q ��gÊ| qpt �fnlk��©gjiixgMÄ t gMk�n��M{ t ����¹©g�{p¹Wksgji~ehgM�	ª
ðÆ{Ei � dfbI�HÐ�dfns�3� q i~��g���{.� t ��gMk9Ð q kQ��{pixgQdf���7{pisn q b�nUdÒ|ns�ÃgY� q bW����gMk5{K| q ��{.� t ��gUÐQgjixg��j� t k�nxgjixgM� q bW�Ín~�Wg�� q nsisdÒÕ�]� q �Mgj��gjb�nv�©{p�fd��jy+Ð q k t ksgM�³dfb�n~�Wg�úQ¦E§ ê £p¥�ÐQ{Ei � ��{ q �	ªÝQ�Wg�� q bW�.��gMk�{K| q ��{.� t ��g5Ð�dfn~��ò#� q ��gMk©Ð�gjilgQ�]� q �MgM�=dfb�nx{

�p� � q bÃ�.��gÍ� q ��gMkÌnx{ q ew{Ed��Æn~� q ncns�Wg�� q bÃ�.��gMk�{K|Ì{E¹]Ô�gM�jnxkns� q nQÐQgjixg=��{.� q nlgM�Hdfb&n~�Wgvk q �3g�� q n q � q ��gcÐ�gjilgv��{.� q nxgM�
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a) Small, Hot
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b) Large, Hot

rBT

cBT
cmDM

rDM

LH

clDM

�Ódf� t ixg � Ç5ÝQ�Ãg0_�£ e ð�{pi � ��{ q �
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a) Large, Sequential

cmDM

rDM

clDM

0

0.2

0.4

0.6

0.8

1

1 10 100 1000

P
ag

e 
F

au
lts

 p
er

 R
eq

ue
st

Module Size (n) [in pages]

b) Large, Random

cmDM

rDM

clDM

�Ódf� t ixg& � Ç9�ÓdfbWg q iQe.k«ªI} q nsi~dÒÕ3r�� q �Mgj�3gjb�n
dfbÆns�WgHk q �3g�� q bW�.��gÍ� q ��gEªH`=k tWq �f�fy q n���g q kmn � {K|�n~�WgMksgò�� q bÃ�.��g3� q ��gMkÍ� q �ínl{&¹©g q �M�MgMksk~gM�Ænx{Æ� q i~isy
{ t nÏns�Wg¤ ­ ° ­~¯8e {p�7gji q n~d�{EbÍ{pb q ��{.� t ��g �wq bW�Í�3{Eilg�ns� q b � êhòÌ� q ��g| qpt �fnlkv�©gji�ilgMÄ t gMkmn=�M{ t ����¹7gÏ{E¹Wk~gjisewgM�	ªÏ�?|�n~�WgÍ�3{.� t ��gMkÐQgjixg#� q is��g � �W{«Ð�gjewgji � ns�Wg�� q bW����gMkY{K| q ��{.� t ��g��M{ t ���Ï¹7g�]� q �MgM�&dfb�nx{ q k�� q �f��b t �Í¹7gji={p|Y� q bW�.��gÍ� q ��gMk �©q bW��ns�Wg�]il{E�©gjisnzy={p|	� q nsi~dÒÕ��]� q �Mgj��gjb�n��M{ t ���Í¹©g q �~�]d�gjehgM� q nUns�Wgk q ��gÌnsdf�3gEª
`cb]�fd � g³ns�Wg��fdfbÃg q i��]� q �Mgj��gjb�nH�©{E�fd��jy � � q nsi~dÒÕß�]� q �Mg ���gjb�nQ�]il{EÑ]nlgM�Ï|¸ix{p� n~�Wg#� q isn~d�� t � q i�ilgx|CgjilgjbW�MgQ� q nsnxgji~b�{K|ns�Ãg�¤ ¯ ¦E§ß{p�7gji q n~d�{Eb7ª�ÝQ�WgÏ�7gjim|C{pis� q bW�Mgc{p|Ì�.dfilgM�jn�� q � ��]dfb]��Ð�dfns� q �fdfbWg q iv�]� q �Mgj��gjb�n�{p|�� q bÃ�.��gMk�Ð q k�dfbÃ�]gj�7gjb ��]gjb�nQ{p|7ns�Ãg#ixgx|SgjixgjbW�Mg�� q nsnlgjisbHdfb3Ð��]d��~��ns�Wg#{p¹]ÔmgM�jnlk5{K| q��{.� t ��g�Ð�gjilg q �M�MgMk~ksgM�	ª	ÝQ�Wg��©gji~|C{pis� q bÃ�Mg5{K|�ns�ÃgQ� q nsisdÒÕ�]� q �Mgj��gjb�n#�©{E�fd��jy � {Eb³ns�WgÍ{pns�WgjiÌ� q bÃ� � df���Iix{MewgM�&dÒ|Yns�WgÅ � � kQ{p|7{p¹ÃÔ�gM�jnxk9��{.� q nlgM��dfbÊk~{E�3gQ� q i~nsd�� t � q iYk���{EnlkY{K|	ns�Wg� q n q � q ��gMk=� t k�n�¹©gH� q �I�7gM�+ewgjisyÆ{p|¸nxgjb7ª3�zb
n~�Wg�¤ ¯ ¦p§{p�7gji q n~d�{Eb � {pb]�fy�ns�Wg Å � � k�{K|9ns�Ãg#{E¹]Ô�gM�jnxkU��{.� q nlgM�Ídfb�ns�WgÑ]ilkmnYk���{EnQ{K| q � q n q � q ��gQÐQgjixgQ� q �]�©gM� �wq bW�Ín~� t k � �.dfilgM�jn� q �]�]dfbI��Ð�dfn~���fdfbWg q i��]� q �Mgj�3gjb�n5km�W{«Ð�gM� t ��nl{ � ò=n~df��gMk
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