
� �������	��

�����������������	��
�� �!���#"$���&%'
(�)�*

�,+ �.-0/1�����2�&���3�

4�57698;:�<=5?>@5A:�B&8;6C69<CD&<FEHGJIK<C69<=57D&LM>@5ANO5A69<CP;PRQ&<CL
SUT;VXWZYF[]\^V`_9a�b
cedUb�f	gihAb
[�jHYF[]kOg
_lg

dUb�f	g�m�nC_lg
o`a@p�p�qsr�r
t(u g([lvwY�oXoXVXT;VxmyY u g�\]g�oXV u�ulz VXb|{
}~VXT;kw� �wT;V`[]bOf	gO�|� V`_

��<CPRQ&8;6C8�>�L 6=5��O57D&D&<
SUT;VXWZYF[]\^V`_Ca	b�cH��b|vwYFT�g
��b|vwYFT�g�m;nC_lg
oXa���qOqsp�p
u bOo�g(�=g�TwT;V�}~�;TwV�fJb�� VX_

� 5A6C�757�OL :O8��.�&PwP;<
SUT;VXWZYF[]\^V`_Ca�b
ced�bOf	gih7b�[�jHY�[]kZg
_lg

d�bOf	g�m�n�_lg�o`a@p�p�q�rOr
_]� uFu V�}~�;T;V`[]b�f	gZ�|� V`_

��� �����(���O�
�UYF�KkOY�TwYF[lg
_]VXbOT�b
c¡ ¢Y�£¤\=a�\=_]Y�fJ\�¥w[]b(W|V�v�Y�\�fJb�[]Y u bOfJ¥woXYF¦�\^Y�[]W�V u YF\U_ z g
T@_ z b�\^Y�[]YFo�g(_]Ysv@_]bJ �Y�£@¥w�;£wo�VX\ z�§

VXTwk¤\^VX_]YF\��'SU\^YF[]\¨g([]Y	V�T u []Ysg
\^V�TwkOo`a�[]Y�oXV�g�TR_¨b�T�_ z YJ �YF£¢c©b
[¨�;¥ § _]b § v;g(_]YJ¥yYF[]\^bOT;g�oªg�T;v¢£;�w\^VXT;Y�\^\«V�T�c©b
[]f	g
_]VXbOT
g
T�v¤\^YF[]W|V u Y�\��) ¢Y�£$g
[ ulz V`_]Y u _]��[]Y�\~_ z g(_)g([]Y¨g�£woXY«_]b�kO��g([lg�TR_]Y�Y._ z Y'¬�­;®�¯ °©±x²@³9´«µ�¶�·l¸s°º¹l¶«»�¼~bR½w¾ª_ z g
_¿[]�wo�YF\~_ z Y
[]YFo�g(_]VXbOT;\ z VX¥$£yY�_9�&YFY�T@�;\^Y�[]\¿g�T;v� �YF£¤\^YF[]W|V u Y.¥�[]b(W�V�v�YF[]\�[]Y�À|�wV`[]Y«g¨o�g([]kOY.V�T|WZYF\=_]fJY�TR_ªV�T¤TwYF�Ág�oXkOb
[]VX_ z fJ\¿g
T�v
\=a�\=_]Y�fJ\�c©b
[J\ ulz Ysv��;oXVXT;kwm¡oXbZg�v�£;g�o�g�T u VXT;k�m&g
T�v�VXTwc©b
[]f	g
_]VXbOT u b�T;\^VX\=_]Y�T u aR��nCTÂ_ z VX\i¥�g
¥yYF[sm2�&Y u bOTw\^V�vwYF[¨ ¢Y�£
u o��w\=_]YF[�g
[ ulz V`_]Y u _]�w[]Y�\ u b�fJ¥ybO\^YsvÃ£RaÂf«�;o`_]Vª£�g ulÄR§ Y�T�vÂ\^YF[]WZYF[	Twb|vwY�\�g
T�vÅb�T;Y@c�[]bOTR_ § Y�T�v�vwVX\^¥�g(_ u�z YF[�g�T;v��&Y
g
T�g
oXa�Æ�Y z bs�Ç_]b�¥�[]b
W|V�vwYUvwV`È�YF[]YFT|_]V�g(_]Ysv�¼~bR½�YF\H_]b�WOg([]VXbO�;\ u o�g�\^\^Y�\3b
cA�w\^YF[]\��e �YUvwY�fJb�T;\=_^[lg(_]Yª_ z []bO�wk z \^VXfi�;o�g §
_]VXb�T�YF¦�¥yYF[]VXfJY�TR_]\��wT�v�YF[3[]Ysg�oXVX\=_]V u �&b
[ Ä oXbOgOv�fJb|v�Y�oX\&_ z g
_3_ z Y~¥�[]bO¥ybO\^Y�v�fJY ulz g�TwVX\^fJ\&g
[]Y�g
£;oXY~_]b¨\]g(_]VX\=cÉa@¼~bR½
[]Y�À|�wV`[]Y�fJY�TR_]\&b�cA_ z Y)fJbO\=_ªW�g�oX�;g�£;oXY)�w\^YF[]\ u o�g�\^\^Y�\�mw�ªVX_ z bO��_UVXfJ¥;g u _]VXT;k«_]bRb¨T;Y�kOg
_]VXWZY�o`a�bOT�_ z Y¿b�_ z YF[��;\^YF[]\��

Ê@Ë(ÌRÍ�Î|Ï�ÐZÑsÒ�Ó«Ô©Õ]ÖF×�ÔÉØ�ÙyÖFÚ�Û�ÕlÜyÕlÖ�Ú�Ý@Õ�Þ7ß«Ùáà�â�Ô�Ö]Ü�ã|ä3å�Ú
×Fæ�ÔÉç
Ú�Þ�è¡ãwà�Û¢Õ�éáà|×FÔ�êáëáÞyì&Ú
×�äºã�×FÝ¤à|êáç
Ú«Ú�æZà�â�Ù7àRÖ�ÔÉã�ê¡í

î ï �@���3��ðÂ���~�3
(���

ñ¿é�Ú¢òÅÚ�ØKÔ©Õ@ØAÚ�ç(ãwÝ@Ô�ê�ëÇà|êKÔ�Ý@óAã�×�ÖFà�êwÖ¤ç�éáà�ê�ê�Ú
â~äºãw×@ç
×�Ô�Ö�Ô©ç
à�âUÔÉêyäºãw×�Ý¤àRÖFÔ�ãwêKà�êáÛMÖFé�Ú¢äºÙ�êáÛ�à�Ý�Ú�ê;ÖFà|â¿ÖFÚ�ç�é�êáã�âÉã�ë�ÜÃäºãw×
ÔÉêyäºã�×FÝ¤àRÖ�ÔÉã�êÇÕ�Ü�ÕlÖ�Ú�Ý¤ÕJã|äUÖ�é�Ú�Ý@ã;Õ]Ö	à�Û�æZà�êáç(ÚOÛÅç
ã�Ý@óáà�ê�Ô�ÚOÕJà|êáÛÃãw×�ë;à|ê�ÔÉô�à|Ö�ÔÉã�êáÕ�í�õ«ÕlÚ�×FÕJà�×�Ú@ØAÚ�ç
ã�Ý@Ô�êáë�Ô�êáç
×�ÚOà�Õ�Ô�êáë�âÉÜ
×FÚ
âÉÔÉà�êwÖ�ãwê¢Ö�é�Ú	òÃÚ
Ø�äºãw×�Ù�óyö9Ö�ã�ö=ÛáàRÖ�Ú¨óAÚ
×�Õlãwêáà|â9Þ�ó�×Fã|äºÚOÕ�Õ�ÔÉã�êáà�â2à|êáÛ¢Ø�ÙáÕ�ÔÉê�Ú�ÕFÕ)ÔÉêyäºã�×FÝ¤àRÖ�ÔÉã�ê¡íUñ¿é�Ú�Õ�Ù�ØáÕlÖFà�ê;Ö�Ô©à|â2ç�éáà�ê�ë�ÚOÕ
Ö�×�à|ê7Õ]äºãw×�Ý@ÔÉê�ë�Ö�é�Ú	òÃÚ
Ø�äº×Fã�Ý�à@ç(ã�Ý@Ý�Ù�ê�Ô©ç
àRÖFÔ�ãwê�à|êáÛ¢Ø�×FãR÷�ÕlÔÉê�ë@ÔÉêyäº×FàwÕ]ÖF×�Ù7çsÖ�Ùá×�ÚiÖ�ã'à@Ý�ÚOÛyÔÉÙ�Ýøäºãw×�ç(ãwêáÛyÙáç(Ö�ÔÉê�ë¤ó7Ú�×lö
Õ�ã�êáà�âeØ�ÙáÕ�Ô�ê�ÚOÕ�Õ�Ú�Õ)à�êáÛ¢Ú(ö^ç(ãwÝ�Ý@Ú�×Fç
Úià�×�Ú¨Ý¤à|ù�ÔÉê�ë¤úwÙ7à|âÉÔ�Ö]Ü�ã�ä�òÃÚ
Ø�Õ�Ú
×Fæ�ÔÉç
Ú¨à�ê�Ô�êáç
×�ÚOà�Õ�Ô�êáë�âÉÜ�ç(×FÔ�ÖFÔÉç�à|âeÔ©Õ�Õ�Ù�Ú�íªñ¿éáÔÉÕ)êáÚ
÷
ÕFç(Ú
ê7à|×FÔ�ã'Ý�ã�Ö�ÔÉæRàRÖ�ÚOÕ«Ö�é�Ú@ê�Ú�Ú�Û�Ö�ã�ÛyÚ�Õ�ÔÉë�êÅà�êáÛÂÔÉÝ@ó�âÉÚ
Ý@Ú
ê;Ö	Ý@Ú�ç�éáà�ê�Ô©ÕlÝ¤Õ¨à|êáÛÅà|âÉë�ãw×�Ô�Ö�é�Ý¤Õ«Ø7Ú�Ô�êáë�à�Ø�âÉÚ�ÖFã¢ëwÙáà|×�à|ê;ÖFÚ
Ú
Ö�éáÚ�ß«ã;å�Ö�éáà|Ö�÷)Ô�âÉâ2×FÙ�â�ÚiÖFé�ÚJ×�Ú�âÉà|Ö�ÔÉã�êáÕ�é�ÔÉó'ØAÚ(Ö]÷~Ú
Ú�ê'Ù7ÕlÚ�×FÕ)à�êáÛ$òÃÚ
Ø�Õ�Ú
×Fæ�ÔÉç
Ú�Õ¿ó�×FãRæ�ÔÉÛyÚ�×FÕ�í

û~Ú�ç�à|ÙáÕ�Ú�ã|äiÖ�é�ÚÂòÃÚ
ØüÔÉêyäº×�à�ÕlÖ�×FÙáçsÖFÙ�×�ÚÂç
ã�Ý@ó�âÉÚ(ýyÔ�Ö]Ü�Þ~Ý@à�ê�Ü?ä�à�ç(Ö�ãw×FÕ¤à|þAÚOçsÖ¤Ö�éáÚÂòÅÚ�Øüó7Ú�×läºãw×�Ý¤à|ê7ç(Ú�í�ÿ�Ú
ê7ç(Ú�Þ~ÖFã
ë�Ù7à|×�à|ê;Ö�Ú�Ú�Ö�éáÚ¨àwÕ�Õ�Ú�ÕFÕ�Ú�Û�Õ�Ú
×Fæ�ÔÉç
Ú«âÉÚ
æwÚ
â©Õ�äºãw×.ß«ã;å¤ó7à|×�à|Ý@Ú(ÖFÚ
×�Õ
Þ�à�ç(Ö�ÔÉã�êáÕ~ã�ê¢à|âÉâ2ç(ãwÝ�óAã�êáÚ
ê;ÖFÕ~ã|äHÖ�é�Ú¨ò ò ò ÷UãwÙ�âÉÛ'ØAÚ
×FÚ�ú;Ù�ÔÉ×�ÚOÛeÒ2äº×Fã�Ý êáÚ(Ö]÷~ã�×FùJÖ�ÚOç�é�ê�ã�âÉã�ëwÜ	à|êáÛ�ó�×Fã|ÖFãyç(ã�â©Õ�ÞZÖ�ãJéáà�×FÛy÷¿à|×FÚ¿à|êáÛ@Õ�ã|äxÖ]÷¿à|×FÚ~à�×Fç�é�Ô�Ö�ÚOçsÖFÙ�×�ÚOÕ�ã|ä òÅÚ�Ø@Õ�Ú
×Fæ�Ú�×FÕ&à�êáÛ
ó�×FãZýyÔ�ÚOÕ
í��Âà�ê�Ü¢Ú
þAãw×lÖ�Õ�ÔÉê�Ö�éáÚ��áÚ�âÉÛÂã|ä~ß«ã;å'äºãyç
ÙáÕ.ãwê�Õ�ã�âÉÙyÖ�ÔÉã�êÂà|Ö.Ö�éáÚ�ê�Ú
Ö]÷Uãw×�ù'â�Ú�æ�Ú�âCíiÿ�ãR÷~Ú
æ�Ú�×iß«ã;å¢ã�äªê�Ú(Ö]÷~ã�×FùyÕ
Ø�Ü�Ô�Ö�ÕlÚ�â�äUÔÉÕiê�ã�Ö¨Õ�Ù���ç(ÔÉÚ
ê;ÖiÖ�ã�ÕlÙ�óáó7ãw×lÖ¨Ú
êáÛyöCÖFã|ö=Ú
êáÛÅß«ã�å í���Ù�×�Ö�éáÚ
×FÝ�ãw×�ÚwÞ ÷)Ô�ÖFéÂÖ�éáÚ�ê�Ú
Ö]÷Uãw×�ù�Øáà�êáÛy÷)Ô©Û�Ö�éÃÔÉêáç(×FÚ�àwÕlÔÉê�ë
Ý�Ù7ç�é@ä�à�ÕlÖ�Ú
×ªÖ�éáà�ê@Ö�é�Ú.Õ�Ú
×Fæ�Ú�×ªç
à�óáà�ç
Ô�Ö]ÜwÞ|Ô�Ö~ÔÉÕªÝ�ãw×�Ú)âÉÔÉù�Ú
âÉÜ�Ö�éáà|ÖªÖ�é�Ú.Ø7ã�ÖlÖ�âÉÚ
êáÚ�ç�ù�÷)Ô�âÉâáØAÚ�ã�ê�ÖFé�Ú«Õ�Ú
×Fæ�Ú�×ªÕlÔ©ÛyÚ�í&ñHã�àZæ�ãwÔÉÛ
Ö�é7àRÖ�éáÔ�ëwéMó�×�ÔÉã�×FÔ�Ö]Ü�ê�Ú
Ö]÷Uãw×�ù�ÖF×Fà	��ç¤ÔÉÕ�Ûy×Fã�ó�óAÚ�ÛMà|Ö	Ö�é�Ú¢ÕlÚ�×�æwÚ
×OÞ2ÖFé�Ú$òÃÚ
Ø Õ�Ú
×Fæ�Ú�×FÕJÕ�é�ãwÙ�âÉÛÇé7àZæ�Ú¤Ý@Ú�ç�éáà�ê�Ô©ÕlÝ¤Õ	à�êáÛ
óAã�âÉÔÉç
Ô�ÚOÕiäºã�×	ÛyÚ�â�ÔÉæ�Ú�×�ÔÉê�ë�Ú
êáÛyöCÖFã|ö=Ú
êáÛMß«ã;å í2ñ¿éáÔÉÕ¨×FÚ�ú;Ù�ÔÉ×�ÚOÕ«Ö�é�Ú�ÛyÚ
�áê�Ô�Ö�ÔÉã�êÇã|ä)ç(â©à�ÕFÕ�Ú�Õiã|ä)ÕlÚ�×�æ�Ô©ç(ÚOÕ
Þ2ç�é�ãwÔÉç
Ú@ã|äUóá×�ÔÉã�×FÔ�Ö]Ü
âÉÚ
æ�Ú�âÉÕ�Þ�ëwÙáà|×�à|ê;ÖFÚ
Ú~ã|ä2ÛyÔ�þAÚ�×�Ú�êwÖ)ß«ã;å�ÚOÕ�Ö�é�×Fã�Ù�ëwé@ó�×�ÔÉã�×FÔ�Ö]Ü�Õ�ç�éáÚ�ÛyÙ�âÉÔÉê�ë	ÛyÔ©Õ�ç
Ô�ó�âÉÔÉê�Ú�ÕUà|êáÛ�Ý@ã�ê�Ô�Ö�ãw×FÕ3äºã�×�ÕlÖFà�×�æRàRÖFÔ�ãwê�ã�äeâ�ãR÷



ó�×FÔ�ãw×�Ô�Ö]Ü�ÕlÚ�×�æ�Ô©ç(ÚOÕ�� ��
=í���ã�×FÚ
ãRæwÚ
×OÞ�Ö�ã¢ó�×FãRæ�ÔÉÛyÚ�Õ]Ö�à|Ø�âÉÚ�Õ�Ú
×Fæ�ÔÉç
Ú	ÖFã'ó�×FÚ(äºÚ�×�×FÚ�ÛÂÙáÕlÚ�×FÕ�ÞAÔ�ÖJÔ©Õ«êáÚ�ç(ÚOÕ�ÕFà|×FÜ'Ö�éáà|Ö«ÖFé�Ú�Õ�ÜyÕ]ÖFÚ
Ý
ç
à�ê'é7à|êáÛyâÉÚJãRæ�Ú�×�âÉãwàwÛyÚ�Û$ç(ã�ê7ÛyÔ�ÖFÔ�ãwêáÕ¿ë�×�à�ç
Ú(äºÙ�âÉâÉÜ�í

ò é�Ú�ê$ÖFé�Ú¨ê;ÙáÝ�ØAÚ
×)ã|ä&à�ç�ç(Ú�ÕFÕ�Ú�ÕUë�×FãR÷�Õ�Ú
ý�óAã�êáÚ
ê;Ö�Ô©à|âÉâ�ÜwÞyÕlÜyÕlÖ�Ú
Ý¤Õ¿÷)Ô�Ö�é¢Ý�Ù�â�Ö�ÔÉó�âÉÚ	ÕlÚ�×�æwÚ
×~ê�ãyÛyÚ�Õ¿à�×�Úiâ�ÚOà�ÛyÔÉê�ë¤à|×�ç�é�Ô�ö
Ö�ÚOçsÖFÙ�×�ÚOÕ¿äºã�×«Ø�Ù�ÔÉâÉÛ�Ô�ê�ë$òÅÚ�ØÂÕlÔ�Ö�ÚOÕ¿Ö�éáà|Ö.éáàZæwÚ¨Ö�ã¤ë�Ù7à|×�à|ê;Ö�Ú�Ú	ß«ã�å í��^ê�ÖFé�ÔÉÕ.óáà|óAÚ
×.÷UÚ�ç
ã�êáÕ�Ô©ÛyÚ
×�àwÕ)Øáà�Õ�Ô©çJà|×�ç�é�Ô�ÖFÚ�ç(Ö�Ù�×FÚ
à$ç
â�Ù7Õ]ÖFÚ
×�ö9ØáàwÕlÚOÛ�òÃÚ
ØÅÕ�Ú
×Fæ�Ú�×���êáà|Ý@Ú
âÉÜ�Þ���Ë���������Ñ��^Ë
Ï�Ñ! (í���×Fã�Ý�Ö�é�Ú¤ç
â�ÔÉÚ
ê;Ö#" Õ«ó7ãwÔ�ê;Ö¨ã|ä�æ�ÔÉÚ
÷JÞ2à|ê�Ü�ÿ.ñ)ñ)ì ×�ÚOú;Ù�Ú�ÕlÖ.ÖFã
à'òÅÚ�ØÃç
â�ÙáÕlÖ�Ú�×¨ÔÉÕ¨ó�×FÚ�Õ�Ú
ê;ÖFÚ�Û�ÖFã�à$äº×Fã�ê;Ölö=Ú
êáÛÅÕlÚ�×�æwÚ
×.Ö�éáà|ÖJàwçsÖ�ÕiàwÕ¨à$×FÚ
ó�×FÚ�Õ�Ú
ê;Ö�àRÖ�ÔÉæ�Ú�äºã�×iÖ�éáÚ�òÃÚ
ØÇÕ�Ô�ÖFÚ�í�ñ¿é�Ô©ÕJç(ãwÝ�ö
óAã�ê�Ú�êwÖOÞyç
à|âÉâÉÚ�Û$��Ë#�¨Ñ�Í&%'�(��)�Þy×FÚ(ÖFà�Ô�ê7ÕªÖF×Fà�êáÕló7à|×FÚ
êáç
Ü�ã�äeÖ�é�Ú¨ÛyÔ©Õ]ÖF×�ÔÉØ�ÙyÖFÚ�Û$à�×Fç�éáÔ�ÖFÚ�çsÖFÙ�×FÚ)äºã�×UÖ�é�Ú¨ç(âÉÔÉÚ
ê;Ö¿à�êáÛ�ÛyÔ©ÕlÖ�×FÔ�Ø�Ù�Ö�Ú�Õ
à|âÉâ2ÔÉêáç(ãwÝ@Ô�ê�ë@×FÚ�ú;Ù�ÚOÕ]Ö�Õ~Ö�ã@Ö�éáÚJòÅÚ�ØÂÕlÚ�×�æwÚ
×¿ê�ãyÛyÚ�Õ�í&�^ê�Ö�éáÔÉÕ)ó7à|óAÚ
×OÞy÷UÚJó�×Fã�óAãwÕ�ÚJà|êáÛ¢ç(ãwÝ@óáà|×FÚ¨æZà�×�ÔÉã�Ù7Õ¿Ý�ÚOç�éáà|êáÔÉÕ�Ý¤Õ
Ö�é7àRÖ.à�ÛáÛ�ß«ã�å$à|ÖlÖ�×FÔÉØ�ÙyÖ�ÚOÕ¿Ö�ã¤à�òÃÚ
Ø�ç(âÉÙáÕlÖ�Ú
×«à|×�ç�é�Ô�ÖFÚ�ç(Ö�Ù�×FÚ�í

��ã;Õ]Ö¤ó�×Fã	*]ÚOçsÖFÕ@à�Ø7ãwÙyÖ�úwÙ7à|âÉÔ�Ö]Ü?ã�ä«òÃÚ
Ø Õ�Ú
×Fæ;Ô©ç(ÚOÕ�ó�×�ãwó7ã;ÕlÚ¢ê�Ú�÷øòÃÚ
Ø ÕlÚ�×�æwÚ
×@à|×�ç�é�Ô�Ö�Ú�ç(Ö�Ù�×FÚ�Õ�ÖFéáàRÖ$Õ�Ù�ó�óAã�×�Ö�ÛyÔ�äxö
äºÚ
×FÚ
ê;ÖFÔÉà|Ö�Ú�ÛÇÕ�Ú
×Fæ�ÔÉç
Ú�Õ«Ö�é�Ú�×�Ú�Ø�ÜÂÚ
êáà�Ø�âÉÔ�ê�ë�ó�×FÚ(äºÚ�×�Ú�ê;Ö�Ô©à|â&Ö�×FÚ�à|Ö�Ý@Ú
ê;ÖJÖFã�Õ�ã�Ý@Ú�ç
âÉàwÕ�Õ�Ú�Õ¨Õ�Ú
×Fæ;Ô©ç(ÚOÕ+� ��Þ-,�.�Þ/,
01
=í�ñ¿é�Ú¤Ý¤à|ÔÉê
ç(ãwÝ@ó7ãwê�Ú
ê;ÖFÕªã|äeà«òÃÚ
Ø�Õ�Ú
×Fæ�Ú�×3à|×�ç�é�Ô�ÖFÚ�ç(Ö�Ù�×FÚ)à|Ø�âÉÚ¿Ö�ã	Õ�Ù�ó�óAã�×�Ö�ÛyÔ�þAÚ�×�Ú�êwÖFÔÉà|Ö�ÚOÛ�Õ�Ú
×Fæ�ÔÉç
Ú�Õ&ÔÉêáç(âÉÙáÛyÚ�à��
�32RÑFÑ4% 56�72	�8%�Î	9�Ý@Ú�ç�é�ö
à|êáÔÉÕ�Ý Ö�ã�àwÕ�Õ�Ô�ëwê�ÛyÔ�þAÚ�×�Ú�êwÖ«Ñ
Ë(Ï4:�%;��Ë����<2ZÑ�Ñ
ËsÑ3ÖFã	Ô�ê7ç(ã�Ý@ÔÉê�ë�×FÚ�ú;Ù�ÚOÕ]Ö�Õ
Þ;à|ê=2wÐ1>?%©Ñ�Ñ�%�Î	9=��Î19@�CÏ�Î	�|óAã�âÉÔÉç
Ü�ÖFã�ÛyÚOç(Ô©ÛyÚ.é�ãR÷ à�êáÛ
÷)é�Ú�ê¤Ö�ã	×FÚ!*]ÚOçsÖ�×FÚ�ú;Ù�ÚOÕ]Ö�Õ�àwç
ç(ãw×FÛ�Ô�ê�ë¨ÖFãJÖ�éáÚ«Õ�Ú
×Fæ;Ô©ç(Ú�ç
âÉàwÕ�ÕªÖ�é�Ú�Ü�ØAÚ
âÉã�êáë	Ö�ã7Þ;à�Ï�Ë�A��áË(Ñ4�HÑ
��)�Ë�Ð1����%'9CB.ó7ãwâ�Ô©ç(Ü�Ö�éáà|Ö~ÛyÚOç(Ô©ÛyÚ�Õ
Ö�éáÚ$ã�×�ÛyÚ�×�ÔÉê ÷)é�Ô©ç�é?×FÚ�ú;Ù�Ú�ÕlÖFÕ�Õléáã�Ù�â©ÛMØAÚ'Õ�Ú
×Fæ�Ú�Û2Þ&à�êáÛ?à Ï�ËsÑ
Î	�yÏD��Ë�Ñ
��)�Ë�Ð1����%'9CB'ó7ãwâ�Ô©ç(ÜÃÖFãÅà�ÕFÕ�Ô�ëwê?ÕlÚ�×�æwÚ
×	×FÚ�Õ�ã�Ù�×�ç(ÚOÕ
Ö�ã�ÛyÔ�þAÚ�×�Ú�ê;Ö¨Õ�Ú
×Fæ�ÔÉç
Ú�ç(â©à�ÕFÕ�Ú�Õ�í�E.ÛyÝ@Ô©Õ�Õ�Ô�ãwêÅç
ã�ê;Ö�×Fã�â�éáà�ÕiØAÚ
Ú�êÅà|â©Õ�ã$ó�×Fã�óAãwÕ�Ú�ÛÂàwÕ¨à��á×�ÕlÖiùwÚ
Ü�Ý@Ú�ç�éáà�ê�ÔÉÕ�Ý Ö�ã¢ó�×FÚ
æwÚ
ê;Ö
óAÚ
×�äºã�×FÝ@à�êáç(ÚJÛyÚ�ë�×�à�Û�à|Ö�ÔÉã�ê�ã�ä�òÃÚ
Ø�Õ�Ú
×Fæ�ÔÉç
Ú�ÕF� G	
9í

ñ¿é�ÚJÕ�Ú�ç(ãwêáÛ'ù�Ú
Ü$Ý�ÚOç�éáà|êáÔÉÕ�Ý Ö�é7àRÖ�éáàwÕ)ÕlÔÉë�ê�Ô3�7ç�à|ê;Ö�âÉÜ¤Ô�Ý@ó�×FãRæ�ÚOÛ�ß«ã�å¤ÔÉê�òÅÚ�Ø�Õ�Ú
×Fæ�Ú�×FÕ~Ô©Õ~Ö�é�Ú	ç
ã�êáç
Ú
óyÖ�ã�äIHáË(ÏKJ(Î|Ï4L
>M219N��Ë�%©Ñ
Î1�32	�8%�Î	9áí¿ñ¿é�ÔÉÕ�Ú
êáÕ�Ù�×FÚ�Õ¿ÖFéáàRÖ�ÚOà�ç�é�ÕlÚ�×�æ�Ô©ç(ÚJç(â©à�ÕFÕ¿×�ÚOç(Ú�Ô�æwÚ�Õ)à¤ç(Ú�×lÖ�à|ÔÉê¢Õ�éáà�×�Ú¨ã|ä3Õ�Ú
×Fæ�Ú
×¿×FÚ�Õ�ã�Ù�×�ç(ÚOÕF�ºÔ9í Úwí�Þ�O~ì�õ	Þ
Ý@Ú
Ý@ã�×FÜ�Þ7ÛyÔÉÕ�ù Þ�ê�Ú
Ö]÷Uãw×�ù�Ø7à|êáÛy÷)Ô©Û�ÖFé@ �� P�
9í6E�êÂà�â�ëwã�×FÔ�ÖFé�Ý Ö�é7àRÖ.ç(ãwÝ�Ø�ÔÉê�Ú	ç
âÉàwÕ�Õ�Ô��Aç
àRÖFÔ�ãwê¢à�êáÛ¢ó7Ú�×läºãw×�Ý¤à�êáç(Ú¨Ô©ÕlãwâÉà|Ö�ÔÉã�ê
Ý@Ú�ç�éáà�ê�Ô©ÕlÝ¤Õ¿éáàwÕ¿Ø7Ú�Ú
ê�×�ÚOç(Ú�êwÖFâ�Ü$ó�×�ãwó7ã;ÕlÚOÛ�ÔÉêQ��,�R�
9í

ñHãÂÝ@Ú
Ú(Ö�Ö�é�Ú�ß«ã;åÅÚ(ýyóAÚ�ç(Ö�Ú�Û?Ø;ÜÇÛyÔ�þAÚ�×�Ú�ê;Ö�ç(â©à�ÕFÕ�Ú�ÕJã�ä.ÕlÚ�×�æ�Ô©ç(Ú�Õ�ÞHÖ�é�Ú'Ý�ã;Õ]Ö�Ô�ê�æ�ÚOÕ]ÖFÔ�ë;àRÖFÚ�ÛÇÕlãwâ�Ù�Ö�ÔÉã�êáÕ�×�ÚOúwÙáÔ�×FÚ¤Ö�éáÚ
ÔÉêwÖF×�ãyÛyÙ7çsÖ�ÔÉã�ê@ã�ä êáÚ
÷üó�×FÔ�ãw×�Ô�Ö]Ü�ÕFç�é�Ú�ÛyÙáâ�ÔÉê�ë�ÛyÔ©ÕFç(ÔÉó�â�ÔÉê�ÚOÕ�� ��ÞS,�.�ÞS,#01
7àRÖ�Ö�é�Ú�òÃÚ
Ø�Õ�Ú
×Fæ�Ú�×3â�Ú�æ�Ú�âCíT�^ê@Ö�é�Ô©Õªó7à|óAÚ
×OÞw÷~Ú�Õ]ÖFÙáÛyÜ
Õ�ã�Ý@Ú�Ý@Ú�ç�éáà�ê�Ô©ÕlÝ¤Õ3äºãw×Uà�ß«ã�å;ö=Ú
êáà�Ø�â�ÚOÛ�òÅÚ�Ø'ç(âÉÙáÕlÖ�Ú�×�Ø�Ü�àwçsÖFÔ�ê�ë�ã�ê@Ö�éáÚ.×FÚ�ú;Ù�Ú�ÕlÖFÕUÛyÔ©Õlóáà|ÖFç�é�ÔÉê�ë	óAã�âÉÔ©ç(Ü¤ç
à�×�×FÔ�ÚOÛ�ã�ÙyÖ�Ø�Ü
Ö�éáÚ	òÅÚ�Ø�Õ�÷)Ô�Ö�ç�éÂà|êáÛ�Ú�æZà�â�Ù7àRÖ�Ú¨ÖFé�Ú
ÔÉ×.ÔÉÝ@óáà�ç(Ö.ã�ê�Ù7ÕlÚ�×�×�ÚOÕlóAã�ê7ÕlÚ¨ÖFÔ�Ý@Ú�í)òÃÚ�à�âÉÕ�ã¤Ô�ê�æwÚ�ÕlÖ�ÔÉëwàRÖFÚ¨Ö�é�Ú�ç(ã�Ý�Ø�ÔÉêáàRÖFÔ�ãwê�ã|ä3à
ó�×FÔ�ãw×�Ô�Ö]Ü;ö9Ø7à�Õ�Ú�Û�Õ�Ú
×Fæ�Ú�×¿ÕFç�é�ÚOÛyÙ�âÉÔ�ê�ë¤ÛyÔ©ÕFç(ÔÉó�â�ÔÉê�ÚJ÷)Ô�Ö�é�òÃÚ
Ø�Õl÷)Ô�ÖFç�é�ÛyÔ©Õ�óáàRÖ�ç�é�Ô�êáë�óAã�âÉÔ©ç(ÔÉÚ�Õ�í

ñ¿é�ÚJ×FÚ
Ý¤à|ÔÉêáÛyÚ�×�ã|ä�Ö�éáÚ	óáà|óAÚ
×.ÔÉÕ)ãw×�ë;à|ê�ÔÉô
ÚOÛ'àwÕ¿äºã�âÉâÉãR÷�Õ
íU�^ê�å�Ú�ç(Ö�ÔÉã�êV.yÞ�÷~Ú	ãwÙyÖ�âÉÔ�êáÚ¨Ö�é�ÚJÖ]Ü�ó�Ô©ç
à�â¡à|×�ç�é�Ô�Ö�ÚOçsÖ�Ùá×�Ú¨äºãw×
à'òÅÚ�ØÃç
â�ÙáÕlÖ�Ú�×�í��^êÃå�ÚOçsÖ�ÔÉã�êWP�Þe÷~Ú�ó�×�ãwó7ã;ÕlÚ�ÕlãwÝ@Ú�ëwâ�ãwØáà|â&ÛyÔ©Õlóáà|ÖFç�é�ÔÉê�ë¢à|âÉë�ã�×FÔ�Ö�é�Ý¤Õ.äºã�×iÖ�é�Ú@òÃÚ
ØÇÕl÷)Ô�ÖFç�é�Ö�éáà|Ö¨ÖFà|ùwÚ
ÔÉêwÖFã'àwç
ç(ãwÙ�ê;Ö«ÙáÕ�Ú
×¨ÛyÔ�þAÚ�×�Ú�ê;Ö�Ô©àRÖ�ÔÉã�êÃà|êáÛ�ÕlÚ�×�æ�Ô©ç(Ú�âÉÚ
æwÚ
â�ó�×FãRæ;Ô©Õ�Ô�ãwê2íX�^êÇå�Ú�ç(Ö�ÔÉã�êY07Þ ÷UÚ�ã�ÙyÖFâ�ÔÉê�Ú�Ö�é�Ú@ÕlÔÉÝ�ÙáâÉà|Ö�ÔÉã�êÂÝ@ãyÛyÚ
â
à|ê7Û'ÛyÔ©ÕFç(ÙáÕFÕ)Ú(ýyóAÚ
×FÔ�Ý@Ú�êwÖ�à|âe×FÚ�Õ�Ù�â�ÖFÕ�íT�^êÂå�ÚOçsÖFÔ�ãwêZ��Þ�÷UÚJÕ�Ù�Ý@Ý¤à|×FÔ�ô�Ú«ÖFé�ÚJÝ¤à|ÔÉê¢ç
ã�êáç
â�Ù7ÕlÔÉã�êáÕ¿ã�ä¡ÖFé�ÔÉÕ�óáà|óAÚ
×Oí

[ � �����3
7\A����ð�� + �.-,�H�$�¡���.���

òÃÚ
Ø Õ�Ü�ÕlÖ�Ú�Ý¤Õ¤÷)Ô�ÖFé Ý�Ù�â�Ö�ÔÉó�âÉÚÂê�ãyÛyÚOÕ�à|×FÚ�â�ÚOà�ÛyÔÉê�ë?à|×�ç�é�Ô�Ö�ÚOçsÖ�Ùá×�ÚOÕ�äºã�×�Ø�ÙáÔ�â©ÛyÔÉê�ëMó7ãwó�Ù�â©à|×�òÃÚ
Ø Õ�Ô�Ö�Ú�Õ¤Ö�éáà|Ö$éáàZæ�Ú¢ÖFã
ë�Ù7à|×�à|ê;Ö�Ú�Ú	Õ�ç�à|â©à|Ø�âÉÚ�Õ�Ú
×Fæ�ÔÉç
Ú�Õ.à�êáÛÂÕ�Ù�ó�óAã�×�Ö«Ú�æ�Ú
×«Ô�ê7ç(×FÚ�à�Õ�ÔÉê�ë�×FÚ�ú;Ù�Ú�ÕlÖ«âÉãwàwÛeí«ñ¿éáÚ�ç(ãwê;Ö�ÔÉê;Ùáã�ÙáÕ�â�Ü�ëw×�ãR÷)ÔÉê�ë¤ÔÉêwÖFÚ
×FÚ�ÕlÖ«ÔÉê
ÛyÔ©Õ]ÖF×�ÔÉØ�ÙyÖFÚ�Û�òÃÚ
Ø�à|×�ç�é�Ô�Ö�ÚOçsÖ�Ùá×�ÚOÕHÔ©Õ3×FÚ
æwÚ�à|âÉÚ�Û�Ø�Ü	Ö�éáÚ�ç(ã�ê7ÕlÔ©ÛyÚ
×�à|Øáâ�Ú~ê�Ù�Ý�ØAÚ
×ªã�äAàwç
à�Û�Ú
Ý@ÔÉç¿à�êáÛ@ç(ã�Ý@Ý@Ú
×�ç(Ô©à|âyóá×�ãwó7ã;Õ�à�âÉÕ�í
�^ê�ÖFé�ÔÉÕ«óáà�ó7Ú�×�Þ7÷UÚJäºãyç
ÙáÕ.ãwê�â�ãyç�à|âÉâ�Ü�ÛyÔ©Õ]ÖF×�ÔÉØ�ÙyÖFÚ�Û�òÃÚ
Ø�Õ�ÜyÕ]ÖFÚ
Ý¤Õ�Þ7êáà�Ý@Ú
âÉÜ]��Ë#�M�
�^��Ñ4�^Ë(Ï�ÑsÞ7Ö�éáà|Ö.éáàZæ�Ú�Ø7Ú�Ú
ê�ç
âÉàwÕ�Õ�Ô��7Ú�Û
ÔÉê_�a`�Þb,#P�
=í�E òÃÚ
ØÇç(âÉÙáÕlÖ�Ú�×«×FÚ(äºÚ�×FÕ.Ö�ã¢à$òÃÚ
ØÃÕlÔ�Ö�Ú�Ö�éáà|ÖiÙ7ÕlÚOÕ�Ö]÷~ã$ãw×«Ý@ã�×FÚ�Õ�Ú
×Fæ�Ú�×.Ý¤à�ç�éáÔ�ê�ÚOÕ.éáã�ÙáÕ�Ú�ÛÂÖ�ã�ëwÚ(ÖFé�Ú
×«Ô�êÃà
Õ�Ô�ê�ëwâ�Ú�â�ãyç
à|Ö�ÔÉã�ê�ÖFã$éáà�êáÛyâÉÚ�ÙáÕ�Ú
×«×�ÚOúwÙáÚ�ÕlÖFÕ�í�E�â�Ö�é�ãwÙ�ë�é�à�âÉà�×�ëwÚ	ç(âÉÙáÕ]ÖFÚ
×iÝ¤àZÜ¢ç
ã�êáÕ�ÔÉÕlÖ.ã�ä�Ûyã�ô�Ú
êáÕ.ã|ä3òÅÚ�ØÅÕ�Ú
×Fæ�Ú�×FÕ)à�êáÛ
Øáàwç�ùwö=Ú
ê7Û�Õ�Ú
×Fæ�Ú
×�Õ�ÞAÔ�ÖJÔÉÕ¨óáÙ�Ø�âÉÔÉç
Ô�ô�Ú�ÛÅ÷)Ô�ÖFéÅãwê�Ú¤ÕlÔ�Ö�Ú@êáà�Ý�Ú�Ö�ã�ó�×FãRæ�ÔÉÛ�Ú�à�ÕlÔÉê�ëwâ�Ú�Ô�ê;ÖFÚ
×�ä�à�ç(Ú�Ö�ã�ÙáÕ�Ú
×�Õ�í�ñHã¢ç
ã�ê;Ö�×Fã�â�Ö�éáÚ
Ö�ã�ÖFà�â�Ô�Ö]Ü'ã�ä&Ö�é�Ú	×FÚ�ú;Ù�ÚOÕ]Ö�Õ�×FÚ�àwç�é�Ô�êáë�ÖFé�Ú�Õ�Ô�Ö�Ú�à�êáÛ¢Ö�ã�Ý¤àwÕlù$Ö�é�Ú�ÕlÚ�×�æ�Ô©ç(Ú	ÛyÔ©Õ]ÖF×�ÔÉØ�ÙyÖFÔ�ãwêÂà|Ý@ã�êáë¤Ý�Ù�â�Ö�ÔÉó�âÉÚ�Õ�Ú
×Fæ�Ú
×�Õ�Þ�òÅÚ�Ø
ç(âÉÙáÕlÖ�Ú�×FÕ�ó�×�ãRæ�Ô©ÛyÚ�à�Õ�Ô�ê�ëwâ�Ú$æ;ÔÉ×�Ö�Ùáà�â/�]ì àwÛ�Ûy×FÚ�ÕFÕ��	cedDf& JÖ�éáà|Ö�ç(ãw×�×FÚ�Õ�ó7ãwêáÛ�ÕiÖFãÂÖ�éáÚ$à�Û�Û�×�ÚOÕ�ÕJã�ä�àg��Ë��$ÑsÍ&%'�h��)�í�ñ¿éáÚ



à|Ù�Ö�é�ãw×�Ô�ÖFà|Ö�ÔÉæ�Ú�Óji«å¤Õ�Ú
×Fæ�Ú�×3äºã�×�Ö�é�Ú�òÃÚ
Ø'ÕlÔ�Ö�Ú)ÖF×Fà�êáÕ�âÉà|Ö�Ú�ÕªÖ�é�Ú«ÕlÔ�Ö�Ú«êáà|Ý@Ú�ÔÉê;Ö�ãJÖFé�ÚX�]ìMàwÛ�Ûy×FÚ�ÕFÕ3ã|äeÖFé�Ú�òÃÚ
Ø$Õ�÷)Ô�Ö�ç�é2íb�^ê
Õ�Ùáç�é�à@÷~àZÜwÞ�Ö�é�Ú	òÃÚ
Ø�Õ�÷)Ô�Ö�ç�éÂà�ç(ÖFÕ)à�Õ.à¤ç(Ú
ê;ÖF×Fà�â�ÔÉô
ÚOÛ$ëwâ�ãwØáà|â2ÛyÔ©Õ�óáàRÖ�ç�é�Ú
×¿ÖFéáàRÖ.×FÚ�ç
Ú
ÔÉæ�ÚOÕ~Ö�é�Ú¨ÖFã|ÖFà�â�Ô�Ö]Ü$ã�äHÖFé�Ú	×FÚ�ú;Ù�ÚOÕ]Ö�Õ
à|ê7Û$×Fã�ÙyÖFÚ�Õ~ÖFé�Ú
Ý�à|Ý@ã�ê�ë�ÖFé�Ú	ÕlÚ�×�æwÚ
×�Õ�ã�äHÖFé�Ú	ç(âÉÙáÕlÖ�Ú�×�í

òÃÚ
Ø�ç
â�ÙáÕlÖ�Ú�×FÕHç
à�êJó�×�ãRæ�Ô©ÛyÚb�áê�Ú
ö9ëw×Fà�Ô�êáÚ�Û¨ç(ãwêwÖF×�ãwâ�ãwêJ×�ÚOúwÙáÚ�ÕlÖHà�ÕFÕlÔÉë�êáÝ�Ú�ê;Ö�ÞOé�Ô�ëwé	àZæRà|ÔÉâÉà�Ø�Ô�âÉÔ�Ö]Üià�êáÛ¨ë�ã�ãyÛJÕ�ç�à|â©à|Ø�ÔÉâÉÔ�Ö]Üwí
ñ¿é�Ú�à�×Fç�é�Ô�Ö�ÚOçsÖFÙ�×�Ú)à�â�ÖFÚ
×FêáàRÖFÔ�æwÚ�Õ3ç
à�ê�ØAÚ�Ø�×FãwàwÛyâÉÜ�ç(â©à�ÕFÕlÔ3�áÚOÛ�àwç
ç(ãw×FÛ�Ô�ê�ë«Ö�ã¨ÖFé�Újk¨ål�Hó�×Fã|Ö�ãyç
ã�â�ÕlÖFà�ç�ù�âÉàZÜwÚ
×ªàRÖª÷)éáÔÉç�é�Ö�éáÚ
òÃÚ
Ø'Õ�÷)Ô�ÖFç�é�ãwó7Ú�×Fà|Ö�Ú�Õ�Ö�éáÚ.×FÚ�ú;Ù�Ú�ÕlÖ~àwÕ�Õ�ÔÉë�ê�Ý@Ú
ê;ÖOÞ�ÖFéáàRÖ¿ÔÉÕ�Þe�32RÌ�Ë
Ï4LKm@à|êáÛV�32RÌ�Ë
Ï4L4n¿òÅÚ�Ø'Õ�÷)Ô�Ö�ç�é�Ú�Õ�í�ñ¿éáÚ«Ý¤à|ÔÉê$ÛyÔ�þ Ú
×FÚ
êáç
Ú
Ô©Õ)Ö�éáÚ�ù�Ô�ê7Û�ã|ä3ÔÉêyäºã�×FÝ¤àRÖ�ÔÉã�êÂàZæRà�Ô�â©à|Ø�âÉÚJÖFã¤Ö�é�Ú�òÅÚ�Ø�Õ�÷)Ô�Ö�ç�é�Ö�ã$óAÚ
×�äºã�×FÝ à�ÕFÕlÔÉë�ê�Ý@Ú�êwÖ.à�êáÛ�×Fã�ÙyÖFÔ�ê�ë'ÛyÚ�ç
ÔÉÕ�Ô�ãwêo��,�P�
=í��^ê
Ö�éáÔÉÕ«óáà|óAÚ
×OÞá÷~ÚJäºãyç(Ù7Õ�ã�ê�òÃÚ
ØÅÕl÷)Ô�ÖFç�é�ÚOÕ�ãwó7Ú�×Fà|Ö�ÔÉê�ë�àRÖiâÉàZÜwÚ
×�öp0�Ö�éáà|Ö«Ô©Õ
Þ àRÖiñXO~ì6q��]ìüâÉÚ
æwÚ
â9í)ñ¿é�Ú
×FÚ(äºãw×�ÚwÞ�Ö�éáÚ	Ö]Ü�ó7Ú�ã|ä
ÔÉêyäºã�×FÝ¤àRÖ�ÔÉã�ê�×FÚ
ë;à|×�ÛyÔ�êáë�ÖFé�Ú�ç
â�ÔÉÚ
ê;Ö.Ô©Õ�âÉÔÉÝ�Ô�Ö�ÚOÛ¢Ö�ã¤ÖFéáàRÖ¨ç(ãwêwÖ�à|ÔÉê�Ú�Û¢ÔÉêÂñXO~ì6q1�]ìüóáà�ç�ùwÚ(ÖFÕ~ÖFéáàRÖiÔÉÕ�ÞS�]ì Õ�ã�Ùá×Fç
Ú	à�Û�Ûy×FÚ�ÕFÕ�Þ
ñXO~ì�óAã�×�ÖHê�Ù�Ý�Ø7Ú�×FÕ�Þ|åCrjiFq1�T�!iQs7à�ëwÕ¡Ô�êJÖFé�ÚUñXO~ì�é�Ú�àwÛyÚ
×OíHå�ÔÉêáç
Ú�óáàwç�ù�Ú(Ö�Õ2óAÚ
×�ÖFà�Ô�ê�ÔÉê�ë)ÖFã�ÖFé�ÚUÕFà|Ý@Ú�ñXO~ìÅç(ã�êáê�Ú�ç(Ö�ÔÉã�ê
Ý�Ù7Õ]Ö¿Ø7ÚJàwÕ�Õ�Ô�ëwê�Ú�Û¤Ö�ã�Ö�é�Ú¨Õ�à�Ý@Ú«òÃÚ
Ø�ÕlÚ�×�æwÚ
×Uê�ãyÛyÚ�Þ;Ö�éáÚ¨ç
â�ÔÉÚ
ê;Ö)à�ÕFÕlÔÉë�êáÝ�Ú�ê;ÖUÔ©ÕUÝ¤à�êáà|ëwÚ�Û�à|Ö¿ñXO~ìÁÕlÚOÕ�Õ�ÔÉã�ê�âÉÚ
æwÚ
â9í&ñ¿éáÚ
òÃÚ
Ø¤Õl÷)Ô�ÖFç�é�Ý¤à|ÔÉêwÖ�à|ÔÉêáÕ3à«Ø�Ô�ê7ÛyÔ�êáë¨ÖFà|Øáâ�Ú~Ö�ãJàwÕ�Õ�ãyç(Ô©àRÖ�ÚUÚ�àwç�é�ç(âÉÔÉÚ
ê;ÖªñXO~ìÃÕ�Ú�ÕFÕ�Ô�ãwê�÷)Ô�Ö�é�Ö�é�Ú¿Ö�à|×Fë�Ú(Ö3Õ�Ú
×Fæ�Ú
×Oí¡ñ¿é�Ú)Õ�÷)Ô�Ö�ç�é
Ú(ý�à�Ý�ÔÉê�ÚOÕ�ÖFé�Ú�é�ÚOà�ÛyÚ�×«ã�äªÚ�àwç�éÂÔ�ê�ØAã�Ù�ê7Û�óáà�ç�ùwÚ(Ö¨à|êáÛ�ãwê�Ö�éáÚ�ØáàwÕlÔ©Õ�ã�äªÖ�éáÚ�Ø�Ô�ÖFÕiÔÉêÂÖ�éáÚ�s7à�ë��áÚ�âÉÛÅÛyÚ(ÖFÚ
×FÝ�ÔÉê�ÚOÕ.Ô�äªÖ�éáÚ
óáàwç�ù�Ú(Ö)óAÚ
×�ÖFà�Ô�êáÕ~ÖFã¤à@ê�Ú
÷�ã�×�à|ê¢Ú(ýyÔ©Õ]ÖFÔ�êáë@ç
ã�ê�êáÚ�çsÖFÔ�ãwê2í

è¡àZÜwÚ
×�öp0JòÃÚ
Ø�Õ�÷)Ô�Ö�ç�é�Ú�Õ¿ç
à�ê�ØAÚ«äºÙá×lÖFé�Ú
×)ç(â©à�ÕFÕ�Ô��áÚOÛ�ãwê�Ö�éáÚ«ØáàwÕlÔ©Õ~ã|ä2ÖFé�Ú¨Ý@Ú�ç�éáà�ê�ÔÉÕ�Ý ÙáÕ�Ú�Û$Ø;Ü@ÖFé�ÚiòÅÚ�Ø¢Õ�÷)Ô�Ö�ç�é�ÖFã
×Fã�ÙyÖFÚ«ÔÉê�Ø7ãwÙ�êáÛ'óáà�ç�ùwÚ(ÖFÕUÖFã�ÖFé�ÚiÖFà�×�ëwÚ(Ö)ÕlÚ�×�æwÚ
×¿à|êáÛ$Ö�é�Ú¨óáàwç�ù�Ú
Ö~÷¿àZÜ¤Ø7Ú
Ö]÷UÚ�Ú
ê$Ö�é�Ú	ç
â�ÔÉÚ
ê;Ö�à|êáÛ'ÕlÚ�×�æwÚ
×Oít�^ê'Ö�éáÔÉÕ¿óáà�ó7Ú�×�Þ
÷~Ú«ç(ãwêáÕ�ÔÉÛyÚ�×Uà�ã�ê�Ú
ö9÷¿àZÜ�à�×Fç�é�Ô�Ö�ÚOçsÖFÙ�×�Ú«÷)é�Ú
×FÚ)ÖFé�Ú«×Fã�Ù�Ö�ÔÉê�ë	ÖFã	Ö�éáÚ.Ö�à|×Fë�Ú(Ö~ÕlÚ�×�æwÚ
×�Ô©Õ~à�ç
ç
ã�Ý@ó�âÉÔÉÕ�é�ÚOÛ@Ø;Ü�äºãw×�÷¿à|×�ÛyÔÉê�ëJÖ�éáÚ
óáàwç�ù�Ú(Ö�àRÖ&�VEXOÅâ�Ú�æ�Ú�â;à�êáÛJã�êáâ�Ü¨ÔÉê;ØAã�ÙáêáÛ	óáàwç�ù�Ú
ÖFÕ�s7ãR÷ÇÖ�é�×Fã�Ù�ëwé¨Ö�é�Ú~òÃÚ
Ø�Õ�÷)Ô�ÖFç�éu� v1
=íHñ¿é�Ô©Õ&à|×�ç�é�Ô�Ö�Ú�ç(Ö�Ù�×FÚª×FÚ�ÛyÙ7ç(Ú�Õ¡Ö�éáÚ
ÛyÚ�âÉàZÜ@ÔÉêwÖF×�ãyÛyÙ7ç(Ú�Û$Ø�Ü@Ö�é�Ú¨Õl÷)Ô�ÖFç�é'Ô�ê'Ö�éáÚiÛyÔ©Õ�óáàRÖ�ç�é�Ô�êáë�ó�×Fãyç(ÚOÕ�ÕUà|êáÛ$ó�×�Ú�æ�Ú�êwÖ~Ö�éáÚ«Ø�×FÔ©Ûyë�ÚC��Õ� 3ÖFã�ÖFé�Ú«Ú
ý�Ö�Ú
×Fêáà�â7ê�Ú
Ö]÷Uãw×�ù
Ö�ã$Ø7ÚOç(ã�Ý@Ú�à¤ó7ã�Ö�Ú�êwÖFÔÉà�âHØAã|Ö�Ö�âÉÚ
ê�ÚOç�ù$äºãw×�ÖFé�Ú�òÃÚ
Ø�ç
â�Ù7Õ]ÖFÚ
×�ÖFé�×Fã�Ù�ëwé�ó�ÙyÖOíX��Ô�ëwÙ�×�Úu,�ÕléáãR÷�Õ)Ö�éáÚ�Ý¤à|ÔÉêÂç(ãwÝ�óAã�êáÚ
ê;ÖFÕ.ã|ä
Ö�éáÚJòÅÚ�ØÂç(âÉÙáÕ]ÖFÚ
×.à�×Fç�éáÔ�ÖFÚ�çsÖFÙ�×FÚi÷~ÚJç(ãwêáÕlÔ©ÛyÚ�×)Ô�ê�ÖFé�ÔÉÕ�óáà|óAÚ
×Oí/��Ù�â�Ö�ÔÉó�âÉÚ	òÃÚ
ØÂÕ�Ú
×Fæ�Ú
×�Õ~Ý¤à|êáà�ë�ÚJÕ]Ö�àRÖFÔÉç¨×FÚ�ú;Ù�ÚOÕ]Ö�Õ
Þy÷)é�ÔÉâÉÚ
Øáàwç�ùwö=Ú
ê7Û�Õ�Ú
×Fæ�Ú
×�Õ.à�×�Ú@ÛyÚOÛyÔÉç�àRÖFÚ�Û�ÖFã�ÛyÜ�êáà|Ý@Ô©ç�×FÚ�ú;Ù�ÚOÕ]Ö�Õ
í�ñ¿éáÚ�ß«ã�åÂàwÛyÝ@ÔÉÕFÕlÔÉã�êÃç(ãwêwÖF×�ãwâHÝ@ÚOç�éáà|ê�Ô©Õ�Ý¢ÞeÔ�äUóá×�ÚOÕlÚ�êwÖOÞeÔÉÕ
ÔÉêwÖFÚ
ëw×Fà|Ö�Ú�Û'ÔÉêwÖFã�Ö�é�ÚJòÃÚ
Ø�Õ�÷)Ô�Ö�ç�é2í

NetworkAreaLocal

W
ide A

rea N
etw

ork

Client requests

Admitted requests

Dropped request

Back-end 1 Back-end 2

Web switch

Web server 2 Web server 3 Web server N

Back-end N

Web server 1

��ÔÉë�Ù�×FÚ+,�Ò3òÃÚ
Ø�ç(âÉÙáÕlÖ�Ú�×�à|×�ç�é�Ô�ÖFÚ�ç(Ö�Ù�×FÚ�í

w + �.-,�tx�
��&��� ðÂ

�Ty��i�&����

�Zz{yÅ���


��
(���

�^êÃÖ�é�Ô©ÕJÕ�Ú�çsÖFÔ�ãwê2Þ¡÷~Ú@×�Ú�æ�Ô�Ú�÷ Ö�×�à�Û�Ô�ÖFÔ�ãwêáà|â3ÛyÔ©Õló7àRÖFç�éáÔ�ê�ë�à�â�ëwã�×FÔ�ÖFé�Ý¤Õ.ÖFéáàRÖ�à�×�Ú@ç(Ùá×�×FÚ
ê;Ö�âÉÜÂÙáÕ�Ú�ÛÅØ�ÜÂÝ@ãwÕlÖ	âÉàZÜwÚ
×�öp0'òÅÚ�Ø
Õ�÷)Ô�Ö�ç�é�Ú�Õ�à�êáÛ¢ó�×Fã�óAãwÕ�ÚJê�Ú
÷ ÛyÔ©Õlóáà|ÖFç�é�ÔÉê�ë¤óAã�âÉÔÉç
Ô�ÚOÕ)÷)Ô�Ö�é�Ö�éáÚ	ë�ã;à|âeã|ä3ó�×FãRæ�ÔÉÛ�Ô�ê�ë$ß«ã�å�ÔÉê�Ö�Ú�×�Ý�ã|ä&×�ÚOÕlóAã�ê7ÕlÚJâ©àRÖFÚ
êáç
Ô�ÚOÕ
Ø�Ü¢ÖFà|ù�ÔÉê�ë�ÔÉê;Ö�ã$àwç
ç(ãwÙ�ê;Ö«Õ�ã�Ý@Ú	ó�×FÔ�ãw×�Ô�Ö]Ü¢×�Ú�âÉà|Ö�Ú�Û�ÔÉêyäºãw×�Ý¤àRÖFÔ�ãwê2í�òÃÚ�×FÚ(äºÚ�×�Ö�ã$Ö�é�Ú��á×�Õ]Ö¨ç(â©à�ÕFÕ)ã|ä�ÛyÔ©Õ�óáàRÖ�ç�é�Ô�êáë�ó7ãwâ�Ô©ç(ÔÉÚ�Õ
à�Õ?|�Î�}NL~����%'9AÐRÞá÷)é�Ô�âÉÚiÖ�é�ÚJâ©àRÖ�Ö�Ú�×~Ô©Õ)ç
à�â�âÉÚ�Û_|�Î�}NL~2RÍ/2RÏFË(í�å�ÔÉêáç
ÚiÚOà�ç�é'òÅÚ�Ø�Õ�Ú
×Fæ�Ú�×UÔÉê'Ö�é�Ú	ç
â�ÙáÕlÖ�Ú�×)ç
à|ê¢ØAÚiÚ�ê�éáà�êáç(ÚOÛ�ÖFã



Õ�Ù�ó�óAã�×�Ö	ß«ã�å�Ø�ÜÂà�ç(Ö�ÔÉê�ë$ãwê�ÖFé�Ú�Õ�Ú
×Fæ�Ú�×«×FÚ�Õ�ã�Ùá×Fç
Ú�Õ.ÕFç�é�ÚOÛyÙ�âÉÔ�ê�ë7Þe÷UÚ@à|â©Õ�ã$Ú(ýyó�âÉã�×FÚ	ÖFé�Ú¤ç(ãwÝ�Ø�ÔÉêáàRÖFÔ�ãwêÂã|äUòÅÚ�ØÃÕ�÷)Ô�Ö�ç�é
ÛyÔ©Õló7àRÖFç�éáÔ�ê�ë�óAã�âÉÔ©ç(ÔÉÚ�Õ	÷)Ô�Ö�é?àÃß«ã;å;ö=Ú
êáà�Ø�âÉÚ�ÛÅòÅÚ�Ø ÕlÚ�×�æwÚ
×Oí��^êÇÖ�éáÚ�äºã�âÉâÉãR÷)Ô�ê�ë7Þ¡÷~Ú�×FÚ(äºÚ
×	Ö�ãÇÑ
Ë(Ï4:�%;��Ë����<2ZÑ�Ñ«ÖFã�ÛyÚ�ê�ã|ÖFÚ
Ö�éáÚ	ÛyÔ�þ Ú
×FÚ
ê;ÖFÔÉà|Ö�ÔÉã�ê�ã|ä&Ô�ê7ç(ã�Ý@ÔÉê�ë@×�ÚOú;Ù�Ú�ÕlÖFÕ¿ÔÉê;Ö�ã¤ç(â©à�ÕFÕlÚOÕ
íªñ¿éáÚJó�×�ãwó7ã;ÕlÚOÛ�óAã�âÉÔÉç
Ô�ÚOÕ)ã|þ Ú
×�Õ�Ù�ó�óAã�×�Ö)Ö�ã¤Ý�Ù�â�Ö�ÔÉó�â�Ú	Õ�Ú
×Fæ�ÔÉç
Ú
ç(â©à�ÕFÕ�Ú�Õ�íüå�óAÚ�ç
Ô��Aç
à|âÉâÉÜ�Þ~Ô�êKÖ�é�Ô©Õ¤óáà�ó7Ú�×¤÷UÚ�ç
ã�êáÕ�ÔÉÛ�Ú
×OÞ�÷)Ô�Ö�é�ãwÙyÖ�â�ã;Õ�Õ�ã�äiëwÚ
ê�Ú�×Fà�â�Ô�Ö]Ü�Þ3ÖFé�×FÚ
Ú�ç(â©à�ÕFÕlÚOÕ�ã|äiÕ�Ú
×Fæ�ÔÉç
Ú�â�Ú�æ�Ú
â©Õ�Þ
ÛyÚ�ê�ã|ÖFÚ�Û�à�ÕX)�%�B�)yÞ�>¤ËFÐ	%'��>�Þ7à|êáÛ=��ÎRÍMÕ�Ú
×Fæ�ÔÉç
Ú«âÉÚ
æwÚ
â9í

ñ¿é�Ú¤òÃÚ
ØMÕ�÷)Ô�Ö�ç�éÃÝ¤àZÜÅÙáÕlÚ¤æRà�×�ÔÉã�ÙáÕ¨ëwâ�ãwØáà|âªÛ�ÔÉÕ�óáàRÖ�ç�é�ÔÉê�ë�ó7ãwâ�Ô©ç(ÔÉÚ�Õ¨ÖFãÂà�ÕFÕlÔÉë�êÅÖ�éáÚ�â�ã;à�Û�Ö�ã�ÖFé�Ú�ê�ãyÛyÚOÕJã|ä)à�òÅÚ�Ø
ç(âÉÙáÕlÖ�Ú�×�í�ñ¿é�ÚUÝ¤à�Ô�ê�à|â�Ö�Ú
×Fêáà|Ö�ÔÉæ�Úª×FÚ
Ý¤à|ÔÉêáÕ¡Ö�é�Ú~ù�Ô�ê7Û	ã|äáÕ�ÜyÕ]ÖFÚ
Ý#ÔÉêyäºã�×FÝ¤àRÖFÔ�ãwê	ÙáÕ�Ú�Û¨äºãw×¡ÖFé�Ú~àwÕ�Õ�ÔÉë�ê�Ý@Ú
ê;Ö&ÛyÚ�ç
ÔÉÕ�Ô�ãwê2í-}N�h2	�8%;�
óAã�âÉÔÉç
Ô�ÚOÕ�Ûyã@ê�ã|Ö.ç
ã�êáÕ�Ô©ÛyÚ
×�à�ê;Ü'ÕlÜyÕlÖ�Ú
Ý�Õ]Ö�àRÖFÚJÔ�êyäºãw×�Ý¤à|Ö�ÔÉã�ê2í/��Ì19N2	>�%;��ó7ãwâ�Ô©ç(ÔÉÚ�Õ¿ÙáÕ�Ú	Õ�ã�Ý@ÚJÕlÜyÕlÖ�Ú
Ý�Õ]Ö�àRÖFÚJÔ�êyäºãw×�Ý¤à|Ö�ÔÉã�ê
Ö�é7àRÖ¤Ý¤àZÜÃØAÚ�Ú
Ô�Ö�é�Ú�×¤ÕlãwÝ�ÚÅÑ
Ë(Ï4:RË
Ï$Ñ4�(21�^ËZ%'9#J(Î|Ï4>+2	�8%�Î	9áÞ¿ÕlÙáç�éÁà�Õ�âÉãwà�ÛKç(ãwêáÛyÔ�Ö�ÔÉã�ê2Þª×FÚ�Õ�óAã�êáÕ�Ú�ÖFÔ�Ý@Ú�Þ¿àZæRà|ÔÉâÉà�Ø�ÔÉâ�Ô�Ö]Ü�Þ3ãw×
ê�Ú
Ö]÷Uãw×�ùÅÙyÖ�ÔÉâ�ÔÉô�à|Ö�ÔÉã�ê2ÞªÕ�ã�Ý@Ú=�
�^%�Ë
9S��%'9�J(ÎRÏ4>M21�p%�Î19áÞ�÷)é�ãwÕ�Ú$àZæRà|ÔÉâÉà�Ø�ÔÉâ�Ô�Ö]ÜÅÛyÚ�ó7Ú�êáÛ�Õ�ã�êMÖFé�Ú$âÉÚ
æwÚ
â~àRÖ�÷)éáÔÉç�éÇÖFé�Ú'Õ�÷)Ô�Ö�ç�é
ã�óAÚ
×�àRÖFÚ�Õ�Þyã�×¿Ú
æwÚ
ê�à¤ç(ãwÝ�Ø�ÔÉêáàRÖFÔ�ãwê$ã�ä&ç
â�ÔÉÚ
ê;Ö.à|ê7Û'Õ�Ú
×Fæ�Ú�×~ÔÉêyäºãw×�Ý¤àRÖFÔ�ãwê2í

Ó«Ü;ê7à|Ý@ÔÉçià|âÉë�ãw×�Ô�Ö�éáÝ@Õ~éáàZæwÚ�ÖFé�Ú¨ó7ã�Ö�Ú
ê;ÖFÔÉà�â Ö�ã�ã�ÙyÖFó7Ú�×läºãw×�ÝøÕlÖFà|Ö�Ô©ç«à�â�ëwã�×FÔ�ÖFé�Ý¤Õ�Ø�Ü�Ù7ÕlÔÉê�ë@ÕlãwÝ�Ú¨ÕlÖFàRÖFÚ¨Ô�êyäºãw×�Ý¤à|Ö�ÔÉã�ê
Ö�ã�é�Ú
âÉó�ÛyÔ©Õlóáà|ÖFç�é�ÔÉê�ë�Û�Ú�ç(Ô©Õ�Ô�ãwêáÕ
í&ñUÜ;óáÔÉç�à|âáÕ�Ú
×Fæ�Ú�×3â�ã;à�Û�Ô�ê7ÛyÚ(ýyÚ�Õ�Ô�ê7ç(âÉÙáÛyÚ�ÖFé�ÚjO~ìUõ ÙyÖ�ÔÉâÉÔ�ôOàRÖ�ÔÉã�ê¤Ú�æRà|âÉÙáàRÖFÚ�Û@ãRæ�Ú�×ªà	Õ�é�ã�×�Ö
ÔÉêwÖFÚ
×FæRà|â9ÞªÖ�éáÚ�Ô�êáÕlÖFà�ê;ÖFà|êáÚ
ã�Ù7ÕMO~ìUõ úwÙáÚ
Ù�Ú�âÉÚ
ê�ë�Ö�éÁó7Ú�×�ÔÉãyÛyÔÉç�à|âÉâ�Ü ã�ØáÕ�Ú
×Fæ�ÚOÛeÞ3Ö�éáÚ�Ô�êáÕlÖFà�ê;ÖFà|êáÚ
ã�Ù7Õ�ê�Ù�Ý�Ø7Ú�×¤ã|ä¨à�çsÖFÔ�æwÚ
ç(ãwê�ê�ÚOçsÖ�ÔÉã�ê7ÕHóAÚ
×FÔÉã�Û�ÔÉç�à|âÉâ�ÜJÝ@Ú�àwÕlÙá×�ÚOÛ�ãwê�Ú�àwç�é�Õ�Ú
×Fæ�Ú�×�í2òÃÚ�Õ�Ú
âÉÚ�çsÖªàwÕ�à«âÉãwà�Û�ÔÉêáÛyÚ(ý�Ö�é�Ú¿ê�Ù�Ý�ØAÚ
×3ã�äAàwçsÖ�ÔÉæ�Ú¿ç(ãwê�ê�ÚOçsÖ�ÔÉã�ê7Õ
Ö�é7àRÖ�ÔÉê¢æRà�×�ÔÉã�ÙáÕ~ÔÉÝ@ó�â�Ú�Ý@Ú
ê;ÖFà|Ö�ÔÉã�êáÕ)ã�äHòÃÚ
Ø�ç(âÉÙáÕlÖ�Ú�×FÕ¿éáàwÕ¿Ø7Ú�Ú
ê�ó�×FãRæ�ÚOÛ¤Ö�ã¤ØAÚ¨Ö�éáÚJÝ�ã;Õ]Ö)Ú
þAÚOçsÖ�ÔÉæ�ÚJÝ@ÚOà�Õ�Ù�×�Ú+�3,#P�
=í

å�ÔÉêáç(Ú¤ãwÙ�×	à|×�ç�é�Ô�Ö�ÚOçsÖ�Ùá×�Ú¤ÙáÕ�Ú�ÕJà�â©àZÜ�Ú�×löh0¢òÅÚ�Ø?Õl÷)Ô�ÖFç�é2Þ¡Ö�é�Ú$ë�×�à|ê�Ù�â©à|×FÔ�Ö]Ü�ã�äUÖFé�Ú$ÛyÔ©Õló7àRÖFç�éáÚ�ÛÃã�Ø�*]ÚOçsÖ�ÛyÚ�ó7Ú�êáÛ�ÕJãwê
Ö�éáÚ�ÿ.ñ)ñ)ìüæwÚ
×�ÕlÔÉã�ê'Ö�éáà|Ö.Ô©Õ�ÙáÕ�Ú�Û¢ÔÉêÂç(âÉÔ�Ú�êwÖ�ö=Õ�Ú
×Fæ�Ú�×)Ô�ê;ÖFÚ
×�à�çsÖFÔ�ãwê2íUñ¿éáÚ�ÛyÔ�þAÚ�×�Ú�êáç(ÚJÔ©Õ)ÖFé�Ú	ê�Ù�Ý�ØAÚ
×.ã|äªÿ.ñ)ñ)ìü×FÚ�ú;Ù�ÚOÕ]Ö�Õ
Ö�é7àRÖjsáãR÷ Ô�êÃà$Õ�Ô�ê�ëwâ�Ú�ñXO~ì ç
ã�ê�ê�ÚOçsÖFÔ�ãwê2íX�^êÃÿ.ñ)ñ)ì6q�,�í R�ÞáÖ�é�Ú�×�Ú�ÔÉÕià�ãwê�Ú(ö9Ö�ã�ö9ãwê�Ú	ç(ãw×�×FÚ�Õ�óAã�êáÛyÚ�êáç(Ú�Ø7Ú
Ö]÷UÚ�Ú
ê�ÿ«ñ)ñ)ì
×FÚ�ú;Ù�Ú�ÕlÖ�à�êáÛ�ñXO~ìÅç(ãwê�ê�Ú�ç(Ö�ÔÉã�ê2í&k«êJÖ�éáÚUã�Ö�é�Ú�×�é7à|êáÛeÞ|Õ�ÔÉêáç(Ú~ÿ.ñ)ñ)ì6q�,�í<,�à|âÉâÉãR÷�Õ¡×FÚ�ú;Ù�ÚOÕ]Ö�Õ2ó�ÔÉó7Ú�â�ÔÉê�ÔÉê�ëáÞ�Ý�Ù�â�Ö�ÔÉó�âÉÚ~ÿ«ñ)ñ)ì
×FÚ�ú;Ù�Ú�ÕlÖFÕUç
à�ê¤ÙáÕlÚ.Ö�é�ÚiÕ�à�Ý@Ú.ñXO~ì?ç(ãwê�ê�ÚOçsÖ�ÔÉã�ê¡íbE«ÕªÖFé�Ô©Õ-sáãR÷ Ûyã�ÚOÕªê�ã�Ö~à|âÉâÉãR÷KÖFé�Ú.òÃÚ
Ø'Õl÷)Ô�ÖFç�é¤ÖFã�ÛyÔ�þAÚ�×�Ú�ê;Ö�Ô©àRÖ�Ú.Ö�é�Ú�Ô�×
à�ÕFÕ�Ô�ëwê�Ý@Ú
ê;Ö&Ö�ã�ÛyÔ�þ Ú
×FÚ
ê;Ö�ÕlÚ�×�æwÚ
×�Õ
ÞZÖFé�Ú�×FÚ�ú;Ù�ÚOÕ]Öªëw×Fà�ê;ÙáâÉà�×�Ô�Ö]Ü¨ã�ê¤÷)é�Ô©ç�é�Ö�é�Ú.àwÕ�Õ�ÔÉë�ê�Ý@Ú
ê;Ö3Ô©Õªà�ç(Ö�ÔÉæZà|Ö�ÚOÛ�ç�à|ê@ØAÚ.àRÖªãwØ�*]Ú�ç(Ö
×FÚ�ú;Ù�Ú�ÕlÖ¨â�Ú�æ�Ú
â&ÔÉêÃÿ«ñ)ñ)ì6q�,�í R�Þ ÷)é�ÔÉâ�Ú¤àRÖJç(ãwê�ê�ÚOçsÖ�ÔÉã�êÅ×�ÚOú;Ù�Ú�ÕlÖiâÉÚ
æwÚ
â3ÔÉêÅÿ«ñ)ñ)ì6ql,wí3,wí��^êÅÖ�é�Ô©Õióáà|óAÚ
×J÷~Ú�àwÕ�Õ�Ù�Ý@Ú�Ö�éáà|Ö
ØAã|Ö�éKç(âÉÔ�Ú�êwÖ�Õ�à�êáÛ?Õ�Ú
×Fæ�Ú�×FÕJÕ�Ù�ó�óAã�×�Ö�ÿ«ñ)ñ)ì6ql,wí3,wÞ�Õ�ãÂ÷~Ú$ÙáÕ�Ú�ÖFé�Ú�ÖFÚ
×FÝ ã|ä�×FÚ�ú;Ù�Ú�ÕlÖ�ÔÉêáÕlÖ�Ú�àwÛMã|ä�ç
ã�ê�ê�ÚOçsÖFÔ�ãwê?×�ÚOú;Ù�Ú�ÕlÖ
÷)é�Ú�ê¢×FÚ(äºÚ�×�×FÔÉê�ë�ÖFã�Ö�é�Ú	àwÕ�Õ�Ô�ëwê�Ý@Ú
ê;Ö�ÛyÚ�ç
ÔÉÕ�ÔÉã�ê2í

���~� �o���/�����D�~�X�����~�C�X�T���S���~�X�����/�D�~���!�t�

òÃÚ&�á×�Õ]Ö¡ç
ã�êáÕ�ÔÉÛ�Ú
×¡ÛyÔ©Õ�óáàRÖ�ç�é�Ô�êáë)ó7ãwâ�Ô©ç(ÔÉÚ�Õ ÖFéáàRÖ�Ûyã)ê�ã|ÖHó�×�ãRæ�Ô©ÛyÚ3ÛyÔ�þAÚ�×�Ú�êwÖFÔÉà|Ö�ÚOÛiú;Ùáà�â�Ô�Ö]Ü.ã�ä�ÕlÚ�×�æ�Ô©ç(Ú�Ö�ã�ÔÉêáç
ã�Ý@Ô�êáë)×�ÚOúwÙáÚ�ÕlÖFÕ�í
ñ¿÷~ã«÷)Ô©ÛyÚ
âÉÜJÙáÕ�Ú�Û�Õ]Ö�àRÖFÔÉç~ÛyÔ©Õlóáà|ÖFç�é�ÔÉê�ëió7ãwâ�Ô©ç(ÔÉÚ�Õ3à�×�Ú«ÏD219 Ð�Î	> à|êáÛ$Ï�Î1��9 Ð1L^Ï�Î���%'9M�8�u�� Hà|âÉë�ãw×�Ô�Ö�éáÝ@Õ�ítEüÕ�Ô�Ý@ó�âÉÚ¿ÛyÜ�êáà|Ý@Ô©ç
óAã�âÉÔÉç
Ü¤ÙáÕlÔÉê�ë@ÕlÚ�×�æwÚ
×Uâ�ã;à�Û¤ÔÉêyäºã�×FÝ¤àRÖFÔ�ãwê$Ô©Õ��ÉË72RÑ4�-��Î�2�Ð�Ë�Ð¤Ñ(Ë
Ï4:RË(Ïj�;�/�6 sÞ�÷)éáÚ
×FÚ.Ú�àwç�é�×FÚ�ú;Ù�Ú�ÕlÖ¿ÔÉÕ¿à�ÕFÕ�Ô�ëwê�Ú�Û@ÖFã�ÖFé�Úiâ�ãR÷~Ú�ÕlÖ
âÉãwà�Û�Ú�Û¢ÕlÚ�×�æwÚ
×¿Ý@Ú�à�Õ�Ù�×FÚ�Û¢ÔÉê'ÖFé�ÚJâ©à�ÕlÖ�ã�ØáÕ�Ú
×FæRàRÖ�ÔÉã�ê'Ô�ê;ÖFÚ
×FæZà�âCíUÿ�ãR÷~Ú
æ�Ú�×�Þ Í�Ë
%�B�)��=Ë�Ð'Ï�Î	��9AÐ1L^ÏFÎ��
%'9V�K���u�  �Ô©Õ¿ÖFé�Ú	ØAÚ�ÕlÖ
ç(â©à�ÕFÕ�ã�ä�ÛyÜ�êáà|Ý@Ô©ç	ÛyÔ©Õló7àRÖFç�éáÔ�ê�ë'ó7ãwâ�Ô©ç(ÔÉÚ�Õ�äºã�×iòÅÚ�Ø�ç(âÉÙáÕlÖ�Ú�×FÕ�í.ñ¿é�Ô©Õ.Ô©Õ«÷)ÔÉÛyÚ�â�Ü�à�Û�ã�óyÖFÚ�Û�ÔÉêÂ×FÚ�à|âHòÅÚ�Ø�ç(âÉÙáÕlÖ�Ú�×FÕ?� v1
&à�êáÛ
à|âÉâ3Ú(ýyóAÚ
×FÔ�Ý@Ú�êwÖ�à|â3à|ê7ÛÅÕ�Ô�Ý�Ù�â©àRÖ�ÔÉã�êÃ×FÚ�Õ�Ù�â�Ö�Õ¨ç
à|×F×FÔ�ÚOÛÂã�Ù�Ö¨Ø�ÜÂãwÙ�×¨ë�×Fã�Ù�óÅÔ�êÃÖFé�Ú@âÉàwÕ]ÖJÜ�ÚOà|×�Õ.æwÚ
×FÔ��7Ú�Û�ÖFéáàRÖJÖFé�Ô©Õ¨ó7ãwâ�Ô©ç(Ü
×FÚ
ó�×FÚ�Õ�Ú
ê;ÖFÕiÖFé�Ú�ØAÚ�ÕlÖ�ç(ãwÝ@ó�×�ãwÝ@ÔÉÕ�Ú@Ø7Ú
Ö]÷UÚ�Ú
ê?Õ�Ô�Ý@ó�âÉÔÉç
Ô�Ö]ÜÇà|ê7ÛÅÚ
��ç
à�ç
Ü�í'ò¢¡�¡ ç(ãwÝ@Ú�ÕJà�Õ�à�æRà|×FÔÉà|Ö�ÔÉã�êÃã|ä¿Ö�é�Ú$×�ãwÙ�êáÛ
×Fã�Ø�ÔÉêÇó7ãwâ�Ô©ç(Üwí�ò¢¡�¡ à�ÕFÕ�ã�ç
ÔÉà|Ö�ÚOÕ.ÖFã�Ú�àwç�éÇÕ�Ú
×Fæ�Ú�×Jà�ÛyÜ�êáà|Ý@Ô©ç
à|âÉâÉÜÂÚ
æRà|âÉÙáà|Ö�Ú�ÛÃ÷~Ú
ÔÉë�é;Ö¨Ö�éáà|Ö�Ô©ÕJ×�Ú�âÉà|Ö�ÚOÛÂÖFã�Ö�é�Ú$Õ�Ú
×Fæ�Ú�×
âÉãwà�ÛÃÕlÖFàRÖFÚ�í�ñ¿é�Ú@òÃÚ
Ø?Õ�÷)Ô�Ö�ç�éÅóAÚ
×FÔÉã�Û�ÔÉç�à|âÉâ�ÜÂë;àRÖFé�Ú
×�Õ«Ö�é�Ô©ÕJÔÉêyäºã�×FÝ¤àRÖ�ÔÉã�êÅäº×Fã�Ý Õ�Ú
×Fæ�Ú�×FÕ¨à|ê7ÛÅç
ã�Ý@ó�ÙyÖFÚ�Õ¨ÖFé�Ú¤÷UÚ�Ô�ëwé;ÖFÕ�Þ
Ö�é7àRÖ.à|×FÚ¨ÛyÜ�êáà|Ý@Ô©ç
à|âÉâÉÜ�Ô�ê7ç(×FÚ
Ý@Ú
ê;Ö�ÚOÛ'äºã�×)Ú�àwç�é'êáÚ
÷�ç
ã�ê�êáÚ�çsÖFÔ�ãwê¢àwÕ�Õ�ÔÉë�ê�Ý@Ú
ê;ÖOí

�^ê àÅß«ã�å;ö=Ø�â�ÔÉêáÛMòÃÚ
ØÁÕl÷)Ô�ÖFç�é¡Þ�ÚOà�ç�é?òÃÚ
ØKÕlÚ�×�æwÚ
×�ç�à|êMØAÚ'Ú�êáà|Øáâ�ÚOÛM÷)Ô�ÖFé Õ�ã�Ý@Ú$Ý@Ú�ç�é7à|ê�Ô©ÕlÝ äºã�×�ß«ã;åÇÕ�Ù�ó�óAã�×�Ö�Þ
à�Õ«ó�×Fã�óAãwÕ�Ú�Û�ÔÉê�âÉÔ�ÖFÚ
×�àRÖFÙ�×�Ú ��,�Þ��yÞT,#01
=íJåyó7ÚOç(Ô3�7ç
à�â�âÉÜ�ÞAÖ�éáÚ�òÃÚ
ØÃÕl÷)Ô�ÖFç�é�Û�Ú(Ö�Ú�×�Ý@ÔÉê�Ú�Õ«ÖFé�Ú�Ö�à|×Fë�Ú
Ö«ÕlÚ�×�æwÚ
×«ÙáÕlÔÉê�ë¢à¢ß«ã;å�ö
Ø�âÉÔ�ê7Û�ÛyÔÉÕ�óáà|ÖFç�é�ÔÉê�ë¤óAã�âÉÔÉç
Ü�Þáà�êáÛ'Ö�é�Ú	òÃÚ
ØÂÕ�Ú
×Fæ�Ú�×)à�ÛyãwóyÖFÕ�à@óá×�ÔÉã�×FÔ�Ö]Ü'Õ�ç�é�ÚOÛyÙ�âÉÔ�êáë�ã�ä3Ô�Ö�Õ)ãR÷)ê�×�ÚOÕlãwÙ�×Fç
Ú�Õ�ÞyàRäxÖ�Ú�×�éáàZæ�ÔÉê�ë
ÛyÚ
Ö�Ú
×FÝ@Ô�êáÚ�Û�Ö�é�Ú�Õ�Ú
×Fæ�ÔÉç
ÚUç(â©à�ÕFÕ&ã|äáÖ�é�Ú)×FÚ�ú;Ù�ÚOÕ]ÖOí¡òÃÚ)×�Ú
äºÚ
×�Ö�ãiÖ�éáÚ�£�¤C¥1¦u§ ¨ª©4£�¤C¥�«���¬�óAã�âÉÔ©ç(Ü	Ô�ä7ÖFé�Ú)ÕlÚ�×�æwÚ
×�ó�×FÔ�ãw×�Ô�Ö�ÔÉô
ÚOÕ
Ö�éáÚ«ÕFç�é�Ú�ÛyÙáâ�ÔÉê�ëJã|äeÔ�ÖFÕU×�ÚOÕlãwÙ�×�ç(Ú�Õ&ãwê�Ö�é�Ú«Øáà�Õ�ÔÉÕªã|ä Ö�é�ÚiÕlÚ�×�æ�Ô©ç(Ú�ç
âÉàwÕ�Õ�Þwà|äxÖ�Ú
×UéáàZæ�Ô�êáëJÔÉÛyÚ�ê;Ö�Ô3�áÚ�Û@×FÚ�ú;Ù�ÚOÕ]Ö�Õ3Ö�ã�Ø7Ú.Û�×�ãwó�ó7ÚOÛ



Ö�éá×�ãwÙ�ë�é¤à|ê¤àwÛyÝ@ÔÉÕFÕlÔÉã�ê¤ç
ã�ê;Ö�×Fã�âyÝ@Ú�ç�é7à|ê�Ô©ÕlÝ�íT�^ê¤óáà|×�Ö�Ô©ç(ÙáâÉà�×�ÞRÖFé�Ú.Õ�Ú
×Fæ�ÔÉç
Ú¿ç�à|ê¤ØAÚ.ÛyÚ�ê�Ô�ÚOÛ�ã�ê�âÉÜ�ÖFãJ×�ÚOú;Ù�Ú�ÕlÖFÕ3ØAÚ
âÉã�êáë�ÔÉê�ë
Ö�ã�Ö�é�Ú'â�ãR÷ ç
âÉàwÕ�Õ�í�ñ¿é�Ú¢à�ÛyÝ@Ô©Õ�Õ�Ô�ãwê ç(ãwê;Ö�×Fã�âªÝ@Ú�ç�é7à|ê�Ô©ÕlÝ Ô©ÕJÖF×�ÔÉë�ëwÚ
×FÚ�ÛÇÔÉêáÛyÚ
óAÚ
ê7ÛyÚ
ê;Ö�âÉÜÇØ�ÜÃÚOà�ç�éMòÃÚ
ØÁÕlÚ�×�æwÚ
×	÷)é�Ú�ê
Ô�ÖFÕ¤âÉãwàwÛKÚ
ý�ç(Ú
ÚOÛ�Õ�àÃÖFé�×�ÚOÕléáã�â©Ûeí ñ¿é�Ô©Õ¤Ô©Õ$Õ�Ú(Ö$à�Õ$àÅóAÚ
×�ç(Ú�ê;ÖFà|ëwÚ�ã|ä¨Ö�é�Ú�Ý¤à|ý�ÔÉÝ�ÙáÝ ê�Ù�Ý�Ø7Ú�×�ã|äJç(ãwêáç(Ù�×F×FÚ
ê;Ö�à�çsÖFÔ�æwÚ
ç(ãwê�ê�ÚOçsÖ�ÔÉã�ê7Õ-­ª®�¯e°F±�²�²¢Ö�éáà|Ö3Ö�é�Ú.Õ�Ú
×Fæ�Ú�×3ç
à|ê¤Õ�ÙáÕlÖFà|ÔÉê@÷)Ô�ÖFé�ã�Ù�ÖUÛyÚ
ëw×FàwÛyÔÉê�ë¨ó7Ú�×läºãw×�Ý¤à|ê7ç(Ú�íT³ªæwÚ
×FÜ�´eµ4¶(·�Õ�Ú�ç
ã�êáÛ�Õ�Þ|ÚOà�ç�é
òÃÚ
ØMÕlÚ�×�æwÚ
×¨ç
à�âÉç
Ù�âÉà|Ö�ÚOÕ¨Ô�Ö�Õ¨â�ã;à�ÛeÞ¡à�êáÛÇÛyÚ(ÖFÚ
×FÝ@Ô�ê�ÚOÕ¨Ô�ä~Ö�éáÚ@àwÛyÝ@ÔÉÕFÕ�Ô�ãwêÃç
ã�ê;Ö�×Fã�â&éáàwÕiÖ�ã�Ø7Ú�Õ�÷)Ô�ÖFç�é�ÚOÛ�ãwêÅãw×Jã|þ&í@ñ¿éáÚ
×FÚ!*]Ú�ç(Ö�ÔÉã�ê¤ó�é7à�Õ�Ú«ÕlÖFà|×�ÖFÕª÷)é�Ú
ê¤ÖFé�Ú«Õ�Ú
×Fæ�Ú�×ªâÉãwà�Û@Ú
ý�ç(Ú
ÚOÛ�Õ3ÖFé�Ú�ÖFé�×FÚ�Õ�é�ã�â©ÛM´�¸S¹ià�êáÛ¤Ú�êáÛ�Õª÷)éáÚ
ê¤ÖFé�Ú.âÉãwàwÛ@×�Ú
Ö�Ù�×FêáÕªÙáêáÛyÚ
×
Ö�éáÚ	Õ�à�Ý�ÚiÖFé�×�ÚOÕléáã�â©Û$æRà|âÉÙ�Úwí3òÅÚ	Õ�Ú(Öº´�¸S¹F»½¼V¾#­ª®C¯e°F±�²�²3Þ�÷)é�Ú
×FÚ�R+¿_¼ÁÀ½,�í

���8Â �o���/����ÃW�TÄS�Å�X�~�C���t���@�X�~�X�Æ���U�~�~���~���

�^êÂÖFé�Ô©ÕiÕ�Ú�ç(Ö�ÔÉã�êÅ÷UÚ�ó�×�ãwó7ã;ÕlÚ�ÕlãwÝ@Ú�ÛyÔ©Õló7àRÖFç�éáÔ�ê�ë¢óAã�âÉÔÉç
Ô�ÚOÕ�ÖFéáàRÖJà�ç�é�ÔÉÚ
æwÚ�ú;Ùáà�â�Ô�Ö]Ü�ã|ä�òÃÚ
ØÇÕlÚ�×�æ�Ô©ç(ÚOÕ�Ø�ÜÂà�ç(Ö�ÔÉê�ë$ãwêÂÖ�éáÚ
à�ÕFÕ�Ô�ëwê�Ý@Ú
ê;Ö¨Û�Ú�ç(Ô©Õ�Ô�ãwêÅç
à�×�×FÔÉÚ�ÛÂãwÙyÖJØ�Ü�Ö�é�Ú@òÃÚ
ØÇÕl÷)Ô�ÖFç�é¡í?E.â�â3ÖFé�Ú@ó7ãwâ�Ô©ç(ÔÉÚ�Õ¨÷~Ú@ÛyÔÉÕFç(Ù7Õ�ÕJà�×�Ú�Øáà�Õ�Ú�Û�ã�êÅÖ�é�Ú@ó�×FÔÉêáç(ÔÉó�âÉÚ
Ö�é7àRÖ�ÖFã¤ë�Ùáà�×Fà�êwÖFÚ
ÚJà@ë�ÔÉæ�Ú�ê�ß«ã;å ÞyÖFé�Ú	âÉãwàwÛ'âÉÚ
æwÚ
â2ãwê�Ú�àwç�é¢Õ�Ú
×Fæ�Ú�×)Ô�ê�ÖFé�Ú�ç(âÉÙáÕlÖ�Ú�×�Ý�ÙáÕlÖ.ØAÚ�ç(ãwê;Ö�×Fã�âÉâ�ÚOÛeíUñ¿é�Ô©Õ�ç�à|ê�ØAÚ
à�ç�éáÔ�Ú�æ�Ú�Û$Ø�Ü'à�ç(Ö�ÔÉê�ë@ã�ê'Ö�é�ÚJÝ¤à|ý�ÔÉÝ�ÙáÝ ê�Ù�Ý�ØAÚ
×�ã�ä�ç
ã�ê�ê�ÚOçsÖFÔ�ãwêáÕ)àRÖ�ÚOà�ç�é�ÕlÚ�×�æwÚ
×Oí

ñHã	Õ�à|Ö�Ô©Õ]äºÜ�Ö�é�Ú�óAÚ
×�äºã�×FÝ¤à|êáç
Ú¿ÖFà�×�ëwÚ(Ö&äºã�×�Ö�é�Ú�Ý@ã;Õ]Ö�ÛyÚ�Ý¤à|êáÛyÔÉê�ë	ç
âÉàwÕ�Õªà�êáÛ@ó�×FÚ
æwÚ
ê;Ö3Ô�ÖªÖFã	Ú(ýyóAÚ
×FÔ�Ú�êáç(Ú)óAÚ
×�äºã�×FÝ¤à|êáç
Ú
ÛyÚ�ë�×�à�Û�à|Ö�ÔÉã�ê�Û�Ù�Ú¿Ö�ã	à�ê�ãRæwÚ
×Fâ�ã;à�ÛyÚOÛ	ç(âÉÙáÕlÖ�Ú�×�Þw÷UÚ¿ÔÉÝ�óáâ�Ú�Ý�Ú�ê;ÖUà|ê@à�ÛyÝ@Ô©Õ�Õ�ÔÉã�ê@ç(ã�ê;ÖF×�ãwâ�Ö�éáà|ÖªÔÉÕ3ÔÉê;Ö�Ú�ë�×�àRÖ�ÚOÛ�ÔÉê;Ö�ãiÖ�éáÚ�òÅÚ�Ø
Õ�÷)Ô�Ö�ç�é�Û�ÔÉÕ�óáàRÖ�ç�é�ÔÉê�ë@ó7ãwâ�Ô©ç(Üwí3ò é�Ú
ê¢Ö�éáÚ	à�ÛyÝ@Ô©Õ�Õ�Ô�ãwê¢ç
ã�ê;Ö�×Fã�â óAã�âÉÔÉç
Ü$Ô©Õ�Õ�÷)Ô�Ö�ç�é�Ú�Û'ã�ê2Þ7à�ç
ç
Ú�ÕFÕUÖ�ã¤òÃÚ
Ø�ÕlÚ�×�æ�Ô©ç(ÚOÕ~ç�à|ê�ØAÚ
ÛyÚ�ê�Ô�ÚOÛ'Ö�ã�Ö�é�ÚJ×FÚ�ú;Ù�ÚOÕ]Ö�Õ¿Ø7Ú�â�ãwê�ë�ÔÉê�ë�Ö�ã�ÖFé�ÚJâ�ãR÷~Ú�ÕlÖ�ç(â©à�ÕFÕ
í

ñ¿é�Ú'ó�×�ãwó7ã;ÕlÚOÛ ß«ã;å;ö^àZ÷¿à|×FÚ@Û�ÔÉÕ�óáàRÖ�ç�é�ÔÉê�ë�óAã�âÉÔÉç
Ô�ÚOÕ�ç�à|êMØAÚ'ëw×�ãwÙ�óAÚ�ÛÇã�ê?Ö�é�Ú¢Øáà�Õ�Ô©Õ�ã�ä)Ö�é�Ú¢ÕlÚ
Ö�ã�ä.ÕlÚ�×�æwÚ
×�ÕJØ7Ú�Ô�êáë
à�ÕFÕ�Ô�ëwê�Ú�Û¢ÖFã�Ú�àwç�éÂÕlÚ�×�æ�Ô©ç(Ú�ç
âÉàwÕ�Õ�Ò�|�Î1}@L~2RÍ/2|Ï�Ë¤Ð1%©ÑpHS21�(�7)�%'9CB�Í&%'�K)�Î	���¿Ñ
Ë(Ï4:RË(Ï�H�2|Ï4�8%'�p%�Î197Þº|�Î�}@L~2|Í/2RÏ�Ë¤Ð	%©ÑpH�2	�h��)l%'9lB�Í&%'�')
Ñ
Ë(Ï4:RË
Ï&HS2RÏ4�p%'�8%�Î	9áí3ñ¿é�Ú.àwÛyÝ@ÔÉÕFÕlÔÉã�ê¤ç
ã�ê;Ö�×Fã�âyÝ@Ú�ç�é7à|ê�Ô©ÕlÝ ÔÉÕªÖ�×FÔ�ëwë�Ú�×�ÚOÛ�Ø�Ü	ÖFé�Ú�òÃÚ
Ø$Õ�÷)Ô�ÖFç�é@ã�ê�Ö�éáÚ.ØáàwÕlÔ©Õ&ã|ä Ö�éáÚ.ÕlÚ�×�æwÚ
×�Õ
âÉãwà�Û2í&k«êáç
Ú�ÖFé�Ú.×FÚ�ú;Ù�ÚOÕ]Ö~éáà�Õ�Ø7Ú�Ú
ê$àwÛyÝ@Ô�Ö�Ö�Ú�Û�Ö�ã�Ö�é�ÚiÕlÜyÕlÖ�Ú
Ý�Þ;÷UÚiç
à�ê�ÙáÕ�Ú.à�ÕlÖFà|Ö�Ô©ç��ºÚwí ë7í�Þl¡�¡X �ã�×~ÛyÜ�êáà|Ý@Ô©ç���Ú�í ëáíÉÞ;èHè
ã�×¿ò¢¡�¡� ~ó7ãwâ�Ô©ç(Ü¤ÖFã¤ÕlÚ�â�ÚOçsÖ¿Ö�é�ÚiÖ�à|×Fë�Ú(Ö)Õ�Ú
×Fæ�Ú
×~ÔÉê$ÖFé�Ú	ç(ãw×�×FÚ�Õ�ó7ãwêáÛyÔÉê�ë�Õ�Ú(ÖOí3ñ¿é�ÔÉÕ)ç�à|ê¢Ø7ÚJà�ê;Ü'ÕlÚ�×�æwÚ
×~ã|ä¡ÖFé�ÚJç(âÉÙáÕlÖ�Ú
×)Ô�ä
ê�ã@óáà�×lÖFÔ�ÖFÔ�ãwê'Ô©Õ)ÙáÕ�Ú�Û¢ã�×)à@Õ�Ù�ØáÕ�Ú(Ö�ã|ä�Ö�éáÚ	ÕlÚ�×�æwÚ
×�Õ�ã�Ö�é�Ú�×�÷)Ô©ÕlÚwí

�^êÇ|)Î1}@L~2|Í/2RÏ�ËÃÐ1%©ÑpHS21�(�7)�%'9CBKÍ&%'�')áÎ1����Ñ(Ë
Ï4:RË(Ï?HS2RÏ4�p%'�8%�Î	9áÞ¿Ú�àwç�éK×FÚ�ú;Ù�ÚOÕ]Ö�ç�à|êÁØ7Ú�àwÕ�Õ�ÔÉë�ê�ÚOÛMÖ�ã?à�ê�Ü ÕlÚ�×�æwÚ
×OÞªÔÉêáÛyÚ(ö
óAÚ
êáÛyÚ�ê;Ö�âÉÜ ã|äiÖ�éáÚÂÕlÚ�×�æ�Ô©ç(Ú�ç(â©à�ÕFÕ@Ô�Ö�ØAÚ
âÉã�êáëwÕ�Ö�ã7í ñ¿é�ÚÂà�Û�Ý�Ô©ÕFÕlÔÉã�êüç(ãwêwÖF×�ãwâ¿Ý�ÚOç�éáà|êáÔÉÕ�Ý Ô©Õ@Ö�×FÔ�ëwë�Ú�×�ÚOÛ?Ø�ÜMÖ�éáÚÂòÅÚ�Ø
Õ�÷)Ô�Ö�ç�éÅ÷)é�Ú�êWÈ&É@ÊZË/±1®lÌ7Þ7ÖFéáàRÖJÔ©ÕiÖ�é�Ú¤ç
Ù�×�×FÚ
ê;ÖJÕlÙáÝ ã|äUÖ�é�Ú¤Õ�Ú
×Fæ�Ú
×�Õ�âÉãwàwÛeÞ2Ú
ýyç
Ú
ÚOÛ�Õ¨à�ÖFé�×�ÚOÕléáã�â©ÛV´�¸S¹�Þ2÷)é�Ô©ç�é�Ô©ÕJÕlÚ
Ö
Ö�ã�¼Y¾�Í�¾�­ª®C¯N°F±�²�²3ÞA÷)é�Ú�×�Ú�Ru¿½¼ÎÀg,�Þ7à�êáÛ�Í Ô©Õ)Ö�éáÚ	ê�Ù�Ý�ØAÚ
×«ã|ä3òÅÚ�Ø�Õ�Ú
×Fæ�Ú
×�Õ�íU³ªæwÚ
×FÜu´ µ�¶h· ÕlÚOç(ã�ê7Û�Õ
ÞáÖ�é�Ú�òÅÚ�Ø
Õ�÷)Ô�Ö�ç�é�ëwà|Ö�é�Ú�×FÕ«ÖFé�Ú@ê;ÙáÝ�ØAÚ
×¨ã|ä¿à�çsÖFÔ�æwÚ�ç
ã�ê�êáÚ�çsÖFÔ�ãwêáÕ.äº×�ãwÝ Ú�àwç�é�ÕlÚ�×�æwÚ
×OÞeç
à|â©ç(ÙáâÉà|Ö�Ú�Õ�ÈbÉNÊZË/±1®lÌáÞ2à�êáÛ�Û�Ú(Ö�Ú�×�Ý@ÔÉê�Ú�Õ¨Ô�ä
Ö�éáÚ�à�Û�Ý�Ô©ÕFÕlÔÉã�ê�ç(ãwê;Ö�×Fã�â2éáàwÕ)ÖFã$ØAÚ�Õl÷)Ô�ÖFç�éáÚ�Û�ãwê�ã�×�ã�þ�í.ñ¿éáÚ	×�Ú~*]Ú�ç(Ö�ÔÉã�ê�ó�éáàwÕlÚ�Õ]Ö�à|×�ÖFÕ�÷)éáÚ
ê�Ö�éáÚ?ÈbÉNÊ ËU±1®lÌ�Ú(ý�ç
Ú
Ú�ÛáÕ
Ö�éáÚ.ÖFé�×�ÚOÕléáã�â©Û+´�¸�¹Jà�êáÛ¤Ú
ê7Û�Õ�÷)éáÚ
ê$Ô�ÖU×FÚ(ÖFÙ�×FêáÕ�ÙáêáÛyÚ
×UÖ�éáÚiÕFà|Ý@Ú)ÖFé�×�ÚOÕléáã�â©Û¤æRà|âÉÙ�Ú�í/k«ê�âÉÜ@×�ÚOúwÙáÚ�ÕlÖFÕªØAÚ
âÉã�êáë�ÔÉê�ë	ÖFã	Ö�éáÚ
âÉãR÷�ç(â©à�ÕFÕ)ç
à�ê'ØAÚJ×FÚ(äºÙáÕ�Ú�Ûeí&òÃÚJ×�Ú
äºÚ
×¿ÖFã@Ö�é�Ô©Õ)óAã�âÉÔÉç
Ü$à�ÕX£IÏMÐ;¦u§ ¨ í

òÃÚ¿à�âÉÕ�ãió�×�ãwó7ã;ÕlÚUÖ�éáÚ�£�ÏMÐ;¦�§�¨g©4£�¤�¥1«���¬Uà�â�ëwã�×FÔ�ÖFé�Ý Ö�éáà|Öªç(ã�Ý�Ø�ÔÉê�Ú�Õ�ÖFé�Ú.å�÷)ÔÑE.Ój��óAã�âÉÔ©ç(Ü	÷)Ô�Ö�é¤Õ�ã�Ý@ÚUóá×�ÔÉã�×FÔ�Ö]Ü
ÕFç�é�Ú�ÛyÙáâ�ÔÉê�ë�ÛyÔ©ÕFç(ÔÉó�â�ÔÉê�ÚOÕ�ÔÉÝ@ó�â�Ú�Ý@Ú
ê;Ö�ÚOÛ�àRÖUÖ�é�Ú«òÅÚ�Ø$ÕlÚ�×�æwÚ
×�Õ
í�ñ¿é�Ô©Õ�óAã�âÉÔÉç
Ü¤ÛyÔ�þ Ú
×�Õ3äº×Fã�Ý å�Ú�×7E«Ó���ö^å�Ú�×FìU¡º�&Ô�ê�Ö�éáà|Ö�Ö�éáÚ
à�Û�Ý�Ô©ÕFÕlÔÉã�ê�ç(ãwêwÖF×�ãwâ ÔÉÕ�ç�à|×F×�ÔÉÚ�Û$ã�ÙyÖ)Ø�Ü$ÚOà�ç�é'òÅÚ�ØÂÕlÚ�×�æwÚ
×¿à|êáÛ¢ê�ã�Ö¿Ø�Ü$Ö�é�ÚJòÃÚ
Ø�Õ�÷)Ô�Ö�ç�é2í

�^ê½|�Î1}@L~2RÍ/2|Ï�Ë�Ð	%©Ñ8HS21�(��)l%'9CB�Í&%'�K)�Ñ(Ë
Ï4:RË(Ï�HS2RÏ4�p%'�8%�Î	9áÞ Ö�éáÚ@Õ�Ú
×Fæ�Ú�×FÕ.Ô�ê�Ö�é�Ú�òÃÚ
ØÇç(âÉÙáÕ]ÖFÚ
×Jà|×FÚ�ó7à|×�Ö�Ô�Ö�ÔÉã�ê�ÚOÛ�Ô�ê;ÖFã$Ö]÷~ã
Õ�Ú(ÖFÕ�ÞUÛ�Ú
ê�ã�Ö�Ú�ÛÁà�ÕMÒ�%�B�)Á}eË����Cÿ«å� �à|ê7ÛÔÓHÎRÍÆ} Ë
����è�å� sÞ3×FÚ�Õ�ó7ÚOçsÖFÔ�æwÚ
âÉÜ�ío�^êáç
ã�Ý@ÔÉê�ëÇ×�ÚOúwÙáÚ�ÕlÖFÕ�ç(â©à�ÕFÕlÔ3�áÚ�ÛKà�Õ�é�ÔÉë�éüà|×FÚ
à�ÕFÕ�Ô�ëwê�Ú�Û'Ö�ã�Õ�Ú
×Fæ�Ú�×FÕ¿ÔÉê�Ö�éáÚ��á×�Õ]Ö.Õ�Ú(ÖOÞ7÷)éáÔ�âÉÚ�Õ�Ú
×Fæ�Ú
×�Õ~Ô�êÂè�å�ÕlÚ�×�æwÚJ×�ÚOú;Ù�Ú�ÕlÖFÕ)ØAÚ
âÉã�êáë�ÔÉê�ë@Ö�ã�Ý@ÚOÛyÔ�ÙáÝ�à�êáÛ�â�ãR÷ ç(â©à�ÕFÕ�Ú�Õ�í
ñ¿é�Ú	àwÛyÝ@ÔÉÕFÕlÔÉã�ê¢ç(ãwêwÖF×�ãwâeó7ãwâ�Ô©ç(Ü'ç
à|ê¢×FÚ!*]Ú�ç(Ö�×�ÚOú;Ù�Ú�ÕlÖFÕ¿ØAÚ
âÉã�ê�ëwÔ�êáë�ÖFã�Ö�é�ÚJâÉãR÷UÚOÕ]Ö)ç(â©à�ÕFÕ�í

ñ¿é�Ú¤Õ�Ú
×Fæ�Ú
×¨óáà�×lÖFÔ�ÖFÔ�ãwêÇÔ�ê;Ö�ã�Ö]÷~ã�ÕlÚ
ÖFÕ¨Ô©Õ	ÛyÜ�êáà�Ý�Ô©ç
à�â�âÉÜ�ÛyÚ
Ö�Ú�×�Ý@ÔÉê�Ú�ÛÅÖ�é7àRÖ	Ô©Õ
Þ¡Ö�é�Ú$ç�à|×�ÛyÔÉêáà|âÉÔ�Ö]Ü�ã�ä~ÚOà�ç�éÇÕlÚ
Ö	æRà|×FÔ�ÚOÕ
ÛyÚ�ó7Ú�êáÛyÔÉê�ë�ã�êÅÕ�Ú
×Fæ�Ú�×.âÉãwàwÛeí	è2Ú
Ö¨àwÕ�Õ�Ù�Ý@Ú�ÖFéáàRÖiÖ�éáÚ
×FÚ�à�×�Ú+Í Õ�Ú
×Fæ�Ú�×FÕ.Ô�ê�Ö�é�Ú¤ç(âÉÙáÕlÖ�Ú�×�Þ2à|Ö¨à'ë�ÔÉæ�Ú�ê�Ö�ÔÉÝ@Ú?ÕsÞeÔ�ÖJ×�ÚOÕlÙáâ�Ö�Õ
ÖYÈº�;Õ~ -»ª×C,�Ø#Ù
Ù
Ù4ØDÉeÚC�;Õ~ �Û	à|êáÛZË6Èº�KÕ~ -»ª×#É�Ú��;Õ~ IÜ$,�Ø
Ù#Ù
Ù�Ø7ÍWÛwÞy÷)é�Ú�×�Ú�ÖYÈ��KÕ~ IÝ ËUÈ��KÕ~ &»½Þ�Þ�à|êáÛ É�ÚC�KÕ~ 6ß=×�,�Ø#Ù
Ù#Ù�ØDÍWÛ;í

ñ¿é�Ú�Ù�óáó7Ú�×$âÉÔ�Ý@Ô�Ö$ã|ä�ÖYÈ¿Þ~ÖFéáàRÖ�Ô©Õ�É�ÚC�KÕ~ sÞ¿Ô©Õ�ÔÉê�Ô�Ö�Ô©à|âÉâ�ÜÁÕlÚ
Ö�Ö�ã�àKáCÍZâ;Þ¿÷)é�Ú
×FÚ�á ×FÚ
ó�×FÚ�Õ�Ú
ê;Ö�Õ�Ö�é�ÚÂóAÚ
×�ç(Ú�ê;ÖFà|ëwÚ�ã|ä



ç(ãwê�ê�ÚOçsÖ�ÔÉã�ê$×�ÚOúwÙáÚ�ÕlÖFÕ~Ø7Ú�â�ãwê�ë�ÔÉê�ë�Ö�ã�Ö�é�Úié�ÔÉë�é'ç
âÉàwÕ�Õ�í&ñ¿é�Ú
ê2Þ�É�Ú«ÔÉÕ~óAÚ
×FÔ�ãyÛyÔ©ç
à�â�âÉÜ@Ú
æRà|âÉÙáà|Ö�Ú�Û$÷)é�Ú
ê'ê�Ú
÷ â�ã;à�Û¤Ý@Ú�àwÕlÙá×�ÚOÕ
à|×FÚ�ë�Ú(Ö	Ø�Ü�ÖFé�Ú¤òÃÚ
ØMÕl÷)Ô�ÖFç�é¡í?�=ä�ÈbÉNÊ ËU±1®lÌ�ã�ä��;Õ~ �å�¼W¾1ÉeÚC�;Õ-æ¢,� U¾	­ª®C¯N°F±�²�²3ÞH÷)é�Ú
×FÚ�ÈbÉ@ÊZË/±1®lÌCã6ät�KÕ~ ¨Û�Ú
ê�ã�Ö�Ú�Õ
Ö�éáÚ¢Õ�Ù�Ý ã|ä)ÖFé�Ú�ÕlÚ�×�æwÚ
×�ÕJâ�ã;à�ÛMÔÉê_Ö=Èº�KÕ6æª,� 	à�êáÛoR_¿ç¼ÇÀè,�Þ&ÖFé�Ú
êÁàÂê�Ú�÷øÕ�Ú
×Fæ�Ú
×�ÔÉÕ�à�ÛáÛyÚ�ÛÇÖFãéÖ=Èº�KÕ~ JÖ�éáà|Ö�Ô©Õ
Þ
É�Ú��;Õ~ -»$É�ÚC�KÕIæ_,� eÜÔ,wíb�á×�ãwÝ1Ö�éáà|Ö)ó7ãwÔ�ê;Ö�Þ�ÖFé�Ú¨Ý@ãRæ�Ú�Û'ÕlÚ�×�æwÚ
×~÷)Ô�âÉâe×FÚ�ç(Ú�Ô�æwÚ«ãwê�âÉÜ¤ê�Ú
÷�×�ÚOúwÙáÚ�ÕlÖFÕUäº×�ãwÝ1Ö�é�Ú¨é�ÔÉë�é�ç(â©à�ÕFÕ�Þ
÷)é�ÔÉâ�Ú¿Ô�Ö3÷)Ô�âÉâ�ç(ãwêwÖFÔ�ê�Ù�ÚUÖ�ãJÕ�Ú
×Fæ�ÚU×�ÚOúwÙáÚ�ÕlÖFÕ�ã�ê�à|âÉ×�ÚOà�ÛyÜJãwó7Ú�ê�ç(ãwê�ê�ÚOçsÖ�ÔÉã�ê7ÕH÷)Ô�Ö�é@Ý@Ú�Û�Ô�Ù�Ý à|êáÛ�â�ãR÷Kç(â©à�ÕFÕlÚOÕ
í¡ñ¿éáÚ~Ý@ãRæwÚ�Û
Õ�Ú
×Fæ�Ú
×.÷)Ô�âÉâH×FÚ(ÖFÙ�×Fê�Ö�ãuË6Èº�KÕ~ ~ÖFéáàRÖiÔÉÕ�ÞNÉeÚC�KÕ~ º»]É�ÚC�KÕ&æÔ,� -æÎ,�÷)é�Ú
ê=È&É@ÊZË/±1®lÌ ã6ä �KÕ~ �¿½¼=¾#É�ÚC�KÕbæÔ,� -¾�­ª®C¯N°F±�²�²3í
k«ê�âÉÜ�×FÚ�ú;Ù�ÚOÕ]Ö�Õ&äº×Fã�Ý ÖFé�Ú�âÉãR÷UÚOÕ]Ö�ç
âÉàwÕ�Õ�ç
à|ê¤ØAÚ�×FÚ(äºÙáÕ�Ú�Û@÷)éáÚ
êuÈbÉNÊ ËU±1®lÌ�êSäI�KÕ~ �åª�;Í�æ�ÉeÚC�;Õ~ ~ S¾(­ª®C¯e°F±�²�²3í�òÃÚ�×FÚ(äºÚ�×
Ö�ã�ÖFé�ÔÉÕ�ó7ãwâ�Ô©ç(Ü¢à�Õ~Ö�éáÚ�«Xë�¥�ì#Ð;ì#Ð8í@î?à�â�ëwã�×FÔ�ÖFé�Ý�í

ï ð ���3�|���ª� �	���)� �	���	�s�$�&
(�

ñ��~� ���DòÅóX�~�T���~�/�çòÇ�º���t�

ñ¿é�Ú)äºãyç
ÙáÕªã�äAãwÙ�×�ÕlÖ�ÙáÛyÜ�ã�ê@ÖFé�Ú�òÃÚ
Ø�ç
â�ÙáÕlÖ�Ú�×�óAÚ
×�äºã�×FÝ¤à|êáç
Ú¿à�â�âÉãR÷�Õ3ÙáÕªÖ�ã	àZæwã�Ô©Û	ÖFé�Ú«ÛyÚ
ÖFà�Ô�â©Õ3ã|äeê�Ú
Ö]÷Uãw×�ù�à|×�ç�é�Ô�ÖFÚ�ç(Ö�Ù�×FÚ
à|ê7Û=�^ê;ÖFÚ
×Fê�Ú(ÖJÖF×Fà	�¤ç�íZk«êÃÖ�éáÚ�ã|ÖFé�Ú
×Jéáà�êáÛeÞ�÷UÚ¤Ý@ãyÛyÚ�â3Ö�é�Ú'ÛyÚ(Ö�à|ÔÉâÉÕJã�ä¿à�â�âUç(âÉÙáÕ]ÖFÚ
×�ç
ã�Ý@óAã�ê�Ú�êwÖ�Õ
ÞHÖ�éáÚ�ç(âÉÔ�Ú�êwÖ�ö=Õ�Ú
×Fæ�Ú�×
ÔÉêwÖFÚ
×�à�ç(Ö�ÔÉã�êáÕ���Øáà�Õ�Ú�Ûüãwêüà�êüã�óAÚ
ê Õ�Ü�ÕlÖ�Ú�Ý Ý@ãyÛyÚ
â' sÞ�à�êáÛKÖ�é�Ú�÷Uãw×�ù�âÉãwà�Û ã|þ Ú
×FÚ�ÛKÖ�ã?Ö�é�Ú�ç
â�Ù7Õ]ÖFÚ
×Oí]³�àwç�éÁÕ�Ú
×Fæ�Ú�×¤ÔÉÕ
Ý@ãyÛyÚ
âÉÚ�Û àwÕ�àMÕlÚ�óáà|×�àRÖFÚÂç(ãwÝ�óAã�êáÚ
ê;Ö�÷)Ô�ÖFé Ô�Ö�Õ�ãR÷)ê½O~ì�õ�Þ�Ý¤à|ÔÉêüÝ@Ú
Ý@ã�×FÜ�Þ¿âÉã�ç�à|âÉâ�ÜÁàRÖ�ÖFà�ç�éáÚ�ÛüÛyÔ©Õlùüà|êáÛÁê�Ú
Ö]÷Uãw×�ù
ÔÉêwÖFÚ
×�ä�à�ç
Ú�íUñ¿éáÚ	òÅÚ�ØÂÕlÚ�×�æwÚ
×�Õ�ã|äxÖ]÷¿à|×FÚ«Ô©Õ�Ý@ãyÛyÚ�â�ÚOÛ�à�Õ)à|êVE.óáà�ç�éáÚ(ö=â�ÔÉù�ÚJÕ�Ú
×Fæ�Ú
×OÞy÷)é�Ú�×�Ú	à�ê�ÿ«ñ)ñ)ì Û�à�Ú
Ý@ã�ê�÷¿à|Ô�ÖFÕ¿äºãw×
ç(ãwê�ê�ÚOçsÖ�ÔÉã�ê�×�ÚOúwÙáÚ�ÕlÖFÕ�í«ò é�Ú�êÂÖFé�Ú�àwÛyÝ@ÔÉÕFÕ�Ô�ãwêÂç(ã�ê;ÖF×�ãwâHÔ©Õ«Õ�÷)Ô�ÖFç�é�ÚOÛ�ã�ê2Þeà'ç(ã�êáê�Ú�ç(Ö�ÔÉã�êÂ×FÚ�ú;Ù�ÚOÕ]ÖiÝ@àZÜ�ØAÚ�×FÚ!*]ÚOçsÖFÚ�ÛeíF�=ä
Ô�Ö.éáà|óáó7Ú�êáÕ
ÞáÖ�é�Ú�ç(âÉÔ�Ú�êwÖ«×�ÚOÕlÚ�êáÛ�Õ¿ÖFé�Ú	×FÚ�ú;Ù�Ú�ÕlÖ«à|äxÖ�Ú
×«à�Ö�ÔÉÝ�Ú�ã�ÙyÖOí��=ä�ÖFé�Ú	×FÚ�ú;Ù�ÚOÕ]Ö.Ô©Õ�ÕlÖ�ÔÉâ�âH×�Ú~*]Ú�ç(Ö�Ú�Û2ÞáÔ�Ö«Ô©Õ�à|ØAã�×�Ö�ÚOÛeí~ñ¿éáÚ
Õ�Ô�Ý�Ù�âÉà|Ö�ÔÉã�êÅÝ�ãyÛyÚ�â&ÔÉÕ¨ÔÉÝ@ó�â�Ú�Ý@Ú
ê;Ö�ÚOÛ�ÙáÕ�ÔÉê�ë$ÖFé�Ú�O¿ål�!�Q,#G'óáàwç�ùZà�ë�Ú ��,�,4
9í�Ó.Ú
ÖFà|ÔÉâ©Õ¨×�Ú�ëwà|×�ÛyÔÉê�ë¤ÖFé�Ú@óáà|×�à|Ý@Ú(ÖFÚ
×�Õ�ã�ä�Ö�éáÚ
Õ�Ü�ÕlÖ�Ú�Ý Ý@ãyÛyÚ
â¡ç�à|ê¢Ø7Ú¨äºãwÙ�êáÛ¢ÔÉêW� ô1
=í

å�óAÚ�ç
ÔÉà�â�à|ÖlÖ�Ú�ê;Ö�ÔÉã�ê�éáàwÕ.ØAÚ
Ú�ê�ÛyÚ
æwã|ÖFÚ�Û�ÖFã�Ö�éáÚ�÷~ã�×Fù;âÉãwàwÛ¢Ý�ãyÛyÚ�â¡ÖFéáàRÖiÔ�ê7ç(ã�×FóAã�×�àRÖ�ÚOÕ¿Ö�éáÚ�Ý@ãwÕlÖ«×FÚ�ç
Ú
ê;Ö.×FÚ�Õ�Ù�â�ÖFÕ�ãwê
òÃÚ
Ø	âÉãwàwÛ	ç�éáà|×�à�ç(Ö�Ú�×�ÔÉô�à|Ö�ÔÉã�ê2íeñ¿é�ÚUé�Ô�ëwé	æRà|×FÔÉà�Ø�ÔÉâ�Ô�Ö]Üià�êáÛ	Õ�Ú
â�äxö=Õ�ÔÉÝ�ÔÉâ©à|×¡ê7àRÖ�Ùá×�Úªã�ä�òÅÚ�Ø�àwç
ç(ÚOÕ�Õ¡â�ã;à�Û¨Ô©Õ¡Ý@ãyÛyÚ�â�ÚOÛ¨Ö�é�×Fã�Ùáë�é
é�ÚOàZæ;Ü;ö9ÖFà�Ô�âÉÚ�Û¢ÛyÔ©Õ]ÖF×�ÔÉØ�ÙyÖFÔ�ãwêáÕ.Õ�Ùáç�é�à�Õ�ì3à�×�Ú
Ö�ã¤à|ê7Û�â�ãwë�ê�ãw×�Ý¤à|âeÛyÔ©ÕlÖ�×FÔ�Ø�Ù�Ö�ÔÉã�êáÕ�� .�Þ�0	
=íU�^ê�ÖFé�Ô©Õ�óáà�ó7Ú�×�Þ7÷UÚ	ç
ã�êáÕ�ÔÉÛ�Ú
×)Ö]÷~ã
Ý¤à|ÔÉê ç(â©à�ÕFÕlÚOÕ¤ã|ä�Õ�Ú
×Fæ�ÔÉç
Ú�Õ¤óá×�ãRæ�Ô©ÛyÚ�ÛÁØ�Ü ÖFé�Ú�òÃÚ
Ø Õ�Ô�Ö�ÚÂÖFéáàRÖ'ÔÉÕ�ÞJÑ4�h2	�8%;�½��Ë#��Ñ
Ë(Ï4:�%;��Ë$ç
ã�Ý@óAãwÕ�Ú�ÛüØ�ÜK×FÚ�ú;Ù�ÚOÕ]Ö�Õ¤äºãw×
ÿ.ñº��èMóáà|ëwÚ�Õ¿÷)Ô�Ö�é�Õ�ã�Ý@ÚJÚ�Ý�ØAÚ�Û�ÛyÚOÛ�Õ]Ö�àRÖFÔÉç¨ãwØ�*]Ú�ç(ÖFÕ�Þ7à|ê7ÛÇÐ|Ì19N2	>�%;�é��Ë#��Ñ
Ë
Ï4:#%;��Ë
Þ7÷)é�Ú�×�Ú�ÕlãwÝ�ÚJãwØ�*]Ú�ç(ÖFÕ)ØAÚ
âÉã�êáë�ÔÉê�ë
Ö�ã¨ÖFé�Ú)óáà�ë�Ú)à|×FÚ)ÛyÜ�êáà|Ý@Ô©ç
à|âÉâÉÜ	ë�Ú�ê�Ú
×�àRÖFÚ�Û�Ö�é�×Fã�Ù�ëwé�òÃÚ
Ø¤Õ�Ú
×Fæ�Ú�×&à�êáÛ�Øáà�ç�ù;ö=Ú
êáÛ�Õ�Ú
×Fæ�Ú
×&ÔÉê;Ö�Ú
×�à�ç(Ö�ÔÉã�ê2í�ñ¿é�Ú�ÛyÔ©Õ]ÖF×�ÔÉØ�ÙyÖFÔ�ãwê
äºÙ�êáç(Ö�ÔÉã�êáÕ.à|êáÛ'óáà|×�à|Ý@Ú
Ö�Ú
×¿æRà|âÉÙ�ÚOÕ)÷UÚ¨ÙáÕ�Ú¨Ô�ê¢ÖFé�ÚJ÷Uãw×�ù�âÉãwàwÛ�Ý@ãyÛyÚ
â2ç�à|ê�Ø7Ú¨äºãwÙ�êáÛ'Ô�êQ� ô1
=í

ñ��8Â õ öº���IÄS�~òÇ���U���&��ÄS���lóX�(���

ñ¿é�ÚiÝ¤à|ÔÉê$ã�Ø�*]Ú�çsÖFÔ�æwÚ.ã�äeÖ�é�Ô©Õ¿Õ]ÖFÙáÛyÜ¤Ô©Õ�ÖFã�ÙáêáÛyÚ
×�ÕlÖFà|ê7Û@Ö�é�ÚiÔÉÝ�ó7à�çsÖ~Ö�é7àRÖ)ÛyÔ�þ Ú
×FÚ
ê;Ö.ß«ã;å@óAã�âÉÔ©ç(ÔÉÚ�Õ¿à|ó�óáâ�ÔÉÚ�Û�Ö�ã	ÖFé�Ú¨òÅÚ�Ø
Õ�÷)Ô�Ö�ç�é$à|êáÛNqZã�×�Ö�é�Ú«òÅÚ�Ø'Õ�Ú
×Fæ�Ú�×�éáàZæwÚ�ã�ê�Ù7ÕlÚ�×�×FÚ�Õ�ó7ãwêáÕlÚ.Ö�ÔÉÝ@Ú�í&E.Õ~óAÚ
×�äºã�×FÝ@à�êáç(Ú.Ý�Ú
Ö�×FÔÉç�Õ
Þ;÷~Ú.ÙáÕ�Ú.ÖFé�ÚºHáË
ÏD��Ë�9@�h2#BwË	Î~J
ÐRÏFÎ7H�HáË�Ð@Ï�Ë�A
�áËsÑ4�CÑ&à�êáÛ�Ö�é�Ú?÷�ø	L<H�Ë
ÏD��Ë�9@�8%'�ÉË	Î!J-H�2#BwË�Ð�Ë
�32RÌ.Ö�éáà|ÖUÝ@Ú�àwÕlÙ�×FÚ�Õ3Ö�é�Úiç(ã�Ý@ó�âÉÚ(ÖFÔ�ãwê¤Ö�ÔÉÝ@Ú.ã�ä¡àJòÅÚ�Ø�óáà�ë�Ú.à|Ö�Ö�éáÚ
Õ�Ú
×Fæ�Ú
×iÕlÔ©ÛyÚZ�º÷~Ú�Û�ã'ê�ã�Ö¨ç
ã�êáÕ�Ô©ÛyÚ
×«Ö�é�Ú@ê�Ú
Ö]÷Uãw×�ù¢ÔÉÝ�ó7à�çsÖ4 sí�E.ê�Ú
�¤ç
Ô�Ú�ê;Ö�ß«ã�å;ö^àZ÷~à�×�ÚJÛyÔ©Õló7àRÖFç�éáÔ�ê�ë¢óAã�âÉÔÉç
ÜÂÕlé�ãwÙ�â©ÛÂØAÚ
à|Øáâ�Ú�Ö�ã¢ë�Ùáà�×Fà�ê;Ö�Ú
Ú�à�ÛyÚOúwÙ7àRÖ�Ú�óAÚ
×�äºã�×FÝ@à�êáç(Ú�Ö�ã'Ö�é�Ú�é�ÔÉë�éÃÕlÚ�×�æ�Ô©ç(Ú�ç
âÉàwÕ�Õi÷)Ô�Ö�é�ãwÙyÖ¨Ô�Ý@óáàwçsÖ�ÔÉê�ë'Ö�ã�ã¢ê�Ú
ë;àRÖ�ÔÉæ�Ú�â�Ü�ãwêÂÖ�éáÚ
óAÚ
×�äºã�×FÝ@à�êáç(Ú¨ã�äHÖFé�Ú	ã|ÖFé�Ú
×�ç
âÉàwÕ�Õ�Ú�Õ�í-��×Fã�ÝøÖ�é�Ú	Õ�Ú
âÉÚ�ç(Ö�ÚOÛ'óAÚ
×�äºã�×FÝ¤à|êáç
Ú¨Ý�Ú
Ö�×FÔÉç�Õ
ÞáÔ�Ö�äºãwâ�âÉãR÷�Õ~Ö�é7àRÖ.à�Ö�×�à�Û�Ú
ã|þÂØAÚ(Ö]÷~Ú
Ú�ê
Ö�éáÚ�v�RRö=óAÚ
×�ç(Ú
ê;ÖFÔ�âÉÚ«ã�ä�ó7à|ë�Ú¨ÛyÚ�âÉàZÜ$à�êáÛ'Ö�é�ÚJóAÚ
×�ç(Ú�ê;ÖFà|ëwÚ«ã�äH×FÚ(äºÙáÕ�Ú�Û�ç
ã�ê�ê�ÚOçsÖFÔ�ãwêáÕ)Õléáã�Ù�â©Û$ØAÚJÚ�ÕlÖFà�Ø�âÉÔÉÕ�é�Ú�Û2í

�^êÁã�Ù�×¤Ú
ý�óAÚ
×FÔÉÝ�Ú�ê;ÖFÕ�Þ�÷~ÚÂç(ã�Ý@óáà�×�Ú'Ö�éáÚ�ó7Ú�×läºãw×�Ý¤à|ê7ç(Ú¢ã|äJß«ã�å;ö^àZ÷~à�×�Ú¢ÛyÔÉÕ�óáà|ÖFç�é�ÔÉê�ëÃó7ãwâ�Ô©ç(ÔÉÚ�Õ¤÷)Ô�Ö�éÁÖFéáàRÖ¤ã|äiÖ�éáÚ
ØAÚ�ÕlÖiß«ã;å;ö=Ø�âÉÔ�êáÛ'óAã�âÉÔÉç
Ü�í-��Ô�ëwÙ�×FÚ�.@Õ�é�ãR÷�ÕUÖ�éáÚ	ç(Ù�Ý�Ù�âÉà|Ö�ÔÉæ�ÚJÛyÔ©Õ]ÖF×�ÔÉØ�ÙyÖFÔ�ãwê�ã|ä�Ö�é�ÚJóáà�ë�Ú¨ÛyÚ
â©àZÜ¤äºãw×�¡�¡JÞ�ò¢¡�¡	Þ7à|ê7Û'èHè
ÛyÔ©Õló7àRÖFç�éáÔ�ê�ë«ó7ãwâ�Ô©ç(ÔÉÚ�Õ�í�åyÔ�êáç
Ú�ò¢¡�¡ ó7ãwâ�Ô©ç(ÜJç
â�ÚOà|×Fâ�Üiã�ÙyÖFó7Ú�×läºãw×�Ý¤Õ�à|âÉâwã�Ö�é�Ú�×�à�â�ëwã�×FÔ�ÖFé�Ý¤Õ
ÞOÔÉê	Ö�éáÚªäºã�âÉâÉãR÷)Ô�ê�ë.Ú(ýyó7Ú�×�ÔÉÝ@Ú
ê;ÖFÕ
÷~Ú	ç(ã�ê7ÕlÔ©ÛyÚ
×)ò¢¡X¡#à�Õ~Ö�éáÚ�ÛyÔ©Õlóáà|ÖFç�é�ÔÉê�ë@óAã�âÉÔÉç
Ü�Ö�ã�àwÕ�Õ�ÔÉë�ê�à�ÛyÝ@Ô�ÖlÖ�ÚOÛ�ç(ãwê�ê�Ú�ç(Ö�ÔÉã�ê�×FÚ�ú;Ù�Ú�ÕlÖFÕ~ÖFã�à�ÖFà�×�ëwÚ(Ö)òÅÚ�ØÂÕlÚ�×�æwÚ
×Oí



ò¢¡�¡ ç
à�ê'ØAÚJÔÉêwÖFÚ
ëw×Fà|Ö�Ú�Û'ã�×)êáã|Ö)÷)Ô�ÖFé�ß«ã;å$Ý�ÚOç�éáà|êáÔÉÕ�Ý¤Õ
í

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 1 2 3 4 5

C
um

ul
at

iv
e 

fr
eq

ue
nc

y 
of

 P
ag

e 
de

la
y

ù

Page delay [sec.]

RR
WRR

LL

�HÔÉë�Ùá×�Ú�.yÒ-ú �;f«�;o�g
_]VXWZY~c�[]YsÀR�;Y�T u a�b�ce¥;g�k�Y«v�Y�o�g�a�cÉb�[¿¼~bR½ § £woXV�T;v�v�VX\^¥�g
_ ulz VXTwkJg�oXkOb
[]V`_ z fJ\��

�^êÂÖFé�Ô©Õ«ó7à|óAÚ
×OÞA÷~Ú@ç(ã�ê7ÕlÔ©ÛyÚ
×.Ö�é�×FÚ
Ú@Õ�Ú
×Fæ;Ô©ç(Ú�ç(â©à�ÕFÕlÚOÕ�ÖFéáàRÖ¨Ô©Õ
Þ é�ÔÉë�é2ÞeÝ@ÚOÛyÔ�ÙáÝ¢ÞHà|êáÛ�âÉãR÷ ç(â©à�ÕFÕ�íj�^ê�Ö�é�Ú?�á×�ÕlÖiÕ�Ú(Ö¨ã|ä
Ú(ýyóAÚ
×FÔ�Ý@Ú�êwÖ�Õ
Þ�ÖFé�Ú
ÔÉ×�óAÚ
×�ç(Ú�êwÖ�à|ëwÚ¤ÔÉÕ�ÕlÚ
Ö	Ö�ãYP�RCû$Þ-.	ôSÙ �Cû à|ê7ÛW0�P�Ùa��û$Þ�×�ÚOÕlóAÚ�ç(Ö�ÔÉæ�Ú�â�Üwí �^êo��ÔÉë�Ù�×FÚuP�÷~Ú$ç
ã�Ý@óáà|×FÚ@Ö�éáÚ
óAÚ
×�äºã�×FÝ@à�êáç(Ú¢ã|ä«Ö�é�Ú�ó�×Fã�óAãwÕ�Ú�Ûüß«ã;å ó7ãwâ�Ô©ç(ÔÉÚ�Õ��9å�÷)ÔÑE.Ój�MÞUå�÷)ÔÑE.Ój��ö]å�Ú
×�ì/¡º�sÞ�åyÚ
×�E.Ój��ö^åyÚ
×�ì/¡º�sÞ3à|ê7ÛKì3à�×lÖFÔ�ÖFÔ�ãwê@ 
à|ê7Û�ÖFéáàRÖ¿äºã�×)ò¢¡X¡Jí�òÃÚ¨Õ�é�ãR÷ Ö�é�Ú�v�R|ö9óAÚ
×�ç(Ú�ê;Ö�ÔÉâ�Úiã|ä�óáà|ëwÚiÛyÚ�âÉàZÜ�äºã�×)à|âÉâ2ÕlÚ�×�æ�Ô©ç(Ú¨ç(â©à�ÕFÕlÚOÕ
í&òÃÚ¨ã�ØáÕ�Ú
×Fæ�Ú«Ö�éáà|Ö�à|âÉâHß«ã;å
óAã�âÉÔÉç
Ô�ÚOÕ�ã�Ù�Ö�óAÚ
×�äºã�×FÝøò¢¡�¡JÒ7Ö�éáÚ�óAÚ
×�äºã�×FÝ@à�êáç(ÚJë;à|ÔÉê�×�ÚOà�ç�é�ÚOÕ�à|ØAã�ÙyÖjP�RCû1äºã�×«é�Ô�ëwéÂç(â©à�ÕFÕ)×FÚ�ú;Ù�Ú�ÕlÖFÕ�í)å�÷)Ô<E«Ó�� à|ÔÉÝ@Õ
Ö�ã¤âÉÔÉÝ�Ô�Ö«ãwê�âÉÜ�Ö�éáÚ�ç(âÉÙáÕlÖ�Ú
×.â�ã;à�Û'Ö�é�×Fã�Ùáë�é¢Ö�é�Ú�à�ÛyÝ@Ô©Õ�Õ�Ô�ãwê�ç(ã�ê;ÖF×�ãwâeÝ�ÚOç�éáà|êáÔÉÕ�Ý�ÞáÕlã¤Ô�Ö«àwç�é�Ô�Ú�æ�ÚOÕ~Ö�é�Ú�ÕFà|Ý@ÚJóáà�ë�Ú	ÛyÚ�âÉàZÜ
äºã�×�à�â�â2Õ�Ú
×Fæ�ÔÉç
ÚJç(â©à�ÕFÕlÚOÕ
í&ñ¿é�Ú
×FÚ(äºãw×�ÚwÞyÔ�Ö)ä�à�Ô�â©Õ~Ö�ã¤ëwÙáà|×�à|ê;ÖFÚ
Ú¨ÛyÔ�þ Ú
×FÚ
ê;Ö«ß«ã;å$âÉÚ
æ�Ú�âÉÕ~ÖFã¤ÛyÔ�þ Ú
×FÚ
ê;Ö.ç
âÉàwÕ�Õ�Ú�Õ~ã|ä3Õ�Ú
×Fæ;Ô©ç(ÚOÕ
í

å�÷)ÔÑE.Ój��ö]å�Ú
×�ì/¡º�Hà|êáÛ�å�Ú
×�E.Ój��ö]å�Ú
×�ì/¡º�¡ó7ãwâ�Ô©ç(ÔÉÚ�Õ�ã�Ø�ÖFà|ÔÉê	ÖFé�Ú)Õ�à�Ý@Ú�óáà�ë�Ú¿ÛyÚ
â©àZÜiäºã�×&Ø7ã�Ö�é�Ö�é�Ú¿é�ÔÉë�é�à|êáÛ�Ý@Ú�ÛyÔÉÙ�Ý
ç(â©à�ÕFÕ�Ú�Õ�Þ�÷)é�ÔÉâ�ÚJäºãw×)Ö�éáÚ	â�ãR÷ Õ�Ú
×Fæ;Ô©ç(Ú	ç
âÉàwÕ�Õ�åyÚ
×�E.Ój��ö^åyÚ
×�ì/¡º�~ã�ÙyÖFó7Ú�×läºãw×�Ý¤Õ.åy÷)Ô<E«Ó���ö]å�Ú�×FìU¡º�¿÷)Ô�ÖFéÂà@ëwà|ÔÉê�ã|äªà|ØAã�Ù�Ö
P�Rlûøã�êÂÖFé�ÚMv�R|ö9óAÚ
×�ç(Ú�êwÖFÔ�âÉÚ	ã�äUóáà�ë�Ú�Û�Ú
â©àZÜ�í	ÿ�ãR÷~Ú
æwÚ
×OÞ7Ô�ä�÷~Ú�à�êáà|âÉÜ�ô
Ú�Ö�é�Ú@óAÚ
×�ç(Ú
ê;Ö�à|ë�Ú�ã|äUÛ�×�ãwó�ó7ÚOÛÂ×FÚ�ú;Ù�ÚOÕ]Ö�Õ«Õ�é�ãR÷)ê
ÔÉêY��Ô�ëwÙ�×�Ú�0áÞA÷UÚ�ÕlÚ�Ú	ÖFéáàRÖ	å�÷)ÔÑE.Ój��ö^åyÚ
×�ì/¡º�¿×FÚ!*]Ú�ç(ÖFÕjR�í ô�.Cû ã�ä�â�ãR÷#ç
âÉàwÕ�Õ.×�ÚOúwÙáÚ�ÕlÖFÕ�í«ñ¿é�Ô©Õ.Ô©Õ«â�ÚOÕ�Õ.Ö�éáà�êYP�Rlûøã|ä3Ö�éáÚ
×FÚ�ú;Ù�Ú�ÕlÖFÕ)Û�×�ãwó�ó7ÚOÛ$Ø�Ü'åyÚ
×�E.Ój��ö^åyÚ
×�ì/¡º�sÞy÷)é�Ô©ç�é�à|×FÚF.�í .�vCû$í

ñ¿é�Ú¿ì3à|×�Ö�Ô�Ö�ÔÉã�êJóAã�âÉÔÉç
ÜJÔÉÕ&à�Ø�â�ÚUÖ�ã¨ÛyÔ�þAÚ�×�Ú�ê;Ö�Ô©àRÖ�ÚUÖ�éáÚ~ó7à|ë�Ú~ÛyÚ
â©àZÜiäºã�×&Ú�àwç�é�Õ�Ú
×Fæ;Ô©ç(Ú~ç(â©à�ÕFÕ
ÞRØáÙyÖ&à|ÖHÖFé�Ú¿ó�×FÔÉç
ÚUã�ä7à�Ý�Ùáç�é
é�ÔÉë�é�Ú�×ªóAÚ
×�ç(Ú
ê;Ö�à|ë�Ú¿ã�äeÛ�×�ãwó�ó7ÚOÛ�×�ÚOúwÙáÚ�ÕlÖFÕ�íT�á×�ãwÝ Ö�éáÔÉÕUÕlÚ
Ö�ã|ä Ú(ýyóAÚ
×FÔ�Ý@Ú
ê;Ö�Õ
Þw÷UÚ.ç�à|ê¤ç(ãwêáç(âÉÙáÛyÚ¿ÖFéáàRÖ¿å�÷)Ô<E«Ó���ö^å�Ú�×FìU¡º�
óAÚ
×�äºã�×FÝ@Õ�ØAÚ(ÖlÖFÚ
×�Ö�éáà�ê?ÖFé�Ú$ã�Ö�é�Ú�×FÕ�Þªà�Õ�Ô�Ö�ó�×FãRæ;Ô©ÛyÚOÕJÖ�éáÚ'ØAÚ�ÕlÖ�ÖF×FàwÛyÚ
ã�þKØAÚ(Ö]÷~Ú
Ú�ê?Ö�éáÚ�v�R|ö9óAÚ
×�ç(Ú�ê;Ö�ÔÉâ�Ú�ã�ä�óáà|ëwÚ'ÛyÚ�âÉàZÜ
äºã�×@à|âÉâUç
âÉàwÕ�Õ�Ú�Õ�à|êáÛMÖ�é�Ú¢ó7Ú�×Fç
Ú
ê;ÖFà�ë�Ú�ã�ä.Ûy×Fã�ó�óAÚ�ÛM×FÚ�ú;Ù�ÚOÕ]Ö�Õ
í=��Ù�×�Ö�é�Ú�×�Ý@ãw×�ÚwÞ3Ô�Ö@Ûyã�Ú�Õ�ê�ã|Ö�Ô�ê;Ö�×FãyÛyÙáç
Ú'à|ê�ÜÃãRæ�Ú�×�é�ÚOà�Û
ã�êMòÃÚ
ØKÕlÚ�×�æwÚ
×�ÕJØ7ÚOç
à�ÙáÕlÚ�Ö�é�Ú¢à�ÛyÝ@Ô©Õ�Õ�Ô�ãwê?ç(ãwêwÖF×�ãwâªÔ©Õ�ç�à|×F×�ÔÉÚ�ÛÃã�Ù�Ö�àRÖ�Ö�é�Ú¢ÛyÔÉÕ�óáà|ÖFç�é�Ú�×�âÉÚ
æ�Ú�âCíWk«êÇÖ�é�Ú'ã|Ö�éáÚ
×�é7à|êáÛeÞ
å�Ú�×7E«Ó���ö]å�Ú�×FìU¡º�Uà�êáÛ�à|âÉâ2ã|ÖFé�Ú
×�óAã�âÉÔ©ç(ÔÉÚ�Õ¿ÖFéáàRÖ�ÔÉÝ@ó�â�Ú�Ý@Ú
ê;Ö�Ö�éáÚ�à�ÛyÝ@Ô©Õ�Õ�ÔÉã�ê�ç(ã�ê;ÖF×�ãwâ2àRÖ)Ö�éáÚ�ÕlÚ�×�æwÚ
×¿âÉÚ
æ�Ú�â2óáàZÜ¤äºãw×)Ö�éáÚ
ãRæ�Ú�×�éáÚ�à�Û�ã|ä�Ö�é�Ú	ç
ã�ê�ê�ÚOçsÖFÔ�ãwêu�á×�ÕlÖ¿ÚOÕ]Ö�à|Ø�âÉÔ©Õlé�ÚOÛ�à|êáÛ$Ö�é�Ú�ê�×�Ú
äºÙáÕlÚOÛeí

ñ��8� �6�t�X�l�(���(ü��!�	ýþ�b�X�&�(ý��l�~�

�^ê¢Ö�é�Ú	Õ�Ú�ç
ã�êáÛ¢Õ�Ú(Ö�ã|ä&Ú(ýyóAÚ
×FÔ�Ý@Ú�êwÖ�Õ
Þá÷UÚJà|ê7à|âÉÜ;ô�ÚiÖ�é�ÚJØAÚ
éáàZæ�ÔÉã�×)ã�ä¡Ö�éáÚ�ÛyÔ©Õlóáà|ÖFç�é�ÔÉê�ë@óAã�âÉÔÉç
Ô�ÚOÕ¿÷)é�Ú
ê¢Ö�éáÚ�ç(ãwÝ�óAãwÕ�Ô�Ö�ÔÉã�ê
ã|ä~×�ÚOú;Ù�Ú�ÕlÖ	ç(â©à�ÕFÕlÚOÕ«ç�éáà�ê�ë�ÚOÕ
í@å�óAÚ�ç(Ô3�7ç�à|âÉâ�ÜwÞ¡÷~Ú�à�êáà|âÉÜ�ô
Ú�Ö�é�Ú�Õ�Ú
êáÕ�Ô�Ö�ÔÉæ;Ô�Ö]Ü�ÖFã$ÖFé�Ú¤ó7Ú�×Fç
Ú
ê;ÖFà�ë�Ú�ã|ä~é�Ô�ëwéÃç
âÉàwÕ�Õi×FÚ�ú;Ù�ÚOÕ]Ö�Õ
Ö�é7àRÖUÔÉê$ãwÙ�×�Ú
ýyó7Ú�×�ÔÉÝ@Ú
ê;ÖFÕ�×Fà�ê�ë�ÚOÕ3äº×Fã�ÝÿR�ía.¨Ö�ã�R�í G�í3ñ¡ã�×�ÚOÛyÙáç(Ú.Ö�é�ÚiÛyÚ
ëw×�Ú�Ú�Õ�ã|äeäº×FÚ
Ú�Û�ã�Ý�ÞwÔÉê¤ÖFé�Ú.äºãwâ�âÉãR÷)ÔÉê�ëF�áë�Ùá×�ÚOÕª÷~Ú
Õ�Ú(Ö)Ö�éáÚJ×Fà|Ö�ÔÉã�ØAÚ(Ö]÷~Ú
Ú�ê¢Ý@ÚOÛyÔ�ÙáÝ�à|ê7Û'âÉãR÷ ç
âÉàwÕ�Õ¿×FÚ�ú;Ù�ÚOÕ]Ö�Õ~Ö�ãMPCq��yí/k.Ö�é�Ú�×)ê�ã|Ö�×FÚ
óAã�×�Ö�ÚOÛ$Ú
ýyó7Ú�×�ÔÉÝ@Ú
ê;ÖFÕ¿÷)Ô�Ö�é�ÛyÔ�þAÚ�×�Ú�ê;Ö
×�àRÖ�ÔÉãwÕ¿Ûyã¤êáã|Ö)Ý@ã�Û�Ô�äºÜ$Ö�é�ÚJÝ¤à|ÔÉê�ç(ãwêáç(âÉÙáÕ�Ô�ãwêáÕ~ã|ä�Ö�é�Ô©Õ)óáà�ó7Ú�×�í

��Ô�ëwÙ�×FÚ�Õ��yÞ�ô�à�êáÛ `�ÕléáãR÷üÖ�é�ÚiÖ�×FÚ
ê7Û�ã|äTv�RRö=óAÚ
×�ç(Ú
ê;ÖFÔ�âÉÚ�ã|ä�óáà|ëwÚ«ÛyÚ�âÉàZÜ�äºãw×~éáÔ�ëwé2Þ�Ý�ÚOÛyÔÉÙ�Ýøà|ê7Û�âÉãR÷ ç(â©à�ÕFÕUÕ�Ú
×Fæ�ÔÉç
Ú�Õ�Þ



0

0.5

1

1.5

2

2.5

3

3.5

4

SwiADM-SerPRI SwiADM Partition SwiADM-SerPRI

90
-p

er
ce

nt
ile

 o
f 

Pa
ge

 d
el

ay
 [

se
c.

]

�

WRR
High Class

Medium Class
Low Class

��Ô�ëwÙ�×FÚFPáÒ�� p § ¥yYF[ u YFT|_]VXoXY�b�ce¥;g�k�Y�vwY�o�g�aR�

0

1

2

3

4

5

6

7

SwiADM-SerPRI SwiADM Partition SerADM-SerPRI

Pe
rc

en
ta

ge
 o

f 
dr

op
pe

d 
re

qu
es

ts

�

��Ô�ëwÙ�×FÚj07Ò�� Y�[ u Y�TR_lg�k�Y.b
c2v�[]b�¥;¥yYsv	[]YsÀR�;Y�\=_]\��

0

0.5

1

1.5

2

2.5

3

0.2 0.3 0.4 0.5 0.6 0.7 0.8

90
-p

er
ce

nt
ile

 o
f 

Pa
ge

 d
el

ay
 [

se
c.

]

�

Percentage of high class requests

Partition(HC)
SwiADM-SerPRI(HC)
SerADM-SerPRI(HC)

��Ô�ëwÙ�×FÚ$��Ò ½|Y�T;\^V`_]VXW|V`_9aü_]b z VXk z u o�g�\^\Â¥yYF[ u Y�TR_lg�kOY�� � p §
¥yYF[ u YFT|_]VXoXY)b�c2¥;g�k�Y�vwY�o�g�a	c©b�[	�|°�
��@¹�¯X®�
�
~»�� ú ¾��

0

0.5

1

1.5

2

2.5

3

3.5

4

0.2 0.3 0.4 0.5 0.6 0.7 0.8

90
-p

er
ce

nt
ile

 o
f 

Pa
ge

 d
el

ay
 [

se
c.

]

�

Percentage of high class requests

Partition(MC)
SwiADM-SerPRI(MC)
SerADM-SerPRI(MC)

��ÔÉë�Ù�×FÚ$ô�Ò ½|Y�T;\^V`_]VXW|VX_Ca _]b z VXk z u o�g�\^\�¥yYF[ u YFT|_lg
kOY�� � p §
¥yYF[ u Y�TR_]VXoXY)b�c2¥;g�kOY�v�Y�o�g�a�cÉb�[��	¶���°©­�� ¹�¯X®�
�
~»�� ú ¾��

×FÚ�Õ�ó7ÚOçsÖ�ÔÉæ�Ú�â�Üwít�=ä ÷~Ú)â�ã�ã�ù�àRÖ3ÖFé�Ú�é�ÔÉë�é¤ç(â©à�ÕFÕ��8�HÔÉë�Ùá×�ÚX�� sÞwà�â�âáó7ãwâ�Ô©ç(ÔÉÚ�ÕªÛ�Ú
Ý@ã�êáÕlÖ�×�àRÖFÚ)úwÙáÔ�ÖFÚ.Õ]Ö�à|Ø�âÉÚ)×FÚ�Õ�Ù�â�Ö�Õªà�Õ�àiäºÙ�êáçsÖFÔ�ãwê
ã|äJÛyÔ�þAÚ�×�Ú�ê;Ö'ÕlÚ�×�æ�Ô©ç(ÚÂç
âÉàwÕ�Õ¤ç
ã�Ý@ó7ã;ÕlÔ�Ö�ÔÉã�ê7Õ
ÒÂÔÉêáÛyÚ�Ú�ÛeÞ¿ÖFé�Ú�óáà�ë�ÚÂÛyÚ�âÉàZÜKéáà�Õ�àÇæwÚ
×FÜ?âÉÔ�Ö�Ö�âÉÚÂ×Fà�ê�ë�Ú�äº×Fã�Ý ,�í 0�vÅÖ�ã$,wí ô�v
Õ�Ú�ç(ãwêáÛ�Õ�í.ñ¿é�Ú�×�ãwØ�ÙáÕlÖ�ê�ÚOÕ�Õ.ã|ä~ß«ã;å¢óAã�âÉÔ©ç(ÔÉÚ�Õ«÷)Ô�ÖFé�×FÚ�Õ�ó7ÚOçsÖ.ÖFã�é�ÔÉë�é�ç
âÉàwÕ�Õ.×�ÚOú;Ù�Ú�ÕlÖFÕ.ÔÉÕià|êÂÔÉÝ@ó7ãw×lÖ�à|ê;Ö«×FÚ�Õ�Ù�â�Ö.ØAÚ�ç
à�ÙáÕ�Ú
ÔÉê'ÖFé�ÚJ×FÚ�à|âÉÔ�Ö]Ü�à@òÅÚ�Ø�Õ�Ô�Ö�ÚJç
à�ê¢ØAÚ	Õ�Ù�Ø�*]Ú�ç(Ö¿Ö�ã¤æ�Ú�×�Ü�Û�Ô�þ Ú
×FÚ
ê;Ö.ç(ãwÝ@ó7ã;ÕlÔ�Ö�ÔÉã�êáÕ�í

��ãw×.ÖFé�Ú�Ý�ÚOÛyÔÉÙ�Ý ç(â©à�ÕFÕ«×�ÚOúwÙáÚ�ÕlÖFÕ?�;��Ô�ëwÙ�×FÚ�ô� (Þ Ö�é�Ú@óáà�ë�Ú�ÛyÚ
â©àZÜ�Ô�êáç
×�ÚOà�Õ�Ú�Õ�äºã�×¨é�ÔÉë�é�Ú�×«óAÚ
×�ç(Ú�êwÖ�à|ëwÚ�Õ�ã�ä�é�ÔÉë�éÃç(â©à�ÕFÕ
×FÚ�ú;Ù�Ú�ÕlÖFÕ�í�ñ¿é�Ô©Õi÷~àwÕiÚ(ýyó7ÚOçsÖFÚ�ÛÅØ7ÚOç
à|Ù7ÕlÚ�×�ÚOú;Ù�Ú�ÕlÖFÕiØAÚ
âÉã�ê�ëwÔ�ê�ë'Ö�ã¢Ý@Ú�ÛyÔÉÙ�Ý ç
âÉàwÕ�Õ¨à�×�Ú�ê�Ú
æwÚ
×¨Ûy×Fã�ó�óAÚ�ÛÃà|êáÛÂÖ�é�Ú�×�Ú
äºã�×FÚ
Ö�éáÚ
ÔÉ×	ÕlÚ�×�æ�Ô©ç(Ú�Õ�Ùyþ Ú
×�Õiäº×�ãwÝ à|êÃà|Ù�ëwÝ�Ú�ê;Ö¨óAÚ
×�ç(Ú�ê;ÖFà|ëwÚ�ã�äUé�ÔÉë�éÃç(â©à�ÕFÕ«×FÚ�ú;Ù�ÚOÕ]Ö�Õ
í��^êÅóáà�×lÖFÔÉç
Ù�â©à|×OÞ Ö�é�ÚMv�R|ö9óAÚ
×�ç(Ú�ê;Ö�ÔÉâ�Ú�ã|ä
óáà�ë�Ú)ÛyÚ
â©àZÜ�×�à|êáë�Ú�ÕHäº×Fã�Ý ,�í^`�0iÖ�ã�Páía`	GiÕ�Ú�ç
ã�êáÛáÕ�äºã�×3ÖFé�Ú�ì3à|×�Ö�Ô�Ö�ÔÉã�ê�ó7ãwâ�Ô©ç(ÜwÞ�÷)é�ÔÉâÉÚ)Ô�Ö�×�à|êáë�Ú�ÕHäº×Fã�Ý ,�í 0l`�Ö�ã�Páí 0@,¿Õ�Ú�ç
ã�êáÛáÕ
äºã�×�ó�×�ÔÉã�×FÔ�Ö]Üwö=ØáàwÕlÚOÛ	óAã�âÉÔÉç
Ô�ÚOÕ
í3ñ¿é�Ú�×�Ú
äºã�×FÚ�ÞRäº×Fã�ÝÇ�HÔÉë�Ùá×�Ú�ô¨÷~Ú�ç
à�ê@ç
ã�êáç
â�Ù7ÛyÚ¿Ö�éáà|Ö�ó�×FÔ�ãw×�Ô�Ö]Ü;ö9Ø7à�Õ�Ú�Û	óAã�âÉÔ©ç(ÔÉÚ�Õª÷~ã�×Fù	ØAÚ(Ö�Ö�Ú
×
Ö�é7à|ê�ì3à|×�Ö�Ô�Ö�ÔÉã�ê'ó7ãwâ�Ô©ç(Ü¤äºãw×)Ý@Ú�ÛyÔÉÙ�Ý ç(â©à�ÕFÕU×FÚ�ú;Ù�ÚOÕ]Ö�Õ
í

��ãw×Jâ�ãR÷1Õ�Ú
×Fæ;Ô©ç(Ú¤ç
âÉàwÕ�Õ�Þ2ÖFé�Ú�óAã�âÉÔÉç
Ô�ÚOÕJØ7Ú�éáàZæ�Ô�ãw×JÔÉÕ�úwÙáÔ�ÖFÚ$ÛyÔ�þAÚ�×�Ú�êwÖOÞ�àwÕ	Õ�é�ãR÷)êÅÔÉêo��Ô�ëwÙ�×FÚ�`�í$ì3à�×lÖFÔ�ÖFÔ�ãwêÃÕlÖ�×�àRÖFÚ
ë�Ü
à|óáó7ÚOà|×�Õ2ÖFã«ØAÚ¿Ý�ãw×�Ú~Õ]Ö�à|Ø�âÉÚUÖ�éáà�ê�ó�×FÔÉã�×FÔ�Ö]Ü;ö=Øáà�Õ�Ú�Û¨óAã�âÉÔÉç
Ô�ÚOÕ
Þ|à|ÖHÖFé�Ú¿ó�×FÔÉç
ÚUã�ä7à.éáÔ�ëwé�Ú
×&óAÚ
×�ç(Ú
ê;Ö�à|ë�ÚUã|ä7Û�×�ãwó�ó7ÚOÛ	×FÚ�ú;Ù�ÚOÕ]Ö�Õ
��Õ�Ú
Ú���ÔÉë�Ù�×FÚ�G� (í-�^êáÛyÚ�Ú�ÛeÞáì3à�×lÖFÔ�ÖFÔ�ãwê'ëwÙáà|×�à|ê;ÖFÚ
Ú�ÕUÖFã¤â�ãR÷ ç(â©à�ÕFÕ¿×�ÚOúwÙáÚ�ÕlÖFÕ)à�óáà|ëwÚJÛyÚ
â©àZÜ�ã|ä3à|ØAã�Ù�Ö�.yía��Õ�Ú�ç
ã�êáÛáÕ~äºã�×.à�ê;Ü
óAÚ
×�ç(Ú
ê;Ö�à|ë�Ú¿ã�äAé�ÔÉë�é¤ç
âÉàwÕ�Õ&×FÚ�ú;Ù�ÚOÕ]Ö�Õ
Þ|÷)éáÔ�âÉÚ«å�÷)ÔÑE.Ój��ö]å�Ú
×�ì/¡º�&à|ê7Û@åyÚ
×�E.Ój��ö^åyÚ
×�ì/¡º�H×Fà�ê�ë�Ú~äº×Fã�Ý�Páí .«ÖFã�v�í ôiÕ�Ú�ç
ã�êáÛáÕ



0

2

4

6

8

10

12

0.2 0.3 0.4 0.5 0.6 0.7 0.8

90
-p

er
ce

nt
ile

 o
f 

Pa
ge

 d
el

ay
 [

se
c.

]

�

Percentage of high class requests

Partition(LC)
SwiADM-SerPRI(LC)
SerADM-SerPRI(LC)

��Ô�ëwÙ�×FÚ¢`yÒ ½|Y�T;\^V`_]VXW|V`_9aü_]b z VXk z u o�g�\^\Â¥yYF[ u Y�TR_lg�kOY�� � p §
¥yYF[ u YFT|_]VXoXY)b�c2¥;g�k�Y�vwY�o�g�a	c©b�[«¯X³��Ç¹�¯X®�
�
~»�� ú ¾��

0

5

10

15

20

25

30

35

40

0.2 0.3 0.4 0.5 0.6 0.7 0.8

Pe
rc

en
ta

ge
 o

f 
dr

op
pe

d 
re

qu
es

ts

�

Percentage of high class requests

Partition
SwiADM-SerPRI
SerADM-SerPRI

��ÔÉë�Ù�×FÚ�G�Ò ½|Y�T;\^V`_]VXW|VX_Ca	_]b z VXk z�u o�g�\^\�¥yYF[ u Y�TR_lg
kOY��¡¥yYF[ u YFT|_ §
g�k�Y.b
c2v�[]b�¥;¥yYsv$»^¯X³��M¹�¯X®�
�
9¾&[]YsÀR�;Y�\=_]\��

à|ê7Û�äº×Fã�Ý .yí 0�0�Ö�ãMô�í<,
0¤Õ�Ú�ç(ãwêáÛ�Õ�Þ�×�ÚOÕlóAÚ�ç(Ö�ÔÉæ�Ú
âÉÜ�í
��Ô�ëwÙ�×FÚFG¤ç
ã�Ý@óáà�×�ÚOÕ~Ö�é�ÚJóAÚ
×�ç(Ú�êwÖ�à|ëwÚiã�ä&Û�×�ãwó�ó7ÚOÛ¢×�ÚOúwÙáÚ�ÕlÖFÕ¿äºãw×«ß«ã;å;ö^àZ÷~à�×�Ú«ó7ãwâ�Ô©ç(ÔÉÚ�Õ�í/�=Ö.Õ�é�ãR÷�Õ~ÖFé�Ú	é�ÔÉë�é�Ú�×)ó�×FÔÉç
Ú

óáà�ÔÉÛMØ�Ü?ì3à�×lÖFÔ�ÖFÔ�ãwêMó7ãwâ�Ô©ç(ÜÃÖ�ãÃë�Ù7à|×�à|ê;Ö�Ú�Ú$à�ÕlÖFà�Ø�â�Ú'óáà|ëwÚ'ÛyÚ�âÉàZÜÃäºãw×�âÉãR÷ ç(â©à�ÕFÕ�×FÚ�ú;Ù�ÚOÕ]Ö�Õ
íÃò é�ÔÉâ�Ú�ì3à|×�Ö�Ô�Ö�ÔÉã�êM×FÚ!*]ÚOçsÖFÕ
äº×Fã�Ý�P�í ôCû Ö�ã P�Ráí ôlû ã�äªâ�ãR÷ ç
âÉàwÕ�Õ.×�ÚOúwÙáÚ�ÕlÖFÕ�Þ7ó�×FÔÉã�×FÔ�Ö]Ü;ö=Øáà�Õ�Ú�Û¢óAã�âÉÔÉç
Ô�ÚOÕ«ÛyÚ�ê�Ü�Õ�Ú
×Fæ�ÔÉç
Ú�Õ�Ö�ã$âÉÚ�ÕFÕ.Ö�éáà�êé��ûøã�äª×�ÚOúwÙáÚ�ÕlÖFÕ�í
ñ¿é�Ú�×�Ú
äºã�×FÚ�Þ�Ú�æ�Ú�ê äº×Fã�Ý ÖFé�Ô©Õ@ó7ãwÔ�ê;Ö�ã|äiæ�Ô�Ú�÷JÞ�ÖFé�Ú�Ø7ÚOÕ]Ö�óAã�âÉÔ©ç(Ü à�ó�ó7ÚOà|×�Õ�Ö�ãMØAÚ�Ö�é�ÚÂå�÷)ÔÑE.Ój��ö]å�Ú
×�ì/¡º�sÞ�Ø7ÚOç
à|Ù7ÕlÚ�Ô�Ö
×FÚ(äºÙáÕ�Ú�Õ�â�ÚOÕ�ÕªÖ�éáà�êV,�û ã|ä2×FÚ�ú;Ù�ÚOÕ]Ö�Õªà|êáÛ�ã�ØyÖ�à|ÔÉêáÕ�à�v�RRö=ó7Ú�×Fç
Ú
ê;Ö�ÔÉâÉÚ)ã|äeóáà|ëwÚ.ÛyÚ�âÉàZÜ�äºã�×Uâ�ãR÷ ç(â©à�ÕFÕ3×FÚ�ú;Ù�ÚOÕ]Ö�Õ�à|âÉ÷¿àZÜ�Õ&ØAÚ
âÉãR÷
,#R@Õ�Ú�ç
ã�êáÛ�Õ�í

� /1������������

�����

�^ê@Ö�éáÔÉÕ�óáà|óAÚ
×OÞw÷~Ú�ÛyÚOÕ�ç
×�ÔÉØ7ÚOÛ¤à|êáÛ@Ú�æRà|âÉÙáàRÖFÚ�Û¤Õ�ã�Ý@Ú)Ý@Ú�ç�éáà�ê�ÔÉÕ�Ý¤Õ&Ö�é7àRÖ~ç�à|ê@ØAÚ.ÔÉêwÖFÚ
ëw×Fà|Ö�Ú�Û�ÔÉê;Ö�ãJÚ(ýyÔ©Õ]ÖFÔ�êáë	òÅÚ�Ø�ç(âÉÙáÕlÖ�Ú
×
à|×�ç�é�Ô�Ö�ÚOçsÖ�Ùá×�ÚOÕ3Ö�ã�ÕlÙáó�ó7ãw×lÖ¿ú;Ùáà|âÉÔ�Ö]Ü@ã�ä2òÅÚ�Ø'Õ�Ú
×Fæ;Ô©ç(ÚOÕ
íT��×Fã�Ý Ö�éáÚ«Ú
ý�óAÚ
×FÔÉÝ�Ú�ê;ÖFÕ~à|êáà�â�Ü�ô
ÚOÛ@Ô�ê�Ö�é�Úió�×FÚ
æ�Ô�ãwÙáÕ�Õ�Ú�ç(Ö�ÔÉã�ê2Þ;÷~Ú
Ý¤àZÜ$Õ�Ù�Ý@Ý@à�×�ÔÉô
ÚiÖFéáàRÖOÒ

� �=Ö$ÔÉÕ$ó7ã;Õ�Õ�ÔÉØ�â�ÚÂÖ�ã ÛyÚ
�áê�ÚÂæRà�×�ÔÉã�ÙáÕ�Ý�ÚOç�éáà|êáÔÉÕ�Ý¤Õ@Ö�éáà|Ö'ëwÙáà|×�à|ê;Ö�Ú�Ú�ó7Ú�×läºãw×�Ý¤à|ê7ç(Ú�äºã�×'Ý@Ú�ÛyÔÉÙ�Ý à|êáÛüâÉãR÷ ç(â©à�ÕFÕ
ÕlÚ�×�æ�Ô©ç(Ú�Õ~÷)Ô�Ö�é�ãwÙyÖ.àRþ Ú�ç(Ö�ÔÉê�ë�Ö�é�Ú�ß«ã�å�×FÚ�ú;Ù�ÔÉ×FÚ�Û'Ø;Ü�Ö�é�ÚJé�ÔÉë�é�Õ�Ú
×Fæ�ÔÉç
Úiç
âÉàwÕ�Õ�í

� ��Ú�ç�éáà�ê�Ô©ÕlÝ¤ÕJÕ�Ùáç�éMà�Õ¨ó�×FÔ�ãw×�Ô�Ö]Ü�ÕFç�é�Ú�Û�Ù�â�ÔÉê�ë7ÞHà�Û�Ý�Ô©ÕFÕlÔÉã�êMç(ãwê;Ö�×Fã�âªà|ê7ÛÃÕ�Ú
×Fæ�Ú�×FÕióáà�×lÖFÔ�ÖFÔ�ãwêMà|âÉâ�ãR÷ Ö�ãÂÕFàRÖ�Ô©ÕläºÜÂÖ�éáÚ
Øáà�Õ�ÔÉç¨×FÚ�ú;Ù�ÔÉ×FÚ
Ý@Ú
ê;ÖFÕ~äºãw×.ú;Ùáà|âÉÔ�Ö]Ü'ã�ä�òÃÚ
ØÂÕ�Ú
×Fæ�ÔÉç
Ú�Õ�í/�^ê�óáà�×lÖFÔÉç
Ù�âÉà�×�Þáó7ãwâ�Ô©ç(ÔÉÚ�Õ)Ø7à�Õ�Ú�Û�ã�ê�àwÛyÝ@ÔÉÕFÕlÔÉã�ê�ç
ã�ê;Ö�×Fã�â2à�êáÛ
ÕlÚ�×�æwÚ
×�óáà|×�Ö�Ô�Ö�ÔÉã�ê�Ö�ÚOç�é�ê�Ô©ú;Ù�Ú�Õ&ëw×Fà�êwÖ&ë�ã�ãyÛ�à|êáÛ@ÕlÖFà|Øáâ�Ú¿óAÚ
×�äºã�×FÝ@à�êáç(Ú~äºãw×3â�ãR÷Áç(â©à�ÕFÕH×FÚ�ú;Ù�ÚOÕ]Ö�Õ&÷)Ô�ÖFé�Ö�é�Ú�Ûy×�àZ÷)Øáàwç�ù
ã|ä�à�é�ÔÉë�éáÚ
×)óAÚ
×�ç(Ú
ê;Ö�à|ë�Úiã|ä3Ûy×Fã�ó�óAÚ�Û'×FÚ�ú;Ù�Ú�ÕlÖFÕ�í/k«ê$ÖFé�ÚJã|ÖFé�Ú
×)é7à|êáÛeÞ�Ö�é�Ú	å�÷)ÔÑE.Ój��ö]å�Ú
×�ì/¡º�~óAã�âÉÔÉç
Ü$à|âÉâ�ãR÷�ÕUÖFã
Ûy×�ãwó'à�ó7Ú�×Fç
Ú
ê;ÖFà�ë�Úiã|ä�×�ÚOúwÙáÚ�ÕlÖFÕUÖ�éáà|Ö)ÔÉÕ¿ÔÉêáÕ�Ú
êáÕ�Ô�Øáâ�Ú«Ö�ã�Ö�éáÚ«äº×FÚ�ú;Ù�Ú�êáç(Ü$ã|äHéáÔ�ëwé'ç(â©à�ÕFÕ~×�ÚOú;Ù�Ú�ÕlÖFÕF��à�êáÛ'Ô�êyäºÚ�×�ÔÉã�×~ÖFã
��û? sí3ñ¿é�Ô©Õ)×FÚ�Õ�Ù�â�Ö)Ô©Õ¿ã�ØyÖ�à|ÔÉê�Ú�Û¢àRÖ¿ÖFé�ÚJó�×FÔÉç
Úiã�ä�à�óáà�ë�ÚJÛyÚ
â©àZÜ@Ö�é7àRÖ�ÔÉêáç(×FÚ�àwÕlÚOÕUÝ�Ùáç�é'äºã�×)â©à|×Fë�Ú
×~óAÚ
×�ç(Ú
ê;Ö�à|ë�ÚOÕ~ã|ä
é�Ô�ëwé¢ç
âÉàwÕ�Õ¿×FÚ�ú;Ù�ÚOÕ]Ö�Õ
í

� �=äi÷~Ú�ç(ã�ê7ÕlÔ©ÛyÚ
×@ÖFéáàRÖ$Õ�ÜyÕ]ÖFÚ
Ý¤Õ@÷)Ô�Ö�é àÇó7Ú�×Fç
Ú
ê;ÖFà�ë�Ú¢ã|ä¨é�ÔÉë�éüç(â©à�ÕFÕ@×�ÚOúwÙáÚ�ÕlÖFÕ@ë�×FÚ�à|Ö�Ú�×�ÖFéáà|ê¢��RCû à�×�Ú�×�à|×FÚ'ÔÉê
ó�×FàwçsÖFÔÉç�Õ
Þ�Ö�é�ÚÅåy÷)Ô<E«Ó���ö]å�Ú�×FìU¡º��óAã�âÉÔÉç
Ü�Þ~Ö�é7àRÖ$ç(ãwÝ�Ø�ÔÉê�ÚOÕ�Ö�é�ÚÂàwÛyÝ@ÔÉÕFÕlÔÉã�êüç(ãwê;Ö�×Fã�â�àRÖ¤ÖFé�Ú�òÃÚ
Ø Õl÷)Ô�ÖFç�é à�êáÛ
ó�×�ÔÉã�×FÔ�Ö]Ü?Õ�ç�é�ÚOÛyÙ�âÉÔ�êáëÇà|Ö@Ö�é�Ú�òÃÚ
Ø Õ�Ú
×Fæ�Ú
×�Õ�Þªó�×FãRæ;Ô©ÛyÚOÕ�ØAÚ�ÕlÖ�óAÚ
×�äºã�×FÝ@à�êáç(Úwí_�^ê7ÛyÚ
ÚOÛeÞUÔ�Ö�ë�×�à|ê;Ö�Õ�ÖFãMé�ÔÉë�éüç(â©à�ÕFÕ



×�ÚOúwÙáÚ�ÕlÖFÕ¤àMóáà�ë�ÚÂÛyÚ�âÉàZÜ?Ö�éáà|Ö$ÔÉÕ'àRÖ$âÉÚ�àwÕ]Ö¤ÖFé�ÚÂéáà�â�äJ÷)Ô�Ö�é ×FÚ�Õ�ó7ÚOçsÖ�ÖFãÇÖ�é�Ú�â�ãR÷ ç(â©à�ÕFÕ¤×FÚ�ú;Ù�Ú�ÕlÖFÕ$à|êáÛ Ûy×Fã�ó7Õ¤à
ê�Ú
ëwâ�ÔÉë�ÔÉØ�âÉÚióAÚ
×�ç(Ú�ê;ÖFà|ëwÚ«ã�äHâÉãR÷�ç
âÉàwÕ�Õ¿×FÚ�ú;Ù�ÚOÕ]Ö�Õ~Ö�éáà|Ö�ÔÉÕ�Þyâ�ÚOÕ�Õ~ÖFéáà|êV.Cû�í

� ���|�.�3�.���)���
 q"!$#w�&%UoXfJY�V�v;g|mª�'�(')g
£;�7m)%.�H�@g
T;V Ä �w_^_9aRm�g�T;v � � ú g�b�� � []b
W|V�vwVXTwk�vwV`È�YF[]YFT|_]V�g(_]YsvÅoXY�WZYFo�\Jb
c¿\^YF[]W|V u Y¤VXTÂ MY�£ u bOTR_]Y�TR_

z b�\=_]V�Twkw�¡n9T+*3·=³s¹�,¡³9´.-�³�·�/�
0�w³"1�³�2.3�2w±C¶�·"2y¶�±&µ�¶�·l¸�¶�·4*U¶�·É´�³�·��J®�2y¹l¶�m��@g�vwVX\^bOTám; Mnlm5#O�wT;Y¨q ����6 �
 �7!��'�98��:%�[]oXV`_^_)g
T�v¤h~�9#OVXTá�;%ü�&b
[ Ä o�bOgOv u�z g
[lg u _]YF[]VXÆsg
_]VXb�T'\=_]�;v�a@b
cH_ z YJq ����6  Mb
[]o�v ú �w¥¤ MY�£¤\^V`_]YO�<30=(=(=?>�¶�±��H³�·�/
m

q��w»ºrZ¾"� rOp7@|rBARm7�@g�a5C�#O�;TwY.��p�pOp��
 r�!��'�D%�[]bOTám � �E'~[]�w\ u�z Y�oxmwg�T�vJ ü�GF��3g�YFT;Y�¥ybRY�ox� ú oX�;\=_]Y�[3[]Y�\^YF[]WZY�\H�(%?fJY ulz g
T;VX\^f c©b
[3[]Y�\^bO��[ u Y¿f	g
T�g�k�Y�fJY�TR_&VXT u oX�;\=_]YF[ §

£�g
\^Ysv�T;Y�_9�&b
[ Ä \^YF[]WZYF[]\��¡n9T+*3·=³s¹�,¡³9´4I<JLK�µw°�
��	¶�±x·l°º¹M
	NEOBO�O
m;¥;g�k�Y�\ � p�@;qsp�q�má½wg
TR_lg ú o�g
[lg�m ú %.mG#O�;TwY.��p�pOp��
 ��! � �QP&g([^c©b�[lv�g
T�v¤�'�5Rª� ú []b(WZYFo�o�g|�S%ü¥yYF[^c©b
[]f	g�T u Y�Y�WOg
oX��g
_]VXb�T¤b�cT�Ua�¥yYF[Uh&YF¦|_Uh�[lg�Tw\=c©YF[ � []b
_]b u bOoX\��ªn9T.*3·=³s¹�,H³=´4I<JLK

µ;°�
��J¶�±x·�°x¹M
<U�VBVBV
m�¥�g
kOY�\�q 6�6 @;q � ARm:%&_]o�g�TR_lg�m��@g�a'q ����� �
 W !J�«��P z g(_^_]V�g
T�vid��B8�[]V�Y�v�[]V u�z �� �YF£¨\^YF[]WZYF[¡\^�w¥;¥yb�[^_2cÉb�[¡_]V�Y�[]Ysv¨\^YF[]W|V u Y�\��X30=(=&=Y>�¶�±��H³�·�/
myq�rw» W ¾"� Z
��@�A|qOm�½�YF¥w_s� C�[ u _s��q ����� �
 Z�!Jj«� ú g
[lv�Y�oXo�VXTwVºmDR3� ú g
\]g�oXV u�u�z VXbwmwg�T;v	�'� ú bOo�gs�^g
T;T;Vx�X%Ã¥yYF[^cÉb�[]f	g
T u Yª\=_]��v|a.b�c7vwVX\=_^[]VX£;��_]Ysv¨g
[ ulz V`_]Y u _]�w[]Y�\2c©b
[H_ z YªÀ|�;g�oXV`_9a

b�c  ÇY�£@\^YF[]W|V u Y�\��¡n9T+*3·=³s¹�,¡³9´4\)®��H®�°©°]3�2w±�^ ¯(J¡³�2s´7,e³�2¤µw²�
]±C¶"� µy¹F°�¶"2�¹�¶"
`_a\b3�Jeµ;µGced7f�g(my�@g��wVºmG�¿g��3g
VXVºm5#Zg�Tá�y�
pOp|qO�
 A7!Jj«� ú g([lvwY�oXoXVXT;Vxmª�'� ú bOo�g(�=g�TwT;Vxmªg�T;v � �¡½��]hH�7�i'~a�T;g�fJV u o�bOgOvÂ£�g
o�g
T u VXTwk'b�TÂ ÇY�£ § \^YF[]WZY�[i\=a�\=_]Y�fJ\��j30=(=&=k3�2;±C¶�·�2�¶�±

J¡³��41;­�±x°l2�
�myr�»ºrZ¾"� � 6 @|r � má�@g�aGC�#O�wT;Y¨q ����� �
 6 !$�¡� ú z YF[ Ä g�\^b(W�g�g�T�v � � � z gOg
oº� ½�Y�\^\^VXbOTM£;g�\^YsvMg�vwfJVX\^\^VXbOT u b�TR_^[]bOo���g�fJY ulz g
T;VX\^f c©b
[@VXfJ¥w[]b(W|VXT;k'¥yYF[^c©b
[]f	g�T u Y$b
c

u bOfJfJY�[ u V�g�oy MY�£@\^V`_]Y�\��¡nCT.*&·^³s¹�,2³=´m3�2;±�^ ¯S-@³
·�/�
0�w³"1�³�2Â¬&­w®O¯ °©±x²	³9´)µy¶�·�¸s°x¹�¶�m5�7b�T�vwb�T7mwS4n¨mD#O�wT;Y¨q ����� �
 � !po«�y½y�E�~�;TR_smGo«�D'i�E�«�5o~bOo�vw\^Æ�fJV�v|_smwd�� � �En)VXT;k�m�g
T�v�d.����� Ä|z Y�[x�=Y�YO�2�UYF_9��b�[ Ä '¿VX\^¥�g(_ u�z YF[7�&% u b�T;TwY u _]VXbOT�[]b��w_]YF[3cÉb�[

\ u g�o�g
£;oXY�n9TR_]YF[]T;Y�_ª\^YF[]W|V u Y�\��bqE,2³9´$J¡³��m1�­|±C¶�·4>.¶�±��H³�·�/�
]m�rOp�»=q § AO¾"� r
�rA7@Rr W A|m2q ����6 �
 qsp�!Jj«�sn�g
T;b|v�V�g$g�T;vtRª�e ü�Tn)TwVXk z _]o`aR�Â���;o`_]V §�u o�g�\^\Jo�g
_]YFT u a § £ybO�wT�vwY�v¢ MY�£Â\^YF[]W|V u Y�\���nCTu*&·^³s¹�,U³=´$3�2;±�^ ¯v-@³
·�/�
0�w³"1 ³�2

¬&­w®O¯ °©±x²	³9´�µy¶�·�¸s°º¹l¶�m � V`_^_]\^£;��[]k z m � %.mD#O�wT;Y.�
pOpOp|�
 qOq"!���Y�\]ÀR�;V`_]Y.½�b
cÉ_C�3g
[]Y�nCT u �	Jeµ�3�KwU�xJ­�
�¶�·m
�­|°��Z¶��y%��;\=_]VXT7m;h)z«�s{B|B|�}(~0�����B�B�(�l�G�������E��|r�s�����H�5���
 q(�7!Jd.� � g�T�v�YFa	g
T�vJd.�EP�g
[]T;YF\�mG#��E8��D[~o�\^\^b�T7� ½��w¥;¥yb�[^_]VXTwk«ÀR�;g�oXV`_9aJb
cA\^YF[]W|V u YUV�Tp�¿h3h � \^YF[]WOYF[]\��AnCT�*3·=³s¹�, ³=´SI<JLK µw²��m19,

³�2�*3·l°a2�¹F° 1y¯�¶"
)³9´;�¿°a
]±x·�°��F­|±C¶��iJ¡³��41�­|±x°a2r
�m � �;YF[^_]bij�g
o�o�g([^_lg�m���Y�¦wV u b�mQ#O�wT;Y¨q ����6 �
 qsr�!	h~�A½ ulz []bRYsv�YF[smA½��Xo~b|v;vwg
[lv�m g
T�viPU�ád~g
f	g�fi��[^_ z aR�)½ u g�o�g�£woXY¨ MY�£$\^YF[]WZYF[ u o��w\=_]YF[]VXT;k�_]Y u�z T;b�o�b�kOVXY�\��$30=&=(=�>�¶�±��H³�·�/
m

q��w»ºrZ¾"� r 6 @R� W m7�@g�a5C�#O�;TwY.��p�pOp��
 q���!J�«��jHg�\^VXoXVXbO��g
T�v��«�X�¡�9�á�w_��wa�aRg�� � []b
W|V�vwVXTwk@g�v�V`È�YF[]Y�TR_]V�g
_]Ysv$ÀR��g�oXV`_9a�b
c&\^YF[]W|V u Y¨VXT'g� Mb
[]o�v$ MV�vwY. MY�£$\^YF[]WZYF[s�«n9T

*3·=³s¹�,¡³9´m*�¶�·É´�³�·��J®�2�¹�¶«®�2Q�vI�·^¹��|°É±C¶]¹F±x­|·^¶¨³=´�-@¶H�)µ�¶�·l¸�¶�·"
�-�³�·�/�
0�w³�1�m�½�g�TR_lg ú o�g
[lg|m ú %.mG#O�wT;Y.��p�pOp|�

��
s���J�
� �5�������É���.�;���L�E�a�l�a�]� []Y u Y�VXWZYsv$g � z � 'i�áVXT u bOfJ¥;��_]YF[¿YFT;kOVXTwY�YF[]VXT;k¤g(_�S~TwV�WOYF[]\^V`_9a¤b
c&d�bOf	g�hAb�[�j¡YF[]kZg(_lg�VXT¢�@g
[ ulz ��p�p�q��

½ z Y�[]Y u Y�VXWZYsv	_ z Y4�Ag���[]Ysg¨v�Y�k�[]Y�Yi»xf	g�\=_]YF[�¾�VXT u bOfJ¥;��_]YF[&YFT;kOVXTwY�YF[]VXT;kic�[]bOf _ z Y~S~TwVXWZYF[]\^V`_9a	b
cedUb�f	g«h7b�[�jHY�[]kZg
_lg.VXT
q ��� A|�¡n9T@q ����� \ z Y�\^¥yY�TR_&\^V`¦JfJb�TR_ z \Hg
_&n�P3� h~� #w�R �g
_]\^b�T�d�Y�\^Ysg([ u�z ú Y�TR_]YF[&g�\&g)W|VX\^V`_]V�Twk.[]YF\^Ysg
[ ulz YF[s�(�UYF[H[]YF\^Ysg
[ ulz
VXTR_]YF[]Y�\=_]\Uc©b u �w\¿bOT�_ z Y«g
[]Ysg
\)b�c�fJb|vwY�oXVXT;k�g�T;v$\^VXf«�;o�g
_]VXbOT��ªV`_ z ¥;g
[^_]V u �wo�g([)Y�fJ¥ z g�\^VX\UbOT'vwVX\=_^[]VX£;�w_]Y�v�\=a�\=_]Y�fJ\~g�T;v
g
oXkOb�[]V`_ z fJ\~c©b
[)_ z Y� �b�[]o�v@ MV�vwY. �Y�£á�)jHg�oXYF[]V�g ú g([lvwY�oXoXVXT;V2VX\)g�fJY�f«£yYF[�b�cH_ z Y.n0R(R&R ú bOfJ¥w�w_]YF[)½�b u VXYF_Ca$g�T;v¤_ z Y
% ú �'�

�;� �a�a�É�G�L���.�����G�a�©�Z�� ]�l� VX\ u ��[^[]Y�TR_]o`a�¥w�w[]\^�;VXTwk	g � z � '«��VXT u bOfJ¥w�w_]YF[ªYFT;kOVXTwY�YF[]VXT;k�g
_US~TwVXWZYF[]\^V`_9a�b�c¡d�bOf	g¨hAb
[~j¡YF[]kOg
_lg��
�UY¿[]Y u Y�VXWZY�v�_ z Y��Ag
�w[]YsgJv�Y�k�[]YFY�»xf	g
\=_]YF[�¾&VXT u bOfJ¥w�w_]YF[ªY�TwkOVXT;YFYF[]VXT;kJcÉ[]b�f _ z Y)S~T;VXWZY�[]\^VX_Ca�b�c¡dUb�f	g¨hAb
[~j¡YF[]kZg(_lg¨VXT
q ����6 �(�~VX\3[]Y�\^Ysg([ u�z VXTR_]YF[]Y�\=_]\&cÉb u �;\ªb�T�_ z Y~g
[]Ysg
\Ub
ce¥yYF[^c©b
[]f	g�T u Y)g�T;g�o`a�\^VX\�m�¥�g([lg�oXoXY�o g([ u�z V`_]Y u _]�w[]YF\ªg�T�v	_]Y ulz T;b�oXbOkOVXY�\



�ªV`_ z ¥�g([^_]V u �;o�g
[	Y�fJ¥ z g
\^V�\ibOTÅ ¢Y�£Åg
[ ulz V`_]Y u _]��[]Y�\��¡R2fJVXoXV�g
T;b ú g�\]g�oXV u�ulz VXb�VX\	g$fJYFfi£yYF[ib�c~_ z Y�n�R&R(R ú b�fJ¥;��_]YF[
½|b u VXYF_9aR�

¢ �©�� L�E�l�w�<�Q���E£F�5�]�]� VX\ u ��[^[]Y�TR_]oXa¤g	cÉ�;oXo2¥w[]b�cÉY�\^\^b�[.VXT�_ z Y<'¿Y�¥�g([^_]fJY�TR_~b
c ú b�fJ¥;�w_]Y�[	R2T;kOVXTwY�YF[]VXT;k�g
_)_ z Y.S~TwVXWZYF[]\^V`_9a¤b
c
��b|v�Y�T�g|m|nC_lg
oXaR�]�~Yª[]Y u Y�VXWZYsv¨_ z Y4�7g��w[]Y�g«v�Y�k�[]Y�Y�VXT u bOfJ¥w�w_]YF[H\ u VXY�T u YUcÉ[]b�f�_ z YUSUT;VXWZYF[]\^V`_9aib�c � VX\]g�VXT�q ��6 A|m;g�T�vi_ z Y
� z � 'i��vwY�k
[]Y�Y�VXT u bOfJ¥w�w_]YF[�Y�TwkOVXT;Y�Y�[]V�Twk¨cÉ[]b�f _ z Y.SUT;VXWZYF[]\^V`_Ca�b
c2dUb�f	g¨hAb�[~jHY�[]kZg
_lg¨VXT�q ��� q��m8w[]bOf q ��� �i_]b@q ����6 m
z Y��3g
\�g(_H_ z Y3S~TwV�WOYF[]\^V`_9a.b�c�d�bOf	gUhAb�[¡j¡YF[]kZg(_lg�m ú b�fJ¥;�w_]Y�[(R¡TwkOVXT;Y�Y�[]V�Twk�'¿Y�¥�g([^_]fJY�TR_2g�\HgU[]Y�\^Y�g
[ ulz YF[s�T�UY z g�\ z Y�o�v
u bOfJ¥;��_]YF[�\ u VXY�T u YJ[]Y�\^Ysg
[ ulz g�¥w¥ybOVXTR_]fJY�TR_]\)�ªVX_ z _ z Y�»xnC_lg
o�V�g
Ty¾)�¿g
_]VXb�T�g�oHdUYF\^Ysg
[ ulz ú bO�wT u VXoxm¡g�T;v¢W|V�\^V`_]VXT;k¤\ u V�YFT|_]VX\=_
g
¥;¥yb�V�TR_]fJY�TR_]\A�ªV`_ z _ z Y&n0P3� h~� #w�Z �g
_]\^bOTidUY�\^Y�g
[ ulz ú Y�TR_]YF[sm�hHb�[ Ä _]bs�ªT¤�UY�VXk z _]\�mZ�UYF�th�b
[ Ä �L�~VX\2[]Y�\^Ysg
[ ulz VXTR_]YF[]Y�\=_]\
VXT u oX��vwY z VXk z ¥yYF[^cÉb�[]f	g
T u Y u b�fJ¥;��_]V�Twkwmw¥�g([lg�oXoXY�oeg�T;v@vwVX\=_^[]VX£;��_]Ysv�\=a�\=_]Y�fJ\�m� �Y�£�\=a�\=_]Y�fJ\�g�T�v�V�T�cÉ[lg
\=_^[]� u _]��[]Y�\�m�oXbZg�v
£;g�o�g�T u VXT;k�mR¥yYF[^c©b
[]f	g�T u Y�g�T�g
o`aw\^VX\��2nCTi_ z Y�\^Y)�;Y�o�vw\ z Y z g�\2¥;�w£;oXVX\ z YsvifJb
[]Y&_ z g
T`ZOp¿¥;g�¥yYF[]\¡VXT¨VXT|_]Y�[]T�g
_]VXb�T�g�o
�=b��w[]T�g
oX\�m
£ybRb Ä@ulz g�¥�_]YF[]\¿g
T�v u b�Twc©Y�[]Y�T u Y«¥w[]b u YFYsvwVXT;k�\����~Y z g
\~\^YF[]WZY�v$g
\)g	fJY�fi£yYF[�b
c�b
[]kZg�TwVXÆ�VXT;k�b
[)¥w[]b�k�[lg
f u b�fJfJVX_^_]YFY�\
b
ceT�g(_]VXbOT�g
o g
T�v�VXTR_]YF[]T;g
_]VXbOT;g�o u bOTwcÉYF[]Y�T u Y�\�»xYO� kw�Xm; Ã Ç üqspJg
T�v�½�VXkOfJYF_^[]V u \l�
pOp|qOmyVXT¤�
pOp|q(¾��

¥á�G�l¦w�w�H�����¨§�© �Z�B� z g�\ª£yY�Y�T	�&b
[ Ä VXTwk¨VXT�_ z Yb��Y�o�v�b�c b�¥w_]VXfJVXÆsg
_]VXb�T¤g�T;v�¥yYF[^cÉb�[]f	g
T u Y¿YFWOg
o��;g
_]VXbOT�c©b�[ªb(WZY�[U��p«aRY�g
[]\��H½�VXT u Y
q ��6 A z Y&VX\HgUc©�wo�ow¥w[]b
c©Y�\^\^b
[&g(_¡_ z Y�'¿Y�¥;g
[^_]fJY�TR_eb
c ú bOfJ¥w�w_]YF[(R2T;k�V�TwY�YF[]VXT;k)b
cy_ z Y&SUT;VXWZYF[]\^V`_Ca«b
c�dUb�f	g § hAb
[Hj¡YF[]kOg
_lg�m
n�_lg�o`aR�]�UY z g�\ z YFo�v«\^Y�WZYF[lg
o�f	g(�9b�[¡c©Y�oXoXbs�ª\ z VX¥;\HcÉ[]bOf _ z Yª�~g
_]VXbOT;g�o;d�Y�\^Ysg([ u�z ú b��;T u VXoyg�T;vi_ z YSR2�w[]bO¥yY�g�T ú bOfJf«�;TwVX_Ca
g
T�v�gJ�&Y�oXo § Y�\=_lg�£wo�VX\ z Ysv$_^[lg u�Ä []Y u b�[lv�VXT'\^Y�WOYF[lg�o2g([]Ysg�\)b
c&¥yYF[^cÉb�[]f	g�T u Y.Y�WOg
oX��g
_]VXb�T7m7g�T;v z g(WOYig
�w_ z b
[]Ysv¤fJb�[]Y�_ z g
T
Z�p.[]Y�\^Y�g
[ ulz ¥�g
¥yYF[]\3VXT�[]YFcÉYF[^[]Ysv��=bO��[]T�g
o�\�g
T�v	V�TR_]YF[]T;g
_]VXbOT;g�o u b�Twc©Y�[]Y�T u YF\��y�UY~VX\ªvwV`[]Y u _]b
[ªb�ce\^YFWZYF[lg�o�¥�[]bOk�[lg
fJ\ªg
_&_ z Y
SUT;VXWZYF[]\^V`_Ca¨b�c7d�bOf	g�mZ\^� ulz g
\ � []Y�\^V�vwY�TR_3b
c7_ z Y ú b�fJ¥;�w_]Y�[�R2T;kOVXTwY�YF[]VXT;k ú �w[^[]V u �wo��wf b
c7_ z Y48�g u �;o`_Ca¨b�c]R¡TwkOVXT;YFYF[]VXT;kw�
½|VXT u Y3�Ub
WOY�fi£yYF[3q ��� p z YªV�\2_ z Y�'~VX[]Y u _]b�[Hb�c�_ z Y3d�Y�\^Ysg([ u�z g
T�v¤%UvwfJVXT;VX\=_^[lg(_]V�WOY u bOfJ¥w�w_]YF[ u YFT|_]Y�[]\Hb
cá_ z Y3S~TwV�WOYF[]\^V`_9aR�
�UY@�3g
\�k�Y�T;YF[lg
o ulz g�V`[]f	g
TMg�T;vÃ¥w[]Y�\^V�v�Y�TR_�b
c)_ z Y¤b�[]kOg�TwV�ÆFV�Twk u bOfJfJV`_^_]Y�Y¤b
c�WOg([]V�b��;\�T�g(_]V�b�T�g
o)g�T;vÃVXT|_]Y�[]T�g
_]VXb�T�g�o
u bOTwcÉYF[]Y�T u Y�\��


