
���������
	���
�������������������	�����	�	��! "�$#���	��&%('�)*�,+!���.-����/)0 1)��2	�	3���546���,#67��8':9

;=<?>A@?B:C:DE;GFIHKJ:LMLNDPO�>RQAQR>TS�U*@VBMJ�WYXZ@VB\[�DN]:B^D_<a`bD_QcDNC:dfe�ghB:C^D_D_ijU3DNkhB^D_C�l
m(>Rnhgpo6C:>AO_gh<V@?>AW�q

r�X_J:@VW?XZCsS^tbuwvZv_xZxZy
zh{�|M|~}��/�_���V���������V�M�Z�I�����I}��_�����Z�Z�

���3�����^���,�
�������P ¢¡,£�¤�£�¥�¦¨§~©~¥«ª¬¥a¦� ®­¯¥«°�±�²³�R  £_²´¥�¤µ���¶¥��N�_¤b�R¦T¤¯��¡�°� ¢¡¨¡� ¸·¯�
¡¨�R¦T¤µ�¹¥¹º¬ ¸¥�¡� ®�»����¥6£Z¦T¥�¡a¥a�_¼¨¥G·¾½¿²³ ®°« ®�¹¥¨ªÀ¼¨��¤µ���_¥a²8 ®�V½�·¯¦�°$¤¯Á
�A ¸·µ�Â¤¯�8�®��¥(�R¦T¤µ��¡�°� ®�R�¶¥�¦$¤¯�Zª=����¥6¦T¥¨¼�¥a ®­¯¥�¦aÃ3���=£�¤µ¦��A ¸¼a±�²Ä¤¯¦¨§
©~¥3²Ä·?·VÅÂ¤¯������¥�¼�¤¯¡a¥�¡p·¾½p¼¨·¯°Æ£_²´¥��¶¥�¼¨��¤µ���_¥a²c ®�?½�·¯¦�°$¤¯�R ¸·¯��§
¼���¤¯���Z¥�²?£���¤¯¡�¥2 ®�?½�·¯¦�°$¤¯�R ¸·¯�*¤µ�_ª�¼���¤¯���Z¥�²_¤¯°Æ£_²³ ®�R±�ª¬¥Æ ®�V½�·µ¦�Á
°b¤µ�A ¸·µ�E¤¯�Æ����¥$�A¦T¤µ��¡�°« ®�A�¶¥�¦aÃÂÇ=¥��P ÈºY�P²È Èº?���8����¤µ�c�R¦T¤¯��¡¨°« ¢¡�Á
¡¨ ¸·µ�É¤µ²Ä·¯�Pº��®��¥«¥a Èºh¥��N­Y¥¨¼a�¹·µ¦«·¾½��®��¥b¼���¤¯���Z¥�²:¼¨·¯¦�¦T¥�¡R£�·µ�_ª¯ ®�Pº
�¹·�����¥�°$¤aÊË ®°«±�°Ì¥� Èºh¥��N­Y¤µ²³±�¥�°« ®�� ®°« ÄÍ?¥�¡�¥�¦�¦�·¯¦~£_¦T·ËÎ�¤ËÎ� ®²È ®�AÏY§
©/��¥a�K¼�·µ°c£Z²Ä¥a�¹¥¿¼���¤¯���Z¥�²Ð ®�?½�·¯¦�°$¤¯�R ¸·¯�Ñ ¢¡p¤¯­¯¤¯ ®²´¤¬Îa²Ä¥¿¤µ�
����¥
�A¦T¤µ��¡�°« ®�A�¶¥�¦aÃ����Ò�®��¥*¼¨¤¯¡�¥�©/��¥�¦T¥=·µ��²³Ï��®��¥*¼¨��¤µ���Z¥�²�£���¤Y¡a¥
 ®�V½�·¯¦�°$¤¯�R ¸·¯�\ ¢¡É¤¯­¯¤¯ ®²Ä¤ËÎ�²Ä¥Ò¤¯�$����¥Ó�R¦T¤µ��¡�°� ®�R�¶¥�¦¨§(©~¥GªË¥�¦� ®­¯¥
�®��¥pÎ¨¥�¤µ°,½�·µ¦�°b¥a¦3©/�P ¸¼¨�Ò°« ®�� ®°« ÄÍV¥�¡3�®��¥p¥�¦�¦�·¯¦�£_¦T·ËÎ�¤ËÎ� ®²È ®�AÏ¬Ã
Ç3¥¿¤¯²Ô¡a·É¡T��·¯©.����¤¯�A§� ®���®��¥«£Z¦T¥�¡a¥a�_¼¨¥�·Õ½p¼���¤¯�N�_¥a²2¤¯°Æ£_²³ ®Á
�A±�ªË¥6 ®�?½�·¯¦�°$¤¯�R ¸·¯�K¤µ�8����¥*�R¦T¤µ��¡�°� ®�R�¶¥�¦(©^ ®����·µ±��
¤¯��Ï(£���¤Y¡a¥
 ®�V½�·¯¦�°$¤¯�R ¸·¯��§^¡a¥�²Ä¥¨¼a�A ¸·µ��ª¯ ®­¯¥�¦¨¡� ®�RÏ6¤¯�^����¥��R¦T¤µ��¡�°� ®�R�¶¥�¦2 ¢¡2����¥
Î�¥�¡���Î¨¥¨¤¯°s½�·¯¦�°« ®�hº¿¡��R¦T¤¯�¶¥¹ºµÏ¬Ã\Ç3¥*¥�­¯¤¯²È±�¤¯�¶¥*�®��¥�£�¥��Z¤¯²³�RÏp ®�
ÖP×ÆØ  ®�Z¼�±�¦�¦T¥¨ª¿Î�Ïp����¥6�R¦T¤¯��¡¨°« ¢¡¨¡� ¸·¯�Ù¡a¼¨��¥a°b¥�¡( ®�E����¥*¼¨¤Y¡a¥
·¾½«²³ ®°« ®�¹¥¨ª�¼¨��¤µ���Z¥�²^ ®�?½�·¯¦�°$¤¯�R ¸·¯�Ò¼¨·µ°c£�¤¯¦T¥¨ªp�¹·3����¥�¼¨¤Y¡a¥6·Õ½
¼�·µ°c£Z²Ä¥a�¹¥«¼���¤¯�N�_¥a²� ®�V½�·µ¦�°b¤µ�A ¸·µ�É¤µ������¥��R¦T¤¯��¡¨°« ®�R�¹¥a¦aÃ

Ú ÛMÜ ���^Ý6Þpß3�,�:à�Ý Ü
ásâ�ãaä�ã�å´æÆçµè3åÄèNé�ä�ãVç¬æTå´è�ê(ë�ãaì$ç¬è�ë�í�î¬äcâ�å´ê¬â�ãaäÆë�çµï�çbä¨ç¯ï�ãVæÐîËè
ð åÄä�ãañ´ãVæ�æ�éaî¬ìbì�ò�è�å´éVç¯ïTå´î¬è�ñÄå´è�ó�æMï�î8æTò�ô�ô_î¬äTï/õ¯ç¬äTå´î¬ò�æ�óPåÄè�ë�æ/î¬íãaõ¬îËñÄõPå´è�ê3çµô�ô�ñ´å¢éaç¯ï�åÄîËè�æVöbá/ãañ¢ç¯ï¨çµä$÷Äø�ùIâ�çËæ�æÕâ�î ð è¿ïTâNç¯ï
ì�ò�ñÈúïTå´ô�ñÄã(ïTä¨çµè�æTìbåÈï�ç¬è�ëÉä�ãVé�ãVåÄõËã6çµèhï�ãaè�è�çËæ
éaç¬èGäTã?æÕò�ñÈï�å´èGâPò�ê¬ã
êËçµå´è�æ«å´è5éVçµô�çËé�åÄï¾ûGí�î¬ä ð å´ä�ãañ´ãVæ�æ«é¨âNçµè�è�ãVñ´æVöÀü¹ï ð ç¬æbæÕâ�î ð èïTâ�çµïcïTâ�ã«éaç¬ô�ç¬éaåÈï¾û�ê¬ä�î ð æÐç¯ïÆñ´ãVçËæ¾ïÆñ´å´è�ãVç¬äTñ´û ð åÄïTâ=ï�â�ã�èPò�ì«úý ãVä8î¬í~ï�ä�ç¬è�æÕìbåÄï�ç¬èhïTãaè�è�ç¬æVþMç¬æ8ñ´î¬è�ê3ç¬æ2ïTâ�ã«èPò�ì ý ãVä�îµí~ä�ã�ú
é�ãaå´õ¬ã(ç¬èhïTãaè�è�ç¬æ�ãVÿhò�çµñ¢æ
îËä
ã���éaãaãVë�æ�ïTâ�ã6èPò�ì ý ãaä�îµíÐï�ä�ç¬è�æ¾ú
ì«åÄï~çµèhï�ãaè�è�çËæaö�ásâ�ãÐé�îËè�é�ãVô�ï^îµí�æÕô�çËé�ã�ïTå´ìbãcé�î�ë�ãVæ:âNç¬æ ý ãaãaè
ë�ãaõËãañ´î¬ô_ãVëbï�î�ã��Pô�ñÄîËåÈï,ïTâ�ã ý ãaè�ã���ï�æsô�ä�ãVë�å´é�ïTãVë6åÄè�ïTâ�ã8ç ý î¯õËã
ð îËäTó«÷ ��þ��¯ù¹ö���ô�ç¬éaãIïTå´ìbãIï�äTãVñÄñ´å´æ�é�î�ë�ã?æ/ç¬è�ë
æTô�ç¬éaã^ïTå´ìbã ý ñÄî�é¨óé�î�ë�ãVæ:ç¬äTã�ã���çµìbô�ñ´ãVæ�îµíZë�å
	_ãVäTãVèËï^óPå´è�ë�æ�îµíZæÕô�çËé�ã�ïTå´ìbãséaî�ë�ãVæ
÷ ��þ���þ�
¯ùRö
ü¶èÓï�â�ã$çµè�ç¬ñÄû�æTå´æ8îµísæÕôNç¬é�ã«ï�åÄìbã$é�î�ë�ã?æaþMåÄï
å¢æ�ò�æÕòNçµñ´ñÄû�çËæ¾ú

æÕò�ìbã?ë
ï�â�ç¯ï^ï�â�ãÐé¨â�çµè�è�ãañ�é�îËè�ë�åÄïTå´î¬è�æVþ¬æÕï�çµïTå¢æ¾ï�å´éVæ^çµè�ë�ïTâ�ãsä�ã�ú
çµñ´å
�?ç¯ïTå´î¬è�åÄè�éañÄòNë�ãVë�þ/çµä�ã�óPè�î ð è¿ôNãVäÕí�ã?é�ïTñ´û=ï�î6ï�â�ãbäTã?é�ãaå´õ¬ãVäVö
� èEï�â�ã=îµï�â�ãaä$â�ç¬è�ë�þ�ïTâ�ã=óPè�î ð ñ´ãVë�ê¬ã3ç¯ïbïTâ�ã3ï�ä�ç¬è�æTì«åÄïÕï�ãaäå´æ6ñÄå´ìbåÈï�ãVë5ï�îGïTâ�ãÓé¨â�çµè�è�ãañ8æ¾ï¨ç¯ïTå¢æÕïTå¢éaæ6æTîGï�â�ç¯ï(ï�â�ã¿çËé�ï�ò�çµñ

ä�ãVç¬ñÄå��VçµïTå´î¬èÓå´æ�ò�è�óPè�î ð è�ö3ásâ�å´æ�æÕåÄïTò�çµïTå´î¬èGî�éaéaò�ä¨æ�åÄèEô�ä�çËé�úï�å´éaã ð â�ãaè«ï�â�ãÆé¨â�ç¬è�è�ãañ¢æ:ò�æTãVë�í�î¬ä:ï�â�ãÐí�îËä ð çµä¨ë
ñ´åÄè�ó�çµèNë�ï�â�ãä�ãaõËãaä¨æÕã~ñÄå´è�ó�ç¬äTã,ë�å�	Zãaä�ãaèhï?þ¬çµè�ë�è�î�æÕô_ãVéaå´ç¬ñ�äTã?æÕîËò�ä�éaãVæ/çµä�ã�çµñÄú
ñ´î�éaçµïTãVë�åÄè�ïTâ�ãsæTû�æ¾ï�ãaì»í�îËä�ä�ãañ¢çYûPåÄè�êcïTâ�ãsé¨âNçµè�è�ãVñ�é�î¬èNë�åÈï�åÄîËè�æ
ï�î«ïTâ�ã�ï�ä�ç¬è�æÕìbåÄïÕï�ãaä?ö
ü¹ï:â�ç¬æ/çµñ¢æÕî ý ãVãaè
î ý æÕãVäTõËãVë2ïTâNç¯ï^æÕå´ê¬è�å
�NéVçµèhï�ô_ãaäTí�î¬ä�ìbç¬è�é�ã

êhçµå´è�æVþVç¯ï/ñÄî ð ãaä�éaî¬ìbô�ñ´ã���åÄï¾û¬þYéaçµè ý ã�çËé¨â�åÄãVõ¬ã?ëÆåÄí�ïTâ�ã�é¨â�çµè�è�ãañå´è�í�îËäTì$ç¯ï�åÄîËè(å¢æÐçYõYç¬åÄñ¢ç ý ñÄã8ç¯ï,ïTâ�ã8ïTä¨çµèNæÕìbåÄïÕïTãVäÐçµñ¢æÕîNö:á/ãañ¢ç¯ï¨çµä
÷Äø�ù:çµè�ç¬ñÄû��VãVë*ïTâ�ã�éaç¬ô�ç¬éaåÈï¾û�îµí~ç$ì�ò�ñÄïTå´ô�ñÄã�ïTä¨çµè�æTìbåÈïTïTãVä8æTû�æ¾ú
ï�ãaì ð åÈï�âGôNãVäÕí�ã?é�ïTñ´û�óPè�î ð èÉé¨â�ç¬è�è�ãañ�ç¯ï ý îµïTâÓï�ä�ç¬è�æÕìbåÄïÕï�ãaäç¬è�ë
ä�ãVéaãaå´õ¬ãVäVö�ásâ�ãÐéaçµôNç¬é�åÄï¾û
ç¬é¨â�åÄãVõhå´è�ê8æTé¨â�ãVìbã,å´è�ïTâ�å¢æIéaçËæÕã
å¢æ�æÕô�çµïTå¢çµñ ð ç¯ïTãVä��NñÄñ´åÄè�ê2å´è
ï�â�ã,ë�åÄä�ãVé�ïTå´î¬è�î¬í�ïTâ�ã�ãVåÄêËãaèPõ¬ã?é�ïTîËä�æî¬í�ï�â�ã(é¨â�ç¬è�è�ãañRþ�åÄèÉô�ä�î¬ô_î¬äTïTå´î¬è¿ïTî3ï�â�ã$ãaå´ê¬ãVèhõ¯ç¬ñÄò�ã?æaþ�çµñ´î¬è�ê
ð åÄïTâ1 ¸Ã´ ¸Ã®ª¬Ã���çµò�æ�æTå´ç¬èKé�î�ë�ã?æaö��Æç¬äTò�ñ´çEã�ï=çµñRö�÷ ��þ��?ù�â�çYõ¬ã
éaî¬è�æTå¢ë�ãaä�ãVëEïTâ�ã�ô�äTî ý ñ´ãaì î¬í�ì�ò�ñÄïTå´ô�ñ´ã=ïTä¨çµè�æTìbåÈïTïTãVä6çµè�ë5ç
æTå´è�ê¬ñ´ã�äTã?é�ãVåÄõËãaäÆæTû�æ¾ï�ãaì ð åÈï�âpåÄìbô_ãaäTí�ãVé�ïÆí�ãaã?ë ý çËé¨ó6îµí~é¨âNçµè�úè�ãañ:åÄè�í�î¬ä�ìbçµïTå´î¬è�çµï2ï�â�ã«ïTä¨çµè�æTìbåÈïTïTãVäVö�ü¹ï ð çËæ2æTâ�î ð è=ï�â�ç¯ï?þò�è�ë�ãaä�é�ãVäÕï¨çµå´è�é�îËè�ë�åÄïTå´î¬è�æVþ ý ã?çµì«í�î¬ä�ìbåÄè�ê�åÄèpïTâ�ãbë�å´äTã?é�ïTå´î¬è
ë�å´é�ï�ç¯ï�ãVë ý û(ï�â�ã�í�ãaã?ë ý çËé¨ó(õ¬ã?é�ïTîËäVþ�å¢æÐîËô�ïTå´ì$çµñMå´è3ïTâ�ã
æTãaèNæÕã
î¬í�ì$ç��På´ìbå
�VåÄè�ê«ì�ò�ïTòNçµñMå´è�í�î¬ä�ì$ç¯ï�åÄîËèMö��:î ð ãVäÐé�î¬èhï�äTîËñZç¬ñÄêËîµúä�åÄïTâ�ì$æ�ïTîÓìbåÄè�å´ìbå
�Vã�ô�äTî ý ç ý å´ñ´åÈï¾ûÉîµí2î¬ò�ï¨çµê¬ã�î¬ä«ì$ç���åÄìbå��aã
ì�ò�ïTòNçµñZåÄè�í�î¬ä�ìbçµïTå´î¬èMþ ý çËæÕã?ë$î¬è*ÿËòNçµèhïTå��aã?ë(é¨â�çµè�è�ãañZãaè�ãaä�ê¬û
í�ãVãVë ý ç¬é¨óZþ ð ãaä�ã~ë�ã?æÕå´ê¬è�ãVë�å´è(÷ ��þ� ¯ù¹ö"!ÆãVçµïTâ�ã�ï:çµñRö�÷Äø$#µùËñ´îhîËó¬ã?ëçµï(ô�çµäTïTå¢çµñcé¨âNçµè�è�ãVñÐí�ãaã?ë ý çËé¨óÂé�îËìbô�äTå¢æTåÄè�êÉî¬í2ï�â�ãpä�ãañ¢ç¯ïTå´õ¬ã
é¨âNçµè�è�ãVñIô�â�çËæÕã$å´èGï�â�ã6éaçËæÕã$î¬ísï ð î3ï�ä�ç¬è�æÕìbåÄï�çµè�ëÉîËè�ã(ä�ã�úéaãaå´õ¬ã�çµèhï�ãaè�è�ç�ö
ü¶èÀï�â�å¢æ ð î¬ä�ó_þ ð ãpë�ãVæTå´ê¬è5ïTä¨çµèNæÕìbå¢æTæTåÄîËèÀæTé¨â�ãVìbãVæ ð åÄïTâì�ò�ñÄïTå´ô�ñÄã�ïTä¨çµèNæÕìbåÄï8çµèNëpä�ãVé�ãVåÄõËã�çµèhï�ãaè�è�çËæÆå´èpï�â�ã�ô�äTã?æÕãVè�é�ã

î¬í8é¨â�ç¬è�è�ãVñÐåÄè�í�îËäTì$çµïTå´î¬è5ç¯ïbïTâ�ã3ï�ä�ç¬è�æTì«åÄïÕï�ãaä(ç¬è�ëÂïTâ�ã=ä�ã�ú
éaãaå´õ¬ãVäVþ,ïTîEì«å´è�å´ìbå
�VãpïTâ�ã¿é�î�ë�ã ð îËä�ëÒãVäTä�î¬ä(ô�äTî ý ç ý å´ñ´åÈï¾ûÂåÄèï�â�ã2æTû�æ¾ï�ãaì3ö � ò�ä~êËîËç¬ñ�å´æ~ïTî«ë�ãVæTå´ê¬è$ô�ä¨ç¬é�ïTå¢éaçµñ�ïTä¨çµè�æTìbå´æ�æTåÄîËè
æ�é¨â�ãVì«ã?æ ð â�å¢é¨â�ò�ïTå´ñ´å
�Vã~ñ´åÄìbåÄïTãVë�é¨â�çµè�è�ãañµí�ãVãVë ý ç¬é¨óZþ ð â�åÄñ´ã�çËæ¾úæTò�ä�åÄè�ê6ì$ç���å´ì�ò�ì ë�å´õ¬ãVä�æTåÄï¾û3çYõ¯ç¬åÄñ¢ç ý ñ´ã�å´èpï�â�ã$æÕû�æÕïTãVì*ö&%Óã
çËæTæTò�ìbãpï�â�ç¯ï3ï�â�ãaä�ã¿å¢æ*è�îÒôNî ð ãaä=é�îËèhïTä�î¬ñ8åÄèKïTâ�ãGæTûPæÕïTãVì
ð â�å´é¨â5å¢æ&'¾ò�æÕïTå
��ãVë5ò�è�ë�ãaä�æÕâ�îËäÕïTúAï�ãaä�ì ô_î ð ãVä(é�îËè�æ¾ï�ä�ç¬åÄèhï¨æaöü¶èÒæÕòNé¨âÒéVç¬æTãVæVþ^ôNî ð ãaä$æ�çYõ¬ãVëGí�äTîËì î¬è�ã�í�ä�ç¬ìbã*éVçµè�è�î¬ï ý ã
òNæÕã?ëGåÄèÂç�æTò ý æTãVÿhò�ãaèhï�í�ä�ç¬ì«ãËö � ò�ä«é�îËèËï�äTå ý ò�ï�åÄîËè�æ�ç¬äTã�ç¬æ
í�îËñÄñ´î ð æVö(%¿ã)��ä¨æÕï(äTãVõhå´ã ð ïTâ�ã�ê¬ãaè�ãaä¨çµñ´å
�VãVë ý ãVç¬ì«í�î¬ä�ì«å´è�ê
æ�é¨â�ãVì«ãÆê¬å´õ¬ãaè$å´è�÷Äø¬øaùRö+*ÆæTåÄè�ê
ïTâ�å´æ,ç¬æ~î¬ò�ä�äTãaí�ãaä�ãaè�éaã¬þ ð ã2ë�ã�úæTå´ê¬èGñ´åÄè�ã?çµä�ô�äTî�éaãVæ�æÕå´è�ê3ïTã?é¨â�è�å¢ÿhò�ãVæ«ç¯ï
ï�â�ã(ï�ä�ç¬è�æTì«åÄïÕï�ãaä�åÄè
ï�â�ã
ô�ä�ãVæTãaèNé�ã
î¬í:ñ´å´ì«åÄïTã?ëpé¨â�ç¬è�è�ãañ/åÄè�í�î¬ä�ìbçµïTå´î¬èMö,%Óã�ë�ãVäTå´õ¬ã
ï�â�ã ý ã?çµì«í�î¬ä�ìbåÄè�êÓõ¬ã?é�ï�î¬ä ð â�å´é¨âÂìbåÄè�å´ìbå
�VãVæ�ïTâ�ã*ôNçµå´ä ð å¢æÕã



ãaä�äTîËä�ô�ä�î ý ç ý å´ñÄåÄï¾û¬þ ð â�ãaèÒô�ç¬äÕï�å´ç¬ñcé¨â�çµè�è�ãañÐå´è�í�î¬ä�ì$ç¯ïTå´î¬èÂåÄèïTâ�ã�í�îËäTì�îµí^é¨â�çµè�è�ãañMô�âNç¬æTãVæså¢æcçYõ¯çµå´ñ´ç ý ñÄã�çµïÐïTâ�ã�ï�ä�ç¬è�æÕìbåÄïÕú
ïTãaä?ö���åÄè�ç¬ñÄñ´û¬þ ð ãpæTâ�î ð ïTâ�çµï6åÄè5ï�â�ã¿ç ý æTãaè�éaã=îµí
é¨â�çµè�è�ãañ
ô�â�ç¬æTãÐå´è�í�î¬ä�ì$ç¯ïTå´î¬è�þ¬æÕãVñÄã?é�ï�åÄîËèbë�åÄõËãaä¨æÕåÄï¾û�çµï^ïTâ�ãÐï�ä�ç¬è�æTì«åÄïÕï�ãaä
å´æ�ï�â�ã(îËô�ïTå´ì$çµñ ý ãVç¬ì«í�î¬ä�ì«ãVäVö !cãVè�é�ãËþ�çËë�ë�åÄïTå´î¬è�ç¬ñ~é¨â�çµè�è�ãañ
çµìbô�ñ´åÈï�ò�ë�ãpå´è�í�î¬ä�ì$ç¯ï�åÄîËèMþ�å´è5ïTâ�ã�ç ý æTãaèNé�ã=îµí�ô�â�çËæÕã=å´è�í�îËäÕú
ìbçµïTå´î¬èMþNë�îPãVæcè�îµïcå´ì«ô�äTî¯õËã�ïTâ�ã
ô_ãaäTí�î¬ä�ì$çµè�éaã8í�ò�äÕï�â�ãaä?ö %¿ã
çµñ¢æÕî«åÄèPõËãVæÕïTå´êËç¯ï�ã8ïTâ�ã�ñ´îËæ�æsåÄè � ���fåÄè�éaò�ä�äTã?ë ý û ý ãVç¬ì�í�îËäTì«ú
åÄè�êbæ�é¨â�ãaìbãVæ ð åÄïTâ*ô�ç¬äÕï�å´ç¬ñZé¨âNçµè�è�ãVñZåÄè�í�îËäTì$çµïTå´î¬è3é�î¬ìbô�ç¬äTã?ëïTîbê¬ãVè�ãaä¨çµñ´å
�VãVë ý ã?çµì«í�î¬ä�ìbåÄè�êNö
ásâ�ã$ô�çµô_ãaä
å¢æ�îËäTêhçµè�å��aã?ë�ç¬æ�í�î¬ñ´ñÄî ð æVö$ü¶è �PãVé�ïTå´î¬è ��þ ð ãí�î¬ä�ì�ò�ñ¢ç¯ï�ãbïTâ�ã(ô�äTî ý ñÄãVì ç¬è�ëÉåÄèhï�äTî�ë�ò�éaã$ïTâ�ã(è�îµï¨ç¯ï�åÄîËèMö�ü¶è

�PãVé�ïTå´î¬è ��þ ð ã(ë�å¢æTéaò�æ�æ8ïTâ�ã(éVç¬æTã«î¬í,ôNçµäTïTå¢çµñIé¨â�ç¬è�è�ãañ^å´è�í�îËäÕúìbçµïTå´î¬è=ç¯ïÆïTâ�ã�ï�ä�ç¬è�æTì«åÄïÕï�ãaäcå´è3ïTâ�ã�í�î¬ä�ìÌî¬í^é¨âNçµè�è�ãVñMô�â�çËæÕã
åÄè�í�îËäTì$çµïTå´î¬è�çµè�ë�ë�ãaä�åÄõËã^ïTâ�ã�é�î¬ä�ä�ãVæTôNîËè�ë�å´è�êÐî¬ô�ï�åÄì$ç¬ñ ý ãVçµì«ú
í�î¬ä�ì«å´è�êÆæ�é¨â�ãVì«ãËö�ü¶è �PãVé�ïTå´î¬è �Nþ ð ã�æTâ�î ð ï�â�ç¯ï/ïTâ�ãsæÕãVñÄã?é�ï�åÄîËèë�åÄõËãaä¨æÕåÄï¾ûpô_ãaäTí�î¬ä�ì$æ8ïTâ�ã ý ãVæÕï�å´èGìbåÄè�å´ìbå
�VåÄè�êpãaä�äTîËä�ô�äTî ý ç¯ú
ý åÄñ´åÄï¾û(çµìbî¬è�ê�ïTâ�ã8ñ´å´è�ãVç¬ä�ô�ä�î�é�ã?æTæTåÄè�ê
ïTã?é¨â�è�å¢ÿhò�ãVæså´è(ï�â�ã�ç ý ú
æÕãVè�é�ãbîµíÐé¨â�ç¬è�è�ãañ^ô�â�ç¬æTã$åÄè�í�î¬ä�ìbçµïTå´î¬èÉç¯ï�ï�â�ãbïTä¨çµè�æTìbåÈïTïTãVäVö
%¿ãÓô�ä�î¯õhå¢ë�ãÓæÕîËì«ãÓæÕå´ì�ò�ñ´çµïTå´î¬èÑä�ãVæTò�ñÄï�æ�åÄè �PãVé�ïTå´î¬è 
ÂçµèNë
ô�äTã?æÕãVèhïsîËò�äÐé�îËè�é�ñ´ò�æTåÄîËè�æsåÄè �Pã?é�ï�åÄîËè ��ö

� � �^Ý«���	��
 �
�s���^à Ü��
� î¬è�æTå´ë�ãaäcç$æTûPæÕïTãVì ð åÄïTâ���ïTä¨çµè�æTìbåÈïÆç¬èËï�ãaè�èNç¬æcç¬è�ë��¿ä�ã�ú
é�ãaå´õ¬ã3çµèhï�ãaè�è�çËæaö��Mã�ï��Gþ,çµè������ ì$çµïTä�å���þ�ë�ãaè�î¬ïTã�ïTâ�ã
é¨â�çµè�è�ãañÆì$çµïTä�å�� ý ã�ï ð ãaãaèÑïTâ�ã¿ïTä¨çµè�æTìbåÈï3çµè�ëÑäTã?é�ãaå´õ¬ã¿çµè�úïTãaè�è�ç�çµä�ä�çYû�æVöMü¹ï~å¢æ~çËæTæTò�ìbãVë�ïTâNç¯ïIï�â�ãÆé¨â�ç¬è�è�ãañ�í¸ç¬ë�ãcæÕï�çµïTå¢æ¾ú
ïTå¢éaæbçµä�ã*ÿhò�çËæÕåÄú¶æ¾ï¨ç¯ïTå¢éµþ^åRö ã¬ö´þIïTâ�ã3é¨âNçµè�è�ãVñsäTã?çµñ´å
�?ç¯ïTå´î¬èÂæ¾ï¨çYûPæ
� ��ãVë�í�îËä/ë�ò�ä¨ç¯ï�åÄîËè�îµí�çcí�ä�ç¬ì«ã�ë�ãaè�î¬ïTã?ë ý û��Õö���ã�ï ��!�ë�ãaè�îµïTã
ïTâ�ã
"hï�âGäTî ð îµí#�Gö���ò�äTïTâ�ãVäVþ�ñ´ã�ï%$'&)( *¬þ/ïTâ�ã
+-,/.¬ïTâÉãañ´ãaìbãaèhïîµí��Gþ�ë�ãaè�î¬ïTã8ïTâ�ã�é¨â�ç¬è�è�ãVñZéaîPã	0(é�å´ãaèhïsí�äTîËì ïTâ�ã#.¬ïTâ*ï�ä�ç¬è�æ¾ú
ì«åÄïcçµèhïTãVè�è�ç�ïTî«ï�â�ã�+Aï�â3äTã?é�ãaå´õ¬ã8çµèhïTãVè�è�ç�í�î¬ä1+32\ø4, �5,76869,:�^þ.;2�ø<, �=,>6968,?�¿ö«ü¹ï
å¢æ�ò�æÕòNçµñ´ñÄû�çËæTæTò�ìbãVë�ïTâNç¯ï�çµìbô�ñ´åÄïTò�ë�ã$î¬í$@&A( *på´æ��ÆçYûhñ´ãaå´ê¬âÀë�å¢æÕïTä�å ý ò�ïTãVë ð åÈï�âÀõYç¬äTå¢çµèNé�ãGø ð â�å´ñÄãpïTâ�ãô�â�ç¬æTã�îµíB$ &A( * å¢æÐò�è�åÈí�îËäTìbñ´û�ë�å¢æ¾ï�äTå ý ò�ï�ãVë ý ã�ï ð ãaãaè #bçµèNë)�DC
í�î¬ä�ç¬ñÄñE+:çµè�ëF.Nö+%Óã2ë�î�è�îµï,ìbç¬ó¬ãcòNæÕã2îµíMé¨â�çµè�è�ãañZæ¾ï¨ç¯ï�å´æÕïTå¢éaæ
åÄèÙîËò�äbçµè�ç¬ñÄû�æTå´æVöG��ã�ïIH ë�ãaè�îµïTã6ïTâ�ã��J�K�Æéaî�ë�ã6ì$ç¯ï�äTå
�
ïTä¨çµè�æTìbåÈïTïTãVëÒí�ä�î¬ì ïTä¨çµèNæÕìbåÄï�çµä�ä�çYû ð â�åÄñ´ãGL ë�ãVè�îµï�ãVæ(ïTâ�ã�M�N�2ì$çµïTä�å��ÒäTã?é�ãaå´õ¬ã?ëÂçµïbïTâ�ãpä�ãVéaãaå´õ¬ã=çµä�ä¨çYû ð â�ãaè�Hjå´æ
ïTä¨çµè�æTìbåÈïTïTãVëMö���ã�ïFOZþ^çµèK���G�sì$ç¯ï�äTå
��þ�ë�ãVè�îµï�ã$ïTâ�ã6ç¬ë�ë�åÈú
ïTå´õ¬ãsè�î¬å¢æTãsçµï^ïTâ�ãÐä�ãVéaãaå´õ¬ãVä ð â�å´é¨âbå¢æ^ç¬æ�æÕò�ìbã?ë
ï�î ý ãcéaåÄä¨é�ò�ñ¢çµäæÕûPìbìbã�ïTä�å¢é
é�îËì«ô�ñÄã�� ��ç¬ò�æTæTå¢çµè ð åÈï�â �aãVäTî6ì«ã?çµèpç¬è�ë=õ¯çµä�åÈúçµè�éaãQPFRcô_ãaä~éaî¬ìbô�ñ´ã���ë�å´ìbãaè�æTå´î¬èMö+%ÀåÄïTâbïTâ�å´æ^è�îµï�çµïTå´î¬èMþ ð ãéaçµè ð ä�åÈï�ã2ï�â�ã�ä�ãVé�ãVåÄõËãVë�õ¬ã?é�ïTîËä1L"çËæLS2M��HUTNO VÕøXW

��ò�ô�ô_îËæTã
YZ2\[^]`_*^a ç¬è�ëKbc2d[<eX_*^a þMí�î¬äf.;2�ø<,��5,7686 �¿þg 2wø4, �5,7686 ��çµä�ãpçµèPûEï ð îEéaî�ë�ã ð î¬ä¨ëEì$çµïTä�å´éaãVæVöh��ò�äTïTâ�ãVäVþ
ç¬æ�æÕò�ìbã�ï�â�ç¯ï8ïTâ�ã«é¨â�ç¬è�è�ãVñ/ä�ãVç¬ñÄå��VçµïTå´î¬è;� å¢æ2óhè�î ð è=ïTî6ïTâ�ãäTã?é�ãaå´õ¬ãVäMçµè�ë�ïTâ�ãIä�ãVéaãaå´õ¬ãVäMôNãVäÕí�îËäTì$æ/çÐì$ç���åÄì�ò�ìfñÄå´ó¬ãVñÄå´â�îPî�ë
ë�ã�ï�ãVé�ï�åÄîËèMöcásâ�ãVè=ïTâ�ã�ô�çµå´ä ð å¢æTã
ãaä�äTîËäÐô�ä�î ý ç ý åÄñ´åÄï¾û ý ã�ï ð ãaãVè

ï�â�ãcé�î�ë�ã ð îËä�ë�æ3Yfç¬è�ë%b»éaî¬è�ë�åÄïTå´î¬è�ãVë«î¬èi��å´æ^êËåÄõËãaè ý û�÷ �Yù

j�kmlDnmVoYhpqb
r �GWB2tsvuxw VyYf,-b
r �GWz �DP R|{ V �<W
ð â�ãaä�ã w4} VyYf,-b
r �~W~2��M�&9��� ���_ ��� r-�M�*?��� $ &A( * VA]	_*�� eX_* W>r }ç¬è�ë�siV�6�W,å´æÐïTâ�ã�æÕï�çµèNë�çµä¨ë ��ç¬ò�æ�æÕå¢çµè�ï�ç¬åÄñZí�ò�èNé�ïTå´î¬è�ö
ü¹í�� å´æ2óPè�î ð è=ôNãVäÕí�ã?é�ï�ñÄûpçµïÆïTâ�ã
ïTä¨çµèNæÕìbåÄïÕïTãVäVþ_ï�â�ãaè=ï�â�ãï�ä�ç¬è�æTì«åÄïÕï�ãaäÉë�ãVæTå´ê¬è�æÓé�î�ë�ã ð îËä�ë�æ�ïTîfìbåÄè�åÄìbå��aãÂïTâ�ãÒäTå´ê¬âhïâNçµè�ë�æÕå¢ë�ã�îµí�V �<W~í�î¬äsãVõ¬ãaä�ûbäTã?çµñ´å
�?ç¯ï�åÄîËè(îµí3�Gö:ü¶è6ï�â�å´æséVç¬æTã¬þ

ð ã�â�çYõ¬ã2ïTâ�ã�í�î¬ñ´ñÄî ð å´è�êbäTã?æÕò�ñÈï?ö���^�X� �)���(÷Äø¬øaùo� �/·¯¦Æ¤2ºµ ®­¯¥a�*¼¨��¤¯�N�_¥a²�¦T¥¨¤µ²³ ÄÍ?¤¯�R ¸·¯�I�É§M�®��¥
¼¨·?ª¬¥a©~·¯¦Tª$°b¤µ�A¦� ÈÊ�H ©/�� ¸¼��=°� ®�N ®°� ÄÍ?¥�¡�¥a¦�¦T·¯¦~£_¦�·¬Î¨¤¬Îa ®²³ ®�RÏ$ ¢¡
º¬ ®­¯¥��5Î�Ï�H�2����7�M§8©/��¥a¦T¥I�G�¿ ¢¡$�®��¥�¥a Èºh¥��N­Y¥¨¼a�¹·µ¦�·¾½��
¼¨·µ¦�¦T¥�¡R£�·¯�Zª¯ ®�hº$�¹·��®��¥8²Ä¤¯¦RºË¥�¡��~¥� Èºh¥��N­Y¤µ²³±�¥�¤¯�Zª��Ó ¢¡�¤�­¯¥¨¼��¶·¯¦
¼¨·µ���¶¤¯ ®�� ®�Pº(����¥� ®�V½�·µ¦�°b¤µ�A ¸·µ�¿�¶·6Î¨¥��A¦�¤¯��¡�°« ®�A�¶¥¨ª¬Ã
ásâ�ã
ç ý î¯õËã8æ�é¨â�ãVì«ã�å¢æsäTãaí�ãaä�äTã?ë$ï�îbçËæcºË¥a�_¥a¦T¤µ²³ ÄÍ?¥�ª*Î¨¥¨¤¯°«Á

½�·µ¦�°� ®�Pºså´è�ï�â�ãcæÕã?ÿhò�ãañRö��Æîµï�ã�ï�â�ç¯ï:ï�â�ãcæÕôNç¯ïTå¢çµñ ð ç¯ï�ãaäTú ��ñ´ñ´åÄè�êæ�é¨â�ãVì«ãËþ ð â�å´é¨â�å´æ*ï�â�ãÉì�ò�ï�ò�çµñ�å´è�í�î¬ä�ì$ç¯ï�åÄîËèKì$ç���å´ì«å��aå´è�êæ�é¨â�ãVì«ã�ê¬å´õ¬ãaè=å´èÂ÷Äø�ù¹þ_å´æ8ë�å
	_ãVäTãVèËï2í�äTîËì ïTâ�å¢æ2æ�é¨â�ãVì«ãËö��PôNç¯ú
ï�å´ç¬ñ ð çµïTãaäTú ��ñÄñ´å´è�ê�ô_îËæ�æÕå ý ñ´û(ë�å¢æ¾ï�äTå ý ò�ï�ãVæ�ïTî¬ï�çµñ�ô_î ð ãaäsçµìbî¬è�êç¬ñÄñsï�â�ã3ãaå´ê¬ãVèhõËãVé�ïTî¬ä¨æVö � èEï�â�ã=îµï�â�ãaäbâ�ç¬è�ë�þ�ïTâ�ã3ä�ãañ´ãaõ¯çµèhï
é¨âNçµè�è�ãVñ�åÄè�í�î¬ä�ìbçµïTå´î¬èbä�ãVÿhò�å´äTã?ë ý û
ï�â�ãsïTä¨çµèNæÕìbåÄïÕïTãVä^ïTî�ìbå´è�ú
å´ìbå
�Vã�ïTâ�ã
ãaä�äTîËäÐô�ä�î ý ç ý åÄñ´åÄï¾û6å¢æcéaç¬ô�ïTò�ä�ãVë3å´è3ïTâ�ã�ë�î¬ìbå´è�çµèhï
ãVåÄêËãaèPõ¬ã?é�ï�î¬ä,îµí�ïTâ�ã
é¨â�ç¬è�è�ãVñAö

�8ãVè�ãaä¨çµñ´å
�VãVë ý ã?çµì«í�î¬ä�ìbåÄè�ê&ä�ãVÿhò�å´äTã?æ�ç æTò ý æÕï�ç¬èhïTå¢çµñ
ç¬ìbî¬ò�èhï6î¬í�é¨âNçµè�è�ãVñÆå´è�í�î¬ä�ì$ç¯ï�åÄîËèÑç¯ï(ï�â�ãpï�ä�ç¬è�æÕìbåÄïÕï�ãaä?þÐåÄè
ï�â�ã
í�îËäTì�î¬í^ïTâ�ãbë�î¬ìbå´è�çµèhï8ãaå´ê¬ãaèPõËãVé�ï�î¬ä?ö %Óã�è�î ð ñ´îPî¬ó=ç¯ïý ãVç¬ì«í�î¬ä�ì«å´è�ê«æTé¨â�ãVìbãVæVþ ð â�å´é¨â*äTã?ÿhò�åÄä�ã2æTå´ê¬è�å
�Néaç¬èhïTñ´û$ñÄã?æTæTãaäé¨âNçµè�è�ãVñ�å´è�í�î¬ä�ì$ç¯ï�åÄîËè�ç¯ïcï�â�ã�ïTä¨çµè�æTìbåÈïTïTãaäÆïTâ�ç¬èpï�â�ã�êËãaè�ãVäÕú
ç¬ñÄå��aã?ë ý ãVç¬ì«í�î¬ä�ì«å´è�êNþ ð åÄïTâGçµèGçµå´ì ï�î=ò�è�ë�ãVä�æÕï�ç¬è�ë ð â�å´é¨âí�îËäTìÌîµí�í�ãVãVë ý ç¬é¨ó(å¢æÐìbîËæÕïÐò�æÕãaí�ò�ñRö

� � �c��
��¬Ý��B
 à Ü�� � à��3  ¡¢ 3� Ü=Ü ����  3��� � ÛMÜ �µÝ��B
!�8�:àaÝ Ü
%Óã ð åÄñ´ñ:è�î ð éaî¬è�æTå´ë�ãaä8ïTâ�ãbæTåÈï�ò�ç¯ï�åÄîËè¿å´è ð â�å¢é¨â¿ïTâ�ã«ïTä¨çµèNæ¾úìbåÄïÕï�ãaä~âNç¬æ~çËéaéaãVæ�æ:ïTî�ô�çµäTïTå¢çµñ�é¨âNçµè�è�ãVñ�å´è�í�î¬ä�ì$ç¯ï�åÄîËè$î¬è�ñ´û¬þËåÄè
ôNçµäTïTå¢é�ò�ñ¢çµäÆïTâ�ãbé¨â�çµè�è�ãañ�ô�â�çËæÕã�åÄè�í�îËäTì$çµïTå´î¬èMþ ð â�å´ñÄã�ïTâ�ã�ä�ã�úéaãaå´õ¬ãVäÐâ�ç¬æÐéaî¬ìbô�ñ´ã�ïTã�é¨â�çµè�è�ãañ�å´è�í�î¬ä�ì$ç¯ïTå´î¬è�ö£��îËñÄñ´î ð åÄè�ê�ï�â�ãéVç¬æTã�îµí^ê¬ãVè�ãaä¨çµñ´å
�VãVë ý ã?çµì«í�î¬ä�ìbåÄè�ê�þ ð ã
æÕãVãaó*çµè��6ú¶é�îËñÄò�ì«èõËãVé�ïTî¬ä�¤ÂæTò�é¨â3ïTâNç¯ï7�¥VAç4W1H¦2h¤¨§Âçµè�ë©V ý WFr ¤ & r52 �ª � í�î¬ä+32\ø4, �5,7686 �Óþ¬æÕî8ï�â�ç¯ïIîËè�ñÄû«é¨â�çµè�è�ãañ�ô�â�ç¬æTãsåÄè�í�îËäTì$çµïTå´î¬è ð åÄñ´ñý ã�ò�æTãVë*å´è�í�îËäTìbå´è�êbïTâ�ã�õ¬ãVé�ïTîËäVöB��ã�ï�¤ & 2te *-«­¬ í�îËäcãVçËé¨â�+¨ö
ásâ�ã�æTå´ê¬è�ç¬ñMç¯ïsïTâ�ã�ä�ãVéaãaå´õ¬ãVäsç¬äTä¨çYû$å¢æsè�î ð êËåÄõËãaè ý ûLS2M�;¤�§
T©O V �4W® æTæTò�ìbå´è�ê$ì$ç���åÄì$ç¬ñMä�çµïTå´î$é�î¬ì ý å´è�åÄè�ê(ç¯ïÐïTâ�ã�äTã?é�ãaå´õ¬ãVäVþPï�â�ã
ôNçµå´äÕú ð å´æTã�ãVäTä�î¬ä8ô�ä�î ý ç ý å´ñÄåÄï¾û3í�î¬ä�çµèPû3ï ð î*éaî�ë�ã ð î¬ä¨ë�æ�Y�2¤ ¯$çµèNë�b°2�¤��_þ�éaî¬è�ë�åÄïTå´î¬è�ãVë*î¬è���å¢æÐè�î ð ê¬å´õ¬ãVè ý û

j�kmlDnmVoY�p¦b
r �~WB2ts u w � VyYf,?b�r �~Wz �DP�R { V �^W



ð â�ãaä�ã w �DVyYf,?b�r �~WÐå´æsêËåÄõËãaè ý û
w } � VyYf,-b
r �~W 2 � �� &8� � r � & ¤Qr }���� ¯ � � �	}} V 
<W

2 �� �� &9���	�����
��
 � � $ &)( 
 e *-«�� �����

}�
� � ¯ � � � }}�
� 6 � } å¢æ�ïTâ�ã©� } è�î¬ä�ì!ë�ã���è�ãVë�î¬è�� ��� � ö !Æãaè�éaã¬þ2åÈí�ïTâ�ã
é�î�ë�ã ð î¬ä¨ë�æ ¯2çµè�ë¥��çµä�ãIë�ã?æÕå´ê¬è�ã?ë�æÕò�åÈï¨ç ý ñ´ûÆï�îcì$ç���å´ì«å��aãIïTâ�ã�Iò�éañÄå¢ë�ãVç¬è=ë�å´æÕï�ç¬è�é�ãËþ�ãVäTä�î¬äÐô�ä�î ý ç ý å´ñÄåÄï¾û ð å´ñ´ñ ý ã
ìbåÄè�åÄìbå��aãVëý û�é¨â�îPîËæTåÄè�êI¤ ð â�å¢é¨â3ì$ç���åÄìbå��aã?æ

�~2 � �� &8��� ��
 ��� r $@&A( 
 r } � V �4W
T ����e � ��� ��
 ��� ��� � 
�� � � �� &9��� $'&)( 
 $��&A( � � e *�� «�� � «� "! �

�cîµï�ãcï�â�ç¯ï ð ã2â�çYõ¬ãÆïTî«æÕîËñÄõËãcí�î¬ä,î¬è�ñÄûI� � ø2ò�è�óPè�î ð è�æ~í�î¬ä¤ÒæTå´è�é�ã ð ã«éaçµè¿çµä ý åÈï�ä�ç¬äTå´ñ´û*æTã�ï�î¬ò�ä2äTãaí�ãaä�ãaè�éaã�çËæ$# � 2 #�ö
%¿ã�ï�â�ãaè3â�çYõËãÆï�â�ã�í�î¬ñ´ñÄî ð å´è�êbä�ãVæTò�ñÈï?ö��� �7� �)�&%�Ã('Z��¥�£_¦T·ËÎ�¤ËÎ� ®²È ®�AÏ¿·Õ½(¥�¦�¦�·¯¦$©^ ®����£���¤Y¡a¥2½�¥�¥¨ªµÁ
Î�¤Ë¼�Å( ¢¡�°� ®�N ®°� ÄÍ?¥¨ª*Î�Ï6¼¨��·?·Y¡� ®�hº�¤�¡�±�¼��3�®��¤¯�
£5$*),+Xe.-/0 /1 .i��e *-« �

�� �243 �526� � �� &9��� $ &A( 
 $ �&)( � � e � *-«  87 /9/: 2 C
�

V �DW
"i2\ø4, �=,>696869,:� � ø

ð â�å´é¨âÉê¬å´õ¬ã?æ�� � ø$ã?ÿËòNç¯ïTå´î¬èNæ8ïTîpæTî¬ñ´õ¬ã«í�î¬ä�� � ø$ò�è�ú
óhè�î ð è�æaö � îËè�æÕå¢ë�ãVä�ï�â�ã*æTô_ãVé�å¢çµñÐéVç¬æTã6îµí�� 2 ��öGü¶èEïTâ�å¢æ
éaç¬æTã¬þ�ïTâ�ã�ïTä¨çµè�æTìbåÈïTïTãVä2è�ãVãVë�æcïTî�óhè�î ð ç�æÕå´è�êËñÄã
ô�â�ç¬æTã¬þ;# } þåÄä�äTã?æÕô_ãVé�ïTå´õ¬ãcî¬íMïTâ�ã2èPò�ì ý ãVä,î¬í�ä�ãVé�ãVåÄõËãÆçµèhï�ãaè�è�çËæaþPêËåÄõËãaè ý û

# } 2Àô�â�çËæÕã � �� &8��� $'&)( �>$ �&A( } � V �4W
%¿ã �Nè�çµñ´ñÄûÂè�îµï�ã=ïTâNç¯ï(ï�â�ã�æ�é¨â�ãaìbã=ô�ä�ãVæTãaèhïTã?ëÒåÄè ÷Äø$#µùcí�î¬ä
ï ð î2ïTä¨çµè�æTìbåÈï~ç¬è�ë�î¬è�ãsä�ãVé�ãVåÄõËã,ç¬èhïTãaè�è�ç8å´æIç�æTôNã?é�å¢çµñ�éVç¬æTã,î¬íïTâ�ã
æTî¬ñ´ò�ïTå´î¬è*ê¬å´õ¬ãVè�å´è©V �^W�ö %Óã�äTãaí�ãaäsïTî«ï�â�å´æ ý ã?çµì«í�î¬ä�ìbåÄè�ê
æTé¨â�ãVìbã
ç¬æ�¥�<a±�¤¯²ZºË¤µ ®�G¼¨·µ°bÎa ®�� ®�Pº�æTåÄèNé�ã
åÄïÆå¢æÆçµèNçµñ´î¬ê¬îËò�æ,ïTî
ïTâ�ã ð ãVñÄñPóPè�î ð è�ãVÿhò�çµñhêËç¬åÄè«ë�å´õ¬ãaä¨æTåÈï¾û�é�îËì ý å´è�å´è�ê2ïTãVé¨â�è�å´ÿhò�ãç¯ïsïTâ�ã�ä�ãVéaãaå´õ¬ãVäVö

%Óã*è�î ð é�îËì«ôNçµä�ã(ãVÿhò�ç¬ñ�êhçµå´èÙé�î¬ì ý å´è�åÄè�ê ð åÄïTâEêËãaè�ãVäÕúçµñ´å
�VãVë ý ãVçµì«í�îËäTìbå´è�ê�þNî¯õ¬ãaä2ç��cçYûPñÄãVåÄêËâ*í¸ç¬ë�å´è�ê�é¨âNçµè�è�ãVñAþNåÄè
ïTâ�ã�éVç¬æTãpîµí¥� ïTä¨çµè�æTìbåÈï�ç¬èhïTãaè�è�ç¬æ(ç¬è�ëÀçÙæTåÄè�ê¬ñ´ãpäTã?é�ãVåÄõËã
çµèhïTãVè�è�ç�ö %ÀåÄïTâKçEæÕå´è�ê¬ñ´ã=ä�ãVé�ãVåÄõËãpçµèhïTãVè�è�ç�þsïTâ�ãpêËãaè�ãVä�ç¬ñÈú
å
�VãVë ý ãVç¬ì«í�î¬ä�ì«å´è�ê8å´æ:è�îµïTâ�åÄè�ê ý ò�ï ý ãVç¬ì�í�îËäTìbå´è�ê�çµñ´î¬è�êÆïTâ�ã
é¨â�çµè�è�ãañ�õ¬ã?é�ï�î¬ä?þ�åAö ã¬ö´þ'¤>=@?%2BA $Mþ ð â�ãaä�ãCA $3å´æÐïTâ�ã
è�î¬ä�ìbç¬ñÄå��aã?ëé¨â�çµè�è�ãañcõËãVé�ï�î¬ä?öfásâ�ã � ����ãVè�â�ç¬è�é�ãVì«ãVèhï(í¸ç¬é�ïTî¬ä6î¯õ¬ãaä(ç

æTû�æ¾ï�ãaì ð åÄïTâ�îËò�ï�çµèPûpë�å´õ¬ãaä¨æTåÈï¾ûËþNí�îËä�ç6êËåÄõËãaèpä�ãVç¬ñÄå��VçµïTå´î¬èpî¬íï�â�ã
é¨â�ç¬è�è�ãañRþ�å¢æ,ïTâ�ãVè*êËåÄõËãaè ý ûED,D_þ� =@?7( F 2 �� &8� � r $ & r } V  4W
æTîcï�â�ç¯ï�ïTâ�ã,çYõËãaä¨çµê¬ã:êhçµå´è
åÄè � ���
þµçYõ¬ãaä¨çµêËãVë8î¯õ¬ãVäMï�â�ã,é¨âNçµè�ú
è�ãañ�ä�ãVçµñ´å��Vç¯ï�åÄîËè�æVþhå¢æÐêËåÄõËãaè ý û� =@? 2 b F ÷ � =G?7( F ù V¾ø #4W

2 �� &9��� b�F7¬IH)r $'&-r }KJ2 �G6
ü¶èKïTâ�ãGéaçËæÕã�îµí�ã?ÿËòNçµñ�êËç¬åÄèKéaî¬ì ý åÄè�åÄè�êNþÐïTâ�ã � ����ãVè�ú

âNçµè�éaãaìbãaèhï
í¸çËé�ïTîËä�í�îËä�ç=êËåÄõËãaèÙä�ãVç¬ñÄå��VçµïTå´î¬èÉîµí��!å´æ�ê¬å´õ¬ãaè
ý ûËþ �MLONKP ( F 2 ø� � �� &8� � r $ & r � } V¾øËøXW

2 ø� �� �� &9��� r $ & r } T �� &9��� ��*?��� ( &OQ�E* r $ & r9r $ * r 
�
!Æãaè�éaã¬þPï�â�ã
çYõ¬ãVä�ç¬ê¬ãÆêhçµå´è�å´è � ���
þ@b�F�÷ � L@N�P ( F¯ù¹þ�å¢æsê¬å´õ¬ãVè ý û� L@N�P 2\ø�T VA� � øXW C

�
V¾ø �<W

ð â�ãaä�ã ð ã¿â�çYõËã�ò�æTãVëÑïTâ�ãÓä�ãVæTò�ñÈï�b(÷ r $'& r ù�2SR CMT ��þ	U +¨ö
!Æãaè�éaã¬þ,ïTâ�ã=ñÄîhæTæbå´è5ôNãVäÕí�îËäTì$çµèNé�ã3îµí�ãVÿhò�ç¬ñcêËç¬åÄè5é�îËì ý å´è�ú
å´è�êNþ
ç¬æpéaî¬ìbô�çµä�ãVë�ï�îÀê¬ãaè�ãaä¨çµñ´å
�VãVë ý ã?çµì«í�î¬ä�ìbåÄè�êÀî¯õËãaäpç�ÆçYûhñ´ãaå´ê¬â6í¸ç¬ë�å´è�ê$é¨â�ç¬è�è�ãañ�å´æsêËåÄõËãaè ý û�ML@N�P ( �"VXWYW 2»ø #^ñ´î¬ê�u �4�

��TtV)� � ø­W C { ë[Z V¾ø �4W
%Óã�æTãaã�ïTâNç¯ïVþ_í�îËä�� 2 ��þ ð ã�â�çYõËã�ç(ñ´îËæ�æÆî¬í #=6 �  Ëë[ZKîËè�ñ´û¬ö® æcï�â�ã�èPò�ì ý ãVä2î¬í:ïTä¨çµè�æTìbåÈï�çµèhïTãVè�è�ç¬æÆåÄèNé�ä�ãVç¬æTãVæVþ�ï�â�ã«ñÄîhæTæ
å¢æ ý î¬ò�è�ë�ãVë3çµè�ë*ä�ãVçËé¨â�ãVæ8ø<6 #��  ¬ë[Z5çËæÕûPìbô�ïTî¬ïTå¢éaç¬ñÄñ´û¬ö
\ � �c��
��¬Ý��B
 à Ü�� � à��3  ¡¢ 3� Ü=Ü ���

�d
^]��Và¨�^ß3Þ�� ÛMÜ �µÝ��B
 �8�:àaÝ Ü
%Óã(è�î ð éaî¬è�æTå´ë�ãaä�ï�â�ã6éaçËæÕã ð â�ãaä�ã$ïTâ�ã6óhè�î ð ñÄã?ë�ê¬ã$î¬í,ï�â�ãé¨âNçµè�è�ãVñ�çµï2ï�â�ã�ïTä¨çµè�æTìbåÈïTïTãaä8å¢æ2ñ´å´ì«åÄïTã?ëpï�î*é¨âNçµè�è�ãVñ�ç¬ìbô�ñÄåÄú
ï�ò�ë�ã?æ ð åÄïTâ�î¬ò�ïIçµèPû�ô�âNç¬æTã�å´è�í�î¬ä�ì$ç¯ï�åÄîËèMö ® êËçµå´èMþ ð ãsæÕãVãaó
çµè��ú¶é�î¬ñ´ò�ìbèGõ¬ã?é�ï�î¬äF¤�îµícè�îËè�ú¹è�ãaêhç¯ïTå´õ¬ã$ä�ãVç¬ñ~èPò�ì ý ãVä�æ�æÕò�é¨â
ï�â�ç¯ïX� VAç4W H 2�¤��6ç¬è�ë�V ý W � ¤ � }} 2»øËö ��î¬ñ´ñÄî ð å´è�ê8ïTâ�ã2çµè�ç¬ñÈúû�æTå´æ~åÄè�æÕã?é�ïTå´î¬è ��þ ð ã ð å¢æTâ$ïTî�ìbç���åÄìbå��aã w } VoYf,?b
r �~WIê¬å´õ¬ãaèý û

w }} VoYf,?b
r �~W 2 � �� &9��� r � &o¤ r } � � ¯ � � � }} V¾ø$�^W
2 �� �� &8��� �����

��
 ��� $@&A( 
 ¤ 
 �����
}�
� � ¯ � � � }}�



!cãaèNé�ã¬þ,åÄí8ï�â�ãpé�î�ë�ã ð îËä�ë�æ�¯Eçµè�ë��Ùç¬äTã=é¨â�îhæÕãVèEï�îGìbç���åÈú
ì«å��aã*ï�â�ã �IòNé�ñ´å´ë�ã?çµè5ë�å¢æ¾ï¨çµè�éaã¬þ,ãaä�äTîËä«ô�äTî ý ç ý å´ñ´åÈï¾û ð å´ñÄñ ý ãì«å´è�å´ìbå
�VãVë ý û6é¨â�îPîËæTåÄè�ê�¤ ð â�å´é¨â3ì$ç���å´ì«å��aã?æ

�~2 � �� &9��� ��
 ��� r $ &)( 
 r } ¤ } 
 � VÕø 
<W
T � ��e � �	� ��
 ��� ��� � 
�� � � �� &9��� $ &A( 
 $ �&A( � � ¤ 
 ¤ � �

�cîµï�ã�ïTâNç¯ï��Gå´è3ïTâ�å´æ2éaç¬æTã�å¢æÆç(æÕïTä�å´é�ïTñ´û*éaî¬èPõ¬ã��(í�ò�è�é�ïTå´î¬èpî¬í¤ & � æ�ç¬è�ë�â�ãaè�éaã�ï�â�ãbì$ç���åÄì�ò�ì õ¯çµñ´ò�ãbîµí6�Òå´æ�çËé¨â�åÄãVõ¬ã?ë�ç¯ï
î¬è�ã^î¬í�ïTâ�ãIõËãaäTïTå¢é�ã?æMîµíPï�â�ã�éaî¬è�æÕïTä¨çµå´èhï�æÕãaïVö"!Æãaè�éaã¬þ��$å¢æMì$ç��Pú
åÄìbå��aãVë ý ûpé¨â�îPîËæTåÄè�ê�¤ &Q2Ìø$é�îËäTä�ãVæTô_î¬è�ë�å´è�ê6ïTî�ïTâ�ãbï�ä�ç¬è�æ¾ú
ì«åÄï8ç¬èhïTãaè�è�ç ð åÄïTâpï�â�ã ý ãVæÕï8é¨âNçµè�è�ãVñ+� ��� ð â�å´ñ´ã%¤ &~å¢æ2æTã�ïïTî��aãaä�î2í�î¬ä^çµñ´ñPïTâ�ãsî¬ïTâ�ãVä:ïTä¨çµè�æTìbåÈï^çµèhïTãVè�è�çËæaö�ásâ�å´æ:å¢æ:è�î¬ïTâ�ú
åÄè�ê ý ò�ïÐ¡a¥�²Ä¥¨¼a�A ¸·µ�pª¯ ®­¯¥�¦¨¡� ®�RÏsçµï^ïTâ�ãcïTä¨çµè�æTìbåÈïTïTãaä?ö+!cãaèNé�ã¬þ ð ãâ�çYõ¬ã2ïTâ�ã�í�îËñÄñ´î ð å´è�êbäTã?æÕò�ñÄïVö��� �7� �)���G���E�®��¥�¤ËÎ�¡a¥a�_¼¨¥�·Õ½(¼���¤¯�N�_¥a²�£���¤Y¡a¥6 ®�V½�·¯¦�°$¤¯Á
�A ¸·µ�b¤µ�_����¥,�R¦T¤µ��¡�°� ®�R�¶¥�¦¨§_�A¦T¤µ��¡�°« ®�N¡a¥a²Ä¥¨¼��R ¸·¯�(ªµ ®­Y¥a¦¨¡� ®�AÏ2°� ®�N ®Á
°� ÄÍ?¥�¡�����¥Æ¼¨·?ª¬¥a©~·¯¦Tª�¥�¦�¦T·µ¦/£_¦T·ËÎ�¤ËÎ� ®²È ®�AÏ�¤µ°b·µ�hº�¤µ²®²��®��¥ÆÎ¨¥¨¤¯°«Á
½�·¯¦�°« ®�hº(¡�¼¨��¥a°$¥�¡aÃ

��ãañ´ãVé�ï�åÄîËè$ë�åÄõËãaä¨æÕåÄï¾û
ò�æTãVæ��®ñ´î¬ê } V)��W�� ý åÈï¨æ^îµíZí�ãaã?ë ý çËé¨ó�í�î¬äãVç¬é¨â5í�ä¨çµìbãËö ü¹ï6ï�ò�äTèNæ(î¬ò�ï6ïTâNç¯ï*çËë�ë�åÄïTå´î¬è�ç¬ñÆå´è�í�î¬ä�ì$ç¯ï�åÄîËè
ç ý î¬ò�ïMï�â�ã�é¨âNçµè�è�ãVñËç¬ì«ô�ñÄåÄïTò�ë�ã�ë�îPãVæ/è�î¬ï�â�ãañ´ô
åÄí�ïTâ�ã,é¨â�çµè�è�ãañ
ô�â�ç¬æTã�åÄè�í�î¬ä�ìbçµïTå´î¬è*å´æsè�îµïcóPè�î ð è3ç¯ïsïTâ�ã�ï�ä�ç¬è�æTì«åÄïÕï�ãaä?öásâ�ã6çµè�ç¬ñÄû�æTå´æ
îµí,ïTâ�ã(ô_ãaäTí�î¬ä�ì$çµè�éaãbí�î¬ä�æTãañ´ãVé�ïTå´î¬èÙë�å´õ¬ãVäÕú
æÕåÄï¾û5î¯õ¬ãaä*ç��ÆçYûhñ´ãaå´ê¬â5í¸çËë�å´è�êÒé¨âNçµè�è�ãVñAþ2åÄèKïTâ�ãÉéaçËæÕã¿îµí�ç
æÕå´è�ê¬ñ´ã8äTã?é�ãaå´õ¬ã8çµèhïTãVè�è�ç�í�î¬ñ´ñÄî ð æ,ë�å´äTã?é�ï�ñÄû$í�ä�î¬ì ï�â�ã�çµè�ç¬ñÄû�æTå´æ
åÄè3÷Èø �YùPí�î¬äIæTãañ´ãVé�ïTå´î¬è«ë�åÄõËãaä¨æÕåÄï¾û
ç¯ï:ï�â�ãÐäTã?é�ãVåÄõËãaä ð åÈï�â«ç�æTåÄè�êËñÄãïTä¨çµè�æTìbåÈïcçµèhï�ãaè�è�ç�ö^ásâ�ã � ���fãVè�â�çµèNé�ãaìbãVèËïsí¸çËé�ïTîËäÐî¯õ¬ãVäsç
æÕû�æÕïTãaì ð åÈï�â�î¬ò�ïÆë�åÄõËãaä¨æÕåÄï¾û$å´æcê¬å´õ¬ãaè ý û� W ��2 ��
 ��� ø" , VÕø$�4W
ð â�å´é¨â�éaçµè ý ãsçµô�ô�äTî ��å´ìbçµïTã?ë ý û�ñ´î¬êB�1í�î¬ä�ñ¢çµä�ê¬ãB�Óö"!Æãaè�éaã¬þïTâ�ã�ñÄîhæTæÆåÄè¿ôNãVäÕí�îËäTì$çµèNé�ã
î¬í~æÕãVñÄã?é�ïTå´î¬è¿ë�åÄõËãaä¨æÕåÄï¾û3é�î¬ìbô�ç¬äTã?ë
ïTî$ï�â�ã�êËãaè�ãVä�ç¬ñÄå��aã?ë ý ãVç¬ì�í�îËäTìbå´è�ê ð åÄïTâpì�ò�ñÄïTå´ô�ñÄã�ïTä¨çµè�æTìbåÈïçµè�ë*çbæÕå´è�ê¬ñ´ã�äTã?é�ãVåÄõËã�ç¬èhïTãaè�è�ç«å´æsêËåÄõËãaè ý û� W �7( �"VXWYW 2»ø #^ñÄîËê ��R u �

ñ´î¬êB� { ë[Zf, VÕø �DW
í�î¬ä�ñ¢çµä�ê¬ãi�Óö �Æîµï�ã$ïTâ�çµï�ï�â�ã�ô_ãaäTí�î¬ä�ì$çµè�éaã$ñÄîhæTæ�åÄèNé�ä�ãVç¬æTãVæ
ð åÈï�â©�¿þ�ò�è�ñ´åÄóËã$ïTâ�ã6éaçËæÕã$î¬í,ã?ÿËòNçµñIêhçµå´èÉéaî¬ì ý åÄè�åÄè�êNþ/ãVõ¬ãVèïTâ�îËò�ê¬â�ïTâ�ã�ä¨ç¯ï�ã�îµí/å´è�éaäTã?ç¬æTã8å¢æsõ¬ãVäTû�æÕì$çµñ´ñRö

� ��à>
wß����8�^à�Ý Ü	� �c�:ß��¨���
ü¶èEï�â�å´æ6æÕã?é�ïTå´î¬è�þ ð ã*ô�äTî¯õPå¢ë�ã*æTå´ì�ò�ñ¢ç¯ï�åÄîËèÂä�ãVæTò�ñÄï�æ«í�î¬äbêËãaè�úãaä¨çµñ´å
�VãVë ý ãVç¬ì«í�î¬ä�ì«å´è�êNþ�ãVÿhò�çµñ:êhçµå´è¿é�îËì ý å´è�å´è�ê=çµè�ë¿æÕãVñÄã?é�ú
ïTå´î¬è(ë�å´õ¬ãVä�æTåÈï¾û«æTé¨â�ãaìbãVæIë�å´æ�é�ò�æ�æTãVëbå´è$ïTâ�å¢æIôNçµô_ãaä?þhçËæTæTò�ìbåÄè�ê�cçYûPñÄãVåÄêËâ5í¸ç¬ë�å´è�êÂæÕï�çµïTå¢æ¾ï�å´éVæ(í�îËä(ï�â�ãÓé¨âNçµè�è�ãVñAö ® èhïTå´ô_îPë�çµñ

2 3 4 5 6 7 8 9 10
10

−4

10
−3

10
−2

10
−1

SNR (dB)

B
it 

E
rr

or
 R

at
e

1 bit phase feedback    
Selection diversity
2 bit phase feedback    
Phase feedback          
Generalized beamforming             

��å´ê¬ò�ä�ã»ø<� � î¬ìbô�ç¬äTå¢æTî¬è î¬í*ì�ò�ñÄïTå´ô�ñÄãÑç¬èhïTãaè�è�ç�ïTä¨çµè�æTìbåÈï
æ�é¨â�ãVì«ã?æ:åÄè«ï�â�ãcô�ä�ãVæTãaè�éaãsîµí_í�ãaãVë ý ç¬é¨ó ð åÄïTâ �2ï�ä�ç¬è�æÕìbåÄï~çµè�ë
��ä�ãVéaãaå´õ¬ã�çµèhïTãVè�è�ç¬æ

æTå´ê¬è�ç¬ñÄå´è�ê ð åÈï�â�î¬ò�ï8çµèPû*é¨â�çµè�è�ãañ/éaî�ë�ã�å´æÆò�æTãVë ð åÄïTâ�ç¬ñÄñ�ï�â�ãæ�é¨â�ãVì«ã?æaö^ü¹ïÐí�îËñÄñ´î ð æ,í�ä�î¬ì ï�â�ã
çµèNçµñ´ûPæTå¢æ�å´è3ïTâ�å´æÐôNçµô_ãaäsïTâNç¯ï
éaî�ë�ãVæ ð åÈï�â6êËîhî�ë �Iò�éañÄå¢ë�ãVç¬è6ë�å¢æ¾ï¨çµè�éaãÆô�ä�î¬ô_ãaäTïTå´ãVæ,çµä�ãÆîËô�ïTåÄúì$ç¬ñ ð åÄïTâ
ã?ç¬é¨â�î¬è�ãIîµí�ï�â�ãVæTã~æ�é¨â�ãaìbãVæVö�%Óã~ñ´îPî¬ó8ç¯ï�ï�â�ã�éVç¬æTãVæî¬í/ï ð îbäTã?é�ãVåÄõËã�ç¬èhïTãaè�è�ç¬æcç¬ñÄîËè�ê ð åÈï�â3ï ð î«ï�ä�ç¬è�æÕìbåÄïÆçµèhïTãVè�úèNç¬æ:å´èI��å´ê¬ò�ä�ã�øÐçµè�ë�ïTâ�äTãVã�ï�ä�ç¬è�æTì«åÄï~çµèhï�ãaè�è�çËæ:åÄèi��å´ê¬ò�ä�ã ��ö
��ãañ´ãVé�ï�åÄîËèpë�å´õ¬ãaä¨æTåÈï¾û*äTã?ÿhò�åÄä�ãVæ
ø�çµè�ë � ý åÄï�æ2îµí:í�ãaã?ë ý ç¬é¨ó3ä�ã�ú
æTô_ãVé�ï�åÄõËãañ´û¬þµå´èbïTâ�ãVæTãsï ð î�éaçËæÕã?æaö+�8ãaè�ãVä�ç¬ñÄå��aã?ë ý ãVç¬ì«í�î¬ä�ì«å´è�êç¬è�ëÙã?ÿhò�çµñÐêhçµå´èÂé�îËì ý å´è�å´è�êÓäTã?ÿËò�åÄä�ã*æTò ý æÕï�ç¬èhïTå¢çµñ´ñÄûGâ�å´ê¬â�ãaä
ç¬ìbî¬ò�èhï�æ,î¬í:é¨â�ç¬è�è�ãVñ_å´è�í�îËäTì$ç¯ï�åÄîËè*çµïsïTâ�ã�ï�ä�ç¬è�æÕìbåÄïÕï�ãaä?ö�%Óã
ç¬ñ´æTîÓñÄîPî¬óÂç¯ïbïTâ�ã=ô_ãaäTí�î¬ä�ì$çµè�éaã3îµí2ã?ÿhò�çµñÐêhçµå´èÒéaî¬ì ý åÄè�å´è�ê
ð åÄïTâ$ÿhò�ç¬èËï�å
�VãVë«ô�â�çËæÕã,í�ãVãVë ý çËé¨óZö"%ÓãÐò�æTãcç2ò�è�åÈí�îËäTì"æTéVçµñ¢çµäÿhò�ç¬èhïTå��aãaä�ïTî�ÿhò�çµèhïTå��aã~ãVç¬é¨â�ô�â�ç¬æTã�ÿhò�ç¬èhïTåÄï¾û¬ö�ü¶è�ô�çµäTïTå¢é�ò�ñ´ç¬äVþ
ð ãsò�æTã�øcçµè�ë � ý åÄï�æ^í�îËäIÿhò�çµèhïTå��aå´è�ê8ïTâ�ãcô�â�çËæÕãså´è�í�î¬ä�ì$ç¯ïTå´î¬èå´è3î¬ò�äÐæTåÄì�ò�ñ¢ç¯ïTå´î¬èNæaö

�8ãVè�ãaä¨çµñ´å
�VãVë ý ãVç¬ì�í�îËäTìbå´è�êÑô_ãaäTí�î¬ä�ì$æpï�â�ã ý ãVæÕï¿å´è çµñ´ñ
ï�â�ã�éVç¬æTãVæVö»ásâ�å´æ6å´æ6è�îµï�æTò�ä�ô�ä�å´æTåÄè�êÙæÕå´è�é�ã�åÈï6å¢æ$ï�â�ã�îËô�ïTåÄú
ì$ç¬ñNæ�é¨â�ãaìbãÐå´è$ïTâ�ã2æÕãVè�æÕãÆîµí�ìbåÄè�å´ìbå
�VåÄè�ê
ãaä�äTîËäIô�ä�î ý ç ý å´ñÄåÄï¾û¬ö
ü¹ï�çµñ¢æTî(äTã?ÿhò�åÄä�ãVæÆïTâ�ã�ñ¢çµä�ê¬ã?æ¾ï2ç¬ìbî¬ò�èhï�îµí~é¨â�ç¬è�è�ãañ:å´è�í�î¬ä�ì$ç¯ú
ï�åÄîËè6ç¯ï,ïTâ�ãÆï�ä�ç¬è�æÕìbåÄïÕï�ãaä?ö>��ÿhò�çµñNêËçµå´è6éaî¬ì ý åÄè�å´è�ê�ôNãVäÕí�îËäTì$æ
ý ã�ï ð ãaãVè6ï�â�ã
êËãaè�ãVä�ç¬ñÄå��aã?ë ý ãVçµì«í�îËäTìbå´è�ê$çµè�ë�ïTâ�ã
æÕãVñÄã?é�ïTå´î¬èë�åÄõËãaä¨æÕåÄï¾û$æTé¨â�ãVìbã¬þPåÄè3ç¬éVé�îËä�ë�ç¬è�é�ã ð åÈï�â6ï�â�ã�ã��PïTãVèhï,î¬í�í�ãaã?ëPúý ç¬é¨ó6ä�ãVÿhò�å´ä�ãVë*åÄè=ã?ç¬é¨â=éaçËæÕãËö�ü¹ï8å´æcåÄèhïTãVäTã?æ¾ï�åÄè�ê$ïTî$è�î¬ïTã�ï�â�ã
ô_ãaäTí�î¬ä�ì$çµè�éaã�î¬í�ïTâ�ãÐãVÿhò�çµñPêhçµå´è�é�îËì ý å´è�å´è�ê ð åÈï�â«ÿhò�ç¬èhïTå��aãVëí�ãVãVë ý ç¬é¨óÉæÕå´è�é�ã6ï ð î ý åÈï¨æ�î¬íÆÿhò�çµèhïTå��VçµïTå´î¬èÉí�îËä�ãVçËé¨âGô�â�çËæÕãÿhò�ç¬èhïTåÄï¾û«ç¬ô�ô�ä�îËç¬é¨â�ãVæ:ï�â�ãÆô_ãaäTí�î¬ä�ì$çµè�éaãcîµí�éaî¬ìbô�ñ´ã�ïTã2ô�â�çËæÕã
í�ãVãVë ý ç¬é¨óZö»ü¶èt��åÄêËò�äTãGøËþ ð ã�î ý æTãaä�õ¬ã3ï�â�ç¯ï ý ãVç¬ì«í�î¬ä�ì«å´è�ê
ð åÄïTâ¿ô�â�çËæÕã�í�ãaãVë ý ç¬é¨ó3å¢æÆñ´ãVæ�æcï�â�çµè #=6 
µë[Z»ç ð çYû(í�ä�î¬ì�ê¬ãVè�ú
ãVä�ç¬ñÄå��aã?ë ý ã?çµì«í�î¬ä�ìbåÄè�ê ð â�å´ñÄã � ý åÄï8ÿhò�çµèhï�å
�VãVë3í�ãVãVë ý çËé¨ó�å¢æñ´ãVæ�æ�ïTâ�ç¬è #@6Äø?ë[Z"í�ò�äTïTâ�ãVäbç ð çYû¬ö �PãVñÄã?é�ï�åÄîËèÒë�å´õ¬ãVä�æTåÄï¾ûÓô_ãaäTú
í�îËäTì$æ/ïTâ�ãsæ�çµìbãsç¬æsø ý åÄï^ÿhò�ç¬èhïTå��aãVë�ô�â�çËæÕã�í�ãaã?ë ý çËé¨ó_þ ð â�å´é¨âå¢æ
ç ý îËò�ï6øVë Z ç ð çYû3í�äTîËì ïTâ�ã(ê¬ãVè�ãaä¨çµñ´å
�VãVë ý ã?çµì«í�î¬ä�ìbåÄè�ê�ö
%Óã
æTãaã�æÕå´ìbåÄñ¢çµäsï�äTãVè�ë�æså´è��/å´ê¬ò�äTã �«ã���éaãaô�ïsïTâNç¯ïÐïTâ�ã
æÕãVñÄã?é�ú
ï�åÄîËè�ë�å´õ¬ãVä�æTåÈï¾û*ô_ãaäTí�î¬ä�ìbæ ý ã�ïÕï�ãaä8ïTâNçµè=ï�â�ã�ø ý åÄï8ô_ãaä8ô�â�çËæÕã



2 4 6 8 10 12 14 16 18
10

−6

10
−5

10
−4

10
−3

10
−2

10
−1

SNR (dB)

B
it 

E
rr

or
 R

at
e

Generalized Beamforming 
Complete phase feedback 
2−bit per phase feedback
1−bit per phase feedback
Selection diversity     
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