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ª	«�¬5«�4®s¯±°2²�³¨´7µ�¶�¯±°�·�µ¹¸*º±¶$ª*»�¼�½�¯±°¾4µ�¿ÁÀ
Â�Ã�Ä ¼ÆÅ5³�Ç�²�È¹É�´4¸Æ¯
Ê Ã�Ä »�¯ÌË�ÍÎ¯±°�²�³Á´7µ�¶>¯B°�·�µ�¸*º
Ï�Ð�Ñ¨Ò7Ó ÊÌª*»�¼�½�¯±°¾4µ�¿ÁÀÎÔ�Õ�Ö

Ý(á¼YÅ'·}»½ß=ÀHãt·:�$¾'·G¹Ç²é´K³�·4È_·G¶¸¾6¼�·¸¿`À2µé¼YÅ'·	¿M»Ä¼�»2ßM»½³�·�áâ¹Y»½ºtÁ�·GµU¼�³�Å'ÀHÃqµF´Ìµ�¼Y»2ß'ËK·�[tÂO´÷¼�¹�·G³�¾'Ë÷¼Y³
´KµàÀtµ'Ë÷²"Àtµ6·�¼Y¾'Ê'ËK·!×A�C·¸·2Â ±�»2¹GÂØ^�Ù�ÜW9 ·�¹�·4áâ·¸¹A³Ç¾'¶�Å-�$¾'·G¹�´K·¸³q»2³Aøkh0Ý0¶G·¸ßç·¸¹�º:�$¾'·G¹�´Ì·G³¸Âs»2³�¼YÅ'·�¹Ç·¸³�¾6ËK¼
´K³Sãt·¸¹�²r³�Á�»2ËÌË=¶¸ÀtÁ�ÊM»2¹Ç·¸¿u¼YÀ}¼YÅ6·�¹Ç·¸ËÌ»½¼Y´KÀtµuì>Ü

ø@h(Ý0¶¸·Gß=·G¹�º��y¾6·¸¹�´K·¸³�ÅM»Xãt·�»nµ$¾'Á�ß=·G¹�À½áS¾'³Ç·Gáâ¾'Ë�»2Ê'Ê6ËÌ´Ì¶¸»½¼Y´KÀtµ'³�ËK´ÌÆ½·	´Ìµ6áâÀt¹ÇÁ"»Ä¼Y´ÌÀ2µé¹�·4¼Y¹�´K·Gã½»2Ë�Â<Í�h
µM»½µ'¶¸´Ì»2ËC»2Ê'Ê6ËÌ´Ì¶¸»½¼Y´KÀtµ'³GÂ_Á�»2¹�Æ½·G¼�´Ìµ'º'Üg#MÀt¹f´Ìµ'³�¼�»2µ'¶G·2Âs»}Á�¾6¼�¾M»2Ë<áâ¾'µ6¿ Á�»2µM»2º2·¸¹SÁ�»X²àßç·�´KµU¼Y·¸¹Ç·¸³�¼Y·¸¿
´Kµu³Ç¼YÀy¶�Æ$³ ¼�ÅM»½¼qÅM»Xã2·�µ6À2¼qÊ=·G¹ÇáâÀt¹ÇÁ�·G¿uÃf·GËÌËOÃq´K¼�ÅuÀ2¼YÅ6·¸¹q³Ç¼�À_¶�Æ$³q´Ìµu¼YÅ6·�Á"»2¹ÇÆ2·4¼:ÀHã2·¸¹ »2µr·4Èy¼Y·Gµ'¿'·G¿
Êç·¸¹Ç´ÌÀy¿nÀ½á>¼�´ÌÁ�·2Â'³ÇÀ�¼�ÅM»½¼ Å'·*¶X»2µn³�·GËÌËO¼�Å'·¸ÁnÜg�äËK¼�·¸¹ÇµM»½¼Y´÷ãt·GËK²tÂ6¶¸Àtµ'³Ç´Ì¿'·G¹ä»	Ê'Å'»2¹�Á�»2¶¸·G¾6¼Y´K¶X»2ËC´Kµ'¿'¾'³Úh
¼�¹Ç²tÂyÃqÅ'·¸¹Ç·*»�Á"»½µM»2ºt·G¹�Ãq´ÌËKËsß=·�´KµU¼Y·¸¹Ç·¸³�¼Y·¸¿u¼�À�ÍMµ'¿à¼YÅ6·�Ê'ÅM»2¹ÇÁ"»2¶G·¸¾6¼�´Ì¶¸»2ËÌ³ÃqÅ'´Ì¶�Ån»2¹Ç·�µ'À2¼fÅM»Xãy´Ìµ'º
ºtÀyÀy¿àÁ"»½¹�Æ2·4¼XÂ'¼�À	¿'´Ì³Ç¶¸ÀtµU¼Y´Kµ$¾'·*Ê'¹�Ày¿'¾'¶G´Ìµ'º�¼�Å'·¸Á À2¹SÊ'¹�Ày¿'¾'¶G·�»�¿'´vÛ=·¸¹Ç·¸µU¼ Æy´Kµ'¿OÜ�± À2¹�·�·4È6»2Á�Ê'ËK·¸³
À2áîø@h(Ý0¶¸·Gß=·G¹�ºX�y¾6·¸¹�´K·¸³ »2¹Ç·�¿6´Ì³�¶G¾'³�³Ç·¸¿ ´Ìµu¼YÅ'·*µ'·ÉÈy¼:³Ç¾'ß'³Ç·¸¶G¼�´ÌÀtµ<Ü

 AÅ'·�³�´ÌÁ�Ê'ËK·¸³Ç¼qÃf»X² À½á^¶¸À2Á�Ê'¾_¼Y´Ìµ6º"»�ø@h(Ý0¶¸·¸ßç·¸¹Çº��$¾'·¸¹�²n´Ì³A¼YÀ�³�¶X»½µ�¼YÅ'·*ÃqÅ'ÀtËK·�¿'»½¼�»2ß'»2³�·�»2µ'¿
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´Kµ'¶¸¹Ç·¸Á�·¸µU¼�¼�Å'· ¶¸Àt¾'µU¼�·¸¹�áâÀ2¹�¼�Å'·ä»½Ê'Ê'¹�À2Ê'¹�´Ì»½¼Y·A¼�»½¹�ºt·4¼fÁ�»2´ÌµU¼Y»2´Ìµ'·G¿}Á"»2´Kµ}Á�·GÁ�Àt¹�²tÜ� AÅ'´Ì³�³�ÀtËK¾6¼Y´KÀtµ
µ'·G·¸¿'³:»}¿'´Ì³�¼Y´Ìµ6¶G¼q¶¸À2¾'µU¼Y·¸¹qáâÀt¹A·¸»2¶�Å�¿'´K³Ç¼�´Ìµ'¶4¼A¼�»2¹Çºt·G¼ ´Ìµu¼�Å'·�¿'»½¼�»2ß'»2³�·½ÜB�_´Kµ'¶¸·�¼�Å'´Ì³A³ÇÀtËÌ¾6¼�´ÌÀtµr¾'³Ç·¸³
Ê'ÅU²y³�´K¶X»2Ë<Á"»2´KµuÁ�·GÁ�À2¹Ç²}¼YÀ}³Ç¼�Àt¹�·�¼�Å'·*»2¹Ç¹Y»X²àÀ2á>¶¸À2¾'µU¼Y·¸¹Ç³¸ÂM´÷¼SÃq´ÌËKË<´Ìµ6¶¸¾'¹A»	Êç·¸¹�áâÀt¹�Á�»2µ'¶G·�Ê=·GµM»2Ë÷¼0²
ÃqÅ'·Gµ	¼YÅ'·Aµ$¾'Á�ßç·¸¹�À½á=¿6´Ì³Ç¼�´Ìµ'¶4¼^¼�»½¹�ºt·4¼Y³�´Ìµ�¼�Å'·A¿M»½¼Y»�³�·4¼´Ì³îã2·¸¹Ç²�ËÞ»2¹Çºt·f¼YÀ�Í6¼�´Ìµ�¼�Å'·AÁ"»½´Ìµ�Á�·¸Á�Àt¹Ç²
�ØÃqÅ'´Ì¶�År´Ì³S»2ËKÃf»X²_³S¼�Å'·�¶X»½³�·��ÉÂ'´ÌµàÃqÅ6´Ì¶�År¶X»2³Ç·*´K¼S´K³S¿'´&u�¶G¾'ËK¼f¼YÀ	³Ç¼�Àt¹�·*»�¿6´Ì³Ç¼�´Ìµ'¶4¼A¶¸À2¾'µU¼Y·¸¹SáâÀ2¹S·X»2¶�Å
¿'´K³Ç¼�´Ìµ'¶4¼�¼�»2¹Çºt·G¼¸Ü)�äµ'À½¼YÅ'·G¹�»½Ê'Ê'¹�Àt»2¶�ÅF¼�Àn»2µ'³ÇÃ�·¸¹�»2µFø@h(Ý0¶¸·Gß=·G¹�º��y¾6·¸¹Ç² ´K³�¼YÀn»2Ê'Ê6ËK²éÅ'»2³�Å'´Kµ'ºrÀt¹
³ÇÀt¹Ç¼�´Ìµ'º}¼YÀ�¶¸ÀtÁ�Ê'¾6¼�·�¼�Å'·�ã½»2ËK¾'·*À2á^¼YÅ6·�»2ºtº2¹�·¸ºt»½¼Y·�áâ¾'µ'¶4¼Y´KÀtµé»2µ6¿ ¼YÅ6·¸µé¹Ç·¸Á�Àïã2·�¼�Å'Àt³�·�áâÀt¹qÃqÅ'´Ì¶�Å
¼�Å'·�»2º2ºt¹�·GºU»½¼Y·qã½»2ËÌ¾6·:´K³fÁ�Àt¹�·q¼YÅM»½µ"¼YÅ'·:³�Êç·¸¶G´KÍM·G¿à¼YÅ'¹Ç·¸³�Å6ÀtËÌ¿OÜQ AÅ6·äµ$¾'Á�ßç·¸¹SÀ½áO¼Y¾'Ê6ËÌ·¸³�³Y»½¼�´Ì³�áØ²_´Kµ'º
¼�Å'·q¶¸Àtµ'¿6´K¼Y´KÀtµ}À2á<ø@h0Ý0¶G·¸ßç·¸¹Çº��$¾'·¸¹Ç´Ì·G³�´K³^ãt·¸¹�²�³�Á�»2ËÌËyÃq´K¼YÅ�¹�·G³�Êç·¸¶4¼�¼�À�¼�Å'·A¼YÀ2¼Y»2ËMµ$¾'Á�ßç·¸¹À2á<¼�¾'Ê'ËK·¸³
Ê'¹ÇÀ_¶G·¸³Ç³�·¸¿<ÂçËK·X»Xãy´Ìµ'º}¹ÇÀ_ÀtÁ�áâÀt¹A´ÌÁ�Ê'¹ÇÀïã2·¸Á�·¸µU¼Y³q´Kµu·wu�¶¸´K·¸µ'¶4²tÜ

9 ·�·4È_Ê'ËÞ»½´Ìµu¼0ÃfÀ}¿'´&Û<·G¹�·Gµ$¼Aã½»2¹Ç´Þ»2µU¼�³AÀ2áZ³�Àt¹�¼Y´Ìµ6º}¼�À	¶¸ÀtÁ�Ê'¾6¼�·*ø@h(Ý0¶¸·¸ßç·¸¹ÇºÝ�$¾'·G¹�´K·¸³q´Ìµà¼�Å'·�µ'·4Èy¼
�_·G¶G¼�´ÌÀtµOÜ

ÞAßáà�ß�à â ���jã ���\�Ç�±ã6|d�M|Z�5ãM����ä �gå��"æçãéèÆêbë�ìC|�å�|Z��äîíAæ�|d�s��|d�Áï
9 ·�µ6ÀïÃ ·4È_Ê'ËÞ»½´Ìµr¼YÅ'·�´ÌµU¼Y·G¹�·G³Ç¼Y´Kµ'º}áâ·X»½¼�¾'¹�·G³:À2á^ø@h(Ý0¶¸·¸ßç·¸¹Çºð�$¾'·G¹�´Ì·G³�»2µ6¿ ´KËÌËÌ¾6³Ç¼Y¹�»½¼Y·�¼�Å'·¸Á ¾6³�´Ìµ6º"»
áâ·4Ã ·4È6»2Á�Ê'ËK·¸³¸Ü

¢�£Oþ��ñ¤�¥ò3<ó�ô;¦t�ïü�õ � �iö=ý7�ø÷ø3�©=ý��X�D3����ù�fÀtµ'³�´K¿'·¸¹ ¼YÅ'·°ÝÇÝ��_¶ú�y¼�¾'¿'·¸µU¼ ¿M»Ä¼�»2ßM»½³�·`Ãq´÷¼YÅ�»½¼�h
¼�¹�´Kß'¾6¼Y·G³��y¼Y¾'¿6·¸µU¼^µM»½Á�·½Â4�y¼�¾'¿'·Gµ$¼îÝ�ÿ�Âb�fÀt¾'¹Ç³�·�Ý�ÿ\»2µ6¿�µ$¾'Á�ßç·¸¹ZÀ2á��f¹Ç·¸¿'´÷¼Y³dáâÀt¹C¼YÅ'·�¶¸À2¾'¹�³Ç·2Ü
± »ïåÇÀt¹�´÷¼0²nÀ2á^¼YÅ6·�³Ç¼�¾'¿'·¸µU¼�³�ÅM»Xãt·�¼�Å'·¸´K¹�»2ºtº2¹�·¸ºt»½¼Y·G¿é¶¸¹Ç·¸¿'´÷¼Y³ä´Kµéßç·G¼0Ã�·¸·¸µ+[7^�»2µ'¿f^bc6Ü��y¼�¾�h
¿6·¸µU¼Y³qÃqÅ'À�ÅM»Xãt·�»2µ�»½ºtºt¹�·GºU»½¼�·�³�¾'Á À2á>ËÌ·G³�³A¼YÅ'»2µ<[�^}¶G¹�·¸¿6´K¼Y³q´K³Sãt·¸¹�²r³�Á�»2ËÌË<¶¸ÀtÁ�ÊM»2¹Ç·¸¿u¼YÀ
¼�Å'·�¼�À2¼�»2Ë>³Ç¼�¾'¿'·¸µU¼�¿M»½¼Y»2ßM»2³Ç·2Ü�ø:ÀHÃ¤¶GÀtµ'³Ç´Ì¿'·G¹�¼YÅ'·�áâÀtËKËÌÀHÃq´Ìµ6ºÝ�$¾'·G¹Ç²tÂCÃqÅ'´K¶�Å ¶¸ÀtÁ�Ê'¾6¼�·¸³*»2ËKË
¼�Å'·ä³�¼Y¾'¿6·¸µU¼Y³fÃqÅ6À	ÅM»Xãt·�¿'À2µ'·äËK·¸³�³�¼YÅM»½µ>[7^�¶G¹�·G¿'´K¼�³S»2ºtº2¹�·¸ºt»½¼Y·G¿"Àtµu»½ËÌËM¼YÅ'·:¶¸Àt¾6¹�³�·G³f¼�»½Æ2·¸µ
ßU²à¼�Å'·¸ÁnÜ

ª	«�¬�«��®Ìªg° Ò�û ¶$ªg°�ü*³�Ç�´	¸W¶fªb»�¼�½2ªg°Ú�Ç�¸4ý�À
Â�Ã�Ä ¼þª	µ�³�ý�¸bÿ�µþª
Ê Ã�Ä »�¯sË�Í ªg° Ò�û ¶,ª�°�ü7³�Ç�´	¸
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Ï�Ð�ÑÁÒ7Ó Ê ´�³5º"½2ªg°5Ç�¸4ý�·�µÁ´�ÀÆÔ����

 AÅ6·S»2ßçÀHãt·��y¾6·¸¹Ç²�´Ì³Z»:ø@h0Ý0¶G·¸ßç·¸¹Çº��$¾'·¸¹�²�ßç·¸¶¸»2¾'³Ç·f´K¼Z¹Ç·¸³�¾6ËK¼Y³>´Ìµ�Àtµ'Ë÷²�áâ·GÃ°¼Y»2¹�ºt·4¼Y³Z¶¸ÀtÁ�ÊM»2¹Ç·¸¿
¼�ÀF¼�Å'·uÃqÅ'ÀtËK· ³�¼Y¾'¿'·GµU¼"¿M»Ä¼�»2ßM»½³�·2Ü\Ý(á�¶¸¾6¹�¹�·GµU¼"¼Y·G¶�Å'µ'´v�y¾6·¸³"ËK´ÌÆ½·n³ÇÀt¹Ç¼�´Ìµ'º Àt¹}ÅM»½³�Å'´Kµ'º`»½¹�·
»½Ê'Ê'ËÌ´K·¸¿°¼�À9¶¸ÀtÁ�Ê'¾6¼�·r¼�Å'·t�$¾'·¸¹�²tÂ�´K¼�ÍM¹Ç³Ç¼�³�À2¹Ç¼Y³}Àt¹�ÅM»2³�Å6·¸³�»2ËÌË�¼YÅ'·r¿'´K³Ç¼Y´Kµ'¶G¼�¼�»2¹Çºt·G¼�³���»2ËKË
¿6´Ì³Ç¼�´Ìµ'¶4¼�³Ç¼Y¾6¿'·¸µU¼Y³���»2µ'¿F¼YÅ'·Gµ`¿'Ày·¸³�»2µ°»½ºtºt¹�·GºU»½¼�´ÌÀtµ À2á�¼YÅ'·�¹�·¸³Ç¾'ËK¼�´Ìµ'ºn³�À2¹Ç¼Y·G¿`Àt¹�ÅM»2³ÇÅ'·¸¿
¿'»½¼�»2ß'»2³�·½Ü�Ý0¹�¹�·G³�Êç·¸¶4¼Y´Kã2·�À½áZ¼�Å'·�³�´Kù¸·�À2áZ¼YÅ6·�¹�·¸³Ç¾'ËK¼¸Â'³�À2¹Ç¼Y´Kµ'º	Àt¹SÅ'»2³�Å'´Kµ'º}¿'Ày·¸³q»2ËKË=¼YÅ6·�ÃfÀt¹ÇÆ
¼�À}·Gã½»2ËÌ¾'»½¼Y·�¼�Å'·��y¾6·¸¹Ç²2Ü
 AÅ6·¸¹�·}»½¹�·	Á�»2µU²éÁ�Àt¹�·	»½Ê'Ê'ËÌ´K¶X»½¼�´ÌÀtµ6³:´KµéÃqÅ'´Ì¶�Å ø@h(Ý0¶¸·¸ßç·¸¹Çº��y¾6·¸¹�´K·¸³*»2¹Ç´Ì³Ç·2Ü!#MÀt¹ä·4È6»2Á�Ê'ËÌ·½Â
Ã�·¸ß}³Ç·X»2¹Ç¶�Å�·Gµ'ºt´Kµ'·¸³^Ãq´KËÌËyß=·S´KµU¼Y·¸¹Ç·¸³�¼Y·¸¿	¼�À�ÍMµ'¿	ÃqÅ'·G¼�Å'·¸¹^¼�Å'·¸¹Ç·q»2¹�·S»2µU²�¿'Ày¶¸¾'Á�·¸µU¼�³^ÃqÅ'´Ì¶�Å
»½¹�·�ãt·G¹Ç²rËK·¸³�³Aãy´Ì³Ç´K¼�·¸¿OÂ6¼�À�À2Ê6¼Y´KÁ�´Kù¸·:¼�Å'·*¶¸Àtµ6³Ç¼Y¹Ç¾'¶G¼�´ÌÀtµnÀ2á>´Ìµ'¿6·4È_·¸³ Àtµu¼YÅM»Ä¼:¿6À_¶G¾'Á�·GµU¼Y³¸Ü

#M¹�ÀtÁ ¼�Å'·}»2ßçÀïã2·�´ÌËKËÌ¾'³�¼Y¹�»½¼Y·G¿�·4È6»2Á�Ê'ËK·¸³¸Â=¼YÅ'·�´KÁ�ÊçÀt¹�¼�»2µ'¶G·�À½áføkh0Ý0¶G·¸ßç·¸¹�ºt�$¾'·G¹�´K·¸³�´Ìµ ã2»½¹�´ÌÀ2¾'³
»2Ê6Ê'ËÌ´K¶X»½¼�´ÌÀtµ'³:´Ì³�³ÇÅ'ÀHÃqµOÜàæ�²�¼YÅ'´K³�Á�À2¼�´Kã½»½¼�´ÌÀtµOÂ<»n³ÇÀtËÌ¾_¼Y´ÌÀ2µ9´Ì³�Ê'¹ÇÀtÊ=À2³�·¸¿ ¼YÀn·wu�¶G´Ì·¸µU¼�ËK²9·4ã2»½ËÌ¾M»½¼�·
økh0Ý0¶¸·Gß=·G¹�ºX�$¾'·¸¹Ç´Ì·¸³GÜ

ÞAßáà�ß�� â �	� ���x�ã�
*�� ìDæ�~ ã¨ï
Y\[']:Ê'¹�·G³�·¸µU¼�³nµ6Àïã2·¸Ëä»2µ'¿x·wu�¶G´Ì·¸µU¼à¼�·¸¶�Å'µ6´ �$¾'·¸³à¼�À°·Gã½»2ËK¾M»½¼�·�´Ì¶G·¸ßç·¸¹Çº �$¾'·¸¹Ç´Ì·¸³u¾6³�´Ìµ6º`ãt·G¹Ç² ËK´K¼Ç¼YËÌ·
Á�»2´ÌµrÁ�·¸Á�Àt¹Ç²u»2µ'¿é³Ç´Ìºtµ'´÷ÍM¶X»½µ$¼�ËK²àáâ·4Ãf·G¹äÊM»½³�³�·G³�ÀHãt·G¹:¼YÅ6·�¿M»½¼Y»6ÂMÃqÅ'·¸µ�¶¸ÀtÁ�ÊM»2¹Ç·¸¿ ¼�À"³ÇÀt¹Ç¼�´Ìµ'º�Àt¹
ÅM»½³�Å'´Kµ'º'ÜÝ=�µ'·}Á�´KºtÅU¼�¼YÅ'´Kµ'Æ�¼�ÅM»½¼*´K¼*´K³�µ'À2¼�µ'·G¶¸·¸³Ç³Y»2¹�² ¼YÀráâÀt¹�Á�¾6ËÞ»½¼�·	ø@h(Ý0¶¸·¸ßç·¸¹Çº-�$¾'·G¹�´K·¸³¸ÜX AÅ'·
³ÇÀtËÌ¾6¼�´ÌÀtµ}áâÀt¹fø@h0Ý0¶G·¸ßç·¸¹Çº!�$¾'·¸¹Ç´Ì·¸³f¶X»2µußç·ä´Kµ6áâ·¸¹Ç¹�·¸¿"ß$²�åÇ¾'³�¼Sµ'·GºU»½¼Y´Kµ'º�¼�Å'·�³ÇÀtËÌ¾6¼�´ÌÀtµ�À2áC¼�Å'·äÝ0¶G·¸ßç·¸¹�º
�$¾'·G¹�´Ì·G³¸Ü��:ÀHÃ�·Gã2·¸¹¸Âs¼YÅ6´Ì³A´Ì³Aµ6À2¼q¼YÅ'·*¶X»½³�·�Ãq´K¼�Å økh0Ý0¶G·¸ßç·¸¹�ºX�$¾'·¸¹Ç´Ì·G³¸Ü
Ý0µU¼Y¾6´K¼Y´÷ãt·GËK²tÂ_»2ËKºtÀt¹�´÷¼YÅ'Á�³áâÀt¹f·4ã2»½ËÌ¾M»½¼�´Ìµ'º�Ý0¶¸·Gß=·G¹�º:�$¾'·¸¹Ç´Ì·¸³f´ÌµUãtÀtË÷ãt·�Á�Àt¹�·:À2á��GÓ2Õ ÚHÏfÎMõHÚ4ÒØÖÔÒØð2Ï�ÚX�âËÌ´KºtÅU¼
¼Y»2¹�ºt·4¼Y³}¹�·GÊ=À2¹Ç¼Y·G¿\»½³�Å6·X»Xã$²tÂfÃqÅ'·G¹�·nËÌ´KºtÅU¼�¼�»2¹Çºt·G¼�³}Á�·¸»2µ ¼Y»2¹�º2·G¼Y³	ÃqÅ'À2³�· »2ºtºt¹Ç·¸ºU»½¼�·¸¿wã½»2ËÌ¾6·n´K³
ËK·¸³�³�¼YÅM»2µu¼�Å'·ä¼YÅ6¹�·¸³ÇÅ'ÀtËK¿ »½µ'¿uÅ'·X»Xã$²à¼Y»2¹�ºt·4¼Y³AÁ�·X»2µàÃqÅ6Àt³�·*»2º2ºt¹�·GºU»½¼Y·G¿àã½»2ËÌ¾'·ä´Ì³SÁ�Àt¹�· ¼YÅM»½µr¼�Å'·
¼�Å'¹�·G³�Å'ÀtËK¿��4Ü`Ý(á:Ã�·r¶¸Àtµ'³Ç´Ì¿'·G¹Ý��»2³	¼�Å'·uÊ=À½¼Y·¸µU¼�´Þ»2ËKËK²FÅ'·X»Xã$²�¶X»½µ'¿'´Ì¿'»½¼Y·G³	Àt¾6¼YÊ6¾6¼�ß$²`¼YÅ'·r»2ßçÀHãt·
»2ËKºtÀt¹Ç´K¼YÅ6Á�³GÂä»2µ6¿s#�»2³�»½µ'³ÇÃ�·¸¹�¼�À ¼�Å'·ñ�$¾'·G¹Ç²2Ü� AÅ'·¸µOÂ*´÷á������ ´Ì³nµ'Àtµ�·¸Á�Ê6¼0²tÂ�¼�Å'·¸µ ¼�Å'·
»2ËKºtÀt¹Ç´K¼YÅ6Á¨¹Ç·¸ÊçÀt¹Ç¼�³��GÓ2Õ ÚHÏÎMõHÚ4ÒØÖÔÒØð2Ï�Ú4Üj�:ËK¼Y·G¹�µM»Ä¼Y´Kã2·¸Ë÷²tÂU´Ká�������´Ì³µ'Àtµ�·¸Á�Ê6¼0²tÂ$¼YÅ6·¸µ�¼�Å'· »2ËÌº2Àt¹�´÷¼YÅ'Á
¹Ç·¸ÊçÀt¹Ç¼�³��GÓ2Õ ÚHÏ�Ñ<Ï�óUÓ2Ö�ÒØð2Ï�Ú$�ÔËK´ÌºtÅU¼*¼�»2¹Çºt·G¼�³	»2¹Ç·"Á�´Ì³�³Ç·¸¿��ÉÜ�Ý(áA¼�Å'·"¼Y·G¶�Å'µ'´v�y¾6·¸³	¾'³Ç·¸¿°áâÀt¹�·Gã½»2ËÌ¾'»½¼Y´Kµ'º
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Ý0¶G·¸ßç·¸¹�º-�$¾'·¸¹Ç´Ì·¸³�»2¹Ç·�¾6³�·¸¿FáâÀt¹�·Gã½»2ËK¾M»½¼�´Ìµ'ºnø@h(Ý0¶¸·Gß=·G¹�º��y¾6·¸¹�´K·¸³GÂ>¼YÅ6·G²9¹Ç·¸³�¾6ËK¼�´Ìµ��GÓ2Õ ÚHÏ}Ñ<Ï�óUÓ2ÖÔÒØð2Ï�Ú4Ü
C�ËÌ´KÁ�´KµM»½¼�´Ìµ'º��GÓ2Õ ÚHÏÎMõHÚ4ÒØÖ�ÒØð2Ï�Ú áâ¹ÇÀtÁ¬¼YÅ'·:¶X»2µ6¿'´Ì¿M»Ä¼Y· ³�·G¼����k��´KµUãtÀtË÷ãt·¸³�Ê=À2³Ç¼áh(Ê'¹�Ày¶¸·G³�³Ç´Ìµ'º�¼YÅM»½¼�³�¶¸»2µ'³
¼�Å'·fÃqÅ'ÀtËK·S¿M»½¼Y»2ßM»2³Ç·AÀtµ'¶G·q»2µ'¿	·4È_Ê'ËK´Ì¶G´K¼YË÷²�¶¸Àt¾'µU¼�³^¼YÅ'·Sáâ¹Ç·'�$¾'·¸µ6¶G²	À2á=»2ËKËy¼Y»2¹�º2·G¼Y³î´Ìµ�¼YÅ6·S¶X»2µ6¿'´Ì¿M»Ä¼Y·
³Ç·G¼XÜ�æf¾6¼XÂ=Ê=À2³Ç¼áh(Ê'¹�Ày¶¸·G³�³Ç´Ìµ'º"¼�Àà·¸ËK´ÌÁ�´ÌµM»Ä¼Y·��GÓ2Õ ÚHÏ�Ñ<Ï�óUÓ2ÖÔÒØð2Ï�Ú�áâ¹ÇÀtÁ ¼YÅ'·�¶¸»2µ'¿'´K¿M»½¼�·�³�·4¼7� �k�:´Ì³ ãt·¸¹�²
´Kµ'·wu�¶¸´K·¸µU¼�»2µ'¿ ´KµéáÔ»2¶G¼�ßç·}»2³�ßM»½¿ »½³�¼YÅ'·}Àt¹Ç´Ìºt´KµM»2ËdÊ'¹�À2ß'ËÌ·GÁ Y\[']�Ü�Ý0µ À2¼YÅ'·G¹�ÃfÀ2¹�¿'³GÂZ¶GÀtÁ�Ê'¾6¼Y´Kµ'º
økh0Ý0¶¸·Gß=·G¹�ºX�$¾'·¸¹Ç´Ì·¸³q´K³Aµ'À2¼ ·X»2³�²u¶¸À2Á�ÊM»½¹�·¸¿r¼YÀ}¶GÀtÁ�Ê6¾6¼Y´Kµ'º	Ý0¶¸·Gß=·G¹�ºð�$¾'·G¹�´K·¸³¸Ü

 AÅ'·G¹�·�´K³qµ'À"Æ$µ'ÀHÃqµé·�u�¶G´Ì·Gµ$¼:¼Y·G¶�Å'µ'´ �$¾'·�¼YÀ�´Ì¿'·Gµ$¼�´KáØ²à¼�Å'·�ËÌÀHÃf·G³Ç¼:áâ¹�·'�$¾'·Gµ'¶¸´K·¸³:´Ìµ »�¿'´K³Ç¼Y¹Ç´Ìß'¾�h
¼�´ÌÀtµ9¼YÅ'»½¼*ÅM»Xãt·�¹�·¸ËÌ»½¼Y´÷ãt·GËK²�ã2·¸¹�² Å'´ÌºtÅ9áâ¹Ç·'�$¾'·¸µ6¶¸´Ì·G³�»2µ6¿`»uáâ·GÃ¤³�Á�»2ËÌË^À2µ'·¸³ðY [	[']�ÜX AÅ'·�¶¸ÀtÁ�Á�Àtµ
¼�·¸¶�Å'µ'´v�$¾'·¸³�¾'³Ç·¸¿	¼YÀ�´K¿'·¸µU¼�´KáØ²�³�¾'¶�Å}ËKÀïÃ�·¸³�¼�áâ¹�·w�y¾6·¸µ'¶G´Ì·¸³»½¹�·S³ÇÀt¹Ç¼�´Ìµ'º�»½µ'¿	ÅM»2³ÇÅ'´Ìµ'º6ÜîÝ0µ�¼YÅ6´Ì³î¹Ç·¸ÊçÀt¹Ç¼¸Â
Ã�·*Ê'¹�ÀHãy´Ì¿'·�»	µ'ÀHãt·GËZ·�u�¶¸´Ì·GµU¼:¼�·¸¶�Å'µ'´v�$¾'·�¼�À"»½¿'¿'¹�·G³�³q¼YÅ'´K³AÊ'¹�À2ß'ËÌ·GÁ Üg� ÀïÃ�·Gã2·¸¹GÂçÃ�·�»½¹�·*¾'µM»XÃf»2¹�·
À2áî»2µU²àÃ�Àt¹�Æ�¼YÅM»½¼q¼�¹�´Ì·G³S¼YÀ}´Ì¿6·¸µU¼Y´÷áØ²à³�¾6¶�Å�³�Á�»2ËKË<áâ¹�·w�y¾6·¸µ'¶G´Ì·¸³ ´Ìµn»	¿'´K³Ç¼Y¹Ç´Ìß'¾_¼Y´ÌÀ2µOÜ

 AÅ'·�Á"»½´Ìµà¶GÀtµU¼Y¹�´Kß'¾6¼�´ÌÀtµ'³AÀ½á>¼�Å'´Ì³q¹�·GÊ=À2¹Ç¼ »2¹Ç·	�
9`·�¿6·GÍMµ'·}økh0Ý0¶G·¸ßç·¸¹�ºt�$¾'·G¹�´K·¸³�»2µ6¿é´Ì¿'·GµU¼Y´KáØ²r¼�Å'·�¾'³Ç·Gáâ¾'ËKµ'·¸³Ç³�À2á^¼YÅ6·¸³�·	¶GËÞ»2³Ç³äÀ2ág�$¾'·G¹�´K·¸³�´Kµé¹�·¸»2Ë

Ã�Àt¹ÇËÌ¿n»2Ê'Ê'ËK´Ì¶¸»½¼Y´KÀtµ'³¸Ü
9`·uÊ'¹ÇÀtÊçÀt³�·u»½µ�»2ËÌºtÀ2¹�´K¼�Å'Á áâÀt¹�·Gã½»2ËÌ¾'»½¼Y´Kµ'ºéøkh0Ý0¶¸·Gß=·G¹�º$�$¾'·¸¹Ç´Ì·G³�·wu�¶¸´K·¸µU¼YË÷²tÜ,9 ·u¾'³�·r»�Á�¾'ËK¼�´

Ê'»2³�³GÂMÊM»2¹Ç¼�´K¼�´ÌÀtµàß'»2³�·G¿�»2ËKºtÀt¹Ç´K¼YÅ6Á�ÃqÅ6´Ì¶�ÅOÂM´Kµn·¸»2¶�ÅnÊM»2³�³qÀHãt·G¹A¼YÅ'·*¿M»½¼Y»6Â'ºt·Gµ'·¸¹�»½¼Y·G³ä»	Á�´Ìµ'´
¿'»½¼�»2ß'»2³�·½ÂZÃqÅ'´K¶�Å`´K³�¶GÀtÁ�Ê'¹�·G³�³�·G¿°µ'À2¼�Àtµ'Ë÷²éãt·G¹Ç¼�´Ì¶X»½ËÌËK²�ß'¾6¼�»2ËÌ³ÇÀrÅ'Àt¹�´Kù¸ÀtµU¼Y»2ËÌË÷²tÜX AÅ'´Ì³*´Ì³�»
Ãq¹Ç´K¼�·�h�»½ËÌ³�À�»2ËKºtÀt¹Ç´K¼YÅ6Á Â6ÃqÅ6·¸¹�·�¼YÅ'·�Á�´Kµ'´C¿M»½¼Y»2ßM»2³Ç·�ºt·Gµ'·¸¹�»½¼Y·G¿9»½¼:·X»2¶�ÅéÊ'»2³�³�ßç·¸¶GÀtÁ�·¸³:¼�Å'·
´Kµ'Ê'¾6¼A¼�À	¼YÅ'·*µ'·ÉÈ_¼ ÊM»½³�³¸Ü

9`·A·4ã2»½ËÌ¾M»½¼�·fÀt¾6¹^»2ËKºtÀt¹�´÷¼YÅ'Á�³dÀHãt·¸¹»äÃq´K¿'·f¹�»2µ'ºt·fÀ2ás¿'´Ì³�¼Y¹Ç´Ìß'¾6¼�´ÌÀtµ6³^»2µ'¿�áâÀ2¹î¿'´&Û<·G¹�·¸µU¼�¶�Å'»2¹Y»2¶4¼Y·G¹�h
´K³Ç¼�´Ì¶¸³�À2áZ¿M»½¼Y»�³�·4¼Y³GÜg9 ·�³ÇÅ'ÀHÃë¼�ÅM»½¼AÀ2¾'¹S»2ËKºtÀt¹Ç´K¼YÅ6Á Ê=·G¹ÇáâÀt¹ÇÁ�ßç·G¼Ç¼Y·G¹f¼YÅM»½µuµ�h(Ãf»X²"·ÉÈ_¼�·¸¹ÇµM»2Ë
Á�·¸¹Çºt·¸³ÇÀt¹Ç¼¸Ü

ÞAßáà�ß��  ��ä�����"!C�jã'�����
 AÅ'·u¹Ç·¸³�¼}À2áA¼YÅ'·u¹Ç·¸ÊçÀt¹Ç¼�´Ì³�À2¹�ºU»2µ6´Ìù¸·G¿�»2³�áâÀtËKËÌÀHÃq³¸Ü9Ý0µú�y·¸¶G¼�´ÌÀtµ$#_ÜØ^_Â»é³Ç¾'´K¼�·àÀ2á:»2ËKºtÀt¹�´÷¼YÅ'Á�³�¼YÀ
·4ã2»½ËÌ¾M»½¼�·rø@h(Ý0¶¸·¸ßç·¸¹Çºñ�$¾'·G¹�´Ì·G³"»½¹�·rÊ'¹�·G³�·Gµ$¼�·¸¿OÜ\Ý0µ �_·G¶G¼�´ÌÀtµ%#6Ü_`6Â�Ã�· Ê6¹�ÀtÊçÀt³�·u¼�Å'· Êç·¸¹�áâÀt¹�Á�»2µ'¶G·
Á�·G¼�Å'À_¿6ÀtËÌÀtº½² »2µ'¿ ·4È_Ê=·G¹�´KÁ�·Gµ$¼Y»2Ë�¹�·¸³Ç¾'ËK¼�³�À2áSÀt¾'¹�¼�·¸¶�Å'µ6´ �$¾'·¸³�¶¸ÀtÁ�ÊM»2¹Ç·¸¿`Ãq´÷¼YÅ ¼�Å'·�¼�¹Y»2¿6´K¼Y´KÀtµM»2Ë
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³ÇÀt¹Ç¼�´Ìµ'º�»2µ'¿ð= ?A�A�B�DCw»2ËKºtÀt¹Ç´K¼YÅ6Á�³GÜZÝ0µ��_·¸¶4¼Y´KÀtµ+#6Ü_c6Â$Ã�· ¶¸Àtµ'¶GËÌ¾'¿6· ¼�Å'·q¹�·¸ÊçÀt¹�¼f»½ËÌÀtµ'º�Ãq´÷¼YÅ}³�ÀtÁ�·
¿'´K¹�·G¶G¼Y´KÀtµ'³SáâÀt¹Sáâ¾_¼Y¾'¹Ç·�¹Ç·¸³Ç·X»2¹Ç¶�ÅOÜ

J�K-, .0/�MDU214351 P76 809:6:RÝPgVwO<;>= ?

Ý0µ}¼YÅ'´K³�³�·G¶G¼Y´KÀtµOÂUÃ�·:·ÉÈ6Ê6ËÞ»2´Kµ�³ÇÀtÁ�·Sã2»½¹�´Þ»½µ$¼�³�À2áO³ÇÀt¹Ç¼�´Ìµ'º�¼�À�·4ã½»2ËÌ¾M»Ä¼Y·qø@h(Ý0¶¸·Gß=·G¹�ºr�y¾6·¸¹�´K·¸³GÜW9`· »2ËK³�À
Ê'¹ÇÀtÊçÀt³�·A»:Á�¾'ËK¼�´ÌÊ'ËK·�h(ÊM»2³�³ZÊM»2¹�¼Y´÷¼Y´ÌÀ2µ�h0ßM»½³�·¸¿�»2ËÌº2Àt¹�´÷¼YÅ'ÁnÂ ¼ Ò7Ó�Ò Â2áâÀt¹î·4ã½»2ËÌ¾M»Ä¼Y´Ìµ6º�ø@h(Ý0¶¸·Gß=·G¹�º �$¾'·¸¹Ç´Ì·G³¸Ü

ÞAß�Bß�à @ ��|�ACBED�Fë~Úä����s�ã'�HG
Ý0µé¼�Å'·Ýö<Àt¹Ç¼�h"I�·¸¹Çºt·�h � ºtºt¹�·GºU»½¼�·�»2ËKºtÀt¹�´÷¼YÅ'ÁnÂM¼YÅ'·�¹�·¸ËÌ»½¼Y´KÀtµKJn´Ì³:³�Àt¹�¼Y·G¿FÀ2µé¼YÅ'·�¼Y»2¹�º2·G¼*»½¼Ç¼Y¹Ç´Ìß'¾6¼�·
¾'³Ç´Ìµ'º ®ML�üON4¯�È¹É�´	¸Î¼�³QP*µÁ·RNOL�É4¿Æ¼¹¸4ÇMS�¸MN5ª�übÇ5µ YUT*]"��»½ËÌ³�À}Æ$µ'ÀHÃqµé»½³ ¸WV�µ�¸4Ç4ÿ�ÉXP º�¸4ÇMS�¸MN�´�übÇ5µ �ÉÜfÝ(¼
¶GÀtµ'³�´K³Ç¼�³ À½á>¼�Å'·�áâÀtËÌËKÀïÃq´Kµ'º�Ê'Å'»2³�·G³'�
� ü��Hý����_À2¹Ç¼�Á�»2´Kµ�h0Á�·¸Á�Àt¹Ç²é³�´ÌùG·¸¿wÊ'´K·¸¶G·¸³	À2áA¼�Å'·à¿M»½¼Y»6Â�³�¾6¶�Å�¼�ÅM»½¼�·Gãt·G¹Ç²w¹Ç·¸¶GÀt¹�¿w´K³�ÊM»2¹�¼�À2á »

³ÇÀt¹Ç¼�·¸¿nËÌ´K³Ç¼S¼�ÅM»½¼îåÇ¾'³�¼ Í6¼Y³q´Ìµu¼YÅ6·�»Xã½»2´KËÞ»2ß'ËK·äÁ�»2´Ìµ�h0Á�·¸Á�Àt¹Ç²2Ü
�ñ35�76�3s�fÝ(¼�·¸¹�»½¼Y´÷ãt·¸Ë÷²rÁ�·G¹�ºt·�¼�Å'·�³ÇÁ"»2ËKËÌ·G¹A³�Àt¹�¼Y·¸¿ ³�¾'ß6ËÌ´Ì³�¼Y³qáâ¹�ÀtÁ ¼�Å'·�Ê'¹�·4ã_´KÀt¾'³ ÊM»2³Ç³ä´ÌµU¼�À�ËÌ»2¹�ºt·G¹

³ÇÀt¹Ç¼�·¸¿n³�¾'ß6ËÌ´Ì³�¼Y³S¼�´ÌËÌË<»	³�´Ìµ6ºtËÌ·�³ÇÀt¹Ç¼�·¸¿nËÌ´Ì³�¼A¹�·G³�¾'Ë÷¼Y³GÜ

ø:·ÉÈy¼XÂd´Ìµ�¼�Å'· ÉOSMS�Ç�¸OS�É	µ¹¸ Ê6ÅM»2³�·½ÂC¼YÅ'·	³Ç´Ìµ'ºtËK·�³�À2¹Ç¼Y·G¿ ËÌ´Ì³�¼XÂçÃqÅ'´Ì¶�Å ´Ì³�µ6ÀïÃ¨³Ç¼�Àt¹�·G¿ Àtµ ¿'´Ì³ÇÆçÂC´K³
³Ç¶X»2µ'µ6·¸¿àÀtµ6¶¸·:¼�À�¶GÀtÁ�Ê6¾6¼Y·q¼YÅ'· ¶¸À2¾'µU¼fáâÀt¹�¼YÅ6·ä¶¸À2µ$¼�´Ìºt¾6Àt¾'³�³�·G¼fÀ2á<¼�¾'Ê'ËK·¸³f¶GÀt¹�¹Ç·¸³ÇÊ=Àtµ6¿'´Ìµ'º�¼YÀ�·X»2¶�Å
¼Y»2¹�ºt·4¼XÜ�#MÀt¹�Å'·X»Xã$²F¼�»2¹Çºt·G¼�³�ÃqÅ'À2³�·à¶GÀt¾'µU¼�·ÉÈ6¶G·¸·G¿'³�¼YÅ'·�¼YÅ'¹Ç·¸³ÇÅ'ÀtËÌ¿<Â>¼YÅ6·�¼�»½¹�ºt·4¼�»2ËKÀtµ'ºrÃq´K¼�Å`´K¼�³
¶GÀt¾'µU¼ ß=·G¶¸ÀtÁ�·¸³qÊM»2¹�¼qÀ2áZ¼YÅ'·��$¾'·¸¹�²r¹�·G³�¾'Ë÷¼XÜ

Y ü � ý�üQZqýHûø3 ªb¼ Ð Y üÁ�ñ¤�üÁ©ø3�©=ý �
9 ·�µ'ÀHÃ ¿'´K³�¶G¾'³�³A¼YÅ6·�¶GÀt³Ç¼q´KµUãtÀtË÷ãt·¸¿n´Ìµu·ÉÈ_·¸¶¸¾_¼Y´Ìµ6º�·¸»2¶�Å À½áZ¼�Å'· ªb¼ Ð ¶¸ÀtÁ�Ê=À2µ'·¸µU¼Y³GÜQ�ä³Ç³�¾'Á�´Ìµ'º+[
ß'¾�Û<·G¹AÊM»2ºt·G³A»2¹�·*»Xã½»2´KËÞ»2ß'ËK·:´KµàÁ�»2´Ìµ�h(Á�·GÁ�À2¹Ç²�»2µ'¿à¼�ÅM»½¼SÃ�·*µ'·¸·G¿u¼YÀ	³�À2¹Ç¼ »�ËÞ»½¹�ºt·:¹�·¸ËÌ»½¼Y´KÀtµ"Ãq´÷¼YÅ
\&ÊM»2º2·¸³'�

] ¼�Å'· ´�übÇ5µ Ê'ÅM»2³Ç· Ã�Àt¾'ËK¿�¹Ç·¸³Ç¾'ËK¼´Kµ�^_\a`b[dc:¹�¾'µ6³�À½áe[�ÊM»2º2·¸³·X»2¶�Å��Ô·ÉÈ_¶¸·¸Ê_¼�áâÀt¹^¼�Å'·AËÞ»½³Ç¼¹�¾6µOÂ
ÃqÅ6´Ì¶�ÅnÁ"»X²à¶GÀtµU¼�»2´Kµuáâ·GÃ�·¸¹ ÊM»2ºt·G³��
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] [g� [-h$ÃS»X²rÁ�·¸¹Çºt·�´Ìµu¼YÅ6· º�¸4ÇMS�¸iÅ5È¹É¹´	¸ Ãq´KËÌËO¹Ç·'�$¾'´Ì¹Ç·i^_j_k�lbm�n�oM^_\a`b[dc:c�ÊM»2³Ç³�·G³ ¼�À�Á�·¸¹Çºt·
»½ËÌË=¼�Å'·*¹�¾'µ6³ ´KµU¼YÀ�»	³�´Ìµ6ºtËÌ·�³ÇÀt¹Ç¼�·¸¿nËÌ´Ì³�¼XÜ

] ¼�Å'· ÉOSpS5Ç�¸OS�É4µ�¸ Ê'Å'»2³�·*Ãq´ÌËKË<¹�·w�$¾'´Ì¹Ç·�³Ç´Ìµ'º2ËÌ·�³�¶¸»2µnÀ2á>¼�Å'·�áâ¾'ËÌË÷²"³ÇÀt¹Ç¼�·¸¿n¿M»½¼Y»2ßM»2³Ç·2Ü
 AÅ$¾'³A¼�Å'·�»2µM»2Ë÷²_³Ç´Ì³SÀ½á>¼�Å'·*»2ßçÀïã2·*³Ç¼Y·GÊ'³q³�¾'º2ºt·¸³�¼Y³q¼YÅM»½¼ ªb¼ Ð Êç·¸¹�áâÀt¹�Á�»2µ'¶G·�´Ì³Aµ'À½¼AËÌ´Kµ'·X»2¹f´Ìµ
¼�Å'·�³Ç´Ìù¸·äÀ2ád¿M»½¼Y»6Ü�æf¾6¼A»2³S³�Å6ÀïÃqµr´Kµ"¼YÅ'·*»½µM»2ËK²y³Ç´Ì³f¿6Àtµ'·�´Kµ Y [q#b]�ÂyáâÀt¹S³Ç¾�u�¶¸´Ì·GµU¼q»2Á�Àt¾'µU¼AÀ2á
Á�»2´Kµ�h0Á�·¸Á�Àt¹Ç²2Â ªb¼ Ð ÍMµ'´Ì³ÇÅ'·¸³�´ÌµÝ`*hÚd*ÊM»½³�³�·G³fÀ2á<¼YÅ'· ¿M»½¼Y»2ßM»2³Ç· áâÀt¹Á�Àt³Ç¼�¹�·¸»2Ë&h�ÃfÀ2¹�ËÌ¿}¿M»Ä¼�»2³Ç·G¼
³Ç´ÌùG·¸³¸Ü

ÞAß�Bß�� @ ��|sr�A�BtD�Fë~�ä����s� ã'�HG
Ò ªb¼ Ð ´K³S»�³Ç´ÌÁ�Ê'ËÌ· Á�Ày¿'´÷ÍM·¸¿�ãt·¸¹Ç³�´KÀtµuÀ2á ªb¼ Ð ¼�ÅM»½¼S´K³�³ÇÊ=·G¶¸´÷ÍM¶X»2ËKËK²�ÀtÊ6¼�´ÌÁ�´ÌùG·¸¿}áâÀt¹fÅM»½µ'¿'ËÌ´Kµ'º�»½ºtºt¹�·�h
ºU»Ä¼Y·A�y¾6·¸¹�´K·¸³GÜ�Ý(¼SÁ�»2Æ2·G³f¾'³Ç·�À2áO¼0Ã�À�ÀtÊ6¼�´ÌÁ�´Ìù¸»½¼Y´KÀtµ'³¸Â4C�»½¹�ËK²�ì�¹ÇÀÄåÇ·¸¶4¼Y´ÌÀ2µu»2µ'¿ðC�»½¹�ËK²X�:ºtºt¹�·GºU»½¼�´ÌÀtµ �
¢�þ��b¥G�$ur�ÄüXv'3yú2ý7�âüÁ© �- AÅ'· ¹�·G³�¾'Ë÷¼"»Ä¼�¼Y¹Ç´Ìß'¾_¼Y·¸³�»2¹Ç· Ê'¹ÇÀÄåÇ·¸¶4¼Y·G¿Ì
4Ï_�XõÄÐYÏ ·4È_·¸¶G¾6¼Y´Kµ'º ¼�Å'· ´�übÇ�µ ´Ìµ

À2¹�¿'·G¹S¼YÀ}¹�·G¿'¾'¶¸·*¼YÅ6·�³Ç´ÌùG·�À½á>¼�Å'·*¿M»½¼�»½ßM»2³�·�¼�ÅM»½¼ ÅM»2³A¼YÀ}ßç·*³�Àt¹�¼Y·¸¿<Ü
¢�þ��b¥G� � 6�6��*356sþ6ý7�âüÁ© �� AÅ6·°»2ºtº2¹�·¸ºt»½¼Y· ·Gã½»2ËK¾M»½¼�´ÌÀtµx´K³nÊ6¾'³�Å'·G¿ ´ÌµU¼�À ¼�Å'· ´�übÇ�µ »2µ'¿ º�¸4ÇMS�¸

Ê6ÅM»2³�·G³¸ÂS¼�Å'·¸¹Ç·¸ßU² ¹�·¸¿6¾'¶¸´Kµ'º ¼�Å'· ³Ç´ÌùG· À2áä¿M»½¼Y» ¼�ÅM»½¼�ÅM»2³}¼YÀFß=·nÁ�·G¹�ºt·G¿\´Kµö·¸»2¶�Å\³Ç¾'¶¸¶G·¸³�h
³Ç´Kã2· º�¸4ÇMS�¸ ´K¼�·¸¹�»½¼Y´KÀtµ À2á ¸OV�µ¹¸4Ç4ÿ¹ÉXPéº�¸�ÇMS�¸MN�´5übÇ�µ Ü,#M¾'¹Ç¼�Å'·¸¹GÂ>¼�Å'´Ì³*Ê'¹Ç·¸Ê'¹ÇÀ_¶G·¸³�³Ç´Ìµ'º9Á�»2Æ½·¸³
¼�Å'·	ËÞ»½³Ç¼ ÉOSMS5Ç�¸OS�É	µ�¸ Ê'ÅM»2³Ç·	¹�·¸¿6¾'µ'¿M»2µU¼�³�´Kµ'¶¸·�¼�Å'·}»2ºtº2¹�·¸ºt»½¼Y·�ã½»2ËK¾'·¸³�Å'»Hã2·}ß=·G·¸µ »2ËÌ¹Ç·X»2¿6²
¶GÀtÁ�Ê'¾6¼Y·G¿OÜ

9 ·�Ãq´ÌËÌËç·¸µ6¶¸Àt¾'µU¼�·¸¹A¼YÅ'·�³�»2Á�·�¶¸Àt³�¼Y³AáâÀt¹f»2¿6ã½»2µ'¶G·¸¿ »2ËÌºtÀ2¹�´K¼�Å'Á�³�ËK´ÌÆ½·�¿'¾'Ê'ËK´Ì¶¸»½¼Y·�¹Ç·¸¶GÀt¹�¿r·¸ËK´ÌÁ�´&h
µM»Ä¼Y´ÌÀ2µu´ÌµrËÞ»2¹Çºt·�¿M»Ä¼�»	ÍMËÌ·G³rYe¡b]Z»½µ'¿rÅM»2³�Å ßM»2³Ç·¸¿ »2ºtºt¹Ç·¸ºU»½¼�´ÌÀtµ6³�Ye *]�Ü

ÞAß�Bß�� w ë�èÌë
��ÊM»2¹�¼Y´K¼�´ÌÀtµyx{z�¹�·¸ËÌ»½¼Y´KÀtµy| ¹�·4áâ·¸¹�³�¼YÀ�»2µU² ³Ç¾'ß'³Ç·G¼	À2áf¼Y¾'Ê'ËK·¸³�¶¸ÀtµU¼�»½´Ìµ'·G¿`´Ìµ5| »2µ'¿`¾'µ'´ÌÀ2µ`À2á
»2ËKË�Ê'»2¹Ç¼�´K¼Y´KÀtµ'³�´Ì³�¼YÅ6·u¹�·¸ËÌ»½¼Y´KÀtµOÂ^´�Ü�·½ÜKÂ}x7~���xt�E�y�q�:���Kx�����|�Üñ AÅ'·uÆ½·G²w´K¿'·X»9¾'µ6¿'·¸¹ÇËK²y´Ìµ'ºé¼�Å'·
ÊM»½¹Ç¼Y´÷¼Y´KÀtµ�h0ß'»2³�·G¿u»2ËÌº2Àt¹�´÷¼YÅ'Á�´Ì³S¼�À�Ê'»2¹Ç¼�´K¼Y´KÀtµ"¼�Å'·*¿M»½¼�»_ÂM»2µ'¿nÊ'¹�¾6µ'·�¼YÅ'·�¼�»½¹�ºt·4¼Y³A´Ìµn»	ÊM»2¹�¼Y´÷¼Y´ÌÀ2µà´Ká
¼�Å'·¸´K¹î¶¸À2¾'µU¼´Ì³�»2ßçÀHãt·S¼�Å'·A³�Êç·¸¶G´KÍM·G¿}¼�Å'¹�·G³�Å'À2ËÌ¿OÜj9 ·Sµ'ÀHÃö·4È_Ê'ËÌ»2´Ìµ�¼�Å'·f¼YÅ6·¸Àt¹Ç·¸Á¤¾6³�·¸¿}áâÀt¹^Ê6¹�¾'µ'´Kµ'º
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¼�Å'·*¶X»2µ'¿6´Ì¿M»½¼�·¸³GÜ

� ûø3$ü��73�����´Kãt·Gµ�¼�Å'¹�·G³�Å'À2ËÌ¿X x»2µ'¿�¹�·GËÞ»½¼�´ÌÀtµX?*ÂUÊM»2¹Ç¼�´K¼�´ÌÀtµ'·G¿}´ÌµU¼YÀ*µ"Ê'»2¹Ç¼�´K¼Y´KÀtµ'³@��x}o���x��q�q��������x��4�ÉÂ
�����W� lX� ��� ÖK�i|

���a� � lMl � � � ��x�� �á�¡ £¢¥¤ � lMl � � � ��|��¦ £¢
Ò¦§ F©¨�&b¨�%G%G%�¨ÔÑ«ª

9íÅM»½¼}¼�Å'·n¼�Å'·¸À2¹�·¸Á¡³�¼�»½¼�·¸³�´Ì³	¼YÅ'»½¼}´Káä» ¼Y»2¹�º2·G¼�´Ì³}ßç·G²tÀ2µ'¿ö¼�Å'·n¼�Å'¹�·G³�Å'À2ËÌ¿ ´Ìµ »½¼YËK·X»2³�¼�Àtµ'·
ÊM»½¹Ç¼Y´÷¼Y´KÀtµ�x¨¼YÅ6·¸µ�´÷¼qÁ�¾'³�¼ä»½ËKÃf»H²y³ ß=·*ßç·G²2Àtµ'¿�¼�Å'·�¼YÅ'¹Ç·¸³�Å6ÀtËÌ¿n´Ìµn¹�·GËÞ»½¼�´ÌÀtµ�|�Ü"�:·Gµ'¶¸·�»2¶¸¶GÀt¹�¿'´Kµ'º
¼�À�¼�Å'·�¼�Å'·¸À2¹�·¸ÁnÂMÃf·�¶X»½µ�Ê'¹Ç¾'µ'·�¼�Å'Àt³Ç·�¼Y»2¹�ºt·4¼Y³q¼YÅM»Ä¼ä»½¹�·�ß=·4²tÀtµ'¿n¼YÅ'·*¼YÅ6¹�·¸³ÇÅ'ÀtËK¿�´Ìµn·X»½¶�ÅéÀ2áî¼�Å'·
ÊM»½¹Ç¼Y´÷¼Y´KÀtµ'³¸ÜQ=�µu¼�Å'·*À2¼YÅ'·G¹qÅM»2µ'¿OÂ'¼Y»2¹�º2·G¼Y³qßç·¸ËKÀïÃë¼YÅ6·*¼�Å'¹�·G³�Å'À2ËÌ¿ »2¹�·�Ãq¹Ç´K¼�¼�·¸µr¼YÀ}¿'´K³�ÆsÜ

�S¼^¼�Å'·S·¸µ6¿	À2áM¼YÅ'·fÊM»2³�³GÂ2Ã�·AÅM»Xãt·q»äµ'·4Ã ¿M»½¼�»½ßM»2³�·f¶¸ÀtÁ�Ê=À2³�·¸¿	À½áç»2ËÌËU¼YÅ6·f¼�»2¹Çºt·G¼�³>¼�ÅM»½¼�Ê'¹ÇÀHãt·¸¿
¼�À�ßç·*ËÌ´Ìº2Å$¼q´Kµ ³ÇÀtÁ�·�Ê'»2¹Ç¼�´K¼Y´KÀtµOÜg AÅ'´K³:¿M»Ä¼�»2ßM»½³�·2ÂMÃqÅ'´K¶�Å Ã�·�¹Ç·Gáâ·¸¹q¼YÀ�»2³qÁ�´Ìµ'´ h0¿M»½¼Y»2ßM»2³Ç·2Â6Ãq´KËÌËOßç·
³ÇÁ"»2ËKËÌ·G¹�´Kµ\³Ç´Ìù¸·½Â »2µ'¿\Ãq´KËÌËqß=·náâ·¸¿x»½³"´Ìµ6Ê'¾6¼"¼�À`¼YÅ6·�µ'·ÉÈ_¼à´K¼Y·G¹Y»½¼�´ÌÀtµ<ÜÎ AÅ6´Ì³à´÷¼Y·¸¹�»½¼Y´÷ãt·nÊ'¹�Ày¶¸·G³�³
¶GÀtµU¼Y´Ìµ$¾'·G³}¾'µU¼Y´ÌËq»½ËÌË�¼�Å'·r¹�·GÁ"»2´Kµ'´Ìµ6ºé¶X»2µ6¿'´Ì¿M»Ä¼Y·à¼�»½¹�ºt·4¼Y³	Í'¼�´ÌµwÁ�·¸Á�Àt¹Ç²°»½áØ¼Y·G¹�ÃqÅ'´Ì¶�Å�Ã�· ¿'ÀF»
¶GÀt¾'µU¼Y´Kµ'º}³�¶X»½µ À2áZ¼YÅ6·uõÄÐÉÒ÷ó2ÒØÑçÓ2ÕZ¿M»½¼Y»2ßM»2³Ç·*¼�À�·GËÌ´KÁ�´KµM»½¼Y·:»2ËKË<¼YÅ'·�áÔ»2ËK³�·�ÊçÀt³�´÷¼Y´÷ãt·¸³GÜ

�äÊ'»2¹Ç¼�áâ¹ÇÀtÁ ¼�Å'·	·¸ËK´ÌÁ�´ÌµM»Ä¼Y´ÌÀ2µnÀ½á�¼�¾'Ê'ËK·¸³�¶¸À2¹�¹�·G³�ÊçÀtµ'¿'´Kµ'ºu¼YÀuËKÀ_¶¸»2ËÌË÷²rÅ'·X»Xã$²é¼�»½¹�ºt·4¼Y³¸ÂO¼�Å'·�áâÀtË h
ËKÀïÃq´Kµ'º	³Ç¼�¹Y»½¼�·¸ºt´K·¸³AÅ'·GËÌÊr¼YÀ	áâ¾'¹�¼YÅ'·G¹ ¹Ç·¸¿'¾6¶¸·*¼YÅ'·*·wÛ=·¸¶4¼Y´÷ãt·�¿M»½¼�»½ßM»2³�·*³Ç´Ìù¸·b�

] ÿ�¾6¹�´Ìµ6º�¼YÅ'·*ÍM¹�³�¼äÊ'»2³�³ ÀHãt·¸¹q¼YÅ6·�Àt¹Ç´Ìºt´KµM»2Ë=¿M»½¼�»½ßM»2³�·½ÂMÀtµ'Ë÷²à¼YÅ'·�ÐYÏ�Ú4Ù_Õ ÖSÓ2Ö�ÖÔÐÉÒò
¸Ù_Ö0Ï�Ú�áâ¹�ÀtÁ ¼�Å'·
¼�¾'Ê'ËK·¸³q»2¹Ç·*Ãq¹Ç´K¼Ç¼Y·¸µu¼�À�¼�Å'·*Á�´Kµ'´<¿M»Ä¼�»2ßM»½³�·2Ü

] ÿ�¾6¹�´Ìµ6ºq»2ËÌËtÊ'»2³�³Ç·¸³¸Â'ÓHóHó2ÐYÏ�óUÓ2Ö�Ò�õÄÑ�À½á_¼�Å'·�¼�¾'Ê'ËK·¸³C¶¸À2¹�¹�·G³�ÊçÀtµ'¿'´Kµ'ºq¼YÀ:»q¶GÀtÁ�Á�Àtµ�¼Y»2¹�º2·G¼Z¹�·G³�¾'Ë÷¼Y³
´Kµàãt·G¹Ç¼Y´K¶X»2ËC¶GÀtÁ�Ê'¹�·G³�³�´KÀtµnÀ2á>¼�Å'·*¿M»½¼Y»2ßM»2³Ç·2Ü

#î´Kºt¾'¹�·)^u³ÇÅ'ÀHÃq³�¼YÅ'·�»2¹Ç¶�Å'´K¼�·¸¶G¼�¾'¹�·	À½á�¼�Å'·}»2ËÌº2Àt¹�´÷¼YÅ'ÁnÜ 9`·	µ'ÀHÃ¤ß'¹�´K·¬'²�¿'·¸³Ç¶¸¹�´Kß=·�¼�Å'·}³Ç¼�·¸Ê'³
À2áZ¼YÅ6·�»½ËÌºtÀt¹Ç´K¼�Å'Á�ß=·GËÌÀHÃ�»2µ6¿n¿6·Gáâ·¸¹A¼�Å'·*¿'·G¼Y»2´ÌËK·¸¿n»2ËÌº2Àt¹�´÷¼YÅ'Á ¼YÀÝ#î´Kºt¾'¹�·�`6Ü
ó�®°¯ þ � û��ò©ø6+öCútþ¹©�ô  AÅ'·�ÅM»½³�Ån³�´ÌùG·�´Ì³S¶GÀtµ'³�¼Y¹Y»½´Ìµ'·G¿ ßU²"¼�Å'·*Á"»½´Ìµ�h(Á�·GÁ�Àt¹�²}»2ËKËÌÀy¶X»½¼�·¸¿"áâÀt¹S¼�Å'·

»½ËÌºtÀt¹Ç´K¼�Å'Á Üñ#MÀt¹	·X»2¶�Å ¼Y¾'Ê6ËÌ·2Â�ÅM»2³ÇÅö¼�Å'·u¼�»2¹Çºt·G¼	¼�À`» Á"»½´Ìµ�h(Á�·GÁ�Àt¹�²F¶¸ÀtËKËÌ´Ì³Ç´ÌÀtµ�h0¹�·G³�ÀtË÷ãy´Ìµ'º
Å'»2³�Åé¼Y»2ß'ËÌ·t�Ô´�Ü ·2Ü*¿'´K³Ç¼�´Ìµ'¶4¼ä¼�»½¹�ºt·4¼Y³�Ày¶¸¶¸¾6Ê$²�¿'´vÛ=·¸¹Ç·¸µU¼*ß'¾'¶�Æ½·G¼�³��4Â>»2µ'¿9¾6Ê=¿M»Ä¼Y·�¼�Å'·	¶¸Àt¾6µ$¼�·¸¹
»Ä¼�¼�Å'·:¶GÀt¹�¹Ç·¸³ÇÊ=Àtµ6¿'´Ìµ'º�ËÌÀy¶X»½¼�´ÌÀtµOÜø AÅ'´K³�¶GÀtµU¼Y´Ìµ$¾'·G³f¼Y´KËÌË'¼�Å'·:Å'»2³�Å"¼Y»2ß'ËK·:ßç·¸¶GÀtÁ�·G³�áâ¾'ËKËMÃqÅ'´Ì¶�Å
Á�»2¹ÇÆy³S¼�Å'·*·¸µ'¿nÀ2áZ¼YÅ'·*¶G¾'¹�¹Ç·¸µU¼:ãy´K¹Ç¼Y¾'»2ËOÊM»2¹�¼Y´÷¼Y´ÌÀ2µr»2µ'¿rß=·Gºt´Ìµ6µ'´Ìµ'º	À½á>¼�Å'·*µ'·4Èy¼:ÊM»2¹Ç¼�´K¼�´ÌÀtµOÜ
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² ®�u;�*�ø©��ò©D6+öOútþ�©gô #M¹ÇÀtÁ ¼�Å'·*ÅM»2³�År¹Ç·¸Á�Àïã2·�»½ËÌË=¼�Å'·�¼�»2¹Çºt·G¼�³SÃqÅ'Àt³Ç·�¶GÀt¾'µU¼Y·G¹qã½»2ËK¾'·¸³q»½¹�·*ËÌ·G³�³
¼�ÅM»2µx¼YÅ6·é¼YÅ'¹Ç·¸³�Å6ÀtËÌ¿�»2µ'¿xÃq¹�´÷¼Y·é¼�Å'·¸³Ç· »½ËÌÀtµ'º°Ãq´÷¼YÅx¼YÅ6·¸´Ì¹u¶GÀt¾'µU¼Y·G¹uã2»½ËÌ¾'·G³à¼YÀw¼YÅ'· Á�´Ìµ'´
¿'»½¼�»2ß'»2³�·½ÜÎ AÅ6·�Á�´Ìµ'´A¿M»Ä¼�»2ßM»½³�· Ã�Àt¾'ËK¿ö¼�Åy¾6³"¶¸À2µ'³�´K³Ç¼àÀ½á�¼�»2¹Çºt·G¼�³�¼�ÅM»½¼"»2Ê'Êç·X»2¹�ËÌ´KºtÅU¼�´Ìµ
¼�Å'·�¶G¾'¹�¹Ç·¸µU¼�ÊM»½¹Ç¼Y´÷¼Y´KÀtµOÂsß'¾6¼*»½¹�·�µ6À2¼�ºt¾'»2¹Y»2µU¼�·¸·¸¿é¼�Ààßç·�ËÌ´KºtÅU¼)�ØáÔ»2ËÌ³Ç·�ÊçÀt³Ç´K¼Y´÷ãt·G³��4Üäæf¾6¼�¼�Å'·
»½ËÌºtÀt¹Ç´K¼�Å'Á�¿'À_·G³qµ'À2¼qÅM»Xãt·*áÔ»2ËK³�·�µ'·GºU»½¼Y´÷ãt·G³¸Âç»2³AËÌ´KºtÅU¼S¼�»½¹�ºt·4¼Y³ »2¹�·�Ó2Õ\��Ó	�HÚ*Ãq¹�´÷¼�¼Y·GµOÜ

³ ®r§k� ¥Øý�35�*� ©D6 öCútþ¹©�ô #MÀt¹S·¸»2¶�Åu¼Y¾'Ê6ËÌ·2Â6ÅM»2³�ÅrÀtµu¼�Å'·�¼�»2¹Çºt·G¼fã2»½ËÌ¾'·�»½µ'¿r´KáC¼YÅ6·�¼�»2¹Çºt·G¼A¿6À_·G³Aµ'À2¼
·ÉÈ_´Ì³Ç¼�´ÌµF¼YÅ'·�ÅM»2³�Å ¼�»2ß'ËK·>�Ô»½áØ¼Y·G¹�¼�Å'·"ÍMµ'»2ËÊ'¹�¾'µ6´Ìµ'ºé³Ç¶X»2µ��4ÂîÃq¹Ç´K¼Y·}¼YÅ6·"¼Y¾'Ê6ËÌ·}¼YÀ ¼�Å'·àÁ�´Ìµ'´
¿'»½¼�»2ß'»2³�·½ÜQ AÅ'´Ì³A·Gµ'³�¾'¹Ç·¸³A¼YÅ'»½¼A¼YÅ'·�¼�¾'Ê'ËK·¸³fáâÀt¹�¼YÅ'·�Á�Àt³Ç¼SÅ'·X»Xã$²u¼�»2¹Çºt·G¼�³S´Ì¿6·¸µU¼Y´÷ÍM·¸¿uáâÀt¹f¼�Å'·
¶G¾'¹�¹Ç·¸µU¼�´÷¼Y·G¹Y»½¼�´ÌÀtµnÅM»Xãt·	ßç·¸·GµéÊ'¹�¾6µ'·¸¿ »2µ6¿9»2¹�·�µ'ÀHÃ�ß=·G´Ìµ'º�ÍMËK¼�·¸¹Ç·¸¿�áâ¹ÇÀtÁ ¼YÅ'·�¹�·¸³�¼�À2á�¼�Å'·
¿'»½¼�»2ß'»2³�·½Â$¼�Å$¾'³�¹Ç·¸³Ç¾'ËK¼�´Ìµ'º*´Ìµ}¼Y¹Ç·¸Á�·¸µ'¿6Àt¾'³�¹�·¸¿6¾'¶G¼�´ÌÀtµ�´Ìµ}¿M»½¼Y»2ßM»2³Ç·:³Ç´ÌùG·qáâ¹ÇÀtÁ¤¼�Å'·:Ê6¹�·Gãy´KÀt¾'³
Ê'»2³�³GÜ

´ ® Y ü¨�ø©=ý7�ò©D6+öOútþ�©gô �y¶X»2µé¼�Å'·	Á�´Kµ'´d¿M»½¼Y»2ßM»2³Ç·}»2µ'¿éáâÀt¹:·X»2¶�Å9¼�»½¹�ºt·4¼äÃqÅ'Àt³Ç·	¶¸Àt¾6µ$¼�·¸¹�´K³�ËÌ·G³�³
¼�ÅM»2µ"¼�Å'¹�·G³�Å'À2ËÌ¿OÂy³�¶¸»2µà¼YÅ'¹ÇÀt¾'ºtÅ�¼YÅ'·:Àt¹�´Kºt´ÌµM»½ËM¿M»½¼�»½ßM»2³�· ¼YÀ�¹Ç·¸Á�ÀHãt·�»2ËKË'¼YÅ'·:áÔ»2ËÌ³Ç·:ÊçÀt³�´÷¼Y´÷ãt·¸³GÜ

Measure < Threshold

DATABASE

MINI
DATABASE

ORIGINAL

Partition 2

Partition 1 Target, Measure

HASH TABLE

Partition 3

Partition n

DATABASE
PARTITIONED

#î´Ìº2¾'¹�·r^�� � �ÄúÄû��Øý�3yú2ý7�D�73nüQZ�IÌ1'.�1
�y¼�·¸Ê'³t[r»2µ6¿é^é»½¹�·àÊç·¸¹�áâÀt¹�Á�·¸¿w¹Ç·¸Êç·X»½¼�·¸¿'Ë÷²w»2³�ËKÀtµ'º9»½³�¼YÅ'·uÊ'¹Ç¾'µ'´Kµ'ºé´Ìµw³�¼Y·GÊé^�¹Ç·¸³Ç¾'ËK¼�³	´Ìµ

·Gµ'Àt¾'ºtÅ�ÅM»2³ÇÅ�ß'¾'¶�Æ½·G¼�³^ß=·G´Ìµ'º ·¸Á�Ê6¼�´Ì·¸¿<Ü��:³î» ¹�·¸³Ç¾'ËK¼¸ÂÄ¼�Å'·�¹�·X»½ËyÅ6·X»Xã$²�¼Y»2¹�º2·G¼Y³d¼Y·Gµ'¿�¼�À�»2¶G¶¸¾'Á�¾'ËÞ»½¼�·
´Kµ ¼YÅ6·"ÅM»2³ÇÅ°¼�»2ß6ËÌ·2Üt9íÅ'·Gµw³Ç¼�·¸Êú^ µ'À�ËÌÀtµ'º2·¸¹�¹�·¸³Ç¾'ËK¼�³�´Kµ`Ê'¹Ç¾'µ'´Ìµ6º�·¸µ6Àt¾'ºtÅwß'¾6¶�Æ2·G¼�³¸Â³Ç¼�·¸Ê+`�´K³
Êç·¸¹�áâÀt¹�Á�·¸¿*µ'·ÉÈ_¼îÀtµ*¼YÅ'·¹�·G³Ç¼>À2á6¼�Å'·�¿M»½¼�»½ßM»2³�·�áâÀt¹C¼�Å'·�¶G¾'¹�¹Ç·¸µU¼>ÊM»2³�³GÜW#î´KµM»2ËKËK²:³Ç¼Y·GÊ�c ´Ì³dÊç·¸¹ÇáâÀ2¹�Á�·¸¿
ÃqÅ'·Gµn¼�Å'·*¶¸¾'¹Ç¹�·Gµ$¼:Á�´Ìµ'´=¿M»½¼�»½ßM»2³�·�Í'¼�³q´ÌµrÁ�·GÁ�À2¹Ç²tÜ
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¶�·�¸¹· ��Jpx º»[¼��½¾�À¿)�1'©D¤j�CýX��ÿ�»½¼�»tæf»2³�·HJpx º»["Â� AÅ'¹Ç·¸³ÇÅ'ÀtËÌ¿ráâÀt¹qøkh0Ý0¶¸·Gß=·G¹�ºX�$¾'·¸¹�²�½àÂs± ·¸Á�Àt¹�²��_´ÌùG·HÁ
Â �dý ¤j�Cý��g?q·¸³�¾6ËK¼��_·G¼ÄÃ Ãq´÷¼YÅu¼�»½¹�ºt·4¼Y³qËÌ·G³�³S¼YÅ'»2µ- AÅ6¹�·¸³ÇÅ'ÀtËK¿K½
[tÜ º»[��ÅJpx º»[^_Ü�± ´Ìµ6´Cÿ�»½¼�»2æS»2³�·°Æ º¼[��Å\ÈÇÊÉ}ÉÌËbË�±n´Ìµ'´Cÿ�»Ä¼�»2ßM»½³�·�¼YÀ�³Ç¼�Àt¹�·�¼�Å'·*ËÌ´Ìº2Å$¼f¼�»2¹Çºt·G¼�³

ËOË�Ý(¼Y·¸¹�»½¼Y´÷ãt·*¶X»½ËÌËÌ³`6ÜWõ�û��ò¥ò3�ÿ�»½¼Y»tæS»2³Ç·r�_´ÌùG·�Í º»[ÎÍ�Ù�± ·¸Á�Àt¹Ç²��_´ÌùG·HÁc'Ü Ï �©ÐÒÑ �ÔÓ)�ÖÕ×��l×Õ×Ø � j Ð �d_Ü õ�û��ò¥ò3��ÙÏ �RÐQÑ �ÔÓXÙ�#��¡6Ü ËOË)�ä»2³ÇÅ'´Ìµ6º��_¶¸»2µ
Ú Ü õ�û��ò¥ò3��_Û�½�´Ì³Aµ'À½¼Aáâ¾'ËÌË � 6Ü ? ·¸»2¿Mø ·4Èy¼� Z¾'Ê'ËK·����
T6Ü �ä»2³ÇÅ�Àtµ ���W� l«� �[Ô#6Ü �_Z�� ���W� lX� � »2ËÌ¹Ç·X»2¿6²à·4È_´Ì³�¼Y³��[4[tÜ ���W� lX� � �ÝÜk ÐQÑC� � ���W� lX� � �ÝÜk ÐQÑC�eÞ Ü�k ÐQÑÒ�[7^_Ü 3�¥ � 3[�`6Ü ´Ìµ6³�·¸¹�¼ ´ÌµU¼YÀ�Û�½[ c'Ü ���W� lX� � �ÝÜk ÐQÑC� �ÌÜ�k ÐQÑC�[7d_Ü ËOË	ì�¹�¾'µ6´Ìµ'ºÝ�_¶¸»2µ[�¡6Ü Ï �©ÐQÑ �ÔÓ)�Ì#[ Ú Ü Z(ü��ð3$þMúÄûw·¸µU¼Y¹�²u´Ìµ�Û�½[� 6Ü ´KáB� ���W� lX� � �ßÜ�k ÐQÑÒ� ×�½!�[ÔT6Ü »2Ê'Êç·¸µ6¿ ¼YÀ¾Æ º»[^b#6Ü ¹�·GÁ�ÀHã2·�áâ¹ÇÀtÁàÛ�½^�[tÜ Ï �©ÐQÑ �ÔÓ)�$Ï �RÐQÑ �ÔÓ Þ [^4^_Ü ËOË)#î´KËK¼Y·G¹�´Kµ'º:�_¶¸»2µ^	`6Ü õ�û��ò¥�3>�âÁ�Àt¹Ç·�¼Y¾'Ê6ËÌ·¸³q´Kµu¿M»½¼�»½ßM»2³�· �^bc'Ü ?q·X»2¿Mø ·4Èy¼� Z¾'Ê'ËK·�� �^4d_Ü CîÈy¼Y¹Y»½¶G¼ ���W� lX� � »½µ'¿�Ük ÐQÑC�^	¡6Ü �ä»½³�ÅnÀtµ ���W� lX� �^ Ú Ü �_Z�� ���W� lX� � ¿'À_·G³qµ'À2¼ ·4È_´Ì³�¼��^	 6Ü »2Ê'Êç·¸µ6¿n¼�À»Æ º»[^bT6Ü º»[��ÖÆ º»[`O#6Ü Æ º»[���\>Ç4É}É`�[tÜáËOË:�fÀt¾'µU¼�´Ìµ'ºÝ�_¶¸»2µ`�^_Ü7Z(ü��ð3$þMúÄû ���W� lX� � ´Ìµ�º»[`4`6Ü �_Z ���W� lX� � �ßÜ�k ÐQÑÒ� ×�½`	c'Ü �_Z ���W� lX� � �ßÜ�k ÐQÑÒ� ´Kµ�Jpx º»[ ×�½`�d_Ü ´Ìµ6³�·¸¹�¼ ���M� lX� � ´Kµ�Ã

#î´Ìº2¾'¹�· `�� � ¥ò6sü��*�âýïûø� IÌ1w.-1
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ÞAß�Bß_â @ ��|  %ã F¥ä`{aå {}�tæ`|d�Åç��"æ��4
{Fë~�ä����s� ã'�HG
9 ·�¶GÀtÁ�ÊM»2¹�·	¼�Å'·�Êç·¸¹�áâÀt¹�Á�»2µ'¶G·}À2áf¼�Å'·�»2ß=ÀHã2·"Á�·¸µU¼Y´KÀtµ'·¸¿FÊ'¹�»2¶G¼�´Ì¶X»½Ë»2ËÌºtÀ2¹�´K¼�Å'Á�³�»2ºU»2´Kµ'³Ç¼;= ?Bh
�A�B�DCëÃqÅ6´Ì¶�Å � Á�»2ºt´K¶X»2ËKËK²��}Æyµ6ÀïÃq³*´Kµ9»2¿6ã½»2µ'¶G·�¼YÅ'·�´Ì¿'·Gµ$¼�´K¼�´Ì·¸³:À2á¼YÅ'·�¼�»2¹Çºt·G¼�³ä¼YÅM»Ä¼ �$¾M»2ËÌ´÷áØ²ráâÀt¹
¼�Å'·�¹�·G³�¾'Ë÷¼AÀ2áZ¼YÅ'·�´K¶¸·¸ßç·¸¹Çº)�$¾'·¸¹�²tÂs»2µ'¿rÀtµ6ËK²�µ'·¸·G¿'³ ¼�À	ºU»½¼�Å'·¸¹f¼�Å'·*¶¸Àt¾6µ$¼�³AÀ2áZ¼YÅ'·G³�·�¼�»2¹Çºt·G¼�³fáâ¹�À2Á
¼�Å'·*¿M»½¼�»½ßM»2³�·½Ü��fËÌ·¸»2¹�Ë÷²tÂM»2µU²uÊ6¹Y»2¶4¼Y´Ì¶¸»2ËC»2ËKºtÀt¹Ç´K¼YÅ6Á�Ãq´KËÌË=ÅM»Xãt·*¼YÀ}¿'À�»½¼ ËÌ·¸»2³Ç¼A¼�Å'´Ì³AÁ�¾6¶�ÅnÃ�Àt¹�Æ"´Ìµ
Àt¹Ç¿'·¸¹ ¼YÀ"»2µ'³ÇÃ�·¸¹:¼YÅ'·;�y¾6·¸¹Ç²2Ü� AÅ$¾'³GÂ<¼YÅ'´K³äÀtÊ_¼Y´ÌÁ�»2ËC»½ËÌºtÀt¹Ç´K¼�Å'Á ³�·G¹Çã2·¸³*»2³ä»�ËÌÀHÃ�·¸¹:ß=Àt¾6µ'¿éÀtµ�¼�Å'·
Êç·¸¹�áâÀt¹�Á�»2µ'¶G·fÀ2á'áâ·¸»2³�´Kß'ËÌ·f»2ËÌº2Àt¹�´÷¼YÅ'Á�³d»2µ'¿	Êç·¸¹ÇÁ�´÷¼Y³Z¾'³î¼YÀä¶¸ËÌ·¸»2¹�Ë÷²*¿'·¸Á�»2¹Ç¶X»½¼�·f¼YÅ'·�³�ÊM»½¶¸·q»Xã½»2´ÌËÌ»2ß'ËÌ·
áâÀt¹AÊç·¸¹�áâÀt¹�Á�»2µ'¶G·�´ÌÁ�Ê'¹�ÀHã2·¸Á�·¸µU¼qÀHãt·¸¹q¼YÅ6·�¶G¾'¹�¹Ç·¸µU¼YË÷²r»Xã½»2´ÌËÌ»2ß'ËÌ·ä»2ËÌº2Àt¹�´÷¼YÅ'Á�³¸Ü

�_´Kµ'¶¸·½Â_ßU²}¿'·4ÍMµ'´K¼�´ÌÀtµ<Â_økh0Ý0¶G·¸ßç·¸¹�º;�$¾'·¸¹Ç´Ì·¸³�¹�·G³�¾'Ë÷¼f´Kµ"»*³�Á�»2ËKËM³�·G¼�À2á<¹�·¸³Ç¾'ËK¼�³¸Ây´K¼�´Ì³�ã2·¸¹Ç²�¹Ç·X»2³ÇÀtµ�h
»2ß6ËÌ·S¼YÀ�»2³Ç³�¾'Á�·A¼YÅM»Ä¼�¼YÅ'· ¹�·G³�¾'Ë÷¼�¼�»2¹Çºt·G¼�³�»½µ'¿�¼�Å'·¸´K¹�¶¸Àt¾6µ$¼�·¸¹Ç³�Ãq´KËÌË'»½ËÌË6Í'¼´Kµ}Á�·GÁ�Àt¹�²tÜ� AÅ'·¸¹Ç·GáâÀt¹Ç·2Â
»2ËKË>¼�ÅM»½¼ Ä	Ã�Ð �¬�« µ'·G·¸¿'³*¼YÀr¿'Àr´K³ä¼YÀr³�¶¸»2µ ¼YÅ'·	¿M»Ä¼�»2ßM»½³�·}Àtµ'¶G·�»½µ'¿9áâÀt¹�·X»2¶�Å ¼Y¾6Ê'ËÌ·�¼�ÅM»½¼*¶GÀt¹�¹Ç·�h
³ÇÊ=Àtµ6¿'³�¼�Àé» ¹Ç·¸³Ç¾'ËK¼�¼�»2¹Çºt·G¼¸Â>´Kµ'¶¸¹Ç·¸Á�·¸µU¼�¼YÅ'·"»2³�³ÇÀ_¶G´Þ»½¼�·¸¿`¶GÀt¾'µU¼Y·G¹¸Ü��S¼�¼�Å'·�·¸µ'¿°À½áS¼YÅ'·�³�¶¸»2µOÂ^´÷¼
Àt¾_¼YÊ'¾6¼�³A¼YÅ'·�¼�»½¹�ºt·4¼Y³ »2µ'¿u¼YÅ6·�»½³�³�Ày¶¸´Ì»½¼Y·G¿ ¶GÀt¾'µU¼Y³GÜ

ÞAß�Bß�è ëMGêé��Qì ã �áë�ì����s���"æ���
��jã6�¹íjíçæ�|d�×�îé����M�}G�| ã6|d�M�
#î´KµM»2ËKËK²tÂAÃ�·`¶GÀtµ'¶¸ËK¾'¿'· ¼YÅ'· ³Ç·¸¶G¼�´ÌÀtµ�ßU²í¿'´Ì³Ç¶¸¾'³Ç³�´Ìµ6ºö¼YÅ6· ´KÁ�ÊM»½¶G¼rÀ2á�ã2»½¹�´ÌÀ2¾'³u¿M»½¼Y»ö»2µ6¿��$¾'·¸¹�²
ÊM»½¹Y»2Á�·G¼�·¸¹�³�Àtµ°¼YÅ'·uÊç·¸¹�áâÀt¹�Á�»2µ'¶G·àÀ2á ¼ Ò7ÓÁÒ »2µ'¿ ªb¼ Ð×ï�Ò ªb¼ Ð ÜW9 ·u¶¸Àtµ6³�´Ì¿6·¸¹�¼YÅ6·àáâÀtËÌËKÀïÃq´Kµ'ºráâÀt¾'¹
ÊM»½¹Y»2Á�·G¼�·¸¹�³w�>¼Y»2¹�ºt·4¼áh(¶¸Àt¾'µU¼�¿'´Ì³�¼Y¹Ç´Ìß'¾6¼�´ÌÀtµ<Âtµ$¾'Á�ßç·¸¹�À2áO¾'µ6´ �$¾'·q¼�»2¹Çºt·G¼�³¸Â$³�´Kù¸· À2á<¼�Å'·:¿'»½¼�»2ß'»2³�·:»2µ'¿
¹Ç·¸³�¾6ËK¼q³�·GËÌ·G¶G¼Y´÷ãy´K¼0²r»2³A¹Ç·¬M·G¶G¼�·¸¿éßU²à¼�Å'·�¼YÅ'¹Ç·¸³�Å6ÀtËÌ¿OÜ

� þ��*6�3Uý'0YútüÁ��©=ýÝ÷ø� � ý��*� � �dý��ÔüÁ©
 >»2¹�º2·G¼áh(¶¸Àt¾6µ$¼}¿6´Ì³Ç¼�¹�´Kß'¾6¼Y´KÀtµ°Ãq´ÌËKËfµ'À½¼"»*Û<·G¶G¼Ý�'±-��Â�»2³�¼YÅ'·n»2ËKºtÀt¹Ç´K¼YÅ6Á-´K³	´Ìµ'¿'·GÊ=·Gµ'¿'·Gµ$¼�À2á ¼YÅ6´Ì³
ÊM»½¹Y»2Á�·G¼�·¸¹SáâÀt¹q»2µU²uÊ'»2¹Ç¼�´Ì¶¸¾6ËÞ»2¹S¿'»½¼�»2³Ç·G¼¸Ü�æ�¾6¼XÂM´÷¼ »bÛ<·G¶G¼�³ä±nÝ�ø:Ý�ð ³:Ê'¹Ç¾'µ'´Kµ'º}³�¶X»½µ ÃqÅ'´K¶�Å ¹Ç·¸Á�Àïã2·¸³
áÔ»2ËK³�·rÊçÀt³�´÷¼Y´Kã2·¸³�´Ìµ ·X»2¶�Å\ÊM»2³�³GÜZ#MÀt¹}Å'´ÌºtÅ ³�Æ½·GÃª¼�»½¹�ºt·4¼áh0¶GÀt¾'µU¼�¿'´Ì³�¼Y¹�´Kß'¾6¼�´ÌÀtµÆ�ÔÁ�·X»½µöÁ�¾6¶�Å ËÌ·G³�³
¼�ÅM»2µ: A�4Â_± Ý�ø ÝîÊç·¸¹ÇáâÀ2¹�Á�³�ß=·4¼�¼Y·G¹¸Â$ßç·¸¶X»½¾'³�·q¼YÅ'· µ$¾'Á�ßç·¸¹À2á=Å'·X»Xã$²	¼�»½¹�ºt·4¼Y³ç�Ôºt¹Ç·X»½¼�·¸¹�¼YÅ6·¸µX A�»½¹�·
Á�Àt¹�·½Ü�ì�¹�¾'µ6´Ìµ'º�³�¶¸»2µnÃq´KËÌË=ß=·�»2ß'ËK·�¼YÀ}¹�·GÁ�ÀHã2·�Á�»2µU²"áÔ»2ËK³�·�ÊçÀt³�´÷¼Y´÷ãt·¸³q´Kµu·X»2¶�Å ÊM»2³�³GÜ

#MÀt¹:¼Y»2¹�º2·G¼áh(¶¸Àt¾6µ$¼ä¿'´Ì³�¼Y¹Ç´Ìß'¾6¼�´ÌÀtµrÃq´K¼�ÅéËÌÀHÃ�³ÇÆ2·GÃ*ÂOÃqÅ6·¸¹�·�¼�Å'·�Êç·X»2Ær¼�»½¹�ºt·4¼áhf¶¸Àt¾'µU¼�³*»2¹�·�¶¸ÀtÁ)h
ÊM»½¹Y»2ß'ËK·�¼YÀ	¼YÅ6·�Á�·X»½µráâÀ2¹S¼YÅ'·*¿'´K³Ç¼Y¹Ç´Ìß'¾_¼Y´ÌÀ2µf�ÔÁ�·X»2µr¶¸À2Á�ÊM»½¹Y»2ß'ËK·ä¼YÀ: A�ÉÂçÊ6¹�¾'µ'´Kµ'º}³�¶¸»2µ ´K³Aµ'À2¼ À2á
Á�¾6¶�Å`Å'·GËÌÊOÂZ»2³*¼YÅ'·�µ$¾'Á�ßç·¸¹�À2áSÅ6·X»Xã$²F¼Y»2¹�º2·G¼Y³*´Kµ ·¸»2¶�Å`ÊM»½³�³�»½¹�·}ËÌ·G³�³¸Üð�ä³�»n¹Ç·¸³�¾6ËK¼XÂd¼YÅ6·�Á�´Ìµ'´
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¿M»Ä¼�»2ßM»½³�·�Ãq´KËÌËµ'À2¼�¹�·G¿'¾'¶¸·"Á�¾'¶�ÅOÜ�9`·àÊ6¹�ÀtÊçÀt³�·"»�¹�·G¶¸´KÊ=·"»2ËÌºtÀ2¹�´K¼�Å'Á ´KµZY Ú ]�Â>¼YÀ�³ÇÅ'ÀHÃ�ÃqÅ'·¸µ�»
�$¾'·G¹Ç²r¹�·G³�ÀtË÷ãt·G³q¼�À�Ý��6±-��Àt¹ ± Ý�ø:Ý�áâÀt¹q»2µU²u¿M»½¼Y»	¿'´Ì³�¼Y¹�´Kß'¾6¼�´ÌÀtµOÜ

.-��� � 35�"üQZA��©ø�ò� �ø3 ýHþ¹�76�3$ý �
 AÅ'´K³rÊM»2¹Y»½Á�·4¼Y·¸¹uÃq´KËÌË�µ'À½¼�»*Û<·G¶G¼��'±-� Á�¾'¶�ÅOÜ Ý0µ ¶GÀtµU¼Y¹Y»½³Ç¼XÂ�±nÝ�ø:Ý�ð ³ Êç·¸¹�áâÀt¹�Á�»2µ'¶G· Ãq´KËÌË�ßç·
»bÛ=·¸¶4¼Y·G¿à»2³�¼YÅ6·:µ$¾'Á�ßç·¸¹À2á=¼�»2¹Çºt·G¼�³´Ìµ'¶G¹�·X»½³�·2ÜQ�:³�¼YÅ'· µ$¾'Á�ßç·¸¹�À2á=¼Y»2¹�º2·G¼Y³�´Ìµ6¶¸¹�·¸»2³�·½ÂU¼YÅ'· µ$¾'Á�ßç·¸¹
À2ádáÔ»2ËK³�·�ÊçÀt³�´÷¼Y´÷ãt·¸³f´Ìµ'¶G¹�·X»½³�·2Âs»½µ'¿u¼YÅ'´K³A¹�·¸³Ç¾'ËK¼�³A´ÌµrÁ�´Ìµ'´ç¿M»½¼Y»2ßM»2³Ç·�µ6À2¼A¹�·G¿'¾'¶G´Ìµ'º�Á�¾'¶�ÅOÜW9 ·*ÅM»Xãt·
·4ã2»½ËÌ¾M»½¼�·¸¿�± Ý�ø Ý�Â$ÃqÅ6·¸¹�· ´K¼Êç·¸¹�áâÀt¹�Á�³�ßç·G¼�¼�·¸¹�¼YÅ'»2µ�Ý��6±-��ÂUáâÀt¹�Àtµ6ËK²}»�áâ¹Y»½¶G¼Y´KÀtµ}À2áç¼�»2¹Çºt·G¼�³Í6¼�¼Y´Kµ'º
´Kµ$¼�À�¼YÅ'·*¶GÀtµ'³Ç¼�¹Y»2´Kµ'·¸¿nÁ�·¸Á�Àt¹Ç²2Ü

ö ��õ�3nüQZ ýHûø3�÷Zþ6ýXþ � þ � 3
 AÅ'´K³�Ê'»2¹Y»2Á�·G¼�·¸¹	Ãq´ÌËKËAµ'À2¼�»bÛ=·¸¶4¼u± Ý�ø Ý	Á�¾'¶�ÅOÜxÝ0µö¶¸ÀtµU¼�¹Y»2³�¼XÂ@�'±��®Ãq´ÌËKËSßç·�»bÛ=·¸¶4¼Y·G¿ ßU² ¼�Å'·
´Kµ'¶¸¹Ç·X»2³Ç·	À2á¼YÅ'·	³Ç´Ìù¸·	À½á�¼�Å'·	¿M»½¼Y»2ßM»2³Ç·2Ü!#MÀt¹�»rº2´Kãt·Gµ µy¾6Á�ß=·G¹�À2á¼�»2¹Çºt·G¼�³¸ÂC´÷á�¼�Å'·	¿M»½¼Y»2ßM»2³Ç·	³�´Kù¸·
´Kµ'¶¸¹Ç·X»2³Ç·2ÂU¼YÅ'·Gµ�¼�Å'·:µ$¾'Á�ß=·G¹�À2á=¼�»2¹Çºt·G¼�³Á�Àt¹Ç·A¼YÅM»2µX ´Kµ'¶¸¹Ç·X»2³Ç·2Â$¼YÅ$¾'³�¿'·¸¶G¹�·X»½³�´Ìµ6º�¼YÅ6·:µ$¾'Á�ßç·¸¹�À2á
áÔ»2ËK³�·�Ê=Àt³Ç´K¼�´Kãt·G³¸ÂO¹Ç·¸³Ç¾'ËK¼�´Ìµ'ºà´KµéºtÀyÀ_¿�Ê=·G¹ÇáâÀt¹ÇÁ"»2µ6¶¸·�áâÀt¹�± Ý�ø:Ý�ÜOæf¾6¼�¼YÅ6·�¶¸Àt³�¼*´Ìµ'¶G¾'¹�³ä´Ìµé³Ç¶X»2µ'µ6´Ìµ'º
¼�Å'·*´Ìµ'´÷¼Y´Þ»½Ëç¿'»½¼�»2ß'»2³�·½Ü

ö�3 � �ø¥Øý�ö 3�¥�3_ú2ý��_÷D�Øý��
 AÅ'´K³�ÊM»2¹�»2Á�·4¼Y·G¹�¿'·¸¶G´Ì¿'·G³�¼�Å'·}µy¾6Á�ß=·G¹*À2á�¼�¾'Ê'ËK·¸³*´Ìµé¼�Å'·}¹�·¸³Ç¾'ËK¼�³Ç·G¼XÜ:�:³*¼�Å'·}¹�·G³�¾'Ë÷¼*³�·¸ËK·¸¶4¼Y´Kãy´÷¼0²
¿'·G¶¸¹Ç·X»2³Ç·¸³¸ÂO¼�Å'·�µ$¾'Á�ß=·G¹äÀ2á�áÔ»2ËK³�·�Ê=À2³�´K¼�´Kã2·¸³ä´Kµ'¶¸¹Ç·X»2³Ç·2Âç¼YÅ$¾'³�»bÛ=·¸¶4¼Y´Kµ'ºr± Ý�ø Ý�ð�³�Êç·¸¹�áâÀt¹�Á�»2µ'¶G·2Üç�ä³
¼�Å'·äÊ'¹ÇÀtÊçÀt³�·G¿u³�ÀtËK¾6¼Y´KÀtµ�´K³�áâÀ2¹f´Ì¶G·¸ßç·¸¹Çº��$¾'·¸¹�²u»2µ6³ÇÃ�·¸¹�³GÂ6ÃqÅ'·G¹�·ä¼�Å'·�¹�·G³�¾'Ë÷¼S³Ç·G¼S´K³�ã2·¸¹Ç²�³�Á�»2ËKË�Ât¼YÅ6´Ì³
ÊM»½¹Y»2Á�·G¼�·¸¹^Ãq´ÌËKË'µ'À2¼�»bÛ=·¸¶4¼�Á�¾'¶�ÅOÂ_»2³�¼YÅ'· ¹�·G³�¾'Ë÷¼�³�·¸ËK·¸¶4¼Y´Kãy´÷¼0²�Ãq´ÌËKË'ß=·A¼�À_À*Å'´KºtÅOÜîÝ0µ�¶¸ÀtµU¼�¹Y»2³�¼XÂyÀtµ'ËK²
¼�Å'·�»2ºtºt¹Ç·¸ºU»½¼�·�Ê'ÅM»2³Ç·*À2áQ�6±-��ºt·G¼�³ä»bÛ=·¸¶4¼Y·G¿OÜ

J�K�ø ù�1 P7ú4RXPá= û�N,U21 üÌý°û)9 TiûrOQV'RXN
Ý0µn¼YÅ'´K³:³Ç·¸¶G¼�´ÌÀtµ<ÂsÃ�·�Ê6¹�·¸³Ç·¸µU¼�¼�Å'·�Êç·¸¹�áâÀt¹�Á�»2µ'¶G·�Á�Ày¿'·¸ËZ»2µ'¿ ·4È_Êç·¸¹�´KÁ�·GµU¼�»2Ëd¹�·G³�¾'Ë÷¼äÀ½á± Ý�ø ÝAÀïã2·¸¹
ã½»2¹Ç´ÌÀt¾'³:¿M»½¼Y»2³�·4¼Y³¸Ür ZÀu¿'·¸Ê'´K¶G¼�±nÝ�ø:Ý�ð ³�Ê=·G¹ÇáâÀt¹ÇÁ"»2µ6¶¸·2Â=Ãf·	¶GÀtÁ�Ê'»2¹�·G¿9´K¼äÃq´÷¼YÅ$�6±-��ÂOÝ��6±-��»2µ'¿
= ?@�A�B�øCAÜ
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CîÈ_Ê=·G¹�´ÌÁ�·¸µU¼�³ Ã�·¸¹�· Ê=·G¹ÇáâÀt¹ÇÁ�·G¿�À2µ »2µ�Ý0µ$¼�·¸Ë; O#O#ö±��:ù ì>·GµU¼Y´Ì¾6Á ÝÇÝ�ÝàÁ�»2¶�Å'´Kµ'·2Â�¹Ç¾'µ'µ'´Kµ'º
?q·¸¿'Å'»½¼��C´Kµy¾yÈ Ú Üv[2ÜB AÅ'·�Á"»2¶�Å6´Ìµ'·�ÅM»2³�d�[7^t± æ�²$¼Y·¸³:À2á^Á�·¸Á�Àt¹�²r»2µ'¿�`4¡W�*æ�²$¼Y·¸³ À2á�ËKÀ_¶¸»2ËD�¹�k�yÝ
¿'´K³�Æ	³�¼YÀt¹�»2ºt·2ÜQ AÅ6·ä¿M»½¼Y»2³�·4¼Y³�¶¸Àtµ'³Ç´Ì¿'·G¹�·G¿"áâÀt¹�·Gã½»2ËÌ¾'»½¼Y´KÀtµ"»½µ'¿�¼�Å'·äÁ�´Ìµ'´M¿'»½¼�»2ß'»2³�·:ºt·¸µ'·G¹Y»½¼�·¸¿u»½¹�·
³�¼YÀt¹Ç·¸¿�´Ìµw¿'´K³�ÆsÜ�± ·GÁ�À2¹Ç²°´K³	¶¸Àtµ6³Ç¼Y¹�»2´Ìµ6·¸¿w¼YÀ$ tê*æ�²$¼�·¸³	¼YÅ'¹ÇÀt¾'ºtÅ�Àt¾_¼	¼YÅ'·u·ÉÈ6Êç·¸¹Ç´ÌÁ�·¸µU¼Y³GÜ  AÅ'·
¿'·4¼�»2´KËÌ³SÀ½á>¼�Å'·*¿M»½¼�»½³�·G¼ ¶GÀtµ'³�´K¿'·¸¹Ç·¸¿ ´ÌµuÀt¾'¹q³�¼Y¾'¿6²n»½¹�·�¿'·G³�¶¸¹Ç´Ìßç·¸¿ ´Ìµt >»2ß'ËÌ·;^_Ü
û É	µ�É¹´	¸	µ ¹�·4áâ·¸¹Ç³Z¼�Àq¼�Å'·µM»2Á�·À2á_¼�Å'·¿M»½¼Y»2³�·4¼XÂ �É4Ç5ý�· ÿ�ÉXP�·�µ�¿ ´Kµ'¿'´Ì¶¸»½¼Y·G³O¼YÅ'·µ$¾'Á�ßç·¸¹dÀ2á6»½¼Ç¼Y¹�´Kß'¾6¼�·¸³
´Kµ ¼YÅ6· Ê Ã�Ä »�¯ÌË�Í ¶¸ËÌ»2¾'³Ç·2Â Ó ³�º�®¹É4ÇMS�¸	µÁ´ ´Ìµ'¿6´Ì¶X»Ä¼Y·¸³�¼YÅ'·�¼YÀ2¼Y»2Ëµ$¾'Á�ßç·¸¹�À2áf¼�»2¹Çºt·G¼�³�´ÌµF¼YÅ'·�¿M»½¼Y»6Â
ª¹·�þ�¸ÌüRÿ û Ë ´Kµ'¿'´K¶X»½¼�·¸³^¼YÅ6· ³Ç´ÌùG·AÀ2á=¼�Å'·A¿M»½¼Y»2³�·4¼XÂ Ã ª ´Kµ'¿'´Ì¶¸»½¼Y·G³^¼YÅ'·q³Ç´Ìù¸·AÀ½áO»�¼Y¾6Ê'ËÌ·��â´Ìµ}ßU²$¼Y·¸³��4Â ®�ª
´Kµ'¿'´Ì¶¸»½¼Y·G³�¼�Å'·�³Ç´Ìù¸·:À2áC¼YÅ6·:¼�»½¹�ºt·4¼fÍM·GËÌ¿'³��Ô´Ìµ�ßU²y¼�·¸³��4Â ¼¹ª ´Ìµ'¿'´K¶X»½¼�·¸³�¼YÅ'·:³�´ÌùG·äÀ2áC¼�Å'·äÁ�·X»½³�¾'¹Ç·äÍM·¸ËK¿'³
�â´Ìµ"ßU²$¼Y·G³��ÉÂ ¼�¸5Ébÿ ¹�·¸Ê6¹�·¸³Ç·¸µU¼Y³A¼�Å'·�Á�·X»2µ�ã2»½ËÌ¾'·:À2áC¼�»2¹Çºt·G¼f¶¸Àt¾6µ$¼�³¸ÂM»½µ'¿ Ñ É�Ç�·bÉbÿÁ²4¸ ¹�·GÊ'¹�·G³�·¸µU¼�³q¼�Å'·
ã½»2¹Ç´Þ»2µ'¶G·�´Kµ�¼�»2¹Çºt·G¼�¶¸Àt¾'µU¼�³¸Â ¬�¸OVÁ·�´ Ã É	µÁ·4ü ����� �W� `qÆ�� �WÑ �ä´K³�»àÁ�·X»2³Ç¾'¹�·�À2á¼YÅ'·�³ÇÆ2·4Ã¬´Ìµé¼�Å'·
¶GÀt¾'µU¼ ¿'´Ì³�¼Y¹�´Kß'¾6¼�´ÌÀtµOÂ6»2µ'¿ ª� ¹�·GÊ'¹�·G³�·Gµ$¼�³:¼�Å'·*³�Á�»2ËÌËK·¸³Ç¼f¼�»2¹Çºt·G¼ ¶¸À2¾'µU¼XÜ

¦uþ6ýXþ�0 Y þ¹�*÷ø�G0 ��©��ò� �D3 ö �_õ�3 ��3�£D� �� 3Uý ©Zþ¹¥ �Øý�� � þ¹�76�3Uý � üQZç¦�� ö-ö � ö I ö IÌ3$þ�© ��þ��b�âþ�©Zú43 ö"þ6ý7�âü ö Yº¼o [ db#O#b# ^b��æ [�¡ c c ^4db#4¡ Ú ¡O#4db#4 O#4`	 �[ cW#�[�dbT ^º�� [ [Ô#O#b#O# ^b��æ [�¡ c c [7^4d�[ ¡ [ c	c5d Ú `�^b¡�^ [4[7d	d�[ [º�� ^ [Ô#O#b#O# ^b��æ [�¡   c T4`�[ ¡ [7d*c� �[�`4¡4d4d [�¡4¡�[�  [
 >»2ß'ËK·;^��±ö<ýXþ6ý7� � ý7�Ôú � üQZ ýïûD3>÷dþ6ýHþ � 3Uý �

ÿ�´vÛ=·¸¹Ç·¸µU¼�¿M»½¼�»½³�·G¼�³u»2¹Ç·�¿'´K³Ç¼Y´Kµ'ºt¾'´K³�Å'·G¿\ßU² ¼YÅ'· µy¾6Á�ß=·G¹àÀ2á�¼Y»2¹�º2·G¼Y³"»2µ'¿\¼�Å'·�³ÇÆ2·4Ã À2á�¼�Å'·
¿'´K³Ç¼�¹�´Ìß6¾6¼Y´KÀtµOÜ;C^È_Êç·¸¹Ç´ÌÁ�·¸µU¼�»2Ëî¹�·¸³Ç¾'ËK¼�³�»2¹�·	³ÇÅ'ÀHÃqµ áâÀt¹�Å'´KºtÅ9³�Æ½·GÃ ¿'»½¼�»uÀtµ'Ë÷²tÂd»2³�±nÝ�ø:Ý:Ãq´KËÌË>µ'À2¼
Êç·¸¹�áâÀt¹�Á ß=·4¼�¼�·¸¹�áâÀt¹�ËKÀHÃ ³ÇÆ2·4Ã ¿M»½¼Y»9»2µ'¿w¼YÅ'·ußç·G¼Ç¼Y·G¹}»2ËK¼�·¸¹�µ'»½¼Y´÷ãt·"´K³�Ý��'±-��Ü�Ý0µw¼YÅ'·àáâÀtËKËÌÀHÃq´Ìµ6º
·ÉÈ6Êç·¸¹Ç´ÌÁ�·¸µU¼Y³	Á�Ày¿'·¸¹�»½¼Y·�µy¾6Á�ß=·G¹	À2áq¼�»2¹Çºt·G¼�³	¹�·GÊ'¹�·G³�·¸µU¼}¼YÅ'»½¼�¼YÅ6·à¼YÀ2¼Y»2Ëfµ$¾'Á�ßç·¸¹�À2áq¼�»2¹Çºt·G¼�³	¹�·
¶GÀtÁ�Ê'»2¹Y»2ß6ËÌ·q¼YÀ�¼YÅ6·�¼�»2¹Çºt·G¼�³f¼YÅM»Ä¼A¶X»2µàÍ6¼q´Ìµ"¼�À�¼YÅ'·�¶GÀtµ'³�¼Y¹Y»½´Ìµ'·G¿nÁ�·¸Á�Àt¹�²tÜg=�µà¼YÅ6·�À2¼YÅ6·¸¹AÅM»2µ6¿OÂ
Å'´KºtÅàµ$¾'Á�ßç·¸¹AÀ½áC¼�»2¹Çºt·G¼�³AÁ�·¸»2µ'³f¼�ÅM»½¼S¼�Å'·�µ$¾'Á�ßç·¸¹SÀ2ád¼Y»2¹�ºt·4¼Y³f¼�ÅM»½¼A¶¸»2µuÍ'¼A´Kµ$¼�À�¼YÅ'·äÁ�·GÁ�Àt¹�²"´K³
ã2·¸¹Ç²rËK·¸³Ç³¸ÂM´ÌµrÀt¾6¹A¶X»2³Ç·�´÷¼q´Ì³ [	��À2á>¼�Å'·*¿'´Ì³�¼Y´Kµ'¶G¼A¼Y»2¹�ºt·4¼Y³A´Kµr¼�Å'·*¿M»½¼Y»2³�·4¼XÜ

9 ·�µ'ÀHÃ ·ÉÈ6Ê6ËÞ»2´Kµà¼YÅ'·�Êç·¸¹�áâÀt¹�Á�»2µ'¶G·�ºt¹Y»½Ê'Å'³A³�Å6ÀïÃqµráâ¹�À2Á #î´Kºt¾'¹Ç·�cbhÚ¡_Ü�
j»ÄÈ_´Ì³S¹Ç·¸Ê'¹Ç·¸³Ç·¸µU¼:¼�Å'·
�$¾'·G¹Ç²9¹Ç·¸³�ÊçÀtµ'³Ç·�¼�´ÌÁ�·�áâÀt¹äã½»2¹Ç´ÌÀt¾6³�¹�·¸³Ç¾'ËK¼*³Ç·¸ËK·¸¶G¼�´Kãy´K¼�´Ì·G³¸ÂO¹Ç·¸Ê'¹Ç·¸³�·GµU¼Y·¸¿`Àtµ� »ÄÈ_´Ì³¸Âd¹�»2µ'ºt´Kµ'º"áâ¹�À2Á
#6ÜÝ#O#�[���¼YÀ�[Ô#��uÜ

#î´Kºt¾'¹�·ðcF¶GÀt¹�¹Ç·¸³ÇÊ=Àtµ6¿'³	¼YÀFÿ�»½¼�»½³�·G¼+º¼oÉÂÃqÅ'·G¹�·¸´Kµw¼YÅ'·r¿M»½¼Y»é´Ì³	Å'´KºtÅw³�Æ½·GÃ Ãq´÷¼YÅ�Á�À_¿'·G¹Y»½¼�·
µ$¾'Á�ßç·¸¹ À2áî¾'µ'´ �$¾'·*¼�»½¹�ºt·4¼Y³¸ÜB#sÀ2¹q¼�Å'´Ì³ ¿M»½¼Y»2³�·4¼XÂ=± Ý�ø ÝAÊ=·G¹ÇáâÀt¹ÇÁ�³qßç·G¼�¼�·¸¹q¼YÅM»½µ,�'±-�¨»2µ'¿ Ý��'±-�
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µ$¾'Á�ßç·¸¹qÀ2áZ¼�»½¹�ºt·4¼Y³S¼YÅ'»½¼ ¶X»2µrÍ'¼q´Ìµu¼�Å'·*Á�·GÁ�Àt¹�²tÜ
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#î´Kºt¾'¹�·�d�¶¸Àt¹Ç¹�·¸³ÇÊ=À2µ'¿'³S¼YÀ�ÿ�»½¼Y»2³�·4¼Äº��XÂ6ÃqÅ'·G¹�·G´Ìµu¼YÅ'·�¿'»½¼�»�´K³SÅ'´Ìº2Åà³�Æ½·GÃ Ãq´÷¼YÅuÅ'´KºtÅuµ$¾'Á�ßç·¸¹

À2á�¼�»2¹Çºt·G¼�³¸Ü�#MÀt¹�¼YÅ'´K³�¿'»½¼�»2³Ç·G¼¸Â�± Ý�ø Ý�Ê=·G¹ÇáâÀt¹ÇÁ�³*ßç·G¼�¼�·¸¹GÂî·Gã2·¸µ°¼�Å'Àt¾'ºtÅF¼YÅ'·�µ$¾'Á�ßç·¸¹�À2áS¼�»½¹�ºt·4¼Y³
¼�ÅM»½¼�¶X»2µ"Í6¼S´Ìµ�Á�·GÁ�À2¹Ç²}´Ì³�ËÌ·G³�³GÂ6´Ìµ�¼YÅ'´K³�¶¸»2³�·�»2³�¼�Å'·äµ$¾'Á�ßç·¸¹�À2áCß'¾6¶�Æ2·G¼�³A´Ìµ�¼YÅ'·:Á�·GÁ�Àt¹�²}´Ì³A[Hê	Â
Àtµ6ËK²>[���À2áZ¼YÅ'·�¼Y»2¹�ºt·4¼Y³q¶X»½µnÍ'¼ ´KµuÁ�·GÁ�Àt¹�²tÜ

#î´Kºt¾'¹�·�¡	¶¸Àt¹Ç¹�·¸³ÇÊ=À2µ'¿'³S¼YÀ�ÿ�»½¼Y»2³�·4¼Äº��XÂ6ÃqÅ'·G¹�·G´Ìµu¼YÅ'·�¿'»½¼�»�´K³SÅ'´Ìº2Åà³�Æ½·GÃ Ãq´÷¼YÅuÅ'´KºtÅuµ$¾'Á�ßç·¸¹
À2á�¼�»2¹Çºt·G¼�³¸Ü�#MÀt¹�¼YÅ'´K³�¿'»½¼�»2³Ç·G¼¸Â�± Ý�ø Ý�Ê=·G¹ÇáâÀt¹ÇÁ�³*ßç·G¼�¼�·¸¹GÂî·Gã2·¸µ°¼�Å'Àt¾'ºtÅF¼YÅ'·�µ$¾'Á�ßç·¸¹�À2áS¼�»½¹�ºt·4¼Y³



E %��8m�õÄÑ<ô4Õ ÙUÚ4Ò�õÄÑ6Ú I��

200

400

600

800

1000

1200

1400

1600

0.001 0.01 0.1 1 10

qu
ery

 re
sp

on
se

 tim
e (

in 
se

co
nd

s)

�

% targets selected

ORACLE
SMA
ISMA
MINI

#>´Ìºt¾'¹Ç· ¡���ûø�ò6çû ��� 3�õ��6û���6çû © �ø� � 35�àüQZAýHþ¹�76�3Uý �
¼�ÅM»½¼�¶X»2µ`Í6¼�´Ìµ Á�·GÁ�À2¹Ç² ´Ì³�ËÌ·G³�³GÂ^´ÌµF¼YÅ'´K³�¶¸»2³�·u»½³�¼YÅ6·"µ$¾'Á�ßç·¸¹�À2áAß'¾'¶�Æ½·G¼�³�´Kµ ¼�Å'·"Á�·¸Á�Àt¹Ç² ´K³
#6Ü_¡tê	Â'ËK·¸³�³A¼�ÅM»2µ$[	� À2áZ¼YÅ6·*¼Y»2¹�º2·G¼Y³AÍ'¼q´KµrÁ�·GÁ�Àt¹�²tÜ

J�K�� ��RXN,U29 T>?WV'RXN>?
9 ·"¿'·4ÍMµ'·G¿°áâÀt¹�¼�Å'·�Í'¹�³Ç¼�¼Y´KÁ�·�ø@h(Ý0¶¸·Gß=·G¹�º>�$¾'·G¹�´Ì·G³¸Â�»n¶¸ËÌ»2³�³�À2ák�$¾'·¸¹Ç´Ì·G³�·'�$¾M»½ËÌËK² ´KÁ�ÊçÀt¹�¼�»2µU¼�»2³
Ý0¶G·¸ßç·¸¹�º��y¾6·¸¹�´K·¸³GÂ6ß'¾6¼fÁ�¾'¶�ÅàÅ'»2¹�¿'·G¹�¼�À�¶¸À2Á�Ê'¾_¼Y·2Ü�9`·:Ê'¹�ÀHãy´Ì¿'·ä»�¶G¾'³Ç¼�ÀtÁ�´Kù¸·G¿à»2ËKºtÀt¹�´÷¼YÅ'ÁnÂt¶¸»2ËÌËK·¸¿
± Ý�ø Ý�Âf¼YÀwÅ'»2µ'¿'ËK·9ø@h(Ý0¶¸·¸ßç·¸¹Çº+�y¾6·¸¹�´K·¸³GÂä»2µ6¿ëÊ6¾6¼à¼YÅ6·9Ê=·G¹ÇáâÀt¹ÇÁ"»2µ6¶¸·éÀ2á ¼ Ò7Ó�Ò ´ÌµxÊç·¸¹�áâÀt¹�Á�»2µ'¶G·
Êç·¸¹Ç³�Êç·¸¶G¼�´Kã2· »2ºU»2´Kµ'³Ç¼�¼YÅ'·�ß=·Gµ'¶�Å'Á�»2¹�Æ\»2ËÌºtÀ2¹�´K¼�Å'Á�³¸Â ªb¼ Ð Â Ò ªb¼ Ð »2µ'¿ Ä	Ã�Ð �¬5« ÂA»½µ'¿ áâÀt¾'µ'¿ ¼�Å'·
áâÀtËKËÌÀHÃq´Ìµ6º¹�

¼ Ò7ÓÁÒ Ê=·G¹ÇáâÀt¹ÇÁ�³�ßç·G¼Ç¼Y·¸¹�¼�ÅM»2µ Ò ª	¼ Ð áâÀ2¹*»r¿'»½¼�»2³Ç·G¼*Ãq´K¼�Å ËÌÀHÃ�Ë½Á�À_¿'·G¹Y»½¼�·�µ$¾'Á�ßç·¸¹�À2á�¼�»½¹�ºt·4¼Y³
Ãq´÷¼YÅ Å'´ÌºtÅ�Ë½Á�Ày¿'·G¹Y»½¼�·u³�Æ2·4Ã*Ü�Ý(¼�µ'·4ãt·¸¹�Ê=·G¹ÇáâÀt¹ÇÁ�³}ßç·G¼Ç¼Y·¸¹�¼YÅM»½µ Ò ªb¼ Ð áâÀ2¹�¿M»Ä¼�»2³Ç·G¼Y³}Ãq´K¼�Å\Å'´KºtÅ
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