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³v´�µ0¶z·¹¸H·»º\¼ µ€·»½S¾A¶z¿c¼ µhÀhÁA·»Â2Áv·¹Ã�ÁvÄQÅo·¹¸H¿YÂŸ¶}·¹´�ÂŸ¼�º†Æ�¿^ÀaÄ

½}´�µ•¶zÇ™¼�Àa¿c¶ÉÈž´�µ.Ê ËÍÌÉÎ�Ïo¶^ÐTÑ¨Ò�µ€¿^¶}¿^¼�µ€ÀhÁŸ¿Yµh¶•ÁŸ¼•Æ�¿KÇŸµ}´�Ä

Ç†´�¶}¿^Å&¼6Â�Óv¸ÕÔ™¿^µ-´ Ö=Âv¿Y×I¸H¿a½€Áv´oÅv¶eÈž´�µ-¼�Åv¼�Ço½€¼ Ä

½}·¹´�Â™¶¡´�Ö#¿YØo·¹¶z½}·¹ÂvÃ%¸H¿Y½}Áv´oÅv¶hÑ²ÔŸ¼�¶z¿cÅ’Ò,·»Âe½€Áv¿Ù¸e¼�·»ÂZÒ

´�ÂÚÅv¼ ½€¼ ÄQ¶}ÇŸ¼�ÀY¿�ÇŸ¼ µ}½}·»½}·¹´�Âv·¹ÂvÃ™Û Ë0´g×=¿YÆ�¿YµcÒ ½}ÁŸ¿

Ç†¿Yµ}Öž´�µ€¸H¼�ÂŸÀa¿�´ ÖÕ½}Áv¿c¶z¿&¸H¿a½}ÁŸ´�ÅŸ¶6Ã�¿YÂv¿^µ€¼�º»º¹¾1Åo¿aÄ

Ã�µh¼�Åv¿^¶Ù¼�¶ÍÅv·»¸H¿YÂ™¶z·¹´�ÂŸ¼�º»·»½S¾„·»ÂŸÀYµ}¿c¼�¶}¿^¶^ÛÍÜÙºx½€Áv´�ÓvÃ�Á

½}ÁŸ·¹¶KÇvÁv¿^Âv´�¸H¿YÂŸ´�Â�Ý1Þ�Âv´g×ÉÂA¼�¶m½€Áv¿ÕÊ Åo·¹¸H¿YÂŸ¶}·¹´�ÂŸ¼�º

ÀaÓŸµ€¶}¿�Ð Ý	·\¶A×=¿Yº¹ºÙÞ�Âv´g×ÉÂ•Ò=º¹·»½z½}º¹¿ß´�µ(Âv´áà�Ó™¼ Â,½}·»½€¼ Ä

½}·¹Æ�¿A¼�ÂŸ¼ º¹¾o¶z·\¶
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âpÂ;½}Áv·\¶2ÇŸ¼ Ç†¿YµcÒ�×K¿�Çvµ€´gÆ�·¹Åo¿�¼ãÅo¿a½h¼ ·¹º»¿cÅ;¼�ÂŸ¼ º¹¾,Ä

¶}·¹¶6´ Ö-ÇŸ¼�µz½€·x½€·»´�Âv·¹ÂvÃá¼�ÂŸÅ+Àaº¹ÓŸ¶z½}¿^µ}·¹ÂvÃä½€¿^ÀhÁvÂv·\à,Óv¿^¶

Öž´�µÍ¶z·¹¸H·»º\¼ µ€·x½S¾6¶z¿c¼ µhÀhÁ(·¹Â2ËÍÌÉÎ�Ïv¶YÛKå�¿%¶}Áv´g×�Öž´�µ}Ä

¸e¼ º¹º»¾6½}Á™¼g½0½€Áv¿^¶}¿-¸H¿a½€Áv´oÅv¶Ù¿YØoÁv·»ÔŸ·x½Ùº¹·¹Âv¿^¼�µÍÀa´�¸4Ä

Çvº¹¿aØo·»½S¾ã¼ ½AÁv·»Ã�Á+Åo·¹¸4¿^ÂŸ¶}·»´�ÂŸ¼ º¹·x½S¾�ÒÉ¼ ÂŸÅã½€ÁŸ¼g½(¿YØ�Ä

·\¶S½€·»ÂvÃ�¸H¿a½€Áv´oÅv¶e¼ µ€¿2´�Óo½€Ç™¿^µzÖž´�µ}¸H¿cÅæ´�Â	¼•Æ�¿^µ€¼�Ã�¿

Ô�¾�¼ ¶}·»¸HÇvº¹¿A¶}¿^à,Óv¿YÂ,½€·¹¼�º¡¶}À^¼ Â�·»ÖK½€Áv¿AÂ�Óv¸%Ô†¿Yµ%´ Ö

Åo·¹¸H¿YÂŸ¶}·»´�ÂŸ¶.¿aØvÀY¿Y¿^ÅŸ¶É¼ µ€´�ÓvÂŸÅßç^èŸÛ•éK´�ÂŸ¶}¿^à,Óv¿YÂ,½€º»¾�Ò

×=¿HÀY´�¸H¿HÓvÇ&×É·x½€Á�¼�Â&¼�ºx½€¿Yµ€ÂŸ¼g½€·»Æ�¿Õ´�µ}Ã,¼ Âv·¹ê^¼ ½}·¹´�Â
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ÀY¼�º»º¹¿^Å;ù�ú
ûbü¡ý»÷aÒv¼�ÂŸÅ„µ}¿^Ç™´�µz½É´�Â„¼�Â„¿YØoÇ™¿^µ}·¹¸H¿YÂ,½€¼�º

¿YÆg¼�º»ÓŸ¼ ½}·¹´�ÂA´�ÖZ½}ÁŸ·¹¶.¼ Â™ÅA´ Ö•½S×K´%½}µ€¿Y¿aÄQÔŸ¼�¶z¿cÅe·»Â™Åo¿aØ
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º\¼ µ€·x½S¾ä¶}¿^¼ µhÀhÁZÒk·NÛ ¿�Û‹½}ÁŸ¿6Âv¿^¿^Åæ½}´Š‰™ÂŸÅá¼�¶z¸e¼�º»º.¶z¿Y½4´�ÖÙ´�ÔvÄ
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¿^Àa½€¶Õ×ÉÁv·\ÀhÁ�¼ µ€¿6¶}·»¸H·¹º¹¼�µ%´�µÕÀaº¹´�¶}¿e½€´�¼ Ã�·»Æ�¿YÂæà,Óv¿^µ}¾�´�ÔvÄ
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¿^Àa½^ÛEŒ ´,¶S½€º»¾�Ò�¶}·¹¸4·¹º\¼ µ€·x½S¾Õ·¹¶KÂv´ ½=¸H¿^¼�¶}Óvµ€¿^ÅH´�ÂH½}Áv¿�´�Ô
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¿cÀ¨½h¶

Åo·¹µ}¿cÀ¨½€º»¾�Ò™ÔvÓv½Íµh¼g½}ÁŸ¿YµÙ´�Â ¼ ÔŸ¶z½}µh¼�Àa½}·¹´�ÂŸ¶0´ Ö•´�Ô
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¿^À¨½h¶É½€¿Yµ€¸4¿cÅ
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÷hëgóFŽoí}÷aõhÛ�âpÂæ¸e¼ Â�¾�ÀY¼�¶}¿^¶^Ò‹Öž¿^¼ ½}Óvµ€¿^¶Õ¼ µ€¿AÇ™´�·»Â,½h¶%·¹Â�¶}´�¸H¿

Áv·¹Ã�ÁoÄpÅo·¹¸H¿YÂŸ¶}·»´�ÂŸ¼ º�Æ�¿cÀ¨½€´�µ2¶zÇŸ¼�Àa¿ãÈž´�µ&ÊTËÙÌÉÎ
Ï#ÐTÑ¨Ò0¼�¶„¶}ÓŸÀhÁ

½}ÁŸ¿Y¾á¼�µ}¿6½}¿^µ}¸H¿cÅ

•

÷hëgóFŽoí}÷ ö•÷høYóQî íhõhÛb•.Áv¿ Â�Óv¸ÕÔ™¿^µe´ Ö
Åo·xÄ

¸H¿YÂŸ¶}·¹´�ÂŸ¶É·¹Â ¶}ÓŸÀhÁ„Öž¿^¼g½€Óvµ€¿-Æ�¿cÀ¨½}´�µ€¶.Æg¼�µ}·¹¿^¶ÉÔ†¿a½S×=¿Y¿^Â2¸4´oÅ�Ä

¿Yµh¼g½€¿�Ò�Öžµ}´�¸‘•;’R“�·»Âv”xç)•[–’´�µ�•P—-·»Âv” ˜P™)–[Òo¼�ÂŸÅAº\¼ µ€Ã�¿�Ò�¶}ÓŸÀhÁ6¼�¶

˜vç[—Í·»ÂA¼
µ€¿^ÀY¿YÂ,½}º¹¾,Ä[Çvµ€´�Ç†´�¶}¿^Å4Àa´�º»´�µ²·»Â™Åo¿aØo·¹ÂvÃ-¸H¿a½€Áv´oÅW”xç)˜[–[Ò

´�µe´gÆ�¿YµX•�è�èß·¹Â1¶z´�¸4¿ ¼�¶S½€µ}´�Âv´�¸H·\ÀY¼ º=·¹ÂŸÅo¿aØo¿c¶W”xç[™)–[Ûš•.ÁŸ¿

¶}·»¸H·¹º¹¼�µ}·»½S¾-´ Ö™½S×K´
´�Ô

‹

¿^Àa½€¶m·\¶‹½}Áv¿^ÂH¼�¶}¶}Óv¸H¿^Å%½}´�Ô†¿ÉÇvµ€´�Ç†´�µ}Ä

½}·¹´�Â™¼ ºZ½€´e½}ÁŸ¿Õ¶}·»¸H·¹º¹¼�µ}·»½S¾(´�Ö‹½€Áv¿Y·¹µ0Öž¿c¼g½€Óvµ}¿%Æ�¿^Àa½}´�µ€¶^Òv×ÉÁv·\ÀhÁ

·\¶%¸H¿^¼�¶zÓŸµ}¿cÅä¼�¶�½€Áv¿6Åv·¹¶z½€¼�ÂŸÀa¿6Ô™¿Y½S×K¿^¿YÂäÖž¿c¼g½}ÓŸµ}¿6Æ�¿^Àa½}´�µ€¶^Û

ÜÙ¶.¶}ÓŸÀhÁZÒv¶}·»¸H·¹º¹¼�µ}·»½S¾e¶z¿c¼ µhÀhÁA·\¶K·¹¸HÇvº¹¿Y¸H¿YÂ,½}¿cÅ6¼�¶.¼%Âv¿c¼ µ€¿^¶z½

Âv¿^·»Ã�Á,Ô†´�µ0¶}¿^¼�µ€ÀhÁ6×É·x½€Áv·¹Â6½€Áv¿
Öž¿^¼ ½}Óvµ€¿�¶zÇ™¼�Àa¿�Û

•.Áv¿ Àa´�Â�Æ�¿YÂ,½€·»´�ÂŸ¼ ºÉ¼ ÇŸÇvµ}´,¼�ÀhÁ�½}´ä¶zÓŸÇvÇ™´�µz½€·»ÂŸÃ�¶}·¹¸4·¹º\¼ µ}Ä

·»½S¾	¶}¿^¼�µ€ÀhÁŸ¿^¶H·¹Â�ËÙÌÉÎ
Ïo¶6·¹¶(½}´æÓ™¶z¿&¼ä¸%Óvº»½}·\Åo·¹¸H¿YÂŸ¶}·»´�ÂŸ¼ º

·¹ÂŸÅo¿aØA¶z½}µ€ÓŸÀ¨½€Óvµ€¿�Û²Ï�ÇŸ¼�ÀY¿aÄQÇŸ¼ µ}½}·»½}·¹´�ÂŸ·»ÂvÃ%¸4¿Y½}Áv´oÅv¶Kº¹·»Þ�¿0Ã�µ€·¹ÅoÄ

‰Ÿº¹¿›” ™Pœ5–[ÒI•�ÄpÌ0Ä�žKÄN½€µ}¿^¿v” ™>“[–0´�µAà,ÓŸ¼�Å�½€µ}¿^¿v”»ç5“;–ÙÅo·»Æ�·\Åo¿2½}ÁŸ¿

Åv¼ ½€¼+¶}ÇŸ¼�ÀY¿�¼ º¹´�ÂŸÃ+Çvµ€¿^Åo¿D‰ŸÂv¿^Å ´�µßÇŸµ}¿cÅo¿a½€¿Yµ€¸4·¹Âv¿cÅ�º»·¹Âv¿^¶

µ€¿YÃ�¼�µ€Åvº»¿c¶}¶e´�Ö%Åv¼g½h¼�ÀYº»ÓŸ¶z½}¿^µ€¶^Û ÌÍ¼ ½€¼gÄQÇŸ¼�µz½€·x½€·»´�Âv·»ÂŸÃæ·»Â™Åo¿aØ

½}µ€¿Y¿c¶ ¶zÓ™ÀhÁ�¼�¶ þ.Ä[½}µ€¿Y¿b” ™vç�–QÒ-þ Ÿ‹ÄN½€µ}¿^¿š” ˜�è[–QÒ
þ_¡cÄ[½}µ€¿Y¿b” ™;–[Ò

�0Ä[½}µ€¿Y¿¢”£œ)–QÒKÏoþ.Ä[½}µ€¿Y¿›” ™;•;–QÒ2Œ2Ä[½}µ€¿Y¿¢”xçcè[–QÒ1•.Î0Ä[½}µ€¿Y¿¢” ™$—)–0´�µ

Á'žKÄ[½}µ€¿Y¿¤” ™>¥;–
Åo·¹Æ�·¹Åv¿ß½€Áv¿&ÅŸ¼g½€¼á¶zÇ™¼�Àa¿&¼�À^Àa´�µhÅo·¹ÂvÃ�½}´á½}ÁŸ¿

Åo·\¶S½€µ}·¹ÔvÓo½€·»´�Â�´ ÖAÅv¼g½h¼ã´�Ô

‹

¿cÀ¨½€¶ ·»ÂŸ¶}¿Yµ}½}¿cÅ*´�µ º¹´�¼�Åo¿^Å;·»Â,½€´

½}ÁŸ¿6½€µ}¿^¿�ÛTžK´�½z½€´�¸4Ä[ÓŸÇ�¸H¿a½€Áv´oÅv¶YÒ=¼ º\¶z´�ÀY¼�º»º¹¿^ÅáÀaº¹ÓŸ¶z½}¿Yµ€·¹ÂvÃ

¸H¿a½€Áv´oÅv¶YÒ,¼ ·¹¸ ¼g½²·\Åo¿YÂ,½€·xÖž¾�·¹ÂvÃ-Àaº¹ÓŸ¶z½}¿Yµh¶m¿Y¸ÕÔ™¿cÅvÅo¿cÅÕ·¹ÂeÅv¼g½h¼

·¹Âæ´�µhÅo¿Yµ-½}´ µ€¿^ÅoÓ™Àa¿e½€Áv¿6¶}¿^¼�µ€ÀhÁ�½}´&Àaº¹ÓŸ¶S½€¿Yµh¶
½}Á™¼g½ÕÇ†´ ½€¿YÂoÄ

½}·\¼ º¹º¹¾2ÀY´�Â,½€¼�·»Â2½€Áv¿%ÂŸ¿^¼ µ€¿^¶z½ÙÂv¿^·»Ã�Á�Ô™´�µÙ´ Ö²½€Áv¿Õà,Óv¿^µ}¾�ÛÍÏ�¿^Æ�Ä

¿Yµh¼ º’¶}Óvµ€Æ�¿Y¾o¶=Çvµ€´gÆ�·¹Åo¿�ÔŸ¼�ÀhÞ,Ã�µ}´�ÓvÂŸÅ6¼ ÂŸÅ„¼ ÂŸ¼�º»¾o¶}·¹¶=´�Ö•½}ÁŸ¿^¶}¿

¸H¿a½€Áv´oÅv¶4”»ç Òp˜oÒ†ç)—�Òp™>•[–QÛ²Ü0º»½}Áv´�ÓvÃ�ÁH½€Áv¿^¶}¿Í¼�ÀYÀa¿c¶}¶•¸4¿Y½}Áv´oÅv¶

Ã�¿^Âv¿Yµh¼ º¹º¹¾ß×=´�µ€Þß×=¿Yº¹º•Öž´�µÕº»´g×.ÄpÅo·¹¸H¿YÂŸ¶}·»´�ÂŸ¼ ºK¶zÇŸ¼�Àa¿c¶YÒk½}Áv¿^·»µ

Ç†¿Yµ}Öž´�µ€¸H¼�ÂŸÀa¿ß·¹¶„Þ�Âv´g×ÉÂ1½€´áÅo¿^Ã�µh¼�Åo¿ß¼�¶A½€Áv¿&Â,ÓŸ¸%Ô†¿Yµ„´ Ö

Åo·¹¸H¿YÂŸ¶}·»´�ÂŸ¶Í·»ÂŸÀYµ}¿c¼�¶}¿^¶SÝ1¼AÇvÁv¿YÂŸ´�¸H¿YÂv´�Â ×ÉÁv·\ÀhÁßÁŸ¼�¶ÙÔ†¿Y¿^Â

½}¿^µ}¸H¿cÅ2½}Áv¿§¦gðòñe÷aôŸõ¨ðªîgô†ë ý¡ø6ŽoíhõY÷YÛ4•.Áv·\¶ÍÇvÁv¿YÂŸ´�¸H¿YÂv´�Â ÁŸ¼�¶

Ô†¿Y¿YÂ�µ}¿^Ç™´�µz½€¿^Å&Öž´�µ%½}Áv¿„þ4¡cÄ[½}µ€¿Y¿¨” œ[–[Ò‹½}ÁŸ¿N�0Ä[½}µ€¿Y¿v” •>–.¼�ÂŸÅ

½}ÁŸ¿%Ïoþ.Ä[½}µ€¿Y¿©” ™>•;–QÒŸ¼ ¸H´�ÂŸÃ4´�½}Áv¿^µ€¶^Û

âpÂ	½}ÁŸ·¹¶6ÇŸ¼ Ç†¿YµcÒ.×K¿�¶S½€ÓŸÅo¾ã½}Áv¿ßÇ™¿^µzÖž´�µ}¸e¼ Â™Àa¿ ´ Ö-Ô†´ ½€Á

¶}ÇŸ¼�ÀY¿aÄÉ¼ ÂŸÅ&Åv¼g½h¼gÄQÇŸ¼ µ}½}·»½}·¹´�ÂŸ·»ÂvÃ6¸H¿a½}ÁŸ´�ÅŸ¶�¼ ½�Áv·»Ã�Á�Åo·¹¸H¿YÂoÄ

¶}·»´�ÂŸ¼ º¹·x½S¾ÍÖžµ€´�¸�¼É½€Áv¿Y´�µ}¿Y½}·\ÀY¼ º,¼ ÂŸÅ-Çvµ€¼�À¨½€·¹À^¼ º�Ç†´�·¹Â,½k´�ÖvÆ,·¹¿Y×�Û
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Number of dimensions (d)

Hyper-Cube MBR, m=100

E(NN-dist)
lmax [N=100'000, d'=10]

lmax [N=1'000'000, d'=14]
lmax [N=10'000'000, d'=17]
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Number of dimensions (d)

Hyper-Cube MBR, m=100

N=100'000 [d'=10]
N=1'000'000 [d'=14]

N=10'000'000 [d'=17]
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Hyper-Sphere MBR, N=1'000'000
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N=100'000, uniformly distributed, k=10

ÿ��������	��

���������������������
���	��� ���"!�#$�%#�&'��()���	����(*�$&,+���-%�.(�/

�0����()#1���2�"!�354�687:9;&'���<#1���=�?>�@A���0��-%�.(B�	��3

C

���D#1()+E��#1()+���-GF0HI��@A���	#1�0���$()�J���.�.����3KFL&��0� �%-M#1( !N�$O�/

P

���?�	���0��-M#1��(RQ$�	S��T@U�.�0&'�$�	-M#1()�.�V��#$��(N+��)�<�0�W�0S��X�0�
+��)�?�
+

�$�����)-Y�Y�1&V#1@)@��0�Z>���-M#[�0���$(A�T�\�]���B�"�
3Y^_S)�%�0�.�����?�0��� �2�"!`�.> /

@U�.�	��-%�.(B���a��(…ÿ��������	�b

c`��S��[d<�a��-%@��	�[�$�
+e�$�
���0���;�0�.�����?/

�0��� �2�"!E#$�_�	S��D( ��-aOU�.�T�1&f+�#[��#%@A����(B�	�<��()�.�0�
#$�0���DgihY7kj1l)Q

m 7n
�l)Q;4 6 7o9)QW��(���&'�$�	-%��!p+��\�"�	�0��O����	��+q+)#[�	#Br�3tsJ�

un7vj1l$l�w2l�l$l�QJ�����	�M�0SA#1(xl�3�
Zyzg{7]j1l�l�rY�$&,�	S��`�������	�$���

�	�.-M#1��(�#1&|�0�.�,�	S����

C

�2�	�.�	��(������0�.@83;}<�$�0�;�0S)#1�D��(��0S��\�

C

�$/

���	�$Q �	S��D�	#$(��$�,�1&��0S)�D!�/~#[>��\�J���_&'�	�$-•la�	�Nl�3€c�y•3

‚•ƒ�ƒ$„ …
…�†i‡‰ˆ‹Š�Œ�„Y•]„ ƒ$Š�ŽA•Z…�•
s<&|�0�.�5�0S��

C

���0���0��(��D�"�	�.@RQ�#

�0-%#$���K�0�?�]�1&‘�.#$()+��\+�#[�	���X�0��-M#1��(R3,^_S)���0�;�.#$()+��\+�#[�	���,#1�	�

�0S)�.(�� �\�����0�
+e��(���()�.�0�
#$�0��(��’���	+��.�W�$&J�	S��.���Y���[dJ�.�WOU�$�)()+

�$(;�0S)�<+������	#$()�?�_�	�,�0S��<“B�����0!W@U�$��(B��”%Q$#$()+W�	S��<#$���?����#[�	�

+��\�"��#1()�.�a�	�`”G�\�,+��?�0���0-%��(���+R3;•<�[dJ�.���.�
Q–(��1�D#1���5�.#$()+���/

+�#1�0���a-a�)���;OU�‹#��.�.���	���
+=3’—<#[�	S��.�
QK�2&T#’���[dJ�.�WOU�$��(A+˜���

�.(A�?�$�)(��	�.�	��+��0SA#[�;�.>��?�.�
+��]�	S���g
m

/i�	SAr](��
#1�	�����a+��\�"��#1()�.�

�0�.�.(I�0�™&š#$��QX�0S��˜›KsV/

C

���e-Y�.�0S���+I���0�$@A�.3œ^_S��e�0�
���)�2�0/

��(��`( ��-aOU�.�;�1&T#��.�?�
�0�0���,�	�`�	S��N�$�
���	�$�

C

���•�\�a�0S��[dV(˜��(

ÿ��������	�‹
Zc%&'�$�%

l[�0S�(���#$�0�
�"�](�������SBOU�$�]�0��#1����S��
�T��(�#�j1l1/

+���-%�.()�0����()#1�{Q8�)(��2&'���0-%��!b+��\�"�	�0��O����	��+e+�#1�	#’�0�?�•gi4?6V7G9�r�3

sJ�;u•7žj$l

w

l$l$l)Q8��(���!*
�ŸE�$�
���	�$���D#1�	�M�B�\�0�2�	��+=Q�dVS������N#1�

u 7¡j1l�l
w

l$l$l��$(���!:c1l������?�0�$���•#$�0��#$�.�.���	���
+=3¢•<�.(A�?�$Q

#1@A#1�0�‰�1&)�0S��V#1(A��dJ�.�K���.�_g�
�lBrR��(���!W#,�0-%#$��� ( ��-;OA���‰�$&U#$+�/

+����0���$()#$�A�����?�0�$���5#$�0�<� �\�����0�
+bgiŸZ£U

l�r?38¤xS����0�
#$�•ÿ‰���$�)�0�W
Zc

@����1���R�	S��‘@U�.���?��(���#1���f�1&��$�
���	�$���R� ���0���0��+RQ!ÿ����$���	�<

�<��S)�[d<�

�0SA#[�V�0S)�W@A���	�.�.(B�	#$�$�]�1&K� ���0���0��+EO����������_��(��	S��D�$�
���0���

C

���

�0S��0��(����JdVS��.(E+���-Y��()�0����()#1���2�"!M��()�.�0�
#$�0����3�^_S��\�J�$��#1@�S‹+��2/

�	�����	��!D�	�?¥A�������R�	S��J�����0��-%#1�0�
+WF0H¦�.�������$&��0S��J›KsV/Rÿ‰�����J#$()+

�?>�S���O����	�J�	S)#[�V�$�)�Tc1lBy§�	S��	���0S��$�\+N�\�_(��1�V�	��#���S���+•OB!N&š#1�
Q

�.���.(¨�2&_�	S��M( ��-aOU�.�D�$&_+���-%�.()�0���$()�]OU���.�$-%�M�$���0!’�\#1�	�$��3

F~(M�	S)#[�_����()����Q$�	S��T›KsV/Rÿ������T�[���.���?��-Y�
���0S��,+���©M�.�����0�������1&

S����$S�+���-Y��()�0����()#1���2�"!�3

ª‰«\¬ ­

„B•Z®LŽA•[¯�°�‡�ƒ$„�±;ŽU¯˜²�°�•Z†i…�ŽU‡

F~(N���	+����5�	�a+��.-%��()�"�	�	#1�0�X�?>�@A���0��-%�.(B�	#$����!;�0S)#1���$�)��#1(A#1��/

!����\�,���,�	��#$���\�"�	���$QR#1()+`�0�’+���-Y��()���0��#[�0�a�0S)#1�]�0S��%›KsV/Rÿ‰�����

-%�?�	S���+��%���%#�� ��#$O�����#1���0���0(A#[�0���$��Q5dJ�‹@U�.�0&'�$�	-%��+�-M#$(B!

�.�[#$���)#1�0���$()�‰O)#����
+]�$(;�0! (B�0S��.�0�\�‘#$�‰dJ�.���B#��8�	��#$��+�#1�	#T�0�?���.3

^_S��E&'�$�����[dV��(���&'�$�)�N���
#1����S™�"�	�0�A���0�)�0�
�;dJ�.�	�E�.�[#1���)#[�	��+=�

^_S��D›KsV/Rÿ������$Q��	S��W—X³Z/i�	�0���$QB�0S��D´T/i�	�0���D#1()+�#%����-%@����W���./

“B���.(B�	��#$�A�	�.#1(83�^_S��X��! (B�0S��.�0�\�T+�#1�	#W�0�?�J�?�$(A���\�"�	��+%�$&–�)(��2/

0

20

40

60

80

100

120

140

0 5 10 15 20 25 30

%
 V

ec
to

r/
Le

af
 b

lo
ck

s 
vi

si
te

d

Number of dimensions in vectors

N=50'000, uniformly distributed, k=10

Scan
R*-Tree
X-Tree
VA-File

ÿ��������	�•
.µA�V���������’�������
���0��� �2�"!E�1&J��! (B�0S��.�0�\�a+�#1�	#)3]4�657q¶

&'�$�<#$���=�.>�@A���0��-%�.(B�	��3

0

20

40

60

80

100

120

140

0 5 10 15 20 25 30 35 40 45

%
 V

ec
to

r/
Le

af
 b

lo
ck

s 
vi

si
te

d

Number of dimensions in vectors

N=50'000, image database, k=10

Scan
R*-Tree
X-Tree
VA-File

ÿ��������	�a

j��f���������M�������
���0��� �2�"!%�$&8�0�
#1�–+�#[��#�354�6‰7:¶W&'���J#$���

�?>�@U�.�	��-%��(����.3

&'�$�	-%��!E+��\�"�	�0��O����	��+’+�#1�	#%@U�$��(����.3J^_S��D�	��#1�‰+�#[��#M���.�<dJ#��

�$O��	#1��(��
+•O !N�.>B�	�	#����	��(��YµBj[/L+���-%�.(A�����$()#$�)&'�
#[�	���0�]�������	�$���

&'�	�$-·#1(’��-M#1�$�;+�#[��#1O)#����a�.�$(B�	#$��()��(��•-Y���0�W�0S)#$(�j1l)¸ l�l$l

��-%#$�$�
�0¹[3x^_S���( ��-;OA���M�1&X()��#1�	�����%(��.���$S OU�$�%�0�˜�0��#$�	��S

d_#$�‘#$��d_#Z!��_
�lNgš�i3 �$3
m

7p

l�r?3�sT���U�?>�@U�.�	��-%�.(B���‘dJ�.�	�V@A����/

&'�$�	-%��+’��(`#‹º �)(¨º�»=sX—V¼J���	#1�0���$(’µ‹dV�2�	Sb91µ•½b��!B�	���X�1&

-M#1��(%-Y��-%�$�	!W#1()+%#1����+�#1�	#,dJ#��f�"�	�$�	��+;�$(Y�2���f��� ��#1��+��\�0�U3

^_S��%�0��#1(b#$�����$�	�2�	S�-¾�0�.�0�	�����$��+b+�#[��#N��(bO�������� �X�1&�µ�l$l�¿%3

^_S��‹O��������¨����À.�‹�1&_�0S��‹´</{�0�	�.��QK—,³
/{�0�	�.�N#1(A+e�0S��•�$���?�0���

C

���X�$&8�	S��X›KsV/Rÿ������]dJ#���#$��d_#Z!���¶�¿%3B^_S)�X( ��-;OA���V�1&8O����	�

@U�.�T+���-%�.()�0���$()�_d_#$�_¶�3

ÿ��������	�E
�µ`#1()+Á
Zj�+��.@��\�����]�0S)�N@A���	�.�.(B�	#$�$�%�1&VO����������

� ���0���0��+‹&'�����	S��W�0!B(B�	S��?�	���D#$()+N�	S��D�	��#1�=+�#1�	#%�0�?��Q)�0�
��@U���?/

�0���$����!�Q‘#$�Y#’&'�)()���	����(*�$&T+���-%��()�����$(A#1���2�"!�3esX�Y@��0�
+��\���0�
+

O !a�����5#1()#$��!��0����Q[�	S��_�0�	�.�./{-%�?�	S���+��5+����$��(��.��#[�	�‘�	�W#D�0��#1(

�0S)�0�����$S’#1���8����#1&�()� +�����3JF~(’@)�	#����0�\�?��Q�O)#����
+‹��(’�$���,c1lBy

�0S)�0�
��S�����+RQA�	S��%@A����&'���0-M#$()�?�;�1&5�	S����0�Y+)#[�	#1/{@A#1�0�0���0���$(���(��

-%�?�	S���+��,OA�
�?�$-%�
�TdJ�$�����W�0S)#$(`�0SA#[�X�$&�#•�0��-Y@)���%�0��#1(`��&

+���-%�.()�0����()#1�����"!X�.>��.�.�
+��f
�l)3�HX(]�0S)�‘�1�	S��.�‰S)#1(A+=Q.�	S��‘›KsV/

ÿ������5��-%@��0�[�����=dV���0S;+���-%��()�����$(A#1���2�"!,#1()+]�����0@U�.�0&'�$�	-M�=�0S)�

Â	Ã8Ä
Å�Æ"Ç�È€Ç�ÉMÊ{Ë€ÌVË€ÈÎÍ�É{Ë Ï|Ð�ÌVÅ�Í�Ê{ÑZÉiÅEÒZÅ"ÊiÆ�ÉiË€Ó1Å�Ò™Ó?Ð*Ô.Ï{ÉiË€ÆLÕ�Å"ÉNÍ�ÖZÒ

×

É{Å"ÖZØ�ÇVÙ Ú�Û	ÜZØ�Å�Ö
Å�É{Í	Ï{Å"Ê=Ý	Þ\ÒZË€ÌVÅ"ÖZÊ{Ë€Ç�Ö[Í�È.ß�Å�Í	ÏiÑZÉ{Å=à?Å"Æ~Ï{Ç�ÉiÊUß�Ç�É)Å�Í�ÆLÄVË€Ì_Þ

Í�Ø�Å�áJâ˜Ö
Å"ã–Å�É5Í�ä
äZÉ{Ç?Í�ÆLÄaÏ{ÉiÅ�Í	Ï{ÊKåZà?ÅJÇ0à?Å"É{ÈÎÍ�äZä
Ë€ÖZØ,ä[Í�ÉšÏ{ÊfÇ�ß–Ë€Ì<Í�Ø�Å�Ê

Ê{Å"ä[Í�É{Í	Ï{Å"È Ð?æfÍ�Ö
Ò�Ø�Å"ÖZÅ"ÉLÍ	ÏiÅ�Ê]Í%ç?è	Þ|ÒZË€ÌVÅ"ÖZÊ{Ë€Ç�ÖZÍ�È‰ß�Å0Í	ÏiÑZÉiÅWà?Å"Æ~ÏiÇ�É,ß�Ç�É

Å�Í�ÆLÄJË€Ì<Í�Ø�Å�á�é8Ç�Ï{Å�ê ÏiÄZË€Ê�ÌVÅ~Ï{Ä
Ç�Ò‘Ë€Ê�ÖZÇ�Ï)Ó[Í�Ê{Å"Ò�Ç�Ö�Æ"Ç�È€Ç�É�ÄZË€ÊiÏiÇ�Ø�ÉLÍ�ÌVÊ�á



100

1000

10000

100000

0 5 10 15 20 25 30 35 40 45

E
la

ps
ed

 T
im

e 
fo

r 
N

N
-s

ea
rc

h 
(m

s)

Number of dimensions in vectors

N=50'000, image database, k=10

Scan
R*-ree
X-tree

VA-File

ë�ì�í�î�ï	ð™ñ�ò)óeô¨õ$ö�ö�÷Lø.ö�ù�ø�ú*û0ì�ü%ðbý'ù�ïNû0þ)ð�ì�üMõ1í$ð�ÿ�õ[û�õ��)õ���ð��

���	��
 ý'ù$ï<õ1ö�öRð
���Uð.ï	ì�üYð��Bû����

û0ï	ð.ð.÷{ü%ð.û0þ�ù�ÿ����Uð
��ù��)ÿEõMÿ�ì�üYð����0ì�ù��)õ1ö�ì2û��•ù1ý�ò��

ô¨ð<ý'î�ï0û0þ�ð�ï��Uð.ï0ý'ù$ï	ü%ð�ÿ%û	ì�ü%ì���íað
���Að�ï0ì�ü%ð
�Bû����)õ��0ð�ÿ%ù��

û0þ)ð’ï0ð
õ1öVÿ�õ[û�õ���ð.ûMõ��)ÿÁù��¦õ��Z÷~ÿ�ì�ü%ð�����ì�ù��Aõ1ö �5î���ì�ý'ù$ï	ü%ö!�

ÿ�ì"�"û	ï0ì���î�û	ð�ÿ*ÿ�õ[û�õ#�0ð?û��%$&�™ë�ì�í$î�ï	ðbñ
ò���û0þ�ðEð.ö\õ��'��ð
ÿeû0ì�ü%ð

ý'ù$ï]ñ)([û0þ*��ð�õ$ï0ð)�"û���ð�ì�í�þ+�Uù$ï,�0ð�õ$ï	ø�þ�ð)�5ì��•û	þ�ð]ï0ð
õ1ö=ÿ�õ1û	õ-��ð.û

.

ì�û0þ0/[õ1ï�� ì!�)í™ÿ�ì�üYð����0ì�ù��)õ1ö�ì2û��Áì"�1��ö�ù1û0û0ð�ÿ2�43<ù$û0ì\ø?ðbû0þ)õ1û

û0þ)ð��	ø.õ$ö�ð�ù1ý;û0þ�ð%5B÷Lõ�� ì"�‹ì��Eö�ù$í�õ$ï0ì�û0þ)üYì\ø�ì!� û0þ�ì"�76)í$î)ï0ð��

$&� ö�ù

.

÷~ÿ�ì�ü%ð�����ì�ù��Aõ1ö]ÿ�õ[û�õ8�9�)õ$ø.ð����<û0þ)ð%�0ð�:Bî�ð���û	ì�õ$ö;�0ø�õ��

<

�>=@?A= ò�BMõ��)ÿ*û0þ�ðDC<÷{û0ï	ð.ð

<

?AEF��BG��ï	ù�ÿ�î)ø.ð’ö�ð
õ���û

ÿ�ì"��ú]ù��Að�ï	õ1û0ì�ù��aõ��)ÿDðH��ð
ø?î�û	ð‘û	þ�ð��)ð�õ1ï	ð���û	��ð�ì�í�þ��Aù�ïI�0ð�õ$ï	ø�þ

ýšõ���û0ð)�"û)�J$&�;þ�ì�í$þ�÷~ÿ�ì�üYð����0ì�ù��)õ1ö�ÿ�õ1û	õK�L�)õ�ø?ð)�
�
û0þAõ[ûfì��M?1N*ò��

û0þ)ð7OQPV÷~ë�ì�ö�ð�ù$î�û��Að�ï�ý'ù�ï0üR�%õ1ö�öVù1û	þ�ð.ï%ü%ð?û	þ�ù�ÿ����S$&�¦ë�ì�í$÷

î�ï	ð™ñUT��_û0þ)ð

.

õ1ö�ö2÷~ø?ö�ù�ø�ú™ï	ð��0î�ö�û��•ý'ù$ï‹û0þ�ð��Z÷~ÿ�ì�ü%ð�����ì�ù��Aõ1ö �

î���ì�ý'ù$ï	ü%ö!��ÿ�ì"�"û	ï0ì���î�û	ð�ÿ’ÿ�õ1û	õ1�0ð?û

.

ì2û	þ’í$ï	ù

.

ì!��íMÿ�õ1û	õ��)õ��0ð

�0ì!V�ðEì"�1�0þ�ù

.

�

<

û0þ)ð`í$ï�õ���þ*ù1ý;WYX
÷{û0ï	ð.ð�ì"�R��ú ì����Uð�ÿZ��ì��)ø.ð

õ1ö�öM/[õ1ö�î�ð��

.

ð.ï	ð%õ��UùU/$ðR[*�0ð�ø.ù��)ÿ���BH�G\_þ)ð%ø.ù���ûDù1ý‘û	þ�ðRC<÷

û0ï	ð.ðJü%ð?û	þ�ù�ÿaí�ï0ù

.

�8ö�ì���ð�õ$ï0ö��

.

ì2û	þaû	þ�ð_ì!�Aø?ï	ð�õ��0ì���í]� î�ü^�Uð.ï

ù1ýJ�Aù�ì!�Bû�����þ�ù

.

ð
/�ð.ï)�1û0þ)ðK�Uð.ï0ý'ù$ï	üMõ��)ø.ðTíBõ1ì��•ø?ù�ü-�Aõ1ï	ð�ÿ%û	ù

û0þ)ð_OQPV÷~ë‰ì�ö�ðNì��^��ù1ûYùU/$ð�ï

.

þ�ð�ö�ü%ì���í��7$&�eýšõ$ø?û���ý'ù$ï;þ�ì�í$þ�ð�ï

ÿ�ì�ü%ð
���0ì�ù��)õ1ö`/�ð�ø?û0ù$ï]�9�)õ�ø?ð��

<

?1N¦ò�B���û0þ�ð;CT÷iû	ï0ð�ð,þAõ��_ö�ù���û

ì�û��<õ�ÿ�/[õ��Bû	õ$í$ð]õ��)ÿ•û0þ�ð;OQPV÷~ë�ì�ö�ð;�Uð.ï0ý'ù$ï	üG���Uð���û��

a bDcedgf`h9igj�k�c�dgj

$&�œû0þ)ì����)õ��Uð.ï

.

ðqþ)õl/�ðm�"û	î)ÿ�ì�ð�ÿ¾û0þ)ð§ì�ü-�Aõ$ø�û:ù$ý�ÿ�ì2÷

ü%ð
���0ì�ù��)õ$ö�ì�û��aù��;û	þ�ðg�)ð�õ1ï	ð���û�÷n��ð�ì�í�þ+�Uù$ïM�0ì�ü%ì�ö�õ$ï0ì�û��B÷n�0ð�õ$ï	ø�þ

ì���ogp,Orq��‹ý'ï0ù�ütõ�û0þ�ð�ù$ï	ð?û	ì�ø�õ1öXõ��)ÿZ��ï�õ$ø?û0ì\ø.õ1öY�Aù�ì!�BûEù1ý

/ ì�ð

.

�tsg�)ÿ�ð�ï’û0þ�ð˜õ��9�0î�üG��û0ì�ù��kù1ýYî���ì�ý'ù$ï	ü%ì2û�� õ��)ÿ ì!��÷

ÿ�ð��Að��)ÿ�ð
�Aø?ð��

.

ðkþ)õl/$ðkð���û	õ���ö�ì��0þ�ð�ÿžö�ù

.

ð.ïu�Uù$î��)ÿ��*ù��

û0þ)ðžõl/$ð�ï	õ$í$ðv�Að�ï�ý'ù�ï0üMõ��Aø?ð¢ù1ý03g3<÷n�0ð�õ$ï	ø�þ ý'ù$ï4�L�)õ�ø?ð.÷

õ��Aÿ¨ÿ)õ[û	õ1÷ �Aõ1ï0û0ì�û0ì�ù���ì���í���õ��)ÿeø.ö�î���û0ð�ï0ì���íw��û0ï	î)ø�û	î�ï	ð����•ô¨ð

þ)õl/�ðx��þ�ù

.

�Eû	þ)õ[û<û	þ�ð��0ðWü%ð?û	þ�ù�ÿ��Tõ$ï0ð]ù�î�û�÷n�Að�ï�ý'ù�ï0ü%ð
ÿ*���

õm�0ì�üG��ö�ð0��ð):Bî�ð
�Bû0ì\õ1ö*�0ø�õ��¢õ[û�ü%ù�ÿ�ð.ï�õ[û	ð:ÿ�ì�ü%ð�����ì�ù��Aõ1ö�÷

ì�û��

<

ì � ð��e?
�

ñ)(�B��¦ë�î)ï�û	þ�ð.ï)�

.

ð�þ)õl/$ðy�0þ�ù

.

��û	þ)õ[û•õ��+�

�)õ$ï�û	ì2û	ì�ù���ì!�)íx�0ø�þ�ð�ü%ðTõ��)ÿMø.ö�î'�"û	ð.ï	ì!��í]û	ð�ø�þ��)ì�:Bî�ð<ü;î���û�ÿ�ð?÷

í$ð���ð.ï�õ[û	ðDû0ùEõ_�0ð�:Bî�ð���û	ì�õ$öI�	ø.õ��’û0þ)ï0ù�î�í$þ`õ$ö�ö‰û0þ�ð�ì�ïr��ö�ù�ø�ú��

ì�ýAû	þ�ð��Bî)ü^�Uð.ï5ù$ýUÿ�ì�ü%ð
���0ì�ù��;ì"�M�0î�zNø?ì�ð
�Bû0ö��Wö\õ1ï	í$ð��I{M���Uð.ï0÷

ì�üYð��Bû��

.

ì�û0þ��L���Bû0þ�ð.û0ì\ø;õ��)ÿ�ï0ð
õ1öKÿ�õ[û�õ‹þAõl/$ð|�0þ�ù

.

�bû0þ)õ1û

û0þ)ð7�Uð.ï0ý'ù$ï	üMõ��)ø.ð‹ù$ýKWYXZ÷iû	ï0ð�ð��Yõ��)ÿSC<÷{û0ï	ð.ð)�;ý'ù$ö�ö�ù

.

�Yù$î)ï

õ��Aõ1ö���û	ì�ø�õ1ö}�)ï0ð
ÿ�ì�ø?û0ì�ù��2�fõ��)ÿ�û0þ)õ1ûaû0þ)ð��0ðMû0ï	ð.ð.÷ �)õ���ð1��û0ï	î)ø?÷

û0î)ï0ð)�Jõ$ï0ð,ù$î�û9�Uð.ï0ý'ù$ï	üYð
ÿ1���Nõ-��ð):�î)ð
�Bû0ì\õ1ö`�	ø.õ��_�+�•ù$ï�ÿ�ð.ï~�

ù1ýKüMõ1í���ì2û	î)ÿ�ð]ì�ýKÿ�ì�ü%ð
���0ì�ù��)õ$ö�ì�û��1�Uð�ø?ù�ü%ð��_ö\õ1ï	í$ð��

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

50 100 150 200 250 300

E
la

ps
ed

 T
im

e 
fo

r 
N

N
-s

ea
rc

h 
(s

)

Number of vectors (thousands)

d=5, uniformly distributed, k=10

Scan
X-tree

VA-File

ë�ì�í�î�ï	ðWñlT�ó8ôeõ1ö�ö2÷~ø?ö�ù�ø�úaû	ì�ü%ð<ý'ù�ï�õDî���ì2ý'ù�ï0ü%ö��Mÿ�ì���û0ï	ì���î�û0ð
ÿ

ÿ�õ1û	õG��ð.û

<

? � ��BH� ���	��
 ý'ù�ï<õ1ö�ö=ðH���Uð.ï	ì�ü%ð
�Bû~�
�

P<ö�û0þ)ù$î�í�þ•ï	ð�õ$ö`ÿ�õ[û�õ•��ð.û��xõ1ï	ðA��ù1û:î���ì2ý'ù�ï0ü%ö��žÿ�ì"�"÷

û0ï	ì���î�û0ð
ÿ•õ��)ÿ•ÿ�ì�ü%ð
���0ì�ù�����üMõl�MðH��þ�ì���ì2ûVø?ù�ï0ï	ð.ö\õ[û	ì�ù������$ù$î)ï

��ï�õ$ø?û0ì\ø.õ1öaðH���Að�ï0ì�ü%ð
�Bû��`þ)õl/$ð€�0þ�ù

.

�kû0þ)õ1ûbüaî)ö2û	ì�ÿ�ì�ü%ð
��÷

�0ì�ù��)õ1ö�ì��)ÿ�ð
�-��û0ï	î)ø�û	î�ï	ð��5õ$ï0ð,��ù$û‘õ1ö

.

õl����û	þ�ð<ü%ù���û�õ�����ï0ù$÷

��ï	ì�õ1û0ð]õ����)ï0ùBõ$ø�þ%ý'ù$ï�3g3<÷n�0ð�õ$ï	ø�þ	�M•Xî�ï_ð
���Uð.ï	ì�üYð��Bû��

.

ì2û	þ

ï	ð�õ1ö=ÿ�õ1û	õ

<

ø.ù$ö�ù$ï�ý'ð�õ[û	î�ï	ðXù$ý�õ;ö�õ$ï0í�ðTì�ü%õ$í$ð]ÿ�õ[û�õ��)õ���ðlB5ð
� ÷

þ�ì���ì�û��]û	þ�ð1�0õ$ü%ð%ÿ�ð.í$ð���ð.ï�õ[û	ì�ù���õ��

.

ì�û0þeî��)ì2ý'ù�ï0ü ÿ�õ[û�õ‹ì�ý

û0þ)ð;�Bî)ü^�Uð.ïVù1ýfÿ�ì�ü%ð
���0ì�ù����_ì��)ø?ï	ð�õ���ð)�
�

‚

ì�/$ð
�™û0þ�ì"�Mõ��Aõ1ö���û	ì�ø�õ1ö_õ��)ÿS��ï�õ$ø?û0ì\ø.õ1öƒ�)õ���ì"�
�

.

ðy�Uù���÷

û0î)ö�õ1û0ð%û0þAõ[û;õ$ö�ö‘õ�����ï	ù�õ�ø�þ�ð��Xû0ù„�)ð�õ1ï	ð���û�÷n��ð�ì�í�þ+�Uù$ï;�0ð�õ$ï	ø�þ

ì��…oYp,OKq���î)ö2û	ì�üMõ[û	ð.ö��0�Uð�ø?ù�ü%ð¨ö�ì���ð�õ$ï�õ1ûEþ)ì�í�þkÿ�ì�ü%ð
��÷

�0ì�ù��)õ1ö�ì2û����m†�ù����0ð�:Bî�ð
�Bû	ö!���

.

ð`þ)õl/�ð`ÿ�ð��	ø?ï	ì��Að
ÿÁû0þ�ðwOQPV÷

ë�ì�ö�ð��Dõ�� õ�����ï0ùl��ì�üMõ[û0ì�ù���÷ �)õ���ð
ÿxù$ï	í�õ���ì�V�õ[û	ì�ù��¦ý'ù$ï’þ�ì�í$þ�÷

ÿ�ì�ü%ð
���0ì�ù��)õ1ö�ÿ)õ[û	õ1÷n�0ð?û~�
��õ��)ÿ;þ)õl/$ð���ï	ùU/ ì�ÿ�ð�ÿx�Uð.ï0ý'ù$ï	üMõ��)ø.ð

ð
/[õ$ö�î)õ1û0ì�ù��¨ý'ù$ïaû0þ�ì"�aõ��)ÿeù1û	þ�ð.ïaüYð.û0þ�ù�ÿ����„PJû;ü%ù�ÿ�ð.ï�õ[û	ð

õ��Aÿ�þ�ì�í�þ`ÿ�ì�üYð����0ì�ù��)õ1ö�ì2û��

<

?7N:ò�BH�)û	þ�ðxOQPV÷~ë�ì�ö�ðaü%ð?û	þ�ù�ÿ

ø.õ���ù�î�û�÷n�Uð.ï0ý'ù$ï	ü õ����`ù1û	þ�ð.ï]ü%ð?û	þ�ù�ÿ¨ú+�)ù

.

�bû	ù‹û	þ�ðNõ1î�÷

û0þ)ù$ï~�
�Dô¨ð;þAõl/$ð;õ$ö��0ù*�0þ�ù

.

�bû0þ)õ1ûK�Uð.ï0ý'ù$ï	üMõ��)ø.ðWý'ù$ï,û	þ�ì��

ü%ð?û	þ�ù�ÿ‹ð�/$ð��‹ì�üG��ï0ùU/�ð��_õ��Vÿ�ì�ü%ð
�'��ì�ù��)õ$ö�ì�û��Nì��)ø?ï	ð�õ���ð)�

\_þ�ðy��ì�üG��ö�ð�õ��)ÿ�‡Uõ[û1�"û	ï0îAø�û0î)ï0ðEù1ý<û	þ�ðyOIP<÷Lë�ì�ö�ð’õ$ö��0ù

ù�ˆ–ð.ï~�:õ•� î�ü|�Að�ï ù$ýeì�üG�Aù�ï�û�õ��Bû õ�ÿ�/[õ��Bû	õ$í$ð��‰�0î)ø�þ õ��

�)õ$ï	õ$ö�ö�ð.ö�ì��0üy�Mÿ�ì���û0ï	ì���î�û0ì�ù��	�•ø?ù��)ø?î�ï	ï	ð
�)ø
�Iõ��)ÿ ï0ð
ø?ùU/�ð.ï����

õ1ö�öJù1ý

.

þ�ì\ø�þ™õ1ï	ð1��ù���÷{û0ï	ì!/ ì\õ1ö5ý'ù�ï;þ)ì�ð�ï	õ$ï	ø�þ�ì\ø.õ$ö5ü%ð?û	þ�ù�ÿ��
�

Š’ù�ï0ð�ùU/$ð.ï)� û0þ)ð^OQPV÷~ë‰ì�ö�ð;õ1ö"�0ù1��î����Aù�ï�û~�

.

ð.ì�í$þBû0ð
ÿ„��ð
õ1ï�ø�þ2�

û0þ)ð.ï	ð
���qõ1ö�ö�ù

.

ì���íkï0ð�ö�ð�/[õ��)ø.ð™ý'ð�ð�ÿ��)õ�ø�úIû0ùA�UðÁì��)ø.ù$ï��Aù$÷

ï�õ[û0ð
ÿ`�1WVð�ö�ð�/Zõ��)ø?ð%ý'ð�ð�ÿ��Aõ$ø�úbø�õ��eþ)õl/$ð%õ„�0ì�í���ì‹6Uø.õ��BûDì�ü;÷

�)õ�ø�ûVù��„�0ð�õ1ï�ø�þ•ð
ˆUð
ø�û	ì!/�ð
��ð)�9���

ô¨ð;þ)õl/�ðaì�üG��ö�ð�ü%ð
�Bû0ð
ÿ�õ��bì�ü%õ$í$ðG��ð
õ1ï�ø�þ’ð
��í�ì!�)ðYõ��)ÿ

��ï	ùU/ ì�ÿ�ð;õNÿ�ð.ü%ù*/$ð.ï~�0ì�ù��Eù��bõ��Uù$î�û;ñ�(�Œ (�(�(Yì�ü%õ$í$ð)�
�g\_þ)ð

ì���û	ð.ï	ð���û0ð
ÿ•ï	ð�õ�ÿ�ð.ï_ì"�Vð
�)ø.ù$î�ï�õ1í�ð�ÿNû0ùYû0ï��Nì�û<ù$î�û)�

•UŽ&Ž�•'• ‘)‘�’M’M’M“•”�–+—~˜ ™›š�œ•˜ •�Ž�•+ž)˜ ŸL•�‘�’Q•~–�•� &“¡Ÿ~¢�™!‘
ŸL•�£
 �™›¤
Ž�˜ Ÿ�¢)™

¥_¦)§2¨I©�ªR«¡¬�­J®°¯€¬�¨²±�³

´2µl¶¸·ƒ¹`º�»•¼-µU½~·,¾�¿�¿�À1ÁU½~»•Â•¶›½~Ã¸Ã Ä-Å!ÆlÀlÇl¿�Ç1¶¸ÀGÂ•µl¿YÅ!»n½~È,¿&¹`º�»•¼|º~ÅJÂ µl¿

É°Æ)» º�Á�¿L½~ÀKÉ`Ê
Ë²Ì2ÍÎ´„Ál» º~Ï¡¿�Ð&ÂIÑ	É²Ì	ÒrÉ`ÊrÓ�Á)» º~Ï¡¿�Ð�ÂJÀlºlÔlÕ)Ö�×lÖ9Ø2¾HÄ]Â µl¿

Ê
¹	¶¸· ·YÙ	Ú�Û�ÜHÝ9Þ&ß�àƒáJâ�ã Ú)äKÙ	å‹æ Ü�Ú�Û�ç1Ú)Û�ÜDèKå‹ÞnÞ&Ý9ÛUÞ¡élß•ânárÓ�ê`ê°ëDì°í�»n½~ÀHÂ

ÀlºlÔ�Õ�î)Ô ï)ÖLî�ðHØnì�½~ÀlÇ;ÁU½~»¡Â ¶›½~Ã¸Ã ÄK¾
ÄKÂ µl¿eÉ°´	Ñ%Ð�º
º�Á�¿L» ½�Â ¶ ñH¿ƒÁl» º~Ï¡¿�Ð&ÂMº�À

ònÛUáÎÝóçHä¡ß�áÎÝnÜeònà�ß9çHÝIôIÛ�ß�æ õ�Þ å!ÞJß�Û�Üeö2ÝLá"ä&å�ÝL÷~ß�æ Ô�ë^¿2Â µl½~Àl¼ƒÂ•µl¿I½~Æ�Â µlº�»•·

º~Åeø ù)ì�ú9û²Å!º�»�È]½~¼
¶¸ÀlíKÂ•µl¿�¶¸»�ÌJü9ý"Â•» ¿�¿]½~ÀlÇGþ	ý"Â•» ¿�¿]¶¸È,ÁlÃ¸¿�È,¿LÀHÂ ½�Â ¶¸º�Àl·

½Lñ~½~¶¸Ã›½~¾lÃ¸¿;Â ºRÆ)·9Ô%ë^¿^½~Ã¸· º|Â µU½~À)¼7Ë�½~º�Ã¸º_ÿ²¶›½~ÐLÐ�¶›½)ìJË�½LñH¿�Ã���¿���ÆlÃ›½)ì

Ê
Â•¿&Å"½~À7ê²¿L»•ÐnµHÂ º�Ã¸Ç7Å!º�»]È]½~À
Ä1µ)¿LÃ¸Á�Å�ÆlÃJÇl¶¸· Ð�Æl·•· ¶¸º�Àl·]º�À_Â µl¿;·•Æl¾)Ï¡¿�Ð&Â

º~Å°Â•µl¶¸·QÁl½~Á�¿�»LÔ���¶¸Àl½~Ã¸Ã Ä
ì�¹`¿eÂ µl½~Àl¼KÂ•µl¿ƒ»•¿�ñ�¶¸¿&¹`¿�» ·IÅ!º�»IÂ•µl¿�¶¸»Qµl¿�Ã¸Á)Å!ÆlÃ

Ð�º�È,È,¿�À
Â•·9Ô



���	�
�	����
������

� �����������
��� �
�!�#"�$%���'& (*)+&-,!.-/�01"324�456�
07)+&#8:9�)+9;"=<���>-��?'�+�
9;"

>-�@?'/�0707/��:9A8:/�B7CD"�EF�HGI)J�
C#C-B7K-B79;"L?M�=>J�
NJ�
K-B79�.D"LOP�=>+)+.-C#9:)+CD"

Q

�SR'N-"UTF�U<V)W)+9!�
0X�#"ZYF�

Q

)+9:9;"S�
C-K[YF��24�Z\W/�]J,�B7^6�=O	.-/@R'/�_

>+/`��9:/�abK �c8:����/`K#&-,�8:B7)+Cd�:/�e6)+��8`�@f�gJh1g3i	jlkJmnj6o!o`p�mqjlk+"Sr+s#tquWv�w x;y

uJz#"S�`{+{J|l�

� rc��RM�}��/�,!^W~@�
C-CD"U?M� •1<V�6Y€��B7/�N+/`01"

Q

�U\l,:.-C-/�B7K-/��;"D�
C-Kb�4�}\l/�/�N+/��;�

O	.-/

Q4•

•‚8:��/`/+w[ƒ4C„/�…H,`B7/�CJ8*�
C#K†�:)+�#&-9�8��
,�,�/`9�9‡~=/�8�.-)lK‰ˆ‚)+�

e6)+B7CW8�93�
C-K„��/�,�8:�
C-N+07/�9;�†GIC‹Š�pAŒ;•!o:o!Ž+mqjlk+•LŒ�•*hn‘-od’J“J“l”d•F–S—

˜-™+š

—œ›•f

™

j hIo;p�j6g+h1mqŒ+j6gJžŸ– Œ+j;•�o;pAo;j6•:o%Œ+j¡—dg+j6g;kWo`¢Ho;j h£Œ:•

fMg+hIg+" e �
N+/�9'x+r+r;ylx+x#�+"6ƒ	8�0X�
CJ8:B7,�2�B 8IaJ" R4>-"6r+x;ylr+zF(L�`ab�`{+{+s#�

� xc��>-�4��/�CJ8:07/�a¤�
C#K¤> �	5 ��B7/�K-~@�
CD�¡�€�c8!�œ9A8:��&-,�8:&-��/�9‡ˆ‚)+���!�
C-N+/

9:/`�
�:,:.-B7C-N-� •F–S—¥–VŒ+¢4¦6§#h‚mqjlk

˜

§#p�¨co;©+•!"ª�+�+tquWv!w x+{J|`yWuJs+{#"

�4/�,�~=/`�6/����`{J|
{#�

� u
�‡\}� ��/���,!.W8�)+07KD"}24�#�4« )+.-~*"#�4�-���:�
&-C-~b« &-0707/��;"l���#Y€/�B7~*"l�
C-K*?�� •

<V�•Y€�:B7/�N+/�01�‹56�
9A8@e �
�!�
0707/�0�9:B7~=B70X�
��B 8IaŸ9�/;�
��,!.‰B7C‰~�&-0 8�B7~=/`K#BX�

K �c8:�
� �
9:/�9;�3GIC£Š	pAŒ;•c¬'Œ�•Hhq‘#o=•F–S—

˜-™
š

—­›•f

™

j h®¬�–VŒ+j;•�¬	Œ+j

—dg+j6g;kWo;¢Fo;j h	Œ�•€f�gJh1gJ"#e �
N+/�9��!y6�`r#" OZ&#,`9�)+CD"6¯4\lƒ�"U�`{+{J|l�

� zc�‡\}�W��/��:,!.J8�)+07KD"#2€�W�4« )+.#~*"J���WY€/�B7~*"+�
C-K@?�� •I<��JY€�:B7/�N+/�01� ƒ†,�)+9A8

~=)lK#/`0Sˆq)+�4C#/;�
��/�9�8PC-/�B7N+.W�6)+&-�€9:/`�
��,!.D�€GICdŠ�pAŒ;•c¬	Œ�•�hq‘#oM•F–S—

˜

©+¢4¦lŒ+•!mq§l¢°Œ+j*Š	p�mnj6•;m ¦6ž o;•MŒ�•PfMg+hIgW±:g+•�o

˜

©+•:hIo;¢�•!"6e �
N+/�9P|
²;y

²+³#" OZ&-,�9:)+CU"6¯€\lƒM"D�`{+{J|l�

� ³c�‡\}�U��/��:,!.J8:)+07KU"�24�U�4« )+.-~*"U�
C-Kd?M� •I<��}Y€�:B7/�N+/�01�PGI~=e-��);]lB7C-N=8:.-/

´

&#/`�AaHe6/���ˆq)+�:~@�
C-,�/�)
ˆU.-B7N+.#•IK#B7~=/`C#9:B7)+C �
0lB7C-K-/�µH9A8:��&-,�8:&-��/�9��Wa

�-&-07^M07)J�
KH)+e6/��!�c8�B7)+C-9;�}GIC@Š�p�Œ`•
¬SŒ�•'hq‘#o

™

j h®¬ –VŒ+j;•`¬UŒJjHi•¶+hIo;j6Ž+·

mqjlk�fMg+hIgW±:g+•�o*¸6o!•�‘lj6ŒJž Œ!k+©+"#]J)+07&-~=/4³#"#e-�
N+/`9'r#�`³;ylr+x+s#"-T•�
07/�C#•

,�BX�#"}\le �
B7CD"-(L�
�:,!.d�`{+{+²#�

� |;�‡\}����/��:,!.J8�)+07KD"�����Y€/�B7~*"4�
C-K¤?M� •I<��	Y€��B7/`N+/�01�¹O	.-/dº'•18��:/�/+w

ƒ4C*B7C#K-/�µ*9�8��:&#,�8�&-��/Mˆq)+�'.#B7N+.#•IK-B7~=/�C-9�B7)+C �
0SK �c8:�#�4GICdŠ�pAŒ;•c¬�Œ:•

hq‘#o

™

j hI¬V–VŒ+j;•�o`p�o`j6•!oPŒ+jŸ»}o;p�©€¼Dg+p‚kWo�fMg+hIgW±:g+•�o`•!"We �
N+/�9�r+²;ylx+{#"

�`{+{+³#�

� ²c�3OP�H����B7C-^l.#)
½V"*?M� •I<���Y€�:B7/�N+/�01"��
C-K

Q

�=\W,!.-C-/�B7K-/��;�¾2�)+~H•

e �
�:B79�)+C¹)
ˆb�
e-e-��);µlB7~@�c8:B7)+C-9œ)
ˆ‡,�)+~=e-07/�µª)+�#¿A/�,�8�9­&-9:/�K¹ˆ‚)+�

�
e-e-��);µlB7~@�c8:B7)+C#•1� �
9:/�K

´

&#/`�AaLe-��)l,�/�9:9�B7C-N�B7CL9�e �c8�BX�
0 K �c8:�
� �
9�/

9�al9�8�/�~=9;�3GIC

™

j hIo;p�j6g+h1mqŒ+j6gJžP–VŒ+j;•�o;pAo;j6•!o‡ŒJj£fMg+hIg�i�jlkJmnj6o!o;p�·

mqjlk+"-e �
N+/�9'uJs;yWuJ{#" ÀS)+9�ƒ40X�
~=B 8�)+9;"-2	�#�7"-¯€\lƒM"-ƒ'e-�;�}�`{+{+x#�

� {c�3OP�����:B7C-^W.-)
½�"V?M� •1<V�SY€�:B7/�N+/�01"

Q

��\l,!.-C-/�B7K-/��`"•�
C#Kœ�4��\l/�/�N+/��;�

(*&-0 8�B •I9�8�/�e‹e-�:)W,�/�9:9:B7C#Nœ)
ˆ�9�e �c8�BX�
0�¿�)+B7C-9`�

˜-™
š

—­›•fÂÁ�o!•!Œ+pAŽ

Ã‚•F–S—

˜

¦lo!•;mqg+ž

™

j hIo;pAo`•!h

š

pAŒ+§c¦ÄŒ+j„—dg+j6g;kWo`¢Ho`j hFŒ�•3fMg+hIg�Å
"

r+x#t1rJv!w7�`{J|`ylr+s+²#"D>J&#C-/H�`{+{
u-�

� �`sc�3<V��2�BX�
,`,�BX�#"'(Ÿ��<V�c8�/�070X�#"4�
C#K†<��	Æ}/�Ç�&-0X�#�%(‡•18��:/�/+wbƒ4C‰/�…H•

,�B7/`CJ8P�
,�,�/�9:9€~=/�8�.-)WK*ˆ‚)+��9:B7~=B70X�
��B 8Ia@9:/`�
�:,!.‡B7C*~=/�8:��B7,M9�e �
,�/�9;�

GIC[Š	pAŒ;•c¬�Œ�•�hq‘#o

™

j h®¬4–VŒ+j;•�o`pAo;j6•!o@Œ+j¤»6o;p�©H¼DgJp‚kJoHf�gJh1gl±�gJ•!o;•!"

ƒ�8:.-/�C-9`"}È4�:/�/�,�/+"Z�`{+{J|l�

� �+����>-��2�07/;�
�AaJ�Éƒ'C �
0 a#9�B79@)
ˆF�
C†�
07N+)+�:B 8�.-~Êˆq)+�=Ë C-K-B7C#N£C-/`�
�:/�9�8A•

C-/�B7N+.l�6)+��9•B7CF/�&-,�07B7K-/`�
C=9�e �
,�/J�U•F–S—Ì¸ p�g+j •�gJ•`h1m‚Œ+j •'Œ+j@—dg+hq‘l·

o;¢FgJh‚m‚•!g+ž

˜

Œ�•!h1Í•g+pAo;" z#t1rJv!"S�`{J|
{#�

� �`rc�3ƒ��
2�9:B7070X�
N+.JaW�

™

j;•�Œ+p�¢FgJh‚m‚Œ+j3o�¶+h1pAgW•`h1mqŒJj3±�©Pž Œ`•!g+ž ŽJo;j •!mnh1©�g+j6g+ž ©+·

•!mn•�Î�•É•!Œ+j h1p�m‚±`§lh1m‚Œ+j�hIŒF•!Œ+j hIo`j h1·�±:g+•�o!ŽF¢Fg+j6gckJo;¢Fo;j h Œ:•'•!•;mqo;j ·

h1m Ï••3ŽJg+hIg+��<•.D� ���}8�.-/�9:B79;"UGIC-9A8:B 8�&#8�ˆ!« &#�€GIC#ˆq)+�:~@�c8�B7)+C-9:9Aa#9A8:/�~=/+"

�`{+{J|l�

� �`xc�3ƒ��
�4B7~@�
B1�W�4B ½}/��:/�C-,�/�9 )
ˆ6N+07)+� �
0Wˆ‚/`�c8�&-�:/�9�ˆ‚)+�Z��/�N+B7)+CFB7C-K-/�µlB7C-N-�

OZ/�,!.-C-B7,`�
0

Q

/`e6)+�A8M�;|+|l"-Ð•O�?ÄÆ « &-��B7,!.D" 5 /��D�U�`{+{J|l�

� ��u
�‡24��56�
07)+&#8�9:)+9;�%ƒ4,�,�/�9:93~=/�8:.-)WK-9@ˆ‚)+�=8�/�µl8`�¹•F–S—Ñ–VŒ+¢4¦6§#h1·

mqjlk

˜

§lp�¨
o;©+•:"}�;|ltA�;v!w uJ{;y#|cu-"6(L�
�;� �`{+²+z#�Uƒ4079�)Me#&-�-07B79:.#/`K=B7C Ò
�
9;w

Ó

(*&-0 8�BX�c8�8��:B7�-&l8:/L?'�
9:.-B7C#N[¯�9:B7C-N[È4�:�`a‰2�)WK-/�9:Ô-"�ƒ'2�(Õ\lGAÈ'•

(bÖ€��"D�`{+²+³#�

� �`zc�‡24�c56�
07)+&#8�9:)+9`�

˜

o:gJpA•�‘#mnjlkP—b§lž h1mn¢Ho:ŽJmqg4fMg+hIgW±:g+•�o;••×�©=–VŒ+j hIo`j h1�

Y€07&W_�/`�	ƒ',;�
K#/`~=B7,P< �:/�9:9`"U�`{+{+³#�

� �`³c�‡24� 56�
07)+&#8�9:)+9€�
C#KL\}�}2�.-��B79�8�)lK#)+&-0X�
^lB79`���'/`9�,��:B7e#8�B7)+C*�
C-K�e6/`�A•

ˆ‚)+��~@�
C-,�/*�
C �
0 al9:B79@)
ˆ�9�B7N+C �c8:&#�:/‡Ë 07/‡~=/�8�.-)WK-9=ˆ‚)+�=)
…H,`/*Ë-0 •

B7C-N-�‹•H–S—¾¸6pAg+j •�gJ•;h‚m‚Œ+j •*Œ+jØ›UÙ­•!o

™

j;•�Œ+p�¢Hg+h1mqŒ+j

˜

©+•:hIo;¢�•!"

z#t1xJv!w r+xJ|`ylr+zJ|l"U>+&-0 ab�`{+²J|l�

� �;|;�‡24�S56�
07)+&#8�9:)+9��
C-KŸG!�SYP�
~=/�01�=��/�aJ)+C-K£&-C#B ˆ‚)+��~=B 8IaL�
C-K[B7C-K-/�•

e6/`C#K-/�C-,�/Jw�ƒ'C �
0 a#9�B794)
ˆ

Q

•18:��/�/`9'&-9:B7C#NH8:.-/M,�)+C-,�/�e#8P)
ˆVˆ‚�:�
,�8:�
0

K-B7~=/�C-9:B7)+CU�UGIC�Š�p�Œ`•
¬ZŒ�•4hq‘#o'•H–S—

˜

©+¢4¦lŒ+•!mq§l¢�Œ+j@Š�p�mqj6•`m ¦6ž o;•

Œ�•€fMg+hIgW±:g+•�o

˜

©+•:hIo;¢�•!"D�`{+{
u-�

� �`²c�

Q

�W5�B7C-^+/�0U�
C-K3> �l��/�CJ8:07/�aJ�VÚ4& �
K#•‚8:��/`/�9`w�ƒÛK �c8!��9�8��:&#,�8�&-��/4ˆ‚)+�

�:/�8��:B7/�]+�
0Z)+C*,�)+~=e6)+9:B 8�/�^+/�a#9`��•F–'¸l•

™

j;•�ŒJp�¢Fg+h1m‚•:gJ"}u-tA�;v�w7�!yl{#"

�`{J|cu-�

� �`{c��(Ÿ�
5�07B7,!^WC-/��;"J?��J\#��_�.-C-/�aJ"+$%�JR�B7�-0X�
,!^6"J>-�
ƒ'9:.-07/�aJ"lÚ��+?�& �
C-N-"

�4�M�4)+~*"F(Ÿ�MÈ4)+�:^c�
C-B1"@>-�M?4�cˆqC-/��;"H���PÀS/�/+"@����<�/�8:^+)`]#B7,+"

���U\W8�/�/`07/+"D�
C-KL<��-E��
C#^+/`�`�PÚ4&#/`�Aa‡�Ja*B7~@�
N+/M�
C-K*]lB7K-/�)@,�)+C#•

8:/�CJ8;w­O	.-/[Ú€��GA2�9�al9�8�/�~*�Â–VŒ+¢4¦6§#hIo`p�"Pr+²#t‚{Jv�w r+x;ylx+r#"�\W/`el8;�

�`{+{+z#�

� r+sc��>-�D5 ��B7/`K#~@�
CD"U> �D��/�CW8�07/�aJ"��
C-K

Q

�U5�B7C-^+/�01�Mƒ4Cd�
07N+)+�:B 8�.-~Üˆ‚)+�

Ë C-K-B7C#N„�6/�9�8A•I~@�c8�,!.-/�9*B7CÛ07)+NJ�
�:B 8�.-~=B7,L8�B7~=/J�Ê¸�›•—

˜

"�x#t‚xJv�"

�`{J|+|l�

� r#���3ƒ��}È4&l8�8�~@�
CD�

Q

•18:��/�/`9`w•ƒ%K#alC �
~=B7,PB7C-K-/�µ�9�8��:&-,�8�&-�:/Pˆq)+�'9�e �c•

8:BX�
0V9:/`�
��,!.-B7C-N-�FGICŸŠ�pAŒ;•c¬�Œ�•Hhq‘#oF•F–S—

˜-™
š

—­›•f

™

j h®¬€–VŒ+j;•`¬

Œ+jd—dg+j6g;kWo`¢Ho;j h'Œ�•�fMg+hIg+"De-�
N+/`9PuW|`ylzJ|l"D��)+9�8�)+CD"D(*ƒ�"}>+&-C-/

�`{+²
u-�

� r+rc��>-�}?'/�0707/��:9�8�/�B7CD"6Ð'�}Y€)+&l8:9�)+&-e-BX�
9;"U�
C-Kd24� <V�
e �
K#B7~=B 8:��B7)+&D�'Ö4C

8:.#/[�
C-�
0 a#9�B793)
ˆ�B7C#K-/�µ#B7C-NŸ9:,!.-/�~=/�9;�ÄGIC‹Š	pAŒ;•c¬MŒ�•*hq‘#oL•F–S—

˜

©+¢4¦lŒ+•!mq§l¢ÝŒJj‡Š�p�mqj6•`m ¦6ž o`•�Œ�•€fMg+hIgW±:g+•�o

˜

©+•:hIo;¢�•!"D�`{+{J|l�

� r+xc�‡È�� ?V¿:�
0 8:�
9:)+C‡�
C-K*?�� \#�
~=/�8`�

Q

�
C-^WB7C-N�B7C�9�e �c8:BX�
0DK �c8!�
�-�
9:/�9;�

GICdŠ	pAŒ`•!o!o!Ž+mnjlkJ•=Œ�•Mhq‘#oMÞSŒ+§#p�hq‘

™

j hIo`p�j6g+h1m‚Œ+j6g+ž

˜

©+¢4¦lŒJ•:mq§l¢ßŒ+j

•'Ž+¨
g+j6•!o`•‡mnj

˜

¦lgJh‚m‚g+ž�fMg+hIgW±:g+•�o

˜

©+•:hIo;¢�•bÃ

˜ ˜

f�“Wà�Å
"�Cl&-~��6/`�

{+z#�‡B7CœÀD/`,�8�&-�:/‡R')
8�/�9=B7C‰2�)+~=e#&#8:/��@\W,`B7/�C-,�/+"�e �
N+/�9@²+x;yl{+z#"

<�)+��8�0X�
C-KD"6(L�
B7C-/+"#ƒ4&-N-�S�`{+{+z#�6\le-�:B7C#N+/`��T /��:0X�
N-�

� r
u
��RM�6YP�c8:�`aW�
~@�F�
C-Kb\}�}\l�c8:)+.D��O�.#/M\

Q

•‚8:��/`/+w ƒ4C�B7C-K-/�µ‡9A8:��&-,�•

8:&#�:/ ˆq)+�S.-B7N+.l•IK-B7~=/�C-9:B7)+C-�
0WC#/;�
��/�9�8�C-/�B7N+.W�})+�

´

&-/��:B7/�9`�JGICFŠ�pAŒ;•c¬

Œ�•'hq‘#o�•H–S—

˜-™
š

—­›•f

™

j h®¬•–VŒ+j;•�¬DŒ+j3—dg+j6g;kWo`¢Ho;j hVŒ�•	fMg+hIg+"

e �
N+/�9€x+³+{;ylx+²+s#"6OZ&-,�9�)+CD" ƒ4��B7Ç�)+C‡¯4\lƒ�"U�`{+{J|l�

� r+zc��YF� •IG!� ÀSB7CD"�?M��>J�
NJ�
K-B79:.D"��
C#KÛ24��56�
07)+&#8�9:)+9`�¤O	.-/*O�T4•18��:/�/+w

ƒ4C�B7C-K-/�µ39�8��:&-,�8�&-�:/Pˆq)+��.#B7N+.#•IK-B7~=/�C-9�B7)+C �
0DK �c8:�#�H¸D‘#ob»D¼Zf€×

á

Œ+§lp�j6gJž "}x#t‚uWv!w z#�;|`ylz
uJ{#"DÖ4,�8;�S�`{+{
u-�

� r+³c�����+ÀS)+~=/�8`�6O	.-/	. �••18��:/�/+w�ƒ„~�&-0 8:BX�c8A8��:B7�-&#8�/	B7C-K-/�µlB7C-N�~=/�8�.-)WK

_�B 8:.=N+)W)lK=N+&-�
�!�
CJ8:/�/�K�e6/���ˆq)+�:~@�
C#,`/+�U•F–S—â¸ pAg+j •�gJ•;h1mqŒ+j •4Œ+j

fMg+hIgW±:g+•�o

˜

©+•!hIo`¢F•!"U�`z#t‚uWv!w ³+r+z;yl³+z+²#"U�4/�,�/`~��6/`�P�`{+{+s#�

� rJ|;��>-��R�B7/�]J/���N+/`0 8`"	?���?�B7CW8�/��:�6/��:N+/��;"	�
C#K„YF��\l/�]J,�B7^}�„O	.-/‡N+��B7K

Ë 07/+w�ƒ4CF�
K �
e#8:�
�-07/49Aa#~=~=/�8��:B7,�~�&-0 8:B7^+/�a�Ë 07/	9�8��:&#,�8�&-��/J�D•F–S—

¸ p�g+j •�gJ•`h1m‚Œ+j •4ŒJj@fMg+hIgW±:g+•�o

˜

©+•!hIo`¢F•!"l{#tA�;v�w x+²;y#|l�+"-(L�
�;�-�`{+²
u-�

� r+²c��>-�

Q

)+�-B7C-9�)+CD��O	.-/F^J•IK#•1�#•18��:/�/+w4ƒØ9�/`�
�:,!.b9�8��:&#,�8�&-��/�ˆq)+�€0X�
�:N+/

~F&-0 8�B7K-B7~=/�C-9�B7)+C �
0�K#a#C-�
~=B7,HB7C-K-/�µl/`9`�‡GIC£Š	pAŒ`•
¬'Œ�•Hhq‘#o=•F–S—

˜-™+š

—œ›•f

™

j hI¬Z–VŒ+j;•�¬}Œ+jF—dg+j6g;kWo`¢Ho;j hSŒ:• fMg+hIg+"
e-�
N+/`9��`s;y6�`²#"

�`{+²#�+�

� r+{c��?M�l\#�
~=/�8`�	¸D‘-o4fMo`•!m kJj3g+j6ŽM•€j6g+ž ©+•!mq•'Œ�•

˜

¦lgJh‚m‚g+ž fMg+hIg

˜

h1p�§#•;·

h1§#pAo`•!�Vƒ4K-K-B79�)+C#•1$d/�9:07/�aJ"S�`{+²+{#�

� x+sc�3OP�W\l/�0707B79;"JR��

Q

)+&-9:9�)+e})+&#07)+9;"l�
C-K@24�+56�
07)+&-9A8:)+9`�6O	.-/

Q4ã

•18��:/�/+w

ƒ„Kla#C �
~=B7,�B7C#K-/�µ�ˆq)+��~F&-0 8�B •IK-B7~=/�C-9�B7)+C �
0l)+�l¿�/�,�8�9;� GIC@Š�pAŒ;•c¬SŒ:•

hq‘#o

™

j h®¬4–VŒ+j;•�o;pAo;j6•!o3Œ+j¤»6o;p�©=¼Sg+p‚kWoHfMg+hIgW±:g+•�o`•!"Se �
N+/�9�z+sJ|`y

z#�`²#"6���:B7N+.J8�)+CD" Ð•C#N+0X�
C-KD"S�`{+²J|l�

� x#���

Q

��\le-�:)+&#0701�

Q

/�Ë C#/`~=/�CJ8:9�8:)LC-/`�
��/`9A8�•1C-/�B7N+.l�6)+�H9�/;�
��,!.£B7CœäW•

K-B7~=/�C-9:B7)+C-�
0U8��:/�/�9;�••4ž kWŒ+p�mnhq‘l¢Fmq•!g+"Z�`{+{#�+�

� x+rc��(Ÿ��\W8��:B7,!^+/����
C-KÛ(Ÿ��Ö4�:/�C-N+)-�Ø\lB7~=B70X�
�:B 8Iaœ)
ˆM,�)+07)+�3B7~@�
N+/`9`�

GIC

˜

hIŒ+p�g;kJo3g+j6Ž�Á�o;h1p�mqo;¨cgJž#•�Œ+p

™

¢Hg;kWo3g+j6Ž­»�mqŽJo!Œ�fMg+hIgW±:g+•�o;•Aå

˜

Š

™

i	"U\#�
C‡>+)+9:/+"}2�ƒ�"U�`{+{+z#�

� x+xc��>-��¯'0707~@�
CU�ÄŠ	p�mnj6•;m ¦6ž o;•*Œ:•3fMg+hIgW±:g+•�oŸgJj6ŽŸæMj6Œ+Í	ž o!Ž;kJo;·1×'g+•�o

˜

©+•!hIo`¢F•!"l]J)+07&-~=/F�+�•2�)+~=e-&#8�/`�4\l,�B7/�C-,�/�<•�:/�9�9;"}�`{+²+²#�

� x
u
�

Q

��$d/��6/`�V�
C-K�\}�;��07)
8A8;�Jƒ'CM�
e-e-�:)`µ#B7~@�c8�B7)+CP� �
9�/`K�K �c8:�'9A8:��&-,�•

8:&#�:/@ˆ‚)+�M9:B7~=B70X�
��B 8IaL9:/`�
�:,:.D�bOZ/�,!.-C-B7,`�
0

Q

/�e6)+��8Fr
u-" Ð�\l<

Q

GIO

e-�:)c¿�/�,�8M?'Ð

Q

(*Ð�\£tqC-)-�S{#��u-�;v�" Ö4,�8�)+�}/��=�`{+{J|l�=ƒ�]+�
B70X�
�-07/F�c8

.W8A8�eDw Ò+Ò;_	_�_	•IK#�-9;� /�8�.-Ç+� ,!.6Ò+ç'_�/��6/���Òce �
e6/���ÒcO

Q

�`{+{J|c�D� e-9;�


