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»�¼<½¿¾�À.Á!À	ÂÄÃ1ÂÄÅ*ÁXÆ�½¿Ç<ÂU¾�¼:ÈFÉËÊ¬Ì�Í3ÎÏÁX¾ÐÂÄÑ·½ÒÇ�ÓÐÂÄÃÐÔUÈ3Ç<Ç:ÂÄÔÄÓÐ¾1Ô�Á!Ç´Î	Â
Õ ¾ÐÂUÑ'ÓÐÈ#½¿Æ�À:ÃÐÈYÖyÂ�ÌÄ×3Ø·À.Á!ÓÐ¼�À	ÂUÃÐÙKÈ3ÃÐÆ,ÁXÇ<ÔUÂ-Î	ÂÄÓ�ÉDÂÄÂÄÇÚÁÛÑ.Á!ÓFÁXÎ.Á!¾ÐÂ
¾ÐÂÄÃÐÖyÂUÃ_ÁXÇ:Ñ�ÓÐ¼:Â'¾ÐÓÐÈ3ÃFÁ!Ü3Â,¾ Õ Î<¾ÐÝ�¾ÐÓÐÂÄÆ_Þàß�Â'Ñ<ÂU¾Ð½ÒÜ]Ç²Á!Ç<Ñá½ÒÆ#À<â¿ÂÄã
Æ�ÂÄÇ�Ó�Á�¾ÐÈ]ÙKÓ�ÉOÁXÃÐÂ�â�ÁdÝyÂUÃFä-åOæFç�äÓÐ¼ÏÁXÓ1½¿¾�â}ÁdÝyÂÄÃÐÂUÑ´Î	ÂÄÓ�ÉDÂÄÂÄÇ?ÓÐ¼:Â
ÁXÀ:À<â¿½¿Ô�ÁXÓÐ½¿È]ÇoÁ!Ç<ÑpÊ�ÌÄÞ<åOæYç?ÓFÁXè3ÂÄ¾-Á!Ñ<Ö<ÁXÇ�ÓFÁXÜ]ÂkÈ]Ù8¾ÐÀ	ÂÄÔÄ½¿é<ÔkÊ�Ì.ÙPÂ�ÁXã
Ó Õ ÃÐÂU¾�ÁXÇ<Ñ�Ñ<Â&ÁXâ¿¾�É�½¿ÓÐ¼'Æ_Á!ÇBÝ1È]Ù2½¿ÓÐ¾�¾Ð¼<È]ÃÐÓÐÔÄÈ3Æ�½¿Ç:Ü3¾FÞ.ßàÂ�À:ÃÐÈYÖB½¿Ñ:Â
ÁXÇ:Ñ1ÂÄÖ=Á!â Õ ÁXÓÐÂkÈ3Ç:Â¬è3ÂÄÃÐÇ<ÂÄâ¿Í]âÒÂUÖyÂÄâÁ!Ç<Ñ1Ó�ÉDÈ Õ ¾ÐÂÄÃÐÍ3â¿ÂÄÖ3ÂÄâ	½¿Æ�À<â¿ÂÄÆ�ÂUÇ<ã
ÓFÁXÓÐ½¿È]Ç<¾ÛÈ3Ù�åOæFç�Þ3»�¼<ÂÄ¾ÐÂ-½¿Æ�À:âÒÂUÆ�ÂÄÇ�ÓFÁXÓÐ½¿È3Ç:¾ÛÓÐÃFÁXÑ<Â�ÓÐÃFÁXÇ<¾ÐÀÏÁXÃÐÂÄÇ:ÔÄÝ
ÁXÇ:ÑpÜ3ÂÄÇ:ÂÄÃFÁXâ¿½¿Ó�ÝêÙKÈ]Ã[À	ÂÄÃÐÙPÈ3ÃÐÆ_Á!Ç<ÔÄÂ#ÁXÓDÑ<½¿ë	ÂÄÃÐÂÄÇ�ÓÑ<ÂÄÜ]ÃÐÂÄÂÄ¾Fä	Á!Ç<Ñ Õ Ç:ã
â¿½¿èyÂ�ÃÐÂÄ¾ÐÂ�Á!ÃÐÔR¼�À:ÃÐÈ3ÓÐÈ]Ó�Ý�À	ÂÄ¾¬ÁXÃÐÂ�Ñ:ÂÄ¾Ð½¿Ü3Ç<ÂUÑ�ÓÐÈOÎ	Â�¾ Õ ½ÒÓFÁ!Î<â¿ÂÛÙKÈ]Ã§ÃÐÂ&ÁXâ¿Í
É[È]ÃÐâ¿ÑÚÑ<ÂÄÀ:âÒÈYÝ�Æ�ÂÄÇ�ÓFÞ#ß�Â�À<ÃÐÂÄ¾ÐÂUÇBÓiÑ:ÂÄÓFÁX½¿â¿ÂÄÑoÆ�Â&ÁX¾ Õ ÃÐÂUÆ�ÂÄÇ�ÓÐ¾ Õ ¾Ðã
½¿Ç<ÜoÁ�ÔÄÈ]Æ�Æ�ÂÄÃÐÔÄ½}Á!âDÑÏÁXÓFÁXÎÏÁX¾ÐÂ�Æ,ÁXÇ.Á!Ü3ÂÄÆ#ÂÄÇ�Ó�¾ÐÝ�¾ÐÓÐÂÄÆ�É�½¿ÓÐ¼àÎ	È3ÓÐ¼
Æ�½¿ÔÄÃÐÈ]ã�Î	ÂUÇ<ÔX¼<Æ_Á!ÃÐèB¾pÁXÇ<Ñì½¿Ç<Ñ Õ ¾ÐÓÐÃÐ½}ÁXâÑ.Á!ÓFÁXÎÏÁX¾ÐÂ�ÉDÈ3ÃÐè�â¿È	ÁXÑ:¾iÈ3Ç·Á
Æ�½¿Ñ<Í]¾Ð½¿íÄÂ�äBî,ï�ð8ñ�ä*Á!Ç<Ñ�Á¬â}Á!ÃÐÜ3Â�ä*ò3ó�ï�ð	ñpä�Ñ.ÁXÓFÁ!Î.Á!¾ÐÂ-¾ÐÂÄÃÐÖyÂÄÃFÞ
Ø Õ ÃÛÃÐÂÄ¾ Õ â¿ÓÐ¾�¾Ð¼:ÈYÉôÓÐ¼ÏÁXÓkÊ�Ì�Í]Î.Á!¾ÐÂÄÑ,½¿ÇBÓÐÂUÃÐÔÄÈ3Ç:Ç<ÂÄÔÄÓÐ¾#ÁXÇ:Ñ Õ ¾ÐÂUÃÐÍ

â¿ÂÄÖyÂÄâ&ÔUÈ3Æ�Æ Õ Ç:½ÒÔ&ÁXÓÐ½¿È3ÇêÔ�ÁXÇ�½¿Æ�À<ÃÐÈYÖyÂ�ÁXâ¿â*ÁX¾ÐÀ	ÂÄÔUÓÐ¾.È3ÙBÓÐ¼<Â[ÌÄ×3Ø_À.ÁXÓÐ¼
Î	ÂÄÓ}É[ÂÄÂÄÇ#ÓÐ¼<Â�Ñ.Á!ÓFÁXÎÏÁX¾ÐÂk¾ÐÝB¾ÐÓÐÂUÆõÁXÇ<Ñ#ÓÐ¼<Â�¾ÐÓÐÈ3ÃFÁ!Ü3ÂkÎ.Á!ÔRè�ãuÂÄÇ<ÑÏÞlß�Â
ÁXâ¿¾ÐÈOé:Ç<ÑiÓÐ¼.Á!ÓÏÓÐÈkÆ_ÁXèyÂDÂÄë	ÂÄÔÄÓÐ½¿ÖyÂ Õ ¾ÐÂ�È]Ù<Ê¬Ìl½¿Ç�Ìc×]Ø�½¿ÇBÓÐÂUÇ<¾Ð½¿ÖyÂ[ÂUÇ<ã
Ö�½¿ÃÐÈ3Ç<Æ#ÂÄÇ�ÓÐ¾kÉDÂ-Ç<ÂÄÂUÑ'ÓÐÈ�À:ÃÐÈFÖ�½¿Ñ<Â-¾ Õ Î<¾ÐÓFÁ!ÇBÓÐ½}Á!â�Á!Ñ<Ñ<½¿ÓÐ½¿È3ÇÏÁXâ*Ù Õ Ç:ÔÄã
ÓÐ½¿È3ÇÏÁXâ¿½¿Ó�Ý?ÓÐ¼ÏÁXÇ?É�¼ÏÁXÓ�½Ò¾�Ô Õ ÃÐÃÐÂUÇBÓÐâ¿ÝáÀ<ÃÐÈYÖ�½¿Ñ<ÂÄÑ?Î�ÝáÊ�ÌÄÞ§ö.½¿Ç.Á!âÒâ¿ÝBä
Ç<ÂUÉ�¾ÐÓÐÈ]ÃFÁXÜ3Âìçpð	Ì�¾1ÓÐ¼ÏÁXÓ1¼<ÂÄâ¿À?Æ#½ÒÇ:½¿Æ�½¿íÄÂ_èyÂÄÃÐÇ<ÂUâ�½¿Ç�ÖyÈ3â¿ÖyÂÄÆ#ÂÄÇ�Ó
½¿Ç�ÓÐ¼:Â�Ìc×]ØôÀ.Á!ÓÐ¼?Á!ÃÐÂ�Ç<ÂUÂÄÑ<ÂÄÑìÓÐÈ'Ù Õ â¿â¿Ý_ÂÄÅ�À<â¿È3½¿Ó-ÓÐ¼<ÂêÎ	ÂÄÇ<ÂUé<ÓÐ¾OÈ]Ù
Ê�Ì}Í3ÎÏÁX¾ÐÂÄÑ�ÔÄÈ3Æ�Æ Õ Ç:½¿Ô�ÁXÓÐ½¿È3ÇÏÞ
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ñ�¾ÐÂUÃÐÍ3â¿ÂÄÖyÂÄâ8ÔÄÈ]Æ�Æ Õ Ç<½¿Ô�Á!ÓÐ½¿È3ÇÚÁ!ÃÐÔR¼:½¿ÓÐÂÄÔÄÓ Õ ÃÐÂU¾�¼.ÁdÖyÂ�Î	ÂUÂÄÇ�ÓÐ¼:Â�¾ Õ Î<ã
ÿKÂUÔÄÓêÈ]Ù�ÃÐÂÄÔÄÂÄÇ�Ói½¿Ç�ÓÐÂÄÃÐÂÄ¾ÐÓiÎ	ÂÄÔ�Á Õ ¾ÐÂ1È3Ù�ÓÐ¼:ÂÄ½¿ÃêÀ	È]ÓÐÂÄÇ�ÓÐ½�Á!âDÓÐÈ,ÃÐÂUÑ Õ ÔUÂ
ÔÄÈ]Æ�Æ Õ Ç<½¿Ô�Á!ÓÐ½ÒÈ]Ç�ÃÐÂÄâ}ÁXÓÐÂÄÑ�ÈYÖyÂÄÃÐ¼:Â�ÁXÑ:¾FÞ��*ÂÄÔ�Á Õ ¾ÐÂ�ÓÐ¼<ÂÄÝ·ÁXâ¿â¿ÈYÉ Ñ<½¿ã
ÃÐÂÄÔÄÓ�ÁXÔÄÔUÂÄ¾Ð¾�ÓÐÈ1ÓÐ¼<ÂiÇ:ÂÄÓ�ÉDÈ3ÃÐè'½¿Ç�ÓÐÂÄÃÐÙdÁXÔÄÂêÉ�½ÒÓÐ¼:È Õ Ó¬Ü]È3½¿Ç<Ü�ÓÐ¼<ÃÐÈ Õ Ü3¼
ÓÐ¼<ÂiÈ]À	ÂÄÃFÁXÓÐ½¿Ç<Ü�¾ÐÝ�¾ÐÓÐÂÄÆ_ä:ÓÐ¼:ÂÄÝ'È]ë	ÂÄÃpÁ!À<À:âÒ½¿Ô�Á!ÓÐ½¿È3Ç<¾�ÓÐ¼<Â'ÁXÎ<½¿â¿½¿Ó�Ý�ÓÐÈ
Õ ¾ÐÂêÔ Õ ¾ÐÓÐÈ]Æ�½¿íÄÂÄÑÏä Õ ¾ÐÂUÃÐÍ3â¿ÂÄÖyÂÄâÌÄ×3ØôÀ:ÃÐÈ3ÓÐÈ&ÔÄÈ]âÒ¾FÞ��#È3ÃÐÂÄÈYÖyÂÄÃFä Õ ¾ÐÂUÃÐÍ
â¿ÂÄÖyÂÄâ[ÔÄÈ3Æ�Æ Õ Ç:½¿Ô�ÁXÓÐ½¿È3ÇôÁ!ÃÐÔR¼:½ÒÓÐÂUÔÄÓ Õ ÃÐÂÄ¾fÁXâ¿â¿ÈYÉ Ñ.Á!ÓFÁ#ÓÐÈìÎ	Â1ÓÐÃFÁ!Ç<¾Ðã
ÙKÂUÃÐÃÐÂÄÑ?Î	ÂÄÓ}É[ÂÄÂÄÇ·âÒÈ&Ô&ÁXâpÁ!Ç<Ñ�ÃÐÂÄÆ�È3ÓÐÂ_Æ�ÂUÆ�È3ÃÐÝ�Î Õ ë	ÂÄÃÐ¾pÉ�½¿ÓÐ¼<È Õ Ó
È3À	ÂUÃFÁXÓÐ½¿Ç<Ü_¾ÐÝ�¾ÐÓÐÂÄÆ%ÁXÇ:ÑoÀ<ÃÐÈ&ÔÄÂU¾Ð¾ÐÈ3Ã�½¿Ç�ÓÐÂÄÃÐÖyÂÄÇ�ÓÐ½¿È3ÇÏä*Î�Ý�Æ#Â�ÁXÇ:¾êÈ]Ù
å��#ç ÂÄÇ:Ü3½¿Ç<ÂU¾FÞ²»�¼:ÂÄ¾ÐÂìÙKÂ�Á!Ó Õ ÃÐÂÄ¾�¼.ÁdÖyÂ_Î	ÂÄÂÄÇ Õ ¾ÐÂÄÑ´É�½¿ÓÐ¼)¾ Õ ÔÄã
ÔÄÂÄ¾Ð¾½¿Ç#½¿Æ�À:ÃÐÈYÖB½¿Ç:Ü�ÓÐ¼<ÂDÀ	ÂÄÃÐÙKÈ]ÃÐÆ_ÁXÇ:ÔÄÂ�ÁXÇ:Ñ#¾ÐÔ�Á!â}ÁXÎ<½¿â¿½¿Ó�Ý�È3Ù=ÀÏÁXÃFÁ!âÒâ¿ÂÄâ
¾ÐÔÄ½¿ÂÄÇ�ÓÐ½¿é<Ô�ÁXÀ:À<â¿½¿Ô�ÁXÓÐ½¿È]Ç<¾FÞ[»�¼<ÂiÊ¬½ÒÃÐÓ Õ ÁXâ*Ì�Ç�ÓÐÂÄÃÐÙÐÁ!ÔÄÂ��KÊ�Ì��kÁ!ÃÐÔR¼:½¿ÓÐÂÄÔÄã
Ó Õ ÃÐÂ
	�����y½¿¾�ÁÏÉ[ÂUâÒâ¿Í]èBÇ:ÈYÉ�Ç.äÄ½¿Ç<Ñ Õ ¾ÐÓÐÃÐÝ�Í3É�½¿Ñ<Â¾ÐÓFÁXÇ:Ñ.Á!ÃÐÑ�ÙPÈ3Ã*¾ÐÝB¾ÐÓÐÂUÆ
ÁXÃÐÂ&ÁÛÇ:ÂÄÓ�ÉDÈ3ÃÐè�¾[ÎÏÁX¾ÐÂÄÑ1È3Ç1ÓÐ¼:ÂÄ¾ÐÂ¬À:ÃÐ½¿Ç<ÔÄ½¿À<â¿ÂÄ¾[ÓÐ¼.ÁXÓD¼.Á!¾[¾ÐÀ.ÁdÉ�Ç:ÂÄÑ�Á

Ç Õ ÆêÎ	ÂUÃ*È]Ù:½¿Ç<½¿ÓÐ½}ÁXÓÐ½¿ÖyÂU¾FäY¾ Õ ÔR¼�Á!¾ÏÓÐ¼<Â�åD½¿ÃÐÂÄÔÄÓ*ç�ÔÄÔÄÂU¾Ð¾Ïö.½¿âÒÂOæFÝ�¾ÐÓÐÂÄÆ�¾
�Ðåç¬ökæ���	�������ä&ÓÐ¼.Á!ÓÛÓFÁXÃÐÜ3ÂUÓkÈ]ÓÐ¼<ÂÄÃÛ½¿Æ�À	È]ÃÐÓFÁXÇ�ÓÛÑ<È3Æ,ÁX½¿Ç<¾FÞ
Ì�ÇìÓÐ¼<½¿¾OÀÏÁXÀ	ÂÄÃFä	É[Â#¾ÐÓ Õ Ñ<Ý,ÓÐ¼:Â#ÙPÂ�ÁX¾Ð½¿Î<½¿â¿½¿Ó�ÝìÈ3ÙDâÒÂUÖyÂÄÃFÁXÜ]½¿Ç<ÜfÊ¬Ì�Í

Î.ÁX¾ÐÂUÑêÔÄÈ]Æ�Æ Õ Ç<½¿Ô�Á!ÓÐ½¿È3Ç#ÓÐÈk½¿Æ�À<ÃÐÈYÖyÂDÌc×]Ø�À	ÂÄÃÐÙKÈ]ÃÐÆ_ÁXÇ:ÔÄÂ�ÁXÇ:Ñê¾ÐÔ&ÁXâ¿ã
ÁXÎ<½¿â¿½¿Ó�Ý¸ÙPÈ3Ã�¾ÐÓÐÈ3ÃFÁXÜ]ÂÄÍ3ÔUÂÄÇ�ÓÐÃÐ½ÒÔ²ÁXÀ<À:â¿½ÒÔ&ÁXÓÐ½¿È3Ç:¾ºÁXÇ:Ñ²½ÒÇýÀÏÁXÃÐÓÐ½¿Ô Õ â}Á!Ã
Ñ.ÁXÓFÁ!Î.Á!¾ÐÂ_ÁXÀ:À<â¿½¿Ô�ÁXÓÐ½¿È3Ç:¾iÂÄÅ�ÂÄÔ Õ ÓÐ½¿Ç:Ü'ÃÐÂ�Á!âÒÍ]É[È]ÃÐâÒÑÚÈ]Ç<â¿½¿Ç<Â�ÓÐÃFÁ!Ç<¾FÁ!ÔÄã
ÓÐ½ÒÈ]Ç,À<ÃÐÈ&ÔÄÂU¾Ð¾Ð½ÒÇ:Ü�â¿È=ÁXÑ<¾FÞ�ç�Ç'½ÒÆ#À	È3ÃÐÓFÁXÇ�Ók½¿¾Ð¾ Õ Â�½ÒÇ_ÑÏÁXÓFÁXÎÏÁX¾ÐÂ�¾ÐÝ�¾Ðã
ÓÐÂÄÆ�¾½¿¾DÓÐ¼:ÂkÈYÖyÂUÃÐ¼<Â�Á!Ñ�È3Ù	À:ÃÐÈ&ÔÄÂÄ¾Ð¾Ð½¿Ç<ÜiÌc×]ØoÈ3À	ÂÄÃFÁ!ÓÐ½ÒÈ]Ç<¾FÞ2ö=È]ÃDÃÐÂ&ÁXâ¿ã
½Ò¾ÐÓÐ½¿ÔÛÈ3Ç:Í3â¿½¿Ç<ÂÛÓÐÃFÁXÇ:¾FÁXÔÄÓÐ½¿È]Ç�À:ÃÐÈ&ÔÄÂÄ¾Ð¾Ð½¿Ç<Ü��ÐØ��B»�ð��=ÑÏÁXÓFÁXÎÏÁX¾ÐÂÛâ¿È	Á!Ñ<¾Fä
Ìc×3ØáÔ�ÁXÇoÁXÔÄÔÄÈ Õ Ç�Ó�ÙKÈ]ÃêÁk¾Ð½¿Ü3Ç:½Òé:Ô�ÁXÇ�Ó�À	ÂÄÃÐÔUÂÄÇ�ÓFÁXÜ3Â�È3ÙÏÓÐÈ]ÓFÁXâ8ÂÄÅ�ÂÄÔ Õ ã
ÓÐ½ÒÈ]ÇàÓÐ½¿Æ�Â�	¿ó�����Þ�ç¬ÔR¼:½ÒÂUÖB½¿Ç:Ü'¼<½¿Ü]¼àÓÐÃFÁXÇ:¾FÁXÔÄÓÐ½¿È]ÇoÃFÁXÓÐÂÄ¾Fäl¼<ÈYÉ[ÂÄÖ3ÂÄÃFä
Ô�ÁXÇ�È3Ç:âÒÝpÎ	ÂkÃÐÂ�Á!âÒ½¿íÄÂUÑ'Î�Ý�ÃÐÂÄÑ Õ ÔÄ½¿Ç<Ü�Ìc×]Ø�ÈYÖyÂÄÃÐ¼:Â�ÁXÑ:¾�È3Ç�ÓÐ¼<Âk¼<È]¾ÐÓ
ï�ð8ñ�Á!Ç<Ñ�À<ÃÐÈYÖ�½ÒÑ:½¿Ç<Ü'Æ#È3ÃÐÂ�ï�ð8ñ ÔÄÝ�ÔÄâ¿ÂÄ¾iÙKÈ3ÃiÓÐÃFÁ!Ç<¾FÁXÔUÓÐ½ÒÈ]ÇÚÀ<ÃÐÈ]ã
ÔÄÂÄ¾Ð¾Ð½¿Ç<Ü=Þ-ö<È3ÃOÓÐ¼:½Ò¾�ÃÐÂ�ÁX¾ÐÈ]Ç.ä=¾ÐÓÐÈ3ÃFÁ!Ü3ÂìÁXÃÐÔX¼<½¿ÓÐÂÄÔUÓ Õ ÃÐÂÄ¾O¾ÐÓÐÃÐ½¿ÖyÂêÓÐÈ�ÃÐÂUã
Ñ Õ ÔUÂ'ÔÄÈ]¾ÐÓÐ¾�½¿ÇáÓÐ¼<ÂfÌÄ×3Ø ÀÏÁXÓÐ¼�Î	ÂÄÓ�ÉDÂÄÂÄÇáÓÐ¼<ÂfÑÏÁXÓFÁXÎÏÁX¾ÐÂf¾ÐÝ�¾ÐÓÐÂÄÆ
ÁXÇ<Ñ�ÓÐ¼<ÂOÑ:½¿¾Ðè�¾ Õ Î<¾ÐÝ�¾ÐÓÐÂÄÆ_Þ
Ì�ÇºÓÐ¼:½Ò¾�É[È]ÃÐè´É[Â·ÁXÃÐÂàÀ:ÃÐ½¿Æ_ÁXÃÐ½¿â¿Ý´½¿ÇBÓÐÂUÃÐÂÄ¾ÐÓÐÂÄÑ)½ÒÇºÂÄÅ*Á!Æ�½¿Ç<½¿Ç<Ü

ÓÐ¼<ÂkÂÄë	ÂÄÔÄÓ�È]Ù Õ ¾ÐÂÄÃÐÍ3â¿ÂÄÖyÂUâ	ÔÄÈ3Æ�Æ Õ Ç:½¿Ô�ÁXÓÐ½¿È3Ç�È3Ç�Î<â¿È&ÔXè�Ìc×]Ø�À	ÂÄÃÐÙKÈ]ÃÐã
Æ_ÁXÇ:ÔÄÂ'ÙPÈ3ÃpÑ.Á!ÓFÁXÎÏÁX¾ÐÂÚÁ!À<À:âÒ½¿Ô�Á!ÓÐ½¿È3Ç<¾FÞÚßàÂ�ÙKÈ&Ô Õ ¾pÈ3Çá½¿Æ�À<ÃÐÈYÖ�½¿Ç<Ü
ÓÐ¼<ÂiÌc×]ØºÀÏÁXÓÐ¼_ÙKÃÐÈ]Æ�ÓÐ¼:Â�ÑÏÁXÓFÁ!Î.ÁX¾ÐÂê¾ÐÂÄÃÐÖyÂÄÃ¬ÓÐÈp¾ÐÓÐÈ3ÃFÁ!Ü3Â#Î�Ý Õ ¾Ð½¿Ç<Ü
Ê�Ì�Í]Î.Á!¾ÐÂÄÑ·½¿Ç�ÓÐÂÄÃÐÔÄÈ]Ç<Ç<ÂUÔÄÓÐ¾FÞ���½¿Ü3¼:Í3À	ÂÄÃÐÙPÈ3ÃÐÆ_Á!Ç<ÔÄÂ_Ñ.Á!ÓFÁXÎÏÁX¾ÐÂ_¾ÐÝ�¾Ðã
ÓÐÂÄÆ�¾2Ó}Ý�À<½¿Ô�ÁXâ¿â¿Ý Õ ¾ÐÂD¾ÐÀ	ÂUÔÄ½}ÁXâ¿½¿íÄÂÄÑ#¾ÐÓÐÈ]ÃFÁXÜ]Â-ÁXÃÐÂ&Á.Ç:ÂÄÓ�ÉDÈ3ÃÐè�¾��ÐæYç��¬¾��Ðä
¾ Õ ÔX¼_ÁX¾Dö.½ÒÎ:ÃÐÂêï2¼.ÁXÇ:Ç<ÂÄâ��Kö�ï��ÐäFÙPÈ3ÃDÓÐ¼<ÂÛ¾FÁXÆ�ÂkÀ Õ ÃÐÀ	È3¾ÐÂ�ÞlßàÂÛÀ<ÃÐÈ]ã
À	È3¾ÐÂ�ÁXÇoÁXâ¿ÓÐÂÄÃÐÇÏÁXÓÐ½¿ÖyÂO¾ÐÓÐÈ]ÃFÁXÜ3Â�Á!ÃÐÔR¼:½ÒÓÐÂUÔÄÓ Õ ÃÐÂ-Ô�Á!â¿âÒÂUÑfÊ�Ì}Í	ÁXÓÐÓFÁ!ÔR¼:ÂÄÑ
ÊDÈ]â Õ Æ�Â-Ê�Á Õ â¿Ó��KÊ�ò��ÏÓÐ¼.Á!ÓkÔUÈ3Ç<¾Ð½¿¾ÐÓÐ¾kÈ3ÙkÁ�¾ÐÓÐÈ]ÃFÁXÜ3Â�ÔÄâ Õ ¾ÐÓÐÂUÃkÉ�¼:½¿ÔR¼
ÔÄÈ3Æ�Æ Õ Ç:½¿Ô�ÁXÓÐÂ�É�½¿ÓÐ¼�È3Ç<ÂêÈ3Ã-Æ�È]ÃÐÂ�Ñ.Á!ÓFÁXÎÏÁX¾ÐÂ�¾ÐÂÄÃÐÖ3ÂÄÃÐ¾ Õ ¾Ð½¿Ç<Ü�Ê�ÌÄÞ
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V3 Storage Server Node-to-Node Latency CPU Overhead
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À<ÃÐ½¿Æ_Á!ÃÐÝ?ÃÐÂ�Á!¾ÐÈ3Çº½¿¾'ÓÐ¼.Á!Ó � �
(�� Ñ<È&ÂU¾'Ç<È]Ó'¼ÏÁÐÖ3ÂìÓÐ¼:Â_ÃÐÂ >�Õ ½¿ÃÐÂÄã
Æ�ÂÄÇ�ÓÏÈ]Ù:¾FÁ!ÓÐ½¿¾ÐÙKÝ�½¿Ç<ÜOÓÐ¼:Â[¾ÐÓFÁXÇ:Ñ.Á!ÃÐÑêß?½¿Ç:Ñ<ÈYÉ�¾ÏÌc×]Ø�¾ÐÂÄÆ_Á!Ç�ÓÐ½ÒÔU¾kÁXÇ<Ñ
¼<ÂUÇ<ÔÄÂ�½¿¾¬ÁXÎ:âÒÂÛÓÐÈOÆ#½ÒÇ:½¿Æ�½¿íÄÂÛÓÐ¼<ÂiÁ!Æ�È Õ ÇBÓÈ]Ù	èyÂÄÃÐÇ<ÂUâB½¿Ç�ÖyÈ]âÒÖ3ÂÄÆ�ÂÄÇ�ÓFä
ÔÄÈ]ÇBÓÐÂUÅBÓ�¾ÐÉ�½¿ÓÐÔX¼<ÂÄ¾Fä*ÁXÇ:Ñ'½¿Ç�ÓÐÂÄÃÐÃ Õ À:ÓÐ¾FÞ
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��ÂUÅBÓ�É[Â¸ÂUÅ2Á!Æ�½¿Ç<ÂôÓÐ¼<Â ÈYÖyÂUÃÐ¼<Â�Á!Ñ�È]ÙàÊpò!Í3ÎÏÁX¾ÐÂÄÑõÌc×]Ø%É�½¿ÓÐ¼
Ô�Á!ÔR¼:½ÒÇ:Ü�Ó Õ ÃÐÇ<ÂÄÑÚÈ]Ç.ÞáæF½¿Ç<ÔUÂ�ÓÐ¼:Â�â¿È&Ô�Á!âkÔ&ÁX¾ÐÂ'Ñ:È&ÂÄ¾�Ç:È3Ó#¼ÏÁdÖyÂ�ÁX¾
Æ Õ ÔX¼oÔ�ÁXÔX¼<Â�Á!¾fÁ#Ê�ò#¾ÐÝB¾ÐÓÐÂUÆ_ä2É[Â1È3Ç:â¿Ý�À:ÃÐÂÄ¾ÐÂÄÇ�ÓêÇ Õ ÆêÎ	ÂÄÃÐ¾iÙPÈ3Ã
ÓÐ¼<ÂÊ�ò2¾ÐÂÄÓ Õ ÀÏÞlö Õ ÃÐÓÐ¼<ÂÄÃÐÆ�È]ÃÐÂ�äU¾Ð½¿Ç<ÔÄÂ½¿ÇiÑ.Á!ÓFÁXÎ.Á!¾ÐÂD¾ÐÝ�¾ÐÓÐÂÄÆ#¾2É�ÃÐ½¿ÓÐÂÄ¾
¼.ÁdÖyÂ#ÓÐÈfÔÄÈ3Æ#Æ�½¿Ó�ÓÐÈ'Ñ<½¿¾Ðè_É[ÂpÈ3Ç:â¿Ý�ÂÄÅ*Á!Æ�½¿Ç<ÂpÔ�Á!ÔR¼:ÂÄÑàÃÐÂ�Á!ÑoÌc×]Ø
À	ÂÄÃÐÙPÈ3ÃÐÆ_Á!Ç<ÔÄÂ�Þ
ö.½¿Ü Õ ÃÐÂ�B�¾Ð¼<ÈYÉ�¾kÓÐ¼<Â�ÁdÖyÂÄÃFÁ!Ü3ÂiÃÐÂÄ¾ÐÀ	È3Ç:¾ÐÂiÓÐ½ÒÆ#Â�ÙPÈ3ÃkÃÐÂ�ÁXÑ:½¿Ç<ÜìÁXÇ

?4§��áÎ<â¿È&ÔXè,ÙKÃÐÈ]Æ ÓÐ¼<Â�Êpò-Ô�ÁXÔX¼<Â&Þ-ß·¼<ÂÄÇ_ÓÐ¼<ÂêÇ Õ Æ�Î	ÂÄÃ¬È]Ù[È Õ ÓÐã
¾ÐÓFÁXÇ:Ñ<½¿Ç<Ü¬ÃÐÂ >�Õ ÂÄ¾ÐÓÐ¾2½Ò¾â¿ÂÄ¾Ð¾.ÓÐ¼ÏÁXÇ�ÙKÈ Õ Ã.ÓÐ¼<ÂiÁdÖyÂUÃFÁXÜ3Â[ÃÐÂÄ¾ÐÀ	È3Ç:¾ÐÂ�ÓÐ½¿Æ�Â
½¿Ç<ÔÄÃÐÂ&ÁX¾ÐÂÄ¾§¾Ðâ¿ÈFÉ�â¿ÝBÞ*ç¬Î	ÈYÖyÂ�ÓÐ¼<½¿¾.ÓÐ¼:ÃÐÂÄ¾Ð¼<È]âÒÑÏäFÓÐ¼:ÂiÁdÖyÂÄÃFÁXÜ]Â�ÃÐÂÄ¾ÐÀ	È3Ç:¾ÐÂ
ÓÐ½¿Æ�Â�½¿Ç<ÔÄÃÐÂ&ÁX¾ÐÂÄ¾§â¿½ÒÇ:Â�ÁXÃÐâ¿Ý'ÁXÇ:Ñ#½¿¾OÁÙ Õ Ç<ÔÄÓÐ½¿È3Ç#È3Ù	Ç<ÂUÓ�É[È]ÃÐè >BÕ Â Õ ½¿Ç:Ü	Þ
ö.½¿Ü Õ ÃÐÂ"�¾Ð¼<ÈYÉ�¾ÓÐ¼<Â[Ê�ò�.m-�¬�¯�ÓÐ¼<ÃÐÈ Õ Ü]¼<À Õ Ó2ÙPÈ3ÃÑ<½¿ë	ÂÄÃÐÂÄÇ�ÓÏÇ Õ Æ�ã

Î	ÂÄÃÐ¾*È3Ù<È Õ ÓÐ¾ÐÓFÁ!Ç<Ñ<½¿Ç:ÜkÃÐÂ >BÕ ÂÄ¾ÐÓÐ¾FÞlß·½ÒÓÐ¼iÈ]Ç<Â§È Õ ÓÐ¾ÐÓFÁ!Ç<Ñ:½ÒÇ:Ü¬ÃÐÂ >BÕ ÂÄ¾ÐÓFä
ÓÐ¼<ÂkÓÐ¼<ÃÐÈ Õ Ü]¼<À Õ ÓÃÐÂ�ÁXÔX¼<ÂÄ¾-Á�Æ,ÁXÅ�½¿Æ Õ Æ È]Ù[Á!Î	È Õ Ó4í���«��×!¾�É�½¿ÓÐ¼
�3ó#?�§��1ÃÐÂ >�Õ ÂÄ¾ÐÓÐ¾FÞ:��ÈYÉ[ÂÄÖ3ÂÄÃFäYÉ�½¿ÓÐ¼�Æ�È3ÃÐÂDÈ Õ ÓÐ¾ÐÓFÁXÇ<Ñ:½¿Ç<ÜkÃÐÂ >�Õ ÂÄ¾ÐÓÐ¾Fä
ÓÐ¼<ÂpÀ	Â&ÁXèìÊ�ÌOÓÐ¼:ÃÐÈ Õ Ü]¼<À Õ Ó-È3Ù�Á!Î	È Õ Ó��#��L�«��×!¾ê½¿¾�ÃÐÂ�ÁXÔX¼<ÂÄÑ´ÁXÓ
¾ÐÆ_Á!âÒâ¿ÂÄÃkÃÐÂ >�Õ ÂU¾ÐÓ�¾Ð½ÒíUÂÄ¾FÞÏß?½¿ÓÐ¼'ÙKÈ Õ ÃÛÈ Õ ÓÐ¾ÐÓFÁXÇ:Ñ<½¿Ç<ÜêÃÐÂ�ÁXÑ�ÃÐÂ >�Õ ÂÄ¾ÐÓÐ¾Fä
ÓÐ¼<Â�Ê�Ì[½¿Ç�ÓÐÂÄÃÐÔÄÈ]Ç<Ç:ÂÄÔÄÓÛ½¿¾k¾FÁ!Ó Õ ÃFÁ!ÓÐÂÄÑfÂÄÖyÂUÇ'É�½¿ÓÐ¼C?
§���ÃÐÂ >BÕ ÂÄ¾ÐÓÐ¾FÞ
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á%NaQ P!Q å�k N)¸ i�S�h f ¹Kh�kZY
ö.½ÒÇÏÁXâ¿â¿ÝBä[É[Â_ÔÄÈ]Æ�À.Á!ÃÐÂìÓÐ¼:ÂfÀ	ÂÄÃÐÙPÈ3ÃÐÆ_Á!Ç<ÔÄÂìÈ3Ù�Á�Ê�òXÍ]Î.ÁX¾ÐÂUÑ´Ìc×3Ø
¾ Õ Î<¾ÐÝ�¾ÐÓÐÂÄÆËÓÐÈpÓÐ¼:Â�â¿È&Ô�Á!â.Ô�ÁX¾ÐÂ&ÞÛö=È]Ã¬ÓÐ¼:ÂÄ¾ÐÂiÂÄÅ�À	ÂÄÃÐ½¿Æ�ÂÄÇ�ÓÐ¾�ÓÐ¼:Â-Êpò
¾ÐÂÄÃÐÖyÂÄÃkÔ�ÁXÔX¼<Â�¾Ð½¿íÄÂ#½¿¾¬¾ÐÂÄÓ�ÓÐÈpíÄÂUÃÐÈoÁ!Ç<ÑáÁXâ¿â.Ê�ò�Ìc×3Ø´ÃÐÂ >�Õ ÂU¾ÐÓÐ¾pÁXÃÐÂ
¾ÐÂÄÃÐÖ�½ÒÔUÂÄÑ�ÙPÃÐÈ3Æ Ñ:½¿¾ÐèB¾�½ÒÇìÓÐ¼<ÂêÊpò-¾ÐÂÄÃÐÖyÂÄÃFÞOÌ}ÇìÂ&ÁXÔX¼�ÉDÈ3ÃÐè�â¿È	ÁXÑ?ÁXâ¿â
Ìc×3Ø·È]À	ÂÄÃFÁXÓÐ½¿È]Ç<¾#ÁXÃÐÂ-ÃFÁXÇ:Ñ<È]Æ_Þ
ö.½¿Ü Õ ÃÐÂHD'¾Ð¼:ÈYÉ�¾'ÓÐ¼.Á!Ó1ÓÐ¼<Â_Êpò'¾ÐÂÄÓ Õ À?¼.Á!¾�¾Ð½¿Æ�½¿â}ÁXÃ�ÃFÁXÇ:Ñ<È3Æ

ÃÐÂ�ÁXÑ�ÃÐÂÄ¾ÐÀ	È3Ç:¾ÐÂ�ÓÐ½¿Æ�Â,ÁX¾�ÓÐ¼<Â�â¿È&Ô�Á!â[Ô�Á!¾ÐÂpÉ�¼<ÂÄÇoÓÐ¼:Â�ÃÐÂ�Á!Ño¾Ð½¿íÄÂp½¿¾
âÒÂU¾Ð¾êÓÐ¼ÏÁXÇ¨�!î«§���Þ	»�¼<Â1ÂÄÅ�ÓÐÃFÁêÈYÖyÂÄÃÐ¼:Â�ÁXÑ�½ÒÇ�ÓÐÃÐÈ&Ñ Õ ÔÄÂÄÑàÎBÝ_Ê�òê½¿¾
âÒÂU¾Ð¾�ÓÐ¼ÏÁXÇ²ò#@�Þ´ö=È3Ã1â}ÁXÃÐÜ]ÂÄÃ�ÌÄ×3Ø ÃÐÂ >�Õ ÂU¾ÐÓ�¾Ð½¿íÄÂU¾Fä�¼:ÈYÉ[ÂÄÖyÂUÃFäDÊpò
½ÒÇ�ÓÐÃÐÈ&Ñ Õ ÔÄÂÄ¾k¼<½¿Ü]¼<ÂÄÃkÈYÖyÂÄÃÐ¼<Â&ÁXÑ<¾FäBÉ�¼<½¿ÔR¼áÁ!ÃÐÂiÀ<ÃÐÈ3À	È]ÃÐÓÐ½¿È3Ç.Á!â.ÓÐÈpÓÐ¼<Â
ÃÐÂ >�Õ ÂÄ¾ÐÓ�¾Ð½¿íÄÂ&Þ·ö=È3ÃpÂÄÅ*Á!Æ�À<â¿Â�äDÊ�ò�¼ÏÁX¾ìÁXÃÐÈ Õ Ç:Ñ!��Z@ ÈYÖyÂÄÃÐ¼<Â&ÁXÑ
ÙKÈ3Ã��]ó�?%§��·ÃÐÂ�Á!Ñ<¾�Î	ÂÄÔ�Á Õ ¾ÐÂpÈ3Ù�½¿Ç:ÔÄÃÐÂ�ÁX¾ÐÂUÑÚÑ.ÁXÓFÁ�ÓÐÃFÁXÇ<¾ÐÙPÂÄÃ�ÓÐ½ÒÆ#Â�Þ
Ì�ÇàÁXÑ<Ñ:½¿ÓÐ½ÒÈ]Ç.ä&ÓÐ¼<ÂOÀÏÁXÔXèyÂÄÓ�¾Ð½¿íÄÂ-½¿ÇfÓÐ¼:ÂOÔ���Á!Ç'Ê¬Ì[½¿Æ�À<â¿ÂÄÆ#ÂÄÇ�ÓFÁXÓÐ½¿È3Ç
½Ò¾'�Xî3ñóòH�!î�Î�Ý�ÓÐÂÄ¾FÞ�»�¼:ÂÄÃÐÂÄÙKÈ]ÃÐÂ�ä	ÓÐÈ�ÓÐÃFÁ!Ç<¾ÐÙKÂUÃ��3ó�?"§��áÃÐÂ >�Õ ½ÒÃÐÂU¾
Î<ÃÐÂ�Á!èB½¿Ç:Ü�ÓÐ¼<Â[Ñ.ÁXÓFÁ§ÓÐÈOÓÐ¼<ÃÐÂÄÂ[Ê�Ì�$kå��#ç¬¾FÞlßàÃÐ½¿ÓÐÂ�ÃÐÂU¾ÐÀ	È3Ç<¾ÐÂ�ÓÐ½¿Æ�Â
Î	ÂÄ¼.ÁdÖyÂÄ¾ê¾Ð½¿Æ�½¿â�Á!ÃÐâ¿ÝBä§ö=È]Ã�ÃÐÂ >�Õ ÂÄ¾ÐÓ#¾Ð½ÒíUÂÄ¾ Õ À�ÓÐÈ·ò3ó'§���ä2Êpòp¼.Á!¾
ÃÐÂÄ¾ÐÀ	È3Ç:¾ÐÂêÓÐ½¿Æ�ÂÄ¾k¾Ð½¿Æ�½¿â}ÁXÃOÓÐÈpÓÐ¼:Â�â¿È&Ô�Á!â.Ô�ÁX¾ÐÂ&Þ[ö=È3Ãkâ}ÁXÃÐÜ3ÂUÃOÃÐÂ >�Õ ÂÄ¾ÐÓ
¾Ð½ÒíUÂÄ¾FäBÊ�òk½¿¾ Õ À�ÓÐÈ<��Z@ ¾ÐâÒÈYÉDÂÄÃÛÑ Õ Â�ÓÐÈ�Ç<ÂÄÓ}É[È]ÃÐè�ÓÐÃFÁ!Ç<¾ÐÙPÂÄÃÛÓÐ½ÒÆ#Â�Þ
ö.½¿Ü Õ ÃÐÂ<?iÀ:ÃÐÂÄ¾ÐÂÄÇ�ÓÐ¾OÓÐ¼:ÃÐÈ Õ Ü]¼<À Õ Ó�ÃÐÂU¾ Õ â¿ÓÐ¾OÙKÈ]Ã���#{@ ÃÐÂ�Á!Ñ?Á!Ç<Ñ

É�ÃÐ½ÒÓÐÂpÉDÈ3ÃÐè�â¿È	Á!Ñ<¾iÉ�½¿ÓÐ¼àÓ�ÉDÈfÈ Õ ÓÐ¾ÐÓFÁXÇ:Ñ<½¿Ç<Ü�Ìc×3Ø È]À	ÂÄÃFÁXÓÐ½¿È]Ç<¾FÞ#ç�¾
Æ�ÂÄÇ�ÓÐ½¿È3Ç<ÂUÑþÁXÎ	ÈYÖyÂ�ä�É�½¿ÓÐ¼)È]Ç<ÂìÈ Õ ÓÐ¾ÐÓFÁXÇ<Ñ:½¿Ç<Ü�ÃÐÂ >�Õ ÂÄ¾ÐÓ�ÊpòÚÁ!Ñ<Ñ:¾
òXã~��Z@%ÈYÖyÂÄÃÐ¼<Â&ÁXÑ ÔUÈ3Æ�ÀÏÁXÃÐÂÄÑ ÓÐÈ ÓÐ¼<Â·âÒÈ&Ô&ÁXâ�Ô�ÁX¾ÐÂ�Þô��ÈYÉ[ÂÄÖ3ÂÄÃFä
É�¼<ÂÄÇêÓÐ¼<Â�Ç Õ Æ�Î	ÂÄÃ.È]Ù=È Õ ÓÐ¾ÐÓFÁXÇ<Ñ:½¿Ç<ÜOÌÄ×3ØàÃÐÂ >�Õ ÂU¾ÐÓÐ¾§½¿Ç:ÔÄÃÐÂ�ÁX¾ÐÂU¾Fä]ÓÐ¼<Â
ÓÐ¼<ÃÐÈ Õ Ü3¼:À Õ Ó2Ñ<½¿ë	ÂÄÃÐÂÄÇ:ÔÄÂ�Î	ÂÄÓ�ÉDÂÄÂÄÇ_Á§Êpò§Ö3È3â Õ Æ�Â�Á!Ç<ÑfÁDâ¿È&Ô�ÁXâ=Ñ:½¿¾Ðè
Ñ<ÂÄÔÄÃÐÂ&ÁX¾ÐÂÄ¾¬Ñ Õ ÂiÓÐÈ1À<½¿À	ÂÄâ¿½¿Ç<½¿Ç:Ü]�Kö.½¿Ü Õ ÃÐÂ�?��ÐÞ�ÊpòOÔ�Á!ÇáÁXÔX¼<½¿ÂÄÖyÂ�ÓÐ¼<Â
¾FÁXÆ�Â).°-X¬3¯oÓÐ¼<ÃÐÈ Õ Ü3¼:À Õ Ó,ÁX¾,Á1â¿È&Ô�Á!âkÑ:½¿¾ÐèoÉ�½¿ÓÐ¼�Ó}É[ÈìÈ Õ ÓÐ¾ÐÓFÁ!Ç<Ñ:ã
½ÒÇ:ÜiÃÐÂ >�Õ ÂÄ¾ÐÓÐ¾OÁXÇ<ÑpÓÐ¼:Â¬¾FÁ!Æ�Â � .�²ay-¬ÓÐ¼:ÃÐÈ Õ Ü]¼<À Õ Ó§É�½ÒÓÐ¼1ÂÄ½¿Ü]¼BÓDÈ Õ ÓÐã
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ö.½¿Ü Õ ÃÐÂ�?#=àÊpò�ÁXÇ:Ñ)â¿È&Ô�Á!â-ÃÐÂ�ÁXÑ Á!Ç<Ñ´É�ÃÐ½¿ÓÐÂàÓÐ¼:ÃÐÈ Õ Ü]¼<À Õ Ó��KÓ�ÉDÈ
È Õ ÓÐ¾ÐÓFÁXÇ:Ñ<½¿Ç<Ü�ÃÐÂ >BÕ ÂÄ¾ÐÓÐ¾��ÐÞ

¾ÐÓFÁXÇ:Ñ<½¿Ç<Ü�ÃÐÂ >�Õ ÂÄ¾ÐÓÐ¾FÞºæY½ÒÇ:ÔÄÂfÑÏÁXÓFÁXÎÏÁX¾ÐÂÄ¾ìÁ!â¿É-ÁdÝ�¾�Ü]ÂÄÇ<ÂUÃFÁXÓÐÂfÆ�È]ÃÐÂ
ÓÐ¼.Á!ÇàÈ]Ç<Â�È Õ ÓÐ¾ÐÓFÁXÇ:Ñ<½¿Ç<Ü�ÃÐÂ >�Õ ÂÄ¾ÐÓÐ¾-ÓÐÈ�ÓÐÈ3â¿ÂÄÃFÁ!ÓÐÂpÌc×3Ø â}Á!ÓÐÂÄÇ<ÔÄÝBä	Êpò
Ô�Á!Ç�À:ÃÐÈFÖ�½¿Ñ<ÂkÓÐ¼<Â¬¾FÁXÆ�Â�ÓÐ¼<ÃÐÈ Õ Ü3¼:À Õ Ó�ÁX¾�â¿È&Ô�Á!â8Ñ<½¿¾Ðè�¾�ÂÄÖyÂÄÇ1É�½¿ÓÐ¼àÁ
{@ Ô&ÁXÔX¼<Â-¼<½¿Ó�ÃFÁ!ÓÐ½ÒÈpÙPÈ3ÃkÃÐÂ�ÁXâ¿½¿¾ÐÓÐ½¿ÔiÑ.ÁXÓFÁ!Î.Á!¾ÐÂ-âÒÈ=ÁXÑ:¾FÞ

õ ú ¸ µH  ¶MGo³�ü ¸ µ·³

åD½¿ë	ÂÄÃÐÂÄÇ:ÔÄÂÄ¾i½¿Çà¾Ð½¿Æ�À:âÒÂ1â}ÁXÓÐÂUÇ<ÔÄÝ�ÁXÇ:ÑàÓÐ¼:ÃÐÈ Õ Ü]¼<À Õ Ó-ÓÐÂÄ¾ÐÓÐ¾iÔ�Á!Ç<Ç<È]Ó
Ñ<½¿ÃÐÂÄÔUÓÐâÒÝ·Î	Â�ÓÐÃFÁ!Ç<¾Ðâ}ÁXÓÐÂÄÑºÓÐÈ�Ñ<½¿ë	ÂÄÃÐÂUÇ<ÔÄÂÄ¾'½ÒÇºÑÏÁXÓFÁXÎÏÁX¾ÐÂìÓÐÃFÁXÇ:¾FÁXÔÄã
ÓÐ½¿È3ÇºÃFÁXÓÐÂU¾f¾Ð½¿Ç<ÔÄÂ�Æ�È3¾ÐÓ�ÔÄÈ3Æ�Æ#ÂÄÃÐÔÄ½}ÁXâiÑ.Á!ÓFÁXÎÏÁX¾ÐÂÄ¾áÁ!ÃÐÂ�Ñ:ÂÄ¾Ð½¿Ü3Ç<ÂUÑ
ÓÐÈ1½¿¾Ð¾ Õ Â�Æ Õ âÒÓÐ½¿À:âÒÂiÔÄÈ]Ç<Ô Õ ÃÐÃÐÂÄÇ�Ó¬ÌÄ×3Ø[¾�ÁXÇ<Ñ,ÓÐÈ1ÓÐÈ]âÒÂUÃFÁXÓÐÂ�¼<½¿Ü3¼_Ìc×]Ø
ÃÐÂÄ¾ÐÀ	È]Ç<¾ÐÂfÓÐ½¿Æ�ÂÄ¾ìÁ!Ç<Ñáâ¿ÈFÉ�Í]ÓÐ¼<ÃÐÈ Õ Ü3¼:À Õ Ó�Ñ<½¿¾Ðè�¾FÞo»ÏÈà½¿Ç�ÖyÂÄ¾ÐÓÐ½¿Ü	Á!ÓÐÂ
ÓÐ¼<Â�½¿Æ�À.Á!ÔÄÓOÈ]Ù[Ê�Ì}ãRÁXÓÐÓFÁXÔX¼<ÂUÑ,¾ÐÓÐÈ3ÃFÁXÜ]Â�È3ÇìÃÐÂ�Á!âÒ½¿¾ÐÓÐ½¿Ô_Á!À<À<â¿½¿Ô�Á!ÓÐ½ÒÈ]Ç<¾
É[Â Õ ¾ÐÂL576�879:8Oä§Á�É[ÂÄâ¿â§èBÇ:ÈYÉ�ÇàÈ3Ç:ãuâÒ½¿Ç:ÂpÓÐÃFÁXÇ<¾FÁ!ÔÄÓÐ½¿È3ÇoÀ:ÃÐÈ&ÔÄÂÄ¾Ð¾Ðã
½¿Ç<Ü<�ÐØ��B»�ð��2Î	ÂÄÇ<ÔX¼<Æ_Á!ÃÐè�	¿ó�?~�}ÞO576�879{8·¾Ð½¿Æ Õ â}ÁXÓÐÂU¾#ÁkÔÄÈ3Æ�À:â¿ÂÄÓÐÂ
ÔÄÈ]Æ�À Õ ÓÐ½ÒÇ:ÜoÂÄÇ�Ö�½¿ÃÐÈ3Ç<Æ#ÂÄÇ�ÓpÉ�¼<ÂÄÃÐÂáÁ'À	È]À Õ â}Á!ÓÐ½ÒÈ]Ç?È3Ù Õ ¾ÐÂÄÃÐ¾1ÂÄÅ�ÂÄã
Ô Õ ÓÐÂÄ¾#ÓÐÃFÁ!Ç<¾FÁXÔUÓÐ½ÒÈ]Ç<¾ìÁ!Ü	ÁX½¿Ç:¾ÐÓ_Á1ÑÏÁXÓFÁ!Î.ÁX¾ÐÂ&Þ�»�¼<Â�Î	ÂÄÇ<ÔX¼<Æ_Á!ÃÐèà½¿¾
ÔÄÂÄÇ�ÓÐÂÄÃÐÂUÑ Á!ÃÐÈ Õ Ç<Ñ�ÓÐ¼<Â�À<ÃÐ½¿Ç<ÔU½ÒÀÏÁXâiÁ!ÔÄÓÐ½¿Ö�½ÒÓÐ½¿ÂÄ¾pÈ]Ù�Á!Ç�È3ÃÐÑ<ÂUÃÐÍ3ÂÄÇ�ÓÐÃÐÝ
ÂÄÇ�Ö�½¿ÃÐÈ3Ç<Æ#ÂÄÇ�ÓFÞ�576�879:8 ½¿Ç�ÖyÈ3â¿ÖyÂÄ¾�Á�Æ�½¿Å�È]Ù�ÔÄÈ3Ç:Ô Õ ÃÐÃÐÂUÇBÓiÓÐÃFÁ!Ç<¾Ðã
ÁXÔUÓÐ½ÒÈ]Ç<¾pÈ]Ù�Ñ<½¿ë	ÂÄÃÐÂUÇBÓ#Ó�Ý�À	ÂÄ¾,Á!Ç<ÑáÔÄÈ3Æ#À<â¿ÂÄÅ�½¿Ó�ÝBä.ÂÄ½¿ÓÐ¼<ÂÄÃ�ÂUÅBÂUÔ Õ ÓÐÂÄÑ
È3Ç:ãuâÒ½¿Ç:Â-È3Ã >�Õ Â Õ ÂÄÑ'ÙPÈ3ÃkÑ<ÂÄÙPÂÄÃÐÃÐÂÄÑfÂÄÅ�ÂÄÔ Õ ÓÐ½¿È3ÇÏÞ»�¼:Â-Ìc×3Ø?ÃÐÂ >�Õ ÂÄ¾ÐÓÐ¾
Ü3ÂUÇ<ÂÄÃFÁ!ÓÐÂÄÑôÎ�Ýe576�879:8 Á!ÃÐÂoÃFÁXÇ:Ñ<È]Æ Á!Ç<Ñ)ÓÐ¼<ÂÄÝ?¼ÏÁdÖyÂ?Á�D�Z@
ÃÐÂ�Á!Ñ<Í	òX{@ É�ÃÐ½¿ÓÐÂ�Ñ:½¿¾ÐÓÐÃÐ½ÒÎ Õ ÓÐ½¿È3ÇÏÞ1»�¼:ÂpÀ	ÂÄÃÐÙKÈ]ÃÐÆ_ÁXÇ:ÔÄÂ�È3Ù�576�879:8
½¿¾¬Æ#Â�ÁX¾ Õ ÃÐÂÄÑf½¿ÇfÓÐÃFÁXÇ:¾FÁXÔÄÓÐ½¿È]Ç<¾kÀ	ÂÄÃÛÆ�½¿Ç Õ ÓÐÂ��KÓÐÀ<Æ_ï��ÐÞlå Õ Â-ÓÐÈ�ÃÐÂÄã

kDSA cDSAö
0

50

100

150

N
or

m
al

iz
ed

 tr
an

sa
ct

io
n 

ra
te

Unoptimized
÷
dereg
ø
dereg+intrpt
ø
dereg+intrpt+sync
ø

ö.½ÒÜ Õ ÃÐÂHí�=  ë	ÂÄÔÄÓ�È3Ù�È3À<ÓÐ½¿Æ�½¿í�Á!ÓÐ½¿È3Ç<¾'È3ÇºÓÐÀ<Æ_ïýÙKÈ]ÃfÓÐ¼<Â_â}ÁXÃÐÜ]Â
ÔÄÈ3Ç:é<Ü Õ ÃFÁXÓÐ½¿È3ÇÏÞC$ÂÄ¾ Õ â¿ÓÐ¾,ÁXÃÐÂ�Ç<È]ÃÐÆ_ÁXâ¿½¿íÄÂÄÑ�ÓÐÈ_ÓÐ¼<Â Õ Ç<È3À:ÓÐ½¿Æ�½¿íÄÂÄÑ
Ô�ÁX¾ÐÂ�Þ

¾ÐÓÐÃÐ½ÒÔUÓÐ½ÒÈ]Ç<¾¬½ÒÆ#À	È3¾ÐÂÄÑ,Î�Ý1ÓÐ¼<Âi»�ð§ïáÔÄÈ Õ Ç<ÔU½Òâ}ä�É[ÂiÀ<ÃÐÂÄ¾ÐÂUÇBÓkÃÐÂÄâ}ÁXÓÐ½¿ÖyÂ
ÓÐÀ<Æ_ïàÇ Õ Æ�Î	ÂÄÃÐ¾Fä&Ç<È]ÃÐÆ_ÁXâ¿½¿íÄÂÄÑfÓÐÈ#ÓÐ¼<ÂOâ¿È&Ô�Á!âÏÔ�ÁX¾ÐÂ&Þ

õ%N!÷ ¸ h�R:¢AY û¥h�WZh�îOh�k�Y ¹oiAg�ùO¢A\�R:h�WZVXiAg
»ÏÈàÂÄÖ<ÁXâ Õ ÁXÓÐÂ'ÓÐ¼:Â'½¿Æ�ÀÏÁXÔÄÓpÈ]Ù�È Õ ÃìÁXÀ:À<ÃÐÈ	Á!ÔR¼áÈ3Ç¸ÁXÎ:¾ÐÈ3â Õ ÓÐÂfÀ	ÂUÃÐã
ÙKÈ3ÃÐÆ,ÁXÇ<ÔUÂoÁ!Ç<Ño¾ÐÔ�Á!â}ÁXÎ<½¿â¿½¿Ó�ÝoÈ]ÙÛÑ.ÁXÓFÁ!Î.Á!¾ÐÂÄ¾FäÏÉ[Â1Ã Õ Çú576�879:8 È3Ç
ÁXÇ'ÁXÜ3Ü]ÃÐÂÄ¾Ð¾Ð½¿ÖyÂ�ä]¾ÐÓFÁ!ÓÐÂÄãuÈ3ÙPã�ÓÐ¼:ÂÄãRÁXÃÐÓkò]óXÍ3À:ÃÐÈ&ÔÄÂÄ¾Ð¾ÐÈ]Ã[Ñ.Á!ÓFÁXÎÏÁX¾ÐÂ�¾ÐÂÄÃÐÖ3ÂÄÃFÞ
»ÏÈ�è3ÂÄÂÄÀ Õ À_É�½¿ÓÐ¼?ï�ð	ñþÔ�ÁXÀÏÁXÔÄ½¿Ó�Ý,ÉDÂ,Á!âÒ¾ÐÈ Õ ¾ÐÂêâ�Á!ÃÐÜ3Â�ÑÏÁXÓFÁ!Î.ÁX¾ÐÂ
¾Ð½ÒíUÂÄ¾ºÁXÇ:ÑýÇ Õ ÆêÎ	ÂUÃÐ¾àÈ3Ù�Ñ<½¿¾Ðè�¾ºÁ!¾o¾Ð¼<ÈYÉ�Çþ½ÒÇý»ÛÁ!Î<â¿Â²ó]Þ%»�¼<Â
Ñ.ÁXÓFÁ!Î.Á!¾ÐÂ¬ÉDÈ3ÃÐè�½¿Ç<Üi¾ÐÂÄÓ[¾Ð½¿íÄÂ¬½¿¾-ÁXÃÐÈ Õ Ç:Ñ���»��[ä3Æ Õ ÔR¼pâ}ÁXÃÐÜ]ÂÄÃ�ÓÐ¼ÏÁXÇ
ÓÐ¼<Â·ÁXÜ3Ü]ÃÐÂÄÜ	Á!ÓÐÂoÔ�Á!ÔR¼:Âà¾Ð½¿íÄÂ¨�ÐÁ!Î	È Õ Ó�B3ó��4���êÈ]ÙêÓÐ¼:Â�ÑÏÁXÓFÁ!Î.ÁX¾ÐÂ
¾ÐÂÄÃÐÖyÂÄÃOÁXÇ<Ñ�ÓÐ¼<ÂkÊpò�¾ÐÓÐÈ]ÃFÁXÜ3Â�¾ÐÂÄÃÐÖyÂÄÃFÞ2Ì}Ç�È Õ ÃDÂÄÅ�À	ÂÄÃÐ½¿Æ�ÂÄÇ�ÓÐ¾FäyÓÐ¼<ÂÄÃÐÂ
ÁXÃÐÂ%?��[½¿Ü=ÁXÇ<ÂUÓ[Ô���ÁXÇ©��ÌÄï2¾DÈ]Ç�ÓÐ¼:ÂÛ¾ÐÂÄÃÐÖyÂÄÃFä]Â&ÁXÔX¼�ÔUÈ3Ç<Ç:ÂÄÔÄÓÐÂÄÑpÓÐÈ�Á
¾Ð½ÒÇ:Ü3â¿ÂÛÊpò[¾ÐÓÐÈ]ÃFÁXÜ3ÂkÇ<È&Ñ:Â�Þ  ÁXÔX¼pÊpòD¾ÐÓÐÈ]ÃFÁXÜ]Â¬Ç:È&Ñ<ÂÛ¼.Á!¾�?XiÀ<¼�Ý�¾Ð½Òã
Ô�ÁXâ:Ñ<½¿¾Ðè�¾Dâ¿È&Ô�Á!âÒâ¿Ý_Á!ÓÐÓFÁXÔX¼<ÂÄÑÏäFÙPÈ3Ã-Á[ÓÐÈ]ÓFÁXâ:È3Ù��Xî#iÑ<½¿¾Ðè�¾��l�#�3Þ¿ó[»����ÐÞ
ßàÂ-é:ÃÐ¾ÐÓ¬ÔUÈ3Ç<¾Ð½¿Ñ:ÂÄÃ¬ÓÐ¼:Âi½ÒÆ#À.ÁXÔUÓ¬È]Ù§Ö<ÁXÃÐ½¿È Õ ¾kÈ3À<ÓÐ½¿Æ�½¿í�Á!ÓÐ½¿È3Ç<¾¬È3Ç

ÓÐ¼<Â�576�879:8ÚÓÐÃFÁ!Ç<¾FÁXÔUÓÐ½ÒÈ]Ç1ÃFÁXÓÐÂÄ¾DÙKÈ3ÃDÓÐ¼<ÂÛâ}ÁXÃÐÜ]Â¬ÔÄÈ]Ç<é:Ü Õ ÃFÁ!ÓÐ½¿È3Ç1ÙKÈ]Ã
�/��(��ýÁ!Ç<Ñ � ��(��kÞ=ö.½¿Ü Õ ÃÐÂ«í�¾Ð¼<ÈYÉ�¾-ÓÐ¼ÏÁXÓOÓÐ¼:ÂÄ¾ÐÂ�È3À:ÓÐ½¿Æ�½¿í�ÁXÓÐ½¿È3Ç:¾
ÃÐÂÄ¾ Õ â¿Ó.½¿Ç#¾Ð½¿Ü3Ç:½¿é<Ô�Á!ÇBÓ½¿Æ�À:ÃÐÈFÖ3ÂÄÆ�ÂÄÇ�ÓÐ¾ÏÈ]Ç�À	ÂÄÃÐÙKÈ]ÃÐÆ_ÁXÇ:ÔÄÂ�Þ��[ÁXÓÐÔX¼<ÂÄÑ
Ñ<ÂÄÃÐÂÄÜ]½¿¾ÐÓÐÃFÁXÓÐ½¿È3Çì½¿Ç<ÔÄÃÐÂ�Á!¾ÐÂÄ¾OÓÐ¼:Â�ÓÐÃFÁ!Ç<¾FÁ!ÔÄÓÐ½¿È3ÇìÃFÁXÓÐÂ�ÎBÝàÁXÎ	È Õ Ó;��B�@
ÙKÈ3Ã��/��(c�?ÁXÇ:Ñ<��Z@ºÙPÈ3Ã � �
(��kÞF»�¼:ÂÄ¾ÐÂ¬Î	ÂUÇ<ÂÄé:ÓÐ¾�Á!ÃÐÂ¬Æ,ÁX½¿Ç<â¿Ý#Ñ Õ Â
ÓÐÈ-ÓÐ¼<ÂÛÙÐÁ!ÔÄÓ[ÓÐ¼ÏÁXÓ§Ñ<ÂÄÃÐÂÄÜ]½¿¾ÐÓÐÃFÁXÓÐ½¿È3Ç�ÃÐÂ >�Õ ½¿ÃÐÂÄ¾§â¿È&ÔRè�½¿Ç<ÜiÀ.Á!Ü3ÂÄ¾Fä3É�¼:½¿ÔR¼
Î	ÂÄÔÄÈ3Æ#ÂÄ¾�Æ�È3ÃÐÂ-ÂUÅBÀ	ÂUÇ<¾Ð½¿ÖyÂpÁ!Ó�â}ÁXÃÐÜ3ÂUÃkÀ:ÃÐÈ&ÔÄÂÄ¾Ð¾ÐÈ]Ã¬ÔÄÈ Õ Ç�ÓÐ¾FÞ���Á!ÓÐÔR¼:ã
½ÒÇ:Ü_½ÒÇ�ÓÐÂÄÃÐÃ Õ À<ÓÐ¾�½¿Æ�À<ÃÐÈYÖyÂÄ¾ê¾ÐÝ�¾ÐÓÐÂÄÆ À	ÂUÃÐÙKÈ3ÃÐÆ,ÁXÇ<ÔUÂ'Î�Ý?Á!Î	È Õ Ó«D�@
ÙKÈ3Ã��/�
(��þÁXÇ<Ñ��XîZ@ ÙKÈ3Ã � �
(��kÞ8»�¼:Âp½ÒÆ#À<ÃÐÈYÖyÂÄÆ�ÂUÇBÓ�ÙKÈ3Ã � �
(��
½Ò¾-â}Á!ÃÐÜ3ÂÄÃ-Î	ÂÄÔ&Á Õ ¾ÐÂ«(�*�+�(c-/.~0/-/.%1323232�Æ#È3¾ÐÓÐâ¿Ý Õ ¾ÐÂÄ¾OÀ	È]â¿âÒ½¿Ç:ÜfÙKÈ]Ã
Ìc×3ØþÔÄÈ3Æ�À:â¿ÂÄÓÐ½¿È3Ç<¾ Õ Ç<Ñ:ÂÄÃ � �
(��kÞ.ö.½¿ÇÏÁXâ¿â¿ÝBä§ÃÐÂÄÑ Õ ÔÄ½¿Ç<Üìâ¿È&ÔRèÚ¾ÐÝ�Ç:ã
ÔR¼:ÃÐÈ3Ç<½¿í�Á!ÓÐ½¿È3Ç1¾Ð¼<ÈYÉ�¾�ÁXÇp½¿Æ�À<ÃÐÈYÖyÂUÆ�ÂÄÇ�ÓDÈ]ÙDÁXÎ	È Õ Ó��]ó�@?ÙKÈ]Ã4�/�
(��
ÁXÇ<Ñ ÁXÎ	È Õ Óìó!î{@ ÙKÈ]Ã � ��(c�¬Þj$ÂUÑ Õ ÔU½ÒÇ:Ü�â¿È&ÔXè�¾ÐÝBÇ:ÔR¼:ÃÐÈ3Ç:½Òí&ÁXÓÐ½¿È3Ç
¼.ÁX¾DÓÐ¼<Âkâ}ÁXÃÐÜ3ÂU¾ÐÓ�À	ÂÄÃÐÙKÈ]ÃÐÆ_ÁXÇ:ÔÄÂO½¿Æ�À.Á!ÔÄÓ[½¿Ç � ��(c�àÎ	ÂÄÔ�Á Õ ¾ÐÂ � �
(��
Ô�ÁXÇ�È3À<ÓÐ½¿Æ�½¿íÄÂ,ÓÐ¼:ÂfÙ Õ â¿â¬ÌÄ×3Ø À.Á!ÓÐ¼·ÙPÃÐÈ3Æ ÓÐ¼<Â'Ñ.ÁXÓFÁ!Î.Á!¾ÐÂ,ÓÐÈoÓÐ¼<Â
ÔÄÈ3Æ�Æ Õ Ç:½¿Ô�ÁXÓÐ½¿È3Ç'â�ÁdÝyÂUÃFÞ
ßàÂ�Ç<ÂUÅBÓêÔÄÈ3Ç:¾Ð½¿Ñ<ÂÄÃ_Á!Î<¾ÐÈ]â Õ ÓÐÂfÑ.Á!ÓFÁXÎÏÁX¾ÐÂ'À	ÂUÃÐÙKÈ3ÃÐÆ,ÁXÇ<ÔUÂ�Þoö.½ÒÜ]ã

Õ ÃÐÂ���ì¾Ð¼<ÈYÉ�¾#ÓÐ¼:Â�Ç:È3ÃÐÆ_Á!â¿½ÒíUÂÄÑû576�879:8²ÓÐÃFÁXÇ<¾FÁ!ÔÄÓÐ½¿È3Ç�ÃFÁXÓÐÂ�ÙKÈ]Ã
ÊpòfÁ!Ç<Ñ)Á#ö.½¿Î<ÃÐÂ�ï2¼.Á!Ç<Ç:ÂÄâ4�Kö�ï��Û¾ÐÓÐÈ]ÃFÁXÜ3Â�¾ÐÝ�¾ÐÓÐÂÄÆ<·ÏÓÐ¼<Â1ÃÐÂÄ¾ Õ â¿ÓÐ¾
ÙKÈ3Ã¬Êpò�ÃÐÂ�&:ÂÄÔÄÓkÈ3À:ÓÐ½ÒÆ#½Òí&ÁXÓÐ½¿È3Ç:¾O½¿Ç,ÓÐ¼<Â��/��(c�²ÁXÇ<Ñ � �
(���½¿Æ�À:â¿ÂÄã
Æ�ÂÄÇ�ÓFÁXÓÐ½¿È3Ç:¾FÞ�»�¼<Â�ö�ïáÑ:ÂÄÖ�½¿ÔÄÂiÑ<ÃÐ½¿ÖyÂÄÃ Õ ¾ÐÂÄÑ,½¿Ç,ÓÐ¼:Â�â¿È&Ô�Á!âÔ�ÁX¾ÐÂ�½¿¾
Á�¼<½¿Ü]¼<â¿Ý_È3À<ÓÐ½¿Æ�½¿íÄÂUÑoÖyÂÄÃÐ¾Ð½¿È3Ç�À<ÃÐÈYÖ�½¿Ñ<ÂÄÑ�ÎBÝ,ÓÐ¼:Â#Ñ:½Ò¾Ðè_ÔÄÈ]Ç�ÓÐÃÐÈ3â¿â¿ÂÄÃ
ÖyÂÄÇ<Ñ:È3ÃFÞ'ß�Â�é:Ç<ÑoÓÐ¼ÏÁXÓ��/��(c� ¼.ÁX¾�ÔÄÈ]Æ�À	ÂÄÓÐ½¿ÓÐ½¿ÖyÂ�À	ÂUÃÐÙKÈ3ÃÐÆ,ÁXÇ<ÔUÂ
ÓÐÈ�ÓÐ¼:Â¬â¿È&Ô�Á!â8Ô�ÁX¾ÐÂ�Þ � �
(��oÀ	ÂÄÃÐÙKÈ]ÃÐÆ�¾"�#?�@ôÎ	ÂÄÓÐÓÐÂUÃ[ÓÐ¼.Á!Ç1ÓÐ¼<ÂkâÒÈ&Ô&ÁXâ
Ô�ÁX¾ÐÂ�Þ � ��(c��À	ÂUÃÐÙKÈ3ÃÐÆ#¾¬ÓÐ¼:Â�É[È]ÃÐ¾ÐÓFäBÉ�½¿ÓÐ¼ÚÁ#ó3ó�@ â¿ÈYÉ[ÂUÃkÓÐÃFÁ!Ç<¾FÁ!ÔÄã
ÓÐ½ÒÈ]ÇÚÃFÁXÓÐÂ1ÓÐ¼.Á!ÇK�/��(c�¬Þlö.½ÒÜ Õ ÃÐÂ����#¾Ð¼:ÈYÉ�¾#ÓÐ¼<Â1ÂÄÅ�ÂÄÔ Õ ÓÐ½¿È3ÇoÓÐ½¿Æ�Â



0
20
40
60
80

100
120
140

Local kDSA wDSA cDSAN
or

m
al

iz
ed

 t
ra

n
sa

ct
io

n
 

ra
te

 

ö.½¿Ü Õ ÃÐÂ��X{=��¬È3ÃÐÆ_Á!âÒ½¿íÄÂUÑü576�879:8 ÓÐÃFÁXÇ<¾FÁ!ÔÄÓÐ½¿È3ÇºÃFÁXÓÐÂU¾'ÙKÈ]Ã'ÓÐ¼:Â
â}ÁXÃÐÜ]Â�ÔUÈ3Ç<é:Ü Õ ÃFÁXÓÐ½¿È3ÇÏÞ
Þ

kDSA wDSAý cDSAþ
0

20

40

60

80

100

C
P

U
 U

til
iz

at
io

n 

ÿ
Other
�
VI
�
DSA
Lock
OS Kernel
�
SQL

ö.½¿Ü Õ ÃÐÂ«���#=êï�ð	ñ Õ ÓÐ½¿â¿½Òí&ÁXÓÐ½¿È3Ç�Î<ÃÐÂ�Á!èBÑ:ÈYÉ�ÇìÙPÈ3Ã�576�879:8)ÙPÈ3ÃOÓÐ¼:Â
â}ÁXÃÐÜ]Â�ÔUÈ3Ç<é:Ü Õ ÃFÁXÓÐ½¿È3ÇÏÞ

Î<ÃÐÂ&ÁXè�Ñ<ÈYÉ�ÇfÈ]ÇfÓÐ¼<Â-ÑÏÁXÓFÁXÎÏÁX¾ÐÂ-¼:È3¾ÐÓkÙKÈ3ÃkÓÐ¼<Â�ÓÐ¼<ÃÐÂÄÂ-ÔÄâ¿½¿ÂÄÇ�Ók½ÒÆ#À<â¿ÂÄã
Æ�ÂÄÇ�ÓFÁ!ÓÐ½ÒÈ]Ç<¾FÞ2ß�Â�Ñ<ÈOÇ:È3Ó§À<ÃÐÂÄ¾ÐÂÄÇ�ÓÓÐ¼<Â�ÂUÅ2Á!ÔÄÓÎ<ÃÐÂ�Á!è�Ñ<ÈYÉ�ÇpÙKÈ]ÃDÓÐ¼:Â
â¿È&Ô�ÁXâlÔ�Á!¾ÐÂOÎ	ÂÄÔ�Á Õ ¾ÐÂ�½¿Ó�ÉOÁX¾�Æ�Â�Á!¾ Õ ÃÐÂÄÑ�Î�Ý�ÓÐ¼<Â¬¼.Á!ÃÐÑ<É-Á!ÃÐÂ�ÖyÂUÇ<Ñ<È]Ã
ÁXÇ:Ñ'ÉDÂ�ÁXÃÐÂ-â¿½¿Æ�½¿ÓÐÂÄÑf½¿Ç'ÓÐ¼:ÂO½¿Ç<ÙKÈ]ÃÐÆ_ÁXÓÐ½¿È]Ç,É[ÂOÔ�Á!ÇfÑ<½¿Ö Õ â¿Ü]ÂOÎ�ÝpâÒ½¿ã
ÔÄÂÄÇ:¾Ð½¿Ç<Ü1Á!Ü3ÃÐÂÄÂÄÆ#ÂÄÇ�ÓÐ¾FÞ7��ÈYÉ[ÂÄÖ3ÂÄÃFäc�/�
(��_½Ò¾ÃÐÂÄÀ:ÃÐÂÄ¾ÐÂÄÇ�ÓFÁXÓÐ½¿ÖyÂ[È3Ù=ÓÐ¼:Â
â¿È&Ô�ÁXâ�Ô�Á!¾ÐÂ�Þ�ï�ð	ñ Õ ÓÐ½¿âÒ½¿í�Á!ÓÐ½¿È3Ç#½¿¾ÏÑ:½¿ÖB½¿Ñ:ÂÄÑi½ÒÇ�ÓÐÈk¾Ð½¿ÅOÔ�ÁXÓÐÂUÜ3È3ÃÐ½¿ÂÄ¾�=��l�#�
(�*�+�(�-/.�0/-/.�1�23232Ïä^�Ðó��lØ-æ[èyÂÄÃÐÇ:ÂÄâ3À:ÃÐÈ&ÔÄÂÄ¾Ð¾Ð½¿Ç<Ü=ä^�Ðò��&âÒÈ&ÔXè�½¿Ç<ÜÛÈYÖyÂÄÃÐã
¼<Â&ÁXÑ.ä[�KîZ�OåOæFç�ä��lB��DÊ¬ÌÛÈFÖ3ÂÄÃÐ¼<Â�Á!Ñ��Kâ¿½¿Î<ÃFÁ!ÃÐÝáÁXÇ:Ñ�Ñ:ÃÐ½ÒÖ3ÂÄÃÐ¾��ÐäÁXÇ<Ñ
�l���kÈ3ÓÐ¼<ÂUÃ�ÈYÖyÂÄÃÐ¼<Â&ÁXÑ�½¿Ç<ÔÄâ Õ Ñ:½¿Ç<ÜìÓÐ½ÒÆ#Â'¾ÐÀ	ÂÄÇ�Ó�½¿Ç<¾Ð½¿Ñ:Â'ÓÐ¼<Â�¾ÐÈ&ÔXèyÂÄÓ
â¿½¿Î<ÃFÁXÃÐÝoÁXÇ:Ñ,È3ÓÐ¼<ÂUÃ¬¾ÐÓFÁ!Ç<Ñ.Á!ÃÐÑ,¾ÐÝ�¾ÐÓÐÂÄÆËâÒ½¿Î:ÃFÁXÃÐ½¿ÂÄ¾FÞ�»�¼<Âiâ¿È&ÔRè�ÓÐ½¿Æ�Â
½¿¾¬Á§ÔÄÈ]Æ�À	È3Ç:ÂÄÇ�Ó.È3Ù=ÂÄ½¿ÓÐ¼:ÂÄÃ
�/��(��áÁXÇ:Ñ#ÓÐ¼:ÂiØ-æÛè3ÂÄÃÐÇ<ÂÄâ}ä � �
(��käÄÈ3Ã
� ��(c��ÓÐ¼.Á!Ó¬ÉDÂê¾Ð½¿Ç:Ü3â¿ÂêÈ Õ Ó#ÁXÇ:Ñ,À<ÃÐÂÄ¾ÐÂÄÇ�ÓÛ¾ÐÂÄÀÏÁXÃFÁXÓÐÂUâÒÝBäBÑ Õ ÂiÓÐÈp½¿ÓÐ¾
½¿Æ�À	È3ÃÐÓFÁ!Ç<ÔÄÂ&Þ��*È&ÔRè#¾ÐÝBÇ:ÔR¼:ÃÐÈ3Ç:½Òí&ÁXÓÐ½¿È3ÇàÁXÇ:Ñ�èyÂUÃÐÇ<ÂÄâ=ÓÐ½¿Æ�ÂU¾�½ÒÇ:ÔÄâ Õ Ñ:Â
ÈYÖyÂÄÃÐ¼:Â�ÁXÑ:¾�½¿ÇBÓÐÃÐÈ&Ñ Õ ÔÄÂUÑ�Î�Ý<(v*�+�(�-/.�0/-/.413232322ä&¾ Õ ÔR¼àÁX¾�ÔUÈ3Ç�ÓÐÂÄÅ�Ó
¾ÐÉ�½¿ÓÐÔR¼:½¿Ç<Ü	ä8ÓÐ¼.Á!Ó�ÁXÃÐÂ�Ç:È3Ó-Ç<ÂUÔÄÂÄ¾Ð¾FÁXÃÐ½¿â¿ÝàÃÐÂUâ�Á!ÓÐÂÄÑàÓÐÈ�Ìc×]Ø ÁXÔÄÓÐ½¿Ö�½¿Ó�ÝBÞ
ö.½¿ÃÐ¾ÐÓFäyÉ[ÂO¾ÐÂÄÂ¬ÓÐ¼.Á!Ó � ��(c�Ú¾ÐÀ	ÂUÇ<Ñ<¾[ÓÐ¼<ÂkâÒÂ&ÁX¾ÐÓ�ÁXÆ#È Õ Ç�Ó�È]Ù*ÓÐ½¿Æ�Â�½ÒÇ
ÓÐ¼<Â,Ø-æàÁXÇ:Ñàâ¿È&ÔXè�¾ÐÝ�Ç<ÔX¼<ÃÐÈ]Ç<½¿í�Á!ÓÐ½ÒÈ]Ç.Þ#»�¼:½Ò¾iâ¿Â�ÁdÖyÂÄ¾iÆ�È]ÃÐÂpÔÄÝ�ÔÄâ¿ÂÄ¾
ÙKÈ]ÃOÓÐÃFÁXÇ:¾FÁXÔÄÓÐ½¿È]Ç�À:ÃÐÈ&ÔÄÂÄ¾Ð¾Ð½¿Ç<ÜàÁXÇ:Ñìâ¿Â�Á!Ñ<¾OÓÐÈ1¼:½ÒÜ]¼<ÂÄÃ�ÓÐÀ<Æ_ï�ÃFÁXÓÐÂÄ¾FÞ
ßàÂ#ÁXâ¿¾ÐÈ�Ç<È]ÓÐÂ¬ÓÐ¼ÏÁXÓ4�/�
(��à¾ÐÀ	ÂÄÇ:Ñ<¾§ÓÐ¼<Âkâ¿Â�ÁX¾ÐÓiÁ!Æ�È Õ Ç�Ó[È3Ù8ÓÐ½¿Æ�Â¬½ÒÇ
ÓÐ¼<ÂfåOæFç²â}ÁdÝyÂÄÃFä	¾Ð½¿Ç<ÔÄÂêÆ�È3¾ÐÓ-ÌÄ×3ØºÙ Õ Ç:ÔÄÓÐ½¿È3ÇÏÁXâ¿½¿Ó�Ý_½¿¾O¼.Á!Ç<Ñ<â¿ÂÄÑìÎ�Ý
ÓÐ¼<Â�Ø-æOèyÂÄÃÐÇ<ÂUâ�Þ � �
(��à¾ÐÀ	ÂÄÇ:Ñ<¾�ÓÐ¼:Â�¼<½¿Ü]¼<ÂÄ¾ÐÓ�ÓÐ½¿Æ�Â¬½¿Ç�ÓÐ¼:Â�èyÂÄÃÐÇ:ÂÄâ
ÁXÇ:Ñ-ÓÐ¼<Â¬åOæYçoâ}ÁÐÝ3ÂÄÃ2Ñ Õ ÂÓÐÈ�ÓÐ¼<ÂÔÄÈ]Æ�À<â¿ÂÄÅ%�����#���3�#�������^���§¾ÐÂÄÆ_Á!Ç<ã
ÓÐ½¿ÔÄ¾FÞOö.½¿Ç.ÁXâ¿â¿ÝBä=Ê�ÌÛÈYÖyÂÄÃÐ¼:Â�ÁXÑ_ÃÐÂÄÆ_Á!½¿Ç<¾-ÃÐÂÄâ}ÁXÓÐ½¿ÖyÂêÔÄÈ3Ç:¾ÐÓFÁXÇ�Ó1Á!ÔÄÃÐÈ3¾Ð¾
ÁXâ¿âÏ½¿Æ�À:â¿ÂÄÆ�ÂÄÇ�ÓFÁXÓÐ½¿È]Ç<¾FÞ-æFÂUÔÄÈ3Ç:Ñ.äBÉDÂêÇ:È3ÓÐ½¿ÔÄÂiÓÐ¼.Á!Ó¬ÓÐ¼:Â-À	È3ÃÐÓÐ½¿È3Ç_È]Ù
ÓÐ¼<Âêï�ð	ñºÓÐ½ÒÆ#Â¬Ç:È3Ó§Ñ<ÂÄÖyÈ]ÓÐÂÄÑpÓÐÈiÓÐÃFÁXÇ:¾FÁXÔÄÓÐ½¿È3Ç1À:ÃÐÈ&ÔÄÂÄ¾Ð¾Ð½¿Ç<Üê½Ò¾D¼<½¿Ü3¼
ÂÄÖyÂUÇ�½¿Ç � ��(��kÞFö<È3Ã��/��(��·ÁXÇ<Ñ � �
(��käFÓÐ¼:Â�ÓÐ½ÒÆ#Âk¾ÐÀ	ÂUÇBÓ§ÂÄÅ�ÂÄÔ Õ ÓÐã
½¿Ç<Ü_Ñ.Á!ÓFÁXÎÏÁX¾ÐÂ�½ÒÇ:¾ÐÓÐÃ Õ ÔÄÓÐ½¿È]Ç<¾#½¿¾êÎ	ÂÄâ¿ÈFÉ î�{@#ä.É�¼:ÂÄÃÐÂ�Á!¾�½¿Ç � ��(��
ÓÐ¼<½¿¾-À	ÂÄÃÐÔUÂÄÇ�ÓFÁXÜ3Âp½¿Ç:ÔÄÃÐÂ�ÁX¾ÐÂU¾êÓÐÈoÁXÎ	È Õ Ó�B�Z@�Þ#»�¼<½¿¾iÑ<½¿ë	ÂÄÃÐÂÄÇ:ÔÄÂ�½¿¾
ÓÐ¼<Â§À<ÃÐ½¿Æ_Á!ÃÐÝ-ÃÐÂ�ÁX¾ÐÈ]Ç#ÙPÈ3ÃÏÓÐ¼:ÂD¼:½ÒÜ]¼<ÂÄÃ2ÓÐÃFÁXÇ<¾FÁ!ÔÄÓÐ½¿È3ÇêÃFÁXÓÐÂÄ¾Ï½¿Ç � ��(c�¬Þ
Ì�Ç�ÓÐ¼<½¿¾ÛÔÄÈ3Ç:é<Ü Õ ÃFÁXÓÐ½¿È]Ç.ä&âÒÈ&ÔXè�½¿Ç<Ü_Á!Ç<ÑfèyÂUÃÐÇ<ÂÄâ8ÈYÖyÂÄÃÐ¼:Â�ÁXÑ:¾#Á!ÔÄÔÄÈ Õ Ç�Ó

kDSA cDSAö
0

50

100

N
or

m
al

iz
ed

 tr
an

sa
ct

io
n 

ra
te

Unoptimized
÷
dereg
ø
dereg+intrpt
ø
dereg+intrpt+sync
ø

ö.½ÒÜ Õ ÃÐÂ%�3ó#=  ë	ÂUÔÄÓ[È]ÙlÈ]À<ÓÐ½¿Æ�½¿í�Á!ÓÐ½ÒÈ]Ç<¾�È]ÇpÓÐÀ<Æ_ï_ÙKÈ]Ã[ÓÐ¼<ÂÛÆ�½¿Ñ:ã�¾Ð½¿íÄÂ
ÔÄÈ3Ç:é<Ü Õ ÃFÁXÓÐ½¿È3ÇÏÞ

0

20

40

60

80

100

120

0 30 60 90 120 150 180 210

Number of disks

N
or

m
al

iz
ed

 tr
an

sa
ct

io
n 

ra
te

 

cDSA

kDSA

wDSA

Local

ö.½ÒÜ Õ ÃÐÂ��3ò�={��È]ÃÐÆ_ÁXâ¿½¿íÄÂÄÑ�576�879:8_ÓÐÃFÁXÇ:¾FÁXÔÄÓÐ½¿È]ÇêÃFÁ!ÓÐÂDÙPÈ3ÃÏÓÐ¼:ÂDÆ�½¿Ñ:ã
¾Ð½ÒíUÂ-ÔÄÈ3Ç:é<Ü Õ ÃFÁXÓÐ½¿È3ÇÏÞ

ÙKÈ3ÃêÁ!Î	È Õ ÓêòX{@ È3Ù2ÓÐ¼<Â1ï�ð	ñ¸ÓÐ½¿Æ�Â�ÞÏç�Î	È Õ Ó��#B�@ ½¿¾Û½ÒÇ�ÓÐ¼<Â�åOæYç
â�ÁdÝyÂUÃ��KÂÄÅ�ÔÄâ Õ Ñ:½¿Ç<ÜÛâ¿È&ÔRè�½¿Ç<ÜZ�ÏÁXÇ:ÑfÁ!Î	È Õ Ó�B�@�½Ò¾ Õ Ç.Á!ÔÄÔÄÈ Õ Ç�ÓÐÂÄÑ.Þ§Ø Õ Ã
ÃÐÂÄ¾ Õ â¿ÓÐ¾i½¿Ç<Ñ<½¿Ô�Á!ÓÐÂpÓÐ¼.Á!Ó�ÓÐ¼:Â�â}ÁXÃÐÜ]ÂÄ¾ÐÓ#ÀÏÁXÃÐÓ-È3Ù�ÓÐ¼:Â_ò�Z@ ½Ò¾iÑ Õ Â�ÓÐÈ
Ç<È3Ç:ãuÌc×3Ø)ÃÐÂÄâ}ÁXÓÐÂÄÑ?ÁXÔÄÓÐ½¿Ö�½¿Ó�Ý_Ô�Á Õ ¾ÐÂÄÑàÎ�Ý�(v*�+¨(�-/.�0/-/.'13232322ÞêßàÂ
Î	ÂÄâ¿½ÒÂUÖyÂ�Ù Õ ÃÐÓÐ¼<ÂÄÃ.½¿Æ�À:ÃÐÈFÖ3ÂÄÆ�ÂÄÇ�ÓÐ¾É[È Õ â¿Ñ�ÃÐÂ >�Õ ½¿ÃÐÂ�ÃÐÂÄ¾ÐÓÐÃ Õ ÔÄÓ Õ ÃÐ½¿Ç:ÜOÈ3Ù
(�*�+�(c-/.~0/-/."13232�2áÁ!Ç<Ñ�ß?½¿Ç<Ñ<ÈYÉ�¾AÀpð_ÔÄÈ&Ñ<Â&Þ

õ%NaE IôVX¤��#k�V�»�Y û¥h�W�h�îOh�kZY ¹Kijg�ù�¢j\�R:h�WZVXiAg
Ì�ÇiÔÄÈ3Ç�ÓÐÃFÁ!¾ÐÓÏÓÐÈ¬ÓÐ¼:ÂDâ}Á!ÃÐÜ3Â�ÔÄÈ]Ç<é:Ü Õ ÃFÁ!ÓÐ½¿È3Ç�É�¼<½¿ÔR¼'ÁX½¿Æ�¾kÁ!ÓÛÁXÎ:¾ÐÈ3â Õ ÓÐÂ
À	ÂÄÃÐÙKÈ]ÃÐÆ_ÁXÇ:ÔÄÂ�ä&ÓÐ¼<ÂkÆ�½¿Ñ<ãu¾Ð½¿íÄÂOÔÄÈ]Ç<é<Ü Õ ÃFÁ!ÓÐ½ÒÈ]Ç�½¿¾�ÃÐÂÄÀ:ÃÐÂÄ¾ÐÂÄÇ�ÓFÁXÓÐ½¿ÖyÂ¬È3Ù
¾ÐÝB¾ÐÓÐÂUÆ�¾ÛÓÐ¼.ÁXÓ�Á!½¿ÆõÓÐÈêÃÐÂÄÑ Õ ÔÄÂ-ÓÐ¼<Â�ÔÄÈ3¾ÐÓÐÍ]À	ÂÄÃÐÙKÈ]ÃÐÆ_ÁXÇ:ÔÄÂêÃFÁ!ÓÐ½¿È	Þ
ßàÂÚé:ÃÐ¾ÐÓ�ÔUÈ3Ç<¾Ð½¿Ñ:ÂÄÃàÓÐ¼:ÂÚ½ÒÆ#À.ÁXÔUÓ�È]Ù�Â&ÁXÔX¼²È3À<ÓÐ½¿Æ�½¿í�Á!ÓÐ½¿È3ÇýÈ3Ç

ÓÐÀ<Æ_ï´ÃFÁXÓÐÂÄ¾FÞ_ö.½¿Ü Õ ÃÐÂ]�3óp¾Ð¼<ÈYÉ�¾êÓÐ¼.ÁXÓêÎ.Á!ÓÐÔR¼:ÂÄÑÚÑ<ÂÄÃÐÂUÜ3½¿¾ÐÓÐÃFÁXÓÐ½¿È3Ç
ÃÐÂÄ¾ Õ â¿ÓÐ¾#½¿Ç)Á«�X{@ ½ÒÆ#À<ÃÐÈYÖyÂÄÆ�ÂUÇBÓ�½¿Ço�/��(c� ÁXÇ:ÑoD�@ ½ÒÇ � �
(��kÞ
��ÁXÓÐÔX¼<½¿Ç<Ü-½¿Ç�ÓÐÂÄÃÐÃ Õ À<ÓÐ¾.½¿Ç<ÔÄÃÐÂ&ÁX¾ÐÂÄ¾DÓÐ¼<Â�ÓÐÃFÁXÇ:¾FÁXÔÄÓÐ½¿È]ÇpÃFÁXÓÐÂÛÎ�Ý'Á!ÇìÁXÑ:ã
Ñ<½¿ÓÐ½¿È3Ç.Á!âkó�@ý½ÒÇH�/��(c�ýÁXÇ<ÑH?�@ý½¿Ç � �
(��kÞ=»�¼<Â#ÃÐÂ&ÁX¾ÐÈ3ÇìÙKÈ]Ã-ÓÐ¼<Â
¾ÐÆ_ÁXâ¿âOÂÄë	ÂUÔÄÓ�È]Ù-Î.Á!ÓÐÔR¼:½ÒÇ:ÜÚ½¿ÇBÓÐÂUÃÐÃ Õ À<ÓÐ¾Fä[ÂU¾ÐÀ	ÂÄÔÄ½}ÁXâ¿â¿Ý?½¿Ç �/��(c� ½¿¾
ÓÐ¼.ÁXÓ Õ Ç<Ñ<ÂUÃ�¼<Â�ÁdÖ�Ý1Ìc×3Ø?â¿È	Á!Ñ<¾Fä:Æ,ÁXÇ�Ý�ÃÐÂUÀ<â¿½¿ÂÄ¾¬ÙPÃÐÈ3ÆËÓÐ¼<Â-¾ÐÓÐÈ]ÃFÁXÜ]Â
Ç<È&Ñ<ÂU¾[ÓÐÂÄÇ:ÑpÓÐÈfÁ!ÃÐÃÐ½ÒÖ3Â�Á!Ó[ÓÐ¼<Âk¾FÁXÆ#Â�ÓÐ½¿Æ�Â�Þ2»�¼:ÂÄ¾ÐÂ¬ÃÐÂUÀ<â¿½¿ÂÄ¾�Ô�Á!Ç�Î	Â
¼.ÁXÇ:Ñ<â¿ÂÄÑ,É�½¿ÓÐ¼·Á-¾Ð½¿Ç:Ü3â¿Â�½¿Ç�ÓÐÂÄÃÐÃ Õ À:ÓFä:ÃÐÂÄ¾ Õ â¿ÓÐ½¿Ç<Ü�½¿Ç_½ÒÆ#À<â¿½¿ÔÄ½¿ÓO½¿ÇBÓÐÂUÃÐã
Ã Õ À<Ó-ÎÏÁXÓÐÔX¼<½¿Ç<Ü=Þ�ö.½¿Ç.Á!â¿âÒÝBä�Á!¾ê½¿ÇoÈ Õ Ã�â}ÁXÃÐÜ3Â1ÔÄÈ]Ç<é:Ü Õ ÃFÁ!ÓÐ½¿È3Ç.ä2â¿È&ÔXè
¾ÐÝBÇ:ÔR¼:ÃÐÈ3Ç:½Òí&ÁXÓÐ½¿È3Ç�¾Ð¼<ÈYÉ�¾�ÓÐ¼<Â¬¼<½¿Ü3¼:ÂÄ¾ÐÓ�ÁXÑ:Ñ<½¿ÓÐ½¿È3ÇÏÁXâ8½¿Æ�À<ÃÐÈYÖyÂÄÆ#ÂÄÇ�ÓFä
ÁXÎ	È Õ Ó�D�@ ½¿ÇC�/�
(�� Á!Ç<Ñ)��{@¸½¿Ç � �
(��kÞ
��ÂUÅBÓFäXÉ[Â§âÒÈ&È]è1ÁXÓ*¼<ÈYÉàÊ�ò2À	ÂÄÃÐÙKÈ]ÃÐÆ�¾2ÔUÈ3Æ�ÀÏÁXÃÐÂÄÑiÓÐÈÛâ¿È&Ô�ÁXâlæ:ï�æFÌ

Ñ<½¿¾Ðè�¾FÞÚö.½¿Ü Õ ÃÐÂC�]ò1¾Ð¼:ÈFÉ�¾1ÓÐ¼:Â�ÓÐÀ:Æ_ïôÃFÁXÓÐÂU¾pÙKÈ3ÃpÓÐ¼:Â'â¿È&Ô�Á!â�Á!Ç<Ñ
Ñ<½¿ë	ÂÄÃÐÂÄÇ�Ó�ÊpòkÔÄÈ3Ç:é<Ü Õ ÃFÁXÓÐ½¿È3Ç:¾FÞ§ß�ÂO¾ÐÂÄÂiÓÐ¼.Á!Ó%�/�
(��kä � �
(��kä2Á!Ç<Ñ
ÓÐ¼<Â#â¿È&Ô�Á!â[Ô�Á!¾ÐÂìÁXÃÐÂ�ÔUÈ3Æ�ÀÏÁXÃFÁXÎ:â¿Âp½ÒÇ�ÓÐ¼<Â�ÓÐÈ]ÓFÁXâ§ÓÐÀ<Æ_ï ÁXÔX¼<½¿ÂÄÖyÂÄÑÏÞ



kDSA wDSAý cDSAþ
0

20

40

60

80

100

C
P

U
 U

til
iz

at
io

n 

ÿ
Other
�
VI
�
DSA
Lock
�
OS Kernel
�
SQL

ö.½¿Ü Õ ÃÐÂ«�XîZ=êï�ð	ñ Õ ÓÐ½¿â¿½Òí&ÁXÓÐ½¿È3Ç�Î<ÃÐÂ�Á!èBÑ:ÈYÉ�ÇìÙPÈ3Ã�576�879:8)ÙPÈ3ÃOÓÐ¼:Â
Æ�½¿Ñ<ãu¾Ð½¿íÄÂ-ÔÄÈ]Ç<é:Ü Õ ÃFÁ!ÓÐ½¿È3Ç.Þ
Þ

�/��(c�º½¿¾�ÁXÎ	È Õ Ó�ó#@ É[È3ÃÐ¾ÐÂpÓÐ¼ÏÁXÇ�ÓÐ¼<Â�â¿È&Ô�Á!â[Ô�Á!¾ÐÂìÁXÇ<Ñ � ��(c�º½¿¾
ÁXÎ	È Õ Ó�ò#@ôÎ	ÂÄÓÐÓÐÂÄÃ�ÓÐ¼ÏÁXÇ�ÓÐ¼<Â¬âÒÈ&Ô&ÁXâ2Ô&ÁX¾ÐÂ�ÞÏö.½¿Ç.Á!âÒâ¿ÝBä � ��(c��½¿¾���Z@
¾Ðâ¿ÈYÉ[ÂÄÃkÔÄÈ3Æ#À.ÁXÃÐÂUÑfÓÐÈ�ÓÐ¼<Â�âÒÈ&Ô&ÁXâÏÔ�Á!¾ÐÂ�Þ
�¬È3ÓÐÂ�ÓÐ¼.ÁXÓêÓÐ¼<Â�Ñ<½¿ë	ÂÄÃÐÂÄÇ�Ó,å�æFçË½¿Æ�À<â¿ÂÄÆ�ÂUÇBÓFÁ!ÓÐ½¿È3Ç<¾,ÁXÃÐÂfÔÄÈ]Æ�ã

À	ÂÄÓÐ½¿ÓÐ½¿ÖyÂpÉ�½¿ÓÐ¼oÓÐ¼<Âpâ¿È&Ô�Á!â[Ô�Á!¾ÐÂ�ä2Î Õ Ó Õ ¾ÐÂpÈ]Ç<â¿Ý�È]Ç<ÂpÓÐ¼:½ÒÃÐÑ�È3Ù�ÓÐ¼:Â
ÓÐÈ3ÓFÁ!âÏÇ Õ Æ�Î	ÂÄÃÛÈ3ÙÑ<½¿¾Ðè�¾%�l���ÁX¾kÈ3À:À	È3¾ÐÂÄÑ_ÓÐÈ���D#���Ðä<É�½¿ÓÐ¼,ÓÐ¼<Â�Á!Ñ<ã
Ñ<½¿ÓÐ½¿È3ÇìÈ3Ù�?��4�áÈ3Ù§Æ�ÂÄÆ�È]ÃÐÝ��l�3Þ î{�4� Õ ¾ÐÂÄÑ_ÙKÈ]Ã-Ô�ÁXÔX¼<½¿Ç<ÜZ�§È]Ç�ÓÐ¼:Â
ÊpòO¾ÐÂÄÃÐÖ3ÂÄÃFÞ�ç�â¿ÓÐ¼<È Õ Ü3¼,½¿Ó¬½Ò¾�Ç<È3Ók¾ÐÓÐÃFÁX½¿Ü]¼BÓ¬ÙKÈ]ÃÐÉ-ÁXÃÐÑìÓÐÈ1Ô�ÁXâ¿Ô Õ â}ÁXÓÐÂ
¾ÐÝ�¾ÐÓÐÂÄÆõÀ<ÃÐ½¿ÔÄÂÄ¾Fä<À:ÃÐÂÄâ¿½ÒÆ#½ÒÇÏÁXÃÐÝfÔ&ÁXâ¿Ô Õ â}Á!ÓÐ½ÒÈ]Ç<¾-È]Ù§ÔUÈ3¾ÐÓ�ÔUÈ3Æ�À	È]Ç<ÂÄÇ�ÓÐ¾
¾Ð¼<ÈYÉ ÓÐ¼ÏÁXÓ�ÓÐ¼<Â�Êpò�Î.Á!¾ÐÂÄÑ�¾ÐÝ�¾ÐÓÐÂÄÆ ¼ÏÁX¾fÁpâ¿ÈYÉ[ÂUÃpÀ<ÃÐ½¿ÔÄÂ�âÒÂ&ÁXÑ<½¿Ç:Ü
ÓÐÈìÁ¬Î	ÂÄÓÐÓÐÂUÃ��]×XÓÐÀ<Æ,ï�ÃFÁ!ÓÐ½ÒÈ=Þ§»�¼:Â�ÃÐÂUÑ Õ ÔUÓÐ½ÒÈ]Çf½¿Ç,ÓÐ¼<Â-ÓÐÈ]ÓFÁXâ2Ç Õ Æ�ã
Î	ÂÄÃ�È]Ù�Ñ:½Ò¾Ðè�¾p½¿¾pÀ	È3¾Ð¾Ð½¿Î:âÒÂ'Ñ Õ Â�ÓÐÈàÓÐ¼:Â'ÙKÈ]â¿âÒÈYÉ�½¿Ç<ÜÚÃÐÂ&ÁX¾ÐÈ3Ç:¾�=�Ê�Ì}ã
Î.Á!¾ÐÂÄÑìÔÄÈ3Æ�Æ Õ Ç:½¿Ô�ÁXÓÐ½¿È3ÇìÃÐÂÄÑ Õ ÔÄÂÄ¾¬¼<È]¾ÐÓ1ï�ð8ñþÈYÖyÂÄÃÐ¼:Â�ÁXÑÏÞ¬Ê�Ì�¼ÏÁX¾
ÖyÂÄÃÐÝ�â¿ÈYÉ�â}Á!ÓÐÂÄÇ<ÔÄÝ ÁXÇ:Ñ?ÃÐÂ >�Õ ½¿ÃÐÂÄ¾1Ç:ÈoÆ�ÂÄÆ�È]ÃÐÝ�ÔUÈ3À�Ý�½ÒÇ:Ü	Þ´»�¼<½¿¾
ÁXâ¿â¿ÈYÉ�¾1Æ�È3ÃÐÂfÌÄ×3ØýÈ3À	ÂÄÃFÁ!ÓÐ½ÒÈ]Ç<¾1ÓÐÈìÎ	Â'½¿¾Ð¾ Õ ÂÄÑáÎ�ÝoÓÐ¼<Â�Ñ.Á!ÓFÁXÎ.Á!¾ÐÂ
¾ÐÂÄÃÐÖyÂUÃFÞ·ç�â¿¾ÐÈ	ä[Ê¬Ì/` ¾pâ¿ÈFÉËâ}ÁXÓÐÂUÇ<ÔÄÝáÆ_ÁXÜ]Ç<½¿é<ÂU¾�ÓÐ¼:ÂfÂÄë	ÂÄÔUÓ�È]ÙOÊpò
¾ÐÂÄÃÐÖyÂUÃkÔ&ÁXÔX¼<½¿Ç<Ü=ä�É�¼:½ÒÔX¼f¼ÏÁX¾Ûî�]ã�îZB�@¸¼<½¿Ó�ÃFÁ!ÓÐ½ÒÈpÙPÈ3ÃkÃÐÂ�ÁXÑ:¾Û½ÒÇ'ÓÐ¼<½¿¾
ÂÄÅ�À	ÂÄÃÐ½¿Æ�ÂÄÇ�ÓFÞ[ß?½¿ÓÐ¼��]ä��]ó�B-É-Á!ÃÐÂÄ¼<È Õ ¾ÐÂÄ¾Fä=ÓÐ¼<ÂiÑÏÁXÓFÁXÎÏÁX¾ÐÂ�É[È]ÃÐèB½¿Ç:Ü
¾ÐÂÄÓ�¾Ð½¿íÄÂ-½¿¾"�X�<�4�[ä&Ü]ÃÐÂ�ÁXÓÐÂUÃ�ÓÐ¼.ÁXÇ�ÓÐ¼<Â�ÁXÜ]Ü3ÃÐÂÄÜ=ÁXÓÐÂ-Ô�Á!ÔR¼:ÂO¾Ð½¿íÄÂOÈ3Ç
ÓÐ¼<Â�Êpò¬¾ÐÂÄÃÐÖ3ÂÄÃFÞ
ö.½¿Ü Õ ÃÐÂC�!îà¾Ð¼<ÈYÉ�¾pÓÐ¼:Â'ÂÄÅ�ÂÄÔ Õ ÓÐ½¿È3ÇáÓÐ½ÒÆ#ÂfÎ<ÃÐÂ�Á!è�Ñ<ÈYÉ�Ç�ÙPÈ3ÃpÓÐ¼:Â

Ñ<½¿ë	ÂÄÃÐÂUÇBÓi½¿Æ�À:âÒÂUÆ�ÂÄÇ�ÓFÁXÓÐ½¿È3Ç:¾FÞ1»�¼:Â1Î<ÃÐÂ�Á!èBÑ:ÈYÉ�Ç<¾�ÁXÃÐÂ1¾Ð½¿Æ�½¿â}ÁXÃ�ÓÐÈ
ÓÐ¼<Â#â�Á!ÃÐÜ3Â1ÔÄÈ]Ç<é<Ü Õ ÃFÁ!ÓÐ½ÒÈ]Ç.Þ;��ÈYÉDÂÄÖyÂÄÃFä8É[Â1Ç<È]ÓÐÂ�ÓÐ¼.Á!Ó�ÓÐ¼:Â�èyÂÄÃÐÇ:ÂÄâ
ÁXÇ:Ñ�â¿È&ÔXè1ÈFÖ3ÂÄÃÐ¼<Â�Á!Ñ<¾�ÙPÈ3Ã��/�
(��)ÁXÇ<Ñ � ��(c�)Á!ÃÐÂOÆ Õ ÔX¼�â¿ÂÄ¾Ð¾�À:ÃÐÈ3ã
Ç<È Õ Ç:ÔÄÂÄÑìÈ3ÇàÓÐ¼:Â�Æ�½¿Ñ<ãu¾Ð½¿íÄÂ�ÓÐ¼ÏÁXÇìÓÐ¼<Â�â}Á!ÃÐÜ3Âp¾Ð½¿íÄÂpÔÄÈ]Ç<é<Ü Õ ÃFÁ!ÓÐ½ÒÈ]Ç.ä
ÁXÇ:Ñ#ÓÐ¼:Â�Æ_ÁXÅ�½¿Æ Õ ÆËï�ð	ñ Õ ÓÐ½¿â¿½¿í�ÁXÓÐ½¿È3Ç��K½¿Ç � �
(��j�=½Ò¾¬Á!Î	È Õ Ó
�X{@�ä
ÔÄÈ]Æ�À.Á!ÃÐÂÄÑfÓÐÈ<BX{@ ½¿ÇfÓÐ¼<Â�â�Á!ÃÐÜ3ÂiÔÄÈ]Ç<é<Ü Õ ÃFÁ!ÓÐ½ÒÈ]Ç.Þ

õONaQ ³�\ beb h�R:º
ßàÂ[é<Ç<Ñ�ÓÐ¼.Á!Ó.Ê�Ì}ãUÁ!ÓÐÓFÁXÔX¼<ÂÄÑ�¾ÐÓÐÈ3ÃFÁ!Ü3ÂÛ½¿Ç<Ô Õ ÃÐ¾.ÖyÂÄÃÐÝ-â¿ÈYÉ�ÈFÖ3ÂÄÃÐ¼<Â�Á!Ñ<¾Fä
ÂÄ¾ÐÀ	ÂÄÔU½�Á!â¿âÒÝ�ÙPÈ3ÃpÃÐÂ >�Õ ÂU¾ÐÓÐ¾�¾ÐÆ_ÁXâ¿â¿ÂÄÃpÓÐ¼ÏÁXÇ,�Xî�§���Þ2Ì�ÇáÔÄÈ3Æ#À.ÁXÃÐ½¿Ç:Ü
ÓÐ¼<ÂìÓÐ¼<ÃÐÂUÂìÑ:½¿ë	ÂÄÃÐÂÄÇ�ÓÚÁ!À<À<ÃÐÈ=ÁXÔX¼<ÂÄ¾�È3Ù Õ ¾Ð½¿Ç<Ü�Ê¬ÌpÓÐÈ�ÔÄÈ]Ç<Ç:ÂÄÔÄÓ�ÓÐÈ
Ñ.Á!ÓFÁXÎÏÁX¾ÐÂ,¾ÐÓÐÈ3ÃFÁ!Ü3Â�ä�ÉDÂ,¾ÐÂÄÂ,ÓÐ¼.Á!Ó � ��(��ý¼.Á!¾�ÓÐ¼:ÂfÎ	ÂÄ¾ÐÓpÀ	ÂÄÃÐÙPÈ3ÃÐã
Æ_Á!Ç<ÔÄÂêÎ	ÂÄÔ�Á Õ ¾ÐÂ#½¿Ó�½¿Ç:Ô Õ ÃÐ¾¬ÓÐ¼<Â�âÒÂ&ÁX¾ÐÓ-èyÂÄÃÐÇ:ÂÄâÛÁ!Ç<Ñ_â¿È&ÔRè,¾ÐÝ�Ç<ÔX¼<ÃÐÈ]ã
Ç<½¿í�Á!ÓÐ½¿È3ÇºÈYÖyÂÄÃÐ¼<Â&ÁXÑ.Þº»�¼<Â_Ñ<½¿ë	ÂÄÃÐÂUÇ<ÔÄÂÄ¾àÁXÆ#È3Ç<Ü�È Õ Ã�ÔÄâ¿½ÒÂUÇBÓ�½¿Æ�ã
À<â¿ÂÄÆ#ÂÄÇ�ÓFÁXÓÐ½¿È3Ç:¾'Î	ÂÄÔÄÈ]Æ�ÂìÆ�È3ÃÐÂ·ÁXÀ:À.ÁXÃÐÂUÇBÓ Õ Ç:Ñ<ÂÄÃ1â}ÁXÃÐÜ]ÂàÔÄÈ]Ç<é:Ü3ã
Õ ÃFÁ!ÓÐ½¿È3Ç<¾�Ñ Õ ÂpÓÐÈ,½¿Ç<ÔÄÃÐÂ�Á!¾ÐÂÄÑÚèyÂÄÃÐÇ:ÂÄâ-Á!Ç<Ño¾ÐÝ�Ç:ÔR¼:ÃÐÈ3Ç<½¿í�Á!ÓÐ½¿È3ÇÚÔÄÈ]Ç<ã
ÓÐÂÄÇ�ÓÐ½¿È3ÇÏÞo��ÈYÉDÂÄÖyÂÄÃFä�È Õ Ãoï�ð	ñ Õ ÓÐ½Òâ¿½¿í�Á!ÓÐ½ÒÈ]ÇºÎ<ÃÐÂ�Á!èBÑ:ÈYÉ�Ç<¾�½ÒÇ:Ñ<½¿ã
Ô�Á!ÓÐÂkÓÐ¼ÏÁXÓ.ÓÐ¼:Â�Ìc×3Øo¾ Õ Î<¾ÐÝ�¾ÐÓÐÂÄÆ²ÈYÖyÂÄÃÐ¼:Â�ÁXÑê½Ò¾§¾ÐÓÐ½¿â¿â<¼<½¿Ü]¼�ÂÄÖyÂÄÇêÉ�½¿ÓÐ¼
� ��(c�¬ÞU$.ÂÄÑ Õ ÔÄ½¿Ç<Ü#ÓÐ¼:½¿¾�ÈFÖ3ÂÄÃÐ¼<Â�Á!Ñ'ÃÐÂ >�Õ ½ÒÃÐÂU¾�ÂÄë	È3ÃÐÓêÁXÓ�Á!â¿Æ�È3¾ÐÓÛÂÄÖ�ã
ÂÄÃÐÝ_¾ÐÈ3ÙPÓ�ÉOÁXÃÐÂ1â}ÁÐÝ3ÂÄÃi½ÒÇ:ÔÄâ Õ Ñ:½ÒÇ:Ü'ÓÐ¼:Â�Ñ.Á!ÓFÁXÎ.Á!¾ÐÂ1¾ÐÂÄÃÐÖyÂÄÃFä8ÓÐ¼<Â�ÔÄÈ]Æ�ã
Æ Õ Ç<½¿Ô�Á!ÓÐ½¿È3Çfâ}ÁdÝyÂÄÃFälÁXÇ:Ñ'ÓÐ¼<Â-È]À	ÂÄÃFÁXÓÐ½¿Ç:Ü�¾ÐÝ�¾ÐÓÐÂÄÆ_Þ

� ¶MG ¸ °�µHGoû	� ú¸¶Mä

Ø Õ Ã�ÉDÈ3ÃÐè,Î	Â�Á!ÃÐ¾O¾Ð½¿Æ�½¿â}ÁXÃÐ½¿Ó�Ý_É�½¿ÓÐ¼�ÃÐÂU¾ÐÂ�ÁXÃÐÔX¼�½¿ÇìÓÐ¼<Â'ÁXÃÐÂ�Á!¾-È3Ù��K½m�
Õ ¾ÐÂÄÃÐÍ]âÒÂUÖyÂÄâ�ÔÄÈ]Æ�Æ Õ Ç<½¿Ô�Á!ÓÐ½¿È3Ç.äA�K½¿½m� Õ ¾Ð½¿Ç<Ü,Ê�Ì-½¿ÇÚÑÏÁXÓFÁXÎÏÁX¾ÐÂÄ¾FäÛÁ!Ç<Ñ
�K½Ò½¿½m�Ï¾ÐÓÐÈ3ÃFÁ!Ü3ÂiÀ<ÃÐÈ]ÓÐÈ&ÔÄÈ3â¿¾#ÁXÇ<Ñ'¾ÐÓÐÈ3ÃFÁXÜ]Â�ÁXÃÐÂ�Á�Ç:ÂÄÓ�ÉDÈ3ÃÐè�¾FÞ

���/r^s�x[wyr^z{r�w�
3�Z})}�vtv��
3�c���y�Ztv� Ø Õ Ã,É[È3ÃÐè)Ñ<ÃFÁdÉ�¾ì¼<Â�ÁdÖ�½¿â¿Ý
È3Ç´À<ÃÐÂUÖB½¿È Õ ¾'ÃÐÂU¾ÐÂ�ÁXÃÐÔX¼ºÈ3Çº¾ÐÝ�¾ÐÓÐÂÄÆ ÁXÃÐÂ�Á,Ç<ÂÄÓ}É[È]ÃÐèB¾oÁXÇ:Ñ Õ ¾ÐÂÄÃÐÍ
âÒÂUÖyÂÄâ8ÔÄÈ3Æ#Æ Õ Ç<½¿Ô�ÁXÓÐ½¿È]Çf¾ÐÝ�¾ÐÓÐÂÄÆ�¾FÞÛð8ÃÐÂUÖB½¿È Õ ¾ÛÉ[È]ÃÐè�¼ÏÁX¾ÛÂÄÅ*ÁXÆ#½ÒÇ:ÂÄÑ
½Ò¾Ð¾ Õ ÂÄ¾.ÃÐÂÄâ}ÁXÓÐÂUÑ#ÓÐÈkÔÄÈ3Æ�Æ Õ Ç:½¿Ô�ÁXÓÐ½¿È3Ç#À<ÃÐÈ&ÔÄÂÄ¾Ð¾Ð½¿Ç:Ü�½¿Ç#ÀÏÁXÃFÁXâ¿â¿ÂÄâ*ÁXÀ:À<â¿½¿ã
Ô�ÁXÓÐ½¿È3Ç:¾pÁ!Ç<ÑfÓÐ¼:Â Õ ¾ÐÂiÈ3Ù.ÔÄÈ]Æ�Æ�È&Ñ<½¿Ó}Ýf½¿ÇBÓÐÂUÃÐÔÄÈ3Ç:Ç<ÂÄÔÄÓÐ¾kÓÐÈpÀ<ÃÐÈYÖ�½¿Ñ<Â
âÒÈYÉ�Í]â�Á!ÓÐÂÄÇ<ÔUÝ Á!Ç<Ñº¼<½¿Ü]¼<Í3ÎÏÁXÇ:Ñ<É�½¿Ñ<ÓÐ¼)ÔÄÈ3Æ#Æ Õ Ç<½¿Ô�ÁXÓÐ½¿È]Ç Á!Ófâ¿ÈFÉ�Í
ÔÄÈ3¾ÐÓFÞO�*ÂÄ¾Ð½¿Ñ<ÂÄ¾�Ê�Ìcä�¾ÐÀ	ÂÄÔÄ½¿é<ÔêÂÄÅ*ÁXÆ�À:â¿ÂÄ¾�È]Ù Õ ¾ÐÂÄÃÐÍ3â¿ÂÄÖyÂUâ.ÔÄÈ3Æ�Æ Õ Ç:½¿ã
Ô�ÁXÓÐ½¿È3Ç�¾ÐÝ�¾ÐÓÐÂÄÆ�¾D½ÒÇ:ÔÄâ Õ Ñ:Â�ç�ÔUÓÐ½ÒÖ3Â%�#ÂU¾Ð¾FÁXÜ3ÂU¾%	�í~�}ä{��å�� 	���í~�}ä3öÁ!¾ÐÓ
�#ÂÄ¾Ð¾FÁXÜ]ÂÄ¾«	¿ó�B���ä[ð�� 	¿ó�D~�}ä*ñ¬ã��¬ÂÄÓ�	¿ò~�}ä�ÁXÇ:ÑàÊ;�«�,ïú	��3ó���Þìð	ÃÐÂÄã
ÖB½¿È Õ ¾ÛÉ[È]ÃÐè�½¿Ç Õ ¾ÐÂÄÃÐÍ3â¿ÂÄÖyÂUâ2ÔÄÈ]Æ�Æ Õ Ç<½¿Ô�Á!ÓÐ½ÒÈ]Ç,¼.Á!¾#Á!â¿¾ÐÈìÁXÑ<Ñ:ÃÐÂÄ¾Ð¾ÐÂÄÑ
ÓÐ¼<Â�½Ò¾Ð¾ Õ Â'È]Ù�Ñ<Ý�ÇÏÁXÆ�½¿Ô�Æ�ÂÄÆ�È]ÃÐÝÚÃÐÂÄÜ3½¿¾ÐÓÐÃFÁXÓÐ½¿È]Ç²ÁXÇ:Ñ�Ñ:ÂÄÃÐÂÄÜ]½Ò¾ÐÓÐÃFÁ!ã
ÓÐ½ÒÈ]ÇK	�?yä	î3�}Þ1»�¼:ÂÄ¾ÐÂp¾ÐÈ3â Õ ÓÐ½¿È]Ç<¾#ÓFÁ!ÃÐÜ3ÂÄÓ�Á!À<À<â¿½¿Ô�Á!ÓÐ½ÒÈ]Ç<¾êÉ�½ÒÓÐ¼à¾ÐÆ_ÁXâ¿â
É[È3ÃÐè�½¿Ç<Üì¾ÐÂÄÓÐ¾pÙPÈ3ÃpÃÐÂÄÜ]½Ò¾ÐÓÐÂUÃÐÂÄÑ·Æ�ÂUÆ�È3ÃÐÝ)Á!Ç<Ñ�ÃÐÂ >�Õ ½¿ÃÐÂ'Æ#È&Ñ<½¿é<Ô�Á!ã
ÓÐ½ÒÈ]Ç<¾ÛÂÄ½¿ÓÐ¼<ÂUÃk½¿Ç�ÓÐ¼<Â4��ÌÄïàé<ÃÐÆ�É-Á!ÃÐÂ-È3ÃÛÓÐ¼<Â1Ø-æièyÂÄÃÐÇ:ÂÄâ}Þ

���/�yt�����|��m��s��v�c�����v�c�/r^�/� Ê¬Ì�Í]Î.ÁX¾ÐÂUÑÚ½ÒÇ�ÓÐÂÄÃÐÔUÈ3Ç<Ç:ÂÄÔÄÓÐ¾�¼.ÁdÖyÂ
Î	ÂÄÂÄÇ Õ ¾ÐÂUÑ-À<ÃÐÂÄÖ�½¿È Õ ¾ÐâÒÝ¬Î�Ý¬ÑÏÁXÓFÁXÎÏÁX¾ÐÂ§¾ÐÝ�¾ÐÓÐÂÄÆ�¾2ÙPÈ3Ã*À Õ ÃÐÀ	È]¾ÐÂÄ¾lÈ3ÓÐ¼<ÂUÃ
ÓÐ¼.ÁXÇô½¿Æ�À<ÃÐÈYÖ�½¿Ç<Ü·¾ÐÓÐÈ]ÃFÁXÜ]ÂáÌÄ×3Ø À	ÂÄÃÐÙPÈ3ÃÐÆ_Á!Ç<ÔÄÂ&Þ »ÏÃFÁXÑ:½ÒÓÐ½¿È]Ç.ÁXâ¿â¿ÝBä
ÔÄâ¿½ÒÂUÇBÓÐ¾i½¿Ç´Á��2ç�� ÔÄÈ3Ç:Ç<ÂÄÔUÓ-ÓÐÈfÑ.Á!ÓFÁXÎ.Á!¾ÐÂp¾ÐÂÄÃÐÖyÂÄÃÐ¾iÓÐ¼:ÃÐÈ Õ Ü]¼àÌÄð8Í
Î.ÁX¾ÐÂUÑáÇ:ÂÄÓ�ÉDÈ3ÃÐè�¾FÞ�ñ¬¾Ð½ÒÇ:Ü�Ê¬Ì�Í]Î.ÁX¾ÐÂUÑáÔUÈ3Æ�Æ Õ Ç:½ÒÔ&ÁXÓÐ½¿È3ÇáÎ	ÂÄÓ�ÉDÂÄÂÄÇ
ÓÐ¼<Â,¾ÐÂÄÃÐÖyÂUÃàÁ!Ç<Ñ´ÓÐ¼:Â,ÔÄâ¿½ÒÂUÇBÓÐ¾�ÃÐÂÄÑ Õ ÔÄÂÄ¾�ï�ð	ñ ÔÄÝ�ÔÄâ¿ÂÄ¾�Ç<ÂÄÂÄÑ:ÂÄÑ?ÓÐÈ
¼.ÁXÇ:Ñ<â¿ÂpÔÄâ¿½¿ÂÄÇ�ÓiÃÐÂ >�Õ ÂÄ¾ÐÓÐ¾iÎ�Ý�ÃÐÂUÑ Õ ÔU½ÒÇ:Üf»�ï�ð§×XÌcð·¾ÐÓFÁ!ÔRèìÀ<ÃÐÈ&ÔUÂÄ¾Ð¾Ðã
½ÒÇ:Ü¬È]ÇiÓÐ¼<Â§¾ÐÂÄÃÐÖyÂÄÃFäÄÉ�¼<½¿ÔX¼êÔ&ÁXÇ�½ÒÆ#À<ÃÐÈYÖyÂ�ÁXÀ<À:â¿½ÒÔ&ÁXÓÐ½¿È3Ç�ÓÐÃFÁXÇ:¾FÁXÔÄÓÐ½¿È3Ç
ÃFÁXÓÐÂÄ¾DÎBÝ Õ À#ÓÐÈ��#B�@ 	¿óXî8äZB]äZ���X�}Þ2Ê�Ì�Í]Î.Á!¾ÐÂÄÑpÇ<ÂÄÓ}É[È]ÃÐèB¾§¼.ÁdÖyÂêÁ!âÒ¾ÐÈ
Î	ÂÄÂÄÇ Õ ¾ÐÂÄÑàÓÐÈ,ÂÄÇÏÁXÎ:âÒÂpÀÏÁXÃFÁ!âÒâ¿ÂÄâ[Ñ.ÁXÓFÁ!Î.Á!¾ÐÂ�ÂUÅBÂUÔ Õ ÓÐ½¿È3ÇàÈ3ÇoÓÐÈ]ÀoÈ3Ù
ÔÄâ Õ ¾ÐÓÐÂÄÃÐ¾iÈ3Ù[ÔÄÈ3Æ�Æ#È&Ñ<½¿Ó�ÝìÉ[È]ÃÐèB¾ÐÓFÁ!ÓÐ½¿È3Ç<¾FälÂ�Þ Ü	Þ#½¿ÇK	�B3ä§óXî3�}äDÁX¾iÈ3À:ã
À	È3¾ÐÂÄÑfÓÐÈ#ÓÐ½ÒÜ]¼�ÓÐâÒÝ1½¿Ç�ÓÐÂÄÜ3ÃFÁ!ÓÐÂÄÑfÑÏÁXÓFÁXÎÏÁX¾ÐÂ-¾ÐÂÄÃÐÖ3ÂÄÃÐ¾FÞ

� ���Zsu����rL�vsu�Z�p��
��Zwy�<��t��M�/�p�Zsu���Zr���sur^�Htvr^���O��s��U�/� »�¼<Â
åD½¿ÃÐÂÄÔÄÓ.ç�ÔUÔÄÂÄ¾Ð¾ö.½¿âÒÂ�æYÝ�¾ÐÓÐÂÄÆ �Ðå.ç�ökæ��7	��#�~�BÔÄÈ3â¿â}ÁXÎ	È]ÃFÁXÓÐ½¿ÖyÂÛÑ<ÂÄé:Ç<ÂÄ¾
Á�é<â¿ÂáÁXÔUÔÄÂÄ¾Ð¾àÁXÇ<Ñ�Æ_ÁXÇÏÁXÜ]ÂÄÆ�ÂÄÇ�Ó1À<ÃÐÈ]ÓÐÈ&ÔÄÈ3â¬Ñ<ÂÄ¾Ð½¿Ü3Ç:ÂÄÑ?ÙPÈ3Ã�âÒÈ&Ô&ÁXâ
é<â¿Â-¾Ð¼.Á!ÃÐ½ÒÇ:Ü�È3Ç'ÔÄâ Õ ¾ÐÓÐÂÄÃÐÂÄÑ'ÂÄÇ�ÖB½¿ÃÐÈ]Ç<Æ�ÂÄÇ�ÓÐ¾�ÔÄÈ]Ç<Ç:ÂÄÔÄÓÐÂÄÑ Õ ¾Ð½¿Ç<Ü�Ê¬Ì�Í
Î.ÁX¾ÐÂUÑo½¿ÇBÓÐÂUÃÐÔÄÈ3Ç:Ç<ÂÄÔÄÓÐ¾FÞàæF½¿Æ�½¿â}ÁXÃ�ÓÐÈ,È Õ Ã�É[È]ÃÐè*ä�åç¬ökæ�À<ÃÐÈYÖ�½¿Ñ<ÂÄ¾
Á-Ô Õ ¾ÐÓÐÈ3ÆõÀ<ÃÐÈ]ÓÐÈ&ÔÄÈ3âÎ	ÂÄÓ}É[ÂÄÂUÇìÔUâÒ½¿ÂÄÇ�ÓÐ¾�ÁXÇ<Ñ_¾ÐÂÄÃÐÖ3ÂÄÃÐ¾O½¿Ç�Á-¾ÐÓÐÈ]ÃFÁXÜ]Â
¾ÐÝB¾ÐÓÐÂUÆ ÈYÖyÂÄÃ*Ê�ÌcÞXç�Çi½¿Æ�À	È3ÃÐÓFÁ!ÇBÓ2Ñ<½¿ë	ÂÄÃÐÂÄÇ:ÔÄÂ[Î	ÂÄÓ}É[ÂÄÂUÇ'å.ç�ökæiÁ!Ç<Ñ
ÓÐ¼<ÂkÔÄÈ3Æ�Æ Õ Ç:½¿Ô�ÁXÓÐ½¿È3Ç�À<ÃÐÈ]ÓÐÈ&ÔÄÈ3â Õ ¾ÐÂÄÑ1½ÒÇ]��(c�à½¿¾�ÓÐ¼.Á!Ó-å.ç�ökæOÈ3À:ã
ÂÄÃFÁXÓÐÂÄ¾�ÁXÓ¬ÓÐ¼<Â�é<â¿Âê¾ÐÝ�¾ÐÓÐÂÄÆõâ¿ÂÄÖyÂÄâ}ä<É�¼:½Òâ¿Â�È Õ Ã�ÙKÈ&Ô Õ ¾O¼ÏÁX¾�Î	ÂUÂÄÇ,È3Ç
Î<â¿È&ÔRè1â¿ÂÄÖyÂUâ*ÌÄ×3Ø-Þ
»ÏÃFÁ!Ñ<½¿ÓÐ½¿È3Ç.Á!â¿âÒÝ ¾ÐÓÐÈ3ÃFÁXÜ]Â¸Á!ÃÐÂ�ÁàÇ<ÂUÓ�É[È]ÃÐè�¾?Á!ÃÐÂáÆ#È3¾ÐÓÐâ¿Ýô½¿Æ�À:â¿ÂÄã

Æ�ÂÄÇ�ÓÐÂÄÑÚÉ�½¿ÓÐ¼)æ<ï�æYÌ-È3Ã#ö�ï)½¿Ç�ÓÐÂÄÃÐÔÄÈ]Ç<Ç<ÂUÔÄÓÐ¾FÞC$ÂÄÔUÂÄÇ�ÓêÂÄë	È]ÃÐÓÐ¾ê½¿Ç
ÓÐ¼<Â-Á!ÃÐÂ�ÁD¼ÏÁÐÖ3Â[ÔÄÈ]Ç<ÔÄÂÄÇ�ÓÐÃFÁ!ÓÐÂÄÑ#È]ÇêÈ]À<ÓÐ½¿Æ�½¿íÄ½¿Ç<ÜOÓÐ¼:ÂÄ¾ÐÂ�Ç:ÂÄÓ�ÉDÈ3ÃÐè�¾.ÙKÈ]Ã
Ñ.ÁXÓFÁ!Î.Á!¾ÐÂoÁ!À<À<â¿½¿Ô�Á!ÓÐ½ÒÈ]Ç<¾FÞfö=È]Ãê½¿Ç<¾ÐÓFÁ!Ç<ÔÄÂ&äkæ:ï�æFÌOÔUÈ3Ç�ÓÐÃÐÈ3â¿â¿ÂÄÃÐ¾_Á!Ç<Ñ
Ñ<ÃÐ½¿ÖyÂÄÃÐ¾�ÁXÃÐÂkÈ3À:ÓÐ½ÒÆ#½ÒíUÂÄÑ1ÓÐÈ�ÃÐÂUÑ Õ ÔUÂkÓÐ¼:ÂÛÇ Õ ÆêÎ	ÂUÃ§È]Ù*½¿Ç�ÓÐÂÄÃÐÃ Õ À<ÓÐ¾È3Ç
ÓÐ¼<Â-ÃÐÂÄÔÄÂU½ÒÖ3Â-À.ÁXÓÐ¼Ïä2Á!Ç<Ñ'ÓÐÈp½¿Æ�À	È]¾ÐÂiÖyÂÄÃÐÝ1â¿½ÒÓÐÓÐâ¿Â�ÈYÖyÂÄÃÐ¼<Â&ÁXÑfÈ]ÇfÓÐ¼<Â
¾ÐÂÄÇ<ÑpÀÏÁXÓÐ¼�	¿ó3ò~�}Þ2»�¼<½¿¾DÃÐÂ >�Õ ½¿ÃÐÂÄ¾[È ��È	Á!Ñ<½¿Ç<Ü�¾ÐÓÐÈ3ÃFÁ!Ü3Â¬ÃÐÂÄâ}ÁXÓÐÂÄÑ�À<ÃÐÈ]ã
ÔÄÂÄ¾Ð¾Ð½¿Ç<ÜìÓÐÈ�Ô Õ ¾ÐÓÐÈ3Æ#½ÒíUÂÄÑ�¼ÏÁXÃÐÑ:É-ÁXÃÐÂ�È3Ç�ÓÐ¼<Â�¾ÐÓÐÈ3ÃFÁ!Ü3ÂfÔUÈ3Ç�ÓÐÃÐÈ3â¿â¿ÂÄÃFÞ
��ÈYÉ[ÂÄÖ3ÂÄÃFä]ÓÐ¼<½¿¾OÁXÀ<À:ÃÐÈ	Á!ÔR¼p¾ÐÓÐ½¿â¿â	ÃÐÂ >�Õ ½¿ÃÐÂÄ¾§Ü3È]½ÒÇ:ÜêÓÐ¼:ÃÐÈ Õ Ü3¼pÓÐ¼<ÂÛèyÂUÃÐã
Ç<ÂÄâ1Á!Ç<Ñº½¿Ç<Ô Õ ÃÐ¾'ÃÐÂÄâ}Á!ÓÐ½ÒÖ3ÂÄâ¿Ý?¼<½¿Ü3¼ ï�ð	ñ ÈYÖyÂUÃÐ¼<Â�Á!Ñ<¾FÞ Ø[Ç:Â_Ô�ÁXÇ
ÖB½¿ÂÄÉõÓÐ¼<Â Õ ¾ÐÂ,È3Ù-Ê¬Ì�Í3ÎÏÁX¾ÐÂÄÑ´½¿Ç�ÓÐÂÄÃÐÔÄÈ]Ç<Ç:ÂÄÔÄÓÐ¾�ÁX¾àÁXÇþÁ!âÒÓÐÂUÃÐÇ.ÁXÓÐ½¿ÖyÂ
ÁXÀ<À:ÃÐÈ	Á!ÔR¼oÓÐÈ'À<ÃÐÈYÖ�½ÒÑ:½¿Ç<Üf¾ÐÔ�Á!â}ÁXÎ<â¿Â�ä2ÔUÈ3¾ÐÓÐÍ3ÂUë	ÂÄÔÄÓÐ½¿ÖyÂ1¾ÐÓÐÈ3ÃFÁ!Ü3Â�ÁXÃÐÂ�Á
Ç<ÂÄÓ}É[È3ÃÐè�¾FÞ)$.ÂÄÔÄÂUÇBÓFä2½¿Ç:Ñ Õ ¾ÐÓÐÃÐÝ�Í]¾ÐÀ	È3Ç<¾ÐÈ]ÃÐÂÄÑÚÂÄë	È]ÃÐÓÐ¾êÓÐÃÐÝ�ÓÐÈ Õ Ç<½¿ÙPÝ
¾ÐÓÐÈ3ÃFÁXÜ]Â-Á!ÃÐÂ�ÁÏÇ<ÂÄÓ}É[È3ÃÐè�¾*É�½ÒÓÐ¼iÓÐÃFÁ!Ñ<½¿ÓÐ½¿È3Ç.Á!â}äYÌÄð8Í]Î.ÁX¾ÐÂUÑ��*ç��¬¾FÞ  Å�ã
ÁXÆ�À:âÒÂU¾k½¿Ç:ÔÄâ Õ Ñ<Âpæ<ï�æFÌDÈYÖyÂÄÃ�Ìcð��K½}æ<ï�æYÌ/�Ðäyö�ïoÈYÖyÂÄÃ�ÌÄðH�Kö�ï�×!Ìcð��Ðä



È3ÃpÊ¬ÌêÈYÖyÂUÃ�Ìcð¥�KÊ�ÌÄ×XÌÄð��ÐÞÛæF½¿Ç:ÔÄÂ'Æ�È]¾ÐÓpÈ3Ù¬ÓÐ¼<ÂÄ¾ÐÂfÀ:ÃÐÈ3ÓÐÈ&ÔÄÈ]â¿¾àÁ!ÃÐÂ
½¿Ç�ÓÐ¼:Â#À:ÃÐÈ3ÓÐÈ3Ó}Ý�À<½¿Ç<Ü�¾ÐÓFÁXÜ]Â�ä8ÓÐ¼:ÂÄ½¿ÃOÀ	ÂÄÃÐÙPÈ3ÃÐÆ_Á!Ç<ÔÄÂpÔX¼.Á!ÃFÁXÔÄÓÐÂÄÃÐ½¿¾ÐÓÐ½¿ÔÄ¾
¼.ÁdÖyÂ�Ç<È3ÓÛÝyÂUÓ�Î	ÂÄÂÄÇ'¾ÐÓ Õ Ñ<½¿ÂÄÑÏÞ
Ø Õ Ã¬ÉDÈ3ÃÐèf½¿¾OÑ:½¿ÃÐÂÄÔÄÓÐâ¿Ý�ÁXÀ:À<â¿½¿Ô�ÁXÎ:â¿Â#ÓÐÈ1¾ÐÝ�¾ÐÓÐÂÄÆ�¾�ÓÐ¼ÏÁXÓ�ÁXÓÐÓÐÂÄÆ�À:Ó

ÓÐÈ Õ ¾ÐÂ�Ì}Ç<é:Ç<½¿Î.Á!Ç<ÑìÁX¾-ÁÛ¾ÐÓÐÈ]ÃFÁXÜ3Â�Á!ÃÐÂ�Á�Ç<ÂÄÓ}É[È3ÃÐè*Þ2Ì}Ç<é<Ç:½¿Î.ÁXÇ:Ñ�	¿ó�3�
½¿¾�ÁÏÇ<ÂUÉà½¿Ç�ÓÐÂÄÃÐÔÄÈ3Ç:Ç<ÂÄÔUÓÐ½ÒÈ]ÇiÇ<ÂÄÓ}É[È3ÃÐè¬ÓÐÂÄÔX¼<Ç<È]â¿È3Ü3Ý�ÓÐ¼.ÁXÓlÓFÁXÃÐÜ]ÂÄÓÐ¾ÏÓÐ¼:Â
¾ÐÔ�Á!â�Á!Î<½¿â¿½¿Ó�Ý,Á!Ç<Ñ�À	ÂUÃÐÙKÈ3ÃÐÆ,ÁXÇ<ÔUÂ�½Ò¾Ð¾ Õ ÂÄ¾§½ÒÇ#ÔÄÈ3Ç:Ç<ÂÄÔÄÓÐ½¿Ç:ÜOÑ<ÂÄÖ�½¿ÔÄÂÄ¾FäY½¿Ç<ã
ÔÄâ Õ Ñ:½¿Ç<Ük¾ÐÓÐÈ3ÃFÁXÜ]Â�Ñ<ÂUÖB½¿ÔÄÂU¾FäYÓÐÈÛ¼<È]¾ÐÓÛï�ð	ñ�¾FÞ*Ì}Ó�ÁX½¿Æ�¾kÁ!ÓÛÁXÑ:Ñ<ÃÐÂÄ¾Ð¾Ð½¿Ç:Ü
¾ÐÔ�Á!â�Á!Î<½¿â¿½¿Ó�Ý-½¿¾Ð¾ Õ ÂÄ¾2ÎBÝ Õ ¾Ð½¿Ç:Ük¾ÐÉ�½¿ÓÐÔX¼<ÂÄÑiÓÐÂÄÔX¼<Ç:È3â¿È3Ü]½¿ÂÄ¾kÁXÇ:Ñ-ÓÐ¼<ÂÀ	ÂÄÃÐã
ÙKÈ]ÃÐÆ_ÁXÇ:ÔÄÂ[À:ÃÐÈ3Î:âÒÂUÆ�¾2Î�Ý�ÃÐÂUÑ Õ ÔU½ÒÇ:Ü�¼<È]¾ÐÓ�ï�ð	ñáÈYÖyÂUÃÐ¼<Â�Á!Ñ'Á!Ç<Ñ-À:ÃÐÈ3ã
Ö�½¿Ñ<½¿Ç<Ü��[Î<½¿ÓÐÍ]âÒÂUÖyÂÄâ	Î.Á!Ç<Ñ:É�½ÒÑ:ÓÐ¼ Õ ¾Ð½¿Ç<Üi½¿Ñ<Â�Á!¾�ÙKÃÐÈ]Æ À.Á!¾ÐÓ[ÃÐÂÄ¾ÐÂ&ÁXÃÐÔX¼
½¿Ç Õ ¾ÐÂUÃÐÍ3â¿ÂÄÖyÂÄâlÔÄÈ]Æ�Æ Õ Ç<½¿Ô�Á!ÓÐ½ÒÈ]Ç,¾ÐÝ�¾ÐÓÐÂÄÆ�¾êÁXÇ:Ñ�$kå��#ç ¾ Õ À<À	È3ÃÐÓFÞ
»�¼:ÂÄÃÐÂ,¼.Á!¾ìÁXâ¿¾ÐÈoÎ	ÂÄÂUÇ²Á�â¿È3ÓpÈ]ÙOÉ[È]ÃÐè�½¿Ç�ÓÐ¼<Â'Î:ÃÐÈ	Á!Ñ<ÂÄÃ�ÁXÃÐÂ&Á

È3Ù�Ñ.Á!ÓFÁXÎ.Á!¾ÐÂÄ¾)ÁXÇ:Ñ ¾ÐÓÐÈ]ÃFÁXÜ]Â´¾ÐÝB¾ÐÓÐÂUÆ�¾FÞ�ö=È3ÃÚ½¿Ç<¾ÐÓFÁ!Ç<ÔÄÂ&ä,ï2È3Æ�ã
À.Á > ` ¾#»ÏÃ Õ ï2â Õ ¾ÐÓÐÂUÃ�¾ÐÝ�¾ÐÓÐÂÄÆ�¾<	��~��À:ÃÐÈYÖB½¿Ñ:Â Õ Ç:½¿é<ÂÄÑ)Á!ÔÄÔÄÂÄ¾Ð¾pÓÐÈìÃÐÂÄã
Æ�È]ÓÐÂ�Ñ:½Ò¾Ðè�¾�½¿Ç Á�ÔÄâ Õ ¾ÐÓÐÂÄÃFä2ÓÐ¼<ÃÐÈ Õ Ü3¼ôÁ#Æ�ÂUÆ�È3ÃÐÝoÔX¼.Á!Ç<Ç:ÂÄâ[½¿Ç�ÓÐÂÄÃÐã
ÔÄÈ]Ç<Ç<ÂUÔÄÓ�	��#?~�}ä�É�¼<½¿ÔX¼²Î	Â�ÁXÃÐ¾�Æ_ÁXÇ�Ýô¾Ð½ÒÆ#½Òâ}Á!ÃÐ½ÒÓÐ½¿ÂÄ¾àÉ�½ÒÓÐ¼ýÊ¬Ìf½¿Ç<ã
ÓÐÂÄÃÐÔÄÈ]Ç<Ç:ÂÄÔÄÓÐ¾FÞï$.ÂÄÔÄÂUÇBÓ'É[È3ÃÐèº¼ÏÁX¾áÁXâ¿¾ÐÈ?ÂUÅ2Á!Æ�½¿Ç<ÂÄÑôÓÐ¼<Â Õ ¾ÐÂoÈ]Ù
Ê�Ì,½¿ÇýÈ3ÓÐ¼:ÂÄÃà¾ÐÓÐÈ]ÃFÁXÜ]ÂýÁXÀ:À<â¿½¿Ô�ÁXÓÐ½¿È3Ç:¾Fä#¾ Õ ÔX¼�ÁX¾àÔUâ Õ ¾ÐÓÐÂÄÃÐÂÄÑþÉ[ÂÄÎ
¾ÐÂÄÃÐÖyÂUÃÐ¾�	�D���Þá»�¼<ÂáÁ Õ ÓÐ¼<È]ÃÐ¾p½ÒÇM	¿ó��yäkó��yäA�X�¬¾ÐÓ Õ Ñ<ÝÚÓÐ¼<Â'½ÒÇ�ÓÐÂÄÃFÁ!ÔÄã
ÓÐ½¿È3Ç�È3ÙÛØ��B»�ð_ÉDÈ3ÃÐè�â¿È	Á!Ñ<¾êÁXÇ:Ñ�Ö<ÁXÃÐ½¿È Õ ¾êÁXÃÐÔX¼<½¿ÓÐÂÄÔÄÓ Õ ÃFÁXâ8ÙKÂ�Á!Ó Õ ÃÐÂÄ¾Fä
ÙKÈ&Ô Õ ¾Ð½¿Ç<ÜiÆ�È]¾ÐÓÐâÒÝ�È3Ç#¾ÐÆ_ÁXâ¿â¿ÂÄÃ[ÉDÈ3ÃÐè�â¿È	Á!Ñ<¾§ÓÐ¼.ÁXÇ#È Õ ÃÐ¾FÞlç�â¿¾ÐÈ	ä]ÉDÈ3ÃÐè
½¿Ç'Ñ:½Ò¾Ðè�Ìc×]Ø!	¿ò�8äU��B]än�!î8ä8ó�íyäló��l¼.Á!¾kÂUÅBÀ:â¿È3ÃÐÂÄÑ�Æ_ÁXÇ�Ý1Ñ<½¿ÃÐÂÄÔÄÓÐ½¿È]Ç<¾
½¿Ç'ÓÐ¼:ÂOÜ3ÂÄÇ:ÂÄÃFÁXâ[ÁXÃÐÂ&Á¬È3ÙÛÁ!Ñ<Ñ:½ÒÇ:Ü�½¿Ç�ÓÐÂÄâ¿âÒ½¿Ü]ÂÄÇ<ÔÄÂ-ÓÐÈ#ÓÐ¼<ÂO¾ÐÓÐÈ]ÃFÁXÜ3Â-Ñ:ÂÄã
Ö�½¿ÔÄÂÄ¾#ÁXÇ<Ñ,À:ÃÐÈYÖB½¿Ñ:½ÒÇ:Ü�ÂÄÇ:¼.ÁXÇ:ÔÄÂÄÑfÙPÂ�ÁXÓ Õ ÃÐÂÄ¾FÞ[ç�â¿ÓÐ¼:È Õ Ü]¼,È Õ ÃkÉDÈ3ÃÐè
¾Ð¼.Á!ÃÐÂÄ¾Û¾Ð½¿Æ�½¿â�Á!ÃÐ½¿ÓÐ½ÒÂU¾�É�½¿ÓÐ¼fÓÐ¼<ÂU¾ÐÂ-ÂÄë	È3ÃÐÓÐ¾Fä&½¿ÓkÑ:½¿ë	ÂÄÃÐ¾Û½ÒÇ�¾Ð½¿Ü3Ç<½¿é:Ô�ÁXÇ�Ó
É-ÁdÝ�¾Fä&Î	È3ÓÐ¼f½¿Ç'ÓÐÂUÃÐÆ�¾ÛÈ3Ù.Ü3È=ÁXâ¿¾#ÁXÇ<Ñ�ÓÐÂÄÔX¼<Ç<½ >�Õ ÂU¾ Õ ¾ÐÂÄÑÏÞ

! ¹ºú ù ¹ ¸ üý³ ø ú ù ³

Ì�ÇôÓÐ¼<½¿¾,É[È]ÃÐè*ä�É[ÂÚ¾ÐÓ Õ Ñ:Ý´¼<ÈYÉ�Ê�Ì}Í3Î.Á!¾ÐÂÄÑ ½¿Ç�ÓÐÂÄÃÐÔÄÈ]Ç<Ç:ÂÄÔÄÓÐ¾_Ô�ÁXÇ
Î	Â Õ ¾ÐÂÄÑºÓÐÈ�ÃÐÂÄÑ Õ ÔÄÂìÈFÖ3ÂÄÃÐ¼<Â�Á!Ñ<¾�½ÒÇ´ÓÐ¼:Â�ÌÄ×3ØËÀ.ÁXÓÐ¼´Î	ÂUÓ�É[ÂUÂÄÇ Á
Ñ.Á!ÓFÁXÎÏÁX¾ÐÂá¾ÐÝB¾ÐÓÐÂUÆ Á!Ç<ÑõÁà¾ÐÓÐÈ3ÃFÁ!Ü3Â�Î.ÁXÔXè�ãuÂÄÇ<ÑÏÞ ßàÂ�Ñ<ÂU¾Ð½ÒÜ]Ç�Á
Î<â¿È&ÔXè�Í3â¿ÂÄÖyÂÄâ¾ÐÓÐÈ]ÃFÁXÜ3Â,ÁXÃÐÔX¼<½¿ÓÐÂÄÔÄÓ Õ ÃÐÂ«�KÊpò#�§ÓÐ¼ÏÁXÓOÓFÁ!èyÂÄ¾1Á!Ñ<Ö<ÁXÇ�ÓFÁXÜ]Â
È3Ù[ÙKÂ�Á!Ó Õ ÃÐÂÄ¾iÙKÈ Õ Ç:Ñà½¿ÇoÊ�Ì}Í3ÎÏÁX¾ÐÂÄÑ�ÔÄÈ3Æ�Æ Õ Ç:½¿Ô�ÁXÓÐ½¿È3Çà¾ÐÝB¾ÐÓÐÂUÆ�¾FÞêÌ�Ç
ÁXÑ:Ñ<½¿ÓÐ½¿È3ÇÏä3É[Â�À:ÃÐÈYÖB½¿Ñ:Â�Á!Ç<Ñ1ÂÄÖ<ÁXâ Õ Á!ÓÐÂ�ÓÐ¼<ÃÐÂUÂ¬Ñ:½Òë	ÂUÃÐÂÄÇ�Ó[ÔÄâ¿½¿ÂÄÇ�ÓÐãu¾Ð½ÒÑ:Â
½¿Æ�À<â¿ÂÄÆ#ÂÄÇ�ÓFÁXÓÐ½¿È3Ç:¾�È]Ù1Á�Î:â¿È&ÔRè�ãuâ¿ÂÄÖyÂÄâÛÌc×]Ø Æ�È&Ñ Õ â¿ÂC�ÐåOæFç;�¬ÓÐ¼.Á!Ó
¾Ð½¿ÓÐ¾-Î	ÂÄÓ�ÉDÂÄÂÄÇ·ÁXÇ·ÁXÀ:À<â¿½¿Ô�ÁXÓÐ½¿È3Ç?ÁXÇ:Ñ�Ê¬ÌcÞ:»�¼:ÂÄ¾ÐÂ�Ñ<½¿ë	ÂÄÃÐÂUÇBÓ�½ÒÆ#À<â¿ÂÄã
Æ�ÂÄÇ�ÓFÁ!ÓÐ½ÒÈ]Ç<¾fÓÐÃFÁ!Ñ<Â�ÓÐÃFÁXÇ<¾ÐÀÏÁXÃÐÂÄÇ:ÔÄÝýÁ!Ç<ÑºÜ3ÂÄÇ:ÂÄÃFÁXâ¿½¿Ó�ÝºÙPÈ3ÃfÀ	ÂÄÃÐÙPÈ3ÃÐã
Æ_Á!Ç<ÔÄÂ_Á!ÓOÑ<½¿ë	ÂÄÃÐÂUÇBÓ�Ñ<ÂÄÜ]ÃÐÂÄÂÄ¾FÞ-ßàÂ#À	ÂUÃÐÙKÈ3ÃÐÆ Ñ:ÂÄÓFÁX½¿â¿ÂÄÑìÆ�Â�Á!¾ Õ ÃÐÂÄã
Æ�ÂÄÇ�ÓÐ¾ Õ ¾Ð½ÒÇ:Ü��#½¿ÔÄÃÐÈ]¾ÐÈ3ÙKÓ�(�*�+�(�-/.�0/-/.'1323232àÉ�½¿ÓÐ¼�Î	È3ÓÐ¼ìÆ�½¿ÔÄÃÐÈ3ã
Î	ÂÄÇ:ÔR¼:Æ_ÁXÃÐè�¾#ÁXÇ<Ñ_ÃÐÂ�Á!â¿Í3É[È]ÃÐâ¿ÑàÑ.Á!ÓFÁXÎÏÁX¾ÐÂ#ÉDÈ3ÃÐè�â¿È	Á!Ñ<¾OÈ]Ç·ÁOÆ�½¿Ñ:Í
¾Ð½¿íÄÂ��Kî3Í=ï�ð8ñ;�kÁ!Ç<ÑoÁ¬â}ÁXÃÐÜ3Â��Ðò]óXÍ	ï�ð	ñ'�.Ñ.Á!ÓFÁXÎÏÁX¾ÐÂ-¾ÐÂÄÃÐÖyÂUÃFÞ
Ø Õ ÃêÉDÈ3ÃÐèo¾Ð¼:ÈYÉ�¾#ÓÐ¼.Á!ÓêÇ:ÂÄÉ ¾ÐÓÐÈ]ÃFÁXÜ]Â'çpð	Ì�¾êÓÐ¼.Á!Óê¼:ÂÄâ¿ÀÚÆ�½¿Ç<ã

½¿Æ�½¿íÄÂoèyÂUÃÐÇ<ÂÄâ-½¿Ç�ÖyÈ3â¿ÖyÂUÆ�ÂÄÇ�Ó'½¿Ç)ÓÐ¼<ÂàÌÄ×3Ø�ÀÏÁXÓÐ¼ ÁXÃÐÂoÇ:ÂÄÂÄÑ:ÂÄÑºÓÐÈ
Ù Õ â¿âÒÝ,ÂUÅBÀ:â¿È3½¿Ó�ÓÐ¼:Â#Î	ÂÄÇ:ÂÄé<ÓÐ¾¬È3Ù Õ ¾ÐÂÄÃÐÍ]âÒÂUÖyÂÄâ.ÔÄÈ]Æ�Æ Õ Ç<½¿Ô�Á!ÓÐ½ÒÈ]Ç.Þ�ß�Â
é<Ç:ÑÚÓÐ¼.Á!Ó#È3Çáâ}ÁXÃÐÜ]Â'Ñ.Á!ÓFÁXÎÏÁX¾ÐÂ'ÔUÈ3Ç<é:Ü Õ ÃFÁXÓÐ½¿È3Ç:¾ � ��(c�²À:ÃÐÈYÖB½¿Ñ:ÂÄ¾
Á;�#?�@ ÓÐÃFÁXÇ:¾FÁXÔÄÓÐ½¿È]ÇfÃFÁXÓÐÂO½¿Æ�À:ÃÐÈYÖyÂÄÆ�ÂÄÇ�Ó�ÈYÖyÂÄÃ�ÁkÉ[ÂÄâ¿â¿Í3Ó Õ Ç<ÂÄÑÏä�ö.½¿ã
Î<ÃÐÂìï2¼ÏÁXÇ:Ç<ÂÄâ§½¿Æ�À<â¿ÂÄÆ�ÂUÇBÓFÁ!ÓÐ½¿È3Ç.Þ_Ø[Ç�Æ�½¿Ñ<Í3¾Ð½¿íÄÂ1ÔÄÈ]Ç<é:Ü Õ ÃFÁ!ÓÐ½¿È3Ç<¾Fä
ÁXâ¿â-ÓÐ¼:ÃÐÂÄÂ?å�æFç�½¿Æ�À<â¿ÂÄÆ�ÂUÇBÓFÁ!ÓÐ½¿È3Ç<¾ÚÁXÃÐÂàÔUÈ3Æ�À	ÂÄÓÐ½¿ÓÐ½¿ÖyÂìÉ�½¿ÓÐ¼ôÈ]À<ã
ÓÐ½¿Æ�½¿íÄÂÄÑ�ö.½¿Î<ÃÐÂoï2¼.ÁXÇ:Ç<ÂÄâ[½ÒÆ#À<â¿ÂÄÆ�ÂÄÇ�ÓFÁ!ÓÐ½ÒÈ]Ç<¾Fä.Î Õ ÓêÀ:ÃÐÈFÖ�½¿Ñ<Â1¾ Õ Î<ã
¾ÐÓFÁXÇ�ÓÐ½}ÁXâ.À	È]ÓÐÂÄÇ�ÓÐ½}ÁXâÏÙPÈ3ÃOÎ	ÂÄÓÐÓÐÂUÃ�À<ÃÐ½¿ÔÄÂUÍ3À	ÂÄÃÐÙPÈ3ÃÐÆ_Á!Ç<ÔÄÂ�ÃFÁ!ÓÐ½¿È3¾FÞ#Ø Õ Ã
ÃÐÂÄ¾ Õ âÒÓÐ¾#¾Ð¼<ÈYÉ ÓÐ¼ÏÁXÓ#ÓÐ¼:Âoï�ð	ñËÌc×]ØþÈYÖyÂÄÃÐ¼:Â�ÁXÑÚ½¿Ç�ÓÐ¼<Â�Ñ.Á!ÓFÁXÎ.Á!¾ÐÂ
¾ÐÝ�¾ÐÓÐÂÄÆ ½¿¾O¾ÐÓÐ½¿â¿â¼<½¿Ü3¼L�ÐÁ!Î	È Õ Ó�î�3ÍZB�Z@ È3ÙOï�ð8ñþÔÄÝ�ÔÄâ¿ÂÄ¾��DÂÄÖ3ÂÄÇ_½ÒÇ
È Õ ÃOÎ	ÂÄ¾ÐÓO½¿Æ�À:â¿ÂÄÆ�ÂÄÇ�ÓFÁXÓÐ½¿È]Ç.Þ�$ÂÄÑ Õ ÔÄ½¿Ç:Ü�ÓÐ¼:½¿¾-ÈFÖ3ÂÄÃÐ¼<Â�Á!Ñ_ÃÐÂ >�Õ ½¿ÃÐÂÄ¾
ÂÄë	È]ÃÐÓÐ¾Fä�Ç:È3Ó�È3Ç:âÒÝ ÁXÓ�ÓÐ¼<Â,½¿Ç�ÓÐÂÄÃÐÔÄÈ]Ç<Ç:ÂÄÔÄÓ�âÒÂUÖyÂÄâ}ä�Î Õ Ó�Á!ÓàÁ!â¿Æ�È3¾ÐÓ
ÂÄÖyÂUÃÐÝê¾ÐÈ]ÙKÓ�ÉOÁXÃÐÂkâ}ÁÐÝ3ÂÄÃ½ÒÇ:ÔÄâ Õ Ñ:½ÒÇ:Ü-ÓÐ¼<Â�ÑÏÁXÓFÁXÎÏÁX¾ÐÂÛ¾ÐÂÄÃÐÖyÂUÃFä]ÓÐ¼<Â�ÔÄÈ]Æ�ã
Æ Õ Ç<½¿Ô�Á!ÓÐ½¿È3Çfâ}ÁdÝyÂÄÃFä*ÁXÇ<Ñ'ÓÐ¼<Â-È3À	ÂUÃFÁXÓÐ½¿Ç<Üp¾ÐÝ�¾ÐÓÐÂÄÆ_älÁXÇ:ÑfÂÄ¾ÐÀ	ÂÄÔU½�Á!â¿âÒÝ
È3Ç#ÓÐ¼<Â�½¿Ç�ÓÐÂÄÃÐÙÐÁ!ÔÄÂÄ¾�ÁXÆ�È]Ç<Ü-ÓÐ¼<ÂU¾ÐÂ�ÔÄÈ3Æ�À	È]Ç<ÂÄÇ�ÓÐ¾FÞ��#È]ÃÐÂêÁXÜ3Ü]ÃÐÂÄ¾Ð¾Ð½¿ÖyÂ

¾ÐÓÐÃFÁXÓÐÂÄÜ]½ÒÂU¾#ÓÐ¼.Á!Ç � ��(c� ÁXÃÐÂ�ÁXâ¿¾ÐÈìÀ	È3¾Ð¾Ð½¿Î<â¿Â�ÞÚæYÓÐÈ3ÃFÁ!Ü3Â�À<ÃÐÈ3ÓÐÈ&ÔUÈ3â¿¾
Ô�ÁXÇ?À:ÃÐÈYÖB½¿Ñ:Â,Ç<ÂÄÉ�ä�ÂÄÖyÂUÇ?Ñ.Á!ÓFÁXÎ.Á!¾ÐÂÄÍ3¾ÐÀ	ÂUÔÄ½¿é<Ô�ä�Ìc×]Ø ç�ð8Ì}¾Fä�ÓÐ¼.ÁXÓ
ÓFÁXèyÂ�Ù Õ âÒâ¬Á!Ñ<Ö<ÁXÇ�ÓFÁXÜ]Â#È3Ù Õ ¾ÐÂUÃÐÍ3â¿ÂÄÖyÂÄâÔÄÈ]Æ�Æ Õ Ç<½¿Ô�Á!ÓÐ½¿È3Ç·ÁXÇ<Ñ·ÁXâ¿â¿ÈYÉ
ÁXÀ<À:â¿½ÒÔ&ÁXÓÐ½¿È3Ç:¾¬ÓÐÈ�À:ÃÐÈYÖB½¿Ñ:ÂO¼<½¿Ç�ÓÐ¾êÁXÇ<Ñ�Ñ<½¿ÃÐÂÄÔÄÓÐ½¿ÖyÂU¾kÓÐÈ#ÓÐ¼<ÂOÌÄ×3Ø?¾ÐÝ�¾Ðã
ÓÐÂÄÆ_Þ�æ Õ ÔX¼,À<ÃÐÈ3ÓÐÈ&ÔUÈ3â¿¾�ÁXÇ:Ñìç�ð8Ì}¾pÁ!ÃÐÂ#ÙÐÁ!ÔÄ½¿â¿½ÒÓFÁ!ÓÐÂÄÑoÎ�Ý'ÓÐ¼:ÂfÁdÖ<ÁX½¿â¿ã
ÁXÎ<½¿â¿½¿Ó�Ý1È3Ù*â¿ÈFÉ�Í]ÔÄÈ3¾ÐÓ#ï�ð	ñ ÔÄÝ�ÔÄâ¿ÂÄ¾ÛÈ3Ç�ÓÐ¼<Â�¾ÐÓÐÈ3ÃFÁXÜ]Â-¾Ð½¿Ñ<Â1Á!¾kÙPÈ Õ Ç<Ñ
½ÒÇ�ÓÐ¼<Â-Ê�ò#ÁXÃÐÔX¼<½¿ÓÐÂÄÔUÓ Õ ÃÐÂ�Þ
Ø Õ Ã2ÂÄÅ�À	ÂÄÃÐ½¿ÂÄÇ<ÔÄÂD¾Ð¼<ÈYÉ�¾.ÓÐ¼.Á!ÓÏÊ�Ì}Í3ÎÏÁX¾ÐÂÄÑê½ÒÇ�ÓÐÂÄÃÐÔUÈ3Ç<Ç:ÂÄÔÄÓÐ¾Ï¼ÏÁdÖyÂ-Á

Ç Õ ÆêÎ	ÂUÃÏÈ3Ù§Á!Ñ<Ö<ÁXÇ�ÓFÁXÜ]ÂÄ¾ÔÄÈ3Æ�ÀÏÁXÃÐÂÄÑ#ÓÐÈOÆ�È3ÃÐÂ�ÓÐÃFÁ!Ñ<½¿ÓÐ½¿È3ÇÏÁXâ<¾ÐÓÐÈ]ÃFÁXÜ]Â
ÁXÃÐÂ�Á,Á!Ç<ÑoÌÄð8Í]Î.ÁX¾ÐÂUÑÚÇ<ÂÄÓ}É[È3ÃÐè�¾FÞ��K½°�"$kå��#ç È]À	ÂÄÃFÁXÓÐ½¿È3Ç:¾fÁdÖ<ÁX½¿â¿ã
ÁXÎ<â¿Â�½¿ÇêÊ�Ì2¼:ÂÄâ¿ÀfÁdÖyÈ]½¿Ñ#ÔÄÈ]ÀBÝ�½¿Ç<Ü¬½¿Ç#Ìc×]ØàÉ�ÃÐ½¿ÓÐÂ�È3À	ÂÄÃFÁ!ÓÐ½ÒÈ]Ç<¾¬ÁXÇ:Ñ#ÓÐÈ
ÓÐÃFÁXÇ<¾ÐÙPÂÄÃÏÌÄ×3ØìÎ Õ ë	ÂÄÃÐ¾lÑ<½¿ÃÐÂÄÔUÓÐâÒÝ�ÙKÃÐÈ3Æ ÁXÀ:À<â¿½¿Ô�ÁXÓÐ½¿È3Ç�Æ�ÂÄÆ#È3ÃÐÝ-ÓÐÈÛÓÐ¼<Â
Êpò.¾ÐÂÄÃÐÖyÂÄÃ.Ô�Á!ÔR¼:Â�Þlç¬â¿¾ÐÈ	ä�$kå��#ç�Ô�Á!Ç#Î	Â Õ ¾ÐÂÄÑ�ÓÐÈ�¾ÐÂÄÓv&ÏÁXÜ]¾.½ÒÇfÁXÀ:ã
À<â¿½¿Ô�ÁXÓÐ½¿È3ÇìÆ�ÂÄÆ#È3ÃÐÝáÁXÇ:Ñ_Ñ<½¿ÃÐÂÄÔÄÓÐâ¿Ý,Ç<È]ÓÐ½¿ÙKÝfÓÐ¼:ÂfÁ!À<À<â¿½¿Ô�Á!ÓÐ½ÒÈ]Ç Õ À	È3Ç
ÔÄÈ3Æ�À:â¿ÂÄÓÐ½¿È3Ç�È3Ù2ÌÄ×3Ø�ÃÐÂ >�Õ ÂÄ¾ÐÓÐ¾�É�½¿ÓÐ¼:È Õ Ó-ÁXÇ�Ý_ÁXÀ:À<â¿½¿Ô�ÁXÓÐ½¿È]Ç'À<ÃÐÈ&ÔUÂÄ¾Ðã
¾ÐÈ3Ã�½¿Ç�ÓÐÂÄÃÐÖyÂÄÇ�ÓÐ½¿È3ÇÏÞ  Ö3ÂÄÇ�ÓÐ¼:È Õ Ü3¼1ÓÐ¼<Â�ÁXÀ<À:â¿½ÒÔ&ÁXÓÐ½¿È3Çf¾ÐÓÐ½¿â¿â8Ç<ÂÄÂUÑ<¾�ÓÐÈ
À	È3â¿â�ÓÐ¼<ÂU¾ÐÂ�&ÏÁXÜ3¾Fä.ÓÐ¼<ÂU½ÒÃ�Ö<ÁXâ Õ Â�½¿¾ Õ À	ÑÏÁXÓÐÂÄÑÚÉ�½¿ÓÐ¼:È Õ ÓêÓÐ¼<Â�ÁXÀ:À<â¿½¿ã
Ô�ÁXÓÐ½¿È3ÇàâÒÈ]¾Ð½¿Ç<Ü,ÓÐ¼<Â,ï�ð8ñ�Þ��K½¿½m��»�¼<Âpâ¿ÈYÉ ÈYÖyÂÄÃÐ¼:Â�ÁXÑ�½¿Çà½¿Ç<½¿ÓÐ½}ÁXÓÐ½¿Ç<Ü
Ìc×3Ø�È3À	ÂÄÃFÁ!ÓÐ½¿È3Ç<¾�Ô&ÁXÇ�ÃÐÂÄÑ Õ ÔÄÂ�Á!À<À:âÒ½¿Ô�Á!ÓÐ½¿È3ÇÚï�ð	ñ Õ ÓÐ½¿â¿½Òí&ÁXÓÐ½¿È3Ç�ÓÐÈfÁ
Î	Â�ÁXÃ¬Æ�½¿Ç<½¿Æ Õ Æ_Þ��K½Ò½¿½m�§Ê¬Ì�½¿ÇBÓÐÂUÃÐÔÄÈ3Ç:Ç<ÂÄÔÄÓÐ¾¬Ô�ÁXÇ_ÃÐÂ�Á!ÔR¼_ÓÐ¼:ÂÄ½¿Ã�À	Â�Á!è
ÓÐ¼<ÃÐÈ Õ Ü3¼:À Õ Ó�ÁXÓOÃÐÂUâ�Á!ÓÐ½¿ÖyÂÄâ¿Ý_¾ÐÆ_ÁXâ¿â§Æ�ÂÄ¾Ð¾FÁXÜ]Âp¾Ð½¿íÄÂÄ¾��K¾ÐÆ_Á!âÒâ¿ÂÄÃiÓÐ¼ÏÁXÇ
ÓÐ¼<Â-¾Ð½¿íÄÂiÈ3Ù.ÌÄ×3Ø?Î Õ ë	ÂÄÃÐ¾��ÐÞÏ»�¼<½¿¾�Á!â¿âÒÈYÉ�¾¬ÙKÈ3ÃkÈ3Ç:Â"��ÌcïàÓÐÈp¾ÐÂUÃÐÖB½¿ÔÄÂ
¼<Â�ÁdÖ�Ý#ÌÄ×3ØáÃFÁ!ÓÐÂÄ¾Fä3ÃÐÂÄÑ Õ ÔÄ½¿Ç<ÜiÈYÖyÂÄÃFÁ!â¿â	¾ÐÝB¾ÐÓÐÂUÆ ÔÄÈ]¾ÐÓiÁXÇ:Ñ1ÔÄÈ3Æ�À:â¿ÂÄÅ�ã
½ÒÓ}ÝBÞ���ÈYÉDÂÄÖyÂÄÃFä2Ê¬Ì�Í3ÎÏÁX¾ÐÂÄÑÚ½¿Ç�ÓÐÂÄÃÐÔÄÈ]Ç<Ç:ÂÄÔÄÓÐ¾,Á!â¿¾ÐÈìÀ	È]¾ÐÂoÁ#Ç Õ ÆêÎ	ÂÄÃ
È3ÙOÔX¼.Á!âÒâ¿ÂÄÇ:Ü3ÂÄ¾�ÓÐÈo¼<½¿Ü]¼<ÂÄÃpâ}ÁdÝyÂÄÃÐ¾Fä�ÂÄ¾ÐÀ	ÂÄÔU½�Á!â¿âÒÝ�½¿Ç?Ìc×]Ø[Í3½¿Ç�ÓÐÂÄÇ<¾Ð½¿ÖyÂ
ÂÄÇ�ÖB½¿ÃÐÈ]Ç<Æ�ÂÄÇ�ÓÐ¾Fä]¾ Õ ÔR¼ìÁ!¾[ÑÏÁXÓFÁXÎÏÁX¾ÐÂk¾ÐÝ�¾ÐÓÐÂÄÆ_Þ*Ì}ÇpÀ.ÁXÃÐÓÐ½¿Ô Õ â}ÁXÃFä3Ñ<Â&ÁXâ¿ã
½ÒÇ:Ü�É�½¿ÓÐ¼�&<ÈYÉ²ÔÄÈ3Ç�ÓÐÃÐÈ]â�ä	Æ�ÂÄÆ#È3ÃÐÝ,ÃÐÂÄÜ]½Ò¾ÐÓÐÃFÁ!ÓÐ½¿È3Ç)ÁXÇ:Ñ�Ñ:ÂÄÃÐÂÄÜ]½Ò¾ÐÓÐÃFÁ!ã
ÓÐ½ÒÈ]Ç.ä�¾ÐÝ�Ç<ÔX¼<ÃÐÈ]Ç<½¿í�ÁXÓÐ½¿È]Ç.ä�½¿ÇBÓÐÂUÃÐÃ Õ À<ÓÐ¾Fä-Á!Ç<Ñ?ÃÐÂUÑ Õ ÔU½ÒÇ:ÜÚèyÂÄÃÐÇ:ÂÄâ¬½¿Ç:ã
ÖyÈ3â¿ÖyÂÄÆ#ÂÄÇ�Ó�ÁXÃÐÂ-¾Ð½¿Ü3Ç:½Òé:Ô�ÁXÇ�ÓÛÔX¼.ÁXâ¿â¿ÂÄÇ:Ü3ÂÄ¾kÙKÈ]Ãk¾ÐÓÐÈ]ÃFÁXÜ]Âê¾ÐÝ�¾ÐÓÐÂÄÆ�¾FÞ
ö.½¿Ç.Á!âÒâ¿ÝBäyÓÐ¼<ÂUÃÐÂ�½¿¾�Ô Õ ÃÐÃÐÂÄÇ�ÓÐâÒÝ,ÁkÇ Õ Æ�Î	ÂÄÃ[È]Ù*ÂUë	È3ÃÐÓÐ¾�ÓÐÈ�½ÒÇ:ÔÄÈ3ÃÐÀ	È]ã

ÃFÁXÓÐÂ#Ê¬Ì�Í]Ó�Ý�À	ÂiÙKÂ�Á!Ó Õ ÃÐÂÄ¾-½¿ÇìÈ3ÓÐ¼<ÂUÃO½¿ÇBÓÐÂUÃÐÔÄÈ3Ç:Ç<ÂÄÔÄÓÐ¾�ÁX¾-ÉDÂÄâ¿â�Þ©�#È]¾ÐÓ
Ç<È3ÓFÁ!Î<â¿ÝBä2Ì�Ç:é<Ç:½ÒÎÏÁXÇ:Ñ)ÁXÇ<ÑÚ½}æ:ï�æFÌ�ÁXÑ:Ñ<ÃÐÂÄ¾Ð¾�Æ,ÁXÇ�ÝàÈ]Ù¬ÓÐ¼:Â�½¿¾Ð¾ Õ ÂÄ¾
ÃÐÂÄâ}ÁXÓÐÂÄÑ?ÓÐÈà¾ÐÓÐÈ3ÃFÁXÜ]Â�ÁXÃÐÂ�Á'Ç:ÂÄÓ�ÉDÈ3ÃÐè�¾ìÁXÇ:Ñ?½¿Ç<ÔÄâ Õ Ñ:ÂC�KÈ3Ã1ÓÐ¼:ÂÄÃÐÂ,½¿¾
Ñ<½¿¾ÐÔ Õ ¾Ð¾Ð½¿È]ÇºÁXÎ	È Õ Ói½¿Ç<ÔÄâ Õ Ñ:½¿Ç<Ü{��ÙPÂ�ÁXÓ Õ ÃÐÂÄ¾i¾ Õ ÔX¼´ÁX¾�$kå��#ç Ô&ÁXÀ.Á!ã
Î<½¿â¿½ÒÓÐ½¿ÂÄ¾FÞÛØ Õ Ã�É[È]ÃÐèp½Ò¾�Ñ:½¿ÃÐÂÄÔÄÓÐâ¿ÝìÁXÀ:À<â¿½¿Ô�ÁXÎ:âÒÂ�ÓÐÈ#¾ÐÝ�¾ÐÓÐÂÄÆ�¾�É�½¿ÓÐ¼�Ì�Ç<ã
é<Ç<½¿ÎÏÁXÇ<Ñ�½¿Ç�ÓÐÂÄÃÐÔÄÈ3Ç:Ç<ÂÄÔUÓÐ¾�ÁXÇ<Ñ�ÃÐÂÄâ¿ÂÄÖ<ÁXÇ�Ó�ÙKÈ]Ã�¾ÐÝ�¾ÐÓÐÂÄÆ�¾ÛÉ�½¿ÓÐ¼'Ù Õ Ó Õ ÃÐÂ
½�æ:ï�æFÌD½ÒÇ�ÓÐÂÄÃÐÔUÈ3Ç<Ç:ÂÄÔÄÓÐ¾FÞ

" °)¹oä ù ú#� ¸ Gàû%$úI¾G ù µ�³

ßàÂÓÐ¼.Á!Ç<è�Ù Õ âÒâ¿Ý�ÁXÔXèBÇ:ÈYÉ�âÒÂUÑ<Ü3Â§ÓÐ¼<Â§ÓÐÂÄÔX¼<Ç:½ÒÔ&ÁXâ8Á!Ç<Ñ�ÁXÑ:Æ�½¿Ç<½¿¾ÐÓÐÃFÁXÓÐ½¿ÖyÂ
¾ Õ À<À	È]ÃÐÓÛÈ3ÙkÁXâ¿â*È Õ ÃkÔÄÈ]âÒâ¿Â�Á!Ü Õ ÂÄ¾pÁ!Ó  Æ�À<¼:È3ÃFÁ]äBÌ�Ç:Ô�Þ.ßàÂ�ÁXÃÐÂ�Á!âÒ¾ÐÈ
½ÒÇ:Ñ<ÂÄÎ:ÓÐÂÄÑpÓÐÈ��#½ÒÔUÃÐÈ3¾ÐÈ3ÙPÓFäBñ¬Ç<½¿¾ÐÝ�¾Fä=ÁXÇ:Ñ��  ïL$ÂÄ¾ÐÂ&ÁXÃÐÔX¼�Ì}Ç<¾ÐÓÐ½¿Ó Õ ÓÐÂ
ÙKÈ3Ã�ÓÐ¼:ÂÄ½¿Ã�¼<ÂÄâ¿À�É�½¿ÓÐ¼�Ö<ÁXÃÐ½¿È Õ ¾�ÁX¾ÐÀ	ÂÄÔUÓÐ¾kÈ]Ù2ÓÐ¼:½Ò¾[É[È3ÃÐè*ÞÏö.½¿Ç.Á!âÒâ¿ÝBäyÉ[Â
É[È Õ â¿Ñ�ÁXâ¿¾ÐÈ1â¿½Òè3Â-ÓÐÈpÓÐ¼.ÁXÇ:è1ÓÐ¼<Â�ÁXÇ:È3Ç�Ý�Æ�È Õ ¾ÛÃÐÂÄÖ�½ÒÂUÉ[ÂÄÃÐ¾kÙKÈ]Ã¬ÓÐ¼:ÂÄ½¿Ã
Õ ¾ÐÂÄÙ Õ âlÔÄÈ3Æ�Æ#ÂÄÇ�ÓÐ¾#Á!Ç<Ñ�¾ Õ Ü3Ü]ÂÄ¾ÐÓÐ½¿È3Ç:¾FÞ

¶MG)¿«Go¶MG ù ¹KGo³
ß ¢ à��O�:�[����|cv�|/Ñ]���<�i�B�<�B���!�������Ä�	«ì�:�i��Æ[�������:|c�y�,�-�:�-�:�1zFz]�	���Ë.«ì�R¥Ûzc�'|#v�z]�y�!{}�'wy{}z]�!�!¥�¥}zc{'&���x3�X{}�-�yzF�X¥k����vO�-¡cz)(Ë~��
«ì� � �U���Ñ]���y¥}zc�8�U«ì�Rt�� ª {���zpÒ¥mÑU|B� � �~Ó*|c���3 y{����XÁ]�&�y�pËk�+*Y�yzc�y�ÂÑ<�|c�3�'«ì��Ã��Ë.{}z]�y���]�:�!�y����zc{�¥Ä��,7Ù.-�/�Ø�Ø1032547698:-1;=<?>�Ø�@BAnØC47<ED'F G7;1<?>
H 47<aØ~ÙI47J�<?2K-347J3LNMO-�49;°ØpÙ ØC47/�Ø=-34QP�ØpÙID�×)JuÙ.6pØSRTJ3<EJ3U1J38�Ø98d� ¢ Î/Î/ÎB�

ß Ç/à��-� � �X�D�y�y�!{�¥}zc�8�U�:�3�y� � xy|c¥}�]�&�y�3®2|c�y�3�3�Ä�O�X�:�3®2|c����|c�����8�U£��3®��
V zF�X 3v1�|c�3�o«ì�*�:�nÞ&�!�!���X�]� � xy�!|c�����y¡_�}x3��~�È ª Ð zc���}���!�y�!��Ñ�&�D�!�yÒÏzc{°Ñ1¥���zc{�|c¡c�"Ò����x'©	{�|cw��XÁ!�#È�«p�]{}���y�!�Ä�-~��W,nÙX-�/�Ø�ØY0�2547698:-1;
<?>�Ø�ZUÕ7[]\ HX^`_3a�a3b�c 4747d J�Le@�ØY/9>3472K/YJ�LNMO-349;°ØpÙ Ø947/�ØR� ¢ Î/Îc�B�



ß /ài�-�cË.|c¥} 8�ZÓ-�^Ë. y�dx8�	�?��Ó*zc¡c�!��¥c�=|c�y�'©��B¨czc�ft2����Ñc�!�8���gf
�y�!�9&
�¸ y¥}�X{hf
���!¨c�!�§�3�X�yÒ2zc{°Ñ,���F�}�!{��Ò|c�!�#�Òzc{�wy|c{}|c�����!�§|c�3�ì�3��¥���{�� Ð  y���!��!zcvOwy y�����y¡B�i,7Ù.-�/�Ø�Ø1032547698j-1;�<E>uØ _�k <E> c MOl Õ7D'monp-3812Kd mq-34
r n3Ø~Ù.J�<?2K476©Õ7D'81<aØCmS8�,7ÙI2547/92 nsL Ø98�t Õ r Õ7,vu3wxMO-In3n�ØpÙ�ly-�d 47<EJ32K47w
MO-�L -uÙXJ303-Y�y���!�X�!v Ð �X{ ¢ Î/Îc�B�

ß � ài�-��Ë.|c¥} 8�k«ì��1�X��¥}x8�¬|c�y�·©��§¨czc�?t2����Ñc�!�8�Ë~��y�!zc{�w�zc{�|c�����y¡
vO�!vOzc{��ôvO|c�y|c¡c�!vO�!�F�Ú���]��zº y¥��!{YfK���X¨c�!�1�y�!�yÒÏzc{mÑ¸���]���!{��Ò|c�!�X¥Ä�
x]����wz&ÂÈ/È°Ò[Ò�Ò[ÇB� �!¥c� �!zc{}�y�!����� �X�3 :È��gf
�D�!��È�wy|cw��!{�¥�È� y�y�!��vOv1� w��y���
¢ Î/Î/ÏB�

ß �/à"Ëk� � �{Ë.��|c����Ñ<��Ã=�!|c�y���3¡f¨c�!�y�yzc{�¥i¨R|c�����y|c�}�pw�z~ÒÏ�!{�zc���!�� y¥}�}�!{hf���y¡o|c{}�dxy�����X�!�� y{��]�¬�3�X��|c���-zc�i�}x3�ì��w��{f
�_|c y�y�����X� Ð �!�y��xyvO|c{°Ñ<�x]����wz&ÂÈ/È°Ò[Ò�Ò��w8� �!vk y��� Ä � �!zcv©È���w{È�wB�3�P¥�È�wB�!{}�Pzc{}vO|c�y�!�#È�~yË.« © � � f
� Ë.�!�y��xyvO|c{°Ñ<� w��y���F�Y y����Çc�c�c�B�

ß Ï/ài�?�y«ì� � |c{��yz/Á!|B��ÞD�	�y�8®2��zU¨c�!{c�&|c�y�p�·�&t��8�R�y|cvO|c�8�&�Y{c����{f¥���¡c�Ozc�B��xy�D©	{}  � �� y¥����!{2vk y�������Xzcv�wy y���X{2¥��F¥����Xv´�Òzc{l�}xy�§����¡c����|c��[�D~yÔ �!�]¨F��{�zc�3vO�!�]�U�|RT256925<EJ3L}@3Ø1/9>34725/1J3LT~�-�d#ÙI47J3L�-1;�RT2K6C2K<?J�L
[��Cdp2 n�m
Ø947<eMO-uÙ?n+-uÙ.J3<E25-�4&�y� É�¢ Êh& �c� ¢ Å � ¢ Î/Î/ÏB�

ß Å àit��cÓO� � |c{�{}�!{�|B�Ï�y��¦D|czB��Ã.�:~��P��zF�y�]�	|c�3�'¦���Ë.��|c�y�dx3���y���i�D¥��!{Yf���!¨c�X�§�!zcvOvk y�y���!|c�}��zc�ì���_�!�� y¥����!{Yf Ð |c¥}�!�ì¥}�!{�¨c�!{�¥Ä�'~��`,nÙX-�/�Ø�ØY0�F
2K476C8�-1;j<E>uØ b <?> H [�[][ H 47<aØ~ÙI47J3<E2K-347J3L�Õ7D'mOn+-38125dpm�-34i�g2569>3F
,7Ø~Ù?;1-uÙImSJ347/�Ø}MO-3monsd <aØpÙ c ÙX/C>32K<aØY/9<Ed#Ù�Ø�tK�g,]M c`b uY�#Çc�c�/ÇB�

ß �/à V � � xy�!�8�Ð�-��Ë.����|c¥c�Y�y�d�-���[|cvO��|c�y|/ÑF��¥c� � ���[  Ð �y����ÑF���X|c�3��£��°Ã=����[©[ÃZË�&Ä�ovO�!�dx3|c�y��¥�vº�Òzc{Ï|c�y�y{}�X¥}¥.�}{}|c�y¥���|c����zc�izc�i�y�!�yÒÏzc{°ÑO���pf
�}�!{}�P|c�!�!¥c��~���,nÙ.-C/�Ø°Ø1032K476C8�-1;:<E>uØj[�2569>3<E> H 47<aØ~ÙI47J�<?2K-347J3L�MO-347F
;�Ø~Ù Ø947/�Ø c Ù./9>325<aØ1/C<Ed�Ù.J3L[Õ7d�n3n+-uÙI<e;1-uÙ:,7Ù.-�6pÙ.J3mSm�2K476�×vJ�476CdpJ36pØC8
J3470 r n�ØpÙ.J3<E25476�Õ7D'81<aØCmS8 c Õ7,7× r Õ&�cwy|c¡c�!¥ ¢ Îcc�/Çc�cB�	�R|c���Yzc¥��]�
� �-� ª �!�U� ¢ Î/Îc�B�

ß Î/à"Ëk�y�-� � x] y�	���O�&«ì�y«p|c����ÒÏ|c{����3¡B�&|c�3���-�&t�� �  3�����X{Ä��ÓD��{��� y|c��y�!�yÒÏzc{°Ñ1��{�|c�y¥}w�zc{��Ûwy{�zc��zF�Xzc��¥Û�Òzc{�v¬�F{����3�X�U�¬~����g-3< H 47<aØpÙ./1-347F
4�Ø1/9<?8�Õ7D'monp-�8Y2Kd m�Pl�<�X�}|c�y�Òzc{��	� � �-�F�D y¡c y¥}� ¢ Î/Î Å �

ß ¢ �/à � zcvOwy|'��È�~��]���!��È�«p���X{}zc¥�zc�Ò�Ä��P�2�ÙI<EdpJ3L H 47<aØ~Ù?;1J3/�Ø c Ù./9>32K<ÝØ1/9<Ed#Ù ØÕ9n3ØY/92 G�/1J3<E2K-347w�P^ØpÙI8125-34 _3� ÜY�]���!�]� ¢ Î/Î Å �
ß ¢c¢ ài�D��ÞD� � zc����| Ð zc{�|c����¨c�]�7R c�� Õ7�)Rg2 Ù Ø1/C< c /1/°Ø9818 � 25L Ø�Õ7D'81<aØCm�,nÙX-3F

<E-�/1-3LoP�ØpÙI8Y2K-347� _3� ÜuÜY�=�R�!wy�U�#Çc�c� ¢ �
ß ¢ Ç/à � �3��  Ð �y���°Ñ]���3�O��Ë.����|c¥c� V � � x3�X�	�l�3�3��|cvO��|c�y|/ÑF��¥c�3|c�y�p£���Ã=���Ó[«p« � faÇ)&:�{�O�!���!�F�Ï¥� yw3wBzc{}�2�Òzc{2{}�X����| Ð ���3�Ä�!zc�y�y�!�!����zc�+f
zc{����!�F�}�!��!zcvOv¬ 3�y���!|c�}��zc�8�§~���,nÙ.-C/�Ø°Ø1032K476C8=-1;��g-3< H 47<aØ~Ù./1-3474�Ø1/9<E8����D y¡B�

¢ Î/Î Å �
ß ¢ /ài�i�B�[ y�y�y���y¡#|c�y�Ú®���¦D�!¡c�y���!{c��©xy��Ó[��{��� y|c�*~��]���!{��Ò|c�X�i�D{��dxy��f�}�!�!�� y{��]�<~���,7Ù.-�/�Ø�Ø1032547698�-1;g��-3< H 47<aØpÙ./1-3474�Ø1/C<E8:P_Õ7D'monp-3812Kd m��

�R��|c�y�Pzc{}�8�]�D y¡B� ¢ Î/Î Å �
ß ¢ � à�®���O��®2� Ð ¥�zc�	�[�i�vÞ[�Ï�D|c¡c���3�§£��.�DvO��{����.�:�[Ë. 3�}���!{c��Þ[�Ï�·�

� xy|c�y¡B�#ÆO�<®2z Ð ��z'�*� � ��ÆD|c{��y���	�Yt��F¦§���X�3�X���Y�i�F¦§zF�dx Ð �!{�¡B�F|c�y��:�]*Y�X���!�3ÑR|B���?�!zc¥��Xf
�{�B�!�!����¨c�3�Bxy��¡cx+f Ð |c�3�3Ò���y�}x�¥���zc{�|c¡c�¬|c{��dx3��f�}�!�!�� y{��]�	~���,7Ù.-�/�Ø�Ø1032547698�-1;T<?>�Ø�[�2569>3<E> H 47<ÝØpÙI47J3<E25-�47J3LBMO-349;°ØpÙIFØ947/�Ø}-34 c ÙX/C>32K<aØY/9<Ed#ÙXJ3L:Õ7d�n3np-uÙI<�;Y-�Ù�,7Ù.-�6pÙ.J3mSm�2K476�×vJ�476CdpJ36pØC8
J3470 r n�ØpÙ.J3<E2K476�Õ7D'81<aØ9m�8d� ¢ Î/Îc�B�

ß ¢ �/à�®����-��®2� Ð ¥�zc�8�#�i�jÞ[���D|c¡c���]�#£��¬�[vO��{}����ÞD�¬�·� � xy|c�y¡B�t��=«ì�cÞ&�!��� Ð �!{}¡B�UÆ-�.®2z Ð ��z'�2� � �{Ã<�X�]�{Ëk� ª ÁX�!�!{����	t��<¦§���!�y�!����i��¦DzF�dx Ð �X{}¡B�i|c�3�)�:��*F�!���!�3ÑU|B�ïÞ8�����ì¥��!{�¨c�!{,¥}�X|c�����3¡�Ò����x
�y�!�yÒÏzc{°Ñ�f
|c���}|c��xy�!�ì¥}�!�X 3{��-�y��¥mÑ]¥Ä�¬~��W,nÙX-�/�Ø�ØY0�2547698:-1;S<E>uØ _3a3a��
c Mol,Õ Hh� l�[T@B� H M[Õ H 47<aØ~ÙI47J�<?2K-347J3L+MO-349;�Ø~Ù�ØC47/�Øg-34}l;ØYJ�8Yd�Ù Ø9F
m�ØC47<eJ�470�l�-�0uØ9L 25476=-1;xMO-3monsd <aØpÙjÕ7D'81<aØCmS8d� ¢ Î/Î Å �

ß ¢ Ï/à�®2��¡c|c�y�!�Ä� ®2��¡c|c�3�X�CÒxy�����!wy|cw��X{�& �[�!�!�X���!{}|c�}���y¡ |c�y� ¥}�!|c��f
���y¡ì�y|c�}|à�y�!�yÒÏzc{°ÑF¥1vO���!{�zc¥�zc�Ò��¥h�]�Û¥��!{}¨c�X{'Çc�c�c��|c�y�á¡c��¡c|c�y�!�
�!��|c�8� xF�}��wz&ÂÈ/È°Ò[Ò[Ò��w8� �!v¬ y��� Ä � �!zcv©È���w:È�w��y�Ò¥/È�w��!{��Òzc{�vO|c�y�!�#ÈYf¥Y�F�ÂÇc�c�c�c|c�y�y�!��|c�8� w��y���	�R�!wy�U�#Çc�c�c�B�

ß ¢ Å à'®2��¡c|c�3�X�U� ®2��¡c|c�y�!� �XÃ=�D� �P|cv������ zc� wy{}z]�3 y�!�}¥Ä�
xF���}wz&ÂÈ/È°Ò[Ò[Ò¬� �!v¬ y��� Ä � �!zcv©È�wy{�zF�y y�!��¥c� xF�}v�����Çc�c� ¢ �

ß ¢ �/à�¦��	®2�������!�}�U�y«ì� � zc�������y¥c�3|c�3�p�i� � ��v�v1� ª ¨c�X{}¨]���XÒ�zc�l�y�!�yÒÏzc{°Ñv��Xv�zc{����dxy|c�3�y�!�y�Pzc{ � � ~X�Y~���,7Ù.-C/°Ø�Ø1032K476C8O-I;�<E>uØ H [�[][_Õ9ncÙI2K476
M r l�,]M r \|� a�� �#Þ&� Ð � ¢ Î/Î/ÏB�

ß ¢ Î/à�ÆO�Û®2{��!¡czc{��]���:�.©xyzcv�|c¥c� � �«p�!«p|cxyzc�8�[�O�Û�~Ñ �Ò�!���� yv1�[|c�y��O�Y�[zc¥�¥c�<�[�X¥}��¡c�êzc�<�}xy��Ë.�[« �Ò|cvO�����Ozc�	vk�]{}���y�!�.�!zc�]��{�zc�:wy{�z'f
¡c{}|cvO¥c� ¢ Î/Îc�B�

ß Çc�/à�~���Ìy�y�ÂË.|c�y��©	{�|c�y�D�[¥}¥�zF�X��|c����zc�8��~��3Ìy�y� Ð |c�3�ê|c{}�dxy�����X�!�� y{��[¥�w��!��f�ÂÌ3�X|c����zc�8�Û¨c�X{}¥���zc� ¢ � �B� xF���}wz&ÂÈ/È°Ò[Ò[Ò¬� ���3Ìy�y� Ð |c�y�y��|B� zc{�¡B� ª �!�U�Çc�c�c�B�
ß Ç ¢ à�£��X£��X�!��zc�8�c�i� � |c�}���!{�¥}zc�8� V �~Æ[�]�Ä¦��R¦D|cw3xy|c�!���c|c�3�-�?�~Ë.|/Ñc�!{Ä�

� �!{��Òzc{�v�|c�y�!���dxy|c{�|c�!���!{��ÂÁ!|c�}��zc�1zc�8|��2 y|c� � �!�F�}�� 3v � {}z1�R« � 3¥����y¡ ª Ã]© � �1zc{°ÑF��zc|c�y¥c�·~��#,nÙ.-C/�Ø°Ø1032K476C8�-1;j<?>�Ø�Û k <E> c 47F
47d J3L H 47<aØ~ÙI47J3<E2K-347J3LAÕ7D'monp-3812Kd m�-34�MO-3monsdp<ÝØpÙ c Ù./C>�25<aØ1/C<Ed�Ù Ø
t H Õ7M c F a3b uY� ¢ Î/Îc�B�

ß Ç/Ç/à�«p���!{}zc¥�zc�Ò�Ä�!�[�y�y{}�!¥�¥ZÒ���y�yz~Ò���y¡� Ä ���X�3¥���zc�y¥	|c�y�ÛvO���!{}zc¥�zc�Ò�cÒ���+f�3zpÒ¥�Çc�c�c���y|c��|c�!�!�]���!{D¥}�X{}¨c�!{c�B�ì���y�yz~Ò¥�ÆD|c{��3Ò2|c{��§t2�y¡c���y�!�!{Yf
���3¡ � zc�y�P�!{}�X�3�X� &8�[�y¨R|c�y�!���y¡-�}x3� � ��|c�}�Òzc{�vp�F�[��¥}zO|U¨R|c����| Ð ����|c�9&xF���}wz&ÂÈ/È�v�¥��y�8� v����X{}zc¥�zc�Ò�Ä� �!zcv©È���� Ð {�|c{���È��y�!�Ò|c y���Ä� |c¥}wz(� 3{��X��È���� Ð {}|c{���È��X�pf 3¥/È��y��Ò[Ç/ÑZÈ�xF�}v���È�|pÒÏ�XÒ���y�y|c��|B� |c¥�w8�&«p|c{���xêc� ¢ Î/Î/ÎB�

ß Çc/à�«p�F��� Ä �1�XÔ[��{��!vO�!¦D�D~��ýc�c�c��ÆD��¡cx � �!{}�Pzc{}vO|c�y�!� ¢ ® Ð Þ8� Ð {}�¦§�[~�� � zc�]��{�zc�����!{c�<xF���}wz&ÂÈ/È°Ò[Ò[Ò¬� v¬�F��� Ä � �!zcv1�
ß Ç � à ª ¦§� � Ã=t�� ª {�|c�!��� �3�X� ¨F� wy{}zc�}z'f

�!zc� ¥� yw3wBzc{}�Ä� | ���!�dxy�y���!|c� Òxy����� w3|cwB�!{Ä�
xF���}wz&ÂÈ/È°Ò[Ò[Ò¬� ¨]���3�d� zc{}¡�È���z]�! yv��X�F��¥/È°Òxy�����Xw3|cwB�!{}¥/È ª {�|c�!��� ÓD~X� wB�3�d�
Þ&� Ð {} y|c{��"Çc�c� ¢ �

ß Çc�/à'�3� � |/ÑF���8�#ÓO�3£�|c{�|cvO��xy�!�}���3|c�y�#�-�]�O� � xy���!�8�7Þ&|c¥��§«p�!¥�¥�|c¡c�!¥�&t]�O�!���!�]�U�8w�zc{}�}| Ð ���ê�!zcvOv¬ 3�y���!|c�}��zc�,�Òzc{�ÒÏzc{mÑ]¥}�}|c����zc�,�!�� y¥����!{�¥|c�3��vO|c¥}¥���¨c�!���fwy|c{}|c�����!�Dwy{}z]�!�!¥�¥}zc{�¥ É « �2� Ê�� H [][�[�MO-347/9d#ÙIF
Ù ØC47/9Dc�F� É Ç�ÊX& Ïc�c� Å B�3�[wy{}����f
�Y y�y� ¢ Î/Î Å �	�[�y��¨c�!{}¥������izc�	~��������yzc��¥c�

ß Ç/Ï/à�«ì�3¦§zc¥��!� Ð �� yv1�yt���Ë. 3¡c�y��zc�8�8�y�y�-��ÆD�X{}{�zF�8�yt��3�ì���}��xy�!����|c�y��O�=®2 ywy��|B�*©xy����vOw3|c�X�§zc�8|c{��dx3���}�!�!�} 3{�|c�	��{��!�y�y¥Dzc�#zcw��!{�|c�����y¡
¥}�]¥}�}�!výw��!{��Òzc{�vO|c�y�!�]��~���Õ7D'monp-�8Y2Kd m�-34 r n�ØpÙ.J3<E2K476�Õ7D'81<aØCmS8
,nÙI2K47/C2 nsL Ø98d�]w3|c¡c�X¥�Çc�c�c�/Ç/Îc�B� ¢ Î/Îc�B�

ß Ç Å à�ÆO�O©	��Á! 3ÑR|B���-��ÆDzc{�����|c�y� V �O~�¥�x3�ÂÑU|pÒ2|B� � «&�� xy��¡cx+f
w��!{��Òzc{�v�|c�y�!�ì�!zcvOvk y�y���!|c����zc�´��� Ð {�|c{}���Pzc{1vk y���}��fK y¥��!{�wy|c{�|c��f���!�8�!�]¨F��{�zc�3vO�!�]��¥c��©	�!�dxy�y���!|c�2¦§�!w�zc{���©¦ofaÎ/Ïc� ¢ �B�B¦§�!|c�*�1zc{����
� zcvOw3 y�}���3¡ � |c{}�}�3�X{}¥�xy��w	�F�[zR¨=� ¢ Î/Î/ÏB�

ß Çc�/à�©	{}|c�y¥�|c�!����zc� � {}z]�!�!¥�¥}���y¡ � �!{��Òzc{�vO|c�y�!� � zc y�y�!�����}@B,]M¡ �Ø947/C>3F
m�JuÙI¢TM�B�Xxy|c�y���!� �   Ð �����2¦D�!��|c����zc�y¥c� Å/Å/Å �-�XÞl��{}¥���X�}{}�X�!�U�&�R y�����Ïc�c�B�<�R|c�#�Yzc¥��]� � �CÎc� ¢c¢ Ç'faÏc ¢c¢ �y«p|U� ¢ Î/Î ¢ �

ß Ç/Î/à�«ì�B�[�F¥�|c���=�-�<�D�dxy|c{��c|B�	|c�y�,�:�.�R|c����Á]�pt*¨U|c�� y|c����zc�,zc�§|c�X����¨c�
�3��¥°ÑF¥��Pzc{D�y�!�!��¥���zc�p¥� 3wyw�zc{����y|c��| Ð |c¥}�X¥Ä�D~��Q,7Ù.-�/�Ø�Ø1032547698=-1;�<E>uØ
Õ72 £7<?> H 47<aØpÙI47J3<E25-347J3L�Õ7D'monp-�8Y2Kd m�-�4��g2569>3F.,7Ø~Ù?;1-uÙIm�J�47/°ØTMO-�m�F
nsd <aØpÙ c ÙX/C>32K<aØY/9<Ed#Ù�ØR�8w3|c¡c�X¥�c Å �c � �B�*©	zc y��zc y¥}�3�:Þ&{�|c�y�!�]�	�F|c�	��c� ¢ ÇB��Çc�c�c�B�3~�t2t2t � zcvOwy y���!{O�Xz]�!���!���ê© �� �-�

ß c�/à��:�Y�����ÂÑc�!¥c�Y¦O�:®2zc���y���y¡B� � �:�R��|c�X�����	�]|c�y�#©¬�B�R y������¨R|c�8�=©§x3��Æ ��D y��zc¦D�D~���xy���!{}|c{��dxy���!|c�:¥���zc{�|c¡c��¥}�]¥}�}�!v1� c MOl�@3Ù.J34781J3/9<E25-3478
-34�MO-3monsdp<aØ~Ù
Õ7D'8Y<aØ9m�8d� ¢ � É�¢ ÊX& ¢ �c�c� ¢ /ÏB�^Þ&� Ð � ¢ Î/Î/ÏB�

ß  ¢ à V �v*Fxyzc 8�c�:��Þ[� � xy��� Ð ���8�Ä|c�y�i£��pÃ=���&©xy�[vk y������fE�F y�! y�D{}�!wy��|c�!��fv��X�F��|c��¡czc{}���}xyv²�Òzc{[¥}�!�Xzc�3�����!¨c�!� Ð  +���!{��!|c�dxy�!¥c�[~��¡Z:Õ7[�\ Hh^
c 4747d J�Lo@3Ø1/C>3472K/1J3LBMO-349;°ØpÙ Ø947/�ØR�Fwy|c¡c�!¥�Î ¢ � ¢ � � �3�F 3�y��Çc�c� ¢ �


