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Ô�Ù@7ÇÖ�Ð�ÌDÔ�ÎGÓ&79Ë�>�Ð@Ó/Û³79Ë¡Ð@>³Ê^7�Ë�Ô�Ù@7ÇÖ�Îf>³Ê^8�ÔT8¨ÎG>îÔ�Ù³<[Ô�ÔTÙ@7·Ì�Ñ�<GÖ�7¬?GË�Î[ÞÔTÙ^ëZË}<[ÔT7�Î.Õ�Ô�Ù�7
?fËTÎ[Þ!8¨>@?�Ö�Ð³ÌVÔTÎfÓ�7�Ë}Ì«ò � ; ÷�8�Ì�Õó<GÌVÔT7�Ë�ÔTÙ�<.>ÇÔ�Ù�7�ËT<.Ô�7�Î.Õ8I>�Ö�ËT79<GÌD7�8I>=Ô�Ù@7�ÔTÎ.ÔT<fÍ�>�Ð@Ó�Û�7�ËÎ.Õ�Ö�Ð�ÌDÔ�ÎGÓ�7�Ë}Ì�ò�µ^÷�×C��Ð@Ë"ÌVÔ}<.Ë�Ô�8I>@?�<fÌTÌ�Ð@Ó�Ñ^Ô�8IÎf>;ã�Ô�Ù�<.Ô�79<GÖ}Ù¬Ö�Ð�ÌDÔ�ÎGÓ�7�Ë�ÎfÕ�Ö�Í�<fÌTÌ�õ�ÏG7�7�Ñ³Ì
<.ÍIÍ�8¨ÔTÌÑ�Î.ÔT7�>OÔ�8�<.Íµ?GË�Î[ÞÔTÙ¡Ì�Ñ�<fÖ�7fãO8IÌ�ÔTÙ@7�ËT7�ÕÚÎGË�7)ýVÐ�ÌVÔT8�à³79Ê�<fÌ�Û�7�8I>@?�ÔTÙ@7�ÎfÑ^ÔT8¨Ó/Ð@ÓúÖ}Ù@ÎG8IÖ�7
ÕÚÎfËÔ�Ù�7"Ñ�ÍI<GÖ�7�Ó�79>GÔ!ÎfÕ�8I>�Ö�ÎGÓ&8I>@?«Ö�Ð³ÌVÔTÎfÓ�7�Ë}Ì�Ð@>�Ê^79Ë!Ô�Ù@7vÌD7�Ö�Îf>�Ê^8¨Ô�8IÎf>³Ì�×@ØÙ@79Ë�7�ÕÚÎfËT7fãOÔ�Ù�7
à�ËTÌDÔ�Ö�Ð�ÌDÔ�ÎGÓ�7�Ë!Î.Õ�Ö�Í�<fÌTÌ!õ&8IÌ�ÔTÙ@7�à�Ë}ÌVÔÔTÎ«Ù@8�Ô�8¨ÔTÌ�Û³ÎGÐ@>�Ê@<fË�Ò�ÎfÕ�Ñ�Î.ÔT7�>OÔ�8�<.Í;?GË�Î[ÞÔTÙ;é¦ ÇlÅnGp b Ë

ô ¹ µ º ÍIÎf? ; ò�� ± Æ ; ÷C�îô ¹ � ; º ÍIÎf? ; ò ¶ ��·j� Æ ; ÷�« òDôvõG÷
ØÙ@7�ÔTÎ.ÔT<fÍM>�Ð@Ó/Û³79Ë/ÎfÕ�Ö�Ð�ÌDÔ�ÎGÓ�7�Ë}ÌzÞ!Ù@79>âÔ�Ù@7¡à�Ë}ÌVÔ�Ö�ÎGÍ¨ÍI8IÌ�8IÎf>=ÔT<fÏf7vÌzÑ@Í�<fÖ�7¡Ö�<f> Û�7

ÎfÛ^Ô}<.8I>@79ÊÀÕÚËTÎfÓî�)ï�Ì9×IòDôvõG÷«<.>�Ê òuõf÷�ã»��ò�¦jÇlÅnGp ÷ïb Æ µ Ë � ;� ;; º ¶ µ� ;��·j� «�ØÙ�7¬Ô�ÎfÔT<fÍ"Ì�Ñ�<fÖ�7
Ð^Ô�8IÍ¨8IÜ�7vÊ¡ÕÚÎfÍIÍ¨Î[Þ�Ì�ÕÚËTÎfÓÏ�Mï�Ì�×�òVôSõf÷M<.>�Ê=òZçf÷�é¶!ò�¦ ÇlÅnqp ÷0b µ� ; Ë µ � iØ[ � ;µ± º Æ ; [ � ;µ; º ¶ ��·j� � Ü ô Ë Æ ; � ;� ; Ë µ ß×º Æ µ Ë � ;� ;; º ¶ µ� ;��·J� « òDô � ÷��8I?fÐ�Ë�7/æ�ÌDÙ@Î[Þ�Ì�Ô�Ù�<.Ô�ÔTÙ@7�ËT79Ì�Ð@Í¨ÔTÌ�Ð�ÌD8I>@?«ÔTÙ@7/<f>�<.ÍIÒOÔ�8�Ö�Ó�7�ÔTÙ@Î^Ê´<.?GË�797�Þ!8�ÔTÙ�Ô�Ù�ÎGÌ�7
ÎfÛ^Ô}<.8I>@79Ê¤Û�Ò¡<«Ì�8¨Ó/Ð@Í�<[Ô�8IÎf>¤ÔT79Ö}Ù@>@8�ïOÐ@7zÊ^7vÌ�Ö�Ë�8IÛ³7vÊ¤8¨>¤Ô�Ù�7z>@7�ù�Ô�Ì�79Ö�Ô�8IÎf>;×³ØÙ@79Ì�7�Ë�7vÌDÐ�Í�Ô}Ì
<.ËT7"ÎGÛ^ÔT<f8¨>�79Ê¡Ð�ÌD8I>@?&Ô�Ù�7�ÕÚÎfÍIÍ¨Î[Þ!8I>@?�Ñ�<.Ë}<.Ó�7�Ô�7�Ë}Ì9é Æ ; b/ô+63ð�ã � ; b/ôI5Så³ã7µ�b/ô45[ñ@ã7� ± b�å�×
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ØÙ@7«Ñ@ËTÎ.ýV79Ö�Ô�7vÊ·?GË�Î[ÞÔTÙ´Ë}<[ÔT7«8IÌ�7vÌ�Ì�7�>OÔT8I<fÍ$ÕÚÎfË�ÔTÙ@7�<.Ñ@Ñ�Í¨8�Ö�<.Ô�8IÎf>=Î.Õ�Ô�Ù@7«?GË�Î[ÞÔTÙ^ë�Û�<fÌ�79Ê
<.ÍI?fÎfËT8¨Ô�Ù@Ó�×.ØÙ@7!?GË�Î[ÞÔTÙ/Ë}<[ÔT7�Ö�<.>�Û�7!Ë�79Ñ@ËT79Ì�7�>OÔ�7vÊ�Û�Ò�ð[<fË�8IÎfÐ�Ì�ÕÚÐ�>�Ö�ÔT8¨ÎG>�<.Í�ÕÚÎfËTÓ�Ì9ã.Ì�Ð�Ö}Ù
<fÌ¡Ô�Ù@7·Ô�ÎfÔT<fÍ"Ñ�Ë�ÎfýV79Ö�ÔT79Ê½<fÊ@Ê^ËT79ÌTÌ¤ÌDÑ�<GÖ�7GãMÔTÙ@7ÇÑ@Ë�ÎGÛ�<.Û�8¨ÍI8�ÔVÒÀÔTÙ�<[Ô�7�ù�ÔTËT<aÛ@8¨ÔTÌ¤Þ!8¨ÍIÍ�Û�7
>@7�7vÊ^79Ê¤8I>�ÔTÙ@7�ÕÚÐ^Ô�Ð�Ë�7Gã^Ô�Ù@7�Ñ�Ë�ÎfýV79Ö�ÔT79Ê¤ÌD8IÜ�7�8I>�Ö�ËT79<GÌD7�ÕÚÎfË!7v<fÖ}Ù¤Òf7v<.ËvãO7�ÔTÖf×�ØÙ@7�Û�<fÌ�8�ÌÎ.Õ
Ô�Ù@7!ÔTÙ@7�ÎGË�7�Ô�8�Ö�<fÍ³<.>³<.ÍIÒ�Ì�8�Ì�<.>�Ê«Ì�8¨Ó/Ð@Í�<[Ô�8IÎf>�ÔT79Ö}Ù@>�8IïOÐ@7vÌ�Ñ@Ð^ÔMÕÚÎfË�Ô�Ù«8I>�Ô�Ù@8�Ì�Ñ�<fÑ³79ËMÖ9<.>«Û�7
<fÊ@<fÑ^Ô�7vÊ�ÕÚÎGËÔ�Ù@7zÊ^8¨áµ7�ËT7�>OÔ!ÕÚÐ@>�Ö�Ô�8IÎf>�<fÍ2ÕÚÎfËTÓ«ÌÎfË�Ô�Ù@798¨Ë�Ö�ÎfÓ/Û@8I>�<[ÔT8¨ÎG>�Ì�×

ØÙ@7�Ñ³79ËDÕÚÎGË�Ó«<.>³Ö�7«Ê^8¨á�79Ë�79>�Ö�7vÌ�Îf>=<fÊ@Ê@Ë�7vÌ�Ì�Ì�Ñ�<fÖ�7«Ö�Îf>³ÌD79Ë�ð[<[ÔT8¨ÎG>·<f>�Ê·ÕÚËT<f?fÓ�7�>OÔT<.ë
Ô�8IÎf>�Û�7�ÔVÞ�7�79>�ÔTÙ@7�Û�8IÌ�79Ö�Ô�8IÎf>�<f>�Ê�?GË�Î[ÞÔTÙ^ëZÛ³<fÌ�79Ê«ÌTÖ}Ù@7�Ó�79Ì�<.ËT7�Ö�ÎfÓ�Ñ�<.ËT79Ê�Ð�ÌD8I>@?&ÌD8IÓ�Ð^ë
ÍI<.Ô�8IÎf>�Ì9×�ØÞ�Î«Ó&7�Ô�ËT8IÖ9Ì�<.ËT7�Ð�Ì�79Ê¤Ô�Î«Ó�7v<fÌ�Ð@Ë�7"ÔTÙ@7zÑ�7�Ë�ÕÚÎfËTÓ�<f>�Ö�7�ÎG>¬Ö�Îf>³ÌD79Ë�ð[<[ÔT8¨ÎG>;é�Ô�Ù�7
Ô�Î.Ô}<.Íµ>�Ð@Ó�Û�7�ËÎfÕ�Ö�Ð�ÌDÔ�ÎGÓ�7�Ë}Ì�Ì�7�ËTðf7vÊ�<.>³Ê«Ô�Ù�7"Ñ�7�Ë}Ö�79>OÔT<.?G7�ÎfÕ�<fÊ@Ê@Ë�7vÌ�Ì�ÌDÑ³<fÖ�7�<.ÍIÍIÎ�Ö9<[ÔT79Ê
Û³7�ÕÚÎfËT7zÔ�Ù�7zà�Ë}ÌVÔ"Ö�ÎfÍIÍI8IÌ�8¨ÎG>�ÔT<fÏf79Ì�Ñ@Í�<fÖ�7G×�ØÙ�8IÌ�8¨Ó�Ñ@ÍI8¨7vÌ�Ô�Ù�<.Ô"<.ÍIÍ;ÔTÙ@7/Ö�Ð�ÌDÔ�ÎfÓ�79ËTÌ�ÌD79Ë�ðG79Ê
Ù�<Sðf7/Îf>@7«Ö�ÎG>OÔ�8I>OÐ�ÎfÐ�Ì"<fÊ@Ê@Ë�7vÌ�Ì�Û@ÍIÎ�Ö}Ï�Þ!8¨Ô�Ù�ÎfÐ^Ô�ÕÚË}<.?fÓ�79>GÔ}<[ÔT8¨ÎG>;ãµ8u× 7f×Iãµ7�ðf79Ë�Ò¬Ö�Ð�ÌDÔ�ÎfÓ�79Ë
Ù�<fÌ�Îf>@7/Ñ@ËT7�à@ù�Îf>�Í¨ÒG×-��ÎfË"Ñ³79ËDÕÚÎGË�Ó«<.>³Ö�7zÎG>�ÕÚËT<f?fÓ�7�>OÔ}<[Ô�8IÎf>�ã@Ô�Ù�7/Ñ�7�Ë}Ö�79>GÔ}<.?G7zÎ.Õ�ÕÚË}<.?fë
Ó&79>OÔ�79Ê�<GÊ@Ê^ËT79ÌTÌD7vÌM8�ÌÓ�79<GÌDÐ@ËT79Ê�ÕÚÎfË�Ê@8�áµ7�ËT7�>OÔ�<fÊ�Ê^Ë�7vÌ�Ì�Ð^ÔT8¨ÍI8IÜ9<[ÔT8¨ÎG>�Ì9×

ÈW>/ÔTÙ@7�Ì�8¨Ó/Ð@ÍI<.Ô�8IÎf>&ÞM7!<GÌ�Ì�Ð@Ó�7�Ô�Ù�<.Ô)Ö�Ð�ÌDÔ�ÎGÓ&79ËTÌ$Þ!8¨Ô�Ù«Ê^8¨áµ7�ËT7�>OÔ�?fËTÎ[ÞÔ�Ù&ËT<.Ô�7vÌ$7�>OÔ�79Ë
Ô�Ù@7�<GÊ@Ê^ËT79ÌTÌ�ÌDÑ³<fÖ�7�<.Ô)Ë}<.>�Ê^ÎGÓ ÎGËTÊ^79Ë9×.ØÙ�7�8IÊ@7�>OÔ�8�Ö�<fÍ�ÌD7vïOÐ@7�>�Ö�7!Î.Õ;Ö�Ð³ÌVÔTÎfÓ�7�Ë}Ì$8IÌ�ÕÚ79Ê&ÔTÎ
Û³ÎfÔ�Ù�ÌTÖ}Ù@7�Ó�7vÌ$ÕÚÎfË�<�Îf>@7�ëuÔTÎ.ë�Îf>@7!Ö�ÎfÓ�Ñ�<.ËT8�ÌDÎG>;×fíÄð[<fË�8I7�ÔVÒ/Î.Õ;Ê^8¨á�79Ë�79>GÔÊ^8�ÌVÔTË�8IÛ@Ð^ÔT8¨ÎG>�Ì�8I>
Ô�Ù@7)Ö�Ð�ÌDÔ�ÎfÓ�79ËTÌB��?fËTÎ[ÞÔ�Ù@ëZË}<[ÔT79Ì�Ù�<Sðf7�Û�7�79>�7�ù^Ñ@ÍIÎfËT79Ê"Þ!8¨Ô�ÙzïOÐ�<.ÍI8¨ÔT<[ÔT8¨ðG7�ÍIÒ�Ì�8¨Ó�8IÍI<fË;ËT79Ì�Ð@Í�Ô}Ì�×
ØÙ@7�ËT79Ì�Ð@Í¨ÔTÌ�ÕÚÎGËM<�ÿ�<fÐ�ÌTÌD8�<.>�Ê^8�ÌDÔ�ËT8¨Û@Ð@Ô�8IÎf>�<fË�7�Ñ�Ë�7vÌD79>GÔT79Ê�8I>«Ô�Ù�8IÌMÑ�<.Ñ�7�ËvãfÞ!Ù�8IÖ}Ù�Ì�7�ËTðf7vÌ
<fÌz<�ËT7�Ñ@ËT79Ì�7�>OÔ}<[Ô�8Iðf7G×2ÈW>=Ô�Ù@7vÌD7�Ì�8IÓ�Ð@Í�<[ÔT8¨ÎG>�Ì�ã�Ó&ÎOÌVÔ/Î.Õ�Ô�Ù@7�Ö�Ð�ÌDÔ�ÎfÓ�79ËTÌ�Ù³<Sðf7�Ó�79Ê^8IÐ@Ó
?fËTÎ[ÞÔ�Ù�Ë}<[ÔT79ÌÛ@Ð@Ô!Ô�Ù@79Ë�7z<fË�7�</ÕÚ7�ÞÆÞ!8�ÔTÙ¤ðG7�ËTÒ«Õó<fÌDÔ!ÎfË!ðG7�ËTÒ�ÌDÍIÎ[Þ ?GË�Î[ÞÔTÙ�Ë}<[Ô�7vÌ�×

:î8�ÔTÙ@ÎfÐ^ÔÍIÎGÌTÌMÎfÕ�?f79>@7�Ë}<.ÍI8¨ÔVÒfãfÞ�7�Ê^7�>@ÎfÔ�7�Ô�Ù@7"Ó�8¨>�8¨Ó/Ð@Ó	Û@ÍIÎ^Ö}Ï�ÌD8IÜ�7"<.ÍIÍ¨Î^Ö�<.Ô�7vÊ�Û�Ò«<
Ñ@Ë�Î[ð�8�Ê^7�Ë�<GÌ!Îf>�7�Û�<fÌ�7zÐ@>@8¨Ô�8I>�Ô�Ù@7/<fÊ@Ê^ËT79ÌTÌ�Ì�Ñ�<fÖ�7f×³ø^8¨Ó/Ð@ÍI<.Ô�8IÎf>�Ì�Î.Õ)õ8Y ÔTÎ.Ô}<.Í�<GÊ@Ê^ËT79ÌTÌ
ÌDÑ�<GÖ�7«Ì�8¨Ü979Ì�<.ËT7«Ö�ÎG>�ÌD8�Ê^79Ë�7vÊ2ã2Þ!8�ÔTÙ
X Ë}<.>�?f8I>@?�ÕÚËTÎfÓ æ¡Ô�Î=ô9ñ�×;ØÙ@7�Ö�<GÌD7�Xïb/ôvñ¡Ö�ÎfË�ë
Ë�7vÌDÑ�Îf>�Ê�Ì�Ô�Î�<.>¤ÈDø^ÉÀÞ!8¨Ô�Ù�Ñ@ËT7�à@ù¡Í¨79>@?.ÔTÙ�5 � õ�Ó«<.Ï�8¨>�?�<.ÍIÍ¨Î^Ö�<.Ô�8IÎf>�Ì�Þ!8¨Ô�Ù¤Ô�Ù�7zÌDÓ«<.ÍIÍI79ÌDÔ
Û@Í¨Î^Ö}Ï¬Ì�8¨Ü979Ì"Þ!8¨Ô�Ù´Ñ�Ë�7�à@ù¬Í¨79>@?.ÔTÙ
5[åGö�×�ØÙ@8�Ì"8IÌ"7�ù^<GÖ�ÔTÍ¨Ò�ÔTÙ@7�Ñ@ËT<GÖ�ÔT8IÖ�7�8I>ÇÖ�Ð@Ë�ËT7�>OÔ"ÈVÉ�ð^ñ
<fÊ@Ê^ËT79ÌTÌ<.ÍIÍ¨Î^Ö9<[Ô�8IÎf>�×
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79<fÖ}Ù�>@79ÞîÖ�Ð�ÌDÔ�ÎGÓ&79Ë9×fÈ�Ô)8IÌ)Îf>@ÍIÒ�Þ!Ù�7�>�<zÖ�Ð�ÌVÔTÎfÓ�7�Ë)Ù�<fÌ�<GÖ}Ù@8I7�ðf7vÊ/<�Ö�7�Ë�ÔT<f8¨>�Ð^ÔT8¨ÍI8IÜ9<[ÔT8¨ÎG>
Î.Õ�Ô�Ù@7�8I>@8¨Ô�8�<.Í�<GÊ@Ê^ËT79ÌTÌ�Ì�Ñ�<GÖ�7"Ô�Ù�<.Ô�8�Ô�8�Ì!?G8¨ðG7�>�</Í�<.ËT?f79ËÛ@Í¨Î^Ö}Ï�ÎfÕ$<GÊ@Ê^ËT79ÌTÌÌDÑ�<GÖ�7G×@ØÙ@8IÌ
Ñ³ÎGÍ¨8�Ö�Ò�<fÑ@Ñ@ÍI8¨7vÌÔ�Î�7v<fÖ}Ù¤ÍI<SÒG7�ËÎ.Õ�Ô�Ù@7z<fÍ¨ÍIÎ^Ö�<[ÔT8¨ÎG>¡Ù�8¨79ËT<fËTÖ}Ù�Ò�Þ!8�ÔTÙ�Î8��Ö�8�<.ÍµËT7�?G8IÌDÔ�ËT8¨7vÌ�×��8I?fÐ�Ë�7�ñ³òó<O÷�Ì�Ù@Î[Þ�Ì!ÔTÙ�<[Ô�Ô�Ù@7/?fËTÎ[ÞÔ�Ù^ë�Û�<fÌ�79Ê�ÌTÖ}Ù@7�Ó�7&Ö�<.>¬Ì�7�ËTðf7�Ó�<f>�Ò¡Ó�ÎfËT7�Ö�Ð�ÌVë
Ô�ÎfÓ�79ËTÌ&ÔTÙ�<.>ßÔ�Ù�7�Û@8IÌ�79Ö�Ô�8IÎf>îÌTÖ}Ù@7�Ó�7�Û³7�ÕÚÎfËT7�Ô�Ù@7�à³ËTÌDÔ�Ö�ÎGÍ¨ÍI8IÌ�8IÎf>;×�ØÙ@8�Ì�Ó�79<f>�Ì«Ó�ÎfËT7
<fÊ@Ê^ËT79ÌTÌ�79Ì)<fË�7"<.ÍIÍ¨Î^Ö9<[Ô�7vÊ«Û�Ò&Ô�Ù@7"Ô�8IÓ�7�ÔTÙ@7�à�ËTÌDÔ!Ö�ÎfÍIÍI8IÌ�8¨ÎG>«Ù�<.Ñ�Ñ³79>�Ì�ãOÔTÙOÐ³Ì�ãOÔ�Ù�7"<GÊ@Ê^ËT79ÌTÌ
Ð^Ô�8IÍ¨8IÜ9<.Ô�8IÎf>�8�ÌMÙ@8¨?GÙ@7�Ëv×�ØÙ@7�Í�<.ËT?f79Ë�Ô�Ù@7�Ì�8¨Ü97�Î.Õ2ÔTÙ@7�ÔTÎ.Ô}<.Íµ<fÊ@Ê^ËT79ÌTÌ)Ì�Ñ�<GÖ�7fãfÔ�Ù@7"Ó�ÎfËT7�Ì�8¨?fë
>@8�à�Ö�<.>OÔ"Ô�Ù@7&?G<f8¨>´8IÌ�Þ!8�ÔTÙ¬ÔTÙ@7/?GË�Î[ÞÔTÙ^ë�Û�<fÌ�79Ê�ÌTÖ}Ù@7�Ó�7/?f8Iðf7�>¬Ô�Ù@7&8IÊ@7�>OÔ�8�Ö�<fÍ�Ñ@ËTÎ.à³Í¨7/Î.Õ
Ö�Ð�ÌDÔ�ÎGÓ&79ËTÌ9×9ØÙ�7MÌT<.Ó�7)Ö�<f>�Û³7ÌT<.8�Ê�<.Û�ÎfÐ^Ô�Ô�Ù@7MÑ³79ËTÖ�7�>OÔT<f?f7�Î.Õ�Ì�Ñ�<GÖ�7�Ð^ÔT8¨ÍI8IÜ�79Ê;ãS<GÌ�Ì�Ù@Î[Þ!>
8¨>K��8¨?GÐ@ËT7"ñ³òÚÛ³÷�×��@ÎGËMÔTÙ@7zÖ�<GÌD7"Þ!8¨Ô�Ù�</Ô�Î.Ô}<.Í;<GÊ@Ê^ËT79ÌTÌ�Ì�Ñ�<GÖ�7"Î.Õ$õ3iJdfã^Ô�Ù�7"?GË�Î[ÞÔTÙ^ë�Û�<fÌ�79Ê
Ì�Ö}Ù@79Ó�7�?f8Iðf7vÌ�<«ô9ñ.ëuÕÚÎGÍIÊ&8IÓ�Ñ@Ë�Î[ðG7�Ó�7�>OÔ)Î[ðG7�Ë$ÔTÙ@7�Û@8�Ì�79Ö�ÔT8¨ÎG>�Ì�Ö}Ù�7�Ó�7!ÕÚÎfË)Ô�Ù@7�>�Ð@Ó�Û�7�ËMÎ.Õ
Ö�Ð�ÌDÔ�ÎGÓ&79ËTÌ!Ì�7�ËTðf7vÊ�<f>�Ê¡<�å�õSëZÕÚÎfÍ�Ê�8I>�Ö�ËT79<GÌD7"8I>¡ÔT7�ËTÓ«Ì!Î.Õ$ÌDÑ�<GÖ�7�Î^Ö�Ö�Ð@Ñ�<.>³Ö�Òf×

25 26 27
28 29 210 211 212 213 214 215 216

0

1000

2000

3000

4000

5000

6000

T
ot

al
 n

um
be

r o
f c

us
to

m
er

s

Growth-based scheme
Bisection scheme

25 26 27
28 29 210 211 212 213 214 215 216

Total address space

0

20

40

60

80

100

A
dd

re
ss

 u
til

iz
at

io
n 

(%
)

(a)

(b)

D�EqF �Bü�� A.NQ�"�O��C�BVN�H9E JVR}UW�G�QBVU�HvE+CvKGKfJVR}UWU
UW�OC9�}R"�}HvEGUWRTJVPvC�BVNQHvE¡FIH9J�¢^H9BV��¢ONQUWR}��BVN�H9E�C�E�K
��JVH�¦�BV�G�ó¢�C�UWR�K UW���GR}��R}U¬¦�NQBV� �G�GR}K N�EGNXBVN¨C��
�fJVRT�O���QR}EG�9BV��C��Q��H[�}C�BVNQHvE��

25 26 27
28 29 210 211 212 213 214 215 216

0

1000

2000

3000

4000

T
ot

al
 n

um
be

r o
f c

us
to

m
er

s

Growth-based scheme
Bisection scheme

25 26 27
28 29 210 211 212 213 214 215 216

Total address space

0

20

40

60

80

100

A
dd

re
ss

 u
til

iz
at

io
n 

(%
)

(a)

(b)

D�EqF �Oý@� A.NQ�"�O��C�BVN�H9E JVR}UW�O�XBVU�HvE CvKGKfJVR}UWU
UW�OC9�}R��THvEOUWR�JVPvC�BVN�H9E¡FIH9J�¢^H9BV�¡¢ONQUWR}�TBVNQH9E�C9EOK
��JVH�¦�BV�f�ó¢�C9UWR}K�UW���GR}��R}U;¦�NQBV��P9C�JVN�C�¢O�QR�N�EGNXBVN¨C��
�fJVRT�O�z�QR}EG�9BV�«C����QH[��C�BVNQHvE³�

ØÙ@7&<fÓ�ÎfÐ@>OÔ�ÎfÕ)?G<f8¨>´Î.Õ�ÔTÙ@7/?GË�Î[ÞÔTÙ^ë�Û�<fÌ�79Ê�ÌTÖ}Ù@7�Ó�7/Î[ðf7�Ë�Ô�Ù@7�Û@8�Ì�79Ö�ÔT8¨ÎG>¬Ó�7�ÔTÙ@Î^Ê
Ê^7�Ñ�7�>�Ê�ÌzÎf>ÇÔTÙ@7�8I>@Ñ@Ð^Ô�Ñ�Ë�Îfà�Í¨7G×���>@7�Õó<fÖ�Ô�ÎGËz8¨>ÇÔTÙ@7�8I>@Ñ@Ð^Ô�Ñ�Ë�Îfà�Í¨7«8�Ì�ÔTÙ@7�ÎfË}Ê^79Ë�Ô�Ù�<.Ô
Ê^8�áµ7�ËT7�>OÔ�Ö�Ð�ÌVÔTÎfÓ�7�Ë}Ì�79>GÔT7�Ë�8I>OÔ�Î�Ô�Ù�7�<fÊ@Ê@Ë�7vÌ�Ì�Ì�Ñ�<fÖ�7f×;í�>@Î.ÔTÙ@7�Ë�Õó<GÖ�ÔTÎfËz8�Ì�Ô�Ù�7«?fËTÎ[ÞÔ�Ù
ËT<.Ô�7�Î.Õ�79<GÖ}ÙÀÖ�Ð�ÌDÔ�ÎfÓ�79Ë«Ë�79ÍI<.Ô�8Iðf7¤Ô�Î=ÔTÙ@7�ËT<.Ô�7�ÎfÕ"8I>�Ö�ËT79<GÌD7�8I>ßÔ�Ù@7�ÔTÎ.ÔT<fÍ�>�Ð@Ó�Û�7�Ë�Î.Õ
Ö�Ð�ÌDÔ�ÎGÓ&79ËTÌ9×(��Ë�ÎGÓ <�Í�<.ËT?f7!>�Ð@Ó/Û³79Ë)ÎfÕµ7�ù^Ñ³79Ë�8IÓ�7�>OÔTÌ�Þ�7�7�ù�Ñ�Í¨ÎGË�7vÊ�Î[ðf7�Ë�Ê@8�áµ7�ËT7�>OÔ)8I>@Ñ@Ð^Ô
Ö�Îf>@à�?fÐ@Ë}<[ÔT8¨ÎG>�Ì9ã�ÔTÙ@7¬?O<.8I>�Ì�Î.Õ"Ô�Ù@7�?GË�Î[ÞÔTÙ^ë�Û�<fÌ�79ÊaÌ�Ö}Ù@79Ó�7�<fË�7�<fÍ¨Í�ðG7�ËTÒÂÌ�Ð@Û�ÌDÔT<.>OÔT8I<fÍ
Û@Ð^Ô�ð[<.ËTÒ¤8I>=ïGÐ³<.>OÔ�8¨ÔVÒf×µÈW>´ÎG>@7�Ö�<fÌ�7/Ô�Ù@7&?G<f8¨>·8IÌ">@ÎfÔ"ÎGÛOð�8IÎfÐ�Ì9é�8�Õ<¡Ö�Ð�ÌVÔTÎfÓ�7�Ë�Þ!8¨Ô�ÙÇ<
ðf7�ËTÒ¤Õó<fÌDÔ�?GË�Î[ÞÔTÙ¬ËT<.Ô�7&Ö�ÎfÓ�7vÌ�8I>´Þ!Ù@79>¬ÔTÙ@7&Ì�Ñ�<GÖ�7�8�Ì�Ë�79ÍI<.Ô�8Iðf7�ÍIÒ¤ÕÚÐ@ÍIÍ$<f>�Ê�ÔTÙ@7�ÌD8IÜ�7/Î.Õ
Ô�Ù@7�ËT79ïOÐ@7vÌVÔT79Ê·Û@ÍIÎ�Ö}Ï·8IÌzÎ.Õ�Ô�Ù@7�ÌT<.Ó�7�ÎfË}Ê^79Ëz<fÌ�ÔTÙ@7�ÌD8IÜ�7«ÎfÕMÔTÙ@7�79Ó&Ñ@ÔVÒ·Ì�Í¨ÎfÔ9×;ÈW>=ÔTÙ@8IÌ



Ñ�<.Ë�Ô�8�Ö�Ð@Í�<.ËÖ�<GÌD7GãOÔ�Ù@79Ë�7"8IÌ>�Î.ÔÓ�Ð�Ö}Ù�Ô�8IÓ&7�ÍI7�Õ�Ô�Û�7�ÕÚÎGË�7�Ô�Ù@8�Ì>@79Þ Ö�Ð�ÌDÔ�ÎGÓ�7�ËË�7v<fÖ}Ù@7vÌ)8¨ÔTÌ
ÌDÑ�<GÖ�7�ÍI8IÓ&8¨Ô�ÕÚÎfË�?fËTÎ[ÞÔ�Ù;×�ØÙ�8IÌ�ðf79Ë�Ò"Í¨8IÓ�8�ÔT79Ê/<.Ó�ÎfÐ@>OÔ�Î.Õ^Ô�8IÓ�7)8�Ì�Ì�ÎfÓ�7�Ô�8IÓ&7vÌ�>�Î.Ô�79>@ÎfÐ�?fÙ
Ô�Î�Ì�Ù@Î[Þ <�Ê^Ë}<.Ó«<[ÔT8IÖ"Û�7�>@7�à@Ô�ÕÚÎfËÔTÙ@7�?fËTÎ[ÞÔ�Ù@ëZÛ�<GÌD7vÊ�ÌTÖ}Ù@7�Ó�7�Î[ðf79ËMÔTÙ@7�Û@8�ÌD7vÖ�ÔT8¨ÎG>¡ÎG>@7f×þ '��I* '���"�1
*�,}*�)+*�'�" .��413ú�ù�"�17,�ûz)B|×'�" "�$C%9'�)B* $z, ��ðG7�>�ÔTÙ@ÎfÐ@?GÙ¬ÔTÙ@7&Ö�Ð@ËTË�79>GÔ"Ñ³ÎGÍ¨8�Ö�8I79Ì
Ë�7vïGÐ�8¨ËT7�?f8Ið�8¨>@?�<«à@ù^79Ê�8I>@8�ÔT8I<fÍ�Ñ�Ë�7�à@ù¡ÍI7�>@?fÔ�Ù�ÕÚÎGË�79<GÖ}Ù�>@7�Þ4<fÍ¨ÍIÎ^Ö�<[ÔT8¨ÎG>;ã@8¨Ô�8�Ì�Ñ�ÎGÌTÌD8IÛ@ÍI7
Ô�Ù�<.Ô�ÌDÐ�Ö}Ù�Ñ�ÎfÍI8IÖ�Ò�Þ!8IÍ¨Í�Û³7�ËT7�Í�<[ù^79Ê¡8I>¡ÔTÙ@7�ÕÚÐ^ÔTÐ@ËT7�Ô�Î�<.ÍIÍIÎ[Þ ð[<.ËT8I<fÛ@ÍI7"8I>@8¨Ô�8�<.Í�<fÍ¨ÍIÎ^Ö�<.Ô�8IÎf>
Í¨79>@?.ÔTÙ�Ì�×v:î8IÍ¨ÍOÔ�Ù�7M?O<.8I>�Î.Õ@ÔTÙ@7)?GË�Î[ÞÔTÙ^ëZÛ³<fÌ�79Ê�Ì�Ö}Ù�7�Ó�7MÌDÔ�8IÍ¨Í�Ù@ÎGÍIÊ³ì»��8I?fÐ@ËT7ç�ÌDÙ�Î[Þ�Ì2Ô�Ù³<[Ô9ã
Ð@>�Ê^79Ë!Ô�Ù@7�>�7�Þ Ö�Îf>³Ê^8�ÔT8¨ÎG>�Ì9ã�Ô�Ù@7�?O<.8I>¡8�Ì�ÌDÔ�8IÍ¨Í�Ì�Ð@Û�ÌDÔT<f>OÔ�8�<.ÍZã�<.Í¨Ô�Ù@ÎGÐ@?fÙ�Ì�Í¨8I?fÙOÔ�ÍIÒ�Ì�Ó«<.ÍIÍ¨79Ë
Ô�Ù�<f>�Ô�Ù�7"Ñ�Ë�79ðO8IÎfÐ³ÌMÖ9<fÌ�7�Þ!8¨Ô�Ù¡à@ù^79Ê�8I>@8¨Ô�8�<.Í2ÍI7�>@?fÔ�Ù;×^ØÙ@8�Ì�8IÌÛ�79Ö9<.Ð�Ì�7�Ì�ÎfÓ�7�Ö�Ð�ÌDÔ�ÎGÓ�7�Ë}Ì
Ë�7vïGÐ�8¨ËT7�ÍI<fË�?G7�8I>@8¨Ô�8�<.Í;ÍI7�>@?fÔ�Ù�Ì9×@:îÙ@79>�Ô�Ù@7zÌ�Ñ�<GÖ�7�8IÌ�Ë�79ÍI<.Ô�8Iðf7�ÍIÒ�ÕÚÐ@ÍIÍuã�Ô�Ù@79Ë�7�Ó«<SÒ�>�Î.Ô�Û�7
<.>�7�Ó�Ñ^ÔVÒ/Í¨Î^Ö�<.Ô�8IÎf>�Î.Õ2Ì�Ð���Ö�8I7�>OÔMÌ�8¨Ü97�<SðS<f8¨Í�<.Û�Í¨7�Ô�Î�à�Ô�8¨>�ÔTÙ@7�>@79ÞßÖ�Ð�ÌVÔTÎfÓ�7�Ëv×fØÙ@8�Ì�Þ!8IÍ¨Í
<.Í�ÌDÎ«Ö�<fÐ�Ì�7�ÕÚË}<.?GÓ&79>OÔT<[ÔT8¨ÎG>;×

È�Ô�8IÌ;ÞMÎGËDÔTÙ"Ñ�Îf8I>OÔ�8I>@?�ÎGÐ^Ô;Ô�Ù³<[Ô;ÔTÙ@7�?fËTÎ[ÞÔ�Ù@ëZÛ�<GÌD7vÊ�ÌTÖ}Ù@79Ó&7�ËT79Ê@Ð�Ö�7vÌµÔ�Î!ÔTÙ@7�Û@8�Ì�79Ö�ÔT8¨ÎG>
Ì�Ö}Ù@79Ó�7�Þ!Ù@79>�Ô�Ù�7�?GË�Î[ÞÔTÙ«ËT<.Ô�79ÌMÎ.Õ�<.ÍIÍ�Ö�Ð�ÌVÔTÎfÓ�7�Ë}Ì�<.ËT7�Ó�Ð�Ö}Ù¤ÌDÍIÎ[Þ�7�Ë�ÔTÙ�<.>�Ô�Ù@7"ËT<.Ô�7�Î.Õ
8¨>�Ö�Ë�7v<fÌ�7�8I>¡Ô�Ù@7�>�Ð@Ó�Û�7�Ë!ÎfÕ�Ö�Ð�ÌVÔTÎfÓ�7�Ë}Ì9×OÈW>¡Ô�Ù�8IÌ�Ö9<fÌ�7fãOÔ�Ù�7"?GË�Î[ÞÔTÙ^ë�Û�<fÌ�79Ê�ÌTÖ}Ù@79Ó&7�Ö�<f>
Û³7"ð�8¨79ÞM7vÊ�<fÌM79ïOÐ@8Ið[<.ÍI7�>OÔ)ÔTÎ�ÔTÙ@7�Û�8IÌ�79Ö�Ô�8IÎf>�ÌTÖ}Ù@7�Ó�7�8¨>�Ô�Ù@7"Í¨8IÓ�8�ÔÎ.Õ�Ü�7�ËTÎz?GË�Î[ÞÔTÙ�ËT<.Ô�7G×õ��m� !#�����4132+2 ø �4'�û-~�17,�)B'�)+*�$-,
í�Ì�Ô�Ù�7�<GÊ@Ê^ËT79ÌTÌ�Ì�Ñ�<GÖ�7)Û�79Ö�ÎfÓ�79Ì�Ó�ÎfËT7Ö�ËTÎ[Þ�Ê^79Ê2ã9Ô�Ù�7�Ñ�Ë�ÎGÛ�<.Û@8IÍI8�ÔVÒ�ÎfÕ³<fÊ@Ê@Ë�7vÌ�Ì�ÕÚËT<f?fÓ�7�>@ë
ÔT<[ÔT8¨ÎG>�8¨>�Ö�Ë�7v<fÌ�79Ì9×@ØÙ@7z?GË�Î[ÞÔTÙ^ëZÛ³<fÌ�79Ê�ÌTÖ}Ù@79Ó&7zÖ9<.>�Ì�8¨?G>@8�à�Ö�<.>OÔTÍ¨Ò¡Ë�7vÊ^Ð�Ö�7�ÔTÙ@7z<.Ó�ÎGÐ@>OÔ
Î.Õ;ÔTÙ@7�ÕÚË}<.?GÓ�7�>OÔT<.Ô�8IÎf>�<.>³Ê�Ê^79ÍI<SÒ/Ô�Ù@7�ÎG>�ÌD7�ÔMÎfÕ;ÕÚËT<f?fÓ�7�>OÔ}<[Ô�8IÎf>«Ð�>GÔT8¨Í2<�ÍI<fË�?G7�Ñ�7�Ë}Ö�7�>OÔ�ë
<.?f7�ÎfÕ�Ô�Ù�7z<fÊ@Ê^ËT79ÌTÌ!Ì�Ñ�<fÖ�7�8�Ì!Ð^ÔT8¨ÍI8¨Ü979Ê2ã³<fÌ!Ì�Ù@Î[Þ!>¡8I>K��8¨?GÐ@Ë�7�ö�×

0 20 40 60 80 100
Address space utilization (%)

0

5

10

15

Fr
ag

m
en

ta
tio

n 
(%

)

0 20 40 60 80 100
Address space utilization (%)

0

5

10

15

Bisection scheme
Growth-based scheme

0 20 40 60 80 100
Address space utilization (%)

0

5

10

15
(a) Stot=26 (b) Stot=211

(c) Stot=216

D�EqF �Bÿ��/� RTJV�}R}E[BDC9�9RaH�F�FIJDC9�9��R}E[BVR�K CvKGKfJVR}UWUWRTU·F�H�JÇ¢^H�BV� ¢ONQUWR}�TBVNQH9E C�E�KÆ��JVH�¦�BV�G�ó¢�C�UWR�K
UW�D�ORT��R}U�C9U�C&FI�OEG�TBVNQHvE�H9FMC9KOKfJVRTUWU�UW�OC9�}Rz�GBVNQ�QNQ§�C�BVNQH9E¬FIH9J�KGNX�@RTJVR}E[B�UWNQ§}R}U"H�F�BVH9BDC9��CvKGKfJVR}UWU
UW�OC9�}R9¯µ°ÚCS±�A����������
	v\�°�¢�±�A�������������\OC9EOK¡°���±�A������������	[���Ì�8¨>@?�ÔTÙ@7�Û�8IÌ�79Ö�Ô�8IÎf>«Ì�Ö}Ù�7�Ó�7fãO<fÌ$ÔTÙ@7�Ì�Ñ�<fÖ�7�Ð^Ô�8IÍI8¨Üv<[Ô�8IÎf>�8I>�Ö�ËT79<GÌD7vÌ�ã.Ô�Ù@7�Ñ�7�Ë}Ö�79>OÔT<.?G7
Î.Õ^ÕÚË}<.?fÓ�79>GÔT79Ê�<GÊ@Ê^ËT79ÌTÌD7vÌ28¨>³Ö�ËT79<fÌ�79Ì�ÌVÔT79<fÊ@8¨ÍIÒ�ÕÚÎGË�<fÍ¨ÍGÔ�Ù@ËT7�7MÌD8IÜ�7vÌ;Î.Õ^ÔTÎ.Ô}<.ÍG<GÊ@Ê^ËT79ÌTÌ�Ì�Ñ�<fÖ�7
Ö�Îf>³ÌD8�Ê^7�ËT79Ê;×vÿ"8Iðf7�>zÔ�Ù@7�Ñ�<.Ë}<.Ó�7�Ô�7�Ë�ÌD7�Ô�Þ�7�Ð�Ì�79Ê�8¨>�ÔTÙ@8�Ì�Ì�8¨Ó/Ð@Í�<[Ô�8IÎf>�ãvÖ�Í¨ÎOÌD7)Ô�Î�ö7ðîÎfÕ@Ô�Ù�7
<fÊ@Ê^ËT79ÌTÌ�79Ì�<.ËT7�ÕÚË}<.?GÓ&79>OÔ�79Ê¡Þ!Ù@79>�ÔTÙ@7�Ð^Ô�8IÍ¨8IÜ9<.Ô�8IÎf>¤8IÌÎ[ðG7�Ë�ç467ð ?f8Iðf79>¡</Ô�ÎfÔT<.Í2<GÊ@Ê^ËT79ÌTÌ
ÌDÑ�<GÖ�7"Î.Õ�õ3i=i�ò���8I?fÐ@ËT7�ö�òÚÛ�÷D÷MÎfË!õ9ijd/ò ��8¨?GÐ@Ë�7�ö�òuÖ9÷�÷�×^ÈW>¡<GÊ@Ê^8¨Ô�8IÎf>;ãOÕÚË}<.?GÓ&79>OÔT<[ÔT8¨ÎG>«ÔT<fÏf7vÌ
Ñ@ÍI<GÖ�7�<[Ô�Ì�Ó«<.ÍIÍ2Ð^Ô�8IÍI8¨Üv<[Ô�8IÎf>�Ñ�7�Ë}Ö�79>GÔ}<.?G79Ì�Û³7vÖ�<fÐ�ÌD7�ÎfÕ�<&ÕÚ7�Þ Õó<fÌDÔDë�?fËTÎ[Þ!8¨>�?&Ö�Ð�ÌVÔTÎfÓ�7�Ë}Ì9×

ÈW>¡Ö�ÎG>OÔ�Ë}<fÌDÔ9ãOÔ�Ù@7"ÕÚË}<.?GÓ&79>OÔT<[ÔT8¨ÎG>�Ñ�7�Ë}Ö�7�>OÔ}<.?f7"ËT7�Ó«<.8I>�Ì)Ô�Î�Û³7�Ì�Ó«<.ÍIÍ�79ðf79>¤<.Ô"ô+6(63ð
ÌDÑ�<GÖ�7zÐ@Ô�8IÍ¨8IÜ9<.Ô�8IÎf>�ÕÚÎfË�Ô�Ù@7/?fËTÎ[ÞÔ�Ù^ë�Û�<GÌD7vÊ¤ÌTÖ}Ù@79Ó&7G×³ØÙ@8�Ì�8�Ì�79Ì�Ñ³7vÖ�8�<.ÍIÍ¨Ò¡Ô�ËTÐ@7zÞ!Ù@79>�Ô�Ù�7
Ô�Î.Ô}<.Í^<fÊ�Ê^Ë�7vÌ�Ì�ÌDÑ³<fÖ�7�8�Ì�Í�<.ËT?f7Gã97G× ?³×¨ã.õ9ijd[ã[?G8¨ð�8I>@?�ÔTÙ@7�<GÊ@Ê^ËT79ÌTÌ�Ñ�Ë�Î[ð�8�Ê^7�Ë�7�>@ÎGÐ@?fÙ�ÔT8¨Ó�7!<fÊ^ë
ýVÐ�ÌVÔ�ÕÚÎfË2ÔTÙ@7�Õó<fÌDÔDë�?fËTÎ[Þ!8I>@?!Ö�Ð�ÌDÔ�ÎGÓ&79ËTÌ9×��@Ð�ËDÔTÙ@7�ËTÓ�ÎfËT7fã�ÔTÙ@7�Îf>³ÌD7�Ô;Î.Õ�ÕÚËT<f?fÓ�7�>OÔ}<[Ô�8IÎf>�Ê^Î�79Ì



>@Î.ÔzÔ}<.ÏG7«Ñ@ÍI<GÖ�7«Ð@>OÔT8¨Í���å963ð Î.Õ!ÌDÑ³<fÖ�7«Ð@Ô�8IÍ¨8IÜ9<.Ô�8IÎf>âÞ!8¨Ô�Ù=Ô�Ù�7�?fËTÎ[ÞÔ�Ù^ë�Û�<GÌD7vÊ´ÌTÖ}Ù@7�Ó�7f×
:î8�ÔTÙ·ÔTÙ@8�Ì�Í¨79ðf7�Í�ÎfÕMÐ^ÔT8¨ÍI8IÜ9<[ÔT8¨ÎG>;ã;<.>ÇÈDø^É½8IÌ�ïOÐ�<fÍ¨8¨à�7vÊ¬ÔTÎ¤ÎGÛ^ÔT<f8¨>Ç>@79Þ <fÊ�Ê^Ë�7vÌ�Ì"Û@ÍIÎ^Ö}Ï^Ì
ä�ôvñ[è�×GØÙ@79Ë�7�ÕÚÎfËT7fã.ÕÚÎGË�ÔTÙ@7�Ö9<fÌ�79Ì)Ì�8IÓ�Ð@Í�<[ÔT79Ê2ã�<fÊ@Ê@Ë�7vÌ�Ì$ÕÚË}<.?GÓ�7�>OÔT<.Ô�8IÎf>�Ö�<fÐ�Ì�79Ê�Û�Ò&<fÍ¨ÍIÎ^Ö�<.ë
Ô�8IÎf>�Ö�<f>¡Û�7�7�ÍI8¨Ó�8I>�<[ÔT79Ê¤Û�Ò�Ð�Ì�8¨>�?/ÔTÙ@7�?fËTÎ[ÞÔ�Ù@ëZÛ�<GÌD7vÊ�ÌTÖ}Ù@7�Ó�7G×

� Å ¿Â»4Å�Q�Ã V�º^¿Â» V
ØÙ@7�Ö�Ð�Ë�ËT7�>OÔ)<.ÍI?fÎGË�8¨Ô�Ù�Ó ÌDÐ�?f?f7vÌVÔT79Ê&Û�Ò/<GÊ@Ê^ËT79ÌTÌ�<.ÍIÍ¨Î^Ö9<[Ô�8IÎf>�ËT7�?G8IÌDÔ�ËT8¨7vÌ$Ð�Ì�79Ì�<�Û@8�Ì�79Ö�ÔT8¨ÎG>
Ì�Ö}Ù@79Ó�7�ÕÚÎGË&ÈVÉ)ð^ñ·<GÊ@Ê^ËT79ÌTÌ/<fÍ¨ÍIÎ^Ö�<[ÔT8¨ÎG>;×�í�>ß8¨Ó�Ñ@ËTÎ[ðf7vÊ ðG7�Ë}ÌD8IÎf> ÎfÕ�ÔTÙ@8IÌ«<fÍ¨?GÎfËT8�ÔTÙ@Ó 8IÌ
Ñ@Ë�ÎGÑ³ÎOÌD7vÊ 8I>ÂÔTÙ@8�Ì�Ñ�<.Ñ�7�Ë�ÔTÎ·à³>�ÊÂÛ�7�Ô�Ô�79Ë�<fÊ@Ê^ËT79ÌTÌ&Í¨Î^Ö9<[Ô�8IÎf>³Ì�ÕÚÎGË�Ô�Ù@7�Ö�Ð�ÌVÔTÎfÓ�7�Ë}Ì�<fÖ�ë
Ö�ÎfË}Ê^8I>@?«ÔTÎ�Ô�Ù�7�8IË�?GË�Î[ÞÔTÙ^ëZË}<[ÔT79Ì9×���Ð�<f>GÔT8�Ô}<[ÔT8¨ðG7�<.>�<fÍ¨Ò^Ì�8IÌ�Î.Õ�ÔTÙ@7/Ñ�7�Ë�ÕÚÎfËTÓ«<.>�Ö�79Ì!ÎfÕ�Ô�Ù�7
ÔVÞMÎ�<.ÍI?fÎGË�8¨Ô�Ù�Ó�Ì�<fË�7Ö�ÎG>�Ê^Ð�Ö�Ô�7vÊ/Û³<fÌ�79Ê&Îf>&Û³ÎfÔ�Ù&Ô�Ù�7�ÎfËT7�ÔT8IÖ9<.Í^Ó�Î^Ê^7�Í�Ì�<f>�Ê�ÌD8IÓ�Ð@Í�<[ÔT8¨ÎG>�Ì9×��Ð@Ë�ÌVÔTÐ�Ê^8I79Ì�ÌDÙ@Î[Þ Ô�Ù�<.Ô!Ô�Ù@7�?fËTÎ[ÞÔ�Ù^ë�Û�<fÌ�79Ê�<.ÍI?fÎfËT8¨Ô�Ù@Ó	Îfá�79ËTÌ�ÌD8I?f>@8¨à³Ö9<.>OÔ�<fÊ^ð[<.>OÔ}<.?f7vÌ
Î[ðf7�Ë$ÔTÙ@7�Û�8IÌ�79Ö�Ô�8IÎf>«<.ÍI?fÎGË�8¨Ô�Ù@Ó ÕÚÎfËMÛ³ÎfÔ�Ù�<fÊ�Ê^Ë�7vÌ�Ì)<.?f?GË�79?G<.Ô�8IÎf>/<f>�Ê�Ö�ÎG>�ÌD79Ë�ð[<.Ô�8IÎf>;×fØÙ�7
Û³79>@7�à@Ô}Ì�Î.Õ�Ô�Ù�7�?GË�Î[ÞÔTÙ^ë�Û�<fÌ�79Ê/<.ÍI?fÎfËT8¨Ô�Ù@Ó4Ö9<.>&Û³7!ËT79<fÍ¨8IÜ�7vÊ/<.Ô�<fÍ¨Í^ÍI7�ðG7�Í�Ì$Î.Õ³Ô�Ù@7�<GÊ@Ê^ËT79ÌTÌ
<.ÍIÍ¨Î^Ö�<.Ô�8IÎf>¤Ù@8I7�Ë}<.Ë}Ö}ÙOÒG×

� 	îÅ��½»4¿�� QL®�Á×RU ®�»Æ¼�V
:·7�?fË}<[ÔT7�ÕÚÐ@ÍIÍIÒ¬<fÖ}Ï�>@Î[Þ!ÍI79Ê^?G7Lv<.Í�<[ýV8�É�Ë}<.Û@Ù³<.Ï[<.Ëvã³É�<f>@Ï[<[ý�ÿ"Ð@Ñ^Ô}<@ãC��<.ËTË�ÒK>�Ð@>@>;ã;<f>�Ê
Ø�ÎG>OÒ¡ê�<.8I>¤ÕÚÎfËÔTÙ@7�8IË!ð[<.ÍIÐ�<.Û@ÍI7�Ê^8�Ì�Ö�Ð�Ì�Ì�8IÎf>�Ì!<f>�Ê¡Ì�Ð@Ñ@Ñ�ÎfË�Ô9×

¾������� !��"$#%�'&

( ��A^�*)RTRTJVNQEO�G\�+��*,MN�EOKGR}E���+���]-��bS²9d � E[BVRTJVEGRTB � JVH9BVH[�}H9�Ú\/.�RTJVUWNQH9E«²&° ��� Pf²S±�A.�^R}�}NX����C�BVNQHvE³�
�[�0+��*,MNQE�KGRTE³\OA@��)R}R�JVN�EG�G�*+���]-�9c21�c ��� .�R�JVUWN�H9E«²�_MKOKfJVRTUWUWN�EG��_)JV�D�ONXBVR}��BV�GJVRv�
c.�0+���,�NQE�KfR}E³\GA^��)�R}RTJVNQEO�f��+M�µ]-��c21�b ��� PG²�_M�9�9JVR}�vC�BDC�¢O�QR��v�QHv¢OC9���OEONQ��C�U�B)CvKGKfJVR}UWU$FIH9JV�zC�B��
bf�43µ�25M�³\65��27&R}EO�f\f]M��8G�9¶âNXBWBV¢GJVH.K.B�\.A@�:9³��\�9;��3^��C9EG�G� ��� P.b�_�KOK.JVR}UWU�_M�Q�QH[��C�BVNQH9E/C�E�K�BV�GR

; PSHv�Q�fBVN�H9E&H�FµBV�OR �ªó� +)Hv�fBVNQEO� ¥ C9¢O�QRv�fL]<9�_a]�Hv���O�fBVRTJ)A.�}NQR}EO�}R=)R}��C�JWBV��R}E[B�\��9d9dvc.�
e[�0,��<>C�JDC}Y.C9E�\<+�� ó H�P.NQE�KOC�E³\ ó �-.�C�JV�v�GR}UWRv� ¥ �GR � ����C��TB�H9F�_MKOKfJVRTUWU&_)���QH[��C�BVNQHvEÂC9EOK

+)Hv�fBVN�EG�!HvE�BV�ORMA[BWJV�O�TBV�fJVR�C9E�K � ���O�QR}��R}E[BDC�BVNQH9E"H9F?+)Hv�fBVN�EG� ¥ C9¢G�QR}U}�GA �¥ó ]�®�7@7A�9d9dvc.�
².��[BWBV�³¯ B6B9²9¢^H9EORv� EGRTB�B
1[� ¥ � � �³\C9;� ó C9HMC9EOK0)"� ¥ H�¦�UW�QRTY[�9®�E�]��OC�JDC��TBVRTJVNQ§}NQEO�D+MH9�GBVNQEO�$BDC�¢O�QR���JVH�¦�BV�³� � JVH[�}R}R�KfNQEO�vU
H�F ó ��H9¢�C�� � E[BVRTJVEGRTBE��dvd2�[�

F �!_ � > � ]M\�+ ��� ; \f_E+ � >�� �Z� Pf²�_�KGKfJVR}UWU�_)�Q��H[�}C�BVNQHvE&C9E�K�_MUWUWNQ�9EO��R}E[B � H9�QN���Y[\�8v�OEGR��9d9d2�[�
`.� ó ��,��GU�BVHvE³�O_M�Q�QH[��C�BVN�H9EOU)P.U}��_)EOHv�GEO�}RT��R}E[BVU}\ ¥ �OR � A � ]�H9�Q�O��E³\/7�C}YG�9dvd�bG�
( df� � _ � \ � ; A ó ��+M�µ]=c ( 161 � _ � B � ; A ó +)R}�}H9����R}E�KGC�BVNQHvEGU$HvE ��� Pf²"CvKGKfJVR}UWU)_)���QH[��C�BVNQHvEOU
BVHzA.NXBVR}U}\^A.R}�GBVRT�"¢^RTJE��dvd ( �

(6( � � �.¶âNQ�QUWHvE�\/+�� � �Q§�C   \O_�� � C�¦��QN   � �Z� Pf²"_MKOK.JVR}UWUMAf��C��}R47�C�E�C9�9R}��R}E[B�\�®��TBVHv¢^RTJ=��dvd2�[�
( �.�$7¡��H!�O�GEORv\ � ��+MRTE�KGR   \µA@�³¶âNQ�Q��H9B�\I9;�%.�R}�vH.KGCf� �Z� P.b�_MKOKfJVRTUWU�_)�Q��H[�}C�BVNQHvE·C9EOK�_MU��
UWNQ�vEG��R}E[B � Hv�QNQ�}NQR}UMFIH9J�BV�OR�+ ��� ; >!]�] AfRTJVP.NQ�}R�+)R}�vNQH9E³\�®��TBVHv¢^RTJ=��dvdvc.�

( cf��_E+ � >�� �Z� P.b � H9��NQ�}NQR}U}���.BWBV��¯ B:B�¦�¦�¦!� C�JVN�E�� EORTB�B��^Hv�QNQ�TY*B�NQ�.Pfbf� �.BV���
( bG� � H9�QN��TN�RTU)FIH9J ��� P.b�_�KGKfJVR}UWU)A.��C��}R47�C9EOC9�9R}��R}E[B�NQE�_MUWN�C � C��}NX����+)R}�vNQH9E³\*7�C�JV�D�J�9d9d9bf�
( e.��H��2,��O¢G¢�C�JDK�\�7¡��H!H9U�BVRTJVU}\�)"�f]�H9EGJDC9K�\�H���H�C�JWJVR}E.¢^RTJV�G\�8G� � H9U�BVR}����+���]K��dSe9d � E[BVRTJVEGRTB
+)R}�vNQU�BWJWY ��� _M�Q�QH[��C�BVNQHvE ó �GN�KGR}�QNQEOR}U}\*>�H�PSR}��¢^RTJ ( `v`9²f�

( ²f��_E+ � >�� �Z� Pf² � H9��NQ�}NQR}U}���.BWBV��¯ B:B�¦�¦�¦!� C�JVN�E�� EORTB�B��^Hv�QNQ�TY*B�NQ�.PG² �^Hv�QNQ�TY[� �.BV���
( 1.� �Z� P.b"_�KOK.JVR}UWU)Af�OC9�}R�+)R}�^H�JWB�\O�[BWBV�³¯ B6B�¢O�9�³� �^H9BDC�JVH[HG� EOR�B�B�NQ�.Pfb2B
(LF ��_���)�GJDC�E�K���+M�µ]âc ( `9b ¥ �GR�,=)M+MC�BVNQH"FIH9JM_�KGKfJVR}UWU)_MUWUWNQ�9EO��R}E[B ; ©��}NQR}EG�TY


