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Î�Ú©Î�Õ£Î�Ê0Ï�ÝcÚÛÏ�Î�ËF×®Ê®Ñ
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Ï�×�Î£Ë<Ø~Ò�Ï)ØcÙÛÚ�Ø0Øcç1Ì�ÞQÒLÝcÊ®Ð
Ì�ÞEÐ®ÝpÏ�Î�Ò�Ñ�Ê ÓNØcÏ�×£ÝpÍVËF×®Ñ©Ï�Î�Ë<Ï�Ì®Í�Î�Ò|ß�É¤Ê£ÞQÝpÍ�Ï�Ñ�Ë|ÌQÚ�ÝpÍ�Ö~Ñ�Ê]ö.Î�Ë<Ï�Ñ�Ø~Ê®Ò¢ñ�ÝcÊ®Ð ð.Ö0âÛÎlÐ®Ñ�Ò�Ë|Ì®ÒFÒ�Ë|ÝcËF×®Ñ�Ê®ÜTÝcÊ®Ð£Í�Î|Þ	Ú�Ñ�Ë|ÝpÏ�Ñ©Ø~Ê
ØcÙ,Ú©Ø.Ë|ÝpÏ�Ñ�Ø~Ê Ñ�Ê�ÙRØcÍFÕ ÝpÏ�Ñ©Ø~ÊXÝpÏ�Ò�Î�Ú©Î�Ë<Ï�Î�Ð Ê�Î|ÏhâÛØcÍFçéÒFÑ©Ï�Î�Ò�ÝcÊ®ÐXÑ�Ê ö1Î�Ë<Ï�Ñ©Ø~Êÿî0Ö§âZÎ Þ®ÍFÎ�Ò�Î�Ê�Ï�ÙRØcÍ�â,ÝpÍFÐ®Ñ�Ê®Ü´Þ?Ø~Ñ�Ê0Ï�Î|Í
Ï�Î�ËF×QÊ®Ñ��.Ì�Î�Ò¢Ï�×QÝpÏÛØ~Ê®Ú�Ô
Þ	ÝpÍ�Ï�Ñ�ÝcÚ�Ú©ÔBÌ�ÞEÐ®ÝpÏ�Î$Ï�×®ÎLÚ©Ø1Ë|ÝpÏ�Ñ©Ø~Ê´Ð®Ñ©Í�Î�Ë<Ï�ØcÍVÑ©Î�Ò|ß�É�Êtö.Î�Ë<Ï�Ñ©Ø~Ê��.Ö0âZÎLÞ®Í�Î�Ò�Î�Ê0ÏÛÝkÏ�Ý4á.Ø~Ê®Ø~ÕTÔ
ØcÙ�Ï�×�Î
ÝpÞ®Þ®Í�Ø~ÝcËV×�Î�ÒLÞ®Í�Î�Ò�Î�Ê0Ï�Î�ÐEßlÉ�ÊXö.Î�Ë<Ï�Ñ©Ø~Ê��.Ö	âZÎ
Í�Î|ä.Ñ�Î|â ÝpÞ®ÞQÍ�Ø~ÝcËF×�Î�ÒLÏ�Ø´Ï�×�Î
Þ®Í�ØcÓQÚ©Î�Õ]Ò�ØcÙ¢Ð�Î|ÙRÎ|Í�ÍFÑ�Ê®Ü]Ì�Þ�ã
Ð®ÝpÏ�Î�ÒLØcÙ�Ú©Ø1Ë|ÝpÏ�Ñ©Ø~ÊêÐ®ÝpÏ�ÝpÓQÝcÒ�Î�ÒLÝcÊ®ÐêÒ�Ý�ä1Ñ�Ê�Ü´Ñ�Õ£Þ®Í�Î�Ë|Ñ:Ò�Î�Ú©Ø1Ë|ÝpÏ�Ñ©Ø~ÊMÑ:Ê�Ù6ØcÍVÕ ÝpÏ�Ñ©Ø~ÊEß,É¤Êêö.Î�Ë<Ï�Ñ©Ø~Ê í|ò1Ö?âÛÎ
ÙRØ.Ë|Ì®ÒnØ~Ê
Ñ�Ò�ÒFÌ�Î�Ò$Í�Î�Ú:ÝpÏ�Î�ÐMÏ�ØtË<Ø~Ê®Ë|Ì®Í�Í�Î�Ê®Ë<Ô¾ÝcÊ®ÐMÙ7ÝcÌ®Ú©Ï¤ã�Ï�Ø~Ú©Î|ÍFÝcÊQË<ÎBÝcÊQÐMÑ�Êéö.Î�Ë<Ï�Ñ©Ø~ÊýícíkØ~ÊêÑ:Ò�Ò�Ì�Î�ÒlÍ�Î�Ú�ÝpÏ�Î�ÐMÏ�ØtÝcÊ®Ò�âZÎ|ÍFÑ�Ê�Ü
Ë<Ø~Õ£ÞQÚ�Î<á��0Ì®Î|ÍFÑ©Î�ÒZÝpÓNØ~Ì®ÏZÏ�×®ÎLÚ©Ø1Ë|ÝpÏ�Ñ©Ø~Ê´ØcÙ¨Õ Øuä1Ñ�Ê�Ü
ØcÓ�	¤Î�Ë<Ï�Ò�ß��XÎ�Ë<Ø~Ê®Ë|Ú�Ì®Ð�Î)Ñ�Êtö.Î�Ë<Ï�Ñ©Ø~Êéí�ï
Ó.Ô]Ò�Ì®Õ Õ]ÝpÍFÑ���Ñ�Ê�Ü�ß
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É¤ÊêÕ ØcÓQÑ�Ú©Î
Ë<Ø~Õ£ÞQÌ�Ï�Ñ�Ê®Ü�Ö?Õ ØcÓQÑ�Ú©ÎkØcÓ�	¤Î�Ë<Ï�Ò�Ö�ÎcßæÜ�ß©Ö§Õ£ØcÓQÑ:Ú©ÎkÒ�ØcÙRÏ�â,ÝpÍ�Î£ØcÍ�Ì®Ò�Î|ÍFÒ)Ì®Ò�Ñ�Ê�ÜjânÑ©Í�Î�Ú�Î�Ò�Òl×QÝpÍFÐ�â,ÝpÍ�ÎcÖEÕ Ý�Ô
Í�Î�Ú©Ø1Ë|ÝpÏ�ÎXÏ�×�Î�Õ Ò�Î�Ú©äcÎ�ÒtÙRÍ�Ø~Õ Ø~Ê�Î Ê�Î|ÏhâÛØcÍ�ç Ú©Ø1Ë|ÝpÏ�Ñ©Ø~Ê"Ï�Ø ÝcÊ�ØcÏ�×®Î|Í�ß û Ø Î�Ê®ÝpÓ	Ú©ÎéÏ�×�ÎXÎ<újË|Ñ©Î�Ê0ÏtÏ�ÍFÝcË�ç1Ñ�Ê�Ü ØcÙ
Õ£ØcÓQÑ:Ú©ÎBØcÓ�	¤Î�Ë<Ï�Ò�Ö¯Ñ:Ê�Ù6ØcÍVÕ ÝpÏ�Ñ©Ø~ÊXÝpÓ?Ø~Ì�Ï�Ï�×�Î�Ñ©ÍkË|Ì�Í�Í�Î�Ê0ÏTÚ©Ø1Ë|ÝpÏ�Ñ©Ø~Ê Õ ÝuÔXÓ?Î Ò�Ï�ØcÍ�Î�Ð ÝpÏ
Ò�Þ?Î�Ë|Ñªà	ËBÊ�Î|ÏhâÛØcÍ�ç ÒFÑ©Ï�Î�Ò|ß
É¤ÊÿÝpÓQÒ�Ï�ÍFÝcË<ÏBÏ�Î|ÍFÕ Ò|Ö�Ú©Ø1Ë|ÝpÏ�Ñ©Ø~ÊýÕ ÝcÊ®ÝpÜcÎ�Õ Î�Ê�Ï£Ñ�Ê0äcØ~Ú©äcÎ�Ò
Ï�âZØXÓQÝcÒ�Ñ�Ë]ØcÞ?Î|ÍFÝpÏ�Ñ©Ø~Ê®Ò|Ö�Ú©Ø.Øcç1Ì�ÞQÒ
ÝcÊ®ÐÿÌ®Þ?ÐQÝpÏ�Î�Ò|ß-,
Ú©Ø.Øcç.Ì®Þ ØcÍBÒ�Î�ÝpÍFËF×ýÑ�Ò
Ñ�Ê0äcØcçcÎ�Ð Î�ÝcËF× Ï�Ñ�Õ£ÎjÏ�×�Î|Í�Î�Ñ�ÒTÝêÊ�Î|Î�ÐÿÏ�ØéÚ�Ø.Ë|ÝpÏ�Î�ÝHÕ£ØcÓ	Ñ�Ú©Î ØcÓ�	�Î�Ë<Ï|Ö�ÎcßæÜ�ß©Ö�Ï�ØXË<Ø~Ê0Ï�ÝcË<Ï
ÝéÕ£ØcÓQÑ�Ú�Î´Ì®Ò�Î|Í
ØcÍ Ñ:Ê�äcØcçcÎ¾Õ£ØcÓ	Ñ�Ú©ÎjÒ�ØcÙ6ÏhâZÝpÍ�Îcß/.lÞ?ÐQÝpÏ�Î�ÒBØcÙnÏ�×�ÎtÒ�Ï�ØcÍ�Î�Ð Ú�Ø.Ë|ÝpÏ�Ñ©Ø~ÊýØcÙLÝéÕ£ØcÓQÑ�Ú©Î´ØcÓ�	�Î�Ë<Ï ÝpÍ�Î
Ñ�Ê®Ñ�Ï�Ñ�ÝpÏ�Î�Ð ân×®Î�Ê Ï�×�Î´ØcÓ�	�Î�Ë<Ï£Õ£ØuäcÎ�Ò£Ï�ØéÝéÊ�Î|â Ê�Î|Ï�âZØcÍ�çÿÚ�Ø.Ë|ÝpÏ�Ñ©Ø~Ê�ßMÉ¤Ê Ï�×�ÎjÍFÎ�Ò�ÏkØcÙnÏ�×®Ñ�Ò
Ò�Î�Ë<Ï�Ñ©Ø~ÊEÖ�âZÎ´àQÍFÒ�Ï
Þ®Í�ØDä.Ñ:Ð�ÎkÝcÊêØuäcÎ|ÍFä.Ñ©Î|â ØcÙ¢Ï�×�ÎkÞQÍ�ØcÓQÚ©Î�Õ ÝcÊ®ÐêÏ�×�Î�ÊMÑ:Ê�Ï�Í�Ø1Ð®Ì®Ë<Î
Ê�Î|Ï�âZØcÍ�çêÝpÍFËF×®Ñ�Ï�Î�Ë<Ï�Ì�Í�Î�ÒLÏ�×®ÝpÏ�ÝpÍ�ÎBË<Ø~Õ Õ£Ø~Ê®Ú©Ô
ÝcÒ�Ò�Ø1Ë|Ñ�ÝpÏ�Î�ÐHânÑ©Ï�×tÕ£ØcÓQÑ:Ú©Î�Ë<Ø~Õ£ÞQÌ�Ï�Ñ�Ê®Ü�ß
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no location information
Extreme 2:

at any site

Extreme 1:
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up-to-date and exact 

Precisio
n

A
va

ila
bi

lit
y

Currency

At all sites

Exact location

At selective sites

Set of locations 

Up-to-date
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,lÞ®Þ®Í�Ø~ÝcËV×�Î�Ò�Ï�Ø¾Ò�Ï�ØcÍFÑ:Ê�Ü´Ú�Ø.Ë|ÝpÏ�Ñ©Ø~ÊXÑ:Ê�Ù6ØcÍVÕ ÝpÏ�Ñ©Ø~ÊêÍFÝcÊ�ÜcÎ£Ó?Î|Ï�âZÎ|Î�ÊéÏ�âZØ¾Î<á1Ï�Í�Î�Õ£Î�Ò|ß$,,Ï�Ø~Ê�ÎBÎ<á1Ï�Í�Î�Õ£ÎcÖ�Ì�Þ�ã�Ï�Øpã
Ð®ÝpÏ�ÎnÑ:Ê�Ù6ØcÍVÕ ÝpÏ�Ñ©Ø~Ê
ØcÙ?Ï�×�Î�Î<á1ÝcË<ÏZÚ©Ø1Ë|ÝpÏ�Ñ©Ø~Ê£ØcÙ?ÝcÚ�Ú�Ì®Ò�Î|ÍFÒ¢Ñ�Ò�Õ ÝcÑ�Ê0Ï�ÝcÑ�Ê�Î�Ð£ÝpÏ�Î�ÝcËV×]ÝcÊ®Ð Î|äcÎ|Í�Ô£Ê�Î|Ï�âZØcÍ�ç£Ú©Ø1Ë|ÝpÏ�Ñ©Ø~ÊEß
É¤ÊéÏ�×®Ñ�Ò)Ë|ÝcÒ�ÎcÖ¨Ú�Ø.Ë|ÝpÏ�Ñ�Ê®Ü¾ÝtÌ®Ò�Î|Í�Í�Î�Ð®ÌQË<Î�Ò)Ï�Ø �0Ì�Î|ÍFÔ.Ñ�Ê®Ü�ÝtÚ�Ø.Ë|ÝcÚ�Ð®ÝpÏ�ÝpÓ	ÝcÒ�Îcß � ÊéÏ�×�Î£ØcÏ�×�Î|ÍT×QÝcÊ®ÐEÖ?Î�ÝcËF× Ï�Ñ�Õ£Î
Ï�×�ÎBÚ©Ø1Ë|ÝpÏ�Ñ©Ø~ÊHØcÙÛÝ´ÌQÒ�Î|ÍLËV×®ÝcÊ�ÜcÎ�Ò|ÖEÝ�Ú�ÝpÍ�ÜcÎ
Ê0ÌQÕTÓ?Î|ÍLØcÙ¢ÝcÒ�Ò�Ø1Ë|Ñ�ÝpÏ�Î�ÐéÚ©Ø1Ë|ÝpÏ�Ñ©Ø~ÊéÐ®ÝpÏ�ÝpÓQÝcÒ�Î�Ò)Õ
Ì®Ò�ÏLÓNÎ
Ì�ÞEÐ®ÝpÏ�Î�ÐEß
,,Ï�Ï�×�ÎBØcÏ�×�Î|Í�Î<á1Ï�Í�Î�Õ£ÎcÖ§Ê®Ø�Ñ:Ê�Ù6ØcÍVÕ ÝpÏ�Ñ©Ø~ÊêÑ�Ò)Ò�Ï�ØcÍ�Î�ÐXÝpÏ�ÝcÊ0ÔMÒ�Ñ©Ï�ÎBØcÙÛÏ�×�Î£Ê�Î|Ï�âZØcÍ�çNßTÉ¤ÊéÏ�×®Ñ�ÒLË|ÝcÒ�ÎcÖ�Ï�Ø¾Ú©Ø1Ë|ÝpÏ�Î
Ý]Õ ØcÓQÑ�Ú©Î�Ì®Ò�Î|ÍlÝ Ü~Ú�ØcÓQÝcÚ�Ò�Î�ÝpÍFËV×MÝpÏ)ÝcÚ�Ú�Ê®Î|Ï�âZØcÍ�ç¾Ò�Ñ©Ï�Î�ÒLÕkÌQÒ�Ï$Ó?ÎTÑ�Ê®Ñ�Ï�Ñ�ÝpÏ�Î�ÐEß��lØuâZÎ|äcÎ|Í�Ö?ân×�Î�ÊMÝ]Ì®Ò�Î|ÍnÕ£ØuäcÎ�Ò�Ö
Ï�×�Î|Í�ÎkÑ�Ò�Ê�Ø Ë<Ø~Ò�ÏLÝcÒ�Ò�Ø1Ë|Ñ�ÝpÏ�Î�ÐtânÑ©Ï�×HÌ�ÞEÐ®ÝpÏ�Ñ�Ê�ÜBÚ©Ø1Ë|ÝpÏ�Ñ©Ø~Ê¾Ð®ÝpÏ�ÝpÓQÝcÒ�Î�Ò|ß

üZÎ|Ï�âZÎ|Î�ÊÿÏ�×�Î�Ò�Î£Ï�âZØ¾Î<á1Ï�Í�Î�Õ£Î�Ò|Ö¨ä4ÝpÍVÑ©Ø~Ì®Ò�ÝpÞ®Þ®ÍFØ~ÝcËF×�Î�Ò�Ï�×QÝpÏ�ÓQÝcÚ�ÝcÊ®Ë<Î£Ï�×®Î Ë<Ø~Ò�Ï�ØcÙZÚ�Ø0Øcç1Ì�ÞQÒ�ÝpÜ~ÝcÑ�ÊQÒ�Ï�Ï�×�Î
Ë<Ø~Ò�Ï$ØcÙ�Ì�ÞEÐ®ÝpÏ�Î�Ò�ÝpÍFÎ�ÞQÚ�ÝcÌ®Ò�Ñ�ÓQÚ©Îcß û ×�Î�Ò�Î�ÝpÞ®ÞQÍ�Ø~ÝcËF×�Î�ÒlË<Ø~Õ£Þ®Í�Ø~Õ]Ñ�Ò�Î)Ï�×�ÎTÝuä4ÝcÑ�Ú:ÝpÓQÑ�Ú�Ñ©ÏhÔcÖ1Þ®Í�Î�Ë|Ñ�Ò�Ñ�Ø~ÊjØcÍLË|Ì�Í�Í�Î�ÊQË<Ô
ØcÙ�Ï�×�ÎBÚ©Ø1Ë|ÝpÏ�Ñ©Ø~ÊéÑ�Ê�ÙRØcÍFÕ ÝpÏ�Ñ©Ø~ÊMÒ�Ï�ØcÍ�Î�ÐêÙRØcÍLÎ�ÝcËV×XÌ®Ò�Î|Í ÷ å¯Ñ©Ü~Ì�Í�Î�íuøVß)É�ÊMÏ�Î|ÍFÕ ÒLØcÙ�������������� ���!�#"#$pÖ�ËF×�Ø~Ñ:Ë<Î�Ò)ÍFÝcÊ�ÜcÎ
Ó?Î|Ï�âZÎ|Î�ÊtÒ�Ý�ä1Ñ�Ê�Ü
Ï�×�Î)Ú©Ø1Ë|ÝpÏ�Ñ©Ø~Ê�ÝpÏZÝcÚ�ÚNÊ�Î|ÏhâÛØcÍ�ç´Ò�Ñ©Ï�Î�ÒZÏ�Ø£Ê�ØcÏ,Ò�Ï�ØcÍFÑ�Ê�Ü
Ï�×�Î)Ú©Ø1Ë|ÝpÏ�Ñ©Ø~Ê�ÝpÏ,ÝcÚ:Ú�ß¨É¤Ê´Ó?Î|Ï�âZÎ|Î�ÊjÏ�×®Î�Ò�Î
Ï�âZØ�ÝpÞ®Þ®ÍFØ~ÝcËF×�Î�Ò|Ö0Ú©Ø.Ë|ÝpÏ�Ñ�Ø~Ê
Ñ:Ê�Ù6ØcÍVÕ ÝpÏ�Ñ©Ø~ÊBÕ Ý�ÔkÓ?ÎZÕ ÝcÑ:Ê�Ï�ÝcÑ�Ê®Î�Ð
Ò�Î�Ú©Î�Ë<Ï�Ñ©äcÎ�Ú©ÔTÝpÏ�Ò�ÞNÎ�Ë|Ñ©à	ËÛÊ®Î|Ï�âZØcÍ�çkÒ�Ñ�Ï�Î�Ò|ß û ×�Î|Í�Î
Ñ�ÒÛÝTânÑ:Ð�Î�ÍFÝcÊ�ÜcÎLØcÙ�Ò�Î�Ú©Î�Ë<Ï�Ñ©Ø~Ê´Ë<ÍFÑ©Ï�Î|ÍVÑ�Ý�ÙRØcÍÛÏ�×�ÎLÒ�Ñ©Ï�Î�ÒZÝpÏÛâl×®Ñ�ËF×]Ï�Ø
ÒFÝ�äcÎ)Ú©Ø.Ë|ÝpÏ�Ñ�Ø~ÊjÑ�Ê®Ù6ØcÍFÕ]ÝpÏ�Ñ©Ø~Ê£ÙRØcÍÛÎ�ÝcËV×´ÌQÒ�Î|Í�ß
å�ØcÍBÎ<á�ÝcÕ£ÞQÚ©ÎcÖ�ÝêËF×�Ø~Ñ�Ë<Î�Õ ÝuÔ Ó?Î]Ï�ØéÒ�Ý�äcÎ´Ï�×�Î�Ú©Ø.Ë|ÝpÏ�Ñ�Ø~Ê ØcÙ$Ì®Ò�Î|ÍFÒkÝpÏ
Ï�×�Î´Ò�Ñ©Ï�Î�ÒkØcÙ$Ï�×�Î�Ñ©ÍkÙ6Í�Î��.Ì�Î�Ê0Ï
Ë|ÝcÚ:Ú©Î|ÍFÒ|ß
%'&)(+*-,-./�10'�32�4 Ñ:ÊÿÚ©Ø1Ë|ÝpÏ�Ñ©Ø~ÊýÑ�Ê�ÙRØcÍFÕ ÝpÏ�Ñ�Ø~Ê Ï�ÝpçcÎ�Ò Õ ÝcÊ0Ô ÙRØcÍFÕ Ò|ßXå�ØcÍ Ñ:Ê®Ò�Ï�ÝcÊ®Ë<ÎcÖ�Ñ�ÊQÒ�Ï�Î�ÝcÐ ØcÙlÕ ÝcÑ�Ê0Ï�ÝcÑ�Ê®Ñ�Ê�ÜMÏ�×�Î
Î<á�ÝcË<Ï
Ú©Ø1Ë|ÝpÏ�Ñ©Ø~ÊÿØcÙ�Ï�×�ÎjÌQÒ�Î|Í�Ö¯ÝHânÑ:Ð�Î|Í�Í�Î|Ü~Ñ©Ø~Ê ØcÍ
ÝêÒ�Î|ÏkØcÙ�ÞNØ~ÒFÒ�Ñ©ÓQÚ©Î Ú�Ø.Ë|ÝpÏ�Ñ©Ø~ÊQÒTÑ�ÒkÕ ÝcÑ�Ê0Ï�ÝcÑ�Ê�Î�ÐEß65879*'*-, 4:./$
Í�Î|ÙRÎ|ÍFÒ�Ï�Øêân×�Î�Ê Ï�×�ÎjÒ�Ï�ØcÍ�Î�ÐÿÚ�Ø.Ë|ÝpÏ�Ñ©Ø~Ê Ñ�Ê�ÙRØcÍFÕ ÝpÏ�Ñ�Ø~Ê Ñ�ÒTÌ®Þ?ÐQÝpÏ�Î�ÐEßtå�ØcÍ
Ñ:Ê®Ò�Ï�ÝcÊ®Ë<ÎcÖ¯ÙRØcÍ
×®Ñ�Ü~×®Ú©ÔMÕ ØcÓQÑ�Ú©Î]ÌQÒ�Î|ÍFÒ
Ñ©Ï
Õ Ý�Ô Õ ÝpçcÎ�Ò�Î�Ê®Ò�Î]Ï�ØéÐ�Î|Ù6Î|Í
Ì�ÞEÐ®ÝpÏ�Ñ�Ê�ÜtÏ�×®Î´Ò�Ï�ØcÍFÎ�ÐÿÑ�Ê®Ù6ØcÍFÕ]ÝpÏ�Ñ©Ø~Ê ÝpÓ?Ø~Ì�ÏTÏ�×®Î�Ñ©ÍkÚ©Ø1Ë|ÝpÏ�Ñ©Ø~Ê Î|äcÎ|Í�Ô Ï�Ñ�Õ£ÎjÏ�×�Î
Ì®Ò�Î|ÍVÒ$Õ£ØuäcÎcß&�"×�Î�ÊMË|Ì�Í�Í�Î�Ê0ÏnÝcÊ®ÐHÞ®Í�Î�Ë|Ñ�Ò�ÎkÑ�Ê�ÙRØcÍFÕ ÝpÏ�Ñ©Ø~ÊtÝpÓ?Ø~Ì�ÏnÝjÌ®Ò�Î|Í�� ÒnÚ©Ø.Ë|ÝpÏ�Ñ�Ø~ÊHÑ�ÒlÊ�ØcÏnÝ�äpÝcÑ�Ú�ÝpÓ	Ú©ÎTÚ©Ø1Ë|ÝcÚ�Ú©ÔcÖ
Ú©Ø1Ë|ÝpÏ�Ñ�Ê�Ü Ï�×®ÎkÌ®Ò�Î|Í)Ñ�Ê0äcØ~Ú©äcÎ�ÒnÝ´Ë<Ø~ÕkÓQÑ�Ê®ÝpÏ�Ñ©Ø~ÊHØcÙ�Ò�Ø~Õ£Î
Ò�Î�ÝpÍFËF×MÞ®Í�Ø1Ë<Î�Ð®Ì�ÍFÎTÝcÊ®ÐHÝjÊ0ÌQÕTÓ?Î|ÍnØcÙ��.Ì�Î|ÍFÑ�Î�Ò$Þ?Ø~Ò�Î�Ð
Ï�Ø]Ð®ÝpÏ�ÝpÓ	ÝcÒ�Î�ÒnÒ�Ï�ØcÍVÑ�Ê�Ü Ú©Ø1Ë|ÝpÏ�Ñ©Ø~Ê®Ò|ß
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û ×�Î
Ê�Î|Ï�âZØcÍ�ç1Ñ�Ê�Ü�Ñ�Ê�ÙRÍFÝcÒ�Ï�ÍFÌQË<Ï�Ì�Í�Î�ÙRØcÍlÞ®ÍFØuä1Ñ�Ð®Ñ�Ê�ÜjÌ�ÓQÑ��.Ì®Ñ©Ï�Ø~Ì®Ò,âlÑ©Í�Î�Ú©Î�Ò�ÒlË<Ø~Õ Õ
Ì®Ê®Ñ�Ë|ÝpÏ�Ñ©Ø~ÊêË<ØuäcÎ|ÍVÝpÜcÎ]Ñ�Ò$ÍFÎ|Þ®Í�Î<ã
Ò�Î�Ê0Ï�Î�ÐéÓ0ÔMÏ�×�ÎBÞ?Î|ÍFÒ�Ø~Ê®ÝcÚ�Ë<Ø~Õ Õ
Ì®Ê®Ñ�Ë|ÝpÏ�Ñ©Ø~ÊéÒ�Ô1Ò�Ï�Î�Õ ÷ ô,õ$ö®ønÝcÚ�Ò�Ø�ç.Ê®ØuânÊêÓ.ÔMÝ�Ê0ÌQÕTÓ?Î|ÍLØcÙÛÐ®Ñªù?Î|Í�Î�Ê0ÏLÊQÝcÕ£Î�Ò
Ò�Ì®ËV×�ÝcÒÛÞ?Î|ÍFÒ�Ø~Ê®ÝcÚQË<Ø~Õ Õ
Ì®Ê®Ñ:Ë|ÝpÏ�Ñ©Ø~Ê�Ê�Î|Ï�âZØcÍ�ç ÷ ô,õ��)øÛÝcÊ®Ð .Lë û ö ÷ Ì®ÊQÑ©äcÎ|ÍFÒ�ÝcÚ	Õ£ØcÓQÑ�Ú©ÎLË<Ø~Õ Õ
Ì®Ê®Ñ�Ë|ÝpÏ�Ñ©Ø~Ê´Ò�Ô1Ò¤ã
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(+) Support for locality 

Increased number of operations (database operations
and communication messages)

(-) 

(-) Increased load and storage requirements at higher-levels 
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Ò�ËV×�Î�Õ£Î)Ñ�ÊHì��~îDó?ÝcÚ�Ò�ØkÒFÌ�Þ®Þ?ØcÍ�Ï�Ò�Ë|ÝcËV×®Ñ�Ê�Ü
��Ú©Î�ÝpÙ�Ë|ÝcËV×®Ñ�Ê�Ü ÷ Ñ�ßæÎcß©Ö.Ë|ÝcËV×®Ñ�Ê�ÜkÏ�×�ÎlÝcÐQÐ�Í�Î�Ò�Ò¢ØcÙEÏ�×�ÎlË|ÝcÚ�Ú�Î|ÎnØ~Ê®Ú©Ô£ÝpÏZÏ�×�Î
�|Ø~Ê�ÎZØcÙ�Ï�×�Î,Ë|ÝcÚ�Ú©Î|Í@øNÏ�×QÝpÏ�Ñ�Ò�Ë|ÝcÚ�Ú©Î�Ð 	 79&)( 7 ( � � "�, 0¨ÝcÊ®Ð
Ú©Î|äcÎ�Ú.Ë|ÝcËF×®Ñ:Ê�Ü ÷ Ñ�ßæÎcß©Ö~Ë|ÝcËV×®Ñ�Ê�ÜlÏ�×�Î,ÝcÐ®Ð�Í�Î�Ò�Ò§ØcÙ�Ï�×�Î,Ë|ÝcÚ�Ú©Î|Î
Ø~ÊXÝcÚ�Ú¯Ê�Ø1Ð�Î�Ò)Ø~ÊéÏ�×�Î£Ò�Î�ÝpÍFËV×XÞQÝpÏ�×	ølÏ�×QÝpÏ�Ñ�Ò)Ë|ÝcÚ�Ú©Î�Ð (9��" � . 2�& (:* , 0 0'�32�4®ß ,LÚ�Ú¯Ë<Ø~ÕkÓQÑ�Ê®ÝpÏ�Ñ©Ø~ÊQÒ)ØcÙ¢ÙRØcÍ�âZÝpÍVÐ®Ñ�Ê�Ü
÷ Ê�ØÿÙ6ØcÍ�â,ÝpÍFÐ®Ñ:Ê�Ü ÷ �lå�øVÖZÒ�Ñ�Õ£ÞQÚ�ÎtÙ6ØcÍ�â,ÝpÍFÐ®Ñ:Ê�Ü ÷ ö1å�ø£ÝcÊ®ÐþÚ©Î|äcÎ�Ú$ÙRØcÍ�â,ÝpÍFÐ®Ñ�Ê�Ü ÷ �§å�ø�ø£ÝcÊ®ÐþØcÙ�Ë|ÝcËF×®Ñ�Ê®Ü ÷ 	�Ì®Õ£Þ

ïcï



16

old entries for x
new entries for x

2

4 5 7 9

27262524222120191817 23

86

121110 1514

1

0

3

13

old location new location
user x user x

Forwarding Pointerlevel m
ts

å�Ñ�Ü~Ì�Í�Îkî �¢å�ØcÍFâZÝpÍFÐQÑ�Ê�Ü ô�Ø~Ñ�Ê0Ï�Î|ÍFÒ '�á1ÝcÕ£Þ	Ú©Î ÷ Î�Ê�Ï�ÍFÑ�Î�ÒnÝpÍ�Î�Þ?Ø~Ñ�Ê0Ï�Î|ÍFÒ,Ï�Ø]Ú�ØuâZÎ|ÍlÚ©Î|äcÎ�Ú�ÐQÝpÏ�ÝpÓQÝcÒ�Î�ÒVø

16

x | 14

x | 14

x | 14

x | 17

x | 17

x | 14 x | 17 x | 17

2

4 5 7 9

27262524222120191817 23

86

121110 1514

1

0

3

13

level m

x | 14

new entries for x
old entries for x

(this  entry is not updated)

user x
old location

user x
new location

Forwarding Pointer

å�Ñ�Ü~Ì�Í�Î ���¢å�ØcÍFâZÝpÍFÐQÑ�Ê�Ü ô�Ø~Ñ�Ê0Ï�Î|ÍFÒ '�á1ÝcÕ£Þ	Ú©Î ÷ Î�Ê�Ï�ÍFÑ�Î�ÒnÝpÍ�Î�Î<á�ÝcË<ÏlÝcÐ®Ð®Í�Î�Ò�Ò�Î�ÒVø

ï��



Ì�ÞEÐ®ÝpÏ�Î�Ò ÷ � .�øVÖ	ÞQÝpÏ�×MË<Ø~Õ£Þ®Í�Î�ÒFÒ�Ñ©Ø~ÊHÌ®Þ?ÐQÝpÏ�Î�Ò ÷ ôZõnø�ÝcÊ®ÐMÊ�ØjË|ÝcËV×®Ñ�Ê�Ü ÷ � .�ø�ølÝpÍ�ÎkË<Ø~Ê®ÒFÑ�Ð�Î|Í�Î�ÐEß�ô¢Í�Î�Ú�Ñ�Õ Ñ:Ê®ÝpÍ�Ô
Ò�Ñ�Õ
Ì®Ú�ÝpÏ�Ñ�Ø~ÊtÍ�Î�Ò�Ì®Ú�Ï�ÒlÝpÍ�ÎkÞ®Í�Î�Ò�Î�Ê0Ï�Î�ÐêÙ6ØcÍLÏ�âZØ�Ï�Ô.Þ?Î�ÒnØcÙ�Î�Ê0ä1Ñ©Í�Ø~Ê®Õ£Î�Ê0Ï�Ò�� ÷ Ý�ønÝpÍ�ÓQÑ©Ï�ÍFÝpÍFÔ�Õ ØuäcÎ�Ò�ÝcÊ®ÐêË|ÝcÚ�Ú�ÒLÝcÊ®Ð
÷ ÓNø�Ò�×�ØcÍ�Ï
Õ£ØuäcÎ�ÒBÝcÊ®ÐÿÒ�Ï�ÝpÓQÑ�Ú�Ñ�Ï�ÔéØcÙ$Ë|ÝcÚ�Ú�Ò ÷ Ñ�ßæÎcß©Ö�Õ£Ø~Ò�Ï
Ë|ÝcÚ�Ú�ÒTÝpÍFÎjÍ�Î�Ë<Î�Ñ�äcÎ�Ð ÙRÍ�Ø~Õ ÝêÒ�Þ?Î�Ë|Ñªà	Ë]Ò�Î|ÏTØcÙ$Ë|ÝcÚ�Ú�Î|ÍFÒVøVß
û ×�Î�ÝpÜcÜcÍ�Î|Ü~ÝpÏ�ÎBË<Ø~Ò�Ï�ØcÙ¯Ò�Î�ÝpÍFËV×¾ÝcÊ®ÐtÌ�ÞEÐ®ÝpÏ�Î�Ñ�Ò,Ë<Ø~Ê®Ò�Ñ:Ð�Î|Í�Î�ÐEß û ×®Î)Ë<Ø~Ò�Ï$Õ£Î|Ï�ÍFÑ�Ë�Ñ�ÒZÏ�×�Î�Ê.Ì®ÕkÓ?Î|ÍZØcÙ¯Õ£Î�Ò�ÒFÝpÜcÎ�Ò
ÙRØcÍ$Î�ÝcËF×MØcÞ?Î|ÍFÝpÏ�Ñ©Ø~ÊEß

å�ØcÍBÏ�×�Î´Ï�Ô.Þ?Î ÷ Ý�ø�Î�Ê�ä1Ñ©Í�Ø~ÊQÕ£Î�Ê�Ï|Ö¯Ï�×�Î´Ò�Ñ�Õ
Ì®Ú�ÝpÏ�Ñ©Ø~ÊÿÒ�×�ØDâÛÎ�ÐÿÏ�×�Î�Ë<Ø~ÕTÓQÑ:Ê®ÝpÏ�Ñ©Ø~Ê ö�å��0ô,õ Ï�ØêØ~Ì�Ï�Þ?Î|Í�ÙRØcÍFÕ
ÝcÚ�Ú¯ØcÏ�×�Î|Í
Ë<Ø~ÕTÓ	Ñ�Ê®ÝpÏ�Ñ©Ø~Ê®Ò�ß û ×�Î Ò�Ï�ÍVÝpÏ�Î|Ü~Ñ©Î�ÒTÌ®ÒFÑ�Ê�Ü�Î�Ñ©Ï�×�Î|Í �lå"ØcÍ �¨å Ñ�Ê®Ë|Ì�ÍFÍ�Î�ÐéÝ¾×®Ñ©Ü~×XË<Ø~Ò�ÏkØcÙ�Ì�ÞEÐ®ÝpÏ�Î�Ò�ÝpÏ
Î�ÝcËF×XÕ ØuäcÎcß û ×�Î£ö1å���� .«Ë<Ø~ÕTÓQÑ:Ê®ÝpÏ�Ñ©Ø~ÊéÒ�Ì1ù?Î|Í�Î�ÐêÐ®Ì�ÎTÏ�Ø´Ï�×�Î
äcÎ|Í�ÔM×QÑ©Ü~×HÒ�Î�ÝpÍVËF×XË<Ø~Ò�Ï�Ò|ß�å¯Ñ�Ê®ÝcÚ:Ú©ÔcÖQÏ�×�Î ö1å��
� ._Ð®Ñ�ÐXÊ®ØcÏ�ÞNÎ|ÍFÙ6ØcÍFÕ âZÎ�Ú�Ú�ÝcÒTÏ�×�Î Ë|ÝcËF×�Î�ÐÿÎ�Ê0Ï�ÍFÑ©Î�Ò�âZÎ|Í�Î]Ê�ØcÏ�ÌQÒ�Î�ÐXäcÎ|Í�ÔêÙ6ÍFÎ��0Ì�Î�Ê0Ï�Ú©ÔéÒ�Ñ�Ê®Ë<Î£Ï�×®Î Ë|ÝcÚ�Ú�Ò)âZÎ|Í�Î
ÝpÍ�ÓQÑ�Ï�ÍFÝpÍ�Ôcß�å�ØcÍ$Ï�×®Î�Ï�Ô.ÞNÎ ÷ ÓNøÛÎ�Ê0ä1Ñ©Í�Ø~Ê®Õ£Î�Ê0Ï|Ö	ö1å��0ôZõ Þ?Î|Í�ÙRØcÍFÕ£Î�Ð´Ó?Î|Ï�Ï�Î|ÍnÝcÒ,âZÎ�Ú�Ú?Î<á�Ë<Î|Þ®Ï�Ù6ÍFØ~Õ Ï�×�Î�Ë|ÝcÒ�Î�Ò$ØcÙ
×®Ñ©Ü~×éË<Ø~Õ Õ
Ì®Ê®Ñ:Ë|ÝpÏ�Ñ©Ø~ÊéÝcÊ®ÐXÚ©Øuâ Õ£ØcÓ	Ñ�Ú�Ñ©ÏhÔHÝcÊ®ÐéÚ©Øuâ Ë<Ø~Õ]ÕkÌ®ÊQÑ�Ë|ÝpÏ�Ñ©Ø~ÊéÝcÊ®ÐX×®Ñ©Ü~×éÕ£ØcÓ	Ñ�Ú�Ñ©ÏhÔcß�É�ÊêÏ�×�Î�Ò�Î Ë|ÝcÒ�Î�Ò|Ö
Ï�×�Î�Ë<Ø~ÕkÓQÑ�Ê®ÝpÏ�Ñ©Ø~Ê]ö�å���� . Þ?Î|Í�ÙRØcÍFÕ£Î�ÐkÓ?Î|Ï�Ï�Î|Í�ÓNÎ�Ë|ÝcÌQÒ�Î 	�Ì®Õ ÞBÌ®Þ?ÐQÝpÏ�Î�Ò¨âZÎ|Í�Î$Õ£ØcÍFÎZÎ<ù?Î�Ë<Ï�Ñ©äcÎ$Ñ�Ê
Í�Î�ÐQÌ®Ë|Ñ�Ê�ÜLÏ�×�Î
Ò�Î�ÝpÍFËV×éË<Ø~Ò�Ï|ÖEÒ�Ñ�Ê®Ë<Î�Ï�×®Î|Í�Îkâ,ÝcÒLÝjÒ�Þ?Î�Ë|ÑªàNË�Ò�Î|ÏLØcÙ�Ë|ÝcÚ�Ú©Î|ÍFÒ|ß ,�ÞNÎ|Í�ã�Ì®Ò�Î|ÍlÝcÐQÝpÞ®Ï�Ñ©äcÎBÒ�ËF×�Î�Õ Îkâ,ÝcÒlÒFÌ�ÜcÜcÎ�Ò�Ï�Î�ÐêÏ�Ø
ËF×®Ø0Ø~Ò�ÎnÓNÎ|ÏhâÛÎ|Î�Ê]Ï�×�Îlö1å��0ôZõ ÝcÊ®Ðjö1å���� . Ë<Ø~ÕkÓQÑ�Ê®ÝpÏ�Ñ©Ø~ÊQÒ¯ÓQÝcÒ�Î�Ð£Ø~Ê£Ï�×®ÎnË|ÝcÚ�Ú�ÝcÊ®Ð Õ ØcÓQÑ�Ú�Ñ©ÏhÔTËF×QÝpÍFÝcË<Ï�Î|ÍFÑ�Ò�Ï�Ñ:Ë|Ò|ß
û ØTÐ�Î|Ï�Î|ÍFÕ Ñ:Ê�Î,Ï�×�Ø~Ò�ÎnËV×®ÝpÍFÝcË<Ï�Î|ÍFÑ�Ò�Ï�Ñ�Ë|Ò|Ö�ÙRØcÍ¢Î�ÝcËV×]Õ£ØcÓ	Ñ�Ú©Î�Ì®Ê®Ñ©Ï�Ý�Ò�Î��0Ì�Î�ÊQË<ÎnÑ�Ò�Õ ÝcÑ�Ê0Ï�ÝcÑ�Ê�Î�ÐBØcÙEÝcÚ�Ú�Õ ØuäcÎ�ÒZÕ ÝcÐ�Î
ÝcÊ®ÐêË|ÝcÚ�Ú�ÒlÍ�Î�Ë<Î�Ñ©äcÎ�ÐEß û ×®Ñ�ÒlÒ�Î��.Ì�Î�Ê®Ë<ÎkÐ®Î|Ï�Î|ÍFÕ Ñ�Ê�Î�ÒlÏ�×�ÎBÐ�Î|ÜcÍ�Î|Î
ØcÙ�Õ£ØcÓQÑ�Ú:Ñ©Ï�Ô�ØcÙ�Ï�×�Î
×�Ø~Ò�Ï ÷ Ú©Øuâ�ØcÍ)×®Ñ©Ü~×	ø$ÝcÊ®Ð
ân×�Î|Ï�×®Î|ÍnÑ©Ï$×®ÝcÒ$Ý]Ú�ÝpÍ�ÜcÎ�Ê.Ì®ÕTÓ?Î|Í�ØcÙ¯ÙRÍ�Î��0Ì®Î�Ê�Ï$Ë|ÝcÚ�Ú�Î|ÍFÒ|ß

� Ó	Ò�Ø~Ú©Î|Ï�Î]Î�Ê0Ï�ÍFÑ©Î�Ò
Ñ�ÊÿÐ®ÝpÏ�ÝpÓQÝcÒ�Î�ÒBÝpÏkÚ�Î|äcÎ�Ú�Òk×QÑ©Ü~×�Î|ÍTÏ�×QÝcÊ " ÷ ÎcßæÜ�ß©Ö¢Ï�×�Î]Î�Ê0Ï�Í�Ô ÝpÏ
Ê�Ø.Ð®ÎjòHÑ:Ê å¯Ñ©Ü~Ì�Í�Î�Ò£î
ÝcÊ®Ð �~ø�Õ Ý�ÔtÓ?Î�Ì�ÞEÐ®ÝpÏ�Î�Ð¾ÝpÙRÏ�Î|ÍlÝ ÒFÌ®Ë|Ë<Î�Ò�Ò�Ù7Ì®ÚEÚ©Ø.Øcç.Ì®Þ�ß�,lÊ®ØcÏ�×�Î|ÍnÞ?Ø~Ò�Ò�Ñ�ÓQÑ�Ú�Ñ©ÏhÔ£Ù6ØcÍlÌ�ÞEÐ®ÝpÏ�Î�Ò$Ñ�Ò,ÙRØcÍnÎ�ÝcËV×MÊ�Ø1Ð�Î
Ï�Ø¾Ò�Î�Ê®ÐéÝ�Ú©Ø1Ë|ÝpÏ�Ñ©Ø~ÊXÌ�ÞEÐ®ÝpÏ�ÎBÕ£Î�Ò�Ò�ÝpÜcÎ£Ï�Ø�Ï�×�Î£Ú©Ø1Ë|ÝpÏ�Ñ©Ø~ÊXÒ�Î|ÍFäcÎ|ÍFÒ)Ø~ÊXÑ©Ï�ÒLÞQÝpÏ�×éÏ�Ø�Ï�×�ÎBÍ�Ø.ØcÏ�Ð®Ì�ÍFÑ�Ê®Ü Øpù	ã�Þ?Î�Ýpç
×�Ø~Ì�ÍVÒ|ß

û Ø Ý�äcØ~Ñ:Ð Ï�×�Î¾Ë<Í�Î�ÝpÏ�Ñ©Ø~ÊþØcÙLÚ�Ø~Ê�ÜXËF×®ÝcÑ�ÊQÒ£ØcÙlÙRØcÍ�â,ÝpÍFÐ®Ñ�Ê®ÜMÞ?Ø~Ñ�Ê0Ï�Î|ÍFÒ|ÖZÒ�Ø~Õ£ÎtÙRØcÍFÕ ØcÙLÞNØ~Ñ:Ê�Ï�Î|Í£Í�Î�ÐQÌ®Ë<Ï�Ñ©Ø~Ê
Ñ�Ò�Ê®Î�Ë<Î�Ò�Ò�ÝpÍ�Ôcß û ØHÍ�Î�Ð®Ì®Ë<Î Ï�×®Î]Ê0ÌQÕTÓ?Î|Í�ØcÙ,Ù6ØcÍFâZÝpÍFÐQÑ�Ê�ÜtÞ?Ø~Ñ�Ê0Ï�Î|ÍFÒ|Ö§ÝtäpÝpÍFÑ�ÝpÏ�Ñ�Ø~Ê ØcÙ�Ë|ÝcËF×®Ñ:Ê�ÜHÑ�Ò�ÞQÍ�ØcÞ?Ø~Ò�Î�ÐXÑ�Ê
ì � �4ó�ß ,nÙRÏ�Î|Í)Ý Ë|ÝcÚ�ÚEÏ�Ø´Ì®Ò�Î|Í��¨Ö®Ï�×�ÎTÝcË<Ï�ÌQÝcÚ¨Ú©Ø1Ë|ÝpÏ�Ñ©Ø~ÊtØcÙ�Ï�×®ÎTÌ®Ò�Î|ÍnÑ:ÒnË|ÝcËF×®Î�ÐMÝpÏlÏ�×�Î�àQÍFÒ�Ï$Ê�Ø.Ð®Î�ØcÙ¯Ï�×�ÎTËF×QÝcÑ�ÊEß
û ×.Ì®Ò|Ö,ÝcÊ�Ô Ò�Ì®ÓQÒ�Î��.Ì�Î�Ê�Ï Ë|ÝcÚ:Ú�Ò£Ï�Ø��"Ð®Ñ©Í�Î�Ë<Ï�Î�Ð Ï�Ø Ï�×�ÎtàQÍVÒ�Ï Ê�Ø1Ð�Î¾ØcÙLÏ�×�ÎHËF×QÝcÑ�ÊþÌ®Ò�ÎtÏ�×®Ñ�Ò Ë|ÝcËV×�ÎHÎ�Ê0Ï�Í�ÔýÏ�Ø
Ð®Ñ©ÍFÎ�Ë<Ï�Ú©ÔÿÝcË|Ë<Î�Ò�ÒjÏ�×�ÎHË|Ì®Í�Í�Î�Ê0Ï]Ú©Ø1Ë|ÝpÏ�Ñ©Ø~Ê ØcÙ��§ÖZÓ0Ô.ÞQÝcÒ�ÒFÑ�Ê�ÜXÏ�×�Î¾ÙRØcÍ�â,ÝpÍFÐ®Ñ�Ê®ÜêÞ?Ø~Ñ�Ê0Ï�Î|Í]ËV×®ÝcÑ�ÊEßþüZÎ�Ò�Ñ:Ð�Î�Ò|ÖZÏ�×®Ñ�Ò
ÙRØcÍFÕ«ØcÙ¨Ë|ÝcËF×®Ñ�Ê®ÜkÏ�×®ÝpÏZÍ�Î�Ð®ÌQË<Î�ÒÛÏ�×®ÎLÊ.Ì®ÕkÓNÎ|ÍÛØcÙ�ÙRØcÍ�âZÝpÍVÐ®Ñ�Ê�Ü�Þ?Ø~Ñ�Ê0Ï�Î|ÍFÒÛÏ�×®ÝpÏ,Ê�Î|Î�Ð´Ï�ØkÓ?ÎnÏ�ÍVÝ�äcÎ|ÍFÒ�Î�Ð�Ï�ØBÚ©Ø1Ë|ÝpÏ�Î
Ý Ì®Ò�Î|Í�Ö,Ï�×�ÎHÐ®ÝpÏ�ÝpÓQÝcÒ�ÎM×®Ñ©Î|ÍVÝpÍFËF×0Ô Õ
Ì®Ò�ÏjÝcÚ�Ò�Ø Ó?ÎHÌ�ÞEÐ®ÝpÏ�Î�ÐýÏ�Ø Ý�äcØ~Ñ�Ð Î<á�Ë<Î�Ò�Ò�Ñ©äcÎêÚ©Ø0Øcç0ã�Ì�ÞþË<Ø~Ò�Ï�Ò|ß üZÎ�Ò�Ñ:Ð�Î�Ò
Ð�Î�Ú©Î|Ï�Ñ:Ê�ÜjÙRØcÍ�â,ÝpÍFÐ®Ñ�Ê®ÜjÞ?Ø~Ñ�Ê0Ï�Î|ÍFÒ|Ö?Ï�×®Ñ�Ò)ÝcÚ�Ò�Ø�Ñ:Ê�äcØ~Ú©äcÎ�Ò)Ï�×®ÎBÐ®Î�Ú©Î|Ï�Ñ©Ø~ÊêØcÙÛÝcÚ�Ú�Î�Ê0Ï�ÍFÑ©Î�Ò�Ñ�ÊéÑ�Ê0Ï�Î|ÍFÊ®ÝcÚ�Ð®ÝpÏ�ÝpÓQÝcÒ�Î�Ò�Ø~Ê
Ï�×�Î
ÞQÝpÏ�×êÙ6ÍFØ~Õ Ï�×�ÎkàQÍFÒ�ÏlÊ�Ø1Ð�ÎcÖ ��Ö?ØcÙ�Ï�×�ÎBËF×®ÝcÑ�ÊMÏ�Ø�Ï�×�Î � �	��ØcÙ �,ÝcÊQÐHÏ�×�ÎBË|Ì�Í�ÍFÎ�Ê�Ï)Ú©Ø1Ë|ÝpÏ�Ñ©Ø~ÊEÖ ��Ö�ÝcÊ®ÐMÏ�×�Î
ÝcÐ®Ð®Ñ�Ï�Ñ©Ø~ÊtØcÙ¯Î�Ê�Ï�ÍVÑ©Î�ÒlÑ:Ê¾Ñ�Ê0Ï�Î|ÍFÊ®ÝcÚ�Ð®ÝpÏ�ÝpÓ	ÝcÒ�Î�ÒnØ~ÊMÏ�×�ÎkÞQÝpÏ�×¾ÙRÍ�Ø~Õ!Ï�×®Î�� ��� Ï�Ø���ß û ÝpçcÎTÙRØcÍLÎ<á1ÝcÕ£Þ	Ú©ÎcÖQËF×QÝcÑ�Ê
ící�� í�����ïcð�� í �tÏ�×®ÝpÏ)Í�Î�ÒFÌ®Ú©Ï�Î�ÐêÙ6ÍFØ~Õ ÌQÒ�Î|Í � Õ£Øuä1Ñ�Ê�Ü�ÙRÍ�Ø~Õ Ê�Ø1Ð�Î´ícípÖ§Ï�Ø¾Ê�Ø.Ð®Î�Ò
í��.Ö§ïcð.Ö¨ÝcÊ®Ðýí ��Ö§Ñ�Ê
Ï�×®ÝpÏ$ØcÍVÐ�Î|Í�ß û ×�Î�Î�Ê0Ï�ÍFÑ©Î�ÒnÙ6ØcÍ��MÝpÏnÊ�Ø1Ð�Î�Ò�ícípÖ¨í��.Ö	ÝcÊ®ÐHïcð ÝpÍ�ÎTÐ�Î�Ú©Î|Ï�Î�Ð�ß û ×�Î�ÊEÖ1Ï�×�ÎTÎ�Ê�Ï�ÍFÑ�Î�Ò$Ñ�Êt×®Ñ©Ü~×®Î|Í�ã�Ú©Î|äcÎ�Ú
Ð®ÝpÏ�ÝpÓQÝcÒ�Î�Ò�Ú©Î�ÝcÐ®Ñ�Ê�ÜjÏ�ØêícíBÝpÍ�Î£ÝcÚ�Ò�Ø´Ð�Î�Ú�Î|Ï�Î�ÐEßlÉ¤ÊMÞQÝpÍ�Ï�Ñ�Ë|Ì®Ú:ÝpÍ�Ö	Ï�×®ÎkÎ�Ê0Ï�Í�Ô¾ÙRØcÍ�� ÝpÏ �tÑ�ÒLÐ�Î�Ú©Î|Ï�Î�ÐéÝcÊ®ÐMÎ�Ê�Ï�ÍVÑ©Î�Ò
ÝpÍ�Î]Ò�Î|ÏTÝpÏkÊ�Ø1Ð�Î�Ò ípÖ¯ñ.Ö�ÝcÊQÐ í �MÚ©Î�ÝcÐQÑ�Ê�Ü�Ï�Ø í ��Ö¯Ï�×�Î Ê�Î|â_Ú©Ø.Ë|ÝpÏ�Ñ�Ø~Ê ÷ Ò�Î|Îjå¯Ñ©Ü~Ì®Í�Î �~øVß û âZØHË<Ø~Ê®ÐQÑ©Ï�Ñ©Ø~Ê®Ò)ÙRØcÍ
Ñ�Ê®Ñ�Ï�Ñ�ÝpÏ�Ñ�Ê�Ü]Ì®Þ?ÐQÝpÏ�Î�ÒLÝpÍFÎ
ÞQÍ�ØcÞ?Ø~Ò�Î�ÐéÝcÊ®ÐêÎ|ä4ÝcÚ�ÌQÝpÏ�Î�ÐéÓQÝcÒ�Î�ÐêØ~ÊXÒ�Î|Ï�Ï�Ñ�Ê�ÜtÝ´Ï�×�Í�Î�ÒF×�Ø~Ú�ÐMÎ�Ñ©Ï�×�Î|Í�Ø~ÊêÏ�×�Î£Ê0ÌQÕTÓ?Î|Í
ØcÙ�ÙRØcÍ�âZÝpÍVÐ®Ñ�Ê�ÜtÞ?Ø~Ñ�Ê0Ï�Î|ÍFÒ�ØcÍ
Ø~Ê Ï�×®ÎjÕ Ý4á�Ñ�Õ
Ì®Õ Ð®Ñ:Ò�Ï�ÝcÊ®Ë<Î Ó?Î|Ï�âZÎ|Î�Ê Ï�×�Î£àQÍVÒ�ÏTÊ�Ø1Ð�Î]ØcÙ,Ï�×�Î´ËF×®ÝcÑ:ÊÿÝcÊ®Ð Ï�×�Î
Ë|Ì�Í�ÍFÎ�Ê�Ï$Ú©Ø1Ë|ÝpÏ�Ñ©Ø~ÊEß

å�ØcÍFâZÝpÍFÐQÑ�Ê�Ü Þ?Ø~Ñ�Ê0Ï�Î|ÍnÏ�Î�ËV×®Ê®Ñ��.Ì�Î�Ò�àNÊ®Ð¾ÝpÞ®ÞQÚ:Ñ�Ë|ÝpÏ�Ñ©Ø~Ê®Ò$Ñ:Ê¾Õ£ØcÓQÑ�Ú�Î�Ò�ØcÙ6ÏhâZÝpÍFÎ
Ò�Ô1Ò�Ï�Î�Õ Ò�ÖQÏ�ØjÕ]ÝcÑ�Ê�Ï�ÝcÑ:Ê¾Í�Î|ÙRÎ|Í�ã
Î�Ê®Ë<Î�ÒBÏ�ØXÕ£ØcÓQÑ:Ú©Î ØcÓ�	�Î�Ë<Ï�Ò|Ö¢Ò�ÌQËF×ýÝcÒ£Ñ�Ê Ï�×®Î�'ÛÕ£Î|ÍFÝcÚ�Ð ö.Ô1Ò�Ï�Î�Õ ÝcÊ®Ð Ñ�ÊýöQö1ô�ËF×®ÝcÑ�ÊQÒ|ß 'ÛÕ£Î|ÍFÝcÚ�Ð"ì��cñpó�Ñ�Ò
ÝcÊ

ï �



1613

old entries for x
new entries for x

10

2

4 5 7 9

27262524222120191817 23

86

1211 1514

1

0

3

level m

å�Ñ�Ü~Ì�Í�Î ��� '�á1ÝcÕ£Þ	Ú©Î�ØcÙ�ô�Ø~Ñ�Ê0Ï�Î|ÍlôÛÌ�Í�Ü~Ñ�Ê®Ü

ØcÓ�	�Î�Ë<Ï¤ã�ÓQÝcÒ�Î�ÐÿÒ�Ô.Ò�Ï�Î�Õ&Ñ�Êéân×®Ñ�ËV×êØcÓ�	¤Î�Ë<Ï�ÒkË|ÝcÊ Õ£ØDäcÎ ânÑ©Ï�×®Ñ:ÊHÏ�×�Î Ò�Ô.Ò�Ï�Î�Õ¾ß öQö1ô ËF×®ÝcÑ:Ê®Ò]ìæñcñ4ó¢ÝpÍ�Î ËV×®ÝcÑ�Ê®Ò)ØcÙ
ÙRØcÍ�âZÝpÍVÐ®Ñ�Ê�ÜBÞ?Ø~Ñ�Ê0Ï�Î|ÍFÒ�ÙRØcÍ$Ï�ÍFÝcÊ®Ò�Þ	ÝpÍ�Î�Ê�Ï�Ú�Ô´Õ Ñ�ÜcÍFÝpÏ�Ñ�Ê�Ü£ØcÓ�	�Î�Ë<Ï$Í�Î|ÙRÎ|Í�Î�Ê®Ë<Î�ÒnÓ?Î|Ï�âZÎ|Î�Ê¾Þ®Í�Ø1Ë<Î�Ò�Ò�Î�ÒlÑ�ÊtÐ®Ñ�Ò�Ï�ÍFÑ©ÓQÌ�Ï�Î�Ð
Ë<Ø~Õ£ÞQÌ®Ï�Ñ�Ê�Ü�ß û ×�ÎLöQö1ô�ã�ËV×®ÝcÑ�Ê Ò�×®ØcÍ�Ï¤ã�Ë|Ì�Ï�Ï�Ñ�Ê�ÜkÏ�Î�ËF×®ÊQÑ��0Ì®ÎnÑ�Ò¢ÒFÑ�Õ Ñ�Ú�ÝpÍ�Ï�ØkÏ�×�ÎlÒFÑ�Õ£ÞQÚ©Î�Ì�ÞEÐ®ÝpÏ�ÎlÝpÏÛË|ÝcÚ�Ú�ÒÛÕ£Î|Ï�×�Ø1ÐEß

� �  ��kÄLÁBÄ )�� Ä � �HÄ�Ç! ZÂ?ÈFÄlÁ#"  $Á$ &%('*)+'¢ÁLÂ�� '¢Ç��£Á£È��TÆ$'��

û ×�ÎnÏ�Î�ËF×®Ê®Ñ
�0Ì�Î�Ò�Þ®Í�ØcÞ?Ø~Ò�Î�Ð Ñ�Ê Ï�×�ÎnÞ®ÍFÎ|ä.Ñ©Ø~ÌQÒ�Ò�Î�Ë<Ï�Ñ©Ø~Ê®ÒZÝpÍ�Î$ÓQÝcÒ�Î�Ð Ø~Ê Î<á1ÞQÚ©Ø~Ñ�Ï�Ñ�Ê�Ü�ç1Ê�ØuânÚ�Î�Ð�ÜcÎnÝpÓ?Ø~Ì�Ï�Ï�×�ÎlË|ÝcÚ�Úªã
Ñ�Ê�ÜjÝcÊ®ÐMÕ Øuä1Ñ�Ê�Ü]Ó?Î�×®Ýuä.Ñ�ØcÍnØcÙ¢Õ£ØcÓ	Ñ�Ú©Î�ØcÓ�	�Î�Ë<Ï�Ò|ßlü,ÝcÒ�Ñ:Ë|ÝcÚ�Ú©ÔcÖNÏ�âZØ´ËV×®ÝpÍFÝcË<Ï�Î|ÍFÑ�Ò�Ï�Ñ�Ë|Ò)ÝpÍ�Î
Ë<Ø~ÊQÒ�Ñ�Ð�Î|Í�Î�Ð � 0 " ��� ���!�#"#$
ØcÙÛË|ÝcÚ:Ú�Ò�ÝcÊ®ÐXÕ£ØDäcÎ�Ò�ÝcÊ®Ð ��2 . ��� �#"#$£ØcÙZÕ£ØDäcÎ�ÒTÝcÊ®ÐéË|ÝcÚ�Ú:Ò|ßBö.Ï�ÝpÓ	Ñ�Ú�Ñ©ÏhÔHÑ�ÊêÏ�×�Î£Ë|ÝcÒ�Î£ØcÙ,Ë|ÝcÚ�Ú�Ò)Õ£Î�ÝcÊ®Ò�Ï�×QÝpÏ�Õ£Ø~Ò�Ï
Ë|ÝcÚ�Ú�Ò
ÙRØcÍ Î�ÝcËF×þÌ®Ò�Î|Í£ØcÍFÑ©Ü~Ñ:Ê®ÝpÏ�Î�Ù6Í�Ø~Õ Ï�×®Î�ÒFÝcÕ£Î¾Ò�Î|Ï£ØcÙlÚ�Ø.Ë|ÝpÏ�Ñ©Ø~ÊQÒ|Ö�ÙRØcÍ Î<á1ÝcÕ ÞQÚ©ÎcÖ�Î�ÝcËV×þÌ®Ò�Î|Í£Õ ÝuÔÿÍFÎ�Ë<Î�Ñ©äcÎ
Õ£Ø~Ò�Ï�Ë|ÝcÚ:Ú�Ò)Ù6ÍFØ~Õ ÝtÒ�Þ?Î�Ë|Ñªà	ËBÒ�Î|Ï�ØcÙZÙRÍFÑ©Î�Ê®Ð®Ò�ÖNÙ7ÝcÕ Ñ�Ú�ÔHÝcÊ®ÐXÓQÌQÒ�Ñ�Ê�Î�Ò�ÒLÝcÒ�Ò�Ø1Ë|Ñ�ÝpÏ�Î�Ò|ß�ö.Ï�ÝpÓQÑ�Ú�Ñ�Ï�Ô¾ØcÙ,Õ£ØuäcÎ�ÒTÍ�Î|ÙRÎ|ÍFÒ
Ï�Ø£Ï�×�Î�Ù7ÝcË<Ï�Ï�×®ÝpÏ$Ì®Ò�Î|ÍVÒ,Ï�Î�Ê®Ð�Ï�Ø Õ£ØuäcÎkÑ�Ê®Ò�Ñ�Ð®ÎlÝ£Ò�Þ?Î�Ë|Ñªà	ËLÒ�Î|Ï�ØcÙ�Í�Î|Ü~Ñ©Ø~Ê®Ò�ß�å�ØcÍnÑ�Ê®Ò�Ï�ÝcÊ®Ë<ÎcÖ1Ï�×�Î|Ô´Õ]Ý�Ô´Ù6Ø~Ú�Ú�Øuâ�Ý
Ð®ÝcÑ�Ú�Ô�Í�Ø~Ì�Ï�Ñ�Ê®ÎcÖ~ÎcßæÜ�ß©Ö.Ð®ÍFÑ©äcÎ,Ù6ÍFØ~Õ�Ï�×�Î�Ñ©Í¢×�Ø~Õ Î�Ï�Ø�Ï�×�Î�Ñ©Í�ØpújË<ÎcÖ0ä.Ñ:Ò�Ñ©Ï�Ý)Þ®Í�Î�Ð�Î|Ï�Î|ÍVÕ Ñ�Ê�Î�Ð£Ê.Ì®ÕkÓNÎ|Í¯ØcÙEË|Ì®Ò�Ï�Ø~Õ Î|ÍFÒ|Ö
Í�Î|Ï�Ì�ÍVÊ�Ï�Ø Ï�×�Î�Ñ©Í$Øpú´Ë<ÎcÖ	ÝcÊ®Ð�Ï�×�Î�Ê¾ÓQÝcË�çtÏ�Ø Ï�×®Î�Ñ©Í$×�Ø~Õ£Îcß û ×®Ñ�Ò,ÞQÝpÏ�Ï�Î|ÍFÊHË|ÝcÊHËF×QÝcÊ�ÜcÎTÓQÌ®ÏZÍFÎ�Õ ÝcÑ�Ê®ÒZà®á1Î�ÐtÙRØcÍ
Ò�×�ØcÍFÏ$Þ?Î|ÍFÑ©Ø1Ð®Ò,ØcÙ�Ï�Ñ�Õ£Îcß ��Ø1Ë|ÝcÚ�Ñ©ÏhÔtÍ�Î|ÙRÎ|ÍFÒ$Ï�ØjÏ�×�ÎTÙ7ÝcË<ÏlÏ�×QÝpÏlÚ©Ø1Ë|ÝcÚ�ØcÞ?Î|ÍFÝpÏ�Ñ©Ø~ÊQÒnÝpÍ�Î
Ë<Ø~Õ Õ£Ø~ÊEß,É¤Ê¾ÞQÝpÍ�Ï�Ñ:Ë|Ì®Ú�ÝpÍ�Ö
Ñ�ÊtÏ�×®ÎTË|ÝcÒ�ÎTØcÙ�Ë|ÝcÚ�Ú:Ò|Ö®Ý]Ì®Ò�Î|Í$Ù6ÍFÎ��0Ì�Î�Ê0Ï�Ú©Ô´Í�Î�Ë<Î�Ñ©äcÎ�ÒLË|ÝcÚ�Ú�Ò�ÙRÍ�Ø~Õ!Ê®Î�ÝpÍ�Ó0Ô�ÞQÚ:ÝcË<Î�Ò|Ö®ân×®Ñ:Ú©Î�Ñ�ÊtÏ�×�ÎTË|ÝcÒ�ÎTØcÙ�Õ£ØuäcÎ�Ò�Ö
Ï�×�ÎTÌQÒ�Î|Í$Õ£ØuäcÎ�ÒlÏ�Ø]Ê�Î�Ñ�Ü~×�Ó?ØcÍ$Ú©Ø1Ë|ÝpÏ�Ñ©Ø~Ê®Ò$Õ ØcÍ�Î�ØcÙ6Ï�Î�ÊHÏ�×®ÝcÊtÏ�Ø ÍFÎ�Õ£ØcÏ�ÎTØ~Ê�Î�Ò�ß

,LÊ�ØcÏ�×�Î|Í�Ð�Î|Ï�Î|ÍFÕ]Ñ�Ê®ÝcÊ0Ï�ÙRÝcË<Ï�ØcÍ�Ñ:ÊTÐ�Î�Ò�Ñ�Ü~Ê®Ñ�Ê�ÜnÚ�Ø.Ë|ÝpÏ�Ñ©Ø~ÊkÏ�Î�ËF×QÊ®Ñ��.Ì�Î�Ò¨Ñ:Ò�Ï�×�ÎZÍ�Î�Ú�ÝpÏ�Ñ©äcÎÛÙ6ÍFÎ��0Ì�Î�ÊQË<Ô�ØcÙQË|ÝcÚ�Ú�Ò�ÝcÊ®Ð
Õ£ØDäcÎ�Ò�Î<á.ÞQÍ�Î�Ò�Ò�Î�ÐtÑ�ÊjÏ�×�Î�ÙRØcÍFÕ_ØcÙ¨Ò�Ø~Õ Î�Ë|ÝcÚ�ÚNÏ�Ø Õ£ØcÓQÑ�Ú�Ñ�Ï�Ô£ÍFÝpÏ�Ñ©Ø�ß�É¤Ê´ÜcÎ�Ê�Î|ÍFÝcÚ�Ö�Ï�Î�ËV×®Ê®Ñ��.Ì�Î�Ò,Ï�Î�Ê®Ð´Ï�Ø Ð�Î�Ë<ÍFÎ�ÝcÒ�Î
Ï�×�Î�Ë<Ø~Ò�Ï,ØcÙ§Î�Ñ�Ï�×�Î|Í,Ï�×�ÎLÕ ØuäcÎ�ØcÍ$Ë|ÝcÚ�ÚNØcÞ?Î|ÍFÝpÏ�Ñ©Ø~Ê�Ñ�ÊjÏ�×�ÎLÎ<á.Þ?Î�Ê®Ò�ÎLØcÙ§Ï�×®ÎLØcÏ�×®Î|Í�ß û ×.Ì®Ò|Ö.Ï�×�Î�Ë|ÝcÚ�ÚQÏ�Ø Õ ØcÓQÑ�Ú�Ñ©ÏhÔ
ÍFÝpÏ�Ñ©Ø¾Ð®Î|Ï�Î|ÍFÕ Ñ�Ê�Î�ÒLÏ�×�Î£Î<ú´Ë|ÝcË<ÔMØcÙZÏ�×�Î£Ï�Î�ËF×QÊ®Ñ��.Ì�Îcß
å¯Ñ©Ü~Ì®Í�Îtí|òtÒ�Ì®Õ Õ ÝpÍVÑ��|Î�ÒLÏ�×�Î£ä4ÝpÍVÑ©Ø~Ì®ÒLÏ�Î�ËF×®ÊQÑ��0Ì®Î�Ò)Ï�×®ÝpÏ
Î<á1ÞQÚ©Ø~Ñ©Ï$Ú©Ø1Ë|ÝcÚ�Ñ©ÏhÔcÖ®Ò�Ï�ÝpÓQÑ�Ú:Ñ©Ï�Ô�ÝcÊ®ÐtÏ�×�Î�Ë|ÝcÚ:ÚEÏ�ØjÕ£ØcÓ	Ñ�Ú�Ñ©ÏhÔ ÍFÝpÏ�Ñ©Ø�ß û ×�Î�Ò�Î�Ï�Î�ËV×®Ê®Ñ��.Ì�Î�Ò$ÝpÍ�ÎTØcÍ�Ï�×�ØcÜcØ~Ê®ÝcÚ �	Ï�×�Î|ÔtË|ÝcÊ
Ó?Î�Ë<Ø~ÕTÓ	Ñ�Ê�Î�Ð�ânÑ©Ï�×�Î�ÝcËV×HØcÏ�×®Î|Í�ß

üZÎ�Ò�Ñ�Ð®Î�Ò¢Ð�Î|äcÎ�Ú©ØcÞ	Ñ�Ê�Ü�Ï�Î�ËV×®Ê®Ñ��.Ì�Î�Ò�ÙRØcÍ¢Ï�×®Î$Î<újË|Ñ©Î�Ê0ÏÛÒ�Ï�ØcÍVÝpÜcÎlØcÙ�Ú©Ø1Ë|ÝpÏ�Ñ©Ø~ÊjÑ�Ê�ÙRØcÍFÕ ÝpÏ�Ñ©Ø~ÊEÖcÏ�×®ÎlÝcÐ�äpÝcÊ®Ë<Î�Õ£Î�Ê0Ï
ØcÙEÕ£Ø1Ð�Î�Ú�Ò¯ØcÙEÕ£ØuäcÎ�Õ Î�Ê�Ï,Ë|ÝcÊ Ó?Î$Ì®Ò�Î�Ð]Ñ�Ê£Ü~Ì®Ñ�ÐQÑ�Ê�Ü)Ï�×�ÎnÒ�Î�ÝpÍVËF× ÙRØcÍ¢Ï�×®ÎnË|Ì�Í�Í�Î�Ê0Ï�Ú©Ø1Ë|ÝpÏ�Ñ©Ø~Ê ØcÙEÝ�Õ ØcÓQÑ�Ú©Î,ØcÓ�	�Î�Ë<Ï
÷ Ò�Î|Î�ÙRØcÍ$Î<á�ÝcÕ£ÞQÚ©ÎcÖ§ìæñ �QÖ �póRøVÖ®ân×�Î�Ê�Ï�×®ÎTÒ�Ï�ØcÍ�Î�Ð¾Ñ:Ê�Ù6ØcÍVÕ ÝpÏ�Ñ©Ø~Ê�ÝpÓ?Ø~Ì�Ï$Ñ©Ï�Ò$Ú©Ø1Ë|ÝpÏ�Ñ©Ø~Ê¾Ñ:Ò�Ê�ØcÏ$Ë|Ì�Í�Í�Î�Ê0Ï�ØcÍ$Þ®ÍFÎ�Ë|Ñ�Ò�Îcß
å�ØcÍ�Ñ�Ê®Ò�Ï�ÝcÊ®Ë<ÎcÖ0Þ?ØcÏ�Î�Ê0Ï�Ñ�ÝcÚQÚ�Ø.Ë|ÝpÏ�Ñ©Ø~ÊQÒÛÕ ÝuÔ Ó?ÎnÒ�Î�ÝpÍFËV×�Î�Ð�Ñ�Ê]Ð®Î�Ò�Ë<Î�Ê®Ð®Ñ�Ê®Ü�ØcÍFÐ�Î|ÍÛØcÙ�Ï�×�ÎnÞQÍ�ØcÓQÝpÓQÑ�Ú:Ñ©Ï�Ô
ØcÙEÏ�×�Î)Ì®Ò�Î|Í
Ó?Î�Ñ�Ê�ÜBÏ�×�Î|Í�Îcß

,LÊkÑ:Õ£Þ?ØcÍ�Ï�ÝcÊ�Ï§ÞQÝpÍFÝcÕ£Î|Ï�Î|Í�ØcÙ®ÝcÊ�ÔkË|ÝcÚ�Ú�Ñ�Ê�Ü$ÝcÊQÐTÕ£ØDäcÎ�Õ£Î�Ê�Ï�Õ£Ø1Ð�Î�Ú0Ñ�Ò�Ï�Ñ�Õ Îcß û ×®Î¢Õ£Ø1Ð�Î�Ú�Ò§ÒF×�Ø~Ì®Ú�Ð�Ë|ÝpÞQÏ�Ì�Í�Î

ïcñ



Partition the locationsCache (replicate) at frequent callers

Calls

Stability

Moves

Locality

Pattern of Moves and Calls

Hierarchical structures

Small  LCMR Large  LCMR

Relative Frequence of Moves and Calls (LCMR)

Cache (replicate)Partial updates - forward pointers

å¯Ñ©Ü~Ì�Í�ÎLí|ò�� û Î�ËF×QÊ®Ñ��.Ì�Î�Ò¯ÝcÚ©Ø~Ê�ÜLÏ�×�Î��)Ñ�Õ Î�Ê®Ò�Ñ©Ø~Ê®Ò§ØcÙ ��Ø1Ë|ÝcÚ�Ñ©ÏhÔcÖ0ö.Ï�ÝpÓQÑ�Ú:Ñ©Ï�ÔcÖcÝcÊ®Ð£õ,ë�� ÷ Ë|ÝcÚ�Ú�Ï�Ø�Õ£ØcÓ	Ñ�Ú�Ñ©ÏhÔLÍVÝpÏ�Ñ©Ø0øVß

Dynamic (adaptive) or static

Per object, group of objects, geographical region

Variations

å¯Ñ©Ü~Ì�Í�Î ící �Zå®Ì�Í�Ï�×�Î|Í û Ý4á1Ø~Ê�Ø~ÕkÔ´ØcÙ �§Ø.Ë|ÝpÏ�Ñ©Ø~Ê û Î�ËV×®Ê®Ñ��.Ì�Î�Ò|ß

Ï�Î�Õ£Þ?ØcÍFÝcÚ®ËV×®ÝcÊ�ÜcÎ�ÒZÑ�Ê£Ï�×�ÎlÕ£ØuäcÎ�Õ£Î�Ê0Ï,ÝcÊ®Ð]Ë|ÝcÚ�Ú:Ñ�Ê�Ü�ÞQÝpÏ�Ï�Î|ÍFÊQÒ¢ÝcÊ®Ð£Ï�×®Î�Ñ©Í�Í�Î�Ú�ÝpÏ�Ñ�äcÎ$Ù6ÍFÎ��0Ì�Î�ÊQË<ÔBÝcÒ¢Ï�×�Î|Ô ÝpÞ®Þ?Î�ÝpÍ
Ð®Ì�ÍVÑ�Ê�ÜTÏ�×®Î)ÐQÝ�ÔcÖ®Ï�×�Î)âZÎ|Î|çjØcÍnÎ|äcÎ�Ê�Ï�×�Î�ÔcÎ�ÝpÍ�ß¢å�ØcÍlÑ�Ê®Ò�Ï�ÝcÊ®Ë<ÎcÖ1Ï�×�Î�Ï�ÍVÝ4újË)äcØ~Ú�Ì®Õ£Î)Ñ�Ê´âZÎ|Î|çcÎ�Ê®Ð®Ò$Ñ�Ò,Ð®Ñ©ùNÎ|Í�Î�Ê0Ï
Ï�×®ÝcÊ Ï�×®ÝpÏ�Ð®Ì�ÍFÑ:Ê�Ü ÝÿâÛØcÍ�ç1Ð®ÝuÔcß û ×0Ì®Ò�Ö$Ð�Ô.ÊQÝcÕ Ñ�ËHÝcÐQÝpÞ®Ï�ÝpÏ�Ñ©Ø~Ê Ï�ØýÏ�×�ÎêË|Ì®Í�Í�Î�Ê0Ï]ÞQÝpÏ�Ï�Î|ÍFÊ"ÝcÊ®Ð ÍFÝpÏ�Ñ�Ø Ñ�Ò´Ý
Ð�Î�Ò�Ñ�ÍFÝpÓQÚ©Î£ËF×QÝpÍFÝcË<Ï�Î|ÍFÑ�Ò�Ï�Ñ:Ë£ØcÙ�Ú©Ø.Ë|ÝpÏ�Ñ�Ø~ÊXÏ�Î�ËF×®ÊQÑ��0Ì®Î�Ò|ß ,LÊ�ØcÏ�×�Î|ÍkÑ:Ò�Ò�Ì�Î Ñ�Ò)Ï�×®Î ÓQÝcÒ�Ñ�Ò�Ø~ÊXân×®Ñ�ËV×XÎ�ÝcËF×ÿÚ©Ø1Ë|ÝpÏ�Ñ©Ø~Ê
Ï�Î�ËF×QÊ®Ñ��.Ì�ÎkÑ�ÒnÎ�Õ£ÞQÚ©ØDÔcÎ�ÐEß$å�ØcÍ�Ñ�Ê®Ò�Ï�ÝcÊ®Ë<ÎcÖ	Ý´Ò�Þ?Î�Ë|Ñªà	Ë�Ú©Ø1Ë|ÝpÏ�Ñ©Ø~ÊMÏ�Î�ËF×®ÊQÑ��0Ì®ÎkÕ ÝuÔtÓNÎTÎ�Õ£ÞQÚ©ØDÔcÎ�ÐMØ~ÊMÝ]Þ?Î|ÍLÌ®Ò�Î|Í
ÓQÝcÒ�Ñ:Ò|ß�,lÚ�Ï�Î|ÍFÊ®ÝpÏ�Ñ©äcÎ�Ú©ÔcÖ�Ï�×®Î�Ï�Î�ËF×®Ê®Ñ
�0Ì�Î�Õ]Ý�Ô�Ó?Î)ÝcÐ®ØcÞ®Ï�Î�Ð¾ÙRØcÍnÝcÚ�ÚEô,õ$ö´Ì®Ò�Î|ÍFÒ,ØcÍnÙ6ØcÍnÝ ÜcÍ�Ø~Ì�Þ¾ØcÙ¯Ì®Ò�Î|ÍFÒ,Ó	ÝcÒ�Î�Ð
Î�Ñ©Ï�×�Î|Í¢Ø~Ê£Ï�×�Î�Ñ©Í�ÜcÎ|ØcÜcÍVÝpÞQ×®Ñ�Ë|ÝcÚ®Ú�Ø.Ë|ÝpÏ�Ñ©Ø~Ê ÷ Ñ�ßæÎcÖ0ÝcÚ�Ú�ÌQÒ�Î|ÍFÒ�Ñ�Ê£ÝTÒ�Þ?Î�Ë|Ñªà	ËZÍ�Î|Ü~Ñ©Ø~Ê	øVÖ�Ø~Ê Ï�×�Î�Ñ©Í�Õ ØcÓQÑ�Ú�Ñ©ÏhÔkÝcÊ®Ð£Ë|ÝcÚ:Ú�Ñ�Ê�Ü
ËF×QÝpÍFÝcË<Ï�Î|ÍFÑ�Ò�Ï�Ñ:Ë|Ò ÷ Ñ�ßæÎcß©Ö®ÝcÚ�ÚQÌ®Ò�Î|ÍFÒ¢Ï�×QÝpÏZÍFÎ�Ë<Î�Ñ©äcÎ�ÝkÚ�ÝpÍFÜcÎLÊ.Ì®ÕkÓNÎ|ÍÛØcÙ§Ë|ÝcÚ�Ú�Ò@ø�ØcÍ�Ý
Ë<Ø~ÕTÓQÑ:Ê®ÝpÏ�Ñ©Ø~ÊjØcÙ�Ó?ØcÏ�×Eß�å�Ñ�Ü~Ì�Í�Î
ící�Ò�ÌQÕ Õ ÝpÍFÑ��|Î�Ò,Ï�×®Î�Ò�Î�Ï�âZØjÐQÑ�Õ£Î�Ê®Ò�Ñ�Ø~Ê®ÒZØcÙ�Ú©Ø1Ë|ÝpÏ�Ñ©Ø~ÊtÏ�Î�ËV×®Ê®Ñ��.Ì�Î�Ò|ß

û ÝpÓQÚ©ÎÛï$ÝcÊ®Ð ��ÒFÌ®Õ Õ ÝpÍFÑ��|Î�Ò�Ë<ØcÍ�Í�Î�Ò�Þ?Ø~Ê®ÐQÑ�Ê�Ü~Ú©Ô$Ï�×®Î�ä4ÝpÍVÑ�ÝpÏ�Ñ©Ø~Ê®Ò§ØcÙ.Ï�×®Î�Ï�âZØpã�Ï�Ñ©Î|Í¯ÝcÊ®ÐT×®Ñ�Î|ÍFÝpÍFËF×QÑ�Ë|ÝcÚcÚ©Ø1Ë|ÝpÏ�Ñ©Ø~Ê
Ò�ËV×�Î�Õ£ÎTÝcÊ®Ð¾Ï�×�Î�Ñ©Í�Þ®Í�ØcÞ?Î|Í�Ï�Ñ�Î�Ò|ß

ö1Ñ:Ê®Ë<Î,Ï�×�Î$Þ?Î|Í�ÙRØcÍFÕ ÝcÊ®Ë<Î,ØcÙ?Õ£Ø~Ò�Ï¢Ú©Ø1Ë|ÝpÏ�Ñ©Ø~Ê£Ï�Î�ËV×®Ê®Ñ��.Ì�Î�Ò�Ð�Î|Þ?Î�Ê®ÐQÒ¯Ø~Ê£Ï�×�Î$Ë|ÝcÚ�Ú�Ï�ØkÕ£ØcÓQÑ�Ú�Ñ�Ï�Ô�ÍFÝpÏ�Ñ�Ø ÷ õ,ë �)øVÖ
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Call Stability

Call Stability

When x is called by y,
cache x’s location at
y’s zone

Selectively replicate 
x’s address at the 
zones from which
it receives the most 
calls

When x moves,
add a forwarding 
pointer from its old
to its new address

Cache update overhead
occurs at moves

Cache update overhead
occurs at  calls

Additional constraints are set
on the number of  replicas per  
site and on the number
of replicas per user

the replication sites are computed
dynamically by each
mobile host locally

Restrict the length of the chain of forwarding 
pointers

Small LCMR

Large LCMR  

Large LCMR  Eager caching:

Lazy caching:

Per-user Profile
Replication:

Working Set:

Caching

Replication

Forwarding Pointers

Method Variations Applicable  when:

Adaptive and distributed: 
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Replication

Caching

Method

Selectively replicate x’s location at internal and/or
leaf databases.

When x at zone i is called by user y at zone j,
cache at a node on the path from j to LCA(i, j)
a pointer to a node on the path from i to LCA(i, j)

to be used by any subsequent call to x from zone j.

Forwarding Pointers When and how to purge

Up to which tree level
to maintain cache entries

When to update cache entries

the forwarding pointers

Setting the level m

resides instead of its exact location
Keep information about the partition in which the user
crosses the boundary of a partition rarely. 
the user  moves inside a partition  frequently and
Divide the locations  into sets (partitions) so that

Partitions

When x moves from cell i to cell j, instead of updating
all databases on the path from i to LCA(i, j) and from

LCA(i, j) to j, update all databases up to some level m 

and add a forwarding pointer at the level m ancestor  
of i to point to the level m ancestor of j.

Issues/Variations

Large CMR

Call Stability

Call Stability

Move Stability

Small LCMR

Large CMR

Appropriate when:
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×®Ñ©Î|ÍVÝpÍFËF×®Ñ:Ë|ÝcÚEÒ�ËF×�Î�Õ Î�ÒnÝcÊ®ÐtÏ�×®Î�Ñ©Í�Î�Ê®×®ÝcÊ®Ë<Î�Õ Î�Ê�Ï�ÒlÑ�Ò�ÝcÊHÑ�Ê0Ï�Î|Í�Î�Ò�Ï�Ñ:Ê�Ü�Ö�ÓQÌ�Ï�Ú©Î�Ò�ÒnÒ�Ï�Ì®Ð®Ñ©Î�Ð�Ö.ÍFÎ�Ò�Î�ÝpÍFËF×HÞ®Í�ØcÓQÚ�Î�Õtß
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ö1Ñ�ÊQË<Î)Ë|ÝcÚ:ÚNÝcÊQÐtÕ£ØuäcÎ�ØcÞ?Î|ÍFÝpÏ�Ñ�Ø~Ê®Ò�ÝpÍ�ÍFÑ©äcÎ�Ë<Ø~Ê®Ë|Ì®Í�Í�Î�Ê0Ï�Ú©ÔjÝcÊ®ÐtÝcÒ�Ô.Ê®ËV×�Í�Ø~Ê�Ø~ÌQÒ�Ú©ÔcÖ�Ë<Ø~Ê®Ë|Ì�Í�ÍFÎ�Ê®Ë<ÔjË<Ø~Ê0Ï�Í�Ø~Ú�Ñ�ÒFÒ�Ì�Î�Ò
ÝpÍFÑ�Ò�ÎcßkÉ�ÙÛÊ�Ø¾Ò�ÞNÎ�Ë|Ñ:ÝcÚ¨Ï�ÍFÎ�ÝpÏ�Õ£Î�Ê�ÏkÑ�Ò)Þ®Í�ØDä.Ñ�Ð®Î�ÐMÙRØcÍ�Ë<Ø~Ê®Ë|Ì�ÍFÍ�Î�Ê®Ë<ÔcÖ§ÝtË|ÝcÚ�Ú�Õ]Ý�ÔêÍ�Î�ÝcÐXØcÓQÒ�Ø~Ú�Î|Ï�Î Ú©Ø.Ë|ÝpÏ�Ñ�Ø~ÊXÐ®ÝpÏ�Ý
ÝcÊ®ÐHÙRÝcÑ�Ú?Ï�ØjÏ�ÍFÝcË�çHÏ�×�ÎTË|ÝcÚ�Ú©Î|ÎcßZÉ¤Ê¾Ï�×®Ñ�ÒnË|ÝcÒ�ÎcÖ	Ï�×®ÎTË|ÝcÚ�Ú�Ñ�ÒlÚ©Ø~Ò�ÏnÝcÊQÐ¾Ñ�Ò�Í�Î�Ñ:Ò�Ò�Ì�Î�Ð¾ÝcÊ®Î|â�ß û ×®Ñ�Ò�Ò�Ñ�Õ ÞQÚ©Î�Õ£Î|Ï�×�Ø1Ð
Ð�Ø.Î�Ò£Ê�ØcÏBÞ®Í�ØDä.Ñ�Ð®Î�ÝcÊ0ÔÿÌ®Þ®Þ?Î|Í
Ó?Ø~Ì®ÊQÐ Ø~ÊýÏ�×�ÎtÊ.Ì®ÕkÓNÎ|ÍBØcÙLÏ�ÍFÑ©Î�ÒBÝXË|ÝcÚ�Ú�×®ÝcÒBÏ�Ø Õ]ÝpçcÎtÓNÎ|ÙRØcÍ�ÎtÚ©Ø1Ë|ÝpÏ�Ñ�Ê�ÜXÝ
Õ£ØDä.Ñ�Ê®Ü Ì®Ò�Î|Í�ß

õZØ~ÊQË|Ì�Í�Í�Î�Ê®Ë<Ô Ñ:Ò�Ò�Ì�Î�Ò]ÜcÎ|Ï�Õ ØcÍ�ÎêÑ:Ê�äcØ~Ú©äcÎ�Ð"Ñ�Ê ×®Ñ©Î|ÍVÝpÍFËF×®Ñ:Ë|ÝcÚnÚ©Ø1Ë|ÝpÏ�Ñ©Ø~Ê Ò�ËF×�Î�Õ Î�Ò|ß�É�Ê Ò�Ì®ËV× ÒFËF×�Î�Õ£Î�Ò�ÖlÝ
Ú©Ø.Øcç.Ì®Þ¾ØcÞ?Î|ÍFÝpÏ�Ñ©Ø~Ê¾ÍFÎ�Ò�Ì®Ú©Ï�Ò$Ñ:Ê¾Ý]Ò�Î��.Ì�Î�Ê®Ë<ÎkØcÙ��0Ì®Î|Í�Ô�ØcÞNÎ|ÍVÝpÏ�Ñ©Ø~Ê®Ò$Ñ�ÒFÒ�Ì�Î�Ð¾ÝpÏLÚ©Ø.Ë|ÝpÏ�Ñ�Ø~ÊHÐ®ÝpÏ�ÝpÓQÝcÒ�Î�ÒLÝpÏlä4ÝpÍVÑ©Ø~Ì®Ò
Ú©Î|äcÎ�Ú�Ò)Ñ�ÊêÏ�×�Î£×®Ñ�Î|ÍFÝpÍFËF×0Ôcß
ö1Ñ:Õ Ñ�Ú�ÝpÍFÚ�ÔcÖ	Ý�Õ£ØuäcÎ]ØcÞNÎ|ÍVÝpÏ�Ñ©Ø~ÊéË|ÝcÌ®Ò�Î�Ò�Ý�Ò�Î��.Ì�Î�Ê®Ë<Î£ØcÙÛÌ®Þ?ÐQÝpÏ�ÎkØcÞ?Î|ÍFÝpÏ�Ñ©Ø~ÊQÒlÏ�ØtÓ?Î
Î<á1Î�Ë|Ì�Ï�Î�Ð Ø~ÊýäpÝpÍFÑ©Ø~Ì®ÒBÚ©Ø1Ë|ÝpÏ�Ñ©Ø~Ê Ð®ÝpÏ�ÝpÓQÝcÒ�Î�Ò|ß û ×®Î�ÌQÊ®Ð�Î|ÍFÚ©Ô1Ñ�Ê�ÜMÝcÒ�Ò�Ì®Õ£ÞQÏ�Ñ©Ø~ÊÿÒ�ØêÙ7ÝpÍ£â,ÝcÒ£Ï�×®ÝpÏ£Õ£ØuäcÎ�ÒjÝcÊ®Ð
Ë|ÝcÚ�Ú�Ò�ÝpÍFÍFÑ©äcÎ Ò�Î��.Ì�Î�Ê0Ï�Ñ�ÝcÚ�Ú©ÔêÝcÊ®ÐXÏ�×�Î|ÔéÝpÍ�Î ×®ÝcÊ®ÐQÚ©Î�ÐéØ~Ê�Î ÝpÏTÝtÏ�Ñ:Õ£Îcß û ×0ÌQÒ|Ö§Ñ©Ï�â,ÝcÒ�ÝcÒ�Ò�ÌQÕ£Î�ÐXÏ�×®ÝpÏ�Ï�×®Î|Í�Î Ñ�Ò
Ê�Ø£Ñ�Ê0Ï�Î|ÍFÚ©Î�Ýuä.Ñ�Ê®Ü
Ó?Î|ÏhâÛÎ|Î�ÊtÏ�×®Î �0Ì�Î|ÍVÑ©Î�Ò,ÝcÊ®Ð�Ï�×�Î�Ì�ÞEÐ®ÝpÏ�Î�Ò,ØcÙ¨Ï�×�Î�ä4ÝpÍVÑ©Ø~Ì®Ò,Ë|ÝcÚ�ÚEÝcÊ®ÐtÕ£ØDäcÎ�ØcÞ?Î|ÍFÝpÏ�Ñ©Ø~Ê®Ò�ß û ×®Ñ�Ò
Ñ�Ò,ÝBÍ�Î�ÝcÒ�Ø~ÊQÝpÓQÚ©Î�ÝcÒ�Ò�Ì®Õ Þ®Ï�Ñ©Ø~Ê´Ø~Ê®Ú©Ô´Ñ©Ù§ÝcÚ�Ú?Ê�Î|ÏhâÛØcÍ�çtÝcÊ®Ð�Ð®ÝpÏ�ÝpÓ	ÝcÒ�Î�ØcÞ?Î|ÍFÝpÏ�Ñ©Ø~Ê®Ò�ÝpÍFÎLÞ?Î|Í�ÙRØcÍFÕ£Î�Ð�Ñ�Ê�Ê�Î|Ü~Ú:Ñ©Ü~Ñ©ÓQÚ©Î
Ï�Ñ�Õ£Îcß û ×�Î|ÍFÎ�ÝpÍFÎtä4ÝpÍFÑ�Ø~Ì®Ò£ÝpÞ®Þ®Í�Ø~ÝcËV×�Î�Ò£Ï�ØXÏ�×�ÎtÞQÍ�ØcÓQÚ©Î�Õtßÿå�ØcÍjÑ�ÊQÒ�Ï�ÝcÊ®Ë<ÎcÖ¢Ò�Î|Ï�Ï�Ñ:Ê�Ü ÝpÏ£Ï�×�ÎtØ~Ú�Ð ÝcÐ®Ð®Í�Î�Ò�Ò£Ý
ÙRØcÍ�âZÝpÍVÐ®Ñ�Ê�Ü´Þ?Ø~Ñ�Ê�Ï�Î|Í)Ï�ØtÏ�×�Î Ê®Î|â Ú©Ø.Ë|ÝpÏ�Ñ�Ø~ÊXÑ�Ò)Ê�Î�Ë<Î�Ò�Ò�ÝpÍ�ÔêÏ�ØtÎ�Ê®Ò�Ì®Í�ÎBÏ�×®ÝpÏ�Ë|ÝcÚ�Ú�ÒLÏ�×®ÝpÏ�âZÎ|Í�Î Ñ�Ò�ÒFÌ�Î�ÐHÞQÍFÑ©ØcÍ)Ï�Ø
Ï�×�Î]Õ ØuäcÎ�Õ£Î�Ê0ÏkÝcÊ®Ð Ï�×0ÌQÒ�ÝpÍ�ÍFÑ©äcÎ ÝpÏkÏ�×�Î£Ø~Ú�Ð ÝcÐQÐ�Í�Î�Ò�Ò�âlÑ�Ú�Ú¯Ê�ØcÏ�Ó?Î Ú©Ø~Ò�Ï|ß]ÉhÙ,ÝtÏ�ÍFÝcÊ®ÒFÝcË<Ï�Ñ©Ø~Ê®ÝcÚ¢ÝpÞQÞ®Í�Ø~ÝcËF×ÿÑ�Ò
ÝcÐ�ØcÞ®Ï�Î�Ð�ÖÛÏ�ÍFÝcÐQÑ©Ï�Ñ©Ø~Ê®ÝcÚ,Ð®ÝpÏ�ÝpÓQÝcÒ�ÎHË<Ø~Ê®Ë|Ì�Í�ÍFÎ�Ê®Ë<Ô Ë<Ø~Ê0Ï�Í�Ø~ÚnÏ�Î�ËF×®Ê®Ñ
�0Ì�Î�Ò£ÝpÍFÎHÌ®Ò�Î�ÐýÏ�Ø Î�Ê®Ù6ØcÍFË<ÎHÏ�×®ÝpÏ£Î�ÝcËF× Ë|ÝcÚ�Ú
ÝcÊ®Ð Õ£ØuäcÎtØcÞ?Î|ÍFÝpÏ�Ñ�Ø~ÊÿÑ�ÒkÎ<á1Î�Ë|Ì�Ï�Î�Ð ÝcÒBÝHÏ�ÍFÝcÊQÒ�ÝcË<Ï�Ñ©Ø~ÊEÖ�Ñ�ßæÎcß©Ö�ÝcÊýÑ�Ò�Ø~Ú�ÝpÏ�Î�ÐÿÌQÊ®Ñ©Ï|ß û ×®Ñ�ÒTÝpÞQÞ®Í�Ø~ÝcËF×ýÑ�Ò
×®Ñ©Ü~×QÚ©Ô
Ñ�Õ£ÞQÍFÝcË<Ï�Ñ�Ë|ÝcÚ�Ö¯Ò�Ñ�Ê®Ë<ÎcÖ�ÙRØcÍBÑ�Ê®Ò�Ï�ÝcÊ®Ë<ÎcÖ�ÝcË��.Ì®Ñ©ÍFÑ:Ê�ÜHÚ©Ø1Ë�ç1ÒBÝpÏ
ÝcÚ�ÚZÐ®Ñ�Ò�Ï�ÍFÑ©ÓQÌ�Ï�Î�Ð Ð®ÝpÏ�ÝpÓQÝcÒ�Î�ÒBÑ�Ê0äcØ~Ú©äcÎ�ÐýÑ�Ê ÝêË|ÝcÚ�ÚÛØcÍ
Õ£ØDäcÎTØcÞ?Î|ÍFÝpÏ�Ñ©Ø~Ê¾Ë|ÝcÌQÒ�Î�Ò�Þ®Í�Ø~×QÑ©ÓQÑ©Ï�Ñ©äcÎ)Ð�Î�Ú�ÝuÔ.Ò�ß

, Õ£ØcÍ�Î£Þ®ÍFÝcË<Ï�Ñ:Ë|ÝcÚ�ÝpÞQÞ®Í�Ø~ÝcËF× Ñ�ÒLÓQÝcÒ�Î�ÐéØ~ÊXÑ�Õ£Þ?Ø~Ò�Ñ:Ê�Ü]ÝtÒ�Þ?Î�Ë|Ñªà	ËkØcÍFÐ�Î|Í�Ø~ÊéÏ�×®Î
â,Ý�ÔéÌ�ÞEÐ®ÝpÏ�Î�Ò)ÝpÍ�Î£Þ?Î|Í�ã
ÙRØcÍFÕ£Î�ÐEß É¤ÊþÞ	ÝpÍ�Ï�Ñ�Ë|Ì®Ú�ÝpÍuÖZÌ�Þ?Ø~Ê Ý Õ£ØDäcÎêØcÞ?Î|ÍFÝpÏ�Ñ�Ø~Ê ÙRÍ�Ø~Õ �
Ï�Ø ��Ö�àQÍVÒ�Ï Î�Ê0Ï�ÍFÑ©Î�Ò´ÝpÏjÏ�×�ÎMÞQÝpÏ�× Ù6Í�Ø~Õ �ÿÏ�Ø
� ��� ÷ � 
 �0ø¢ÝpÍ�ÎlÝcÐ®Ð®Î�Ð]Ñ�ÊjÝ�Ó?ØcÏ�Ï�Ø~ÕBã�Ì�ÞjÙRÝcÒ�×QÑ©Ø~Ê]ÝcÊ®Ð]Ï�×�Î�Ê Ï�×®ÎnÎ�Ê0Ï�ÍFÑ©Î�ÒZÝpÏ¢Ï�×�ÎlÞQÝpÏ�×]ÙRÍ�Ø~Õ«Ï�×�Î ���	� ÷ ��
 �0ø�Ï�Ø
�ÛÝpÍFÎkÐ�Î�Ú©Î|Ï�Î�ÐHÑ�Ê¾Ý£Ï�ØcÞ�ã�Ð®ØuânÊMÙRÝcÒF×®Ñ©Ø~ÊEßZö1ÞNÎ�Ë|Ñ:ÝcÚEË|ÝpÍ�ÎkÕ
Ì®Ò�Ï$Ó?Î�Ü~Ñ©äcÎ�ÊMÒ�Ø Ï�×®ÝpÏLÐ®Ì�ÍFÑ:Ê�ÜBÏ�×�ÎTÐ�Î�Ú©Î|Ï�ÎTÞQ×®ÝcÒ�Î�ØcÙ
Ý]Õ ØuäcÎ
ØcÞNÎ|ÍVÝpÏ�Ñ©Ø~ÊEÖQÝcÊHÎ�Ê�Ï�Í�Ô¾ÝpÏLÝ]Ú©Î|äcÎ�Ú+0 � íkÐ®ÝpÏ�ÝpÓQÝcÒ�Î
Ñ�ÒnÐ�Î�Ú�Î|Ï�Î�Ð¾Ø~Ê®Ú©Ô�ÝpÙRÏ�Î|ÍLÒ�Î|ÍFä.Ñ�Ë|Ñ:Ê�Ü ÝcÚ�Ú�Ú©Ø.Øcç1Ì�ÞQÒ�ÙRØcÍ
×®Ñ©Ü~×®Î|Í�ã�Ú©Î|äcÎ�Ú�Ð®ÝpÏ�ÝpÓ	ÝcÒ�Î�Ò|ß�å�ØcÍ�ÝcÊHÝpÞ®Þ	Ú�Ñ�Ë|ÝpÏ�Ñ©Ø~Ê�ØcÙ�Ï�×®Ñ:Ò$ÝpÞ®Þ®Í�Ø~ÝcËV×HÏ�ØjÏ�×�Î�Í�Î|Ü~Ñ�Ø~Ê®ÝcÚ§Õ ÝpÏ�ËV×®Ñ�Ê�ÜjÕ£Î|Ï�×�Ø1Ð¾Í�Î|ÙRÎ|Í
Ï�ØMìæð4ó§ÝcÊQÐtÙ6ØcÍlÝcÊHÝpÞ®ÞQÚ:Ñ�Ë|ÝpÏ�Ñ©Ø~Ê´Ï�Ø Ï�Í�Î|Î<ã�Ò�Ï�ÍVÌ®Ë<Ï�Ì�Í�ÎTÝpÍVËF×®Ñ©Ï�Î�Ë<Ï�Ì®Í�Î�Ò$Ï�ØMì � �pó�ß

�"×�Î�ÊXÝ�Í�Î|ÞQÚ:Ñ�Ë|ÝpÏ�Ñ©Ø~ÊéÒ�ËF×®Î�Õ£Î Ñ�Ò�Ì®Ò�Î�Ð�ÖEÏ�×�Î|Í�Î£Ñ�Ò�Ý�Ê�Î|Î�ÐXÙRØcÍ�Ð�Î|ÞQÚ©ØDÔ.Ñ:Ê�Ü´Ë<Ø~×®Î|Í�Î�Ê®Ë<ÔéË<Ø~Ê�Ï�Í�Ø~Ú�Þ®Í�ØcÏ�Ø1Ë<Ø~Ú�Ò|Ö
Ï�ØÿÕ]ÝcÑ�Ê�Ï�ÝcÑ:Ê Ë<Ø~Ê®Ò�Ñ�Ò�Ï�Î�Ê�Ï ÍFÎ|ÞQÚ�Ñ�Ë|ÝcÒ£Î|äcÎ|ÍFÔ Ï�Ñ�Õ£Î¾Ï�×�ÎMÌ®Ò�Î|Í]Õ£ØDäcÎ�Ò|ßèõZØ~×�Î|Í�Î�ÊQË<ÔýË<Ø~Ê0Ï�Í�Ø~ÚLÑ�Ò ÝXâZÎ�Ú�Úªã�Ò�Ï�Ì®Ð®Ñ©Î�Ð
Þ®Í�ØcÓ	Ú©Î�Õ�Ñ:Ê Ï�ÍFÝcÊQÒ�ÝcË<Ï�Ñ©Ø~Ê Õ ÝcÊ®ÝpÜcÎ�Õ Î�Ê�ÏHìªící<ó�ß �nØDâÛÎ|äcÎ|Í�ÖZÏ�ÍFÝcÐ®Ñ�Ï�Ñ©Ø~Ê®ÝcÚZÝpÞ®Þ®Í�Ø~ÝcËV×�Î�ÒBÓQÝcÒ�Î�Ð Ø~Ê Ð®Ñ�Ò�Ï�ÍFÑ©ÓQÌ�Ï�Î�Ð
Ú©Ø1Ë�ç1Ò´ØcÍjÏ�Ñ�Õ Î�Ò�Ï�ÝcÕ£ÞQÒ�Õ ÝuÔ Ó?ÎHÎ<á1ÞNÎ�ÊQÒ�Ñ©äcÎcÖ$Ï�×.Ì®ÒjØcÏ�×�Î|Í�Ï�Î�ËF×®Ê®Ñ
�0Ì�Î�ÒjÏ�×®ÝpÏ�Î�Ê®Ò�Ì®Í�ÎMÝ Ú©Î�Ò�Ò´Ò�Ï�ÍFÑ�Ë<ÏjÙ6ØcÍVÕ ØcÙ
Í�Î|ÞQÚ:Ñ�Ë|ÝtË<Ø~Ê®Ò�Ñ�Ò�Ï�Î�Ê®Ë<Ô Õ Ý�ÔXÓ?Î]ÝcÐ®ä4ÝcÊ®Ë<Î�Ð�ß¾å�ØcÍkÎ<á�ÝcÕ£ÞQÚ�ÎcÖ�Ñ©Ù,Ï�×�Î|ÍFÎ]Ñ�ÒTÝcÊ �)���_ØcÍkÝHÕ]ÝcÒ�Ï�Î|Í
Ë<ØcÞ.Ô Ï�×®ÝpÏ
Ñ�Ò
ÝcÚ©â,Ý�Ô1Ò$Ë<Ø~Ê®Ò�Ñ:Ò�Ï�Î�Ê�Ï|Ö	Ñ�ßæÎcÖ®Õ ÝcÑ�Ê0Ï�ÝcÑ�Ê®ÒZÏ�×�Î�Õ£Ø~Ò�Ï$Ì�Þ�ã�Ï�Øpã�Ð®ÝpÏ�ÎTÚ�Ø.Ë|ÝpÏ�Ñ©Ø~Ê�Ö.Ï�×®Î�Ê¾Ý£Ú©Ø.Øcç.Ì�ÞtË|ÝcÊtÍFÎ�Ú©Ô]Ø~ÊtÏ�×QÑ�Ò,Ë<ØcÞ0Ô
Ï�Ø Ú©Ø1Ë|ÝpÏ�Î�Ï�×�Î�Ì®Ò�Î|Í,ân×�Î�Ê´Ï�×�Î�Ú©Ø1Ë|ÝpÏ�Ñ©Ø~ÊtÝpÏ$Ý
Í�Î|ÞQÚ:Ñ�Ë|ÝTÞQÍ�ØuäcÎ�Ò�Ï�Ø£Ó?ÎLØcÓQÒ�Ø~Ú©Î|Ï�Îcß�,lÊ�ØcÏ�×®Î|Í$ÝpÞ®Þ®Í�Ø~ÝcËV×tÑ�ÒZÏ�Ø Ì®Ò�Î
ÙRØcÍ�âZÝpÍVÐ®Ñ�Ê�Ü´Þ?Ø~Ñ�Ê�Ï�Î|ÍVÒlÝpÏ�Ï�×�ÎBØ~Ú�ÐéÚ©Ø1Ë|ÝpÏ�Ñ©Ø~ÊêÏ�Ø¾×®ÝcÊ®ÐQÚ©ÎkÝcÊ0ÔMÑ�ÊQË<Ø~Õ Ñ�Ê�Ü�Ë|ÝcÚ�Ú�Ò)Ð®Ñ©ÍFÎ�Ë<Ï�Î�ÐMÏ�×®Î|Í�ÎBÙ6Í�Ø~Õ ØcÓQÒ�Ø~Ú©Î|Ï�Î
Í�Î|ÞQÚ:Ñ�Ë|ÝcÒ|ß
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�)ÝpÏ�ÝpÓQÝcÒ�Î)Í�Î�Ë<ØDäcÎ|Í�ÔjÑ�Ò¢Í�Î��.Ì®Ñ©Í�Î�Ð ÝpÙRÏ�Î|Í,Ï�×�ÎnÙ7ÝcÑ�Ú�Ì®Í�Î$ØcÙ�Ý
Ú©Ø.Ë|ÝpÏ�Ñ�Ø~Ê]Ð®ÝpÏ�ÝpÓQÝcÒ�Îcß�É�Ê]Ï�×�Î)Ë|ÝcÒ�ÎlØcÙEÏ�×®Î � ��� ���)���
Î�Ñ©Ï�×�Î|ÍLÏ�×�Î � ����Ö	Ï�×�Î � ���TÖ	ØcÍLÓ?ØcÏ�×MÕ]Ý�Ô¾Ó?ÎTÞ?Î|ÍFÑ�Ø.Ð®Ñ:Ë|ÝcÚ�Ú©ÔjËV×�Î�Ë�ç.Þ?Ø~Ñ�Ê0Ï�Î�ÐEßlÉ�Ù�Ï�×®Ñ�ÒlÑ�ÒlÏ�×�ÎkË|ÝcÒ�ÎcÖ�ÝpÙRÏ�Î|Í)Ï�×�Î
Ù7ÝcÑ�Ú�Ì�Í�Î)Ï�×�Î�Ó	ÝcË�ç1Ì�ÞHÑ�Ò�ÍFÎ�Ò�Ï�ØcÍ�Î�ÐEß �lØuâZÎ|äcÎ|Í�ÖNÒ�Ø~Õ£Î�ØcÙ�Ï�×�Î�Í�Î�Ë<ØcÍVÐ®Ò�ØcÙ¯Ï�×�Î�ÓQÝcËFç.Ì�ÞMÕ Ý�Ô�Ó?Î�ØcÓQÒ�Ø~Ú©Î|Ï�Îcß
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É�Ù§Ï�×�Î � ���èÑ�Ò�ËF×�Î�ËFç0Þ?Ø~Ñ�Ê0Ï�Î�ÐEÖ®Ï�×®Î�ÓQÝcË�ç1Ì�Þ¾Í�Î�Ë<ØcÍVÐ¾Ñ�Ò,Í�Î�Ë<ØDäcÎ|Í�Î�ÐMÝcÊQÐtÌ®Ò�Î�ÐtÌ�Þ?Ø~Ê�Ý£Ù7ÝcÑ�Ú�Ì�Í�Îcß¯É�Ù§Ï�×�Î�Ó	ÝcË�ç1Ì�Þ
Ñ�Ò�ØcÓ	Ò�Ø~Ú©Î|Ï�ÎcÖQÏ�×®Î�ÊHÝcÚ�ÚEÝpÍ�Î�ÝcÒlânÑ©Ï�×QÑ�Ê´Ï�×�Î � ��� ÕkÌ®Ò�Ï$Ó?Î�ÞQÝpÜcÎ�ÐHÏ�ØjÑ�Ð�Î�Ê0Ï�Ñ©Ù6Ô´Ï�×�ÎTÕ ØcÓQÑ�Ú©Î�Ì®Ò�Î|ÍVÒ$Ë|Ì�Í�Í�Î�Ê0Ï�Ú©Ô�Ñ�Ê
Ï�×�Î � ��� � Ò �|Ø~Ê®Îcß û ×.Ì®Ò|Ö.Ï�×�Î)Í�Î�Ò�Ï�ØcÍFÝpÏ�Ñ©Ø~Ê�ÞQÍ�Ø.Ë<Î�ÐQÌ�Í�Î)Ñ�Ò,Ê�ØcÏ�Ñ�Õ£Þ®Í�ØDäcÎ�Ð´Ó0ÔjÏ�×�Î�ËF×�Î�ËFç0Þ?Ø~Ñ�Ê0Ï�Ñ�Ê�ÜBÞ®Í�Ø1Ë<Î�Ò�Ò|ß�É¤Ê
ì����4ó�ÖEÏ�×�Î
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Ñ�Ê�Ï�×�Î �0Ì�Î|ÍFÔcß�, Ï�ÍFÎ|Î<ã�Í�Î|Þ®Í�Î�Ò�Î�Ê0Ï�ÝpÏ�Ñ©Ø~ÊHØcÙ�Ï�×QÑ�Ò,Þ®Í�ØcÓQÚ�Î�Õ Ñ�Ò,Þ®Í�ØcÞ?Ø~Ò�Î�ÐEß
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�"Ñ©Ï�× Ï�×�Î�ânÑ�Ð�Î<ã�Ò�ÞQÍ�Î�ÝcÐ Ì®Ò�Î´ØcÙlÊ�Î|Ï�âZØcÍ�ç1Ñ�Ê�ÜXÝcÊ®Ð Ï�×�Î�Ñ�Ê®Ë<Í�Î�ÝcÒ�Ñ:Ê�ÜMÊ.Ì®ÕkÓNÎ|Í
ØcÙlÊ®Î|Ï�âZØcÍ�çÿÐ�Î|ä1Ñ�Ò�Î�Ò�Ö�Ï�×�Î|Í�ÎtÑ�Ò
Ý Ê®Î|Î�ÐþÙRØcÍjÝÿÒ�Ë|ÝcÚ�ÝpÓQÚ©ÎMÕ£Î�ÝcÊ®ÒjÏ�Ø Ú©Ø1Ë|ÝpÏ�ÎMÒ�Î|Í�ä.Ñ:Ë<Î�Ò|ß û ×�ÎHÚ�Ø.Ë|ÝpÏ�Ñ©Ø~Ê Ð®Ñ©Í�Î�Ë<Ï�ØcÍVÑ©Î�Ò âZÎM×®ÝuäcÎêË<Ø~ÊQÒ�Ñ�Ð�Î|Í�Î�Ð Ò�Ø
Ù7ÝpÍ´ÝcÒ�Ò�Ø.Ë|Ñ�ÝpÏ�ÎêÏ�×�ÎêÊ®ÝcÕ£ÎHØcÙ�Ý Õ£ØcÓQÑ:Ú©ÎtØcÓ�	�Î�Ë<Ï ÷ Ò�Î|ÍFä.Ñ�Ë<ÎDø ânÑ©Ï�× Ñ©Ï�Ò]Ú�Ø.Ë|ÝpÏ�Ñ©Ø~Ê�ßèëMÝcÊ0Ô Í�Î�Ë<Î�Ê0Ï´ÝpÞQÞ®Í�Ø~ÝcËF×®Î�Ò
Ë<Ø~Ê®Ò�Ñ:Ð�Î|ÍlÏ�×®ÎkÞ®ÍFØcÓQÚ©Î�Õ!ØcÙ¯àNÊ®Ð®Ñ�Ê�ÜjÝcÊMÝpÞ®ÞQÍ�ØcÞ®ÍFÑ�ÝpÏ�ÎkØcÓ�	�Î�Ë<Ï ÷ Ò�Î|Í�ä.Ñ:Ë<ÎDø�Ó.ÔHÒ�Þ?Î�Ë|Ñ©ÙRÔ.Ñ:Ê�Ü ÝjÊ.Ì®ÕkÓ?Î|ÍlØcÙ�Ð�Î�ÒFÑ©Í�Î�Ð
ËF×QÝpÍFÝcË<Ï�Î|ÍFÑ�Ò�Ï�Ñ:Ë|Ò$ÙRØcÍ$Ï�×�ÎTÒ�Î|ÍFä.Ñ�Ë<Îcß

û ×®ÎLö.Î|Í�ä1Ñ�Ë<Î ��Ø1Ë|ÝpÏ�Ñ©Ø~Êjô�Í�ØcÏ�Ø1Ë<Ø~Ú ÷ ö��§ôZø,ìæïpòcó	Þ®Í�ØDä.Ñ:Ð�Î�Ò�Ý-*QÎ<á�Ñ©ÓQÚ�Î,ÝcÊQÐ]Ò�Ë|ÝcÚ�ÝpÓ	Ú©Î�Ù6ÍVÝcÕ£Î|âÛØcÍFç
ÙRØcÍ¢ÞQÍ�Øuä1Ñ�Ð1ã
Ñ�Ê�Üj×�Ø~Ò�Ï�ÒLânÑ©Ï�×MÝcË|Ë<Î�Ò�ÒLÏ�Ø´Ñ�Ê®Ù6ØcÍFÕ]ÝpÏ�Ñ©Ø~ÊHÝpÓ?Ø~Ì�ÏlÏ�×�ÎTÎ<á�Ñ�Ò�Ï�Î�Ê®Ë<ÎcÖEÚ©Ø1Ë|ÝpÏ�Ñ©Ø~ÊêÝcÊ®ÐêË<Ø~Ê1àQÜ~Ì�ÍFÝpÏ�Ñ�Ø~Ê¾ØcÙ¢Ê�Î|ÏhâÛØcÍFçcÎ�Ð
Ò�Î|Í�ä1Ñ�Ë<Î�Ò|ß û ÍVÝcÐ®Ñ©Ï�Ñ©Ø~Ê®ÝcÚ:Ú©ÔcÖ®Ï�Ø�Ú©Ø.Ë|ÝpÏ�ÎBÝ´Ò�Î|Í�ä1Ñ�Ë<ÎcÖNÌQÒ�Î|ÍFÒlÞ®Í�Øuä1Ñ�Ð�ÎTÏ�×�Î
ÊQÝcÕ£ÎkØcÙ�Ý´Ê�Î|ÏhâÛØcÍ�çM×�Ø~Ò�Ï ÷ ân×®Ñ�ËV×MÑ�ÒlÝcÊ
ÝcÚ�Ñ�ÝcÒ¢Ù6ØcÍZÑ©Ï�Ò¢Ê®Î|Ï�âZØcÍ�ç]ÝcÐ®Ð�ÍFÎ�Ò�ÒVø�Ï�×®ÝpÏZÒ�Ì�Þ®Þ?ØcÍ�Ï�Ò�Ï�×�ÎlÒ�Î|ÍFä.Ñ�Ë<Îcß¢ö9�¨ô Î�Ú:Ñ�Õ Ñ�Ê®ÝpÏ�Î�Ò�Ï�×�ÎlÊ�Î|Î�Ð]Ù6ØcÍ,ÝTÌQÒ�Î|Í¢Ï�Økç.Ê�ØDâ
Ï�×�ÎTÊQÝcÕ£Î�ØcÙ�Ý]Ê�Î|ÏhâÛØcÍFç¾×�Ø~Ò�Ï|ß �lÝpÏ�×�Î|Í�Ö	Ï�×�ÎTÌ®Ò�Î|ÍlÒ�Ì�Þ®ÞQÚ:Ñ©Î�ÒZÏ�×�ÎkÐ�Î�ÒFÑ©Í�Î�Ð�Ï�Ô.Þ?Î�ØcÙ�Ò�Î|Í�ä1Ñ�Ë<ÎTÝcÚ©Ø~Ê®Ü ânÑ©Ï�×¾Ý]Ò�Î|Ï
ØcÙÛÝpÏ�Ï�ÍVÑ©ÓQÌ�Ï�Î�ÒLân×®Ñ:ËF×êÐ�Î�Ò�Ë<ÍFÑ©Ó?ÎkÏ�×�Î£Ò�Î|Í�ä1Ñ�Ë<Îcß�ü,ÝcÒ�Î�ÐéØ~ÊéÏ�×®Ñ�ÒLÐ�Î�Ò�Ë<ÍFÑ�Þ®Ï�Ñ©Ø~ÊEÖNÏ�×�Î]ö9�§ô Í�Î�Ò�Ø~Ú©äcÎ�Ò)Ï�×�Î£Ê�Î|Ï�âZØcÍ�ç
ÝcÐ®Ð�ÍFÎ�Ò�Ò,ØcÙ¨Ï�×®Î�Ò�Î|Í�ä1Ñ�Ë<Î�Ù6ØcÍ�Ï�×®Î�Ì®Ò�Î|Í�ßÛõ,Ú:Ñ©Î�Ê�Ï�ÝpÞ®Þ	Ú�Ñ�Ë|ÝpÏ�Ñ©Ø~Ê®Ò,ÝpÍ�Î�Õ Ø.Ð�Î�Ú�Î�Ð´ÝcÒnÌ®Ò�Î|ÍnÝpÜcÎ�Ê0Ï�ÒnÝcÊ®ÐtÒ�Î|Í�ä.Ñ:Ë<Î�Ò$ÝpÍ�Î
ÝcÐ�äcÎ|Í�Ï�Ñ:Ò�Î�Ð Ó.Ô Ò�Î|Í�ä1Ñ�Ë<ÎnÝpÜcÎ�Ê0Ï�Ò|ß û ×®ÎnÌ®Ò�Î|ÍZÝpÜcÎ�Ê�Ï,Ñ�Ò�Ò�Ì®Î�Ò¢ÝTÒ�Î|Í�ä.Ñ:Ë<Î$Í�Î��.Ì�Î�Ò�Ï¢Ø~Ê]Ó?Î�×®ÝcÚ©ÙNØcÙEÏ�×�ÎlË|Ú�Ñ�Î�Ê�Ï¢ÝpÞQÞQÚ�Ñ�Ë|Ý4ã
Ï�Ñ©Ø~Ê¾Ò�ÞNÎ�Ë|Ñ�Ù6Ô1Ñ�Ê�ÜkÏ�×�ÎTËF×QÝpÍFÝcË<Ï�Î|ÍFÑ�Ò�Ï�Ñ:Ë|Ò�ØcÙ¨Ï�×®ÎTÒ�Î|Í�ä1Ñ�Ë<Îcß û ×�Î�ÌQÒ�Î|Í$ÝpÜcÎ�Ê�ÏnÍ�Î�Ë<Î�Ñ©äcÎ�ÒnÝ]Ò�Î|Í�ä1Ñ�Ë<Î)Í�Î|ÞQÚ©Ô´Ò�Þ?Î�Ë|Ñ©Ù6Ô1Ñ�Ê�Ü
Ï�×�ÎBÚ©Ø1Ë|ÝpÏ�Ñ©Ø~ÊHØcÙ�ÝcÚ:Ú§Ò�Î|Í�ä1Ñ�Ë<Î�ÒLÑ�ÊMÏ�×�ÎkÊ�Î|ÏhâÛØcÍFç¾ânÑ©Ï�×HÏ�×�ÎkÍFÎ��0Ì�Î�Ò�Ï�Î�ÐMËV×®ÝpÍFÝcË<Ï�Î|ÍFÑ�Ò�Ï�Ñ�Ë|Ò|ß û ×�ÎkÌQÒ�Î|ÍlÝpÜcÎ�Ê0Ï�Õ Ý�Ô
Ð®Ñ©ÍFÎ�Ë<Ï�Ú©Ô Ë<Ø~Ê�Ï�ÝcË<Ï£Ï�×®Î�Ò�Î|Í�ä.Ñ:Ë<Î´ÝpÜcÎ�Ê0Ï�Ò£ØcÍ£Ñ�Ê Ú�ÝpÍ�ÜcÎ|Í£Ê�Î|Ï�âZØcÍ�ç1Ò£ÝMÐQÑ©Í�Î�Ë<Ï�ØcÍ�Ô ÝpÜcÎ�Ê0Ï|ß û ×®Î´Ð®Ñ�Í�Î�Ë<Ï�ØcÍ�Ô ÝpÜcÎ�Ê0Ï
Ù7Ì®Ê®Ë<Ï�Ñ©Ø~Ê®Ò
ÝcÒBÝMË|ÝcËV×�Îcßÿö.Î|Í�ä1Ñ�Ë<Î�ÝpÜcÎ�Ê�Ï�ÒBÍFÎ|Ü~Ñ�Ò�Ï�Î|ÍBÏ�×�Î�Ò�Î|Í�ä1Ñ�Ë<Î�Ò
Ï�×�Î|Ô ÝcÐ�äcÎ|Í�Ï�Ñ:Ò�Î´Ñ:Ê Ï�×�Î�Ð®Ñ©ÍFÎ�Ë<Ï�ØcÍ�Ô ÝpÜcÎ�Ê�Ï�Ò�ß
û ×�Î�Ò�Î$ÝcÐ�äcÎ|Í�Ï�Ñ�Ò�Î�Õ Î�Ê�Ï�ÒÛÕkÌ®Ò�Ï�ÓNÎ,Í�Î|ÙRÍ�Î�Ò�×®Î�Ð£ØcÍ�Ï�×�Î|Ô
Î<á.Þ	Ñ©Í�Îcß�ö.Î|Í�ä1Ñ�Ë<Î�Ò�ÝpÍ�Î�ÜcÍ�Ø~Ì®ÞNÎ�ÐBÏ�ØcÜcÎ|Ï�×®Î|ÍZÌ®ÒFÑ�Ê�Ü�Ò�Ë<ØcÞ?Î�Ò|ß
,"Ò�Ë<ØcÞ?ÎnÕ ÝuÔBÑ:Ê®Ð®Ñ�Ë|ÝpÏ�Î$Ý�Ú�Ø.Ë|ÝpÏ�Ñ©Ø~Ê�Ö0ÝcÐ®Õ Ñ:Ê®Ñ�Ò�Ï�ÍFÝpÏ�Ñ�äcÎZÜcÍFØ~Ì�ÞQÑ�Ê�Ü�Ö�Þ®Í�Ø�á�Ñ�Õ Ñ�Ï�ÔkÑ:Ê Ý�Ê�Î|ÏhâÛØcÍ�ç£Ï�ØcÞ?Ø~Ú©ØcÜcÔBØcÍZÒ�Ø~Õ£Î
ØcÏ�×�Î|ÍLË|ÝpÏ�Î|ÜcØcÍ�Ôcß

É¤Ê�Ï�Î|ÍFÎ�Ò�Ï�Ñ�Ê�Ü£Þ®ÍFØcÓQÚ©Î�Õ Ò,Í�Î�Ú:ÝpÏ�Î�ÐtÏ�Ø]Ò�Î|Í�ä1Ñ�Ë<ÎTÚ�Ø.Ë|ÝpÏ�Ñ©Ø~Ê¾Þ®Í�ØcÏ�Ø1Ë<Ø~Ú�Ò$Ñ�Ê®Ë|Ú:Ì®Ð�Î��
� ëMØ1Ð�Î�Ú�Ñ�Ê�Ü$Ò�Î|Í�ä.Ñ:Ë<Î�ÒEân×�Ø~Ò�ÎÛÚ©Ø.Ë|ÝpÏ�Ñ�Ø~ÊTËF×QÝcÊ�ÜcÎcÖpÎcßæÜ�ß©Öp×®ØuâÿÑ:ÒEÏ�×�Î¢Ú©Ø1Ë|ÝpÏ�Ñ©Ø~ÊTØcÙ1ÝnÕ£Øuä1Ñ�Ê�ÜnÒ�Î|Í�ä.Ñ:Ë<Î�Ò�Þ?Î�Ë|ÑªàQÎ�ÐEÖ
� Ò�Ï�ØcÍFÑ�Ê�Ü�ÖNË|ÝcËF×®Ñ�Ê®Ü]ÝcÊ®Ð¾ÍFÎ|ÞQÚ�Ñ�Ë|ÝpÏ�Ñ�Ê®Ü Ð®Ñ©Í�Î�Ë<Ï�ØcÍ�Ô�Î�Ê0Ï�ÍFÑ©Î�Ònân×�Î�ÊtÎ�Ñ©Ï�×®Î|ÍnÏ�×�ÎTÒ�Î|Í�ä.Ñ:Ë<Î�ÒnÝpÍ�Î
Õ£ØcÓQÑ�Ú©Î�ÝcÊQÐ �DØcÍ
Ï�×®Î�Í�Î��.Ì�Î�Ò�Ï�Ò�ØcÍFÑ�Ü~Ñ�Ê®ÝpÏ�Î�ÙRÍ�Ø~Õ!Õ£ØcÓQÑ:Ú©Î�Ë|Ú�Ñ©Î�Ê0Ï�Ò|Ö
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� Ì®Þ?ÐQÝpÏ�Ñ�Ê�Ü]Ð®Ñ�Í�Î�Ë<Ï�ØcÍ�ÔtÎ�Ê0Ï�ÍFÑ©Î�Ò)ÝcÊ®ÐMÍ�Î|Ù6ÍFÎ�Ò�×®Ñ�Ê�ÜjÐ®Ñ©Í�Î�Ë<Ï�ØcÍ�ÔMË|ÝcËF×�Î�Ò)ân×®Î�ÊHÏ�×�ÎBÒ�Î|Í�ä1Ñ�Ë<Î�ÒLÝpÍ�ÎBÕ£ØcÓQÑ�Ú©Î
ÝcÊ®Ð
Ï�×.Ì®Ò�Ï�×®Î�Ñ©ÍnÚ©Ø1Ë|ÝpÏ�Ñ©Ø~Ê¾Ñ�Ò,Ù7ÝcÒ�ÏnËV×®ÝcÊ�Ü~Ñ�Ê®Ü�Ö

� Î<ú´Ë|Ñ©Î�Ê�Ï�Ú©Ø1Ë|ÝpÏ�Ñ©Ø~Ê1ã�ÝuâZÝpÍFÎ �.Ì�Î|Í�Ô1Ñ�Ê�Ü�Ö0ÎcßæÜ�ß©Ö1à	Ê®Ð®Ñ:Ê�Ü�Ò�Î|Í�ä1Ñ�Ë<Î�ÒÛÓQÝcÒ�Î�Ð´Ø~Ê�Ú©Ø.Ë|ÝpÏ�Ñ�Ø~ÊjÝpÏ�Ï�ÍFÑ�ÓQÌ�Ï�Î�Ò|Ö.ân×�Î�ÊjÏ�×�Î
Ë|Ú:Ñ©Î�Ê�Ï�ÍFÎ��0Ì�Î�Ò�Ï�Î�Ð Ï�×�Î Ò�Î|ÍFä.Ñ�Ë<ÎcÖ¨ØcÍTÏ�×�Î Ò�Î|Í�ä.Ñ:Ë<Î Ñ�Ò�Õ£ØcÓQÑ:Ú©Î���Ò�×�Ø~Ì®Ú�ÐéÏ�×®Î Ð®Ñ©Í�Î�Ë<Ï�ØcÍ�ÔêÓ?Î ×®Ñ©Î|ÍFÝpÍVËF×®Ñ�Ë|ÝcÚ:Ú©Ô
Ò�Ï�ÍFÌ®Ë<Ï�Ì�Í�Î�ÐBÓ	ÝcÒ�Î�ÐBØ~Ê£Ú©Ø1Ë|ÝpÏ�Ñ©Ø~ÊBØcÍ¢Ò�×�Ø~ÌQÚ�ÐkÝcÊ£ÝpÞQÞ®Í�ØcÞ®ÍFÑ:ÝpÏ�Î,Ò�ÞQÝpÏ�Ñ�ÝcÚ1Ñ�Ê®Ð�Î<ákÓNÎ,ÓQÌQÑ�Ú©Ï§Ø~Ê Ï�ØcÞ£ØcÙNÑ©Ï���ân×®ÝpÏ
Ñ:Ò$Ý£ÝcÊHÝpÞ®ÞQÍ�ØcÞ®ÍFÑ�ÝpÏ�Î�Ñ�ÊQÐ�Î<á´Ñ�Ê�Ï�×QÑ�Ò�Ë|ÝcÒ�Î��

� Ñ:Ê�Ï�Î|Í�ØcÞ?Î|ÍFÝpÓ	Ñ�Ú�Ñ©ÏhÔ �L×�Øuâ Ï�ØtÍ�Î�Ú:ÝpÏ�Î Ñ�Ê�ÙRØcÍFÕ ÝpÏ�Ñ©Ø~ÊéÝ�äpÝcÑ�Ú�ÝpÓ	Ú©Î£ÝpÏ�Ð®Ñªù?Î|Í�Î�Ê�Ï�Ú�ÝuÔcÎ|ÍFÒ�Ñ�ÊêÏ�×�Î Ê®Î|Ï�âZØcÍ�ç	Ö§ÎcßæÜ�ß©Ö
Ñ:Ê�Ù6ØcÍVÕ ÝpÏ�Ñ©Ø~Ê´Ò�Ï�ØcÍ�Î�Ð¾ÝpÏ�ÝcÊ	� ����Ö1Ï�Ø ÝcË<Ï�Ì®ÝcÚ:Ú©Ô]Ú©Ø1Ë|ÝpÏ�Î�ÝBÒ�Î|Í�ä1Ñ�Ë<Î�Ì®Ò�Ñ�Ê�Ü
Ý£Ð®Ñ©Í�Î�Ë<Ï�ØcÍFÔ]Ò�Î|Í�ä1Ñ�Ë<Î)Þ®Í�ØcÏ�Ø1Ë<Ø~Ú�ß

ëMØ~Ò�Ï´ØcÙ�Ï�×�ÎMÝpÓ?ØDäcÎ��.Ì�Î�Ò�Ï�Ñ�Ø~Ê®Ò Í�Î�Õ]ÝcÑ�Ê ØcÞ?Î�ÊEß ,&×QÑ©Î|ÍFÝpÍFËV×®Ñ�Ë|ÝcÚnÝpÍVËF×®Ñ©Ï�Î�Ë<Ï�Ì®Í�ÎMÙRØcÍ�Ò�Î|Í�ä1Ñ�Ë<ÎMÐ®Ñ:Ò�Ë<ØuäcÎ|Í�Ô
Ð®Ñ©ÍFÎ�Ë<Ï�ØcÍ�Ô Ñ�Ò�ÞQÍ�ØcÞ?Ø~Ò�Î�Ð"Ñ�Ê ìªí �có�ân×®Ñ�ËV×"Ñ�Ò�ÓQÝcÒ�Î�Ð"Ø~Ê"Ï�×�Î ÌQÒ�ÎéØcÙ
Ý ×®ÝcÒF×1ã�ÓQÝcÒ�Î�Ð"Ñ�Ê®Ð®Î<áNß_å�Ñ:Ê®ÝcÚ�Ú©ÔcÖlÏ�×�Î|Í�Î
×®ÝcÒ�Ó?Î|Î�Ê¾Ò�Ø~Õ£Î�äcÎ|Í�Ô�Í�Î�Ë<Î�Ê0Ï$Í�Î�Ò�Î�ÝpÍVËF×êÑ�ÊtÑ�Ê®Ë<ØcÍ�Þ?ØcÍFÝpÏ�Ñ:Ê�Ü£Ð®ÝpÏ�ÝpÓQÝcÒ�Î�Ï�Î�ËV×®Ê®Ñ��.Ì�Î�Ò$Ñ:ÊtÕ ÝcÊ®Ñ©ÞQÌQÚ�ÝpÏ�Ñ�Ê�ÜBÊ�Î|Ï�âZØcÍ�ç
Ð®Ñ©ÍFÎ�Ë<Ï�ØcÍFÑ©Î�ÒTÑ:Ê®Ë|Ú�Ì®Ð®Ñ:Ê�Ü´Ð®Î|äcÎ�Ú©ØcÞQÑ�Ê�ÜMÝHÐ®ÝpÏ�ÝêÕ£Ø1Ð�Î�Ú�ÝcÊ®ÐÿÝHÐ�Î�Ë|Ú�ÝpÍVÝpÏ�Ñ©äcÎ´Ú:ÝcÊ�Ü~Ì®ÝpÜcÎ]ÙRØcÍkÊ®Î|Ï�âZØcÍ�ç Ð®Ñ©ÍFÎ�Ë<Ï�ØcÍFÑ©Î�Ò
ìæï��4ó¯ÝcÊ®ÐHÒ�Î�Õ]ÝcÊ�Ï�Ñ�ËkË|ÝcËF×®Ñ:Ê�Ü]ØcÙ�Ð®Ñ�Í�Î�Ë<Ï�ØcÍ�Ô�Î�Ê�Ï�ÍVÑ©Î�Òkìªí��4ó�ß '�á.Ï�Î�ÊQÐ®Ñ�Ê�Ü£Ï�×®Ñ:Ò$âZØcÍ�ç�Ù6ØcÍLÏ�×�ÎkË|ÝcÒ�ÎTØcÙ�Ð®Ñ©ÍFÎ�Ë<Ï�ØcÍFÑ©Î�Ò
Ï�×®ÝpÏnÑ:Ê®Ë|Ú�Ì®Ð�ÎLÏ�×�ÎTÚ�Ø.Ë|ÝpÏ�Ñ©Ø~Ê¾ØcÙ�Õ£ØDä.Ñ:Ê�Ü£ØcÓ�	�Î�Ë<Ï�ÒnÑ�Ò$ÝcÊHÑ�Ê�Ï�Î|ÍFÎ�Ò�Ï�Ñ�Ê�Ü£Þ®ÍFØcÓQÚ©Î�Õtß
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ëêÝcÊ®ÝpÜ~Ñ�Ê�ÜjÏ�×�ÎkÚ©Ø1Ë|ÝpÏ�Ñ©Ø~ÊMØcÙ�Õ£Øuä1Ñ�Ê�ÜjØcÓ�	�Î�Ë<Ï�ÒlÑ�ÒnÓ?Î�Ë<Ø~Õ Ñ�Ê�Ü]Ñ:Ê®Ë<Í�Î�ÝcÒ�Ñ�Ê®Ü~Ú©Ô´Ñ:Õ£Þ?ØcÍ�Ï�ÝcÊ�ÏlÝcÒlÕ£ØcÓ	Ñ�Ú�Ñ©ÏhÔjØcÙ¢ÌQÒ�Î|ÍFÒ|Ö
Ð�Î|ä1Ñ�Ë<Î�Ò¢ÝcÊQÐ Þ®Í�ØcÜcÍVÝcÕ Ò�Ó?Î�Ë<Ø~Õ£Î�ÒÛânÑ�Ð�Î�Ò�ÞQÍ�Î�ÝcÐEß û ×®Ñ�Ò�ÞQÝpÞ?Î|Í�ÙRØ1Ë|Ì®Ò�Î�Ò�Ø~ÊjÐ®ÝpÏ�ÝTÕ]ÝcÊ®ÝpÜcÎ�Õ£Î�Ê0Ï¢Ï�Î�ËF×QÊ®Ñ��.Ì�Î�Ò�ÙRØcÍ
Ú©Ø1Ë|ÝpÏ�Ñ�Ê�Ü�Ö�Ñ�ßæÎcß©Ö¨Ñ�Ð®Î�Ê�Ï�Ñ©ÙRÔ1Ñ�Ê�Ü´Ï�×�Î]Ë|Ì�Í�ÍFÎ�Ê�ÏTÚ�Ø.Ë|ÝpÏ�Ñ©Ø~Ê�Ö�ØcÙ�Õ£ØcÓQÑ�Ú©ÎBØcÓ�	�Î�Ë<Ï�Ò|ß û ×�Î Î<újË|Ñ�Î�Ê®Ë<ÔMØcÙ,Ï�Î�ËV×®Ê®Ñ��.Ì�Î�Ò�ÙRØcÍ
Ú©Ø1Ë|ÝpÏ�Ñ�Ê�ÜLÕ£ØcÓQÑ�Ú©Î�ØcÓ
	¤Î�Ë<Ï�Ò¯Ñ�Ò�Ë<ÍFÑ©Ï�Ñ�Ë|ÝcÚ0Ò�Ñ�Ê®Ë<Î¢Ï�×�ÎZË<Ø~Ò�Ï¨ØcÙ®Ë<Ø~Õ Õ
Ì®Ê®Ñ:Ë|ÝpÏ�Ñ�Ê�ÜnâlÑ©Ï�×TÝlÕ£ØcÓQÑ�Ú©Î¢ØcÓ�	¤Î�Ë<Ï¯Ñ�Ò¨ÝcÌ�Ü~Õ£Î�Ê0Ï�Î�Ð
Ó.ÔkÏ�×�Î�Ë<Ø~Ò�Ï¢ØcÙQà	ÊQÐ®Ñ�Ê�ÜLÑ©Ï�Ò�Ú©Ø1Ë|ÝpÏ�Ñ©Ø~ÊEß���Ø1Ë|ÝpÏ�Ñ©Ø~Ê Õ ÝcÊ®ÝpÜcÎ�Õ Î�Ê�Ï�Ï�Î�ËV×®Ê®Ñ��.Ì�Î�Ò�Ì®Ò�Î$Ñ�Ê�ÙRØcÍFÕ ÝpÏ�Ñ©Ø~ÊBË<Ø~Ê®Ë<Î|ÍFÊQÑ�Ê�Ü)Ï�×�Î
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