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Ð�ÑeÐ8ÒÔÓÖÕ¶×0Ø:×NÙ�ÚÖÛ�Ü®Û§Ý�Ú¼Þ/ß_×NàOÛ¸×Nà�á3Õ§Þ/âGÙ�ßãÞÁÝ�àZÜcÚÖÓ¼à�Þ-â/ÞGß�Û_ÓÖä�â�×gÛ§Ó¼Ý�à�×NÙÂÛ_åÂÝ�ß§Ó·Ûcæ
Û_åÆ×gÛ�åÆ×NÕ
ç ÞGÞ/à ç Ù�Ó¼Ú·Û»×gà�áèá�ÞGéÂÚ¼Ý[æ�Þ/á ç ÝNÛ§å�Ó¼à�×�Ú¼ÝHâ�×NÚA×NßãÞ�×�à�Þ�Ûcê8ÝNß§ë�×gà�áèÓ¼àìÛ_å�Þ#ícàOÛ§ÞGß§àÂÞ/Û�î
ï ÞGé�ÚÖÓ¼âG×gÛ_ÓÖÝ�à¯ÓÖÕnÙ�Õ§Þ/á&Û§ÝT×Nâså�ÓÖÞ/ð�Þ¡×�ðg×NÓ¼Ú¼× ç ÓÖÚ¼ÓÖÛcæXñOé�ßãÝO×Nâ�Û_ÓÖðNÞ-ß§Þ/âGÝ[ð�Þ/ßãæ#ê�Ó·Û_å
Û_å�ßãÞGÕãå�Ý�Ú¼á
â/ßãæHéÂÛ_ÝNò�ß_×NéÂåræ�Ó¼ÕóÙ�ÕãÞGá+ØôÝ�ßóá�ÓÖò�ÓÖÛ_×NÚ¼Ú·æ
Õ§ÓÖò�à�ÓÖà�ò
âGÞ/ßãÛ_Ó·äÆâ�×�Û_ÞGÕ-ÓÖà+×#ên×�æ�Û§åÆ×gÛ-á�Þ�ØôÞGà�áÂÕ
×Nò�×NÓ¼à�Õ�ÛRõ0Ý ç ÓÖÚ¼ÞA×NáÂðNÞGß§Õ§×Nß§ÓÖÞGÕ�ê�å�ÓÖâsåT×gÛ§Û_×NâsëQöOâGÝ�õ0é�ßãÝ�õ÷ÓÖÕ§ÞgöN×NàÂáÁâGÝ�àOÛ_ßãÝ�ÚÂÝNà�Þnß§Þ/é�Ú¼ÓÖâ�×
ØôÝ�ß¡×�Ú¼ÓÖõ÷Ó·Û_ÞGá�éXÞGßãÓ¼ÝHáøÝgØ8Û_ÓÖõ÷Þ ç Þ/ØôÝNß§Þ0õ÷Ý[ðHÓ¼à�ò�Ý�àìÛ_Ý3×Nà�ÝNÛ§å�ÞGß/î ï ÞGÚ²×�Û_ÓÖðNÞGÚ·æ�êAÞ�×Në
×NÕãÕ§Ù�õ0éÂÛ§Ó¼Ý�à�Õ8âsåÆ×Nß_×gâ/Û_Þ/ß§ÓÖùGÞóÞ/àrðHÓÖß§Ý�à�õ0ÞGàOÛ§Õ�Ó¼à#ê�å�ÓÖâså&Ð�Ñ¡Ð8ÒÃúûÕ�é�ßãÝNÛ_ÝHâGÝNÚ¼ÕAê�ÓÖÚ¼ÚXÞ�üZÞ�Ü
â/ÙÂÛ_ÞÁâ/Ý�ß§ßãÞGâ/Û§ÚÖæNî»ý�Ý�×gÕ§Õ§ÙÂõ÷éÂÛ§Ó¼Ý�à�ÓÖÕóõ÷×Ná�ÞÁ× ç Ý�ÙÂÛóÞ�üZÞGâ/ÙÂÛ_ÓÖÝ�àøÕãé%Þ/ÞGáø×Nà�á�õ0ÞGÕãÕ_×Nò�Þ
á�Þ/Ú¼Ó·ð�ÞGß�æ»á�Þ/Ú²×�æHÕGñrâsåÆ×NàÂà�ÞGÚÖÕ(×Nß§Þ�Þ*üÂéXÞGâ�Û_Þ/á0Û§Ý-Þ�üZå�Ó ç ÓÖÛ�Ý�àÂÚÖæÃÓ¼àOÛ_Þ/ß§õ0ÓÖÛ§Û§ÞGàOÛ�ßãÞGÚÖÓ²× ç ÓÖÚ¼Ó·Ûcæ%ñ
×NàÂá3ê�ÓÖÛ§å
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Ð�Ñ¡Ð8ÒþÕ§Þ/ßãð�Þ/ß§Õ-Ù�é3Û_Ý

t
õ¯×�æ ç ÞÃØ:×NÙ�Ú·Ûcæ�Ý�ß¸âGÝ�õ0é�ß§ÝNõ÷ÓÖÕ§ÞGá'î�ÿ�å�Þ

ßãÞGÕ§ÙÂÚÖÛ�Ó¼Õ¸×÷Õ�æZÕ�Û_Þ/õ ê�Ó·Û_å�ÓÖà�å�Þ/ß§ÞGàOÛ�á�Þ/ØôÞ/à�Õ§Þ/Õ¶Û_Ý÷âGÞ/ßãÛs×gÓ¼à&á�ÞGà�Ó¼×NÚ�ÝNØ�ÕãÞGßãðHÓÖâGÞ»×�Û§Ûs×gâsëHÕ
ç ÞGâG×NÙ�Õ§Þgö ç æ�Û_åÂÞGÓ¼ßeð�Þ/ßãæ�àÆ×gÛ_ÙÂß§ÞNö�êAÞ�×gë�×NÕãÕ§Ù�õ0éÂÛ_ÓÖÝ�à�ÕÀ×Nß§Þ÷á�Ó��0âGÙÂÚÖÛ¡ØôÝ�ß»×gÛãÛs×NâsëgÞGßãÕ
Û§Ý�Ó¼àOðg×NÚÖÓ¼áÆ×gÛ§ÞNî�ícàè×NáÂá�ÓÖÛ§Ó¼Ý�à¹ö�Û_ß§×Ná�Ó·Û_Ó¼ÝNàÆ×NÚ�Û_Þ/âså�à�Ó��HÙÂÞGÕGö(ÓÖà�âGÚÖÙ�á�Ó¼àÂò3ßãÞ��rÙ�ÞGÕ�ÛT×NÙÂÛ§å�ÝgÜ
ßãÓ¼ù�×�Û_Ó¼ÝNà¹ö�ß§Þ/Õ§Ý�ÙÂß§âGÞ�õ¯×gàÆ×Nò�Þ/õ÷Þ/àrÛ ç ×gÕ§ÞGá÷Ý�à0Õ§ÞGòNß§ÞGò�×gÛ_ÓÖÝ�à¯×gà�á¯Õãâså�ÞGá�ÙÂÚ¼Ó¼àÂòÃá�Ó��'Þ/ß§Þ/àrÛ
â/Ú²×NÕãÕ§ÞGÕ¸ÝNØRß§Þ��rÙ�Þ/ÕãÛ§ÕGö¹×gÕ�êAÞGÚÖÚ�×NÕ�â�×Nâså�ÓÖà�ò0ß§ÞGÕãÙ�ÚÖÛ§Õ�ÝgØ�Þ�üZéXÞGà�ÕãÓÖðNÞÀâGß�æHéÂÛ_Ý�òNß_×Né�åÂÓ¼âeÝ�éZÜ
Þ/ß_×gÛ§Ó¼Ý�à�ÕTØôÙ�ß�Û_å�Þ/ß÷ßãÞGá�Ù�â/Þ+Ð�ÑeÐ8ÒÀúÈÕ¯ðHÙ�Ú¼àÂÞGß_× ç Ó¼ÚÖÓÖÛcæ�Û§Ý�á�Þ/à�Ó²×gÚ¸ÝgØ-Õ§Þ/ßãðHÓ¼â/Þ�×gÛ§Û_×NâsërÕGî
ï ÞGÕãÙ�ÚÖÛ§Õ¡ØôßãÝ�õ Þ�üZéXÞGß§ÓÖõ÷Þ/àOÛ_ÕÀÓÖà�×&Ú¼ÝHâ�×NÚ(×gß§Þ�×&à�Þ/ÛcêAÝ�ßãëø×gà�áøÛ§å�Þ¯ícàOÛ_Þ/ß§à�Þ�ÛÁ×NÚÖÚ¼Ý[ê ×
�rÙÆ×NàOÛ§ÓÖÛs×�Û_ÓÖðNÞ¶Þ�ðN×gÚ¼ÙÆ×gÛ§Ó¼Ý�à¯ÝNØ�Û_å�Þ�ðN×gß§Ó¼ÝNÙ�Õnõ0Þ�×Nà�Õ�Ð�Ñ¡Ð8ÒJÞGõ0é�Ú¼Ý[æHÕ8Û_ÝÁßãÞGÕãÓ¼ÕãÛná�ÞGà�Ó¼×NÚ
ÝNØ�Õ§Þ/ßãðHÓ¼â/Þ¡×gÛ§Û_×NâsërÕGî
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C Ð8ÒEDÁ×gÛ§Û§ÞGÕ�Û_ÕTÛ_Ý�Û_å�Þ�ðg×NÚ¼ÓÖá�ÓÖÛcæøÝNØ ç Ó¼àÂá�Ó¼à�òNÕÁÓ¼à âGÞ/ßãÛ_Ó·äÆâ�×�Û_ÞGÕ ç æ á�Ó¼òNÓÖÛs×gÚ¼ÚÖæ+ÕãÓ¼ò�àÂÓ¼à�ò
Û§å�Þ#âGÞ/ßãÛ§ÓÖäÆâG×gÛ_Þ/Õ»ÓÖÛÀÓ¼Õ§ÕãÙ�ÞGÕ»×Nà�á ç æ�é�ßãÝ[ðZÓÖá�Ó¼àÂò�×�õ0Þ�×Nà�Õ¡ØôÝ�ß»â/Ú¼Ó¼Þ/àOÛ_ÕÃÛ§Ý�âså�Þ/âsë�Û_å�Þ
ðg×NÚÖÓ¼á�Ó·ÛcæÀÝNØ'âGÞ/ßãÛ_Ó·äÆâ�×�Û_ÞGÕ/îGF�ÓÖÛ§å¯×gàH<147IJ89"54K�¶Ð8ÒÃöHéÂß§Ó¼àÂâGÓ¼é�×NÚ¼Õ�âG×Nà¯âsåÂÞGâsëÁÛ_å�Þ�ðg×NÚ¼ÓÖá�ÓÖÛcæ
ÝNØ�â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þ/Õ�LãÙ�ÕãÛ ç Þ/ØôÝNß§Þ-Ù�ÕãÓ¼à�ò»Û§å�ÞGõ&î � Ð�ÑeÐ8Ò C Ð8Ý�ßãà�ÞGÚÖÚ�ÑóàZÜcÚÖÓ¼à�ÞóÐ8ÞGß�Û_ÓÖä�â�×gÛ§Ó¼Ý�à
Ò�ÙÂÛ_å�ÝNß§ÓÖÛcæMD*öÂÛ_å�ÞeÕãÙ ç LãÞGâ�Û¶ÝgØ�Û§å�Ó¼Õ�éÆ×NéXÞGß/ö�Ó¼Õ�ÕãÙ�âså�×gà3Ý�àHÜcÚ¼ÓÖà�Þ-Ð8ÒÃî

Ð�ÑeÐ8ÒþÞ/õ÷éÂÚ¼Ý[æHÕ�ß§ÞGéÂÚ¼Ó¼âG×gÛ_ÓÖÝ�à#Û_Ý0×NâsåÂÓ¼Þ/ðNÞÀ×�ðg×NÓÖÚ²× ç ÓÖÚ¼Ó·Ûcæ0×Nà�á&ÞGõ0é�Ú¼Ý[æHÕ�é�ß§ÝO×gâ/Û_Ó·ð�Þ
ßãÞGâGÝ[ðNÞGßãæ ê�Ó·Û_åèÛ_å�ßãÞGÕãå�Ý�Ú¼á âGß�æHéÂÛ_Ý�òNß_×Né�åOæ�ØôÝNßÁá�Ó¼ò�Ó·Ûs×NÚÖÚÖæìÕ§ÓÖò�à�ÓÖà�ò�âGÞ/ßãÛ_Ó·äÆâ�×�Û_ÞGÕTÓÖà¬×
ê8×�æ#Û_åÆ×�Û�á�Þ/ØôÞ/à�á�Õ�×NòO×NÓÖà�ÕãÛENO<(P�"58Q�R&S:(6(����T�&(�!"=��TU*WVYXZ0�ê�å�Ó¼âså&×gÛãÛs×NâsëQöÆâGÝNõ÷é�ßãÝ�õ0Ó¼Õ§Þgö
×NàÂá±âGÝ�àOÛ_ßãÝ�Ú¶ÝNà�Þ�ß§Þ/é�Ú¼ÓÖâ�×øØôÝNß#×�Ú¼ÓÖõ÷Ó·Û_Þ/á¬éXÞGßãÓ¼ÝHá?ÝNØeÛ_ÓÖõ÷Þ ç Þ/ØôÝ�ßãÞ�õ÷Ý[ðHÓ¼àÂò�Ý�à Û_Ý
×NàÂÝNÛ_å�Þ/ßGî[F�å�×gÛóá�ÓÖÕãÛ§Ó¼à�ò�ÙÂÓ¼Õ§åÂÞGÕ-Ð�ÑeÐ8Ò ÓÖÕ¶Ó·Û_Õ[�rÙÆ×gÚ¼ÓÖÛ_×gÛ_Ó·ð�Þ/ÚÖæ
êAÞ�×NëgÞGße×NÕãÕ§Ù�õ0éÂÛ_ÓÖÝ�à�Õ
× ç Ý�ÙÂÛwâ/Ý�õ÷õÀÙ�à�Ó¼âG×gÛ_ÓÖÝ�àTÚ¼ÓÖà�ërÕA×gà�á¯Þ*üÂÞ/âGÙÂÛ§Ó¼Ý�à÷Û_Ó¼õ0Ó¼àÂò�î�\�×NàOæ0á�ÞGà�Ó¼×NÚQÝNØ¹ÕãÞGß�ðZÓÖâGÞ¶×gÛãÜ
Û_×NâsërÕ¶Õ§ÙÂâGâGÞ/ÞGá ç æ&Ó¼àOðg×NÚÖÓ¼áÆ×gÛ§Ó¼à�òÀÕãÛ_ßãÝ�à�ò�Þ/ß�â/Ý�õ0õ»Ù�à�ÓÖâ�×gÛ§Ó¼Ý�à�×NàÂá3Þ*üÂÞ/âGÙÂÛ§Ó¼Ý�àHÜ®Û_ÓÖõ÷ÓÖà�ò
×NÕãÕ§Ù�õ0éÂÛ§Ó¼Ý�à�Õ/ñ-Ó¼à õ÷×NërÓ¼àÂò�ê8ÞG×NëNÞ/ß&×NÕ§ÕãÙ�õ÷éZÛ_Ó¼ÝNà�ÕGö¶Ð�ÑeÐ8Ò Ó¼Õ#ÚÖÞGÕ§Õ÷ðZÙÂÚ¼à�Þ/ß_× ç ÚÖÞ�Û_Ý
Û§å�ÞGÕãÞÀ×gÛãÛs×NâsërÕ/î

Ð�ÑeÐ8Ò ×NÚ¼ÕãÝ�ÞGõ0é�ÚÖÝyæHÕ¡Û_ß_×gá�ÓÖÛ§Ó¼Ý�àÆ×gÚwõ0Þ�×gà�ÕÃØôÝ�ßÀâGÝ�õ ç ×gÛ§Û§Ó¼à�ò3á�ÞGà�Ó¼×NÚwÝNØ¸Õ§ÞGß�ðHÓ¼âGÞ
×gÛãÛs×NâsërÕ^] C Ó5DAéÂß§ÝHâGÞGÕãÕ§ÓÖà�ò÷ÝNà�ÚÖæ÷Û_å�Ý�ÕãÞeß§Þ��rÙ�Þ/ÕãÛ§Õ¸Û§åÆ×gÛ�Õ_×�Û_Ó¼Õ�Ø«æ�×NÙÂÛ§å�Ý�ßãÓ¼ù�×�Û_Ó¼ÝNà#âså�ÞGâsërÕ/ö
C Ó¼Ó5DTò�ß§ÝNÙ�é�Ó¼àÂò ßãÞ��rÙ�Þ/ÕãÛ_Õ3Ó¼àOÛ_Ýèâ/Ú²×NÕãÕ§Þ/Õ�×NàÂá õ»ÙÂÚÖÛ_ÓÖé�Ú¼Þ*üZÓ¼à�òøß§ÞGÕãÝ�Ù�ßãâGÞGÕ&Õ§Ý Û_å�×gÛ&á�Þ�Ü
õ÷×Nà�á&Øôß§Ý�õ�Ý�àÂÞÀâGÚ¼×NÕ§Õ�â�×NàÂà�ÝNÛóÓÖõ÷é�×Nâ/Û¸é�ßãÝZâ/ÞGÕ§ÕãÓ¼à�ò¯ÝNØ�ß§Þ^�rÙ�ÞGÕ�Û_ÕóØôß§ÝNõ ×Nà�ÝNÛ§å�ÞGß/ö'×NÕ
êAÞGÚÖÚÆ×NÕ C ÓÖÓ¼Ó5D�â�×gâså�Ó¼à�ò¡ß§Þ/Õ§Ù�Ú·Û_Õ�ÝNØ%Þ�üZéXÞGà�ÕãÓÖðNÞ¶âGß�æHéÂÛ_Ý�òNß_×Né�åÂÓ¼â�Ý�éXÞGß§×gÛ_ÓÖÝ�à�ÕGî�Ò¶à�áÁê�å�ÓÖÚ¼Þ
ßãÞGÕ§ÝNÙ�ß§â/Þ�Ücâ/Ú¼Ý�òNò�Ó¼à�ò-áÂÞGà�Ó¼×NÚÆÝNØ%Õ§ÞGß�ðHÓ¼âGÞ�×gÛãÛs×NâsërÕwâGÞGß�Ûs×NÓÖà�ÚÖæÀß§Þ/õ¯×NÓÖàTé%Ý�ÕãÕ§Ó ç Ú¼ÞgöOÝ�Ù�ß(é%Þ/ß�Ü
ØôÝ�ßãõ¯×gà�âGÞwÞ�üZéXÞGß§ÓÖõ÷Þ/àOÛ_Õ�á�ÞGõ0Ý�à�Õ�Û_ß_×�Û_ÞAÛ§åÆ×gÛ�Ú²×NÙÂà�âså�Ó¼àÂòó×�ÕãÙ�âGâ/ÞGÕãÕãØôÙ�ÚÆ×�Û§Ûs×gâsëÃ×gòO×NÓ¼àÂÕãÛ
Ð�ÑeÐ8Ò�Ó¼Õ(åÆ×Nßãá�ÞGß�ê�Ó·Û_åÁÛ_å�Þ/Õ§Þ¸õ÷Þ/âsåÆ×Nà�ÓÖÕ§õ0Õ�Ó¼àTé�Ú¼×NâGÞgî�ícà0Ø:×gâ/Û�öOÕãÓ¼õ»ÙÂÚ²×gÛ§ÞGáTá�ÞGàÂÓ²×NÚ�ÝgØ
ÕãÞGßãðHÓÖâGÞ�×gÛãÛs×NâsërÕ(×NÚÖÚ¼Ý[ê8Þ/á»Ù�Õ�Û§Ý-õ÷ÞG×NÕ§Ù�ßãÞ8Û_åÂÞ�âGÝ�Õ�Û(×Nà�áTÞ^�%ÞGâ�Û_Ó·ð�ÞGàÂÞGÕ§Õ(ÝNØQÛ§å�Þ8ðg×Nß§ÓÖÝ�Ù�Õ
õ0Þ�×NàÂÕ¸Ð�Ñ¡Ð8Ò ÞGõ0é�ÚÖÝyæHÕnÛ§Ý0ßãÞGÕãÓ¼ÕãÛ¸á�Þ/à�Ó²×gÚ¹ÝNØ�Õ§ÞGß�ðHÓ¼âGÞÃ×gÛãÛs×NâsërÕGî

ÿ�å�Þ÷éÆ×NéXÞGß¡Ó¼ÕeÝ�ß§ò�×Nà�Ó¼ù/ÞGá�×NÕ¡ØôÝNÚ¼Ú¼Ý[ê�Õ/î`_ZÞ/â/Û_ÓÖÝ�àba
á�ÓÖÕ§âGÙÂÕ§Õ§Þ/Õ»Ý�Ù�ßÃ×NÕãÕ§Ù�õ0éÂÛ_ÓÖÝ�à�Õ
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Û§Ý�á�Þ/ØôÞ/à�á�×NòO×gÓ¼à�Õ�Û#á�Þ/à�Ó²×NÚ¸ÝNØeÕãÞGßãðHÓÖâGÞ�×gÛãÛs×NâsërÕ/î�c�ÞGß�ØôÝ�ß§õ÷×Nà�â/Þ�áÆ×gÛ_×øØôÝ�ß#Ð�Ñ¡Ð8Ò
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Õ_×Nò�Þ¡×gÛãÛs×NâsërÕ/î
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Û§å�ÞTà�Þ/ÛcêAÝ�ßãëXö�×Nàø×NáÂðNÞGß§Õ§×Nßãæ+â/Ý�Ù�ÚÖáìéÂß§Þ/ðNÞGàOÛ»ÕãÞGß�ð�ÞGßãÕÃØôßãÝ�õ â/Ý�õ÷õÀÙ�à�Ó¼âG×gÛ_ÓÖà�ò
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×NàÂá&ÓÖõ÷éÂÚ¼ÞGõ0ÞGàOÛ§Ó¼à�òTÐ�ÑeÐ8ÒÃúûÕ
é ¯@êKë�¯HË/Ì`ìíÅ³î�ïGð{¯OÌZ»{Å
½ ]nñ�ðNÞGßãæ&ßãÞ��rÙ�ÞGÕ�Ûó×gâGâGÞ/éÂÛ_Þ/á�ÓÖÕ�Þ/ð�Þ/àOÛ_ÙÆ×NÚÖÚÖæ
â/Ý�õ0é�Ú¼Þ�Û_ÞGá'î
ò�ó5qôy=jZld~)o1s;s=l�q�y�wr�%�Zpxl��%ltq^yõu�y=wr}^q/��s;l'ö�oZlt|#y=|�~�}�q�y=u�wrqç|#l'ö�oZl�q1~�lnq�o1��v(l�sõ|k��jZwx~õjÁ�1u!px}�qZ����wry;jy;jZlG~)pxwrltq�yt÷ |�q1u���l^����}^s;�ÍoZq1wxö�oZl�q�o1��v(l�sõ|��øikjZl�s=l)��}^s;l^�!y=jZl�y=l)ùèy
}��Sy;jZl�s;l'ö^o1lt|#y³wWyõ|#ltpW�Á~tu!qe|;l�s=m�lu�|Ky=jZl¸qZ}�q�~)l��

f



ò�Ù�×Nß_×NàOÛ§ÞGÞ
Û_å�Þ/à ç ÞGâ/Ý�õ÷Þ/ÕTé�ß§Ý ç Ú¼ÞGõ÷×gÛ§Ó¼â¯ÓÖà Û§å�Þ&× ç ÕãÞGà�â/Þ3ÝNØó×NÕ§ÕãÙ�õ0éÂÛ_ÓÖÝ�à�ÕT× ç Ý�ÙÂÛ
â/Ú¼Ó¼Þ/àOÛ_ÕGî�´AÙÂÛ»×&âGÝ�ßãß§Þ/â/Û»â/Ú¼ÓÖÞGàOÛeÛ_åÆ×gÛÃõ÷×NëNÞ/Õ»×�ß§Þ��rÙ�Þ/ÕãÛ»ê�ÓÖÚ¼Ú�Þ�ð�ÞGàOÛ§ÙÆ×NÚ¼Ú·æìß§ÞGâ/ÞGÓ·ð�Þ#×
ßãÞGÕ§éXÝ�à�ÕãÞ¡ØôßãÝ�õ�Ð�ÑeÐ8ÒÃî

Ð8ÞGß�Û_Ó·äÆâ�×gÛ§ÞGÕ¡ÕãÛ§Ý�ß§Þ/á ç æìÐ�ÑeÐ8Ò½×Nß§Þ�ú»îx.(XYûH*r�10�â/Ý�õ÷éÂÚ¼Ó²×gàrÛGî»í®Ûeê�Ó¼ÚÖÚ ç ÞÁâ/Ý�àOð�Þ*Ü
à�ÓÖÞGàOÛ»åÂÞGß§Þ0Û_Ý3ß§ÞGò�×Nß§á�ÞG×NâsåèâGÞ/ßãÛ§ÓÖäÆâG×gÛ_Þ

ζ
Õ§ÓÖõ÷é�Ú·æì×NÕ»×&á�Ó¼òNÓÖÛs×gÚ¼ÚÖæ3Õ§ÓÖò�à�Þ/áè×gÛ§Û§ÞGÕ�Ûs×�Ü

Û§Ó¼Ý�àìÛ_åÆ×gÛ»Õ§éXÞGâGÓ·äÆÞGÕ»× ç Ó¼à�áÂÓ¼à�ò ç Þ�Ûcê8Þ/ÞGà Õ§Ý�õ0Þ#àÆ×gõ÷Þ
cid

×Nà�áèÕãÝ�õ÷Þ÷é�Ù ç ÚÖÓ¼â÷ëNÞ/æ
Ý�ß
ÝgÛ_å�Þ/ß�×gÛ§Û§ß§Ó ç ÙÂÛ_Þ/Õ

pubK
î ícà ×Ná�á�Ó·Û_Ó¼ÝNà¹ö�ÞG×Nâså âGÞGß�Û_Ó·äÆâ�×gÛ§Þ

ζ
×gÚ¼Õ§Ý â/Ý�àOÛs×NÓÖà�Õ�×

Ù�àÂÓQ�rÙ�ÞÁÕ§Þ/ß§Ó¼×NÚ�àrÙ�õ ç ÞGß
σ(ζ)

×NÕãÕ§Ó¼òNà�ÞGá ç æ+Ð�ÑeÐ8ÒÀö�×gà�á�Û_å�Þ»ØôÝ�ÚÖÚ¼Ý[ê�Ó¼àÂò¯Õ§Þ/õ¯×gàrÛ§Ó¼â/Õ
ÝNØRÐ�ÑeÐ8ÒÀúÈÕ

Update
×Nà�á

Query
òNÓÖð�Þ¶õ÷ÞG×Nà�Ó¼àÂòÀÛ_ÝÁÛ_åÂÞ-àÆ×gÛ_ÙÂß_×NÚ%Ý�ß§á�Þ/ß§ÓÖà�òÁÝ�à#Û_åÂÞGÕ§Þ

ÕãÞGß§Ó¼×NÚ�àrÙ�õ ç ÞGß§ÕJ2�àÆ×gõ÷Þ/ÚÖæ�öQÛ_å�×gÛ-×0âGÞGß�Û_Ó·äÆâ�×gÛ§ÞÃØôÝ�ß
cid

ÓÖàrðg×NÚÖÓ¼áÆ×�Û_ÞGÕ�â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þ/Õ�ØôÝ�ß
cid

åÆ×�ðHÓ¼à�òTÚÖÝyêAÞGß�ÕãÞGß§Ó¼×NÚ¹àrÙ�õ ç ÞGßãÕGî
ü ïdý�ÎÂÌ�¯ ]�þeÓ·ð�Þ/àÃ×�â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þ

ζ
ØôÝ�ß�×�àÆ×Nõ0Þ

cid
×gà�áÃòNÓÖð�Þ/à¡×�àÂÞ/ê ç ÓÖà�á�ÓÖà�ò

pubK ′ØôÝNß
cid

ör×Nà
Update

ß§Þ��rÙ�Þ/ÕãÛAß§Þ�Û_Ù�ßãà�Õ8×gà÷×gâsëHàÂÝyê�ÚÖÞGá�òNõ÷Þ/àrÛ8×gØ«Û§ÞGßwÐ�ÑeÐ8Ò�åÆ×NÕ
â/ß§ÞG×gÛ_Þ/á�×Ãà�Þ�ê â/ÞGß�Û_ÓÖä�â�×gÛ§Þ

ζ ′
ØôÝ�ß

cid
ÕãÙ�âså
Û_åÆ×gÛ

ζ ′
ç ÓÖà�á�Õ

pubK ′
Û§Ý

cid
×NàÂá

σ(ζ) < σ(ζ ′)
å�Ý�ÚÖá�ÕGî

ÿ¢ë�¯rÍ�Ã ]dþ-ÓÖðNÞGà#×eàÆ×Nõ0Þ
cid

öH×
Query

ß§Þ��rÙ�Þ/ÕãÛ
Q
ß§Þ/Û§Ù�ß§àÂÕn×Ãâ/ÞGß�Û_ÓÖä�â�×gÛ§Þ

ζ
ØôÝNß

cidÕãÙ�âså3Û§åÆ×gÛ�]
C Ó D

ζ
ên×gÕÀâGßãÞ�×gÛ§ÞGá ç æìÕãÝ�õ÷Þ

Update
ß§Þ^�rÙ�ÞGÕ�ÛÀÛ_å�×gÛÃê8×NÕÃ×NâGâ/ÞGéÂÛ§ÞGá ç Þ/ØôÝ�ßãÞ

Q
âGÝ�õ0é�ÚÖÞ/Û_Þ/á¹î

C Ó¼Ó D�ÆQÝNß-×NàOæ�â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þ
ζ ′
ØôÝ�ßóàÆ×Nõ0Þ

cid
â/ß§Þ�×�Û_ÞGá ç æ+×Nà

Update
ß§Þ��rÙ�Þ/ÕãÛ

Û_åÆ×gÛ¸â/Ý�õ÷éÂÚ¼Þ/Û§ÞGá ç Þ/ØôÝ�ßãÞ
Q
ên×gÕ�×gâGâGÞ/éÂÛ_Þ/á¹ö

σ(ζ ′) ≤ σ(ζ)
åÂÝ�Ú¼á�Õ/î

´Aæ+×gÕ§Õ§ÙÂõ÷ÓÖà�ò�×NàìÓ¼à�Ó·Û_Ó²×gÚ�áÂÞ/Ø:×NÙ�Ú·Û ç Ó¼àÂá�Ó¼à�ò#ØôÝNß-Þ/ð�Þ/ßãæ+éXÝ�Õ§ÕãÓ ç ÚÖÞ»àÆ×Nõ0ÞNö¹Û§å�ÞTÝ�éZÜ
Þ/ß_×gÛ§Ó¼Ý�à�Û§Ýìâ/ß§ÞG×gÛ_Þ3×�äÆß§Õ�Û ç Ó¼à�á�ÓÖà�ò�ØôÝ�ßT×�ò�Ó·ð�ÞGà àÆ×Nõ0Þ
â�×gà ç Þ�Ó¼õ0é�Ú¼Þ/õ÷Þ/àrÛ§ÞGá ç æ
Query

C Û§ÝÀß§Þ�Û_ßãÓ¼Þ/ðNÞ�Û§å�Þ�â/ÞGß�Û_ÓÖä�â�×gÛ§Þ�ØôÝ�ß(Û_å�Þ�á�Þ/Ø:×gÙ�ÚÖÛ ç ÓÖà�á�Ó¼àÂò/DRØôÝ�Ú¼ÚÖÝyêAÞGá ç æ
Update

î
Ò�à�áì×Nà+Ý�é%Þ/ß_×gÛ§Ó¼Ý�à�Û§Ý
ß§Þ�ð�Ý�ëgÞ¯×
âGÞ/ßãÛ§ÓÖäÆâG×gÛ_Þ»ØôÝ�ß

cid
ÓÖÕ-Þ�×NÕãÓ¼Ú·æ ç ÙÂÓ¼ÚÖÛ�Øôß§Ý�õ

Updateç æ
Õãé%Þ/âGÓÖØ«æHÓÖà�ò0×TàÂÞ/ê ç ÓÖà�á�ÓÖà�ò»ØôÝ�ß
cid

î
Update

âGß§ÞG×gÛ_Þ/Õ»×NàÂá�Ó¼àOðg×NÚ¼ÓÖáÆ×gÛ§ÞGÕ-âGÞ/ßãÛ§ÓÖäÆâG×gÛ_Þ/ÕGö�ÕãÝ�ÓÖÛ¡Õãå�Ý�Ù�ÚÖá�é�ß§Ý ç × ç Ú·æ ç Þ÷ß§Þ*Ü
Õ�Û_ß§ÓÖâ/Û§ÞGá�Û_Ý âGÞGß�Ûs×NÓÖà â/Ú¼ÓÖÞGàOÛ_Õ/î Ð8Ý�àÂÕ§Þ��rÙ�Þ/àOÛ_ÚÖæNöÃÐ�Ñ¡Ð8Ò ×NÚÖÚ¼Ý[ê�Õ&×NàJ×gÙÂÛ_å�ÝNß§Ó¼ùG×gÛ_ÓÖÝ�à
éXÝ�Ú¼ÓÖâ/æ&Û_Ý ç ÞTá�Þ�äÆà�Þ/áøØôÝ�ß

Update
î0ícàìé�ßãÓ¼à�â/Ó¼é�ÚÖÞNö�×3Ð8Ò â/Ý�Ù�ÚÖáø×gÚÖê8×[æHÕ¡é�ß§ÝHâGÞ/Õ§ÕÃ×

Query
ö ç ÞGâG×NÙ�ÕãÞ

Query
á�ÝHÞGÕÀàÂÝNÛÃ×��'Þ/â/ÛÀ×NàOæ ç Ó¼àÂá�Ó¼à�òÂî¯ícàìé�ß_×Nâ�Û_ÓÖâGÞNö�Û_åÆ×�ÛÃéXÝ�ÚÖÓ¼â/æ

êAÝ�Ù�ÚÖá3â/ß§Þ�×�Û_ÞÃ×TðHÙ�ÚÖà�ÞGß§× ç Ó¼ÚÖÓÖÛcæ0Û_Ý0á�ÞGàÂÓ²×NÚ�ÝNØRÕ§Þ/ßãðHÓ¼â/ÞÀ×gÛãÛs×NâsërÕ/ö%ÕãÝ#Ð�ÑeÐ8Òþ×Ná�Ý�éÂÛ§Õ¶×
õ0Ý�ß§Þ-â/Ý�à�ÕãÞGßãðg×gÛ§ÓÖðNÞÃ×gé�é�ß§Ý�×Nâså3áÂÓ¼Õ§â/Ù�Õ§ÕãÞGá3Ó¼àæ_ZÞGâ�Û_ÓÖÝ�à�,�î

ÿ�å�ÞóÕãÞGõ÷×NàOÛ_ÓÖâGÕnÝNØ
Update

×NÕ§ÕãÝZâ/Ó²×gÛ§ÞGÕAÚ²×Nßãò�ÞGßwÕ§Þ/ß§Ó²×gÚ%àrÙ�õ ç ÞGßãÕnê�ÓÖÛ§å#à�Þ/êAÞGß�â/ÞGßlÜ
Û§ÓÖäÆâG×gÛ_Þ/Õ�×Nà�á¹öZÓ¼à¯Û§å�Þ-× ç Õ§ÞGàÂâGÞeÝNØ�âGÝNà�âGÙ�ßãß§Þ/àrÛ�Þ*üZÞGâGÙZÛ_Ó¼ÝNà¹öÆ×

Query
ØôÝNß

cid
ß§Þ�Û_Ù�ßãà�Õ

Û§å�Þ#âGÞ/ßãÛ§ÓÖäÆâG×gÛ_Þ0ê�å�Ý�Õ§Þ
ÕãÞGßãÓ²×NÚwàrÙ�õ ç ÞGß»ÓÖÕÃÛ_åÂÞ#Ú²×Nßãò�ÞGÕ�Û»ÝNØ¸×gÚ¼ÚwâGÞGß�Û_Ó·äÆâ�×gÛ§ÞGÕÀØôÝNß
cid

î
,



Ð8Þ/ßãÛ_Ó·äÆâ�×�Û_ÞeÕ§Þ/ß§Ó²×gÚ¹àrÙ�õ ç ÞGß§Õ¸×NßãÞ¡×Nâ/Û§ÙÆ×NÚ¼Ú·æ¯â/Ý�à�ÕãÓ¼ÕãÛ§ÞGàOÛ�Ý�à�ÚÖæ÷ê�ÓÖÛ§å3×OT����!6�"=����I'����47 #��"=�
âG×NÙ�Õ_×gÚ¼ÓÖÛcæ3ß§Þ/Ú²×gÛ§Ó¼Ý�àK]¸Û§å�ÞÁÛ_ß_×gà�Õ§Ó·Û_ÓÖðNÞ»âGÚÖÝ�Õ§ÙÂß§ÞÁÝNØAß§Þ/Ú²×gÛ§Ó¼Ý�à

→
ö%ê�å�ÞGßãÞ

ζ → ζ ′
å�ÝNÚ¼á�Õ

Ó·Øó×NàÂá?Ý�à�Ú·æ ÓÖØ
ζ ′
ÓÖÕ0â/ß§ÞG×gÛ_Þ/á ç æ ×Nà

Update
åÆ×�ðHÓ¼à�ò

ζ
×NÕ0Ó¼àÂé�ÙÂÛ�î?ÿ�êAÝ

UpdateßãÞ��rÙ�ÞGÕ�Û_Õ
U
×gà�á

U ′
Õ§Ù ç õ0ÓÖÛãÛ_Þ/á¹ö'ØôÝ�ß�Þ�üÂ×Nõ0é�Ú¼Þgö ç æ3Û§å�ÞÁÕ_×Nõ0ÞÀâ/Ú¼ÓÖÞGàOÛ�ö¹ÕãÞGßãÓ²×NÚÖÚÖæ�ö%×Nà�á

ê�å�Þ/ß§Þ ç ÝNÛ_å�Ó¼à�é�ÙZÛ»Û_å�Þ¯Õ_×Nõ0Þ¯â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þgö(×Nß§Þ¯à�ÝNÛÁÝ�ßãá�ÞGßãÞGá ç æ�Û§å�Þ
→

ßãÞGÚ²×�Û_ÓÖÝ�à¹î
ÿ�årÙ�Õ/öÂÛ_å�Þ¶Õ§ÞGõ÷×NàOÛ_ÓÖâGÕnÝgØ

Update
×NÚÖÚ¼Ý[ê�Õ

U
Û§Ý»âGßãÞ�×gÛ§Þ-×ÀâGÞ/ßãÛ§ÓÖäÆâG×gÛ_Þ

ζ
ö
U ′
Û_ÝÀâGß§ÞG×gÛ_Þ

×Àâ/ÞGß�Û_ÓÖä�â�×gÛ§Þ
ζ ′
öÂ×Nà�á

σ(ζ ′) < σ(ζ)
Û_Ý»å�ÝNÚ¼áÁ2±âGÝ�à�ÕãÓ¼Õ�Û_ÞGàOÛAê�ÓÖÛ_å÷Û_å�ÞóÕãÞGß�ðZÓÖâGÞ*ÜcâGÞ/àOÛ_ß§ÓÖâ

âG×NÙ�Õ_×gÚ¼ÓÖÛcæÃß§Þ/Ú²×gÛ§Ó¼Ý�à ç ÙÂÛ�Û§å�Þ�Ý�é�éXÝ�Õ§Ó·Û_ÞnÝgØXê�å�×gÛ(Ó¼Õ�ßãÞ��rÙ�ÓÖß§ÞGá»ØôÝNß�Õ§Þ/ß§Ó²×gÚ�àrÙ�õ ç ÞGß§Õ�â/Ý�àZÜ
ÕãÓ¼ÕãÛ§ÞGàOÛnê�Ó·Û_å�Ç�×Nõ0é%Ý�ß�Û�úÈÕ8õ0Ý�ß§Þ*ÜcÙ�ÕãÞ/ØôÙ�Ú%é%ÝgÛ_ÞGàOÛ§Ó²×NÚXâ�×NÙÂÕ_×NÚÖÓÖÛcæ÷ß§ÞGÚ¼×gÛ_ÓÖÝ�à�*-,/��0 C ç ÞGâG×NÙ�ÕãÞ
Þ*üÂÞ/âGÙÂÛ§Ó¼Ý�à&ÝNØ

U
Ó¼Õ�éXÝNÛ_Þ/àOÛ_Ó²×gÚ¼ÚÖæ0âG×NÙ�Õ_×gÚ¹ØôÝ�ß�Þ�üZÞGâ/ÙÂÛ_ÓÖÝ�à&ÝNØ

U ′
D*î

Ð�ÑeÐ8Ò Ó¼Õ¸ØôÝ�ß§â/ÞGá�Û_Ý#Þ/õ÷éÂÚ¼Ý[æ3Û§å�Þ»ÕãÞGßãðHÓÖâGÞ�Ü®âGÞ/àrÛ§ß§ÓÖâÁâ�×NÙ�Õ§×NÚ¼Ó·Ûcæ&ß§ÞGÚ¼×gÛ_ÓÖÝ�à ç ÞGâG×NÙ�ÕãÞ
Ð�ÑeÐ8Ò åÆ×gÕ8à�ÝÀê8×�æ÷Û§Ý»Ý ç Û_×NÓ¼à0Ó¼àZØôÝ�ß§õ÷×gÛ_ÓÖÝ�àTÓÖÛAâ�×Nà÷Û_ß§ÙÂÕãÛ�× ç Ý�ÙÂÛAâ�×gÙ�Õ_×NÚÖÓÖÛcæTÓÖàrðNÝ�ÚÖðOÜ
ÓÖà�ò3ÝNé%Þ/ß_×gÛ§Ó¼Ý�à�ÕeÓ·ÛÃáÂÝZÞ/ÕÀà�ÝNÛÃÓÖÛ§Õ§Þ/ÚÖØAÓ¼õ0é�Ú¼Þ/õ÷Þ/àrÛGî
Ð8ÚÖÓ¼ÞGàOÛ§Õ¡êAÝ�Ù�ÚÖá�åÆ×�ð�Þ÷Û_Ý&é�ß§Ý[ðHÓ¼á�Þ
Ð�ÑeÐ8Ò ê�Ó·Û_å0Û_åÆ×gÛAÓ¼àZØôÝ�ß§õ÷×gÛ_ÓÖÝ�à¹öO×gà�á¯â/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGá0âGÚ¼ÓÖÞGàOÛ_Õwõ0Ó¼ò�åOÛwé�ß§Ý[ðHÓ¼áÂÞ ç Ý�ò�Ù�Õ
ÓÖàÂØôÝ�ß§õ÷×gÛ§Ó¼Ý�à¹î�´wæÁÙ�Õ§ÓÖà�òeÕ§Þ/ßãðHÓ¼â/Þ�Ücâ/ÞGàOÛ_ßãÓ¼â�â�×gÙ�Õ_×NÚÖÓÖÛcæNörÐ�ÑeÐ8Ò ×gà�áTÓÖÛ_Õ�â/Ú¼ÓÖÞGàOÛ_Õ(×NßãÞ�à�ÝNÛ
å�ÝNÕãÛs×gò�Þ-Û_ÝTÓ¼àÂØôÝNß§õ÷×gÛ_ÓÖÝ�à#× ç Ý�ÙÂÛ�âG×NÙ�Õ§×NÚ¼Ó·Ûcæ¯ØôÙ�ßãà�Ó¼Õãå�ÞGá ç æ
âGÝ�õ0é�ßãÝ�õ÷ÓÖÕ§Þ/á
âGÚ¼ÓÖÞGàOÛ_Õ/î

Update
×Nà�á

Query
×NßãÞ3àÂÝNÛ¯ÓÖà�á�Ó·ðZÓÖÕ§Ó ç Ú¼Þ�×NàÂá C ×gÕ0ê�ÓÖÚ¼Ú ç ÞGâGÝNõ÷Þ3×Né�éÆ×gß§ÞGàOÛ÷Ó¼à

_ZÞ/â/Û§Ó¼Ý�à�fSDA×Nß§Þ-à�ÝgÛ�Þ�×NÕãÓ¼Ú·æ¯õ÷×Ná�ÞóÕãÝø]AÐ�ÑeÐ8ÒÀúÈÕ
Update

Ó¼àOð�Ý�Ú·ð�Þ/Õ�Õ§ÞGé�×Nß_×gÛ§Þe×Nâ/Û§Ó¼Ý�àÂÕ
ØôÝ�ß÷Û_å�Þ+Ó¼àOðg×NÚÖÓ¼áÆ×gÛ§Ó¼Ý�à¬×Nà�á±ØôÝ�ß#Û§å�Þ�âGßãÞ�×gÛ§Ó¼Ý�à±ÝgØÀâ/ÞGßãÛ§ÓÖäÆâG×gÛ_Þ/ÕGî ícà Ó¼õ0é�ÚÖÞGõ0ÞGàOÛ_ÓÖà�ò
Update

ö�ê8Þ¡âGÝNàrÛ§ÞGõ0é�Ú²×�Û_ÞGá�Þ/ÓÖÛ_åÂÞGß�éXÝ�Õ§ÕãÓ ç ÚÖÞ-Ý�ß§á�Þ/ß§ÓÖà�òÁØôÝ�ßnÛ_å�Þ/Õ§ÞÃ×Nâ/Û§Ó¼Ý�àÂÕ�]dñRüZÞGâGÙZÛ_Þ
ÓÖàrðg×NÚÖÓ¼áÆ×�Û_Ó¼ÝNà�ä�ß§ÕãÛGö�×Nà�á�Û§å�ÞGßãÞ»Ó¼Õ¶×¯éXÞGß§ÓÖÝZá3ê�å�ÞGà+à�Ý#â/ÞGß�Û_ÓÖä�â�×gÛ§Þ»Ó¼Õ¸ðN×gÚ¼Ó¼á'ñ'Þ�üZÞ/âGÙÂÛ§Þ
ÓÖàrðg×NÚÖÓ¼áÆ×�Û_Ó¼ÝNà¯Ú²×gÕãÛ�ö�×Nà�á
Û_å�Þ/ß§ÞeÓ¼Õ¸×ÁéXÞGß§ÓÖÝZá#ê�åÂÞGà�õÀÙ�ÚÖÛ§Ó¼é�ÚÖÞ¶âGÞ/ßãÛ§ÓÖäÆâG×gÛ_Þ/Õ�×gß§Þ-ðg×NÚ¼ÓÖá¹î

_ZÓÖà�âGÞ�ê8Þ�ê8×NàOÛ_ÞGá
Query

Û§Ý�ßãÞ/Û_ÙÂß§à ×+âGÞ/ßãÛ§ÓÖäÆâG×gÛ_Þgö8åÆ×�ðHÓ¼à�òøé%Þ/ß§ÓÖÝZá�ÕÁê�Ó·Û_å à�Ý
ðg×NÚÖÓ¼áÀâ/ÞGß�Û_ÓÖä�â�×gÛ§ÞAØôÝ�ßR×óò�ÓÖðNÞGà»àÆ×gõ÷Þwê8Ý�ÙÂÚ¼áÁåÆ×�ð�Þ�õ0Þ�×gàrÛRÕãæHà�âså�ßãÝ�à�ÓÖùGÓ¼àÂò
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Û§åÆ×gÛ�ÕãÞGßãðNÞGß/úûÕ�Õ§åÆ×NßãÞeÝNØ�Û§å�ÞeÕ§Þ/ßãðHÓ¼â/ÞÃé�ßãÓÖðg×gÛ§ÞóëNÞ�æ%ñ
C aYD�ÕãÝ�õ0ÞTÐ�ÑeÐ8Ò Õ§Þ/ßãð�Þ/ßeâGÝ�õ ç Ó¼à�Þ/Õ¶Û_å�Þ/Õ§ÞTéÆ×Nß�Û_Ó¼×NÚ�Õ§Ó¼òNàÆ×gÛ_ÙÂß§ÞGÕe×gà�á�Ý ç Û_×NÓ¼à�Õ¸Û_å�Þ

ÕãÓ¼ò�àÂÞGá�õ÷Þ/Õ§Õ§×Nò�ÞNî$#
F�Ó·Û_å

(n, t + 1)
Û§å�ß§Þ/Õ§å�Ý�ÚÖá�â/ßãæHéÂÛ_ÝNò�ß_×NéÂåræNö

t + 1
ÝNß�õ0Ý�ß§ÞeéÆ×gßãÛ_Ó¼×NÚ�Õ§ÓÖò�àÆ×gÛ§Ù�ß§Þ/Õó×NßãÞ

à�Þ/ÞGá�Þ/á+Ó¼à�ÝNß§á�Þ/ß�Û_Ý¯ò�ÞGà�Þ/ß_×gÛ§ÞÁ×¯ÕãÓ¼ò�àÆ×�Û_Ù�ßãÞNî¶Ò�à�×NáÂðNÞGßãÕ_×Nß�æ�õ»Ù�Õ�Û¶Û§å�ÞGßãÞ/ØôÝ�ßãÞ»âGÝ�õÁÜ
é�ßãÝ�õ0Ó¼Õ§Þ

t + 1
ÕãÞGß�ð�ÞGßãÕ¶ÓÖà&ÝNß§á�Þ/ßnÛ_ÝÁØôÝ�ß§òNÞÀÐ�ÑeÐ8ÒªÕ§ÓÖò�àÆ×gÛ§Ù�ß§Þ/ÕGî

% ÍZÅXÎ�ÏNÌZ»{°³¯ é ¯HÏYÅ@°³¯rÍZÃ�� Ò õ0Ý ç ÓÖÚ¼Þ�×NáZð�ÞGßãÕ_×Nß�æ¯õ0Ó¼òNårÛwâ/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞ
t+1

Õ§ÞGß�ð�Þ/ß§Õ
Ý[ð�Þ/ß¶×ÁéXÞGßãÓ¼ÝHá&ÝgØ�Û§Ó¼õ0Þ-×Nà�á¹öÆÓÖà�Õ§Ý0á�Ý�Ó¼àÂò�ö�âGÝNÚ¼Ú¼Þ/â/ÛnÛ§å�Þ

t + 1
Õ§åÆ×NßãÞGÕ¸ÝNØRÛ§å�ÞeÕ§Þ/ßãðHÓ¼â/Þ

é�ßãÓÖðg×gÛ§Þ÷ëgÞ/æ�îøÐ8Ý�àÂÕ§Þ��rÙ�Þ/àOÛ_ÚÖæNöAÐ�Ñ¡Ð8Ò ÞGõ0é�Ú¼Ý[æHÕ»×�éÂß§ÝO×Nâ�Û_Ó·ð�Þ#ÕãÞGâGßãÞ/ÛTÕãåÆ×Nß§ÓÖà�ò�éÂß§ÝgÜ
Û§ÝZâ/Ý�Ú�Û_Ý#ßãÞ/Øôß§Þ/Õ§å�Û§å�ÞGÕãÞ»Õ§åÆ×gß§ÞGÕ/ö¹éXÞGß§ÓÖÝZáÂÓ¼â�×gÚ¼ÚÖæ÷ò�Þ/à�ÞGß§×gÛ_ÓÖà�ò#×¯àÂÞ/ê Õ§Þ�Û-ÝNØ�ÕãåÆ×Nß§Þ/Õ¶ØôÝ�ß
Û§å�Þ»Õ§Þ/ßãðHÓ¼â/ÞTé�ß§Ó·ðN×�Û_ÞÀëgÞ/æNî»ý�Þ�êÔÕãåÆ×NßãÞGÕeâ�×NàÂà�ÝNÛ ç ÞÁâGÝ�õ ç Ó¼à�Þ/á�ê�ÓÖÛ§å�Ý�Ú¼á�ÕãåÆ×NßãÞGÕóÛ_Ý
â/Ý�à�ÕãÛ§ß§Ù�â�ÛnÕãÓ¼ò�àÆ×�Û_Ù�ßãÞGÕGî�Ò�à�á#éXÞGßãÓ¼ÝHá�Ó¼â�Þ�üZÞ/âGÙÂÛ§Ó¼Ý�à#ÝgØ¹Û_å�ÓÖÕ8é�ßãÝO×Nâ�Û_ÓÖðNÞ�ÕãÞGâ/ß§Þ/ÛnÕ§åÆ×NßãÓ¼à�ò
é�ßãÝNÛ_ÝHâGÝNÚ�ÞGà�ÕãÙ�ß§Þ/ÕwÛ§åÆ×gÛw×-õ0Ý ç Ó¼ÚÖÞn×NáZð�ÞGßãÕ_×Nß�æTâ�×NàTØôÝ�ßãò�Þ¸Ð�ÑeÐ8Ò ÕãÓ¼ò�à�×gÛ_Ù�ßãÞGÕ(Ý�à�Ú·æ ç æ
â/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÓ¼à�ò

t + 1
ÕãÞGß�ð�ÞGßãÕ¶ÓÖà�Û§å�ÞeÓ¼àOÛ_Þ/ßãðg×NÚ ç Þ/ÛcêAÞGÞ/à�é�ßãÝNÛ_ÝHâGÝNÚ¹Þ�üZÞGâ/ÙÂÛ_ÓÖÝ�à�Õ/î

&(' qZl%��wx��j�y¸y=jZwrq�)R�1u�s#y=wxu�pø|;wx��q1u!y;oZs=lt|n~)}^oZp��Rv(le~)}^��vZwxqZlt�ívèzí~�prwxl�q�y=|+*�wrq�|{y=ltu���}���� ' �K�|#lts;m^l�sõ|-,�y=}�}^v�y=u�wrq�u�|;wr�^qZlt�¸�%l'|;|=u!�^lt|t�tvZoZy@y=j1u�yøwrq�y=s;}���o1~�lt|@u�mèoZpxqZl�sõu!vZwxpxwWy{zGy;}G��l�q1wxu�p^}���|#lts;mèw�~)lu�y;y=u�~.)�|t��/Áu^~.)èwrqZ��� ' �K�á|#lts;m^l�s��ZoZvZpxwx~�)^l�z�|��
~)pxwrltq^yõ|���}�qZ}!y�j1u±m^l[uí�Ku±z�y=} u�o�y;j1l�q�y;w�~�u!y;ly;jZlR}�s=wr�^wrq1|e}!�¸�%lt|=|;u���lt|�~�}�qèm�ltzèwrqZ��y=jZl�1u�s#y=wxu�p�|;wr�^q1u�y=oZs;l'|���ikjZl�s=l)��}^s;l^��u�~)pxwrltq^yç~)}^oZpx�Ov(lv�}^��v1u�s=�Zlt���wry;j v(}��^o1|n�1u!s;y;w�u!p�|;wx��q1u!y;oZs=lt|t�/u!q1�í}�q1przív�zíu�~Jy=o1u!pxpxzEy;s=zèwrqZ�ôy;}~�}���vZwrq1l�y=jZlt|;l��s=u����%l�q�yõ|10�u!qôl)ù���ltq1|;wrm^lGltq�y;l�s=�Zs=wx|;l20�~)}^oZp���y;j1l¸v�}^q1u�����l¸�1u�s#y=wxu�pY|;wx��q1u!y;oZs=lt|kv(lnwx��ltq�y;wr�1lt�S�
�



ÿ�å�Þ¸é�ß§Ý�×Nâ/Û§ÓÖð�Þ�ÕãÞGâGßãÞ/ÛAÕ§åÆ×gß§Ó¼àÂòÃé�ßãÝNÛ_ÝHâGÝNÚÂÛ_åÆ×�ÛnÐ�ÑeÐ8Ò ÞGõ0é�Ú¼Ý[æHÕ(õ¯×gëNÞGÕ(à�Ý¡ÕãæHàZÜ
âså�ßãÝ�àOæ3×NÕ§ÕãÙ�õ÷éZÛ_Ó¼ÝNà�Õ C ê�å�ÓÖâså3êAÝ�Ù�Ú¼á ç ÞÃÓÖà�âGÝ�õ0éÆ×gÛ§Ó ç ÚÖÞ¶ê�ÓÖÛ§å&Û§å�Þ¡Ò¶ÕãæHà�âsåÂß§Ý�àOæ�×NÕ�Ü
ÕãÙ�õ÷éZÛ_Ó¼ÝNà0ÝgØ�_ZÞ/â/Û_ÓÖÝ�à`a(D�örÙ�à�ÚÖÓ¼ëNÞ�é�ßãÓ¼Ý�ß�êAÝ�ß§ë C ÞNîÈò�î·öK*Wf43ZöÁfYVHöÁfS.ZöÁa(fÂöÁa(a105D*î¸c�ß§ÝNÛ§ÝZâ/Ý�Ú
á�Þ�Ûs×NÓÖÚ¼ÕÁ×gß§Þ�á�Ó¼ÕãâGÙ�ÕãÕ§Þ/á?Ó¼à�*r��3Âö��Y��0 î ÆÆÝ�ß»Û§å�Þ�á�Ó¼ÕãâGÙ�ÕãÕ§Ó¼ÝNà¬ÓÖà Û§å�Ó¼ÕÁé�×Né%Þ/ßGöwê8Þ�â�×gà
ßãÞGòO×Nßãá
Û_å�Þeé�ßãÝNÛ_ÝHâGÝ�ÚÖÕ�Õ§ÓÖõ÷é�Ú·æ#×gÕ�Õ§ÞGß�ðHÓ¼âGÞ/Õ¸Û§åÆ×gÛ¶Ð�ÑeÐ8ÒªÓ¼àOð�Ý�ëgÞGÕ/î

ÿ�å�Þ/ß§ÞÀÓÖÕ�ÝNà�ÞÃàÂÝ�àZÜcÝ ç ðHÓÖÝ�Ù�Õ�é%ÝNÓ¼àOÛ¸ÝNØ�Ó¼àOÛ§ÞGß_×gâ/Û_ÓÖÝ�à�Ó¼àOð�ÝNÚÖðHÓ¼à�òTÛ_åÂÞÃé�ßãÝO×Nâ�Û_ÓÖðNÞÃßãÞ�Ü
â/ÝyðNÞGß�æÁé�ß§ÝgÛ_ÝHâGÝ�ÚÖÕRÙ�ÕãÞGáÁÛ_Ý-ßãÞ/Øôß§Þ/Õ§åTÕ§Þ/ßãðNÞGß(ëNÞ�æZÕw×NàÂáÁÕ§ÞGß�ðHÓ¼âGÞ�ëgÞ/æÁÕãåÆ×NßãÞGÕGîRÿ�ÝeÕ_×�Û_Ó¼Õ�Ø«æ
ï Þ��rÙ�Þ/ÕãÛ¶Ð8Ý�õ0é�Ú¼Þ�Û_Ó¼ÝNà C ÝNØn_ZÞ/â/Û_ÓÖÝ�àæaZî � D�öÆ×gà3×gâGâGÞ/éÂÛ_Þ/á3ßãÞ��rÙ�Þ/ÕãÛ¸Û_åÆ×gÛ�å�×NÕ�à�ÝNÛ ç ÞGÞ/à
â/Ý�õ÷éÂÚ¼Þ/Û§ÞGá�ê�åÂÞGà ×3ê�Ó¼àÂá�Ý[ê½ÝgØ�ðZÙÂÚ¼à�Þ/ß_× ç ÓÖÚ¼Ó·Ûcæ+ÞGà�á�ÕÀõ»Ù�ÕãÛ ç Þ/âGÝ�õ0Þ
×Nàè×gâGâGÞ/éÂÛ_Þ/á
ßãÞ��rÙ�ÞGÕ�Û�Ó¼àTÛ_åÂÞ¶à�Þ*üZÛAê�Ó¼à�áÂÝyê ÝNØ¹ðHÙ�Ú¼àÂÞGß_× ç Ó¼ÚÖÓÖÛcæ�î�ÿ�å�Þ/ß§Þ/ØôÝNß§ÞNöZâGÝ�ßãß§Þ/â/ÛnÕãÞGß�ð�ÞGßãÕ�× ç Ý�ÙÂÛ
Û§Ý�Þ�üZÞ/âGÙÂÛ§Þ�Û_å�Þ3é�ß§Ý�×Nâ/Û§ÓÖð�Þ3ß§Þ/âGÝ[ð�Þ/ßãæ éÂß§ÝNÛ§ÝZâ/Ý�Ú�ß§ÞGÕãÙ ç õ0ÓÖÛTÛ_Ý�×NÚ¼Ú�ÕãÞGßãðNÞGßãÕ�×NàOæ¬ßãÞ�Ü
�rÙ�Þ/ÕãÛ_Õ�Û§åÆ×gÛ�×NßãÞóÛ_å�Þ/à�Ó¼à#é�ßãÝ�ò�ßãÞGÕ§Õ/ñ�Û_å�Þ/Õ§Þ-ßãÞ��rÙ�ÞGÕ�Û_Õ�×Nß§Þ¶õ¯×NßãëNÞ/á&ÕãÝÁÛ_åÆ×gÛ8Û_å�Þ�æ¯ê�Ó¼ÚÖÚ
ç Þ¯é�ßãÝZâ/ÞGÕãÕ§ÞGá á�ÙÂß§Ó¼àÂò3Û_åÂÞ¯âGÝNß§ß§Þ/â/Û C Ó îÈÞNî·ö�à�Þ*üZÛ�Deê�ÓÖà�á�Ý[ê ÝNØnðHÙ�Ú¼àÂÞGß_× ç Ó¼ÚÖÓÖÛcæ�îæ_ZÝNõ÷Þ
ÕãÞGßãðNÞGßTÛ_åÆ×�Û÷ÓÖÕÁâGÝ�ßãß§Þ/â/Û0Ó¼àèÛ_åÂÓ¼ÕÁà�Þ*üZÛTê�ÓÖà�á�Ý[ê ÝNØ¸ðHÙ�Ú¼àÂÞGß_× ç Ó¼ÚÖÓÖÛcæìê�Ó¼Ú¼ÚAß§Þ/âGÞGÓ·ð�Þ�Û_å�Þ
ßãÞ��rÙ�ÞGÕ�Û�î3ÿ�åHÙÂÕGö ç æìá�Þ/äÆàÂÓÖÛ_ÓÖÝ�à¹ö�Ó¼àZÜ®é�ß§Ý�òNß§ÞGÕãÕÀ×gâGâGÞ/éÂÛ_Þ/áèß§Þ^�HÙÂÞGÕãÛ§Õ»Ó¼àìÛ_å�Þ÷é�ß§Þ�ðHÓ¼Ý�Ù�Õ
ê�ÓÖà�á�Ý[ê ÝNØ�ðHÙ�Ú¼àÂÞGß_× ç Ó¼ÚÖÓÖÛcæ0ß§Þ/õ¯×NÓÖà�×NâGâ/ÞGéÂÛ§ÞGá3Ó¼à
Û_å�Þeà�Þ*üHÛ¶Ý�àÂÞNî

ícà¡é�ß_×Nâ�Û_ÓÖâGÞNöyê�Ó¼àÂá�Ý[ê�Õ�ÝNØHðHÙ�Ú¼àÂÞGß_× ç Ó¼ÚÖÓÖÛcæ¸Û_ÞGàÂáÃÛ_Ý ç ÞwÚÖÝ�à�ò C 6�""576RáÆ×�æZÕ±D�ßãÞGÚ¼×gÛ_Ó·ð�Þ�Û_Ý
Û§å�ÞAÛ§Ó¼õ0Þ C .�Õ§Þ/âGÝ�àÂá�Õ�Ý�ß�Ú¼ÞGÕãÕ�D�ß§Þ��rÙ�ÓÖß§Þ/áÀØôÝ�ß�é�ß§ÝHâGÞ/Õ§Õ§ÓÖà�ò-×

Query
Ý�ß

Update
ßãÞ��rÙ�ÞGÕ�Û�î

í®ÛwÓ¼Õ�Û§årÙ�ÕAÞ*üHÛ_ß§Þ/õ÷Þ/ÚÖæÁÙÂà�Ú¼ÓÖëNÞGÚ·æÀÛ§åÆ×gÛw×eß§Þ��rÙ�Þ/ÕãÛAß§Þ/ÕãÛs×gßãÛ_Þ/á¯ÓÖà÷×-ÕãÙ ç Õ§Þ^�rÙ�ÞGàOÛnê�ÓÖà�á�Ý[ê
ÝNØ8ðZÙÂÚ¼à�Þ/ß_× ç ÓÖÚ¼Ó·Ûcæ�ê8ÝNÙ�Ú¼á�àÂÝNÛ ç Þ¯â/Ý�õ÷éÂÚ¼Þ/Û§ÞGá ç Þ�ØôÝ�ß§Þ÷é�ß§ÝO×gâ/Û_Ó·ð�Þ÷ß§ÞGâ/Ý[ð�ÞGß�æ�ÓÖÕÀ×Nò�×NÓ¼à
â/Ý�õ÷õ0ÞGàÂâGÞGá'î

®K¯rÍZ°³¯rÍ+®%Ì[ÎÂÌè¯ é ¯HÏYÅ@°³¯rÍ�Ã
ícà&×Ná�áÂÓÖÛ_ÓÖÝ�à#Û_ÝÁòNÞGà�Þ/ß_×gÛ§Ó¼à�òTà�Þ�ê Õ§Þ/ßãðNÞGß¸ëNÞ/æHÕ�×Nà�á�à�Þ�ê Õ§å�×Nß§Þ/Õ�ÝNØ�Û§å�ÞeÕ§ÞGß�ðHÓ¼âGÞeëgÞ/æ�ö
Ð�ÑeÐ8Ò ×gÚ¼Õ§Ý3é%Þ/ß§ÓÖÝZá�ÓÖâ�×NÚÖÚÖæ3ß§Þ�Øôß§ÞGÕãå�ÞGÕ»Û§å�Þ¯Õ�Ûs×gÛ§ÞGÕ»ÝgØ�ÓÖÛ§ÕÃÕãÞGßãðNÞGßãÕGî�ÿ�å�ÓÖÕÀÓÖÕÃá�ÝNà�Þ#×NÕ
éÆ×gßãÛ-ÝNØwé�ßãÝO×Nâ�Û_ÓÖðNÞ»ß§Þ/âGÝ[ð�Þ/ßãæNî»ÿ�å�ÞÁÕãÛ_×gÛ_ÞÀÝNØA×�Ð�Ñ¡Ð8Ò ÕãÞGß�ð�ÞGßeâ/Ý�à�Õ§ÓÖÕãÛ§Õ-ÝNØA×#Õ§Þ/ÛeÝgØ
â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þ/ÕGîTícà+Û_å�Þ/Ý�ßãæNö�Û§å�Ó¼Õ-Õ�Ûs×gÛ§Þ0â/Ý�Ù�ÚÖá ç ÞTß§Þ�Øôß§ÞGÕãå�ÞGá ç æ�é%Þ/ßãØôÝ�ßãõ÷ÓÖà�ò�×

QueryßãÞ��rÙ�ÞGÕ�Û8ØôÝ�ß�ÞG×Nâså¯à�×Nõ÷Þ�Û§åÆ×gÛwâGÝ�ÙÂÚ¼á0×Né�éXÞ�×Nß(ÓÖà¯×eâGÞ/ßãÛ_Ó·äÆâ�×�Û_ÞNîn´8ÙÂÛ(Û_å�Þ¸âGÝNÕãÛwÝNØ'Û§åÆ×gÛ
ç ÞGâ/Ý�õ÷Þ/Õ-é�ß§ÝNå�Ó ç Ó·Û_Ó·ð�ÞÃê�åÂÞGàìõ¯×NàOæ�âGÞGß�Û_Ó·äÆâ�×gÛ§ÞGÕe×NßãÞ ç Þ/Ó¼à�ò
Õ�Û_Ý�ßãÞGá ç æìÐ�ÑeÐ8ÒÀî�_ZÝ
ÓÖà�ÕãÛ§Þ�×Ná¹ö�á�Ù�ßãÓ¼à�ò&é�ß§Ý�×Nâ/Û§ÓÖð�Þ÷ß§Þ/âGÝ[ð�Þ/ßãæ�ö(×&Ú¼ÓÖÕãÛeê�ÓÖÛ§åìÛ§å�Þ¯àÆ×gõ÷Þ÷×Nà�áøÕ§ÞGßãÓ²×NÚ(àrÙ�õ ç ÞGß
ØôÝ�ß�Þ�ð�ÞGß�æ�ðN×gÚ¼Ó¼á
â/ÞGß�Û_ÓÖä�â�×gÛ§ÞÃÕ�Û_Ý�ßãÞGá ç æ�ÞG×Nâså�ÕãÞGßãðNÞGß�Ó¼Õ�Õ§Þ/àrÛ�Û_Ý0Þ/ðNÞGßãæ&ÝNÛ§å�ÞGß/î%�¸é%Ý�à
ßãÞGâGÞ/ÓÖðHÓ¼àÂò¸Û§å�Ó¼Õ�Ú¼ÓÖÕãÛGög×�Õ§Þ/ßãðNÞGß�ßãÞ/Û_ßãÓ¼Þ�ð�ÞGÕ�×NàOæeâGÞ/ßãÛ§ÓÖäÆâG×gÛ_Þ/Õ�Û_å�×gÛ�×Né�éXÞ�×Nß�Û_Ý ç ÞAõ0Ó¼ÕãÕ§Ó¼àÂò�î
Ð8Þ/ßãÛ_Ó·äÆâ�×�Û_ÞGÕTÕ�Û_Ý�ßãÞGá ç æ¬Ð�ÑeÐ8Ò Õ§Þ/ßãð�Þ/ß§Õ¯×Nß§Þ�Õ§ÓÖò�à�Þ/á C ç æ¬Ð�ÑeÐ8ÒçDõ2 ×�â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þ
ßãÞ/Û_ßãÓ¼Þ�ð�ÞGá ØôßãÝ�õ ×Nà�ÝgÛ_å�Þ/ß¯Õ§Þ/ßãðNÞGß
â�×gà?Û_årÙ�Õ ç Þ�âsåÂÞGâsëNÞ/á Û§Ý�õ÷×NëNÞ3Õ§Ù�ßãÞ�ÓÖÛ÷Ó¼Õ÷à�ÝNÛ
ç Ý�ò�Ù�Õ/î÷ÿ�åÂÞ÷â/ÞGßãÛ§ÓÖäÆâG×gÛ_ÞTÕãÞGß§Ó¼×NÚ�àrÙ�õ ç ÞGßãÕÃÞ/àÆ× ç ÚÖÞTÕ§ÞGß�ð�Þ/ß§ÕÃÛ§Ý3áÂÞ/Û_Þ/ß§õ0Ó¼à�ÞÁê�å�ÓÖâsåøÝgØ
Û§å�ÞGÓÖß¡â/ÞGß�Û_ÓÖä�â�×gÛ§ÞGÕ¡åÆ×�ð�Þ ç ÞGÞ/à�Ó¼àOðg×NÚÖÓ¼áÆ×gÛ§ÞGá C ç Þ/â�×NÙ�ÕãÞ#×�âGÞ/ßãÛ_Ó·äÆâ�×�Û_ÞTØôÝ�ß-Û_åÆ×gÛÃÕ_×gõ÷Þ
àÆ×gõ÷Þ ç ÙZÛ¸ê�Ó·Û_å&×Áå�Ó¼òNå�ÞGß�ÕãÞGß§Ó¼×NÚ¹àrÙ�õ ç ÞGß�Þ*üÂÓÖÕãÛ§Õ�D�î

3



8 9 G����U���í§^£
ícà?Ð�ÑeÐ8ÒÀöwÞ/ð�Þ/ßãæ âGÚÖÓ¼Þ/àrÛ0ßãÞ��rÙ�ÞGÕ�Û#ÓÖÕ0éÂß§ÝHâGÞGÕãÕ§Þ/á ç æ õ»Ù�ÚÖÛ§Ó¼é�ÚÖÞ#Õ§Þ/ßãðNÞGß§Õ¯×Nà�á¬Þ/ð�Þ/ßãæ
â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þ÷Ó¼Õ¡ß§Þ/é�Ú¼ÓÖâ�×gÛ§ÞGáìÝ�à�õ»Ù�Ú·Û_ÓÖé�Ú¼ÞÁÕãÞGßãðNÞGßãÕGî�ÿ�å�Þ÷ß§Þ/é�Ú¼ÓÖâ�×gÛ§Ó¼Ý�à+Ó¼ÕÃõ¯×gàÆ×Nò�Þ/á�×NÕ
×Áá�ÓÖÕ§Õ§Þ/õ÷ÓÖàÆ×gÛ§Ó¼Ý�àO´AæHù�×NàOÛ_ÓÖà�Þ�rÙ�Ý�ß§ÙÂõ ÕãæHÕãÛ§ÞGõ *-,Sû�0}öÂê�å�ÓÖâså&ÓÖÕnØôÞ�×NÕãÓ ç ÚÖÞ ç ÞGâ�×gÙ�Õ§Þeê8Þ
åÆ×�ðNÞ�×NÕ§ÕãÙ�õ÷Þ/á

3t + 1 ≤ n
å�Ý�ÚÖá�ÕGîH_HÝ�Õ§Þ/ßãð�Þ/ß§Õ0×NßãÞ#Ý�ß§ò�×Nà�Ó¼ù/ÞGáøÓ¼àOÛ_Ý�ÕãÞ/Û§ÕGö(â�×NÚÖÚ¼Þ/á

ä�?7<1�!?@N�T�ö�Õ§×gÛ_ÓÖÕãØ«æHÓ¼àÂòø];:
ÿ¢ë�ÅQÍ1ë�î <�½%Ìè¯HÍ�Ë�¯HÏNÌZ»{Å³½ ]8ÿ�å�Þ»Ó¼àOÛ§ÞGß§ÕãÞGâ�Û_Ó¼ÝNà�ÝNØw×NàOæ&Ûcê8Ý��rÙ�ÝNß§Ù�õ0ÕóâGÝNàrÛ_×NÓ¼àÂÕó×gÛ

ÚÖÞ�×NÕ�Û�Ý�à�ÞeâGÝNß§ß§Þ/â/Û¸Õ§Þ/ßãðNÞGßGî
ÿ¢ë�ÅQÍ1ë�î É °�Îø»;ðôÎ�Ê�»;ð#»ôÌ!Ã ]wÒÚ�rÙ�Ý�ßãÙ�õ âGÝ�õ0é�ß§ÓÖÕ§ÓÖà�ò÷ÝNà�ÚÖæ&âGÝNß§ß§Þ/â/Û-ÕãÞGß�ð�ÞGßãÕ¡×NÚÖê8×�æZÕ

Þ*üZÓ¼ÕãÛ§ÕGî
Ò�à�á3Þ�ð�Þ/ßãæ�âGÚÖÓ¼Þ/àrÛ�ßãÞ��rÙ�Þ/ÕãÛ�Ó¼Õ�é�ßãÝZâ/ÞGÕ§ÕãÞGá ç æ&×gÚ¼Ú'â/Ý�ß§ßãÞGâ�Û�ÕãÞGß�ð�ÞGßãÕ¶ÓÖà
Õ§Ý�õ0Þ�HÙÂÝ�ß§Ù�õ&î

�¶Þ�Ûs×NÓÖÚ¼ÞGá&é�ßãÝNÛ_ÝHâGÝ�ÚÖÕ�ØôÝ�ß
Query

×NàÂá
Update

×Né�éXÞ�×Nß¸×NÕ¶×Nà�Ò�é�é%Þ/à�á�Óqü'ñXÓ¼à�Û_åÂÓ¼Õ
ÕãÞGâ/Û§Ó¼Ý�à'ö�ê8ÞeÞ�üZé�Ú¼×NÓ¼à
Û§å�Þeõ¯×NÓÖà
Ó¼á�ÞG×NÕGî�ÿ�åÂÞeÛ§ÞGâså�àÂÓ¼â�×gÚ�âsåÆ×NÚ¼ÚÖÞGà�òNÞGÕ¸×Nß§Þ�]

•
´8ÞGâG×NÙ�Õ§Þ&ß§Þ^�rÙ�ÞGÕ�Û_Õ÷×Nß§Þ�é�ßãÝZâ/ÞGÕ§ÕãÞGá ç æè×H�rÙ�ÝNß§Ù�õ ÝNØ�Õ§Þ/ßãðNÞGß§Õ ç ÙÂÛ0à�ÝgÛTà�ÞGâ*Ü
Þ/Õ§Õ§×Nß§ÓÖÚÖæ ç æ¬×NÚ¼Ú�â/Ý�ß§ßãÞGâ�Û
Ð�ÑeÐ8Ò ÕãÞGß�ð�ÞGßãÕGö�á�Ó��'Þ/ß§ÞGàOÛ÷âGÝ�ßãß§Þ/â/Û#ÕãÞGß�ð�ÞGßãÕ#õ0Ó¼ò�åOÛ
éÂß§ÝHâGÞGÕãÕ»á�Ó��'Þ/ß§ÞGàOÛ

Update
ß§Þ^�rÙ�ÞGÕ�Û_ÕGîìÐ8ÝNà�Õ§Þ^�HÙÂÞGàOÛ_Ú·æ�öwá�Ó��%ÞGßãÞGàOÛ»â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þ/Õ

ØôÝNß»×�ò�Ó·ð�Þ/àèàÆ×Nõ0Þ
cid

×NßãÞ#ÕãÛ§Ý�ß§Þ/á ç æ�âGÝ�ßãß§Þ/â/ÛÁÕãÞGßãðNÞGßãÕGîèÐ8Þ/ßãÛ§ÓÖäÆâG×gÛ_Þ#ÕãÞGßãÓ²×NÚ
àrÙ�õ ç Þ/ß§Õ#é�ßãÝ[ðZÓÖá�Þ�×øÕ§Ý�ÚÖÙÂÛ_ÓÖÝ�à¬Û§Ý�Û_å�Þ3é�ß§Ý ç Ú¼Þ/õ ÝgØeá�Þ/Û§ÞGß§õ0Ó¼àÂÓ¼à�ò+ê�å�Ó¼âså±ÝgØ
Û§å�Ý�ÕãÞ¡ÓÖÕnÛ_å�Þeâ/Ý�ß§ßãÞGâ/Û¸â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þgî

•
´8ÞGâG×NÙ�Õ§Þ0âGÚÖÓ¼Þ/àrÛ§Õ-á�Ý&à�ÝNÛ¡ërà�Ý[ê Ð�ÑeÐ8Ò ÕãÞGß�ð�ÞGßÃé�Ù ç ÚÖÓ¼âÁëgÞ/æHÕGöR×&â/Ú¼Ó¼Þ/àOÛeõ¯×Në�Ü
ÓÖà�ò÷×÷ß§Þ^�rÙ�ÞGÕ�Û-â�×NàÂà�ÝNÛ¶×NÙÂÛ_åÂÞGàOÛ_ÓÖâ�×gÛ§ÞÃõ0ÞGÕãÕ_×Nò�Þ/Õ¶Øôß§ÝNõ ×¯Ð�ÑeÐ8ÒÔÕãÞGß�ð�ÞGßó×Nà�á¹ö
Û§å�ÞGßãÞ/ØôÝ�ßãÞNörâ�×gà�à�ÝNÛwá�Þ�Û_ÞGßãõ÷ÓÖà�Þnê�å�Þ�Û_å�Þ/ß8×E�rÙ�Ý�ßãÙ�õ ÝNØ%Õ§ÞGß�ð�Þ/ß§Õ8å�×NÕ(é�ß§ÝHâGÞ/Õ§Õ§Þ/á
Û§åÆ×gÛ¡ß§Þ^�rÙ�ÞGÕ�Û�î
ÿ�å�Þ÷Õ§Ý�ÚÖÙÂÛ_ÓÖÝ�à+Ó¼Õ-ØôÝ�ßeÕ§Ý�õ0Þ÷Ð�ÑeÐ8Ò Õ§Þ/ßãðNÞGß§ÕÃÛ_Ý ç Þ/âGÝ�õ0Þæ:Á��89I
�-!S&( J��T÷ØôÝ�ßÀÞG×Nâså�ß§Þ^�rÙ�ÞGÕ�Û�î�Ò áÂÞGÚ¼Þ/òO×gÛ§Þ÷é�ßãÞGÕãÓ¼á�Þ/Õ»Ý[ð�ÞGßÃÛ_å�Þ÷é�ß§ÝHâGÞ/Õ§Õ§ÓÖà�ò�ÝNØ¸×
â/Ú¼ÓÖÞGàOÛnßãÞ��rÙ�ÞGÕ�Û¸×Nà�á¹ö ç Þ/Ó¼à�ò»×ÁÐ�ÑeÐ8Ò Õ§ÞGß�ð�Þ/ßGöÆâ�×gà�×NÙÂÛ_åÂÞGàOÛ_ÓÖâ�×gÛ§ÞóÕ§Þ/ßãð�Þ/ß�õ÷Þ/Õ�Ü
Õ§×Nò�Þ/Õ#×Nà�á?×NÕ§ÕãÞGõ ç Ú¼Þ3Û§å�Þ&à�ÞGÞ/á�ÞGá±éÆ×gßãÛ_Ó¼×NÚ�Õ§ÓÖò�àÆ×gÛ§Ù�ß§Þ/Õ0ØôßãÝ�õ ÝNÛ§å�ÞGß#Ð�Ñ¡Ð8Ò
ÕãÞGß�ð�ÞGßãÕGî(ÒJâ/Ú¼ÓÖÞGàOÛwß§Þ��rÙ�Þ/ÕãÛ�ÓÖÕAå�×Nà�á�ÚÖÞGá ç æ

t+1
á�Þ/Ú¼ÞGò�×gÛ_Þ/ÕwÛ§ÝÀÞGàÂÕ§Ù�ßãÞ¶Û_åÆ×�Ûn×gÛ

ÚÖÞ�×NÕ�Û�Ý�à�ÞeÝNØ�Û_å�Þ/Õ§Þeá�Þ/Ú¼ÞGò�×gÛ_Þ/Õ¸ÓÖÕ�âGÝ�ßãß§Þ/â/Û�î
=?> s;}�mèw���lt��y;jZlts;lnu!s=l

3t + 1
|#lts;m^l�sõ|�u!q1�ôu�yk�%}^|#y

t
}��/y;jZ}�|#ln|;l�s=m�l�sõ|���u±z%v(lG~�}��%�Zs=}��%wx|;lt�/�y;jZlö�oZ}^s;o1� |#z�|#y;lt�

{Q : |Q| = 2t + 1}
~)}^q1|#y;wry;o�y=lt|eu ��w�|;|;l��%wxq1u�y=wr}^qA@KzCBtu�q�y;wxqZlEö^o1}�s=oZ�|#z�|#y;lt�[�EDZ}�sG|#wx�%�Zpxwx~�wWy{z^���Kl�u�|=|;oZ�%l

n = 3t + 1
jZ}^px�1|?F(y;j1l��Zs=}!y=}è~�}�p�|�u!s=l¸ltu^|#wxpxzôl�ù�y=l�q1�Zlt�çy=}~�u^|#l'|
��j1l�s=l

n > 3t + 1
jZ}�p��Z|t�

û



server

server

server

server

server

server

server
...

Client
delegate

request

response

Quorum of servers

ÆRÓÖò�Ù�ß§Þ � ]wÑóðNÞGß�ðZÓÖÞ/ê ÝgØRâ/Ú¼Ó¼Þ/àOÛ�ß§Þ��rÙ�Þ/ÕãÛ�é�ß§ÝHâGÞ/Õ§ÕãÓ¼à�ò�î

•
´8ÞGâG×NÙ�Õ§Þ�âGÝ�õ0õ»Ù�àÂÓ¼â�×�Û_Ó¼ÝNàÁÓ¼Õwá�Ý�à�Þ¸Ù�Õ§ÓÖà�òÃØ:×gÓ¼ß�Ú¼ÓÖà�ërÕGörß§Þ�Û_ß§×Nà�Õ§õ0Ó¼ÕãÕ§ÓÖÝ�à÷ÝgØ¹õ0ÞGÕ�Ü
Õ§×Nò�Þ/Õ¸õ÷×�æ ç Þeà�ÞGâ/ÞGÕ§Õ§×NßãæNî

ÆRÓÖò�Ù�ßãÞ � ÕãÙ�õ0õ¯×NßãÓ¼ù/ÞGÕ�Û_å�ÓÖÕRå�ÓÖò�åZÜcÚÖÞ/ðNÞGÚOðHÓ¼Þ/ê ÝNØ�å�Ý[ê Ð�ÑeÐ8Ò ÝNé%Þ/ß_×gÛ§ÞGÕ ç æÀá�ÞGé�ÓÖâ/Û§Ó¼à�ò
Ý�àÂÞ�ÝNØZÛ§å�Þ

t+1
á�ÞGÚÖÞGòO×�Û_ÞGÕ�×gà�á¡Û§å�Þd�rÙ�Ý�ß§ÙÂõ ÝNØZÕ§ÞGß�ð�Þ/ß§Õ�ê8Ý�ßãërÓ¼à�ò�ê�ÓÖÛ§åeÛ§åÆ×gÛ�á�Þ/Ú¼Þ/òO×gÛ_Þ

Û§Ý0å�×Nà�á�ÚÖÞe×0â/Ú¼Ó¼Þ/àOÛ�ß§Þ^�HÙÂÞGÕãÛGî

G ÏMÓ¸Ñ@Ó+H
Ó�ÙJI ÎKÑ@ÐdÒ)Ù�Õ
ìí¯rÍ[ÌZ»LKRÏ�ÎÂÌ�¯ ®k¯rÍ1»:ÎøðNMæë�î�Ê¸¯rÍ�Ë�� ÿ�åÂÞ¯Õ§Þ/ß§Ó¼×NÚ(àHÙÂõ ç Þ/ß

σ(ζ)
ØôÝ�ßÃ×�Ð�ÑeÐ8Ò â/ÞGß�Ü

Û§ÓÖäÆâG×gÛ_Þ
ζ
ÓÖÕ-×#éÆ×NÓÖß

〈v(ζ), h(Rζ)〉
ö%ê�å�Þ/ß§Þ

v(ζ)
Ó¼Õ-×�6(���±T�"=<14ã47?@NUP����¯×Nà�á

h(Rζ)ÓÖÕ�×0âGÝ�ÚÖÚ¼ÓÖÕ§Ó¼ÝNàZÜcßãÞGÕ§ÓÖÕãÛ_×NàOÛ�åÆ×NÕãå�ÝNØRÛ§å�Þ
Update

ßãÞ��rÙ�ÞGÕ�Û
Rζ

Û_å�×gÛ¶ÚÖÞGá&Û_Ý¯â/ß§ÞG×gÛ_ÓÖÝ�à3ÝgØ
ζ
î ¹ Þ/ß§Õ§ÓÖÝ�à&àHÙÂõ ç Þ/ß§Õ�ÞGàÂâGÝHá�Þ-Û_å�ÞeÕ§Þ/ßãðHÓ¼â/Þ�Ü®âGÞGàOÛ§ß§Ó¼â¡â�×gÙ�Õ_×NÚÖÓÖÛcæ¯ß§ÞGÚ¼×gÛ_ÓÖÝ�à
×NÕ�ØôÝ�ÚÖÚ¼Ý[ê�ÕGî
•
ÿ�å�Þ»äÆß§Õ�ÛeâGÞ/ßãÛ_Ó·äÆâ�×�Û_Þ»â/ß§Þ�×�Û_ÞGá+Û_Ý
Õãé%Þ/âGÓ·Ø«æ�× ç ÓÖà�á�Ó¼àÂò¯ØôÝ�ß-×#àÆ×gõ÷Þ

cid
ÓÖÕ-×NÕlÜ

ÕãÓ¼ò�àÂÞGá
ð�Þ/ß§Õ§ÓÖÝ�à&àHÙÂõ ç Þ/ß XÂî

•
Ò½â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þ

ζ ′
éÂß§ÝHá�Ù�âGÞ/á ç æø×Nà

Update
ò�Ó·ð�ÞGà�âGÞGß�Û_Ó·äÆâ�×gÛ§Þ

ζ
Ó¼Õ¡×NÕãÕ§Ó¼òNà�ÞGá

ðNÞGßãÕ§Ó¼ÝNà3àrÙ�õ ç ÞGß
v(ζ ′) = v(ζ) + 1

î
´8Þ/â�×NÙÂÕ§Þìá�Ó��%ÞGßãÞGàOÛ&ß§Þ��rÙ�Þ/ÕãÛ§Õ�åÆ×�ð�Þìá�Ó��'Þ/ß§ÞGàOÛ&âGÝNÚ¼Ú¼ÓÖÕ§ÓÖÝ�àZÜcßãÞGÕãÓ¼ÕãÛ_×NàOÛ#åÆ×gÕ§å�Þ/ÕGö-âGÞ/ßãÛ§ÓÖäÂÜ
âG×gÛ_Þ/ÕóâGßãÞ�×gÛ§ÞGá ç æ�á�Ó��'Þ/ß§Þ/àrÛ¶ß§Þ^�HÙÂÞGÕãÛ§ÕeåÆ×�ð�ÞÁá�Ó��'Þ/ß§ÞGàOÛ¶Õ§ÞGßãÓ²×NÚ�àrÙ�õ ç ÞGßãÕGîeÿ�å�Þ»Ù�ÕãÙÆ×NÚ

� X



ÚÖÞ�üZÓ¼â/Ý�ò�ß_×gé�å�Ó¼âÁÝNß§á�Þ/ß§Ó¼àÂò3Ý�àøÕ§Þ/ß§Ó²×gÚ�àHÙÂõ ç Þ/ß§Õ¡æZÓÖÞGÚÖá�Õ¡Û§å�ÞTÛ_ÝNÛ_×NÚ�Ý�ß§áÂÞGß§ÓÖà�ò&Ý�à�ÕãÞGß§Ó¼×NÚ
àrÙ�õ ç ÞGßãÕ¡êAÞ0Õ§ÞGÞ/ë(2 ×NàøÝ�ß§á�Þ/ß§ÓÖà�ò3â/Ý�à�ÕãÓ¼ÕãÛ§ÞGàOÛ¡ê�ÓÖÛ_å+Û_åÂÞTÛ§ß_×NàÂÕ§ÓÖÛ§ÓÖðNÞ0â/Ú¼Ý�ÕãÙ�ß§ÞTÝNØAÛ_å�Þ
→

ß§Þ/Ú²×gÛ§Ó¼Ý�à¹î
ý�ÝgÛ_Þ¶Û§åÆ×gÛ�öÂÞ/ð�Þ/à
ê�ÓÖÛ_å
ÕãÞGßãÓ²×NÚ%àHÙÂõ ç Þ/ß§Õ�Ý�à
â/ÞGß�Û_ÓÖä�â�×gÛ§ÞGÕGöZÛ_å�ÞóÕ§×Nõ0Þóà�Þ/ê âGÞ/ßãÛ§ÓÖäÂÜ

âG×gÛ_Þ#ê�ÓÖÚ¼Ú ç Þ#â/ß§ÞG×gÛ_Þ/á ç æ Ð�ÑeÐ8Ò�Ó·Ø¸×Nà
Update

ß§Þ^�rÙ�ÞGÕ�Û÷ÓÖÕ»ß§Þ*ÜcÕãÙ ç õ0ÓÖÛ§Û§ÞGá¹î+ÿ�å�ÓÖÕ
ÓÖÕ ç ÞGâG×NÙ�ÕãÞ&Û§å�Þ3ÕãÞGßãÓ²×NÚ�àrÙ�õ ç ÞGßTÝNØó×ìâ/ÞGß�Û_ÓÖä�â�×gÛ§Þ&ÓÖÕTÞGàOÛ_ÓÖß§ÞGÚ·æèá�Þ�Û_ÞGßãõ÷ÓÖà�ÞGá ç æèÛ_å�Þ
×Nßãò�Ù�õ0ÞGàOÛ_Õ(ÓÖàTÛ§å�Þ�ß§Þ^�HÙÂÞGÕãÛAÛ_åÆ×�Û(âGß§ÞG×gÛ_Þ/ÕwÛ§å�Þ�âGÞ/ßãÛ_Ó·äÆâ�×�Û_ÞNî�_HÝ�ö

Update
ß§Þ��rÙ�Þ/ÕãÛ§Õn×NßãÞ

ÓÖá�ÞGõ0é%ÝgÛ_ÞGàOÛGöÂê�å�Ó¼âså&é�ßãÝyðNÞGÕ¸Ù�Õ§Þ�ØôÙ�Ú¹ØôÝ�ßnÛ§Ý�Ú¼Þ/ß_×gÛ§Ó¼à�òÁâ/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGá&Ð�ÑeÐ8ÒªÕ§ÞGß�ð�Þ/ß§ÕGî

O ¯OÌ�¯rÍ1îÍ»;½�»#½� Î é ¯HË�ï¸Å³½�Ë^¯��=ÅXÍ
Query

� Ð�ÑeÐ8Ò
Update

ßãÞ��rÙ�Þ/ÕãÛ_Õ¯×Nß§Þ�é�ßãÝgÜ
â/ÞGÕ§ÕãÞGá ç æ�â/Ý�ß§ßãÞGâ�Û-Õ§Þ/ßãð�Þ/ß§Õ-ÓÖà�Õ§Ý�õ0Þ��rÙ�ÝNß§Ù�õ ×Nà�á�àÂÝNÛóà�Þ/âGÞ/Õ§Õ_×gß§Ó¼Ú·æ ç æ�×NÚ¼Ú�â/Ý�ß§ßãÞGâ/Û
Ð�ÑeÐ8Ò�Õ§Þ/ßãð�Þ/ß§Õ/î#Ð8Ý�àÂÕ§Þ��rÙ�Þ/àOÛ_ÚÖæNöR×�âGÝNß§ß§Þ/â/ÛÃÐ�ÑeÐ8Ò Õ§ÞGß�ð�Þ/ß

p
âG×Nà ç ÞTÓ¼òNà�Ý�ß_×gàrÛóÝNØ

â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þ/ÕóåÆ×�ðHÓ¼à�ò¯Ú²×Nßãò�ÞGß¸Õ§Þ/ß§Ó²×gÚ�àrÙ�õ ç ÞGßãÕ¶Û_å�×Nà
p
Õ�Û_Ý�ßãÞGÕóØôÝ�ß�×#àÆ×Nõ0Þ

cid
îEcR×Nß�Û

C Ó¼Ó5D(Ó¼à#Û§å�ÞeÕ§éXÞGâGÓ·äÆâ�×�Û_Ó¼ÝNà#ØôÝ�ß
Query

Ó¼õ0é�Ú¼ÓÖÞGÕ(Û_åÆ×�Û¸×NÚ¼Ú%âGÝ�õ0é�Ú¼Þ�Û_Þ/á
Update

ßãÞ��rÙ�Þ/ÕãÛ_Õ
C å�ÞGà�â/ÞNö�×gÚ¼Ú�âGÞ/ßãÛ§ÓÖäÆâG×gÛ_Þ/Õ�DÃ×gß§Þ÷Û_×NëNÞ/à�Ó¼àOÛ§Ý�×Nâ/âGÝ�ÙÂàrÛÀÓ¼àøá�Þ/Û§ÞGß§õ0Ó¼àÂÓ¼à�ò�Û_å�Þ0ß§Þ/Õ§éXÝ�à�ÕãÞ
Û§Ý¯×

Query
ß§Þ��rÙ�Þ/ÕãÛ

Q
î8ÿ�Ý0Õ_×gÛ§Ó¼Õ�Ø«æ
Û_å�ÓÖÕGöQ×¢�HÙÂÝ�ß§Ù�õ�ÝgØ�Õ§Þ/ßãðNÞGß§Õ¶õ»Ù�ÕãÛ ç Þ¡Þ/à�òO×NòNÞGá

ÓÖà�é�ß§ÝHâGÞ/Õ§ÕãÓ¼à�ò
Q
î-Ò¶ÚÖÚ�ÕãÞGß�ð�ÞGßãÕ¡×Nß§Þ»â/Ý�àOÛs×Nâ�Û_Þ/áø×gà�á�ß§Þ/Õ§éXÝ�à�Õ§Þ/ÕóØôß§Ý�õ ×��rÙ�Ý�ßãÙ�õ ÝgØ

ÕãÞGßãðNÞGßãÕ�×Nß§ÞAÞ�üZéXÞGâ/Û§ÞGá¹îdñ(×NâsåÀÕ§ÞGß�ð�Þ/ß�Ó¼àÀ×ô�rÙ�Ý�ßãÙ�õ
Q
ßãÞGÕãé%Ý�àÂá�ÕRê�ÓÖÛ§åÃÛ§å�ÞAâ/ÞGß�Û_ÓÖä�â�×gÛ§Þ

C Õ§Ó¼òNà�ÞGá ç æÀÐ�ÑeÐ8ÒED�åÆ×�ðHÓ¼à�ò¸Û_å�ÞAÚ²×Nßãò�ÞGÕ�Û�Õ§ÞGßãÓ²×NÚràrÙ�õ ç ÞGß�×Nõ0Ý�à�ò�×NÚ¼ÚOâ/ÞGß�Û_ÓÖä�â�×gÛ§ÞGÕ C ØôÝ�ß
cid

DRërà�Ý[ê�à0Û_Ý-Û_å�Þ�ÕãÞGßãðNÞGß/îwÿ�åÂÞ¸â/ÞGß�Û_ÓÖä�â�×gÛ§Þ
ζ
Û_å�×gÛwåÆ×NÕ�Û_åÂÞ¸Ú¼×Nß§òNÞGÕãÛ(ÕãÞGßãÓ²×NÚ�àrÙ�õ ç Þ/ß

×Nõ0Ý�à�ò�Û_åÂÞ÷â/Ý�ß§ßãÞGâ/Û§ÚÖæ+ÕãÓ¼ò�à�Þ/á�â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þ/ÕÀßãÞGâGÞ/ÓÖðNÞGá�ÓÖàøÛ_åÂÞ÷ßãÞGÕ§éXÝ�à�ÕãÞGÕÀØôßãÝ�õ
Q
Ó¼Õ

Û§å�Þeß§ÞGÕãé%ÝNà�Õ§ÞeÛ_Ý
Q
î

ÿ�å�ÓÖÕ¶âså�Ý�ÓÖâGÞÃÝNØ
ζ
Õ_×gÛ§Ó¼Õ�äÆÞGÕ�éÆ×NßãÛ§Õ C Ó5D�×Nà�á C Ó¼Ó5DnÓÖà3Û_åÂÞÀÕ§éXÞGâ/ÓÖäÆâG×gÛ_ÓÖÝ�à�ØôÝ�ß

Query
î

c�×NßãÛ C Ó5D�ÕãÛ_ÓÖé�Ù�Ú¼×gÛ_Þ/Õ�Û_å�×gÛ-×#â/ÞGßãÛ§ÓÖäÆâG×gÛ_ÞÀß§Þ/Û§Ù�ß§àÂÞGá�ØôÝ�ß
Query

Ó¼Õóâ/ß§ÞG×gÛ_Þ/á ç æ�×Nà+×Nâ*Ü
â/ÞGéÂÛ§ÞGá

Update
îeÿ�å�ÓÖÕóâGÝNà�á�ÓÖÛ§Ó¼Ý�à&ê�Ó¼ÚÖÚ ç ÞÁÕ_×�Û_Ó¼Õ�äÆÞGá ç æ

ζ
ç Þ/â�×NÙÂÕ§Þ0×¯âGÞ/ßãÛ§ÓÖäÆâG×gÛ_Þ»ÓÖÕ

ÕãÓ¼ò�à�Þ/á ç æ�Ð�ÑeÐ8ÒþÝ�à�ÚÖæ3×gØ«Û§ÞGß¸Û_å�Þ
Update

ßãÞ��rÙ�ÞGÕ�ÛeâGßãÞ�×gÛ§Ó¼à�ò0Û_åÆ×gÛ¶âGÞ/ßãÛ_Ó·äÆâ�×�Û_ÞÀå�×NÕ
ç ÞGÞ/àÁ×NâGâ/ÞGéÂÛ§ÞGá¹îRÿ�å�Þ

(n, t+1)
Û§å�ß§Þ/Õ§å�ÝNÚ¼áÀâ/ßãæHéÂÛ§Ý�ò�ß_×gé�åOæ ç ÞGÓÖà�ò¸ÞGõ0é�Ú¼Ý[æ�Þ/áÀØôÝ�ß�á�ÓÖò�Ó·Ü

Û_×NÚZÕãÓ¼ò�à�×gÛ_Ù�ßãÞGÕ�ßãÞ��rÙ�ÓÖß§ÞGÕRâGÝHÝ�é%Þ/ß_×gÛ§Ó¼Ý�à C â/Ý�Ú¼ÚÖÙ�Õ§ÓÖÝ�à�D ç æÃõ0Ý�ß§ÞwÛ_åÆ×Nà
t
ÕãÞGßãðNÞGßãÕwÓÖàÀÝ�ßãá�ÞGß

Û§Ý-Õ§Ó¼òNàT×eâ/ÞGß�Û_ÓÖä�â�×gÛ§ÞNî¸þ-ÓÖðNÞGàTÝ�Ù�ß(×gÕ§Õ§ÙÂõ÷éÂÛ§Ó¼Ý�àÀÝNØ¹×�Û�õ÷ÝNÕãÛ
t
âGÝ�õ0é�ßãÝ�õ÷ÓÖÕ§Þ/á»Õ§Þ/ßãð�Þ/ß§Õ/ö

êAÞeâGÝ�à�â/Ú¼Ù�áÂÞeÛ§åÆ×gÛnÛ§å�ÞGßãÞ¡×Nß§Þ-à�ÝgÛ�ÞGà�Ý�ÙÂò�å3â/Ý�õ0é�ß§Ý�õ0Ó¼ÕãÞGá
ÕãÞGßãðNÞGßãÕ¸Û§Ý0â/ß§ÞG×gÛ_Þ ç Ý�ò�Ù�Õ
ÕãÓ¼ò�à�Þ/á�â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þ/ÕGî
ÿ�å�Þ/ß§Þ�ØôÝ�ß§Þgö�ê�å�Þ/àè×3â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þ0Ó¼ÕeÕãÓ¼ò�à�Þ/á¹ö�×�âGÝNß§ß§Þ/â/ÛÀÕ§ÞGß�ð�Þ/ß
õ»ÙÂÕãÛAåÆ×�ð�ÞóéÆ×gßãÛ_ÓÖâGÓÖéÆ×gÛ_Þ/á÷ÓÖà¯é�ßãÝZâ/ÞGÕãÕ§Ó¼àÂòÃÛ_åÂÞ¶ß§Þ^�rÙ�ÞGÕ�ÛnÛ_åÆ×�Û8â/ß§Þ�×�Û_ÞGá#Û§å�Þ¸âGÞGß�Û_Ó·äÆâ�×gÛ§ÞNñ
Û§å�Þ�ß§Þ^�HÙÂÞGÕãÛAâGßãÞ�×gÛ§Ó¼à�ò-Û§å�Þ�âGÞGß�Û_Ó·äÆâ�×gÛ§Þ�åÆ×NáÁÛ_ÝeåÆ×�ðNÞ ç ÞGÞ/à¯×Nâ/âGÞ/éÂÛ_Þ/á¹î�ÿ�å�Þ�Õ§ÓÖò�àÆ×gÛ§Ù�ß§Þ
Ý�à�âGÞGß�Û_Ó·äÆâ�×gÛ§ÞGÕ¶×NÚ¼ÕãÝ¯é�ßãÞ/ð�Þ/àOÛ_Õe×¯â/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGá�ÕãÞGß�ð�ÞGß�Øôß§Ý�õ Õ§Ù ç õ÷Ó·Û§Û§Ó¼à�ò÷× ç Ý�ò�Ù�Õ
â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þ¡ê�ÓÖÛ§å�×Nà�×Nß ç ÓÖÛ§ß_×NßãÓ¼Ú·æ#å�ÓÖò�å�Õ§Þ/ß§Ó¼×NÚ�àHÙÂõ ç Þ/ßóá�Ù�ßãÓ¼à�ò0Û_å�ÞÀé�ß§ÝHâGÞ/Õ§Õ§ÓÖà�ò#ÝNØw×
Query

ßãÞ��rÙ�ÞGÕ�Û�ê�Ó·Û_å�ÝNÙÂÛ ç Þ/Ó¼à�òTá�Þ�Û_Þ/â/Û_Þ/á¹î
cR×gßãÛ C Ó¼Ó D�ÝgØ�Û_å�Þ

Query
Õãé%Þ/âGÓ·äÆâ�×gÛ§Ó¼Ý�à�ß§Þ��rÙ�ÓÖß§Þ/Õ�Û_å�×gÛ�öQØôÝ�ß�×NàOæ

Update
ß§Þ^�HÙÂÞGÕãÛ

�Y�



U
àÆ×Nõ0Ó¼à�ò

cid
×Nà�á�â/Ý�õ÷éÂÚ¼Þ/Û§ÞGá ç Þ/ØôÝNß§Þ

Q
Ó¼Õ¶×NâGâ/ÞGéÂÛ§ÞGá¹ö

σ(ζ ′) ≤ σ(ζ)
õ»Ù�Õ�Ûóå�Ý�ÚÖá

ê�å�Þ/ß§Þ
ζ ′
Ó¼Õ�Û_å�ÞÁâ/ÞGßãÛ§ÓÖäÆâG×gÛ_ÞÀâGß§ÞG×gÛ_Þ/á ç æ

U
îÃÿ�å�Ó¼Õ-å�ÝNÚ¼á�Õ¶ØôÝNß¶Û_å�ÞÁÓÖõ÷éÂÚ¼ÞGõ0ÞGàOÛ_×gÛ_ÓÖÝ�à

Ý�ÙZÛ_Ú¼ÓÖà�ÞGáø× ç Ý[ð�Þ#á�ÙÂÞ÷Û_ÝP�-ÙÂÝ�ß§Ù�õ1ícàOÛ_Þ/ß§ÕãÞGâ/Û§Ó¼Ý�à'ö ç Þ/â�×NÙÂÕ§Þ#ÕãÝ�õ÷Þ÷âGÝ�ßãß§Þ/â/Û»ÕãÞGß�ð�ÞGß
pÓÖà

Q
õ»ÙÂÕãÛ¶×NÚ¼ÕãÝ ç ÞÀÓÖà&Û§å�Þí�rÙ�ÝNß§Ù�õ�Û_å�×gÛ¶éÂß§ÝHâGÞGÕãÕ§Þ/á

U
îeÇ�Þ�ÛóâGÞ/ßãÛ§ÓÖäÆâG×gÛ_Þ

ζp

ç Þ
p
úÈÕ

ßãÞGÕ§éXÝ�à�ÕãÞ
ØôÝ�ß
Q
î©´8ÞGâG×NÙ�Õ§Þ

p
×NÚÖê8×�æHÕÁâså�ÝZÝNÕ§ÞGÕTÛ_åÂÞ&â/ÞGß�Û_ÓÖä�â�×gÛ§Þ#ØôÝ�ß

cid
ê�ÓÖÛ_åèÛ§å�Þ

Ú¼×Nß§ò�Þ/ÕãÛ¶Õ§ÞGßãÓ²×NÚ�àrÙ�õ ç ÞGß/ö
σ(ζ ′) ≤ σ(ζp)

å�Ý�Ú¼áÂÕGî´8Þ/â�×NÙ�ÕãÞ
ζ
Ó¼Õ¶Û§å�Þ»â/ÞGßãÛ§ÓÖäÆâG×gÛ_ÞÃÛ_åÆ×gÛ

åÆ×gÕ�Û_å�Þ�Ú¼×Nß§ò�Þ/ÕãÛ�ÕãÞGßãÓ²×NÚZàHÙÂõ ç Þ/ß(×Nõ0Ý�à�ò¶Û§å�Ý�Õ§ÞnØôßãÝ�õþ×NÚ¼ÚZÕ§ÞGß�ð�Þ/ß§ÕwÓ¼à
Q
ö
σ(ζp) ≤ σ(ζ)å�ÝNÚ¼á�Õ/î�ÿ�å�ÞGßãÞ/ØôÝ�ßãÞNö

σ(ζ ′) ≤ σ(ζ)
å�Ý�Ú¼áÂÕGî

Q Ä�¯ é Å³ð{¯OÅ�� O ¯Áð{¯R�QÎÂÌè¯ZËS� Ò�Ø«Û§ÞGßwõ¯×NërÓÖà�òÀ×¡ß§Þ^�HÙÂÞGÕãÛ
R
ö�×¡âGÚ¼ÓÖÞGàOÛ8×[ê8×NÓ·Û_Õwà�ÝNÛ_Ó·äÂÜ

âG×gÛ_ÓÖÝ�à&Û§åÆ×gÛ
R
åÆ×gÕ ç ÞGÞ/à�é�ß§ÝHâGÞ/Õ§ÕãÞGá¹î ñ�ð�Þ/ßãæ3ß§Þ��rÙ�Þ/ÕãÛ¶Ó¼Õ¸é�ß§ÝHâGÞ/Õ§Õ§Þ/á ç æ3×NÚ¼Ú�â/Ý�ß§ßãÞGâ/Û

ÕãÞGßãðNÞGßãÕóÓ¼à&Õ§Ý�õ0Þ�rÙ�Ý�ß§ÙÂõ3ñÆÛ_åÂÞÃâ/Ú¼Ó¼Þ/àOÛ�õÀÙ�ÕãÛ ç Þ¡à�ÝNÛ§ÓÖäÆÞ/á3ÝNà�âGÞeÛ_åÆ×�Û¶åÆ×gÕ�ÝHâGâ/Ù�ß§ßãÞGá¹î
�¶ÓÖß§Þ/â/Û¡à�ÝNÛ§ÓÖäÆâG×gÛ_ÓÖÝ�à ç æ+Õ§ÞGß�ð�Þ/ß§ÕÀÓÖàìÛ§å�Þ¢�rÙ�Ý�ß§ÙÂõ Ó¼Õ-à�ÝNÛ¡éXÝ�Õ§ÕãÓ ç ÚÖÞ ç Þ/â�×NÙ�ÕãÞ÷â/Ú¼ÓÖÞGàOÛ_Õ
á�Ý÷à�ÝNÛ¶ëHàÂÝyêªÛ§å�ÞÀé�Ù ç Ú¼ÓÖâ¡ëgÞ/æHÕóØôÝ�ß¶Ð�ÑeÐ8Ò Õ§Þ/ßãð�Þ/ß§Õe×NàÂá¹öXÛ§å�ÞGßãÞ/ØôÝ�ßãÞNö%åÆ×�ð�Þ»à�Ý0ên×�æ
Û§Ý#×NÙÂÛ§å�ÞGàOÛ§Ó¼â�×�Û_Þ¡õ÷Þ/Õ§Õ_×gò�ÞGÕ¸Øôß§Ý�õ Û§å�Ý�Õ§ÞÃÕ§Þ/ßãð�Þ/ß§Õ/îE_ZÝ�öQÓÖà�ÕãÛ§Þ�×Ná¹ö%×#Ð�ÑeÐ8ÒþÕ§ÞGß�ð�Þ/ßóÓ¼Õ
Þ/õ÷é�ÚÖÝ[æ�ÞGá3Û_Ý#á�Þ�Û_Þ/â/ÛóÛ§å�Þ»âGÝNõ÷é�ÚÖÞ/Û§Ó¼Ý�à&ÝNØ�ßãÞ��rÙ�ÞGÕ�Ûeé�ß§ÝHâGÞ/Õ§ÕãÓ¼à�ò�×NàÂá�Û_å�Þ/à�Û_Ý÷à�ÝNÛ_Ó·Ø«æ
Û§å�ÞeâGÚ¼ÓÖÞGàOÛ�ö�×NÕnØôÝ�Ú¼ÚÖÝ[ê�ÕGî

Ò á�ÞGÚÖÞGòO×�Û_Þ�ØôÝ�ß�×�ß§Þ^�HÙÂÞGÕãÛ
R
Ó¼Õ�×¸Ð�Ñ¡Ð8Ò ÕãÞGßãðNÞGß�Û_åÆ×gÛ�âG×NÙ�ÕãÞGÕ

R
Û_Ý ç Þ(é�ß§ÝHâGÞ/Õ§Õ§Þ/á

ç æ0âGÝ�ßãß§Þ/â/Û�Ð�ÑeÐ8Ò ÕãÞGß�ð�ÞGßãÕnÓ¼à÷Õ§Ý�õ0Þ �HÙÂÝ�ß§Ù�õ½×Nà�á0Û_å�Þ/à#Õ§Þ/à�á�Õ�×¡ß§ÞGÕãé%ÝNà�Õ§Þ C Õ§ÓÖò�à�ÞGá
ç æ&Ð�ÑeÐ8ÒED ç ×Nâsë¯Û_ÝÁÛ§å�Þ-Ó¼à�Ó·Û_Ó¼×gÛ_ÓÖà�òÃâ/Ú¼ÓÖÞGàOÛ�î�ÿ�å�Þ-éÂß§ÝHâGÞGÕãÕ§ÓÖà�ò÷àÂÞGÞGáÂÞGá�Û_ÝTâGÝ�àÂÕãÛ_ßãÙ�â/Û
Û§å�Þeß§ÞGÕãé%ÝNà�Õ§Þ¡á�ÞGéXÞGàÂá�Õ�ÝNà�Û§å�Þ-ÛcæHé%Þ¡ÝNØ�ß§Þ��rÙ�Þ/ÕãÛ ç Þ/Ó¼à�òTé�ßãÝZâ/ÞGÕãÕ§ÞGá'î

•
ÿ�Ý-é�ßãÝZâ/ÞGÕãÕA×

Query
ßãÞ��rÙ�ÞGÕ�Û

Q
ØôÝ�ß�à�×Nõ÷Þ

cid
ö�Û_å�Þ�áÂÞGÚ¼Þ/òO×gÛ§ÞnÝ ç Û_×NÓ¼à�ÕRâGÞGß�Û_Ó·äÂÜ

âG×gÛ_Þ/Õ�ØôßãÝ�õ ×[�rÙ�Ý�ß§ÙÂõ ÝgØQÕ§ÞGß�ð�Þ/ß§ÕGöOéÂÓ¼âsërÕRÛ_åÂÞ8âGÞ/ßãÛ§ÓÖäÆâG×gÛ_Þ
ζ
åÆ×�ðZÓÖà�ò¶Û§å�Þ8Ú¼×Nß§ò�Þ/ÕãÛ

ÕãÞGßãÓ²×NÚ�àrÙ�õ ç ÞGß/ö'×NàÂá�Ù�Õ§Þ/Õ�Û§å�ÞÃÛ§å�ß§Þ/Õ§å�Ý�ÚÖá�Õ§ÓÖò�àÆ×gÛ§Ù�ß§Þ¡é�ßãÝNÛ_ÝHâGÝ�Ú�Û§Ý¯é�ßãÝZá�ÙÂâGÞ»×
ÕãÓ¼ò�àÂÞGá�ß§Þ/Õ§éXÝ�à�Õ§Þ¡âGÝNàrÛ_×NÓ¼àÂÓ¼à�ò

ζ
]

� îe�¶ÞGÚÖÞGòO×gÛ§Þ-ØôÝ�ßãê8×Nß§áÂÕ
Q
Û_Ý0×NÚ¼Ú¹Ð�ÑeÐ8ÒþÕãÞGßãðNÞGßãÕGî

aHîe�¶ÞGÚÖÞGòO×gÛ§Þ(×�ên×NÓ·Û_Õ�â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þ/Õ¹ØôÝ�ß
cid

Øôß§ÝNõJ×��rÙ�Ý�ßãÙ�õJÝNØÂÐ�ÑeÐ8Ò Õ§Þ/ßãð�Þ/ß§Õ/î
fZîe�¶ÞGÚÖÞGòO×gÛ§Þ¯é�ÓÖâsërÕÃÛ_åÂÞ÷â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þ

ζ
åÆ×�ðHÓ¼à�ò&Û_å�Þ÷Ú²×Nßãò�ÞGÕ�Û¡Õ§ÞGßãÓ²×NÚ(àrÙ�õ ç ÞGß

ÝNØ�Û§å�Ý�ÕãÞÃßãÞGâGÞ/ÓÖðNÞGá&Ó¼à�ÕãÛ§ÞGégaHî
,Âîe�¶ÞGÚÖÞGòO×gÛ§Þ÷ÓÖàOð�Ý�ëgÞGÕTÐ�ÑeÐ8ÒÀúÈÕÃÛ§å�ß§Þ/Õ§å�ÝNÚ¼á�ÕãÓ¼ò�à�×gÛ_Ù�ßãÞTé�ß§ÝNÛ§ÝZâ/Ý�Ú�Û_Ý3Õ§ÓÖò�à�×
ß§ÞGÕãé%ÝNà�Õ§Þ¡âGÝ�àOÛ_×NÓ¼à�ÓÖà�ò

ζ
ñÂÛ_å�×gÛ�ß§Þ/Õ§éXÝ�à�Õ§Þ¡Ó¼Õ�ÕãÞGàOÛ¸Û_ÝÁÛ_å�Þeâ/Ú¼Ó¼Þ/àOÛ�î

•
ÿ�Ý÷é�ß§ÝHâGÞ/Õ§Õó×gà

Update
ß§Þ��rÙ�Þ/ÕãÛ

U
ØôÝ�ß¸àÆ×Nõ0Þ

cid
öÆÛ_å�ÞÃá�ÞGÚÖÞGòO×gÛ§ÞÃâ/Ý�à�Õ�Û_ß§ÙÂâ/Û_Õ

Û§å�Þ(âGÞ/ßãÛ_Ó·äÆâ�×�Û_Þ
ζ
ØôÝNß¹Û_å�Þ(ò�Ó·ð�ÞGàeà�Þ�ê ç ÓÖà�á�ÓÖà�ò C Ù�ÕãÓ¼à�ò�Û_åÂÞ�Û_å�ßãÞGÕ§åÂÝ�Ú¼á¡Õ§ÓÖò�àÆ×gÛ§Ù�ß§Þ

éÂß§ÝNÛ§ÝZâ/Ý�ÚZÛ§Ý¡å�×[ðNÞ�Ð�Ñ¡Ð8Ò�á�ÓÖò�ÓÖÛ_×NÚ¼Ú·æ-Õ§ÓÖò�àÁÓÖÛ�DR×Nà�áÁÛ§å�ÞGà0Õ§Þ/à�á�Õ
ζ
Û§Ý¡×NÚ¼Ú�Ð�Ñ¡Ð8Ò

� a



ÕãÞGß�ð�ÞGßãÕGîwÒ Õ§Þ/ßãð�Þ/ß
p
ß§ÞGéÂÚ²×Nâ/ÞGÕnÛ_åÂÞ-âGÞGß�Û_Ó·äÆâ�×gÛ§Þ

ζcid

p

ØôÝ�ß
cid

Û§åÆ×gÛ�ÓÖÛ8ÕãÛ§Ý�ß§Þ/Õ ç æ
ζ
ÓÖØR×Nà�á&Ý�à�Ú·æ#ÓÖØ�Û_åÂÞ¡ÕãÞGßãÓ²×NÚ�àrÙ�õ ç ÞGß�ÓÖà

ζ
Ó¼Õ�Ú¼×Nß§ò�Þ/ßnÛ_åÆ×gà&Û§å�ÞÃÕãÞGßãÓ²×NÚ¹àrÙ�õ ç Þ/ß

ÓÖà
ζcid

p

]
� îe�¶ÞGÚÖÞGòO×gÛ§ÞnâGÝNà�ÕãÛ§ß§Ù�â�Û_Õw×óà�Þ/ê â/ÞGßãÛ§ÓÖäÆâG×gÛ_Þ

ζ
ØôÝ�ß

cid
ö�Ù�ÕãÓ¼à�òóÛ§å�ÞnÛ_åÂß§ÞGÕãå�Ý�ÚÖá

Õ§Ó¼òNàÆ×gÛ_ÙÂß§Þ-é�ßãÝNÛ_ÝHâGÝ�Ú%Û_Ý0Õ§Ó¼òNà�Û§å�ÞeâGÞ/ßãÛ_Ó·äÆâ�×�Û_ÞNî
aHîe�¶ÞGÚÖÞGòO×gÛ§ÞeÕ§ÞGàÂá�Õ

ζ
Û_ÝTÞ/ðNÞGß�æ3Ð�Ñ¡Ð8Ò Õ§Þ/ßãðNÞGßGî

fZîeñ�ðNÞGß�æ�Õ§Þ/ßãð�Þ/ßGö�Ù�éXÝ�à+ß§Þ/âGÞGÓÖéÂÛ�ö'ß§ÞGéÂÚ²×Nâ/ÞGÕóÛ_åÂÞ»âGÞ/ßãÛ_Ó·äÆâ�×�Û_Þ»ØôÝ�ß
cid

ÓÖÛ-åÆ×gá
ç Þ/ÞGà�Õ�Û_Ý�ßãÓ¼à�ò�Ó·ØAÛ§å�ÞTÕ§ÞGßãÓ²×NÚRàHÙÂõ ç Þ/ßÃÓÖà

ζ
Ó¼Õ-Ú¼×Nß§òNÞGßGîTÿ�å�ÞTÕãÞGßãðNÞGß¡Û_å�Þ/à

Õ§ÞGàÂá�Õ¶×gà�×Nâsërà�Ý[ê�ÚÖÞGá�ò�õ0ÞGàOÛ�Û_ÝTÛ_åÂÞ-á�ÞGÚÖÞGòO×gÛ§ÞNî
,Âîe�¶ÞGÚÖÞGòO×gÛ§Þ-×�ên×gÓÖÛ_ÕnÛ§å�ÞGÕãÞe×Nâsërà�Ý[ê�Ú¼Þ/á�ò�õ0ÞGàOÛ_ÕnØôßãÝ�õ × �rÙ�ÝNß§Ù�õ½ÝNØRÐ�Ñ¡Ð8Ò
Õ§ÞGß�ð�Þ/ß§ÕGî

.Hîe�¶ÞGÚÖÞGòO×gÛ§Þ÷ÓÖàOð�Ý�ëgÞGÕTÐ�ÑeÐ8ÒÀúÈÕÃÛ§å�ß§Þ/Õ§å�ÝNÚ¼á�ÕãÓ¼ò�à�×gÛ_Ù�ßãÞTé�ß§ÝNÛ§ÝZâ/Ý�Ú�Û_Ý3Õ§ÓÖò�à�×
ß§ÞGÕãé%ÝNà�Õ§ÞgñQÛ§åÆ×gÛ¸ß§Þ/Õ§éXÝ�à�ÕãÞ¡ÓÖÕ�Õ§ÞGàOÛ�Û_ÝÁÛ§å�ÞeâGÚ¼ÓÖÞGàOÛ�î

�óÙ�Ý�ßãÙ�õ Ò�ðg×NÓ¼Ú¼× ç ÓÖÚ¼ÓÖÛcæ¯ÞGà�ÕãÙ�ß§Þ/Õ¡Û§åÆ×gÛe×`�rÙ�Ý�ßãÙ�õ ÝgØAÕãÞGß�ð�ÞGßãÕÀ×gß§ÞT×NÚ·ên×�æHÕe×�ðN×gÓ¼Ú²× ç Ú¼Þgö
ÕãÝ#ÕãÛ§ÞGéHa÷ÓÖà

Query
×Nà�á3ÕãÛ_Þ/ég,¯ÓÖà

Update
×gß§Þ¡ò�ÙÆ×Nß§×NàOÛ_ÞGÞ/á�Û_Ý0Û_ÞGßãõ÷ÓÖàÆ×gÛ§ÞNî _ZÓÖà�âGÞ

�rÙ�Ý�ßãÙ�õ0Õ�âGÝ�àOÛs×gÓ¼à
2t + 1

ÕãÞGßãðNÞGßãÕGöXâGÝ�õ0é�ß§ÝNõ÷ÓÖÕ§ÞGá
ÕãÞGß�ð�ÞGßãÕ¶âG×Nà�à�ÝNÛ¸é�ßãÞ/ðNÞGàOÛó×Áá�Þ/Ú¼Þ*Ü
òO×�Û_Þ�ØôßãÝ�õ�Ù�Õ§ÓÖà�ò

(n, t + 1)
Û§å�ß§Þ/Õ§å�Ý�ÚÖá#âGß�æHéÂÛ_Ý�òNß_×Né�åOæ¯Ó¼à¯â/Ý�à�Õ�Û_ß§ÙÂâ/Û_ÓÖà�òÀÛ§å�ÞeÐ�ÑeÐ8Ò

ÕãÓ¼ò�àÆ×�Û_Ù�ßãÞÀØôÝ�ß-×#â/ÞGßãÛ§ÓÖäÆâG×gÛ_ÞÁÝNße×#ß§ÞGÕãé%ÝNà�Õ§Þgî»ÿ�årÙ�ÕGö�ÕãÛ§ÞGéã,
Ó¼à
Query

×gà�á+ÕãÛ_Þ/é�Õ �
×NàÂá�.ÁÓ¼à

Update
âG×Nà�à�ÝgÛ ç Þeá�Ó¼Õãß§Ù�éZÛ_ÞGá ç æ
âGÝNõ÷é�ßãÝ�õ0Ó¼Õ§Þ/á
Õ§Þ/ßãð�Þ/ß§Õ/î

Ò âGÝNõ÷é�ßãÝ�õ0Ó¼Õ§Þ/á�á�Þ/Ú¼ÞGò�×gÛ_ÞÁõ0Ó¼ò�åOÛ¶à�ÝNÛ-ØôÝ�ÚÖÚ¼Ý[ê Û_å�ÞÁéÂß§ÝNÛ§ÝZâ/Ý�Ú�LãÙ�Õ�Û¡Ý�ÙÂÛ_ÚÖÓ¼à�Þ/á�ØôÝ�ß
é�ßãÝZâ/ÞGÕãÕ§Ó¼àÂò

Query
×Nà�á

Update
ßãÞ��rÙ�Þ/ÕãÛ_Õ/î Ð�ÑeÐ8Ò�ÞGà�ÕãÙ�ß§Þ/ÕTÛ§åÆ×gÛÁÕãÙ�âså ç Þ/åÆ×�ðZÓÖÝ�ß

á�ÝHÞGÕ8à�ÝNÛ�á�ÓÖÕ§ß§ÙÂéÂÛnÛ_åÂÞóÕ§Þ/ßãðHÓ¼â/Þ ç æ¯ÞGà�ÚÖÓ¼ÕãÛ§Ó¼à�ò
t + 1

á�Þ/Ú¼ÞGò�×gÛ_Þ/Õ C Ó¼àÂÕãÛ_ÞG×Ná
ÝNØøLãÙ�Õ�Û�Ý�à�ÞèD
ØôÝ�ß¡Þ�×gâså ßãÞ��rÙ�Þ/ÕãÛ�î�ÒnÛÀÚ¼ÞG×NÕãÛÀÝ�à�Þ¯ÝgØ�Û_å�Þ

t + 1
á�ÞGÚÖÞGòO×gÛ§ÞGÕÃõ»Ù�ÕãÛ ç Þ¯âGÝ�ßãß§ÞGâ�Û�ö(×NàÂá

Û§å�Ó¼Õ�á�Þ/Ú¼Þ/òO×gÛ_Þ-âG×Nà ç ÞeÞ�üZéXÞGâ�Û_ÞGá&Û_ÝÁØôÝ�ÚÖÚ¼Ý[ê�Û_å�Þ
Query

×Nà�á
Update

é�ßãÝNÛ_ÝHâGÝNÚ¼ÕGî�_HÝ�ö
êAÞ-ÕãÛ§Ó¼é�Ù�Ú¼×gÛ_Þ�Û_åÆ×gÛ�× C âGÝNß§ß§Þ/â/Û�D8âGÚ¼ÓÖÞGàOÛ�õ÷×NërÓ¼à�ò»×»ß§Þ��rÙ�Þ/ÕãÛ�Û_Ý0Ð�ÑeÐ8ÒªÕ§Ù ç õ÷Ó·Û_Õ8Û§åÆ×gÛ
ßãÞ��rÙ�ÞGÕ�Û#Û_Ý

t + 1
Ð�ÑeÐ8Ò�Õ§Þ/ßãð�Þ/ß§Õ/ñ-Þ�×Nâså ÕãÞGß�ð�ÞGß#Û§å�ÞGà?Õ§ÞGß�ð�Þ/Õ�×NÕ#×�áÂÞGÚ¼Þ/òO×gÛ§Þ&ØôÝ�ß

é�ßãÝZâ/ÞGÕãÕ§Ó¼àÂò0Û§åÆ×gÛ�ß§Þ^�rÙ�ÞGÕ�Û�î�T
F�ÓÖÛ§å

t + 1
á�Þ/Ú¼ÞGò�×gÛ_Þ/ÕGö(×�âGÚÖÓ¼Þ/àrÛÀõ÷ÓÖò�åOÛÀßãÞGâ/ÞGÓÖðNÞ
õ»Ù�Ú·Û_Ó¼éÂÚ¼ÞTß§Þ/Õ§éXÝ�à�Õ§Þ/Õ»Û_Ý�ÞG×Nâså

ßãÞ��rÙ�ÞGÕ�Û�×gà�áJÞG×NâsåJßãÞ��rÙ�ÞGÕ�Û�õ0Ó¼òNårÛ ç Þ+é�ß§ÝHâGÞ/Õ§ÕãÞGá ßãÞGéXÞ�×gÛ§ÞGá�Ú·æ ç æ�Õ§Ý�õ0ÞøÐ�Ñ¡Ð8Ò
ÕãÞGßãðNÞGßãÕGî¸ÿ�å�ÞÀá�ÙÂé�Ú¼ÓÖâ�×gÛ§Þ¡ßãÞGÕãé%Ý�àÂÕ§ÞGÕó×Nß§Þ¡à�ÝNÛ�á�Ó��0â/Ù�ÚÖÛ�ØôÝ�ß�âGÚÖÓ¼Þ/àrÛ§Õ¸Û§Ý÷áÂÞ�×NÚ�ê�ÓÖÛ§åÁ2 ×
ßãÞGÕ§éXÝ�à�ÕãÞ
Ó¼Õ»áÂÓ¼Õ§âG×Nß§áÂÞGáèÓÖØ�Ó·Û»ÓÖÕ»ß§Þ/âGÞGÓ·ð�Þ/á ç æ�×�âGÚ¼ÓÖÞGàOÛ»àÂÝNÛ»ê8×NÓÖÛ§Ó¼à�ò�ØôÝNß»×�ß§Þ^�rÙ�ÞGÕ�Û
Û§Ý ç ÞÃé�ß§ÝHâGÞ/Õ§ÕãÞGá¹î-ÿ�åÆ×�Û-Þ�×Nâså�ßãÞ��rÙ�Þ/ÕãÛeõ0Ó¼ò�åOÛ ç ÞÃé�ß§ÝHâGÞ/Õ§Õ§Þ/á+ß§ÞGéXÞ�×�Û_ÞGáÂÚÖæ ç æ3Õ§ÝNõ÷Þ
U ��q�}��Zy;wx��wVBtu!y;wx}�q���w�|;~�o1|=|#l'��wxqXWèl'~Jy;wx}�qXYG��uZ)�lt|øwry
�(}^|=|;wrvZpxlk��}�s
~)pxwrltq^yõ|��^wrq�q1}�s=�%u�pZ~)wxs=~�oZ�\[|{yõu!q1~�lt|t�èy;}�|;oZvZ�%wWy�s=ltö�oZl'|{yõ|Ky;}%}�q1prz u�|;wxqZ��pxl¸��l�pxl���u�y;l^�

� f



Ð�ÑeÐ8Ò�Õ§Þ/ßãð�Þ/ß§Õ¡Ó¼ÕóàÂÝNÛ¡×
é�ß§Ý ç Ú¼ÞGõ ÞGÓ·Û_å�Þ/ßGö ç ÞGâG×NÙ�Õ§Þ÷Ð�ÑeÐ8ÒÀúÈÕ
Query

×Nà�á
UpdateÓÖõ÷é�ÚÖÞGõ0ÞGàOÛs×�Û_Ó¼ÝNà�Õ8×gß§ÞeÓ¼á�Þ/õ÷éXÝNÛ§ÞGàOÛ�î

´8ÙÂÛ8×eâGÝ�õ0é�ß§ÝNõ÷ÓÖÕ§ÞGá0âGÚÖÓ¼Þ/àrÛ(õ0Ó¼òNårÛwà�ÝgÛAÕãÙ ç õ0ÓÖÛwÓÖÛ§Õ(ß§Þ��rÙ�Þ/ÕãÛAÛ_Ý
t+1

áÂÞGÚ¼Þ/òO×gÛ§ÞGÕGö
×NÕ�ÓÖÕ�à�Ý[ê ßãÞ��rÙ�ÓÖß§ÞGá'îGF�Þ�õÀÙ�ÕãÛ(Þ/à�Õ§Ù�ßãÞ¸Û§åÆ×gÛ ï Þ��rÙ�Þ/ÕãÛnÐ8Ý�õ0é�Ú¼Þ�Û_Ó¼ÝNà»Ó¼Õ�àÂÝNÛ�ðHÓ¼Ý�Ú¼×gÛ_Þ/á¹î
ÿ�å�Þ�éÂß§Ý ç ÚÖÞGõªÝHâGâGÙÂß§Õ�ÓÖØÂÛ_å�Þ�á�Þ/Ú¼Þ/òO×gÛ_Þ/Õ�ß§Þ/âGÞ/ÓÖðHÓ¼à�ò�Û_åÆ×gÛRß§Þ^�HÙÂÞGÕãÛ

R
Þ*üÂÞ/âGÙÂÛ§Þ�Û_å�Þ8ä�ß§ÕãÛ

Õ�Û_ÞGéÀÝNØ
Query

ÝNß
Update

é�ß§ÝHâGÞ/Õ§ÕãÓ¼à�ò-×gà�áÀÛ_åÂÞGà»åÆ×gÚÖÛ�îRÐ8Ý�ßãß§ÞGâ�ÛwÐ�ÑeÐ8Ò?ÕãÞGßãðNÞGßãÕ�à�Ý[ê
éÆ×gßãÛ_ÓÖâGÓÖéÆ×gÛ_ÞeÓÖà�Û_å�ÞÃé�ß§ÝHâGÞ/Õ§ÕãÓ¼à�ò#ÝgØ

R
ö'ÕãÝ C ç æ3á�Þ/äÆàÂÓÖÛ_ÓÖÝ�à�D

R
Ó¼Õ�×NâGâ/ÞGéÂÛ§ÞGá¹îX]wÞ/Û-à�Ý

C âGÝ�ßãß§ÞGâ�Û!D¶á�Þ/Ú¼Þ/òO×gÛ_ÞÀÓ¼Õ-ß§Þ/Õ§éXÝ�à�ÕãÓ ç ÚÖÞÀØôÝ�ß
R
î ï Þ^�HÙÂÞGÕãÛ

R
Ó¼Õ¶à�Þ/ðNÞGßeâGÝ�õ0é�ÚÖÞ/Û_Þ/á¹ö�×Nà�á

ï Þ��rÙ�Þ/ÕãÛóÐ8Ý�õ÷éÂÚ¼Þ/Û§Ó¼Ý�à¯Ó¼ÕnðHÓ¼Ý�Ú¼×gÛ_Þ/á¹î
FøÞ»õ»Ù�Õ�ÛóÞGàÂÕ§Ù�ßãÞÀÛ_åÆ×�ÛóÕ§ÝNõ÷ÞÃâGÝ�ßãß§ÞGâ�ÛeÐ�ÑeÐ8Ò ÕãÞGßãðNÞGß ç ÞGâ/Ý�õ÷Þ/Õ-×÷áÂÞGÚ¼Þ/òO×gÛ§ÞÃØôÝ�ß

ÞG×Nâså3ßãÞ��rÙ�Þ/ÕãÛ¶Û§åÆ×gÛ�åÆ×gÕ ç ÞGÞ/à3ßãÞGâ/ÞGÓÖðNÞGá ç æ&×gàræ#âGÝ�ßãß§ÞGâ�Û¶Ð�Ñ¡Ð8Ò Õ§Þ/ßãðNÞGßGîwÿ�å�Þ¡Õ§Ý�ÚÖÙZÜ
Û§Ó¼Ý�à
ÓÖÕ�ÕãÛ_ß§×NÓ¼òNårÛãØôÝ�ßãê8×Nßãák]

•
\3ÞGÕãÕ_×Nò�Þ/Õ�ßãÞGÚ¼×gÛ_Þ/á�Û§ÝÁÛ_å�Þeé�ßãÝZâ/ÞGÕ§ÕãÓ¼à�ò0ÝNØR×0â/Ú¼ÓÖÞGàOÛ�ß§Þ^�rÙ�ÞGÕ�Û

R
âGÝ�àOÛ_×NÓ¼à

R
î

•
F�å�ÞGà�Þ�ð�Þ/ßT×�Ð�ÑeÐ8Ò Õ§Þ/ßãðNÞGßÁß§Þ/âGÞ/ÓÖð�Þ/ÕÁ×�õ0ÞGÕãÕ_×Nò�Þ÷ß§Þ/Ú²×gÛ§ÞGáøÛ§Ý�é�ßãÝZâ/ÞGÕ§ÕãÓ¼à�ò�×
â/Ú¼ÓÖÞGàOÛ�ß§Þ^�HÙÂÞGÕãÛ

R
öyÛ_åÆ×gÛ�ÕãÞGßãðNÞGß ç Þ/âGÝ�õ0ÞGÕ�×�á�ÞGÚÖÞGòO×gÛ§Þ�ØôÝ�ß

R
Ó·ØÂÓ·Û�Ó¼Õ�à�ÝNÛ�×NÚÖß§Þ�×gáÂæ

ÕãÞGß�ðZÓÖà�ò0×NÕ�Ý�à�Þgî
ÿ�å�ÞeÞ*üÂÓÖÕãÛ§ÞGà�â/ÞÃÝNØR×ÁâGÝ�ßãß§Þ/â/Û¸á�ÞGÚÖÞGòO×�Û_Þ-Ó¼Õ�àÂÝyêJò�ÙÆ×Nß§×NàOÛ_Þ/ÞGá3ØôÝNßnÞ/ðNÞGßãæ&ßãÞ��rÙ�ÞGÕ�Û�Û§åÆ×gÛ
ÓÖÕ�×NâGâ/ÞGéÂÛ§ÞGá¹î

®K¯Áð^�`_baR¯rÍ�»L�=Ã�»#½�� c ¯HË�ËGÎd��¯HË�� Ð8Ý�õ0é�ß§ÝNõ÷ÓÖÕ§ÞGá�á�Þ/Ú¼Þ/òO×gÛ_Þ/Õ�â/Ý�Ù�ÚÖá�×NÚÖÕ§Ý0×gÛãÛ_ÞGõ0éÂÛ�Û_Ý
é�ßãÝZáÂÙ�âGÞ0×Nà+Ó¼àÂâGÝ�ßãß§ÞGâ�Û C ç ÙÂÛ¡â/Ý�ß§ßãÞGâ/Û§ÚÖæ�Õ§Ó¼òNà�ÞGá�DóßãÞGÕ§éXÝ�à�ÕãÞ0Û§Ý&×�â/Ú¼ÓÖÞGàOÛ ç æ�Õ§Þ/à�á�Ó¼àÂò
Þ/ß§ß§ÝNà�ÞGÝ�ÙÂÕ»õ÷Þ/Õ§Õ§×Nò�ÞGÕÃÛ_Ý�Ð�ÑeÐ8Ò ÕãÞGß�ð�ÞGßãÕGîHÆÆÝ�ß¡Þ�üÂ×Nõ0é�Ú¼Þgö�Ó¼àøé�ß§ÝHâGÞ/Õ§ÕãÓ¼à�ò�×

QueryßãÞ��rÙ�ÞGÕ�Û�ö¸×�â/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGá?áÂÞGÚ¼Þ/òO×gÛ§Þ3õ0Ó¼ò�åOÛ÷âGÝ�àÂÕãÛ_ßãÙ�â/Û
×øß§Þ/Õ§éXÝ�à�ÕãÞ�âGÝ�àOÛ_×NÓ¼à�ÓÖà�ò�×
ç Ý�ò�Ù�Õ¶Ý�ß¶ÓÖàrðg×NÚÖÓ¼áÆ×�Û_ÞGá3âGÞ/ßãÛ_Ó·äÆâ�×�Û_ÞÁ×NàÂá�Û_ßãæ&Û_Ý¯ò�Þ/Û-ÝgÛ_å�Þ/ßóÕ§Þ/ßãð�Þ/ß§Õ-Û_Ý
ÕãÓ¼ò�à3Û_åÆ×gÛGñ¹Ó¼à
é�ßãÝZâ/ÞGÕãÕ§Ó¼àÂò3×gà

Update
ß§Þ��rÙ�Þ/ÕãÛGöR×
âGÝNõ÷é�ßãÝ�õ0Ó¼Õ§Þ/á�á�Þ/Ú¼ÞGò�×gÛ_ÞÁõ0Ó¼ò�åOÛ¶âGß§ÞG×gÛ_Þ0×#äÆâ�Û_Ó·Ü

Û§Ó¼Ý�Ù�Õ ç Ó¼à�á�ÓÖà�òe×Nà�áTÛ_ß�æ»Û_Ý¡ò�Þ�ÛAÝgÛ_å�Þ/ß�Õ§ÞGß�ð�Þ/ß§ÕAÛ§ÝÃÕãÓ¼ò�àÁÛ§åÆ×gÛ�ñrÝ�ß�ê�å�Þ/à¯é�ßãÝZâ/ÞGÕãÕ§Ó¼àÂòÀ×Nà
Update

ßãÞ��rÙ�Þ/ÕãÛ�öX×ÁâGÝNõ÷é�ßãÝ�õ0Ó¼Õ§Þ/á
á�ÞGÚÖÞGòO×�Û_Þ-õ0Ó¼ò�åOÛnàÂÝNÛ�á�Ó¼ÕãÕ§Þ/õ÷ÓÖàÆ×gÛ_ÞóÛ§å�Þ-Ù�éXáÆ×gÛ§ÞGá
ç ÓÖà�á�ÓÖà�ò3Û§Ý+×��rÙ�Ý�ß§ÙÂõ C âG×NÙ�ÕãÓ¼à�ò�Û§å�Þ#ßãÞGÕ§éXÝ�à�ÕãÞ#Û_Ý+×�Ú¼×gÛ_Þ/ß

Query
Û_Ý�â/Ý�àOÛs×NÓÖà ×Nà

ÓÖàrðg×NÚÖÓ¼áÆ×�Û_ÞGá¯âGÞGß�Û_Ó·äÆâ�×gÛ§Þ�D*î
Ð�ÑeÐ8ÒÀúÈÕ8á�Þ�ØôÞGà�ÕãÞó×Nò�×NÓ¼à�Õ�Û(ÞGßãß§Ý�à�Þ/Ý�Ù�ÕAõ÷Þ/Õ§Õ_×gò�ÞGÕ(Øôß§Ý�õÔâGÝ�õ0é�ß§ÝNõ÷ÓÖÕ§ÞGáTÕãÞGßãðNÞGßãÕnÓ¼Õ

×TØôÝ�ß§õ ÝNØ�õ0Ý�à�Ó·Û_Ý�ßãÓ¼à�ò0×NàÂá�á�Þ�Û_ÞGâ�Û_ÓÖÝ�à�Û_å�×gÛ¶êAÞÀâG×NÚ¼ÚnT���8 ¿!IJ6(���!" ¿!B�"54R!�NO��T�T�&7!Á��T�î;e3Ò
ÕãÞGÚÖØ²Ü ð�Þ/ß§ÓÖØ«æHÓÖà�òÁõ÷Þ/Õ§Õ§×Nò�ÞeâGÝ�õ0é�ßãÓ¼Õ§Þ/Õ�]

•
Ó¼àÂØôÝ�ßãõ¯×�Û_Ó¼ÝNà÷Û_åÂÞ¡ÕãÞGà�áÂÞGß¸Ó¼àOÛ_Þ/à�á�Õ�Û_ÝTâGÝNàrðNÞ/æ3×Nà�á

f Wèwr�%wxpxu�s�|;~õj1l��%lt|�~tu!q[v�ln��}^oZq1�[wrqhg ikj���Yè�ml!�mlonqp �

� ,



•
Þ/ðHÓ¼á�Þ/à�âGÞ¸ÞGà�× ç Ú¼ÓÖà�òóÛ_åÂÞ¸ßãÞGâ/ÞGÓÖðNÞGß(Û_Ý-ð�Þ/ß§Ó·Ø«æS2 ê�ÓÖÛ§å�Ý�ÙÂÛ�Û§ß§Ù�Õ�Û_Ó¼àÂò¡Û§å�Þ�Õ§ÞGàÂá�ÞGßJ2
Û§åÆ×gÛnÛ§å�Þ-Ó¼àZØôÝ�ß§õ÷×gÛ_ÓÖÝ�à ç Þ/Ó¼à�òÁâ/Ý�àOð�Þ/æNÞGá ç æ¯Û_å�Þ-õ0ÞGÕãÕ_×Nò�Þ-ÓÖÕnâGÝNà�Õ§ÓÖÕãÛ_Þ/àOÛ�ê�ÓÖÛ_å
ÕãÝ�õ0Þ-ò�ÓÖðNÞGà&é�ß§ÝNÛ§ÝZâ/Ý�Ú�×NàÂá3×gÚ¼Õ§ÝTÓÖÕ�à�ÝNÛ¸×Tß§ÞGéÂÚ²×�æ�î

ícà Ð�ÑeÐ8ÒÀöRÞ/ð�Þ/ßãæèõ0ÞGÕãÕ_×NòNÞ�×�á�ÞGÚÖÞGòO×gÛ§Þ¯ÕãÞGà�á�ÕTÝ�à ç ÞGå�×NÚÖØ�ÝNØ�×�ßãÞ��rÙ�ÞGÕ�Û0âGÝ�àOÛs×gÓ¼à�Õ
×÷Û§ß_×NàÂÕ§âGßãÓ¼éÂÛ¶ÝNØ(ß§Þ/Ú¼Þ�ðN×gàrÛ¶õ÷Þ/Õ§Õ§×Nò�ÞGÕ-éÂß§Þ/ðHÓÖÝ�Ù�Õ§Ú·æ&Õ§ÞGàOÛ¡×NàÂá�ß§Þ/âGÞGÓ·ð�Þ/áìÓÖà�é�ßãÝZâ/ÞGÕãÕ§Ó¼àÂò
Û§åÆ×gÛ¡ß§Þ^�HÙÂÞGÕãÛ C ÓÖà�âGÚÖÙ�á�Ó¼àÂò#Û_å�Þ0Ý�ß§ÓÖò�Ó¼à�×NÚRâ/Ú¼Ó¼Þ/àOÛeß§Þ��rÙ�Þ/ÕãÛ�D�î�´8Þ/â�×NÙ�ÕãÞ¯õ0ÞGÕãÕ_×Nò�Þ/ÕÃâ/Ý�àZÜ
Û_×NÓ¼à�Þ/á
Ó¼à#Û§å�ÞóÛ_ß§×Nà�Õ§â/ß§ÓÖéÂÛ�×NßãÞ-Õ§Ó¼òNà�ÞGá ç æ#Û§å�ÞGÓÖßnÕ§Þ/à�á�ÞGßãÕGöQ×ÁâGÝNõ÷é�ßãÝ�õ0Ó¼Õ§Þ/á#á�Þ/Ú¼ÞGò�×gÛ_Þ
âG×Nà�à�ÝNÛ¸ØôÝ�ßãò�Þ¡Û§å�ÞÃÛ§ß_×NàÂÕ§âGßãÓ¼éÂÛGî�Ò¶à�á¹ö ç Þ/â�×NÙÂÕ§ÞÀÛ§å�ÞÀõ0ÞGõ ç ÞGßãÕ�ÝgØ�Û_å�Þí�rÙ�Ý�ß§ÙÂõ é�×Nß�Ü
Û§Ó¼âGÓÖéÆ×gÛ§Ó¼à�ò�Ó¼àÃÛ_å�ÞAé�ß§ÝNÛ§ÝZâ/Ý�ÚZ×Nß§ÞAëHàÂÝyê�à»Û§Ý-×NÚÖÚ ö[Û_å�Þ8ß§ÞGâ/ÞGÓ·ð�ÞGßRÝNØQÕ§Ù�âsåT×�Õ§ÞGÚ·Ø²Ü®ðNÞGß§Ó·Ø«æHÓ¼à�ò
õ0ÞGÕãÕ_×Nò�Þ8â�×NàÁÓÖà�á�ÞGéXÞGàÂá�ÞGàOÛ_Ú·æ»Þ/ÕãÛs× ç Ú¼ÓÖÕ§åÀê�å�Þ�Û_å�Þ/ß(õ÷Þ/Õ§Õ_×gò�ÞGÕ�ÕãÞGàOÛ ç æÁ×óá�Þ/Ú¼Þ/òO×gÛ_Þn×Nß§Þ
â/Ý�à�Õ§ÓÖÕãÛ§ÞGàOÛ�ê�ÓÖÛ_å
Û§å�Þeé�ß§ÝNÛ§ÝZâ/Ý�Ú�×NàÂá&Û§å�Þeõ÷Þ/Õ§Õ_×gò�ÞGÕ�ß§Þ/âGÞ/ÓÖð�Þ/á¹î�r

ï Þ/Û_ÙÂß§à�ÓÖà�ò3Û§Ý3Û_åÂÞ¯ÞGßãß§Ý�àÂÞGÝ�Ù�ÕÃõ÷Þ/Õ§Õ§×Nò�Þ0Þ�üÂ×Nõ0é�Ú¼Þ/ÕÀò�Ó·ð�ÞGà�× ç ÝyðNÞNö�åÂÞGß§Þ÷Ó¼Õ¡å�Ý[ê
Û§å�ÞeÕ§ÞGÚ·Ø²Ü®ðNÞGß§Ó·Ø«æHÓ¼à�òÁõ0ÞGÕãÕ_×Nò�Þ/Õ�Ù�Õ§Þ/á�Ó¼à3Ð�ÑeÐ8Òªé�ß§Þ�ð�Þ/àrÛ¶Õ§Ù ç ðNÞGß§ÕãÓ¼Ý�à3ÝNØ�Û_å�ÞeÕ§Þ/ßãðHÓ¼â/Þ(]

•
Ð8Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGá&á�ÞGÚÖÞGòO×gÛ§ÞGÕ¸â�×NàÂà�ÝNÛ�â�×NÙ�ÕãÞTÐ�ÑeÐ8ÒþÛ§Ý¯Õ§ÓÖò�à�×

Query
ßãÞGÕãé%Ý�àÂÕ§Þ

â/Ý�àOÛs×NÓÖà�Ó¼àÂò�× ç Ý�ò�Ù�Õ�Ý�ß�ÓÖàrðg×NÚÖÓ¼áÆ×�Û_ÞGá-â/ÞGß�Û_ÓÖä�â�×gÛ§ÞNö ç ÞGâG×NÙ�ÕãÞAõ0ÞGÕãÕ_×Nò�Þ/Õ�ÓÖà�ÕãÛ§ß§Ù�â�ÛãÜ
ÓÖà�ò¶ÕãÞGß�ð�ÞGßãÕ�Û_Ý-Õ§ÓÖò�à»ÕãÙ�âså0×óß§ÞGÕãé%ÝNà�Õ§Þ�õ»ÙÂÕãÛ�â/Ý�àOÛs×NÓÖà»Õ§ÓÖò�à�ÞGáÁõ0ÞGÕãÕ_×NòNÞGÕRØôßãÝ�õÔ×
�rÙ�ÝNß§Ù�õ ÝNØ'Õ§Þ/ßãð�Þ/ß§Õ/öZê�å�Þ/ß§Þ�Û§å�ÞGÕãÞ¶ÕãÓ¼ò�à�Þ/á÷õ0ÞGÕãÕ_×NòNÞGÕwâGÝ�àOÛs×gÓ¼àTÛ_å�Þ¸âGÞ/ßãÛ_Ó·äÆâ�×�Û_ÞGÕ
ÕãÙ ç õ0ÓÖÛãÛ_ÞGá ç æ
ÕãÞGßãðNÞGßãÕ�ØôÝ�ßnÛ§å�Ó¼Õ

Query
î

•
Ð8Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGá�á�Þ/Ú¼Þ/òO×gÛ_Þ/Õe×Nß§ÞÁéÂß§Þ/ðNÞGàOÛ_Þ/áøØôßãÝ�õ â/ß§Þ�×�Û_Ó¼àÂò�×�â/ÞGß�Û_ÓÖä�â�×gÛ§Þ»Û_åÆ×gÛ
Õãé%Þ/âGÓ·äÆÞGÕÁ×&äÆâ/Û§ÓÖÛ_ÓÖÝ�Ù�Õ ç Ó¼àÂá�Ó¼à�òÂö ç ÞGâ�×gÙ�Õ§Þ#Þ�ð�Þ/ßãæ�õ0ÞGÕãÕ_×NòNÞ#é%Þ/ßãÛ_×NÓ¼à�ÓÖà�ò�Û_Ý�×Nà
Update

ß§Þ^�rÙ�ÞGÕ�Û(õ»Ù�ÕãÛRÓ¼à�â/Ú¼Ù�áÂÞwÛ§å�Þ8Ý�ßãÓ¼ò�ÓÖàÆ×NÚOâ/Ú¼Ó¼Þ/àOÛ�úÈÕ�ÕãÓ¼ò�à�Þ/á»ß§Þ^�rÙ�ÞGÕ�Û�îwÐ�ÑeÐ8Ò
ÕãÞGß�ð�ÞGßãÕ�âsåÂÞGâsë
Û_åÆ×�Û�õ0ÞGÕãÕ_×NòNÞ ç Þ�ØôÝ�ß§ÞeÕ§ÓÖò�à�ÓÖà�òT×Áà�Þ/ê â/ÞGß�Û_ÓÖä�â�×gÛ§ÞNî

•
Ð8Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGá+á�ÞGÚÖÞGòO×�Û_ÞGÕeÛ_å�×gÛ¡á�Ý�à�ÝgÛÀá�ÓÖÕ§ÕãÞGõ0Ó¼àÆ×gÛ§ÞÁÕ§Ý�õ0Þ0à�Þ/ê â/ÞGß�Û_ÓÖä�â�×gÛ§Þ
Û§Ý»×��rÙ�ÝNß§Ù�õ ×NßãÞ�ØôÝ�ÓÖÚ¼ÞGá'ö ç ÞGâG×NÙ�ÕãÞóÞ/ðNÞGßãæ¯Õ§Ù ç Õ§Þ��rÙ�Þ/àOÛ�õ÷Þ/Õ§Õ_×gò�Þ¶Û_åÂÞ¶á�Þ/Ú¼ÞGò�×gÛ_Þ
ÕãÞGà�áÂÕwÓÖà»é�ßãÝZâ/ÞGÕ§ÕãÓ¼à�ò-Û§å�Ó¼Õ�ßãÞ��rÙ�Þ/ÕãÛwõ»Ù�Õ�Û�âGÝ�àOÛ_×NÓ¼à»Û§å�ÞnÕ§ÓÖò�à�Þ/á0ßãÞGÕãé%Ý�àÂÕ§ÞGÕ�ØôßãÝ�õ
×��rÙ�Ý�ßãÙ�õ ÝNØ�Õ§Þ/ßãðNÞGß§Õ¶×gÛ§Û§ÞGÕ�Û_Ó¼àÂòTÛ§åÆ×gÛ�Û§å�Þ/æ�ßãÞGâGÞ/ÓÖðNÞGá3Û§å�Þeà�Þ/êJâGÞ/ßãÛ_Ó·äÆâ�×�Û_ÞNî

ìíÅ³îÍîHë�½�»:Ï�ÎÂÌZ»#½� ë�Ëè»#½� º Îø»:Í�¼�»#½�¾¹Ë�� ÿ�å�Þ�ÆQ×NÓÖß�Ç�ÓÖà�ërÕÁ×NÕ§ÕãÙ�õ0éÂÛ_ÓÖÝ�àèõ÷ÞG×Nà�Õ
Û§åÆ×gÛÁà�ÝgÛT×NÚ¼Úwõ0ÞGÕ§Õ§×Nò�Þ/ÕÁÕ§ÞGàOÛ0×NßãÞ
á�ÞGÚÖÓÖðNÞGß§Þ/á¹î+ÿ�Ý+ÓÖõ÷é�ÚÖÞGõ0ÞGàOÛÃß§ÞGÚÖÓ²× ç Ú¼Þ0âGÝ�õ0õ»Ù�à�ÓqÜ
âG×gÛ_ÓÖÝ�à�Ó¼àøÛ_å�ÓÖÕ»ÞGàOðHÓ¼ßãÝ�à�õ0ÞGàOÛ�ö(ÓÖÛÀÕ§ÙM�0â/ÞGÕÁØôÝ�ßÁ×�ÕãÞGà�áÂÞGßÁÛ_Ý�ßãÞGÕ§Þ/à�á Þ�×Nâså õ0ÞGÕãÕ_×Nò�Þ
Ù�àOÛ§Ó¼Ún×3Õ§Ó¼òNà�ÞGá ×Nâsërà�Ý[ê�ÚÖÞGá�ò�õ0ÞGàOÛTÓÖÕ»ß§Þ/âGÞGÓ·ð�Þ/á ØôßãÝ�õ1Û_å�Þ
ÓÖàrÛ§ÞGà�áÂÞGá ß§Þ/âGÓ¼éÂÓ¼ÞGàOÛGî�ícà
s�ó5qtg jZjqp �vuG}^qZ��u�q1�wW�z�m^l�sõ|#}^q¢wxq^y=s;}���o�~)lôy;jZlçqZ}�y;wx}�qU}���u�xzy({}|$~��2�1�-���4�`�(�1�b�.��|-�
��j1wx~õj�wx|%u�Zs=}!y;}�~�}�pèy;j�u�y³j1u�pWyõ|7wxq�s;l'|#�(}�q1|;lky;}d~�l�s;y=u�wrq�u�y;y=u^~.)è|t� ' q1l�~)p�u�|=|7}!�/u�y;y=u^~.)è|øw�|øy=j�o�|7y;sõu!q�|{��}^s;�%lt�wrq�y=}ôu!q1}!y;j1l�s'���%}�s=l�v(l�q1wr�^q/�/~)p�u�|=|�� ' oZsG|#ltpW�}[ m�lts;wr��zèwrqZ�ô�%lt|=|;u���lt|�~�u!qív�l%|;l�l�qíu�|Gu!qwxq1|#y=u!q�~)l}!�@y;jZw�|�u!�1�Zs;}�u�~õj/��y=s=u�q1|{��}^s;�%wxqZ�%~)l�s;y=u�wrq�@KzCBtu!q�y=wrqZlG��u�wrpxoZs=lt|
y;}��%}�s=lz[ v(l�qZwx��q ��u!wxproZs=lt|t�

� .



Û§Ù�ß§à¹öZÛ_å�ÞóßãÞGâ/Ó¼é�ÓÖÞGàOÛ�ß§Þ�Û_Ù�ßãà�Õ�×»Õ§ÓÖò�à�ÞGá�×gâsëHàÂÝyê�ÚÖÞGá�òNõ÷Þ/àrÛ�ØôÝ�ß8Þ/ð�Þ/ßãæ
õ0ÞGÕãÕ_×NòNÞóÓÖÛ�ßãÞ�Ü
â/ÞGÓÖðNÞGÕ C ÓÖà�âGÚÖÙ�á�ÓÖà�ò»á�Ù�éÂÚ¼Ó¼âG×gÛ_Þ/ÕGö�ÕãÓ¼à�â/ÞóÛ_å�Þ-éÂß§Þ/ðHÓÖÝ�Ù�Õ¸×Nâsërà�Ý[ê�Ú¼Þ/á�ò�õ0ÞGàOÛ_Õ�âGÝNÙ�Ú¼á
åÆ×�ðNÞ
ç ÞGÞ/à�Ú¼ÝNÕãÛ!D*îAí®Ø ç ÝgÛ_å�Û_å�Þ¡Õ§Þ/à�á�ÞGß�×Nà�á&Û_å�ÞeßãÞGâGÞ/ÓÖðNÞGßó×gß§ÞeâGÝ�ßãß§Þ/â/Û¸Û_å�Þ/à C áÂÙ�Þ-Û_Ý�ÆX×gÓ¼ß
Ç�Ó¼àÂëHÕ±D�Û§å�Ó¼Õ�é�ß§ÝgÛ_ÝHâGÝ�ÚrÞGàÂÕ§Ù�ßãÞGÕ�Û_å�×gÛ�Û§å�ÞnßãÞGâGÞ/ÓÖðNÞGßRÞ�ð�Þ/àrÛ§ÙÆ×NÚÖÚÖæÃß§ÞGâ/ÞGÓ·ð�ÞGÕ�Û_å�ÞAõ÷Þ/Õ§Õ_×gò�ÞNö
Û§å�Þ�ÕãÞGà�áÂÞGßnÞ�ð�ÞGàOÛ§ÙÆ×NÚ¼Ú·æ0ß§ÞGâ/ÞGÓ·ð�ÞGÕ8×Nà#×gâsëHàÂÝyê�ÚÖÞGá�òNõ÷Þ/àrÛAØôß§Ý�õ Û§å�Þ¶ßãÞGâ/ÞGÓÖðNÞGß/ö�×Nà�á0Û_å�Þ
ÕãÞGà�á�Þ/ß�Þ*üZÓÖÛ_Õ�Û§å�Þeé�ß§ÝNÛ§ÝZâ/Ý�Ú î

ÿ�å�Þ�é�ßãÝNÛ_ÝHâGÝNÚ¼Õ0Ó¼à�Ð�ÑeÐ8Ò ×NßãÞ�Õ�Û_ß§ÙÂâ/Û_ÙÂß§ÞGá ×NÕ#×�Õ§Þ/ß§Ó¼Þ/Õ#ÝNØeõ»ÙÂÚÖÛ_ÓÖâ�×NÕ�Û_Õ/önê�ÓÖÛ_å
ÓÖàÂØôÝ�ß§õ÷×gÛ§Ó¼Ý�à�é�ÓÖò�òNæ ç ×NâsëgÞGá+Ý�à�Û_åÂÞT×Nâsërà�Ý[ê�Ú¼ÞGáÂò�õ÷Þ/àOÛ_ÕGîeÒ â/Ú¼ÓÖÞGàOÛ-ÕãÛ_×NßãÛ§Õ ç æ�á�ÝNÓ¼à�ò
×+õ»Ù�Ú·Û_Ó¼âG×NÕãÛÁÛ§Ý

t + 1
á�Þ/Ú¼Þ/òO×gÛ_Þ/ÕGñ�Û_åÂÞ3ÕãÓ¼ò�à�Þ/á¬ßãÞGÕãé%Ý�àÂÕ§Þ3ØôßãÝ�õ ×ìÕ§Ó¼àÂò�Ú¼Þ
á�Þ/Ú¼Þ/òO×gÛ_Þ

âG×Nà ç Þ¯âGÝ�à�ÕãÓ¼á�Þ/ß§Þ/á Û§å�Þ
×Nâsërà�Ý[ê�ÚÖÞGá�ò�õ0ÞGàOÛTéÆ×gßãÛ»ÝgØ¸Û§åÆ×gÛÀõ»Ù�ÚÖÛ§Ó¼âG×NÕãÛGî�Ò á�Þ/Ú¼ÞGò�×gÛ_Þ
Û§å�ÞGà ÓÖàOÛ_ÞGß§×Nâ/Û§Õ0ê�Ó·Û_å Ð�Ñ¡Ð8Ò Õ§Þ/ßãð�Þ/ß§Õ ç æ é%Þ/ßãØôÝ�ßãõ÷ÓÖà�ò+õ»Ù�Ú·Û_Ó¼âG×NÕãÛ§Õ¯×gà�á ×�ê8×NÓÖÛ§Ó¼à�ò
ßãÞGÕ§éXÝ�à�ÕãÞGÕÀØôßãÝ�õ Õ§Þ/ßãðNÞGß§Õ/î�ÆÆÝ�ßeÛ_åÂÞ0Û§å�ß§Þ/Õ§å�Ý�ÚÖá�Õ§ÓÖò�àÆ×gÛ§Ù�ß§ÞTé�ßãÝNÛ_ÝHâGÝNÚ ö

t + 1
â/Ý�ß§ßãÞGâ�Û

ßãÞGÕ§éXÝ�à�ÕãÞGÕ¸Õ§ÙM�0â/ÞNñÆØôÝ�ßnßãÞ/Û_ßãÓ¼Þ�ðZÓÖà�òT×Nà�á
ØôÝ�ß�ÙÂé%áÆ×�Û_Ó¼àÂòÁâGÞGß�Û_Ó·äÆâ�×gÛ§ÞGÕ/öÆß§ÞGÕãé%ÝNà�Õ§Þ/Õ¸ØôßãÝ�õ
×`�rÙ�Ý�ßãÙ�õ ÝNØAÕ§Þ/ßãðNÞGß§ÕÃ×NßãÞÁà�ÞGÞ/á�ÞGá¹îÁÿ�årÙ�Õ/ö�ê�Ó·Û_åì×gÛ-ÚÖÞ�×NÕ�Û

2t + 1
âGÝNß§ß§Þ/â/ÛeÕãÞGßãðNÞGßãÕGö

Ð�ÑeÐ8ÒÀúÈÕ&õ»Ù�ÚÖÛ§Ó¼âG×NÕãÛ§Õ�×NÚÖê8×�æZÕ
Û§ÞGß§õ0Ó¼à�×gÛ_Þ�á�ÙÂÞìÛ§Ý��óÙ�ÝNß§Ù�õ Ò�ðg×NÓ¼Ú¼× ç ÓÖÚ¼ÓÖÛcæ ÕãÓ¼à�â/Þø×
á�Þ/Ú¼Þ/òO×gÛ_Þ�ÓÖÕwàÂÝyê�òNÙÆ×Nß_×gàrÛ§ÞGÞ/á÷Û_Ý¡ß§Þ/âGÞ/ÓÖð�Þ�ÞGà�ÝNÙ�ò�å#×gâsëHàÂÝyê�ÚÖÞGá�òNõ÷Þ/àrÛ§Õn×gÛwÞ�ð�ÞGß�æ¯Õ�Û_Þ/é
×NàÂá¹ö�Û_å�Þ/ß§Þ�ØôÝ�ß§ÞgöÆÞ/ð�Þ/àOÛ_ÙÆ×NÚÖÚÖæ#Û§åÆ×gÛ�á�Þ/Ú¼Þ/òO×gÛ_Þóê�ÓÖÚ¼Ú%ÕãÛ_ÝNé3ßãÞ/Û_ß§×Nà�Õãõ÷Ó·Û§Û_ÓÖà�òÁõ0ÞGÕ§Õ§×Nò�Þ/ÕGî

� �à¤+�1¤e	+£�¤����í¨��	�£k���à¤e	`�^¨R§����  U¤%�ªO�^��¤�� ����¨í����£
Ò Ú²×gß§ò�Þ
â/Ú²×NÕãÕ÷ÝNØ¶Õ§Ù�â/âGÞ/Õ§ÕãØôÙÂÚ¶á�Þ/à�Ó²×NÚ�ÝgØ¶ÕãÞGßãðHÓÖâGÞ�×�Û§Ûs×gâsëHÕTêAÝ�ß§ë ç æ Þ�üZé�ÚÖÝ�ÓÖÛ§Ó¼à�òì×Nà
ÓÖõ ç ×NÚ¼×Nà�âGÞ ç Þ�Ûcê8Þ/ÞGàÀÛ§å�Þ(ß§ÞGÕãÝ�Ù�ßãâGÞGÕR×NàÃ×gÛ§Û_×NâsëNÞ/ß�õ»ÙÂÕãÛ�Þ�üZéXÞGà�áÀÛ§Ý�Õ§Ù ç õ0ÓÖÛ�×�ß§Þ^�rÙ�ÞGÕ�Û
×NàÂáÀÛ_å�Þ8ß§ÞGÕãÝ�Ù�ßãâGÞGÕ�Û§å�Þ8ÕãÞGß�ðZÓÖâGÞ�õ»ÙÂÕãÛ�Þ*üZé%Þ/à�á»Û_ÝóÕ§×gÛ_ÓÖÕãØ«æeÛ_å�×gÛ�ßãÞ��rÙ�ÞGÕ�Û�öH×NÕ�åÆ×NÕ ç ÞGÞ/à
à�ÝgÛ_ÞGá'ö�ØôÝ�ß�Þ*ü�×gõ÷é�ÚÖÞNö�Ó¼à�*rf(ûZö�.YaHö�.(fZ0 î�í®Ø�õ÷×NërÓ¼à�ò¸×�ß§Þ^�HÙÂÞGÕãÛRÓ¼Õ�âså�ÞG×Né ç ÙÂÛ�é�ßãÝZâ/ÞGÕãÕ§Ó¼àÂò
Ý�àÂÞ&ÓÖÕÁà�ÝNÛGöwÛ§å�ÞGà¬×gÛ§Û_×NâsëNÞ/ß§Õ0åÆ×�ð�Þ3×�âGÝ�Õ�ÛãÜcÞ��'Þ/â/Û§ÓÖð�Þ
ê8×�æèÛ_Ý+á�Ó¼Õãß§Ù�éZÛ¯×�ÕãÞGßãðHÓÖâGÞ!2
ÕãÙ ç õ0ÓÖÛ ç Ý�ò�Ù�Õ¡ß§Þ^�HÙÂÞGÕãÛ§ÕÃÛ§Ý3Õ§×gÛ_Ù�ß§×gÛ_Þ0Õ§Þ/ßãðNÞGßÀßãÞGÕãÝ�Ù�ß§â/ÞGÕ/î
Ò ÕãÞGß�ðZÓÖâGÞgöRÚ¼ÓÖëNÞ÷Ð�ÑeÐ8ÒÀö
ê�å�Þ/ß§Þ�ßãÞ��rÙ�Þ/ÕãÛ�é�ßãÝZâ/ÞGÕ§ÕãÓ¼à�òèÓÖàOð�Ý�Ú·ð�ÞGÕ¯Þ�üZé%Þ/à�Õ§Ó·ð�Þ�â/ßãæHéÂÛ_ÝNò�ß_×NéÂå�Ó¼â3Ý�é%Þ/ß_×gÛ§Ó¼Ý�àÂÕ#×Nà�á
õ»ÙÂÚÖÛ_ÓÖé�Ú¼Þ¸ß§ÝNÙ�à�á�Õ�ÝNØ�âGÝNõ÷õ»ÙÂà�Ó¼âG×gÛ_ÓÖÝ�à¯ÓÖÕ�ÞGÕ§éXÞGâ/Ó²×NÚÖÚÖæ÷Õ§Ù�ÕãâGÞ/éÂÛ_Ó ç Ú¼ÞóÛ§Ý0ÕãÙ�âså&ß§ÞGÕãÝ�Ù�ßãâGÞ�Ü
â/Ú¼Ý�ò�òNÓ¼à�òÁ×�Û§Ûs×gâsëHÕ/î

Ð�ÑeÐ8Ò?ÓÖõ÷é�ÚÖÞGõ0ÞGàOÛ_Õ�Û§å�ß§Þ/Þ8âGÚ¼×NÕ§ÕãÓ¼âwá�Þ/ØôÞ/à�Õ§Þ/Õ�Û_Ý ç Ú¼Ù�àOÛ�ß§Þ/Õ§Ý�Ù�ßãâGÞ*ÜcâGÚÖÝ�ò�ò�ÓÖà�ò¸á�ÞGà�Ó¼×NÚ
ÝNØ�Õ§Þ/ßãðHÓ¼â/Þ¡×gÛ§Û_×NâsërÕ�]
C Ó D
Ò�àÔ×gÙÂÛ_å�ÝNß§Ó¼ùG×gÛ_ÓÖÝ�à õ0ÞGâsåÆ×NàÂÓ¼Õ§õ Ó¼á�Þ/àrÛ§ÓÖäÆÞ/Õ+ß§Þ��rÙ�Þ/ÕãÛ§Õ�Ý�àªê�å�Ó¼âsåþß§Þ/Õ§Ý�Ù�ßãâGÞ/Õ

Õãå�Ý�Ù�ÚÖá�à�ÝNÛ ç Þ¡Þ*üZé%Þ/à�á�ÞGá'î
C Ó¼Ó5D ï Þ��rÙ�Þ/ÕãÛ§Õ�×Nß§Þ�òNß§Ý�Ù�éXÞGá?Ó¼àOÛ_Ý�â/Ú²×NÕãÕ§Þ/ÕGö�×Nà�á ßãÞGÕ§ÝNÙ�ß§â/ÞGÕ&×Nß§Þ3Õ§âså�Þ/á�Ù�ÚÖÞGá�Ó¼à±×

õ÷×Nà�àÂÞGß�Û_åÆ×�Û�éÂß§Þ/ðNÞGàOÛ_Õ¶á�ÞGõ÷×Nà�á�Õ ç æ&Ý�à�Þ¡âGÚ²×gÕ§Õ�Øôß§Ý�õ ×1�'Þ/â/Û_ÓÖà�ò0ß§Þ��rÙ�Þ/ÕãÛ§Õ¶Ó¼à
×gà�ÝNÛ_åÂÞGß�âGÚ¼×NÕ§Õ/î

� V



C Ó¼ÓÖÓ5D÷ÿ�åÂÞ»ß§Þ/Õ§Ù�Ú·Û_Õ¶ÝgØ�Þ�üZéXÞGà�ÕãÓÖð�ÞÁâ/ßãæHéÂÛ§Ý�ò�ß_×gé�å�Ó¼âÃÝ�éXÞGß_×�Û_Ó¼ÝNà�Õ¶×gß§ÞÀâG×Nâså�Þ/á¹ö�×Nà�á�×gÛãÜ
Û_×NâsëNÞ/ß§Õ¸â�×NàÂà�ÝNÛ¸á�ÞGÕ�Û_ßãÝyæ
Û§å�ÞeÚ¼ÝHâ�×NÚÖÓÖÛcæTÛ_å�×gÛ�õ¯×gëNÞGÕ�Û§å�Ó¼Õ�âG×Nâså�Þ¡Þ^�%ÞGâ/Û§ÓÖðNÞNî

í®ÛÁÓÖÕÃÛ§å�Þ
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¤±�
prl'u!s=prz^��y;j1wx|[}�¥Yl�sõ|ôqZ}O�Zl)��l�q�|#l u!��u!wxq1|{yç��w�|{y=s;wxvZo�y=lt�+�Zl�qZw�u!pn}!��|#lts;mèw�~)líu!y#yõu�~.)�|Ng ¦¨§opnwxq��jZw�~õjeu!q�u�y;y=u�~.)^l�s'�!��u�|=ö�oZl�sõu���wxqZ�¸u�|��%u�qèz���w;¥(lts;ltq�y
~)pxwrltq�y=|t�^p�u!oZq�~õjZlt|�u!y#yõu�~.)�|M��s;}^���Zw�¥Yl�s=l�q�ypr}�~tu�y;wx}�q�|��eó �ky=jZl ~)pxwxl�q�y=|¸wxqèm�}^prm^lt�íwrq¢|;o1~õj�u!q�u�y;y=u^~.)R~�u�q�v(l ��l�y;l'~Jy;l'�S�@y;jZltq y;jZltwrs�s;l'ö^o1lt|#y=|~)}^oZpx��v(l�w�|#}^pxu!y;lt��o1|;wxqZ��� ' �K�d÷ |�ö�oZl�o1lt|³u�q1�%|;~õj1lt��oZpxl�s'�d@
oZy
|#}^prmèwxqZ�Gy;jZl���w�©e~�oZpWy
�Zs;}^vZpxl��ª0��l)y=l�s=�%wrqZwxqZ���j1wx~õjU~�prwxl�q�yõ|�u!s=l�wxq�m^}�pxm�l'� wrq¢|;o1~õjUu�q¢u�y#yõu�~.)k0`wx|¸q1}!y�j1l�px��l'��vèzRy=jZwx|�� ' �K��%lt~õj1u�qZwx|;�ç�
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Û§åÆ×gÛ�êAÝ�Ù�Ú¼á&âGÝNà�ÕãÛ§ÓÖÛ_ÙZÛ_Þe×Áá�ÞGàÂÓ²×NÚ�ÝNØ�Õ§Þ/ßãðHÓ¼â/Þ-ðZÙÂÚ¼à�Þ/ß_× ç ÓÖÚ¼Ó·ÛcæøD*î
ícà�×Àé�ßãÝZáÂÙ�â/Û§Ó¼Ý�à÷Õ§Þ/ÛãÛ_ÓÖà�ò�örê8ÞóêAÝ�Ù�ÚÖá#Þ�üZéXÞGâ/Û8Û_Ý»Þ/õ÷é�ÚÖÝ[æ¯×¡õ÷ÝNß§Þ¶ÕãÝ�é�å�ÓÖÕãÛ§Ó¼â�×�Û_ÞGá

Õãâså�ÞGá�ÙÂÚ¼ÞGße×gà�á�×#ß§ÓÖâså�õ0Þ/Û_åÂÝZá�ØôÝNß¶éÆ×Nß�Û_Ó·Û_Ó¼ÝNà�Ó¼à�òTâ/Ú¼Ó¼Þ/àOÛóß§Þ^�rÙ�ÞGÕ�Û_Õ¡×NâGßãÝ�Õ§Õ¶õ»Ù�ÚÖÛ§Ó¼é�ÚÖÞ
�rÙ�Þ/Ù�ÞGÕ/î¶Ð8ÚÖÓ¼Þ/àrÛ§Õ�õ0Ó¼òNårÛ ç Þ¡ò�ß§Ý�ÙÂé%Þ/á�Ó¼àOÛ§Ý÷â/Ú²×NÕãÕ§ÞGÕ/ö%ê�Ó·Û_å&ß§Þ��rÙ�Þ/ÕãÛ§Õ¶Øôß§Ý�õ�â/Ú¼ÓÖÞGàOÛ_Õ�Ó¼à
Û§å�ÞeÕ_×Nõ0Þe×Ná�õ0Ó¼à�ÓÖÕãÛ§ß_×gÛ§ÓÖð�Þ�á�Ý�õ÷×NÓ¼à
Õ�Û_Ý�ßãÞGá�Û_Ý�òNÞ/Û_åÂÞGß�Ý�à&×0ÕãÓ¼à�òNÚ¼Þç�rÙ�Þ/Ù�ÞNî

� É^« ßãÐ�Hd�ôÒ)Ô��
ï ÞGé�Ú¼×�æZÕ�ÝNØÃÚ¼Þ/ò�ÓÖÛ§Ó¼õ÷×gÛ_Þ&ß§Þ^�rÙ�ÞGÕ�Û_Õ�×gß§Þ�à�ÝNÛ&ßãÞ)LãÞGâ�Û_Þ/á ç æ Ð�ÑeÐ8ÒÀúÈÕ�×gÙÂÛ_å�ÝNß§Ó¼ùG×gÛ_ÓÖÝ�à
õ0ÞGâsåÆ×gà�Ó¼Õãõ3î�ý�Ý�ßRÕ§å�Ý�ÙÂÚ¼á»Û_åÂÞ/æ ç ÞNöNÕ§Ó¼àÂâGÞ�ÆQ×NÓÖßnÇ�Ó¼à�ërÕRØôÝNß§âGÞ/Õ�âGÚÖÓ¼Þ/àrÛ§ÕRÛ_Ý¶ß§ÞGÕãÞGà�á0Þ�×gâså
ßãÞ��rÙ�ÞGÕ�Û�Ù�àOÛ_ÓÖÚ%Þ/à�Ý�Ù�ò�å�×gâsëHàÂÝyê�ÚÖÞGá�òNõ÷Þ/àrÛ§Õ�×Nß§Þ¶ß§ÞGâ/ÞGÓ·ð�ÞGá'î�´AÙÂÛ�×gÛãÛs×NâsëgÞGß§Õ�àÂÝyê åÆ×�ðNÞ
×NàøÓ¼à�Þ*üZé%Þ/à�Õ§Ó·ð�Þ÷ê8×�æøÛ§Ý�ò�Þ/à�ÞGß§×gÛ_Þ÷ß§Þ^�HÙÂÞGÕãÛ§ÕÀÛ_å�×gÛÃê�ÓÖÚ¼Ú�éÆ×gÕ§ÕTÐ�ÑeÐ8ÒÀúÈÕ»×gÙÂÛ_å�ÝNß§Ó¼ùG×�Ü
Û§Ó¼Ý�àÃõ÷Þ/âsåÆ×Nà�ÓÖÕ§õ&öO×Nà�á0Ð�ÑeÐ8Ò õ»ÙÂÕãÛ�ÕãÝ�õ÷Þ/å�Ý[ê á�Þ/ØôÞ/à�á0×NòO×NÓÖà�ÕãÛRÕ§Ù�âsåTß§Þ/é�Ú²×�æOÜ ç ×NÕ§Þ/á
á�Þ/à�Ó²×gÚ¹ÝNØ�Õ§ÞGß�ðHÓ¼âGÞÃ×gÛãÛs×NâsërÕGî

ÿ�å�Þ/ß§Þ&×Nß§Þ�×gâ/Û_Ù�×NÚ¼Ú·æøÛcêAÝìê8×�æHÕTÛ§Ý+ß§ÞGáÂß§ÞGÕãÕ¯×gàèÓ¼õ ç ×gÚ²×Nà�â/Þ ç Þ/ÛcêAÞGÞGà Û_å�Þ
â/Ý�ÕãÛ
ÝNØ8õ¯×gëHÓÖà�ò
ß§Þ^�rÙ�ÞGÕ�Û_ÕÁ×NàÂáìÛ§å�Þ÷â/Ý�ÕãÛÃÝNØAÕ_×gÛ§Ó¼Õ�Ø«æZÓÖà�ò�Û_å�Þ/õ3î¯Ñóà�Þ÷ÓÖÕ-Û_Ý�Ó¼à�â/ß§ÞG×NÕ§ÞTÛ_å�Þ
â/Ý�ÕãÛwÝNØ%õ¯×gëHÓÖà�òe×eß§Þ��rÙ�Þ/ÕãÛGöÂ×NàÂá0Û§åÆ×gÛwÓ¼Õ�ê�åÆ×�ÛwÛ§å�Þ�Õ§ÓÖò�àÆ×gÛ§Ù�ß§Þ�âså�Þ/âsërÓ¼à�òÃÓ¼à÷Ð�ÑeÐ8ÒÀúÈÕ
×NÙZÛ_å�Ý�ßãÓ¼ùG×gÛ_ÓÖÝ�à3õ0ÞGâså�×Nà�Ó¼Õãõ á�ÝZÞ/ÕGîóÒþÕ§Þ/âGÝ�à�á+ÓÖÕ¸Û§Ý#á�ÞGâ/ß§ÞG×NÕ§Þ»Û§å�Þ»âGÝNÕãÛóÝgØ(é�ß§ÝHâGÞ/Õ§Õ�Ü
ÓÖà�ò�×ìß§Þ^�HÙÂÞGÕãÛGî Ð�ÑeÐ8Ò�×gÚ¼Õ§ÝìÞGõ ç ß_×Nâ/ÞGÕ0Û_å�ÓÖÕ÷Ú¼×gÛ§Û§ÞGß÷×NÚÖÛ§ÞGß§à�×gÛ_Ó·ð�ÞNî ñ(×Nâså±Ð�Ñ¡Ð8Ò
ÕãÞGßãðNÞGß�âG×Nâså�ÞGÕ�ßãÞGÕãé%Ý�àÂÕ§ÞGÕnÛ§Ý»âGÚÖÓ¼Þ/àrÛ8ß§Þ^�HÙÂÞGÕãÛ§Õ�×Nà�á#âG×Nâså�Þ/ÕnÛ_å�ÞóßãÞGÕãÙ�ÚÖÛ§ÕnÝNØ�Þ�üZéXÞGà�ÕãÓÖðNÞ
â/ßãæHéÂÛ_ÝNò�ß_×NéÂå�Ó¼â-Ý�éXÞGß§×gÛ_ÓÖÝ�à�Õ8ØôÝNß�ß§Þ��rÙ�Þ/ÕãÛ§Õ�Û_å�×gÛ¸×Nß§Þ-ÓÖà�é�ß§Ý�òNß§ÞGÕãÕGöQ×NÕ¸×NÚÖÕ§ÝÁÕãÙ�ò�ò�Þ/ÕãÛ_Þ/á
ÓÖàb*x.�ûÂök,�0}î�_HÞGßãðNÞGßãÕ¡ÙÂÕ§Þ»Û_åÂÞGÕ§ÞTâG×Nâså�ÞGáìß§Þ/Õ§éXÝ�à�ÕãÞGÕeÓ¼à�Õ�Û_ÞG×Ná+ÝNØwß§ÞGâG×NÚ¼â/Ù�Ú²×�Û_Ó¼àÂò÷Û_åÂÞGõ
ê�å�Þ/à3éÂß§ÝHâGÞGÕãÕ§ÓÖà�ò÷ßãÞGé�Ú¼×�æZÕ/î

ÿ�å�ÞÁâG×Nâså�Þ»ØôÝ�ß�âGÚ¼ÓÖÞGàOÛóßãÞGÕãé%Ý�àÂÕ§ÞGÕeÓÖÕ¶õ÷×NàÆ×Nò�Þ/á�á�Ó��'Þ/ß§ÞGàOÛ§ÚÖæ&Û_åÆ×Nà�Û§å�Þ»âG×Nâså�Þ»ØôÝ�ß
ÓÖàZÜcé�ßãÝ�ò�ßãÞGÕ§Õ�â/ßãæHéÂÛ§Ý�ò�ß_×gé�å�Ó¼â-ßãÞGÕãÙ�ÚÖÛ§ÕGînFøÞeä�ß§ÕãÛ¸á�ÓÖÕ§â/Ù�Õ§Õ�Û_åÂÞ¡â/Ú¼ÓÖÞGàOÛãÜ®ß§ÞGÕãé%ÝNà�Õ§Þ-âG×Nâså�ÞNî
ñ(×NâsåTÐ�ÑeÐ8Ò ÕãÞGß�ð�ÞGßRâ�×Nâså�Þ8åÆ×NÕ�ä�à�ÓÖÛ§ÞAâG×NéÆ×Nâ/ÓÖÛcæ�ögÕ§Ý-×gÚ¼Úrß§Þ/Õ§éXÝ�à�Õ§Þ/ÕRÛ_Ý�âGÚÖÓ¼ÞGàOÛ§Õ�âG×Nà�à�ÝNÛ
ç ÞTâ�×Nâså�Þ/á�Ó¼àÂá�Þ/äÆàÂÓÖÛ_Þ/ÚÖæNî0í®Ø8Û_å�ÞTÕ§Þ/ßãðNÞGßÀâG×Nâså�Þ÷Ó¼ÕóÛ_Ý ç Þ÷Þ��'Þ/â/Û_Ó·ð�Þ÷×NòO×NÓÖà�ÕãÛeßãÞGé�Ú¼×�æZÕ
ÕãÙ ç õ0ÓÖÛ§Û§ÞGá ç æ¬âGÚÖÓ¼ÞGàOÛ§ÕGö�ê8Þ�õ»Ù�ÕãÛ#õ÷ÓÖà�Ó¼õ0Ó¼ù/Þ#Û_å�Þ�âså�×Nà�âGÞ�ÝgØeÕ§Ù�âså�ß§Þ/é�Ú²×�æHÕ#âG×NÙ�Õ�Ü
ÓÖà�ò
â�×NâsåÂÞ0õ0Ó¼ÕãÕ§Þ/Õ C ×Nà�á+â/Ý�à�âGÝNõ÷Ó·Ûs×NàOÛóâ/Ý�ÕãÛ§ÚÖæ�âGÝ�õ0é�ÙÂÛ_×gÛ_ÓÖÝ�à ç æ�Û_åÂÞ0ÕãÞGß�ð�ÞGß±D�îÁÿ�å�Þ
ÕãÝ�Ú¼ÙÂÛ§Ó¼Ý�àÃÓ¼ÕRÛ§Ý-ÞGà�ÕãÙ�ß§ÞnÛ§åÆ×gÛ�â/Ú¼ÓÖÞGàOÛ�ß§Þ/é�Ú²×�æHÕ�×NßãÞnØôÝ�ß§â/ÞGá»Û§Ý-Þ�üZå�Ó ç ÓÖÛ�×¶Û§ÞGõ0é%ÝNß_×NÚHÚ¼ÝHâ�×NÚqÜ
Ó·Ûcæ�â/Ý�à�Õ§ÓÖÕãÛ§ÞGàOÛeê�ÓÖÛ_å�Û§å�ÞÁÓ¼àZØôÝ�ß§õ÷×gÛ_ÓÖÝ�à ç ÞGÓÖà�ò
â�×gâså�ÞGá¹îÀícàìé�×NßãÛ§Ó¼âGÙÂÚ²×Nß/ö ç æ�â�×gâså�Ó¼à�ò
Ð�ÑeÐ8ÒÀúÈÕÀßãÞGÕãé%Ý�àÂÕ§ÞTØôÝ�ßeÞ�×NâsåøâGÚ¼ÓÖÞGàOÛ�úÈÕ¡õ÷Ý�Õ�Ûeß§Þ/âGÞGàOÛÀß§Þ��rÙ�Þ/ÕãÛGö �^¬ ß§Þ/ÕãÛ_ßãÓ¼â�Û_Ó¼àÂò&â/Ú¼ÓÖÞGàOÛ_Õ
Û§Ý
õ¯×NërÓÖà�ò¯Ý�àÂÞÁß§Þ��rÙ�Þ/ÕãÛ¡×gÛ-×¯Û_Ó¼õ0ÞNö'×Nà�á ç æ�å�×[ðHÓÖà�ò
âGÚÖÓ¼ÞGàOÛ§Õ-×NÕ§ÕãÝZâ/Ó²×gÛ§Þ»×NÕãâGÞ/à�á�Ó¼àÂò
ÕãÞ��rÙ�ÞGàÂâGÞeàrÙ�õ ç ÞGß§Õnê�Ó·Û_å¯Û§å�ÞGÓÖß8ßãÞ��rÙ�ÞGÕ�Û_Õ/öXÝNÚ¼á�Þ/ß8ß§Þ^�rÙ�ÞGÕ�Û_Õ�à�ÝNÛnÕãÛ_ÝNß§ÞGá
ÓÖà¯Û_åÂÞóâ�×NâsåÂÞ
âG×Nà ç Þ-ß§ÞJLãÞGâ�Û_ÞGá�×NÕ ç ÝNò�Ù�Õ ç æ3Ð�ÑeÐ8ÒÀúÈÕ¶×NÙZÛ_å�Ý�ßãÓ¼ùG×gÛ_ÓÖÝ�à#õ0ÞGâsåÆ×NàÂÓ¼Õ§õ&î
h1tó5q�u�|#z�|#y;l�� ��wWy=j`u ��wxpxprwx}�q�~�prwxl�q�y=|t�Ky;jZw�|e~�prwxl�q�yô~tu�~õjZlç�K}�oZp��Ov�ls=}�o1��jZpxzwY���wx�^u�vèz^y=lt|v�l'~�u�o1|#l[u!�Z�1s;}±ù�wx�%u!y;ltprzJY�®�vèz�y;l'|�w�|�qZl�l'��lt�¢y;} |{y=}�s=lôu�~)pxwrltq�yt÷ |�p�u�|#y�s=ltö�oZl'|{y%u!q1��� ' �K�d÷ |s;l'|#�(}�q�|#l^�
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´8Þ/â�×NÙ�ÕãÞ»ß§Þ^�rÙ�ÞGÕ�Û_Õ-×NßãÞÃéÂß§ÝHâGÞGÕãÕ§Þ/á ç æ�×U�rÙ�Ý�ß§ÙÂõ ÝgØ(Ð�ÑeÐ8ÒÔÕãÞGßãðNÞGßãÕ)2 ×gà�á�à�ÝNÛ
à�Þ/âGÞ/Õ§Õ_×gß§Ó¼Ú·æ ç æì×NÚ¼Ú�Ð�ÑeÐ8Ò½ÕãÞGßãðNÞGßãÕ)2 ×&ò�ÓÖðNÞGàìÕ§Þ/ßãð�Þ/ßGúÈÕÀâG×Nâså�Þ0ÝNØnâ/Ú¼Ó¼Þ/àOÛeß§ÞGÕãé%ÝNà�Õ§Þ/Õ
õ0Ó¼ò�åOÛ�à�ÝNÛ ç ÞAâGÙ�ßãß§ÞGàOÛGî�ÿ�årÙ�ÕGöH×¶ßãÞGé�Ú¼×[æ¡ßãÞ��rÙ�ÞGÕ�Û(Õ§ÓÖò�à�ÞGá ç æÃâGÚÖÓ¼Þ/àrÛ

c
Û§ÝóÕ§ÝNõ÷ÞAÕ§ÞGß�ð�Þ/ß

s
õ0Ó¼ò�åOÛwåÆ×�ð�Þó×ÃÕ§Þ^�rÙ�ÞGà�â/Þ-àrÙ�õ ç ÞGß(Û_åÆ×gÛAÓ¼ÕwÚ²×gß§ò�Þ/ß(Û§åÆ×Nà¯Û§å�Þ¸Õ§Þ��rÙ�Þ/à�âGÞ-àrÙ�õ ç Þ/ßAØôÝ�ß

Û§å�Þ÷Ú¼×NÕãÛeßãÞGÕãé%Ý�àÂÕ§Þ¯âG×Nâså�Þ/á�×gÛ
s
ØôÝ�ß

c
î¯ÿ�åÂÞ÷Ú¼×Nß§ò�Þ/ßeÕ§Þ��rÙ�Þ/à�âGÞ*ÜcàrÙ�õ ç ÞGßãÞGáèßãÞ��rÙ�ÞGÕ�Û

êAÝ�Ù�ÚÖáøà�ÝgÛ ç Þ0ß§Þ)LãÞ/â/Û§ÞGá ç æ
s
×NàÂáøâ/Ý�Ù�Ú¼áìà�ÝNÛ ç Þ÷Õ§×gÛ_ÓÖÕãäÆÞ/áøØôßãÝ�õ Û_åÂÞ0âG×Nâså�Þ�2±Û_åÂÞ

ßãÞ��rÙ�ÞGÕ�Û�ê8Ý�ÙÂÚ¼á�åÆ×�ð�Þ-Û_Ý ç Þ-é�ß§ÝHâGÞ/Õ§ÕãÞGá¹î�´8ÙÂÛ�ê�Ó·Û_å`�rÙ�Ý�ßãÙ�õ÷Õ�â/Ý�õ0é�ß§ÓÖÕ§Ó¼àÂò
2t + 1

ÝNØ
Û§å�Þ

3t + 1
Ð�ÑeÐ8Ò ÕãÞGßãðNÞGßãÕGö(×gÛÀõ÷Ý�Õ�Û

t
ÕãÙ�âsåèß§Þ/é�Ú²×�æHÕÀâG×Nà�ÚÖÞ�×NáìÛ_Ý�â/Ý�õ0é�ÙÂÛs×�Û_Ó¼ÝNà

ç æøÐ�ÑeÐ8Ò ÕãÞGßãðNÞGßãÕGî&Ð�ÑeÐ8ÒÀúÈÕÀÓÖõ÷é�ÚÖÞGõ0ÞGàOÛs×�Û_Ó¼ÝNà�ØôÙ�ßãÛ§å�ÞGß¡Ú¼ÓÖõ÷Ó·Û_Õ�Õ§Ù�ÕãâGÞGéZÛ_Ó ç Ó¼Ú¼Ó·Ûcæ�Û_Ý
Û§å�ÞGÕãÞ÷×�Û§Ûs×gâsëHÕ/î F�å�ÞGàÂÞ/ð�Þ/ßÀ×&Ð�ÑeÐ8Ò�Õ§Þ/ßãð�Þ/ßÃÕãÞGà�áÂÕÀ×#ßãÞGÕ§éXÝ�à�ÕãÞ0Û§Ý&×#âGÚ¼ÓÖÞGàOÛ�ö¹Û§åÆ×gÛ
ßãÞGÕ§éXÝ�à�ÕãÞ#Ó¼ÕÃ×NÚÖÕ§Ý&Õ§ÞGàOÛ»Û§Ý�×NÚÖÚ(ÝNÛ_å�Þ/ß»Ð�ÑeÐ8Ò ÕãÞGß�ð�ÞGßãÕGî�ñw×gâsåèÕ§ÞGß�ð�Þ/ß»Ó¼ÕeÛ_årÙ�Õ �rÙ�Ó·Û_Þ
ÚÖÓ¼ëNÞ/ÚÖæ0Û_ÝTåÆ×�ð�Þ¡â�×gâså�ÞGá&Û_å�Þeõ0Ý�ÕãÛ�ßãÞGâGÞ/àOÛ¶ßãÞGÕ§éXÝ�à�ÕãÞ¡ØôÝNß�Þ/ð�Þ/ßãæ�â/Ú¼Ó¼Þ/àOÛ�ß§Þ��rÙ�Þ/ÕãÛGî

Ð8Ú¼ÓÖÞGàOÛ_Õ¶×Nß§ÞÃà�ÝNÛ¸Û_å�ÞÃÝ�à�Ú·æ3ÕãÝ�Ù�ßãâGÞÀÝgØ(ß§ÞGéÂÚ²×�æOÜ ç ×NÕãÞGá�áÂÞGà�Ó¼×NÚ�ÝNØ(Õ§Þ/ßãðHÓ¼â/ÞÁ×gÛ§Û_×NâsërÕGî
Ð8Ý�õ0é�ßãÝ�õ÷ÓÖÕ§Þ/á0ÕãÞGß�ð�ÞGßãÕ�×NÚÖÕ§Ý¡âGÝ�Ù�ÚÖá#×gÛãÛ_Þ/õ÷éÂÛwÕãÙ�âså
×gÛãÛs×NâsërÕGîwÐ�ÑeÐ8ÒÃúûÕAá�Þ/ØôÞ/à�Õ§ÞóåÂÞGß§Þ
Û§ÝZÝ
ÓÖÕ-×
â�×Nâså�ÞgîU_ZÞGß�ð�Þ/ß§Õ¡â�×Nâså�Þ0ß§Þ/Õ§Ù�Ú·Û_ÕóØôßãÝ�õ�×NÚÖÚRÞ*üÂéXÞGàÂÕ§ÓÖðNÞ÷ÝNé%Þ/ß_×gÛ§Ó¼Ý�à�Õ/ö¹Õ§ÙÂâså�×NÕ
â/Ý�õ÷éÂÙÂÛ_ÓÖà�ò�à�Þ�ê ÕãåÆ×NßãÞGÕ¯ØôÝ�ß÷é�ß§Ý�×Nâ/Û§ÓÖð�Þ�Õ§ÞGâ/ß§Þ�Û�Õ§åÆ×NßãÓ¼à�ò�×Nà�á±âGÝNõ÷é�ÙZÛ_Ó¼àÂò�éÆ×Nß�Û_Ó¼×NÚ
ÕãÓ¼ò�àÆ×�Û_Ù�ßãÞGÕeØôÝ�ßÃÓÖàZÜcéÂß§Ý�ò�ßãÞGÕãÕ¡ßãÞ��rÙ�Þ/ÕãÛ_Õ/î�ÿ�å�Þ÷â�×NâsåÂÞ#×gÛÃÞ�×Nâså�Õ§ÞGß�ð�Þ/ß»Ó¼Õ¡Õ§ÙM�0â/Ó¼ÞGàOÛ§ÚÖæ
Ú¼×Nß§ò�Þ�Û_Ý�åÆ×Nà�á�ÚÖÞ3Û§å�Þ�õ÷×�üZÓ¼õ»Ù�õ àrÙ�õ ç Þ/ß#ÝNØeß§Þ^�rÙ�ÞGÕ�Û_Õ
Û_åÆ×�Û
×NÚÖÚ¶Ð�ÑeÐ8Ò�ÕãÞGß�ð�ÞGßãÕ
â/Ý�Ù�Ú¼á
å�×[ðNÞÃÓÖàZÜcéÂß§Ý�ò�ßãÞGÕãÕ�×gÛ¸×NàOæ¯Û§Ó¼õ0ÞNî�Ò Û§ÝNÛs×gÚ¹ÝNØ�VYX4¯ ç ærÛ§ÞGÕ�Õ§ÙM�0â/ÞGÕ�ØôÝ�ß�×»â�×NâsåÂÞ
Û§ÝìÕãÙ�é�éXÝ�ßãÛ0Ý�àÂÞ&â/Ú¼ÓÖÞGàOÛÁß§Þ^�rÙ�ÞGÕ�Û�ö8ê�å�Þ/à úÀî�.(X(û+â/ÞGß�Û_ÓÖä�â�×gÛ§ÞGÕTá�Ýìà�ÝNÛTÞ�üZâ/ÞGÞGá � XSa�,
ç ærÛ_Þ/Õ C ê�å�Ó¼âså&Õ§Þ/ÞGõ0Õ¸ßãÞ�×NÕãÝ�àÆ× ç Ú¼Þeò�ÓÖðNÞGà�Ý ç ÕãÞGß�ð�ÞGá�Ù�Õ_×NòNÞ�D�î

Ð�ÑeÐ8Ò Ú¼ÓÖõ÷Ó·Û_Õ�Û_åÂÞóàrÙ�õ ç ÞGßnÝNØ�ßãÞ��rÙ�Þ/ÕãÛ_Õ�Û§åÆ×gÛnâG×Nà ç Þ¶Ó¼àHÜcé�ßãÝ�ò�ß§Þ/Õ§Õ�×�Û�×NàOæ0Û_Ó¼õ0Þ
ç æ�åÆ×�ðHÓ¼à�òTÞG×Nâså�á�Þ/Ú¼Þ/òO×gÛ_Þ-ÚÖÓ¼õ0ÓÖÛAÛ_å�ÞeàrÙ�õ ç ÞGß�ÝNØ�ß§Þ^�HÙÂÞGÕãÛ§Õ¶Ó·Û�Ó¼à�Ó·Û_Ó²×�Û_ÞGÕ/î(Ñ¶Ø�â/Ý�Ù�ß§ÕãÞNö
×�â/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGáèá�Þ/Ú¼ÞGò�×gÛ_Þ#êAÝ�Ù�ÚÖáèà�ÝNÛTß§Þ/Õ§éXÞGâ�Û÷ÕãÙ�âså × ç Ý�Ù�àÂá¹îb´8ÙÂÛTßãÞGâG×NÚ¼Ú8Û§åÆ×gÛ
Ð�ÑeÐ8Ò ÕãÞGßãðNÞGßãÕ�×gß§Þóà�ÝgÛ_ÓÖä�ÞGá#ê�å�Þ/à&ßãÞGÕãé%Ý�àÂÕ§ÞGÕ�×gß§ÞóÕãÞGàOÛ�ö�ÕãÝT×»Õ§Þ/ßãð�Þ/ß�â�×Nà�Þ/ÕãÛ_ÓÖõ¯×�Û_Þ
Û§å�Þ8àrÙ�õ ç ÞGß�ÝNØÆâ/Ý�à�â/Ù�ß§ßãÞGàOÛ�ß§Þ^�rÙ�ÞGÕ�Û_Õ�Û_å�×gÛRÞG×Nâså»ÕãÞGßãðNÞGß C á�ÞGÚÖÞGòO×�Û_Þ�D�åÆ×NÕ�Ó¼àÃé�ß§Ý�òNß§ÞGÕãÕGî
Ð�ÑeÐ8ÒªÕ§Þ/ßãð�Þ/ß§Õ¸â�×Nà
Û§åHÙÂÕ¸ÓÖò�à�Ý�ßãÞóõ0ÞGÕ§Õ§×Nò�Þ/Õ�ØôßãÝ�õ Õ§ÞGß�ð�Þ/ß§Õ�Û§åÆ×gÛ�ÓÖà�ÓÖÛ§Ó²×gÛ§Þ�Û§ÝZÝÁõ÷×NàOæ
â/Ý�à�âGÙÂß§ß§Þ/àOÛ¶ßãÞ��rÙ�ÞGÕ�Û_Õ/î

° 9�¤%E�1�RG¥ ¨í	���¤ �N�²±³�´±µ�
ÑóÙ�ß�Ð�Ñ¡Ð8Ò±éÂß§ÝNÛ§ÝNÛcæHé%ÞnÓÖÕ�×NéÂé�ß§Ý�üZÓ¼õ÷×gÛ_Þ/ÚÖæRfS.S¯�ÚÖÓ¼à�Þ/ÕRÝNØQàÂÞ/ê ÐèÕãÝ�Ù�ßãâGÞNñrÓ·Û�ÞGõ0é�ÚÖÝyæHÕ
×÷Û§å�ß§Þ/Õ§å�ÝNÚ¼á ï _ZÒ Õãâså�ÞGõ0ÞÁ×Nà�á�×¯é�ß§Ý�×Nâ/Û§ÓÖð�ÞÃÛ_å�ßãÞGÕ§åÂÝ�Ú¼á ï _ZÒ Õãâså�ÞGõ0Þ`*WVSa10 C Ù�ÕãÓ¼à�ò
� XYa�,gÜ ç ÓÖÛ ï _ZÒ ëNÞ/æHÕ±DÃÛ_åÆ×gÛÀê8Þ ç ÙÂÓ¼ÚÖÛÀÙ�Õ§ÓÖà�ò+ÑóéXÞGà�_ø_@ÇØ*r.�310}îøÐ8ÞGßãÛ§ÓÖäÆâG×gÛ_Þ/ÕÁÕãÛ§Ý�ß§Þ/á
Ý�à�Ð�ÑeÐ8ÒÔÕ§Þ/ßãðNÞGß§Õó×Nß§Þ¡Ó¼à�×NâGâ/Ý�ß§áÆ×gà�âGÞ¡ê�ÓÖÛ_å+ú»îx.(XYû+*x�Z0 öQê�ÓÖÛ§å3Û_åÂÞ»Ð�ÑeÐ8ÒÀúÈÕóÕãÞGß§Ó¼×NÚ
àrÙ�õ ç ÞGß�Þ/õ ç Þ/á�á�Þ/á3ÓÖà�Û§å�ÞEú»îx.(XYûÁÕ§Þ/ß§Ó¼×NÚ¹àrÙ�õ ç ÞGß/î

\3Ù�âså&ÝNØ�Û_å�Þ-â/Ý�ÕãÛ¸×gà�á�âGÝ�õ0é�Ú¼Þ*üZÓÖÛcæ#ÝgØ�Ð�ÑeÐ8ÒÃúûÕ�é�ßãÝNÛ_ÝHâGÝ�ÚÖÕnÓ¼Õ�â/Ý�à�â/ÞGß§àÂÞGá�ê�ÓÖÛ_å

a(X



Û§Ý�Ú¼Þ/ß_×gÛ§Ó¼à�ò�Ø:×NÓ¼ÚÖÙ�ß§Þ/ÕÀ×gà�áèá�Þ/ØôÞ/à�á�ÓÖà�ò+×NòO×NÓÖà�ÕãÛÀ×gÛãÛs×NâsërÕGö(Þ�ð�ÞGàèÛ§å�Ý�Ù�ò�åøØ:×NÓ¼ÚÖÙ�ß§Þ/Õ»×Nà�á
×gÛãÛs×NâsërÕ¸×NßãÞ¡ÓÖàÂØôß§Þ^�rÙ�ÞGàOÛ�Û_ÝHáÆ×�æ�înFøÞeà�Ý�ß§õ÷×NÚÖÚÖæ0Þ�üZéXÞGâ/Û�]
M·¶ ][_HÞGßãðNÞGßãÕ¸ê�ÓÖÚ¼Ú'Õ§×gÛ_ÓÖÕãØ«æ
Õ�Û_ßãÝ�à�ò�Þ/ß�×gÕ§Õ§ÙÂõ÷éÂÛ§Ó¼Ý�àÂÕ�× ç ÝNÙÂÛ�Þ�üZÞGâ/ÙÂÛ_ÓÖÝ�à&Õ§éXÞGÞGá'î
M¹¸ ][\&ÞGÕ§Õ§×Nò�Þ/Õ�ÕãÞGàOÛ�ê�ÓÖÚ¼Ú ç Þeá�Þ/Ú¼ÓÖðNÞGßãÞGá&Ó¼à�×ÁÛ_Ó¼õ0ÞGÚ·æTên×�æ�î
ÑóÙ�ßÃÐ�ÑeÐ8Ò½éÂß§ÝNÛ§ÝNÛcæHé%ÞTÓ¼ÕeÝ�éZÛ_Ó¼õ0Ó¼ù/ÞGá�ØôÝ�ßóÛ§å�ÞGÕãÞ¯à�ÝNß§õ÷×NÚ�âGÓÖß§â/Ù�õ÷Õ�Ûs×NàÂâGÞGÕ/îUF�åÂÞGß�Ü
Þ�ð�ÞGß0éXÝ�Õ§ÕãÓ ç ÚÖÞNö(ß§Þ/á�Ù�à�áÆ×gàrÛ÷é�ßãÝZâ/ÞGÕ§ÕãÓ¼à�òìÓ¼ÕÁáÂÞGÚ²×�æNÞGá Ù�àOÛ_Ó¼ÚnÛ§å�ÞGßãÞ�Ó¼ÕÁÞ/ðHÓÖá�ÞGà�â/Þ&Û§åÆ×gÛ
×NÕãÕ§Ù�õ0éÂÛ§Ó¼Ý�à�Õ�ý � ×Nà�á3ýça»à�Ý0Ú¼Ý�à�òNÞGß�å�Ý�ÚÖá¹î

ícà&éÆ×NßãÛ§Ó¼â/Ù�Ú²×Nß/öZÝNÙ�ß¸Ð�ÑeÐ8Ò éÂß§ÝNÛ§ÝNÛcæHé%ÞeÕ§Þ^�rÙ�ÞGà�â/ÞGÕ¸ê�å�ÞGà3Õ§ÞGß�ð�Þ/ß§Õ¸ÕãÛs×gßãÛ�Õ§Þ/ßãðHÓ¼àÂò
×NÕAá�ÞGÚÖÞGòO×�Û_ÞGÕwØôÝ�ß8â/Ú¼ÓÖÞGàOÛ8ßãÞ��rÙ�Þ/ÕãÛ_Õ�×gÚ¼ß§ÞG×NáÂæ0Ó¼à÷é�ß§ÝNò�ß§Þ/Õ§ÕGî(ÿ�å�ÓÖÕ8ßãÞGá�Ù�â/ÞGÕnÛ§å�Þ¶àrÙ�õ ç ÞGß
ÝNØÀá�ÞGÚÖÞGòO×�Û_ÞGÕ
ê�å�Þ/à ý � ×Nà�á ýça å�Ý�ÚÖá¹ö¶å�Þ/à�âGÞøÓÖÛ�ßãÞGá�Ù�â/ÞGÕ&Û_å�ÞìâGÝ�Õ�Û�ÝgØ»ß§Þ^�rÙ�ÞGÕ�Û
é�ßãÝZâ/ÞGÕãÕ§Ó¼àÂò ÓÖà±à�Ý�ßãõ¯×NÚ�âGÓÖß§âGÙÂõ÷Õ�Ûs×Nà�â/ÞGÕ/î ÿ�å�Þ�ß§Þ�äÆà�Þ/õ÷Þ/àrÛ§Õ&Û§Ý�Û_å�Þ�éÂß§ÝNÛ§ÝZâ/Ý�Ú¼Õ#ÝgØ
_ZÞ/â/Û§Ó¼Ý�à+fT×Nß§Þ�]

•
Ò�âGÚÖÓ¼ÞGàOÛ
ÕãÞGà�áÂÕ&Ó·Û_Õ#ßãÞ��rÙ�Þ/ÕãÛ3Ý�à�ÚÖæ Û_Ý ×�ÕãÓ¼à�òNÚ¼Þ�á�Þ/Ú¼Þ/òO×gÛ_Þ�×gÛ#äÆßãÕãÛ�îþí®ØÃÛ§å�Ó¼Õ
áÂÞGÚ¼Þ/òO×gÛ§Þóá�ÝHÞGÕ�à�ÝNÛ�ßãÞGÕãé%Ý�àÂá&ê�Ó·Û_å�ÓÖà
Õ§Ý�õ0Þ¶Û_ÓÖõ÷Þ/Ý�ÙÂÛ�éXÞGßãÓ¼ÝHá¹öZÛ§å�ÞGà
Û§å�Þ-âGÚÖÓ¼ÞGàOÛ
ÕãÞGà�áÂÕnÓÖÛ§ÕwßãÞ��rÙ�Þ/ÕãÛnÛ§Ý»×Nà�ÝgÛ_å�Þ/ß

t
á�Þ/Ú¼Þ/òO×gÛ_Þ/ÕGöZ×NÕ8ßãÞ��rÙ�ÓÖß§ÞGá ç æ0Û§å�Þ¶éÂß§ÝNÛ§ÝZâ/Ý�Ú¼Õ(Ó¼à

_HÞGâ/Û§Ó¼Ý�à+fÂî

•
Ò Õ§Þ/ßãðNÞGß»Û_å�×gÛÀßãÞGâ/ÞGÓÖðNÞGÕT×�õ0ÞGÕãÕ_×NòNÞ¯Ó¼à�âGÝ�à�àÂÞGâ/Û§Ó¼Ý�àøê�ÓÖÛ_å�é�ß§ÝHâGÞ/Õ§Õ§ÓÖà�ò�ÕãÝ�õ÷Þ
â/Ú¼ÓÖÞGàOÛ»ßãÞ��rÙ�ÞGÕ�Û

R
×Nà�á�Û_å�×gÛÁÓ¼ÕÀà�ÝNÛT×NÚÖß§ÞG×NáÂæìÕ§Þ/ßãðHÓ¼à�òì×NÕ»×�á�ÞGÚÖÞGòO×gÛ§Þ¯ØôÝ�ß

RáÂÝZÞ/Õ¸àÂÝNÛ ç Þ/âGÝ�õ0Þe×Tá�ÞGÚÖÞGòO×gÛ§Þ-Ù�àOÛ_ÓÖÚ¹Õ§Ý�õ0Þ-Û_ÓÖõ÷Þ/Ý�ÙÂÛ�éXÞGßãÓ¼ÝHá
åÆ×NÕ�ÞGÚ¼×Né�Õ§Þ/á¹î

•
Ò±á�ÞGÚÖÞGòO×gÛ§Þ

p
Õ§Þ/à�á�Õw×-ß§ÞGÕãé%ÝNà�Õ§Þ�Û_Ýe×gÚ¼ÚÆÐ�ÑeÐ8Ò±ÕãÞGßãðNÞGßãÕGöÂÓÖàT×Ná�á�Ó·Û_ÓÖÝ�àÀÛ_Ý-ÕãÞGà�áHÜ

ÓÖà�ò#Û_åÂÞ0ßãÞGÕãé%Ý�àÂÕ§Þ÷Û§Ý
Û_å�ÞTâGÚÖÓ¼Þ/àrÛeÓÖà�ÓÖÛ§Ó²×gÛ§Ó¼à�ò0Û_å�ÞTßãÞ��rÙ�ÞGÕ�Û�ö�×gØ«Û_Þ/ß-Û_å�ÞTß§Þ^�rÙ�ÞGÕ�Û
å�×NÕ ç ÞGÞ/à�é�ßãÝZâ/ÞGÕ§ÕãÞGá¹î&Ò�Ø«Û§ÞGßÃß§ÞGâ/ÞGÓ·ðZÓÖà�ò&Õ§Ù�âså ×&ß§ÞGÕãé%ÝNà�Õ§Þgö�×3ÕãÞGßãðNÞGßÀÛ§åÆ×gÛÃÓ¼Õ
àÂÝNÛ÷×ìá�Þ/Ú¼Þ/òO×gÛ_Þ�ØôÝ�ßÁÛ_åÂÓ¼ÕTß§Þ^�HÙÂÞGÕãÛ÷ê�Ó¼ÚÖÚnà�ÝNÛ ç ÞGâGÝNõ÷Þ&Ý�à�Þ&Ó¼àèÛ_åÂÞ&ØôÙÂÛ§Ù�ß§Þgñ¶×
ÕãÞGß�ð�ÞGß�Û_å�×gÛ�Ó¼Õ�ÕãÞGßãðHÓÖà�ò¯×gÕ�×Áá�Þ/Ú¼Þ/òO×gÛ_Þe× ç Ý�ß�Û_Õ�Û_å�×gÛ¸×Nâ/Û§ÓÖðHÓÖÛcæNî
Ò â�×gâså�ÞGá�ß§Þ/Õ§éXÝ�à�ÕãÞ¶ê�Ó¼ÚÖÚ ç Þ¸ØôÝ�ßãê8×Nß§áÂÞGá¯Û§ÝÁ×ÃÕãÞGßãðNÞGß

q
ê�å�Þ/à�Þ/ðNÞGß

q
Ó¼à�Õ�Û_ßãÙ�â/Û§Õ

p
Û_Ý3éÆ×NßãÛ§Ó¼â/Ó¼éÆ×gÛ§Þ÷ÓÖàøÛ§å�Þ#é�ßãÝZâ/ÞGÕ§ÕãÓ¼à�ò�ÝNØ¸×3ßãÞ��rÙ�ÞGÕ�ÛÁÛ_åÆ×�Û»åÆ×NÕÀ×NÚ¼ßãÞ�×NáZæ ç ÞGÞ/à

éÂß§ÝHâGÞGÕãÕ§Þ/á¹î ��éXÝ�à�ßãÞGâGÞ/ÓÖðHÓ¼àÂò0Û§å�Þ¡ØôÝNßãê8×Nß§á�Þ/á�ß§Þ/Õ§éXÝ�à�ÕãÞNö
q
ÓÖõ÷õ0ÞGáÂÓ²×gÛ§ÞGÚÖæ0Û_Þ/ß�Ü

õ0Ó¼à�×gÛ_Þ/ÕnÕ§Þ/ßãðHÓ¼à�ò÷×NÕ¸×Áá�ÞGÚÖÞGòO×�Û_ÞóØôÝ�ßnÛ§åÆ×gÛ¸ß§Þ^�HÙÂÞGÕãÛGî
Ò�Ú¼Õ§ÝÂöZÛ_åÂÞóÛ_å�ßãÞGÕ§åÂÝ�Ú¼á
ÕãÓ¼ò�àÆ×�Û_Ù�ßãÞ-é�ß§ÝNÛ§ÝZâ/Ý�Ú'Ð�Ñ¡Ð8ÒªÙ�ÕãÞGÕ�Ó¼Õ8á�ÞGÕãÓ¼ò�à�Þ/á
Û_ÝÁò�Ó·ð�Þ ç Þ/ÛãÛ_ÞGß
éXÞGß�ØôÝ�ß§õ÷×Nà�â/Þóê�å�ÞGà�ý � ×Nà�á3ýça»å�Ý�ÚÖá¹î

a �



ì�º�ìÀÉ�º¢ï¸¯rÍyÎÂÌZ»{Å
½ c ¯rÎ7½ C N�T����'D ®%ÌZý�ý�¯S°»� C N�T����'D
Query

VSa(û � VÂîx�
Update

�Y� XYû ûÂîrX
c�_ø_ � ûYûYX .�,ÂîxV

ÿ�× ç ÚÖÞ � ]dñRüZÞGâGÙZÛ_Ó¼ÝNà3ÿ�ÓÖõ÷Þ-ÓÖà3×¢Ç�Òóý ê�å�Þ/à�ý � ×gà�á&ýçaÁå�Ý�Ú¼á'î

¼%É�Ê ½�Ó+HKÐdÙ�â ÏøÎ�Ð¿¾>ÎKÑ��ãÓ¸ÏÁÀÂI�ÎkÌ[Ù)Ó�Þe×ÚÎ�Ô�Ñ
ÿ�å�Þ/Õ§ÞóÞ*üZé%Þ/ß§Ó¼õ0ÞGàOÛ§Õ8Ó¼àOðNÝ�ÚÖðNÞGá#×ÀÐ�ÑeÐ8ÒJé�ßãÝNÛ_ÝNÛcæHéXÞ¶â/Ý�õ÷éÂß§Ó¼ÕãÓ¼à�òeØôÝ�Ù�ßwÕ§Þ/ßãðNÞGß§Õ C Ó îÈÞNî·ö
n = 4

×Nà�á
t = 1

DóâGÝ�õ0õ»Ù�àÂÓ¼â�×�Û_Ó¼àÂò#Û_å�ßãÝ�Ù�ò�åø× � XYXS\ ç ñ�Û§å�ÞGßãà�Þ/ÛGî#ÿ�å�Þ0Õ§Þ/ßãð�Þ/ß§Õ
êAÞGßãÞR_ZÙ�à�ñ¸,/a(X ï _ZéÆ×gß§âóÕ�æZÕ�Û_Þ/õ÷Õ�ßãÙ�à�à�ÓÖà�ò¢_ZÝ�Ú¼×Nß§ÓÖÕ�aZîxVZöÂÞ�×gâså�ê�Ó·Û_å¯ØôÝNÙ�ß�,/.�X�\¹Ã�ù
é�ßãÝZâ/ÞGÕãÕ§Ý�ßãÕGî(ÿ�å�Þeß§Ý�ÙÂà�áZÜ®Û§ß§ÓÖé
á�ÞGÚ¼×[æ÷ØôÝ�ß�×��ô�çc?éÆ×NâsëgÞ/Û ç Þ�Ûcê8Þ/ÞGà3×NàOæ#ÛcêAÝ0ÕãÞGß�ð�ÞGßãÕ
Ý�à
Û§å�ÞRñ�Û§å�ÞGßãà�Þ/Û�Ó¼Õ�ÙÂÕ§ÙÆ×NÚÖÚÖæ¯Ù�à�á�Þ/ßôf(XYXÁõ÷ÓÖâGß§ÝNÕ§ÞGâ/Ý�à�á�Õ/î

ÿ�× ç Ú¼Þ � ò�ÓÖðNÞGÕ¶Û§Ó¼õ0ÞGÕ¸ØôÝ�ß-Ð�ÑeÐ8Ò ØôÙ�à�â�Û_ÓÖÝ�à�ÕóÞ*üÂÞ/âGÙÂÛ§Ó¼à�ò
ÓÖà�Ó¼ÕãÝ�Ú²×�Û_Ó¼ÝNà&ê�å�Þ/àì×NÕ�Ü
ÕãÙ�õ÷éZÛ_Ó¼ÝNà�Õ¸ý � ×gà�á�ý[a0å�ÝNÚ¼á¹î�F�Þ¡ß§Þ/é%Ý�ß�Û�Û§å�Þ¡á�ÞGÚ¼×[æ
ØôÝNß

Query
öÆØôÝ�ß

Update
ö%×Nà�á

ØôÝ�ßR×óß§Ý�ÙÂà�áTÝNØQé�ß§Ý�×Nâ/Û§ÓÖð�Þ8Õ§ÞGâ/ß§Þ�ÛAÕãåÆ×NßãÓ¼à�ò�î�ÿ�å�Þ�ß§Þ/é%ÝNßãÛ_Þ/áÁÕ_×Nõ0é�ÚÖÞ8õ0Þ�×Nà�Õ�×Nà�áTÕ_×NõÁÜ
é�ÚÖÞ�ÕãÛs×gà�áÆ×Nßãá÷á�Þ�ðHÓ²×gÛ§Ó¼Ý�à�Õw×NßãÞ ç ×NÕ§Þ/á#Ý�à � XYX-Þ�üZÞ/âGÙÂÛ§Ó¼Ý�à�Õ/î(Ò¶Ú¼ÚÂÕ_×Nõ0é�Ú¼Þ/Õw×Nß§Þ¸Ú¼ÝHâ�×gÛ§ÞGá
ê�Ó·Û_å�ÓÖà+.4Ä½ÝNØ�Û_å�Þeõ0Þ�×Nà'î

ÿ�Ý ç Þ/ÛãÛ_Þ/ßnÙ�à�á�Þ/ß§Õ�Ûs×Nà�á�Û_åÂÞ-Ý�ß§ÓÖò�Ó¼à÷ÝNØ�Û_å�Þ/Õ§Þeá�ÞGÚ¼×�æZÕ/öÂêAÞ-ß§ÞGéXÝ�ß�Û�Ó¼à
ÿ�× ç ÚÖÞaÃÛ_å�Þ
C é%Þ/ß§âGÞ/àOÛs×Nò�ÞèDÀâGÝ�àOÛ§ß§Ó ç ÙÂÛ_ÓÖÝ�à�Û_åÆ×�ÛÁâ�×Nà ç Þ
×gÛãÛ_ß§Ó ç ÙÂÛ§ÞGá�Û_Ý�â/ÞGß�Ûs×NÓÖà?Ð%cd��ÜcÓ¼àOÛ§ÞGà�ÕãÓÖð�Þ
â/ßãæHéÂÛ_ÝNò�ß_×NéÂå�Ó¼â+Ý�éXÞGß§×gÛ_ÓÖÝ�à�ÕGî ÆÆÝ�ß

Query
×NàÂá

Update
ö¶ê8Þìõ0Þ�×NÕãÙ�ß§Þ/á Û_åÂÞ+Û§Ó¼õ0Þ

Õãé%Þ/àrÛAÓ¼à0ò�Þ/à�ÞGß§×gÛ_ÓÖà�òeéÆ×NßãÛ§Ó²×NÚÂÕ§Ó¼òNàÆ×gÛ_ÙÂß§ÞGÕA×Nà�á0Ó¼àTÕãÓ¼ò�à�ÓÖà�òeõ÷Þ/Õ§Õ§×Nò�ÞGÕ/îdÆÆÝ�ß(é�ß§ÝO×gâ/Û_Ó·ð�Þ
ÕãÞGâGßãÞ/Û�Õ§åÆ×gß§Ó¼àÂò�ö�êAÞwõ÷ÞG×NÕ§Ù�ßãÞGá¡Û_å�Þwá�ÞGÚ¼×�æe×NÕ§ÕãÝZâ/Ó²×gÛ§ÞGáeê�ÓÖÛ§å¡Û§å�ÞAÝNà�Þ�Ü ên×�æ-ØôÙ�à�â�Û_ÓÖÝ�à �c� ö
ê�Ó·Û_å¯õ0ÞGÕãÕ_×NòNÞ¶Õ§ÓÖò�à�ÓÖà�ò�ör×Nà�á÷ê�ÓÖÛ_å÷âGÝ�õ0é�ÙÂÛ_×gÛ_ÓÖÝ�à0Ó¼àOð�Ý�Ú·ð�Þ/á¯Ó¼à÷ÞGÕ�Ûs× ç ÚÖÓ¼Õãå�Ó¼à�òÃ×Nà�_ø_MÇ
C _ZÞGâ/Ù�ß§Þ�_ZÝZâsëgÞ/ÛOÇ�×[æNÞGß±D0âGÝNà�à�ÞGâ�Û_ÓÖÝ�à Û§ÝøÛ§ß_×Nà�Õãõ÷Ó·ÛTâGÝ�àZäÆá�ÞGàOÛ§Ó²×NÚ�Ó¼àZØôÝ�ß§õ÷×gÛ_ÓÖÝ�à ç Þ�Ü
ÛcêAÞGÞ/à�Õ§Þ/ßãðNÞGß§Õ/îný¸ÝNÛ_ÓÖâGÞóÛ_å�×gÛ�Ó¼õ0é�ß§Ý[ðNÞGá�åÆ×NßãáÂên×gß§Þ-ØôÝ�ß�éXÞGßãØôÝNß§õ0Ó¼à�òÁâ/ßãæHéÂÛ_ÝNò�ß_×NéÂå�Ó¼â
Ý�éXÞGß§×gÛ_ÓÖÝ�à�Õ�â/Ý�Ù�ÚÖáÁåÆ×�ð�Þ¸×-âGÝ�à�ÕãÓ¼á�Þ/ß_× ç Ú¼Þ�Ó¼õ0éÆ×Nâ�Û�î�ícá�Ú¼ÞAÛ_Ó¼õ0ÞNö ç Þ/â�×NÙ�ÕãÞ�Õ§ÞGß�ð�Þ/ß§Õ8õÀÙ�ÕãÛ
ÕãÝ�õ÷Þ�Û_ÓÖõ÷Þ/Õ'ên×gÓÖÛ�ØôÝ�ß�Ý�à�Þw×NàÂÝNÛ_å�Þ/ßGö�Ó¼Õ�×NÚÖÕ§Ý�Ú¼ÓÖÕãÛ§ÞGá-Ó¼àeÿ�× ç ÚÖÞ�aHî�Ñóà�Ú·æa4Ä Û§Ý V�Ä ÝNØHÛ_å�Þ
Û§ÝNÛs×NÚ�Þ�üZÞGâ/ÙÂÛ_ÓÖÝ�à�Û_ÓÖõ÷Þ»ÓÖÕóÙ�àÆ×gâGâGÝNÙ�àOÛ_ÞGá'îÁÿ�åÆ×gÛ-Û_ÓÖõ÷ÞÃÓ¼Õ ç ÞGÓÖà�ò
Ù�Õ§Þ/áìØôÝNßóÕ§ÓÖò�àÆ×gÛ§Ù�ß§Þ
ðNÞGß§Ó·äÆâ�×�Û_Ó¼ÝNà¹ö�õ0ÞGÕ§Õ§×Nò�Þeõ÷×Nß§ÕãåÆ×NÚ¼ÓÖà�òÁ×NàÂá&ÙÂàZÜcõ÷×Nß§ÕãåÆ×NÚÖÓ¼à�ò�öZ×Nà�á�Ûs×gÕ§ë#õ÷×NàÆ×NòNÞGõ0ÞGàOÛ�î

ÿ�Ý-Þ/ðg×NÚ¼Ù�×gÛ_ÞwÛ_å�Þ�Þ��'Þ/â/Û_Ó·ð�Þ/à�ÞGÕãÕwÝgØXÛ§å�ÞnÝ�éZÛ_Ó¼õ0Ó¼ùG×gÛ_ÓÖÝ�à�Õ�Ý�ÙÂÛ§Ú¼ÓÖà�ÞGáÀ× ç Ý[ðNÞnØôÝ�ß�ê�å�Þ/à
×NÕãÕ§Ù�õ0éÂÛ§Ó¼Ý�à�Õ�ý � ×Nà�áTý[a¶å�Ý�ÚÖá¹öSÆRÓÖò�Ù�ß§Þ%a¶âGÝ�õ0éÆ×NßãÞGÕ�éXÞGß�ØôÝ�ß§õ÷×Nà�â/ÞAê�ÓÖÛ§åT×Nà�á»ê�Ó·Û_åZÜ
Ý�ÙZÛ÷Û§å�Þ�Ý�éZÛ_Ó¼õ0Ó¼ùG×gÛ_ÓÖÝ�à�Õ/î¬ÿ�å�Þ�ß§ÞGÕãÙ�ÚÖÛ§Õ÷ÕãÙ�õ0õ¯×NßãÓ¼ù/Þ � XYXøÞ*üÂÞ/âGÙÂÛ§Ó¼Ý�àÂÕGñ�ðNÞGß�æ?Õãõ¯×NÚÖÚ
Õ§×Nõ÷éÂÚ¼ÞóÕ�Ûs×Nà�á�×Nß§á&á�Þ/ðHÓ¼×gÛ_ÓÖÝ�à�Õ8êAÞGßãÞÃÝ ç Õ§ÞGß�ð�Þ/á�å�Þ/ß§ÞNî(ÿ�å�ÞeÝ�éZÛ_Ó¼õ0Ó¼ùG×gÛ_ÓÖÝ�à�Õ(Û_årÙ�Õ�â�×gà
h;h)ikjZlç}�qZl?[Q�ku±z ��oZq1~)y;wx}�qOwrqèm�}^prm^lt|�l)ù��(l�q1|;wxm�l[��}���o1pxu�s�l)ù���}^qZl�q�y=wxu!y;wx}�q�u�q1��wx|�q1l�lt�Zlt�Uy;}wr�%�Zpxl��%ltq^y�m^l�s=wW�(u!vZpxlG|;lt~�s;l�y�|#j1u�s;wxqZ��g ÅZÆqp �

aYa



Query Update
c�_M_

c�×NßãÛ§Ó²×NÚ�_HÓ¼ò�àÆ×�Û_Ù�ßãÞ V(,mÄ �(f�Ä
\3ÞGÕãÕ_×NòNÞ _ZÓÖò�à�ÓÖà�ò a�,mÄ � û�Ä aYa�Ä
Ñóà�Þ*ÜõF�×�æ�ÆÆÙ�à�â/Û§Ó¼Ý�à . � Ä

_ø_MÇ � X4Ä
ícá�ÚÖÞ �4Ä a4Ä � .�Ä
Ñ¶Û_å�Þ/ß .4Ä V�Ä a�Ä

ÿ�× ç ÚÖÞa@]¸´8ßãÞ�×Nërá�Ý[ê�à&ÝNØ�âGÝNÕãÛ_Õ�ØôÝ�ß
Query

ö
Update

ö�×gà�á
é�ß§Ý�×Nâ/Û§ÓÖð�Þ-ÕãÞGâ/ß§Þ/Û�ÕãåÆ×NßãÓ¼à�ò
C c�_M_øDnÓ¼à�Ú¼ÝHâ�×NÚ'×Nß§ÞG×Áà�Þ/ÛcêAÝ�ß§ë
áÂÞGé�ÚÖÝyæHõ0ÞGàOÛ�î

ç ÞeÕ§ÞGÞ/à&Û§Ý ç Þ-Þ^�%ÞGâ�Û_Ó·ð�ÞNî

¼%É=È Ö(Ô�Ñ@ÎkÏøÔôÎKÑ�I ÎkÌ[Ù�Ó�Þe×ÚÎ�Ô�Ñ
Ð8Ý�õ0õ»Ù�àÂÓ¼â�×�Û_Ó¼ÝNà�Õ¶á�Þ/Ú²×�æHÕ-Ó¼à�Û§å�ÞÁícàOÛ_ÞGßãà�Þ/ÛÃ×NßãÞÁå�Ó¼òNå�ÞGß¶Û§åÆ×Nà+Ó¼à+×
ÚÖÝZâG×NÚR×gß§Þ�×
à�Þ�ÛãÜ
êAÝ�ß§ëQñXÛ_å�Þ¡ðN×gß§Ó²×gà�âGÞeÝNØ�Û§å�ÞGÕãÞ»á�Þ/Ú²×�æHÕ�ÓÖÕ¶×NÚÖÕ§Ý0å�Ó¼òNå�ÞGß/î¸ÿ�Ý¯ÙÂà�á�ÞGßãÕãÛ_×Nà�á�Û§å�ÞÀÞ*üZÛ§ÞGàOÛ�ö
Ó·ØR×gàræNö�Û_å�ÓÖÕ¸×��'Þ/â/Û§Õ¸éXÞGß�ØôÝ�ß§õ÷×Nà�â/ÞNöÂêAÞ¡á�ÞGé�ÚÖÝ[æ�ÞGá�ØôÝ�Ù�ß¸Ð�ÑeÐ8Ò Õ§Þ/ßãð�Þ/ß§Õ�×NÕ�ØôÝ�Ú¼ÚÖÝ[ê�ÕGî

•
��à�Ó·ð�ÞGßãÕ§Ó·Ûcæ
ÝNØ�ÿ�ßãÝ�õ÷Õt��ö�ÿ�ß§Ý�õ0Õ'�ÂöÆý�Ý�ß�ên×�æNî C fYXYXU\¹Ã¸ùNö³c�Þ/àrÛ§Ó¼Ù�õ í§í�D

•
��à�Ó·ð�ÞGßãÕ§Ó·Ûcæ
ÝNØ�Ðn×NÚ¼Ó·ØôÝ�ß§à�Ó¼×Âö@_Â×Nàæ�¶Ó¼Þ/ò�Ý�öQÐ8ÒÃî C a(V(V�\tÃ�ùNö�c�ÞGàOÛ_ÓÖÙ�õ�í§í�D

•
Ð8Ý�ß§à�Þ/Ú¼Ú��¸à�ÓÖðNÞGßãÕ§ÓÖÛcæNöÆí®Û_åÆ×gâ�×ÂöQý+]Áî C .(.(X¢\¹Ã�ùgö³c�ÞGàOÛ§Ó¼Ù�õ íãí§í�D

•
�ó×NßãÛ§õ÷ÝNÙÂÛ_å3Ð8Ý�ÚÖÚ¼ÞGòNÞNödÃ�×Nà�Ý[ð�Þ/ßGöXý�Ã¡î C ,/.�X¢\¹Ã�ùgö
c�ÞGàOÛ_ÓÖÙ�õ íãí�D

Ò�Ú¼Ú�ß_×NàgÇ�ÓÖàHÙHü'î � å ÆRÓ¼ò�ÙÂß§Þíf¯á�ÞGéÂÓ¼â/Û§Õ¶Û_åÂÞÁ×�ð�ÞGß§×Nò�ÞÁõ0ÞGÕãÕ_×Nò�ÞÀá�ÞGÚÖÓÖð�Þ/ßãæ&á�Þ/Ú²×�æ C õ÷ÞG×�Ü
ÕãÙ�ß§Þ/á¯Ù�ÕãÓ¼à�ò

ping
D ç Þ�Ûcê8Þ/ÞGà¯Û§å�ÞGÕãÞ¶Õ§Þ/ßãðNÞGß§Õ/î��¶ÞGÚÖÓÖð�Þ/ßãæÁáÂÞGÚ²×�æHÕwÝ�à0Û§å�Þ�ícàOÛ_ÞGßãà�Þ/Ûwðg×Nßãæ

â/Ý�à�Õ§ÓÖá�ÞGß§× ç Ú·æ�*-,SVZ0 ç ÙZÛóÛ_å�Þ¡ðg×NÚ¼Ù�Þ/Õ¶Ý ç Õ§ÞGß�ð�Þ/áìáÂÙ�ß§ÓÖà�ò¯Û_åÂÞÀÞ�üZéXÞGßãÓ¼õ0ÞGàOÛ_Õ¶êAÞ»ßãÞGéXÝ�ßãÛ
á�ÓÖá�à�ÝNÛ�á�Ó��'Þ/ß�Õ§Ó¼òNà�ÓÖäÆâG×NàOÛ_Ú·æ÷ØôßãÝ�õ Û_åÂÝ�Õ§ÞeÓ¼à+ÆRÓÖò�Ù�ßãÞEfÂî

ÿ�× ç Ú¼Þ�f+ò�Ó·ð�ÞGÕTõ0Þ�×NÕãÙ�ß§Þ/õ÷Þ/àOÛ_ÕÁØôÝ�ßÁÛ_å�Þ3Ð8Ý�ßãà�ÞGÚÖÚnå�Ý�Õ�Û0Ó¼à Ý�Ù�ß¢,gÜ®Õ§ÓÖÛ§Þ#ícàOÛ_Þ/ß§à�Þ�Û
á�Þ/é�Ú¼Ý[æHõ0ÞGàOÛ�î�ícà�â/Ý�õ0éÆ×Nß§ÓÖà�ò�ÿ�× ç ÚÖÞ � ×NàÂá�ÿR× ç Ú¼ÞOfÂö�ê8Þ¯Õ§ÞGÞ#Û§å�Þ#ÓÖõ÷éÆ×gâ/ÛÃÝNØ�Û_å�Þ
ícàOÛ_Þ/ß§à�Þ�Û�úÈÕnÚ¼ÝNà�ò�ÞGß(â/Ý�õ÷õÀÙ�à�Ó¼âG×gÛ_ÓÖÝ�àTá�ÞGÚ¼×�æZÕ C ê�å�ÓÖâså
×NÚÖÕ§ÝÀÚÖÞ�×NáTÛ_ÝÃÚ¼Ý�àÂò�ÞGßwÕ§Þ/ßãð�Þ/ßnÓ¼áÂÚ¼Þ
h{ò @
lt����u!sõ|@~tu!q/÷ yMv(l�~õjZ}è}^|;l�sõ|t�RDZ}^sM��uZ)�wxqZ�G�%ltu�|;oZs=l��%l�q�yõ|����Kl
�K}�o1px��j1u±m�lK�Zs=l)��l�s=s=lt�dj�u±m�wxqZ�y;jZl�|;u���l�j1u!sõ���ku!s=lku!y³l�m^l�s=z�|;wWy=l��^y;jZ}^oZ��j%�Kl�j1u±m^l�qZ}ds=ltu�|;}�q�y;}�v�ltprwxl�m^l�y;j1u!y
}^oZs³~)}^q1~)pxo1|;wr}^q1|u!s=lGu�¥(l'~Jy=lt�ôv�zey;jZln�%}���lt|#y���w�¥Yl�s=l�q�~)lt|kwxq[�Zs;}�~�lt|=|#}^sK|;��ltlt�Z|t�ÇDZ}^s�u�s=ltu�p/� ' �K����lt�Zpx}�z��%ltq^y'��
l��K}�oZp��s=lt~�}��%�%l�q1�Rj1u±mèwrqZ�[��w;¥(lts;ltq^y¸j1u�s=�Z�Ku�s;l�u!q1�í��w�¥Yl�s=l�q�y¸}��(l�sõu�y=wrq1�ô|;zè|#y;lt��|Gu!y¸ltu�~õj|#wry;l¸|;}�y;j1u!y�~)}��%�%}�qÈ[Q�%}���lnmèoZprq1l�sõu!vZwxprwry;wxlt|�u�s;lGs=lt��o1~�lt�S�

a(f
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ÆRÓÖò�Ù�ßãÞea@]nñn�%ÞGâ�Û_ÓÖðNÞGà�Þ/Õ§ÕnÝgØ'Ý�éZÛ_Ó¼õ0Ó¼ùG×gÛ_ÓÖÝ�àÀÓÖà
Query

ö
Update

×Nà�áTé�ßãÝO×Nâ/Û§ÓÖðNÞ¸ÕãÞGâ/ß§Þ/Û
ÕãåÆ×Nß§ÓÖà�ò C c�_ø_øD8ê�å�Þ/à�×gÕ§Õ§ÙÂõ÷éÂÛ§Ó¼Ý�àÂÕ�ý � ×Nà�á3ýça»å�Ý�ÚÖá¹î

Û§Ó¼õ0Þ�D�î�ÿ�å�ÞeÕ_×Nõ0é�ÚÖÞóÕãÛ_×Nà�áÆ×Nßãá�á�Þ/ðHÓ²×�Û_Ó¼ÝNà#Ó¼Õ�×gÚ¼Õ§ÝÁåÂÓ¼ò�å�Þ/ß8ØôÝ�ß8Û§å�Þ-ícàOÛ_Þ/ß§à�Þ�Û�áÂÞGé�ÚÖÝyæOÜ
õ0ÞGàOÛ�örá�ÙÂÞ�Û§ÝÃåÂÓ¼ò�å�Þ/ß�Ú¼ÝO×gá»ðN×gß§Ó²×�Û_Ó¼ÝNà�Õ�Ý�à0Õ§Þ/ßãð�Þ/ß§Õ8×Nà�á0á�Ù�Þ�Û_ÝeÛ_å�Þ�å�ÓÖò�å�Þ/ß�ðN×gß§Ó²×gà�âGÞ
ÝNØ�á�Þ/Ú¼ÓÖðNÞGß�ærÜ®á�ÞGÚ¼×�æZÕ�Ý�à�Û_åÂÞ¡ícàOÛ§ÞGß§àÂÞ/Û�ñX×NÚÖÚ'Õ§×Nõ÷éÂÚ¼ÞGÕ¸×NßãÞ-Ú¼ÝHâ�×gÛ§ÞGá
ê�ÓÖÛ§å�Ó¼àæaY.�Ä ÝNØ�Û_å�Þ
õ0Þ�×Nà'î�_HÞGÞeÿR× ç Ú¼Þ,ÁØôÝ�ß¸× ç ß§ÞG×Nërá�Ý[ê�à�ÝNØ�á�ÞGÚ¼×[æHÕ C ×gàÆ×NÚ¼ÝNò�Ý�Ù�ÕnÛ§Ý0ÿ�× ç ÚÖÞíaYDAØôÝ�ß�Ý�Ù�ß
ícàOÛ_Þ/ß§à�Þ�Û¶áÂÞGé�ÚÖÝyæHõ0ÞGàOÛ�ÝNØ�Ð�Ñ¡Ð8ÒÃî

¼%É^« ßbË ßãâ G ÎkÏd��Ó¸Ï7×ÚÐdÔ�HKÎ ÐdÔ[Û�I Î�Ô[Ò)ÐdÙ�Ó��ÊÉ�ÎkÏ	Ë�ÒzHKÎ�â�Ñ/Ñ@ÐÌH	À�Õ
Ò�àræÃá�Þ/à�Ó²×NÚHÝNØÆÕãÞGß�ðZÓÖâGÞ�×�Û§Ûs×gâsë¡ê�ÓÖÚ¼ÚrÙ�ÚÖÛ§Ó¼õ÷×gÛ_Þ/ÚÖæ¶Ó¼àOð�Ý�Ú·ð�ÞAÕ§Ý�õ0Þ8â/Ý�õ ç ÓÖàÆ×gÛ_ÓÖÝ�à¡ÝNØQâGÝ�õÁÜ
é�ßãÝ�õ0Ó¼Õ§Þ/á�â/Ú¼Ó¼Þ/àOÛ_Õó×gà�á�µgÝ�ß�Õ§Þ/ßãð�Þ/ß§Õ C Ó D�ÕãÞGà�áÂÓ¼à�ò
à�Þ�ê õ÷Þ/Õ§Õ_×gò�ÞGÕ/ö C ÓÖÓ5Dnß§Þ/é�Ú²×�æHÓ¼à�ò¯Ý�Ú¼á
õ0ÞGÕãÕ_×Nò�Þ/ÕGö'×Nà�á C Ó¼Ó¼Ó D8á�ÞGÚ¼×�æZÓÖà�ò¯õ0ÞGÕãÕ_×NòNÞÀá�Þ/Ú¼ÓÖðNÞGß�æ3ÝNß¶é�ßãÝZâ/ÞGÕ§ÕãÓ¼à�òÂîóÐ�ÑeÐ8Ò á�Þ�ØôÞGà�áÂÕ
×Nò�×NÓ¼à�Õ�Û�Û_åÂÞGÕ§Þ�×gÛãÛs×Nâsë»õ÷×Nà�Ó·ØôÞGÕ�Ûs×gÛ§Ó¼Ý�à�Õ�ê�ÓÖÛ§å÷×-â/Ý�õ ç ÓÖàÆ×gÛ_ÓÖÝ�à»ÝNØ%ß§Þ^�rÙ�ÞGÕ�ÛãÜcéÂß§ÝHâGÞGÕãÕ§ÓÖà�ò
×NÙZÛ_å�Ý�ßãÓ¼ùG×gÛ_ÓÖÝ�à¹öOß§Þ/Õ§Ý�ÙÂß§âGÞ¶õ¯×Nà�×Nò�ÞGõ0ÞGàOÛGöÂ×NàÂá#â�×NâsåÂÓ¼à�ò�îRÿ�Ý»Þ�ðg×NÚ¼ÙÆ×�Û_Þ¸å�Ý[ê Þ��'Þ/â/Û§ÓÖð�Þ
Û§å�ÞGÕãÞ�â/Ú²×NÕãÕ§Ó¼âG×NÚÆá�Þ�ØôÞGà�ÕãÞ¶×NßãÞNöOêAÞ¶Õ§ÓÖõ»Ù�Ú¼×gÛ_Þ/áÁâGÞGß�Ûs×NÓÖà¯×�Û§Ûs×gâsëHÕ/î�ÿ�å�Þ¸ß§ÞGÕãÙ�ÚÖÛ§Õ(ÝNØ'Û§å�Ý�Õ§Þ
Þ*üÂéXÞGßãÓ¼õ0ÞGàOÛ_Õ-ØôÝ�ß¶Ý�Ù�ß-Ú¼ÝHâ�×gÚ�×NßãÞ�×
à�Þ/ÛcêAÝ�ßãë�á�ÞGé�ÚÖÝ[æZõ0ÞGàOÛ¡ÝNØnÐ�ÑeÐ8Ò½×gß§ÞÁá�ÓÖÕ§âGÙÂÕ§Õ§Þ/á
ÓÖà�Û§å�Ó¼Õ�ÕãÙ ç ÕãÞGâ/Û§Ó¼Ý�à'î

a�,
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ÆRÓÖò�Ù�ßãÞ�fM]R�¶ÞGéÂÚ¼Ý[æHõ÷Þ/àrÛ¡ÝNØnÐ�ÑeÐ8Ò½Ý[ðNÞGß-Û_å�ÞTícàOÛ_Þ/ß§à�Þ�ÛÃê�Ó·Û_åìõ÷Þ/Õ§Õ§×Nò�ÞTá�ÞGÚ¼×�æZÕ ç Þ�Ü
ÛcêAÞGÞ/à�Õ§Þ/ßãðNÞGß§Õ/î

ì�º�ìÀÉ�º¢ï¸¯rÍyÎÂÌZ»{Å
½ c ¯rÎ7½ C N�T����'D ®%ÌZý�ý�¯S°»� C N�T����'D
Query

aYa(�(X f(,SX
Update

fS� � X ,Y,SX
c�_ø_ .Ya(XYX VSa(X

ÿ�× ç ÚÖÞEfM]dc�Þ/ßãØôÝ�ßãõ¯×gà�âGÞ-ÝNØRÐ�ÑeÐ8ÒªÝ[ð�ÞGß�Û§å�Þ-ícàOÛ_ÞGßãà�Þ/ÛGîAÿ�åÂÞe×[ðNÞGß§×Nò�ÞGÕ�×Nà�á�Õ§×Nõ÷éÂÚ¼Þ
Õ�Ûs×Nà�á�×Nß§á#áÂÞ/ðHÓ²×gÛ§Ó¼Ý�àÂÕ8×NßãÞ�ØôßãÝ�õ � XYX¡ß§ÞGéXÞ�×�Û_ÞGá¯Þ�üZÞGâ/ÙÂÛ_ÓÖÝ�à�Õná�ÙÂß§Ó¼àÂò»× f¡áÆ×�æ¯éXÞGßãÓ¼ÝHá¹î

c ¯HË�ËGÎd��¯4_�ìÀÍZ¯rÎÂÌZ»{Å³½ O ¯R�=¯@½�Ë�¯�� ý�Þ�ê õ÷Þ/Õ§Õ§×Nò�ÞGÕ�Õ§Þ/àrÛ ç æÃÕãÞGß�ð�ÞGßãÕ�×NßãÞAà�ÝgÛRà�ÞG×Nß§Ú·æ
×NÕ¸Þ^�%ÞGâ�Û_Ó·ð�Þ¡Ó¼à&á�ÞGà�Ó¼×NÚ�ÝNØRÕ§ÞGß�ðHÓ¼âGÞÀ×gÛ§Û_×NâsërÕ¶×gòO×NÓ¼àÂÕãÛ�Ð�ÑeÐ8Ò ×NÕ¸à�Þ�ê õ÷Þ/Õ§Õ§×Nò�ÞGÕ¸Õ§Þ/àOÛ
ç æ¡âGÚÖÓ¼ÞGàOÛ§ÕGîRÿ�åÂÓ¼ÕRÓÖÕ ç ÞGâG×NÙ�ÕãÞnõ÷Þ/Õ§Õ§×Nò�ÞGÕ�Øôß§Ý�õ ÕãÞGß�ð�ÞGßãÕ(×Nß§ÞAß§ÞJLãÞGâ/Û§ÞGáÁÙ�àÂÚ¼ÞGÕãÕ�Û§å�Þ/æ¡Õ§Þ/ÚÖØ²Ü
ðNÞGß§Ó·Ø«æ�în_ZÝóÕ§ÙÂâsåÁõ÷Þ/Õ§Õ_×gò�ÞGÕ�õÀÙ�ÕãÛ�âGÝ�àOÛ_×NÓ¼àÁ×¸âGÝ�ßãß§Þ/â/Û_Ú·æ¡Õ§Ó¼òNà�ÞGá»â/Ú¼ÓÖÞGàOÛRßãÞ��rÙ�Þ/ÕãÛ(×NÕ�ê8Þ/Ú¼Ú
×NÕÀâGÝ�ßãß§ÞGâ�Û_Ú·æ�ÕãÓ¼ò�à�Þ/áèõ÷Þ/Õ§Õ§×Nò�ÞGÕÃØôß§Ý�õ ×NÚ¼ÚwÕ§Þ/ßãðNÞGß§ÕTÓÖàrðNÝ�ÚÖðNÞGáèÓÖà�é�ß§Þ�ðHÓ¼Ý�Ù�ÕÀé�ß§ÝNÛ§ÝZâ/Ý�Ú
Õ�Û_ÞGéÂÕ)2±Û§å�Þ0âGÝ�ÚÖÚ¼Ù�ÕãÓ¼Ý�à+×NàÂáøâ/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞ»ÝNØAõ÷Ý�ßãÞÁÛ_åÆ×Nà

t
Ð�Ñ¡Ð8Ò Õ§Þ/ßãðNÞGß§ÕÃÓ¼Õ-Û_årÙ�Õ

ßãÞ��rÙ�Ó¼ßãÞGáèÛ_Ý+ò�Þ�Û0éÆ×NÕãÛ÷Ð�ÑeÐ8ÒÃúûÕ0ß§Þ^�HÙÂÞGÕãÛ�Ücé�ßãÝZâ/ÞGÕãÕ§Ó¼àÂò�×NÙZÛ_å�Ý�ßãÓ¼ùG×gÛ_ÓÖÝ�à�õ0ÞGâsåÆ×NàÂÓ¼Õ§õ&î
\3ÝNß§ÞGÝ[ðNÞGßGöÆÝNà�âGÞ¡×NàOæ
õ0ÞGÕãÕ_×Nò�ÞóØôßãÝ�õ ×»òNÓÖð�Þ/à�Õ§ÞGß�ð�Þ/ß�ÓÖÕnØôÝ�Ù�à�á ç æ
×0Ð�ÑeÐ8ÒªÕ§ÞGß�ð�Þ/ß
p
Û_Ý ç Þ�Ó¼àOðg×NÚÖÓ¼á¹önÕãÙ ç ÕãÞ��rÙ�ÞGàOÛ&õ0ÞGÕ§Õ§×Nò�Þ/Õ#Øôß§Ý�õ Û_å�×gÛ
Õ§Þ/ßãðNÞGß#ê�Ó¼ÚÖÚ ç Þ�ÓÖò�à�Ý�ßãÞGá ç æ

p
öwâ/Ý�à�ÕãÓ¼á�Þ/ß_× ç Ú·æ ç Ú¼Ù�àOÛ_ÓÖà�ò�Û§å�ÞGÓÖß»Þ^�%ÞGâ�Û_ÓÖðNÞGà�Þ/Õ§Õ0Ó¼à ×�á�Þ/à�Ó²×gÚ8ÝNØ¸Õ§Þ/ßãðHÓ¼â/Þ&×gÛ§Û_×NâsëøÛ§Ý
Õ§×gÛ_Ù�ß§×gÛ_Þ

p
î

aY.



Query Update
c�_M_

cR×Nß�Û_Ó¼×NÚ�_ZÓÖò�àÆ×gÛ§Ù�ß§Þ 3ÂîrX�Ä 3Âîx�4Ä
\&ÞGÕ§Õ§×Nò�Þ�_ZÓ¼òNà�Ó¼à�ò fÂîxa4Ä aZîx.4Ä aZîrV�Ä
Ñóà�Þ�Ü=F�×�æ�ÆÆÙ�àÂâ/Û_ÓÖÝ�à �Zî;3�Ä

_ø_MÇ � îrV�Ä
ícá�Ú¼Þ 3�3�Ä 343Âîx�4Ä 3S�ZîW,mÄ
ÑóÛ§å�ÞGß XÂî;3�Ä � î � Ä XÂîrV�Ä

ÿ�× ç ÚÖÞç,ø]¸´8ßãÞ�×Nërá�Ý[ê�à&ÝNØ�âGÝNÕãÛ_Õ�ØôÝ�ß
Query

ö
Update

ö�×gà�á
é�ß§Ý�×Nâ/Û§ÓÖð�Þ-ÕãÞGâ/ß§Þ/Û�ÕãåÆ×NßãÓ¼à�ò
C c�_M_øDnÓ¼à�ícàOÛ_ÞGßãà�Þ/Û¸á�Þ/é�Ú¼Ý[æHõ0ÞGàOÛ�î

ícà�âGÝNàrÛ§ß_×NÕ�Û�ö�× ç ×Nß§ß§×Nò�ÞÀÝgØ(ß§Þ��rÙ�Þ/ÕãÛ§ÕeØôßãÝ�õ âGÝ�õ0é�ßãÝ�õ÷ÓÖÕ§Þ/á�âGÚÖÓ¼ÞGàOÛ§ÕGö'Ó·Ø�âGÝNß§ß§Þ/â/Û§ÚÖæ
ÕãÓ¼ò�à�Þ/á¹öyâ�×NàÂà�ÝNÛ ç Þ�ß§ÞJLãÞGâ/Û§ÞGá ç æ¡Ð�ÑeÐ8ÒÀúÈÕ�ßãÞ��rÙ�Þ/ÕãÛãÜ®é�ß§ÝHâGÞ/Õ§ÕãÓ¼à�ò�×NÙÂÛ§å�Ý�ß§ÓÖù�×gÛ§Ó¼Ý�à¶õ÷Þ/âsåZÜ
×NàÂÓ¼Õ§õ C ÙÂà�Ú¼Þ/Õ§Õ�Û_åÂÞ�Ó¼á�Þ/àrÛ§ÓÖÛ§Ó¼ÞGÕRÝNØQÛ_å�Þ/Õ§Þ�âGÝNõ÷é�ßãÝ�õ0Ó¼Õ§Þ/áÁâGÚÖÓ¼ÞGàOÛ§Õ�Ó¼Õ�×gÚ¼ß§ÞG×NáÂæÃërà�Ý[ê�à ç æ
Û§å�Þóß§Þ/âGÞ/ÓÖð�Þ/ß�D*î�ÿ�å�ÞóÓ¼õ0éÆ×Nâ�Û8ÝgØ�Õ§Ù�âså&× ç ×gß§ß_×gò�Þ¶Õãå�Ý�Ù�ÚÖá ç Þ�õ÷Ó·Û_ÓÖòO×gÛ_Þ/á ç æ#Ð�ÑeÐ8ÒÀúÈÕ
ßãÞGÕ§ÝNÙ�ß§â/Þóõ¯×gàÆ×Nò�Þ/õ÷Þ/àrÛAõ0ÞGâsåÆ×NàÂÓ¼Õ§õ&örê�å�Ó¼âså#Þ/à�Õ§ÙÂß§ÞGÕnÛ§åÆ×gÛ8õ÷Þ/Õ§Õ_×gò�ÞGÕ8ØôßãÝ�õ�×ÀÕãõ¯×NÚÖÚ
ÕãÞ/ÛnÝgØ�Õ§Þ/à�á�ÞGßãÕ�á�ÝÀàÂÝNÛnõ0Ý�à�Ý�éXÝ�ÚÖÓ¼ùGÞ�ÕãÞGß�ð�ÞGß8ß§ÞGÕãÝ�Ù�ßãâGÞGÕ/îÌÃ�Ý[ê�Þ^�%ÞGâ�Û_ÓÖðNÞ-×NÕ8×Ãá�Þ�ØôÞGà�ÕãÞ
Û§å�Ó¼Õ¡õ÷Þ/âsåÆ×Nà�ÓÖÕ§õ1Ó¼ÕÃá�ÞGéXÞGàÂá�Õ»Ý�à�Û§å�Þ¯Þ*üÂ×Nâ/ÛÁâ/Ý�àÂäÆòNÙ�ß_×gÛ§Ó¼Ý�àøÝNØ¸Ð�ÑeÐ8ÒÀúÈÕ»ßãÞGÕ§ÝNÙ�ß§â/Þ
õ÷×NàÆ×NòNÞGõ0ÞGàOÛRõ0ÞGâså�×Nà�Ó¼Õãõæ]�Û§å�Þ8àrÙ�õ ç ÞGß�ÝNØÆÓÖà�é�ÙÂÛG�HÙÂÞGÙ�Þ/ÕGöOÝ�àÀê�åÂÓ¼âså»ÓÖà�é�ÙÂÛG�HÙÂÞGÙ�Þ/Õ
ðg×NßãÓ¼Ý�Ù�Õ�âGÚÖÓ¼ÞGàOÛ§Õó×NßãÞ»ò�ß§ÝNÙ�é%Þ/á¹ö¹×gà�á�Û_å�ÞÀÕ§âså�Þ/á�Ù�Ú¼Þ/ß-Ù�Õ§Þ/á+Ó¼à�ÕãÞGßãðHÓÖâGÓ¼àÂò¯Û_å�Þ/Õ§ÞÁÓÖà�é�ÙÂÛ
�rÙ�Þ/Ù�ÞGÕ/î

ÿ�Ý�õ÷ÞG×NÕ§ÙÂß§Þ3Û§å�Þ�Þ��'Þ/â/Û§ÓÖð�Þ/à�ÞGÕãÕ�ÝNØ¡Ð�ÑeÐ8ÒÀúÈÕ#ß§Þ/Õ§Ý�ÙÂß§âGÞ�õ¯×Nà�×Nò�ÞGõ0ÞGàOÛ÷õ÷Þ/âsåÆ×�Ü
à�ÓÖÕ§õ&öZÓ·ÛnÕãÙM�0âGÞGÕ�Û§Ý»Ó¼àOð�Þ/ÕãÛ§Ó¼òO×gÛ§Þ¶Û_åÂÞóÕ§ÓÖõ÷é�ÚÖÞ�âG×NÕ§Þ-ÝgØ�ÛcêAÝÁâGÚÖÓ¼Þ/àrÛ§ÕGî�Ò ��<1N[²³�±<1N�"QT��':
��89"=��47 AÕ§ÞGàÂá�Õ¶× ç ×gß§ß_×gò�Þ-ÝNØ�à�Þ/ê ß§Þ��rÙ�Þ/ÕãÛ§Õ¸Û§ÝTÛ§å�ÞeÕ§Þ/ßãðHÓ¼â/ÞÃ×�Û�ß_×gÛ§ÞGÕnêAÞ¡â/Ý�àOÛ_ßãÝ�Ú ñ � �¶×
��<1�!�±���� ô��89"=��47 �Õ§Þ/à�á�Õe×0ß§Þ��rÙ�Þ/ÕãÛGö�×�ên×NÓ·Û_Õ¶×÷ß§Þ/Õ§éXÝ�à�ÕãÞÁÝ�ß¶×TÛ_ÓÖõ÷Þ/Ý�ÙÂÛ � # îóÑ¶Ø�ÓÖàrÛ§ÞGßãÞGÕãÛ
ÓÖÕ ç æ
å�Ý[ê õ»ÙÂâså&Û§å�Þ-âGÝ�ßãß§Þ/â/Û¸âGÚÖÓ¼ÞGàOÛGúûÕ�ßãÞ��rÙ�ÞGÕ�Û_Õ ç Þ/âGÝ�õ0Þ-á�Þ/Ú²×�æ�Þ/á3á�ÙÂÞeÛ§ÝTß§Þ��rÙ�Þ/ÕãÛ§Õ
Û§å�Þ�â/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGá âGÚÖÓ¼ÞGàOÛ÷Õ§Þ/à�á�ÕGö�ÕãÓ¼à�â/Þ3Û_åÂÓ¼Õ0Ó¼àÂØôÝ�ßãõ¯×�Û_Ó¼ÝNàèâ�×Nà Û_å�Þ/à ç Þ3Ù�Õ§Þ/á Ó¼à
é�ßãÞGá�ÓÖâ/Û§Ó¼à�ò0Ð�ÑeÐ8ÒÀúÈÕ ç Þ/åÆ×�ðZÓÖÝ�ßnê�å�Þ/à3Û_åÂÞGß§Þ¡×NßãÞeõ÷Ý�ßãÞóÛ_åÆ×gà�ÛcêAÝ¯â/Ú¼ÓÖÞGàOÛ_Õ/î

Ñóà�âGÞ�×Ãâ/Ú¼ÓÖÞGàOÛ�úÈÕ(ß§Þ��rÙ�Þ/ÕãÛ
R
Ó¼ÕA×Né�éXÞGàÂá�ÞGá0Û_ÝÀÕãÝ�õ0Þ¸ÓÖà�é�ÙÂÛ��rÙ�Þ/Ù�Þ¶Ý�à¯× C âGÝ�ßãß§Þ/â/Û!D

Ð�ÑeÐ8ÒJÕãÞGß�ð�ÞGß/öÂÛcêAÝÀØ:×Nâ/Û§Ý�ß§ÕAâGÝ�àOÛ§ß§Ó ç ÙÂÛ_Þ¸Û_ÝÀáÂÞGÚ²×�æTé�ßãÝZâ/ÞGÕãÕ§Ó¼àÂò
R
î�ÿ�å�Þ¶ä�ß§ÕãÛ8Õ§Ý�ÙÂß§âGÞ

ÝNØAá�Þ/Ú²×�æ�×NßãÓ¼ÕãÞGÕóØôß§ÝNõ õ»Ù�Ú·Û_ÓÖé�Ú¼Þ*üÂÓÖà�ò¯Û§å�ÞÁÕ§Þ/ßãð�Þ/ßÀ×gÕ¡Ó·Û-é�ßãÝZâ/ÞGÕ§ÕãÞGÕÃ×
àHÙÂõ ç Þ/ßeÝNØ8ßãÞ�Ü
�rÙ�Þ/ÕãÛ_Õ/î�ÿ�å�ÓÖÕÀàrÙ�õ ç ÞGßÃÝNØ�ß§Þ^�rÙ�ÞGÕ�Û_ÕÁÓ¼ÕÃß§Þ�ØôÞGß§ßãÞGá�Û§Ý�×NÕ¡Û_å�Þæ8Q��6(��8�<)¿`��<14K��?Á�!����4K��B�î
Ò�Õ§Õ§ÙÂõ÷ÓÖà�ò�×�õ0ÝZá�Þ/ÕãÛ¡Ú¼Ý�×Ná�Øôß§Ý�õ�â/Ý�ß§ßãÞGâ�ÛÀâ/Ú¼Ó¼Þ/àOÛ_ÕGö�Û§å�Þ÷áÂÞGÚ²×�æ+á�ÙÂÞ0Û§Ý3ÕãåÆ×Nß§ÓÖà�ò
Û_å�Þ
hL�b@
l'~�u�o1|#l
y;j1lk~�}��%�Zs=}��%w�|#l'��~)pxwxl�q�y���}èlt|øqZ}�y7u±�ku!wry@s=lt|;�(}�q1|;lt|Mv(l)��}�s=l�|#ltq1��wxqZ�nu��Z��wry;wx}�q�u!p�s=lz[ö�oZlt|#y=|t�±y;jZl'|#lkl�ùè�(l�s=wx��ltq�y=u!pès=lt|;oZpry=|øu!�Z�1prz��Zwrs=lt~)y;pxzny;}Gy;jZl�~tu�|;l³��jZlts;l�u���s=}�oZ�d}��(~�}��%�Zs=}��%wx|;lt�~)pxwrltq�y=|�u!pxp/|;j1u!s=lGy;jZld|=u!�%lnwrq1�Zo�y�ö�oZl�o1l¸}�q[ltu�~õjç|;l�s=m�l�s'�h & ikjZlny;wx�%l�}�oZy�wx|�l¸|;lt~)}^q1� ��}�s

Query
u!q���Å�|;lt~)}^q1�Z|K��}^s

Update
�

a(V



é�ßãÝZâ/ÞGÕãÕ§Ý�ßÀê�Ó·Û_åèÝNÛ§å�ÞGß/ö�âGÝ�àÂâGÙ�ßãß§ÞGàOÛTßãÞ��rÙ�ÞGÕ�Û_ÕTÓ¼ÕÃà�ÝNÛ»×��'Þ/â/Û§ÞGá ç æè×Nâ�Û_Ó¼ÝNà�Õ»×Nà�×gÛãÜ
Û_×NâsëNÞ/ß¸õ0Ó¼òNårÛAÛs×NëgÞe×Nà�á#Û§åHÙÂÕ¸ÓÖÕnà�ÝNÛnÝNØ�Ó¼àOÛ_Þ/ß§ÞGÕ�Û�å�ÞGßãÞNñÆÝ�ÙÂßnÞ�üZéXÞGß§ÓÖõ÷Þ/àOÛ_ÕnÛ_åÂÞGß§Þ�ØôÝ�ß§Þ
×NÕãÕ§Ù�õ0ÞeÕ§Þ/ßãð�Þ/ß§Õ�é�ß§ÝHâGÞ/Õ§Õ¶ßãÞ��rÙ�Þ/ÕãÛ_Õ¸Û_ÝTâGÝNõ÷é�ÚÖÞ/Û§Ó¼Ý�à
ÕãÞGß§Ó¼×NÚ¼Ú·æ C 6�""576wÛ_åÂÞÃÚÖÞ/ð�Þ/Ú�ÝNØ�â/Ý�àZÜ
â/Ù�ß§ßãÞGà�â�æøÓÖÕ � D�î÷ÿ�å�Þ¯ÕãÞGâGÝNà�á�Õ§ÝNÙ�ß§â/Þ÷ÝNØ8á�ÞGÚ¼×�æ+Ó¼Õ¡×��%ÞGâ/Û§ÞGá ç æ�Û§å�Þ÷â/Ý�õ0é�ß§Ý�õ0Ó¼ÕãÞGá
â/Ú¼Ó¼Þ/àOÛ�úÈÕ ç ×gß§ß_×gò�Þ�ÝgØ�à�Þ/ê�õ0ÞGÕãÕ_×Nò�Þ/Õ)2±ß§Þ��rÙ�Þ/ÕãÛ§Õ�Ó¼à¯ÓÖà�é�ÙÂÛ��rÙ�ÞGÙÂÞGÕnê�å�Ý�ÕãÞ¶é�ßãÝZâ/ÞGÕãÕ§Ó¼àÂò
ê�ÓÖÚ¼Ú¹é�ßãÞGâ/ÞGá�Þ

R
î�Òþõ0ÞGâsåÆ×gà�Ó¼Õãõ Û_Ý¯áÂÞ/ØôÞGàÂá�×NòO×NÓÖà�ÕãÛ�× ç ×Nßãß_×Nò�Þ¡ÝNØRâGÚ¼ÓÖÞGàOÛ�ß§Þ��rÙ�Þ/ÕãÛ§Õ

õ»ÙÂÕãÛ�âGÝNàrÛ§ß§Ý�Ú¹Û§å�Ó¼Õ�ÕãÝ�Ù�ßãâGÞ¡ÝNØRáÂÞGÚ²×�æNöQ×Nà�á�ÓÖÛ�ÓÖÕnÛ_å�ÓÖÕ�á�ÞGÚ¼×[æ¯Û_åÆ×gÛ�êAÞ¡õ÷ÞG×NÕ§Ù�ßãÞNî
ÑóÙ�ßAä�ß§ÕãÛnÞ�üZé%Þ/ß§ÓÖõ÷Þ/àrÛn×Ná1LãÙ�Õ�Û_Þ/á#Û_å�Þóß§×gÛ_Þ�ÝNØ�ßãÞ��rÙ�ÞGÕ�Û_Õ�Øôß§ÝNõ Û_å�Þóâ/Ý�õ0é�ß§Ý�õ0Ó¼ÕãÞGá

â/Ú¼Ó¼Þ/àOÛ-ê�å�Ó¼ÚÖÞ0õ0Þ�×gÕ§Ù�ßãÓ¼à�ò
Û_åÂÞ÷éXÞGß�ØôÝ�ß§õ÷×Nà�â/Þ0ÝgØnß§Þ^�rÙ�ÞGÕ�Û_ÕÃØôßãÝ�õ�Û_åÂÞ0â/Ý�ß§ßãÞGâ�ÛÀâ/Ú¼Ó¼Þ/àOÛ�î
ÿ�Ý�Õ�Ûs×Nß�Û�ö�Þ�×Nâså�ÕãÞGß�ð�ÞGß¡ên×gÕÀâGÝNàÂäÆò�Ù�ßãÞGá�Û§Ý3Õ�Û_Ý�ßãÞ#×NÚÖÚ�âGÚÖÓ¼Þ/àrÛ¡ßãÞ��rÙ�ÞGÕ�Û_Õ»ÝNà�×3ÕãÓ¼à�òNÚ¼Þ
ÓÖà�é�ÙÂÛ��rÙ�Þ/Ù�ÞNîøÿ�å�Þ�â�×Né�×NâGÓ·Ûcæ�ÝNØ�Û§å�Ó¼Õ �rÙ�Þ/Ù�Þ
ên×gÕ � X�ß§Þ^�HÙÂÞGÕãÛ§ÕGîÍFøÞ¯ØôÝ�Ù�àÂá Û§åÆ×gÛ
Û§å�Þ�â/Ý�ß§ßãÞGâ�ÛnâGÚÖÓ¼Þ/àrÛ(êAÝ�Ù�ÚÖá¯ò�Þ�Û8à�ÝÃÕ§Þ/ßãðHÓ¼â/Þ�ê�å�Þ/à�Þ/ðNÞGß8Û§å�Þ¶â/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGáTâGÚÖÓ¼ÞGàOÛwÕ§Þ/àOÛ
ßãÞ��rÙ�ÞGÕ�Û_ÕT×gÛ»×�ß_×�Û_Þ#ÓÖà�Þ�üZâ/ÞGÕ§ÕTÝNØ � X�ß§Þ^�HÙÂÞGÕãÛ§ÕTé%Þ/ßÀÕ§Þ/âGÝ�àÂá¹î�ÒnÛ � X�ßãÞ��rÙ�Þ/ÕãÛ_ÕÁéXÞGß
ÕãÞGâGÝNà�á¹ö�ß§Þ^�rÙ�ÞGÕ�Û_Õ-Øôß§Ý�õ�Û§å�Þ»âGÝNõ÷é�ßãÝ�õ0Ó¼Õ§Þ/á�âGÚÖÓ¼Þ/àrÛ�äÆÚ¼Ú�Û_åÂÞ C äÂüZÞ/áìâG×NéÆ×Nâ/ÓÖÛcæMD�ÓÖà�é�ÙÂÛ
�rÙ�Þ/Ù�Þ0ðHÓÖßãÛ_Ù�×NÚ¼Ú·æ�×NÚÖÚRÛ_åÂÞ0Û§Ó¼õ0Þ!2 ×

Query
ßãÞ��rÙ�Þ/ÕãÛÀØôßãÝ�õ Û§å�ÞTâGÝ�ßãß§ÞGâ�ÛÀâ/Ú¼ÓÖÞGàOÛeåÆ×NÕÃ×

û#ÓÖà � X#âsåÆ×Nà�â/ÞTÝNØ ç ÞGÓÖà�ò
á�ÓÖÕ§â�×gß§á�Þ/á ç ÞGâG×NÙ�ÕãÞ0Ó·Û-×Nßãß§Ó·ð�ÞGÕóê�åÂÞGà+Û_å�Þ/ß§ÞÁÓ¼Õ-àÂÝ
ß§ÝHÝ�õ
ÓÖà#Û_å�ÞeÓ¼àÂé�ÙÂÛ��rÙ�Þ/Ù�ÞNöX×Nà�á&×Nà

Update
ßãÞ��rÙ�Þ/ÕãÛ�åÆ×NÕ�åÆ×NÚ·Ø�Û_åÆ×gÛ C á�Ù�Þ-Û_ÝÁÛ§å�Þ � ×Nà�áæa

ÕãÞGâGÝNà�á�Õ8Û§Ó¼õ0ÞGÝ�ÙÂÛ(ßãÞGÕãé%Þ/â/Û_Ó·ð�Þ/ÚÖæMD�îwý�Þ/ÞGá�ÚÖÞGÕãÕAÛ_ÝÃÕ_×�æ�öHÛ_å�Þ�á�ÞGàÂÓ²×NÚÆÝNØ¹Õ§ÞGß�ðHÓ¼âGÞ¶×gÛ§Û_×NâsëTÓ¼Õ
×ÁÕ§ÙÂâGâGÞ/Õ§Õ/î

ÆÆÝ�ß÷Û§å�Þ�à�Þ*üZÛ�Þ*üZé%Þ/ß§Ó¼õ0ÞGàOÛGö¸ÞG×Nâså�Õ§Þ/ßãð�Þ/ß
ên×NÕ
â/Ý�àÂäÆòNÙ�ß§Þ/á�Û§ÝèåÆ×�ð�Þ�ÕãÞGéÆ×Nß§×gÛ_Þ
�rÙ�Þ/Ù�ÞGÕ#ØôÝ�ß0Û_å�Þ�âGÝ�ßãß§ÞGâ�Û�âGÚÖÓ¼ÞGàOÛ¯×Nà�á Û§å�Þ�âGÝNõ÷é�ßãÝ�õ0Ó¼Õ§Þ/á?â/Ú¼Ó¼Þ/àOÛ�î Ò�ßãÝ�Ù�à�áHÜcß§Ý ç Ó¼à
Õãâså�ÞGá�ÙÂÚ¼ÞGß�ÕãÞGßãðHÓÖâGÞGáeÛ_åÂÞ�Ûcê8Ý �rÙ�ÞGÙ�Þ/ÕGî¸Æ�Ó¼ò�Ù�ßãÞGÕk,¸×NàÂá�.8Õãå�Ý[ê�éXÞGß�ØôÝ�ß§õ÷×Nà�â/Þ�ÝNØ

Query×NàÂá
Update

ß§Þ^�rÙ�ÞGÕ�Û_ÕAØôßãÝ�õÔÛ§å�Þ�â/Ý�ß§ßãÞGâ�Û8â/Ú¼Ó¼Þ/àOÛwØôÝNß�ðN×gß§Ó¼ÝNÙ�Õ(ß_×gÛ§ÞGÕwÝNØ'ßãÞ��rÙ�Þ/ÕãÛ_ÕAØôß§Ý�õ
Û§å�Þ¶â/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGá¯â/Ú¼ÓÖÞGàOÛ�îGñ�ðNÞGß�æ#ß§Þ/é%ÝNßãÛ_Þ/á#áÆ×gÛ_×ÀéXÝ�Ó¼àOÛAÓ¼Õ(Û_å�Þ-×�ðNÞGß_×gò�Þ¶é�ßãÝZâ/ÞGÕãÕ§Ó¼àÂò
Û§Ó¼õ0Þ÷Ý[ð�Þ/ß � XYX3Þ�üZé%Þ/ß§ÓÖõ÷Þ/àrÛ§ÕGñ(Û_å�Þ÷ÞGßãß§Ý�ß ç ×Nß§ÕÀá�ÞGé�ÓÖâ/ÛÃÛ_å�Þ#ß§×Nà�ò�Þ0ØôÝ�ß ûY.4Ä�ÝNØ�Û_å�Þ
Õ§×Nõ÷éÂÚ¼ÞGÕ/î

ÿ�å�Þ÷âGÙ�ß�ð�ÞGÕÃØôÝ�ß
Query

×NàÂá
Update

Ó¼à�ÆRÓ¼ò�ÙÂß§ÞGÕ,�×Nà�áb.�âGÝ�õ0é�ßãÓ¼Õ§ÞÁÛcêAÝ�Õ§Þ/ògÜ
õ0ÞGàOÛ_Õ/î ícà?Û_åÂÞ�äÆß§Õ�Û
Õ§Þ/ò�õ0ÞGàOÛ�ö�×Nà ÓÖà�âGßãÞ�×NÕãÞ�Ó¼à?Û§å�Þ�ß§×gÛ_Þ3ÝNØeß§Þ^�HÙÂÞGÕãÛ§Õ
Û_åÆ×gÛ÷Û_å�Þ
â/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGá âGÚ¼ÓÖÞGàOÛ0Õ§Þ/à�á�Õ#âG×NÙ�Õ§Þ/Õ
×Nà¬Ó¼à�â/ß§Þ�×gÕ§ÞGá?á�ÞGÚ¼×[æ ØôÝ�ß0ß§Þ^�rÙ�ÞGÕ�Û_Õ¯ØôßãÝ�õ Û_å�Þ
â/Ý�ß§ßãÞGâ/ÛAâGÚÖÓ¼Þ/àrÛGîRÒ�ÕwÛ§å�Þ�ß§×gÛ_Þ�ÝNØ'ß§Þ^�HÙÂÞGÕãÛ§ÕAØôßãÝ�õÔÛ_åÂÞ�â/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGáTâGÚÖÓ¼ÞGàOÛwÓ¼àÂâGß§ÞG×NÕ§Þ/ÕGö
ÕãÝøá�ÝHÞGÕTÛ_åÂÞ3é�ßãÝ ç × ç Ó¼Ú¼Ó·Ûcæ�Û§åÆ×gÛ¯Ð�ÑeÐ8Òe2±ê�Ó·Û_å ÓÖÛ§Õ0ßãÝ�Ù�à�áHÜcß§Ý ç Ó¼à Õ§Þ/ßãðHÓ¼â/Ó¼à�òìÝNØóÓÖàZÜ
é�ÙZÛE�rÙ�ÞGÙ�Þ/Õ)2 ê�Ó¼Ú¼Ú�åÆ×�ð�ÞÁÛ_Ý
éÂß§ÝHâGÞGÕãÕ-Ý�à�Þ»ÝgØwÛ§å�Ý�ÕãÞÁß§Þ��rÙ�Þ/ÕãÛ§Õ

R
ç Þ/ØôÝNß§Þ»é�ßãÝZâ/ÞGÕãÕ§Ó¼àÂò

×�ß§Þ^�rÙ�ÞGÕ�Û÷ØôßãÝ�õ Û§å�Þ�âGÝ�ßãß§ÞGâ�Û0âGÚ¼ÓÖÞGàOÛ�î�ÿ�å�Þ�é�ß§ÝHâGÞ/Õ§Õ§ÓÖà�òìÝNØ
R
Û_årÙ�ÕTÓÖà�âGßãÞ�×NÕãÞGÕÁÛ_å�Þ

é�ßãÝZâ/ÞGÕãÕ§Ó¼àÂò»Û_Ó¼õ0Þ�ØôÝ�ßn×»ßãÞ��rÙ�ÞGÕ�Û�Øôß§Ý�õ�Û_åÂÞóâGÝ�ßãß§Þ/â/Û�â/Ú¼Ó¼Þ/àOÛ�înFøÞóÕ§Þ/Þ-Ó¼à¯Û§å�Ó¼ÕAÕ§ÞGòNõ÷Þ/àrÛ
×NÚÖõ÷ÝNÕãÛóÓÖá�ÞGàOÛ§Ó¼â�×gÚ�ê�ÓÖá�ÞÁß_×NàÂò�ÞGÕ-ÝNØwÕ§×Nõ÷éÂÚ¼ÞGÕ�ØôÝ�ßóÞ�×gâsåìß§×gÛ_ÞÁõ0Þ�×gÕ§Ù�ßãÞGá¹î¡ÿ�å�ÞÁê8ÝNß§ÕãÛ
âG×NÕ§Þ»ÝHâGâ/Ù�ß§Õ¸ê�å�ÞGà�Û§å�ÞÀßãÞ��rÙ�Þ/ÕãÛ-Øôß§ÝNõ Û_å�Þ»â/Ý�ß§ßãÞGâ�ÛóÕ§Þ/ßãðNÞGß-×Nßãß§Ó·ð�ÞGÕdLãÙ�ÕãÛó×gØ«Û_Þ/ß¶×¯ßãÞ�Ü
�rÙ�Þ/ÕãÛ0Øôß§Ý�õ!Û_å�Þ
â/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGáèâGÚÖÓ¼Þ/àrÛTÕ�Ûs×Nß�Û_ÕÁÛ_Ý+ò�Þ�ÛTé�ß§ÝHâGÞ/Õ§ÕãÞGá¹ö8ê�åÂÓ¼Ú¼Þ÷Û_å�Þ ç ÞGÕãÛ
âG×NÕ§Þ¸ÝZâ/âGÙ�ßãÕwê�åÂÞGà¯Û§å�Þ�ßãÞ��rÙ�Þ/ÕãÛ8ØôßãÝ�õÔÛ§å�Þ�â/Ý�ß§ßãÞGâ�Û8ÕãÞGßãðNÞGß8×Nß§ßãÓÖð�Þ/Õwê�åÂÞGà#à�Ý¡ß§Þ^�rÙ�ÞGÕ�Û
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Rate of Requests from a Compromised Client (requests/second), logarithmic scale
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ÆRÓÖò�Ù�ßãÞ+,M]Hc�ÞGß�ØôÝ�ß§õ÷×Nà�â/Þ�ÝNØ
Query

ØôÝ�ß÷×�â/Ý�ß§ßãÞGâ/Û¯âGÚÖÓ¼ÞGàOÛ0ê�å�ÞGà�×ìâGÝ�õ0é�ßãÝ�õ÷ÓÖÕ§Þ/á
â/Ú¼Ó¼Þ/àOÛ�õ¯×NëgÞGÕ�ß§Þ^�rÙ�ÞGÕ�Û_Õ�×gÛ�ðN×gßãæHÓ¼à�òÁß§×gÛ_Þ/ÕGî

ØôßãÝ�õJÛ_åÂÞwâ/Ý�õ0é�ß§Ý�õ0Ó¼ÕãÞGáeâGÚÖÓ¼Þ/àrÛ�ÓÖÕ ç Þ/Ó¼à�ò�é�ßãÝZâ/ÞGÕ§ÕãÞGá¹înñ�ðNÞGàÀÛ§å�Ý�Ù�òNå¡êAÞAÕãÞGÞ(Û_å�ÞwÕ_×gõ÷Þ
êAÝ�ß§Õ�Û¡×Nà�á ç ÞGÕ�Ûeâ�×NÕãÞNö¹Û_åÂÞÁõ÷ÞG×Nà�ÕóÝNØwÕ§×Nõ÷éÂÚ¼ÞGÕ�Ó¼à�â/ß§ÞG×NÕ§Þ/ÕÃ×gÕ¶Û_å�ÞÁß§×gÛ_ÞÀÝNØwß§Þ��rÙ�Þ/ÕãÛ§Õ
ØôßãÝ�õ!Û§å�Þ#â/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGá�â/Ú¼Ó¼Þ/àOÛÁÓ¼à�â/ß§ÞG×NÕ§Þ/ÕGö(ß§ÞZ�ÆÞGâ�Û_Ó¼àÂò+×NàèÓ¼à�â/ß§ÞG×NÕ§ÓÖà�ò�é�ß§Ý ç × ç ÓÖÚ¼ÓÖÛcæ
Û§åÆ×gÛeÛ_å�ÞTßãÞ��rÙ�ÞGÕ�ÛÀØôßãÝ�õ Û_åÂÞ÷â/Ý�ß§ßãÞGâ/ÛÃâGÚÖÓ¼Þ/àrÛeå�×NÕ¡Û§Ý&ê8×NÓ·Û-ØôÝ�ß-Û_å�Þ0é�ß§ÝHâGÞ/Õ§ÕãÓ¼à�ò&ÝNØ�×
ßãÞ��rÙ�ÞGÕ�Û�ØôßãÝ�õ½Û§å�ÞeâGÝ�õ0é�ßãÝ�õ÷ÓÖÕ§Þ/á
âGÚ¼ÓÖÞGàOÛ�î

Ñóà�âGÞ�Û_åÂÞ&â/Ý�õ0é�ß§Ý�õ0Ó¼ÕãÞGá âGÚÖÓ¼Þ/àrÛ0ÓÖÕÁÕ§ÞGàÂá�Ó¼à�òøß§Þ^�HÙÂÞGÕãÛ§Õ#×gÛ÷×NéÂé�ß§Ý�üZÓ¼õ÷×gÛ_Þ/ÚÖæìÛ_å�Þ
Õ§×Nõ÷Þ¡ß_×�Û_Þ»×gÕ�Û_åÂÞÀà�Ý�ßãõ¯×gÚ�âGÚ¼ÓÖÞGàOÛ C Ó îÈÞNî·ö%×Né�é�ßãÝ[üZÓÖõ¯×gÛ§ÞGÚ·æ � ßãÞ��rÙ�ÞGÕ�Ûeé%Þ/ß�ÕãÞGâ/Ý�à�á�ØôÝ�ß
Query

×Nà�á©XÂîx.�ß§Þ^�HÙÂÞGÕãÛ§ÕTé%Þ/ß»Õ§Þ/âGÝ�à�áèØôÝ�ß
Update

D*ö�Û_å�Þ
ÕãÞGâGÝNà�á Õ§ÞGòNõ÷Þ/àrÛTÝgØ�Û_å�Þ
â/Ù�ßãðNÞ ç Þ/ò�Ó¼àÂÕGî�ÿ�å�ßãÝ�Ù�ò�å�ÝNÙÂÛ8Û§å�Ó¼ÕAÕ§ÞGòNõ÷Þ/àrÛGöZØôÙ�ß�Û_å�Þ/ßnÓ¼àÂâGß§ÞG×NÕ§Þ/ÕnÓ¼à0Û_å�Þ¶ß§Þ��rÙ�Þ/ÕãÛ�ß§×gÛ_Þ
ØôßãÝ�õ�Û_åÂÞ3â/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGá âGÚ¼ÓÖÞGàOÛ0á�Ý�àÂÝNÛTØôÙ�ßãÛ§å�ÞGß0á�ÞGòNß_×Ná�Þ�Û_åÂÞ�é�ßãÝZâ/ÞGÕ§ÕãÓ¼à�òøÝNØóßãÞ�Ü
�rÙ�Þ/ÕãÛ_Õ¸Øôß§Ý�õ Û_å�Þ¡âGÝNß§ß§Þ/â/Û¸âGÚÖÓ¼Þ/àrÛGîAÿ�åÂÓ¼Õ�Ó¼Õ ç ÞGâG×NÙ�Õ§ÞÃß§Þ^�HÙÂÞGÕãÛ§Õ�ØôßãÝ�õ Û_åÂÞeÛcêAÝ¯â/Ú¼ÓÖÞGàOÛ_Õ
×NßãÞ ç ÞGÓÖà�ò¶éÂß§ÝHâGÞGÕãÕ§Þ/á0ÓÖàÀ×gÚÖÛ_Þ/ß§àÆ×�Û_Ó¼ÝNà¹öN×gà�áÃÛ§å�Þ8á�Þ/Ú²×�æeØôÝ�ß�ß§Þ��rÙ�Þ/ÕãÛ§Õ�Øôß§Ý�õ Û§å�Þ8â/Ý�ß§ßãÞGâ/Û
â/Ú¼Ó¼Þ/àOÛÃßãÞGõ÷×NÓ¼àø×gÛÃ× ç Ý�ÙÂÛÃá�Ý�Ù ç Ú¼ÞÁê�åÆ×gÛÀÓ¼Õeõ÷ÞG×NÕ§ÙÂß§ÞGáøê�å�ÞGà�Û§å�ÞGßãÞ÷ÓÖÕÃàÂÝ�âGÝNõ÷é�ßãÝgÜ
õ0Ó¼ÕãÞGá
âGÚÖÓ¼Þ/àrÛGî�ý�ÝgÛ_ÞóÛ_å�×gÛ�öÆ×gÕ8Û_å�Þ-ß§×gÛ_Þ-ÝgØ�ßãÞ��rÙ�Þ/ÕãÛ_Õ�Øôß§ÝNõ Û§å�Þ-âGÝ�õ0é�ßãÝ�õ÷ÓÖÕ§Þ/á#âGÚÖÓ¼ÞGàOÛ
ÓÖà�âGßãÞ�×NÕãÞGÕGö�õ0Ý�ß§Þ3×Nà�á±õ0Ý�ßãÞ3ÝNØ-Û§å�Ý�ÕãÞ�ß§Þ^�rÙ�ÞGÕ�Û_Õ&×Nß§Þ3á�Ó¼Õãâ�×Nßãá�ÞGá ç æ¬Õ§Þ/ßãðNÞGß§ÕJ2±Û§å�Þ
äÂüZÞ/áZÜcâG×NéÆ×Nâ/ÓÖÛcæ&Ó¼à�éÂÙÂÛ �HÙÂÞGÙ�Þ¡ØôÝ�ß¸Û§å�Þ¡âGÝ�õ0é�ß§ÝNõ÷ÓÖÕ§ÞGá&âGÚÖÓ¼Þ/àrÛ¸ÓÖÕ�ØôÙÂÚ¼Ú¹ê�å�Þ/à�Û_å�ÝNÕ§ÞÀßãÞ�Ü
�rÙ�Þ/ÕãÛ_Õ�×Nßãß§ÓÖðNÞNî
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ÆRÓÖò�Ù�ßãÞ�.@]Uc�ÞGßãØôÝNß§õ÷×Nà�âGÞ¯ÝNØ
Update

ØôÝ�ßÀ×�âGÝNß§ß§Þ/â/ÛÁâ/Ú¼ÓÖÞGàOÛÀê�å�Þ/à ×�âGÝ�õ0é�ßãÝ�õ÷ÓÖÕ§Þ/á
â/Ú¼Ó¼Þ/àOÛ�õ¯×NëgÞGÕ�ß§Þ^�rÙ�ÞGÕ�Û_Õ�×gÛ�ðN×gßãæHÓ¼à�òÁß§×gÛ_Þ/ÕGî

Ð�ÑeÐ8ÒÀúÈÕ(ß§Þ��rÙ�Þ/ÕãÛ�Ücé�ßãÝZâ/ÞGÕ§ÕãÓ¼à�òÀ×NÙÂÛ§å�Ý�ß§ÓÖù�×gÛ§Ó¼Ý�àÀõ÷Þ/âsåÆ×Nà�ÓÖÕ§õÔÕ�Ûs×Nß�Û_Õ�Õ§×gÛ_Ù�ß§×gÛ_ÓÖà�òe×gÛ
� X(X�ß§Þ^�HÙÂÞGÕãÛ§Õ3éXÞGß
ÕãÞGâ/Ý�à�á ×Nà�á±Û_åÂÞGß§ÞG×gØ«Û_Þ/ß#Û_å�Þ�Õ§ÞGß�ð�Þ/ß&êAÝ�Ù�ÚÖá±åÆ×�ð�Þ+á�Ó¼õ0Ó¼àÂÓ¼Õ§åÂÞGá
é�ßãÝZâ/ÞGÕãÕ§Ó¼àÂò÷âG×NéÆ×Nâ/ÓÖÛcæ¯Û§ÝTÞ�üZÞGâ/ÙÂÛ_ÞÃé�ß§ÝNÛ§ÝZâ/Ý�Ú¼ÕAØôÝ�ß

Query
×Nà�á

Update
î

ícàè×Nà�×Nâ/Û§ÙÆ×NÚwá�ÞGé�ÚÖÝ[æZõ0ÞGàOÛGö�âGÚÖÓ¼ÞGàOÛ§Õ¡ê�ÓÖÚ¼Ú ç Þ÷éÆ×Nß�Û_ÓÖÛ§Ó¼Ý�àÂÞGáìÝyðNÞGßÁ×&Õ§Þ�ÛÁÝNØ�ÓÖà�é�ÙÂÛ
�rÙ�Þ/Ù�ÞGÕ/îd´8ÙÂÛRÛ§å�Þ8êAÝ�ß§Õ�ÛãÜ®â�×NÕãÞné%Þ/ßãØôÝ�ßãõ¯×gà�âGÞwØôÝ�ß�Û§å�Ó¼Õ�â�×NÕãÞnÓ¼Õ�Þ�×NÕ�æÃÛ§Ý ç Ý�Ù�à�á»ÓÖàÀÚÖÓ¼ò�åOÛ
ÝNØ�Û_å�ÞÃ× ç Ý[ð�Þ¡Þ�üZé%Þ/ß§ÓÖõ÷Þ/àrÛ§Õ¸ØôÝNß�ÛcêAÝ¯â/Ú¼ÓÖÞGàOÛ_Õ/î�_ZÙ�éÂé%Ý�ÕãÞ

b
�rÙ�Þ/Ù�ÞGÕó×Nß§ÞeÕ§Þ/ßãðHÓ¼àÂò¯Ý�à�Ú·æ

â/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGá
âGÚÖÓ¼Þ/àrÛ§ÕGö
c
�rÙ�Þ/Ù�ÞGÕ¶×Nß§ÞeÕ§Þ/ßãðHÓ¼àÂò÷Ý�àÂÚÖæ
â/Ý�ß§ßãÞGâ/Û¸â/Ú¼Ó¼Þ/àOÛ_ÕGöQ×gà�á

d
�rÙ�ÞGÙ�Þ/Õ

×NßãÞ
Õ§Þ/ßãðHÓ¼à�ò ç ÝNÛ_å ërÓ¼à�áÂÕÁÝNØ¶â/Ú¼ÓÖÞGàOÛ_Õ/î ï Þ^�HÙÂÞGÕãÛ§Õ0ØôßãÝ�õ�â/Ý�õ0é�ß§Ý�õ0Ó¼ÕãÞGáèâ/Ú¼Ó¼Þ/àOÛ_Õ»ê�Ó¼ÚÖÚ
Õ�Ûs×Nß�ð�Þ�ß§Þ^�HÙÂÞGÕãÛ§ÕwØôßãÝ�õÔâ/Ý�ß§ßãÞGâ�ÛAâ/Ú¼ÓÖÞGàOÛ_Õ�Û§åÆ×gÛ(Õ§å�×Nß§Þ�Û_åÂÞ¸Õ§×Nõ0Þ�Ó¼à�é�ÙZÛ¸�rÙ�ÞGÙ�Þgö ç ÞGâG×NÙ�ÕãÞ
Û§å�ÞóäÆß§Õ�Û�Þ�üZéXÞGß§ÓÖõ÷Þ/àOÛ¸× ç Ý[ðNÞ-ÞGÕãÛ_× ç ÚÖÓ¼Õ§åÂÞGá
Û_åÆ×�Û�ÓÖØ�Û_åÂÞ-ß_×gÛ§Þ-ÝNØ�ß§Þ��rÙ�Þ/ÕãÛ§Õ¸Û§ÝT×TÕãÓ¼à�òNÚ¼Þ
ÓÖà�é�ÙÂÛE�rÙ�Þ/Ù�ÞTØôß§Ý�õ âGÝ�õ0é�ßãÝ�õ÷ÓÖÕ§Þ/á�âGÚ¼ÓÖÞGàOÛ_Õ¶Þ�üZâGÞ/ÞGá�Õ � X#ß§Þ^�HÙÂÞGÕãÛ§ÕÃéXÞGß-ÕãÞGâ/Ý�à�á+Û_å�Þ/à
ßãÞ��rÙ�ÞGÕ�Û_Õ#ØôßãÝ�õ âGÝ�ßãß§ÞGâ�Û
âGÚÖÓ¼Þ/àrÛ§Õ÷Û§Ý�Û_åÆ×�Û¯ÓÖà�é�ÙÂÛO�HÙÂÞGÙ�Þ+×NßãÞ�Ù�àÂÚ¼Ó¼ëgÞGÚ·æèÛ_Ý�ÕãÙ�âGâ/ÞGÞGá'î
Ò�à�á�Û_åÂÞ»Õ§Þ/âGÝ�à�á�Þ*üZé%Þ/ß§Ó¼õ0ÞGàOÛ¶ÞGÕãÛ_× ç ÚÖÓ¼Õ§åÂÞGá�Û§åÆ×gÛóÐ�Ñ¡Ð8ÒÃúûÕ-ßãÞGÕãÝ�Ù�ß§â/Þ�Ü®õ¯×Nà�×Nò�ÞGõ0ÞGàOÛ
õ0ÞGâsåÆ×gà�Ó¼Õãõ÷Õ(ê�Ó¼ÚÖÚÆò�ÙÆ×Nß§×NàOÛ_ÞGÞ�Û_å�×gÛ

c/(b+ c+d)
ÝgØ�Þ�×Nâså¯Õ§ÞGß�ð�Þ/ßGúÈÕ�é�ß§ÝHâGÞ/Õ§Õ§ÓÖà�òÃÛ§Ó¼õ0Þ

×NàÂá�ÝNÛ_åÂÞGßÀßãÞGÕãÝ�Ù�ß§â/ÞGÕT×NßãÞ¯á�Þ�ð�ÝNÛ§ÞGáèÛ_Ý�é�ß§ÝHâGÞ/Õ§Õ§ÓÖà�ò�ßãÞ��rÙ�ÞGÕ�Û_ÕÁÝ�àøÛ_å�Þ��rÙ�Þ/Ù�ÞGÕ»Û§åÆ×gÛ
ÕãÞGßãðNÞÃÝNà�ÚÖæ¯âGÝ�ßãß§ÞGâ�Û¸âGÚ¼ÓÖÞGàOÛ_Õ/î

a(û



c ¯HË�ËGÎd��¯4_ é ¯/ïGðôÎSÃ O ¯m�õ¯Á½�Ë^¯Í� Ð�Ñ¡Ð8Ò ÞGõ0é�ÚÖÝyæHÕ�âG×Nâså�Ó¼àÂò¡Û§Ý¡áÂÞ/ØôÞGàÂá#×NòO×gÓ¼à�Õ�Û(á�Þ�Ü
à�Ó¼×NÚ�ÝNØ-ÕãÞGß�ðZÓÖâGÞ�×gÛ§Û_×NâsërÕ¯Ó¼àOðNÝ�ÚÖðHÓ¼àÂòøõ0ÞGÕãÕ_×Nò�Þ3ß§Þ/é�Ú²×�æHÕGî�FøÞ3á�Ýøà�ÝNÛ÷âGÝ�àÂÕ§Ó¼áÂÞGß¯ßãÞ�Ü
é�Ú¼×�æZÕ¶ÝNØ(âGÚÖÓ¼ÞGàOÛ�ß§Þ^�HÙÂÞGÕãÛ§ÕeÓ¼à�Ý�ÙÂß¶Þ�üZéXÞGßãÓ¼õ0ÞGàOÛ_Õ/ö ç Þ/â�×NÙÂÕ§ÞÀÛ§å�ÞGÓÖß¶Ó¼õ0éÆ×Nâ�Û¶ÝNàìÐ�Ñ¡Ð8Ò
ÓÖÕÃâ/Ý�à�Õ§ÓÖá�ÞGß§× ç Ú·æøÕãõ¯×gÚ¼Ú¼Þ/ß-Û_åÆ×Nà�Û§å�Þ¯ÓÖõ÷é�×Nâ/ÛÃÝNØ�é�ßãÝZâ/ÞGÕãÕ§Ó¼àÂò�à�Þ/ê ß§Þ^�rÙ�ÞGÕ�Û_Õ»Øôß§ÝNõ ×
â/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGá�â/Ú¼Ó¼Þ/àOÛ�î�_Hé%Þ/âGÓÖä�â�×NÚÖÚÖæ�ö%ØôÝ�ßóà�Þ�ê ß§Þ^�rÙ�ÞGÕ�Û_ÕGöRÐ�ÑeÐ8Ò�õ»Ù�ÕãÛeÞ*üZé%Þ/à�áøßãÞ�Ü
ÕãÝ�Ù�ß§â/ÞGÕóÓÖà�Þ*üÂÞ/âGÙÂÛ§Ó¼à�ò#Û§å�ÞÀéÂß§ÝNÛ§ÝZâ/Ý�Ú�ØôÝ�ß�Û§å�ÞÀÝ�éXÞGß§×gÛ_ÓÖÝ�à ç Þ/Ó¼à�ò÷ß§Þ��rÙ�Þ/ÕãÛ§ÞGá¹ö ç ÙZÛ¶ØôÝ�ß
ßãÞGé�Ú¼×[æHÕ�ÝNØ�âGÚÖÓ¼ÞGàOÛ�ßãÞ��rÙ�Þ/ÕãÛ_Õ/ö%éÂß§ÝHâGÞGÕãÕ§ÓÖà�ò C ç æ
á�ÞGÕãÓ¼ò�à7D8Ó¼àOð�Ý�Ú·ð�Þ/Õ¸â/Ý�à�ÕãÓ¼á�Þ/ß_× ç Ú·æ¯ØôÞ�ê8Þ/ß
ßãÞGÕ§ÝNÙ�ß§â/ÞGÕ)2 Û_å�Þ¶ß§Þ��rÙ�Þ/ÕãÛ8Ó¼ÕwÝ�à�Þ�Û_åÆ×gÛAâ�×gà ç Þ�ßãÞ)LãÞGâ�Û_Þ/á ç Þ/â�×NÙ�ÕãÞ¶Ó·Û_ÕwÕ§Þ��rÙ�Þ/à�âGÞ¶àHÙÂõTÜ
ç ÞGß�Ó¼ÕnÛ§ÝZÝTÕãõ¯×NÚÖÚ öZÝ�à�Þ-Û_åÆ×�Û�âG×Nà ç Þ ç Þ¡Õ§×gÛ_ÓÖÕãäÆÞ/á&ØôßãÝ�õ Û§å�ÞeÕ§ÞGß�ð�Þ/ßGúÈÕóâ�×NâsåÂÞNöQÝ�ß�Ý�à�Þ
Û§åÆ×gÛ0â�×Nà ç Þ�ÓÖò�à�Ý�ßãÞGá ç Þ/â�×NÙ�ÕãÞ�Ó·ÛTÓ¼Õ0×NÚ¼ßãÞ�×NáZæ ç Þ/Ó¼à�òìé�ßãÝZâ/ÞGÕ§ÕãÞGá¹î?ÿ�å�Þ�â/Ù�ßãðNÞGÕ¯ÝgØ
ÆRÓÖò�Ù�ßãÞGÕ�,Á×Nà�á�.-Û_årÙ�ÕnòNÓÖð�Þ¸Û_å�Þ ç Ý�ÙÂà�á�ÕAêAÞóÕãÞGÞGë÷Ý�à¯Û§å�Þ�êAÝ�ß§Õ�ÛãÜ®â�×NÕãÞóé%Þ/ßãØôÝ�ßãõ¯×gà�âGÞ
ÝNØnÐ�ÑeÐ8Ò ê�åÂÞGà�â/Ú¼ÓÖÞGàOÛãÜ®ß§Þ��rÙ�Þ/ÕãÛÃß§Þ/é�Ú²×�æHÕ-ØôÝ�ß§õ Û§å�Þ ç ×NÕãÓ¼Õ-ØôÝ�ß¡×
á�ÞGà�Ó¼×NÚ�ÝNØ8Õ§ÞGß�ðHÓ¼âGÞ
×gÛãÛs×NâsëQî

ï ÞGé�Ú¼×[æHÕ�ÝNØ%õ0ÞGÕ§Õ§×Nò�Þ/Õ�Øôß§Ý�õþÕ§ÞGß�ð�Þ/ß§ÕwÓ¼à0Ð�ÑeÐ8Ò ×Nß§ÞnàÂÝNÛ(Ó¼õ0õ÷Ý ç Ó¼ÚÖÓ¼ùGÓÖà�ò�ö ç ÞGâG×NÙ�ÕãÞ
ßãÞGÚ²×�Û_ÓÖðNÞGÚ·æóÞ�üZéXÞGà�ÕãÓÖðNÞ8âGß�æHéÂÛ_Ý�òNß_×Né�åÂÓ¼âwâGÝ�õ0é�ÙÂÛ_×gÛ_ÓÖÝ�à�Õ�×NßãÞAâG×Nâså�ÞGá'î�ÿ�Ý�ðg×NÚ¼ÓÖáÆ×gÛ§Þ�Û_å�ÓÖÕGö
êAÞ
Õ§ÓÖõ»Ù�Ú²×�Û_ÞGá�×Nà ×gÛ§Û_×NâsëNÞ/ßÁß§Þ/é�Ú²×�æHÓ¼à�ò�Õ§ÞGß�ð�Þ/ß0õ0ÞGÕãÕ_×NòNÞGÕT×gÛ»ðg×Nß�æHÓ¼à�ò�ß§×gÛ_Þ/Õ»Û_Ý+×NÚÖÚ
ÝNÛ§å�ÞGßóÐ�ÑeÐ8Ò Õ§ÞGß�ð�Þ/ß§ÕGî·îeÿ�å�Þ»õ0ÞGÕãÕ_×Nò�Þ ç Þ/Ó¼à�ò#ßãÞGé�Ú¼×�æ�ÞGá�ê8×NÕóáÂÞGÕ§ÓÖò�à�Þ/á�Û_Ý#âG×NÙ�Õ§ÞT×
á�Þ�ØôÞGà�ÕãÞGÕlÜcá�ÓÖÕ_× ç ÚÖÞGá Ð�ÑeÐ8Ò ÕãÞGßãðNÞGßÀÛ§Ý�âGÝNõ÷é�ÙZÛ_Þ¯é�×NßãÛ§Ó²×NÚ(Õ§ÓÖò�àÆ×gÛ§Ù�ß§Þ/ÕGöRê�åÂÓ¼âså�Û_×NëNÞ/Õ
×NéÂé�ß§Ý�üZÓ¼õ÷×gÛ_Þ/ÚÖæ a(X(X�õ÷ÓÖÚ¼ÚÖÓ¼Õ§Þ/âGÝ�àÂá�ÕTÝ�à�×Í,/.(Xb\tÃ�ùã_ZÙ�à ñ¸,/a�Xb_ZéÆ×Nßãâ�Õ§Þ/ßãð�Þ/ß)2�×
ßãÞGÚ²×�Û_ÓÖðNÞGÚ·æ�Þ�üZéXÞGà�ÕãÓÖð�Þ¯Ý�é%Þ/ß_×gÛ§Ó¼Ý�àø×Nà�áìÛ_årÙ�ÕÃéÆ×NßãÛ§Ó¼â/Ù�Ú²×NßãÚÖæ�Þ^�%ÞGâ/Û§ÓÖðNÞ#Ó¼àø×3á�Þ/à�Ó²×gÚwÝgØ
ÕãÞGßãðHÓÖâGÞ¡×gÛ§Û_×NâsëQî

FøÞ0õ0Þ�×gÕ§Ù�ßãÞGá+Û_å�Þ0×�ð�Þ/ß_×Nò�Þ0á�Þ/Ú²×�æ�ØôÝ�ß
Query

ö
Update

ö�×Nà�áìé�ß§Ý�×Nâ/Û§ÓÖð�ÞÁÕãÞGâ/ß§Þ/Û
ÕãåÆ×Nß§ÓÖà�òT×NÕ�×ÀØôÙ�àÂâ/Û_ÓÖÝ�à
ÝNØ�Û_å�Þ-ß§×gÛ_Þ¶ÝNØRõ0ÞGÕãÕ_×NòNÞ-ß§ÞGéÂÚ²×�æ¯ÕãÞGàOÛ ç æ#Û_å�Þ-â/Ý�õ0é�ß§Ý�õ0Ó¼ÕãÞGá
ÕãÞGßãðNÞGß/îFøÞÀâ/Ý�õ0éÆ×Nß§Þ/á�Û_åÂÞ»é%Þ/ßãØôÝ�ßãõ¯×gà�âGÞÃÓ¼à�Û§å�Þ»â�×gÕ§ÞÀê�å�Þ/ß§Þ»âG×Nâså�ÓÖà�ò
Ó¼Õ�ÞGàÆ× ç Ú¼ÞGá
Û§Ý&Û§åÆ×gÛ¡Ó¼à�Û_åÂÞ÷âG×NÕ§ÞTê�å�ÞGßãÞ÷âG×Nâså�ÓÖà�ò3ÓÖÕeá�Ó¼Õ§× ç Ú¼Þ/á¹î0ÿ�å�Ó¼ÕeÓ¼àZØôÝ�ß§õ÷×gÛ_ÓÖÝ�à�×NéÂé%ÞG×Nß§ÕeÓ¼à
ÆRÓÖò�Ù�ßãÞGÕeV»Û_å�ßãÝ�Ù�ò�åÊ3Âî

ÆÆÝ�ßóÛ_åÂÞ÷âG×NÕ§ÞTê�å�ÞGßãÞ÷âG×Nâså�ÓÖà�ò3ÓÖÕeÞGàÆ× ç Ú¼ÞGá'ö�Û§å�Þ0×[ðNÞGß§×Nò�Þ0á�ÞGÚ¼×[æ�ØôÝNß-Þ�×NâsåøÝ�é%Þ/ß�Ü
×gÛ§Ó¼Ý�àìÓ¼ÕeÚ¼×Nß§ò�Þ/ÚÖæ�ÙÂàÆ×��%ÞGâ/Û§ÞGáè×gÕÃÛ_åÂÞ¯ß_×�Û_Þ0ÝNØ�õ0ÞGÕ§Õ§×Nò�Þ0ß§Þ/é�Ú²×�æ+Ó¼àÂâGß§ÞG×NÕ§Þ/ÕGö ç ÞGâG×NÙ�ÕãÞ
âG×Nâså�ÞGÕ-Õ§×gÛ_ÓÖÕãØ«æ&õ0Ý�ÕãÛ�ÝNØ�Û_åÂÞÀâGÝNõ÷é�ÙZÛs×gÛ§Ó¼Ý�àÆ×gÚ�àÂÞGÞGáÂÕóÓ¼à3åÆ×Nà�á�ÚÖÓ¼à�ò0Û_å�ÝNÕ§Þ»õ0ÞGÕãÕ_×Nò�Þ/ÕGî
FøÞ÷ê�Ó·Û_à�Þ/Õ§Õ§Þ/á ×�Õ§ÚÖÓ¼ò�åOÛÃÓ¼à�â/ß§Þ�×gÕ§Þ#ÓÖà�Û_å�Þ¯×�ð�ÞGß§×Nò�Þ#áÂÞGÚ²×�æìê�å�ÞGà�Û§å�Þ#ß§×gÛ_Þ÷ÝNØ�õ÷Þ/Õ�Ü
Õ§×Nò�Þ#ßãÞGé�Ú¼×[æøß§ÞG×Nâså�Þ/Õ � XYX�õ0ÞGÕ§Õ§×Nò�Þ/ÕÁé%Þ/ß»Õ§Þ/âGÝ�à�á'îøÿ�å�ÓÖÕ»Ó¼ÕÃÛ_å�Þ#éXÝ�ÓÖàrÛÃê�å�ÞGßãÞ#Û_å�Þ
ßãÞ��rÙ�ÞGÕ�ÛãÜ®é�ß§ÝHâGÞ/Õ§Õ§ÓÖà�òT×NÙÂÛ§å�Ý�ßãÓ¼ù�×�Û_Ó¼ÝNà÷õ0ÞGâsåÆ×gà�Ó¼Õãõ ç ÞGâ/Ý�õ0ÞGÕ8Õ§×gÛ_ÙÂß_×gÛ§ÞGá ç æ÷Ó¼à�â/Ý�õ÷ÓÖà�ò
õ0ÞGÕãÕ_×Nò�Þ/ÕGî

ÆÆÝ�ßÀÛ§å�Þ
â�×NÕãÞ#ê�å�ÞGßãÞ�â�×Nâså�ÓÖà�ò�Ó¼ÕÀá�Ó¼Õ§× ç Ú¼Þ/á¹ö�Þ�×gâså â/Ù�ßãðNÞ�âGÝ�à�ÕãÓ¼Õ�Û_ÕÁÝNØ�ÛcêAÝøÕãÞGògÜ
õ0ÞGàOÛ_Õ/î�ÿ�å�Þ�ä�ß§ÕãÛ8Õ§Þ/ò�õ÷Þ/àOÛ C ê�å�ÓÖâså#ÞGàÂá�Õ�×gÛ8×Né�é�ßãÝ�üÂÓÖõ¯×�Û_ÞGÚ·æ¢fÃßãÞGé�Ú¼×�æZÕ8é%Þ/ßAÕãÞGâGÝNà�á
ØôÝ�ß

Query
×Nà�á

Update
ö�×NàÂá � XÃßãÞGé�Ú¼×�æZÕAé%Þ/ß8ÕãÞGâGÝNà�á#ØôÝ�ß�c�_M_øDAß§Þ/Õ§Þ/õ ç Ú¼Þ/ÕAÛ§å�Þ�äÆßãÕãÛ

ÕãÞGò�õ0ÞGàOÛ�Ó¼à#Û§å�Þ-âGÙÂßãð�Þ/Õ�ÝgØGÆ�Ó¼ò�Ù�ßãÞGÕ%,0×NàÂá+.ZöÆ×Nà�á�Ó·Û�ß§ÞZ�ÆÞGâ�Û_Õ�Û_å�Þ-ÓÖà�âGßãÞ�×NÕãÞGá�Ù�ÕãÞ¡ÝgØ
é�ßãÝZâ/ÞGÕãÕ§Ó¼àÂòÁß§ÞGÕãÝ�Ù�ßãâGÞGÕ ç æ#ßãÞGé�Ú¼×�æZÕAÛ_ÝÁß§Þ/âGÝ�õ0é�ÙÂÛ§Þ¶ðg×NÚ¼ÙÂÞGÕ8Û§åÆ×gÛnêAÞGßãÞ-à�ÝNÛ�âG×Nâså�ÞGá&×NÕ

fYX
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Rate of Replay Messages from a Compromised Server (message/second), logarithmic scale
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ÆRÓÖò�Ù�ßãÞ�VM]Hc�ÞGß�ØôÝ�ß§õ÷×Nà�â/Þ�ÝNØ
Query

é�ß§ÝHâGÞ/Õ§ÕãÓ¼à�ò�ÙÂà�á�ÞGß÷Û_å�Þ3Õ§Ó¼õÀÙ�Ú²×gÛ§ÞGá¬á�ÞGà�Ó¼×NÚ�ÝNØ
ÕãÞGßãðHÓÖâGÞ¡×gÛ§Û_×Nâsë¯ØôßãÝ�õ�×ÁâGÝ�õ0é�ßãÝ�õ÷ÓÖÕ§Þ/á
Õ§ÞGß�ð�Þ/ß�](ê�ÓÖÛ_å�âG×Nâså�ÞeðZÕ/î�ê�ÓÖÛ_åÂÝ�ÙÂÛ�â�×gâså�ÞNî

Û§å�Þnß§Þ/é�Ú²×�æÃß_×gÛ§ÞnÓ¼àÂâGß§ÞG×NÕ§Þ/ÕGî�ÿ�åÂÞ�Õ§ÞGâ/Ý�à�áTÕ§Þ/ò�õ0ÞGàOÛ(Ý�à�Ú·æÃòNß_×Ná�Ù�×NÚ¼Ú·æÃÓÖà�âGßãÞ�×NÕãÞGÕ/î(Ñ¶ð�ÞGß
Û§å�Ó¼Õ(ß_×gà�ò�ÞNöZ×Ná�áÂÓÖÛ_ÓÖÝ�àÆ×NÚÂâGÝ�õ0é�ÙÂÛ_×gÛ_ÓÖÝ�àTÓ¼Õ(à�ÝNÛAß§Þ^�HÙÂÓ¼ß§Þ/á C Õ§ÝÁ×NáÂá�ÓÖÛ§Ó¼Ý�àÆ×gÚÂá�Þ/Ú²×�æTÓ¼Õwà�ÝNÛ
ÓÖà�âGÙ�ßãß§Þ/á�D�ÕãÓ¼à�â/ÞÃÛ§å�ÞÃßãÞGÕãÝ�Ù�ß§â/Þ»õ÷×NàÆ×Nò�Þ/õ÷Þ/àOÛ�õ0ÞGâså�×Nà�Ó¼Õãõ ç ÝNÙ�à�á�Õ¸Û_å�ÞÃàHÙÂõ ç Þ/ß�ÝgØ
×gÛãÛs×NâsëgÞGß�õ0ÞGÕ§Õ§×Nò�Þ/Õ¸Û§åÆ×gÛ¸×NßãÞ¡éÂß§ÝHâGÞGÕãÕ§Þ/á¹î

ñ�ð�Þ/à¬ê�ÓÖÛ§å�Ý�ÙÂÛÁÛ§å�Þ
âGÝNõ÷é�ßãÝ�õ0Ó¼Õ§Þ/áèÕ§Þ/ßãð�Þ/ß÷Ú¼×NÙ�à�âsåÂÓ¼à�ò�Û_åÂÞ�×gÛ§Û_×Nâsë C Ó}îûÞgîÖö�ê�å�Þ/à
Û§å�Þóß_×�Û_Þ-ÝNØ�ßãÞGé�Ú¼×[æ¯õ÷Þ/Õ§Õ§×Nò�ÞGÕ�ÓÖÕ�XSD*öZÛ_åÂÞ-×�ð�ÞGß§×Nò�Þeá�Þ/Ú²×�æ÷ØôÝNßnÞ�×Nâså�Ý�éXÞGß§×gÛ_ÓÖÝ�à#ÓÖà¯Û_å�Þ
âG×NÕ§ÞÁê�å�Þ/ß§Þ0â�×Nâså�ÓÖà�ò&Ó¼Õ-ÞGà�× ç Ú¼Þ/áøÓÖÕ-Ú¼Ý[êAÞGßóÛ_å�×NàìÛ§åÆ×gÛeÓÖà+Û§å�ÞTâ�×NÕãÞ0ê�åÂÞGß§Þ0â�×gâså�Ó¼à�ò
ÓÖÕÀá�ÓÖÕ_× ç ÚÖÞGá¹î�ÿ�åÂÓ¼ÕÀÓÖÕ ç ÞGâ�×gÙ�Õ§Þgö(ê�Ó·Û_å�ÝNà�Þ¯ØôÞ/êAÞGßÁÕãÞGß�ð�ÞGßTéÆ×gßãÛ_ÓÖâGÓÖéÆ×gÛ_ÓÖà�ò�ö�ß§Þ/é%ÞG×gÛ_Þ/á
Þ*üÂÞ/âGÙÂÛ§Ó¼Ý�àÂÕ¸ÝgØ�â/ÞGß�Ûs×NÓÖà&Þ*üZé%Þ/à�Õ§Ó·ð�ÞeÝ�éXÞGß_×�Û_Ó¼ÝNà�ÕnÓ¼Õ�àÂÞGâGÞ/Õ§Õ§×Nßãæ�ÕãÓ¼à�â/Þ-à�Ý�ß§õ÷×NÚ%âGÓ¼ßãâGÙ�õÁÜ
Õ�Ûs×Nà�â/ÞGÕw×NÕãÕ§Ù�õ0éÂÛ_ÓÖÝ�àTý � àÂÝ¡ÚÖÝ�à�ò�Þ/ß�å�Ý�ÚÖá�ÕGöNÕ§ÝeâGÝ�ßãß§Þ/â/Û(Õ§Þ/ßãðNÞGß§ÕA×NßãÞ�Ù�àÆ× ç ÚÖÞ8Û_Ý-äÆàÂÓ¼Õ§å
é�ßãÝZâ/ÞGÕãÕ§Ó¼àÂò¯Ó¼à3×Nà3Ý�éÂÛ_ÓÖõ÷ÓÖùGÞ/á&Þ*üZÞGâGÙZÛ_Ó¼ÝNà¹înÿ�å�ÞÃÕãê�ÓÖÛ§âså ç ×Nâsë#Û§Ý÷Û§å�Þ¡Ø:×gÙ�ÚÖÛ�Ü®Û_ÝNÚ¼ÞGß§×NàOÛ
ðNÞGß§ÕãÓ¼Ý�à�â�×NÙ�ÕãÞGÕ-ßãÞGéXÞ�×gÛ§ÞGá�Þ*üÂÞ/âGÙÂÛ§Ó¼Ý�àÂÕ-ÝNØ�âGÞ/ßãÛ_×NÓ¼à�Þ*üZé%Þ/à�Õ§Ó·ð�Þ»â/ßãæHéÂÛ_ÝNò�ß_×NéÂå�Ó¼âÃÝ�é%Þ/ß�Ü
×gÛ§Ó¼Ý�àÂÕGöÂê�å�ÓÖâså3âG×Nà ç Þ¡×�ð�ÝNÓ¼á�Þ/á&ê�å�Þ/à�âG×Nâså�Ó¼àÂò0ÓÖÕ�ÞGàÆ× ç Ú¼Þ/á¹î

O ¯Áð;»5°³¯rÍZÃv_ O ¯Áð:ÎSÃ O ¯m�õ¯Á½�Ë�¯�� ÿ�Ý�õ0Þ�×NÕãÙ�ß§Þ�Û§å�ÞAÓÖõ÷é�×Nâ/Û�ÝgØÂõ0ÞGÕãÕ_×Nò�Þ�Û§ß_×Nà�Õãõ÷ÓÖÕ§ÕãÓ¼Ý�à
×NàÂá3é�ßãÝZâ/ÞGÕãÕ§Ó¼àÂò0áÂÞGÚ²×�æHÕ¸Ý�à
Û_å�ÞeéXÞGßãØôÝNß§õ÷×Nà�âGÞeÝNØ�Ð�ÑeÐ8ÒÀö�êAÞÀ×gá�á�ÞGá&âGÝHá�Þ-Û_Ý0Þ�×gâså
ÕãÞGßãðNÞGß÷Õ§ÝøÛ§åÆ×gÛ0õ0ÞGÕ§Õ§×Nò�Þ/Õ¯á�Þ/Ú¼ÓÖðNÞGßãÞGá¬Û§Ý�×+âGÚÖÓ¼Þ/àrÛ0Ý�ßTÕãÞGßãðNÞGß÷âGÝ�Ù�ÚÖá ç Þ�á�ÞGÚ¼×[æNÞGá±×
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Rate of Replay Messages from a Compromised Server (message/second), logarithmic scale
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ÆRÓÖò�Ù�ßãÞ��@]Uc�ÞGßãØôÝNß§õ÷×Nà�âGÞ¯ÝNØ
Update

éÂß§ÝHâGÞGÕãÕ§ÓÖà�ò�Ù�à�á�Þ/ßÀÛ_åÂÞ#Õ§ÓÖõ»Ù�Ú²×�Û_ÞGáøá�ÞGàÂÓ²×NÚwÝNØ
ÕãÞGßãðHÓÖâGÞ¡×gÛ§Û_×Nâsë¯ØôßãÝ�õ�×ÁâGÝ�õ0é�ßãÝ�õ÷ÓÖÕ§Þ/á
Õ§ÞGß�ð�Þ/ß�](ê�ÓÖÛ_å�âG×Nâså�ÞeðZÕ/î�ê�ÓÖÛ_åÂÝ�ÙÂÛ�â�×gâså�ÞNî

Õãé%Þ/âGÓÖä�ÞGá0×Nõ0Ý�Ù�àOÛ ç Þ/ØôÝ�ßãÞ ç Þ/âGÝ�õ0Ó¼àÂò-×�ðN×gÓ¼Ú²× ç Ú¼Þ(ØôÝ�ßRßãÞGâ/ÞGÓ¼éZÛ�îGFøÞnÓ¼àOðNÞGÕãÛ§Ó¼òO×�Û_ÞGá ç ÝNÛ_å
Û§å�Þeâ�×NÕãÞeê�åÂÞGß§Þ¡õ0ÞGÕ§Õ§×Nò�Þ/Õ�ÕãÞGàOÛ�Û§ÝTÝ�à�ÞeÕ§éXÞGâ/ÓÖäÆâeÕ§Þ/ßãðNÞGßó×gß§Þ-á�Þ/Ú²×�æ�Þ/á�×Nà�á�Û_åÂÞ¡âG×NÕ§Þ
ê�å�Þ/ß§Þ¡õ÷Þ/Õ§Õ§×Nò�ÞGÕ�ÕãÞGàOÛ�Û§Ý0×NÚ¼Ú%Õ§ÞGß�ð�Þ/ß§Õó×gß§Þeá�ÞGÚ¼×�æ�ÞGá'î

ÆRÓÖò�Ù�ß§ÞUû�òNÓÖð�Þ/Õ¡Û§å�Þ#×�ðNÞGß_×gò�Þ¯Û_ÓÖõ÷Þ0×NàÂáøÛ_åÂÞ¯Ó¼àOÛ§ÞGßãðg×NÚ(â/Ý�àOÛs×NÓÖà�Ó¼à�òæûS.4Ä ÝgØnÛ_å�Þ
Õ§×Nõ÷éÂÚ¼ÞGÕeØôÝ�ß»Ð�Ñ¡Ð8Ò Û_Ý�éÂß§ÝHâGÞGÕãÕÀÛ_åÂß§ÞGÞ÷Ý�éXÞGß_×�Û_Ó¼ÝNà�ÕÃÝgØ�Ó¼àOÛ_Þ/ß§ÞGÕ�Û�2

Query
ö
Update

ö
×NàÂá#×ÀßãÝ�Ù�à�á÷ÝNØ�é�ßãÝO×Nâ/Û§ÓÖðNÞ¶Õ§Þ/âGßãÞ/Û�ÕãåÆ×Nß§ÓÖà�ò12 ê�å�ÞGà÷õ÷Þ/Õ§Õ_×gò�ÞGÕ8ØôßãÝ�õ�×ÃÕãÓ¼à�òNÚ¼Þ¸Õ§ÞGß�ð�Þ/ß
×NßãÞ-á�ÞGÚ¼×�æ�ÞGá'îwÿ�åÂÞ-â�×NÕãÞeê�åÂÞGß§Þ-Û§å�Ó¼Õ�ÕãÞGßãðNÞGß�Ó¼Õ8Ù�àÆ×�ðg×NÓ¼Ú¼× ç Ú¼Þ�Ó¼Õ�×gÚ¼Õ§ÝÁàÂÝNÛ_Þ/á3×gÕ�ÎÐÏ7Ñ�Ý�à
Û§å�Þ¡× ç Õ§â/Ó¼ÕãÕ_×Âî

Ò¶Õ÷á�ÞGÚ¼×�æ Ó¼à�â/ß§Þ�×gÕ§ÞGÕ/ö�Û_å�Þ&é�ß§ÝHâGÞ/Õ§ÕãÓ¼à�ò�Û§Ó¼õ0Þ�Ó¼ÕTÕ§Þ/ÞGà Û_Ýøõ÷Ý[ðNÞ3Û_åÂß§Ý�Ù�òNå¬Û_åÂß§ÞGÞ
é�å�×NÕ§Þ/ÕGî��¶Ù�ß§ÓÖà�ò�Û_å�ÞÁäÆßãÕãÛ¡é�åÆ×NÕãÞNö�×NÕeÕ§Þ/ßãð�Þ/ß

p
C Õ§×�æøDóÓÖà�âGßãÞ�×NÕãÞGÕ¡ÓÖÛ_Õ-áÂÞGÚ²×�æ�ÓÖà+é�ß§ÝgÜ

â/ÞGÕ§ÕãÓ¼à�òTõ0ÞGÕãÕ_×Nò�Þ/Õ�Õ§ÝTá�ÝHÞGÕnÛ_åÂÞ¡áÂÞGÚ²×�æ÷ØôÝ�ß8Û_åÂÞ-Ý�é%Þ/ß_×gÛ§Ó¼Ý�à
ÝgØ�ÓÖàOÛ_ÞGßãÞGÕ�Û�î(ÿ�å�Ó¼Õ�ÝHâGâ/Ù�ß§Õ
ç ÞGâG×NÙ�Õ§Þ�Ð�ÑeÐ8Ò�é�ß§ÝgÛ_ÝHâGÝ�ÚÖÕRÓ¼àÂÓÖÛ_Ó¼×NÚ¼Ú·æe×NÕãÕ§Ù�õ0Þ�à�Ý�ßãõ¯×NÚZâGÓÖß§âGÙÂõ÷Õ�Ûs×Nà�â/ÞGÕw×NÕãÕ§Ù�õ0éÂÛ_ÓÖÝ�à�Õ
ý � ×Nà�á�ýça÷å�ÝNÚ¼á¹ö%×Nà�á�Û§å�ÞÀÝNéÂÛ_ÓÖõ÷ÓÖùGÞGá&é�ßãÝNÛ_ÝHâGÝ�ÚÖÕ�ßãÞ��rÙ�ÓÖß§ÞÀé�×NßãÛ§Ó¼âGÓÖéÆ×gÛ§Ó¼Ý�à ç æ

p
î¶Ò

á�Þ/Ú²×�æ#ÓÖà�õ÷Þ/Õ§Õ_×gò�ÞGÕ�Øôß§Ý�õ
p
Û_årÙ�Õ¸á�ÞGÚ¼×�æZÕ�Û§å�Þeé�ß§ÝNÛ§ÝZâ/Ý�Ú¼Õ/î

ÿ�å�Þ0Õ§Þ/âGÝ�à�á�é�åÆ×NÕãÞ¯Ó¼Õ-Þ/àOÛ_ÞGßãÞGáè×�Ø«Û_ÞGßeÛ_åÂÞ0áÂÞGÚ²×�æ�ØôÝ�ß
p
â�×gÙ�Õ§Þ/ÕÀÕ§Þ/ßãðNÞGß§ÕÃÛ_Ý&Õ§Ù�ÕlÜ

éXÞGâ�Û�Û_åÆ×gÛ�àÂÝ�ß§õ÷×NÚXâGÓ¼ßãâGÙ�õ0ÕãÛ_×Nà�â/ÞGÕ¸×NÕ§ÕãÙ�õ0éÂÛ_ÓÖÝ�à�Õ�ý � ×gà�á&ýçaÀá�ÝTà�ÝNÛnå�Ý�Ú¼á'î�ÿ�å�ÞGÕãÞ
ÕãÞGßãðNÞGßãÕ
Ó¼à�Ó·Û_Ó²×�Û_Þ
ß§Þ/á�Ù�à�á�×NàOÛ
é�ß§ÝHâGÞ/Õ§ÕãÓ¼à�ò�ö�â/ß§ÞG×gÛ_ÓÖà�ò�×NáÂá�ÓÖÛ§Ó¼Ý�àÆ×gÚ�á�ÞGÚÖÞGòO×gÛ§ÞGÕ0ØôÝ�ß÷ÓÖàZÜ
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Rate of Replay Messages from a Compromised Server (message/second), logarithmic scale
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ÆRÓÖò�Ù�ßãÞ+3M]nc�ÞGß�ØôÝ�ß§õ÷×Nà�â/Þ¸ÝgØ'é�ßãÝO×Nâ�Û_ÓÖðNÞ�Õ§ÞGâ/ß§Þ�Û8ÕãåÆ×Nß§ÓÖà�ò-Ù�à�áÂÞGß(Û_å�Þ�Õ§ÓÖõ»Ù�Ú¼×gÛ_Þ/áÁá�ÞGà�Ó¼×NÚ
ÝNØ�Õ§Þ/ßãðHÓ¼â/Þ¡×gÛ§Û_×Nâsë¯Øôß§ÝNõ�×ÁâGÝ�õ0é�ß§ÝNõ÷ÓÖÕ§ÞGá
ÕãÞGß�ð�ÞGß^]wê�Ó·Û_å�â�×gâså�Þ¡ðHÕ/îwê�Ó·Û_å�Ý�ÙZÛ�â�×Nâså�Þgî

é�ßãÝZâ/ÞGÕãÕ¸ÝNé%Þ/ß_×gÛ§Ó¼Ý�à�Õ/öÂØôÝ�ßnÞ*üÂ×Nõ÷éÂÚ¼ÞNîdc�×NßãÛ§Ó¼â/Ó¼éÆ×gÛ§Ó¼Ý�à ç æ
p
Ó¼Õ�à�ÝTÚ¼ÝNà�ò�ÞGß8ß§Þ��rÙ�ÓÖß§Þ/á&ØôÝ�ß

Û§å�Þ
Ý�éXÞGß_×�Û_Ó¼ÝNà�Û_Ý�Û§ÞGß§õ0Ó¼à�×gÛ_ÞgñwÓÖà�âGßãÞ�×NÕãÓ¼à�ò�Û§å�Þ#á�Þ/Ú²×�æè×�Û
p
á�ÝHÞGÕÁà�ÝgÛÁá�ÞGÚ¼×�æ�âGÝNõTÜ

é�ÚÖÞ/Û§Ó¼Ý�à¬ÝNØeÛ_å�Þ�ÝNé%Þ/ß_×gÛ§Ó¼Ý�à¹î ´8ÙÂÛ
p
ê�ÓÖÚ¼Ú�âGÝNàrÛ§Ó¼àrÙ�Þ�Û§ÝèÕ§Þ/à�á�õ÷Þ/Õ§Õ_×gò�ÞGÕ
ßãÞ��rÙ�Ó¼ßãÓ¼à�ò

ÕãÞGßãðNÞGßãÕ�Û§ÝÁâGÝ�õ0é�ÙÂÛ§Þóß§Þ/é�Ú¼ÓÖÞGÕ/î�ÿ�å�ÞóÛ_ÓÖõ÷Þ�Û_å�×gÛ�Õ§Þ/ßãðNÞGß§Õ�á�Þ�ð�ÝNÛ§Þ-Û_Ý»ò�Þ/à�ÞGß§×gÛ_ÓÖà�òÀÛ§å�ÞGÕãÞ
ßãÞGé�ÚÖÓ¼ÞGÕ-áÂÞGâGßãÞ�×NÕãÞGÕÀ×NÕ-Û_å�ÞTá�Þ/Ú²×�æ�ØôÝ�ß

p
Ó¼àÂâGß§ÞG×NÕ§Þ/ÕGö�Õ§Ó¼õ0é�Ú·æ ç ÞGâG×NÙ�Õ§Þ

p
Õ§ÞGàÂá�Õ¡ØôÞ�ê8Þ/ß

ÕãÙ�âså�õ0ÞGÕãÕ_×Nò�Þ/Õ¡ê�åÂÞGàøÛ§å�ÞTá�ÞGÚ¼×�æ�Ó¼Õeò�ßãÞ�×gÛ§ÞGßGî�_ZÞ/ßãðNÞGß§Õ¡Û_årÙ�Õ¡åÆ×�ð�Þ0õ÷ÝNß§ÞÁâ/æHâ/Ú¼ÞGÕeÛ_Ý
á�Þ�ð�ÝNÛ§Þ
Û_Ý+ò�ÞGàÂÞGß_×�Û_Ó¼àÂò�ß§ÞGéÂÚ¼Ó¼Þ/ÕÀØôÝ�ß»ÕãÞGß�ð�ÞGßãÕ÷ÝgÛ_å�Þ/ß»Û_åÆ×Nà

p
ñ8Û_å�Þ/Õ§Þ&×NßãÞ#Û_å�Þ
ßãÞGé�ÚÖÓ¼ÞGÕ

à�Þ/ÞGá�Þ/á
Ó¼à÷Ý�ß§á�Þ/ßAØôÝ�ß(Û_åÂÞóé�ß§ÝgÛ_ÝHâGÝ�ÚÖÕ(Û§ÝÀÛ_Þ/ß§õ0Ó¼àÆ×�Û_ÞNîn_ZÝ�örÛ_å�Þ¶Ó¼à�â/ß§Þ�×gÕ§Ó¼àÂòÀá�Þ/Ú²×�æÁØôÝ�ß
pØôßãÞGÞGÕ¶Õ§ÞGß�ð�Þ/ß-ß§ÞGÕãÝ�Ù�ßãâGÞGÕóÛ§Ý#Õ§éXÞGÞ/á�Û_å�ÞÃÛ_ÞGßãõ÷ÓÖàÆ×gÛ§Ó¼Ý�à�ÝNØ�Û§å�Þ»é�ßãÝNÛ_ÝHâGÝ�Ú}öX×Nà�á+×�ð�Þ/ß_×Nò�Þ

é�ßãÝZâ/ÞGÕãÕ§Ó¼àÂò0Û§Ó¼õ0Þóá�ÞGâ/ß§ÞG×NÕ§Þ/Õ�ÓÖà�Û§å�Ó¼Õ�ÕãÞGâ/Ý�à�á�éÂåÆ×NÕ§Þgî � :
ÿ�å�Þ-Û_åÂÓ¼ß§á¯é�åÆ×NÕãÞ!2 ×Áé�Ú¼×gÛ_ÞG×NÙ
Ó¼à
ßãÞGÕãé%Ý�àÂÕ§Þ-Û_ÓÖõ÷Þ�2�Ó¼Õwß§ÞG×Nâså�Þ/á&ê�å�Þ/à&Û§å�Þóá�Þ/Ú²×�æ

ØôÝ�ß
p
ÓÖÕ�Õ§ÙM�0â/Ó¼ÞGàOÛ§ÚÖæ
å�ÓÖò�å�Õ§ÝTÛ_åÆ×�Û�ÓÖÛ�Ó¼õ0éXÝ�Õ§Þ/Õ�Ú¼ÓÖÛãÛ_ÚÖÞ¶Ú¼Ý�×Ná
Ý�à�ÝNÛ_åÂÞGß�Õ§Þ/ßãð�Þ/ß§Õ/î

hL=?Òíl�|;l�ldy=j1u�yny=jZl��Zlt~)s=ltu^|#l�wrqí�Zs=}è~�lt|=|#wxqZ� y;wx��l�w�|��%}^s;l�|#wx��qZwr��~tu!q�y�wxqRy=jZl%~�u�|;l�}��³�Zs=}^u^~2[y;wxm�le|;lt~�s;l�y�|#j1u�s;wxqZ�çy=j1u!q�wxq y;jZlô~�u�|;lt|n}��
Query

u!q1�
Update

�çikjZw�|dw�|dv(lt~�u�o1|;l��Mwrq y=jZl ~�u^|#l}!�³�1s;}�u�~Jy=wrm^l�|;lt~)s=l)yn|#j�u!s=wrqZ�����1s;}�~)l'|;|;wxqZ� �%lt|=|=u!��l'|���s=}���|;l�s=m�l�s
p
wxqèm�}^prm^lt|�|;}��%l�qZl��Ó*�y;jZlts;l?[��}�s=lnqZ}!y�~tu�~õjZl'��,Kl)ù��(l�q1|;wrm^ld~)s=zè��y;}^��sõu!�ZjZw�~�}��(l�sõu�y;wx}�q�|��è��jZwxprl^�1wxqç}!y;j1l�s�y{�K}�~�u�|;lt|t��l)ù��(l�q1|;wxm�l~)s=zè��y;}^��sõu!�ZjZw�~�}^��lts=u!y;wx}�q1|k~tu!qçv�ldu±m^}�w���lt�ô��oZlGy;}e~tu�~õjZwxqZ���
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ÆRÓÖò�Ù�ßãÞíû@]%c�Þ/ßãØôÝ�ßãõ¯×gà�âGÞ¡ÝNØwÐ�ÑeÐ8ÒþðHÕ/î¸õ0ÞGÕãÕ_×NòNÞÃá�Þ/Ú²×�æ
ØôÝ�ß¸Ý�à�Þ¡Õ§Þ/ßãð�Þ/ßGî[\3ÞGÕãÕ_×NòNÞ
á�Þ/Ú²×�æ#ÝgØ�ÎÐÏ7Ñ�ÓÖà�á�Ó¼âG×gÛ_Þ/Õ8Û_åÂÞ¡âG×NÕ§Þeê�å�Þ/ß§ÞeÛ_å�ÓÖÕ�Ý�à�ÞeÕ§Þ/ßãð�Þ/ß�ÓÖÕ�Ù�àÆ×�ðg×NÓ¼Ú¼× ç ÚÖÞNî

ÆRÓÖò�Ù�ß§Þ � XTò�Ó·ð�ÞGÕ¶×�ð�ÞGß§×Nò�ÞÃõ÷ÞG×NÕ§Ù�ßãÞGá3á�ÞGÚ¼×[æ&×gà�á3Û§å�ÞÀÓÖàrÛ§ÞGß�ðN×gÚ�âGÝ�àOÛs×gÓ¼à�ÓÖà�òOûY.4Ä
ÝNØ'Û_å�Þ�Õ_×Nõ0é�Ú¼Þ/ÕAê�å�Þ/à#õ0ÞGÕ§Õ§×Nò�ÞóáÂÞGÚ²×�æ0Ó¼àÂâGß§ÞG×NÕ§Þ/Õn×gÛn×NÚ¼ÚÆÕãÞGß�ð�ÞGßãÕGî8Ñ ç Õ§Þ/ßãð�ÞóÛ§åÆ×gÛwÛ_å�Þ
Þ*üÂÞ/âGÙÂÛ§Ó¼Ý�à Û_ÓÖõ÷Þ
ÓÖà�âGßãÞ�×NÕãÞGÕ0Ú¼ÓÖà�Þ�×NßãÚÖæìê�ÓÖÛ§å Û§å�Þ&Ó¼à�â/ß§Þ�×gÕ§Þ�ÝNØóõ0ÞGÕãÕ_×NòNÞ&áÂÞGÚ²×�æNî¬ÿ�å�Þ
â/Ù�ßãðNÞGÕ
×NßãÞ3â/Ý�à�ÕãÓ¼ÕãÛ§ÞGàOÛ¯ê�Ó·Û_å¬å�Ý[ê Û_å�Þ3é�ß§ÝgÛ_ÝHâGÝ�ÚÖÕ0ÝNé%Þ/ß_×gÛ§Þ(]�éÂß§ÝHâGÞGÕãÕ§ÓÖà�ò�×

QueryÓÖàrðNÝ�ÚÖðNÞGÕRV�õ÷Þ/Õ§Õ_×gò�ÞTá�ÞGÚ¼×[æHÕ/ö�éÂß§ÝHâGÞGÕãÕ§ÓÖà�ò�×gà
Update

ÓÖàrðNÝ�ÚÖðNÞGÕN3�õ÷Þ/Õ§Õ_×gò�ÞTá�ÞGÚ¼×[æHÕ/ö
×NàÂá3×Tß§ÝNÙ�à�á�ÝNØ�éÂß§ÝO×Nâ�Û_Ó·ð�Þ-Õ§Þ/âGßãÞ/Û�Õ§åÆ×NßãÓ¼à�òTÓÖàrðNÝ�ÚÖðNÞGÕ VÁõ÷Þ/Õ§Õ§×Nò�Þeá�ÞGÚ¼×�æZÕ/î

Ô Õ ¤�§�¨E��¤e� Ö �RE�
®
Ã�Ë/Ì�¯Áî�ËS� Ò Ø:×NÙ�Ú·ÛãÜ®Û§Ý�Ú¼Þ/ß_×NàOÛn×NÙÂÛ_åÂÞGàOÛ_ÓÖâ�×gÛ§Ó¼Ý�à
ÕãÙ ç ÕãÛ§ß_×gÛ§ÞO*WVS.10'ØôÝ�ß�Õ§Ù�éÂé%Ý�ß�Û_ÓÖà�òTÕ§Þ�Ü
â/Ù�ß§Þ�òNß§Ý�Ù�éÂÕ¯Ó¼à¬Û_å�Þ¹Ã�Ý�ßãÙ�Õ#ÕãæHÕ�Û_ÞGõ ×Né�éXÞ�×NßãÕ÷Û§Ý ç Þ3Û_å�Þ&äÆß§Õ�Û
Ù�Õ§Þ�ÝNØ-Û_å�ßãÞGÕãå�Ý�Ú¼á
â/ßãæHéÂÛ_ÝNò�ß_×NéÂåræ¯×NÚÖÝ�à�òÃê�Ó·Û_å#ßãÞGé�ÚÖÓ¼âG×gÛ_ÓÖÝ�à0ØôÝNß8Ó¼õ0é�ÚÖÞGõ0ÞGàOÛ_ÓÖà�ò¡×TÐ8ÒÀîÂÿ�å�×gÛnÚÖÞGá¯Û§ÝÀÛ_å�Þ
á�Þ/Õ§ÓÖò�à#×NàÂá¯Ó¼õ0é�ÚÖÞGõ0ÞGàOÛs×gÛ§Ó¼Ý�àÀÝNØ

Ω
*WVYV10}öZ×ÃÕãÛ_×Nà�áZÜc×NÚ¼ÝNà�Þ�ò�ÞGà�Þ/ß_×NÚqÜcé�ÙÂß§éXÝ�Õ§Þ�Ð8Ò åÆ×�ðrÜ

ÓÖà�òÀõ0Ý�ß§Þ¶×Nõ ç Ó·Û_ÓÖÝ�Ù�Õ�ØôÙ�à�â�Û_Ó¼ÝNàÆ×NÚ¼Ó·Ûcæ�öréXÞGßãØôÝNß§õ÷×Nà�âGÞgöÂ×gà�á#ß§Ý ç Ù�ÕãÛ§à�ÞGÕãÕ�ò�ÝO×NÚÖÕGîn�¸à�Ú¼ÓÖëNÞ
Ð�ÑeÐ8ÒÀö�à�ÝNà�Þ÷ÝgØnÛ_å�ÓÖÕeÞ�×NßãÚÖæ�êAÝ�ß§ë�ê8×NÕÃÓ¼àOÛ_Þ/à�á�ÞGáìÛ_Ý3ß§ÞGÕãÓ¼Õ�ÛÃáÂÞGà�Ó¼×NÚ(ÝNØnÕãÞGßãðHÓÖâGÞ÷×gÛãÜ
Û_×NâsërÕóÝ�ß¸õ÷Ý ç Ó¼Ú¼Þe×gáÂð�Þ/ß§Õ_×gß§Ó¼Þ/ÕGî�Ò¶à�á¹ö'×NÕ¸á�Ó¼ÕãâGÙ�ÕãÕ§ÞGá ç ÞGÚÖÝyêeöXÕ§ÝNõ÷ÞeðHÙ�Ú¼à�Þ/ß_× ç Ó¼Ú¼Ó·Ûcæ#Û_Ý
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ÆRÓ¼òNÙ�ß§Þ � XM]dc�Þ/ßãØôÝ�ßãõ¯×NàÂâGÞeÝNØ�Ð�Ñ¡Ð8ÒªðHÕGî(õ0ÞGÕ§Õ§×Nò�Þeá�Þ/Ú²×�æ#ØôÝ�ß�×NÚÖÚ'ÕãÞGßãðNÞGßãÕGî

á�Þ/à�Ó²×gÚ�ÝNØnÕãÞGßãðHÓÖâGÞ÷×gÛ§Û_×NâsërÕÀÕ§Þ/ÞGõ0Õ¡Û§Ý ç Þ0Ó¼à�å�Þ/ß§Þ/àrÛGî
ÑóàøÛ§å�ÞTÝNÛ_åÂÞGß¡åÆ×Nà�á¹ö
Ω
á�ÝHÞGÕ

é�ßãÝ[ðZÓÖá�Þ¡âGÚ¼ÓÖÞGàOÛ_Õ�ê�ÓÖÛ§å�ëgÞ/æ3ÞGÕ§â/ß§Ý[êªÝ�éXÞGß§×gÛ_ÓÖÝ�à�ÕGöQÕãÝ�õ÷Þ�Û_å�ÓÖà�òTÛ_åÆ×gÛóÐ�ÑeÐ8ÒÔá�ÝHÞGÕ�à�ÝNÛ
â/Ù�ß§ßãÞGàOÛ_Ú·æ
Õ§Ù�éÂé%Ý�ß�Û�î � T

Ω
ên×NÕ ç ÙÂÓ¼ÚÖÛ8Ù�Õ§ÓÖà�òTõ÷ÓÖá�á�ÚÖÞ/ê8×Nß§Þ C â�×gÚ¼Ú¼Þ/á ï ×gõ÷éÆ×gßãÛE*WVYfÂöMV(,(0 DAÛ_åÆ×�Û�Ó¼õ0é�Ú¼Þ/õ÷Þ/àOÛ_Õ

é�ßãÝZâ/ÞGÕãÕÁò�ß§Ý�ÙÂé�Õ»Ó¼à ×gà ×NÕãæHà�âså�ßãÝ�à�Ý�ÙÂÕ0áÂÓ¼ÕãÛ§ß§Ó ç ÙÂÛ_Þ/áèÕãæHÕãÛ§ÞGõ�ê�åÂÞGß§Þ
â/Ý�õ0é�ß§Ý�õ0Ó¼ÕãÞGá
é�ßãÝZâ/ÞGÕãÕ§Ý�ßãÕÀâ�×gà�Þ�üZå�Ó ç ÓÖÛÀ×Nß ç ÓÖÛ_ß§×Nßãæ ç Þ/åÆ×�ðZÓÖÝ�ßGî
ÿ�åÂÞ ï ×gõ÷éÆ×gßãÛ¡õ÷ÓÖá�á�ÚÖÞ/ê8×Nß§ÞTõ÷×NàZÜ
×NòNÞGÕ»ò�ßãÝ�Ù�é�ÕÁÝgØ�ß§ÞGéÂÚ¼Ó¼âG×NÕ»×gà�á ß§ÞGõ0Ý[ð�Þ/ÕÁà�Ý�àZÜ®ß§ÞGÕãé%ÝNà�Õ§Ó·ð�Þ
õ0ÞGõ ç ÞGßãÕÀØôß§Ý�õ1é�ßãÝZâ/ÞGÕãÕ
ò�ßãÝ�Ù�é�Õ#Û§Ý ÞGà�ÕãÙ�ß§Þ+Û_å�Þ�Õ�æHÕãÛ_Þ/õ á�ÝZÞ/Õ
à�ÝNÛ�Õ�Ûs×NÚÖÚóá�Ù�Þ�Û_Ý â/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞGá ßãÞGé�ÚÖÓ¼â�×gÕGî
Ã¸ÝyêAÞ/ðNÞGß/ö¹ÓÖÛ�Ó¼Õ¸Ó¼õ0é%ÝNÕ§Õ§Ó ç Ú¼Þ-Û§Ý¯á�ÓÖÕãÛ_ÓÖà�ò�Ù�ÓÖÕ§å ç Þ�Ûcê8Þ/ÞGà�Õ§ÚÖÝ[ê ×Nà�á�åÆ×gÚÖÛ_Þ/á�é�ßãÝZâ/ÞGÕãÕ§Ý�ßãÕ
ÓÖàè×Nà ×NÕ�æZàÂâså�ß§Ý�àÂÝ�Ù�ÕTÕãæHÕãÛ§ÞGõ&ö(Õ§Ý ï ×Nõ÷é�×NßãÛÀÙ�Õ§Þ/Õ»Û_Ó¼õ0ÞGÝNÙÂÛ_Õ¡ØôÝ�ß»Ó¼áÂÞGàOÛ_Ó·Ø«æZÓÖà�ò�éÂß§ÝgÜ
â/ÞGÕ§ÕãÝ�ß§Õ»Û§åÆ×gÛÃõ÷ÓÖò�åOÛ ç Þ¯â/Ý�õ0é�ß§Ý�õ0Ó¼ÕãÞGá¹î�Ò â/Ý�ß§ßãÞGâ�Û ç ÙÂÛÀÕ§ÚÖÝyê�ÕãÞGß�ð�ÞGßÁõ0Ó¼òNårÛ¡Û_årÙ�Õ
ç ÞÀßãÞGõ0ÝyðNÞGá�ØôßãÝ�õ ×÷é�ßãÝZâ/ÞGÕãÕóò�ß§ÝNÙ�é¹ö%ê�åÂÓ¼âså�â/Ý�à�ÕãÛ§ÓÖÛ§ÙÂÛ_Þ/Õó×¯á�Þ/à�Ó²×gÚ�ÝgØ(Õ§ÞGß�ðHÓ¼âGÞ¡ðHÙ�Ú·Ü
à�Þ/ß_× ç Ó¼Ú¼Ó·Ûcæ�îwícà�×NáÂá�ÓÖÛ§Ó¼Ý�à¹ö ç Þ/â�×NÙ�ÕãÞÀõ÷×NërÓ¼à�òTò�ßãÝ�Ù�é3õ÷Þ/õ ç Þ/ß§Õãå�Ó¼é&âsåÆ×Nà�òNÞGÕ¶ÓÖàOð�Ý�Ú·ð�ÞGÕ
Þ*üÂéXÞGàÂÕ§ÓÖðNÞ�é�ß§ÝgÛ_ÝHâGÝ�ÚÖÕGög×NàÁ×NáÂðNÞGßãÕ_×Nß�æ»â�×gà»Ú²×NÙÂà�âså»á�Þ/à�Ó²×NÚHÝNØQÕãÞGßãðHÓÖâGÞ�×gÛãÛs×NâsërÕ�×gòO×NÓ¼àÂÕãÛ
ï ×Nõ0éÆ×NßãÛ ç æÀÓÖà�ÕãÛ§Ó¼òO×�Û_Ó¼àÂò�õ0ÞGõ ç ÞGßãÕ§å�ÓÖé»âsåÆ×NàÂò�ÞGÕ/î¸ÆÆÙ�ßãÛ§å�ÞGßãõ÷Ý�ßãÞNö�àÂÞGÓÖÛ§å�ÞGß ï ×gõ÷éÆ×gßãÛ
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à�ÝNß
Ω
Þ/õ÷é�ÚÖÝ[æZÕ8é�ß§ÝO×gâ/Û_Ó·ð�Þ-ßãÞGâGÝ[ðNÞGßãæNöQÕ§ÝÁÛ_å�Þ/Õ§ÞeÕãæHÕ�Û_ÞGõ0Õ¸×Nß§ÞóðHÙ�ÚÖà�ÞGß§× ç ÚÖÞ¶Û_ÝTõ0Ý ç Ó¼ÚÖÞ

×NáZð�ÞGßãÕ_×NßãÓ¼Þ/ÕGî
Ò¶à÷×Né�éÂß§ÝO×Nâså0ß§Þ/Ú²×gÛ§ÞGáTÛ_Ý ï ×Nõ÷é�×NßãÛ�ÓÖÕ�ÞGõ ç ÝHá�Ó¼Þ/á0ÓÖàÁÛ_å�Þ ´AæHù�×gàrÛ§Ó¼à�ÞôÆQ×NÙ�Ú·Û�ÿ�ÝNÚ·Ü

Þ/ß_×Nà�â/ÞwêAÝ�ßãë C ´%ÆRÿ D�á�ÓÖÕ§âGÙÂÕ§Õ§Þ/á»Ó¼à�*r.Z0}în´%ÆRÿøÞ�üHÛ_Þ/à�á�ÕRÛ§å�ÞwÕãÛs×�Û_Þ(õ¯×gâså�Ó¼à�Þw×NéÂé�ß§ÝO×gâså
*-,/�HöKVYû10�Û_Ý¯Û§Ý�Ú¼Þ/ß_×gÛ§ÞÀ×gß ç Ó·Û_ß_×gßãæ
Ø:×NÓÖÚ¼Ù�ßãÞGÕ¸Ó¼à�×Nà�×NÕãæHà�âså�ßãÝ�à�Ý�ÙÂÕ-ÕãæHÕãÛ§ÞGõ&îR_HÛs×gÛ§ÞÀõ÷×�Ü
âså�ÓÖà�ÞGÕ�×gß§Þ-õ0Ý�ß§ÞóéXÝ[ê8Þ/ßãØôÙ�Ú¹Û§åÆ×Nà#Û§å�Þeá�Ó¼ÕãÕ§ÞGõ0Ó¼à�×gÛ_ÓÖÝ�à�´AæHùG×NàOÛ_Ó¼àÂÞE�HÙÂÝ�ß§Ù�õ Ù�Õ§Þ/á ç æ
Ð�ÑeÐ8ÒÀîrÿ�å�Þ�×Ná�áÂÓÖÛ_ÓÖÝ�àÆ×NÚZé%Ý[êAÞGßwÓ¼Õ(à�ÝNÛ(àÂÞGÞGáÂÞGá¯ØôÝ�ß(ÓÖõ÷é�ÚÖÞGõ0ÞGàOÛ_ÓÖà�òeÐ�ÑeÐ8ÒÀúÈÕ

Query×NàÂá
Update

ç ÙÂÛ8ê8Ý�ÙÂÚ¼á ç Þóà�ÞGÞ/á�ÞGá�Ó·Ø�Û_å�ÞóÕãé%Þ/âGÓ·äÆâ�×gÛ§Ó¼Ý�à
ÝgØ
Update

êAÞGßãÞ¡âså�×Nà�ò�Þ/á
Û§Ý÷Ûs×gëNÞ»×0Ú¼Þ/Õ§Õ¶ÕãÞGß�ðZÓÖâGÞ*ÜcâGÞ/àOÛ_ß§ÓÖâÃðHÓ¼Þ�ê ÝNØ�âG×NÙ�Õ§×NÚ¼Ó·Ûcæ
Û_åÆ×Nà�Ð�ÑeÐ8ÒÔà�Ý[ê Ûs×gëNÞGÕ/î[´�ÆRÿ
×NÚÖÕ§ÝøÓ¼Õ0Þ�üHÛ_ßãÞGõ0ÞGÚÖæ Ø:×NÕ�Û ç ÞGâG×NÙ�ÕãÞNö�ê�å�ÞGßãÞ/ðNÞGß
éXÝ�Õ§ÕãÓ ç ÚÖÞNönÓ·Û¯Ù�ÕãÞGÕ�\&Ò¸Ð8Õ C õ0ÞGÕãÕ_×Nò�Þ
×NÙZÛ_å�Þ/àrÛ§Ó¼âG×gÛ_ÓÖÝ�à�âGÝHá�ÞGÕ±D�ÓÖà�ÕãÛ§Þ�×Ná3ÝNØ�é�Ù ç Ú¼ÓÖâ-ëNÞ/æ3âGß�æHéÂÛ_Ý�òNß_×Né�åOæNînÿ�å�Ó¼Õ¸ß§Þ/é�Ú²×gâGÞGõ0ÞGàOÛ
êAÝ�Ù�ÚÖá3×gÚ¼Õ§Ý ç ÝHÝ�ÕãÛ¸Ð�ÑeÐ8ÒÃúûÕ¸é%Þ/ßãØôÝ�ßãõ¯×gà�âGÞgöÆ×NÚÖÛ§å�Ý�Ù�òNå#Þ�üZÞGâ/ÙÂÛ_ÓÖà�ò0Õ§Ý�õ0Þ-é�Ù ç ÚÖÓ¼âóëgÞ/æ
â/ßãæHéÂÛ_ÝNò�ß_×NéÂå�Ó¼â»ÝNé%Þ/ß_×gÛ§Ó¼Ý�à�Õ¶Ó¼ÕóÓÖà�Þ/ðHÓÖÛ_× ç ÚÖÞÀÓ¼àìÐ�ÑeÐ8Ò ØôÝ�ß¶Õ§Ó¼òNà�Ó¼à�ò¯âGÞGß�Û_Ó·äÆâ�×gÛ§ÞGÕ¡×Nà�á
ßãÞGÕ§éXÝ�à�ÕãÞGÕ�Û_ÝTâGÚÖÓ¼Þ/àrÛ§ÕGî

Ò¶Õ�ê�ÓÖÛ§å3Ð�Ñ¡Ð8ÒÃö³´%ÆRÿ Þ/õ÷é�ÚÖÝ[æZÕ�éÂß§ÝO×Nâ�Û_Ó·ð�Þ¡ß§ÞGâ/Ý[ð�ÞGß�æ3*rV�0}î�ñ�ðNÞGà&Û_å�Ý�ÙÂò�å�´�ÆRÿ
ßãÞGé�ÚÖÓ¼â�×gÕAá�ÝÃà�ÝNÛAÕãÛ§Ý�ß§Þ�Õ§åÆ×NßãÞGÕnÝgØ�×ÃÕãÞGßãðHÓÖâGÞóé�ßãÓÖðg×gÛ§Þ�ëgÞ/æ�öHÛ_å�Þ/Õ§ÞóßãÞGé�ÚÖÓ¼âG×NÕAáÂÝÀà�Þ/ÞGá#Û_Ý
ßãÞ/Øôß§Þ/Õ§åTÛ_å�Þ/Ó¼ß�ëgÞ/æTéÆ×gÓ¼ß§Õ�×Nà�á0Õ§åÆ×NßãÞGáTÕ§Þ/âGßãÞ/ÛAëNÞ/æHÕ(Û_ÝeâGÝNõ ç ×gÛ�õ0Ý ç ÓÖÚ¼Þ8×NáÂð�Þ/ß§Õ§×Nß§ÓÖÞGÕ)2
ÕãÞGâGÙÂß§ÞÁâGÝ�Ücé�ßãÝZâ/ÞGÕ§ÕãÝ�ß§Õ¡×NßãÞÁ×NÕãÕ§Ù�õ0ÞGá�ØôÝ�ß�Û_å�ÓÖÕ¶Ûs×NÕãëQî�´%Æ�ÿªÛ_×NëNÞ/Õ-á�ÞGàÂÓ²×NÚ�ÝNØwÕ§ÞGß�ðHÓ¼âGÞ
×gÛãÛs×NâsërÕTÓ¼àOÛ§Ýø×gâGâGÝNÙ�àOÛ#×NàÂá¬Þ/õ÷é�ÚÖÝ[æZÕÁáÂÞ/ØôÞGàÂÕ§ÞGÕ÷Õ§ÓÖõ÷ÓÖÚ²×NßeÛ_Ý+Û_å�Þ�õ0ÞGâsåÆ×gà�Ó¼Õãõ÷ÕÁá�ÓÖÕ�Ü
â/Ù�Õ§ÕãÞGá ØôÝNß�Ð�ÑeÐ8Ò!ÓÖà�_ZÞGâ�Û_ÓÖÝ�à ,>*-,(0}î Ò éXÞGßãØôÝNß§õ÷×Nà�âGÞ�â/Ý�õ0éÆ×Nß§ÓÖÕ§Ý�à¬ê8Ý�ÙÂÚ¼á ç Þ
ÓÖàrÛ§ÞGßãÞGÕãÛ§Ó¼à�ò ç ÙZÛ�àÂÝ0éXÞGß�ØôÝ�ß§õ÷×Nà�â/Þ-õ÷ÞG×NÕ§ÙÂß§ÞGõ0ÞGàOÛ§Õ�×gß§Þ-æ�Þ�Ûó×�ðg×NÓ¼Ú¼× ç ÚÖÞNî

ÿ�å�ÞUc%Òç_Zí�_ C c�Þ/ß§éXÞ/Û§ÙÆ×NÚ¼Ú·æ�Ò�ðg×NÓ¼Ú¼× ç ÚÖÞ»×Nà�á3_ZÞ/âGÙ�ßãÞTícàÂØôÝ�ß§õ÷×gÛ§Ó¼Ý�àH_ræZÕ�Û_Þ/õ÷Õ±Dó×Nß�Ü
âså�Ó·Û_Þ/â/Û_ÙÂß§Þ¢*r��,�0�ÓÖÕnÓ¼àOÛ§ÞGà�á�Þ/á#Û_ÝÁÕãÙ�é�éXÝ�ßãÛ¸×Àðg×NßãÓ¼Þ/Ûcæ÷ÝNØ�×Né�éÂß§ÝO×NâsåÂÞGÕ)2±á�ÞGâ/ÞGàOÛ_ß§×NÚ¼ÓÖùGÞ/á
Õ�Û_Ý�ß§×Nò�Þ
ÕãæHÕ�Û_ÞGõ Û_ÞGâsåÂà�Ý�Ú¼ÝNò�Ó¼Þ/ÕGö(áÆ×gÛ_×+ßãÞGá�ÙÂà�áÆ×Nà�â�æ ×Nà�á Þ/à�âGÝHá�Ó¼àÂò�öw×Nà�á áÂæHàÆ×Nõ0Ó¼â
ÕãÞGÚÖØ²Ü®õ¯×gÓ¼àOÛ_Þ/àÆ×Nà�â/Þ!2±Û§åÆ×gÛ¡åÆ×�ð�Þ ç Þ/ÞGàèÙ�ÕãÞGáèÓ¼à�âGÝ�à�Õ�Û_ßãÙ�â/Û§Ó¼à�ò�ÕãÙ�ßãðHÓ·ðN× ç Ú¼Þ0Ó¼àÂØôÝNß§õ÷×�Ü
Û§Ó¼Ý�à&ÕãÛ§Ý�ß_×NòNÞÃÕ�æZÕ�Û_Þ/õ÷Õ/î¶Ñóà�â/Þ cXÒE_Zí�_3å�×NÕ ç ÞGÞ/à�Ó¼õ0é�ÚÖÞGõ0ÞGàOÛ_Þ/á¹öÆÓÖÛ¸Õ§åÂÝ�Ù�Ú¼á ç Þ¡éXÝ�Õ�Ü
ÕãÓ ç ÚÖÞÃÛ_Ý¯é�ß§Ý�òNß_×Nõ Ð�ÑeÐ8ÒÀúÈÕ

Query
×Nà�á

Update
Ó¼à�×gàræ3àrÙ�õ ç ÞGßóÝgØwê8×�æHÕGîF�åÆ×gÛ

ÓÖÕnà�ÝNÛ�â/Ú¼ÞG×NßnÓ¼ÕAê�å�Þ/Û§å�ÞGß c%Òç_Zí�_¯ê�Ó¼ÚÖÚ%ÕãÙ�é�éXÝ�ßãÛ�Ð�ÑeÐ8ÒÀúÈÕ�Ý�éÂÛ§Ó¼õ0Ó¼ù�×�Û_Ó¼ÝNà�Õ(Ý�ßná�Þ�ØôÞGà�ÕãÞ
×Nò�×NÓ¼à�Õ�Û
á�Þ/à�Ó²×NÚ¶ÝNØ¡Õ§ÞGß�ðHÓ¼âGÞì×gÛãÛs×NâsërÕ/öóÕ§ÓÖà�âGÞ+á�Ý�ÓÖà�òèÕ§ÝèêAÝ�Ù�ÚÖá áÂÞGéXÞGà�á Ý�à�c%ÒE_Hí�_
ÕãÞGÚ¼Þ/â/Û§Ó¼à�ò+×�êAÞ�×Në�õ0ÝHá�ÞGÚAÝNØ¸âGÝ�õ0é�ÙÂÛ_×gÛ_ÓÖÝ�à ×Nà�á Õ§ÙÂé�é%ÝNßãÛ_ÓÖà�ò+×Nâ/âGÞGÕãÕÁÛ_Ý+Ú¼Ý[ênÜcÚÖÞ/ðNÞGÚ
á�Þ�Ûs×NÓÖÚ¼ÕnÝgØ�Û§å�ÞRc%ÒE_Hí�_ ç Ù�ÓÖÚ¼á�ÓÖà�ògÜ ç Ú¼ÝHâsëÁé�ß§ÝgÛ_ÝHâGÝ�ÚÖÕGî

ï ÞGé�ÚÖÓ¼â�×�Û_Ó¼ÝNà+×Nà�á�ÕãÞGâ/ß§Þ/ÛÀÕ§åÆ×gß§Ó¼àÂò�×NßãÞÁÛ_å�Þ ç ×NÕ§ÓÖÕ-ØôÝ�ß¡×&Ø:×NÙ�Ú·ÛãÜ Û_Ý�ÚÖÞGß_×gàrÛ-×Nà�áìÕ§Þ�Ü
â/Ù�ß§Þ#ëgÞ/æèáÂÓ¼ÕãÛ§ß§Ó ç ÙÂÛ_ÓÖÝ�àìâGÞGàOÛ§ÞGß C ¯�-Ð�D¡á�ÞGÕãâGß§Ó ç Þ/á Ó¼à�*WfSaZ0}î+ícà�Û_å�ÓÖÕÀá�Þ/Õ§ÓÖò�à¹ö�Þ�×gâså
â/Ú¼Ó¼Þ/àOÛ!µ�¯�-ÐwÜ®Õ§ÞGß�ð�Þ/ßÀéÆ×NÓÖßÃÕãåÆ×NßãÞGÕÁ×&Õ§ÞGé�×Nß_×gÛ§Þ¯ÕãÞGâGßãÞ/ÛÁëgÞ/æNî�ÿ�å�ÞA¯R�óÐ�×gÚ¼Ú¼Ý[ê�Õ-ÛcêAÝ
â/Ú¼Ó¼Þ/àOÛ_Õ�Û_Ý¯Þ/ÕãÛ_× ç Ú¼ÓÖÕ§å&Û_å�Þ/Ó¼ß¶Ý[ê�à�ÕãåÆ×NßãÞGá�ÕãÞGâGßãÞ/Û-ëgÞ/æNö�×Nà�á�áÂÝZÞ/Õ¶Õ§Ý÷Ù�Õ§ÓÖà�ò#é�ßãÝNÛ_ÝHâGÝNÚ¼Õ
ÓÖà0ê�å�ÓÖâså¯à�ÝÃÕ§ÓÖà�ò�Ú¼ÞX¯�-ÐwÜ®Õ§ÞGß�ð�Þ/ßnÞ/ðNÞGß8ërà�Ý[ê�Õ8Û§åÆ×gÛwÕ§å�×Nß§Þ/á#Õ§Þ/âGß§Þ�ÛnëgÞ/æ�î(ícà0Ø:×Nâ/ÛGöÂ×Nà
×gÛãÛs×Nâsëìõ»Ù�Õ�Û»â/Ý�õ÷éÂß§Ý�õ0Ó¼ÕãÞ¯×�ÕãÓ¼ò�àÂÓÖäÆâG×NàOÛÃØôß§×Nâ/Û§Ó¼Ý�àøÝNØ�Û_å�Þ×¯R�óÐ¶úûÕ»ÕãÞGß�ð�ÞGßãÕ ç Þ�ØôÝ�ß§Þ
×NàOæ
ëgÞ/æHÕ�Û§å�ÞN¯�-Ð Þ/ÕãÛs× ç Ú¼ÓÖÕ§å�Þ/Õ�Û§ÝTÚ¼Ó¼àÂë÷â/Ú¼Ó¼Þ/àOÛ_ÕnêAÝ�Ù�Ú¼á ç Þ¡ßãÞ/ðNÞ�×NÚÖÞGá¹î

fYV



Ò¶ÚÖÕ§Ý+ß§Þ/Ú²×gÛ§ÞGáèÛ_ÝøÐ�ÑeÐ8Ò ×Nß§Þ
ðg×NßãÓ¼Ý�Ù�ÕÁáÂÓ¼ÕãÛ§ß§Ó ç ÙÂÛ_Þ/á ÕãæHÕãÛ§ÞGõ0ÕTÛ§åÆ×gÛ0Ó¼õ0é�ÚÖÞGõ0ÞGàOÛ
áÆ×�Ûs×?ßãÞGéXÝ�Õ§Ó·Û_Ý�ßãÓ¼ÞGÕ�ê�ÓÖÛ§å Ý�éXÞGß§×gÛ_ÓÖÝ�à�Õ�×gàÆ×NÚ¼ÝNò�Ý�Ù�Õ�Û_Ý

Query
×Nà�á

Update
î c�åÆ×�Ü

Ú¼×NàZü *x.�X10nÓÖÕÀéÆ×gßãÛ_ÓÖâGÙ�Ú¼×Nß§Ú·æ+ß§Þ/Ú¼Þ/ðg×NàOÛGö ç Þ/â�×NÙÂÕ§Þ
ÓÖÛÀÓ¼ÕÃÓ¼àOÛ_Þ/à�á�ÞGá�ØôÝNß»×�ÕãÞ/Û§Û§Ó¼à�òg�rÙ�Ó·Û_Þ
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