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BDCFEHGJIKBMLNGPO QSR�TVUXWZY�W�[]\^T`_�acbd_`bdef\gbS\5efU�efhiWZU"_kj'elW�_]mn_�a op[]\^T`WZR�jrq][]\ts�efUuTVolhvTVhvow_wWZ\5_]hvU�q][]\^j
x [ls]TVhvo1TVj�_]ope x []jybS\5efUuUuT`[]h0_�a op[]\^T`WZR�jzU�bde x T|{ x W�[w_1olTV}pefh�_`b�b&a T x _�WZT`[]hi~�QcRSeDop[l_�aHTVUtW�[kU�ela�e x W
_"s�e x []\^\5ela�_�WZTVhvo"WZ\5_]hvU�q][]\nj���R�T x RKbdef\�q][]\^j�U��uefU�W�[]h�_DolTV}pefh x [�aVa�e x WZT`[]h�[`qDs�_�W�_�~'��W x []hvUuTVU�WZU�[`q
x []his]Y x WZTVhvoKef�fbdef\^TVj'efhiW�_�a�WZ\^T`_�a Uy��T`WZR1_�s�_`b&W�eus9��_]}pela�elW�WZ\5_]hvU�q][]\^j�U�_]his�WZRSeJ�uefU�W��u_]UuTVU�_�a op[]\nT`WZR�j��
ef}p_�a Y�_�WZTVhvo)WZRSey�u_]UuTVU x RS[]T x efU�j�_�s�edq][]\9_�WZ\]_]TVhvTVhvo�U�elW�[`q&TVj'_]opefUu��WZRSefhMU�ela�e x WZTVhvoJ_)WZ\]_]hvU�q][]\^j�WZRS_�WZ�
[]h�_]}pef\]_]opef�Js�ela TV}pef\nU�WZRSeP�uefU�W x []j�bS\5efUuUuT`[]hkq][]\kWZRSePs�_�W�_DU�elW�~P� x \nY�s�eg}pef\^UuT`[]h�[`qDWZRSe�j'elWZRS[ls
��_]U�Y*U�eusDW�[Ds�efUuTVolh�WZRSe��D�i�w{ihvopef\�bS\^TVhiW�TVj'_]ope x []j�bS\5efUuUuT`[]hw_�a op[]\^T`WZR�j�~
������ J¡S¢,£H¤ O+¥§¦u¨c©]ª«©`¬�­<®p¬l¯f¦ °;­f±V²³¯f´�µ�²�¶;·«°
¸³®�¹�º�»�¼)®*¥0½;¾�®*¿`²³·«°�¬JÀS©]­Á¬fÂ<À;¦ ­<·Ã­

Ä ²g­f·«°
¸³ª«©y·Ã´M¦³¸ ©yµ]²³´MÅ
¯f©]­f­<·Ã²³°�¦³ªÃ¸³²³¯Æ·Ç¬�È;´Éµ]¦³°KÀc©�©`ÊdÅS©]µ`¬l©]¶)¬�²�Ë�²³¯fÌ�Ë�©�ªÃªc±V² ¯Í¦³ªÃªcµ]ª«¦³­f­f©]­Í² ±�¶
·«¸³·Î¬l¦ ª
·Ã´M¦³¸³©]­fÏÑÐÒÈ;©�­f¦³´MÅ;ªÃ·«°
¸)¯Æ¦5¬l©]­f®v±V¯f©]ÓpÔ
©�°
µÆÕDµ]²³°l¬l©]°l¬�®v¦³°;¶MÅ
·ÇÊd©]ª;ÓpÔ;¦³°�¬l·ÃÖ�¦n¬l·Ã²³°N¦³ªÃª;·«°;×
Ô;©]°;µ]©�¬�È;©�µ]²³´�Â
Å;¯Æ©]­<­f·ÃÀ;·Ãª«·Î¬ØÕÙ² ±�¬lÈ;©g²³¯Æ·«¸ ·«°;¦ ªi¶
¦5¬l¦³Ï�½;Ô;À;­f©]ÓpÔ;©]°l¬�´M¦³µ^È;·Ã°;©g²³¯�ÈpÔ;´N¦³°k¦³°;¦³ªÎÕd­f©]­�²³±�¬�È;©gµ]²³´NÅ;¯f©]­f­f©�¶
¶;¦n¬l¦³®�²³¯N·Î¬l­�Å;¯Æ©�­f©]°l¬�¦5¬l·Ã²³°Ú¦5¬M¨*¦³¯f·Ã²³Ô;­N´M¦³¸³°;·ÃÛ;µ]¦5¬�·«²³°
­<®y¦³ªÃª�·Ã°;×;Ô
©�°
µ�©N¬�È;©�°;¦5¬lÔ
¯f©�¦³°;¶X¨�·«­f·ÃÀ;·«ªÃ·Î¬ØÕ
²³±�¶;·Ã­�¬�²³¯Á¬�·«² °�¦³°
¶�¦³¯Ü¬l·Ã±V¦³µ`¬l­fÏ�ÐÒÈpÔ;­�µ]²³´MÅ
¯f©]­f­<·Ã²³°1­Á¬�¦³°;¶;¦³¯Æ¶;­�ªÃ·«Ì ©y¬lÈ;² ­<©g²³±d¬lÈ;©g¹�º�»�¼�µ�² ´M´M·Î¬f¬l©]©
ÝÃÞ5ß ®�©�­Á¬�¦³À;ªÃ·«­fÈ;©]¶�±V²³¯�¦wà�°;¦5¬lÔ
¯f¦³ªÃáM·Ã´M¦³¸³©]­�·Ã°l¬�©�°
¶;©]¶N¬l²MÀS©â¨d·«©`Ë�©�¶�ÀlÕ"È�Ô;´M¦³°;­f®�¶;²M°;²5¬)­f¦5¬l·Ã­f±|ÕD¬lÈ;©
¯Æ©�Ó�Ô;·«¯Æ©]´M©]°l¬l­�±V²³¯�µ�² ´MÅ;¯f©]­f­f·«°
¸�Û;°;¸³©]¯fÅ
¯f·Ã°l¬�·«´N¦³¸³©]­F·Ã°l¬�©�°
¶;©]¶�¬�²"ÀS©P­fµ�¦ °;°;©]¶�ÀlÕ%´M¦³µ^È;·Ã°;©]­fÏäã�°
¬�È;¦5¬JÅ
¦³¯Á¬�·«µ]Ô;ªÃ¦³¯�©`Êd¦ ´MÅ;ªÃ©�®d·Ç¬ÒË9¦³­Ò°;©]µ�©]­f­f¦³¯ÁÕK¬�²M¶
©Æ¨v©�ªÃ²³Å�¦N°;©`ËÉ¦³ªÃ¸³²³¯Æ·Ç¬�È;´ �D�i� ÝÎå³ß Ï

æ ²5¬lÈ�¹�º�»�¼É¦³°;¶N¥0½;¾É¦³¯Æ©)©`Êd¦³´MÅ
ª«©]­�²³±ÒWZ\5_]hvU�q][]\^j x [ls]TVhvo'·«´M¦ ¸³©�µ�² ´MÅ;¯f©]­f­f·«² °�¦³ªÃ¸³²³¯Æ·Ç¬�È;´M­fÏ
ÐÒÈ;¦5¬tµ]ª«¦³­f­'Å;¯Æ²u¨d·Ã¶;©]­�¦�¯f·ÃµnÈ�­<©]ªÃ©]µÆ¬�·«² °�±V¯f²³´çË)È;·«µ^È�µ]Ô;­Á¬l²³´ µ]²³´NÅ;¯f©]­f­f·«²³°�¦³ªÃ¸³²³¯Æ·Ç¬�È;´M­P´M¦uÕ�ÀS©
µ^È;²³­f©]°;Ï0Ð�È;·Ã­KÅ;¦³ÅS©]¯�Å;¯f©]­f©]°l¬l­�¦è´N©Æ¬�¦5Â<¦³ªÃ¸³²³¯Æ·Ç¬�È;´é±V²³¯�¯f¦n¬l·Ã²³°;¦³ªÃªÇÕ�¦³°;¶%¦ Ô3¬l²³´N¦5¬l·Ãµ]¦³ª«ªÎÕêµ^È;²�²³­f·«°;¸
²³°
©�²³±Í¬lÈ
©�´ë¬l²t­<Ô
·Ç¬1¦tÅ;¦³¯Á¬�·«µ]Ô;ªÃ¦³¯M¦³Å;Å;ªÃ·Ãµ�¦n¬l·Ã²³°;Ï�ãì¬1±V²�µ�Ô
­<©]­M²³°X¬lÈ;©N¬�¯f¦³°
­<±V² ¯f´éÅS²³¯Ü¬l·Ã²³°§²³±�¬lÈ;©
µ]²³´MÅ
¯f©]­f­<·Ã²³°§¦³ªÃ¸³²³¯Æ·Ç¬�È;´Mík¬lÈ
©��uefU�Wg�u_]UuTVU'j'elWZRS[ls§·«­KÔ;­f©]¶Ù¬�²Ù²³Å3¬l·Ã´M·ÃÖ]©1·Î¬K¬�²èÅ;¯Æ²u¨d·Ã¶;©M¬lÈ;©kÀS©]­Á¬
¦u¨v©�¯Æ¦³¸³©yµ]²³´MÅ
¯f©]­f­<·Ã²³°K²³±�¦�¯f©]Å;¯Æ©]­<©]°l¬�¦5¬l·Î¨c©y­<©`¬�²³±�·Ã´M¦³¸ ©�­f®S­fÔ;À
¿`©]µ`¬Ñ¬�²g­<Åc©�©]¶Dµ]²³°;­Á¬l¯Æ¦³·«°�¬l­fÏÒîêµ]¯fÔ;¶;©
¨c©]¯Æ­<·Ã²³°F²³±�¬lÈ
©�´M©`¬lÈ
²p¶�Ë9¦³­�Ô;­f©]¶�¬l²9¶;©]­<·Ã¸³°�¬lÈ
©ï¥0½;¾êÛ;°;¸³©]¯fÅ
¯f·Ã°l¬�·«´N¦³¸³©Òµ]²³´MÅ;¯Æ©]­<­f·Ã²³°F¦³ªÃ¸³²³¯Æ·Ç¬�È;´MÏ
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Transform Quantize StorageCode

� ·Ã¸³Ô;¯Æ© Þ íÒ¼)©]°;©]¯f·Ãµâ¬l¯f¦ °;­f±V²³¯f´�µ�²�¶;·«°
¸M·«´N¦³¸³©�µ]²³´NÅ;¯f©]­f­f·«²³°'¶;©`¨d·Ãµ]©]Ï

ãì¬k¦³°;¶ä²5¬lÈ;©]¯M´N©Æ¬�È;²p¶;­�±V² ¯Mµ^È;²³­f·«°
¸t¦tµ�² ´MÅ;¯f©]­f­f·«² °ä¦³ª«¸ ²³¯f·Î¬lÈ;´z¯f©]ªÎÕê²³°äÈ�Ô;´M¦³°"¿`Ô;¶;¸³´M©]°l¬�¦³°;¶
­fÔ;À*¿`©]µÆ¬�·Ç¨v©J©`ÊdÅS©]¯Æ·«´M©]°l¬�¦³ª�¯f©]­fÔ;ªÎ¬l­fÏ�Ð&Ë9²M²³±S¬�È;©J´M¦³°lÕ"¦³¯Ü¬l·Ãµ�ªÃ©]­yµ]²³´NÅ;¦³¯f·Ã°;¸9¨*¦³¯f·Ã²³Ô;­�Ë9¦u¨v©�ªÃ©`¬fÂ<À;¦ ­<©]¶
µ]²³´MÅ
¯f©]­f­<·Ã²³°'´M©`¬lÈ
²p¶;­�¦³¯f©9¯f©]±V©]¯f©]°;µ]©]­ Ý � ß ¦³°
¶ Ý !³ß Ï

ÐÒÈ;©�¸³©]°;©]¯f·Ãµ�¬l¯Æ¦³°;­f±V²³¯f´�µ]²p¶;·Ã°;¸Xµ]²³´MÅ;¯Æ©�­f­f·Ã²³°�­<µ^È;©]´M©'·Ã­N¶;©]Å;·«µ`¬�©�¶Ú·Ã° � ·Ã¸³Ô;¯Æ© Þ Ï�ãì¬�µ]²³°;­f·«­Á¬�­M² ±
¬�È;¯f©]©�Å;·Ã©�µ]©]­fí

" Q \5_]hvU�q][]\^j$# î�Å;Å
ªÇÕ'¦9±VÔ;°;µ`¬l·Ã²³°;®3ËJÈ
·«µ^ÈN·«­�·Ã°l¨c©]¯Ü¬l·ÃÀ;ª«©Ò² ¯�a�[]UuU�a�efUuU�·«°F©ÆÊ�¦³µ`¬�¦³¯f·Î¬lÈ
´M©`¬l·Ãµ�®3ËJÈ
·«µ^È
­fÈ;² Ô;ª«¶ä¶
©�µ]²³¯Æ¯f©]ªÃ¦5¬l©g¬lÈ;©�Å
·ÇÊd©]ªÃ­�·Ã°�¬lÈ;©�·Ã´M¦³¸ ©�Ï�ãì¬k¶;²p©]­9¬�È;·«­NÀlÕ�¶
©�µ]²³´NÅS²³­f·«°
¸'¬�È;©�·Ã´M¦³¸³©
·Ã°l¬�²K¦K­fÔ;Åc©�¯ÆÅS²³­f·Î¬l·Ã²³°1²³±&·Ã°;¶;©]ÅS©]°;¶;©]°l¬�Å;¦5¬f¬�©]¯f°;­&%i·Ç¬�Å;¯Æ²p¶;Ô;µ]©]­�¦�­f©�Ó�Ô;©]°;µ]©J²³±&×;²³¦5¬�·«°;¸nÂ<ÅS²³·Ã°l¬
¦ ´MÅ;ªÃ·Ç¬�Ô;¶;©]­ïËJÈ;·Ãµ^È�¦³¯f©â¬�È;©�·«°l¬�©]°;­f·Ç¬�·«©]­�²³±v¬lÈ;©�°;©`ËÉµ]²³´NÅS²³°;©]°l¬�­<Ï

" �ÍY�_]hiWZT('�e)# *�©�Å
ª«¦³µ]©F¬�È;©N¬l¯Æ¦³°;­f±V²³¯Æ´z¦³´MÅ;ªÃ·Î¬lÔ;¶;©]­�Ë)·Ç¬�È,+Á­f´M¦ ª«ª.-N·«°l¬�©]¸³©]¯M¦ Å;Å;¯f²<Êd·«´N¦5¬l·Ã²³°;­fÏ
ÐÒÈ;·Ã­F·Ã­�¬�È;©"a�[]UuU0/Ú² ¯�°
²³°w·«°�¨c©]¯Á¬l·ÃÀ;ªÃ©PÅ
¦³¯Á¬P²³±&¬lÈ;©D¦ ª«¸³² ¯f·Î¬lÈ;´M®HËJÈ
©�¯Æ©D¦³ªÃªi¬�È;©P¶
·«­Á¬l² ¯Á¬l·Ã²³°è·«­
·Ã°l¬�¯f²p¶;Ô
µ�©]¶;Ï

",1 [ls�e)# *�©`ËJ¯f·Î¬l©N¬�È;©k·Ã°l¬�©�¸ ©�¯M­Á¬l¯Æ©�¦ ´é²³±9Ó�Ô;¦³°l¬�·«Ö]©]¶X¬�¯f¦³°;­f±V²³¯Æ´ µ]²p©�2Mµ]·Ã©�°�¬l­M·«°l¬�²Ù¦è´N²³¯f©
©�2Mµ]·Ã©]°l¬�¦³ªÃÅ;È;¦³Àc©Æ¬�®�­f²g¦³­ó¬�²J¦³Å;Å;¯Æ²³¦³µ^È)¬�È;©y·«°
±V²³¯f´M¦n¬l·Ã²³°3Â�¬lÈ
©�² ¯f©`¬l·Ãµ�´M·Ã°;·Ã´�Ô;´ À
·Ç¬�¯Æ¦5¬l©]ÏâÐÒÈ;·«­
² ÅS©]¯f¦5¬�·«²³°'·«­�¦³Ìp·Ã°F¬�²M¦�¬l¦³À;ªÃ©�ª«²�²³ÌpÔ;Å;®�¦³°;¶�·Ã­�·Ã°l¨c©]¯Ü¬l·ÃÀ;ª«©]Ï

ÐÒÈ;©]­<©â¬�È;¯f©]©�­Á¬l©]Å;­�¦ ¯f©�¶;©]Å;·ÃµÆ¬�©]¶�·«° � ·«¸ Ô;¯f© Þ Ï
ÐH²P¯f©]µ]²u¨c©]¯�¦³°"·Ã´M¦³¸ ©F±V¯Æ²³´�¬�È;©Fµ]²p¶;©]¶;®�­Á¬l²³¯Æ©]¶"¶;¦5¬�¦³®�¬lÈ;©F­�¬�©]Å;­9·«° � ·Ã¸³Ô;¯Æ© Þ ¦³¯Æ©F·«°�¨c©]¯Á¬l©]¶�¦³­

­fÈ;²uË)°§·«° � ·Ã¸³Ô;¯Æ© å Ï0Ð�È;©�Û;¯f­Á¬1¦³°;¶t¬�È;·«¯Æ¶%À;ªÃ²pµ^Ìp­K² ±Í¬lÈ;©kµ]²³´MÅ
¯f©]­f­<·Ã²³°ä¦³ª«¸ ²³¯f·Î¬lÈ;´é¦³¯f©�©`Êd¦ µÆ¬�ªÇÕ
·Ã°l¨c©]¯Á¬�·«À
ª«©P·«°Ú©`Êd¦³µ`¬�¦ ¯f·Î¬lÈ;´M©`¬�·«µ]®�À;Ô3¬N¬lÈ
©43�h65fY�_]hiWZT('�e�À
ª«²pµ^Ìè¶
²p©]­N°;²5¬�·«°�¸³©]°;©]¯f¦³ªÑÅ;¯Æ²p¶;Ô;µ]©�¬lÈ;©
­f¦³´M©�¦³´MÅ
ª«·Î¬lÔ;¶
©�­�¬lÈ;¦n¬�Ë�©�¯Æ©�¸³·Î¨c©]°X¬�²�¬lÈ
©è�ÑY�_]hiWZT('�ekÀ;ª«²�µnÌw¶;Ô;¯Æ·«°;¸Ùµ]²³´MÅ
¯f©]­f­<·Ã²³°;Ï Ð�È
©�©�¯Æ¯f²³¯Æ­
¬�ÈpÔ;­â·«°l¬�¯f²p¶
Ô;µ]©�¶Pµ]¦³°DÀS©�µ]²³°�¬l¯f² ª«ªÃ©]¶PÀS²n¬lÈPÀlÕM¬lÈ;©�Û;°;©]°;©]­f­Ò²³±
¬lÈ;©�ÓpÔ;¦³°l¬�·«Ö]¦5¬�·«² °7+ ËJÈ;·Ãµ^ÈPªÃ·«´N·Ç¬�­H¬lÈ;©
´M¦nÊd·«´gÔ;´ë­<·ÃÖ]©N²³±�¬lÈ
©M©]¯Æ¯f²³¯8-9¦³°;¶XÀlÕw±V¦u¨c²³¯Æ·Ç¬�·«­f´9+ ËJÈ;·Ãµ^ÈP¬l¯Æ·«©]­Ñ¬l²�¯Æ©�¶
Ô;µ]©�¬lÈ
©M©]¯Æ¯f²³¯Æ­�±V²³¯9µ]©]¯Á¬�¦³·«°
¦³´NÅ;ª«·Î¬lÔ
¶;©]­�¦5¬Ò¬lÈ
©)©`ÊdÅc©�°
­<©�²³±i¸³¯Æ©�¦n¬l©]¯Ò©]¯f¯f² ¯f­�±V² ¯Ò²5¬lÈ;©]¯Æ­:-ÆÏ

ÐÒÈ;© x []j�bS\5efUuUuT`[]h"\5_�WZT`[gÅ
¯f²p¶;Ô
µ�©]¶1ÀlÕÙ­fÔ;µ^È1¦³°k¦³ª«¸ ²³¯f·Î¬lÈ;´ ·Ã­�µ�² ´MÅ;Ô3¬�©�¶kÀlÕt¶;·Ç¨�·«¶;·Ã°;¸g¬�È;©g­<·ÃÖ]©
²³±�¬�È;©'·«°
Å;Ô3¬kÛ;ªÃ©�ÀlÕè¬lÈ
©�­f·ÃÖ]©�² ±�¬lÈ;©'²³Ô3¬�Å;Ô3¬�Û;ªÃ©]Ï�ãì¬N¬lÈpÔ;­�¬l¦³Ì³©]­F·«°l¬�²X¦³µ]µ]²³Ô;°l¬�¦ ª«ªÒ²³±�¬�È;©'­f·«¶;©
·Ã°;±V²³¯Æ´M¦5¬l·Ã²³°9­�¬�²³¯f©]¶âËJ·Î¬lÈâ¬lÈ;©�²³Ô3¬�Å;Ô3¬�Û;ª«©d¬lÈ;¦n¬�·«­ó°;©]©]¶;©]¶)±V²³¯�¯f©]µ]²³°;­Á¬l¯ÆÔ;µ`¬l·Ã²³°;Ï;*�²³Ô;¸ È;ªÇÕF­<Åc©�¦ Ìp·«°
¸³®�·«±
¬�È;©Ñµ]²p¶;·Ã°;¸�­Á¬l©]Åg·«­HÅS©]¯f±V©]µ`¬lªÎÕ�©�2Nµ�·Ã©]°l¬l®,¬�È;©Ñµ]²³´NÅ;¯f©]­f­f·«²³°J¯f¦5¬�·«²y·«­H´M¦5Êd·Ã´M·ÃÖ]©�¶J±V²³¯i¦�¸³·Î¨c©]°g¶;·Ã­Á¬l²³¯Ü¬l·Ã²³°
Ë)È;©]°g¬�È;©Í¬l¯Æ¦³°;­f±V²³¯Æ´ ¦³°;¶DÓpÔ;¦ °l¬l·ÃÖ]©�­Á¬�©�Å
­âÅ
¯f²p¶;Ô
µ�©�¦�­f©�Ó�Ô;©]°;µ]©ÍË)·Ç¬�ÈP´N·«°;·Ã´M¦³ªS©]°l¬l¯Æ²³ÅlÕ�Ï=<y²uË9©`¨c©]¯f®
­f·Ã°;µ]©K´M·Ã°;·Ã´M¦³ª�©]°l¬�¯f²³ÅlÕä·Ã­gÈ;¦ ¯f¶�¬l²kµ^È;¦³¯Æ¦³µ`¬l©]¯f·ÃÖ]©�¦³°
¶èÈ
¦³¯f¶;©]¯J¦³µ^È;·«©`¨c©]®Í·Î¬D·«­gÀS©`¬Æ¬l©]¯�¬l²�¦³·«´ ¦5¬D¦



Storage UntransformUnquantizeDecode Restored
image

� ·Ã¸³Ô;¯Æ© å í�ã�°l¨v©�¯Æ­f©�²³±v¬lÈ;©�¸³©]°;©]¯Æ·«µÑ¬l¯f¦ °;­f±V²³¯f´-µ]²p¶;©]¯fí&¬�È;©�¶;©]µ]²p¶;©]¯fÏ

À;¯Æ²³¦³¶;©]¯Ò¬�¦³¯f¸ ©Æ¬�í�¦�­f©]ÓpÔ;©]°;µ]©�Ë)·Ç¬�ÈÙ¦³ªÃ´M²³­Á¬�¦³ªÃª�²³±ó¬lÈ;©9¨*¦³ªÃÔ;©]­JÀS©]·Ã°;¸kÖ]©]¯f² Ï1½
Ô;µ^Èt¦�­<©]ÓpÔ
©�°
µ�©9ËJ·ÃªÃª
È;¦<¨c©K¦1ª«²<ËJ®â·Ã±�°;²n¬P´M·Ã°;·Ã´M¦³ªÃ®Ò©]°l¬�¯f²³ÅlÕ�®Ñ­f·«°
µ�©K·Ç¬�­y¨*¦³ª«Ô
©D¶;·Ã­�¬�¯f·ÃÀ;Ô3¬�·«²³°kË)·Ç¬�ÈwÀc©DÈ;·Ã¸³È;ªÎÕ%ÅS©]¦³Ì ©�¶è¦5¬
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¦³ªÃ¸³²³¯Æ·Ç¬�È;´MÏâã�±
¬�È;©]­f©�µ]²³°
­�¬�¯f¦³·Ã°l¬�­iË9©]¯Æ©�¯f©]´M²<¨c©]¶K¦³°;¶)¬lÈ;©�­f©]¦³¯fµ^ÈKÅS©]¯f±V²³¯Æ´M©]¶K²u¨c©]¯Í¦ ª«ªS²³¯Á¬�È;²³°;² ¯f´M¦³ª



� ·Ã¸³Ô;¯f© I íAD9·Î¨d·Ã­<·Ã²³°�²³±d¦³°M·Ã´M¦³¸³©�·Ã°l¬�²J²³¯Ü¬lÈ;² ¸³²³°;¦³ª3Ë9¦<¨c©]ª«©`¬y­fÔ;À
À;¦³°;¶;­ó¬�²JªÃ©`¨c©]ªaS³®c²³¯�·Ã°l¬l²Ò¬lÈ
©�¥0½;¾
­fÔ;À;À
¦³°;¶;­fÏ � ¯f©]ÓpÔ;©]°;µ]·Ã©�­Ò·«°
µ�¯Æ©]¦³­f©�¶;²uË)°�¦³°;¶F¬l²�¬�È;©�¯f·Ã¸³Èl¬lÏ

� ·Ã¸³Ô;¯f©BS³í�½;Å;ªÃ·Ç¬Æ¬l·Ã°;¸�­fµnÈ
©�´N©�­�Å;¯Æ²p¶;Ô;µ]©]­�ÓpÔ
¦³¶3¬l¯Æ©]©�­&%�µ]Ô;­Á¬l² ´ À;¦³­f©]­�¦³¯Æ©)¶
©Æ¬�©]¯f´M·Ã°;©]¶�ÀlÕD¬lÈ;©�ª«©]¦u¨c©]­
²³±i¦M­fÔ;À3¬�¯f©]©�­fÔ;µ^È�¦³­ï¬lÈ;©�²³°
©�­fÈ;²uË)°�È;©]¯f©]®�­<È
¦³¶;©]¶�±V²³¯Ò©]´MÅ;È
¦³­f·«­fÏ
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� ·Ã¸³Ô;¯f© E í)î�¿`²³·«°�¬FÀS©]­Á¬NÀ;¦³­f·Ã­�±V¯f² ´r¦Pµ]ªÃ¦³­f­�²³±�­<Å
ª«·Î¬f¬�·«°;¸P¦ ª«¸³² ¯f·Î¬lÈ;´M­�·Ã­�¶;©`¬l©]¯Æ´M·«°
©�¶�À�Õè¦D­f¦³´MÅ;ªÃ©
­f©`¬J²³± ^ ·«´N¦³¸³©]­fÏ

¬�¯f¦³°;­f±V²³¯Æ´M­f®�¬lÈ;©]°Ò¬�È;©�¿`²³·Ã°l¬�ÀS©]­Á¬ÍÀ;¦³­f·Ã­vË)·«ªÃª³ÀS©�¬lÈ;©cbM_]\^R�Y*hiefh6d�eH[Afef}pe�+FgBh
-�²³¯
bS\^TVh x T|bd_�a³[]\ WZRS[fop[]hi_�a
À;¦ ­<·Ã­ Ý S ß ®HË)È;·ÃµnÈÙ·«­�Ì�°;²uËJ°�¬l²kÀS©J¬�È;©K´M·«°
·«´M·ÃÖ]©]¯J²³±&¬�È;©K°pÔ;´�Àc©�¯J²³±â°;²³°;°;©]¸³ªÃ·Ã¸³·«À
ª«©D¦ ´MÅ;ªÃ·Ç¬�Ô;¶;©]­fÏ
¥0·Î¬lÈ�¬�È;©gµ]²³°;­Á¬l¯Æ¦³·«°�¬l­f®vËJÈ
²³­f©gÅ;Ô;¯ÆÅS²³­f©g·«­�¬l²K­fÅS©]©]¶�¬lÈ;·Ã°;¸³­yÔ;Å;®c¬lÈ;©JµnÈ
²³­f©�°N¬l¯Æ¦³°;­f±V²³¯f´ ·«­�¿`Ô;­Á¬�¦³°
¦³Å
Å;¯f²uÊ�·«´M¦n¬l·Ã²³°�¬l²igBhiÏ

ÐÒÈ;©]¯f©"·Ã­'¦�j'elW�_]mn_�a op[]\^T`WZR�j ±V²³¯D¯f©]ªÃ¦5Êd·Ã°;¸1¬�È;©"µ]²³°;­Á¬�¯f¦³·Ã°l¬l­P¦�À;·Î¬PËJÈ
·«ªÃ©"Å;¯f©]­f©]¯Á¨d·Ã°;¸1¬�È;©"­fÅS©]©]¶;Ï
Ä ¦³´M©]ªÇÕ�®�¦Fµ�Ô
­�¬�²³´�¬l¯Æ¦³°;­f±V²³¯Æ´�µ]¦³°PÀS©9µ^È;²³­f©]°PÀlÕ1µ^È;©]µ^Ìp·«°
¸F´M¦ °lÕ1µ]ª«¦³­f­f©]­â²³±ó­fÅ;ªÃ·Ç¬Æ¬l·Ã°;¸N¦³ªÃ¸³²³¯Æ·Ç¬�È;´M­
·Ã°�² ¯f¶;©]¯&¬l²N±VÔ;¯Ü¬lÈ;©]¯Ò·Ã°;µ]¯f©]¦³­f©â¬�È;©�©`ÊdÅS©]µ`¬l©]¶'°pÔ;´�ÀS©]¯Ò²³±H°
©�¸ ª«·Ã¸³·ÃÀ;ª«©�µ]²p©�2Mµ]·Ã©�°�¬l­fÏÒÐÒÈ;·Ã­�­fµ^È;©]´M©ÑË�¦³­
Û;¯Æ­Á¬�Å;¯f² ÅS²³­f©]¶PÀlÕ?j�¨c©]­=k�©`Õc©]¯Æ®�¦³°;¶P·Ã­Ò¶;©]Å;·Ãµ`¬l©]¶'·Ã° � ·«¸ Ô;¯f© ! ÏÒîï¬Ñ¬�È;©9©]°;¶P²³±ó©]¦³µ^ÈDÅ
¦5¬lÈP·«­â¦Fµ]²³­Á¬
Û;¸ Ô;¯f©]®
¬lÈ
©)©`ÊdÅc©�µ`¬�©�¶'°pÔ;´�ÀS©]¯Ò²³±H°;²³°;°
©�¸ ª«·Ã¸³·ÃÀ;ª«©�µ]²p©�2Mµ]·Ã©�°�¬l­�±V² ¯&¬lÈ;©Ò¬�¯f¦³·Ã°;·Ã°;¸M­f©`¬J²³±i·Ã´M¦³¸³©]­fÏÒÐ�È;©
Å;¦n¬lÈ�¬lÈ;¦n¬Dª«©]¦³¶;­�¬�²M¬lÈ;©�ªÃ²uË9©]­Á¬Kµ]²³­Á¬K¶;©`¬l©]¯f´M·Ã°;©]­�ËJÈ
·«µ^ÈÙ¦³ªÃ¸³²³¯f·Î¬lÈ
´ ­fÈ;²³Ô;ªÃ¶èÀS©�Ô;­f©]¶�¬�²kÛ;°
¶�¬lÈ;©
µ]Ô;­Á¬l² ´ ¬�¯f¦³°
­<±V² ¯f´-±V²³¯Òµ]²³´MÅ;¯Æ©]­<­f·Ã°;¸�¬lÈ;©�·Ã´M¦³¸³©]­Ò¯Æ©�Å
¯f©]­f©�°�¬l©]¶'ÀlÕD¬lÈ
©Ò¬�¯f¦³·Ã°;·Ã°;¸M­f©`¬lÏ

»�Êd¦³´MÅ;ªÃ©]­g²³±�¶;·.lS©�¯Æ©]°l¬Pµ]ªÃ¦³­f­<©]­g¦³¯Æ©J¬lÈ;©K¶;·mlS©]¯f©]°l¬P­fÔ;À;À;¦ °;¶w­fÅ;ª«·Î¬f¬�·«°
¸�­<µ^È;©]´M©]­g¦³­f­f²pµ]·«¦n¬l©]¶�¬l²
¶;·.lS©�¯Æ©]°l¬9µ�² °3¿`Ô;¸³¦5¬�©�ÓpÔ;¦³¶;¯Æ¦5¬lÔ
¯f©�Û;ªÎ¬l©]¯f­B+ Ý E ß ®�G�È
¦³Å3¬l©]¯�S�¦³°
¶Pî�Å;ÅS©]°;¶
·ÇÊnGo-f®�²³¯i¬�È;©�¦³¶;¦³Å3¬�©]¶PªÃ²pµ]¦³ª
¬�¯f·Ã¸³²³°;²³´N©Æ¬�¯f·Ãµ9À;¦³­f©]­�¶;©`¬l©]¯f´M·Ã°;©]¶�ÀlÕ�¶;·mlS©]¯f©]°l¬ÒË)·«°;¶
²uËJ­R+ Ý E³ß ®pGÒÈ;¦³Å3¬�©]¯f­ � ¦³°;¶ I -fÏ

¼)·Î¨c©]°Ú¦D¬l¯Æ¦³·Ã°;·«°
¸X­f©Æ¬�² ±y·Ã´M¦³¸³©]­f®�¦D¬l¯f¦ °;­f±V²³¯f´ µ�²�¶;·«°
¸X·«´N¦³¸³©Pµ]²³´MÅ;¯Æ©]­<­f·Ã²³°�¦³ªÃ¸³²³¯f·Î¬lÈ
´�´M¦uÕ+ÀS©
¯Æ¦5¬l·Ã²³°;¦³ªÃªÎÕ'µ^È;² ­<©]°N±V¯f² ´�¦�µ]ªÃ¦³­f­�²³±S±V¦³­Á¬�­fÅ;ªÃ·Î¬f¬l·Ã°;¸)¦³ªÃ¸³²³¯f·Î¬lÈ
´M­fÏÑÐ�È
©�µ^È;² ·«µ]©Òµ]¯f·Î¬l©]¯f·Ã²³°N·Ã­�¦�µ]²³­Á¬�±VÔ;°;µ`Â
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� ·Ã¸³Ô;¯f© ! í�î ´M©`¬l¦5Â<¦³ªÃ¸³²³¯Æ·Ç¬�È;´ ±V²³¯�¶;©]µ]·«¶;·Ã°;¸)ËJÈ
·«µ^È1­fÅ;ªÃ·Ç¬Æ¬l·Ã°;¸K¦³ªÃ¸³²³¯f·Î¬lÈ
´�¬l²KÔ;­f©�ËJ·Î¬lÈk¦KÅ;¦³¯Á¬�·«µ]Ô;ªÃ¦³¯
µ]ªÃ¦³­f­�² ±H·Ã´M¦³¸³©]­fÏ

¬�·«²³°�¬lÈ;¦n¬l®�Ë)È;©]°DªÃ²uË)®�Õd·Ã©�ªÃ¶;­ÍÈ;·Ã¸³ÈKµ]²³´MÅ;¯Æ©]­<­f·Ã²³°M¯f¦5¬�·«²³­�±V²³¯�¬�¯f¦³°
­<±V² ¯f´�µ�²�¶;·«°
¸�·Ã´M¦³¸ ©�µ]²³´MÅ;¯Æ©�­f­f·Ã²³°;Ï
ÐÒÈ;©�´M©`¬lÈ;²p¶JË9² ¯fÌp­Í±V²³¯óË9¦u¨v©�ªÃ©`¬�Å
¦³µ^Ì³©`¬�¦³°
¶PªÃ²pµ]¦³ª�¬�¯f·Ã¸³²³°;²³´N©Æ¬�¯f·Ãµ�¬�¯f¦³°;­f±V²³¯Æ´M­Í¦³°;¶J¬lÈ�Ô;­ÑÅ;¯f²p¶
Ô;µ]©�­
Ë�©�ªÃªÎÂ<µ�² °;¶;·Î¬l·Ã²³°;©]¶"µ]²³´MÅ
¯f©]­f­<·Ã²³°�¦³°
¶X¶
©�µ]²³´NÅ;¯f©]­f­f·«²³°�´N©Æ¬�È;²p¶;­9² ±�µ]²³´NÅ;ª«©`Êd·Î¬ØÕq>?+�@Xª«² ¸A@B-�±V²³¯Z@âÂ
Å;·ÎÊd©]ª�·Ã´M¦³¸³©]­fÏâ½;©]¦³¯ÆµnÈ
·«°;¸g±V²³¯ó¬�È;©�ÀS©]­Á¬�µ^È;² ·«µ]©�·Î¬l­f©]ªÃ±�µ]²³­Á¬l­�>_+ ^ @ÙªÃ²³¸A@Z-f®�ËJÈ
©�¯Æ© ^ ·Ã­i¬lÈ;©�°pÔ
´�ÀS©]¯
²³±v¬l¯Æ¦³·Ã°;·«°
¸�·Ã´M¦³¸³©]­fÏ

ÝÃÞ5ß ã�½ `Br ã�»;Gä¹�ÐHG Þ D�¯f¦ ±|¬�ã�°l¬�©]¯f°;¦5¬�·«² °;¦³ª
½3¬l¦ °;¶;¦³¯Æ¶ Þ�sMtcÞuL Â Þ ÏpD9·Ã¸³·Î¬l¦³ª
µ]²³´MÅ;¯Æ©]­<­f·Ã²³°N¦ °;¶Nµ�²�¶;·«°
¸)² ±
µ]²³°l¬l·Ã°pÔ;² Ô;­ÁÂ�¬l²³°;©�­�¬�·«ªÃªc·«´N¦³¸³©]­f®cÅ;¦³¯Ü¬ Þ í�*�©�Ó�Ô;·«¯Æ©]´M©]°l¬l­�¦ °;¶K¸³Ô
·«¶;©]ªÃ·«°
©�­fÏïã�½ `vr ã�»;GwGHD Þus�tcÞuL Â Þ
+Á¦³ªÎ¬l©]¯Æ°;¦5¬l©9°�Ô;´�ÀS©]¯�½�G å Ä å³åcÞ SM-Æ® Ä ²<¨c©]´�ÀS©]¯ Þ�tMtcÞ Ï

ÝÎå³ß ã�î � ã�½3Â<ãxG&Â scÞ³Þus ¨ å ÏÑ¥0½;¾ ¸ ¯f¦uÕpÂ<­fµ]¦³ªÃ©JÛ
°;¸³©]¯fÅ;¯Æ·«°�¬�·Ã´M¦³¸³©)µ]²³´MÅ;¯Æ©]­<­f·Ã²³°k­fÅS©]µ]·ÃÛ;µ]¦5¬l·Ã²³°;Ï�y�©�¯Æ­f·«²³°
å ®zT�½$D�©]Å;¦³¯Á¬�´M©]°l¬)²³±i¹�Ô;­Á¬l·Ãµ]©�® � ©]¶;©]¯Æ¦³ª æ Ô;¯f©]¦³Ô�² ±Hã�°l¨v©�­Á¬�·«¸³¦n¬l·Ã²³°;® ÞuE � ©�À
¯fÔ;¦³¯ÜÕ ÞutMt�� Ï

Ý �³ß ¹�·«¦ °{hóÔ;®|y�Ï�*�¦³ªÃÅ;ÈPîyª«¸ ¦³Ö]·«®S¦³°;¶{*y² ÀS©]¯Á¬ æ Ï�»�­Á¬�©�­f®S¹�¯fÏ;GÒ²³´MÅ;¦ ¯f¦5¬�·Ç¨c©y­Á¬�Ô;¶3Õk²³±
Ë�¦u¨c©]ªÃ©Æ¬�·Ã´M¦³¸³©
µ]²p¶;©]¯f­fÏv}ób&WZT x _�a�~�hvolTVhieuef\^TVhvol® � Sa+ t -Æí åME�s Su� åMEvÞut ®S½;©]Å3¬l©]´�ÀS©]¯ ÞutMtME Ï

Ý I³ß ¼)¯f©]¸³² ¯ÁÕ�g�Ï
¥§¦³ªÃª«¦³µ]©]ÏÒÐ�È
©)¹�º�»�¼�­Á¬l·Ãª«ª�Å
·«µ`¬lÔ
¯f©�µ]²³´MÅ;¯Æ©�­f­f·Ã²³°'­�¬�¦³°;¶;¦ ¯f¶;Ï 1 []j�jFY*hvT x _�WZT`[]hvUF[`q
WZRSe�� 1	� ® �MI í �Ms � IMI ®dî�Å
¯f·Ãª ÞutMtcÞ Ï

Ý S ß k�ªÃ¦³¶;©]°oyF·ÃµÆ¬�²³¯v¥0·Ãµ^Ì³©]¯fÈ;¦³Ô
­<©]¯ÆÏ � ¦³­Á¬â¦ Å;Å;¯f²<Êd·«´N¦5¬l©�±V¦ µÆ¬�²³¯ó¦³°;¦³ªÎÕd­f·Ã­<Ïcã�°�k1¦³¯Á¬�·«°;©Í¹�Ï�½;·ÃªÃÀS©]¯f´M¦³°
°
¦³°;¶$<�©]´M¦³°�¬RD�Ï�ÐH¦³¸³¦³¯Æ©�®d©�¶
·Ç¬�²³¯f­f® 1 Y*\^}pefUM_]hisJ�vY*\�q]_ x efU�TVh 1 []jybSY�W�ef\n��TVUuT`[]hÚ_]his{�â\5_`bSR�T x U
�Æ�Æ®
¨v²³ª«Ô
´M© ÞuEvÞus ²³±H�a���8~w��\5[ x eueus]TVhvolUu®dÅ;¦³¸ ©�­ åM� � � å ® æ ²³­Á¬l²³°
® ` µ`¬l²³Àc©�¯ Þ�tMtcÞ Ï�½
º�ã�»�Ï

Ý E³ß k�ªÃ¦³¶;©]°_yF·ÃµÆ¬�²³¯Í¥0·Ãµ^Ì³©]¯fÈ;¦³Ô
­<©]¯ÆÏM��s�_`b&W�eusè�"_]}pela�elW&�Òhi_�a /3UuTVUÒq`\5[]j QcRSeu[]\�/ÙW�[N�i[`q]WZ��_]\5efÏNî�g
ºï©`¬l©]¯f­f®�h;¬l¶;ÏÃ®
¥§©�ªÃªÃ©�­fªÃ©`Õ�®zk1¦³­f­<¦ µnÈ�Ô;­f©Æ¬Æ¬l­f® t k�¦uÕ Þut�tMI Ï

Ý !³ß k�ªÃ¦³¶;©]°�y�·«µ`¬l² ¯9¥0·«µ^Ì³©]¯ÆÈ;¦³Ô;­f©]¯fÏ�G�²³´MÅ
¦³¯f·Ã­f²³°ä²³±�Å
·«µ`¬lÔ
¯f©�µ]²³´MÅ;¯Æ©]­<­f·Ã²³°Ú´M©`¬lÈ;²p¶
­<í'¥%¦<¨c©]ª«©`¬l®
Ë9¦u¨v©�ªÃ©`¬ÍÅ;¦ µnÌ ©Æ¬�®*¦ °;¶gªÃ²pµ]¦³ª�µ]²³­f·Ã°;©ó¬l¯Æ¦³°;­f±V²³¯Æ´ µ]²p¶;·Ã°;¸³Ïcã�°�G�È
¦³¯fªÃ©]­	g�Ï�G�ÈpÔ
·«®�hi¦ Ô;¯f¦�k1²³°l¬�©�±VÔ
­<µ]²³®
¦³°;¶OhóÔ;·Ã¸³·Ã¦�º�Ô;µ]µ]·Ã²³®
©]¶;·Î¬l²³¯Æ­f®Í�"_]}pela�elWZU�#)QcRSeu[]\�/3���)a op[]\^T`WZR�jFUu��_]hisÒ��b�b&a T x _�WZT`[]hvUu®*º�¯f²pµ]©]©]¶;·«°
¸³­
²³±*¬lÈ;©�ã�°�¬l©]¯f°;¦n¬l·Ã²³°;¦³ª�G�²³°
±V©�¯Æ©]°;µ]©y·«°DÐH¦³²³¯Æ´M·«°
¦³®�½
·«µ]·ÃªÇÕ�® Þ�I � åMs ` µ`¬�²³ÀS©]¯ Þut�tM� ®SÅ;¦³¸³©]­�S L Su� E³åvÞ Ï
î�µ]¦³¶;©]´M·Ãµ�º�¯f©]­f­<®d½;¦³°$D9·Ã©]¸³²³®zGÒ¦³ª«·Ã±V²³¯Æ°;·«¦ ® ÞutMtMI Ï


