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t4-t1 = idle time for node 1

t4-t3 = idle time for node 3

t4-t2 = idle time for node 2

t4 = termination time for node 4
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³�¬Y«(«�Ö��T®Pµ¸©¸ãg«�°\³YØP«(¬p´�v³YØP«(´�\³�©�·(\µ�°g²�«(¬]v³�©¸°g®�¶(»M¶�Ã9·]Ø��¶�´�v³�¬Y©�Þ	©�® ¾ «(¬�¼
¶�©�°�®2»5�·�°g®�·�ÃP¬Y¬�«�®�³-¶w«a\¬]·]Ø~§p©�³�Ø9©�® �º9¬Yg®9·]Øö\®9ªèº�°gÃP®�ªè±Â¬Yg´�«(§#°g¬Yã
ªM°>«�¶�®P°\³�¬�«aªMÃ9·�«�³�ØP«·�°g´�²PÃP³Yv³Y©�°�®9\µ�¬�«aê�Ã9©�¬Y«(´�«(®�³]¶p©�®�µ�©¸®P«�g¬T°g¬�« ¾ «�®
²P¬Y«�ªM©�·o³]\ºPµ¸«,§#Aà�ÖV��®Pµ�©¸ãg«'ªM©�¶Y·�¬Y«�³�«�ªM°�´�g©�®�¶(»M·�°�®�³�©¸®�Ã9°gÃ9¶N°g®P«a¶�\¬Y«�®P°g³
·]Ø9g¬Y�·o³�«�¬�©¸ß(«aªº�à�'À�®P©½³Y«�¶w³Y\³�«�¬Y«(²9¬�«a¶w«�®�³]v³Y©�°�®2Ö4×�®P«,·(g®$ªM«(¬Y© ¾ «�¶�Ã9·]Ø
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³�©�\µ¸µ¸à�³YØ>Ã9¶+¬Y«�¶�ÃPµ�³�©¸®P¯-©¸®	�ÏgÉ(ÎsËoÈ Ó É�Ä�Î�Ê\Æ2ÊvÄ�Å Ó Ê\Æd�vÖ#×�®�³YØP«�°g³�ØP«�¬NØ�\®9ªI»
°g®9«�·(g®«�® ¾ ©�¶�©�°�®�'¶�©�³�Ã9\³�©¸°g®�©¸®�§pØP©¸·]Ø$�®P°MªM«p³�Ø�v³+§�g¶L®9°\³u³Y°'º�«,¶w«(¼



ú .0/�15353K.06T798a143K:4;2/4<K=>15?4.06g�A1535:�FIH5;2.06�JK/4:L/4<K=P/L6T1N8aO9=M/4<5:21L6

µ¸«�·o³Y«�ªI»vº�«�·�\Ã9¶�«+°g±P³�Ø9«#ê�Ã9gµ�©�³Wà�°\±P³YØP«+µ¸°v§N«�¬�º�°gÃP®�ªI»v±Â°g¬5«�ÞM²9g®9¶�©�°�®�©�®�
¶�«�ê�ÃP«(®�³Y©¸gµ2±Â¬]\´�«(§#°g¬YãD»P©¸¶�©¸®9ªM«(«aª�¶w«�µ�«a·o³Y«�ª�©¸®�³�Ø9«�ªM©�¶W³Y¬�©¸ºPÃM³Y«�ª¹±Â¬]\´�«(¼
§#°g¬Yã \®9ªå©¸¶��·o³YÃ9\µ¸µ�àÐ²P¬�°MªMÃ�·�©¸®P¯~ ¾ «(¬Yàè³�©¸¯gØ�³�ÃP²P²�«(¬
¶Aµ¸°v§N«�¬º�°gÃ9®9ª
³�Ø�v³�ØP«(µ¸²9¶#©¸¶N¬Y«�ªMÃ9·(©�®9¯�³�Ø9«,¶�©�ß�«�°g±2³�Ø9«�³Y¬�«�«gÖ4ó�®	¶�Ã9·]Ø��·(g¶�«T³YØP«,®�Ã9´�¼
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ÍiÑPÉ]É]Ï�NaÑ ÊvÄDÅ Ó ÊvÆ�È0É�ÍoÖ

solution

N_seq > N_parN_seq < N_par

Expanded nodes

solution

Detrimental Anomalies Speedup Anomalies
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·]ØP¬Y°g®P°�Ã9¶u«�® ¾ ©¸¬Y°g®P´�«(®�³N³W§N°·�¬Y©½³Y«(¬Y©¸-Ø9 ¾ «�³�°º�«�¶�\³�©�¶WÀ�«�ª[#L$Æ¸Å�Ì]ÊvÆ�°g®9«
º9�¶w«aª °g®å§pØP©�·]Øå«ag·]ØÐ²9¬�°M·�«a¶�¶�©¸®P¯�®P°MªM«¹Ø9�¶�ªM«�³Y«�·o³Y«�ªåµ�°M·�\µp·�°�® ¾ «(¬�¼
¯g«�®9·�«�»+\®�ª ~ägÆ�Å�ÕYÊ\Æ4°g®P«�º9g¶�«�ªÐ°g® §pØP©�·]ØÐ®9°~·(°g´�´-ÃP®9©¸·�v³�©¸°g®Ð´«a¶W¼
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´�g·]ØP©¸®P«�»2ºPÃM³�¬]v³YØP«(¬,³�Ø9« ¾ ©¸¬w³YÃ9\µL°�®P«§pØP©¸·]Øè§p©¸µ�µuªP«�À9®P«³YØP«$·�°�´´�ÃP®P©�·(\³�©¸°g®
²P¬Y°\³Y°>·(°gµ�°\±'°gÃP¬�\µ¸¯g°�¬�©�³�ØP´¹Ö)â�ØP«�¬�«~\¬Y«¹³W§N°Ðãg«(àÁ·]Ø9g¬Y�·o³Y«(¬Y©¸¶w³�©�·(¶�§#«¿§#°gÃPµ�ª
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processing node 1

processing node 2

processing node 3
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³�Ø9«<������»Lº�«�·�\Ã9¶�«	³YØP«�³�°g³Y\µ�§#°g¬Yã�¼iµ¸°��ªè¬�«�´�g©�®9«�ªö³YØP«�¶�g´�«gÖåâ�Ø9«
²P¬Y°gºPµ¸«(´ë§�g¶�¶w°�µ ¾ «�ª�Ã9¶�©¸®P¯�í�»�÷�»IúP»4í��9»�g®9ª¿î�ø$²P¬Y°>·(«�¶Y¶w°�¬Y¶�Ö�â�ØP«°g²P¼
³�©¸´�\µ,·�°g®PÀ9¯gÃP¬]v³Y©�°�®Ð§#°gÃPµ�ª ²P¬Y°gº9gºPµ�à ·�°�¬�¬Y«�¶�²�°�®9ªÐ³�°Áí��~²P¬Y°M·�«a¶�¶�°g¬]¶
¶�©�®9·(«T²9�¶�¶�«�ª³YØ9v³#²�°�©�®�³+³YØP«��ªPªM©�³�©¸°g®9gµ9° ¾ «(¬YØP«��ª�ªM©¸´�©�®9©¸¶�ØP«�¶+³�Ø9«�©¸´�¼
²P¬Y° ¾ «�´«�®�³�©¸®�³Y«(¬Y´�¶�°g±N° ¾ «(¬]\µ¸µ(���9�!³Y©�´�«gÖ�â�ØP«�g·]Ø9©�« ¾ «�ª�¶w²�«(«aªMÃP²2»� Å »L\®9ª~«
�$·(©�«�®9·�à~©¸¶�¶wØ9°v§p®~©¸® â5\ºPµ¸«�÷9Ö¹â�ØP«$°�²M³�©¸´�\µN¶w³�¬YÃ9·�³�ÃP¬Y«�©¸¶
ªM«�²P©¸·�³�«aª�©¸®�ù5©�¯�ÃP¬�«�íAðMÖ

øMÖ �ô�9����¢5£��å�	�5¡ �����*¾ #4â�ØP©�¶#«�ÞP\´�²Pµ¸«�©�¶N²P¬�°�ºPµ¸«(´ øMÖ�ï�©¸®�ì�í��vòIg®9ª$º�«�¼
µ¸°g®P¯�¶L³�°-³�ØP«,·�µ�g¶Y¶u°g±NÌYÅ\Ä�Ì]ÊvÚvÉ¥^�N9ÊgÏ\Ë�ÊvÎiÈ0Ì-Å]Ñ�ÎiÈ Ó È�ÔaÊvÎiÈ0ÅvÄ�Ñ�Ë�Å�Õ�Æ�É Ó Í]ÖLó�³#©¸¶

� 1´¡{sØ§�w©iu¡¢��ius�l©��s�i2w4`cb5yAf��vjafwy-e]b�ki_Af+bif�k5m]tDe]rcrMd\mobibs`c�ArcfudAhim(lWfWbibLe]r ksfWhijveYks` z�fNb0kihsqAl�kiqahifWb
m]tD`cj�ksfwhsfWbskL��_A`cl�_-e]hifNlwe]jAyA`cyveYksfWbut�moh5t�fwe]bi`c�ArcfNm]tDmodaks`cnTe]r��vm���bi_afwf�ksb�8NJ2_Af#bsqAd\fwhsbskshiqAl�ksqAhif
t�f�eYksqAhsfwbKe#j(qAn#�\fWh2m]tPyA` �gfWhifWj(kKdAhsm�lWfWbib2qAjA` ksbKe]jAy�ks_AfW`chK`cj�ksfwhslWmojAjAfWl�ki`cmojAb�� �n���



í�� .0/�15353K.06T798a143K:4;2/4<K=>15?4.06g�A1535:�FIH5;2.06�JK/4:L/4<K=P/L6T1N8aO9=M/4<5:21L6

R1

R2

R3

S1 S2

F19

F18 (A)

F12, x3

F8, x2

F4, x1

F7

F5, x1

F3, x1

F10, x2

F22, x5

F23

F24

F11

F2

F21 F20

F15, x3

F9, x2

F6, x1

F17, x4

F13, x3

F14, x3

a�bdcXe(fØ¬A8 ¯[w¢j
l©�~r�i~á�¯ôw¢lyã
l©¨ w±á��/w±§�j�i±j��~r�iH��ã�¡¢�~wyv ��sØ§�w©iu¡¢�£ius�l©�£s�i2w�|���� ¡°i2w±§Mi2w©¡¢w©k����~r��~j�¨� r
xÓi2j
��w©¡�j�kMp���� ¡(v4j�¡¢¡Xt¢i2j
l©���Ir�k�¡n|

0

100

200

300

400

500

600

0 5 10 15 20 25 30 35
number of processing nodes

CPU (s)

B&B nodes

a�bdcXe�f©¸\8�gr�vV§Ms��~j����Ir�kMj�¨gi2wy¡¢s�¨ ��¡]�IkMp��Il¢j����"k�×N`cyAfwe]r��\fW_vewz�`cmoh�|
 �!#"	$�%�f��§�w¢w¢p�sØ§�j
kMp4î'& l©�Iw©kMl©ã4r{t2`cyAfwe]r>�\fW_vewz�`cmoh�|

Þ ( � Å À )ØÅ
í ñgî ígÖ 5�5 ðM�>ï ígÖ 5�5
÷ ñ�ø ígÖ ��ï îgî�ñ ígÖ 5 ø
ú ígíAø ígÖ ñ�ø ø\ñ�ð 5 Ö úgî
í�� úPí îPÖ ú�� í(÷Mï ígÖ¸íað
î�ø ÷g÷ �PÖcðgø ú>ï øMÖ¸ígí
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ly¨ w±á��/w2§�j�i2j��~r�i���ã�¡¢�~wyv à�§M���"v4j�¨�����ius�ly��s�i2wØ|
ªM«a¶�·(¬�©¸º�«aª�º>à³�ØP«�±Â°gµ¸µ�°v§p©¸®P¯'±Â°�¬�´�ÃPµ¸\³�©¸°g® ' ´°�¬�«,ªM«�³]\©¸µ¸¶#\¬Y«T²P¬Y«�¶�«(®�³Y«�ª
©¸®�³YØP«�¦T²9²�«�®9ªM©�Þ + #
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â�ØP«¹ªM©�¶W³Y¬�©¸ºPÃM³Y«�ª ¾ «(¬]¶w©¸°g®ö°g±�°gÃ9¬�ºP¬]\®�·]ØÐ\®9ªÐº�°�ÃP®9ªåg·o³YÃ9\µ¸µ¸à ¾ ©�¶w©�³Y¶
±Â«(§#«(¬�®P°MªM«a¶�³�Ø9g® ~¶w«aê�ÃP«(®�³�©�\µ�«(Þ>«a·�ÃM³Y©�°�®Ð°g±,�ºP¬Yg®9·]ØÐg®9ªÐº�°gÃ9®9ª
\µ¸¯g°�¬�©�³�Ø9´�Ö4¦�¶N¶w«�«(®�©¸®	ù5©�¯�ÃP¬Y«�í��,³YØP«�¬Y«�¶�ÃPµ�³Y¶L±Â°�¬�í�»>øP»g÷9»>\®�ª�ú'®P°MªM«�¶
¶�ÃP¯g¯�«�¶w³�³�Ø�v³�±Â¬�°�´�í-³Y°�÷�®P°MªM«a¶�³YØP«�®>ÃP´-º�«(¬�°\±NºP¬Yg®9·]Ø�g®9ª�º�°gÃ9®9ª
®P°MªM«a¶ ¾ ©¸¶�©½³Y«�ª�ªM¬Y°g²�¶(Ö+â�Ø9«-úAÝ>®P°MªM«�·�°�®MÀ9¯gÃ9¬Y\³�©¸°g® ¾ ©�¶w©�³�«aª�±Â«(§¨´�°g¬Y«
®P°MªM«a¶#³�Ø9\³TØ9 ¾ «�®P°�¶�©�¯�®P©½À�·(\®�³p©¸´²�g·o³aÖ
â�ØP«����9�¨³Y©�´�«©¸¶�®P°\³��!D«�·o³Y«�ª�©¸®�g®�«�ê�Ã9\µ¸µ¸à¹ªP¬Yg´�\³�©�·,±0g¶�ØP©¸°g®�ªMÃ9«
³�°³YØP«'° ¾ «�¬�ØP«agª	²�«�®9\µ�³�©¸«�¶�Ö]��«'§#°gÃ9µ¸ª�µ�©¸ãg«,³Y°�²�°�©�®�³p°gÃM³p³YØ9v³T§#«'\¬Y«
´�°g¬Y«�·�°�®9·�«�¬�®P«aª�§p©½³YØ¹³�ØP«�®�Ã9´-º�«(¬T°g±4º9¬Yg®9·]Ø�\®9ª¹º�°gÃP®�ª¹®P°MªM«�¶ ¾ ©�¶w¼
©�³�«�ª~g¶'	³�¬YÃP«�´�«��¶wÃP¬Y«°\±+³YØP«�¬�«a¶w²�°g®�¶w«°\±N³�ØP«�¶�à>¶w³�«�´ ¬]v³�Ø9«(¬,³�Ø9g®
³�Ø9«¿´�g·]ØP©¸®P«¿\®�ªå©¸´�²Pµ¸«(´�«(®�³Y\³�©¸°g®éªM«�²�«�®9ªM«�®�³º���9�ë³Y©�´�«gÖ¨â�ØP«�¬�«(¼
±Â°g¬Y«g»�³YØP«'\®P°�´�gµ�°�Ã9¶#º�«�Ø9 ¾ ©�°�¬N©�¶�¬Y«
µ9«a·o³�«aª$°�®	³YØP«�®�Ã9´-º�«(¬�°\±5ºP¬Yg®9·]Ø
\®�ª�º�°gÃ9®9ª�®P°MªM«�¶�³YØ9v³�ªP¬Y�¶W³Y©¸·�\µ¸µ�à$ªM¬Y°g²��¶�§N«�´�° ¾ «'A§�Aà�±Â¬�°�´ ³�Ø9«
¶�«�ê�ÃP«(®�³Y©¸gµ2\µ¸¯g°g¬Y©�³�ØP´¹Ö

îPÖ �>���� v¥2���>�D���g�����K¡ �����2¾ #2â�ØP©¸¶�®P«�Þ>³�«(ÞP\´�²Pµ¸«u©¸¶K ¾ \¬Y©¸\³�©¸°g®�°\±M²P¬Y°gºP¼
µ¸«(´ ñ9Ö ø�©¸® ì�í��\ò+\®9ª�©¸¶'gµ¸¶�°¹ªM«�¶Y·�¬Y©�º�«�ª�©¸®è�¯�«(®P«�¬�©�·�±Â°�¬�´ ©�®Áì�í(÷vò�Ö�ó�³
©¸® ¾ °gµ ¾ «a¶è¶�àM¶W³Y«(´�°g±,¬Y«��·o³�°�¬Y¶�§pØP«�¬�«�³�Ø9«.7�ÊvÄGÏ�É�Ë87�N>Í]Í(É�¬�«ag·�³�©¸°g®
³Ygãg«a¶�²9µ¸�·�« ' ¶�«(«$¦�²P²�«�®9ªM©�Þ + Ö$¦ ¶�ÃP²�«�¬Y¶w³�¬YÃ9·�³�ÃP¬Y«�©�¶'²�°�¶w³�ÃPµ�v³Y«�ªI»KùK©¸¯\¼
ÃP¬Y«èíAï>»#\®9ªÐ³�Ø9«¿·�°g®PÀ9¯gÃP¬]v³Y©�°�®ö³�Ø�v³$´�vÞM©¸´©¸ß(«a¶�³�ØP«�²P¬Y°MªMÃ9·�³�©¸°g® °\±
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a�bdcXe�fØÕv8�gr�vV§Ms��~j����Ir�kMj�¨�i±wy¡¢s�¨ ��¡��IkMp��Il¢j����"k�×+bid\fWfWyAqAd'e]jamonTe]r ��|
 �!#"	$�%H���§�w¢w¢p�sØ§�j
kMp�î'& l©�Iw©kMlyã°r{t2bid\fWfWyAqAd'e]jAmonTe]r ��|

Þ ( � Å À ) Å
í í���ð ígÖ 5�5 íañ ígÖ 5�5
ø í�î�ú ígÖ ñ�� í 5 ígÖ ñ 5
÷ � 5 øMÖ�ï\ð ñ øMÖ¸ígí
ú ï\ú øMÖ¸íaø ú øMÖ îgú

³�Ø9«,Ã�¶w«(±ÂÃPµ2²P¬Y°MªMÃ9·o³�©�¶�©¸ªM«�®�³�©�À9«�ªIÖuâ�Ø9©¸¶�«(ÞMg´�²Pµ�«a¶�¬�«�²P¬Y«�¶�«(®�³Y¶+³�ØP«,À9¬]¶w³
³Wà>²�«�°\±pÃP®>Ã9¶�Ã9\µNº�«�Ø9 ¾ ©�°�¬�Ö¹ó�®è³YØP©¸¶·(�¶w«�³YØP«	®>ÃP´�º�«�¬-°g±�®9°>ªP«�¶ ¾ ©�¶w¼
©�³�«�ª¹º>à	³�ØP«�²9\¬]\µ¸µ�«�µIºP¬]\®9·]Ø�\®�ª�º�°gÃ9®9ª�g·�³�Ã9gµ�µ¸à	©¸®9·�¬Y«��¶w«a¶�§p©½³YØ�³�Ø9«
®>ÃP´-º�«(¬�°\± ¾ ©�¶w©�³�©¸®P¯$®P°MªM«a¶(ÖTâ�Ø9«�´�v³�Ø9«(´�v³Y©¸·�\µ2±Â°�¬�´�ÃPµ�v³�©¸°g®¿·(°g®9¶�©�¶W³]¶
°\±Lø\ñ ¾ g¬�©�\º9µ�«a¶#g®9ª$÷>ð-·(°g®9¶w³�¬]\©¸®�³Y¶#\®9ª�©�¶N²9¬�«a¶w«�®�³Y«�ª	©�®¹ªM«�³]\©¸µI©�®�³�Ø9«
¦T²9²�«�®9ªM©�ÞDÖ
¦�¶-¶wØP°v§p®è©¸®öùK©¸¯gÃ9¬�«�íaúP»2³YØP«$®>ÃP´�º�«�¬�°\±�²P¬Y°gºPµ¸«(´�¶'¶�°gµ ¾ «�ª~©¸®9·�¬Y«��¶w«a¶
ºPÃM³,³�Ø9«�ªPªM©�³�©¸°g®9gµ5®9°>ªP«�¶�Ã9¶w«aª¿¬Y«�ªMÃ�·�«�³YØP«° ¾ «(¬]\µ¸µ(����� ³Y©�´�«gÖ�â�Ø9«
¬Y«�g¶�°g®¹±Â°�¬,³�ØP«�¶w«�«(´�©¸®P¯gµ¸à�©�´�²P¬Y° ¾ «aª¹º�«�Ø9 ¾ ©�°�¬�©¸®¿³Y«(¬Y´�¶�°g±u³�Ø9«������
¬Y«�ê�ÃP©¸¬�«�´«�®�³�»D©¸¶,ÃP®�ªM«(¬]¶W³Y°>°>ª¿º�à�«(ÞP\´�©�®9©�®P¯	³�ØP«§#°g¬YãgÝ>µ�°�gª¹ªM©�¶W³Y¬�©¸ºPÃM¼
³�©¸°g®¹©¸®�ùK©¸¯gÃ9¬�«í�ñ9Ö�~«�§#«(¬Y«�\ºPµ¸«�³Y°Ð´�\©¸®�³Y\©¸®é §#«(µ¸µ½Ý�º9gµ¸g®9·�«aªå®9«�³W§#°g¬Yãå©¸®Á³�«�¬�´�¶	°\±
³�Ø9«�³�°\³]\µ2®>ÃP´�º�«�¬T°\±4²P¬Y°gºPµ¸«(´�¶#³YØ9v³T§#«(¬Y«�« ¾ «�®�³�Ã9gµ�µ¸à	¶�°gµ ¾ «�ª�º>à	«ag·]Ø
²P¬Y°M·�«�¶Y¶�©�®P¯-«(µ¸«(´�«(®�³�ÖLâ�ØP«�±0\©¸¬Yµ�à�«�ê�Ã9gµ�ªP©¸¶w³�¬Y©�º9ÃM³�©¸°g®$°g±2³�Ø9«�§#°g¬Yã�Ý�µ¸°�gª
¬Y«�¶�ÃPµ½³Y«�ª�©�®�³YØP«'¬�«aªMÃ9·�³�©¸°g®�°\±5³�ØP«������G³Y©�´�«�Ö�Nµ¸«�\¬Yµ¸à°�®P«,°gº9¶�«(¬ ¾ «a¶L³�Ø�v³T\µ�³�ØP°�ÃP¯gØ$³�ØP«'¶�²�«�«�ªMÃP²�©�´�²P¬Y° ¾ «�´�«(®�³Y¶#\¬Y«
¶�ÃPº9¶w³Y\®�³Y©¸gµI³�ØP«�«
�$·�©¸«(®�·�à�°\±4³�ØP«�\µ¸¯g°g¬Y©�³�ØP´û©¸¶�¬�«aªMÃ9·�«aª�g¶p´�°�¬�«�g®9ª
´�°g¬Y«�²P¬�°�ºPµ¸«(´�¶T\¬Y«'g·�³�Ã9gµ�µ¸à	¬Y«�ê�ÃP©¸¬�«aªIÖLó�³�¶�°�Ø9\²9²�«�®9¶�³�Ø�v³p³�Ø9«�²9v³YØ
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kMj�¨�i2w©¡¢s�¨ ��¡]�"kMp��£l{j
�£�Ik�×NyafWkshi`cnpfWj�k�e]r�e]jAmonTe]r ��|
 �!#"	$�%H¬��§�w{w¢p�sØ§�j�kMpqî;&�ly�£wykMl©ãqr±t�yafWkshi`cnpfWj�k�e]r�e]jAmonTe]r ��|

Þ ( � Å À ) Å
í í��gî 5 ígÖ 5�5 ðgñ 5 í�Ö 5/5
÷ �gñ 5 øMÖ î�� ÷�ú 5 í�Ö øgî
ú ï\ø 5 øMÖcøM� ígí�í 5 5 Ö ðgî
í�� � 5 ð øMÖ �gñ í�� 5 ð 5 Ö î>ï
î�ø ÷/� 5 îPÖcðv÷ ø\î/� 5 5 Ö ø�ð
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§#°g¬YãgÝ>µ�°�gª�ªM©¸¶w³�¬Y©¸ºPÃM³�©¸°g®$gµ�µ¸« ¾ ©�v³Y«�¶5³�Ø9«TºPÃP¬]ªM«(®�°g±D³�ØP«T©¸®9·(¬�«ag¶�«�ª�®�Ã9´�¼
º�«(¬,°\±+¶w³Yv³Y«�¶�²9g·(«�¶�³�Ø9\³�Ø9�ª¹³�°�º�« ¾ ©¸¶�©�³�«�ª2Ö,â�ØP«�°g²M³Y©�´�gµ4¶w³�¬YÃ9·�³�ÃP¬Y«
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kÄ²[i±r�¤n¨ w©v à�§M���"v4j�¨/���£ius�l©�£s�i2w�|
÷9Ö �>��¤/���2�� ��M��¥s¡��å�	�5¡X���g�*¾ #4â�ØP©¸¶Nµ�g¶w³#«(ÞMg´�²Pµ�«�©¸¶#¶�©�´�©¸µ¸g¬+³Y°�³�Ø9«�À9¬]¶w³
°g®9«g»v§pØP«�¬�«#°g®Pµ¸à,³�ØP«�°�¬�©¸¯g©¸®9\µ�¶wÃ9²�«�¬Y¶w³�¬YÃ9·o³YÃP¬Y«NØ9�¶�º�«(«�®gÃP¯g´�«�®�³Y«�ª'º>à
\®�gª9ªM©½³Y©�°�®9\µ>¬Y«��·o³�°�¬4©�®²9\¬]\µ¸µ¸«(µiÖKâ�ØP«p¶�à>¶w³�«�´)©�¶5ªP«�¶Y·�¬Y©�º�«�ª�©�®�ù5©¸¯gÃP¬Y«
øMí�Ö â�Ø9«¿´�v³�Ø9«(´�v³Y©¸·�\µT±Â°�¬�´�ÃPµ�v³�©¸°g® ©�¶	ªM«a¶�·(¬�©¸º�«�ª º>àå÷�í ¾ g¬�©�\º9µ�«a¶
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³�Ø9«	¶w©�³�Ã�v³�©¸°g®ö©¸®ö§pØP©�·]Øè³�ØP«�²9\¬]\µ¸µ¸«(µuºP¬]\®�·]Øèg®9ª~º�°�ÃP®9ªö©�¶-�·o³YÃ9\µ¸µ�à
³Ygã>©�®P¯è´�°g¬Y«�³�©¸´�«�³�Ø9g® ³�ØP«¿¶�«�ê�ÃP«�®�³Y©¸gµ ¾ «�¬Y¶�©¸°g®å�¶�·(g® º�«¿¶�«(«(® ©¸®
ù5©�¯�ÃP¬Y«�øgøPÖ¹â�Ø9©¸¶-©¸¶�³�ØP«	³Wà�²�«	°g±pº�«�Ø9 ¾ ©�°�¬�°g®P«	§p©¸¶�ØP«�¶�³�°� ¾ °g©�ªIÖ¹ó�®
³�Ø9©¸¶p·�g¶�«�³YØP«'g·o³YÃ9\µ	�����G³Y©�´�«�©¸®9·�¬Y«��¶w«a¶+§pØP©¸µ¸«�³YØP«,³�°g³Y\µI®>ÃP´�º�«�¬�°\±
®P°MªM«a¶'g·o³YÃ9\µ¸µ¸à¿ªM«�·(¬�«ag¶�«�¶�Ö-â�ØP«�°g®Pµ¸à�§�Aà¹³�ØP©�¶�º�«�Ø9 ¾ ©�°�¬'·(\®�º�«�«(Þ>¼
²Pµ�\©¸®P«�ª�©�¶L©�±2¶w« ¾ «(¬Y«�ÃP®>º9\µ�\®�·�©¸®P¯'°M·(·�Ã9¬Y¶L©¸®�³�Ø9«T§#Aà�³�ØP«T²9¬�°�ºPµ�«�´�¶u\¬Y«
º�«(©¸®P¯ªP©¸¶w³�¬Y©�º9ÃM³�«aª	\´�°�®P¯'³�Ø9«�²P¬Y°M·�«a¶�¶�°g¬]¶(ÖK©�®�ªM«(«aª�³�Ø9©¸¶N©¸¶N³Y¬�ÃP«,¶wØ9°gÃPµ�ª
°g®9«$°gº9¶�«(¬ ¾ «³YØP«	§#°g¬Yã�Ý�µ¸°�gª�ªM©�¶W³Y¬�©¸ºPÃM³Y©�°�®ö©�®Ðù5©¸¯gÃP¬Y«	ø\î9Öº�T®Pµ¸©�ã�«�³�Ø9«
²P¬Y« ¾ ©¸°gÃ9¶'·�g¶�«g»I³YØP«�ÃP®P« ¾ «(®öªM©�¶w³�¬Y©�ºPÃP³�©¸°g®è°\±pªM°g´�g©�®9¶�²�«(¬'²9¬�°M·�«a¶�¶�©¸®P¯
®P°MªM«�ªM°>«�¶,®P°g³�\µ¸µ�°v§ ±Â°�¬'·�°g´�²PÃP³Yv³Y©�°�®9\µ4©¸´�²P¬�° ¾ «(´�«(®�³]¶�©¸®~³�«(¬Y´�¶,°\±
\µ¸¯g°�¬�©�³�Ø9´ ¶w²�«(«aªMÃP²2Ö+â�Ø9«,°�²M³�©¸´�\µ�¶w³�¬YÃ9·�³�ÃP¬Y«�©¸¶p¶�ØP°v§p®�©�®�ù5©�¯�ÃP¬Y«'ø\÷9Ö
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·�°�´�²PÃM³Y\³�©¸°g®9gµM²�«�¬w±Â°�¬�´�g®9·�«�°\±I,®P° ¾ «�µM¯gµ¸°gº9gµM°g²M³Y©�´�©¸ß�\³�©¸°g®�\µ¸¯g°g¬Y©�³�ØP´¹»gô5õ�õ�»
§pØP©�·]Ø�©�¶�º9g¶�«�ª¿°g®è	ºP¬]\®�·]Ø�\®9ª�º�°�ÃP®9ª�±Â¬Yg´�«(§#°g¬Yã�·(°gÃP²Pµ¸«�ª�§p©�³�Ø��·�°�® ¾ «�Þ
µ¸°v§N«�¬pº�°�ÃP®9ªM©¸®P¯�±ÂÃP®9·�³�©¸°g®9¶�ÖNâ�Ø9«�·�¬Y©½³Y©¸·�\µ2©�¶�¶�ÃP«a¶p¬�«�µ¸\³�«aª$³Y°$ªM©¸¶w³�¬Y©¸ºPÃM³�«aª¹©�´�²Pµ¸«�¼
´�«(®�³Y\³�©¸°g®9¶�°g±NºP¬]\®�·]Ø�\®�ª�º�°gÃ9®9ª�gµ�¯�°g¬Y©½³YØP´�¶,§N«�¬�«©¸ªP«(®�³�©�À9«�ª2Ö$â�ØP«�¶�«�§N«�¬�«/#
³�Ø9«�¶W³]v³�«'¶�²9g·(«�¬Y«(²9¬�«a¶w«�®�³]v³Y©�°�®2»�³�ØP«'®9\³�ÃP¬Y«,°\±5³�ØP«'g·�³�© ¾ «�²�°�°�µs»>³YØP«�ªM«�¯g¬Y«(«,°\±
¶�à�®�·]ØP¬�°�®P©�¶w´¹»>³�Ø9«-·�°�´´�ÃP®P©�·(\³�©¸°g®¹²9v³�³�«�¬�®9¶�»9g®9ª�³�ØP«'³Y«(¬Y´�©�®9\³�©¸°g®�ªM«(³�«�·�³�©¸°g®2Ö�>²�«�·(©½À�·#ªM«a¶w©¸¯g®'¯�ÃP©¸ªP«(µ¸©�®P«a¶�§#«(¬Y«u²P¬Y«�¶�«(®�³Y«�ª�¶�°�g¶2³�°,g·]ØP©¸« ¾ «L³�ØP«N´�vÞM©�´�ÃP´¨²�«�¬w¼
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±Â°gÃ9¬,¯�µ�°�º9\µ4°�²M³�©¸´�©�ßav³�©¸°g®�²P¬Y°gºPµ¸«(´�¶,§N«�¬�«�«�ÞP\´�©¸®P«�ª~\®�ª�³�Ø9«§p©�ªM«�¶�²�«a·o³�¬YÃP´
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©¸°g¬a»\¶w²�«(«aªMÃP²�\®P°�´�gµ�©¸«�¶�»\ªM«(³�¬Y©�´�«(®�³]\µM\®P°�´�\µ¸©�«a¶(»v\®�ª�ªM«a·�«�µ�«�¬Y\³�©¸°g®-g®P°g´�\µ¸©¸«�¶�Ö
â�ØP«,¬�«a¶w²�°g®�¶w«�°\±I³�Ø9«�ªP©¸¶w³�¬Y©�º9ÃM³�«aª$©¸´²9µ�«�´«�®�³Yv³Y©�°�®	°g±K�ºP¬]\®�·]Ø	\®9ª$º�°�ÃP®9ª�\µ�¼
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	ªP«�³Yg©�µ¸«�ª¿´°MªM«�µs»D§p©�³�Ø�³YØP«°g¬Y©�¯�©�®9gµ ¾ \¬Y©¸gºPµ¸«-®9g´«a¶T§pØP©�·]Ø2»Ig¶�§p©�µ¸µ4º�«¶w«�«(®2»
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¬Y«�g·�³�°�¬Y¶�»D°\±NÃ9®Pã>®P°v§p®~¶�©¸ß(«g»K\®9ª�ÃP²~³�°�³W§#°�¶�«(²9g¬Y\³�°�¬Y¶�Ö-â�ØP«$¶�ÃP²�«(¬�¼
¶w³�¬YÃ9·o³YÃP¬�«�\µ¸µ�°v§T¶#±Â°�¬ ¾ \¬Y©�°�Ã9¶p²�°�¶Y¶w©¸ºPµ¸«�©¸®�³Y«(¬]·�°�®P®P«�·�³�©¸°g®9¶Tº�«(³W§N«�«(®¹³�Ø9«
¬Y«�g·�³�°�¬Y¶'g®9ª�³�ØP«	¶�«(²�\¬]v³�°�¬Y¶�Ö �~«$°g²P³�©¸´©¸ß(«�\®è«�·(°g®P°�´©�·�°gº��W«�·o³Y© ¾ «
ªM«a¶�·(¬�©¸ºP©¸®P¯g#� �¬Y«��·o³Y©�°�®	²P¬Y°M·�«�¶Y¶�#
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� �¶w«�²9\¬]v³Y©�°�®�²P¬Y°>·(«�¶Y¶�#�³�ØP«,·�°�´²�°g®9«(®�³Y¶+³�°�º�«,¶w«�²9\¬]v³Y«�ª�·�°�®9¶�©¸¶w³
°\±Õ]É(Ä>ÔaÉ�ÄDÉ ' ¦ + » Ó Å\Ä�ÅvÒwÌ�}>Æ¸ÅvË�Å Õ]É(Ä>ÔaÉ(Ä�É ' õ + »�Ï\È�ÒwÌØ}MÆ�ÅvËYÅ Õ]É�ÄMÔ�É(Ä�É' � +� ¬�«a·�àM·�µ¸©�®9¯·(°g´�²�°�®P«(®�³]¶�#JI�É�ÄMÔ�É(Ä�É ' ¦ + Ö
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o�Z\Z�zJb�_h]^esf1��eui8ftk5e\mWi\i n Z�g�a n g�e\zWi\il�;X�z�AO U\�:Z�qui Z\Z\Z\Z\Z'Z\Z\Z|g'_sf1k�]PUhi n Z|gM]^x�f1k5xyUhi\io�Z|gh]^z�flk5e#Uhi\i1o�Z|g�}�flk5e#Uhi\i1o�Z|g�w�f1k�e#Uhi\in Z\Z�zJb�_h]^esf1��eui8ftk5e\mWi\ilo�Z'Z�zJbrz\q'qsf1�5eWiYf1k5e#Uhi'in Z�z.f1g�eui'it�#X�z�AO U\�:Z�cui Z\Z\Z\Z\Z'Z\Z|g'_�flk�] � i n Z|gh]	x�f1k5x � i'io�Z|gh]^z�flk5e � i\i1o�Z|g�}�flk5e � i\i1o�Z|g�w�f1k�e � i\in Z\Z�zJbrz'q\qsf1��eui8ftk5e#UMi\i n Z|z.f1g�eui\i1�;X\z�AO U\�:Z�aui Z\Z\Z\Z\Z'Z|gh]^z{flk5e\mWi n Z|gh]A_�f1k5x\mui'io�Z|g�x�f1k�]	mui\ilo�Z|g�c�f1k�]	mui\ilo�Z'Z�zJb�_�]	e{f1��xui{flk�]^mWi\in Z|g�e n g�ej];i\il�;X�z�AO U\�:Z�}ui Z\Z\Z\Z\Z'Z\Z|gh]^zYf1k5eyUhi n Z|gM]`_.f1k5xyUhi\io�Z|g�x�f1k�]PUhi\ilo�Z|g�c�f1k�]PUhi\i n Z'Z�zJb�_�]	e{f1��xui{flk�]^mWi\io�Z\Z�zJbrz'q\qsf1��xui8ftk�]AUMi\i n Z|z.f1g�eui\i1�;X\z�AO U\�:Z�wui Z\Z\Z\Z\Z'Z|gh]^z{flk5e � i n Z|gh]A_�f1k5x � i'io�Z|g�x�f1k�] � i\ilo�Z|g�c�f1k�] � i\i n Z'Z�zJbrz\q'q{f1��xui{flk�]AUMi\in Z�z.f1g�eui'it�#X�z�AO U\�:Z^]^zui Z\Z\Z\Z'Z|gh]^q{flk5x\mWi n Z|g�w�flk5e\mui\in Z|g�c�f1k�]	mui\ilo�Z|gh]^a�flk\_5mui\i n Z�z�ftg�eWi\i1�;X�z�AO U\�:Z^]\];i Z\Z\Z\Z'Z|gh]^q{flk5x#UMi n Z|g�w�flk5e#Uhi\in Z|g�c�f1k�]PUhi\ilo�Z|gh]^a�flk\_'Uhi\i n Z�z�ftg�eWi\i1�;X�z�AO U\�:Z^]^eui Z\Z\Z\Z'Z|gh]^q{flk5x � i n Z|g�w�flk5e � i\in Z|g�c�f1k�] � i\ilo�Z|gh]^a�flk\_ � i\i n Z�z�ftg�eWi\i1�;X�z�AO U\�:Z^]^xui Z\Z|gh]	asftk\_5mWi n o�Z|gM]^}ui\iH�#X�z�AO U\�:Z^]`_Mi Z\Z\Z|gM]^asf1k'_'Uhi1o�Z�g�e\e�f1k�q#Uhi\i n Z�z.f1g�eui'it�#X�z�AO U\�:Z^]^qui Z\Z\Z|gM]^asf1k'_ � i1o�Z�g�e\e�f1k�q � i\i n Z�z.f1g�eui'it�#X�z�AO U\�:Z^]^cui Z\Z|g�e'esftk5q#UMi n o�Z|g\e\xui\iH�#X�z�AO U\�:Z^]^aui Z\Z|g�e'esftk5q � i n o�Z|g\e;_Mi\iH�#X�z�AO U\�:Z^]^}ui Z\Z\Z\Z'Zpo'zJb�_h]^eYfl��];i8ftk�x\muio�Z\Z�zJb�_h]^esf1��eui8ftk5e\mWi\ilo�Z'Z�zJb�_�]	esf1�5xWiYf1k�]^mui'in Z\Z|g�e n g�auitoYgh]'];i\il�;X�z�AO U\�:Z^]^wui Z\Z\Z\Z'Z\Z\Z\Z�z:b�_�]^etf1�h];i{flk5x\mWio�Z\Z�zJbrz'q\qsf1�h];i8ftk5x#UMi\i n Z'Z�zJb�_�]	esf1�5eWiYf1k5e\mui'io�Z\Z�zJbrz'q\qsf1��eui8ftk5e#UMi\i n Z'Z�zJb�_�]	esf1�5xWiYf1k�]^mui'io�Z\Z�zJbrz'q\qsf1��xui8ftk�]AUMi\i n o�Z|g�e\xui'il�;X�z�AO U\�:Z�e\zui Z\Z\Z\Z'Z�zJbrz\q'qYfl��];iYf1k5xyUhin Z\Z�zJbrz'q\qsf1��eui8ftk5e#UMi\i n Z'Z�zJbrz\q'qsf1�5xWiYf1k�]AUhi'io�Z|g�e;_Mi'il�;X�z�AO U\�:Z^];i Z\Z\Z\Z\Z'Zpo�Z|g�qWilflk�]^mui1o�Z�g�}�f1k5e'mui\in Z|gh]^q�flk5x\mui\i n Z|gh]^e�flk5x\mui'i n Z\Z�z:b�_�]^e{f1��];i8flk5x\mui\in Zpo�Z|gh]'];iloYgM]^wui\i1�;X�z�AO U\�:Z�eui Z\Z\Z\Z\Z'Z\Zpo�Z|g\quilflk�]AUhi1o�Z|g�}�f1k�e#Uhi\in Z|gh]^q�flk5x#Uhi\i n Z|gh]^e�flk5x#Uhi'ito�Z\Z�z:b�_�]^e{f1��];i8flk5x\mui\in Z\Z�zJbrz'q\qsf1�h];i8ftk5x#UMi\i n Z|z.f1g�eui\i1�;X\z�AO U\�:Z�xui Z\Z\Z\Z\Z'Zpo�Z|g�qWilflk�] � i1o�Z�g�}�f1k5e � i\i
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n Z|gh]^q�flk5x � i\i n Z|gh]^e�flk5x � i'ito�Z\Z�z:brz\q\q{f1��];i8flk5x#Uhi\in Z�z.f1g�eui'it�#X�z�AO U\�:Z�_Mi Z\Z\Z\Z\Z'Z\Zpo�Z|g;_Milflk�]^mui1o�Z|gh]^x�flk5x\mui'in Z|gh]^z�flk5e\mui\i n Z|g�}�flk5e\mui\i n Z|g�w�f1k�e\mui\in Z\Z�zJb�_h]^esf1��eui8ftk5e\mWi\i n Z�o�Z|g�auiloYg�e\zui'il�;X�z�AO U\�:Z�qui Z\Z\Z\Z\Z'Z\Z\Zpo�Z�g'_Mi~ftk�]AUMito�Z|gh]	x�flk5x#UMi\in Z|gh]^z�flk5e#Uhi\i n Z|g�}�flk5e#Uhi\i n Z|g�w�f1k�e#Uhi\io�Z\Z�zJb�_h]^esf1��eui8ftk5e\mWi\i n Z'Z�zJbrz\q'qsf1�5eWiYf1k5e#Uhi'in Z�z.f1g�eui'it�#X�z�AO U\�:Z�cui Z\Z\Z\Z\Z'Z\Zpo�Z|g;_Milflk�] � i1o�Z|gh]^x�flk5x � i'in Z|gh]^z�flk5e � i\i n Z|g�}�flk5e � i\i n Z|g�w�f1k�e � i\io�Z\Z�zJbrz'q\qsf1��eui8ftk5e#UMi\i n Z|z.f1g�eui\i1�;X\z�AO U\�:Z�aui Z\Z\Z\Z\Z'Zpo�Z|gh]	zuilflk5e\mui1o�Z|gh]`_.flk5x\mui'in Z|g�x�f1k�]	mui\i n Z|g�c�f1k�]	mui\i n Z'Z�zJb�_�]	e{f1��xui{flk�]^mWi\in Zpo�Z|g�eWiloYg�ej];i\i1�;X�z�AO U\�:Z�}ui Z\Z\Z\Z\Z'Z\Zpo�Z|gM]^zui~ftk5e#UMito�Z|gh]A_�flk5x#UMi\in Z|g�x�f1k�]PUhi\i n Z|g�c�f1k�]PUhi\ilo�Z'Z�zJb�_�]	e{f1��xui{flk�]^mWi\in Z\Z�zJbrz'q\qsf1��xui8ftk�]AUMi\i n Z|z.f1g�eui\i1�;X\z�AO U\�:Z�wui Z\Z\Z\Z\Z'Zpo�Z|gh]	zuilflk5e � i1o�Z|gh]`_.flk5x � i'in Z|g�x�f1k�] � i\i n Z|g�c�f1k�] � i\ilo�Z'Z�zJbrz\q'q{f1��xui{flk�]AUMi\in Z�z.f1g�eui'it�#X�z�AO U\�:Z^]^zui Z\Z\Z\Z'Zpo�Z|gh]	quilflk5x\mui1o�Z|g�w�f1k�e\mui\io�Z|g�c�f1k�]	mui\i n Z|gh]^a�flk\_5mui\i n Z�z�ftg�eWi\i1�;X�z�AO U\�:Z^]\];i Z\Z\Z\Z'Zpo�Z|gh]	quilflk5x#Uhi1o�Z|g�w�f1k�e#Uhi\io�Z|g�c�f1k�]PUhi\i n Z|gh]^a�flk\_'Uhi\i n Z�z�ftg�eWi\i1�;X�z�AO U\�:Z^]^eui Z\Z\Z\Z'Zpo�Z|gh]	quilflk5x � i1o�Z|g�w�f1k�e � i\io�Z|g�c�f1k�] � i\i n Z|gh]^a�flk\_ � i\i n Z�z�ftg�eWi\i1�;X�z�AO U\�:Z^]^xui Z\Zpo�Z�gh]^aui1flk\_5mWi n gh]^}Wit�#X�z�AO U\�:Z^]`_Mi Z\Z\Zpo�Z|gh]^auilf1k\_;Uhi n Z|g\e\e�f1k5qyUhi\in Z�z.f1g�eui'it�#X�z�AO U\�:Z^]^qui Z\Z\Zpo�Z|gh]^auilf1k\_ � i n Z|g\e\e�f1k5q � i\in Z�z.f1g�eui'it�#X�z�AO U\�:Z^]^cui Z\Zpo�Z�g�e\eui1flk5q#UMi n g�e\xWit�#X�z�AO U\�:Z^]^aui Z\Zpo�Z�g�e\eui1flk5q � i n g�e;_jit�#X�z�AO U\�:Z^]^}ui Z\Z\Z\Z'Z�zJb�_�]	eYfl��];iYf1k5x'muin Z\Z�zJb�_h]^esf1��eui8ftk5e\mWi\i n Z'Z�zJb�_�]	esf1�5xWiYf1k�]^mui'in Z\Zpo�Z|g\euiloYg\aui n gh]\]#i\il�;X�z�AO U\�:Z^]^wui Z\Z\Z\Z'Z\Z\Z\Zpo;zJb�_�]^etfl��];i8f1k�x\muin Z\Z�zJbrz'q\qsf1�h];i8ftk5x#UMi\ilo�Z'Z�zJb�_�]	esf1�5eWiYf1k5e\mui'in Z\Z�zJbrz'q\qsf1��eui8ftk5e#UMi\ilo�Z'Z�zJb�_�]	esf1�5xWiYf1k�]^mui'in Z\Z�zJbrz'q\qsf1��xui8ftk�]AUMi\i n g\e\xui1�;X�z�AO U\�:Z�e\zui Z\Z\Z\Z'Zpo'zJbrz'q\qYfl��];i8ftk�x#Uhio�Z\Z�zJbrz'q\qsf1��eui8ftk5e#UMi\ilo�Z'Z�zJbrz\q'qsf1�5xWiYf1k�]AUhi'in g�e;_Mi1�;X�zg\g<Z	];i Z\Z\Z'Z\Z|gh]\] n g�qui n g�}ui n gM]^wui1oYgM]^qui1oYgM]^euiHX�z
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g\g<Z|eui Z\Z\Z'Z\Z\Z|g�a n g�e\zWi n g'_Mi n gh]^xui1o8gh]^zui1o8g�}uio8g�wuilX�zg\g<Z|xui Z\Z\Z'Z\Z|g�e n g�eM];i n gh]^zui n gh]`_Mi1o8g�xuitoYg\cuiHX�zg\g<Zr_Mi Z\Z\Z�gh]^q n g�wuitoYg�cWito8gh]^aWilX\zg\g<Z|qui Z\Z|gM]^a{oYgh]	}ui1oYg�e'euiHX�zg\g<Z|cui Z\Z|g\e\e{oYg�e'xui1oYg�e#_MiHX�zg\g<Z|aui Z\Z\Z'Z|g�e n g�aui n gh]'];i1oYg�e'xui1oYg�e#_MiHX�zg\g<Z|}ui Z\Z|gM]^e{oYgh]	xui1oYgh]A_MiHX�zg\g<Z|wui Z\Z|g\xso8g'_Mito8g�quiHX�zg\g<Z	]^zui�Z\Z|gM]^}{oYgh]	wui1oYg�e'zuiHX�zg\�'_'� Z|�'_ n o�Z\Z�k5qyU��1eui'i\i1�;X�zg\�'_'� Zpo�Z��'_Mi n Z�k5q#U��leui\it�;X�z
� T � N5�u�
z��;X{g�e �;X�]^z\z'z<� zs�;X{g�x �;X q\z\z<�z��;X{g'_ �;X q\z'z<� zs�;X{g�q �;X q\z\z<�z��;X{g�c �;X q\z'z<� zs�;X{g�a �;X�]^z\z\z<�z��;X{g�} �;X q\z'z<� zs�;X{g�w �;X q\z\z<�z��;X{gh]^z{�;X q\z'z<� zs�;X{gh]\]H�;X q\z\z<�z��;X{gh]^e{�;X q\z'z<� zs�;X{gh]^x{�;X q\z\z<�z��;X{gh]`_��;X q\z'z<� zs�;X{gh]^q{�;X q\z\z<�z��;X{gh]^a{�;X q\z'z<� zs�;X{gh]^}{�;X q\z\z<�z��;X{gh]^w{�;X q\z'z<� zs�;X{g�e\z{�;X q\z\z<�z��;X{g�eM]H�;X q\z'z<� zs�;X{g�e\e{�;X q\z\z<�a\q{�;X{g�e\x{�;X a\q<� zs�;X{g�e;_��;X q\z\z<�z��;XYk�]^m{�;X ]h� zs�;XYk�]AU��;X ]M�z��;XYk�] � �;X ]h� zs�;XYk5e\m{�;X ]M�z��;XYk5e#U��;X ]h� zs�;XYk5e � �;X ]M�z��;XYk5x\m{�;X ]h� zs�;XYk5x#U��;X ]M�z��;XYk5x � �;X ]h� zs�;XYk\_5m{�;X ]M�z��;XYk\_'U��;X ]h� zs�;XYk\_ � �;X ]M�z��;XYk5q#U��;X ]h� zs�;XYk5q � �;X ]M�z��;XY��] �;X q\z'z<� zs�;XY�5e �;X q\z\z<�z��;XY�5x �;Xsq\z\z��oj] S n z'cY�;Xs�;_.�;X ] S n z\c� �LÞPg´²9µ�«�ø�°\±��>«�·�³�©¸°g®�ð
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§ gh] Z'Z^]1ftg�eWi n Z^]tftg�xWi\iHX\Xh]§ g�e Z'Z\Z^]1ftg\eui n Z^]1f1g�qui\i1o�Z	]tftg�wui\i~X'X�z§ g�x Z'Z\Z\Z^]lftg�xui n Z	]8f1g'_Mi\i n Z^]tftg�cWi\i
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o�Z^]8f1g�eM]#i\iHX\X�zg'¨�] Z'Z\Z\Z|g�qsflk\_5mWito�Z|g�w�flk5x\mui\i n Z���]1fl©�];i\in Z�z.f1g�eui'it�#X5o'qJbr}g'¨5e Z'Z\Z\Zpo�Z�g�qui1flk\_5mui n Z|g�w�ftk�x\mui\ilo�Z���]tf1©h];i\in Z�z.f1g�eui'it�#X�qJbr}g'¨5x Z'Z\Z\Z|g�qsflk\_'UMito�Z|g�w�flk5x#Uhi\i n Z���]1fl©5eui\in Z�z.f1g�eui'it�#X�zg'¨\_ Z'Z\Z\Zpo�Z�g�qui1flk\_'Uhi n Z|g�w�ftk�x#Uhi\ilo�Z���]tf1©�eui\in Z�z.f1g�eui'it�#X�zg'¨5q Z'Z\Z\Z|g�qsflk\_ � ito�Z|g�w�flk5x � i\i n Z���]1fl©5xui\in Z�z.f1g�eui'it�#X�zg'¨5c Z'Z\Z\Zpo�Z�g�qui1flk\_ � i n Z|g�w�ftk�x � i\ilo�Z���]tf1©�xui\in Z�z.f1g�eui'it�#X�zg'¨5a Z'Z\Z\Z|g�qsflk\_ � ito�Z|g�w�flk5x � i\i n Z���]1fl©\_Mi\in Z�z.f1g�eui'it�#X�zg'¨5} Z'Z\Z\Zpo�Z�g�qui1flk\_ � i n Z|g�w�ftk�x � i\ilo�Z���]tf1©'_Mi\in Z�z.f1g�eui'it�#X�zg;ª«] Z'Z\Z\Z\Z|g;_�f1k5x'mui n Z|g\c�flk\_5mWi\i1o�Z|g\eM]1f1k\_�mui\in Z��5e�f1©5qWi\i n Z�z�f1g�eui\i1�;X5o;qJbr}g;ªWe Z'Z\Z\Z\Zpo�Z|g'_MiHftk5x\mWilo�Z|g�c�flk\_5mui'i n Z|g�ej]tflk\_5mWi\io�Z��5e�f1©5qWi\i n Z�z�f1g�eui\i1�;X�q:br}g;ªWx Z'Z\Z\Z\Z|g;_�f1k5xyUhi n Z|g\c�flk\_'UMi\i1o�Z|g\eM]1f1k\_;Uhi\in Z��5e�f1©5cWi\i n Z�z�f1g�eui\i1�;X�zg;ª�_ Z'Z\Z\Z\Zpo�Z|g'_MiHftk5x#UMilo�Z|g�c�flk\_'Uhi'i n Z|g�ej]tflk\_'UMi\io�Z��5e�f1©5cWi\i n Z�z�f1g�eui\i1�;X�zg;ªWq Z'Z\Z\Z\Z|g;_�f1k5x � i n Z|g\c�flk\_ � i\i1o�Z|g\eM]1f1k\_ � i\in Z��5e�f1©5aWi\i n Z�z�f1g�eui\i1�;X�zg;ªWc Z'Z\Z\Z\Zpo�Z|g'_MiHftk5x � ilo�Z|g�c�flk\_ � i'i n Z|g�ej]tflk\_ � i\io�Z��5e�f1©5aWi\i n Z�z�f1g�eui\i1�;X�zg;ªWa Z'Z\Z\Z\Z|g;_�f1k5x � i n Z|g\c�flk\_ � i\i1o�Z|g\eM]1f1k\_ � i\in Z��5e�f1©5}Wi\i n Z�z�f1g�eui\i1�;X�zg;ªW} Z'Z\Z\Z\Zpo�Z|g'_MiHftk5x � ilo�Z|g�c�flk\_ � i'i n Z|g�ej]tflk\_ � i\io�Z��5e�f1©5}Wi\i n Z�z�f1g�eui\i1�;X�zg O ] Z�o�Z�k5q\mWi n Z\Zr��]1f1©�]#i n Z��5e�fl©5qui\i\il�#X5o'qJbr}g O e Zrk5q\m n Z'Zpo�Z���]#itf1©�]#ito�Z��5e�fl©5qui\i\il�#X�qJbr}g O x Z�o�Z�k5q � i n Z\Zr��]1f1©5xWi n Z��5e�fl©5aui\i\il�#X�zg O _ Zrk5q � n Z'Zpo�Z���]#itf1©5xWito�Z��5e�fl©5aui\i\il�#X�zg O q Z�o�Z�k5q � i n Z\Zr��]1f1©\_ji n Z��5e�fl©5}ui\i\il�#X�zg O c Zrk5q � n Z'Zpo�Z���]#itf1©\_jito�Z��5e�fl©5}ui\i\il�#X�z©5m ��S ] Z\Z�©h] n Z�zJbP]tflk5x\mWi\i n Z�z:brzM]1f¬Zrk5x\m.�1eWi\i\i1�;X�z©5m ��S e Z\Zpo�Z�©�];ilo�Z�zJbA]1flk5x\mui'in Zpo'zJbrzj]lf¬Z�k�x\m.�teui\i'il�;X�z©5m ��S x Z\Z�©�eso�Z�zJbP]tflk5x\mWi\i n Z�z:brzM]1f1k�x#Uhi\il�;X\z©5m ��S _ Z\Zpo�Z�©5eui n Z�zJbA]1flk5x\mui'ito�Z�zJbdzM]lf1k�x#Uhi\i1�;X�z©5m ��S q Z�©5x{o�Z�zJbrzM]lflk5x#UMi\i1�;X�z
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©5m ��S c Zpo�Zr©5xui n Z�zJbrzM]1flk5x#Uhi'it�#X�z©5m ��S a Z�©\_ n Zpo'zJbrzj]lf¬Z�k�x\m.�1eui'i\i1�;X�z©5m ��S } Zpo�Zr©\_Mi n Z�zJbrzM]1fZ�k5x\m.�leui\i\i1�;X\z©5m ��S w Z\Z�©�q n Z�zJbP]tflk\_5mWi\i n Z�z:brzM]1f¬Zrk\_5m.�1eWi\i\i1�;X�z©5m ��S ]^z Z\Z�o�Z�©5qui~o�Z�zJbP]lftk\_5mWi\in Zpo'zJbrzj]lf¬Z�k'_5m.�teui\i'il�;X�z©5m ��S ]\] Z\Zr©5c{o�Z�z:bA]1f1k\_�mui\i n Z|zJbrzM]lflk\_'Uhi'it�#X�z©5m ��S ]^e Z\Z�o�Z�©5cui n Z�zJbP]lftk\_5mWi\ilo�Z|zJbrzM]1flk\_'Uhi\i1�;X\z©5m ��S ]^x Z�©�aso�Z�zJbdzM]1f1k\_;Uhi\il�;X�z©5m ��S ]`_ Zpo�Z�©5aui n Z�zJbrzj]lftk\_'UMi\il�;X�z©5m ��S ]^q Z�©�} n Zpo'z:brzM]lfZ�k\_5m.�teWi\i\i1�;X�z©5m ��S ]^c Zpo�Z�©5}ui n Z�zJbrzj]lf�Z�k\_�m��leui\i'it�#X�z
� T � N5�u�
z��;X{g�e �;X ]h� zs�;X{g�x �;X ]M�z��;X{g'_ �;X ]h� zs�;X{g�q �;X ]M�z��;X{g�c �;X ]h� zs�;X{g�w �;X ]M�z��;X{g�eM]H�;X ]h� zs�;XYk5x\m{�;X qJbr}<�z��;XYk5x#U��;X qJbd}<� zs�;XYk5x � �;X qJbr}<�z��;XYk5x � �;X qJbd}<� zs�;XYk\_5m{�;X qJbr}<�z��;XYk\_'U��;X qJbd}<� zs�;XYk\_ � �;X qJbr}<�z��;XYk\_ � �;X qJbd}<� zs�;XYk5q\m{�;X qJbr}<�z��;XYk5q#U��;X qJbd}<� zs�;XYk5q � �;X qJbr}<�z��;XYk5q � �;X qJbd}<�oj]^z{�;XY©�] �;X ]^z<�®oj]^z{�;XY©5e �;X ]^z��oj]^z{�;XY©5x �;X ]^z<�®oj]^z{�;XY©\_ �;X ]^z��oj]^z{�;XY©5q �;X ]^z<�®oj]^z{�;XY©5c �;X ]^z��oj]^z{�;XY©5a �;X ]^z<�®oj]^z{�;XY©5} �;X ]^z��z��;XY��]l�;X _5z{zs�;X8�5e��#X _5z<�

� �LÞPg´²9µ�«�÷�°\±��>«�·�³�©¸°g®�ðMÖ
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KML	NMLPO�LRQ�ST#UWVYX[Z\Z'Z\Z\Z\Z\Z'Z^]`_5aJbdc\e1f8gh]`_jiYflk�]\]	muin Z\Zpo#_\_�qJbrq;_\_sftgh]A_Mi8f1k�]']AUhi\in Z\Z�e\a\w'xJbra\w{f1gh]^qWiYflk�]^eyUhi\in Z\Z�c\}\c:b�_5e\c{f1gh]`_jiYflk�]\]	mui\in Z\Z^]`_5c:brq\z\e{f1gh]`_jiYflk�]\]PUhi\in Z\Z�q\q\w:br}\e\w{f1gh]^qWiYflk�]^eyUhi\in Z\Zpoj]^q#_5aJbr}M]~ftgh]	qui8ft�'_ji\i
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�#� U5V SW�R�8� T:�
� T O5� Z^];i Z\Z�k�]^z'm n k�]^zyUhi n kh]^z � iHX\X ]� T O5� Z�eui Z\Z�k5x\m n k5x#Uhi n k5x � iHX\XM]� T O5� Z�xui Z\Z�k5c\m n k5c#Uhi n k5c � iHX\XM]� T O5� Z�_Mi Z\Z�k5}\m n k5}#Uhi n k5} � iHX\XM]� T O5� Z�qui Z�k�]^e#U n k�]^e � i~X\Xh]� T O5� Z�cui Z\Z�k�]\]	m n k�]\]PUhi n kh]\] � iHX\Xh]�AO U\�:Z^];i Z\Z\Z\Z\Z�g�qsf1kh]^z\mui1o�Z|g�a�f1k�x\mui\io�Z|g'_�f1k5x'mui\ilo�Z\Z�zJb�_h]^esf1�h];i{flk5x\mWi\in Z|g�e n gh]'];i\il�;X�z�AO U\�:Z�eui Z\Z\Z\Z\Z'Z|g�qsflk�]^z#Uhilo�Z|g�a�flk5x#Uhi\io�Z|g'_�f1k5xyUhi\i n Z\Z�zJb�_h]^esf1�h];i{flk5x\mWi\io�Z\Z�zJbrz'q\qsf1�h];i8ftk5x#UMi\i n Z|z.f1g�eui\i1�;X\z�AO U\�:Z�xui Z\Z\Z\Z\Z�g�qsf1kh]^z � i1o�Z|g�a�f1k�x � i\io�Z|g'_�f1k5x � i\i n Z\Z�zJbrz'q\qsf1�h];i{flk5x#UMi\in Z�z.f1g�eui'it�#X�z�AO U\�:Z�_Mi Z\Z\Z\Z|g;_�ftk5x\mWilo�Z|g�e'x�flk5c\mWi\io�Z\Z�zJb�_h]^esf1��x\mui8f1k�c\mui\i n Z|g�x n g\e\cui\i1�;X�z�AO U\�:Z�qui Z\Z\Z\Z\Z�g'_�f1k�x#Uhi1o�Z�g�e\x�f1k�c#Uhi\in Z\Z�zJb�_h]^esf1��x\mui8f1k�c\mui\i1o�Z\Z�zJbrz'q\qsf1��x\mui8f1k�c#Uhi\in Z�z.f1g�eui'it�#X�z�AO U\�:Z�cui Z\Z\Z\Z|g;_�ftk5x � ilo�Z|g�e'x�flk5c � i\in Z\Z�zJbrz'q\qsf1��x\mui8f1k�c#Uhi\i n Z�z.f1g�eui'it�#X�z�AO U\�:Z�aui Z\Z\Z\Z\Z�g�csf1kh]^z\mui n Z|g�e\x�flk5c\mui\io�Z|g�e;_.flk5}\mui\i1o�Z\Z�zJb¯_�]^esfl�5x#Uhi8flk5}\mui\i n g�e\aui1�;X\z�AO U\�:Z�}ui Z\Z\Z\Z\Z'Z|g�csflk�]^z#Uhi n Z|g�e'x�f1k5c#Uhi'io�Z|g�e;_.flk5}#Uhi\i n Z\Z�zJb¯_�]^esfl�5x#Uhi8flk5}\mui\io�Z\Z�zJbrz'q\qsf1��x#Uhi8f1k�}#Uhi\i n Z�z.f1g�eui'it�#X�z�AO U\�:Z�wui Z\Z\Z\Z\Z�g�csf1kh]^z#Uhi n Z|g�e\x�flk5c � i\io�Z|g�e;_.flk5} � i\i n Z\Z�zJbdz\q\qsfl�5x#Uhi8flk5}#Uhi\in Z�z.f1g�eui'it�#X�z�AO U\�:Z^]^zui Z\Z\Z\Z�g�e;_�flk5}\mui1o�Z|gh]^z�flk�]^z\mui'io�Z\Z�zJb�_h]^esf1��x � i8f1kh]^z\mui\i n g�e\}Wit�#X�z�AO U\�:Z^]\];i Z\Z\Z\Z'Z|g�e;_�flk5}#UMito�Z|gh]	z�f1k�]^z#UMi\in Z\Z�zJb�_h]^esf1��x � i8f1kh]^z\mui\ilo�Z�Z|zJbrz\q\qsfl�5x � iYflk�]^zyUhi\in Z�z.f1g�eui'it�#X�z�AO U\�:Z^]^eui Z\Z\Z\Z�g�e;_�flk5} � i1o�Z|gh]^z�flk�]^z � i'in Z\Z�zJbrz'q\qsf1��x � i8f1kh]^z#Uhi\i n Z�z�ftg\eui\i1�;X�z�AO U\�:Z^]^xui Z\Z|gh]A_�ftk�]\]	mui n Z'Z\Z\Zpo�Z�gh]\];iHo8gh]^xWio8g�e\cui1o8g�e\aui1o8g�e\}ui\i1�;X\z�AO U\�:Z^]`_Mi Z\Z\Z|gM]`_�f1kh]\]AUhi1o�Z|gh]^q�flk�]^e#Uhi'in Z�z.f1g�eui'it�#X�z�AO U\�:Z^]^qui Z\Z\Z|gM]`_�f1kh]\] � i1o�Z|gh]^q�flk�]^e � i'i
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n Z�z.f1g�eui'it�#X�z�AO U\�:Z^]^cui Z\Z|gh]	qsftk�]^eyUhi n o�Z|gh]^}ui'il�;X�z�AO U\�:Z^]^aui Z\Z|gh]	qsftk�]^e � i n o�Z|gh]^cui'il�;X�z�AO U\�:Z^]^}ui Z\Z\Z\Z'Z\Zpo'zJb¯_�]^etft��];i8flk5x\muio�Z\Z�zJb�_h]^esf1��x\mui8f1k�c\mui\i1o�Z\Z�zJb�_h]^esf1��x#Uhi8f1k�}\mui\io�Z\Z�zJb�_h]^esf1��x � i8f1kh]^z\mui\i n Z\Z|g\e n g�xui1o8gh]^xui\i1�;X\z�AO U\�:Z^]^wui Z\Z\Z\Z'Z\Z\Z\Z\Z'Z�zJb�_�]	etfl��];iYflk5x\muio�Z\Z�zJbrz'q\qsf1�h];i8ftk5x#UMi\i n Z'Z�zJb�_�]	esf1�5x'mui8f1k5c'mui\io�Z\Z�zJbrz'q\qsf1��x\mui8f1k�c#Uhi\i n Z\Z�zJb�_h]^esf1��x#Uhi8f1k�}\mui\io�Z\Z�zJbrz'q\qsf1��x#Uhi8f1k�}#Uhi\i n Z\Z�zJb�_h]^esf1��x � i8f1kh]^z\mui\io�Z\Z�zJbrz'q\qsf1��x � i8f1kh]^z#Uhi\i n o�Z|gM]^}ui\il�;X\z�AO U\�:Z�e\zui Z\Z\Z\Z'Z\Z�zJbrz'q\qYfl��];i8ftk�x#Uhin Z\Z�zJbrz'q\qsf1��x\mui8f1k�c#Uhi\i n Z\Z�zJbrz'q\qsf1��x#Uhi8f1k�}#Uhi\in Z\Z�zJbrz'q\qsf1��x � i8f1kh]^z#Uhi\i n o�Z|gM]^cui\il�;X\z�AO U\�:Z�eM];i Z\Z\Z\Z�g�asf1k�x\mui n Z�g�}.flk�]^z'mui\io�Z|gh]`_.flk�]\]^mui'i n Z�z�f1g�eui\i1�;X�z�AO U\�:Z�e\eui Z\Z\Z\Z�g�asf1k�x#Uhi n Z�g�}.flk�]^zyUhi\io�Z|gh]`_.flk�]\]AUhi'i n Z�z�f1g�eui\i1�;X�z�AO U\�:Z�e\xui Z\Z\Z\Z�g�asf1k�x � i n Z�g�}.flk�]^z � i\io�Z|gh]`_.flk�]\] � i'i n Z�z�f1g�eui\i1�;X�z�AO U\�:Z^];i Z\Z\Z\Z\Z�o�Z|g�quilf1k�]	z\mui n Z�g�a�f1k5x'mui\in Z|g'_�f1k5x'mui\i n Z\Z�zJb�_h]^esf1�h];i{flk5x\mWi\in Zpo�Z|g�eWiloYgh]'];i\i1�;X�z�AO U\�:Z�eui Z\Z\Z\Z\Z'Zpo�Z|g�qWilflk�]^z#Uhi n Z|g�a�f1k�x#Uhi\in Z|g'_�f1k5xyUhi\ilo�Z\Z�zJb�_h]^esf1�h];i{flk5x\mWi\in Z\Z�zJbrz'q\qsf1�h];i8ftk5x#UMi\i n Z|z.f1g�eui\i1�;X\z�AO U\�:Z�xui Z\Z\Z\Z\Z�o�Z|g�quilf1k�]	z � i n Z�g�a�f1k5x � i\in Z|g'_�f1k5x � i\ilo�Z\Z�zJbrz'q\qsf1�h];i{flk5x#UMi\in Z�z.f1g�eui'it�#X�z�AO U\�:Z�_Mi Z\Z\Z\Zpo�Z|g'_Mi1flk5x\mWi n Z|g�e'x�f1k5c\mui'in Z\Z�zJb�_h]^esf1��x\mui8f1k�c\mui\i n Zpo�Z3g�xuitoYg\e\cui\il�;X\z�AO U\�:Z�qui Z\Z\Z\Z\Z�o�Z|g'_Milf1k5xyUhi n Z|g\e\x�f1k5cyUhi\io�Z\Z�zJb�_h]^esf1��x\mui8f1k�c\mui\i n ZsZ�z:brz\q\qsfl�5x\mui8flk5c#Uhi'in Z�z.f1g�eui'it�#X�z�AO U\�:Z�cui Z\Z\Z\Zpo�Z|g'_Mi1flk5x � i n Z|g�e'x�f1k5c � i'io�Z\Z�zJbrz'q\qsf1��x\mui8f1k�c#Uhi\i n Z�z.f1g�eui'it�#X�z�AO U\�:Z�aui Z\Z\Z\Z\Z�o�Z|g�cuilf1k�]	z\muilo�Z�g�e\x�f1k�c\mui\in Z|g�e;_.flk5}\mui\i n Z\Z�zJb¯_�]^esfl�5x#Uhi8flk5}\mui\i n o�Z|g�e'aui\iH�;X\z�AO U\�:Z�}ui Z\Z\Z\Z\Z'Zpo�Z|g�cWilflk�]^z#Uhi1o�Z|g�e\x�flk5c#Uhi'in Z|g�e;_.flk5}#Uhi\i1o�Z\Z�zJb¯_�]^esfl�5x#Uhi8flk5}\mui\in Z\Z�zJbrz'q\qsf1��x#Uhi8f1k�}#Uhi\i n Z�z.f1g�eui'it�#X�z�AO U\�:Z�wui Z\Z\Z\Z\Z�o�Z|g�cuilf1k�]	z � ilo�Z�g�e\x�f1k�c � i\in Z|g�e;_.flk5} � i\i1o�Z\Z�zJbdz\q\qsfl�5x#Uhi8flk5}#Uhi\in Z�z.f1g�eui'it�#X�z�AO U\�:Z^]^zui Z\Z\Z\Z�o�Z|g�e;_jilflk5}\mui n Z�gh]^z�f1kh]^z\mui\i
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