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Ä¯Å2ÆÈÇÊÉ[ËZÌ/Í2Î[Æ�ÏgÐ�Ñ�Ò@ÓxËZÑÈÎ+Ñ�Ë�Å2Ç�Ô@Ì}Õ×ÖDË�Ç�ÍHÇ�ÍHÖvËUÉ[É�Î^Å2Æ�ËZÍQÉ�Î
Ç}Í°É¡ÐUØ�ÅHÙ2Æ�Î^Ñ Ë�ÍQÔPÆÈÎ^Ì}ÎJÉ�Ð�Ø�ØPÙ2Í2Ç�É^Ë�Æ�Ç}ÐUÍPËZÅHÅ2Ì}ÇÊÉ[ËZÆ�Ç}Ð�Í2ÓsÔ­Ù2Î
ÆÈÐxÆÈÚ2Î^Ç}Ñ¶Ë�Û2Ç}Ì}Ç�Æ�Õ4Æ�ÐuÐZÜXÎ^Ñ±Ì�Ë�Ñ�ÖUÎFÛQËZÍcÔ@ÏfÇ�Ô@Æ�ÚLÝuÞ�Í+Ð�Å2Æ�Ç�É^Ë�Ì
Í2Î[Æ�ÏgÐ�Ñ�Ò@ÓJß8Ú2ÐZÏ6Î^à�Î^ÑJß-Æ�Ú2ÎPÓÈÇ}ÖUÍQË�Ì�Æ�Ñ�ËZÍ2ÓÈØ�Ç}Ó�ÓÈÇ�Ð�ÍxÑ�ËZÆÈÎ^Ó±ËZÑÈÎ
ØPÙQÉÈÚ×ÚHÇ�Ö�Ú2Î^ÑFÆ�ÚQË�Í#ÆÈÚ2Î+Î^Ì}ÎJÉ�ÆÈÑ�ÐUÍHÇÊÉ4Å2ÑÈÐ­É¡Î^Ó�ÓÈÇ�ÍHÖ×Ó�ÅcÎ^ÎJÔ@ÓIÝ
á Ú2ÎuÉ�ÐUØFØPÙ2Í2Ç�É^ËZÆÈÇ}ÐZÍ+ÛQÐ�Æ�Æ�Ì}Î^ÍHÎJÉÈÒvÇ}ÓFÆ�Ú@Ù2Ó�ÓÈÚ2Ç�â\Æ�ÎIÔ+âBÑ�ÐUØ
ÆÈÚ2ÎPÆ�Ñ�ËZÍ2ÓÈØ�Ç}Ó�ÓÈÇ�Ð�Í¤Ø�ÎJÔ@Ç}Ù2Ø�Æ�Ð¤ÆÈÚ2ÎPÅ2Ñ�Ð2É�Î[Ó�Ó�Ç}Í2Ö4Ø�ÎJÔ@Ç}Ù2ØuÝ
´d�����D�¡~2��{\���Z� É�ÐUØFØPÙ2Í2Ç�É^ËZÆÈÇ}ÐZÍ±Ó�É�ÚHÎ^Ø�Î^ÓfÏ6Î^ÑÈÎ/Å2Ñ�Ð�ÅQÐ�Ó�ÎJÔµÆ�Ð
ÑÈÎJÔ@ÙQÉ�Î¯Æ�Ú2Î¯Ç}Ø�ÅQË�É�ÆLÐ�âãÎ^Ì}ÎJÉ¡Æ�Ñ�Ð�Í2Ç�ÉfÅ2ÑÈÐ2É�Î^Ó�ÓÈÇ}Í2Ö±Ð�Í±ÍHÎ^Æ�ÏgÐ�Ñ�Ò
É�Ð�Í@Æ�Ñ�Ð�ÌPä å[æ�Ý�Þ�Í�ËZÍ×Ë�Ì�Ì�ç@ÐUÅ2ÆÈÇÊÉ[ËZÌfÍ2Î^Æ�Ï6ÐUÑÈÒXß®É�Ð�Ø�ØPÙ2ÍHÇÊÉ[ËIè
ÆÈÇ�Ð�Í2ÓPËZÑ�Î¤É^ËZÑÈÑ�Ç}ÎJÔqÐUÙHÆ±Ç}Í¾ÅHÙ2Ñ�Î;É�Ç}Ñ�É¡Ù2Ç}Æ�çDÓÈÏfÇ}Æ�ÉÈÚ2Ç}Í2Ö4â�ËZÓÈÚ@è
Ç}ÐUÍqÇ}Í¾Æ�ÚHÎ°Ð�Å2Æ�Ç�É^Ë�ÌsÔ­ÐUØ°Ë�Ç}ÍLÝ+éfÐuÐUÅ2ÆÈÇÊÉ[ËZÌ�êZÎ^Ì}ÎJÉ¡Æ�Ñ�Ð�Í2Ç�ÉFÐUÑ
Î^Ì}ÎJÉ¡Æ�Ñ�Ð�Í2Ç�É^êZÐ�Å2Æ�Ç�É^Ë�ÌsÉ¡ÐUÍ@àUÎ^ÑÈÓ�Ç}ÐUÍ-ß�ËZÍQÔ4Æ�Ú@Ù2Ó©Í2Ð;Î^Ì}ÎJÉ¡Æ�Ñ�Ð�Í2Ç�É
Å2ÑÈÐ2É�Î^Ó�ÓÈÇ}Í2ÖQßcÇ}ÓgÍHÎ^ÎJÔ@ÎJÔuËZÆ6Ç}Í@Æ�Î^ÑÈØ�ÎJÔ@Ç�Ë�Æ�ÎdÍ2Ð2Ô@Î^ÓIÝ
�¤�Z�Z�^�}�^�@�I�BzD�D��{��I{}|^{\�Z�+³©�@�«��{«~Q�}��ëZ{��@�/ìBí#îdï;ð Ç}Í¤ÐUÅHÆ�Ç�è
É^Ë�ÌfÍ2Î^Æ�Ï6ÐUÑÈÒDÓ�É[ËZÍKÅ2Ñ�ÐZà@Ç�Ô@ÎFØPÙ2Ì}Æ�Ç}Å2Ì}Î�ÉÈÚQËZÍ2ÍHÎ^Ì}ÓPÐUÍ¾ÎIËUÉÈÚ
Ì}Ç}Í2Ò¾Û@ÕqØ°ËZÒ@Ç}Í2ÖxÔ­Ç¦ÜXÎ^ÑÈÎ^Í@Æ �I{������­���®�¡z­���2�Q�[�«| É�ÐUØFØPÙ2Í2Ç�è
É^Ë�Æ�ÎPËZÆdÔ@Ç�ÜãÎ^ÑÈÎ^Í@Æ � �Z�Z�^�}�^�­�J�BzU| ä«ñ@ßXåIæ�Ý á Ï6Ð�ËZÅ2Å2ÑÈÐDË�É�ÚHÎ^ÓJßÍQË�Ø�Î^Ì}Õ ��{��@¢�³©�D����{�~Q���¡ëZ{��@�/ì�òLï;ð ËZÍQÔ ~2�I�Bz;³±�@����{«~c���¡ë:{²�@�
ì�ó�ï;ð ß2É[ËZÍ¤ÛQÎdÙ2ÓÈÎJÔFÆ�Ð©Î^Ó�Æ�ËZÛ2Ì}Ç}Ó�Ú¤É�ÐUÍHÍ2ÎJÉ�ÆÈÇ�Ð�Í2Ó Ç}ÍPÐ�Å2Æ�Ç�É^Ë�Ì
í#îdï Í2Î^Æ�Ï6ÐUÑÈÒ@ÓJÝ¯Þ�Í í#îdï Í2Î^Æ�Ï6ÐUÑ�Ò@ÓdÓ�ÙHÅ2ÅQÐ�Ñ�ÆÈÇ�ÍHÖ òLï ß
ÏfËIàUÎ^Ì}Î^ÍHÖUÆ�Ú;É�Ð�Í@àUÎ^ÑÈÓ�Ç}ÐUÍxÔ­Î^à@ÇÊÉ¡Î^Ó/ËZÑ�Î�Í2Î^ÎJÔ@ÎIÔxË�ÍQÔ¤Ë�É�Ð�Í@è
Í2ÎIÉ�Æ�Ç}ÐUÍ;É^Ë�Í�ÛcÎdÎ^Ó�Æ�ËZÛ2Ì}Ç}Ó�Ú2ÎIÔ�Ç�âLÎJË�ÉÈÚ°Ì}Ç}Í2ÒPËZÌ}ÐUÍHÖ/Æ�Ú2ÎdÅQË�Æ�Ú
ÚQË�Ó/ËZÍ+ËIàUËZÇ}Ì�ËZÛ2Ì}ÎdÏsËIà�Î^Ì}Î^Í2Ö�Æ�ÚLÝ©éfÎ^Æ�Ï6ÐUÑÈÒDÓ�Æ�ÚQË�Æ®ÓÈÙ2Å2ÅcÐUÑÈÆ
ó�ï ËIà�ÐUÇ�Ô¤ÆÈÚ2Î�Í2Î[ÎJÔ4â\ÐUÑ�ÏsËIà�Î^Ì}Î^Í2ÖUÆÈÚôÉ¡ÐUÍ@àUÎ^ÑÈÆ�Î^ÑÈÓPÛ@Õ;Î^Ó�è
Æ�ËZÛ2Ì}Ç}Ó�Ú2Ç}Í2Ö©Ë±É�Ð�Í2Í2ÎJÉ¡Æ�Ç}ÐUÍ¤ÐUÍHÌ�Õ©ÏfÚ2Î^Í¤ÆÈÚ2Î^Ñ�ÎdÇ}Ó Ë/É�Ð�Ø�ØFÐUÍ
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ËIàUËZÇ}Ì�ËZÛHÌ�ÎfÏfËIàUÎ[Ì�Î[Í2ÖUÆÈÚ�ÐUÍ;Ë�Ì�ÌXÆÈÚ2ÎdÌ}Ç�ÍHÒDÓfËZÌ}Ð�Í2Ö±ÆÈÚ2Î/ÅQË�Æ�ÚLÝ
Þ�Í¾Ì�Ë�Ñ�ÖUÎPÓ�É^ËZÌ}ÎFÐUÅ2ÆÈÇÊÉ[ËZÌ�Í2Î[Æ�ÏgÐ�Ñ�Ò@ÓJß í#îdï Æ�ÎJÉÈÚ2Í2Ç�:�Ù2Î^Ó
ÛQË�Ó�ÎJÔ Ù2ÅQÐ�Í É¡Î^Í@Æ�Ñ�Ë�Ì}Ç<;[ÎJÔ§É�Ð�Í@Æ�Ñ�Ð�Ì#ËZÑÈÎ�Í2ÐUÆ â\ÎJËZÓÈÇ}Û2Ì}ÎUÝ
á Ú2Î^ÑÈÎ�â\Ð�Ñ�ÎUß6Ô@Ç}Ó�Æ�ÑÈÇ}Û2Ù2Æ�ÎIÔ+ÏfËIàUÎ^Ì}Î^Í2Ö�Æ�ÚuÑ�Î^ÓÈÎ^Ñ�àUË�Æ�Ç}ÐUÍqÅ2Ñ�Ð�Æ�Ð�è
É�Ð�Ì�Ó¤ËZÑÈÎ;Î^Ó�ÓÈÎ^Í@Æ�Ç�ËZÌ�Ý á Ï6Ð+Æ�ÕDÅcÎ^ÓFÐZâ/Å2Ñ�Ð�Æ�Ð2É�Ð�Ì�Ó¤ËZÑÈÎxÉ�ÐUÍ­è
Ó�Ç�Ô@Î[Ñ�ÎJÔ+Ë�ÍQÔxÉ¡ÐUØ�ÅcËZÑ�ÎIÔ¤Ç}Í;Æ�Ú2Ç}ÓdÅQË�ÅQÎ^ÑIßXÍQË�Ø�Î^Ì}Õ �I�Z� � ��������¡|J�^�[�:�:��{\��� ËZÍcÔ ���U�¡¢ � �����q���¡|J�^�[�:�:��{\��� Å2ÑÈÐUÆ�Ð2É�Ð�Ì}ÓJÝ$Þ�ÍÆ�ÚHÎ×â\Ð�Ñ�ÏfËZÑ�Ô�ÑÈÎ^Ó�Î[Ñ�àUËZÆÈÇ}ÐUÍ�Å2ÑÈÐUÆÈÐ­É¡ÐUÌ�ß�ÆÈÚ2Î×ÓÈÐUÙ2Ñ�É�Î�Í2Ð2Ô@Î
Ó�Æ�ËZÑÈÆ�Ó©Ñ�Î^ÓÈÎ^Ñ�à@Ç}Í2Ö;ÏfËIàUÎ^Ì}Î^ÍHÖUÆ�ÚHÓdâ\ÐUÑdÆÈÚ2Î�É�ÐUÍHÍ2ÎJÉ�ÆÈÇ�Ð�Í+ÐUÍQÉ¡Î
Ç}Æ/ÚQË�Ó¶Ë;É¡ÐUÍ2Í2ÎIÉ�Æ�Ç}ÐUÍqÑ�Î :�Ù2Î[Ó�ÆJÝ¹Þ�Í+Æ�Ú2ÎFÛQËUÉÈÒ@ÏsË�Ñ�ÔuÑÈÎ^Ó�Î^Ñ�è
àUËZÆÈÇ}ÐUÍ¤Å2Ñ�Ð�Æ�Ð2É�Ð�Ì�ßHÐUÍQÉ¡Î/Æ�Ú2Î�Ó�ÐUÙHÑ�É�Î©ÚQËZÓ ËPÉ¡ÐUÍ2Í2ÎIÉ�Æ�Ç}ÐUÍ4Ñ�Î�è
:�Ù2Î^ÓÈÆJß2Ç}Æ�ÓÈÎ^ÍQÔ@Ó Ë ~Q���U��� ÅQËUÉÈÒ�Î^ÆgÆÈÐ±ÆÈÚ2Î®Ô­Î^Ó�ÆÈÇ�ÍcËZÆ�Ç}Ð�ÍLÝ á Ú2Î
Å2ÑÈÐUÛcÎ�ÅQË�É�Ò�Î^Æ±É�Ð�Ì}Ì�ÎIÉ�Æ�Ó©Æ�Ú2ÎPÏfËIàUÎ[Ì�Î[Í2ÖUÆÈÚxÙ2Ó�ËZÖ�Î�Ç}Í@â\Ð�Ñ�Ø°Ë:è
Æ�Ç}Ð�Í±ËZÌ}ÐUÍHÖfÆ�Ú2Î�ÅcËZÆ�Ú�Æ�Ð ÆÈÚ2ÎfÔ@Î^Ó�ÆÈÇ}ÍQËZÆÈÇ�Ð�ÍLÝ�=¬ÅQÐ�Í±ÑÈÎJÉ�Î^Ç}à@Ç}Í2Ö
Æ�ÚHÎfÅ2Ñ�Ð�ÛQÎ¯ÅQËUÉÈÒUÎ[ÆJß�Æ�Ú2Î Ô@Î[Ó�Æ�Ç}ÍQË�Æ�Ç}ÐUÍ©Í2Ð2Ô@ÎfÓÈÆ�ËZÑÈÆ�Ñ�Î[Ó�Î^ÑÈàDÇ}Í2Ö
ÏfËIàUÎ^Ì}Î^Í2Ö�Æ�Ú2Ó Ë�Ì}ÐUÍ2Ö©Æ�Ú2Î�ÅQËZÆÈÚ°ÆÈÐZÏsË�Ñ�Ô@ÓfÆÈÚ2Î/ÓÈÐUÙ2Ñ�É�Î/Í2Ð2Ô@ÎUÝ
> Ì}ÆÈÚ2ÐUÙ2Ö�Ú±ÆÈÚ2ÎfÅ2ÑÈÐUÆ�Ð2É�Ð�Ì}ÓgËZÑÈÎ Ô@Î^Ó�É¡Ñ�Ç}ÛQÎIÔPÇ}Í±ÆÈÚ2Ç}Ó8ÅQËZÅcÎ^Ñ8â\Ð�Ñ
ó�ï ßHÆ�Ú2Î[Õ°É^Ë�Í°ÎIËZÓ�Ç}Ì}Õ�ÛcÎdØ�Ð2Ô@Ç@?QÎJÔ�Æ�Ð�Ë�Å2Å2Ì}ÕPÆ�Ð ò-ï Ý
ï Ë�ÍDÕPÓÈÆ�ÙQÔ­Ç�Î[ÓfÐZâ í>î®ï Ç}ÍFÐUÅ2ÆÈÇÊÉ[ËZÌXÍ2Î^Æ�Ï6ÐUÑÈÒ@ÓsË�Ó�Ó�ÙHØ�Î
Ë�ÏsËIà�Î^Ì}Î^Í2ÖUÆÈÚ°Ë�Ó�Ó�Ç}Ö�Í2Ø�Î^Í@ÆdäBAZß-CIæ�Ý.DHÎ^Ï>ÏgÐ�Ñ�Ò@Ódä E@ß-F:æþÉ�ÐUÍ­è
Ó�Ç�Ô@Î[ÑgÆÈÚ2ÎfÐUÍ@è�Ì}Ç}Í2ÎgÉ�Ð�ÍDÆÈÑ�Ð�ÌQØFÎJÉÈÚQËZÍ2Ç}ÓÈØ�ÓXÙ2ÓÈÎJÔPÆÈÐ�?cÍQÔ©Æ�ÚQË�Æ
ËZÓÈÓ�Ç}ÖUÍHØ�Î^Í@ÆJÝ-Þ�Í+ä	E[æ�ß2Ë©Ô@Ç}Ó�ÆÈÑ�Ç}Û2Ù2ÆÈÎJÔ;É�Ð�Í@Æ�Ñ�Ð�ÌLËZÌ}ÖUÐ�Ñ�Ç}Æ�ÚHØ ÆÈÐ
Î^ÓÈÆ�ËZÛHÌ�Ç}ÓÈÚvÉ�Ð�Í2Í2ÎJÉ�ÆÈÇ}ÐUÍ2ÓPÇ}Í¾ØPÙHÌ�ÆÈÇ}Å2Ì}Î&G2ÎJÔ;ØPÙHÌ�ÆÈÇ}Ó�Æ�Ë�ÖUÎ©Í2Î^Æ�è
Ï6ÐUÑ�Ò@ÓFÇ�ÓPÅHÑ�ÐUÅcÐUÓÈÎJÔXÝ á Ú2Î;Ï6ÐUÑÈÒ¾Ç}Í�ä	FIæ âBÐ­É¡Ù2Ó�Î^ÓFÐUÍKÆ�ÚHÎ
É�Ð�Ø�ÅQË�Ñ�Ç}Ó�Ð�Í°Ð�â�Æ�Ú2Î/ÅcÎ^Ñ�â\ÐUÑÈØ°ËZÍcÉ�ÎdÐZâ ó�ï Ë�ÍQÔ òLï ÏfÚ2Ç}Ì}Î
Æ�Ë�Ò@Ç�ÍHÖfÇ�Í@ÆÈÐ É�ÐUÍ2ÓÈÇ�Ô@Î^Ñ�Ë�Æ�Ç}ÐUÍ�Æ�Ú2Î6Ó�Ç}ÖUÍcËZÌ}Ç}Í2ÖgÐZà�Î^Ñ�ÚHÎJËUÔdÇ}ÍdÆ�ÚHÎ
Å2ÑÈÐUÆ�Ð2É�Ð�Ì}ÓJÝ á Ú2ÎgÅHÑ�ÐUÆÈÐ2É�ÐUÌ}Ó�Ô@Î^Ó�É�Ñ�Ç}ÛcÎJÔ©Ç}Í/Æ�Ú2ÎfËZÛcÐZàUÎªÏgÐ�Ñ�Ò@Ó
â�Ë�Ì�ÌªÇ�Í@ÆÈÐ°ÆÈÚ2Î �I�Z� � �����¤����|J�[�^�Z�I��{\�Z� É^ËZÆÈÎ^ÖUÐ�Ñ�Õ@Ý á Ú2Î^Õ¾Ë�Ñ�ÎÎ&G2Æ�Î[Í2Ó�Ç}ÐUÍHÓgÐ�âãÑÈÎ^Ó�Î^ÑÈàUËZÆÈÇ�Ð�Í�Ó�É�ÚHÎ^Ø�Î^ÓªÆ�Ð/Î^ÓÈÆ�Ë�Û2Ì}Ç�ÓÈÚ�É�ÐUÍHÍ2ÎJÉÈè
Æ�Ç}Ð�Í2ÓPÇ}ÍvÉ�Ç}Ñ�É¡Ù2Ç}Æ�çDÓÈÏfÇ}Æ�ÉÈÚ2Ç}Í2ÖuÍ2ÐUÍ@ç@ØPÙ2Ì}Æ�Ç}Å2Ì}Î&G2ÎJÔ4Í2Î^Æ�Ï6ÐUÑÈÒDÓ
ä HZæ�Ý á Ú2Î ���U�¡¢ � �Z���¯����|J�[�^�:�:��{B�Z� Ó�É�ÚHÎ^Ø�Î^Ó8ËZÅ2ÅHÌ�Ç}ÎJÔ`Æ�Ð ØPÙHÌ¦èÆ�Ç}Å2Ì}Î&G2ÎJÔ4Í2Î^Æ�Ï6ÐUÑÈÒ@Ó/ÚQËIàUÎ©Í2Ð�Æ ÛcÎ^Î^Í¾Ô@Î^Ó�É�Ñ�Ç}ÛcÎJÔ¾Ë�ÍQÔ4Î^àUËZÌ�è
ÙQË�Æ�ÎJÔ4ÛQÎ¡â\ÐUÑÈÎUÝ±Ä¯Ù2Ñ/ÓÈÆ�ÙQÔ­Õ;Ó�Ú2ÐZÏfÓdÆÈÚQËZÆIßãË�Ì}Æ�Ú2Ð�Ù2ÖUÚ;ÛcËUÉÈÒ�è
ÏfËZÑ�ÔFÑÈÎ^Ó�Î^ÑÈàUËZÆÈÇ�Ð�Í;Å2ÑÈÐUÆ�Ð2É�Ð�Ì}Ó®ËZÑÈÎdÓ�Ì}Ç}ÖUÚ@Æ�Ì}ÕPØ�Ð�Ñ�ÎdÉ�ÐUØFÅ2Ì}Î&G
Æ�ÚcËZÍ¤â\Ð�Ñ�ÏfËZÑ�Ô¤Ñ�Î^ÓÈÎ^Ñ�àUË�Æ�Ç}ÐUÍ4Å2Ñ�Ð�Æ�Ð2É�ÐUÌ}ÓIßQÆÈÚ2Î^Õ;É�Ð�Í2Ó�Ç}Ó�ÆÈÎ^Í@Æ�Ì}Õ
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Ç}ÍxÆÈÚ2Î $1&*$() !>Ó�Æ�ËZÆ�ÎPÇ}Ó±Ô­Î^Í2ÐUÆÈÎJÔuÛ@Õ $(:<;�=?> ì ! ð Ý í Ú2Î^ÍË4ÏsËIà�Î^Ì}Î^Í2ÖUÆÈÚLß+��ßªÇ}Ó±Í2Ð�ÆPÇ}Í $(:<;�=?> ì ! ð ß¯ËZÍvË�Ô2Ô@Ç}Æ�Ç}Ð�ÍQËZÌ
?QÎ^Ì�ÔXß�/ )<@ ß8Ç�Ó�Ø°ËZÇ}Í@Æ�Ë�Ç}Í2ÎJÔFÆ�Ð;Ç�Ô@Î[ÍDÆÈÇ�â\Õ;Æ�ÚHÎ�É�ÐUÍ2ÍHÎJÉ�Æ�Ç}Ð�ÍÑ�Î�:UÙHÎ^Ó�ÆfÌ}Ð2ÉÈÒDÇ}Í2Ö6��ß�Ç�â��&Ç}Ó�Ç}Í±ÆÈÚ2Î(!A-1/10�Ó�Æ�ËZÆÈÎUßUÐ�Ñ�Æ�ÚHÎ
É�Ð�Í2Í2ÎJÉ�ÆÈÇ}ÐUÍ;Ù2ÓÈÇ}Í2Ö	��ßHÇ�âB� Ç�Ó6Ç}Í¤Æ�Ú2Î 365(7C8 Ó�Æ�ËZÆ�Î�Ý
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���
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��
S Ë�É�Ú¤É�ÐUÍHÍ2ÎJÉ�ÆÈÇ�Ð�Í¤Ñ�Î :�Ù2Î^ÓÈÆfÇ}ÓsË�Ó�Ó�Ç}Ö�Í2ÎJÔ�Ë`Ù2Í2Ç�:�Ù2Î Ç�Ô@Î^Í­è
Æ�Ç@?QÎ[ÑJß =UT ßUÏfÚHÇÊÉÈÚ¤É�ÐUÍ2ÓÈÇ}Ó�Æ�ÓfÐ�âþÆÈÚ2ÎdÇÊÔ­Î^Í@Æ�Ç@?QÎ^Ñ6ÐZâ8Æ�Ú2ÎdÓ�Ð�Ù2Ñ�É¡ÎÍ2Ð2Ô@ÎPËZÍQÔ¤Ë�Ó�Î^ÑÈÇÊË�Ì8ÍDÙHØPÛQÎ^ÑfÇ}ÓÈÓ�Ù2ÎJÔ4Û@Õ�ÆÈÚQËZÆ¯Í2Ð2Ô@ÎUÝ S ËUÉÈÚ
É�Ð�ÍDÆÈÑ�Ð�ÌQØFÎ^Ó�Ó�ËZÖUÎ6Ñ�Î[ÌÊË�Æ�ÎJÔ©ÆÈÐ/Æ�ÚHÎfÎ^Ó�Æ�ËZÛ2Ì}Ç}Ó�Ú2ØFÎ^Í@Æ8ÐZâLË/É�ÐUÍ­è
Í2ÎJÉ¡Æ�Ç}ÐUÍxÉ[ËZÑ�ÑÈÇ}Î^Ó Ç}Æ�Ó =?T ß@ÏfÚ2Ç�ÉÈÚ;ÛcÎJÉ�Ð�Ø�Î^ÓfÆÈÚ2Î/Ç�Ô@Î^Í@Æ�Ç@?QÎ[Ñ ÐZâÆ�ÚHÎxÉ�ÐUÍHÍ2ÎJÉ�ÆÈÇ�Ð�ÍLß6ÏfÚ2Î^ÍKÓ�ÙcÉ^É�Î^ÓÈÓ�â\Ù2Ì}Ì}ÕKÎ^Ó�Æ�ËZÛ2Ì}Ç}Ó�ÚHÎJÔXÝKÞ�ÆPÇ}Ó
Æ�ÚHÇ�Ó =?T ÆÈÚQËZÆ¯Ç�Ó¯Ø°Ë�Ç�Í@Æ�ËZÇ}Í2ÎJÔ�Ç�Í¤ÆÈÚ2ÎV/ )�@ ?cÎ^Ì�Ô¤ÐZâ�Ì}Ð2É�Ò�ÎJÔ
ÐUÑdÛ2ÙHÓ�ÕuÏsËIà�Î^Ì}Î^Í2ÖUÆÈÚ2ÓdÐUÍuÌ}Ç�ÍHÒDÓIÝ D2Ð�Ù2Ñ Æ�Õ@ÅcÎ^Ó±Ð�âgÅQË�É�Ò�Î^Æ�Ó
ËZÑÈÎdÙ2Ó�ÎJÔµÇ�ÍFÆ�Ú2Î¯â\Ð�Ñ�ÏfËZÑ�ÔPÌ}Ð2É�Ò@Ç}Í2Ö©Å2Ñ�Ð�Æ�Ð2É�Ð�Ì�Ó6Æ�ÐPÎ[Ó�Æ�Ë�Û2Ì}Ç}Ó�Ú
ËPÉ�Ð�Í2Í2ÎJÉ�ÆÈÇ}ÐUÍLÝ
�XW ��|J�[�^�:�:��{B�Z�q~­����¢U���B|;ì�YZS.[2ð Ù2ÓÈÎJÔ·Æ�Ð¾ÑÈÎ^Ó�Î[Ñ�àUÎqÏsËIà�Î�èÌ}Î^Í2Ö�Æ�Ú2ÓIÝ	Þ�Í�Ë�Ô2Ô@Ç}Æ�Ç}ÐUÍ·Æ�Ð×ÆÈÚ2Î¾É�ÐUÍHÍ2ÎJÉ�ÆÈÇ�Ð�Í =UT ß/Ë Y\S.[ÅQË�É�Ò�Î^Æ;É�ÐUÍ@Æ�ËZÇ}Í2Ó;Ë+Û2Ç}Æ¤àUÎIÉ�Æ�Ð�ÑJß1]_^�`baJß¯ÐZâ©Ó�ÇB;^Î+Î :�ÙQË�Ì®ÆÈÐ
Æ�ÚHÎPØPÙ2Ì}Æ�Ç}Å2Ì}Î&G2Ç}Í2Ö¶Ô­Î^ÖUÑÈÎ^ÎUÝ á Ú2Î±ÛHÇ�Ædà�ÎJÉ�Æ�Ð�Ñ2]_^�`ba/Ç}ÓdÙ2Ó�ÎIÔ
Æ�ÐuÒUÎ[Î^ÅKÆ�Ñ�Ë�ÉÈÒ+ÐZâ Æ�ÚHÎ°ÓÈÎ^ÆPÐZâ ÏfËIàUÎ[Ì�Î[Í2ÖUÆÈÚ2Ó±ÆÈÚQËZÆPÉ^Ë�Í¾ÛcÎ
Ù2ÓÈÎJÔ©Æ�ÐdÎ^ÓÈÆ�ËZÛHÌ�Ç}ÓÈÚ¶ËdÉ�Ð�Í2Í2ÎJÉ�ÆÈÇ}ÐUÍLÝ á Ú2Î^ÓÈÎ ÏfËIàUÎ^Ì}Î^Í2Ö�Æ�Ú2Ó�Ë�Ñ�Î
Ì}Ð2É�Ò�ÎJÔ;Ë�Æ Ç}Í@Æ�Î^ÑÈØ�ÎJÔ@Ç�Ë�Æ�ÎdÍ2Ð2Ô@Î^Ó¯ÏfÚ2Ç}Ì�ÎdÆÈÚ2Î Y\S.[ Ø�Î^ÓÈÓ�Ë�ÖUÎ
Å2ÑÈÐUÖUÑÈÎ^Ó�ÓÈÎ^ÓdÆ�ÐZÏfËZÑ�Ô�ÆÈÚ2Î/Ô@Î^ÓÈÆ�Ç}ÍQËZÆÈÇ}ÐUÍ¤Í2Ð2Ô@ÎUÝ
� ´d��¢Z�Q� � �}���I�U�^³P�^�­� ~­����¢U�¡�\|Fì $ /'0 ð ßªÙ2Ó�ÎJÔ Æ�ÐuÇ�Í­â\ÐUÑÈØÓ�Ð�Ù2Ñ�É¡Î+Í2Ð2Ô@Î^Ó¤ÐZâ±ÆÈÚ2ÎuÓ�ÙQÉ^É¡Î^Ó�ÓuÐZâ±É�Ð�Í2Í2ÎJÉ�ÆÈÇ}ÐUÍ>Ñ�Î :�Ù2Î^ÓÈÆ�ÓIÝ
> Í $ /10�ÅQËUÉÈÒUÎ[Æ É�ÐUÍ@Æ�Ë�Ç}Í2Ó Ë2]dc ;�e�e ` > ?cÎ^Ì�Ô�ÏfÚHÇÊÉÈÚ¤Ç}ÍQÔ@Ç�èÉ^Ë�Æ�Î^Ó/ÆÈÚ2Î/ÏfËIàUÎ^Ì}Î^ÍHÖUÆ�Ú4Ó�Î^Ì}ÎJÉ�ÆÈÎJÔ4â\Ð�Ñ Æ�ÚHÎ¶É�Ð�Í2Í2ÎJÉ¡Æ�Ç}ÐUÍLÝ > Ó
ËZÍ $ /10�Ø�Î[Ó�Ó�Ë�ÖUÎdÆ�Ñ�ËIàUÎ^Ì}Ó6â\ÑÈÐUØ�Æ�Ú2Î©Ô@Î^Ó�ÆÈÇ}ÍQËZÆÈÇ�Ð�Í¤Æ�ÐPÆ�ÚHÎÓ�Ð�Ù2Ñ�É¡ÎUß@Ç}Æ�ÉÈÚQË�Í2ÖUÎ[Ó�Æ�Ú2Î¯Ó�Æ�ËZÆ�ÎfÐ�âãÆÈÚ2ÎfÏfËIàUÎ^Ì}Î^Í2Ö�Æ�Ú©Ó�Î^Ì}ÎJÉ¡Æ�ÎJÔ
â\Ð�Ñ;Æ�Ú2ÎKÉ�ÐUÍHÍ2ÎJÉ�ÆÈÇ�Ð�Í�ÆÈÐ 365(7C8 ËZÍQÔ>ÙHÍ2Ì}Ð­ÉÈÒ@Ó ì É�ÚcËZÍ2Ö�Îâ\ÑÈÐUØf!A-1/10"Æ�Ð $'&($*) ! ð ËZÌ}Ì8ÐUÆÈÚ2Î^Ñ/ÏfËIàUÎ^Ì}Î^ÍHÖUÆ�ÚHÓ/Æ�ÚQË�ÆÏ6Î^Ñ�Î/Ì}Ð2ÉÈÒUÎJÔFÛ@Õ�ÆÈÚ2Î/É�ÐUÑÈÑ�Î^ÓÈÅQÐ�ÍQÔ@Ç}Í2Ö YZS.[ Ø�Î[Ó�Ó�Ë�ÖUÎUÝ
�g� ��{��L�Z�\h`���U�I��{��Z�±����¢ ~2�U�¡¢U���B| ì�i $() !.jlk $ /10 ð ß@Ù2Ó�ÎIÔÆ�ÐqÇ}Í@â\ÐUÑÈØ ÓÈÐUÙ2Ñ�É�ÎuÍ2Ð2Ô@Î^Ó�Ð�â±Æ�ÚHÎ¤â�ËZÇ}Ì}Ù2ÑÈÎ°Ð�â±É�ÐUÍ2ÍHÎJÉ�Æ�Ç}Ð�Í
Ñ�Î�:UÙHÎ^Ó�ÆÈÓJÝ í ÚHÇ�Ì}Î×ÆÈÑ�ËIà�Î^Ì}Ç�ÍHÖ�Æ�Ð$ÆÈÚ2Î#ÓÈÐUÙ2Ñ�É�Î�Í2Ð2Ô@ÎUßuË
i $*) !.j�k $ /'0�Ø�Î^ÓÈÓ�Ë�ÖUÎdÙ2Í2Ì}Ð2ÉÈÒDÓdËZÌ}ÌXÏfËIàUÎ^Ì}Î^Í2Ö�Æ�Ú2Ó¯Æ�ÚQË�ÆÏ6Î^Ñ�Î/Ì}Ð2ÉÈÒUÎJÔFÛ@Õ�ÆÈÚ2Î/É�ÐUÑÈÑ�Î^ÓÈÅQÐ�ÍQÔ@Ç}Í2Ö YZS.[ Ø�Î[Ó�Ó�Ë�ÖUÎUÝ
�6W �[�����:|[�ª~2�U�¡¢��¡�B|gì�m(n ! ð ß@Ù2ÓÈÎJÔ©Æ�Ð�Ñ�Î^Ì}ÎJË�Ó�Î®É¡ÐUÍ2Í2ÎIÉ�Æ�Ç}ÐUÍHÓJÝ
> m(n !+Ø�Î[Ó�Ó�Ë�ÖUÎ¯Æ�Ñ�ËIà�Î^Ì}Ç}Í2Ödâ\ÑÈÐUØ�ËdÓ�Ð�Ù2Ñ�É¡Î/Æ�Ð±Ë©Ô@Î^ÓÈÆ�Ç}ÍQË:è
Æ�Ç}Ð�ÍµÉÈÚQË�Í2ÖUÎ[Ó®ÆÈÚ2Î/ÓÈÆ�ËZÆÈÎ/ÐZâ�ÆÈÚ2Î/ÏfËIàUÎ^Ì}Î^Í2Ö�Æ�Ú;ÑÈÎ^Ó�Î[Ñ�àUÎIÔ¤â\Ð�Ñ
Æ�ÚcËZÆ É�Ð�Í2Í2ÎJÉ�ÆÈÇ}ÐUÍ¤â\ÑÈÐUØ 3V5(7C8 Æ�Ð $'&($*) !fÝ
á Ú2ÎFÅ2Ñ�Ð�Æ�Ð2É�ÐUÌ}Ó/ÑÈÎ :�Ù2Ç}Ñ�ÎFÆ�ÚQË�Æ±É�ÐUÍ@ÆÈÑ�ÐUÌ6Ø�Î[Ó�Ó�Ë�ÖUÎ^Ó`â\Ñ�Ð�Ø
Ô@Î^ÓÈÆ�Ç}ÍQË�Æ�Ç}ÐUÍ2ÓKÆÈÐ�Ó�ÐUÙHÑ�É�Î^Ó â\ÐUÌ}Ì}ÐZÏ�Æ�ÚHÎ#Ó�ËZØ�ÎKÅQË�Æ�Ú2Ó ì Ç}Í
ÐUÅcÐUÓÈÇ}Æ�Î°Ô­Ç�ÑÈÎJÉ�ÆÈÇ�Ð�Í2Ó ð ËZÓ�Ø�Î^ÓÈÓ�ËZÖ�Î^Ó�â\Ñ�Ð�Ø	Ó�Ð�Ù2Ñ�É¡Î^ÓPÆ�ÐxÔ­Î^Ó�è
Æ�Ç}ÍQË�Æ�Ç}ÐUÍHÓJÝ í Î�ÏfÇ}Ì}Ì Ô@Î^ÍHÐUÆ�Î4Æ�Ú2Î ?QÎ^Ì�Ô@ÓFÐZâ/ËuÅQËUÉÈÒUÎ[ÆPÛDÕ
o�; ]_pP`balqsr = ` >tT Ý D2Ð�Ñ�Î&GQË�Ø�Å2Ì}ÎUß m*n 7 q =?T Ô@Î[Í2ÐUÆÈÎ^Ó¤Æ�Ú2Î =?T
?QÎ^Ì�ÔFÐZâ�ÆÈÚ2Î YZS.[ ÅQË�É�Ò�Î^ÆJÝ



á Ú2Î4â\Ð�Ñ�ÏfËZÑ�ÔqÑÈÎ^Ó�Î^ÑÈàUËZÆÈÇ�Ð�Í#ÏfÇ}ÆÈÚ#Ô@Ñ�Ð�Å2Å2Ç}Í2ÖqÏgÐ�Ñ�Ò@Ó;ËZÓ
â\Ð�Ì}Ì�ÐZÏfÓIÝ í Ú2Î^Í�ÆÈÚ2Î>Ó�ÐUÙHÑ�É�Î�Í2Ð2Ô@Î·ÏfÇ�ÓÈÚ2Î^ÓKÆ�Ð Î^Ó�Æ�ËZÛ@è
Ì}Ç}Ó�ÚKËxÉ�Ð�Í2Í2ÎJÉ¡Æ�Ç}ÐUÍLßªÇ}Æ¶É�Ð�Ø�ÅcÐUÓÈÎ^Ó�Ë Y\S.[ ØFÎ^Ó�Ó�ËZÖ�Î�ÏfÇ}Æ�Ú
m*n 7 qs]_^�`ba/ÓÈÎ^Æ/Æ�Ð¤ÆÈÚ2ÎPÏsËIà�Î^Ì}Î^Í2Ö�Æ�Ú2Ó/ÆÈÚQËZÆdÆÈÚ2ÎPÍ2Ð2Ô@ÎPØ°ËIÕÙ2ÓÈÎUÝ á Ú2Ç}ÓxØFÎ^Ó�Ó�ËZÖ�Î+Ç�Ó4Æ�Ú2Î^Í$ÑÈÐUÙ2ÆÈÎJÔ�ÆÈÐ×Æ�Ú2ÎKÔ@Î^ÓÈÆ�Ç}ÍQËIè
ÆÈÇ�Ð�ÍLÝ í Ú2Î^ÍvË�Í¾Ç}Í@Æ�Î^ÑÈØ�ÎJÔ­ÇÊË�Æ�ÎPÍ2Ð2Ô@ÎFÑ�ÎJÉ¡Î^Ç}àUÎ^ÓPÆÈÚ2Î YZS.[
ÅQË�ÉÈÒUÎ^ÆIß�Ç}Æ¶Ô­Î^Æ�Î^ÑÈØ�Ç}Í2Î^Ó©Æ�ÚHÎ°ÍHÎ&G2ÆPÐUÙ2ÆÈÖUÐUÇ}Í2Ö¤Ì}Ç}Í2ÒXß.!fß8âBÐUÑ
ÆÈÚ2Î Y\S.[ ÅQË�ÉÈÒUÎ^ÆIßUËZÍQÔ`Ù2ÅãÔHËZÆ�Î[Ó m*n 7 qs]_^�` aþÆ�Ð m*n 7 qs]_^l` a �
$*:�;�=?> ì ! ð Ý�ÞBâ2Æ�Ú2Î6Ñ�Î[Ó�Ù2Ì}Æ�Ç}Í2Ö m*n 7 qs]_^�`ba8Ç}ÓLÎ^ØFÅ2Æ�ÕDß[Æ�Ú2ÎfÉ�Ð�Í@èÍ2ÎIÉ�Æ�Ç}ÐUÍ+É^Ë�Í2Í2ÐUÆ�ÛQÎ©Î^Ó�Æ�ËZÛ2Ì}Ç}Ó�ÚHÎJÔXß8ËZÍQÔuË i $() !.jlk $ /10ØFÎ^Ó�Ó�ËZÖUÎFÇ}Ó/Ó�Î^Í@ÆPÛQË�ÉÈÒ+Æ�Ð;ÆÈÚ2Î¤Ó�ÐUÙHÑ�É�Î¤Í2Ð2Ô@ÎUÝ á Ú2Ç}Ó©Å2Ñ�Ð�è
É�Î[Ó�Ó/Ð�â�â�ËZÇ}Ì}ÎJÔFÑ�Î[Ó�Î^ÑÈàUËZÆ�Ç}Ð�ÍxÇ}ÓdÓ�Ú2ÐZÏfÍ4Ç�Í DLÇ}ÖcÝ.A ì Ë ð ÝdéfÐUÆÈÎ
ÆÈÚQËZÆ/Ç�â $*:�;�=U> ì ! ð Ç}ÓdÑ�Î[Å2Ñ�Î^ÓÈÎ^Í@Æ�ÎJÔqÛ@Õ+Ë�ÛHÇ�Æ�è�à�ÎJÉ�ÆÈÐUÑJß-Æ�ÚHÎ^Ím*n 7 qs]_^�`ba � $*:�;�=?> ì ! ð Ç�Ó Ë©ÛHÇ�Æ�è�ÏfÇ}ÓÈÎ ;�e�T Ð�ÅQÎ^Ñ�ËZÆÈÇ�Ð�ÍLÝ

RES

retransmit time

RES

ACK

send data

REL

Dest.Inter.Source Dest.Source

FAIL/NACK

(a) (b)

D-Ç}ÖUÙHÑ�Î A�"��6ÐUÍ@Æ�ÑÈÐUÌ-Ø�Î^ÓÈÓ�ËZÖ�Î^ÓfÇ}ÍPâ\Ð�Ñ�ÏfËZÑ�ÔPÑ�Î[Ó�Î^ÑÈàUËZÆ�Ç}Ð�Í
ÞBâ ÆÈÚ2Î¤Ñ�Î^ÓÈÙ2Ì}Æ�Ç}Í2Ö m(n 7 q ]d^l` a±Ç}Ó±ÍHÐUÆ©Î^Ø�Å2Æ�Õ@ß-Æ�Ú2ÎFÍ2Ð2Ô@ÎÑÈÎ^Ó�Î^ÑÈàUÎ^ÓdËZÌ}ÌcÆ�Ú2ÎdÏfËIàUÎ^Ì}Î^Í2Ö�Æ�Ú2Ó6Ç}Í m*n 7 qs]_^l` afÛDÕPÉÈÚQËZÍHÖUÇ}Í2ÖÆÈÚ2Î^Ç}Ñ/Ó�Æ�ËZÆÈÎPÆ�Ð !.-1/10¹Ý±Þ�ÆdÆÈÚ2Î^Íuâ\Ð�Ñ�ÏfËZÑ�Ô­Ó m*n 7 Æ�Ð¤ÆÈÚ2ÎÍ2Î%G­ÆªÍ2Ð2Ô@ÎUÝ á Ú2Ç}ÓþÏfËIÕ@ß:Ë�Ó m(n 7 Ë�Å2Å2Ñ�Ð@ËUÉÈÚ2Î^ÓªÆ�Ú2ÎfÔ@Î^ÓÈÆ�Ç}ÍQËIèÆÈÇ�Ð�ÍLßXÆÈÚ2ÎPÅQËZÆÈÚ+Ç}Ó®ÑÈÎ^Ó�Î[Ñ�àUÎIÔ+Ç}ÍQÉ�ÑÈÎ^Ø�Î^Í@Æ�ËZÌ}Ì}ÕDÝ©Ä ÍcÉ�Î m*n 7ÑÈÎJËUÉÈÚ2Î^Ó�Æ�Ú2ÎPÔ@Î^ÓÈÆ�Ç}ÍQËZÆÈÇ}ÐUÍuÏfÇ�ÆÈÚxËPÍHÐUÍ@è�Î^Ø�ÅHÆ�Õ m*n 7 qs]_^�`baJßÆÈÚ2Î;Ô@Î^Ó�ÆÈÇ}ÍQËZÆÈÇ�Ð�Í¾ÓÈÎ^Ì}ÎJÉ�Æ�Ó�â\Ñ�Ð�Ø m(n 7 q ]d^l` a�Ë4ÏfËIàUÎ^Ì}Î^Í2Ö�Æ�ÚÆÈÐPÛQÎ/ÙHÓ�ÎJÔFâBÐUÑfÆ�ÚHÎ±É�ÐUÍHÍ2ÎJÉ�ÆÈÇ�Ð�ÍxËZÍcÔ�Ç}Í@âBÐUÑ�ØFÓ�Æ�ÚHÎ/Ó�Ð�Ù2Ñ�É�Î
Í2Ð2Ô@ÎªÐZâQÆÈÚ2Î�ÏfËIàUÎ^Ì}Î^Í2Ö�Æ�ÚdÆ�Ð¯ÛQÎ6Ù2ÓÈÎJÔdÛ@ÕdÓ�Î^ÍQÔ­Ç�ÍHÖ®ËZÍ $ /10ØFÎ^Ó�Ó�ËZÖUÎ¯ÏfÇ}Æ�Ú $ /'0 qs]_c ;Fe�e ` > ÓÈÎ^ÆfÆ�Ð©Æ�ÚHÎ Ó�Î[Ì�ÎIÉ�Æ�ÎJÔµÏsËIà�Î�èÌ}Î^Í2Ö�Æ�ÚLÝ á Ú2ÎuÓ�Ð�Ù2Ñ�É�Î¾É[ËZÍ×ÓÈÆ�ËZÑÈÆ¤Ó�Î^ÍQÔ­Ç�ÍHÖ ÔHËZÆ�Ë¹ÐUÍQÉ¡ÎxÇ}Æ
ÑÈÎJÉ�Î^Ç}àUÎ[Ó/Æ�Ú2Î $ /'0�ÅQË�ÉÈÒUÎ^ÆIÝ >fâ\ÆÈÎ^Ñ/ËZÌ}ÌþÔ2Ë�Æ�Ë�Ç�ÓdÓÈÎ^Í@ÆJßXÆÈÚ2ÎÓÈÐUÙ2Ñ�É�ÎgÍHÐ­Ô­Î�Ó�Î^ÍcÔ@Ó�Ë m*n !¤ÅQË�ÉÈÒUÎ^Æ-Æ�ÐfÆ�ÎIËZÑ�Ô@ÐZÏfÍdÆ�Ú2ÎfÉ�Ð�Í@è
Í2ÎIÉ�Æ�Ç}ÐUÍ-Ý á Ú2Ç}Ó ÓÈÙQÉ^É�Î^ÓÈÓ�â\ÙHÌgÑÈÎ^Ó�Î^ÑÈàUËZÆÈÇ�Ð�Í;Å2ÑÈÐ­É¡Î^Ó�Ó/Ç}Ó¯Ó�Ú2ÐZÏfÍ
Ç}Í D-Ç}ÖQÝ�A ì Û ð Ý
�����
	���
�� " á Ú2Î ÅHÑ�ÐUÆÈÐ2É�ÐUÌLÔ@Î[Ó�É�ÑÈÇ�ÛcÎJÔ¤ËZÛcÐZàUÎdÉ^ËZÍFÛQÎ¯Ø�Ð2Ô�è
Ç@?QÎJÔ>ÆÈÐ×Ù2ÓÈÎ¾Æ�ÚHÎ¾Ú2Ð�ÌÊÔ­Ç�ÍHÖvÅcÐUÌ}Ç�É�Õ@Ý [ ÅQÎJÉ¡Ç ?XÉ^ËZÌ}Ì}ÕDßdÏfÚHÎ^Í
Ë�Í�Ç}Í@Æ�Î^ÑÈØ�ÎJÔ@Ç�Ë�Æ�Î ÍHÐ­Ô­Î`Ô­Î^Æ�Î^ÑÈØ�Ç}Í2Î^ÓfÆÈÚQËZÆfÆÈÚ2Î/É�ÐUÍHÍ2ÎJÉ�ÆÈÇ�Ð�Í
â\Ð�Ñ®Ë�Ñ�Î^ÓÈÎ^Ñ�àUË�Æ�Ç}ÐUÍxÉ[ËZÍ2Í2Ð�ÆdÛQÎ/Î[Ó�Æ�Ë�Û2Ì}Ç}Ó�Ú2ÎJÔ ßXÆ�ÚQË�Æ Ç}Ó ÏfÚHÎ^Í
m*n 7 qs]_^�`ba � $*:�;�=?> ì ! ð���� ß2ÆÈÚ2Î/Í2Ð2Ô@Î/ÛHÙ@ÜãÎ[Ñ�Ó ÆÈÚ2Î m*n 7ÅQË�ÉÈÒUÎ^ÆFâ\Ð�Ñ�Ë+Ì}Ç}Ø�Ç}Æ�ÎJÔ¹ÅQÎ[Ñ�Ç}Ð2Ô×Ð�â`ÆÈÇ}Ø�ÎUÝ>ÞBâ±ÏfÇ}Æ�ÚHÇ�Í·Æ�Ú2Ç}Ó
ÅcÎ^Ñ�Ç}Ð2ÔXßcÓ�Ð�Ø�ÎdÏfËIàUÎ^Ì}Î^Í2Ö�Æ�Ú2ÓfÇ}Í m*n 7 qs]_^�` a ÛQÎJÉ¡ÐUØ�Î©ËIàUËZÇ}Ì�èË�Û2Ì}ÎUßXÆ�ÚHÎ m*n 7 ÅQËUÉÈÒ�Î^Æ/É^ËZÍuÆ�Ú2Î[Í¾É�ÐUÍ@Æ�Ç}Í@Ù2Î©Ç}Æ�Ó��¡ÐUÙ2ÑÈÍ2Î^Õ@ÝÄ¯Æ�ÚHÎ^Ñ�ÏfÇ}Ó�Î�ßXÆ�Ú2Î i $() !.jlk $ /10�ÅQË�É�Ò�Î^Æ Ç}Ó¯Ó�Î^Í@Æ ÛcËUÉÈÒ¤Æ�ÐÆÈÚ2Î/Ó�Ð�Ù2Ñ�É¡ÎUÝ�Þ�ØFÅ2Ì}Î^Ø�Î^Í@ÆÈÇ�ÍHÖ/Æ�Ú2ÎdÚ2Ð�Ì�Ô@Ç}Í2Ö±ÅcÐUÌ}Ç�É�ÕPÑÈÎ :�Ù2Ç}Ñ�Î^Ó
ÎJË�ÉÈÚ+Í2Ð2Ô@Î�ÆÈÐ;Ø°Ë�Ç�Í@Æ�ËZÇ}Í;Ë�ÚHÐUÌ�Ô@Ç}Í2Ö :�Ù2Î^Ù2Î¤ËZÍQÔuÆÈÐ°ÅcÎ^ÑÈÇ¦è
Ð2Ô@Ç�É^Ë�Ì�Ì}Õ;ÉÈÚ2ÎJÉÈÒuÆ�ÚQË�Æ :�Ù2Î^Ù2ÎPÆÈÐµÔ­Î^Æ�Î^ÑÈØ�Ç}Í2Î©Ç�â¬Ë�ÍDÕ¤Ð�âsÆÈÚ2Î
ÏfËIàUÎ^Ì}Î^ÍHÖUÆ�ÚHÓfÚQËIàUÎdÛcÎJÉ�ÐUØFÎ®ËIàUË�Ç�Ì�Ë�Û2Ì}ÎUÝ
���������������! �� ËZÍcÔ#" ��
$�%�&�� &'�()�! �� ÑÈÎ^Ó�Î^ÑÈàUËZÆÈÇ�Ð�Í9" á Ú2Î±ËZÖ�è

ÖUÑÈÎ^Ó�ÓÈÇ}àUÎ^Í2Î[Ó�Ó©ÐZâgÆÈÚ2Î±ÑÈÎ^Ó�Î[Ñ�àUËZÆÈÇ}ÐUÍuÇ�Ó¯Ñ�Î+*cÎJÉ�Æ�ÎIÔ+Ç}Í;Æ�ÚHÎ±ÓÈÇ<;[Î
ÐZâ ÆÈÚ2ÎPÏfËIàUÎ^Ì}Î^Í2Ö�Æ�Ú+ÓÈÎ^ÆJß m(n 7 q ]d^l` aJß8Ç}Í2Ç}Æ�Ç�ËZÌ}Ì}Õ°ÉÈÚ2Ð�Ó�Î^ÍqÛDÕÆ�ÚHÎ®ÓÈÐUÙ2Ñ�É�ÎdÍ2Ð2Ô@ÎUÝ8Þ�Í¤ËZÖUÖ�Ñ�Î^ÓÈÓ�Ç}àUÎ¯Ñ�Î^ÓÈÎ^Ñ�àUË�Æ�Ç}ÐUÍ-ß@Æ�Ú2ÎdÓ�Ð�Ù2Ñ�É¡Î
Í2Ð2Ô@Î/ÓÈÎ^Æ�Ó m*n 7 qs]_^l` a Æ�Ð-,���.�q q q/.bk10 A�2Dß@ÏfÚHÎ^Ñ�Î2k�Ç}ÓfÆ�ÚHÎ
Í@Ù2ØPÛcÎ^ÑdÐZâfÏsËIà�Î^Ì}Î^Í2ÖUÆÈÚ2ÓdÇ}ÍxÆÈÚ2ÎPÓ�Õ@Ó�ÆÈÎ^ØxÝPÄ¯ÍuÆ�Ú2ÎPÐ�Æ�Ú2Î^Ñ
ÚQË�ÍQÔXß8Æ�ÚHÎ°É�Ð�Í2Ó�Î^ÑÈàUËZÆÈÇ�à�ÎPÑ�Î^ÓÈÎ^Ñ�àUË�Æ�Ç}ÐUÍKËZÓÈÓ�Ç}ÖUÍ2Ó m(n 7 q ]d^l` aÆ�ÐPÇ}ÍQÉ¡Ì�ÙcÔ@ÎdÐUÍ2Ì}Õ�Ë©Ó�Ç}Í2Ö�Ì}Î ÏfËIàUÎ^Ì}Î^Í2Ö�Æ�ÚLÝ á Ú@Ù2ÓIßQË�ÖUÖUÑÈÎ^Ó�ÓÈÇ}àUÎ
Ñ�Î[Ó�Î^ÑÈàUËZÆ�Ç}Ð�ÍvÏfÇ}Ì}Ì�ÛcÎ¤Ó�ÙQÉ^É¡Î^Ó�Ó�â\Ù2ÌdÇ�â Æ�Ú2Î^ÑÈÎ¤Î&G2Ç�ÓÈÆ�Ó�Ë4ÏsËIà�Î�è
Ì}Î^Í2Ö�Æ�Ú�ÆÈÚQËZÆfÇ}ÓfËIàUËZÇ}Ì�ËZÛ2Ì}ÎgË�Ì}ÐUÍ2Ö±Ë�Ì}ÌQÆÈÚ2ÎdÌ�Ç}Í2Ò@Ó6Ç}ÍPÆ�Ú2ÎdÅQË�Æ�Ú
ÏfÚ2Ç}Ì}Î±É�Ð�Í2Ó�Î^ÑÈàUËZÆÈÇ�à�Î±ÑÈÎ^Ó�Î[Ñ�àUËZÆÈÇ}ÐUÍ¾É^Ë�Í;ÛQÎ©Ó�ÙcÉ^É�Î^ÓÈÓ�â\Ù2ÌfÐ�Í2Ì}Õ
ÏfÚ2Î^ÍFÆ�Ú2Î¯Ó�ÅcÎJÉ�Ç@?ãÉ¯ÏfËIàUÎ^Ì}Î^Í2Ö�Æ�ÚPÇ}Í m*n 7 qs]_^�`bagÇ}ÓgËIàUË�Ç}ÌÊË�Û2Ì}ÎËZÌ}Ð�Í2Ö�ËZÌ}ÌXÆ�ÚHÎ±Ì}Ç}Í2Ò@ÓfÇ}Í°ÆÈÚ2Î©ÅQËZÆÈÚLÝ�> Ì}Æ�Ú2Ð�Ù2ÖUÚ¤ÆÈÚ2Î¶Ë�ÖUÖ�Ñ�Î^Ó�è
Ó�Ç}à�ÎxÑÈÎ^Ó�Î^ÑÈàUËZÆÈÇ�Ð�Í#ÓÈÎ^Î^ØFÓ°ÆÈÐ¾Ç}ÍQÉ�ÑÈÎJËZÓÈÎ+Æ�Ú2Î+ÉÈÚQËZÍcÉ�Îuâ\ÐUÑ¤Ë
Ñ�Î[Ó�Î^ÑÈàUËZÆ�Ç}Ð�ÍxÆÈÐ°ÛcÎ©Ó�ÙQÉ^É¡Î^Ó�Ó�â\Ù2Ì�ßLÇ}Æ¯Ñ�Î^ÓÈÙ2Ì}Æ�Ó/Ç}Í;ÐZà�Î^Ñ�Ì}Õ¤Ì}Ð­ÉÈÒ�è
Ç}Í2Ö©Æ�Ú2ÎdÏfËIàUÎ^Ì}Î^Í2Ö�Æ�Ú2ÓIÝ8Þ�Í�ÆÈÚ2Î/É^ËZÓÈÎ®Ð�â�Ë�Ú2ÎJËIà@ÕPÌ}ÐDË�ÔXßUÆÈÚ2Ç}Ó
Ø�Ç}Ö�ÚDÆ6Ô@ÎJÉ�ÑÈÎJËZÓÈÎ±ÆÈÚ2Î/ÐZàUÎ[Ñ�ËZÌ}ÌcÆ�Ú2ÑÈÐUÙ2Ö�Ú2Å2Ù2ÆIÝ
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Þ�Í×É�ÐUÍ@ÆÈÑ�ËZÓÈÆPÆ�Ð+ÆÈÚ2Î¤â\Ð�Ñ�ÏfËZÑ�Ô¹Ñ�Î^ÓÈÎ^Ñ�àUË�Æ�Ç}ÐUÍ-ßgÛcËUÉÈÒ@ÏsË�Ñ�Ô
Ñ�Î[Ó�Î^ÑÈàUËZÆ�Ç}Ð�Í¾Ó�ÉÈÚ2Î[Ø�Î^Ó/ÙHÓ�Î°Ë°â\ÐUÑÈÏsË�Ñ�Ô4Ø�Î^ÓÈÓ�ËZÖ�ÎPÆ�Ð¤Å2ÑÈÐUÛcÎ
Æ�ÚHÎ+Í2Î^Æ�Ï6ÐUÑ�ÒXßdÏfÚ2Ç}Ì}ÎuÌ�Ð2ÉÈÒ@Ç}Í2ÖKÆ�Ú2Î+ÏfËIàUÎ^Ì}Î^ÍHÖUÆ�ÚHÓ°Ç}Ó¤ÅcÎ^Ñ�è
â\Ð�Ñ�Ø�ÎIÔPÛ@Õ�Ë©ÛQËUÉÈÒ@ÏfËZÑ�Ô�Ø�Î^ÓÈÓ�Ë�ÖUÎUÝ á Ú2ÎdÛQË�ÉÈÒDÏfËZÑ�ÔPÑÈÎ^Ó�Î^Ñ�è
àUËZÆÈÇ}ÐUÍ+Ó�ÉÈÚ2Î[Ø�Î�ÙHÓ�Î^Ó ?Qà�Î�Æ�Õ@ÅcÎ^Ó±Ð�â`É�Ð�Í@Æ�Ñ�Ð�ÌgÅcËUÉÈÒUÎ^ÆÈÓJß6ËZÌ}Ì
ÐZâ8ÏfÚ2Ç�ÉÈÚ�É^ËZÑÈÑ�Õ�ÆÈÚ2Î®É¡ÐUÍ2Í2ÎIÉ�Æ�Ç}ÐUÍ =UT ßUÇ}Í°Ë�Ô2Ô@Ç}Æ�Ç}Ð�ÍPÆ�Ð/Ð�Æ�Ú2Î^Ñ
?QÎ^Ì�Ô@ÓdËZÓ Ô@Ç}Ó�É�Ù2Ó�ÓÈÎJÔ¤Í2Î%G­Æ�"
� ~Q���U���¯~­����¢U�¡�\|/ì�ó.Y Ä54 ð ßXÆ�ÚcËZÆdÆ�Ñ�ËIàUÎ^Ì8âBÑ�ÐUØ�ÓÈÐUÙ2Ñ�É�Î^Ó/ÆÈÐÔ@Î^ÓÈÆ�Ç}ÍQË�Æ�Ç}ÐUÍ2Ó¯ÖDË�Æ�Ú2Î^ÑÈÇ}Í2ÖPÇ}Í@â\ÐUÑÈØ°Ë�Æ�Ç}ÐUÍ�Ë�ÛQÐ�Ù2ÆfÏsËIà�Î^Ì}Î^Í2Ö�Æ�Ú
Ù2Ó�ËZÖUÎ·ÏfÇ�ÆÈÚ2ÐUÙHÆxÌ}Ð2ÉÈÒDÇ}Í2Ö�ËZÍ@Õ�ÏfËIàUÎ^Ì}Î^ÍHÖUÆ�Ú-Ý > ó.Y Ä54
ÅQË�É�Ò�Î^Æ±É^Ë�Ñ�ÑÈÇ�Î[Ó`ËFÛ2Ç}ÆdàUÎIÉ�Æ�Ð�ÑJß =Ue�= aJß-Æ�ÐFÑ�Î^ÅHÑ�Î^ÓÈÎ^Í@ÆPÆ�Ú2Î©Ó�Î^ÆÐZâ�ÏfËIàUÎ^Ì}Î^ÍHÖUÆ�ÚHÓsËIàUË�Ç�Ì�Ë�Û2Ì}ÎfÆ�ÐPÎ^ÓÈÆ�ËZÛHÌ�Ç}ÓÈÚ°ÆÈÚ2Î/É�ÐUÍHÍ2ÎJÉ�ÆÈÇ�Ð�ÍLÝ
��W �¡|J�^�[�:�:��{\���K~­����¢U�¡�\|uì m*n 7 ð ß©ÓÈÇ�ØFÇ}ÌÊË�ÑPÆ�Ð×ÆÈÚ2Î m*n 7ÅQË�É�Ò�Î^Æ�ÓªÇ�Í�Æ�Ú2Îªâ\ÐUÑÈÏsË�Ñ�ÔdÓ�ÉÈÚ2Î^Ø�Î�ßZÎ&GQÉ�Î^Å2ÆªÆ�ÚQË�ÆLÆ�ÚHÎ^Õ/Æ�Ñ�ËIàUÎ^Ì
â\ÑÈÐUØ�Ô­Î^Ó�ÆÈÇ�ÍcËZÆ�Ç}Ð�Í2Ó/Æ�Ð4Ó�ÐUÙHÑ�É�Î^ÓIß8Ì}Ð­ÉÈÒ@Ç}Í2Ö¤ÏsËIà�Î^Ì}Î^Í2Ö�Æ�Ú2Ó±Ë�Ó
Æ�ÚHÎ^Õ;ÖUÐFÆ�Ú2ÑÈÐUÙ2Ö�ÚxÇ}Í@Æ�Î[Ñ�Ø�ÎIÔ@Ç�ËZÆ�Î�Í2Ð2Ô@Î^ÓJÝ > m*n 7 ÅQËUÉÈÒ�Î^ÆÉ�Ð�ÍDÆ�ËZÇ}Í2Ó Ë ]_^�` a ?QÎ[ÌÊÔ Ý
� ´d�¡¢:�Q� � �����I�U�[³¶�[�@�8~­����¢U���B|dì $ /10 ð ßcÓÈÇ�ØFÇ}ÌÊË�Ñ�Æ�Ð $ /10ÅQË�É�Ò�Î^Æ�Ó6Ç}ÍPÆ�Ú2Î6âBÐUÑ�ÏfËZÑ�Ô©Ó�ÉÈÚ2Î^ØFÎfÎ&GQÉ�Î^Å2ÆfÆÈÚQËZÆªÆ�Ú2Î^Õ©Æ�Ñ�ËIàUÎ^Ì
â\ÑÈÐUØ�Ó�Ð�Ù2Ñ�É�Î[Ó�Æ�ÐuÔ@Î^Ó�ÆÈÇ}ÍQËZÆÈÇ�Ð�Í2ÓJÝuÞ�ÆPÉ�ÐUÍ@Æ�ËZÇ}Í2Ó±Ë ]_c ;Fe�e ` >
?QÎ^Ì�ÔXÝ
��� �Z{��¬~­����¢U���B|+ì i $() ! ð ß/ÆÈÐ×Ù2Í2Ì}Ð2ÉÈÒ#ÆÈÚ2Î¾ÏfËIàUÎ[Ì�Î[Í2ÖUÆÈÚ2ÓÌ}Ð2É�Ò�ÎJÔ¤Û@Õ¤Æ�Ú2Î m(n 7 ÅQËUÉÈÒ�Î^Æ�Ó¯Ç�ÍuÉ^ËZÓÈÎ^ÓdÐZâ8â�ËZÇ}Ì}Ù2ÑÈÎ^Ó ÆÈÐPÎ^Ó�èÆ�Ë�Û2Ì}Ç}Ó�Ú;É�ÐUÍHÍ2ÎJÉ�ÆÈÇ�Ð�Í2ÓJÝ
� h/���U�I��{��Z������¢Z�Q� � �}���I�U�^³P�^�­�s~2�U�¡¢U���B|±ì k $ /'0 ð ß-Ù2Ó�ÎIÔÆ�ÐPÇ}Í@âBÐUÑ�Ø Æ�Ú2ÎdÓ�Ð�Ù2Ñ�É¡Î/Í2Ð2Ô@Î^Ó¯ÐZâþÑÈÎ^Ó�Î[Ñ�àUËZÆÈÇ}ÐUÍ¤â�Ë�Ç}Ì�ÙHÑ�Î^ÓIÝ
� W �[�����I|J�6~2�U�¡¢U���B| ì�m(n ! ð ßHÙ2Ó�ÎJÔµÆ�Ð©Ñ�Î^Ì}ÎJË�Ó�Î±É�Ð�Í2Í2ÎJÉ¡Æ�Ç}ÐUÍ2ÓËIâBÆ�Î^ÑfÆÈÚ2Î±É�Ð�Ø�ØPÙ2Í2Ç�É^Ë�Æ�Ç}ÐZÍ©Ç�Ó É¡ÐUØ�ÅHÌ�Î[Æ�ÎJÔXÝ
éfÐ�Æ�ÎfÆÈÚQËZÆgË i $*) !.j�k $ /10�Ø�Î^ÓÈÓ�Ë�ÖUÎ6Ç�Í©Æ�ÚHÎ6â\ÐUÑÈÏsË�Ñ�ÔÓ�ÉÈÚ2Î[Ø�ÎPÅcÎ^Ñ�â\Ð�Ñ�ØFÓ®ÆÈÚ2ÎPâBÙ2ÍQÉ�ÆÈÇ�Ð�ÍxÐ�âsÛcÐUÆÈÚ¾Ë i $*) !>Ø�Î[Ó�èÓ�Ë�ÖUÎ/ËZÍcÔ°Ë6k $ /10�Ø�Î^ÓÈÓ�ËZÖ�Î Ç}Í�ÆÈÚ2Î/ÛQË�ÉÈÒDÏfËZÑ�ÔPÓ�É�ÚHÎ^Ø�ÎUÝ
á Ú2ÎuÛQËUÉÈÒ@ÏfËZÑ�Ô Ñ�Î^ÓÈÎ^Ñ�àUË�Æ�Ç}ÐUÍ>ÏfÇ}Æ�Ú#Ô@ÑÈÐUÅ2ÅHÇ�ÍHÖ¾Ó�ÉÈÚ2Î[Ø�Î
Ï6ÐUÑ�Ò@Ó¤ËZÓ©â\Ð�Ì�Ì}ÐZÏfÓIÝ í Ú2Î^Í×ÆÈÚ2Î;ÓÈÐUÙ2Ñ�É�Î;Í2Ð2Ô@Î;ÏfÇ}ÓÈÚ2Î^Ó�ÆÈÐ
Î^ÓÈÆ�ËZÛHÌ�Ç}ÓÈÚ Ë×É�Ð�Í2Í2ÎJÉ¡Æ�Ç}ÐUÍLß©Ç}ÆxÉ�Ð�Ø�ÅcÐUÓÈÎ^ÓxË ó.Y Ä54�Ø�Î[Ó�è
Ó�Ë�ÖUÎPÏfÇ}Æ�Ú76 m - 3 q =Ue�= adÓ�Î^Æ�Æ�Ð;É�ÐUÍ@Æ�ËZÇ}ÍôË�Ì}ÌþÏfËIàUÎ[Ì�Î[Í2ÖUÆÈÚ2ÓÇ}ÍKÆ�Ú2Î;ÓÈÕ@Ó�Æ�Î[ØxÝ á ÚHÇ�ÓPØFÎ^Ó�Ó�ËZÖ�Î°Ç}ÓPÆÈÚ2Î^ÍKÑ�Ð�Ù2Æ�ÎJÔ Æ�Ð+Æ�ÚHÎ
Ô@Î^ÓÈÆ�Ç}ÍQË�Æ�Ç}ÐUÍLÝ í Ú2Î^Í;Ë�Í°Ç}Í@Æ�Î[Ñ�Ø�ÎIÔ@Ç�ËZÆ�Î¯Í2Ð2Ô@Î/ÑÈÎJÉ�Î^Ç}àUÎ[Ó Æ�ÚHÎ
ó.Y Ä54�ÅcËUÉÈÒUÎ^ÆIß8Ç}Æ`Ô­Î^Æ�Î^ÑÈØ�Ç}Í2Î^Ó�Æ�Ú2ÎFÍ2Î&G2Æ/ÐUÙHÆ�ÖUÐ�Ç}Í2Ö�Ì}Ç}Í2ÒXß
!fß­â\ÐUÑfÆÈÚ2Î ó.Y Ä54×ÅQË�ÉÈÒUÎ^ÆIßQËZÍcÔPÙ2ÅXÔ2ËZÆÈÎ^Ó86 m - 3 q =?e�= asÆÈÐ



6 m - 3 q =Ue�= a � $*:�;�=?> ì ! ð Ý�ÞBâfÆ�Ú2ÎPÑÈÎ^Ó�ÙHÌ�ÆÈÇ}Í2Ö 6 m - 3 q =Ue�= aÇ}ÓPÎ^ØFÅ2Æ�ÕDß-Æ�ÚHÎxÉ�ÐUÍHÍ2ÎJÉ�ÆÈÇ�Ð�Í×É^ËZÍ2ÍHÐUÆPÛcÎ°Î[Ó�Æ�Ë�Û2Ì}Ç}Ó�Ú2ÎJÔ·ËZÍQÔ
Ë k $ /10 ÅQËUÉÈÒ�Î^Æ;Ç}Ó;Ó�Î[ÍDÆuÛQË�É�Ò·Æ�Ð×ÆÈÚ2Î¾ÓÈÐUÙ2Ñ�É�Î¾Í2Ð2Ô@Î�Ý
D-Ç}ÖQÝ2ñ ì Ë ð Ó�ÚHÐZÏfÓ Æ�ÚHÇ�Ó6â�ËZÇ}Ì}ÎJÔ©Ñ�Î^ÓÈÎ^Ñ�àUË�Æ�Ç}ÐUÍuÉ^ËZÓÈÎUÝ
ÞBâ8Æ�Ú2ÎdÑ�Î[Ó�Ù2Ì}Æ�Ç}Í2Ö 6 m - 3 q =Ue�= a6Ç�Ó6Í2Ð�ÆfÎ^Ø�Å2Æ�Õ@ßZÆÈÚ2ÎdÍ2Ð2Ô@Îâ\Ð�Ñ�ÏfËZÑ�Ô@Ó ó.Y Ä54uÆÈÐ Æ�ÚHÎgÍ2Î%G­Æ8Í2Ð2Ô@Î�Ý á Ú2Ç}Ó-ÏsËIÕ@ßZËZÓ óAY Ä84
Ë�Å2Å2Ñ�Ð@ËUÉÈÚ2Î^Ó6Æ�ÚHÎ®Ô@Î^ÓÈÆ�Ç}ÍQË�Æ�Ç}ÐUÍLß�Æ�ÚHÎ ÏfËIàUÎ^Ì}Î^Í2Ö�Æ�Ú2Ó6ËIàUËZÇ}Ì�ËZÛ2Ì}Î
Ð�Í�Æ�ÚHÎ ÅQË�Æ�Ú°Ë�Ñ�Î¯Ñ�ÎJÉ�Ð�Ñ�Ô@ÎIÔ¤Ç}ÍPÆ�Ú2Î =?e�= asÓÈÎ^ÆJÝ�Ä¯ÍQÉ¡Î óAY Ä84ÑÈÎJËUÉÈÚ2Î^ÓfÆÈÚ2Î/Ô@Î^ÓÈÆ�Ç}ÍQËZÆÈÇ}ÐUÍLß�Æ�Ú2ÎdÔ@Î^ÓÈÆ�Ç}ÍQËZÆÈÇ}ÐUÍPâBÐUÑ�ØFÓ�Ë m*n 7ØFÎ^Ó�Ó�ËZÖUÎ�ÏfÇ�ÆÈÚ m*n 7 qs]_^�`badÎ :�ÙQËZÌ8Æ�Ð¤ËPÓÈÎ^Ì}ÎJÉ�Æ�ÎIÔuÓ�Ù2Û2ÓÈÎ^ÆdÐZâ6 m - 3 q =Ue�= aþËZÍQÔ�Ó�Î^ÍcÔ@Ó8Æ�Ú2Ç}Ó8Ø�Î^ÓÈÓ�Ë�ÖUÎ�ÛQË�ÉÈÒ/Æ�Ð¯Æ�Ú2Î6Ó�Ð�Ù2Ñ�É�ÎÍ2Ð2Ô@Î�Ý í ÚHÎ^ÍxËZÍ¤Ç}Í@Æ�Î^ÑÈØ�ÎJÔ­ÇÊË�Æ�Î/ÍHÐ­Ô­Î/Ñ�ÎJÉ¡Î^Ç}àUÎ^ÓdÆ�ÚHÎ m*n 7ÅQË�ÉÈÒUÎ^ÆIßXÇ}Æ`Ô­Î^Æ�Î^ÑÈØ�Ç}Í2Î^ÓdÆÈÚ2ÎPÍ2Î&G2ÆdÌ}Ç�ÍHÒãß�!fß â\Ð�Ñ m*n 7 ËZÍQÔÙ2ÅXÔ2Ë�Æ�Î^Ó $ /10 qs]_^�`baPÆ�Ð $ /'0 qs]_^�`ba � $(:<;�=?> ì ! ð Ý·ÞBâ®ÆÈÚ2ÎÑÈÎ^Ó�Ù2Ì}ÆÈÇ�ÍHÖ m*n 7 qs]_^�` a®Ç}Ó Î^ØFÅ2Æ�Õ@ß2Æ�ÚHÎ�É�ÐUÍ2ÍHÎJÉ�Æ�Ç}Ð�ÍôÉ^Ë�ÍxÍHÐUÆÛcÎdÎ^Ó�Æ�ËZÛ2Ì}Ç}Ó�Ú2ÎIÔXÝ�Þ�Í¤Æ�ÚHÇ�Ó É[ËZÓ�Î�Æ�Ú2ÎdÍ2Ð2Ô@ÎdÓ�Î[ÍQÔ@Ó®Ë k $ /10ØFÎ^Ó�Ó�ËZÖUÎFÆ�Ð;ÆÈÚ2Î¤Ó�Ð�Ù2Ñ�É�Î¤Í2Ð2Ô@ÎFÆ�ÐuÇ}Í@â\ÐUÑÈØ	Ç}Æ©ÐZâ Æ�ÚHÎPâ�Ë�Ç�Ì�è
Ù2ÑÈÎUß2ËZÍcÔPÓ�Î[ÍQÔ@Ó®Ë i $() !¾ØFÎ^Ó�Ó�ËZÖ�ÎfÆ�Ð©Æ�Ú2Î/Ô@Î^ÓÈÆ�Ç}ÍQË�Æ�Ç}ÐUÍFÆ�Ðâ\ÑÈÎ^Î/ÆÈÚ2Î/ÏfËIàUÎ^Ì}Î^Í2Ö�Æ�Ú2Ó¯Ì}Ð­ÉÈÒ�ÎJÔFÛDÕ m*n 7 Ý á Ú2Ç}ÓfÅ2Ñ�Ð2É�Î[Ó�Ó/Ç}ÓÓÈÚ2ÐZÏfÍ¤Ç�Í D-Ç�ÖcÝ2ñ ì Û ð Ý
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DLÇ}Ö�Ù2Ñ�Î/ñ "$�6Ð�Í@Æ�Ñ�Ð�ÌXØ�Î^ÓÈÓ�Ë�ÖUÎ^ÓfÇ}Í�ÛcËUÉÈÒ@ÏsË�Ñ�ÔFÑ�Î^ÓÈÎ^Ñ�àUË�Æ�Ç}ÐUÍ
ÞBâgÆÈÚ2ÎPÑ�Î[Ó�Ù2Ì}Æ�Ç}Í2Ö m*n 7 qs]_^�`ba/Ç}ÓdÍ2ÐUÆdÎ^ØFÅ2Æ�Õ@ßQÆÈÚ2Î©ÏsËIà�Î�èÌ}Î^Í2Ö�Æ�Ú2ÓKÇ}Í m*n 7 qs]_^�`ba#Ë�Ñ�Î>Ì�Ð2ÉÈÒUÎIÔ
Ë�ÍQÔ m*n 7 Ç�Ó¹â\ÐUÑ�èÏfËZÑ�Ô@ÎJÔKÆÈÐ+Æ�Ú2Î;ÍHÎ&G2Æ°ÍHÐ­Ô­ÎUÝ í Ú2Î^Í m*n 7 ÑÈÎJËUÉÈÚ2Î^Ó¤ÆÈÚ2ÎÓÈÐUÙ2Ñ�É�Î ÏfÇ}Æ�ÚPËdÍ2Ð�Í@è�Î^Ø�Å2Æ�Õ m*n 7 qs]_^�`baJß@ÆÈÚ2ÎfÓ�Ð�Ù2Ñ�É¡Î Ó�Î[Ì�ÎIÉ�Æ�ÓË4ÏsËIà�Î^Ì}Î^Í2Ö�Æ�Úuâ\ÑÈÐUØ�Æ�Ú2Î m*n 7 qs]_^�`ba�â\ÐUÑ©Æ�Ú2Î¤É�ÐUÍHÍ2ÎJÉ�ÆÈÇ�Ð�ÍË�ÍQÔ;ÓÈÎ^ÍQÔ@ÓPËZÍ $ /'0�ØFÎ^Ó�Ó�ËZÖUÎPÆÈÐ¤Æ�Ú2Î�Ô@Î[Ó�Æ�Ç}ÍQË�Æ�Ç}ÐUÍuÏfÇ}Æ�Ú

$ /10 qs]_c ;�e�e ` > Ó�Î^ÆFÆ�ÐuÆ�Ú2Î¤Ó�Î[Ì�ÎIÉ�Æ�ÎJÔ·ÏfËIàUÎ^Ì}Î^Í2Ö�Æ�ÚLÝ á Ú2Ç}Ó
$ /10�Ø�Î[Ó�Ó�Ë�ÖUÎ/ÙHÍ2Ì}Ð­ÉÈÒ@Ó®Ë�Ì}ÌXÆ�Ú2Î©ÏsËIà�Î^Ì}Î^Í2Ö�Æ�Ú2Ó¯Ì�Ð2ÉÈÒUÎIÔ¤Û@Õm*n 7 ß�Î%GHÉ¡Î^Å2Æ�ÆÈÚ2Î¤ÐUÍ2ÎFÇ}Í4]_c ;�e�e ` > Ý á Ú2Î¤ÓÈÐUÙ2Ñ�É�Î¤Í2Ð2Ô@ÎÉ^Ë�ÍxÓÈÆ�Ë�Ñ�ÆdÓ�Î^ÍcÔ@Ç}Í2Ö;Ô2ËZÆ�Ë°Ë�Ó ÓÈÐDÐ�ÍôË�ÓdÇ�Æ¯Ó�Î^ÍcÔ@Ó/Æ�ÚHÎ $ /10ØFÎ^Ó�Ó�ËZÖUÎ�Ý�>¬â\Æ�Î^Ñ Ë�Ì}ÌQÔ2ËZÆ�ËdÇ}ÓgÓÈÎ^Í@ÆJß@ÆÈÚ2Î ÓÈÐUÙ2Ñ�É�ÎdÍ2Ð2Ô@Î ÓÈÎ^ÍQÔ@Ó

Ë m(n !+ÅQË�É�Ò�Î^Æ6Æ�Ð/ÆÈÎJËZÑ Ô@ÐZÏfÍPÆÈÚ2Î/É�ÐUÍHÍ2ÎJÉ�ÆÈÇ�Ð�ÍLÝ á Ú2Î¯Å2Ñ�Ð�è
É�Î^ÓÈÓdÐZâþÓÈÙQÉ^É�Î[Ó�Ó�âBÙ2Ì�Ñ�Î[Ó�Î^ÑÈàUËZÆ�Ç}Ð�Í°Ç}ÓfÓÈÚ2ÐZÏfÍ¤Ç�Í D-Ç�ÖcÝ2ñ ì É ð Ý
����� 	��!
�� " � Ð�Ì�Ô@Ç}Í2Ö°É^Ë�ÍxÛcÎPÇ}ÍQÉ�Ð�Ñ�ÅcÐUÑ�Ë�Æ�ÎJÔuÇ}ÍuÆ�Ú2ÎPÛcËUÉÈÒ�è
ÏfËZÑ�Ô4Ñ�Î[Ó�Î^ÑÈàUËZÆ�Ç}Ð�Í+Ó�ÉÈÚ2Î^ØFÎ¶Ë�Ó âBÐUÌ}Ì}ÐZÏfÓJÝdÞ�ÍuÆ�Ú2ÎPÅ2ÑÈÐUÆÈÐ­É¡ÐUÌ�ß
Æ�ÚHÎ^Ñ�ÎPËZÑÈÎ®Æ�Ï6Ð�É^Ë�Ó�Î^Ó¯Æ�ÚQË�Æ É^ËZÙ2ÓÈÎ±ÆÈÚ2ÎdÑ�Î^ÓÈÎ^Ñ�àUË�Æ�Ç}ÐUÍ4Æ�Ð©â�Ë�Ç�Ì�Ý
á Ú2Î¯Å2Ñ�Ð�Æ�Ð2É�ÐUÌHØ°ËIÕ/Ô@Î^ÆÈÎ^Ñ�ØFÇ�ÍHÎfÆ�ÚQË�ÆþÆÈÚ2Î ÑÈÎ^Ó�Î[Ñ�àUËZÆÈÇ}ÐUÍ©â�Ë�Ç�Ì}Ó
ÏfÚ2Î^Í+ÅHÑ�Ð2É�Î^ÓÈÓ�Ç}Í2ÖuÆ�Ú2Î ó.Y Ä54 ÅQËUÉÈÒUÎ[ÆJÝPÞ�Í+ÆÈÚ2Ç}Ó`É[ËZÓ�Î�ß8Í2Ð
Ú2Ð�ÌÊÔ­Ç�ÍHÖ±Ç}ÓfÍ2ÎJÉ¡Î^Ó�Ó�ËZÑ�ÕuÓ�Ç}ÍQÉ¡Î/Í2ÐPÑ�Î[Ó�ÐUÙHÑ�É�Î^ÓdÚQËIà�ÎdÛQÎ^Î[ÍxÕ�Î^Æ
Ì}Ð2É�Ò�ÎJÔXÝ í ÚHÎ^Í�ÆÈÚ2Î Å2ÑÈÐUÆÈÐ­É¡ÐUÌLÔ@Î^ÆÈÎ^Ñ�ØFÇ}Í2Î^Ó6Æ�ÚQË�ÆgÆÈÚ2Î ÑÈÎ^Ó�Î^Ñ�è
àUËZÆÈÇ}ÐUÍFâ�ËZÇ}Ì}Ó Ô@Ù2ÑÈÇ}Í2ÖPÆ�Ú2Î©Å2ÑÈÐ­É¡Î^Ó�ÓÈÇ�ÍHÖ°Ð�âgËZÍ m*n 7 ÅQË�É�Ò�Î^ÆJßË¤Ú2Ð�Ì�Ô@Ç}Í2Ö¤Ø�ÎJÉÈÚQË�Í2Ç}Ó�Ø	ÓÈÇ}Ø�Ç}Ì�ËZÑ ÆÈÐxÆÈÚ2Î�Ð�Í2ÎPÙ2ÓÈÎJÔ+Ç}Í+Æ�ÚHÎ
â\Ð�Ñ�ÏfËZÑ�ÔFÑÈÎ^Ó�Î^ÑÈàUËZÆÈÇ�Ð�Í¤Ó�ÉÈÚ2Î^ØFÎ®Ø¤ËIÕ±ÛcÎ±Ë�Å2Å2Ì}Ç}ÎJÔXÝ
� ������� �)���! �� '�
$	 " ��
$��� �� &'�()�� �� �������&�� ' (�����
 " á Ú2Î
ËZÖ�ÖUÑÈÎ^Ó�ÓÈÇ�à�Î^Í2Î^ÓÈÓ±Ð�âsÆÈÚ2ÎPÛQË�É�Ò@ÏfËZÑ�ÔuÑ�Î^ÓÈÎ^Ñ�àUË�Æ�Ç}ÐUÍ+Å2ÑÈÐUÆÈÐ­É¡ÐUÌ}Ó
Ç}Ó8Ñ�Î+*QÎIÉ�Æ�ÎJÔFÇ}Í/ÆÈÚ2ÎfÇ}Í2Ç}Æ�Ç�ËZÌ�Ó�ÇB;^ÎfÐZâ9]_^�`bagÉÈÚ2Ð�Ó�Î^ÍPÛ@Õ/ÆÈÚ2ÎsÔ­Î^Ó�è
Æ�Ç}ÍQË�Æ�Ç}ÐUÍdÍ2Ð2Ô@Î�Ý á Ú2Î�Ë�ÖUÖUÑÈÎ^Ó�ÓÈÇ}àUÎgË�Å2Å2Ñ�Ð@ËUÉÈÚ/ÓÈÎ^Æ�Ó m(n 7 q ]d^l` aÎ :�ÙQË�ÌQÆÈÐ 6 m - 3 q =?e�= aJßZÏfÚ2Ç}Ì}ÎfÆ�Ú2Î É¡ÐUÍ2ÓÈÎ^Ñ�àUË�Æ�Ç}àUÎ Ë�Å2Å2Ñ�Ð@ËUÉÈÚÓ�Î[Æ�Ó m*n 7 qs]_^�`ba;ÆÈÐvÉ�Ð�ÍDÆ�ËZÇ}Í�Ë+Ó�Ç}Í2Ö�Ì}Î;ÏsËIà�Î^Ì}Î^Í2Ö�Æ�Ú·â\Ñ�Ð�Ø6 m - 3 q =Ue�= aJÝ>éfÐ�Æ�Î;ÆÈÚQËZÆFÇ¦â/ËuÅ2Ñ�Ð�Æ�Ð2É�Ð�Ì Ó�ÙHÅ2ÅQÐ�Ñ�ÆÈÓ°Ð�Í2Ì}ÕÆ�ÚHÎ¶É�Ð�Í2Ó�Î[Ñ�àUËZÆÈÇ}àUÎ/Ó�É�ÚHÎ^Ø�ÎUßcÆÈÚ2Î $ /10�Ø�Î^ÓÈÓ�Ë�ÖUÎ^Ó¯Ø°ËIÕPÛcÎÐUØFÇ}Æ�Æ�ÎIÔXß�ËZÍQÔ¹Æ�Ú@Ù2Ó©ÐUÍ2Ì}Õuâ\Ð�Ù2Ñ©Æ�ÕDÅcÎ^ÓPÐ�â Ø�Î^ÓÈÓ�ËZÖ�Î^Ó ì Ð�Í2Î
ÅQË�É�Ò�Î^Æ ÅcÎ^ÑfØFÎ^Ó�Ó�ËZÖUÎ ð ËZÑ�ÎdÍ2Î[ÎJÔ@ÎJÔXÝ

� M¤t��¶Á¹t K�nKÀ wOM M��¤n I±Ã×n¤r4¿2Á¾À
Þ�ÍPÆ�ÚHÎ6â\ÐUÌ}Ì}ÐZÏfÇ}Í2Ö®Ô@Ç}Ó�É�Ù2Ó�ÓÈÇ}ÐUÍLß�ÏgÎfÏfÇ}Ì}Ì@Ù2Ó�Î ´ Æ�Ð±Ô@Î[Í2ÐUÆÈÎ
Æ�ÚHÎ®ËZÖ�ÖUÑÈÎ^Ó�ÓÈÇ�à�Î ÑÈÎ^Ó�Î^ÑÈàUËZÆÈÇ�Ð�ÍLß��¤â\Ð�ÑgÉ�Ð�Í2Ó�Î^ÑÈàUËZÆÈÇ�à�Î ÑÈÎ^Ó�Î^ÑÈàUËIè
Æ�Ç}Ð�ÍLß � â\ÐUÑ�â\ÐUÑÈÏsË�Ñ�ÔPÑÈÎ^Ó�Î[Ñ�àUËZÆÈÇ}ÐUÍLß ¸ âBÐUÑ�ÛQË�ÉÈÒDÏfËZÑ�ÔPÑÈÎ^Ó�Î^Ñ�èàUËZÆÈÇ}ÐUÍLß
	Kâ\Ð�ÑfÚ2ÐUÌ�Ô@Ç}Í2ÖPËZÍcÔ � â\ÐUÑ Ô­Ñ�ÐUÅHÅ2Ç}Í2ÖQÝ�D2Ð�ÑgÎ&GQË�ØPè
Å2Ì}ÎUß+> D � Ô@Î^Í2Ð�Æ�Î^Ó©Æ�ÚHÎ�ËZÖUÖ�Ñ�Î^ÓÈÓ�Ç}àUÎ©âBÐUÑ�ÏfËZÑ�Ô¤Ñ�Î[Ó�Î^ÑÈàUËZÆ�Ç}Ð�Í
Ó�ÉÈÚ2Î[Ø�ÎdÏfÇ}Æ�Ú¤Ú2ÐUÌ�Ô@Ç}Í2ÖcÝ
í ÎuÚQËIàUÎuÇ}Ø�Å2Ì}Î^ØPÎ^Í@ÆÈÎJÔKË¾ÍHÎ^Æ�ÏgÐ�Ñ�Ò×ÓÈÇ}ØPÙ2Ì�ËZÆ�Ð�ÑPÏfÇ}Æ�Ú
àUËZÑÈÇ}ÐUÙ2ÓLÉ�Ð�Í@Æ�Ñ�Ð�Ì@Ø�ÎJÉÈÚQË�Í2Ç}Ó�Ø�ÓHÏfÚ2Ç�É�Ú�Ç�ÍcÉ�Ì}ÙQÔ@Î
> D � ß��*D � ß
> D î ß �*D î ß�>54 î ß ��4 î ß�>54 � Ë�ÍQÔ#��4 � Ý [ Ð�Ø�ÎdÅcÎ^Ñ�è
â\Ð�Ñ�Ø°Ë�ÍQÉ�Î�ÑÈÎ^Ó�ÙHÌ�ÆÈÓ8â\Ð�Ñ�Ë A�E�� A�E ÆÈÐUÑÈÙ2Ó8Æ�ÐUÅcÐUÌ}Ð�ÖUÕ/ËZÑÈÎgÖ�Ç�à�Î^Í
Ç}Í¤Æ�Ú2Ç}ÓfÓ�ÎIÉ�Æ�Ç}ÐUÍ-Ý D-Ç}ÖQÝ2å©Ó�ÚHÐZÏfÓfÆ�Ú2Î/ÆÈÚ2Ñ�Ð�Ù2ÖUÚHÅ2Ù2ÆfÆ�ÚcËZÆfÆ�ÚHÎ
Å2ÑÈÐUÆ�Ð2É�Ð�Ì}Ó°ËUÉÈÚ2Ç}Î^à�ÎxËZÓÈÓ�Ù2ØFÇ}Í2Ö Al�uÏfËIàUÎ^Ì}Î^ÍHÖUÆ�ÚHÓ�ÐUÍKÎJË�ÉÈÚ
Ì}Ç}Í2ÒXÝ á Ú2Î©Æ�Ç}ØFÎ®ÙHÍ2Ç}Æ Ç}Í;Æ�ÚHÎ±ÓÈÇ�ØPÙHÌÊË�Æ�Ç}ÐUÍPÇ}Ó¯Æ�Ú2Î©Æ�Ç}Ø�Î¯â\Ð�Ñ
ËuÉ�ÐUÍ@Æ�ÑÈÐUÌ6ÅQËUÉÈÒ�Î^Æ±ÆÈÐ;ÛcÎ�Å2ÑÈÐ­É¡Î^Ó�ÓÈÎJÔ×ËZÆ©ËZÍ¾Ç}Í@Æ�Î[Ñ�Ø�ÎIÔ@Ç�ËZÆ�Î
Í2Ð2Ô@Î¤ËZÍQÔuÅ2ÑÈÐUÅQË�ÖDË�Æ�Î�ÆÈÐ;Æ�ÚHÎ�Í2Î&G2Æ©Í2Ð2Ô@ÎUÝ á Ú2Ç}Ó/Æ�Ç}Ø�Î©Ç}Ó
ËZÓÈÓ�Ù2ØFÎJÔFÆ�ÐPÛcÎ/ËZÌ}Ó�ÐPÎ :�ÙQË�ÌLÆÈÐ±ÆÈÚ2Î/Ø°Ë(G2Ç�Ø©Ù2Ø Æ�Ç}Ø�Î¬â\ÐUÑfË
Ô2Ë�Æ�Ë¤ÅQË�ÉÈÒUÎ^ÆÈÓPÆ�Ð;Å2ÑÈÐUÅQË�ÖDË�Æ�Î©â\ÑÈÐUØ�Ë¤Ó�Ð�Ù2Ñ�É¡Î°ÆÈÐxËuÔ@Î^Ó�ÆÈÇ�è
ÍQË�Æ�Ç}ÐUÍLÝ î Ë�Æ�ËFØ�Î[Ó�Ó�Ë�ÖUÎ^Ó©ËZÑ�Î�Ë�Ó�ÓÈÙ2Ø�ÎJÔ4Æ�Ð4ÛQÎ�
FÅQË�É�Ò�Î^Æ�Ó
ÎJË�É�Ú-ß2ËZÍQÔ©Ë ó ÐUÇ}Ó�ÓÈÐUÍ�Ô@Ç}ÓÈÆ�Ñ�Ç}Û2ÙHÆ�Ç}ÐUÍ�â\ÐUÑªØ�Î^ÓÈÓ�ËZÖ�Î ËZÑÈÑ�Ç}àUËZÌ@Ç}Ó
ËZÓÈÓ�Ù2ØFÎJÔPËZÆ8ÎJË�ÉÈÚPÍ2Ð2Ô@ÎUÝ á Ú2ÎfÚ2Ð�Ì�Ô@Ç}Í2Ö ÆÈÇ�ØFÎ8â\Ð�Ñ�Æ�Ú2ÎfÚHÐUÌ�Ô�è
Ç}Í2Ö;Ó�É�ÚHÎ^Ø�Î^ÓPËZÑÈÎ°ÉÈÚ2Ð�Ó�Î^ÍKÆ�Ð4ÛQÎ Al�µÆ�Ç}Ø�Î©Ù2Í2Ç}ÆJß�Ë�ÍQÔuÆ�ÚHÎ
Ñ�Î[Æ�Ñ�Ë�Í2Ó�ØFÇ}Æ�Æ�Ç}Ø�ÎªÇ�Ó6É�ÚHÐUÓ�Î[Í�Ñ�Ë�ÍQÔ@Ð�Ø�Ì}ÕDÝ�>¯Ó�Î&G2ÅQÎIÉ�Æ�ÎJÔ ß2Æ�ÚHÎ
Æ�ÚHÑ�ÐUÙHÖUÚ2Å2ÙHÆþÐ�âQÆ�ÚHÎfÍ2Î^Æ�Ï6ÐUÑ�Ò�Ó�ËZÆÈÙ2Ñ�Ë�Æ�Î^Ó�â\ÐUÑ-ÌÊË�Ñ�Ö�Î�Ø�Î^ÓÈÓ�Ë�ÖUÎ
ËZÑÈÑ�Ç}àUËZÌ8Ñ�ËZÆ�Î[ÓJÝ D-Ç}Ö HµÔ­Î^Å2Ç�É�Æ�Ó�Æ�Ú2ÎPÑÈÎ^Ì�ËZÆ�Ç}Ð�ÍxÛcÎ^Æ�Ï6Î^Î^Í+Æ�ÚHÎ
Ø°Ë(G2Ç�ØPÙHØvÆÈÚ2Ñ�Ð�Ù2ÖUÚHÅ2Ù2Æ�ËZÍQÔ�Æ�ÚHÎfÍDÙHØPÛQÎ^Ñ-ÐZâQÏfËIàUÎ[Ì�Î[Í2ÖUÆÈÚ2Ó
Ù2ÍQÔ­Î^Ñ ÆÈÚ2Î/Ó�Ë�Ø�ÎdËZÓ�ÓÈÙ2Ø�ÅHÆ�Ç}ÐUÍ2Ó6Ô@Î^Ó�É¡Ñ�Ç}ÛQÎIÔxË�ÛQÐZà�ÎUÝ
á Ú2Î/ÑÈÎ^Ó�ÙHÌ�ÆÈÓdÓ�Ú2ÐZÏ�ÆÈÚQËZÆ¬â\ÐUÑ�
:è�ÅQË�ÉÈÒUÎ^ÆdÔ2ËZÆ�Ë©Ø�Î^ÓÈÓ�ËZÖ�Î^ÓJß
Æ�ÚHÎôÉ�Ð�Í2Ó�Î[Ñ�àUËZÆÈÇ}àUÎ;Ó�É�ÚHÎ^Ø�Î^ÓFÐUÙ2ÆÈÅQÎ[Ñ�â\Ð�Ñ�Ø&Æ�ÚHÎôË�ÖUÖUÑÈÎ^Ó�ÓÈÇ}àUÎ
Ó�ÉÈÚ2Î[Ø�Î^Ó¤ËZÍQÔKÆÈÚ2Î;ÛQË�ÉÈÒDÏfËZÑ�ÔqÓ�ÉÈÚ2Î^ØFÎ^Ó�Ð�Ù2Æ�ÅcÎ^Ñ�âBÐUÑ�Ø"Æ�ÚHÎ
â\Ð�Ñ�ÏfËZÑ�ÔuÓ�ÉÈÚ2Î^Ø�Î[Ó±ÏfÇ}Æ�ÚuÆ�ÚHÎ�Ó�Ë�Ø�ÎPËZÖ�ÖUÑ�Î[Ó�Ó�Ç}à�Î^Í2Î^ÓÈÓJÝ á Ú2Î
É�Ð�Í2Ó�Î^ÑÈàUËZÆÈÇ�à�Î×âBÐUÑ�ÏfËZÑ�Ô�Ó�ÉÈÚ2Î^Ø�Î�ß¤Ú2ÐZÏgÎ[àUÎ^ÑIß¤ÚQËZÓKÚ2Ç}ÖUÚHÎ^Ñ
Æ�ÚHÑ�ÐUÙHÖUÚ2Å2ÙHÆvÆÈÚQËZÍ Æ�Ú2Î#Ë�ÖUÖ�Ñ�Î^ÓÈÓ�Ç}àUÎ×ÛcËUÉÈÒ@ÏsË�Ñ�Ô$Ó�É�ÚHÎ^Ø�ÎUÝ
� Ð�Ì�Ô@Ç}Í2ÖdÇ�ØFÅ2Ñ�ÐZà�Î^Ó8Æ�Ú2Î¯ÅQÎ[Ñ�â\Ð�Ñ�Ø°Ë�ÍQÉ�Î¬â\ÐUÑgË�Ì}Ì2Ó�ÉÈÚ2Î^ØFÎ^Ó6Î&G@è
É�Î^ÅHÆ�âBÐUÑ�ÆÈÚ2Î+É�ÐUÍ2ÓÈÎ^Ñ�àUË�Æ�Ç}àUÎµâ\ÐUÑÈÏsË�Ñ�ÔKÓ�É�ÚHÎ^Ø�Î;ÏfÚHÎ^Í×Æ�ÚHÎ
ÏfËIàUÎ^Ì}Î^Í2Ö�Æ�Ú¤Í@Ù2ØPÛcÎ^ÑgÇ}ÓfÑÈÎJËZÓÈÐUÍQË�Û2Ì}ÕPÌÊË�Ñ�Ö�ÎUÝ



1

2

3

4

5

6

7

8

9

10

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
mean message arrival rate

CBH
CFH
ABH
AFH

D-Ç�Ö�Ù2Ñ�Î/åP" á Ú2Ñ�Ð�Ù2ÖUÚ2ÅHÙ2Æ�� ÓIÝ�Ø�Î[Ó�Ó�Ë�ÖUÎdËZÑ�ÑÈÇ}àUËZÌXÑ�Ë�Æ�Î

0

2

4

6

8

10

12

0 5 10 15 20 25 30
number of wavelengths

CBH
CBD
CFH
CFD
ABH
ABD
AFH
AFD

D-Ç�Ö�Ù2Ñ�Î H#" ï Ë�G2Ç}ØPÙ2Ø�ÆÈÚ2Ñ�Ð�Ù2ÖUÚHÅ2Ù2Æ

á ËZÛHÌ�Î[ÓOA+ËZÍQÔ·ñvÔ­Î^Å2Ç�É�Æ¤Æ�Ú2Î+Î¡ÜãÎJÉ¡Æ;ÐZâPÆ�Ú2ÎuØ�Î[Ó�Ó�Ë�ÖUÎ
ÓÈÇ<;[Î°Ð�Í¾ÆÈÚ2Î¤Ø°Ë�G2Ç}Ø©Ù2Ø�Æ�Ú2ÑÈÐUÙ2Ö�Ú2Å2Ù2ÆIÝ á ÚHÎ�Æ�ÚHÑ�ÐUÙHÖUÚ2Å2ÙHÆ
Ì}Ç}Ó�ÆÈÎJÔ©Ç}ÍPÆ�Ú2Î¯Æ�ËZÛHÌ�Î[ÓgËZÑÈÎ Í2Ð�Ñ�Ø°Ë�Ì}Ç<;[ÎJÔ/ÏfÇ}ÆÈÚ±ÑÈÎ^Ó�ÅcÎJÉ�Æ¯Æ�Ð/ÆÈÚ2Î
ÆÈÚ2Ñ�Ð�Ù2ÖUÚ2ÅHÙ2Æ¤ÏfÚ2Î^Í>ÎJËUÉÈÚ>Ø�Î^ÓÈÓ�ËZÖ�Î;Ç}Ó�Ð�Í2ÎxÅcËUÉÈÒUÎ^Æ¤Ì}ÐUÍHÖQÝ
[ ÅcÎJÉ�Ç@?ãÉ[ËZÌ}Ì}ÕDß
e������ ;F>K=�� ` T a c ����	�
 c o�	 a � a c ����	�
 c o�	 a � � ^ 
 ^ =�� `UÝ
á Ú2ÎfØFÎ^Ó�Ó�ËZÖ�ÎgÓÈÇ<;[ÎfÇ�Ó�â\ÐUÙ2ÍcÔ/ÆÈÐ®ÚcËIàUÎfË Ì�Ë�Ñ�ÖUÎfÎ¡ÜãÎJÉ¡ÆgÐ�Í±ÆÈÚ2Î
ÅcÎ^Ñ�âBÐUÑ�Ø¤ËZÍQÉ¡Î�ÐZâ2Æ�ÚHÎgÅ2ÑÈÐUÆÈÐ­É¡ÐUÌ}ÓJÝ�D2Ð�ÑXÓ�Ø¤ËZÌ}ÌZØ�Î^ÓÈÓ�Ë�ÖUÎ�ÓÈÇ<;[Î^ÓJß
ÆÈÚ2Î®É�Ð�Í2Ó�Î[Ñ�àUËZÆÈÇ}àUÎ Ó�ÉÈÚ2Î^Ø�Î[ÓsË�Ñ�Î ÓÈÇ}ÖUÍ2Ç@?ãÉ^Ë�Í@Æ�Ì}Õ±ÛcÎ^ÆÈÆ�Î^ÑfÆÈÚQËZÍ
ÆÈÚ2Î°É�Ð�Ñ�ÑÈÎ^Ó�ÅcÐUÍQÔ­Ç�ÍHÖ¾ËZÖUÖ�Ñ�Î^ÓÈÓ�Ç}àUÎFÓ�ÉÈÚ2Î^ØFÎ^ÓJÝ � ÐZÏ6Î^àUÎ[ÑJß8âBÐUÑ
Ì�ËZÑÈÖUÎ^ÑdØFÎ^Ó�Ó�ËZÖUÎ©Ó�ÇB;^Î[ÓJß8Æ�ÚHÎ�Ô@Ç�ÜãÎ^ÑÈÎ^ÍQÉ�ÎFÛQÎIÉ�ÐUØFÎ^Ó/Ó�Ø¤ËZÌ}Ì}Î^ÑJÝ
>¯Ì�ÓÈÐPâ\Ð�Ñ Ì�ËZÑÈÖUÎ/ØFÎ^Ó�Ó�ËZÖ�Î®ÓÈÇB;^Î^ÓJß-Æ�ÚHÎ/ÛQËUÉÈÒ@ÏfËZÑ�ÔµÓ�ÉÈÚ2Î^ØFÎ±Ç}Ó
Ë�Ì�ÏfËIÕ@Ó±ÛcÎ^ÆÈÆ�Î^ÑFÆ�ÚQË�ÍvÆÈÚ2Î¤â\Ð�Ñ�ÏfËZÑ�Ô+Ó�ÉÈÚ2Î[Ø�ÎUÝ á Ú2Î4ÛQËUÉÈÒ�è
ÏfËZÑ�Ô/Ó�É�ÚHÎ^Ø�ÎfËZÌ}ÏfËIÕDÓ-ÐUÙ2ÆÈÅQÎ[Ñ�â\Ð�Ñ�Ø�Ó8ÆÈÚ2Î�âBÐUÑ�ÏfËZÑ�Ô/Ó�ÉÈÚ2Î^Ø�Î[Ó
ÏfÚ2Î[Í°ÆÈÚ2Î/Ð�Æ�Ú2Î^ÑfÐ�Å2Æ�Ç}Ð�Í2Ó ËZÑÈÎ®ÆÈÚ2Î/Ó�ËZØ�Î�Ý

ÍHÐUÑ�Ø¤ËZÌ}ÇB;^ÎJÔ©ÆÈÚ2Ñ�Ð�Ù2ÖUÚ2ÅHÙ2Æ
Ø�ÓÈÖ±ÓÈÇB;^Î �*D î �*D � > D î > D �

A 
2ÝBA 
HÝ�
 åHÝ 
 C2Ý«å

 E E2Ý H E HQÝs� ñ 
HÝ 
 å�F2Ý	E
E�H ñ�
�HcÝ H ñ 
 AUÝ	E ñUå��HÝ H ñ�HDåHÝ«ñ
ñ�C�E H E�FHÝ ñ H�H 
2Ýs� H E�FHÝ«ñ H E��HÝBA
Al�Uñ H C F�
HÝ<A C�E�å2Ýs� C�F�EHÝ	F C�FUñHÝ«ñ
á Ë�Û2Ì}Î A<".DHÐUÑÈÏsË�Ñ�ÔFÑ�Î[Ó�Î^ÑÈàUËZÆ�Ç}Ð�Í

Í2Ð�Ñ�Ø¤ËZÌ}ÇB;^ÎJÔ©Æ�ÚHÑ�ÐUÙHÖUÚ2Å2ÙHÆ
ØFÓ�Ö/ÓÈÇ<;[Î ��4 î ��4 � >84 î >84 �

A Al�2ÝBA A��2Ý 
 HcÝ F CHÝ 


 F-AUÝ«ñ F�å2Ý	E H�HcÝ 
 C�HcÝ H
E�H å HDå2Ý	C åUå�ñ2Ý 
 å�� F2Ý«ñ å�ñ��HÝ �
ñ�C E C A E2Ý«ñ C-A�C2Ý	E C���
2Ý 
 C AJñHÝ �
A��Uñ H C�
�F2Ý�
 E���å2Ý�
 C�
 
2Ýs� E AJñHÝ C

á Ë�Û2Ì}Î®ñP"$4gË�É�Ò@ÏfËZÑ�Ô�ÑÈÎ^Ó�Î[Ñ�àUËZÆÈÇ}ÐUÍ

w+Á¾À wOI±Ã pg¿2Á¾À
S ÓÈÆ�ËZÛHÌ�Ç}ÓÈÚ2Ç}Í2ÖxË¤ÅQË�Æ�Ú+Ç}Í í#îdï ØPÙ2Ì}Æ�Ç�è�ÚHÐUÅ¤Í2Î^Æ�Ï6ÐUÑÈÒDÓ
ÏfÇ}Æ�Ú2Ð�Ù2Æ©ÏsËIà�Î^Ì}Î^Í2ÖUÆÈÚvÉ�Ð�Í@àUÎ^ÑÈÓ�Ç}ÐUÍKÑ�Î�:UÙHÇ�ÑÈÎ^Ó�É�Ð�ÍDÆÈÑ�Ð�ÌfÅ2Ñ�Ð�è
Æ�Ð2É�Ð�Ì}Ó°ÆÈÚQËZÆ;Ë�Ñ�Î+Ô@Ç�ÜãÎ^ÑÈÎ^Í@Æ¤â\ÑÈÐUØ&Æ�ÚHÐUÓ�Î+ÙHÓ�ÎJÔ·Ç}Í É�Ç}Ñ�É�Ù2Ç}Æ
Ó�ÏfÇ}Æ�É�ÚHÇ�ÍHÖ°Ð�Ñ > á ï ÍHÎ^Æ�ÏgÐ�Ñ�Ò@ÓJÝ�Þ�ÍxÆÈÚ2Ç}Ó/ÅQËZÅcÎ^ÑIßLÏ6Î±ÚcËIàUÎ
Ô@Î^Ó�É�Ñ�Ç}ÛcÎJÔ àUËZÑ�Ç}Ð�Ù2ÓxÅHÑ�ÐUÆÈÐ2É�ÐUÌ}Ó+Æ�Ð>ÅcÎ^Ñ�â\Ð�Ñ�Ø ÏsËIà�Î^Ì}Î^Í2Ö�Æ�Ú
Ñ�Î[Ó�Î^ÑÈàUËZÆ�Ç}Ð�Í�Ç}Í í#îdï ÍHÎ^Æ�ÏgÐ�Ñ�Ò@ÓJÝ í ÎfÎ%GHË�Ø�Ç}Í2ÎJÔ®â\ÐUÑÈÏsË�Ñ�Ô
ËZÍcÔ©ÛQËUÉÈÒ@ÏsË�Ñ�Ô�Ñ�Î^ÓÈÎ^Ñ�àUË�Æ�Ç}ÐUÍFÅ2Ñ�Ð�Æ�Ð2É�Ð�Ì�ÓªÏfÇ�ÆÈÚ±àUË�Ñ�Ç�ËZÆÈÇ}ÐUÍ2Ó8ÐZâ
Ô@ÑÈÐUÅ2Å2Ç}Í2Ö/Ë�ÍQÔ/ÚHÐUÌ�Ô@Ç}Í2Ö ÅcÐUÌ}Ç�É�Ç}Î^Ó�ËZÍcÔ/ËZÖ�ÖUÑ�Î[Ó�Ó�Ç}à�Î ËZÍQÔ©É�ÐUÍ­è
Ó�Î[Ñ�àUËZÆÈÇ}àUÎdÅQÐ�Ì}ÇÊÉ¡Ç�Î[ÓJÝ í Î®Ë�Ñ�Î/É�Ù2ÑÈÑ�Î^Í@ÆÈÌ�Õ¤Î^àUË�Ì}ÙQËZÆÈÇ�ÍHÖ/Å2Ñ�Ð�Æ�Ð�è
É�Ð�Ì�Ó©Æ�ÚcËZÆ©Ì�Ç}ÎPÛcÎ^Æ�Ï6Î^Î^ÍKÆ�Ú2Î;Ë�ÖUÖUÑÈÎ^Ó�ÓÈÇ}àUÎ°Ë�ÍQÔuÆ�ÚHÎµÉ¡ÐUÍ2ÓÈÎ^Ñ�è
àUËZÆÈÇ}àUÎ/Î&G2ÆÈÑ�Î^ØFÎ^Ó/Û@Õ;ÐUÅHÆ�Ç}Ø�ÇB;^Ç}Í2Ö©Æ�Ú2Î©Ç}Í2Ç}Æ�Ç�ËZÌ-Ó�Î^Æ�Ó�ÇB;^Î^Ó/ÆÈÐ
ËUÉÈÚ2Ç}Î^à�ÎdÛQÎ^ÆÈÆ�Î^ÑdÅcÎ^Ñ�âBÐUÑ�Ø¤ËZÍQÉ¡ÎUÝ

t������������������

���! #"%$ &'$)(+*-,.,./0*-1�243�$ &'$)576�8'9�:�;=<=$?>!@BA�2�;!:�C�A-D?(E:�A�FHGJI�1�K
3E,.AL9M*�9NI�:�I�<�/OI�1P&7:�:�QRAJS�<TI�F�*U:WV7;=<�X+AJ,.G�C�X+I�<.YZ*-1�2PX[I�<.Y�\
AJ6�<#]^*=_J;!:�;`1�KL<.Yba[Yc*-1�KJ;`,.C=$ dPeT1gf?hTi�jHk!kHl�mon�pqi.rts!u�u�u
s=n=r=i�j!i�v�w�Sc*-KL;=Cyx�zJ{=\�x���{�w�&|S�,TI�:+�U}J}J~�$

� {U #a%$%&'$�(�,H*-FHGJ;`<.<=wP>H�7;=1�C.;gXy*=_J;!:�;`1�KL<.Y�2NI�_JI�CTI�AL1�8�6N:�\
<TI�SN:�;=�JI�1�K�1�;=<�X+AJ,.G�C=��3E,TI�1�F!I�S�:�;=C�*-1�2�*�S�S�:�I�F�*-<TI�A�1�C=w d
s!u�u�uP��i���h!nM�J��i�nt��k=��kHj���kHl+��h�k!�J�yi.r���i�v�v���nMm�j!����moi�n��Hw
� A�:�$��Nw�S�S�$)}-xR�U\�}J��x�w�&|6�K�$���}L}JzN$

� �U �e!$%a[Y�:�*-8�<H*-FLw�&'$%��*-1��g*-1�2��'$���*-,.8�I�$ >!¡MI�KJY�<.Sc*-<.Y
a[AL8t8�6�1�I�F�*-<TI�AL1�C=�%&|1¢&|S�S�,.A�*-FHYq<.AB5+I�KJY^(+*-1�2�X[I�2�<.Y
£ S�<TI�F�*=:�]¢&�V�¤ C=$ d s!u�u�u�¥�hT��n��`¦�i�nO��i�v�v���nMm�j!����moi�n��Hw
� A�:�$Mx�z�wcV7A�$)§Nw�¨�6N:�/¢��}L}J{�$

� x- #©)$�Vy6�KL;=1�<=wª>¬«yY�;|I�3�©�ay­J{�2NI�,.;=F`<TQ�F=AL1�1�;=F=<®F=AJ8t8�6�1NI�F�*=\
<TI�AJ1�Ct<.;=FHY�1�A-:�ALKJ/J$ d¯e�1°f?hTi�j!kHkHl�mon�pJ��i.r��²±Mkt³�h�l¯jHi�n=r=k�h.´
k-ncj!k�i�nOµ%¶¬·ck�hTj���¸!kB�ªi�nMj���hHhTk�nM����i�v+·�����k�h.����nMl �[·�´
·���moj!����moi�n�w � A�:�6�8t;��Jw�¨L*-1�$���}J�L�N$

� ~U #"%$["y*-8�*�C.Xy*-8'IW*-1�2b�'$y©JI�_L*-,H*=¹H*-1�w > £ S�<TI�8�*=:�"[AL6�<T\
I�1�K�*�1�2¢]^*=_J;!:�;`1�KL<.Y¯&®C.CTI�KJ1�8t;=1�<7I�1¢&y:�:�Q £ S�<TI�F�*U:?Vy;=<T\
X+AJ,.G�C=$ d�s!u�u�uºs=n=r=i�j!i�v�w�_LA-:�$ {NwMSc*-KL;=C�}L§Jz=\.}L§J}�w���}J}�x�$

� �U #a%$L»7I�*�A�*�1�2�"|$R@B;!:�Y�;=8Bw�>H"[;`F=AJ1�¼MKL6�,H*�<TI�AJ1 X[I�<.Y�«[I�8�;
�[I�_JI�CTI�AJ10@B6N:�<TI�S�:�;=��;=2q@Be�VW¤ C�D�AL,�@B6N:�<TI�S�,.A�F=;=C.C.AL,®a[AL8'\
8'6�1NI�FU*-<TI�AJ1�C=$ d�s!u�u�u½¥�h���n��=¦qi�n¾f?��hT�J�o��k=� ��nMl�¿�m²�H´
��hHmo¸�����kHl���¶-�`��k-v��Hw � A�:�$�~�w�V7A�$�x�wM&®S�,TI�:?��}L}-x�$

� §U #a%$L»7I�*�A�*-1�2tÀ'$R@B;!I�w�>.]4*=_L;!:�;=1�KJ<.Y "+;=C.;=,._L*-<TI�AL1BÁy1�2�;=,
�[I�C.<.,TI�9�6�<.;=2Âa[AL1�<.,.A-:�$ dZs!u�u�u�ÃMÄ�u|Å��g�=��v�v'k�hB��i!·�mojH�J�
v'kHk���m�n�p�Æ�ÇyhTi���l�¸H��nMlBÅ�·���m�j!�J�MÈ%k���É�i�h�ÊJ�!wR&|6�KJ6�C.<W�U}J}L�N$


