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Variation in queueing delay of high frequency flows with maximum ratio of inter-packet spacing

FIFO: packet size ratio = 5
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Variation in normalized inter-pkt spacing of high frequency flows with maximum ratio of inter-packet spacing

FIFO: packet size ratio = 5
FIFO: packet size ratio = 30
FIFO: packet size ratio = 60

FIFO: packet size ratio = 120
WF2Q+: packet size ratio = 5

WF2Q+: packet size ratio = 30
WF2Q+: packet size ratio = 60

WF2Q+: packet size ratio = 120
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Variation in normalized queueing delay with network link utilization
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Variation in normalized inter-pkt spacing with link utilization

FIFO: IPSR = 64.77, PSR = 30
FIFO: IPSR = 60, PSR = 60

FIFO: IPSR = 55.58, PSR = 120
WF2Q+: IPSR = 64.77, PSR = 30

WF2Q+: IPSR = 60, PSR = 60
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rM\/���^��B D E �o����!"��.#b�B � D E �o�#��!"b+�3.#�����*�J\D�%�42JAk�*�"FD����s��3�����^��c������J\/�Z�3�3��c�����rM\D��.C?b ���.#b³ ?c ¬���3\D�^b�BD�o2?.aK¡��� KL����24�J\+AC�����^����A F#�H��p+�^bO¾7�	���F/�@���42Jc����op �Y� �¶�3�O¾ ° ���	� 2 �q�J\D��Ak�¯I�2JAÇBaA����.aK��J\f�6jÉ�-FD���3s����Z��.�b�eÌ2?�-�J\D�Ç�@��F/���324�4pÂ�6j9�J\D�9������c���� �
Theorem � ô j9�Ç������c����> �-����FD����2J�4p&2?�7.#���Z�@I+�����^b+�@bO¾��J\D�3.¡�J\D�É�42JA��É���$rM\+2)��\CFD���3s����/� � bL�5FD�����J�Ç�ºe����^�� #������3�H���@�»hi2J���4B_����em�H���3sq�3����c��3�@¾%b+��.#�����^b<13peB ¤ �FE�G%� �o�#�  !	¾$2?�

B ¤ �FEHG%� �o� �   ! ù ÅCÆ�� ²�¦ � �£ ¤ ª ° ���	�¤
Æ ¤

rM\/���^�ÉÆ ¤ 2?�C�J\/�k�@��FD���324�4p»�6jÇ�J\D�Ç�3����c��3�Ç��.#b ° �����¤ 2 �É�J\/�qAk�¯I�2?AÇBDA��H�3.LK��J\º�6jÇ�CFD����s��3�
������c¯2)���@b&1�pk������c���� ¥��
Proof:

T�Ø�Å+ÆLÎ�ÎÐÚÛ�ÖLÉ�ÈÕÎZ�*Qa� �¾ÑÕÏ�ÌÕÇÕÆ-É�ÖLÜ�Ú É§ØGã�ÇÕÆLä0Ý�ÇÔË�ØdÎ�ÆLÈ�É§ËÍÌ&ÑÕË�Ê%ÊÍÇ3ÎÐØ�ËÍÇÕÖ ÊÍÒ�Ë�ÑÕÚ=ÉrÝ�ÑÕÏ§Ï�ÒÝcÜ�ÑÕËÍÌÕÎ0ÖLÜÍÎ0Û�Æ-É�ÇÕÆ-É�Ö�Ò=ÇÕÙ®ÑEÛlÑÕÝLäÕÎ�Ö�â#;�ÜÍÎ�ÇÕÆLÎÐÚ îEÙ ÇÔÏrÏ�Ç´ã�Ø±ÉrÚ=ÚÎÐÊ�É§Ñ�ÖdÎÐÏ§Ò=Ù Æ-ÇÔÚ¹Ï®ÎÐÚ=Ú=Ñ}^aÑÕË�Ê
Ï®ÎÐÚ=Ú=Ñ�`3ß

;&ÜÍÎ�ÇÕÆ-ÎÐÚ î$ØdÖLÑ�ÖdÎÐØIÖLÜ�Ñ�Ö�ÖLÜ�Î%ÊÍÎÐÑÕÊ�ÏrÉ§ËÍÎVÙ)ÇÕÆ�ÖLÜÍÎEÊÍÎ�Û�Ñ�Æ-ÖLÓÍÆLÎVÇÕÙ«Û�ÑÕÝ-äÕÎ�ÖZ� �  Ñ�Ö�ØdÎ�ÆLÈÕÎ�Æ
¥ É§Ø'��ÅCÆ�� ²�¦ � �£ ¤ ª��  3£ ¤ !Lß$;®Ç=ÑÐÈÕÇÔÉ§ÊTÎ�ÆLÆLÇÕÆ-Ø±ÉrË¢Ý�ÇÔÚ=Û�ÓÍÖLÑ�ÖLÉ�ÇÔË$ÇÕÙ$ÅÉÆ�� ²�¦ �  �£ ¤� § ÑÕË�Ê ÿ ¤� § Ê�Ó�ÎÖdÇæÉ§Ë�ÑÕÝ�Ý�ÓÍÆcÑÕÝ�É�ÎÐØ É§ËWÝ�Ï�Ç3Ý-äbØdÒ�Ë�Ý-ÜÍÆ-ÇÔË�ÉHSÐÑ�ÖLÉ�ÇÔË�ÑÕË�ÊWÉ§Ú=Û�ÆLÎÐÝ�É§ØdÎkä�ËÍÇ?ã�Ï�ÎÐÊÍÌÕÎ�ÇÕÙ0Û�ÆLÇÕÛ�Ñ�ÌÔÑ�ÖLÉ�ÇÔËÊ�ÎÐÏ§ÑÐÒ�Ø�âa¼�Y3Ó�Ñ�ÖLÉ�ÇÔË¡�9îÍß�V3Ða!«Ý�ÑÕË¢ç�Î�Æ-Î�ã&Æ-É�ÖdÖdÎÐËPÉ§Ë ÖdÎ�ÆcÚ=Ø+ÇÕÙ�ÑÕË$ÑÕÏ�ÖdÎ�ÆcË�Ñ�ÖdÎIØLÎ�ÖZÇÕÙGÈ�Ñ�Æ-É§Ñ�ç�Ï§ÎÐØ+ÑÕØ3[

ÅCÆ�� ²�¦ � 3£ ¤ ¨ © �  �£ ¤�ªn« � 3£ ¤3 § ª Ú=Ñ@ðúJûaü §@ýtý �@þ
° ú ² ú  ® ¥ ´ í �9îÍß�V+`L!

ã�ÜÍÎ�ÆLÎ « � �£ ¤� § ÉrØ�ÖLÜÍÎ+ÑÕÚÇÔÓ�ËOÖGÇÕÙ�ÖLÉ§ÚÎ«ç3Ò�ã�Ü�É§Ý-ÜZ� � xÊÍÎ�Û�Ñ�ÆLÖLØGç�Î�Ù)ÇÕÆLÎ:É�ÖLØ�Ê�ÎÐÑÕÊ�Ï§É§ËÍÎÕâ���ÅÇÆ�� ²�¦ � �£ ¤� § ª�  �£ ¤� § !�Ñ�Ö�ØdÎ�ÆLÈÕÎ�Æ ¥9· V�ß
Theorem ó.- \D�Éb+���H��pÉK�B/���6��.#���@�Ç�6j-�q.��3�4r"����s��6jkeA �h"e¬�3�3��c������'2 ���J\D�-����A��É�O�-�J\a����	jÉ��.��3�4r"����s&�6jÂhi2J���4B_����em�H���3sk�3�3��c������ �
Proof:

=�ØLÉ§Ë�ÌU;&Ü�Î�ÇÕÆLÎÐÚ îÍâ�¼�Y3Ó�Ñ�ÖLÉ�ÇÔËÊ�9îÍß¶�L!PÑÕË�ÊQÆ-Î�ÛSÎÐÑ�ÖdÎÐÊiÑ�Û�Û�Ï§É§Ý�Ñ�ÖLÉ�ÇÔË ÇÕÙC¼�Y3Ó�Ñ�ÖLÉ�ÇÔË
�9îÍß�V3Ða!Lâ%É�Ö$Ù ÇÔÏ§Ï§Ç´ã�Ø¢ÖLÜ�Ñ�ÖkÖLÜÍÎ¾ÖLÉrÚÎ¾Ñ�Ö�ã�Ü�É§ÝcÜ Û�ÑÕÝLäÕÎ�Ö�� �  ÊÍÎ�Û�Ñ�ÆLÖLØ$ÖLÜÍÎ;ÏrÑÕØdÖkØdÎ�ÆLÈÕÎ�ÆTÉ§ËiÑ

Ä<^



Ë�Î�Ö"ã�ÇÕÆLä$ÇÕÙMá �*Qa� �iØdÎ�ÆLÈÕÎ�Æ-Ø�â�B à �FEHGI� �o���  !Lâ�É§Ø±ÌÔÉ�ÈÕÎÐË�çOÒ�[
B à �FEHGA� �o� �   ! ù ÅÇÆ�� ²�¦ � 3£ à ª�� à

ù ÅÇÆ � �£ § ª �)á · VO!Ú=Ñ@ðúJûLü §@ýtý ��þ
° ú ² ú  ª

à] §2
ú43 §

� �  3£ ú ªuÿ ú ! ª�� à
ù � shg § �o� �   ! ª ° � ²   ª �)á · VO!EÚ=Ñ@ðú?ûaü §@ýtý ��þ

° ú ² ú  ª
à] §2
ú43 §

� �  �£ ú ªUÿ ú ! ªR� à
ã�ÜÍÎ�ÆLÎ � ú ¨ � �U���� � � ß%;�ÜÍÎVÊÍÎÐÏ§Ñ´ÒkÌÔÓ�Ñ�Æ-ÑÕËOÖdÎ�Î�ÇÕÙ:Ñ=ËÍÎ�Ö�ãZÇÕÆ-ä�ÇÕÙ�á ��É�ÆLÖLÓ�ÑÕÏi�xÏ�Ç�ÝLäkØdÎ�ÆLÈÕÎ�ÆcØ�Ü�ÑÕØç�Î�ÎÐË�Ø-ÜÍÇ´ã�Ë$ÖdÇPç�ÎIÖLÜ�Î�ØLÑÕÚÎ�ÑÕØ&ÖLÜÍÎ�Ñ�ç�Ç´ÈÕÎ�ÉrË;ì5í@îÔï�ß
ñ%ò"ñ �¹Ó"ÖÇÓ:úGõ*Û�Ô	�$Ô�ÖÇÕ ÷Sù í½ï@��� ñlÓè÷aòQù�úGû�ö
à`ËbÖLÜ�É§Ø ØdÎÐÝ�ÖLÉ§ÇÔËGâ±ãZÎfÌÕÎÐËÍÎ�Æ-ÑÕÏrÉHS�ÎTÖLÜÍÎfÚÎ�ÖLÜÍÇ�ÊÍÇÔÏ�ÇÕÌÕÒbÊÍÎÐØ-Ý�Æ-É�ç�ÎÐÊbÉ§Ë ÖLÜ�ÎTÛ�ÆLÎ�È�É�ÇÔÓ�ØPØdÎÐÝ�ÖLÉ�ÇÔËÖdÇ¾ÊÍÎ�åSËÍÎ¢Ñu�@���	��
����������������%ÈÕÎ�Æ-ØLÉ§ÇÔËáÇÕÙIÑÕË×Ò êIë ËÍÎ�Ö�ãZÇÕÆLäSâ:ã�Ü�É§Ý-ÜáÌÔÉ�ÈÕÎÐØEÖLÜÍÎ$ØLÑÕÚÎkÊÍÎÐÏ§Ñ´ÒÌÔÓ�Ñ�Æ-ÑÕË×ÖdÎ�ÎaÑÕØ&ÖLÜÍÎ0ÇÕÆcÉ�ÌÔÉ§Ë�ÑÕÏGËÍÎ�Ö�ãZÇÕÆ-älß

�¾Î0ÊÍÎ�ålËÍÎ�ÖLÜÍÎÇ�����^�*K�B_���	��.0�����^b��6�����9���E���3s9� ÷'ø Æ�� ²�¦ ! Ù ÇÕÆ�Û�ÑÕÝ-äÕÎ�Öi���  Ñ�ÖxØdÎ�ÆLÈÕÎ�Æ ¥ â
÷-ø Æ�� ²�¦ � 3£ ¤@â�ÑÕØ±Ù)ÇÔÏ§Ï�Ç´ã�Ø § [

÷'ø Æ�� ²�¦ � 3£ § ¨ ÷'ø Æ � 3£ § ª��  �£ § �9îÍß�V��L!
÷-ø Æ�� ²�¦ � �£ ¤ a § ¨ ÷'ø Æ�� ²�¦ � �£ ¤ ªuÿ ¤ ª Ú Ñ@ðúJûLü §@ýtý ��þ

° ú ² ú  ª��  3£ ¤ a § ® ¥ ´ V �9îÍß í�Ða!
Á�ÇÕÆ±Î�ÈÕÎ�ÆLÒ$êIëRÑÕÏ�ÌÕÇÕÆ-É�ÖLÜ�Ú�âOã�Î0ÊÍÎ�ålËÍÎIÑaÝ�ÇÕÆ-ÆLÎÐØdÛ�ÇÔË�Ê�É§Ë�Ì»e����^�3
m #���������������Ë"Í ÑÕÏ�ÌÕÇÕÆ-É�ÖLÜ�Ú�Ñ�ÖØLÎ�ÆLÈÕÎ�Æ-Ø ¥ / V�âSÖLÜ�Ñ�Ö�ÑÕØLØLÉ�ÌÔË�Ø ÷'ø Æ�� ²�¦ È@ÑÕÏrÓÍÎÐØ&ÖdÇ¢Û�ÑÕÝLäÕÎ�ÖLØ�ÇÕÙ:ÑÕÏrÏ�(�Ç?ã�Ø�ÑÕØIÊÍÎ�ålË�ÎÐÊ�Ñ�ç�Ç´ÈÕÎÕâÑÕË�Ê�ØLÝ-Ü�ÎÐÊ�Ó�Ï�ÎÐØxÛ�ÑÕÝ-äÕÎ�ÖLØ�ÉrËkÖLÜÍÎVÉ§Ë�Ý�Æ-ÎÐÑÕØLÉ§ËÍÌEÇÕÆ-ÊÍÎ�Æ�ÇÕÙ®ÖLÜÍÎÐÉ§Æ ÷'ø Æ�� ²�¦ È�ÑÕÏ§ÓÍÎÐØ 1 ß

�¾Î%Ê�Î�Æ-É�ÈÕÎ0ÖLÜÍÎ�Ê�ÎÐÏ§ÑÐÒ¢ÌÔÓ�Ñ�Æ-ÑÕËOÖdÎ�Î�ÇÕÙèÑ��*Q�ê�ëRËÍÎ�Ö�ãZÇÕÆLä$ç�ÎÐÏ�Ç?ãVß�!���9���w�x���9�9���!� 0 � 0��c� ��¡£¢	¤�¥ �~��¦<� + � �{+%0�9 �!�x� 0 �x� H �¨§©�{�r���«ª ¬©	®4¯����9���x�°�7�9���!� 0 � - �7� - � -�J�± �²���9 ���!� 0 � 0DJ(0DH	±§H �¨§©�{�w���³ª ¬´�® 4T0�+!µ � 0 � J�±��S0G+�¶£· �9�°� 450G+!µ �I��� 4 �x� ? �h¸ o ¨ ¯q¹�º�»�¼m½¾ ¿ ¾ ¯j°À 0 �!���!� - � �{0�+�ÁFÂ~ÃAÁ�- ���x���9�9�����¨� Â � ? �!� 0 �yÄx¯ ¬ 2~Å�¡£¢	¤©¥�Æo ¨ ¯ Ç � ��¡£¢	¤©¥�Æo ¨ ¯�È ¸ o ¨ ¯ ¯ Â ��� ? ��¸ o ¨ ¯ Ç º�»�¼m½¾ ¿ ¾�¨���!�9�£� -G9 � �{0�+ �{§©� +²±:E�-G?°µ ��� - ���²� + §´� +�É�2 ��� ?;- � I �A�²�{�{���!� - ���!�9� E�-G?°µ �°�U� +.- �x� 9 ���²�²� 0 �w�²��Ê 6 �{� ? �mË - �7�?�0 �x�²��Ê 6 �{�Ì� J�±F2 �!�9���{�9�~Í4� 0 Ík�{�9�Î�x� J1-{±�I�0D6 �7�ÌË 4T0D6�J � + � 9c- �����!�x�q� -G9 �q� � �!�9� ±p-G+ ��� +.- �9� 9 ���²�!���Î�����!�9��¨� ?,+ � - �²�¨� H:0�+ �~� +�0�� �!�x�{� + � � ¡£¢�¤�¥ § -GJ16 �{�{¯
ÄÏ`



Lemma Ð.- \/�IÝ�ÇÕÆLÎVÌÔÓ�Ñ�Æ-ÑÕËOÖdÎ�ÎÐÊ�Æ-Ñ�ÖdÎ�Ý�Ï�Ç�ÝLä¬�	j%FD���3s��3�0���  �3���42 �JêZ���
÷-ø Æ�� ²�¦ � �£ ¤ ´ ÷'ø Æ�� ²�¦ �  § 3£ ¤ ª ° � ²   ® ³0/ V

Proof:
ÎIç�ØdÎ�ÆLÈÕÎ�ÖLÜ�Ñ�Ö&ç3ÒPÆLÎ�Û�ÎÐÑ�ÖdÎÐÊ�Ï§Ò¢Ñ�Û�ÛlÏ�Ò3ÉrËÍÌ&�9îÍß í�Ða!LâSã�ÎVÌÕÎ�Ö3[

÷'ø Æ�� ²�¦ �  § �£ ¤ ¨ ÷-ø Æ�� ²�¦ �  § 3£ § ª � ¥-· VO! Ú=Ñ@ðú?ûaü §@ýtý �  § þ
° ú ² ú  ª

¤� §2
ú43 §
ÿ ú ª

¤2
ú43 1 �  �£ ú

¨ ÷-ø Æ �  § �£ § ª � ¥-· VO! Ú=Ñ@ðú?ûaü §@ýtý �  § þ
° ú ² ú  ª

¤� §2
ú43 §

� �  �£ ú ªUÿ ú ! ª��  �£ ¤ �9îÍß íDVO!
QÍÉ§Ú=É§Ï§Ñ�ÆcÏ�ÒÕâ
÷-ø Æ�� ²�¦ � 3£ ¤ ¨ ÷'ø Æ � 3£ § ª � ¥9· VO!EÚ=Ñ@ðú?ûaü §@ýtý ��þ

° ú ² ú  ª
¤3 §2
ú43 §

� �  �£ ú ªuÿ ú ! ª��  3£ ¤

´ ÷'ø Æ �  § 3£ § ª ° � ²   ª � ¥-· VO!EÚ=Ñ@ðú?ûaü §@ýtý ��þ
° ú ² ú  ª

¤� §2
ú43 §

� �  �£ ú ªUÿ ú ! ª��  �£ ¤

´ ÷'ø Æ �  § 3£ § ª ° � ²   ª � ¥-· VO! Ú=Ñ@ðú?ûaü §@ýtý �  § þ
° ú ² ú  ª

¤� §2
ú43 §

� �  �£ ú ªuÿ ú ! ª��  �£ ¤
´ ÷'ø Æ�� ²�¦ �  § �£ ¤ ª±° � ²   �Þ ² �76��9î8 íDVO!	!

Ï ÎÐÚ Ú=ÑnV3Ð�ÎÐØdÖLÑ�ç�Ï§ÉrØLÜÍÎÐØ0ÖLÜÍÎ¢ÊÍÎÐÑÕÊ�Ï§ÉrËÍÎÌÔÓ�Ñ�Æ-ÑÕËOÖdÎ�Î$ÇÕÙ&Ñ¡�*Q�ê�ë¼ØdÎ�Æ-ÈÕÎ�ÆÐßkà�ÖLØ%Û�ÆLÇ3ÇÕÙÚ=Î�ÖLÜÍÇ3Ê�ÇÔÏ�ÇÕÌÕÒ�É§Øaç�ÑÕØdÎÐÊáÇÔË ÖLÜÍÎ¢Ù ÇÔÏrÏ�Ç´ã�ÉrËÍÌ�É§Ë�ØLÉ�ÌÔÜOÖLØ�ß¡T �*Q�êIë ØdÎ�ÆLÈÕÎ�Æ=ÉrØ%Ñ¡Ý�ÎÐÏ§ÑÐÒOÞ¼"Ý�ÝØLÎ�ÆLÈÕÎ�Æ�P«ÖLÜÍÎ ÏrÑ�ÖdÖdÎ�ÆaÜ�ÑÕØ�ç�Î�ÎÐË�ØLÜÍÇ?ã�Ë¾ÖdÇfÜ�ÑÐÈÕÎ¢ÖLÜÍÎ Ï§Ñ�Æ-ÌÕÎÐØdÖ%ØLÝcÜÍÎÐÊ�Ó�ÏrÑ�ç�É§Ï§É�Ö�Ò�ÆLÎ�ÌÔÉ�ÇÔËáÑÕÚÇÔËÍÌÑÕÏrÏ[Ë�ÇÔË�Þ�Û�ÆLÎ�ÎÐÚÛ�ÖLÉ�ÈÕÎaØ-Ý-ÜÍÎÐÊ�Ó�Ï§É§ËÍÌ¢ÑÕÏ�ÌÕÇÕÆ-É�ÖLÜ�Ú Ø�ßVàqÙ:ÖLÜÍÎÝ�ÇÕÆLÆLÎÐØdÛ�ÇÔË�Ê�É§ËÍÌ$ê�ë�ÑÕÏ�ÌÕÇÕÆ-É§ÖLÜ�Ú ã�ÑÕØÎÐÚ=Û�Ï�Ç´ÒÕÎÐÊEÑ�Ö[ÖLÜÍÎxØdÎ�ÆLÈÕÎ�ÆÐâÕÉ�Ö®ãZÇÔÓ�ÏrÊ�ÌÔÓ�Ñ�ÆcÑÕË×ÖdÎ�ÎxÖLÜÍÎxÊÍÎ�Û�Ñ�ÆLÖLÓ�ÆLÎ:ÇÕÙ�Û�ÑÕÝ-äÕÎ�Ö��#�  ç3Ò ÷-ø Æ�� ²�¦ � �£ ¤ ßàqÖxÙ ÇÔÏrÏ�Ç´ã�ØxÖLÜ�Ñ�Ö&Ñq�]Q�êIë ØdÎ�Æ-ÈÕÎ�ÆÐâÍç�ÎÐÉ§ËÍÌEÑÉÝ�ÎÐÏ§Ñ´Ò×Þ¼�Ý�Ý ØdÎ�ÆLÈÕÎ�Æ±ÖLÜ�Ñ�Ö±ÖdÆcÑÕË�ØLÚ=É�ÖLØ�Û�ÑÕÝ-äÕÎ�ÖLØ�É§ËÖLÜ�ÎxÉrË�Ý�ÆLÎÐÑÕØLÉ§Ë�Ì�ÇÕÆ-Ê�Î�Æ[ÇÕÙlÖLÜÍÎÐÉ�Æ ÷'ø Æ�� ²�¦ È�ÑÕÏ§ÓÍÎÐØ�âÕã�ÇÔÓ�Ï§ÊEÑÕÏ§ØLÇIÛ�ÆLÇ´È�É§ÊÍÎ�ÖLÜÍÎ±ØLÑÕÚÎxÌÔÓ�Ñ�Æ-ÑÕËOÖdÎ�ÎÕß
Lemma Ñ�Ò ô j��J\D���3��\D�@b�BD�E�+132J�ä24�4pU����.#b�24�424��./�»�6j<�J\D�»�@�����	���FD��.#b�2J.LKßË"ÍÈ��� KL����24�J\+AØ���
�J\/� ¥ ;4= ������c��3�&���^��A��3�J¾-�J\D�3.Ì�J\D�<�42JA��<����rM\+2)��\ÂFD����s��3�m� �  b+��FD�����J�<��eA iË"Í �3�3��c�����¾
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bL��.#�����@b<13peB ¤ �FEHÓ�Ô �o�#�  !	¾"2?� K�2Jc��3.º1�pÏÕ
B ¤ �FEHÓ�Ô �o� �   ! ù ÷-ø Æ�� ²�¦ � 3£ ¤ ¥ ´ V �9îÍß íÕíL!

Proof:
;&ÜÍÎ0Û�ÆLÇ3ÇÕÙ[ÇÕÙiÏ®ÎÐÚ=Ú=ÑÂV3Ð=ÉrØ±çOÒ$É§Ë�Ê�Ó�Ý�ÖLÉ�ÇÔË¢ÇÔË ¥ ß

_7�O����e��O�3� [�, ¨ V
;�ÜÍÎVå�ÆcØdÖ�ØdÎ�ÆLÈÕÎ�Æ�É§Ë�Ñ��*Q�êIë7Ë�Î�Ö"ã�ÇÕÆLäTÉ§Ø�Ñ$êIëCØdÎ�Æ-ÈÕÎ�ÆÐß]8�Ò�ÊÍÎ�ålË�É§ÖLÉ�ÇÔËkÇÕÙ«ÖLÜÍÎ=êIëCÝ�Ï§ÑÕØLØ�âÛlÑÕÝLäÕÎ�Ö*� �  ÊÍÎ�Û�Ñ�ÆLÖLØ0ØdÎ�Æ-ÈÕÎ�Æ ¥ ¨ VEçOÒ ÷'ø Æ � 3£ § ªÖ�  �£ § ¨ ÷'ø Æ�� ²�¦ � 3£ § ßk;�ÜÍÎ�ÆLÎ�Ù)ÇÕÆLÎÕâ"�9îÍß íÕíL!Ü�ÇÔÏ§Ê�Ø±Ñ�Ö�ØdÎ�Æ-ÈÕÎ�Æ ¥ ¨ V�ß
ô .�b�B_���42)��. ë p�FD���J\/����2?� ["TIØLØLÓ�ÚÎk�9îÍß íÕíL!±ÜÍÇÔÏ§Ê�ØZÙ)ÇÕÆÉV ù ¥ ù 6 ß
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ïÏ à �FE�Ó�Ô �o� �   ! ù ÷'ø Æ�� ²�¦ � �£ ¤

¨ ÷'ø Æ � 3£ § ª �)á · VO!EÚ=Ñ@ðú?ûaü §@ýtý ��þ
° ú ² ú  ª

à* §2¤ 3 §
� �  �£ ¤ ªuÿ ¤ ! ª��  �£ à

¨ � shg § �o� �   ! ªl° � ²   ª �)á · VO!Ú=Ñ@ðúJûaü §@ýtý �@þ
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Theorem :ãô j��7.����4r"���@s$F#�6��c¯2)b+���Z�E��r��3��
61@��Ba.�bO����.Ç�J\L�6��B�K�\3F#B/�â�6jZ�J\D�#j�����A�Õ��  �£ à �KJ § ® J 1 ! ´²   �KJ 1 · J § ! ·�� ��-��._pmå���r»ÞfrM\a�O�3�%����BD�	���*�4�6��._��AÇ2J�J�*�������^�O���>����2J�J���	���3����c��@b��	������¾â�J\D�3.q2J����¶�3��F#�	��c¯2)b+���%��må%��rfÞf��.��3.#b�
����
6�3.#b'b+�3�E��p*K�B/���6��.#���@�*�	j"�J\D��j3����A@Õ[l �  �£ à · � s�g § �o� �   ! ù� a � �U���oà o �
Proof:

��ÇÔË�ØLÉrÊÍÎ�ÆyJ § ¨ã© § 3£ § ÑÕË�ÊrJ 1 ¨ l �  3£ àVß";�ÜÍÎÐË �  3£ à � © § �£ § ® l �  3£ à-! ¨ Z �ú43 § ° ú 3ß�Q�ÓÍç�ØLÖLÉéÞÖLÓ�ÖLÉ§ËÍÌ�É§ËOÖdÇkÖLÜÍÎÖLÜÍÆLÇÔÓ�ÌÔÜÍÛ�ÓÍÖ�ç�ÇÔÓ�Ë�ÊGâ�ã�Î=ÌÕÎ�Ö3[�lL� �£ à ù © § �£ § ª �à o ª Z �ú43 § � �oà o ß�Q�É§Ë�Ý�ÎEÖLÜÍÎØLÇÔÓÍÆ-Ý�ÎxÖdÆ-ÑÕË�ØLÚ É�ÖLØ®Ñ�Ö«Ï�ÎÐÑÕØLÖèÑ�Ö«É�ÖLØ[ÆLÎÐØLÎ�ÆLÈÕÎÐÊEÆ-Ñ�ÖdÎÕâ � shg § �o�#�  ! ¨ © § �£ § ª Z �  §ú43 § � �oà o ßM;&ÜÍÎ�Æ-Î�Ù ÇÕÆLÎÕâlL� �£ à · � shg § �o�#�  ! ù � a � Æoà o ù � a � �U���oà o â«Ù)ÇÕÆÑÕÏ§Ï ³ ß�;&Ü�Î�ÆLÎ�Ù ÇÕÆ-ÎÕâ[ÖLÜ�Î¢ËÍÎ�Ö�ãZÇÕÆ-ä�Û�ÆLÇ?È3ÉrÊÍÎÐØ%ÑÊ�ÎÐÏ§ÑÐÒ¢ÌÔÓ�Ñ�Æ-ÑÕËOÖdÎ�Î�ÖdÇq(lÇ´ã�Þ[ß
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5BL����j3���0j�B/�4Ba�^�
F/����s��3�J�Z�J\/��b+�^�+bD�ä2J.��T@5�����3�3��cd24���%���KGD]cO���oB0���Z�	j>FD�+��s����J�Z�J\a�����	�@����\É�J\/�*b+�����42J.#���42)��.�AÇB_��\
F���2)���*��É�J\D��2J�*b+�^��b/�ä2J.����	ß$;&Ü�É§Ø®É§Ø®ÖLÜÍÎ�Ý�ÎÐËOÖdÆ-ÑÕÏÍÝ�ÇÔË�Ý�Î�Û�ÖèÉrË�ÖdÆ-ÑÕË�ØdÙ ÇÕÆcÚ=É§ËÍÌ�Ñ-�*QD� �;ËÍÎ�Ö�ãZÇÕÆ-äÉrË×ÖdÇ=Ñ��]Q�ê�;�ËÍÎ�Ö�ãZÇÕÆ-ä¢ÖLÜ�Ñ�Ö&Û�ÆLÇ?È3É§Ê�ÎÐØxÖLÜÍÆLÇÔÓÍÌÔÜÍÛlÓÍÖxçSÇÔÓ�Ë�Ê�Ø�ß
%'& åVUråXW ë Ù�êxÙ ÞUë Þ�ß ü�-ZY % /fåHêE1 Þ�Ý43 T��*Q�ê';�ËÍÎ�Ö�ãZÇÕÆ-älâ�Ï§É§äÕÎ�ÖLÜÍÎ-�*Qa� ��ËÍÎ�Ö�ãZÇÕÆ-älâÝ�ÇÔË�ØLÉ§ØdÖLØaÇÕÙ&Ö�ãZÇ Ö"Ò3Û�ÎÐØaÇÕÙ&ÆLÇÔÓÍÖdÎ�Æ-Ø�[¡�^b�Ka���	��B/�������%ÑÕË�Êß�@���	�Â�6��BD���3�@�	ßX;&ÜÍÎ¢É§ËÍÌÕÆLÎÐØLØ%ÎÐÊÍÌÕÎÆ-ÇÔÓÍÖdÎ�ÆÐâ:É§ËáÑÕÊ�Ê�É�ÖLÉ�ÇÔË�ÖdÇfÚ ÑÕÉ§Ë×ÖLÑÕÉrË�É§ËÍÌ�Û�Î�ÆdÞ)(lÇ´ã ØdÖLÑ�ÖdÎÕâ+Ú=ÑÕÉ§ËOÖLÑÕÉ§Ë�Ø%Ñ�ØLÇÕÆLÖdÎÐÊ�Þ"Ï§É§ØLÖ\[ ÇÕÙ&ÆLÎ�ÞÓ�ØLÑ�ç�Ï�ÎIÖLÑ�Ì=ÈÕÎÐÝ�ÖdÇÕÆ-Ø�ß�Î�Ë$ÆLÎÐÝ�ÎÐÉ�È�É§ËÍÌEÑEÛ�ÑÕÝ-äÕÎ�Ö$�#�  ÇÕÙâ(�Ç´ãéÞ[â�ÖLÜÍÎVÉrËÍÌÕÆLÎÐØLØ�ÆLÇÔÓÍÖdÎ�Æ&ÑÕØ-ØLÉ�ÌÔË�ØxÖdÇÉ§Ö&Ñ<�3�3��cd24���É���K�c��@������Vì ] § �o�#� L! ® ] 1 �o�#� L! ® 85858 ® ] à �o�#� L!�ï®ã�ÜÍÎ�ÆLÎ-á É§ØxÖLÜÍÎ�Ë3Ó�Ú%ç�Î�Æ&ÇÕÙ«ØdÎ�ÆLÈÕÎ�Æ-ØÑÕÏ§ÇÔËÍÌ�ÖLÜÍÎ�Û�Ñ�ÖLÜGâ3ÑÕË�Ê^] ¤ �o� �   ![É§Ø+ÖLÜÍÎ�ØdÎ�Æ-È3É§Ý�Î�ÖLÑ�Ì%Ù)ÇÕÆZØLÎ�ÆLÈÕÎ�Æ ¥ ß$;&ÜÍÎ�ÑÕØLØLÉ�ÌÔË�Ú=ÎÐË×ÖZÇÕÙGÖLÜÍÎ�ÖLÑ�ÌÈÕÎÐÝ�ÖdÇÕÆaÖdÇkÛ�ÑÕÝ-äÕÎ�Ö*� �  Û�Æ-Ç3Ý�Î�ÎÐÊ�Ø�ÑÕØ0Ù ÇÔÏrÏ�Ç´ã�Ø�[IàqÙ�[`_¨$a â[ÑÕË¾É§Ë�Ý�ÇÔÚ=É§Ë�Ì¢ÛlÑÕÝLäÕÎ�Ö%ÉrØ0ÑÕØLØLÉ�ÌÔËÍÎÐÊÖLÜ�Î�ØLÚ=ÑÕÏ§Ï§ÎÐØdÖxÖLÑ�Ì ÈÕÎÐÝ�ÖdÇÕÆIÙ ÆLÇÔÚb[�ß�ÎIÖLÜÍÎ�Æ-ã�É§ØdÎÕâ�ÑËÍÎ�ã ÖLÑ�Ì ÈÕÎÐÝ�ÖdÇÕÆ�É§Ø±Ý�ÆLÎÐÑ�ÖdÎÐÊfÑÕØ±Ù ÇÔÏrÏ�Ç´ã�Ø�[

cedGfhgjikmlon p\qGrsfutvik2w dExzyc�futvik2w d lMl|{I} ik~ k fC�K���El
c��mfhg ik lon c d f�g ik l|{ ��� d2�E� d f�� k2w � {9� � {�p\q�rd��?�u� i } �k~ k l x���� � fC�K�h��l

ã�ÜÍÎ�Æ-Î �  3£ = ¨ � ������ � � â×ÑÕË�Ê y]k�KJ�!GÉrØ®ÖLÜ�ÎxÚ Ñ@ð�É§ÚaÓ�ÚRÇÕÙ�ÖLÜÍÎ±ØdÎ�ÆLÈ�É§Ý�Î�ÖLÑ�ÌÔØ«Ù)ÇÕÆèØLÎ�ÆLÈÕÎ�Æ*VxÑÕØLØLÉ�ÌÔËÍÎÐÊÖdÇ$ÑÕËOÒ�Û�ÑÕÝLäÕÎ�Ö0ç3ÒkÖLÉ§ÚÎCJcß7T�ÏrÏ ØdÎ�ÆLÈÕÎ�ÆcØIÉrË�ÖLÜÍÎk�*Q�ê�;RËÍÎ�Ö"ã�ÇÕÆLä�ÖdÆ-ÑÕË�ØLÚ=É§Ö&Û�ÑÕÝLäÕÎ�ÖLØ�É§Ë�ÖLÜÍÎÉrË�Ý�ÆLÎÐÑÕØLÉ§Ë�ÌaÇÕÆcÊÍÎ�Æ&ÇÕÙ[ÖLÜÍÎÐÉ�Æ�ØdÎ�Æ-È3É§Ý�Î0ÖLÑ�ÌÔØ�Ù ÇÕÆ�ÖLÜ�Ñ�Ö�ØdÎ�Æ-ÈÕÎ�ÆÐß
ÎIç�ØLÎ�ÆLÈÕÎZÖLÜ�Ñ�ÖèÉ§Ùj[ ¨�a âÕÖLÜÍÎÐËaÖLÜÍÎxÑÕØLØLÉ§ÌÔË�ÚÎÐËOÖ®ÇÕÙ�ÖLÑ�Ì0ÈÕÎÐÝ�ÖdÇÕÆ:ÉrËÇ�*Q�ê�;áÉrØ®É§Ê�ÎÐË×ÖLÉ§Ý�ÑÕÏÖdÇ$ÖLÜÍÎ��*QD� ��ËÍÎ�Ö�ãZÇÕÆ-älß-�QÜÍÎÐË�[o_¨�a âGÖLÜÍÎÐËGâ�çOÒTÆLÎÐÓ�ØLÉ§Ë�ÌPÑ¢ÖLÑ�ÌkÑÕØLØLÉ�ÌÔËÍÎÐÊfÖdÇkÑÕËfÎÐÑ�Æ-Ï§É�Î�ÆÛlÑÕÝLäÕÎ�Ö�â��*Q�ê�;WÛ�ÆLÎ�ÈÕÎÐË×ÖLØxÑÕÝ�Ý�Ó�ÚaÓ�Ï§Ñ�ÖLÉ§ÇÔËPÇÕÙ®Ó�Ë×ç�ÇÔÓ�Ë�ÊÍÎÐÊ=ÊÍÎ�ç�É§Ö+Ù)ÇÕÆ�(lÇ´ããÞ[ß�; ÇÉ§Ë�ØLÖLÑÕË×ÖLÉ§Ñ�ÖdÎØ-Ó�Ý-Ü�Ñ&�*Q�ê�;iËÍÎ�Ö�ãZÇÕÆ-älâlãZÎ�Ë�Î�ÎÐÊkÖdÇ ÑÕÊ�ÊÍÆ-ÎÐØLØxÖLÜÍÎVÙ)ÇÔÏ§Ï�Ç?ã�É§ËÍÌÉ§ØLØ-ÓÍÎÐØ�ß
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V�ß*� Ü�ÎÐË¾Ý�ÑÕË¾ÑÕË¾É§ËÍÌÕÆLÎÐØLØ�ØdÎ�Æ-ÈÕÎ�Æ0ÆLÎÐÓ�ØdÎÑ¢Û�ÆLÎ�È�É�ÇÔÓ�ØLÏ§Ò�ÑÕØLØLÉ�ÌÔËÍÎÐÊfÖLÑ�Ì�ÈÕÎÐÝ�ÖdÇÕÆ�Ù ÇÕÆVÑ$ËÍÎ�ãÛ�ÑÕÝLäÕÎ�Ö2��� Ü�Ñ�Ö�Ñ�ÆLÎVÖLÜ�Î�Ý�ÇÔË�ØdÖdÆ-ÑÕÉrË×ÖLØ�ÖLÜ�Ñ�Ö&ÌÕÇ´ÈÕÎ�ÆcËTÖLÜÍÎ�ÆLÎ�Þ"Ó�ØLÑ�ç�ÉrÏ§É�Ö"ÒPÇÕÙèÖLÑ�ÌPÈÕÎÐÝ�ÖdÇÕÆ-ØE�
W�Ç?ãbÊÍÇ3ÎÐØ ÖLÜÍÎxÉ§ËÍÌÕÆ-ÎÐØLØ�ÆLÇÔÓ�ÖdÎ�ÆèÝ�Æ-ÎÐÑ�ÖdÎxÑÕË�Ê%Ú=ÑÕÉrË×ÖLÑÕÉ§Ë%ÖLÜÍÎ�ØdÇÕÆLÖdÎÐÊ�Þ"Ï§ÉrØdÖ�[9�&�¾Î±ÑÕÊ�ÊÍÆLÎÐØLØÖLÜÍÎÐØdÎ9Y3ÓÍÎÐØdÖLÉ§ÇÔË�Ø&É§ËfQ3ÎÐÝ�ÖLÉ§ÇÔËTÿ3ß í3ß�V�ßí3ß*� É§ÖLÜ=ÖLÜÍÎ�ÆLÎÐÓ�ØdÎ&ÇÕÙGÛ�ÆLÎ�È3É§ÇÔÓ�ØLÏ�ÒaÑÕØLØLÉ�ÌÔËÍÎÐÊ ÖLÑ�Ì%ÈÕÎÐÝ�ÖdÇÕÆcØ�ÉrËÖLÜÍÎ��]Q�ê�;bËÍÎ�Ö�ãZÇÕÆ-älâ�Û�ÑÕÝ-ä×ÞÎ�ÖLØ�ÇÕÙZ(�Ç?ãöÞ ã�É�ÖLÜ;Ü�É�ÌÔÜ�Î�Æ�ØdÎ�Y3ÓÍÎÐË�Ý�Î Ë3Ó�Ú%çSÎ�Æ%Ú=ÑÐÒÕâ«É§Ë¾Ù9ÑÕÝ�Ö�âèÝ�Ñ�ÆLÆLÒ;Ñ�ØLÚ ÑÕÏ§Ï�Î�ÆVÖLÑ�ÌÈ@ÑÕÏrÓÍÎq��É�ß5ÎÕß�â|] = �o� ¤   ! V ] = �o� ú   !«Î�ÈÕÎÐË�É�Ù â V¬¥ !Lß%Q�É§Ë�Ý�Î�ÖLÜÍÎ0ÖLÑ�ÌÈ�ÑÕÏ§ÓÍÎÐØ±Ê�Î�ÖdÎ�Æ-Ú=É§ËÍÎ�ÖLÜÍÎÛ�Æ-É�ÇÕÆcÉ�Ö"Ò¾Ù)ÇÕÆaØLÎ�ÆLÈ3ÉrÝ�É§ËÍÌTÛlÑÕÝLäÕÎ�ÖLØÉ§ËáÎÐÑÕÝ-Ü ÆLÇÔÓ�ÖdÎ�ÆÐâ:É�Ö%ÉrØÉY3Ó�É�ÖdÎPÛSÇÔØ-ØLÉ�ç�Ï�Î ÖLÜ�Ñ�Ö%ÛlÑÕÝLäÕÎ�Ö
� ¤   Ú ÑÐÒ ÆLÎÐÑÕÝ-ÜáÖLÜÍÎPÎ�ÌÕÆLÎÐØLØVÎÐÊ�ÌÕÎ ÆLÇÔÓÍÖdÎ�Æ%Û�Æ-É�ÇÕÆ�ÖdÇTÛ�ÑÕÝ-äÕÎ�Ö]� ú 3â[Î�ÈÕÎÐËáÖLÜÍÇÔÓÍÌÔÜ;ÛlÑÕÝLäÕÎ�Ö
� ú   ã�ÑÕØIÖdÆ-ÑÕË�Ø-Ú=É�ÖdÖdÎÐÊ�Û�Æ-É�ÇÕÆ�ÖdÇPÛ�ÑÕÝ-äÕÎ�Ö%� ¤   Ñ�ÖIØdÎ�Æ-ÈÕÎ�ÆÇV�ß7�¾ÎÊ�É§ØLÝ�Ó�ØLØ&ÖLÜÍÎaÑÕØLØdÇ�Ý�É§Ñ�ÖdÎÐÊÛ�ÑÕÝLäÕÎ�ÖIÆLÎ�Þ�ÇÕÆ-Ê�Î�Æ-É§ËÍÌEÆLÎ�Y3Ó�É�ÆLÎÐÚ=ÎÐË×Ö&É§ËfQ�ÎÐÝ�ÖLÉ�ÇÔËTÿ3ß í3ß í3ß

��x?æMxy �l���~m|�����~"�~��ß|��"}Ö&m����|�}0�"����5�¯|¡�%$T�º}j�����O�)���}¡ 7������}0�a|����L�ë�ÎÐÓ�ØLÉ§Ë�Ì&ÖLÑ�Ì�ÈÕÎÐÝ�ÖdÇÕÆ-Ø«ÑÕÏ§Ï�Ç?ãR�*Q�ê�;áË�Î�Ö"ã�ÇÕÆLä3Ø[ÖdÇ�Û�ÆLÎ�ÈÕÎÐËOÖèÓ�Ë×ç�ÇÔÓ�Ë�ÊÍÎÐÊVÊÍÎ�ç�É§Ö ÑÕÝ�Ý�Ó�ÚaÓ�Ï§Ñ�ÖLÉ�ÇÔËÙ)ÇÕÆÉ(�Ç´ã�ØÐßÂÝ�Î�ÖdÎ�Æ-Ú=É§Ë�Ñ�ÖLÉ§ÇÔË�ÇÕÙ±ã�Ü�Î�ÖLÜÍÎ�ÆaÑTÖLÑ�Ì ÈÕÎÐÝ�ÖdÇÕÆEÉrØ�ÎÐÏ§É§ÌÔÉ�ç�Ï�ÎÙ)ÇÕÆ%Æ-ÎÐÓ�ØdÎÕâèÜÍÇ´ã�Î�ÈÕÎ�ÆÐâ+É§ØÖdÆcÉ§ÝLä3ÒPç�ÎÐÝ�ÑÕÓ�ØLÎVÇÕÙ®Ö�ãZÇPÆLÎÐÑÕØdÇÔË�ØÐß
¢ Té�*Q�ê';WËÍÎ�Ö�ãZÇÕÆLäPÚ%Ó�ØLÖ+ÎÐË�ØLÓ�ÆLÎ�ÖLÜ�Ñ�Ö�ÖLÜÍÎ�ÆLÎÐÓ�ØdÎ�ÇÕÙ�ÖLÑ�Ì%ÈÕÎÐÝ�ÖdÇÕÆcØxÙ ÇÕÆ�Û�ÑÕÝLäÕÎ�ÖLØxÇÕÙ>(�Ç´ã
Þ ÊÍÇ3ÎÐØ&ËÍÇÕÖ&È�É�ÇÔÏ§Ñ�ÖdÎ0ÖLÜÍÎ%ÊÍÎÐÑÕÊ�Ï§É§Ë�Î�ÌÔÓ�Ñ�ÆcÑÕË×ÖdÎ�ÎÐØ�Û�ÆLÇ?È3É§Ê�ÎÐÊ$ÖdÇ»���J\D�3�%(�Ç´ã�ØÐß
; Ç�ÚÎ�Î�Ö�ÖLÜ�ÉrØ�ÆLÎ�YOÓ�É�ÆLÎÐÚÎÐËOÖ�â ÖLÜÍÎ ÖLÑ�ÌTÑÕØLØLÉ�ÌÔË�ÎÐÊ¾ÖdÇ�ÑkÛlÑÕÝLäÕÎ�Ö*��� kÚ%Ó�ØdÖVÊ�ÉEÀ�Î�ÆVç3ÒfÑ�ÖÏ�ÎÐÑÕØdÖ � oà o Ù)ÆLÇÔÚ ÖLÜÍÎ%ÖLÑ�ÌÔØ�ÑÕØLØLÉ�ÌÔËÍÎÐÊfÖdÇkÑÕÏ§Ï®Û�ÑÕÝLäÕÎ�ÖLØ�� ú  ÖLÜ�Ñ�Ö�ãZÎ�ÆLÎEÖdÆ-ÑÕË�ØLÚ=É�ÖdÖdÎÐÊfÛ�Æ-É§ÇÕÆÖdÇ;Û�ÑÕÝ-äÕÎ�Ö9�#� fçlÓÍÖ=Ü�ÑÐÈÕÎfËÍÇÕÖÆLÎÐÑÕÝcÜÍÎÐÊWÖLÜ�Î�ÊÍÎÐØdÖLÉ§Ë�Ñ�ÖLÉ§ÇÔËGßÌ;&Ü�É§ØÉrØEçSÎÐÝ�ÑÕÓ�ØdÎÕâ�É§Ù�ÖLÜÍÎØdÎ�Û�Ñ�Æ-Ñ�ÖLÉ§ÇÔËWÉ§Ø=Ï§ÎÐØLØÖLÜ�ÑÕË � oà o âZÖLÜ�ÎÐËR(�Ç?ã Þ ã�É§ÏrÏZç�ÎfK�B/���6��.#���@�^bfØdÎ�Æ-È3É§Ý�Î�Ñ�Ö Ñ¾Æ-Ñ�ÖdÎÌÕÆLÎÐÑ�ÖdÎ�ÆTÖLÜ�ÑÕËiÉ�ÖLØ$ÆLÎÐØdÎ�ÆLÈÕÎÐÊ�Æ-Ñ�ÖdÎ ²   P�ÖLÜ�É§Ø�â�ÉrË�ÖLÓ�Æ-ËGâ�Ý�ÇÔÓ�Ï§ÊQÈ3É§ÇÔÏ§Ñ�ÖdÎ ÖLÜÍÎ;ÊÍÎÐÑÕÊ�Ï§ÉrËÍÎÌÔÓ�Ñ�Æ-ÑÕËOÖdÎ�ÎÐØ�Û�ÆLÇ´È�É§ÊÍÎÐÊ$ÖdÇ=ÇÕÖLÜ�Î�Æ*(�Ç?ã�Ø�ß

¢ T½�*Q�ê�;�ËÍÎ�Ö"ã�ÇÕÆLä ÚaÓ�ØdÖ+ÎÐË�ØLÓÍÆLÎ�ÖLÜ�Ñ�ÖZÉ§Ö+Ý�ÑÕË Û�ÆLÇ´È�É§ÊÍÎ�ÑaÊÍÎÐÑÕÊ�ÏrÉ§ËÍÎ±ÌÔÓ�Ñ�Æ-ÑÕËOÖdÎ�ÎIÇÔË ÖLÜÍÎÆLÎ�Þ"Ó�ØdÎÐÊ�ÖLÑ�Ì ÈÕÎÐÝ�ÖdÇÕÆÐß
; ÇEÚÎ�Î�Ö�ÖLÜ�É§Ø+ÆLÎ�YOÓ�É�ÆLÎÐÚÎÐËOÖ�âOÑ�Ö�ÖLÜÍÎIÖLÉ§ÚÎ�ÇÕÙ�ÑÕØ-ØLÉ�ÌÔË�É§Ë�Ì�ÑVÆLÎ�Þ"Ó�ØLÑ�ç�Ï�Î�ÖLÑ�Ì%ÖdÇEÑ�ÛlÑÕÝLäÕÎ�Ö�â
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ÖLÜÍÎÉ§ËÍÌÕÆLÎÐØ-Ø�Æ-ÇÔÓÍÖdÎ�ÆVÚ%Ó�ØdÖ�ÎÐË�ØLÓÍÆLÎaÖLÜ�Ñ�Ö0ÖLÜÍÎEÖLÑ�ÌkÈ�ÑÕÏ§ÓÍÎEÙ)ÇÕÆIÖLÜ�ÎEå�Æ-ØdÖ�ØdÎ�ÆLÈÕÎ�Æ0Î�ðÍÝ�Î�ÎÐÊ�ØÖLÜÍÎ�Ý�ÓÍÆ-ÆLÎÐË×Ö±ÖLÉrÚÎ0çOÒ$Ñ�Ö�Ï�ÎÐÑÕØLÖ � oà o ß
=�ØLÉ§ËÍÌaÖLÜÍÎÐØdÎ�ÎÐÏ§É�ÌÔÉ§ç�É§Ï§É�Ö�ÒÝ�Æ-É�ÖdÎ�Æ-É§Ñ�â3ã�ÎIÙ)ÇÕÆ-Ú=ÑÕÏrÏ�Ò=ÊÍÎ�ålËÍÎIÆLÎ�Þ"Ó�Ø-Ñ�ç�É§Ï§É�Ö�ÒÇÕÙ®ÑaÖLÑ�ÌEÈÕÎÐÝ�ÖdÇÕÆÑÕØ�Ù ÇÔÏrÏ�Ç´ã�ØÐß

Definition � � F#�^��cd24��BL���äpC�O�@��2EK�.��^b9���K'c��^������±ì ] § ® ] 1 ® 85858 ® ] à ï>2 ������2)b-��-1���Ý åz£ ( ã+Øäè ×�åj3���É�-FD�+��s����#� �  ¹���Z�42JA��hJ-2 j'24�"�����42?�?êZ���9�J\D��j3���?�H��r�2J.LKÉF#�	��F/�3���42���ÌÕ
¤ g � k¦¥�§¡¨?© c ��ª c � f�g � k4l«©0¬ } k~ k fC�K�®ml

¯±° c d ª } k~ k fC�K� ²4l
rM\D���^�¦³È2?�Ç�J\/�q���3�7�6j FD����s��3�J���4�	��./��AC24�)���^b�1�p��3�3��c����.;qF#��2)���k��qFD���3s��3�â� �   13B/�%\a��c��
.����"�^�^�+��\D�@b<�J\D�Çb+�����42J.#���42)��.n13p&�42?A��vJ �
TÊ�*Q�ê';�ËÍÎ�Ö"ã�ÇÕÆLäkÝ�ÑÕË�ÎÐË�Ù ÇÕÆ-Ý�Î�ÖLÜÍÎÐØdÎ�Ý�ÇÔË�Ê�É�ÖLÉ�ÇÔË�ØxÑÕØ&Ù)ÇÔÏ§Ï�Ç?ã�Ø�ß
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ÃIÇ´ã�Ý�ÇÔË�ØLÉ§ÊÍÎ�Æ0ÑÕËOÒ�ÖLÉ§Ú=Î=É§Ë×ÖdÎ�Æ-È@ÑÕÏ��KJ § ® J 1 !LßÇÁ�ÆLÇÔÚ ÖLÜÍÎ=ÊÍÎ�ålË�É§ÖLÉ�ÇÔËTÇÕÙ yg�â�ã�Îä�ËÍÇ´ãÖLÜ�Ñ�Ö�ÌÔÉ�ÈÕÎÐËáÑÕË×ÒÛ] ´ �KJ § ª yg'!�ÖLÜ�Ñ�Ö�Ü�ÑÕØVç�Î�ÎÐË�ÑÕØLØ-É�ÌÔËÍÎÐÊ;ÑÕØ%ÑTÊÍÎÐÑÕÊ�ÏrÉ§ËÍÎEÖLÑ�Ì�Ñ�Ö%ÖLÜÍÎ Ï§ÑÕØdÖØLÎ�ÆLÈÕÎ�ÆÉááâ[Ñ�ÖaÏ�ÎÐÑÕØdÖVÇÔË�Î Û�ÑÕÝ-äÕÎ�Ö%ã�É§ÖLÜ¾ÖLÜ�É§Ø0ÖLÑ�Ì ] ã�ÉrÏ§Ïèç�Î=ÊÍÎÐÏ§É�ÈÕÎ�ÆLÎÐÊ�Ñ�Ù ÖdÎ�ÆaÖLÉ§ÚÎ@J § �9ÖLÜ�É§ØÉrØ�ÖdÆ-ÓÍÎÎ�ÈÕÎÐË;Ù)ÇÕÆ�J § ¨¹© § �£ § â®Ø-É§Ë�Ý�Î�] § �o� §  ! ù © § �£ § ª yg-!LßqÁ�ÓÍÆ-ÖLÜÍÎ�ÆÐâ Ù)ÆLÇÔÚ�Ï®ÎÐÚ=Ú=Ñ�V�µ3â®ãZÎä�ËÍÇ?ã¼ÖLÜ�Ñ�ÖEÑÕËOÒ�ÛlÑÕÝLäÕÎ�Öã�É�ÖLÜæÑÕË ÑÕØLØLÉ�ÌÔË�ÎÐÊæÊ�ÎÐÑÕÊ�Ï§É§ËÍÎ ÖLÑ�ÌØ] ã�É§Ï§Ï:ç�Î$ÊÍÎÐÏ§É�ÈÕÎ�Æ-ÎÐÊáËÍÇ Ï§Ñ�ÖdÎ�ÆÖLÜ�ÑÕË^] ª'�  �£ à ß�;&ÜÍÎ�ÆLÎ�Ù)ÇÕÆLÎÕâ3Ù ÇÕÆ'��c��3��pQ]��áì J § ª yg ® J 1 · �  3£ à ïlÖLÜ�Ñ�ÖZÜ�ÑÕØZç�Î�ÎÐË ÑÕØLØLÉ§ÌÔËÍÎÐÊ ÑÕØÑPÖLÑ�Ì¢ÖdÇ¢ÑÕËOÒ�Û�ÑÕÝ-äÕÎ�Ö�â"���%�H�@�O���®ÇÔËÍÎaÛ�ÑÕÝLäÕÎ�Ö�ã�É§ÖLÜ�ÖLÜ�Ñ�Ö�ÊÍÎÐÑÕÊ�Ï§ÉrËÍÎ0ÖLÑ�Ì$ã�É§Ï§Ï�Ê�Î�Û�Ñ�ÆLÖ�ÖLÜ�Î%Ï§ÑÕØdÖØLÎ�ÆLÈÕÎ�Æ&É§Ë¢ÖLÜÍÎ�ÖLÉ§ÚÎ�É§ËOÖdÎ�ÆLÈ@ÑÕÏM�KJ § ® J 1 !Lß�Ï®Î�ÖÍÔ��KJ z ® J�!èÆ-Î�Û�ÆLÎÐØdÎÐËOÖxÖLÜÍÎ�ÖdÇÕÖLÑÕÏ�ËOÓ�Ú�ç�Î�Æ�ÇÕÙ ç�É�ÖLØxÉ§ËÛlÑÕÝLäÕÎ�ÖLØ%ÖLÜ�Ñ�Ö�Ñ�ÆLÎÂ�H�O���:ÑÕØLØLÉ�ÌÔË�ÎÐÊ¾ÊÍÎÐÑÕÊ�Ï§É§Ë�ÎÐØ�ÖLÜ�Ñ�ÖVÏ§É�ÎÉ§Ë¾ÑÕËOÒ ÖLÉ§ÚÎ=É§ËOÖdÎ�ÆLÈ�ÑÕÏ��KJ�z ® J�ï�ß�;&ÜÍÎÐË�â�  �£ à �KJ § ® J 1 ! ´ Ô��KJ § ª yg ® J 1 · �  3£ à !LßÏ Î�ÖIJ î ¨ J § ª ygáÑÕË�Ê�J ² ¨ J 1 · �  3£ à ßiÏ Î�Ö%J L î ´ J î ç�Î«ÖLÜÍÎZØLÚ=ÑÕÏ§Ï�ÎÐØLÖSÖLÉrÚÎ:É§Ë�ØdÖLÑÕËOÖGÖLÜ�Ñ�ÖÝ�ÇÔÉrË�Ý�É§ÊÍÎÐØ�ã�É�ÖLÜfÑ ÊÍÎÐÑÕÊ�ÏrÉ§ËÍÎ�¸ Ï�Î�Ö�ÖLÜÍÎaÝ�ÇÕÆ-ÆLÎÐØdÛ�ÇÔË�Ê�É§Ë�ÌÛ�ÑÕÝLäÕÎ�Ö0ç�Î*� � ð  ß]Ï Î�ÖwJ L² ù J ² ç�Î�ÖLÜÍÎÏrÑ�ÆLÌÕÎÐØdÖ+ÖLÉrÚÎ�É§Ë�ØLÖLÑÕË×ÖZÖLÜ�Ñ�ÖZÝ�ÇÔÉ§Ë�Ý�É§ÊÍÎÐØ«ã�É§ÖLÜ Ñ�Ê�ÎÐÑÕÊ�Ï§É§ËÍÎ�¸QÏ�Î�Ö«ÖLÜÍÎ�Ý�ÇÕÆLÆ-ÎÐØdÛ�ÇÔË�Ê�É§ËÍÌ0ÛlÑÕÝLäÕÎ�Öxç�Î
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ÖLÜ�ÑÕËk� ���  âGÏ�Î�Ö"�|L�Ü�Ñ´ÈÕÎaÖLÜ�ÎaÏ§Ñ�Æ-ÌÕÎÐØdÖ�ÊÍÎÐÑÕÊ�Ï§É§ËÍÎ���É§Ù«ÖLÜÍÎ�ÆLÎ%Ñ�Æ-ÎaÚÇÕÆ-Î%ÖLÜ�ÑÕË�ÇÔËÍÎEØLÓ�ÝcÜTÛ�ÑÕÝ-äÕÎ�ÖLØ�âÏ§Î�ÖM�|L�çSÎ�ÖLÜÍÎ%Ï§ÑÕØdÖ±Û�ÑÕÝ-äÕÎ�Ö�ÖdÇ=ç�Î0ÑÕØLØLÉ§ÌÔËÍÎÐÊkÖLÜ�Ñ�Ö�Ê�ÎÐÑÕÊ�Ï§É§ËÍÎ�!LßÅ«ÑÕÝLäÕÎ�Ö�� � �  Ñ�Æ-Æ-É�ÈÕÎÐØGÙ)ÇÕÆ ÖdÆ-ÑÕË�ØLÚ=É§ØLØ-É�ÇÔË�Ñ�Ö�ÖLÜÍÎ«å�ÆcØdÖ�ØdÎ�ÆLÈÕÎ�Æ[Ï§Ñ�ÖdÎÐØdÖ ç3Ò ] § �o� � �  ! · ° � �  4 ²   ß
Ï®Î�Ö�J L ç�ÎxÖLÜÍÎ&ÖLÉ§ÚÎ±Ñ�Ö:ã�Ü�É§Ý-Ü � L Ñ�ÆLÆ-É§ÈÕÎÐØèÙ ÇÕÆ:ÖdÆcÑÕË�ØLÚ=É§Ø-ØLÉ�ÇÔËEÑ�Ö«ÖLÜÍÎxå�Æ-ØLÖèØLÎ�ÆLÈÕÎ�ÆÐß�Q�É§Ë�Ý�Îâ� L Ü�ÑÕØÑ¢ØLÚ=ÑÕÏrÏ�Î�ÆIØLÎ�YOÓÍÎÐË�Ý�ÎEË3Ó�Ú%ç�Î�Æ�ÖLÜ�ÑÕË�� � �  â�J L V ] § �o� � �  ! · ° � �  4 ²   ß7ÁlÓÍÆLÖLÜÍÎ�ÆÐâ�Ê�ÓÍÎaÖdÇkØdÇÔÓÍÆ-Ý�Î
(lÇ´ãbÝ�ÇÔËOÖdÆLÇÔÏ�âz] § �o�|LJ! ù JML ª � p °  !4 ²   ßM;&ÜÍÎ�Æ-Î�Ù ÇÕÆLÎÕâz] § �o�|L?! V ] § �o� � �  ! ª � � · VO! p °  54 ²  ��] à �o�|L ! V J/� ª � � · VO! p °  54 ²   ßQ�É§Ë�Ý�Î"�|LlÉ§Ø+ÌÔÓ�Ñ�Æ-ÑÕË×ÖdÎ�ÎÐÊ�ÖdÇaç�ÎIÊÍÎÐÏ§É�ÈÕÎ�ÆLÎÐÊ¢Ñ�ÖxÖLÜÍÎ0ØdÎ�Y3ÓÍÎÐË�Ý�Î�ÆxçOÒ^] à �o�|L?! ª �  3£ à âO� ��� ã�É§Ï§Ï3ÑÕÏ§ØdÇ0ç�Î&ÊÍÎÐÏ§É�ÈÕÎ�Æ-ÎÐÊ%ç3ÒaÖLÜ�É§ØèÖLÉ§ÚÎÕß�;&Ü�É§ØèÉ§ÚÛ�Ï§É§ÎÐØ ÖLÜ�Ñ�Ö�âOÙ ÇÕÆ:ÑÕËOÒÊÍÎÐÑÕÊ�Ï§ÉrËÍÎ�ÉrËEÖLÜÍÎ&É§ËOÖdÎ�ÆLÈ@ÑÕÏ
�KJ § ª yg ® J 1 · �  �£ à · � � · VO! p °  !4 ²   !Lâ ÖLÜÍÎ=Ï§ÑÕØdÖ�Û�ÑÕÝ-äÕÎ�Ö�ÖdÇkç�Î=ÑÕØLØLÉ�ÌÔË�ÎÐÊ�ÖLÜ�Ñ�Ö�ÊÍÎÐÑÕÊ�Ï§ÉrËÍÎã�É§Ï§Ï±ÊÍÎ�Û�Ñ�Æ-Ö»�J\D�»���^`�B_�3.#���3�=É§ËbÖLÜ�ÎTÖLÉ§ÚÎfÉ§ËOÖdÎ�ÆLÈ@ÑÕÏÉ�KJ § ® J 1 !Lß½;&Ü�Î�ÆLÎ�Ù ÇÕÆ-ÎÕâ±ÖLÜÍÎ�Ë3Ó�Ú%çSÎ�ÆPÇÕÙçlÉ�ÖLØ�ÖLÜ�Ñ�Ö&ÊÍÎ�Û�Ñ�ÆLÖxÖLÜÍÎVØLÎ�YOÓÍÎÐË�Ý�Î�Æ&É§Ë¢ÖLÜÍÎ0ÖLÉ§ÚÎ0É§ËOÖdÎ�ÆLÈ�ÑÕÏm�KJ § ® J 1 !Lâ)� � 7N7  �KJ § ® J 1 !Lâ�É§Ø�ÌÔÉ�ÈÕÎÐËkç3Ò#[� � 7N7  �KJ § ® J 1 ! ´ Ô&�KJ î ® J ² · � � · VO! p � oà o ! ´ Ô��KJ L î ® J L² · � � · VO! p � oà o ! / ²   �KJ ² · J î ! ·í ²   � oà o · � � · VO! °   ß$;&Ü�ÉrØ±É§ÚÛ�Ï§É§ÎÐØ�â
Ù K��/�k f ¯ d x ¯ Þ l � ~ k f ¯ Þ ª ¯ d«l ª ~ k º¼ f|O×{Û�Ñl } k~ k { ¹ � d2� � d � � {

¹2� � d � k2w � ÂÄ ª ~ k � ¿T¸�KIM ª Ù � } k
;&ÜÍÎ¢ç�ÇÔÓ�Ë�Ê¾ÇÔËæÖLÜÍÎ$ËÍÎ�Ö�ãZÇÕÆLä�ÖLÜÍÆLÇÔÓÍÌÔÜÍÛlÓÍÖ%ÊÍÎ�ÆcÉ�ÈÕÎÐÊ�É§ËU;&ÜÍÎ�ÇÕÆ-ÎÐÚ `TÙ ÇÕÆÑ��*Q�ê�;Ë�Î�Ö"ã�ÇÕÆLäæÊ�ÉEÀSÎ�ÆcØ�Ù)ÆLÇÔÚ ÖLÜ�Ñ�ÖÛ�ÆLÇ?È3ÉrÊÍÎÐÊ�ç3ÒáÑ Ý�ÇÕÆLÎ�Þ"ØLÖLÑ�ÖdÎ�Ù)Ó�Ï�ËÍÎ�Ö"ã�ÇÕÆLä��);�ÜÍÎ�ÇÕÆLÎÐÚ íL!Lâ+ç3ÒáÑÝ�ÇÔË�ØdÖLÑÕË×Ö�ÖdÎ�Æ-Ú � § ¨ ²   p ì ¢ ���	� · Z à¤ 3 § �+�  3£ ¤ · �  �£ ¤ !�ï ª °   ß$;�ÜÍÎ�çSÇÔÓ�Ë�Ê ÇÔËTÑ�Û�Û�Ï§É§Ý�Ñ�ÖLÉ§ÇÔËÖLÜ�ÆLÇÔÓÍÌÔÜÍÛ�Ó�ÖxÊ�ÉEÀSÎ�ÆcØxçOÒ¢ÖLÜÍÎ�ÑÕÊ�Ê�É�ÖLÉ�ÇÔË�ÑÕÏSÖdÎ�Æ-Ú � 1 ¨ � � · VO! p °   ßÎIç�ØLÎ�ÆLÈÕÎ¾ÖLÜ�Ñ�Ö�Ù)ÇÕÆ�Ñ��*Q�ê�;¹Ë�Î�Ö"ã�ÇÕÆLäiÊÍÎ�Æ-É�ÈÕÎÐÊQÙ)ÆLÇÔÚ �*Qa� ��â �  �£ ¤ ¨ ° �q�	� 4 Æ ¤ ßÁlÓÍÆLÖLÜÍÎ�ÆÐâ�Ù)ÇÕÆ[Ú=ÇÔØdÖ[ØLÖLÑ�ÖdÎ�Ù)Ó�Ï�ØLÝcÜÍÎÐÊ�Ó�Ï§Î�Æ-Ø�â,�  �£ ¤ ´ ° ����� 4 Æ ¤ ßm;�ÜÍÎ�ÆLÎ�Ù)ÇÕÆLÎÕâ � § ù ²   p ¢ ����� ª °   âã�Ü�É§Ý-ÜkÉrØ±Û�Æ-É§Ú Ñ�Æ-É§Ï�ÒEÌÕÇ´ÈÕÎ�ÆcËÍÎÐÊTç3Ò�¢ �q�	� âÍÖLÜÍÎ�Ú Ñ@ð�É§ÚaÓ�Ú Ï§Ñ�ÖdÎÐË�Ý�Ò¢ÇÔË�ÖLÜÍÎVÆLÎ�ÈÕÎ�Æ-ØLÎVÛ�Ñ�ÖLÜGß
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��Ña!"ÃIÇÔË�ÞS�Î�ÆLÇ ÖLÜ�ÆLÇÔÓÍÌÔÜÍÛ�Ó�Ö�ÖLÉrÚÎ�Þ"ØLÝ�ÑÕÏ�Î �9ç�!%Q3Î�Y3ÓÍÎÐË�Ý�Î�Æ&çlÓDÀSÎ�Æ&ØLÛ�ÑÕÝ�ÎVÆLÎ�Y3Ó�É�ÆLÎÐÚ=ÎÐË×Ö
Á«É�ÌÔÓÍÆLÎ�ÿ3ß ía[�¼+È�ÑÕÏ§Ó�Ñ�ÖLÉ�ÇÔË$ÇÕÙ«Ñ��]Q�ê�; ÃIÎ�Ö"ã�ÇÕÆLä

û�ò"ñ ���±õ*Û©üEõ�÷�Ôcù Ö ù]ìÌí½ï@�$# ñlÓè÷Dò ù�úGûVö
��x�w$xy  ���}
 ��"�+�>�"�â�����"| "��"���+��~m|�}_}
;�ÜÍÎ�ÇÕÆLÎÐÚ.` ØdÖLÑ�ÖdÎÐØIÖLÜ�Ñ�ÖIã�ÜÍÎÐË�ÚÎÐÑÕØ-ÓÍÆLÎÐÊ�Ç?ÈÕÎ�Æ0ÑÕË×ÒkÖLÉ§Ú=Î%É§ËOÖdÎ�ÆLÈ�ÑÕÏ Ï§Ñ�ÆLÌÕÎ�Æ�ÖLÜ�ÑÕË�� \�� ; �£ à â�ÖLÜÍÎË�Î�Ö"ã�ÇÕÆLäWÌÔÓ�Ñ�ÆcÑÕË×ÖdÎ�ÎÐØ�Ñ ËÍÇÔËÍÞS�Î�ÆLÇ ÖLÜÍÆLÇÔÓÍÌÔÜÍÛlÓÍÖ¢Ñ�ÖkÑæÆ-Ñ�ÖdÎ Î�Y3Ó�ÑÕÏIÖdÇæÖLÜ�ÎfÆ-ÎÐØdÎ�ÆLÈÕÎÐÊQÆ-Ñ�ÖdÎÕß
TIØ�Ê�É§ØLÝ�Ó�ØLØLÎÐÊ¾É§Ë¬Q3ÎÐÝ�ÖLÉ�ÇÔËUµ3ß í3âèÖLÜÍÎ ØLÚ=ÑÕÏrÏ�Î�Æ0ÖLÜÍÎ È�ÑÕÏ§ÓÍÎÇÕÙ�� \�� ; �£ à â ÖLÜÍÎPçSÎ�ÖdÖdÎ�Æ%ÖLÜÍÎ ËÍÎ�Ö�ãZÇÕÆ-äÝ�ÑÕË Ø-ÓÍÛ�Û�ÇÕÆLÖ�Ñ�Û�ÛlÏ§É§Ý�Ñ�ÖLÉ�ÇÔË�Ø%ã�É�ÖLÜæØdÖdÆ-ÉrËÍÌÕÎÐË×ÖaÖLÉ§ÚÎÐÏrÉ§ËÍÎÐØLØ%ÆLÎ�Y3Ó�É�ÆLÎÐÚÎÐËOÖLØ�ß�;®ÇfÎ�È�ÑÕÏ§Ó�Ñ�ÖdÎ$ÖLÜÍÎÖLÜ�ÆLÇÔÓÍÌÔÜÍÛ�Ó�Ö�ÌÔÓ�Ñ�Æ-ÑÕËOÖdÎ�Î±ÇÕÙ�Ñ'�*Q�ê�;áËÍÎ�Ö"ã�ÇÕÆLä%Ë3Ó�ÚÎ�ÆcÉ§Ý�ÑÕÏ§Ï�ÒÕâ@ãZÎxÝ�ÇÔÚÛ�Ó�ÖdÎ�� \�� ; �£ à Ù)ÇÕÆ®Î�ðÍÑÕÚÛ�Ï�ÎË�Î�Ö"ã�ÇÕÆLä3ØÐâÕã�ÜÍÎ�ÆLÎ�Ï§É§ËÍä0Ý�Ñ�Û�ÑÕÝ�É�ÖLÉ§ÎÐØ[Ñ�Æ-Î7V3Ð�ÐvF H��)J±ÑÕË�ÊaÏ§É§ËÍä�Û�Æ-ÇÕÛ�Ñ�ÌÔÑ�ÖLÉ�ÇÔËaÏ§Ñ�ÖdÎÐË�Ý�É�ÎÐØèÑ�ÆLÎ�VÌ69JÔßà`Ëaå�ÌÔÓÍÆ-Î±ÿ3ß íD��Ña!Lâ3ã�Î±Û�Ï�ÇÕÖ�� \�� ; 3£ àWÑ�ÌÔÑÕÉ§Ë�ØLÖ[ÖLÜ�Î&ËOÓ�Ú%ç�Î�ÆèÇÕÙSÜÍÇÕÛlØèÇÔËEÖLÜÍÎ±ÎÐË�Ê�Þ�ÖdÇ�Þ�ÎÐË�Ê=Û�Ñ�ÖLÜEÇÕÙSÑØ-ÑÕÚÛ�Ï�Î�(lÇ´ãWã�É�ÖLÜ Ñ�ÆLÎÐØdÎ�ÆLÈÕÎÐÊPç�É�Ö`Þ�Æ-Ñ�ÖdÎ�ÇÕÙ$V3ÐvFIH��)J×ß$¢ �q�	� ÉrØ:È�Ñ�Æ-É�ÎÐÊÙ)ÆLÇÔÚ Ñ%Ú%Ó�Ï�ÖLÉ�Û�Ï�Î±ÇÕÙ$VÖdÇkµ�ÇÕÙ�ÖLÜÍÎIÎÐË�Ê�Þ�ÖdÇ�Þ�ÎÐË�Ê¢Û�Æ-ÇÕÛ�Ñ�ÌÔÑ�ÖLÉ�ÇÔË$Ï§Ñ�ÖdÎÐË�Ý�ÒPÇÔË ÖLÜÍÎ�ÆLÎ�ÈÕÎ�ÆcØdÎ�ÛlÑ�ÖLÜGß�Á�ÇÕÆ&Ý�ÇÔÚÛ�Ñ�ÆcÉ§ØdÇÔËGâOãZÎÑÕÏrØdÇÛ�Ï�ÇÕÖ	� \�� ; 3£ à�Ù)ÇÕÆ�ÑEÆLÎ�Û�Æ-ÎÐØdÎÐË×ÖLÑ�ÖLÉ§ÈÕÎ�Ý�ÇÕÆLÎ�Þ"ØdÖLÑ�ÖdÎ�Ù9Ó�Ï Ë�Î�Ö"ã�ÇÕÆLä$ÇÕÙ®Ù9ÑÕÉ�ÆÓ�I] 1'� ª ì�^´ï[ØdÎ�ÆLÈÕÎ�Æ-Ø�ß
�¾Î%ÇÕç�ØdÎ�ÆLÈÕÎ�ÖLÜÍÎ0Ù ÇÔÏrÏ�Ç´ã�ÉrËÍÌ/[
V�ß*� Ü�ÎÐË<¢ �q�	� É§Ø�Î�YOÓ�ÑÕÏ�ÖdÇEÖLÜÍÎ�ÎÐË�ÊÍÞ�ÖdÇ�Þ�ÎÐË�ÊkÏ§É§ËÍäÛ�ÆLÇÕÛ�Ñ�ÌÔÑ�ÖLÉ�ÇÔËkÏ§Ñ�ÖdÎÐË�Ý�ÒÕâÍÖLÜÍÎ�ÖLÜÍÆLÇÔÓÍÌÔÜ�ÞÛ�ÓÍÖÌÔÓ�Ñ�ÆcÑÕË×ÖdÎ�Î�ÇÕÙ�ÖLÜÍÎ»�]Q�ê�; ËÍÎ�Ö�ãZÇÕÆLä�Ø ÉrØØLÉ§Ú=É§ÏrÑ�ÆaÖdÇ�ÖLÜ�Ñ�ÖÇÕÙ�ÖLÜÍÎ�Ý�ÇÕÆLÎ�Þ"ØdÖLÑ�ÖdÎ�Ù9Ó�Ï�I] 1'� ª ËÍÎ�Ö�ãZÇÕÆ-ä3Ø�ß

�DV



í3ß(� \�� ; 3£ à ÉrË�Ý�ÆLÎÐÑÕØdÎÐØ�ã�É�ÖLÜX¢ ����� ß<;&Ü�Î�ÆLÎ�Ù ÇÕÆ-ÎÕâ®ÖLÜÍÎPÖLÜÍÆLÇÔÓÍÌÔÜ�Û�ÓÍÖ0ÌÔÓ�Ñ�Æ-ÑÕËOÖdÎ�Î¢ÇÕÙxÑº�*Q�ê�;ËÍÎ�Ö"ã�ÇÕÆLäÉ§ÚÛ�ÆLÇ´ÈÕÎÐØ«ç3ÒEÛ�ÆLÇ?È3É§Ø-É�ÇÔË�É§ËÍÌ�Ï�Ç?ã±Þ"ÊÍÎÐÏ§Ñ´Ò%Ù)Î�ÎÐÊÍç�ÑÕÝ-äEÝcÜ�ÑÕË�ËÍÎÐÏrØ�ßMW�Ç?ãZÎ�ÈÕÎ�ÆÐâ3Î�ÈÕÎÐËã�ÜÍÎÐË&¢ �q�	� É§Ø:ÖLÜÍÆ-Î�Î�ÖLÉ§Ú=ÎÐØ+ÖLÜÍÎ�ÎÐË�Ê�Þ�ÖdÇ�Þ�ÎÐË�Ê¢Û�Æ-ÇÕÛ�Ñ�ÌÔÑ�ÖLÉ�ÇÔË¢Ï§Ñ�ÖdÎÐË�Ý�ÒÕâ�ÖLÜÍÎ�Ñ�Û�Û�Ï§É§Ý�Ñ�ÖLÉ§ÇÔËÉ§ØèÌÔÓ�Ñ�Æ-ÑÕËOÖdÎ�ÎÐÊ=Ñ0ËÍÇÔËÍÞS�Î�ÆLÇ�ÖLÜÍÆLÇÔÓÍÌÔÜÍÛlÓÍÖ®Ç?ÈÕÎ�ÆZÑÕËOÒ%ÖLÉrÚÎ±É§Ë×ÖdÎ�Æ-È@ÑÕÏ�Ï§Ñ�ÆLÌÕÎ�Æ«ÖLÜ�ÑÕË<VÐÿ�ÐÏ69JÔß
;�ÜÍÎÐØdÎxÇÕç�ØdÎ�ÆLÈ�Ñ�ÖLÉ�ÇÔË�ØèÉ§Ú=Û�Ï�Ò�ÖLÜ�Ñ�Ö«ç3ÒVÛ�ÆLÇ?È3É§Ø-É�ÇÔË�É§ËÍÌIÏ�Ç´ã&Þ"ÊÍÎÐÏ§ÑÐÒ�Ù Î�ÎÐÊÍçlÑÕÝLäEÝ-Ü�ÑÕË�Ë�ÎÐÏ§Ø�âÔÑ-�*Q�ê�;Ë�Î�Ö"ã�ÇÕÆLä¢Ý�ÑÕË$Û�ÆLÇ´È�É§ÊÍÎ�ËÍÇÔË�ÞS�Î�ÆLÇEÖLÜÍÆ-ÇÔÓÍÌÔÜÍÛ�ÓÍÖ�ÌÔÓ�Ñ�Æ-ÑÕËOÖdÎ�ÎÐØ&Ñ�Ö±ÈÕÎ�ÆLÒ¢ØLÜÍÇÕÆLÖxÖLÉ§Ú=Î�Þ"ØLÝ�ÑÕÏ�ÎÐØ�â�ÑÕË�ÊØ-É§Ú=É§Ï§Ñ�ÆxÖdÇ=ÖLÜ�ÇÔØdÎ�É§ËkÝ�ÇÕÆLÎ�Þ"ØLÖLÑ�ÖdÎ�Ù)Ó�Ï®ËÍÎ�Ö"ã�ÇÕÆLä�Ø�ß
��x�w$x?æ &m}|Çm��}_~��D}/�� ���¡*}/��&������D};¢$�ax��l��{�� ÉR� É  ��"�+�>���>���Z�$|ë�ÎÐÝ�ÑÕÏ§ÏèÖLÜ�Ñ�Ö0ÖLÜÍÎ�Æ-ÎEÉrØIÑ$ÖdÆcÑÕÊÍÎ�Ç�Àæç�Î�Ö�ãZÎ�ÎÐË¾ÖLÜ�ÎEÑÕÚ=ÇÔÓ�Ë×Ö0ÇÕÙZç�ÓDÀ�Î�ÆVØdÛ�ÑÕÝ�ÎEÆLÎ�Y3Ó�É�ÆLÎÐÊ Ñ�Ö0ÖLÜÍÎØLÎ�YOÓÍÎÐË�Ý�Î�ÆxÑÕË�ÊPÖLÜ�ÎIÚ=Ñ@ðÍÉ§ÚaÓ�Ú�Æ-Ñ�ÖdÎ�ÖLÜ�Ñ�ÖZÖLÜ�Î�ØLÇÔÓÍÆ-Ý�Î�É§ØZÑÕÏrÏ�Ç´ã�ÎÐÊ¢ÖdÇEÑÕÝcÜ�É�Î�ÈÕÎÕß$�¾Î0Ë3Ó�ÚÎ�Æ-É�ÞÝ�ÑÕÏrÏ�Ò%ÝcÜ�Ñ�Æ-ÑÕÝ�ÖdÎ�Æ-ÉHS�Î�ÖLÜ�É§ØèÖdÆ-ÑÕÊÍÎ�Ç�À$Ù)ÇÕÆ«ÖLÜÍÎ&ØLÑÕÚÎ±Î�ðÍÑÕÚÛ�Ï�Î&Ë�Î�Ö"ã�ÇÕÆLäaÑÕØ+Ñ�çSÇ?ÈÕÎ9��Ï§É§Ë�ä�Ý�Ñ�Û�ÑÕÝ�É�Ö�Ò
¨ V3Ð�ÐvF H��)J×â®Ï§É§Ë�ä�Û�ÆLÇÕÛ�Ñ�ÌÔÑ�ÖLÉ§ÇÔË;Ï§Ñ�ÖdÎÐË�Ý�Ò ¨ VÌ69J�!LßEà`Ëfå�ÌÔÓÍÆLÎ=ÿ3ß íD�9ç�!Lâ[ã�ÎÛ�Ï�ÇÕÖ�ÖLÜÍÎ=Ú=É§Ë�ÉéÞÚaÓ�Ú ØLÎ�YOÓÍÎÐË�Ý�Î�Æ�ç�ÓDÀ�Î�Æ&ØdÛ�ÑÕÝ�Î%ÆLÎ�Y3Ó�É�ÆLÎÐÊ$ÖdÇ ÑÕÏrÏ�Ç´ã ØLÇÔÓÍÆ-Ý�ÎÐØ&ÖdÇPÑÕÝ-Ü�É�Î�ÈÕÎaÑÌÔÉ�ÈÕÎÐË�Ú=Ñ@ð�ÉrÚ%Ó�ÚçlÉ�Ö`Þ�Æ-Ñ�ÖdÎÕâ ø �q�	� �9È�Ñ�Æ-É�ÎÐÊ$Ù)ÆLÇÔÚ íEÖdÇPÿÖLÉ§ÚÎÐØ±ÖLÜÍÎ0Æ-ÎÐØdÎ�ÆLÈÕÎÐÊ�ÆcÑ�ÖdÎ�!Lß"�¾ÎVÇÕç�ØLÎ�ÆLÈÕÎVÖLÜ�Ñ�Ö3[
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g &H!*ù[#�ø���W!�#sr ø0 ut¯�Hùwvxlm��ù[����$6������ DùñÐë�ä3êNó,äÆãNåjè�ã�ãNåjä�âjæ&ç�è,é�êIæ&ä'ëIëµàCä'è,ëNâ&êNäBÞ5ææjä3ã�í	Þ,êNû³ãNåjêNÞ5â&ò5å&á.âjã	ézæ Óhg õ'& Ø é?ë(èhç�âjæjß�ãNézÞ5æ³Þ,ç _ è,æjîµãNå&ä-ñ.é�ãC¸+êIè�ã�ä'ë�Þ,ç�ãNå&äùü.Þ�íTë(âjæjî&ä3êß�Þ5æ.ëNézî&ä3êIè�ãNézÞ5æ�ì Ù Ú è,æjî Ù Ò õ-y®ä'ß3è,ôzôfçlêNÞ5àx(�åjè�ájã�ä3ê{zhãNåjè�ã _ ézë�è©ç�âjæjß�ãNé�Þ5æµÞ,ç0| ÒD}�~ ì&ãNå&äà è[Z ézà�âjà êIè�ã�äãNå&äè�ò,ò,êNä3ò5è�ã�äµã�êIèw�³ß�ñfä3ã�í	ä3ä'æBãNå&äáÐè,é�ê2Þ,ç�ä'î&ò,äêNÞ5âjã�ä3êIë-ézë2è,ôzô�Þ�íÅä'î ã�Þè,ß�åjé�ä3ó,ä,ì�è,æjî�� ÒP}�~&ì.ãNåjä�àCè[Z&ézà�âjà ô?è�ã�ä'æjßLI�äLZúáfä3êIézä'æjß�ä'îxñ\Ixè,ßNû æ&Þ)í®ô�ä'î&ò5àä'æ ãNëùÞ5æPãNå&äêIä3ó,ä3êIë�äCá.è�ãNå$õ���æ ö÷é�ò5â&êNä g õ ¹ Ó è Ø ìLãNå&ä3êNä3çlÞ,êNä,ì$í	äCó�è�êsIÄãNå&äêNä'ë�ä3êNó,ä'îÆêIè�ã�äç|Þ,êðãNå&äCàCézß�êNÞl¸
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Reserved Rate (Mbps)

SFQ
Rmax/R=2,Dmax=PI
Rmax/R=3,Dmax=PI
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Rmax/R=3,Dmax=2PI
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Reserved Rate: r (Mbps)

SFQ
Rmax/R=2,Dmax=PI
Rmax/R=3,Dmax=PI

Rmax/R=2,Dmax=2PI
Rmax/R=3,Dmax=2PI

Ó è ØD� æ&ç�è,é�êIæ&ä'ëIë��Pä'è,ëNâjêNä Ó ñ Ø �Äè[Z é?àhâjà��-é��fä3êNä'æjß�ähézæÃXVå&êNÞ5âjò5å&á.â&ãö÷é�ò5â&êNä g õ ¹ ]Åö.è,é�êIæ&ä'ëIë * âjè�êIè,æ ã�ä3äðÞ5æCo®ä3ã�íÅÞ,êNû<XTå&êNÞ5â&ò5å&áÐâ&ã	é?æ�èZ( þT* öpoùä3ã�í	Þ,êNû
üÐÞ)íTë Ó è,ëNëNâjà ézæ&ò Ù Ú ; Ù Ò Ø ì÷è,æjî�á.ô�Þ,ãhãNå&ä³âjæjçlè,é�ê�æ&ä'ëNë-àä'è,ëNâjêNä çlÞ,êhîjéJ�_ä3êNä'æ ãðó�è,ôzâ&ä'ëðÞ,ç
| ÒP}�~	� | è,æjî9� ÒD}�~ õhöjÞ,êïêNä3çlä3êNä'æjß�ä,ì0íÅäè,ôzë�ÞÊá.ôzÞ,ãùãNåjä©â.æ&çlè,ézêIæ&ä'ëNëùàä'è,ëNâ&êIä�çlÞ,êïè�ß�Þ,êNäL¸ëNãNè�ã�ä3çlâjô0æ&ä3ã�í	Þ,êNûÊÞ,ç þ ö^q � ¹ g � ë�ä3êNó,ä3êIë3õDYBäïÞ,ñ.ë�ä3êNó,äðãNåjè�ã�]
U õ q ( þT* ö æ&ä3ã�í	Þ,êNû ájêNÞ�óúé?î&ä'ë�è«ëNàCè,ô?ô�ä3ê�âjæ&ç�è,é�êIæ&ä'ëNëÊàä'è,ëIâ&êNäBíTå&ä'æ ãNåjêNÞ5â&ò5å&á.âjãêNä'ß�ä'é�ó,ä'îPñ4I³ü.Þ)í®ëVíTé�ãNå�ô?è�êNò,ä3êVêNä'ë�ä3êIó,ä'î�êIè�ã�ä'ëTè�êIäðß�Þ5àá.è�êNä'î$õ
¹ õTXVå&äùâjæ&ç�è,é�êIæ&ä'ëNëÅàä'è,ëNâ&êIä®ézæjß�êIä'è,ë�ä'ë	íTå&ä'æCãNåjäùè�ò,ò,êNä3ò5è�ã�äðã�êIèw�³ß®ñ_ä3ã�íÅä3ä'æÊèhá.è,é�ê	Þ,çä'î&ò,äðêIÞ5â&ã�ä3êIëTé?ëVè,ôzô�Þ�íÅä'î�ã�Þµâ&ãNézôzéS�3äùñÐè,æjî&íTézîjãNå�àhâjôzãNé�á.ô�äùãNézàä'ëTãNå&äïã�Þ,ãNè,ô�êNä'ë�ä3êNó,ä'îêIè�ã�äïçlÞ,êTãNå&äïè�ò,ò,êIä3ò5è�ã�ä,õ
iúõTXVå&ä2âjæ&ç�è,é�êIæ&ä'ëIë�àä'è,ëNâjêNä-î&ä'ß�êNä'è,ë�ä'ë�íTézãNå êNä'î.âjß�ãNé�Þ5æÊézæ�� ÒP}�~&õVXVå&äùç�è,é�êIæ&ä'ëNëÅò5âjè�ê�¸è,æ!ã�ä3äðÞ,ç�èn( þT* ö*æ&ä3ã�íÅÞ,êIûÐì&ãNå&ä3êIä3ç|Þ,êNä,ìjé?àájêNÞ�ó,ä'ë�ñ4I³ájêNÞ)ó ézëNézÞ5æjézæ&òðôzÞ)ív¸�î&ä'ô?è�Iµç|ä3ä'î«¸ñ.è,ßNû ßIåjè,æ.æ&ä'ôzë3õ��®Þ�íÅä3ó,ä3ê)ìùä3ó,ä'æ íTåjä'æ�� ÒD}�~ ézë³ä��úâjè,ôùã�Þ*ãNåjä ä'æjîÓ¸+ã�Þl¸+ä'æjî ôzézæ&ûájêNÞ,á.è�ò5è�ãNézÞ5æÆôzè�ã�ä'æjßLI Ó�� Ø ì�ãNå&äâjæ&ç�è,é�êIæ&ä'ëNëùàä'è,ëNâjêNäCézæÄãNå&än( þT* ö æ&ä3ã�íÅÞ,êNûBézë2è,æÞ,êIî&ä3êVÞ,ç÷àCè�ò5æ.é�ãNâjî&ä-ôzè�êNò,ä3êTãNåjè,æxézæ�èCß�Þ,êIäL¸�ë�ãNè�ã�ä3çlâ.ô þ ö0q æ&ä3ã�í	Þ,êNû_õö÷é�ò5âjêNä g õ ¹ Ó è Ø ézæ.îjézß3è�ã�ä'ë©ãNåjè�ããNå&äPãNå&êNÞ5â&ò5å&áÐâ&ãhêIä'ß�ä'é�ó,ä'î�ézæ=è4( þT* ö�æ&ä3ã�í	Þ,êNû;ñ\I ã�íÅÞüÐÞ)íTë�þ�è,æjîµÿ ìúî.â&êIézæ&ò-èhò5é�ó,ä'æ³ãNézàä®é?æ!ã�ä3êNó�è,ô�ìúàCè�I î.é��_ä3êÅñ4ICè,æ³è,àÞ5âjæ ãÅí	Þ,êNãNå³á.ôzèKIúézæjòÞ5âjãTçlÞ,êùè ç|ä3í ë�ä'ß�Þ5æjîjë'õ�X0Þµá.â&ãVãNå.ézëVÞ,ñ.ëNä3êNó�è�ãNézÞ5æPézæPá_ä3ê�ë�áfä'ß�ãNé�ó,ä,ì.í	äðá.ôzÞ,ãTãNå&ähêNä'ë�ä3êNó,ä'î
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ê�è�ã�äVàhâjôzãNé�á.ôzé�ä'îðñ4IhãNå&äVâjæ&ç�è,é�êIæjä'ëNë�àCä'è,ëNâ&êNä,ì5ézæ�ö÷é�ò5â&êIä g õ ¹ Ó ñ Ø õ-YBäVÞ,ñ.ë�ä3êNó,ä(ãNå.è�ã3ì!îjâ&êIé?æ&òèxò5é�ó,ä'æBãNézàäCé?æ!ã�ä3êNó�è,ô�ì$ãNåjä æ&ä3ã�í	Þ,êNûBàCèKI îjä'ôzé�ó,ä3êïè�çlä3íEàä3ò5è[¸+ñ\I ã�ä'ëhÞ,ç(àÞ,êNäCîjè�ãNèxç|Þ,êÞ5æjä-ü.Þ)íðìjézæ�ß�Þ5àá.è�êIé?ë�Þ5æ�ã�ÞCÞ,ãNå&ä3êTü.Þ)í®ë3õX�Þ ëNâjà àCè�êIéJ�3ä,ì$ãNåjä ç�è,é�êIæ&ä'ëNë2ò5â.è�êIè,æ!ã�ä3ä'ë�Þ5æÆè�á.á.ôzézß3è�ãNé�Þ5æÆãNå&êNÞ5â&ò5å&áÐâ&ã2ájêNÞ)ó ézî&ä'îñ\IÊèZ( þT* ö=æ&ä3ã�íÅÞ,êIûÊè�êIäïä3ó,ä'æxñfä3ã�ã�ä3êVãNåjè,æPãNå&Þ5ë�ä-ájêIÞ)ó ézî&ä'îÊñ\IÊß�Þ,êIäL¸�ë�ãNè�ã�ä3çlâ.ô0æ&ä3ã�íÅÞ,êNû ë��ç�è,é�êIæjä'ëNë�ò5âjè�êIè,æ ã�ä3ä'ëTÞ5æPæ&ä3ã�í	Þ,êNûÊãNå&êNÞ5â&ò5åjá.â&ã(è�êNä,ì.å&Þ�íÅä3ó,ä3ê)ì.í	ä'è�û,ä3ê'õ
����� �����������������m�¡ ���¢���¢¤£��J¥H¥D¦e§u£¨¢ª©¬«� ® ¯°¥0��±��{��²
XTå&ä3Þ,êNä'à´³úì	íTåjézß�å=î&ä3êIé�ó,ä'ë©ãNå&äxè�á.á.ôzézß3è�ãNé�Þ5æ;è,æjî=æjä3ã�í	Þ,êNû ãNåjêNÞ5â&ò5å&á.âjã�ò5â.è�êIè,æ!ã�ä3ä'ë Þ,çèµ( þT* X æ&ä3ã�íÅÞ,êNû_ì©ézæjîjézß3è�ã�ä'ëPãNåjè�ãÄãNå&äW��´"´�©s�h´4�� p�Äã�êIèw�³ß�ñfä3ã�í	ä3ä'æ ãNåjä á.è,ézêPÞ,çä'î&ò,äêIÞ5â&ã�ä3êIë�ézæ èA( þT* ö æjä3ã�í	Þ,êNû é?ë³ò5â.è�êIè,æ!ã�ä3ä'î è=àCézæjé?àhâjà ãNå&êNÞ5âjò5å&á.â&ãÊßIåjè�ê�è,ß�ã�ä3êIéJ�3ä'îñ\I4| ;�¶ Úw· = Ù Ú ì÷ãNåjäµß3âjà�âjôzè�ãNézó,ä êNä'ë�ä3êIó,ä'î ê�è�ã�ä,õ þ é?æjß�ä ä'è,ß�å*ü.Þ)í ò,ä3ãNë©èPç�è,é�ê©ëNåjè�êNäÞ,ç�ãNåjé?ë2ãNå&êNÞ5â&ò5å&áÐâ&ã3ì0é�ã-çlÞ5ôzô�Þ�íTë-çlêNÞ5à XVå&ä3Þ,êIä'à ø ì�ãNå.è�ãïä'è,ßIå àCézß�êNÞl¸�ü.Þ�í¸ézë2á.êNÞ)ó ézî&ä'îÆèãNåjêNÞ5â&ò5å&á.âjã	ò5â.è�êIè,æ!ã�ä3ä�è,ëVí	ä'ôzô�õ
hj���^j�!�k�&Ó [!°�n#¸l¹��ù[����$6������ �º¥��&)ù[&H#n Kø\ø XVåjäPè�ájá.ôzé?ß3è�ãNé�Þ5æ;ãNå&êNÞ5â&ò5åjá.â&ãò5âjè�êIè,æ ã�ä3äÞ,ç	èC( þT* X æ&ä3ã�íÅÞ,êNû î&ä3êIézó,ä'îÄé?æ XVåjä3Þ,êNä'à»³úì�íTå&ä'æ è�ájá.ô?é�ä'îxã�ÞxèC( þT* ö æ&ä3ã�íÅÞ,êIûPãNåjè�ãêIäL¸+Þ,êIî&ä3êIë(áÐè,ßNû,ä3ãNë3ìfézàá.ô?é�ä'ë�ãNå.è�ã
_ } 1s1= Ó × Õ Ö�× Ü�ØD¼ | Ó × Ü Ì × Õ)Ø Ì |¸½¾ ÓÀ¿ Ý U Ø Í| Ý � Ñ ÕÁÂuÃ ÕÅÄ Â Ý �ÁÂ�Ã Õ?Æ Ú � Â Ý � ÒD}�~SÇÈ Ì _ ÏÅÍ Óhg õÉz Ø
7 ä3ã{Ê ; Ç�ËKÌÍÌ� m 3 � � 3 � o� � õ�öjêNÞ5à Óhg õÉz Ø è,æjî Óhg õ ¹ Ø ìfé�ã(ç|Þ5ô?ô�Þ)íTë�ãNå.è�ã�]

| Ó × Ü Ì × Õ Ø Ì |¸½¾ ÓÀ¿ Ý U Ø Í | Ý � Ñ ÕÁÂ�Ã Õ Ä Â Ý �ÁÂuÃ Õ Æ Ú � Â ÇÈ Ì | Ï � ÒP}�~ Ì _ ÏÅÍ
^ ÁÚw· = _ } 1s1Ú Ó × Õ Ö�× Ü�Ø^ ÁÚw· = Ê Ï Ù Ú Ý Ù Ú Ï  Î" =%$Ú � Ò
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Reserved Rate (Mbps)

CSFI: Rmax/R=1.5
CSFI: Rmax/R=2
CSFI: Rmax/R=3

CSGT: Rmax/R=1.5
CSGT: Rmax/R=2
CSGT: Rmax/R=3

ö÷é�ò5â&êNä g õ�i\] q á.á.ôzézß3è�ãNé�Þ5æ¥XVåjêNÞ5â&ò5å&á.âjã * â.è�êIè,æ!ã�ä3ähÞ,ç÷èn( þT* öÏoùä3ã�í	Þ,êNû
^ Ê Ï | Ý ÁÚw· = Ù Ú Ó ÍÙ Ò Ý ÍÙ Ú Ø^ Ê Ï | Ý ÍÙ Ò | Ý ÁÚN· = ÍXTåjézë(ézàáÐôzé�ä'ë�]

_ } 1s1Ò Ó × Õ Ö�× Ü�Ø b Ù Ò Ó × Ü Ì × Õ'Ø Ì Ù Ò ½¾ ÓÀ¿ Ý U Ø Í| Ý � Ñ ÕÁÂ�Ã Õ Ä Â Ý �ÁÂuÃ Õ Æ Ú � Â Ý � ÒD}�~ ÇÈÌ Ù Ò| _ Ï�Í_Ì Ù Ò| ÁÚw· = Í_Ì�Í Óhg õ g Ø
q ( þT* ö æ&ä3ã�í	Þ,êNû_ì�ãNå&ä3êNä3çlÞ,êNä,ìfájêNÞ)ó ézî&ä'ëùèµáfä3ê�¸�ü.Þ)í è�ájá.ô?ézß3è�ãNé�Þ5æ ãNå&êNÞ5â&ò5å&áÐâ&ãVò5âjè�êIè,æ ã�ä3äß�åjè�êIè,ß�ã�ä3êIéS�3ä'îÆñ\I Óhg õ g Ø õ§X�Þxß�Þ5àá.è�êNä Óhg õ g Ø ã�Þ�ãNåjäCè�ájá.ôzézß3è�ãNézÞ5æPãNå&êIÞ5â&ò5å&á.â&ãùò5âjè�êIè,æ ã�ä3äÞ,ç	èÐ( þT* X æ&ä3ã�í	Þ,êNû_ì�íÅäß�Þ5àáÐâ&ã�äÎÑ -�Ò 3Ú � � � ãNå&ä©àCézæjé?àhâjà ãNézàä'ëNß3è,ôzä�è�ã2íTåjé?ßIåÄæ&Þ5æ«¸h�3ä3êNÞè�á.á.ôzézß3è�ãNé�Þ5æ ãNå&êNÞ5âjò5å&á.â&ãùézëùò5âjè�êIè,æ ã�ä3ä�� ç|Þ,êïè,æ äLZ&è,àá.ôzä�æ&ä3ã�íÅÞ,êIûPã�Þ,áfÞ5ô�Þ,ò�IPí®å&ä3êNä©ôzézæ&ûß3è�áÐè,ß3é�ãNé�ä'ëè�êNä U c�cSced ÔQf ìÅä'æjî«¸+ã�Þl¸+ä'æjî;ájêIÞ,á.è�ò5è�ãNé�Þ5æ=ôzè�ã�ä'æjßLI*ézë U c ÿ f ìÅ� ÒP}�~ ; U c ÿ f ìè,æ.î á.è�ãNåBô�ä'æ&ò,ãNåBézë U c õ©ö÷é�ò5â&êNä g õ�iÊáÐô�Þ,ãNë�Ñ -wÒ 3Ú � � è,ëïèÊç�âjæjß�ãNé�Þ5æÄÞ,ç	ãNå&ä©êNä'ë�ä3êNó,ä'îBê�è�ã�äç|Þ,êèBü.Þ)íïì�çlÞ,ê³îjéJ�_ä3êNä'æ ãCó�è,ôzâ&ä'ëÞ,ç�| ÒP}�~ ì�ãNå&äPàCè[Z&ézà�âjà¦êIè�ã�ä ãNåjè�ã³ëNÞ5â&êIß�ä'ë è�êIäPè,ôzô�Þ�íÅä'îã�Þ è,ßIåjé�ä3ó,ä,õnYBä FÐæjî ãNåjè�ãðç|Þ,ê2ü.Þ�íTë-íTézãNåBëNàCè,ôzôLêNä'ëNä3êNó,ä'îBêIè�ã�ä'ë3ì�ãNå&äáfä3ê�¸�ü.Þ�íEè�ájá.ôzé?ß3è[¸
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ãNézÞ5æ ãNå&êNÞ5â&ò5å&áÐâ&ã®ò5â.è�êIè,æ!ã�ä3ä Þ,ç	èÔ( þ�* ö æjä3ã�í	Þ,êNûÄà è�IÄñ_ä©ä3ó,ä'æBñfä3ã�ã�ä3êïãNå.è,æ ãNåjè�ã-Þ,ç	è
( þT* X«æ&ä3ã�íÅÞ,êIûÐõVXVå.ézë÷ézë÷ñfä'ß3è,âjë�ä¤Ñ -wÒ 3Ú � � ézë�ézæ ó,ä3êIë�ä'ôSIhájêIÞ,á_Þ,êIãNé�Þ5æjè,ô ã�Þ Ù Ú �!ãNå&äVãNåjêNÞ5â&ò5å&á.âjãò5â.è�êIè,æ!ã�ä3ä ájêNÞ)ó ézî&ä'îÄã�Þ�ãNå&äCè�ò,ò,êIä3ò5è�ã�ä³ézæ èÔ( þT* ö æ&ä3ã�íÅÞ,êIû é?ë3ìfãNå&ä3êNä3çlÞ,êNä,ì0ñfä3ã�ã�ä3ê-ãNåjè,æãNå.è�ã�á.êNÞ)ó ézî&ä'î�ã�Þ èÄàCézß�êIÞl¸�ü.Þ)í ézæ*è9( þT* X æ&ä3ã�í	Þ,êNû_õ þ ézæjß�ä³ãNå&äµâ.æ&çlè,ézêIæ&ä'ëNëhàä'è,ëNâ&êNäÞ5æBè�á.á.ôzézß3è�ãNé�Þ5æ ãNå&êNÞ5âjò5å&á.â&ã2ézæ èC( þT* ö æ&ä3ã�í	Þ,êNû ézë2ëNàCè,ôzô+ìÐãNå&äãNåjêNÞ5â&ò5å&á.âjãTò5âjè�êIè,æ ã�ä3äá.êNÞ)ó ézî&ä'îÄã�ÞPè�àCé?ß�êNÞl¸�ü.Þ)í¸ézæ è�( þT* ö æ&ä3ã�íÅÞ,êNûBàCèKI ñfä©ñfä3ã�ã�ä3êïãNåjè,æÆé?æÄè)( þT* X æ&ä3ãC¸í	Þ,êNû_õVXVå&ä2îjé��fä3êNä'æjß�äùñfä3ã�í	ä3ä'æÊãNå&ä®ã�íÅÞCæjä3ã�í	Þ,êNûúë(é?ëÅô�ä'ëIëÅçlÞ,ê	ü.Þ)í®ëÅí®é�ãNå³ô?è�êNò,ä2ñ.é�ãC¸+êIè�ã�ä'ë3õ
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q jz�Dj}p þ e�uG|�j�e�p���qiuG�zuGew¨©n�hruGewyÒ�l¨*¨ªuGq-n�p=e�u�y5p=q�f�gihkj}pGgih�j�ste�u�¸�« q(�¥y=pGg�p=edgij�v�s�e�u2l�qiu2f
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s gioG�ie�pdo���giyGyGh�FOo�g�pGhkq-j�p=q�hkv�ewj~pGhrl*I�pGc�e�« qª�¬p=q���c�hko�c�gij�hkj oKq-f�hkj���s gioG�ie�pIxtew�rq-j��-yw�
��qiu�p=u2gw��o�o��kgiy2y=ewy�pGc�g�p�uGew¨~n hruGeY«Oqª�hkv�ewj~pGh�FOo�g�pGhkq-jF� uGq-n�pGhkj���y=pGg�p=e�o�gij¢x�e�f�gihkjÓ¸
pGgihkj�ewv�giy�s g�u2p^qiltpGc�ed« q(��y=pGg�p=eS�EpGc�h�y^ew�khkf�hkj�g�p=ewy5pGc�e�j�e�ewv�p=q�s�e�u2l�qiu2f���{uGq-n�pGhkj��
l�qiu�e�|ie�usI�h�j�oKq-f�hkj��#s gio2�ie�p�����q(��e�|ie�uw�5hkj ¦¯»«¨A �£�a���¨��l¡{¡�j�e�p0�*qiuG�Ey�� y=q-f�e�o���giyGy=ewy��
l�qiudh�j�y=pGgij�oKei��pGc�e�xtewy=pC¸)eL�tqiuGpIp=u2gw��o�o��kgiy2y���v�q�j�qipIuGew¨©n�hru2e�« q(�®hkv�ewj~pGh�FOo�g�pGhrq-j%�~p=q
yGn�s�stqiuGpIyGn o2c+o��kgiy2y=ewy���pGc�e�u2q-n�p=e�u�j�e�ewv�ydp=q�f�gihkj~pGgihkj�uGq-n�pGhkj���y=pGg�p=ei�
q v v�hrpGhrq-j�gi���JIi�-ewgio2c#uGq-n�p=e�u�ewf�sO�rqKIEy�gzyGo2c�ewv�n��khkj��Ygi�r�iqiu2hrpGc�f�pGc�g�p�giy2yGhr�-j�y�s�u2hrqiu�hrppI
|¯gi��n�ewy�p=q¥s gioG�ie�pGy�gij�v¬f�gihkj~pGgihkj�y�g�s�u2hkqiu2hrppI�¨~n�ewn�e�p=q¥p=u2gij yGf�hrp�pGc�ewf°hkj�pGc�e
hkj�oKuGewgiy2hkj���qiu2v�e�udqil5pGc�ewhkuIs�u2hrqiu2hkpGhrewy��

i©�Z[�®l©s��ap¡� h�� p��¨J�L¡{¡�a��� �¢e®�©{�z§M©��L¤4£* p�{�� �»«©��
��j�g�oKqiuGeL¸0y=pGg�p=ew�kewyGy�g�u2o2c�hkp=ewoKpGn�uGei�Oy2n�o2c+giy�pGc�e�q-j�eYs�uGqistq-y=ewv�hkj+pGc�hkydv�h�yGy=e�uGpGg�pGhrq-j;�
ste�u�¸�« qª��o��kgiyGyGh�F�o�g�pGhrq-j£gij�v£yGpGg�p=e�f�gih�j}p=ewj�gij oKe�hky�ste�uGl7qiu2f�ewv�q-j��SI{g�p�pGc�e �sªK´4�
uGq-n�p=e�u2y�qil�pGc�e�j�e�p0�*qiuG�O�e(*qiuGe+uGq-n�p=e�u2y�n y=e�« q(�±y=pGg�p=e�ewj�oKqEv�ewv¤h�j¥pGc�e�sOgioG�ie�p
c�ewgiv�e�u2ydx4I�pGc�e�ewv��ie�uGq-n�p=e�u2y��
Xdc�ezoKqiuGe�u2q-n�p=e�u2y�f�gihkj~pGgihkj�gij�v�n�y=e�uGq-n�pGhkj���y=pGg�p=e�hkj+qiu�v�e�u�p=q#l7qiuG�*g�u�v�s gio2�ie�pGy��
��q(��e�|ie�uª��hrlIy=q-n�u2oKeL¸)u2q-n�pGhkj���h�y�n�y=ewv;� uGq-n�pGh�j���y=pGg�p=e�o�gij"gi��y=q�xte�ewj�oKqEv�ewv"hkj�pGc�e
s gioG�ie�p�c�ewgiv�e�u�yIl�qiu�pGc�hky�p=u2gw��o�o��kgiyGy��
.�gio�c�uGq-n�p=e�u*gi�ky=qYf�gih�j}pGgihkj y�g�s�u2hrqiu�hrppIz¨~n�ewn�eIp=q�p=u2gij�y2f�hrp5s gioG�ie�pGy*hkj�pGc�edhkj�oKuGewgiyC¸
hkj���qiu2v�e�udqil¡pGc�ewhruds�u2hkqiu2hrpGhrewy��

&���²³��³^\6aC²{�[¡��sª)]½»)�l©��l¬H p�{�{ª�\Í��©�`"£�����¡�§M©��L¤0£� p�s�K �»«©��
q jA��� 7 þ j�e�p���qiu2�b´'z U�µ s�e�u2l�qiu2f�yz« qª�¶o���giyGyGh�FOo�g�pGhkq-j¥q-j��JI{g�p�pGc�e�ewv��ie+qil�pGc�e
j�e�p0�*qiuG����(*qiuGe�uGq-n�p=e�u2y�v�q�f�gihkj}pGgih�j¥ste�u�¸�« qª�&yGpGg�p=ei�*xOn�p�n�y=e+g�« q(�v¸0hkv�ewj~pGh�F e�u
ewj�oKqEv�ewvmhkjmpGc�e�s gio2�ie�p�c�ewgiv�e�u�p=q�v�hruGewoKpG�SI�hkj v�eLZ¢h�j}p=q�pGc�e�« q(�·y=pGg�p=ei�Ôy�q-n�pGhkj��
y=pGg�p=e�o�gij�x�ezhkj�o��kn v�ewv+hkj�pGc�e�ste�u�¸�«Oqª�¸y=pGg�p=eS� hkj�f�n��kpGh�¸0o��kgiyGy�j�e�p0�*qiuG�Ey��Fc�qª�*e�|ie�uw�
uGq-n�p=e�u2y�f�g�I�j�e�ewv�p=q�f�gihkj}pGgih�j�uGq-n�pGhkj���y=pGg�p=e�p=q�yGn�s�stqiuGp�y=e�uG|EhkoKeYo��kgiy2y=ewyIpGc�g�pdv�q
j�qipduGew¨©n�hru2e�«Oqª�Xhkv�ewj}pGh�F�o�g�pGhrq-jF�
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.�gio�c�uGq-n�p=e�u*gi�ky=qYf�gih�j}pGgihkj y�g�s�u2hrqiu�hrppIz¨~n�ewn�eIp=q�p=u2gij�y2f�hrp5s gioG�ie�pGy*hkj�pGc�edhkj�oKuGewgiyC¸
hkj���qiu2v�e�udqil¡pGc�ewhruds�u2hkqiu2hrpGhrewy��

X¡q�yGn f�f�g�u2hJ��ei�¡uGq-n�p=e�u2y�hkj¢pGc�e�g�xtqª|ie#g�u2o2c hrp=ewoKpGn�uGewyzj�e�ewv�p=q�s�e�u2l�qiu2f¹q-j�e�qiu�f�qiu2e�qil
pGc�e�l7q-�k�rqª��hkj��Yf�gihkj�l7n j�oKpGhrq-j�y�]�º U¯» « qª�¬o��kgiyGyGhJFOo�g�pGhrq-j�gij�v�ste�u�¸�« q(��y=pGg�p=e�f�gihkj~p=ewj�gij�oKeS�
º ¹ » uGq-n�pGhkj���gij v�s�e�us¸0v�ewy=pGhkj�g�pGhkq-j¥y=pGg�p=e�f�gihkj~p=ewj�gij�oKeS��gij�v®ºhi » s gio2�ie�p�qiu�v�e�u2hkj����pY�e
eLZ�gif�hkj�e�ewgio2c�qil¡pGc�ewyGeYl7n j�oKpGhrq-j�yIhkj�yGq-f�e�v�e�pGgihk�txtew�rq(�Y�

¼ ,/.0,)½ ¾93%OHRSIKL�¿
y�q-n�pGhkj��muGe�l�e�u�y�p=q"pGc�e�s�u2q©oKewyGy�qilYhkv�ewj~pGhrl*I©h�j��¢pGc�e�j�eLZEpC¸0c�qis�l�qiu#gmsOgioG�ie�p���xOgiy=ewv£q-j
pGc�e�v�ewy=pGh�j�g�pGhrq-j�����giv v�uGewyGy�� þ hkj oKe����¬giv�v�uGewy2y=ewy�g�uGezc�hre�u2g�u�o2c�hko�gi���JI�gi�k�kq©o�g�p=ewvF�OuGq-n�pGhkj��
pGg�xO�rewy�g�p�uGq-n�p=e�u2y��iewj�e�u�gi�k�JImf�gih�j}pGgihkj�j�eLZEpC¸0c�qis¥hkj�l7qiu2f�g�pGhkq-j"l7qiu����·giv�v�uGewyGyzs�u2eLF)Z©ewy
º¦pGc g�p uGe�s�u2ewy=ewj}p¡gdoKq-�k�rewoKpGhrq-j�qil�c�q-y=pGy;��hrpGc�pGc�e�y2gif�e^����giv�v�uGewyGyFs�u2eLF)Z » ��y�q-n�p=e�y=ew�rewoKpGhrq-j
l7qiu�gij�h�j�oKq-f�hkj���s gioG�ie�p�g�p�g�uGq-n�p=e�uw��pGc�e�uGe�l7qiuGei�-hkj~|iq-�r|iewy5v�e�p=e�u2f�hkj�hkj���pGc�e
¨J®l¬4´\��¡L \�©s��X�ÁVa¦§�� h��¤�hkj�pGc�e�uGq-n�pGh�j���pGg�x �kezl7qiu�pGc�e�v�ewy=pGh�j�g�pGhrq-j�c�q-y=p����Ngiv�v�uGewyGyw� þ e�|ie�u2gi��X¡u2hreL¸)x giy=ewv
y2o2c�ewf�ewyz´BÀE��z g µ s uGqistq-y=ewv�hkj�pGc�eY�khkp=e�u2g�pGn�uGeYg�uGe���ew�k�J¸0yGn�hrp=ewv#l7qiudpGc�hkyIl¦n�j�oKpGhkq-jF�

¼ ,/.0,/. E�ÁK3658@#ÁKG�MwMwI�Â�Ã�GJRNIÍ3%L
���rq(�Äo��kgiyGyGh�F�o�g�pGhrq-j¤hky�pGc�e�s�uGqEoKewyGy�qilY�rq©o�g�pGh�j��"pGc�e�v�ewyGoKu�hrs�p=qiu#qilYpGc�e+«Oqª�¹p=q"��c�hko2c
gij{hkj�oKq-f�hkj���s gio2�ie�pzxtew�rq-j��-y�����qiu�pGc�e�sOn�uGstq-y=e�qilIpGc�hky�e�|¯gi��n�g�pGhrq-jF�5�*e�v�eLFOj�e�g:µv®l¢ h®u²��P�³¡��GÅ�»H��¬����j®C¼M«�0�L���� *¡�µ½®�¢�£°¬4´'²��� �¢����L¬ê �¢e® ¡hÓ�{��£ X��¥����¨A£��{�� �£�®l¬W��¬�ªSaS«®l£*¬H *¡��#��j
o�giyGe�qil����Xj�e�p���qiuG�Ey��;pGc�ewy=e�p0�*q+stq-hkj~pGy�g�u2e�oKq-f�s �re�p=ew�JI�y=stewo�h�F ewv�x\I�pGc�enz"¸)pGn�sO�re�ewgio2c
sOgioG�ie�p�o�g�uGu2hrewy��5pGc�e�ew�rewf�ewj~pGyYqil�pGc�eÐz"¸)pGn�s �re�g�u2e�pGc�e����¸giv�v�uGewyGyGewy�qilIpGc�e�y=q-n�u2oKe�gij�v
pGc�e�v�ewy=pGhkj�g�pGhrq-j;�~pGc�e�p=u�gij�y=stqiuGp*s�uGqip=qEoKq-�t� ����gij�v#pGc�e�stqiuGp�j~n�f�xte�u2y�g�p�pGc�e�y=q-n�u2oKeYgij�v
pGc�e�v�ewy=pGhkj�g�pGhkq-jF����ewj oKei� pGc�e�«Oqª��o��kgiy2yGh�FOo�g�pGhrq-j¢s uGqix �rewf¹uGewv n�oKewy�p=q�gij�eLZ�gioKp�f�g�pGo2c
q-j+pGc�emz"¸)pGn�s �kei�

Y�e�oKq-j�y2hkv�e�u�pGc�edn�yGe*qil��L¤«�l£°¬6ah¤\�l¡{¤0£*¬4´�l�qiu^yGq-�r|©h�j���pGc�eIeLZEgioKp�f�g�pGo2c�q-jZz"¸)pGn�s �rewy��X�c�uGe�e�uGewgiy=q-j�y�f�qipGhr|�g�p=e�pGc�eYy=ew�rewoKpGhrq-j�qil5c�giyGc hkj���giydgz« qª�®h�v�ewj}pGhJFOo�g�pGhrq-j�f�ewo2c gij�hkyGf��
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��hru�y=p���pGc�e�x giyGhko¢c�giyGc hkj���gi�r�iqiu2hrpGc�f°h�y�yGhkf�s �ke�gij�vbo�gij®x�e�hkf�s �rewf�ewj~p=ewv�e ��o�hrewj~pG�JI
h�jmuGq-n�p=e�u2y�� þ ewoKq-j�vF�^c�giy2c�hkj���yGo2c�ewf�ewyzc gw|ie+g�|ie�usI��iq©q©v�gw|ie�u�g��ieL¸0o�giy=e�ste�uGl7qiu2f�gij�oKei�
��hkj gi�k�JIi�Fc�giyGc«¸)xOgiy=ewv¢o��kgiyGyGh�F�o�g�pGhrq-j�yGo2c�ewf�ewyYo�gij¢xte�gij�gi�JI\��ewv¢l�qiu�pGc�ewhku��*qiu2y=pYo�giyGe�x�eL¸
c gw|Ehrqiu�´ ¹ À µ � gij v+c�ewj�oKeYg�uGe�yGn�hrpGg�x �ke�p=q�ewj��-hkj�e�e�u2h�j����

¼ ,/.0,/1 B^3�=?RNIÍL�¿
7 hkj���yGo2c�ewv n��khkj��Igi�r�iqiu�hrpGc�f�yFpGc g�p ewj�g�x �ke�uGq-n�p=e�u2y p=q�s�uGq(|©h�v�e�ste�u�¸�« qª�m�-n�g�u2gij~p=e�ewy��-giyGyGhr�-j
s u2hrqiu2hrpxI�|�gi�kn�ewy�p=q�sOgioG�ie�pGy�gij�v�uGew¨~n hruGe�uGq-n�p=e�u�y�p=q�p=u2gij�yGf�hkpds gioG�ie�pGy�h�j�pGc�e�h�j�oKuGewgiyGhkj��
qiu�v�e�u�qil pGc�ewhku�s�u2hrqiu2hkpGhrewy���Xdc hky5hkf�s �khkewy f�gihkj~pGgihkj�h�j���g�s�u�hrqiu2hrpxI�¨~n�ewn�eIv�g�pGg�y=p=u2n�oKpGn�uGe�l�qiu
ewgio�czq-n�p=�iq-hkj���s�qiu2p��¯hkj~p=q���c�hko2c�hkj�oKq-f�hkj��Is gioG�ie�pGy�g�uGe�ewj�¨©n�ewn�ewvF��gij�vYl7uGq-fX��c�hko�cYs gio2�0¸
e�pGy�g�uGeYv�ew¨©n�ewn�ewv�l7qiudp=u2gij�y2f�hkyGyGhkq-jF�¡��u2hrqiu2hkppI�¨©n�ewn�eYh�f�s �rewf�ewj~pGg�pGhrq-j���hkpGc#�kqi�-g�u2hrpGc�f�h�o
oKq-f�s �reLZ�hrppI�qil�pGc�e�ewj�¨©n�ewn�e�gij�vmv�ew¨~n�ewn�e�qiste�u2g�pGhrq-j�yYg�u2e���ew����¸)�©j�qª��j¤´ U g µ �ny�ewoKewj~pG�JIi�
pGc�q-n��-cF����®l¬Ó¡L h�l¬H Àa� �£°¦:��hkf�s �rewf�ewj~pGg�pGhrq-j�y�qil�s�u2hrqiu2hkppI�¨~n�ewn�ewy��OpGc g�p�p=u2giv�ezy=qiuGpGhkj���gio�o�n«¸
u�gioLIzl7qiu�s uGq©oKewy2yGhkj��YoKq-f�sO�reLZEhkppIi�~c gw|ie�x�e�ewj�s�uGqistq-y=ewv�´ & U �?&}À µ �VXdc�ewy=edh�f�s �rewf�ewj~pGg�pGhrq-j�y
n y=e�|�g�u2hkgij~pGy*qil;pGc�eNÑ�hkj«¸0y=qiuGp�´'³ µ y=qiuGpGhkj���gi�r�iqiu2hkpGc�f��©��c�e�uGe�ewgio2c�x h�j�uGe�s�u2ewy=ewj}pGy�gzu2gij��ie
qil�s�u2hrqiu2hkppI�|¯gi��n�ewy��¤Y�e�n�y=ezyGn�o�c�g#oKq-j�y=pGgij~pC¸)pGhkf�e�s�u2hkqiu2hrppI4¸0¨©n�ewn�e�hkf�s �rewf�ewj~pGg�pGhrq-j��O��e
u2e�l�e�u�p=q�hrp#giy<�v©�£�®l©�£* �±mÆT£°¬)¡��Ç��j�oKq-f�hkj��msOgioG�ie�pGy+g�uGe�ewj�¨©n�ewn�ewv�hkj~p=q"pGc�e�x hkj�oKqiuGuGeL¸
yGs�q-j v�hkj��zp=q�pGc�ewhru�s�u2hrqiu2hkppI�|�gi�kn�ei� q v�ew¨©n�ewn�e�qiste�u2g�pGhkq-j+hkj~|iq-�r|iewydy=ewg�u2o�c�hkj���pGc�uGq-n��-c+g²�£* Àa `l�{�� h®l©9pGc�g�p^hkj v�hko�g�p=ewy9��c�e�pGc�e�u�ewgio�c�x h�j�hky5ewf�s�ppIzqiu^j�qip���s gio2�ie�pGy�g�u2edv�ew¨~n�ewn�ewvzl�qiu
p=u�gij�yGf�hky2yGhrq-j�l�uGq-f¹pGc�e·FOu2y=p�j�q-j«¸)ewf�s ppI�xOhkjF����pYo�gij¢x�e�yGc�qª��j¢pGc�g�p�pGc�e�g�s s�uGq�Z�hkf�g�p=e
yGqiuGpGhkj���qil�sOgioG�ie�pGy�hkj���u2hrqiu2hrpxIÃÑ*h�j�ydhkj�oKu2ewgiy=ewydpGc�ezn�s�ste�udxtq-n�j�v�q-j�pGc�e�v�ew�kg�I+yGnÓ��e�uGewv
x\I¥s gio2�ie�pGy�hkj£pGc�e�uGq-n�p=e�u�¨~n�ewn�ei�dq-j��JI�x\I`²�£*¬û\H£JÂ"���IpGc�e��kewj��ipGc£qil�pGc�e�pGhkf�e�hkj~p=e�uG|¯gi�
u2e�s�uGewy=ewj~p=ewv�x\I�g�xOhkjF�D�x yGe�uG|ie�pGc�g�p§�½©�£�®l©�£� �±�ÆT£°¬Ó¡Yo�gij"�-n�g�u2gij~p=e�e�oKq-j�y=pGgij~pC¸)pGhkf�e#qis�e�u�g�pGhrq-j�y�q-j��JI�hrl
pGc�ezj©n�f�x�e�u�qil�x hkj�y�hky�xtq-n�j v�ewvF�vXdc�hky�hkf�s ��hrewy�pGc�g�p�pGc�g�p�pGc�e�u2gij��ie�qil^s�u�hrqiu2hrpxI#|�gi�kn�ewy
giy2yGhr�-j�ewv�p=q�s gio2�ie�pGy�y2hkf�n �rpGgij�e�q-n�yG�SI�s�uGewy=ewj~p�hkj�pGc�e+¨©n�ewn�ei�*yGc�q-n��kv{xte�xtq-n�j�v�ewvF�"��j
q s�stewj�v�hJZ�(��}�*e�v�e�u2hr|iedpGc�e�l�q-�k�kqª��hkj���x�q-n j�v�y5q-j�pGc�e�j~n f�xte�u^qilFs gio2�ie�pGy�º�È Ê~ÉOÊ » pGc�g�p
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f�g�IYxte^s�u2ewy=ewj}p9g�p9g�uGq-n�p=e�uª��giy¡�*ew�k�}giy9pGc�e�u2gij��ie*qil�pGc�ewhru¡v�ewgiv��khkj�e�|�gi�kn�ewy*º�È Ê©É�|�Ê\QOËEÌ » �
giy2yGn�f�hkj���pGc�g�pIpGc�eYyGn�f�f�g�pGhkq-j�qil9pGc�e�stewg���u�g�p=ewy�g�pI��c�h�o2c�y=q-n�u2oKewydp=u2gij�yGf�hkp*v�q©ewydj�qip
eLZ�oKe�ewv+pGc�e��khkj���o�g�s gio�hrppIn]

È Ê©É�|�Ê\QOËEÌ Í RªÎ(Ï�ÐÁÂ�Ã Ð º Ä ÂIÑ �Ä Â »�Ò º0Ó�Ô Ñ U¯» Õ�Ö Ô× Ô Ò ¹ Æ RªÎ
È Ê~É M�Ø}Ù Ì f Í Ú RªÎ Õ RªÎ(Ï�ÐÁÂuÃ Ð º Ä ÂIÑ �Ä Â »tÒ ÁÔ · = º0Ó�Ô Ñ U¯»;Õ Ö Ô

��c�e�uGe�Ó Ô�hky�pGc�e�c�qisÓ¸0oKq-n�j~p�qil�pGc�e�uGq-n�p=e�u�q-j¤pGc�e+ewj�vÓ¸)p=ql¸)ewj�v£s g�pGc¤qil�« qª�¹Û9�EXdc�e
f�g[ZEhkfzn�fÜj~n f�xte�u#qil�s gio2�ie�pGy���È Ê~ÉOÊ���o�gij¬xte�o�gi��o�n��kg�p=ewv¬giy�]"È Ê©É Ê ; Ý }�~wÞ;ß 3 Ò=à?âá Ì�Î �
��c�e�uGe Ö Ý Ê - hkyzpGc�e+f�hkj�hkfzn�fãsOgioG�ie�p�y2hJ��ei�m��qiu�pGc�e�eLZEgif�s �re�j�e�p0�*qiuG�{��e+oKq-j yGhkv�e�uGewv
xte�l7qiuGei�*pGc�e+f�g[Z�hkf�n fäj~n f�xte�u�qil�« qª��y�hkj¥g¢s�u2hkqiu2hrppI{¨~n�ewn�e�l�qiu#g U c�cSc�d0å f ��hkj��mhky
g�u2q-n�j�v U c�c�c � � yGhkj���pGc�h�yI��e��ie�p�È Ê©É Ê¸Í U c�c�c�c � þ hkj�oKe�pGc�e�uGe�g�uGeÎ&�stqiuGpGyIq-j�gij������
u2q-n�p=e�uw��pGc�e�f�g[Z�hkfzn�fæj~n f�xte�u�qil;« q(��ydgij�v�sOgioG�ie�pGyd�*q-n��kv#xte�g�p=qipGgi�Fqil5g�uGq-n�j�v�& c�c�c
gij vC& c�c�c�c uGewy=stewoKpGhr|iew�SIi��Y�ezn�yGe�pGc�ewy=e�oKq-f�s n�pGg�pGhrq-j�y�h�j+q-n�u�yGo�gi�kg�x h��khrppI#e�|�gi�kn�g�pGhrq-j�qil
��u2hrqiu2hkppIPÑ�hkj y��

�Dj���c g�p^l�q-���rqª��yw�}�*e�F u2yGp^e�|¯gi��n�g�p=e�ewgio�c#qilFpGc�e�g�xtqª|ie�x n�h��kv�hkj���x �rqEoG�Ey�gi�kq-j���pGc�e �£*¦:�Igij�v ¡p«�����dv�h�f�ewj�yGhrq-j y��~gij�v�pGc�ewj�e�|¯gi�kn g�p=eYuGq-n�p=e�u2yIh�j#v hèç�e�u2ewj}pIj�e�p���qiuG��g�u2o�c�hrp=ewo�¸
pGn�uGewydoKq-j�y=p=u�n�oKp=ewv�n�y2hkj���q-j�e�qiu�f�qiuGe�qil5pGc�ewy=e�x n�h��kv�hkj���x �rqEoG�Ey��

ÿ ��� émê�¢d�u��¢Å�Q§���£ë\�����£�� ����¥íì�î¯ïäð¸Z�§�×Ø¥D£�¦Q§���£
D�n�u�gihkfñhkyzp=q�oKq-f�s g�uGei��pGc�uGq-n��-c�eLZEste�u2hkf�ewj~pGy��^pGc�e#pGc�uGq-n��-c�s n�p�qil�c�giyGc«¸)x giyGewv{« qª�
o���giyGyGh�FOo�g�pGhkq-jF��uGq-n�pGhkj����dgij v¤s gio2�ie�p�qiu2v�e�u2hkj����*q-j�pGc�e������ U ¹ c�c s �kg�p=l7qiu2f��X��qiu�ewgio2c
qil�pGc�ewyGe�oKq-f�stq-j�ewj~pGy��9��e#f�ewgiyGn�uGe��¬hkj�p=e�u2f�y�qil�s gioG�ie�pzs�uGqEoKewyGyGhkj���u2g�p=e�º�hkjmf�hk�k�khkq-j�y
qil�s gioG�ie�pGy�ste�u�y=ewoKq-j�v » ��pGc�eî²���¡L Àa����[¡��zgij vE¢e®�©{¡L Àa����[¡���s�e�u2l�qiu2f�gij�oKei�5��c�ewj{v�hèçte�uGewj}p
gif�q-n�j}pGyzqilds uGq©oKewy2yGhkj��+u2ewy=q-n�u2oKewy�º¦ei�B���r��f�hkoKuGq©ewj��-hkj�ewy�gij�vmpGc�uGewgiv�y » g�uGe#gi���rq©o�g�p=ewv{p=q
pGc�eYoKq-f�stq-j�ewj}p��VX�c�ewy=e�f�ewgiyGn�u2ewf�ewj}pGy�c�ew�rs�n�y�n�j�v�e�u�y=pGgij�v#pGc�e¯©���¨��� �£/`��doKq-y=pIqil5hkf�sO�reL¸
f�ewj}pGhkj���pGc�ewy=e�oKq-f�stq-j�ewj~pGyIq-j�j�e�p0�*qiuG��s�uGqEoKewyGy=qiu2yw�
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y2c�hrs�stewv#gi�rq-j�����hkpGc�pGc�eYc�g�u2v���g�uGe�s ��g�p=l�qiu2f+�

��qiu�eLZEste�u2hkf�ewj~pGy¡h�j�pGc�h�y¡y=ewoKpGhkq-jF�i��eIoKq-j�y2hkv�e�u5gij�������uGq-n�p=e�u5qiste�u2g�pGhkj���hkj�g�j�e�pC¸
�*qiuG�#��hrpGc�g�f�g[Z�hkfzn�fæc�qisÓ¸0�kewj��ipGc�qil U c ��f�g[Z�hkf�n f�ewj�v«¸)p=ql¸)ewj�v�s uGqis g��-g�pGhrq-j+��g�p=ewj�oLI
qil U c È f ��f�hkj�hkfzn�f�uGewy=e�uG|iewv�u�g�p=e�qil U c�ciô d0å f l7qiudgij4I�« q(�Y��gij�v�f�h�j�hkfzn�f�gij�v�f�g[ZEh�¸
fzn�fNs gioG�ie�p�yGhS��ewy qil g & M º¦�����ê¦
«���L���� *¡ » gij v U z c�ciM º0õ¥.�pGc�e�u2j�e�p5f�g[Z�hkfzn�fXy=e��-f�ewj}p
y2hJ��e » � uGewyGs�ewoKpGhk|iew�JIi����qiu�yGn�o2cmg�j�e�p0�*qiuG���9n�y2hkj���pGc�e�l7qiu2f�n �kg�pGhrq-j�hkj þ ewoKpGhrq-j Ó � ¹ ��i©�9��e
o�gij�o�gi�ko�n��kg�p=e�]�È Ê~ÉOÊNÍ U g ô � gij�v<Q M�ö Q f Í U ô º�n�yGhkj�� d?ö Q ÷ ö)ø Ì�Í U È f » �
� ù[!*�Hùl!° �ù®ú§��ø«��ø
Y�e*f�ewgiyGn�u2e^pGc�e�pGc�uGq-n��-c�s n�p�qil�pGc�e^s gioG�ie�p9qiu2v�e�u�hkj��doKq-f�stq-j�ewj~p;x\I�f�ewgiyGn�u2hkj��IpGc�e^pGhkf�e
pGg��iewj+p=qzste�uGl7qiu2f�gzp=qipGgi�tqil�i ciô ewj�¨©n�ewn�e�gij�v�v�ew¨©n�ewn�e�qis�e�u�g�pGhrq-j�y�hkj#g���u2hrqiu�hrppI§Ñ�hkj�y
v g�pGg�y=p=u2n oKpGn�uGei��� qiu���u�hrqiu2hrpxI Ñ�hkj�yw� xtewy=pC¸0o�giy=e�ste�uGl7qiu2f�gij oKe�hkyYf�ewgiy2n�uGewv�x\I¢ewj�yGn�u2h�j��
pGc g�p�s gioG�ie�pGyYg�u2u2hr|ie�g�p�pGhkf�ewy�o��rq-yGezp=q�pGc�ewhru�v�ewgiv��khkj�ewy��tXdc�hky�hky�xtewo�gin�y=ei�FpGc�e�v�ew¨©n�ewn�e
qiste�u2g�pGhkq-j�v�q~ewy�j�qip�uGew¨©n�hruGezf�n �rpGhrs �re�uGewgiv�y�qil�pGc�ezx hrpC¸)|iewoKp=qiu�hkj�qiu�v�e�u�p=q�h�v�ewj}pGhkl°I�pGc�eFOu2y=p�j�q-j«¸)ewf�s ppI¤xOhkjF� Xdc�e��*qiu2y=pC¸0o�giy=ems�e�u2l�qiu2f�gij�oKe�hky�f�ewgiyGn�uGewv¬x\I¤ewj yGn�u2hkj��mpGc�g�p
sOgioG�ie�pGy�g�uGu2hr|ie�f�n�o�c�gic�ewgiv�qil5pGc�ewhru�v�ewgiv �khkj�ewy���pGc�eYv�ew¨©n�ewn�e�qiste�u2g�pGhrq-j�pGc�ewj�uGew¨©n�hruGewy
yGe�|ie�u2gi� u2ewgiv�y�qilFpGc�e�x hrpC¸)|iewoKp=qiu�º�gij�v#c�ewj�oKe�y=e�|ie�u2gi��f�ewf�qiusI�uGe�l7e�uGewj�oKewy » ��gij�v�pGc g�p�pGc�e
ewj yGn�e�gij�v�v�ew¨~n�ewn�e^pGc�uGewgiv y;s gKIY�rq©o2��y�I©j o2c�uGq-j hJ�wg�pGhrq-j�q(|ie�u2c�ewgiv�y¡x4I�gio�oKewyGy2hkj���pGc�e�yGgif�e
xOhkj�y�y2hkf�n �rpGgij�e�q-n�yG�SIi�+��hr�-n�uGe Ó � ¹ º�g » s �rqipGyzpGc�e#x�ewyGpC¸0o�giy=e#gij v"�*qiu2y=pC¸0o�giyGe#pGc�uGq-n��-c�s n�p
l7qiu�v�hèçte�uGewj}pzoKq-f�xOhkj�g�pGhrq-j�y�qildpGc�e#uGewoKewhr|ie�gij�v"p=u2gij�yGf�hrp�f�h�oKuGql¸)ewj��-hkj�ewyw�ÔY�e#qix y=e�uG|ie
pGc g�p�pGc�e�eKç�ewoKpGhr|ie¢pGc�u2q-n��-c�s n�p�hky�xtewy=p���hrpGc£g{oKq-f�x h�j�g�pGhrq-j£qil�º ¹©ó & » f�h�oKuGql¸)ewj��-hkj�ewyw�
h�j�v�hko�g�pGhkj���pGc�g�p�v�ew¨©n�ewn�e�qiste�u2g�pGhrq-j yzg�u2ei�*hkj{�iewj�e�u�gi����f�qiuGe�eLZEstewj�yGhr|ie#pGc�gij�ewj�¨©n�ewn�e
qiste�u2g�pGhkq-j�y��VXdc�e���u�hrqiu2hrpxI:Ñ�hkj�y�v�g�pGg�y=p=u2n�oKpGn�uGe�hky�o�g�s g�x �re�qil9y2n�s�stqiuGpGhkj���g�pGc�uGq-n��-c�s n�p
qil c � À Ówc¤å-å f hkj�pGc�e��*qiu2y=pC¸0o�giyGei��gij�v U � & c¤å-å f hkj�pGc�eYxtewy=pdo�giy=ei�
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º�g » º¦x »
�5hk�-n�uGe Ó � ¹ ]eXdc�uGq-n��-c�s n�p*qil�º�g » ��u2hrqiu2hkppIPÑ�hkj y���gij�v�º¦x » y�q-n�pGhkj��

g j�ûtñü�j�ý����ªþ�ÿ^k}ý��(þ7û��
X�c�e�s uGq©oKewy2yGhkj���oKq-f�s �reLZ�hrpxI�qil¡o�c�gihkj«¸0c�giy2c�hkj��zv�e�stewj�v�y�q-j�pGc�e�j©n�f�xte�u*qil¡f�ewf�qiusI�uGe�l ¸
e�u2ewj�oKewy#uGew¨~n hruGewv£p=q{uGewy=q-�k|ie�c�giyGc�oKq-�k�kh�yGhrq-j�y�����e+oKq-j�v n�oKp�eLZEste�u2hkf�ewj~pGy�l7qiu�v�hèçte�uGewj}p
yGe�p=pGhkj��-yIqil9pGc�e�j©n�f�x�e�uIqil5yGn�o�c+f�ewf�qiu{I�uGe�l7e�uGewj�oKewyw�H��giy2c�hkj���hkyIn�y2n�gi�k�JI�gio�oKq-f�s gij�hrewv
x\I�f�q©v�hJFOo�g�pGhrq-j�qil�pGc�e*« qª�£v�ewyGoKu2hrs�p=qiu5c�giyGc�ewvzh�j}p=q���Xdc�h�y uGew¨©n�hru2ewy pGc�eIv�ewy2oKu2hrs�p=qiu9p=q�xte
�kq©o2�iewvF� gij�v�fzn��rpGhrsO�re�pGc�u2ewgiv�y�c�giyGc�h�j���q-j~p=q�pGc�e�yGgif�e�« qª��s gKI��kq©o2��y�IEj�o2c�uGq-j�hJ�wg�pGhrq-j
q(|ie�u2c�ewgiv�yw�4Y�e+oKq-j�v�n oKpzeLZEste�u2hkf�ewj~pGyz��hrpGc"pGc�e�xtewy=pC¸0o�giy=e+gij�v{�*qiu2y=pC¸0o�giy=e�y2oKewj�g�u2hrq-y��
��c�e�uGe�v�hèçte�uGewj}pzpGc�uGewgiv y�ewhkpGc�e�u�c�giyGc{q-j}p=q�v�hrç�e�uGewj~pzqiu�pGc�e#y2gif�e#« qª��yw�^uGewy=stewoKpGhr|iew�JIi�
��hr�-n�uGe Ó ��i�s �rqipGy�pGc�e�pGc�uGq-n��-c�sOn�p^qil o�c�gihkj«¸0c�giy2c�hkj����~l�qiu*pGc�ewy=e�p0�*q�yGoKewj�g�u2hrq-yw�©giy�g�l7n�j o�¸
pGhkq-j�qil Ë ��pGc�e¢j~n f�xte�u#qil�c�giyGc�oKq-�k�khky2hrq-j�y�ewj oKq-n�j}p=e�u2ewvF�eo�qip=e�pGc�g�p�pGc�e¢j©n�f�xte�u#qil
pGc�uGewgiv�y�s�e�u2l�qiu2f�hkj���o2c gihkj«¸0c�giyGc hkj�����hkpGc+pGc�e�y=pGg��ie�oKq-f�xOhkj�g�pGhrq-j�y�qildº ¹©ó & » �^ºhi ó i » � gij�v
º�& ó{¹ » �tg�uGeÎ³©� U ¹ ��gij�v U g ��u2ewy=stewoKpGhr|iew�JIi�HY�eYqixOy=e�uG|ie�]
U �TXdc�e�pGc�uGq-n��-c�sOn�p�qilYpGc�e�c�giyGc�pGg�x �re�v�ewoKuGewgiy=ewy�giy Ë �dpGc�e¢j~n f�xte�u�qilYoKq-���khkyGhrq-j y

ewj�oKq-n�j~p=e�uGewvF�^hkj oKuGewgiy=ewy�����j"l7gioKp���pGc�e#f�ewf�qiusI�uGe�l7e�uGewj�oKe#qª|ie�u2c�ewgiv{h�f�stq-y=ewv�x\I
g��kg�uG�ie Ë q(|ie�u2yGc�giv�q(��y�pGc�e��rqEoG��y�IEj�o�c�uGq-j�hJ�wg�pGhkq-j�q(|ie�u2c�ewgiv�y�hkj o�n�uGuGewv���c�ewj�v�hrl°¸

U ¹ c



0

0.5

1

1.5

2

2.5

3

3.5

4

1 2 4 8 12 16

M
P

kt
s/

se
c

k

Classification benchmark

8 threads best
12 threads best
16 threads best
8 threads worst

12 threads worst
16 threads worst

��hr�-n�uGe Ó ��i\]ÒXdc�uGq-n��-c�s n�p*qil0��giyGc hkj��
l�e�u2ewj}p�pGc�uGewgiv y�gio�oKewyGy�pGc�ezyGgif�e�« q(��v�ewyGoKu2hrs p=qiuw�
Xdc�e�xtewy=pC¸0o�giy=e�gij�v���qiu�y=pC¸0o�giy=e
pGc�uGq-n��-c�s n�pIg�uGei��pGc�e�u2e�l�qiuGei�OyGhkf�hk��g�u*l7qiu��kg�u2�ieY|¯gi��n�ewy�qil Ë �

¹ �TXdc�edxtewy=pC¸0o�giyGe�pGc�uGq-n��-c�s n�p^hkj oKuGewgiy=ewy�gi��f�q-y=p��kh�j�ewg�u2�JIY��hrpGc�hkj�oKu2ewgiy=e�hkj�j©n�f�xte�u^qil
pGc�uGewgiv�yw�
Xdc�e���qiu�y=pC¸0o�giy=e�pGc�uGq-n��-c�s n�p���c�qª�*e�|ie�uw�;f�gKI�v�ewoKuGewgiy=ez��hrpGc�hkj�oKu2ewgiy=e�hkj
j~n f�xte�uIqil5pGc�uGewgiv�yw��v�n�e�p=q��rqEoG��y�IEj�o2c�uGq-j�hJ�wg�pGhrq-j+qª|ie�u2c�ewgiv y��
o�qip=ei�^c�qª�*e�|ie�uw�5pGc�g�p�fzn��rpGhrsO�re�pGc�uGewgiv�y�c�giyGc�q-j~p=q�pGc�e�yGgif�e�« qª� v�ewyGoKu2hks�p=qiu�yGhJ¸
f�n �rpGgij�e�q-n�yG�SIYq-j��JIY��c�ewj�f�n��kpGhrs �re^sOgioG�ie�pGy^qilOpGc�eM¡L�l¦:�¡«Oqª�£g�uGu2hk|ie*xOgioG�4¸)p=ql¸)x gioG���
��qiu�c�hk�-c«¸0y=ste�ewv��kh�j��©yw�OpGc�h�y�f�gKI�j�qip�qEo�o�n�u�l7uGew¨~n�ewj}pG�JIJ�FpGc�e�gw|ie�u2g��ie#o�giy=e��rq©qi�©n�s
f�g�Ii�EpGc�e�u2e�l�qiuGei�Ej�qip�y2nEç�e�u�l�u2q-f�giy*�kg�uG�iedq(|ie�u2c�ewgiv�y*v�n�edp=qz�rqEoG��y�IEj�o2c�uGq-j�hJ�wg�pGhrq-j;�

Y�e�qix y=e�u2|ie�pGc�g�p#o2c�gihkjÓ¸0c�giyGc�hkj���o�gij�yGn�s�stqiuGp�g�pGc�u2q-n��-c�s n�p�oKq-f�s g�u2g�x �re�p=q"pGc�g�p�qil
��u2hrqiu2hkppI¥Ñ*h�j�y���l7qiuIewgio2c�qil5pGc�e�y=pGg��iezoKq-f�x h�j�g�pGhrq-j�yIqilIº ¹©ó & » �5ºhi ó i » ��gij v�º�& ó{¹ » ��hrl�pGc�e
f�g[ZEhkfzn�f�|�gi�kn�e�qil Ë hkydg�u2q-n�j�vC³©�
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qil�ewgio�c�qil�pGc�e�hkj�v�hk|©hkv n�gi�(oKq-f�s�q-j�ewj}pGy*º�giy¡v�ewyGoKu2hrxtewv�hkj�pGc�e�eLZEs�e�u�hkf�ewj~pGy;hkj þ ewoKpGhkq-j Ó ��i » �
gij v�q-j�e�l7qiu�pGc�eY��qiu�y=pC¸0o�giy=ezs�e�u2l�qiu2f�gij�oKe�qil5ewgio2cF�I�Dj�s n�p�p=u2gw�#o�g�uGu2hk|iewyIq-j�gi�k�%&�hkj�sOn�p
stqiuGpGy9g�p9pGc�e*f�g[ZEhkfzn�fNu2g�p=e�yGn�s�stqiuGp=ewv�x4IYpGc�e�uGewoKewhk|ie�yGpGg��iei�-gij�v�hky v�h�y=p=u2hrx n�p=ewv�ew¨~n gi�k�JI
gioKu2q-yGyzpGc�eZ&�q-n�p=s n�p�stqiuGpGy�����hr�-n�uGewy Ó �Éz"¸ Ó � Ó s �kqip�pGc�e�o�n�fzn��kg�pGhr|ie�pGc�uGq-n��-c�sOn�pYqildpGc�e
u2q-n�p=e�uw��qix y=e�u2|iewv+qª|ie�u�gi�k�tpGc�e�q-n�p=s n�p�stqiuGpGy��-Y�e FOj�v�pGc�g�p�]
U �TXdc�e�uGq-n�p=e�u�pGc�uGq-n��-c�s n�p�hky�oKq-j�yGhkyGp=ewj}pG�JI�c hr�-c�e�u���hrpGc�xtqipGc"pGc�e�ºhi ó i » gij�v�º�& ó{¹ »

y=pGg��ie�oKq-f�x h�j�g�pGhrq-j�y�� pGc�gij+��hkpGc�pGc�e�º ¹©ó & » oKq-f�x hkj�g�pGhrq-j;��Xdc�h�ydhkydv�n�eYp=q�pGc�e�l7gioKp
pGc�g�p�pGc�e�uGewoKewhr|ie�y=pGg��ie�hky�f�qiuGe�eLZ©stewj�yGhk|ie#pGc gij£pGc�e�p=u2gij yGf�hrp�y=pGg��ie�hkj¥gi�k�IpGc�e
g�u2o2c hrp=ewoKpGn�uGewy���e�oKq-j yGhkv�e�uw�z��qiuzyGhkf�hk��g�u�u2ewgiy=q-j�y��;pGc�e�xtewy=pC¸0o�giy=e�pGc�u2q-n��-c�s n�p�qixÓ¸
y=e�uG|iewv���hrpGc�g�º�& ó{¹ » oKq-f�x h�j�g�pGhrq-j�hkyIyG��hr�-c}pG�SI�xte�p=p=e�udpGc�gij���c�g�p�hky�qix yGe�uG|iewv���hrpGc
g¢ºhi ó i » oKq-f�xOhkj�g�pGhrq-jF�W��qª�*e�|ie�uw� pGc�e��*qiu2y=pC¸0o�giy=e�pGc�uGq-n��-c�s n�p���hkpGc�g¢º�& ó{¹ » oKq-f¯¸
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��hrpGc�g¢ºhi ó i » oKq-f�x h�j�g�pGhrq-jF�aXdc�h�y�hky�v�n�ezp=q�pGc�ez�kq©o2��y�IEj�o2c�uGq-j�hJ�wg�pGhrq-j�qª|ie�u�c�ewgiv�y
s gihkv���c�ewj�g���g�uG�ie�j©n�f�xte�u�qilIuGewoKewhk|ie�pGc�uGewgiv yYg�p=p=ewf�s�p�p=q�ste�uGl7qiu2fãyGhkfzn��rpGgij�eL¸
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oKq-f�xOhkj�g�pGhrq-j+h�y�x�ewyGpIl�qiudu2q-n�p=e�u2y�h�j�pGc�eYg�u2o2c hrp=ewoKpGn�uGewy���e�c gw|ie�oKq-j�y2hkv�e�uGewvF�
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j�e�p0�*qiuG�Eydo�gij�qiste�u2g�p=ei�eXdc�e�v hèç�e�u2ewj�oKe�h�j�pGc�uGq-n��-c�s n�p*o�gij�xte�g�p=p=u2hrx n�p=ewv#f�gihkj��JI
p=q�pGc�eYsOgioG�ie�p�qiu�v�e�u2hkj���oKq-f�stq-j�ewj~p��
þ hkf�h��kg�uÃF �-n�u2ewy�g�uGe{qix y=e�uG|iewvÇ��c�ewjXoKqiuGeL¸0y=pGg�p=ew�kewyGy�g�u2o2c hrp=ewoKpGn�uGewy�pGc�g�p�ewf�s �rq"I
y=q-n�u2oKe�uGq-n�pGhkj���g�u2e�oKq-f�s g�uGewv¸p=q¬�5����DÜj�e�p0�*qiuG�©y¢pGc g�p�ewf�s �rqKINy=q-n�u2oKe�uGq-n�pC¸
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hkj�����y�q-n�p=e�u2y�h�j¥pGc�e�l7qiu2f�e�u�g�u2o�c�hrp=ewoKpGn�uGe�o�gij¤qiste�u2g�p=e���hrpGc�h�j U c & gij vEi U'& �
hkj{pGc�e�xtewy=pC¸0o�giy=e+gij�v��*qiu2y=pC¸0o�giyGe+uGewy=stewoKpGhr|iew�JIi��qil�pGc�q-y=e�hkj{pGc�e+�kg�p=p=e�u�g�u2o�c�hrp=ewo�¸
pGn�uGei� q �-gihkjF�9pGc�e�v hèç�e�u2ewj�oKe�o�gij"x�e�g�p=p=u2hrx n�p=ewv"f�gihkj��SI�p=q�pGc�e�sOgioG�ie�pzqiu2v�e�u2hkj��
qiste�u2g�pGhrq-jF�
��j�oKq-f�s g�u2hkyGq-j�p=q�oKq-j~|iewj}pGhkq-j�gi�;�5����D����¤u2q-n�p=e�u2y�� oKqiu2eYuGq-n�p=e�u2y�hkj�oKqiuGeL¸0y=pGg�p=ew�kewyGy
j�e�p0�*qiuG�Ey�pGc�g�p*ewf�s �rq"I�y=q-n�u2oKe�uGq-n�pGhkj��Yqiste�u2g�p=e���hrpGc�hkj U'& gij�v ¹ g & ��hkj�pGc�e�xtewy=pC¸
o�giy=e�gij v���qiu2yGpC¸0o�giy=e�u2ewy=stewoKpGhr|iew�JIi�

i©�¤y�q-n�p=e�u�y�hkj�pGc�e���j~p þ e�uG|�g�u�o2c�hrp=ewoKpGn�uGe�o�gij¢qis�e�u�g�p=e���hrpGc�hkj ¹ U'& gij�v zS³ & �;hkj�pGc�e
xtewy=pC¸0o�giy=e�gij v���qiu�y=pC¸0o�giy=e�u2ewy=stewoKpGhr|iew�JIi� qil*pGc�q-y=e#hkj�oKq-j~|iewj}pGhrq-j gi�^�5���~D����Nj�e�pC¸
��qiu2�©y���Xdc�e��iuGewg�p=e�u�v�hrç�e�uGewj oKe�h�j"pGc�uGq-n��-c�s n�p���giy�oKq-f�sOg�uGewv�p=qmoKqiuGeL¸0y=pGg�p=ew�kewyGy
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� qiu�pGc�e�v�hkyGo�n�y2yGhrq-j¤h�j¤pGc�h�y�y=ewoKpGhkq-jF���*e�uGewoKq-j�yGhkv�e�u#pGc�e�eLZ�gif�s �ke�j�e�p���qiu2��v�ewyGoKu�hrxtewv
h�j þ ewoKpGhrq-j Ó �'&�����c�e�u2e+È Ê~ÉOÊ ; U ó c�c�c ó c�c�c ��È Ê©ÉHO ; U c�c ó c�c�c ��gij v¥È Ê~É6|�Ê4QOËEÌ ;
U ¹ U c È f �-Y�e�oKq-j«FO�-n�uGe d?ö Q ÷ ö)ø Ì ; c � U È f �}��c hko2c�hky U c & qil�pGc�eIyGhkj��-�reL¸0�khkj���s uGqis g��-g�pGhrq-j
��g�p=ewj�oLIi�i��c�hko�c�hkf�s �khrewyFpGc g�p¡��u2hrqiu2hrpxIaÑ*h�j�y giv�vzg�p=qipGgi�~qilSÚ=n�yGp U È f qª|ie�u�c�ewgivzp=q�pGc�e�ewj�v«¸
p=ql¸)ewj v�s uGqis g��-g�pGhrq-j#�kg�p=ewj�oLI�qil¡g�uGq-n�j�v U c È f � � yGhkj��YpGc�hky��©pGc�e�p=qipGgi�Fj~n�f�xte�u�qil;xOhkj�y�p=q
xteYs uGqª|EhkyGhrq-j�ewv+hkydo�gi�ko�n �kg�p=ewv�giyMQ M�ö Q f ; U g ô º¦��hrpGc d?ö Q ÷ ö)ø Ì ; U È f ��Q M�ö Q f ; ¹ ô » �X9g�x �re Ó � ¹ yGn�f�f�g�u�hJ��ewy�pGc�e�l7q-�k�rqª��hkj���v�hkyGo�n yGyGhrq-j�q-j�pGc�eYy=sOgioKeYuGew¨©n�hruGewf�ewj~pGy�qil9uGq-n�p=e�u2y
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g � g % r³ø���t�ûHùwv�� X¡q�oKq-f�s n�p=e�pGc�e+f�ewf�qiusI{y=s gioKe+j�e�ewv�ewv�l�qiu�sOgioG�ie�p�v�ewy2oKu2hrs�p=qiu2y
f�gihkj}pGgih�j�ewv¢hkj�pGc�e þ y q �m�FqixOy=e�uG|ie�pGc�g�p�ewgio2c"v�ewyGoKu2hks�p=qiu�f�gihkj~pGgihkj�y�g�stq-hkj}p=e�u�p=q�pGc�e
gioKpGn gi�5s gioG�ie�p�h�j�pGc�e��Wy q �"�FpGc�e�yGhJ��e�qil�pGc�e�s gio2�ie�p�� gij�v�g#stq-hkj~p=e�u�p=q�f�gih�j}pGgihkj�pGc�e
�5����D��khkj��iewvm�khky=p�� þ h�j�oKe�f�ewf�qiu{I�o�gijmxte�gi���rq©o�g�p=ewv"q-j��JI�hkjmstqª�*e�u2y�qil ¹ ��pGc�e�yGhJ��e�qil
g�s gio2�ie�p�v�ewyGoKu2hks�p=qiuzh�yÎ&¢�*qiu2v�y�����qiu�È Ê©É Ê ; U ó c�c�c ó c�c�c s gio2�ie�pGy���pGc hky�giv v�y�n�s"p=q
g�u2q-n�j�v U g cÇM qil þ y q �íq©o�o�n�sOhrewv£x\I¥pGc�e��5����D s gioG�ie�p�¨©n�ewn�e�s�e�u�uGq-n�p=e�u#q-n�p=s n�p
stqiuGp�����j+�9����Dj�e�p0�*qiuG�Ey�pGc�g�p�ewf�s �rq"I�oKq-j~|iewj~pGhrq-j�gi�;����uGq-n�pGhkj�����g�ppI©s hko�gi�;u2q-n�p=eYpGg�x �re
�*q-n��kv�giv v�hrpGhrq-j�gi���JI�qEo�o�n�s4I�g�uGq-n�j v U ³ cNM qil þ y q �Üº�y=e�e þ ewoKpGhrq-j Ó �'& » �
�I���-PÍø\ùª' r³ø���t�ûHùwv�� ���rq(�¬v�ewyGoKu2hrs�p=qiu�y�hkj���j~p þ e�uG|�uGq-n�p=e�u2y*f�gihkj~pGgihkj#g�stq-hkj~p=e�u�p=q�pGc�e
u2q-n�pGhkj���hkj�l7qiu2f�g�pGhrq-jF�9pGc�eÐz"¸)pGn�s �re�n�y=ewvml�qiuz« q(� hkv�ewj}pGh�F�o�g�pGhrq-jF�9pGc�e�u�g�p=e�uGewyGe�uG|iewv{l�qiu
pGc�eY« q(�Y� pGc�ezv�ewgiv��kh�j�eYgiyGyGhr�-j�ewv+p=q�pGc�e��kgiy=p�s gioG�ie�p�x\I�pGc�e�yGo�c�ewv�n���hkj���gi�r�iqiu2hrpGc f��Ogij�v
pGc�e�stq-hkj~p=e�u�n�y=ewv#p=q�f�gihkj~pGgihkj�pGc�e���hkj��iewv#�khky=p*hkj�pGc�e�o�c�gihkj�c�giyGcÓ¸)pGg�x �rei�D(*q-f�s n�p=ewv#giyIg
stq(��e�u�qil ¹ �OpGc hky�giv�v y�n�s�p=q�³��*qiu2v�y�ste�u�v�ewy2oKu2hrs�p=qiuw� ��c�hko�c�f�g��iewy�pGc�e�p=qipGgi�5f�ewf�qiusI
qEo�o�n�s hkewv�x\IzpGc�e�È Ê©ÉHOX« qª��v�ewyGoKu2hrs p=qiu2y^p=q�x�e�g�uGq-n�j�vji � U cNM �©s�e�u�uGq-n�p=e�u�hkj�s n�p9stqiuGp��
�Dj+giv�v hrpGhrq-jF�©pGc�e�c�giy2c�pGg�x �re�qEo�o�n�s hrewy�y=s gioKe�qil5pGc�eYqiu2v�e�uIqil U cÇM �

��gioG�ie�p�v�ewyGoKu�hrs�p=qiu2y�qEo�o�n�s\I U g cÇM qil�f�ewf�qiusI¥giy�v�hkyGo�n�y2y=ewv¥g�xtqª|ieS��pGc�e+��u2hJ¸
qiu�hrppI+Ñ�hkj�y�v�g�pGg[¸0yGp=u2n�oKpGn�uGe�giv�v�hrpGhrq-j gi�k�JI+qEo�o�n�s hrewyYq-j��JI¢g�uGq-n�j�vîi ¹ ô¢M ���Dj�f�n �rpGh�¸0o��kgiyGy
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�9����DYQ¯yGq-n�u2oKeL¸)uGq-n�pGh�j�� U � c�c�c U � c�c�c QFÊ�( × Ù f ÕTU g QFÊ)( × Ù f ÕTU g Ò U ³�5����D�Q(��� c � À�i c c � À c & QFÊ�( × Ù f ÕTU g Ò U ³ QFÊ)( × Ù f ÕTU g Ò U ³(*qiuGeL¸0yGpGg�p=ew�rewyGy�Q¯y=q-n�u2oKeL¸)uGq-n�pGhkj�� c � À c�c c � g À ¹ QFÊ�( × Ù f ÕTU g QFÊ)( × Ù f ÕTU g Ò U ³(*qiu2eL¸0y=pGg�p=ew�rewyGy�Q(��� c � ³ U Ó c � g�g ³ QFÊ�( × Ù f ÕTU g Ò U ³ QFÊ)( × Ù f ÕTU g Ò U ³��� 7 þ ¸)x giy=ewv c � Ó iSz c � zw&}À QFÊ�( × Ù f ÕTU À QFÊ)( × Ù f ÕTU À Ò U ³��j~p þ e�uG| c � Ó iSz c � i Ó g QFÊ�( × Ù f Õ ¹ c QFÊ)( × Ù f Õ ¹ c Ò U ³X9g�x �re Ó � ¹ ]ÒXdhkf�e�gij�v þ s gioKe¹(*q-f�s �reLZ�hrpGhrewy*qil0��hrç�e�uGewj~p q u2o2c�hkp=ewoKpGn�uGewy
j�e�p0�*qiuG�©yw��pGc�eYuGq-n�p=eYpGg�x �re�qEo�o�n�s hrewyIg�u2q-n�j�v U ³ cÇM �

üzûHù[ø�d��$�(ý��Kø�j°ø���)r³ø���t�ûHùwv�� ��gioG�ie�p�v�ewyGoKu2hrs�p=qiu�yYgij�v"��u2hrqiu�hrppIuÑ�hkj�yYqEo�o�n�s\I�g�uGq-n�j�v
U g cÇM qil f�ewf�qiusIi����j#f�n �rpGh�¸0o��kgiyGy*j�e�p���qiuG�Ey���qiuIhkj#j�e�p0�*qiuG�Ey�pGc�g�pIn�y=e�oKq-j}|iewj~pGhrq-j�gi�t���
u2q-n�pGhkj�����pGc�e�u2q-n�p=eYpGg�x �re�qEo�o�n�s hkewydg�uGq-n�j�v U ³ cÇM �

�¸��e�P�d{ú¡ýT�Kø4ûÕºf�¡ý)ù(ý����Kø4ø\û�Pýø4ù(' þ�k�ø�#r³ø���t�ûHùwv�� X�c�e�p=qipGgi� f�ewf�qiu{I�qEo�o�n�s hrewv�x\I
pGc�ed« q(��v�ewy2oKu2hrs�p=qiu2y�hky�g�u2q-n�j�v g � U cNM �Egiy*h�j���j~p þ e�uG|�u2q-n�p=e�u2y���Xdc�e�s gioG�ie�pIv�ewy2oKu2hrs�p=qiu2y
gij v¢x hkj�y�qEo�o�n�s\I�g�uGq-n j�v U g cNM ���Dj�f�n �rpGh�¸0o��kgiyGy�j�e�p0�*qiuG�©yw� pGc�e�uGq-n�p=e�pGg�x �re�qEo�o�n�s hrewy
g�u2q-n�j�v U ³ cÇM �Xdc�e�g�x�q(|ie�v�hky2o�n�yGyGhrq-j�h�j�v�hko�g�p=ewy�pGc�g�p�pGc�eYl¦giy=pC¸)s g�pGc�f�ewf�qiusI�uGew¨©n�hruGewf�ewj~pGydhkf ¸
stq-y=ewv#q-j�oKqiuGe�uGq-n�p=e�u�y*h�j�oKqiuGeL¸0yGpGg�p=ew�rewyGydj�e�p���qiu2�©yIg�uGe�yGh�f�hk�kg�u�p=qzpGc�q-y=e�hkj�oKq-j~|iewj~pGhrq-j�gi�
��� uGq-n�p=e�u2y��I��c�e�uGewgiy�f�g�I¥xte U ³ & p=q ¹ z & �kg�uG�ie�u#hkjA��� 7 þ gij�v¤��j~p þ e�uG|¥j�e�p���qiuG�Ey��
u2ewy=stewoKpGhr|iew�JIi�#� n�uGpGc�e�uª�¡pGc�e�l7giyGpC¸)s g�pGcmf�ewf�qiusI�uGew¨©n�hruGewf�ewj~p�qilIuGq-n�p=e�u�y�hkjF��� 7 þ gij�v
�Dj~p þ e�uG|"j�e�p0�*qiuG�©y�h�j�oKuGewgiy=ewy��kh�j�ewg�u2�JI���hkpGc{h�j�oKuGewgiy=e�hkj"pGc�e+j©n�f�xte�u�qild«Oqª��y�yGh�f�n��kpGg[¸
j�e�q-n�yG�JI¥p=u2gª|ie�u2yGhkj���g{uGq-n�p=e�u��YyGhkj�oKe�p=u2gw��o¢v�ewf�gij v�y�g�u2e�eLZEstewoKp=ewv¬p=q¥hkj�oKuGewgiy=e���hrpGc
pGh�f�em´�i�i µ �If�ewf�qiusI{uGew¨©n�hruGewf�ewj}pGy�hkj�pGc�ewy=e�g�u2o�c�hrp=ewoKpGn�uGewy�g�uGe+eLZEstewoKp=ewv¥p=qmxte�c�hr�-c�e�u
pGc gij�pGc�e�g�xtqª|ie�l�qiudl¦n�pGn�u2eYj�e�p0�*qiuG�Ey��
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�Dj£pGc hky�o�c�g�s�p=e�uw�I�*e�e�|�gi�kn�g�p=e�pGc�e�y2o�gi�kg�x hk�khkppI¥�khkf�hkpGy�qil�uGq-n�p=e�u2y�pGc�g�p�h�f�s �rewf�ewj~p�q-n�u
oKqiu2eL¸0y=pGg�p=ew�rewyGy�g�u2o2c�hkp=ewoKpGn�uGe�hkj�oKq-f�s g�u2h�y=q-j{p=q�pGc�q-y=e+hkj{oKq-j}|iewj~pGhrq-j�gi�I�5����D±j�e�p���qiuG�Ey
gij v¬��j~p þ e�uG|�j�e�p0�*qiuG�Ey��®Y�e�n y=e¢pGc�e�g�s�s�uGq-gio�cbqil�e�|�gi�kn�g�pGh�j���pGc�e�oKqiuGe�l7n j�oKpGhrq-j�y��
j gif�ew�JIi�;uGq-n�pGhkj���gij�v�ste�u�¸0v�ewyGpGhkj�g�pGhrq-j¢y=pGg�p=e�f�gihkj}p=ewj gij�oKei� ste�u�¸�« q(��o��kgiyGy2h�FOo�g�pGhrq-j�gij�v
yGpGg�p=e�f�gihkj~p=ewj�gij�oKei�;gij�v¢s gio2�ie�p�qiu2v�e�u2h�j��[��j�e�ewv�ewv�x\I�uGq-n�p=e�u�y�h�j�pGc�ewy=e�g�u2o2c�hkp=ewoKpGn�uGewy��D�n�uIuGewyGn��kpGyIhkj�v�hko�g�p=e�pGc g�p�]
U ��(*qiuGe*uGq-n�p=e�u2y5hkjzoKqiuGeL¸0y=pGg�p=ew�kewyGy�j�e�p0�*qiuG�Ey5pGc�g�p5ewf�s �rq"IYy=q-n�u2oKe*uGq-n�pGh�j���o�gij�yGn�s�stqiuGp

xtewy=pC¸0o�giy=e�sOgioG�ie�pC¸)s�uGqEoKewyGyGh�j���yGs�e�ewv yYyGhkf�h��kg�u�p=q�pGc�q-y=e#hkj�oKq-j~|iewj}pGhkq-j�gi���5����D����
j�e�p0�*qiuG�Ey��EpGc�e�I�c�gi�r|ie�pGc�e��-g�s�xte�p0�*e�ewj�pGc�e��*qiu2y=pC¸0o�giy=e�s gio2�ie�pC¸)s�uGqEoKewyGyGhkj��zy=ste�ewv�y
qil5uGq-n�p=e�u2ydh�j��9����Dgij�v��Dj}p þ e�u2|#j�e�p���qiu2�©y��

¹ �TXdc�e�f�ewf�qiusI�yGs gioKe�uGew¨~n hruGewf�ewj~p�qil oKqiu2e�uGq-n�p=e�u2y�hkj�g�oKqiuGeL¸0y=pGg�p=ew�kewyGyIg�u2o2c hrp=ewoKpGn�uGe
hkydyGh�f�hk�kg�u*p=q�pGc�g�p�qil¡uGq-n�p=e�u2ydhkj�oKq-j~|iewj}pGhkq-j�gi�;�5����D�j�e�p���qiu2�©y��
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X�c�e�giv�|iewj}pIqil9j�e�p0�*qiuG��g�s�s �kh�o�g�pGhrq-j�y*��hrpGc�y=p=u2h�j��iewj}p�pGhkf�ew�khkj�ewyGy�uGew¨©n�hruGewf�ewj}pGy*s�uGewyGewj}pGy
j�e�p0�*qiuG��g�u2o2c�hkp=ewoKpGy���hkpGc�pGc�edqis�stqiuGpGn�j hrppI�qil�v�ewy2hr�-j�hkj���j�e�p���qiu2�©y�pGc�g�p^s�uGq(|©h�v�eIste�u�¸�« qª�
yGe�uG|©h�oKe*�-n g�u2gij}p=e�ewyw����j�oKq-j~p=u2giy=p��-pGc�e�u2g�sOhkv�h�j�oKuGewgiy=eIhkjz�khkj��YyGs�e�ewv y9gij v�p=u�gw��o�v�ewf�gij�v�y
s uGewy=ewj~pGy�pGc�e�o2c�gi���rewj��ie�qil�f�g��Ehkj���yGn o2c�j�e�p���qiuG�¢g�u2o�c�hrp=ewoKpGn�uGewy�yGo�gi�kg�x �re�gij�v�e ��o�hkewj}p��
�Dj¥pGc�h�y�v�hkyGyGe�uGpGg�pGhrq-jF����e�v�ewyGhr�-j£j�e�p���qiu2��g�u�o2c�hrp=ewoKpGn�uGewy�pGc g�p�yGhkfzn��rpGgij�e�q-n yG�JI"gio�c�hre�|ie
pGc�e�g�xtqª|ie�uGew¨©n�hruGewf�ewj}pGy�qilx]�º�h » s�uGqª|Ehkv�h�j���ste�u�¸�« qª�¸y=e�uG|EhkoKe��-n�g�u2gij~p=e�ewy���º�hkh » yGo�gi��hkj���p=q
c hr�-c«¸0y=ste�ewv��khkj��©y�gij�v��kg�u2�ie�j~n f�xte�uIqil9« qª��y���gij�v�º�hkh�h » n�pGhk�khJ�wh�j���uGewyGq-n�u2oKewyIe ��o�hkewj}pG�JIi�
j���� «m��×Ø×Ø¢��QÙ ���p©���£��Q�%§lk��m��§���£�¦
.eZEh�y=pGhkj���j�e�p0�*qiuG�mv�ewy2hr�-j�yzg�uGe�ewhrpGc�e�u�yGo�gi�kg�x �re¢º¦�5���~D±j�e�p0�*qiuG�Ey » qiuzs uGqª|Ehkv�e#ste�u�¸�« qª�
�-n g�u2gij}p=e�ewy�º¦��j~p=e��iu2g�p=ewv þ e�u2|©hkoKewyw��qiuz�Dj~p þ e�uG|��^j�e�p0�*qiuG�Ey » ��x n�pzj�qipzxtqipGcF�îX¡q�eLZEs �rqiuGe
xtqipGc¢ewj�v y�qil�pGc hky�y=stewoKp=u2n�f¹qil�j�e�p0�*qiuG��v�ewyGhk�-j�y��F�*e�giv�v�uGewyGyYp0�*q�¨~n�ewy=pGhrq-j�y�]�º U¯» ���l¬n©���`l�L¬� �£°¬4´�²�»«©�¡� �±+ �©C�"md�t¼�©C®�¦ �L¬H p��©�£*¬4´+ *¤«�Ã¬n�� �¢e®�©{�'�L¬��0²�¨S��_5_ _I` ¬n�� �¢e®l©{�"¡¥ h®j�©C®Va
`"£�ª4��Ó�L© a�µv®l¢ ¡��L©u`K£����N´�»)�l©��l¬H p����¡u��gij�vmº ¹ » £°¡ £* .«®[¡�¡�£�²�¨S�¯ h® �©�®N`K£�ª0�§��¬�ªSa� h®Sa��L¬�ªP¡��L©u`K£����´�»)�l©C��¬H p�{�L¡{¿v¡�£*¦¯£°¨J�l©§ h®³ *¤\®[¡��N�©�®N`K£�ª0�{ª ²�±�_�¬H �\Í�L©u`:¬Í�� �¢e®l©��K¡�¿�¢~¤0£°¨S�§©���¦ ®S`K£*¬4´¯)�L© a�µv®l¢��®l¦
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Y�e�giv�v�u2ewyGy�pGc�e FOu2y=p�¨©n�ewy=pGhkq-j�h�j£p0�*q£y=p=e�s y�]¤º U¯» ��e¢v�e�|iew�rqis®gij¬gij�gi�SI~pGhko�gi�
f�q©v�ew�5pGc g�paI©hrew��v�y�g+o��rq-y=ewv«¸)l7qiu2fÄo�c�g�u2gioKp=e�u2hJ�wg�pGhkq-j�qil*pGc�e�ewj�v«¸)p=ql¸)ewj�vmste�uGl�qiu�f�gij�oKe�qil
oKq-j y=pGgij}p�x hkpC¸)u2g�p=e{ºÍ(vÑPy » «Oqª��y#hkj��9����D j�e�p���qiuG�Ey�n�j�v�e�uu�[¡�±l¦
n h®� �£��+oKq-j v�hrpGhrq-j�y�qil
j�e�p0�*qiuG��n�pGhk�khJ�wg�pGhkq-j�gij v¢s g�pGc��rewj��ipGc%�¡gij�v£º ¹ » ��e�oKq-j�v n�oKp�yGhkfzn��kg�pGhkq-j�y�p=q�|ie�u2hrl*I�pGc�e
yGe�pdqil½¬�®l¬�aC�[¡�±l¦
n h®� �£���gij�v�u2ewgi�khky=pGhko�oKq-j�v hrpGhrq-j�ydn j�v�e�uI��c�h�o2c�pGc�eYu2ewyGn��rpGy�qil5pGc�e�f�q©v�ew�
oKq-j~pGhkj©n�e�p=q�q�c�q-�kvF�êD�n�u�uGewyGn��kpGyzh�j�v�hko�g�p=e#pGc�g�pZ(½ÑÅyæ« q(��y�xtewoKq-f�e+c�ewgª|4I4¸)pGgihk�rewv¥g�p
f�q©v�e�u�g�p=eL¸)p=ql¸0�kg�uG�ie��re�|iew�ky�qil�n�pGhk�khJ�wg�pGhrq-j¤hkj£�kg�uG�ieL¸0y2o�gi�re�j�e�p0�*qiuG�©yw�µY�e�oKq-j�o��kn v�e+pGc�g�p
�5����DÇyGo�c�ewv�n��kh�j���hky�hkj giv�ew¨~n g�p=e�p=q�v�ewyGhk�-j#y2o�gi�kg�x �re�j�e�p0�*qiuG�EyIpGc�g�pIv�e�|iqip=eYg�yGhr�-j h�FOo�gij~p
l7u2gioKpGhrq-j¤qil�gw|�gihk�kg�x �re�u2ewy=q-n�u2oKewy�p=q"yGn�s s�qiu2p�o�n y=p=q-f�e�u2y�pGc�g�p�uGew¨©n�hruGe�ste�u�¸�«Oqª�¶y=e�u2|©hkoKe
�-n g�u2gij}p=e�ewyw�X¡q#giv�v�uGewyGy�pGc�ezyGewoKq-j�v�¨©n�ewy=pGhkq-jF�O�*ezeLZ©s �kqiuGe�pGc�e�v�ewyGhk�-j+qil�oKqiuGeL¸0yGpGg�p=ew�rewyGy�j�e�pC¸
�*qiuG�Ey5pGc�g�p5s�uGq(|©hkv�e�ste�u�¸�« q(�£y=e�uG|EhkoKe*�-n�g�u2gij~p=e�ewy^��hrpGc�q-n�p9f�gihkj}pGgih�j�hkj���s�e�us¸�« qª�¥y=pGg�p=edhkj
pGc�e�oKqiuGe�u2q-n�p=e�u2y��eD�n�u^g�s s�uGq-gio2c�x �rewj v�y9pGc�e�qiusI�gij�v�s u2gioKpGhkoKei�0Y�e�giv v�uGewyGy�pGc�edpGc�e�qiuGe�pC¸
h�o�gi� giy=stewoKpGy�qiltv�ewyGhr�-j�hkj��YoKqiuGeL¸0y=pGg�p=ew�rewyGy�j�e�p���qiu2�©y�hkj�p���q�y=p=e�s y�]*º U¯» ��e�n�j�v�e�u�y=pGgij�v�pGc�e
ewj v«¸)p=ql¸)ewj�vzy=e�uG|EhkoKe��-n�g�u�gij}p=e�ewy9pGc�g�p5o�gij�xte^s uGqª|Ehkv�ewv�hkj�oKqiuGeL¸0yGpGg�p=e�l7n��Ej�e�p���qiu2�©y��-gij v�º ¹ »
�*e�v�ewyGhr�-j�oKqiuGeL¸0y=pGg�p=ew�kewyGy�j�e�p0�*qiuG�Ey�pGc�g�p�s�uGq(|©hkv�eIewj�v«¸)p=ql¸)ewj�v�y=e�uG|EhkoKed�-n�g�u2gij~p=e�ewy�yGhkf�h��kg�u
p=q�oKqiuGeL¸0y=pGg�p=e�l¦n�� j�e�p���qiu2�©y��vD�j�pGc�eYs u2gioKpGhkoKe�l7uGq-j}p�� ��e�v�ewyGhr�-j�gij�v+h�f�s �rewf�ewj~p�g�uGq-n�p=e�u
s uGqip=qippI©steIp=qYe�|¯gi��n�g�p=eIpGc�eIl7ewgiyGhrx hk��hrppIYqiltv�e�s �kqKIEhkj���q-n�u^oKqiuGeL¸0y=pGg�p=ew�kewyGy�g�u�o2c�hrp=ewoKpGn�uGei�~gij�v
h�j}|iewy=pGhk�-g�p=e�pGc�eYyGo�gi��g�x hk�khrpxI�qil9uGq-n�p=e�u2yw�

�Dj�n�j�v�e�u�y=pGgij�v�hkj���pGc�edewj v«¸)p=ql¸)ewj�v�y=e�u2|©hkoKeI�-n g�u2gij}p=e�ewy�s�uGq(|©hkv�ewv�x4I�oKqiuGeL¸0y=pGg�p=e�l¦n��
j�e�p0�*qiuG�©yw�I��e�oKq-j v�n�oKp�pGc�enXV©{¡L dpGhr�-c~p�ewj�vÓ¸)p=ql¸)ewj�v£l¦gihru2j�ewy2y�gij�gi�JIEyGhky�qilYg�j�e�p0�*qiuG�¥qil
l¦gihru�¨©n�ewn�h�j���y=e�uG|ie�u2yw�AY�e<FOu2y=p�g�uG�-n�e+pGc�g�p�hkp�hky�v�h �#o�n��rp�p=qmeLZEp=ewj�v£eLZ�hky=pGh�j���yGhkj��-�keL¸
j�q©v�e�l¦gihru2j�ewyGy�gij�gi�JIEyGhky�p=q�gij�ewj v«¸)p=ql¸)ewj�v�gij gi�JI©y2hky�qil9g�j�e�p0�*qiuG����c�e�uGe�ewgio�c�j�qEv�e�f�gKI
ewf�s �rqKI�g�v�hèçte�uGewj}p�l7gihru�yGo2c�ewv�n��khkj���gi�k�iqiu2hrpGc�f��ÅY�ezpGc�ewj+s�u2ewy=ewj}p�g�p0�*ql¸0y=p=e�s�g�s�s uGq-gio2c
l7qiu�ewj�v«¸)p=ql¸)ewj�v�l¦gihru2j�ewyGy�gij�gi�JIEyGhky�qil�c�e�p=e�uGqi�iewj�e�q-n y�j�e�p0�*qiuG�©yw����hru2yGp��O�*ezv�eLFOj�e�g#o��kgiyGy
qil�yGo2c�ewv n��khkj���gi�k�iqiu2hrpGc�f�yw� uGe�l7e�uGuGewv�p=q�giy�pGc�e�_.�l£*©<º�¤0©C®�»�´�¤��»Ó Iº¦��X » o��kgiyGy���gij�v�s uGqª|ie
pGc g�p�f�q-y=p��Ej�qª��j�l7gihku^yGo2c�ewv n��khkj���gi�r�iqiu�hrpGc�f�y5xtew�rq-j���p=qYpGc hky�o��kgiyGy�� þ ewoKq-j vF�-�*e�v�e�|iew�rqis
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gij�gij�gi�JIEyGhky�f�e�pGc�qEv�q-�rqi��I�l7qiu�v�e�u�hr|©h�j���pGc�e�ewj�vÓ¸)p=ql¸)ewj�v�l¦gihru2j�ewyGydxtq-n�j�v y�l�qiu�g�j�e�p���qiu2�
qil���X¤y=e�u2|ie�u2y��eD�n�u^gij�gi�SI©yGh�y�hky5�iewj�e�u2gi��gij v�o�gij�xteIg�s�s �khkewv�p=q�c�e�p=e�uGqi�iewj�e�q-n y�j�e�p���qiuG�Ey
��c�e�uGe�v�hrç�e�uGewj~p^j�qEv�ewy^ewf�s �rqKI�v�hrç�e�uGewj~p^yGo�c�ewv�n��kh�j���gi�r�iqiu2hrpGc�f�y�l�u2q-fpGc�e��~X�o��kgiyGy��0Y�e
�ke�|ie�u2g��ie�sOgiy=p��*qiuG��p=q�n�j�v�e�u�y=pGgij�v�pGc�e�ewj�v«¸)p=ql¸)ewj�v�v�ew�kgKI+gij�v�pGc�uGq-n��-c�sOn�pd�-n�g�u2gij~p=e�ewy
s uGqª|Ehkv�ewv�x\I#oKqiu2eL¸0y=pGg�p=e�l7n �¡j�e�p���qiu2�©y��X¡q�v�e�u�hr|ie�oKqiuGeL¸0yGpGg�p=ew�rewyGy�j�e�p���qiuG�EyzpGc�g�p�s uGqª|Ehkv�e#v�ew�kg�I��-n g�u2gij}p=e�ewyw����e�v�ewyGhr�-j
g�f�e�pGc�q©v�q-�rqi��I"p=qmp=u2gij�y=l7qiu2fñgij4I{oKqiuGeL¸0yGpGg�p=e�l7n���j�e�p0�*qiuG�{qil * n�g�u2gij~p=e�ewvÕy�g�p=e"º * y »
yGe�uG|ie�u2yIp=q�g�oKqiu2eL¸0y=pGg�p=ew�rewyGy�|ie�u2yGhrq-j�ºÍ( þT* y » pGc g�pds�uGq(|©hkv�ewy�pGc�e�yGgif�e�ewj�vÓ¸)p=ql¸)ewj�v+v�ew�kgKI
�-n g�u2gij}p=e�ei� þ hkj�oKe�pGc�e * yNo��kgiyGyIhky*l¦gihru2�JI��iewj�e�u2gi����pGc�hky�f�e�pGc�q©v�q-�kqi��I�s�uGq(|©h�v�ewy�g�p=q~q-�tp=q
v�ewyGhr�-j�g���hkv�e�u2gij��ie�qilIoKqiuGeL¸0yGpGg�p=ew�rewyGy�j�e�p0�*qiuG�EyYpGc�g�p�s�uGqª|Ehkv�e�v�ew�kg�I¢�-n�g�u2gij~p=e�ewy��#��qiu
h�j�y=pGgij�oKei�}hkp^hky5stq-yGyGhrx �ke�p=q�v�ewy2hr�-j�gYoKqiuGeL¸0y=pGg�p=ew�kewyGyD��ew�kgKI0¸).P�W�Xj�e�p0�*qiuG���}pGc�g�p�v�ewoKq-n�s �rewy
pGc�e�v�ew�kgKI#gij�v+u2g�p=eY�-n�g�u2gij~p=e�ei�

o�eLZ©p����*e�s�uGqistq-y=e�pGc�eÐ(*qiu2eL¸0y=pGg�p=ew�rewyGy * n�g�u2gij~p=e�ewvêXdc�uGq-n��-c�s n�p�ºÍ( þT* X » j�e�pC¸
�*qiuG�Xg�u�o2c�hrp=ewoKpGn�uGe���pGc�e9XV©�¡� z�*qiuG�0¸0oKq-j y=e�uG|Ehkj��¬j�e�p0�*qiuG�Ng�u�o2c�hrp=ewoKpGn�uGe�pGc�g�p¢s�uGqª|Ehkv�ewy
pGc�uGq-n��-c�s n�p��-n�g�u2gij~p=e�ewy�p=qzhkj�v�hr|Ehkv�n gi�-« q(��y^q(|ie�ueF�j�hrp=edpGhkf�eL¸0yGo�gi�rewy��~x n�p^��hkpGc�q-n�p^f�gihkjÓ¸
pGgih�j�hkj��¢ste�u�¸�« q(�&y=pGg�p=e�hkj�oKqiuGe+u2q-n�p=e�u2y��pY�e�v�e�|iew�kqis£pGc�e+g�u2o�c�hrp=ewoKpGn�uGe+h�j�p0�*qmy=p=e�s y��
��hru�y=p��O�*e�yGc�qª�ÇpGc�g�p�l7qiu�g#j�e�p0�*qiuG�+p=q�s�u2qª|Ehkv�eYewj�vÓ¸)p=ql¸)ewj�v�pGc�uGq-n��-c�sOn�p��-n�g�u�gij}p=e�ewy��Fhrp
fzn�y=pYgi��y=q+s�uGq(|©h�v�e�ewj�v«¸)p=ql¸)ewj�v"v�ew�kg�I��-n�g�u2gij~p=e�ewy�� þ ewoKq-j�vF�¡��e�v�ewf�q-j�y=p=u2g�p=e�pGc�g�pYp���q
f�ewo2c�gij�h�yGf�yN��pGg���uGeL¸0n y=e�gij�v"y=q-n�u2oKe�u2g�p=e�oKq-j}p=uGq-��� ��c�ewjmhkj~p=e��iu2g�p=ewv{��hrpGc�g��*qiuG�0¸
oKq-j y=e�uG|Ehkj�����oKqiuGeL¸0y=pGg�p=ew�rewyGy�j�e�p0�*qiuG�YpGc�g�p¡s�uGq(|©hkv�ewy;ewj�v«¸)p=ql¸)ewj vzv�ew�kg�I��-n�g�u�gij}p=e�ewy��-�kewgiv�p=q
pGc�e�v�ewyGhr�-j�qil ( þ�* X¥j�e�p0�*qiuG��pGc�g�p�s�uGqª|Ehkv�ewy5ewj v«¸)p=ql¸)ewj�v�pGc�uGq-n��-c�s n�p9xtq-n�j v�y9��hrpGc�hkj�gij�0ª�ªl£� �£/`�� �{®l¬)¡� h�l¬H  qil5��c�g�pdhkyIg�p=pGgihkj�ewv+x\I#g�oKqiu2eL¸0y=pGg�p=e�l7n �¡j�e�p���qiu2�#qil5l¦gihruIu2g�p=ezy=e�uG|ie�u2y��
Y�ezv�ewf�q-j�yGp=u2g�p=eYpGc�g�pIpGc�e�oKq-j�y=pGgij~p�hkyIyGf�gi�k�tl�qiu�o�n�uGuGewj~pdj�e�p0�*qiuG��p=qistq-�rqi�-hrewyw�

q y�g FOj�gi��y=p=e�s£hkj¥v�ewyGhr�-j�hkj���oKqiuGeL¸0y=pGg�p=ew�kewyGy�j�e�p0�*qiuG�©yw���*e�s�uGqistq-y=e�pGc�e�(*qiuGeL¸
yGpGg�p=ew�rewyGy * n�g�u�gij}p=e�ewv�� gihru�ºÍ( þ�* � » j�e�p���qiu2��g�u2o�c�hrp=ewoKpGn�uGe���pGc�eWXV©{¡L  �*qiuG�4¸0oKq-j�y=e�uG|Ehkj��
oKqiu2eL¸0y=pGg�p=ew�rewyGyzg�u2o2c hrp=ewoKpGn�uGe�pGc g�pYs�uGq(|©hkv�ewy�v�e�p=e�u2f�hkj hky=pGhko�l7gihku2j�ewyGy��-n�g�u�gij}p=e�ewy��ZY�e�v�eL¸
|iew�kqismpGc�e�g�u�o2c�hrp=ewoKpGn�uGe�hkj�p0�*q�y=p=e�s yw����hru2yGp�� �*e�yGc�q(��pGc�g�p�l�qiuzg+j�e�p���qiuG��p=q�s�uGq(|©hkv�e
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l¦gihru2j�ewyGy9�-n�g�u2gij~p=e�ewy��~hrp�fzn�y=p�gi�ky=q�s�u2qª|Ehkv�e*pGc�uGq-n��-c�sOn�p¡�-n g�u2gij}p=e�ewyw� þ ewoKq-j�vF�i�*edv�ewf�q-j«¸
yGp=u2g�p=eIpGc�g�p^g�y=e�p�qilOp0�*q�f�ewo2c gij�hkyGf�yC��l7gihku9gio�oKewyGy�g�p�pGc�e�ewv��iedgij�v�g��i�iuGe��-g�pGhkq-j�qil�«Oqª��y
h�j�pGc�e�oKqiu2e�����c�ewj#hkj~p=e��iu2g�p=ewv���hrpGc�g¹( þT* X¤j�e�p0�*qiuG��pGc�g�p*s�uGqª|Ehkv�ewy^pGc�uGq-n��-c�sOn�p^�-n�g�u�¸
gij~p=e�ewy��t�rewgiv�p=q�pGc�e�v�ewyGhr�-j+qilH( þT* �£j�e�p���qiuG�EydpGc g�p�s�uGq(|©h�v�e�l7gihku2j�ewyGy��-n�g�u�gij}p=e�ewy��½Xdc�e
l¦gihru2j�ewyGy��-n�g�u�gij}p=e�ewy�s�u2qª|Ehkv�ewv�x4I£gÏ( þT* � j�e�p0�*qiuG��q-j�g�s�sO�khko�g�pGhrq-j¤pGc�uGq-n��-c�sOn�p�g�uGe
oKq-f�s g�u2g�x �re�p=q�pGc�q-y=eYs�u2qª|Ehkv�ewv�x\I#oKqiuGeL¸0yGpGg�p=e�l7n��9j�e�p���qiuG�Ey��D�n�u5oKqiuGeL¸0y=pGg�p=ew�kewyGy�g�u2o�c�hrp=ewoKpGn�u2ewy9oKq-f�e�o��kq-y=e�p=q�pGc�ewhru9oKqiu2eL¸0y=pGg�p=e�l7n ��oKq-n�j~p=e�uGs g�uGpGy
h�j�s�uGqª|Ehkv�h�j���ste�u�¸�«Oqª�®�-n�g�u�gij}p=e�ewy��PY�e�j�eLZEpde�|�gi�kn�g�p=eYpGc�eYy2o�gi�kg�x hk�khkppI�qil9uGq-n�p=e�u�ydhkj�q-n�u
g�u�o2c�hrp=ewoKpGn�uGewy���gij�v�oKq-f�s g�uGe�pGc�ewf�p=q�u2q-n�p=e�u2y^hkj��9����D®gij�v��Dj}p þ e�u2|zj�e�p���qiu2�©y���x4I�hkf ¸
sO�rewf�ewj~pGhkj���pGc�ewf�q-j�g�s�uGqi�iu�gif�f�g�x �re*uGq-n�p=e�u�sO�kg�p=l�qiu�f���D�n�u5uGewyGn��rpGy�h�j�v�hko�g�p=e*pGc�g�p^oKqiuGe
u2q-n�p=e�u2y�h�j�g+oKqiuGeL¸0y=pGg�p=ew�kewyGy�g�u2o2c�hkp=ewoKpGn�uGei�5oKq-n�s �rewv���hrpGc�g�yGq-n�u2oKeL¸)uGq-n�pGh�j��+f�ewo2c gij�hkyGf��
o�gij�f�g�pGo2c�o��rq-y=ew�JI#pGc�e�ste�uGl7qiu2f�gij�oKe�qil5uGq-n�p=e�u2ydhkj�oKq-j~|iewj}pGhkq-j�gi�;����j�e�p���qiu2�©y��
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� ������� ��� h �������

�����P�H�������3�����P�H�H�3������� ��¡������"�I¡)¢¤£¦¥�§�¨P©�ª]����«;¢¤�"�"�$��¬¢��3�3®H���;¯°�¤�v�l±��"��¢��3²a³����3±�´W�c��£H²"�$�3µ¶¢¤£�·
µ��$��²3¢���£¹¸v¬�¢¤�3�3®H����¯º���v�l±�¸¶¢¤£¦�3�H¢¤²�²"�I�c�3¢���£f��£H¡»¡��I¼½��£H²"�"���P�"�¾�3�H�P���3���¡��I�¤�'�¿·�®H�P�l��£��"�$�I²°��ª
¬¢��3�3®�����¯°���¶�3±f�P�3�)£����º�H�l�I²"�$�3µ��I¡/¢¤£À¢¤�3²Á�c���3�c´W²"�3�P�"�I���I²l²Âµ��$�l²l¢���£¹Ã

7 �$�ÅÄÇÆÈ�º�3���º�"���3����£v®H¼)ÆÈ�$�É��ªÈ£��¶¡��I²É�3�H�P�Ê�����3±��$�3²���ª�Ë��'³ÍÌ»�"�l�'µ��$�l²"��Ã 7 �$�ÊÎtÆÈ�
�3�H�)�"���3���Ï£�®�¼)ÆÈ�$�Â��ªÏË��'³ÐÌÑ�����3±��$�3²�"����£H²3¼¿¢��"�"�I¡aÃÁÒ,ªÏ³��Ó¢Ô£;�"�3�¶¡H®H�c� �¿�È�$�"´1�����l±��$�)Õ6ÖØ×�Ù$Ú
Û ×PÜ6Ý�×�ÞIÖ�ß$¸H9>àá ¸H²l®H�l�À�3���P�$¸

9 àá â ãÓä à�å�æácç è�éëê àá$ç èPì í ;�î ì$ï�ï�ï�ì3ð�ñ�ò ;�î ì$ï�ï�ï�ì Î óõô Ã¤ö>÷
��£�¡À³�� �c��¼½��®��"��3��� £��$³øÙlù�Ü"ß Û ÝAÜcú�ûH×PÖ�ÙIÖØùIÙ$Ú¾µP���¤®��I²Á��²Iü

ã ä�ý>þ�ÿ àácç è ; ê à á$ç è�� 9 àá�� � àáþ á ì í ;�î ì$ï�ï�ï�ì3ðëñ�ò ; ö ì$ï�ï�ï�ì Î óõô Ã î ÷
³¾���$�3��9 æá ;�� ¸��3���I£¿³��Â�$��£M�$���¤�$®H�¤�P�"� ãÓäýPþ�ÿ àá$ç è ��®��l�I���)��£¦�3���Á��Æ���²l¢¤²Ï��ªÈµ>�P�l¢Ô�PÆ����I²Ï�3�H�P��$��£ ÆÈ���I£��c�v¡��I¡ ¢¤£f�3���������l±��$�ÂÆv�À£��v¡H�I² í¿â öPÃ

�����"�)�3�H�P�$¸Hª]�3��¼��
	�®��P�3¢���£H²�ó���Ã��÷3¸�óõô)Ã¤ö>÷3¸���£H¡/ô Ã î ¸�³��·��$�$ü
ãÓäýPþ�ÿ àá$ç è â ãÓä àácç è�ì �¶í�ì�ò�ì Ì óõô Ã���÷
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�²3¢¤£�·¿ô Ã��v¸�³��)�$��£ ²l���'³��3���P�Â�¿²"�$�3µ��$��²3�l�H�I¡H®H�¤¢¤£H·Ó�����3±��$�3²�¢¤£À¢¤£H�c�3�I��²l¢¤£�·����l¡��$�
��ª��3���I¢��ÁÙlù�Ü"ß Û ÝAÜcú�ûH×PÖ�Ù$Ö�ùIÙ$ÚÅµ>���Ô®��I²Ï³���®��¤¡Ó�"�l��£H²3¼¿¢¤���������l±��$�ÊÆ��»ó ã�äýPþ�ÿ àácç è ��� ácç è ÷3¸�³Â���$�3�
� ácç è ; ?������� � � ó��3�H�¿�H�3�v��ªº¢¤²�²3¢¤¼¦¢¤�¤�P��"� �3���¦��£��¦ª]�����Á���$���l�I¼ �¶÷3ÃfÄ¾�I£��c��¸��3���¦ªA���¤�¤�'³Â¢¤£H·
®H�H�È�$��ÆÈ��®H£�¡f��£ ê à á$ç è �"!�¢¤²"�3²$ü

ê à ácç è # ã ä�ýPþPÿ àácç è å�æ �$� ácç è å�æ �&% è å�æ óõô Ã'�¶÷
(H����c��¼½��®��3¢Ô£�·*) àá ¸H£����"���3���P�+) æá�, � Ã(�®��l�3���$�I¸�¢¤£ ���l¡H�$���"�À�I£H²3®��l�ÓÒb£���	v®H���¤¢��,�ëóõô Ã¤ö>÷3¸�³��¿£��$�I¡Ñ�"� ¼¿�P±��¿²l®��3���3�H�P�-) àá¢Ô²¾£��»²3¼¿���¤�¤�$�Â�3�H��£ �3�����¤�P�3·��I²"�¾µ>���Ô®�� �3���P��¢��3²/.10/2f�$��£ �3�P±���Ã/�Á�H¢Ô²Â¢¤²¾·�¢�µ��I£ Æ�� ®H�H�È�$�

��£�¡/���'³��$�ÁÆÈ��®H£H¡�²°��£ ã ä à�å�æá$ç è ��£�¡ ê à á$ç è �3�I²"�È�I�c�3¢�µ��I�¤�»��²ÂªA���¤�¤�'³Â²$ü
ãÓä à�å�æácç è , ¼¿�3!ó ê à'å�æácç è ì�ã�ä à�å54ácç è ÷ � � à�å�æá þ á

# ê à�å�æácç è � ) à�å�æá � � à�å�æá þ á ó1Ì þPý76 ó98 ï ��÷"÷
# ãÓäýPþ�ÿ à�å�æá$ç è å�æ �&% è å�æ �:� á$ç è å�æ � ) à�å�æá � � à'å�æá þ á ó1Ì þPý76 ó98 ï �¶÷"÷
# ê à�å�æácç è å�æ � î ó9) à�å�æá � � à�å�æá þ á ÷ � ó % è å�æ �:� á$ç è å�æ ÷

ï
ï

# ê à�å�æácç 4 � ó í é ö>÷ló9) à�å�æá � � à�å�æá þ á ÷ � è å�æ; < = 4 ó %
< �&� ácç < ÷

# ãÓä à�å�æácç æ � ó í é ö>÷ló9) à�å�æá � � à�å�æá þ á ÷ � è å�æ; < = æ ó %
< �:� á$ç < ÷

ê à á$ç è â ê à ácç è å�æ �&% è å�æ � �]àáä è
â ê à ácç è å54 � è å�æ;<

= è å54 ó %
< � ��àáä < ÷ï

ï
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â ê à ácç æ � è å�æ;< = æ ó %
< � � àáä < ÷

�Á���$�l�$ªA���3��¸¶�P�°£��v¡H� í ¸¶�3����¼¿�3!�¢¤¼ ®�¼ �È��²3²3¢�Æ����ºµ>���Ô®��Â�3�H�P�
) àá ³���®H�Ô¡¿ÆÈ�Â�3��	v®H¢��l�I¡�"�¦�"!¶�c�$�I¡ ¢¤²°·�¢�µ��I£ÀÆv��ü
) àá â ó ã�ä à�å�æácç æ éëê àácç æ ÷ � ó í é ö>÷ló9) à'å�æá � � à'å�æá þ á ÷ � è å�æ;< = æ ó � á$ç

<
é �]àáä < ÷

@ ¢¤£��c� ó � ácç < â ��àá?A ä < ÷3¸Ï�3���B.+0C2�¢¤²�¼¿�3!�¢¤¼¿¢ED$�I¡ ª]��� í , ð ¸���£�¡ë�3���$�l�$ªA���3��¸Ï�3����¤�I��²"�Â²"��	v®��I£H�c���ªF)>àá �3���P�Á³���®��¤¡À²3�P�3¢¤²"ª]�»Ò<£���	v®H���¤¢¤�W� óõô Ã¤ö>÷�¢Ô²°·�¢�µ��I£/Æv��ü
) æá , �
) àá , ¼¦�3!Èó � ì ó ã ä à'å�æá$ç æ éëê àácç æ ÷ � ó ð é ö>÷ló9) à�å�æá � � à�å�æá þ á ÷ �&G å�æ; < = æ ó � ácç

<
é � àáä < ÷"÷�óõô Ã §�÷
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¯°��£H²3¢¤¡��$� �ÀË���³ Ìp�"�l�Iµ��I�¤¢Ô£�· �3���l��®�·��ë� £��$�W³����3± ��ª ð ¯����l�c´ @ �3�P�"�I���I²3²Ó¬¢��3�3®H����¯º���v�l±
@ �$�3µ��$�l²$Ãxw��$�Cy;àá$ç è Æ�� �3���Ó�3¢¤¼½���P�¾³Â��¢¤�l� �����3±��$�{z�àá ·��$�3²�"�l��£�²3¼¿¢��"�"�I¡ �P��3��� í?|E} £H�v¡���Ã�Â���I£¹¸��3����I£H¡�´1�"�P´1�I£H¡ ¡��I�Ô�I�»·�®H�P�l��£��"�$�)��ªÏ�3��� òX|E} �����l±��$�¾¢¤²Â�c��¼½��®��"�I¡/��²Iü

y à á$ç G é ã ä
àá$ç æ # ã ä�ýPþPÿ àácç G �:� G é ã ä

àá$ç æ
# ê à á$ç G é ã ä

àá$ç æ � ) àá�� �]àáþ á �&� Gï
ï

# ê à á$ç æ é ãÓä àácç æ � ð ó9) àá � � àáþ á ÷ �&G
å�æ; <
= æ ó %
< �:� < ÷ �:� G

# ð ó9) àáx� ��àáþ á ÷ � G
å�æ;<
= æ ó %
< �&� < ÷ �:� G�Á�H¢Ô²�¡H�I�¤�I�M·�®H�P�l��£��"�$��ªA���º�3�H� òX|E} �����3±��$�Á��ªÏ� Ë��'³z¡��$�È�I£H¡H²���£À�3���µ>���Ô®����ª�¢��3²

²l�¤���3±ÀµP�P�l¢¤�PÆ��¤��¸~)�àá Ã
���¦·��$���¿ª]�$�I�aª]���Â�3��� ���'³��$�¾ÆÈ��®H£�¡f��£^)>àá ¸��c��£H²3¢¤¡��$�¾�½³��I�Ô�Ø´1ÆÈ�I�H�Iµ��I¡
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²3��®��l�c��¸H�3�H�P�¾²"�I£H¡H²º¢��3²Á�����3±��$�3²��P�Â�¿�c��£H²3�3��£;�¾Æ�¢��b´1�l�P�"��¸ þ á ¸H¢õÃ���Ã�ü
ê à ácç æ , ã ä à'å�æá$ç æ

@ ®�Æ�²"�3¢��3®H�3¢¤£�·�¢¤£B��	v®H�P�3¢���£�óõô Ã §�÷3¸�³��·��$�$ü
) æá , �
) 4á , ó ð é ö>÷�� �õæáþ á � G

å�æ; <
= æ ó � á$ç

<
é ��àáä < ÷

)3�á , ó ð é ö>÷ 4 � � æáþ á � ó ð é ö>÷S� � 4áþ á � ð � G
å�æ; <
= æ ó � ácç

<
é � àáä < ÷

)U�á , ó ð é ö>÷��
� �1æáþ á � ó ð é ö>÷ 4 � ��4áþ á � ó ð é ö>÷�� � �áþ á � ó ð ó ð é ö>÷ � ö>÷�� G å�æ; < = æ ó � ácç
<
é ��àáä < ÷ï

ï
ï
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·�®��P�l��£;�"�$�I²ÊªA���É�$µ��I£¿�c��£�²"�3��£;�ÉÆ�¢��b´1�l�P�"��Ë��'³¾²$¸���£H¡½���I£H�c�°�3���º�P�H���3�����l�½®H²3�I¡Ó¢Ô£f¥�§�¨P©�¡H���I²
£H���Á³����l±Mª]���Á¬¢��3�3®H����¯°�¤�v�l±�Ã
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@ ®��H�È��²"� þ3©�ª�þ á ¢¤²��3���ÆÈ���"�3���I£��I�l±¦Æ���£H¡H³Â¢¤¡��3�M�IµP��¢¤�¤�PÆ������"���3����Ë��'³ Ì �P�°�3¢¤¼½�x«¬Óóõ��£H¡
�3�H�$�3�I�PªA�"�$�I÷3ÃÊ�Ç¢¤�3����®��Å����²l²É��ª¹·��I£��$�l���¤¢¤�W��¸���²l²3®H¼½�Á�3���P�Å�3���+®��l²"�Ê²"�$�lµ��$��¢¤²Ê�3���ÁÆÈ���"�3���I£��I�l±
²3�$�3µ��$�6æ�ÃÏ���¡��$�l¢�µ��Â�Ó�c��£H¡H¢¤�3¢���£¿��£B¯�²3®H���¦�3�H�P�°¢�ªÈ�3���$�3��¢¤²Ê��£����½� ²3¢Ô£�·����Á�����l±��$�º�P���3���
ÆÈ���"�3���I£H�I�3±��I¡�®��l²"�¾²"�$�3µ��$��óõ��£H¡ ¢¤£ �3��� £H�$�W³����3±�÷º�P�¾�M�3¢¤¼½��« ¬ ¸��3���I£/�3���$�l� �c��£��3¢¤£�®H�I²Â�"�
ÆÈ��P�Â���I��²3�º��£�������3±��$���P�º�3����ÆÈ���"�3���I£��I�l±��I¡/²"�$�3µ��$�¾�P�Â���¤�Èª�®��3®��3��3¢¤¼½�I²ó�·�¢¤µ��I£À�3�H�P�Á�3���
²3��®��l�c� ����²Â�����l±��$�3²��"�M�"�l��£�²3¼¿¢��c÷3ÃºÒ<ªÏ�3�H¢¤²Â¢Ô²Á�3���Ó�$��²"��¸È�3���I£/�3��� ÆÈ���"�3���I£��I�3± Æ���£H¡�³Â¢Ô¡��3�
�'µ>��¢Ô�¤�PÆ�����"�½Ë��'³zÌÑ¢¤²º£H���Á³���²3�"�I¡¹Ã@ ®�������²3�¦�����l±��$�Cz æá �P�l�l¢�µ��I²��P� �3�H�f²3�$�3µ��$�*	�®��I®H�»�P���3¢¤¼½�°« ¬ Ã±�Á���I£ ¢��Ó�$��£ ÆÈ�²l���'³Â£��3�H�P�������l±��$�5z à á ¸vó�³Â�H�$�3�Ê�����l±��$�3²5z æá ì$ï$ï$ï'ì z à á �P�l�Ê�"�l��£H²3¼¦¢��"�"�I¡�Æ����l±;´1�"�P´1Æ����3±�÷È³���®H�¤¡¢Ô£H�$®�����¼¿�3!�¢¤¼Ó®H¼ ¡��I�Ô�I����ªaó�² G å�æè = æ % è � ² Gè = æ � ácç è � ó ðc�¿ò é ö>÷h� � á A þ3© ÷ÈÆÈ�$ªA���l��¢���¡��$���P�3�3²ª]�3��¼ �3���£��$�,³����3±�Ã��Á�H����l±v£H�'³Â���I¡H·�¼½�I£;�ºª]���°�����3±��$�³z�àá ³���®H�Ô¡¦�3�I�����À�3���¢¤£�·��l�I²3²°£��v¡H��Pª]�"�$���£ ��¡H¡�¢��3¢���£H���a¡H�I�¤�I�À��ªÊ�P��¼½��²"�C´�µ�¶¸·¶Ã1�Á���Ó�c���3�3�I²"�È��£H¡H¢Ô£�·°¹ æ ��ªÉ�3�H¢Ô²º�����3±��$��P�º�»j¼U½3½�¾`¿9À
ÁÃÂ3ÄÅ¿FÄÅ¿³Æ3¾`ÁÇÁÃÂ3À{ÈÊÉ¸¿9ÀÌË+ÍiÂ3ÀÆeÀ�ÎÌÀ�ÆsÄ'ÏiÁÃÂUÀ�Ð3ÑÃ¿�Á³¿9ÀÒÑÃÎ"ÀÑFÁ9Ñ�É`ÆU¿9Ó¥Ä'ÁÃ¿F½7É`È�Ô"ÀÁÃ¿F¾`Æ3È�À
¾ÌÆ�J'Õ�À�Î"ÀÒÑ9ÕÖØ×hÙ¸Ú¸Û ÁÃÄÅÓ¥ÀÜ¼UÆ3Ä'ÁÃ¿�ÝjÁÃÂ3ÀÜÞ�¾¸Á9Á%J�ÀÆ3À�È�Ô1¿9ÀÑÃÎ"ÀÑ�ß�Ä(J(JXÑÃÀ�Ó1É¸Ä�Æ�Þ7É¸ÈÒÔBJÅ¾Ìà`àÌÀÊá?Ë
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�3�H� ¢¤£�·��l�I²3²Â£��¶¡�� ³���®H�Ô¡/ÆÈ�s¹ æ óâz à á ÷ , «¬ � ó ò é ö>÷ � á A þ á Ã+�Á���$�l�$ªA���3��¸��3���)�3�P·P´1µ��I�c�"��� ��ª�����3±��$�xz à á ³���®H�¤¡�¡��"®�£H¢¤�"�I��� ÆÈ�¦�'µ>��¢Ô�¤�PÆ����¿ª]���Ó�3�c´W®H²"�»�P� �3����®��l²"� ²"�$�3µ��$�I¸É¢�ª ò ²l�P�3¢¤²�®��I²$ü² G å�æè = æ % è � ² Gè = æ � á$ç è � ó ðã� ò é ö>÷P� � á A þ © � ´°µ�¶`· # ó ò é ö>÷X� � á A þ á ÃF�Á��¢¤²Ê¢¤¼½���¤¢��I²$ü
ä å ²çæFè~éêÒë éíì êrî ²$æêÒë éPïkð`ñ êÇî^ò-óÜôöõ�î^÷ùø�úØûüÒýú ûü û�þ ú ûü ý î]ÿ �����Øÿ��

�¾��³z��Æ�²"�$�3µ��)�3���P�$¸�¢�ª��3��� Æ����"�3�¤�I£��I�3±��I¡�®��l²3�Â²"�$�3µ��$���3�I¼¿��¢¤£�²ºÆ����3±¶����·�·��I¡ �3¢¤�¤�È�3�H�)�3¢¤¼½�
�3�H�����l±v£H�'³Â���I¡H·�¼½�I£;�)ªA���{z�àá �P�l�l¢�µ��I²$¸¹�3���I£Ñ�3�H��²l®�Æ�²"��	v®��I£�����l±v£H�'³Â���I¡H·�¼½�I£;�3²Móõ²"�����c�I¡� á A þ © �P���P�3�c÷º�$���¶�3±/�3���Ó�"�l��£H²l¼¿¢¤²3²3¢¤��£À��ªÊ£��$³`�����3±��$�3²$¸a��£�¡ �3���ÓÆÈ���"�3���I£��I�l± ²"�$�3µ��$�I¸��3�H�P�
�"����£H²3¼¿¢��3²º�¿�����3±��$�¾�$µ��$�3� � á A þ © ®H£H¢��3²I¸v³���®H�¤¡f�l�I¼¿��¢¤£fÆ����l±v����·�·��I¡ ²3®�Æ�²"��	�®H�I£;�3����Ã(�®��l�3���$�I¸°¡H®��À�"�ë²"��®H�l�c�fË��'³ �c��£;�"�l���õ¸��3�H�À�3�P·�²¦ª]���¿�����l±��$�-z à á ³���®H�¤¡ ÆÈ�I�c��¼½��'µ>��¢Ô�¤�PÆ�����ª]���Á�3�c´W®�²"� �P��¼½��²"�ÁÆv�f�3�����3¢¤¼½�s¯ �&6 à �����3±��$�3²�P�3�l¢¤µ��ªA���¾�"�l��£H²3¼¿¢Ô²3²3¢���£À�P��3�H�/®��l²"�º²"�$�lµ��$�¾�Pª]�"�$�+« ¬ ¸�³Â���$�3� 6 à ¢¤²º·�¢�µ��I£ÀÆv�»�3�����"�$�l¼Àü�	��
 � ² æ³èkéêÒë é°ì ê î ² æêÒë élï ð`ñ ê î�q÷ î ä þ ÿ�� úØûü ý îpò�óÇô¸õ� ð����Ìð � ���������
�Á���$�3�$ª]���3��¸�¢¤ª��3���Â�3¢¤¼½�Â¢��É�3�P±��I²�ª]���Ê�3���¥®��l²"�Å²"�$�lµ��$�Å�"�)�"����£H²3¼¿¢���¯ �p6 à �����3±��$�3²°�P�Å�3������P�"� þ © ¸�¢¤²��P�º���I��²3�°��²°�¤�P�l·����²��3���¼¿�3!�¢¤¼Ó®H¼ø�3¢¤¼½�¢����3�P±��I²°ª]���º�3������3±¶£��'³¾���I¡�·�¼½�I£��º��ª
�����3±��$�Fz�àá �"�½�P�3�l¢¤µ���Pª]�"�$�¥« ¬ ¸v�3�H��®��l²"�°²"�$�3µ��$�Á����³°�I�¶²º�3�I¼¿��¢Ô£H²ÅÆ����3±¶����·�·��I¡/³Â¢¤�3�¦�����l±��$�3²�"�»�"�l��£H²l¼¿¢��$Ã1�Á�H�P��¢¤²$¸��3��� ª]���¤����³Â¢¤£�·¿�c��£�¡H¢��3¢���£ ³���®H�Ô¡/�I£H²3®H�3�)�3�H�P�¾�3����²"�$�3µ��$���3�I¼¿��¢¤£H²
�c��£��3¢¤£v®���®H²3�¤�½Æ����3±¶����·�·��I¡¹üÂóÃ¯ �±6 à ÷~��� ×� Û â ² G å�æè = æ % è � ² Gè = æ � ácç è � ´�µ�¶¸· � ó ð � ò éö>÷S��� ×� Û Ã³(H�3��¼ ó���Ã¤ö>÷���£H¡ ó���Ã î ÷3¸��3�H¢¤²°�¶¢��I�¤¡H²$ü

��� þ ÿ�� � ð å �� � æFè~é;êÒë é ì êÇî æ;êÒë é ïkð`ñ êrî^ò óÜôöõ �5î^÷ � ð �����"!#�
Ò,ª<¸P��£Ó�3���Å���3���$�É�H��£�¡¹¸7¯ ¡����I²�£����Ï²3�P�3¢¤²"ª]���c��£H¡H¢¤�3¢���£¦ó���Ã���÷aª]�����3���°�IµP��¢¤�¤�PÆ����ÊÆÈ���"�3���I£��I�l±
Æ���£H¡�³Â¢¤¡H�3� þ © ¸Á�3���I£Ç¢��¦�$��£ÇÆÈ� ²3�$�I£¹¸Á®H²3¢¤£H·ë�ë²3¢Ô¼¿¢¤�¤�P�¦�P�l·�®H¼½�I£��»��²»�PÆÈ�'µ���¸Â�3���P�M�3����3�H�3��®�·�����®H�����P�"���3�H�P�Á�3��� ²"��®��l�c���$��£ ²3®H²"�3��¢¤£a¸%$Cµ�¶¸·HóÃ¯ ì3þ © ÷3¸�¢¤²°·�¢�µ��I£ÀÆv��ü& �Ìð î ' ÿ þ ü ûüý)( ��� þ ÿ��~ø �²çæFè~éêÒë éíì êrî ²$æêÒë éXï~ð`ñ êSî^ò óÜôöõ î^÷ùø�úØûüÒý
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w��$�>@ } óâz�àá ÷Â¡H�I£����"���3���¿¡��I��¡H�¤¢Ô£�� ��²3²l¢�·�£��I¡Ñ�"�az�àá ¸¹�3��� òX|E} �����l±��$�)��ªÅË��'³ Ì�¸a�P�
�3�H�BA |E} £H�v¡��¢¤£À¢¤�3²º���P�3�¹Ã��Â���ªA���¤�¤�'³Â¢¤£H·Ó�l�I�¤�P�3¢���£À�"!�¢¤²"�3²ºÆÈ�$�,³��$�I£9@ æ ��£H¡C@ } ¥ î §H¸5��§>©1ü@ æ óâz à á ÷ , ¼¿�3!ó�@ æ óâz à�å�æá ÷ ì ê à ácç æ ÷ � � áþ á@ } óâz à á ÷ # @ æ óâz à á ÷ � } å�æ;è = æ % è � };è = æ � è � óDA é ö>÷S� � áþ á óW¯�Ã¤ö>÷
³¾���$�3� � á ¢¤²�3�H�¦�����l±��$�Ó²3¢ED$�¿ªA���)Ë��'³ Ì�¸���£�¡ � á$ç è ¢¤² �/�c��£H²"�3��£��Ó�3�H�P� ¡��$�È�I£H¡�²��£ë�3����"����EM� ��£�¡ ²"�$�3µ��$����H�P�l���c�"�$�l¢¤²3�3¢¤�$²¾�P�£��¶¡�� í ÃÁÒ<ªÉ�3��� ²3®�¼r��ªÉ�3��� �3�I²"�$�3µ��I¡ �l�P�"�Ó�'µ��$����¤�
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¢¤£f�D¢¤¡��c´Wô¾�3�I�*���$�W³����3±v²IÃR�������«Á¶ùPû¶Ü�;�×PÖ�ù?;�2¹ßcÖ¤ß3ÙIúWß¸8V��Ü3ß3×>Õ�Ý<;¼�Éù?XBX�û%;HÝõÙl×�ú�Ýõùk;�Õ6¸
�¶óÃ��÷3ü����� ¢ �?>P¨v¸aôÂ���l¢¤�ÉöI¨�¨ � Ã

¥ î ö6©swÅÃ 3 �$���3·�¢Ô��¡H¢¤²$¸ 4 Ã 3 ®��$�l¢¤£a¸Á¬ ÃR}Ï�$�l¢¤²I¸¾��£H¡��½Ã'�ÓÃ @ ¢�µP�P�l�#Â"��£aÃ �§EM�$¢��I£��í�¾�$�,³����3±¦�� @ }Å�3��µv¢¤²l¢���£H¢¤£�·>�°��²"�I¡»��£»�È�$�����v¡H�x���l��EM� @ �H�P��¢¤£H·�Ã�Òb£��°Ü"ùIÙ�ß�ß�8PÝ<;Z=PÕ)ùv� ���7�/�/Ã�R��¡ > ¨�©>¸����P·��I² ö ��î�¢ ö�ö � ¸ªu �P�l���ëöI¨�¨�vÃ
¥ î�î © @ Ã «HÃ 3 �����I²"�3��£H¢õÃÊô @ �I�¤ªÔ´<¯°�¤�v�l±��I¡J(���¢��7¦®��I®��I¢¤£�· @ �����I¼½��ª]���ÁÄ¢�·�� @ �È�$�I¡Àô¾�H���¤¢Ô�$�>´

�3¢���£H²$ÃÉÒb£C�°Ü"ùIÙ6ßlß�8�Ý�;Z=�Õ�ùv�5����� �>�R��¡ > ¨�Ä¶¸aöI¨�¨3��Ã
¥ î ��©B}ÏÃ 3 �'�����õÃ²}É���3±��$� @ �����I¡H®H�¤¢Ô£�·¾ô���·����l¢��3��¼¿²ÏªA���ÅÒ<£��"�$·��l�P�"�I¡ @ �$�3µv¢Ô�c�I²F�¾�$�,³����l±v²$Ã��±�?Å

ú<�¶ß6Õ6ÝÔÕ)Æ¶ÇM;HÝ Û ßcÜ�Õ�Ý�úL�Mùv���ß¸È;×>ÕÓ×�úÉ��ûvÕ6ú�Ý<;JÆM��ûvÕcú�Ý�;JÆ�²Ê)¸�ô�®�·�®H²"��öI¨�¨?>�Ã
¥ î �P©B}ÏÃ 3 �'�����õ¸ @ Ã @ ÃLw���¼/¸H��£H¡ÀÄÓÃ�uëÃ�¬¢¤£¹Ã���$�"�$�l¼¿¢¤£�¢¤£�·a��£H¡�´1�"�P´Ã��£H¡G��I�¤�'�G����®H£�¡H²°Ò<£

Ä¾�$�"�$�l��·��I£��$��®H²x�¾�$�,³����l±v²$ÃÂÒ<£S�	��¡�¬~2:��Ü�Ý<;Z=vßcÜ�Ã#¹�ß$Ü�Ö�×�=V¡�ûvÖØú�Ý<X¿ß¸8PÝõ×í26�>Õ6úWß�X ÕBÁvùPû¶Ü�Ã;�×PÖ ¸�öI¨�¨�vÃ°ô¾�¤²3�¿�P�H�È�I�P�3�I¡/¢¤£f�3���¶}Å�3�¶�c�$�I¡H¢¤£�·�²°��ªÏ�3���)�����3±v²l�����/��£p���$�W³����3±/��£H¡¯��È�$�l�P�3¢¤£�· @ �¶²"�"�I¼ @ ®��H�È���3��ªA�����¢¤·�¢��3���¹ô¾®�¡H¢��½��£H¡À¬¢¤¡��$��¸�ô¾�H�l¢Ô��öI¨�¨�§vÃ
¥ î §�©B}ÏÃ 3 �'��������£H¡fÄ Ã�u�Ã�¬¢¤£¹Ã 3 �I£��$�l���¤¢ED$�I¡ 3 ®H�P�l��£��"�$�I¡ 4 �P�"� @ �l���I¡�®H�¤¢¤£�·Óô¾�¤·����l¢��3�H¼¿²Iü
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§�¶ö ¢ §?>vöP¸�ô¾®�·�®�²"�ÁöI¨�¨?>�Ã¹ô¾�¤²3���IµP��¢¤�¤�PÆ����Á��²Ê�"�I�l�H£H¢Ô�$�����3�$�È���3�³� 4 ¨�§�´Ò� � ¸Z��$���P�3�3¼¿�I£;�
��ªÉ¯°��¼½��®��"�$� @ �$¢��I£H�c�I²$¸~�Á�H�/��£H¢¤µ��$�l²3¢��,�M��ªÜ���"!���²Â�P�¾ô¾®H²3�3¢¤£¹Ã

¥ î �©B}ÏÃ 3 �'�����õ¸�Ä Ã�u�ÃÏ¬�¢¤£a¸Ï��£�¡�ÄÓÃÊ¯°���I£�·�Ã @ �3�P�3�b´1�3¢Ô¼½�B(���¢��»¦®��I®H¢Ô£�·�ü¿ô @ �����I¡H®H�¤¢Ô£�·
ô¾�¤·����l¢��3�H¼ ª]���Ò<£��"�$·��l�P�"�I¡ @ �$�lµv¢¤�c�I²5}É���l±��$� @ ³Â¢¤�3�l�H¢¤£H·����$�W³����3±v²IÃ Òb£Ë�°Ü"ùIÙ�ß�ß�8PÝ<;Z=�Õ
ùv�7�	��¡ 2%��À>�R��¡9¡ > ¨�©>¸H���P·��I² öI§?> ¢ ö���v¸�ô�®�·�®H²3�)öI¨�¨�vÃ

¥ î >'©huëÃ 3 �3��²l²"·��¤��®H²"�$�½��£H¡ @ Ã���I²3�H�'µ�Ã¯£ ¯R� 4�@ �$�3µ¶¢¤�c��Ã Ò<£µ�°Ü"ùIÙ�ß�ß�8PÝ<;Z=�ÕÀùv�V���7�/�/Ã�R��¡ > ¨�©>¸����P·��I² ö î ¨ ¢ ö��?>�¸ªu �P�l���ëöI¨�¨�vÃ
¥ î ��© 4 Ã 3 ��®��I£��I£�ª]�I�¤¡��$�IÃHô�¯����3�l�I�¤�P�3¢���£	�°��²"�I¡*��£H¡¶´1�"�P´Ã��£�¡¦¯��I�¤�6¦®��I®H�I¢¤£�·5��I�¤�I�¿¯°�H�P�"´

���c�"�$�l¢ DI�P�3¢���£ ¢¤£À��£ÀôF� u ���$�W³����3±�Ã�Ò<£C�ºÜbù'Ù�ÌQO�;Ý]ÜcúWßlß�;�ú<���);�úWßcÜ�;�×�ú�Ýõùk;�×PÖ �ßcÖ¤ß$ú�Ü"×vÍ�Ù�Éùk;Z=�Ü"ßcÕlÕW�L�?R��Ã|Î?Ï���¸Hµ����¤®�¼½�¿öI§v¸����P·��I²�§�¨ ¢ 3��¸�«�®H£��½öI¨�¨¶öPÃ
¥ î ¨�©h��Ã;Ä�P�l¡��$±����Hª<¸k�Ã 4 ¢Ô�l����¸¶«HÃf����®��I¸v«HÃZu ®H¡H¢¤·���£H¡H�¶¸Zu�Ãf������¤¢¤£¹¸;��£�¡¿ÄÓÃ�¬¢¤£¹Ã @ �$���¤�>´

Æ�¢¤�¤¢¤�W��ô�£H�����¶²3¢¤²���ª @ ��ª]�W³°�P�3�c´1Æ���²3�I¡ @ �$�3µ¶¢¤�c�c´W¡H¢Ð¾È�$�3�I£��3¢¤�P�3¢¤£�· 4 ��®H�"�$�l²Ü��²l¢¤£�·x�¾�$�,³����3±}Å�3�¶�c�I²3²"����²$Ã��ßlÙ���;�Ý�Ù�×PÖ .Áß���ùPÜ6ú<ÆMÅ�ß|�¶×PÜcúLX¿ß�;�ú�ù��h�ÉùkX���û�úWß$Ü�2ÈÙ$Ý1ß�;�Ù6ß6Õ¸Æ5ÇM;HÝ Û ßcÜ�Õ�Ý�úL�¿ùv��ß)È�×>Õ ×�ú���ûvÕcú�Ý�;H¸Fu �I� î7��� öPÃ
¥'� � ©�«HÃPÄ��I¢¤£H��£��I£¹¸P(�Ã:�°�P±��$�I¸��zÃ����I¢Ô²3²$¸;��£H¡½«�Ã����3�¶�$�¤�I³Â²3±v¢õÃ�ô¾²3²l®��3�I¡s(H���3³°�P�l¡H¢¤£H·�}ÅÄ5�3 �3��®���ÃÊ«;®H£��½öI¨�¨�¨vÃ�Ò<£��"�$�l£��$� 4 (�¯ î §�¨?>�Ã
¥'�¶ö6©Ó¬ Ãv«;���c��Æ�²3��£¹¸Z�½ÃX��¢Ô�l�����¤²I¸���£H¡W�½Ã:}Ï�v¡�®��l¢õÃ�ô¾£��³!¶���I¡�¢��"�I¡*(H���3³°�P�l¡H¢Ô£�·>}ÅÄ5��Ãa«;®H£H�

öI¨�¨�¨vÃÅÒb£;�"�$��£��$� 4 (Ï¯ î §�¨��vÃ
¥'� î ©s�ÂÃH«;���H£H²"��£/��£�¡Àô)Ã6�)®H£kD$��Ã��vÊ5� Îk�fÑ�Ñ	�°Ü"ù�=�Ü"×kXhX�Ý�;Z=�Ã�Òb£��"�I�ª}Å�3�I²l²$¸ î7����î Ã
¥'����©B}ÏÃ�����¢¤²"�$�'Ã�ô ó 4 ÷1�$µ����Ô®��3¢���£H�P�3� ���I�l��£�������·�� 4 ����¡�¼¿�P�W���$����£H¡°���¶¡H�I�pÒ ²/¯x�ëÒb£H¡H®H²"´

�"�3��Ã»�C2J�ÔÓ ùPÜ�Ú'Õ)�vù)�Çùk;«O�¶ßh�Èû�ú�û¶Ü"ßa.Áß Û ùPÖ û�ú�Ý�ù?; Ý�;��Õ��ú�Ý�Ù�×PÖ��ÉùkXhX�û%;HÝõÙl×�ú�Ýõùk;�Õ`Ö� ßIúL®ÅùPÜ�Ú�Ý<;Z=�¸F��I�c�I¼ ÆÈ�$� î7����� Ã
¥'�3�P©B��Ã±��Ã/����£H¡��¤®��I¸/�½Ã 3 Ã @ �H¢Ô£¹¸º��£H¡��ÓÃ{(H�$�l�l�P�l¢õÃ 4 �I����´��Á¢¤¼½� ¯���¼¿¼Ó®H£H¢¤�$�P�3¢¤��£Í¢¤£
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u ®����3¢¤�����Z�¾�$�,³����l±v²$Ã»�������×HÜ"×k;�Õc×;ÙIú�Ýõùk;�Õ»ùk;U�Á×PÜ"×PÖ]Ö�ß$Ö�×k;]8GÅ)ÝÔÕcú�Ü�ÝõÞ$û�úWß¸8J26�>ÕcúWß�XÓÕ�¸
§¶ó"ö � ÷3ü¤ö � ��� ¢ ö � §�v¸�¯�c�"��ÆÈ�$�)öI¨�¨3��Ã

¥'��§�©�«HÃ?����®��Ê��£�¡�Ä Ã�u�Ã�¬¢¤£¹Ã�¯����3�c´W²3�3�P�"�I���I²3² 3 ®H�P�l��£��"�$�I¡ 4 �P�"� @ �l���I¡�®H�¤¢¤£�·�ô¾�¤·����l¢��3�H¼¿²IÃ
Ò<£m�°Ü"ùIÙ�ß�ß�8PÝ<;Z=PÕ�ùv�7������������� �>�R��¡Ñ¸¶µ����¤®H¼½���v¸����P·��I²)ö"�P�3� ¢ ö"�;¨ î ¸aô¾�H�l¢¤� î7��� öPÃ

¥'���©�«HÃk����®��É��£H¡ Ä Ã�u�Ã�¬¢¤£¹ÃP��£H¡¶´1�"�P´1�I£H¡s(���¢¤�l£��I²3²Ïô�£H�����¶²3¢¤²���ª~(���¢���¦®H�I®H¢¤£�·1���$�W³����3±¶²$Ã
Ò<£³�°Ü"ùIÙ�ß�ß�8PÝ<;Z=PÕfùv�¦ú<�¶ßW��Ï�Üv8`�������¤�);�úWßcÜ�;�×�ú�Ýõùk;�×PÖ³.Áßl×PÖØÃ<ú�Ý<X¿ßí26�>Õ6úWß�XÓÕ*26�kX��¶ù>Õ6ÝAû%X�N.5S2~2:�>¸F��I� î7����î Ã

¥'�?>'©swÅÃJ�����I¢Ô£��3�¶�3±�Ã�¦®��I®H�I¢¤£�· @ �v²3�"�I¼¿²$¸¶¬É���¤®H¼½�½öPü��Â���$���3��ÃRÁvù��Z;�ÓÀÝ]Ö¤ß���Ö 2Èùk;�Õ¸ÆM�Óß�®Ù�ùPÜ�Ú�ÆM�CÙ�¸aöI¨?>P§vÃ
¥'����©�«HÃ:��®H�3��²"��Ã]¯��È�I£�Òb²3²3®��I²É��£H¡¦¯º�H���¤���I£�·��I²Ï¢¤£h}��3�'µ¶¢¤¡H¢Ô£�·�¦®H���¤¢��,�)��ª @ �$�3µ¶¢¤�c� 3 ®H�P�l��£¶´

�"�$�I²�¢Ô£Ä�¢�·���´ @ �È�$�I¡/�¾�$�,³����l±v²$Ã%�	��¡Ú�ÉùkX���û�úWßcÜ��ÉùkXhX�ûf;�Ý�Ù�×�ú�Ý�ù?;a.Áß Û Ý1ß�®É¸ î �vü� ¢ öI§v¸
«;��£v®H�P�3�ÑöI¨�¨��vÃ

¥'��¨�©�«HÃ ��ÃJw�������®H¡��I�Ð��£�¡ 3 ÃÀÄ��$Æ�®��"�$�l£���Ã ¯���¼¿¼¿�I£;�3²D��£.Û�ô ¡��$�"�$�l¼¦¢¤£H¢¤²"�3¢Ô�z�P��´
�H�3�������¿�"�)�I£�¡¶´1�"�P´1�I£H¡¦��£������v²l¢¤²É��ªÈ�����3±��$��Ë���³Â²Å¢¤£¦�c��£H£��I�c�3¢���£¶´1����¢��I£;�"�I¡»£��$�,³����3±¶²�Û¶Ã�������M¬%�	��¡dHÜb×k;HÕc×�Ù'ú�Ý�ùk; ùk;C� ßIúL®ÅùPÜlÚ>Ý�;f=�¸ ¶ó î �¶÷3ü'� î�î�¢ �P�¶öP¸ÅöI¨�¨��vÃ

¥ � � ©¿¯�Ã
w�¢���£H¡ �¾Ã±�)£H¢�·����3����Ã ¯��v���l¡H¢Ô£H�P�"�I¡ ���$�W³����3± @ �l���I¡�®H�¤¢¤£�·�ü�ô (��l��¼½�$³����3±�ª]���
��£H¡�´1�"�P´1�I£H¡ @ �$�3µ¶¢¤�c�I²$ÃÉÒb£C���������k�����Ü�fÑ:Ñ�Ñ)��¸��¾��µ î7����� Ã

¥ �Hö6©�«HÃlw�¢��$ÆÈ�I���$�l����£H¡���Ã'�ÂÃ¶���3�$·���ÃÉ}��l¢����l¢¤�W�W¦®��I®H�I¢¤£�· @ �l���I¡�®H���$�l²�³Â¢��3�»ôÂ���H�3��!�¢¤¼¿�P�"�
@ ���3�3¢¤£H· ¢¤£µ¯®��"��®�����®J¾��$�3�I¡ @ ³Â¢¤�3�l���I²$Ã Ò<£µ�������ÝÁvùPû¶Ü�;�×PÖºùk;c2Èß$Ö�ßlÙIúWß¸8C��Ü3ß3×>Õ»Ý�;�ÉùkXhX�ûf;�Ý�Ù�×�ú�Ý�ù?;�Õ�¸�µ����¤®H¼½�¿öj>�¸����P·��I²)ö�ö î > ¢ ö�ö"�;§v¸a«�®H£��¿öI¨�¨�¨vÃ

¥ � î ©Ó�zÃ]u �P�"�l�P·�¢1¸È¯�ÃF�°¢¤²3¡�¢�±v¢Ô��£¹¸v��£�¡`�½Ã @ ���H�l�PÆ���Ã�«;¢��"�"�$��¯º���¤�$®H�¤®H²°¢¤£ÀôF�Qu ���$�W³����3±¶²$üu ®����3¢������x���v¡�� ¯º��²"��Ã±������������� �>�R��¡ > ¨�Ä¶¸�«�®H£��¿öI¨�¨3��Ã
¥ �P��©h�½Ãk�¢¤�l�����Ô²$¸�¬ Ã�«;���c��Æ�²"��£a¸���£H¡Jw�Ã]£È�H��£�·�ÃÊô�£/ô¾�H�H�3�������/�"� @ �$�lµv¢¤�c��ô��¤���¶�$�P�3¢���£À¢¤£
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¥ ���P©h�½Ã��¢¤�������¤²$¸ ¬ Ã «;���c��Æ�²3��£¹¸ ��£H¡ w�ÃÞ£È����£�·�Ã ô �º³��P´1Æ�¢�� �¢Ð¾È�$�3�I£¶´
�3¢¤�P�"�I¡ @ �$�3µ¶¢¤�c�I² ô¾�l�l��¢��"�I�c�3®��3� ª]��� �3��� Ò<£��"�$�l£��$�$Ã ���'µ��I¼ ÆÈ�$� öI¨�¨?>�Ã
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¥ �P�© 4 Ã�}É��£¹¸���Ã�}Å�l�PÆ��H�P±>�P�'¸Å��£H¡¼�½Ã�}�²"��®�£H¢¤²$Ãë¯�Ä>¯5�/�¾¸�ô @ �3�P�"�I���I²3²½ô��c�3¢�µ��C¦®��I®��u ��£��P·��I¼½�I£;� @ �����I¼½�¦ª]��� ô¾�H�H�l��!�¢¤¼¿�P�3¢¤£�·J(���¢����°��£H¡�³¾¢¤¡��3� ô��¤���¶�$�P�3¢���£¹ÃMÒ<£¼�°Ü"ù?Ã
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��£H¡ ¯���¼¿��®��"�$� @ �$¢��I£��c��¸6u Ò��¸aöI¨�¨ î Ã

¥ �P��©�ô)Ã²}��l¢�µP�����'µ ��£�¡U�½Ã @ �����l�PÆv��Ã>}Ï�$�"´W²"�"�3�I��¼ «�¢��"�"�$��ô�£H�����¶²3¢¤²�¢¤£ ¯R� 4 ôF� uáu ®H���3¢�´
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¥ �;¨�©�«HÃ 4 �"!¶ªA���l¡a¸�ô Ã 3 �l�$�I£;ÆÈ�$�3·�¸É��£H¡ç(�Ã�����£���¼¿¢õÃfÄ�P�l¡�³°�P�3�c´1��EM�$¢��I£��s(���¢��V¦®��I®��I¢¤£H·
ôÂ���l�H¢��"�I�c�3®H�3�I²ÓªA���½Ä¢�·��¶´W²"�È�$�I¡$�¾�$�,³����l±v²$Ã�Òb£´�°Ü"ùIÙ�ß�ß�8PÝ<;Z=�Õ/ù��	�������â���7�/�>�R��¡�¸u �P���l�ëöI¨�¨�vÃ

¥�§ � ©�«HÃ��`Ã 4 ��ÆÈ�$�3�3²���£H¡ «HÃÅ�ÃÏ¬¢��3�3��¼½��Ã]�Á��� @ ®��È�$�3�È��²3¢¤�3¢���£Ñ��ªQ}Ï�$�l¢��¶¡H¢¤�f¯��I�¤��ôÂ�l�l¢�µP���
@ �"�3�I��¼¿² ¢¤£���£zôF� u u ®H�¤�3¢������"!¶�$�IÃã�������,�Ü"×k;�Õ$×�ÙIú�Ýõùk;�Õ ùk;ä�Éù?XBX�û%;HÝõÙl×�ú�Ýõùk;�Õ6¸
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