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cedSf	g	hjilkPf�f+dSinm$oGprqtsvuwkPfyx cedSf+g	hjilkPf�zPoGi:inu|{|qtz~}�{vg	f
��� o��+kjg	f��>}�{w�|k�}�{w����k � g	kPzPf

� u|m|prqtz~}�g+qtoG{Aqr{eg	k � {wk�{.���G����x���o~�Wkji�m/k �5������� x � ��� }��WkPf

���(�P�~���|����� � k �|� o � o�f	kl} �|� }Gzjg+qtz~}�p�ilkjg+�woS�¡ ¢o � �|kb£w{|qr{|�¤}�{w� �|� o~�Sqr{|� �|� o � k � g+qtkPfno� ¥�Wkj{wk � }�p§¦Jq©¨ªk�¨r«
{woGg8{wkPzPkPf	f¬} � qrprdf+g � uwzjg+u � }�pN® � kPzju � f	qr�Wk5 Ju|{wzjg+qtoG{wf�qr{ �|� oeo� �}Gf	f+qtf+g¬}�{eg	f8m)}Gf	kP��oG{�g¯d � k5g+�wkPo � dW¨�°±�wk5qt�|k~}�qtf
g	o��|kb£w{wk�g+�wk�� � } � �&o� >g+�wk§qr{vg	kj{w�|kP�� Ju|{wzjg+qtoG{&}Gf8}�{�qr{w�²uwzjg+qr�Wk � kjp³}�g+qtoG{.«w}�{w�´g	o �|� o~�Wk5g+�)}�g±g+�wk � kjp³}�g+qtoG{
}Gzjg+u)}�prprd � k �|� kPf	kj{vg	fn}µ ]u|{wzjg+qtoG{.«Q¶8�|qtz	�_qtf§med¤zPoG{wf	g � uwzjg+qtoG{[g+�wk� Ju|{wzjg+qtoG{[g+�)}�gC¶¥k�} � k�g � dSqr{|��g	o�|kb£w{wk�¨
°±�wkj{.«|¶¥kC�Wkj{wk � }�g	k�qr{w�²uwzjg+qtoG{ �|� qr{wzjq � ptkPf8 ¢o �8�|� o~�Sqr{|��oGg+�wk � } � m|qrg � } � d �|� o � k � g+qtkPf�o� �g+�wk� Ju|{wzjg+qtoG{.¨

°±�wk�} �|�|� oW}Gz¬�µ�)}Gf�m$kPkj{lkb· � k � qrilkj{eg	kP�lqr{lg+�wk�¸¥oSs �|� oSo� .}Gf	f+qtf+g¬}�{eg~«�m|u|g¹f+�woGu|pt�:¶¥o �+º qr{:prq º kb»©i:qr{w�|kP�
�|� oSo� �}Gf	qtf+g¬}�{vg	f�}Gf�¶¼kjprp©¨½¾g�}�prpto~¶�fn ¢o �  Ju|{wzjg+qtoG{wf�¶8qrg+�3i�u|g+u)}�p � kPzju � f+qr�Wk�z~}�prptf~«({wkPf+g	kP� � kPzju � f+qr�Wk�z~}�prptf~«
}�{w�:¶¥o �+º f±}�ptf	o5 ¢o � g+�wk�f+g¬}�{w�w} � �µkj{wzPoe�²qr{|��o�  � } � g+q³}�p) Ju|{wzjg+qtoG{wf¹uwf+qr{|��g	oGg¬}�p) Ju|{wzjg+qtoG{wf¼o~�Wk � }��|k � kj{w�|kj{eg
g¯d � k5g+�)}�g � kPf+g � qtzjg	f�g+�wkno � qr��qr{)}�pQ Ju|{wzjg+qtoG{.¿ªf§�|oGiµ}�qr{.¨

� k �|� kPf	kj{eg�f+qri � ptk:kb·w}�i � ptkPfn}�{w� � k � o � g�oG{_}�p³} � �Wk � z~}Gf	k�f+g+uw�²d7¦]f	kjg	fCo� ¼qr{eg	kj�Wk � f � k �|� kPf	kj{eg	kP�_}Gf
o � �|k � kP��prqtf+g	f�o� ?qr{eg	k � �G}�ptfT®8g+�)}�g8¶¼kn�)}P�Wk�zPoG{w�²uwzjg	kP�Aqr{�g+�wk�zPoG{vg	kb·²g�o� �zPk � g+qÀ£)kP�Af+g¬}�g+qtzn}�{)}�prd²f	kPf~¨
Á�ÂvÃ$Ä	Å�Æ ��Ç?��� {woG{²»¯f+g � uwzjg+u � }�p � kPzju � f	qr�Wk5 Ju|{wzjg+qtoG{wf�«|qr{w�²uwzjg+qtoG{ �|� qr{wzjq � ptkPf~«/¸¥oes �|� oeo� �}Gf	f+qtf	g¬}�{vg
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�� ���� � � ��oGuwf �|� o � o�f	oG{wfu|{wk[} �|�|� oSz	�wk �|� }�g+qtseuwk � oGu � ���b£w{|q � kjg �|� oGu|�Wk � �|kPf �|� o �|� q��jg��Pf&�|k
 ¢oG{wzjg+qtoG{wf � �Pzju � f+qr�WkPf§���j{�� � }�ptkPf�¦Jq©¨ªk�¨r«){woG{ {��PzPkPf	f¬}�q � kjilkj{vg5f+g � uwzjg+u � kjprptkPfT®��w}�{wf��|kPf5}Gf	f+qtf	g¬}�{vg	f��|k �|� kju|�Wk
m)}Gf��Pf�f+u � p³}:g+���Po � qtk��|kPf�g¾d � kPf~¨§��¿ qt���Pk �|� qr{wzjq � }�ptk�kPf+g5�|kn���b£w{|q � ptkn� � } � �wk��|knp³}: ¢oG{wzjg+qtoG{¡kj{¤zPoGu � f5�|k
���b£w{|qrg+qtoG{LzPoGi:ilkµu|{wk � kjp³}�g+qtoG{Lqr{w�²uwzjg+qr�Wk�«?kjg��|k �|� oGu|�Wk � seuwklzPkjg+g	k � kjp³}�g+qtoG{ � k �|� �Pf	kj{vg	k�u|{wk� ¢oG{wzjg+qtoG{
seu|q5kPf	g~« � } � zPoG{wf+g � uwzjg+qtoG{.«5zPkjprptk[svu.¿ªoG{ kPf	fT}�qtk¤�|k¡���b£w{|q � ¨���{wf+u|qrg	k�«§{woGuwf&���b£w{|qtf	f	oG{wf��|kPf �|� qr{wzjq � kPf
�Q¿ qr{w�²uwzjg+qtoG{ seu|q � k � ilkjg+g	kj{vg§�|k �|� oGu|�Wk � �|kPf �|� o �|� q��jg��Pf§svuwkjptzPoG{wseuwkPf�f+u � p³}� ¢oG{wzjg+qtoG{.¨

��oGuwf�}~�WoG{wf�kb· � � � qrilkj{eg��&p©¿ð} �|�|� oSz	�wk¤�w}�{wflp©¿ð}Gf	f	qtf+g¬}�{vg´�|k �|� kju|�Wk¤¸¥oSs�¨ ¸¥k � kj{w�w}�{eg~«�kjprptk&�|kj� � }�qrg
 ¢oG{wzjg+qtoG{|{wk � �w}�{wf��Q¿ð}�u|g � kPf:f	dSf+g	hjilkPf�m)}Gf��Pf�f+u � p³}Ag+���Po � qtk��|kPf�g¯d � kPf~¨[�¹¿ð} �|�|� oez¬�wk � k � ilkjg:�|k´g � }�qrg	k �
�|kPfC} �|� kjptf�i�u|g+uwkjprptkjilkj{vg � �Pzju � f	qÀ ]f5kjg���oGu¡qrinm � qtseu��Pf~«.}�qr{wf+q�svuwk��|kPf§ ]oG{wzjg+qtoG{wf � } � g+qtkjprptkPf5�Sq³}µptk�zPoS�w}��Wk
f+g¬}�{w�w} � � � } � �|kPf± ]oG{wzjg+qtoG{wf�g	oGg¬}�ptkPf§}�u�g¾d � k���� � kj{w�w}�{vg�seu|q � kPf+g � kjqr{eg�ptk��|oGiµ}�qr{wk��|k����b£w{|qrg+qtoG{.¨

��oGuwf �|� �Pf	kj{vg	oG{wf �|kPf�kb·²kji � ptkPfAf+qri � ptkPf&}�qr{wf+q�seu.¿ u|{wk��jg+uw�|k_�|k¤z~}Gf � pruwfAzPoGi � ptkb·²kPf_¦Jptk¡zPoS�w}��Wk
�Q¿ªkj{wf	kji�m|ptkPf(�Q¿ªkj{eg+qtk � f � } � �|kPfQprqtf	g	kPf.�Q¿ qr{vg	k � ��}�prptkPfT®Qseuwk�{woGuwf(}~�WoG{wf.ilkj{��Pk��w}�{wf.ptk�zPoG{vg	kb·²g	k��²un���j�Wkjpto �|� kb»
ilkj{vg§�Q¿ð}�{)}�prdSf	kPf§f+g¬}�g+qtseuwkPf�zPk � g+qÀ£��PkPf~¨
��Æ �~�¤��� � �L�  ]oG{wzjg+qtoG{wf � �Pzju � f+qr�WkPfn{woG{²»¯f	g � uwzjg+u � kjprptkPf~« �|� qr{wzjq � kPf��Q¿ qr{w�²uwzjg+qtoG{.«�}Gf	f+qtf+g¬}�{eg�}�u²· �|� kju|�WkPf
¸¥oSs



� � �§�)#$�C����'.�/�	���
� kb£w{|qr{|��}�{w� � k~}Gf	oG{|qr{|�n}�m$oGu|g�f	oGilk � kjp³}�g+qr�Wkjprd�f+qri � ptk � kPzju � f+qr�Wk¥ ]u|{wzjg+qtoG{wf�¦]f+uwz	�´}Gf��§u|qtz º f	o � gT®(qr{ �|� oeo� 
}Gf	f+qtf	g¬}�{vg	f�m)}Gf	kP�_oG{ g¯d � kµg+�wkPo � d ¦]f	uwz	�7}Gfng+�wk�¸¥oes �|� oSo� �}Gf	f	qtf+g¬}�{vg�� ��� ®Cqtf�f+u �+�|� qtf+qr{|��prd_�)} � �Q¨
	wo � }
uwf	k � qr{eg	k � kPf+g	kP� qr{����������f+uwz¬�Ag	oSoGptf8 ¢o � g+�wk � u �+� o�f	k�o� ��Wk � qÀ£)z~}�g+qtoG{7¦¢}�{w�&{woGg�qr{ g+�wk�f+u|m|g+ptkjg+qtkPf�o� �g¾d � k
g+�wkPo � dw®b«(g+�|qtf��²q��µzju|prg¯d3iµ}~d � } � qt�²prd[m$kPzPoGilkµo~�Wk � ¶8�wkjpri:qr{|�w«¼}Gf�g	oSo&inuwz¬� k��Qo � gnqtf�f � kj{vg�oG{ �|k~}�prqr{|�
¶8qrg+�¡�²q��µzju|prg5zPoG{wzPk � g	f5{woGg � kjp³}�g	kP�¤g	oµ�wk � �Wk � qÀ£)z~}�g+qtoG{ �|� oGm|ptkji&¨�� o � kPo��Wk � «$qr{¤oGg+�wk ���|� oSo� ¥}Gf	f+qtf+g¬}�{eg	f
m)}Gf	kP�&oG{&�²q��Qk � kj{vg§ptoG��qtz~}�ptf8  � }�ilkj¶¼o �+º f~«|g+�wkPf	k �|� oGm|ptkjilf5} � kCzPoG{wf+qt�|k � }�m|prd&k~}Gf+qtk � �r��� � ¨

°±�wk�iµ}�qr{ �|� oGm|ptkji } � qtf¬kPf5  � oGi�g+�wk� ©}GzjgCg+�)}�gCg¯d � k�g+�wkPo � d¤qri � o�f	kPf5g+�)}�gn}�prp� Ju|{wzjg+qtoG{wf�g	k � i:qr{)}�g	k��
ilo � kPo~�Wk � «wg+�wk§g¾d � kb»¯z	�wkPz º qr{|�}�pr�Wo � qrg+�|i-inuwf+g±m$kC}�m|ptk§g	o:z¬�wkPz º g+�|qtf¥ ¢}Gzjg8}�u|g	oGiµ}�g+qtz~}�prprdW¨¥°±�|qtf � kPf+g � qtzjg	f
g+�wk�zjp³}Gf	fCo� � ]u|{wzjg+qtoG{wf5g+�)}�gn} � k��|kb£w{)}�m|ptk�qr{[}´f+qri � ptk�iµ}�{|{wk � g	o � kPzju � f+qr�Wk� ]u|{wzjg+qtoG{wf5¶8qrg+�3f+g � uwzjg+u � }�p
� kPzju � f+qtoG{ o~�Wk � } � } � }�ilkjg	k � ¦N ¢o � kb·w}�i � ptk�«>qr{=}´ Ju|{wzjg+qtoG{L¶8qrg+�[ ¢o � iµ}�p � } � }�ilkjg	k �

p ∈ N
«(} � kPzju � f+qr�Wk

z~}�prp.iµ}~d´m$k � k �  ]o � ilkP��¶8qrg+��g+�wk�}Gzjg+u)}�p � } � }�ilkjg	k �
p − 1

m|u|g8{woGg~«)k�¨ �w¨r«
p div 2

®b¨
½¾{�g+�|qtf � } � k � ¶¼k �|� o � o�f¬k¥} �|� }Gzjg+qtz~}�p²ilkjg+�woe�� ¢o � �|kb£w{|qr{|�C{woG{²»¯f	g � uwzjg+u � }�p � kPzju � f+qr�Wk¼ Ju|{wzjg+qtoG{wf�qr{�g+�wk

¸¥oSs �|� oSo� �}Gf	f+qtf	g¬}�{vg�}�{w��oGg+�wk � prq º kb»©i:qr{w�|kP�&f+d²f+g	kjilf~¨�°±�wk�qt�|k~}�qtf±g	o:�|kb£w{wk5g+�wk�� � } � �&o� (g+�wk5qr{eg	kj{w�|kP�
 ]u|{wzjg+qtoG{:}Gf�}�{�qr{w�²uwzjg+qr�Wk � kjp³}�g+qtoG{.«v}�{w��g	o �|� o��Wk¥g+�)}�g?g+�wk � kjp³}�g+qtoG{µ}Gzjg+u)}�prprd � k �|� kPf¬kj{vg	f�}� Ju|{wzjg+qtoG{.«�¶8�|qtz¬�
qtf�med&zPoG{wf+g � uwzjg+qtoG{¤g+�wkC ]u|{wzjg+qtoG{ g+�)}�g§¶¼k�} � k�g � dSqr{|�µg	oµ�|kb£w{wk�¨ � k�}�ptf	ol�Wkj{wk � }�g	k�qr{w�²uwzjg+qtoG{ �|� qr{wzjq � ptkPf
 ¢o � g+�wkµ Ju|{wzjg+qtoG{.«?¶8�|qtz	�=�wkjp � �|� o~�Wk´oGg+�wk ���|� o � k � g+qtkPf�g+�)}�g�g+�wkl Ju|{wzjg+qtoG{=f¬}�g+qtfÙ£)kPf�¨&½¯{ � } � g+qtzju|p³} � «�g+�wk
qr{w�²uwzjg+qtoG{ �|� qr{wzjq � ptknqtf f+g � oG{|�Wk � g+�)}�g�g+�wk� ]u|{wzjg+qtoG{.¿ªf�o�¶8{�£|· � oGqr{vg�kPseu)}�g+qtoG{.«|q©¨ªk�¨r«|g+�)}�g8¶8�|qtz¬�¤}�prpto�¶�f�g	o
u|{² ¢oGpt�:g+�wk± ]u|{wzjg+qtoG{.¿ªf¼�|kb£w{|qrg+qtoG{�qr{�} �|� oSo� Ù¨�cede{eg+�wkjg+qtf+qr{|��}�{w�µuwf+qr{|��qr{w�²uwzjg+qtoG{ �|� qr{wzjq � ptkPf� ¢o � ������ �!���"�$#&%
� kPzju � f+qr�Wk5 ]u|{wzjg+qtoG{wf�qr{ ¸¥oSs��)}Gf�}�p � k~}G�²dm/kPkj{ �|� o � o�f	kP�qr{'�)( � ¨

°±�wk�ilkjg+�woS�¡}�prpto�¶�f� ]o �  ]u|{wzjg+qtoG{wf5¶8qrg+�¤i�u|g+u)}�p � kPzju � f+qr�Wk�z~}�prptf~«/{wkPf+g	kP� � kPzju � f+qr�Wk�z~}�prptf~«.}�{w�¤¶¼o �+º f
}�ptf	o_ ]o �+*¯� } � g+q³}�p�,& ]u|{wzjg+qtoG{wf�eq³}3g+�wk¡f+g¬}�{w�w} � � kj{wzPoS�²qr{|� }Gf´g	oGg¬}�p� ]u|{wzjg+qtoG{wfo~�Wk � }_�|k � kj{w�|kj{vg�g¾d � k
� kPf+g � qtzjg+qr{|�lilkji�m/k � f	�|q � qr{&g+�wkCo � qr��qr{)}�p> Ju|{wzjg+qtoG{.¿ªf§�|oGiµ}�qr{.¨

�>}Gf	g�m|u|g�{woGgnptk~}Gf	g~«>oGu � } �|�|� oW}Gz¬�Lqtf � kjp³}�g+qr�Wkjprd3f	qri � ptklg	ou|{w�|k � f+g¬}�{w�=}�{w�[uwf	k�»�qrgnuwf	kPfnoG{|prd¤g+�wk
f+qri � ptkPf+g�zPoG{wzPk � g	f:}�{w�_zPoG{wf+g � uwzjg+qtoG{wf�oG{ ¶¼kjprpÀ»¢ ¢oGu|{w�|kP� o � �|k � fn»5}�{w�Lz~}�{Lm$kµ}�u|g	oGiµ}�g	kP�Q«¹}�g�ptk~}Gf+g� ¢o �
g	oGg¬}�p¼ Ju|{wzjg+qtoG{wf�¶8qrg+�woGu|g�{wkPf+g	kP���çi�u|g+u)}�p � kPzju � f+qr�Wkz~}�prptf~¨ ½¾{_g+�wk´kj{v�Sqtf¬}��WkP� g	oSoGp©«�g+�wkµuwf	k � ¶ � qrg	kPf��wk �
 ]u|{wzjg+qtoG{7qr{7} � f	kjuw�|oSzPoS�|k�{woGg¬}�g+qtoG{ f	qri:qrp³} � g	o g+�)}�g:o� �¸¥oes/«¹}�{w� �|� o~�Sqt�|kPfµ} ¶¼kjprpÀ»¢ ¢oGu|{w�|kP� o � �|k � oG{
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