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S*TVU WYX�Z�[ \^]_W�`Vacbedf]cgihjX d5gikldf]cWY]_mnbedf]cgoh
p XqmsrtmsdfU&WYX&mvu&giWYkVa_X�w^X&m

xzysge{|X d}\^~��v��\�X dv��bomsmnbo`la_dv���t]cbedn]_gih

�5bokVkHgiy|d p XqyfX&u�TlX&yfu�TlX�h����i�i����[ ��boysm����i�i��[ Z���k�bo�oX&m

�-�t���������¡ �b�WY¢ dfTVg p X p X p ¢&u giWYk:gomf]£dn]_gih¤goysdnTlgi�igih�beacX¥kVysgikVysX%¦Egi`§v¨ª©�¨c«¨c¬}]_h�dfyfg p `V]£dnX¥k�bey
 8`VWYacX�r;_� ®�k:X yfWYX d p X¯dfynbohVm|°±giyfWYX y�`lh�m|rtmsdnU WYX p³² ¢&´�`�bedf]cgohVmCbe`^w p ¢ yf]£�i¢&X mCk�beysdn]_X&a_a_X&m	¦Fµz��x¶¬8X&h�`Vh
msrtm|dnU&WYX p³² ¢ ´�`�bedn]_gihVm p ]£·¸¢ yfX h�df]cX aca_X&mCgiy p ]_h�bo]_yfX m�hVgih�ac]_hV¢�be]cysX&m=¦Fµz�.¹q¬�X h�`^dn]_ac]_mnboh�d p X&m�mfgoac`ldf]cgohVm p X
a ² µz��x�ºV��bohlm»u&X�yfbokVkHgiysd&¼^hlgi`Vm»kVys¢&msX&h�dngihlm*`VhVX�XOw^dfX&hVms]cgoh p X}a ² boklkVyfgtu�TVX.x�º½¹�º¾��ºc¼lbo`^w6¢&´�`�bedf]cgohVm
p X*�vb��^]_X&y�¿|\tdfgiÀoX mzu&giWYkVysX&mfms]cÁlacX�X dC`VhVX*ys¢&mfgoac`ldf]cgoh¥Á�bomf¢ X»mf`ly�`VhVX p ]_mfu yfX�dn]_mnbedf]cgihYk�beyCW;bo]_acacbo�iX»hlgih
msdfyf`Vu�dn`Vys¢oº¸¹�h p ¢ u&ys]_dvaÂbYWY¢ dfTVg p X�h�`VWY¢&ys]c´�`VX�`ldn]_a_]cms¢&X�kHgi`Vy p ¢��iX acgiklk:X y}`VhjmsrtmsdfU&WYX p rth�beW;]_´�`VX
bo]_hVmf]�´�`VX�a_X&m�u�Tlgi]£w�a_]c¢ m�Ã6a ² ]_WYkVacboh�d�bedf]cgih�]chl°±goyfW;bedn]_´�`VXoº¸ 8X&m}klyfgiÁVa_U&WYX m p X�m|d�boÁV]_a_]_df¢�h�`VWY¢&yf]_´�`VX
mfgoh�d�¢�dn` p ]_¢&m º� �b�kHgimfms]cÁV]_a_]_df¢ p³² `ldf]ca_]cmsX&y p X&m.dfX&u�TVhV]_´�`VX&m p³² bemfmf]_WY]cacbedf]cgih p X p gihVhl¢&X&m�X&m|d�X�w^k:gomf¢&Xeº
 8X&m�WY¢�dnTVg p X&m.klyfgikHgimf¢ X&m.msgih�d�dnX msdn¢ X&m p behVm�a_X�u�bom p³² `lh¢&u&go`VacX WYX&h�d�]chVm|d�bedf]cgohVh�bo]_yfX�kH¢&ys]cg p ]_´�`VX
bo`ldfgi`Vy p³² `Vh%kVyfgeÄ�a��v�5Å=�}ÆiÆl�Ç�YÃ;��bou�TjÆlº½�¥X dvÈeÉoÊ p³² ]_hVu ] p X hVu&Xeº
Ë#Ì�ÍÇ��ÎnÏ�ÐE�t�Ñ� x¶¹.��¿vµ¯u gi`Va_X&WYX&h�d�u giWYkVyfX mfms]cÁVa_X)¿}��be]ca_aÂbe�iX)hlgih¤m|dnys`Vu df`Vyf¢¥¿5¢&a_X&WYX&h�dfm�Ä�hV]_m�¿
msdnboÁV]_ac]£dn¢�¿	bomsmf]_WY]cacbedn]_gih

Ò�Ó�ÔÂÕ*ÖO×ÙØÂÚÇÛ�ÜÇ×ÙØÙØÙÖ�ÜÇÕ»Ý�Þ ß&×ÙÛ�àâáCãÇÖ�äåäåÖOÜÇØ¾æEÔªÖnß�×ÙÖOæF×Ùà�ç�Þ è£é



� ��� !#������*� ������������������� � ���=��
 �������������� �����%�&����/ ���
(����8������/�� �=��
 ���>������� ?%��� 13�546� �*�87¸9Y����<�������')(��.��� ���%�

��� � Í�����ÏoÍ�� S*TlX�x¯yfgok:X y6¹�y|dnTVgi�ogih�boa��}X u&giWYkHgimf]£dn]_gih WYX�dnTVg p ¦±§}¨ ©�¨_«¨c¬�¼	ÄVyfmsd p X mfu&ys]cÁHX p Á�r
 8`VWYacX�rN£�&®F¼lbeaca_g�	�m	dnTlXvdnyfbohVm|°±giyfW;bedf]cgih6go°�b�m|rtmsdnX W0ge°8k�boy|dn]cboa p ]_·:X&ysX&h�dn]cboaHX&´�`�bedf]cgihlm»]ch�dfg¥b�m|r^m�¿
dnX W0ge°8giy p ]ch�beysr p ]_·:X&ysX&h�dn]cboa:X&´�`�bedf]cgihlm»Á�r)dnboÀ�]chV�¥]_h�dng¥beu&u&go`Vh�d�b�mfX�d*go°8d rtkV]_u�boa:mfgia_`ldf]cgihlm»go°8dnTlX
xz��µ*º:S*Tl]cmvyfX&kHgiy|d}kVysX&msX&h�dnm.behjXOw^dfX&hVms]cgohgo°CdfTVX�x¶¹.� WYX dfTVg p dng)u&giWYkVysX&msmf]_ÁVacX��}b��t]cX y|¿|\�dngiÀeX&m
X&´�`�b dn]_gihVm�boh p b�mfgia_`ldf]cgih
	�TVX yfXYmfkVbou&X p ]_mfu yfX df]cmfbedn]_gih¤]cm.Á�bemfX p gihÑ`VhVm|dnys`Vu df`VyfX p WYX&msTVX&m ºYS*TVX
h�`VWYX&ys]cu&boaVboklkVyfg�beu�T p X��iX&a_gikHX p ]_m p X mfu yf]_Á:X p boacgohV��	�]£dnT�u�TVgi]_u&X&mCyfX&acbedfX p dfg}X�;u ]cX h�d�]cWYkVa_X&WYX&h�dnb ¿
dn]_gih³º¯S*TlX.kVyfgiÁlacX W go°�h�`VWYX&ys]cu&boa8msdnboÁV]_ac]£d r-]_m p ]_mfu `VmfmsX p º	�vmsX.go° p bed�b¥bemfmf]_WY]cacbedf]cgih�dfX&u�TVhV]_´�`VX&m�]_m
p X mfu&ys]cÁHX p º¶S*TlX�kVyfgok:gimsX p WYX dfTVg p m*boysXvdnX msdfX p °±giy¶dnTVXv`VhVmsdfX�b p r-kHX&yf]_g p ]cu���g�	 gÇ�oX&y*�5�5Å=��ÆiÆ^�Ç�
bo]_ys°±gi]_a8bedv�jbou�TNÆlºÙ�¥boh p bohjbohV�ia_Xqgo°Cbedfdnbou�À-go°�ÈoÉoÊ º
�����¸Î���Ì������o�+x	¹.� ¿Cu&giWYkVysX&msmf]_ÁVacX��Vg�	 ¿�`VhVmsdfyf`Vu�dn`VysX p WYX&msT6¿�Ä�hl]_dfX�X&a_X&WYX&h�dfm=¿�m|d�boÁV]_a_]��&bedn]_gih
¿	bomsmf]_W;]_acbedn]_gih
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 �b�ms]cW�`VaÂb dn]_gih6X h6WY]ca_]_X&`6]_h p `lmsdnys]cX a kVyfX h p `VhlXvk�beysd¶kVyf¢ k:goh p ¢&yfboh�dnX p bohVm¶a_X5u�rtu&a_X p X�u&gohVu&X k^¿
dn]_gih p X&m�klyfg p `V]£dnm�°±`^dn`Vysm�X d�WYg p ]£Ä�X)kVyfgo°±goh p ¢&WYX h�d�acX)WYg p X p X6u gihVu X&kldf]cgih¸º�µ¯aca_X6kHX&ysWYX d�`lhVX
yf¢ p `Vu�dn]_gih p X&m�u gCBldfm&¼=`lhVXNkVa_`Vm-�iyfboh p X�kVyf¢ u&]_mf]_gih p X&m�klyf¢ p ]cu�dn]_gihVm�X d6m ² ]ch�dfU&�iysXh�bedn`lyfX&a_a_X&WYX&h�d
p bohlm�`VhVX�goyf��bohl]cmfbedn]_gih p X�d r^kHX�]_hV�i¢ hV]cX yf]_X¥u&gihlu&gi`Vyfboh�dnXeº³ 8X&m�¢�dn` p X&m p X�u gihVu X&kldf]cgihX hÑbo¢&ysgihVge¿
dn]_´�`VX�hV¢ u&X mfmf]£dnX h�d p X�WYX dfdfyfX�X hg^X `l�tyfX p ]_·:¢&ysX&h�dnm.u g p X m p X�W;g p ¢ ac]_mnbedf]cgoh³º8Å=X m.u&g p X&m�ys¢&msgia_�oX&h�d
a_X&m5¢&´�`�bedf]cgihlm p³² µ¯`VacX y}gi` p X��}b��t]cX y|¿�\tdngiÀeX&m ¼ p Xq°Eb�D&gohj�i¢ hV¢&yfboa_Xo¼HX d5k:X `l�iX h�d-E dfyfX�`ldn]_acX m p bohVm p X
hVgiW�ÁVyfX `VmfX m¥mf]_W�`Vacbedf]cgihlm&º�~ a_m�°±gihlu dn]_gihVhlX&h�d¥X&h�X ·:X d¥kHgi`Vy p X6hlgiW�ÁVysX&`^w�d rtk:X m p X6W;bo]_a_aÂbo�oX&m�X�d
p³² ¢&u gi`Va_X&WYX&h�dnm ¼�X dzkVysgik:gomfX&h�d p X m p X&�iys¢&m p X�kVys¢&u ]cms]cgih¥�eboys]ÂboÁlacX m&ºtÅ=X&m¯u g p X&mzmfgih�dzu&boynbou�dn¢ yf]_mf¢&mzk�bey
acb-�iynboh p X¥yf]_u�TVX&msmfX p X¥acb-W;g p ¢ ac]_mnbedf]cgoh klT�rtms]c´�`VX�¦F�vbâ�t]_X&y�¿|\tdfgiÀoX m&¼8dn`VysÁV`Va_X&hVu Xo¼¯º_ºcºÙ¬�¼³bo]chlmf]�´�`VX¥acb
�iyfboh p X=b p bokldnboÁV]_ac]£dn¢	Ã p X mCu gihlÄ��i`lynbedf]cgihlm>dnysU&m p ]_�oX&ysmfX&m º�~ a�X�w^]cm|dnX p X mCu g p X m�Ã}klT�rtms]c´�`VX*ms]cWYkVa_]_ÄV¢&X
ÁHX�bo`Vu gi`VkÑWYgi]_hVmqu�TVX&ysm�X�d�bokVkVa_]_u�boÁVa_X&m�Ã p X mqu&gihlÄV�i`Vynb dn]_gihVm.WYgi]_hVm p ]_�oX&ysmfX&m º���bohVm.u X dfdfXY¢ dn` p X
gih u gihVms] p U yfX p X&m�WY¢ dfTVg p X&m�´�`V]	k:X yfWYX dsdnX h�d p X6ms]cW�`VacX y¥`VhVX)kVT�r^ms]c´�`VX�ys]cu�TVX6W)be]cm p X&m�u&boa_u&`Va_m
kVa_`Vm�mf]_WYkVacX m}u&boy/(F����1��������6(G��(�HI�+&J�K����#L�8#F�NMO��3P�8�8�6��*RQS��1�$'�+�6��3T��&�#U(�º

Å=X�a_gi�i]_u&]_X&a�`ldf]ca_]cmsX&yfb6`VhVX�bokVkVysg^u�TlX�k�boy p ¢ u&giWYkHgimf]£dn]_gih�goysdnTlgi�igih�beacX�]ch�dfyfg p `V]£dnX�k�boyv �`lW;a_X r
£�&®�k:gi`ly5dfynbohVm|°±giyfWYX y}a_X�msrtm|dnU&WYX p³² ¢&´�`�b dn]_gihbo`^w p ¢ yf]£�i¢ X&m.k�boy|dn]_X&a_acX m}´�`VX�u&gihVm|dn]£dn`VX h�d.acX m�¢&´�`�bÇ¿
dn]_gihVm p XN�vbâ�t]_X&y�¿|\tdfgiÀoX m&¼*X&h `lh msrtmsdfU&WYX p³² ¢&´�`�bedf]cgihlm p ]£·¸¢ yfX&h�df]cX aca_X&m�giy p ]chVbo]cysX&m-hlgih ac]_hV¢&bo]cysX&m º
  ² ]_h�dn¢ y!E d)X&m|d p¸² `ldf]ca_]_mfX&y)k�boyYacb ms`V]_dfXju X&m;msrtmsdfU&WYX&m p³² µz�.¹�kHgi`VyYacb u gihVu X&kldf]cgih�Ã a ² bo] p X p X�acb
mf]_W�`laÂbedf]cgoh�h�`VWY¢&ys]c´�`VX p Xqu&gih�dfy!Via_X p¸² ¢ u&gi`Va_X&WYX h�d�¦Ego`jWY¢&u&bohV]_´�`VX p X&m ��`V] p X&mvbou df]_�oXâ¬Oº

��bohVm¥`lh kVyfX W;]_X&y�dfX&WYkVm¥u X-ynboklk:giy|d�]_h�dnyfg p `V]_ynbNX�d p ¢ u&yf]_ynbacb�WY¢ dfTVg p X p X p ¢ u&giWYkHgimf]£dn]_gih
giy|dnTVgi�ogih�boa_X�bo`^w��obeacX `VyfmYkVysgikVyfX mj¦Egi`K§}¨ ©�¨_«¨c¬�ºCxCboyYacbÑms`V]£dnX�`VhVX p X `^w^]cU WYX�k�boy|dn]_X�X�w^kHgimfX ynb
acbNW;g p ¢ ac]_mnbedf]cgoh p ` msrtmsdfU&WYX p rth�boWY]c´�`VXe¼�dngi`^d p³² boÁ:goy p p bohlm¥acX m¥u�bom p ¢|{sÃN¢ df` p ]_¢&m p bohlm�aÂbNa_] ¿
dn¢ ynbedf`VyfX p³² ¢&u gi`Va_X&WYX&h�dfm�]chlu&giWYkVysX&mfms]cÁlacX m¥Ã�°Ebe]cÁVa_XYhVgiW�ÁVyfX p X)�5X�r^hlgia p m&¼�kV`V]_m p bohVm�acX m�u&bomq´t`l]
hVgi`lm�]ch�df¢&yfX mfmsX&h�d p³² ¢ u&gi`lacX W;X h�dnm;u&giWYkVysX&mfms]cÁlacX m&ºz 8X&m�klyfgiÁVa_U&WYX m p X-msdnboÁV]_ac]_mnbedf]cgoh mfX&ysgih�d p ]_mfu `^¿
dn¢ m»X d=acX m*msdfynbedf¢&�i]_X&m p¸² ]_WYkVaÂbeh�dnbedn]_gih�msX&yfgoh�d p ¢&u yf]£dnX&m º�  ² bekVkVa_]cu&bedn]_gih p XvdnX&u�TlhV]c´�`VX p³² bomsmf]_W;]_acbedn]_gih
mfX ynbNXOwlklac]_´�`V¢&Xeº¯µ¯hlÄ�h `VhVX p X&yshV]cU yfX-kVboysdf]cX)kVyf¢ mfX&h�dfX&ynb`VhlX�bokVkVa_]_u�bedf]cgih p X-acbNx>ºÙ¹�ºÙ��º�X d p X6acb
WYg p ¢&a_]cmfbedn]_gih p rth�boWY]c´�`VX�Ã¥a ² ¢&u gi`Va_X&WYX&h�d.be`ldngi`ly p³² `lhjkVysgoÄ�a p³² bo]_acX��5�5Å=��ÆiÆl�â�¥X hj]_hVu ] p X hVu&Xeº

WXW ç�Y)Z�ZO[O\
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 �b)x�º½¹�º¾��º�gi`j�}¢&u giWYk:gims]_df]cgoh¹�ysdfTVgi�igihVboacX�bo`tw��eboacX `Vyfm5x¯yfgokVyfX mvkHX&ysW;X�d p X�u gihVm|dnyf`l]cysX p X m
msrtm|dnU&WYX m p rth�boWY]_´t`lX&m�ysX&kVys¢&mfX h�d�bedf]_°±m p X�klTV¢&hVgoW;U hVX&m}k:gi`ly5a_X&ms´�`VX&a_m}gih p ]_mfkHgimfX p X�yf¢�beac]_mnbedf]cgohVm
]_hVmsdnboh�d�bohV¢ X&m º³Å=X�dfdnX�WY¢ dnTlg p X�m ² bokVkl`V]cX�mf`Vy5`VhVX p ¢ u&giWYkHgimf]£dn]_gih�ms`Vy5`VhVX�Á�bomfX�kVyfgokVyfX p X�WYg p X m
p ¢�Ä�hV]_m-Ã¤kVboysdf]cy p³² `VhVXjmf¢&a_X&u�dn]_gih p X m;�eboa_X&`Vysm6kVysgikVysX&m p Xjacb¤W;bedfyf]_u&X p X&m)u&giysyf¢&acbedf]cgihlm;dfX&WYk:g ¿
yfX aca_X&m p³² `lh�u&X&y|d�bo]_h-hVgoW�ÁVysX p X�ys¢�boa_]cmfbedn]_gihVm p X}a ² ¢ u&gi`lacX W;X h�d�º��}X m�bokVkVysg^u�TlX&m»msX&W�ÁlaÂboÁlacX m*gih�d»¢ df¢
kVysgik:gomf¢&X m*k:go`Vy=a ² beh�boa£r^msX p X�ys¢&mf`la_dnbednm*XOwlkH¢&ys]cWYX h�dnbo`^w £�i¼l� ®³X�d*yf¢ u&X W;WYX h�d�kHgi`Vy=aÂb�ysX&u gihVmsdfyf`VuO¿
dn]_gih p `�u giWYk:goysdnX WYX&h�d p rth�beW;]_´�`VX p¸² ¢ u&gi`Va_X&WYX h�dfm.]chlu&giWYkVysX&mfms]cÁlacX mY¦s �l¼ Zl¼:� ® ¬*ÃY°Ebo]_ÁVa_X�hlgiW�ÁVysX
p X ��X rthVgia p m&º}Å=X&mjbokVklyfgtu�TVX&m%mfX yfgih�d%¢ dfX&h p `lX&mNbe` m|r^m|dnU W;X p X&m%¢&´�`�b dn]_gihVm p X �}b��t]cX y|¿|\�dngiÀeX&m
u&goW;klyfX&msmf]_ÁVa_Xoº�Å=X dsdnX�X�wtdnX hVmf]_gihÑ]cWYkVa_]_´t`lX¥X&hNk�beysdn]_u&`lac]_X&y�acb p ¢�Ä�hV]£dn]_gih p³² `VhVX�hlgiyfWYX�kHX&ysWYX dfdnboh�d
a ² ¢��obeac`�b dn]_gihju giTV¢ yfX&h�dfX p Xqacb;W;bedfyf]_u&X p Xqu&goyfyf¢ aÂb dn]_gih³º �vhlX p ]_mfu yf¢�dn]_mnbedf]cgihjX&h%¢&a_X&WYX&h�dfmvÄ�hV]_m�mfX ynb
b p gokldn¢ X5kHgi`Vyza ² ¢��eboac`Vbedn]_gih p X&m¶kVyfg p `V]£dnmzmsu�boacbo]_yfX&m º^¹.h;¢ df` p ]_X&yfb�acbqysgiÁV`Vm|dnX mfmfX p X5u&X dsdnX5bokVklyfgtu�TVX
kHgi`Vy p X mv¢ u&gi`Va_X&WYX h�dfm}ms]cWYkVa_X&m�¦EkH¢&ys]cg p ]_´t`lX&m5X d5u�boyfbou df¢&ys]cms¢&m5k�boy�`VhVX.°±yf¢ ´�`VX&hVu X p giWY]ch�beh�dfXâ¬Oº
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bo` p ¢��iX&a_gikVkHX&WYX h�d p `jm|rtmsdnU WYX p rth�boWY]_´�`VX�X�d5X&hlÄ�h%gih%X�w^kHgimfXqa_X&m5W;¢�dnTVg p X mv`ldf]ca_]_mf¢&X m&º
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 8X&m*�eboyf]cboÁVa_X&m p X.u X&m5¢&´�`�bedf]cgohVm�mfgih�d5acX m*�obeyf]cboÁVa_X&m�h�bedf`VyfX aca_X&m p Xqa ² ¢ u&gi`Va_X&WYX h�d&¼ p bohVm�a_X�u&bom p³² `Vh
kVysgiÁVa_U&WYX�X h p X&`^w p ]cWYX&hlmf]_gihVm��

	 ! X&msd5acb p X&hVms]_df¢o¼

	�� � � � >� 
�� X&msd5a_X.�iX&u�dnX `Vy5�t]£dnX mfmfXe¼

	 ) X msd=a ² ¢&hVX yf�i]_X}W;bomsmf]_´�`VXo¼^mfgiWYWYX p Xva ² ¢&hlX&yf�o]cXv]ch�dnX yfhVXvW;bomfms]c´�`VXe¼
	 ���� ��� ¼�X d p X}a ² ¢&hVX yf�i]_X
u ]chV¢�dn]_´�`VX�W;bomsmf]_´�`VXo¼�� ��� �
 ¼

	 � X&msd5acbYdfX&WYkH¢&ynb dn`VysXo¼

	 �� X&msd5acb;u&bok�bou ]_df¢qu�boa_giyf]£Ä�´�`VX�Ã��igia_`VWYX�u gihVm|d�boh�d�¼

	 � X&m|d}acb¥kVyfX mfms]cgih%dnTVX yfWYg p rth�boWY]c´�`VXe¼

	 1 � P 1 L < T � P��:� �#^ � / L < 4�� � �ML ^ < 46� < ^ L2"NT�X&msd}acX�dnX hVmfX `Vy p X m}X ·:giy|dnmv�t]_mf´�`VX `^w:¼³g���X d���msgih�d
a_X&m�u&gtX�;u ]cX h�dfm p X.�t]_mfu&gomf]£dn¢&m ¼

	�� � ��� � ��� � � 2 >2 
 � X msd�a_Xq�iX&u�dnX `Vy ��`^w p X�u�T�boa_X&`ly&¼¸X�d���X msd}acX�u&gtX�;u&]_X&h�d p X�u gih p `VuO¿
df]_�t]£dn¢.dnTVX yfWY]_´t`lXo¼

	 � � � � >� 
�� X msd5a_Xq�oX&u�dnX&`ly p³² X ·:giy|dvkVboy*`VhV]£dn¢ p XqW;bomfmsXo¼

	 ��ysX&h p u&goW;k^dnX p X&m5mfgo`Vyfu X&m p Xqu�T�boa_X&`Vy º

¹�hjkHX&`ldvboa_giysm»�i¢&ys]_ÄVX&y5´t`lX�a_X&m5¢&´�`�b dn]_gihVm p X��}b��t]cX y|¿�\tdngiÀeX&mvk:X `l�iX h�dvm ² ¢&u yf]_yfX�X&h�°±gihVu�dn]_gih p X
u&X mvhlgi`l�iX aca_X&m��eboyf]cboÁVa_X&m ¼ p X.°Eb�D&gih�dfyfU&m�m|r^h�dfTV¢ df]c´�`VX.�
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��bohVm*`lh�kVyfX W;]_X&y	dnX&WYkVm*X�d�beÄ�h p X�mf]_WYkVac]£Ä�X y*acX�klyfgiÁVa_U&WYXe¼VmfX `VacX m�acX m»¢&´�`�bedf]cgohVm p³² µz`lacX y*gih�d
¢ df¢q¢ dn` p ]c¢ X&m��
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 g� � X&m|dva ² X&h�dnT�beackV]_X�X d 
 a ² X h�dnyfgokV]cX�¬�º

� `VX&a8klyfg p `V]£d�mfu�beaÂbo]_yfX p ¢�Ä�hV]_y��

	 Å=gih�dfynbo]_yfX W;X h�d�bo`�u&bomv]_hVu giWYkVyfX mfmf]_ÁVa_X�a_XqkVyfg p `V]£d�mfu&boaÂbe]cysX

��! �� " � $; L =3> � L ��!1L ��ML2"
h ² X&m|d�k�bem p ]_WYX&hVms]cgohVhVX&a_a_X&WYX&h�dqu&gohVmf]_msdnboh�d;¦Emfbo`l° p behVmva_X�u�bomvg��a_X&m��eboyf]cboÁVa_X&mvX&h�dnysgikV]_´t`lX&m
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\^]la ² gih�`ldf]ca_]cmsXq¦å�eÆ�¬ p behVmCa ² ¢ ´�`�bedn]_gih¥kVys¢&u ¢ p X h�dfXo¼ p X mC°±ynbeu dn]_gihVmCynbedf]cgihlhVX&a_acX m¯bokVkVboynbo]_mfmsX&h�d p behVm
a_X p ¢��iX&a_gikVkHX&WYX h�d p X&m=dfX&yfWYX m���� ��� � "¯X d8� � � ���� �

"O¼tu X�´�`V]Hk:gi`ly	a_X}WYgiWYX&h�d&¼lX&WYk�E&u�TVX p X}ms]cWYkVa_]_ÄVX&y*a_X
msrtm|dnU&WYXj¦|����¬�º¸µzh¢ u&gi`lacX W;X h�d�u giWYkVyfX mfms]cÁVa_Xo¼8gohh ² b-kVbom.kV`X�w^kVa_]_u&]£dnX&yqa_X�msrtm|dnU&WYXj¦|�o�Ç¬�¼HgihX&m|d
p gihluvgiÁlac]_�i¢ p X5kVyfgtu&¢ p X&y p ]£·¸¢ yfX W;WYX h�d&¼lu ² X msd=Ã p ]_yfXe¼�gih p gi]_d¶u&boacu `Va_X&y p ]cysX&u�dnX&WYX h�d»Ã�u�TVbo´�`VX}k�bem
p X.dnX WYkVmva_X.dnX yfWYX � � ��!K"#� � < "�º

	 ¨ 	 ¨ 	 Ë¡��Í���Ì � �t�6«�� � �tÐ±Ì����¯� �t�

¹�hK�ebW;bo]_h�dfX&h�beh�d)X�w^kHgimfX yYacX m;WY¢�dnTVg p X&mY`ldf]ca_]_mf¢&X mq{|`lmf´�` ² ]cu ]5kHgi`Vy p ¢ �iX acgokVk:X y)a_X�msrtmsdfU&WYX
p rth�boWY]_´�`VXoº»S�gi`ld p³² beÁ:giy p ¼¶gihRb�gikldf¢�kHgi`Vy-a ² `Vmnbo�oX p X&m)�obeyf]cboÁVa_X&m-kVys]cWY]£dn]£�iX m%X�d p ` klyfg p `V]£d
mfu&boacbo]cysXq�iacgoÁ�boaEºHÅ=X&m�u�TVgi] w%mfgih�d¯{|`Vm|dn]£Ä�¢&m5k�boy*`Vh%mfgo`Vu&] p Xqmf]_WYkVa_]cu ]_df¢oº

¹�h%u&boa_u&`Va_X p gihVuqacb�W)b dnyf]_u&X p X.u giyfys¢&acbedn]_gih�dnX WYk:giysX&a_acXe¼ p gih�d5gih�X�wtdfynbo]£d5acX m»�obeacX `Vyfm�kVysgikVyfX m
X d)�iX u dnX `Vyfm6kVyfgiklyfX&m)X&h `^dn]_ac]_mnboh�d6aÂb�Ál]cÁVa_]_godnTVU ´�`VX p Xju�boa_u&`Va ² µz]_mfkVbou�À ²  �e®åº¶� k�boysdf]cy p XjaÂÃ gih
u�beacu `VacX�a_X&m�WYg p X m�X d5gih%k�bomfmsX�Ã;acb¥yf¢&msgia_`ldn]_gih p `jm|rtmsdnU WYX p rth�boWY]_´�`VXoº

�j¢�dnTVg p Xqu&acbomfms]c´�`VX�mf]_WYkVacX �
  ² beac�igoyf]£dnTVWYXqacXqkVa_`Vm�mf]_WYkVa_X�kHX&ysW;X�dfdnboh�d p X�u&boa_u&`Va_X&y5acXqu�T�beW;k ! X&m|d5acXqmf`l]_�eboh�db�

	 gih�k�beysd p³² `Vhju ac]_u�TV¢�]chl]_df]Âboa !
	 � ! �� 	 "O¼
	 gih�u&boacu `Va_X�a_X&m�u&gtX�;u ]cX h�dfm

?
	L � ?

L[�� 
	
"»]_hV]_df]Âbe`^w�X&h%kVysge{|X dnboh�d ! 	 mf`Vy�a_X&m�WYg p X m AKLå¼

	 gih%bY`VhVXqÁHgi`Vu&a_Xqmf`Vy�a_X&m�k�bom p X.dfX&WYkVm&¼
gih�u�beacu `VacX���< � � � ��!�"#� � < "=k:gi`ly»dngi`Vm�a_X&m5WYg p X m&¼
gih p ¢ p `V]£d p Xqa ² ¢ ´�`�bedn]_gih�¦|�â�i¬=acX m5u g^X �;u&]_X&h�dnm

?
�� >L ¼

gih�u�beacu `VacX ! �� > X&h%`ldn]_a_]cmfboh�d}a ² ¢ ´�`�bedn]_gih�¦å�oÆi¬�¼
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	 gih�ysX&u&goW;WYX hVu&X�{|`Vmf´�` ² bo`jdfX&WYkVm p ¢ mf]_yf¢oº

Å=X d�beac�igoyf]£dnTVWYXo¼&X&msd�ysX&acbedn]£�iX W;X h�dCu gCBldnX `^wqX hqdfX&WYkVm p X¯u&boacu `Va���X&h�X ·:X d&¼�]cae°Ebo`ld8u&boacu `Va_X&y � � ��!K"#� � < "Ã¥u�T�bo´�`VXq]£dnX&yfbedn]_gih³º�Å=X�u&boa_u&`Va8X msd5X ·:X&u�dn`V¢qX&h%`ldf]ca_]cmfboh�d5`Vh�°±giyfW;boa_]cmsWYX�¢ ac¢ WYX&h�dnm�Ä�hV]_m���a_X&m*°±gihVuO¿
dn]_gihVm¯msgih�d¶u&gihVh�`VX m=be`^w¥hVgtX&` p m p `YW)be]ca_aÂbe�iX�X dzgihYmf`lkVk:gomfX�`VhVX�]_h�dfX&ysk:giacbedf]cgih;x*�iº�Å=X m¯°±gihVu df]cgohVm
p³² ]ch�dfX&yfkHgiacbedn]_gih p³² giy p yfX�kHX&`Ñ¢&a_X �o¢;boWYU&hVX h�d�Ã-ysX&u�TVX yfu�TVX yq`VhVX�°±giysW�`Vacbedn]_gih]_h�dn¢&�oyf¢&XYk�bey�k�boy|dn]_X
kHgi`Vy*a_XqdfX&ysW;X p X p ]£·¸`lmf]_gih³º

¹�h�kHX&`ld6u�boa_u&`lacX y,� � ��!K"\� � < "¥mfgi]£d-X h�`ldf]ca_]_mnboh�d-a_X&m)¢&´�`�bedf]cgohVm p³² µ¯`VacX y6msgi]_d)u&X aca_X&m p X��vb��^]_X&y�¿
\tdfgiÀoX m&º

�5bokVkHX&a_gihVm.´�` ² X&hÑ�obeyf]cboÁVa_X&m.u&gohVmfX ys�ebedn]£�iX m�a_X¥msrtmsdfU&WYX p XY�}b��t]cX y|¿�\tdngiÀeX&mqmnbehVm.dnX&ysWYX;msgi`Vysu&X¥X&m|d
a_X�ms`V]£�obeh�d��

! ^ ! 4 � L ^ L �����L ^ L �
]_a8k:X `ld5m ² ¢&u&ys]cysX.�

! ^ ! 4�� L ! ^ L � ��� L < ! ^ < " ^ L �
b��iX u

	 �(L � � L ^ � acbYW;bedfyf]_u&X��ibou giÁV]_X&hVhVX p³² µ¯`VacX y&¼

	 �3aÂbYW;bednys]cu X p X p ]_·:`Vms]cgih�dnX a8´�`VX � L < ! ^ < � � �L º

� ² g�%X&h�°Ebo]cmfboh�d5`Vhju�TVbohV�iX W;X h�d p X.�eboys]ÂboÁlacX m5gohjgiÁ^dn]_X&h�db�
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ZV¼H�YX dD
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u�bem5´�`VX�kVys¢&u&¢ p X&WYWYX&h�d&º

) � � � ���- !" � ������ !"��Q� ���
	�� ! �� !"\�:� �2 !"��Q� ���
	�� ! �� !"!"
� � ���
	�� !�>Ê � �  �Q� ���
	�� ! �� !"\�:� � �
	 � !�>Ê � �  � � � �
	 � ! �2 !"-" � ¦å�o��¬

¹�h goÁVmfX ys�iX�´�`VX�a ² X yfyfX `Vy p X�yfX u&gihlmsdnys`Vu df]cgoh p ¢ u&ysgi]_dYX aca_X�bo`Vmsmf]*X hK°±gohVu df]cgih p `KhVgoW�ÁVysX p X
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 8X&m*WY¢ dfTVg p X&m*dnX W;kHgiysX&a_acX m*`ldn]_ac]_mf¢ X&m�mfgoh�d p X&m*WY¢ dfTVg p X&m p X.��`VhV�iX��.`ldsd�b p³² giy p yfX��o¼���gi`�ZVº
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? >
X�d¶aÂbqyf¢�°±¢&yfX hVu&Xvbo`V�oW;X h�dnXvbo`
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 �b�ÄV�i`VyfX��â�6kVyf¢ mfX&h�dfX)a ² X yfysX&`Vy p X¥ysX&u&gohVmsdfyf`Vu�dn]_gih p X m.msrtmsdfU&WYX&m p rth�boWY]_´t`lX&m p³² µ¯`Va_X&yqX�d p X
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µ¯h u gihVmf¢ ´�`VX&hVu X ]_aq�ebo`^djWY]_X&`^w `ldf]ca_]_mfX&yj`VhVX WY¢ dnTlg p XÑdnX WYk:giysX&a_acX p³² giy p yfX��KX�d�`Vh msrtmsdfU&WYX
p rth�boWY]_´�`VX�u giyfysX&msk:gih p boh�d�Ã¥a ² ¢ u&gi`lacX W;X h�d�º
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p XysX&u&gohVmsdfyf`Vu�dn]_gih ) � � � ���- !"Oº» �b�Ä��i`VysXÑ�i��X�dj�o��yfX kVyf¢ mfX h�dfX&h�djacX m%WY¢�dnTVg p X&m�m|d�boÁl]ca_]cms¢&X mjb��oX&u
u&gtX�;u ]cX h�dfm}X�d�mnbohVm5u&gtX�;u ]cX h�dfm&º

¹�h k:X `ld�goÁVmfX ys�iX y�mf`ly�u&X m�´�`�bedfyfX;Ä��i`VysX&m�´�`VX)aÂb%W;¢�dnTVg p X6bâ�oX&u-u g^X �;u&]_X&h�dnm%¦±msd�beÁV]ca_]_mf¢&X6gi`
hVgih�¬�X msd�`lh�kHX&`NWYgi]_hVm}klyf¢&u ]cmsX�´�`VX�aÂb;W;¢�dnTVg p X�u&acbomfms]c´�`VXe¼¸W;bo]_m}X&a_a_X�X&m|d.bo`lmfmf]�kVa_`Vm}yfbokV] p XoºHµ¯h

WXW ç�Y)Z�ZO[O\



�â� ��� �8�8�����+3T�������-�

X ·:X d&¼V`VhVX.°±gi]_m*a_X&m�u&gtX�;u&]_X&h�dfmvu&boacu `Va_¢&m&¼�acb¥yf¢ mfgia_`ldn]_gih p `%msrtmsdfU&WYX p rth�boWY]c´�`VX�X&m|d�kVynb dn]_´t`lX&WYX&h�d
]_W;WY¢ p ]Âb dnXoºH�}XqkVa_`Vm5acX m�u&gtX�;u&]_X&h�dnmvk:X `l�iX h�d/E�dnyfXqm|dngtu�Ào¢&mvX d5yf¢ `ldn]_a_]cms¢&m�°Ebou&]_acX WYX&h�d�º

�j¢�dnTVg p X&m p³² bomfms]cWY]_aÂb dn]_gih �

Å=X dsdnX p X&yshV]cU yfX�k�boy|dn]_X�klyf¢&msX&h�dnX�acX m�yf¢&ms`Va£d�bedfm p X mvWY¢�dnTVg p X&m5`ldf]ca_]cmfboh�d5aÂb¥dnX u�TVhV]_´t`lX p³² bomfms]cWY] ¿
acbedn]_gihÑ¦ª�igi]_y=a_X�k�boyfbo�iyfbokVTVX}�lºÙ�^ºÙ�lº Z�¬¯k:go`Vy=ys¢&mfgo` p yfX}acXvmsrtmsdfU&WYX p rth�boWY]c´�`VXeº���bohlm»hVgodfyfX}u&bom=goh�b
kVacbou&¢}`Vh�`VhV]_´�`VX.u�bok^dnX&`ly p X}klyfX&msmf]_gih%bo`-ÁHgiy p6p X}°±`V]£dnXe¼l´�`V]:�t]_X&h�d�u&goyfyf]_�iX y=a_X�u&gtX�;u&]_X&h�d

? >
dngi`^d

a_X&m p ] w%k�bom p X.dnX W;klm�¦z��� p XqaÂbYkH¢&yf]_g p Xâ¬Oº
 8X&m-Ä��o`VyfX m%�eZ X d%�o�^¼=kVys¢&msX&h�dnX h�d%ysX&mfkHX&u�dn]£�iX W;X h�dNa ² ¢��igia_`ldn]_gih p X m�u&gtX�;u&]_X&h�dnm%mf`ly-acX m�WYg p X m
�%X d6� ¦

? >
�2 !"�X d

? 
 �2 !"f¬�¼¯goÁldnX ht`lm)k�bey;ys¢&msgiac`^dn]_gih p X m)m|rtmsdnU WYX&m p rth�beW;]_´�`VX&m p Xj�}b��t]cX y|¿|\�dngiÀeX&m
`ldf]ca_]cmfboh�d�acb6WY¢ dfTVg p X p³² bomfms]cWY]_aÂb dn]_gihNX d}aÂb;WY¢ dnTlg p X�u&acbomfms]c´�`VXeº³ �b;Ä��o`VyfX�� 
)WYgih�dnysX�a ² X yfysX&`Vy p X
yfX u&gihlmsdnys`Vu df]cgoh ) � � ���1�! !"�º

Å=X&m�Ä��i`VysX&m*WYgih�dnysX&h�dv´t`lX�acb¥WY¢ dnTlg p X p¸² bomsmf]_WY]cacbedn]_gihjkVyfgikHgims¢&X.X&m|d5X�;u�bou XoºHµ¯h�X ·:X d5W E&WYX
mf]�a_X�kVysX&WY]cX y}WYg p X�h ² X&m|d�k�bem}ÁV]_X&hNysX&u gihVmsdfyf`V]£dY¦ª�igi]_yvÄV�i`VyfX��eZ�¬O¼Ha_X&mvWYg p X m}ms`V]_�eboh�dfm�acX�mfgih�d&¼:X�d
a ² X yfyfX `Vy p XqyfX u&gihVm|dnys`Vu df]cgihjX&m|dv°±giy|dnX W;X h�d p ]cWY]_ht`l¢&Xoº

 8X&m	ÄV�i`VyfX m=ms`V]_�eboh�dfX&mq¦ªÄ��i`VysX�� �t¼t�o��X�d*�o�i¬¯kHX&ysWYX dfdfX&h�d p X5u&goW;kVboyfX y=acb�WY¢ dfTVg p X p³² bomsmf]_W;]_acb ¿
dn]_gih;Ã.aÂb.WY¢ dfTVg p X p X�msd�beÁV]ca_]_mnbedf]cgih¸ºt¹.hYkHX&`ld¯�ogi]_y¶ms`VyzacX m¯Ä��i`VysX&m	� �^¼��e��yfX&klyf¢&msX&h�d�beh�d=a ² ¢ �ogia_`ldn]_gih
p X m;u g^X �;u&]_X&h�dnmYmf`ly;a_X&m¥WYg p X&m���X�d)��´t`lX%u X&mYWY¢ dfTVg p X&mYmfgih�d p `KW E&WYX�giy p yfXeº¯ �b�Ä��i`VysX%�o�
kVys¢&mfX h�d�boh�d�a ² X&ysyfX&`ly p XYyfX&u gihVm|dnyf`lu dn]_gih³¼8WYgih�dfyfXY´�`VXYaÂb-WY¢ dfTVg p X p X¥msdnboÁV]_ac]_mnbedf]cgoh¤X msd p X&`tw°±gi]_m
kVa_`Vm�kVyf¢ u&]_mfXq´�`VX.u&X aca_X p³² bomfms]cWY]_aÂbedf]cgoh³ºH¹�h%kHX&`^d5bo`Vmfms]¸�igo]cy*ms`Vy*u&X�dfdnX.Ä��o`VyfX.´�` ² `VhVXqWY¢ dfTVg p X.´t`l]
u&goW�ÁV]_hVX�bomfms]cWY]_aÂbedf]cgohjX�dvm|d�boÁl]ca_]cmfbedn]_gihjyf¢ p `V]_d5X hVu&giysXqa ² X&ysyfX&`ly p X�ysX&u&gohVmsdfyf`Vu�dn]_gih³º

¹�hu&gihVm|d�bedfX p X�W;bohl]cU yfX¥�i¢ hV¢&yfboacX�`VhVX�ÁHgihVhVX�X�;u�bou ]_df¢ p X&m.WY¢�dnTVg p X&m p¸² bomsmf]_WY]cacbedn]_gih p behVm
a_X�u�b p yfX p X�u X dsdnX¥boklkVyfgtu�TVX�x¶¹.��ºH~ a�mfX&yfbo]£d�]_h�df¢&ysX&mfmfboh�d p X��o¢&ys]_Ä�X y p³² `VhVX�k�boysdva ² ]_h ��`VX hVu&X p X�acb
kHgimf]£dn]_gih p `6k:gi]_h�d p XvyfX u�boacbo�iXe¼ p³² bo`ldfyfXvk�boysd	a ² X�·¸X�d p³² `Vh-yfX u�boacbo�iXvWYgi]chlm=°±yf¢ ´t`lX&h�d�¦¯�âÆ�� bo`6a_]_X&`
p X���� p X�acb¥k:¢ yf]_g p Xâ¬�º
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Å=X dsdnX*¢ df` p X�b�kHX&ysW;]_m p³² ¢ dfX&h p ysX�a ² `ldn]_a_]cmfbedn]_gih p X mzbokVkVysg^u�TVX m¶x>ºÙ¹¥º¾��ºobo`¥u�boa_u&`la p³² ¢&u&go`VacX WYX&h�dnm
acboWY]ch�be]cysX&m*u&goW;klyfX&msmf]_ÁVa_X&m&º¸¹�h�b p ¢&WYgih�dfyf¢.acb�°Ebo]cmfboÁV]_ac]£dn¢ p X.u&X dsdnXqboklkVyfgtu�TVXoºl~ a³X&m|d�yfX&W;boys´�`�boÁVa_X
p XNu gihVm|d�bedfX&y-acb�u�bek�bou&]£dn¢NÃ�yfX kVyfg p `V]_yfXNacb p rth�boWY]_´�`VX p³² `Vh ¢&u gi`Va_X&WYX&h�d%bo`Vmsmf]�u giWYkVa_X�w^X´�`VX
a ² ¢ u&gi`Va_X&WYX h�d�bo`ldfgi`Vy p³² `VhVX�bo]ca_X�Ã;T�be`ldnXq]_hVu&] p X&hlu&X¥b��iX u�`lh�hVgiW�ÁVyfX p X�WYg p X m5°Ebe]cÁVa_X)¦EÁV]_X&hj´�`VX
acb%´�`�boa_]£dn¢ p X&m�yf¢&ms`Va£d�bedfm�mfX W�ÁVa_X6u X&kHX&h p boh�d�]_hl°±¢&ys]cX `VyfX6Ã%u X&a_acX;giÁldfX&h�`VX6kHgi`Vyqacb%ms]cW�`Vacbedn]_gih p X m
¢&u gi`Va_X&WYX&h�dfm}]_hVu&giWYkVysX&msmf]_ÁVacX m.Ã¥Á�bom�hVgiW�ÁVyfX p X���X rthVgia p m�¬Oº

�}]£·¸¢ yfX&h�dfX&m�m|dnynb dn¢&�o]cX m p³² ]cWYkVacboh�d�b dn]_gih�gih�d�¢ df¢ p ¢ u&ys]_dfX&m�X�d�dfX&msdf¢&X m��>a_X;u�TVgi] w p¸² `VhlX6]_W;klaÂboht¿
d�b dn]_gihRX�;u�bou X¤h ² X msdjk�bom�mf]_WYkVa_X¤kHgi`Vy p X m%m|rtmsdnU WYX&mNb�riboh�d�acb u&giWYkVa_X�w^]£dn¢ p X&m%¢&´�`�bedf]cgohVm p X
�}b��t]_X&y|¿�\tdngoÀoX&m}u&giWYkVysX&mfms]cÁlacXeº� �X�kVysgiÁVa_U&WYX p X�aÂb;msd�beÁV]ca_]_mnbedf]cgihÑb;¢ df¢�¢ df` p ]_¢�bo`jdnynb��oX&yfm p X�dfX&msdfm
h�`VWY¢&ys]c´�`VX m&¼H´t`l]�u gihlÄ�ysWYX&h�d}a ² boh�boa£rtmfX p Xq~ gia_acgj_��Æ ®Fº

  ² X �)u&bou&]£dn¢ p XjdfX&u�TVhV]_´�`VX&m p³² bomsmf]_W;]_acbedn]_gihRb¤¢�dn¢ p ¢&WYgih�dnys¢&Xeº» �b¤ysgiÁV`Vm|dnX&msmfX p Xja ² bokVklyfgtu�TVX
x¶¹.� yfX msdfX=Ã*u&gohlÄ�yfWYX y��ekVboy8X�w^X&WYkVa_X=]_a�°Ebo` p yfbo]£d8�i¢&ys]_ÄVX&yCacb*k:gomfmf]_ÁV]_ac]£dn¢ p³² `ldn]_ac]_mfX y>`lhVX	ÁVbomfX¶`VhV]_´�`VX
kHgi`Vy p X&m�u gih p ]£dn]_gihVm.Ã;aÂb)ac]_WY]_dfX�ac¢ �i¢&ysX&WYX&h�dqWYg p ]_ÄV¢&X�¦±]chlu&] p X&hVu Xo¼8WYgi`l�oX&WYX&h�d p X m�k�boysgi]_m�¬�º¸¹�h
yfX W;boyf´�`VX�kVboy=be]ca_acX `Vyfm	`VhVXvX&yfysX&`Vy p X}klT�bomfX}kVyf¢ mfX&h�dfX�mf`Vy	a ² X&hlmfX&W�ÁVa_X p X&m	yf¢&ms`Va£d�bedfm&º�Å=X�dfdfX}X&ysyfX `Vy
h ² X&m|d}k�bem*mfX&hlmf]_ÁVacX�bo`^w p ]_·:¢&ysX&h�dnX mv�eboyf]cboh�dnX m*dnX&m|dn¢ X&m&º

 8X&m�¢�dn` p X m�°±`ldn`lyfX&m�]chVu ac`lX&h�d¥acb�kVyf]_mfX6X&h u&goW;k^dnX p X)aÂb%dn`VysÁV`Va_X&hVu X�W;g p ¢ ac]_mf¢ X�k�boy�`lhVX�bok^¿
kVysg^u�TVX;¦�������¬O¼lu&X u&]³kHX&ysWYX dfdfynb p³² bou u&¢ p X&y�Ã�acb�mf]_W�`Vacbedn]_gih p³² ¢&u gi`Va_X&WYX&h�dnm5bo¢ yfg p rth�boWY]_´t`lX&m�kVa_`Vm
yf¢&boa_]cm|dnX&m ºC 8X m�dnyfb��obe`^w kVyf¢ mfX h�df¢&m p behVm�u X6yfbokVkHgiysd�kHgi`Vyfysgih�d�u gih�dnys]cÁV`lX&y�be` p ¢��iX&a_gikVkHX&WYX h�d p X
dnX u�TVhV]_´�`VX&m p X�u&gih�dfy!Via_X p X&mY¢&u gi`Va_X&WYX&h�dfm��	acbu&gihlu&X&k^dn]_gih p¸² boa_�igiys]_dfTVWYX&m p X�u&goh�dfy!Via_X�k:X `ldYhV¢O¿
u&X mfms]_dfX&y�a ² `ldf]ca_]cmfbedn]_gih p X.msrtm|dnU&WYX m p rth�beW;]_´�`VX&m5yfX kVyf¢ mfX h�dnbedn]£° p `%klTV¢&hVgoW;U hVXq´�`VXqa ² gih�u�TVX yfu�TVX�Ã
u&goh�dfy!Via_X&y�¦±X&h%k�boysdf]cu `Va_]cX yva_X&m�msrtm|dnU&WYX m p rth�boWY]_´t`lX&m}ysX&kVysg p `V]cmsX&h�dvacgtu�boa_X&WYX h�dva_X�u giWYk:goysdnX WYX&h�d
hVgih6ac]_hV¢�be]cysX p `-m|rtmsdnU WYX.yf¢&X a ¬ �^a_X&m	msrtmsdfU&WYX&m p³² µz�.¹ ]cmsmf`VX m p X}a ² bokVkVysg^u�TVX}x¶¹q� k:X `l�iX h�d�u gihVm|dn] ¿
dn`lX&y p X&m¶msrtmsdfU&WYX&m p rth�boWY]c´�`VX m»yfX kVyf¢ mfX h�dnbedn]£°±m&ºV¹�h)kHX&`ld	k�boy¶bo]_a_acX `Vyfm	X&h��t]cmfbo�iX&y p X&m	bokVklac]_u�bedf]cgohVm
Ã¥a ² bo¢ yfgt¢&acbomsdf]cu ]_df¢�gi`%ÃYaÂb¥u gihVu&X kldn]_gihjgikldn]_W;boa_X p Xq°±goyfWYXoº
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�oXjdf]cX hVm-Ã�ysX&WYX&ysu&]_X&y6« �V��� ����Ð±Í Î � � � �^Í��EÌ �z¼�� � �#��Ì �:ÍâÌH��� ��ÍÑ�}]_yfX u dnX `Vy p XjaÂb�\tdnyfbedn¢ �i]_X
\^u ]cX h�df]_ÄV´t`lX;X�dqË �FÏ�� �^Ð�Ë ��ÐEÐ ��Í¥u�TlX ° p `mfX ys�t]_u&XYWYg p ¢ ac]_mnb dn]_gihVm�h�`VWY¢&ys]c´�`VX m&¼�kHgi`Vy}W ² b��igi]_y.bouO¿
u&`lX&]_aca_]�Ã;�}bomfmfbo`Va£d}���t]Âbedf]cgoh³º

�oX�ysX&WYX&ysu&]_X � ¨z« � � � � �t���¯¼ � ¨���ÌHÐFÐ±Ì�¼	�C¨ � ¨z« �t� � � � � � p X�a ² ~��v�5~ ��¼:be]chVms]�´t`lX
�C¨C§�� ��� � ���
kVysgo°±X&msmfX&`ly}bo`j�j~ S k:gi`ly*acX `Vyfm5u&gihlmfX&]_a_m&º

�oX¯�igi` p ynbo]_m>¢ ��boa_X&WYX&h�d>kVyfgeÄVdnX y p X¶u X dsdnX¶g^u u�boms]cgih�kHgi`Vy8yfX WYX&yfu ]cX y�� �EÐ � � �âÍ»�6Ì� �vX d>Ë �FÏ�� �tÐ
��� � �VÏ ��ÌHÐ|¼¶´�`V]�W ² goh�d-u&gihVmsX&]_aca_¢&m�X�d-°±gi`VyshV]cm-dfgi`ldfX&m-a_X&m�]_hl°±giysW)b dn]_gihVm-hV¢ u&X mfmnbe]cysX&m%Ã aÂb ÁHgihVhlX
W;boyfu�TlX p XqWYgih�dnyfb��obe]caEº

�jX&ysu&]�bo`Vmsmf]�Ã¥dngi`lm*acX m}bo`^dnyfX m�msd�be�i]Âbe]cysX&m�X d�dnTl¢&mnbey p m ¼HkHgi`Vy*a_X&`lyvbeu&u&`lX&]_aF¼ X d5a_X&`Vy5boWY]£dn]_¢oº
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£�&® �C¨���¨��	��� Ð ���¯¼ÇS*TVX=m|dnyf`lu dn`lyfX=ge°�]chlTVgiWYgi�iX hVX&gi`lmCdn`VysÁV`Va_X&h�d ��g�	�m ¼e�»dfW;gomfkVTVX yf]_u=dn`lyfÁV`Va_X&hlu&X
boh p �5b p ]_g�	=bâ�oX*kVyfgok�bo��bedf]cgoh³¼o��º½�¤º��	bo�ia_giW X d.��º¾~�ºeSCbednboyfmsÀ�]F¼iklk³ºl�]
 
 ¿ �o�^¼o�%gimfÀeg�	��¾�}be`VÀ bl¼
�â�
 �^º

¾� ®���¨%� � �ÇÌ ���FÏ��¶¼ S�`VyfÁV`lacX hVu&Xvboh p dnTVX p r^hVboWY]cu m	go°:u&goTVX&ysX&h�d¶msdnys`Vu df`VyfX m&¼ � `�boy|dnX&ysa_r�go°:�}kVkVa_]_X p
��bedfTVX&W;bedf]cu m&¼��.  ��¼Vh Ê �l¼�kVk³ºH� 
l� ¿|�e�iÆl¼H�â�i� �^º

 �e® �¤¨
	Ñ¨�� � � ���+¨£�N¨ � ��� � ��� � � � �C¨}§�� ��� � ��� ¼��*u df]_�oX �Vg�	 u&gih�dfyfgia»`lmf]_hV��bysX p `Vu X p
giy p X&y�WYg p X&a�boh p gikldf]cW�`VW u gih�dnyfgoaFº��v~ �}�¡k�bokHX&y5�
 ¿n�â�oZ�
^º

 Zo®��+¨£�N¨ ����� � ���� �C¨:§�� ��� � ����X d �¤¨
	Ñ¨�� � � �¼t¹�kldf]cW;boa�Å=gih�dnyfgoaHge°:�ogiysdfX�w6\^TVX pVp ]_hV��`Vmf]_hV�
 8g�	¡¹�y p X yv�jg p X&a_m&¼ mfgi`lW;]_m5Ã �lºlgo° �>ac`V] p �jX&u�T³º_º

¾� ®���¨���Ì ���%� � �� *�¨ � ��� �%� � �� �>¨8« �^Ð � �EÐFÐ ����)¨�� � � �V� ����+¨��»¨#� � � �X d��)¨³§ �e� � ��ÌH� � � ¼
�jg p ¢&a_]_mnbedf]cgih¡k�beyN`Vh¡msrtmsdfU&WYX p rth�boWY]c´�`VX p³² giy p yfX�°Ebe]cÁVa_X p `#u giWYk:giy|dnX W;X h�d�Ã �oynboh p X
¢&u�TlX&a_acX p³² `lhVXYu&gi`Vu�TlX p XYWY¢&acbohV�oX)kVacbohVX¥df`VyfÁV`lacX h�dfXo¼��*u dfX&m p `�Å=giaca_gt´t`lX;�v�}� �=¼�x>gi]£dn]_X&ysm
�â�i� �^º

�
e® �¤¨ � � � ����>§v¨��jÌHÐF� �^�� �>¨��5¨��	��� Ð � � ��Í ��¨ �:ÍâÌ � � ¼VS*TVX p r^hVboWY]cu mvgo°�u giTVX&ysX&h�d5msdfyf`VuO¿
dn`lyfX&m	]ch;dnTVX 	=boacaHyfX �i]_gih6go°³b�df`VyfÁV`lacX h�d=Á:go`Vh p boy|rYaÂb�roX&y&º �lº �Ca_`V] p �jX&u�T¸ºc¼H�â���^¼�kVk¸ºH�o�Ç�Ç¿�� �o�l¼
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Effect of Euler or Navier-Stokes methods on the Dynamic System. (22 snapshots, 10 modes)

Euler ordre 2
Navier-Stokes ordre 2

���������Ç� 	 - 4 49���+4 *+� 49��1�$'&)(�#�4 � 1�#��%$'& *+��(�*�� ����49(G��( 3T��#�)�$�*+��(�� � � 1����%1,)���( � 	���3T$�*+��(��

WXW ç�Y)Z�ZO[O\



�oZ ��� �8�8�����+3T�������-�

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

0.5

0 0.2 0.4 0.6 0.8 1

co
ef

fic
ie

nt
 o

f m
od

e 
1

time ( u t/c)

Effect of Stabilization Method on the Dynamic System. (22 snapshots, 10 modes)
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Navier-Stokes ordre 2

Stabilized Navier-Stokes
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Effect of Stabilisation Method on the Dynamic System. (22 snapshots, 10 modes)

Navier-Stokes
Stabilised NS
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Effect of Stabilisation Method on the Dynamic System. (22 snapshots, 10 modes)

Stabilised Euler
Stabilised NS
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Effect of Coefficient Method on the Dynamic System. (43 snapshots, 10 modes)

reference
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Effect of Coefficient Method on the Dynamic System. (43 snapshots, 10 modes)

Navier-Stokes
NS with coefficients
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Effect of Stabilised Coefficient Method on the Dynamic System. (43 snapshots, 10 modes)
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Effect of Stabilised Coefficient Method on the Dynamic System. (43 snapshots, 10 modes)

Stabilised Navier-Stokes
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Effect of Assimiled Method on the Dynamic System. (43 snapshots, 10 modes)
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Effect of Assimiled Method on the Dynamic System. (43 snapshots, 10 modes)
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Effect of Assimiled Method on the Dynamic System. (43 snapshots, 10 modes)
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Effect of Assimiled Method on the Dynamic System. (43 snapshots, 10 modes)

Stabilised NS
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Assimiled Stabilised NS
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