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STUVWXYVZ [\] ^]U_`a bc X WbTdUV YbaVWbee]W cbW X fgh ifjh V]Wk_aXe dU_a` lmnTXU]^ WbTdUV �� Xa^ kdeV_obTp]YV_q] �� r�s ^]U_`a k]V\b^U _U ^]UYW_T]^t [\]bu]WXV_a` WXa`] bc V\] V]Wk_aXe _U vWUV Y\XWXYV]W_U]^ XU Xa daY]WVX_aVw W]`_baXWbda^ X e_a]XW abk_aXe kb^]e dU_a` V\] bu]WXV_a` ub_aVU bc X abaoe_a]XW kb^]et[\] u]WcbWkXaY] Xa^ WbTdUVa]UU bc YbaVWbee]WU ^]U_`a]^ dU_a` V\] Vxb k]V\b^U Xa^V\] ]y]YVU bc XuuWbz_kXV_baU _a V\] daY]WVX_aVw W]`_ba ^]va_V_ba XW] V\]a ^]UYW_T]^Xa^ YbkuXW]^t [\] T]UV VWX^]oby T]Vx]]a WbTdUVa]UU Xa^ u]WcbWkXaY] ba V\]abaoe_a]XW kb^]e _U ^]kbaUVWXV]^ Vb T] XY\_]q]^ dU_a` V\] WbTdUV �� k]V\b^t0.G<1+4?* Y{@BB| '}H0
~]wxbW^UZ �bx]W VWXaUk_UU_ba� kdeV_oqXW_XTe] c]]^TXY� YbaVWbe� daY]WVX_a e_a]XWUwUV]kU� WbTdUV UVXT_e_Vw� WbTdUV u]WcbWkXaY]

�t n�[��j�h[n��
fgh ifjh VWXaUk_UU_ba �fbeVX`] gbdWY] hbaoq]WV]W i_`\ fbeVX`] j_W]YV hdWW]aV VWXaUk_UU_ba�_U Xa ]e]YVW_YXe VWXaUk_UU_ba V]Y\abeb`w V\XV \XUW]Y]_q]^ YbaU_^]WXTe] XVV]aV_ba _a W]Y]aV w]XWU^d] Vb V\] ^]q]ebuk]aV bc \_`\ ubx]W VWXaU_UVbWV]Y\abeb`w �gY\]VVe]W -* 72�� �����t S fgh ifjhVWXaUk_UU_ba UwUV]k Ybaa]YVU Vxb Sh a]VxbW�UdU_a` Vxb Shojh V]Wk_aXeU Xa^ X jh e_a�t naUdY\ UwUV]kU _V _U a]Y]UUXWw Vb YbaVWbe ubx]W�bx T]Vx]]a V\] V]Wk_aXeU da^]W ^_y]W]aV Sha]VxbW� bu]WXV_a` Yba^_V_baU� x\_e] XV V\] UXk]V_k] YbaVWbee_a` V\] V]Wk_aXe Sh Xa^ jh qbeVX`]Ut[\_U _U X WbTdUV YbaVWbe uWbTe]k x\_Y\ T]Ybk]U_aYW]XU_a`ew Y\Xee]a`_a` XU V\] _ku]^XaY] bc V\]a]VxbW� _aYW]XU]U �jdWWXaV -* 72�� �����t

lmn TXU]^ kdeV_obTp]YV_q] bdVudV YbaVWbee]W UwaoV\]U_U �gY\]W]W� ����� XeebxU cdeeobW^]W YbaVWbee]WUVb T] ^]U_`a]^ x\_Y\ buV_k_U]� x_V\ Ubk] YbaU]WoqXV_Uk� V\] �� u]WcbWkXaY] bc X YebU]^ ebbu abk_oaXe bu]WXV_a` ub_aV x\_e] ]aUdW_a` UVXT_e_Vw Xee V\]ueXaVU _a X U]V �� XWbda^ V\_U ub_aVt hbaVWbee]WUx_V\ T]VV]W abk_aXe �� u]WcbWkXaY] XW] cbda^ Tw_aVWb^dY_a` X UYXe_a` kXVW_z _aVb V\] cbWkdeXV_baXa^ va^_a` X ebYXe buV_kdk UbedV_ba _V]WXV_q]ewdU_a` X k]V\b^ U_k_eXW _a YbaY]uV Vb �� _V]WXoV_bat [\_U k]V\b^ _U W]c]WW]^ Vb XU �m_z]^ j]U_`a�_a V\_U uXu]Wt [\] WbTdUV �� ^]U_`a k]V\b^ W]oc]WW]^ Vb XU ~g _V]WXV_ba _a ��XWX`� ����� buV_ok_U]U V\] xbWUV YXU] �� u]WcbWkXaY] XYWbUU ��dU_a` X U_k_eXW _V]WXV_q] UY\]k]t na V\_U uXu]W V\_Uk]V\b^ _U W]c]WW]^ Vb XU ��bTdUV �� j]U_`a�t[\_U uXu]W ^]UYW_T]U V\] Xuue_YXV_ba bc V\]U] Vxbk]V\b^U Vb V\] uWbTe]k bc YbaVWbee_a` ubx]W ^]o



e_q]W]^ Xa^ Sh qbeVX`] XV ba] V]Wk_aXe bc Xfgh ifjh VWXaUk_UU_ba UwUV]kt na V\_U Xuue_oYXV_ba UVXT_e_Vw ^dW_a` kbq]k]aV T]Vx]]a bu]WoXV_a` ub_aVU _U Xa _kubWVXaV W]�d_W]k]aV� XU eXW`]ebX^ Y\Xa`]U YXa bYYdW q_WVdXeew U_kdeVXa]bdUewcbeebx_a` ]e]YVW_YXe cXdeVUt S ubV]aV_Xeew XVVWXYoV_q] c]XVdW] bc TbV\ ^]U_`a k]V\b^U� V\XV x_V\obdV V\_U W]�d_W]k]aV xbde^ _aVWb^dY] daa]Y]UUXWwYbaU]WqXV_Uk� _U V\XV V\] YbaVWbee]WU ^]U_`a]^ XW]�dX^WXV_YXeew UVXTe] XYWbUU ��� Ub V\] YbaVWbee]WYXa x_V\UVXa^ XWT_VWXW_ew cXUV Y\Xa`]U _a bu]WXVo_a` Yba^_V_baU x_V\_a V\_U U]Vt[\_U uXu]W vWUV ^]UYW_T]U V\] abaoe_a]XW XaXewV_YXekb^]e bc V\] V]Wk_aXe� V\] YbaVWbe bTp]YV_q]U� Xa^V\] `]a]WXe_U]^ kb^]e dU]^ cbW ^]U_`a Xa^ V\] YbaoVWbee]W UwaV\]U_U k]V\b^Ut [\]a V\] u]WcbWkXaY]Xa^ WbTdUVa]UU bc YbaVWbee]WU ^]U_`a]^ dU_a` V\]U]k]V\b^U XW] uW]U]aV]^ Xa^ YbkuXW]^t

�t fgh ifjh m�j�l
Sa �V\ bW^]W abaoe_a]XW kb^]e bc X fghoifjhV]Wk_aXe XVVXY\]^ Vb Xa Sh a]VxbW� \XU T]]a ^]oq]ebu]^ Xa^ UdYY]UUcdeew qXe_^XV]^ X`X_aUV X W_`bWobdU kb^]e _aYed^_a` W]Xe_UV_Y Ybaq]WV]W T]\Xq_bdW�jdWWXaV -* 72�� �����t [\] kb^]e T]\Xq_bdW qXW_]UXU X cdaYV_ba bc V\] W]XYVXaY] �� �W]uW]U]aV_a`ebX^� bc V\] XVVXY\]^ Sh a]VxbW� Xa^ V\] ubx]W� ^]e_q]W]^ cWbk _Vt [\] kb^]e _audVU XW] V\] fghYbaVWbe qbeVX`]U �� ¡ Xa^ �� ¢ � V\] kb^]e bdVudVUXW] � Xa^ V\] Ybaq]WV]W V]Wk_aXe qbeVX`] £�  £t [\]u\wU_YXe da_VU dU]^ _a V\_U uXu]W XW] abWkXe_U]^�ud� da_VUt

�t h��[��l �¤¥�h[nf�g
[\] ubx]W � Xa^ Ybaq]WV]W V]Wk_aXe qbeVX`] £�  £XW] Vb T] YbaVWbee]^ dU_a` _audVU �� ¡ Xa^ �� ¢ x_V\ab UV]X^w UVXV] ]WWbW T]Vx]]a � Xa^ £�  £ U]Vub_aVUXa^ k]XUdW]k]aVUt [\] U]Vub_aV bc £�  £ _U �t�udthebU]^ ebbu UVXT_e_Vw _U Vb T] kX_aVX_a]^ XV ¦�ubx]W Xa^ a]VxbW� W]XYVXaY] bu]WXV_a` ub_aVUx_V\_a V\] WXa`]U � § � § �¨�ud� �¨�¦ § �� §�¨�ud Xa^ x\_e] kbq_a` T]Vx]]a V\]kt [\] kbUV_kubWVXaV kbq]k]aVU XW] UV]u Y\Xa`]U _a ubx]W^]kXa^ XV YbaUVXaV qXed]U bc �� Xa^ UV]u Y\Xa`]U_a �� XV YbaUVXaV ubx]W � tS ubx]W W]UubaU] V_k] bc e]UU V\Xa �t�¦ U _aW]UubaU] Vb X ubx]W U]Vub_aV UV]u XV X abk_aXebu]WXV_a` ub_aV� Xa^ `bb^ ^Xku_a` Xa^ k_a_kXeqXW_XV_ba bc £�  £ _a W]UubaU] Vb ubx]W U]Vub_aV UV]uUXV Xee bu]WXV_a` ub_aVU XW] XeUb W]�d_W]^t
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�_`t �t hbaVWbe ebbu UVWdYVdW]�t h��g[��h[n�� �� S ©����Slng�jm�j�l
[b uWbq_^] byU]V cW]] VWXY�_a` bc � Xa^ £�  £U]Vub_aVU _a YebU]^ ebbu� V\] U]Vub_aV ]WWbWU bc V\]ueXaV XW] uXUU]^ V\Wbd`\ _aV]`WXVbWU� XU U\bxa _a�_`dW] �t[\] abaoe_a]XW kb^]e _U e_a]XW_ª]^ XV ]XY\ bc V\]bu]WXV_a` ub_aVU Vb ]zue_Y_Vew Xeebx YbaU_^]WXV_babc bu]WXV_a` ub_aV qXW_XV_ba ^dW_a` YbaVWbee]W UwaoV\]U_Ut [\] U]V bc kb^]eU Xd`k]aV]^ Tw V\] bdVoudV _aV]`WXVbWU� ^]abV]^ « � \XU k]kT]WU ¬­ ®¯°­±²­ ±³´ bc ��V\ bW^]W x\bU] ³ kXVW_Y]U XW]_^]aV_YXe XU X W]UdeV bc V\] bdVudV _aV]`WXVbWUtµ¶ ® °­¶ ·²¸¹± º¬­ » «¼ ® ³¶ ���
[\] abk_aXe ueXaV kXVW_Y]U °¸ Xa^ ²¸ XW] ^]va]^XU V\] kXVW_z bc V\] °­ Xa^ ²­ kXVW_z ]e]k]aVXq]WX`]U XYWbUU V\] WXa`] bc bu]WXV_a` ub_aVUt[\] qXW_XV_ba _a V\] ² kXVW_z _U abV _aYed^]^ _aV\] W]UdeVU uW]U]aV]^ _a V\_U uXu]W� XU _aYed^_a`V\_U qXW_XV_ba xXU cbda^ Vb kX�] e_VVe] ^_y]W]aY]Vb V\] ^]U_`at [\] bu]WXV_a` ub_aVU ¬­ XW] vWUVW]uW]U]aV]^ Tw V\] ^]q_XV_baU bc V\] Xd`k]aV]^ueXaV kXVW_Y]U °­ cWbk °¸� °½­ t

°½­ ® °­ r°¸ º¬­ » « ���[\] ° kXVW_z qXW_XV_ba _U V\]a W]uW]U]aV]^ Tw XadaY]WVX_aVw TebY� ¾ Ybaa]YV]^ T]Vx]]a vYV_V_bdUbdVudV ¿À Xa^ _audV ÁÀ e]X^_a` Vb V\] UVXV] UuXY]W]uW]U]aVXV_baZ
µ¶ ® °¸¶ ·²¸¹ ·²ÂÀÁÀ¼ ® ³¶¿À ® ³ÃÀ¶ÁÀ ® ¾¿À ���

V\] ° kXVW_z bc x\_Y\ ^]u]a^U ba V\] qXed] bc ¾Z
µ¶ ® �°¸ ·²ÂÀ¾³ÃÀ�¶ ·²¸¹ ���[\] U_a`deXW qXed] ^]YbkubU_V_ba k]V\b^ bc�Ä]Wa]W -* 72�� ����� ^]V]Wk_a]U ²ÂÀ Xa^ ³ÃÀbc YbkuXV_Te] ^_k]aU_baU UdY\ V\XV V\]w XuuWbzo_kXV]ew Ybq]W� Tw uWbp]YV_ba� V\] qXW_XV_ba bc V\]bu]WXV_a` ub_aVU V\Wbd`\ V\] ° kXVW_z _a « Z

°½­ Å ²ÂÀ¾­³ÃÀ± ££¾­ ££ § �±º¬­ » « �¦�



x\]W] V\] kXVW_Y]U _a V\] U]V ÆÇ ® ¯¾­�¬­� Z ¬­ »« ±¾�­ » ÈÇÉÇ ´ XW] cdaYV_baU bc V\] bu]WXV_a`ub_aVU ¬­� Xa^ ¹ _U U]e]YV]^ TXU]^ ba V\] XYYdWXYwbc V\] XuuWbz_kXV_ba W]�d_W]^t ÆÇ \]aY] Y\XWoXYV]W_U]U V\] U]V bc bu]WXV_a` ub_aVUt SU ^]VX_e]^Xa^ ]zueX_a]^ _a �jdWWXaV -* 72�� ������ Xuue_YXoV_ba bc V\_U k]V\b^ ^]kbaUVWXV]U V\XV V\] daY]WoVX_aVw U]V x_V\ ¹ ® �� Æ�� uWbq_^]U X W]XUbaXTe]Y\XWXYV]W_UXV_ba bc V\] bu]WXV_a` WXa`] cbW V\_UXuue_YXV_bat [\] cdWV\]W uWbp]YV_ba baVb V\] U]VÆ�¡ ® ¯¾�¡­ ® Ê­Ë� Z £Ê­ £ § �±Ê­ » È´ _aVWb^dY]Ue_VVe] cdWV\]W ]WWbW Xa^ ]aXTe]U UVWdYVdW] Vb T]VX�]a X^qXaVX`] bc _a V\] ^]U_`a V\Wbd`\ V\] dU]bc V\] UYXe_a` kXVW_z Ì » È�É� _aVWb^dY]^ _ag]YV_ba ¦t[\] `]a]WXe_U]^ kb^]e _U Ybkue]V]^ Tw X^^_a` ��u]WcbWkXaY] _audV Xa^ bdVudV Y\Xaa]eU Á� Xa^¿�t [\] YbaVWbe ebbu _U YebU]^ Tw ��Í�t
Í¶ ® °¸¶ ·²¸¹ ·²ÂÀÁÀ ·²Â�Á�¿À ® ³ÃÀ¶¿� ® ³Ã�¶ ·�Ã�Ç¹¼ ® ³¶ ·�ÎÂ�Á�¹ ® ��Í�¼

�Ï�
[\] YebU]^ ebbu VWXaUc]W cdaYV_baU cWbk ÁÀ Vb ¿ÀXa^ Á� Vb ¿� Xa^ V\]_W XUUbY_XV]^ UVXV] UuXY] W]uoW]U]aVXV_baU XW] ÐÀ� Ð� Xa^ ¯°�  ±²� À±³� À±�� À´�¯°�  ±²� �±³� � ±�� �´t

¦t mnÑ�j j�gn©�
SU X YbaU]�d]aY] bc V\] UkXee `X_a V\]bW]k� V\]UwUV]k �Ï� x_V\ ÁÀ ® ¾¿À _U UVXTe] cbW Xee ££¾££ §Ò±¾ » Æ�¡ _c Ó�À ® �ÔÀ Õ �±Ì ® ÌÔ Õ � » È�É�UdY\ V\XVZ �Su�XW_Xa -* 72�� ���Ï�ZÖ×°Ô� �À ·�À°�  �À²� À ³� ÀÌ²Ô� À�À rÌ �Ô� ÀÌÌ³Ô� À Ì�� À r ÀØÙ Ì

ÚÛ § � ���
[\] Yba^_V_ba ££Ð� ££� § Ü _U UXV_Uv]^ _y Ó�� ®�Ô� Õ �±Ý ® ÝÔ UdY\ V\XVZÞ°Ô� �� ·��°�  ��²� �²Ô� ��� rË ß § �

ÞÝ ³� �³Ô� � �� ß Õ �àáâãä�Ý� § Ü�
���

¤w U]VV_a` �� ® �À ® �� vz_a` Ì Xa^ Ò Xa^ u]WocbWk_a` V\] VWXaUcbWkXV_ba ^]UYW_T]^ _a �h\_eXe_Xa^ ©X\_a]V� ���Ï� V\]U] _a]�dXe_V_]U T]Ybk] XU]V bc lmnU _a qXW_XTe]U YbWW]Uuba^_a` Vb V\]UVXV] UuXY] kXVW_Y]U bc V\] cdee bW^]W YbaVWbee]W��Í� Xa^ V\] YebU]^ ebbu lwXudabq kXVW_z � t ¤wvz_a` V\] YbaVWbee]W W]eXV]^ kXVW_Y]U _a V\] UXk]_a]�dXe_Vw Xa XeV]WaXV_q] U]V bc lmnU _a � Xa^ Ì_U cbWk]^t [\] _V]WXV_q] ^]U_`a k]V\b^ W]c]WW]^Vb _a V\_U uXu]W XU m_z]^ j]U_`a va^U ��Í� V\XV

ebYXeew k_a_k_U]U Ü bq]W ��Í� Xa^ Ìå UVXWV_a` cWbkÌ ® Ë�� Ü _U XeV]WaXV]ew k_a_k_U]^ bq]W V\]U] VxbU]VU bc lmnU daV_e V\]W] _U e_VVe] Y\Xa`] _a Üt
Ït ��¤�g[ �� j�gn©��bW V\] UwUV]k �Ï� x_V\ ÁÀ ® ¾¿À V\] YbUV æ _U^]va]^ XU V\] kXz_kdk ]zu]YV]^ ]a]W`w _a ¿�bq]W Xee daY]WVX_aV_]U ¾ » Æ�¡ x_V\ da_V qXW_XaY]x\_V] ab_U] UVbY\XUV_Y _audVU Á� Zæ ® kXzçÙè é�££¿� �à�££��� ���êæ _U V\] xbWUV YXU] qXed] bc V\] �� abWk T]Vx]]aÁ� Xa^ ¿� bq]W Æ�¡t æ UXV_Uv]U æ § àáâãä�Ý� cbWXee ££¾££ § Ò±¾ » Æ�¡ _c Ó� ® �Ô Õ �±Ý ®ÝÔ ±Ì ® ÌÔ Õ � » È�É� UdY\ V\XV �Su�XW_Xa -*72�� ���Ï�ZÖëë×

�°Ô�  ·°� � �³Ô� � �³Ô� À ÀØ²� ÀÌ³� �� rË � �³� À� � rÌ �ÀØÌ²Ô� À � � rÌ
ÚììÛ § �

ÞÝ ²Ô� �²� � � ß Õ �����SU cbW m_z]^ j]U_`a� V\_U _a]�dXe_Vw Yba^_V_ba _UVWXaUcbWk]^ _aVb X U]V bc _a]�dXe_V_]U _a qXW_XTe]UYbWW]Uuba^_a` Vb V\] kXVW_Y]U bc V\] cdee bW^]WYbaVWbee]W ��Í�t �bTdUV �� j]U_`a _U Xa XaXeX`bdU_V]WXV_q] UY\]k] Vb V\] ba] ^]UYW_T]^ _a g]YV_ba¦Z X ��Í� x\_Y\ ebYXeew k_a_k_U]U àáâãä�Ý� bq]W��Í� Xa^ Ì _U cbda^t àáâãä�Ý� _U XeV]WaXV]ewk_a_k_U]^ bq]W lmnU _a ��Í� W]eXV]^ qXW_XTe]Ux_V\ Ì vz]^� Xa^ lmnU _a Ì x_V\ ��Í� W]eXV]^qXW_XTe]U vz]^t
�t ��g�l[gna V\_U U]YV_ba V\] W]UdeVU bc Xuuew_a` V\] k]V\b^Ubc U]YV_ba ¦ ��m_z]^ j]U_`a�� Xa^ Ï ���bTdUV�� j]U_`a�� Vb ^]U_`a YbaVWbee]WU XW] ^]UYW_T]^t[\] qXed]U bc ²ÂÀ Xa^ ³ÃÀ YbWW]Uuba^_a` Vb V\]daY]WVX_aVw U]V Æ� ^]UYW_T]^ _a g]YV_ba � XW]dU]^t g]e]YV_a` ]_V\]W ^_k]aU_ba bc ¾ `W]XV]W V\Xa� e]X^U Vb _ac]XU_T_e_Vw _a V\] lmnUt[\] T]\Xq_bdW bc V\] W]UdeV_a` YebU]^ ebbu UwUoV]kU XW] ^]UYW_T]^ _a V]WkU bc abk_aXe u]WcbWokXaY]� WbTdUV UVXT_e_Vw Xa^ WbTdUV u]WcbWkXaY]t[\] YbaU]�d]aY]U bc dU_a` Xa XuuWbz_kXV] daY]WoVX_aVw ^]UYW_uV_ba _a V\] ^]U_`a XW] XeUb ]zueX_a]^t[WX^]obyU T]Vx]]a u]WcbWkXaY] Xa^ WbTdUVa]UUk]XUdW]U XW] V\]a ^]UYW_T]^ Xa^ dU]^ Vb U]e]YVV\] kbUV XuuWbuW_XV] YbaVWbee]W cbW dU] ba V\] abaoe_a]XW kb^]et[\] mXVeXT lmn VbbeTbz �©X\_a]V -* 72�� ���¦�xXU dU]^ Vb Ubeq] V\] lmnUt ©XuU bYYdW _a `WXu\Ux\]a ]_V\]W V\] lmnU XW] _ac]XU_Te] bW YebU]^ ebbuUXW] daUVXTe]t



C�A =,(+(4 P7178-*-1)
[\] �� u]WcbWkXaY] kXVW_Y]U _a V\] ^]U_`a XW]Y\bU]a XUZ

²Â� ® í²¸ �î ³Ã� ® Þï³� ß�Ã�Ç ® Þ�Ë�ß �ÎÂ� ® í� �¨�Ë�î ����
[\] Vda_a` uXWXk]V]WU _aq]UV_`XV]^ _a V\_U uXu]WXW] ï� V\] u]aXeVw ba V\] Xd`k]aV]^ ueXaV bdVudVkbq]k]aV �V\XV _U� V\] _aV]`WXV]^ bdVudVU bc V\]VWd] ueXaV� Xa^ Ò� V\] cWXYV_ba bc V\] ²ÂÀ Xa^³ÃÀ ^]va]^ daY]WVX_aVw dU]^ _a V\] ^]U_`a� XU_aUu_W]^ Tw ��XWX`� �����å Ò \]aY] ^]va]U V\] U_ª]bc ��t ï _U dU]^ uW]^bk_aXaVew Vb X p̂dUV u]WcbWokXaY] x\_e] Ò _U dU]^ uW]^bk_aXaVew Vb X p̂dUVWbTdUVa]UUt g]VV_a` ï § �¨� uWb^dY]U YebU]^ ebbuW]UubaU]U V\XV XW] Vbb Uebx cbW V\_U Xuue_YXV_bax\_e] ï Õ �¨� Xa^ Ò Õ �¨�¦ e]X^ Vb _ac]XU_T_e_Vw _aV\] lmnUt
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ð�ñ Xa^ ð�ò XW] V\] W]Xe Xa^ Ybkue]z UVWdYVdW]^U_a`deXW qXed]U T]Vx]]a Á­ Xa^ ¿­ x_V\ W]Uu]YVVb V\] UVWdYVdW] Æ�¡t ó� ® �ôÒ�� x\]W] Ò� _UV\] eXW`]UV qXed] bc Ò UdY\ V\XV V\] lmn _a ���_U UXV_Uv]^� _U V\] �UVWdYVdW]^ �s abWk� T]Vx]]aÁ­ Xa^ ¿­ x_V\ W]Uu]YV Vb V\] UVWdYVdW] Æ�¡tÐ�õ� _U V\] VWXaUc]W cdaYV_ba cWbk Á� Vb ¿� bc UwUoV]k �Ï� x_V\ V\] u]WcbWkXaY] x]_`\VU _a ���� x_V\ï ® � Xa^ ÁÀ ® ¾¿Àt ££Ð �� ££� ® kXz�öçÙ ££Ð�õ� ££� åV\XV _U� V\] kXz_kXe �� abWk bc V\] ueXaVU YW]XV]^Tw uWbp]YV_a` V\] VWd] ueXaV daY]WVX_aV_]U baVbÆ�t «÷� _U V\] U]V bc ueXaVU « Xd`k]aV]^ x_V\�� Y\Xaa]eU x\bU] x]_`\VU XW] XU _a ���� x_V\ï ® �¨�t ££ø�� ££� _U V\] kXz_kXe �� abWk cWbkÁ� Vb ¿� bc V\] ueXaVU _a «÷�t ù÷� _U V\] WXV_bbc ££ø�� ££� Vb ££Ð�õ̧ ££� � V\] abk_aXe bu]WXV_a` ub_aV�� abWktàú¸û _U V\] ubx]W W_U] V_k] _a W]UubaU] Vb Xubx]W U]Vub_aV Y\Xa`] ba V\] abk_aXe ueXaVt ü�û _UV\] ^Xku_a` cXYVbW bc V\] ^bk_aXaV ube]U _a V\]W]UubaU] bc ubx]W Vb X UV]u _a ubx]W U]Vub_aV cbWV\] xbWUV YXU] bu]WXV_a` ub_aVt
C�D I.8+(72 P-1/.187(>- 7) 7 },(>*+.( ./ ï
[\] `WXu\ _a �_`dW] � U\bxU V\] ]y]YV bc Y\Xa`_a`ï Xa^ Ò ba V\] abk_aXe W_U] V_k] bc V\] ubx]WW]UubaU]t SU XaV_Y_uXV]^� V\] W_U] V_k] _aYW]XU]UXU ï W]^dY]U Xa^ XU Ò _aYW]XU]Ut [\] W_U] V_k]U cbWV\] �bTdUV �� j]U_`a XW] Ue_`\Vew \_`\]W V\Xa cbWV\] m_z]^ j]U_`a� XU XaV_Y_uXV]^ cWbk V\] �bTdUV�� j]U_`a�U k_a_k_UXV_ba bc V\] xbWUV YXU] ��
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0 0.02 0.04 0.06 0.08

10

20

30

40

ρ

||T
2|| 2

||G*
2
||

2

||T*
2
||

2

||T
2,−1

||
2

||T
2,−ρ||

2

�_`t �t �� cbW uWb`W]UU_ba cWbk VWd] bu]WXV_a`ub_aVU Vb ^]U_`aZ �bTdUV �� j]U_`a� ï ® �¨�

0 0.02 0.04 0.06 0.08 0.1
1

2

3

4

5

6

7

ρ

R
H

2

q=1.0 M
q=0.3 M
q=1.0 R
q=0.3 R

�_`t ¦t ù÷� cbW m_z]^ Xa^ �bTdUV �� ^]U_`a_a V\_U W]Uu]YV V\Xa m_z]^ ^]U_`at SV Ò Õ �¨��V\]W] _U X U\XWu _aYW]XU] _a ù÷� V\XV YbWW]eXV]Ux_V\ X U\XWu _aYW]XU] _a ££Ð�õ�Ø� ££� tSU ï _U _aYW]XU]^ V\]W] _U kbW] ^]V]W_bWXV_ba _a V\]�� abWk T]Vx]]a abk_aXe Xa^ xbWUV YXU] u]WcbWokXaY] XeV\bd`\ abk_aXe u]WcbWkXaY] _kuWbq]Ut
C�C =17L- .R 9-*Q--( G-1/ .187(>- 7(L 1.9,)*(-))S aXVdWXe VWX^]oby T]Vx]]a u]WcbWkXaY] Xa^ WboTdUVa]UU Vb YbaU_^]W cbW V\] ^]U_`a k]V\b^U dU]^_U V\] ba] T]Vx]]a ££Ð�õ̧ ££� Xa^ ù÷� o _V _U ]zou]YV]^ V\XV X ebx qXed] bc ù÷� kXw baew T]XY\_]q]^ XV V\] ]zu]aU] bc X eXW`] qXed] bc ££Ð�õ̧ ££� tibx]q]W� u]WcbWkXaY] Xa^ WbTdUVa]UU k]XUdW]UV\XV XW] kbW] Xe_`a]^ Vb V\] YbaVWbe bTp]YV_q]U cbWV\_U Xuue_YXV_ba XW] àú¸û Xa^ �ôü�û � `bb^ ^Xku_a`�X ebx qXed] bc �ôü�û � baew T]_a` ]zu]YV]^ Vb T]XY\_]q]^ XV V\] ]zu]aU] bc X W]eXV_q]ew eba` W_U]V_k]t [\] `WXu\ ba �_`dW] Ï uebVU �ôü�û X`X_aUVàú¸û cbW YbaVWbee]WU ^]U_`a]^ dU_a` V\] � k]V\b^Ux_V\ �¨� § ï § �¨� Xa^ � § Ò § �¨�¦t[\] VWX^]oby_U abV ^_UV_aYV T]YXdU] bc V\] U]aU_V_q_Vw bc ££Ð� ££�Xa^ ü�û Vb ^]U_`a uXWXk]V]WU XU ]zueX_a]^ _a g]YoV_ba �t¦� Xa^ T]YXdU] V\]U] VWX^]oby uXWXk]V]WUXW] abV ]zue_Y_Vew YbaU_^]W]^ _a V\] ^]U_`at [\]�bTdUV �� j]U_`aU XW] ba Xq]WX`] YebU]W Vb V\]T]UV VWX^] byUt [\] YbaVWbee]W x\_Y\ k_a_k_U]U�ôü� cbW àú¸û § �¨�¦Í _U X �bTdUV �� j]U_`ax_V\ Ò ® �¨�� Xa^ ï ® �¨�t [\_U _U YebU] VbV\] ub_aV x\]W] ù÷� _U k_a_k_U]^ cbW V\_U qXed]



0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
0

20

40

60

80

100

t
90P

1/
ζ* P

o: Multi−objective Design
x: Robust Design         

�_`t Ït ü�û X`X_aUV àú¸û

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0  

0.25

0.5

0.75

P
ow

er
 (

pu
)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0.8

0.9

1

1.1

time (s)

V
ol

ta
ge

 (
pu

)

p
1

p
2

p
3

�_`t �t �baoe_a]XW kb^]e UV]u W]UubaU]

0 0.25 0.5 0.75 1 1.25 1.5
0.2

0.4

0.6

0.8

1

1.2

time (s)

P
ow

er
 (

pu
),

 V
ol

ta
ge

(p
u)

VSC Terminal Voltage
VSC Power

�_`t �t �]UubaU] Vb Y\Xa`] _a a]VxbW� W]XYVXaY]bc ït �_`dW] � U\bxU V\] abae_a]XW kb^]e ubx]WXa^ qbeVX`] W]UubaU]U Vb ubx]W U]Vub_aV Y\Xa`]Ubc �t�ud x_V\ V\_U YbaVWbee]W XV bu]WXV_a` ub_aVU¬À ��� ® �¨�¦ud�� ¬� ��� ® �¨�¦ud� Xa^ ¬���� ® �¨�ud�t [\] W]UubaU] Vb X UV]u Y\Xa`]_a �� cWbk �t�¦ud Vb �t�ud _U U\bxa _a �_`dW]�t [\]U] W]UubaU]U ^]kbaUVWXV] V\XV V\] YbaVWbebTp]YV_q]U XW] UdYY]UUcdeew cdevee]^t �bTdUV u]WocbWkXaY] X`X_aUV UdY\ eXW`] Y\Xa`]U _a bu]WXV_a`ub_aV _U abV `dXWXaV]]^ Tw V\] WbTdUV XaXewU_Uk]XUdW]U bc g]YV_ba �t�å \bx]q]W _a uWXYV_Y] eXW`]qXed]U bc ü�û Xa^ ebx qXed]U bc ù÷� XW] cbda^ Vb T]`bb^ _a^_YXVbWU bc u]WcbWkXaY] cbW V\] abaoe_a]XWueXaV _a V\_U Xuue_YXV_bat
�t h��hl�gn��g

hbaVWbee]WU cbW fghoifjh \Xq] T]]a UdYY]UUcdeew^]U_`a]^ x\_Y\ XY\_]q] WbTdUV UVXT_e_Vw Xa^ `bb^

WbTdUV u]WcbWkXaY] XV ]XY\ bc X WXa`] bc abaoe_a]XW bu]WXV_a` Yba^_V_baU dU_a` lmn TXU]^ ��V]Y\a_�d]Ut �� x]_`\VU Xa^ V\] cWXYV_ba bc V\]bu]WXV_a` W]`_ba YbaU_^]W]^ Tw V\] ^]U_`a x]W]dU]^ XU Vda_a` uXWXk]V]WUt[\] ^_UV_aYV_baU T]Vx]]a �bTdUV �� Xa^ m_z]^^]U_`aU XW] abV eXW`] _a V\_U Xuue_YXV_ba Xa^ XW]kX^] e]UU Ye]XW Tw V\] dauW]^_YVXTe] aXVdW] bcWbTdUV u]WcbWkXaY] k]XUdW]U XV ]zVW]k] bu]WXVo_a` ub_aVUt [\] �bTdUV �� ^]U_`a `Xq] kXW`_aXeewT]VV]W W]UdeVU bq]WXeet�� k]V\b^U V\XV _aYed^] cdee TebY� kdeV_ue_]WUXW] e_�]ew Vb e]X^ Vb ebx]W YbaU]WqXV_Uk V\Xa V\]^]U_`aU ^]UYW_T]^ \]W]� Xeebx_a` X T]VV]W VWX^]obyT]Vx]]a abk_aXe Xa^ WbTdUV u]WcbWkXaY]t [\]U]XuuWbXY\]U XW] X UdTp]YV cbW cdWV\]W W]U]XWY\t
�t Sh~��Äl�j©�m��[g

[\] UduubWV bc SW]qX [�j cbW V\_U xbW� _UXY�abxe]^`]^t
�������h�gSu�XW_Xa� �t� ©t ¤]Y�]W� �t ©X\_a]V Xa^ it ~Xp_oxXWX ����Ï�t OM' *->?(+�,-) +( 0.(*1.2 3(�4+(--1+(4� /1.8 =?-.1< *. P17>*+>-t gnSmth\_eXe_� mt Xa^ �t ©X\_a]V ����Ï�t 	so^]U_`ax_V\ ube] ueXY]k]aV YbaUVWX_aVUZ Sa lmnXuuWbXY\t '333 =17()� H,*.87*+> 0.(*1.2


����� �¦���Ï�tjdWWXaV� mt� it Ä]Wa]W Xa^ ~t STTbVV ������tmb^]e bc X fgh ifjh V]Wk_aXe XVVXY\]^ VbX x]X� Sh UwUV]kt '333 00H @BBD P1.>--L�+(4)tjdWWXaV� mt� it Ä]Wa]W Xa^ ~t STTbVV ������tgwaV\]U_U bc kdeV_obTp]YV_q] YbaVWbee]WU cbW Xfgh ifjh V]Wk_aXe dU_a` lmnUt '333 0F0@BBý P1.>--L+(4)t�XWX`� S � ������t S �WXYV_YXe SuuWbXY\ Vb hbaoVWbe j]U_`a �U_a` l_a]XW mXVW_z na]�dXe_V_]Ut�\j V\]U_Ut [�ii iXkTdW`t©X\_a]V� �t� St �]k_WbqU�_� St lXdT Xa^ mt h\_oeXe_ ����¦�t OM' 0.(*1.2 =..29.
t [\] mXV\oxbW�U naYtgY\]W]W� ht ������t mdeV_obTp]YV_q] �dVudVo�]]^TXY� hbaVWbe f_X lmn �uV_k_UXV_bat'333 =17()7>*+.() .( H,*.87*+> 0.(*1.2

����� ��Ï����tgY\]VVe]W� �t� it idXa` Xa^ �t h\W_UVe ������tifjh VWXaUk_UU_ba dU_a` qbeVX`] UbdWY]^Ybaq]WV]WU o j]U_`a Xa^ Suue_YXV_baUt '333),88-1 G.Q-1 8--*+(4 @BBB5 K-7**2-tÄ]Wa]W� it� �t~bWTX Xa^ [X_oh\]ao�Xa` ������t�bTdUV Vda_a` bc ubx]W UwUV]k UVXT_e_ª]WUdU_a` lmnoV]Y\a_�d]Ut '333 =17()7>*+.() .(0.(*1.2 K<)*-8) =->?(.2.4< ��� ����¦�t


