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P D Q�DJRGS�TJU3IWV8M8HJI�L T P I3HJU�AXI3UELYAXNZS�AX[YH%AXU3U3M8H%AX[
\]L O8O^L IK@`_XO8UWVaV8O�baAXOaV8HcV^_dV8U+>YegfgU3IK@�AX>YTJ>Y[ ; Rgh�iYiYj

\kD S�AX[dDJRGS�TJU3IWV8M8HJI�L TgS�AX[YH%AXU3U3M8H%AX[�LYAXN]l�>?m�nG_dV8U3M P I3HJU�AXI3U
\]L O8O^L IK@`_XO8UWVaV8O�baAXOaV8HcV^_dV8U+>YegfgU3IK@�AX>YTJ>Y[ ; Rgh�iYiYj

P _ : m�HcVaV8U3NoV8>�V^@XU+p�U3nGL MaV^m�U�A?V$>Ye
S�TJU3IWV8M8HJI�L TqS�AX[YH%AXU3U3M8H%AX[5LYAXN]l�>?m�nG_dV8U3M P I3HJU�AXI3U+H%A
nGL MaV8H%L Tre�_XTcsGTJT%m�U�A?Vt>YegV^@XU+M8U3ud_XHJM8U�m�U�A?V8Ote(>YMtV^@XU+N�U3[YM8U3U+>Ye

p�>`IWV8>YM2>Yegv�@XHJTJ>YO8>YnG@ ;
H%A

S�TJU3IWV8M8HJI�L TqS�AX[YH%AXU3U3M8H%AX[5LYAXN]l�>?m�nG_dV8U3M P I3HJU�AXI3U
LwV$V^@XU+\]L O8O^L IK@`_XO8UWVaV8O2baAXOaV8HcV^_dV8U+>YegfgU3IK@�AX>YTJ>Y[ ;

=<_�AXUEx yYy`h

Iz x yYy`h{\]L O8O^L IK@`_XO8UWVaV8O2baAXOaV8HcV^_dV8U�>Ye
fgU3IK@�AX>YTJ>Y[ ;
B2TJTrF�HJ[?@?V8O�F�U3O8U3Ma|?U3N}D

P HJ[?A�LwV^_XM8U�>Ye
B�_dV^@X>YM3~
p�U3nGL MaV^m�U�A?V$>Ye
S�TJU3IWV8M8HJI�L TqS�AX[YH%AXU3U3M8H%AX[5LYAXN]l�>?m�nG_dV8U3M P I3HJU�AXI3U

\]L ; x<hYR�x yYy`h
l�U3MaV8HcsGU3N :<; ~

B2T%LYA P DX��HJTJTJO8� ;
S�NX��H%A P DX�kU : OaV8U3M�v�M8>Ye(U3O8O8>YM�>YegS�TJU3IWV8M8HJI�L TgS�AX[YH%AXU3U3M8H%AX[

f�@XU3O8HJO P _Xn�U3Ma|dHJO8>YM
B2I3I3U3nXV8U3N :<; ~

B2MaV^@`_XM�l2D P m�HcV^@
v�M8>Ye(U3O8O8>YM�>YegS�TJU3IWV8M8HJI�L TgS�AX[YH%AXU3U3M8H%AX[

lt@�L HJM3R-l�>?m5m�HcVaV8U3U�>?A]��M^L NG_�LwV8U P V^_XN�U�A?V8O
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P _ : m�HcVaV8U3NoV8>�V^@XU+p�U3nGL MaV^m�U�A?V$>Ye
S�TJU3IWV8M8HJI�L TqS�AX[YH%AXU3U3M8H%AX[5LYAXN]l�>?m�nG_dV8U3M P I3HJU�AXI3U
>?AZ\]L ; x<hYR}x yYy`h H%A v L MaV8H%L T��G_XTcsGTJT%m�U�A?V$>YegV^@XU+F�U3ud_XHJM8U�m�U�A?V8Ote(>YMtV^@XU+p�U3[YM8U3UE>Ye

p�>`IWV8>YM�>Ye
v�@XHJTJ>YO8>YnG@ ; H%A S�TJU3IWV8M8HJI�L TgS�AX[YH%AXU3U3M8H%AX[�LYAXN]l�>?m�nG_dV8U3M P I3HJU�AXI3U
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B7�YU ; HJO8O^_XUtH%A{V^@XUtN�UW|?U3TJ>YnGm�U�A?V�LYAXN�N�U3n�TJ> ; m�U�A?V�>Ye}m�>`N�U3T � : L O8U3N�LY_dV8>?m5LwV8HJItV^L M8[YUWV�M8U3I3>Y[��
AXHcV8HJ>?A�� B f$F��gO ; OaV8U�m�O HJO V^@XU$[YU�AXU3M^LwV8HJ>?A�>YeGV^L M8[YUWV�m�>`N�U3TJO
V8>�n�>YnG_XT%LwV8U�V^@XU$B f$F NGLwV^L : L O8U D
\ >`N�U3T-[YU�AXU3M^LwV8HJ>?ACHJO�V ; n�HJI�L TJT ; L+e(>YM^m�HJNGL : TJU$V^L O8�GRX>Ye V8U�AoM8U3ud_XHJM8H%AX[EN�UWV^L HJTJU3NCN�U3O8I3M8HJnXV8HJ>?AXO�>Ye
V^L M8[YUWV8O{H%AkV^@XU5e(>YM^m >Ye : T%_XU3n�M8H%A?V8OE>YM I3>?m�nG_dV8U3M�� L HJN�U3N��'N�U3O8HJ[?A��'l�B2p��+m�>`N�U3TJO3DZF�U3I3U�A?V8T ; R
U���>YMaV8O+V8> [YU�AXU3M^LwV8Uom�>`N�U3TJO+e(M8>?m LZO8H%AX[YTJU�>?AXU��'N�H%m�U�AXO8HJ>?A�L T�M^L NGL M+M^LYAX[YU�n�M8> sGTJU�>YM L O8H%A��
[YTJUCV'��>��'N�H%m�U�AXO8HJ>?A�L T�O ; A?V^@XUWV8HJIZL n�U3MaV^_XM8UoM^L NGL M�� P B2F��+H%m5L [YU @�L3|?UZm�UWV ��HcV^@ O8>?m�UoO^_XI��
I3U3O8O3D��2>���UW|?U3M3R V^@XUom�>`N�U3TJO�[YU�AXU3M^LwV8U3N e(M8>?m V^@XU3O8U5NGLwV^LZO8UWV8O L M8U5>Ye�TJH%m�HcV8U3N _XO8U�V8>]m�>YOaV
B f$F O ; OaV8U�m�O : U3I�LY_XO8U V^@XU ; L M8U AX> V�V^@XM8U3U��'N�H%m�U�AXO8HJ>?A�L T�D1�kU n�M8>Yn�>YO8U L�e(M^LYm�UW��>YM8� e(>YM
[YU�AXU3M^LwV8H%AX[�LZV^@XM8U3U��'N�H%m�U�AXO8HJ>?A�L T�V^L M8[YUWV�m�>`N�U3T�N�HJM8U3IWV8T ; e(M8>?m#m{_XTcV8HJn�TJU P B2F H%m5L [YU3O{>Ye�L
V^L M8[YUWVE> : V^L H%AXU3NkLwVEL M : HcV8M^L M ; |dHJUW��H%AX[ LYAX[YTJU3O3D �kU�I�L OaVEm�>`N�U3Tg[YU�AXU3M^LwV8HJ>?AkL OELonGL M^LYm�UWV��
M8HJI]U3OaV8H%m5LwV8HJ>?A7n�M8> : TJU�m H%A �2@XHJIK@ ��U O8U3U3� L N�U3O8I3M8HJnXV8HJ>?A >Ye�V^@XU V^L M8[YUWV H%A V8U3M^m�Oo>Ye+HcV8O
I3>?m�n�>?AXU�A?V$M8U��GU3IWV8>YM2n�M8H%m�HcV8Hc|?U3O�[YHc|?U�A]L�O8UWV2>Ye
e(U�LwV^_XM8U3O2U��dV8M^L IWV8U3N e(M8>?m V^@XU P B2F H%m5L [YU3O3D
�kU L I3I3>?m�n�TJHJO^@ V^@XHJO�nGL M^LYm�UWV8M8HJI+U3OaV8H%m5LwV8HJ>?A H%A V^@XU+I3>?A?V8U��dV�>Ye
NGLwV^L5L O8O8>`I3H%LwV8HJ>?A _XO8H%AX[�V^@XU
U��Xn�U3IWV^LwV8HJ>?A�� m5L��XH%m�H! �LwV8HJ>?A"� S�\#�Em�UWV^@X>`N}D �kUCI3>?AXOaV8M^_XIWV�LYA S�\�� : L O8U3N1L TJ[Y>YM8HcV^@�m#V^@�LwV
[YU�AXU3M^LwV8U3O�L�V^L M8[YUWVtm�>`N�U3Tde(M8>?m�e(U�LwV^_XM8U3O�U��dV8M^L IWV8U3Noe(M8>?m L�O8UWV�>Ye P B2F7H%m5L [YU3M ; D f�@XHJO�L TJ[Y>��
M8HcV^@�m L NGL nXV8Hc|?U3T ; O8U3TJU3IWV8O�V^@XU2m�>`N�U3TX>YM8N�U3M�LYAXN5>Yn�U3M^LwV8U3O���HcV^@X>?_dV�O^_Xn�U3Ma|dHJO8HJ>?A�Dg�kU2n�M8U3O8U�A?V
U��dV8U�AXO8HJ>?AXOEV8> V^@XU : L O8HJICm�>`N�U3T �'[YU�AXU3M^LwV8HJ>?A e(M^LYm�UW��>YM8��LYAXN L TJ[Y>YM8HcV^@�m V8>]U�A�L : TJUoU��Xn�TJHJI3HcV
L I3I3>?m5m�>`NGLwV8HJ>?Ao>Ye}|YL M8HJ>?_XO�nG@XU�AX>?m�U�A�L+H%m�n�>YMaV^LYA?V�e(>YM�n�M8>Yn�U3M�V^L M8[YUWV$m�>`N�U3TJH%AX[dRdH%AXI3T%_XN�H%AX[
nGL MaV8H%L Tt> : OaV8M^_XIWV8HJ>?A1LYAXN1AX>?AXI�LYAX>?AXHJI�L Ttn�M8H%m�HcV8Hc|?UCM8U3O8n�>?AXO8U3O3Dkf�@XM8>?_X[?@X>?_dV V^@XUoV^@XU3O8HJO{��U
n�M8U3O8U�A?V$M8U3O^_XTcV8O$N�U�m�>?AXOaV8M^LwV8H%AX[{V^@XU+L n�n�TJHJI�L : HJTJHcV ; >Yeg>?_XM$e(M^LYm�UW��>YM8�oLYAXN V^@XU+_dV8HJTJHcV ; >Yeg>?_XM
L TJ[Y>YM8HcV^@�m D

f�@XU3O8HJO P _Xn�U3Ma|dHJO8>YM3~ B2T%LYA P DX��HJTJTJO8� ;
f$HcV8TJU ~�S�NX��H%A P DX�kU : OaV8U3M�v�M8>Ye(U3O8O8>YM$>Ye
S�TJU3IWV8M8HJI�L TqS�AX[YH%AXU3U3M8H%AX[
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B2O�b2s-AXN�m ; O8U3TJe�m�U3M8U{NGL ; OEL3�tL ; e(M8>?m : U3OaV8>��tL T�>Ye�V^@XU{V8HcV8TJU��8p�>`IWV8>YME>Ye�v�@XHJTJ>YO8>YnG@ ; R �Zb
M8U�L TJH! 3U�V^@�LwV�b�@�L3|?U�n�M8U3I3HJ>?_XO�TJHcVaV8TJU�>Ye�m ; >��2A nG@XHJTJ>YO8>YnG@ ; V8>C> ��U3M+M8U�L N�U3M8O�>Ye�V^@XHJO�V^@XU3O8HJO3D
S�L M8T ; H%A�m ; [YM^L NG_�LwV8U��'OaV^_XN�U�A?V�I�L M8U3U3M b
U�A?|dHJO8HJ>?AXU3Nom ; O8U3TJeGI�L n�n�H%AX[�> �CV^@XHJO N�>`I�_�m�U�A?V
��HcV^@
L I3TJUW|?U3M8T ; ��M8HcVaV8U�AkL I^�dAX>���TJU3N�[?m�U�A?V8O O8U3IWV8HJ>?AkO^@XH%m5m�U3M8H%AX[5��HcV^@�n�U�L M8TJO+>Ye���HJO8N�>?m D�B2O+HcV
V^_XM^AXO2>?_dV3Rqm�>YOaV�>Ye V^@XU{nG@XHJTJ>YO8>YnG@ ; b�AX>�� n�>YO8O8U3O8O�@�L O�U3HcV^@XU3M : U3U�A m�H%AXU3N]H%A V^@XU{e(>YM^m >Ye
V^@XM8U3U�� m�H%A`_dV8U5LY_XN�HJ> A`_X[Y[YUWV8O >YM @�L O : U3U�A�[YTJU�LYAXU3N e(M8>?m > : O8U3Ma|YLwV8HJ>?A >Ye�V^@XU�[Y>`>`N n�U3>Yn�TJU
L M8>?_�AXN{m�U Dgv
U3M^@�L n�OgV^@XU : U3OaVgbqI�LYA > ��U3M e(M8>?m V^@XU�e(>YM^m�U3MgO8>?_XM8I3U�HJOgV^@XU�e(>YTJTJ>���H%AX[d~��a� @XU3M8U
; >?_�� |?U : U3U�A HJO�[Y>`>`N]LYAXNZ[Y>?AXU R�L TJT ; >?_Z�YU3U3n]HJO$V^@XU+[YUWVaV8H%AX[�V^@XU3M8U���� h�yYj�� Dtf�@XU�nG@XHJTJ>YO8>YnG@ ;
e(M8>?m0V^@XU+T%LwVaV8U3M�O8>?_XM8I3UEHJO2m�>YM8U�N�H �5I�_XTcV�V8>5ud_X> V8U R�LYAXN HcV2N�>`U3O2AX> V2O8>?_�AXN L O�[Y>`>`N >?AZV^@XU
[?_XHcV^L M3D b V+HJO"!a_XOaV+L O�|YL T%_�L : TJU R
@X>���UW|?U3M3R
LYAXN�H%A]V^@XU3O8U V'��>ZnGL [YU3O�b�@�L3|?U�V8M8HJU3N V8> U��Xn�M8U3O8O
m ; [YM^LwV8HcV^_XN�U+V8>�V^@X>YO8U��2@X>�@�L3|?U : U3U�A �`H%AXN U�AX>?_X[?@CV8>5H%m�nGL MaVtHcV3D

f�@�LYAX�`O
L M8U�sGM8OaV
NG_XU�V8>�B2T%LYAE��HJTJTJO8� ; Rdm ; M8U3O8U�L M8IK@{O^_Xn�U3Ma|dHJO8>YM3Dqf�@XM8>?_X[?@+V^@XU�T%L OaV e(>?_XM��
LYAXN�� L�� @�L TJe ; U�L M8O3RGB2T%LYAZ@�L O$O8U3Ma|?U3N AX> V$>?AXT ; L O2L V8U3IK@�AXHJI�L TgL NX|dHJO8>YM : _dV$L TJO8>5L O�L V8U�L IK@XU3M3R
m�U�A?V8>YM3RqI3>?_�AXO8U3TJ>YM3R
e(M8HJU�AXN}RgLYAXNke(U3TJTJ>�� @�L M8N��'T%_XI^� F�U3N P >
�ke�LYA�D �2U5@�L OEU��XI3U3TJTJU3N H%A�U�L IK@
>Ye�V^@XU3O8U5M8>YTJU3O3D B2T%LYA�� O{H%A?V8U3TJTJHJ[YU�AXI3U LYAXN U��Xn�U3MaV8HJO8UoL M8U5U��XI3U3U3N�U3N >?AXT ;k:<; @XHJOEI3>?m�nGL O8O8HJ>?A
LYAXNk_�AXN�U3M8OaV^LYAXN�H%AX[dD��2U�@�L O�O8U3Ma|?U3N$#�LYAXN ��HJTJT
I3>?A?V8H%A`_XU�V8> O8U3Ma|?U%#�L OELYA�U��XU�m�n�T%L M ; M8>YTJU
m�>`N�U3T�R : > V^@ n�M8>Ye(U3O8O8HJ>?A�L TJT ; LYAXNZn�U3M8O8>?A�L TJT ; D

b���>?_XTJN]L TJO8>5TJHJ�YUEV8>�V^@�LYAX�oV^@XU+> V^@XU3M2m�U�m : U3M8Ot>Ye m ; V^@XU3O8HJO�I3>?m5m�HcVaV8U3U D�S�L IK@ >?AXUE>Ye
V^@XU�m @�L O�LYA H%AXI3M8U3N�H : TJUEH%A?V^_XHcV8Hc|?U�[YM^L O8n]>Ye V8U3IK@�AXHJI�L T
HJO8O^_XU3O�LYAXN Lom�H%AXNZTJHJ�YU�L5OaV8U3U3TgV8M^L n}D
� f�@XHJO�T%L OaV m�UWV^L nG@X>YM�HJO+H%A?V8U�AXN�U3N V8>ZUW|?>Y�YU�H%m5L [YU3O+TJHJ�YU��8O^@�L M8nkLYAXN�H%AXI3HJO8Hc|?U R � AX> V&�8M^_XOaV ;
LYAXN HJTJTJU3[?L T H%A('dh{OaV^LwV8U3O3D ���Z=?>?@�A �
HJO^@XU3M�@�L O2n�M8>�|dHJN�U3N]A`_�m�U3M8>?_XO�@XU3TJn�e�_XTqO^_X[Y[YU3OaV8HJ>?AXO�LYAXN
HJN�U�L O2H%AZ>?_XM�m5LYA ; N�HJO8I�_XO8O8HJ>?AXO�>�|?U3M2V^@XUET%L OaV�O8UW|?U3M^L T ; U�L M8O3D�=?U�� P @�L n�HJM8>5@�L O : U3U�AZ[YHc|dH%AX[
m�U{U��XI3U3TJTJU�A?V{L NX|dHJI3U5LYAXN @XU3TJn�e�_XT
I3M8HcV8HJI3HJO^m O8H%AXI3U{��U�sGM8OaV+m�UWV+AXU�L M8T ; O8H � ; U�L M8O L [Y>dDoQ�HJTJT
b Ma|dH%AX[Z@�L O+TJU�A?VEI3>?AXO8HJN�U3M^L : TJU�H%AXO8HJ[?@?V LYAXN��tL OEH%AXOaV8M^_�m�U�A?V^L T
H%Ak@XU3TJn�H%AX[CV8>Ze(>YM^m{_XT%LwV8U�V^@XU
: L O8HJI+M8U3O8U�L M8IK@Zn�M8> : TJU�m >YegV^@XHJOtV^@XU3O8HJO�e(>?_XM ; U�L M8O�L [Y>dD

p�_XM8H%AX[�m ; V8U�A`_XM8U�H%A V^@XU P V8>`IK@�L OaV8HJI P`; OaV8U�m�O���M8>?_Xn b
@�L3|?U : U3U�A{O^_XM8M8>?_�AXN�U3N :<; m5LYA ;
U��XI3U3nXV8HJ>?A�L Tdn�U3>Yn�TJU D
B�AXN�M8UW�*)+H%m @�L O : U3U�AEL$e(U3TJTJ>�� P B2F [?_ ; R P v�b S]M8>`>?m5m5LwV8U RYj`D '�+,+�LYAXN
j`D x,-Yx2I3T%L O8O^m5LwV8U R/.10�S�OaV^_XN ; nGL MaV^AXU3M3R?LYAXN�m�>YOaVg>YeGL TJTXL2[YM8U�LwV e(M8HJU�AXN}D �2HJO
O8U3T �GU3O8O N�UW|?> V8HJ>?A
V8>oV^@XU{I3>?m�nG_dV8U3M2O ; OaV8U�m�@�L O��YU3nXV�V^@XU{T%L : M^_�A�AXH%AX[�O^m�>`> V^@XT ;32 @XHJO�HJM8M^LwV8HJ>?A�L T
N�UW|?> V8HJ>?A V8>
4 P l LYAXN V^@XU]M8U3OaVC>Ye�V^@XU]v L I��8h�y`R�N�U3O8n�HcV8U V^@XU]I3TJU�L MZLYAXN7>�|?U3Ma�2@XU3T%m�H%AX[ O^_Xn�U3M8HJ>YM8HcV ; >Ye
V^@XU]Q�HJ[ fgU�A�R�@�L Oo�YU3nXV @XH%m e(M8>?m ��H%A�AXH%AX[ @XHJO5e(>`> V : L TJT2n�>`>YTJO3D \ HJ�YU P IK@�AXU3HJN�U3M5O^@�L M8U3O
m ; _�A`_XO^_�L T�V^L OaV8U H%A m�>�|dHJU3OoLYAXN n�>YTJHcV8HJI3O3R�V'��> O^_ : ! U3IWV8O���U @�L3|?UZN�HJO8I�_XO8O8U3N e(M8U3ud_XU�A?V8T ; D
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�2U @�L O : U3U�A L1O8>?_XM8I3U�>Ye�@XU3TJn�e�_XT�L NX|dHJI3U LYAXN _�AXe�L HJTJH%AX[ [Y>`>`N @`_�m�>YM3R�LYAXN bC>���U @XH%m
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p�H ��M^L IWV8HJ>?A1D+D+D+D�D+D+D�D+D+D+D�D+D+D�D '?y
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L M8[YUWV�\ >`N�U3Tg��U�AXU3M^LwV8HJ>?A D+D�D+D+D�D+D+D+D�D+D+D�D -�'
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M^_�AXO�H%AC�2@XHJIK@ U�L IK@ I3>?m�n�>?AXU�A?V$>Ye P �rb8l! �tL O�N�HJO8I3>�|?U3M8U3N}D D+D h�-Yx
><D + F�U3O^_XTcV8O$>Ye
U��XHJOaV8H%AX[5L TJ[Y>YM8HcV^@�m >?A P �rb8l! {DZD+D�D+D+D�D+D+D+D�D+D+D�D+D+D+D�D+D h�- +
><D ' l�>?m�nGL M8HJO8>?AZ>Ye V8>YnG@�LwV�n�>YO8U LYAXN : L O8U{LYm�n�TJHcV^_XN�U+U3OaV8H%m5LwV8U{OaV^LwV8HJOaV8HJI3O���HcV^@

LYAXN ��HcV^@X>?_dV$> : OaV8M^_XIWV8HJ>?A�� m�>`N�U3TJH%AX[�I�L nGL : HJTJHcV ; D D+D�D+D+D+D�D+D+D�D+D+D+D�D+D h�-�>
><D - v
U3M8e(>YM^m5LYAXI3U�>Ye
>YM8HJ[YH%A�L TgL TJ[Y>YM8HcV^@�m LYAXN m�>`N�HcsGU3NZL TJ[Y>YM8HcV^@�m�>?A V^@XU�V^L M8[YUWV

>Ye P U3IWV8HJ>?A�-<D 'dDJh?D
D+D�D+D+D+D�D+D+D�D+D+D+D�D+D+D�D+D+D�D+D+D+D�D+D+D�D+D+D+D�D+D h�><h
><D j P _ : V ; n�U��'U3OaV8H%m5LwV8HJ>?A]n�U3M8e(>YM^m5LYAXI3UE>Ye�m�>`N�HcsGU3N]L TJ[Y>YM8HcV^@�m >?A]V^@XUEV^L M8[YUWV+>Ye

P U3IWV8HJ>?A -<D 'dDJh<D D+D+D�D+D+D+D�D+D+D�D+D+D+D�D+D+D�D+D+D�D+D+D+D�D+D+D�D+D+D+D�D+D h�><h
><D > ��M^L IWV8HJ>?A >Ye
M^_�AXO�H%AC�2@XHJIK@ U�L IK@ I3>?m�n�>?AXU�A?V$>Ye P �rb8l! �tL O�N�HJO8I3>�|?U3M8U3N}D D+D h�> +
><D K P _ : V ; n�U��'U3OaV8H%m5LwV8HJ>?A n�U3M8e(>YM^m5LYAXI3U�>Ye
m�>`N�HcsGU3N L TJ[Y>YM8HcV^@�m >?A P �rb8l! {D�D�D+D h�> +
><D i F�U3O^_XTcV8O$>Ye m�>`N�HcsGU3N L TJ[Y>YM8HcV^@�m�>?A P �rb8l! {D D�D+D+D�D+D+D+D�D+D+D�D+D+D+D�D+D h�>�'
><DJh�y�\ U�LYA LYAXNZOaV^LYAXNGL M8N N�UW|dH%LwV8HJ>?A >Ye ���� ��� � ���� ��e(>YM2L TJT}V8M8H%@XU3N�M^L T}U3OaV8H%m5LwV8U3O3D�D�D+D h�K`h
BEDJh v�M8H%m�HcV8Hc|?U�O8I�LwVaV8U3M8H%AX[om�>`N�U3T}I3>?m�n�>YO8HcV8HJ>?A�D D+D�D+D+D�D+D+D+D�D+D+D�D+D+D+D�D+D h�iYi
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��������� NGLwV^L n�T%L ; OCLkI3U�A?V8M^L T2M8>YTJU]H%A m5LYA ; sGU3TJN�OoLYAXN�L n�n�TJHJI�LwV8HJ>?AXO3D baA M8U3I3U�A?V ; U�L M8O3R
U3O8n�U3I3H%L TJT ; L O M8U�m�> V8U5O8U�AXO8H%AX[ZV8U3IK@�AX>YTJ>Y[YHJU3O�LYAXN I3>?m�nG_dV8H%AX[ZM8U3O8>?_XM8I3U3O{@�L3|?Uon�M8>Y[YM8U3O8O8U3N

m5L M8�YU3N�T ; RGV^@XU3M8U @�L O : U3U�A L�n�M8>YTJHJe(U3M^LwV8HJ>?A]>Ye L n�n�TJHJI�LwV8HJ>?AXO�H%AZ�2@XHJIK@ H%m5L [YUENGLwV^L�HJO2>Ye e�_�A��
NGLYm�U�A?V^L TrH%m�n�>YMaV^LYAXI3U D�baAZm5LYA ; sGU3TJN�O3R�V^@XUEI3>YTJTJU3IWV8HJ>?A]>YegV^@XUEH%m5L [YU+NGLwV^L�HJO�>?AXT ; >?AXU+>Ye�L
A`_�m : U3M�>YerN�H �5I�_XTcV�V8U3IK@�AXHJI�L T�IK@�L TJTJU�AX[YU3O3~�>Ye V8U�A�RdV^@XU�m�>YOaV�NGLY_�A?V8H%AX[EV^L O8�5HJO�V^@XU2H%A?V8U3TJTJHJ[YU�A?V
n�M8>`I3U3O8O8H%AX[ >YetV^@XUoI3>YTJTJU3IWV8U3N1H%m5L [YU3M ; V8>]H%AXe(U3M O8>?m�UWV^@XH%AX[]L : >?_dVEV^@XUoU�A?|dHJM8>?A�m�U�A?V >YM V^@XU
O8I3U�AXU : U3H%AX[{H%m5L [YU3N}D�f�@XU�H%m5L [YU3M ; I3>YTJTJU3IWV8U3N :<; L ��U�LwV^@XU3M$O^LwV8U3TJTJHcV8U R�>YM$L{M^L N�HJ>{V8U3TJU3O8I3>Yn�U R
>YM�L m5L [?AXUWV8HJI M8U3O8>?A�LYAXI3UCH%m5L [YH%AX[ O ; OaV8U�m HJO�>Ye2H%A?V8U3M8U3OaV�>?AXT ; H%AXO8>Ye�L M�L O�HcV�I�LYA : Uon�M8>��
I3U3O8O8U3N :<; L5@`_�m5LYA >YM�m5L IK@XH%AXU�V8>5U��dV8M^L IWV�H%AXe(>YM^m5LwV8HJ>?AZM8U3TJUW|YLYA?V2V8>�V8>?m�>YM8M8>��1� O���U�LwV^@XU3M3R
>YM�L�N�HJOaV^LYA?V�[?L T%L�� ; R�>YM�L�nGLwV8HJU�A?V�� O�N�H%L [?AX>YO8HJO3D

baA1m5LYA ; sGU3TJN�O{V^@XU n�M8H%m5L M ; [Y>?L T$>Ye2V^@XU H%m5L [YU n�M8>`I3U3O8O8H%AX[�HJO�V8>kHJN�U�A?V8HJe ; LYAXN1IK@�L M��
L IWV8U3M8H! 3U5O8n�U3I3HcsGI{> : ! U3IWV8O+>Ye�H%A?V8U3M8U3OaV3Rg>YM����! #"%$&�('KRgH%A]V^@XU�n�M8U3O8U�AXI3U�>Ye�O8HJ[?AXHcsGI�LYA?V AX>YHJO8U�LYAXN
_�AXH%AXe(>YM^m5LwV8Hc|?U : L I^�`[YM8>?_�AXN e(U�LwV^_XM8U3O3R$>YM*),+ -.�#�/$& ^D .�AXUZO^_XIK@1sGU3TJN HJOom�HJTJHcV^L M ; M8U3I3>?A�A�L HJO��
O^LYAXI3U � K?x � DCbaAkL V ; n�HJI�L T�M8U3I3>?A�A�L HJO8O^LYAXI3U5O8I3U�A�L M8HJ>dRgV^@XU5H%m5L [YH%AX[ZO ; OaV8U�m m�HJ[?@?V+I3>?AXO8HJOaV >Ye
L O8U�AXO8>YM m�>?_�A?V8U3Nk>?A LYA L HJM8n�T%LYAXU 2 V^@XU�O8I3U�AXU : U3H%AX[ZH%m5L [YU3N m�HJ[?@?VEI3>?A?V^L H%A L ��HJN�U{|YL M8H �
UWV ; >Ye�A�LwV^_XM^L T
e(U�LwV^_XM8U3O �0$,12"31%R}V8M8U3U3O3Rq[YM^L O8O3RgLYAXN M8Hc|?U3M8O��8Rrs �XU3Nkm5LYA�m5L N�U+OaV8M^_XIWV^_XM8U3O �0$,12"31%R
: _XHJTJN�H%AX[YO�LYAXN]M8>?L N�O��8RrLYAXN]|?U�@XHJI3TJU3O �0$,12"31%R�V8M^_XI^�`O�LYAXN V^LYAX�`O��8D�baA]O^_XIK@]LoO8I3U�A�L M8HJ>oV^@XUE|?U��
@XHJI3TJU3O{L M8U�>Ye V8U�AkV^@XU�V^L M8[YUWV8O >YetH%A?V8U3M8U3OaV3R�LYAXN L TJT�> V^@XU3M O8I3U�AXU�I3>?m�n�>?AXU�A?V8OEL M8U�|dHJUW��U3N L O
N�HJOaV8M^L IWV8H%AX[{I3T%_dVaV8U3M3D�baA5>YM8N�U3M�V8>{m5L �YU�H%A?V8U3TJTJHJ[YU�A?V�N�U3I3HJO8HJ>?AXO : L O8U3NC>?AoH%m5L [YU3M ; I3>YTJTJU3IWV8U3NZH%A
O^_XIK@ZL�O8I3U�A�L M8HJ>dR�m5LYA ; ud_XU3OaV8HJ>?AXO�m{_XOaVtV ; n�HJI�L TJT ;Z: U+LYAXOa��U3M8U3N}~��2@XHJIK@ZnGL MaV8O$>YegV^@XU+H%m5L [YU
I3>YM8M8U3O8n�>?AXN V8>5V^L M8[YUWV8O3RgL O�>Yn�n�>YO8U3N V8>CI3T%_dVaV8U3M54 �2>�� m5LYA ; |?U�@XHJI3TJU3OEL M8U n�M8U3O8U�A?V54 � @XU3M8U
L M8U�V^@XU3O8U�|?U�@XHJI3TJU3O{TJ>`I�LwV8U3N64 � @�LwV+V ; n�U3OE>Ye�|?U�@XHJI3TJU3O{L M8U�V^@XU ; 4 B2M8U�V^@XU3O8U�|?U�@XHJI3TJU5V ; n�U3O
H%AXN�HJI�LwV8Hc|?U�>Yere(M8HJU�AXN�O�>YM�e(>`U3O54 b e}>?AXT ; LEO^m5L TJT-LYm�>?_�A?V�>YerH%m5L [YU3M ; HJO�V8> : U$n�M8>`I3U3O8O8U3N}R`V^@XU�A
V^@XHJO�n�M8>`I3U3O8O8H%AX[�m�HJ[?@?V : U$L I3I3>?m�n�TJHJO^@XU3N :<; L�@`_�m5LYA H%m5L [YU$LYA�L T ; OaV 2 HJe'R<>?A{V^@XUt> V^@XU3M�@�LYAXN}R
V^@XU3M8U�HJO LZO8HJ[?AXHcsGI�LYA?V{LYm�>?_�A?V+>YetH%m5L [YU3M ; LYAXN�V8H%m�U�HJOE>Ye�V^@XU5U3O8O8U�AXI3U RgV^@XU�AkHcVE��>?_XTJN : U
: U�AXUWsGI3H%L TXV8> U�m�n�TJ> ; LYA5LY_dV8>?m5LwV8U3Non�M8>`I3U3O8O8>YM3D B�_dV8>?m5LwV8HJI$V^L M8[YUWV�M8U3I3>Y[?AXHcV8HJ>?A � B f$F��
O ; O��
V8U�m�Ot@�L3|?U : U3U�AoN�U3O8HJ[?AXU3NCV8>{n�M8>`I3U3O8O�NGLwV^L�LYAXNoV8>�HJN�U�A?V8HJe ; LYAXNCI3T%L O8O8HJe ; V^L M8[YUWV8O$>YeqH%A?V8U3M8U3OaV
H%A O8I3U�A�L M8HJ>YO�TJHJ�YU+V^@XU3O8U � i`R^h�y`R +`h�� D

B f$F�O ; OaV8U�m�O�@�L3|?UZM8U3I3U3Hc|?U3N I3>?AXO8HJN�U3M^L : TJUZLwVaV8U�A?V8HJ>?A H%A1m�HJTJHcV^L M ; M8U3I3>?A�A�L HJO8O^LYAXI3UZL n��
n�TJHJI�LwV8HJ>?AXO3R�U3O8n�U3I3H%L TJT ; H%AZI3>?A !a_�AXIWV8HJ>?A ��HcV^@ZO ; A?V^@XUWV8HJI L n�U3MaV^_XM8U+M^L NGL M � P B2F���H%m5L [YH%AX[�O ; O��
V8U�m�O � h�-<R^x +`R -<hYR > j`R >�><RWh�y?x � D5f�@XU : M8>?L N _dV8HJTJHcV ; >Ye P B2F�L O+L5M8U�m�> V8U{O8U�AXO8H%AX[5V8>`>YT
HJO���U3TJT
�dAX>��2A�~�HcV2HJO2U���U3IWV8Hc|?U�LwV2T%L M8[YU N�HJOaV^LYAXI3U3O3R�LwV2NGL ; >YM2LwV�AXHJ[?@?V3R-H%A LYA ; ��U�LwV^@XU3M2I3>?AXN�HcV8HJ>?AXO3R
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LYAXN1HcV�HJO�I�L nGL : TJU >Ye2n�M8>`NG_XI3H%AX[]@XHJ[?@��'M8U3O8>YT%_dV8HJ>?A1H%m5L [YU3O3R�L TJT��2@XHJTJU _XO8H%AX[�L]O8U�AXO8>YM�O^m5L TJT
U�AX>?_X[?@ V8> : UEm�>?_�A?V8U3N >?A LYA]L HJM8n�T%LYAXU D2F�U3O8U�L M8IK@]H%A?V8>oB f$F O ; OaV8U�m�O�>Yn�U3M^LwV8H%AX[o>?A P B2F
H%m5L [YU3M ; @�L O�H%A?V8U�AXO8HcsGU3N H%A M8U3I3U�A?V ; U�L M8OoL O5m�>YM8U LYAXN m�>YM8U P B2F H%m5L [YU3M ; @�L O : U3I3>?m�U
L3|YL HJT%L : TJU e(>YMt��HJN�U�M8U3TJU�L O8U LYAXNZU��Xn�U3M8H%m�U�A?V^LwV8HJ>?A*� > +`R >�' � D

f�@XU @XHJ[?@��'TJUW|?U3T2m�> V8Hc|YLwV8HJ>?A e(>YM�V^@XHJO�V^@XU3O8HJO5HJO�V^@XU [YU�AXU3M^LwV8HJ>?A >Ye�V^L M8[YUWVCm�>`N�U3TJO�e(M8>?m
P B2F�H%m5L [YU3M ; V8> e�L I3HJTJHcV^LwV8U�N�UW|?U3TJ>YnGm�U�A?VtLYAXNoN�U3n�TJ> ; m�U�A?V�>Ye}B f$F O ; OaV8U�m�O3DgbaA5nGL MaV8HJI�_XT%L M3R
V^@XHJO V^@XU3O8HJO HJO I3>?AXI3U3M^AXU3N���HcV^@7V^@XU�ud_XU3OaV8HJ>?A�>Ye @X>�� I3>?m�nGL IWV3R�N�U3O8I3M8HJnXV8Hc|?U R+LYAXN�M8> : _XOaV
V^L M8[YUWV m�>`N�U3TJO2e(>YM�B f$F�I�LYA : UE[YU�AXU3M^LwV8U3Nke(M8>?m m{_XTcV8HJn�TJU P B2F H%m5L [YU3O�>Ye�L5V^L M8[YUWV3DEf�@XHJO
H%A?V8M8>`NG_XIWV8>YM ; IK@�L nXV8U3M�U3T%_XI3HJNGLwV8U3O : > V^@ZV^@XU I3>?A?V8U��dVELYAXN m�> V8Hc|YLwV8HJ>?A >Ye V^@XHJO�n�M8> : TJU�m R�LYAXN
n�M8>�|dHJN�U3OoLYA1>?_dV8TJH%AXUZe(>YM�V^@XU M8U�m5L H%AXN�U3M�>Ye2V^@XUCV^@XU3O8HJO3D �kU : U3[YH%A :<; O8�YUWV8IK@XH%AX[ >?_dV�V^@XU
I3>?A?V8U��dV�H%AC�2@XHJIK@CV^@XU�n�M8> : TJU�m0>YegV^L M8[YUWV�m�>`N�U3T�[YU�AXU3M^LwV8HJ>?A HJO$H%m�n�>YMaV^LYA?V3D
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B V ; n�HJI�L T�B f$F O ; OaV8U�m e(>YM P B2F HJO�N�U3O8I3M8H : U3N H%A � K`h�� D f�@XHJO�O ; OaV8U�m @�L O�V^@XM8U3U N�HJOaV8H%AXIWV
n�M8>`I3U3O8O8H%AX[�OaV^L [YU3O3R-L O$N�U3n�HJIWV8U3NZH%A��
HJ[?_XM8U�hYDJh?~�L{n�M8U3O8I3M8U3U�AXU3M3R�L{N�HJO8I3M8H%m�H%A�LwV8>YM3R�LYAXNZL{I3T%L O��
O8HcsGU3M3D f�@XUtn�M8U3O8I3M8U3U�AXU3M�n�M8>`I3U3O8O8U3O�T%L M8[YU2LYm�>?_�A?V8O�>Ye�H%m5L [YU3M ; V8>+HJN�U�A?V8HJe ; L�M8U3T%LwV8Hc|?U�@�LYAXN�e�_XT
>Ye� $/"XWZYX[.'�Y�\]W%[
�/$& $5' � � F .2b O��8R->YM2O^m5L TJTrH%m5L [YUEIK@XHJn�O2n�> V8U�A?V8H%L TJT ; I3>?A?V^L H%AXH%AX[oV^L M8[YUWV8O3D�f�@XU
N�HJO8I3M8H%m�H%A�LwV8>YM�m�>YM8UEI3TJ>YO8U3T ; U���LYm�H%AXU3O�V^@XU3O8U F .2b O�LYAXN]M8U ! U3IWV8O2V^@X>YO8UEV^@�LwV+L n�n�U�L M�V8>oI3>?A��
V^L H%A >?AXT ; A�LwV^_XM^L T�I3T%_dVaV8U3M3R�O8U�AXN�H%AX[ V^@XU�M8U3OaV�V8>{V^@XU�I3T%L O8O8HcsGU3M$e(>YMtUW|?U�A I3TJ>YO8U3M$O8I3M^_dV8H%A ; D�f�@XU
I3T%L O8O8HcsGU3M�m5L �YU3O�LEs-A�L T�N�UWV8U3M^m�H%A�LwV8HJ>?A L : >?_dVtU�L IK@ZF .2bKRXU3HcV^@XU3M$M8U ! U3IWV8H%AX[�HcV$L O�_�AXH%A?V8U3M8U3OaV��
H%AX[]m5LYA�m5L N�U{I3T%_dVaV8U3M >YM HJN�U�A?V8HJe ; H%AX[ HcV{L O L V^L M8[YUWV�LYAXN M8U3n�>YMaV8H%AX[ZU3OaV8H%m5LwV8U3O >Ye�M8U3TJUW|YLYA?V
V^L M8[YUWV{H%AXe(>YM^m5LwV8HJ>?A O^_XIK@ L O+n�M8U3I3HJO8U�TJ>`I�LwV8HJ>?A�R
|?U�@XHJI3TJU�V ; n�U Rgn�>YO8U R
LYAXNk> V^@XU3M+N�U3n�TJ> ; m�U�A?V
I3>?AXN�HcV8HJ>?AXO3D+f�@XU : U�AXUWs�V2>Ye V^@XU�m{_XTcV8H �'OaV^L [YU�L n�n�M8>?L IK@ >Ye �
HJ[?_XM8U�hYDJh�HJO�V^@XUEV8M^L N�U3> � HcV+L T �
TJ>���O : UWV'��U3U�A]H%m5L [YU�|?>YT%_�m�UELYAXN]L TJ[Y>YM8HcV^@�m�HJIEI3>?m�n�TJU��XHcV ; ~�V^@XUEn�M8U3O8I3M8U3U�AXU3M2m{_XOaV$n�M8>`I3U3O8O
L TJT�I3>YTJTJU3IWV8U3NZH%m5L [YU3M ; V8>{O8I3M8U3U�Ao>?_dV�I3T%_dVaV8U3M3R : _dV�I�LYA : U�H%m�n�TJU�m�U�A?V8U3NoL I3I3>YM8N�H%AX[ V8>�L+|?U3M ;
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: L O8U3N5H%AXe(>YM^m5LwV8HJ>?A�I�LYA : U$M8> : _XOaV8T ; LYAXN5M8U3TJH%L : T ; U��dV8M^L IWV8U3No�2@XU�A{V^@XU2L3|YL HJT%L : TJU�M^L NGL M�NGLwV^L
HJO5AX> V�TJH%m�HcV8U3N V8>kL O8H%AX[YTJU |dHJUW��H%AX[kLYAX[YTJU R : _dV�H%AXOaV8U�L N1HJO�O8n�M8U�L N1>�|?U3Mom{_XTcV8HJn�TJUo|dHJUW��H%AX[
LYAX[YTJU3O�L I3M8>YO8O$V^@XU�|dHJUW��O8nG@XU3M8U D

f�@XU�e�_�AXNGLYm�U�A?V^L TYI3>?A?V8M8H : _dV8HJ>?AE>YedV^@XHJOqV^@XU3O8HJOgHJOrV^@XU�N�UW|?U3TJ>YnGm�U�A?V
LYAXNEN�U�m�>?AXOaV8M^LwV8HJ>?A+>Ye
L�O ; OaV8U�m5LwV8HJIEe(>YM^m5L TJHJO^m�LYAXN �GU��XH : TJUEe(M^LYm�UW��>YM8�oe(>YM$V^@XUE[YU�AXU3M^LwV8HJ>?A >Ye
V^@XM8U3U��'N�H%m�U�AXO8HJ>?A�L T
m�>`N�U3TJO{e(M8>?m m{_XTcV8HJn�TJU P B2F0H%m5L [YU3O�>Ye2L V^L M8[YUWV3D .�_XM{m�>`N�U3TJO{I3>?AXO8HJOaV�>Ye�O8nGLwV8H%L TtI3>YTJTJU3I��
V8HJ>?AXOE>Ye�M8U��GU3IWV8>YMEn�M8H%m�HcV8Hc|?U3O�O^_XIK@kL O+I ; TJH%AXN�U3M8O3R}V8>YnG@�LwV8O3RgN�H%@XU3N�M^L TJO3RqLYAXN V8M8H%@XU3N�M^L TJO3RqU�L IK@
>Ye��2@XHJIK@ HJO N�U3O8I3M8H : U3N H%A�V8U3M^m�OE>Ye$L @�LYAXN�e�_XT�>YetnGL M^LYm�UWV8U3M8O3R
H%AXI3T%_XN�H%AX[ LZN�HJO8I3M8UWV8UoH%AXN�U��
H%AXN�HJI�LwV8H%AX[ : L O8HJI{O8I�LwVaV8U3M8H%AX[CV ; n�U{LYAXN]O8UW|?U3M^L T I3>?A?V8H%A`_X>?_XO�nGL M^LYm�UWV8U3M8O2H%AXI3T%_XN�H%AX[oTJ>`I�LwV8HJ>?A�R
n�>YO8U RGLYAXN > V^@XU3MtH%AXe(>YM^m5LwV8HJ>?ACM8U3TJUW|YLYA?V$V8>�N�U3O8I3M8H : H%AX[ V^@XU�O8I�LwVaV8U3M8H%AX[�O8HJ[?A�LwV^_XM8U�>YerV^@XU�>�|?U3M��
L TJT�V^L M8[YUWV(� - j`RWi?x � D .�_XMEe(M^LYm�UW��>YM8�]U�A?V^L HJTJO�U3OaV8H%m5LwV8HJ>?A >Ye�V^@XUoA`_�m : U3M+>Ye�O8I�LwVaV8U3M8U3M8O�LYAXN
V^@XU3HJMtN�U3O8I3M8HJnXV8Hc|?U�nGL M^LYm�UWV8U3M8O : L O8U3NC>?A5V^@XU2> : O8U3Ma|?U3N O8UWV�>Ye P B2F H%m5L [YU3O3D baA5n�M8H%AXI3HJn�TJU�V^@XU
>YnXV8H%m5L Tr�tL ; V8>5N�>�V^@XHJO2HJO�V8>o_XO8U L TJTq>Ye
V^@XU L3|YL HJT%L : TJU{H%m5L [YU3M ; V8>on�U3M8e(>YM^m V^@XUEnGL M^LYm�UWV8U3M
U3OaV8H%m5LwV8HJ>?A�N�HJM8U3IWV8T ; D Q2> V8UtV^@�LwV V^@XU$U��Xn�TJHJI3HcV�H%AXI3T%_XO8HJ>?A{>Ye-TJ>`I�LwV8HJ>?AoL O�>?AXUt>YeGV^@XUtnGL M^LYm�UWV8U3M8O
N�U3O8I3M8H : H%AX[5U�L IK@ n�M8H%m�HcV8Hc|?UEH%m�n�TJHJU3O$V^@�LwV2V^@XU m�>`N�U3TrU3OaV8H%m5LwV8HJ>?A]n�M8>`I3U3NG_XM8UEm{_XOaV�N�U�L Tq��HcV^@
U3OaV^L : TJHJO^@XH%AX[EL�I3>YM8M8U3O8n�>?AXN�U�AXI3U : UWV'��U3U�A�U�L IK@�n�>YOaV^_XT%LwV8U3N�n�M8H%m�HcV8Hc|?UtLYAXN{V^@XUt> : O8U3Ma|?U3N�O8I�LwV��
V8U3M8H%AX[�M8U3O8n�>?AXO8U3O�H%A L TJT�>YeqV^@XU P B2F H%m5L [YU3O3D�baAon�M8H%AXI3HJn�TJU2V^@XU�>YnXV8H%m5L T-�tL ; V8>�N�> ����W '+HJO�V8>
_XO8U+L TJT}>YerV^@XU P B2F H%m5L [YU3O$N�HJM8U3IWV8T ; V8>�U3OaV^L : TJHJO^@CV^@XU3O8U�I3>YM8M8U3O8n�>?AXN�U�AXI3U3O$LwVtV^@XU�O^LYm�U2V8H%m�U
V^@�LwV�V^@XU2nGL M^LYm�UWV8U3M8O�>Ye}U�L IK@Cn�M8H%m�HcV8Hc|?U�L M8U2U3OaV8H%m5LwV8U3N}D �2>���UW|?U3M3R : U3I�LY_XO8U2>Ye}V^@XU�I3>?m�n�TJU����
HcV ; >YeqO^_XIK@ L V^L O8�GRXV^@XU�e�L IWV$V^@�LwVt>?_XM$_XTcV8H%m5LwV8U�> : ! U3IWV8Hc|?U+HJO$L{TJ>�� �'N�H%m�U�AXO8HJ>?A�L T�N�U3O8I3M8HJnXV8HJ>?A
>Ye�V^@XU$V^L M8[YUWVtL O�L+O8UWV�>Ye}n�M8H%m�HcV8Hc|?U3O3RdLYAXN�V^@XU$e�L IWV�V^@�LwV�m�>`N�U3T � : L O8U3N�B f$F7O ; OaV8U�m�O�L TJM8U�L N ;
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>Yn�U3M^LwV8U2H%A5V^@XHJOtm5LYA�AXU3M3R<��U�|dHJUW��V^@XU2U3OaV8H%m5LwV8HJ>?ACn�M8> : TJU�m L OtLEV'��>��'OaV8U3nZn�M8>`I3U3NG_XM8U D
S�L IK@
P B2F�H%m5L [YU2HJO�sGM8OaV�I3>?m�n�M8U3O8O8U3NoH%A?V8>{LEO8UWV�>YeqLY_X[?m�U�A?V8U3NoN�UWV8U3IWV8HJ>?AXOtI3>?AXO8HJOaV8H%AX[{>YerM8U3TJUW|YLYA?V
H%AXe(>YM^m5LwV8HJ>?A�L : >?_dV O8HJ[?AXHcsGI�LYA?V�O8I�LwVaV8U3M8H%AX[+M8U3O8n�>?AXO8U3O H%A{U�L IK@�H%m5L [YU R<H%AXI3T%_XN�H%AX[�TJ>`I�LwV8HJ>?AoLYAXN
> V^@XU3M2NGLwV^L5U��dV8M^L IWV8U3N e(M8>?m�V^@XUEH%AXN�Hc|dHJNG_�L TrH%m5L [YU3O2>YM2nG@�L O8U @XHJOaV8>YM8HJU3O3D�f�@XU3O8U+I3>?m�n�M8U3O8O8U3N
M8U3n�M8U3O8U�A?V^LwV8HJ>?AXOEL M8U V^@XU�A e�_XO8U3N H%A >YM8N�U3M�V8>CU3OaV8H%m5LwV8U{V^@XU +��'p TJ>`I�LwV8HJ>?AXOELYAXN�IK@�L M^L IWV8U3M8HJO��
V8HJI3O+>Ye�V^@XU{V^L M8[YUWV n�M8H%m�HcV8Hc|?U3O3D{f�@XHJO�e(M^LYm�UW��>YM8� > ��U3M8O+[YM8U�LwV �GU��XH : HJTJHcV ; H%A]V^@XU�IK@X>YHJI3U5>Ye�L
I3>?m�n�M8U3O8O8HJ>?A�O8IK@XU�m�U Rq��HcV^@kn�>YO8O8H : HJTJHcV8HJU3OEM^LYAX[YH%AX[Ze(M8>?m s-AXU��'[YM^L H%AXU3N U��dV8M^L IWV8HJ>?AXO{H%A �2@XHJIK@
V^@XU�I3>?m�n�M8U3O8O8HJ>?A5>YeqU�L IK@ P B2F H%m5L [YU�H%A?|?>YTc|?U3O��YU3U3n�H%AX[�L [YM8U�LwV$m5LYA ;5: L O8HJO�e�_�AXIWV8HJ>?AXO�V^@�LwV
I�L nXV^_XM8U�m�>YOaV�>Ye}V^@XU2U�AXU3M8[ ; H%A�V^@XU2M^L3� H%m5L [YU RdV8>�m�>YM8U�I3>?L M8O8U��'[YM^L H%AXU3N M8U3n�M8U3O8U�A?V^LwV8HJ>?AXOtH%A
�2@XHJIK@o>?AXT ; L O^m5L TJT�A`_�m : U3M�>YeqN�>?m�H%A�LYA?V�O8I�LwVaV8U3M8U3M8O�L M8U��YU3nXVte(M8>?m U�L IK@ H%m5L [YU RX��HcV^@o>?AXT ;
Loe(UW� nGL M^LYm�UWV8U3M8O2N�U3O8I3M8H : H%AX[oU�L IK@�M8U3O8n�>?AXO8U D2baA >YM8N�U3M2V8>CI3TJU�L M8T ; n�M8U3O8U�A?V�>?_XM�e(M^LYm�UW��>YM8�
LYAXN�V8>E@XHJ[?@XTJHJ[?@?V�M8U3n�M8U3O8U�A?V^LwV8HJ>?AXO�I3>?m5m�>?AXT ; _XO8U3N�H%A�B f$F+R?��U$e(>`I�_XO�@XU3M8U$>?A�L�nGL M^LYm�UWV8U3M��
H! �LwV8HJ>?A]LwVtV^@XU+I3>?L M8O8U3M$U�AXNZ>YeqV^@XHJO$O8n�U3IWV8M^_�m D
f�@XHJO$IK@X>YHJI3U L TJO8>5@XHJ[?@XTJHJ[?@?V8O$V^@XU�H%m�n�>YMaV^LYAXI3U
>YeqV^@XU+I3>YM8M8U3O8n�>?AXN�U�AXI3U�n�M8> : TJU�m�m�U�A?V8HJ>?AXU3NZn�M8UW|dHJ>?_XO8T ; D

B m�> V8Hc|YLwV8H%AX[ U���LYm�n�TJU�e(>YM V^@XU�M8U3O8U�L M8IK@ n�M8U3O8U�A?V8U3N @XU3M8U�HJO V^@XU V^L M8[YUWV]N�U3n�HJIWV8U3N H%A
�
HJ[?_XM8U�hYD x`D�f�@XHJOtV^L M8[YUWV3R}�dAX>��2AZL O P �rb8l! � LYA L I3M8>?A ; m e(>YM P LYAXN�H%L �gL : >YM^LwV8>YM8HJU3O�bam�n�TJU��
m�U�A?V^LwV8HJ>?AZ>Ye l ; TJH%AXN�U3M8O��8RGL TcV^@X>?_X[?@ZO8H%m�n�TJU3M�V^@�LYAZm5LYA ; m5LYA�m5L N�U�V^L M8[YUWV8O�O^_XIK@ZL O$V8M^_XI^�`O
>YM�V^LYAX�`O3R`HJO�O8>YnG@XHJOaV8HJI�LwV8U3NoU�AX>?_X[?@�V8>EU���@XH : HcV�m5LYA ; >YM�m�>YOaV�>Ye-V^@XU$I3>?m�n�TJHJI�LwV8U3NoM8U�L T � ��>YM8TJN
U���U3IWV8Ot> : O8U3Ma|?U3NoH%Aom�>YM8U$I3>?m�n�TJU���V^L M8[YUWV8O3D P �rb8l! HJO�L+V^L M8[YUWV�V^@�LwV�U���@XH : HcV8OtAX>?AXI�LYAX>?AXHJI�L T
n�M8H%m�HcV8Hc|?UtM8U3O8n�>?AXO8U3O3R<I�L3|dHcV ; M8U3O8n�>?AXO8U3O3R?n�M8H%m�HcV8Hc|?UtI3>?_Xn�TJH%AX[+H%A{V^@XU$e(>YM^m >Ye}m{_XTcV8HJn�TJU�� : >?_�AXI3U
M8U��GU3IWV8HJ>?AXO3R}LYAXN HJO2O8U3TJe �'>`I3I3T%_XN�H%AX[oe(M8>?m m5LYA ; |dHJUW��H%AX[oLYAX[YTJU3O3D2B m�> V8Hc|YLwV8H%AX[oud_XU3OaV8HJ>?A e(>YM
m{_XIK@ >YetV^@XU5��>YM8�kH%AkV^@XHJO V^@XU3O8HJO{HJO V^@XUoe(>YTJTJ>���H%AX[d~oI�LYA ��UoN�UW|?U3TJ>Yn L]m�>`N�U3T�[YU�AXU3M^LwV8HJ>?A
e(M^LYm�UW��>YM8��V^@�LwV�HJO�O8>YnG@XHJOaV8HJI�LwV8U3N U�AX>?_X[?@CV8>�N�U�L T}��HcV^@ZL{V^L M8[YUWV2TJHJ�YU P �rb8l! 4
24365�� O)( ;�*�>+*.7 =!R6K6V->���K�GM>?AJV K6V/. , K > V 0 AJV+G�=�>'2
F+GM>?AJV3*

f�@XU�M8U�m5L H%AXN�U3Mt>YeqV^@XHJOtV^@XU3O8HJO�HJO$>YM8[?LYAXH! 3U3N L O$e(>YTJTJ>���O3D
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0 ( K��+GH;-= &���� K N�� RJ=!AJF
V/. K6V/.	� =!;�9�>?AJF3*�
 A6=��
�kU : U3[YH%A :<; N�U3O8I3M8H : H%AX[EV^@XU : L O8HJI�nG@ ; O8HJI�L T-n�M8H%AXI3HJn�TJU3O�>?A5�2@XHJIK@5M^L NGL M�O ; OaV8U�m�O�L M8U : L O8U3N}D
�kU�N�U3O8I3M8H : U @X>�� M^L NGL MCO ; OaV8U�m�O L IK@XHJUW|?UkM8U3O8>YT%_dV8HJ>?A�H%A V^@XU M^LYAX[YU�LYAXN�I3M8>YO8O��'M^LYAX[YU N�H �
M8U3IWV8HJ>?AXO3D f�@XHJO{TJU�L N�O V8>kL N�HJO8I�_XO8O8HJ>?A >Ye P B2F+R
H%A �2@XHJIK@ @XHJ[?@ M8U3O8>YT%_dV8HJ>?A HJO�L IK@XHJUW|?U3N :<;
I3TJUW|?U3M{n�M8>`I3U3O8O8H%AX[Z>Ye�O8U3ud_XU�A?V8H%L T�M^L NGL MEM8UWV^_XM^AXO3D��kU5H%A?V8M8>`NG_XI3U�O8UW|?U3M^L T�I3>?AXI3U3nXV8O+V^@�LwV{L M8U
H%AXOaV8M^_�m�U�A?V^L T
H%A V^@XU�_�AXN�U3M8OaV^LYAXN�H%AX[oLYAXN H%A?V8U3M8n�M8UWV^LwV8HJ>?Ak>Ye P B2F H%m5L [YU3O3RgLYAXN]V^@�LwVEL HJN�H%A
V^@XU I3>?AXOaV8M^_XIWV8HJ>?A�>Ye L m�U�L O^_XM8U�m�U�A?VCm�>`N�U3T�H%A lt@�L nXV8U3M +dD �kU�I3>?AXO8HJN�U3MoV^@XU n�M8>YnGL [?L��
V8HJ>?AonG@XU�AX>?m�U�AX>YTJ>Y[ ; V^@�LwV�N�HJIWV^LwV8U3O�V^@XU2L n�n�U�L M^LYAXI3U�>YerM8U��GU3IWV8>YM�n�M8H%m�HcV8Hc|?U3O�H%A P B2F7H%m5L [YU3O
LYAXNZN�U3O8I3M8H : U�@X>�� O8UW|?U3M^L TrO8H%m�n�TJHJe ; H%AX[�L O8O^_�m�nXV8HJ>?AXO�U�A�L : TJU+I3>?AXI3HJO8U+N�U3O8I3M8HJnXV8HJ>?A >YeqV^@XU+L n��
n�U�L M^LYAXI3UC>Ye�O^_XIK@ n�M8H%m�HcV8Hc|?U3O 2 V^@XUCL O8O^_�m�nXV8HJ>?AXO{LYAXN1m�>`N�U3TJO{_�AXN�U3M8T ; H%AX[ZV^@XU m�UWV^@X>`N�OE>Ye
��U3>?m�UWV8M8HJI�L T .�nXV8HJI3O��'�1.���LYAXN v�@ ; O8HJI�L T .�nXV8HJI3O�� v".�� � j`hYR i?x �
L M8U�[YHc|?U�A nGL MaV8HJI�_XT%L M�LwVaV8U�A��
V8HJ>?A]NG_XU�V8>5V^@XU3HJM�U��dV8U�AXO8Hc|?U�_dV8HJTJH! �LwV8HJ>?A]H%AZT%LwV8U3M�IK@�L nXV8U3M8O3Dt�kU I3>?AXI3T%_XN�U+V^@XUEIK@�L nXV8U3M���HcV^@
LoN�U3O8I3M8HJnXV8HJ>?A >Ye�M8U3I3U�A?V���>YM8�ZH%A]�2@XHJIK@��1. R}v". R}LYAXN M8U3T%LwV8U3N m�>`N�U3TJO�@�L3|?U : U3U�A _XO8U3N]V8>
U��dV8M^L IWV$M8U��GU3IWV8>YM��'n�M8H%m�HcV8Hc|?U�� : L O8U3NZe(U�LwV^_XM8U3O�e(M8>?m h��'p LYAXNZx �'p M^L NGL Mtm�U�L O^_XM8U�m�U�A?V8O�H%A5V^@XU
e(>YM^m0>Ye
M^LYAX[YU+n�M8> sGTJU3O$LYAXN P B2F H%m5L [YU3O3D

0 ( K��+GH;-= ����� =!;+N >+*M;� =!A 2�� ;-I��+A6=�I F�� K�GM>?AJV
baAEV^@XHJO
IK@�L nXV8U3M
��U�e(>YM^m5L TJH! 3U�V^@XU�n�M8> : TJU�m OaV^LwV8U�m�U�A?V�LYAXN I3>?AXOaV8M^_XIWV�L�m�U�L O^_XM8U�m�U�A?V
m�>`N�U3T
: L O8U3No>?A5V^@XU�I3>?AXO8HJN�U3M^LwV8HJ>?AXO�>Yeqlt@�L nXV8U3M2x`D
�kU�n�M8>Yn�>YO8U�LEe(M^LYm�UW��>YM8�{H%A��2@XHJIK@�V^@XU�m�>`N�U3T
[YU�AXU3M^LwV8HJ>?A�n�M8> : TJU�m HJO : M8>Y�YU�A H%A?V8> V'��> OaV^L [YU3O3~ksGM8OaV3RtV^@XU U��dV8M^L IWV8HJ>?A�>Ye�e(U�LwV^_XM8U3OCe(M8>?m
P B2F�H%m5L [YU3O3R2LYAXN�O8U3I3>?AXN}R$V^@XU]e�_XO8HJ>?A7>Ye�V^@XU3O8U]e(U�LwV^_XM8U3O L I3M8>YO8O H%m5L [YU3OoV8> ; HJU3TJN L +��'p
V^L M8[YUWV+m�>`N�U3T�Dtf�@XU : U�AXUWs�V8O�>Ye
V^@XHJO�V'��>��'OaV^L [YU�L n�n�M8>?L IK@]L M8U{A`_�m�U3M8>?_XO3~�HcV�L TJTJ>���O�L�[YM8U�LwV
N�U�L T�>Ye �GU��XH : HJTJHcV ; H%A : > V^@�V^@XUoN�U3O8I3M8HJnXV8HJ>?A >YetO^L TJHJU�A?V�e(U�LwV^_XM8U3O H%A H%AXN�Hc|dHJNG_�L T�H%m5L [YU3O{LYAXN
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U3OaV8H%m5LwV8U3N}D
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: >?_�AXN�O3D �kU�n�M8U3O8U�A?V+M8U3O^_XTcV8O+e(>YMEm�>YM8U{O8>YnG@XHJOaV8HJI�LwV8U3N V^L M8[YUWV8O+�2@XHJIK@�n�M8U3O8U�A?VEm�>YM8U�O8HJ[?AXHJe �
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U���U3IWV8OE>Ye�L m�HJO^m5LwV8IK@ : UWV'��U3U�Akm�>`N�U3TJU3N�LYAXN�L IWV^_�L T�n�M8H%m�HcV8Hc|?U{N�H%m�U�AXO8HJ>?AXO�>?A�L TJ[Y>YM8HcV^@�m
n�U3M8e(>YM^m5LYAXI3U D



� � ��������� ������� � ��� � � � ��� � � � �

0 ( K��+GH;-=������];�K �?> V R @:> G ( 7 23*HG�=�F-N�GM>?AJV
baA+V^@XHJO
IK@�L nXV8U3Mg��U�U���LYm�H%AXU�>?AXU�O^@X>YMaV8I3>?m�H%AX[�>YeXV^@XU�e(M^LYm�UW��>YM8��I3>?AXOaV8M^_XIWV8U3N{H%A{lt@�L nXV8U3M8O +
LYAXN&'dRGA�LYm�U3T ; RXHcV8OtH%A�L : HJTJHcV ; V8>�L I3I3>?m5m�>`NGLwV8U�U��Xn�TJHJI3HcV8T ; V^@XU�U���U3IWV8O$>YegnGL MaV8H%L T�> : OaV8M^_XIWV8HJ>?A
>Ye�n�M8H%m�HcV8Hc|?U3O3Dg�kU�N�U�m�>?AXOaV8M^LwV8U�V^@XU�N�UWV8M8H%m�U�A?V^L T`U���U3IWV >Ye�> : OaV8M^_XIWV8HJ>?AE>?A{L TJ[Y>YM8HcV^@�m n�U3M8e(>YM��
m5LYAXI3U :<; n�M8U3O8U�A?V8H%AX[EM8U3O^_XTcV8O�O8H%m�HJT%L M�V8>+V^@X>YO8U2>Yeqlt@�L nXV8U3M�- : _dV���HcV^@�nGL MaV8H%L TJT ; > : OaV8M^_XIWV8U3N
n�M8H%m�HcV8Hc|?U3O3D��kU�N�U3O8I3M8H : U O8UW|?U3M^L T I3>?AXI3U3nXV^_�L T�L n�n�M8>?L IK@XU3O�V8> L I3I3>?m5m�>`NGLwV8H%AX[o> : OaV8M^_XIWV8HJ>?A
:<; U��XnGLYAXN�H%AX[5V^@XU e(M^LYm�UW��>YM8�Z>Ye�lt@�L nXV8U3M +oLYAXN�m�>`N�HJe ; H%AX[�V^@XU�L TJ[Y>YM8HcV^@�m >Ye�lt@�L nXV8U3M 'dD
f�@XU�I3>?AXI3U3nXV^_�L TJT ; >YnXV8H%m5L T�m�UWV^@X>`N�>Ye�H%AXI3>YM8n�>YM^LwV8H%AX[ > : OaV8M^_XIWV8HJ>?AkU���U3IWV8O{HJOEO^@X>��2A V8> : U
H%m�n�M^L IWV8HJI�L T�R�LYAXN ��Uon�M8>Yn�>YO8U5L O8H%m�n�TJHcsGU3N L n�n�M8>?L IK@ V^@�LwV HJO�L A�LwV^_XM^L T�U��dV8U�AXO8HJ>?A V8> V^@XU
U��XHJOaV8H%AX[�e(M^LYm�UW��>YM8�5LYAXN N�>`U3O$AX> V$O8HJ[?AXHcsGI�LYA?V8T ; H%AXI3M8U�L O8U�V^@XU�I3>?m�nG_dV^LwV8HJ>?A�L T}M8U3ud_XHJM8U�m�U�A?V8O
>YegV^@XUEL TJ[Y>YM8HcV^@�m D�f�@XU+_dV8HJTJHcV ; >YeqV^@XHJO2L n�n�M8>?L IK@ HJO�N�U�m�>?AXOaV8M^LwV8U3NC��HcV^@ O8UW|?U3M^L TqU���LYm�n�TJU3O3D

0 ( K��+GH;-=������];�K �?> V R @:> G (��]AJV-N�K6V AJV->�N > G��
f�@XHJO+IK@�L nXV8U3M : U3[YH%AXO���HcV^@kLYA LYA�L T ; O8HJOE>Ye�M8U�L T � ��>YM8TJN U���U3IWV8OEV^@�LwV m5L �YU5m5LYA ; n�M8H%m�HcV8Hc|?U3O
U���@XH : HcV+AX>?AXI�LYAX>?AXHJI�L T
M8U3O8n�>?AXO8U3O3D2�kU{U���LYm�H%AXU P �rb8l! H%A]N�UWV^L HJT LYAXN]N�U3O8I3M8H : U HcV8O2|YL M8HJ>?_XO
M8U3O8n�>?AXO8U�m�U3IK@�LYAXHJO^m�O3R`�2@XHJIK@oHJTJT%_XOaV8M^LwV8U�O8UW|?U3M^L Tre(>YM^m�O�>YegAX>?AXI�LYAX>?AXHJI3HcV ; D��kU�N�U�m�>?AXOaV8M^LwV8U
V^@XU5H%A�L : HJTJHcV ; >Ye�V^@XUoL TJ[Y>YM8HcV^@�m I3>?AXOaV8M^_XIWV8U3N H%Akn�M8UW|dHJ>?_XOEIK@�L nXV8U3M8O+V8> L I3I3>?m5m�>`NGLwV8U5AX>?A��
I�LYAX>?AXHJI�L T�M8U3O8n�>?AXO8U3O�n�M8>Yn�U3M8T ;{:<; n�M8U3O8U�A?V8H%AX[EHcV8O�n�U3M8e(>YM^m5LYAXI3U$>?A P �rb8l! {D?�kU2N�U3O8I3M8H : U�N�HJe �
e(U3M8U�A?V�I3>?AXI3U3nXV^_�L T L n�n�M8>?L IK@XU3O2V8>CN�U�L TJH%AX[o��HcV^@]AX>?AXI�LYAX>?AXHJI3HcV ; RgLYAXN]n�M8>Yn�>YO8U LYA L n�n�M8>?L IK@
V^@�LwV�HJO�I3>?AXI3U3nXV^_�L TJT ; : M8>?L N1U�AX>?_X[?@ V8>�L I3I3>?m5m�>`NGLwV8U L]��HJN�UoM^LYAX[YU >Ye2AX>?AXI�LYAX>?AXHJI3HcV8HJU3O3D
l�>?AXI3U�A?V8M^LwV8H%AX[ >?A >?AXU5I3T%L O8O >Ye�AX>?AXI�LYAX>?AXHJI3HcV8HJU3O{H%A?|?>YTc|dH%AX[]n�U3MaV^_XM : LwV8HJ>?AXOE>Ye�V^@XU5[YU3>?m�UWV��
M8HJI�L T�OaV8M^_XIWV^_XM8U{>Ye�n�M8H%m�HcV8Hc|?U3O3Rr��U�H%m�n�TJU�m�U�A?V2V^@XHJOEL n�n�M8>?L IK@kLYAXN�N�U�m�>?AXOaV8M^LwV8U{HcV8O+n�U3M8e(>YM��
m5LYAXI3Uo>?A P �rb8l! {Dgf�@XUCm�>`N�HcsGU3N L TJ[Y>YM8HcV^@�m M8> : _XOaV8T ; LYAXN M8U3TJH%L : T ; [YU�AXU3M^LwV8U3O�L]M8U�L TJHJOaV8HJI
LYAXN]N�U3O8I3M8HJnXV8Hc|?U m�>`N�U3Tr>Ye P �rb8l! {DX�kU I3>?AXI3T%_XN�U+V^@XUEIK@�L nXV8U3M :<; N�U3O8I3M8H : H%AX[oL5m�UWV^@X>`NZe(>YM
N�HJOaV8H%AX[?_XHJO^@XH%AX[ : UWV'��U3U�A U3OaV8H%m5LwV8U3N V^L M8[YUWV5m�>`N�U3T�I3>?m�n�>?AXU�A?V8OEV^@�LwV�I3>YM8M8U3O8n�>?AXN V8>]n�M8>Yn��
U3M8T ; m�>`N�U3TJU3N�M8U3O8n�>?AXO8U3O�LYAXN5V^@X>YO8U$V^@�LwV�I3>YM8M8U3O8n�>?AXN�V8> H%m�n�M8>Yn�U3M8T ; m�>`N�U3TJU3N5AX>?AXI�LYAX>?AXHJI�L T
M8U3O8n�>?AXO8U+m�U3IK@�LYAXHJO^m�O3D

0 ( K��+GH;-=�	�� 0 AJV+G�=�>'2
F+GM>?AJV3* K6V/.�
�F R6R6;�*HGM>?AJV3* C!A6=��6F+G�F
=!; SU;�*M;�K+=�N�(
baA V^@XU{s-A�L T IK@�L nXV8U3M+��U�O^_�m5m5L M8H! 3UEV^@XU5m5L�! >YM�I3>?A?V8M8H : _dV8HJ>?AXOE>Ye�V^@XU{V^@XU3O8HJO LYAXN�N�U3O8I3M8H : U
O8UW|?U3M^L Tgn�>YO8O8H : TJUEN�HJM8U3IWV8HJ>?AXO2e(>YM�e�_XMaV^@XU3M�M8U3O8U�L M8IK@�Dt�kU O^_X[Y[YU3OaV2O8UW|?U3M^L TgOaV8M^L HJ[?@?V8e(>YMa�tL M8N U����
V8U�AXO8HJ>?AXO�V8>�V^@XUte(M^LYm�UW��>YM8�{LYAXN�L TJ[Y>YM8HcV^@�m�I3>?AXOaV8M^_XIWV8U3N�H%A�n�M8UW|dHJ>?_XO IK@�L nXV8U3M8O�LYAXN�I3>?AXI3T%_XN�U
:<; N�HJO8I�_XO8O8H%AX[�L�@�LYAXN�e�_XT�>Ye
N�U3U3n�U3M$LYAXN m�>YM8U�e�_�AXNGLYm�U�A?V^L T�U��dV8U�AXO8HJ>?AXO3D

D � �
;-V/.
>�N�;�*
baACL N�N�HcV8HJ>?A5V8>EV^@XM8U3U�L n�n�U�AXN�HJI3U3O�I3>?A?V^L H%AXH%AX[�O^_Xn�n�>YMaV8H%AX[Em5LwV8U3M8H%L T-e(>YM�V^@XU2n�M8UW|dHJ>?_XO8T ; m�U�A��
V8HJ>?AXU3N IK@�L nXV8U3M8O3RGB2n�n�U�AXN�H �Cp n�M8U3O8U�A?V8O�L�O^_�m5m5L M ; >YeqV^@XUEAX> V^LwV8HJ>?A _XO8U3NCV^@XM8>?_X[?@X>?_dVtV^@XU
V^@XU3O8HJO2LYAXNZB2n�n�U�AXN�H �oS7n�M8>�|dHJN�U3O�L�[YTJ>YO8O^L M ; >Ye
L I3M8>?A ; m�O3D



���������
	����

� � ��� �	
 � � ��� � ��� � 
 ��� � � � 
 � � 
	�


 ��� �� @�L O�e(>?_�AXN���HJN�U�_XO8U2H%AoO8I3HJU�A?V8HcsGI R�I3>?m5m�U3M8I3H%L T�R�LYAXNCm�HJTJHcV^L M ; L n�n�TJHJI�LwV8HJ>?AXO$e(>YMtL
m ; M8H%L N >Ye�nG_XM8n�>YO8U3O3Drb V8O _ : HJud_XHcV8>?_XO^AXU3O8OgOaV8U�m�Oge(M8>?m HcV8O m5LYA ; L NX|YLYA?V^L [YU3O�H%AEn�M^L IWV8HJI�L T

O8U�AXO8H%AX[{O8I3U�A�L M8HJ>YO3~�M^L NGL MtHJO$L�AX>?A��'H%A?|YL O8Hc|?U RGM8U�m�> V8U RGL TJT � ��U�LwV^@XU3M�H%m5L [YH%AX[{V8U3IK@�AXHJud_XU�I�L nGL��
: TJU{>Ye�>Yn�U3M^LwV8H%AX[ LwVEAXHJ[?@?V+>YM�NG_XM8H%AX[5V^@XU�NGL ; D{F2L NGL M�O ; OaV8U�m�O�L M8U�L : TJU{V8> N�UWV8U3IWV+V^L M8[YUWV8O
LYAXNZn�M8>`NG_XI3U�@XHJ[?@��'M8U3O8>YT%_dV8HJ>?AZH%m5L [YU3O$e(M8>?m0N�HJOaV^LYAXI3U3O�>Ye m5LYA ; m�HJTJU3O3D

F2L NGL M�M8U3TJHJU3O�>?A�V^@XU�e�L IWV8O�V^@�LwV�> : ! U3IWV8O�M8U��GU3IWV�M^L N�HJ>+�tL3|?U3O3R�LYAXN�V^@�LwV�N�H ��U3M8U�A?V��`H%AXN�O�>Ye
> : ! U3IWV8OtM8U��GU3IWVtM^L N�HJ> �tL3|?U3O�N�H ��U3M8U�A?V8T ; D�B2TcV^@X>?_X[?@oV^@XU2I3>?AXI3U3nXV$>YerV^@XU�N�UWV8U3IWV8HJ>?A >YerV^L M8[YUWV8O
:<; M^L N�HJ>]�tL3|?U3O�NGLwV8U3O{e(M8>?m V^@XUCU�L M8T ; h�iYyYy O � iYi�� R�M^L NGL M �tL O�AX> V{U��dV8U�AXO8Hc|?U3T ; N�UW|?U3TJ>Yn�U3N
LYAXN N�HJN�AX> V+L IK@XHJUW|?U���HJN�U3O8n�M8U�L N�_XO8U{_�A?V8HJTg�k>YM8TJN � L M�b8bKR-�2@XU�A]HcV8O+_dV8HJTJHcV ; L O+LCm�HJTJHcV^L M ;
V8>`>YT��tL O sGM8OaV U��Xn�TJ>YHcV8U3N}D�� f�@XU ; U�L M8O{H%m5m�U3N�H%LwV8U3T ; e(>YTJTJ>���H%AX[ V^@XU5�tL M O^L3� LYA U��Xn�TJ>YO8HJ>?A
>YeqM^L NGL M�V8U3IK@�AX>YTJ>Y[ ; LYAXNC��HJN�U3O8n�M8U�L NCM8U3O8U�L M8IK@ H%A?V8>{V^L M8[YUWV�N�UWV8U3IWV8HJ>?AZLYAXN I3T%L O8O8HcsGI�LwV8HJ>?A :<;
M^L NGL M3DtF2L NGL M2N�UW|?U3TJ>YnGm�U�A?V2H%AZV^@XHJO�U3M^L��tL O2IK@�L M^L IWV8U3M8H! 3U3N :<; [YM^L NG_�L TJT ; H%m�n�M8>�|dH%AX[�M^LYAX[YU
M8U3O8>YT%_dV8HJ>?A : _dV�[YU�AXU3M^L TJT ; H%A�L N�U3ud_�LwV8U�L  3H%m{_dV^@�L T�RX>YM�I3M8>YO8O��'M^LYAX[YU RXM8U3O8>YT%_dV8HJ>?A�D�baA�V^@XUEh�i�- y O3R
ltL M8T���HJTJU ; RGLYA5U�AX[YH%AXU3U3M�e(>YM�V^@XU���>`>`N ; U�L M�B2HJM8I3M^L e V$l�>YM8n�>YM^LwV8HJ>?A�RdM8U�L TJH! 3U3NCV^@�LwVtm�> V8HJ>?A5>Ye
V^@XU�M^L N�HJ> LYA?V8U�A�A�LZn�T%LwV8e(>YM^m I3>?_XTJN : U�_XO8U3N�V8> U�A�@�LYAXI3U5L  3H%m{_dV^@�L T�M8U3O8>YT%_dV8HJ>?A�R LYAXN P B2F
�tL O : >YM^A � hYhYh�� D5f�@XHJO�IK@�L nXV8U3MEn�M8U3O8U�A?V8O+O8>?m�U : L O8HJI�M^L NGL M+LYAXN P B2F�I3>?AXI3U3nXV8O3R
N�U3O8I3M8H : U3O
M8U3TJUW|YLYA?V�nG@XU�AX>?m�U�AX>YTJ>Y[YHJI�L T
m�>`N�U3TJO�e(>YM$V^@XU H%A?V8U3M^L IWV8HJ>?A >Ye > : ! U3IWV8O���HcV^@ M^L N�HJ>��tL3|?U3O3RqLYAXN
U���LYm�H%AXU3O�O8UW|?U3M^L T}M8U3I3U�A?V�U���>YMaV8O�V8>{U��dV8M^L IWV�V^L M8[YUWVtH%AXe(>YM^m5LwV8HJ>?Aoe(M8>?m M^L NGL M�m�U�L O^_XM8U�m�U�A?V8O3D

2 &J5 3 SUK3.6K+=��6F
V/.6K6IL;-V+GHK � *

F2L NGL Mom�U�L O^_XM8U�m�U�A?V8O�L M8U m5L N�U :<; U�m�HcVaV8H%AX[kM^L N�H%LwV8HJ>?A7LYAXN �8TJHJOaV8U�AXH%AX[,� e(>YM5M8U��GU3IWV8HJ>?AXO3D
\ >YM8U�n�M8U3I3HJO8U3T ; RgLCM^L NGL M�O ; OaV8U�m�_XO8U3O+L5V8M^LYAXO^m�HcVaV8H%AX[ LYA?V8U�A�A�LoV8> M^L N�H%LwV8U�U�AXU3M8[ ; H%A]n�U3M8H �
>`N�HJI : _XM8OaV8O3D�B M8U3I3U3Hc|dH%AX[CLYA?V8U�A�A�L�N�UWV8U3IWV8O2V^@XUEM8U��GU3IWV8U3N]O8HJ[?A�L T :<; m�U�L O^_XM8H%AX[{V^@XUEU3TJU3IWV8M8HJI
sGU3TJN OaV8M8U�AX[ V^@ L O�L5e�_�AXIWV8HJ>?A]>Ye V8H%m�U D�B ��YX[+Y ' ���!� W )5M^L NGL M2O ; OaV8U�m _XO8U3O�LoO8H%AX[YTJU{LYA?V8U�A�A�L
e(>YM : > V^@ V8M^LYAXO^m�HJO8O8HJ>?A LYAXN M8U3I3U3nXV8HJ>?A7LYAXN1V^@`_XOom�U�L O^_XM8U3O " �3)�� '&)0�!�#�/$& $�#7M^L N�H%LwV8HJ>?A�D ��baA
n�M^L IWV8HJI3U R�m�>YOaV�M^L NGL M�O ; OaV8U�m�O5L M8U m�>?AX>YOaV^LwV8HJI 2 " W ' ���!� W )]M^L NGL M�O ; OaV8U�m�O�U�m�n�TJ> ; N�HJOaV8H%AXIWV
LYA?V8U�A�A�L O e(>YMEV8M^LYAXO^m�HJO8O8HJ>?A LYAXN M8U3I3U3nXV8HJ>?A�R�LYAXN ��-.+ � W ' ���!� W )CM^L NGL M O ; OaV8U�m�O @�L3|?UCLZO8H%AX[YTJU
V8M^LYAXO^m�HcVaV8H%AX[ LYA?V8U�A�A�L : _dV�m{_XTcV8HJn�TJU{M8U3I3U3Hc|dH%AX[ZLYA?V8U�A�A�L O3D ��f�@XU N�U3T%L ; : UWV'��U3U�A V^@XU V8M^LYAXO��
m�HJO8O8HJ>?A >Ye�L]nG_XTJO8UCLYAXN V^@XUoM8U3I3U3nXV8HJ>?A >Ye�HcV8O{M8U��GU3IWV8HJ>?A ; HJU3TJN�O�H%AXe(>YM^m5LwV8HJ>?A L : >?_dV V^L M8[YUWV
� ���������#��� � ��� ��� ������� &��J&���������� � ��������� �M� � ��� ����0 ��� ����+��&���&��!����� 
 ��(#" �)�$� �%"�&�� ���'& &(�)� ��������� �M� � ��� "

����0 ��� ����*�+��0 �!������$ ��&���&�� &(����� 
 �!& ��
 ����$ &(�)� $$� 
 � �(, ���-����� �(� �)(�
 ��$ & � ���!�
����� �6&���.�
 $0/ 1-243 1
� �



� � ��������� ��� � � ������� ��� ������� � ��� ������� � ��� ��	 �����
M^LYAX[YU 2 V^@XU�p�>Yn�n�TJU3MEO^@XHJe V+>Ye�V^@XU�M8U��GU3IWV8HJ>?Akn�M8>�|dHJN�U3O�|?U3TJ>`I3HcV ; H%AXe(>YM^m5LwV8HJ>?A�� 2 V^@XU�OaV8M8U�AX[ V^@
� U3ud_XHc|YL TJU�A?V8T ; RXLwVaV8U�A`_�LwV8HJ>?A � LYAXN{n�>YT%L M8H! �LwV8HJ>?A�>Ye�V^@XU�M8UWV^_XM^A O8HJ[?A�L T ; HJU3TJN�H%AXe(>YM^m5LwV8HJ>?A�L : >?_dV
V^L M8[YUWV2OaV8M^_XIWV^_XM8U+LYAXNZI3>?m�n�>YO8HcV8HJ>?A�D

2 &J5 365 3BSUK3.6K+= 0 =!A * * 
 ;+N�GM>?AJV
�2HJOaV8>YM8HJI�L TJT ; R V^@XU�OaV8M8U�AX[ V^@�>Ye�V^@XU�M^L NGL M+M8UWV^_XM^A O8HJ[?A�L T HJOEI3>?AXO8HJN�U3M8U3N L m�U�L O^_XM8U�m�U�A?V�>Ye�L
V^L M8[YUWV�� O  � #3�! �), !Y '0' ',$ ),� WZYX[ � F$l P �8RGN�UWs-AXU3NZL O

��� TJH%m�	��
 � '��� ���
��� ����� �
� ����� �

 �'x<DJh �

�2@XU3M8U�� HJO{V^@XUCN�HJOaV^LYAXI3U : UWV'��U3U�A V^@XU LYA?V8U�A�A�L�LYAXN V^L M8[YUWV3R � � HJO{V^@XUCV8M^LYAXO^m�HcVaV8U3N sGU3TJN
OaV8M8U�AX[ V^@�R�LYAXN ��� HJO V^@XU5M8UWV^_XM^A ��W 1 $,1%R : L I^�`O8I�LwVaV8U3M8U3N �+sGU3TJN OaV8M8U�AX[ V^@ L O�m�U�L O^_XM8U3N LwV V^@XU
M^L NGL M�n�T%LwV8e(>YM^m � j?x � D7f�@XU ud_�LYA?V8HcV ; � @�L O5_�AXHcV8O�>Ye�L M8U�L 2 HcV5I�LYA : U H%A?V8U3M8n�M8UWV8U3N7L O�V^@XU
n�M8> ! U3IWV8U3N L M8U�L�>Ye2LYA1HJO8> V8M8>Yn�HJI�L TJT ; O8I�LwVaV8U3M8H%AX[dRtn�U3M8e(U3IWV8T ; I3>?AXNG_XIWV8H%AX[�O8nG@XU3M8UoV^@�LwV���>?_XTJN
: L I^�`O8I�LwVaV8U3MEV^@XU�O^LYm�U{e(M^L IWV8HJ>?A�>Ye�n�>���U3M+L O�V^@XU{V^L M8[YUWV LwV�V^@XU{[YHc|?U�A�|dHJUW��H%AX[ZLYAX[YTJU D�f�@XU
TJH%m�HcV
H%A�� HJOgV^L �YU�A{V8>2M8U�m�>�|?UtLYA ; AXU�L M�� sGU3TJN{U���U3IWV8O O^_XIK@{L Og�tL3|?U3e(M8>?A?V�I�_XMa|YLwV^_XM8U�>YMgV^L M8[YUWV��
LYA?V8U�A�A�L{I3>?_Xn�TJH%AX[dD�F$l P HJOt>Ye V8U�A O8n�U3I3HcsGU3N H%ACNGQ�O^m0_�AXHcV8O3RXO^@X>YMaV^@�LYAXN AX> V^LwV8HJ>?AZe(>YMtO8ud_�L M8U
m�UWV8U3M8O2>?A]L5N�U3I3H : U3TgO8I�L TJU 2 � HJO2>`I3I�L O8HJ>?A�L TJT ; AX>YM^m5L TJH! 3U3N LYAXN m5L N�U+N�H%m�U�AXO8HJ>?AXTJU3O8O :<; N�H �
|dHJN�H%AX[ :<; V^@XU�O8ud_�L M8U3N��tL3|?U3TJU�AX[ V^@ >Ye�V^@XU$V8M^LYAXO^m�HcVaV8U3N�sGU3TJN}D=Q2> V8U2V^@�LwV�F$l P U�AXI�L n�O^_XT%LwV8U3O
>?AXT ; V^@XUEm5L [?AXHcV^_XN�U�>Ye L{M8U3O8n�>?AXO8U RGLYAXN AXU3[YTJU3IWV8O�L TJTrnG@�L O8U�H%AXe(>YM^m5LwV8HJ>?A�D

f�@XUZud_�LYA?V8HcV ; � H%A �'x<DJh ��HJOoHJN�U�L TJH! 3U3N�H%A V^@XU O8U�AXO8UZV^@�LwVoHcVCM8U3n�M8U3O8U�A?V8OCLkTJH%m�HcVCL O��
L n�n�M8>?L IK@XU3O�H%Ads-AXHcV ;32 LYA�L IWV^_�L TXM^L NGL M�m�U�L O^_XM8U�m�U�A?VgHJO3R?>YeGI3>?_XM8O8U R?V^L �YU�A�LwV�L�s-AXHcV8U�N�HJOaV^LYAXI3U
LYAXN V^@`_XO$HJO�>YeqV^@XU+e(>YM^m

��� � � '��� �� � ��� ���� � �� � �� � �
 �'x<D x �

�2@XU3M8U � ���� � � LYAXN � � �� � ��L M8U�m�U�L O^_XM8U3N+LwVqV^@XU�M^L NGL Mrn�T%LwV8e(>YM^m R LYAXN!� � HJOgLtM^LYAX[YU�m�U�L O^_XM8U�m�U�A?V
V^@�LwV�I�LYA : UE> : V^L H%AXU3N]e(M8>?m�V^@XU N�U3T%L ;�" � : UWV'��U3U�A V8M^LYAXO^m�HJO8O8HJ>?AZ>Ye�L�nG_XTJO8U LYAXN]M8U3I3U3nXV8HJ>?A
>Ye
HcV8O�M8U��GU3IWV8HJ>?A�R W 1 $,1%R

� �#�%$ " �x  �'x<D + �
>YM :<; m�>YM8U O8>YnG@XHJOaV8HJI�LwV8U3N n�M8>`I3U3O8O8H%AX[ � L OZN�U3O8I3M8H : U3N�H%A P U3IWV8HJ>?A]x<DJhYD x��8D Q2> V8U�V^@�LwV V^@XU
m�U�L O^_XM8U�m�U�A?V8Oo>Ye � ���� � �Z��HJTJT�N�U3n�U�AXN7>?A7V^@XU]n�>YT%L M8H! �LwV8HJ>?A >Ye+V^@XU]V8M^LYAXO^m�HcVaV8U3N7sGU3TJN LYAXN
V^@XUEn�>YT%L M8H! �LwV8HJ>?A]>YegV^@XU+M8U3I3U3Hc|dH%AX[CLYA?V8U�A�A�L 2 V8>5I�L nXV^_XM8U+V^@XU3O8U+N�U3n�U�AXN�U�AXI3HJU3O3R��'x<D x �$m5L ; : U
m�>`N�HcsGU3NZL O$e(>YTJTJ>���O3~

� �'& �
� '��� �� � � � # &)(�* �� � �+ * � � + �

 �'x<D '��
,.- � $%�Q0	�+�M�!� �]��&���&��Q$%/�$%���!0 $ ��$Z� $ ����� 
 $%��
 �!& ���-�:$ 
 (���&4� �����+�#��$ $ 
 ��(����-����� 
 / ����$ $$�)����&)$0�M�!��&�0 � ���)0U"��� ��$ $ 
 ��� / 0 1�321*�M��$ �#� 
 3X�-� 
 � �H�-�'��
 ����4 1 1)1 465 0	� $%��$$�)��� ���-����� 
 / ����$ &)$ $$��0 �U&�$%�'& ��
 ����&��Z/ �'&�� ()�#�Q&(�)� �M��
 � 
 7!�8 ������� �!�Z"%$Z� 
 � � 
 � ���)� 0 & ��
 ����� �U������&(�)�#� ��&(��()� � ��$ �(� �M��
 ���91 �
 ��������� � ��$$��� �
����& � � ��� & ��
 � � ��&(��()��&(�)� � ��� �+� 
 �%/


 � ���)� 0 & ��
 ��� &�� � � ������
 � �-�'� � /�$Z����&���&�3�� �)1



����� ��� � ��� ��� ����� �����������3����'��� � � 5

y ground

z ground

x ground

motion vector

H

V

ψ

line-of-sight vectorφ

�
	 ������ ���������� ��������&0� �(� &�� 
 7�& ��
 ���E&(�)� 
 0 &�(�
 ��(U()� �)0 �#���Z/ 1

�2@XU3M8U * �� LYAXN * � � L M8U�AX>��7|?U3IWV8>YM�sGU3TJN�O�LYAXN/# & HJO�LE_�AXHcV�|?U3IWV8>YMtL TJHJ[?AXU3N5��HcV^@�V^@XU�M8U3I3U3Hc|dH%AX[
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n�>YT%L M8H! �LwV8HJ>?A L I3I3>YM8N�H%AX[5V8>�V^@XUE[YU3>?m�UWV8M ; N�U3n�HJIWV8U3N]H%A �
HJ[?_XM8UEx<DJh 2 AX> V8UEV^@�LwV
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N�UWs-AXU3N H%AkV8U3M^m�O >YetV^@XU5n�T%LwV8e(>YM^m m�> V8HJ>?Ak|?U3IWV8>YM5LYAXN V^@XU5TJH%AXU��'>Ye �'O8HJ[?@?V�|?U3IWV8>YM����2@XHJIK@ HJO
N�UWs-AXU3NkH%AkV^_XM^A :<; V^@XUoL  3H%m{_dV^@ � LYAXN N�U3n�M8U3O8O8HJ>?A � >Ye�V^@XU�V^L M8[YUWV{��HcV^@kM8U3O8n�U3IWVEV8> V^@XU
M^L NGL M2n�T%LwV8e(>YM^m��8D�.�I3I�L O8HJ>?A�L TJT ; RrTJU3e V�� @�LYAXN�U3N LYAXN M8HJ[?@?V�� @�LYAXN�U3N]I3HJM8I�_XT%L M8T ; n�>YT%L M8H! 3U3N sGU3TJN�O
L M8U5L TJO8> _XO8U3N�V8> > : V^L H%AkM^L NGL M m�U�L O^_XM8U�m�U�A?V8O3RqH%A��2@XHJIK@kI�L O8U �'x<D '���OaV8HJTJT�@X>YTJN�O3R : _dV���HcV^@
I3>?m�n�TJU��CsGU3TJN LYAXN _�AXHcVt|?U3IWV8>YM8O3D �

B O8H%AX[YTJUtF$l P m�U�L O^_XM8U�m�U�A?VgIK@�L M^L IWV8U3M8H! 3U3O�>?AXT ; V^@XU�M8UWV^_XM^A+sGU3TJN�OaV8M8U�AX[ V^@{e(>YM L�nGL MaV8HJI�_��
T%L M�V8M^LYAXO^m�HcV��'M8U3I3U3Hc|?U2n�>YT%L M8H! �LwV8HJ>?A5nGL HJM�e(>YM�L+nGL MaV8HJI�_XT%L M�N�U3T%L ; " � � LYAXN�V^@`_XO�e(>YM�L+nGL MaV8HJI�_XT%L M
M^LYAX[YU � � �8D�\]_XTcV8HJn�TJU�m�U�L O^_XM8U�m�U�A?V8O�>YeqF$l P e(M8>?m V^@XU�O^LYm�U�V^L M8[YUWV�L M8U�>Ye V8U�ACn�M8U3O8U�A?V8U3NCH%A
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H%A?V8U3M8n�M8UWV^LwV8HJ>?A�~�L$V^L M8[YUWV�nGLwV8IK@ >YeGL M8U�L�� ��� � I3U�A?V8U3M8U3N�LwV [YM8>?_�AXNETJ>`I�LwV8HJ>?A���� �� �}��HJTJT`M8U��GU3IWV
V^@XUEV8M^LYAXO^m�HcVaV8U3N]O8HJ[?A�L Tg��HcV^@ n�>���U3M�LwVaV8U�A`_�LwV8U3N :<; V^@XU e�L IWV8>YM � ��� �� ��� ��� � LYAXN ��HcV^@ LYA
H%A?V8M8H%AXO8HJI nG@�L O8UZO^@XHJe V ��W 1 $,1%R$AX> VoLwVaV8M8H : _dV^L : TJUZV8>kV^@XU n�M8>YnGL [?LwV8HJ>?A N�U3T%L ; �{>Ye , ��� �� �8D ��baA
[YU�AXU3M^L T�R � ��� �� ��LYAXN , ��� �� ��L M8U5e�_�AXIWV8HJ>?AXOE>Ye�|dHJUW��H%AX[ LYAX[YTJU R H%AXI3HJN�U�A?V O8HJ[?A�L T�e(M8U3ud_XU�AXI ; R
LYAXNZn�>YT%L M8H! �LwV8HJ>?A�R�L TcV^@X>?_X[?@ V^@XHJO$N�U3n�U�AXN�U�AXI3U+@�L O : U3U�ACO^_Xn�n�M8U3O8O8U3N H%ACV^@XU+AX> V^LwV8HJ>?A >YeqV^@XU
n�M8UW|dHJ>?_XO2U3ud_�LwV8HJ>?AXO3D �CbaAZV^@XHJO2e(>YM^m{_XT%LwV8HJ>?A�R�F$l P m�U�L O^_XM8U�m�U�A?V8O$M8U3n�M8U3O8U�A?V2V^@XU m5L [?AXHcV^_XN�U
>YerV^@XU�H%A?V8U3[YM^LwV8HJ>?A >Ye � ��� �� ��>�|?U3MtV^@XU�M^L NGL M�e(>`> V8n�M8H%A?V3R
W 1 $,1%RdV^@XU�M8U3[YHJ>?ACHJTJT%_�m�H%A�LwV8U3N :<; V^@XU
M^L NGL M3D�l�TJU�L M8T ; R�HJetV^@XU5M^L NGL M O ; OaV8U�m#I�LYA : U5N�U3O8HJ[?AXU3N V8> HJTJT%_�m�H%A�LwV8U5O^m5L TJTJU3M M8U3[YHJ>?AXO3R�>YM
U3ud_XHc|YL TJU�A?V8T ; HJeqM8UWV^_XM^AXO�I�LYA : U2n�M8>`I3U3O8O8U3NoV8>�O8H%m{_XT%LwV8U2V^@X>YO8U�V^@�LwV���>?_XTJN : U2> : O8U3Ma|?U3N e(M8>?m
O^_XIK@�LCO ; OaV8U�m R}M8U3O8>YT%_dV8HJ>?A ��HJTJT
H%m�n�M8>�|?U DE�kU�AX>�� V^_XM^A]>?_XM+LwVaV8U�A?V8HJ>?A�V8>CV^@XU{n�M8> : TJU�m >Ye
@X>�� m�>`N�U3M^A M^L NGL M�O ; OaV8U�m�O�L IK@XHJUW|?U�M8U3O8>YT%_dV8HJ>?A H%A : > V^@ZV^@XU M^LYAX[YU�LYAXN ), !Y '0'�!  �X[ "%$ ��W 1 $,1%R
L  3H%m{_dV^@�L T ��N�HJM8U3IWV8HJ>?AXO3D
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F2LYAX[YUCM8U3O8>YT%_dV8HJ>?A >Ye$L M^L NGL M O ; OaV8U�m#HJO{_XO^_�L TJT ; N�UWs-AXU3N L O V^@XUom�H%AXH%m{_�m�M^LYAX[YUoO8U3nGL M^L��
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n�M8>`I3U3O8O8H%AX[�>Ye$V^@XU M8UWV^_XM^A�D1l�T%L O8O8HJI�L TJT ; RtM^LYAX[YU M8U3O8>YT%_dV8HJ>?A �tL O�N�UWV8U3M^m�H%AXU3N :<; L IK@XHJUW|YL : TJU
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M8U3T ; H%AX[]>?A A�L M8M8>�� V8M^LYAXO^m�HcVEnG_XTJO8U3O LYAXN m5LwV8IK@XU3N sGTcV8U3M8O+V8>]e�L I3HJTJHcV^LwV8U M8UWV^_XM^A�n�M8>`I3U3O8O8H%AX[dR
N�U3M^LYm�nkI3>?m�n�M8U3O8O8HJ>?A M^L NGL M8O+V8M^LYAXO^m�HcVEL TJH%AXU�L MEe(M8U3ud_XU�AXI ; � m�>`NG_XT%LwV8HJ>?A � � \#��IK@XHJM8n nG_XTJO8U
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e�_�AXIWV8HJ>?A � ��� �� ��>?A?V8>CV^@XU�L��XHJO+N�UWs-AXU3N :<; V^@XU V^L M8[YUWV L  3H%m{_dV^@ � RqL O�H%A �
HJ[?_XM8U x<D +dD & b e�L
TJH%AXU�L M � \ IK@XHJM8n{nG_XTJO8U�HJO
V8M^LYAXO^m�HcVaV8U3N�LYAXN{V^@XU�M8UWV^_XM^A O8HJ[?A�L TXHJO�L n�n�M8>Yn�M8H%LwV8U3T ; N�U�m�>`NG_XT%LwV8U3N
LYAXN TJ>�� �'nGL O8O5sGTcV8U3M8U3N � N�UWV^L HJTJOCL M8UZ[YHc|?U�A H%A � x +`R -<h�� �8RtV^@XUZM8U3O^_XTcV8H%AX[ #%$& � � � )�Y � �6 $5'0',$�#
����� � � $ $ 
 3 
 � 
 �%/ ���<�'&�� ()�#�J$Z��� � "��+��� � ��$ 
 ����16*-��� 2 " 8 �!&)$Z� 
 $ ������$ 
 �M�!� �-� 
 � / 0�'43 1( *-���E����$$� 
 ��( &(��&4� /�$ 
 $�� ��� 
 ��$ ���������]&)$ $$��0 �M��
 ����$ ����& � ����� �'&�� ()�#� � 
 ��$ 
 � �����E()�������)� ��� &(����1J����& �
2+� � � � �-�M()�	���*) &,+�-/.). &(�)� ����������&(��$Z0 
 � ����� $Z� 
 $ $$�10�� 
 ��� � � � �M��$ �#� 
 3X�Q�����Q��&���&�� � ��$$� ����$Z��1 &(�)� ����& � ������M����� ��$ $ 
 ��� &(��((� ��2 
 $�7!�!���M1



����� ��� � ��� ��� ����� �����������3����'��� � � S

−600 −400 −200 0 200 400 600
−1.5

−1

−0.5

0

0.5

1

1.5

time

R
e[

sb
(t

)]

�
	 ������ �� �� � 
 ����&���� - ��� 
 � � ����� $Z�)1
O8HJ[?A�L T�� N�U�AX> V8U3N $ $ ����� �
HJO�L n�n�M8>
�XH%m5LwV8U3T ; U3ud_�L T�V8>+V^@XU ��>?_XM8HJU3M�V8M^LYAXO8e(>YM^m�>Ye �%$ � � �
>�|?U3M�V^@XU
e(M8U3ud_XU�AXI ; M^LYAX[YU

� � � � � � �  �'x<D K �
�2@XU3M8U�� � LYAXN�� � L M8U+N�UWs-AXU3NZL O

� � � x

$
� � ��� � � # x	� � � � x

$
� � ��
 � � # x ��� �'x<D i �

f�@�LwV�HJO3R $ $ ������HJO+L n�n�M8>
�XH%m5LwV8U3T ; LYA H%A?V8U3Ma|YL T >Ye�V^@XU ��>?_XM8HJU3M�V8M^LYAXO8e(>YM^m >Ye�Lon�M8> ! U3IWV8HJ>?A�>Ye
� ��� �� �8D�B2O8O^_�m�H%AX[{LwVtV^@XHJO$n�>YH%A?V�V^@�LwVt��U+L M8U�H%A?V8U3M8U3OaV8U3N >?AXT ; H%AC> : V^L H%AXH%AX[�L{M^LYAX[YU�n�M8> sGTJU
LwV2L  3H%m{_dV^@ � R���UEm�HJ[?@?V$n�M8>`I3U3U3N :<; N�UWs-AXH%AX[

�$ $ ����� � � $ $ �����  � � � � � � � 
y  > V^@XU3Ma��HJO8U  �'x<DJh�y �

O^_XIK@CV^@�LwV

�$ $ ����� �� � �%$ � � � � ( � � � � ' � , � �����  �'x<DJhYh �

�2@XU3M8U  HJOEV^@XU ��>?_XM8HJU3M V8M^LYAXO8e(>YM^m >Yn�U3M^LwV8>YM3DZf�@XU�A���U5I�LYA > : V^L H%A���%$ � � �8R�LYA H%m�n�U3M8e(U3IWV
M8U3n�M8U3O8U�A?V^LwV8HJ>?A+>Ye`V^@XU n�M8> ! U3IWV8U3NEI3>?m�n�TJU���M8U��GU3IWV8Hc|dHcV ; N�U�AXO8HcV ; R :<; V^L �`H%AX[$V^@XU H%A?|?U3M8O8U ��>?_XM8HJU3M



� � ��������� ��� � � ������� ��� ������� � ��� ������� � ��� ��	 �����

φ

u

u

v

groundy
ground

)

x

ugφ(

✈

�
	 ������ �� ����+����� �-�'��
 ��� ���<� �����-�'��
 ��
 �%/ �M����$ 
 �%/ �����)�'��
 ����1

V8M^LYAXO8e(>YM^m >Ye �$ $ �����8D�b VtHJOtL n�nGL M8U�A?Vte(M8>?m V^@XU�L : >�|?U�U3ud_�LwV8HJ>?ACV^@�LwV�V^@XHJO�M8U3I3>?AXOaV8M^_XIWV8HJ>?Ao��HJTJT
: U+L�O8I�L TJU3NZ|?U3M8O8HJ>?AZ>Ye

��%$ � � � � �%$ � � ��� x � � #
$

O8H%AXI
	 x � � #
$
 ��� � �'x<DJhwx �

f�@`_XO+V^@XUoL n�n�M8>
�XH%m5LwV8HJ>?A ��%$ � � ��HJO O8H%m�n�T ; V^@XU5I3>?A?|?>YT%_dV8HJ>?A >Ye�V^@XU�V8M^_XU5n�M8> ! U3IWV8HJ>?A �%$ � � �
��HcV^@�L�O8H%AXIte�_�AXIWV8HJ>?A�D �G_XMaV^@XU3M^m�>YM8U R �'x<DJhwx �
I3TJU�L M8T ; H%AXN�HJI�LwV8U3O V^@�LwV�V^@XUt[YM8U�LwV8U3M�V^@XUtNG_XM^LwV8HJ>?A
>YetV^@XU�V8M^LYAXO^m�HcVEIK@XHJM8n nG_XTJO8U R
V^@XU : UWVaV8U3MEV^@XUCL n�n�M8>
�XH%m5LwV8HJ>?A ��%$ � � ����HJTJT : U DZbaAke�L IWV3R V^@XU
M^LYAX[YUtM8U3O8>YT%_dV8HJ>?A�e(>YM�L2O ; OaV8U�m�_XO8H%AX[2N�U3M^LYm�n{I3>?m�n�M8U3O8O8HJ>?AEV8>�n�M8>`I3U3O8O M8UWV^_XM^AXO
e(M8>?m L�TJH%AXU�L M
IK@XHJM8n V8M^LYAXO^m�HcV$nG_XTJO8U�I�LYA : U�O^@X>��2ACV8> : U � x +��

 &�� $� � # � �'x<DJh + �
f�@XHJO H%m�n�TJHJU3O+V^@�LwV ��U5I�LYA H%m�n�M8>�|?U5M8U3O8>YT%_dV8HJ>?A :<; H%AXI3M8U�L O8H%AX[ V^@XU5NG_XM^LwV8HJ>?A >Ye�V^@XU�V8M^LYAXO��
m�HcV{IK@XHJM8n nG_XTJO8U D baA n�M^L IWV8HJI3U R�N�U3M^LYm�n I3>?m�n�M8U3O8O8HJ>?A O ; OaV8U�m�O{L M8U _XO8U3N V8>�L IK@XHJUW|?U M^LYAX[YU
M8U3O8>YT%_dV8HJ>?AXO�>?A V^@XU�>YM8N�U3M$>Ye
y`DJh{m�LYAXN : U3TJ>�� � x +�� D
2 &J5 365�� 0 =!A * * �XSUK6V R6; SU;�*MA � F+GM>?AJV
B2O���U+@�L3|?U"!a_XOaV�O8U3U�A�R�U��XI3U3TJTJU�A?V�M^LYAX[YU�M8U3O8>YT%_dV8HJ>?ACI�LYA : U�L IK@XHJUW|?U3N :<; IK@X>`>YO8H%AX[�LYA L n�n�M8>��
n�M8H%LwV8U+V8M^LYAXO^m�HcV�O8HJ[?A�L T�D�l�M8>YO8O��'M^LYAX[YUEM8U3O8>YT%_dV8HJ>?A HJO2m�>YM8U+N�H �5I�_XTcV$V8>oL IK@XHJUW|?U D�l�M8>YO8O��'M^LYAX[YU
��W 1 $,1%R<L  3H%m{_dV^@�L T �rM8U3O8>YT%_dV8HJ>?A HJO
N�UWs-AXU3N{LYA�L TJ>Y[Y>?_XO8T ; V8>2M^LYAX[YU�M8U3O8>YT%_dV8HJ>?A�~gHcV HJOgV^@XU�m�H%AXH%m{_�m
I3M8>YO8O��'M^LYAX[YUCO8U3nGL M^LwV8HJ>?A : UWV'��U3U�A V'��> n�>YH%A?V O8I�LwVaV8U3M8U3M8O�M8U3ud_XHJM8U3N V8>]n�M8>`NG_XI3U�V'��> N�HJOaV8H%AXIWV
n�U�L �`O H%A L O8U3ud_XU�AXI3U5>Ye$M^L NGL M M8UWV^_XM^AXOE> : V^L H%AXU3N L O � |YL M8HJU3O3D���Hc|?U�A LZO8n�U3I3HcsGI�V8M^LYAXO^m�HcV
nG_XTJO8U R $ $ ������HJO L e�_�AXIWV8HJ>?Ak>?AXT ; >Ye�V^@XU�n�M8> ! U3IWV8HJ>?A >Ye � ��� �� ��>?A?V8>ZV^@XU�M^LYAX[YUoL��XHJO3DCf�@`_XO3R
O8I3U�AXU3OC��HcV^@7HJN�U�A?V8HJI�L T�M^LYAX[YU n�M8> ! U3IWV8HJ>?AXOC��HJTJT2n�M8>`NG_XI3U HJN�U�A?V8HJI�L T+M8UWV^_XM^AXO3D f�@XHJOoH%m�n�TJHJU3O



����� ��� � � � �� �������������3����'��� � � P
V^@�LwV : L M8M8H%AX[CI3TJUW|?U3M n�M8>`I3U3O8O8H%AX[dRqI3M8>YO8O��'M^LYAX[YU�M8U3O8>YT%_dV8HJ>?A�HJOEN�UWV8U3M^m�H%AXU3N :<; V^@XU�O8H! 3U�>Ye�V^@XU
M8U3[YHJ>?A HJTJT%_�m�H%A�LwV8U3N :<; V^@XU5M^L NGL M3D P n�U3I3HcsGI�L TJT ; R�L O8I�LwVaV8U3M8U3M�� O�L  3H%m{_dV^@�L T�TJ>`I�LwV8HJ>?A I�LYA : U
n�H%AXn�>YH%A?V8U3N�>?AXT ; V8> V^@XU�I3>?L M8O8U�AXU3O8OE>Ye�V^@XU�M^L NGL M�e(>`> V8n�M8H%A?V3D�b V���>?_XTJNkH%AXHcV8H%L TJT ; O8U3U�m V^@�LwV
V^@XUEU�L O8HJU3OaV2�tL ; V8>oL IK@XHJUW|?U{I3M8>YO8O��'M^LYAX[YUEM8U3O8>YT%_dV8HJ>?A�R-V^@XU�A�R-HJO$V8>5N�H%m�H%AXHJO^@CV^@XU���HJNXV^@Z>Ye
V^@XU
M^L NGL M : U�LYm D

b V�I�LYA : U$O^@X>��2A � h�- �-V^@�LwV�V^@XU$I3M8>YO8O��'M^LYAX[YU�M8U3O8>YT%_dV8HJ>?A5>Ye-V^@XU�O ; OaV8U�m�N�U3O8I3M8H : U3N�V^@`_XO�e�L M
HJO

 % &�� $ � �� ���  �'x<DJh '��

�2@XU3M8U � HJO�V^@XU$LYA?V8U�A�A�L+L n�U3MaV^_XM8U R<U3O8O8U�A?V8H%L TJT ; V^@XUtT%L M8[YU3OaV�N�H%m�U�AXO8HJ>?A >Ye-V^@XU$LYA?V8U�A�A�L+L M8M^L ; D
f�@XHJO+U3ud_�LwV8HJ>?A M8UW|?U�L TJOEV'��> e�_�AXNGLYm�U�A?V^L T H%A�L N�U3ud_�L I3HJU3O3D��
HJM8OaVE>YetL TJT�R HcVEHJO _�AXN�U3O8HJM^L : TJU{V8>
@�L3|?U�M8U3O8>YT%_dV8HJ>?ACN�U3n�U�AXN�U�A?V�>?AoM^LYAX[YU RXO8H%AXI3U2V^@XU�M^LYAX[YU�>Ye}V^@XU2V^L M8[YUWV8O : U3H%AX[ H%m5L [YU3NC��HJTJT-H%A
[YU�AXU3M^L T AX> V : UE�dAX>��2A � �6 )WZY! )W DEfg>CN�U�m�>?AXOaV8M^LwV8U+V^@XU{O8U3I3>?AXN}Rrm�>YM8UEO8U3M8HJ>?_XO�n�M8> : TJU�m R�TJUWV
_XO�U���LYm�H%AXUEL�V ; n�HJI�L T
M^L NGL M�H%m5L [YH%AX[5O8I3U�A�L M8HJ>dD$f�@XUEud_�LYA?V8HcV ; $ HJO�I3>?AXOaV^LYA?V 2 nG@ ; O8HJI�L T
LYAXN
n�M^L IWV8HJI�L T�I3>?AXOaV8M^L H%A?V8O�m5L �YU�HcV�H%m�n�>YO8O8H : TJU�V8>�H%AXI3M8U�L O8U � � O8HJ[?AXHcsGI�LYA?V8T ;32 V^@XUt_XO8U�>YeGM^L NGL M�L O�L
M8U�m�> V8U$O8U�AXO8H%AX[�V8>`>YTG>Ye V8U�A5n�M8U3I3T%_XN�U3O V^@XU�M8U3NG_XIWV8HJ>?A�>Ye � � D B7V ; n�HJI�L T-M^L NGL M�O8I3U�A�L M8HJ> m�HJ[?@?V
H%AXI3T%_XN�UoL M^L NGL ME>Yn�U3M^LwV8H%AX[ LwV � � � h�y � ��  R�H%m5L [YH%AX[]e(M8>?m L N�HJOaV^LYAXI3Uo>Ye � ��� h�y �dm D
P _Xn�n�>YO8U�V^@XU�L n�n�TJHJI�LwV8HJ>?A5N�U�m5LYAXN�O�L�I3M8>YO8O��'M^LYAX[YU$M8U3O8>YT%_dV8HJ>?A5>Ye}y`D +Em R<LYA�U�L O8HJT ; L IK@XHJUW|YL : TJU
M^LYAX[YU�M8U3O8>YT%_dV8HJ>?A�D�f�@XU�A �'x<DJh '���M8U3ud_XHJM8U3O�V^@�LwV � � h�yYyYy{m���l�TJU�L M8T ; V^@XHJO�HJO�m{_XIK@�V8>`> T%L M8[YU
LYAZLYA?V8U�A�A�L{V8> : U�I�L M8M8HJU3NZ>?A : >?L M8NZLYAZL HJM8I3M^L e V3D

l�T%L O8O8HJI�L T�M^L NGL M�V8U3IK@�AXHJud_XU3O�M8U3ud_XHJM8U�LYA5H%m�n�M^L IWV8HJI�L TJT ; T%L M8[YU�LYA?V8U�A�A�L+V8>�L IK@XHJUW|?U+L I3I3U3nXV��
L : TJU�I3M8>YO8O��'M^LYAX[YU�M8U3O8>YT%_dV8HJ>?A�D�f�@XU�m5L��XH%m{_�m e(U�L O8H : TJU�LYA?V8U�A�A�L�L M8M^L ; O8H! 3U � HJOtN�UWV8U3M^m�H%AXU3N
:<; V^@XUtn�T%LwV8e(>YM^m�@X>?_XO8H%AX[2V^@XUtM^L NGL M O ; OaV8U�m 2 V^@XU$L : >�|?U$U���LYm�n�TJUtH%AXN�HJI�LwV8U3O�V^@�LwV�I3M8>YO8O��'M^LYAX[YU
M8U3O8>YT%_dV8HJ>?A I3>?m�nGL M^L : TJU�V8>5M^LYAX[YUEM8U3O8>YT%_dV8HJ>?A I�LYA : UEL IK@XHJUW|?U3N >?AXT ; HJegV^@XUEM^L NGL M�HJO2[YM8>?_�AXN��
>YMtO^@XHJn�� : L O8U3N}RdO8H%AXI3U�I3TJU�L M8T ; AX>EV8M^_XI^�5>YM$L HJM8I3M^L e VtI3>?_XTJNZ@X>?_XO8U�LYA LYA?V8U�A�A�L{L M8M^L ; @`_�AXN�M8U3N�O
>Yerm�UWV8U3M8O�TJ>?AX[dD�l�M8>YO8O��'M^LYAX[YU�M8U3O8>YT%_dV8HJ>?AoHJO�AX> VtL IK@XHJUW|YL : TJU :<; I3T%L O8O8HJI�L T}m�U�LYAXO3RdLYAXNoH%AXOaV8U�L N
m{_XOaV : U�[YTJU�LYAXU3N e(M8>?m0O8HJ[?A�L Trn�M8>`I3U3O8O8H%AX[dD�f�@XHJOtHJO$V^@XU�|dHJIWV8>YM ; >Ye P B2F+D

2 &J5'& 
 D S �6F
V/.6K6IL;-V+GHK � *

�
HJ[?_XM8U x<D '�HJO�L P B2F H%m5L [YU�>Ye
LEV^LYAX�GD � f�@XHJOtH%m5L [YU�M8U3n�M8U3O8U�A?V8O$LYA L M8M^L ; >Ye : L I^�`O8I�LwVaV8U3M8U3N
F$l P m�U�L O^_XM8U�m�U�A?V8O�V^L �YU�A�LwV{h�j,+�K '#� hwx�K���hwx�K��$M^LYAX[YU �wI3M8>YO8O��'M^LYAX[YU�nGL HJM8O�LYAXN n�M8U3O8U�A?V8U3N
H%A TJ>Y[�� m5L [?AXHcV^_XN�U�e(>YM^m D � f�@XU |?U3MaV8HJI�L T�L��XHJO+>Ye�V^@XU�H%m5L [YU�I3>YM8M8U3O8n�>?AXN�O�V8> M^LYAX[YU5LYAXN V^@XU
@X>YM8H! 3>?A?V^L TqL��XHJO$I3>YM8M8U3O8n�>?AXN�O�V8>�I3M8>YO8O��'M^LYAX[YU R : > V^@CM8U3T%LwV8Hc|?U+V8>�V^@XU�O8I3U�AXU�I3U�A?V8U3M3D�f�@XU�n�H �XU3T
M8U3O8>YT%_dV8HJ>?A H%A : > V^@]N�HJM8U3IWV8HJ>?AXO�HJO�L n�n�M8>
�XH%m5LwV8U3T ; y`D +Cm D�f�@XHJO2HJO�LYA]U���LYm�n�TJU >Ye�@X>�� P B2F
I�LYA L IK@XHJUW|?UEU��XI3U3TJTJU�A?V�I3M8>YO8O��'M^LYAX[YU+M8U3O8>YT%_dV8HJ>?A�D �

	 *-� 
 $ 
 0 &�()� 
 $J* "�4�4���� 
 � � 3 '�2�
 4�H1 '+1 0 &$1�4��#�M����� ��$ $ 
 ���91 4����� 
���&�7�
 0#�M��� .��?���)0 ����� - �M* � , &�0	� ��
 ��(
&(�)� $%�'& ��
 ����&��Z/ �'&�� ()�#�J&��./ � 
 $ 
 ��
 ��� &(�)� � �-���)(�� 
 ��
 ��� . ����3�� 
 � �'&�� ()�#�'$���& �'&U$Z�#�0/ 4(243 1

� � � ��� ����()� �M� , 
 $Q& ���)���!� ��� � 
 0 &�(�
 ��( 0	�+��&4� 
 �%/ �(,�!� 
 ��( ����&)$Z� &)$ �-��� �
&)$Q0 &�(�� 
 � �)�M� 
 � ���)� 0 & ��
 ���91
�M� , 
 0 &�()��$
&�� � �%/�� 
 �!&4� � /%��� ��$Z��� ���-� 
 ��0 &�(�� 
 � �)�M� ���)� 0 ����� / 1

� *-���E()��& 
 � /�&(���X��&���&(�)�#� ��� ����� 
 0 &�()� 
 $ ����� � � & �M� , 
 0 &�(�
 ��( ������� �)0 ��� ��� 2+� � � ��&)$���������� � � 1�M��$ �#� 
 3X�-� 3X��� � � 1



� � ��������� ��� � � ������� ��� ������� � ��� ������� � ��� ��	 �����

�
	 ������ �� ��� �M� , 
 0 &�()� ����&��'&(� 2X1
P B2F O ; OaV8U�m�O�L IK@XHJUW|?U I3M8>YO8O��'M^LYAX[YU+M8U3O8>YT%_dV8HJ>?A :<; � L O$V^@XUEL I3M8>?A ; m�H%m�n�TJHJU3O���O ; A?V^@XU3O8H! ��

H%AX[�LYA1L n�U3MaV^_XM8UoT%L M8[YU3M�V^@�LYA V^@XUCnG@ ; O8HJI�L T$LYA?V8U�A�A�L L n�U3MaV^_XM8U Dkf�@XHJO{HJO�L I3I3>?m�n�TJHJO^@XU3N :<;
I3>?@XU3M8U�A?V8T ; n�M8>`I3U3O8O8H%AX[�M^L NGL M�M8UWV^_XM^AXO$[YU�AXU3M^LwV8U3N LwV2m{_XTcV8HJn�TJU+n�>YH%A?V8O2L TJ>?AX[�V^@XU��GHJ[?@?V�nGLwV^@�D
f�@XU3M8U{L M8U V'��>CI3>?m5m�>?A m�>`N�U3O2>Ye P B2F >Yn�U3M^LwV8HJ>?A�~�' �# )W �3����� m�>`N�UELYAXN�'�� Y!�#+ W " � ��m�>`N�U D
P V8M8HJnGm5L n�� m�>`N�U P B2F+R N�U3n�HJIWV8U3N�H%A �
HJ[?_XM8U x<D -`R?HJO O8>�A�LYm�U3N : U3I�LY_XO8U�V^@XU�L HJM8I3M^L e V�m5L H%A?V^L H%AXO
L TJH%AXU�L M �GHJ[?@?VtnGLwV^@��2@XHJTJU�>Yn�U3M^LwV8H%AX[{LEO8HJN�UW�tL ; O��'TJ>`>Y�`H%AX[�LYA?V8U�A�A�L&� x +`R > j�� D�baA�V^@XHJO��tL ; V^@XU
M^L NGL M2e(>`> V8n�M8H%A?V2Oa��U3U3n�O2>?_dV�L�OaV8M8HJn >?AZV^@XUE[YM8>?_�AXN}D�baAZO8n�> V8TJHJ[?@?V�� m�>`N�U P B2F+R-N�U3n�HJIWV8U3N]H%A
�
HJ[?_XM8U x<D jdR V^@XUoL HJM8I3M^L e V�m5L H%A?V^L H%AXO{L TJH%AXU�L M��GHJ[?@?V{nGLwV^@k�2@XHJTJU5I3>?A?V8H%A`_X>?_XO8T ; OaV8U3U3M8H%AX[ V^@XU
LYA?V8U�A�A�LoV8> HJTJT%_�m�H%A�LwV8U�LoO8H%AX[YTJU�nGLwV8IK@ >?A]V^@XU{[YM8>?_�AXN � h�-<R -<hYR >�> � D�baA : > V^@]OaV8M8HJnGm5L n LYAXN
O8n�> V8TJHJ[?@?V�m�>`N�U RrV^@XUom{_XTcV8HJn�TJU�M8UWV^_XM^AXO+e(M8>?m L V^L M8[YUWV{I3>YTJTJU3IWV8U3N1LwV N�H ��U3M8U�A?V n�>YH%A?V8O L TJ>?AX[
V^@XU �GHJ[?@?V+nGLwV^@kL M8U�n�M8>`I3U3O8O8U3N V8> ; HJU3TJN H%m�n�M8>�|?U3NkL  3H%m{_dV^@�L T�M8U3O8>YT%_dV8HJ>?A�D�f�@XHJO�V^@XU3O8HJO���HJTJT
I3>?AXO8HJN�U3M P B2F O ; OaV8U�m�Ot>Yn�U3M^LwV8H%AX[�H%A O8n�> V8TJHJ[?@?V2m�>`N�U D

\]LYA ; >YerV^@XU2M8U3I3U�A?V$O8n�> V8TJHJ[?@?V�� m�>`N�U P B2F M8U3e(U3M8U�AXI3U3O�� O^_XIK@ L O � -<h�� ��L n�n�M8>?L IK@oV^@XU2O^_ : �
! U3IWV�_XO8H%AX[2V^@XU�V8>?m�>Y[YM^L nG@XHJI�e(>YM^m{_XT%LwV8HJ>?A{sGM8OaV n�M8>Yn�>YO8U3N :<; \]_�AXO8>?A�R/. � Q�M8HJU�A�R`LYAXN�=?U�AX�`H%AXO
H%A�h�i�K,+�� >�> � Dtf�@XU�> : ! U3IWV8Hc|?U >YegV8>?m�>Y[YM^L nG@ ; HJO$V8>5M8U3I3>?AXOaV8M^_XIWV2m{_XTcV8H �'N�H%m�U�AXO8HJ>?A�L T}NGLwV^L :<;
n�M8>`I3U3O8O8H%AX[ m{_XTcV8HJn�TJUon�M8> ! U3IWV8HJ>?AXO�>YetV^@�LwV�NGLwV^L � > i`R3iYj�� Dkf�@XUoI3M^_�� >YetV8>?m�>Y[YM^L nG@ ; HJO V^@XU
I3U3TJU : M^LwV8U3Nov�M8> ! U3IWV8HJ>?A�� P TJHJI3U�f�@XU3>YM8U�m R?�2@XHJIK@�U3ud_�LwV8U3O�V^@XU�h��'p ��>?_XM8HJU3M�V8M^LYAXO8e(>YM^m >Ye}L�n�M8>��
! U3IWV8HJ>?A�>Ye-LYA{H%m5L [YU�V8>+L�O8TJHJI3Ut>YeGV^@XU$x �'p"��>?_XM8HJU3M V8M^LYAXO8e(>YM^m >YeGV^@XU�H%m5L [YU1� j�- � D P n�U3I3HcsGI�L TJT ; R
[YHc|?U�A NGLwV^L�� ��� �� ����HcV^@ x �'p ��>?_XM8HJU3M�V8M^LYAXO8e(>YM^m � ��� %  � ) �8R�N�UWs-AXU�� $ � � ��V8> : U�V^@XU�n�M8> ! U3I��
V8HJ>?A >Ye�� ��� �� �+>?A?V8> V^@XUoL��XHJO{M^_�A�AXH%AX[CV^@XM8>?_X[?@�� � � >YM8HJ[YH%A LwV�LYAX[YTJU � R�L O H%A �
HJ[?_XM8U x<D >`D
f�@�LwV�HJO3R

� $ � � � � � � 
� 
 � � � I3>YO � 
 ! O8H%A �  � � O8H%A � 
 ! I3>YO � ��� ! � �'x<DJh�- �
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synthetic aperture
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 $#1
f�@XU�ACV^@XU�v�M8> ! U3IWV8HJ>?A�� P TJHJI3U f�@XU3>YM8U�m0OaV^LwV8U3O

� � 

� 
 � $ � � �� � ! ��� ��� � � � � � ��� � I3>YO �  � � � O8H%A � � � �'x<DJh�j �

b e$LZe�_XTJT�O8UWV{>Yetn�M8> ! U3IWV8HJ>?AXO � $ � � ��LwV�L TJT�y � ��� x� HJO{L3|YL HJT%L : TJU R�V^@XU�A�V^@XUoe�_XTJT�n�T%LYAXU5>Ye
� ��� %  � ) ��HJO��dAX>��2A LYAXN � ��� �� ��I�LYA : U�M8U3I3>?AXOaV8M^_XIWV8U3N U���L IWV8T ; D

F�U3I�L TJT�V^@�LwVEN�U3M^LYm�n�I3>?m�n�M8U3O8O8HJ>?A n�M8>`I3U3O8O8H%AX[ L TJH%AXU�L MEIK@XHJM8nkM8UWV^_XM^A ; HJU3TJN�OEL O8U3[?m�U�A?V
>Ye$V^@XU ��>?_XM8HJU3M V8M^LYAXO8e(>YM^m#>Ye�L n�M8> ! U3IWV8HJ>?A �%$ � � �8D�f�@�LwV{HJO3R�U�L IK@ M8UWV^_XM^A HJO{U3ud_XHc|YL TJU�A?V�V8>
Lon�>YMaV8HJ>?A]>Ye�L5O8TJHJI3U�>Ye�� ��� %  � ) �8R}V^@XU ��>?_XM8HJU3M�V8M^LYAXO8e(>YM^m >Ye � ��� �� �8D+baA LoO8n�> V8TJHJ[?@?V�� m�>`N�U
O ; OaV8U�m R�M8UWV^_XM^AXO�[YU�AXU3M^LwV8U3N7LwV�N�H ��U3M8U�A?V5n�>YH%A?V8O5L TJ>?AX[�V^@XU��GHJ[?@?V8nGLwV^@ ��HJTJTtI3>YM8M8U3O8n�>?AXN V8>
n�M8> ! U3IWV8HJ>?AXO LwV m{_XTcV8HJn�TJU�LYAX[YTJU3O3D
baA�V^@XHJOq�tL ; L$M8U3[YHJ>?A >YedV^@XU ��>?_XM8HJU3MqV8M^LYAXO8e(>YM^m >YedV^@XU�V^L M8[YUWV
O8I3U�AXU � OoI3>?m�n�TJU��1M8U��GU3IWV8Hc|dHcV ; N�U�AXO8HcV ; m5L ;1: U I3>?AXOaV8M^_XIWV8U3N}D�f�@XUZL n�nGL M8U�A?V5O^@X>YMaV8I3>?m�H%AX[
>Ye V^@XHJO�V8U3IK@�AXHJud_XU Rr@X>���UW|?U3M3RrHJO2V^@�LwV2V^@XUEv�M8> ! U3IWV8HJ>?A�� P TJHJI3U�f�@XU3>YM8U�m OaV^LwV8U3O�V^@�LwV2V^@XU U�A?V8HJM8U
n�T%LYAXUt>Ye ��>?_XM8HJU3M�NGLwV^L�HJO�M8U3ud_XHJM8U3N V8>+M8U3I3>?AXOaV8M^_XIWV � ��� �� �gU���L IWV8T ; D�f�@XUtL : >�|?U$L n�n�M8>?L IK@{��HJTJT
[YU�AXU3M^LwV8U�>?AXT ; LCOa�tLwV^@ >Ye ��>?_XM8HJU3M+NGLwV^L`D baA]n�M^L IWV8HJI3U RgHcV�HJO+>Ye V8U�A H%AXe(U�L O8H : TJU�>YM�H%m�n�>YO8O8H : TJU
V8>kL I3ud_XHJM8UCM8UWV^_XM^AXO{>?_dV8O8HJN�UC>Ye2LYA1L n�U3MaV^_XM8Uo>Ye�O8UW|?U3M^L T$N�U3[YM8U3U3O3D f�@XHJO3R�I3>?_Xn�TJU3N ��HcV^@ V^@XU
e�L IWVoV^@�LwV5V^@XU n�M8>`I3U3O8O8U3N M8UWV^_XM^AXO ; HJU3TJN�LkM8U3I3>?AXOaV8M^_XIWV8HJ>?A >Ye�V^@XU ��>?_XM8HJU3MoNGLwV^Lk>?AXT ; H%A L
: LYAXN�TJH%m�HcV8U3N5M8U3[YHJ>?A�R�m�U�LYAXO V^@�LwV�V^@XU�O8U3[?m�U�A?V�>Ye ��>?_XM8HJU3M�NGLwV^LEL I3ud_XHJM8U3N5��HJTJT : U$|?U3M ; O^m5L TJT
H%AXN�U3U3N}D
b e-V^@XU$M^LYAX[YU�>Ye-|dHJUW��H%AX[ LYAX[YTJU3O�HJO�O^m5L TJT�R<V^@XU$O8UWV�>Ye�M8UWV^_XM^AXO�L I3ud_XHJM8U3N���HJTJT�M8U3n�M8U3O8U�A?V
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	 ������ �� �� �����+��� &��
$Z�!()0 ��� � ��� � ����� 
 �!����& �'&H1
>?AXT ; L�M8>?_X[?@XT ; LYA�A`_XT%L M$O8U3[?m�U�A?V�>Ye ��>?_XM8HJU3M�NGLwV^L`R�L n�n�M8>
�XH%m5LwV8U3T ; I3>�|?U3M8H%AX[5V^@XU�M8U3[YHJ>?A� � � � & � � � � � � ��� � � � 
�� �  �'x<DJh�> �
�2@XU3M8U � � LYAXN � � L M8U�L OqN�UWs-AXU3N�H%A �'x<D i �^R � � LYAXN � � L M8U�nGL M^LYm�UWV8U3M8OrN�UWs-AXU3N :<; V^@XU
|dHJUW��H%AX[
[YU3>?m�UWV8M ; � � � HJO�V ; n�HJI�L TJT ; AX>{T%L M8[YU3M$V^@�LYA L{e(UW� N�U3[YM8U3U3O��8R-LYAXN � & LYAXN ����M8U3n�M8U3O8U�A?Vtn�>YT%L M
I3>`>YM8N�H%A�LwV8UETJ>`I�LwV8HJ>?AXO�H%A V^@XU���>?_XM8HJU3M2n�T%LYAXU D�� �
HJ[?_XM8U x<D K5N�U3n�HJIWV8O2LYA]LYA�A`_XT%L M�M8U3[YHJ>?A >Ye
V^@XU
��>?_XM8HJU3M�n�T%LYAXU�H%ACV8U3M^m�O$>Ye��'x<DJh�> �KD �

fg> n�M8>`I3U3U3N�e(M8>?m @XU3M8U Rq>?AXU�m�HJ[?@?V�H%m5L [YH%AXU�LwVaV8U�m�nXV8H%AX[CV8> M8U3I3>?AXOaV8M^_XIWV � ��� �� �2H%A]V^@XU
O^LYm�U��tL ; V^@�LwV �%$ � � ���tL O M8U3I3>?AXOaV8M^_XIWV8U3N$#�A�LYm�U3T ; R :<;  3U3M8>��'nGL N�N�H%AX[�V^@XU�M8UWV^_XM^A LYAXN V^L �`H%AX[
LYA H%A?|?U3M8O8U ��>?_XM8HJU3M$V8M^LYAXO8e(>YM^m D �qUWV2_XO$N�UWs-AXU

�� ��� &  ��� � � � � ��� &  ��� �  � � � � & � � � LYAXN � � � ��� � � � 
�� � y  > V^@XU3Ma��HJO8U R �'x<DJh�K �

LYAXNCV^@XU�A TJUWV �� ��� �� � : U2V^@XU+H%A?|?U3M8O8U ��>?_XM8HJU3MtV8M^LYAXO8e(>YM^m0>Ye �� ��� &  �����8D�b V$I�LYA : U�O^@X>��2A*� x +��
V^@�LwV�[YHc|?U�A V^@XU : >?_�AXN�O�H%A#�'x<DJh�> �KR�V^@XHJOtV8U3IK@�AXHJud_XUEL IK@XHJUW|?U3O�L�I3M8>YO8O��'M^LYAX[YU+M8U3O8>YT%_dV8HJ>?AZ>Ye

 % &�� $x � � O8H%A � � � �  �'x<DJh�i �

�2@XHJIK@ m�U�LYAXOEV^@�LwV V^@XU h�y�� � �� CO ; OaV8U�m#N�U3O8I3M8H : U3N H%A P U3IWV8HJ>?A]x<DJhYD + I�LYA L IK@XHJUW|?U L]I3M8>YO8O��
M^LYAX[YU�M8U3O8>YT%_dV8HJ>?A >Ye�y`D +2m ��HcV^@+TJU3O8OgV^@�LYA�V^@XM8U3U�N�U3[YM8U3U3Og>Ye�L  3H%m{_dV^@�L T<|YL M8H%LwV8HJ>?A � f�@XHJOqHJOq��U3TJT
��HcV^@XH%A+V^@XU�M8U�L T%m >Ye�e(U�L O8H : TJU�O ; A?V^@XUWV8HJItL n�U3MaV^_XM8U�O8H! 3U3O
H%A{m�>YOaVgM8U�m�> V8U�O8U�AXO8H%AX[2L n�n�TJHJI�LwV8HJ>?AXO3D
B�AX> V^@XU3M : U�AXUWs�VEHJOEV^@�LwV3R�_�AXTJHJ�YU�V^@XU5I3T%L O8O8HJI�L T�I3M8>YO8O��'M^LYAX[YUoM8U3O8>YT%_dV8HJ>?A M8U3O^_XTcV �'x<DJh '��WR P B2F
I3M8>YO8O��'M^LYAX[YU+M8U3O8>YT%_dV8HJ>?A N�>`U3O�AX> V$N�U3n�U�AXN >?ACM^LYAX[YU D�� �6 )WZY! )W R�@X>���UW|?U3M3RGV^@XU3M8U�HJO�AX>�M8U�L O8>?A
V8>�U��Xn�U3IWV �� ��� �� �8R��2@XHJIK@C@�L O : U3U�ACI3>?AXOaV8M^_XIWV8U3N e(M8>?m0LYACU��dV8M8U�m�U3T ;o: LYAXN�TJH%m�HcV8U3NCM8U3[YHJ>?A >Ye
V^@XU���>?_XM8HJU3M2n�T%LYAXU RGV8>5M8U3O8U�m : TJU � ��� �� �$LwV�L TJT�Dtb V2O8U3U�m�O$V^@�LwV �� ��� �� ����>?_XTJN : U+T%L I^�`H%AX[CL TJT
H%m5L [YUoIK@�L M^L IWV8U3M8HJOaV8HJI3OoAX> V�@�L3|dH%AX[]e(M8U3ud_XU�AXI3HJU3O{n�M8U3O8U�A?V{H%A V^@XU ��>?_XM8HJU3M�M8U3[YHJ>?A N�UWs-AXU3N :<;
�'x<DJh�> �$LYAXN N�U3n�HJIWV8U3N H%A��
HJ[?_XM8U x<D KdD



� � ��������� ��� � � ������� ��� ������� � ��� ������� � ��� ��	 �����
B2O$HcV$V^_XM^AXOt>?_dV3RGHJeqV^@XU+O8U3U�m�H%AX[YT ; A�L Hc|?U+n�M8U3O8I3M8HJnXV8HJ>?A >Ye �'x<DJh�K �tHJO$e(>YTJTJ>���U3N}R�LYA L I3I3U3nXV��

L : TJU2H%m5L [YU���HJTJT : U�[YU�AXU3M^LwV8U3N}D baA5e�L IWV3RdV^@XHJO�HJO�@X>�� P B2F�H%m5L [YU3O3RXH%AXI3T%_XN�H%AX[+V^@XU�>?AXU2O^@X>��2A
H%A �
HJ[?_XM8U x<D 'XR�L M8U�n�M8>`NG_XI3U3N}DgbaAZh�i�K 'dRG\]_�AXO8>?A5LYAXN P LYA  � >�K��}O^_X[Y[YU3OaV8U3N L+V^@XU3>YM8UWV8HJI�L T : L��
O8HJOte(>YM�V^@XHJO�nG@XU�AX>?m�U�AX>?A5LYAXNCe(>YMaV8HcsGU3NoV^@XU�O^_X[Y[YU3OaV8HJ>?Ao��HcV^@oU��Xn�U3M8H%m�U�A?V^L T-UW|dHJN�U�AXI3U D�f�@XU3HJM
L M8[?_�m�U�A?V�M8U3TJHJU3O+>?A]V^@XU�e�L IWV�V^@�LwV P B2F�HJO+LCI3>?@XU3M8U�A?V+H%m5L [YH%AX[Zm�>`NGL TJHcV ; D ��U3M ; : M8HJU�� ; RrHcV
n�M8>`I3U3U3N�O L O+e(>YTJTJ>���O3~EV^@XU�H%A?V8M8H%AXO8HJI�nG@�L O8U{V8U3M^m , ��� �� ��H%A �'x<D - ��HJOEN�UWV8U3M^m�H%AXU3N�T%L M8[YU3T ;k:<;
m�HJI3M8>YO8I3>Yn�HJI{O^_XM8e�L I3U{nG@XU�AX>?m�U�A�L�LwV�V^@XU{L HJM���V^L M8[YUWV : >?_�AXNGL M ; � >�><RWh�y ' � D f�@XU{m�HJI3M8>YO8I3>Yn�HJI
IK@�L M^L IWV8U3M8HJOaV8HJI3O�>YeGUW|?U�A V^@XU �8O^m�>`> V^@XU3OaV �2V^L M8[YUWV�O^_XM8e�L I3UtL M8U�U3O8O8U�A?V8H%L TJT ; M^LYAXN�>?m LYAXN�_�AXI3>YM��
M8U3T%LwV8U3NCU��XI3U3nXV�LwVtm�HJI3M8>YO8I3>Yn�HJI$N�HJOaV^LYAXI3U3O3D�f�@XHJO�m�U�LYAXO V^@�LwV�m5L I3M8>YO8I3>Yn�HJI RXAX>?A��'>�|?U3M8T%L n�n�H%AX[
m�U�L O^_XM8U�m�U�A?V8Ot>Ye  !�"$#&%(' )+* L M8U+U3O8O8U�A?V8H%L TJT ; _�AXI3>YM8M8U3T%LwV8U3N}R���HcV^@ U�AXU3M8[ ; N�HJOaV8M8H : _dV8U3N V^@XM8>?_X[?@��
>?_dV V^@XU ��>?_XM8HJU3M�n�T%LYAXU D�Q�U3I�LY_XO8U � ��� �� �gHJO�L�n�M8>`NG_XIWV >Ye � ��� �� �
LYAXN� !�"$#&%(' )+* R?V^@XU���HJN�U : LYAXN
n�M8U3O8U�AXI3U�>YeXV^@XU�nG@�L O8U�V8U3M^m m�>`NG_XT%LwV8U3OqH%AXe(>YM^m5LwV8HJ>?A L : >?_dV � ��� �� ��V^@XM8>?_X[?@X>?_dVqV^@XU ��>?_XM8HJU3M
n�T%LYAXU D�f�@`_XO3RXLYA ; O^m5L TJT-O8U3[?m�U�A?Vt>Ye���>?_XM8HJU3MtNGLwV^LE��HJTJT�I3>?A?V^L H%A H%AXe(>YM^m5LwV8HJ>?ACL : >?_dV � ��� �� �
V^@�LwV m�HJ[?@?V : U{M8U3I3>�|?U3M^L : TJU D � � B I3>?m�n�TJUWV8U�N�U3O8I3M8HJnXV8HJ>?A >Ye�V^@XU�L NGm�HcVaV8U3N�T ; H%m�n�M8U3I3HJO8U�LYAXN
H%AXI3>?m�n�TJUWV8UEL M8[?_�m�U�A?V$n�M8U3O8U�A?V8U3N @XU3M8U�HJO2_�AXN�U3MaV^L �YU�A H%A*� >�K�� D �

baAXI3HJN�U�A?V^L TJT ; R�V^@XUEL : >�|?U+N�U3O8I3M8HJnXV8HJ>?A >YeqV^@XUEm�HJI3M8>YO8I3>Yn�HJI+A�LwV^_XM8U�>YeqV^L M8[YUWV2O^_XM8e�L I3U3O�L TJO8>
> ��U3M8O
LYA+U��Xn�T%LYA�LwV8HJ>?A e(>YMrV^@XU P B2F nG@XU�AX>?m�U�AX>?A��dAX>��2AEL O '�� $ )�� + $WD � P n�U3I^�`TJU�HJOrV^@XU�N�U3O8I3M8HJn��
V8Hc|?U V8U3M^m e(>YM�V^@XU [YM^L H%A ; L n�n�U�L M^LYAXI3UE>Ye �
HJ[?_XM8U x<D ' LYAXN L TJTg> V^@XU3M P B2F H%m5L [YU3O3D � P n�U3I^�`TJU
HJO�V^@XUE|dHJO^_�L T m5LYAXHJe(U3OaV^LwV8HJ>?A]>Ye�V^@XU M^LYAXN�>?m5AXU3O8O2>Ye V^@XU�m�HJI3M8>YO8I3>Yn�HJIEV^L M8[YUWV�V8U��dV^_XM8U3O3D+f�@XU
P B2F7H%m5L [YH%AX[+n�M8>`I3U3O8O�n�M8>`NG_XI3U3O�m�U�L O^_XM8U�m�U�A?V8O >Ye}I3>?m�n�TJU���M8U��GU3IWV8Hc|dHcV ; N�U�AXO8HcV ; H%A?V8U3[YM^LwV8U3N
>�|?U3M{U�L IK@ n�H �XU3T�M8U3[YHJ>?A�D p�_XU�V8>ZV^@XU5M^LYAXN�>?m nG@�L O8U �-_XIWV^_�LwV8HJ>?AXOEN�U3O8I3M8H : U3N L : >�|?U R O8>?m�U
n�H �XU3TJOE��HJTJT�U�AXI3>?m�nGL O8OEm�HJI3M8>YO8I3>Yn�HJI5O8I�LwVaV8U3M8U3M8O V^@�LwVEH%A?V8U3M8e(U3M8UoI3>?AXOaV8M^_XIWV8Hc|?U3T ; R �2@XHJTJU�> V^@XU3M
n�H �XU3TJO���HJTJTXU�AXI3>?m�nGL O8O�m�HJI3M8>YO8I3>Yn�HJItO8I�LwVaV8U3M8U3M8O�V^@�LwV�H%A?V8U3M8e(U3M8U$N�U3OaV8M^_XIWV8Hc|?U3T ; D P n�U3I^�`TJUtHJO V^@`_XO
LYA L MaV8HJe�L IWV2>YeqV^@XU+I3>?@XU3M8U�A?V P B2F H%m5L [YH%AX[�n�M8>`I3U3O8O3D

�kU�@�L3|?U�AX>�� n�M8U3O8U�A?V8U3N L : L O8HJI O^_�m5m5L M ; >YeE@X>���M^L NGL M LYAXN P B2F ��>YM8�GD Q�U3e(>YM8U
n�M8>`I3U3U3N�H%AX[dRq��U�AX> V8U�O8UW|?U3M^L T V^@XH%AX[YO3D �
HJM8OaV+>YetL TJT�RqV^@XU�LYA�L T ; O8HJOEn�M8U3O8U�A?V8U3NkH%A]V^@XHJO+O8U3IWV8HJ>?A
@�L O : U3U�A�e(>YMrI3>?A?V8H%A`_X>?_XO�� V8H%m�U�M^L NGL MrM8UWV^_XM^AXO 2 H%A+n�M^L IWV8HJI3U R V^@XU�M^L NGL MrM8UWV^_XM^A $ $ �����->Ye �'x<DJh + �}HJO
O^LYm�n�TJU3N V8> ; HJU3TJN�L�O8U3ud_XU�AXI3Ut>Ye ' �/$ � � $�#U\5 $��,-
$ [ ) � m�U�L O^_XM8U�m�U�A?V8O $ $ � ��� R<O8>+A�LYm�U3N : U3I�LY_XO8U
>Ye�V^@XU ��>?_XM8HJU3M�� V8M^LYAXO8e(>YM^m M8U3T%LwV8HJ>?AXO^@XHJn : UWV'��U3U�A V^@XU�M^LYAX[YU�n�M8> sGTJU�LYAXN $ $ �����8D�l�>?AXO8U3ud_XU�A?V8T ; RP B2F H%m5L [YU3O$L M8U2e(>YM^m�U3NCAX> V�e(M8>?m I3>?A?V8H%A`_X>?_XO � ��� %  � ) ��NGLwV^L : _dV�M^LwV^@XU3M�e(M8>?m O^LYm�n�TJU3O�>Ye
V^@XHJO�NGLwV^L�I3>?m�n�HJTJU3NZe(M8>?m�m{_XTcV8HJn�TJU $ $ � ���qM8UWV^_XM^AXO$LwV2N�H ��U3M8U�A?V2L O8n�U3IWV2LYAX[YTJU3O3D�f�@XU+L M8M^L ; >Ye
O^LYm�n�TJU3N � ��� %  � ) �$NGLwV^L`Rq>YM�HcV8O�H%A?V8U3M8n�>YT%LwV8HJ>?Ak>?A?V8>ZLoM8U3[?_XT%L M8T ; O8nGL I3U3N�M8U3IWV^LYAX[?_XT%L MEL M8M^L ;
>?A ltL MaV8U3O8H%LYA1L��XU3O3R�HJO��dAX>��2A L O�L � �.� ',$ ��W ' ��Y! 5�wD P B2F0H%m5L [YU3O�L M8UCe(>YM^m�U3N L O�N�HJO8I3M8UWV8U
��>?_XM8HJU3M$V8M^LYAXO8e(>YM^m�O�� p �
f$O���>Ye
nG@�L O8U+@XHJOaV8>YM8HJU3O3D

�kU�L TJO8> AX> V8UEV^@�LwV��2@XHJTJU P B2F L IK@XHJUW|?U3O+I3M8>YO8O��'M^LYAX[YU{M8U3O8>YT%_dV8HJ>?A�_�A�LwVaV^L H%A�L : TJU :<; I3T%L O��
O8HJI�L Tgm�U�LYAXO3R�HcV2HJO$OaV8HJTJTgL : TJU�V8>5M8U3O8>YTc|?UEO8I�LwVaV8U3M8U3M8O2H%A >?AXT ; V'��>5N�H%m�U�AXO8HJ>?AXO3D�B�A ; O8I�LwVaV8U3M8U3M8O
U3ud_XHJN�HJOaV^LYA?V2e(M8>?m V^@XUELYA?V8U�A�A�L�H%A : > V^@CM^LYAX[YUELYAXN I3M8>YO8O��'M^LYAX[YU+��HJTJT}n�M8>`NG_XI3U�L�O^_Xn�U3M8n�>YO8U3N
I3>?@XU3M8U�A?VZM8U3O8n�>?AXO8U H%A V^@XU M8UWV^_XM^A�D f�@XU3O8U]I3>?A?V8>?_XM8O >Ye+U3ud_XHJN�HJOaV^LYAXI3U�L M8U�L n�n�M8>
�XH%m5LwV8U3T ;
OaV8M^L HJ[?@?V�TJH%AXU3O{>YMaV^@X>Y[Y>?A�L T�V8> V^@XUoO8>��'I�L TJTJU3N ' +2�X[
� �6+2�X[6$ N�UWs-AXU3N :<; V^@XUon�T%LwV8e(>YM^m m�> V8HJ>?A
|?U3IWV8>YM{LYAXN�V^@XU�TJH%AXU��'>Ye �'O8HJ[?@?VE|?U3IWV8>YM{LYAXN�N�U3n�HJIWV8U3N H%A �
HJ[?_XM8U x<D idD�baA?V^_XHcV8Hc|?U3T ; R
V^@XHJOEm�U�LYAXO
� �!�����)� ��
 ��(J� �J��� 
 $�&�� (���0 ��� �������!� ��
 $*� � � ��&)$ ���U� � �����X�-�'������� ����&)$Z������) &,+�- .).� � ����� ���)� 0P� ���)&,+�-/.).�& �

&4� �21 3��M�6��� 
 $�
 $ ��� 
 0 � �)�Z�'&(� ��
 � �-� ��
 ��� �M� , 
 0 &�()��$
&)$
0 ��&)$$��� �!0 ��� �'$������ / ���<����� 0 &�(�� 
 � �)�M� ��� ) &,+�-/.).�1



����� ��� � � � �� �������������3����'��� � � 5

platform motion vector

line-of-sight vector

slant plane

range

cross-range
groundz

ground

groundx

y

ψ

φ

�
	 ������ �� �� *-���U$ � &(� � ��� &(���)1 *-���Q$ � &(� � ��� &(��� 
 $'�M�10)���-� 
 � ���!� 0 $ ��� �����0��� & �����)� 0 0	����
 ��� � �-�'� �)� &(�)�
�����0� 
 ���#"���� "%$ 
 ()� � � �-�'� �)�!1 ��� �����U&(��((� � 3X�#� �-�!���E������$Z� � �-�'� �)��$���()�������)�H" ��� &(��� ���)0 � ������� �'$������ �	� 1X�����	�M� ,

 0 &�()� ��
�������������� ��� 
 $ � ' � &)$ 
 � 
 $ ���!� ��1+&(�)� 
 �
����� ��� & �����)� 0 0	����
 ��� � �-�'� �)� 
 $ ��&���&4� � ���6� ������� ()�������)���� &(����1�������� �����U$ � &(� � ��� &(��� 
 $'��� 
 / ����� / �M�#���!� 0 
 ���-��3 / �����U&�3�$ �(� �M���U��� � �)& ��
 ��� 2L&(�)�E&�7�
 0#�M����� ��� ������ 
 ���#"���� "%$ 
 ()� � � �-�'� �)�
 � ���!� 0 $�����&0��M�-� ()�������)�H" 3�&)$Z�-� �?��&�0 � ����� ���?�!� ���)�#�)1
V^@�LwV2AXU3[YTJU3IWV8H%AX[o> : OaV8M^_XIWV8HJ>?A LYAXN @XHJ[?@XU3M��'>YM8N�U3M�U���U3IWV8O3R�L P B2F H%m5L [YU+HJO$V^@XU+I3>?@XU3M8U�A?V2n�M8>��
! U3IWV8HJ>?A]>Ye
V^@XU +��'p�V^L M8[YUWV�I3>?m�n�TJU�� M8U��GU3IWV8Hc|dHcV ; N�U�AXO8HcV ; H%A?V8>5V^@XUEO8T%LYA?V�n�T%LYAXU R�m�>`N�HcsGU3N :<;
�tL3|?U3e(>YM^m LYAXN1n�M8>`I3U3O8O8H%AX[kL MaV8HJe�L IWV8O3D baA1nGL MaV8HJI�_XT%L M3R�HJe�V^@XU I3>?@XU3M8U�A?Von�M8> ! U3IWV8HJ>?A >Ye2I3>?m �
n�TJU�� M8U��GU3IWV8Hc|dHcV ; N�U�AXO8HcV ; H%A?V8>kV^@XUZO8T%LYA?V5n�T%LYAXUZHJO5N�U�AX> V8U3N :<; ��� ' $ � � �! �8RtV^@XU�A V^@XU P B2F
H%m5L [YU I3>?AXOaV8M^_XIWV8U3N L I3I3>YM8N�H%AX[�V8>kL : >�|?UZe(>YM^m{_XT%LwV8HJ>?A"� L [?L H%A AXU3[YTJU3IWV8H%AX[k> : OaV8M^_XIWV8HJ>?A LYAXN
@XHJ[?@XU3M��'>YM8N�U3M$U���U3IWV8O���I�LYA : U�O^@X>��2ACV8> : U+L�O^LYm�n�TJU3NC|?U3M8O8HJ>?AZ>Ye

���� ' $ � � �! � � ��� ' $ � � �! � ��O8H%AXI
	 x� � & � O8H%AXI
	 x� ! % & �  �'x<D x y �

�2@XU3M8U  & LYAXN  % & L M8UoN�UWs-AXU3N H%A �'x<DJh + � LYAXN"�'x<DJh�i �KR�M8U3O8n�U3IWV8Hc|?U3T ; D�b etV^@XU P B2F0H%m5L [YUoHJO
e(>YM^m�U3N :<; O^LYm�n�TJH%AX[ ���� ' $ � � �! �+LwV�LZO8nGL I3H%AX[Zs-AXU3M+V^@�LYA  & �  % & �0$,12"31%R :<;  3U3M8>��'nGL N�N�H%AX[
V^@XU�O^LYm�n�TJU3N � ��� %  � ) ��NGLwV^L �8R�O8> V^@�LwV�V^@XU2n�H �XU3T�O8nGL I3H%AX[{HJO�s-AXU3M�V^@�LYA5V^@XU�M8U3O8>YT%_dV8HJ>?A�RdV^@XU�A
V^@XU�H%m5L [YU�HJO+O^L HJN�V8> : U Y 5 $& '&� � �6+ $�# DCf�@XU�U���U3IWVE>Ye�>�|?U3M8O^LYm�n�TJH%AX[ZHJO�V8>Zn�M8>�|dHJN�U�LZm�>YM8U
O^m�>`> V^@XT ; H%A?V8U3M8n�>YT%LwV8U3N]M8U3n�M8U3O8U�A?V^LwV8HJ>?AZ>YegV^@XU�n�M8> ! U3IWV8U3N M8U��GU3IWV8Hc|dHcV ; N�U�AXO8HcV ; D

.�AXU�H%m�n�TJHJI�LwV8HJ>?A5>Ye �'x<D x y ��HJO�V^@�LwV�V^@XU�TJ>`I�LwV8HJ>?AXOt>Ye}M8U��GU3IWV8>YM�n�M8H%m�HcV8Hc|?U3O�H%A P B2F�H%m5L [YU3O
L M8U�N�UWV8U3M^m�H%AXU3NCU3O8O8U�A?V8H%L TJT ;C:<; V^@XU3HJMtn�M8> ! U3IWV8HJ>?AXOtH%A?V8>{V^@XU�O8T%LYA?V$n�T%LYAXU D � fg> : U2n�M8U3I3HJO8U RXV^@XU
TJ>`I�LwV8HJ>?AXO5>Ye�V^@XU M8U3O8n�>?AXO8U3O�>Ye2n�M8H%m�HcV8Hc|?U3O�H%A1L P B2F�H%m5L [YUZL M8U N�UWV8U3M^m�H%AXU3N :<; V^@XU n�M8>��
! U3IWV8HJ>?AXO >Ye�V^@XU3HJM{L n�nGL M8U�A?VEM8U��GU3IWV8HJ>?A n�>YH%A?V8OEH%A?V8>ZV^@XU5O8T%LYA?V n�T%LYAXU D���>YM n�>YH%A?V��'TJHJ�YUo>YM �-LwV
M8U��GU3IWV8>YM�n�M8H%m�HcV8Hc|?U3OtO^_XIK@ZL O�I3>YM^AXU3M8O3R�U3N�[YU3O3R �-LwV$n�T%LwV8U3O3R�LYAXN N�H%@XU3N�M^L T ��LYAXN V8M8H%@XU3N�M^L T � V ; n�U
: >`N�HJU3O3RGV^@XU M8U��GU3IWV8HJ>?A]n�>YH%A?V8O2��HJTJTqM8U�m5L H%A I3>?AXOaV^LYA?V+L I3M8>YO8O�m�>YOaV�|dHJUW��H%AX[CLYAX[YTJU3O�LwV2�2@XHJIK@
V^@XU n�M8H%m�HcV8Hc|?U n�M8>`NG_XI3U3O�L : M8HJ[?@?V�M8U3O8n�>?AXO8U R : _dV�e(>YM�M8U��GU3IWV8>YM�n�M8H%m�HcV8Hc|?U3O2��HcV^@]I�_XMa|?U3N O^_XM��
e�L I3U3O3R`O^_XIK@�L O�I ; TJH%AXN�U3M8O�LYAXN�O8nG@XU3M8U3O3RYV^@XU$M8U��GU3IWV8HJ>?A�n�>YH%A?V8O ��HJTJTd�tLYAXN�U3M�>�|?U3M�V^@XU$O^_XM8e�L I3Ut>Ye
V^@XU�n�M8H%m�HcV8Hc|?U�L Og|dHJUW��H%AX[�LYAX[YTJU�IK@�LYAX[YU3O � j?x � D �EB�AX> V^@XU3MgH%m�n�TJHJI�LwV8HJ>?A >Ye �'x<D x y �qHJOqV^@�LwV : M8HJ[?@?V
O8I�LwVaV8U3M8U3M8O���HJTJT�n�M8>`NG_XI3U�n�M8>?AX>?_�AXI3U3N�O8HJN�U3TJ> : U3O�H%A�AXU�L M :<; n�H �XU3TJO3D fg>+I3>?_�A?V8U3M^L IWV�V^@XHJO�U���U3IWV3R
V^@XU���>?_XM8HJU3M��'N�>?m5L H%AZnG@�L O8U @XHJOaV8>YM ; HJO�>Ye V8U�A m{_XTcV8HJn�TJHJU3N :<; L ' W
#%$&+?Y "0$�!�' - � �6 $5'0' WZYX[�� W%[ #Y��
\5- [ ),� WZYX[ n�M8HJ>YM$V8>�HcV8O2p �
f�DGbaA nGL MaV8HJI�_XT%L M3R-HJe �� ��� %  � ) ��HJO$V^@XU ltL MaV8U3O8H%LYA M8U3n�M8U3O8U�A?V^LwV8HJ>?A >Ye
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� � � ��� %  � ) ��HJOtL{_�AXHcV��'U�AXU3M8[ ; O8HJN�U3TJ> : U��'O^_Xn�n�M8U3O8O8HJ>?A���H%AXN�>�� e�_�AXIWV8HJ>?A5��HcV^@5V^@XU�O^LYm�U

M8U3[YHJ>?A5>Ye}O^_Xn�n�>YMaV�L O � ��� %  � ) �8D � f ; n�HJI�L TGIK@X>YHJI3U3O�e(>YM � � � ��� %  � ) �
H%AXI3T%_XN�U )EL HJO8U3M�>YM�f
L ; TJ>YM
��H%AXN�>���O � h�- � D ��f�@XHJO$@�L OtV^@XU+U���U3IWV2>Ye
m�>`N�HJe ; H%AX[��'x<D x y �tO8>�V^@�LwV

���� ' $ � � �! � � ��� ' $ � � �! ����O8H%AXI
	 x� � & � O8H%AXI
	 x� ! % & � ��� � � � � �! �  �'x<D xYx �

�2@XU3M8U�� � � � � �! �gHJO V^@XU$H%A?|?U3M8O8U ��>?_XM8HJU3M�V8M^LYAXO8e(>YM^m >Ye
� � � ��� %  � ) �8D�f�@XHJO I3>?A?|?>YT%_dV8HJ>?A5M8U3NG_XI3U3O

V^@XU�LYm�n�TJHcV^_XN�U >YedV^@XU�O8HJN�U3TJ> : U3O : _dVgL TJO8>�M8U3NG_XI3U3OrV^@XU�U���U3IWV8Hc|?U�M8U3O8>YT%_dV8HJ>?AE>Ye`V^@XU P B2F H%m5L [YU D

2 &J5�� � =!A�� K+R6K�GM>?AJV � ( ;-V AJIL;-V A � A6R �

l�TJU�L M8T ; RGH%Ao>YM8N�U3M�V8>{U��dV8M^L IWV�LEV^L M8[YUWV�m�>`N�U3T-e(M8>?m m{_XTcV8HJn�TJU P B2F H%m5L [YU3O3RX��U�M8U3ud_XHJM8U2O8>?m�U
nG@XU�AX>?m�U�AX>YTJ>Y[YHJI�L T�m�>`N�U3T�M8U3T%LwV8H%AX[ V^@XUCV^L M8[YUWV�V8>kHcV8O5L n�n�U�L M^LYAXI3U H%A H%m5L [YU3O�> : V^L H%AXU3N LwV
N�H ��U3M8U�A?V+L O8n�U3IWV�LYAX[YTJU3O3D�f�@XUEIK@X>YHJI3U{>Ye�LYA ; nG@XU�AX>?m�U�AX>YTJ>Y[YHJI�L T m�>`N�U3TqH%A?|?>YTc|?U3OEL�V8M^L N�U3> �
: UWV'��U3U�A L I3I�_XM^L I ; LYAXN O8H%m�n�TJHJI3HcV ; D���>YM H%AXOaV^LYAXI3U R
[YHc|?U�A n�U3M8e(U3IWVE�dAX>���TJU3N�[YU5>Ye�V^@XU�V8M^LYAXO��
m�HcVaV8U3N5sGU3TJNCLYAXNoL TJTGV^L M8[YUWV�IK@�L M^L IWV8U3M8HJOaV8HJI3O3R-\]L��d��U3TJT � OtU3ud_�LwV8HJ>?AXO���HJTJTGN�U3O8I3M8H : UtV^@XU�U3TJU3IWV8M8HJI
sGU3TJN LwV�L TJTqn�>YH%A?V8O�H%A O8nGL I3U R�LYAXNZV^@`_XO�n�M8U3N�HJIWV�V^@XU+M^L NGL M�H%m5L [YUE>Ye
V^@XU+O8I3U�AXUEU���L IWV8T ; D�4�A��
e(>YMaV^_�A�LwV8U3T ; R
V^@XU�O8>YT%_dV8HJ>?Ak>Yet\]L��d��U3TJT � O{U3ud_�LwV8HJ>?AXOEe(>YM L I3>?m�n�TJU�� V^L M8[YUWV #7TJUWV�L TJ>?AXU�V^@XU3HJM
H%A?|?U3M8O8HJ>?A V8> ; HJU3TJN1LZV^L M8[YUWV5m�>`N�U3T�e(M8>?m#O8I�LwVaV8U3M8U3N NGLwV^L #7HJO�[YU�AXU3M^L TJT ; H%A?V8M^L IWV^L : TJU HJe$AX> V
H%m�n�>YO8O8H : TJU D�� � b V�HJO�V^@XU3M8U3e(>YM8U{AXU3I3U3O8O^L M ; V8>5V^_XM^A V8>CL5O8H%m�n�TJU3M2m�>`N�U3T}V8>on�M8U3N�HJIWV�V^@XU M^L NGL M
M8UWV^_XM^Ake(M8>?m m�>YOaV+V^L M8[YUWV8O&� x<hYRWj`hYRWj?x<RKi?x ��LYAXNkV8> e�L I3HJTJHcV^LwV8UoV^@XU�nG@XU�AX>?m�U�AX>YTJ>Y[YHJI�L T�m�>`N�U3T
m5LYAXHJnG_XT%LwV8HJ>?A M8U3ud_XHJM8U3NZe(>YMtV^@XU�H%A?|?U3M8O8UEn�M8> : TJU�m D

�kU���HJTJT : U�I3>?AXI3U3M^AXU3NZ��HcV^@ O ; OaV8U�m�Ot>Yn�U3M^LwV8H%AX[5LwV2e(M8U3ud_XU�AXI3HJU3O�AXU�L M�h�yo� ��  RGH%A V^@XU 	
: LYAXN}D+f�@XUE�tL3|?U3TJU�AX[ V^@k>Ye�L h�y�� � �� ��tL3|?U�HJO1+oI�m D�b e�L TJT
V^L M8[YUWV+e(U�LwV^_XM8U3O+L M8U{O8>?m�UW�2@�LwV
T%L M8[YU3M V^@�LYAkV^@XHJOE�tL3|?U3TJU�AX[ V^@�R�V^@XU�AkV^@XU5H%A?V8U3M^L IWV8HJ>?A : UWV'��U3U�A V^@XU�V^L M8[YUWV�LYAXNkV^@XU5U3TJU3IWV8M8HJI
sGU3TJN HJO O^L HJN�V8>1>`I3I�_XMCH%A7V^@XU ��W " � ! \5 $��,-
$ [ ) � M8U3[YH%m�U R�LYAXN L @XHJ[?@��'e(M8U3ud_XU�AXI ; O8I�LwVaV8U3M8H%AX[
m�>`N�U3T � j`h��}m5L ;�: U�_dV8HJTJH! 3U3NoV8>En�M8U3N�HJIWV�V^@XU�M^L NGL M�M8UWV^_XM^A�D � �2HJ[?@��'e(M8U3ud_XU�AXI ; m�>`N�U3TJO�N�U3n�U�AXN
>?A V^@XUCL n�n�M8>
�XH%m5LwV8HJ>?A V^@�LwV�L TJT�> : ! U3IWV8O�H%A?V8U3M^L IWV8H%AX[ ��HcV^@ V^@XUCU3TJU3IWV8M8HJICsGU3TJN1L M8UCO^_ : OaV^LYA��
V8H%L TJT ; T%L M8[YU3M�V^@�LYA5V^@XU��tL3|?U3TJU�AX[ V^@�D P >��'I�L TJTJU3N +?Y�� ! \5 $��,-
$ [ ) �5LYAXN  $5' YX[ �X[
�tm�>`N�U3TJO�n�M8U3N�HJIWV
V^@XU{H%A?V8U3M^L IWV8HJ>?A�>Ye�U3TJU3IWV8M8HJI{sGU3TJN�O���HcV^@ : >`N�HJU3O�V^@�LwV+L M8U O^_ : OaV^LYA?V8H%L TJT ; O^m5L TJTJU3M2V^@�LYA >YM�L n��
n�M8>
�XH%m5LwV8U3T ; V^@XU�O^LYm�U�O8H! 3U�L O�V^@XU��tL3|?U3TJU�AX[ V^@�R-M8U3O8n�U3IWV8Hc|?U3T ; � i?x � D � �kU�AX>�� N�U3O8I3M8H : U$V^@XM8U3U
@XHJ[?@��'e(M8U3ud_XU�AXI ; m�>`N�U3TJO�V^@�LwV2L M8U+U3O8n�U3I3H%L TJT ; M8U3TJUW|YLYA?V$V8>5>?_XMtU���>YMaV8O3D
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.�nXV8HJI3O �'�1.���m�>`N�U3T � j?x<R i?x � D$�1. �tL OtN�UW|?U3TJ>Yn�U3NZI3U�A?V^_XM8HJU3O2L [Y>5LYAXN HJO : L O8U3NZ>?A���U3M^m5LwV�� O
��� � � ��&��'� 1��
 ��� ���M�U� �!(���� &�� 
 7�
 ��(�&)$ $$��0 �M��
 ����$ ��� $ �)0 � 2�
 �)� 1������ 
 ��� �!��$ 
 ��� ��� - &4���-��� � � $ � / ��& ��
 ����$ � �

/�
 ��� ��&��'&�� ()�#� 0	�+�M��� �?���)0 3�&�� 2M$ �!& � ���!� �-� ��& �'& 
 $
&(� 
 � � " � � $Z�-� ������3�� �!0 / 0�43 1



����� ��� � � � � � ��� �������	 ��� � �������$�3�����5� � ��� �)S
v�M8H%AXI3HJn�TJU ��W 1 $,1%R I3>YM8nG_XO8I3TJU3O{>YetTJHJ[?@?V�e(>YTJTJ>�� LZnGLwV^@ >Ye�m�H%AXH%m{_�m TJU�AX[ V^@ �ELYAXN P AXU3TJT � O �gL3�
��W 1 $,1%R�V^@XUELYAX[YTJUE>Ye
M8U��GU3IWV8HJ>?AZe(M8>?m L�O^_XM8e�L I3U+U3ud_�L TJO$V^@XUELYAX[YTJUE>Ye
H%AXI3HJN�U�AXI3U��8D$�1. n�M8U3N�HJIWV8O
V^@�LwV�V^@XU : L I^�`O8I�LwVaV8U3M8U3N F$l P LwV5LYA ; |dHJUW��H%AX[kLYAX[YTJUC��HJTJT�N�U3n�U�AXN >?AXT ; >?A V^@XU [YU3>?m�UWV8M ;
>Ye2V^@XU : >`N�HJU3O�HJTJT%_�m�H%A�LwV8U3N :<; V^@XUZM^L N�HJ>��tL3|?U3O LYAXN >?A1V^@XU3HJM5M^L N�HJH$>Ye�I�_XMa|YLwV^_XM8U LwV5V^@XU
n�>YH%A?V8O�>YerHJTJT%_�m�H%A�LwV8HJ>?A�D��1. HJOt_XO8U3e�_XTGn�M8H%m5L M8HJT ; e(>YM�n�M8U3N�HJIWV8H%AX[ : L I^�`O8I�LwVaV8U3M8H%AX[�e(>YM�'�� $ ),-.+2�! 
M8U��GU3IWV8HJ>?AXO3RdV^@�LwV�HJO3Rd�2@XU�A�M8U��GU3IWV8U3NCM^L ; O�L M8U2nGL M^L TJTJU3TGV8>EV^@XU�TJH%AXU2>Ye}O8HJ[?@?V3D��1. HJO�TJH%m�HcV8U3NoH%A
O8UW|?U3M^L TdH%m�n�>YMaV^LYA?VgM8U3O8n�U3IWV8O3~qHcV e�L HJTJOgV8>2n�M8U3N�HJIWV : L I^�`O8I�LwVaV8U3M8H%AX[�e(>YM
AX>?A��'O8n�U3I�_XT%L MgM8U��GU3IWV8HJ>?AXO 2
HcV�HJO�L n�n�TJHJI�L : TJU�>?AXT ; �2@XU�A�V^@XU$M^L N�HJHG>Ye}I�_XMa|YLwV^_XM8U�LwV�V^@XU�n�>YH%A?V8O�>Ye}M8U��GU3IWV8HJ>?AoL M8U$s-AXHcV8U2LYAXN
m{_XIK@ T%L M8[YU3M�V^@�LYA V^@XU+�tL3|?U3TJU�AX[ V^@ 2 HcV2HJO2L TJO8>5H%A�L I3I�_XM^LwV8UE�2@XU�ACV^@XU+n�>YH%A?V2>Ye
M8U��GU3IWV8HJ>?A TJHJU3O
AXU�L M�L5O^_XM8e�L I3U U3N�[YU{>YM : >?_�AXNGL M ; D2f�@XU3O8U e�L HJTJH%AX[YO�TJH%m�HcV2V^@XU{L : HJTJHcV ; >Ye��1.�V8>Cn�M8U3N�HJIWV2V^@XU
O8I�LwVaV8U3M8H%AX[�e(M8>?m L{I3>?m�n�TJU��5V^L M8[YUWV3R�L TcV^@X>?_X[?@�RGL O���U���HJTJT�O8U3U R�HcV$HJOtO^_XI3I3U3O8O8e�_XT�H%ACn�M8U3N�HJIWV8H%AX[
V^@XU�m5L H%AEI3>?m�n�>?AXU�A?V8Oq>YeXV^@XU�M8U3O8n�>?AXO8U3Oge(M8>?m n�M8H%m�HcV8Hc|?U3Oq��HcV^@ L�O8HJ[?AXHcsGI�LYA?V
O8n�U3I�_XT%L MgM8UWV^_XM^A�R
O^_XIK@ZL O$V8M8H%@XU3N�M^L TJO�LYAXNCV8>YnG@�LwV8O3D
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B m�>YM8UoO8>YnG@XHJOaV8HJI�LwV8U3N m�>`N�U3T�e(>YM{O8I�LwVaV8U3M8H%AX[kLYAXN F$l P n�M8U3N�HJIWV8HJ>?A HJO{�dAX>��2A L O�v�@ ; O8HJI�L T
.�nXV8HJI3O � v".��&� j?x<R�i?x � D baA V^@XU�h�i,+Yy O3R P V8M^LwVaV8>?A7LYAXN7lt@`_ AX> V8U3N V^@�LwVoH%A1V^@XU L : O8U�AXI3U >Ye
O8>?_XM8I3U3O3RXV^@XU�U3TJU3IWV8M8HJI�L TrsGU3TJNZLwV�LYA ; n�>YH%A?VtH%ACO8nGL I3U�I�LYA : U2U��Xn�M8U3O8O8U3NZL O�LYACH%A?V8U3[YM^L Tr>�|?U3M2L
I3TJ>YO8U3N�O^_XM8e�L I3U�I3>?A?V^L H%AXH%AX[�V^@XU�O8I�LwVaV8U3M8H%AX[�|?>YT%_�m�U D
f�@XHJO > : O8U3Ma|YLwV8HJ>?A�R<H%A�L N�N�HcV8HJ>?A V8>�O8UW|?U3M^L T
O8H%m�n�TJHJe ; H%AX[�L O8O^_�m�nXV8HJ>?AXO � j?x � R�L NGm�HcV8O$L n�n�M8>
�XH%m5LwV8U+I3TJ>YO8U3N��'e(>YM^m : L I^�`O8I�LwVaV8U3M8H%AX[5O8>YT%_dV8HJ>?AXO
e(>YM�O8>?m�U$HJN�U�L TJH! 3U3N n�M8H%m�HcV8Hc|?U3O3R`O^_XIK@oL O�O8nG@XU3M8U3O3R`I ; TJH%AXN�U3M8O3RdI3>?AXU3O3RXLYAXN �-LwV�n�T%LwV8U3O3D��-�5f�@XU3O8U
L n�n�M8>
�XH%m5LwV8UtO8>YT%_dV8HJ>?AXO�N�>+AX> V�M8U3ud_XHJM8UtO8n�U3I�_XT%L M H%AXI3HJN�U�AXI3U�LYAXN{V^@`_XO�M8U3n�M8U3O8U�A?V�L�O8HJ[?AXHcsGI�LYA?V
H%m�n�M8>�|?U�m�U�A?V$>�|?U3M��1. D

v". n�M8>�|dHJN�U3O�LYA]L I3I�_XM^LwV8U n�M8U3N�HJIWV8HJ>?A >Ye
V^@XUEO8I�LwVaV8U3M8H%AX[Ce(M8>?m L5m{_XIK@ ��HJN�U3M�|YL M8HJUWV ; >Ye
V^L M8[YUWV8O�LYAXN O8I3U�AXU3O$V^@�LYAZN�>`U3O��1. R : _dV$OaV8HJTJTg@�L O�e�L HJTJH%AX[YO3~�HcV8O2L I3I�_XM^L I ; N�UWV8U3M8HJ>YM^LwV8U3O2�2@XU�A
H%AXI3HJN�U�AXI3U5HJO+|?U3M ; AX>?A��'O8n�U3I�_XT%L M3R
LYAXN HcVEI�LYA�AX> V N�U3O8I3M8H : U�V^@XU5I3>?A?V8M8H : _dV8HJ>?AXOE>YetU3N�[YU3O{LYAXN
I3>YM^AXU3M8O�V8>+V^@XU : L I^�`O8I�LwVaV8U3M8U3NCsGU3TJN}D �2>���UW|?U3M3RXv". N�>`U3O�n�M8>�|dHJN�U�L+e(M^LYm�UW��>YM8� O^_$�5I3HJU�A?V�e(>YM
V^@XUEnG_XM8n�>YO8U3O$>Ye�N�U3O8I3M8H : H%AX[�V^L M8[YUWV8O+L O�L�I3>YTJTJU3IWV8HJ>?A�>Ye M8U��GU3IWV8>YM�n�M8H%m�HcV8Hc|?U3O2>Ye
V^@XU+V ; n�U+��U
L M8U�I3>?AXO8HJN�U3M8H%AX[]@XU3M8U%#�A�LYm�U3T ; Rqs-AXHcV8U +��'p : >`N�HJU3OEO^_XIK@kL OEV8M8H%@XU3N�M^L TJO3RqV8>YnG@�LwV8O3R N�H%@XU3N�M^L TJO
LYAXNZI ; TJH%AXN�U3M8O3D

l�>?AXO8HJN�U3MrV^@XU�n�M8H%m�HcV8Hc|?U3OgN�U3n�HJIWV8U3N H%A��
HJ[?_XM8U x<DJh�yd~
L�M8U3IWV^LYAX[?_XT%L M
n�T%LwV8U R<L$I3HJM8I�_XT%L M
n�T%LwV8U R
L�iYy�
�M8U3IWV^LYAX[?_XT%L M��'n�T%LwV8U N�H%@XU3N�M^L T�RGL{M8HJ[?@?V�I3HJM8I�_XT%L M�I ; TJH%AXN�U3M3RGL�iYy�
2O8ud_�L M8U��'n�T%LwV8U+V8M8H%@XU3N�M^L T�R
LYAXN�LoI3HJM8I�_XT%L M�� : L O8U{V8>YnG@�LwV3DEfg>Y[YUWV^@XU3M3R
�1. LYAXN v". I�LYA N�U3O8I3M8H : UEV^@XU{n�M8H%m5L M ; M8U3O8n�>?AXO8U
m�U3IK@�LYAXHJO^m�Or>Ye�U�L IK@{>YedV^@XU3O8U�n�M8H%m�HcV8Hc|?U3O3D�� ��S�L IK@ >YeXV^@XU3O8U�n�M8H%m�HcV8Hc|?U3O
@�L O
LYAEH%A?V8M8H%AXO8HJI�e(M^LYm�U
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>YetM8U3e(U3M8U�AXI3U R N�U3n�HJIWV8U3N :<; V^@XU5O8UWV8O >Ye$L��XU3O H%A �
HJ[?_XM8U x<DJh�yXRg�2@X>YO8U�M8> V^LwV8HJ>?A ��HcV^@kM8U3O8n�U3IWV
V8> LYA�L : O8>YT%_dV8U�e(M^LYm�U{>Ye�M8U3e(U3M8U�AXI3U RqV8>Y[YUWV^@XU3M+��HcV^@]V^@XU�L : O8>YT%_dV8U{|dHJUW��H%AX[ZLYAX[YTJU RqN�UWs-AXU3O+L
M8U3T%LwV8Hc|?U |dHJUW��H%AX[ U3TJUW|YLwV8HJ>?A �ml LYAXN L  3H%m{_dV^@ �Vl R$L TJO8> N�U3n�HJIWV8U3N H%A �
HJ[?_XM8U x<DJh�yXD7v".�LYAXN
�1. n�M8U3N�HJIWV�V^@XU$n�M8H%m5L M ; M8U3O8n�>?AXO8U3O�e(M8>?m V^@XU3O8U�n�M8H%m�HcV8Hc|?U3O�L O�e�_�AXIWV8HJ>?AXO�>Ye�M8U3T%LwV8Hc|?U�|dHJUW��H%AX[
LYAX[YTJU R�V^@XU�M8U3TJUW|YLYA?V$n�M8H%m�HcV8Hc|?U�N�H%m�U�AXO8HJ>?AXO�H%AXN�HJI�LwV8U3NZH%A��
HJ[?_XM8UEx<DJh�yXRGLYAXNoV^@XU��tL3|?U�A`_�m : U3M
� � >YeqV^@XU+HJTJT%_�m�H%A�LwV8H%AX[�M^L N�H%LwV8HJ>?A � j?x<R i?x � R-�2@XU3M8U

� � � x� $� � �'x<D x + �
:<; N�UWs-AXHcV8HJ>?A e(>YM{M^L N�H%LwV8HJ>?A1>Ye$e(M8U3ud_XU�AXI ; � � D�baA nGL MaV8HJI�_XT%L M3Rt�1. O^_$�5I3U3O V8>�n�M8U3N�HJIWV V^@XU
n�M8H%m5L M ; V8M8H%@XU3N�M^L TgLYAXN V8>YnG@�LwV2M8U3O8n�>?AXO8U3O3RG�2@XHJIK@]L M8U O8n�U3I�_XT%L M 2 v".�HJO2M8U3ud_XHJM8U3N V8>on�M8U3N�HJIWV
V^@XU�> V^@XU3M�e(>?_XM�M8U3O8n�>?AXO8U3O3DEf�@XU��1. LYAXN�v". n�M8U3N�HJIWV8HJ>?AXO+e(>YM+L TJT O8H � n�M8H%m�HcV8Hc|?U3O+L M8U{[YHc|?U�A
H%A f
L : TJU x<DJh?D S�L IK@ M8U3O8n�>?AXO8U�H%AkV^@XU�V^L : TJUoHJO U��Xn�M8U3O8O8U3N L O{LZn�M8>`NG_XIWVE>Ye�V^@XM8U3U�V8U3M^m�O3~�L
O8H! 3U��'N�U3n�U�AXN�U�A?V$LYm�n�TJHcV^_XN�U2I3>`U �5I3HJU�A?V3R-L n�>YT%L M8H%m�UWV8M ; �'N�U3n�U�AXN�U�A?V�LwVaV8U�A`_�LwV8HJ>?AZe�L IWV8>YM � n�o�'& � �: UWV'��U3U�A�y�LYAXNCh�V^@�LwV�N�U3n�U�AXN�Og>?A{V^@XUtLYA?V8U�A�A�L2V8M^LYAXO^m�HcV��'M8U3I3U3Hc|?Utn�>YT%L M8H! �LwV8HJ>?A5L O�N�U3O8I3M8H : U3N
O^@X>YMaV8T ; RrLYAXN]L�|dHJUW� �'N�U3n�U�AXN�U�A?V�O^@�L n�H%AX[5e�_�AXIWV8HJ>?AZV^@�LwV�LwVaV^L H%AXO+L5m5L��XH%m{_�m |YL T%_XU >Ye >?AXU D
� f�@`_XO$V^@XU m5L��XH%m{_�m F$l P > : V^L H%AXU3N :<; LYA ; >Ye
V^@XU+n�M8H%m�HcV8Hc|?U3O�H%A �
HJ[?_XM8U x<DJh�y5HJO�[YHc|?U�A :<;
V^@XU5LYm�n�TJHcV^_XN�U{I3>`U �5I3HJU�A?V8OETJHJOaV8U3N H%A f
L : TJU x<DJh<D �kf�@XU � � o ' o � ��� ��V8U3M^m L n�n�U�L M8H%AX[CH%A�O8UW|?U3M^L T
U�A?V8M8HJU3O >Ye�f
L : TJU x<DJhtHJOgV^@XU���H%AXN�>�� e�_�AXIWV8HJ>?A N�UWs-AXU3N :<; �'x<D > �gLYAXNEV^@XUqp � ��� �}V8U3M^m L n�n�U�L M8H%AX[
H%A V^@XU�I3HJM8I�_XT%L M�n�T%LwV8U+M8U3O8n�>?AXO8U�HJOtV^@XUEQ�U3O8O8U3Tre�_�AXIWV8HJ>?A >Ye
>YM8N�U3Mt>?AXU D

P UW|?U3M^L T{e(U�LwV^_XM8U3Ok>Ye�V^@XU F$l P m�>`N�U3TJO H%A f
L : TJU x<DJh : U�L Mk@XHJ[?@XTJHJ[?@?V8H%AX[dD �
HJM8OaV3R{V^@XU
OaV8M8U�AX[ V^@7>Ye+V^@XU : L I^�`O8I�LwVaV8U3M8U3N sGU3TJN � n�M8>Yn�>YMaV8HJ>?A�L T�V8> V^@XU]O8ud_�L M8U]M8>`> VC>Ye�V^@XU F$l P M8U��
O8n�>?AXO8U��E|YL M8HJU3O���HcV^@ V^@XUZn�M8> ! U3IWV8HJ>?A >Ye2V^@XUZn�M8H%m�HcV8Hc|?U H%A?V8>kV^@XUZn�T%LYAXUZ>YMaV^@X>Y[Y>?A�L T$V8>�V^@XU
3�&�� 2M$ �!& � ���!� �-� 3 / 
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TJH%AXU��'>Ye �'O8HJ[?@?V2|?U3IWV8>YM3D P U3I3>?AXN}RX�2@XHJTJU�V^@XU�M8U3O8n�>?AXO8U3Ot>YegV^@XU�M8U3IWV^LYAX[?_XT%L M2LYAXNZI3HJM8I�_XT%L M$n�T%LwV8U3O3R
N�H%@XU3N�M^L T�RXLYAXNCI ; TJH%AXN�U3M�e�L TJT�> � M8U3T%LwV8Hc|?U3T ; ud_XHJI^�`T ; e(M8>?m�V^@XU3HJMtm5L��XH%m{_�m |YL T%_XU3O3RdV^@XU�V8>YnG@�LwV
LYAXN]V8M8H%@XU3N�M^L T
M8U3O8n�>?AXO8U3O�@�L3|?U�m{_XIK@]m�>YM8U{LYAX[?_XT%L M : M8U�L NXV^@�D�f�@XHJO�HJO : U3I�LY_XO8U V^@XU{_�AXHJud_XU
[YU3>?m�UWV8M8HJU3O+>Ye V^@XUEV8M8H%@XU3N�M^L T
LYAXN]V8>YnG@�LwV�M8U3O^_XTcV�H%A]O8n�U3I�_XT%L M2M8U��GU3IWV8HJ>?AXO�>�|?U3MEL���HJN�U M^LYAX[YU
>Yet|dHJUW��H%AX[ LYAX[YTJU3O{�2@XU3M8U�L OEV^@XUo> V^@XU3M{n�M8H%m�HcV8Hc|?U3O{@�L3|?U L O8H%AX[YTJUCO8n�U3I�_XT%L M n�T%LYAXU5>YM{N�HJM8U3I��
V8HJ>?A�D{f�@XHJM8N}R�V^@XU�O8H%AXI ��� �2LYAXN p � ��� �$V8U3M^m�O�H%A]V^@XU�n�T%LwV8U RqN�H%@XU3N�M^L T�RqLYAXN�I ; TJH%AXN�U3M�M8U3O8n�>?AXO8U3O
L M8U�IK@�L M^L IWV8U3M8HJOaV8HJI5>Ye�v". n�M8U3N�HJIWV8HJ>?AXO 2 AX> V8U{V^@�LwVEH%A U�L IK@kI�L O8U�V^@XU�> � � : M8>?L N�O8HJN�U�e�L TJTJ> � HJO
H%A?|?U3M8O8U3T ; n�M8>Yn�>YMaV8HJ>?A�L TrV8>5V^@XU nG@ ; O8HJI�L TqU��dV8U�A?V�>Ye V^@XUEO8I�LwVaV8U3M8U3M3R}O8>5V^@�LwV�T%L M8[YU3M�n�M8H%m�HcV8Hc|?U3O
n�M8>`NG_XI3U+A�L M8M8>���U3M$M8UWV^_XM^AXO3D

B2O H%AXN�HJI�LwV8U3N1L : >�|?U R V^@XU � n�o�'& � ��V8U3M^m�OEH%A f
L : TJU x<DJhCI�L nXV^_XM8U5V^@XU5N�U3n�U�AXN�U�AXI3U5>YetF$l P
>?A V^@XU�n�>YT%L M8H! �LwV8HJ>?AXO2>YeqV^@XU�V8M^LYAXO^m�HcVaV8H%AX[�LYAXN M8U3I3U3Hc|dH%AX[oLYA?V8U�A�A�L O3R-L O�H%AXN�HJI�LwV8U3N :<; V^@XU ���
O^_ : O8I3M8HJnXV8O3D�v�@ ; O8HJI�L Tr>YnXV8HJI3O�n�M8U3N�HJIWV8O�V^@�LwV$V^@XU�F$l P ��HJTJT}N�U3n�U�AXN >?AC�2@XUWV^@XU3M$LYA H%AXI3>?m�H%AX[
M^L ; HJO�M8U��GU3IWV8U3N LYA UW|?U�A�>YM+>`N�N�A`_�m : U3M2>Ye�V8H%m�U3O #�@XU�AXI3U V^@XU{V'��> N�H ��U3M8U�A?V+n�>YT%L M8H! �LwV8HJ>?A
V8U3M^m�O n ��'& LYAXN n���'& D���>YM�UW|?U�A�� : >?_�AXI3U{m�U3IK@�LYAXHJO^m�O3R�V^@XU M8U3T%LwV8Hc|?U�M8> V^LwV8HJ>?A >Ye V^@XU n�M8H%m�HcV8Hc|?U
L TJO8>5L���U3IWV8OtV^@XU�F$l P D�� ��p�U�AX> V8H%AX[{V^@XHJOtM8> V^LwV8HJ>?A :<; � l R�nG@ ; O8HJI�L T�>YnXV8HJI3O$n�M8U3N�HJIWV8O�V^@XU�n�>YT%L M��
H! �LwV8HJ>?A�LwVaV8U�A`_�LwV8HJ>?A]e�L IWV8>YM8O�[YHc|?U�A H%A f
L : TJU x<D x � i?x<RKh�y ' � D2f�@XHJO$V^L : TJU H%AXN�HJI�LwV8U3O�V^@�LwV��2@XHJTJU
>`N�N�� : >?_�AXI3U�n�M8H%m�HcV8Hc|?U3O$M8U��GU3IWV�M^L N�H%LwV8HJ>?A ��HcV^@X>?_dV$IK@�LYAX[YH%AX[�HcV8O$n�>YT%L M8H! �LwV8HJ>?A�R-UW|?U�A�� : >?_�AXI3U
n�M8H%m�HcV8Hc|?U3OtM8> V^LwV8U�V^@XU2n�>YT%L M8H! �LwV8HJ>?A H%A5V^@XU�n�M8>`I3U3O8O�>YeqM8U��GU3IWV8HJ>?A 2 V^@XU�nGL HJM8O � n ����  n ���� ��LYAXN
� n ��	�  n ��
� �tH%AXN�HJI�LwV8U V^@XU I3>?m�n�>?AXU�A?V8O2>Ye
V^@XU M8> V^LwV8U3N�n�>YT%L M8H! �LwV8HJ>?A�L TJ>?AX[C>YMaV^@X>Y[Y>?A�L T L��XU3O
e(>YM2@X>YM8H! 3>?A?V^L TgLYAXN |?U3MaV8HJI�L TrV8M^LYAXO^m�HcV$n�>YT%L M8H! �LwV8HJ>?AXO3R-M8U3O8n�U3IWV8Hc|?U3T ; D.Q2> V8U+V^@�LwV$V^@XHJO$M8> V^LwV8HJ>?A
N�>`U3O�[+Y!��L���U3IWVE>�|?U3M^L TJT sGU3TJN�OaV8M8U�AX[ V^@�D Q2> V8U�L TJO8>CV^@�LwV�f
L : TJU x<D xCH%m�n�TJHJU3O2V^@�LwV�UW|?U�A��2LYAXN
>`N�N�� : >?_�AXI3U�m�U3IK@�LYAXHJO^m�O$@�L3|?U+N�HJOaV8H%AXIWV8Hc|?UEn�>YT%L M8H%m�UWV8M8HJI�O8HJ[?A�LwV^_XM8U3OtV^@�LwV�I3>?_XTJN : U�_XO8U3N V8>
@XU3TJn1N�HJOaV8H%AX[?_XHJO^@ : UWV'��U3U�A I3T%L O8O8U3O�>Ye�n�M8H%m�HcV8Hc|?U3O�H%A I�L O8U3O{�2@XU�A n�>YT%L M8H%m�UWV8M8HJIoM^L NGL M�m�U�L��
O^_XM8U�m�U�A?V8O$L M8UEL3|YL HJT%L : TJU D

2 &J5��J5�� O)( ; � ;�AJIL;<G�=�>�N�K � O)( ;�A6= �PA-C � > � =!K N�GM>?AJV
baA O8I3U�AXU3Ot��HcV^@ m{_XTcV8HJn�TJU�T%L M8[YU+M8U��GU3IWV8>YM$n�M8H%m�HcV8Hc|?U3O$O^_XIK@ L OtV8M8H%@XU3N�M^L TJO3RXV8>YnG@�LwV8O3RGN�H%@XU3N�M^L TJO3R
LYAXN7I ; TJH%AXN�U3M8O3Rtv". HJOo[YU�AXU3M^L TJT ; O^_$�5I3HJU�A?V5V8> N�U3O8I3M8H : U m�>YOaV5>Ye�V^@XU > : O8U3Ma|?U3N : L I^�`O8I�LwV��
V8U3M8U3N U�AXU3M8[ ; D�baA5O8HcV^_�LwV8HJ>?AXO��2@XU3M8U2O8I�LwVaV8U3M8H%AX[�I3>?A?V8M8H : _dV8HJ>?AXOte(M8>?m U3N�[YU3Ot>YM�I3>YM^AXU3M8O�e(>YM^m L
O8HJ[?AXHcsGI�LYA?V+n�>YMaV8HJ>?A]>Ye�V^@XU{M8U��GU3IWV8U3N�U�AXU3M8[ ; Rg@X>���UW|?U3M3Rqv". m{_XOaV : U{LY_X[?m�U�A?V8U3N�HJe�[YM8U�LwV8U3M
L I3I�_XM^L I ; HJO2N�U3O8HJM8U3N}D�B2TcV^@X>?_X[?@]v". � O�n�M8U3N�HJIWV8HJ>?AXO�L M8U L N�U3ud_�LwV8U{e(>YM�m�>YOaV�>Ye V^@XUEnG_XM8n�>YO8U3O
>Ye V^@XHJO�V^@XU3O8HJO3R-��U n�M8U3O8U�A?V2>?AXU LY_X[?m�U�A?V8U3N m�>`N�U3TrH%AZV^@XUEH%A?V8U3M8U3OaV�>Ye
V^@X>YM8>?_X[?@�AXU3O8O�LYAXN]L O
L n�M8U3M8U3ud_XHJO8HcV8U5V8> V^@XUoN�HJO8I�_XO8O8HJ>?A >Ye P U3IWV8HJ>?A]x<D '�D]f�@XHJO m�>`N�U3T�HJO �dAX>��2A L O V^@XU ��U3>?m�UWV��
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M8U��GU3IWV8>YM$V ; n�U � ��� �

�-LwV$n�T%LwV8UELwV : M8>?L N�O8HJN�U h
N�H%@XU3N�M^L T}N�>?_ : TJU�� : >?_�AXI3U�LwV�y�
�N�U3n�M8U3O8O8HJ>?A h

V8M8H%@XU3N�M^L T�V8M8HJn�TJU�� : >?_�AXI3U h
I ; TJH%AXN�U3M�LwV�y�
�N�U3n�M8U3O8O8HJ>?A h��Yx

O8H%AX[YT ; I�_XMa|?U3NZO^_XM8e�L I3U h��Yx
V8>YnG@�LwV�N�>?_ : TJU�� : >?_�AXI3U h��Yx

O8nG@XU3M8U y
OaV8M^L HJ[?@?V�U3N�[YUELwV : M8>?L N�O8HJN�U y

n�>YH%A?V�O8I�LwVaV8U3M8U3M y
N�>?_ : T ; I�_XMa|?U3NZO^_XM8e�L I3U y

I�_XMa|?U3NZU3N�[YUELwV : M8>?L N�O8HJN�U � h��Yx
I3>YM^AXU3M � h

V8HJn � h
f�gih�j � �� �� , �����-�'� �)��$
&(�)� ������
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M8HJI�L T$f�@XU3>YM ; >Ye2p�H ��M^L IWV8HJ>?A �'��f$p��{LYAXN1�tL O�N�UW|?U3TJ>Yn�U3N :<; =?>YO8U3nG@ )+U3TJTJU3M5H%A V^@XU U�L M8T ;
h�iYjYy O � -�' � Dt��f$p LwVaV8U�m�nXV8OtV8>5L N�N�M8U3O8O�V^@XU+e�L HJTJH%AX[�>Yegv". V8>5m�>`N�U3T�U3N�[YUELYAXNZI3>YM^AXU3M$O8I�LwV��
V8U3M8H%AX[kI3>?A?V8M8H : _dV8HJ>?AXO :<; U��dV8U�AXN�H%AX[kV^@XU]�1. I3>?AXI3U3nXVoe(M8>?m V'��>��'N�H%m�U�AXO8HJ>?A�L T$O^_XM8e�L I3U3O�V8>
>?AXU��'N�H%m�U�AXO8HJ>?A�L TrU3N�[YU3O�LYAXN n�>YH%A?V�M8U3[YHJ>?AXO2O^_XIK@]L O2I3>YM^AXU3M8O3RGV8HJn�O3R�LYAXNZ|?U3MaV8HJI3U3O3R}n�M8U3N�HJIWV8H%AX[
V^@�LwV sGU3TJN�O
H%AXI3HJN�U�A?V�_Xn�>?A+V^@XU3O8Ute(U�LwV^_XM8U3O�L M8UtO8I�LwVaV8U3M8U3N5L TJ>?AX[+L � )+U3TJTJU3M�I3>?AXU���>YeGN�HJM8U3IWV8HJ>?AXO3D
��f$p O^_XI3I3U3U3N�O�H%A�N�U3O8I3M8H : H%AX[�V^@XU$e(M8U3ud_XU�AXI ; N�U3n�U�AXN�U�AXI3Ut>Ye}U3N�[YU2LYAXN�I3>YM^AXU3M�I3>?A?V8M8H : _dV8HJ>?AXO
U���L IWV8T ;�: _dV�HJO�O8HJTJU�A?V+M8U3[?L M8N�H%AX[oV^@XU�LYAX[?_XT%L M�|YL M8H%LwV8HJ>?A�>Ye�V^@XU3O8U{M8U3O8n�>?AXO8U3O3D+baA]nGL MaV8HJI�_XT%L M3R
��f$p n�M8U3N�HJIWV8O�V^@�LwV2V^@XU : L I^�`O8I�LwVaV8U3M8U3NkF$l P > : O8U3Ma|?U3N]e(M8>?m L5e(U�LwV^_XM8U HJTJT%_�m�H%A�LwV8U3N LwV�e(M8U��
ud_XU�AXI ; ��HJO�n�M8>Yn�>YMaV8HJ>?A�L T}V8> �����-RG�2@XU3M8U�� HJO2L�e(U�LwV^_XM8U��'IK@�L M^L IWV8U3M8HJOaV8HJI�I3>?AXOaV^LYA?V�U��Xn�>?AXU�A?V
V^@�LwV�HJO�LYA H%A?V8U3[YU3M5m{_XTcV8HJn�TJUC>YeEh��Yx<D f
L : TJU x<D + TJHJOaV8O�V^@XUZ��f$p n�M8U3N�HJIWV8HJ>?AXO�>Ye�e(M8U3ud_XU�AXI ;
N�U3n�U�AXN�U�AXI3U{e(>YM�|YL M8HJ>?_XOEe(U�LwV^_XM8U3O � -�'dR K�- � D � Q2> V8U�V^@XU�I3>YM8M8U3O8n�>?AXN�U�AXI3U : UWV'��U3U�A�V^@XUo��f$p
LYAXN�v".�e(M8U3ud_XU�AXI ; �'N�U3n�U�AXN�U�AXI3Utn�M8U3N�HJIWV8HJ>?AXO�e(>YM�V^@XU$O8H ��n�M8H%m�HcV8Hc|?U3O�L TJO8>ETJHJOaV8U3N5H%A�f
L : TJU x<DJh?R
M8U�m�U�m : U3M8H%AX[EV^@�LwV�e(M8U3ud_XU�AXI ; LYAXNC�tL3|?U�A`_�m : U3M�L M8U+H%A?|?U3M8O8U3T ; n�M8>Yn�>YMaV8HJ>?A�L T�D �

B2O�H%AXN�HJI�LwV8U3N L : >�|?U Rr��f$p�N�>`U3O2AX> V�n�M8>�|dHJN�U+N�U3O8I3M8HJnXV8HJ>?AXO2>YegV^@XUELYAX[?_XT%L M�|YL M8H%LwV8HJ>?A H%A
O8I�LwVaV8U3M8H%AX[�> : O8U3Ma|?U3NZe(M8>?m0U3N�[YU3O3R�I3>YM^AXU3M8O3RGLYAXN M8U3T%LwV8U3N e(U�LwV^_XM8U3O3D � f�@XU3M8U+L M8U�U��dV8U�AXO8HJ>?AXOtV8>
��f$p V^@�LwV�LwVaV8U�m�nXV�V8> n�M8U3N�HJIWV�V^@XU�O8nGLwV8H%L T-N�U3n�U�AXN�U�AXI3U$>Ye}U3N�[YU2LYAXN�|?U3MaV8U��oO8I�LwVaV8U3M8H%AX[dR : _dV
V^@XU3O8U5L M8U�[YU�AXU3M^L TJT ; |?U3M ; I3>?m�n�TJHJI�LwV8U3N LYAXNk>Ye V8U�A H%A�L I3I�_XM^LwV8U5>?_dV8O8HJN�U�>YetLZA�L M8M8>�� L O8n�U3IWV
M8U3[YHJ>?A � j`hYR3j?x � D � B2O O^_XIK@�R���f$p � O�LY_X[?m�U�A?V^LwV8HJ>?A V8>]v". HJO�@XU3TJn�e�_XT�n�M8H%m5L M8HJT ; H%A O8I3U�A�L M��
HJ>YOE�2@XU3M8U�M^L NGL MENGLwV^L L M8U5I3>YTJTJU3IWV8U3N1LwV{LZO8H%AX[YTJUoL O8n�U3IWV � L OEH%A LZM^LYAX[YU�n�M8> sGTJU���>YME>�|?U3M�L
M^LYAX[YU+>Ye�L O8n�U3IWV8O�O^_$�5I3HJU�A?V8T ; A�L M8M8>�� V^@�LwV�LYA ; |YL M8H%LwV8HJ>?A]H%AZLYm�n�TJHcV^_XN�U+HJO2AX> V�n�M8>?AX>?_�AXI3U3N
� L O{H%A L]A�L M8M8>�� � L n�U3MaV^_XM8U P B2F H%m5L [YU��8D�f�@XHJO O^_X[Y[YU3OaV8O{V^@�LwV���f$p � O�LY_X[?m�U�A?V^LwV8HJ>?AXO�L M8U
>Yegud_XU3OaV8HJ>?A�L : TJU�|YL T%_XU�H%A >?_XMtn�M8> : TJU�m R`�2@XHJIK@ e�_�AXNGLYm�U�A?V^L TJT ; M8U3ud_XHJM8U3O$L{O8I�LwVaV8U3M8H%AX[5m�>`N�U3T
V^@�LwVEL I3I�_XM^LwV8U3T ; N�U3O8I3M8H : U3O�V^@XU{|YL M8H%LwV8HJ>?A�H%A�LYm�n�TJHcV^_XN�U{>�|?U3M���HJN�U3T ; O8U3nGL M^LwV8U3N L O8n�U3IWVELYA��
[YTJU3O3D]��f$p�> ��U3M8OEI3>?AXO8HJN�U3M^L : TJU�|YL T%_XU�V8> O8H%AX[YTJU�� L O8n�U3IWV{>YM{A�L M8M8>�� � L n�U3MaV^_XM8U�L n�n�TJHJI�LwV8HJ>?AXO3R
@X>���UW|?U3M3R�L Ot��U+N�U3O8I3M8H : U�H%A P U3IWV8HJ>?A]x<D 'XD
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fg>Y[YUWV^@XU3M3R2V^@XU]@XHJ[?@��'e(M8U3ud_XU�AXI ; O8I�LwVaV8U3M8H%AX[1m�>`N�U3TJO5>Ye �1. R�v". R�LYAXN ��f$p n�M8>�|dHJN�U |?U3M ;
L I3I�_XM^LwV8U�n�M8U3N�HJIWV8HJ>?AXO�>Ye}V^@XU2> : O8U3Ma|?U3N : L I^�`O8I�LwVaV8U3M8U3NZM8U3O8n�>?AXO8U3O�e(M8>?m�V^L M8[YUWV8O$I3>?m�n�M8HJO8U3N5>Ye
N�HJO8I3M8UWV8U�M8U��GU3IWV8>YMgn�M8H%m�HcV8Hc|?U3O ���2@XHJIK@Em�HJ[?@?VrH%AXI3T%_XN�U�AX> Vq>?AXT ; I3>?m�n�>?AXU�A?V8OrO^_XIK@+L OqV8M8H%@XU3N�M^L TJO
LYAXNCV8>YnG@�LwV8O3R : _dVtL TJO8>�U3N�[YU3O3RGI3>YM^AXU3M8O3R�LYAXNCV8HJn�O��8D baACnGL MaV8HJI�_XT%L M3RX[YHc|?U�A LEV^L M8[YUWV�I3>?m�n�M8HJO8U3N
>Ye�� O^_XIK@ N�HJO8I3M8UWV8U�n�M8H%m�HcV8Hc|?U3O3RrV^@XU : L I^�`O8I�LwVaV8U3M8U3N M8U3O8n�>?AXO8U�LwVEe(M8U3ud_XU�AXI ; �gRgL  3H%m{_dV^@ � R
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�2@XU3M8UoU�L IK@ >?AXUo>Ye�V^@XU�� M8U��GU3IWV8>YM{n�M8H%m�HcV8Hc|?U3O{HJO IK@�L M^L IWV8U3M8H! 3U3N :<; L O8UWV{>Ye$nGL M^LYm�UWV8U3M8O� � �  � �  � � �� ��� D�f�@XU�ud_�LYA?V8HcV ; � � M8U3n�M8U3O8U�A?V8O�V^@XU�N�>��2A��'M^LYAX[YU�TJ>`I�LwV8HJ>?AZ>Ye
L{[YHc|?U�A O8I�LwV��
V8U3M8U3M3R � � U��Xn�M8U3O8O8U3O V^@XU�� n�>YO8O8H : T ; n�>YT%L M8H%m�UWV8M8HJI��gI3>?m�n�TJU��5LYm�n�TJHcV^_XN�Ut>Ye-V^@XU�O8I�LwVaV8U3M8U3M3RXLYAXN
� � HJO$L{N�HJO8I3M8UWV8U�H%AXN�U��CHJN�U�A?V8HJe ; H%AX[{V^@XU�e�_�AXNGLYm�U�A?V^L TGV ; n�U�>YerV^@XU�n�M8H%m�HcV8Hc|?U �0$,12"31%R��-LwV$n�T%LwV8U
>YM�N�H%@XU3N�M^L T �8D f�@XUCe(M8U3ud_XU�AXI ; N�U3n�U�AXN�U�AXI3UoHJO�I�L nXV^_XM8U3N :<; � ��� � �8R�L�m5L n�n�H%AX[]e(M8>?m N�HJO��
I3M8UWV8U�n�M8H%m�HcV8Hc|?UEV ; n�U V8>oV^@XU H%A?V8U3[YU3MEm{_XTcV8HJn�TJU >Ye$h��Yx5IK@�L M^L IWV8U3M8HJOaV8HJI5>Ye�e(U�LwV^_XM8U V ; n�U�� � L O
H%AXN�HJI�LwV8U3N H%A1f
L : TJU x<D +dD � Q2> V8UZV^@�LwV � ��� � �EHJO5L�AX>?A��'H%A?|?U3MaV8H : TJU m5L n�n�H%AX[dD � baAXe(>YM^m5LwV8HJ>?A
L : >?_dV�M8U��GU3IWV8>YM�n�>YO8U R}O^@�L n�U RrLYAXN]O8H! 3U{HJO�U�AXI3>?m�nGL O8O8U3N H%A V^@XU{L : OaV8M^L IWV�|?U3IWV8>YM+nGL M^LYm�UWV8U3M� � ��V^@XU I3>?m�n�>?AXU�A?V8O2>Ye �2@XHJIK@]m�HJ[?@?V : UEO8n�U3I3HcsGIEV8>oU�L IK@ n�M8H%m�HcV8Hc|?UEV ; n�U��8D�f�@XUEud_�LYA?V8HcV ;� l H%A �'x<D x�'���O8U3Ma|?U3O L O{LZAX>YM^m5L TJH! �LwV8HJ>?AkV8U3M^m D5f�@XU�e�_�AXIWV8HJ>?A 

� O � � �� �� � �2N�U3O8I3M8H : U3O�V^@XU
L O8n�U3IWV+N�U3n�U�AXN�U�AXI3U{>Ye�V^@XU : L I^�`O8I�LwVaV8U3M8H%AX[Ze(M8>?m�LCn�M8H%m�HcV8Hc|?U{>Ye�V ; n�U � � RgLYAXN HJO+n�M8>�|dHJN�U3N
:<; �1. LYAXN�v". e(>YM�O8>?m�U{n�M8H%m�HcV8Hc|?U V ; n�U3O � O^_XIK@kL O�V^@X>YO8U�H%A f
L : TJU x<DJh � : _dV�HJO�[YU�AXU3M^L TJT ;
_�A�L3|YL HJT%L : TJUEe(>YM$> V^@XU3M�n�M8H%m�HcV8Hc|?U�V ; n�U3O�� O^_XIK@ZL O�U3N�[YU3O3RGI3>YM^AXU3M8O3RGLYAXN V8HJn�O��8D

f�@XUZe(>YM^m{_XT%LwV8HJ>?A >Ye �'x<D x�'���HJOCU��dV8M8U�m�U3T ; _XO8U3e�_XT2LYAXN e(>YM^m�OoL : L O8HJI]m�>`N�U3TtV^@�LwVCU�A��
L : TJU3O V^@XU N�U3O8I3M8HJnXV8HJ>?A�>Ye : L I^�`O8I�LwVaV8U3M8H%AX[ e(M8>?m L ��HJN�U I3T%L O8OZ>Ye+V^L M8[YUWV8O3D B2TcV^@X>?_X[?@�>?_XM
N�HJO8I�_XO8O8HJ>?Ak@�L OEe(>`I�_XO8U3Nk>?AkLCV8M^L N�HcV8HJ>?A�L T�O8UWV >Ye�n�M8H%m�HcV8Hc|?U3O � LY_X[?m�U�A?V8U3N :<; e(U�LwV^_XM8U3OEO^_XIK@
L O�U3N�[YU3O3RqI3>YM^AXU3M8O3RrLYAXN]V8HJn�O��8RqAX> V^@XH%AX[CH%A �'x<D x�'��2M8U3ud_XHJM8U3O�O^_XIK@ LoI3TJ>YO8U�m5L M8M8H%L [YU V8>oV8M^L N�H �
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V8HJ>?A�RJW 1 $,1%RXV^@XUE��f$p e(M8U3ud_XU�AXI ; N�U3n�U�AXN�U�AXI3U�U��Xn�>?AXU�A?V3D �

P UW|?U3M^L T�LY_dV^@X>YM8O @�L3|?Uo_XO8U3Nkv�M8>?A ; � OEm�UWV^@X>`N LYAXN�V^@XU5L : >�|?U�V8M^LYAXO8e(>YM^m5LwV8HJ>?A V8>Ze�L I3HJT �
HcV^LwV8U U��dV8M^L IWV8HJ>?A >YetV^L M8[YUWV�m�>`N�U3TJOEe(M8>?m h��'p O8I�LwVaV8U3M8H%AX[ NGLwV^L`D baA nGL MaV8HJI�_XT%L M3R ��_XM8OaV{LYAXN
\ HcVaV8M^L M8U3n�>YMaV�>?A]V^@XHJOEL n�n�M8>?L IK@ H%A � ' - � R
L O8O^_�m�H%AX[5V^@�LwV�V^@XU�m�>`N�U3Tg>YM8N�U3M�� HJO��dAX>��2A �
�6 )WZY! )W D�f�@XU ; L IK@XHJUW|?U$O^_XI3I3U3O8O
H%AETJ>`I�LwV8H%AX[�O8I�LwVaV8U3M8U3M8O
V8>�L�n�M8U3I3HJO8HJ>?A{_�A�LwVaV^L H%A�L : TJU :<; ��>?_XM8HJU3M
m�U�LYAXO3D B2N�N�HcV8HJ>?A�L TJT ; RdV^@XU ; O^@X>��7V^@�LwV�v�M8>?A ; � O�m�UWV^@X>`N�n�M8>�|dHJN�U3O�L+[YM8U�LwV8U3M�N ; A�LYm�HJI$M^LYAX[YU
H%AoU3OaV8H%m5LwV8H%AX[EV^@XU�LYm�n�TJHcV^_XN�U3O�>YerO8I�LwVaV8U3M8H%AX[{I3U�A?V8U3M8O�V^@�LYA5V^@�LwV�n�M8>�|dHJN�U3N :<; LYAoLYm�n�TJHcV^_XN�U��
: L O8U3N n�U�L � U��dV8M^L IWV8>YM3D�� . f�@XU���>YM8��>Ye � ' - ��HJO U��dV8U�AXN�U3N :<; ltL M8M8H��U3M8UCLYAXN \ >YO8U3O H%A � h�j�� R
�2@XHJIK@1n�M8U3O8U�A?V8O5L V8> V^L T �'TJU�L OaV��'O8ud_�L M8U3OCv�M8>?A ; � f � P �'v�M8>?A ; � m�UWV^@X>`N � KYi���I3>?_Xn�TJU3N1��HcV^@ L
O8H%AX[?_XT%L M�� |YL T%_XUZN�U3I3>?m�n�>YO8HcV8HJ>?A V8>kU�A�L : TJU U3OaV8H%m5LwV8HJ>?A >Ye�V^@XUZm�>`N�U3T�>YM8N�U3M3D ltL M8M8H��U3M8U LYAXN
\ >YO8U3OoV8U3OaVoV^@XU3HJMCL TJ[Y>YM8HcV^@�m >?A M^L NGL MoNGLwV^L >Ye+L HJM8I3M^L e V3R�I3>YM8M^_XnXV8U3N ��HcV^@7L N�N�HcV8Hc|?U �2@XHcV8U
��LY_XO8O8H%LYA5AX>YHJO8U RdLYAXN�O^@X>�� V^@�LwV�V^@XU ; L M8U�L : TJUtV8>EU��dV8M^L IWV�O8I�LwVaV8U3M8H%AX[EI3U�A?V8U3M8O�I3>YM8M8U3O8n�>?AXN�H%AX[
V8>EnG@ ; O8HJI�L T�V^L M8[YUWVtLwVaV8M8H : _dV8U3O�O^_XIK@�L O�V^L HJT�s-AXO3R?V^@XU�M8>?_�AXN�U3N�L HJM8I3M^L e V�AX>YO8U RXLYAXN�V^@XU�TJU�L N�H%AX[
U3N�[YU3O�>Yeg��H%AX[YO3D
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� @XHJTJU$V^@XU$U���>YMaV8O�N�U3O8I3M8H : U3N5H%A � ' - ��LYAXN�� h�j��}L M8U : > V^@�O^_XI3I3U3O8O8e�_XT�H%A�U3OaV8H%m5LwV8H%AX[EM^LYAX[YU�TJ>`I�L��
V8HJ>?AXO
LYAXN{LYm�n�TJHcV^_XN�U3Oq>YeXO8I�LwVaV8U3M8U3M8O3RYV^@XU ; L M8U�N�UWsGI3HJU�A?VgH%AEO8UW|?U3M^L TdH%m�n�>YMaV^LYA?VqM8U3O8n�U3IWV8O3D �
HJM8OaV
>Ye�L TJT�RgAXU3HcV^@XU3M�L TJ[Y>YM8HcV^@�m�n�M8>�|dHJN�U3O�LCm�U�LYAXO2e(>YM�U3OaV8H%m5LwV8H%AX[CO8I�LwVaV8U3M8U3M�V ; n�U 2 V^@`_XO�nG@ ; O8HJI�L T
e(U�LwV^_XM8U3O >Ye�O8I�LwVaV8U3M8U3M8O{> V^@XU3MEV^@�LYAkTJ>`I�LwV8HJ>?A1LYAXN LYm�n�TJHcV^_XN�U�M8U�m5L H%Ak_�AX�dAX>��2A�D���& P U3I3>?AXN}R
HcV�HJO2��U3TJTg�dAX>��2A V^@�LwV�v�M8>?A ; � O�m�UWV^@X>`N HJO�|?U3M ; O8U�AXO8HcV8Hc|?UEV8> AX>YHJO8U&� j�K�� R}�2@XHJIK@ HJO�L I^�dAX>���T �
U3N�[YU3N H%A � ' - �$LYAXN � h�j���L TcV^@X>?_X[?@ AXU3HcV^@XU3M nGL n�U3M{_�AXN�U3MaV^L �YU3O�LYA LYA�L T ; O8HJO�>Ye$n�U3M8e(>YM^m5LYAXI3U
_�AXN�U3M |YL M ; H%AX[ AX>YHJO8U�IK@�L M^L IWV8U3M8HJOaV8HJI3O3D �
H%A�L TJT ; RGL O�N�HJO8I�_XO8O8U3NoL : >�|?U RXv�M8>?A ; � O�m�UWV^@X>`N5O^_���U3M8O
e(M8>?m V^@XUoH%A�L I3I�_XM^L I3HJU3O�H%A�@XU3M8U�A?V{H%A HcV8O�O8I�LwVaV8U3M8H%AX[km�>`N�U3T�R �2@XHJIK@ : U3I3>?m�Uom�>YM8UoO8UW|?U3M8UCH%A
O ; OaV8U�m�Ot��HcV^@]L�T%L M8[YUEM8U3T%LwV8Hc|?U : LYAXNX��HJNXV^@�D�f�@XU3O8U+N�UWsGI3HJU�AXI3HJU3O�L M8U+V^@XU m�> V8Hc|YLwV8HJ>?A e(>YM�V^@XU
��>YM8� >Ye � K�- � R}H%A �2@XHJIK@ v
> VaV8U3M $&� �!+21�n�M8U3O8U�A?V�LYA]L n�n�M8>
�XH%m5LwV8UEm5L��XH%m{_�m0TJHJ�YU3TJH%@X>`>`N � \ � �
L TJ[Y>YM8HcV^@�m : L O8U3N >?ACV^@XU�m�>`N�U3T->Ye��'x<D x�'���V^@�LwV : _XHJTJN�O�>?AoV^@XU�f � P �'v�M8>?A ; L n�n�M8>?L IK@ >Ye � h�j��
V8> L M8M8Hc|?U2LwV�U3OaV8H%m5LwV8U3O�>Ye � � �  � ��� � �  � � � ������ D�f�@XU�L TJ[Y>YM8HcV^@�m HJO�O^@X>��2A�V8>En�M8>`NG_XI3U$nGL M^L��
m�UWV8M8HJI�V^L M8[YUWVtN�U3O8I3M8HJnXV8HJ>?AXO���HcV^@oO^m5L TJTGO8ud_�L M8U3NoU3M8M8>YMtLYAXNCL I3I�_XM^LwV8U � ��� � � U3OaV8H%m5LwV8U3Ot[YHc|?U�A
O^_$�5I3HJU�A?V8T ; T%L M8[YU : LYAXNX��HJNXV^@�D ��>YM5O^m5L TJT � : LYAXNX��HJNXV^@ O8HcV^_�LwV8HJ>?AXO3R�U3OaV8H%m5LwV8HJ>?A >Ye � ��� � �EHJO
_�AXM8U3TJH%L : TJU�LYAXNoHcV�HJOtAX> VtI3TJU�L M�V^@�LwVtU3OaV8H%m5LwV8HJ>?Ao>Ye�� � LYAXN � � HJO�LYA ; m�>YM8U�M8U3TJH%L : TJU2V^@�LYA5H%A
V^@XU�v�M8>?A ; � : L O8U3N L TJ[Y>YM8HcV^@�m >Ye"� h�j�� D�f�@XU���>YM8�5>Ye"� K�- �}N�U�m�>?AXOaV8M^LwV8U3O�V^@�LwV$L TcV^@X>?_X[?@oV^L M8[YUWV
m�>`N�U3TJO�I�LYA : U{[YU�AXU3M^LwV8U3N :<; H%A?|?U3MaV8H%AX[ L ��f$p nG@XU�AX>?m�U�AX>YTJ>Y[YHJI�L T�m�>`N�U3T�R}H%A?|?U3M8O8HJ>?A�>Ye�L
O8H%m�n�TJU3Mtv�M8>?A ; m�>`N�U3T}m�HJ[?@?V : U�n�M8U3e(U3M^L : TJU�H%AZA�L M8M8>�� � : LYAXNX��HJNXV^@CO8HcV^_�LwV8HJ>?AXO3D
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baA � > y�� Rg\ I�l�T%_XM8U{LYAXNkltL M8H%A N�U3O8I3M8H : U{Loud_XHcV8U{[YU�AXU3M^L T L n�n�M8>?L IK@]V8>CO8I�LwVaV8U3M8H%AX[ZI3U�A?V8U3M�U����
V8M^L IWV8HJ>?A5e(M8>?m h��'p NGLwV^L`D��qHJ�YU � h�j`R ' -<R K�- � R�V^@XU ; m�>`N�U3TdM^L NGL M�NGLwV^L+L O�O8I�L TJU3NoO^_Xn�U3M8n�>YO8HcV8HJ>?AXO
>Ye H%AXN�Hc|dHJNG_�L TrO8I�LwVaV8U3M8U3M�M8U3O8n�>?AXO8U3O 2 _�AXTJHJ�YU+V^@XU3O8UEn�M8UW|dHJ>?_XO�U���>YMaV8O3R}@X>���UW|?U3M3R�V^@XU3HJM�L O8O^_�m�U3N
O8I�LwVaV8U3M8U3M+M8U3O8n�>?AXO8U3O+L M8U�AX> V�V8HJU3N V8>ZLCO8H%AX[YTJU�nG@XU�AX>?m�U�AX>YTJ>Y[YHJI�L T�m�>`N�U3T : _dV+L M8U�L M : HcV8M^L M ;
: L O8HJO{e�_�AXIWV8HJ>?AXO{IK@X>YO8U�A e(M8>?m L]N�HJIWV8HJ>?A�L M ; O8n�U3I3HcsGU3N H%A L NX|YLYAXI3U Dkf�@XUoN�HJIWV8HJ>?A�L M8HJU3O5_XO8U3N
H%A � > y���L M8U�I3>?AXOaV8M^_XIWV8U3NkV8>ZI3>?A?V^L H%A AX> VE>?AXT ; ��f$p �'n�M8U3N�HJIWV8U3N M8U3O8n�>?AXO8U3O � N�U�AX> V8U3N H%A � > y��
L O �a�tL3|?U3e(M8>?A?V �5M8U3O8n�>?AXO8U3OtNG_XU�V8>{V^@XU3HJMtM8U3T%LwV8Hc|?UETJ>`I�L TJH! �LwV8HJ>?A H%AoV8H%m�U�� : _dVtL TJO8>��8M8U3O8>?A�LYA?V �
M8U3O8n�>?AXO8U3O ��W 1 $,1%R`M8U3O8n�>?AXO8U3O�TJ>`I�L TJH! 3U3N H%A�e(M8U3ud_XU�AXI ; V^@�LwV�>Ye V8U�ACL M8HJO8U�e(M8>?m�T%L M8[YU��'O8I�L TJU�V^L M8[YUWV��
OaV8M^_XIWV^_XM8U��qLYAXN��8IK@XHJM8n ��M8U3O8n�>?AXO8U3O ��W 1 $,1%R<M8U3O8n�>?AXO8U3O
TJ>`I�L TJH! 3U3NoH%A�AXU3HcV^@XU3M
V8H%m�U$AX>YM e(M8U3ud_XU�AXI ; R
>Ye V8U�A L M8HJO8H%AX[Ze(M8>?m�I�L3|dHcV8HJU3O�>YM+N�HJO8n�U3M8O8Hc|?U5m5LwV8U3M8H%L TJOE>?A�V^@XU�V^L M8[YUWV��8DZl�>?AXI3U3nXV^_�L TJT ; R
V^@XU3HJM
L n�n�M8>?L IK@ HJO�[YU�AXU3M^L TgU�AX>?_X[?@ V8>oL TJTJ>�� I3>?AXO8HJN�U3M^LwV8HJ>?A]>Ye LYA ; m�>`N�U3T}V^@�LwV2I�LYA : U�U��Xn�M8U3O8O8U3N
H%ACV^@XU+e(>YM^m
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e(>YM�LYA]L n�n�M8>Yn�M8H%LwV8U3T ; I3>?AXOaV8M^_XIWV8U3N � LYAXN]M8U�L O8>?A�L : T ; O8H! 3U3N �tN�HJIWV8HJ>?A�L M ; �oD$S �dV8M^L IWV8HJ>?A]>Ye�L
O8I�LwVaV8U3M8U3M+m�>`N�U3TgL I3I3>YM8N�H%AX[oV8> �'x<D x�> ��M8U3ud_XHJM8U3O�O8U3TJU3IWV8HJ>?A�>Ye�U�A?V8M8HJU3O � � � ���
e(M8>?m�V^@XU N�HJIWV8HJ>��
A�L M ; � � n�M8U3O^_�m5L : T ; I3>?AXOaV8M^_XIWV8U3NkO8>CV^@�LwVELYA ; U�A?V8M ; � � � ����@�L OEL O8O8>`I3H%LwV8U3Nk��HcV^@�HcVELCO8UWV
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>Ye$N�U3O8I3M8HJnXV8Hc|?UonGL M^LYm�UWV8U3M8O3R O^_XIK@ L O{O8I�LwVaV8U3M8U3M{V ; n�UoLYAXN M^LYAX[YU��+LYAXN L O8UWV{>Ye�LYm�n�TJHcV^_XN�U3O
� � D5\ I�l�T%_XM8U�LYAXN ltL M8H%Ak_XO8U�m5LwV8IK@XH%AX[ nG_XM8O^_XHcV�V8U3IK@�AXHJud_XU3O � jL> ��V8> L IK@XHJUW|?U�V^@XHJO+N�U3I3>?m �
n�>YO8HcV8HJ>?A�D�\]LwV8IK@XH%AX[{nG_XM8O^_XHcV�HJOtL AX>?AXTJH%AXU�L M�V8U3IK@�AXHJud_XU2N�UW|?U3TJ>Yn�U3N :<; \]L TJT%LwVtV^@�LwV�HJO�O8H%m�HJT%L M
V8>5n�M8> ! U3IWV8HJ>?A nG_XM8O^_XHcV � ',' � R-�2@XHJIK@Zn�M8> ! U3IWV8O2U3TJU�m�U�A?V8O�e(M8>?m LYAZ>�|?U3M8I3>?m�n�TJUWV8U N�HJIWV8HJ>?A�L M ; >Ye
: L O8HJO�U3TJU�m�U�A?V8O�>?A?V8> L+O8HJ[?A�L T�V8>E> : V^L H%AoL�I3>?m�nGL IWV�M8U3n�M8U3O8U�A?V^LwV8HJ>?A5>Ye-V^@XU�O8HJ[?A�L T�D�\]LwV8IK@XH%AX[
nG_XM8O^_XHcVEHJO{LYAkHcV8U3M^LwV8Hc|?UC[YM8U3U3N ; L TJ[Y>YM8HcV^@�m �2@XHJIK@�R�LwV U�L IK@ HcV8U3M^LwV8HJ>?A�R�LY_X[?m�U�A?V8O HcV8O M8U3n�M8U��
O8U�A?V^LwV8HJ>?A >Ye}V^@XU�O8HJ[?A�L T :<; IK@X>`>YO8H%AX[ V^@XU2N�HJIWV8HJ>?A�L M ; U�A?V8M ; ��HcV^@om5L��XH%m{_�m�n�M8> ! U3IWV8HJ>?Ao>?A?V8>
nGL MaV�>YeqV^@XU+O8HJ[?A�L T�D

f�@XU O8U3TJU3IWV8HJ>?A7>YeE��f$p �'H%AXO8n�HJM8U3N �tL3|?U3e(M8>?A?VCM8U3O8n�>?AXO8U3O�e(>YM�V^@XU N�HJIWV8HJ>?A�L M8HJU3Oo>Ye � > y��2HJO
OaV8M^L HJ[?@?V8e(>YMa�tL M8N}~Z\ I�l�T%_XM8U LYAXN ltL M8H%A [YU�AXU3M^LwV8U : L O8HJO{U3TJU�m�U�A?V8O :<; U3O8O8U�A?V8H%L TJT ; O^LYm�n�TJH%AX[
>�|?U3M�V^@XU O8nGL I3UE>Ye�L TJTge(U�L O8H : TJU O8I�LwVaV8U3M8U3M�M^LYAX[YU3O
� � LYAXN]e(M8U3ud_XU�AXI ; U��Xn�>?AXU�A?V8O � ��� � �8D2f�@XU
O8U3TJU3IWV8HJ>?A >Ye$L n�n�M8>Yn�M8H%LwV8U�M8U3O8>?A�LYAXI3UoLYAXN IK@XHJM8n M8U3O8n�>?AXO8U3OEHJO m�>YM8U�n�M8> : TJU�m5LwV8HJI R LYAXN HcV HJO
L M8[?_XU3N�H%A(� > y���V^@�LwV�n�>YnG_XT%LwV8HJ>?A >YeGV^@XHJO nGL MaV >Ye�V^@XUtN�HJIWV8HJ>?A�L M ; O^@X>?_XTJN : U�[?_XHJN�U3N :<; � �6 )WZY! )W
�dAX>���TJU3N�[YU2>Ye-V^L M8[YUWV�O^@�L n�U�LYAXN5OaV8M^_XIWV^_XM8U R`O8H%AXI3U2LYA5_�AXI3>?AXOaV8M^L H%AXU3N5O8U3TJU3IWV8HJ>?Ao>Ye}L TJT-e(U�L O8H : TJU
IK@XHJM8n�O�LYAXNZM8U3O8>?A�LYAXI3U3O$��>?_XTJNZM8U3O^_XTcV$H%AZL�n�M8>?@XH : HcV8Hc|?U3T ; T%L M8[YUEN�HJIWV8HJ>?A�L M ; D
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LYAXN	� �e(M8>?m �'x<D x i ��[YHc|?U�A ��D�f�@XUZL TJ[Y>YM8HcV^@�m HJOoO8H%m�HJT%L M�H%A IK@�L M^L IWV8U3MoV8>�V^@XUkh��'p#��f$p � : L O8U3N
O8I�LwVaV8U3M8H%AX[ I3U�A?V8U3M5U��dV8M^L IWV8HJ>?A7L TJ[Y>YM8HcV^@�m H%A � K�- �2N�U3O8I3M8H : U3N1H%A P U3IWV8HJ>?A]x<D 'dDJh<D v
> VaV8U3MoLYAXN
\ >YO8U3O�n�M8U3O8U�A?V�U��Xn�U3M8H%m�U�A?V^L TrM8U3O^_XTcV8O�N�U�m�>?AXOaV8M^LwV8H%AX[�V^@XU+n�U3M8e(>YM^m5LYAXI3U�>YegV^@XU3HJM2L TJ[Y>YM8HcV^@�m 2
L OCH%A � K�- � R�U3OaV8H%m5LwV8HJ>?A7>Ye � ��� � �{O^_���U3M8O��2@XU�A M8U3T%LwV8Hc|?U : LYAXNX��HJNXV^@1HJOoO^m5L TJT�D B2OoH%A1V^@XU
I�L O8U�>Ye � K�- � R2V^@XHJOCO^_X[Y[YU3OaV8O V^@�LwVCV^@XU]O8H%m�n�TJU3Mov�M8>?A ; � : L O8U3N L TJ[Y>YM8HcV^@�m >Ye � i,+��Em�HJ[?@?V : U
m�>YM8U+L n�n�M8>Yn�M8H%LwV8U�e(>YM$e(U�LwV^_XM8U�U��dV8M^L IWV8HJ>?A U��XI3U3nXV�H%A I�L O8U3O$�2@XU3M8U�L�T%L M8[YU : LYAXNX��HJNXV^@o> ��U3M8O
O8HJ[?AXHcsGI�LYA?V�|YL T%_XU�� L N�N�U3N}D

B�AX> V^@XU3MrI3>?A?V8M8H : _dV8HJ>?AE>Ye � KYj��`HJOrV^@XU�N�U�m�>?AXOaV8M^LwV8HJ>?A�>YeXLYA � � L M ; [YU�AXU3M^L TJH! 3U3N TJHJ�YU3TJH%@X>`>`N��
M^LwV8HJ>oV8U3OaV �'� �qF
f ��V^@�LwV�I�LYA : U _XO8U3N V8>oU3OaV8H%m5LwV8U{M8U��GU3IWV8>YM2V ; n�U e(M8>?m n�>YT%L M8H%m�UWV8M8HJI NGLwV^L`R
H%AXN�U3n�U�AXN�U�A?Vr>YedV^@XU���f$p m�>`N�U3TY>Ye �'x<D x�'��KD
f�@XHJOg� �qF
f M8U3TJHJU3Og>?A�V^@XU�N�HJOaV8H%AXIWV8Hc|?U�n�>YT%L M8H%m�UWV��
M8HJI�O8HJ[?A�LwV^_XM8U3Ot>YeqN�H ��U3M8U�A?V$n�M8H%m�HcV8Hc|?U3O � h�y ' �gLYAXNCI�LYA : U�_XO8U3NoV8>�> : V^L H%AZLEs-AXU3M�U3OaV8H%m5LwV8U�>Ye
M8U��GU3IWV8>YM�n�M8H%m�HcV8Hc|?U�V ; n�U�V^@�LYA�HJO�[YHc|?U�A :<; � ��� � �gL TJ>?AXU R`H%A{V^@XUtO8U�AXO8U�V^@�LwV�HcV�I�LYA�N�HJOaV8H%AX[?_XHJO^@
: UWV'��U3U�A�m5LYA ; M8U��GU3IWV8>YM
V ; n�U3O V^@�LwV O^@�L M8U�V^@XUtO^LYm�U�e(M8U3ud_XU�AXI ; �'N�U3n�U�AXN�U�AXI3U�U��Xn�>?AXU�A?V3D f�@XU
� �qF
f7M8U3ud_XHJM8U3O�I3>?m�n�HJT%LwV8HJ>?A5>Ye-V^@XU$n�>YT%L M8H%m�UWV8M8HJI�LYm�n�TJHcV^_XN�UtO8HJ[?A�LwV^_XM8U3O�e(>YM�U�L IK@5I�LYAXN�HJNGLwV8U
M8U��GU3IWV8>YM�n�M8H%m�HcV8Hc|?U�V ; n�U����$LwV�M8> V^LwV8HJ>?A�L T�LYAX[YTJU3O�O^LYm�n�TJU3N�>�|?U3M�L�e�_XTJT +YjYy�
$>Ye�M8> V^LwV8HJ>?AoL : >?_dV
V^@XU TJH%AXU��'>Ye �'O8HJ[?@?Vo|?U3IWV8>YM3D f�@XU3HJMC� �qF
f L TJO8> ; HJU3TJN�OCL OoL :<; n�M8>`NG_XIWV5LYA U3OaV8H%m5LwV8U >Ye2V^@XU
H%A��'n�T%LYAXUoM8> V^LwV8HJ>?A�L T�>YM8HJU�A?V^LwV8HJ>?A >YetV^@XU5M8U��GU3IWV8>YM ��HcV^@ M8U3O8n�U3IWV V8> V^@XU5TJ>`>Y��|?U3IWV8>YM3D f�@XU ;
n�M8U3O8U�A?V�>?AXU�U���LYm�n�TJU R`H%A��2@XHJIK@�V^@XU�� �qF
f I3>YM8M8U3IWV8T ; I3T%L O8O8HcsGU3O�V'��> I ; TJH%AXN�M8HJI�L TG> : ! U3IWV8O�LYAXN
L�V8M8H%@XU3N�M^L T�D f�@XHJO�HJO�LYA�U���LYm�n�TJUt>Ye�@X>��7H%AXe(>YM^m5LwV8HJ>?A�L : >?_dV�M8U��GU3IWV8>YM�V ; n�U$I�LYA : Ut> : V^L H%AXU3N
��HcV^@X>?_dV�M8U3T ; H%AX[�>?AZe(M8U3ud_XU�AXI ; �'N�U3n�U�AXN�U�AXI3U�H%AXe(>YM^m5LwV8HJ>?A�R��2@XHJIK@ HJO : L O8HJI�L TJT ; _�AXM8U3TJH%L : TJU+e(>YM
A�L M8M8>�� � : LYAXNX��HJNXV^@CH%m5L [YU3O3D
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��� V^@XHJO�IK@�L nXV8U3M���U2U3OaV^L : TJHJO^@oLEn�M8U3I3HJO8U2e(>YM^m{_XT%LwV8HJ>?A5>Ye�V^@XU�n�M8> : TJU�m >Ye�V^L M8[YUWV$m�>`N�U3T�[YU�A��
U3M^LwV8HJ>?A�D�v�M8UW|dHJ>?_XOtIK@�L nXV8U3M8O$@�L3|?U�n�M8U3O8U�A?V8U3NCV^@XU�[YU�AXU3M^L T}I3>?A?V8U��dV�H%Ao�2@XHJIK@oV^L M8[YUWV�m�>`N�U3T

[YU�AXU3M^LwV8HJ>?ACHJO�H%m�n�>YMaV^LYA?V3RXLYAXNoe�_dV^_XM8U�IK@�L nXV8U3M8O���HJTJT-N�U3O8I3M8H : U�H%A5N�UWV^L HJT->?_XMtL n�n�M8>?L IK@�V8> V^@XU
U3OaV8H%m5LwV8HJ>?A >Ye�V^L M8[YUWV�m�>`N�U3TJO3Dof�@XHJO+IK@�L nXV8U3M O8U3Ma|?U3O{L : M8HJN�[YU : UWV'��U3U�AkV^@XU3O8U�V'��>]I3>?m�n�>��
AXU�A?V8O :<; I�L OaV8H%AX[ V^@XUCn�M8> : TJU�m#H%A I3>?AXI3M8UWV8UCV8U3M^m�O3D baA nGL MaV8HJI�_XT%L M3R�V^@XHJO{IK@�L nXV8U3M�H%AXI3T%_XN�U3O
LZe(>YM^m5L TJH! �LwV8HJ>?A >Ye�V^@XU5n�M8> : TJU�m OaV^LwV8U�m�U�A?V3R�LZn�M8U3O8U�A?V^LwV8HJ>?A >Yet>?_XMEI3>?AXI3U3nXV^_�L T�L n�n�M8>?L IK@
V8>oV^L M8[YUWVEm�>`N�U3Tg[YU�AXU3M^LwV8HJ>?A�RgLYA]U�A`_�m�U3M^LwV8HJ>?A LYAXN�LYA�L T ; O8HJO�>Ye�>?_XM�L O8O^_�m�nXV8HJ>?AXO3R}LYAXN]V^@XU
I3>?AXOaV8M^_XIWV8HJ>?A�>Ye�L m�U�L O^_XM8U�m�U�A?V�m�>`N�U3TgU�A�L : TJH%AX[CV^@XU{U3OaV8H%m5LwV8HJ>?A�>Ye�LoV^L M8[YUWVEm�>`N�U3Tge(M8>?m
V^@XU�> : O8U3Ma|?U3N P B2F NGLwV^L`D

f�@XU]NGLwV^L O8UWV e(M8>?m �2@XHJIK@ ��U�m{_XOaV5U3OaV8H%m5LwV8U�L V^L M8[YUWVZm�>`N�U3T�HJO L I3>YTJTJU3IWV8HJ>?A >Ye
�O8n�> V8TJHJ[?@?V�� m�>`N�U P B2F H%m5L [YU3O � h�-<R -<h�� D�S�L IK@ >YeqV^@XU3O8U+H%m5L [YU3O$HJOtIK@�L M^L IWV8U3M8H! 3U3N :<; L{nGL MaV8HJI��

_XT%L M2|dHJUW��H%AX[C[YU3>?m�UWV8M ; RqL O�N�U3n�HJIWV8U3N�H%A �
HJ[?_XM8U x<D idD�baA]nGL MaV8HJI�_XT%L M3R}V^@XU |dHJUW��H%AX[C[YU3>?m�UWV8M ;
HJO2N�UWs-AXU3N :<; V^@XUETJH%AXU��'>Ye �'O8HJ[?@?V�|?U3IWV8>YM�e(M8>?m0V^@XUEI3U�A?V8U3M�>Ye L5A�L M8M8>�� O ; A?V^@XUWV8HJI L n�U3MaV^_XM8U�V8>
V^@XU�I3U�A?V8U3ME>Ye�V^@XU{V^L M8[YUWVEM8U3[YHJ>?A : U3H%AX[CH%m5L [YU3N}D�f�@XHJO�TJH%AXU��'>Ye �'O8HJ[?@?VE|?U3IWV8>YMEI�LYA�H%A V^_XM^A : U
IK@�L M^L IWV8U3M8H! 3U3N :<; LYA L  3H%m{_dV^@ LYAXN U3TJUW|YLwV8HJ>?A�R�U�L IK@1N�UWs-AXU3N ��HcV^@ M8U3O8n�U3IWV V8>�LYA L : O8>YT%_dV8U
[YM8>?_�AXN�� : L O8U3N�e(M^LYm�U >Ye�M8U3e(U3M8U�AXI3U R
L O+N�U3n�HJIWV8U3NkH%A �
HJ[?_XM8U x<D idD{�kU5L O8O^_�m�U{AX> M8U3OaV8M8HJIWV8HJ>?A
>?A V^@XU�L  3H%m{_dV^@ ��� LYAXNkU3TJUW|YLwV8HJ>?A ��� N�UWs-AXH%AX[CV^@XU�TJH%AXU��'>Ye �'O8HJ[?@?V |?U3IWV8>YMEe(>YMELYA ; H%m5L [YU � 2
��U]N�> L O8O^_�m�U R$@X>���UW|?U3M3R�V^@�LwVCU�L IK@�H%m5L [YU]@�L O : U3U�A e(>YM^m�U3N7LwV L O8ud_XH%A?VCLYAX[YTJU]>YeEiYy�

� O8U3U��
HJ[?_XM8U x<D i��8R�L TcV^@X>?_X[?@ U��dV8U�AXO8HJ>?AC>Yeq>?_XM$L n�n�M8>?L IK@oV8>�L TJTJ>�� L M : HcV8M^L M ; O8ud_XH%A?V$LYAX[YTJU3O$HJO
OaV8M^L HJ[?@?V8e(>YMa�tL M8N}D �
H%A�L TJT ; R���U�L O8O^_�m�U$V^@�LwV$U�L IK@ H%m5L [YU2�tL Ote(>YM^m�U3No>�|?U3M�L TJH%AXU�L M�L n�U3MaV^_XM8U
H%A TJUW|?U3T �GHJ[?@?V3R�O8>]V^@�LwV�LYA ; � �������� �+nGL HJM{N�UWs-AXU3O{L _�AXHJud_XUoO8T%LYA?V�n�T%LYAXUCL O8O8>`I3H%LwV8U3N1��HcV^@
H%m5L [YU �GD

B : TJ>`I^� �'N�H%L [YM^LYm M8U3n�M8U3O8U�A?V^LwV8HJ>?A�>Ye�>?_XM�[YU�AXU3M^L T�L n�n�M8>?L IK@ V8>(+��'p V^L M8[YUWV m�>`N�U3T
U3OaV8H �
m5LwV8HJ>?AoHJOtN�U3n�HJIWV8U3NZH%A �
HJ[?_XM8U +`DJh?D�B V^L M8[YUWV�HJOt> : O8U3Ma|?U3NCV^@XM8>?_X[?@CL O8UWV$>Ye

�
P B2F H%m5L [YU3O3D

S�L IK@�>Ye�V^@XU3O8U�H%m5L [YU3O�HJO+n�M8>`I3U3O8O8U3N]V8> U��dV8M^L IWV LCO8UWV�>Ye�e(U�LwV^_XM8U3O��2@XHJIK@�L M8U{V^@XU�A e�_XO8U3N H%A
>YM8N�U3M+V8> n�M8>`NG_XI3U�L +��'p0V^L M8[YUWV�m�>`N�U3T�Dof�@XU�e(M^LYm�UW��>YM8�]N�U3n�HJIWV8U3N H%A �
HJ[?_XM8U +`DJhoHJOEud_XHcV8U
�GU��XH : TJU D"��>YMoH%AXOaV^LYAXI3U Rt��U I3>?_XTJN I3>?AXO8HJN�U3MCm�>`N�U3TJH%AX[ V^@XU V^L M8[YUWV L OCL�O8nGLwV8H%L TJT ; |YL M ; H%AX[
O8I�LwVaV8U3M8H%AX[{m�U3N�H%_�m�LYAXNC_XO8U�L+V8M8Hc|dH%L T-e(U�LwV^_XM8U�U��dV8M^L IWV8HJ>?ACOaV^L [YU�V^@�LwV�O8H%m�n�T ; nGL O8O8U3O�>?A5U�L IK@
I3>?m�n�TJUWV8U P B2F�H%m5L [YUCV8>]V^@XUCs-A�L T�m�>`NG_XTJU R �2@XHJIK@ ��>?_XTJN V^@XU�A : U�L M{V^@XUCe�_XTJT : _XM8N�U�A >Ye
H%A?|?U3M8O8U{O8I�LwVaV8U3M8H%AX[dD��2>���UW|?U3M3RgL O�H%AXN�HJI�LwV8U3N H%A V^@XU{n�M8UW|dHJ>?_XO�IK@�L nXV8U3M8O3R���U�@�L3|?U{H%A m�H%AXN L
m{_XIK@5m�>YM8U�I3>?AXOaV8M^L H%AXU3N L n�n�M8>?L IK@5V^@�LwV�M8U3OaV8M8HJIWV8O�>?_XM�N�U3O8I3M8HJnXV8HJ>?A5>Ye}V^@XU�V^L M8[YUWVtH%A5>YM8N�U3M�V8>
e(>`I�_XO�>?A]|YL M8H%L : TJU3O�V^@�LwVEL M8U�m�>YOaV�> : O8U3Ma|YL : TJU�LYAXN >Ye�O8HJ[?AXHcsGI�LYA?V+H%A?V8U3M8U3OaV�V8>Zm�>`N�U3T � : L O8U3N

�AP
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Kfeature set 

image collection stage

SAR image 1

SAR image 2

SAR image K

target

feature extraction

feature extraction

feature set 1

feature set 2

feature extraction

model generation stage

data fusion 3-D target model

feature extraction stage
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B f$F #�A�LYm�U3T ; RGM8U��GU3IWV8>YM��'n�M8H%m�HcV8Hc|?U�� : L O8U3N nGL M^LYm�UWV8U3M8H! �LwV8HJ>?AXO�>YegV^L M8[YUWV8O3D
.�_XM�n�M8H%AXI3HJnGL T$e(>`I�_XO5HJO�V^@XU N�U3O8HJ[?A >Ye2V^@XU NGLwV^Lke�_XO8HJ>?A m�>`NG_XTJUCH%A��
HJ[?_XM8U1+`DJh<D�f�@XHJO

M8U3ud_XHJM8U3O�O8n�U3I3HcsGI�LwV8HJ>?Ao>YerU���L IWV8T ; �2@�LwV���U���HJO^@�V8> U3OaV8H%m5LwV8U ��W 1 $,1%R`V^@XU2nGL M^LYm�UWV8U3M8H! �LwV8HJ>?Ao>Ye
>?_XMtV^L M8[YUWV2m�>`N�U3TJO���LYAXNZ@X>�� V^@XU�e(U�LwV^_XM8U3O$O8U3Ma|dH%AX[�L O$H%AXnG_dV�V8>{V^@XHJO�m�>`NG_XTJU�L M8U�M8U3T%LwV8U3NZV8>
V^@XU ud_�LYA?V8HcV8HJU3O�V8> : U+U3OaV8H%m5LwV8U3N}D2f�@XUEe(>YM^m�U3M�OaV8U3n]H%A?|?>YTc|?U3O"!a_XN�HJI3HJ>?_XO2O8U3TJU3IWV8HJ>?A >Ye nGL M^LYm �
UWV8U3M8O+V^@�LwV L M8U�I3>?m�nGL IWV3RgN�U3O8I3M8HJnXV8Hc|?U R LYAXN�> : O8U3Ma|YL : TJU 2 V^@XU�T%LwVaV8U3MEOaV8U3nkH%A?|?>YTc|?U3O{m�>`N�U3TJH%AX[
: > V^@ V^@XU P B2F H%m5L [YUtI3>YTJTJU3IWV8HJ>?A5n�M8>`I3U3O8O�LYAXN{V^@XUtO^_ : O8U3ud_XU�A?V e(U�LwV^_XM8UtU��dV8M^L IWV8HJ>?A�OaV^L [YUtV^@�LwV
n�M8>`NG_XI3U3O2V^@XU > : O8U3Ma|YL : TJU{NGLwV^Lo>?A �2@XHJIK@ V^@XU{e�_XO8HJ>?A m�>`NG_XTJU���HJTJT
>Yn�U3M^LwV8U D+f�@XU3O8U�L M8UEV^@XU
[Y>?L TJO+>Ye V^@XHJO�IK@�L nXV8U3M3D��kU{N�U3O8I3M8H : U+V^@XU�AX> V^LwV8HJ>?A�LYAXN : L O8HJI V^L M8[YUWV+L O8O^_�m�nXV8HJ>?AXO�N�UWs-AXH%AX[
V^@XU�n�M8> : TJU�m H%A P U3IWV8HJ>?A +`DJh+LYAXNCn�M8U3O8U�A?V�>?_XM�e(U�LwV^_XM8U2U��dV8M^L IWV8HJ>?A n�M8>`I3U3NG_XM8U�H%A P U3IWV8HJ>?A +`D x`D
baA P U3IWV8HJ>?A +`D +5��U{I3>?AXOaV8M^_XIWV�Lom�U�L O^_XM8U�m�U�A?V�m�>`N�U3TrV^@�LwV�M8U3T%LwV8U3O�V^@XU > : O8U3Ma|YL : TJU e(U�LwV^_XM8U3O
LYAXN V^@XU +��'p V^L M8[YUWV�m�>`N�U3T�nGL M^LYm�UWV8U3M8OtV8> : U�U3OaV8H%m5LwV8U3N}D

2 �J5 3 OQK+=!R6;<G , A .6; � *��:D * *XF
I �+GM>?AJV3* K6V/. �]A-GHK�GM>?AJV

.�_XMrV^L M8[YUWV�m�>`N�U3TJOqI3>?AXO8HJOaVg>Ye�I3>YTJTJU3IWV8HJ>?AXO >Ye�M8U��GU3IWV8>YMgn�M8H%m�HcV8Hc|?U3O3RYU�L IK@ >YeX�2@XHJIK@+HJO
N�U3O8I3M8H : U3N
:<; LoO^m5L TJT
O8UWV+>Ye�nGL M^LYm�UWV8U3M8O�V^@�LwV+U�A�L : TJU{N�U3O8I3M8HJnXV8HJ>?A�>Ye�V^@XU�O8I�LwVaV8U3M8H%AX[ : U�@�L3|dHJ>YM+>Ye�V^@XU
n�M8H%m�HcV8Hc|?U�[YHc|?U�A LYA ; H%m5L [YH%AX[ [YU3>?m�UWV8M ; D�baA�nGL MaV8HJI�_XT%L M3RgLCV^L M8[YUWV m�>`N�U3Tg��HJTJT : U{O8n�U3I3HcsGU3N
:<; V^@XUEA`_�m : U3M�>Ye
n�M8H%m�HcV8Hc|?U3O��#I3>?m�n�M8HJO8H%AX[{V^@XU�V^L M8[YUWV�LYAXN :<; � |?U3IWV8>YM8O2>Ye
nGL M^LYm�UWV8U3M8O3R
>?AXU{L O8O8>`I3H%LwV8U3N]��HcV^@ZU�L IK@]I3>?m�n�>?AXU�A?V�n�M8H%m�HcV8Hc|?U DtbaAZ[YU�AXU3M^L T�R-��U I�LYA U��Xn�M8U3O8O�U�L IK@ |?U3IWV8>YM
� � � e(>YM � � h  � � �  � ��L O

� � �
�� � ������
�	��


�
 � +`DJh �

�2@XU3M8U � �� HJO�LYA H%A?V8U3[YU3M�H%AXN�U�� N�U3O8HJ[?A�LwV8H%AX[5V^@XUEn�M8H%m�HcV8Hc|?U L O�>?AXUE>Ye � � I�LYAX>?AXHJI�L T
n�M8H%m�HcV8Hc|?U
V ; n�U3O3R ���� HJO2L{|?U3IWV8>YM2H%A� ��N�U3O8I3M8H : H%AX[�V^@XU�TJ>`I�LwV8HJ>?A]>YeqV^@XU+n�M8H%m�HcV8Hc|?U R-LYAXN �	�� HJO2L�[YU�AXU3M8HJI
|?U3IWV8>YM�nGL M^LYm�UWV8U3MEI3>YM8M8U3O8n�>?AXN�H%AX[ V8> LZO8UWV{>YetI3>?A?V8H%A`_X>?_XO���>YM N�HJO8I3M8UWV8U�� |YL T%_XU3N N�U3O8I3M8HJnXV8>YM8O
V^@�LwV3R�L TJ>?AX[+��HcV^@ � �� LYAXN ���� R`O8n�U3I3HJe ; V^@XU2L n�n�U�L M^LYAXI3U$>Ye�V^@XU�n�M8H%m�HcV8Hc|?U�H%A5LYAoL M : HcV8M^L M ;5P B2F
H%m5L [YU D �kU���HJTJT�N�U�AX> V8U$V^@XU�TJ>Y[��'F$l P >Ye}L+n�M8H%m�HcV8Hc|?U$nGL M^LYm�UWV8U3M8H! 3U3N :<; � � LYAXN�|dHJUW��U3Noe(M8>?m
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U3TJUW|YLwV8HJ>?A � LYAXN L  3H%m{_dV^@ � L O � ��� � �� �� �8RG�2@XHJIK@C��U�V ; n�HJI�L TJT ; ud_X> V8U+H%A NGQ�O^m D��

\ >YOaV�>Ye�>?_XM�LwVaV8U�A?V8HJ>?AoH%A�V^@XHJO�V^@XU3O8HJO�HJO�M8U3OaV8M8HJIWV8U3N5V8> L+O^m5L TJTXI3T%L O8O�>Ye}n�M8H%m�HcV8Hc|?U3O�H%AXI3T%_XN��
H%AX[�V8M8H%@XU3N�M^L TJO3R V8>YnG@�LwV8O3R?N�H%@XU3N�M^L TJO3R?LYAXN I ; TJH%AXN�U3M8O � O8>2V^@�LwV � � � '��8R<N�U3n�HJIWV8U3N�L OgV^@XU : > VaV8>?m
e(>?_XM$n�M8H%m�HcV8Hc|?U3OtH%A �
HJ[?_XM8UEx<DJh�y 2 ��U+L O8O8HJ[?A V ; n�U+H%AXN�HJI3U3O ��W 1 $,1%R � �� |YL T%_XU3O���>Ye�h+V^@XM8>?_X[?@ '�V8>
V^@XU3O8U2n�M8H%m�HcV8Hc|?U3O3RXM8U3O8n�U3IWV8Hc|?U3T ; D �q>`I�LwV8HJ>?A ���� >YerU�L IK@Cn�M8H%m�HcV8Hc|?U2HJO�N�UWs-AXU3N5V8> I3>YM8M8U3O8n�>?AXN5V8>
V^@XUE>YM8HJ[YH%A >Ye
V^@XUEn�M8H%m�HcV8Hc|?U � O2TJ>`I�L T
L��XU3O2H%A �
HJ[?_XM8U x<DJh�yXD$B I3>?m�n�TJUWV8UEnGL M^LYm�UWV8U3M8H! �LwV8HJ>?A]>Ye
LYA ; >?AXU�>YeqV^@XU3O8U�n�M8H%m�HcV8Hc|?U3Ote(M8>?m V^@XU�n�U3M8O8n�U3IWV8Hc|?U�>Yegv". � O8U3U P U3IWV8HJ>?A]x<D +`D x�����>?_XTJN O8U3TJU3IWV
� �� V8>�LY_X[?m�U�A?VtV^@XU3O8U�nGL M^LYm�UWV8U3M8Ot��HcV^@ L TJTr> V^@XU3M8O$M8U3ud_XHJM8U3NCV8>�N�U3O8I3M8H : U�HcV8O : L I^�`O8I�LwVaV8U3M8H%AX[
LwV LYAkL M : HcV8M^L M ; |dHJUW��H%AX[ LYAX[YTJU5L O+n�M8U3N�HJIWV8U3N :<; f
L : TJU x<DJh #7e(>YM+H%AXOaV^LYAXI3U R
LYA�S�_XTJU3M�� LYAX[YTJU
n�>YO8U � h�yYy�� N�U3O8I3M8H : H%AX[�V^@XU n�M8H%m�HcV8Hc|?U � O2>YM8HJU�A?V^LwV8HJ>?A�R � V^@XUEO8H! 3U��'N�U3n�U�AXN�U�A?V�LYm�n�TJHcV^_XN�U+I3>`U � �
I3HJU�A?V�N�U3O8I3M8H : H%AX[2V^@XUtn�M8H%m�HcV8Hc|?U � O�m5L��XH%m{_�m F$l P R?LYAXN�LYA ; > V^@XU3M�N�H%m�U�AXO8HJ>?AXOg>Ye�L�n�M8H%m�HcV8Hc|?U
>Ye�V ; n�U � �� V^@�LwV L M8U�M8U3ud_XHJM8U3N V8>ZO8n�U3I3HJe ; HcV8O+O^@�L n�H%AX[ e�_�AXIWV8HJ>?A U���L IWV8T ; �0$,12"31%RrV^@XU�N�H%@XU3N�M^L T
LYAXNkI ; TJH%AXN�U3M @XU3HJ[?@?V8O��8D .�e�I3>?_XM8O8U R
> V^@XU3M >YM m�>YM8U�U��dV8U�AXO8Hc|?UonGL M^LYm�UWV8U3M8H! �LwV8HJ>?AXO{L M8U�n�>YO��
O8H : TJU D"��>YMoH%AXOaV^LYAXI3U R$LYA LY_X[?m�U�A?V8U3N nGL M^LYm�UWV8U3M8H! �LwV8HJ>?A e(>YM5IK@�L M^L IWV8U3M8H! �LwV8HJ>?A�>Ye+AX>?AXHJN�U�L T
n�M8H%m�HcV8Hc|?U3O{m�HJ[?@?VEH%AXI3T%_XN�UoLZ|?U3IWV8>YM�>YetN�U3O8I3M8HJnXV8Hc|?UonGL M^LYm�UWV8U3M8O � n�>YO8O8H : T ; O8n�U3I3HcsGI�V8>]U�L IK@
n�M8H%m�HcV8Hc|?UZV ; n�U��{V^@�LwVCU�A�L : TJU m�>`N�HcsGI�LwV8HJ>?A1V8> V^@XU]I�LYAX>?AXHJI�L T�v". M8U3O8n�>?AXO8U3O3D B nGL M^LYm �
UWV8U3M8H! �LwV8HJ>?A7V^@�LwVCm�>`N�U3TJU3N n�M8H%m�HcV8Hc|?U3OCL O5H%m�n�U3M8e(U3IWV5U3TJU3IWV8M8HJI�L T�I3>?AXNG_XIWV8>YM8OCm�HJ[?@?V5H%AXI3T%_XN�U
N�HJU3TJU3IWV8M8HJI�>YM$L : O8>YM8nXV8HJ>?AoV8U3M^m�O3D
baA lt@�L nXV8U3M8O2> LYAXN KE��U�I3>?AXO8HJN�U3Mt@X>�� V^@XU : L O8HJI�nGL M^LYm�U��
V8U3M8H! �LwV8HJ>?A N�U3O8I3M8H : U3N @XU3M8U�m�HJ[?@?V : U2U��XnGLYAXN�U3NoV8>{U�A�L : TJU�N�U3O8I3M8HJnXV8HJ>?AC>YegLE��HJN�U3M�|YL M8HJUWV ; >Ye
n�M8H%m�HcV8Hc|?U3O3D

.�_XM : L O8HJI{nGL M^LYm�UWV8U3M8H! �LwV8HJ>?A�HJO�LoO8TJHJ[?@?V�I3>?m�n�M8U3O8O8HJ>?A]>Ye V^@XU �8I3>?m�n�TJUWV8U{v". �CnGL M^LYm�U��
V8U3M8H! �LwV8HJ>?A V^@�LwVtU��XI3T%_XN�U3Otn�M8H%m�HcV8Hc|?U2N�H%m�U�AXO8HJ>?AoH%AXe(>YM^m5LwV8HJ>?ACAX> VtM8U3TJUW|YLYA?VtV8>{N�UWV8U3M^m�H%A�LwV8HJ>?A
>YeGV^@XUtn�M8H%m�HcV8Hc|?U � O�m5L��XH%m{_�m F$l P >YM�HcV8O�O8T%LYA?V��'n�T%LYAXU$TJ>`I�LwV8HJ>?A�D�baA{nGL MaV8HJI�_XT%L M3R`>?_XM : L O8HJI$nGL��
M^LYm�UWV8U3M8H! �LwV8HJ>?A�LY_X[?m�U�A?V8O � �� LYAXN ���� ��HcV^@{L��	�� I3>?AXO8HJOaV8H%AX[�>Ye-LwV�m�>YOaVgV^@XM8U3U�nGL M^LYm�UWV8U3M8O3~
LYA
>�|?U3M^L TJT " � ',$�� � �6+ W(�#- #%$ ���� M8U3T%LwV8U3NZV8>�V^@XU�>�|?U3M^L TJTgO8H! 3U+>YeqV^@XU�n�M8H%m�HcV8Hc|?U+LYAXNZI3>YM8M8U3O8n�>?AXN�H%AX[
V8>�V^@XU�TJ>Y[�>YeXV^@XU�LYm�n�TJHcV^_XN�U�I3>`U �5I3HJU�A?V�H%AEf
L : TJU x<DJh?R<LYAES�_XTJU3M�� LYAX[YTJU�n�>YO8U ���� H%AXN�HJI�LwV8H%AX[2V^@XU
>YM8HJU�A?V^LwV8HJ>?A]>YegV^@XU+O8I�LwVaV8U3M8U3M3R}LYAXN]L�M^L N�H%_XO$>Ye I�_XMa|YLwV^_XM8U � &� e(>YM�M^L N�H%L TJT ; O ; m5m�UWV8M8HJI�n�M8H%m�H �
V8Hc|?U3O�H%AXI3T%_XN�H%AX[{V8>YnG@�LwV8O�LYAXN I ; TJH%AXN�U3M8O3D�f�@XU�I3>?m�n�TJUWV8U�|?U3IWV8>YM � � H%ACV^@XHJO$nGL M^LYm�UWV8U3M8H! �LwV8HJ>?A
HJOtV^@`_XO$[YHc|?U�A :<;
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f�@XUt|?U3IWV8>YM � � n�M8>�|dHJN�U3O�LEI3>?AXI3HJO8U ; UWVtL I3I�_XM^LwV8U�N�U3O8I3M8HJnXV8HJ>?A5>YeqL+n�M8H%m�HcV8Hc|?U � O�L n�n�U�L M^LYAXI3U�H%A
LYA L M : HcV8M^L M ;kP B2F H%m5L [YU5L I3I3>YM8N�H%AX[ZV8>ZV^@XU�nG@ ; O8HJI�L T�LYAXNkH%m5L [YH%AX[ m�>`N�U3TJO+>Yetlt@�L nXV8U3M2x`~
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AX> V^LwV8HJ>?A N�U3O8I3M8HJnXV8HJ>?A O8nGL I3U+N�M^L3�2ACe(M8>?m� �� : L O8HJI�O8I�LwVaV8U3M8H%AX[�V ; n�U � h  x  +  ' ����� TJ>`I�LwV8HJ>?A � �
���� m5L��XH%m{_�m F$l P

e(M8>?m�LYA ; |dHJUW��H%AX[5LYAX[YTJU �
���� S�_XTJU3M�� LYAX[YTJU+n�>YO8U

� � y  �� � � y  x� � � � y  x� �  � �� � � h  + � � y  �� � � y  x� �  � �� � � x  ' �
� &� M^L N�H%_XOt>Ye
I�_XMa|YLwV^_XM8U

���  � �� � � h  + � � �  � �� � � x  ' �f�gih�j � ��������+� 
 0 
 ��
 � �'��&���&�0 �#���!� 
 7�& ��
 ����1

TJ>`I�LwV8HJ>?A ���� LYAXN1M^L N�H%_XO�>Ye2I�_XMa|YLwV^_XM8U � &� � e(>YM�V^@X>YO8U n�M8H%m�HcV8Hc|?U3O�e(>YM{�2@XHJIK@1HcV�HJO�N�UWs-AXU3N �8R
L TJ>?AX[���HcV^@o|dHJUW��H%AX[�LYAX[YTJU RGN�UWV8U3M^m�H%AXU�V^@XU+L n�nGL M8U�A?V$TJ>`I�LwV8HJ>?AZ>YerV^@XU�n�M8H%m�HcV8Hc|?U�H%AoV^@XU P B2F
O8T%LYA?V{n�T%LYAXU 2 N�HJO8I3M8UWV8U�V ; n�U � �� HJN�U�A?V8HcsGU3OEV^@XU5n�M8H%m�HcV8Hc|?UoLYAXN O8U3TJU3IWV8O�L : L O8HJI5O8I�LwVaV8U3M8H%AX[]M8U��
O8n�>?AXO8U�e(M8>?m f
L : TJU x<DJh 2 n�>YO8U ���� >YM8HJU�A?V8O�V^@XHJO�M8U3O8n�>?AXO8U :<; M8> V^LwV8H%AX[{HcV�V8> I3>YM8M8U3O8n�>?AXN�V8>EV^@XU
>YM8HJU�A?V^LwV8HJ>?A�>Ye
V^@XU n�M8H%m�HcV8Hc|?U 2�: L O8U{LYm�n�TJHcV^_XN�U ���� O8I�L TJU3O�V^@XUEM8U3O8n�>?AXO8UEH%A?V8U�AXO8HcV ; L I3I3>YM8N�H%AX[
V8>+V^@XUtO8H! 3U�>Ye-V^@XUtn�M8H%m�HcV8Hc|?U D f�@XUtI3>?m�n�>?AXU�A?V8O�>Ye � � H%A � +`D x � L M8U$O^_�m5m5L M8H! 3U3N{H%A�f
L : TJU +`DJh?D

f�@XU�nG@ ; O8HJI�L T LYAXN H%m5L [YH%AX[7m�>`N�U3TJO >Ye5lt@�L nXV8U3M2x1L TJTJ>�� ud_�LYA?V8HcsGI�LwV8HJ>?A >Ye V^@XU n�M8U��
|dHJ>?_XOCOaV^LwV8U�m�U�A?V8O3D ��>YM H%AXOaV^LYAXI3U R2[YHc|?U�A7V^@XU]O8T%LYA?V��'n�T%LYAXU�� : L O8U3N P B2F�H%m5L [YH%AX[ m�>`N�U3T$>Ye
P U3IWV8HJ>?A x<D x`R`��U2I�LYAom�>`N�U3TXV^@XU2> : O8U3Ma|?U3NoTJ>`I�LwV8HJ>?AC>Yern�M8H%m�HcV8Hc|?U��gH%A5H%m5L [YU ��L OtLEm�U�L O^_XM8U��
m�U�A?V�>Ye�� � ��� � �^R}V^@XU{n�M8> ! U3IWV8HJ>?A >Ye�V^@XU{n�M8H%m�HcV8Hc|?U � O+L n�nGL M8U�A?V�n�M8H%m5L M ; �'M8U3O8n�>?AXO8UEO8n�U3I�_XT%L M��
M8U��GU3IWV8HJ>?A n�>YH%A?V$H%A?V8>�V^@XU+O8T%LYA?V�n�T%LYAXU D �CbaA nGL MaV8HJI�_XT%L M3R

� � ��� � � � ��� ��	� � ����  � �� � � h  + � 

� � ���� ��
 h
y� � &� I3>YO �ml� ' �  � �� � � x  ' �  � +`D + �

�2@XU3M8U �ml� ' � HJO�V^@XU{M8U3T%LwV8Hc|?U�|dHJUW��H%AX[CU3TJUW|YLwV8HJ>?Ake(>YM�n�M8H%m�HcV8Hc|?U	��LwV�V^@XU{I3U�A?V8U3M�|dHJUW��H%AX[ LYAX[YTJU
>YegH%m5L [YU �oL O$n�HJIWV^_XM8U3NCH%A��
HJ[?_XM8U x<DJh�ydRGLYAXNo�2@XU3M8U � � HJO�V^@XUEx � +{[YM8>?_�AXN�� V8>��'O8T%LYA?V��'n�T%LYAXU
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I3>?AXOaV8M^_XIWV8U3NEe(M8>?m�V^@XU�TJ>Y[��'O^@�L n�H%AX[�e�_�AXIWV8HJ>?AXOr>Ye`V^@XU�n�M8H%m5L M ; LYAXN+O8U3I3>?AXNGL M ; M8U3O8n�>?AXO8U�m�U3IK@��
LYAXHJO^m�O�e(>YM�L+n�M8H%m�HcV8Hc|?U$>Ye�V ; n�U � �� L O�N�U3O8I3M8H : U3N5O^@X>YMaV8T ; RXLYAXN $�� ��� I�L nXV^_XM8U3O�V^@XU�n�>YT%L M8H%m�UWV8M ;
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n�M8H%m�HcV8Hc|?U+N�H%m�U�AXO8HJ>?AXOtV8>oN�UWV8U3M^m�H%AXU�V^@XU+M8U3T%LwV8Hc|?U{nG@�L O8U : UWV'��U3U�A U�L IK@]I3>?m�n�>?AXU�A?V2m�U3IK@�L��
AXHJO^m&� OtM8U3O8n�>?AXO8U D�f�@XU3M8U+L M8U+LwV2TJU�L OaV$V^@XM8U3U��tL ; O�H%AC�2@XHJIK@C��U+I�LYAZN�U�L T}��HcV^@CV^@XU3O8U+N�U3n�U�A��
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V^@XHJOtV^@XU3O8HJO$L M8U+n�M8U3O8U�A?V8U3N H%A lt@�L nXV8U3M�-<R�H%ACV^@XU�I3>?A?V8U��dV�>YeqV^@XU�U��Xn�U3M8H%m�U�A?V8OtH%Ao�2@XHJIK@CV^@XU ;
L M8U+sGM8OaV2_XO8U3N}D ��f�@XU3O8U AX>?m�H%A�L TrN�H%m�U�AXO8HJ>?AXO$N�UWV8U3M^m�H%AXU�V^@XU+H%AXN�Hc|dHJNG_�L TqM8U3O8n�>?AXO8U3O$e(>YM2U�L IK@
n�M8H%m�HcV8Hc|?U � O�I3>?m�n�>?AXU�A?V{M8U��GU3IWV8HJ>?A1m�U3IK@�LYAXHJO^m�O3R �2@XHJIK@ L M8UoV^@XU�A I3>?m : H%AXU3N |dH%L L AX>?AXI3>��
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>�|?U3M^L TJT�e�_�AXIWV8HJ>?A � � �S ��� ��e(>YMoU�L IK@�n�M8H%m�HcV8Hc|?UZV ; n�U D p�UWV^L HJTJO >Ye+>?_XMoI3>?AXOaV8M^_XIWV8HJ>?A7>Ye�V^@XU3O8U
O8I�LwVaV8U3M8H%AX[5e�_�AXIWV8HJ>?AXO2L M8U+[YHc|?U�A H%AZB2n�n�U�AXN�H �oB D�S �dV8U�AXO8HJ>?AXO$V8>�V^@XUEO8U3I3>?AXN >YM$V^@XHJM8N L TcV8U3M��
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Q�U3e(>YM8U n�M8>`I3U3U3N�H%AX[dRG��U H%A?V8M8>`NG_XI3U L�|?U3IWV8>YM � U�AXI3>?m�nGL O8O8H%AX[�V^@XUEI3>?m�n�TJUWV8UEnGL M^LYm�UWV8M8HJI



5 � ��������� ��� � � ����� � � ��� ��� � ��
��� � ����� ��
 ��� � � �

N�U3O8I3M8HJnXV8HJ>?AZ>YeqV^@XU�V^L M8[YUWV3~

� �
�
�
� � �DDD
���



�
� � � +`D j �

� Q2> V8U�V^@�LwV � H%m�n�TJHJI3HcV8T ; O8n�U3I3HcsGU3O2V^@XU�m�>`N�U3Tg>YM8N�U3M � D �]f
L M8[YUWVEm�>`N�U3Tg[YU�AXU3M^LwV8HJ>?A�H%A]>?_XM
e(M^LYm�UW��>YM8�+HJOgV^@`_XOgU3OaV8H%m5LwV8HJ>?A{>YeXV^@XU�|?U3IWV8>YM �qDg�kU���HJTJTdm�>`N�U3T	� � LYAXN V^@`_XO � �qL O _�AX�dAX>��2A
nGL M^LYm�UWV8U3M8O�L : >?_dVE�2@XHJIK@ AX> H%AXe(>YM^m5LwV8HJ>?A HJO�L3|YL HJT%L : TJU > V^@XU3M V^@�LYA V^@�LwV{n�M8>�|dHJN�U3N :<; V^@XU
P B2F H%m5L [YU3O3D

2 �J5'& ���<G�=!K N�GH; .	�+;�K�G�F
=!;�* C!A6=EOQK+=!R6;<G , A .6; �	� ;-V ;-=!K�GM>?AJV

B2OCN�U3O8I3M8H : U3N7n�M8UW|dHJ>?_XO8T ; LYAXN7N�U3n�HJIWV8U3N�H%A �
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Ψ Ψ| [  ]nQ (           )

E step:

Calculate Ψ Ψ| [  ]nQ (           )n[   + 1]Ψ

M step:

= arg max
Ψ
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L M8UEM8U3T%LwV8U3N V8> �kL I3I3>YM8N�H%AX[5V8>5V^@XU m�U�L O^_XM8U�m�U�A?V2m�>`N�U3T � � � �	 � � �8R��2@XHJIK@ N�UWV8U3M^m�H%AXU3O$V^@XU
U��Xn�U3IWV8U3N��'TJ>Y[��'TJHJ�YU3TJH%@X>`>`N e�_�AXIWV8HJ>?A � ��� � � � ��� �8D B : TJ>`I^� N�H%L [YM^LYm >YeE>?_XM : L O8HJI�L TJ[Y>YM8HcV^@�m
HJO5N�U3n�HJIWV8U3N7H%A �
HJ[?_XM8U1'dD xdD�f�@XU S LYAXN7\ OaV8U3n�O5V^@�LwV5e(>YM^m V^@XUZI3>YM8U >Ye�V^@XHJOoL TJ[Y>YM8HcV^@�m
L M8U�N�U3O8I3M8H : U3N H%A P U3IWV8HJ>?AXO�'dD x LYAXN 'dD +`R+M8U3O8n�U3IWV8Hc|?U3T ; D Q�U3I�LY_XO8U�V^@XU�S�\ m�UWV^@X>`N�HJO LYA
HcV8U3M^LwV8Hc|?U�n�M8>`I3U3NG_XM8U R HcVgM8U3ud_XHJM8U3O
LYA+H%AXHcV8H%L TJH! �LwV8HJ>?A � � � � 2 >?_XMgn�M8>`I3U3NG_XM8U e(>YMgn�M8>`NG_XI3H%AX[$O^_XIK@ELYA
H%AXHcV8H%L TJH! �LwV8HJ>?A HJO�N�U3O8I3M8H : U3N5H%A P U3IWV8HJ>?A 'dD 'XD
baA5L N�N�HcV8HJ>?A�R`�2@XHJTJU�H%A�n�M8H%AXI3HJn�TJU$V^@XU�S�\ m�UWV^@X>`N
I�LYA N�U�L TrN�HJM8U3IWV8T ; ��HcV^@ _�AX�dAX>��2A m�>`N�U3T�>YM8N�U3M � :<; H%A?V8M8>`NG_XI3H%AX[{V^@XHJO$ud_�LYA?V8HcV ; L O$nGL MaV$>Ye
V^@XU�I3>?m�n�TJUWV8U�NGLwV^L`R�V^@XHJO�L N�N�O$LYA _�AXN�U3O8HJM^L : TJU�TJUW|?U3Tq>YegI3>?m�n�TJU��XHcV ; V8>�>?_XM$L TJ[Y>YM8HcV^@�m D�B2O�L
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V8>Y[YUWV^@XU3M2U�A�L : TJUEL NGL nXV8Hc|?U+O8U3TJU3IWV8HJ>?A >Ye m�>`N�U3T�>YM8N�U3M�L O$V^@XU+L TJ[Y>YM8HcV^@�m n�M8>Y[YM8U3O8O8U3O3D �
H%A�L TJT ; R
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HcV8U3M^LwV8HJ>?A�D .�_XM�V8U3M^m�H%A�LwV8HJ>?A I3M8HcV8U3M8HJ>?A HJO$N�U3O8I3M8H : U3N H%A P U3IWV8HJ>?A 'dD jdD
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E step:

[  ]nQ ( )θ | θCalculate

(Section 4.2)

M step:

[  ]nn+1[       ] θ = arg max Q ( )
θ θ | θ

(Section 4.3)

θ[0]

n[  ]θ

initialization
(Section 4.4)

terminate?
(Section 4.6)

adjustment
(Section 4.5)

model-order
N

Y

target model

Z
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V8U3M^m�O3R�U�L IK@
N�U3n�U�AXN�H%AX[Z>?AXT ; >?A L O8H%AX[YTJUCn�M8H%m�HcV8Hc|?UoLYAXN >?A V^@XUoM8U3n�>YMaV8OEH%A L O8H%AX[YTJUoH%m5L [YU D f�@XHJO N�U��
I3>?_Xn�TJH%AX[CHJO�LoI3>?AXO8U3ud_XU�AXI3U�>Ye�>?_XM�H%AXN�U3n�U�AXN�U�AXI3U L O8O^_�m�nXV8HJ>?AXO2>Ye P U3IWV8HJ>?A +`D +dD � B O8H%m�HJT%L M
N�U3I3>?m�n�>YO8HcV8HJ>?Ao��HJTJT : U�n�>YO8O8H : TJU�H%AoV^@XU+\ OaV8U3n}D � B2O$O^_X[Y[YU3OaV8U3N :<; V^@XU�e(>YM^m0>Ye�� 'dD i �KR�U�L IK@
� � ' � ��� � � ��� ���� �2I�LYA : U�|dHJUW��U3N L O LZI3>?m : H%A�LwV8HJ>?Ak>Ye � � 
 hoN�H ��U3M8U�A?V n�U�A�L TcV8HJU3O L O8O8>`I3H%LwV8U3N
��HcV^@ n�M8H%m�HcV8Hc|?U ��H%A H%m5L [YU �G~$L5N�UWV8U3IWV8HJ>?A I3>?m�n�>?AXU�A?V�n�U�A�L TJH! 3H%AX[CLYA ; m�HJO^m5LwV8IK@ : UWV'��U3U�A
V^@XU5n�M8H%m�HcV8Hc|?U � O L IWV^_�L T�n�M8U3O8U�AXI3U5H%AkH%m5L [YU �kLYAXN HcV8O n�M8U3N�HJIWV8U3N N�UWV8U3IWV^L : HJTJHcV ; H%A�V^@�LwV{H%m �
L [YU R
LYAXN � � I3>?m�n�>?AXU�A?V8O�U�L IK@kn�U�A�L TJH! 3H%AX[CV^@XU�m�HJO^m5LwV8IK@ : UWV'��U3U�A V^@XU{I3>?m�n�>?AXU�A?V8O�>Ye�L
O8H%AX[YTJUCM8U3n�>YMaV{H%A H%m5L [YU � LYAXN V^@XUCn�M8H%m�HcV8Hc|?U � O{n�M8U3N�HJIWV8U3N TJ>`I�LwV8HJ>?A�RtLYm�n�TJHcV^_XN�U R�LYAXN V ; n�U
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: HJTJHcV8HJU3OgV8> : U�I�L TJI�_XT%LwV8U3N$#7>?AXUte(>YMgU�L IK@�� �  	  � �}V8M8HJn�TJUWV3D
baA+V^@XU3>YM ; V^@XHJO
I�LYA : U�L I3I3>?m�n�TJHJO^@XU3N
|dH%L�Q�L ; U3O��-M^_XTJU ~
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L O{LZO8U3M8HJU3O >Ye � H%AXN�U3n�U�AXN�U�A?VEm5L��XH%m�H! �LwV8HJ>?AXO � U�L IK@ >Ye��2@XHJIK@kI3>?_XTJN : U�H%m�n�TJU�m�U�A?V8U3N L O
O8UW|?U3M^L TqnGL MaV8HcV8HJ>?AXU3N S�lt\#m5L��XH%m�H! �LwV8HJ>?AXO�L O�N�U3O8I3M8H : U3NZL : >�|?U��8D
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Q�U3I�LY_XO8U V^@XUCS�\ m�UWV^@X>`N HJO�HcV8U3M^LwV8Hc|?U R�HcV�M8U3ud_XHJM8U3O�LYA H%AXHcV8H%L T$U3OaV8H%m5LwV8U � � � � V8> : U3[YH%A V^@XU
HcV8U3M^LwV8HJ>?A�R�W 1 $,1%R�V8>$U�A�L : TJU�V^@XU I�L TJI�_XT%LwV8HJ>?A >Ye � ��� � � � ��� �-H%A�V^@XU sGM8OaVrS OaV8U3n}DgbaA�O8>?m�U�O8I3U�A�L M8HJ>YO3R
O^_XIK@�LYA�H%AXHcV8H%L TJH! �LwV8HJ>?Aom�HJ[?@?V : U�n�M8>�|dHJN�U3N :<; n�M8HJ>YM H%AXe(>YM^m5LwV8HJ>?A �0$,12"31%R`LYA{U��XHJOaV8H%AX[+M8U��GU3IWV8>YM��
n�M8H%m�HcV8Hc|?U�V^L M8[YUWV�m�>`N�U3T�R
>YM{L M8>?_X[?@ m�>`N�U3T�>Ye�L V^L M8[YUWV�I3>?AXOaV8M^_XIWV8U3N :<; L]@`_�m5LYA�H%m5L [YU
LYA�L T ; OaV��8R : _dV�H%A [YU�AXU3M^L TqV^@XHJO2H%AXHcV8H%L TJH! �LwV8HJ>?Akm{_XOaV : U+> : V^L H%AXU3N]e(M8>?m�V^@XUEO^LYm�U+O8UWV�>Ye NGLwV^L
V^@�LwV�HJO2_XO8U3N H%ACV^@XU+O^_ : O8U3ud_XU�A?VtS�\#HcV8U3M^LwV8HJ>?A�D�baACV^@XHJO$O8U3IWV8HJ>?A ��U+N�U3O8I3M8H : U�>?_XM$n�M8>`I3U3NG_XM8U
e(>YM�n�M8>`NG_XI3H%AX[CLYA H%AXHcV8H%L TJH! �LwV8HJ>?A � � � � e(M8>?m 	 D B2O�H%AXN�HJI�LwV8U3N�n�M8UW|dHJ>?_XO8T ; RrV^@XHJO�H%AXHcV8H%L TJH! �LwV8HJ>?A
n�M8>`I3U3NG_XM8U]��>YM8�`OZH%A I3>?A !a_�AXIWV8HJ>?A���HcV^@ L m�>`N�U3T �'>YM8N�U3M L N,!a_XOaV^m�U�A?V OaV^L [YU�� N�U3O8I3M8H : U3N H%A
P U3IWV8HJ>?A 'dD - ��V8>5O8U3TJU3IWV2V^@XUEm�>`N�U3Tr>YM8N�U3M2L NGL nXV8Hc|?U3T ; L O$V^@XUES�\#HcV8U3M^LwV8HJ>?A]n�M8>Y[YM8U3O8O8U3O3Dtf�@XHJO
m�>`N�U3T �'>YM8N�U3M�L N,!a_XOaV^m�U�A?V�>`I3I�_XM8O+L e V8U3M�UW|?U3M ; \ OaV8U3n}R : U3e(>YM8UEV^@XU{V8U3M^m�H%A�LwV8HJ>?A IK@XU3I^�GR
LYAXN
HJO�I�L nGL : TJUE>?AXT ; >Ye  $�#!- )HW%[ "CV^@XUEm�>`N�U3T}>YM8N�U3M$>YM�TJU�L3|dH%AX[oHcV�_�AXIK@�LYAX[YU3N}D�f�@XHJO$H%m�n�>YO8U3O�V^@XU
H%m�n�>YMaV^LYA?VE[?_XHJN�U3TJH%AXU5V^@�LwVEV^@XU5H%AXHcV8H%L TJH! �LwV8HJ>?A O^@X>?_XTJN : U : H%L O8U3N V8>��tL M8N >�|?U3M8U3OaV8H%m5LwV8HJ>?A >Ye� ~ LYA ; >�|?U3Mas�V�I�LYA : UtI3>YM8M8U3IWV8U3N5H%A�O^_ : O8U3ud_XU�A?V HcV8U3M^LwV8HJ>?AXO :<; V^@XU$m�>`N�U3T �'>YM8N�U3M�L N,!a_XOaV^m�U�A?V
OaV^L [YU R : _dV$LYA ; _�AXN�U3Mas�VtHJO$n�U3M^m5LYAXU�A?V3D

baAZ[YU�AXU3M^L T�R�V^@XU+s-A�L TqnGL M^LYm�UWV8U3M2U3OaV8H%m5LwV8U n�M8>�|dHJN�U3N :<; V^@XUES�\ m�UWV^@X>`NZHJO2N�U3n�U�AXN�U�A?V
>?A V^@XUZH%AXHcV8H%L TJH! �LwV8HJ>?A � ><h�� D f�@XHJO5HJO5U3O8n�U3I3H%L TJT ; V8M^_XUZH%A O8HcV^_�LwV8HJ>?AXOoTJHJ�YU]>?_XM8O3R�H%A �2@XHJIK@ �
H%m�nGL MaV8O�L5m{_XTcV8H%m�>`NGL TrOaV8M^_XIWV^_XM8U+V8>5V^@XU TJHJ�YU3TJH%@X>`>`N e�_�AXIWV8HJ>?A � � 	 � ���8D2B�A U���U3IWV8Hc|?U�H%AXHcV8H%L T �
H! �LwV8HJ>?A n�M8>`I3U3NG_XM8U{m{_XOaV�O8U3TJU3IWV L � � � � H%A]V^@XU{|dHJI3H%AXHcV ; >Ye�V^@XU�m5L��XH%m�H! 3H%AX[Cm�>`N�U DEbaA > V^@XU3M
��>YM8N�O3R-V^@XU H%AXHcV8H%L TJH! �LwV8HJ>?Akn�M8>`I3U3NG_XM8UEm{_XOaV2H%m�n�TJHJI3HcV8T ; >YM2U��Xn�TJHJI3HcV8T ; N�U�L Tq��HcV^@ZV^@XU n�M8> : TJU�m
>Ye�L O8O8HJ[?AXH%AX[�I3>YM8M8U3O8n�>?AXN�U�AXI3U3O : UWV'��U3U�A�M8U3n�>YMaV8O3R?O8H%AXI3U�V^@XU�V8M^_XU�I3>YM8M8U3O8n�>?AXN�U�AXI3U3O N�UWV8U3M^m�H%AXU
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>Ye�L V^L M8[YUWV�n�M8H%m�HcV8Hc|?Uo�2@X>YO8UonGL M^LYm�UWV8U3M8O�L M8UCL O�[YHc|?U�A :<; ��� ���� Dkf�@XHJO{O^_X[Y[YU3OaV8O{V^@�LwV ��� ����
HJOEU3HcV^@XU3M{LZn�>`>YM+U3OaV8H%m5LwV8U � n�>YO8O8H : T ; NG_XU�V8> I3>?A?|?U3M8[YU�AXI3Uo>Ye�V^@XU5S�\ HcV8U3M^LwV8HJ>?A V8>]LZTJ>`I�L T
m5L��XH%m{_�m >Ye�V^@XU�TJHJ�YU3TJH%@X>`>`NCe�_�AXIWV8HJ>?A �
>YM�V^@�LwV�V^@XU2m�>`N�U3T�>YM8N�U3M�HJO�V8>`>{@XHJ[?@�D
baA�U3HcV^@XU3M�I�L O8U
HcV�HJO�L n�n�M8>Yn�M8H%LwV8U O8H%m�n�T ; V8>oM8U�m�>�|?UEV^@XU n�M8H%m�HcV8Hc|?U e(M8>?m�V^@XU U3OaV8H%m5LwV8U{LYAXN]N�U3I3M8U�m�U�A?V2V^@XU
m�>`N�U3T
>YM8N�U3M3D{�kU5m5L �YU{V^@XHJO+N�U3I3HJO8HJ>?A :<; I3>?m�nGL M8H%AX[ LCI3>?A?|?U3M8[YU3N n�M8H%m�HcV8Hc|?U � O+I�L TJI�_XT%LwV8U3N����� V8> L V ; n�U��'N�U3n�U�AXN�U�A?V�V^@XM8U3O^@X>YTJN � e(M8>?m L�O8UWV�>Ye � � V^@XM8U3O^@X>YTJN�O�U�m�n�HJM8HJI�L TJT ; IK@X>YO8U�A1V8>
M8U��GU3IWV2V^@XU e�L IWV�V^@�LwV�n�M8H%m�HcV8Hc|?U3O2��HcV^@]@XHJ[?@XT ; O8n�U3I�_XT%L M2M8U3O8n�>?AXO8U3O���HJTJT
L T%m�>YOaV�I3U3MaV^L H%AXT ;]: U
N�UWV8U3IWV8U3N H%Aoe(UW��U3M�H%m5L [YU3O�V^@�LYA5V^@X>YO8U���HcV^@ : M8>?L N�U3M�M8U3O8n�>?AXO8U3O��8D f�@XHJOtm�>`N�U3T �'>YM8N�U3M�L N,!a_XOaV��
m�U�A?V�OaV^L [YUZU�AXO^_XM8U3O V^@�LwV5L TJT$n�M8H%m�HcV8Hc|?U3O�I3>?A?V^L H%AXU3N H%A V^@XUos-A�L TtU3OaV8H%m5LwV8U >Ye � ��HJTJT$@�L3|?U
U�m�n�HJM8HJI�L T-n�M8> : L : HJTJHcV8HJU3Ot>YeqN�UWV8U3IWV8HJ>?AZLwVtTJU�L OaV$L Ot[YM8U�LwV�L O�V^@XU3HJM�V ; n�U��'N�U3n�U�AXN�U�A?V�V^@XM8U3O^@X>YTJN�O
N�HJIWV^LwV8U D .�AXU{N�M^L3� : L I^�ZV8> >?_XM�L n�n�M8>?L IK@�HJO�V^@XU{H%AXI3M8U�L O8U3N�I3>?m�nG_dV^LwV8HJ>?A�L T : _XM8N�U�A H%A]V^@XU
U�L M8T ; OaV^L [YU3O�>Ye}V^@XU�S�\ HcV8U3M^LwV8HJ>?A�R : U3e(>YM8U$V^@XU�U��dV8M^LYAXU3>?_XO�n�M8H%m�HcV8Hc|?U3O�@�L3|?U : U3U�A5U3TJH%m�H%A�LwV8U3N
LYAXN V^@XUC@ ; n�> V^@XU3O8H! 3U3N m�>`N�U3T�>YM8N�U3M{HJO{OaV8HJTJT$L MaV8HcsGI3H%L TJT ; T%L M8[YU D f�@XU : U�AXUWs�V >Ye$V^@XHJO{U��dV8M^L
I3>?m�nG_dV^LwV8HJ>?A HJO$V^@XU�H%AXI3M8U�L O8U3N]L NGL nXV8Hc|dHcV ; LYAXN M8> : _XOaV^AXU3O8O$>YeqV^@XU�s-A�L T}U3OaV8H%m5LwV8U �qD

2 � 5 � OQ;-=�I > V K�GM>?AJV 0 =�> GH;-=�>?AJV

F2LwV^@XU3M$V^@�LYA N�HJM8U3IWV8T ; m�>?AXHcV8>YM8H%AX[ � � 	 � � � ��� ��e(>YM$I3>?A?|?U3M8[YU�AXI3U R���UEL N�>YnXV$V^@XU+I3>?m�nG_dV^LwV8HJ>?A��
L TJT ; O8H%m�n�TJU3M�LYAXNo��HJN�U3T ; _XO8U3NCn�M8>`I3U3NG_XM8U2>Yegm�>?AXHcV8>YM8H%AX[EV^@XU�U3OaV8H%m5LwV8U3O � � ��� V^@XU�m�O8U3Tc|?U3O3D�baA
nGL MaV8HJI�_XT%L M3RXLwV�V^@XU$I3>?AXI3T%_XO8HJ>?A5>Ye}HcV8U3M^LwV8HJ>?A � � O8U3U �
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K	L lYk�mAlYt=u�l�t=l;r�vNM �Ls m�x�n-H�l;r 
PO�r=h\t=u�l;rwt=u�h��QM �6l�t=lcx�t�s n��ROXt=n�r�l�o�l;r)t=n�t=u�lYy�r�n �6k�x�t�s n��æn9o�h�y�rAs vws t�s H�llcm�t�s v�h\t=l(T 
�t=u�l�h\j q�n�rAs t=u�v©s �wn�r �6l;rSt=n�hRH�n9s �wx�n��6o�k�m�s n��wú�s t=u�t=u�l �6l�t=lcx�t�s n��wn9o0r�l;y�n�rAt�m`s ��s ���Ls H/s �6k�h\j6s v�h9q�lcm�z

a'rAs vws t�s H�l �Ls m�x�n-H�l;r 
Âr�lcÿ/k6s r�lcm �6l�t=lcx�t�s n��Xs �Xv�k6j t�s y6j l�s v�h9q�lcm2S"T�k6t �6l�t=lcx�t�s n���m�ú�s j j ��n9t�n9o ��lcx�lcm�m�s t 
Âj lch��Ât=n
�Ls m�x�n-H�l;r 
/z
T K�u�l T�n�k ���£nzT6t�h\s ��l��Vs �æt=u6s m�ú�h
£s m�h9y�y�r�n�ULs v�h\t=l T�lcx;h9k�mAlYs t ��l;q9j lcx�t�m)l2V0lcx�t�m�mAk�x=u¤h�m�x�j k6t�t=l;r�h����vws mAv�h\t�x=uOT�l�t�ú�l;l�XW�I�Y f�Z�[ ü Z	\ ü SSh����^]Japh\t�x=uwy�r�l��Ls x�t�s n���m I��6lcm�x�rAs T�l���s ��x�n��5_?k ��x�t�s n��wú�s t=uwt=u�lÉh\j q�n�rAs t=u�v � m

T�h�mAl�h9v)y6j s t=k��6l�lcm�t�s v�h\t=lwy�l;rAo�n�r�v�h���x�l�mAu�n�rAt�j 
�S=z ù � �Ls t�s n���h\j j 
�S�s t ��l;q9j lcx�t�m�t=u�lwy�r�lcmAl��x�lwn9o�oFh\j mAl�h\j h9r�v�m2SúÆu6s x=u«x�n�k6j � T�lÂq�r�n�k�y�l��¤ú�s t=u Ia`cbed fhg P�S�j l;q9s t�s v�h\t=lXr�l;y�n�rAt�m�t=nVy�r�n �6k�x�lXhVx�j k�m�t=l;r�t=u�h\tYmAk�r H/s H�lcm)t=u�ls �6s t�s h\j s ich\t�s n��Xm�t�h9q�l�z



��� �����	��
	����������������� ������
��	���� ��!"�#
"�%$�'&(�)
	�*��+��"��� ���	�-,�&.�� 
	�	�

azimuth [deg]

el
ev

at
io

n 
[d

eg
]

trihedral response [dBsm]:    specular elevation: 35.2644o   specular azimuth: 0o   rotation: 0o
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tophat response [dBsm]:    axis elevation: 90o   axis azimuth: 0o
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dihedral response [dBsm]:    specular elevation: 25o   specular azimuth: 0o   rotation: 0o
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cylinder response [dBsm]:    axis elevation: 65o   axis azimuth: 180o
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ÉlcmAy�n���mAlcm�n9o�o�n�k�rÆy�rAs vws t�s H�lcm�z	K�u�lcmAl�s v�h9q�lcm �6l;y6s x�tÆlch�x=u�y�rAs vws t�s H�l�� m�W�I�Y f Z�[ ü Z2\ üzSih\tÆluH�l;r 
y�n9s �/t�n��¥t=u�l=N� ����H/s l�úÉmAy�u�l;r�l�q�rAs �0z=ILK�u�l�s v�h9q�lcm�h9r�l�x�j s y�y�l�� T�l�j ncú�� ��U�mAv T�lcx;h9k�mAl�y�rAs vws t�s H�lcmÉh9r�l ��n9t
�6l�t=lcx�t�h�T6j lwo�r�n�v H/s l�ú�s ��qÂh���q9j lcm�h\t�úÆu6s x=u W�I�Y f�Z�[ ü Z	\ ü SÆs m�t=n/n�j ncú�z S9K�u�l)r�l�j h\t�s H�l)nzT�mAl;r H�h�T6s j s t�s lcm�n9o�t=u�l
�Ls V0l;r�l�/t�y�rAs vws t�s H�l�t 
6y�lcm2S0h�m�x�j lch9rAj 
5H/s m�s T6j l�h�T�n-H�l�S�u�hRH�l�h�m�s q��6s ��x;h��/t�s v)y�h�x�t�n��¥t=u�l�y�l;rAo�n�r�v�h���x�l�n9o't=u�lh\j q�n�rAs t=u�vYz



�����-� ��� � �5��� �	��
 ���#�� � ��� ��� ���(
��� �����(�������� � ��������� ���

  ' "%$Y¡ r�¡=ÇiÈGt-vxw�tzy�w�¦c¦ +".-0/21354 6�7�p�\���V��~\���0� "%$Y¡ r�¡=ÇiÈGt-vxw�tzy�w�¦c¦ ç6è�]�ð*)ÂÃ & õ�è�]Yð*)ÂÃ & ç6è�]Yð*)ÂÃ & õ�è�]�ð*)ÂÃ &~\�\���S�/}p�9{�� è��Fç6Ë�Ä�7 õ�Ä`� õ'6 3#� õ'7 ç�� è�è�è è�� 7�Å0õ~\���'�p{�~ è�� 3�õ'6�3 ç6Ë�ç��Fç�3 Ë�7�� Ë0Ê ç�� è�è�è ç�� è�è�è}p���S�/}p�9{�� è�� è0õ'70õ Ê#� õ�Å ç�� Ê'6 è�� Å�6�Ë è��Fç�Ê�Ä���`�F��|S}p�/� è�� è0õ�Ë�3 Ä`� õ�Å ç�� õ'6 è�� Ê'60Ê è��Fç�õ'7
>.?'@;A e B f �0f�
Él�j h\t�s H�l�nzT�mAl;r H�h�T6s j s t 
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�lch�x=uwy�rAs vws t�s H�l's �sPRQ�GF�h����=N�Q�GF ù��	� E ��h\t�h�mAl�t�m�z	K�u�l�rAs q�u/t=v)n�m�tSt�ú�n�x�n9j k�v ��m`y�r�lcmAl�/tr�n�k�q�u¥k�y�y�l;r T�n�k ����m�n��
��� d �� S�t=u�l�o�r=h�x�t�s n��Ân9oih\j q�n�rAs t=u�v r�k ��m�s ��úÆu6s x=uÂh)y�rAs vws t�s H�l�s m �Ls m�x�n-H�l;r�l��0z K�u�lcmAl
H�h\j k�lcmÆmAk�q�q�lcm�tÉt=u�h\t�úÆu6s j l�t=n�y�u�h\t�mÆh�����t=rAs u�l��6r=h\j m�ú�s j j;T�l �Ls m�x�n-H�l;r=h�T6j l�s �¥h\j v)n�m�t�h\j j�t=rAs h\j m2S �Ls u�l��6r=h\j mÆh����x�
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 �Lk�v)l;rAs x;h\j`s �/t=l;q�r=h\t�s n���n9o't=u�lXg ���RF ��U���h\s mAl;r�m�s �6l�j nzT�lGF�mAk�y�y�r�lcm�m�s n�����l;r ��l�jn-H�l;rÉhwm�ÿ/k�h9r�l�r�l;q9s n�� �6l�t=l;r�vws ��l���T 
�t=u�l�n-H�l;r=m�h9v)y6j s ��qwr=h\t=l�z
��� M�n�r�s ��m�t�h���x�l�S't=u�l�mAu�h9y6s ��q¥o�k ��x�t�s n��Vn9oÉt=u�l�t=n�y�u�h\t �6n�k�T6j lGF T�n�k ��x�l)s �9K`h�T6j l�N/z P �6l;y�l����m�n��£h��£h9y�Fy�r�n�ULs v�h\t�s n���t=n�t=u�l�y�r�n�_?lcx�t=l���h9r�lch�n9o�t=u�lÉt=n�y�u�h\t �6n�k�T6j lGF T�n�k ��x�lÉr�l;q9s n��cS6úÆu6s x=u�s m�x�n�v)y6j s x;h\t=l�� �6k�lÉt=n�t=u�lx�k�r H�l��Yx�n��/t=n�k�r=m�n9oSt=u�lxT�h�mAl�y6j h\t=l�h����Yx�
Lj s ���6l;r;z�� U�h�x�t �6l�t=l;r�vws ��h\t�s n���n9opt=u6s mÆh9r�lch)h\t�h�� 
%H/s l�ú�s ��q�h���q9j lr�lcÿ/k6s r�lcm �Lk�v)l;rAs x;h\j0s �/t=l;q�r=h\t�s n���� P-N���z
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� � K�u6s m�y�r�nzT6j l;vïs m�l2U�h�x�l;r T�h\t=l���o�n�rÆj h9r�q�l;r�t=rAs u�l��6r=h\j m2S6úÆu6s x=uYu�hRH�l ��h9r�r�ncú�l;r �6n�k�T6j lGF T�n�k ��x�l�x�n�v)y�n���l�/t�mh�����t=uLk�m�y�r�n-H/s �6l�j lcm�mÆr�n9t�h\t�s n���h\j�s �6o�n�r�v�h\t�s n��#z
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dihedral response [dBsm]:    specular elevation: 25o   specular azimuth: 0o   rotation: 0o
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dihedral response [dBsm]:    specular elevation: 24.75o   specular azimuth: 5o   rotation: 2.5o
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dihedral response [dBsm]:    specular elevation: 24.5o   specular azimuth: 10o   rotation: 5o
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dihedral response [dBsm]:    specular elevation: 24.25o   specular azimuth: 15o   rotation: 7.5o
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ÉlcmAy�n���mAlcm�n9oÉo�n�k�r�s �6l�/t�s x;h\j �Ls u�l��6r=h\j m�ú�s t=u �Ls V0l;r�l�/t�y�n�mAlcm�z ILK�u�l�o�n�r�v�h\t�n9oÉt=u�l)s v�h9q�lcms ��t=u6s m ��q�k�r�l�s m�m�s vws j h9r�t=n�t=u�h\t�n9o M`s q�k�r�l �/z �6z S���rAs l�/t�h\t�s n���m�n9o�t=u�l��Ls u�l��6r=h\j m�s ��mAk�x;x�lcm�m�s H�l)s v�h9q�lcm�h9r�lr�l�j h\t=l�� T 
Yhwr�n9t�h\t�s n��¥n9o'h9y�y�r�n�ULs v�h\t=l�j 
 � ��ú�s t=u6s ��t=u�l�mAy�lcx�k6j h9r�y6j h���l�z(K�u6s m�s j j k�m�t=r=h\t=lcm�h ��lch9r#F�s ��H�h9rAs h���x�ls � �Ls u�l��6r=h\j6y�n�mAl��px=u�h���q�lcm�s �wy�n�mAl�x;h��wy�r�n �6k�x�l�r�lcmAy�n���mAlcm`t=u�h\t'h9r�l �Ls ��x�k6j tSt=n �Ls m�t�s ��q�k6s mAucS�lcmAy�lcx�s h\j j 
wq9s H�l�v)lch�mAk�r�l;v)l�/t�m�n-H�l;r�n��6j 
YhwmAy�h9r=mAl�m�h9v)y6j s ��qwn9o`t=u�l�h�T�n-H�l�q�rAs ��m�z
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trihedral response [dBsm]:    specular elevation: 35.2644o   specular azimuth: 0o   rotation: 0o
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tophat response [dBsm]:    axis elevation: 90o   axis azimuth: 0o
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dihedral response [dBsm]:    specular elevation: 25o   specular azimuth: 0o   rotation: 0o

−180 −135 −90 −45 0 45 90 135 180

10
20
30
40
50

4

6

8

10

12

azimuth [deg]

el
ev

at
io

n 
[d

eg
]

cylinder response [dBsm]:    axis elevation: 65o   axis azimuth: 180o
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obstructed trihedral response [dBsm]:    specular elevation: 35.2644o   specular azimuth: 0o   rotation: 0o
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obstructed tophat response [dBsm]:    axis elevation: 90o   axis azimuth: 0o
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obstructed dihedral response [dBsm]:    specular elevation: 25o   specular azimuth: 0o   rotation: 0o
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obstructed cylinder response [dBsm]:    axis elevation: 65o   axis azimuth: 180o
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tophat 1 pose estimates: 10o AVSD
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tophat 1 pose estimates: 20o AVSD
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tophat 2 pose estimates: 10o AVSD
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tophat 2 pose estimates: 20o AVSD
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trihedral 1 pose estimates: 10o AVSD
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trihedral 1 pose estimates: 20o AVSD
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trihedral 2 pose estimates: 10o AVSD
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trihedral 2 pose estimates: 20o AVSD
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trihedral 3 pose estimates: 10o AVSD
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trihedral 3 pose estimates: 20o AVSD
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trihedral orientation matrix eigenvalue ratios
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spurious estimates:  10o AVSD
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(a) trihedral triple−bounce response component
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(b) trihedral double−bounce response components
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(c) trihedral single−bounce response components
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(d) overall trihedral response
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