
����������	�
����������������������
����! "���#�� %$�$�&('�$�$*) +,.- &�&�/�01 - )2�4345���687:9*6
;=<?>A@2BDCFEHGI>KJHBKBIJ�LNM�C?<�OQPDCHOR<SBKTU@WVD<X@2YZ<[EH\]@2BK>K^_Y`PIEHVXaZ^cbdBI@�efEgC?>�PIEFh
JjikOlMkaHJHY�aZ@2BKBKTU@m>AJHBKBIJHnoefJgpI>�qr>�PIEHGI>K@2nset@kumqvEgwxBIJjnzyx<[EHBK>�GDT

VSJgp{pX@2nAM�C?YZ>A@�e |kaZ@2PDC?<S>l}?@2M2PIJHy~J�VSJ�aZ^

�������1�����!�!�N�����%�"���(�I�����������*�������1�����������4������ g�:¡!���N¢2���£��¤¥��¦��������
§(¨*©�ª4«#ª"¬ª~®�«*¯%«�°*«�«*±³²8´�² µ¶²¸·¶«:¹8º%¨�©%°�»�¼�»�½!·!¹*¾�©¿¨*»%À1¹8©%°�«*Áj¨�¾¿¬�Â�¨*Ã³Á�Ä�º%¨�ª"¹*½NÅ8«*Æ�«:¹�©¿°*»�¼�»~»1ª%Ç�²¶È*É(Ê

Ë�Ë�Ì�Ì�Í�Ë ·!¹*¾�©¿¨*»"À�¹�©¿°*½È»4©%©%«�À
Î Å8«*Æ�«:¹8©¿°*«*ÁH®º¸Ç�ºÏ¹8¾"Ð�Ñ:¨�Ã�Á�¬#¨*«�Ò:ºÏ¹�©%«#ª4º4ª�½ Ë�Ë�Ì�Ì�Ó�Ô ·�¹8¾�©¿¨*»"À�¹�©¿°*½È»4©%©%«�À

Õ�Ö4×%Ø:Ù�Ú�Û�Ü�ÝkÞ£ß:à"á:Ý4â�ã�Û*ä�å£Ý4Þ1æ¿Ù*×%Ø�Ý�å�ç�ç1è¶æ"é

ê��4�4ë�34ì8�:
�	:5��l��ë�3�5�í#��í#	:�8��î�ë���9��:
:	�5#5#�:0��£�8�1ë�����3�98���K5�3���	:�*��ï�3���í#�:0��£ð��#ì#í��:01�ñí#9��#����	1ë�ë�	*�*ì8�:����9��:
:	�5#5#�:0��
���:5�5#���ò��î9�ó�	:í���	:5����:�ñ �ô�7:5#	:9�î�ð~3�5Zõ1ó�ó(3�í#�Z���1ì#��ó(��í#	:ö����F�8��
�3�98÷�5����4�*5#�:0�����ö83��8ë�3�5#��6[5�	�019*	:5���ö83�9*	�ø�ì�3�ë�	
ù �8�1ë�����3�9ñ'£ð���ì�í���úkí#98������	1ë�ë�û£�8�1ì~ì83�ú����*
���3��Xõ4ë�34í��*98��ï#3��4í#�:0������1ë�6�:�:74î��4ë��:
�ë�345�5���ú2ë��:í#	1ë���5����?î!
�34ë���ï#3�5#�#ü
3��?í#�:5�ö83�5#�*98	:ö����k�8��
�3�98÷�5����4�*5#��üý	�í#�*��
�5#��÷k���:5#�:
� (þ2�1ì#��ó(��í#	:ö���6£019*	:5���ï#5���÷ñî��4ë��:
���ú2��98��
��1ì����£íx�*9*	:5#��ó(�:9�ü
��	:ö������:98��3�5#��	�ö����:5�5��:ú2���*9�îí#��î98�Aí#	:�834ë��£5#3���	��*��í#	*�*��9��16�
�ë�6�ÿ���3�ú���62
ñ��î��ñ3����*
�3�5#5#�:�K��ø4��3�5#3�5#�����!÷k��3�í���ü
��î985���÷Zí#	:98�*��5X�Xõ1ó�ó(3�í#�*��
�5����4�*�S�4
�3����:9*	:���4346�5���6F5#	g��34ðkó�	:ø45���÷Z0:9*	:5���ö�	�÷� ��¶	:�������:�*983�5�� ���:5#�:���1ë�6#985#��3
í#�:5#ó(��04î9*	�ö����xì#��9�3�í#���:98	�� �#9*6���	162�j5#	:í#ë���5#5#	16����89834	1ë���ø�î!ÿ��£��3��46�
k�#98�:ö�3��4��3��:98��3�5#��	�ö����:5�5���üÏ�4�*9�îí���î985#��÷
��9�3�
�9*		�ñ3�5���úN�*�g��98��
�34ì83�5#�K�!÷�÷*	:98	:í#��3�985���3���3�í�����î98�£ �
¶�:ø4���1ð�5������*�2ó(��98����9��:
:	�5#��6x���:5#�:�8�1ë�6�985#�:ú����*9�îí8ü
��î98�Q�:7:����5��:
�	:5#	Z��3��:9�3��*��ï#3���í#�A���:��9834ì8���*
��:�ví��:� ����ÿk��3�985#�:0��g���1ì834ë���9��:
:	�5#��6S�8�:ë�6Fì���983�í����:9*	g
Hí#	:��ë�3�5�3�ü
��	:�*��í�	2��019*	:5���ï#5������Hî���ë��:
���6����N�������:�*
�3����4�*
1îÿ������ �Sõ�í�����349�����3�5#��	:ë���5����� 

��������#���� ��&� ����

������� ��!#"$��%'& (*),+.-�/0(,+21,3,4*56+7),8:9:;�/0(*/�+<4=864*56(�+:>=4*5:?
1�5A@./0BC;�D2+FE65:1�+	+HGID:/=1*/0;A8:+:('8.J�(�G�8:1,3,4*5AD2(=3K/�9LG�M*+.4�/=N
O 5A;A+.)�>=4*5AD	(=4�P�>QN�;A1�+:40/0B�RTS�U�UV+.J=(=P�W O ),5A/�D	>�56X,N�YZ/�+
4=8[@.),8.40/0\,+H),8.92X,+	1�8FX=;:G�>]D	),+:XIW^/I-�+._`(];�+:D:3�-�8FD O +2?
\=/�U�/0M=+:D:J�/=+ O ),5.N=;A1�+.4�/=NaWb+:D21,/c5.X=4=8[/09d4�/0>Kef/0X*J=5	?
J�)*/�D	(,8:1�1,/0M=+:D:J=8:NKgihFj�kml�nAWpo.qrRts�8./�E65.1�+:+mN�)*J*5ABd5AD25	?
E6+:4�4=5AD2(=3�_uN�;61�N,+:(*DLN[D O 5AD256EA4*5AD2(=3[D:),8.;�4�/�(,+	1,3,4*5vDL1,8	?
EAP�>^D	/�1 O 5A;�+:),>=4*5AD2(=4*5A@	5wD	\,+ O 1�+.4�/=Nb5A)*/=+:4�(*/I),5A;A8.(=3^4*+
(,5:1*3�J=5 O )*/0@.),864�/0M04�Px+H-�5.1�+:J*G01,PyhFj�W`4=5d/z),8:D O ),5:?
D2(=),864*N=(*3{D	;�56+F;A1,/�N=40/=+H4�8[J*5A4=U�/0@2G�),86\=/0_|X=/0),+.J=(,5:?
),8m;}56E.1�8.D2(=/~W�GIX*8	1�+:4�4=56Bd5.(H-�+	eZUV8.9	4=56Bd@.),864�/0\=P�4=8
4*+.D	J*5.1,3,J*5cX,+.DLN=(=J*5A;�-�/IJ�),5A4aR S#(,5cD	;�5AB�D	(*;�5,WmX*86_�?
Y�+	+v;�569	-�5:ef4*5AD	(=3{D25.9	X*8.;�8.(*3[(*),+:E	G0+:-�G�_u5A),/�+:4=(*86\=/*?
5A4�4,G�_�D	(*)AG�J�(�G~)6GQef/0X*J=56J0),/0D2(*8:1�1*/0M*+.D	J*5A@	5dDL1�5:N O 5:?
D	),+:X,D	(=;A5A-�UV5A)*-�/I),56;�864�/=NvD25656(*;�+	(*D	(*;.G�_�Y`/0>�@.),864�/0M*?
4�P�>`GaDL1�5A;�/0B�W�D21AG=ef/�(w5AD	4*5A;�56B�X,1�NfU�G�40J�\=/=5A4�/I),56;�864�/=N
;�D2+	>ZDL5A;�),+.-�+.4�4�P�>Z�	1�+:J�(*),565 O (=/0M=+:D:J�/0>�hFj�GaD2(=),5AB�D2(=;=R
��4*+:�`4*+:+��	1�+.J=(=),/IM*+.D	J*56+ O 5.1�+ O +:),+:56)*/�+:4=(=/0)AG0+:(�hFjK;
56E6�~+:-�+AW=4*5Z4*+p/09	-�+:4*N*+	(�D�G~Y�+.D2(=;�+:4�4=5�D2(=)AG�J=(�G�)AG�-�+	eZ?
UV8:9:4*5AB�@.),864�/0\=P�Rv��5ADL1�+�;�P�J*1,_�M=+:4�/�N O 5.1�N�D:/=1*P O 5:?
;A+.)�>=4=5AD2(=4*5A@	5];A9	86/0-�5.X,+.B�D2(=;�/=Nz;�5AD2D	(,864=86;A1,/0;�86_`(c/�DL?
>�5.X=4,G~_cJ*5A4=U�/I@LG~),8.\=/I_QX=/0),+.J=(,5A)�8�;�56E6�~+:-�+�hHjpR

��8.404�P�B�-�+	(,56X'G O ),8.;A1�+.4�/=NC�:U�UV+.J=(=/0;�+:4z1,/I�`3Q;
O )*/=1�5.eZ+:4�/I/'J{hFj�56E6�~+:J�(,86-�DLG O ),86-�/IJ�),5A4�4�P�>])�8.9L?
-�+.),5A;*W O 5AD:J*5.1,3,J,GmX,1�N��!�#���	�4���#�.�����:��������� �L�~�*�^���¶�����2�

�i i¡£¢¥¤�¦�§ ¨ª©~«£¬	£®#§ ¯:° é ± i¦�²i³ é µ´

���0�a����l ¶=W6·AqI>*86),86J=(,+:)*4=8¸56EA),8:(=4*5 O ),5 O 56)*\=/�564�8	1*3�4�8	N�928	?
;�/0D	/I-�5AD	(*3�4=8 O )�N*e�+.4�4*5AD2(=/ O 5A),5A@25A;�5A@25 O 5.1�Nb56(¹),8.9	-�+L?
),8�hFj O 5.1�5AD	(=/�Rp�VDL1�+:X*D2(=;�/�+Z�:(,56@	5,WaX,1�NºhFjF56E6�~+:J=(,5A;
D�GaEA-�/IJ�),5:?`/v4�8.4=56),8.9	-�+:),5A; O 5A),5A@	56;�56+ O 5.1�+ O ),+:;�P��Z8	?
+	(�4�8 O )�N*eZ+:4�/�+��	1�+.J=(=),/IM*+.D	J*5A@	5 O ),56E65.NIWpM=(,5 O )*/04�\=/=?
O /�8:1*3�4*575A@.),864�/0M�/I;A8:+	( O )*/0-�+:4=+:4�/�+�X*864�4*5A@	57�:U�UV+.J=(*8
J}G O )�86;A1�+:40/0_�(,5640J�/0-x/vhFjzDL1�5.N�-x/�/=1*/vJ*5A- O 5.9:/�(*8	?
-x/�DL5656(=;A+:(,D	(=;:G�_�Y�+:B�),8.9	-�+:)*4*5AD2(=/~R

j�5A4�\,+ O (�Ga8:1,3,4*5^/04*5AB O 56X=>�56X�),8.9	;�/0;A8:+:(,D2N�4�8�5AD:4*5:?
;�+�(*8.J^4�8:9:P�;A8:+:-xP�>[���:�����»�����[¡���¶�:���L�N�������¶���N�����0�a���
l¼n�W0½:qrW O ),+	X*D2(*86;61�N=_�Y`/I>�D256E65ABº(=),864=D2UV5A)*-�8.\=/I_]56E6�~+:-�?
4*5AB�5A)*/=+:4�(,86\=/I/ºX=/I),+:J=(,5A),8�;�DL1�+:X*D2(=;�/�+Z/�9:-�+.4*+:40/=N¹E68	?
1�864=D	8�5A)*/=+.4=(=/0)AG�_�Y�+:@	5�X�+.B�D	(*;�/=N�)�8.921,/0M04�P�> O 56;�+:),>�?
4*5AD	(*40P�>¾D	/�1�R ¿¸/ O /IM�4�P�- O )*/0-�+:),5A-ÀN�;61�N*+:(,D2N O +2?
),+:56)*/�+:4=(*86\=/=NFDL1�5:NH4*+:-�8.(*/IJ=8�W��:J�),864�/0),5A;�8.404*5A@25�(,5A4,?
J*5AB<86-�5A)*UV4=56B O 1�+.4�J*5ABÁgµ(,5.1,Y`/I4*5ABÃÂzn:Ä¹40-�kp5.(�J�)*/�DL?
(*8:1�1,/IM*+.D	J*5AB O 56X�1�5.e�J0/Ål Æ*WxÇ	qrR��¸)*/��:(�5A-z5A)*/=+:4�(*/I)6GI?
_�Y�+	+�;A5692X,+.B�D2(=;�/=+ O 1�+:4�J�/�/ O 56X,1�5.efJ�/�X,5.1�ef4*5�EAP¸(=3
),8.9L1,/IM�4�P�-pW�4�8 O )*/I-�+.)�W O 1�864=86)*4�P�-z/�@	56-�+:5.(=),5 O 4�P�-pR
�V86),/086\=/=NF(�+.- O +.),8:(�G~),PÈl ÆAqZ/=1*/F(,5:1*Y`/04�P O 1�+:40J�/Kl Ç.q
/�9:-�+.4*N*+	(�E68	1,864=Dp5A)*/=+.4=(=/0)AG�_�Y�+:@	5`X�+.B�D	(*;�/=N^/�/I4�/0\=/=?
/0)AG0+:( O +:),+:5A),/�+:4=(*86\=/0_zDL1�5.N�hFj�R

�V1�N O )�86J=(=/IM*+:D:J�/0> O )*/=1�5.e�+.4�/0Bd4=86/�E65:1�+	+};A5AD	(*),+2?
E65A;A864�PtD O 5ADL56EAP¾-�56X*/0U�/0J=86\=/0/�@.)�864�/IM�4�P�>mGID21�5A;�/IBÁD
O )*/0-�+:4*+.4�/=+.-��	1�+.J=(=),/IM*+.D	J*5A@	5 O 5.1�NIR�¿x86JaW=4�8 O )*/I-�+.)�W�;
),8:E65.(,+�l ÉAq$X,1�N��	(,5A@	5b/0D O 5.1,3�9L5A;A864�P O 56X,1�5.efJ�/�W O 5AJ�)*P�?
(=Px+ºD2+:@.4*+	(,5.�21�+:J=(=)*/0M=+:D:J�/0-zhFj O 5.1,/I-�+.),56-pRÁÊ�9:/0-�G0?

·�·�Ä ����������	�
��l���� ����� ���_
����! ")N'�� - &�&�/



�¶��¶�1�~�*���!�N����N�	� �:�����~�~���¶�������¡#�¶�1������ g�1��������� ·�·�n

(*8	1*3�4�8	N O +:),+:56)*/�+:4=(*86\=/=NFX=/0),+:J�(�5A),8�;mhFj O 5.1,/I-�+.),+
O )*/Å/09	-�+:4*+.4�/0/ O 5.1�N�)*4*5AD2(=/ O ),/�1�5.eZ+:4�4*5A@	5v4=8 O )�N*e�+2?
4�/=N^;�P¸9:P�;A8:+	(�DL5656(=;�+	(*D2(=;:G~_�Y�+:+¸5A),/�+:4=(*86\=/=5A4�4=56+ O ),+2?
;�),86Y�+:4�/�+7;}56E6�~+.-�+}4*+:-�8.(*/IJ=8�W�@:),864�/IM=86Y�+.@	5mD7(*86J*5AB
O 56X�1�5.e�J=56B~R

��+	1,3,_KX,864�4=56B7),8:E656(=PdN�;61�N,+:(*DLN¹/�D	DL1�+:X,56;�864�/=+�;A569L?
-�5.ef4*5AD	(*/�-�5.X=/0UV/IJ=86\=/0/ O 5A;A+.)�>=4*5AD	(=4*5A@25'D:\,+ O 1�+.4�/=N
4=8w@.),864�/0\,+�),8:9	X,+21�8
	 O 5.1,/0-�+:)��¹hFj� O 5AD:),+	X*D2(=;�5A-v1�5:?
J=8:1,3,4*5A@	5}/�9:-�+.4*+:40/=NHJ=5640\,+:4=(=),86\=/0/[/�56404*5A@25�D�G~)*UV8.J*?
(*8.4�(,8¹; O )*/ O 5A;A+.)�>=4=5AD2(=4*5A-]DL1�56+ O 56X7X,+:B�D	(=;�/=+.-[�	1�+.J,?
(=),/IM*+.D	J*5A@	5 O 5.1�NaR

������� ���~"��f��!��~% ��J=86M*+.D2(=;�+�56E6�~+:J�(,8F/�D	DL1�+	X,5A;A8	?
4�/=NH/�D O 5.1*3�9256;�8:1,/�D:3 O 1�+:4�J0/HJ�8 O DLG01,/I),5A;A864�4*5A@	5 O 5.1,/=?
-�+.),5A- ef/0X*J=56@	5�J0),/0D2(*8:1�1,8�gij��xhFj�k�W<X,5 O /0),5A;A864�4=5	?
@	5Á/�5A4�4�P�-�D�G~)*U$86J=(*864=(,5A-�R��$EA),8.9	\=P�j��xhFj O 1�+:4*5AJ
O )*/0@	56(,86;A1,/0;�8:1,/�D:3 O 5Ã),8.D2(=;�56)*4*5AB�(,+	>=4*5.1�5A@./0/{l ��Wxn.Ä.qrR
& -�+:D:3HhHjpW O 5:1*/0-�+:),8Á/K/=5A4�4*5A@	5vD�G~)*UV8.J�(,864=(*8�;�;A+2?
DL5A;�56-]D2565.(=4*5A��+:40/0/vn�� n�� Ä=R Ä=n�W�D2565.(=;�+	(*D2(=;�+:4�4=5�W#),8.D2(=;�5:?
)�N,1,8.D	3 ;¾�	(=/=1�5A;A5A- D O /0),(,+AR � J=86M*+:D	(=;A+ChHj /�DL?
O 5.1,3�9L5A;A8:1�D2N<�Z/I),5AJ*5º/�9:;A+.D2(=4�P�B�4*+.-�8.(=/0J<·A? 4,? O +:4=(=/=1�?
·! ?£\=/0864*56EA/�UV+:40/=1 gr½�"$#pk�D[(,+:- O +:),8.(�G�),5AB O ),5AD	;�+	(�1�+2?
4�/=N&%('*)�¶�·$+	&Ã/ O 5AJ=8.928.(,+21�N=-x/ O ),+	1�5A-�1�+:4�/�N-,/.0)wn��¼ÇAo�½*W
,�1�)fn���½A¶�·�g2%3)Zo�o + "¸k�RV��5.1*/0-�+:)*4�P�-QJ*5A- O 5A4*+:4=(,5A-cN=;6?
1�N*1�D2N O 5.1*/0;�/I4�/=1�E2G�(=/0),8:1,3[g54�67#�k�-�8.)*J�/'n:�x�pWpJ*56(,5:?
)*P�B}56E6+:D O +:M�/I;A8:+	(�(*864�@	+:4�\=/08	1*3�4=56+<g O 1�864=86)*4*56+.k�D	\,+ O ?
1�+.4�/=+�D�-�5:1�+:J,GI1�86-�/Ã½�"$#tl�n�nLqrR`��5AJ=8.928.(,+21,3 O ),+21�56-�1�+2?
4�/=N84�67#9,;:<)'n�� ·���o=R

=¸564=5656E6),8.9�G~_�Y`/0- D�G~)*UV8.J�(,864=(,5A-yN�;61�N*1,DLNQ\,+	(=/=1�?
(=),/I-�+:(=/=1A?£86-�-�5A4�/0BfEA),56-x/�D	(=P�Bºg>"@?�AB#pk�W�J*56(,56)*P�B O )*/
5 O ),+	X,+21�+:4�4*5AB�J*5A4�\,+:4=(=),86\=/0/�928.X*8:+	(Á4*5A)*-�8:1,3,4�Px+}gi@	5:?
-�+:56(=),5 O 40Px+:kZ@:),864�/IM�4�Px+�GIDL1�56;�/=NÁl¼n�nLqrRf��8.404*56+^DL56+	X=/=?
4*+:40/=+AW�),8.D2(=;�56)�N*N=D	3�;�hFj�W.),8.D O 8.X*8:+	(*DLN�4=8x56(=),/I\*8.(�+	1,3A?
4*5p9286)�N*e�+.4�4�P�B�/=5A4<#DC�E�/ O 5:1�5.e�/0(,+21,3,4�P�B�/=5A4&"@?FAHGxR
��5A;�+:),>=4*5AD2(=4*5:?£86J=(=/0;�40Px+xD:;A5AB�D	(=;A87"@?FA�#�5 O ),+:X�+	1�N�_`(�?
DLNtJ=8.(=/=5A4=86-�/~WÃJ*56(�5A)*Px+AW78.X*DL5A),EA/0)AG*N=D:3z4=8'-�+2e`UV8:9L?
4*5ABz@.),864�/0\,+�Wb-�5A@LG�(KD2UV5A)*-�/I),56;�8.(*3Å-�5A4*5A-�5.1�+:J*G01�N�)�?
4�Px+bDL1�5A/mD�4�8 O ),86;61�+:4�/�+:-ÅX,1,/0404�P�>�8:1,J�/�1,3,4�P�><\,+ O +.B
" �JI�K7LML O +:) O +:4�X*/IJ,G01�N=)*4*5 O 56;�+:),>=4*5AD	(*/~R�V1�Nº/0D2DL1�+	X,5A;A864�/�N�(,+:J=D	(�G~)*4�P�>¹/�9:-�+.4*+:40/0B7;�4*+:-�8	?
(=/0M*+.D	J�/I>wJ=8 O 1�N=>�/0D O 5.1,3�9L5A;�8	1,8.D	3�N=M=+:B0J�8�gi)*/�DARªn6k�W�;ZJ*5:?
(,56),5AB]�	1�+:J�(*)*/IM*+:D:J*56+ O 5.1�+}E6Px1�5�4=8 O ),86;61�+.4*5�; O 1�5ADL?
J*5AD2(=/7j���hFj O 1�+.4�J�/~R$NV8:D	D2(,5.N�4�/=+w-�+2e�X�G O 5.1�5AD:J=86-�/=?
�21�+:J=(=),56X*8.-x/HDL5AD	(,86;A1�N*1�5Án.Ä�Ä�-xJ�-�R{�c�:J=D O +:)*/0-�+:4�(,86>
/�D O 5:1*3�925A;A8:1,/0D	3�J*5A- O 569:/�(=4�Px+ O 1�+.4�J�/~W O 56X=;A+.)*@:4*Ga(=Px+
56X*4=565AD	4*5A-�G[),8.D2(�N*e�+.4�/0_�RÁs�8��21�+:J=(=),56X=P O 56X,86;�8	1*/�D:3
-�5A4*5 O 5.1�N�)*4�Px+p�	1�+.J=(=),/IM*+.D	J�/�+�/0- O G01,3�D	P O )�N�-�5	G�@	5.1,3A?
4*5AB�UV56)*-xPdX,1,/0(�+	1,3,4*5AD2(=3,_zn�D�/�;�86),3,/0)AG0+.-�5AB¹86- O 1,/=?
(�GIX,56B�56(¹ÄbX,5¹n.Ä�Ä�Ä$��R

s�8	E.1*_`X�+.4�/=+b(,+:J=D	(�G�)*4�P�><J=86),(=/04}J=8 O +21*3ºhFj O ),5:?
;A56X=/=1�5AD	3 D�/0D O 5.1,3�9L5A;�8.40/=+:- O 5.1�N�)*/�9	86\=/=5A4�4*5A@	5 5 O ?
(=/0M*+.D	J*5A@	5�-x/0J�),5AD:J*5 O 8O4DP7QFABRS4�? n�n:¶�W�5AD	4=86Y�+:404*5A@25
\=/�U�),5A;A5AB¾;�/�X,+:56J�8.-�+:),5AB~W7;'@	+:56-�+	(=)*/0/¾D	J�),+.Y�+.4�4�P�>

������ ��� UTN÷�3���	jõ�í�����349�����3�5#��	:ë���5#�:ú?6#ï�3�ú�í#�N f�2V6��õ�ë�3�í#�*9���ü
ï#3��4í#�:3[�8�1ë�3Z
���í#ë�ÿkï#3�5��*�����:5#�¥9*	1���8�:ë��1ð~3�5�� ÷8	1�:�*��ï#5#�XW
�ZY��(�8�1ë�3�
�í�ë�ÿkï�3�5#�*�8���:5#�cë��:í#	1ë���ø"îÿk���462
�71ë���ø4�g�4�:�:�*
�3���ü
���*
�îÿ��£��÷Hõ4ë�3�í��*98�1ì��:

O 5.1�N�)*/�9	8:(,5A),5A;*W�87(*86J*eZ+�D�;�P�J=1,_�M*+.4�4�P�-Q864=8:1*/�928.(,5:?
),5A-�R

[���\�]�^`_a�cbd�(e¹%b�V1�NÃJ=8 O +	1,3�4*+:-�8.(*/IJ=8�½�"$#�W J=8 O D�GI?
1,/I),5A;A864�4*5A@	5w;�M0/�D2(,5AB O 5.1,/0;�/04�/�1�E	Ga(=/0),8:1,3,4*5AB�-�8.(=)*/*?
\,+mDm(*8.40@2+.4�\=/�8:1*3�4�P�-�D	\,+ O 1�+.4�/=+.- >*86),8.J�(�+.)*4=8�EA/ O 5:?
1�N�)*4=8:N�J=564�UV/I@2G�),86\=/=N�X=/0),+.J=(,5A)�8�l¼n.o:qrR�s�8b),/0D6R�o O ),+	X�?
D2(*86;61�+:4�P[(�+.J=D2(�G~),40Px+�J�8.),(=/040P{J=8 O 1,/�4*+.-�8.(=/0J�8w/�DL5:?
56(=;A+:(,D	(=;:G�_�Y`/=+�J*5A4=U�/0@2G�),86\=/0/mX=/0),+:J�(�5A),8�W#(=/ O /IM�4�Px+
X,1�N{/0D2DL1�+	X�G0+.-�5AB]J*5A- O 569	/0(=4*5AB O 1�+:4�J0/�R�j�86JÅ;�/�X=4*5,W
5A)*/=+:4�(,86\=/�56404=8:NºD2(=)AG�J=(�G~)�8�J=8 O +21,3�5AD	(,8:+:(,D2N¹EA/ O 5.1�N�)�?
4*5AB�gr)*/�D6R�ogf,k�W M=(,5�D:;�/0X�+:(,+21,3�D2(=;:GI+	(^5bDL56>=),8.4=+:4�/I/<(*864,?
@	+:4�\=/08:1,3,4*5A@25 O 5A;�+:),>=4*5AD2(=4*5A@	5^D	\,+ O 1�+:40/=N O )*/m/0D O 5.1,3A?
9�GI+:-�56B7J=5640\,+:4=(=),86\=/0/�D�G~)*UV8.J�(,864=(*8h"@?�AB#�R

� @	+:5A-�+:(*)*/I/ D ;�P�J*1*_�M*+:4�40P�- 864=8:1*/�928.(,5A),5A-
gi)*/0D6R�ogf=W�D21�+.;A86k¹X=;A8}(,5AM*+:M�40P�>FX�+.UV+:J�(,8	? E2GaX�e�G�-�8Hl�n.¶.q
O ),5.N�;61�N�_`(*DLN¹;�;�/0X�+`(,+:-x4�P�> O N=(,+:4�4=8wJ*5A4�\,+�X,1,/I4�4*5AB
5AD	/v;�P¸(�N=4*Ga(,5ABÁJ=8 O 1,/�R7S�(,5�56E2GaDL1�5A;A1�+:4=5º),+	9:J�/0-z@:),8	?
X=/=+.4=(,56- O 5AJ=8.9	8:(,+	1�N O ),+	1�5A-�1�+:4�/�Nm;º56E.1�8.D2(=/}X,+:UV+.J=(*8
/�W=DL1�+	X,5A;A8.(,+21*3�4*5,W,/I4=(,+:4=D:/0;�4�P�-Á1�56J�8	1*3�40P�-Á)�8.D	DL+2N�4�/=?
+:-�D:;A+:(*8�R���5��	(,5AB�e�+ O )*/IM�/04*+�>�5A),5A��5�;�/0X*40P�G�M�8:D	(=J�/
@.),8.40/0\=P J=8 O 1*/�W`@	X,+ O 5.1�N�)*/�9	8.\=/�N[D	;�+	(*8�DL5A; O 8.X*8:+	(FD
1�5AJ=8:1*3�4*5ABF5A)*/=+.4=(*86\=/=+:B{X=/0),+:J�(�5A),8�RjiaX,+.D	3�@.),8.X=/=+:4�(
O 5AJ=8.928.(,+21�N O ),+	1�5A-�1�+:4�/�Nlk&,9)m,/.Dno,;:7-�8.J�D	/0-�8:1�+.4aR
p�M=8.D	(*J0/z@.),864�/0\=P D�5A),(,5A@25A4=8:1*3�4�P�-y),8:D O 5.1�5.e�+.4�/=+.-
X=/0),+.J=(,56),8</ O 5:1�N�),/09286\=/0/�D	;�+	(*87;�/0X=4�Pt-�+.4*+:+�),+	9:J*5,W
O 5AD	J=5:1*3�J*Gz;H�	(,5A-�DL1AG~M=8:+v@.)�8.X=/=+.4=(qk&,r)s, 1 nt,;:
-x/04�/I-�8:1�+.4aR

����������	�
������� ���:�����{
����! �)¶' � - &�&�/



·�·*o �£�"���:����!������#���I�4���"�����*�������:�#� �������������N ��:¡!�*�¶¢x������¤r�*¦����N���

 

E

 

 = 0

 

E

 

 = 0 4 

 

µ

 

m

 

E

 

E

E

 

E

 

(a)

(b)

(c)

������ -  �T�ë�3�
�	?'òó(�:���:0198	:ó(��� í#	:��ë���5#3���	:�*��í#	D�#98��
���í�ë�ÿkï�3�5�5���� 	:5#	1ë���ø�	:���:9�3 Wx
Kö83�5#�*9�3F'ló(�:����019*	:ó(���ò
A��í#9�3���3�5#5���÷
�8�1ë�6�98��ø�	:���:98	�÷ W�����9*	:
�	�'X�4�:�:�*
�3������*
�îÿ�����3[í��:5�ó(��04î9*	:ö#���Fì#��9�3�í#���:98	* gô³98��345���	:ö#�#6X���1ë�6#98��ø�	����:98�:
F���:í�	�ø�	�5�	jì#
���ú�5���� �
���*9834ë�í#	:� �N r�ë�3�í#�*98��ï#3���í���3?�8�1ë�3���� - ��&$
 5#	:��98	:
:ë�3�5��A
�ì8�1ë��cì8ë���5#5#�:ú �:��� í#	:��ë��`W`�2V.�H�8�1ë�3?
���í�ë�ÿkï�3�5#�XW��ZY=�j
�3�í����:9
õ4ë�3�í��*98��ï�3���í#�:0��x���1ë�6�� 5#	:��9*	�
:ë�3�5[
���98	:
��XWI� + ��
�3�í#����9�� 5#	:��98	:
:ë�3�5F
:ë�3�
��

�zD:J�),+:Y�+:404�P�> O 5.1�N=)*/0928.(,56),86>]gi)*/�DAR o�f=Wp;�\,+:4�(*),+.k
;�/0X*40PFX*;�+ O 5.1�5AD	P O 5A@:8:D	864�/=NaWIJ*56(,5A),Px+`/�D:>�56X,N=(^/�9�X,+2?
UV+:J=(,5A;�4=8 O 5.1,_�D	86>�J�8 O 1*/�;�X�5.1*3`+	+�X�1*/04�4=56B¹5AD	/º/�W O 5:?
D2(,+ O +.4�4*5m),8.D	�`/I)�N*N=D	3�Wx9	8.(�+.-�4=N=_`(�;�D	_y\,+:4=(=),8:1,3,4,G�_
56E.1�8.D2(=3wJ�8 O 1*/�R�s�8`),/0D6R�ogf�D O )�86;�8Z�Z(=)*/0>�5A;�P�-x/w1*/04�/�N,?
-�/wD	>�+:-�8.(=/0M*+.D	J�/ O 5AJ=8.92864=8¸EA/ O 5.1�N�)*4=8:NfJ*5A4=U�/0@2G�),86\=/=N
X=/0),+:J�(�5A),8�;b\,+.4=(=)�8:1*3�4*5A-FD2+:M*+.4�/0/7J=8 O 1*/74*+:-�8.(*/IJ=8�R

s�8b)*/0D6R�o	� O ),+	X*D	(,86;A1�+:40P{UV56(,5A@:),8.U�/0/7J=8 O 1*/�W~DL5656(�?
;A+:(*D2(=;:G�_�Y`/�+�J*5A4�\�G]/I- O GI1,3�D28�W¸J*5A@	X*8m;�+:J=(,5A)�4=8 O )�N,?
e�+.4�4*5AD	(*/��	1�+.J=(=),/IM*+.D	J*5A@	5 O 5.1�Nw4=8 O ),86;61�+:4w; O ),8.;�5wgiD	-pR
)*/�D6R n
�ak�R¾Êx4�8	1*/�9 O )*/0;�+	X,+:4�40P�>F(�+.J=D2(�G~) O 56J�8:9:P�;A8:+	(=W
M=(,5f;Z�	(,5A-vD21AG�M�8	+ O )�86;�P�B^X,+:UV+.J=(�?rE	GIX,e�G~-�),8.D O 8.X*8	+:(�?
DLN7/<;��	(,5AB O 5.1�56;�/04*+wJ�8 O 1*/7UV5A)*-�/I)6G0+:(*DLN O ),86J=(=/0M=+:DL?
J�/v5.X=4*5A),56X=4*56+<),8:D O ),+	X,+21�+:4�/�+ºX=/0),+.J=(,5A)�8�W O 86),8:1�1�+21,3A?
4*56+ O )*/=1�5:eZ+:404*5A-�G O 5.1,_�R �¾1�+:;�5AB O 5.1�56;�/04*+vJ�8 O 1*/
(,+:J=D	(�G~),8º/�9:-�+.4*N*+	(*DLN}4*+	9:4=86M�/�(,+21*3�4=5�W�M=(,5�D:;�/0X�+:(,+21,3A?
D2(=;:G0+:(H5�DL56>=)�864*+.4�/0/]9	X�+.D	3F/0D	>�56X*4=56BKJ*5A4=U�/I@LG~),8.\=/I/
X=/0),+:J�(�5A),8�R ��)*/�+:4=(*86\=/=5A4�4=8:NbD2(=)AG�J=(�G�),8�W�D2565.(=;�+	(*D2(=;:GI?
_�YZ8	N�4*5A;A5A-�GmDL5AD	(�5.N�4�/I_CJ�8 O 1*/�W O ),/I;A+:X,+:4=8�4=8�)*/0D6R�o	�
D O ),86;A8�RZ�V1�N7X,864�4=56B}J*5A4=U�/0@2G~)�86\=/I/<X=/0),+.J=(,56),8¹4=86/�E65	?
1�+:+^E.1,/�9:J�/0-c864=8:1�5A@	56-z/�9^5 O /0D2864�4�P�>�),864*+	+ºN�;61�N*+:(,D2N

-�564=5 O 5.1�N=)*4=8:NFD2(=)AG�J=(�G�),8�l�n6o:qiWp56EA),8.9�G~_�Y�8:N=DLNF;ÁJ=8 O ?
1�N�>'4*+.-�8.(=/0J�8�W^X,5 O /0),5A;A864�4*5A@	5F1�+.\=/�(=/04*5A-pW^;d5.(*DLGa(�?
D2(=;�/=+f;�4*+.�`4�/0>º;A5692X,+.B�D2(=;�/0B�R

�¸),/H/�9:-�+.4*+:40/0/d4=8 O ),86;61�+.4�/=N�X,+.B�D2(=;:G~_�Y�+:@	5 O 5.1�N
4=8 O ),5.(=/I;A5 O 5.1�5.ef4*56+{gr),/0D6R�o��	k74�8	E.1*_`X,8:+:(,D2N[D	/I-�-�+	(�?
)*/0M�4=56+�/�9	-�+:4=+:4�/�+b(,+.J=D2(�G�)a�f),8:D O 8.X,8:+:(,D2N<X,+:UV+.J=(7DL1�+L?
;A8�/�DL56>=),8.4=N,+:(*DLNÃ/�D:>�5.X=4*56+�)�8.D O ),+	X,+21�+:4�/�+bX=/I),+:J=(,5A),8
; O ),8.;�5AB O 5.1�5A;�/I4*+wJ=8 O 1,/~R

��)*/=+.4=(=/0)AG�_�Y�+	+';�5.9	X,+:B�D	(=;�/=+';�4=+:�`4*+:@	5 O 5.1�N�4�8
56E6�~+:-�hFj�;�X*864�4*5AB]D	/�(�G�8.\=/I/K4*+mN�;A1�N*+	(*DLNd),+:�Z86_�?
Y`/0-dUV86J=(,5A),5A-�R�j�5A4�\,+:4=(=),86\=/=N�/=5A4�4*5AB O )*/0-�+.D	/7;^/�DL?
DL1�+	X�G0+.-�P�>b56EA),8.9	\*86>º(,86J*5A;�8�WIM�(�5,WaJ�8.JºDL1�+	X�G0+:(¹/�9^l¼n	·6qrW
O )*/=1�5:eZ+:404*56+ O 5.1�+ O ),86J=(=/0M*+.D	J�/ O 5.1,4=5AD2(=3�_�E.1�5AJ�/I)6GI?
+	(*D2N�;�4,Ga(=)*/<J=8 O 1,/ O 5:1�+:- O ),5AD	(=)�864=D	(=;A+.4�4*5¹),8:9	X,+21�+.4,?
4�P�>�/=5A4�4�P�>º9286)�N=X,56;=R

s�8:E.1,_`X*8:+:-�8	N (=),864=D2UV5A)*-�8.\=/�N 5A)*/=+:4�(,86\=/�56404*5AB
D2(=)AG�J=(�G~),P ;tJ=8 O 1�+chFj|GIE6+:X*/0(,+21,3,4*5C56E6�~N=D	4*N*+	(*D2N
O +:),+.),8:D O ),+	X,+21�+:4�/�+:- /�5A4*5A;*R ��56XÈX,+.B�D2(=;�/=+:- O 5.1�N
O 5A;A+.)�>=4=5AD2(=4*5:? 86J=(=/I;�4�Px+¾J=8.(=/=5A4�P J*5A4�\,+:4�(*)*/I)6G~_`(,D2N
;�E:1*/�9:/À@.),864�/0\=PTJ=8 O 1*/�W O )*/=E.1*/=eZ+:4�4*5AB|J 56(=)*/0\*8	?
(,+21*3�4*5A-�G �21�+:J=(=),56X�GaW UV5A)*-�/I)6G=N 9	X,+:D:3 -�5A4*5AD21�5A/

����������	�
��l���� ����� ���_
����! ")N'�� - &�&�/



�¶��¶�1�~�*���!�N����N�	� �:�����~�~���¶�������¡#�¶�1������ g�1��������� ·�·�¶

 

E

 

 = 0

 

E

 

 = 0
5 

 

µ

 

m

 

E

 

E

 

(a)

(b)

(c)

 

E

 

E

������ �8 ��¶	1���8�:ë��1ð~3�5��#3[��ø���7:9*	1ð~3�5���ú��K�:7��:ø45�	:ï#3�5#��6D	:5#	1ë���01��ï#5��¥9��#�� -  A�ë�3�í#�*9���ï#3���í���3H�8�:ë�3 � � � )�&#
Q5�	���9*	:
�ë�345#�X�8�1ì
î04ë��:�v�����Hí?ì8ë���5#5#�:úI�:���Aí�	��8ë��aWV�2V6�~�8�1ë�3j
���í#ë�ÿkï�3�5#�XW��ZY=�£
�3�í#���:9?õ4ë�3�í��*98��ï�3���í#�:0��H���1ë�6 � 5�	���9*	:
�ë�345D
�5#��ø�
[��ë�����í����4�*�
98����î!5�í#	XW0� + ��
�34í����:9 �r5#	:��9*	�
:ë�3�5Z
�
�3498÷

"@?�A G D O ),+./0-�G�Y�+.D2(=;A+.4�4*5AB�5A)*/=+.4=(*8.\=/�+:B�8:1,J0/=1,3,4�P�>
\,+ O +.B O +:) O +:4=X=/IJ,G01�N�)*4*5F@:),864�/I\,+v)�8.9	X�+	1�8�Ry��/�D	DL1�+2?
X�G0+:-xP�>�J=8 O 1�N�>ChHjÀX,5:1�Nm"@?FA�# D25AD2(*86;61�N*+:(Q5AJ*5.1�5
Äd��½�� O 5{;�+:DLG�/=1*/CÂ o � Æ��$n:Ä E �	��@HX�1�N'D2UV+:)*/IM*+:D:J*5AB
J=8 O 1,/[),8.X=/*GID25A- ½�-xJ�-�Rz&ÅG~M*+	(,5A- -�8.D2D:P�-�5.1�+.J,G01,P

��������){Æd� ÄA·��Ln.Ä E ��� @`;�(*8.J=56B�J=8 O 1�+�hHj�DL56X,+:)�ef/�(*DLN
Â ·!� ¶��$n:Ä���-�5.1�+.J,G01 "@?FA�#ZRZ�¸),56+:J0\=/=NQ@	56-�+:5.(=),5 O 4*5
),8:D O 5.1�5.e�+.4�4*5A@	5vJ=8.(=/=5A4=8 "@?FABG 4=8�@.),864�/0\�G'),8:9	X,+21�8
O )*/À;�P O )�N�-�1�+.4�4*5AB (=),864=D�? J*5A4=UV5A)*-�86\=/0/À8:1,J�/�1,3,4*5AB
\,+ O /FD25AD2(*86;61�N*+:( O )*/0-�+:)*4*5}Äd� n.½���n:Ä E �	� -��AR]¿�5Ã+.D2(=3�W
4=8 O 5.1�5A;�/I4*+ O 5A;�+:),>=4*5AD2(=/}J=8 O 1,/�W~56EA),86Y�+.4�4*5AB}J�56(*)*/=?
\*8.(�+	1,3,4*5A-�GC�21�+:J=(=),56X�GaW O )*/'G~J=8.92864�4�P�> O 86),86-�+:(=)�86>
-�5.eZ+	(�D2UV5A)*-�/I),5A;A8.(=3�D2Nº· O 1�56(*4=5wG O 8.J=56;�864�4�P�><-�5A4*5:?
DL1�5:N�J=8.(=/=5A4*5A;
"@?FA G R���5A4*N=(=4*5,W�M�(�5^M�/0DL1�5^-�564=5ADL1�56+.;
-�86J=D:/0-�8:1,3,4*5�; (,56M0J*+AW O )*/=E.1,/�e�+.4�4*5AB J J=8.(,5.X�G /
O 5AD2(,+ O +.4�4*5�GIEAP�;A8:+:( O )*/ GIX*8:1�+.4�/0/ 5.( 4*+:+AR �V1�N
D	),86;�4*+.4�/=N�;�)�8:E656(,+Ãl Ç:qxJ�)*/0(*/IM*+.D	J*56+ºM0/�DL1�5 O 5.1�N�)*4�P�>
-�5A4*5AD21�56+.;�D	(�+:86),/I4*5A;A5AB�J�/0DL1�56(=Ptgr-�5.1�+.J,G01*PQJ*56(,56)*P�>
O 5[)�8.9:-�+.)6GC/cUV5A),-�+vD:>�56X=4�P Dv/�5A4=86-�/ "@?�A G kÃX,1�N

hFj ½�"$# DL5AD2(*86;�/�1�5Fo*Ww8F4*+ O 5.1�N�)*4�P�>{EA/�DL1�56+:; �Qn.Ä=R
�V(*D	_`X*8KDL1�+	X�G0+	(=W�M=(,5Q/ ;z4=86��+.- D21AG�M�8	+K-�5A4*5AD21�5A/
J=8.(=/=5A4*5A; D O 5ADL56EA4�P �:J0)�864�/I),5A;A8.(=3 5A)*/=+:4�(*/I)6G~_�Y�+	+
X,+:B0D2(=;�/�+ O 5.1,/I;�/I4�/=1�E2G�(*/I),8	1*3�4=56B�-�8.(=)*/0\=P /�/09	-�+L?
4*N=(=3 O 56;�+:),>=4*5AD	(*4=56+bD:\,+ O 1�+:4�/�+bD�(*864�@	+:4�\=/08	1*3�4=56@	5º4�8
@	5A-�+:56(*),5 O 4*56+�R

� O /�D	864�4=8:N<-�56X=/�U�/0J�8.\=/�N O ),5A/0D	>�56X*/0(�1�5AJ=8:1,3,4*5b4�8
G�M�8:D	(=J*+H@.),864�/0\=P�W¹4=86/=E65.1�+:+vE.1*/�9	J=56- JK56(=)*/0\*8.(,+21,3A?
4*5A-�G �21�+:J=(=),56X�GaR �x)*/zGIX*8:1�+.4�/0/C56(z4=+:@	5]J*5A4�\,+.4=(�?
),86\=/=Nd/=5A4�4*5A@	5ÁD�G�)*UV86J=(*864=(*87G~-�+.4�3��Z8:+	(*D2NIWpM=(,5 O ),/=?
;�5.X=/0(�J O 5AD2(,+ O +.4�4*5A-�Gd/09	-�+:4*+.4�/0_�G~@L1,8ºD:\,+ O 1�+.4�/=N��
g¥G~@L1,8¹-�+	e�X�G�X=/0),+.J=(,5A),56-KhFj'/�4*5A)*-�8:1,3,_tJ O 56;�+:),>�?
4*5AD	(*/Ik�56(�ÄÃ;�56E.1�8.D2(=/�)�8.9:)6G~��+.4�4*5A@	5�X,+.UV+:J=(*8ºX�5���Ä�+
4=8}G~M=8.D2(=J*+Á@:),864�/I\=P�W O )*/=1�+.@:8._�Y�+.-¾J{J*5A),56(=J*5AB[5AD:/
�21�1,/ O DL5A/�X*8ÃJ=8 O 1*/�Rd��+.),+:J*1*_�M*+:4�/�+ O 5:1�Nv4=8 O ),56(=/0;�5:?
O 5.1�5.ef4*56+¹4=8 O ),8.;A1�+.4�/=+ O )*/0;�5.X=/0(<J O +:),+.-�+.Y�+:4�/I_t/=5:?
4*5A; "@?FA G ;w1�+:;:G~_ O 5.1�5A;�/I4,GmJ=8 O 1,/7/�UV5A)*-x/0),5A;A864�/I_
92X,+.D	3ÃG�M�8:D	(=J=8 O 5A;A+.)�>=4=5AD2(=/HD�@	5A-�+:56(=),5 O 40P�-zD:\,+ O 1�+L?
4�/�+:-pRV��5ADL1�+�G~>�5.X*8�J�8:(=/�564=56;`; O ),86;A5AB O 5.1�5A;�/I4*+pJ=8 O 1,/

����������	�
������� ���:�����{
����! �)¶' � - &�&�/



·�·�· �£�"���:����!������#���I�4���"�����*�������:�#� �������������N ��:¡!�*�¶¢x������¤r�*¦����N���

;A5AD	D2(*864=86;61*/0;A86_`(*DLN�(,864�@	+.4�\=/�8:1,3,4�Px+�@.),864�/0M04�Px+�GID21�5:?
;�/�N�/ O 5A;A+.)�>=4*5AD	(=4�P�BbX,+:UV+.J=(�?rE	GIX,e�G~-�R$j�86Jb;�/�X=4*5,W�1�5:?
J=8:1,3,4*56+¸G�;�+21*/0M*+.4�/=+�J=5640\,+:4=(=),86\=/0/^864�/�564�8B#DC*EÃ4*+�;�P�?
9	P�;�8	+:(�/�9:-�+.4*+:40/=N O 5A;�+:),>=4*5AD2(=4*5A@	5wD:\,+ O 1�+.4�/=NaR

Êx4=8:1�56@./IM�4�P�-�56EA),8.9L5A-Á56E6�~N=D	4=N=_`(*D2Nf5A),/�+:4=(*86\=/=5A4,?
4*5:? D	(=)6G~J=(�G�)*4�Px+ O ),+:;�),8.Y�+.4�/=N�;¹J=8 O 1�+whFjpWaJ*5A@2X*8 O 5:?
1�+f4=8 O ),86;61�+.4*5 O +.) O +:4=X=/0J*G01�N�)*4*5�/�1,/�E.1,/09	J*5bJ�4=56)*-�8	?
1,/ O 5�5.(=4*5A��+:40/0_uJÅEA/ O 5.1�N=)*4*5AB]5AD:/QJ=8 O 1,/�gr),/0D6R ¶�k�R
���	(,5A- D21AG~M=8:+Ã56EA),8:9LG0+	(*D2N{4=86J*1�5A4�4=8:N{-�5A4*5 O 5:1�N�),4�8	N
D2(=)AG�J=(�G�),8zgi)*/�DAR ¶ �~W �6W�D O ),86;A86k�R �#X=/I4C/09dX,+:UV+.J=(,56;6?
E2GaX�e�G�-�5A;ÁDL56>=),864*N*+	(*DLN;��;Á1�+:;�5AB O 5.1�5A;�/04*+mJ�8 O 1*/[4=8
)*/�D6R ¶��]/Å; O )�86;�5AB O 5.1�5A;�/04*+�J=8 O 1,/{4�8�),/0D6R ¶ �AR��V(,5:?
),5ABÁE	GIX,e�G~-z),8.D O 8.X*8:+	(*DLNaW�8�1,/I4�/0/vX*/I),+:J=(,5A),8�5.(=J*1�5:?
4*N�_`(*DLN7;�4�/09ºgr),/0D6R ¶��Ikp1,/�E65º;�;�+:),>}gi)*/�DAR ¶ �	k�/};�P�>�56X,N=(
4=8wG�M=8.D2(,5AJ O 5A;A+.)�>=4=5AD2(=/�W~4=8.D	P�Y�+:4�40P�B O 5A;A+.)�>=4*5AD	(=4*5:?
86J=(=/0;�40P�-�/�J=8.(*/�5A4=86-�/~Wx@2X,+º@.),864�/0M04�Px+�GaDL1�5A;�/=N�D2(*8	?
4*5A;6N=(*DLNzE:1*/�9:J�/0-x/¾Jt@	5A-�+:56(*),5 O 4�P�-pRTs�8 O ),56(=/0;�5	?
O 5.1�5.ef4*5ABFD2(,5A),564=+7J�8 O 1*/�W�@2X,+�1�5AJ=8:1,/09�G�_`(*D2N�8.40/=5A4�P
#DC*E�W�J=86J^/¹;`DL1�G�M=8:+�)*/0D6R�o	�~W �6W,(*864�@	+:40\=/�8:1,3,4*56+�D:\,+ O 1�+2?
4�/=+fD25.>=),864*N*+	(*D2NIR

&�1�+:X�G0+	(�56(=-�+:(=/�(=3º;�8:e�4*G�_�5AD256E6+:4�4*5AD	(=3<4=8:E.1,_`X*8	?
+:-�5A@25��.U�UV+:J=(*8 O ),/756),(,5A@	564�8	1*3�4=56-Å),8:D O 5.1�5.e�+.4�/0/ O 5:?
1�N[/ÅEA/ O 5.1�N�)*4*5AB[5AD:/�W O ),5.N=;A1�N�_�Y�G�_�D2NF;H),8.9	-xP¸(*/I/
O )*/0-�+:)*4*5 O 5.1�5A;�/I4�PF;�/�X=/I-�5AB�@:),864�/I\=PdJ=8 O 1,/<gr)*/�D6R ¶�� W
DL1�+:;A8�W~;¹4�/=ef4*+.BmM�8:D	(=/�W�1,/=E65¹)*/�DAR ¶ �6W�DL1�+.;A8�W�;�;A+.)�>=4*+.B
M=8.D2(=/0k�RÈS�(,5v56E	GID21�5A;61�+:4*5v;�P�)�86;�4�/0;�8.40/=+:- O 5AJ=8.9	8:(,+2?
1�+.B O ),+	1�5A-�1�+:4�/�N�hHj�/ O 5:1*/0-�+:),8�4=8pX*864�4�P�>ZG~M=8.D2(=J=86>
-�+	eZUV8.9	4=56B}@.),8.40/0\=P�WV;�DL1�+	X*D2(=;�/=+�M=+:@	5�DL+.M*+:40/=+¹),8:D	DL+2?
N�4�/=N¹(*86J�/0>�J=8 O +21,3�X,1�NbG~J=8.92864�4*5AB O 5.1�N�)*/�9286\=/I/�D:;A+:(,8
D�G~Y�+.D2(=;�+:4�4=5`G�-�+:4�3,�Z8	+:(*DLN¹;wD:),8.;�4*+:40/0/�D�EA/ O 5:1�N�),40P�?
-�/ÃJ=8 O 1�N�-�/~Rp��8.404�P�BÃ;�P�;A56X�D25A@L1,8:DLG0+	(*D2N�D O ),+	X=;�8.)*/=?
(,+21,3,4�P�-x/</�9:-�+.),+:4�/�N�-�/ÃD	;�+	(,5 O ),5 O GaD	J=864�/�N7/0D2D21�+	X�G0+2?
-�P�> O 1�+:4=56J�W¸J*56(,5A),56+ºG~;A+	1,/IM�/0;�8	+:(*DLNv;}o �*¶}),8:9	8 O )*/
;A569	X�+.B�D	(*;�/0/ O 5AD2(,5.N�4�4*5A@	5w�	1�+:J�(*)*/IM*+:D:J*5A@	5 O 5.1�NaW O 5AJ=8	?
9	P�;�8	N O +.)*D O +:J�(*/I;�4*5AD	(=3 O )*/0-�+:4*+.4�/=N��.U�UV+:J=(*8^;^�	1�+.J,?
(=),565 O (=/IM*+:D:J�/0>�GID	(=),56B0D2(=;A86>IR� ���d�~"��$%��V1�N�(�+:5A),+	(=/0M=+:D:J*5A@25�8.4�8	1*/�9	8�;A569:-�5.ef4*5AD�?
(=/�UV5A)*-x/0),5A;A864�/�Nv-�5A4*5 O 5.1�N�)*4*5ABHD2(=)6G~J=(�G�)*P¾/0D O 5.1,3A?
9L5A;A864ºJ*1�8.D2D:/0M*+.D	J0/0B7-�+	(,56X¹J*5A- O 3,_`(,+:)*4*5A@	5�-�56X,+21,/I),5:?
;A864�/�N�),8.D O ),+	X,+	1�+:40/=NwX=/0),+.J=(,5A)�8Z;`J=8 O 1�+�4*+.-�8.(=/0J=8 O 5:?
D	),+:X,D	(=;A5A-�-�/I4�/0-x/�9	8.\=/I/{D:;A56E656X=4*5ABÅ�:4*+.)*@:/I/d56E6�~+.-�8
hFj l¼n.½:qrW$9	8 O /�D2864�4=56B�;º5.X=4*5AJ*5A4=D	(*8.4�(*4=56- O )*/=E.1,/�e�+2?
4�/0/7;b;�/�X,+

� ) n
o
��� l g
	 ���Vk �� g
	����$k � q���� � g£n6k

i�X�+.D	3�� ��+	X=/I4�/0M�40P�B�;�+:J�(�5A)0W O 56J�8:9:P�;A86_�Y`/0B¹1�5AJ=8:1,3A?
4*56+�4=8 O )�86;A1�+:40/=+¸X*/I),+:J=(,5A),8�W

� �ZGID	),+:X*4=+:4�4�P�B�-�5.X�G01*3
G O )AG�@	5AD2(=/~Rw�[)�8:E656(,+�l¼n.o6q�X,864�40P�B O 56X=>�5.X�EAPx1�)�8.9:;�/�(
X,1�N�),8.D	M*+:(*8p5A)*/=+:4�(,86\=/�56404�P�>�D2(=)6G~J=(�G�)f;�J�8 O 1�N�>fDp4*+2?
56X*4=56),56X=4�P�-x/Á@.)�864�/IM�4�P�-x/ÃGIDL1�56;�/=N�-x/�R^�{4=8.D2(,5.N�Y�+.B
),8	E656(,+7-�Pt8.X*8 O (=/0),5A;A8:1,/v�	(�G[-�+:(,5.X=/IJ,GFX,1�NÁ-�56X,+21,/=?

),5A;A864�/�NHJ=8 O +21*3Á4*+:-�8.(=/0J=8};�P¸(�N=4*Ga(,5ABv�	1�1*/ O DL5A/0X,8:1*36?
4*5ABKUV5A)*-�P�R j�86J[G=e�+Á56EADLG*e�X*8:1�5AD:3{;�P���+�W�;F/�D	DL1�+L?
X�G0+:-xP�>'J=8 O 1�N�> O 5.1�+ O ),5AD2(=),8.4�D2(=;A+.4�4*5{),8.92X,+21�+:4�40P�>
/=5A4*5A;7J*5A- O +:4=D:/0)AG0+	(ÃX�+.B�D	(*;�/=+¹;�4=+:�`4*+:@	5 O 5.1�NaR =�D	>�5:?
X,N</�9f�:(,56@	5,W~DL1�86@:8:+:-�56+AW�5 O /�D	P�;�86_�Y�+:+f�.4*+:)*@./0_ChFj{;
�21�+:J=(=)*/0M=+:D:J*5A- O 5:1�+AW,;`),8.D	M*+:(=4*5ABbUV56)*-�G01�+`g£n6kV4*+¸G�M�/=?
(=P�;A8:1�5AD:3=R/i~4=86M*+.4�/=N�J*5A4=D2(*864=(bG O )6G~@25AD	(=/�X,1�N^5 O ),+:X�+2?
1�+.4�/=N � ;A92N=(*Pc/�9�l�n.Æ6qrR�� ),8.40/0M�4�Px+�GID21�5A;�/�N<;�PxEA/0),8	?
1,/0D	3�;ZDL5656(=;�+	(*D2(=;�/I/bDx�:J=D O +:)*/0-�+:4=(,5A-pW O 5AJ=8.92864�4*5A-v4�8
)*/�DAR o=R`s�8b5AD:4*5A;A+ O 5.1AG�M=+:4�4�P�><X,864�40P�> O 5�J*5A4=U�/0@2G�),8	?
\=/0/bX=/I),+:J=(,5A),8�D�/�D O 5:1*3�925A;A864�/=+.-�/�9	;�+.D2(=4*5A@	5�(,+	5A),+:(*/=?
M*+.D	J*5A@	5 O 5.X=>�56X*8ºl¼n6Ç	q O ),56;�56X=/=1�D2N�),8.D	M=+	(�D25656(*;�+	(*D	(*;.G0?
_�Y`/0>w(�+.J=D2(�G~),40P�>�J=86),(=/04b;ZD	J�),+.Y�+:4�4�P�> O 5.1�N�)*/�9	8:(,5:?
),86>Ãgr),/0D6R ·�W0D O )�86;�8.k�R

 

(a)

(b)

Tangential anchoring
Free boundary conditions
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