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(a) A five-bar linkage. (b) After straightening.

A

A

B

B

���������
	���
�����	�����������	������������� "!#�%$
�"!&�� ��� (')!�*�$+!& -,�	.�
	/$0�� 21"�����
	/354
�64��"!&4������#7� 5�� ('8,"*+9

�%��������	.:�
�����	;$<������	/3=������������ "!#�>���� �?�!#��	��� 54���	@��	0A84B$+!# 5,�	;$<�� �C�	0D��E1"	/3F9

�'=h:P=�:<D0&Xi6&6587WU8+9&6})D0/1T�@I&6=8@1/1+9=87CU)D�:P=�:P+@G0HJILK0M�NSU�&PD0J)iX&6=�:<DQDE-0=VkX:Bi6/171ZGc.=A>9N)-07Y@B:P79/WdG/W:P+9/Y-0=)>9/1+9/179>9/1(
-0=3dYNV/1>9N8/1+{:�@OD0&X79/1(3U�&BD0J)i6&6=�:<DQDE-0=8k6:Bi6/g@<:P=A}�/.G
I#O�P+M�Q#R S�M�NP�z+9/1@I&6=)~�iX5V+9/1(A-0=)>9&h:�@I&6=)H6/I�AU�&BD0J)i6&6=3dYN)-ED0/
T�:<-0=)>;:1-0=t-0=�i�7.-0TgU)DE-0@O-0>�JtZ��V&6+4/I�8:PTgU)D0/6K)>9N8/S@1&X=V@B:1HX/S@OD0&679/I(�~�HX/O¬�}�:B+�U�&PD0J)i6&X=�:1D�DE-0=8k6:Bi6/Y-0=g��-0iX5V+9/{qC&X=�>9N8/
D0/O*,>S@<:P=�}�/'@I&6=)H6/I�6-E~�/1(3>9&�:'U�/1=)>;:Bi6&X=A})J�~�+979>S+9/1@1&X=t~�i658+.-0=8i]>9N8/CDE-0=8kX:PiX/­-0=)>9&�>9NV/{@1&6=)HX/1�g�)5�:P(8+.-ED�:P>9/1+;:1D
79NV&BdY="-0=�>9NV/�T�-0(8(tD0/�~�iX5V+9/XZec�>g:1D079&e+9/IT�:<-0=87�:P=r&6U�/1=�U8+9&6})D0/1T dYN8/1>9N8/1+g:1DED{@OD0&679/1("DE-0=8kX:Pi6/I7]@<:P="}�/
@1&6=)HX/1�6-E~�/1(�Zr�C*Y@I&658+979/p-E*C:P="&XU�/1="@;N�:1-0=�@B:P="}�/p*©&658=V(">9N�:P>W-07WD0&)@OkX/1(�:A7.-0T�-ED�:B+�D0&)@OkX/1(�/1�8:PT�UtD0/�*,&6+
@OD0&679/I(�@;N�:1-0=V73@<:P=w}�/e&X}V>;:1-0=V/1(�})J�(V&X5V})DE-0=8i�:<DED�>9N8/3/1(ViX/171Zf2YN8/179/nUV+9&X}tD0/1T�7AN�:<HX/":BUVU)DE-0@B:B>.-0&6=�7n>9&
+9&6}�&X>.-0@17gª0�+T<«�K8T�:P=)5)*�:B@1>95V+.-0=8ieª q<«�K8k)=V&X>'>9N8/1&6+9J3ª0�B�1«Q:P=8(AT�&PD0/1@15)D�:P+W})-0&PD0&Xi6J�ª¶�<s<«�Z

®�/O*,&X+9/�()-079@158797.-0=Vi"79&XTg/�79U�/1@O-�:1DY@B:P79/I7W&P*G>9NV/�:B}�&BH6/gU8+9&6})D0/1Tg7W*,&X+'dYNt-0@;N"79&BD05V>.-0&X=V7�:P+9/gk)=8&BdY=�KMdS/
D0&)&6kx:P>Y79&6Tg/WHX:B+.-�:P=)>97'&B*4>9N8/179/WU8+9&6})D0/1Tg7'>9N�:P>YN�:1H6/W}�/1/I=AU8+9&6U�&X79/1(n:P=8(A-0=)H6/179>.-0i :P>9/1(n�)5)-0>9/W79&6Tg/W>.-0Tg/
:PiX&VZG�'=V/'-07{:WUV+9&X}tD0/IT�&X=]@I&6=)H6/I�6-E*,J6-0=Vih@OD0&679/I(37.-0TgUtD0/�U�&BD0J)i6&6=87'U8+9&6U�&679/1(3})JVU4:P5)D���+9(��&67S-0=n�B�6sX�g:P=8(
>9NV/�&6>9N8/1+Y-07W:gUV+9&X}tD0/IT &P*Q&XU�/1=)-0=Vix:p@I&6=)H6/I�]DE-0=8k6:Bi6/6K�(V58/�>9&��'58i65879>.-0="RY:P58@;N)J]-0=��B�t�<stZ{²Y&PdG/1H6/1+1K�>9&
(t-079@I5V797{>9NV/YD�:P>9>9/1+YU8+9&6})D0/1T dS/'T�5879>S>;:PkX/W:W(V/1>9&X5V+G>9&��YD0/1�8:P=8(V+.-�:g-0=hsLWLW�®CZER'Z)dYN8/1+9/W�458@ODE-0(3(t-079@I5V7979/1(
>9NV/�7.-0TgU)D0/179>'&B*G:<DEDMDE-0=VkX:PiX/g79>9+;:<-0iXN)>9/1=)-0=Vi3U8+9&6})D0/1Tg71�YN)-07�U4+9&6U�&X7.-0>.-0&6=rqYXg-0=3®Q&)&6ke�m&P*@Z�[�M�\�HJM+]BM+O�^�KOZ

_a`
_ b5ced>f�g�hjilknmpo�f�g�qjr%sutvg�wex�ozy{r
2YNV/h7.-0TgUtD0/I79>]U�&6797.-0})D0/3U�&PD0J)iX&6=�:<D'DE-0=8kX:PiX/¨-07�:¨>�dS&P¬�}�:P+WDE-0=VkX:Bi6/ l :<D079&n@B:1DED0/1(�:B=|M0HJ}�I#~wª¶�<T<«©o­dS-0>9N"&X=V/
�9&P-0=)>{>9N�:B>Y+9/179/1T�}tD0/17�:Y�;:P@;k)k)=t-E*©/6ZSc�>�-07'&X})H6-0&6587W>9N�:B>C7958@;Nn:­DE-0=VkX:Bi6/g@B:B=A}�/�79>9+;:<-0iXN)>9/1=8/1(�Z{�'=8/WTg/1+9/;D0J
N�:B7�>9&h+9&6>;:B>9/g&6=8/g79/1iXTg/1=)>W58=)>.-EDS-0>'-07�@I&PDEDE-0=8/B:P+�dS-0>9Ne>9N8/g&X>9NV/1+�:B=V(r>9NV/�:B=ViBD0/h:P>W>9N8/'�9&P-0=)>�/1�)5�:<D07�¯|Z
2YNV/1+9/;*,&6+9/�:�Tg&6+9/W-0=)>9/1+9/179>.-0=8inUV+9&X}tD0/1T�@1&X=V@I/1+9=t-0=8in>.dS&B¬.}�:P+YDE-0=VkX:Bi6/17�-07W>9N8/6G��LHJR ��M+��HJMY]B]B�]ª q6�<«�ZW2YN)-07



A1

A2

A3

A4

An

An-1

An-2

A1

A2

A3

A4

An

An-1

An-2

(a) (b)

C1
C2

Cn-2

���������
	���
�� ���� �?�!#��	��&A���� ���� �?�� �� 5$0�� �C�	<D-��������4
���� -$+!& 5,"	.�
4��0!#������4�	Y �	/3>9

D0/1TgT�:g79>;:B>9/17Y>9N�:B>':B7YJ6&65h&6U�/I=3>9NV/W@B:1DE-0U�/1+{79&g>9N�:B>Y>9NV/W79T�:1DED0/1+�:P=8iPD0/�:P>Y>9N8/��9&B-0=)>C-07Y})-0i6i6/I+1Kz>9NV/W/1=8(87
&P*{>9N8/g@B:<DE-0U�/1+gTg&BH6/h:AiX+9/B:P>9/1+W()-079>;:P=8@1/x:PU�:P+9>1Zh2CN)-07�+9/1795tD0>�-07­-0="/I7979/1=V@I/A�458@ODE-0(�´ 7.U4+9&6U�&X7.-0>.-0&6= qYXA-0=
®�&)&6kn�W&P* Z�[�M�\�HJM+]BMYO�^ K;Z��V5V+9>9N8/1+9Tg&X+9/6K�>9N)-07'U8+9&6U�&67.-0>.-0&6=n*,&6+9Tg7G&6=8/W&P*Q>9N8/W@1&6+9=8/1+Y79>9&6=8/17S*,&6+YT�:B=)J�&P*
>9NV/�Tg&X79>C+9/I@1/1=)>Y+9/1795)D0>97C-0=3>9N)-07W:P+9/<:tZ

_a`	� mpo�ced�

�.i8k m��aw
��r�� tVg
wBx�o�yar
�f=�:P>958+;:<D4iX/1=8/1+;:<DE-0�B:B>.-0&6="&B*G��58@ODE-0(z´ 7{>.dS&B¬�}�:B+�DE-0=8kX:PiX/­-07m:­DE-0=VkX:Bi6/������������������ �� g@1&6=87.-079>.-0=8iA&P*"!$#��
DE-0=Vk)7g-0=�@1&X=)H6/1�"U�&67.-0>.-0&6=y795V@;Ny:P7�>9N�:B>­-EDED05879>9+;:P>9/I(w-0=���-0i658+9/3s)Z3ue/�7;:1Jn>9N�:B>�:]DE-0=VkX:Bi6/A-07W-0=�@I&6=)H6/I�
U�&67.-0>.-0&X=�-E*�dYNV/I=wdS/g�9&B-0=�>9NV/3>�dS&n/1=V(87AdS-0>9N�:¨DE-0=8/n79/1i6Tg/I=)>AdS/h&6}8>;:<-0=j:e@1&6=)HX/1�wU�&PD0J)i6&X=�Z	2YN�:P>
:<DEDY7958@;NeDE-0=VkX:Bi6/17g@<:P=n}�/�79>9+;:<-0i6N)>9/I=V/1("-07�/B:P7.-ED0Jr/179>;:P})DE-079NV/I(�Zn�8&6+W/1HX/1+9JADE-0=Vk%��&'��&�( � @1&6=879>9+958@1>g:A+;:1J
79>;:P+9>.-0=8i�:B>)�*&�( � -0=�()-0+9/1@1>.-0&X=+�*&�K{:B=V(wD0/I>-,"&�(V/I=V&X>9/e>9N8/3+9/1795)D0>.-0=Viy@1&6=8/e(8/O~�=V/I(�})Jw>9N8/3>.dS&n+;:1J)7
79>;:P+9>.-0=8i3:B>�� &�( ��:B=V(.� &�( �)K8+9/179U�/I@1>.-0H6/OD0JXZ{®�/1@B:B5V79/�>9NV/'DE-0=8kX:PiX/�-07C-0=3@1&X=)H6/1��U�&X7.-0>.-0&6=">9N8/W@1&X=V/17�, & :P+9/
:<DED{/1TgU8>.JXZA2YN)-07gUV+9&XU�/1+9>�J"795ViXi6/179>97�>9NV/g*,&BDED0&PdS-0=8i"58=t*,&BD0(t-0=8i"Tg&X>.-0&6=zZrµ�&X>;:P>9//� � � � :P}�&X5V>0� � 79&n:P7
>9&A79dS/I/1U1� � � � >9N8+9&658i6Nn>9N8/g@1&6=8/0, � 58=)>.-ED�-0>Y-07W@1&PDEDE-0=8/B:P+�d�-0>9N2� � �436Z{2YNt-07WTg&X>.-0&6=3D0/B:1H6/17�>9N8/�@1&X=V/I7
,5�768, 3 69������6:,� <;=��58=V@;N�:P=8i6/1(zZ�>Y&Bd�dS/W@1&6=87.-0(8/1+��������9� 3 :B7'&X=V/'DE-0=8k1����� 3 :B=V(3+9&X>;:P>9/'-0>m:P}�&X5V>�� 3 -0=
@1&6=8/0,5�6ZQue/W@I&6=)>.-0=)58/g>9Nt-07YU8+9&)@1/1797{5V=8Nt-0=8(8/1+9/1("58=)>.-ED4>9N8/W@ON�:<-0=A-07{@1&PDEDE-0=8/B:B+Wd�-0>9N1�* <�* <;?�PZQ2CN8/1+9/O*©&6+9/
>9NV/�79>9+;:<-0iXN)>9/1=)-0=VihUV+9&XU�/1+9>.Jh&P*G�45V@;DE-0(�´ 7W>.dS&B¬�}�:B+�DE-0=8kX:PiX/g/1�)>9/1=8(V7{>9&g>9N8/W@1&6=)HX/1� l !$#w�<oÀ¬.}�:P+SDE-0=8kX:Pi6/XZ

2CN8/'�)58/179>.-0&X=3=V&Bd�:P+.-079/I71��(8&)/17Y>9N8/�G��LHJR ��MY��HJM+]B]e�{:PU8UtD0Jh>9&�>9N)-07YTg&6+9/{i6/1=8/1+;:1D47.-0>95�:P>.-0&6==@ec�=]&X>9NV/I+
dS&6+9(871K{dCN8/1=y>9NV/ l !A#f�<oÀ¬�}�:B+A@1&X=)H6/1��DE-0=VkX:PiX/"&6U�/1=V7h>9&�:e=8/1d @1&6=)HX/1��@1&6=)~�i658+;:P>.-0&6=zKW(8&�>9NV/3/1=8(87
:<D079&hTg&BH6/�:BU�:B+9>8@°2YN8/g:B=V79dG/1+'-07$B/M<K�:P=8(e>9N8/�+9/1795tD0>'-07{k)=V&BdY=r:P7-C �7D�G�[EB�F K4G�M+]B]e��:<*©>9/1+'>9N8/g�8+9/1=V@;N
T�:P>9N8/1T�:B>.-0@O-�:P=y�'58i65879>.-0=�RY:P58@ON)JndYNV&�~�+979>'-0=)HX/179>.-0i):B>9/1(�>9NV/�UV+9&X}tD0/1T�-0=��<�t�<s]-0=">9NV/�@1&6=)>9/1�)>W&B*YN)-07
*�:PT�&6587'+.-0iP-0()-0>.J3>9N8/1&X+9/1T *©&6+S@1&X=)H6/1�hU�&PD0J)N8/1(8+;:eªE�O«�Z

��/1>S587Y/1�8:PT�-0=V/gN8&BdfRY:B5V@;N)J3ªE�1«|>9+.-0/I(3>9&gUV+9&BHX/W>9NV/W>9N8/1&6+9/ITAZQue/W7;:1J5^ ��R�M�NC}�/I@B:P5879/6KM:<D0>9N8&658i6NnN)-07
>9NV/I&6+9/1T -07Y@1&6+9+9/1@I>1K�N)-07'U8+9&)&P*Q-07C=8&6>1ZQun/­-0=)H6-0>9/�>9N8/W+9/B:P(8/1+'>9&�79U�&6>Y>9N8/'�z:1d�}�/O*,&X+9/�dS/{/1�)U�&X79/­-0>1Z

HJI�K7L�`MK7NPORQ9C>�7D�G�[EB�F K$G2MY]B]B�9S-T'U6~>M�^ �8�#O�KVU0I#��] �(G
I#O�PYM�Q6HJR�O7W#�YX#MJ�Z�Z�*���4�[����� �* R�O�^ I5�#O�I#^J[�M+�
G
I#O�PYM�QjHJR�O7W#�YX&M�\R�]\��9\^�7����� \4 (}YBvI
��M+O�R�O7X.�LH�H`_0I#R�O�^�K
�4�a� 3 ����� �� 7;��9b I#��}YBvI
��M+O�R�O7X�K0I#]BM�_0I#R�O�^�KB�#O�N
HJM
�#P+R�O`Xj^J[�M��lMY]B�#R�O�R�O7X^_ I#R�O�^�K�D�O�G�[��#O7X#M)N�b>^J[�M+O6^J[�MeHJR�O7W#�YX#MeM+O�NLK"���v�#O�Nc�� 5]BI#P+M��
���#�
^'bz^J[��#^�REK8b�^J[�M
N#REK ^ �#O�G
M }
M+^ ~>M
M+O/\ � �#O�N*\  REKdX&�lM
�#^ M+��^J[��#OV^E[�MBN#REK ^ �#O�G
M }
M+^ ~>M�MYO�� � �#O�N4�  �e



A1

A2

Ai

An

An-1 Ai+1

α

β

Ai-1

����������	���
��)�������
4��0!#4��� �����!#��$������ ���������&Az7���	+ �� �		�0���� �4���� ���"	+ �	/3>9


'`YL�L���
 l RY:P58@;N)J�´ 7'-0=8@1&6+9+9/I@1>n� U8+9&)&P*;� o��8&6+W>9N8/]@<:P79//! � sA�458@ODE-0(�´ 7g@B:1DE-0U�/1+gD0/1TgTp:A/179>;:P})DE-079NV/I7]>9N8/
+9/1795)D0>1Z"2YNV/I+9/O*,&6+9/�@1&X=V7.-0(8/1+�>9N8/]@<:P79/AdYN8/1= !�-07�i6+9/B:B>9/1+g>9N�:P=�>9N8+9/1/6Zr��/1>�� & }�/h&6=8/A&B*'>9N8/��]�9&B-0=)>97
>9N�:B>�&XU�/1=87�>9&h>9NV/p:P=8iPD0/h:P>�\ & :P=8(3D0/1>�587'~�+979>�&XU�/1="&X=tD0Jn>9Nt-07Y�9&B-0=)>g:B=V(3D0/B:1H6/�>9N8/]+9/IT�:<-0=)-0=Vi��9&B-0=)>97
5V=8@;N�:B=ViX/1( l +9/O*©/1+�>9&���-0iX5V+9/�X oOZ42YNV/I=g>9NV/YDE-0=VkX:Bi6/���&'�*&�( � ����� �  +9&6>;:B>9/17S+.-0iB-0(tD0J�-0=A:'@;D0&)@Ok)dS-079/W()-0+9/1@1>.-0&6=
:P}�&X5V>0��&.Z3L6-0T�-ED�:B+.D J6KY>9N8/gDE-0=VkX:Bi6/1� � � � ����� ��&Q+9&6>;:P>9/I7g+.-0iP-0()D0J"-0=w:A@I&658=)>9/1+.¬�@OD0&)@Ok)dS-079/3()-0+9/1@1>.-0&X=�:P}�&658>
� & Z{2CN8/1+9/O*©&6+9/6Kz>9N8/�:P=8iPD0/I7���� :B=ViBD0/$�� 7� & � &�( ��:P=8(�� ��:P=8iPD0//���8� & � & ;��W+9/1T�:1-0=¨~��)/1(n(V58+.-0=Vi3>9N8/
+9&6>;:B>.-0&6=zZ��V58+9>9NV/1+9T�&6+9/6KG7.-0=V@1/n:B=ViBD0/A�*& ;?� ��&'�*&�( � N�:P7�-0=V@1+9/<:P79/1(w-0>g*,&BDED0&PdY7�>9N�:P>�:B=ViBD0/1� � �*& �  N�:B7
-0=V@I+9/B:P79/1(zZ{��-0=�:<DED0J6KM7.-0=V@I/W>9NV/W()-079>;:P=8@1/17�� l �  6 ��&,oY:P=8(�� l � � 6 ��&,o�+9/IT�:<-0=A~��)/1(A(858+.-0=Vih>9NV/{+9&6>;:P>.-0&X=3dS/
@1&6=8@OD058(V/�})Jh:PU8UtD0J6-0=8i3�458@ODE-0(�´ 7'@<:<DE-0U�/1+YD0/1TgT�:�>9&�>9N8/��9@B:<DE-0U�/I+9�-���8� & �� g>9N�:P>��*�W:P=8()�* gN�:1H6/WT�&PHX/1(
:PU�:P+9>1Z

cÀ*YTg&X+9/�>9N�:B=�&X=V/��9&P-0=)>�&P*�� -07g&XU�/1=8/1(�dS/�@1&6=87.-0(8/1+�&6=8/­��&P-0=)>�:B>g:A>.-0Tg/x:P=8(�UV+9&)@1/I/1(y:P7�:P}�&BH6/
5V=)>.-EDC:<DED��p�9&B-0=)>97WN�:1HX/g}�/1/1=r&6U�/1=8/1(zZ�L6-0=V@I/A:B>W/B:P@;Nn795V@;N"&6U�/1=t-0=8i3>9N8/g(t-079>;:B=V@I/A}�/1>�dS/1/1=2����:P=8( �* 
-0=V@I+9/B:P79/17'-0>S*,&BDED0&BdC7{>9N�:B>'dYN8/1=AdS/m:P+9/'~�=t-079N8/1(�� l \��M68\� Vo���� l ���M6:�� 8oOZ

�CD0>9N8&658i6N�=V&X>�/I�)UtDE-0@O-0>.D0Jy79>;:P>9/1(zKGRY:P58@ON)J3-07�:P>9>9/ITgUV>.-0=8ir:AUV+9&)&B*'})J3-0=8(V58@1>.-0&6=y&6=">9N8/�=)5VT�}�/1+�&P*
�9&P-0=)>97�&XU�/1=8/1(�Z ��/I>g5V7h:B79795VTg/h>9N�:B>��]�9&P-0=)>97h:B+9/A>9&n}�/3&6U�/I=V/1(zZ ��-0+979>]dG/]/I79>;:P})DE-079N�>9NV/(}��LK0MVG
�LK M1�
��� �6Z�un/3=8/1/1(�>9&"79N8&Pd >9N�:P>�dCN8/1=y&6=8/A@1&X=)H6/1�"DE-0=8k6:Bi6/ �*���4�[����� �* ¨-07�>9+;:P=87.*,&6+9T�/1(�-0=)>9&�:B=V&X>9NV/I+
@1&6=)HX/1�eDE-0=8kX:Pi6/ \ � \ � ����� \  })Je&XU�/1=)-0=Vi I#O�M��9&B-0=)>c�*&�>9N8/1=">9N8/g/1=8(87c� � :B=V(%�  Tg&BH6/h:PU�:P+9>1ZhFYU">9&
>9Nt-07YU�&B-0=)>WRY:P58@;N)J�´ 7SU8+9&)&P*4-07Y=8&6>S&X=tD0Jh@1&6+9+9/I@1>1K8}V58>Y/1�)/1@158>9/1(]-0=x:­T�&679>S/OD0/Ii):P=)>{T�:P=8=8/1+S})J�@1&6=)HX/1+9>.-0=8i
>9NV/WU8+9&6})D0/1T >9&g�458@ODE-0(�´ 7'@<:<DE-0U�/1+YD0/1TgT�:)Z
>Y&Pd�dYN8/1=������WdS/m:P797958Tg/W>9N8/'+9/1795)D0>'N8&PD0(87YdCN8/1=hdS/'&XU�/1=
�c#w�Y�9&B-0=)>97 l >9N8/vR�O�N7D�G+^ R�I#OB[EB ��I#^J[�M0K0REK�o4:P=8(3T�5V79>{UV+9&BH6/W-0>C-07{>9+95V/�dYNV/I=3dS/W&6U�/I=e>9N8/����9&P-0=)>971ZY�Y*,>9/1+
UV+9&BH6-0=8i3>9NV/�}�:P79/g@B:B79/��.� �6KMRY:B5V@;N)J3(V/I79@1+.-0}�/17�:gU8+9&)@1/1(85V+9/g*,&X+C&XU�/1=)-0=Vin:1DED	����&P-0=)>97W})JA@I&6=87.-0(V/1+.-0=8i
&6=8/W�9&P-0=)>�:P>�:�>.-0Tg/6Z�2YNV/�-0TgUtDE-0@;-0>]+9/<:P79&6=)-0=8i"NV/I+9/�-07�>9N�:P>W&X=V@I/]dG/gN�:1HX/]&XU�/1=8/1("&X=V/�&P*�>9NV/��g�9&B-0=)>97
dS/�&6}8>;:<-0= :]DE-0=VkX:PiX/¨-0=�dYN)-0@ON�dS/�T�5V79>�&6U�/I=�&X=tD0J��)#����9&B-0=)>97�*,&6+�dYNt-0@;N�dS/g-0=)H6&Xk6/3>9N8/p-0=8(85V@1>.-0&X=
N)J)U�&6>9N8/17.-071Z0>C&X>'&X=tD0J3(8&)/17�RY:P58@ON)Jh=V&X>'79>;:B>9/�>9N8/­-0=8(85V@1>.-0&X=�N)J)U�&6>9N8/17.-071K4}85V>{NV/�(8&)/17W=V&X>'U8+9&BH6/g>9N�:P>
Nt-07{Tg/1>9N8&)(3dS&6+9k)71ZG�V58+9>9N8/1+9Tg&6+9/XKV-0>C*À:<-ED07'U8+9/1@O-079/;D0J3}�/1@B:B5V79/�>9NV/'-0=8(85V@1>.-0&X="N)J)U�&X>9NV/17.-07W}8+9/B:Bk)7'(8&PdY=zZ

R�&X=V7.-0(8/1+�>9NV/�>9N8+9/1/O¬�}�:P+WDE-0=VkX:PiX/1� � � � �43a���g-0=���-0i658+9/3� l :6oOZ�un/�dS&65)D0("DE-0k6/A>9&h&6U�/I=">9NV/��2� q
�9&P-0=)>97/� � :P=8(���3�79&e>9N�:P>�>9N8/3:P=8iPD0/I7A:B>/\ � :P=8( \
33:P+9/h+.-0i6N)>h:P=8iPD0/I71Zwc�=�>9N)-07gdY:1J"dG/A7;:P>.-07.*©J�>9N8/
-0=VU858>.¬.&X5V>9U858>�@1&X=V()-0>.-0&6=87�&P*G>9NV/WU8+9&6})D0/1T >9N�:P>YDE-0=VkX:PiX/17��������9� 3 � � :P=8( \��9\^� \ 3 \ � :B+9/�}�&X>9N3@1&6=)HX/1��Z
�V&PDED0&BdS-0=8i3RY:P58@ON)J�´ 7YUV+9&)@I/1(V58+9/�dS/S~�+979>Y&6U�/1=A&X=V/S�9&B-0=)>
�4�W:B7S-0=3��-0i658+9/�� l :XoOZ�>Y&BdwdS/{N�:1H6/�:WDE-0=VkX:PiX/
-0=�dCN)-0@;N"&6=)D0J��$#��gDE-0=Vk)7�:B+9/�>9&A}�/�&6U�/1=V/I(w:B=V(rdS&65)D0("DE-0k6/A>9&�-0=)H6&Xk6/A>9N8/g-0=V(858@1>.-0&6=yN)J)U�&6>9N8/17.-07�>9&
~�=)-079Nn>9NV/{UV+9&)&B*9ZY®�58>Y>9NV/Y-0=V(858@1>.-0&6="N)J)U�&6>9N8/17.-07W79U�/1@O-E~�/17{>9N�:B>C>9N8/'DE-0=8k6:Bi6/�T�5879>Y}�/.G�I#O�P+M
QY:B=V(3>9N)-07S-07
@OD0/B:B+.D0J3=V&X>C>9N8/�@B:P79/W7.-0=8@1/�� � DE-0/17Y-0=3>9NV/'-0=)>9/1+.-0&X+W&P*�>9+.-�:P=8iPD0//\�� ���9� 3 Z



A1

A2 A3

A4

B1

B2 B3

B1 B4

(a) (b)

�%��������	���
�� $<���� �4�	Y� �)	0D"!#������	e4�� ��!&�"$
����� �����
���&A 9

�V5V+9>9N8/1+9Tg&X+9/6K�*©&6+�=V&X=t¬�@1&X=)H6/1�"DE-0=8kX:Pi6/I73>9NV/3>9N8/1&6+9/IT -07g*�:<D079/XZ��V&6+�/1�8:PTgU)D0/6K{@1&6=87.-0(8/1+3:Bi):<-0=�>9N8/
DE-0=VkX:Bi6/%\4�����9� 3 � � -0=y��-0i658+9/n� l :6oOZncÀ*{dS/�&6U�/1=e�9&B-0=)>$� 3 79&n>9N�:B>$� � Tg&BHX/17g>9&2���� :P=8(�795V@;Nw>9N�:P>
:P=8iPD0/.�4�9� 3 ������ :B=ViBD0//�4�9� 3 \4��� :B=ViBD0/-� � � 3 \��PKM>9NV/1= \4�g:B=V( � � :P@I>95�:1DED0J"Tg&BH6/g@;D0&679/1+�>9&6iX/1>9NV/I+
:P=8(�� l \ � 6 � �� o � � l \ � 6 ���BoOZh2YNt-07W��:<d	-0=�RY:P58@ON)J�´ 7�UV+9&)&B*'dG/1=)>�58=8=V&X>.-0@1/1(�*©&6+W&BH6/1+��Bq/WAJ6/B:B+97�58=)>.-ED
��+9=879>�Lt>9/O-0=)-0>9�358=V@1&BHX/1+9/1("-0>g:B=V(r>9&6i6/I>9NV/1+�d�-0>9N°µC:B(V/IT�:P@;NV/I+gUV+9&BH6-0(8/1(y:A@1&6+9+9/I@1>�}858>�HX/1+9J¨D0&X=Vir:P=8(
@1&6T�UtDE-0@B:B>9/1(e-0=8(V58@1>.-0&X=�U8+9&)&P*{ª qLT<«�ZY�f7.-0T�-ED�:B+­D0&X=VihUV+9&)&B*�-07{(V/I79@1+.-0}�/1("})Jx��J)5879>9/1+9=)-0k�ª0�	�1«.Z�L -0=8@1/g>9N8/1=
T�:P=)Jn&6>9N8/1+WU8+9&)&P*,7�&P*�RY:P58@ON)J�´ 7�:P+9T�D0/1T�T�:tKQ:B7'-0>'-07g:1D079&3@B:<DED0/I(�KQN�:<HX/�:PU8U�/B:B+9/1(zZA2YN8/g79NV&X+9>9/179>�:P=8(
Tg&679>�/OD0/1i :P=)>g-0=8(V58@1>.-0&6=yUV+9&)&B*Y-07g(V58/A>9&xL�Z�
�Z
�z:P+9/IT�}�:°ª qYXB«.Zxc.>'-07g79&3}�/<:P58>.-E*,5tDY-0="*�:B@1>W>9N�:B>�-0>�dY:P7
@ON8&679/I=">9&3:BUVU�/<:P+�-0=����lI+I U
K�U �8I#] Z�� \��������	})Jr?3:P+9>.-0=r�C-0i6=8/1+�:P=8(�%��58=)>9/1+g?eZ��V-0/1iBD0/1+Aª0�O«�Zg2YN)-07
}�&)&6k�KQ(8/1()-0@B:P>9/1(y>9&3>9NV/�Tg/ITg&6+9Jn&P* U4:B5tDC��+9(��&671KQ@1&X=)>;:<-0=87�:A79/OD0/1@1>.-0&X=�&P*{>9NV/�Tg&X79>�}�/B:P58>.-E*,5)D'U8+9&)&P*©71K
}V+.-EDEDE-�:6=)>�-0(V/B:B71K4@OD0/1HX/1+'-0=87.-0i6N)>971KQdS&6=8(8/1+.*,5)DQ&6}879/1+9HX:P>.-0&6=87�:B=V(n>;:P=)>;:1DE-0�O-0=Vin&6U�/1=eU8+9&6})D0/1Tg7W-0=n>9NV/gdG&6+.D0(
&P*QT�:B>9NV/IT�:P>.-0@171Z

� ��� �g "!$#&%�§6 &'

c.=g>9N8/YUV+9/IH6-0&6587S79/1@1>.-0&X=]dG/S@1&6=8@1/1=)>9+;:B>9/1(�&6=g>9N8/YUV+9&X}tD0/IT &P*�&6U�/1=)-0=8i�U)D�:P=�:P+Y@1&X=)H6/1��U�&PD0J)iX&6=�:<DMDE-0=VkX:PiX/17
})JA-0=V@I+9/B:P7.-0=8ie}�&6>9Nn>9NV/W-0=)>9/1+.-0&6+�:P=8iPD0/I7�&B*S>9N8/'�9&B-0=)>97�:P=8(e>9N8/�()-079>;:P=8@1/�}�/1>�dS/1/1=n>9N8/�/1=8(8U�&P-0=)>97g&B*S>9N8/
DE-0=VkX:Bi6/6Z�²C/I+9/WdS/�+9/I>95V+9=3>9&�>9N8/W&6+.-0iP-0=�:<D�UV+9&X}tD0/1T±&P*�:P@1>95�:<DED0Jn79>9+;:<-0iXN)>9/1=t-0=8i3>9N8/­DE-0=8kX:Pi6/I71Z��{7YU�&P-0=)>9/1(
&658>�/B:P+.DE-0/1+1KY=8&"&X=V/hN�:B7]JX/1>gU8+9&BH6/1(y&6+g()-079UV+9&BHX/1(�dYNV/1>9N8/1+�/1HX/1+9JeDE-0=8k6:Bi6/n@B:P=y}�/A79>9+;:1-0i6N)>9/1=8/1(zZj�'=
>9NV/�&X>9NV/1+WN�:P=8(zKS:B7���-0i658+9/3sg-EDED05V79>9+;:B>9/171KS79>9+;:1-0i6N)>9/1=)-0=Vir@1&6=)HX/1�¨DE-0=8kX:PiX/17g-07�>9+.-0H6-�:1DED0Jw:B@1@1&XTgUtDE-079N8/1(y})J
79>9+;:<-0iXN)>9/1=t-0=8in&6=8/'�9&P-0=)>�:B>W:g>.-0Tg/6Kz-0=n&6+9(8/1+1Kz79>;:P+9>.-0=8iA*,+9&6T /O-0>9N8/1+W/1=8(VU�&P-0=)>1Z��85V+9>9N8/1+9Tg&X+9/6K�-0>'-07W@OD0/B:B+
>9N�:B>�>9N8/YUV+9&)@I/1(V58+9/'dG&6+9k)7G:<D079&W*,&6+479&XTg/Y=V&X=t¬�@1&X=)H6/1��DE-0=8kX:PiX/17Y795V@;N�:P7Q>9N8/ K �"R��l�LHODE-0=8k6:Bi6/'-0=���-0iX5V+9/�� l :6o
:P7|D0&X=Vim:P74&6=8/Q79>;:P+9>974>9N8/�58=t*©&PD0()-0=ViW*,+9&6T�>9N8/�I7D�^ M+�)/1=8(VU�&B-0=)>S&P*�>9N8/�DE-0=8kX:Pi6/XZS2YNV/I+9/O*,&6+9/4-0>|-074&6=)D0JW=�:P>958+;:<D
>9&h:P79k3N8&PdjU�&BdS/1+.*,5)DQ>9Nt-07W7.-0T�UtD0/O¬�T�-0=8(8/1( _0�#G8WYW#O�R U0MQTg&6>.-0&X=¨-07'*©&6+'79>9+;:1-0i6N)>9/1=)-0=8ieTg&X+9/�iX/1=8/1+;:<DQ@OD�:B7979/17
&P*SDE-0=8kX:PiX/171ZnL)/1H6/1+;:1DST�&6+9/�i6/1=8/1+;:1DS@OD�:B7979/17g&B*YU�&PD0J)iX&6=87gN�:<HX/�}�/1/1=e-0=)HX/179>.-0i):B>9/1("-0=wª T<«GdCN8/1+9/'� :P@;k)=t-E*,/
Tg&6>.-0&X=V7�:P=8("&X>9NV/1+W7.-0T�UtD0/�Tg&X>.-0&6=87­-0="dYN)-0@ONn&6=)D0Jn>.dS&��9&P-0=)>97W+9&X>;:P>9/g7.-0T�5tD0>;:B=V/I&6587.D J�:B+9/�:<DED0&BdS/I(�Z�c�=
U�:B+9>.-0@15)D�:P+1K�ª T1«W@1&X=)>;:<-0=87&( l !zo]>.-0Tg/r:<D0iX&6+.-0>9N8Tg7e>9N�:P>h5V79/)( l !zo]7.-0TgU)D0/"Tg&X>.-0&6=873>9&"79>9+;:<-0iXN)>9/1= [ED&H�H+*
M�Q ���#O�N#R�O7XW:P=8( N#I7D�}0H�B,* PYRJK0R�}�HJMS@ON�:<-0=87g:B=V(r:P=-( l !�D0&6id!�o'>.-0T�/A:1D0i6&X+.-0>9NVT *,&X+.( l !�o'7.-0T�UtD0/hTg&6>.-0&X=V7�>9&
79>9+;:<-0iXN)>9/1= K �#]BM/*lK0R�N#M/* P+REK0R�}
HJM4@ON�:<-0=871ZY�f@;N�:1-0=A-07'N)5)DEDE¬./I�)U�:B=V(V-0=�iA-E*9Kz:B7'dS/{@1&6TgU858>9/�>9N8/�@I&6=)H6/I�AN)5)DEDQ&P*
>9NV/{@ON�:<-0=�79>;:B+9>.-0=Vi�:P>Q&6=8/'/1=8(zK)>9NV/Y=8/1�)>�DE-0=8kh:<D0dY:1J)74DE-0/17Y&658>97.-0(V/{>9NV/Y@1&X=)H6/1�gN)5)DEDM&P*M>9N8/�DE-0=8k)7Y/1�8:PT�-0=V/1(
79&e*�:B+1Z�²Y/1+9/��;:B@Ok)k)=)-E*,/nTg&6>.-0&X=V7h79510p@1/6Zy� @ON�:<-0=�-07�(V&X5V})D0J6¬�H6-07.- })D /n-E*W*,&6+g/<:P@;NwU�&B-0=)>A&6=y>9NV/h@ON�:<-0=
>9NV/I+9/�/1�6-079>97�:�DE-0=8/g>9N�:P>C-0=)>9/I+979/1@1>97W>9N8/�@;N�:1-0=e&X=tD0Jn:B>'>9N)-07'U�&B-0=)>1Z���-0=�:<DED0J6KQ:�@ON�:<-0=e-07{7;:PTg/;¬.7.-0(8/O¬�H6-07.-0})D /
UV+9&BH6-0(8/1(">9N8/1+9/W/1�6-079>97�:­DE-0=8/g7958@ON3>9N�:P>Y>9N8/�@;N�:<-0=3-07'>9&g&X=V/�7.-0(V/�&P*Q>9N8/WDE-0=V/�:P=8(A*,&6+{/B:P@;NAU�&P-0=)>W&6=3>9N8/
@ON�:<-0=r>9NV/1+9/�/1�6-079>97�:g+;:<Jh&6=n>9NV/�7;:PT�/g7.-0(V/�&P*G>9NV/�@ON�:<-0=r>9N�:B>C-0=)>9/1+979/1@I>97�>9N8/�@;N�:<-0=n&6=)D0J":B>'>9N�:P>'U�&P-0=)>
:P=8(n:<D079&g-0=)>9/1+979/1@I>97'>9N8/'DE-0=V/6Z



�'+9k6-0=w/I>A:1D,Z¶K{ªEq1«{@B:<DEDG�;:P@;k)=t-E*©/eTg&X>.-0&6=87]*,+9&XT &6=8/3/1=8(	�O:1DEDE¬�&6+.¬�=V&X>9Nt-0=�i6��79>9+;:<-0iXN)>9/1=)-0=Vi :P=8(�79&PD0H6/
79/1H6/I+;:<D�*,&BD0(�:B}t-EDE-0>�JAU8+9&6})D0/1Tg7�*©&6+4@;N�:1-0=V7 l })J�:BUVU)D0J6-0=8i]>9N8/S79>9+;:1-0i6N)>9/1=)-0=Vi�-0=g+9/1H6/I+979/C&X+9(V/I+;o�58=V(8/1+QHX:P+.-0&6587
T�:P=)5)*�:B@1>95V+.-0=8i�@1&6=879>9+;:<-0=)>971ZY2YN8/1J�:1D079&gUV+9&BHX/'>9N�:P>S@1/I+9>;:<-0=AU8+9&6})D0/1Tg7{&P*�(V/1>9/I+9T�-0=t-0=8ig-E*4U)D�:P=�:P+YDE-0=VkX:PiX/17
@B:P=3}�/W79>9+;:<-0i6N)>9/I=V/1(r:P+9/WN�:P+9(zZ

c.=3sX��-0>C-07'79N8&BdY=A-0="ªEs1«4>9N�:P>{:g@ON�:<-0=ndYNt-0@;Nn:P(8T�-0>97�:�7.-0TgU)D0/gU8+9&P��/1@1>.-0&6=n&6=)>9&�79&XTg/�U)D�:P=8/g@B:B=A}�/
79>9+;:<-0iXN)>9/1=V/I(edS-0>9N&( l !zoS7.-0TgUtD0/�Tg&6>.-0&X=V71Z

� ��£������A£3 &'

>C&X>CT�58@ON�-07'k)=8&PdY=3@1&X=V@I/1+9=t-0=8iAdYN)-0@ON3@;D�:P7979/17{&P*QU�&BD0J)i6&6=87'-0=nq6��@B:P=x:<D0dY:1J)7'}�/W@1&6=)HX/1�6-E~�/I(�Zm��HX/1+9/1>9>
/1>�:<D,Z0KQª¶�<q<«Q79N8&Pd	>9N�:P>�79>;:P+.¬�79N�:PU�/1(rU�&PD0J)iX&6=87g@B:P=n}�/g@I&6=)H6/I�6-E~�/1(�-0= ( l ! � o'>.-0Tg/g587.-0=8i&( l !�o'@I&6TgU)D0/1�
Tg&6>.-0&X=V71Zy�Q:P@;N�795V@;N�Tg&6>.-0&X=�-07�:3+;:P()-�:<D{/1�)U�:P=87.-0&6=�:B=V(�+9&X>;:P>9/17�( l !zoC��&P-0=)>97g7.-0T�5tD0>;:B=V/I&6587.D J6Z ®�-0/1()D
/1>�:1D,Z¶KYª �<«{UV+9&BHX/A>9N�:P>h:¨T�&6=8&6>9&6=8/3U�&BD0J)i6&6=�@<:P=�}�/3@1&X=)H6/1�6-E~�/1(w-0= ( l ! � oW>.-0Tg/35V7.-0=8i ( l ! � o�7.-0TgU)D0/
Tg&6>.-0&X=V71K�dYNV/1+9/{/B:P@;NA7958@;N]T�&6>.-0&6=h+9&6>;:B>9/17S=8&gTg&6+9/{>9N�:B=g*,&658+|�9&B-0=)>97C7.-0T�5)D0>;:P=8/1&6587.D0J)ZYc.>4-07C@I&6=B�9/1@1>958+9/1(
>9N�:B>'/1�)5)-ED�:P>9/I+;:<DQU�&BD0J)i6&6=87�@B:P=x:<D0dY:1J)7'}�/W@1&6=)HX/1�6-E~�/I(�Z

��`
_ b5s�h
	�ak��6f
g�qek
®�/O*,&X+9/3(t-079@I5V797.-0=8iwN8&Bd DE-0=VkX:PiX/17A-0=w>9N8+9/1/3()-0Tg/1=87.-0&6=873T�-0i6N)>�}�/h5V=)>;:B=ViBD0/1(zK'-E*�:B>�:<DED,K{dS/A@I&6=87.-0(V/1+x:
@1&6=)HX/1�6-E~�@B:P>.-0&)=nUV+9&X}tD0/IT dCN)-0@;NA@1&X5tD0(h}�/'@1&X=V7.-0(8/1+9/1(3>9&�}�/Y-0=A}�/1>�dS/1/1=�>�dS&g:B=V(�>9N8+9/1/W()-0Tg/1=87.-0&6=871Z{��/1>
� � � � � � ��39����}�/�:g@OD0&679/1(n=8&6=)¬.@I&6=)H6/I�¨*,&X5V+.¬�}�:P+YDE-0=VkX:PiX/g-0=e>9N8/�>�dS&P¬�()-0Tg/1=87.-0&6=�:<D�
��P¬.U)D�:P=8/gdS-0>9N2�43
:P7'-0>97W+9/O��/1�g�9&B-0=)>1ZW�'797958Tg/g>9N�:P>������ � � �������g:B=V(2�4�9� 3 � � 3 � � Z��V58+9>9NV/I+9Tg&6+9/6K�:P797958Tg/g>9N�:P>W>9N8/
DE-0=VkX:Bi6/ l :<D0>9N8&658i6N�U)D�:P=�:P+;o­-07�/1T�}�/1(V(8/1("-0=">9N8/hs6� 79U�:P@I/AdS-0>9N�:P�)/I7�
�K��n:P=8(��VK|>9N�:P>�>9N8/'�9&P-0=)>97p:P+9/
}
�LH�H+* _0I#R�O�^ K�dCN)-0@;N":1DED0&Pd	+9&X>;:P>.-0&6=87'-0=r:<DEDG(t-0+9/1@I>.-0&6=87­-0=rs6�	:P=8(n>9N�:B>1KM:P7'58795�:<D,KM=V&h>.dS&�DE-0=8k)7�T�:1JA@1+9&X797
(V58+.-0=8iA:B=)JgTg&X>.-0&6=zZScÀ*MdS/SDE-E*,>4�9&B-0=)>
� 3 &��x>9NV/�
��P¬�UtD�:B=V/'-0=)>9&g>9N8/'>9N)-0+9(A()-0Tg/1=87.-0&6=�� l D0/B:1H6-0=Vig>9N8/'&X>9NV/I+
>9NV+9/I/C�9&B-0=)>97S~��)/1(�oC})J�+9&X>;:P>.-0=8ip-0>m:P}�&X5V>Y>9N8/'DE-0=V/�>9NV+9&X5ViXN1�4��:P=8(-� � 5V=)>.-ED4-0>Y+9/1>958+9=87'>9&�>9NV/�
��P¬�UtD�:B=V/
:P>SU�&67.-0>.-0&6= \ 3 K)>9N8/1=�>9NV/SDE-0=8kX:Pi6/�N�:P7S}�/I/1=�@1&6=)HX/1�6-E~�/I(3d�-0>9N�&6=8/'7.-0TgU)D0/WTg&6>.-0&X=�ZG2YNt-07S+9&X>;:P>.-0&X=ATg&X>.-0&6=
-0=ns6��-07'/I�)5t-0HX:<D0/I=)>W>9&�:�+9/O��/1@1>.-0&X=e>9+;:B=V7.*,&X+9T�:P>.-0&X=¨-0=3>9N8/�
��P¬�U)D�:P=8/6�
\
3­-07Y>9N8/�+9/O��/1@1>.-0&X=3&P* ��3�:P@1+9&X797
>9NV/WDE-0=8/�>9N8+9&658i6N1� � :P=8(1���6Z

��=�:B>95V+;:1D|T�&6+9/'iX/1=8/1+;:<DM�)58/179>.-0&6=A-071�QiP-0HX/1=3:B=)JgU)D�:P=�:P+Y@OD0&679/I(ADE-0=VkX:PiX/'-0=3sX�­K8@B:P=�>9N8/'>9N)-0+9(A()-0Tg/1=)¬
7.-0&6="}�/gNV/;D0Ut*,5)D,K4dS-0>9NnTg&6>.-0&X=V7�7.-0T�-ED�:P+�>9&]>9N8&679/�(V/179@I+.-0}�/1(�:B}�&BH6/6K|*©&6+'@I&6=)H6/I�6-E~�@B:B>.-0&6==@f2CN)-07WU8+9&6})D0/1T
N�:B7S}�/1/I=]()-079@1&BH6/I+9/1(h:P=8(]+9/;¬.()-079@1&BH6/I+9/1(]-0=8(V/IU�/1=8(V/1=)>.D0Jh})Jg79/1HX/1+;:<DzTp:P>9N8/1T�:P>.-0@;-�:P=871Kz:P=8(�Tg&6+9/Y+9/1@I/1=)>.D0J6K
@1&6T�UV58>9/1+'79@;-0/1=)>.-079>97'(�:P>.-0=8i�}�:B@Ok�>9&��B�6sX�tK�>9NV/'D�:B>9>9/1+Yi6+9&658UAT�&6>.-0HX:P>9/1(3})J�U8+;:P@1>.-0@<:<D4+9&X}�&6>.-0@I7'U8+9&6})D0/1Tg7
dS-0>9N¨DE-0=8kX:Pi6/I71KS:B=V(n>9N8/�*,&6+9T�/1+'})J37.-0TgU)D0/�@158+.-0&67.-0>.J°:P}�&X5V>W>9N8/gi6/I&6Tg/1>9+.-0@�UV+9&XU�/1+9>.-0/17�&P*GU�&PD0J)iX&6=87�:P=8(
7.-0TgU)D0/g@OD0&679/I(3@15V+9HX/17�ª q6s1«.K�:B7CdG/ODEDQ:B7C>9N8/W@1&XTgUV58>9/1+{/1�)UtD0&X+;:P>.-0&X="&P*Qk)=8&6>Y79U�:P@1/17�ª¶�<�<«QZ

2CN8/W~�+979>{U�/1+979&6=n>9&�UV+9&XU�&679/�>9N)-07WUV+9&X}tD0/IT dY:P7 U4:P5)DG��+9(��&67'-0=��B�Xs6�3ª¶�X�O«|-0=n>9N8/g@1&6=)>9/I�)>'&P*GU)D�:P=�:P+
U�&PD0J)iX&6=871Z�RS&6=87.-0(8/1+�>9NV/gDE-0=8k6:Bi6/n:B7�>9N8/�}�&658=V(�:P+9J�&B*'>9N8/�7.-0TgU)D0/3U�&PD0J)iX&6=�� -0=y��-0iX5V+9/�T l :6oOZ3c,*YdS/
795V}8>9+;:P@I>S>9Nt-07QU�&BD0J)i6&6=�*,+9&6T�-0>97�@1&X=)H6/1��N)5)DED|dG/S&6}8>;:<-0=�>9N8/S@1&6=)HX/1�g(8/O~�@O-0/1=8@1J��Y:Y@1&PDED0/1@I>.-0&6=A&B*M@1&6=8=V/I@1>9/1(
+9/1iP-0&X=V71Z¨��:B@ON"7958@;N"+9/1iP-0&X=">9&6iX/1>9N8/1+�dS-0>9Ne-0>97�}�&X5V=8(�:B+9Je-07W-0>979/ODE*�:�U�&PD0J)iX&6=zKS&P*©>9/1=e@<:<DED0/1(y:j��I+G�W#M+^z&P*
��Z32YNV/�U�&BD0J)i6&X=�� -0=y��-0i658+9/6T l :Xo­N�:P7�>.dS&3U�&)@OkX/1>97�����:B=V(�� �XZn��:B@ONrU�&)@OkX/1>gN�:P7�:P="/I(ViX/AdYNt-0@;N
@1&P-0=8@O-0(8/17WdS-0>9N3:W@1&6=)HX/1��N)5tDED�/1(8i6/W&P*�� l 79N8&PdY=g-0=A>9N8/'~�i658+9/W})Jg(V&X>9>9/1(]DE-0=8/17;oOZ{L)5V@;N3:B=�/1(ViX/'-07Y@B:<DED0/1(
>9NV/hU�&)@;k6/1>vHJR�N6Zn��+9(��&67�(V/O~�=8/1(�:A+9/O��/1@1>.-0&X=w&XU�/1+;:P>.-0&X=�&6=��±:P7�:¨7.-0T�5tD0>;:B=V/I&6587A+9/O��/1@1>.-0&X=w&P*m:1DED'>9N8/
U�&)@;k6/1>97W&B*��	:P}�&658>W>9NV/O-0+W@I&6+9+9/179U�&X=V()-0=8i3U�&)@OkX/1>'DE-0(871ZW�'U8UtD0J6-0=8in:g+9/O��/1@1>.-0&6=r&6U�/1+;:B>.-0&6=n>9&�U�&PD0J)iX&6=��
-0=h��-0i658+9/BT l :6o4J6-0/OD0(V7{>9NV/Y=8/1dwU�&PD0J)i6&X=����t-0=h��-0i658+9/�T l }�oOZQc.=A�<�6s6���4+9(4�&X7S@1&6=B�9/1@I>95V+9/1(�>9N�:P>SiB-0H6/1=h:B=)J
7.-0TgU)D0/AU�&BD0J)i6&6=zKY:BS�O�R�^ M'=)58T�}�/1+�&P*Y7958@ONr+9/O��/I@1>.-0&6=�&6U�/1+;:P>.-0&X=V7gdS-EDEDY@I&6=)H6/I�6-E*,Je-0>1Z�2YNV/g~�+979>WUV+9&)&B*{&P*
��+9(��&671´z@I&6=B�9/1@1>958+9/gdY:B7CU8+9&BH6-0(V/I(e-0="�B�Xs6�]})Jx® �/OD�:/>':Bi6JnªEq/W<«�Z{��-0+979>�>':Bi6Jh&6}879/1+9H6/1(n>9N�:P>'+9/;��/1@I>.-0=Vi-�LH�H
>9NV/WU�&)@OkX/1>97S-0=A&6=8/'79>9/IUA@B:B=pD0/<:P(]*©+9&6T :W7.-0TgU)D0/�U�&PD0J)i6&X=e>9&�:W=V&X=t¬�7.-0TgU)D0/�&X=V/XZ�2YN8/1+9/O*,&X+9/WNV/{Tg&)()-E~�/1(



P1

P2
P P’

(a) (b)

���������
	���
a������������ ��.4���	.�"��$
?�	Y4��B�&A !v������������ %9

��+9(��&671´�UV+9&X}tD0/IT�7.DE-0iXN)>.D0JA})J�(V/;~�=)-0=Vi�&X=V/W79>9/1Uh>9&�}�/'>9N8/W+9/O��/I@1>.-0&6=3&B*4&6=)D0J�I#O�M�U�&)@OkX/1>1ZGL -0=8@1/�:­U�&)@;k6/I>
-07�+9/;��/1@I>9/1(e-0=)>9&3:�UV+9/IH6-0&6587.D0J�/ITgUV>�J3N�:1DE* ¬�UtD�:B=V/ l }�/1@B:B5V79/h:�U�&)@OkX/1>'DE-0("-07�:pDE-0=8/A&B*S7958UVU�&6+9>�&P*��WoY=V&
@1&PDEDE-07.-0&)=87�@B:P=h&)@1@158+CdS-0>9N37958@ONx:�Tg&X>.-0&6=zZY��/I>S5V7Y@B:1DEDQ795V@;N3:B=A&XU�/1+;:P>.-0&X=":��aR �zZ >{:Pi6J�>9N8/1=AU8+9&)@1/1/I(V/1(
>9&WUV+9&BHX/'>9N�:P>G:P=)JWDE-0=VkX:PiX/ l 7.-0TgU)D0/'U�&BD0J)i6&6=�oS@B:P=�}�/Y@1&6=)HX/1�6-E~�/I(A})J�:%S�O�R�^ M|=)58T�}�/1+S&P*z�8-0UV71ZGL6-0=V@I/��B�Xs6�
>9NV/I+9/�N�:1H6/�}�/1/1=3T�:B=)JA+9/1()-079@1&BH6/I+.-0/17�&B*Q>9Nt-07{UV+9&X}tD0/ITAK|7958+9U8+.-07.-0=ViBD0JtKM=8&A:B5V>9N8&6+m:1dY:P+9/�&P*Q>9N8/W+9/1795)D0>97W&P*
>9NV/�&6>9N8/1+W:B5V>9N8&6+971ZW2YN8/­D�:B>9/179>W+9/1()-079@1&BH6/1+9JndY:B7C-0="�B�X�6��})J3®�-0/1()DG/1>W:1D,Z¶K4ª s<«�Kz:B=V(r%'+ �5V=)}�:P58T ª¶� XP«�N�:B7
iP-0HX/1=h:P=h:P@1@I&658=)>�&B*|79&XTg/Y&P*z>9N8/179/6ZQcMN�:1H6/{7.-0=V@I/'()-079@1&BH6/1+9/1(h:B(V()-0>.-0&6=�:<DM-0=V79>;:B=V@1/I7':B=V(p:'795V+9HX/1Jg&P*�>9NV/179/
U�:BU�/1+97�:1D0&6=8iAdS-0>9N3:g7.-0TgU)DE-E~�/I("/OD0/1Tg/I=)>;:P+9J3U8+9&)&P*G&P*Q>9N8/���+9(��&67.¬:>':Bi6J3>9N8/1&6+9/IT >9N�:B>'}�&X+9+9&PdY7{>9NV/W}�/I79>
*,+9&6T >9N8/W/1�6-079>.-0=8iAU8+9&)&P*,7Y-07S*,&6+9>9N8@1&6T�-0=VinªEqX�<«�Z

�CD0>9N8&658i6Nw>9N8/3�4+9(��&67g�V-0U87�dS-EDED'@I&6=)H6/I�6-E*,Jy:P=)J�7.-0TgU)D0/3U�&PD0J)iX&6=w-0=�:.S�O�R�^ MW=)58T�}�/1+g&P*m79>9/1U871KS>9N)-07
=)5VT�}�/1+3@<:P=8=V&X>3}�/e}�&658=V(8/1(	:B73:e*,58=V@1>.-0&X=�&B*/!|Z�%C-0HX/1=f:B=)J�U�&67.-0>.-0HX/"-0=)>9/1i6/1+ ��-0>�-07AU�&X797.-0}tD0/y>9&
@1&6=879>9+958@1>g:gU�&BD0J)i6&X= l -0=8(8/1/1(�:��)5�:B(V+.-ED�:B>9/1+;:<D�og>9N�:P>'dS-EDEDG=V/I/1(�:P>YD0/B:P79> �]�8-0UV7�ªEs1«.K4ª0�0XB«.Z­�'=e>9N8/�&X>9NV/I+
N�:B=V(zK�®�-0/1()D,K8/1>Q:<D,Z�ª s<«�N�:<HX/Y79NV&BdY=�>9N�:P>QdS-0>9Ng>9N8/�HJR�O�M *)^ �l�#G�W#R�O`X|Tg&6>.-0&X=V7Q&P*M�z/1=8N�:B+9>S:B=V(guyNt-0>9/I7.-0(V/17Wª0�+T1«
:P=)JhUtD�:B=�:B+'7.-0TgU)D0/gU�&BD0J)i6&6=3-0=ns6��@B:P=3}�/W@I&6=)H6/I�6-E~�/1(3-0=&( l ! � o�>.-0Tg/�d�-0>9N ( l ! � oS7.-0TgU)D0/gTg&X>.-0&6=871Z

��`	� t-��d�xar�h�� wBx�w�������r�h�	A�af �By
�{wBkug
w ��


2YNV/�79U�:P@1/�&P*{@OD0&X79/1(�@ON�:<-0=87g&X+WU�&PD0J)iX&6=87]&B**!rDE-0=8/A79/Ii6Tg/1=)>97�d�-0>9NnD0/1=ViX>9NV7
����69������6��� e/IT�}�/I(V(8/1("-0=�� 3
:P7�5V=8k)=8&6>97 l :1D079&3>9+.-0H6-�:<D{k)=V&X>97;om-07�(8/1=V&X>9/1( l 5V7.-0=8in>9NV/g=8&6>;:B>.-0&6=�&P*mRY:P=)>;:B+9/ODED�:n:P=8(w³B&6N8=V79>9&X=�ªE�1«,oY})J
�����  l � � 69������6��  oOZ4c�=e�<�6�6��RY:P=)>;:B+9/ODED�:�:P=8(e³B&6N8=879>9&6=eª �<«�:B=V(�-0=V(8/1U�/1=8(8/1=)>.D0J6K�®�-0/1()D,Kz/1>Y:<D,Zzª s<«M79>958(t-0/1(3>9N8/
/1T�}�/1(8(t-0=8ig@OD�:B7979/17Y&P*z7958@ON�&X}t��/1@1>97G:P=8(]()-079@1&BH6/I+9/1(A>9N�:P>Q>9NV/I+9/C/I�6-079>S79>95V@;k l &6+4D0&)@OkX/1(�oQ7.-0TgUtD0/WU�&PD0J)i6&X=V71Z
2YNV/SU�&PD0J)i6&X=�&P*M®�-0/I(tD,K8/1>�:<D,Z8ªEs1«8@1&6=)>;:1-0=V7'�<WC/1(8i6/I74dCN8/1+9/B:B7�>9N8/S/1�8:BTgU)D0/C&B*zRY:B=)>;:P+9/ODED�:�:P=8(A³B&6N8=879>9&6=�ªE�1«
N�:B7g&6=)D0J"7.-0�"/I(ViX/17 l 79/1/h��-0i658+9/ �XoOZ32YNV/I79/]+9/I795tD0>97�:B+9/A+9/OD0/IH6:B=)>g>9&ADE-0=8k6:Bi6/3@1&X=)H6/1�6-E~�@B:B>.-0&6=�U8+9&6})D0/1Tg7
}�/1@B:B5V79/{>9NV/IJ'-0TgUtD0J�>9NV/1+9/G/1�6-079>�7.-0T�UtD0/YDE-0=VkX:PiX/17S-0=�s6��>9N�:B>4@B:P=8=8&6>Q}�/Y@1&6=)HX/1�6-E~�/I(�ZG2CN8/S+9/1795)D0>97G:P+9/{:<D079&
+9/OD0/1HX:P=)>{>9&g58=V(8/1+979>;:P=8()-0=Vi3N8&Bd�79T�:1DEDE¬�79@B:<D0/g+.-0iB-0(t-0>�JA-0=t��58/1=V@I/17W>9NV/W79N�:PU�/�&B*Q�4>Y�	:P=8(A&X>9NV/I+C@I&6TgU)D0/1�
Tg&PD0/I@15tD0/I7¨ª0�B�1«.ZpL -0=8@1/6K4-0=y:P(8()-0>.-0&6=�>9&3>9NV/��z:B>�@1&X=)H6/1�nH6/I+97.-0&6=zK�>9N8/1+9/h:P+9/r�9+.-0i6N)>9�n:P=8(��.D0/O*,>9�3N�:P=8(V/1(
H6/1+97.-0&X=V7h&P*{>9N8/A58=Vk)=8&6>g-0=���-0iX5V+9/&�eK�RY:P=)>;:P+9/;DED�:":P=8(�³B&XNV=879>9&6="-0=w/ �z/1@1>gU8+9&BH6/1(y>9N�:B>g>9N8/A79U�:P@1/h&P*
-079&6>9&XUt-0@h/1T�}�/1(V()-0=8i67g&B*S>9N8/gN8/1�8:PiX&6="N�:P7�:B>CD0/B:B79>�>9N8+9/1/g@1&X=V=8/1@1>9/I("@1&6T�U�&6=8/1=)>971Zg2YN8/­D0/I=ViX>9NV7�&P*Y>9N8/
/1(8i6/17m:P+9/�@1+95V@;-�:<D4*,&X+C>9N)-07'U8+9&6U�/1+9>.J6ZYc�=V(8/1/1(zK�-E*G:<DEDQ7.-0��D0/1=8i6>9N87�:P+9/W>9N8/�7;:BTg/6Kz?]-EDED0/I>�:P=8(n�'+9/ODED�:P=�:¨ª0�B�1«
79NV&BdS/I(">9N�:B>W>9NV/�@OD�:P797g&B*S58=8k)=V&X>97�-0=�������� l �[61��61�[6B��61�[61�BoC-07�@1&6=8=8/1@1>9/1(zZh�V58+9>9NV/1+9T�&6+9/6K|-E*�dS/g@1&X=V7.-0(8/1+
&6+.-0/1=)>;:B>.-0&6=rRY:<D0H6&hª+�1«|N�:P7G79NV&BdY=A>9N�:P>Y>9N8/1+9/W:B+9/W(t-079>.-0=8@1>'/IT�}�/I(V()-0=ViX7'&B*|D0/O*,>{:B=V(h+.-0i6N)>.¬�N�:B=V(8/1(3>9+9/O*©&P-ED07
-0= ����� � l ��6B��61�[61��6I��6B�BoOZ{RY:P=)>;:B+9/ODED�:3:P=8(�³B&6N8=V79>9&X=3@1&6=8@OD058(V/�>9N�:P>'>9N8/1J3795879U�/1@1>W>9N�:P>m:<DEDQ79>958@Okh5V=8k)=8&6>97
-0= �������C}�/OD0&6=8ig>9&W>9N8/C@;D�:P797S-EDED05V79>9+;:B>9/1(]-0=h��-0iX5V+9/.�)K6-0=�&6>9N8/1+�dG&6+9(871K)>9N�:B>S>9N8/1+9/{:P+9/Y=V&�Tg&X+9/C>9N�:P=�>9NV+9/1/
@1&6T�U�&6=8/1=)>97C-0= �������)ZQ²C&BdS/1HX/1+1K8+9/1@1/1=)>.D0Jhc�()-079@1&BH6/I+9/1(n:�=8/1d�@OD�:P797Y&B*479>958@Ok�58=Vk)=8&6>9>9/1(3N8/1�8:Bi6&6=87 ª q �1«.Z
�'=h/1�8:PTgU)D0/g&B*Q:�N8/1�8:PiX&6=3-0=3>9Nt-07{=V/Id�@OD�:P797Y-07'79N8&PdY=A-0=x��-0i658+9/��tZ



A1 A2

A3

A4A5

A6

�%��������	���
�����	@�
4��"$
?5�� �?� ���4��� ��!# �40!#��	Y��� !v!# "3������� ��
4��� ����	��9

�C/1=8&6>9/{>9NV/{79U�:B@1/WU�&PD0J)iX&6=h})Jp-0>97GH6/1+9>.-0@1/I7^� � � � � � ����� � � :P=8(pD0/I>���&4}�/{>9NV/YD0/1=ViX>9NA&B*�DE-0=8k-�*&'��&�( � K
Tg&)(85tD0&@TtZ >Y&6>9/S>9N�:P>4>9N8/SD0/1=8i6>9N87�-0=g}�&6>9N�~�i658+9/17G:P+9/Y=V&X>4Tg/1>9+.-0@B:1DED0Jh:P@1@158+;:P>9/G}V58>�>9N8/�~�i658+9/17G:P+9/Y/B:P7.-0/I+
>9&3H6-0795�:1DE-0�1/r:P7g79N8&BdC=zZ3c�=)>95t-0>.-0HX/OD0Jw>9N8/�&6=)D0J�d�:<Jn>9&3@1&X=)H6/1�6-E*,Jr>9NV/hU�&PD0J)iX&6=wdS-0>9N">9N8/Ak)=8&6>�()-�:Pi6+;:BT
79NV&BdY=A-07Y>9&g/O-0>9N8/1+YU�:B797'>9N8/'@;N�:1-0=1�43Y���a��
9� � &BH6/1+
� � &6+Y5V=8(8/1+
� � ZG�V&X+C>9N)-07Y>9&g&)@1@158+S-0>S-07'=8/1@1/1797;:B+9J
>9N�:B>Y>9NV/'D0/1=8i6>9Nn&P* � 3 � � � 
 � �'}�/W=8&6>{79T�:<DED0/1+{>9N�:B=A>9N8/'D0/1=8i6>9Nn&P*4>9N8/W79N8&6+9>9/1+{&P* � ��:P=8( ���]ZQ²Y&BdS/1H6/I+1K
-0>�-07gU�&X797.-0}tD0/3>9&3@I&6=879>9+95V@1>�795V@;N�NV/1�8:Bi6&X=V7�>9N�:P>�H6-0&PD�:P>9/3>9N8/179/h(t-079>;:B=V@1/h+9/1�)5)-0+9/1Tg/1=)>971Zy�V&X+�/I�8:PTgU)D0/6K
:¨U�&PD0J)i6&X=wdS-0>9N�>9NV/hk)=V&X>g()-�:Pi6+;:BT 79NV&BdY="-0=y��-0i658+9/n�]-07g79>95V@;ke-E*{-0>gN�:B7g>9N8/p*©&PDED0&BdS-0=Vi�@1&)&X+9(t-0=�:P>9/171Z
� � � l �<WLW<6B�<W<6 W6o�6 � � � l #W�+W/W<61�<W<6Y#W�Bo�6 ��3$� l �+W76;qLW760WXo�6 ���0� l �<W<6�W76B�+W6o�6:��
0� l #W�+W76�W<6Y#W�<W6o�6 � � �
l #W�+W761q/W<6�WXoOZ

�V5V+9>9N8/1+9Tg&X+9/6KM>9NV/gN8/1�8:Bi6&6=n-0=���-0i658+9/h�p-07'-0=�:g79/1=879/�Tg&6+9/g79>958@;k3>9N�:B=e>9N8/gN8/1�8:PiX&6="-0="��-0iX5V+9/ �)Z
��/1>G5V7S(8/O~�=V/{>9NV/BK0^ D�G8W O=D�]B}
M+�|&B*�:­U�&BD0J)i6&X=3:P7G>9NV/{T�-0=t-0T�58T =)5VT�}�/1+S&B*zDE-0=Vk)7{>9N�:B>ST�5879>Q}�/'+9/1T�&PHX/1(
79&�>9N�:B>'>9N8/�+9/1Tp:<-0=)-0=Vi3&XU�/1=3@;N�:1-0=V7W@B:B=3}�/�79>9+;:<-0i6N)>9/I=V/1(zZW2YN8/1=�K�-E*G>9N8/�79>958@Okh=)5VT�}�/1+{&P*�:�U�&BD0J)i6&6=n-07
�AdS/�d�-EDEDG7;:1JA>9N8/�U�&PD0J)i6&X=e-07��6¬.79>958@;k�Z���/1>{5V7{@B:<DEDG:gU�&BD0J)i6&X=|~>M��YWLH�B��6¬�79>95V@;kA-E*G>9NV/�+9/1Tg&BHX:<DQ&B*��#OEB��
DE-0=Vk)7�:<DED0&BdY7'>9N8/�+9/1T�:<-0=)-0=8i3&6U�/1=3@;N�:<-0=87W>9&g}�/�79>9+;:<-0i6N)>9/I=V/1(zZmL -0T�-ED�:B+.D JXK|D0/1>'587Y@B:<DEDG:gU�&BD0J)i6&X= K ^ �8I#O7XLH�B
� ¬�79>958@Ok�-E*Q>9Nt-07Y-07Y=V&X>'>9N8/W@B:P79/W}85V>{>9NV/I+9/W/1�6-079>97eK I#]eMS79/I>C&B* ��DE-0=Vk)7WdYN8&679/�+9/1Tg&BHX:<DQ:1DED0&BdC7{795V}879/1�)58/1=)>
79>9+;:<-0iXN)>9/1=t-0=8iVZhFY7.-0=Vih>9NV/�+9/1795tD0>97W&B*YRY:B=)>;:P+9/ODED�:3:B=V(�³B&6N8=V79>9&X=wª �<«|-0>W@<:P=n}�/g79N8&PdY=3>9N�:P>W>9N8/�N8/1�8:Bi6&6=
-0=���-0iX5V+9/&�A-076~>M��YW H�BA�;¬�79>95V@;k"dYNV/I+9/B:P7g>9N8/A/I�8:PTgU)D0/A-0=���-0iX5V+9/n�A-07vK ^ �lI#O7XLH�B]�;¬.79>958@;k�Z�c.=8(V/1/I(�KQ-E*'-0=
>9NV/�N8/1�8:PiX&6=n&P*G��-0i658+9/��p>9N8/'DE-0=8kA� � � � -07{+9/1Tg&BH6/1(3dG/W&6}8>;:<-0=n>9NV/W79>958@Ok W#O�R�^ ^ R�O7X *)O�M�M)N�HJM
KM/1�8:BTgUtD0/�&P*
RY:P=)>;:P+9/;DED�:A:P=8("³B&6N8=879>9&6="ª �<«�:P=8(n®�-0/1()DQ/1>Y:1D,Z4ªEs1«.Z

c.>C-07{@OD0/B:B+­*,+9&XT�>9N8/�/1�8:PTgU)D0/g-0="��-0iX5V+9/p�]>9N�:P>'N8/1+9/gdG/g:1D079&AN�:<HX/�D0/O*,>m:P=8(e+.-0iXN)>WN�:B=V(8/1("HX/1+97.-0&6=87
&P*Q>9N8/WU�&PD0J)iX&6=zZY2YNV/1+9/;*,&6+9/WdS/WN�:1H6/W>9N8/­*©&PDED0&BdS-0=Vih+9/1795tD0>1Z

HJI�K7L�`MK7N
� Q+Z�I7D#K�K0�#R�O�^�������� S���I#� KaD�R�^ �#}<HJMBG�[�I#R�G�M<K I U�M�NYX&M *lHJMYO`X&^ [ b>^J[�M+�8M.�#�8M.�#^�HJM��LK0^�S�P+M�G0HJ�LK
K M0KBI U
M+]e}�M
N#N#R�O7XLKaI U�^J[�McD�O7W#O�I#^>R�O ����� �

ue/Y=8&6>9/Y>9N�:B>���5V79>G:P74-0=�>9NV/Y/1�8:BTgUtD0/W&B*MRY:P=)>;:B+9/ODED�:g:P=8(3³B&6N8=V79>9&X=�K8dS/G@B:P=�&6}8>;:<-0=h:C*�:BT�-ED0J�&P*z79>958@;k
5V=8k)=8&6>97'7.-0T�-ED�:P+W>9&g>9N8/WU�&PD0J)iX&6=A-0=n��-0iX5V+9/��m*©&6+{:P=)J�HX:<D058/�&B* !��pT�})Jg-0=V79/1+9>.-0=8i3:WU�&BD0J)i6&6=�:<DG@;N�:1-0=3&P*
:P=)J�=)58T�}�/I+S&P*�/1(ViX/17S}�/I>.dS/1/I=)� �{:P=8(-��
{:B7�D0&6=8i�:P7G>9NV/O-0+Y>9&X>;:<D�D0/1=8i6>9Nh(V&)/I7S=V&X>S/1�)@1/I/1(A>9N8/SD0/1=ViX>9N � �XZ
�'7m:�~�=�:<DQ+9/1T�:B+9kAdS/�:P(8(3>9N�:P>W:1D0>9NV&X5ViXN"N8/1�8:PiX&6=87­-0=nsX��@<:P=n}�/�k)=8&6>9>9/I(�KM:B=)J37.-0TgUtD0/�U�&PD0J)iX&6="dS-0>9N
D0/1797'>9N�:P=37.-0�h/1(8i6/17S-07'58=8k)=V&X>9>9/1("ªEqXqP«.Z

c.=w@I&6=)>9+;:P79>h>9&">9N8/e+9/1795)D0>]-0=�sX�­KY+9/1@I/1=)>.D0J�RS&)@B:B=�:P=8(���´EµS&658+9k6/�ª0�+W<«mN�:1HX/e79N8&BdC=�>9N�:P>g*,&X+h:<DED
(t-0T�/1=V7.-0&X=V7�iX+9/B:P>9/1+W>9N�:P=°s]/1HX/1+9J37.-0TgU)D0/A&6U�/1="@;N�:1-0="T�:1J3}�/�79>9+;:<-0iXN)>9/1=V/I(�KG:P=8(n/1H6/1+9Jn7.-0TgU)D0/�@OD0&679/1(
@ON�:<-0=nT�:1J�}�/W@1&X=)H6/1�6-E~�/1(zZY2CN8/�:<D0iX&6+.-0>9N8Tg7W+958=A-0=3U�&PD0J)=8&6T�-�:1DS>.-0T�/6Z

ue/�@OD0&679/�>9Nt-07W79/1@I>.-0&6="})JhTg/1=)>.-0&6=)-0=8i":g@1&X5VU)D0/�&P*G:P(8()-0>.-0&6=�:<D{&6U�/I=eU8+9&6})D0/1Tg71Z l �BoY�	=�:B>95V+;:1DSiX/1=t¬
/1+;:<DE-0�<:P>.-0&6=r&P*4@I&6=)H6/I�6-E*,J6-0=Vin:WU)D�:P=�:P+'U�&PD0J)i6&X=¨-0=xs6��-07{>9&�@I&6=87.-0(V/1+{Tg&6+9/WiX/1=8/1+;:<D�U�&PD0J)iX&6=87W>9N�:B>':B(VT�-0>
:]7.-0TgU)D0/AU8+9&B�9/1@1>.-0&X="&6=)>9&379&XTg/gU)D�:P=8/6Z�c.>'-07W@1&X=P��/1@1>958+9/1(">9N�:P>�:<DED�795V@;NeU�&PD0J)i6&X=V7�@B:P="}�/g@1&6=)HX/1�6-E~�/1(�Z



A3 A6

A1 A2

A5A4

���������
	 ��
��  �	+7 $0� !&�����#A���4
�"$
?-�� �?� ���4
4�	/3=��	0D"!&���� ���'l�������
� !&�� �4�� : �	�l*Y9

l q6o{L -0=8@1/�cY(t-079@1&BHX/1+9/1(">9N8/�79>958@;k35V=8k)=V&X>97W&P*���-0i658+9/��gcYN�:1H6/�NV/B:B+9(¨*©+9&6T±²C/B:B>9NV/1+�³B&6N8=V79>9&X=":B=V(�³X:<¬
79&6=�RY:B=)>;:P+9/ODED�:A>9N�:P>W>9N8/1J6K4>9&Xi6/1>9N8/1+WdS-0>9Nw³B&X5VkX& 
'&679k6-0=8/1="N�:1H6/h:<D079&g��5V79>W()-079@1&BH6/1+9/I(">9Nt-07�@OD�:B7971Z�2CN8/
@1&6=B�9/1@I>95V+9/W=8&Bd�-07Y>9N�:P>S>9N8/1+9/�:P+9/{=V&�Tg&6+9/W>9N�:P=�~�HX/'@OD�:B7979/17'&B*4=8&6=)¬.>9+.-0H6-�:1DQ/1T�}�/1(8(t-0=8i67W&B*4N8/1�8:PiX&6=87C-0=
s6�WZ

� ��¢ �.����§6 ��.% ���.'

� ^ �lM
MBHJR�O7W#�YX#M�-07�:�DE-0=VkX:Bi6/�>9N�:B>'N�:P7{>9NV/W*,&6+9T &P*G:g>9+9/1/XZ'�{7'}�/O*©&6+9/6Kz=8&)(V/I7W:P+9/{�9&P-0=)>97{>9N�:B>'@B:B=e+9&X>;:P>9/
:P=8(�>9NV/g/I(ViX/17�:P+9/�DE-0=Vk)7�>9N�:P>W+9/1T�:1-0=�+.-0iP-0("-0=�>9NV/g79/I=V79/h>9N�:B>W>9NV/1Jn(8&3=V&X>�}�/I=V(y:P=8(">9N8/O-0+WD0/1=ViX>9N"-07
UV+9/I79/1+9H6/1(h(V58+.-0=8i�:P=)J�Tg&6>.-0&X=�ZG2YNV/B^ �8M�M{HJR�O`W&�YX#Ma�8M�G�I#O0S�X7D��l�#^ R�ILOSU8+9&6})D0/1T -071�QiB-0H6/1=h>.dS&{@1&6=)~�iX5V+;:B>.-0&6=871K
@B:P=3&X=V/W}�/�Tg&BHX/1(A>9&g>9N8/W&6>9N8/1+1ZQ2YNV/��a�#^ ^ M+O�R�O7XSU8+9&6})D0/1T�@<:P=3}�/W(8/179@1+.-0}�/I(":B7�*©&PDED0&BdY71ZY²':B=Vi�>9N8/W>9+9/1/
DE-0=VkX:Bi6/�*,+9&XT :P=)JW�9&B-0=)>W:P@I>.-0=Vih:P7Y>9N8/W+9&)&6>Y79&g>9N�:P>Y>9N8/W@ON)-ED0(V+9/I=e&B*Q/1H6/1+9JW�9&B-0=)>W:B+9/WU�&P-0=)>.-0=8iA(8&BdC=)d�:P+9(
:P=8(3>9NV/�:B79U�/1@1>{+;:P>.-0&g&B*Q>9NV/'DE-0=8kX:PiX/�-07W:B7�D�:B+9i6/�:P7Y(8/17.-0+9/1(3dS-0>9NV&X5V>m:<DED0&BdS-0=Vin:B=)JgDE-0=Vk)7W>9&g@I+9&6797Y(V58+.-0=8i
>9NV/�Tg&X>.-0&6=zZY®�-0/1()D4/I>':1D,Z|ª XP«�79NV&Bd�>9N�:B>C=8&6>Y/1HX/1+9JA>9+9/I/'DE-0=VkX:PiX/g@B:B=A}�/W79>9+;:1-0i6N)>9/1=8/1(zZ

� �	� ��¢ �p ¨¦�� '

ª¶�;«�?3:B+9>.-0=3�C-0iX=V/1+m:P=8(n% �5V=)>9/I+'?eZ �V-0/1iPD0/1+1Z��z�8I+I U
K U0�lI#] Z���\ �������{ZYL)UV+.-0=8i6/I+1K4�B�6�X�tZ
ªEq1«��479>9N8/1+3?eZY�{+9k6-0=�K�L �:P=8(8&6+�U|Z{�V/1kX/1>9/6K�³B&679/1U8N�L�Z{®YZ{?]-0>9@ON8/ODED,K�:P=8(fL)>9/1HX/"L�Z{Ltk6-0/I=�:)Z �'=�>9N8/

Tp:P=)5)*�:P@1>958+;:P})-EDE-0>.J�&P*�U�:BU�/1+9@ODE-0U87Y:P=8(�79NV/1/I>|Tg/1>;:1D879>9+95V@I>95V+9/171Z 24/1@ON8=)-0@B:<D�µS/1U�&6+9>S�<�6�X�tK �C/1U�:P+9>9Tg/I=)>
&B*Q�'U8UtDE-0/I("?3:B>9NV/1Tp:P>.-0@17m:P=8(nLt>;:B>.-079>.-0@171KMLt>;:B>9/gFY=t-0HX/1+97.-0>.Jh&P*">Y/1d�
Q&6+9kp:P>{Lt>9&X=)J3®�+9&)&Xk�Z

ªEs1«g2WZ�®�-0/1()D,KM�SZz�C/IT�:<-0=8/6KM?eZz�Y/1T�:1-0=V/6KML�Zz�M:P�B:B+9(�K���Z���58})-0d­K4³)Z���´ µS&658+9k6/6K�?eZz�'H6/I+9T�:P+971K�L�Z�µS&6})¬
})-0=871K�cOZ�L)>9+9/O-0=)5zKM%�ZV2WZ824&658797;:<-0=)>1K�:P=8(3L�Z8uwN)-0>9/17.-0(V/I71Z{��&)@;k6/1(x:P=8(A58=tD0&)@;k6/1(nU�&BD0J)i6&6=�:<DQ@;N�:<-0=87C-0=
sB(�ZQc�= �z�8I+G e
��� ^E[���C���*��<T�������B/] ��ILK R'D�] I#O�� REK GY�lM+^ M���H X#I#��R�^J[�] K;K)U�:Pi6/I7'�/TLT��8�LT �tK4�<�6�6�)Z

ª XB«g2WZ ®�-0/1()D,K���Z �C/1Tp:<-0=8/6K�?eZ)�Y/1T�:<-0=8/6K�L�Z8�|:B�B:P+9(zK)��Z ��58})-0d­K�³)Z)��´ µ"&658+9k6/6K�Z L�Z)µS&6}8})-0=V71K�cOZ Lt>9+9/O-0=)5zK
%�Zz2WZz24&X5V797;:1-0=)>1KQ:P=8("L�ZMuwN)-0>9/17.-0(V/I71Zh�'=e+9/1@I&6=)~�iX5V+.-0=8ie>9+9/I/­DE-0=8kX:Pi6/I71�g>9+9/1/17{@B:P=3D0&)@;k�Zgc.=��z�8I+G e
��� ^J[AC �#O��#N#R��#OAC I#O9U0M+�8M+O�G�M�I#O C>I#]�� D�^ �#^ R�I#O��LH��aM�I#]eM+^ �8BPK)U�:PiX/17aX �8�)K|�<�6�6�)Z

ªE�1«g2YN8/1+9/179/�R'Z8®�-0/I(tD,KM�4+.-0kh�­Zz�Y/1T�:1-0=V/6K�LtJ6D0HX:1-0="�M:P�B:B+9(�K�Lt>9/1HX/1=3?eZ�µS&6}8})-0=V71KM:B=V(x?]-0@ON�:P/ODQ��Z8L)&67971Z
RS&X=)H6/1�6-E*,J6-0=8i�Tg&X=V&X>9&6=8/�U�&PD0J)i6&X=V71Z 24/1@;N8=t-0@B:1D�µS/1U�&6+9>nRYL ¬��X�<¬ W6s)K'�{UV+.-EDh�B�X�6�tK­�C/1U�:P+9>9Tg/I=)>3&P*
RS&XTgUV58>9/1+{L)@O-0/1=8@1/6KMFC=)-0H6/I+97.-0>.J3&P*Qur:P>9/I+.D0&)&VZ

ª T1«g2YN8/1+9/179/{R'Z)®4-0/1(tD,K���+.-0k��­Zt�C/1T�:1-0=V/XK�?]-0@;N�:P/ODM��Z L)&67971K�:P=8(�%'&)()*,+.-0/1(�2WZ624&X5V797;:1-0=)>1Z4L)>9+;:<-0iXN)>9/1=t-0=8i
H6-07.-0})D0/A@;N�:<-0=87�58=V(8/1+W@1&X=V79>9+;:1-0=)>971Z�24/1@ON8=)-0@B:<D�µS/1U�&6+9>�RYL6¬��6�<¬ WX�tKQ�B�6�X�tK��C/1U�:P+9>9T�/1=)>W&P*�RS&6TgU85V>9/I+
L)@O-0/1=8@1/6KMFY=t-0HX/1+97.-0>.J3&B*Qu":B>9/1+.D0&)&VZ



ª+�1«A³B&X+9i6/3��ZSRY:1D0H6&VZj2YNV/3/1T�}�/1(8()-0=Viy79U�:B@1/e&B*�NV/I�8:Pi6&X=�:1D�k)=V&X>971Z KaD�}+]BR�^ ^ M
N�^ I|Z�I
��ILHJI�X7B��#O�N5R�^�K
���#��HJR�G��#^ R�I#O&K;KXFC=)-0H6/1+97.-0>�J3&P*GRY:<DE-E*©&6+9=)-�:A:P>{L8:P=)>;:�®S:B+9}�:B+;: l �B�X�6�1¬O�<�6oO�0� �ts6�tKQ�B�X�6�)Z

ªE�1«A³X:B79&6= RC:B=)>;:P+9/ODED�:�:B=V( ²C/B:B>9NV/1+h³B&6N8=V79>9&X=�Z�>Y&6=)>9+.-0H6-�:1D�/1T�}�/1(V()-0=8i673&P*mU�&PD0J)iX&6=�:<DW-0=)>9/1+9HX:1D073:P=8(
58=8k)=V&X>97C-0=ns<¬�79U�:P@1/XZ��#I7D��
O��LH2I U���O�I#^ Z�[�M�I#��B��#O�N�R�^�K��z�#]eR S�G
�#^ R�I#O�KOK � l �XoO�¶�<W6q �����<W6s6�)K4�B�X�6�tZ

ªE�1«g�{5ViX5V79>.-0=j��ZGRY:P58@;N)J6Z	L)5V+�D0/17�U�&PD0J)iX&6=8/17n/1>gD0/17AU�&BD0J��/1(8+9/171KW79/1@1&X=V(8/nT �/1Tg&B-0+9/6Z��#I7D��
O��LH	�\�G�ILHJM
�zILH�BL^ M�G�[�O�R�
YD#M1K)�+T l �XoO�Eq/T �ts6�tK4�<�t�<stZ

ª¶�<W<«hµS&B�8:P=�:�RS&)@B:P= :P=8(f³B&679/1U8N���´EµS&X5V+9kX/6Z U|&PD0J)i6&X=�:1Dg@;N�:<-0=87A@B:B=V=8&6>�D0&)@Ok�-0= X)�­Z�c�=��z�8I+G e ��� ^J[
C �#O��#N#R��#O1C>I#O9U0M+�lMYO�G
M�I#O C>I#]�� D�^ �#^ R�I#O��LH �aM
I#]BM+^ �8BPK��B�6�X�tZ

ª¶�X�O«VU4:B5tD���+9(��&671ZzU4+9&6})D0/1T =)58T�}�/1+{s �LTXstZ � ]BM+�
R�G
�#O �6�#^J[�M+]e�#^ R�G��LH ��I#O�^J[�H�BPK#X qt� T6q �tK|�<�6sX�tZ
ª¶�<q<«h²WZz�4H6/1+9/I>9>1KzL�Zz�|:B�B:P+9(zKML�ZMµ�&X}V})-0=871K4²WZzL)@ON8+	�&6(8/1+1KM:P=8(nL�Z�uwN)-0>9/17.-0(8/171Z�RS&6=)HX/1�6-E*,J6-0=8i379>;:P+.¬�79N�:PU�/1(

U�&PD0J)i6&X=V71ZYc�= �z�8I+G e
��� ^J[AC>�#O��#N#R��#O2C>I#O9U0M+�lMYO�G
M I#O C>I#] � D�^ �#^ R�I#O��LH��aM
I#]BM+^ �8BPK U�:Bi6/17mq �8s)K|�<�6�6�)Z
ª¶�<s<«h?3:B�6-0T �WZz�V+;:B=Vk6¬ 
W:BTg/1=8/1>979k6-E-,Z
�>O��l�#P+M<H�HJR�O7X������WZ|�{(V()-079&6=)¬�ue/17.D0/IJ6KS�B�X� �)Z
ª¶� XP«h®Q+;:P=8k6&h%'+ �5V=)}�:P58TAZ�²C&Bd�>9&�@1&X=)H6/1�6-E*,Jn:�U�&PD0J)iX&6=zZ �aM
I#]B}+R�O��#^ I#�
R�G<K9K �t� qYX �8s/WtK|�<�6�X�tZ
ª¶�<�<«hR'Z ²C&BD0(V/1=zZQµY:P=8(8&6T 7;:BTgU)D0/171�Y�z&)@OkX/1(�}V58>�=8&6>Gk)=V&X>9>9/1(�Z ��C�T
\��$C"\�K8qX�6s)�E�Xst�6K��V/I}V+95�:P+9JA�<qtK��<�6�X�tZ
ª¶�<T<«�u�-EDEDE-�:PT�³)Z8��/I=VN�:P+9>Y:B=V(hL)5V/m²­ZXuwN)-0>9/17.-0(8/171ZGµ�/I@1&6=)~�iX5V+.-0=8i�@OD0&679/I(AU�&BD0J)i6&6=�:<D�@ON�:<-0=87S-0=�/15V@;DE-0(V/B:B=

�P¬�79U�:P@1/XZ � REK GY�lM+^ M��#O�N C I#] � D�^ �#^ R�I#O��LH �aM
I#]BM+^ ��BBK��Bs)�¶�<q6s ���0X WtK4�B�X�6�)Z
ª¶�/�<«h�4Zz��ZM�zJ)5V79>9/1+9=)-0k�Z C I#O�P+M
Q��%R X7D��lM<KB�#O�N �zILH�B0[�M�N#�8�6Z{�­Z�R'ZM²C/B:B>9Nn:P=8(�RS&6TgU�:P=)JXK4®�&X79>9&6=zK��<�LT/TtZ

24+;:B=V7.D�:B>9/1(n:P=8(n:P(�:PU8>9/1(A*,+9&XT >9NV/'~�+979>{µS5V797.-�:B=e/1()-0>.-0&6= l �B�X�LTXo�})Jx�C&X=�:1D0("�4Z�®G:P+9=8/1>9>1Z
ª¶�<�<« 
�Z�?]-EDED0/1>1Z 
'=8&6>9>.-0=8i�&P*�+9/1i65)D�:P+WU�&BD0J)i6&X=V7'-0=xs<¬�79U�:B@1/6Z��#I7D���O��LH�I U�� O�I#^�Z�[�M
I#�8Be�#O�NjR�^ K����#]BR S�G�� *

^ R�I#O�KOK8s)�Eq/T6s��8q �X�tKM�B�6�+XVZ
ª¶�<�<«3³B&)/m?]-0>9@ON8/ODED,ZY��@1&658=)>9/1+9/1�8:BTgU)D0/ l @BoA>9&�>9N8/W@B:P+9U�/1=)>9/1+1´ 7C+95)D0/1+{@1&6=B�9/1@1>958+9/6Z"T0O�^ M+�
O��LH��zM8��I#��^ K)U�:Pi6/I7

� �8s)K|�B�X�6�)Z
ªEq/W<«h®��/OD�:/>':PiXJ6ZGLt&BD05V>.-0&X=e&B*QUV+9&X}tD0/IT s �LT6s)Z���]BMY��R�G��#O ���#^E[�M+]B�#^ R�G
�LH �6I#O�^E[�H�BBK#X#T)�¶�/�LT����	� �tK4�<�6s6�)Z
ªEq)�O«3³)Z ��´ µ�&X5V+9kX/6Z��V&PD0()-0=Vih:B=V(�58=t*,&BD0(t-0=8ig-0=�@1&6TgU858>;:P>.-0&6=�:<D�i6/1&XTg/1>9+9J6ZMc.= ���lIYG e �#�
���#O.C>I#O9U e ��REK G+�8M+^ M

C I#] � D�^ e �aM
I#] e F ���)K8U�:PiX/17�� X)q ���0X �tKM�C/I@1/1T�}�/1+W�B�X�6�tZ�µS/1H6-079/1(3H6/I+97.-0&6=n795V}8T�-0>9>9/1(3>9&��M� >{RCL�Z
ªEqXq<«hµ�-0@;N�:B+9(nµY:P=8(V/ODED,ZQ�{=]/;D0/1Tg/1=)>;:B+9J]-0=)HX:P+.-�:B=)>'&P*�k)=V&X>971Z��#I7D��
O��LH�I U���O�I#^aZ�[�M
I#�8BB�#O�N�R�^�K����#]BR S�G�� *

^ R�I#O�KOK)U�:PiX/17{q �X� �8qX�LT)K4�B�6�+XVZ
ªEqXs<«hL�Z8��Z�µS&6}�/I+9>979&6=n:P=8(3®YZVun/1iX=V/1+1ZG�V5)DEDQ:B=V(hU�:B+9>.-�:<D4-0=)�z:B>.-0&6=n&P*�UtD�:B=V/�@158+9H6/171ZQc.=.T0O�^ D�R�^ R�P+M	�aM�I#] *

M+^ �8BMb
C>ILH�HJI�
YD�R������#^J[ e ��I+G e �#�#O�ILK�� ILH�BL�#R¶KXU�:Bi6/17ms6�X� �#X Wt�XZ >C&6+9>9N)¬�²C&BDED�:P=8(�KM�'Tg79>9/I+9(�:BTAK|�<�6�YX8Z
ªEq+XP«�c;Zz³)Z�L)@;NV&)/1=)}�/1+9i3:B=V(xL�Z 
�Z �z:B+9/1T�}�:tZG�'=xRC:B5V@;N)J�´ 7�D0/ITgT�:g@1&6=8@1/1+9=)-0=8iA@1&X=)H6/1��U�&BD0J)i6&6=871Z/C>�#O�� *

N#R��#O��#I7D��
O��LH2I U �6�#^J[�M+]e�#^ R�G0K;K��B�)�¶�<WLT6q����<W �t�XK4�B�/T �tZ
ªEqX�<«h�{:1H6-0(3��ZzL6-0=8i6/1+1Z��aM
I#]BM+^ �8B�� �%HJ�#O�M��#O�N ���#O�GYBBZ4L)UV+.-0=8i6/I+1K4�B�6�X�tZ
ªEq/T<«h�SZzL)>9/O-0=)-0>9�h:P=8("²WZzµY:P(8/1T�:B@ON8/1+1Z���I#� HJM0KaD�O`X&M+O��D�}�M+��N#R�MVZ�[�M�I#�
R�M@N#MY���zILH�BLM�N#M+� Z{³B5tDE-0587�L)UV+.-0=8i6/1+1K

®Q/1+.DE-0=�KM%'/I+9T�:P=)J6K4�<�6s+XVZ
ªEq �<«h%�ZM2WZz24&658797;:<-0=)>1Z���=V/1d	@OD�:B797�&B*Y79>958@Ok358=Vk)=8&6>97�-0=��������6Zg24/I@ON8=t-0@<:<D�µ�/IU�&6+9>�LV�WRYL6¬��6�tZ0�6KM�'U8+.-ED

�<�6�X�tKzL)@;NV&)&BDQ&P*QRS&XTgUV58>9/1+mLt@O-0/I=V@1/XKM?A@B%C-EDEDGFC=)-0H6/1+97.-0>�J6Z
ªEqX�<«h%�Zz2WZz24&X5V797;:1-0=)>1Zg2YNV/��4+9(4�&X7.¬ >{:PiXJe>9N8/1&6+9/IT�:P=8(¨-0>97W+;:BT�-E~�@B:P>.-0&X=V71Z-]e�#O=D&K G+�
R �"^%R�O��"�8M8���#�8�#^ R�I#OVK

�<�6�X�tZ


