
���������
	��
���������
�������������������
������� ���"!#�$�����%�#�
&'�)(��+*,�-�
��.#!#�
��������/
�
��.0�����1����2�� �����435����� !6�$���"�)��&7�����8�����9�;:=< >?�9!@�-�
���A���B2��4CD����.E(

F+GIHJHLKNMPORQTS�GIU�VWHYX�GIQZGI[�X]\Z^

_`ORHYabS`c�d]e d,f]f]g

hiQZjkMRGlHJmYjkU�KnXPo
p�q;mYUJGlHY^8ORq
F+ORaI\ZrkU�KsXRo
tDX]qvu�\�UwGIH�x�aljyGIQZalG



� �����������
	

����
�������������������
 �
 "!# �$�%"&('*),+#-/.1032547698;:"</)#4>= ?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?  

CEDGFGH>��IKJMLNI*H����O�QP����R�S
 T
UV!# �$W2/47XY%�8(ZV[\%"834A?@?B?@?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? ]

UV!# "!# $W2/4_^B`Sa\bdcWegfhci:"<�:�0j?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? ]
UV!# "!kU $W2/47&�%�=h4>8(%1%�-5ZN4>-5ZVel4>m�4�&n03:o8p?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? ]
UV!# "! ] `*q5-srt:"8;'Vuv0(%O0;+,:o-5u\?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? w

UV!kUx$W2/4y`*:"z{0v[\%"834|?@?B?@?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? }
UV!kUV!# $W2/4_a~:o-K038;:")��G:*:"�E?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? }
UV!kUV!kU a~8;4�%�03+#:"-s:�z�)#4�%"83-5+,-/.h�5%�0�0;4>8;-5u�?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? �
UV!kUV! ] 6�834>el)#4�%"83-/+#-/.s?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? �
UV!kUV! w �Yq5%"-K03+#�>+#-/.1032/4@4�838;:"8�?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? �
UV!kUV!k} bYZ/%��V0;+,�*+,0v��:"z�032547u��Vu�034>= ?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? �

UV! ]E��:o-Ve�-/4�u�034�Zs%"�/�/8;:��V+,=�%O0;:"8(u�?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?  ��
UV! w ��4�uv0;4�Z�b��5�/83:��V+#=�%O03:o8;u�?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?  ��

UV! w5!# $W2/4B0;834�4@&�:"-S&�4>�/0�?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?  ��
UV! w5!kU 6�83:o�5%�.K%O03+#-/._),4�%�8;-/+,-5._�5%�0�0;4>8;-5u@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?  o 
UV! w5! ] `*�5),+,0d%�-5Zs=h4>8;."4@%"),.o:"8;+�0;2/=�?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?  o 
UV! w5! w �\+#-5u�?B?@?B?@?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?  �]
UV! w5!k} bYZ/ZV+#-/.��/8;4�e�'K-5:O[i),4�ZV."4�?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?  �w
UV! w5! f �vu;u�q54�uW:"-s<�:"q/-5Z5%�8;+,4�uW:�z�032/47&�%�=h4>8(%y+#-/�/q/0;u�?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?  �}

Tx��I*���O�/�\��IK�(�y�5�� ¢¡£P�P��O���/��¤�I*H �V¥
]/!# ���:o-Ve�-/4�u�034�Zs%"�/�/8;:o%o&(2/4�uy?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?  �f

]/!# "!# ¦54>4�ZVeRzQ:o83[W%�8(Z£-/4>0v[~:o83'Vu�?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?  �f
]/!# "!kU §B:o2/:"-/4�-N-54�0v[\:"8;'*u¨?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?  �f

]/!kUx$W2/47�d4�u�034�Z��d4�0v[\:"8;'£©�4�0;2/:VZª?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?  O�
]/!kUV!# b\030;%"&(25+,-/.h</+#-5uW0;:1032/4B0;834�4«?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?  O�
]/!kUV!kU $�8;%"+,-5+,-/.h:"z�%��5�/83:��V+#=�%O03:o8;uN?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?  ��
]/!kUV! ] ci4�u�q5)�0(up?B?@?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?  ��

¬E­7¤�I®��I*H>��I*�°¯YIo�O�oIoP��>�O��
�¡£P�P������/��¤ CS±
w5!# �6²4>8(&�4��V038;:"-Su«?B?@?B?@?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?xU"�

w5!# "!# ³A4�-/4>8(%�)�)#4�%ouv0�u;´oqS%�8;4�u�?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?xU"�
w5!# "!kU �g-5&>834�=h4>-K0;%")��/83:o�S4�8�0v��?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?xUoU

w5!kUxb\0�0(%"&(2/+#-/.�</+#-5u\0;:h032/4B0;834�4µ?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?xUoU
w5!kUV!# ¶Yu�+#-/.�=yq5)�0;+,�/)#4@��4>8(&�4>�/038;:"-5u~zQ:"8i:o-/47%��5�/83:��V+#=�%O03:o8�?B?@?@?B?@?A?@?B?@?@?B?@?B?@?xU�w

+



+#+ ���������	�
���

w5! ]Eb��o:"+ ZV+#-/.1032/4@�g-/�5qV0YbdZ�
vq5uv0;=h4>-K0d©�4�0;2/:VZ ?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?xU"f
w5! ]/!# ©�:VZV+��S&�%O03+#:"-Sui&�:"-S&�4>8;-/+#-/.h),4�%�8;-/+#-/._�S%O0�0;4>8;-5u�?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?xU"f
w5! ]/!kU 6 %"8�0;+#%"),)#��+,=h�/)#+ &�+,0du�q/<Su��5%o&�4@%"u;u3+,.o-/=h4>-K0 ?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?xU��
w5! ]/! ] ©�:VZV+��S&�%O03+#:"-Sui&�:"-S&�4>8;-/+#-/.h</8(%�-5&(2N-Kq5=y<�4>8(u ?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?xU��
w5! ]/! w a~:o-5u�4�´Kq/4>-5&>4B:"-s�S4�8�zQ:o83=�%�-S&�4 ?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?xU"�

w5! w 698;:"<5),4�=huW[i+,032s0;2/47u��5),+,0d%�-5ZN=h4>8;."4@%�)#.":o83+,0325= ?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?xU"�
w5! w5!# �\4>2S%��K+#:"8W:"z�032547u��/)#+,0d%�)#.":"8;+,032/= ?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? ]o�
w5! w5!kU ©�4�83.o+,-5.1-5:*Z/4�uW[i8;:"-/.o),�E?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? ]o�
w5! w5! ] ��+,=h+,0;%O0;+,:o-5ui:"z�032547%�<5u3:")#qV034B=h4>8;."4@%"),.o:"8;+�0;2/= ?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? ]o�
w5! w5! w ��+,=h+,0;%O0;+,:o-5ui:"z�03254@834�)#%�03+#�"4B=h4>8;."4B%�)#.":"8;+,032/= ?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? ]5 
w5! w5!k} bd-/:�0;2/4>8�[i8;:"-5._[W%��h03:�+#=h�/),4�=h4>-K0�=h4>8;."4 ?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? ]o]
w5! w5! f bd-�%")�0;4>8;-5%O0;+,�o4B[\%��h0;:1+#=h�/)#4>=h4>-K0d=h4>8;."4�?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? ]o]

� ¯dIK�����5�OJ��5
��oI�������I*H���I*�¢�VP�P��O���/��¤�I*H T��
}V!# �©�:VZV+��S&>%�03+#:"-5ui03:1032/47�d4�u�034�Zs�d4�0v[\:"8;'£%��/�583:K%"&(2 ?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? ]K}
}V!kUx6 %�8(%�=h4>034>8(u~+,-��Sq/4>-5&>+,-5.£u��Vu�034>= <S4�25%��*+,:o8 ?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? ]of
}V! ]E6²4>83zQ:"8;=�%�-5&>4Y:"z�)#+,-54�%�8i+#-K034�83��:") %O0;+,:o-
?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? ]of

}V! ]/!# ci4�u�q5)�0(uiq5u3+,-/.10;2/4@+,-5�/qV0d%"Z�
vq5uv0;=h4>-K0�=h4�0325:*Z|?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? ]of
}V! ]/!kU ci4�u�q5)�0(ui[i+�0;2/:"q/0�q5u�+#-/.103254@+,-/�5qV0d%"Z�
vqSuv0;=14�-K0�=14>032/:VZ ?@?B?@?A?@?B?@?@?B?@?B?@? w��

¥ �_�S
��"�R��H�����
 ���

¡E��
���Io�O
��/��H����i��¤�I D����l�(�y�V�OI ¥�±
b7!# $W2/47Z/%�0;%��5)#4�u ?@?B?@?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? fo�
b7!kU $W2/47&>:"-��5.oq/8(%O03+#:"-��5)#4@?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? f5 
b7! ] �A%O0;%�u�038;q5&�03q/8;4�ut?B?@?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? fK}
b7! w a~:"=h�/)#4��V+,0v�N%"-5Z�+#-K034�83-5%")�=h4�&(25%"-/+#u3=�u�?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? f*�



� � 	�� ��� � ����� 	 ��	

UV!# �r +#834�Z�zQ8(%�=h4B=h:VZV4>)G:"z�0;2/4_^B`5a\bYcWe�f_8;:"<�:�0W?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? w
UV!kUx$W2/4@8;4�%o&(2Nu3�5%"&>4A:"z�0;2/4_^B`5a\bYcWe�f18;:"<�:�0 ?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? }
UV! ]Eb�-�+#=�%�.o4dzQ8(%�=h4@�/8;:VZVq5&�4�Z�<*��0;2/47&>%"=h4>8(%y+#-s032/4@4�-5Z*e�4�m�4�&n0;:"8 ?@?B?@?A?@?B?@?@?B?@?B?@? f
UV! w a~:"-K0;83:o)Gu3&(2/4�=h4A:"z�0;2/4@83:o<S:"0t?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? �

UV!k} a~8;4�%O0;+,-5.1=_q/),03+#�/),4@)#4�%"83-5+,-/.h�5%�0�0;4>8;-5u�?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? �
UV! f `*q/<�ZV+#�*+#ZV+#-/.�%_0v[\:�egZV+#=14�-5u3+,:o-5%�)�u3�5%"&>4«?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?  �U
]/!# �¦/4�4�Z*elzQ:"8;[W%�8(Z£-/4>0v[~:o83'VuW&�:o-o0(%�+#-/+#-/.£U"}_%�-5ZswK}_2/+ Z/ZV4�-�q/-/+,0;u ?@?@?B?@?A?@?B?@?@?B?@?B?@?  O�
]/!kUx§B:"25:"-/4�-N-/4>0v[~:o83'�
Vci4�u�q/),0;u�:�z�%��
�®�
�®�
���
�®�y-/4�0v[\:"8;' ?@?@?B?@?A?@?B?@?@?B?@?B?@?  �
]/! ]Eb </+#-5%�8;��0;834�4@[i+�0;2s�*+#8�0;q5%�)�-5:*Z/4�ui%�-SZ�</+#-5u
?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?  ��
w5!# ��\+,-/e�u3+,-5'K+#-/.�
V=1:O�*+#-/.h</+#-5u�%Oz{0;4>8�%hu3�/),+,0£?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?xU�w
w5!kUx©�:O�*+#-/.h</+,-Su�%Oz{0;4>8�%1=h4>8;."4 ?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?xUo}
w5! ]�� �/%"=1�5),4B:�z²=yq5)�0;+,�/)#4@��4>8(&�4>�/038;:"-5uW)#+,-5'"4�Z�03:£%1-/:VZV4�?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?xUK�
}V!# �ci4�u�q/),0;u�:�z²),4�%�8;-/+,-5.
��qSu�+#-/.1032/4@+#-/�/q/0d%"Z�
vq5u�03=h4�-o0�=h4>032/:VZ�[i+,032�u��5),+,0�4>8;83:o8Y ��o ������h? ]o�
}V!kUxci4�u�q/),0;u�:�z²),4�%�8;-/+,-5.
��qSu�+#-/.1032/4@+#-/�/q/0d%"Z�
vq5u�03=h4�-o0�=h4>032/:VZ�[i+,032�u��5),+,0�4>8;83:o8Y ��o ������1? wK�
}V! ]Eci4�u�q/),0;u�:�z²),4�%�8;-/+,-5.
��qSu�+#-/.1032/4@+#-/�/q/0d%"Z�
vq5u�03=h4�-o0�=h4>032/:VZ�
5038;+#%")#uW�Oeg]"�o�"�B?@?@?B?@?B?@? wS 
}V! w ci4�u�q/),0;u\:"zG),4�%�8;-/+,-5.�� qSu�+#-/.70;2/4A+,-/�5qV0W%oZ�
vq5u�03=h4>-K0W=h4�0325:*ZN%�-5Z£),:O[ u3�/),+,0W4>8;83:o8�
"038;+#%")#u

�Oeg]"�o�"� ?B?@?@?B?@?B?@?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? w*U
}V!k}xci4�u�q/),0;uB:"z~)#4�%"83-/+#-/.���q5u�+#-/.N032/4h+#-/�/qV0y%oZ�
vq5u�03=h4>-K0@=h4�0;2/:VZ�
²a\%"=14�8;%�83:"0;%�03+#:"- :"z~�"�

ZV4�."8;4>4�u�!�?@?@?B?@?B?@?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? wK]
}V! fEci4�u�q/),0;uB:"z~)#4�%"83-/+#-/.���q5u�+#-/.N032/4h+#-/�/qV0y%oZ�
vq5u�03=h4>-K0@=h4�0;2/:VZ�
²a\%"=14�8;%�83:"0;%�03+#:"- :"z~]"�

ZV4�."8;4>4�u�!�?@?@?B?@?B?@?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? wow
}V! � ci4�u�q/),0;u�:�z�),4�%�8;-/+#-/.�� q5u3+,-5.B032/4i+#-/�/qV0\%"Z�
vq5u�03=h4�-o0~=14>032/:VZ�
���),:o-/.o%�03+#:"-y:"z�)#+#-/'N i[i+,032

 ��h&>4>-K03+#=h4�034�8;u ?B?@?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? w*}
}V! �Eci4�u�q/),0;u�:�z�),4�%�8;-/+#-/.�� q5u3+,-5.B032/4i+#-/�/qV0\%"Z�
vq5u�03=h4�-o0~=14>032/:VZ�
���),:o-/.o%�03+#:"-y:"z�)#+#-/'hUA[i+,032

 ��h&>4>-K03+#=h4�034�8;u ?B?@?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? wKf
}V! �Eci4�u�q/),0;u�:�z�),4�%�8;-/+#-/.�� q5u3+,-5.B032/4i+#-/�/qV0\%"Z�
vq5u�03=h4�-o0~=14>032/:VZ�
���),:o-/.o%�03+#:"-y:"z�)#+#-/'hUA[i+,032

e( ��h&�4�-o0;+,=h4>034>8(u¨?B?@?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? wV�
}V!# �� ci4�u�q/),0;uY:�z )#4�%"83-/+#-/.�� [i+�0;2/:"qV0Aq5u3+,-/.£032/4_+,-/�5qV0A%oZ�
vq5u�03=h4>-K0d=h4�0;2/:VZ�[i+,032 u3�/)#+�0d4�838;:"8

 ��" �� ��� ?@?@?B?@?B?@?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? wK�
}V!# " ci4�u�q/),0;uY:�z )#4�%"83-/+#-/.�� [i+�0;2/:"qV0Aq5u3+,-/.£032/4_+,-/�5qV0A%oZ�
vq5u�03=h4>-K0d=h4�0;2/:VZ�[i+,032 u3�/)#+�0d4�838;:"8

 ��" ������ª?@?@?B?@?B?@?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?x}"�
}V!# �U°ci4�u�q/),0;u�:�z²),4�%�8;-/+,-5.
��[i+,0325:"qV0�q5u3+#-/.1032/4@+#-/�/qV0d%oZ�
vq5u�03=h4>-K0�=h4�0;2/:VZ�
/0;83+ %�) uW�Oeg]"�o�"�t?@?x}/ 
}V!# �] ci4�u�q/),0;uh:"zd)#4�%�8;-/+#-/.�� [i+,032/:oqV0�q5u�+#-/. 032/4s+#-/�/qV0£%"Z�
vq5uv0;=h4>-K01=h4>032/:VZ %�-5Z ),:O[�u3�/)#+�0

4>8;8;:"8 
o0;83+ %�) ui�Oeg]"�o�"� ?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?x}oU
}V!# >w¢ci4�u�q/),0;u9:�z�),4�%�8;-/+,-5.!��[i+,0325:"qV09q5u3+#-/.A032/4i+#-/�/qV0�%oZ�
vq5u�03=h4>-K09=h4�0;2/:VZ�
/a\%�=h4>8(%d8;:�0(%O0;+,:o-

:�z �"�hZV4�."8;4>4�u>!�?@?B?@?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?x}"]

+,+#+



+#� ��� � � ���������
	�� � �

}V!# �}°ci4�u�q/),0;u9:�z�),4�%�8;-/+,-5.!��[i+,0325:"qV09q5u3+#-/.A032/4i+#-/�/qV0�%oZ�
vq5u�03=h4>-K09=h4�0;2/:VZ�
/a\%�=h4>8(%d8;:�0(%O0;+,:o-
:�z ]"�hZV4�."8;4>4�u>!�?@?B?@?B?@?@?A?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?x}�w

}V!# �f ci4�u�q/),0;u7:�zW),4�%�8;-/+,-5. ��[i+,0325:"qV07q5u3+#-/.�032/4�+#-/�/q/0y%"Z�
vq5u�03=h4�-o0_=14>032/:VZ�
 �9)#:"-5.o%O0;+,:o- :"z
)#+,-/'  B[i+�0;2  ��1&�4>-K0;+,=h4�0;4>8(u«?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?x}o}

}V!# �� ci4�u�q/),0;u7:�zW),4�%�8;-/+,-5. ��[i+,0325:"qV07q5u3+#-/.�032/4�+#-/�/q/0y%"Z�
vq5u�03=h4�-o0_=14>032/:VZ�
 �9)#:"-5.o%O0;+,:o- :"z
)#+,-/'�U_[i+�0;2  ��1&�4>-K0;+,=h4�0;4>8(u«?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?x}"f

}V!# � ci4�u�q/),0;u7:�zW),4�%�8;-/+,-5. ��[i+,0325:"qV07q5u3+#-/.�032/4�+#-/�/q/0y%"Z�
vq5u�03=h4�-o0_=14>032/:VZ�
 �9)#:"-5.o%O0;+,:o- :"z
)#+,-/'�U_[i+�0;2�e; ��_&>4>-K03+#=h4�034�8;uW?@?B?@?B?@?@?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@?x}K�

b7!# ��g-K034�83-5%")�834��/8;4�u34>-K0;%�03+#:"-�:"z²%_0;834�4�e�-/:VZV47?B?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? fof
b7!kU|�g-K034�83-5%")�834��/8;4�u34>-K0;%�03+#:"-�:"z²%1�5%�0�0;4>8;-Vel)#+ uv0W?@?B?@?A?@?@?B?@?B?@?B?@?@?B?@?A?@?B?@?@?B?@?B?@? f*�



� ��� � ��� �B��� � �	� �j����	

$W2/+ u 0;2/4�u3+#u~&�:oq/)#Zh-5:�0~2S%��"4i<�4>4>-�[i8;+,0�034�-£[i+,032/:oqV0903254d2/4�),��
*u3q/�/��:"830~%�-5Z1z�%"+�0;2£:�z�=�%�-*�_�S4�:"�/)#4"! ¦�+,8(u�0
:�zW%�)#)�
��Y[\:"q/) Z ),+#'"4_03:s032S%�-/'t6 %O038;+ &('s�O%"-tZV4�8y`*=�%�."0AzQ:o8@2/+ u@%"u;u�+ uv0;4>-5&>4

Gu3q/.".o4�u�03+#:"-5uB%"-5Z �S%O03+#4>-S&�4"!
X�+ u�<583+#),)#+ %�-K0��*+,4�[�ui:"-s03254yu�q5<�
v4�&�0d=�%O0�0;4>8�
/2/+ u��/8;:".o8;%"=h=1+#-/.hu�'*+#),) u�%"-5Zs834�=h%"83'O%"</),4@&>),4��"4>8;-/4�u3uW25%��o4
+#=1�5834�u3u34�Z�=h4A%7)#:�0�!9�\4�u�+ ZV4�u90325%�0�
V2/4A%�) u�:y+#uW%7-5+#&>4d��4>8(u�:o-�03:1ZV4�%")S[i+,032s%�-5Z�+#u~4�´Kq/+#�/��4�Z�%y."8;4�%�0��"4>0
u3q/<V03)#47u34>-5u34B:�z²2Kq5=1:o8�!²��0�[W%"uW%1�/)#4�%"u3q/8;4A03:h25%��"4B2/+#= %ouW=y��u3q/��4>8;�*+#u3:"8�!
©®%"-K� 2/4>)#�VzQq/)�u3q/.o."4�u�03+#:"-SuY[\4>8;4h."+#�"4�- <*� 6�83:"zv!h¦\! aY! by!�³A8;:K4�-t%"-5Z �d8�!£�A!�§B8��:ou34

�[i2/:�%�=h:o-/.

:�0;2/4>87032/+#-/.ou7+,-*�"4�-K034�Z 0;2/4£=h4�0;2/:VZV:")#:".o�®03:®u3:")#�"4h0;2/4��/8;:"</)#4>=|%O0y2S%�-5Z�!�`*��4�&�+ %�)�0325%"-/'Vu@.":�0;:�=y�
�5%"834�-o0(u�
�[i2/:�=h:�0;+,�O%�034�Z =h4�Z/q/83+#-/.�0;2/4£4�-o0;+,8;4h038(%"&('�
²%�-5Z 0;: �W%�8;<5%�8(%�
G=_� .o+,8;),zQ83+#4>-5Z�
�[i2/:�254>)#�S4�Z
=h4�+#- =�%�-*�t[\%��Vu�! $W2/4�� u;%"&>83+��S&>4�Zt=yq5&(2 :�zi03254>+#81u3�5%�8;4�0;+,=h4N03: =�%"'"4£)#+�zQ4N4�%ou�+#4>8yzQ:"81=14o! �7%")#u3:
%��5�/834�&�+ %O0;4d0;2/4>+#8i+,-K0;4>8;4�u�0W+#-s=y��0;2/4�u3+#u�
/4�u���4�&>+#%"),)#��<S4�&>%"q5u�4B+,0i0;%"'"4�uW&>:"-5u3+#Z/4>8(%�</)#4Y4>m�:o8�0W0;:18;4�%oZ£[i+,032Ve
:"q/07<5%"&('*."8;:"q5-5Z®'*-/:O[i)#4�ZV.o4_:o- 0;2/4�u3q/<�
v4�&n0;uB:"zW%"8�0;+ ��&�+ %�) +#-o0;4>)#),+#."4�-5&�4�%"-5Z &�:"=h�/q/034>8@�583:o."8(%�=h=h+,-/.S!
r +,032/:oqV0i032/4�+,8d+,-*�O%�)#q5%�<5),4@u3q/�/��:"830W+#-�&�:oq/-K03)#4�u;uW[\%��Vu�
K�W&�:oq/) Z�-/4��"4�8i25%��"4A25%"ZN0;2/+#u�[~:o83'£ZV:o-/4"! �\%�=
ZV4�4>�/)#��+#-5ZV4�<V034�Z�0;:1032/4�=s!
¦/4�838;�£�O%�-s2/4>0Y³A83:*4>-54>[\:"q5Z�
/bd=�uv0;4>8(Z/%�=�
/©®%"8;&(2�]/ 1 ��o�o}V!

�



� ���������
	 �

� ��� 	 � � � � � � ���

§B+#-/4>=�%O0;+#&�uYZ/4�%�) uA[i+�0;2®0;2/4�u3&>+,4�-5&�41:�z�=h:"03+#:"-G!7$W2/+ uBu3&>+,4�-5&�41uv0;q5ZV+#4�uY032541=h:"03+#:"- [i+,0325:"qV0B834�.o%"8;Zs0;:
03254hzQ:"8(&�4�uB[i25+#&(2 &>%"q5u341+,0�!N¦/:"8@+#-5u�0;%"-5&�4 
�%�uv0;q5ZV� :�z\032/4���:ou3+�0;+,:o-�
��o4>)#:V&�+,0v� %�-5Z %o&>&�4�),4�8;%�03+#:"- :�z\%"-
:"< 
v4�&n0Y<S4�),:o-/.ou�03:£0;2/4_Z/:"=�%�+#-�:�z 0;2/4y'*+#-/4>=�%O0;+#&�u>!Yb�8;:"<�:�0Y&>:"-5u3+#u�0;ud%�=h:"-/.�:�03254>8�0;2/+#-/.ouY:�z9%£u34�0A:�z

v:"+#-K0;u@%"-5Z %�u34�07:"z~)#+,-/'Vu�!�$W2/4 
v:"+#-o0y%"-/.")#4�uB%"-5Z®0;2/4�)#4>-/."032 :�z~032/4�)#+,-5'*u@Z/4�034�83=h+#-/41032/4���:ou3+,03+#:"-t:�z
03254�4>-5Z*e�4�m�4�&�03:o8�!�r 2/4�- 032/4�)#4>-5.�032SuB:�z\032/4�)#+,-5'*uy%�-5Z 03254 
v:"+#-o0y%"-/.")#4�u@%"834h'*-/:O[i-�
G032/4���:ou3+�0;+,:o- :�z
03254_4�-5Z*e�4�m�4�&n0;:"8B&>%"-®<S4h&>%")#&>q/) %O034�Z�!@$W2/+ ud+ uB&>%�)#)#4�Z�0;2/4�
������������������! �"#��$%�'&�()
+*,�-&.$%�'���5!@$W2/41�/8;:"</)#4>=
ZV+ u3&>q5u;u�4�Z�+#-�0;2/+ u\032/4�u�+ uiZV4�%")#u\[i+,032s03254A8;4>�o4>8(u�4Y�/8;:"</)#4>=�!9³A+,�o4>-�%1�S:Ku�+,03+#:"-s+,-N03254A[\:"8;) Z�u3�5%"&>4

V%hu�4>0
:�z 
v:"+#-o0�%"-/.")#4�u~+#u\[W%�-K034�Z�0;25%O0i[i+#),)�=�%�'o4d0;2/4B83:o<S:"00/ u�4�-5Z*e�4�m�4�&n0;:"8W8;4�%"&(2£032/+ uW�S:Ku�+,03+#:"-�!²$W25+#u\+ u\&�%�)#),4�Z
03254#���21� ��+(. 3�����! �"#��$%�'&�(�
+*,�!&�$%�'���S!

�g-®:o8;ZV4�8i03:N<S41%�</)#470;:Nu3:")#�"474�´Kq5%O0;+,:o-5u�:"z 032/4_+,-*�"4�8;u34@'*+,-54>=�%O0;+#&�u�zQq/-S&n03+#:"-®032/414>-K03+#8;47."4�:"=h4�0;83+ &
ZV4�u3&>83+#�V03+#:"-h:"zS0;2/4i83:o<S:"0925%"u�0;:@<S4d'K-5:O[i-_+#-£%"ZV�O%"-5&�4o!²^Y-/)#�y[i2/4�-�%B�"4>8;�y%o&>&�q58;%�034iZV4�u;&�8;+#�V03+#:"-h:�z�03254
."4�:"=h4�0;83+ &>%")��/83:o�S4�8�0;+,4�uW:�z�032/4@8;:"<�:�0i+ ui'*-/:O[i-�
/%_0;%"83.o4�0W�S:Ku�+,03+#:"-�+#-N0;2/4@[\:"8;)#ZNu��5%o&�4@&>%"-N<�4@8;4�%"&(254�Z
[i+,032�25+,.o2£�/8;4�&�+ u3+,:o-�q5u�+#-/.y032/4Y+,-*�"4�8;u34�'*+#-/4>=�%O0;+#&�u9zQq5-5&n0;+,:o-G! b�),032/:oq/."2�032/+ u~u3:")#qV0;+,:o-�&>%"-�<S4Bu�q54�&>+,4�-K0
+#-N=�%�-*��&>%ou�4�u�
*+,0i+#u\�"4�83�h+#-��54>�*+#</)#4"!9bYu\u3:*:"-s%"u\%y)#+,-5'£:�zG0;2/4B83:o<S:"0~<�4�&>:"=h4�uWZV4>zQ:"8;=14�Z76QzQ:"8W+,-Suv0(%�-5&>4
%Oz{0;4>8�%h&�:o),)#+ u�+#:"-98~:o�S4�8;%�03:"8W+#-K034>8;�"4�-K03+#:"-s+#uW-/4�4�ZV4�ZN03:�%"Z/%"�V0i03254@4�´Kq5%O0;+,:o-5u\:"8i8;4>�5%"+,8\0;2/4@83:o<S:"0�!
b�-5:�03254>8i�/8;:"��4>830v�£:�z�032547u��Vu�034>=�uW0;25%O0d%"834B+#-*�"4�u�03+#.o%�034�Z�+#-s032/+ uW03254�u3+#ui+ uW0;25%O0i0;2/4>��%�8;4B4�´Kq/+#�/�S4�Z

[i+,032£�*+ u�+#:"-G!²$W2/+ u�%oZ/Z/u 0;:70;2/4d&�:o=h�/),4>�V+�0v�1:�z�03254d�/8;:"</)#4>=¨u3+,-5&>4i03254d��:ou3+�0;+,:o-�:�z�032/4d0;%"83.o4�0�+ u9+#-/+,03+ %�)#),�
-/:"0_'*-/:O[i-�+#-�[\:"8;)#Z &>:K:o8;Z/+,-5%�034�u�
²</qV0125%"uy03: <S4�ZV4>034>8;=h+,-54�Z q5u3+#-/. Z/%�0;%�0;25%O0h+ uy8;4�0;83+#4>�o4�ZtzQ8;:"= %
&>%"=h4>8(%/!�$W254�u��Vu�034>= -/:�09:o-/)#�725%"u 03:@)#4�%�8;-12/:O[�0;:@=1:O�o4\032/4i4�-5Z*e�4�m�4�&n0;:"8 zQ8;:"= :"-/4i��:"+#-K0 03:7%�-5:�03254>8�

+,01%�) u3:�25%"uB0;:®)#4�%�8;- 2/:O[ 032/4�zQ4>4�ZV<5%"&(' :�zi0;2/4�&>%"=h4>8(%�u�2/:oq/) Z <S4N+,-K034�83�5834>034�ZG!�Xd4>-5&>4�03254��/8;:"</)#4>=
&>%"-�<�4NZV4�u3&>83+#<S4�Z =h:"8;4N%o&>&�q58;%�034>)#� %ouy4��"4>el25%"-5Z =�%��/�5+,-/. 
 [i+�0;2 03254s&�%�=h4>8(%�834��/8;4�u34>-K03+#-/.�0;2/4N4��"4 

03254@4>-5Z*e�4�m�4�&�03:o8i834��/834�u�4�-K03+#-/.y0;2/4@25%"-5Z�%�-5Z�032/4@=�%"�/�/+#-/.h834��/834�u�4�-K03+#-/.1%�u3�Vuv0;4>=�[i25+#&(2s25%�-SZV),4�uW03254
4>�o4�e�25%�-SZN&>:K:o8;Z/+,-5%�03+#:"-G!

:<;�: =?>A@CB�D�E0FHGJICKHLNMPO�QSR7D0L�T
$W2/47=h4>032/:VZ�q5u34�ZN0;:�u�:o),�o4B032/4y4>�"4>el2S%�-5Zs=�%��/�5+,-/.NZV+#u;&�qSu3u34�Z�+#-�032/+ ui0;2/4�u3+ u�+ udu3q5&(2�0325%�0d+,0d),4�%�8;-5uW0;:
ZV4>034>8;=h+,-54@032/4_�S:Ku�+,03+#:"-�:"z9%h0;%"83.o4�0�:"< 
v4�&n0Y+,-�0;2/4y[\:"8;)#Z�u3�5%"&>47%�-5Z�8;4�%o&(2�+�0d[i+,0325:"qV0B%�-*��'*-/:O[i)#4�ZV.o4
:�z�0;2/4d�52K�Vu3+#&�%�)��/8;:"��4>8303+#4�u9:"z�032/4Y83:o<S:"0\%"-5Zh[i+�0;2�)#+,=h+,034�Z£'*-/:O[i)#4�ZV.o4i:�z�03254Y�/8;:"��4>8303+#4�u�:�z�0;2/4Y&�%�=h4>8(%
<�4�zQ:"8;4>2S%�-5Z�!7bd)#u3: 
�0;2/4�u��Vu�034�=�+#uBZV4�u�+#."-/4�Z®+#- u3q5&(2 %N[W%��N0;25%O0B+,0B+ uB%�</)#4_03:�%"Z/%"�V0Y0;:s&(2S%�-/.o4�ud0325%�0
=�%���:V&>&>q/8d8;4>.K%�8(ZV+#-/.y0;2/4y.o4>:o=14>038;+#&@Z/4�u;&�8;+,�V0;+,:o-�:�z²032/4y83:o<S:"0d:"8�+#-�03254y8;4>�/8;4�u34>-K0;%�03+#:"-s:�z²032547[~:o83) Z
u3�5%"&>4�<*�_0;2/4B&>%�=h4�8;%5!�$W2/+ u\=14�%�-5u90325%�0~0;2/4Yu3�Vuv0;4>= &>%"-�%"Z5%��V0~03:y4>�*034>8;+#:"8�&(25%"-/."4�u9[i+,032/:oqV0W:"��4>8(%O03:o8
+#-o0;4>8;�"4�-o0;+,:o-G!²��0i+#uW+#=h�S:o8�0(%�-K0~0;25%O0du3q5&(2s%"Z/%"�V03+#:"-N<S4Bz�%ouv0�
V+,-s:"8(ZV4>8\0;:1=�%"'"4Y032/4B8;4�u3q/)�0(%�-K0iu��Vu�034>=
:�z
+#-o0;4>8;4�u�0WzQ:"8i8;4�%�),e�[~:o83) Z£%��5�/),+ &>%"</+#),+,0v�"!

 



U ������� ��� ���	� � �
� � ��
 	������ ���

�g- :o8;Z/4>8�0;:N<�4h%�</)#470;:s%o&>&�:o=h�/),+ u32 u�qS&(2 %Nu3�Vuv0;4>=�
�032/418;:"<�:�0Y2S%"uY03:N834�&�4>+#�"4yzQ4>4�ZV<5%"&('�%"<S:oqV0A+,0;u
u�0;%O0;4_%"-5Z�%"&�03+#:"-5u�!d$�:£zQq/)��5)#)�0;2/+ uYZV4�=�%�-5Z�0;2/4y8;:"<�:�0Y+#uY4�´Kq/+#�/��4�Z�[i+,032�
v:"+#-o0Bu�4�-5u3:"8(u>!�$W2/41%"&�&�q/8(%"&>�
:�z 0;2/4_Z/+#u3�/) %"&�4�=h4>-K0;ud03:O[W%�8(Z/uW0;2/470(%�8;."4�0Y:"<�
v4�&n0A&�%�-®<�4_Z/4�034�83=h+#-/4�Z®<K��&>:"=y<5+,-/+#-/.�0;2/41+,-VzQ:o83=�%�03+#:"-
8;4�038;+#4>�"4�Z zQ8;:"= 0;2/4s&�%�=h4>8(%�
�[i2/+#&(2°834��"4�%�) u70;2/4�ZV+#u�0;%"-5&�4s<�4�0v[\4>4>-°03254s4�-5Z*e�4�m�4�&�03:"8�%"-5Z 0;2/4s0;%�8;."4>0
:"< 
v4�&n0�
�%"-5Z 032/4 
v:o+,-K0yu34>-5u3:"8(uB[i2/+ &(2 %"834hq5u34�Z 03:®Z/4�034�83=h+#-/4h03254£�S:Ku�+,03+#:"-t:�z\03254£4>-5ZVel4>m�4�&n03:o8�!£$W254
.":K%�)�:�z²032/4hu3�*u�034�= + ud03:�8;4�%o&(2�032/4y0;%"83.o4�0d:o<�
v4�&�0Y[i+,032�0;2/4y4�-5Z*e�4�m�4�&n0;:"8A%O0A%�q5u34>83e�ZV4 �5-/4�Z��/834�&�+ u�+#:"-�!
`*��4�&>+ �S&�%�)#),� 
O03254\8;:"<�:�09%"83=�=_q5uv0 <�4W=1:O�o4�Z_u�:B%"u�03:B.o4�0²032/4\0(%�8;."4�0²:"< 
v4�&n0 +#-y0;2/4i&�4�-o0;4>8²:�zS032/4i&�%�=h4>8(%
+#=h%"."4 
525%��*+#-/.£%��/8;4�ZV4 �5-/4�Z�u�+#�>4y%oui:"<Su�4�83�o4�Zs<*��0;2/4_&�%�=h4>8(%/!W$W2/47+#-VzQ:"8;=�%O0;+,:o-�0325%�0d+#ud834>038;+,4��"4�ZN<*�
032547&>%�=h4�8;%1%�-5Z�03254 
v:o+,-K0du34>-5u3:"8(u~+#uWq5u34�ZN0;:1.o+,�o4d0;2/47u3�*u�034�= zQ4>4�ZV<5%o&('£%�<�:"qV0�2/:O[«[~4�),)�+,0;u�%�0�0;4>=h�V0;u
03:_834�%"&(2h0;2/4�0(%�8;."4�0\:"<�
v4�&n0W%�8;4��/8;:*&>4>4�ZV+,-5.5!²¦/q/83032/4�83=h:o834 
K&>:"8;834�&n09+#-/�/qV03el:oqV03�/q/0\�5%"+,8(u\&>%�)#)#4�Z
�  +�����9�����
� ��$%$  .���5(_%"834�&�8;4�%�034�Z�[i+,032 032/+ uh+#-VzQ:"8;=�%O03+#:"- 
�[i2/+ &(2°�583:O�*+ ZV4�u_03254�u3�Vuv0;4>=�[i+,032 ��:"+#-o0(uh+,- 0;2/4�2/+,.o2
ZV+#=h4>-5u3+,:o-5%�)�zQq5-5&n0;+,:o-s+,0d%O03034�=1�/0;uW0;:£%��/�/8;:��V+,=�%�034"!
�g- 0325+#uy032/4�u�+ uyu34>�o4>8(%�)9=h4>032/:VZ/uy03: %"�/�/8;:��V+,=�%O0;4h032/4N4>�o4�e�25%�-5Zt=�%��5�/+,-5.�zQq/-5&�03+#:"- %"834�Z/+#u;&�q5u;u34�Z

%�-SZN&>:"=h�5%�8;4�ZN[i+,032s4�%"&(2s:�0;2/4>8�! ��%"83)#+,4�8W834�u�q/),0;ui%ouW+,-*�o4�u�03+#.o%O0;4�ZN%�-5ZsZV4�u;&�8;+#<S4�Z�<*��bd8 
v4�-
�K%�-Su�4�-����	� 

q5u3+,-5.h032/41��4�u�034�Z���4>0v[~:o83'�%"�/�/8;:o%o&(2s%oui[~4�),)�%"u�:"032/4�8�-/4�q/8;%")�%��5�/83:K%"&(2/4�uW%�8;47u�2/:o8�0;),�sZV+ u3&>q5u3u34�Z�%"-5Z
�/) %"&>4�Zs+,-���4>8(u���4�&�03+#�"4@[i+,032�8;4�u3q/)�0(u�%"&(25+,4��"4�ZN[i+,032s032/4_��4�u�034�Z�6²4>8(&�4>�/038;:"-N%"�/�/8;:o%o&(2�[i2/+ &(2�25%"ui<�4>4�-
+#-K�o4�u�03+#.o%�034�Z�<*��q5u�!9b�) u�: 
/%1),:*:"'N%O0W032/4@+#=h�/)#4>=h4>-K0;%�03+#:"-5%")�%"u3��4�&n0(uW[i+,)#)G<�4B0;%"'"4>-�!
�g-°&(2S%��V0;4>8���� 0;2/4�25%�8(ZV[W%�8;4�u�4>03q/�¢%"u_[\4>)#)W%ouh%"u3�S4�&n0;u1:"z�032/4�u3:�z{0v[W%�8;4£:�zY032/4�u3�*u�034�= [i+,)#)i<�4

ZV4�u3&>83+#<S4�Z�! ��%"83)#+,4�8\%�0�0;4>=h�V0;ui03:hu�:o),�o4d0;2/4B4>�"4>el2S%�-5Z�=h%"�/�/+#-/.1+,-�%�-�%"Z/%"�V03+#�"4A[W%��1qSu�4�ZNu34>�o4>8(%�)�'K+#-5Z/u
:�z -/4�q/8(%�)�-54�0v[\:"8;'*u��9zQ4�4�Z*elzQ:"8;[W%�8(ZN-54�0v[\:"8;'*u�[i+�0;2®2/+ Z/ZV4>- q/-/+,0;u�
�§B:o2/:"-/4�-�-/4�0v[\:"8;'Vu�%�-SZs032/41��4�u�034�Z
��4>0v[~:o83'�=h4>032/:VZ�!£$W2/4�) %O03034�8@=14>032/:VZt=�%�'o4�uBq5u34h:�z\zQ4>4�ZVeRzQ:o83[W%�8(Z�-/4>0v[~:o83'VuA[i+�0;2 2/+#Z5ZV4>- q/-/+,0;uy%�83e
8(%�-/.o4�Z�+#-N%"-�2/+#4>8(%�8(&(2/+ &>%�)�uv0;83qS&n03q5834o!²$W254dzQq/-S&n03+#:"-S%�)#+�0v�£%"-5Z�u3:"=h4d:"zG03254A8;4�u3q/),0;u~[i+,)#)�<�4AZV+ u;&�q5u;u�4�Z£+#-
&(25%"�V034�8����S!�$W2/4i+#-K034�83-5%")#u�:"z���4>8(&�4��V038;:"-5u²%ou²[~4�),)/%ou�032/4i[\:"8;'*+,-/.Y:�z�032/4��d4�u�034�Z_6²4�8;&>4>�V0;83:o-_%��5�/83:K%"&(2
+,0;u34>),z�[i+,)#)�<S4BZV+ u3&>q5u;u�4�Z�+,-N&(25%��V0;4>8����S!��"q5u�0W),+#'"4d032/4B��4�uv0;4�Z£�d4�0v[\:"8;'1%"�/�/8;:o%"&(2�+,0i%�8;8;%"-/."4�u -/4�0v[\:"8;'Vu
+#-t%�2/+,4�8;%"8;&(25+#&�%�)²uv0;83q5&�03q/8;4"!@��07ZV+,m�4>8(uY+#- 032/4_z�%"&�0A0;25%O0B+,0BqSu�4�uY��4>8(&�4��V038;:"-Sud+#-5u�034�%oZ :"z9zQ4>4�Z*elzQ:"8;[\%"8;Z
-/4>0v[~:o83'VuY03:�%��5�/83:��V+#=�%O034_03254�4>�"4>el2S%�-5Z =h%"�/�/+#-/.5!�b &>:"=h�5%�8;+ u�:o- <�4�0v[\4>4>- 03254£u�4��"4>8(%�)²%��5�/83:K%"&(2/4�u
+#-K�o4�u�03+#.o%�034�Zt<*� bd8 
v4�-��o%"-5u34>- %�-5Z 0;2/4N�d4�u�034�Z 6²4�8;&>4>�V0;83:o- %"�/�/8;:o%"&(2t[i+#),)~<S4£=�%oZV4£+#-�&(25%��V0;4>8����S!
b�-s+#-Ve�Z/4>�V0;2NZV+ u3&>q5u;u�+#:"-N:�zG0;2/4Au3:�z{0v[W%�8;4dqSu�4�Z�03:1+#-K�o4�u�03+#.o%�034�0;2/4B��4�u�034�ZN6²4�8;&>4>�V0;83:o-�=h4�0325:*Zs%�-SZ�03254
��4�uv0;4�Z���4>0v[~:o83'�=h4>032/:VZs[i+,)#)G<�4@."+#�"4�-N+#-�%��/��4>-5Z/+�� ���S!



� ���������
	 �

��� 	������ � ��	 � 	 ��� � � ���

� ;�: = KHL	��>AO�

� >AO�L
$W2/4®2S%�8(ZV[\%"834�qSu�4�Z 03:�+#-*�"4�u�03+#.o%�034®u34>�o4>8(%�)�=h4�0;2/:VZ/u�zQ:o8Nu3:")#�*+,-/. 0;2/4 4��"4>el25%"-5Z =�%��/�/+#-/. zQq/-5&n0;+,:o-
&�:o-5u3+#u�0;u1:�zd032/4 ^B`5a\bYcWe�f 83:o<S:"0h%"-5Z % �*+#Z/4>: &>%�=h4�8;%5! $W254s2S%�8(ZV[\%"834�q5u�4�Z 0;:t:o<V0;%"+,- u�+#=yq5)#%�03+#:"-
8;4�u3q/)�0(ui&�:o-5u�+ u�034�ZN:�z²�O%�8;+,:oq5ui`*q/-�rt:"8;'*u�0;%�03+#:"-5u�!
��������� ����������� ��!#"%$�!'&�()&+*
$W2/4~83:o<S:"0�q5u34�ZBzQ:o8 �54�)#ZVeR0;4�u�03+#-/.i03254\u3�Vuv0;4>= +#uG032/4�^B`5a\bYcWe�f�83:o<S:"0�! �Yq/8;+,-5.dZV4>�o4>)#:"�/=h4�-o0²%�u3+,=_q/)#%�03:o8
25%ou�<�4>4�-yq5u34�Z����	�W[i2/+#&(2_u�+#=yq/) %O0;4�u�%�8;:"<�:�0�[i2/+#&(2_+#u�."4�:"=h4�0;83+ &>%"),)#�A4�´Kq5%�)o03:@^B`5a\bdcie�f5!�$W2/4i^B`5a\bdcWe
f�8;:"<�:�07+ uy%�u3+�� ZV4>.o834�4�u@:"z~zQ8;4>4�ZV:"= 6 �Y:o¦ 8@6�q/=�%Oe�),+#'"4h8;:"<�:�0 6�u34>4 �5."q/8;4 ��� 8n!s��0;uy4��/%"&�07."4�:"=h4�0;83+ &
�/8;:"��4>8303+#4�uW%�8;4BZV4�u;&�8;+,<�4�ZN+#-���� 
5`*4�&�03+#:"-�UV!# ��! $W2/4@u��Vu�034>=�Z/4�u;&�8;+,<�4�ZN2/4>8;4A+#uW8;4�u�038;+#&�034�Z�03:10;2/834�4 �d:K¦ 

[i2/+ &(2�+#uiu3q,4£&�+#4>-K0izQ:"8�%1[i+ ZV47%�8;4�%_:�z²%��/�5),+ &>%�03+#:"-5uW)#+,'o4B�/+#&('Keg%�-5ZVel�/) %"&>4Y:o�S4�8;%�03+#:"-5u�!

¦�+,.oq/8;4���� ZV4 �S-/4�uY[i2/+ &(2 
v:"+#-K0A-*q/=_<S4�8;uY%�-5Z�)#+#-/'�-*q/=y<�4>8(ud%"834y%ou3u3+#."-/4�Zs03:N032/4 
v:"+#-o0(uY%"-5Z�)#+,-5'*u
:�z�^B`Sa\bdcWegf/!²bdu�:"-/4Y[~:oq/)#Zh4>�V�S4�&n0�zQ8;:"=¨%7u3+�� �Y:o¦t8;:"<�:�0�
o+�0\+#u~4�´Kq/+#�/��4�Z�[i+,032Nu�+,� 
v:o+,-K0(u>! ��:"034d0325%�0

v:"+#-K0-,d8;:�0(%O034�u@%�8;:"q/-SZ %��*+ u).0/ �21 !s$W2/4 
v:"+#-K0y%�-/.o),4h:�ziu3:"=h4 
v:"+#-K0-,d[i+#),)9<�4�ZV4�-/:�0;4�Z %"u)30/3!�¦/:o8@03254%"u;u3+,.o-/=h4>-K0i:�z 
v:o+,-K0�-*q/=_<S4�8;uiu34>4@%�) u3:��S."q/8;4 ���S!

$W2/4@8;4�%o&(2su3�5%"&>4@:�z�^B`5a\bdcie�f1+ udZV4��/+#&�034�ZN+#- �5.oq/834 ���S!\$W2/47u325%���4@:�z²03254@834�%"&(2�%�-�:"��4>-54�Zs25%�),z
&��*)#+,-SZV4>8A[i+�0;2 %�0;:�0(%�)��o:")#q/=h4y:"z~}�]"]5! f�&>q/</+ &yZV4�&�+#=h4�034�8;u�!d��0A+#uY<�:"q/-5Z/4�Z %o&>&>:"8(ZV+,-5.h03:£0;2/47zQ:o),)#:O[i+#-/.
�5%"8;%"=14>034�8;u��

wKf 4 5 687�9;:<7=4 �"]
� 4 6 4 �"]

> �o] 4 : 4 �"]
� 4 . 4 }"U

[i+,032?6�
@:s%�-5ZA.h8;4>) %O03+#�"4Y03:h0;2/4 6B68CEDF:GCHDF.EC08W&>:K:o8;Z/+,-5%�034Bu��Vu�034�= %�-SZ�4>�*�5834�u3u34�ZN+,-�&>4>-K03+#=h4�034�8;u�!
�������I� �����KJML+NO�2P@L�LRQTSU�VQ�SW"X�ZY-�[J\*G&�P
$W2/4183:o<S:"0d+ uY4�.":"e�&>4>-K034�834�Z�
5[i2/+ &(2®=h4�%"-5ud0325%�0Y0;2/41&�%�=h4>8(%�+ ud�5)#%o&�4�Z +,-®032/414>-5ZVel4>m�4�&n03:o8�!@`*+#-5&�4_03254
&(2/:o+#&>4Y25%ouW<S4�4>-s=�%"ZV4A03:1</q/+#) Zs%hu3�Vuv0;4>=¨032S%O0�u�:o),�o4�u~03254A4��"4>el25%"-5Z£=�%"�/�/+#-/.1zQ:"8i%_032/8;4>4 �Y:o¦ 8;:"<�:�0�

&�:o-5u�038(%�+#-o0(u\25%��"4A03:h<�4@=�%"ZV4o!9$W2/4�u34@&�:"-Su�+ uv0i:"z �
] $W2/4@�O%�)#q/4B:�z�
v:"+#-o0�w�=_q5u�0d%�)#[\%��Vu\<S4@��4>8;:103:£%"&�&�:o=1�5),+ u�2N03254y&(2/:"+ &�4A0;25%O0i0;2/4@4>-5ZVel4>m�4�&n03:o8�25%ou03:h<S4@��4>8;��4>-5ZV+ &�q5)#%"8W03:h03254@<5%"u34B�/)#%"-/4#6B.ECT^�� 8n!

]



w ������� ��� ��� � ���	� ����� 
 � � � � � � ��� ���

x

y

x

x

z

y

y

y

z0

y0

x 0

1

1

z1

3

z 3

y 3

x 2

z 2

2
y 4

z
4

x4

6

6

6

z5

x
5

5

joint 2

link 4

link 3

link 2

link 1

camera

joint 3 & 4

joints 5 & 6

joint 1
Base plane

¦�+,.oq/8;4WU/!, �Gr +,8;4�ZyzQ8(%�=h4W=1:VZV4�)V:�zS032/4d^B`5a\bYcWe�fY8;:"<�:�0�! �":o+,-K0+,�8;:�0;%�034�u�%"83:oq/-5Z_%O�V+#uR. / �Z1 !²¦/8;:"=
� ���	�l!

] $W2/4B��%"),q54@:�z 
v:o+,-K0df125%ou\03:�<�47&�:"-Suv0(%�-K0�%�-5ZN+#ui&(25:ou34>-N03:�<�4@�>4>8;:5!
] $�:�%"&�&�:o=1�5),+ u�2N032547&(2/:"+ &�4@:"z�0325474>-5ZVel4>m�4�&n03:o8W03:�<�4@�S4�83��4>-SZV+#&>q/) %�8i0;:_0;2/47<5%ou�4B�/) %�-54 6B.ECT^�� 8032/4@�O%�)#q/4B:�z�
v:"+#-K0d}y=_q5u�0d%�)#[\%��Vu\<S4@4�´Kq5%�)�0;:s �"��� > 3	�
$W2/+ u�&>%"q5u34�uW0;2/474>-SZ*el4>m�4�&n0;:"8i0;:£25%��"47%"-�:"8;+,4�-o0(%O0;+,:o-s[i25+#&(2�+ udu3q5&(2s0325%�0�032/41&>%"=14�8;%1+#-�032/4y4>-5Z*e

4�m�4�&�03:o8i),:*:"'VuiZV:O[i-*[W%�8(Z/u\%O0d%�-�%�-5.")#4A��4>8;��4>-5ZV+ &�q5)#%"8W03:1032/4@<S%"u34A�5)#%"-/4	� .�
�� 6I6@C D :GC�8�!
$W2/4A&>%�=h4�8;%@[i+#)#)S�/8;:VZVq5&>4Y%�-�+,=�%�.o4�zQ8(%�=h4d+#-£[i2/+ &(2£0;2/4�0(%�8;."4>0~:"< 
v4�&n0\+#u\%"u;u3q/=h4�Zh0;:y<�4Au3+�0;q5%O0;4�Z�!

b«0v�K�5+#&�%�)�+,=�%�.o4�zQ8(%�=h4d+ u\u�2/:O[i-�+,-��5."q/8;4 ���S! $W2/4A+#-VzQ:"8;=�%O03+#:"-�834>038;+,4��"4�Z1zQ8;:"=µ0;2/4Y+#=�%�.o4�zQ8(%�=h4d[i+#),)
<�47ZV4>-/:"034�ZN<*��
� 
/[i2/+ &(2s&>:"-5u3+#u�0;uW:"z�0;2/8;4>4@&�:o=1��:"-54>-K0;u��
] $W2/4?6°8;4�0;83+#4>�o4�Z�zQ83:o= 032/4�&>%"=h4>8(%�
9[i2/+ &(2 +#u10;2/4�ZV+#u�0;%"-5&�4�<�4�0v[\4>4�- 0;2/4?6Veg&�:*:"8(ZV+#-5%O0;4N:"zd03254
0;%�8;."4>0\��:ou3+,03+#:"-�%�-5Z�032547&�4>-K0;4>8i:�z�03254@+,=�%�.o4dzQ8(%�=h4 


] �g-su3+,=h+#)#%"8Wz�%"u32/+#:"-N032/4):N834>038;+,4��"4�Z£zQ83:o= 032547&>%�=h4�8;% 

] $W2/4 .�834>038;+,4��"4�ZszQ8;:"= 0;2/41&�%�=h4>8(%�
S[i2/+ &(2®+#uA%£=h4�%"u3q/8347zQ:"8Y032/4_2/4>+#."2K0AZ/+�m�4>8;4>-5&>4_<�4�0v[\4>4�-�03254
4>-5Z*e�4�m�4�&�03:o8\%"-5Z�0;2/4d0(%�8;."4>0~��:ou3+�0;+,:o-G!9$W2/4�.y�O%�)#q/4YzQ83:o=¨032/4B&>%"=h4>8(%7+ u~:o<V0;%"+,-54�Z£<*�h=h4�%ou�q/8;+#-/.
032/41%�8;4�%h:�z 0;2/4y:o<�
v4�&�0Y+#-�03254y+#=h%"."4@zQ8(%�=h4o!��g-�03254_u3+,=_q/)#%�034�Z®u�+,03qS%O03+#:"- 2/:O[~4��"4�8W032/+ ud�O%"),q/4_+#u
�/83:O�*+ ZV4�ZNZV+#834�&n03)#��zQ8;:"=
032/4@8;:"<�:�0�u3+,=_q/)#%�03:o8Wu3:�z{0v[W%�8;4"! `*4�47%�) u�:��5."q5834 ���S!

��������� ����Q�� & P����E*<L[*�� &�Q��
`*4��"4>8(%�)~0v�*�S4�uy:"zA`*q/- [\:"8;'*u�0;%�03+#:"-5uy83q5-/-/+#-/.t`*q5-�^B`�%"-5Z°`*:o)#%"83+ u_q/-5ZV4�81%t¶�-/+,��4>-*�*+#83:o-/=h4>-K0_25%��o4
<�4>4>- qSu�4�Z�!�X�4�834hzQ:o),)#:O[�u@%s0;%"</)#4�[i2/+#&(2 u32/:O[�uA03254��S4�8�zQ:o83=�%�-S&�4h:�z\032/4�u�4�=h%o&(2/+#-/4�u�!£¦/:o87834>zQ4>8;4>-5&>4
�/q/8;��:ou34�u�
�03254du���4>4�Zh:�z�%_a~:"=h�5%o´y6�83:��Y��6²4>-K03+#q/= 83q/-5-/+,-5.y%O0�fof@©�2/��25%ou9%�) u3:@<S4�4>-�+#-5&�)#q5ZV4�Z�! $W2/+#u



� � � � ��� � � ������� � � � }

¦�+#."q/8;47UV!kU��9$W2/4B8;4�%o&(2Nu3�5%"&>4A:"z�0;2/4_^B`5a\bYcWe�f18;:"<�:�0�!²¦583:o=
� � �	��!

+ u9q5u34�zQq/)5zQ:"89=�%"'K+#-/.@4�uv0;+,=�%O0;4�u�:"-h03254�83q5-VeR0;+,=h4�:"z��O%"83+#:"q5u94��V�S4�83+#=h4>-K0;u9:"-�=�%"&(2/+#-/4�u [i+�0;2�%@ZV+,m�4�834�-K0
��4>83zQ:"8;=h%"-5&�4o!

© %"&(2/+#-/4 `/6 �\a~+#-K00/ �oU `V6 �\a�zQ� / �oU
`Vq/-®`V6�bdc�a\u�0;%O0;+,:o-�U UV o! � U"U/! �
`Vq/-®`V6�bdc�a\u�0;%O0;+,:o-�}��"��� }o�V! � w*�V! ]
`Vq/-®`V6�bdc�a\u�0;%O0;+,:o-  �����]/ wK}/! U }OwS! �
a~:o=h�5%"´£6�83:��Y�t6²4>-K03+#q/=�f"f fo}/!, f"]5! f

� ; � = KHL�� Q���IZ� > O L
$W2/47u3:�z{0v[W%�8;4Y:"z�0;2/47u3�*u�034�= %"=1:o-/.1:�03254>8(ui&�:"-K0;83:o)#u\0;2/4@<S4�25%��*+,:o8W:�z�032/4@8;:"<�:�0�! ��0�834�&�4>+#�"4�u\zQ4>4�ZV<5%"&('
:"-s[i25%�0W+ uW25%"�/�S4�-/+#-/.h03:103254A8;:"<�:�0W0;2/83:oq/."2s&>%"=14�8;%_+#=h%"."4AzQ8(%�=h4�uW%�-SZ 
v:o+,-K0du34>-5u3:"8(u�
V%"-5ZN%�0�0;4>=h�V0;u
03:_."q/+ ZV4Y032/4A8;:"<�:�0�0;:_%y8;%"-5ZV:"=h)#��&(2/:ou34>-h0(%�8;."4�0\�S:Ku�+,03+#:"-£0325%�0\8;4�u3+#Z/4�u~[i+�0;2/+,-�032/4A8;4�%"&(2£u3�5%o&�4d:"zG03254
8;:"<�:�0�!

^Y-®u�0;%�8303q5��
50;2/4yu3�Vuv0;4>= [i+,)#)�8;4�%oZ�%£&�:o-��5.oq/8;%�03+#:"- �5)#4"!d$W25+#u �5),41&�:o-o0(%�+#-5udu34>�o4>8(%�)��5%"8;%"=h4�034�8;u�:�z
032541u3�Vuv0;4>= 0325%�0B&�%�-®<�4h%�),034>8;4�Z %�-5Z 4��V�S4�83+#=h4>-K034�Z�[i+,032 <*��0;2/4_qSu�4�8�!A��0A2S%"uY<S4�4>- +#=h�/)#4>=h4>-K034�Z�0;:
%��":o+#Z�2S%��K+#-/.�03:s834�&�:"=h�/+#)#470325414�-K03+#8341u��Vu�034>=�[i254>- �S%�8(%�=h4�0;4>8(ud%�8;4_%")�0;4>8;4�Z�!@$W2/418;4�%"Z/4>8A[i+,)#)²:�z{034�-
4>-S&�:"q5-o0;4>8�032/4 [~:o8;Z	� q5u�4�8�egZV4 �5-5%�<5),4 / 
W[i2/+ &(2�=h4�%"-5u�0;25%O0N032/4 �5%�8303+ &�q/) %�8��5%�8(%�=h4�0;4>8�0;25%O0s+#u�<S4�+,-5.
ZV4�u3&>83+#<S4�Z�25%ou~%"-£4>-K038;�1+,-�032/4B&�:o-��5."q58;%�03+#:"-
�5)#4"! �g-�u34�&�03+#:"- ��� %70v�*�/+#&�%�)�&�:o-��5."q58;%�03+#:"-
�5)#4Y25%ou�<�4>4�-
�/8;+,-K0;4�Z�
V0;:".o4�03254>8W[i+�0;2�%�-�4��V�/) %�-5%�03+#:"-N:�z %�)#)�+�0(ui4>-K038;+#4�u�!
���I�W��� ������� &�Q�*<P@&�

� & &��
$W2/4_.":o%")�:"z 032/41u��Vu�034>= + u�0;:�=h:O�"47032/4_83:o<S:"0A%"uY&�)#:ou34y%"uY��:ou;u�+#</)#4703:�032/4y0;%"83.o4�0d��:ou3+�0;+,:o-®[i+,032/+#- %ou
zQ4>[�u�034��5u\%"u9��:ou;u3+,</)#4"!��g-£:o8;ZV4�8 03:y038(%�+#-h032/4Au��Vu�034�=µ+,0~4�-K034>8(u�%7),:*:"� ��0;2/4Ba~:o-o0;83:o)S��:K:o�G!²$W2/+#u~)#:K:o��+#u



f ������� ��� ��� � ���	� ����� 
 � � � � � � ��� ���

y

x
z

object

¦�+,.oq/8;4BU/! ] ��bd-N+#=�%�."4dzQ8;%"=h4Y�/8;:VZVq5&>4�Z£<*�h0;2/4@&>%�=h4�8;%y+,-�032/4B4>-SZ*el4>m�4�&n0;:"8�!²$W254Y:o<�
v4�&�0\+ u\�S:Ku�+,03+#:"-/4�Z
%O0A032541=�%"83'o4�Z u3��:�0�!1$W2/4 6t%"-5Z :���%"),q54�uB%�8;41Z/+,8;4�&�03)#��=14�%"u3q/8;4�Z�!y$W254 .N�O%�)#q/4

�%�=h4�%ou�q5834_zQ:"8A03254
2/4�+,.o2o0�ZV+,m�4>8;4>-5&>4Y<�4�0v[\4>4�-�0;2/4@:"<�
v4�&n0i%�-5Z�03254A4�-5Z*e�4�m�4�&�03:"8�
*+#uiZ/4�034�83=h+#-/4�ZN<*�£=h4�%ou�q/8;+#-/.70;2/47%�8;4�%y:�z
03254@:"<�
v4�&n0�!

03254_u;%�=h4BzQ:"8Y4>�"4�83�N=h4�0325:*Z®q5u�4�Zs03:�u3:")#�"4B0;2/474��"4�e�25%"-5Z�=�%��/�/+#-/.�zQq5-5&n0;+,:o-®ZV+#u;&�qSu3u34�Z�+#-�0325+#u�032/4�u�+ u>!
^Y-/4B&�:o=1�5),4>03+#:"-£:"zG032/47a~:"-K0;83:o)���:K:o�£[i+#),)�<�4A&�%�)#),4�Z£% $ ���'� � ! �g-N%y038;+#%")50;2/4Bu��Vu�034>=�%�0�0;4>=h�V0;u~0;:_.oq/+#Z/4
03254s8;:"<�:�0h0;: 0;2/4s0;%"83.o4�0h�S:Ku�+,03+#:"-G! $W2/4�8;4>�/8;4�u34>-K0(%O03+#:"- :�zd0;2/4�4>�o4�e�25%�-SZ�=�%��/�5+,-/. zQq/-5&�03+#:"-¢[i2/+ &(2
03254£u��Vu�034>= </q/+#)#Z5u@[i+,)#)9-/4��"4�8@<S4���4>83zQ4�&�07<S4�&>%�qSu�4�:"z�03254�&�:o=1�5),4>�*+,0v�®:"z~0;2/4hzQq/-5&�03+#:"-�
²%�),032/:oq/."2 03254
%��5�/83:��V+#=�%O03+#:"-�:�z�0;2/4B4>�o4�e�25%�-5Z�=�%��/�/+#-/._zQq/-5&�03+#:"-�."8(%"ZVqS%�)#),�h+#=1�583:O�o4�u\ZVq/8;+,-/._03254A)#4�%"83-5+,-/.1�/8;:V&�4�u;u�!
X�4�-5&�4B[\4Y[i+#)#)GZV4>-/:"034A03254A4��"4>el25%"-5Z�=�%��5�/+,-5._zQq5-5&n0;+,:o-s%ou � %"-5Z£0;2/4@u��Vu�034�= / u\834��/8;4�u34>-K0;%�03+#:"-£:"z�03254
4>�o4�e�25%�-SZ�=�%��5�/+,-5._zQq5-5&n0;+,:o-�%ou�� !
�g-�:"8(ZV4>8W0;:£%��/�583:��V+#=h%�034��
%ou�%"ZV4�´Kq5%O0;4>)#��%"ui��:ou;u3+,</)#4B03254yu��Vu�034�=
</q/+#) Z/u�%�-SZs038(%�+#-5uW+�0(u�+#-K034>8;-5%")

8;4>�/8;4�u34>-K0;%�03+#:"-�� q5u�+#-/.s),4�%�8;-/+#-/.��5%�0�0;4>8;-5u>!_$W2/41´Kq5%"),+,0v��:�z�� ZV4>��4>-SZ/u@u�:o),4�),��:o-®032541q/03+#),+ u3%�03+#:"- :�z
)#4�%�8;-/+#-/.��5%�0�034�83-Su>!�$W2/4�u3=�%�83034>8y),4�%�8;-/+,-5.s�S%O0�0;4>8;-5uy%"834�q/03+#),+#�>4�Z�
�032/4£<�4�03034�8�� [i+#),)~<S4o!�� &�%�- <�4
ZV4�u3&>83+#<S4�Z %"uy<S4�+,-/. %�- � � � ����� ��"S��$ ���7:�z��s!��g-o0;4>8;-5%�)#)#�

�032/4s%��/�/8;:��V+,=�%�03:"8�� &>:"q/) Z�&�:o-5u3+#u�07:�zi:"-54
%��5�/83:��V+#=�%O03:o8�
 % )#%�0�03+ &�4�:"zY%��/�583:��V+#=h%�03:o8;u@:o8_=_q/),03+#�/),4�-/4�uv0;4�Z°%��/�/8;:��V+,=�%�03:"8(u�!t©�4>032/:VZ/u_0;25%O0hq5u34
=yq5)�0;+,�/)#4d%"�/�/8;:��*+#=�%O0;:"8(u�u3q/<�ZV+#�K+ ZV4i0;2/4�4�-o0;+,8;4�+#-/�/qV0\u��5%o&�4
	 %"-5Zh%"u;u�+#."-�%��5�/83:��V+#=�%O03:o8;u�0;:7u�q/<Su��5%o&�4�u
:�z�	1!��d+,m�4>8;4>-K0Y%��5�/83:K%"&(2/4�u\:"-�u�q5<�ZV+#�*+#Z/+,-/.£032/47+#-/�/q/0Yu��S%"&�47%"-5ZsqV03+#)#+#u3+,-5.£),4�%�8;-/+#-/.h�5%O03034>8;-5ui[i+#)#)�<�4
ZV+ u3&>q5u;u�4�Z�+#-s032/4BzQ:o),)#:O[i+,-5.hu34�&�03+#:"-5u�!
$W2/4Y83:o<S:"0~[i+#),)��*+,8303q5%"),)#�h-/4>�o4>8\834�%"&(2h0;2/4d0(%�8;."4>0��S:Ku�+,03+#:"-N[i+�0;2/+#-£03254YZV4�u�+#834�Z��/8;4�&>+#u3+,:o-£+#-N%yu3+#-/.")#4

zQ4>4�ZV<5%o&('hu�034���
*-/:1=h%�0�0;4>8~zQ:"8W2/:O[ )#:"-/.y032/4Bu��Vu�034�=µ2S%"u\<S4�4>-�038(%�+#-/4�Z�! $W2/+ u~+#uWZVq/4Y03:_03254A&>:"=h�/)#4��V+�0v�
:�z �N! $W2/4�834>zQ:"8;4Y=_q/),03+#�/),4@u�034��5ui%�8;4Y.o4>-/4�8;%�034�Z�! �Yq/8;+,-5.h%y038;+ %�)�032/4A0(%�8;."4�0iZV:*4�uW-5:�0W=1:O�o4"! $~�K�5+#&�%�)#),� 

%£=�%��*+#=yq5= :"z 034>- zQ4>4�ZV<5%"&('�u�034>�SuY%"8347.o4>-/4�8;%�034�Z�
S[i+,032 %£=h+,-5+,=_q/= :�z 0325834�4"!Y�d:£zQq/8303254>8Buv0;4>�5uA%�8;4
."4�-/4>8(%O0;4�Z +,z�0;2/4N4�-5Z*e�4�m�4�&�03:"8h25%ou_%"�/�/8;:o%o&(2/4�Zt0;2/4�0(%�8;."4>0_��:ou3+�0;+,:o- [i+,032/+#- % q5u34>83e�ZV4 �5-/4�Z�ZV+ uv0(%�-5&>4
[i2/+ &(2 [i+#),) <�4�ZV4>-5:�034�Z %ou��K!y�g- :"032/4�8A[\:"8(Z/u�

��+#u@%�032/8;4�u32/:o)#Z ��%"),q54_[i2/+ &(2t+#uA4�´Kq5%")�03:s032/4�ZV4�u�+#8;4�Z
�/8;4�&>+#u3+,:o-�
\+R! 4"! 
W032/4 ZV4�u3+,8;4�Z =�%O�V+#=�%�)dZV+ u�0;%�-S&�4�<�4�0v[\4>4>- 0;2/4®4>-SZ*el4>m�4�&n0;:"8�%"-5Z 032/4®0;%�8;."4>0��S:Ku�+,03+#:"-G!
$W2/8;:"q/.o2/:"q/0�032/+ u�0;2/4�u3+#u�
��\&�%�-B<S4~%"u;u�q/=h4�Zd0;:�<�4 17 =h+#),)#+,=h4>034>8�!�$W25+#u��5%�8(%�=h4�0;4>8�
�%ou�[~4�),)o%"u�0;2/49-*q/=y<�4>8:�z�zQ4�4�ZV<S%"&('huv0;4>�5u9032/4Au��Vu�034>= u32/:"q5)#Zh.o4>-/4�8;%�034d%"834iq5u34>83egZV4 �5-S%�</)#4

K</qV0~032/4Y��%"),q54�u 
vqSuv0\=14�-K03+#:"-/4�Z£%�8;4
=h:ou�0\&>:"=h=h:"-/)#�_qSu�4�Z�+,-�032/+ u�032/4�u�+ u>!²�g-�&�%"u34YZV+,m�4>8;4>-K0~�O%�)#q/4�u�[\4>8;4�q5u34�Z�+#-�%"-£4��V��4>8;+,=h4>-K0~032/4A834�%"ZV4�8
[i+#),)G<�4@-/:"03+��54�Z�!
�g-VzQ:o83=�%�)#)#�

�[~4£8;4�zQ4�870;:��N%"uy% uv0;4>� 0;:O[\%"8;Z/u@032/4�0;%�8;."4>07�S:Ku�+,03+#:"- 
 4>�"4�- 032/:oq/."2�% uv0;4>��+#- u3:"=h4

&>%ou�4�u +#-5&�8;4�%ou�4�u²032/4AZV+ uv0(%�-5&>4d<�4�0v[\4>4>-h0;2/4�0(%�8;."4>0��S:Ku�+,03+#:"-£%"-5Zh0;2/4�4>-SZ*el4>m�4�&n0;:"8�!��g-h0;2/4Ba~:o-K038;:")S��:*:"�
03254BzQ:")#),:O[i+#-/.h<5%"u3+ &>%�)#)#��25%��/��4>-Sui[i2/+#),4A0;%"'*+,-/.�u�034��5u�ZVq/8;+#-/.�%y0;83+ %�) �
 o!�b 8(%�-SZV:"= 0(%�8;."4>0W��:ou3+,03+#:"- 
������������� + u�ZV4�0;4>8;=h+,-/4�Zs[i+�0;2/+,-s0;2/4@834�%"&(2su��5%o&�4B:�z�03254@4>-5Z*e�4�m�4�&�03:o8�




� � � � ��� � � ������� � � � �

U/!�$W2/4B4>-5Z*e�4�m�4�&�03:o8i+#ui=h:O�o4�Z�0;:£%�-s+,-5+�0;+#%")�uv0(%�8303+#-/.h�S:Ku�+,03+#:"- 
� ����� �����	��
 

]5!�$W2/4�u3�*u�034�= .o4>-/4�8;%�034�u@%®uv0;4>� � �
� 
3���� 1 ^ � 6 
� D 3 7 DF3	�08��125%��*+,-5. 
������������� %ou@.":K%�)9��:ou3+,03+#:"-�
�032544>-5Z*e�4�m�4�&�03:o8\=h:O�o4�ui%"&�&�:o8;ZV+#-/.o),�103:£%1-/4�[ ��:ou3+,03+#:"- 
� ��������������� 

wS!i��z�� 
� ����� ��� � > 
� ������� ��� ��4 �y:o8i+�z���� =�%O� 6 � 8W[i254>8;4A=�%�� 6 � 8WZV4>-/:"034�uW032/4@=�%��*+#=yq5=
-*q/=y<�4>8d:�z

� 
3_0;25%O0d%"834B%�)#),:O[\4�Z£03:�<�4@."4�-/4>8(%O0;4�Z�
K0325+#ui)#:*:"�s+#u�4��V+�0;4�Z�!
}/!���� � 9  o!²�W%o&('�03:�]/!

b�),0325:"q/.o2�0;2/47u��Vu�034�=
&�:o-o0;83:o)#u~0;2/834�4 
v:"+#-o0(uW:�z�032/4B8;:"<�:�0�
V+�0�-/4�4�Z/uW:o-/)#��0v[~:h:"z�03254>= %ouW+,-5�/qV0izQ:"8�� !
`*:s%�),032/:oq/."2 
3 ��� 1 %�<�:O�"4y+#uB%h0;2/834�4_ZV+#=h4>-5u3+#:"-5%")��o4�&n0;:"8A&�:"-Su�+ uv0;+,-5.�:�z�3 1 
M3 7 %�-5Z 3 � 
�:"-/)#�?3 7 %�-SZ 3 �%�8;4d-54>4�Z/4�Z�zQ:o8�� !9$W25+#u\+ u\%")#u3:70;83q54dzQ:o8 �s! bduW%y8;4�u3q/),0�
 ��%"-5Z �¨25%��o4Y% �S�"4BZV+,=h4�-5u�+#:"-S%�)��"4�&�03:o8\%ou
03254>+#8d+#-/�/qV0Y%"-5Z�%10325834�4yZV+#=14�-5u3+,:o-5%�)G�o4�&�03:"8Y%"uW0;2/4>+#8d:oqV03�/q/0�!i�G4>0dq5u�=�%"'"4B03254@zQ:")#),:O[i+#-/.£%oZ/ZV+,03+#:"-5%")
-/:"0;%O0;+,:o-5%�)G&>:"-*�"4�-K03+#:"-5u��
] b�-�+,-5�/qV0��5%�0�034�83-s[i+#),)G<�47ZV4�-/:�0;4�Z�%"u 
, ^ 6 
� DF3 7 D 3 � 8 

] b�-£:oqV03�/q/0\�5%�0�0;4>8;-£[i+,)#)�<S4AZV4>-/:"034�Z�%"u 
� ^ � 6 
, 8�^ 6�� 3 1 D�� 3 7 D � 3	�08�+R! 4"! 
K032/4AZV4>),0;% 
v:"+#-K0~�O%�)#q/4�u."4>-54>8(%O034�Z£q5u3+#-/.1032/4@+#-K034>8;-5%")�834��/834�u�4�-K0;%O0;+,:o-�:"z � :"z�0;2/47u��Vu�034�= 

] b 0;%�8;."4>0i�5%O03034>8;-�[i+,)#)G<�4yZV4�-/:�0;4�Z�%"u 
! ^ � 6 
 , 8�^ 6"� 3 1 D � 3 7 D�� 3 ��8 
S+R! 4"! 
V032547ZV4�u3+,8;4�Z�ZV4�)�0(% 
v:"+#-K0��%"),q54�u\032S%O0�</8;+,-5._0;2/4@4>-SZ*el4>m�4�&n0;:"8i4��/%o&n03)#��0;:_0;2/4B0;%"83.o4�0i��:ou3+�0;+,:o-�

] b )#4�%"83-5+,-/.h�5%�0�0;4>8;-N[i+#),)�<S47ZV4�-/:�0;4�Z�%"u 
# ^ 6 
, D 
! 8�!

$W2/4@.o:o%�)�:"z�032547u��Vu�034>= &>%"-N-/:O[ <S47Z/4>-/:"034�Z�%ou\03:h=h+,-/+#=h+,��4	�
$
%

� � 6 
 , % 8 > ��6 
, % 8��

���I�W�I� ��P@�2L *���&�Q &'& 
��2LRP8Q � Q)( ��L *G*<�2P8Q��
�g-®:o8;ZV4�8i03:N<S41%�</)#4@0;:�)#4�0d0;2/4y8;:"<�:�0Y=1:O�o4@03:O[W%�8(Z/uW0;2/470(%�8;."4>0d%�-5Z�q5)�0;+,=�%O0;4>)#��%��/�/8;:o%o&(2s032/4y0;%�8;."4>0
[i+,032/+#-s032/4@ZV4�u�+#834�Z��5834�&�+ u�+#:"-�� 
V+,0�-/4�4�Z/uW+#-VzQ:"8;=�%O0;+,:o-N%�<�:"q/0\0;2/4B0;%"83.o4�0W�S:Ku�+,03+#:"-�%�-SZ�+,0;uW:O[i-�&�q/8;8;4>-K0
��:ou3+�0;+,:o-G!@¶du3+,-/.N0325+#uA+#-VzQ:"8;=�%O03+#:"- 
�+,0B."4>-54>8(%O034�ud%suv0;4>� �70;25%O0B+ ZV4�%"),)#�®u�25:"q/) Z�=h:O�"4y032/4183:o<S:"0A&>),:Ku�4�8
03:O[W%�8(Z/u~03254B0;%�8;."4>0\��:ou3+,03+#:"-G!9$W2/+ ui2/:O[\4>�o4>8WZV:*4�uW-/:"0d%�)#[\%��Vu\25%"�/�S4�-5ui%"uW[i+#)#)G<S47Z/+#u;&�q5u;u34�ZN)#%�034>8�!

$W2/4Y0v[~:1ZV+#=14�-5u3+,:o-5%�)��"4�&n0;:"8 
3@032S%O0i+#u~zQ4�Z�03: ��&>:"-5u3+ uv0(u~:"z[3 7 %"-5Z 3	�B%"u~-/:"034�Z�4�%"83)#+,4�8�!���0�&>%"-�<�4u32/:O[i-�032S%O0A032/4h&�q/8;8;4>-K0Au�0;%�0341:�z90;2/4_<S%"u34y8;:�0;%�03+#:"- 3 1 +#uY-/:"0A-/4�4�ZV4�Z�
Gu3+,-5&>470;2/4�&>%�=h4�8;%�+ uB%O030;%"&(254�Z03:N03254_4�-5Z*e�4�m�4�&n0;:"8@%�-SZ�+#uA8;:�0(%O034�Z 
vq5u�07%"uY=yq5&(2 25%"ud032/4h8;:"<�:�0A+�0(u�4�)�z 
G%"-5Z u3+,-S&�41:"-/)#�*� 
3£�O%�)#q/4�uB%ou
:"�5�S:Ku�4�Zt03: %"<5u3:")#qV034 
v:"+#-o01�O%�)#q/4�u1%�8;4£q5u34�Z 0;: .oq/+#Z/4�032/4s8;:"<�:�070;:O[\%"8;Z/u@032/4N0;%"83.o4�0y��:ou3+�0;+,:o-G! $W254
%�=h:oq/-K01:"zd<5%"u34�8;:�0(%O0;+,:o-�834�´Kq/+,8;4�Z�+#uhu3:")#4>)#� Z/4>��4>-5ZV4�-K0h:"z�03254A6¢%�-SZ;: �O%�)#q/4�u18;4�038;+#4>�"4�Z zQ8;:"= 03254
+#=h%"."41zQ8(%�=h4�%�-5Z +,-SZV4>��4>-5Z/4>-K07:�z~032/4£&>q/838;4>-K0@8;:�0;%�03+#:"- :�z�0;2/4�<5%ou�4 3 1 !�¦/:o87%s=h%�032/4�=�%O03+ &>%") �/8;:O�"48;4�zQ4>8W0;: � � 
��S."q/8;47UV!kU ��!
�g-/�/q/0~�"4�&n0;:"8 
,²ZV4 �5-/4�u�03254Yu�0;%O0;4d:"z�032/4Y83:o<S:"0~%�-5Z�032/4d0;%�8;."4>0���:ou3+�0;+,:o-G! b�)#)S+#-VzQ:"8;=�%O0;+,:o-�+#u~�/8;4�u34>-K0

03:y<S4d%"</)#4i03:y&�%�) &�q/) %O0;4d%�-h:oqV03�/q/0~�"4�&n0;:"8 
� -/4�4�ZV4�Z103:7=h:O�"4W0;2/4d8;:"<�:�094>�/%"&n0;),�_03:7032/4i0(%�8;."4>09�S:Ku�+,03+#:"-�
�/8;:O�*+#ZV4�Z®0;25%O0y032/4��Y4>-S%��K+,0�egXd%"8�0;4>-*<�4>8;.sZV4�u3&>83+#�V0;+,:o-t:"z~0;2/4£8;:"<�:�0@+ u7'*-/:O[i- 03:�03254�u��Vu�034�= :"8��,+
�s! `*q5&(2¢+ u�-/:�0�0;2/4®&>%ou�4o!�$W2/4®u3�*u�034�=�25%ouh03: )#4�%"83- 2/:O[�0;: =h:O�"4s03:t03254�0;%"83.o4�0��S:Ku�+,03+#:"- q5u3+,-5.
03254®+,-/zQ:"8;=h%�03+#:"- +,0�8;4�&�4�+,�o4�u�ZVq583+#-/. 0;2/4®)#4�%�8;-/+#-/. �/8;:V&�4�u;u�! r 2/+#)#4�032/+ uN�/83:V&>4�u;u�+#u£�/83:o."8;4�u;u�+#-/.t03254
%��5�/83:��V+#=�%O03+#:"-N:�z � 
/+l! 4"! 
 �j.o4>-/4�8;%"),)#��+#=1�583:O�o4�u�!
�Yq/83+#-/.B0;2/4�)#4�%�8;-/+#-/.@�/8;:V&�4�u;u�03254du��Vu�034�= .o4>-/4�8;%�034�u %B) %�8;."4i-*q/=_<S4�89:�z�)#4�%"83-/+#-/.B�5%�0�034�83-Su 
# ^ 6 
 , D 
! 8n!$W2/4�'o4>�_03:@0;2/4�)#4�%"83-/+#-/.@�/8;:V&�4�u3u + u 0;2/4d%"</+,)#+,0v�_:"z�0;2/4Yu3�Vuv0;4>= 03:y&>834�%O0;4�u�q5&(2�)#4�%"83-5+,-/.@�S%O0�0;4>8;-5u�
"[i2/+ &(2



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

θ5

2θ θ
3

xC C Cy z

: rotation of lower arm

θ1 : rotation of base

: rotation of wrist6θ

4θ

Robot

image processing

(θ ,θ )
2 3

( ,∆ θ ,∆ θ )2 3

camera

information

BA
C

1∆θ

¦�+,.oq/8;4_UV! w �da~:"-K0;83:o)�u3&(254>=h4y:"z�0;2/4183:o<S:"0�!�¦/8;:"= 0;2/4_&>q/838;4>-K0d8;:"<�:�0Y�S:Ku�+,03+#:"- Z/4�034�83=h+#-/4�Z®<K�
3 7 %"-5Z3 � 
5%"-5Z�032/4A0;%"83.o4�0i��:ou3+�0;+,:o-sZV4>034�83=h+#-/4�ZN<*��032/47&�%�=h4>8(%7+#=�%�.o4B%1q/-5+#´Kq/4B+#-/�/qV0��o4�&n0;:"8 
 ,�&>:"=h+,-5.yzQ8;:"=
03254@83:o<S:"0W%�0W��:"+#-K0�� 
/&�%�-s<S4BzQ4�Z£0;:1032/47&>:"-K038;:")#),4�8\%�0i�S:o+,-K0YaY!5$W2/4@&�:o-K038;:")#),4�8~25%ou\03:h."4�-/4>8(%O0;4�zQ8;:"=
0325+#uy+,-/�5qV0_�o4�&n0;:"8y%�8;:"<�:�01ZV+#u3�/) %"&>4>=h4>-K0 � 3 1 
 � 3 7 %�-5Z � 3 � 6��S:o+,-K01b�8n!�$W2/+#u_ZV+ u��/) %"&>4>=h4>-K0y2S%"uB0;:
</8;+,-5.d0;2/4W:"<�
v4�&n0 +,-_03254W&>4>-K034�8 :�z/0;2/4�&>%"=h4>8(%�+#=h%"."4W%O09%A&�4>830;%"+,-1u�+#�>4o!�$W25+#u²�/8;:V&�4�u3u�&>%"-_<�4W834��S4�%O034�Zy+,z
03254Y�/8;4>�*+#:"q5u\ZV+ u��5)#%o&�4>=h4�-o0\+#u\-/:"0\%o&>&�q58;%�034d4�-/:"q5."2�%"-5Z�%"834d&�%�)#),4�Z�0;2/4dzQ4�4�ZV<S%"&('�uv0;4>�5u~:�z�032/4Bu��Vu�034�=s!
¦/8;:"=
� ���	�l!

=h4�%"-5u\0325%�0�03254@4��/%"&�0iZ/4>),0;% 
v:"+#-K0��O%�)#q/4�ui-54>4�Z/4�ZN03:�8;4�%o&(2N%h��:ou3+�0;+,:o-N+#-�032/4@[\:"8;) ZNu3�5%"&>4

V+l! 4o! 
 
! 25%��o403:h<�4@'*-/:O[i-G!
r 2/4�-¢%�0£uv0;4>� �®%"-°+#-/�/qV0N�5%O03034>8;- 
 ,���+ uh."4>-54>8(%O034�Z�
90;2/4 u3�Vuv0;4>= &�%�) &�q/) %O0;4�u�%�- :"q/03�/qV0£�S%O0�0;4>8;-


� � ^ � 6 
, ��8�! 
� �1+ u_u34>-K070;:®0;2/4�8;:"<�:�0y[i25+#&(2�=h:O�o4�u@+,0;u_4>-5ZVel4>m�4�&n03:o8_%o&>&�:o8;Z/+,-/.o),�o!��vZV4�%"),)#� +�01�/)#%o&�4�u+,0;uY4>-5Z*e�4�m�4�&�03:o8�[i+�0;2/+#- ZV+ uv0(%�-5&>4 �1zQ83:o=
0;2/4yZV4�u�+#834�Zs0;%"83.o4�0d��:ou3+�0;+,:o-�
525:O[~4��"4>8�032/+ udZV:*4�u�-/:"0Y25%"�/�S4�-
+#- =h:ou�0�&>%"u34�u�
�4�u���4�&>+#%"),)#� [i2/4>-«032/4 u3�Vuv0;4>=�+ uN+#- %�-«4�%�8;),� u�0;%"."4 :"z703254t)#4�%"83-5+,-/.°�/8;:*&>4�u;u>!�$W254
u3�*u�034�=|032/4�- 8;4�038;+#4>�"4�u7:o-5&�4s%�.o%"+,- +#-VzQ:o83=�%O0;+,:o- zQ8;:"=|032/4s&>%"=14�8;%�03: &>%�) &�q5)#%�034£+,0;uh&�q5838;4>-K0y��:ou3+�0;+,:o-
%�-SZt&�%�) &�q/) %O0;4�uB[i25%�0@032/4NZV4�u3+,8;4�Z =h:O�"4�=14�-K0B[\:"q5)#Zt25%��o41<�4>4�-�
�+R! 4"! 
 
! �yq5u3+,-5.�032/4 ��� � *,$ � ����* (�$%"S .�2$"# �$�� ���O!�a~:"-5u34�´Kq/4�-o0;),��0;2/4�u��Vu�034�= &�:"-Suv0;83q5&�0;uB%N),4�%�8;-/+,-5.��5%�0�034�83- 
# ^�6 
, D 
! 8Y[i2/+ &(2 + u@%N�S:o+,-K0B+,- �N!
$W2/4B=h:"8;4Y��:"+#-K0;uW:"z ��%�8;4Y'*-/:O[i-�03:103254Bu3�Vuv0;4>=�
*03254A<�4�03034�8i+�0(ui%��/�/8;:��V+,=�%�03+#:"- �j[i+,)#)�<S4�&�:o=14o!9¦/:o8
%hZV+ u3&>q5u3u3+#:"-s:�z�032/4@+#-/�/qV0d%oZ�
vq5u�03=h4>-K0�=h4�0;2/:VZs834>zQ4>8W03: ��� 
5b��5�S4�-5ZV+,�®a ��!
��z�032/47u3�Vuv0;4>= 0(%�'"4�u �@u�034>�SuW03:O[W%�8(Z/u\%y0(%�8;."4>0W��:ou3+,03+#:"-�ZVq/8;+,-5.h%_0;83+ %�) 
V+�0�+ ui��:ou;u�+#</)#4A03:�&�8;4�%�034

 �9 U�9 � ���X9 � ^ � 6 � >  �8U
)#4�%�8;-/+#-/.1�5%O03034>8;-5uWzQ:o8i4�%o&(2�0;83+ %�)l!9`*4>4 �5.oq/8;4 ��� zQ:"8d%h&�) %�8;+��S&>%�03+#:"-G!

$�:s.o+,�o4£%�´Kq/+#&(' +,-5Z/+#&�%O03+#:"- :"z\0;2/4�-*q/=y<�4>8y:�zi),4�%�8;-/+#-/.��5%O03034>8;-5uB0;2/4£u3�*u�034�= &>834�%O034�u �@[i254>- 03254
-*q/=y<�4>8@:"zWu�034��5u@+#- :"-/41038;+ %�) + u� �� 
�032/4�-*q/=_<S4�8@:�zW),4�%�8;-/+#-/.��5%O03034>8;-5uB=�%��®8;4�%o&(2 ��
 �"�o��[i+,0325+,-�}��o�
038;+ %�) ui%"ui&>%"-N<�47u34>4>-NzQ8;:"= �S."q/8;4�� 8;4�zQ4>8;4>-S&�4 ��!



� � � � ��� � � ������� � � � �

a

b

cc

b

a a

b

c

(a) (c)(b)
d

¦�+,.oq/8;4yUV!k}��~a~8;4�%O0;+,-5.1=_q/),03+#�/),4y),4�%�8;-/+,-5.1�S%O0�0;4>8;-5u\zQ8;:"= %h�S%�8303+ &�q/) %�8i4�-5Z*e�4�m�4�&n0;:"8i��:ou3+�0;+,:o-G!~$W254@4>-5Z*e
4�m�4�&�03:o81:"zd0;2/4�83:o<S:"0_0;8;%��o4>) uy�5%�032�� 
���
 � 
�� 6Q032/8;4>4�u�034>�Su 8�!°biz{0;4>8h0;2/4�=1:O�o4>=h4>-K01zQ83:o=�� 03:���
~%
)#4�%�8;-/+#-/.h�5%O03034�83-�&>%"-s<�47&>%")#&>q/) %O034�Z£zQ8;:"=
032/+ ui=h:O�"4�=h4>-K0�!²��z²032/4@4�-5Z*e�4�m�4�&�03:"8�&>:"-K03+#-*q/4�ui%"-5Zs834�%"&(2/4�u
� 6Q<98 
G-/:�0@:o-/),�®&�%�-t%N)#4�%"83-5+,-/.N�5%O03034�83-t<S4�&�%�) &�q/) %O0;4�Z®qSu�+#-/.N032/4h=h:O�"4�=14�-K0YzQ8;:"=��703: � !_¦583:o=�03254
+#-VzQ:"8;=�%O03+#:"-�:"z�0;2/47��:ou3+�0;+,:o-5ui:�z	��%"-5Z � �"4>0d%�-/:"032/4�8i),4�%�8;-/+,-5.1�S%O0�0;4>8;-®&>%"-s<�47&>%")#&>q/) %O034�Z 6Q<98�!~��z²032544>-SZ*el4>m�4�&n0;:"8d&>:"-K03+#-*q/4�ui%"-5Z�834�%"&(2/4�u
� 
5032/8;4>4y%oZ/ZV+,03+#:"-5%")G)#4�%�8;-/+#-/.h�5%O03034�83-5ud&>%�-�<�4y&>%")#&>q/) %O034�Z�
5u32/:O[i-
[i+,032�u�:o),+ ZN),+#-/4�u�+,- 6�&�8n!

���I�W��� � P@�M" 
��2LRP8Q � Q)(
$W2/4hu��Vu�034�= uv0(%�830;uY),4�%�8;-/+,-5.�[i+,032/:oqV07%�-*��'K-5:O[i),4�ZV."4_:�z �s!7�g- :o8;Z/4>8Y03:s."+#�"470;2/4hu��Vu�034>= %N=h+,-5+,=�%�)
%�=h:oq/-K07:�zi'*-/:O[i),4�ZV."4�%"<S:oqV0703254�zQq/-5&�03+#:"-�+,0y25%ouB03: %"�/�/8;:��V+,=�%O0;4

G�5834>el)#4�%"83-/+#-/.�+ u7q5u34�Z�!®^Y-/4£�5834>e
�/8;:".o8;%"=1=h4�Z�0;%"83.o4�0@�S:Ku�+,03+#:"-t+ uB."4>-54>8(%O034�Z�
G%"uB[\4>)#)9%"uB%s-*q/=y<�4>8@:"z~�/8;4�e��/8;:".o8;%"=1=h4�Z�83:o<S:"0A=h:O�o4�u�!
$W2/4�u�4_=1:O�o4�ui.o4>-/4�8;%�0347)#4�%"83-5+,-/.��5%O03034>8;-5ud[i2/+#&(2 %�8;47),4�%�8;-/4�Z®<K�N032541u3�Vuv0;4>=�!Y$W2/4_),4�%�8;-/+#-/.£�5%�0�034�83-Su
%�8;4�&(2/:Ku�4�-1u3q5&(2h032S%O0�+,0��/8;4>�o4>-K0;u²0;2/4du3�Vuv0;4>=�zQ8;:"=µuv0;+#&('*+#-/.B03:y:"-/)#�_%7u3=�%�)#)/��:"8303+#:"-h:�z�03254i03:"0;%�)5834�%"&(2
u3�5%"&>4d:�z�032/4A83:o<S:"0�! biz{0;4>8W�/8;4�e�),4�%�8;-/+#-/. 
o+�0W[i+,)#)�<S4B%�)#=h:ou�0\&>4>830;%�+#-£0;25%O0\03254Y4�-o0;+,8;4d8;4�%o&(2�u3�5%"&>4d[i+#),)�<�4
4��V�/)#:"8;4�ZG!�$W2/4A-*q/=y<�4>8W:"z�),4�%�8;-/+#-/.y�5%�0�0;4>8;-5u�.o4>-/4�8;%�034�Z�[i+�0;2��/8;4�e�)#4�%�8;-/+#-/.7+ u\�"4>8;��u�=�%"),)�&�:o=1�S%�8;4�Zh0;:
03254Y-*q/=_<S4�8~:"z�03:�0(%�)�),4�%�8;-/+#-/.7�5%�0�034�83-Su90;25%O0\[i+,)#)�<S4A."4�-/4>8(%O0;4�Zh[i2/4�-�032/4Bu3�*u�034�= uv0(%�830;u9)#4�%"83-5+,-/._[i+�0;2
8(%�-5ZV:o=h),�£.o4>-/4�8;%�034�Z�0;%"83.o4�0i��:ou3+�0;+,:o-5u>! ¶Yu�q5%"),)#�

 �h�5834>el)#4�%"83-/+#-/._=1:O�o4�ui%"834BZV:"-54"!
���I�W�
� � ��LRQ�*���� �FQ)(�*@��� �2P@P@& P
$W2/4£4�838;:"8@:"z�� )#4�%"83-5+,-/. �5%O03034>8;-5u@+ uyZ/4�034�83=h+#-/4�Z�<K�t&>%")#&>q/)#%�03+#-/.�0;2/4�%��"4�8;%"."4 (�*,"�� (��.*2���� +�  ��������B:�z
0325:ou34~)#4�%"83-/+#-/.Y�5%O03034>8;-5u�!�$W254\u3q/=1e�u;´Kq5%�8;4�Z74>8;83:o8�:�z�%Yu3+#-/.")#4~)#4�%"83-5+,-/.Y�5%O03034�83-_+#u²&>%")#&>q/) %O034�Zy%ou�zQ:o),)#:O[�u�!
$W2/4A+,-5�/qV0i�"4�&n03:o8 
, �*+#4>) Z/u~%"-�:oqV03�/q/0\�O%�)#q/4 
� ^ � 6 
, 8�!9$W2/4AZ/4�u3+,8;4�Z�:oqV03�5qV0i��%"),q54 
! 0;2/4>-s+#uW&�%�) &�q/) %O0;4�Z
q5u3+,-5._0;2/4@+#-/�/qV0Y%oZ�
vq5u�03=h4>-K0�=h4�0;2/:VZ�!9$W2/4@4�838;:"8
�µ:�z %1u3+#-/.")#4B),4�%�8;-/+,-5._�5%�0�0;4>8;- 
# 4�´oqS%�) u �

���� ^
� 
� > 
! �
�g-�[~:o8;Z5u�
K0325+#ui+ u\032547ZV+#u�0;%"-5&�4@=h4�%"u3q/834�Z£+#-�ZV4>.o834�4�uW<*�£[i2/+ &(2�0;2/4�
v:"+#-K0;ui=h+ u3u\0;2/4B0;%"83.o4�0i��:ou3+�0;+,:o-G!
���I�W��� � S�L ��*���� � * � &'& *@��� �!� �H*<�VN
b u3�Vuv0;4>= +#ud[\%"-K034�ZN0;25%O0A-/:�0d:o-/)#�N+ ud%"</),4703:£.oq/+#Z/4@032/4y83:o<S:"0�03:�0;2/4@0(%�8;."4�0�
5</q/0Y[i2/+ &(2�+#uY%�) u�:£%"</)#4
03:t´Kq/+#&('*)#� %"Z/%"�V0_[i2/4�- &(25%"-/."4�u7:"-�032/4s83:o<S:"0_:o8_&>%"=h4>8(%�:V&>&�q58�! ¦/:o8_+#-5u�0;%�-S&�4

²0;2/4N&�%�=h4>8(%®&>:"q/) Z
<�418;:�0(%O0;4�Z�
G:o8B:"-/41:�z~032/4�)#+,-5'*uB:"z903254�83:o<S:"0B&>:"q/) Z <�4�Z/%�=�%"."4�Z %�-5Z 03254>8;4�zQ:"8;41<S4�ZV4>zQ:"8;=14�Z�!h$W2/+#u



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

[\:"q/) Z 8;4�u3q/)�0_+,- % ZV+,m�4�834�-o0 �N!t$W2/4Nu3�Vuv0;4>= u32/:"q/) Z <�4>25%��o4�u3q5&(2 0325%�01+,01&�%�- %oZ/%��/0703:t%�- %")�0;4>8;4�Z
� ´Kq/+ &('*),�o!~bd)�0;2/:"q/.o2�+,-�4�%�8;),�s%��/�/8;:o%o&(2/4�uWu3:"=h4Bz�%"&>+,)#+,03+#4�u�[\4>8;4@%�)#834�%"ZV��+,=h�/)#4>=h4>-K0;4�Zs03:N%"&>&>:"=h�/)#+#u32
0325+#u�
�0;2/4>�_834�),+#4�Z1=�%�+#-/)#�y:"-10;2/4�%"Z/%"�V03+#�"4W<�4>25%��*+#:"8 :"z5zQ4>4�Z*elzQ:"8;[\%"8;Z_-/4�0v[\:"8;'Vu²%�-5Zh§B:"25:"-/4�-_-/4>0v[~:o83'Vu�!
$W2/4£�d4�u�034�Z �d4�0v[\:"8;' %�-5Z �d4�u�034�Z 6²4�8;&>4>�V0;83:o- =h4�0;2/:VZ/u7q5u34£%s=h:"8;4£u�:o�/2/+ uv0;+#&�%O034�Z %"�/�/8;:o%o&(2 [i2/+ &(2
4>-S%�</)#4�u\0;2/47u��Vu�034�= 03:£%oZ/%��V0i=_q5&(2�z�%ouv0;4>8W0;:£&(25%�-/.o4�uW&>%"q5u34�ZN<K��4��*034�83-5%")�+,- �5q/4>-S&�4�u�!

� ;�� ��Q#F��!F L�� I L 
 >��	�7O�Q�
 E0T >3I QSO��

¶du3+#-/._:o-/)#�£:"-/4B%��5�/83:��V+#=�%O03:o890;:h%"�/�/8;:��V+,=�%O0;4 �¨=h4�%"-5u\0325%�0~0;2/4@+#-/�/qV0�u3�5%"&>4Y25%ou\-/:�0i<�4>4>-�ZV+#�*+#ZV4�Z
+#-�%�-*� u3q/<5u3�5%"&>4�u�!Nbd),)~."4>-54>8(%O034�Z )#4�%"83-5+,-/.��S%O0�0;4>8;-5u7%"834hq5u34�Zt0;:�038(%�+#- % u�+#-/.")#4£%��5�/83:��V+#=�%O03:o8A0325%�0
8;4>�/8;4�u34>-K0;u7032/4s4>-K0;+,8;4£+#-/�/qV0£u3�5%"&>4"! $W254�8;4�u3q/)�0(uy:"zd%�-�+#-5u�0;%"-5&�4N:�z�0;2/+#u1%��5�/83:K%"&(2�%"834�Z/+#u;&�q5u;u34�Z +#-
u34�&n0;+,:o- ��� +,-�[i2/+ &(2�%_zQ4>4�ZVeRzQ:o83[W%�8(Z£-/4>0v[~:o83'�[i+,032�2/+ Z/ZV4�-�q/-/+,0;ui+ uiq5u34�Zs%"ui%"�/�/8;:��*+#=�%O0;:"8�!
$W2/4@+#-/�/qV0Au��5%o&�4 	 &>%"-�<S47ZV+#�*+#Z/4�Z�+#-o0;:£u�q5<5u��S%"&�4�u�
/%"-5Zs03:�4�%"&(2�u�q5<5u��S%"&�47%"-�%��/�/8;:��V+,=�%�03:"8W&>%"-

<�4y%"u;u�+#."-54�Z�!\$W2/4yu3q/<�Z/+,�*+ ZV+,-5.£:�z 	 + u�ZV:"-547<*�NZV+#�*+#ZV+#-/.£4�%"&(2�ZV+#=h4>-5u3+,:o-�:�z 	 +,-®% �/�V4�Z�-*q/=y<�4>8d:�z
4�´Kq5%"),)#�7) %�8;."4Wu�q5<5u��S%"&�4�u>!²¦/:o8 +,-Suv0(%�-5&>4

"%Y0v[\:BZ/+,=h4>-Su�+#:"-5%")5u3�5%"&>4 	 7 [\:"q5)#Z1<�4�u��/)#+,09+,-1zQ:"q589u�q/<Su��5%o&�4�u
+,z�4�%"&(2 ZV+#=h4>-5u3+#:"- :�z
	 7 [~:oq/)#Zt<�4Nu3�/)#+�0y+#- 25%")�zv! `*+#-5&>4 � + uy% �5�o4�ZV+#=h4>-5u3+,:o-5%�)�zQq/-5&�03+#:"-�
²25%"),�*+#-/.
4�%o&(2sZ/+,=h4>-Su�+#:"-�[\:"q/) ZN834�u�q/),0�+#-®]oU1u�q5<5u��S%"&�4�u>!~b�-®%��5�/83:��V+#=�%O03:o8\%ou3u3+#."-/4�Z£0;:£%�u�q/<Su��5%o&�4B0;2/4>-�:"-5),�
25%ou90;:1%"�/�/8;:��*+#=�%O0;4 1� 7 �5%"8�0\:�z�0;2/4Y+#-/�/q/0iu3�5%o&�4

K[i2/+ &(2�8;4�u3q/),0;u~+,-s%7=h:"8;4Y%o&>&�q58;%�034d%"�/�/8;:��*+#=�%O0;+,:o-�:�z032S%O0\u3q/<5u3�5%o&�4d%"-5Z£&�:o-5u34�´Kq/4>-K0;),�1:�z �s! ci4�u3q/),0;u~:�z�0325+#u\%��/�583:K%"&(2�%�8;4dZV4�u3&>83+#<S4�Zh+,-su�4�&n0;+,:o- ���S!�	 [\%ou
ZV+#�*+#ZV4�Z�+#-�� � ^� �f8D �"�*�Au�q5<5u��S%"&�4�u>!���0~[W%"u�+,=h�/)#4>=h4�-o0;4�Z�qSu�+#-/._%h�!���!�£�!�£�!���A§B:o2/:"-/4�-h-/4�0v[\:"8;'�!

� ;�
 ��L�� I L�
����	�7O�Q�
 E0T >3I QSO��

$W2/4£&>:"=h�/)#4��V+�0v� :�z � [i+,)#) -/:�07<�4h03254£u3%"=14�%�0@%"-*�®+,-K0;4>8;��%")R!�¦5:"8@+#-5uv0(%�-5&>4

 � &>%�-t<�4£u�=h:*:�0;2t%"-5Z
-/4�%�8;),�1),+#-/4�%�8W%O0\u3:"=h4Au�q/<Su��5%o&�4�u�
K[i2/+#),4A<S4�+,-5.y2/+#."2/)#��-/:o-Vel)#+#-/4�%"8~%�-SZ�25%��*+,-5.7=�%�-*��ZV+#u;&�:o-K03+#-Kq5+�0;+,4�u~%�0
:�0;2/4>8�u�q5<5u��S%"&�4�u>!�$W2/+#u��/8;:"��4>830v�A&�%�-@<�4 0;%"'"4>-7%oZV�O%�-K0;%"."4 :"z*<*�BZV�*-5%�=h+ &>%"),)#�A%ou3u3+#."-/+#-/.�%��5�/83:��V+#=�%O03:o8;u�!
b u�q/<Su��5%o&�4�:"z 	 &>%"-£<�4AZV+#�*+#Z/4�Z�+,z �¨%��/��4�%"8;u903:y<�4A=1:o834Y&�:"=h�/)#4��hzQ:o8�0;25%O0\�5%�830~:"z�032/4A+,-5�/qV0iu��5%o&�4 

[i2/+#),4d:�03254>8~u3q/<5u3�5%o&�4�u9:�z 	 &>%"-h834�=h%"+,-�q5-5ZV+#�K+ ZV4�Z�+�z�0;2/4d%"�/�/8;:��*+#=�%O0;+,:o-1u3q,4£&�4�u 03254>8;4"! $W2/4�8;4�u3q/),0�+#u
%7=_q/),03+,el8;4�u3:")#qV03+#:"-N%��/�/8;:��V+,=�%�03+#:"-h:�z �s! $W2/4YzQ:")#),:O[i+#-/.yZV4�u3&>83+#�V0;+,:o-£:�zG0;2/4d+#-K034�83-5%")S8;4>�5834�u�4�-o0(%O0;+,:o-�:�z
-/4�uv0;4�Z�%��/�583:��V+#=h%�03:o8;u~%��/�/)#+#4�u\03:h0;2/4@��4�uv0;4�Z���4>0v[~:o83'�=h4�0;2/:VZ�%"uW[\4>)#)G%"u\03:10;2/47��4�uv0;4�Z�6²4>8(&�4��V038;:"-
=h4�0;2/:VZ�!@�~4�&>%"q5u�41ZV+,m�4�834�-5&�4�ud+#-®0;2/4_+#-K034�83-5%")�8;4>�5834�u�4�-o0(%O0;+,:o-�4��V+#u�0B<S4>0v[~4�4>-�0;2/4�u34y0v[\:�=h4>032/:VZ/uY03254
ZV4�u3&>83+#�V03+#:"- <S4�),:O[ + u1-/:�0�&�:o=1�5),4>034"! �g- &(25%��V0;4>8(u���� %"-5Z ���|032/4s=h4�0325:*ZVe�u3�S4�&�+��S&sZV4�0(%�+#)#u1[i+#),)W<�4
ZV+ u3&>q5u;u�4�Z�!

���
����� ����� *<P@�2� JM&�QTJM� ��*
�g-�:o8;Z/4>8~03:1<S4B%�</)#4Y03:_Z/�K-S%�=h+#&�%�)#),�£%ou3u3+#."-£%��5�/83:��V+#=�%O03:o8;u�
o%7038;4>4Buv0;83qS&n03q5834Y+#u\q5u34�Z�!9$W254Y8;:*:�0~:"zG03254
038;4>4_2/:") Z/uY:"-/41%��/�583:��V+#=h%�03:o8i0325%�0A8;4>�5834�u�4�-o0(ui0;2/4_4�-K03+#834_+,-/�5qV0Bu3�5%o&�4 	h!Y�g-/+,03+ %�)#)#�

�032/418;:K:"0Y-/:VZV4_+#u
03254d:"-5),�h-/:VZV4d0325%�0\4>�*+ u�0;u�! �~%"&(2�-/:VZV4Y+,-�032/4d038;4>4d2S%"u~U��d<58;%"-5&(2/4�u~%�-5Z�&�:"-Su�4�´oq54>-K03)#�1&�%�-£=�%��*+#=�%�)#),�
25%��o4WU��\&(25+,) ZV8;4>-�
O[i+,032��@ZV4�-/:�0;+,-/.Y03254WZ/+,=h4>-Su�+#:"-5%"),+,0v�@:�zS032/4W+#-/�/qV09u3�5%"&>4�6�� ^«}d+#-1:"q/8 &>%ou�4 8n!�b &(25+,) Z
-/:VZV4�� 6 ��8~:�z %1-/:VZV4��|[i+�0;2 �d8;4>�/8;4�u34>-K03+#-/.h%h</8(%�-5&(2N+#u�&>:"-5u�038;q5&�034�ZN<*��25%"),�*+#-/.h4�%o&(2sZV+#=h4>-5u3+#:"-s:�z
u3q/<5u3�5%"&>4 	�� %"-5Z£&(2/:*:ou3+#-/.70;2/4A%"�/�/8;:"�/8;+ %O034d25%�),z 
V+R! 4"! 
V&(2/:*:ou3+,-5.74�%o&(2�:�z�0;2/4��125%�)#�"4�u�u3q5&(2£0;25%O0�� 6��.8
8;4>�/8;4�u34>-K0;u 	 ��� ��! !�`V+,-5&>4A032/4�834@%�8;4AzQ:"8i4�%"&(2NZ/+,=h4>-Su�+#:"-s0v[\:_25%"),�o4�u\0;:1<�47&(2/:Ku�4�-£zQ8;:"=�
/%1</+,-S%�8;��ZV+#."+,0+ uWq5u�4�ZN03:�8;4>�/8;4�u34>-K0W4>+,032/4�8i:�z�032/4@25%"),�o4�u�! ��%"&(2N</8(%�-5&(2s:�z²%h-/:VZV4B+#ui.o+,�o4>-s%h��%"),q54

�W^ � " � �21 " � � 7 ?>?�?#" C �



� ����� � � � ��� 
 ��� � � ��� � � � ����� �  o 

[i+,032 "������@D� 	�@%�-5Z ��4�´Kq5%�)#+,-5.
��^ ���Z1$


�� C
" 
 U 


bdu�%t8;4�u3q/),0�
~��4 ��
�U �o! �d:O[ 
�4�%o&(2°-5:*Z/4s+#-°032/4s038;4>4�&�%�- <S4�q/-/+ ´Kq/4>)#��+ ZV4>-K0;+ �54�Z <K� � </8;%"-5&(2
-*q/=y<�4>8(u��

� ^���� 1 D � 7 D>?>?�? D �����
[i2/4�834��£ZV4�-/:�0;4�u\0;2/47ZV4>�/032�:�z�032/4@-5:*Z/4@+,-N032/4B0;834�4"! � 834��/8;4�u34>-K0;ui%"-N+#-/�/qV0du3�5%o&�4

	 � ^ 	�� � ��� ��� ������� � �����
$W2/4@8;:*:�0W-/:VZV4@834�u�+ ZV4�ui%O0�ZV4>�/032��h<*��ZV4 �S-/+�0;+,:o-G!9��:"034B0;25%O0

	�� � ��� ��� ������� � ��� �� 	�� � ��� ��� ������� � �!�#" � �$ ?>?�?% 	 6RU/!, 8
%�-SZB0325%�0�0;2/4\-Kq5=y<�4>8�:�z/4>)#4>=h4�-o0(u�+#-70;2/4W%�8;8;%�����ZV4 �S-/4�u�032/4WZV4��V032_:�z � +#-@0;2/4�0;834�4~%"-5Zyu3q/<5u34�´Kq/4�-o0;),�
:�z 	��y! b u�+#-/.")#4W-/:VZV4�� %�) u�:B[i+#),)V<�4dZV4�-/:�0;4�Z1%"u���� � �S[i+�0;2 �yZV4>-/:"03+#-/.B03254i-Kq5=y<�4>8 :�z�4>)#4>=h4�-o0(u²+,-�� !
a~:"-Su�4�´oq54>-K03)#�

 	 �'& �#( ZV4�-/:�0;4�u�%yu�+#-/.")#4du3q/<5u3�5%"&>4�:�z 	 %�0\ZV4��V032 �5! ��:"034d0325%�0�+�0WZV:*4�u~-/:�0\ZV4 �5-54d[i2/+ &(2
u3q/<5u3�5%"&>4"! ¦5:"81%�-�4>�V%"=h�/),4�:�zdu3q/<�Z/+,�*+ ZV+,-5.t%�0v[\:�egZV+#=h4>-5u3+,:o-5%�)~+,-5�/qV0�u��5%o&�4 	 7 8;4�zQ4>8y03: �5."q/8;4
���S!
`*q/<�ZV+#�*+#ZV+#-/.�%�u3q/<5u3�5%"&>4 	 �)& �#( <*��%oZ/ZV+#-/.N%�-/:VZV4_0325%�0A8;4>�/8;4�u34>-K0(ud%�u3q/<5u3�5%o&�4 	 �'& � � 1 (  	 �'& �#( [i+#),)2/4�-5&�4>zQ:"83032s<S47&�%�)#),4�Zs% ( � � ��$R!$W2/41ZV4>�V0;2 :"z9032/4_038;4>4_[i+,)#)²-/4>�o4>8A4��/&�4�4�Z®%�q5u34>83e�ZV4 �5-5%"</),4_=�%O�V+,=_q/=�
�[i2/+#&(2 [i+,)#)²<S4hZV4>-5:�034�Z %ou
* 
5� 4 � 4 * !�$W2/4@+#-/�/qV0Yu3�5%o&�4B[i+,)#)G<�4yu3�/),+,0�q/-K03+#)GzQ:o8i4>�o4>8;��u�q5<5u��S%"&�4 	 � %�ZV4�u3+#834�Z�q5u34>83egZV4 �5-S%�</)#4
�/8;4�&>+#u3+,:o- 25%ou1<S4�4>- 834�%"&(2/4�Z 6�u34>4�u34�&�03+#:"- ��� 8�! Xd:O[~4��"4�8�
�%tu3q/<5u3�5%"&>4 	 �)& + ( [i+#),)d-/:�0h<S4®u3�/)#+�0£%"-K�zQq/83032/4�8@4>�o4>- +,z\032/4�ZV4�u�+#834�Z �5834�&�+ u�+#:"- +#uB-/:"07%"&(2/+#4>�o4�Z�zQ:o8 	 �'& + ( u�+#-5&>4y0;2/4£ZV4>�/032t:�z�0;2/4h038;4>4h[\:"q/) Z03254>-�4��/&�4�4�Z * !

$W2/41834�u�q5)�0A:�z90;2/+#uA=h4�&(2S%�-/+ u�=�+ uY0325%�0B%�0A)#:O[\4>8YZ/4>�V0;25uB+,- 032/4_038;4>4h%�-SZ®�5%"8�0;+#&>q/)#%"83)#�s+,- 032/418;:K:"0
-/:VZV4B%_&>:o%"8;u34d%��5�/83:��V+#=�%O03+#:"-�:"z �¨4��V+ uv0(u�
*[i2/+#),4B%O0W2/+#."2/4�8\Z/4>�V0;25ui% �5-54A%"�/�/8;:��*+#=�%O0;+,:o-�:�z �¨4��V+ uv0(u>!
���
���I� � P@& �TL (�L[*��FQ)( 
��2LRP8Q � Q ( ��L *G*<�2P8Q �
b )#4�%"83-/+#-/.��5%�0�0;4>8;-t<�4>)#:"-5."+#-/.�03:®%®u3q/<5u3�5%o&�4�	 �'& + ( [i+#)#)9<S4�038(%�+#-/4�Z 0;:®%�)#)�4��V+ uv0;+,-5.®%��/�/8;:��V+,=�%�03:"8(u8;4>�/8;4�u34>-K03+#-/.�u3q/<5u3�5%"&>4�u 	 �'& + (  	 �'& + �Z1 (  ?>?�?, 	 �'& C ( ! ��� � �A834��/8;4�u34>-K0;u£032/4 83:*:�0N-/:VZV4 %"-5Z
&�:o-5u34�´Kq/4>-K0;),� 	 �'& C ( 8;4>�/8;4�u34>-K0;u 032/4Y4>-K03+#834Y+,-5�/qV0iu��5%o&�4�	h!²�d:�0;4�032S%O0~4��"4�83�1-/4>[ )#4�%"83-5+,-/.y�5%O03034>8;-£[i+#),)<�4h038(%�+#-/4�Z 03:�0;2/4h83:*:�0@-/:VZV4o!£$W2/4�8;4�u3q/)�0@:"z�0325+#u@=h4�&(25%�-/+ u3= +#u@0325%�0B-5:*Z/4�u7%�0B25+,.o2/4>8@)#4>�o4>) uB+,-t03254
038;4>4�[i+,)#)�8;4�&>4>+#�"4�=h:"8;4£%�-5Zt0;2*q5uy-54>[\4>87)#4�%"83-/+#-/.��5%�0�0;4>8;-5u@0;25%�- -/:VZV4�u78;4�u3+#Z/+,-/.®%�0_ZV4�4>��4>8y)#4>�o4>) u7+#-
03254B038;4>4"!Wa~:"-5u34�´Kq/4�-o0;),� 
/%��/�583:��V+#=h%�03:o8;u\%O0�2/+#."254>8i)#4>�"4�)#uW+#-�03254B038;4>4@[i+#),)�%oZ/%��/0W8;4>) %O0;+,�o4>)#��´Kq/+ &('K)#��0;:
%£&(25%"-/."4y+,-�� u3q5&(2�0325%�0B%�&�:o%"8;u347%��5�/83:��V+#=�%O03+#:"-�:"z �
[i+#),)²<�4y8;4�e�4�u�0;%�<5),+ u�254�Zs=h:"8;4y´Kq/+#&('*)#�s0325%"-®%
�5-/4B%��5�/83:��V+#=�%O03+#:"-�!�¦583:o= 0;2/+ u~+,0W+#uW%�) u3:_&�)#4�%"8�0;25%O0i%�-*�h-/4�[�),4�%�8;-/+#-/.y�5%�0�0;4>8;-£[i+,)#)�<�4Y)#4�%"83-/4�Zh03:_03254
ZV4�4>��4�u�0�4��V+#u�03+#-/.�%��5�/83:��V+#=�%O03:o8�0;25%O0�8;4>�5834�u�4�-o0(u~032/47u3q/<5u3�5%"&>4B:�z�0325%�0W)#4�%"83-5+,-/.h�5%�0�0;4>8;-G!
���
����� � ��
 � *;L+Q�S NO�2P ( � L 
 (�& P � *@�TN
$W2/4@ZV4�&�+ u�+#:"-s[i2/4�0;2/4>8i%hu3q/<5u3�5%"&>4 	 �)& �#( u32/:"q/) ZN<S4@u3�/),+,0�&�8;4�%�03+#-/.1%1-/4�[«-/:VZV4���� ��9¢ �G834��/8;4�u34>-K03+#-/.
%1�5%�8303+ &�q5)#%"8Wu3q/<5u3�5%o&�4 	 �'& � � 1 (  	 �)& �#( 
V[i+,)#)G<�4B0;%�'o4>-s834�.o%"8;ZV+#-/._032/8;4>4@&>:"-5ZV+,03+#:"-Su �
] b u3�/)#+�0du32/:oq/)#Zs-/:"0i=h%"'"4A03254B038;4>4@ZV4>4��S4�8i032S%�-�+�0(uW=�%O�V+,=_q/= Z/4>�V0;2�
/+l! 4o! 
 ��9  �4 * !
] b =h+#-/+#=yq/= -*q/=y<�4>8i:"z�)#4�%"83-/+#-/.1�5%O03034�83-5uW<�4>)#:"-5."+#-/.103:�	 �'& � � 1 ( +#ui8;4�´Kq/+#8;4�Z�0;:�4��V+ uv0�!
] $W2/4d�/8;:VZVq5&>4�Zh4>8;8;:"89:"z�u�4�),4�&n034�Z�)#4�%�8;-/+#-/.7�5%�0�0;4>8;-5u90;25%O0\<S4�),:o-/.70;: 	 �)& � � 1 ( =_q5u�0~4��/&>4>4�Z�%yq5u34>83eZV4 �5-S%�</)#4B��%"),q54"!9$W2/+ uW�O%�)#q/4@[i+,)#)G2/4�-5&�4B<�47&>%"),)#4�ZN03254S( � � ��$) ��������n!



 �U ������� ��� ��� � ���	� ����� 
 � � � � � � ��� ���

<0>

U
A  P  P  R  O  X  I  M  A  T  I  O  N

C  O
  A

  R
  S  E

<0,2,0,1>

<0,2,0>

<0,2,0,0,0>

Fine approximation

<0,2,0,0><0,2,0,2>

<0,1,0>

<0,1>

<0,2>

d=4

d=0

d=1

d=2

d=3

d=2

d=4

d=3

d=5

d=4

Nomenclature of quadrants:

[00] = 0

[01] = 1

[10] = 2

[11] = 3
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