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Increasing horizontal spatial frequency.
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(a) Aperture problem.

Moving downward,
Appears stationary.

Movement of corner 
Used to determine motion.

Moving downward

(b) No Aperture problem.

f $�=�?���� / 9 � � )F+_$��'��?"%(�(�8����$�)�+T)6BK��!��E��V
������?��8� V"��)6<@�*��-_9

i
�



��� � +$%�� ���	� ��
/����
 "$.	�2�3� � �&%��
� �&% � ��� , , 
 ���� ������������� �����  ��!" �$# ��% & � %��� % � � � � ����� �'���  ��!" �(# �*) � %��� % � � � � � �����  � + �-,. �0/ �&%�� +1� ,�.32 + )*)4� ���� ������������� �����  �5!" �$# �6 � %��� % � � � � � �'���  � + � 6 )�7 %

� ,�.98 � � � �
�

: ����%;�4<=� � �>� ,�.32 +-� �?� , ! @BAA �DCFE � E ���	� g� ��$G �IHJ �>K h � ,�.�@ � �0L � i�� �
: ��M �3+-,�
N2O� " !(+-, 
P���� � ����������� �����  ��!" �$# �� %��� % � ����������� �'���  �Q!" �$#��R ���&% � 	TS U %;�?�#� ,2+QV

CFE � E ���	� g� ��$G �WHJ �>K h . % +&! !X
 )*+$% % � � �2��� +-, +ZY 	>[ � ,2. 	>[]\
�HJ �>K ^ ! �������2� �*. ._� !*" � ��)*�>�4�&,2�

W ��<@�*� / 9 � �5P4VY�"���(� �(���8-A%&B[)6�&Q����8$*)�?@% 
 ��� �&����?��R%�$*Q6�+)F�*=6)6�8$*��!"-T%�9 � � i �

W&!"�EDF$'%��L�����(�0f��R�6-c�0DM$��
������+"�L�0$�%#��� ��+����,�6%.BC)����*)X2#%'�

` �9` �ba \ �c Ked +
f \ �cS d +�g]h0i �=jTk l ��
>jTm g;n � V hX
 l h]g4o J i	o jTk

g;n � V\h

 ���:������?"�8%�$*Q6�A�(���R!"+"$ � ?���%E-T$�+"$�-A$'%(�G��!"�`DM$�%��L�����(�`f��8�6-c� DF$ �
������+@�L� g DMfKD h��K?"%�?@�6���*/ )�+ �_V@$*] ���
< /`V@$*] ���
<@�6%8$�%�9

)F+,=6��+����8�6��B[)6�R- )6B ��!"��%(�0�6�*=6)6�8$���!"-A%.�������

p K ) �
� p K 
rq

- !������ q $'%`��!"�I?�VY�"���(�I�(���8- g V"�8���"$��L�(��� -c)6��$*)�+�hTBC)6� ���6�R! V@$ ]^���(�&�6+"�Ip K $�%`��!�����?�������+\�
��%(��$�-T���(�0)6BK��!��E<
��%(�#-T�����8!I-c)6��$*)�+,Q6���L�()6��94J^��Q6���8�6� V"�8)6V
)�%8�6��%.!"��Q6�G<
����+ -A�6���0B[)6�4��!��0?�VY�"���(�
�(���8- g %(���.W ��<@�*� / 9 �3hR9:W&!��5?"V
�@���(�O�(���8-A%K!"�3Q6�.<
����+0=�$*Q6��+>$�+G�(���8-A% )6B"��!"� �����R$*Q ����$�Q6�5)6B"��!"���L�8)�%�%��
�L)6�������'����$*)�+1BC?@+"�L��$*)�+12#$*��! ����%�V
���L�.�()  ��<@?�����!"$�%�$�%��8���6�"$��*/A�L]^�(��+"%�$�<@�*�M�()c��!��E- ?"�*��$��S�"$'-c��+"%�$*)�+@�6�
���6%(�69

i
�



� �:� � � * ��� 0 *�")� * .�� * < � � .�� � ")� * .
,��*)^��7�-A�����8!@$�+�=_�6�*=6)6�8$���!"-A% �"$*Q^$���� ��!��T��?"������+\� B[�8�6-A�A$�+ �()_� %(���8$*��% )6B�+�)�+���)XQ6���8����V"V�$�+�=,<@�*)^��7^%
g ��!��>%(�����8�R! <@��) �87 %Rh&�6+"� ���(�(��-AV"��%F�() ��+@�,��!��0<
��%(�F-A�����8! g Q^$��T%�)�-c�G�L�8$��(���8$*)�+�h�$'+ %()�-c� %(�����8�R!
����=�$*)�+ $�+`��!��FV"����Q^$*)�?"%:BC�8�6-c� � � � � � � � i � 9:W&!��4����BC������+"�L�MB[�R�6-c�4$�% �"$*Q^$������T$�+ �() )3Q6���R����V"V@$�+"=0<@�*)^��7^%
g ����BC������+"�L�F<@�*)^��7^%RhK�6+"�`)�+��4)6BY��!���%(�#24$����^<
�&��!��F<
��%(��-A�����8!`<@�*)^��7
9ZW&!��.�
+"�6�@�"$'%(V@���6�L��-c��+\�O$�%O��!��
Q6���L�()6�0BC��)�- ��!��cV
)�%�$���$*)�+ )6B ��!��c%(�����8�R!�<@�*)^��7 �()_��!��>V
)�%�$*��$*)�+I)6B5��!��c<
��%(� -A�����8!�<��*) �87 �Y24!������
<
)6��!_�����E�L)�+"%8$����������,�()`��$*�M)�+,��!��0%8�6-c�E�S2 )T�"$'-c��+"%�$*)�+@�6�
$'-A��=6� V@���6+��69

J )�-A�E%�$�-A$��'���8$*��$*��%O<
���a25����+_<@�*)^��7`-A)6��$*)�+,�L)�-cV
��+"%�����$*)�+,�6+@�1V
���
������?"�8%�$*Q6� �6�*=6)6�8$���!"-A%��L]�$�%(�'�
�69 =�9 ����!�� <@�*)^��7E-A)6��$*)�+G�6��=6)6�8$*��!"-A% W&!��8���5%(�(��VTJ �����8�R!>�6+"� ,��*)^��7 , �6%���� �F�8�6�"$*��+\� DF��%��L��+\�5J �����8�R!
)F�*=6)6�8$*��!"- �����T�8���6���*/�=6�8�6�"$���+ � ����%��L��+\� �6�*=6)6�R$*��!"-A%�9!,��*)^��7 HI�����8!@$�+�= )4�*=6)6�R$*��!"-A%G?"%�?"�6����/ ������/
)�+_��!"�+��+"�6� �"$�%(V����6�L��-c��+\�.<
��$'+�=A���*)�%(�G�()`��!��0V
)�%8$*��$*)�+,)6BZ��!�� %(�����8�R! <@��) �87�9#J^$�+@�L�E-c)�%(�4-A)6��$*)�+
Q6���L�()6�8%F�����0%�!")6���.��!"$�%.$�%.�AQ �6��$'�,�6%�%�?"-cV@��$*)�+ � ��� � 9

W&!"����� �L)�-T-c)�+��L�8$*�(���8$'�`�����c?"%���� BC)6�E-A�����R!"$�+�=�� +"�6-A���*/��Y-A$�+"$�-T$�%�$�+�=>��!�� � � � �����
	 �%� � � ���
� �%�
	 ������� �"-A$'+"$�-A$�%8$�+�= ��!�� � ��� � ��
�
 �%� 	 � � ��� �"�
� � ������	 �������#�6+"� ��+"�@$�+�=0��!"�FV
����7`)�+1��!�� �L)6� �
����������$�)�+_%�?���B �6�L�69:W&!��E�"� ��+"$*��$*)�+@%5)6BK��!��E�L�R$*�(���8$��c�������

����� g;n � V h � �

���
fc
" d �

ac
� d �

� 	>[ g J ��� h 
 	>[]\
�
g J 
 n ��� 
 V\h � � g / 9 �3h

�6+"�
��� ` g;n � V\h � �

���
fc
" d �

ac
� d �

� 	>[ g J ��� h 
 	>[]\
�
g J 
 n ��� 
 V h � g / 9 i h

�6+"�
j 
���� h � i?o

n 
 �Og;n � V\h � �

���
fc
" d �

ac
� d �

	>[ g J ��� h 	>[]\
�
g J 
 n ��� 
 V h g / 9 / h

2#!����8�

� H ��& ����� ��!��G�"$�-c��+"%8$*)�+"% )6B ��!"�E<@�*)^��7��"?"%�?"�6�'�*/�� � � � � 9

� 	>[ ��?����8��+ �.BC�8�6-c�69
� 	>[]\

�
V"����Q^$*)�?"%�BC�8�6-c�69

&4)6�(�1��!"��� ����� $'%E���6%�$*��� �() ���6����?"�����(� ��!"�6+ ����� %�$�+"�L�`��!��`%8$*=�+ �(��%�� �6+"� $�+\Q6���8%�$*)�+ B[)6�c�
�"$��
������+"�L� Q��6��?�� ���6+ <
�MV
����BC)6�8-c���1B �6%(�(���&��!"�6+ �A-G?@�*��$*V@��$'������$*)�+Y9 ����� $'%����������(���,�() � �%��� �
� ����� � �
g %(��� U.!"��V"�(��� � hR9

&4���(�8��Q��6����$O�6+"� �&)6<@<@$�+"% � � i � V"��)6V
)�%(�c��� ��+"$'+�=1��!��TDM$�%��L�����(�`f��8�6-c�TDM$��
������+"�L� g DFfKDEh0�6%0�
-c���6%�?"���,)6B4��!"�,������)6�c)6BF��!��_-c)6��$*)�+ �L)�-AV
��+@%�����$*)�+ �6�*=6)6�8$���!"-,9 W&!��,DMf D $'%>��!��_%�?"- )6BF��!��
�"$��
������+"�L��%&)6B ��!��0V@$ ]^����% )6B ��!"� <
��%��&-A�����8!I�6+"�1��!��0%������8�8! <@�*)^��7^%'�

` �9` � a \ �c Ked +
f \ �cS d + g]h0i

�=jTk l ��
>jTm g;n � V hX
 l
h]g4o J i	o

jTk g;n � V\h
/��



) �"$ � ��?"�*�S/42#$*��! ��!@$�%Y��� ��+"$���$*)�+ $�%
��!"��� ��!��:V
)�%�$*��$*Q6�Z�6+"�G+���=�����$*Q6�O�@$��
���8��+"�L��% V@���8��$��6���*/#���6+@�L��� 9
) -c)6���c�����6��$'%(��$��>��� ��+"$���$*)�+ )6B ��!��c�����8)6�E$�+ Q6)���Q6��% ��!��A��<@%()��'?��(�cQ �6�'?���%M)6B5��!"�A�"$��
������+"�L��%M2#!"$'�8!
2 ��$*=�! ��%F��!�� ������)6�FV
���#V@$*] ��� ?"+"$*BC)6�8-A�*/1�6+"�I$�+\Q6)��*Q6��%4�6�'��V@$*] ����%�9&W&!��G�"� ��+"$*��$*)�+_)6BODMf D ?"%(��� $�+
��!"$�%���!"��%�$�%&$�%��

` �9` � a \ �c K d +
f \ �cS d +

�
g]h0i �=jTk l ��
>jTm g;n � V hX
 l h]g4o J i	o jTk

g;n � V\h �
,��*)^��7c<@�6%����T-c)6��$*)�+`�L)�-cV
��+"%�����$*)�+ g , ,�H�U&hO��)\��%5+�)6�:/^$*�����c�L]��6�L��-c)6��$*)�+ g �L)6�8�����L� -A)6��$*)�+�h��

-c)6��$*)�+GQ6���L�()6�8%:%8$�+"�L�5$�� ��) ��%K+�)6� ���(�(��-AV"�K�()F�����6�\2#$*��!G��!�����V
������?����5V"��)6<@�*��- <@?�� )�+"�*/E-A$�+@$�-A$�%(��%
��!��ADMfKD �6+"� ��!��A�*��+�=6��!I)6B ��!��A-c)6��$*)�+ Q6���L�()6�39 ,�,�H�U �6�*=6)6�8$*��!@-A%M�(��+"� �()_!"�3Q6�A%�-A�6��� <@�*)^��7
%�$

�
��% g ?"%�?@�6���*/ � ] � � � Q ] � )6� � Q ] � Q B[)6�MH 
5N �Eh��
�6+"�I����� ��%(V
����$��6���*/1%�?"%��L��V@��$*<@�*�E�() ��!��>��V
������?����

V"��)6<��*��-,9 J^)�-c� -c)6��$*)�+ Q6���L�()6�R%_2#$��'�#<
� Q �6�'$�� ��%(��$�-A���()6�8%_)6BG��!�� -A)6��$*)�+ �@����� <@?"� )�+@�*/ BC)6�
<@�*)^��7^% 2#!"$��R!1��) �����
%�?��
���.B[�8)�- ��!"�M��V
������?"���4V@��)6<@�*��-,9 ) BC?��8��!����.�L)�-cV@��$�������$�)�+ $'%5��!@�����L���8���6$�+
�6�*=6)6�8$���!"-A% g +�)6����<@�*/ W&!������_J �(��V J �����8�R! �6+"� W.2 ) DM$�-A��+"%�$*)�+"�6� # )6=����R$*��!"-A$��,J �����8�R!�h0����� ?"$*���
� -c)�+�)6�()�+"$'���6���*/ �����L�����6%8$�+�= �"$�%(�()6����$�)�+ �����8)6�>�6% )�+��,��V"V@��)��6�8!���%>��!"�`V
)�%�$*��$�)�+ )6B&�L]��6�L�A-A�����R!
g 2#!����8�`)�+�� �L]�$�%(��%Rh0BC��)�- ��!"� %(�����8� V
)�%�$���$*)�+Y9 W#!"$�% $�%0V@��)6<@�*��-A����$'�T�6+"� ��!��,%(�����8�R! $'% �'$*76���*/ �()
�L)�+\Q6����=6�0�() �c�*) ���6��-A$�+"$�- ?"- $�+"%��(���6�Y9

� ��!"��� ,�,�H U �6�*=6)6�8$���!"-A%T?@%(� B ?"���.%(�����R�8! )6� �6+ )6V"��$�-T$�%(��� Q6���8%8$*)�+ )6B B ?"���&%������8�8!Y9 J )�-c�
V"�8�6�L��$'���6� $�-cV@����-c��+ ������$�)�+"%�)6B ,�,�H�U �6�*=6)6�8$���!"-A%&����� �L]��6-A$�+"���_$�+ U�!"��V@�(��� ��9

/ �



/6i



� �������	��
 �

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

� � � � 	 � �
	 � 	

J ��Q6���8�6�O��?�������+\�0�6�*=6)6�8$���!"-A% �����T�"��%��L�8$*<
��� $�+���!"$'% �8!"��V"�(���39`W&!��A�6��=6)6�8$*��!"-A%MV@����%(��+\�(��� �L)3Q6���c�
�L��)�%�% �S%(���L��$*)�+,)6BK��V"V"��)��6�R!���%&BC��)�- �6���S!") � g �69 =�9 ��
 ���R�6���*���  4$����8���8�8!@$����6� � +�� DM$�-c��+"%8$*)�+"�6� J �����8�R!�h
�()_%(/^%(�(��-A����$�� g �69 =�9 �ZJ^?"���L��%�%�$�Q6�>N5��$�-A$'+"����$*)�+")F�*=6)6�8$���!"-`hR9EW&!��>�6�*=6)6�8$���!"-A%M���6+ <
�>�@$*Q $'����� $�+\�()
�S2 ) <@�6%�$��0�S/ V
��%��5��!�)�%��G��!"���4�L]^�6-T$�+��0��!"�0��+\��$*���0�8��B[������+@�L�0BC�8�6-c�G�6+@�_��!�)�%(� ��!"���4�L]^�6-A$'+��0)�+"��/
��%�?�<�%(���>)6B4��!��,�8��B[������+@�L�,B[�8�6-A�69 W#!��,�6�*=6)6�8$*��!"-T%c����� �\?@�6+ ������$*Q6����/ �L)�-cV�������� $�+ ��!��,����%8?"�*��%
�8!@��V"�(��� g U�!@��V"�(��� � hR9

,��*)^��7 -A�����R!"$�+�= �6��=6)6�8$*��!"-A% � � i � � � � � � ���(�(��-cV"�`�() -A$�+@$�-A$�%(� ��!�� �@$�%(�()6����$*)�+ g H�J^N��OH )FD �
�L)6�������'����$*)�+%�&������9 h <
���S2 ����+ ��!�� %������8�8! <@��) �87 )�+ ��!"� ����BC������+"�L�IBC�8�6-c� �6+"� %�)�-c�26 �6���4V
)�%8%�$*<@�*�
<@�*)^��7^%>)�+ ��!��_-A)6��$*)�+ B[�R�6-c�69 W&!"$�%>$�-cV���$*��%G76����V@$�+�= ��!��,V@$*] ��� Q��6��?���%>)6BF��!��_�"$��
������+"�L�1<@�*)^��7
g ��!��0�@$��
���8��+"�L�E)6BK��!��0%(�����R�8!_<��*) �87,�6+"�,��!�� �
+"�6�Y<
��%(�.<@�*)^��71�8!")�%(��+�h.�6%4%�-A�6�����6%&V
)�%�%�$*<��*�69ZW&!��
-c)6��$*)�+ Q6���L�()6�_$�%T��!�� �"$'%(V@���6�L��-c��+\�ABC��)�- ��!�� %(�����R�8! <@�*)^��7 � %`��) ������$*)�+ �() ��!"�I�*)^������$*)�+ )6BE��!��
-A�����R!"$�+�= <@�*)^��7
9 &4)6�(�`��!"��� ��!��1�6�*=6)6�8$*��!@-A%0����%8�L�8$*<
��� ?"%�� � ] � <@��) �87 %'�Z�6�*��!")�?�=�! ��!���/ ���6+ <
�
�����6�"$'�*/T=6��+����R�6��$�%(���1�()T�6+\/1<@�*)^��71%�$

�
�69

� ��� � � � * � � � ���%�
� 5 $)� � � � . "�� �;�%� � . "�� �;��$)� ��� �
	-* $'� "��9<
W&!"$'%4%(�����R�8! g V"�8)6V
)�%���� < /"# $�? �6+"� f���$*= � /RQ � hF����V
��+"�@%#)�+I��!��c�6%�%�?@-cV"��$*)�+I��!"���M��!��c�"$�%��()6����$*)�+
-c)�+�)6�()�+@$����6���*/A�����L�8���6%(��%.�6% )�+��F-A)3Q6��%.��2���/ BC��)�- ��!"�F�L��+\�(���M)6B ��!��M%(�����8�R!1<@�*)^��7
9�)������6�R!,%(�(��V
+"$�+"�0V
)�$�+\��%4$�+I� / ] / �R!�����7^$�+�=,<@��) �87 g %(���cfK$*=�9 ��9 � B[)6� �6+ �L]��6-cV@�*� )6BO�1%(�����8�R!�hF����� �L]^�6-A$'+����Y9
&4)6�(�F��!@��� BC)6�����6�8!,%�?@���L��%�%�$*Q6�M%(�(��V,-c)�%(��V
)�$�+\��%5$�+T��!�� �8!����87 $'+�=G<��*) �87A2#$��'�"!"��Q6�M<
����+ �L]^�6-T$�+����
$�+1��!��0V"����Q^$*)�?"% V@�6%�%�9

��9#W#!��E%(�����8�R! $�%&$'+"$*��$��6��$'%(���T���&��!"�0�L��+ �(�8�E)6BK��!��E%(�����8�R!_2#$�+@��)32 g ?"%8?"�6���*/ ����] ���`V@$ ]^����%RhR9

i 9#W#!��E�"$�%(�()6�8��$*)�+1BC?@+"�L��$*)�+,$�%.��Q��6��?"���(��� ���#�6���Y+"$�+"�FV
)�$�+\��%�9

/�/



/ 9&�;B&��!��1�L��+\�(���1V
)�$'+ �G)6B&��!��1�8!����87 $�+"=I<��*) �87 !"�6%G��!��,%�-A�6������%(�G�"$'%(�()6����$*)�+%� ��!���+ ��!��1%(�����8�R!
��+@�"%.2#$*��!1��!"�E-c)6��$*)�+_Q6���L�()6�FV
)�$�+\��$�+�= �()A��!��0�L��+\�(���EV@$*] ��� 9

��9&�;B ��!�� �L��+\�(��� V
)�$�+\�5$�%�+�)6����!��F<
��%(�'�^��!���+1�L��+ �(��� ��!"�F�R!�����7^$�+�=c<@��) �87A)�+ ��!��MV
)�$'+ � 2#$*��!`��!��
<
��%(�&�@$�%(�()6����$*)�+,�6+@�,����V
����� / 9

� 9&�;B ��!�� %(�����R�8!1�����6�R!���%���!��F<
)�?@+"�"����/c)6B ��!"�M%������8�8! 2#$�+@��)32+� ��!���+ ��!��M%(�����8�R!1��+"�"% 2#$*��!`��!��
-A)6��$*)�+,Q6���L�()6�FV
)�$'+ ��$�+"= �()T��!��EV
)�$�+\� 24$*��!1<
��%(�&�"$�%(�()6�8��$*)�+,$�+1��!��0�R!�����7^$�+�=T<@�*)^��7
9

-7

3

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

4

5

6

7

-6

-5

-4

-3

-2

0

1

2

-1

fK$*=�?��8� ��9 � �5NZ]��6-cV@���E%(�����8�8! V
)�$�+ ��%�BC)6�&��!��+,��*)^��71<@�6%���� �F�8�6�"$���+ �&DF��%��L��+\� )F�*=6)6�8$���!"-,9

� �:� ����� ��* . � & 	 � "%� ��� $)� �("�� * . � �;��$)� �
W&!"$'% %������8�8! g V@��)6V
)�%(��� <\/,J �8$�+"$�Q �6%��6+ �6+"���4��) ��� ��� h $�%��c-c)^�"$ ��������$*)�+ )6B ��!��GU )�+ ��?�=����(�GJ �����8�R!
g ����%��L�R$*<
���,$�+ J ���L��$*)�+ ��9 / hR9
W&!"�E%(�����8�8! V"��)^�L�����"%&�6%#B[)�����)32#% g %(���Gf $�=�9 ��9 i BC)6�#�6+,�L]��6-cV@�*�E%������8�8!�h��

J �(��V � �FJ^�����8�8! ��!��c�L��+\�(���>)6BO��!��c%(�����R�8! <@�*)^��7 g � � � hF�6+"� )�+"�>�6��� )�$�+@$�+�=TV
)�$�+\�#�(),��!"� �*��BC� g � � � � h
�6+@� �(),��!"�G�8$�=�! � g � � � hR9E�;B g � � � � h4)6� g � � � h4$�%M�`-T$�+"$�- ?"- �8��V
�����M��!��c%(�����R�8!��L��+\�(����� )�+

/ �



-7 -6 -5 -4 -3 -2 1 2 3 4 5 6 7

-7

-5

-1

Stage 1

Stage2

Stage 3

-1 0

1

0

2

3

4

5

6

7

-4

-2

-3

-6

fK$*=�?"��� ��9 i �ONZ]��6-cV@���E%(�����8�8! V
)�$�+ ��%�BC)6�&��!��>U )�+ ��?�=����(�0DM$*�����L��$*)�+IJ �����8�8! 9

��!"�M-T$�+"$�- ?"- ?"+\��$��@��$*��!�������!��F<
)�?@+"�"���8$*��%O)6B ��!��M%(�����8�R!���<@�*)^��7 �����4�8���6�8!����1)6�.�>-A$�+"$'-G?"-
$'%.B[)�?@+"�12#!"$��R!,��$*��%�<
���S2 ����+_�a25) ������=6���&Q��6��?���%�9

J �(��V i ���#��V
�����.��!��E%(�����8�R! g �6%&$�+ J �(��V��3h $'+1��!�� 	��S�"$������L��$*)�+,�L��+\�(�����,)�+,��!��M<
��%(�&-A�����R!,BC)�?"+"�1$�+
J^�(��V ��9*9

J �(��V / ���#��V
�����Z��!��&%(�����8�R! g �6%:$�+AJ �(��V �3h �6�*)�+"=M�MQ6���L�()6�5B[�8)�- ��!��.)6�8$*=�$�+ )6B���!��&%(�����8�R!���<@�*)^��7 �() ��!��
-T$�+"$�- ?"- �6%Z�L)�-cV�?��(���>$�+ J �(��V i 9ZW&!�� %(�����8�R!c$�%��8��V
�����(���>�6�*)�+"=4��!"$'%�Q6���L�()6�:�L��+\�(�����>)�+ ��!��
-T$�+"$�- ?"- B[)�?"+@� $�+ J �(��V i 9 �;�M%8!�)�?"��� <
�>+")6�(��� ��!"��� V@$ ]^��������$*)�+ ���
���L��% g $ 9 �69 �����(�(��-cV@��$�+�=
�()`����V"����%���+ �&�A�'$�+��M<\/1$*��%.V�$ ] ���Y%8�6-cV@�*��%Rh �����6�"%.�()A��!��+��+"�6�Y%(�����8�R! ��$'+�� -c���6+"�����8$'+�=c�6�*)�+�=
��!"�0%(�����8�R! ��$�+"�69

� ��� ����� ��* . � & 	 � "%� � � ��$)� � � � .�� 6 � "86 � 6 "���< �(6 � � ��$)� ���
W&!�� �@�R%(� %�����=6�E)6B���!�� %(�����R�8! g ����%8�L�8$*<
���T< /`HI?"%�-T�6+"+ ���&�6� 9 � � � � h g %(���EfK$*=�9 ��9 / BC)6�&�6+1�L]^�6-AV@�*�
%(�����8�R!�h#$�+ Q6)���Q6��%F%������8�8!"$'+�=T��!��>�L��+\�(��� �6+@� ��!��G�S2 )1V
)�$'+ ��%4+��L] �F�() ��!��G�L��+\�(��� g %(���>f $�=�9 ��9 / h4�6%
$�+ ��� ��� � � � � �6+"� � � � � 9O�aB ��!��0%�-T�6���*��%(�.�"$�%��()6����$*)�+ g H )4D )6�4H J^N�h $�%.)�+�� )6BK��!��0)�?��(���&V
)�$�+\��%'��)�+��
�L)�+\��$�+\?"��%K��!��&%(�����8�R!A!�)6�8$

�
)�+\���6���*/G$�+ ��!��.�"$*�����L��$*)�+ )6B
��!��.�*)32 ��%(�O�@$�%(�()6����$*)�+ ?"+\��$��^�MV
)�$�+ �K$�% BC)�?"+"�

2#!����8� ��!��E+��L]^�.V
)�$'+ �.!"�6%&�c!@$*=�!����&�"$�%��()6����$*)�+%�^)6�&��!�� ��+@�1)6B ��!"�E%(�����8�8!_����=�$*)�+_$�%��8���6�8!����Y95W&!��

/ �



+��L]^�O%(����=6�F$�%K��!��#%��6-A�#�6%Z��!��&V@����Q $�)�?"%Z%(����=6�#�L]��L��V"�:��!"�#%(�����8�R!T$�%ZQ6���8��$����6� 9 ) V
)�$'+ �Z��<
)3Q6�F�6+"�A�
V
)�$�+\�5<
���*)X2 ��!�� +���2 V
)�$�+ �.$�%�%(�����R�8!����_�6+@�,%()>)�+Y9:W&!�� �"$�%�V@���6�L��-c��+\�.$�% ��!��E�"$��
������+"�L�F<
���S2 ����+
��!��E)6�R$*=�$�+ )6BK��!��E%(�����8�R! �������T�6+"�1��!��EV
)�$�+\��)6BK-T$�+"$�- ?"- �"$�%(�()6�8��$*)�+1$�+1��!��EQ6������$'���6���"$*�8���L��$*)�+Y9

-7

7

-7

7

7

������

������
������

������
	�	
�


������


�
���
������

������

������

������ 0������

0-7

0 ������

-7

0 7

1 1 1 2 3

4

4

5

6

7

8

9

�����! #"%$'&#(*),+.-0/#132cV54�$768$91:"%;%< V>=!�@?BA86DCE=3"FA8<#$HGD=!?JIK L�!1:AK$HM,$91:"%;N<O(

� � � ����� ��$)*-�%� 2 � "#"��;$'. � �;��$)� � � � 2 � �

P <L�@6Q68$91:"%;%<SRCV5"8=6VT=!6K$9UWVYXZ�#=3[W$\A7134](�^`_:aEbQ�c6d68�c2e�c4@1:"fAK=gA8<#$ehi4c L6dh�1:AKAK$\"%?jM,$91:"N;%<SRkM,$9;lA8�c=!?Z&#(`&Yb
m ��A8<�A8<L$7$l/n;l$�V5A8��=!?gA8<L1:AFA8<L$oUL�c6KAK=3"%A8��=!?g2p$91368 #"%$7 L6K$9Uq�c69+

��� `erTsut � vc
� d +

� 	>[ R  pw � �$G7w � b 
 	>[]\Ox R nTw � � V w � b �
w � 	>[ R  pwzy 
 � �$G'w � b 
 	>[0\Ox R n>w{y 
 � � V w � b � RE&#(c|}b

136f�c4c4c L68AK"%1:AK$9U��c?g�����#(~&#(`&#(.�f$\"8$ y � � 
S|:(
)3�



�����! #"%$Q&#(`&#+ P <#$'CE$91:A8 #"8$7CE=3"FA8<#$ G "8=!686 h�1:AKAK$\"%? M,$91:"%;N<O(

� ��� ����� ��$)*-�%� � �;��$)� ��� � 	 *-$'�:"��9<
P <L�@6F�c6 6%�c2e�c4c1:" AK= A8<#$H4�=3�!1:"%��A8<L2 �c;76K$91:"%;N< R UL$968;l"%��VT$9Uq�c?ZM,$9;lA8��=!? &#(c|��!b��T$l/n;l$�VLAQ=!?L4�X�CE=! #"#VT=!�c?YA86
1:"8$76K$91:"N;%<#$9Uq1:A $913;N<q6KA81:�3$o13?5Ug1:A A8<#$�� ?L134T6KA81:�3$7$9�cA8<#$\"F1 M,A\(	�Q?LU#"8$ m�
 6D;l"8=!6%6oR
�'bi=3"F1p?L=3"%2e134
R��Q"8$\$\[Lb ;l"%=!686oR w bD�@6 6K$91:"%;%<L$9UO(

P <L$7134��3=3"%��A8<L2 RCV5"8=6VT=!6K$9UgV,X��d<513?BV51:"N�.^ |��Ja��5�c4@4c L6KAK"%1:AK$9U��c?g�����#(0&#(��!bF�c6F136 CE=!4c4�= m 6\+
|:(�� C A8<L$7UL�c6KAK=3"8A8�c=!? 1:A A8<L$7;l$9?BAK"8$'=3C A8<#$dV54�=n;8[ �c6 4�$9686 A8<L13? 6K=!2p$dA8<#"8$968<L=!4cU A8<#$9?�A8<#$'V54�=n;8[ �c6

;\4@136868���5$9Ug136f L?L2p=��,�@?#�p13?LUgA8<#$72p=3A8�c=!?��3$9;lAK=3"Q�@6oR������BbN(
_,(�� ?L��A8�@134c�c6K$ A8<#$d2e�c?5�c2  52 VT=!68��A8��=!?WR 2��,?>b0AK=gR������Bb~13?5U 6K$\A A8<#$d6KAK$�Vg68���\$QAK=GV � � � ��! �c6iA8<#$

2 1J/n�c2H L2 2e=3A8��=!?qUL�c6�V54c13;l$92p$9?YA"�#�](`$3(��5<L134�C 6K$91:"%;N< 1:"8$91 m �cU#A8< RE=3"f<L$9���!<BANbN(
),($#f=3AK$oA8<L$o;l=&%k=3"%UL�c?51:AK$96 =3C�A8<#$72e�c?L�@2  L2 VT=!68��A8�c=!? R 2��L? biV,X�2 1:[,�c?L�gR ���JI%b � R 2��5? bN(
&#( ���c?5U A8<#$FVT=!�c?YA.=3C 2e�@?L�c2H L2 UL�c68AK=3"8A8��=!? R 2'�n?>b�=3CuA8<#$QCE=!4c4�= m �c?#�0VT=!�c?YA86\+ R �(�}I%b��uR ��% V)�}I*%KV>b��

R �+%OV)�JI w V>b�� R � w V,�JI-%OVTb�� R � w V)�JI w V>bN(
�,(�� C V � | RE$9?LU 6KA81:�3$ bD�3=eAK= 6KAK$�VW�.�L=3A8<L$\" m �c6K$7<5134��3$ V 13?LUg�3= AK= 6KAK$�V ),(
�,(�� C�A8<#$�� ?L134 2e�c?L�c2H L2 VT=!68��A8��=!?��c6F$9��A8<#$\" R �(�3I%b�� R �+%f|&�3I/%f|}bD=3"HR � w |&�:I w |}b �3=eAK= 68AK$�V102�

=3A8<L$\" m �c6K$768AK$�V43,(
0Y(QMn$91:"%;%< C =3"fA8<#$ 2 �c?L�c2H L2 VT=!68��A8��=!? 1:AHR 2��>? b�� R 2 %Q|&�>? b�� R 2��>?�%d|}b���R 2 w |&�>? b 13?LU R 2��

? w |}bN(5�6�Q"8$\$\[ G "8=!6%6oR w bD�c6 68$91:"%;%<#$9Uu(
3,(QMn$91:"%;%< C =3"QA8<#$o2 �c?L�c2H L2 VT=!68��A8��=!? 1:AHR 2��T? b�� R 27%Q|&�T?�%d|}b���R 27%Q|&�T? w |}b��0R 2 w |&�T?�%

|}b 13?LU R 2 w |&�5? w |}bN( P <#$ VT=!�c?BA86D=!? 1 M,A\(*�Q?LU#"8$ m 6 G "8=!6867R
�7bD�c6F68$91:"%;%<#$9Uu(

)80



������

������

������ ������

	�	
�


������
�
�
���������

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

������

�������� ��������

��������

��������

0 0

0

0

-8

-8

8

-8

8

-8

8

8

Stage  1

Stage 2

Stage 3

Stage 4

Greek Cross 

St. Andrews Cross

Stage 5

� �c�! #"8$'&#(��,+i-~/n132AV54�$'6K$91:"%;N<_VT=!�c?YA86DC =3"'G "8=!686 M,$91:"N;%<O(

) 3



� ��� ��� .��/< � � � �;��$)� � 6�� ��.��9*�� � � � &��#"�< � . " �/.��	�8.�"%�;$ � ��� �
� � �;��$)� �
� � * ��� 0 � "%� �9� . 	 � � 	 *-$'� ")�9<

P <L�@6 6K$91:"%;N< RCVL"8=6VT=!6K$9U VYX�
 $\$ $\AQ134](p^`)3):aEb 13UJI8 L6KA86fA8<#$ 68���\$H=3C~A8<#$ 6K$91:"%;%< m �c?LU#= m CE=3"QA8<L$H?#$l/nA
6KAK$�V V5136K$9Uq=!? VT=3A8<gA8<#$ �3=Y=nUL?#$9686 =3C�A8<#$ 2e1:A8;N< 13?5UgA8<#$ 68$9;l=!?LUqVT$96KA 2 1:A8;%<O( P <L$o134��3=3"%��A8<52 �c6
$9686K$9?YA8�c134c4cX 1p�3"%13U5��$9?BAFUL$968;l$9?BAQ134��3=3"%��A8<52 m ��A8< �:1:"8X,�@?#�e;l=!? �3$\"%�3$9?L;l$3(

-8

-8
0 8

-8

8

8

8

-8 0

0 0

�����! #"8$H&#(*�,+'-0/#132cV54�$H6K$91:"%;N<�VT=!�c?BA86 R
�7bfC =3"
�QX,?5132e�c;eM,$91:"%;N<�%�� �@?LU#= m �QUJI8 L6KA82p$9?YAQ13?5U � ?YAK$\"�%4c13;l$9U Mn$91:"%;%<�� 4c=,;%[��W1:A8;%<5�c?#� �Q4��3=3"%��A8<52g(

P <L$76K$91:"%;%< �c6 136FCE=!4c4�= m 6 CE=3" 13?q�c?5��A8�c134�| 0}/T| 0e6K$91:"%;N< m �c?5U#= m +
|:(QMn$91:"%;%< V>=!6%��A8��=!?L6D�c?�A8<#$oC =3"%2 =3C 13? � R 6K$\$ � �c�#(~&#(*�!bN(
_,($�QUJI8 L6KA A8<#$768$91:"%;%< m �c?LU#= m AK=eA8<#$EV5"8=6VT$\"F68���\$3(
),(QMn$91:"%;%< V>=!6%��A8��=!?L6D�c?�A8<#$oC =3"%2 =3C 1 w R 6K$\$o�����#(~&#( 03bN(
&#($�QUJI8 L6KA A8<#$768$91:"%;%< m �c?LU#= m AK=eA8<#$EV5"8=6VT$\"F68���\$3(
�,(�� $\A8 #"%? AK=pM,AK$�VW|  L?YA8�c4#=!?54�X =!?#$#VT=!�c?YA.�c6~4c$\C A �c?pA8<#$Q6K$91:"%;%< m �c?5U#= m (�h $\"8CE=3"%2 1oCE 54c4#6K$91:"%;N<

=3C�A8<#$7?5�c?#$MVT=!�c?BA86 1:"8=! L?LU�A8<#$��>?L134
VT=!�c?BA\(
P <#$713U:IK L68A82p$9?BA AK= A8<#$ m �c?5U#= m 68� �\$ VL"8=n;l$\$9UL6F136 CE=!4c4�= m 6\+

� � J n � _#R ��� `WR�� bKbX
 J n � R ��� `ZR�� bKb
J n � _#R ��� `ZR�� bKb RE&#(*_!b

) �



0 -8

8

-8

-8

00

8

0-8

8

8

�����! #"8$H&#( 0Y+d-0/#132cV54�$ 6K$91:"%;N< V>=!�@?BA86 R w b C =3"
�QXn?L132e�c;pM,$91:"%;N<�%�� �@?LU#= m �QUJI8 L6KA82p$9?YAd13?LU1� ?YAK$\"�%4c13;l$9U Mn$91:"%;%<�� 4c=,;%[��W1:A8;%<5�c?#� �Q4��3=3"%��A8<52g(

m <#$\"%$ J n � RkbD13?LU J n � _#Rkb "8$\A8 #"%?56DA8<#$7682e134c4c$96KAF13?LUq6K$9;l=!?5Uq682e134c4c$96KA/�J134c L$96\(
P <L$ m �c?LU#= m ;l=!? �3$\"%�3$9?L;l$H�@6 2p=,U5���5$9U�136FCE=!4c4�= m 6\+
� �5136KAf2p=nU#$3+ C � � x

� � x
� ��C ����� v

� #f=3"%2e134 2p=,UL$3+ C � � x
� � x

� �cC ���	� �
��� v
� M#4�= m 2e=,U#$3+ C � ���� �
�� ��C ������� �

m <#$\"%$ C � U#$9?#=3AK$96iA8<#$QU5�c2p$9?L68�c=!?L60=3COA8<#$d6K$91:"%;N< m �@?LU#= m m ��A8< "8$96(VT$9;lAiAK=HA8<#$QUL�c2p$9?L6%��=!?L6~�c? A8<#$
VL"8$"�n��=! L6 68A81:�3$3( P <#$7�@?L��A8�c134T6K$91:"%;N< m �@?LU#= m UL�@2p$9?L68��=!?56 1:"%$ | 0}/T| 0Y(
#f=3AK$oA8<L1:A 
u$\$7$\A 134k( ^`)3)Ja��"VL"8=6VT=!6K$7 568�c?#� �

v
� ���*� 13?LU ��� � ���*),(

� ��� � �!* 	 ������* &�$ 6 � "%��� � � ��$)� � � � 	-* $'� ")�9< , *-$ , ���8" � � * ��� 0 * 6
")� * . 3 �#"���< � "�� * .

P <L�@6f6K$91:"N;%< R 136MVL"8=6VT=!6K$9U V,X h =g13?LU � 1 ^ & �JaEb "8$94c�c$96 =!? 1�;l$9?YAK"8$ V5�c136K$9UZ2p=3A8��=!?1�3$9;lAK=3"oU5�c6KAK"%��%
V5 #A8�c=!? R 13?g$l/n132AV54�$o6K$91:"N;%< �@6 68<#= m ?q�c?g�����#(~&#(�3!bN( P <#$7134��3=3"%�cA8<L2 �c6 136FCE=!4c4�= m 6\+

M,AK$�V |:+$�S2e�c?L�c2H L2 �@6 CE=! L?LUoC "8=!2 ?L�@?#$:VT=!�c?YA86 =!? 1�� / �#V51:AKAK$\"%? 136��c?H� �c�#( &#(��#R 1BbN( � CLA8<#$D2e�c?L�@2  L2
�@6F1:AFA8<#$7;l$9?YAK"8$o=3C A8<#$o68$91:"%;%< V51:AKAK$\"%?g�3= AK= M,AK$�Vq&#(

M,AK$�V _,+ P <#$o6K$91:"%;N< m �c?LU#= m 68���\$H�c6F2e13�c?YA813�c?#$9U 136 � /��.� V  #AFA8<#$EV 1:AKAK$\"%? UL$�V>$9?5UL6D=!? A8<L$o4�=n;\1:A8��=!?
=3C�A8<#$72 �c?L�c2H L2g(

&8�



�

� CnA8<#$i2 �c?L�c2H L2 �c6 1:A A8<#$.;l=3"%?L$\" =3CnA8<#$ 6K$91:"%;%< m �c?5U#= m � �3$.?#$ m VT=!68�cA8��=!?L6u1:"8$i6K$91:"%;%<L$9U
136f�c?g�����#(~&#(��#REV>bN(

�

� CDA8<#$e2e�c?5�c2  52 �@674�=n;\1:AK$9U �c? A8<L$ 2e�cULU54�$ =3CDA8<#$ <#=3"%���\=!?YA81340=3" �3$\"%A8�c;\134.1J/n$96"� A8<#"8$\$
2e=3"8$EVT=!�c?YA86 1:"8$o6K$91:"%;N<#$9U 136 �c?g�����#(~&#(��#R ;}bN(

�

� CLA8<#$ 2e�@?L�c2H L2 �c6�4�=n;\1:AK$9Up1:A�A8<#$ ;l$9?BAK"%$ =3C A8<#$ 6K$91:"%;N< m �c?LU#= m �3='AK=oM,AK$�Vp&d=3A8<#$\" m �c6K$
�3= AK=�M,AK$�V ),(

M,AK$�V ),+ P <#$76K$91:"%;N<L�c?#�e6KAK"N1:AK$\�3Xq�c6 A8<#$768132e$o136QM,AK$�VW_,(
M,AK$�Vq&#+ P <#$ 6K$91:"%;%< m �c?LU#= m �c6 "8$9UL L;l$9U AK=o) /L)d136~68<#= m ?p�c? �����#( &#(��#R U bN( P <#$D"8$968 54�A813?BA02p=3A8�c=!? �3$9; %

AK=3"F�@6i"%$\�!1:"%U#$9Ug136 A8<#$'UL�c6(V 4c13;l$92p$9?YAiCE"8=!2 A8<#$d=3"%���!�c? =3C A8<L$d68$91:"%;%<�V54c=,;%[eAK=pA8<#$'2e�c?L�@2  L2
=3C�A8<#$968$o?L�c?#$MVT=!�c?YA86\(

7

7

7

-7

-7

0

0-7

0

-7

0 7

Stage 1

Stage 2

Stage 3

Stage 4

�����! #"8$'&#(�3,+.-~/n132AV54�$76K$91:"%;N<_VT=!�c?YA86DC =3" A8<#$o�#=! #" % M,AK$�VZM,$91:"N;%<O(

� ��� ����� �9& � � � �;��$)� �1��� 	 *-$'�:"��9<
P <L�@6~�c6 13? $l/#<L13 L6KA8� �3$f6K$91:"%;N<�134��3=3"%��A8<L2 ^ �Jak(~-	�3$\"%XcV>=!�@?BA �c?eA8<#$Q6K$91:"%;N< 1:"%$91 �c6.$l/n132 �c?#$9U C =3" A8<#$
2e�c?5�c2  52 U5�c6KAK=3"8A8��=!?1VT=!�c?YA\(	� �J1:"N�c13?BA m <L�c;%<g<5136FA8<#$76K$91:"N;%< 1:"%$91 682e134@4�$\" A8<L13?gA8<#$oC "%132e$26 �5$94cU

&L|



( a ) ( b )

(c ) (d)

Point to be searched in this step.

Point searched in previous step.

�����! #"8$ &#(��,+e-0/#132cV54�$ 6K$91:"%;%< V51:AKAK$\"N?L6oCE=3"HA8<#$ �L=! #"�% M,AK$�V M,$91:"%;N<O( R 1Bbo����"%6KAHMnAK$�V)�FREV>b768$9;l=!?LU+�
A8<L��"NUg6KAK$�V)� R ;}b 68$9;l=!?LU+�#A8<L��"NUg6KAK$�V)�513?LU R U>b C =! L"8A8<g13?LU � ?5134O6KAK$�Vu(

&B_



68<#=! 54cU ���!?L=3"8$4VT=!�c?YA86 =! #A868�cUL$ A8<#$dCE"%132p$QC =3"�VT=!�c?YA86.=!?�A8<#$QVT=3"%U#$\" =3C A8<#$QCE"%132p$3( � C �4� � �c6D L6K$9U
1360A8<#$fUL�c6KAK=3"8A8�c=!?H2e$91368 #"8$F��A~;\13?eV>$F6�V>$9U  �V 136~�c? A8<#$fMn 5;\;l$96868���3$F-i4c�c2e�c?51:A8��=!? �Q4��3=3"%�cA8<L2 RkMn-*�'b
R U#$968;l"N��VT$9Ug�c?g6K$9;lA8��=!?g&#(c|��!bN(

� ��� �����+0 * � � � ���1����$)�;� � "%��� � �;��$)� �
P <L�@6 6K$91:"%;N< RCVL"8=6VT=!6K$9U VYX�
 � $\Ad134k( ^`)J&BaEbF�c6Q�cU#$9?YA8�c;\134 AK=�A8<#$H 568 L134 P <#"8$\$pM,AK$�V M,$91:"%;%<{R 6K$9;lA8�c=!?
&#(c| 03b $l/n;l$�V5AfA8<L1:AQA8<#$ �5"%6KA#V>=!�@?BA86f�c2e2p$9UL�@1:AK$94�Xg13UJIK13;l$9?YAQAK= A8<#$ ;l$9?YAK"8$ =3C0A8<L$H6K$91:"N;%<Z6(V513;l$ 1:"8$
$l/#132e�c?#$9Uq136 m $94c4 136 A8<#$o L6% L134O?L�c?#$MVT=!�c?YA86\(
� � C A8<#$7;l$9?BAK"%$EVT=!�c?BA <L136FA8<#$74�= m $96KA U5�c6KAK=3"8A8��=!?�A8<L$76K$91:"%;%<q$9?LUL6 m �cA8< A8<L$o2p=3A8��=!? �3$9;lAK=3"pR����
�BbN(

� � CLA8<#$ VT=!�c?YA =3C54c= m $96KA0UL�c6KAK=3"8A8�c=!? �c6 �c2e2e$9UL�c1:AK$94�X713UJI813;l$9?YA AK=dA8<#$D;l$9?YAK"8$.VT=!�c?BA A8<#$9?HA8<#$D?L�c?#$
VT=!�c?YA86 1:"8=! L?LU A8<#$4VT=!�c?YA.=3C 4�= m $96KADUL�c6KAK=3"8A8�c=!? 1:"8$Q$l/#132e�c?#$9U 13?LU A8<#$f2p=3A8�c=!? �3$9;lAK=3".VT=!�c?YA86
AK=�A8<#$ ?#$ m VT=!�c?BAf=3C.4�= m $96KA'UL�@6KAK=3"8A8��=!?O( #f1:A8 #"N134c4�Xg=!?L4�X,VT=!�c?YA86FA8<51:A m $\"8$  L?#$l/#132e�c?#$9U VYX
V5"8$"�,�c=! L6 6KA81:�3$96Q1:"8$7$l/#132e�c?#$9UO(

� � C~A8<#$>VT=!�c?YA =3C 4�= m $96KA'UL�c6KAK=3"%A8��=!? �@6 =!?#$ =3C~A8<L$  568 L134 P <#"8$\$eM,AK$�V M,$91:"%;N< VT=!�c?YA86QA8<#$9?WA8<#$
68$91:"%;%< ;l=!?BA8�c?, #$96f136 P <#"8$\$ MnAK$�VWM,$91:"%;N<O(

� ����� ����� �!� � ��� $)� �("�� * . *-, 0 ��.9� <�&9< ��� �#"%*-$%")� * . � �
	-*-$'�:"��9<
P <L�@6F6K$91:"%;N< R 1364VL"8=6VT=!6K$9U VYX��71�V"V 13?#�!13?BA8 54c1e13?LU�� 1:= �0^`_ �JaEb �c6fU#$\"%���3$9U C "%=!2 A8<#$ P m = �Q�@2p$9?�%
68��=!?5134 
 =3�!1:"%��A8<L2e�@; 6K$91:"N;%< R U#$968;l"N��VT$9U �c? M,$9;lA8�c=!? &#(c|��!b'13?LUWA8<#$ P <#"8$\$eM,AK$�VjM,$91:"%;N< R U#$968;l"%��VT$9U
�c? 6K$9;lA8�c=!? &#(c| 03bN( P <#$e134��3=3"%�cA8<L2 1:AKAK$92cVLA86 AK=_VT$\"8CE=3"%2 C $ m $\"o;l=!2cV  #A81:A8��=!?L6"� =!? 1 �3$\"%1:�3$ ��A8<L13?
A8<#$ P <#"8$\$oM,AK$�V =3" 
u=3�!1:"%��A8<52e�c;7M,$91:"%;N<#$96 m �cA8<#=! #AF6813;l"%��� ;\�c?#�>VT$\"8CE=3"%2e13?L;l$3(

P <L$7134��3=3"%��A8<L2 �@6F136 CE=!4c4�= m 6oR 6K$\$o�����e&#(c|"� C =3"f13?g$l/n132AV54�$76K$91:"%;N< bN+
|:(�� C7A8<#$Z;l$9?YAK"8$ V>=!�@?BA �c?SA8<L$Z68$91:"%;%< 6(V513;l$ �Q;l=3"8"8$96(VT=!?LU5�c?#� AK=zA8<#$ VT=!68��A8��=!?S=3C7A8<#$Z6K$91:"%;N<
V 4�=,;%[ �T<L136 �4� � � � 13?LU � � P � �f- Mn��� 
 � �>6KAK=6Vu( P <#$7V54�=n;8[q�@6FA8<#$9?W;\4c136868���5$9U 136d1
68A81:A8��=!?L1:"8X V54�=n;8[>(	� P � �f- Mn��� 
 � �:134c #$d=3C�)3_e�c6D L6K$9Ug�c?�A8<#$76%�c2  54c1:A8��=!?O( � ?5��A8�c134c4�X n � �
13?5U3V � �n(

_,( P <#$ CE=!4c4�= m �c?#�`V5� /n$94 VT=!68��A8�c=!?L6f1:"%$H6K$91:"N;%<#$9U R n 
 & � VYb��iR n � V 
j&Yb��.R n w & � V,bd13?LUzR n � V 
 &YbN(
� CQA8<#$q2e�c?L�@2  L2 �1� � CE=3"%2 A8<#$96K$ 6K$91:"%;%< V>=!�@?BA86p�c6p4c$9686pA8<L13? � �~�3= AK= 6KAK$�VS&#( � CQA8<#$
2 �c?L�c2H L2 � P � � -DMn���

 � �L6KAK=6Vu(

),(�� C A8<#$pVT$96KA'2e1:A8;%< C "8=!2 A8<L$cVL"8$"�n��=! L6d6KAK$�V �c6'1:A R n 
z& � V,bdA8<#$cVT=!�c?YA86QAK=qVT$ 68$91:"%;%<#$9Uj1:"8$
R n 
 & � V1
 &YbD13?LU R n 
 & � V w &Yb��LC =3"HR nTw & � V,bDA8<#$ VT=!�c?YA86DAK=eVT$76K$91:"%;N<#$9U 1:"8$ R n>w & � V1
 &Yb
13?5U R nTw & � V w &YbN(

&B)



� C A8<#$pVT$96KA'2e1:A8;%< C "8=!2 A8<L$cVL"8$"�n��=! L6d6KAK$�V �c6'1:A R n � V 
z&YbQA8<#$cVT=!�c?YA86QAK=qVT$ 68$91:"%;%<#$9Uj1:"8$
R n 
 & � V1
 &YbD13?LU R nTw & � V9
 &Yb��LC =3"HR n � V w &Yb A8<#$ VT=!�c?YA86DAK=eVT$76K$91:"%;N<#$9U 1:"8$ R n>w & � V w &Yb
13?5U R n 
 & � V w &YbN(
P <#$'AK$96KA86FCE=3" P � � -DMn��� 
 � 13?LU�� 1:"8$EVT$\"8CE=3"%2p$9Ug136f�c?�A8<#$ VL"%$"�,��=! 56 6KAK$�Vu(

&#( P <L�c6F�c6 A8<#$ 6%132p$ 136 C =3"7M,AK$�VW_e$l/n;l$�V5AfA8<#$ 6(V513;\�c?#� =3C0A8<#$ 6K$91:"N;%< V>=!6%��A8��=!?L6F�@6F<L134��3$9UW13?LU
R n � VYb �c6 6K$\AFAK=eA8<L$EVT=!68��A8��=!? =3C�A8<#$7;\ #"8"%$9?BA VT$96KAF2e1:A8;N<O(

�,(QM#�c2e�c4c1:"DAK= MnAK$�V ),(
�,( P <#$76(V513;\�c?L�e�c6 <L134��3$9Uq1:�!13�@?O(

������

������

������

������	�	
�


������

1

4

7

6

3

2

0

5

-1

-2

-7

-6

-5

-4

-3

5 6 743210-1-2-3-7 -6 -5 -4

�����! L"8$'&#(c|"�n+i-~/n132cV 4�$'6K$91:"%;%< V51:AKAK$\"%?L6 C =3" A8<#$�# $ m �d��"8$9;lA8��=!?g=3C �W�c?L�c2H L2	�d�c6KAK=3"8A8�c=!?O(

&3&



� ���-� ����� � .�� ��� < � .��%� * .���� �9& � � � �;��$)� �
P <L�@6O6K$91:"%;%< 134��3=3"%��A8<52 R 136 VL"8=6VT=!6K$9UdV,XoGD<#$9?d$\A 134k( ^ �Ja��:6K$\$.�����#( &#(c|3|}bu�c6T"%$94c1:AK$9U7AK=FA8<L$iG =!?JI8 #�!1:AK$
6K$91:"%;N<O( P <#$5�5"%6KA�6KA81:�3$F6K$91:"N;%<#$96�A8<#$�VT=!�c?YA86 =!? A8<L$ <#=3"N���\=!?BA8134#4@�c?#$.AK=dA8<#$ 4�$\CEA�13?LUH"%���!<YADR �c?5;\4c L68���3$
=3C A8<L$d;l$9?YAK"8$EVT=!�c?YANb~=3C A8<#$7;l$9?YAK"8$'=3C A8<L$d68$91:"%;%<q1:"%$91p13?LU � ?LUL6 A8<#$'2e�c?5�c2  52 UL�c68AK=3"8A8��=!? R��4� �
=3" � Mn- b =3C.A8<L=!6K$cVT=!�c?BA869( P <#$ ?#$l/,A768A81:�3$e6K$91:"%;%<L$967134c4 VT=!�c?BA86 �3$\"8A8�@;\134c4�X 1:VT= �3$e13?5UZV>$94c= m A8<#$
VT=!�c?YA.=3C 2 �c?L�c2H L2 <#=3"N���\=!?BA8134TUL�@6KAK=3"8A8��=!? AK= � ?LU 1 ?#$ m VT=!�c?YA.=3C 2 �c?L�c2H L2 U5�c6KAK=3"8A8��=!?u( P <L$Q?#$l/nA
6KA81:�3$�6K$91:"%;N<#$96 <#=3"%���\=!?YA8134c4�XZ1:"8=! L?LU A8<L�c67?L$ m VT=!�c?YA76K$91:"%;N<L�c?#�W<L134�C A8<#$TVT=!�c?YA867=3C A8<#$TVL"8$"�n��=! L6
6KA81:�3$96\( P <#$74c1368AF6KA81:�3$ 6K$91:"N;%<#$96$�3$\"8A8�c;\134c4�X AK= � ?5U�A8<#$ VT=!�c?BA =3C�4�$9136KAfUL�c6KAK=3"8A8�c=!?O(

-7

7

-7

7

7

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

�������� �����
���
����� � 
!�!�!"�"
#�#�##�#�#$�$$�$
%�%�%&�&
'�'�'(�(
)�)�)*�*

+�+�++�+�+,�,,�,
-�-�-.�.
/�/�//�/�/0�00�0
1�1�12�23�3�34�4
5�5�56�67�7�78�8

9�9�9:�:
0;�;�;<�<

0-7

0 =�=�=>�>

-7

0 7

Stage

Stage

Stage

Stage  1

2

3

4

�����! L"8$'&#(c|3|:+ -~/n132@?54�$'6K$91:"%;N<A?T=!�c?YA86DC =3" �'?#$ �d�c2p$9?L68�c=!?L134O�L L4c4 Mn$91:"%;%<O(

� ��� � 2 * �9& � � ")� * . � ��� ��� �8.�� $)� < � .�"%��� � �;��$'.9� . 	 � 2 � � � �
P <#$7h �-� 
j�c6 U#$\"%���3$9UqC "8=!2 A8<#$'�3$9?#$\A8�c;7134c�3=3"%��A8<L2 ^`):ak( P <#$'V51368�@;'2p$\A8<#=nUq�c6 136FCE=!4c4�= m 6\+

|:(QGD=,U#$'$913;N< AK"N�c134B?T=!�c?BA 4�=n;\1:A8��=!?q136f1pV5�c?51:"8X �3$9;lAK=3"Q=3C A m = ?Y L2 VT$\"%6\(
_,(�� ?L��A8�@134c�c6K$o1C?L"%=3AK=3A XD?>$ �3$9;lAK=3" R hDb =3C.A8<#$p68132p$p4�$9?L�3A8<W136dA8<L$ V5�@?L1:"8X��3$9;lAK=3"o13?LUZ�c?5��A8�c134c�c68$

A8<L$o$94�$92p$9?YA86fAK= �����,($� VT$\AKAK$\"d1E?F?L"8=!13;N< �@6FAK= �@?L��A8�c134c�@6K$dA8<#$ �3$9;lAK=3"dAK= A8<#$G?T=!68��A8�c=!?g=3C0A8<#$
& �



68$91:"%;%< V54�=n;8[>( � CTA8<#$F$94�$92e$9?BA~=3CTA8<#$ V5��A �3$9;lAK=3" =3C>A8<L$ 6K$91:"%;N<eV54�=n;8[ ?T=!68��A8�c=!?H�@60=!?#$FA8<#$9? A8<#$
$94c$92p$9?BA �c? A8<#$ ?L"8=3AK=3A X ?T$��3$9;lAK=3" �c6-��� 0&�gREA8<#$';%<L=!�c;l$'�c6D1:"8V5��AK"%1:"%XpV5 #Ai4@1:"8�3$\" A8<L13? �����!b 13?LU
���*_ �gR 4c$9686.A8<513? �����!bi=3A8<L$\" m �c6K$3( P <5�c6~V5�@136K$96.A8<L$Q6K$91:"N;%<�AK= A8<#$d1:"8$91 1:"8=! L?LU A8<#$ ?>=!6%��A8��=!?e=3C
A8<L$o6K$91:"%;N<qV54�=n;8[>(

),( �L=3" $913;%<q$94�$92p$9?YA �c?�1 ?T= ?5 L4c1:A8��=!? =3C�68���\$7)&�e13?LU�CE=3"7|"� �p�3$9?#$\"%1:A8�c=!?L6oREA8<#$96K$7?, L2 VT$\"%6 1:"8$
1:"%V5��AK"%1:"%�@4�X ;%<L=!6K$9? bN(
� �d$9?#$\"%1:AK$ 1 "%13?LU#=!2 V ��A % 6KAK"%�c?L�#( P <#$ ?L"%=3V51:V5�c4c�cA Xq=3C 1gV5�cA'V>$9�@?#� |p=3" �qUL$ ?>$9?5UL6d=!?
A8<L$o;l=3"8"8$96 ?T=!?LU5�c?#�H$94�$92p$9?YAF=3C0h (

� -*�J134@ L1:AK$7A8<#$7UL�@6KAK=3"8A8��=!?g2p$9136% #"8$o1:AFA8<L$ ?>=!�@?BAF6 ?T$9;\��� $9U V,X�A8<#$'V5��A % 68AK"%�c?#�#(
� � CQA8<#$ ?#$ m V ��A % 6KAK"%�c?L�Z<5136 1 m =3"%6K$ U5�c6KAK=3"8A8��=!?{2e$91368 #"8$gA8<L13? ��A86 ?L"%$9U#$9;l$9686K=3"%6eA8<#$9?
"%$ I $9;lAQ��A\(

&#(�� ?OUL1:AK$Q$913;%<�$94�$92p$9?YA'R n b.=3C hzVYXe13U5UL�c?#���fR | 
 � ^ n aEb.�cCOA8<#$fV ��Ai�c? A8<#$d68 #" �n���n�c?#�7V5�cA % 6KAK"%�c?#�
�@6'|713?LU��fR�� ^ n a 
 |}b ��C �n(.� $\"%$��S�c6DA8<L$74�$91:"%?L�c?L� "%1:AK$ � ��� � �8�F
 ��� �8�p�c6 6% #�3�3$96KAK$9U+�513?5U'���c|
 56K$9UO(

�,( �';\;\1368��=!?L134c4cX "%13?5U#=!2e4�X 2H #A81:AK$Hh ( P <#$72H #A81:A8��=!?��:134c #$7 L68$9Uq�c6������ �#| m ��A8<g1 ?L"8=3V 1:V5�c4c��A X
��� �!_,(

�,($�fCEAK$\"f134c4O�3$9?L$\"%1:A8��=!?L6f1:"8$o$l/#132e�c?#$9UqA8<#$ � ?L134TV ��A �3$9;lAK=3"'�c6 �3$9?#$\"%1:AK$9UW136FCE=!4c4�= m 6\+.�cC hf^ ��a �c6
4c$9686QA8<L13? ����� A8<#$9?WA8<#$ V5��Af�@6 �\$\"%= �O=3A8<#$\" m �c68$ |:( P <#$ �>?L134 ?T=!�c?YA =3C UL�c6 ? 4c13;l$92p$9?YAQ�c6fA8<, L6
CE=! L?LUu(

� ��� � �����+2 ��$)��� � �����+� �;$)��$)� �9� � ��� � .��(6 � ��< � .���� * .���� � �;��$)� � � 2	� 6
� � � �

� ��A8< ;l$\"8A813�@? $l/#;l$ ?LA8��=!?L6�� ?#=3A81:V54cX��5 L4c4 Mn$91:"%;%<W13?LUWM# L;\;l$96868���3$H-.4c�@2e�c?L1:A8��=!?)�,V 4�=,;%[g2p=3A8��=!? $96KA8��%
2e1:A8��=!? 134��3=3"%��A8<L2 672e1:[3$eA8<#$ 136868 L2 ?5A8��=!?ZA8<L1:A7A8<#$ UL�c6KAK=3"8A8�c=!? �c?L;l"8$9136K$96o2p=!?#=3AK=!?L�c;\134@4�XW136o=!?#$
2p=��3$96Q1 m 1}XqCE"8=!2 A8<#$HUL��"8$9;lA8��=!? 6 ?>=!�@?BAD=3C~2e�c?5�c2  52 U5�c6KAK=3"8A8��=!?u( P <L�@6 136868 L2 ?5A8��=!?q�c6F?L=3A 134 m 19Xn6
m 1:"8"%13?YAK$9Ue13?LUpA8<#$F134c�3=3"%��A8<L2 2e1}XH;l=!?2�3$\"8�3$fAK=o1'4�=n;\134#2e�c?L�c2H L2g( P =713;N<L��$"�3$f1'4c= m V5��A %k"N1:AK$F��A~�c6
?#=3A 134 m 1}X,6f?#$9;l$968681:"8X AK= � ?5U�A8<#$oUL��"%$9;lA8��=!?�=3C02e�c?L�c2H L2 UL�c6KAK=3"%A8��=!?)�n=!?#$o;\13? 13;\;l$ ?LA 1eUL�c"8$9;lA8��=!?
m ��A8<g1 682e134c4T$9?#=! L�!<qUL�c6KAK=3"%A8��=!?O(

hi��� �7M�R ?L"%= ?>=!68$9U VYXpGD<#$9? $\A~134]( ^ 0 aEb 136868 52p$96�A8<L1:A0A8<#$F;l=!?YAK=! #"%60=3C>A8<#$ UL�c68AK=3"8A8��=!?HCE 5?L;lA8��=!?
�c?L;l"%$9136K$96i2e=!?#=3AK=!?L�c;\134c4cX 134c=!?#� A8<L$f1J/n$96\( � ?56KAK$913U =3C)� ?LUL�c?L�'A8<#$ A m =pUL�c2e$9?L68��=!?L134#2e=3A8��=!? �3$9;lAK=3"
�c?LUL$ ?>$9?5U#$9?BA84cX h.��� �7M � ?LU56TA8<#$.4�= m $96KA UL�c6KAK=3"%A8��=!?L6O134�=!?#� $913;%<H1J/n�c69( P <#$0$968A8�c2e1:AK$~=3CnA8<#$.2e=3A8��=!?
�3$9;lAK=3"7=!?ZA8<#$H/.% 1J/n�@6dV>$9;l=!2e$96dA8<#$H/2% ?51:"%AQ=3CiA8<#$ � ?L134�2p=3A8��=!?1�3$9;lAK=3"�� A8<#$p4�= m $96KA7UL�@6KAK=3"8A8��=!? =!?
A8<#$dX2% 1J/n�c6D68�@2e�c4c1:"%4cX VT$9;l=!2p$96DA8<#$QX2% ?51:"8AD=3CuA8<#$'2p=3A8��=!? �3$9;lAK=3" R 68$\$o�����#(0&#(c|9_!bN( P <L$Q134��3=3"N��A8<L2 �c6
136FCE=!4c4�= m 6\+

&B�



� � ?L��A8�@134c�c681:A8��=!?
�

� � _ 6 ����� %�� 6
��� / � � � � X � � �

� � <L�c4c$BR � � �Bb 6
	 
 =Y= ? $l/,$9;\ #AK$9U � ��
�� ��
 �3w |'A8�c2p$96\(�	�6
�

/q1J/#�c67R � / ���Bb�� A8<L$o4�=n;\1:A8��=!?g=3C�2e�c? R �pR � / %DM ���Bb�� �pR � / � �Bb�� � R � / w M ���BbKb��
�

Xg1J/#�c67R � X ���Bb�� A8<#$74�=n;\1:A8��=!?g=3C02e�@? R � R���� � X % MLb�� �pR���� � XLb�� �pR���� � X w MLbKb��
�

M � M 6:_ �
� $9?5U � <5�c4�$ 4c=Y= ?'�
� P <#$72p=3A8��=!?��3$9;lAK=3"d�c6oR � / � � XLbN(
m <L$\"8$ �
� #f=3AK$ 68AK$ ? 68���\$HM � & m <#$9? &�� 
 � 0 13?LU 
 � ��� ����� [ � K������ � � � ����� [ �"! K � �#� �� (
� �%$ � �c6 1e4�= m $\"Q�c?YAK$\�3$\"FAK"% L?L;\1:A8�c=!?gCE 5?L;lA8��=!?g�c?�A8<L�@6 ;l=!?BAK$l/nA\(
� � <#$\"8$G?>=!6%68��V54�$QA8<#$72e�@?L�c2H L2 UL�c6KAK=3"8A8�c=!?L6 134�=!?#�pA8<#$ 1J/,$96f1:"8$7;\134c;\ L4c1:AK$9U �c? ?51:"%134@4�$94](
� �d�c68AK=3"8A8��=!?�2p$91368 #"%$Q L68$9U �c6 2e�c?5�c2  52 1:V56K=!4c LAK$QUL��&>$\"8$9?5;l$HR��1� �7b��L134�A8<#=! L�!< =3A8<L$\"%6D;l=! L4cU
VT$7 L68$9UO(

� ��� � �����!2 � &�� 2 � "#"%� $'. � �;��$)� � � 242 � �
P <L�@6f6K$91:"N;%<SR ?L"%= ?>=!68$9UZVYXW�#=3[ $\A7134k( ^`_JaEbQ�c6d�cUL$9?BA8�c;\134 AK=gA8<#$ Mn LVLV54�=n;8[ �5 L4c4~M,$91:"%;N< �f4��3=3"N��A8<L2
$l/#;l$ ?LA A8<#$7UL�c68AK=3"8A8��=!?�2p$91368 #"%$'$l/n132e�@?#$96 ?T=!�c?BA86D�c? A8<#$76%<L1E?T$Q=3C 1 ?54c L6'RE=3"F;l"8=!6%6Nb 136F�c4c4@ L6KAK"%1:AK$9U
�c?g�����#(~&#(c|9),(

P <L$7UL�c6KAK=3"8A8�c=!?g2p$91368 #"8$7�@6F136 CE=!4c4�= m 6\+

��� `psOsut � |
' a \Oxc
� d +

� 	>[ R  pw � �$G'wzy b 
 	>[]\Ox R nTw � � V wzy b �

w v
\Oxc
� d +

� 	>[ R  ewzy �$G'w � b 
 	>[0\Ox R nTw{y � V w � b � RE&#(*)!b

� <#$\"8$ 	>[ R  ��$G b �c6�A8<#$ ?5� /n$94.�J134c L$D1:A~4c=,;\1:A8��=!?qR  ��$G b�=3C5CE"%132p$ m ( y � a � 
g| 13?LU(' � _ �b
g|:(
|:( �L=3"f1 # /�# V54c=,;%[ �c?�A8<L$'[ %kA8< C "%132e$ �LU#$ � ?#$71e68$91:"%;%< 1:"8$91p=3C�68���\$ R]_*) w |}b � R]_*) w |}b
_,( �L=3" $913;%<W4�=n;\1:A8��=!?q�c?�A8<L$o6K$91:"%;N< 1:"8$91e2e$91368 #"8$'A8<#$ UL�c6KAK=3"8A8�c=!?g L68�c?#�H$"+, L1:A8��=!?q&#(*),(
),(�� $ %k$l/n132 �c?#$ A8<#$ �{VT$96KA�2e1:A8;%<L$96. L68�@?#� A8<#$  L6% L134nUL�c6KAK=3"8A8�c=!?H2e$91368 #"8$96"�3$3(`�#(��-,/.10 =3"2,43-5D(

&20



-7

7

-7

7

7

������

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

������

0������

0-7

0

-7

0 7

Stage  3

Stage  3

Stage  2

Y-axis

Stage  1

X-axis

Stage  1

Stage  2

�����! #"8$p&#(c|9_,+ -0/#132 ?54c$e6K$91:"%;%< ?T=!�c?YA86dC =3"Hh 1:"N134c4�$94~�Q��$\"%1:"%;N<L�c;\134��d?L$ % �Q�@2p$9?L68��=!?5134.M,$91:"%;%< R h.�$%
� �7MLbN(

�����! #"8$'&#(c|9),+ P <#$dCE$91:A8 #"8$7CE=3"FA8<#$ h.4c L6 h�1:AKAK$\"%?ZM,$91:"%;N<O(

& 3



� ���/� ����� � &�� � �;� ��� 	 �+3 � � < � .�� ")� * . � �
	-*-$'�:"��9< � � 3 � �
P <L�@6 6K$91:"%;%< R ?L"8= ?T=!6K$9U�V,X 
 �O13?LU M#134c1:"%�~^`) �JaEb "%$94c��$96D=!? �1� � $l/n;\4c 568���3$94�X C =3" 1 UL�c6KAK=3"8A8�c=!?g2p$91 %
68 #"%$3( � AQ�@6f13?Z1:AKAK$92 ?LAdAK=�6 ?T$\$9U  F? A8<#$HC  L4c4 68$91:"%;%<ZV,X 6K$91:"%;N<L�c?#� 1�68 #V56K$\Af=3C~A8<#$ ?T=!�c?BA86Q�c? A8<#$
"8$\CE$\"8$9?L;l$7CE"%132p$3(

P <L$�Mn-5� �@6 13?j$l/n132@?54�$e=3C 1 C $91:A8 L"8$ V 136K$9U 6K$91:"N;%<z134��3=3"%��A8<52g(�� AH;\4c136868���5$967$913;N<zV54�=n;8[ �c?
AK$\"%2e6D=3C A8<#$'68 L2 =3C�134c4 ?5� /n$94c6 m ��A8<L�c? A8<#$'V54c=,;%[e=3" 68 L2 ?#=3"%2g( P <L�c6D6K$9;lA8�c=!?gU#$968;l"%��VT$96D1 2p$\A8<#=nU
AK=H"%1E?5�cUL4cXH;\134c;\ 54c1:AK$fA8<L$ A8<#$d68 L2e?L=3"%2e6~13?LU $l/ ?54c13�c?L6.<#= m A8<#$ �4� � �c6i L6K$9U AK= ? 4c13;l$f ? ?>$\" 13?LU
4�= m $\"fV>=! 5?LUL6 =!?gA8<#$o6% L2e?#=3"%2 =3C�V54�=n;8[n6F;\1E?51:V 4�$'=3C �@2 ?L"8=��,�c?L�HA8<L$o;\ #"8"8$9?YA VT$96KAF2e1:A8;N<O(
��� 
�� � 
 ���	��

���	����������
���������������� ����!"� �

P <#$ = ?T$\"%1:A8�c=!?e=3CO;\134c;\ L4c1:A8�@?#�'A8<#$ 68 52e?#=3"%2 1:Ai$"�3$\"8X ?T=!�c?BA~�@? A8<#$ �c2e1:�3$HR ���!?#=3"%�c?L�'A8<#$ ?T=!�c?YA860=!?
A8<#$FVT=3"%UL$\"0=3C A8<#$f�c2e1:�3$ m <L$\"8$ A8<L�c6 m =! L4cU VT$F�c2 ?T=!686%��V54�$ bu�c60$9686K$9?YA8�c134c4cX 17;l=!?2�3=!4c #A8��=!?e= ?>$\"N1:A8��=!?
=3C.A8<L$e�c2e1:�3$e13?LUZ1g6 +, L1:"8$ =3C A8<#$p68132p$eUL�c2e$9?L68��=!?L6f136'A8<#$p6K$91:"%;N< V54�=n;8[>( �f4c4 A8<#$ ?5��/,$94 �:134c #$96
�c? A8<#$H6 +Y L1:"%$ �c6f6K$\AfAK= =!?#$3( P <#$o;l=!?2�3=!4c #A8��=!?W= ?T$\"%1:A8��=!?W�c6 A8<Y L6Q6K$ ?51:"N1:V54�$3( P <L$ ;l=!?2�3=!4c #A8��=!?W�c6
A8<, L60=3CTA8<#$ �c2 1:�3$ m ��A8<pA m = �3$9;lAK=3"%6 m ��A8<e134c4L$94�$92p$9?YA86~=!?#$ 13?5U m ��A8<e?, L2 VT$\"0=3C>$94c$92p$9?BA86i�c?p$913;N<
�3$9;lAK=3"Q$"+Y L134uAK=eA8<#$oUL�@2p$9?L68��=!?56.=3C�A8<#$76 +, L1:"8$'"%$96 ?T$9;lA8���3$94�X3(

P <L$7;\134c;\ L4c1:A8��=!?A?L"8=n;l$\$9UL6F136 CE=!4c4�= m 6 CE=3"FV54�=n;8[�68���\$�� � � R�# �@6F L68 L134@4�Xe$9���!<YANbN+
|:( �L=3"eA8<#$ �5"%6KA $94�$92e$9?BA =3C $913;N< "8= m ;\134c;\ L4c1:AK$�A8<#$q6% L2 =3C A8<#$ �5"%68A # ?T=!�c?BA86H=!?zA8<#$�"8= m

R$# a \OxKed + 	 R n � m b�� m �c6FA8<#$'"8= m bD13?LUq681 �3$ 136&% xKx � % x � � � � � �#=3"f$l/n132 ? 4�$'% xKx �c6 A8<#$76% L2 =3C�A8<#$
� "%6KAp$9���!<YA ?5� /n$94c6H=!?{"8= m =!?#$3( P <#$g6K$9;l=!?5U{$94�$92p$9?YAe=3CQ$913;%< "%= m 6KAK"N� ? �c6p;\134c;\ L4@1:AK$9U 136
CE=!4c4�= m 6\+(% � x � % xKx 
 	 R | � |}b w 	 R � w | � |}bD13?5U
% � � � % � � 
 	 R | � !db w 	 R � w | � !dbF13?LU
68=e=!?O(

_,( �L=3" A8<L$��5"%6KA $94�$92p$9?YA =3C'$913;%< ;l=!4c L2 ?S;\134c;\ L4@1:AK$ A8<#$W68 L2 =3C'A8<#$ �5"%6KA # ?T=!�c?YA86p=!? A8<#$
;l=!4@ L2e?zR # V � � a \Ox % S [ � m �c6fA8<#$ "%= m b 13?LUW681��3$p136�` xKx � ` x � � � � � P <#$H6K$9;l=!?LUW$94�$92p$9?YAf=3C
$913;N< ;l=!4@ L2e?{6KAK"%� ? �c6e;\134c;\ L4@1:AK$9US136pCE=!4c4�= m 6\+ ` � x � ` xKx 
 % xKx w % � a ) x � x 13?LU ` � � �` � � 
)% x � w %eR � w |}b ! 13?LUq6K=p=!?O( P <#$ �:134c #$96 =3C ` 1:"%$7A8<#$o68 52e?#=3"%2e69(

P <L$.1:VT= �3$ "8$9UL L;l$96 A8<#$i?, L2 VT$\"u=3C#= ?T$\"%1:A8��=!?L6 �c?7;\134c;\ 54c1:A8�c?#�FA8<L$ �1� �H( � ��A8<L=! #A A8<L�@6u2p$\A8<#=nU
?L13���3$94cX ;\134c;\ 54c1:A8�c?#�p68 L2 ?#=3"%2e6D"8$"+, L��"%$96\+FREC =3"Q1�) � y �c2 1:�3$ bN+
�+*-, va %

V54�=n;8[n6
� � � 68 #V5AK"%13;lA8��=!?L6 ?T$\"FV54c=,;%[ (
� � � 
S|713U5UL��A8��=!?L6 ?T$\" V54�=n;8[>(
�).�/0.2143 + x

a %
) y R]_ � � 
S|}b = ?T$\"%1:A8��=!?56\(

� <#$\"8$9136 m ��A8<�A8<#$ ?5"8$"�,�c=! L6 2p$\A8<#=nU�A8<L�c6F;\13?qV>$'"%$9UL L;l$9UgAK=#+
& �



� CE=3"FA8<#$o"8= m ;\134@;\ L4c1:A8��=!?L69+2) R � 
S|}b w _*) R y 
 � 
S|}b = ?T$\"%1:A8�c=!?L6\(
� CE=3"FA8<#$ ;l=!4c L2e?g;\134c;\ 54c1:A8��=!?L6\+ R y 
 � blRKR � 
 |}b w _#R ) 
 � 
S|}bKb = ?T$\"%1:A8�c=!?L6\(
�).�/0.2143 +0& ) y 
 R y 
 �ZblR � w )!b 
 )*) R � w |}bD= ?>$\"N1:A8��=!?L6\(

��� 
�� ��� ����� ��! � 
�� ���	��� �	�
	���! � ����
 ����� �(��� � ������� ��� ����� � ����
 �$����� ������!"�$
 � �

P <#$WCE=!4c4�= m �c?#� "%$968 L4�A�134c4�= m 6 A8���!<BAK$\"q13?5U A8�c�!<BAK$\"gVT=! L?LU56 AK=zVT$ ? 4c13;l$9U =!? A8<#$ 68 L2e?#=3"N2e6 =3C
V54�=n;8[n6 m �cA8< ?T=3AK$9?BA8�c134@4�X VT$\AKAK$\"Q2e1:A8;%<#$969( P <#$o134��3=3"%�cA8<L2 "8$94c�c$96 =!?qA8<#$oC =!4c4c= m �c?L�H"%$968 L4�A"�5UL$\"%���3$9U
136FCE=!4c4�= m 6\+
� �D4�=n;8[g68� �\$7�c6�� � �

� Mn$91:"%;%< m �c?LU#= m 68���\$7�c67R]_ � w |}b � R]_ � w |}b
� CKR �(�JI"�LANb "8$ ?5"8$96K$9?YA86F1 ?5� /n$94T�c?YAK$9?L68��A X 1:A R ���JI%bD�@?�C "%132e$'A\(
#f= m �

� 	 R n � V � o
b � 
 � 	 R n 
  �� V1
 G �

o

S|}b � � � 	 R n � V � o

b 
 	 R n 
  �� V1
 G �
o

 |}b � RE&#(`&Yb

m <5�c;%<�VL"%$91:[,6FUL= m ?gAK=#+
� 	 R n � V � o

b � 
 � 	 R n 
  �� V1
 G �
o

S|}b � � � 	 R n � V � o

b 
 	 R n 
  �� V1
 G �
o

 |}b � RE&#(��!b

13?LU+�
� 	 R n 
  �� V1
 G �

o

S|}b � 
 � 	 R n � V � o

b � � � 	 R n � V � o
b 
 	 R n 
  �� V1
 G �

o

 |}b � RE&#(*�!b

Mn 52e2e�c?#�H=!?gVT=3A8<q68�@U#$96D=3C�=3C A8<#$ 1:V>=��3$7A m = $"+, L1:A8��=!?56F13?LUq L6%�c?#� A8<#$'CE=!4c4�= m �c?#�#+

ac Ked x acS d x 	 R n � V � o
b � C RE&#( 03b

ac Ked x acS d x 	 R n 
  �� V9
 G �
o

S|}b � � RE&#(�3!b

ac K d x acS d x � 	 R n � V � o
b 
 	 R n 
  �� V1
 G �

o

 |}b � � ��� `ZR  ��$G b RE&#(��!b

� AF�c6F1E?F?51:"%$9?BA A8<L1:A"�
C 
 � R  ��$G b�� ��� `ZR  ��$G b RE&#(c|"�Bb

13?LU+�
� R  ��$G bX
 C � ��� `ZR  ��$G b RE&#(c|3|}b

�&�



G =!2 V5�c?5�c?#�#+
C 
 ��� `WR  ��$G b � � R  ��$G b � C w ��� `ZR  ��$G b RE&#(c|9_!b

P <5�c67�c6'A8<L$ 2e1 IK=3" "%$968 L4�A'=3C A8<#$�Mn-*� 134��3=3"%�cA8<L2g( � AH�c2 ?54c�c$96dA8<L1:AoA8<#$ V54�=n;8[ m ��A8< A8<#$eVT$96KA
2e1:A8;N<{�c6o;l=!?L68AK"%13�c?#$9UjVYX $"+Y L1:A8�c=!?j&#(c|9_,( P <5�c67"8$96% L4�Ao�c2@?54c��$96'A8<51:AHA8<L$ 6K$91:"N;%<z68<#=! L4@U =!?L4�X VT$
U#=!?#$'=!? V54�=n;8[n6F681:A8�c68C Xn�c?#�p&#(c|9_,(-� UL$9134c4�X A8<L$o?Y 52oVT$\" =3C�V54�=n;8[n6F�c?gA8<L$o6K$91:"%;N< 1:"8$91e�@6F4�$9686F13?5Uq1:A
$913;%< 6KA81:�3$7A8<#$74@�c2e��A86i=!?gA8<#$713;\;l$ ?LA81:V 4�$768 L2e?L=3"%2 V>$9;l=!2e$'A8���!<BAK$\" �LA8<Y 56D$l/n;\4c 5UL�c?#� 2p=3"8$'=3C A8<#$
6K$91:"%;N< 6 ? 13;l$3(
� ��� � ����� � &9� 6 � � * ��� �9& � � � �;��$)� ��� � 	 *-$'� ")�9<
P <L�@6.�c6 1 �J1:"%�@13?BA =3CuA8<#$'�L L4@4>M,$91:"%;N<��f4c�3=3"%��A8<L2 �c? m <L�c;N< 1 ?#$9���!<YVT=! #"%<#=,=,Ue=3C ?5� /n$94c6 1:"8=! L?LU A8<#$
6K$91:"%;N<A?T=!�c?YA �c6F6K$91:"%;N<#$9UO( P <#$76K$91:"%;N< m �c?5U#= m �c6  568 L134c4�X 1q|�� /T|�� 68 #V5�@2e1:�3$3(

� ��� � �����+� ��$)� � � "%��� � � ��$)� �
� ?gA8<L�c6F68$91:"%;%< R ?L"8= ?T=!6K$9UgV,X��'=3�!1e$\A 134k(Q^ &L|laEbD?5�c?#$ ?T=!�c?YA86F1:"8$o6K$91:"N;%<#$9U 1:A $913;%< =3C�A8<#"8$\$o68AK$ ?56\(
�DA.$913;N< 68AK$ ?eA8<#$ UL�@6KA813?L;l$FVT$\A m $\$9?eA8<L$ 6K$91:"%;N<@?T=!�c?YA86~�c6�"8$9UL 5;l$9UO( P <#$F?#$ m ;l$9?YAK"8$fC =3"~A8<L$ 6K$91:"%;N<?51:AKAK$\"%? �@6 A8<#$p2e�@?L�c2H L2 UL�@6KAK=3"8A8��=!?zR��4� � =3" �ZMn-Db =3CiA8<#$p6K$91:"%;N< ?>=!�@?BA86Q�c?WA8<#$ ;\ #"8"8$9?YA'6KAK$ ?u(
M,$\$o�����#(0&#(c|l& C =3"f13?q$l/#132 ?54�$76K$91:"N;%<O(
� ��� � � � �;&�$)��� �	�8< ��$)* 	 � < � . " �/.�� ��*-�#" � �
� &��(")� * . *-,�")��� ����$)�;�

� "%��� � � ��$)� � � � * ��� 0 � "�� �9� . 	 � �
	-* $'� "��9<
P <L�@6i6K$91:"N;%< R ?L"%= ?>=!68$9U V,X��!=!?#� $\AF134]( ^ 3 aEbi$9686K$9?YA8�c134c4cX �c6 C =! L" A8�@4�$9U P <#"8$\$oM,AK$ ? M,$91:"%;N<#$96F�c? $913;N<
+, L1:"8AK$\"F=3C�A8<#$76K$91:"N;%< 1:"%$91 m ��A8<g1 �>?L134 P MLM �c?�A8<L$o;l$9?BAK"%$7=3C�A8<#$o6K$91:"%;N< 1:"8$91 R 6K$\$o�����#(~&#(c|��!bN(

P <L$ P <L"8$\$ M,AK$ ?SM,$91:"%;%<L$96p1:"8$q2p=nUL���5$9U AK= ;l$9?BAK"8$g$913;N< 6KAK$ ? RE$l/#;\4c LUL�c?L� A8<#$ �5"N6KANb71:"%=! L?LU
?#=3A =!?L4�XZA8<#$eVT$96KAH2e1:A8;%<jV5 #Ao1 ?Y 52oVT$\"7=3C =3A8<#$\" ;\4�=!6K$ AK= VT$96KAH2e1:A8;%< ;\13?LUL�cU51:AK$96o�c? =3"%U#$\"o=3C
�3=,=,UL?L$9686�=3C>2 1:A8;%<O(��!=!?#�'$\A.134]( ^ 3JaF?L"8= ?T=!6K$  L6%�c?#�dA8<#$ VT$96KA02e1:A8;%< 13?LU A8<#$F;\4�=!68$96KA~AK=7VT$96KA02e1:A8;N<?T=!�c?YA\( P <#$ � ?L134 2e�c?L�c2H L2 �@6 A8<#$ 2e�c?5�c2  52 =3C0A8<#$H=3C~A8<#$HC =! #"d2p=nUL���5$9U P <#"8$\$pM,AK$ ? M,$91:"%;%<L$96\(
P <#$ 2p=3A8��=!? �3$9;lAK=3" �c6QA8<#$pUL�c6 ?54@13;l$92p$9?BAfC "%=!2 A8<#$p;l$9?BAK"8$ =3CiA8<#$p6K$91:"%;%< 1:"8$91 AK=gA8<#$H4c=,;\1:A8��=!?Z=3C
A8<#$o2 �c?L�c2H L2g(

� ��� � �����+� ��* � ��< � .���� * .���� � * 	-��$'�:"��9< � � � �;��$)� �
P <L�@6 68$91:"%;%< �c6 134c6K=p"8$\CE$\"8"8$9U�AK= 136 A8<#$ �d��"8$9;lA8�c=!?�=3C �W�c?L�c2H L2 �d�c6KAK=3"8A8�c=!? R�� ���7bDV,XqM,"%�c?L� �J136813?
13?LU �f1:= ^ �&�:ak( P <L�c6'�@6'V5136K$9U =!? A8<#$ 13686% L2 ?LA8��=!?ZA8<51:A7A8<#$ UL�@6KAK=3"8A8��=!? �c?5;l"8$9136K$96o2e=!?#=3AK=!?L�c;\134c4cX
136 =!?#$'2p= �3$96 1 m 1}X CE"8=!2 A8<#$dUL��"8$9;lA8�c=!? =3C 2e�c?L�c2H L2 U5�c6KAK=3"8A8��=!?Z^ &L|lak( P <L$QUL�c"8$9;lA8��=!?e=3C 2e�c?L�@2  L2
UL�c68AK=3"8A8��=!?g�c6 U#$ �>?#$9Ug68 L;N<gA8<L1:AFA8<#$ �ZMn-S=3"��1� � �@6 1e2e�c?L�@2  L2q(

�n|



-7

7

7

-7

7

�������� ������

�������� ��������

	�	
�


��������


�
�
���

������

1 1 1

11 1

2 2 2

2

22

2

3 3 3

3

3 3 3

2 3

Stage 1

Stage 2

Stage 3

111

0

0-7

��������
00 ������

7

-7

�����! #"%$'&#(c|l&#+ -~/n132 ? 4�$'6K$91:"%;%< ?T=!�c?BA86DCE=3"FA8<#$ P <#"8$\$ M,AK$ ?ZM,$91:"%;%<u(

�3_



TSS-1

TSS-4 TSS-3

TSS-2

TSS-5

�����! #"8$'&#(c|��,+ -0/#132 ?54�$'6K$91:"%;N< 4c1}X3=! #A CE=3"FA8<#$��Q;\;\ #"%13;lX�� 2 ?L"%= �3$9U P <L"8$\$ M,AK$ ?WM,$91:"N;%<O(

� ? $913;N< 68AK$ ? ���3$C?T=!�c?YA8671:"8$�6K$91:"%;%<L$9UO( P <#$ UL�c6KA813?L;l$ VT$\A m $\$9?j6K$91:"N;%< ?T=!�c?BA86 �c67"%$9UL L;l$9U �cC
A8<#$ 2e�c?L�c2H L2 �c6 1:A A8<L$ ;l$9?YAK"8$ =3C A8<L$ 6K$91:"%;N< ?>=!�@?BA86o=3" ��CDA8<#$ V>=! 5?LUL1:"8XW=3C A8<#$�6K$91:"%;%< 1:"8$91W�c6
$9?L;l=! L?YAK$\"8$9UO( �QA8<#$\" m �@6K$oA8<#$ 6K$91:"%;N< �c6f"8$ ?T$91:AK$9U  L68�c?L� A8<#$ ?#$ m 2e�c?L�@2  L2 136dA8<#$ ;l$9?BAK"8$p=3CiA8<#$
6K$91:"%;N<O(0h =!�c?BA86�=! LA868�cU#$iA8<#$ 6K$91:"%;%<p1:"%$91Q1:"%$D�c�!?#=3"8$9UO( �d?#$D;l=!?BA8�c?, #$96�A8<#$D6K$91:"%;N<p L?YA8�c4BA8<L$ UL�@6KA813?L;l$
VT$\A m $\$9? 6K$91:"N;%<A?T=!�c?YA86 �c6 =!?L$ ?5� /n$94](.M,$\$o�����#(~&#(c|9�eC =3" 13?q$l/n132 ? 4�$7�c2 ?54c$92p$9?BA81:A8�c=!?O(
� �:� � � &9< < ��$ �
P <#$ 134��3=3"%��A8<L2 6@?L"8$968$9?BAK$9U ;l= �3$\"q1 ;l"%=!686 % 6K$9;lA8��=!? =3C71E?F?L"%=!13;%<#$96 C "%=!2 13U�% <L=,; RE$3(`�#(��Qh.��� �7MLb
AK=Z6KX,68AK$92e1:A8�c;ZRE$3(`�#(�� Mn-*�'bN( P <#$ 134��3=3"N��A8<L2e6 ;\13? VT$ U5���,�@U#$9U �c?YAK= A m =WV51368�c; A XD?T$96\+pA8<#=!6K$ A8<L1:A
$l/#132e�c?#$gA8<#$g$9?YA8��"8$g"%$\C $\"8$9?5;l$qC "N132p$q13?LUzA8<#=!6K$ A8<L1:Ae$l/#132e�c?#$g=!?L4cXj1 68 #V 6K$\Ap=3CfA8<L$g"8$\C $\"%$9?L;l$
CE"%132p$3(

M,=!2e$ ?L"8= ?T=!6K$9Ug?#$ m 134��3=3"%��A8<L2 6 1:"8$ ?L"8$968$9?BAK$9Uq�@? GD<L1E?LAK$\" �,(

�3)



7

7

-7

-7

7

������

��������

������

������ 	�	
�


��������


�
���

��������

0

0-7

0 ������

-7

7

5

5

555

5

5

555

4

4

3

3

3 2

2 21

11 1

1

Stage 5

Stage 

Stage 

Stage 

Stage 

4

3

2

1

�����! #"8$d&#(c|9�,+D-0/#132 ?54�$'6K$91:"%;N<A?T=!�c?YA86DC =3"fA8<#$ P m = �d�c2p$9?L6%��=!?L134 
u=3�!1:"%�cA8<L2e�c;oM,$91:"N;%<O(

�J&



� �������	��
 �

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

P <#$ ?5"8$"�,�c=! L6O;%<L1E?5AK$\" $l/#132e�c?#$9U768=!2p$~=3CnA8<#$��D4�=n;8[
� =3A8��=!?HG =!2@?>$9?5681:A8��=!? �Q4��3=3"%��A8<L2 6OU#$968;l"%��VT$9U
�c? A8<#$'4c��AK$\"N1:A8 #"8$3(.M,=!2p$'?#$ m 134��3=3"N��A8<L2e6 1:"8$7U#$968;l"N��VT$9U <#$\"%$ �,V 136K$9U�=!?��c?L68���!<YA86 �!13�c?#$9U CE"8=!2 A8<#$?L"8$"�n��=! L6�;N<L1E?LAK$\"9( P <#$ 134��3=3"N��A8<L2e6�<#$\"8$ 1:AKAK$92 ?5A~AK=�� ?LU 1dV5134c13?5;l$ VT$\A m $\$9?e13;\;\ L"%13;lX =3C>A8<#$DVT$96KA
2e1:A8;N< 13?LUq6 ?>$\$9Uq=3C A8<#$ 6K$91:"%;%< ?L"8=n;l$9686\( P <#$ ?L"8= ?T=!6K$9Ug134��3=3"N��A8<L2e6 1:"8$ +Y L13?YA81:A8���3$94�Xg;l=!2 ? 1:"8$9U
AK= 6K=!2e$o;\ #"8"8$9?YAF134��3=3"%�cA8<L2e6 �c?�A8<#$o"8$968 L4�A86 ;N<L1E?LAK$\" RkGD<L1E?LAK$\" 03bN(

P <L$ ?L"8= ?T=!6K$9U 134��3=3"%��A8<L2 6u1:"8$i13?H1:AKAK$92 ?LA AK=f6 ?>$\$9U  ?7A8<#$ Mn L;\;l$9686%���3$i-i4c�c2e�c?51:A8��=!?��f4��3=3"N��A8<L2
V,XW$l/#132e�c?5�c?#���:1:"%��=! L6oC $91:A8 #"%$96o68 L;N< 136 A8<#$ $9?L$\"8�3X � �J1:"%�@13?L;l$ � 2e=!?#=3AK=!?BX �02p=nUL��� $9U 2p=!?#=3AK=!?YX �
13?LU 1fC $ m ;l=,$�� ;\��$9?YA86�=3C5A8<#$D�f13U5132e1:"%U P "N13?L6KCE=3"%2 =3CLA8<#$ 6K$91:"%;N< V54�=n;8[>( P <#$ CE$91:A8 #"8$9601:"8$D;%<#=!68$9?
CE=3"o6 ?T$\$9UZ=3C ;\134@;\ L4c1:A8��=!? 13?5UZC =3"o<L= m m $94c4�A8<#$\X U#$968;l"N��VT$ A8<#$ V54�=n;8[>(eM# #V % 68132 ? 4c�c?#� A8<#$e6K$91:"%;N<
6 ?513;l$o"8$94c��$96D=!? A8<#$74�=n;\134u;l=3"8"8$94c1:A8�c=!?g=3C�?5� /n$94c6\( P <#$ P �@4�$9Ug6K$91:"%;N< 1:AKAK$92 ?LA86 AK= ;l=!2 V5�c?#$'A8<L$7A m =
1E?F?L"%=!13;%<#$96 VYXZ$l/#132e�c?L�@?#�q68 #VLV 4�=,;%[,6d=3C A8<L$e"8$\CE$\"8$9?L;l$ CE"%132p$ =!?#$ 1:AH1qA8�c2p$WR 136868 L2e�@?#�q1 4�=n;\134
2p=3A8��=!?'�3$9;lAK=3" b 13?LU�V,X�6 ?T$\$9UL�c?#�  ?gA8<#$o68$91:"%;%<gV,X� L68�c?#�p1 CE$91:A8 #"8$ REA8<L$72p$913?q136 �@?gM#-*�'bN( P <#$
h~"%=JI $9;lA8��=!?�M,$91:"%;N< 1:AKAK$92 ?LA86.AK= 2e�@?L�c2e�c68$.A8<#$1, .�0 =3CO176K$\A~=3CTCE$91:A8 #"8$96.VYX 6K$91:"%;N<L�c?#�o134@4 ?>=!6%68��V54�$?T=!�c?YA86H�@? A8<#$�CE$91:A8 #"8$q6 ? 13;l$ m ��A8<z1W2e=!?#=3AK=!?L�c;\134c4cX �c?L;l"8$9136%�c?#� U5�c6KAK=3"8A8��=!?z L?YA8�c4 1 ?>=!�@?BA �c? A8<#$
"8$\CE$\"8$9?L;l$7CE"%132p$7�@6 C =! 5?LUO(

P <L$eC =!4@4�= m �@?#�q134��3=3"%��A8<52e671:"8$ ?L"8= ?T=!6K$9UO+H6K=!2p$ CE$91:A8 #"8$ U#=!2e13�c?j2p$\A8<#=nUL6"� 13?j= ?LA8�c2 �c681:A8��=!?
=3CFA8<#$qMn L;\;l$96%68���3$�-.4c�c2 �c?L1:A8��=!? �Q4��3=3"%�cA8<L2���A8<#$�h~"8=JIK$9;lA8��=!? M,$91:"%;N<+� Mn #V�% 68132 ?54�$9U 13?LUz� �@4�AK$\"8$9U
Mn #V�% 68132 ?54�$9U�h =!�c?YA86fM,$91:"%;N<O(
����� � * < � ���;� ")&�$)� �9* < �/� . < � "���* �9�
P <#$oV54�=n;8[n6F=!? A8<#$ 6K$91:"N;%<Z13?LUq"%$\C $\"8$9?5;l$oCE"%132p$ ;\13? VT$oU#$968;l"N��VT$9Uq�c?gAK$\"%2 6 =3C~1 6K$\A =3C~;\1:"8$\C  L4c4cX
;%<L=!6K$9?qCE$91:A8 #"8$96"�5$3(`� ��(i L68�@?#�p6K=!2p$7V5136%�c6DCE 5?L;lA8��=!?L6D=3C��f13U5132e1:"%U+� �7G P �#$\A8;:(
�Q68�c?#�g1g68 LV % 6K$\Ad=3CiA8<L$pC $91:A8 #"%$9671��:13�c4c1:V54c$H134c4c= m 6dCE=3"7C 136KAK$\"o6K$91:"%;N<#$96'CE=3"o1�2e1:A8;%<5�c?#�gV54�=n;8[>(

P <#$'6K$91:"N;%<#$96F1:"%$ ?T$\"8CE=3"%2p$9U� L6%�c?#�oA8<L$'V51368�c; � =nUL��� $9UgM#-*� REA8<#$ � =nUL���5$9UgMn-*� �c6 $l/D? 4c13�c?#$9U �c?
M,$9;lA8��=!? �,(*_!b m ��A8< A8<#$ 6% L2e?#=3"%2 ?L"8$ % ;\134c;\ L4@1:A8��=!? 6KA81:�3$ "8$ ?54c13;l$9U VYXZA8<#$ ?L"8=n;l$96867=3CF;\134c;\ 54c1:A8�c?#�
=!?#$ RE=3"o2e=3"8$ bQ=3C A8<#$pC $91:A8 L"8$96'AK=gVT$eU#$968;l"%�cV>$9Uu( �#=3"o2H L4�A8� ?54�$HC $91:A8 #"%$96 RE$\�#( �7G P ;l=,$�� ;\��$9?YA86Nb

� �



A8<#$ �5"%6KAfC $91:A8 #"%$oC  L4�� 4c6FA8<#$o"8=!4c$o=3C0A8<#$pMn-*� 68 52e?#=3"%2 13?5U �c?'� ?LUL�@?#�pA8<#$ 2 �c?L�c2H L2 =3C.1 6K$\Af=3C?T=!�c?YA86 m ��A8<g�cU#$9?YA8�c;\134O68 52e?#=3"%2e6DA8<L$ �4� � =3C A8<#$7=3A8<#$\"fC $91:A8 #"%$96F�c6F2e�@?L�c2e�c68$9UO(

� ������� � � � � � 
 � ����� � ��� ��� ��� � � 
 � �	� � � ��
 ��! � �

P <#$d6K$91:"%;N<g�c6 �cU#$9?YA8�c;\1345AK= A8<#$7Mn-5� m ��A8< A8<#$Q$l/n;l$ ?LA8�c=!? A8<51:A A8<L$d�@?L��A8�c134 �1� � AK$96KA �c6 ?T$\"8CE=3"%2p$9U
=!?Z1�68 #V56K$\AQ=3C.A8<L$ �7G P ;l=,$�� ;\��$9?YA86\( P <L$ � ?5134 �1� � �c6 ?T$\"8CE=3"%2p$9U =!? ?>=!�@?BA86 m <L�c;N< ?513686QA8<#$
�c?L�cA8�c134 �1� � AK$96KA\( P <#$d�c6868 L$96i=3C A8<#$';l=!2 ?5 #A81:A8�c=!?L134O;l=!2 ?54�$l/#��A X =3C A8<5�c6D6K$91:"%;%< �c6 $l/n132e�@?#$9Ug13?LU
13?q1:AKAK$92 ?5Af�c6 2e13UL$7AK= 6 ?T$\$9Ug ?qA8<L$7;\134c;\ L4c1:A8��=!?q=3C �7G P ;l=,$�� ;\��$9?YA86FCE=3" =��3$\"%4c1E?F? �c?#� V54�=n;8[n6\(
�Q68�c?#�pA8<L$ �'G P ;l=Y$�� ;\��$9?BA86f136FCE$91:A8 #"8$96f<L1��3$7A8<L$7C =!4@4�= m �@?#�p13U �J13?YA81:�3$96\+

� � 68 LV56K$\Ae=3CdA8<#$ 1 �J13�@4c1:V54�$q;l=,$�� ;\��$9?YA86 ;\13?SVT$q L6K$9U{VT$9;\13 L6K$ =3CQA8<L$q$9?#$\"8�3X{;l=!2 ?513;lA8�c=!?
;\1E? 1:V5�c4c��A X =3C�A8<#$ �7G P (

� P <#$ +Y 513?BA8�c6%1:A8��=!?�=3C ;l=,$�� ;\��$9?YA86F;\13?gVT$'2e13U#$ ? 1:"8A =3C A8<L$72p=3A8��=!?g;l=!2 ?T$9?L681:A8�c=!? ?L"8=n;l$9686\(
P <L$ UL�c6%13U �J13?YA81:�3$ �@6o;l=!2 ?5 LA81:A8��=!?L134.;l=!2@?54�$l/#��A X3( �	�7G P ?#$\$9UL6oAK= VT$e$"�:134c L1:AK$9UjCE=3" $913;N<

= �3$\"N4c1E?F?5�c?L�pV54�=n;8[��c?�A8<#$'"8$\CE$\"8$9?L;l$7CE"%132p$3(
� 2p$\A8<#=nUZC =3"oA8<#$ CE136KA ;\134c;\ L4c1:A8��=!?W=3C A8<#$ �7G P ;l=,$�� ;\��$9?YA86'CE=3"7= �3$\"%4@1E?F?5�c?#� V54�=n;8[n67;\13? VT$

U#$\"%� �3$9UO( P <L�c67= ?LA8�c2e�c6%1:A8��=!? �c?2�3=!4��3$96 A8<#$ "8= m ;l=!4@ L2e? UL$9;l=!2 ?T=!68��A8��=!? =3C A8<#$ �7G P ( �d���3$9?jA8<#$
�7G P =3C A8<L$e"8= m R ;l=!4c L2 ? bQ�c? A8<#$ ?L"8$"�n��=! L6'V 4�=,;%[ � A8<#$ �7G P =3C A8<#$e"8= m R ;l=!4@ L2e? bf=3C A8<#$ ?#$ m
V54�=n;8[H�c6 C =! 5?LU 136�C =!4c4c= m 6\+ 68 #VLAK"N13;lA A8<L$ �7G P =3C A8<#$/�5"%68A ?5��/,$94n�c? A8<#$ =!4cUH"8= m R ;l=!4c L2e? b��!4c$\C A068<L�cC A
A8<#$ �7G P V,Xq=!?#$ ?5� /n$94uCE=!4c4�= m $9UWV,XgA8<#$ 13ULUL��A8��=!? =3C~A8<#$ �7G P =3C0A8<#$H4@136KA ? � /,$94 �c? A8<#$H?L$ m "8= m
R ;l=!4c L2 ? bD=3C0A8<#$ ?#$ m V54�=n;8[>( P <#$ �Q�@68;l"8$\AK$eG =!68�c?#$ P "%13?56KC =3"N2 ;\13?WVT$ m "%��AKAK$9?W136Q1 "8= m ;l=!4@ L2e?
U#$9;l=!2 ?T=!68�cA8��=!?g136FCE=!4c4�= m 6\+

` % � R ����� b � %eR � b %eR � b ac� d +
fc
 d + 	

R  ��$G b j 

g
R R]_  w |}b �
	

_ � b j 
 g
R R]_ Gow |}b ��	

_ � b

� %eR � b %eR � b ac� d + j 
 g
R R]_  pw |}b ��	

_ � b fc
 d + 	

R  ��$G b j 

g
R R]_ Gow |}b ��	

_ � b

! k
h
�
h
%eR�
!b � |

� _ $#$#$ 
 � �
� | $#$#$ =3A8<#$\" m �@6K$

#f= m �

` % � R � b � %eR � b ac� d +
	 R  b j 


g
R R]_  w |}b �
	

_ � b

�3�



68<L�cC A8�c?L� V,X � �

` % � R � b � %eR � b ac� d + 	
R  w � b j 
 g

R R]_#R  w � b w |}b �
	
_ � b

� %eR � b ac� d + 	
R  b j 
 g

R R]_  w |}b �
	
_ � w _ � ��	_ � b

� %eR � b ac� d +
	 R  b j 
 g

R R]_  w |}b �
	
_ � w _ � ��	_ � b

�Q68�c?#�pA8<L$7�cU#$9?YA8��A X>+
j 
 g

R � w�� b � R j 
 g �
blR j 
 g

� bX
SR
g
n � � blR g

n ��� b
A8<#$ �7G P ;\13?gVT$ m "%��AKAK$9?g136\+

` % � R � b � %eR � b ac� d + 	
R  b j 
 g

R R]_  pw |}b �
	
_ � b j 
 g

R _ � ��	_ � b 

%eR � b ac� d + 	

R  b
g
n � R R]_  ew |}b ��	

_ � b
g
n � R _ � ��	_ � b

#f= m A8<#$ �d�c68;l"8$\AK$ Mn�c?#$ P "%13?L6KCE=3"%2 ;\13?qVT$7U#$9;l=!2@?>=!68$9Uq�c?g1p68�c2 �c4c1:"DCE136%<L��=!?O+
` � � R � b � %eR � b ac� d + 	

R  b
g
n � R R]_  pw |}b �
	

_ � b

68<L�cC A8�c?L� V,X � �

` � � R � b � %eR � b ac� d +
	 R  b g

n � R R]_  pw |}b ��	
_ � b j 
 g

R _ � ��	_ � b 

%eR � b ac� d + 	

R  b j 

g
R R]_  w |}b �
	

_ � b
g
n � R _ � ��	_ � b

#f= m � 4�$\A\+

� �oM P + P <#$ �7M P =3C�$9���!<YA ?5��/,$94c6 m �cA8<�A8<#$ �5"%68A ?5� /n$94>68$\AFAK= �\$\"8=#(
� �oG P + P <#$ �7G P =3C $9���!<YA ?5��/,$94c6 m ��A8<�A8<#$��5"%68A ?5� /n$94O6K$\A AK= �\$\"8=#(
� #'M P + P <#$ �7M P 1:CEAK$\" A8<#$74�$\CEA 68<5��C AD=3C A8<#$ ?5��/,$94c69(
� #'G P + P <#$ �7G P 1:CEAK$\" A8<#$o4c$\C AF68<5��C AD=3C A8<#$ ?5��/,$94c69(

�80



� � � � R � % � b
g
n � R _ � �
	_ � b w R � � � b j 
 g

R _ � ��	_ � b
� % � � R � % � b j 
 g

R _ � ��	_ � b w R � � � b
g
n � R _ � �
	_ � b

� � � � � R � � � b j 
 g
R _ � �
	_ � b 
 R � % � b

g
n � R _ � ��	_ � b

� � % � � R � � � b
g
n � R _ � ��	_ � b 
 R � % � b j 
 g

R _ � ��	_ � b
� UL� � ;\ L4�A X m ��A8< A8<L�c6F2e$\A8<#=,U �c6 A8<L1:AQ��AF"8$"+, L��"%$96 A8<#$ �7M P AK= VT$7;\134c;\ L4@1:AK$9U �c? ;l=!?JIK 5?L;lA8��=!?

m ��A8<zA8<L$ �7G P m <L�@;%<{U#=! #V 4�$96 A8<#$g"8$"+, L��"8$9U{68AK=3"%1:�3$3( P <L$q134��3=3"%��A8<L2 �@6e136pCE=!4c4�= m 6pC =3" 1 A m =
UL�c2e$9?L68��=!?L134 �7G P +

|:(QG 134c;\ L4c1:AK$'A8<#$ �'G P 13?LUgA8<#$ �7M P C =3"FA8<L$ �5"%6KA "%= m =3C�A8<#$'CE"%132p$3(
_,( �L=3" $913;%< ?T=!�c?YAi�c? A8<#$f"%$\C $\"8$9?5;l$fCE"%132p$pRE$l/n;l$ ?5A A8<L$f=!?#$96 m �cA8< "8= m =3"D;l=!4@ L2e?e�3"%$91:AK$\" A8<L13?
3!b ?>$\"%C =3"%2 1e"8= m �'G P 136 CE=!4c4�= m 6
� M# #VLAK"%13;lA A8<#$ �'G P =3C A8<L$ �5"%6KA $94c$92p$9?BAF�@?gA8<#$ ?L"8$"�n��=! L6 U51:A81n(
� M#<L��CEAiA8<#$oAK"%13?L6KCE=3"%2 =3C A8<#$7UL1:A81 =!?#$ ? � /,$94>AK=pA8<#$'"N���!<BA"�L�k(`$3(��5;\134c;\ L4c1:AK$'A8<L$7?#$ m �7G P
13?5U��7M P m ��A8< � � |:(

� �QULUq�@?�A8<#$ �7G P =3C�A8<#$o4c1368A $94�$92p$9?YA �c?�A8<#$7?#$ m UL1:A81e6K$\A\(
),(QG 134c;\ L4c1:AK$'A8<#$ ;l=!4c L2e? �7G P CE=3"FA8<#$��5"%6KAD"8= m =3C A8<#$7"8= m AK"%13?L68C =3"%2e$9UgUL1:A81n(
&#(�� $ ?T$91:Af) $l/#;l$ ?LA  L68�@?#�p1e;l=!4c L2e? �7G P (
#f=3AK$ A8<L1:A A8<#$ 68 #V5AK"%13;lA8��=!?q=3C0A8<L$��5"%68A ?5� /n$94u13?LU A8<#$H13ULUL��A8��=!?q=3C0A8<#$H4@136KA ?5��/,$94u�@?qA8<#$HUL1:A81

;\13?qVT$'U#=!?#$ �c?g1p68�c?#�!4c$d68AK$ ?u(
P <L$7?Y L2 VT$\" =3C�= ?>$\"N1:A8��=!?L6D"8$"+, L��"8$9U�CE=3"FA8<L�@6 134��3=3"%��A8<L2 �c6 136FCE=!4c4�= m 6\+
� M# #VLAK"%13;lA8��=!? =3C �5"%68A ?5� /n$94 1:CEAK$\"Q4c$\C AQ68<L��CEAFCE"8=!2 ?5"8$"�,�c=! L6��7G P + � 2H L4�A8� ?54@�c;\1:A8��=!?L67R 68;\134@�c?#�
=3C�AK"%13?56KC =3"N2 =3C ? � /,$94 �:134c #$'=3C� L?L�cA-�:134c #$7�@?�A8<#$��5"%6KA ?T=!68�cA8��=!? bi13?LU � 68 LVLAK"%13;lA8��=!?L69+0_ � (

� M# #VLAK"%13;lA8��=!?�=3C �5"N6KA ?5� /n$94>C "8=!2 ?L"8$"�n��=! L6 �7M P +5_ � (
� G 134c;\ L4c1:A8��=!?�=3C #'M P +5) � (
� G 134c;\ L4c1:A8��=!?�=3C #'G P +5) � (
� �QULUL�cA8��=!?�=3C 4@136KA ?5� /n$94O1:C AK$\"Q4�$\CEAF68<L��CEADAK= #dM P +5_ � (
� �QULUL�cA8��=!?�=3C 4@136KA ?5� /n$94O1:C AK$\"Q4�$\CEAF68<L��CEADAK= #dG P +5_ � (

� 3



P <#$ ?, L2 V>$\"�=3C>= ?T$\"%1:A8��=!?L6�AK=3A8134 |l& � m <#$\"8$ ?p�c6�A8<#$F?, L2 VT$\" =3C ?5� /n$94c6\( P <L�c6 = ?T$\"%1:A8��=!?p�@6 =3"NU#$\"~?
R � R � bKb m <L�c;N<��3"8= m 6f684�= m $\"fA8<L13? � ��
�� � � REA8<#$7=3"NU#$\"F=3C�;\134c;\ L4c1:A8��=!?56 $l/D?T$9;lAK$9Ug=3C01 �7G P 6 �'M P bN(

GD<L$9?g$\A 134]( ^ |"�:a ?L"8= ?T=!6K$9Ug1pC 136KA �7G P m �cA8<O+

� � �� R ��
�� � � 
S|}b w _p13ULUL�cA8��=!?L6"�

� � ��
�� � � 
 � �� w & 2  L4cA8� ?54c�c;\1:A8�c=!?L6"�
� � �� ��
�� � � 
j) � w � = ?T$\"%1:A8��=!?L6 �c?�AK=3A8134k(
P <5�c6 �c2@?54c��$96 A8<5�c6 2p$\A8<L=,UW�c6  56K$\CE 54u=!?L4�XgCE=3" ��� |3|9_,( �f6%�c?#� 1 4�=,=3[, F? A81:V54�$ =3C.134c4 ?>=!6%68��V54�$

AK"%13?L68C =3"%2 �:134c #$96FC =3"FA8<L$ �'M P 13?LU �7G P =3C A8<#$ �5"N6KA 13?LUq4c136KA ? � /,$94@6i"%$96 ?T$9;lA8���3$94�X m =! L4cU�"%$9UL L;l$
A8<#$Z?Y 52oVT$\" =3C 13ULUL��A8��=!? 13?LU 68 #VLAK"%13;lA8�c=!?S= ?T$\"%1:A8��=!?56eAK= |"� � ( P <L�c6e�c2@?54c��$96 � � )80 CE=3"�A8<#$?L"8= ?T=!6K$9UW2p$\A8<#=nU AK= "8$"+, L��"%$oCE$ m $\"d= ?T$\"%1:A8��=!?L6fA8<L13? A8<#$HCE136KA
�7G P (>�f1:"NU m 1:"%$H�c2@?54�$92p$9?YA81:A8��=!?
=3C�A8<L�c6 �7G P ;\134@;\ L4c1:A8��=!?g6KA81:�3$ m =! 54cU�"8$9UL L;l$oA8<#$'A8�c2p$7?#$\$9UL$9UgC =3" A8<L�c6F6KA81:�3$3(

� ������� � � � � �����	
������ ��� � ! ��
���!

P <#$D2p=!?#=3AK=!?YXH= ?>$\"N1:AK=3"~�c6�13?p1:AKAK$92 ?LA~1:A01QC $91:A8 #"%$ m <L�c;N< �c6 $9136KXHAK=';\134c;\ L4c1:AK$DV5 LA 134c68=Q"%=3V5 L6KA��c?
AK$\"%2e6 =3C �@2e2  5?L��A XpAK=p4c�c�!<BA8�c?L�o;%<L13?L�3$96\( P <#$d2p=!?#=3AK=!?YX = ?T$\"%1:AK=3" �c6 U#$ � ?L$9UW^`_3�Jau136 A8<#$d?Y 52oVT$\"
=3C ?5� /n$94c6 m ��A8< �:134c #$96'682e134@4�$\"d=3"7$"+Y 51340AK=gA8<#$e;l$9?YAK"8$@?5� /n$940�c?Z1�V54�=n;8[>( P <#$pV54c=,;%[ 68���\$e 56K$9U �c6
3 /�3e13?LUgA8<L$ ;l$9?YAK"8$G?5��/,$94O L68$9U �c6F1:A RE& �5&Yb "8$94c1:A8���3$7AK= A8<#$o ? ?>$\"F4c$\C A % <L13?5U ;l=3"%?#$\"f=3C�A8<#$7V54�=n;8[>(
P <#$Q6K$91:"%;N<g�c6i�@U#$9?BA8�@;\1345AK= A8<#$7Mn-*� m ��A8< A8<L$f$l/#;l$ ?LA8��=!? A8<L1:AD=!?L4�X ?T=!�c?YA86 m ��A8< 2p=!?#=3AK=!?YX �:134c #$96
m ��A8<5�c?p1 ;l$\"%A813�c? "N13?#�3$f;l$9?YAK"8$9U =!? A8<#$Q6K$91:"%;N< V 4�=,;%[ 
 6i2p=!?#=3AK=!?YX 1:"8$Q$l/n132 �c?#$9UO( � UL�c6813U��J13?YA81:�3$
�c6 A8<L1:A A8<5�c6e= ?T$\"%1:AK=3"g�c6 �, L4@?#$\"%1:V54�$gAK={?#=!�@6K$3( P <L�c6 C $91:A8 L"8$W�@6e"8=3A81:A8��=!? �c?2�:1:"%�c13?YA m <L�c;N<S�c6 1
UL�c6%13U �J13?YA81:�3$7CE=3"�� � �ZGQ(

� ������� � � ��
(�
	 ����
 ����� ��� 
 � � � �����	
������ ��� � ! ��
���!

� 2p=nUL��� ;\1:A8��=!?WAK= A8<#$e2p=!?#=3AK=!?YX = ?T$\"%1:AK=3" �c6 ?5"8= ?T=!6K$9UO( P <#$e2e=,UL��� ;\1:A8��=!? �c6'�cUL$9?BA8�c;\134~AK=qA8<#$
1:VT= �3$7$l/#;l$ ?LAfC =3" A8<#$ ;\134c;\ L4c1:A8��=!?�=3C�A8<#$72e=!?#=3AK=!?BX3( P <#$'2p=nUL��� ;\1:A8�c=!?g�c6 13?q1:AKAK$92 ?LAfAK=p"8$92p=��3$
A8<#$ "8=3A81:A8��=!?p�c?2�:1:"%�c13?L;l$i=3CLA8<#$D= ?T$\"%1:AK=3"��!13?LUH<#$9?L;l$D"8$9UL 5;l$.A8<#$ ?, L2oVT$\" =3CLV54�=n;8[n6 AK=QVT$ $l/n132 �c?#$9U
UL #"N�c?#�HA8<#$o6K$91:"%;N<O( P <L$72p=!?#=3AK=!?YX��@6F;\134c;\ L4c1:AK$9U 136 C =!4@4�= m 69+

� � ?L��A8�@134c4�X J 
 � 

o

 �OG � �

� CE=3"d$913;%< ?T=!�c?YA m <L�@;%<W�c6 4�$96%6 A8<L13?W=3"Q$"+Y 5134 AK=�A8<#$ ?5� /n$94)�:134c #$ =3C0A8<#$H;l$9?YAK"8$ ?T=!�c?YAHRKRE& �T&Yb
CE"8=!2 A8<L$o ?F?T$\"F4�$\CEAF<L13?LUq;l=3"N?#$\"F=3C�A8<#$7V54c=,;%[#bD�@?�A8<#$7V54�=n;8[ R(3 /�3!bDA8<#$7CE=!4c4�= m �c?#�p�c6 13ULU#$9U
AK= A8<#$o2p=!?L=3AK=!?BX j 
�� � J � 
 
 g

n
o
n 
 � w 3 � ��
 ! 
 
 g

n
o
n 
 � (*#f=3AK$oA8<L1:AFA8<L$o;l$9?BAK"%$G?5� /n$94OU#=,$96

�����u13ULUgAK= A8<#$o2p=!?#=3AK=!?YX3(

� �



� ����� � � � � � � � ��� � � � 

����
 � ��� � 
��	� � ! 
 
�! �	��� � ��!"� ��� � � ��� � � 
�� � � � � ��
���! � �

P <#$D13U �:13?BA81:�3$ =3C  L68�c?#�fA8<#$D�f13UL132 1:"%U P "%13?56KC =3"N2 R 6K$\$ � ?F?T$9?LUL� /��'bu�@6 A8<51:A A8<#$ ;l=,$�� ;\��$9?YA860;\13?
VT$ "N1E?5�cUL4�Xg;\134c;\ 54c1:AK$9UO('�#=! #"7;l=,$�� ;\��$9?YA86'1:"8$  L6K$9UO( P <#$ 6K$91:"%;N< �c6Q�cU#$9?YA8�c;\134 AK= A8<L$pMn-5� $l/#;l$ ?LA
A8<L1:A7=!?54�X A8<L$ ?>=!�@?BA}R 6Nb m ��A8<ZA8<#$e4�= m $968A �1� � �c?ZA8<L$ �f13U5132e1:"%U �Q=!2e13�c?j1:"8$e$l/#132e�c?#$9U  568�c?#�
�1� � �c?gA8<#$H6 ?51:A8�c134 U#=!2e13�c?O( P <L$ 13U �:13?BA81:�3$p�c6FA8<L1:AQ�@?  L68�@?#�p=!?L4�X�CE=! #" AK"%13?56KC =3"N2 ;l=,$�� ;\��$9?YA86
A8<#$ ?T=!�c?YA86 ;\13?qVT$d$l/n132 �c?#$9Uq13?LU�$l/#;\4c LUL$9UgCE1368AK$\" R |9� A8�c2p$96 b A8<L13? �1� � �@? A8<L$o6 ?51:A8�c134OUL=!2e13�c?
m ��A8< �J& ?5� /n$94 �:134c #$96\(~M,$\$f�����#(	�,(c| C =3"iA8<#$ ;l=,$�� ;\��$9?YA86\(	# =3AK$fA8<L1:A~A8<#$QUL1:"8[ 1:"8$9136 1:"8$ 68 #V5AK"%13;lAK$9U
CE"8=!2 A8<#$74c�c�!<BAF1:"8$9136 m ��A8<L�@? $913;N< ;l=,$�� ;\��$9?YA\(

1 2

3 4

Hadamard Coefficients.

� �c�! #"8$ �,(c|:+i�Q13UL132e1:"NUq;l=Y$�� ;\��$9?BA86f L6K$9UO(

� ����� � � ��! �$�	��� �

P <L�@6 �c6 68�@2e�c4c1:"DAK= A8<L$ � =!?L=3AK=!?BX 13?5U�� =nUL��� $9U�� =!?L=3AK=!?BXq1E?F?5"8=!13;%<#$969(��~1:"N�c13?L;l$ �@6F L6K$9Uq�@?q13?
1:AKAK$92 ?LAiAK= � ?LUp1o2p=3"8$ ?#=!�@6K$ �c2e2H L?#$F2p$91368 L"8$ A8<L13?pA8<#$ � =!?#=3AK=!?YXe2p$\A8<#=nUL6\( P <L$FU#$ � ?L��A8�c=!? =3C
�~1:"%�c13?5;l$o�c6 136FCE=!4c4�= m 6\+ # aKed x R  K 
  b � ( P <L$76K$91:"%;%< �c6 �cU#$9?YA8�c;\134TAK= A8<#$ Mn-*� m ��A8<�A8<L$7$l/n;l$ ?5A8��=!?
A8<L1:A~=!?54�X ?T=!�c?YA86 m �cA8< �J1:"N�c13?L;l$ �:134c #$96~�c? 17;l$\"8A813�c? "%13?#�3$ ;l$9?YAK"8$9Ue=!? A8<#$ 6K$91:"N;%< V54�=n;8[ 
 6 �J1:"N�c13?L;l$
1:"8$7$l/#132e�c?L$9UO(

�&�



� ������� � � � !
� �

�#=3"f�3=Y=nU Mn���!?5134TAK= # =!�c68$ � 1:A8��=!6F$9?#$\"8�3Xg68<#=! L4@U VT$'1pC 13��"%4�X ?#=!�c6K$7�c2 2  L?L$QCE$91:A8 #"8$3( P <#$'$9?#$\"8�3X
�c?p$913;N< V 4�=,;%[p�c6~;l=!2 ?5 LAK$9U 13?LU+�Y68�c2e�c4@1:"0AK=oA8<#$ 1E? ?L"8=!13;%< �c? � =!?#=3AK=!?YX 13?LU � =,U5���5$9U � =!?#=3AK=!?YX �
A8<#$fV54�=n;8[n6 m ��A8< 1 ?51:"%A8�c;\ L4c1:".2e$913? 1:"8$Q6K$91:"%;N<#$9U C =3"iA8<#$ V54c=,;%[ m ��A8<p$9?#$\"%�3Xe;\4�=!6K$96KA AK=oA8<#$Q6K$91:"%;N<
V54�=n;8[>( P <#$ ;l=!2 ?  #A81:A8��=!?L134c4cX $l/ ?T$9?L68���3$ , .�0 �c67A8<#$9? ?T$\"8CE=3"%2p$9U =!? A8<L�c6'VT$96KA��5A7V54�=n;8[>( P <#$
$9?#$\"8�3Xg�c6 UL$ � ?#$9Ug136FCE=!4c4�= m 6\+

� �
h � �

G � a \OxcKed + a
\OxcS d +
 �K S

���:� � 0 * � � � �
� � 3 �
P <L�@6 134��3=3"%�cA8<L2 �@6 1 2p=nUL��� ;\1:A8��=!?S=3C7A8<#$ Mn L;\;l$9686%���3$W-i4c�c2e�@?L1:A8��=!? �Q4��3=3"%��A8<52g( -i13;%< ?T=!�c?BA �c6
6K=3"8AK$9U �c?�=3"%U#$\" =3C 68 52e?#=3"%2 13?LUqA8<#$76K$91:"%;N<q= ?T$\"%1:AK$96F=!?qA8<L�c6F6K=3"%AK$9Uq4c�c6KA 13?LU ?#=3AF=!?gA8<#$ �c2e1:�3$
=3C768 L2 ?#=3"%2e6 REA8<L$W4�= m ?5136%6 � 4cAK$\"8$9U �c2e1:�3$ bN( P <#$ ?5"8=3V54�$92 =3C��>?LUL�c?#�ZA8<#$ = ?LA8�c2H L2 2e=3A8��=!?
�3$9;lAK=3" �c?e"%$\�!��=!? 2e1:A8;N<L�c?#�H2p$\A8<#=nUL6.;\13? A8<, L6~VT$F"8$9U5 L;l$9UeAK= 1o6K=3"%A8�c?#� ?L"%=3V54�$92g( �d?#$ � "%6KA86.68=3"8A86
AK= �>?LU ?T=!�c?YA86 m ��A8<qA8<#$oVT$96KA U5�c6KAK=3"8A8��=!? 2p$91368 #"8$ 13?LUqA8<#$9? VYXqU5�c6KA813?L;l$7AK= 2e�c?L�@2e�c6K$dA8<#$H4�$9?#�3A8<
2p=3A8��=!?'�3$9;lAK=3"9(

P <L$ 134c�3=3"%��A8<L2 �c6d1��3=,=,UZV5136%�c6Q=!? m <L�c;N< AK=q;l=!?56KAK"% L;lA'CE$91:A8 #"8$ V5136K$9U 68$91:"%;%<#$96 R 1367�c? �7G P
13?LU � =!?#=3AK=!?YXeV51368$9U 6K$91:"%;N<#$96Nb��#�c?pA8<51:A.A8<#$Q68 L2e?#=3"N2 ;\134c;\ L4c1:A8�c=!? 6KA81:�3$d;\13?eVT$F"8$ ? 4c13;l$9UeV,XpA8<#$
CE$91:A8 #"8$qRE=3"'C $91:A8 L"8$96Nbf�3$9?#$\"%1:A8�c=!? 6KA81:�3$3( �Q4c4 A8<L1:A7�c6f"8$"+Y 5��"8$9UW�c6QA8<L1:AdA8<#$ C $91:A8 #"%$ �:134c #$96';\13?ZVT$
=3"%U#$\"%$9UO( � C 6K$"�3$\"%134TCE$91:A8 #"8$96 1:"8$' L6K$9U A8<#$9?g68$"�3$\"%134 Mn-*� ;l=!?L6KAK"%13�c?YAD$"+Y 51:A8��=!?L6D2e19X VT$Q 56K$9U)�n=!?#$
CE=3".$913;%< CE$91:A8 #"8$3( P <L�@606K$9;lA8��=!?e$l/#132e�c?L$96~A8<#$ 134c�3=3"%��A8<L2 �cA86K$94�CT13?LUpA8<#$9? ?L"8= ?T=!6K$96~172e=,UL��� ;\1:A8��=!?O(
� ������� � � � � � ��� ��� � 
�� 	 � 
 � � � �	� ����!"� 
 � � � � �	� � ��������� ���

� �d$9?#$\"%1:AK$ A8<#$~"8$\CE$\"8$9?L;l$~CE"%132p$i�c?dA8<#$i6%132p$ m 19X7136 �@?dA8<#$DMn 5;\;l$96868���3$~-i4c�c2e�c?51:A8��=!?��f4��3=3"N��A8<L2
RkM#-*�'bN(

� �d$9?#$\"%1:AK$ 4@�c6KA86D=3C�134c4 ?T=!�c?YA86 �c?�A8<#$7"8$\CE$\"8$9?L;l$'CE"%132p$ m ��A8<�A8<#$768132e$��J134@ #$'=3C068 L2e?#=3"N2g(
� � <#$9?g�!� �3$9?q1e6K$91:"%;N<gV54�=n;8[ �L68 L2 134@4B?5� /n$94 �J134c L$96 13?LU � ?LU�A8<#$74@�c6KA m ��A8<�A8<#$7;\4c=!6K$96KA �:134c #$
R 6% L2e?#=3"%2 bN(*� A �c6 ?T=!6868�cV54�$dAK= <L1 �3$ A m = 4c�c6KA86FU5� &>$\"N�c?#� C "%=!2 A8<#$o6K$91:"N;%<4�J134c L$'VYX�A8<#$H68132p$
132e=! L?BA\(

� Mn$91:"%;%<gA8<L$d4@�c6KA}R 6Nb.CE=3" A8<#$ ?>=!�@?BA m ��A8< VT$96KA UL�c68AK=3"8A8��=!? 2e1:A8;%< ;\4�=!6K$96KADAK=pA8<#$ ?T=!68��A8�c=!? =3C A8<#$
68$91:"%;%< V54�=n;8[>(
� A �c6 �c?BAK$\"%$96KA8�c?#� AK= ?#=3AK$ A8<51:A �3$9?#$\"%1:A8�@?#� A8<#$ "8$\CE$\"8$9?L;l$ CE"%132p$ 68 L2e?#=3"N2e6e�c6pA8<L$ 68132p$W136

;l=!?2�3=!4��,�@?#�z=3"q;l=3"8"8$94c1:A8�c?L� m �cA8< 1zV54c=,;%[ =3Co�!���3$9? 68� �\${R <L$\"8$ 3 / 3!bN( P <L�c6 �c2 ?54@��$96 1z4�= m ? 13686
� 4�AK$\"N�c?#� =3C A8<L$7"8$\CE$\"8$9?L;l$o�c2 1:�3$3(

�n|



� ������� � � � 
�� 	 ����
 �$���

P <#$ A8�c2p$ ;l=!?L6% L2e�c?#� ? 1:"8A~=3CTA8<#$f68$91:"%;%< ?L"8=n;l$9686~�c6.A8<L1:A.$913;N< 68$91:"%;%< m ��A8<e1 ?#$ m 6K$91:"N;%< V54�=n;8[ =!?
A8<#$e68132e$pC "%132e$ � m ��A8<ZA8<#$ $l/#;l$ ?LA8��=!? =3C A8<#$p68 L2e?L=3"%2 6 CE$91:A8 #"8$ �3$9?#$\"%1:A8��=!? 13?LUZ=3"%U#$\"%�@?#� 68A81:�3$ �
6KA81:"8A86fCE"8$968<O( P <5�c6 2p=nUL���>;\1:A8��=!?q1:AKAK$92 ?LA86QAK=� L6K$ A8<#$o"8$96% L4�A86F�3$9?L$\"%1:AK$9UZ�c? � ?LU5�c?#�pA8<#$ ?L"8$"�n��=! L6
VT$96KA02e1:A8;%< C =3"0A8<L$F;\ #"8"8$9?YA0C "N132p$ AK=76 ?T$\$9U AK= ?L"8=n;l$96860=3C � ?LUL�@?#� A8<#$F?L$ m V>$968A~2e1:A8;%<O( P <L$ V51368�c;
UL� &T$\"8$9?L;l$ �! 
 G � ;\13?WVT$ 2e=,UL���5$9UqAK=g134c4�= m A8<L$ ;\ L"8"8$9?YA �1� � AK=�V>$HU#$\AK$\"%2e�@?#$9U �@? AK$\"%2 6f=3C
A8<#$ �4� � CE=3"i1 ? 136KAi6K$91:"N;%< V54�=n;8[>( P <#$  ?F?T$\".13?5U 4�= m $\"iV>=! 5?LUL60=3CTA8<#$Q?#$ m �1� � �c6.;\134c;\ 54c1:AK$9U
�c?gAK$\"N2e6F=3C0A8<#$ =!4cU R ?51368ANb �1� �H( # = m 4�$\A G � � w�� � m <#$\"8$ � �c6FA8<#$ UL��&>$\"8$9?5;l$7VT$\A m $\$9? � 13?LUG +

�� 
 R � w�� b �
� R  
 � b 
 � �

� �  
 � � 
 ��� � � � � R  
 � b 
 � �
� R  
 � b 
 � � � �  
 � �3w ��� �

P <L$ �J1:"%�@1:V54�$96 1:"8$o136FC =!4c4c= m 6\+
� � GD #"%"8$9?BA ?T=!�c?YAD=!? 6K$91:"%;N<qCE"%132p$
� � h."8$"�,�c=! L67R 4�=!?#�@? 136KANb 6K$91:"%;N<qV54�=n;8[>(
� � �Q��&>$\"8$9?5;l$'V>$\A m $\$9? A8<#$o?#$ m 6K$91:"%;%< V54�=n;8[�13?LU�A8<#$ ?5"8$"�,�c=! L6 6K$91:"%;N<qV54�=n;8[>(
#f= m �

ac K ac S � R  K S 
 � K S b 
 � K S b � � ac K ac S R �� K S 
 � K S �3w ��� K S � b
ac K ac S �  K S 
 � K S �3w ac K ac S ��� K S � � 
�� � ��� ` 
 ac K ac S ���?K S �

13?LU

ac K ac S � R  K S 
 � K S b 
 � K S b � � ac K ac S R �� K S 
 � K S �3w ��� K S � b
ac K ac S �  K S 
 � K S �3w ac K ac S ��� K S � � 
�� � ��� ` w ac K ac S ��� K S �

�QC��c?YAK$\"8$96KAF�c6 A8<L$74�= m $\" VT=! L?LUu( � ?��3$9?#$\"%134 A8<#$'CE=!4c4�= m �c?#�p�c6DAK"% #$o=3C 4�= m $\"fVT=! L?LUL6\+
�
i
w l � � �

i
�3w � l � � � � P "%�c13?#�!4c$ � ?#$"+, L134c��A X


 $\A
i �  w G

�3_




u$\A l � 
  
�� w G 
  � � �  pw G �3w � 
  �
�ZG � 
 �� � � �  pw G �

Mn�@?L;l$ ��� ` � ac K ac S � R  K S 
 � K S b 
 � K S b ���
ac K ac S � R  K S 
 � K S b � 
 ac K ac S ��� K S � � ac K ac S � R  K S 
 � K S b 
 � K S b �

� � � ��� ` 
 ac K ac S ��� K S � � ac K ac S � R  K S 
 � K S b 
 � K S b �
P <L$'C =3"%2 =3C A8<#$ 6K$91:"%;%< C =3" A8<#$7VT$96KAF2e1:A8;N< �c6 136 C =!4c4c= m 6\+
|:($� �L L4@4�M,$91:"N;%<SRE=3" Mn-5�dbf2H L6KAdVT$ ?>$\"%C =3"%2e$9U m ��A8< 1:A74c$9136KA'=!?#$p6K$91:"%;N< V54�=n;8[W�c?W=3"%U#$\"dAK=

;l=!?56KAK"% L;lA 1eA81:V54�$'=3C�=!4cU �1� � �:134c #$96 �3$\"N68 L6 ?5��/,$94B?T=!68��A8�c=!?O(
_,(�� C A8<L$d?L$ m 68$91:"%;%<gV 4�=,;%[ �c6D�cU#$9?YA8�c;\134 AK=pA8<#$ �5"%6KA V54�=n;8[ A8<#$9?�=!?#$';\13?g6K$91:"%;N<gC =3"DA8<#$';\4�=!68$96KA?T=!�c?YA.AK=HA8<#$d4�=n;\1:A8��=!? =3COA8<#$f"%$\C $\"8$9?5;l$QV 4�=,;%[pC "%=!2 A8<#$d4c�c68A~=3C ?T=!�c?YA86.=3C 2 �c?L�c2H L2 �1� � =!?

A8<L$7A81:V54�$'=3C�=!4cU �1� � �:134c #$969(
),( �L=3"0$913;%<p?#$ m 6K$91:"%;N< V 4�=,;%[oUL� &T$\"8$9?YA CE"8=!2 A8<#$*� "%6KA 68$91:"%;%< V54c=,;%[ �3;\134c;\ L4@1:AK$iA8<#$D4�= m $\"�VT=! L?LU

1:Ad$913;N< ?5� /n$94 ?T=!68��A8�c=!?O( P <#$HAK$\"%2 # aK # aS � � K S � ;\13?WVT$ ?L"%$ % ;l=!2 ?5 #AK$9UW68�c?L;l$HA8<L�c6Q�c6fA8<#$
6% L2 =3C A8<#$o1:V56K=!4@ #AK$ �J134@ #$7UL� &T$\"8$9?L;l$96D=3C�A8<#$o?L$ m 13?LU �5"%68AF6K$91:"%;%< V54�=n;8[n6\(

&#( -~/n132 �c?#$@?T=!�c?YA86 m ��A8< 1 682e134@4�$\"�� 4c= m $\" VT=! L?LUZ=!? A8<#$ ?L$ m �1� � A8<513? A8<#$ ;\ #"8"8$9?YA7VT$96KA
2 1:A8;%<� L68�c?L�'A8<#$ �1� � 2p$91368 #"8$3( P <L�c60$9?L6% #"8$960CE$ m $\" ?T=!�c?YA86.1:"8$Q6K$91:"%;%<L$9U m �cA8<eA8<#$F$l/ ?T$9?�%
6%���3$
�4� � ;\134c;\ L4c1:A8�c=!? 13?5U�A8<L1:A ?T=!�c?BA86 m �cA8< 4@1:"8�3$'?#$ m �4� �d6F1:"8$d"%1E?5�@UL4�Xp$l/#;\4c LU#$9U CE"8=!2
A8<L$o6K$91:"%;N<O(

����� � 24$)* � �;�(")� * . � �;��$)� ��� �
	-* $'� "��9<
P <L�@6 134c�3=3"%��A8<L2 1E?F?5"8=!13;%<#$96.A8<#$F6K$91:"%;N<@?L"%=,;l$9686�CE"8=!2 13?L=3A8<#$\" ?T$\"%6 ?T$9;lA8���3$3( � ?56KAK$913Up=3C>$l/n132e�@?L�c?#�?T=!�c?YA86F=!? A8<#$ CE"%132p$ �>��A ? 1:"8A8��A8��=!?L6 A8<#$ 68$91:"%;%<Z6 ?513;l$  L?YA8�c4u1 ?T=!�c?BAf�c?qA8<#$H6K$91:"%;N<W6 ?513;l$H�@6FCE=! L?LU
m <L�@;%<g;\13?qVT$'"8$94@1:AK$9UgAK= 1 ?T=!�c?YAD=!?gA8<#$7CE"%132p$3(

P <5�c6O134��3=3"%��A8<52 "8$94c��$96T=!? 2e1:[n�c?#�F13?7�c?5��A8�c134J$96KA8�c2e1:AK$i=3CnA8<#$~UL�c6KAK=3"%A8��=!?713?LU'=!?54�Xf$l/#132e�c?5�c?#�DA8<#$?T=!�c?YA86 m <5�c;%< ;l=! L4cU <L1��3$dA8<L�@6iUL�@6KAK=3"8A8��=!?O( � COA8<#$'�c?L��A8�@134#$96KA8�c2e1:AK$ ?L"%= �3$96  L?#CE=! L?LUL$9Ue1 ?#$ m 4@1:"8�3$\"
$96KA8�c2 1:AK$ �@6f�3$9?L$\"%1:AK$9U 13?LUWA8<#$p6K$91:"%;N<Z"8$ ?T$91:AK$9UO(o-i13;%< ?5136%6f=3CiA8<#$p134��3=3"%��A8<52 =!?L4cXq$l/n132 �c?#$96'1
68 #V 6K$\AF=3C�A8<#$o?, L2 V>$\" =3C ? � /,$94@6F1��:13�c4c1:V54c$'=!?qA8<#$ "8$\C $\"%$9?L;l$7CE"%132p$3( �d?#$7$96868$9?BA8�c134@4�X AK"N��$96FAK= �5A 1
<YX ?T$\"�% ;\ #VT$26 "8$9;lA813?L�!4�$F= �3$\" 1 UL�c6KAK=3"8A8�c=!?e68<#$94c4 6J6K=!4c�cU ;l"8$91:AK$9U V,X 136%68 L2e�c?L�71 ?51:"8A8�@;\ L4c1:"~UL�c68AK=3"8A8��=!?
�:134c #$3( �d?#$p=!?54�XW;\4c=!6K$94�XW$l/n132e�@?#$96 ?T=!�c?YA86 m ��A8<L�c?WA8<#$ ;\ #VT$26 "8$9;lA813?#�!4�$3( P <#$eUL�c2p$9?568��=!?L6Q=3CDA8<#$

�3)



<YX ?T$\"�% ;\ #VT$26 "8$9;lA813?L�!4�$ ;l=3"8"8$96 ?>=!?5UzAK= A8<#$q"N13?#�3$96e=3C��:134c #$96eCE=3"e$913;N<SCE$91:A8 #"8$ m <L�c;N< m �c4c4D134c4�= m
CE=3" 1 U5�c6KAK=3"8A8��=!?j1367�!���3$9?u('# =3AK$ A8<L1:AoCE=3" ?>=!�@?BA86'=! LA868�cU#$eA8<L$ UL�c68AK=3"8A8��=!? 68<L$94c40A8<#$ UL�c6KAK=3"8A8�c=!? �c6
?#$9;l$9686%1:"%�c4�X �3"8$91:AK$\"9( �d?L4cX ?T=!�c?YA86 m ��A8<qC $91:A8 #"%$��J134@ #$96 m �cA8<L�c? A8<#$ ;\ LV>$26 "%$9;lA813?#�!4�$o1:"8$ $l/n132 �c?#$9U
13?LUWA8<#$H=!?#$96 m ��A8<W682e134c4c$96KAQU5�c6KAK=3"8A8��=!? 13?LUZ;\4�=!6K$96KAdAK=�A8<#$ 6K$91:"%;N<Z=3"%���!�c?zR 136d L68 L134 b 1:"8$ ;%<#=!68$9?O(
�d?#$ 68<#=! 54cU 1 �3=!�cUZA8<#$ AK$92 ?LA81:A8��=!?WAK=g"8$9U5 L;l$ A8<L$H?, L2 V>$\"Q=3C ?T=!�c?YA86f$l/n132e�@?#$9UWVYXq�3$9?L$\"%1:A8�c?#�g1
VT$\AKAK$\" 1E? ?L"8=9/#�c2e1:A8�c=!? AK=HA8<#$fU5�c6KAK=3"8A8��=!? CE 5?L;lA8��=!? 6%�c?L;l$F=!?#$d<#$\"8$fVT$\�!�c?L6~AK= ?T$\"8CE=3"%2 1oCE L4@4L6K$91:"%;N<
=!?e1 ?T=3"8A8��=!? =3C>A8<#$ CE$91:A8 #"8$ 6 ?513;l$ �Y�](`$3(��B=!?#$ $l/n132 �c?#$96~2p=3"%$ ?>=!�@?BA86\(��#=3" 1'6KX,2 2p$\AK"%�c; =3VnIK$9;lA.68 L;N<
136D1 6 ?5<#$\"8$ R��ZMn-zUL�@6KAK=3"8A8��=!? CE L?5;lA8��=!? �@? 2H L4�A8� ?54c$FUL�c2p$9?L6%��=!?L6Nb ;\ #VT$ R��4� � U5�c6KAK=3"8A8��=!? CE 5?L;lA8��=!?
�c? 2  L4cA8� ?54�$oU5�c2p$9?L68�c=!?L6NbiA8<#$ UL�c2p$9?568��=!?L6 =3C.A8<#$ $9?5;\4�=!68�c?#� ;\ #VT$ 1:"8$ 68�c2 ? 4�X�A8<#$o$96KA8�@2e1:AK$ =3C~A8<#$
UL�c68AK=3"8A8��=!?O(W�#=3"e13? $94c4c� ?568$ R��ZM#- UL�c6KAK=3"8A8�c=!? C  L?L;lA8��=!?jA81:[,�@?#�4+, L13?YA8�c681:A8��=!? �c?YAK=W13;\;l=! 5?BANb $913;N<
UL�c2e$9?L68��=!?��c6 1e6%;\134�$9U��3$\"%68�c=!?g=3C�A8<#$'$96KA8�c2e1:AK$9U UL�c6KAK=3"%A8��=!?O( P <#$7134��3=3"N��A8<L2 �c6F136FC =!4c4c= m 6\+

|:( �L=3"e$913;%<S= �3$\"%4c1E? ?5�c?#�ZV54�=n;8[j�c? A8<#$g"8$\CE$\"8$9?L;l$gCE"%132p$ ?L"8$ % ;\134c;\ 54c1:AK$gA8<#$�C $91:A8 L"8$96p=3C A8<L=!6K$
V 4�=,;%[,69(

_,(QMn=3"8A A8<#$ ?T=!�c?YA86 �c?YAK=eV5�c?L6��, L6%�c?#�p1e<L1368<qCE L?5;lA8��=!?�AK= 6K=3"8A A8<L$7V54�=n;8[n6\(
),( �L=3"7$913;%< 68$91:"%;%<ZV54c=,;%[q�3$9?#$\"%1:AK$eA8<L$ AK$96KA �:134c #$96d13;\;l=3"%U5�c?#��AK=�A8<#$p<L1368<WCE 5?L;lA8��=!?Z13?LUWA8<#$

134@4�= m $9U UL�@6KAK=3"8A8��=!?+�#13?LU ?5"8=3VT$'$913;%<qV �c?�C =3"f13?q13;\;l$ ?LA81:V54�$ V54�=n;8[>(
&#(�� C�?#=e13;\;l$ ?LA81:V54�$ ?T=!�c?BA �c6FC =! L?5Ug�c?L;l"8$9136K$'A8<L$7134c4�= m $9U U5�c6KAK=3"8A8��=!?�V,X =!?#$o13?LU�"8$ ?T$91:A\(
P <L$ CE=!4c4�= m �c?#�7<L1368< C  L?L;lA8��=!?e�@6. L6K$9Uu+ � � � � � x � ) � % � � � � ) � � � � � � ) � � �x � � m <#$\"8$ 
 K "8$\CE$\"iAK= A8<#$ �5"%6KA

CE=! #" �Q13UL132e1:"%USAK"%13?L6KCE=3"%2 ;l=,$�� ;\��$9?YA86\( # =3AK$ A8<L1:A 13?YXzC $91:A8 L"8$96 ;\13? VT$q L6K$9U ?L"%= �n�cU#$9U{A8<#$\X
1:"8$p"%13?L[3$9U �c?W=3"%U#$\"'=3C $9?#$\"8�3X ;l=!2@?513;lA8��=!? =3"o<L= m 2H L;%<Z=3C A8<#$eUL1:A81�A8<#$\X $l/D? 4c13�c?O( P <#$pUL1:A81
6KAK"% 5;lA8 #"8$e L6K$9U �@6'13? = ?T$9?�%k$9?LU#$9U <51368<ZA81:V54�$ RE$913;N< $9?YAK"8X �c?ZA8<#$e<L136%< A81:V54�$e;\13? ;l=!?YA813�c?j2p=3"8$
A8<L13?g=!?L$7$9?BAK"%X�6J;\13?LU5�cUL1:AK$ ?T=!�c?YANbN(iMn�c?L;l$72e=!6KAF2p=3A8��=!? �3$9;lAK=3"%6f1:"%$768<#=3"8A �cAF6K$\$92e6 VT$96KA AK=  56K$ �
=3"'6K= 136QA8<#$ 6KA81:"8AdUL�c68AK=3"8A8��=!?jR �cC0=!?#$H 56K$96 , .�0dbF13?LU �@?L;l"8$92p$9?YA A8<#$ 134c4�= m $9UZUL�@6KAK=3"8A8��=!?  L?BA8�@4 1?T=!�c?YA $92e$\"8�3$96 m ��A8<g1pUL�c6KAK=3"%A8��=!?g4�$9686 A8<513?g=3"F$"+, L134OAK=eA8<#$ 134c4�= m $9UqUL�@6KAK=3"8A8��=!?O(
�Q6d13? = ?LA8�@2e�c681:A8��=!? =!?#$ ;\13?W$9?L68 #"8$ A8<L1:A m ��A8<q$913;N<ZAK"%�c134 =3C.1 ?51:"8A8�c;\ L4@1:"f6K$91:"%;N<WV54�=n;8[q$913;N<

$9?YAK"8X R 684�=3ANbD�c?�A8<L$7<L1368<gA81:V54c$7�c6D$l/n132 �c?#$9Ug=!?L4cX =!?L;l$3(

��� � � 24$)� ���:"%�;$)�
� � �/< � � ��� � * � . "�� �%�;��$)� �
P <L�@6H68$91:"%;%< 1:AKAK$92@?LA86pAK= $l/#132e�c?#$�A8<#$�$ &T$9;lAe=3CQ68$91:"%;%< 1:"%$91 68���\$g�c?z�c6K=!4c1:A8�c=!?jAK= A8<L$g$ &>$9;lAe=3C
68 #V�% 68132 ?54c�@?#� A8<L$76K$91:"%;%< 6 ?513;l$ R 68$\$7A8<#$o?#$l/nAF6K$9;lA8��=!?>bN( P <#$768$91:"%;%< ?L"8=n;l$\$9UL6F136 CE=!4c4�= m 6\+
� 
 = m ?513686/�>4�AK$\"FA8<#$7CE"%132p$3( �F$ ? 4c13;l$7$913;%< ?5� /n$94TV,X A8<L$o68 L2 =3C�A8<#$G?5� /n$94+�J134@ #$96 =3C01pV54�=n;8[
# / # m ��A8<'=!?#$ ;l=3"%?#$\" =3C#A8<#$~V54�=n;8[';l=3"8"%$96 ?T=!?LUL�c?#� AK=fA8<#$ ?5��/,$94!4c=,;\1:A8��=!?u( #{�c6OA8<L$i68 #V 68132 ?54�$
C 13;lAK=3"9(

� M# #V568132 ? 4�$fA8<L$o4�= m ?513686/� 4cAK$\"8$9U�C "N132p$7V,X 1pC 13;lAK=3" =3C # (
�J&



� h $\"8CE=3"%2 13? Mn-*� RE=3"�� =,U5���5$9U Mn-5�dbi=!? A8<#$768132 ?54c$96F13?LUg6K$94�$9;lA A8<#$7VT$96KAF2e1:A8;N<O(
� �f"8=! L?5U A8<L$ V>$968A�2 1:A8;%< ?T$\"8CE=3"%2 1QCE L4@4Y6K$91:"N;%<p=!?pA8<L$ =3"N���!�c?L134,CE"%132p$ m ��A8< 1'6K$91:"%;N< m �c?LUL= m
=3C0UL�@2p$9?L68��=!? � 
S|dV,X � 
S|:(

� P <#$72p=3A8��=!?��3$9;lAK=3" ?T=!�c?YA86DAK= A8<#$ ?5��/,$94 m �cA8<g4�= m $96KA UL�@6KAK=3"8A8��=!?O(
����� � � �/< � � ��� � * � . "�� �%�;��$)� �
P <L�@6i�c6D13?�1:AKAK$92 ?LA AK= �3$9?#$\"N134c�c6K$'6K$91:"%;N<#$96 4c��[3$ P <#"%$\$'M,AK$ ? Mn$91:"%;%<+� � =,U5���5$9UZR�# $ m b P <#"8$\$7M,AK$ ?
6K$91:"%;N< 13?LUWA8<#$ P m = �d�c2p$9?L68�c=!?L134 
 =3�!1:"%��A8<L2 �c; 6K$91:"%;%<)�u$\A8;:( AK=q;l=��3$\"oA8<#$ $9?YA8��"8$ CE"%132p$3( �'���3$9?
A8<L1:A71C?5� /n$94 AK$9?LUL6dAK=gVT$ <L���!<L4�Xq;l=3"%"8$94c1:AK$9U m �cA8<W�cA86Q�@2e2p$9UL�c1:AK$p?#$9�c�!<BVT=! #"%6 ^ &B_Ja�� �cAQ68<L=! L4cUZ?#=3A
VT$7?#$9;l$968681:"%X AK= $l/n132e�@?#$'$"�3$\"8X ?T=!�c?BA UL L"%�c?#� 1pC  L4c4T6K$91:"%;N<O( P <5�c6D6K$91:"%;%< ?L"8=n;l$\$9UL6F136 C =!4c4c= m 6\+
� M# #V % 68132 ? 4�$dA8<#$7�c2e1:�3$96 m ��A8<g1pC 13;lAK=3" # (
� �Q6K$HM#-*� =3"�� =nUL��� $9U Mn-*� =!?gA8<#$o6%132 ?54�$96\(
� �'?�A8<#$'VT$96KA 2e1:A8;%<gCE=! L?LU��c? A8<#$ ?5"8$"�,�c=! L6D6KAK$ ? ?T$\"8C =3"N2 1 C  L4c4>6K$91:"%;N< m �cA8<L�c? 68=!2p$76K$91:"%;N<
m �c?LU#= m =3C�U5�c2p$9?L68�c=!? � 
 |'V,X � 
S|';l$9?YAK"8$9U =!?qA8<#$'VT$96KAF2e1:A8;N<O(

����� ��������� � �
� � �;��$)� �
P <#$ P �c4�$FM,$91:"%;%< 1:AKAK$92 ?LA86.AK=7$l/D? 4�=!��A�A8<#$FC 13;lA~A8<L1:A.2e=!6KA~2p=3A8��=!? �3$9;lAK=3"N6i1:"8$F6%<#=3"8A"�BA X ? �c;\134c4�XH4�$9686
A8<L1:Ap|�� ?5� /n$94c6 ^ &L|9a��T13?5U A8<L1:AdA8<#$ ?T=!68��A8��=!?56F=3C~A8<#$ 6K$91:"%;N<WV54�=n;8[n6Q1:"%$H6 ? 13;l$9U $9�c�!<BA ?5� /n$94c6Q1E?51:"8A
134�=!?#� A8<#$p<#=3"%� �\=!?BA8134�13?LU1�3$\"8A8�c;\134�1J/n$96"� m <L�@4�$ 6KA8�@4c4 ?L"%= �n�cUL�c?#� A8<#$ ?>$\"%C =3"%2 13?L;l$ =3Ci1 C  L4c4 6K$91:"%;N<
=3C�A8<#$76K$91:"%;N< 6 ? 13;l$3( P <#$7134��3=3"N��A8<L2 ?L"%=,;l$\$9UL6 136 C =!4@4�= m 69+
� P <#$ "8$\CE$\"8$9?L;l$ CE"%132p$ �@6 68 LVTU5���,�@U#$9UZ�c?BAK=W1 68$\"%��$96 =3CF6 +Y 51:"8$ 3 /�3qA8�@4�$96 ;l$9?YAK"8$9U R �](`$3(�� ?5��/,$94
RE& � &YbiCE"8=!2 A8<#$' ?F?T$\" 4�$\C AD;l=3"%?#$\"D=3CuA8<L$QA8�@4�$ ?54@13;l$9U b0=!? A8<#$ ?T=!68��A8�c=!?e=3C A8<L$Q;l=3"8"%$96 ?T=!?LUL�c?#�
68$91:"%;%< V54�=n;8[>(

� P <#$ 6% L2e?#=3"%2 6u=3C#$913;%< ? � /,$94Y�c6 ;\134c;\ L4c1:AK$9U 136��c?HM#-*� RkM,$9;lA8�c=!? &#(c|��!b R ?#=3AK$DA8<L1:A�13?YX7C $91:A8 L"8$
=3"Q;l=!2oV �c?L1:A8��=!?�=3C�CE$91:A8 #"8$96 ;l=! 54cU�VT$7 L6K$9Ug�c?L68AK$913U bN(

� �L=3" $913;%<W6K$91:"%;N<qV54c=,;%[ +
|:( h $\"8CE=3"%2 13?zM#-*� =3"H2e=,UL���5$9UjMn-5� RE=3" 6K=!2p$ C $91:A8 L"8$ 68$91:"%;%< b7=!? A8<L$ ?5� /n$94c6 m ��A8<L�c?
A8<L$7A8�c4�$';l=3"8"8$96 ?>=!?5UL�c?#� AK=eA8<#$ ?T=!68�cA8��=!?�=3C A8<L$o6K$91:"%;N<qV54�=n;8[>(

_,(�� CdA8<#$ U5�c6KAK=3"8A8��=!? �c6 m �cA8<L�c?{13? 13;\;l$ ?LA81:V54�$Z4c�c2e�cA 68$91:"%;%< A8<#$ P �c4�$96e68 L"8"8=! L?LU5�c?#�ZA8<#$
68$91:"%;%< 1:"8$91 13?LU�$9?5UgA8<#$o6K$91:"N;%<O(

),(�� CFA8<#$�UL�c68AK=3"8A8��=!? �@6  L?513;\;l$ ?LA81:V54�$��c?L;\4c 5U#$ �c? A8<#$ 68$91:"%;%<{1:"8$91Z13?LU 6K$91:"%;N< A8<#$ P �c4�$96
VT=3"%UL$\"%�c?#�H=!?qA8<#$768$91:"%;%< 1:"8$91n(/�Q=3AK=�_,(

� �



#f=3AK$iA8<51:A P �c4�$96u=! #A868�cU#$0A8<L$.6K$91:"%;N< 1:"8$91f1:"8$.$l/#;\4c LUL$9UO( P <#$iUL�c6KAK=3"8A8�c=!?'"8$\�!1:"%U#$9Uo136 13;\;l$ ?LA81:V 4�$
 L6K$9UjCE=3" , .�0 �c6 �&� �n(jM#�c?L;l$ A8<L$�2e=3A8��=!? �3$9;lAK=3"%6p1:"8$g4c��[3$94�XZAK=ZVT$ 6%<#=3"8A"�0$l/#132e�c?L�c?L�qA8<#$ P �c4�$
;l=3"8"8$96 ?>=!?5UL�c?#�eAK=�A8<#$ ?T=!68��A8�c=!?q=3C.A8<L$H6K$91:"N;%<ZV54�=n;8[ 13?LUZ��A86d?#$9���!<YV>=! L"%6 �c6Q4c��[3$94cXgAK=C?5"8= �n�cU#$HA8<#$
U#$968�c"8$9Uj2 �c?L�c2H L2 U5�c6KAK=3"8A8��=!?u(1#f=3AK$gA8<L1:A A8<#$\"8$g�c6H1WAK"%13U#$ %k= & V>$\A m $\$9?{6 ?>$\$9U 13?LUz2e�c?5�c2e�c68�@?#�
UL�c68AK=3"8A8��=!? �@? 13UJI8 L6KA8�@?#�eA8<#$HA8<#"8$968<L=!4cUq=3C~13;\;l$ ?LA81:V 4�$pUL�c6KAK=3"8A8�c=!?O(QM,$91:"%;N<L�c?#� A8<#$ P �c4�$96 V>=3"NU#$\"%�c?#�
=!? A8<#$ 6K$91:"%;%<j6 ?513;l$ 1:CEAK$\" 13?j13;\;l$ ?LA81:V54�$ 2p=3A8��=!? �3$9;lAK=3" �c6dCE=! L?LU 68$\" �3$967A m = ?5 #" ?T=!6K$96"� � "%6KA84�X �
VT$9;\13 L6K$H=3C0A8<#$ 68<L1E?T$o=3C0A8<#$ P �c4c$96 1 ?>=!�@?BA m ��A8< 6%�c2e�c4c1:"fUL�c6KAK=3"8A8�c=!? 2e1}XqVT$ ;\4�=!6K$\"QAK=�A8<#$o=3"N���!�c?
V5 #AiVT$ �c? 1 P �c4c$FVT=3"%U#$\"%�c?L�'A8<#$Q68$91:"%;%<�1:"8$91��#13?LU+�n6K$9;l=!?LU54�X �,6%�c?L;l$f2e=3"8$ ?T=!�c?YA86.1:"8$Q$l/#132e�c?#$9U A8<#$
4c��[3$94@�c<#=,=,U =3C��>?LUL�c?#�d1'�3=,=,U 2e1:A8;%< �c60�c2 ?L"%= �3$9UO(~GD4�$91:"%4cX ?#= ?T=!�c?YA m ��A8< $"+, L134LUL�c68AK=3"8A8��=!?p2e1}XHVT$
;\4�=!6K$\"i13?LUp?#= ?T=!�c?YA m ��A8<p4c1:"8�3$\"~UL�@6KAK=3"8A8��=!?p�c6�=3CT�c?YAK$\"8$96KA\( � A~�c6�?T=!6868��V54c$iA8<L1:A~1 ?>=!�@?BA m ��A8< 682 134c4�$\"
UL�c68AK=3"8A8��=!?�2e19X VT$ m $94c4T1 m 1}XgC "8=!2 A8<L$Q=3"N���!�c? =3C A8<L$d68$91:"%;%<gV 4�=,;%[WREV5 LAD4c=!?#�p2p=3A8��=!?��3$9;lAK=3"%6f1:"8$
?#=3A��3$\"8XZ4c��[3$94�XLb 13?LUW"8$9UL L;\�c?L� A8<#$ A8<#"%$968<#=!4cUW=3Ci13;\;l$ ?5A81:V54�$eUL�c68AK=3"8A8��=!?WCE L"8A8<#$\"��T"8$968 54�A86d�c?Z2p=3"8$
P �c4c$96D$l/n132e�@?#$9UO(

����� � &9< < ��$ �
P <#$';\ #"%"8$9?BA 134��3=3"N��A8<L2e6 m <L�@;%< =!?L4�Xe$l/#132e�c?L$d1 ?T=3"8A8�c=!? =3C A8<#$d"8$\CE$\"8$9?L;l$'CE"%132p$d"8$94�X =!?g1p2p=!?#=&%
AK=!?L�c;\134@4�X U#$9;l"%$91368�c?#�7UL�@6KAK=3"8A8��=!?p134�=!?L�o1 ?51:A8<pAK=oA8<#$FVT$96KA~2e1:A8;N<+�Y13?LU 68<#=3"8A � ?5134#2p=3A8��=!? �3$9;lAK=3"%69(
�L L4@4B6K$91:"%;N< 134c�3=3"%��A8<L2e6 "8$94�Xd=!?H2p$\A8<#=nUL6uAK=Q6 ?T$\$9Uo ? A8<#$.$l/#132e�c?L1:A8�c=!?7=3CL$913;N< ?T=!�c?YAu�c?G?L"8$\CE$\"8$9?L;l$
AK=C?>$\"%C =3"%2 �c?#� 1 ;l=!2 ?5 #A81:A8�c=!?L134c4�X�$l/ ?>$9?568���3$ , .�0 =3" , 3%5/�>13? $l/#132 ?54�$ =3C.68 L;N< 13?Z134��3=3"N��A8<L2
�c6fA8<#$ Mn L;\;l$9686%���3$H-i4c�c2e�@?L1:A8��=!?'�Q4��3=3"%��A8<52g( P <#$ ?5"8= ?T=!6K$9U 134c�3=3"%��A8<L2e6Q1:"8$p13?Z1:AKAK$92 ?LA'AK=g6 ?T$\$9U
 ? A8<#$ Mn 5;\;l$96868���3$e-i4c�c2e�c?51:A8��=!? �Q4��3=3"%��A8<52 VYX $l/n132e�@?L�c?#� �J1:"N��=! L6dCE$91:A8 #"8$96768 5;%< 136'A8<#$p$9?L$\"8�3X �
�:1:"%�c13?L;l$ �u2p=!?L=3AK=!?BX � 2p=,U5���5$9UW2p=!?#=3AK=!?YX � 13?LU 1�CE$ m ;l=,$�� ;\��$9?YA86'=3C A8<#$p�f13U5132e1:"%U P "%13?L6KCE=3"%2
=3C A8<#$e6K$91:"%;N< V54�=n;8[>( P <#$ C $91:A8 #"%$9671:"8$e;%<L=!6K$9? CE=3"76 ?T$\$9UZ=3Ci;\134c;\ L4@1:A8��=!? 13?LUZCE=3"o<#= m m $94c4�A8<#$\X
U#$968;l"N��VT$QA8<L$oV54�=n;8[>( P <#$ P �c4c$9Ug6K$91:"%;%< 1:AKAK$92 ?LA86QAK= ;l=!2 V5�c?#$oA8<#$7A m =�1E?F?L"8=!13;N<#$96FV,X�$l/n132e�@?L�c?#�
68 #V5V54�=n;8[n6 =3C>A8<#$F"%$\C $\"8$9?5;l$ C "%132e$ =!?#$F1:A.1dA8�c2p$oR 136%68 L2e�c?L�d1'4c=,;\134L2e=3A8��=!? �3$9;lAK=3" b013?5UpVYXH6 ?T$\$9U�%
�c?#�e F? A8<#$o68$91:"%;%< VYXg L6%�c?#�e1eCE$91:A8 #"8$�REA8<#$ 2e$913? 136Q�c? Mn-5�dbN( P <#$oh~"%=JI $9;lA8��=!?ZM,$91:"%;N< 1:AKAK$92 ?5A86
AK=p2e�c?L�@2e�c6K$ A8<#$ ,/.10 =3C 1 6K$\AD=3CuCE$91:A8 #"8$96DV,X 6K$91:"N;%<L�c?L�H134c4 ?T=!6868��V 4�$ ?T=!�c?YA86i�c? A8<#$dC $91:A8 L"8$Q6 ?513;l$
m ��A8<g1 2p=!?#=3AK=!?L�c;\134@4�X �c?5;l"8$91368�c?#�pUL�@6KAK=3"8A8��=!?� L?YA8�c4O1 ?T=!�c?YAF�c?�A8<#$'"8$\CE$\"8$9?L;l$7CE"%132p$7�@6DC =! L?5UO( P <#$
134��3=3"%�cA8<L2e6 1:"8$ +, L13?YA8��A81:A8���3$94�X�;l=!2 ?51:"%$9U �c? GD<51E?LAK$\"f�,(

�3�



� �������	��
 �

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


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

� � � � � �	� � � � ��

� � 
 � � �

GD<L1E?5AK$\"%6�&o13?LU � ?L"%$96K$9?BAK$9U 134��3=3"%��A8<L2 6�C "8=!2 A8<#$F4c��AK$\"%1:A8 L"8$ 13?LUp6K=!2p$ ?L$ m ?L"8= ?T=!6K$9Up134��3=3"%�cA8<L2e6
"8$96 ?T$9;lA8���3$94cX3( P <#$G?5"8=3V54�$92 =3C~<L= m AK= 136868$9686 A8<L$G?T$\"8CE=3"%2e13?L;l$7=3C0A8<L$96K$H134c�3=3"%��A8<L2e6��5�c?qAK$\"N2e6 =3C
VT=3A8< 6 ?T$\$9U 13?LU 13;\;\ #"N13;lXo=3C5A8<L$iVT$96KA�2e1:A8;%<)�B?#$\$9UL6 AK=dVT$.$l/#132e�c?#$9UO(�����"%6KA���A��c6 $l/D?54@13�c?#$9U+�:�c? A8<L�c6
;%<51E?LAK$\"��5<#= m A8<#$7"%$968 L4�A86 1:"8$'�3$9?L$\"%1:AK$9U+�5A8<L$9?q13?g$l/#132 ?54�$'=3C A8<#$o1E?F? 4c�c;\1:A8��=!? =3C�A8<#$7134��3=3"%�cA8<L2e6
=!?gA8<#$ � �c?5UL2e�c4c45AK$96KA$�n�cU#$\=e68$"+Y #$9?5;l$7�c6F68<#= m ?O(

����� ���������������! "�# "$%��&���'(���)�
*,+.-0/1/3254768-:9<;>=?25/!47@!-:A�25/�68+?2B@825/8C.DE68/GF(25HI/!C?@825=KJL@89<FM68+?2N=.HO68HPC./8-E;?QR68+?2B=S- & 2T@!25;U6 � � �WV HID:QI9OX@!-:68+SFY/TZ[*,+?2�@825/!C.D:68/	J\9I@]HY/8-E;.Q<D:2^6325/36]/32 + C?25;.472`_ � -E;.=SFY-EDEDLa�HO@82b@82 ? @89c=SC.4725=dHI;.=N27e?HIFY-E;?25=�Zf CSHI;U68-:68HO68-EgI2h@!25/8C.D:68/	HO@82^QI25;?2T@!HO6325=iJL9I@j68+?2�HID:QI9I@�-:68+.FY/	=?25/847@�-:A�25=`-E; V +.H ? 632T@!/�kYHI;.=dlcZ�*,+?2HID:QI9I@!-E68+.FY/jHO@821479<F ? HO@825=iHI/]JL9<DEDE9nm]/To

p>q 25HI;RHI;S= � HO@!-EHI;.47219IJr68+.2 q 9I68-:9<; � 2547639I@!/TZ
p>q 25HI;RHI;S= � HO@!-EHI;.47219IJr68+.2bsh- & 2T@825;S4721t?@!HIF(2IZ
p>q 25HI;uHI;.= � HO@�-EHI;.472(9IJ�68+?2(HOAS/39<DEC?632�gOHIDEC?2�9IJ�68+?2(sh- & 2T@825;S472Yt?@!HIF(2IZ(sh25;?9I6325=uHI/ 01v,wUx7yz|{ wO} HI;S= 0bv~w�x�yb��wI� -0;N68+?2��SQ<C?@!25/j@825/ ? 254768-:gI25D:�IZ
p *]+?2h�r25HO�d��-:Q<;.HID�639(�]9<-E/82h�"HO68-:9i_������h�ha�9IJ�68+?2^s^- & 2T@825;.472�t?@!HIF(2IZ�*,+?2"�	���h��-E/�=.27��;?25=HI/]JL9<D0D:9nm]/5o �G���P�

���1�T�I������� + #u�n �¡r¢ ��n  + #¤£ ¢ �   +�¥§¦ _\¨ª©3«?a �W� _\¨�©3«.a­¬0®¯)°5±�² ® _´³cZ � a
³<µ



� +?2T@82 ¯�°5±�² ��� lIl _��WAS-:6�@825/39<DEC.68-:9<;>-EFYHOQI25/�a��
�
-E/�68+?2i;cC.FGA�2T@ 9IJ^479<DEC.F|;./��	� -E/�68+?2;cC.FGA�2T@j9IJr@!9nm]/�� ¦ _\¨ª©3«?aj-E/	68+?2b9I@!-EQ<-E;.HID)JL@�HIF(21HI;.= � _\¨�©3«.a	-E/j68+?2�25/868-EFYHO6325=iJ\@!HIF(2IZ

p *]+?2]s^-E/847@82T632ht?@!HIF(2hs^-�
)2T@!25;.472 _�s^t�sba�Zc*,+.2]s^trs -E/[68+?2h/8C.F 9IJ�68+?2hHOAS/39<DEC.632
�S- e�25D?gOHIDEC?25/9IJ[HIDED�s^-�
�2T@825;.472Gt?@!HIF(25/TZ
p *]+?2���;U63@!9����u9IJ]68+?2 q 9I68-:9<; � 2547639I@!/���s^-�
)2T@!25;.472dt?@!HIF(2NHI;.=>479<F1A�-E;?25= q 9I68-:9<; � 2547639I@!/HI;S=is^-�
)2T@!25;.4721t?@!HIFY25/TZ~*,+?2�25;�63@89��c�d-E/,=?27��;.25=dHI/To ¥ l � ¬

� ����� ¯ � ����� ® ¯ � ©
FY25HI/8C?@825= -E; A�-:68/TZ�t?9I@N68+?2%F(9I68-:9<; gI2547639I@�/�� ¯ � -0/Y68+?2P@!HO68-:9K9IJ�68+?2R9�4T4TC?@8@825;S472R9IJb25HI4�+��9</8/!-:ASD:2b25DE25F(25;U6h9IJ�68+?2�F(9I68-:9<;PgI2547639I@b639B68+?2�;�CSF1A�2T@h9IJ�25D:25F(25;�68/^-E; HID0DªF(9I68-E9<;RgI2547639I@!/J\9I@	HIDED.J\@!HIF(25/TZ[t?9I@	68+?2h=.-�
�2T@825;.472,J\@!HIF(2�� ¯ � -E/~68+?2]@!HO68-E919IJ�68+?2"9c4T4TC?@!@825;.472]9IJ�25HI4�+��)9</!/8-:ASD:2��- ec25D)gOHIDEC?2�-E;B68+?2�=.-�
�2T@825;.472�-EF|HOQI2h639(68+.2b;�C.FGA�2T@	9IJ��S- e�25DE/	-E;B68+?2�/32��cC?25;.472�9IJr=.-�
�2T@825;.472J\@!HIF(25/5Z�t?9I@"68+?214TC.F C.DEHO68-:gI2G=.-�
�2T@825;.472�� ¯ � -E/	68+?21@!HO68-:9Y9IJ�68+?2b9�4T4TC?@8@!25;.472b9IJ�25HI4!+��)9</!/8-:ASD:225DE25F(25;U6"9IJ[68+?21F(9I68-E9<;RgI2547639I@�HI;.=��S- e�25D�g�HIDEC.21-E;d68+?2 =.-�
�2T@825;.4721-0FYHOQI21639`68+?2G/8CSF 9IJ[68+?2;cC.FGA�2T@�9IJª25D:25F(25;�68/,-E;NHIDED�F(9I68-:9<;BgI2547639I@!/]JL9I@,HID0D�J\@!HIF(25/jHI;S=`68+.2b;�C.FGA�2T@�9IJ��S- e�25DE/�-E;B68+?2/82���C?25;S472b9IJ[=.-�
�2T@825;.472^JL@�HIF(25/TZ

*rHOASD:25/ªHO@82~QI25;?2T@�HO6325=G479<F���HO@!-E;?Qj68+?2���2T@8JL9I@�FYHI;.472[9IJ?68+?2~HIDEQI9I@!-:68+.FY/ 9<;1H
��HO@868-E4TC.DEHO@�gc-E=.2T9,/327X
�cC?25;.472^m]-:68+B@825/���25476	639��~;�63@89��c���Ss^-�
�2T@825;.472�t?@!HIF(2bFY25HI/8C?@825/�� q 9I68-:9<; � 2547639I@hF(25HI/8C?@825/��.�����h�HI;.=>s^t�sGZ�t�-:Q<C.@825/�479<F��SHO@!-E;.QP68+.2���2T@8J\9I@!FYHI;S472`9IJ"25HI4!+ HID:QI9I@!-E68+.F 9<; H���HO@868-E4TC.DEHO@ g�-E=?2T9%/327X
�cC?25;.472�HO@82GQI25;.2T@!HO6325=PJL9I@h25HI4!+WF(25HI/!C?@82IZ"*]+?21g�-E=?2T9B/32���C.25;.4725/hm�2T@82�=.-:Q<-E68-E/325=dJ\@89<F H`/325DE254768-:9<;9IJ�/368HI;.=SHO@!=iHI;.= ;?9<;�X­/368HI;.=SHO@!=R/32��cC?25;.4725/5Z,*,+?21/32��cC?25;.4725/"HO@821QI@!9<C��S/,9IJ � lYJL@�HIF(25/]QI@�HOA.A�25=iHO668+?2]/825479<;.= �I�SJ\68+ �<25-EQ<+U68+ ��25D:2TgI25;�68+|HI;.=�J\9<C?@8632T25;�68+|/325479<;S=./TZ[*,+?2jJ\9<DED:9�m]-E;?Q�/32��cC?25;.4725/~m�2T@82,CS/325=�o
! ;.-EFYHO632 � � ! ;.-EFYHO632 � � "�95e?-E;?Q�� V �h� �"2Tm]/�� V @!Hnm]DE/�� V @89</8/ V 9<CS;U63@8��� V ��4TDE-E;.Q���s^-E/84�#$���,9I68HO68-0;?Qs^-E/84�#$��*rHOASD:2B*�25;.;S-E/1HI;.= � -E;.=.FY-0DED´Z%�~HI4!+ J\@!HIF(2N-E/Gl ��� e.l ��� �S- e�25DE/1QI@82T�c/!4THID:2`QI@�HOA.A�25=¤Ac�uHI;
�~�'&)( J\@!HIF(2TQI@!HOA.A�2T@5Z*,+.21=.HO68HY-:68/825D:Jr-0/,D:9�4THO6325=R-E; ! �*��25;.=.-:e+"�HI;.=i25;.9<C?Q<+i=.HO68HP_\9IJr68+.2 � -0;.=.FY-ED0D)/82���C?25;S472�a�639-EDED0C./363@!HO632^68+?2,��2T@8J\9I@!FYHI;.472�9IJr68+?21HIDEQI9I@!-:68+.FY/j-0/,-E;.4TDECS=?25=`-0;N68+.-E/,4�+.H-�.632T@5Z

! QI9�9�=YHID:QI9I@�-:68+.F FY-E;S-EFY-E/325/�68+?2,s^t�s 9I@�2T@8@89I@!/�A�2T6 m�2T25;|68+?2jA�25/36[FYHO684!+`HI;.=(/325HO@!4�+(ASD:9�48��/�.68+.-E/	-EF��SDE-:25/[68+.2^�	���h��-E/	FYH�e�-0FY-E/325=%_�/32T2^2���CSHO68-:9<;i³cZ � a�HI;.=B68+?2�F(25HI;N9IJ 68+?2�HOAS/89<DEC?632^g�HID0C?2"9IJ=.-�
�2T@825;.472�-EFYHOQI2(-E/^FY-0;.-EFY-E/825=�Z]*,+?2/�S-:ec25D���F(9I68-:9<;PgI2547639I@1HI;S=P4TCSFGC.D0HO68-:gI2�25;U63@89���-:25/h@82��.@825/325;�668+?2 =.-:@82547610"C2
�FYHI; 25;.479�=.-E;?QY9IJ[68+.2G=.HO68HBHI;.=PFGC./86]A�2GFY-0;.-EFY-E/825=`639NHI4!+S-:2TgI2(H|FY-E;S-EFGCSF AS-:6 X@!HO632IZ[*,+?2jF(25HI;Y9IJS68+?2,F(9I68-E9<;�gI2547639I@!/�@82��S@825/325;�68/�68+?2jH5gI2T@!HOQI2hF(9I68-:9<;(FYHOQ<;.-E68C.=?2IZ�*,+?2	g�HO@�-EHI;.4729IJS68+.2,F(9I68-:9<;�gI2547639I@�FY25HI;./[-E/�HI;Y-E;.=S-E4THO68-:9<;G9IJS68+?2,;?9<;?X­C.;.-:J\9I@!FY-:6 ��9IJS68+?2,FY9I68-:9<;�Z�*,+?2	g�HO@�-EHI;.4729IJ?68+?2	HOAS/39<DEC.632~gOHIDEC?2~9IJ?68+.2�=.-�
�2T@825;.472�-EFYHOQI2	-E/�HI; -E;.=S-E4THO68-:9<;�9IJ?68+?2�J\@82���C.25;.47�b479<;U6325;�6�27e�4TD0C.=.-E;?Q68+?21s V 479c2 � 4T-:25;�6�.S-E=.25HIDED:�|68+S-E/j/8+?9<C.D0=NA)2�FY-0;.-EFY-E/825=�Z*rHOASD:2^³cZ � @825D0HO6325/�68+.2"HID:QI9I@!-E68+.FY/�m"-:68+Y68+?2^HOA.A.@!2Tgc-EHO6325=`HID:QI9I@!-:68+SF�;.HIFY25/�C./825=|-E;|68+?2]��Q<C?@825/
³��



! A.A.@82Tg�-EHO6325= ! D:QI9I@!-:68+SF �[e2�SHI;.=.25=d�"HIF(2
� s^D:9IQN��25HO@!4!+ *jm�9|s^-EF(25;./!-:9<;.HID � 9IQ<HO@!-E68+.FY-E41�c25HO@�4!+sh�c;SHIFY-E4G� � ! =��3CS/368F(25;�6 sh�c;SHIFY-E41�c25HO@!4�+ � -E;.=?9�m ! =��3C./868F(25;U6�~;.2T@8QI� �~;.2T@8QI�Bt.25HO68C?@821A�HI/325= �c25HO@!4�+& F��.@89�gI25=R*"�.� & F��.@89�gI25=i*,+?@82T2G��632��P�c25HO@!4�+q 9c=.-:�S25=dt?25HO68C?@82(�c25HO@!4�+ ! /8C?AS/32T6j9IJ�68+?2 0hHI=.HIFYHO@�=R*ª@!HI;./3J\9I@!F C./325=q 9c=.-:�S25= q 9<;.9I639<;U� q 9c=.-:�S25= q 9<;.9I639<;U�dASHI/825=it?25HO68C?@82��c25HO@!4!+q 9c=.-:�S25=R�2� ! q 9c=.-:�S25=R��C.4T4725/8/!-:gI2 �~DE-0FY-E;.HO68-:9<; ! D:QI9I@!-:68+.F|/b_ �2� ! aq 9c=.-:�S25=R�2� ! g � q 9c=.-:�S25=R�2� ! gI2T@!/8-E9<; � C./325/j68+.2F(9�=.- ��4THO68-E9<;d=?25/847@!-:A�25=N-E;R�c254768-E9<;RlcZ � Z �q 9c=.-:�S25=d*"�.� q 9c=.-:�S25=d*,+?@82T2G��632��P�c25HO@!4�+q 9<;?9I639<;U� q 9<;?9I639<;U�dA�HI/325=it?25HO68C?@!2��c25HO@!4�+�"2Tm s q s �"2Tm s^-:@8254768-:9<;��^J q -E;.-EF C.F s^-E/3639I@868-E9<;�'"	& � �r9��SC.DEHO68-E9<; "�HI/825= & ;.47@825F(25;�68HID � 25HO@!;.-E;?Q��HO@!HIDED:25D�0"-:2T@�HO@!4!+.-04THID��^;?2bs �c25HO@!4�+ ��HO@!HIDED:25D 0h-:2T@!HO@�4!+.-E4THID��^;?2bs^-EF(25;./!-:9<;.HID �c25HO@!4�+��@!27��D:632T@825= �?HIF��SD:25=N�r9<-E;�68/ ² ��@!27��D:632T@825=R��HIF��SD:25=d�r9<-E;�68/jm]-:68+d/���HI4T-E;?Q(9IJ ² �S- e�25DE/��HIF���D:25=d��68/ ² ��HIF���D:25=%��9<-E;U68/j/825HO@!4!+ ��/��SHI4T-E;?Q ² ��- ec25D0/*"�.� *,+?@!2T2G�c632��P�c25HO@!4�+
� HO@!-EHI;S472 � HO@!-EHI;S472bASHI/325=it.25HO68C?@82���25HO@!4!+

*ªHOA�D:21³cZ � o���e$�SD0HI;.HO68-:9<;N9IJ�HOA.A.@82Tg�-EHO6325= ! D:QI9I@!-:68+SF ;.HIF(25/TZ
HI;.= 68+?2W68HOA�D:25/TZ *ªHOA�D:25/i³cZ � �1³cZ # HI;.= ³cZ§k 479<;�68HI-E;�68+.2W@825/8C.D:68/N9IJ 68+?2uH-�*��DE-E4THO68-:9<; 9IJ�HIDED^68+?2HID:QI9I@!-E68+.FY/jDE-E/86325=N9<;d68+?2 � -E;.=.F|-EDED�6325/36]/32��cC?25;.472IZt�-:Q<C?@!2d³cZ � -E/(HWASHO@(QI@!H-��+ 479<F��SHO@!-E;.QP68+.2isht�s 9IJh68+?2RHID:QI9I@�-:68+.FY/ 9<; 68+?2 � -E;.=SFY-EDED~6325/36/32��cC?25;.472IZ t�-:Q<C.@82R³cZ � 479<F��SHO@!25/Y68+?2i�	���"� ��t�-:Q<C?@82R³cZ #¤479<F��SHO@825/(68+.2RF(25HI; 9IJ^68+?2iHOAS/89<DEC?632gOHIDEC?2b9IJ�68+?2 =.-�
�2T@825;.4721-EF|HOQI2IZ��"9I632G68+SHO6"HID:QI9I@!-E68+.FY/jm]-E68+iD:9nm s^trs�479I@8@825/���9<;.=i639`HID:QI9I@!-E68+.FY/m]-:68+BD:9�m FY25HI;`9IJ�68+?2hHOA�/39<DEC?632hg�HID0C?2"9IJ�68+?2h=S-�
)2T@!25;.472h-0FYHOQI2��?HI;.=|m"-:68+`HIDEQI9I@!-:68+.FY/�m]-:68+BH +.-:Q<+���?�"�1ZU*,+?25/32"68+?@82T2hF(25HI/8C?@825/~68+?25;BH-�*��25HO@~639GFY25HI/8C?@82"68+?2]QI9c9c=S;?25/8/�9IJ�68+.2,A�25/36�FYHO684�+ �c9I@�+?9�m4TD:9</32^68+?2�/325HO@�4!+iHI;.=BA�25/36jFYHO684�+dASD:9�48��/	HO@82IZ~t�-:Q<C?@82�³cZ§kY479<F��SHO@!25/j68+?2^g�HO@�-EHI;.472^9IJ�68+?2�HOAS/89<DEC?632F(25HI;d9IJ�68+?2G=.-�
�2T@825;.472�-EFYHOQI2IZt�-:Q<C?@!21³cZ lY479<F��SHO@!25/j68+?2��39<-E;�6,479c=.-0;?Q(9IJr=S-�
)2T@!25;.472b-EFYHOQI25/"HI;.=dF(9I68-:9<;RgI2547639I@!/TZ�t�-:Q<C.@821³cZ ³479<F��SHO@!25/�68+?2�25;U63@!9����P9IJ�479�=.-E;?QB68+?2YF(9I68-E9<;%gI2547639I@!/bHID:9<;?2IZ t�-:Q<C?@82Y³cZ µB479<F��SHO@!25/�68+?2�25;U63@!9����9IJ	479c=.-0;?Qd68+?2Y=.-�
�2T@825;.472(-EF|HOQI25/1HID:9<;?2IZY*]+?25/32Y-EDED0C./363@!HO632 68+.HO61479�=.-E;?QdHI;.=¤F(9I68-:9<;%gI2547639I@d_�HI;.==.-�
�2T@825;.472h-EFYHOQI2�a�QI25;?2T@!HO68-:9<;B-E/8/!C?25/~HO@82^=.-�
�2T@825;�6TZ ! ;BHID:QI9I@!-:68+SF m]-:68+|ASHI=+�)2T@!JL9I@!F|HI;.472]FYHn�|=?9m�25DED�-:J�479c=?25=R4THO@82TJ\CSDED:�IZt�-:Q<C?@!2|³cZ �d479<F��SHO@825/168+?2YF(25HI;¤9IJ�68+?2`F(9I68-:9<;WgI2547639I@!/5Z`t�-:Q<C?@82Y³cZ
	R479<F��SHO@825/168+?2(g�HO@�-EHI;.4729IJj68+?2NF(9I68-:9<;KgI2547639I@!/TZ ! DEQI9I@!-:68+.FY/127e�HIF|-E;.-E;?QR68+?2|25;�68-:@82B@82TJ\2T@825;.472|J\@!HIF(2B6325;.=K639P+SH5gI2N+.-:Q<+F(9I68-:9<;igI2547639I@hF(25HI;S/,HI;.=dgOHO@!-EHI;.4725/5Z*,+.2�@825/8C.D:68/	J\9I@]HIDED 6325/36]/32��cC?25;.4725/,HO@!2 ��CSHI;U68-:68HO68-EgI25D:�d479<F��SHO@825=i-0; V +.H-�.632T@hµ�Z

³�	



! D:QI9I@�-:68+.F s^-�
�2T@825;.472bA�D:9c4!�! AS/39<DEC?632q 25HI; � HO@!-0HI;.472 q 25HI; � HO@!-EHI;.472
� shDE9IQN�c25HO@!4�+ X � Z � 	 ��� 	cZ � µ�Z # � µOlcZ
	"�DE9c4!�%"	HI/325= � @!HI=.-E25;U6,sh25/84725;�6^�c25HO@�4!+ X � Z � µ k � �cZ
	 	cZ ³ # � ³cZ �V 9<;��8C?Q<HO6321s^-:@8254768-:9<;SHIDª�c25HO@!4�+ X � Z � # � � � Z � µ�Z
	 ��� µ�Z �V 9<;��8C?Q<HO632 �c25HO@!4�+ X � Z � k � µ-�cZ � µ�Z
	 ��� lcZ �V @89</8/,��HO63632T@!;%�c25HO@!4�+ X � Z �T� � #IlcZ � µ�Z l � µ�	cZ �V @89</8/"��25HO@!4!+ X � Z # � lI³IlcZ ³ ��� Z � k ��� Z �s"��;.HIFY-041� � ! =��8C./368FY25;U6 X � Z ��� ��� 	cZ l µ�Z§k � µOlcZ ��~;?2T@8QI� X � Z l � # � � Z
	 	cZ # ��� µ�Z #t?9<C?@^��632��P�c25HO@!4�+ X � Z � 	 ��� lcZ µ µ�Z # � µ � Z§k& F��S@89ngI25=i*h�.� X � Z � # � µO³cZ � ³cZ � � # � Z lq 9�=.- �S25= V 9<;��3C.Q<HO632 �c25HO@!4�+ X � Z � � ���T� Z � µ�Z � � l�	cZ µq 9�=.- �S25=dt.25HO68C?@82���25HO@!4!+ X � Z � l � ³�k?Z � ³cZ µ �I� �cZ �q 9�=.- �S25= q 9<;?9I639<;�� X � Z � ³ # � ³cZ � 	cZ§k ��� µ�Z
	q 9�=.- �S25=R��� ! X � Z � ³ � # � Z µ ³cZ � 	 � Z lq 9�=.- �S25=R��� ! g � X � Z ��� lI³<µ�Z ³ � #cZ ³ #�� � Z µq 9�=.- �S25=d*h�.� X � Z �T� ���I� Z
	 µ�Z � � ³ � Z lq 9<;?9I639<;�� X � Z � ³ # � lcZ � 	cZ§k ��� µ�Z ��]2Tm s q s X � Z #<µ #�	�#cZ � �T� Z # � �<µ�Z �
�^;?2bs^-EF(25;./!-:9<;.HID�t.C.D0D��c25HO@!4!+ X � Z � µ �T� #�#cZ � � µ�Z � µ�kUlcZ ��'"	& � X � Z ��� #�k � Z � 	cZ l � l � Z ��rHO@�HIDED:25D 0h-:2T@!HO@!4�+.-E4THID �^;.2bs �c25HO@!4!+ � Z �I� �T� 	 � Z � � µ�Z§k µ-�I³cZ ³�~DEC./j��HO63632T@!;%�c25HO@!4�+ X � Z �T� � µ � Z # µ�Z
	 �O� 	cZ l��@827��DE632T@825=R��HIF��SDE25=d�ª9<-0;U68/ � X � Z ��k l�	I³cZ � ��� Z # kIk �cZ ���@827��DE632T@825=R��HIF��SDE25=d�ª9<-0;U68/1# � Z � � k ��� Z # 	cZ � # � lcZ µ��@827��DE632T@825=R��HIF��SDE25=d�ª9<-0;U68/]k � Z # � #I³ � Z
	 	cZ � � µ�	cZ§k��@827��DE632T@825=R��HIF��SDE25=d�ª9<-0;U68/hl � Z§k � # �T� Z # �cZ l � #��cZ ���@89��3254768-:9<;P��25HO@!4!+ X � Z �T� µ�k #cZ l � lcZ � l � µ�Z l��HIF��SD:25=d�~68/ � X � Z �I� � k #cZ � ³cZ l �T�?� Z l��HIF��SD:25=d�~68/ # X � Z � µ � ³IlcZ # �cZ l � 	 � Z§k��HIF��SD:25=d�~68/jk X � Z � µ � #�#cZ # �cZ � � ³��cZ ���HIF��SD:25=d�~68/]l X � Z #Il # � #cZ � 	cZ l � #�k?Z l��C?A.ASDE9c4!�`t.C.D0D��c25HO@!4!+ X � Z � 	 � 	 � Z§k ³cZ � � kIk?Z ³*"�.� X � Z ��� � #I³cZ µ µ�Z ³ � µ-�cZ
	*,-ED:2�/325HO@!4�+ X � Z ��� ���T� Z l µ�Z � � k 	cZ
	
� HO@!-EHI;.472 � Z � � µ � �cZ ³ � lcZ � k 	<µ�Z§k

*rHOASD:21³cZ � o V 9<F��SHO@!-0/39<;N9IJ ! D:QI9I@�-:68+.FY/	J\9I@,68+?2b/32��cC?25;.472������ ��� ��	�	

µ �



! D:QI9I@!-E68+.F q 9I68-E9<; � 2547639I@ �	���"� sht�sq 25HI; � HO@!-EHI;.472 _Le �T� � a
� s^D:9IQd�c25HO@!4�+ � Z§k ��� � Z #Il � � k?Z l � � Z #��I³"	D:9�48� "	HI/325= � @!HI=.-:25;�6,sh25/84725;�6^�c25HO@!4�+ � Z l � k � Z
	�	I³ ��� Z �?� #cZ � #�#V 9<;��3C.Q<HO6321s^-:@8254768-:9<;.HIDr�c25HO@!4!+ � Z ��# � � Z �?� ³ � #cZ ³I³ � Z l���kV 9<;��3C.Q<HO632 �c25HO@!4�+ � Z � � l � Z
	 �O� � #cZ ³�	 � Z l�� �V @89</8/,��HO63632T@!;%�c25HO@!4!+ k?Z �T� k µ�Z �O� � � k?Z§k � � Z§kIk 	V @89</8/"�c25HO@�4!+ #cZ l ��� ³cZ µ-��� �O� Z ³ � #cZ
	 � 	sh��;.HIFY-E41� � ! =��8C./368F(25;�6 � Z§k ��# � Z
	�k � � k?Z l � � Z§k �I���;?2T@8QI� � #�k?Z l�#�k � µ�	 �T� � #cZ # � #cZ �?���t.9<C?@^�c632��%�c25HO@!4!+ � Z µ � # #cZ � � 	 � k?Z ³ � � Z #<µ-#& F��.@!9ngI25=i*"�S� lcZ � ³Il ��� Z # � # � lcZ ³<µ � Z � 	I³q 9�=.- �S25= V 9<;��3C?Q<HO632��c25HO@!4!+ #cZ � �<µ lcZ # � ³ � k?Z
	 � � Z # �T�q 9�=.- �S25=dt?25HO68C.@82��c25HO@�4!+ � lcZ§kU³Il # � µIµ � lcZ
	�� � Z � �I³q 9�=.- �S25= q 9<;?9I639<;�� � ³ � Z � 	�k ��� ��#<µ � #cZ � ³ #cZ � ³Ilq 9�=.- �S25=R�2� ! µ � Z ����# �I� #�	Il � ³cZ
	<µ � Z �I� �q 9�=.- �S25=R�2� ! g � ��� �cZ � � k �O� µ�kUl �O� Z l�	 k?Z§k # �q 9�=.- �S25=d*"�S� � Z µ � # #cZ ��#�� � k?Z �<µ � Z #�# �q 9<;?9I639<;�� � lIlcZ � 	 � ���T� # � � #cZ � 	 #cZ � l�k�"2Tm s q s k?Z§k � 	 µ�Z
	<µ � ��� Z � 	 #cZ #�kU³
��;?2bs^-EF(25;./8-E9<;.HID�t.C.DED���25HO@!4!+ � Z ³�	 � k?Z � ��# � µ�Z
	�	 lcZ l � #��"	& � k�µ�Z � �I� ³���� � ��� Z µ�	 #cZ �T� #��HO@!HID0D:25D 0"-E2T@!HO@!4!+S-E4THID �^;?2bs ��25HO@!4!+ � Z �I�?� � Z �I� l � µ�Z µOl lcZ ³<µ ���DEC./j��HO63632T@!;%�c25HO@!4!+ k?Z � # � µ�Z �T� � � #cZ � � � Z lIlI³�~@827��D:632T@!25=R��HIF��SD:25=d�r9<-E;�68/ � �I� µ�Z ³���	 � µ�kU³�# �O� Z #�� #cZ
	���	�~@827��D:632T@!25=R��HIF��SD:25=d�r9<-E;�68/ # � #cZ
	 � # #I³�#�k ��� Z
	�� #cZ � 	Il�~@827��D:632T@!25=R��HIF��SD:25=d�r9<-E;�68/,k � �cZ ��k � k � 	�	 ��� Z lI³ � Z
	�#Il�~@827��D:632T@!25=R��HIF��SD:25=d�r9<-E;�68/"l �O� Z � #Il kIk � � � #cZ ��� � Z µOl�#�~@89��3254768-:9<;P�c25HO@�4!+ � ³IlcZ �I³<µ � ³ � �Il � 	cZ§k � k?Z ���I³�?HIF��SD:25=d�~68/ � µ-�cZ #�k � ����� µO³ � ³cZ l<µ � Z � 	<µ�?HIF��SD:25=d�~68/ # �I� ³cZ µO³�# � l�#�	I³ � #cZ ��	 � Z µIµO³�?HIF��SD:25=d�~68/jk �I��� Z � #�# � l � kUl � k?Z§kUl � Z ³ � #�?HIF��SD:25=d�~68/]l � # � Z
	 � µ � ³ � kUl � #cZ � # #cZ � µ�k�?C?A.ASD:9�48�Bt.C.DED���25HO@!4!+ k?Z � 	�# �cZ µ-��	 � lcZ # � � Z ��� #*h�.� #cZ l �O� k?Z l�#�# � k?Z #�	 � Z§k�µ-#*]-ED:2�/325HO@!4�+ #�#cZ �O� � µOl � ³ � k?Z
	 � � Z l�# �
� HO@�-EHI;.472 � 	��cZ # � l � µ�	 � # � 	cZ l � k?Z
	�k #

*rHOASD:21³cZ #co V 9<F��SHO@!-0/39<;N9IJ ! D:QI9I@�-:68+.FY/	J\9I@,68+?2b/32��cC?25;.472������ ��� ��	�	

µ �



! D:QI9I@!-:68+SF �~;�63@89�����~- e�25D q 9I68-E9<; � 2547639I@ V C.FGCSDEHO68-:gI2
� s^D:9IQB��25HO@!4!+ lcZ � 	 � Z µO³ lcZ � l"	D:9�48�%"	HI/325= � @�HI=.-:25;�6]sh25/84725;U6��c25HO@!4�+ lcZ #�� � Z � ³ lcZ # �V 9<;��3C?Q<HO632Gsh-E@8254768-:9<;.HID��c25HO@�4!+ lcZ � � � Z #�	 lcZ � #V 9<;��3C?Q<HO632��c25HO@!4!+ lcZ � � � Z #�� lcZ � #V @!9</8/j��HO63632T@!;%��25HO@!4!+ lcZ � k #cZ l � lcZ �I�V @!9</8/]�c25HO@!4�+ lcZ ³�k #cZ§k 	 lcZ ³ �sh��;.HIFY-E41� � ! =��3CS/368F(25;�6 lcZ �I� � Z µ � lcZ � ³��;?2T@8QI� lcZ #�k �cZ � � lcZ§k �t?9<C.@h�c632��P�c25HO@�4!+ lcZ � 	 � Z
	 � lcZ � k& F��.@89�gI25=i*"�.� lcZ �I� #cZ �<µ k?Z
	<µq 9c=S- �S25= V 9<;��8C?Q<HO632 �c25HO@�4!+ lcZ � ³ #cZ � l lcZ � �q 9c=S- �S25=Nt?25HO68C?@82(�c25HO@!4�+ lcZ �I� k?Z � l k?Z
	�	q 9c=S- �S25= q 9<;.9I639<;U� lcZ #�� �cZ #�k lcZ l�#q 9c=S- �S25=i�2� ! k?Z ��� ³cZ � � k?Z
	I³q 9c=S- �S25=i�2� ! g � ³cZ �I� 	cZ � ³ ³cZ � �q 9c=S- �S25=N*"�.� lcZ � µ � Z
	 � lcZ � #q 9<;?9I639<;�� lcZ #<µ �cZ # � lcZ l ��"2Tm s q s lcZ l�# #cZ µ � lcZ§k 	
�^;.2bsh-0F(25;./8-:9<;SHID)tSC.DED��c25HO@!4�+ ³cZ � 	 � Z µO³ ³cZ �I���"�& � lcZ #�	 k?Z l�# lcZ§k ���HO@!HIDEDE25D 0"-:2T@�HO@!4!+.-04THID �^;?2�s �c25HO@!4�+ ³cZ � # � Z �I� ³cZ � k��DEC./	��HO63632T@!;%��25HO@!4!+ lcZ � � #cZ l<µ lcZ � k�~@827��D:632T@825=R�?HIF��SD:25=d�r9<-E;�68/ � lcZ ³I³ lcZ ³�# lcZ µ ��~@827��D:632T@825=R�?HIF��SD:25=d�r9<-E;�68/ # lcZ #�	 � Z ��# lcZ #Il�~@827��D:632T@825=R�?HIF��SD:25=d�r9<-E;�68/jk lcZ � 	 #cZ§k 	 lcZ � ³�~@827��D:632T@825=R�?HIF��SD:25=d�r9<-E;�68/]l lcZ ��� #cZ � � lcZ �O��~@89�� 254768-E9<; �c25HO@!4�+ lcZ
	I³ �cZ
	�� ³cZ �I���HIF��SD:25=N��68/ � k?Z
	�k ³cZ � k lcZ � ���HIF��SD:25=N��68/1# lcZ � k µ�Z ��k lcZ #<µ��HIF��SD:25=N��68/]k lcZ � 	 µ�Z �I� lcZ # ���HIF��SD:25=N��68/hl lcZ #Il �cZ �O� lcZ l ���C.A.ASD:9�48�|tSC.DED��c25HO@!4�+ lcZ �I� #cZ§k 	 k?Z
	<µ*"�S� lcZ � k #cZ � l lcZ �T�*,-0D:2�/325HO@!4!+ lcZ � 	 k?Z � # lcZ � 	
� HO@!-0HI;.472 ³cZ � � 	cZ � k ³cZ � 	

*rHOASD:21³cZ§k?o V 9<F��SHO@!-0/39<;N9IJ ! D:QI9I@�-:68+.FY/	J\9I@,68+?2b/32��cC?25;.472������ ��� ��	�	

µ �



�

��O��� k � � # � #I³#k � kIk k � l � lI³ ³ �
� s^D:9IQN�c25HO@!4!+
"	D:9�48�%"	HI/325= � @!HI=.-:25;�6,sh25/84725;U6b�c25HO@!4�+V 9<;��3C.Q<HO632bsh-E@8254768-:9<;.HIDª��25HO@!4!+V 9<;��3C.Q<HO632G�c25HO@!4!+V @89</8/j��HO63632T@!;W�c25HO@!4!+V @89</8/]�c25HO@!4�+sh��;.HIFY-E41� � ! =��8C./368F(25;�6��;?2T@8QI�t.9<C?@h�c632��P��25HO@!4!+& F��.@!9ngI25=i*"�S�q 9�=.- �S25= V 9<;��8C?Q<HO632 ��25HO@!4!+q 9�=.- �S25=Nt?25HO68C?@!2��c25HO@!4�+q 9�=.- �S25= q 9<;?9I639<;U�q 9�=.- �S25=i�2� !q 9�=.- �S25=i�2� ! g �q 9�=.- �S25=N*"�.�q 9<;?9I639<;���"2Tm s q s��;?2�sh-0F(25;./8-:9<;SHID�t.C.DED��c25HO@�4!+��"	& ���HO@!HID0D:25D 0"-E2T@!HO@!4!+S-E4THID��^;?2bs �c25HO@�4!+��DEC./	��HO63632T@!;W�c25HO@!4!+�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/ �
�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/ #�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/,k�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/"l�~@89��3254768-:9<; �c25HO@!4�+�?HIF��SD:25=N��68/ �
�?HIF��SD:25=N��68/1#�?HIF��SD:25=N��68/]k�?HIF��SD:25=N��68/hl�?C?A.ASD:9�48�`t.C.DED��c25HO@�4!+*h�.�*]-ED:2^/325HO@!4!+� HO@�-EHI;.472

e � ��� � µ
t�-:Q<C.@821³cZ � o������ J\9I@]/32��cC?25;.472������ ��� ��	�	µ-#



�

��T� ��� � k � ³ � � �O����� � k � ³ � ��# �
� s^D:9IQN�c25HO@!4!+
"	D:9�48�%"	HI/325= � @!HI=.-:25;�6,sh25/84725;U6b�c25HO@!4�+V 9<;��3C.Q<HO632bsh-E@8254768-:9<;.HIDª��25HO@!4!+V 9<;��3C.Q<HO632G�c25HO@!4!+V @89</8/j��HO63632T@!;W�c25HO@!4!+V @89</8/]�c25HO@!4�+sh��;.HIFY-E41� � ! =��8C./368F(25;�6��;?2T@8QI�t.9<C?@h�c632��P��25HO@!4!+& F��.@!9ngI25=i*"�S�q 9�=.- �S25= V 9<;��8C?Q<HO632 ��25HO@!4!+q 9�=.- �S25=Nt?25HO68C?@!2��c25HO@!4�+q 9�=.- �S25= q 9<;?9I639<;U�q 9�=.- �S25=i�2� !q 9�=.- �S25=i�2� ! g �q 9�=.- �S25=N*"�.�q 9<;?9I639<;���"2Tm s q s��;?2�sh-0F(25;./8-:9<;SHID�t.C.DED��c25HO@�4!+��"	& ���HO@!HID0D:25D 0"-E2T@!HO@!4!+S-E4THID��^;?2bs �c25HO@�4!+��DEC./	��HO63632T@!;W�c25HO@!4!+�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/ �
�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/ #�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/,k�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/"l�~@89��3254768-:9<; �c25HO@!4�+�?HIF��SD:25=N��68/ �
�?HIF��SD:25=N��68/1#�?HIF��SD:25=N��68/]k�?HIF��SD:25=N��68/hl�?C?A.ASD:9�48�`t.C.DED��c25HO@�4!+*h�.�*]-ED:2^/325HO@!4!+� HO@�-EHI;.472

t�-:Q<C?@821³cZ � o ������� JL9I@"/32���C.25;.472 ����� � � ��	 	µ�k



�

�� � k ³ � �T� ��� � k � ³ � � �O�
� s^D:9IQN�c25HO@!4!+
"	D:9�48�%"	HI/325= � @!HI=.-:25;�6,sh25/84725;U6b�c25HO@!4�+V 9<;��3C.Q<HO632bsh-E@8254768-:9<;.HIDª��25HO@!4!+V 9<;��3C.Q<HO632G�c25HO@!4!+V @89</8/j��HO63632T@!;W�c25HO@!4!+V @89</8/]�c25HO@!4�+sh��;.HIFY-E41� � ! =��8C./368F(25;�6��;?2T@8QI�t.9<C?@h�c632��P��25HO@!4!+& F��.@!9ngI25=i*"�S�q 9�=.- �S25= V 9<;��8C?Q<HO632 ��25HO@!4!+q 9�=.- �S25=Nt?25HO68C?@!2��c25HO@!4�+q 9�=.- �S25= q 9<;?9I639<;U�q 9�=.- �S25=i�2� !q 9�=.- �S25=i�2� ! g �q 9�=.- �S25=N*"�.�q 9<;?9I639<;���"2Tm s q s��;?2�sh-0F(25;./8-:9<;SHID�t.C.DED��c25HO@�4!+��"	& ���HO@!HID0D:25D 0"-E2T@!HO@!4!+S-E4THID��^;?2bs �c25HO@�4!+��DEC./	��HO63632T@!;W�c25HO@!4!+�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/ �
�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/ #�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/,k�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/"l�~@89��3254768-:9<; �c25HO@!4�+�?HIF��SD:25=N��68/ �
�?HIF��SD:25=N��68/1#�?HIF��SD:25=N��68/]k�?HIF��SD:25=N��68/hl�?C?A.ASD:9�48�`t.C.DED��c25HO@�4!+*h�.�*]-ED:2^/325HO@!4!+� HO@�-EHI;.472

t�-:Q<C?@82b³cZ #co�� � ����� ��� � �#J\9I@]/32��cC?25;.472 ����� � � ��	�	µOl



�

�� � � ³ � k # � k � k � lI³ ³�k�µ � � �
� s^D:9IQN�c25HO@!4!+
"	D:9�48�%"	HI/325= � @!HI=.-:25;�6,sh25/84725;U6b�c25HO@!4�+V 9<;��3C.Q<HO632bsh-E@8254768-:9<;.HIDª��25HO@!4!+V 9<;��3C.Q<HO632G�c25HO@!4!+V @89</8/j��HO63632T@!;W�c25HO@!4!+V @89</8/]�c25HO@!4�+sh��;.HIFY-E41� � ! =��8C./368F(25;�6��;?2T@8QI�t.9<C?@h�c632��P��25HO@!4!+& F��.@!9ngI25=i*"�S�q 9�=.- �S25= V 9<;��8C?Q<HO632 ��25HO@!4!+q 9�=.- �S25=Nt?25HO68C?@!2��c25HO@!4�+q 9�=.- �S25= q 9<;?9I639<;U�q 9�=.- �S25=i�2� !q 9�=.- �S25=i�2� ! g �q 9�=.- �S25=N*"�.�q 9<;?9I639<;���"2Tm s q s��;?2�sh-0F(25;./8-:9<;SHID�t.C.DED��c25HO@�4!+��"	& ���HO@!HID0D:25D 0"-E2T@!HO@!4!+S-E4THID��^;?2bs �c25HO@�4!+��DEC./	��HO63632T@!;W�c25HO@!4!+�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/ �
�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/ #�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/,k�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/"l�~@89��3254768-:9<; �c25HO@!4�+�?HIF��SD:25=N��68/ �
�?HIF��SD:25=N��68/1#�?HIF��SD:25=N��68/]k�?HIF��SD:25=N��68/hl�?C?A.ASD:9�48�`t.C.DED��c25HO@�4!+*h�.�*]-ED:2^/325HO@!4!+� HO@�-EHI;.472

e �T�
t�-:Q<C?@821³cZ§k?o�� � � � � � ��� J\9I@]/32��cC?25;.472 ����� � � ��	�	µO³



�

�� � � # k l ³ µ � 	 �T�
� s^D:9IQN�c25HO@!4!+
"	D:9�48�%"	HI/325= � @!HI=.-:25;�6,sh25/84725;U6b�c25HO@!4�+V 9<;��3C.Q<HO632bsh-E@8254768-:9<;.HIDª��25HO@!4!+V 9<;��3C.Q<HO632G�c25HO@!4!+V @89</8/j��HO63632T@!;W�c25HO@!4!+V @89</8/]�c25HO@!4�+sh��;.HIFY-E41� � ! =��8C./368F(25;�6��;?2T@8QI�t.9<C?@h�c632��P��25HO@!4!+& F��.@!9ngI25=i*"�S�q 9�=.- �S25= V 9<;��8C?Q<HO632 ��25HO@!4!+q 9�=.- �S25=Nt?25HO68C?@!2��c25HO@!4�+q 9�=.- �S25= q 9<;?9I639<;U�q 9�=.- �S25=i�2� !q 9�=.- �S25=i�2� ! g �q 9�=.- �S25=N*"�.�q 9<;?9I639<;���"2Tm s q s��;?2�sh-0F(25;./8-:9<;SHID�t.C.DED��c25HO@�4!+��"	& ���HO@!HID0D:25D 0"-E2T@!HO@!4!+S-E4THID��^;?2bs �c25HO@�4!+��DEC./	��HO63632T@!;W�c25HO@!4!+�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/ �
�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/ #�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/,k�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/"l�~@89��3254768-:9<; �c25HO@!4�+�?HIF��SD:25=N��68/ �
�?HIF��SD:25=N��68/1#�?HIF��SD:25=N��68/]k�?HIF��SD:25=N��68/hl�?C?A.ASD:9�48�`t.C.DED��c25HO@�4!+*h�.�*]-ED:2^/325HO@!4!+� HO@�-EHI;.472

t�-:Q<C?@821³cZ lco�� ��� �����	��

� � � 	 � � � � � J\9I@]/32��cC?25;.472 ����� � � ��	�	µIµ



�

�� � k ³ � �T� ��� � k � ³ � � �O�
� s^D:9IQN�c25HO@!4!+
"	D:9�48�%"	HI/325= � @!HI=.-:25;�6,sh25/84725;U6b�c25HO@!4�+V 9<;��3C.Q<HO632bsh-E@8254768-:9<;.HIDª��25HO@!4!+V 9<;��3C.Q<HO632G�c25HO@!4!+V @89</8/j��HO63632T@!;W�c25HO@!4!+V @89</8/]�c25HO@!4�+sh��;.HIFY-E41� � ! =��8C./368F(25;�6��;?2T@8QI�t.9<C?@h�c632��P��25HO@!4!+& F��.@!9ngI25=i*"�S�q 9�=.- �S25= V 9<;��8C?Q<HO632 ��25HO@!4!+q 9�=.- �S25=Nt?25HO68C?@!2��c25HO@!4�+q 9�=.- �S25= q 9<;?9I639<;U�q 9�=.- �S25=i�2� !q 9�=.- �S25=i�2� ! g �q 9�=.- �S25=N*"�.�q 9<;?9I639<;���"2Tm s q s��;?2�sh-0F(25;./8-:9<;SHID�t.C.DED��c25HO@�4!+��"	& ���HO@!HID0D:25D 0"-E2T@!HO@!4!+S-E4THID��^;?2bs �c25HO@�4!+��DEC./	��HO63632T@!;W�c25HO@!4!+�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/ �
�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/ #�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/,k�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/"l�~@89��3254768-:9<; �c25HO@!4�+�?HIF��SD:25=N��68/ �
�?HIF��SD:25=N��68/1#�?HIF��SD:25=N��68/]k�?HIF��SD:25=N��68/hl�?C?A.ASD:9�48�`t.C.DED��c25HO@�4!+*h�.�*]-ED:2^/325HO@!4!+� HO@�-EHI;.472

t�-:Q<C?@821³cZ ³co�� ��� �����	� � � � �
� 
 JL9I@"/32���C.25;.472 ����� ��� � 	�	µ-�



�

�� � � # k l ³ µ � 	 �T�
� s^D:9IQN�c25HO@!4!+
"	D:9�48�%"	HI/325= � @!HI=.-:25;�6,sh25/84725;U6b�c25HO@!4�+V 9<;��3C.Q<HO632bsh-E@8254768-:9<;.HIDª��25HO@!4!+V 9<;��3C.Q<HO632G�c25HO@!4!+V @89</8/j��HO63632T@!;W�c25HO@!4!+V @89</8/]�c25HO@!4�+sh��;.HIFY-E41� � ! =��8C./368F(25;�6��;?2T@8QI�t.9<C?@h�c632��P��25HO@!4!+& F��.@!9ngI25=i*"�S�q 9�=.- �S25= V 9<;��8C?Q<HO632 ��25HO@!4!+q 9�=.- �S25=Nt?25HO68C?@!2��c25HO@!4�+q 9�=.- �S25= q 9<;?9I639<;U�q 9�=.- �S25=i�2� !q 9�=.- �S25=i�2� ! g �q 9�=.- �S25=N*"�.�q 9<;?9I639<;���"2Tm s q s��;?2�sh-0F(25;./8-:9<;SHID�t.C.DED��c25HO@�4!+��"	& ���HO@!HID0D:25D 0"-E2T@!HO@!4!+S-E4THID��^;?2bs �c25HO@�4!+��DEC./	��HO63632T@!;W�c25HO@!4!+�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/ �
�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/ #�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/,k�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/"l�~@89��3254768-:9<; �c25HO@!4�+�?HIF��SD:25=N��68/ �
�?HIF��SD:25=N��68/1#�?HIF��SD:25=N��68/]k�?HIF��SD:25=N��68/hl�?C?A.ASD:9�48�`t.C.DED��c25HO@�4!+*h�.�*]-ED:2^/325HO@!4!+� HO@�-EHI;.472

tr-EQ<C?@821³cZ µ�o � ��� � � �	��� � � � 	 J\9I@]/32��cC?25;.472 � � � ��� ��	�	µ�	



�

�� # ³ 	 ��� � l � � ��� � k � µ # �
� s^D:9IQN�c25HO@!4!+
"	D:9�48�%"	HI/325= � @!HI=.-:25;�6,sh25/84725;U6b�c25HO@!4�+V 9<;��3C.Q<HO632bsh-E@8254768-:9<;.HIDª��25HO@!4!+V 9<;��3C.Q<HO632G�c25HO@!4!+V @89</8/j��HO63632T@!;W�c25HO@!4!+V @89</8/]�c25HO@!4�+sh��;.HIFY-E41� � ! =��8C./368F(25;�6��;?2T@8QI�t.9<C?@h�c632��P��25HO@!4!+& F��.@!9ngI25=i*"�S�q 9�=.- �S25= V 9<;��8C?Q<HO632 ��25HO@!4!+q 9�=.- �S25=Nt?25HO68C?@!2��c25HO@!4�+q 9�=.- �S25= q 9<;?9I639<;U�q 9�=.- �S25=i�2� !q 9�=.- �S25=i�2� ! g �q 9�=.- �S25=N*"�.�q 9<;?9I639<;���"2Tm s q s��;?2�sh-0F(25;./8-:9<;SHID�t.C.DED��c25HO@�4!+��"	& ���HO@!HID0D:25D 0"-E2T@!HO@!4!+S-E4THID��^;?2bs �c25HO@�4!+��DEC./	��HO63632T@!;W�c25HO@!4!+�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/ �
�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/ #�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/,k�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/"l�~@89��3254768-:9<; �c25HO@!4�+�?HIF��SD:25=N��68/ �
�?HIF��SD:25=N��68/1#�?HIF��SD:25=N��68/]k�?HIF��SD:25=N��68/hl�?C?A.ASD:9�48�`t.C.DED��c25HO@�4!+*h�.�*]-ED:2^/325HO@!4!+� HO@�-EHI;.472

e �T�
t�-:Q<C?@821³cZ �co � � � � � ��� � 
 � � � � � � � � JL9I@h/32���C.25;.472 ����� ��� � 	�	� �



�

�� # ³ 	 ��� � l � � ��� � k � µ # �
� s^D:9IQN�c25HO@!4!+
"	D:9�48�%"	HI/325= � @!HI=.-:25;�6,sh25/84725;U6b�c25HO@!4�+V 9<;��3C.Q<HO632bsh-E@8254768-:9<;.HIDª��25HO@!4!+V 9<;��3C.Q<HO632G�c25HO@!4!+V @89</8/j��HO63632T@!;W�c25HO@!4!+V @89</8/]�c25HO@!4�+sh��;.HIFY-E41� � ! =��8C./368F(25;�6��;?2T@8QI�t.9<C?@h�c632��P��25HO@!4!+& F��.@!9ngI25=i*"�S�q 9�=.- �S25= V 9<;��8C?Q<HO632 ��25HO@!4!+q 9�=.- �S25=Nt?25HO68C?@!2��c25HO@!4�+q 9�=.- �S25= q 9<;?9I639<;U�q 9�=.- �S25=i�2� !q 9�=.- �S25=i�2� ! g �q 9�=.- �S25=N*"�.�q 9<;?9I639<;���"2Tm s q s��;?2�sh-0F(25;./8-:9<;SHID�t.C.DED��c25HO@�4!+��"	& ���HO@!HID0D:25D 0"-E2T@!HO@!4!+S-E4THID��^;?2bs �c25HO@�4!+��DEC./	��HO63632T@!;W�c25HO@!4!+�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/ �
�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/ #�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/,k�~@827��D:632T@!25=R��HIF��SD:25=N�r9<-E;�68/"l�~@89��3254768-:9<; �c25HO@!4�+�?HIF��SD:25=N��68/ �
�?HIF��SD:25=N��68/1#�?HIF��SD:25=N��68/]k�?HIF��SD:25=N��68/hl�?C?A.ASD:9�48�`t.C.DED��c25HO@�4!+*h�.�*]-ED:2^/325HO@!4!+� HO@�-EHI;.472

e � ��� � #
t�-:Q<C.@821³cZ
	co � � � � � � � � 
 � � � � ��� J\9I@]/32��cC?25;.472������ ��� ��	�	� �



� �



� �������	��
 �

� 
�� ��� � ��� 
�� ��
 � ����� �

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

* 
�� � 
�� ��&��-��
#� ���/.0
#� � �%$ * �

*,+?2��.@82Tg�-:9<C./|4�+.H-�.632T@B27e�HIF|-E;?25= 68+.2��.@89�4725/8/`9IJbH-�*�SD:��-E;?Q%68+?2 g�HO@�-:9<C./|FY9I68-:9<; 479<F��)25;S/8HO68-:9<;HID:QI9I@!-E68+.FY/`639 68+?2P=SHO68H HO6i+SHI;.=�Z *,+.-E/B4!+.H-�S632T@ �.@825/325;�68/dHI; HI;.HID:��/8-E/`9IJ168+?2P@825/8C.DE68/|9IJG68+.-E/H-�*�SD0-E4THO68-:9<;�Z[*,+?21��2T@8J\9I@!FYHI;.472h9IJ�68+?2�HID:QI9I@�-:68+.FY/	-E/�27e�HIF|-E;?25=NHI;.=N68+?2^A�25/36	HID:QI9I@!-:68+.F J\9<C.;.=B-E;632T@!FY/^9IJ�479<F��SD:27e?-:6 �RHI;.= ��2T@8J\9I@!FYHI;.472IZb*,+.2 ��2T@8J\9I@!FYHI;S472 F(25HI/!C?@825/h68+?25FY/325DEgI25/�HO@82(27e�HIF|-E;?25=HI;.= 68+?2BA�25/36GJ\9<C.;.= ZW�c9<FY2B479<;.4TD0C./8-:9<;./19<; 68+?2N@825/8C.D:68/ HO@82N=?@!Hnm];>HI;.=u�);.HIDED:�%J�C?68C?@82Bm�9I@!�¤-E/
�.@89���9</325= Z
1 ��� 2 3(&5476��98[�;:R���h�)�~�<3������)�����8 "�  ]$%��&���3��j���;= ���)���>6?= ���@6BA����~'
*,+.-0/b/3254768-:9<;K27e�HIF|-E;?25/b68+.2+�SHO@�HIF(2T632T@!/ F(25HI/8C?@825=¤9<;¤68+.2|6325/36�/32��cC?25;.4725/GA��%68+?2%" " q V HID:QI9OX@!-:68+SFY/TZª*]+?2���HO@!HIF(2T632T@!/[HO@82j479<F���HO@825=�m]-:68+G@825/���25476�639b+?9nm>m�25DEDc68+?2T�GFY25HI/8C?@82	68+?2 ��2T@8J\9I@!FYHI;.4729IJ�68+?2bHID:QI9I@!-E68+.F HI;.=d68+?2G479<F��SC?68HO68-:9<;SHID 479<F��SD:27e?-:6 �`9IJr68+?214THIDE4TCSDEHO68-:9<;d9IJr68+?2 �SHO@�HIF(2T632T@5Z*,+.2%=S-�
)2T@!25;.472W-EFYHOQI2u+.HI/i;.2TQ<HO68-:gI2uHI/dm�25DED�HI/ ��9</8-:68-:gI2 �S- e�25Dhg�HID0C?25/TZ *,+?2WF(25HI;�9IJ 68+?2=.-�
�2T@825;.472W-EF|HOQI2¤-E/N68+?2T@82TJ\9I@82���/8FYHID0D��hHI;S=�H>A)2T63632T@R25/368-EFYHO632u9IJ 68+?2¤=S-�
)2T@!25;.472%A)2T6 m�2T25; 6­m�9J\@!HIF(25/[-E/�68+?2,HOA�/39<DEC?632j=.-�
�2T@825;.472IZ ! ;YHID:QI9I@!-:68+SF m"-:68+(H�+.-:Q<+?2T@[HOAS/89<DEC?632j=.-�
�2T@825;.472	68+.HI;YHI;.9I68+?2T@4TD:25HO@!DE� ��2T@8J\9I@!FY/Nm�9I@!/32��b/8-0;.472W68+?2¤HID:QI9I@�-:68+.FY/dHO636325F��S6R639 FY-0;.-EFY-E/82 68+?2u=S-�
)2T@!25;.472WA�2T6­m�2T25;68+?2B@82TJ\2T@825;.472dHI;.=>/325HO@!4�+KA�D:9c4!��ZDC�HO@!-0HI;.472d-E/GH%C./82TJ\C.D�F(25HI/8C?@!2B/8-0;.472B-E6 �.@89�gc-0=?25/�-E;?J\9I@!FYHO68-:9<;HOA�9<C?6�68+?2^g�HO@!-0HOAS-EDE-:6 ��9IJ�68+?2^=.-�
�2T@825;.472^-EFYHOQI2�HI;.=N+?25;.472^68+?2hJ\@82���C.25;.47�|479<;�6325;U6TZ�& =?25HID0D:�YH QI9�9�=HID:QI9I@!-E68+.F FY-E;.-0FY-E/325/�68+?2�gOHO@!-EHI;.472�9IJ�68+?2G=.-�
�2T@825;.472^JL@�HIF(2IZ*,+.2,25;U63@!9���� _\@!9<C.;.=?25=`C��)a�-E/~HGF(25HI/!C?@82,9IJ�68+?2h;�CSF1A�2T@~9IJ�A�-:68/~;?2T25=.25=Y639/0"C2
�FYHI;`479c=?2"68+?2=.-�
�2T@825;.472b-0FYHOQI21HI;.= q 9I68-:9<;EC[2547639I@!/TZ & =.25HIDED:�`HI; HID:QI9I@!-:68+SF m]-EDED)@825=SC.472�68+?21;cC.FGA)2T@]9IJrA�-:68/	639479�=?2YHI/�479<F��SHO@825=u639d68+?2(9I@!-:Q<-E;SHIDªJ\@!HIF(25/5ZG�"9I632Y68+.HO6�ASD:9�48�PFYHO684!+S-E;?QiHID:QI9I@!-E68+.FY/^HO@82(@825HIDEDE� H

��#



F(9�=.- �S25=PJ\9I@!F 9IJjs^� V q _�s^-�
�2T@825;U68-0HID��~C.D0/32 V 9�=?2 q 9�=.C.DEHO68-E9<;�a�ZY*,+?2Y479<FGAS-E;?25=u25;U63@89��c�W4THI;A�2 �8C./368-:�S25=|HI/	H�F(25HI/8C?@!2IZ�*,+?2]25;�63@89��c�|J\9I@jF(9I68-:9<;BgI2547639I@!/j=?2���25;.=./�9<;B68+?2^/325HO@!4!+N@�HI;?QI2"9IJª68+?2HID:QI9I@!-E68+.F HI;.=W/8-E;.472�68+?2T@!2�HO@!2(J\HO@�J\2Tm�2T@ q 9I68-:9<; C[2547639I@�/b68+.HI; �S-:ec25DE/"68+?2(2 
�25476�9IJ�68+.2�FY9I68-:9<;gI2547639I@!/G9<;u68+?2`4TC.FGCSDEHO68-:gI2Y25;�63@89��c�u-E/b/8FYHID0D[479<F��SHO@825=¤639R68+?2���- ec25D0/�479<;U63@!-EASC?68-:9<;�Z`�]9I632`68+.HO668+?2 V C.FGCSDEHO68-:gI2bHI;.=i��- e�25D�25;U63@!9��S-:25/,HO@82G/8-EFY-ED0HO@	HI;S=i68+cC./j68+?2T@82G-E/,;?9|HI=.g�HI;�68HOQI2G-E;R479c=.-0;?Q(68+?2
�S- e�25DE/^HI;.= q 9I68-:9<; C[2547639I@!/GH-�SHO@86TZ�*,+?2 q 9I68-E9<;DC[2547639I@125;�63@89��S-:25/�HO@82Y=S-:gc-0=?25= -0;U639N6­m�9R4TDEHI/!/325/HI;.=PHO@82 J\HI-:@�D:�d/8-EFY-ED0HO@,m]-:68+.-0;i68+?9</32�4TDEHI/8/825/TZh*]+.-E/,27e?4TDEC.=.25/]68+?2 25;�63@89����R9IJ�68+?2 q 9I68-:9<; C[2547639I@!/HI;.= V C.FGCSDEHO68-:gI2(25;�63@89����WHI/GHd@825HI/39<;.HOA�D:2|F(25HI/8C.@82IZ`*,+.2(@825/8C.D:68/�-0;.=.-E4THO632(68+.HO6168+?2Y25;�63@89����W9IJ68+?2
��- ec25D0/rF|H5�(A�2jH�@825HI/39<;.HOA�D:2]F(25HI/8C.@82,HI;.=(68+.HO6~2TgI25;|H,��9c9I@~F(9I68-:9<;Y479<F��)25;S/8HO68-:9<;YHID:QI9I@�-:68+.FFYHn�N479<F��.@825/8/,=SHO68H(m�25D0D´Z*,+.2uHID:QI9I@!-:68+.F|/dFYH5� A�2u=.-:g�-E=?25= -E;�639 6­m�9 4TDEHI/!/325/�. 68+?9</32Wm]+.-04!+�27e?HIFY-E;?2uH /!C?A?X m]-E;S=?9nmHO@89<C.;S=|68+?2^/325HO@!4�+N9I@!-:Q<-E;BHI;.=`68+?9</32^m]+.-04!+`27e�HIFY-0;?2"68+.2"25;�68-:@82hJL@�HIF(2IZ�*,+?2^F(25HI;B9IJ 68+?2 q 9I68-:9<;
C[2547639I@!/ � wO}.}���� 68+?25;PA)2�C./325=P639d479<F��SHO@!2 68+.25/32(4TDEHI/8/325/h9IJ�HIDEQI9I@!-:68+.FY/h/8-E;S472G68+?2�F(25HI;./^m"-EDED A�2gI2T@8�d=.-�
�2T@825;�6��./8-EFY-0DEHO@!D:�(J\9I@,68+?2bgOHO@!-EHI;S472�9IJª68+?2 q 9I68-:9<;EC[2547639I@!/TZ*,+.2bsht�s HI;S=d68+?21F(25HI;R9IJ�68+?21HOAS/39<D0C?632,�S- e�25D�g�HID0C?25/j9IJ�68+?21=.- 
)2T@825;S472�JL@!HIFY21479I@8@825DEHO632N_\A��=?27��;S-:68-:9<;�a�Zr*,+?2,���?�"� �<68+?9<C?Q<+(27e2��25;./8-:gI2j639 479<F��SC?632��c-E/�H�QI9c9�=|F(25HI/8C.@82]HI;.=Y-0/[@825DEHO6325=(639G68+?2gOHO@!-EHI;.472^9IJ�68+.2^=S-�
)2T@!25;.472�-EFYHOQI2IZ ! QI9c9�=dHID:QI9I@!-:68+.F m]-0DEDSFY-0;.-EFY-E/82]s^trs HI;.=dF|H�e�-EF|-E/32"�	���h�bZ

! /�@82TQ<HO@!=S/b479<F��SC?68HO68-E9<;.HID�479<F��SDE27e�-:6 � HI;.=u@89IASC./368;.25/8/���68+?2Ys^t�s HI;.=WgOHO@!-EHI;.472(9IJ�68+?2Y=.-EJ0XJ\2T@825;.4721-EF|HOQI2b/32T25F 639YA�2�68+?21A)25/86,F(25HI/8C?@825/5Z*,+.2�HID:QI9I@!-:68+.F|/ HO@82�@!HI;.�I25=b-E;^9I@!=?2T@�9IJcQI9c9�=.;?25/8/ HI/�@82TQ<HO@!=./�sht�s HI;S=�g�HO@�-EHI;.472�J\9I@�HID:QI9I@!-E68+.FY/9���2T@!HO68-E;?Q(9�gI2T@"68+.2�25;U68-:@!2�JL@!HIFY21HI;.=dHID:QI9I@!-E68+.FY/j9���2T@!HO68-E;.Q(9ngI2T@"H|/8C?A?X @82TQ<-E9<;N9IJr68+.2�JL@!HIFY2IZ
1 ��� �  = 3��j� ���	� ��&�� �;:
�" ]� �3��& = 6

*,+?2��.@82Tg�-:9<C./ /3254768-:9<;>27e?HIFY-E;.25=¤68+?2d=.- 
)2T@825;�6 �SHO@!HIF(2T632T@!/(FY25HI/8C?@825= 9<; 68+?2N6325/36(=.HO68HPA��K68+?2gOHO@!-:9<C./ HID:QI9I@!-:68+SFY/TZ & 6125F(2T@!QI25=K68+SHO6G68+?2Ns^t�s�-E/GHRQI9c9�=K�I2T6�/8-EF��SD:2|F(25HI/!C?@82|J\9I@ 27e�HIFY-0;.-E;?Q68+?2�HI4T4TC?@!HI47�i9IJ~68+?2 HIDEQI9I@!-:68+.FY/5Z]*ªHOA�D:2�µ�Z � @!HI;?��/hHIDED�HID:QI9I@�-:68+.FY/h-E;i632T@�FY/]9IJ~68+?2G639I68HID�s^t�s 9IJHIDED�25D:2TgI25;>6325/36(/32��cC?25;.4725/TZK*,+?2 ��2T@!4725;�68HOQI2i-E;.47@!25HI/32N9<;K68+.2Bs^t�s @825/8C.D:6G9IJ]68+?2dHID:QI9I@�-:68+.FY/ -E/4THIDE4TC.D0HO6325=iHI/,J\9<DED:9�m]/To �T�I��� _�
���
 ® � 
���
 � a

���
 �*,+.2�JL9<DEDE9nm]-E;.Q�479<;S4TDEC./8-:9<;S/j4THI;dA�2b=?@!H5m";�o

p t�-EDE632T@!-E;?QWHWJ\@!HIF(2dA�2TJ\9I@82i/8C?AS/!HIF��SDE-E;.Q =?9c25/Y;?9I6Y-EF��.@89ngI2d68+.2 ��2T@8JL9I@�FYHI;.472d9IJh68+?2 �2� !HIDEQI9I@!-:68+.FdZ
p *]+?2"�~@827��D:632T@825=N��HIF��SDE25=Y�r9<-E;U68/,�c25HO@�4!+B/32��SHO@!HO6325/�68+?2h2 
)25476�9IJ 68+?2h/8C?AS/!HIF��SDE-E;.QhJ\@89<F�68+?22 
�25476,9IJª68+?2^J\C.D0D�/325HO@�4!+iHO@89<CS;.=B68+?2^A)25/86	F|HO684!+d9IJª68+?2b/8C?AS/!HIF��SD:25= �)9<-0;U68/TZ[*,+.2^/825HO@!4!+d9IJH`D:9�4THID�;?25-:Q<+�A�9<C?@!+?9c9�=N9IJ �S- e�25DE/,/8C?@!@89<C.;.=.-0;?QG68+.21A�25/36"F|HO684!+P-EF��.@89�gI25/]68+.2 ��2T@8J\9I@!FYHI;.4729IJ�68+?2G�?HIF��SD:25=d�r9<-E;�68/h�c25HO@�4!+�Z

��k



! D:QI9I@!-:68+SF s^trs � _Le �T� � a s^t�s q 25HI; _Le �T� � a � & ;.47@!25HI/32q 9c=S- �S25=R�2� ! �O� Z µ-# � � Z ���Il � X��HIF��SD:25=d��68/ � ��� Z µ �T� � Z
	<µ�k k?Z µ ���HIF��SD:25=d��68/,k � #cZ ³<µ � � Z � l � 	cZ � ���HIF��SD:25=d��68/ # � #cZ ��# � � Z � ³I³ � Z ³Il��;?2T@8QI� � k?Z ³ � ³ � Z � #<µ #cZ � �*,-0D:2�/325HO@!4!+ � lcZ � µ � � Z � µ�	 � Z �����HIF��SD:25=d��68/"l � lcZ # � ³ � Z # � � � Z �I�q 9<;?9I639<;�� � lcZ # � 	 � Z # � # � Z � kq 9c=S- �S25= q 9<;?9I639<;U� � lcZ§k �?� � Z # � 	 � Z � ³q 9c=S- �S25=dt?25HO68C?@!2��c25HO@!4�+ � µ�Z
	�# � � Z l�#�	 � Z �T��~@827��D:632T@825=P��HIF��SD:25=N�r9<-E;�68/"l # � Z§k � 	 � Z �Il<µ ��� Z l ��~@827��D:632T@825=P��HIF��SD:25=N�r9<-E;�68/ # # � Z§k #�k � Z �Il�� � Z � k�~@827��D:632T@825=P��HIF��SD:25=N�r9<-E;�68/,k # � Z§kUl�# � Z �Il�	 � Z � #��"�& � # � Z µIµO³ � Z ����	 � Z � l�~@827��D:632T@825=P��HIF��SD:25=N�r9<-E;�68/ � #�#cZ � l<µ #cZ � � # k?Z ³�k& F��.@89�gI25=R*"�S� #�#cZ �<µ-� #cZ � � � � Z ��	q 9c=S- �S25=R�2� ! g � #I³cZ lIl<µ #cZ # � # µ�Z ��	��C.A.ASD:9�48�Bt.C.DED��c25HO@�4!+ #<µ�Z§kIk # #cZ§k � k � Z§kIkC�HO@!-0HI;.472 #��cZ � µ � #cZ§k�µ � � Z
	�k�~@89�� 254768-E9<;P�c25HO@!4�+ k � Z µ � ³ #cZ ����# �I� Z
	V @!9</8/,��HO63632T@!;P��25HO@!4!+ k #cZ � ³�# #cZ
	 � l � Z � �*"�S� k #cZ l ��� #cZ
	IlI³ � Z � lq 9c=S- �S25=d*"�.� k #cZ µ-#�k #cZ
	<µO³ � Z l ��"2Tm s q s kIk?Z � k � k?Z �?� # � Z
	�#q 9c=S- �S25= V 9<;��8C?Q<HO632 ��25HO@!4!+ kIk?Z§k � k k?Z � #<µ � Z ³t?9<C.@^�c632��P��25HO@!4!+ kIk?Z ��#<µ k?Z � µO³ � Z
	<µ��DEC./j��HO63632T@!;W�c25HO@!4!+ kUlcZ � µ � k?Z � 	<µ � Z l �� s^D:9IQd�c25HO@!4!+ k�µ�Z l�kU³ k?Z # ��� lcZ§k 	V @!9</8/"�c25HO@!4�+ k�µ�Z µ �I� k?Z #�#<µ � Z #Ilsh��;.HIFY-E4G� � ! =��8C./368F(25;�6 l � Z �I�T� k?Z ³�kU³ µ�Z ���V 9<;��3C?Q<HO632��c25HO@!4!+ l�#cZ
	�#�# k?Z
	 � # lcZ l�#V 9<;��3C?Q<HO632Gsh-E@8254768-:9<;.HIDª��25HO@!4!+ l�#cZ
	�	 � k?Z
	 � � � Z �"	D:9�48� "	HI/325= � @!HI=.-:25;�6,sh25/84725;U6��c25HO@!4�+ l��cZ �?� � lcZ � µ�k µ�Z§kU³
�^;.2bsh-0F(25;./8-:9<;SHID�t.C.DED��c25HO@�4!+ ³�#cZ � ³I³ lcZ µ-#�# �cZ µ��HO@!HIDEDE25D 0"-E2T@!HO@!4!+S-E4THID��^;?2bs �c25HO@�4!+ ��#cZ #<µ � µ�Z l<µ�	 # � Z �

*ªHOASDE2Gµ�Z � o V 9<F���HO@!-E/39<;B9IJ[HID:QI9I@!-:68+SFY/	@!HI;?�I25=dAc�ds^trs Z

�Il



p *]+?2[JL25HO68C.@825/ 27e?HIFY-E;?25=�4THI;1A�2r@�HI;?�I25=b-E;^9I@!=.2T@ 9IJ2�)2T@!JL9I@!F|HI;.472[HI/ J\9<DED:9nm"/ �~;?2T@8QI��� q 9<;?9I639<;U���q 9�=.- �S25= q 9<;?9I639<;��iHI;.= C�HO@!-EHI;S472IZ
p *]+?2b*,-ED:2�/325HO@�4!+ ��2T@8J\9I@!FY/j/!-:Q<;.- ��4THI;�68D:�YA�2T63632T@"68+.HI;d68+?21�~@89��3254768-:9<;i/325HO@!4�+�Z
p � -:68+iHID0D�HID:QI9I@!-:68+.F|/j68+?2T@82b-E/]HI;i-E;�gI2T@!/32�@825DEHO68-E9<;dA�2T6­m�2T25;R/���2T25=dHI;.= ��2T@8J\9I@!FYHI;S472IZ
p t.@89<F 68+?2 ��2T@!4725;U68HOQI2b-0;.47@825HI/32^=.HO68H2.���HIF���D:25=`�r9<-E;�68/	k(HI;.=d��HIF��SD:25=B�r9<-E;�68/
#GHO@!2^/!-EFY-EDEHO@-0; ��2T@8J\9I@!FYHI;.472�.��?HIF��SD:25=G�ª9<-0;U68/[l$� q 9<;?9I639<;U��� q 9�=.- ��25= q 9<;?9I639<;U��HI;.= q 9�=.- ��25=Gt?25HO68C.@82��25HO@!4!+ HO@821/8-EF|-EDEHO@j-E; ��2T@8J\9I@!FYHI;.472�..�~@827��D:632T@!25= ��HIF��SDE25=d�ª9<-0;U68/hl$� #(HI;.=dk`HO@821/8-EF|-EDEHO@j-E;
��2T@8J\9I@!FYHI;S472�.��~@89��3254768-:9<;i�c25HO@!4!+N-E/�/8-EF|-EDEHO@�-0;���2T@8J\9I@!FYHI;.472h639 V @89</8/���HO63632T@!;R�c25HO@!4�+ .?*"�.�639 q 9c=S- �S25=P*"�.� .)�]2Tm s q s 639 q 9c=.-:�S25= V 9<;��3C.Q<HO632Y��25HO@!4!+ . t.9<C?@G�c632��¤�c25HO@!4�+ 639i��DEC./��HO63632T@!; ��25HO@!4!+ . � s^D:9IQ �c25HO@�4!+ 639 V @89</8/d�c25HO@!4!+ .bHI;.= V 9<;��3C.Q<HO632u��25HO@!4!+ 639 V 9<;��8C?Q<HO632s^-:@!254768-:9<;.HIDª�c25HO@�4!+�Z

p t.9I@hHY;cC.FGA�2T@,9IJ[/325HO@!4!+.25/]��-:25DE=.-0;?Q /!-EFY-EDEHO@	@825/!C.D:68/j68+?2G479<F��SC?68HO68-:9<;SHIDED:�N/8-EF��SDE2T@	/825HO@!4!+P-E/�S@82TJL2T@!@825= �?2IZ§Q?Z ���?HIF��SD:25=N�r9<-E;�68/,k|-E/ �S@82TJL2T@�HOASD:2^639B��HIF���D:25=d�r9<-E;U68/1#cZ
p ! D:QI9I@!-E68+.FY/jm]+S-E4!+i479�gI2T@�HYDEHO@8QI2 /325HO@!4!+PHO@825H �)2T@!JL9I@!F /!C?AS/368HI;�68-EHIDED:�`A�2T63632T@"68+.HI; D:9�4THIDE-E/325=/825HO@!4!+ HO@825H|HID:QI9I@�-:68+.FY/�� _\2IZ§Q?Z �)*,+?@82T2G�c632��%�c25HO@!4!+)a	HID:68+?9<C?Q<+i68+?2T�dHO@82b/8D:9�m�2T@5Z
p � -:gI25;R68+.2b63@!HI=?2T9-
uA�2T6­m�2T25;PHID:QI9I@!-:68+.F 479<F��SD:27e?-:6­�¤_�HI;S=R+?25;.472G479<F��SC?68HO68-:9<;SHID 68-EF(2�a,HI;.=
��2T@8J\9I@!FYHI;S472b-:6,H-�*��25HO@!/jA�25/36,639`C./32bHID:QI9I@!-E68+.FY/j27e?HIFY-E;.-0;?Q(H���9I@868-:9<;N9IJ�68+?21/325HO@�4!+R/ �SHI472_\2IZ§Q?Z ��*]+?@82T2`�c632�� �c25HO@!4!+)a�-:J�68+?2|F(9I68-E9<;¤-E;W68+.2Ygc-0=?2T9R-E/�27e2��25476325=¤639 A�2Y/8FYHIDED]_\2IZ§Q?Z ��J\9I@6325DE25479<;?JL2T@!25;.4T-E;?Q�a�HI;S=>639¤HID:QI9I@!-:68+SFY/(/8C.4�+ HI/B�2� ! m]+.25; 68+?2iF(9I68-:9<; 27e$��25476325= -0/(DEHO@8QI2_\2IZ§Q?Z ��/���9I@868/�a�Z

p & 6�/8+?9<C.DE=bA)2�;?9I6325= 68+.HO6 "	" q V FYH5�1;.9I6ª��-:25DE=GF(9I68-:9<;GgI2547639I@!/[479I@8@825/���9<;.=S-E;?Q,639h68+?2	HI4768C.HIDFY9I68-:9<;(9IJ�68+?2
�S-:ec25DE/5Zª*,+.-0/[-E/[;?9I6�9<;.DE�G68+?2j@!25/8C.D:6[9IJ�68+?2,H-��2T@868C?@!2 �.@89IASD:25F �IASC?6�-E;�68+?2"4THI/329IJ~68+?2(HID:QI9I@!-:68+.F|/,27e?HIFY-E;.-E;.Q|68+?2 25;U68-E@82 /825HO@!4!+W/���HI472N_\2IZ§Q?Z �r��� ! a���68+?2 A�25/36^FYHO684!+PASD:9�48�QI25;.2T@!HO6325= F|H5�NA�21��+U��/8-E4THIDEDE�`-EF���9</8/!-:ASD:2"JL9I@,68+.2b/325HO@!4!+RASD:9�48�B639|+.HngI21@825HI4�+?25=�Z
p *]+?2^QI9�9�=N479I@8@825DEHO68-:9<;NA�2T6 m�2T25;dHID:QI9I@�-:68+.FY/�m]-:68+BD:9�m sht�s HI;.=d+.-:Q<+B���?�"� _��	���"� 4THIDE4TC�XD0HO68-:9<;dC./325/ q �2��a�-EF��SDE-:25/�27e$��2T@!-0F(25;U68HID)gI2T@!-:��4THO68-:9<;N9IJ�/8-EFY-ED0HO@���2T@8J\9I@!FYHI;.472^9IJ q ! s HI;.=q �2� @82���9I@86325=i-E;N68+?2GDE-:632T@!HO68C?@!2 ¥ k � ¬ Zp *]+?2|/8-EF|-EDEHO@b4TC.F C.DEHO68-:gI2`HI;.=¤=.- 
)2T@825;S472|-EFYHOQI2`25;U63@89���-:25/1-E;S=.-E4THO632(68+.HO6 4THO@82TJ\CSD~479�=.-E;?Qi9IJ68+.21479<F��.@825/!/325=d=.HO68HY4THI; 479<F���25;./8HO632�J\9I@
��9�9I@ ��2T@8J\9I@!FYHI;.472bFY9I68-:9<;i479<F���25;./8HO68-E9<;dHID:QI9OX@�-:68+.FY/TZ

1 ��� � �� 3B 6)��'#$ AG�>A������  "���
� -:gI25;%68+.2 9�gI2T@8g�-:2Tm 9IJ~68+.2/" " q V HID:QI9I@!-:68+SFY/1�.@825/325;�6325= � HI;.=P68+?2/��2T@8J\9I@!FYHI;.472 9IJ�68+.25/32(HID:QI9OX@!-:68+SF 27e�HIF|-E;?25=Y-E;Y68+.-E/�HI;.=Y68+?2 �.@!2Tgc-:9<CS/[4!+.H-�.632T@ �c/39<FY2"-EF��S@89ngI25F(25;�68/�639G68+?25/32hHID:QI9I@!-:68+.F|/�4THI;

�I³



A�21/8C?QIQI25/86325=�Z ! ;R9��.68-0FGC.F�HID:QI9I@!-:68+SF F C./36,27e?HIFY-E;?2 HIDED ��9</8/!-:ASD:2�D:9�4THO68-:9<;./ _\9I@^/825HO@!4!+ ASD:9�48��/�aJ\9I@,HI;N9��.68-EF C.F FYHO684!+�Z�*�9(/���2T25=dC��N68+?2b/825HO@!4!+ �?68+.2^CS/32^9IJªJ\25HO68C?@825/	m]-E68+`QI9c9�=i=.-E/847@�-EFY-E;.HO68-E9<;-E/ �.@!9��)9</825=�Zr�~@827X­4THIDE4TC.D0HO68-E;?Q^68+?2,J\25HO68C?@825/[9IJ�25HI4�+YASD:9�48��HI;.=(4THO68HID:9IQ<CS-E;?Qb68+?2j@!2TJL2T@825;S472,ASD:9�48��/[-E;632T@!FY/�9IJ�68+?25-:@�JL25HO68C?@!25/�HIDEDE9nm]/�HI;`HID:QI9I@�-:68+.F 639 9<;.D:��27e?HIFY-E;?2,68+.2]@82TJ\2T@825;.472"ASD:9�48��/�m]+.-04!+Y4TD:9</825/36@825/325FGASD:2�68+.21/325HO@!4�+iASD:9�48�)Zq 9I@82b=.-E/!47@!-EFY-E;SHI;U6[J\25HO68C?@825/	J\9I@j68+?2�*,-ED:2hHI;.=N��@89��3254768-:9<;d/325HO@�4!+?25/,;.2T25=`639(A�2hJL9<CS;.=�Z �[e?HIF�X-E;.HO68-E9<;d9IJ[68+?21+.HI/!+iJ�C.;.4768-:9<;dJ\9I@^��@89��3254768-:9<;P��25HO@!4!+ 639|9��.68-0FY-E/32bF(25FY9I@8�iC./321HI;S= ��2T@8J\9I@!FYHI;.472-E/	@82��cC.-:@!25=�Z
& 61/8+?9<CSDE=PA)2(;?9I6325=¤68+.HO6b9��.68-0FY-E/8HO68-:9<;P9IJ	68+?2YF(9I68-E9<;u479<F���25;./8HO68-:9<; �.@89�4725/8/b-E;WH%�.@�HI4768-E4THID25;.479�=?2T@j9�4T4TC?@!/j-E;N479<;��8C.;.4768-:9<;Bm]-E68+`9I68+.2T@,AS-:6 X @!HO632^9��.68-0FY-E/8HO68-:9<;��.@!9c4725/8/825/b_\2IZ§Q?Z � ��CSHI;U68-E/!HO68-:9<;�a��HI;.= � 9<-E;�6]g�/TZ,/32���HO@!HO632G9��S68-EFY-E/8HO68-E9<;d9IJ[68+?25/32 �.@89�4725/8/325/hFYH5�i��-:25DE=R=.-�
�2T@825;U6]@825/8C.D:68/5Z	*]+?2b2 
�254769IJ'�cC.HI;�68-E/8HO68-:9<; 9<;%F(9I68-:9<; gI2547639I@1/325HO@!4�+?25/^-E/]27e?HIFY-E;.25= -E; V +.H-�S632T@ �$��HI;%H-�*��25;.=.- eN639N�rHO@!61&�Z*,+?2h=.-�
�2T@825;�6�HID:QI9I@!-E68+.FY/�J\9I@	F(25HI/8C?@!-0;?Q1=.-E/8639I@868-:9<;|HO@!2h479<F���HO@825=`-0; V +SH-�.632T@ 	$�?HI;BH-�*��25;.=.- e�639��HO@86
&�Z.*,+?2b-E/!/8C?25/	9IJ[479<F��SD:27e?-:6 �BHO@82127e�HIFY-0;?25=d-E;d��HO@86
& &�Z

�<µ



���



� �������	��
 �

� $ & &�� &��-� 
#" 
�� ��� � �!� � � � 
�� 
��

* 
�� � 
�� � 
�* ' & � � � � � 
��

V +.H-�S632T@ � 27e?HIFY-E;?25= 68+?2 q ��� � X � /368HI;S=.HO@!=PHI;.=R68+.2 �cC.HI;�68-E/8HO68-:9<; �.@89�4725/8/TZ^*,+?2/�cC.HI;U68-0/8HO68-:9<;�.@89�4725/8/ �.@89ng�-E=?25/ �SHO@86`9IJ�68+?2 479<F��S@825/8/8-:9<; HOAS-EDE-E6­� 9IJ q ��� � X � A�� =S-E/84THO@!=.-0;?QWD:9nm 9I@!=?2T@`AS-:68/68+?9<C?Q<+�6b639dA�2(@825=.CS;.=.HI;�6���m]-:68+?9<C?6�-EF��SHI4768-E;?QN68+?2Y-EF|HOQI2���C.HID0-:6­�IZY*,+S-E/^4!+.H-�.632T@G=?25F(9<;./363@�HO6325/68+.HO6/��CSHI;U68-E/!HO68-:9<;¤479<C.D0= ��9</8/8-:A�D:� 4�+.HI;?QI2B68+?2`A�25/36GFYHO684!+ J\9<C.;.=u9<;K68+?2BC.;*�cC.HI;U68-0/325=u=.HO68H A��68+?2 q ! s F(25HI/8C?@!2hHI;.=��.@!9��)9</825/�H F(9�=.- ��4THO68-E9<;|9IJª68+?2 q ! s HI;S= q �2� F(25HI/!C?@825/�9IJ�=.-E/8639I@868-:9<;m]+.-04!+Nm]-ED0DS�);.=dH�A�25/36,FYHO684!+PC.;.4�+.HI;?QI25=¤_\9I@"HO6]D:25HI/36]F|-E;.-EFYHID0D:�YH 
)25476325=)a	Ac���cC.HI;�68-E/8HO68-:9<;�Z
& 6b-E/^479<F��SC?68HO68-E9<;.HIDED:�R/!-EF��SD:2 639 ��2T@8J\9I@!F F(9I68-:9<;W479<F���25;./8HO68-E9<; 9<;¤C.;*�cC.HI;U68-0/325= =SHO68Hu_\68+?2FYHI47@89IA�D:9c4!�c/G-E; q �'� � X � a�/8-E;S472���C.HI;�68-E/8HO68-E9<;u-E;�gI9<D:gI25/1Hd63@�HI;./3J\9I@!FYHO68-:9<;W639 68+?2|s V * =.9<FYHI-E;_�/32T2 V +SH-�.632T@ � a�Z1*�9dHI4�+.-:2TgI2(A�25/361�)9</!/8-:ASD:2GF(9I68-:9<;W479<F���25;./8HO68-E9<; @!25/8C.D:68/��)68+?2�@82TJ\2T@825;.472�J\@!HIF(2HI;.=¤68+?2`J\@!HIF(2BC.;.=?2T@G479<;./8-E=?2T@�HO68-:9<;uJ\9I@ FY9I68-:9<;K479<F��)25;S/8HO68-:9<;¤/!+?9<C.DE=¤A)2+��C.HI;�68-E/325=K/8-E;.472`68+?2��;.HID)25;.=?X­C./32T@j-EFYHOQI25/,HO@!2 ��C.HI;�68-E/325= Z�& 6,-E/	C.;.4TDE25HO@	+.9nm 9�gI2T@!DEH-�*�S-0;?QGA�D:9c4!�c/jHO@!2�639(A)2,�cC.HI;�68-E/325=m]-:68+.9<C?6jH(JL9I@!m�HO@!=RHI;.=i-E;�gI2T@!/32bs V *�63@�HI;./3J\9I@!F HI/ �SHO@!6,9IJª68+.21F(9I68-:9<;i479<F��)25;S/8HO68-:9<; �.@!9c4725/8/5Z
& J �cC.HI;�68-E/8HO68-:9<;N4!+SHI;?QI25/j68+?2�D:9�4THO68-:9<;N9IJ�68+.2hA�25/36jFYHO684�+ ��_�-´Z§2IZ �.H�A�2T63632T@,FYHO684�+i-E/�JL9<CS;.=B25DE/327Xm]+?2T@!2hHOJ\632T@
��CSHI;U68-E/!HO68-:9<;�a�68+?25;%��C.HI;�68-E/8HO68-E9<;BF C./36�A�2 ��2T@8J\9I@!F(25=`A�2TJL9I@82^F(9I68-:9<;N479<F���25;./!HO68-:9<;�Z

& J �cC.HI;�68-E/8HO68-:9<;R=?9�25/";?9I6]4�+.HI;?QI2168+.21D:9�4THO68-:9<;i9IJ�68+?2GA)25/86,FYHO684!+ �[_�-´Z§2IZ �S��;.=dH|;.2Tm A�25/36]FYHO684�+�a68+?25;iFY9I68-:9<;i479<F���25;./8HO68-E9<;i4THI;iA�2 ��2T@8JL9I@�F(25=Nm]-:68+?9<C.6,479<;./8-E=?2T@�-E;?Q/��C.HI;�68-E/8HO68-E9<;�Z
*,+S-E/]4�+.H-�.632T@h�S@!/36h=?25F(9<;./863@!HO6325/h68+.HO61�cC.HI;�68-E/8HO68-:9<;���9</8/8-:ASDE�B4�+.HI;?QI25/h68+?2 A)25/86"FYHO684�+ ��68+?25;

�.@89���9</325/	H�F(9�=.- ��4THO68-E9<;`639(68+.2 q ! s HI;S= q �2� J�C.;.4768-E9<;./~639��S@89ng�-E=?2^/39<F(2�-EFYF C.;.-E6­�Y639��cC.HI;�X68-E/8HO68-E9<;iHI;.=N��;SHIDED:�|479<;.4TD0C.=?25/	m]-:68+dH|/8C.FYFYHO@!�|9IJ�68+?214�+.H-�.632T@5Z
��	



����� � � =  h� 6.���������! "� ��&������ A��,�h��� 6������8 "�(3` 6 6���� :94,8�&��,�	�"� 6 ��&����B� 6S�
= ���B8�&

*,+.-0/,/3254768-:9<;P=?25F(9<;./863@!HO6325/h68+.HO6 �cC.HI;�68-E/8HO68-:9<;P479<C.DE= 4!+.HI;?QI2 68+?2GA)25/86]FYHO684!+PJ\@89<F�27e�HIFY-0;.HO68-:9<;9IJ�68+.2 ��C.HI;�68-E/8HO68-E9<;+�S@89c4725/!/jHI;.=N/39<F(2�QI2T9<F(2T63@8�IZj�c��FYF(2T63@8�|HID0D:9nm]/	68+.21�S@89IASD:25F�639(A�2h@!25=.C.4725=639|HYFY9I@82bFYHI;.HOQI25HOASDE2b6­m�9`=.-0F(25;./8-:9<;SHID �S@89IASD:25FdZ�"9nm 68+ ��CSHI;U68-E/!HO68-:9<; �.@89�4725/8/,-0/jHI/,J\9<DED:9nm"/To
� £ _��ª©
	�a � ¦ ������� _ �|_��ª©
	�a � £�
���� ���®�Y_���©
	?a a
��� 
 � � ¢ �� �   + � ±

� ��� � �
��� 
 � � ¢ �� �   + � ±

� ������� /8+S-:JL68-0;?QG9I@�-:Q<-E;! 
��� 
 � � ¢ �� �   + ±

� ����� ��9</8-:68-:gI2^gOHIDEC?25/j9<;SD:�" 
� 2T6

�
_��ª©
	�a � � £ _��ª©
	�a��|_���©
	�a

�"9I632 �|_��ª©
	�a~-E/[68+?2]s^-E/!47@82T632 V 9</!-E;?2,*ª@!HI;./3J\9I@!F _�s V *"a�9IJ H�ASD:9�48� �2�|_���©
	�a[@82��.@825/825;U68/~68+?2 �cC.HI;�X68-E/8HO68-E9<;W479�2$#`4T-E25;U68/��ªHI;.= � £ _��ª©
	�a^-0/"68+.2���C.HI;�68-E/325=PgOHIDEC?2�9IJ �|_���©
	?a�Z & 6�-E/�479<;�gI25;.-:25;�6�639i479<;�X/8-E=.2T@~68+?21��C.HI;�68-E/8HO68-E9<;|HI;.=B-E;�gI2T@!/32 �cC.HI;�68-E/8HO68-:9<;P_ f & f a �.@!9c4725/8/�HI/�68+?2"FYH-� �S-E;?Qb9IJ �`_���©
	�a~9<;�639�
_���©
	?aj=?25;.9I6325=iHI/1�&%$�Y_��`_���©
	�a3a �

�
_���©
	?a��Sm]-E68+

�
_���©
	�a	68+?21-E;�gI2T@!/32 �cC.HI;�68-E/8HO68-:9<; �S@89c4725/!/TZ�c��FYF(2T63@!�%479<;S/8-E=?2T@!HO68-E9<;./bHIDED:9�m 9<;?2|639R27e?HIFY-E;?2���9</8-E68-:gI2YgOHIDEC?25/�J\9I@ ± � HI;.= ±(' 9<;SD:� _\m]-:68+

)+*�-, a�Z "��,�)9</!-:68-:9<;.-E;.Q,H �SD0HI;?2 �SHO@!HID0D:25D<639h9<;?2�9IJ?68+?2�H�e�25/�HI;.= D:9c4THO6325= /39<F(2	=.-E/868HI;.472h_�HhFGCSD:68- �SD:29IJ�68+?2'�cC.HI;�68-E/8HO68-:9<;G479�2$#`4T-E25;U6ªJL9I@ª68+.HO6 J\@82���C.25;.47�?a�HID:9<;?Q]H �)2T@ �)25;S=.-E4TC.DEHO@�H�e?-E/��n68+.2 q ! s @825=SC.4725/639 ��� 
 �/. � ± � � ± ' �?D:2T6
�
� ± � � ± ' Z "�254THIC./32�68+.2 f & f -E/	=.-�
�2T@825;�6�J\9I@	25HI4!+dJ\@82��cC?25;.47����68+?2/��SHI4T-0;?Q|9IJ[68+?2 f & f =.HO68HBHID:9<;?QB68+?2G9<;?2 H�e?-E/h-E/]=S-�
)2T@!25;U6"JL@89<F�68+?2G9I68+?2T@5Z & J �cC.HI;U68-0/8HO68-:9<;10 f & f=?9c25/�;?9I6�H 
�25476�68+?2jA�25/36�FYHO684�+YJ\9I@�HI;U�(/8D0-E472	9IJ�68+?2,=S-E/3639I@868-:9<;�/39<D0-E=�68+?25;��cC.HI;U68-0/8HO68-:9<;10 f & f =?9c25/;?9I6]H 
�25476]68+.2�A)25/86,FYHO684!+RJL9I@,68+.21=.-E/3639I@!68-:9<;d/39<DE-E=dHI/]H(m]+?9<D:2|_�/8�cFYFY2T63@8�?a�Z

& Jª9<;.2b479<;./8-E=?2T@�/�/!-EF��SD:2 f & f 9IJrH(/!-E;?Q<D:2^gOHO@!-EHOASD:2^¨ �?68+?25;dHOJL632T@1��CSHI;U68-E/!HO68-:9<;N68+?2�gOHIDEC?25/	9IJr¨HO@821F C.D:68- �SD:25/	9IJ�68+?2 �cC.HI;�68-E/8HO68-:9<; 479�2$#`4T-E25;U632�Z ! D0D�g�HID0C?25/j9IJ�¨ J\9I@+45276 ¨98 _�4 � � a:2(479<DED0H-�S/32639;452cZ�*,+?2(C./8C.HID �cC.HI;�68-E/8HO68-:9<;uHI=S=./<2>= � 639i¨um]+.-04!+W-EF���DE-:25/?452 � 2�= � 6 ¨@8 _�4 � � a:2 � 2>= �479<DEDEH-��/325/j639A452cZ � 2T9<F(2T63@�-E4THIDED:�NHYDE-E;.2^/82TQ<F(25;U6"479<DEDEH-�S/325/,639|-:68/,4725;�63@82 ��9<-E;�6TZf & f 4THI;|A)2	68+?9<C.Q<+U6�9IJ�HI/�479<DEDEH-�S/8-0;?Q�Hb+U�$��2T@3X @8254768HI;?Q<DE2j9<;U639 -:68/�4725;�63@82,J\9I@~=.-�
�2T@825;�6 �)9</!/8-:ASD:2f & f gOHIDEC?25/TZ & ;16­m�9h=.-0F(25;./8-:9<;S/�68+S-E/ -E/ª/8-EF��SDE�"Hj@8254768HI;.Q<D:2IZ[*,+?2�s V *¤-0/�HI;b9I@!68+?9IQI9<;.HID�63@!HI;./3J\9I@!Fm]+.-04!+ -EF���DE-:25/ ± � -E//��2T@ ��25;.=S-E4TC.DEHO@G639 ±(' ��HI;S= A�� -E;S/���254768-:9<;
�
� ± � � ±(' J\9I@!FY/YHuD0-E;?2W_\68+?2=.-E/8639I@868-:9<;uDE-0;?2�ah-E;u6 m�9%=.-EFY25;./8-:9<;./���m]-:68+ ± � HI;.= ± ' 9<;u68+?2BH�ec25/5Z ! A)2T63632T@ FYHO684!+>-E/ �)9</!/8-:ASD:2-:J�HI;.=P9<;.DE�i-:J[JL9I@�/39<FY2 f & f g�HID0C?25/]68+.2 @!254768HI;?Q<D:2/�.@89I63@!CS=?25/]HOA�9ngI2(68+.2 =.-0/3639I@868-:9<;>_ q ! sbahDE-E;?2

	 �



Distortion line for MAD.

First proposed Modified MAD distortion line.

Second proposed Modified MAD.

(b) Quantised values after second proposed modification of MAD.

(a) Quantised values.
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Complexity Curve 3.

(Low Complexity.)
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Predicted vs. Actual data for Linear Model.
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Predicted vs. Actual bit−rate , Linear Model, Good Quality.
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Predicted vs. Actual Bit−Rate, Validated Linear Model, Excellent BR.
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Percentage Error, Validated Linear Model, Excellent BR.
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Predicted vs, Actual Bit−Rate, Validated Linear Model, Good BR.
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Percentage Error, Validated Linear Model, Good BR.
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Predicted vs. Actual Bit−Rate, Quadratic Model, Excellent BR.
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Predicted vs. Actual Bit−Rate, Validated Quadratic Model, Excellent BR.
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Percentage Error, Validated Quadratic Model, Excellent BR.
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Predicted Vs. Actual Bit−Rate, Validated Linear Model, Good BR.
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Percentage Error, Validated Quadratic Model, Good BR.
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� XKmTJTf0IKGB<>C � I��O=ifB=PL��&= bdXKJ ��I� be?�J.XMA�G�=� =PETL � EHfjI7ETL��&= � =PETL � EHfjIMETL��&=J � XMJTm�GZ=PEHf��0< L t Y � p �/.��ZY t p JZY � � p .ZY Q2%XMJ ��I 2 ET?�=PW 6 fjETW>IM=PLkG � =P? �&=PLQG GZ=PEHf3�j< L t Y���� Q � p Y � p �ZY�� ��� .ZY .

%J.L � A�m.EHG�=�� IKfB=C�&GBIKJ.LeETX GZ=PEHf��0< L t Y���� Q � t Y p p �ZY Q ��� �ZY �
%J.L � A�m.EHG�=�GZ=PEHf��0< L t Y � p QZp ��Y � p �ZY�� � ����Y .

%fBJ.?B? F EHG�G�=ifjL GZ=PEHf��0< L t Y���� � t�Q Y�� p JZY p � � t Y��
%fBJ.?B? G�=PEHf��j< L t Y ��� � � t YKJ p JZY � � Q .ZYKJ�^g�L>ETCDI �*G�� � W � A>?�GBCD=PLkG L t Y � t � ���ZY�� p �ZY p ��J���Y��
	 L�=ifBmTg L t Y � Q � �ZY�� ��Y p J��ZY QD J.A�f G�G�=ih�GZ=PEHf��0< L t Y ��J ����JZY�� p JZY�� � ���ZY p� CVhefBJ#
T=PW ;�G�G L t Y � p � t �ZYKJ �ZY � ��J�JZY �� J�W>I ve=PW 
 J.L � A>m.EHG�=�GZ=PEHf��0< L t Y � p � ��JZY�� p JZY � � . p Y .� J�W>I ve=PW D =PEHGBA�fB=	G�=PEHf��j< L t Y p � Q �ZY�� �ZY p � �ZY t� J�W>I ve=PW � J.L�JTG�J.LQg L t Y t J � �ZYKJ ��YKJ J��ZY��� J�W>I ve=PWHG 	 � L t Y t � ��JZY � �ZY Q p .ZY .� J�W>I ve=PWHG 	 � 
 J L t Y t � � p Y � ��YKJ J���Y �� J�W>I ve=PWl;�G�G L t Y ��J ��J �ZY t p JZYKJ � Q �ZY��� J.L�JTG�J.LQg L t Y t � ��JZY Q ��YKJ J��ZYKJ
� =�� ��� � L t Y Q � �/. t Y . pTp Y . ��� p Y �
� L�=�� IMCV=PL>?jIKJ.L>ETX D A>X7X GZ=PEHf��j< L t Y�� Q � ����Y � p �ZY�� � pTp Y �F 2 � � L t YKJ p . p Y p �ZYKJ ����YKJF EHf0ETXMXK=PX 4 IK=ifjEHf��0<>I �iETX � L>=�� GZ=PEHf��j< L t YKJ�� pit�p �ZY�� p#Q YKJ QZp .ZY �F XMA>? F EHG�G�=ifjL GZ=PEHf��0< L t Y�� Q � p �ZYKJ p JZY � � �/.ZY �F fB=&vdXMG�=ifB=PWHG�ETCVheXM=PW F J.I7LkGB?�J t Y ��J Q�t Y � �ZYKJ � �ZY QF fB=&vdXMG�=ifB=PWHG�ETCVheXM=PW F J.I7LkGB? � L t Y t�Q �/.ZY � ��Y t J�JZY QF fB=&vdXMG�=ifB=PWHG�ETCVheXM=PW F J.I7LkGB?
� t YKJ�� � �ZY t ��Y � J Q YKJF fB=&vdXMG�=ifB=PWHG�ETCVheXM=PW F J.I7LkGB?�� L t Y pit p#Q�Q Y . Q Y � p J t Y QF fBJ � =C�&GBIKJ.L�G�=PEHf��j< L t Y p � pTpTp Y � �ZY � Q �ZY .G�ETCVheXK=PW F GB?�J L t Y t � ���ZY�� �ZY � J t Y �G�ETCVheXK=PW F GB? � L t Y t�Q �/.ZY t ��Y t J�JZY pG�ETCVheXK=PW F GB?�� L t Y t�Q � �ZY�� ��Y t J �ZYKJG�ETCVheXK=PW F GB?
� L t Y t . � p Y t ��Y p J���YKJG�A�b>beXMJ ��I D A>X7X GZ=PEHf��j< L t Y��/. ��� �ZY . pTp YKJ � ����Y .; G�G L t Y � � � p �ZY t p JZY p � Q JZY �;�IMXK= ?�=PEHf��0< L t Y t�Q � .ZY�� ��Y . J��ZY �
� EHfjIMETL��&= L t Y t � . Q Y�� �ZY�� � Q Y��

; EHbeXK=52 Y p!M 
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� XKmTJTfjIMGB<>C � JTGBIMJ.L � =C�&G�JTf F G � � � D �� =PETL � EHfjIMETL��&= � N pit � �J � XKJTm GZ=PEHf��0< �ZY p .�� �ZY t J�J p �ZY Q�Q ��YKJ t �2 XKJ � I 2 ET?�=PW 6 fjETW>IK=PLQG � =P? �&=PLQG GZ=PEHf��0< JZY pTp � �ZY � p J p �ZY�� � ��Y�� t �
 J.L � A>m.EHG�=�� IKfB=C�&GBIKJ.L>ETX GZ=PEHf��j< JZY�� t � �ZYKJ/.�� p �ZY���� ��Y������

 J.L � A>m.EHG�=�GZ=PEHf��0< JZY � t�Q �ZY ��� � p �ZY�� � ��Y ��� �
 fBJ.?B? F EHG�G�=ifjL GZ=PEHf��j< �ZYKJ t � Q Y t ��J J t Y � t �ZY �����

 fBJ.?B? GZ=PEHf3�j< ��Y � t . .ZY�� Q . J t Y p � ��Y t�p �� g�L>ETCDI �*G � � W � A>?�GBCV=PLQG �ZY p J�� �ZY���J�� p �ZY QZp ��YKJ����
	 L�=ifBmTg p#QZp Y Q�t � p .�� . � � p Y Q � p Y � � QD J.A�f GZG�=ih GZ=PEHf��j< �ZY Q�QZp �ZY � Q � p �ZY �/. ��Y t�QZp� CVh>fjJ#
T=PW ; G G �ZY . t�Q J Q Y�� p � J�JZY t�p �ZY t �/.� J�W>I ve=PW 
%J.L � A�m.EHG�=	GZ=PEHf��j< �ZY p � � .ZY t � � J t Y p J �ZY � ���� J�W>I ve=PW D =PEHGBA>fB=	GZ=PEHf3�j< Q �ZY ��J � p � p ��J J �ZY p � p Y � Q�t� J�W>I ve=PW � J.L�JTG�J.LQg p �/.ZY QZpit J pTp#Q J � p Y Q�Q p Y ��� �� J�W>I ve=PWHG 	 � p � p Y � t�Q p � ��� � � �ZY tTt p YKJ t .� J�W>I ve=PWHG 	 � 
 J p#QZp Y � �/. p#Q � Q � � p Y � p p Y ��� t� J�W>I ve=PWl; G G ��Y pit�p .ZY tTt � J t Y p � �ZY ������ J.L�JTG�J.LQg p ����Y ��� t J t . p J � p Y . � p Y ��� p
� =�� � � � �ZYKJ t � pit Y�����J J t Y�� � �ZY .�� Q
� L�=�� IMCV=PL>?BIMJ.L>ETX D A>XMX G�=PEHf��j< JZY �/. p p �ZY ��J � p �ZY QZp ��Y � �/.F 2 � � ���ZYKJ ��� pTp ��� . J �ZY t � p Y �/.��F EHfjETX7XK=PX 4^IM=ifjEHf��j<eI �iETX � L�=�� G�=PEHf��j< t Y tTt�p t Y tTt � p .ZY t � �ZY � t �F XMA>? F EHG�G�=ifjL GZ=PEHf��j< �ZY p ��� �ZY ��� p J t YKJ p �ZY � ���F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? J p ����Y . � � J � p . Q J �ZY ��� p Y �/. �F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? � p ����Y Q�Q J p ��� ��� ��JZYKJ�� p Y � t �F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? � p#Q �ZY .���� J t � t J � p Y�� t p Y�� p JF fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? � ���ZY . p � . � t J J��ZY � � JZY�� � QF fBJ � =C�&GBIKJ.L�GZ=PEHf3�j< p#QZp Y Q � � p#Q . Q � J Q Y ��� p Y � p �G�ETCVheXK=PW F GB?�J p � �ZYKJ p � p � � ��� ��JZY � � p YKJ����G�ETCVheXK=PW F GB? � p ����Y ��� p p ��� pit ��JZY ��� p YKJ ���G�ETCVheXK=PW F GB?�� p ���ZY �/. � p ���/. � ��JZY p#Q p Y � pitG�ETCVheXK=PW F GB?
� p ���ZY�� � � p ��� Q J ��JZY tTt p Y � ���G�A�b>beXKJ � I D A>XMX G�=PEHf��j< �ZY Q . � .ZY . �/. J t Y ��� �ZY ��� t;�G�G ��Y ��� Q �ZY�� pit J t YKJ p �ZY � ���;@IMXK= ?�=PEHf��0< J Q YKJ � p �/.�� � � p YKJ Q p Y������
� EHf0IMETL��&= p ���ZY t�p � p ��� ��J J/.ZY QZp p Y Q . t
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� XKmTJTfjIKGB<eC 	 LQG�fBJThQgF I N�=PX � JTGBIMJ.L � =C�&G�JTf 
 A>C AeXMEHGBI�
T=J � XKJTm G�=PEHf��j< �ZY Q J �ZY � p �ZY �/.2 XKJ � I 2 ET?�=PW/6 f0ETW>IK=PLQG � =P? �&=PLkG%GZ=PEHf��0< �ZY Q � JZY . p �ZY Q �
%J.L � A�m.EHG�= � IMfB=C�&GBIKJ.L>ETX GZ=PEHf3�j< �ZY . p JZY . t �ZY Q �
%J.L � A�m.EHG�=	GZ=PEHf��j< �ZY Q � JZY Q�Q �ZY Q �
%fjJ.?B? F EHG�G�=ifjL G�=PEHf��j< �ZY �/. �ZY ��� �ZY ���

%fjJ.?B?�GZ=PEHf��0< �ZY �/. �ZY . t �ZY ���� g�L>ETCDI �*G�� � W � Ae?�GBCV=PLQG �ZY Q � �ZYKJ�� �ZY Q�t
	 L�=ifBmTg ��Y�� � �ZY t � ��Y Q JD J.A>f�GZG�=ih�GZ=PEHf3�j< �ZY �/. �ZY���� �ZY ���� CVh>fBJ4
T=PW ; G�G �ZY � p ��Y Q . �ZY � p� JZWeI ve=PW 
%J.L � A�m.EHG�=�GZ=PEHf3�j< �ZY ��� �ZY � � �ZY ��J� JZWeI ve=PW D =PEHGBA�fB=�GZ=PEHf��0< ��Y Q � �ZY p � ��Y .��� JZWeI ve=PW�� J.L>JTG�J.Lkg ��Y�� t �ZYKJ�� ��Y Q .� JZWeI ve=PW�G 	 � ��Y � � .ZY . � ��Y�� �� JZWeI ve=PW�G 	 � 
 J ��Y�� t �ZY t � ��Y Q �� JZWeI ve=PW ; G�G �ZY ��� �ZY�� � �ZY � t� J.L�JTG�J.LQg ��Y�� � �ZYKJ�� ��Y Q�Q
� =�� � � � �ZY ��� ��YKJ/. �ZY � p
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D IMm.A�fB=52 YKJ�� M � � ��������� ��� � �
	 
 � � � � S JTf@?B=10QA�=PL �&= � � � � � �
�J t �



�

�t J � � � pit p J p � p � p�� J t
J � XKJTm�GZ=PEHf��j<2 XKJ � I 2 ET?�=PW/6 fjETW>IK=PLQG � =P? �&=PLkG GZ=PEHf��0<
 J.L � A>m.EHG�=�� IMfB=C�&GBIKJ.L>ETX G�=PEHf��j<

 J.L � A>m.EHG�=OGZ=PEHf��j<

 fBJ.?B? F EHG�G�=ifjL&GZ=PEHf��j<
 fBJ.?B?�GZ=PEHf��0<� g�L>ETCDI �*G � � W � A>?�GBCV=PLQG
	 L�=ifBmTgD J.A�f�GZG�=ih�G�=PEHf��j<� CVh>fjJ#
T=PW ; G G� J�W>I ve=PW 
%J.L � A�m.EHG�=�G�=PEHf��j<
� J�W>I ve=PW D =PEHGBA�fj=	GZ=PEHf��0<� J�W>I ve=PW�� J.L�JTG�J.Lkg� J�W>I ve=PW�G 	 �

� J�W>I ve=PW�G 	 � 
 J� J�W>I ve=PW ; G�G� J.L�JTG�J.LQg� =�� � � �
� L�= � I7CV=PL>?BIKJ.LeETX D A>XMX GZ=PEHf3�j<F 2 � �

F EHfjETX7XK=PX 4^IM=ifjEHf��j<eI �iETX � L�=�� GZ=PEHf3�j<F XMA>? F EHG�G�=ifjL&GZ=PEHf��j<F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? JF fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB?��F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? �F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? �F fBJ � =C�&GBIKJ.L GZ=PEHf��0<
G�ETCVheXK=PW F GB?�JG�ETCVheXK=PW F GB? �G�ETCVheXK=PW F GB?
�G�ETCVheXK=PW F GB?��G�A�b>beXKJ � I D A>XMX GZ=PEHf3�j<;�G�G;@IMXK= ?�=PEHf��j<� EHf0IMETL��&=

D IKm.A�fB=52 YKJ�� M � � ��������� � � � � ��� S�JTf@?�=10ZA�=PL��&= � ��� � � �
�J t �



�

�t p J � � � � Q � � pit
J � XKJTm�GZ=PEHf��j<2 XKJ � I 2 ET?�=PW/6 fjETW>IK=PLQG � =P? �&=PLkG GZ=PEHf��0<
 J.L � A>m.EHG�=�� IMfB=C�&GBIKJ.L>ETX G�=PEHf��j<

 J.L � A>m.EHG�=OGZ=PEHf��j<

 fBJ.?B? F EHG�G�=ifjL&GZ=PEHf��j<
 fBJ.?B?�GZ=PEHf��0<� g�L>ETCDI �*G � � W � A>?�GBCV=PLQG
	 L�=ifBmTgD J.A�f�GZG�=ih�G�=PEHf��j<� CVh>fjJ#
T=PW ; G G� J�W>I ve=PW 
%J.L � A�m.EHG�=�G�=PEHf��j<
� J�W>I ve=PW D =PEHGBA�fj=	GZ=PEHf��0<� J�W>I ve=PW�� J.L�JTG�J.Lkg� J�W>I ve=PW�G 	 �

� J�W>I ve=PW�G 	 � 
 J� J�W>I ve=PW ; G�G� J.L�JTG�J.LQg� =�� � � �
� L�= � I7CV=PL>?BIKJ.LeETX D A>XMX GZ=PEHf3�j<F 2 � �

F EHfjETX7XK=PX 4^IM=ifjEHf��j<eI �iETX � L�=�� GZ=PEHf3�j<F XMA>? F EHG�G�=ifjL&GZ=PEHf��j<F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? JF fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB?��F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? �F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? �F fBJ � =C�&GBIKJ.L GZ=PEHf��0<
G�ETCVheXK=PW F GB?�JG�ETCVheXK=PW F GB? �G�ETCVheXK=PW F GB?
�G�ETCVheXK=PW F GB?��G�A�b>beXKJ � I D A>XMX GZ=PEHf3�j<;�G�G;@IMXK= ?�=PEHf��j<� EHf0IMETL��&=

D IKm.A>fB= 2^YKJ�� M � � ��������� � � � � 	 S JTf^?�=10QA>=PL��&= � � � � � �
�J t�Q



�

�t � � � p J p � p�� J p J�� J Q � t
J � XKJTm�GZ=PEHf��j<2 XKJ � I 2 ET?�=PW/6 fjETW>IK=PLQG � =P? �&=PLkG GZ=PEHf��0<
 J.L � A>m.EHG�=�� IMfB=C�&GBIKJ.L>ETX G�=PEHf��j<

 J.L � A>m.EHG�=OGZ=PEHf��j<

 fBJ.?B? F EHG�G�=ifjL&GZ=PEHf��j<
 fBJ.?B?�GZ=PEHf��0<� g�L>ETCDI �*G � � W � A>?�GBCV=PLQG
	 L�=ifBmTgD J.A�f�GZG�=ih�G�=PEHf��j<� CVh>fjJ#
T=PW ; G G� J�W>I ve=PW 
%J.L � A�m.EHG�=�G�=PEHf��j<
� J�W>I ve=PW D =PEHGBA�fj=	GZ=PEHf��0<� J�W>I ve=PW�� J.L�JTG�J.Lkg� J�W>I ve=PW�G 	 �

� J�W>I ve=PW�G 	 � 
 J� J�W>I ve=PW ; G�G� J.L�JTG�J.LQg� =�� � � �
� L�= � I7CV=PL>?BIKJ.LeETX D A>XMX GZ=PEHf3�j<F 2 � �

F EHfjETX7XK=PX 4^IM=ifjEHf��j<eI �iETX � L�=�� GZ=PEHf3�j<F XMA>? F EHG�G�=ifjL&GZ=PEHf��j<F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? JF fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB?��F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? �F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? �F fBJ � =C�&GBIKJ.L GZ=PEHf��0<
G�ETCVheXK=PW F GB?�JG�ETCVheXK=PW F GB? �G�ETCVheXK=PW F GB?
�G�ETCVheXK=PW F GB?��G�A�b>beXKJ � I D A>XMX GZ=PEHf3�j<;�G�G;@IMXK= ?�=PEHf��j<� EHf0IMETL��&=

N pit
D IKm.A�fB=52 YKJ�� M � � � � � � � ���	� � � � � 
 � � S�JTf@?�=10ZA�=PL��&= � ��� � � �

�J t �



�

�t � � p J p � J t J�� J � ��J ��� � t
J � XKJTm�GZ=PEHf��j<2 XKJ � I 2 ET?�=PW/6 fjETW>IK=PLQG � =P? �&=PLkG GZ=PEHf��0<
 J.L � A>m.EHG�=�� IMfB=C�&GBIKJ.L>ETX G�=PEHf��j<

 J.L � A>m.EHG�=OGZ=PEHf��j<

 fBJ.?B? F EHG�G�=ifjL&GZ=PEHf��j<
 fBJ.?B?�GZ=PEHf��0<� g�L>ETCDI �*G � � W � A>?�GBCV=PLQG
	 L�=ifBmTgD J.A�f�GZG�=ih�G�=PEHf��j<� CVh>fjJ#
T=PW ; G G� J�W>I ve=PW 
%J.L � A�m.EHG�=�G�=PEHf��j<
� J�W>I ve=PW D =PEHGBA�fj=	GZ=PEHf��0<� J�W>I ve=PW�� J.L�JTG�J.Lkg� J�W>I ve=PW�G 	 �

� J�W>I ve=PW�G 	 � 
 J� J�W>I ve=PW ; G�G� J.L�JTG�J.LQg� =�� � � �
� L�= � I7CV=PL>?BIKJ.LeETX D A>XMX GZ=PEHf3�j<F 2 � �

F EHfjETX7XK=PX 4^IM=ifjEHf��j<eI �iETX � L�=�� GZ=PEHf3�j<F XMA>? F EHG�G�=ifjL&GZ=PEHf��j<F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? JF fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB?��F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? �F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? �F fBJ � =C�&GBIKJ.L GZ=PEHf��0<
G�ETCVheXK=PW F GB?�JG�ETCVheXK=PW F GB? �G�ETCVheXK=PW F GB?
�G�ETCVheXK=PW F GB?��G�A�b>beXKJ � I D A>XMX GZ=PEHf3�j<;�G�G;@IMXK= ?�=PEHf��j<� EHf0IMETL��&=

N p 	 
 t �
D IKm.A�fj=52^YKJ Q"M � � � � � ��� ���
� � � � 
 � S�JTf@?�=10ZA�=PL��&= � � � � � �

�J t �



� XKmTJTf0IKGB<>C � I��O=ifB=PL��&= bdXKJ ��I
� be?�J.XMA�G�=� =PETL � EHfjI7ETL��&= � =PETL � EHfjIMETL��&=J � XMJTm�GZ=PEHf��0< t YKJ � ������Y Q pit YKJ J � �ZY �2%XMJ ��I 2 ET?�=PW 6 fjETW>IM=PLkG � =P? �&=PLQG GZ=PEHf3�j< L t Y t � � Q �ZY�� pTp Y t �����ZY �


%J.L � A�m.EHG�=�� IKfB=C�&GBIKJ.LeETX GZ=PEHf��0< t Y t�p � � ��YKJ pTp Y p ��� p Y t
%J.L � A�m.EHG�=�GZ=PEHf��0< L t Y t J � Q�Q Y � pTp Y p �����ZY��

%fBJ.?B? F EHG�G�=ifjL GZ=PEHf��0< t Y t � � Q�t Y�� pit Y�� J����ZY��

%fBJ.?B? G�=PEHf��j< t Y�� � � p �ZY�� pit Y � � t�p Y ��^g�L>ETCDI �*G�� � W � A>?�GBCD=PLkG t Y t � � � Q Y � pit Y � ��� p Y �
	 L�=ifBmTg L t Y�� p p � t Y�� Q Y�� � � YKJD J.A�f G�G�=ih�GZ=PEHf��0< t Y�� t � � ��Y Q pit Y p J � JZY��
� CVhefBJ#
T=PW ;�G�G t Y p � J����ZY � � Y Q p��Ht Y��� J�W>I ve=PW 
 J.L � A>m.EHG�=�GZ=PEHf��0< t YKJ p �����ZY p pit Y t J����ZY t� J�W>I ve=PW D =PEHGBA�fB=	G�=PEHf��j< t Y p#Q J p �ZY t � Y�� p ���ZY��� J�W>I ve=PW � J.L�JTG�J.LQg t YKJ�� p � t Y Q Q Y Q pit JZY t� J�W>I ve=PWHG 	 � t Y p � pTpit Y � �ZY�� � � Y��� J�W>I ve=PWHG 	 � 
 J t Y pTp p J p Y � �ZY � Q ��Y Q� J�W>I ve=PWl;�G�G t YKJ�� � � �ZYKJ pit Y p J ��p Y �� J.L�JTG�J.LQg t YKJ�� p ���ZY p Q Y � pit�p Y t
� =�� ��� � t Y�� p �����ZY p pit Y�� J�� t Y �
� L�=�� IMCV=PL>?jIKJ.L>ETX D A>X7X GZ=PEHf��j< L t Y t � ��� Q Y Q p JZY�� � p JZY��F 2 � � t Y�� Q J�� Q YKJ � Y � p ���ZY QF EHf0ETXMXK=PX 4 IK=ifjEHf��0<>I �iETX � L>=�� GZ=PEHf��j< L t Y���� � J t Y�� p ��Y � � t�Q Y��F XMA>? F EHG�G�=ifjL GZ=PEHf��0< t Y t � ��J��ZY p pTp Y t � t �ZY tF fB=&vdXMG�=ifB=PWHG�ETCVheXM=PW F J.I7LkGB?�J p Y�� Q J�� Q Y�� � Y�� p#Q�t Y��F fB=&vdXMG�=ifB=PWHG�ETCVheXM=PW F J.I7LkGB? � t Y p#Q p ��JZY t Q Y p � p Y pF fB=&vdXMG�=ifB=PWHG�ETCVheXM=PW F J.I7LkGB?
� t Y �Ht p � � Y � Q Y�� � �ZY��F fB=&vdXMG�=ifB=PWHG�ETCVheXM=PW F J.I7LkGB?�� t Y p � p ���ZY Q Q Y�� pit�Q Y��F fBJ � =C�&GBIKJ.L�G�=PEHf��j< t Y pTp � Q �ZY Q pit Y�� J����ZY��G�ETCVheXK=PW F GB?�J t Y p � pTp�� Y t �ZY Q Q �ZY tG�ETCVheXK=PW F GB?�� t Y p�� p � p Y�� Q Y p � t Y �G�ETCVheXK=PW F GB?�� t Y p�� p J��ZY�� Q Y t �Ht Y��G�ETCVheXK=PW F GB?
� t YKJ�J p � p Y t Q Y�� pit �ZY��G�A�b>beXMJ ��I D A>X7X GZ=PEHf��j< t Y p J J � �ZY Q �ZY t J t ��Y p; G�G t Y���J �����ZY�� pit Y t J����ZY Q;�IMXK= ?�=PEHf��0< t Y t � p � Q Y�� Q Y�� � ��Y��
� EHfjIMETL��&= t Y t � � pit YKJ pit Y p J t�Q Y �

; EHbeXK=52 Y pit M 
%J.CDheEHfjIM?�J.L JTS � XKmTJTfjIKGB<eCD? S JTf@GB<�= ?�=10ZA�=PL��&= �	� 
 � 	 �

J pit



� XKmTJTfjIMGB<>C � JTGBIMJ.L � =C�&G�JTf F G ��� � D �� =PETL � EHfjIMETL��&= � N pit � �J � XKJTm GZ=PEHf��0< JZY�� ��p �ZY Q J � J�JZY p#Q �ZY���� t2 XKJ � I 2 ET?�=PW 6 fjETW>IK=PLQG � =P? �&=PLQG GZ=PEHf��0< p Y���� � JZY���� � J p Y���� �ZY�� Q �
 J.L � A>m.EHG�=�� IKfB=C�&GBIKJ.L>ETX GZ=PEHf��j< p Y � J�� �ZY p�� � J p YKJ � �ZY � t �
 J.L � A>m.EHG�=�GZ=PEHf��0< p Y Q ��� JZY������ J p Y���� �ZY������
 fBJ.?B? F EHG�G�=ifjL GZ=PEHf��j< �ZY t�p � � Y���J � J�JZY���� �ZY������

 fBJ.?B? GZ=PEHf3�j< �ZY Q ��� Q Y�� � � J p Y���� �ZY������� g�L>ETCDI �*G � � W � A>?�GBCV=PLQG JZY������ JZY�� Q � J p Y���� �ZY�� t�p
	 L�=ifBmTg p ���ZYKJ p J p ����� p J��ZY ��� JZY������D J.A�f GZG�=ih GZ=PEHf��j< JZY � ��� ��Y ��J p J�JZYKJ � �ZYKJ�� t
� CVh>fjJ#
T=PW ; G G �ZY � ��� J Q Y�� ��� J���Y t � JZY ��p �� J�W>I ve=PW 
%J.L � A�m.EHG�=	GZ=PEHf��j< �ZY Q ��J Q Y Q�Q � J�JZY���� �ZYKJ���J� J�W>I ve=PW D =PEHGBA>fB=	GZ=PEHf3�j< ��JZY������ � p#Q � J���Y ��p JZY Q ��J� J�W>I ve=PW � J.L�JTG�J.LQg p � � Y Q ��� p#Q � ��� J��ZY t�Q JZY�����J� J�W>I ve=PWHG 	 � pitTt Y t � � pTpitTt � J Q Y ��� JZY pit �� J�W>I ve=PWHG 	 � 
 J pTp#Q Y pit � p J�� � J J Q YKJ � JZYKJ�J��� J�W>I ve=PWl; G G JZY ��p � �ZY���� p J�JZY�� t �ZYKJ Q�Q� J.L�JTG�J.LQg p ����Y ����J p#Q J�� p J��ZY p J JZY�� Q �
� =�� � � � ��Y���J�� �ZY�� t�p J�JZY�� � �ZY�� � �
� L�=�� IMCV=PL>?BIMJ.L>ETX D A>XMX G�=PEHf��j< p Y�� ��� � Y ����J J t Y���� ��Y t ��JF 2 � � � t Y t�p J Q � t � J���Y�� � JZY � ���F EHfjETX7XK=PX 4^IM=ifjEHf��j<eI �iETX � L�=�� G�=PEHf��j< t Y tTt�p t Y tTt � p�� Y���� ��Y Q � QF XMA>? F EHG�G�=ifjL GZ=PEHf��j< �ZY p ��� � Y t � � J p Y � � �ZY�����JF fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? J p � � YKJ�� Q J������ Q J���Y p � JZY � � pF fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB?�� pTpTp Y������ pTp � Q � J��ZY � p JZY���J pF fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? � pTp ��Y t ��� p ��J p � J��ZY QZp JZY������F fB=&vdXKG�=ifj=PWHG�ETCVheXK=PW F J.IMLQGB? � pTp �ZY�� � Q p J�� Q � J��ZY���� JZY���� �F fBJ � =C�&GBIKJ.L�GZ=PEHf3�j< p ����Y p ��� p � p ��J J�JZY�� � �ZY������G�ETCVheXK=PW F GB?�J pit �ZY tTtTt pTp J�� � J Q Y�� p JZY p�� JG�ETCVheXK=PW F GB?�� pTpTp Y ����J pTp ��� t J��ZY ��� JZY�� p �G�ETCVheXK=PW F GB?�� pit �ZYKJ p#Q pTp�� ��J J Q Y t�p JZYKJ Q �G�ETCVheXK=PW F GB?
� pTp �ZY ��J t p J�� t�Q J��ZY t � JZY���J��G�A�b>beXKJ � I D A>XMX G�=PEHf��j< ��Y������ pit Y � J�� J��ZY�� Q JZY������;�G�G �ZY Q � p �ZYKJ���� J�JZY�� � �ZYKJ�� �;@IMXK= ?�=PEHf��0< � � Y p#Q � ����� p J��ZY Q � JZY������
� EHf0IMETL��&= p#Q �ZY���� p p#Q ��� � J��ZYKJ p �ZYKJ � �

; EHbeXK=52 Y pTp!M 
%J.CDheEHfjIM?�J.L JTS � XKmTJTfjIKGB<eCD? S JTf@GB<�= ?�=10ZA�=PL��&= �	� 
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� XKmTJTfjIKGB<eC 	 LQG�fBJThQgF I N�=PX � JTGBIMJ.L � =C�&G�JTf 
 A>C AeXMEHGBI�
T=J � XKJTm G�=PEHf��j< �ZY ��� JZY���� �ZY � t2 XKJ � I 2 ET?�=PW/6 f0ETW>IK=PLQG � =P? �&=PLkG%GZ=PEHf��0< �ZY Q J JZY�� � �ZY � Q
%J.L � A�m.EHG�= � IMfB=C�&GBIKJ.L>ETX GZ=PEHf3�j< �ZY Q � JZY�� p �ZY � �
%J.L � A�m.EHG�=	GZ=PEHf��j< �ZY Q � JZY���� �ZY � �
%fjJ.?B? F EHG�G�=ifjL G�=PEHf��j< �ZY Q�t �ZY � � �ZY ���

%fjJ.?B?�GZ=PEHf��0< �ZY Q�t �ZY���� �ZY ���� g�L>ETCDI �*G�� � W � Ae?�GBCV=PLQG �ZY ��� JZY � J �ZY ���
	 L�=ifBmTg �ZYKJ Q � Y���� �ZY����D J.A>f�GZG�=ih�GZ=PEHf3�j< �ZY ��� �ZY p�� �ZY�� �

� CVh>fBJ4
T=PW ; G�G �ZY�� � ��Y���� �ZY����� JZWeI ve=PW 
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