
���������	��
�������� ��� ������� ��������	� �
�� "!$#&%('�)	*,+.-/ "021434576�8:975<;>=?'4@A!CBDBC5FEG;
HJILKNMFOQPQR&ILSTP�UFV�WXU<R&K7Y7P[Z\S7]_^/`aZ\ILSN`"I
bcMFPQd7UFefZ\ILg<I&hiSTZ\j<ILO"klZ\PQI"Z\Pnm4ILY7joILS

WXI"e\Ipk[P[ZrqsS7ILSTeDM<M,Sutov<vFw:xzyov<v7{cm4ILY7j<ILS�x4|(I"e}],Z}Y7R
~	O�Z�`F��m�M�V�U<OQPQY7S7IF�>`LkL��g/YTe\ILY7j<ILS���Mo`F�r�NI

���_���?���_���

�[3?02�4!�;���*<��5F ��J5i�4 25<;a5�3�0X*c345F����-/3�025��>*< "BC-� "5�3���5F 2!C34��*<BC�T-/ "!D0"�4E 0"�¡*o0¢;a5<*<E�BC5<;2;aBD£�!D3�025F�T ¤*o0"5,;
0"�¥5:!���5,*T;¦-<+¢;a�4-7-/0"!D34�§*o3����z*o0"�¥5F "!D34�?��-<�J5F >0"-¨#� "5<*<0"5:�¥�4-T02-T "5,*oBC!$;a02!�#c!CEG*<�T5<;p'�©J�45&*<BC�/-T "!D0"�4E
#F*<3?ª�5J5�«¥�4B$*o!C3¥5<�&*T;�*c�T5F3¥5F L*<BC!�;2*o02!C-T3�-o+�02�45J�>5FBCBD¬lN34-<�c3&��*o02�?02 L*T#p!C34�®*oBD�T-T 2!C02�4E¯'X©°5,;a0X "5<;Q14BC0¤;
;a�¥-o�A02��*o0>!C0i��5F a+.-/ "EG;i;Q!C�T3¥!�±²#F*<3�02BC£�ª³5�0"0"5� ¦+.-T >0Q£��4!$#F*oB¥!C3���-7-/ c;2#�5F345<;��c�45� "5�!C3���!D "5<#p0¦BD!C�/��02!C34�
!�;J!DE���-T 20L*o3N0F'

´�µ7¶¸·�¹�º<»X¼T½c¾c5F3���5F 2!C34��*<3��_9N!�;a1¡*oBC!$;"*<0"!C-/3	¿��/BC-/ª�*oB²!CBCBD14E�!\3�*<0"!C-/3§*o3��§�4�4-T02-T 25<*oBD!�;a02!�#c "5F3¡��5F "¬
!C3¥�4'

ÀFÁÂ�?�_Ã§ÄGÅ����ÆÀ<Ã§Á
ÇJ-T0"��0"�45i5F£75i��-T!D3�0	-<+�0"�¥5J9N!C5F�>5F 	*<3��Æ02�45c;Q5F0	-o+
�4 "!DEG*o 2£�BC!D�T�N0&;a-/14 L#�5,;�!C3¸*�;2#�5F345È�¡*,975¨*oBD�c*F£4;
ª³5�5F3�!$��5F3N0"!�±¡5<�É*T;Èª�5F!C3¥�Ê!DE���-T "0¤*o3N0?+.-T Ë;a-/BC9N¬
!C34��0"�¥5Ê�/BC-Tª¡*oB&!CBDBC14E�!D3�*o02!C-/3Ì�¥ "-Tª¥BC5FE 02-�#p "5F¬
*o0"5Í*� "5<*<BC!�;Q0"!$#� "5F3��N5F "!D34�4'�Îz-TE�5¸*<BC�T-/ "!D0"�4EG;
;a1�#L�¸*T;: L*F£Â0" L*/#�!C3¥�G*o 25_5F3N0"!D "5FBD£�ª414!DBC0&*< "-/143��
0"�45�!DE���-T 20L*o3¡#�5È-o+�02�45�9N!C5F�c!D34�G�³-/!C3N0F'¯Ï�0"�45F 
*oBC�/-T 2!C0"�¥EG;È;a1�#L�Ð*T;È0"�45Â�4 "-/�T 25<;";Q!C975G L*/��!C-z;a!C0Q£
E�5F0"�¥-N�Ñ�¥140É*A�T 25<*o0Ò5FE��4��*/;a!$;Ó-T302�45Ð#�-T3¥¬
0" "!Dª41402!C-T3¡;_-o+¨0"�45¸BC!D�T�N0G;a-/14 L#�5,;�'�Q��5<*<BCBD£Ì-/345
�J-T1¥B��?�c*<3�0>*<3§*oBC�/-T 2!C0"�¥E�c�4!�#L�?0¤*o75<;(!D3�02-&*T#p¬
#�-T143N0	0"�¥5¦!DE���-T 20L*o3¡#�5(-<+�ª�-T02�Æ02�45iBC!D�T�N0	;a-/14 L#p5<;
*o3���02�45?9N!C5F�c!D34�§�³-/!C3N0F'&�[3�02�4!�;c��*<�³5� Æ�>5?�c!DBCB
�4 "5<;Q5F3N0&*Ó345����-T3N0"5��>*< "BD-�*<BC�/-T "!D0"�4E��c�¥!�#L�
0" "5,*o0L;cBC!D�T�N0c;Q-T14 ¤#�5<;�*o3��G0"�45�9�!D5F�c!C34�È��-/!C3N0c-T3
*o3�5,ÔÕ1�*<B�ª�*/;a!$;�'
��Ö:×J�®�?Ö:Ä�·ØÃÙ��´
Ú 3É!CEË�³-/ "0¤*o3N0?E�!DBC5<;Q0"-T3¥5È!C3É02�45Â��5F975FBD-T�4E�5�3�0
-o+�02�45i�TBC-/ª�*oBN!CBDBC14EË!C3�*<0"!C-/3�02�45F-/ "£�+.-/ �#�-/E��414025F 
�T L*<�4�4!$#F;?�c*/;Æ0"�¥5�!C3N0" 2-N��1�#�02!C-T3Ò-o+®0"�45� ¤*T��!D-7;Q¬
!C0Q£¯E�5F02�4-N�ÛªN£�Ü�-/ L*<Bc5F0È*<B['�Ý�Ü�-T ¤*oB�Þ�ß:à7á}âfãoäTåQ'
Ï� 2!C�/!C3�*<BCBC£Â��5�975FBC-/�³5,�Ó�c!C02�4!C3¯02�45?±�5FB$��-o+n�45<*o0
0" L*<3�;�+.5� J!C0>!�;iª�*T;Q5<��-T3�02�45:5F345� "�T£§5<Ô714!CBD!Cª4 2!C14E

ª�5F0Q�J5�5F3Â��!�æ²1�;Q5È5FE�!C020"5F ¤;J*<3��� "5�ç¡5<#�0"-/ L;c-o+i ¤*o¬
��!$*o02!C975G5F345F 2�T£Ð;a1¡#è�é*T;_�45,*o0�-/ �BC!D�T�N0F'ê�[0_ 25F¬
Ô714!C 25<;(02�45�;"#�5�345c0"-:ª�5®��!�;2#� "5�0"!�;Q5<�Æ!D3�02-:��*<0L#L�45<;
-/ Ê5FBD5FE�5F3N0L;Â*o3��ë*T;É;Q1�#L��!C0¯!$;Ê*�±�34!D0"5Ð5FBC5F¬
E�5�3�0�EË5F0"�4-N�²'(©J�¥5: L*/��!C-z;a!C0Q£§;Q-TBC1¥0"!C-/3_!$;�9�!D5F�c¬
!D3���5F��5F3��N5F3�0�¿�0"�¥5§;a-TBD140"!D-T3Ò��-75<;:34-/0:0L*<75È!C3N0"-
*/#F#�-T1¥3�0:02�45?5�975F3�021�*oBX9N!C5F�c��-T!D3�0�'ÆÎ7EË!C0L;J5�0:*<B['
Ý Î7E�!C0¤;?Þpß�à7á\âfì/í å !C3N0" 2-N��1�#�5,��0"�45È34-/0"!D-T3¸-o+>!CE�¬
��-T 20L*<3�#�5�*o3¡�_*/�4*o�4025<�?0"�¥5c L*T�N!C-7;Q!C0Q£�*oBD�T-T 2!C02�4E
02-�0"1¥345É0"�¥5É;Q-TBC1¥0"!C-/3î0"-<�n*o L�¥;�0"�45¯±�3�*<B? "5�34¬
��5� "!C3¥�4'i©J�45F!D c�4 "-/�T 25<;";Q!C975: ¤*T��!D-7;a!D0Q£G*oBD�T-T 2!C02�4E
;Q�4-7-T0¤;¦BC!D�T�N0°+. 2-TE 0"�¥5cBC!C�/��0¢;a-/14 L#p5<;�*o3¡�Ù!DE���-T "¬
0¤*o3�#�5:+. 2-TE�02�45&9�!D5F�c��-T!C3N0F'
��3 Ýrï *oðQ!C£N*/ãTñ åXï *<ðQ!C£N*?�4 25<;a5F3N0"5,�_0"�45& 25F3���5F 2¬

!D34�G5<ÔÕ1¡*o0"!D-T3Ò*o3��¯!C3N0" 2-N��1�#�5,����*o02�Ê02 L*T#p!C34�Â*T;
*:��-/3�025:�>*o 2BC-&*<BC�T-/ "!D0"�4Eë0"-&;Q-TBC975c!D0F'X©J�45c!$��5<*
!$;(0"-&;2*oE��¥BC5J02�45Jç�1�«¨0"�4 2-T14�/�_02�45c�4!\«45FB$;�6<�7*<0"�4¬
5F 2!C34�®BC!C�/��0¢ª�£&+.-TBCBD-<�c!C34�&*<BCB4BD!C�/��0��¡*o0"�¡;òª¡*T#L?0"-
02�45?BD!C�T�N0c;Q-T14 ¤#�5<;p' Ú ;�;a1�#L�G!C0c!�;c5F3N0"!D "5FBD£È9�!D5F�c¬
��5��³5�3���5F3N0F' ó>*o "!D-T1�;�-/0"�45� î*<BC�T-/ "!D0"�4EG;A*< "5
ª�*/;a5<��-T3Ð0"�45Â;"*<E�5��4 2!C3�#p!C�4BD5¸Ý��i-7-T ÞpßÆà7á}âfãoä46
Î7�¥!C "BD5F£¥ìTôoå.'õ��-T3N0"5É�>*o 2BC-É025<#L�434!�Ô7145<;È*< "5ö#F*o¬
��*<ª4BC5¯-<+���*o3��NBC!C3¥�É0"�45ÂE�-7;Q0_�/5F345F ¤*oB&#pB�*T;2;_-o+
BD!C�T�N0"!D34�?5pæ�5,#�0L;Jª41¥0�*o "5&�/5F345F ¤*oBCBD£§;aBD-o�ê0"-§#p-T34¬
975F 2�T57'



eye point

screen
light source

eye path

light path

shadow rays

�(!D�T14 25���� Ú ;2#è�¥5FEG*o02!�#J 25F�4 "5,;a5F3N0L*<0"!C-/3G-o+i02�45&ª4!C¬s��!C 25<#�02!C-T3¡*oB��¡*o0"�Â0" ¤*T#�!D34�§*oBD�T-T 2!C02�4E¯'

��-7;Q0� 25<;a5<*< L#L� -/3î0"�¥5É�TBD-Tª�*<B?!CBDBC14EË!C3�*<0"!C-/3
�4 "-/ª4BC5FE !�;¯#p14 " 25F3�02BC£ê��!D "5<#p0"5<� 02-<�c*o ¤�4;¯0a�>-T¬
��*T;2;ÓE�5F02�4-N�4;¸Ý��i�45F3 Þpß_à7á\âfì���åQ'�©J�45<;a5Ò#�-/E�¬
�4140"5®��!\æ�1¡;a5�BC!C�/��02!C34� #�-TE���-/345F3N0L;�!C3§*:±� L;Q0¦5p«4¬
0"5F3��N5<���4 "-/�T 25<;";Q!C975¸ L*T�N!C-7;Q!C0Q£��¡*T;";Â*o3��ê;a��5<#p¬
14B�*< �BC!D�T�N0"!C3¥��#�-TEË�³-/345F3N0L;_!D3ê*�;a5<#�-/3���9N!C5F�c¬
��5F��5F3���5�3�0A��*/;";p' ©J�45ë��!\æ²1�;a5ë#�-/E���-T345F3N0L;
*o "5ö#�-TEË�4140"5,�Ê1�;a!D34��*¸��5F025F "E�!D34!�;Q0"!$#?E�5F0"�¥-N�
Ý @Ò*oBDB�*/#�5�Þpß à7á\âfã��76¸@É*< L� Þ�ßêà7á\âfã/ã�6ÌÎz!CBCBD!C-/34¬
%ò1¥5<#è�¡ãTì�6�)	*o34�/5<ì��/6�%�*<0"0L*<3�*o!D�¬s��1���1¥ LìTí<åi-T �*
��-T3N0"5��>*o 2BC-�025<#L�434!�Ô7145uÝ	�45<�¥*o¬s%ò1¥ "�7*<0"�4-<+.5F Lì�
�6
%�*o020L*o3¡*o!C¥ì�
<åQ'�©J�45È±�3�*<BJ!DEG*o�/5È!C3�#�BD1���!D34��0"�¥5
;a��5<#�14B$*o : 25�ç�5<#p0"!C-/3�;c!�;c1�;a1�*<BCBD£Ó 25F3���5� "5<�G1�;a!D34�
;a-TEË5Ê9/*o 2!�*<3�0¯-<+G��!$;a02 "!Cª¥140"!D-T3î ¤*,£ê0" ¤*T#�!D34��-/ 
��*o02�_02 L*T#p!C34�¥'¦Î7-/E�5c*<BC�T-/ "!D0"�4EG;X*o020"5FEË�40(02-& "5F¬
#�-T3�;Q0" 21�#�0i34-T0>-T34BD£È0"�45 ��!�æ²1�;Q5:#�-/E���-T345�3�0�ª¥140
*oB�;Q-Ê02�45¯�N!C "5,#�0"!D-T3�*<B�#�-TE���-/345F3N0È-o+&02�45�5FEË!C0"¬
0"5<�¯BC!D�T�N0:!C3¯-/ L��5F &02-u±¡3��Ê*G#�-/E��4BD5F0"5FBD£�9N!C5F�c¬
!C3���5��³5�3���5F3N0�;a-TBD140"!D-T3É-<+:02�45��4 2-Tª4BD5FE Ý �[E�E§5FB
Þ�ß�à7á}âfãTñ�6�Î7!DBCBD!C-T3ÍÞ�ß�à7á\âfì�� å 'È©J�45ÈEG*<!C3��¥ "-Tª¥BC5FE
�c!C0"�Â0"�45ÈB$*o020"5F ®*o�4�¥ "-7*/#è�¯!$;�0"�¥5?�N14�T5¨*oE�-/143�0
-o+§;Q0"-/ L*o�/5Ê02��*o0G!$;_ "5<Ô714!D "5<��0"-� "5F�¥ "5<;Q5F3�0§0"�¥5
BC!C�/��02!C34�&+.143�#�02!C-/3	'

�?À�¤ÄuÀ���ÖÆ���&ÀoÃÙÁ���×��i�:��� �?���_�&À�Á��

©J�45Ð*oBC�/-T 2!C0"�¥E �>5É�4 "5,;a5F3N0¯��!\æ²5F L;Ó+. 2-TE ��!�;Q¬
0" "!Dª41402!C-T3ê L*F£Ð0" L*/#�!C3¥�Ì-/ ���*<0"�ê0" ¤*T#�!D34��!C3ê!C0L;
#�-TE��¥140L*<0"!C-/3�-o+ *Û�4 2!CEG*< "£¸5<;a02!CEG*<0"-/ Æ+.-T §0"�¥5
ç�1�«ê0"�¥ "-T1¥�T�î5<*/#è�ê�4!\«45FBs' ©J�45Êª¡*T;a!$#Û!$��5<*É!�;
0"��*<0c��*o 20"!�#pBC5<;i*o 25�;a�4-/0�*o0J02�45&;2*oE�5:02!CE�5J+. 2-TE

*A;Q5FBC5<#p0"5<�ABC!D�T�N0¯;a-/14 L#p5�*<3�� +. "-/E 0"�45Ò9�!D5F�c¬
!D34����-T!D3�0�6Æ!D3 E§1�#L�A0"�45Ò;"*<E�5¸�c*F£7' Ú BCB:�¥!C0
��-T!D3�0¤;�-T3ë0"�45É 25<;a��5<#p0"!C975¸��*< "0"!$#�BC5Ò��*o02��;Ê*< "5
02�45F3 #�-/34345<#p0"5<�A1�;a!D34�ê;a�¡*T��-<�  L*F£4;Â*o3��ê0"�45
*<�4�4 "-/�4 "!$*o025�#p-T3N0" "!Dª41402!C-T3¡;�*o 25�*T�¥��5<�î0"-Ð0"�45
ç�1N«î-<+È0"�¥5É�4!�«¥5FB:!D3îÔ7145<;Q0"!D-T3����(!D�4'����¤'��:;Q¬
!D34�É0"�¥!�;§*o�4�4 2-7*/#è�ê9/*o "!D-T1�;§BC!C�/��02!C34�Ò#�-/3�02 "!Cª¥14¬
02!C-T3¡;_*< "5G0L*<75F3�!C3N0"-¸*T#�#�-T143N0F6>34-T0§-T34BD£Ê+. "-/E
�4 2!CEG*< "£ÉBD!C�/��0G;Q-T14 ¤#�5<;_ª¥140�!C3é*É�4 "-/ª�*oª4!DBC!$;a0"!$#
�n*,£ö*oB$;a-_+. 2-TE !CE���-/ "0L*<3�0®;a5,#�-T3��¥*o "£z6�0"5F 20"!$*o "£z6
5F0¤#T'�BC!D�T�N0c;Q-T14 ¤#�5<;�'
@Ê5c�c!DBCBN34-<���4 25<;a5F3N0�!D3È�T "5,*o0"5� i��5F0¤*o!CB¥�c�4!�#L�

�4 2-Tª�*<ª4!CBD!C0Q£Â��!�;Q0" 2!Cª41402!C-/3Ó+.143�#p0"!C-/3�;���� �"!2;#�J�/-<9�¬
5F 23É0"�¥5_ ¤*o3���-/E��n*oBD4;�*o3��Ê�¥-o�02�45�5�æ²5<#p0"!C975
#�-/3�02 "!Dª4140"!D-T3�;J02-_02�45:ç�1�«Â*< "5&0"�¥5F3Â#F*oB$#�14B�*<0"5<�²'
�[0§#F*<3Ìª�5Â�4 "-<975F3ÉEu*o0"�¥5FEG*o02!�#F*<BCBD£�0"�¡*o0È0"�¥5<;a5
BD5<*T�î0"-ê*A#p-T " 25<#�0ö;a-TBD140"!D-T3 -o+Ë0"�¥5É "5F3¡��5F "!D34�
5<Ô71�*<0"!C-/3G-T �!C0L;c*/�oðQ-T!D3�0J+.-/ "E§14B�*<0"!D-T3	'
��µ�º%$Q¹�º'&)(�*,+.-'/Xµ¯º'0 *(»X¹1& 2�0�3�4	¼
Ú ;�;a�¥-o�c3Â!C35�(!D�4'�í_02�45& L*o3¡��-TE �c*<BC¥;�#�*o3�ª�5
�c 2!C0"025F3Â*T;6�
798;:=<#81>%<#81?<%@=@%@<A8;BDC +.-T �0"�45�BC!D�T�N0c��*o02�	6³�c�¥5F "5
8FEHG > !$;J0"�45&��-T!D3�0�;Q5F5F3�ªN£���-T!D3�0 8�E *<BC-T3¥����!D¬
 "5<#�02!C-/3JILK#M"6¥*o3��

7ON : <�N > <PN ? <%@%@=@%<PN BDQSR�> +.-T c0"�¥5Æ5�£75���*<0"�	64�c�¥5F "5
N�T G > !$;Ù02�45G��-T!C3N0È0"�¡*o0Ë;a5F5<;?��-/!C3N0 N�T *oBD-T34�
��!C 25<#�0"!D-T3JIVUSWYX'ZF'
©J�45c!C34!D0"!$*oB7��-T!D3�0¤;¦*<3��È��!D "5<#�02!C-/3�;°-<+²0"�45c ¤*o34¬

��-/E��n*oBC¥;	��*F975¦02-:ª�5c;Q5FBC5<#p0"5<��±� ¤;a0F'[�:;a!D34��0"�45



eye point

screen
light source

eye path

light path

x0

Θx0

y0Θy0

x1

Θx1

x2

Θx2

x3

y1

Θy1

�(!C�/14 "5�í����:*<E�!C34�®#�-/3�975F3N0"!D-T3�;�+.-T 8;:=< I K�� <%@=@%@%< I K�� C�� Z *<3�� N :%< IVU � <=@%@%@6< IVU � Q � Z 0"-���5F34-/0"5c02�45cBC!D�T�N0��*o02�¯*o3¡�Ó0"�¥5Æ5�£75:��*o02�G "5<;Q�³5,#�0"!D975FBC£7'X�[3G0"�4!$;J5�«¡*oE��4BD5��
		5<Ô71�*oB$; 
§*o3�����c5<Ô71�*oB$;cí�'

light source

x0

Θx0

�(!C�/14 "5�
��ÆÎN*<E��4BC!D34� 8 : *o3��.ILK��&*T#F#p-T L�N!C34��02-
0"�45�;a5�B�+.¬.5FE�!C020"5<�? ¤*T��!$*o3�#p5?-o+¢BC!D�T�N0�;a-/14 L#�5,;�'

3�*oE�!D34�§#�-/3�975F3N0"!D-T3�;c*<ª�-o975��J5���-�02�4!�;J+.-T �0"�¥5
5F£75_�¡*o0"��ªN£É;2*oE��¥BC!C3¥� 8 : *o3�� ILK��È*/#F#�-/ L��!D34�
0"-É02�45�+.-TBDBC-<�c!C34� � �"!p6>�c�4!�#L��!$;_ª�*T;Q5<��-T3ê0"�¥5
�4 "!D3�#�!C�¥BC5�-o+i!DE���-T "0¤*o3�#p5&;"*<E��4BC!D34� � �(!C�¥'1
 �A�

����� � 8,< ILK������ �� 8,< ILK���� ILK�����K��� �#�'�
�c!C0"�G02�45&34-T 2EG*oBD!�;"*<0"!D-T3�+s*T#�02-T c-<+i0"�45 �F�"!

� �����
�� "! � �� 8 < I K'��� I K#����K�� �%$ K �"& K
�c�45F "5 � �� 8,< ILK��ë!�;0"�45�;Q5FB�+.¬.5FE�!D0"0"5,�  ¤*T��!D¬
*o3�#�5Â*<0_��-T!D3�0 8 !C3Ð��!D "5<#�02!C-/3 ILK���*o3����c�45F 25� ILK#����K��F!$;�0"�45®*oª�;Q-TBD140"5�9/*oBC1¥5�-<+	0"�¥5:#�-z;a!D345c-o+
0"�45¨*o34�/BC5?ª�5F0Q�>5F5F3 ILK§*o3��G0"�45�34-T 2EG*oBX975<#�02-T 
*o0 8 ':©J�¥5È!CE���-T 20L*<3�#�5�;"*<E��4BC!D34�§5F3�;a1¥ "5<;c0"��*<0
E�-T 25�BC!D�T�N0	��*o 20"!�#pBC5<;	*< "5c;Q�4-T0	+. "-/E ª4 "!D�T�N0(5FEË!C0"¬
0"5F ¤;?*o3¡�Í!D3Éª4 2!C�T�N0È�N!C "5,#�0"!D-T3�;p6(!C3¡;a0"5,*T�Ê-<+®��!�;Q¬
0" "!Dª41402!C34�&0"�¥5FE�143¥!�+.-T 2E�BC£�*<3��_�J5�!C�T�N0"!D34�:02�45F!C 
#�-T3N0" 2!Cª41402!C-/3�;J0"-§0"�45:ç�1N«GB�*<0"5F c-/3	'

eye point

screen

y0Θy0

pixel

�(!D�T14 25_äF�ÙÎÕ*oE��4BD!C34� N�: *o3�� I U � �c!D0"�¸ "5<;Q��5<#�0
02-_02�45&�4!�«¥5FB�1¥3���5F �#�-/3�;a!$��5F ¤*o0"!D-T3	'

Î7!CE�!DB�*< "BC£§�J5¨;a5FBD5<#�0�;2*oE��4BD5<; N : *<3��)I U �:+.-T 
02�45�5F£75Â��*o02�ê*T#F#p-T L�N!C34�¸0"-É02�45Ó+.-/BCBD-o�c!D34�)�F�"!
� �(!C�¥'4ä��#�

�'��� � N,< I U ���)( � N < IVU'��� I U*��� U+�, �Qí �
�c!D0"�G0"�45&34-/ "EG*<BC!$;"*o02!C-/3u+s*/#�0"-/ c-o+i02�45 �F�"!, �����
�� .- ( � N < I U ��� I U ��� U � �%$ U �"& U
�c�45� "5 ( � N,< I U ��0"�45i+.143�#�02!C-T3�!�; �¦+.-T ¢*oBDB��¡*o!C ¤;(-o+��-T!D3�0¤;&*o3��¸��!C 25<#�02!C-T3¡;�� N < I U �c-T3¸0"�¥5�;Q14 a+s*/#�5<;
02��*o0®#�-T3N0" 2!Cª41¥0"5:02-_02�45:ç�1�«�6�*o3��GôÈ-T0"�¥5F "�c!$;a57'
Ï�3¡#�5:0"�¥5Æ!D34!C02!�*<B���-T!D3�0¤;c*o3��G��!D "5<#�02!C-/3�;J��*F975

ª�5F5F3Ò#L�4-7;Q5F3Ê02�45§ "5<;Q0Æ-<+c02�45_ ¤*o3��N-TE��c*<BC¥;:!�;
��5�0"5F 2E�!C345,�uªN£¯;2*oE��¥BC!C3¥�_02�45§��!C 25<#�02!C-T3¡; ILK#M X�Z
*<3�� I USW�X'Z  "5<;Q��5<#�0"!D975FBC£z'	©J�45<;Q5c9T*< "!$*oª4BD5<;(�N5F0"5F 2¬
E�!D345 8FEHG > *o3¡� N T G ? 143�*<E_ª4!D�T14-/1�;aBD£7'



Θxi

xi 1+

Θxi 1+

�(!C�/14 "5����AÎN*oEË�4BC!D34� ILK#M X'Z *T#�#�-T ¤��!C34��02-�0"�¥5
��� �"!®-o+�0"�¥5�;Q14 a+s*/#�5G*o0���-T!C3N0 8�E G > *o3¡�Ê0"�45Ë!C34¬
#�-TE�!D34�È�N!C "5,#�0"!D-T3JILK#MQ'

yj

Θyj

Θyj 1+

�(!C�/14 "5¸ñ�� ÎN*<E��4BD!C34� I USWYX'Z *T#�#�-T ¤��!C34�Ð0"-�0"�¥5
��� �"!¢-o+¢0"�45®;a14 Q+s*T#�5 *o0c��-T!D3�0 N T *o3��§0"�45:!D3�#�-/E�¬
!C34�§��!D "5<#p0"!C-/3JILK W '

©J�45���� �
	���� ß �	 à7á �F�"! �
�S�F�"!#�³+.-/ ILK#M X'Z !�;X#è�¥-7;a5�3
*T; +.-/BCBD-o��;p6i*o�z*o!C3Ò-T3�0"�45§ª�*/;a!�;?-<+�!CE���-/ "0L*<3�#�5
;"*oEË�4BC!D34� � �(!C�¥'�� �#�

����� �"I�� � ��� � 8�E G > < I K#M < I������ ILK#����K#M X�Z ��� � 
 ��c�45F "5 ��� � 8,< I E��F< I������S��!$;¦0"�¥5Æª¥!C¬s��!C 25<#�0"!D-T3�*<B� "5F¬
ç�5<#�02!C-T3¸�N!�;a02 "!Dª4140"!D-T3G+.143�#�02!C-T3.� ��� �"!#�¤'&©J�45 �F�"!
!�;J;Q14ª²#� "!D0"!$#F*oB²ª³5,#F*o1�;Q5&!C0���-75<;J3¥-T0c!C3N0"5��T L*<0"5:02-
�Æ-<975F ®*oBDB	�³-z;";Q!Cª4BD5§*o34�/BC5<;&6�*<0:BC5,*T;a0c+.-T ��4�N£4;Q!C¬
#F*oBDBC£G9/*oBC!$� ��� �"!2;p'?©J�¥5§*T#�021�*oB�9/*<BC145È-<+c0"�¥5È!C34¬
0"5F�/ L*o02!C-/3��T!D975<;?0"�¥5¯#L��*o3�#p5Ó02��*o0§0"�¥5� L*<3���-/E
�c*oBD:!�;X#�-/3�02!C3N145<��6<�c�4!�#L�&5F3�;Q14 "5<;	0"�¡*o0X0"�45> L*o3¥¬
��-TE �c*<BCÈ0"5� "E�!D3�*o025<;�'X©J�4!$;ò025<#L�434!�Ô7145c!$;J#�-/E�¬
E�-T34BD£�#�*oBCBD5<��¾c1�;";Q!�*<3� "-/14BC5�0"0"5z'
©J�45ö;a14ª²#� 2!C0"!$#F*oBV�F�"!Æ+.-/ JI USW�X'Z !�;§#L�4-7;Q5F3�!D3

0"�45�;"*<E�5:�n*,£5���(!D�4'�ñ �A�
����� �"I�� � ��� � N T < I < I U W ����� I U ��� USW ��� �[ä��

©J�45È ¤*o3���-/E �n*oBC¥;:*< "5?!D3���5F��5F3¡��5F3N0�-<+J-/345
*o34-/0"�45F �'§©J�45��S�F�"!2; +.-T &0"�¥5§��!C 25<#�0"!D-T3�;®#F*o3¸ª�5
EG*T��5�!���5�3�02!�#F*<BX;a!CEË�4BC£GªN£Ó 25F3�*<E�!C34�§0"�¥5È9T*< "!D¬
*oª4BD5<;J*<3��_1�;Q!C34��0"�45:ª¥!C¬s��!C 25<#�0"!D-T3�*<B��4 "-/�³5� "0Q£È-o+
0"�45 ��� �"!p'�©J�¥!�;¦�¥ "-T��5F 20Q£_!DE��4BC!D5<;	0"��*<0�*,+.0"5� J0"�¥5
!C34!D0"!�*<BC!$;"*o02!C-/3Óª�-/0"�¯ L*<3���-/E �c*<BC¥;�#�*o3¯ª�5?��5F 2¬
+.-T "EË5<�_ªN£G*È;a!D34�TBD5?*<BC�/-T "!D0"�4Eö'

Ö:¼6-%(�&.0�-%(�*,+ -'/Xµ���� ���-<� 0"�¡*o0&�J5���*F975§;a�4-<�c3¯�4-<��02�45§;a02-N#è�¡*T;a02!�#
9/*o 2!�*<ª4BC5<;(+.-/ ¦02�45�!C3N0"5F�/ L*oB$;�*o3¡�¨+.-/ J0"�¥5c L*o3¡��-TE
�n*oBC¥;§*o "5¸;Q5FBC5,#�0"5<�¸�J5��c!DBCB�*/#�0"1�*<BCBD£Ì5�9T*<BC1�*<0"5
02�45J±�3�*<B³ 25<;a1¥BC0F' �4-T i02�4!�;(�¥14 "��-7;Q5:*<BCB4��-/!C3N0L;(-/3
02�45& "5<;Q�³5,#�0"!D975� ¤*o3���-/E��c*<BC¥;c*o 25ÆBD!C3475,�Ù1�;Q!C34�
;Q��*T��-<� ¤*,£¥;�'�©J�45§�4 "!DEG*o 2£�5<;Q0"!CEu*o0"-/ +.-/ &0"�45
ç�1N«Ë#F*o3§0"�45�3Èª³5®��5F 2!C975<��*T;i*&;a14E-<+	�>5F!C�/��025<�
��*< "02!�*oB	5,;a0"!DEG*o025<;�

!#"%$ � BDC&
E(' :

B Q&
T ' :*) E T

!#+ E T $ �,� �
©J�45c+s*T#p0"-T ¤; !#+ E T $ 5�«¥�4 "5,;";�0"�45�5<;Q0"!CEu*o0"5,;(-o+�0"�45
ç�1N«Ê+.-/143��Éª�£.-  "5�ç�5,#�0"!D-T3�;&-T3É02�45�BC!D�T�N0&��*o02�
*<3��0/î "5�ç¡5<#�0"!D-T3�;¯-T3ë0"�45Ð5F£75���*o02�	' ©J�¥ "5F5
#F*/;a5<;���*F975¸0"-�ª�5É�N!�;a02!C34�/14!�;Q�45<�A�c�45F3ê5F9/*oBD14¬
*<0"!C3¥�_02�45FE �
7 -��êô < / �êô � !1+ :�: $ � ,32 � � � N�:'< IVU � �
©J�4!�;_025F "E !�;�*<3 5,;a0"!DEG*o025�+.-T G0"�45�ç¡1�«A 25F¬
#�5F!C975,�Ó+. "-TE *�BC!D�T�N0È;Q-T14 ¤#�5�0"�¡*o0È!�;���!C 25<#�02BC£
;a5F5F3Ë0"�4 2-T14�/�Ó02�45:�4!\«45�B³1¥3���5F �#�-/3�;a!$��5F ¤*o0"!D-T3
���(!D�4' ���L'

7 -��êô < /�4Aô � !1+ :ST $ �
�65 2 ,32 � �#� 8 : < ILK��,7 USW � Z �2 ��� � N T"R�> < ILK��87 USW � Z < I USW � Z �
2 � 9 ! �;: - W � Z�< B ! � ���=9 ! �>: - W � Z�< B - W � Z �? K�� R U W � Z ?A@ B � 8 :=<PN�T R�> �
�c!C0"� �65 � CD
E ! C Q#F K��
G 9 !
H � 9 ! < B ! � � I,J ! 6
�c�45F "55I K�7 U !�;Æ02�45G��!D "5<#p0"!C-/3Ê+. "-/E���-/!C3N0 8
0"-:��-T!D3�0 N *<3��È�c�45F "5 B � 8,<PN ��!$;(0"�¥5c9�!$;a!Cª¥!CBC!D0Q£+.143�#�02!C-T3¯�c�¥!�#L�¯!�; �È!�+>��-T!D3�0 8 ;a5F5,; ��-/!C3N0 N
*o3��êôÊ-T02�45F 2�c!�;a5z'�©J�4!$;_9/*oBD145¯!�;Ù+.-/143���ªN£
E�5<*o3¡;�-o+n0"�45Ë;a��*/��-<� L*F£¯ª�5F0Q�J5F5�3¯�³-/!C3N0 8
*o3��G�³-/!C3N0 N '
©J�45 0"5F 2E !�;*<3 5<;Q0"!CEu*o0"5+.-T 0"�¥5 ç¡1�«
0"��*<0Æ 25<*T#L�45<;:02�45_5�£75?+. "-TE�02�45ÈBC!D�T�N0�;a-T1¥ L#�5
0"�4 2-T14�/�Ì02�45§5F£75_�¡*o0"��6i*T;?!C3Ò#�B$*T;";Q!�#F*<Bi��*o02�
0" L*/#�!C3¥� ���(!D�4'�ã �¤'

7 -K4Aô < /�4Aô � !1+ E T $ �
� 2 ,L2 ��� � 8�E�< I K#M � Z < ILK#M(7 USW � Z �2 ��� � N T"R�> < ILK#MM7 USW � Z < I USW � Z �
2 � 9 ! M : - W � Z < B ! M � �=9 ! M : - W � Z < B - W � Z �? K#M R USW � Z ?A@ B � 8�E <PN T R�> �
©J�4!�; 0"5F 2E !�; *o3 5<;Q0"!CEu*o0"5 +.-T ë0"�45�ç¡1�«
0"��*<0� 25<*T#L�45<;c0"�45�5F£75:+. "-/EØ02�45?BD!C�/��0�;Q-T14 ¤#�576
0"�4 2-T14�/�.-J 25�ç�5<#p0"!C-/3�;J-T3Â0"�45�BC!D�T�N0c��*o02�¯*o3¡�
/_ "5pç�5<#�02!C-T3¡;J-T3G0"�45&5F£75®��*o02�)���X!C�4'�ì��L'



eye point

screen
light source

x0

Θx0

y0

Θy0

y1

Θy1

C02〈 〉

C01〈 〉

�(!C�/14 "5&ã��i©J�45&#�-/3�02 "!Dª4140"!D-T3 !#+ :ST $ !$;J*<3Ó5,;a0"!DEG*o025 +.-/ J02�45�ç�1�«u0"��*<0J "5,*T#L�45<;¦02�45:5F£75c+. "-/E�0"�¥5:BC!D�T�N0
;a-T1¥ L#�5&0"�¥ "-T1¥�T�¯0"�¥5Æ5�£75:��*o02�	'

eye point

screen
light source

x0

Θx0

y0

Θy0

x1

Θx1

x2
Θx2

x3

y1

Θy1

C21〈 〉

C11〈 〉

C31〈 〉

C22〈 〉

C12〈 〉

C32〈 〉

�(!C�/14 "5�ì��>©J�45�#�-/3�02 "!Cª¥140"!D-T3 !1+ E T $ !$;c*o3Â5<;a02!CEG*<0"5c+.-T �0"�45:ç�1�«u0"��*<0� 25<*T#L�45<;J02�45&5F£75:0"�¥ "-T1¥�T�¯ª�-T02�
0"�45&BC!D�T�N0J��*<0"�ö*o3��G0"�45&5F£75:�¡*o0"��'



eye point

screen

y0Θy0

C00〈 〉

�(!C�/14 "5J� �§©J�45G#�-/3�02 "!Cª¥140"!D-T3 !#+ :P: $ !�;�*o3�5<;a02!C¬
EG*o025u+.-/ _02�45Óç¡1�«Ð5FE�!C020"5<�¸ª�£Ð*¯BC!C�/��0Ë;a-/14 L#p5
0"��*<0�!$;c;a5F5F3Â��!D "5<#p0"BC£ÈªN£�02�45&9�!D5F�J5F �'

�	µ�3.µ���-=(�* +.- /(µO2?µ�( +D/ -<¼
Ú 0c02�4!�;c��-T!C3N0�0"�45�*oBD�T-/ "!C02�4E !�;c;Q0"!CBDB	�T5F3¥5F "!$#Æ*/;
0"�45F 25¯*< "5¯9/*o 2!C-T1¡;�*oBD0"5F 23�*o02!C975<;È0"-�#L�4-7-z;a5¯0"�¥5
�J5F!D�T�N0L;

) E T
+.-T É02�45A#p-T3N0" "!Dª41402!C-T3¡; !#+ E T $ 6�*/;

BC-T3¥��*/;�0"�¥5F£¯#�-/E��4BD£��c!C02�¯0"�45§#�-/3���!D0"!C-/3¯0"��*<0
� BE(' : ) E

G B R E � � � � ��ô < � <%@%@=@ �L'Ë©J�4!�;�#�-T3¡��!C¬
0"!C-/3Â#F*o3Gª�5&��5F 2!C975<�§0"�45F-/ "5F02!�#F*<BCBD£�¿T!D0L;J�4�N£¥;a!�#�*oB
E�5<*o3¥!C34�:!$;�0"��*<0J0"�¥5:;Q5F0L;�-o+X�>5F!C�/��0¤;(+.-T i0"�45�5<;Q¬
0"!CEu*o0"5,; -<+�0"�45§ç�1�«¥5<;?*< " "!D9�!D34�¯*<0È0"�45Ë5F£75_9N!�*
-T34576N0Q�J-46N5F0L#/'� "5pç�5<#�02!C-T3¡;ò 25<;a��5<#p0"!C975�BC£È*<BCB²��*F975
0"-Â*T�4�¯14�¯02-)�/'_Ï�345§#F*<3Ê975F 2!�+.£G0"�¡*o0:02�45Ù+.-/BC¬
BC-<�c!C34�Ë!C3�;Q0L*o3N0"!$*o02!C-T3¸£N!C5FB$�4; 02�45§#�B$*T;";Q!�#F*<B���*<0"�
0" L*/#�!C3¥�§*oBC�/-T 2!C0"�¥E �

) E T
� �:+.-T - �éô < *<3��� ôÈ-T02�45F 2�c!�;a5z'

©J�4!$;�;Q5FBC5<#p0"!C-/3Â��-75<;�34-/0�+.14BDBC£�1�;Q5?02�45?!D3�+.-T 2¬
EG*o02!C-T3È-<+²0"�45®;"*<E��4BC!D34���4 "-N#�5,;";¦�¥-o�>5F975F �'(©J�¥5
+.-TBCBD-<�c!C34�¨*oBC025F "3¡*o0"!D975�1¡;a5<;iª³-/0"�Â��*o 20"!�#pBC5���*o02��;
E�-T 25:5�æ²5<#�02!C975FBD£ �

) E T
� T"R�?�

� ' :�� �
+.-T %-��êô <

� ô +.-T K/ �Aô < *<3��
� �

T R�?�
� ' : � �

�"�A��� � T �>-T0"�¥5F "�c!$;a57'

�c�45F "5�0"�¥5:�J5F!D�T�N0L; � T � / �êô <=@%@%@%< �
��� ���i;Q0"!DBCB
BC5<*F975&;Q-TE�5&�N5F�T 25F5<;J-o+X+. "5�5<��-TEö'
©J�45¸!���5,*Êª�5F�4!C3¡� 02�4!�;���*< "0"!$#�14B$*o G#L�4-T!$#�5¯!�;

0"��*<0�*<0�5<*/#è�A��-T!D3�0G-/3A0"�45¯5F£75¯�¡*o0"�A02�45¯5<;Q¬
0"!CEu*o0"5,; +.-T �0"�45�!D3���!D "5<#�0®BC!C�/��02!C34�Â9�!$*�0"�45� 25<;a0
-o+È02�45¸5F£75¯��*o02�î*<3�� 9N!�*Ê02�45¸BC!C�/��0Ë��*o02� *o 25
�J5F!D�T�N0"5<� � �(!C�¥'1�Fô �¤' �4-/ �;a��5<#�14B$*o �;Q14 a+s*/#�5<;¦-/345
�J-T1¥B��É L*<0"�45F § "5�BC£¸-T3�02�45�5,;a0"!DEG*o025Ù+.-/143���ª�£
+.-TBCBD-<�c!C34�¯02�45G5F£75G��*o02�	' �4-/ ���!\æ²1�;a5Â;a1¥ a+s*T#p5<;
0"�45�5<;a02!CEG*<0"5J+.-/143��_02�4 "-/14�T�G0"�¥5:#�-/3�02 "!Dª4140"!D-T3�;

yj

Θyj

C2 j 1−,〈 〉

C1 j, 1−〈 〉

C3 j 1−,〈 〉
Θyj 1+

Wj1 W− j

C0 j, 1−〈 〉

�(!D�T14 25 ��ô��:©J�¥5È�J5F!D�T�N0L; � T +.-/ :0"�¥5È#�-/3�02 "!Cª¥14¬
02!C-T3¡;u9N!�*É02�45Ê5�£75���*<0"� *< "5Ò;a5FBD5<#�0"5,�Ì�4 2-T��-T 2¬
02!C-T3¡*oB:02-Ì02�45¸��5F�/ "5F5Â-o+Ù;a��5<#�14B$*o 2!C0Q£Ð*o0G��-T!C3N0
N T 'n©J�45È#�-/3�02 "!Dª4140"!D-T3�;c*< " 2!C9N!C34�?+. 2-TE 0"�45�BC!D�T�N0
��*<0"�ë9�!$*�0"�45�;Q��*T�N-o�  L*F£4;¯��*F975É02�45��J5F!D�T�N0
�	� � T '

-<+G0"�45ÐBC!D�T�N0¯��*o02��!�;¯E�-/ "5ÉBD!C75FBD£A0"-êª³5Ð!CE�¬
��-T 20L*<3�0�'É©J�45F 25�+.-T 25_02�45G�J5F!D�T�N0 � T !�;?#L�4-z;a5F3
�4 2-T��-T 20"!D-T3�*<BÈ0"-Ð*ÌE�5,*T;a1¥ "5�-<+§0"�45Ò��5F�/ "5F5¸-o+
;Q�³5,#�14B�*< "!D0a£Â-o+�02�45�;Q14 a+s*/#�5Ë*o0?��-/!C3N0 N T -T3Ò0"�45
5F£75���*o02�	'��4-T :�¥!C�T�¥BC£Â;a��5<#�1¥B�*o ;a14 Q+s*T#�5<;�!C0®*o�4¬
�4 2-7*/#è�45,; �T6�+.-T §��!\æ�1¡;a5Â;a14 Q+s*T#�5,;?!C0È�T-75,;Ù02-¸ô�'
©	5<;a0¤;°-/3È�4 L*/#�0"!$#F*oBN;2#�5F345,;°��*F975>;a�¥-o�c3È02��*o0X0"�¥!�;
025<#è�¥34!�Ô7145��T "5,*o0"BD£�!CEË�4 "-<975<;(02�45�ÔÕ1¡*oBC!D0Q£È-o+¢0"�45
!DEG*o�/5<;�6<5<;a��5<#p!�*oBDBC£:�c�¥5F3È "5F3¡��5F "!D34�®;"#�5F3¥5<;(#p-T34¬
0¤*o!C3¥!C34�ÈE�!D " 2-T L;p'

��¹1&�
 � -=(�* + 0¸¼Fµ��7¹1*X» 0¥º,¶ÐµN¼-%(�&.0�-<¹�º

©J�45¯�¥ "!CEu*o "£Ò5<;a02!CEG*<0"-T §-o+�02�45�ç�1�«é�c!CBCB®;a02!CBDB
��*F975®*ÆB$*o "�/5�9/*< "!�*<3�#�5767�c�4!$#è�§�c!CBDB�#�BD5<*o 2BC£È;Q�4-<�
14�A!D3�02�45�!DEG*o�/5Ó1¥3���5F §0"�45G+.-T 2E -o+  L*o3¡��-TE
34-/!�;Q57' Ú ;_�c!D0"�A*<BCB&��-/3�025Ê�>*< "BC-ÒE�5F0"�¥-N�4;_*
;Q5<#�-T3¡�4*o 2£?5<;Q0"!CEu*o0"-/ (!$;(0"�¥5F "5�+.-/ "5n#�-TE��¥140"5<�:ªN£
*F975F ¤*o�T!D34�É02�45¯ "5<;Q14BC0¤;_-o+¨;Q5F975F L*<B��¥ "!CEu*o "£�5<;Q¬
02!CEG*<0"-T ¤; +.-/ �*¯;Q!C34�/BC5G�4!�«¥5FBs'Ê©J�¥5Ó9/*< "!�*<3�#�5G-o+
02�45È5F975F3N0"1�*<B( 25<;a1¥BC0:�c!DBCB�ª�5È "5,��1�#�5<��ªN£¯*_+s*/#�¬
02-T � ��!\+ � !�;�02�45È3�1¥E_ª�5F �-o+n�4 "!DEG*o 2£G;"*<E�¬
�4BD5<;�' �4-T ¯��*<0"� 0" ¤*T#�!D34���  "5F��-/ "0"5,��BC£î0Q£N�4!C¬
#F*<BCBD£_ ¤*o34�/5<; ª�5F0Q�>5F5F3�äzôÈ*o3�� �TôTôN64ª4140c02�45&-T�4¬
02!CEG*<B:3�1¥E_ª�5F �B$*o 2�T5FBD£A��5F��5F3¡�4;Ó-/3 02�45Ò#�-TE�¬
�4BD5�«¥!C0Q£?-<+X0"�45®;"#�5�345:*<3��_02�45&��5<;Q!C 25<�_*/#F#�14 ¤*T#�£z'
Î7-/E�5&�45F14 2!�;Q0"!�#®*T�4*<�40"!D975È;"*<E��4BD!C34��0"5<#L�434!$ÔÕ145,;
*< "5:1�;Q1�*oBDBC£Ë*o�4�¥BC!C5,�_0"-&±�3���*?ª�*<B�*<3�#�5:ª�5F0Q�J5�5F3
02�45>#�-TE��¥140L*<0"!C-/3�*oB7�>-T 2&*o3��&0"�45>Ô71�*oBD!C0Q£�-o+¥0"�45
 25<;a14BD0L;p'



À����&×JÖ�� Ö:ÁÂ�J�:�&ÀoÃÙÁ
@Ê5���*F975�!DE��4BD5FE_5�3�025F�&0"�45:ª¥!C¬s��!C 25<#�0"!D-T3�*<B4��*<0"�
0" L*/#�!C3¥��*<BC�/-T "!D0"�4E *T;Â��5<;"#p "!Cª�5<�A*<ª�-o975z'�©J�¥5
�4 "-/�T L*<E ��*/;�ª³5�5F3î�c "!D0"025F3 !D3î0"�¥5É�4 "-/�T ¤*oE�¬
E�!C34�®B�*o3¥�T1�*<�T5&��-T3Ë*o3Ë�aÇc� ¾:Î��<ñ/ôTô/ôo¬ 
TíTô4'n��0
!�;cª�*T;Q5<�Ó-/3�0"�¥5?BC!Dª4 L*< "£� 2-T1402!C345,; -<+i0"�45��414ª4BD!�#
��-TEG*<!C3� ¤*F£�0" ¤*T#�!D34�_�¥ "-T�/ L*<E��}¾�*F£¥;a��*/��5��D'
©J�45 ��� �"!2;���*F975¦ª�5F5�3ÆEË-N��5FBC5,��1�;a!D34�®*c%ò�¥-T34�

E�-N��5FB��c�4!$#è�G��*/;Jª³5�5F3GE�-N��!�±¡5<�_;QBC!D�T�N0"BC£Ë*T;J02-
EG*o75&!C0� "5,#�!C�4 2-N#F*oB¢*o3¡�Û5F3¥5F "�/£�¬s#�-T3¡;a5F 29�!D34�4'®��0
*oBCBD-<��;ò02�45c+.5F�A#�-/3�;a0¤*o3N0L;i!C3§0"�45�5<Ô71�*o02!C-T3¡;¦*<3��
0"�45 �F�"!2;Æ02-¯ª³5Â#�-/E��414025<�¸*o3�*<BC£N0"!�#�*oBCBD£7'¸��-T 25
#�-TE��¥BC!�#�*o0"5,� E�-N�N5FB�;��c!DBCBT!D3&�T5F345� L*oB7 25<Ô714!C 25¦3N14¬
E�5F "!$#F*oB�025<#è�¥34!�Ô7145<;p'
Î75F975� L*oB�-/�40"!DE�!�;Q5<�_;2*oE��¥BC!C3¥�È;a02 L*<0"5F�/!C5<;i��*F975

ª³5�5F3È!CE��¥BC5FE§5F370"5,��'��[E���-/ "0L*<3�#�5n;"*oEË�4BC!D34�:*<3��
¾ 1�;2;a!$*o3 "-/14BC5�0"0"5A�¡*,975Ðª�5F5F3 *o�¥�4BC!D5<��*/;Í5p«4¬
�4B�*<!C345<��!D3�02�45ê�4 "5F9N!C-/1�;É��*o ¤*o�/ L*o�¥��;�' �414 "¬
0"�45F 2E�-T 25G;a02 L*<0"!�±¡5<��;"*oEË�4BC!D34����*/;Ùª�5F5�3Ì1¡;a5<��'
©J�4!�;Ê025<#L�434!�Ô7145Ð#�-/3�;a!$;a0L;É!D3;a1¥ª��N!C9N!���!D34�î0"�¥5
;"*oEË�4BC!D34�c!C3N0"5F 29/*oB�;X*o3¡�È;a5FBD5<#�0"!D34��;"*<E��4BD5<;�+. 2-TE
5<*T#L�&-o+²0"�45,;a576<!C3�;Q0"5<*/�Æ-<+7ðQ1�;a0¢;a5�BC5<#�02!C34��*<BCBN;2*oE�¬
�4BC5<;& L*<3���-TEËBC£¸-o975� Æ02�45G�c�4-TBD5�!C3N0"5� "9/*oBs'Ê©J�¥5
1434!�+.-/ "E ;"*<E��4BD5<;Ê;Q5FBC5,#�0"5<� !C3ë0"�4!$;Ê�c*F£ EG*F£
ª³5�0" ¤*o3�;[+.-T "EË5<��!C3N0"-È34-/34¬l1¥34!�+.-/ "E�;"*<E��4BC5,;�64;Q-
0"��*<0(02�45�0"5,#è�43¥!�Ô7145�!�;	#p-TE§ª4!C345,� 5<*/;a!DBC£��c!C0"�&!DE�¬
�³-/ "0¤*o3�#�5¨;"*<E��4BC!D34�4'
��ÖÆ��ÅÓ×²�Ù�
Çc*T;a5,� -T3 0"�¥5 !CE��¥BC5FE§5F3N0L*o02!C-/3 �J5 ��*F975
�³5� a+.-T 2E�5<��;a-TEË50"5<;Q0L;�6é#�-TE��¡*o "!D34��-/14  ª4!C¬
��!C 25<#�0"!D-T3�*<BT��*<0"��0" L*/#�!C3¥��*oBC�/-T 2!C0"�¥E �c!D0"��#�B$*T;";Q!C¬
#F*oB���*<0"��02 L*T#p!C34�¥'i©J�45�B$*o 2�T5<;Q0c*oEË-T143N0i-o+X�J-/ "
!C3§ª³-/0"�Â*oBD�T-/ "!C02�4EG;�#p-T3�;Q!�;a0¤;¦!D3_��5F Q+.-T "EË!C34�& L*F£
!C3N0"5F ¤;a5<#�02!C-/3È0"5<;Q0L;�'iÎ7-?!D3_-/ L��5� J0"-&-/ª40L*<!C3G*:+s*o!C 
#�-TE��¡*o "!$;a-/3§*o�4�4 2-F«4!DEG*o025FBC£&0"�¥5:;2*oE�5c3N14E§ª³5� L;
-o+i ¤*,£¥;c*o 25?1�;Q5<��ª�£Ë0"�45� "5<;Q�³5,#�0"!D975:*<BC�T-/ "!D0"�4EG;
!C3A5<*/#è�A025<;a0�'�©X*oª¥BC5 �¯�T!D975<;�*o3ê-<975F "9N!C5���-o+
0"�45Â "5<;Q14BC0¤;�' Ú BDBc!CEG*<�T5<;?�¡*,975Gª�5F5F3Ð "5F3¡��5F "5,�
*o0¸*A "5<;Q-TBC1¥0"!C-/3 -o+Ëä7ôTô 2 ä7ô/ô �4!\«45�B�;�' ÇJ-T02�
!CE��4BD5FE§5F3�02*<0"!C-/3�;c1�;a5È02�45È-T�402!CE�!$;a5<�Â;"*<E��4BC!D34�
;a0" ¤*o025F�T!D5<;J;Q1�#è�u*T;J!CEË�³-/ "0¤*o3�#�5®;"*<E��4BD!C34�¥6�¾c1�;Q¬
;a!�*<3_ 2-T14BD5F0"025�*o3��Ë;a0" ¤*o02!�±�5<�§;"*<E��4BD!C34�¥' ��5F!C02�45F 
-o+²0"�45�*<BC�/-T "!D0"�4Eu;(��5F a+.-/ "EG;X*T�4*<�40"!D975�;"*<E��4BC!D34�
-o+¢0"�45&�4!\«45FB$;�'
©J�45n;"#�5F3¥5c#�-/3�;a!$;a0L;X-o+�#�-TBD-T14 25<�È��!\æ�1¡;a5J�n*oBDB�;�6

* ;QBC!D�T�N0"BC£Ñ;a��5<#�14B$*o Éç�-7-/ �*<3�� * E�!�«¥0"1¥ "5�-o+
-T��*/ÔÕ145u*o3��Ê02 L*<3�;a��*< "5F3N0?-/ª4ðQ5<#�0¤;�'GÇJ-T02��*oBD�T-/¬
 "!C02�4EG;�*T#F#�1¥ L*o025FBC£Ò "5F3��N5F _0Q£N�4!�#�*oBJ�/BC-/ª�*oB:!DBCBD14¬
E�!C3�*<0"!D-T3È5�æ²5<#�0¤;i;a1�#L�§*T;>��!�æ²1�;Q5:*<3��_�TBD-7;2;a£§ "5F¬

ç�5,#�0"!D-T3�;p6�;Q-o+.0Â;a�¡*T��-<��;�*<3��ê#�-TBD-T14 �ª¥BC5F5<�N!C34�¥'
©J�45& 25<;a14BD0L;�+.-T c0"�¥5?�N!C "5,#�0"BD£È!CBCBD14E�!D3�*o025<�?;2#�5F345
;Q�4-<� BD!C0"02BC5õ��!�æ²5F 25F3�#�5êª�5F0Q�J5F5�3�02�45FE¯' �4-T 
02�45_!D3���!D "5<#�02BC£�!DBCBD14E�!C3¡*o0"5,�Ó;2#�5F345È�¥-o�>5F975F �-T14 
ª4!D¬[�N!C "5,#�0"!D-T3�*<BX*oBC�/-T 2!C0"�¥EØ�¥ "-N��1�#p5<;�9N!�;a!Dª4BC£§BC5,;";
34-/!�;Q5�+.-T c02�45:;2*oE�5 *oE�-/143�0i-<+X�J-T 2 �s!C0>!�;¦5�975F3
34-/0"!$#�5<*oª¥BC5�-/3�02�45A�4 2!C3N0"5<� !CEG*<�T5<;p6_!C3�;a�4!D0"5
-<+c0"�¥5���!D0"�45� "!C3¥��*<�4�4BD!C5<��02-Ó�¥ "-N��1�#p5G��!�æ²5F 25F3N0
#�-/BC-/14 G;a�¡*T��5<;#�L' Ú 3A!C3N0"1¥!C0"!D975�5�«¥�4B�*<3�*o02!C-/3A!�;
02��*o0c02�45:BC!D�T�N0i��*o 20"!�#pBC5���*o02��; �¥5FBC�§0"�45®!C3���!D "5<#p0
BD!C�T�N0:02-ÓEË5F5F0c0"�¥5È5F£75È��*o02��;:��*oB\+.�c*F£76�02�45F 25Fª�£
�4 2-N��1�#�!D34�êE�-T 25Ì 25FBC!$*oª4BD5É5<;Q0"!CEu*o0"5,;�*o3¡� BC5,;";
34-/!�;Q57'

�ÈÃ§Á¯��×JÅ��²ÀoÃ§Á
@¸5���*F975G�4 25<;a5F3N0"5,�Ìª4!D¬[��!D "5<#p0"!C-/3�*oBc�¡*o0"�A02 L*/#�¬
!D34��*/;î*345F� ��-/3�025 �>*< "BD- *oBD�T-T 2!C02�4E +.-T 
�4�N£¥;a!�#�*oBCBD£�¬.ª�*/;a5<�� 25F3���5F 2!C34�¥' �[0�#F*<3ª³5ê5�«¥¬
�4B$*o!D345<��!C3G*È�T5�345F L*<B	0"�45�-T "5�0"!�#�*oB³+. ¤*oE�5��J-T 2È!C3
�c�4!$#è�¸0"�¥5_5�«¥!�;Q0"!D34����*<0"�É02 L*T#p!C34�ö*oBC�/-T 2!C0"�¥E�!�;
*§;a��5<#�!$*oBX#F*/;a57'

7 Î7!CE�!DB�*< "BC£§0"-§-T02�45F &��-/3�025_�>*< "BC-Ë0"5<#L�434!$ÔÕ145,;
0"�45�*<BC�T-/ "!D0"�4Eë!�;(975F 2£&�T5F345� L*oB �	!C0i#F*<3È��*o3¡��BC5
5�«4025F3�;Q!C975i#�B$*T;2;a5<;(-<+²�T5F-/E�5F0" 2!�#F*<BT-/ª4ðQ5<#�0L;X*o3¡�
-T�402!�#F*<B��4 "-/��5F "02!C5<;p'È=�!�æ²1�;Q5_BD!C�/��02!C34��5pæ�5,#�0L;p6
;a-o+.0Ò;a�¡*T��-<��;�6§;Q�³5,#�14B�*< É*<3�� �/BC-z;";a£õ "5�ç�5,#�¬
0"!C-/3�;&*o3��¯ "5p+. L*T#p0"!C-/3�;�6�*o3��Ê!\+> "5<Ô714!C 25<�Ó5�975F3
��5F�402�_-<+�±�5FB$�È*o3��§E�-T02!C-T3Èª¥BC14 i*< "5®*oBDB�;a!DE_14¬
B�*o025<�¸#�-T 2 "5<#�02BC£7' Ú 3�02!C¬s*oBD!�*T;Q!C34�Ë!�;:!C3N0"5F�/ L*<0"5<�
!C3Â*?3�*o0214 L*<B(�n*F£7'

7 �¢«¥��5F "!DE�5F3N0L;>;a�4-<� 0"��*<0:0"�¥5È*oBD�T-/ "!C02�4E ��5F "¬
+.-T "Eu;�ª�5F0"025F &0"��*<3É��*o02�É0" ¤*T#�!D34��+.-T &0Q£��¥!�#F*<B
!C3���-7-/ i;"#p5F345<;(�c�¥5F "5>!C3���!D "5<#p0	!CBCBD14E�!D3�*o02!C-T3®!�;
!CE���-T 20L*<3�0�'

7 ©J�45?E�5�0"�4-N�� "5,ÔÕ14!D "5<;J3¥-_E�5,;a�4!D34�È*<3���0"�N1�;
*,97-/!��4;G*<BCB:02�45É*/;";Q-N#�!�*<0"5<� �¥ "-Tª¥BC5FEG;p' Ú B$;a-
ª³5,#F*o1�;Q5�-<+&0"�4!$;?0"�45GE�5�0"�4-N�É "5,ÔÕ14!D "5<;?BD!C020"BC5
E�5FE�-/ "£7'ê©J�45¸��5,;"#� 2!C�402!C-T3Ð-o+¨0"�45¸;2#�5F345Â!�;
*T#F#�5,;";a5,�u!D3Â*? "5<*/��¬l-/34BC£�+s*/;a�4!D-T3	'

7 ��EË�³-/ "0¤*o3�#�5Í;"*oEË�4BC!D34��!�;�1�;Q5<�î5�«4025F3�;Q!C975FBD£76
 "5<��1¡#�!C34�È02�45?9/*< "!�*<3�#�5��� ¤*T;a02!�#F*<BCBD£7'¦@A!D0"�4-/140
*T�4*<�40"!D975�;2*oE��4BD!C34�G�4-<�>5F975F �#�-T3N975F 2�T5F3�#p5È!�;
 L*o02�45F �;QBC-<�&'J©J�¥!�;c!�;J��*< "0"BD£�ª�5<#F*<1�;a5�0"�45&5�«¥¬
*T#�0n;a-TBD140"!D-T3G!�;>;a-/14�T�N0 +.-/ J5<*/#è�Ë�4!�«¥5FB[6N*/;J-T�4¬
�³-z;a5<�G0"-È±�34!D0"5&5FBC5�E�5F3N0�E�5F02�4-N�4;J�c�45F 25&0"�45
5F975F3N0"1�*<BN;a-TBD140"!D-T3�!�;(!D3�025F "��-TB$*o025<�:-o975� (B$*o "�/5F 



©	5<;a0 Ú BC�T-/ "!D0"�4E ��14E§ª�5F i-o+>;2*oE��4BD5<; ©°-/0L*<B	3�14E§ª�5F ©J!DE�5 �Q;Q5<#��
�³5� c�4!�«¥5FB -o+¢ L*F£¥;

� %¢*o0"�G02 F' ñ/ô ä � 2 ��ô�� � �_ã/ì �
í ÇJ!D¬[�N!C F'X��*o02��02 F' í/ô 
/ô 2 ��ô�� ���?ô�
Tñ

 %¢*o0"�G02 F' ñ/ô 
 � 2 ��ô�� ��ã_í ���
ä ÇJ!D¬[�N!C F'X��*o02��02 F' í/ô 
�� 2 ��ô�� �pä�ì/íTì

©X*oª4BD5����cÏ�975� "9N!C5F�Ð-o+i02�45&0"5<;Q0c "5<;Q14BC0¤;�'

;a1¥ a+s*T#p5ê*o "5,*T;ÉE�-7;Q0É-o+ö0"�45A02!CE�5z' Ú �4*o�¥¬
0"!D975�*o3����4!D5F L*< L#L�4!�#�*oB	0"5,#è�43¥!�Ô7145<;c*o3¡�Ó±�BC025F "¬
!C3¥��;Q�4-T1¥B��A�45FBC�A02-É±�3��ê*Í�¥ "-T��5F Âª�*oB$*o3�#p5
ª�5F0Q�J5F5�3 �f-<975F L;Q-TBD9�!D34���/*o3�� �f143��N5F L;Q-TBC9N!C3¥���T!D3
0"�¥5 +.1¥0"14 257'

��Ö��cÖ:��Ö®ÁÛ��ÖÆ�
�i�45F3	6 Î�'f�c'D6î¾c1�;a�4EË5F!C5F �6��?'f�c'C6ê��!DBCBC5� F6 Ü�'C6
©	14 "3¥5F F6>=?'L�FìTì��T' Ú �¥ "-T�/ "5<;2;a!D975ÓE§14BD0"!C¬.��*/;";
E�5�0"�4-N��+.-T ¢�TBC-/ª�*oBN!CBDBC14EË!C3�*<0"!C-/3	'/��3��	��
 � ��ßsÞ �
�%� à�� �	 �p6Õ97-/BC14EË5:í ��6���*o�/5<;���ñoä��1����ä4'

�i-7-T²6È¾&'f)�'C6&%X-T "025F F6&©:'D6?�>*o 2�³5�3�025F F6�)�' ��ìTãoä¥'
=�!$;a02 "!Cª¥140"5<�� L*F£:0" ¤*T#�!D34�4'z��3��	��
 � �Nß[Þ ���%� à����
�	 �p6497-/BC14EË5 ��ã�64��*<�T5<;��%
����1�pä*�N'

�45<�4*�6G�É'D6�%�14 2�7*o02�4-o+.5� F6�@ ' ��ìTì�
N' %ò 2-T�/ "5<;Q¬
;Q!C975J ¤*F£? "5p±�345FE�5�3�0�+.-T iE�-T3N0"5>#F*< "BD-Æ ¤*T��!D-7;Q!C0Q£7'
�[3�� � � 	 ÞLÞ"� ����� ���"!Òß�¥Þ����*� � ß���K� � � �*� à�� �	 �
 !� �#" �$%��&� �(' Þ � �NÞ ������� 67��*<�T5<;V� �)�Ní ��6¥%�*o 2!�;�6
�4 L*<3�#�57'

Ü�-T L*<B[6���'f�É'C6N©	-T 2 L*o3¡#�576 ï 'f�c'C64Ü� "5�5F3�ª�5F 2�46¥=?'f%X'C6
Çc*<0"0L*<!CBD576NÇ:' �Fì/ãoä¥'c��-N��5FBDBC!C3¥�?0"�¥5Æ!D3�025F L*/#�0"!D-T3
-<+&BC!D�T�N0Èª³5�0a�>5F5F3Ð��!\æ�1¡;a5¯;Q14 a+s*/#�5<;p' �[3*�	��
+�
� �Nß[Þ �(�%� à�� �	 �p6�97-/BC14E�5��FãN64��*o�/5<;:í��%
)�ÕíTí/í�'

�[E�E�5pB[6�=?'�Î¡'C6È�i-T�45F3�6È�É' �J'D6?Ü� "5F5F3Nª�5F "�¥6?=�'f%('
��ìTãTñN' Ú  L*/��!C-z;a!D0a£êE�5F02�4-N� +.-/ ¯34-T34¬s��!\æ�1¡;a5
5F3N9N!C "-/34E�5F3N0L;p'¸��3*�	��
 � ��ßsÞ ���%� à�� �	 �p6�97-/BC¬
14EË5:í/ô�6���*o�/5<;��=
�
,�1��äzí�'

ï *oðQ!C£N*N6.-4'f©:'D�Fì/ãTñ�'>©J�45: 25F3���5� "!C3¥�È5<ÔÕ1¡*o0"!D-T3	'¢�[3
�	��
 � �Nß[Þ �!� � à�� �	 �p6�97-/BC14E�5¨íTôN6°�¡*o�T5,; ��ä 
)�
� �Tô�'

)	*o34�/576NÇ:'��Fì/ì��T'�©J�¥5�;a!CE§14B$*o0"!D-T3:-<+² L*T�N!�*o3N0XBC!C�/��0
02 L*o3¡;�+.5F c�c!D0"�G;Q0"-N#L��*T;Q0"!�#: ¤*,£N¬.0" L*/#�!C3¥�4'��[3/� � ���
	 ÞLÞ"� ����� �/�"!uß�¥Þ10²Þ 	 � � �2�K� � � �*� à�� �	 �3 !� �#" �
�$%���� �/' Þ � �NÞ ������� 6�Çc*< L#�5�BC-T3¡*�6³Îz��*o!D3	'

%�*o020L*<3�*o!D�6:Î�' �?'C6>��1���14 �6�Î�' %('L�FìTì/í�'��i-/E��414¬
0¤*o0"!D-T3G-o+ò�TBC-/ª�*oBX!CBDBC14EË!C3�*<0"!C-/3_ªN£�E�-/3�025&#F*< "BC-

;a!DE_14B$*o02!C-T3Ë-o+i02�45?��*< "02!�#�BD5ÆEË-N��5FB�-<+>BC!C�/��0�'J�[3
� � � 	 ÞLÞ"� ����� �4�"!>ß�¥Þ657 �� �8�K� � � �*� à�� �	 �9 1� �$" �
�$%��:� ��' Þ � �NÞ �����;� 6Ó�¡*o�T5,; ���$�Nã�
�6¯ÇJ 2!�;a02-TBs6
� ï '

%¢*o0"0¤*o3�*<!C²6ÙÎ¡' �?' ��ìTì�
�' �	��
 � �Nßlà7ß � � � à7á8<ÛÞ�ß���
�'� � !=� �3� á>� � à7á8?¤áCá��%
 ��� à7ß � � � à � �A@ � ����à7á � �pà��
ß � � � �"!B�	��
 �²á\Þ#C9D�EF� �.G��� � � 
§Þ � ß�p'4%���=�0"�¥5F¬
;a!$;�6�ÇJ!C 2B�*���3¡;a0"!D0"14025:-o+¦©°5<#L�434-/BC-/�T£!HÎN#�!C5�3�#�576
%�!CB�*<34![6¥�[3���!�*N'

Îz�4!C 2BC5F£76�%('���ìTìTôN'.�I%J � �	 à7áCá>JLKcà ��Þ"��M �>� Nß ����� ��à7áN�
	 �Náfà7ß � � � � !=� � �	��
 � ��ßsÞ �&� � à�� �	 �p'>%ò�¡= 0"�¥5F¬
;a!$;�61��34!D975F L;Q!C0Q£?-<+>�[BCBD!C34-/!�;�'

Îz!CBCBD!C-/3	6L�J'C6 Ú  297-46L-4'f¾&'C6c@¸5<;a02!C3	6:Î�'O�?'C6:Ü� "5F5�34¬
ª�5F "�¥6�=?'f%X',�FìTì��T' Ú �TBC-/ª�*oBX!CBDBC14EË!C3�*<0"!C-/3§;a-/BC14¬
0"!D-T3Ó+.-/ ��/5F345F ¤*oB	 25�ç�5<#�0¤*o3�#p5?�N!�;a02 "!Dª4140"!D-T3�;p'J�[3
�	��
 � ��ßsÞ ���%� à�� �	 �p6�97-TBD14E�5Èí ��6X��*o�/5<; �Fã �=�
�Fì/ñ�'

Îz!CBCBD!C-/3	6��J'D6�%�145,#è�	64��'1�Fì/ãTìN' Ú �T5F345� L*oB�0Q�J-/¬l�¡*T;";
E�5F02�4-N��!C3N0"5F�/ L*<0"!C3¥��;Q��5<#�14B$*o �*o3��Ò��!�æ²1�;Q5_ 25F¬
ç�5<#�02!C-/3	':�[3F�	��
 � �NßsÞ �!�%� à�� �	 �p6497-/BC14E�5 í�
�6
��*o�/5<;L
�
 �,��
<äTä4'

ÎzE�!C0¤;�6<Ç:'f�c'D6 Ú  "97-¥6�-4'f¾&'C6TÎN*<BC5<;Q!C3	6/=?'>��'��Fì/ìTíN' Ú 3
!CE���-/ "0L*<3�#�5F¬s�� 2!C975F3A ¤*T��!D-7;a!D0Q£î*<BC�T-/ "!D0"�4E¯' �[3
�	��
 � ��ßsÞ ���%� à�� �	 �p6�97-TBD14E�5Èí/ñ�6X��*o�/5<;&í �'
,�
íTã/í�'

@Ò*oBDB�*/#�5764-4'f¾&'C6J�i-/�45F3	6>�É' �>'C6JÜ� "5F5�3�ª�5F 2�46i=?' %('
�Fì/ã �7' Ú 0Q�J-/¬l��*/;";�;a-TBD140"!D-T3É02-G0"�45§ "5F3¡��5F "!D34�
5<Ô71�*o02!C-T3 ��*Ë;a£N3�02�45<;a!$; -<+> L*F£G0" L*/#�!C3¥�G*o3��� ¤*o¬
��!C-z;a!D0a£®E�5F0"�¥-N�4;�'N�[3P�	��
 � �Nß[Þ �Q� � à�� �	 �p6F97-TBD¬
14E�5&í��T64��*<�T5<;L
����#� 
TíTôN'

@Ò*o ¤��6¯Ü?'O-4'C6Â¾ 1¥ª4!C3�;Q0"5F!D3	6O�J' �É'C6Ó�iBD5<*o �6�¾&'f=�'
�Fì/ãTã�' Ú  L*F£¯0" ¤*T#�!D34�¯;Q-TBD140"!D-T3Ê+.-/ È��!\æ�1¡;a5�!D34¬
0"5F 2 "5�ç¡5<#�0"!D-T3	' �[3R�	��
 � �NßsÞ �F�%� à�� �	 �p6&97-TBD¬
14E�5&í/í�64��*<�T5<;�ã �,�Nì/í�'


