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1 ? 16@ AB=�AB-"C�DE9,/.=�9GFH9JI)9,DK- 2 ? *,58FHL.F6MN3.16O,+>A @B-0DHPRQ�+>A S 2*,9,DEO,5UT�-0DK=�VB-WPXT�+XYEA Z8DEDH58S

1

1 [�\K]R^�_a`cbU\KdW`fe8g�he$bU]Gi,`c\E_�j0kKl \KdGkK\$mn dGl op\E_cqal `sr<e8g�j0\Ko0l t t ^0m>j0\Ko0l t t ^0mXj0]R^8l duav ^8dG\K]Xe,m vsw ^�_ckKl ^Wx8y�t qal{z iGqKz \Kq
2 |}_c\~^�e8ghe$bU]Gi,`c\E_�j0kKl \KdGkK\$m>jWkH�GeWe$t:e8g)�)d w l dG\K\E_cl d w m� ^8�Gt e��,\6��t ^~o0l �,\ n dGl op\E_cqal `srpmRj0\Ko0l t t ^0m>j0]R^8l du ^8t l{mX^ w iGl t ^�_Kx8y�iG]Xe,z \Kq

�<�N�K�K���R�$�$�U� l kE_cep^�_a_H^Kr�`c\KkH�GdGl �WiG\Eq}�R^~op\�bUe8`cl o$^�`c\~��`c�G\��,\Kop\Kt e$]�e8g)�,l �>\E_a�
\KdW`�bU\E`c�Ge0�,q.`ce�\E�0`a_H^8kE`�iGqa\EgBiGt0l d,gBe8_cb�^�`cl e$d6g _ce$b�^��Gl e$t e w l k~^8tG]Xe$l dW`�e8gRo0l \E��z� l kKt iGq�`c\E_cl d w ^8t w e8_cl `c�GbUq�e$�,`H^8l d�^Jqa\E`�e8g w \KdG\Kq6�}l `c�2`c�G\Uqc^8bU\U�X\K�R^~o0l e$i,_
e�op\E_�^ w _ce$iG]2e8g�\E�,]X\E_cl bU\Kdp`H^$t)kKe$dR�,l `cl e$dGq6g _ce$b w \KdG\�\E�,],_c\Kqaqal e$d��G^�`H^0zN�sd
e8_H�,\E_�`ce�\Ko$^8t iR^�`c\f`c�G\��WiR^8t l `sr�e8g.^��Gl kKt iGq�`c\H_~mWl `l q�iGqa\EgBiGtG`ce�l �,\KdW`cl g r�qa]X\KkKl �Rk
`c\KdR�,\KdGkKl \Kq_c\K],_c\Kqa\KdW`c\~���WrU]R^�`a`c\E_cdGq�e$d��G^�`H^0z,���G\Kqa\�]R^�`a`c\E_cdGqf�,\KqakE_cl �X\�`c�G\
�X\K�R^~o0l e$i,_�e8g�^��Gl kKt iGq�`c\E_�e$�,`H^8l dG\~�2],_c\Ko0l e$iGqat r2�Wr	^8d�^$�,\~�WiR^�`c\��Gl kKt iGq�`c\E_a�
l d w `c\KkH�GdGl �WiG\�g _ce$b w \KdG\U\E�,],_c\Kqaqal e$d��G^�`H^0z:�sd�`c�Gl q6]R^8]X\E_�^JdG\E�(bU\~^8qai,_c\
gBe8_<\Ko$^8t iR^�`cl d w �Gl kKt iGq�`c\E_cq�l q�],_ce$]Xe$qa\~�>z���Gl q�bU\~^8qai,_c\�k~^8],`ci,_c\Kq�^�qa]X\KkKl ^8t� l dR��e8gf]R^�`a`c\E_cdGq��}l `c�2qak~^8t l d w `a_c\KdR�,q��}�Gl kH�	_c\K],_c\Kqa\Kdp`cq��WiR^8t l `sr�]R^�`a`c\E_cdGqKz
���G\Er�^�_c\"dGe8`<kKe$dW`c\KbU]Gt ^�`c\~���}l `c� `c�G\�],_c\Ko0l e$iGq�\Ko$^8t iR^�`cl d w bU\~^8qai,_c\¡^8kE�
kK\K],`c\~�<l dJ`c�G\�t l `c\E_H^�`ci,_c\$zX���Gl qf��e8_ � l q�^��G_cq�`�q�`c\K]<`ce�l d0op\Kq�`cl w ^�`c\6bU\E`c�Ge0�,q
`c�R^�`fqa\~^�_ckH�<�Gl kKt iGq�`c\E_cqf�R^8qa\~��e$d�`c�G\�kKe$dGkK\K],`fe8gNqa�Gl g `}^8dR��qak~^8t \�l d0o$^�_cl ^8dGkK\$z
���,]X\E_cl bU\KdW`H^8tR_c\KqaiGt `cqf�R^8qa\~��e$d<`c�G\�rW\~^8q�`fkK\Kt t.kEr,kKt \�^8dR�U`c�G\��0iGb�^8d � �¢kK\Kt t
t r,bU]G�Ge$b�^��G^�`H^8qa\E`cqU^�_c\<_c\K]Xe8_a`c\~�>z�£Nl dR^8t t rWm�`c�G\<]X\E_agBe8_cb�^8dGkK\<e8g�`c�G\<],_ce8�
]Xe$qa\~��`c\Kkc�GdGl �WiG\�l q�kKe$bU]R^�_c\~�U�}l `c�J^8d<e$],`cl bUl ¤~^�`cl e$dJbU\E`c�Ge0�U�R^8qa\~��e$d�`c�G\¥ \Kt �,\E_a� � \~^$�"j0l bU]Gt \E��qa\~^�_ckH�"^8t w e8_cl `c�Gb�z

¦:§G¨�©<ª.«W¬,® T�58/>565�¯X7>DE5$FEFHA 9,/�°>-WYK- ?0± AB=�@ +.FcYE58DEA />O ? FH²>A ³{YEA />O<-0/.°�FE=8-0@ A />O�7.-WYHYE58DE/.F ?+>/.=�9,/.FcYEDK-0A />5$°�9,7XYEA ;�A S$-WYEA 9,/)3

´ µG¶�·X¸>¹�º�»�¼:·>½c¹�¶

¾a/�YE²>5J@B-,FcY�³¿58ÀÂÁ05$-0DKF�;�AB=�DE9G-0DEDE-$ÁXF�YE5$=E²>/>ABÃG+>5$F�².-pÄ05<O,58/>58DK-WYE5$°�-¡O,DE5$-WY�-0;�9,+>/GY�90³
± A 9,@ 9,O,AB=8-0@WA /X³¿9,DE;"-WYEA 9,/)38Å�AB=�DE9G-0DEDE-pÁ6°>-WYK-�=8-0/ ± 5fDE587>DE5$FH58/GYE5$° ± Á�-�/R+>;�58DEAB=8-0@0;"-WYEDEA ¯À�A YE²�A YKF6=�9,@ +>;�/.F6=�9,DEDE5$FH7:9,/.°XA />O<YE9"5�¯X7:58DEA ;�58/GYK-0@)=�9,/.°XA YEA 9,/.F6-0/.°	DE9pÀ6F�-,FEFH9>=�AB-WYE5$°
À�A YE²ÆO,58/>5$F83�C�²R+.FUYE²>5¡58@ 58;�5�/GY

(i, j)
ABF�YE²>5¡5�¯X7>DE5$FEFHA 9,/�@ 58Ä058@�90³�YE²>5¡O,58/>5

i
+>/.°X58D

YE²>5<FH7N5$=�A Ç:=U=�9,/.°XA YEA 9,/
j
3:È�-WYK-�;�A />A />O"YE5$=K²>/>ABÃG+>5$F6².-$Ä,5 ± 5858/�FH+.=8=�5$FEFc³¿+>@ @ Á	-07>7>@ A 5$°YE9�O,58/>5�5�¯X7>DE5$FEFHA 9,/�°>-WYK-¡A /�9,DK°X58D�YE9	°XABFE=�9WÄ058D�FH+ ± YcÁR7:5$F�90³�°XABFH5$-,FH5$F ? AB°X58/GYEA Ç:=8-WYEA 9,/90³�³¿+>/.=~YEA 9,/.-0@6O,DE9,+>7>A />OÉ90³�O,58/>5$F ? 5�YK=03�Ê�@ +.FcYE58DEA />OÉYE5$=K²>/>ABÃG+>5$F�².-pÄ,5 ± 5858/Ë-07>7>@ A 5$°YE9�;�AB=�DE9G-0DEDK-$ÁÆ°>-WYK-ÍÌ Î�Ï6A /Ð9,DK°X58DJYE9�AB°X58/GYEA ³¿ÁÑO,DE9,+>7.FJ90³�O,58/>5$F<YE².-WY�FH²>9pÀÒFHA ;�A @B-0D



5�¯X7>DE5$FEFHA 9,/�7.-WYHYE58DE/.F83GÅ�9GFcY�90³�=�@ +.FcYE58DEA />O�;�9X°X58@BF}².-pÄ,5 ± 5858/"³¿9X=�+.FH5$°�9,/¡°XABFE=�9WÄ,58DEA />O=�@ +.FcYE58DKF"58; ± 5$°>°X5$°�A /Ó-ÆFH+ ± FH5�Y�90³�°XA ;�58/.FHA 9,/.F ?}± 5$=8-0+.FH5�DE58@ 58ÄW-0/GY¡O,58/>5$F¡-0DE5�/>90Y/>5$=�5$FEFE-0DEÁ	DE58@B-WYE5$°�YE9	58Ä,58DEÁ�=�9,/.°XA YEA 9,/ÍÌ ÔpÏ�3�C�²>ABF�7>DE9 ± @ 58;ÕABF�ÖR/>9WÀ�/ -,F�×�Ø¢Ù�Ú ÛRÜ~ÝaÞ�ß~Ø{àRá
â ß	Ü~Û.×~Ü�ãXä,ÙKÞÉÙ�Ú ÛRÜ~ÝaÞ�ß~Ø{àRá03}C�²R+.F ? YE²>52O,9G-0@�90³ ± AB=�@ +.FcYE58DEA />O YE5$=E²>/>ABÃG+>5$F�ABFJYE9�5�¯RYEDK-,=~YFH+ ± O,DE9,+>7.F�90³O,58/>5$F�À�A YE²2FHA ;�A @B-0D ± 58².-$ÄRA 9,D�+>/.°X58D�FH7:5$=�A Ç:=�FH+ ± O,DE9,+>7.F�90³�=�9,/>°XA YKA 9,/.FÌ åWÏ�3>C�²>ABF�ABF�-JÄRA YK-0@NYK-,FHÖ"³¿DE9,;�- ± A 9,;�5$°XAB=8-0@�7:9,A /GY�90³�ÄRA 58À ? FHA /.=�5�A Y�ABF�YE²>5�Ç.DKFcY6FcYE587A /29,DK°X58D�YE9"°XABFE=�9WÄ,58D�/>5�YcÀ�9,DEÖXF�90³O,58/>5$F�A /GYE58DK-,=~YEA 9,/)3
æ�AB=�@ +.FcYE58DEA />O�7>DE9 ± @ 58;�ABF�-U46çfè�².-0DK°J7>DE9 ± @ 58;ÒÌ é0Ï ? YE²>58DE5�³¿9,DE56°XA êN58DE58/,Y}YE5$=K²>/>ABÃG+>5$F+.FH5�²>58+>DEABFcYEAB=8Ff-07>7>DE9G-,=K²>5$FA /J9,DK°X58D�YE9�Ç./.° ± AB=�@ +.FcYE58DKF ? ³¿9,Df5�¯>-0;�7>@ 5�58Ä,9,@ +XYEA 9,/.-0DEÁ�-0@ èO,9,DEA YE²>;"F�Ì ëpP>ì$Ï�3,C�²>5$FH5�;�5�YE²>9X°>F}-0DE5 ± -,FH5$°J9,/"-�;�5$-,FH+>DE5�YE9U58Ä0-0@ +.-WYE5�YE²>5�ÃG+.-0@ A YcÁ<90³

± AB=�@ +.FcYE58DKF ? À�A YE²2YE²>5"íÉÞKäWàÉî�ï�Û.äWßEÞEðJñ�Þ~Ü~Ø¢ðWÛ.Þ�ò¢ÅÉMXQ�ó�Ì ôWÏ)YK²X5�;�9GFcY�A ;�7:9,DHYK-0/GY6;�5$-WèFH+>DE5U³¿9,D�-,FEFH5$FEFHA />OJYE²>5JÃG+.-0@ A YcÁ	90³ ± AB=�@ +.FcYE58DKF83:õ>9,D6YE²>ABF�DE5$-,FH9,/ ?>± A{=~@B+>FcYK5�D�58ÄW-0@ +.-WYEA 9,/ABF�-UÄRA YK-0@>YK-,FHÖ�³¿9,D�FH5$-0DK=E²>A />OU7.-WYHYE58DE/.F}A / ± A 9,@ 9,O,AB=8-0@.°>-WYK->3,ÅÉMXQ�58ÄW-0@ +.-WYEA 9,/�;�5$-,FH+>DE5ABF ± -,FH5$°	9,/2=�9,;�7>+XYEA />O�YE²>5<-0DEA YE²>;�5�YEAB=�;�5$-0/.F�90³YE²>5�ÄW-0@ +>5$F�A /�5$-,=E²2DE9WÀ ? =�9,@ +>;�/ ?-0/.°	YE²>5U³¿+>@ @�;"-WYEDEA ¯ ? -0/.°�YE²>5�/R+>;�58DEAB=8-0@�°XA êN58DE58/.=�5$F�-0;�9,/>OJYE²>5<°>-WYK->3:ö69pÀ�58Ä,58D ? A Y².-pÄ05 ± 5858/ 7>DE9pÄ,5$°2YE².-WY�ÅÉMXQÂABF�5�êN5$=~YEA Ä,5<³¿9,D�DE5$=�9,O,/>A S8A />O ± AB=�@ +.FcYE58DKF�À�A YE²�FH²>A ³{YEA />O7.-WYHYE58DE/.F ± +XY}/>90Y}FH9,;�5�7.-WYHYE58DE/.F�À�A YE²"FE=8-0@ A />O�YEDE58/.°>F ? A /"FH7>A YE5�90³:DE587>DE5$FH58/GYEA />O�ÃG+.-0@ èA YcÁÉ7.-WYHYE58DE/.F"Ì ÷WÏ�3)1 ± AB=�@ +.FcYE58D�².-,FU-�FH²>A ³{YEA />O�7.-WYHYE58DE/�À�²>58/�A YKFUÄ0-0@ +>5$F�Ä0-0DEÁ�A /�YE²>5-,°>°XA YEA 9,/J90³N-�=�9,/.FcYK-0/GY�Ä0-0@ +>5 ? -0/.°JFE=8-0@ A />O�7.-WYHYE58DE/JÀ�²>58/JA YKF�Ä0-0@ +>58F�ÄW-0DEÁUA /<YE²>5�;<+>@ èYEA 7>@ AB=8-WYEA 9,/"90³�-U=�9,/.FcYK-0/GY�ÄW-0@ +>5,3G1�ãXÞ�ßsøKÞKÙ�Ý�×�Ø¢Ù�Ú ÛRÜ~ÝaÞ�ß�ABF�=�9,/.FHAB°X58DE5$°�-,FfYE²>569,/>56À�²>AB=K²
³¿9,@ @ 9WÀ6F�5�¯>-,=~YE@ Á	-"7:58DH³¿5$=~Y�FH²>A ³{YEA />O	-0/.°�FE=8-0@ A />O"7.-WYHYE58DE/ÆÌ é0Ï�3NÊ�9,/.FH5$ÃG+>58/GYE@ Á ? A Y�ABF6A /XèYE58DE5$FcYEA />O<YE9"FcYE+.°XÁ"YE²>5 ± 58².-$ÄRA 9,D�9,D�YE58/.°X58/.=�A 5$F�A /2- ± AB=�@ +.FcYE58D�A /	9,DK°X58D�YE9J5$FcYK- ± @ ABFH²-	/>58ÀùÃG+.-0@ A YcÁ�;�5$-,FH+>DE5<YE²>DE9,+>O,²ÉYE²>5"°X58O,DE585J90³�FHA ;�A @B-0DEA YcÁ�À�A YE²�A YKFU=�9,DEDE5$FH7:9,/.°XA />O
7:58DH³¿5$=~Y ± AB=�@ +.FcYE58D$3
C�²>ABF�³¢-,=~Y�DE5�7>DE5$FH58/GYKF�YE²>5�;"-0A /�;�90YEA ÄW-WYEA 9,/290³YE²>ABF6À�9,DEÖ�À�²>58DE5�-�/>58Àú;�5$-,FH+>DE5

³¿9,D�58ÄW-0@ +.-WYEA />O ± AB=�@ +.FcYE58DKF�A{F�7>DE9,7N9GFH5$°�3~û�5�-07>7>@ Á�-�=�@B-,FEFHAB=8-0@09,7XYEA ;�A S$-WYEA 9,/U;�5�YE²>9X°�YE9FH9,@ Ä,5�-�@ 5$-,FcY�FEÃG+.-0DE5$°"FcYK-WYEABFcYEAB=8-0@N5$FcYEA ;"-WYEA 9,/¡7>DE9 ± @ 58;üA /�9,DK°X58D}YE9 ± +>A @B°"YE²>5�7:58DH³¿5$=~Y
± AB=�@ +.FcYE58D�90³- ± AB=�@ +.FcYE58D$3>1�³{YE58D�YE².-WY ? YE²>5�ÄW-0@ +>5�90³)YE²>5�9,7XYEA ;�A S$-WYEA 9,/¡³¿+>/.=~YEA 9,/	A /�YE²>5=�9,/RÄ058DEO,58/.=�5�7:9,A /GY�ABF�YE²>5�ÄW-0@ +>5�³¿9,DYE²>5�;�5$-,FH+>DE5�90³.A Y$3W¾�³N- ± AB=�@ +.FcYE58D�7>DE5$FH58/GYKF7:58DH³¿5$=~YFH²>A ³{YEA />O"-0/.°	FE=8-0@ A />O<7.-WYHYE58DE/.F ? A Y�À�A @ @ ± 5U-<7:58DH³¿5$=~Y ± AB=�@ +.FcYE58D�A YKFH58@ ³�-0/.°¡A YKF�;�5$-,FH+>DE5À�A @ @ ± 5�S858DE9.3X16@ YE²>9,+>O,²¡YE²>5�;"-0A /¡YK-,FHÖ¡- ± 9,+XY ± AB=�@ +.FcYE58DEA />OJ7>DE9 ± @ 58;ýABF�YE9<Ç./.°�O,9R9X°
± AB=�@ +.FcYE58DKF)³¿DE9,;þ-�;�AB=�DE9G-0DEDK-$Á ? YE²>ABF�À�9,DEÖ�ABF�DE58@ 58ÄW-0/GYA /�9,DK°X58D)YE9�A /RÄ05$FcYEA OG-WYE5�;�5�YE²>9X°>FYE².-WYUFH58-0DK=K² ± AB=�@ +.FcYE58DKF ± -,FH5$°29,/�YE²>5�=�9,/.=�587XY�90³�FH²>A ³{YU-0/.°�FE=8-0@ 5�A /RÄW-0DEAB-0/.=�5,3:õA DKFcY ?YE²>5É7>DE9 ± @ 58;ÿABF¡³¿9,DE;�+>@B-WYE5$°Ë³¿DE9,;ÿ-Ñ;"-WYE²>58;"-WYEAB=8-0@�7N9,A /,Y290³UÄRA 58ÀÕ@ 5$-,°XA />OÆYE9Ð-0/
+>/.=�9,/.FcYEDK-0A />5$°2/>9,/>@ A />5$-0D69,7XYEA ;�A S$-WYEA 9,/�7>DE9 ± @ 58;23:I�-WYE58D ? YE²>5<7>DE9 ± @ 58;ÒABF�FH9,@ Ä05$° ± Á-�=�@B-,FEFHAB=8-0@���+.-,FHA èa4658À�YE9,/�;�5�YE²>9>°�3�õA /.-0@ @ Á ? 5�¯X7N58DEA ;�58/,YK-0@�DE5$FH+>@ YKF�9 ± YK-0A />5$° ³¿DE9,;
± AB=�@ +.FcYE58DKF�9,/�YE²>5<Á,5$-,FcY�=�58@ @�=�ÁX=�@ 5J-0/.°2YE²>5J²R+>;"-0/Éæ�èa=�58@ @@ ÁR;�7>²>9,;"-�°>-WYK-,FH5�YKF�-0DE5DE587:9,DHYE5$°�3�C�²>5J7:58DH³¿9,DE;"-0/.=�5<90³}YE²>5�7>DE9,7:9GFH5$°�;�5�YE²>9X°ÉABF�=�9,;�7.-0DE5$°�À�A YE²�-	FH5$-0DK=E²
YE5$=K²>/>ABÃG+>5 ± -,FH58°	9,/�YE²>5�4658@B°X58DHèaÅ�5$-,°	MRA ;�7>@ 5�¯2-0@ O,9,DEA YE²>;23

C�²>5U7.-07:58D6ABF�9,DEOG-0/>A S85$°	-,F�³¿9,@ @ 9WÀ6F��:MR5$=~YEA 9,/�ÔJ7>DE5$FH58/GYKF ± -,FHAB=�=�9,/.=�587XYKF�9,/27.-WYHèYE58DE/.F³¿DE9,;ÂO,58/>5�5�¯X7>DE5$FEFHA 9,/J°>-WYK->301 ± DEA 5�³:9WÄ,58DEÄRA 58ÀÆ9,/J+>/.=�9,/.FcYEDK-0A />5$°�9,7XYEA ;�A S$-WYEA 9,/YE5$=K²>/>ABÃG+>5$F}ABF�FH²>9WÀ�/"A /	MR5$=~YEA 9,/¡å>3RC�²>5�³¿9,DE;<+>@B-WYEA 9,/"90³�YE²>5�7>DE9 ± @ 58;ùABF�°X5$FE=�DEA ± 5$°�A /MR5$=~YEA 9,/ é.3)MR5$=~YEA 9,/Æë¡DE587:9,DHYKF�FH9,;�5JDE5$FH+>@ YKF�9 ± YK-0A />5$°�³¿DE9,; YE²>5"-07>7>@ AB=8-WYEA 9,/É90³�YcÀ�9
YE5$=K²>/>ABÃG+>5$F�YE9�YcÀ�92DE5$-0@�°>-WYK-,FH5�YKF83NõA /.-0@ @ Á ? YE²>5J;"-0A / =�9,/.=�@ +.FHA 9,/.F�90³�YE²>5J7.-07:58DU-0DE59,+XYE@ A />5$°�3
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T�A Ä,58/ - ± AB=�@ +.FcYE58D ? YE²>5"FH²>A ³{YEA />O�-0/.°ÉFE=8-0@ A />O�7.-WYHYE58DE/.F�=8-0/ ± 5J³¿9,DE;"-0@ @ Á�°X5�Ç./>5$°�3)1;�AB=�DE9G-0DEDK-$Á�Å&ABF�-ÉDE5$-0@�;"-WYEDEA ¯Ñ=�9,;�7N9GFH5$° ± Á N
O,58/>5$F�-0/.°

M
=�9,/.°XA YEA 9,/.F83fC�²>5

58@ 58;�58/GY
(i, j)

90³fYE²>5<;"-WYEDEA ¯2ABF6DE587>DE5$FH58/GYE5$° ± Á vi,j

3N1 ± AB=�@ +.FcYE58D�æúABF�-�FH+ ± ;"-WYEDEA ¯90³�Å =�9,;�7N9GFH5$° ± Á n ≤ N
DE9WÀ6F6-0/.°

m ≤ M
=�9,@ +>;�/.F83:C�²>5<58@ 58;�58/,Y

(i, j)
90³�YE²>5

± AB=�@ +.FcYE58D6æÓABF�DE587>DE5$FH58/GYE5$° ± Á wi,j

3
1ÒO,DE9,+>7Í90³�O,58/>5$FJ².-,F"-�FH²>A ³{YEA />O�7.-WYHYE58DE/ËÀ�²>5�/ÐYE²>5�ÄW-0@ +>5$F

wi,j

ÄW-0DEÁÆA /ÐYE²>5
-,°>°XA YEA 9,/É90³�-�ÄW-0@ +>5

βi

3N1�/>-0@B9,O,9,+>FH@BÁ ? - ± AB=�@ +.FcYE58D�².-,F�-	FE=8-0@ A />O¡7.-WYHYE58DE/ÉÀ�²>58/�YE²>5ÄW-0@B+X5$F
wi,j

Ä0-0DEÁÉA /�YE²>5�;<+>@ YEA 7>@ AB=8-WYEA 9,/Æ90³�-�ÄW-0@ +>5
αi

3C�²>5�ÄW-0@ +>5$F
βi

-0/.°
αi

-0DE5
Ç>¯X5$°2³¿9,D�-0@ @)YE²>5JO,58/>5$F83:õ>9,DE;"-0@ @ Á ? - ± AB=�@ +.FcYE58D�FH²>9WÀ6F�-�FH²>A ³{YEA />O�9,D�FE=8-0@ A />O¡7.-WYHYE58DE/DE5$FH7:5$=~YEA Ä,58@ Á¡À�²>58/	A Y�³¿9,@ @ 9WÀ6F�YE²>5U5�¯X7>DE5$FEFHA 9,/.F�òcÎpó�9,D�òsÔ,ó�DE5$FH7:5$=~YEA Ä,58@ Á��

wi,j = πj + βi

òcÎpó
wi,j = πj × αi

òsÔ,ó

À�²>58DE5
πj

ABF�-JYaÁR7>AB=8-0@)ÄW-0@ +>5�³¿9,D�YE²>5UO,58/>5
j
-0/.°¡Ç>¯X5$°�³¿9,D6-0@ @NYE²>5�=�9,/.°XA YEA 9,/.F83
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30 10 5

33 13 8

40 20 15

48 28 23

29 9 4






=







30 + 0 10 + 0 5 + 0

30 + 3 10 + 3 5 + 3

30 + 10 10 + 10 5 + 10

30 + 18 10 + 18 5 + 18

30 − 1 10 − 1 5 − 1













80 48 16

40 24 8

30 18 6

20 12 4

50 30 10






=







10 × 8 6 × 8 2 × 8

10 × 4 6 × 4 2 × 4

10 × 3 6 × 3 2 × 3

10 × 2 6 × 2 2 × 2

10 × 5 6 × 5 2 × 5







��� � ���R� � l kKt iGq�`c\E_��}l `c��^���qa�Gl g `cl d w ]R^�`a`c\E_cdGqKmG���qak~^8t l d w ]R^�`a`c\E_cdGqKz
õA O,+>DE5�Î$-Góf7>DE5$FH58/,YKF�- ± AB=�@ +.FcYE58D�YE².-WY�=�9,/,YK-0A /.F�-<FH²>A ³{YEA />O<7.-WYHYE58DE/)3XMR²>A ³{YEA />OJ7.-WYHèYE58DE/.F�DE587>DE5$FH58/,Y"DE58@B-WYE5$°ÑO,58/>5$FJYE².-WY¡FH²>9WÀüYE²>5�FE-0;�52FH².-07N52-0/.°ÐFH@ 9,7N5,3�¾�Y�=8-0/ ± 59 ± FH58DEÄ,5$°�YE².-WYUYE²>5"O,58/>5$FUFcYK-0DHYUÀ�A YE²Æ°XA êN58DE58/,Y<A />A YEAB-0@fÄ0-0@ +>5$F83)C�²G+.F ? FH².-07:5$F�90³�YE²>5O,DK-07>².F}-0DE5�FHA ;�A @B-0D ?,± +XY�ÄW-0@B+X5$F�-0DE56/>90Y�5$ÃG+.-0@s3GõA O,+>DE5�Î ± ó�7>DE5$FH58/GYKF�- ± AB=�@ +.FcYE58D�YE².-WY=�9,/GYK-0A /.F�-�FE=8-0@ A />O�7.-WYHYE58DE/)3X¾a/	YE²>ABF6=8-,FH5 ? FE=8-0@ A />O�7.-WYHYE58DE/.F�DE587>DE5$FH58/GY�DE58@B-WYE5$°�O,58/>5$FFH²>9WÀ�A />O�YE²>5�FE-0;�5�FH².-07:5 ?,± +XY�°XA êN58DE58/GY�FH@ 9,7:5$F83,¾�Y�=8-0/ ± 5�/>90YE5$°JYE².-WY�=K²>-0/>O,5$F};�9,DE5- ± DE+>7XY�³¿9,D�9,/>5UO,5�/>5�YE².-0/�³¿9,D�YE²>5U90YE²>58D6-0DE5UFH²>9pÀ�/)3



¾a/ -�O,58/>58DK-0@�=8-,FH5 ? -0/É58@ 58;�58/,YU90³�- ± AB=�@ +.FcYE58DUFH²>9pÀ�A />O ± 90YE²ÉYaÁX7:5$F�90³�7.-WYHYE58DE/.F=8-0/ ± 5U°X5�Ç./>5$°2-,F��

wi,j = αi × πj + βi + εi,j

ò¢åGó
À�²>58DE5

εi,j

ABF6YE²>5<58DEDE9,D�YE².-WY�YE²>5<7.-WYHYE58DE/.F6².-$Ä,5U³¿9,D6YE²>5<ÄW-0@ +>5
wi,j

90³�YE²>5 ± AB=�@ +.FcYE58D=�9,/.FHAB°X58DE5$°�3
1 ± AB=�@ +.FcYE58D�ABF�-U7N58DH³¿5$=~Y ± AB=�@ +.FcYE58D�À�²>58/"YE²>5�Ä0-0@ +>5690³ εi,j

ABF}5$ÃG+.-0@.YE9�S858DE9U³¿9,D�-0@ @
ÄW-0@B+X5$F

wi,j

90³YE²>5 ± AB=�@ +.FcYE58D$3

�  Ó¶�¼N¹�¶��,·X¸!�f½H¶
��º#"%$6·>½'&ý½)(*�·>½a¹�¶,+-��¼.��¶�½'/�»
�0�

16/.=�9,/.FcYEDK-0A />5$°É9,7XYEA ;�A S$-WYEA 9,/ÉYE5$=K²>/>ABÃG+>5$FU-0DE5�+.FH5$°�YE9�FH5$-0DK=K²É@ 9X=8-0@f;�A />A ;"-2A /�9,7Xè
YEA ;�A S$-WYEA 9,/(7>DE9 ± @ 58;"F	À�²>9GFH5É9 ±!2 5$=~YEA Ä05É³¿+>/.=~YEA 9,/úABF	/>90Y�FH+ ±!2 5$=~Y2YE9Ð5$ÃG+.-0@ A YaÁÓ-0/.°A />5$ÃG+.-0@ A YcÁ�=�9,/.FcYEDK-0A /GYKF83

16/2+>/.=�9,/>FcYKDK-0A />58°�9,7XYEA ;�A S$-WYEA 9,/	7>DE9 ± @ 58;�=8-0/ ± 5�°R5�Ç./>5$°2-,F��

min f(x)

À�²>58DE5
x ∈ R

n
ABF}-�Ä05$=~YE9,Df90³NDE5$-0@XÄW-0DEAB- ± @ 5$F�-0/.° f : R

n 7→ R
ABF}-�@ A />5$-0Df9,Df/>9,/>@ A />5$-0D

FE=8-0@B-0D�³¿+>/.=~YEA 9,/)3
C�²>5�DE5ÉABF	-ÆO,DE5$-WY�/R+>; ± 58D	90³�;�5�YE²>9X°>F¡YE9ÐFH9,@ Ä05�+>/.=�9,/.FcYEDK-0A />5$°Ë9,7XYEA ;�A S$-WYEA 9,/7>DE9 ± @ 58;"F83�469WÀ�-,°>-pÁXF ? +>/.=�9,/.FcYEDK-0A />5$°�9,7XYEA ;�A S$-WYEA 9,/É7>DE9 ± @ 58;"F�=8-0/ ± 5"=�@B-,FEFHA Ç.5$°�A /YcÀ�9UO,DE9,+>7.F��WFH5$-0DK=K²J;�5�YE²>9X°>F}-0/.°<O,DK-,°XA 58/GYf;�5�YE²>9X°>F83GMR5$-0DK=K²J;�5�YE²>9X°>F�Ì Î43WÏ>+.FH5�9,/>@ Á

³¿+>/.=~YEA 9,/ 58ÄW-0@ +.-WYEA 9,/.F�-0/.°�YE²>5$FH5"-07>7>DE9G-,=E²>5$F�-0DE5<;�9GFcYUFH+>A YK- ± @ 5<³¿9,D�7>DE9 ± @ 58;"F�YE².-WY-0DE52Ä,58DEÁÑ/>9,/>@ A />5$-0D"9,D¡².-$Ä,5�- O,DE5$-WY"/R+>; ± 58D¡90³U°XABFE=�9,/GYEA /R+>A YEA 5$F83�MRA ;�7>@ 5�¯�FH5$-0DK=E²;�5�YE²>9X°>FU-0DE5 ± -,FH5$°�9,/ FH5$-0DK=K²>A />O¡YE²>5�@ 9X=8-0@�;�A />A ;"-	A /.FHAB°X5"-�7.-0DHYEAB=�+>@B-0D�DE58O,A 9,/�9,DFHA ;�7>@ 5�¯�3W1ÐFHA ;�7>@ 5�¯UA /
n
èa°XA ;�58/.FHA 9,/<FH7.-,=�5�ABF�=E².-0DK-,=~YE58DEA S85$° ± Á n+1

°XABFcYEA /.=~Y�Ä,5$=~YE9,DKF
YE².-WYU-0DE5<A YKF�Ä,58DHYEAB=�5$F83N1�Y�5$-,=K²ÉA YE58DK-WYEA 9,/ ? YE²>5J9 ±!2 5$=~YEA Ä05<³¿+>/.=~YEA 9,/ ABF�58ÄW-0@ +.-WYE5$°�A / -/>58À 7:9,A /GY�O,58/>58DK-WYE5$°ÆA /.FHAB°X5�YE²>52FHA ;�7>@ 5�¯ ? À�²>AB=E²ÍABF�=�9,;�7.-0DE5$°ÆÀ�A YE²ÍÄ0-0@ +>5�90³6YE²>5³¿+>/.=~YEA 9,/2-WY�Ä058DHYEAB=�5$F�90³�YE²>5UFHA ;�7>@ 5�¯�3.5�/>5�90³�YE²>5�Ä,58DHYEAB=�5$F�=�9,+>@B° ± 5�DE587>@B-,=�5$° ± Á"YE²>5/>58À�7:9,A /GY$3RC�²>5�7>DE9X=�5$FEFfABF�DE587:5$-WYE5$°�+>/GYEA @:YE²>5�°XAB-0;�5�YE58D�90³�YE²>5�FHA ;�7>@ 5�¯"ABF�@ 5$FEFfYE².-0/
-�FH7:5$=�A Ç.5$°�YE9,@ 58DK-0/.=�5,3
T�DK-,°XA 58/,Y�;�5�YE²>9>°>F�Ì Î,Î�Ï>-0DE5�O,58/>58DK-0@ @ Á�;�9,DE5�576¡=�A 58/GYfÀ�²>58/<YE²>5�Ç.DKFcY}°X5�DEABÄW-WYEA Ä,5�90³

YE²>5�9 ±�2 5$=~YEA Ä,5�³¿+>/.=~YEA 9,/�ABFf=�9,/,YEA /R+>9,+.F830C�²>5�FH5$-0DK=K²J°RABDE58=~YEAB9,/�YE9�@ 9>=�-WYK5�YE²>5�;�A />A ;<+>;ABF�7XDE9,7N9,DHYEA 9,/.-W@:YE9�YE²>5UO,DK-,°XA 58/,Y�90³�YE²>5U9 ±!2 5$=~YEA Ä,5�³¿+>/.=~YEA 9,/�-,F�³¿9,@ @ 9WÀ6F�89�

xk+1 = xk − αk · ∇f(xk)
ò¿éRó

À�²>58DE5
αk

ABF�YE²>5�FcYE587XPG@ 58/>O0YE²	7.-0DK-0;�5�YE58D�-0/.°
xk

ABF�YE²>5UÄW-0DEA{- ± @B5 x
-WY�A YE58DK-WYEA 9,/

k
3

C�²>5�7.-0DK-0;�5�YE58D
αk

ABF�9 ± YK-0A />5$° ± Á	-�@ A />5�PRFH5$-0DK=E²	;�5�YE²>9X°�3.C�²>5U@ A />5�PRFH5$-0DK=E²2-07Xè7>DE9G-,=K²�=�9,/.FHABFcYKF�A /2FH9,@ ÄRA />OJ-<;�A />A ;�A S$-WYEA 9,/	7>DE9 ± @ 58;üA /�9,/>5�°XA ;�58/.FHA 9,/)3>C�²>ABF�7>DE9 ± è@ 58;Ò=8-0/ ± 5�³¿9,DE;<+>@B-WYE5$°	-,F�³¿9,@ @ 9pÀ6F��

min φ(α)
:
∇f(xk) l q}`c�G\�o$^8t iG\�e8g w _H^$�,l \KdW`�e8gNgBiGdGkE`cl e$dJg�l d xk

]Xe$l dW`~z
∇f(xk) = ( ∂f

∂x1

, . . . , ∂f

∂xn

�Hm ∂f

∂xi

_c\K],_c\Kqa\Kdp`cqf`c�G\6�,\E_cl o8^�`cl op\�e8g f _c\Kqa]X\KkE` xi
o8^�_cl ^8�Gt \$z



À�²>58DE5
α ∈ R

-0/.°
φ(α) = f(xk + α · ∇f(xk))

À�A YE²
xk

-0/.°
∇f(xk)

Ç>¯X5$°�3
4658À�YE9,/�;�5�YE²>9X°>F�-0DE5�²>A O,²>58D�9,DK°R58D�O,DK-,°XA 58/GY�;�5�YE²>9X°>F83NC�²>ABF�ABF�°X+>5�YE9¡YE²>5J+.FH5

90³�FH5$=�9,/.° 9,DK°X58DUA /X³¿9,DE;"-WYEA 9,/)3�C�²>5$FH5";�5�YE²>9X°>F�-0DE5"9,/>@ ÁÉDE5$-0@ @ ÁÉFH+>A YK- ± @ 5"À�²>58/�YE²>5FH5$=�9,/.°Ñ9,DK°X58D�A /X³¿9,DE;"-WYEA 9,/ÍABF�DE5$-,°XA @ ÁÑ-0/.°Í5$-,FHA @ ÁÑ=8-0@B=�+>@B-WYE5$° ?�± 5$=8-0+.FH52=8-0@B=�+>@B-WYEA 9,/90³�FH+.=E²�ABF�=~9,;�7>+XYK-WYEAB9,/>-0@B@ Á�5�¯X7N5�/.FHA Ä,5,3�¾a/ YE²>ABF�=8-,FH5 ? YE²>5¡FH5$-0DK=K² °XA DE5$=~YEA 9,/�=8-0/ ± 5À�DEA YHYE58/�-,F�³¿9,@ @ 9pÀ6F��

xk+1 = xk − αk · H−1

k · ∇f(xk)
òsë,ó

À�²>58DE5
H−1

k

ABF�YE²>5UA /RÄ058DKFH5�90³YE²>5�ö65$FEFHAB-0/�;"-WYEDEA ¯�-WY67:9,A /GY
xk

3
��+.-,FHA èa4658À�YE9,/<;�5�YE²>9X°>Ff-0DE5�4658À�YE9,/J;�5�YE²>9>°>F ? À�²>AB=K²J+.FH56-0/�-07>7>DE9$¯XA ;"-WYEA 9,/�YE9YE²>5<A /GÄ,58DKFH5U90³�YE²>5<;"-WYEDEA ¯

Hk

-,F�-0/�-0@ YE58DE/.-WYEA Ä,5�YE9�=8-0@B=�+>@B-WYE5UA Y�°XA DE5$=~YE@ Á,3:È�A êN58DE58/,Y
��+.-,FHA èa4658À�YE9,/�;�5�YE²>9X°>F�-0DE5 ± -,FH5$°29,/É°XA êN58DE58/GYU-07>7XDE9p¯XA ;"-WYEA 9,/.F690³fYE²>5<A /RÄ,58DKFH5�90³YE²>5U;"-WYEDEA ¯

Hk

Ì ÎpÔ ? Î$åWÏ�3

; <�¹}¸.&Â»����·>½c¹�¶ ¹��¡·!�
�=$�¸>¹�>?���0&

C�²>5�9 ±�2 5$=~YEA Ä,5�90³}YK²X5"7>DE9 ± @ 58;ÕABF�YE92°X5�YE58DE;�A />5JYE²>5"FH²>A ³{YEA />O�-0/.° FE=8-0@ A />O�7.-WYHYE58DE/.F
90³�-	=�5�DHY~-0A / ± AB=�@ +.FcYE58D$3N¾�Y�ABF�FH+>7>7:9GFH5$°2YE².-WY ± AB=�@ +.FcYE58DKF�-0DE5�9 ± YK-0A />5$°�7>DE58ÄRA 9,+.FH@ Á ± Á-07>7>DE9,7>DEAB-WYE5 ± AB=�@ +.FcYE58DEA />OJYE5$=E²>/>ABÃG+>5$F83
C�²>5�9 ±�2 5$=~YEA Ä,5}³¿+>/.=~YEA 9,/�ABF°X5�Ç./>5$° ± Á�YE²>5�;�5$-0/<FEÃG+.-0DE5$°�5�DEDE9,D�òsÅ�MA@�ó-,F�³¿9,@ @ 9WÀ6F��

MSE =
1

n · m

n
∑

i=1

m
∑

j=1

ε2
i,j

òCBGó

À�²>58DE5
εi,j

ABF�°R5�Ç./>5$°�A /D@�Ã:3>å>3R¾�Y�=8-0/ ± 5�/>90YE5$°¡YE².-WY�YE²>5�58DEDE9,D εi,j

°X587:58/.°>F�9,/¡YE²>5
FH²>A ³{YEA />O"7.-WYHYE58DE/.F

βi
? FE=8-0@ A />O�7.-WYHYE58DE/.F αi

-0/.°�YE²>5�YaÁR7>AB=8-0@)ÄW-0@ +>5�³¿9,D�5$-,=K²	O,58/>5
πj

3
C�²G+.F ? YE²>5�7>DE9 ± @ 58; =8-0/ ± 5¡³¿9,DE;�+>@B-WYE5$°Ñ-,FUYE²>5¡³¿9,@ @ 9WÀ�A />O�+>/.=�9,/>FcYKDK-0A />58°�9,7XYEA è;�A S$-WYEA 9,/	7>DE9 ± @ 58;��

min f(−→α ,
−→
β ,−→π )

ò�ì0ó

À�²>58DE5 −→α = (α1, . . . , αn) ∈ R
n ? −→β = (β1, . . . , βn) ∈ R

n ? −→π = (π1, . . . , πm) ∈ R
m-0/.°

f : R
2n+m 7−→ R

ABF�°X5�Ç./>5$° ± Á"YE²>5�ÅÉMA@ÂòE@�Ã:3.BGó~3
C�²>56DE5$FH+>@ Y�90³NYE²>ABF�9,7XYEA ;�A S$-WYEA 9,/"7>DE9 ± @ 58;ùABFfYE²>5�9,7XYEA ;"-0@.7N9,A /,Y�-0/.°JYE²>5�ÄW-0@ +>5690³YE²>5U³¿+>/.=~YEA 9,/�9,/�A Y$3NMR²>A ³{YEA />O�-0/.°2FE=8-0@ A />O"7.-WYHYE58DE/.F�³¿9,D�YE²>5 ± AB=�@ +.FcYE58D�-0DE5 ± +>A @ Y�À�A YE²

−→α ?−→β -0/.° −→π
ÄW-0@ +>5$F83RC�²>5�ÃG+.-0@ A YcÁ"90³�YE²>5 ± AB=�@ +.FcYE58D�ABF�5$FcYK- ± @ ABFH²>5$°¡À�A YE²¡YE²>5�Ä0-0@ +>5�90³YE²>5U9 ±!2 58=~YEABÄ05�³¿+>/.=~YEA 9,/29,/�YE²>5�FH9,@ +XYEA 9,/)3

C�²>ABF�+>/.=�9,/.FcYEDK-0A />5$°"9,7XYEA ;�A S$-WYEA 9,/¡7>DE9 ± @ 58;ý².-,F ± 5858/	FH9,@ Ä,5$° ± Á"+.FHA />OJ-F��+.-,FHA P4658À�YE9,/É;�5�YE²>9X°�3�C�²>5�ö65$FEFHAB-0/�;"-WYEDEA ¯�².-,F ± 5858/ -07>7>DE9p¯XA ;"-WYE5$° ± Á2+.FHA />O�YE²>5<³¿9,DHè;<+>@B-290³6MR².-0/>/>9�Ì Î$åWÏ�-0/.°ÉYE²>5�FcYE587Xè�@ 58/>O0YE² 7.-0DK-0;�5�YE58DU².-,F ± 5858/Ñ°X5�YE58DE;�A />58° ± Á -@ A />5�PRFH5$-0DK=K²�YE5$=K²>/>ABÃG+>5,3X16@BFH9 ? YE²>ABF�9,7XYEA ;�A S$-WYEA 9,/�7>DE9 ± @ 58;ü².-,F ± 5858/2FH9,@ Ä05$° ± Á"+.FHA />OYE²>5�4658@B°X58DHèaÅ�5$-,°2MRA ;�7>@ 5�¯	FH5$-0DK=K²	-0@ O,9,DEA YE²>;üA /29,DK°X58D�YE9�5$FcYK- ± @ ABFH²2-"=�9,;�7.-0DEABFH9,/)3



G HDI�$J�)¸.½'&K��¶�·!�

16/Æ+>/.=�9,/.FcYEDK-0A />5$°É9,7XYEA ;�A S$-WYEA 9,/ YE5$=K²>/>ABÃG+>5 ± -,FH5$° 9,/ YE²>5D��+.-,FHA èa4658À�YE9,/�;�5�YE²>9X°².-,F ± 5858/�-07>7>@ A 5$°�YE9�FH9,@ Ä,5<YE²>5"7XDE9,7N9GFE-0@7>DE9 ± @ 58;23�MR²>A ³{YEA />O�-0/.° FE=8-0@ A />O	7.-WYHYE58DE/.F ?YE².-WYJABFUYE9ÉFE-pÁ ? YE²>5¡7N58DH³¿5$=KY ± AB=�@ +.FcYE58D<À�²>AB=K²Ñ-07>7>DE9p¯XA ;"-WYE5$F�YE²>5¡9,DEA O,AB/>-0@ ± AB=�@ +.FcYE58D ?-0/.°�YE²>5UÄW-0@ +>5�90³�9 ±�2 5$=~YEA Ä,5�³¿+>/.=~YEA 9,/�@ A Ö05�-�ÃG+.-0@ A YcÁ¡;�5$-,FH+>DE5U-0DE5�9 ± YK-0A />5$°�³¿9,D�5$-,=E²
± AB=�@ +.FcYE58D$3
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  f) 

��� � �4L>� ^��HmR���f�.��e�rW\~^8q�`��Gl kKt iGq�`c\E_�t \~^$�,l d w `ce�`c�G\���e8_cq�`�^8dR�J�X\Kq�`�]R^�`a`c\E_cdGq}_c\Kqa]X\KkE`cl op\Kt rpm
k7�HmG�A�)]R^�`a`c\E_cdGqfe$�,`H^8l dG\~�U�}l `c�NM�iR^8qal � ¥ \E�f`ce$d<bU\E`c�Ge0��^8dR��\7�Hm0g��]R^�`a`c\E_cdGq�e$�,`H^8l dG\~���}l `c�¥ \Kt �,\E_a� � \~^$�"j0l bU]Gt \E�<^8t w e8_cl `c�Gb�z

5�DEA O,A /.-0@ ± AB=�@ +.FcYE58DKF�².-pÄ05 ± 5858/ 9 ± YK-0A />5$°2³¿DE9,; YE²>5�À�9,DEÖ2DE5$=�58/,YE@ Á�7>+ ± @ ABFH²>5$°ÉA /Ì ëpÏ�3NC�²>5$FH5 ± AB=�@ +.FcYE58DKF6².-pÄ,5 ± 5858/ ± +>A @ Y�³¿DE9,; - ± AB=�@ +.FcYE58DEA />O"YE5$=E²>/>ABÃG+>5 ± -,FH58°�9,/�-0/
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  f) 

��� � �4O>� ^��Hmp�����.��e6�0iGb�^8d��Gl kKt iGq�`c\E_~mWt \~^$�,l d w `ce�`c�G\f�e8_cq�`}^8dR���X\Kq�`]R^�`a`c\E_cdGq)_c\Kqa]X\KkE`cl op\Kt rpm
k7�HmG�A�)]R^�`a`c\E_cdGqfe$�,`H^8l dG\~�U�}l `c�NM�iR^8qal � ¥ \E�f`ce$d<bU\E`c�Ge0��^8dR��\7�Hm0g��]R^�`a`c\E_cdGq�e$�,`H^8l dG\~���}l `c�¥ \Kt �,\E_a� � \~^$�"j0l bU]Gt \E�<^8t w e8_cl `c�Gb�z

58Ä,9,@ +XYEA 9,/.-0DEÁU-0@ O,9,DEA YE²>;þ-07>7>@ A 5$°�YE9�YcÀ�9�À�58@ @ è�ÖR/>9WÀ�/J°>-WYK-,FH5�YKF��pÁ05$-,FcY�î�ä,ÙKÙQP>äWß â�RTS ÙKÞ~Ü
ÙKÞ�ßEÞ7U$ØBÜ~Ø¢ä,Þ2=�58@ @�=�ÁX=�@ 5"5�¯X7>DE5$FEFHA 9,/�°>-WYK-,FH5�Y¡Ì Î8é0ÏWV�-0/.° YE²>5¡²R+>;"-0/Ñæ�èa=�58@ @BFU5�¯X7>DE58FEFHAB9,/
°>-WYK-JÌ ÎpëpÏ�30C�²>5YX}5$-,FcY�°X-WY~-,FH5~Y�=�9,/,YK-0A /.F

2884
O,58/>5$Ff-0/.°

17
5�¯X7N58DEA ;�58/,YK-0@>=�9,/.°XA YEA 9,/.F

-0/.°¡YE²>5Uö6+>;"-0/2°>-WYK-,FH5�Y�=�9,/.FHABFcYKF�90³
4026

O,58/>5$F�-0/.°
96
=�9,/.°XA YEA 9,/.F83XC�²>5�7>DE9,7:9GFH5$°

YE5$=K²>/>ABÃG+>5U².-,F ± 5858/�-07>7>@ A 5$°	9WÄ,58D�YE²>5�9,/>5�²R+>/.°XDE5$° ± AB=�@ +.FcYE58DKF�9 ± YK-0A />5$°�AB/�Ì ëpÏ�3>Q�5�èFH+>@ YKF�9 ± Y~-0A />58°�³¿9,D�YE²>5 ± AB=�@ +.FcYE58DKF�@ 5$-,°XA />O¡YE9¡YE²>5JÀ�9,DKFcY�-0/.°�YE²>5 ± 5$FcY�FH²>A ³{YEA />O2-0/.°FE=8-0@ A />O�7>-WYEYE58DE/>F�A / ± 90YE²2°>-WYK-,FH5�YKF�-0DE5�DE587:9,DHYE5$°�3
õA O,+>DE5$F�Ô0-Gó�-0/.°�Ô ± ó}7>DE5$FH58/GY�YcÀ�9 ± AB=�@ +.FcYE58DKF}³¿DE9,;ZX}5$-,FcY�°>-WYK-,FH5�Y�@ 5$-,°XA />O�YE9<YE²>5

À�9,DKFcY6-0/>°�YE²>5 ± 5$FcY�FH²>A ³{YEA />O¡-0/.°2FE=8-0@ A />OJ7.-WYHYE58DE/.F�9 ± YK-0AB/X5$° ± Á¡YE²>5T��+.-,FHA èa4658À�YE9,/9,7XYEA ;�A S$-WYEA 9,/2;�5�YE²>9>°�ò¢õA O,+>DE5$F�Ô0=$ó�-0/.°�Ô0°.óHó ? A /	YK²X5<FH58/.FH5U90³�YE²>5�²>A O,²>5$FcY�-0/.°	YE²>5



@ 9WÀ�5$FcY�ÄW-0@ +>5�³¿9,D6YE²>5J58ÄW-0@ +.-WYEA 9,/2³¿+>/.=~YEA 9,/)3�C�²>58FH5�YcÀ�9 ± AB=�@ +.FcYE58DKF�-0DE5<=�9,;�7:9GFH5$° ± Á
14
-0/.°

3
O,58/>5$F�-0/.°

61
-0/.°

16
=�9,/.°XA YEA 9,/.F ? DE5$FH7:5$=~YEA Ä,58@ Á,3W4690YEAB=�5�YE².-WYfYE²>5�5�¯X7>DE5$FEFHA 9,/ÄW-0@B+X5$F�³¿9,D6FH58Ä,58DK-0@NO,58/X5$F�9WÄ,58D�=�58DHYK-0A /2=�9,/.°XA YEA 9,/.F�-0DE5�YE²>5�FE-0;�5�ò ± @{-,=EÖ"YE²>AB=KÖ�@ A />5$FKó~3¾�YKF}=�9,DEDE5$FH7:9,/.°XA />O�FH²>A ³{YEA />O�-0/.°�FE=8-0@ A />O�7.-WYHYE58DE/.Ff-0DE5�FH²>9WÀ�/JA /"õA O,+>DE5$F}Ô0=$ó-0/.°"Ô0°.ó~3

C�²>5�Ç./.-0@>ÄW-0@ +>5�90³:YE²>5�58DEDE9,D³¿+>/.=~YEA 9,/"°X5�Ç./>5$° ± Á�YE²>56ÅÉM[@ÓòE@�Ã:3\BGó�ABFf5$ÃG+.-0@GYE9 14.51³¿9,D ± AB=�@ +.FcYE58D�9,/�YE²>5U@ 5�³{Y�-0/.° 7.16
³¿9,D ± AB=�@ +.FcYE58D�9,/�YE²>5UDEA O,²,Y ? DE5$FH7N5$=~YEA Ä058@ Á,3>1 O,9R9X°ÃG+.-0@ A YcÁ 90³�YE²>5	°XABFE=�9pÄ,58DE5$° 7.-WYHYE58DE/.F<=8-0/ ± 5�9 ± FH58DEÄ05$°�A / ± 90YE² ± AB=�@ +.FcYE58DKF83õA O,+>DE5$FÔW5pó�-0/.°ÆÔp³KóUFH²>9WÀÂYE²>5¡7.-WYHYE58DE/.FU9 ± YK-0A />5$° ± Á�YK²X5¡9,7XYEA ;�A S$-WYEA 9,/�;�5�YE²>9X° ± -,FH5$°É9,/YE²>564658@B°X58DHèaÅ�5$-,°�MRA ;�7>@ 5�¯�-0@ O,9,DEA YE²>; ³¿9,D�YcÀ�9 ± AB=�@ +.FcYE58DKF8304690YEA{=~5�YE².-WYfYE²>5$FH56FH²>A ³{YEA />O-0/.°<FE=8-0@ A />O�7.-WYHYE58DE/.F�9 ± YK-0A />5$°<-0DE5�À�9,DKFcY�YE².-0/�YE²>5�Ç.DKFcY�9,/>5$F ? A /<YE²>5�FH58/.FH5�YE².-WYYE²>58Á-,° 2 +.FcY�YE²>5�FH².-07:5�90³YE²>5U9,DEA O,A /.-0@ ± AB=�@ +.FcYE58D�A /�-JÀ�9,DKFcY�À�-pÁ,3

õA O,+>DE5$F�å,-Gó�-0/.°�å ± ó�7>DE5$FH58/GY�YcÀ�9 ± AB=�@ +.FcYE58DKF�³¿DE9,; ö6+>;"-0/Æ°>-WYK-,FH5�YU@ 5$-,°XA />O	YE9
YE²>5UÀ�9,DKFcY�-0/.°�YE²>5 ± 5$FcY�FH²>A ³{YEA />O¡-0/.°	FE=8-0@ A />O�7.-WYHYE58DE/.F ? @ 5�³{Y�-0/>°	DEA O,²GY�DE5$FH7:5$=~YEA Ä,58@ Á,3C�²>5$FH5 ± AB=�@ +.FcYE58DKF�-0DE5�=�9,/.FcYEA YE+XYE5$°¡³¿9,D 17

O,58/>5$F�-0/.°
57
=�9,/.°XA YEA 9,/.F�-0/.°

3
O,58/>5$F�-0/.°

72
=�9,/.°XA YEA 9,/.F ? DE5$FH7:5$=~YEA Ä,58@ Á,3.1 ± -,°2ÃR+>-0@BA YaÁ�90³YE²>5 ± +>A @ Y�7.-WYHYE58DE/.F6=8-0/ ± 5�9 ± FH58DEÄ05$°A /�YE²>5"õA O,+>DE5Jå,°.ó ? A / FH7>A YE5�90³}YE²>5 ± AB=�@ +.FcYE58D�@ 5$-,°>F6YE9�YE²>5 ± 5$FcY�7.-WYHYE58DE/.F83N¾�Y�ABF�°X+>5YE9"YE²>5<@ 9WÀú/R+>; ± 58D�90³}O,58/>5$F6-0/.°	YE²>5<A DEDE58O,+>@B-0D ± 58².-pÄRA 9,+>D690³�YE²>ABF ± AB=�@ +.FcYE58D$3*5 ± ÄRA è9,+.FH@ Á ?:± AB=�@ +.FcYE58DKF�À�A YE² -0/É+>/>A ³¿9,DE; ± 58².-$ÄXA 9,+>D�7>DE9WÄRAB°X5 ± 5�YHYE58DUFH²>A ³{YEA />O2-0/.°ÉFE=8-0@ A />O7.-WYHYE58DE/.F�YE².-0/2YE²>9GFH5UÀ�A YE²�/>9¡A />²>5�DE58/GY6YE58/.°X58/.=�Á,3:õA O,+>DE5$F6å05pó�-0/.°2åW³~ó�7>DE5$FH58/,Y6YE²>5

7.-WYHYE58DE/.F�9 ± YK-0A />5$°¡³¿DE9,;ýYE²>5�-07>7>@ AB=8-WYEA 9,/�90³YE²>5U4658@B°X58DHèaÅ�5$-,°	MRA ;�7>@ 5�¯	;�5�YE²>9X°�³¿9,DYcÀ�9 ± AB=�@ +.FcYE58DKF83fC�²X5$FH5	7.-WYHYE58DE/.F<².-pÄ,5 17
-0/.°

3
O,58/>5$F ? -,F<9,DEA O,A /.-0@ ± AB=�@ +.FcYE58D ?± +XY5�¯X7>DE5$FEFHA 9,/�ÄW-0@ +>5$F�³¿9,D�O,58/>5$F�9pÄ,58D�-0@ @NYE²>5�=�9,/.°XA YEA 9,/.F�-0DE5�YE²>5�FE-0;�5 ? -,F�9,/>@ Á�- ± @B-,=EÖYE²>AB=KÖ�@ A />5	=8-0/ ± 5	°XABFcYEA />O,+>ABFH²>5$°�3�5 ± ÄRA 9,+.FH@ Á ? YE²>5$FH5	FH²>A ³{YEA />O�-0/.°ÆFE=8-0@ AB/XO�7.-WYHYE58DE/.F-0DE5UÀ�9,DKFcY�YE².-0/�YE²>5�7>DE58ÄRA 9,+.F�9,/>5$F69 ± YK-0A />5$°2À�A YE²2YE²>5<7>DE9,7:9GFH5$°	;�5�YE²>9X° ± -,FH5$°	9,/YE²>5T��+.-,FHA èa4658À�YE9,/�;�5�YE²>9>°�3

] �R��^ _%�R� he$bU]R^�_cl qae$d2�X\E`s��\K\Kd	`s�e"e$],`cl bUl ¤~^�`cl e$d2bU\E`c�,e,�,q�iGqa\~��`ceJ�GiGl t �	qa�Gl g `cl d w ^8dR�
qak~^8t l d w ]R^�`a`c\E_cdGq�l d"�Gl kKt iGq�`c\E_cqQ`aM�iR^8qal b ¥ \E�f`ce$d�bU\E`c�Ge0��^8dR� ¥ \Kt �,\E_a� � \~^$��j0l bU]Gt \H�"^8t w e8�
_cl `c�Gb�z

c.d�e �f_0�JgAh � �Q_0���G� � g c � � � e _ � c �Q_,�4g cai � g>�!j8�fh d�c �$� � g c
k \~^8q�` l�iGb�^8d k \~^8q�` l�iGb�^8d k \~^8q�` l�iGb�^8d

m d �R� � n�o _9p��Qg cqe _0�7r.g i s�t m u�v wxv4y0m s�t uWm z4{ {4y0m t y wxy0m y9w y4z0m u4|
o-n�}�~.� eD� ^ _9�É�A^ � gR� � �7r e � v�| s�� m |�z u�z4z4z4z s v0m w7u |4| s m z s s4s m � y\w y�uWm z�u

õA /.-0@ @ Á ? AB/ C- ± @ 5�Î�-�=�9,;�7.-0DEABFH9,/�ABF�;"-,°X5 ± 5�YcÀ�5858/�YE²>5<YcÀ�9�+.FH5$°�YE5$=K²>/>ABÃG+>5$F ?
��+.-,FHA PR4658À�YE9,/ -0@ O,9,DEA YE²>; -0/.°þ4658@B°X58DHè�Å�5$-,°þMRA ;�7>@ 5�¯þFH5$-0DK=K² ;�5�YE²>9X°�3�C- ± @ 5�ÎFH²>9WÀ6F:YE²>5};�9GFcY)DE587>DE5$FH58/GYK-WYEA Ä05�7.-0DK-0;�5�YE58DKFN90³R9,7XYEA ;�A S$-WYEA 9,/�7>DE9X=�5$FEF:³¿9,D�YcÀ�9�°>-WYK-,FH5�YKF83
¾�Y�=8-0/ ± 5�9 ± FH58DEÄ,5$°"YE²>5�-pÄ058DK-0O,5�90³YE²>5�A YE58DK-WYEA 9,/.F�/G+>; ± 58D ? YE²>5JÊ�ç�1úYEA ;�5U-0/.°�YE²>5ÄW-0@B+X5¡90³�YE²>5¡9 ±!2 5$=~YEA Ä05"³¿+>/.=~YEA 9,/Æ9,/Æ9,/>5"²G+>/.°XDE5$° ± AB=�@ +.FcYE58DKFU9 ± YK-0A />5$° ³¿DE9,; Á,5$-,FcY
=�58@ @.=�ÁX=�@ 5�;�AB=�DE9G-0DEDE-$Á�-0/.°J9,/>5�²G+>/.°XDE5$° ± AB=�@ +.FcYE58DKF�³¿DE9,;Â²R+>;"-0/"æ�èa=�58@ @BF�;�AB=�DE9G-0DEDK-$Á,34690YEAB=�5�YE²>5�²>A O,²>5$FcY�=�9GFcY�A /¡YEA ;�5�ò¿A /	FH5$=�9,/.°>FKó}-0/.°"A /�/R+>; ± 5�D�90³�A YE58DK-WYEA 9,/.F�-0/.°"YE²>5À�9,DKFcY�7.-WYHYE58DE/.F�-0DE5�9 ± YK-0A />5$° ± Á	4658@B°X58DHè�Å�5$-,°2MRA ;�7>@ 5�¯2FH5$-0DK=K²	-07>7>DE9G-,=K²)3



� � ¹�¶�¼*�H»��R½c¹�¶��

16/Ó+>/.=�9,/.FcYEDK-0A />5$°Ð9,7XYEA ;�A S$-WYEA 9,/ËYE5$=K²>/>ABÃG+>5É².-,F ± 5858/Ó-07>7>@ A 5$°�A /�9,DK°X58D"YE9 ± +>A @B°FH²>A ³{YEA />O	-0/.°�FE=8-0@ A />O¡7.-WYHYE58DE/.F�³¿DE9,; ± AB=�@ +.FcYE58DKF83:C�²>5�;�5�YE²>9>°2².-,F ± 5858/�YE5$FcYE5$°�9WÄ058D
± AB=�@ +.FcYE58DKF�9 ± YK-0A />5$°�³¿DE9,;ÓYcÀ�9�°XA êN58DE58/GY�DE5$-0@,°>-WYK-,FH5�YKF���Á05$-,FcY�=�58@ @G=�ÁX=�@ 5}-0/.°�²R+>;"-0/Uæ�è=�58@ @BF83pQ�5$FH+>@ YKF².-$Ä,5�FH²>9WÀ�/�YE².-WYYE²>5�7>DE9,7:9GFH5$°U-07>7>DE9G-,=K²U².-,F-6O,9R9X°�7N58DH³¿9,DE;"-0/.=�5f³¿9,D
Ç./.°XA />OUFH²>A ³{YEA />OU-0/.°<FE=8-0@ A />O�7.-WYHYE58DE/.F90³:-�O,A Ä058/ ± AB=�@ +.FcYE58D$30C�²>5�7>DE9,7:9GFH5$°�YE5$=K²>/>ABÃG+>5².-,F ± 5858/Ó=�9,;�7.-0DE5$°ÍÀ�A YE²Ó-0/�9,7XYEA ;�A S$-WYEA 9,/Ë;�5�YE²>9X° ± -,FH5$°Ð9,/ËYE²>5É4658@B°X58DHèaÅ�5$-,°MRA ;�7>@ 5�¯�-0@ O,9,DEA YE²>; FH²>9WÀ�A />O ± 5�YHYE58D�DE5$FH+>@ YKF�À�A YE²�DE58OG-0DK°XA />O�YE9¡YE²>5<7.-WYHYE58DE/.F6³¿9,+>/.°-0/.°¡YE²>5JÊ�ç�1 YEA ;�5,3

õ>+XYE+>DE5�À�9,DEÖXF)À�A @ @ ± 5}³¿9X=�+.FH5$°U9,/�YE²>5�=�9,;�7.-0DEABFH9,/ ± 5�YcÀ�5858/<°XA êN58DE58/,Y ± AB=�@ +.FcYE58DEA />O-0@ O,9,DEA YE²>;"F)+.FHA />O6YE²>5�7>DE9,7N9GFE-0@0;�5$-,FH+>DE5}A /<9,DK°X58D)YE9�5$FcYK- ± @ ABFH²�À�²>AB=E²<9,/>5�ABF)YE²>5 ± 5$FcY$3MR9,;�5�;�9,DE5�-,=~YE+.-0@>;�AB=�DE9G-0DEDK-$ÁXF�YK-0Ö,58/J³¿DE9,;Âç�4�1�M 2 9,+>DE/.-0@XÀ�A @ @ ± 56+.FH5$°�3,æ�AB=�@ +.FcYE58DKF9 ± YK-0A />5$° ± Á�90YE²>58DKF ± AB=�@ +.FcYE58DEA />O"-0@ O,9,DEA YE²>;"F�FH+.=K²�-,F6Ê�²>58/>O0èHÊ�²R+>DK=K² ? ¾HMR1 ? 5�ç�MXÅ ?5�YK= ? À�A @ @ ± 5¡-0@BFH92+.FH5$°�³¿9,D�YE²>ABFU7>DE9,7N9GFE-0@s305�/ÉYE²>5"90YE²>58DU².-0/.° ? À�5�À�A @ @�-0@BFH9�FcYE+.°XÁYE²>5"7:9GFEFHA ± A @ A YcÁ�90³�/>58À ± AB=�@ +.FcYE58DEA />O	YE5$=�/>ABÃG+>5$F ± -,FH5$°É9,/ÉYE²>5¡=�9,/.=�587XY�90³�FH²>A ³{Y<-0/.°FE=8-0@ 5�A /GÄ0-0DEAB-0/.=�5,3
�F�p¦f�ªR©N�¢§R¬��a�Ñ§A���$,® C�².-0/>ÖXF�-0DE5<°X+>5�YE9¡YE²>5�MR7.-0/>ABFH²�Ê�¾EÊ�X�Cüò¢C�¾EÊ�Ô93\30é0è)3\3XÎpëW÷Gó
-0/.°	*,+>/GYK-�°X5�16/.°>-0@ +.=�VB-2ò¿ç�3GëpèaC�¾EÊ}è)3\3Gë0åXÎpóf³¿9,D6FH7:9,/.FH9,DEA />O<YE²>ABF�DE5$FH5$-0DK=E²)3

� �f�Q�)¸!��¶�¼��0�

w$z�|6z � \Kd,�¢[�e8_~m��6zWj0�R^8bUl _�^8dR�J�Nz k ^ � �Gl d,l{z>ht iGq�`c\E_cl d w?� \KdG\}���,],_c\Kqaqal e$d � ^�`a`c\E_cdGqKz!�$e$i,_a�
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