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\_V(�iVdrnwi�2`bac�l}_k�Vd`vRlw·�iV�`cRTg�©�j�acRlV+hirnVdwyaf{|giacVdjHank�wi�2gio�rnV(UWgiacV+`cV(jl`ck�jTh�acVFe~RTjTkx¢5�TVd`fo¿girf�T�lrcj5a°wircVFw
U�wi{T{Tk�jThUT -WV �9z�VdU�giacV�`cV(jl`ck�jTh�k�`°wW��wy���lwy�T��V*acgBgH��`ck�jle(V	kma°{Trcg��Bkx}_Vd`�`c{lwyackxwy�³k�j_o¿girnU�w�ank�gHj�gHj!acRTV
Vdj5ack�rcV°o¿girnVd`baXT � V ¨_Vd�iV(j?o¿gir9rnV(UWgyanV	wyrnVdwi`d��­AgirnV(g��HV(rF¨yacRlV�`b{;Vde�acr~wy�Ik�jTo¿girnUWwyack�gij?hik��iV(j��B^7rnV(UWgyanV
`cV(j|`bk�jTh	anVde~RTjTkx¢5�TVd`Oe(wij7�;V(��gijTh	ang�anRTV°�Bkx`bk��T��Vv{lwirbaªgyo²acRlV¥`c{|VFe¬anrc�TU ¯/Z¥rcVdV(j�wijl}7z�VF}7e~RlwyjljTV(�x`n±
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wH`9©ªVd����wi`9anRTV�jTgHj_ /�Bkx`bk��T��V*{lwyrca+¯p�vVdwyr D j_o¿rnwWz�VF}Awyjl}!­Akx} D j_o¿r~wWz�Vd}Ae~RlwijTjTVd��`~±¬¨T©�Rlk�e~R!kx`��iVdrc^
rnV(��V(��wijHa9o¿gHr��iV(hHV�a~w�ack�gij?k�jB�HVd`back�hHw�ank�gHj³�
­Ag5`ta*gyo§anRTVW`tan�l}_k�Vd`*e�gHjle�VdrcjTk�jTh?�T�TrnjHa*wyrnVdw�U�wi{T{Tk�jTh?�|`bV"U+�T��ack� 1anV(UW{;gir~wy�§`bVdrck�Vd`vgyoªe(gHwirn`cV

rnVd`cgi���_ank�gHj�`cwyacVd����kmanVvk�U�wyhiVF`�a~w"AHV(j��;V�o¿gHrcV¥wyjl}?w�o anV(rOacRTV°¡lrnV T � V �§Q9RTV(^7wircV°�l`b�|wy����^��lwH`bVF}�gij�acRTV
e(giUW{T�_a~w�ank�gHjLgyoOacRlVW}Tkm¶IV(rnV(jle(Vd`*�;V�at©OV(VdjLanRTV�}_km¶IV(rnV(j5a�e~RlwijTjTV(�x`*gyoªacRTVWk�U�wyhiVF`¥gir*gij�acRTV7}Tkmo  
o¿VdrcVdjle�VF`��|V(at©ªVdV(jWw°e(giU+�lk�jlwyack�gij"gyo;}Tkm¶IV(rnV(j5a§e~RlwyjTjlV(�x`O¯p�iVdhiV�a~w�ank�gHj+k�jl}_kxe�Vd`~±�gyo|acRTV9k�UWwihiVF`>T �T¨i¦ V �

Q9RTVLUWwik�j k�j5acV(rnVd`ba�gyo	gi�lr7`tan�l}_^�T �T¨9� V kx`Wacg�wH`c`cVd`n`W�T�Trnj5a�wyrnVdwH`+o¿rngiU%w£`bk�jThH��VA{;gH`bab /¡lrnV
Rlk�hHR_ /rnVd`cgi���_ank�gHj®k�U�wihiVi��Q9RB�l`d¨³©OV�}Tg?jTgia¥jlV(Vd}�w�}Tw�a~wy�lwH`bV"gyoªk�U�wyhHVd`°gyo&anRTV�`cwiUWV"wyrnVdw�gir¥acg
{l�Trne~R|wi`cV+w�{lrcV( 1¡lrnV+k�U�wyhHVi�	­AgirnV(g��HV(rF¨lRTk�hiR�rcVF`bgH���Tack�gijL`nw�anV(����k�acVF`v©�RTkxe~R�wircV�`b�lj_ Â`c^Bjle~RTrngijTgH�l`d¨
edwyj��|V	�|`bVF}?`ck�j|e�V	©OV*}Tg�jlgyafjTVdVd}�}Twyk���^?gi�l`cV(rn��w�ank�gHj�gyo�acRTV�`nwyUWV	wyrnVdwl�
D j�acRTkx`¥rcVd{|gHrbaF¨IacRTVW}_kx`ce(rck�UWk�j|w�ack�gij��|V(at©ªVdV(j��T�TrnjHa	wyj|}L�TjB�T�lrcj5a	wyrnVdwi`vk�`¥gH�_anwik�jTVF}AanRlwyj A_`

ang	acRlVvr~wi}_k�giUWV�anrckxe9k�j_o¿girnU�w�ack�gij�hHk��HV(jW�B^�acRTV¥}_km¶IV(rnV(j5aª`c{;Vde¬anrnwi�l�lwijl}T`&{Trcg��Bkx}_Vd}W�B^"acRTV¥`bVdjl`cgir~`
gio³acRlV	\_qOY¥Q ¦"`cwyacV(����kmanVi�§Q9RTV	e��xwi`n`bk�¡|edw�ack�gij�kx`9�lwH`bVF}�gij!\B�T{T{;girca�«§Vde¬angir9­®wie~Rlk�jTVF`*¯1\B«¥­L±FT @ V �
\_«°­�wircV°w+`c�T{|Vdrc�Bkx`bVF}���VdwyrnjTk�jTh	anVde~RTjTkx¢5�TV¥©ªVd���Iwi}Twi{_acVF}WacgW}_VFwy�;©�kmanR?}Twyanw�gio³RTk�hiR�}_k�UWV(jl`ck�gijl`
`c�le~R£wi`	`nw�anV(����k�acV�k�U�wyhHVd`d��­AgirnV(g��HV(rF¨;acRTVd^�Rlw·�HV�`bRTg�©�j�acgAgH�_ac{;V(rco¿girnU e(��wH`c`ckxe(wy�§e(��wH`c`ckm¡;e(w�ank�gHj
wi��hHgirnkmanRTU�`+`c�le~R<wH`�anRTV�U�w �_k�U+�TU ��k AiV(��k�RTgBgB}�gir+U"�T��ack���w·^HV(r+jlV(�Tr~wy�OjTV�at©Ogir A_`(� . gir�k�jl`ta~wyjle(Vi¨
anRTV(^+{Trcg��Bkx}_V&hHgBgB}"rnVd`c�T�ma~`�k�jW}_k�¶;VdrcVdjHa�e(gij5acV �5a~`�`b�le~RWwi`�Rlwijl}_©�rnkmacacVdj�}_k�hik�a§rcVFe�gHhijTk�ack�gij³¨·{lwyabanV(rnj
rnVde(gihHjTkmank�gHj°gHr³�Tk�giUWVd}Tk�edwy�yk�U�wyhiVdrc^¥wyjl}¥Rlw·�HV§�|VdV(j	rnVde(V(j5ac��^vk�j5acrngB}T�le�VF}°k�j�rnV(UWgyanV�`bVdjl`ck�jTh�k�U�wyhHV
e(��wH`c`ck�¡|e(wyack�gij T 3 V �
u }_r~w·©��lwie�AKgio*\B«¥­ kx`�acRlwya�kma�rnVd¢5�Tk�rcVF`�w���VdwyrnjTk�jTh�{TRlwi`cVi� D jl}_VdVd}²¨O©ªV�Rlw·�HV�angLo¿VdVd}�kma

©�k�acRÀwi��rnVdwH}_^��xwy�;V(��Vd}�gi�TstVde¬a~`Wacg£��Vdwircj RTg�© acg<e(��wH`c`ck�o¿^�jTV(© gH�_stVde�an`d� Q9RTVAgH�_stVde�an`7edwyj jTgya
�;V	r~wyjl}_gHUW��^7e~RTg5`bVdj�wijl}�acRTVdk�rfe~RTgHk�e(V*k�`fe(rc�|e�kxwy�;o¿gir9anRTV�e��xwi`n`bk�¡|edw�ack�gij�wiede��Tr~wie(^i��Q9RTk�`�acr~wyk�jTk�jlh
{lRlwi`cV&kx`2�|`b�lwi����^	}_gijlV&U�wyjB�lwi����^¥wijl}	a~w"AHVd`2wv��gia�gioTack�UWVi�:D j	acRTkx`�rcVd{|gHrbaF¨·©ªVª{TrcgH{|g5`bVªwve�gHU+�Tk�jTVF}
UWV(acRTg_}*k�jle�gHrc{;gir~w�ank�jThf´¥ ÂUWVdwijl`²wyjl}�\_«°­ angfRTV(��{	anRTV��l`cV(r2acg�¡lj|}	wy�_angiU�w�ank�edwy����^°higBg_}¥acr~wyk�jTk�jlh
`nwyUW{T��Vd`d�
Q9RTV9{;V(rco¿girnU�wyjle(Vd`�gyoI\_«°­�wyjl}+acRTV�e(giU+�lk�jTVF}"\B«¥­#wircV9e�gHUW{lwyrnVd}	©�k�acR"acr~wi}Tkmank�gHjlwy�_e��xwi`n`ckm¡T 

edw�ank�gHj7UWV�acRlgB}l`O`c�le~R�wi`O´¥ /UWVdwijl`Owyjl}7´¥ ÂjTVFwyrnVd`ba&jTV(k�hiRB�;gi�Tr~`Owy��higirnk�acRTU�`d��Q9RTV¥U�wy{l`ªgi�Tanwyk�jTVF}
�B^!VdwHe~RLe��xwi`n`ckm¡|edw�ank�gHjLwyrnV+wy�x`cg?e�gHUW{lwyrnVd}!ang�hHrcgH�Tjl}!anrc�_anRl`*}_V(rnk��iVd}Ao¿rcgHU�U�wij5�|wy��k�j5acVdrc{lrcV(anw� 
ank�gHjAgyo§rnV(UWgyanV+`bVdjl`ck�jTh�k�U�wyhHVd`vwijl}�o¿rngiU�hirngi�Tjl}�VF`tank�U�w�anVd`v�l`bk�jTh?Z¥qO\£¯pwi����gyo�acRTVdU UWwH}_V��B^
V �_{|Vdrba~`n±��

D j�acRlV°o¿gH����g�©�k�jTh�`cVde�ack�gijl`d¨_©OV°¡|rn`ba�hik��iV¥gyo��lrck�V�o�g��iV(rn�Bk�Vd©Ágyo§\B«°­)¯p`cV(V�\BVFe¬ank�gHj!�H±¬� L �_{;V(rnkm 
UWVdjHa~wy�²rnVd`c�T��an`�wyrnV*hik��iVdj�k�jA\_Vde¬ank�gHjA�_� . k�jlwi����^i¨;\BVde�ack�gij��We(gijle(���|}_Vd`OanRTk�`frcVd{|gHrbaF�

� �W�?�����	��

� ���&
��	���������?�(�?���

2vV(rnVdwyo acV(rF¨B©ªV¥hik��iV¥wyj�k�j5anrcg_}_�le�ack�gij�wy�;gi�_af\B«°­���D jHanV(rnVd`bacVF}7rnVdwi}TV(r~`ªedwyj?e(gijl`c�T��aQT - � V o¿gir9UWgirnV
}TV�anwik��x`d�
Q9RTV"hig5wy�²gyoª\_«°­ kx`�acg��l`bV"w7`bV(avgyo§gH�l`bVdrc��wyack�gijl`9ang�¡ljl}Lw�}_Vde(k�`ck�gHj®`b�lrbopwHe�Vi��Q9RTkx`v`c�Trcopwie(V

`cV({|wyr~w�acVF`9jTV(©�gH�_stVde�an`�k�j5acg�at©Og7e��xwi`n`bVF`(��2fVdrcVH¨l©OV�rcVF`tanrckxe¬afgH�Tr~`bVd���HVd`Oacg7acRTV+e(��wH`c`ck�¡|e(wyack�gij�k�j5acg
��e(��wH`c`cVd`*¯1\_«°­�k�`Oo¿�ljl}TwyUWVdjHa~wy����^�}_V(�HV(��gi{;Vd}7o¿gir��Tk�jlwyrn^�e(��wH`c`ckm¡;e(w�ank�gHj��T�Tave(wyj��;V	V��BacVdjl}_Vd}�acg
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U"�T��ack� Âe(��wH`c`&{TrcgH�T��V(U�`n±����2V�a
Rm �;VfanRTVvk�jT{T�_a�`c{lwie(Vi� L&wie~R�Vd��VdUWV(j5a −→x ∈ Rm Rlwi`&acg��;V¥��wi�|Vd��VF}�B^�w���wy���TVH¨l}_V(jlgyacVF}��B^

y
©�RTkxe~R�edwyj!�|V*o¿gHr�k�j|`ta~wyjle(V°  - gir�� - �

�2V�a°�|`vwi`n`c�TUWV	acg7�;V�hHk��HV(j®w7`cV�avgio§gi�l`cV(rn��w�ack�gij|`fe(wi����Vd}AwWanrnwik�jlk�jTh7`cV�aF¨
{(−→xi , yi)}i∈<1,N>

�
©�RlV(rnV −→xi ∈ Rm

wyj|}
yi = ±1

�WQ9RTVWhig5wy��gyo9w���VFwyrnjTk�jlh�wi��hHgirnkmanRTU k�`¥ang!�l`bV�anRTk�`	acr~wyk�jTk�jlh�`cV�a
ang7{TrnVd}_kxe¬avacRTV��xwy�;V(��gyo�wy���³anRTV+jlV(©�gi�_stVFe¬a~`�gyo

Rm
�fQ9RlV�{Trngi�T��V(U�k�`facRB�l`facg�`cV({lwirnwyacV¥acRlV�at©Og

e(��wH`c`cVd`°�B^A¡ljl}Tk�jThAw?higBg_}L}_VFe�kx`bk�gijLo¿�Tjle�ack�gij
f
¨²©�RTkxe~R�wH`c`ck�hHjl`vacRTV��xwy�;V(��� - ¯¿rnVd`c{|VFe¬ack��iVd��^!  - ±

ang�anRTV°Vd��VdUWV(j5an` −→x `b�le~R7acRlwya f(−→x ) ≥ 0
¯¿rnVd`c{;Vde¬ank��HV(��^

f(−→x ) < 0
±¬�§Q9RTV*`b�Trcopwie(Vv}_V(¡ljTVd}��B^WacRTV

VF¢5�lw�ank�gHj
f(−→x ) = 0

}_k��Bkx}_Vd`&acRlV¥`c{lwie(Vvk�j5acg�at©Og+R|wy��o  Â`c{lwie(Vd`d¨ianRTV¥{|g5`bk�ack��iV°gijTV¥wyjl}WanRTV¥jTV(h5w�ack��iV
gHjTVi�
uvj�gH�B�5k�gi�|`	e�rnkmanV(rnk�gHj®acg®e~Rlg5g5`bV

f
k�`*ang!U�k�jTk�UWk1!dVWacRTV�Vdrcrngir*r~w�acVWgHj�anRTVWacr~wyk�jTk�jThA`bV(ad¨�k1� Vi�

anRTV7jB�TU"�|Vdr+gyo�UWkx`ce(��wH`c`ckm¡;e(w�ank�gHjKgijKacRlV�acr~wyk�jTk�jThL`cV�ad�AQ9RTkx`"{Trck�jle(k�{T��Vi¨�e(wi����Vd} L&U�{lk�rnk�edwy�Oz�k�`�A
­®k�jTk�UWk1!Fw�ank�gHj�¯$L&zf­L± T - - V ¨2R|wi`*`bgHUWVW}Trnw·©��lwHe�A_` 6 acRTVWhi��gi�|wy��V(rnrcgHr°r~w�anV�e(wyj��|V�U"�le~R�RTk�hHRTV(r
anRlwyj7acRTVvacr~wyk�jTk�jlh+V(rnrngir�r~w�anV+¯¿k�a9}Tg5VF`&jlgyaª�|`b�lwi����^W{Trng��5kx}_Vfw+higBg_}�hiVdjTV(r~wy��k1!Fw�ank�gHjWwi�Tk���k�at^i¨5©�RTkxe~R
kx`!e(wi����Vd}Ág��HV(rc¡Tabank�jlh5±7wijl}Àk�a®}_gBVd`?jTgyaA}_V(¡ljTVKw<�Tjlk�¢5�TVK`bgH���Tack�gij³¨°V(�iVdj ©�RTVdj k�a�kx`�{|g5`c`ck��T��V
angL{;V(rco¿Vde�ac��^�`bVd{lwyr~w�anV7acRlV�anrnwik�jTk�jTh�`bV(ad�£Q9RTV�{TRTV(jlgiUWV(jTgHj�gyo ���
��	�� �#� ����� Rlwi{T{|Vdjl`�©�RTV(j<acRTV
o¿�ljle¬ank�gHj<©�RTkxe~R¤`cV({lwirnwyacVF`�anRTV�anrnwik�jlk�jThK`cV�aWRlwi`�wL�HV(rn^£e�giUW{T��kxe(w�anVd}¤`bRlwi{|V�wyjl}<k�`"ang5g�U+�|e~R
rnV(�xw�anVd}�acg�acRlk�`9anrnwik�jlk�jTh�`cV�aF�
Y°j<acRTV!e�gHjHanrnwirc^�gyovgiacRTVdr"��Vdwircjlk�jTh�wy��higirnk�acRTU�`d¨&\B«°­�wyrnV��lwH`bVF}£gij£anRTVA\5acrn�le¬an�Tr~wy�9z�k�`�A

­®k�jTk�UWk1!Fw�ank�gHj�¯/\_zf­L±�{lrck�jle�k�{T��V;T @ V � Q9RTk�`�anVde~RTjlk�¢5�TV®wik�U�`7wyaWhHV(jTVdrnwi��k%!(k�jTh�©ªVd���vrnwyacRTVdrWacRlwij
e(girnrcVFe¬an��^�e��xwi`n`bk�o¿^Bk�jTh+acRTVvacr~wyk�jTk�jTh"`cV�a9wyjl}�{lrcVd�iV(j5a�o¿rngiU g��HV(rc¡Tabank�jTh|��Q9RlVvRB^B{|Vdrc{T�xwyjlVvkx`ªe~RTg5`bVdj
`cg+wH`�ang+U�w �_k�U�k%!(VfacRTV � �"		� ��� ¨Bgir&at©�k�e(VfacRlV¥}_kx`banwyj|e�Vfgio³acRTVvacr~wyk�jTk�jTh+`cV�a&o¿rngiU anRTV°RB^B{;V(rn{T��wijTVi�
Q9Rlk�`9RB^B{|Vdrc{l��wijTV*k�`fedwy����VF}�

� �#��� ��� � � � �
	 �
� ��������� � ��	 � � �
� � ¯/Y*\ 2°±¬�

7 	�� ����=<�A?/����� ���AEF?/��?/P�� ��� ? ���
u acr~wyk�jTk�jThK`bV(a�kx`W`cwik�}�acg��|V���k�jTVFwyrn��^�`cV({lwirnwi�T��V7kmo°acRTVdrcV�V��_kx`ta~`Ww�aW��VFwi`ba�w���k�jTVdwir�e��xwi`n`bk�¡lV(r

f©�Rlk�e~RÀe(girnrcVFe¬ac��^<e(��wH`c`ckm¡|Vd`7wi���°gyo*acRTV�V(��V(UWV(j5a~`�gyo	anRTVAacr~wyk�jTk�jTh�`cV�ad� Y°�B�Bk�gi�l`c��^H¨&anRTkx`?edwi`cVAk�`
�HV(rn^7rnVd`bacrnk�e�ack��iVi¨l�T�_avk�av©�k�����wy����g�© �l`�ang�{TrcVF`bVdj5a�acRTV�U�wik�j!o¿VFw�ac�lrcVF`�gyo&\B«¥­£�|Q9RTV	jlgij_ Â��k�jTVFwyrn��^
`cV({|wyr~wy�T��V¥edwi`cV°©�k����³�|V�`bac�|}_k�VF}�k�j�acRlV	jTV��Bav`cVde¬ank�gHj³�
D j�acRTV¥��k�jTVFwyrn��^W`bVd{lwyr~wy�l��Vvedwi`cVi¨HacRTV	Y*\�2 ¯p`cV(V . k�hi�TrnV - ±�kx`ª}TV�¡ljTVF}7�B^�acRTV¥Vd¢5�lwyack�gij −→w .−→x +

b = 0
©�RlV(rnV −→w kx`*w7�iVFe¬angir¥jTgirnU�wy��acg?acRTVWRB^B{|Vdrc{T�xwyjlV"wyj|} b

kx`°acRTVW�Tkxwi`d��Q9RB�l`(¨Iang�e(girnrcVFe¬an��^
e(��wH`c`ck�o¿^�acRTV*anrnwik�jlk�jThW`cV�ad¨l©ªV*U+�|`tafRlw·�HV 6
{ −→w .−→xi + b ≥ ε > 0

k�o
yi = +1

−→w .−→xi + b ≤ ε < 0
k�o

yi = −1

©�RTk�e~R!kx`9Vd¢5�Tk���wy��V(j5a9acg { −→w .−→xi + b ≥ 1
k�o

yi = +1
−→w .−→xi + b ≤ 1

k�o
yi = −1

Q9RTVF`bV�e�gHjl`tanrnwik�j5a~`�k�UW{T��^�acRlwyavanRTV+U�wyrnhik�j!acg�UWw �_k�UWk%!(Vi¨I}_V(¡ljTVd}®�5^�anRTV"}_kx`banwyj|e�V��;V�at©OV(Vdj
anRTV9Vd¢5�lwyack�gijl` −→w .−→x +b = −1

wijl} −→w .−→x +b = +1
¨�kx`�Vd¢5�lwi�iang 2

||w||

��Q9RTVOacr~wyk�jTk�jTh°`nwyUW{T��Vd`�U"�l`ta
�;VfgHjWacRTV°higBg_}�`ckx}_VfgyoIanRTVfan�T�|V°}_V�¡ljlVd}��B^"acRTVfVF¢5�lw�ank�gHjl` −→w .−→x + b = −1

wijl} −→w .−→x + b = +1
�

u°`+U�w �_k�UWk1!dk�jThLacRTV?U�wyrnhik�j£k�`+Vd¢5�Tk��·wi��Vdj5a+acg�UWk�jTk�UWk1!dk�jlh®acRlV�k�j5�HV(r~`bV�gio�acRTV�`c¢5�lwircV�UWwirb 
hHk�j2¨&anRTVAgi{_ank�U�wi��{lwyr~wyUWV�anV(r~`

w
wijl}

b
wircV!hik��iVdj<�B^�anRTV®`cgi���_ack�gij�gyo°acRTV®e(gijB�iV ���°�lwi}_r~w�ank�e
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q&rcgHhir~wyUWUWk�jTh"q�rngi�T��V(U�¯ �°q�qª±�©�kmanR���k�jTVdwirOk�jTVF¢H�|wy��kmat^�e(gijl`bacr~wyk�j5an` 6

min
(w,b)

‖−→w ‖
2

2

`c�T�_stVFe¬a�ang 6
yi(

−→w .−→xi + b) ≥ 1 , ∀i ∈ 〈1, N〉
¯ - ±

0O^Ak�j5acrngB}T�le�k�jTh�{;gH`ck�ack��iV��2wyhHrnwijThiV	U"�T��ack�{T��k�V(r~`
{λi}i∈<1,N>

wH`c`cg_e�kxw�anVd}A©�k�acR�acRTVWe�gHjl`bacr~wyk�jHa~`(¨
k�af��Vdwi}l`Oacg�acRTV*o¿gH����g�©�k�jTh�}_�lwy�²{lrcgH�T��VdU 6

L(−→w , b,
−→
λ ) =

||−→w ||
2

2
−

N
∑

i=1

λi.[yi(
−→w .−→xi + b) − 1]

¯/�i±

Q9RlV��TjTkx¢H�lV7`cwH}T}_��V�{;gik�j5a�gyoOacRTV ��wyhHrnwijThikxwyj
L
¨2©�Rlk�e~R�k�`+w!U�k�jTk�U+�TU ©�kmanR£rcVF`b{;Vde�a*acg

(w, b)wijl}�w!UWw �_k�U"�TU ©�k�acR£rnVd`c{|VFe¬a*acg
λ
¨�}TV�acVdrcUWk�jTVd`¥anRTV7`cgi���_ack�gijKgyoªacRTV �°q&q���Q9RTV(rnV�o¿gHrcVH¨³��V�a��l`

¡|rn`ba�U�k�jTk�UWk1!dV*acRTV ��wyhir~wyjlhikxwyj7©�k�acR!rnVd`c{|VFe¬a9acg
(w, b)

6

∂L

∂−→w
= −→w −

N
∑

i=1

λiyi
−→xi = 0

¯1�H±

∂L

∂b
= −

N
∑

i=1

λiyi = 0
¯p�5±

0O^!`b�l�l`tankman�_ack�jTh�acRTVF`bV"Vd¢5�lw�ank�gHjl`fk�j5acg Lª¢|��¯1�H±¬¨;acRTV�}_�lwi�2{Trngi�T��V(U�kx`vrnVd}_�|e�Vd}�ang7anRTV�o¿gH����g�©�k�jlh
�°q&q�©�k�acR!�;gi�Tj|}�e(gijl`bacr~wyk�j5an`9wyj|}?wW��k�jlVdwyr9VF¢H�|wy��kmat^�e(gijl`bacr~wyk�j5a 6

max
λ

W (λ) = −
1

2

N
∑

i=1

N
∑

j=1

λiλjyiyj
−→xi .

−→xj +

N
∑

i=1

λi

`b�T�TstVde¬a�ang 6 N
∑

i=1

λiyi = 0 , 0 ≤ λi , ∀i ∈ 〈1, N〉

DÂo²©OVfe(wi���
λ∗ acRTVv`cgi���_ank�gHj�gio|anRTkx`�{Trngi�T��V(U!¨H©ªVv}TV�acVdrcUWk�jTV9acRlVv`bgH���Tack�gijW{lwyr~wyUWV(acV(r −→w ∗ o¿rngiU ¯p�5± 6

−→w ∗ =

N
∑

i=1

λ∗
i yi

−→xi

¯1¦i±

anRB�l`
b∗
e(wij��;V¥gH�_anwik�jlVd}�o¿rcgHU acRTV	´	wyrn�l`cR_  ´*�TRTj_  Q2�|e�AiV(r°¯p´	´	Qf±Oe�gHjl}_k�ack�gijl`QT @ V ©�RTkxe~R�}_Vdrck��iVF}

o¿rngiU
acRTV�e(gijl`bacr~wyk�j5an`Ok�j£¯ - ± 6
λ∗

i .[yi(
−→w ∗.−→xi + b∗) − 1] = 0

DÂo
λ∗

i

k�`9jlgij�!(Vdrcg|¨HanRTV�e�gHrcrnVd`c{;gijl}_k�jTh −→xi

��k�Vd`9V �Twie¬an��^�gij�acRTV*�;gi�Tj|}Twyrn^L¯pwyavwW}_k�`banwijle�V*VF¢H�|wy�Iacg
R|wy��o�anRTV�U�wyrnhik�j�o¿rcgHU anRTVWY*\ 2°±¬�²YvacRTVdrc©�kx`cVi¨

λ∗
i

kx`fjB�T����wijl}�acRlV"e�gHrcrnVd`c{;gijl}_k�jTh −→xi

��k�Vd`fgHj!acRTV
hHgBgB}�`ck�}_V*gio�anRTV	�|gH�Tjl}Twirc^H�

P>PRQ
S�T�U�V�U
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�vgyacVfacRlwya −→w ∗ kx`&w*��k�jTVFwyr&e(giU"�Tk�j|w�ack�gijWgio;anRTVf�HVde¬angir~` −→xi

o¿gHr�©�RTkxe~RWacRTV �2wyhHrnwijThiV9U"�T�mank�{l��k�V(r
λ∗

i

kx`WjTgyaWVd¢5�lwi�9acgK�T�¤Q9RlVd`cV?�HVde¬angir~`WwyrnV?e(wi����Vd} � 
 � � �"	�� � ����� �"	�� ¯1\B«*±"wijl}�wyrnV�anRTVAe���gH`cVd`ba
Vd��VdUWV(j5an`¥ang?anRTV?Y*\�2+�2Q9RTVWgi{_ank�U�wi�§{lwyr~wyUWV�anV(r~`

(−→w ∗, b∗,
−→
λ ∗)
}_g!jTgia+e~RlwyjThHV"k�o9jTgij_  `c�T{T{;girca

�HVde�acgir~`9wyrnV°rnV(UWg��HVd}�o¿rngiU
acRTV*anrnwik�jTk�jTh�`cV�ad�

Q9RTV�}TVde�kx`ck�gHj�o¿�Tj|e¬ack�gij
f
k�`�hHk��HV(j?�5^ 6

f(−→x ) = −→w ∗.−→x + b∗ =

N
∑

i=1

λ∗
i yi

−→xi .
−→x + b∗

Q9RlV+e��xwi`n`bk�¡|edw�ack�gij!gio&w�jTV(©�gH�_stVde�a −→x rnVd¢5�Tk�rnVd`9anRTV"e(giUW{T�_a~w�ack�gijAgio�acRTV�}_gya¥{Trcg_}_�|e¬av�;V�at©OV(Vdj
−→x
wijl}7anRTV�\B«+�T­®girnV(g��iVdrd¨iacRTV	}_VFe�kx`bk�gij�o¿�Tjle�ack�gij

f
k�`�}_V(¡ljTVF}�e�gHUW{T��V(acVd��^7�B^WanRTV�\B« wyjl}?}_gBVd`

jlgyaf}_V({;V(j|}!gij?acRTV	jTgHj_ t\B«+�

7 	87 � 
 =�� ��� =��A?/��� � ���AE<?/��?/P������ ?/���
D jLacRTVW{TrnV(�Bk�gi�l`¥`c�T�l`cVde¬ank�gHj³¨I©ªVWwi`n`c�TUWV+anRlw�a¥acRTV�anrnwik�jTk�jTh�`bV(a¥©9wi`°��k�jTVFwyrn��^®`cV({lwirnwi�T��V+wyjl}L©ªV
`cRTg�©�RTg�©�ang7¡ljl}®acRTVWe��xwi`n`ckm¡lVdrv©�k�acRLacRTV��|VF`ta*U�wyrnhik�j³� D jLacRTkx`*`b�l�l`bVFe¬ank�gHj³¨I©ªV"hiV(jlV(r~wy��k1!dV	acRTV
��k�jTVdwir�edwi`cV&ang°Rlwijl}_��Vªjlgij_ Â��k�jTVFwyrn��^*`bVd{lwyr~wy�l��V&acr~wyk�jTk�jlh°`cV�an`d�:D jl}_V(VF}²¨�anRTVª��k�jTVdwir�RB^B{;gyacRlVd`ck�`�k�`�ang5g
rnVd`bacrnkxe¬ack��iV+o¿gir*rnVdwy�� Â��k�o¿V�wi{T{T��k�edw�ank�gHjl`*wyjl}®acRTVdrcV�e(wijL�;VWjTgikx`bVH¨³UWVdwH`b�TrnV(UWVdjHa¥V(rnrcgHrn`°gir*gH�_ac��k�Vdrn`
k�j�acRTV*anrnwik�jlk�jThW`cV�ad�

5���5��$& 6 ½�� ���<�_��� * ) �H�T� ¹
Q9RlV�{TrcVd�Bk�gH�l`	wyjlwi��^_`ck�`*kx`�V �BacV(j|}_Vd}��B^Lk�j5acrngB}T�le�k�jTh � � � �
	
� �=�"	��$� � � ���

{ξi}i∈<1,N>

k�j£gHrn}TV(r*acg
wi����g�© `cgiUWV	e��xwi`n`bk�¡|edw�ack�gij?UWk�`banw AiVd`9k�j�acRTV*anrnwik�jlk�jThW`cV�a+¯p`cV(V . k�hi�TrnV��i±¬�
Q9RTVF`bV°��wyrnk�wi�T��VF`�¢5�lwyj5ankmo¿^"acRTV°UWk�`banw AiVd`&U�wi}_V°�5^"acRlVfacr~wyk�jTk�jTh�V �_wiUW{T��VF`(�:D jl}_VdVd}²¨BQ9RTV¥`b�xwie�A

��wirckxwy�T��V
ξi

e�gHrcrnVd`c{;gijl}_k�jTh*ang�acRlVfacr~wyk�jTk�jTh+�HVde�acgir
xi

k�`2!(Vdrcg+kmo²anRTV°�HVde�acgir&k�`ªgij�anRTV¥higBg_}�`bkx}_Vvgio
anRTVfan�T�;V¥}_V(¡ljTVF}��B^

{−→w , b}
¨igiacRTVdrc©�kx`cVfkmaOk�`ªVd¢5�lwi�Tang�acRlV°}_kx`ta~wyjle(Vf�;V�at©OV(V(j7acRTVvac�T�;V°�;gi�ljl}Twyrn^

−→w .−→x + b = ±1
wyj|}�anRTV	{;gik�jHa

xi

�

ξi(
−→w , b) =

{

0
kmo

yi.(
−→w .−→xi + b) ≥ 1

1 − yi.(
−→w .−→xi + b)

kmo
yi.(

−→w .−→xi + b) ≤ 1

Q9RTV¥`bgio aOU�wirchHk�j�\B«¥­ wyk�U w�aOUWw �_k�UWk%!(k�jTh�anRTVvU�wyrnhik�j�©�RTk���V¥UWk�jlk�UWk%!(k�jTh�anRTV°Vdrcrngir~`d¨y©�RTkxe~R
k�UW{T��k�VF`9acRTV*jTVd©��°q&q 6

min
(w,b,ξ)

‖−→w‖
2

2
+ C

N
∑

i=1

ξi

¯p�H±

`b�l�_stVde�aOang 6
yi(

−→w .−→xi + b) ≥ 1 − ξi , ξi ≥ 0, ∀i ∈ 〈1, N〉
¯Â�y±

©�RlV(rnV
C
kx`�edwy����VF}<anRTV 	�� � 
 � �
	����+�"�#�$�"� � �
	��"� ��� ��	 � u ��wirchHV(r?X wi`n`bk�hij|`�wKRTk�hHRTV(r�{|Vdjlwy��at^<gHj

anRTV�acr~wyk�jTk�jTh?VdrcrngirF¨Iw�`cU�wy����Vdr	X�acVdjl}T`¥acg�k�jle�rnVdwH`bV+acRTVWU�wyrnhik�j�wijl}AanRTV�acr~wyk�jTk�jlh?Vdrcrngir~`(��Q9Rlk�`
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Optimal Separating Hyperplane 

Support Vectors

yi = −1

yj = 1

xi

���������
	
= 2

‖w‖
w.x + b = 1

w.x + b = −1

. k�hi�lrcV -,6 �2k�jlVdwyr�edwi`cVi�

Optimal Separating Hyperplane 

Support Vectors

yi = −1

yj = 1

xi

xl

ξl

xk

ξk

w.x + b = 1���������
	
= 2

‖w‖

w.x + b = −1

. k�hi�TrnV�� 6 \Bgyo afU�wirchHk�j!e(wH`bVH�

{|wyr~wyUWV�anV(rv}_V(¡ljTVF`°w7acr~wi}_V( /gi¶L�|V(at©ªVdV(jLw���wirchHV(rfU�wirchHk�jAgHjAgijTV"Rlwyjl}Lwyjl}Aw?`bU�wy���2jB�TU"�|Vdr°gio
Vdrcrngir~`ªgij?acRTV	giacRTVdr�Rlwyjl}³�
u°`+o¿gHr�acRTV�{TrnV(�Bk�gH�l`"{Trck�U�wy�O{Trngi�T��V(U ¯1`bVdV L&¢;�À¯ - ±b±�¨&©OV�k�j5acrngB}T�le�V��2wihir~wyjThHV�U+�T��ack�{T��k�Vdrn`

{λi}i∈<1,N>

wyj|}
{µi}i∈<1,N>

wH`c`cg_e�kxw�acVF}®rnVd`c{|VFe¬ank��HV(��^�©�k�acR�acRlV7e�gij|`tanrnwik�j5an`
yi(

−→w .−→xi + b) ≥
1 − ξi

wijl}
ξi ≥ 0

6

L(−→w , b,
−→
ξ ,

−→
λ ,−→µ ) =

||−→w ||
2

2
+ C

N
∑

i=1

ξi −
N

∑

i=1

λi.[yi(
−→w .−→xi + b) − 1 + ξi] −

N
∑

i=1

µi.ξi

¯$@H±

Q�g�UWk�jlk�UWk%!(V§anRTV �2wihir~wyjThHk�wijv©�k�acR	rnVd`c{|VFe¬a³ang
{−→w , b,

−→
ξ }
¨F��V�a2�l`�e�gHU�{l�_acV�anRTV�{lwirbank�wi�i}_V(rnk��·wyack��iVF` 6

∂L

∂−→w
= −→w −

N
∑

i=1

λiyi
−→xi = 0

¯83H±

∂L

∂b
= −

N
∑

i=1

λiyi = 0
¯ - �H±

∂L

∂ξi

= C − λi − µi = 0
¯ -C- ±

0O^�`c�T�l`back�ac�Tack�jThWacRTVF`bV	VF¢5�lw�ank�gHjl`Ok�j5acg Lª¢|�f¯#@H±�¨T©ªV*gH�_anwik�j 6

max
λ

W (λ) = −
1

2

N
∑

i=1

N
∑

j=1

λiλjyiyj
−→xi .

−→xj +

N
∑

i=1

λi

`c�T�_stVde�a�acg 6 N
∑

i=1

λiyi = 0 , 0 ≤ λi ≤ C , ∀i ∈ 〈1, N〉

P>PRQ
S�T�U�V�U
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Rm F

Φ

. k�hi�lrcV	� 6 z�gH��V*gio�anRTV	U�wy{T{Tk�jTh
Φ
�

Q9Rlk�`�gi{Tack�U�k%!dwyack�gij {TrcgH�T��V(U kx`�acRTV£`nwyUWV�wH`��|V(o¿girnVi¨vV �Te�V({Ta�anRlw�aAjTg�©	¨
λ
Rlwi`?ang��;VK�T{T{;V(r

�;gi�ljl}_Vd}³� Q9RB�l`(¨9w�o anV(r�Rlw·�Bk�jTh£`bgH���HVd}�acRTkx`�{Trngi�T��V(U!¨O©ªVArnVde(g��iVdr+anRTV®`bgH���Tack�gij −→w ∗ o¿rngiU acRTV`nwyUWV*Vd¢5�lwyack�gijK¯1¦y±9wH`9�|V(o¿girnV��

�vgyacV*anRlw�a�anRTV�´	´	QÀe(gijl}_k�ack�gij|`9©�RTk�e~RAwi����g�©Áacg7e(giUW{T�_anV
b
wircV 6

λi.[yi(
−→w .−→xi + b) − 1 + ξi] = 0

µi.ξi = 0
©�Rlk�e~R�UWVdwyj|`OacRlwya 6

 "kmo
λi = 0

¨OacRlV(j
µi = C

¨
ξi = 0

wyjl}
[yi(

−→w .−→xi + b) − 1] > 0 �
anRTV®�iVFe¬angir

xi

kx`7gHj acRTV
hHgBgB}�`ck�}_V*gio�anRTV*ac�T�;Vi¨
 9k�o

0 < λi < C
¨;acRTVdj

0 < µi < C
¨
ξi = 0

wijl}
[yi(

−→w .−→xi + b) − 1] = 0 �
acRlV+�iVFe¬angir

xi

��k�VF`vgHj
anRTV	�;gi�Tjl}lwyrnk�VF`ªgio�anRTV*ac�l�|VH¨lwyjl}�kx`�w�\B«+¨
 °kmo

λi = C
¨�acRlV(j

µi = C
¨
ξi > 0

wijl}
[yi(

−→w .−→xi + b) − 1 + ξi] = 0 � xi

kx`�jTgia�gijKacRlV7higBg_}
`ckx}_V+gio�acRTV"ac�l�|V!¯¿VdkmanRTV(r*©OV(����e(��wH`c`ck�¡lVd}!k�jl`ck�}_V"acRlV+an�T�|V�wijl}Ak�j®acRlV"rnk�hHR5a¥`ck�}_V"gyo�anRTV7Y*\�2�¨Igir
�|wi}_��^7e��xwi`n`bk�¡lVF}�gij�acRTV*gyanRTV(r�`ck�}TV°gio³acRTV+Y*\�2¥±¬¨_�T�Ta9k�a9k�`�`back����²wW\B« `bk�jle(V°k�afe�gij5anrck��T�_anVd`&acg�acRTV
}TV�¡ljTk�ack�gij!gio −→w wijl}?wi��`cg�acg�acRlV	{|g5`bk�ack�gij�gyo�acRTV"Y*\ 2��

5���5���5 � ½ ) » /#* ) ¹ �T� 6 ; .
D j�UWgH`bafe(wi`cVd`d¨5acRTV¥anrnwik�jTk�jThW`bV(a�jTV(VF}T`Oacg��|V�`cV({|wyr~w�acVF}��B^�w�UWgirnV¥e(giUW{T��k�edw�acVF}�`cRlwy{;V�¯pwWe�k�r~e���V
o¿gHrvV �_wiUW{T��V·±¬�vQ�g7Rlwijl}_��V"w�jlgij_ Â��k�jTVFwyr¥Y*\�2+¨lanRTV+��k�jTVdwir¥\B«¥­ wyrnV�hiVdjTV(r~wy��k%!(Vd}��B^!k�j5anrcg_}_�le(k�jlh
w�o¿�Tjle�ack�gij

Φ
acR|w�a	U�wy{l`°acRlVW}lw�anw?gyo&acRTVWk�jT{T�_a�`c{lwie(V

Rm
k�j5ang�w?RTk�hiRTVdr*}Tk�UWV(j|`bk�gijlwi�2o¿VFw�an�TrcV

`c{lwHe�V
F
©�RTVdrcV¥anRTV�}Tw�a~wWwyrnV¥��k�jTVdwirc��^7`bVd{lwyr~wy�l��VW¯p`cV(V . k�hi�TrnV	�i± 6

Φ : Rm −→ F
−→x 7−→ Φ(−→x )
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DÂo9©ªV"¡ljl}�w�U�wy{T{Tk�jTh
Φ
`c�le~R�acRlwya¥anRTVWjTV(©�acr~wyk�jTk�jTh�`cV�a

{(Φ(−→xi), yi)}i∈<1,N>

kx`*��k�jTVFwyrn��^
`cV({|wyr~wy�T��Vi¨ª�5^¤wyjlwi��gHhi^�©�k�acR�acRlVA{TrcVd�Bk�gH�l`�wyjlwi��^_`ck�`d¨�anRTV�Y*\�2 {|wyr~wyUWV�anV(r~`�wircV!hHk��HV(j��5^<acRTV
`cgi���_ank�gHj?gio2acRlV*o¿gi����g�©�k�jTh �°q�q 6

max
λ

W (λ) = −
1

2

N
∑

i=1

N
∑

j=1

λiλjyiyjΦ(−→xi).Φ(−→xj ) +

N
∑

i=1

λi

¯ - �i±

`c�T�_stVFe¬a�ang 6 N
∑

i=1

λiyi = 0 , 0 ≤ λi ≤ C , ∀i ∈ 〈1, N〉
¯ - �H±

©�Rlk�e~R�hik��iVF`

−→w ∗ =

N
∑

i=1

λ∗
i yiΦ(−→xi)

¯ - �5±

f(−→x ) =

N
∑

i=1

λ∗
i yiΦ(−→xi).Φ(−→x ) + b∗

¯ - ¦i±

Q9RlVd`cV*o¿girnU+�T�xwi`�wircV*gi�Tanwyk�jTVF}?�B^�`b�T�|`tankman�_ack�jTh�anRTV�k�jT{T�_av�HVde�acgir −→x �5^?kma~`f��wy���TV	k�j!acRTV*o¿VFw�an�TrcV`c{lwHe�V
Φ(−→x )

�
�vgyacV*anRlw�aF¨lk�j L&¢;�°¯ - �i±9wijl}K¯ - ¦i±�¨

Φ
e�gHj5acrnk��T�TacVd`fgijT��^7angWacRTV�}_giaf{TrngB}T�le¬af�;V�at©OV(Vdj?o¿VFw�an�TrcV

V �TwyUW{T��Vd`d�°uf����©ªV"jTV(VF}Aang ABjTg�© kx`fanRTV"��wi���TV"gyo§anRTV�}Tgya°{lrcg_}_�le�a°o¿gHr¥wijB^�e(gi�T{T��V+gio&{;gik�jHa~`vgio
anRTV	k�jT{T�_av`c{lwie(Vi¨_©�RTkxe~R!e(wyj!�;V�e(wi����Vd}�� ��	�� � � 6

K(−→x ,−→x ′) = Φ(−→x ).Φ(−→x ′)

XªgHjl`cVd¢5�TV(j5an��^H¨lk�o&©ªV�¡ljl}!anRTk�`°V��_{TrnVd`n`ck�gHj³¨TanRTV(jAanRTV+V �_{T��kxe�k�aIABjTg�©���Vd}ThiV�gio
Φ
kx`°jTgya¥jTVde(Vd`n`cwirc^H�

Q9Rlk�`9kx`9acRlV 	 ��	��!� ��� 	��$� 	 T - � V �
u �l`bV(o¿�T�|e(rck�acVdrck�gij�ang ABjTg�©¤k�o2w*o¿�Tj|e¬ack�gij7edwyj��;V°w*��wy��kx} AiV(rnjTVd�Tk�`&hik��iVdj��5^�­AV(r~e�Vdr§acRlV(girnV(U 6

w�`b^BUWUWV�anrckxe�o¿�Tj|e¬ack�gij�´ k�`Ww AiV(rnjTVd�ªk�o°wyj|}£gijT��^Kkmo
K(x1, x2)

kx`�w®{;gH`ckmank��HV?}_V(¡ljTk�acV�UWwyacrnk �²�
Q9Rlk�`vacRTVdgirnV(U wy����g�©f`��l`°acg�e�giUW{T�TacV"}Tk�rnVde�ac��^?anRTVW}_gya¥{Trcg_}_�|e¬a

K(−→x1,
−→x2)
©�k�acRTgH�_a¥e(giUW{T�_ank�jTh

anRTVvk�U�wyhHVd`
Φ(−→x1)

wijl}
Φ(−→x2)

��Q9RB�l`�anRTVvV �_{|Vdjl`bk��iV°e�giUW{T�Tanw�ank�gHj7gyo
Φ
kx`ªw·�Hgikx}_Vd}³¨Hwi`ª©OV(���|wi`ªk�an`

V �_{T��kxe�k�av}_V(¡ljTk�ack�gij³�
�vgyacVvacRlwya�acRlV AiVdrcjlV(�le(girnrcVF`b{;gijl}l`�acg+w+}_gya&{lrcg_}_�le�a°¯p`c^BUWU�V(acrnk�ev}_V�¡ljlkmanVv{;gH`ckmank��HV�o¿�Tjle�ack�gij|±

k�jWacRlVfo¿Vdwyac�TrnVv`c{lwie(Vi��Q9RTVfgH{_ack�UWk1!Fw�ack�gij�kx`&`back����;w�e(gijB�iV � �°q�q<©�kmanR���k�jTVdwir&VF¢H�|wy��kmat^�e�gij|`tanrnwik�j5an`
`ck�jle�V¥acRlV AiV(rnjTVd�²k�`9{;gH`ckmank��HV	}_V�¡ljlkmanVi�

5���5�� E 6 ½ � ¹��|¹ � ) ¹ /1�
´*VdrcjlV(�x`"e~RlwirnwHe¬anV(rnk1!dVWacRTVA`ck�UWk���wirck�at^£}_V(hHrcVdV�gir"acRlV�e(girnrcVd��wyack�gij£�;V�at©OV(V(j<at©ªgK`nwyUW{T��Vd`d�KQ9RlV(^
U"�l`baWR|w·�iV�RTk�hHR �·wi���lVd`�o¿gir�e(��g5`bVdr7`cwiU�{l��VF`�wijl}¤��g�©#�·wi���lVd`�o¿girWo¿�lrbanRTV(r7`nwyUW{T��Vd`d�ÁQ9RTV!U�g5`ta
e(��wH`c`ckxe(wy� AHV(rnjTV(�x`*¯¿©�RTkxe~RAwyrnV¥©�kx}_Vd��^7�|`bVF}?k�j�rcVdU�giacV	`cV(jl`ck�jlh5±OwyrnV 6
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 §anRTV	��k�jTVFwyr4AHV(rnjTV(� 6
K(−→x ,−→x ′) = −→x .−→x ′ ¨T©�RTkxe~R?kx`��l`cVd}?k�j�anRTV	��k�jTVFwyrfe(wH`bVH� 	anRTVA{;gi��^5jlgiUWk�wi�4AiVdrcjTVd� 6

K(−→x ,−→x ′) = (−→x .−→x ′ + 1)q
�ÀQ9RTV!�xwyrnhiVdr"anRTVA}_V(hHrcVdV

q
¨&anRTVAUWgirnV

e(giUW{T��k�edw�anVd}�acRTV"Y*\�2+�
 §anRTV�z 0 . ¯1zfwi}Tk�wi��0OwH`bkx` . �ljle¬ank�gHj|±�AiVdrcjTVd� 6

K(−→x ,−→x ′) = exp(− ‖−→x −−→x ′‖
σ

)
�

 §anRTV+Z*wy�|`c`ck�wij AHV(rnjTV(� 6
K(−→x ,−→x ′) = exp(− ‖−→x −−→x ′‖2

2σ2 )
�

uv��UWgH`ba�V(�iVdrc^	`cRlwy{;Vªedwyj"�|VOgi�_a~wyk�jTVd}�©�kmanR+anRTVª�xwi`ba2at©Og AHV(rnjTV(�x`d��Q9RTV9`bU�wi����V(r2acRTV9{lwirnwiU�V(acVdr
σ
k�`d¨5acRTV*UWgirnV°e(giUW{T��k�edw�anVd}�anRTV+Y*\�2 k�`d��Q9RTVd`cV AiV(rnjTVd��`Oe�gHrcrnVd`c{|gHjl}Wang�w"U�wy{T{Tk�jTh�k�j�w�o¿VFw�an�TrcV
`c{lwHe�V*gyo�k�j_¡|jTkmanV�}_k�U�Vdjl`ck�gHj³�

YvanRTV(r4AHV(rnjTV(�x`9Rlw·�iV*}_VdU�gHjl`bacr~w�acVF}�hHgBgB}�e��xwi`n`ckm¡|edw�ank�gHj�rnVd`c�T�ma~` 6

 lacRTV&´	­�Y K ¯p´*VdrcjTVd��©�kmanR�­�Y K V(r~w�acV�}TVde�rnVdwH`bV·± AiV(rnjTVd��T - � V 6
K(−→x ,−→x ′) = a[exp( γ

‖−→x −−→x ′‖2+α2
)−

1]
©�k�acR

a = 1
exp( γ

α2
)−1

�fQ9RTkx` AHV(rnjTV(�³V �_RTk��lkma~`°w7¢5�Tkxe�A?}TVde�rnVdwH`bV	jlVdwyr !(Vdrcg7wijl}Aw�UWg_}_V(r~w�anV�}_V� 
e(rcVFwi`cVªjlVdwyr§k�j_¡ljlkmat^H�:DÂa§anV(jl}l`�acg�}_kx`ne�rnk�UWk�jlw�anV�U+�le~R��|V(abanV(rªe(��g5`bV�`nwyUW{T��Vd`§wijl}"acg*{TrnVd`cV(rn�iV�`bgHUWV
k�j_o¿gHrcU�w�ank�gHj�o¿gHrf}_kx`ta~wyj5af`cwiU�{l��VF`(�

 ¥acRlV�\_u°­ ¯1\_{|VFe¬acr~wy�9ufjlhi��V?­®wi{T{|Vdr~± AiVdrcjTVd�<T - � V 6
K(−→x ,−→x ′) = exp(−γ arccos(

−→x .−→x ′

‖−→x ‖.‖−→x ′‖
))
�

Q9Rlk�` AiVdrcjlV(�Ok�`W`ne(wy��V�k�jB��wyrnk�wij5a�wyj|}<}_gBVd`�jTgiaW}TV({;V(jl}¤gij<w�¢5�lwi}Trnwyackxe�}_kx`ta~wyjle(Vi� DÂa�`cV(V(U�`"acg
�;V�rnV(��V(��wyj5a�o¿gHrvk�UWwihiV�e(��wH`c`ckm¡;e(w�ank�gHj�`ck�jle�V�k�avkx`fUWgirnV	rngi�T�l`bafang�}_k�¶;VdrcVdjle�VF`�gyo§k������TUWk�j|w�ack�gij|`fgir
`cRlwH}_g�©f`O�|V(at©ªVdV(j?at©ªgW�iVFe¬angir~`(�

�vgyacV?acR|w�a�jTV(© AiV(rnjTVd��`�e(wij��|V!gH�_anwik�jTVF}£o¿rngiU `ck�UW{T��V?gH{|Vdrnwyack�gijl`"gij AiVdrcjTVd��`d� D jl}_VdVd}²¨&w
��k�jTVdwir+e�gHU+�Tk�jlw�ank�gHjKgyo AiVdrcjlV(�x`	k�`"wA��wy��k�} AHV(rnjTV(�°¯¿k�a+o¿�T��¡l����`�­AV(r~e�Vdr+e�gHjl}_k�ack�gij|±��®Q9RB�l`�©OV7e(wij
�;V(jlV�¡Ta�o¿rngiU wH}_��wyj5anwihiVF`ªgio�at©Og AiV(rnjTVd��`9�B^�e(giU+�lk�jTk�jTh�acRlV(U 6

K(−→x ,−→x ′) = µ.KGaussian(−→x ,−→x ′) + (1 − µ).KSAM (−→x ,−→x ′)

5���5�� , ' � 8 / ¹ � ¹ ) �d�_�+* ½ )
Q9RlV(rnV"wyrnV"`cV(�HV(r~wy�2`banwijl}Twirn}AUWV(acRTg_}T`°acg�`bgH���HV�anRTV�e(gijB�iV � �°�|wi}_r~w�ank�e	q&rcgHhir~wyUWUWk�jTh�q�rcgH�T��V(U
©�k�acR ��k�jlVdwyr?wyjl}¤�|g � e�gHjl`tanrnwik�j5a~`�¯1`bVdV L&¢;� ¯ - �y±�wijl}�¯ - �i±b±W`c�le~RÁwi`WanRTV®e�gHj�st�Th5w�acV!hHrnwH}_k�Vdj5a
UWV(acRTg_}²�®�vV(�iVdrbanRTV(��Vd`n`d¨³acRlVd`cV7UWV�acRlgB}l`+wyrnV�jTgia"�iVdrc^LV�¶IVde¬ank��HV7©�RTVdj£acRTV�j5�lU+�;V(r+gio9acr~wyk�jTk�jlh
`nwyUW{T��Vd`+k�`�k�UW{|gHrba~wyj5ad�£\B{;Vde�kxwy��k%!(Vd}<wy��higirnk�acRTU�`�R|w·�iV7�;V(Vdj¤}_Vd�iV(��gi{;Vd}£o¿girW¢H�lk�e�AB��^�`cgi���iVF}KacRTV
�°q&q��
Q9RTV?e~R5�lj ABk�jTh®wi��hHgirnkmanRTU {Trngi{;gH`cVd}��B^�«�wi{TjTk A@T @ V �l`bVF`*acRlV�opwie�a	acRlwya�acRTV?`bgH���_ank�gHjKgyo9acRTV

�°q&q kx`vanRTVW`cwiU�V"kmoO©ªV"rcVdUWg��iV�jTgHj_ t\B«+�²Q9RTkx`*wy��higirnk�acRTU��TrnVdw"A_`vacRTV��xwyrnhiV �°q&q k�jHang�w?`bVdrck�Vd`
gio�`cU�wy����Vdr �°qÁ`b�l�_ /{lrcgH�T��VdU�`fwyjl}!wik�U�`fwyavk�}TV(j5ack�o¿^Bk�jThWanRTV�jTgHj_  !(V(rng �2wihir~wyjThHV°U"�T�mank�{l��k�V(r~`fwyj|}
}Tk�`ne(wirn}_k�jTh"acRTV !dV(rng+��wyhHrnwijThiV°U+�T��ack�{T��k�Vdrn`d�
u e(giUWUWgij?wijl}�`bk�UW{T��V*UWV�anRTg_}?acg�`bgH���HV��°q&q¤kx`OacRTV	q&��wyaba°\BVF¢H�lV(j5ackxwy�²­Ak�jTk�UWwi��Y°{_ank�UWk%!dw� 
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�vV(�iVdrbanRTV(��Vd`n`d¨²acRTVdrcV7wircV�jTg®e(rck�acVdrckxw?e(gijle(V(rnjTk�jTh�anRTV7e~RTgHk�e(V�gioªanRTV�{lwirnwiU�V(acVdrn`¥k�j5�Hgi���iVF}®k�j
anRTV �°q&q ¯¿{lwirnwiUWV�acVdr

C
gyo�anRTV?`cgyo a+U�wirchHk�j£e(wH`bV?wyjl} AHV(rnjTV(�ª{lwyr~wyUWV�anV(r

σ
o¿gHr�acRlV�Z*wy�|`c`ck�wij

AHV(rnjTV(��o¿gHr�k�jl`ta~wyjle(VF±���u ©9w·^AangLe~RTgBgH`cV�acRTVF`bV7{|wyr~wyUWV�anV(r~`*k�`*angAanw AiV�`cV(�iVdrnwi�§��wy���TVd`�wijl}�acVF`ta
anRTV(k�r9V��7e�k�V(j|e�^7k�j?gHrn}TV(rªacgW`bVd��VFe¬a9acRTV*UWgH`ba�`b�Tk�acVF}�gHjTVi¨Bk/� VH�§�B^ �#	��$� �>�
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	 ��ufjlgyacRlV(r9�l`c�lwy�
©9w·^�kx`vacRTV ��	��
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� anVde~RTjTkx¢5�TV T - � V � . gir°VdwHe~RA{lwyr~wyUWV�anV(rF¨l©OV	¡lr~`ta*}_k��5kx}_V+acRTV+acr~wyk�jTk�jlh
`cV�aªk�j5acg�`bVd�iVdrnwi�l`b�l�l`bV(an`ªwyjl}WanVd`baO`cVd¢5�TVdjHank�wi����^�anRTVvgH�_anwik�jlVd}7e(��wH`c`ckm¡;e(w�ank�gHjWgij�gijlVfgyo²anRTV(U w�o anV(r
R|w·�5k�jTh"acr~wyk�jTVd}!\B«¥­ gHj�acRTV	giacRTVdrf`b�T�|`bV(an`d�

� ��� ���9���(')���"
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I 	�� �S?M��?
Q9RlVf}Tw�a~w*�l`bVF}�k�jWanRTV�V��_{;V(rnk�UWV(j5a~`�wyrnVf\BqOY¥QÁ¦*`cwyacVd����kmanV�k�U�wihiVd`�rnV({lrcVF`bVdjHank�jlh	\_gi�_anRTV(rnj . r~wyjle(V
wircVFwi`d� L�kmanRTV(r�anRTV�k�U�wyhiVF`+wircV7wya - �y /UWV(acV(rc ÂrcVF`bgH���_ank�gHj�wijl}£e�gHjl`ck�`ba+k�j£acRTVAZ¥rnV(V(j2¨�zfVd}²¨��vVdwyr
D jTo¿rnwy Âz�VF} ¯p� Dtz°±	wyjl}£­®k�} D j_o¿r~w�  z�VF}�¯1­ Dtzv±*�|wyjl}T`�gir	anRTV(^KwyrnV�w�a��T� ¦� /UWV�anV(rc /rnVd`cgi���_ank�gHj®�T�_a
e(gijl`ckx`ta	gijl��^®k�j�acRTV�Z¥rcVdV(j³¨2zfVd}Kwyjl}�anRTV7� Dtz �lwijl}T`d�7Q9RTVd`cVW��wyabanV(r�k�U�wyhiVF`*wyrnV"anRTV�rnVd`c�T�ma�gio
anRTV	o¿�l`ck�gij�o¿rcgHU#w7�T� ¦�UWV�anV(rc /rnVd`cgi���_ank�gHj?{lwijle~RTrngiU�w�ank�e*\BqOY¥Q ¦�k�U�wyhiV�wijl}?acRTV"e�girnrnVd`c{|gHjl}_k�jTh
- �� ÂUWV�acVdr9rcVF`bgH���_ank�gHj�U"�T�mankm  `c{|VFe¬acr~wy�2\_qOY¥Q ¦"k�U�wyhiVH�
Q9RTVvanwi�T��Vv�|Vd��g�© hik��iVF`�`cgiUWV�k�jTo¿girnUWwyack�gij7e(gijle(V(rnjTk�jlh*acRTVv}lw�anw 6 anRTV°wircVFwT¨�anRTVv�l�Trcj5aª`c�Trcopwie(V

k�j�RTVde�anwyrnVd`d¨;acRTVW^HVdwyrF¨;acRTV�wi{T{Trng �Bk�U�w�anV�ack�UWVW��wih?�;V�at©OV(Vdj®acRlV�V �Back�jle¬ank�gHj�gio�acRTV�¡lrnVWwyjl}LacRTV
wHe(¢5�Tkx`bk�ack�gij�gio²acRTV*\BqOY¥QÀ¦*k�U�wyhHVf�l`cVd}�k�j�acRlVvV��_{;V(rnk�UWVdjHa~`(¨HacRlV¥`nw�anV(����k�acVfk�U�wyhHVfrcVF`bgH���Tack�gij7wyj|}
anRTV*at^B{|V*gio�hHrcgH�Tjl}�anrc�TacR³¨Tk/� Vi�§k�o�anRTV(^�}_V(rnk��HVd}�o¿rcgHU ­®wij5�|wy� . k�Vd��}®XªRTVFe�ABk�jTh!¯p­ . X9±Ogirfu9Vdrckxwy�
D j5anV(rn{TrcV(anwyack�gij�¯1u D¬¨Tk�j�acRTkx`fedwi`cV°anRTV	k�UWwihiV¥rcVF`bgH���Tack�gij�k�`9hHk��HV(j|±�¨_gir�k�o�©OV*Rlw·�iV*�;gyacR2�

no
uvrcVFw Rlw ^iVFwyr ack�U�V	�xwyh rcVF`bgH���_ank�gHj hirngi�ljl}�anrc�_anR

- ­®wH`c`ckmo�}_Vd`�­Lwy�TrnVd` - 3T� �i�H� �y�i�H� - }Tw·^ �_� ¦"U u Dª ª�_� ¦�U
� �2�le�VdrnwiU �_� �i�i� �y�i�H� ��U�gHj5acRl` - �+U ­ . X
� �vgircacRTVdrcj®Xªgir~`bkxe(w �y�T� �i�H� �y�i�H� - }Tw·^ - �+U ­ . X
� µ�VF`tanV(rnjAXªgHrn`ck�edw �_� �i�i� �y�i�5¦ - UWgij5acR - �+U ­ . X wyjl}�u Dª &�i�iU
¦ Lªwi`bacV(rnj®Xªgir~`bkxe(w �_� �i�i� �y�i�5¦ - UWgij5acR - �+U ­ . X wyjl}�u Dª &�i�iU
� uf��{;Vd`b Â­®wirck�ack�UWVd` ¦i�i� �y�i�B� - }Tw·^ - �+U ­ . X wyjl}�u Dª &�i�iU

Q�wy�T��V�� 6 \5a~w�ank�`backxe(`9gHj . girnVd`ba . k�rcVF`(�

Q9RTV*hHrcgH�Tjl}�anrc�TacR�gyo�k�U�wyhHV°j
o - ©OwH`O{Trcg��Bkx}_Vd}7�5^7acRTV . rnV(j|e~R�\B{lwHe�V	ufhHV(jle(^®¯/XO� Lª\T±9wyj|}}TV(rnk��HVd}+o¿rcgHU acRlVve�gHrcrnVd`c{|gHjl}_k�jTh	\BqOY¥QÁ¦*`cwyacVd����kmanV�k�U�wihiVi��Q9RTV�hHrcgH�Tjl}+acrn�_acR�gio;anRTV�k�UWwihiV�j

o
�

©9wi`ª{Trng��Bk�}_VF}��B^WacRTV . rcVdjle~R . girnVd`bacrn^�Y	�7e�VW¯/Y¥� . ±¬� . gHrOacRTV¥gyanRTV(r9k�UWwihiVF`(¨5acRlV*\ K Db\T� 0 ¯1\BVdrb 
�Bkxe�V K �({lwirbanV(UWV(j5a~wy�2})� D jle(V(jl}_k�V�V(a°}_V"\BVFe�gH�Trn`�}TV 2vwi�_acV( tXªgHrn`cVF±O{Trng��Bk�}TVd}?�l`f©�k�acR!anRTV�hirngi�ljl}
anrc�TacRl`¥gyo&acRTV���wirchHVd`ba°�T�lrcj5a	wyrnVdwi`°wyjl} D j_o¿gyanV(rnrnw . r~wyjle(V� 4Lª\_u {Trng��Bk�}TVd}A�l`¥©�k�acR�acRTV�hirngi�ljl}
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. gir�k�jl`banwyj|e�Vi¨ . k�hH�TrcV��"`bRTg�©f`�anRTV�opwi��`cVfe�gH��gH�Tr�e�gHU�{;gH`ck�acVfgioIw�\Bq9Y¥Q ¦¥U"�T��ackx`b{;Vde�acr~wy�lk�U�wyhHV
¯1� Dtz	¨5z�Vd}�wyjl}�Z¥rnV(V(j;±¬¨HacRTV�o¿gH�Tr&�|wyjl}T`&`bVd{lwyr~w�anV(��^"wyj|}+anRTV°e(girnrcVF`b{;gij|}_k�jlh¥hHrcgH�Tjl}+acrn�_acR2��«§Vdhy 
V(anwyack�gij�wi{T{|VFwyr~`&k�j7rnVd}�¯¿RTk�hiRTVdrªrnV H|Vde¬a~wyjle(Vvk�j�acRlV*� DtzÀ�lwijl}l±�¨B`cVdw+k�j?�T���TV�¯pRTk�hiRTVdr9Z¥rnV(Vdj7�lwyj|}
rnV H|Vde¬a~wyjle(VF±�¨�e(��gH�l}T`	k�j�©�RTk�acVL¯1`cwiUWV7rcVWHlVde�anwijle�V�k�jKacRTV7acRTrnV(V7�|wyjl}T`~±¬� 09wyrnV7`cgik���`d¨�rngHwH}T`	wyj|}
�lrc�lwij+wyrnVdwH`�wi{T{;Vdwyr�k�j"��wyrnk�gi�l`�`bR|wi}_VF`2giol�T���TVi¨y^HV(����g�©£gHr�hHrcVd^i¨y}_Vd{|Vdjl}_k�jTh¥gij�anRTV(k�r�e�gHUW{|g5`bk�ack�gij³�
0O�Trnj5afwyrnVdwi`Owy{l{|VFwyr~`9k�j!}Twyr A7hHrcVd^7wyjl}�e(wij?�;V�`bVdV(j�UWgirnV¥VFwi`ck���^7k�j�anRTV�� Dtz �lwijl}�acRlwij�k�j�acRTV
giacRTVdr9acRTrnV(V*�lwijl}T`d�

\BVd�iVdrnwi�;`bac�l}Tk�VF`&�lwH`bVF}�gij�acRTV*e~RlwijThiVv}TV�acVFe¬ank�gHj��;V�at©OV(V(j�{TrcV( 1¡|rcV¥wyjl}�{;gH`bab /¡lrnVvk�U�wyhiVF`ªe(gij_ 
`ckx}_V(r+acRTV�}_km¶IV(rnV(j|e�Vd`+�|V(at©ªVdV(j�}_k�¶IV(rnV(j5a�e~RlwijTjTVd��`	gio�acRTV�`cwyacVd����kmanV7k�UWwihiV7gHr��;V�at©OV(V(j<rcVd��Vd�·wij5a
e(giU"�Tk�j|w�ack�gij|`ªgio�}Tkm¶IV(rnV(j5afe~RlwyjljTV(�x`�e(wi����Vd} �=� � ��� �
� �$�
� ���!�"�$����� T - � V �
Q9RTV"UWgH`ba°{;gi{T�T�xwyr°�iVdhiV�a~w�ank�gHjAk�jl}TV��Ak�`vacRlV"� K « D+¯1�fgirnU�wy��k1!dVd} K km¶IV(rnV(j|e�V�«§V(hiV(anwyack�gij D j_ 

}TV��l±*©�RTkxe~R£UWVdwi`c�TrnVd`*anRTV?}TV(jl`ckmat^�gyo��HV(hiV(anwyack�gij�o¿gir�wA{Tk1�BVd� 6
NDV I = NIR−Red

NIR+Red

�®uvjTgyanRTV(r
�HV(hHV�anwyack�gij�k�j|}_V��A©�RTkxe~R!k�`v�l`bVF}�o¿gir°�T�TrnjHa¥wyrnVdw�U�wy{T{Tk�jTh7kx`�anRTV+� K D�D�¯p�fgHrcU�wi��k%!(VF} K k�¶;VdrcVdjle�V
D jTo¿rnwy /rnVd} D jl}_V �T±�¨;wi��`cg�e(wi����Vd}A�I0Oz ¯1�fgHrcU�wy��k%!(Vd} 0O�TrnjAzfw�ank�gB±9©�RTkxe~RAk�`�gH�_anwik�jlVd}!�B^�rnV({T�xwie(k�jlh
anRTV	rnVd}?rcVWHlVde�anwyj|e�V*��wy���TV*©�kmanR?anRTV�­Akx}�k�j_o¿r~w� ÂrnVd}7rnV H|Vde¬a~wyjle(V*�·wi���lV 6

NDII = NIR−MIR
NIR+MIR
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µÁRTVdj��l`ck�jTh�`cV(�HV(r~wy�Tk�U�wyhHVd`d¨H�HV(hiV(anwyack�gij�k�jl}_kxe�Vd`9wircV°�iV(rn^��l`bV(o¿�T�²`bk�jle(VfacRlV(^WacVdjl}�ang+VdU�{lRlw� 
`ck%!(V*acRlV�`b{;Vde�acr~wy�2e~RlwijThiV*gio��HV(hiV(anwyack�gij!wyjl}?acg��;V���Vd`n`�`bVdjl`ckmank��HV*acgWacRlV�k������TUWk�jlwyack�gijA}_k�¶;VdrcVdjle�V
gioIacRTV�at©Og	k�UWwihiVF`(���fVd�iV(rcacRlV(��Vd`n`(¨H©�RTV(j��l`ck�jTh	gijT��^"acRTVf{;gH`bab /¡lrnV�k�U�wihiVi¨iacRTVdrcVvk�`&jTg��l`cV�acRlrcVF`bR_ 
gH��}Tk�jThA`c{|VFe¬anrnwi�§�lwyjl}l`*gir*�iVdhiV�a~w�ank�gHjLk�jl}_kxe�Vd`	acgA}_V�anVde�a	acRTV��T�lrcj5a�wyrnVdwH`(� . k�hH�TrcV7¦�`cRTg�©f`¥acRTV
��wi���TVF`	gyo9anRTV?� Dtz	¨�� K « D�wijl}£� K D D*o¿gHr	acRTV�`cwyacVd����kmanV7k�UWwihiV�rnV({TrnVd`cV(j5anVd}�k�j . k�hl�!�Lwijl}�acRTV
e(girnrcVF`b{;gij|}_k�jlh"e��xwi`n`ckm¡|edw�ank�gHjl`Ogi�_a~wyk�jTVd}�w�o anV(r�anRTrcVF`bRlgi�x}_k�jlhl�

D j¤acRTV�o¿gH����g�©�k�jlhl¨�k�ovanRTVA}Tw�a~w�wircV?jTgya7`c{|VFe�k�¡lVd}²¨&acRTV�k�UWwihiV�gyo°acRTV���­Lwi`n`bk�ov}_Vd`�­Lwy�TrnVd`��
¯/�y�H�i�H±¥©�k����ª�;V��l`cVd}�angLw·�igHk�}�anRTV�rnV(hHk�`bacr~w�ank�gHj�{lrcgH�T��VdU�`�©�RTVdj�e�giUW{lwirck�jTh!anRTV�hHrcgH�Tjl}�acrn�_anR
©�k�acR�anRTV	V��Bacr~wie�acVF}?e(��wH`c`ckm¡;e(w�ank�gHjl`d�

I 	87 ����� �*� ������=<G �
E ��5��$& � ��� * ) * ) �£� ¹ �
Q9RlV®acr~wyk�jTk�jTh<`cV�a!jTV(VF}T`�acg<{lrcg��Bkx}_VLw�e(giUW{T��V�acV�wyjl}ÀrcVd{TrcVF`bVdj5anw�ank��HVL}_VF`ce(rck�{_ack�gijÁgio	acRTV�at©Og
e(��wH`c`cVd`d�§\BV(�HV(r~wy�IkmanV(r~w�ank�gHjl`�wyrnV*jTV(VF}_Vd}�acg�U�wyjB�lwi����^7`cV(��Vde¬avw�hHg5g_}?gijTV5T - � V ��uOafVdwHe~R?k�acVdrnwyack�gij³¨
\_«°­)wyrnVW��wi�Tjle~RTVF}LgHj�w�{lwirba�gio&acRlV�k�U�wyhHV�wyjl}LacRTV�UWg5`ta+e~RlwirnwHe¬anV(rnk�`backxe�UWkx`ce(��wH`c`ckm¡|Vd}�{Tk �_Vd��`
wircV�wi}T}TVd}£angLanRTV?acr~wyk�jTk�jlh�`cV�ad�¤uv`"acRTV!e��xwi`n`ckm¡|edw�ank�gHj�rcVF`b�l�maW}_V({;V(jl}l`Wgij�anRTVA\B«°­�{lwyr~wyUWV( 
anV(r~`(¨5`bgHUWVf{Tk1�BVd��`&©�RTkxe~R�Rlw·�iV�st�l`baª�;V(Vdj�wi}T}TVd}�e(wijW�|V°U�kx`ne��xwi`n`bk�¡lVd}WwihHwyk�j�w�a�anRTVfjTV �Baªk�acV(r~w�ank�gHj
wijl}*anR5�|`�}TgvjTgia�jTVdVd}	ang°�;VªwH}T}_VF}+wyh5wyk�j7¯ anRTV(^�e(gi�T�x}	�;Vª©OV(���m  e��xwi`n`ckm¡lVF}*©�kmanR+giacRTVdr�{lwirnwiUWV�acVdrn`~±¬�

. k�hi�TrnV	��`cRTg�©f`ªacRlV¥g��HV(r~wy���;wHe(e(�TrnwHe�^7wijl}7anRTV	e�gHU�{l�_ack�jTh�ack�UWV	gyo2anRTV+\B«¥­�wijl}�´¥ /jTVFwyrnVd`ba
jlV(k�hiRB�|gH�Tr~`"¯1´¥ Â�°�°±¥wy��higHrck�acRTU�`°©�kmanR�rnVd`c{;Vde¬a¥acg?acRlV�hHrcgH�Tjl}!anrc�TacRKwie(e(gir~}_k�jTh7ang�anRTV�acr~wyk�jTk�jlh
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. k�hi�TrnV�� 6 L&wH`tanV(rnj�Xªgir~`bkxe(w" f\BqOY¥Q ¦Wk�U�wyhiV/. XO� LO\®�y�H�H¦_¨ K kx`tanrck��T�_ank�gHj�\BqOY¥Q D U�wihiV�wyj|}
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`cV�af{;V(r~e�Vdj5anwyhHVi�§µ�V+wy{l{T��k�Vd}?anRTVd`cV�wy��higHrck�acRTU�`9gHj!w��y /�|wyjl}?k�U�wihiV�¯ - �T� �i�i���y¦T� �H�i�	{Tk1�_V(�x`n±��ªQ9RTV
angya~wy�Bacr~wyk�jTk�jTh�`cV�a&`ck1!dVO©9wi`�VF¢5�lwy�Bang+¦i¦y�W¯/�i�y�°o¿gHr�acRTV��T�lrcj5a&e��xwi`n`§wyj|}��H�i�°o¿gir�anRTV��TjB�T�Trnj5a�gijTV·±¬�
Q9RlV*e(giUW{T�_anV(rf�|`bVF}�©9wi`�w��WZB2 !	{Trng_e�VF`c`cgirO©�kmanR®��Z¥g7zvuv­£�
�vgyacV¥anRlw�a�anRTV	e�giUW{T�Tack�jTh�ack�U�V	kx`9{Trngi{;gircack�gijlwi�;acg�acRTV*jB�TU"�|Vdr�gyo�Vd��VdUWV(j5an`9gio2acRlV*acr~wyk�jTk�jlh

`cV�a¥o¿gir°acRlVW´¥  �v� wyj|}Aacg?acRlV"jB�TU"�|Vdr¥gioO\B�T{l{|gHrba*«§Vde�acgir~`°o¿gir°acRTV7\B«¥­ ¯1`bVdV�L&¢;��¯ - ¦y±n±¬� . gir
anRTV	\B«°­£¨BanRTV°acr~wyk�jTk�jlh�`cV�a�`bk%!(V¥}_gBVd`OjTgiaO{T�xw·^�wyj?k�UW{;gircanwyj5a9rcgH��V°�T�_a�k�aOkx`ªacRTV¥rcVd��Vd��wyjle(V°gio³acRTV
anrnwik�jlk�jTh�`nwyUW{T��Vd`O©�RTkxe~R!hik��iVd`9w�higBg_}�e��xwi`n`bk�¡|e(wyack�gij³�
D jAanRTkx`vV �B{;V(rnk�U�Vdj5ad¨;acRTV"RB^5{;V(rn{lwirnwiU�V(acVdrn`9gioª\B«°­ wircV�acRTV�`cwiU�V�o¿gir*wy���³acRlV�acr~wyk�jTk�jTh�`cV�a~`(�

u �;V�abanV(r	rnVd`c�T��a*e(gi�T�x}A�;V�gH�_anwik�jlVd}Ao¿gHrvanRTV�¡lr~`ta¥acr~wyk�jTk�jTh?`cV�a*�T�_a	©�k�����jTVdVd}®UWgHrcV�\B«+� L �Te(V({_a
o¿gHr*acRTV?`bU�wy����Vd`ba	acr~wyk�jTk�jlh!`cV�aF¨�\_«°­)gi�Tac{;V(rco¿girnU�´¥ Â�°� e�gHjle�VdrcjTk�jTh�acRlV7g��iVdrnwi���§wiede��Tr~wie(^A�T�_a
wircV*`c��g�©OV(rF�

. k�hi�lrcV	� 6 Y°�HV(r~wy���;wHe(e(�TrnwHe�^7wijl}!e�giUW{T�Tack�jTh�ack�U�VH�

E ��5���5 ¸A¹ � ) ¹ /ª�=< ½ *1� ¹
u AiV(^B{;gik�j5a&gyo2\B«¥­ k�`�acRTV¥e~RTgikxe�V�gio;anRTV AHV(rnjTV(�x`�wyj|}�acRTVdk�rª{lwyr~wyUWV�anV(r~`(���fg+`ck�jThi��V AiVdrcjlV(�T©Ogir A_`
e(girnrcVFe¬an��^"o¿gir�wy���;acRTV¥{Trngi�T��V(U�`d��\BV(�HV(r~wy��AHV(rnjTV(�x`ªRlw·�iV°�|VdV(j!e�gij|`bkx}_V(rnVd}7k�j�acRTkx`9rcVd{|gHrbaF� . gir9VdwHe~R
AHV(rnjTV(�/¨_}_k�¶;VdrcVdjHa�{lwirnwiUWV�acVdrn`ORlw·�HV°�;V(Vdj�anVd`bacVF}�ang�}_V�anV(rnU�k�jTV*V(UW{Tk�rnk�edwy����^WanRTV	�|VF`ta�gHjTVd`d�§Q�wi�T��V
¯1�H±�{lrcg��Bkx}_Vd`�acRTVfg��HV(r~wy���lwiede��Tr~wie(^�¯/Yvu°±�¨ianRTV . wy�x`bVvq�g5`bk�ack��iVvrnwyacV+¯ . qO±&wijl} . wi��`cVv�fVdhHwyack��iVfr~w�anV
¯ . �°±O�;V�at©OV(V(j�anRTV	V��Bacr~wie�acVF}��T�lrcj5afwyrnVdwH`Owijl}�acRTV	hHrcgH�Tjl}�acrn�_acR³�

u�ede�gir~}_k�jTh!acg®acRTkx`	a~wy�T��Vi¨§e�gHjle�Vdrcjlk�jTh!anRTV AHV(rnjTV(�Oe~RTgikxe�VH¨�wi`�acRTV?}_km¶IV(rnV(j5a AiV(rnjTVd��`*hHk��HV�wy{_ 
{lrcg �_k�UWwyacVd��^WanRTV	`cwiU�V*rnVd`c�T��an`d¨_©ªV	e~RTgBgH`cV°acg��l`cV¥acRTV+Z*wi�l`c`ckxwyj�gHjTV*k�j�anRTV*jTV��Bav`cVde¬ank�gHjl`d��Q9Rlk�`
AHV(rnjTV(��k�`facRTV�UWgH`bav{;gi{T�T�xwyr*`ck�jle(V�k�a¥kx`f�HV(rn^�`ck�UW{T��Vi¨²}_Vd{|Vdjl}T`°gij®w?`bk�jThi��V�{lwirnwiUWV�acVdr°wijl}A}_gBVd`
jlgyavjTVdVd}®w7RTk�hHR®e�gHU�{l�_ack�jTh�ank�UWVi�°ufjTgiacRTVdr°wi}T�·wij5anwyhHV*��k�Vd`°k�j!anRTV�opwHe¬afanRlw�a¥kma¥U�wy{l`facRTV+}lw�anw
k�j5acg!w�k�j_¡ljlkmanVW}Tk�UWV(j|`bk�gijK`b{|wie�VH¨²©�RTkxe~RLU�w"AHVd`°{|g5`c`ck��l��V"acgA`cV({lwirnwyacV"wijB^!acr~wyk�jTk�jlh?`cV�a	��k�jTVFwyrn��^
gHj�anRTV�e�gHj5acr~wyrn^"ang�{|gH��^BjTgHUWk�wi� AiV(rnjTVd��`d�
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Q�wy�T��V�� 6 q�V(rco¿girnU�wyjle(Vd`Ogyo�acRTV�}_k�¶IV(rnV(j5ave��xwi`n`bk�¡lVdrn`d�
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Q9RlV�AHV(rnjTV(��{lwyr~wyUWV�anV(r~`vwijl}AanRTV"rnV(hH�T�xwyrnk1!Fw�ack�gij!{lwirnwiUWV�acVdr°wircV�e(wy����Vd}!anRTV�� � � ��	 � �
	��"� ��� ��	�� gio
anRTV+\B«¥­�e(��wH`c`ck�¡lV(rF�

FIH 8 ¹ �
* � ¹ ) �F��/�� ¹ � ��/¿�d�H� . k�hH�TrcV��+`bRTg�©f`&acRlV¥g��HV(r~wy���;wHe(e(�TrnwHe�^��|V(at©ªVdV(j?acRTV�\B«¥­ e(��wH`c`ck�¡|e(wy 
ank�gHj�wyjl}�anRTVfhirngi�ljl}�anrc�TacR7wiede�gHrn}_k�jTh¥acg*anRTVv}_k�¶IV(rnV(j5a&RB^B{|Vdrc{lwirnwiUWV�acVdrn`9¯

C
o¿gHr�anRTVf`bgio a&U�wyrnhik�j

edwi`cVfwyjl}
σ
o¿gir�acRTV°Z*wi�l`n`bkxwyj AiVdrcjlV(� ±¬��u�e(e�gHrn}Tk�jTh¥ang*acRTkx`§¡lhH�TrnVi¨H`cV(�HV(r~wy�_RB^B{|Vdrc{|wyr~wyUWV�anV(r���wy���TVd`

hHk��HV°w"�iVdrc^WhigBg_}7wihirnV(V(UWVdjHaO�|V(at©ªVdV(j�acRTV*rnVd`c�T�mank�jlh�\B«¥­ e(��wH`c`ckm¡;e(w�ank�gHj�wyj|}�acRlV°hHrcgH�Tjl}�anrc�TacR³�
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. k�hH�TrcV+� 6 2f^B{|Vdrc{|wyr~wyUWV�anV(r9`bV(aback�jTh|�

Q9RTV AHV(rnjTV(��{lwirnwiU�V(acVdr
σ
e�girnrnVd`c{|gHjl}T`vacg�acRTV�`banwijl}Twyr~}®}_Vd�Bk�wyack�gijLgio&anRTV7Z*wy�l`n`bkxwyj AiVdrcjTVd�1�

�2V�a��l`+`tan�l}_^LUWgHrcV7wHe(e��lrnwyacV(��^!acRlV7k�j�Hl�TV(j|e�V�gyo9VdwHe~RK{lwyr~wyUWV�anV(r*gij�anRTV�acr~wyk�jTk�jThAwyjl}�g��HV(r~wy���
wHe(e(�TrnwHe�k�Vd`d� . k�rn`bad¨BanRTV	{lwirnwiU�V(acVdrfXÀkx`�`bV(a�acg�acRTV	��wi���TV - �i��wyjl}?��V�af�l`�k�jle(rcVFwi`cV

σ
6

� DÂo σ kx`�ang5g�`bU�wi���/¨ianRTVvjB�TU"�|Vdrªgio�\B« kx`ªRTk�hHR�wyj|}�acRTV*e��xwi`n`bk�¡lVdr&`bR|wy{;Vvkx`&�HV(rn^"e�gHUW{T��kxe(wyacVF}`bk�jle(Vfkmaªk�`�angBg�U+�le~RWrnV(�xw�anVd}"acg	anRTV°\B«"� DÂa&kx`§anRTVfg��HV(rc¡Tabank�jTh*{TRlV(jTgHU�VdjTgij 6 ¡Tacack�jTh�V �_wHe¬an��^
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acg"acRTV°acr~wyk�jTk�jTh+}Twyanw"e(wyj���VFwi}Wang�w+U�g_}_Vd�I©�RTk�e~R?e~Rlwyr~wie�acV(rnk%!(Vd`��iV(rn^�©ªVd���|acRTV°acr~wyk�jTk�jTh"`cV�a
�T�_a¥©�k����2jTgiaf�|V+rcVd{TrcVF`bVdj5anw�ank��HV*gyo�acRTV"e�giUW{T��V�anV�k�jT{T�_a°`c{lwHe�Vi�9Q9RTV*anrnwik�jTk�jTh�Vdrcrngir�r~w�anV	k�`
wy��UWgH`ba9jB�T���³�T�Ta�acRTV	hH��gH�lwy�IV(rnrngir9rnwyacV*kx`9RTk�hHR³�

� DÂo σ k�jle(rcVFwi`cVd`d¨|anRTVWe��xwi`n`bk�¡lV(r¥`bR|wy{;V"�;Vde(giUWVd`¥��Vd`n`°e(giUW{T��k�edw�acVF}²¨IacRlV"g��HV(r~wy����wiede��Tr~wie(^?k�j_ e�rnVdwH`bVF`(��Q9RTV*acr~wyk�jTk�jThWV(rnrcgHrªr~w�anV*k�`�jlgya�jB�T���2�T�_a�acRlV	hi��gi�lwi�²V(rnrcgHrªr~w�anV¥kx`9�;V�abanV(rF�
� DÂo σ kx`�acgBg*��wirchHVi¨·acRlVfe��xwi`n`bk�¡lV(r§`cRlwy{;V9�|VFe�gHU�VF`�acgBg	`bk�UW{T��V9wijl}�}_gBVd`�jTgia�a~w"AHVOk�j5acg	wiede�gH�Tj5aacRTVªacr~wyk�jTk�jTh°}lw�anwvk�jTo¿girnUWwyack�gij�©�Rlk�e~R�rnVd`c�T��an`�k�j�wf��g�©£hi��gi�lwi�HwHe(e��lrnwHe�^i��Q9RTV�anrnwik�jTk�jTh°V(rnrcgHr
rnwyacV*kx`�jTgya�jB�T���2wyj|}7anRTV*acgianwy�2V(rnrcgHrªr~w�anV¥kx`9RTk�hiR³�
Q9RTV+rcVdhi�T�xwyrnk1!Fw�ank�gHj?{lwirnwiUWV�acVdr¥X }_V�¡|jTVd`°wWacr~wi}_V( /gi¶L�;V�at©OV(V(jAUWk�jTk�U�k%!(k�jTh�anRTV�anrnwik�jlk�jTh7`cV�a

Vdrcrngirªwyjl}�UWw �_k�UWk%!(k�jTh�anRTV°U�wirchHk�j³¨5k/� VH��k�a�e�gij5anrcgH��`�acRTV¥�lwy�xwyj|e�Vv�;V�at©OV(Vdj�acRlVvanrnwik�jTk�jTh�wie(e(�Tr~wie�^
wijl}�anRTV*e��xwi`n`bk�¡lV(r9e�gHUW{T��V �_kmat^H���vg�©	¨5acRTV¥{lwyr~wyUWV(acV(r

σ
kx`9`bV(aOang+anRTV¥�·wi���lV - wyjl}���V(aO�|`ªk�jle(rcVFwi`cV

X 6
� DÂoªXÁkx`9acgBg�`cUWwi���/¨T©OV�wy����g�©ÀacgBg�U�wyjB^7UWk�`ne��xwi`n`ckm¡lVF}7anrnwik�jlk�jTh7`nwyUW{T��Vd`d��Q9RTV*anrnwik�jTk�jTh�wyj|}
g��iVdrnwi���²wiede��Tr~wie(k�VF`ªwircV*�lwH}?`ck�jle�V*anRTV�e��xwi`n`bk�¡lVdr9}Tk�`cUWk�`n`bVF`Oacr~wyk�jTk�jTh�`cV�afk�j_o¿gHrcU�w�ank�gHj³�

� DÂo�X£k�jle�rnVdwH`bVF`(¨i©ªV�{;V(jlwi��k%!(V�UWgHrcVOacRlV�acr~wyk�jTk�jTh*V(rnrcgHr�wijl}"acRTVfacr~wyk�jTk�jlh*wHe(e(�TrnwHe�^	k�jle�rnVdwH`bVF`(�
� DÂofX kx`¥acgBg!��wirchHVi¨²©OV�{lrcVd�iV(j5a�w�RTk�hiR�acr~wyk�jTk�jlh?VdrcrngirF¨²©�RTkxe~R�edwyj���VFwi}Lacg!acRlV�g��HV(rc¡Tabank�jlh
{TRTVdjTgiUWV(jlgij³�WQ9RTV�g��iV(r~wy����wie(e(�Tr~wie�^Aedwyj�}TVde�rnVdwH`bVH�"�vV(�iVdrbanRTV(��Vd`n`d¨;©�RlV(j�X acVdjl}T`¥ang�k�j_ 
¡ljTk�at^i¨;acRlV+g��iVdrnwi����wie(e(�Tr~wie�^7acV(j|}T`fang��;V"e(gijl`banwijHa¥`bk�jle�V+acRTV"U�w �_k�U"�TU�gyo§acRlV"¢5�lwi}Trnwyackxe
{Trngihir~wyUWUWk�jTh"{lrcgH�T��VdU
kx`9gi�_a~wyk�jTVd}�¯p`cV(V	VF¢H�|w�ack�gijK¯ - �y±b±��

N � ½ �d� »�� ��/#*p¾��_�O* ½ ) � ¹ �=< ) *��)� ¹ � u ©ªVd����  ABjTg�©�jL©Ow·^�o¿gir¥anRTVW{lwyr~wyUWV�anV(r*e~RTgikxe�V�kx`vanRTV � � ����� �
��	��
� � ���
��� �$�C�
� �$�
� anVde~RTjTkx¢5�TV T - � V � DÂa�e�gHjl`ck�`ban`Ok�j?}_k��Bk�}_k�jTh"acRTV*gHrck�hik�jlwy�lacr~wyk�jTk�jTh�`cV�a9k�j?´ `c�T�l`cV�a~`(¨
anrnwik�jlk�jTh?acRlV�\_«°­ gij�´¥  - `c�T�l`cV�a~`	wyjl}®acVF`tank�jTh�anRTVWrcVF`b�T��ack�jTh!e��xwi`n`bk�¡|edw�ack�gijLgij®anRTVWrcVdU�wyk�jTk�jlh
`c�T�l`cV�aF�?Q9RTkx`�{lrcg_e�VF`c`*kx`	rnV({;VdwyacVd}K´ ack�UWVd`d¨�©�k�acR£VFwie~RKgyoOacRTV?´#`c�T�l`cV�a~`(�!Q9RTV7´#rcVF`b�T��an`+wyrnV
anRTV(j®w·�HV(r~wyhHVd}�acg7{Trng_}_�le(V	acRTV�acVd`ba°VdrcrngirF�9Q9RTV+`cV(��Vde¬anVd}!RB^B{|Vdrc{|wyr~wyUWV�anV(r~`�wyrnV*acRTV"gijTVF`�©�RTkxe~R
^Bk�V(�x}7angWacRTV	�;Vd`bave�rngH`n`b /��wy��kx}Tw�ank�gHj�wiede��Tr~wie(^i�
. k�hi�TrnVd` @L`cRTg�©f`	anRTV!wie(e(�Tr~wie�^�gyovacRTV�´¥ 1o¿gH��}�e(rcg5`c`b Â�·wi��kx}Twyack�gij�acVFe~RTjTkx¢H�lV�wijl}KacRlV?g��HV(r~wy���

wHe(e(�TrnwHe�^£wiede�gHrn}_k�jThLacg�acRTV!RB^B{|Vdrc{lwirnwiUWV�acVdrn`d��Q9RTVAe�rngH`n`b /��wy��kx}Tw�ank�gHjKacVde~RljTk�¢5�TV!hHk��HVd`Wwy��UWgH`ba
anRTV	gi{Tack�UWwi�³RB^B{|Vdrc{lwirnwiUWV�acVdrn`d�§ufjB^B©Ow·^H¨5acRTV�gH{_ack�U�wy�³RB^B{;V(rn{lwyr~wyUWV�anV(rO��wy���TVd`�U�w·^7jlgyaf�;V	acRTV
`nwyUWV�o¿gHr&�;gyanR�wiede��Tr~wie(k�VF`�`bk�jle(VvUWk�jlk�UWk%!(k�jTh�anRTVfanrnwik�jTk�jTh�Vdrcrngir§kx`ªjTgyaOVd¢5�Tk��·wi��Vdj5a�acg"U�k�jTk�UWk1!dk�jTh
anRTV	g��iVdrnwi���;V(rnrngirF�
DÂoªacRTV�jB�TU+�;V(r*gyo&o¿gi�x}T`*´ k�`¥�xwyrnhiV 6 acRTV"acVF`ta�`cV�a*©�k������|V�`cU�wy���1¨IanRTV+anVd`ba	�Tk�wH`v©�k����§�|VW`bU�wi���

�l�_a�acRTV*anVd`baf��wyrnk�wijle�V¥©�k����³�;V	��wirchHV¥wijl}�acRTV�e(giUW{T�_ank�jThWank�UWV	©�k����2�|V*�iVdrc^���wirchHV¥wH`9©ªVd���/�
DÂo|acRTV9jB�TU+�;V(r�gioTo¿gi�x}T`�k�`�`cU�wy��� 6 acRTV9e�gHU�{l�_ack�jTh°ack�U�V9©�k����_�;VOrcVF}_�le�VF}+wH`�©OV(���_wi`�acRlVª��wyrnkxwyjle(V

gio2anRTV*Vd`back�UWwyacgHrO�l�_a�acRTV¥anVd`baf�Tk�wH`O©�k����²�|V	�xwyrnhiV�¯ anRTV	jB�TU+�;V(r�gio2acr~wyk�jTk�jThW`cwiU�{l��VF`ªU�w·^7jlgya��|V
`c� �7e�k�V(j5afe�gHUW{lwyrnk�jlh+angWacRTV	jB�TU"�|Vdr�gyo�acVd`baf`cwiUW{T��VF`n±
D j£{Tr~wie�ackxe�VH¨³acRlV7e~RTgikxe�V�gioªanRTV�jB�TU+�;V(r�gioªo¿gH��}l`+}_Vd{|Vdjl}T`	gHj�anRTV�`ck1!dV�gyoOacRTV7}lw�anwH`bV(ad� . gir

�xwyrnhiV9}Twyanwi`cV�a~`(¨iV(�iVdj��y  . gi�x}WXªrngH`n`�«�wy��k�}lw�ack�gij�©�k����T�;Vf¢5�Tk�acVfwiede��Tr~w�anVi� . gir§�HV(rn^+`c{lwyr~`bV9}Twyanwi`cV�a~`(¨
©OV*U�w·^7Rlw·�iV°acg��|`bV*UWgirnV¥o¿gi�x}T`9k�j!gHrn}_VdrOacgWacr~wyk�j�gij!wi`9U�wyjB^7V �_wiUW{T��VF`�wi`9{;gH`n`bk��T��Vi�
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. k�hH�TrcV @ 6 2f^B{|Vdrc{|wyr~wyUWV�anV(r9`bV(aback�jTh|�

E ��5�� , 
 �T¾:* ½ � ¹ �(�
*p� * ) �Â½ � ���_�+* ½ )
. k�hi�TrnV 3Whik��iVF`OacRTV"`bRlwi{|V	gio�acRTV�Y°{Tack�UWwi��\BVd{lwyr~w�ank�jTh 2v^5{;V(rn{T�xwyjTV?¯/Y*\�2¥±¬¨TanRTV�{;gH`ckmank�gHj!gyo�acRTV
anrnwik�jlk�jThW`cV�a�¯¿��V�o a¬±9wyjl}�acRTV	{;gH`ck�ack�gij�gyo�wi���;anRTV	{Tk1�BVd��`9�;V(��gijlhik�jTh+ang�acRTV*k�jT{T�_afk�U�wyhiVW¯¿rnk�hiR5a~±�� D j
anRTV*��V(o a�¡lhi�lrcVH¨HanRTV	hirnV(Vdj?wijl}7�T���TV�`banwirn`Oe�gHrcrnVd`c{|gHjl}�ang7\B�T{T{;girca�«§Vde¬angir~`*¯¿rnVd`c{|VFe¬ack��iVd��^Wo¿gHr9acRTV
�lj5�l�Trcj5afwyj|}?�l�Trcj5a9acr~wyk�jTk�jTh�`bV(a~±9wijl}7anRTV	hirnV(Vdj�wijl}?�T���lV�e�k�rne(��VF`�e�girnrnVd`c{|gHjl}Wacg�jlgij_ t\B«+�

. k�hH�TrcVX3 6 Y°{_ack�U�wy�2\BVd{lwyr~w�ank�jTh 2f^B{;V(rn{T�xwyjTV7¯ÂY*\�2°±��
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. k�hi�TrnV - �WhHk��HVd`OacRlV�{|g5`bk�ack�gijAgio . wy�x`bV	q�g5`bk�ack��iVF`�¯¿��V�o a¬±¬¨ . wy�x`cV��fV(h5w�ank��HVd`	¯¿UWkx}T}_��VF±vwyjl}!Q�rc�TV
q�g5`bk�ack��iVF`�¯¿rnk�hHR5a~±²©	� rF� aF�³acRlV9Y*\�2¤`bRlwi{|VH�2q�k1�_V(�x`�e(gijl`ckx}_V(rnVd}*wi`2�T�Trnj5a�k�j	acRTVªhirngi�Tj|}vanrc�TacR��;V(��gijTh
ang�w"�xwyrnhiV*{lwirba�gio2acRlV���  }_k�UWVdjl`bk�gij!`c{lwie(V¥wijl}!`bVd�iV(r~wy�²e(gi��gi�Tr~`OgBede��Tr9k�j�acRTV*anRTrcVdV*¡lhi�lrcVF`(�

. k�hi�TrnV - � 6:. q�¨ . � wyj|}?Q9q��

. k�hi�TrnV - -�6 . q�¨ . � wyj|}�Q9qÁwyo acV(r�rnV(hH�T�xwyrnk1!Fw�ack�gij2�

I 	8I � � ? ������� � ? ��� 
 = ��� �'OF=<���*:<���
D j�anRTk�`v`tan�l}_^i¨l©ªV	wy{l{T��^�acRTV+\_«°­ e��xwi`n`bk�¡|edw�ack�gij�acVFe~RTjTkx¢H�lV	©�kmanR!wW`cgyo afU�wyrnhik�j?acg�`cwyacVd����kmanV	k�U� 
wihiVF`²o¿gir��T�Trnj5a�wircVFw�U�wy{T{lk�jTh|�2µ�VOwi��`cgf{Trngi{;gH`cVd}+wyj��Tj|`b�T{;V(rn�Bk�`cVd}�U�V(acRTg_}"e�giU"�Tk�jTk�jlh°´¥ ÂU�VFwyjl`
wijl}A\B«°­��lµ�V+e�gHU�{|wyrnV°anRTV�gH�_anwik�jTVF}�rcVF`b�T��an`�acgWacRlgH`cV	hik��iV(j!�B^7at©OgWacr~wi}Tkmank�gHjlwy�³e(��wH`c`ckm¡;e(w�ank�gHj
wi��hHgirnkmanRTU�`&©�Rlk�e~R�wyrnVv©�kx}_V(��^��l`cVd}7k�j�rcVdU�giacV¥`bVdjl`bk�jTh 6 anRTV*´¥ /UWVdwijl`Owyjl}7acRTV	´¥ ÂjTVdwircVF`taOjTV(k�hiR_ 
�;gi�lrn`d� . girªVdwie~R7e(��wH`c`ck�¡lV(rF¨yanRTV°}_kx`ne�rnk�UWk�jlw�ank�gHj��|V(at©ªVdV(j7�T�lrcj5aOwijl}��TjB�T�lrcj5aªwircVFwi`§kx`�¡|rn`baª�lwH`bVF}
gHj�anRTV�`c{|VFe¬acr~wy�³`ck�hijlwyac�TrnVi�


?¹ � ��/p�_�
*��i�_�+* ½ ) � �fVd�iV(rcacRlV(��Vd`n`(¨Bw�o anV(rªe(��wH`c`ck�¡|e(wyack�gij³¨iacRTV¥V��Bacr~wie�acVF}W�T�TrnjHa9wyjl}7�TjB�T�TrnjHa9wyrnVdwH`
{lrcVF`bVdjHa&`cgiUWVf�HV(rn^"`cU�wy���|}_kx`ce(gij5ack�jB�Tk�ack�Vd`d¨ik/� VH��¨5k�`cgi�xw�anVd}W{Tk1�_V(�x`(��Q9RTVdrcV(o¿girnVi¨yanRTV°e(��wH`c`ck�¡|e(wyack�gijWRlwi`
angW�|V	RTgHUWgihiVdjTk%!(Vd}?�B^7rnVde��xwi`n`ckmo¿^Bk�jTh+anRTVd`cV*{Tk1�BVd��`d�

P>PRQ
S�T�U�V�U



�H� � �"��� ������� �������
� ������� � ��	�
����$�

u°`��T�Trnj5a&wyjl}��TjB�T�lrcj5a&wyrnVdwH`§wyrnV�}_V�¡ljlVd}W�B^"w	`cV�a�gioIRlgiUWgihHV(jTVdgi�l`�wyj|}�e(gijTjlVde¬anVd}W{Tk1�_V(�x`(¨Hkma
kx`§rnV(��V(��wyj5a§ang	k�UW{Trng��iVOacRlVve��xwi`n`bk�¡|edw�ack�gij�gi�Tanwyk�jTVF}W�5^"VdwHe~RWe(��wH`c`ck�¡lV(r§�B^+rnV(hH�T�xwyrnk1!dk�jTh¥k�ad��µ�Vv�l`bV
VdkmanRTV(r°w�e(��wH`c`ckxe(wy�³­Lwyr Aig��Bk�wij7UWg_}_V(�O¯¿©�k�acR!q�gyaba~`f{Trnk�gir¬±<T - @T¨ - 3 V girfU�w�anRTV(U�wyackxe(wy�²UWgHrc{TRlgi��gihi^
T �y� V � 2vg�©ªVd�iV(rF¨HacRTV	rnV(hH�T��wirck%!dwyack�gij?U�g_}_k�¡lVF`OacRTV�`cRlwy{;V*gyo�{Tk1�BVd�³`bV(an`��B^�`cUWgBgyacRlk�jTh�anRTV(U!�

. k�hi�TrnV - - hHk��HVd`OacRlV�{|g5`bk�ack�gijAgio . wy�x`bV	q�g5`bk�ack��iVF`�¯¿��V�o a¬±¬¨ . wy�x`cV��fV(h5w�ank��HVd`	¯¿UWkx}T}_��VF±vwyjl}!Q�rc�TV
q�g5`bk�ack��iVF`	¯¿rnk�hHRHa¬±9w�o anV(rfrnV(hH�T��wirck%!dwyack�gij?©	� rF� aF�&anRTV"Y*\�2 `cRlwi{|VH�ª�fgiacV*anRlw�aF¨|w�o anV(rfrnV(hH�T�xwyrnk1!Fw�ack�gij2¨
anRTV�Q9qÁwyrnV°jlgyafk�jle����l}_VF}?k�j5acg�acRlV"Y*\�2�gijT��^i�

E � E �$& N /1�T�F�O*1�i��/O�-/1�T�d�+*����i�T�O* ½ ) � ¹ �=< ) *��)� ¹ �
Q9RlV°´¥ ÂU�VFwyjl`Oe��xwi`n`ckm¡lVdr<T � - V ¨B©�RTkxe~R�kx`�anRTV°UWg5`taOo¿rcVF¢5�TV(j5ac��^W�l`cVd}�e(��wH`c`ck�¡|e(wyack�gijWacVFe~RTjTkx¢5�TVi¨Bkx`ªwij
wi�_acgHU�w�ackxefUWV(acRTg_}?©�RTk�e~R�}_kx`ce(rck�UWk�jlwyacVF`�anRTV°k�jT{T�Ta�}lw�anw+k�j5ang�´ e(��wH`c`cVd`d�:DÂa9`banwirba~`&�B^�r~wyjl}_gHUW��^
e~Rlg5g5`bk�jTh�´ e�V(j5anV(r~`ªgio2hir~w·�Bkmat^H¨5edwy����VF}7e�Vdj5acrngikx}T`(�§Q9RTVdj³¨_k�a9wH`c`ck�hHjl`Ow"`nwyUW{T��Vvang+anRTV*e��xwi`n`ª©�RlgH`cV
e(V(j5acrngikx}�k�`§acRTVfjlVdwyrnVd`ba�©	� rd� ad��acRTV L��le���kx}_Vdwij7}_k�`banwijle�VH��ufo acVdrc©9wyr~}T`§k�a&rnVde�gHUW{T�_acVF`�acRlVve�VdjHanV(r�gio
hHrnw·�Bk�at^�gyo�VdwHe~R�e(��wH`c`d��Q9RTV*at©Og��xwi`baf`tanV({l`vwyrnV¥rnV({;VdwyacVF}��Tj5ank���wy���IacRTV+e(V(j5acrngikx}T`�}_gWjTgiave~RlwyjlhiVi�
. k�jlwy����^WacRTV	´�e(��wH`c`cVd`OwyrnVvU�wij5�|wy����^�UWV(rnhiVF}7k�j5acg"at©ªgW`bV(an`ªacg�o¿gHrcU anRTV*�T�TrnjHafwijl}�anRTV*�TjB�T�TrnjHa
wircVFwi`d�

Q9RTV	´¥ ÂjTVdwircVF`ta9jTVdk�hHR5�;gi�lrn`QT � - V kx`�wW`b�T{;V(rn�Bk�`cVd}���VFwyrnjTk�jTh"UWV(acRTg_}�©�RTkxe~R?kx`�e�gHU�UWgHjT��^��|`bVF}
k�j�{lwyabanV(rnj�rcVFe�gHhijTk�ack�gijK{Trngi�T��V(U�`�wi`"w®rnV�o¿V(rnV(j|e�V�e(��wH`c`ckm¡;e(w�ank�gHjKU�V(acRTg_}²� DÂa�wH`c`ck�hijl`"w®`cwiUW{T��V
angKacRTVLU�g5`ta?rcVd{TrcVF`bVdj5acVd}�e��xwi`n`7wiU�gHjTh�acRTV�´�jTVFwyrnVd`ba�`cwiUW{T��VF`�gyo¥acRlVAacr~wyk�jTk�jTh�`bV(ad� D jÁgi�Tr
V �_{|Vdrck�UWV(j5an`d¨_kmafkx`Oo¿Vd}�©�k�acR!anRTV	`cwiU�V¥anrnwik�jTk�jTh�`cV�avwi`OanRTV+\B«¥­£�
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Q9RlV9\B«¥­#wi��hHgirnkmanRTU!¨ywi`�©OV(���BwH`�gyacRlV(r§`b�l{|Vdrc�Bkx`bVF}���VdwyrnjTk�jThfanVde~RTjlk�¢5�TVF`(¨yrnVd¢5�Tk�rnVd`�w°`cV�a�gyo;��wi�|Vd��VF}
`nwyUW{T��Vd`*¯¿acRTV¥acr~wyk�jTk�jThW`bV(a~±&acg�{TrnVd}_kxe¬a9acRlV*e(��wH`c`ck�¡|e(wyack�gij7gio�wyjB^W�TjT�xwy�;V(��Vd}?gijlVd`d��Q9RlV¥U�wij5�|wy����^
anrnwik�jlk�jTh	`cV�a&`cV(��Vde�ack�gij�k�`�e(rc�|e�kxwy�Twyj|}�e(gH`bac��^+`ck�jle(Vf`bVd�iVdrnwi�Hanrnwik�jlk�jTh	`nwyUW{T��Vd`�o¿gHr�VdwHe~R�e(��wH`c`�¯p�T�TrnjHa
wircVFwi`d¨Io¿girnVd`bad¨2¡lV(�x}T`d¨�`cVdwT¨���w AiVF`(¨³�lrc�lwij�wircVFwi`d¨³rngHwi}l`(����� ±<Rlw·�iV�acgA�;V7`c{|VFe�k�¡lVd}�acgAgH{_ack�UWk1!dVWacRTV
e(��wH`c`ck�¡|e(wyack�gij®rnVd`c�T��a T � - V �+�vgyacV�anRlw�aF¨²o¿gir*VdwHe~RLe��xwi`n`d¨IacRTVW`b{;Vde�acr~wy�§e~RlwirnwHe¬acVdrckx`backxe(`vedwyj�}_V({;V(jl}
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e~R|wyr~wie¬anV(rnk�`backxe(`*gio�gi�_stVFe¬an`?¯¿�T�lrcj5a"wircVFwi`d¨2�iVdhiV(anw�ank�gHj³¨��Trc�|wyj�wyrnVdwH`(¨�©OwyacVdrd¨O����� ± }Tkm¶IV(r+o¿rcgHU�wij
k�U�wyhHV°ang�wyjTgiacRTVdrd�

Q�g°w·�Hgikx}vanRTkx`>AHV(^5 Â{TrcgH�T��V(U!¨d©OV�{Trngi{;gH`cV&wv{Trcg_e(Vd`n`Iacg¥wy�_angiU�w�ank�edwy����^*`bVd��VFe¬a�acRTV9\B«°­
acr~wyk�jTk�jlh
`cV�aF� . k�rn`bac��^i¨·anRTVO´¥ ÂUWVdwijl`2wi��hHgirnkmanRTU�k�`��l`cVd}	angvhHk��HVªwf{lrck�U�wyrn^°�xwy�;V(�5acg°VdwHe~R�{Tk1�BVd�1��Q9RTkx`�}Tk��Bkx}_Vd`
anRTV9k�U�wihiV9k�j�´Àe(��wH`c`cVd`d¨i`cgiUWV9e�girnrnVd`c{|gHjl}_k�jThvang¥acRTV9�T�Trnj5a&wyrnVdwH`(¨FacRlV�gyacRlV(r§gijlVd`�acg¥acRlV��TjB�T�TrnjHa
wircVFwi`d��uvj�V(rngH`ck�gijW{TrngBe(Vd`n`�kx`ªwi{T{T��k�VF}Wacg"VdwHe~R7e��xwi`n`�k�j�acRTV*`nw�acVd����k�acVvk�U�wyhHVfk�j�gir~}_V(r&acg+Vd��k�UWk�j|w�acV
anRTV�U�kx`ne��xwi`n`bk�¡lVd}<{Tk1�BVd��`Wwijl}£ang AHV(V({¤gijT��^KacRlV�{lk �_V(�x`�©�RTkxe~R¤wyrnV!e���gH`cV(r"acg�acRTVAe�Vdj5acV(r�gyo°acRTV
e(gijTjlVde¬anVd}?{Tk1�BVd�2`cV�an`d� . k�jlwi����^i¨TacRTVF`bV*rnV(U�wyk�jTk�jThW{Tk �_Vd��`�e(gijl`back�ac�_anV*acRTV+\_«°­ acr~wyk�jTk�jTh�`bV(ad�
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Q9RTV�¡lhi�TrnV - �W`cRTg�©f`fw7{lwyrcafgyo�acRlV"\BqOY¥Q ¦Wk�U�wyhiV	gio�acRTV �(­®wi`n`ckmo§}_Vd`°­®wy�lrcVF` �y¨BacRTV�wi`n`bgi 
e(k�wyacVF}�hHrcgH�Tjl}�acrn�_acRAwyj|}7anRTV*o¿gi�Tr�V �Bacr~wie¬anVd}?�T�Trnj5a�wircVFwi`d�
Q�wy�T��VW�!{Trcg��Bkx}_Vd`°anRTVWg��iV(r~wy����wie(e(�Tr~wie�^�¯ÂYfu¥±¬¨IanRTV7Q2rn�TVWq�gH`ckmank��HV"r~w�anVA¯pQ9q  frnwyacV�gyo9higBg_}

}TV�acVFe¬ank�gHj?gio2acRlV	{Tk �_Vd��`�e(��wH`c`ckm¡|Vd}�wH`9�T�Trnj5a9k�j?acRTV	hHrcgH�Tjl}�anrc�TacR|±�¨_acRTV . wy�x`bV*q�gH`ck�ack��iV¥rnwyacV�¯ . qª±
wijl} . wy�x`cV*�vV(h5w�ack��iV*r~w�anVW¯ . �°±O�;V�at©OV(V(j�anRTV	V��Bacr~wie�acVF}��T�lrcj5afwyrnVdwH`Owijl}�acRTV	hHrcgH�Tjl}�acrn�_acR³�

u�ede�gir~}_k�jTh�acgWanRTk�`fanwi�T��VH¨_acRlV+`bk�UW{T��V+\B«°­ `cRTg�©f`�wWRTk�hiRTVdrv}_kx`ce(rck�UWk�j|w�ack�gij!wy�lk���kmat^�acRlwij!acRTV
at©Og�giacRTVdr�UWV�acRlgB}l`(� . gHr&V �_wiUW{T��VH¨ianRTVv�xw"AHVd`�wijl}WanRTV°`cVdwH`bRTgHrcVH¨y©�RTkxe~R�Rlw·�iV°`b{;Vde�acr~wy�le~RlwirnwHe¬anV(rc 
kx`backxe°`ck�UWk���wir&ang"�l�Trcj5a9wyrnVdwi`OwyrnV°e(��wH`c`ck�¡lVd}7wH`&�l�Trcj5a9�B^"anRTV¥at©ªg�e�gHj5�HV(j5ack�gij|wy�|wi��hHgirnkmanRTU�`(��\B«°­
wircV°UWgirnV¥`cV(jl`ck�ack��iVfang�o¿Vdw�an�TrnVd`ª©�kmanR�e(��g5`bVdrO`c{|VFe¬anrnwi�Ie~R|wyr~wie¬anV(rnk�`backxe(`ªwyjl}?}_kx`tank�jThH�Tkx`bR?Vdwi`ck���^��xw"AHV
o¿rngiU#`cedwyrO¡lrnVd`d�
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�l�Trcj5afwyrnVdwH`(�
. gir°acRTV�`bk�UW{T��VW\B«°­ e��xwi`n`bk�¡|edw�ack�gij2¨TacRlV"}_k�¶;VdrcVdjle�V"U�wy{®kx`vVF`c`cV(j5ank�wi����^�e(giUW{;gH`cVd}!�B^!{Tk �_Vd��`

©�Rlk�e~R!��k�V�gHj�acRTV	�;gi�Tj|}Twyrnk�VF`�gyo�acRlV��T�Trnj5avwyrnVdwi`d�&Q9RTV	�l�Trcj5af{Tk1�_V(�x`�gij!anRTV�e�gHj5acgi�lr�Rlw·�iV	�;V(Vdj
��Vd`n`¥}TwyU�wyhHVd}A�B^�¡lrnV�anRlwyjLacRTV�gyanRTV(r*gijlVd`¥wyjl}AR|w·�iV"`c{;Vde¬anrnwi��e~R|wyr~wie¬anV(rnk�`backxe(`fU�gHrcV�`bk�UWk��xwyr°acg
RlVdwy��acRB^?�iV(hHV�a~w�ack�gij2�&­AgirnV(g��HV(rF¨5acRTV�rnV(hH�T�xwyrnk1!Fw�ack�gij�`bUWgBgyanRl`9anRTV+e�gHj5acgi�lrn`d� . gHr�acRlV�gyanRTV(rve(��wH`t 
`ck�¡|e(wyack�gijl`d¨5acRTV�}_k�¶IV(rnV(jle(V	UWwi{l`�wyrnV	wy�x`bgWe�gHUW{|g5`bVF}��B^�`cU�wy���²{Tk �_Vd��`f`cV�a~`(�

XªgHjle�VdrcjTk�jTh£anRTV�`c�T{;V(rn�Bk�`cVd}Áwi��hHgirnkmanRTU�`(¨�wy��acRlgi�ThHR acRTV�´¥ Â�°��wyj|}�acRTV�`bk�UW{T��VK\B«°­ �l`bV
anRTV�`nwyUWV*acr~wyk�jTk�jTh�`bV(ad¨TanRTV*o¿girnUWV(rve(��wH`c`ck�¡|e(wyack�gij7anVde~RTjlk�¢5�TV+`cRTg�©f`�w�RTk�hiRTVdrvwiede��Tr~wie(^WacRlwij!acRTV
�xw�acacVdrd� DÂa¥R|wi`¥w7RTk�hiRTVdrvhHV(jTVdrnwi��k%!dwyack�gij®wy�lk���kmat^H�	XªgHjle�Vdrcjlk�jTh7acRTV��Tjl`c�T{;V(rn�5kx`cVd}®wi��hHgirnkmanRTU�`(¨|acRTV
´¥ ÂUWVdwijl` �*\_«°­ hHk��HVd`O�;V�abanV(rfrnVd`c�T��a�acRlwij�anRTV�´¥ ÂU�VFwyjl`9gHjT��^i�
Q9RTVf`ck�U�{l��Vv\B«¥­£¨yo¿gHr§©�RTkxe~R"anRTV9acr~wyk�jTk�jTh	`bV(a�©OwH`�U�wyjB�lwy����^+e~RTgH`cV(j�hik��iVF`��|V(abanV(r�rnVd`c�T��a§acRlwij

anRTV�´¥ ÂU�VFwyjl` �*\B«¥­£�

K V({;V(jl}Tk�jTh�gij�acRTV+R5^B{;V(rn{lwyr~wyUWV(acV(r�e~RTgHk�e(V�wyjl}�gHj?anRTV�rnV(hH�T��wirck%!dwyack�gij�wy{T{T��k�Vd}!w�o anV(rve(��wH`c`ckm 
¡;e(w�ank�gHj³¨BacRlV+\B«°­ e(wij!hik��iV	w��|V(abacVdrvQ9q rnwyacV	wyj|}�w��;V�acacV(r . ��r~w�anVi���vV(�iVdrbanRTV(��Vd`n`d¨BacRTV"Yvu k�`
��g�©OV(r�gHjWacRTVve(gij5acr~wyrn^�ang	acRlV . q ¯p`cV(V°Q�wi�T��V¥¦i±¬��µÁRTVdj�e~RTgBgH`ck�jTh*acRTVvR5^B{;V(rn{lwyr~wyUWV(acV(r~`§wyj|}WacRTV
rnV(hH�T�xwyrnk1!Fw�ack�gij2¨ianRTV(rnV*k�`fw"anrnwH}_V� Âgy¶A�;V�at©OV(V(j!RTk�hiR®Yvu�� . qÁwyj|}�RTk�hiRAQ9q�� . ��rnwyacVd`d�
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Z¥rcgH�Tjl}�Q2rn�_anR 0ª�lrcj5afwyrnVdw Yfu Q9q . q . � ack�U�V
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Q�wy�l��Vv¦ 6 q�V(rco¿girnU�wyjle(Vd`�gyo2\B«¥­ ©�kmanR�}_km¶IV(rnV(j5a&RB^B{;V(rn{lwyr~wyUWV�anV(r~`�wyjl}W}_k�¶;VdrcVdj5a&{|g5`tac /{lrcg_e�VF`c`ck�jTh
¯1e(wH`bV -�6 gH{|VdjTk�jlh�acRTVdj®e���gH`ck�jlh�©�kmanRL}_kx` A�gyo§r~wi}_k��l`���wH`f`bacrn�le¬an�Trck�jTh7Vd��VdUWV(j5ad¨;e(wi`cV"� 6 gi{;V(jlk�jTh
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anRTV(k�r�V��7e�k�V(jle(^£wie(e(gir~}_k�jThAacgLacRTV!}_k�¶;VdrcVdj5a"�T�Trnj5a��HV(hHV�anwyack�gijKat^B{;Vd`�¯¿UWgBgirF¨§hHwyrnrnk�hH�TVd`d¨�`ne�rn�T�³¨
�lrcg5wi}B Â��VFw·�iVF}�acrnV(Vi¨|e�gijlkmo¿VdrcgH�l`ªacrnV(VF±9wijl}�acRTV�wircVFw�angi{;gihir~wy{lR5^®¯p{T�xwyk�j³¨_UWgi�Tj5anwik�j;±¬�
Q9RTV*¡|hi�TrnVd`9e�gHjle�Vdrcjlk�jTh�anRTV+\B«°­ `cV�acack�jThA¯pe¬ot�ª`bVFe¬ack�gij!�T� �y±9wircV*jTgia�}Tk�`c{T�xw·^iVd}�o¿gir9anRTV	gyanRTV(r

k�U�wyhHVd`9`bk�jle(V*acRTVd^7Rlw·�iV¥anRTV�`cwiUWV*`cRlwi{|VF`(�
XªgHjle�VdrcjTk�jTh"acRTV¥anrnwik�jTk�jThW`bV(a9e~Rlgikxe�VW¯¿©�RTVdj?k�a�k�`9U�wyjB�lwi����^7e~RTg5`bVdj|±¬¨Bk�an`�`ck1!dV°��wyrnk�Vd`ªo¿rcgHU
�i�H�

ang�¦i�i�A`nwyUW{T��Vd`�wyjl}Kk�a�kx`�e�giUW{;gH`cVd}Kgiove�gijljTVde�acVd}<`bV(an`"gyo - �®{Tk �_Vd��`"k�j�acRTV?k�U�wyhHV�¯¿acRTV�acgya~wy�
k�U�wyhHV�`ck1!dVWk�`*wy�;gi�Ta	�H�i�H� ���H�i�H�H±¬�	Q9RTVF`bV�e(gijTjTVFe¬anVd}L`cV�a~`	}_Vd`ne�rnk��|V�acRlVW}Tkm¶IV(rnV(j5a�e��xwi`n`bVF`vk�j�acRTV
k�U�wyhHVi�
XªgHjle�VdrcjTk�jTh�acRlV	R5^B{;V(rn{lwyr~wyUWV(acV(r9e~RTgHk�e(Vi¨BacRlV	gi{_ank�U�wy�²{|wyr~wyUWV�anV(r~`OwircV*jTgia9acRTV�`nwyUWV¥o¿girfwi���

anRTV¥k�U�wyhHVd`ª�T�_af`cV(�iVdrnwi�;e(gi�T{l��VF`&{Trng��Bk�}TVvhigBg_}7rnVd`c�T��an`&o¿gir9gijlV°k�U�wyhiVH��Q9RlVd`cV¥e(gi�T{T��Vd`9wircV°k�j?acRTV
r~wyjlhiV�T �T� - ¨ - V o¿gHr

σ
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C
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