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gih~l�z{ª¤y{©HˆŠª_k�}¤|2}¤k�¨2k y{•Fvwh2}‰u¹l#|2lK„wzQs§}‰u�vwh2lK|»•­y{¨~|~•»©Xs¸ˆŠŒ2Œ~ª«sX}¤|2z§ˆ§‹7l#²Ql#„3uI}¤©2ª¤l��{¨~k¹ŒÄ”Áy{|Avwl

m�ˆ{„wª¤y�”“ˆŠ„€Å{y ²�m,h~ˆ{}«|Áu€ˆŠk�Œ2ª¤l#„il#k™©Hl?•2•tlK•�}¤|AvwyÆˆ�uI}¤k�¨~ª¤ˆŠvwlK•�ˆŠ|~|2lKˆ{ª«}¤|2z�uwx3h2lKk�l�� •7�½·
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C l�vOx�yQ|~uI}‰•tlK„!ˆµŒHyQ}«|AvïŒ2„€yXx#lKu€u

X
ª«}¤²X}«|2z:}¤|

K = [0; X max ]� [0; Ymax ]
¦7h2}‰x3h�„€l#Œ2„€lKuwl#|Av€u!ˆŠ|™}«k&ˆ{z{l{·

X
}¤uiˆ�k�l?ˆ{uw¨2„€ˆ{©2ª¤lTk&ˆŠŒ2Œ~}«|2z�•­„wyQk ˆ�Œ2„€y{©HˆŠ©2}¤ª«}«v†s&uIŒHˆ{x�l

(
 ; A; P)
v€y¹x#y{|�H~zQ¨2„3ˆ vw}¤y{|HuOyŠ• Œ5y{}¤|Av€u�yŠ•

�

Ç

8! 2 
 ; x i 2 K ; X (! ) = f x1; :::; xn g
´ ??¶

‡ k&ˆ{„wÅQlK•§ŒHyQ}«|Av�Œ2„€ytx�lKu€u-}¤|

S = K � M
}¤u�ˆ�ŒHyQ}«|Av�Œ2„€ytx�lKu€u-¦7h2lK„wl&l?ˆ{x3hÈŒHyQ}«|Av�}‰u�ˆ{u€uIytx#}¤ˆŠvwlK•

¦7}«vwh¸ˆ�k&ˆŠ„€Å“¦7h2}‰x3h¸ˆŠª¤ª«y ¦Fuµv€y“•tl�H~|~l�ˆŠ|Èy{©t…†l?xev?·

M
}‰u-v€h2l&k&ˆŠ„€ÅSuIŒHˆ{x�l&¦7h~}¤x3h^ˆŠª¤ª«y ¦FuK¥U}¤|¸y{¨2„

xKˆ{uwl{¥Xv€y�•2lKu€x�„€}«©5l-„€ˆ{|~•ty{k x�y{| H~z{¨2„3ˆ v€}«yQ|�„€lKx�v€ˆŠ|~z{ª¤lKu

Ç

M = [�
�
2

;
�
2

] � [L min ; L max ] � [lmin ; lmax ]
´Ú’{¶

ÊÈl�|2y{vwl

C
v€h2l�uwl�vTy{•ïˆ{ª«ª H~|2}«vwl�x#y{|�H~zQ¨2„3ˆ vw}¤y{|HuiyŠ•Oy{©t…†l?xev3u7yŠ•

S
·i¿!}«zQ¨2„wl™Ë&uIh2y ¦FuTˆŠ|�l#ª¤l#k�l#|AvTy{•

S
·:¿!}¤z{¨2„€l¹’Æ„wlKŒ2„wl?uIlK|Av€uTˆ�„wl?ˆŠª¤}«É?ˆ v€}«yQ|ÁyŠ•,ˆ�ŒHyQ}«|AvµŒ~„wytx�l?uwuµ}¤|

K
ˆ{|~•Sˆ�„wl?ˆŠª¤}«É?ˆ vw}¤y{|Áy{•_ˆÆk&ˆŠ„€Å{l?•

Œ5y{}¤|AvTŒ2„€ytx�lKu€u7}¤|

S
·F”ÁyQ„wl™•tl�v3ˆŠ}¤ª¤uTy{|ÁŒ5y{}¤|QvµŒ2„wytx#lKu€uIl?uFˆŠ|~•�v€h2l#}¤„-ˆŠŒ2Œ2ª¤}‰x#ˆ v€}«yQ|~uFxKˆŠ|Á©5l�•­y{¨~|~•Á}¤|

��?K‘%�<·
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Ï
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Ð 9½Ó

ž � �
1ÚŸt•%+
Ó

*

ÊÈlµx#y{|~uw}‰•tl#„_ˆ�k�ˆ{„wÅQlK•¹Œ5y{}¤|Qv�Œ2„€yXx#lKu€u

X
•tl"H~|2lK•�©Xs�ˆŠ|&¨2|~|2y{„€k&ˆŠª¤}«ÉKlK•&•tlK|~uI}«v†s

h(:)
•­„€y{k

C
vwy

R
ˆ{|~•¹ˆ-„wl#•­l#„€l#|~x#l,}¤|Avwl#|HuI}«v†s�k�lKˆQuI¨~„wl

�
´‚•tl"H~|2}¤|2z�ˆ:„wl#•­l#„€l#|~x#liƒ!yQ}¤u€uwy{|�Œ5y{}¤|Av"Œ2„€yXx#lKu€uO•t}‰u†v€„w}¤©2¨tv€}«yQ|H¶e·
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ˆ�„wl?ˆŠª¤}«É?ˆ v€}«yQ|�y{•Oˆ�Œ5y{}¤|AvTŒ2„€ytx�lKu€ui}¤|

K �

›���¢
ˆ�„€lKˆŠª¤}¤ÉKˆ v€}«yQ|�y{•"ˆ�k�ˆ{„wÅQlK•�Œ5y{}¤|Qv

Œ~„wytx�l?uwu�}¤|

S

O
Yc

Xc

L

l

X

Y

¿!}¤z{¨2„€l�Ë

Ç

‡T|^l#ª¤l#k�l#|Av-yŠ•

S
°

(X c; Yc) 2 K
¥Cv€h2l&x�lK|Qv€l#„-yŠ•_vwh2l�„€lKxev3ˆŠ|2zQª«l™°

(� ; L; l ) 2 M
¥Cv€h2l

yQ„w}¤l#|Av3ˆ vw}¤y{|�yŠ•
vwh2l�„€lKx�v€ˆŠ|~z{ª¤l{¥t}«v€uiª¤l#|2z{vwhÁˆŠ|~•�}«v€ui¦7}‰•Xvwh
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gih~l¹¨~|2|2y{„€k&ˆŠª¤}«ÉKlK•È•tl#|HuI}«v†s

h(:)
•tl#„€}«²QlKuµ•­„€y{k�v€h2„€l#l�l#|2lK„wzQ}«l?u-•tl#²Ql#ª¤y{Œ5lK•È}«|Èv€h2l�•­y{ª¤ª«y ¦7}¤|2z�ˆŠ|~•

•2l�v€ˆ{}«ª¤lK•�}¤|"��?

G

�<·"¿~y{„Fˆ�x�yQ|�H~z{¨~„€ˆŠvw}¤y{|

x 2 C
¥2}«vF}‰uiz{}¤²{l#|�©Xs

Ç

h(x) = exp� [Uext (x) + Uint (x) + Uexcl (x)]
´ÚËQ¶

1��

• Ï ž

*

Ÿ$1 Ï

*

Ï ž 3HÐ

Uext
gih2}‰u�vwl#„€k k�lKˆQuI¨~„wl?u"v€h2l �Q¨HˆŠª¤}•v†sÆy{•!ˆ¹x�yQ|�H~z{¨~„€ˆŠvw}¤y{|ÆzQ}«²Ql#|Æv€h2l�•2ˆ v3ˆ2¥

}<· l{·!vwh2lµ®T±_”»· £ vix#ˆ{|&©Hl:•tlKx#y{k�ŒHyAuIl?•�ˆ{u_ˆ�uI¨2k y{•LlK|2l#„€z{}¤lKu

Ud(:)
Œ5l#„,y{©t…†l?xev,uw¨~x3hÆˆ{u

Uext (x) =P
u2 x Ud(u)

·

¿~y{„™lKˆ{x3h¸yQ©t…†lKx�v

u 2 x
¥"ˆSª«ytxKˆŠªi•2ˆ v3ˆÁl#|2lK„wzQs

Ud(u)
}¤u¹x�yQk¹Œ~¨tvwl?•»©Xs§¨HuI}¤|2z§ˆSk�l�vwh~yX•»¦7h2}¤x3h

x#y{k�Œ~ˆ{„wl?u_v€h2l�®µ±_” •t}¤u€x�yQ|Avw}¤|A¨~}•v€}«l?u�vwy�vwh~l�©HyQ„€•tlK„€u�y{•
v€h2l�y{©t…†l?xev

u
·

¿!}¤z{¨2„€l

G

°e´‚ˆA¶™uwh2y ¦Fu&ˆ^Œ~ˆ{„Iv&y{•-ˆ¸®µ±_” ¥_ˆ^„€lKx�v€ˆŠ|~z{ª¤lÈ´‚}«| ¦7h2}«vwl•¶&ˆŠ|H•Äuwª«}‰x�l?u&l#²Ql#|2ª¤s³•t}‰uwŒHyAuIl?•

´‚}«|¸©~ª«¨2l•¶e·ÁÊÈl�ˆŠ}¤k ˆ v�l#¬Av€„€ˆQxev€}«|2z“uwy{k�l&Œ5y{}¤|Av€u�y{•7}«|AvwlK„wl?u†v�•­„wyQkºlKˆQx3h¸uIª¤}¤x#l�ˆŠ|H•¸x3h2lKx3ÅX}¤|2z�vwh2l

x#y{h2lK„wlK|~x�l�©5l�v†¦�l#lK|�vwh2l?uIl™ŒHyQ}«|Av3uTˆŠ|H•�vwh2l�„wl?xev€ˆ{|2z{¨~ª¤ˆ{„TuIhHˆŠŒ5l�yŠ•Ov€h2l�y{©2…†lKxev?·Fƒïy{}¤|Av€uFy{•O}«|AvwlK„wl?u†v

ˆ{„wl¹•tl�v€lKx�vwlK•S¨~uw}«|2z�ˆ�Œ~„wy H~ª«l¹uI}¤k�Œ2ª¤} HHxKˆ v€}«yQ|SˆŠª¤z{yQ„w}«vwh2k¯•tl#v€ˆ{}«ª¤lK•S}«| �@?

G

�ï°,v€h2l#sÁ„€l#Œ2„€lKuwl#|Av-®T±_”

•2}¤u€x�yQ|Qv€}«|X¨2}«vw}¤lKu�y{|^v€h2l�uwª¤}¤x#lKu�´ÚuIlKl H~zQ¨2„€l

G

°e´­©H¶w¶e·§gih~l#|U¥ïv€h2„wlKl�x�„€}«vwl#„€}‰ˆÁyŠ•Tx#y{h2lK„wlK|~x�lÆˆ{„wlÆ¨HuIl?•

v€y�x#y{k�Œ2¨tv€l

Ud(u)
·�gih2l H~„3u†v-x�„€}•v€l#„€}«yQ|Ák�lKˆ{uw¨2„€lKuµˆÆ²{yQª«¨~k¹l™„€ˆŠvwl�´‚uwl#l HHz{¨2„€l

G

°3´ÚxK¶7°izQ„wlKs�ª¤}¤|2lKu

„€l#Œ~„wl?uIlK|Qv¹uIlKz{k�l#|Av€u�¨~uwlK•^v€y§x�yQk�Œ2¨tvwl�vwh2l�²{yQª«¨~k¹l�„€ˆŠvwl?¶�·Ègih~l�uwlKx�yQ|~•^y{|~l�x�yQ„w„€lKuwŒ5y{|~•2u�vwy§ˆ

k�yQk¹lK|AvF„€ˆŠvwl&´‚uwl#l H~zQ¨2„€l

G

°3´Ú•~¶�°_zQ„wlKsÆª¤}«|2l?u7„€l#Œ2„€lKuwl#|AvFuIlKz{k�l#|Av3ui¨~uIl?•�vwyÆx�yQk�Œ2¨tvwl-v€h2l�k�y{k�lK|Qv

„3ˆ v€l?¶�· ±"²Ql#|Avw¨~ˆ{ª«ª¤s{¥?v€h2l"v€h2}«„3•�x#„w}«vwlK„w}¤y{|�k�l?ˆ{uw¨2„wl?u ˆ7ª¤ytx#ˆ{ª«}¤ÉKˆŠvw}¤y{|�„3ˆ vwlµ´‚uwl#l HHz{¨2„€l

G

°e´­l•¶C°Cˆ7zQ„€ˆQ•t}«lK|Av

}‰ui©5y•¬Xl?•�}«•ï}•vF}‰uFx�ª¤yQuwl-l#|2yQ¨2z{h�vwy¹v€h2l�x�yQ„w„€lKuwŒHyQ|~•t}¤|2z�„€lKx�v€ˆ{|2z{ª¤l�uI}‰•tl?¶�·
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Ï

ž

*

Ÿ$1
Ï

*

Ï
ž

3HÐ

Uint
gih2l7}¤|Qv€l#„€|~ˆŠªtlK|2l#„€z{s

Uint (x)
ˆŠª«ª¤y ¦Fu
vwy�zQ}«²Qliˆ-uwŒ~ˆ v€}¤ˆ{ª~uIvw„€¨~xev€¨2„wl�v€y-vwh2l

x#y{|�HHz{¨2„3ˆ v€}«yQ|

x
·

£
v�x#ˆŠ|&©5lTuwl#lK|Æˆ{u"ˆ�„€l#zQ¨2ª‰ˆŠ„€}«ÉK}«|2z:v€l#„€k x�yQk�ŒHyAuIl?•�yŠ•Lvwh2„€l#l7ÅX}¤|~•2u_yŠ•C}«|Av€l#„3ˆ{xev€}«yQ|

©5l�v†¦�l#lK|»y{©2…†lKxev3u�¦7h2}‰x3h¸•‚ˆ•²Qy{„3u�ˆŠª¤}«zQ|2k�l#|Av™©5l�v†¦�l#lK|¸„wl?xev€ˆ{|2z{ª¤lKuK¥Ox�yQk¹Œ~ª«l#vw}¤y{|»ˆŠ|H•»uIyQk�lÆŒ~ˆ•²X}«|~z

©5l#hHˆ•²A}¤y{„?·ï¿
}¤z{¨~„wl�•™„wlKŒ2„€lKuwl#|Av€u,vwh~lKuwl-vwh2„€l#l-}¤|Qv€l#„3ˆ{x�vw}¤y{|~uK·

1��

¡#1 �
œ,+
Ó
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Ï

*

Ï
ž

3~Ð

Uexcl
gih~}¤uLv€l#„€k ˆ•²Qy{}‰•2uL„€lK•t¨2|H•2ˆŠ|AvUy{©2…†lKxev3uC©XsTŒ5l#|~ˆ{ª«}¤É#}¤|2z7v€h2l"}¤|Avwl#„3uwlKxev€}«yQ|

y{•tŒ~ˆŠ„3ˆŠª¤ª«lKªŠ„€lKxev3ˆŠ|2zQª«l?u#·!qX¨~x3h�ˆŠ|�l#¬2x�ª¤¨~uI}¤y{|�lK|2l#„€z{sµ}¤u |2lKx#lKu€uwˆ{„ws:uI}¤|~x#lOvwh2l_„wl?•t¨2|~•2ˆ{|Av l�¬tŒ2ª‰ˆŠ|~ˆŠvw}¤y{|~u

y{• v€h2l�•2ˆ v3ˆ¹k�¨~uIvF©Hl�ˆ•²Qy{}‰•tlK•�ˆŠ|~•�vwh~l�ˆ vIv€„€ˆQxev€}«²Ql:}¤|AvwlK„€ˆQxevw}¤y{|Hu,k™¨~uIvF|2yŠv7©5l-vwyXy&u†v€„wyQ|2z~·

6���'���6 �

:!•%+ � +�E{Ÿ2•%+
Ó

*

ÊÈl�¦�ˆ{|Av™v€y!H~|H•»v€h2lÁx�y{| H~z{¨2„3ˆ v€}«yQ|»¦7h2}‰x3hÄk&ˆŠ¬X}¤k�}«ÉKlKu™vwh~l�•2l#|~uw}•v†s

h(:)
·ÄÊ§lÁuwlKˆŠ„3x3h»•­yQ„¹vwh2l

”Sˆ ¬t}«k™¨2k ‡)ƒïyQuIvwlK„w}¤y{„€}O´‚”“‡Tƒ,¶il?u†v€}«k&ˆ v€y{„

� M AP
Ç

� M AP = argmax
�

h(� )
´

G

¶

gih~}¤u�}¤u™ˆÁ|2y{|»x#y{|X²{l#¬§yQŒtvw}¤k�}«É?ˆ vw}¤y{|¸Œ~„wyQ©2ª«lKk˜}¤|»ˆÁh2}¤z{h»ˆ{|~•¸² ˆŠ„€}‰ˆŠ©2ª¤lÆ•t}¤k¹lK|~uw}«yQ|»uIŒ~ˆQx�l

C
·S‡

‹Fl#²{lK„€uw}¤©2ª«l �{¨2k�ŒÈ”Áy{|AvwlÆm�ˆŠ„€ª¤y�”“ˆŠ„€Å{y ²“m,h~ˆ{}«|Èuwˆ{k¹Œ~ª«lK„��

G

� � •%�1��?K‘#�Ol#k�©5lK•~•tlK•S}«|Èˆ�uw}«k™¨2ª¤ˆŠvwl?•

ˆ{|2|2l?ˆŠª¤}«|2z�u€x3h2l#k�l-}¤uFŒ~ˆŠ„wvw}‰x�¨2ª‰ˆŠ„€ª¤s&¦,lKª«ªUˆQ•2ˆŠŒtv€lK•�vwy�v€h2}¤uFŒ2„wyQ©2ª¤l#k�·
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�

Ÿ��S¢
ˆ�Œ~ˆ{„Iv-yŠ•,ˆ�®µ±_” ¥Uˆ�Œ2„€y{Œ5yQuwlK•Á„€lKx�v€ˆŠ|~z{ª¤l�´­}¤|È¦7h2}•v€l?¶:ˆŠ|H•

uwª¤}¤x#lKuT´‚}«|�©2ª«¨~l?¶

�

› �™¢
•tl#vwlKx�vwl?•�ŒHyQ}«|Av€u,yŠ•C}¤|Avwl#„€lKuIv

�

¡ �¹¢
²{y{ª¤¨2k�lF„3ˆ v€l

�

Ô �™¢
k�y{k�lK|Qv,„€ˆŠvwl

�

Ï
�™¢

ª¤ytx#ˆ{ª«}¤ÉKˆŠvw}¤y{|�„3ˆ v€l

¿!}¤z{¨2„€lS•

Ç

£
|Qv€l#„€|~ˆŠªTl#|2lK„wzQs¸°

�

Ÿ �Ã¢
ˆŠª¤}«zQ|2k�l#|AvÆ}¤|Qv€l#„3ˆ{x�vw}¤y{|

�

›��Â¢
Œ~ˆ•²X}«|~z¸}«|AvwlK„€ˆQxev€}«yQ|

�

¡ �Ã¢

x#y{k�Œ2ª¤l�v€}«yQ|�}¤|Avwl#„3ˆ{x�vw}¤y{|
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£ v�x�yQ|~uw}¤uIv€uµ}«|ÈuI}¤k�¨~ª¤ˆŠvw}¤|2z�ˆ�•t}‰uwx#„wl#vwl¹”“ˆŠ„€Å{y ²“m,h~ˆŠ}¤|

(X t )t 2 N
yQ|

C
y{•_}¤|A² ˆ{„w}‰ˆŠ|Avµk�l?ˆ{uw¨2„wl

�
´ÚuIŒ5lKx#} HHlK•È©Xs“vwh~l�•tl#|HuI}«v†s

h(:)
¶-¦7h2}‰x3h^ŒHlK„I•­yQ„wk&u�uwk&ˆŠª¤ªC…†¨2k�Œ~u�©5l�v†¦�l#lK|¸uIŒ~ˆQx�l?u�yŠ•i² ˆŠ„€}¤ˆ{©2ª«l&•t}«°

k�lK|~uI}¤y{|Hu#·™nµ|2l¹yŠ•_vwh2l¹k&ˆŠ}¤|§ˆ{•2²•ˆ{|Av€ˆŠzQlKuµyŠ•,uw¨~x3hÈˆ�u€ˆŠk�Œ2ª¤l#„:}¤u:v€h~ˆ v:vwh2l�x3h~ˆ{}«|Èˆ{uwsAk�Œtv€yŠv€}¤xKˆŠª¤ª«s

x#y{|X²{lK„wzQlKuFvwy ¦iˆŠ„3•2u

�
•­y{„�ˆ{|AsÁ}¤|2}«vw}‰ˆŠª"x#y{|�H~zQ¨2„3ˆ vw}¤y{|

X 0
· £ v�k�lKˆ{|~uµvwh~ˆŠv�}«|~}•v€}¤ˆ{ª«}¤ÉKˆŠvw}¤y{|§uIvwlKŒ~u-y{„

©~¨2}«ª‰•t}¤|2z&ª¤yXxKˆŠª¤}«É?ˆ v€}«yQ|�k&ˆ{uwÅtu7ˆŠ„€lµ|2y{vF|2l#l?•tlK•U·

£ |ÆŒ~„€ˆQxevw}‰x�lQ¥{v€h2lµ‹ �Q”§m�”Èm³u€ˆŠk�Œ2ª¤l#„,}¤u_l#k™©Hl?•2•tlK•Æ}«|Avwy¹ˆ�uw}«k™¨2ª¤ˆŠvwl?•&ˆŠ|2|2l?ˆŠª¤}«|~z�uwx3h~l#k�l
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vwh2l

•2l#|~uw}•v†s

h(:)
1

D t
}‰uiuI¨~©~u†v€}•v€¨tvwl?•Æv€y

h(:)
¦7h2l#„€l

D t
}‰u7ˆ¹uIl �Q¨~l#|~x#lTyŠ•
vwlKk¹Œ5l#„3ˆ v€¨2„€lKu,¦7h2}¤x3h�vwlK|~•2u�vwy

ÉKl#„€y&ˆ{u

t
vwlK|~•2u7v€y&}«| H~|2}«v†s{·,‡�vTvwh2l�©5l#zQ}«|2|~}«|2z�yŠ•!vwh2l�ˆ{ª«zQy{„€}•v€h2kº´‚}Ú· l{·,¦7h2l#|�v€h2l-vwlKk¹Œ5l#„3ˆ v€¨2„€l�}¤u

h~}«zQhH¶e¥Xv€h2l�Œ2„€yXx#lKu€u_}‰ui|2y{vi„€lKˆ{ª«ª¤sÆuwl#ª¤lKxev€}«²Ql

Ç

}«vTˆŠª¤ª¤y ¦Fu"v€y¹l#¬tŒ2ª«yQ„wlµvwh~l�•tl#|~uw}«v†sÆk�yX•2lKuK·!Ê h~l#|�vwh2l

v€l#k�Œ5l#„3ˆ vw¨~„wli•tlKx#„wl?ˆ{uwlKuK¥Šx�yQ|�H~z{¨~„€ˆŠvw}¤y{|~u
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x#y{|X²{lK„wzQl#|~x#l{·)‡¯ª¤y{zQˆ{„w}«vwh~k¹}‰x“•tl?x�„€lKˆQuIl

D t = c
log (1+ t )

¥F¦7h2l#„€l

c
}‰u�ˆ³x�y{|Hu†v3ˆŠ|AvÆh2}¤z{h lK|2y{¨2zQh

v€yÁˆŠª¤ª«y ¦¾vwh2l&l#¬XŒ~ª«yQ„€ˆŠvw}¤y{|Sy{•�ª¤ytx#ˆ{ªOk¹}¤|2}¤k&ˆ�yŠ•il#|2lK„wzQs{¥UŒ5l#„€k�}•v3u-vwyÁ©5lÆuI¨~„wl¹vwhHˆ v�vwh~lÆˆŠª¤z{y{„€}«vwh2k

x#y{|X²{lK„wzQlKuK·
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gih~}¤u�©~¨2}«ª‰•t}¤|2zÁl�¬Xv€„€ˆQxevw}¤y{|Èk�l�v€h2yt•^z{}¤²{lKu�u€ˆ v€}¤uI•‚ˆ{x�vwyQ„wsÁ„€lKuw¨2ª«v€u:•­y{„™ˆ�ª¤ˆ{„wzQl™„3ˆŠ|2zQl�yŠ•7®T±_”Su�´‚uwl#l

��?KË%� •­y{„T„wl?uI¨2ª«v€uFy{|�y{Œtv€}¤xKˆŠª ˆ{|~• C ‡:qX±_‹ ®µ±_”“u3¶e·
£

|�v€h2l�•­y{ª¤ª¤y ¦7}«|2zH¥2¦�l�y{|2ª¤s�Œ2„€lKuwl#|AvF„€lKuw¨2ª«v€u7yQ|

yQŒtvw}‰x#ˆ{ªUuwˆŠvwlKª«ª¤}•v€l�®T±_”Su#·
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ˆ�ª‰ˆŠ„€z{l7k&ˆŠ…†y{„€}•v†s¹yŠ• ¨~„w©~ˆ{|

uIvw„€¨~x�vw¨2„€lKuiˆŠ„€l�x�yQ„w„€lKx�vwª¤sÆ•tl�v€lKxev€lK•C·

*Ty ¦,lK²{l#„?¥~¦�l™xKˆŠ|Suwl#l�v†¦,y�•t„€ˆ•¦7©Hˆ{x3Åtu#·F¿!}¤„€uIvK¥Cuwy{k�l�©2¨~}«ª‰•t}¤|2z�•­yXy{vwŒ2„€}«|Av3uTh~ˆ•²Ql�|2yŠv-©5l#l#|§•tl�°

v€lKx�vwlK•U·ïgih~l#s&x�yQ„w„€lKuwŒHyQ|~•™vwy™ª«y ¦Â¼HˆŠv,©2¨2}¤ª‰•t}«|~zQu,yŠ•U}¤|2|2l#„ix�yQ¨2„wv†sQˆŠ„3•2u!v€h~ˆ v,vwh2l:Œ2„€y{Œ5yQuwlK•¹k�l�vwh~yX•

xKˆŠ|2|~yŠvÆ•tl�v€lKx�v&uw}¤|~x�l�v€h2lKuwl�©2¨2}¤ª¤•t}¤|2zAu�h~ˆ•²{l�ª¤y ¦ ®T±,”6•t}¤u€x�yQ|Avw}¤|A¨~}•v€}«l?u#· qXlKx#y{|~•U¥_v€h2lÁ©2¨2}¤ª¤•2}«|2z

l#¬Xvw„3ˆ{xev€}«yQ|�k�l�v€h2yt•�•tl�v€lKxev3uFuwy{k�l:vw„€l#lKu�´ H~z{¨~„wl�— °e´‚x?¶I¶�· *Fy ¦�l#²{lK„K¥Qvwh~}¤uF•2l�•‚ˆŠ¨~ª•vTxKˆŠ|�©Hl�x#y{„€„wl?xevwl?•

©XsÆ}¤|Avw„€yt•t¨~x�}¤|2z&ˆ¹²{lKz{l�v3ˆ v€}«yQ|�k&ˆ{uwÅÆ}¤|�v€h2l�Œ2„€ytx�lKu€uK·
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}¤| v€h2l§ËQ®F°½„wl?uI¨~ª•v3uÆˆ{u�}•v�}¤u�uIh~y ¦7| }«| � ‘3�½·¾gih2l?uIlÈˆŠ„wvwl�•‚ˆQxev3uÆˆŠ„€l“k&ˆŠ}¤|2ª¤sÂ•t¨~l“vwyÄ|2y{| yQŒtvw}¤k&ˆŠª

x#y{|2|~lKxev€}«yQ|~u�©5l�v†¦�l#l#|Â|2lK}«zQhA©5y{„€}¤|2z§„€lKx�v€ˆ{|2z{ª¤lKu�´‚uwl#l“¿!}¤z{¨2„€l A{¶e· gihHˆ vÆ}‰u�¦7hAs³vwh2l?uIl�„€lKx�v€ˆŠ|~z{ª¤l

ª‰ˆ•s{yQ¨tv€u™|2lKlK•¸v€y^©Hl�„wlKz{¨2ª‰ˆŠ„€}¤É#lK•U¥OlKuwŒHl?x�}‰ˆŠª¤ª«s^v€h2l�ª«}¤|2ÅX}«|~z§¨2ŒÂ©5l�v†¦�l#l#|Ä|2l#}¤z{hX©5y{„€}«|~zS„€lKxev3ˆŠ|2zQª«l?u#·
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gih~l¹„€lKx�v€ˆ{|2z{ª¤l�ª‰ˆ•s{yQ¨tv€u-ˆŠ„€l�„€l#zQ¨2ª‰ˆŠ„€}«ÉKlK•Á©Xs“}¤k�Œ2„wy ²X}¤|2z~¥ HH„€uIvwª¤s{¥Lv€h2l&x�y{|~|2lKx�vw}¤y{|È©Hl#v†¦,lKl#|È|2l#}¤z{ht°

©5y{„€}¤|2z-„wl?xev€ˆ{|2z{ª¤lKui´­vwh2„€y{¨2zQh¹ˆ-ª¤ytx#ˆ{ªX•­¨~uI}¤y{|�y{•H„€lKxev3ˆŠ|2zQª«l?u€¶!ˆ{|~•C¥{uwlKx#y{|~•tª¤s{¥Švwh2lFŒ5yQuw}«vw}¤y{|¹yŠ•5•‚ˆ{x#ˆQ•tlKu

´­vwh2„€y{¨~z{h�ˆ�•‚ˆQx#ˆQ•tl�•t}¤u€x�yQ|Avw}¤|A¨~}•v†s�•2l�vwl?xev€}«yQ|H¶e·"‡�v7v€h2l-l#|~•C¥~¦,l-y{©2v€ˆŠ}¤|Áu†v€„w¨Hxevw¨~„wl?•�©2¨~}«ª‰•t}¤|2z¹•­yAy{vI°

Œ~„w}¤|Av€u�¦7h~yQuwlÆl#ª¤l#k�l#|Av3u�ˆŠ„€l�x#y{„€„wl?xevwª¤s§x#y{|2|~lKxev€lK•

Ç

lKˆQx3h¸y{|2l�„wlKŒ2„wl?uIlK|Av€u�ˆ“uwŒ5lKx�}@HHx�Œ~ˆŠ„wv�yŠ•Fˆ{|

¨~„w©~ˆ{|�uIvw„€¨~x�vw¨2„€l{·
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ÊÈliˆŠ}¤k ˆ v
}¤k�Œ2„€y ²A}¤|2zTvwh2lix�yQ|2|2lKx�vw}¤y{|�©5l�v†¦�l#lK|�|2lK}«zQhX©HyQ„w}¤|2zF„€lKx�v€ˆŠ|~z{ª¤lKuK· ¿!}«zQ¨2„wl�‘ °e´‚ˆA¶C„€l#Œ2„€lKuwl#|Av€u

ˆ™v†sXŒ2}‰x#ˆ{ªUx�y{| H~z{¨2„3ˆ v€}«yQ|�y{• v†¦�y¹|~l#}¤z{hX©HyQ„w}¤|2z¹„wl?xev3ˆŠ|2zQª«l?u_v€h~ˆ vF¦�l-¦�ˆ{|Av�v€yÆx�yQ|2|2lKx�vK·

o:lK|2l#„3ˆŠª¤}«ÉK}«|~zÆË{® ²Qy{ª¤¨2k�lKuK¥~uw¨~x3h“ˆ{u7}¤| � I �½¥5x#y{¨2ª‰•�ˆŠª¤ª«y ¦ vwyÆ}¤k�Œ2„€y ²{l-vwh~l�ª«}¤|2ÅX}¤|2zÆ¨2ŒÁ©5l�v†¦�l#lK|

|~l#}¤z{hX©HyQ„w}¤|2z“„€lKx�v€ˆ{|2z{ª¤lKuK¥
|~l#²{lK„Iv€h2l#ª¤lKu€u�uwy{k�l�©2¨2}¤ª¤•t}¤|2zÈ•tl�v3ˆŠ}¤ª¤u™¦,yQ¨2ª‰•¸©Hl�ª¤yQuIvK·§‡TŒ2Œ2ª¤sX}«|2zÈuIk&ˆ{ª«ª

Œ5l#„wvw¨~„w©~ˆŠvw}¤y{|~uTy{|�v€h2l™„€lKx�v€ˆ{|2z{ª¤l�Œ~ˆŠ„3ˆŠk�l#vwl#„3uFx#y{¨2ª‰•Á}¤k¹Œ~„wy ²Ql-vwh2l¹x�y{|~|2lKx�vw}¤y{|U·/*Ty ¦,lK²{lK„K¥5uI¨~x3h“ˆ

k�l#vwh2yt•ÆxKˆŠ|2|2y{v,©5lT¨~uwlK•�uI}¤|~x�lTvwh2lµ}«|2•­y{„€k�ˆŠvw}¤y{|&„€l#ª‰ˆ v€lK•�v€y�vwh~lTz{lK|2l#„3ˆŠªHª¤ˆ•sQy{¨tv"y{•U„wl?xev3ˆŠ|2zQª«l?u"¦7}¤ª«ª

©5l�ª¤yQuIvK·:gih2l™x3h~yQuwl#|“uwy{ª¤¨tvw}¤y{|“x#y{|~uw}¤uIv€uT}«|Sk¹lK„wzQ}«|~z&vwh2l™|2l#}¤z{hX©5y{„€}«|~zÆ„wl?xev3ˆŠ|2zQª«l?u#¥H}Ú· l{·µk¹yQ„wŒ~h2}«|~z

v†¦�y�„wl?xev3ˆŠ|2zQª«l?u,}¤|Avwy�Œ5y{ª¤sAzQy{|~u�¦7h2}‰x3hÁˆŠ„€lµŒ5l#„w•­lKx�vwª¤s�x#y{|2|2l?xev€lK•�ˆ{ui¦�l-xKˆŠ|Áuwl#l-y{| H~z{¨~„wl�‘•°e´­©H¶�·
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(Pi ) i 2 N?
¦7h2}‰x3h�ˆŠ„€l"Œ5l#„w•­lKx�vwª¤s-x#y{|2|~lKxev€lK•Æ´ÚuIlKl H~zQ¨2„€l_‘•°e´­©H¶w¶e·

£ vïl�¬t}‰u†v3u
k&ˆ{|As-„€l#ª‰ˆ v€}«²Ql"ŒHyAuI}«vw}¤y{|Hu y{•2v†¦,yµ|2l#}¤z{hX©5y{„€}«|~zF„wl?xev3ˆŠ|2zQª«l?uU¦7h2}‰x3h™•tlKŒHlK|~•�yQ|�vwh~l,¦7}‰•Xvwh

y{•ïvwh2l�„€lKx�v€ˆ{|2z{ª¤lKuK¥tvwh~l#}¤„Ty{„€}¤l#|Av€ˆŠvw}¤y{|�ˆŠ|~•�v€h2l#}¤„µ•t}‰uIv€ˆŠ|Hx�l{·7¿Hˆ{x�l?•�¦7}•v€hÁvwh2l�h2}«zQhÁ|X¨2k�©5l#„µyŠ•OŒHyAu†°

uw}¤©2}«ª¤}«vw}¤lKuK¥UˆŠ|“l#¬XhHˆŠ¨~uIvw}¤²{l¹•tlKu€x�„€}«Œ2vw}¤y{|“y{•,ˆŠª¤ª!vwh2l™•­¨~uw}«yQ|§x�yQ|�H~zQ¨2„€ˆŠvw}¤y{|~uT¦7}«ª¤ªï©Hl¹²{lK„ws�h2l?ˆ•²Xs{·-Ê§l
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