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�Ty ¦��Q�2��stu#¥5v�h2}¤u-�~�wyQ©2ª«lKkºx#�{|§©5l�v��Qx3ÅXª«l?��©XsS��|~y�vwh~l#�-v�sX�Hl�y{���2��v�� Ç vwh2l&uw¨2©t°½k�l�vw��}�x¹u�� v�l#ª¤ª«}«vwl
}¤k&��zQlKuK·Fgih2l��¨tv�¨2��l��DC ± £ �T®µ±,q§uw��vwlKª«ª¤}�v�lKuµ����l�lKuw�Hl?x�}���ª¤ª«s�¦�l#ª¤ª!�Q�2���tv�lK��v�y��tl?��ª ¦7}«vwh§©2¨2}¤ª¤�2}«|2z
ËQ®F°½��lKx�yQ|~uIvw��¨~xev�}«yQ|Sv�h2�wyQ¨2z{hÈv�h2lÆh2}¤z{h¸��lKuwy{ª¤¨tvw}¤y{|^y{�i}¤k&��zQlKu&´��~· I�k¹l#vwlK�3¶��{|~�Èvwh~l�u�v�l#��l#yAuwx#y{�2}�x
x3hH���3�{xev�l#��}¤uIvw}�x#u7´vwh2��l#lµ²X}«lK¦FuO°'&)(#*,+:�2·ê�{¶�·!gih~lFk&��}¤|��{�t² �{|Qv3��zQlKuOy{�Cu�� v�l#ª¤ª«}«vwl:�2� v3��x�yQk��~����lK��vwy
�{l#��}¤�{ªt}«k&�{z{lKu_����lF��h2}¤z{hÆuw¦���vwh�¦7}¤�tvwh��{|~��z{��y{¨2|H�¹x#y ²{lK���{z{l{·-*Ty ¦,lK²{lK�K¥{uw¨~x3hÆ�2��v��-h~��²QlF�/.I�wlKª¤��°
v�}«²Ql#ª¤sµª¤y ¦10"�wl?uIyQª«¨2vw}¤y{|���|~���2.�ª¤y ¦10_qX}«zQ|~��ª{vwy'�Fy{}�uwl_�F� v�}«y�´Úq&�µ�T¶Cv�yT�tl?��ªA¦7}�v�h�Ë{®T°<��lKx#y{|~uIvw��¨~x�vw}¤y{|
�~�wyQ©2ª«lKk&u#·ï¿2yQ�"l�¬2��k��2ª¤l{¥Q�DCU± £ �T®µ±,qÆuw}«k�¨2ª�� vw}¤y{|HuOh~��²{lT���2}�¬tlKª¤u_�HlK�_u��A¨~�{�wl7k�l#vwl#���tl#|HuI}«v�s¹x#y{|t°
v����{�ws�vwy�uIv��{|~�2�{������lK�w}���ª~}«k&��zQlKuO¦7h~}¤x3h&h~��²QlF��©5y{¨tv7� L �2}«¬tl#ª�u"�5l#��u��A¨~�{�wl7k�l�v�l#�?· £ |�vwh2}�u_��l#�5y{�wvK¥
v�h2l�k�l�v�h2yt���~�wyQ�HyAuIl?�Æ¦7}¤ª«ªU©5l����~�2ª«}¤lK��vwy&� CU± £ �µ®T±,q�uI}¤k�¨2ª�� v�}«yQ|~u�y{|Á�tlK|~uIl-¨2��©~�{|��{�wl?�{uK·

�T¨tvwyQk&� vw}�xµk¹l#vwh2yt�2u7�{�wlµk�yQuIvwª¤s&k��Q�tl:¨2��y{�Uv�¦,y�uIvwl#�Hu Ç v�h2l-l�¬Xvw�3�{x�vw}¤y{|Æy{� ©2¨2}¤ª¤�2}«|2z��yXy�v��2�w}¤|Av�u
�{|~��vwh2l�ËQ®F°½�wl?x�yQ|~u�v��w¨Hxevw}¤y{| ·!gih2}�u H~�3uIv7uIvwlK��}¤u7|~y�v7|2lKx#lKu�uw�{�ws�v�yÆuIyQk�l:k�l#vwh2yt�2u7¦7h~}¤x3h��t}¤�wl?xevwª¤s
¨HuIlÆxK�{�2�Qu�v����{ªOk��{�~u�uw¨~x3h¸�{u��ê�3�,y{�4� �%�½·��S��|XsSk�l�v�h2yt�2u�|2lKlK�^©2¨~}«ª��t}¤|2z�ª¤yXxK��ª¤}«É?� v�}«yQ|§k&�{uwÅtu�}¤|
yQ���2l#�Uv�yµ}¤|2}«vw}���ª¤}«ÉKl_v�h2l,�yAy{vw�2��}¤|Qvïl�¬Xv����Qxevw}¤y{|���ª¤z{y{��}«vwh2k�¥?�y{�ïl�¬2�{k¹�~ª«l5� Ë#�<¥6��??�7�½¥8�ê���3�tyQ�$�ê��?!�½· £ |�vwh~}¤u
x#y{|Avwl#¬XvK¥X�l#¦ x�}«v�s�Ë{®T°½k¹yt�tlKª«}¤|2zAu��{�wl-��lK�{ª«ª¤s��¨2ª¤ª«sA°Ì��¨tv�y{k&� v�}¤x{¥A}<· l{·O¦7}«vwh2yQ¨tvF©2¨2}¤ª¤�2}«|2z�ª¤ytx#��ª¤}¤ÉK� v�}«yQ|
k&�QuIÅtuK·

£ |Ævwh2}�u_��l#�5y{�wvK¥X���¨~ª«ª¤sA°½�{¨tvwyQk���vw}�x7�yXy�v��2��}«|Av_l#¬Av����Qxev�}«yQ|Æk�l�vwh~yX�&��wyQk ®µ}¤z{}«v���ª5±"ª¤l#² � v�}«yQ|��Áyt�tlKª¤u
´Ú®T±,��u�¶T}�uµ�~�wl?uIlK|Qv�lK�C·:gih2l�®µ±_��u-�{�wl�z{l#|~l#�3� vwl?��¨~uw}«|2z���|S�{ª«zQy{��}�v�h2k+©~�{uwlK�ÁyQ|S�Æk&��¬X}¤k�¨~k�°
¼Hy ¦ �y{��k�¨~ª¤��vw}¤y{|�¨HuI}¤|2z¹vwh2��l#l#°<²X}¤l#¦ }«k&��zQlKuK·
¿!}¤��uIvK¥2vwh2l�zQª«yQ©~��ªUuwh~�{�Hl�y{�!©~¨2}«ª��t}¤|2zQuT����l�l�¬Xvw�3�{x�vwlK��©Xs���k�l�v�h2yt��©~�{uwlK��yQ|�k&�{�wÅQlK���HyQ}«|AvF�2��y�°
x#lKu�uIl?u Ç v�h2l¹©2¨2}¤ª¤�t}¤|2z��yXy�vw�~�w}¤|Av�u:����l�k�yt�tl#ª¤lK�Á©Xs���lKxev3��|2zQª«l�ª¤��sQy{¨tv3u#·:gih2l#| ¥Hv�h2lKuwl¹�wl?xev��{|2z{¨~ª¤�{�
©~¨2}«ª��t}¤|2z-�yXy�v��2�w}¤|Av�u"�{�wli��l#zQ¨2ª¤�{�w}¤É#l?��©Xs�}¤k��2�wy ²X}¤|2z:vwh2l7ª¤}¤|2ÅX}«|2z�¨~�&y��5vwh2l7|2lK}«zQhX©HyQ�w}¤|2z:�wl?xev��{|2z{ª¤lKu
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}¤É#l?�S�Quµ��k¹}¤|2}¤k�}«É?� vw}¤y{|§y��_�{|Sl#|~l#��z{s{·-gih2l�ª¤�Qu�v-y{|2l�}¤u-x#y{k��HyAuIl?�Áy��_���2��v�����vIv3�{x3h2k�l#|Avµvwl#��k
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��y{©~¨~u�v�|2lKu�u�©XsÆ�wl?u�v����{}«|~}«|2z¹k&� v3x3h2}«|~z��{k�©2}¤z{¨~}�v�}«l?u#·
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´Ú�Fk�}¤l#|~uFx#}�v�s�h~��ª¤ªC°_¿2�3��|Hx�l?¶�·
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|~l#lK�Ä©2¨2}¤ª��t}«|~zÈª¤ytx#�{ª«}¤ÉK��vw}¤y{|»k&���Hu�y{��}«|~}�v�}¤�{ª«}¤ÉK��vw}¤y{|ÄuIv���vwl?u#·Âg y¸�ty^uIyH¥,�S�yXy�vw�~�w}¤|Av�l#¬Xvw�3�{xev�}«yQ|
�{ª«zQy{��}�v�h2k ©~�QuIl?��yQ|�k&����Å{l?���5y{}¤|Av7�2�wytx#lKu�uIl?u,}�u7¨~uwlK� ��? L �½·
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gih~}¤u�k�l�v�h2yt��}�u�©~�{uwlK��y{|��{|�yQ©t��lKx�vi�{�2�2��yQ�{x3h Ç }«vi�2�wy ²X}��tlKu,��lKxev3��|2zQª«lµª¤��sQy{¨tv3u_¦7h~}¤x3h��wlK�2�wl?uIlK|Av
v�h2l�©2¨2}¤ª��t}«|~z&�yXy�vw�~�w}¤|Av�uK·,¿~�Qx�l?��¦7}«vwh�v�h2l�x�yQk��2ª«l#¬t}�v�s���|~��vwh~l��t}¤²{l#�3uw}�v�sÆy{�
v�h2l�©2¨~}«ª��t}¤|2z&�y{��k&u#¥
uw¨~x3h��{|����2�2��yQ�Qx3h�}¤uT¦,lKª«ª!�{�2�{�tvwl?��uI}¤|~x#l�}�v:�2��y ²A}��tl?uF�&k�yt�tl#ª¤}«|~zÆ©Xs�uw}¤k¹�~ª«l�zQl#yQk¹l#vw��}¤x-yQ©t��lKx�v�u
´�}Ú· l:�wl?xev��{|2z{ª¤lKu3¶"�{|~���{ª«ª¤y ¦Fu_vwh2l-}¤|Qv��wyt�t¨Hxevw}¤y{|�y��
���2��}«yQ�w}5ÅX|2y ¦7ª¤lK�tzQlµx�yQ|~x�lK�w|~}«|2z�vwh2l:y{©2��lKxeviª���sQ°
yQ¨tv��{|~�»�tyXlKuw| � v�|2lKlK�¸}¤|2}«vw}���ª¤}«É?� vw}¤y{|»uIv���vwl?u#·��T|»l#|2lK�wzQsS}�u��Quwuwytx�}�� v�lK�§vwy�l?�{x3h»x#y{|�H~zQ¨2�3� vw}¤y{| ·
gih~l�z{ª¤y{©H��ª_k�}¤|2}¤k�¨2k y{�Fvwh2}�u¹l#|2lK�wzQs§}�u�vwh2lK|»�y{¨~|~�»©Xs¸���2�~ª«sX}¤|2z§�§�7l#²Ql#�3uI}¤©2ª¤l��{¨~k¹�Ä�Áy{|Avwl
m��{�wª¤y�������Å{y ²�m,h~�{}«|Áu���k��2ª¤l#�il#k�©Hl?�2�tlK��}¤|AvwyÆ��uI}¤k�¨~ª¤��vwlK����|~|2lK�{ª«}¤|2z�uwx3h2lKk�l�� L �½·
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C l�vOx�yQ|~uI}��tlK�!�µ�HyQ}«|Avï�2��yXx#lKu�u

X
ª«}¤²X}«|2z:}¤|

K = [0, Xmax]×[0, Ymax]
¦7h2}�x3h���l#�2��lKuwl#|Av�u!��|�}«k&�{z{l{·

X
}¤ui��k�l?�{uw¨2���{©2ª¤lTk&���2�~}«|2z���wyQk ���2��y{©H��©2}¤ª«}«v�s&uI�H�{x�l

(Ω, A, P)
v�y¹x#y{|�H~zQ¨2�3� vw}¤y{|HuOy�� �5y{}¤|Av�u�y��

� Ç
∀ω ∈ Ω, xi ∈ K, X(ω) = {x1, ..., xn}

´ ??¶
� k&�{�wÅQlK�§�HyQ}«|Av��2��ytx�lKu�u-}¤|

S = K × M
}¤u����HyQ}«|Av��2��ytx�lKu�u-¦7h2lK�wl&l?�{x3hÈ�HyQ}«|Av�}�u��{u�uIytx#}¤��vwlK�

¦7}«vwh¸��k&����Å�¦7h2}�x3h¸��ª¤ª«y ¦Fuµv�y��tl�H~|~l���|Èy{©t��l?xev?·
M

}�u-v�h2l&k&����ÅSuI�H�{x�l&¦7h~}¤x3h^��ª¤ª«y ¦FuK¥U}¤|¸y{¨2�
xK�{uwl{¥Xv�y��2lKu�x���}«©5l-���{|~�ty{k x�y{| H~z{¨2�3� v�}«yQ|���lKx�v���|~z{ª¤lKu Ç

M = [−
π

2
,
π

2
] × [Lmin, Lmax] × [lmin, lmax]

´Ú�{¶

ÊÈl�|2y{vwl
C
v�h2l�uwl�vTy{�ï�{ª«ª H~|2}«vwl�x#y{|�H~zQ¨2�3� vw}¤y{|Huiy��Oy{©t��l?xev3u7y��

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

S
·:¿!}¤z{¨2��l¹�Æ�wlK�2�wl?uIlK|Av�uT���wl?��ª¤}«É?� v�}«yQ|Áy��,���HyQ}«|Avµ�~�wytx�l?uwuµ}¤|

K
�{|~�S���wl?��ª¤}«É?� vw}¤y{|Áy{�_�Æk&����Å{l?�

�5y{}¤|AvT�2��ytx�lKu�u7}¤|
S
·F�ÁyQ�wl��tl�v3��}¤ª¤uTy{|Á�5y{}¤|Qvµ�2�wytx#lKu�uIl?uF��|~��v�h2l#}¤�-���2�2ª¤}�x#� v�}«yQ|~uFxK��|Á©5l��y{¨~|~�Á}¤|

��?K�%�<·
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ÊÈlµx#y{|~uw}��tl#�_��k��{�wÅQlK�¹�5y{}¤|Qv��2��yXx#lKu�u

X
�tl"H~|2lK��©Xs���|&¨2|~|2y{��k&��ª¤}«ÉKlK�&�tlK|~uI}«v�s

h(.)
���y{k

C
vwy

R�{|~�¹�-�wl#�l#��l#|~x#l,}¤|Avwl#|HuI}«v�s�k�lK�QuI¨~�wl
ν
´��tl"H~|2}¤|2z��:�wl#�l#��l#|~x#li�!yQ}¤u�uwy{|��5y{}¤|Av"�2��yXx#lKu�uO�t}�u�v��w}¤©2¨tv�}«yQ|H¶e·
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S

O
Yc

Xc

L

l

X

Y

¿!}¤z{¨2��l�Ë Ç �T|^l#ª¤l#k�l#|Av-y��
S
°

(Xc, Yc) ∈ K
¥Cv�h2l&x�lK|Qv�l#�-y��_vwh2l���lKxev3��|2zQª«l�°

(θ, L, l) ∈ M
¥Cv�h2l

yQ�w}¤l#|Av3� vw}¤y{|�y��
vwh2l���lKx�v���|~z{ª¤l{¥t}«v�uiª¤l#|2z{vwhÁ��|~��}«v�ui¦7}��Xvwh
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gih~l¹¨~|2|2y{��k&��ª¤}«ÉKlK�È�tl#|HuI}«v�s
h(.)

�tl#��}«²QlKuµ���y{k�v�h2��l#l�l#|2lK�wzQ}«l?u-�tl#²Ql#ª¤y{�5lK�È}«|Èv�h2l��y{ª¤ª«y ¦7}¤|2z���|~�
�2l�v��{}«ª¤lK��}¤|"��? G �<·"¿~y{�F��x�yQ|�H~z{¨~����vw}¤y{|

x ∈ C
¥2}«vF}�uiz{}¤²{l#|�©Xs Ç

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

1�� � Ï � * �$1 Ï * Ï � 3HÐ
Uext

gih2}�u�vwl#��k k�lK�QuI¨~�wl?u"v�h2l �Q¨H��ª¤}�v�sÆy{�!�¹x�yQ|�H~z{¨~����vw}¤y{|ÆzQ}«²Ql#|Æv�h2l��2� v3�2¥
}<· l{·!vwh2lµ®T±_�»· £ vix#�{|&©Hl:�tlKx#y{k��HyAuIl?���{u_��uI¨2k y{�LlK|2l#��z{}¤lKu

Ud(.)
�5l#�,y{©t��l?xev,uw¨~x3hÆ�{u

Uext(x) =∑
u∈x Ud(u)

·
¿~y{��lK�{x3h¸yQ©t��lKx�v

u ∈ x
¥"�Sª«ytxK��ªi�2� v3�Ál#|2lK�wzQs

Ud(u)
}¤u¹x�yQk¹�~¨tvwl?�»©Xs§¨HuI}¤|2z§�Sk�l�vwh~yX�»¦7h2}¤x3h

x#y{k��~�{�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´��A¶�uwh2y ¦Fu&�^�~�{�Iv&y{�-�¸®µ±_� ¥_�^��lKx�v���|~z{ª¤lÈ´�}«| ¦7h2}«vwl�¶&��|H�Äuwª«}�x�l?u&l#²Ql#|2ª¤s³�t}�uw�HyAuIl?�
´�}«|¸©~ª«¨2l�¶e·ÁÊÈl���}¤k � v�l#¬Av����Qxev�}«|2z�uwy{k�l&�5y{}¤|Av�u�y{�7}«|AvwlK�wl?u�v���wyQkºlK�Qx3h¸uIª¤}¤x#l���|H�¸x3h2lKx3ÅX}¤|2z�vwh2l
x#y{h2lK�wlK|~x�l�©5l�v�¦�l#lK|�vwh2l?uIl��HyQ}«|Av3uT��|H��vwh2l��wl?xev��{|2z{¨~ª¤�{�TuIhH���5l�y��Ov�h2l�y{©2��lKxev?·F�ïy{}¤|Av�uFy{�O}«|AvwlK�wl?u�v
�{�wl¹�tl�v�lKx�vwlK�S¨~uw}«|2z����~�wy H~ª«l¹uI}¤k��2ª¤} HHxK� v�}«yQ|S��ª¤z{yQ�w}«vwh2k¯�tl#v��{}«ª¤lK�S}«| �@? G �ï°,v�h2l#sÁ��l#�2��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#��}��Áy��Tx#y{h2lK�wlK|~x�lÆ�{�wlÆ¨HuIl?�
v�y�x#y{k��2¨tv�l

Ud(u)
·�gih2l H~�3u�v-x���}�v�l#��}«yQ|Ák�lK�{uw¨2��lKuµ�Æ²{yQª«¨~k¹l�����vwl�´�uwl#l HHz{¨2��l G °3´ÚxK¶7°izQ�wlKs�ª¤}¤|2lKu

��l#�~�wl?uIlK|Qv¹uIlKz{k�l#|Av�u�¨~uwlK�^v�y§x�yQk��2¨tvwl�vwh2l�²{yQª«¨~k¹l�����vwl?¶�·Ègih~l�uwlKx�yQ|~�^y{|~l�x�yQ�w��lKuw�5y{|~�2u�vwy§�
k�yQk¹lK|AvF����vwl&´�uwl#l H~zQ¨2��l G °3´Ú�~¶�°_zQ�wlKsÆª¤}«|2l?u7��l#�2��lKuwl#|AvFuIlKz{k�l#|Av3ui¨~uIl?��vwyÆx�yQk��2¨tvwl-v�h2l�k�y{k�lK|Qv
�3� v�l?¶�· ±"²Ql#|Avw¨~�{ª«ª¤s{¥?v�h2l"v�h2}«�3��x#�w}«vwlK�w}¤y{|�k�l?�{uw¨2�wl?u �7ª¤ytx#�{ª«}¤ÉK��vw}¤y{|��3� vwlµ´�uwl#l HHz{¨2��l G °e´l�¶C°C�7zQ���Q�t}«lK|Av
}�ui©5y�¬Xl?��}«�ï}�vF}�uFx�ª¤yQuwl-l#|2yQ¨2z{h�vwy¹v�h2l�x�yQ�w��lKuw�HyQ|~�t}¤|2z���lKx�v��{|2z{ª¤l�uI}��tl?¶�·

("* � Ï � * �$1 Ï * Ï � 3HÐ
Uint

gih2l7}¤|Qv�l#��|~��ªtlK|2l#��z{s
Uint(x)

��ª«ª¤y ¦Fu
vwy�zQ}«²Qli�-uw�~� v�}¤�{ª~uIvw��¨~xev�¨2�wl�v�y-vwh2l
x#y{|�HHz{¨2�3� v�}«yQ|

x
· £ v�x#��|&©5lTuwl#lK|Æ�{u"����l#zQ¨2ª�����}«ÉK}«|2z:v�l#��k x�yQk��HyAuIl?��y��Lvwh2��l#l7ÅX}¤|~�2u_y��C}«|Av�l#�3�{xev�}«yQ|

©5l�v�¦�l#lK|»y{©2��lKxev3u�¦7h2}�x3h¸����²Qy{�3u���ª¤}«zQ|2k�l#|Av�©5l�v�¦�l#lK|¸�wl?xev��{|2z{ª¤lKuK¥Ox�yQk¹�~ª«l#vw}¤y{|»��|H�»uIyQk�lÆ�~��²X}«|~z
©5l#hH��²A}¤y{�?·ï¿
}¤z{¨~�wl L �wlK�2��lKuwl#|Av�u,vwh~lKuwl-vwh2��l#l-}¤|Qv�l#�3�{x�vw}¤y{|~uK·

1�� ¡#1 �
�,+ Ó * Ï * Ï � 3~Ð
Uexcl

gih~}¤uLv�l#��k ��²Qy{}��2uL��lK�t¨2|H�2��|AvUy{©2��lKxev3uC©XsT�5l#|~�{ª«}¤É#}¤|2z7v�h2l"}¤|Avwl#�3uwlKxev�}«yQ|
y{�t�~���3��ª¤ª«lKª���lKxev3��|2zQª«l?u#·!qX¨~x3h���|�l#¬2x�ª¤¨~uI}¤y{|�lK|2l#��z{sµ}¤u |2lKx#lKu�uw�{�ws:uI}¤|~x#lOvwh2l_�wl?�t¨2|~�2�{|Av l�¬t�2ª���|~��vw}¤y{|~u
y{� v�h2l��2� v3�¹k�¨~uIvF©Hl���²Qy{}��tlK����|~��vwh~l�� vIv����Qxev�}«²Ql:}¤|AvwlK���Qxevw}¤y{|Hu,k�¨~uIvF|2y�v7©5l-vwyXy&u�v��wyQ|2z~·

6���'���6 � :!�%+ � +�E{�2�%+ Ó *

ÊÈl�¦��{|Av�v�y!H~|H�»v�h2lÁx�y{| H~z{¨2�3� v�}«yQ|»¦7h2}�x3hÄk&��¬X}¤k�}«ÉKlKu�vwh~l��2l#|~uw}�v�s
h(.)

·ÄÊ§lÁuwlK���3x3h»�yQ�¹vwh2l
�S� ¬t}«k�¨2k �)�ïyQuIvwlK�w}¤y{��}O´����T�,¶il?u�v�}«k&� v�y{�

θMAP
Ç

θMAP = arg max
θ

h(θ)
´ G ¶

gih~}¤u�}¤u��Á|2y{|»x#y{|X²{l#¬§yQ�tvw}¤k�}«É?� vw}¤y{|¸�~�wyQ©2ª«lKk }¤|»�Áh2}¤z{h»�{|~�¸² ����}���©2ª¤lÆ�t}¤k¹lK|~uw}«yQ|»uI�~�Qx�l
C
·S�

�Fl#²{lK��uw}¤©2ª«l �{¨2k��È�Áy{|AvwlÆm�����ª¤y�������Å{y ²�m,h~�{}«|Èuw�{k¹�~ª«lK��� G � � L �1��?K�#�Ol#k�©5lK�~�tlK�S}«|È��uw}«k�¨2ª¤��vwl?�
�{|2|2l?��ª¤}«|2z�u�x3h2l#k�l-}¤uF�~���wvw}�x�¨2ª�����ª¤s&¦,lKª«ªU�Q�2���tv�lK��vwy�v�h2}¤uF�2�wyQ©2ª¤l#k�·
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¿!}¤z{¨2��l G Ç ±O¬Xv�l#��|~��ªïl#|~l#��z{s�° � ���S¢ ���~�{�Iv-y��,��®µ±_� ¥U���2��y{�5yQuwlK�Á��lKx�v���|~z{ª¤l�´}¤|È¦7h2}�v�l?¶:��|H�
uwª¤}¤x#lKuT´�}«|�©2ª«¨~l?¶ � � ��¢ �tl#vwlKx�vwl?���HyQ}«|Av�u,y��C}¤|Avwl#��lKuIv � ¡ �¹¢ ²{y{ª¤¨2k�lF�3� v�l � Ô ��¢ k�y{k�lK|Qv,����vwl � Ï ��¢
ª¤ytx#�{ª«}¤ÉK��vw}¤y{|��3� v�l

¿!}¤z{¨2��l L Ç £ |Qv�l#��|~��ªTl#|2lK�wzQs¸° � � �Ã¢ ��ª¤}«zQ|2k�l#|AvÆ}¤|Qv�l#�3�{x�vw}¤y{| � ���Â¢ �~��²X}«|~z¸}«|AvwlK���Qxev�}«yQ| � ¡ �Ã¢
x#y{k��2ª¤l�v�}«yQ|�}¤|Avwl#�3�{x�vw}¤y{|
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£ v�x�yQ|~uw}¤uIv�uµ}«|ÈuI}¤k�¨~ª¤��vw}¤|2z����t}�uwx#�wl#vwl¹������Å{y ²�m,h~��}¤|
(Xt)t∈N

yQ|
C
y{�_}¤|A² �{�w}���|Avµk�l?�{uw¨2�wl

π´ÚuI�5lKx#} HHlK�È©Xs�vwh~l��tl#|HuI}«v�s
h(.)

¶-¦7h2}�x3h^�HlK�I�yQ�wk&u�uwk&��ª¤ªC��¨2k��~u�©5l�v�¦�l#lK|¸uI�~�Qx�l?u�y��i² ����}¤�{©2ª«l&�t}«°
k�lK|~uI}¤y{|Hu#·�nµ|2l¹y��_vwh2l¹k&��}¤|§�{�2²��{|Av���zQlKuµy��,uw¨~x3hÈ��u���k��2ª¤l#�:}¤u:v�h~� v:vwh2l�x3h~�{}«|È�{uwsAk��tv�y�v�}¤xK��ª¤ª«s
x#y{|X²{lK�wzQlKuFvwy ¦i���3�2u

π
�y{���{|AsÁ}¤|2}«vw}���ª"x#y{|�H~zQ¨2�3� vw}¤y{|

X0
· £ v�k�lK�{|~uµvwh~��v�}«|~}�v�}¤�{ª«}¤ÉK��vw}¤y{|§uIvwlK�~u-y{�

©~¨2}«ª��t}¤|2z&ª¤yXxK��ª¤}«É?� v�}«yQ|�k&�{uwÅtu7����lµ|2y{vF|2l#l?�tlK�U·

£ |Æ�~���Qxevw}�x�lQ¥{v�h2lµ� �Q�§m��Èm³u���k��2ª¤l#�,}¤u_l#k�©Hl?�2�tlK�Æ}«|Avwy¹��uw}«k�¨2ª¤��vwl?�&��|2|2l?��ª¤}«|~z�uwx3h~l#k�l Ç vwh2l
�2l#|~uw}�v�s

h(.)
1

Dt

}�uiuI¨~©~u�v�}�v�¨tvwl?�Æv�y
h(.)

¦7h2l#��l
Dt

}�u7�¹uIl �Q¨~l#|~x#lTy��
vwlKk¹�5l#�3� v�¨2��lKu,¦7h2}¤x3h�vwlK|~�2u�vwy
ÉKl#��y&�{u

t
vwlK|~�2u7v�y&}«| H~|2}«v�s{·,��vTvwh2l�©5l#zQ}«|2|~}«|2z�y��!vwh2l��{ª«zQy{��}�v�h2kº´�}Ú· l{·,¦7h2l#|�v�h2l-vwlKk¹�5l#�3� v�¨2��l�}¤u

h~}«zQhH¶e¥Xv�h2l��2��yXx#lKu�u_}�ui|2y{vi��lK�{ª«ª¤sÆuwl#ª¤lKxev�}«²Ql Ç }«vT��ª¤ª¤y ¦Fu"v�y¹l#¬t�2ª«yQ�wlµvwh~l��tl#|~uw}«v�sÆk�yX�2lKuK·!Ê h~l#|�vwh2l
v�l#k��5l#�3� vw¨~�wli�tlKx#�wl?�{uwlKuK¥�x�yQ|�H~z{¨~����vw}¤y{|~u
¦7h2}�x3h�h~��²Ql��:h2}¤z{h¹�tl#|HuI}«v�s�¦7}¤ª«ª2©5l�����²{yQ�wl?�C· *Fy ¦�l#²Ql#�?¥ }�v
}�u"|~lKx�l?uwu�����s�v�y�}¤k¹�5yQuwlTx#y{|~�t}«vw}¤y{|Hu_x�yQ|~x�lK�w|~}«|2z-v�h2lFv�l#k��5l#�3� vw¨~�wlT�2lKx#��s�vwy�l#|~uw¨2��livwh2l:��ª¤z{y{��}«vwh2k
x#y{|X²{lK�wzQl#|~x#l{·)�¯ª¤y{zQ�{�w}«vwh~k¹}�x��tl?x���lK�QuIl

Dt = c
log(1+t)

¥F¦7h2l#��l
c
}�u��³x�y{|Hu�v3��|AvÆh2}¤z{h lK|2y{¨2zQh

v�yÁ��ª¤ª«y ¦¾vwh2l&l#¬X�~ª«yQ����vw}¤y{|Sy{��ª¤ytx#�{ªOk¹}¤|2}¤k&��y��il#|2lK�wzQs{¥U�5l#��k�}�v3u-vwyÁ©5lÆuI¨~�wl¹vwhH� v�vwh~lÆ��ª¤z{y{��}«vwh2k
x#y{|X²{lK�wzQlKuK·

�	��� � ���������	�
gih~}¤u�©~¨2}«ª��t}¤|2zÁl�¬Xv����Qxevw}¤y{|Èk�l�v�h2yt�^z{}¤²{lKu�u�� v�}¤uI���{x�vwyQ�wsÁ��lKuw¨2ª«v�u:�y{����ª¤�{�wzQl��3��|2zQl�y��7®T±_�Su�´�uwl#l
��?KË%� �y{�T�wl?uI¨2ª«v�uFy{|�y{�tv�}¤xK��ª �{|~� C �:qX±_� ®µ±_��u3¶e· £ |�v�h2l��y{ª¤ª¤y ¦7}«|2zH¥2¦�l�y{|2ª¤s��2��lKuwl#|AvF��lKuw¨2ª«v�u7yQ|
yQ�tvw}�x#�{ªUuw��vwlKª«ª¤}�v�l�®T±_�Su#·

6�� . ��' �Ï ����1�?� Ó *�
�D1 ( � / 1� �,+ � �
1Ú�t�%+ Ó * �
¿!}¤z{¨2��l IÆ�~�wl?uIlK|Qv3u:�wl?uI¨2ª«v�u:���y{k¯� CU± £ �µ®T±,q^uw}¤k�¨2ª�� v�}«yQ|~u-y{|È�Fk�}«lK|~u�x#}�v�s³´Ú¿2�3��|~x#l?¶�·¹¿!}¤z{¨2��l¹�
uwh2y ¦Fu"v�¦,y���lKuw¨2ª«v�u,y{|��2l#|~uwlT¨2��©~�{|�����lK�Qu#·!�7lKuw¨2ª«v�u�����lµu�� vw}�uI���{xev�y{��s Ç ��ª�����z{l7k&����y{��}�v�s¹y�� ¨~�w©~�{|
uIvw��¨~x�vw¨2��lKui����l�x�yQ�w��lKx�vwª¤sÆ�tl�v�lKxev�lK�C·

*Ty ¦,lK²{l#�?¥~¦�l�xK��|Suwl#l�v�¦,y��t����¦7©H�{x3Åtu#·F¿!}¤��uIvK¥Cuwy{k�l�©2¨~}«ª��t}¤|2z��yXy{vw�2��}«|Av3uTh~��²Ql�|2y�v-©5l#l#|§�tl�°
v�lKx�vwlK�U·ïgih~l#s&x�yQ�w��lKuw�HyQ|~��vwy�ª«y ¦Â¼H��v,©2¨2}¤ª��t}«|~zQu,y��U}¤|2|2l#�ix�yQ¨2�wv�sQ���3�2u!v�h~� v,vwh2l:�2��y{�5yQuwlK�¹k�l�vwh~yX�
xK��|2|~y�vÆ�tl�v�lKx�v&uw}¤|~x�l�v�h2lKuwl�©2¨2}¤ª¤�t}¤|2zAu�h~��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�3�{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�����¨~ª�vTxK��|�©Hl�x#y{���wl?xevwl?�
©XsÆ}¤|Avw��yt�t¨~x�}¤|2z&�¹²{lKz{l�v3� v�}«yQ|�k&�{uwÅÆ}¤|�v�h2l��2��ytx�lKu�uK·

6�� . � . M Ó � � Ï * �?�
gih~lF�wl?uI¨~ª�v3u_����lFu�� vw}�uI���{xev�y{��s�}¤|���u�� vwlKª«ª¤}«vwlT�{|~�&��¨tv�y{k&� v�}¤x7x#y{|Avwl#¬XvK· *Fy ¦�l#²Ql#�?¥{���2�~ª«sX}¤|2z��t}¤�wl?xevwª¤s
��Ë{®T°<��lKx#y{|~uIvw��¨~x�vw}¤y{|��2��yXx#lKu�u7���y{k+vwh~lKuwl���lKxev3��|2zQ¨2ª����F©2¨~}«ª��t}¤|2z��yXy{vw�2��}«|Av3uTlK|2z{lK|~�tl#�3uT�{�Iv�l����Qxev�u
}¤| v�h2l§ËQ®F°½�wl?uI¨~ª�v3uÆ�{u�}�v�}¤u�uIh~y ¦7| }«| � �3�½·¾gih2l?uIlÈ���wvwl����Qxev3uÆ����l�k&��}¤|2ª¤sÂ�t¨~l�vwyÄ|2y{| yQ�tvw}¤k&��ª
x#y{|2|~lKxev�}«yQ|~u�©5l�v�¦�l#l#|Â|2lK}«zQhA©5y{��}¤|2z§��lKx�v��{|2z{ª¤lKu�´�uwl#l�¿!}¤z{¨2��l A{¶e· gihH� vÆ}�u�¦7hAs³vwh2l?uIl���lKx�v���|~z{ª¤l
ª���s{yQ¨tv�u�|2lKlK�¸v�y^©Hl��wlKz{¨2ª�����}¤É#lK�U¥OlKuw�Hl?x�}���ª¤ª«s^v�h2l�ª«}¤|2ÅX}«|~z§¨2�Â©5l�v�¦�l#l#|Ä|2l#}¤z{hX©5y{��}«|~zS��lKxev3��|2zQª«l?u#·
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gih~l¹��lKx�v��{|2z{ª¤l�ª���s{yQ¨tv�u-����l���l#zQ¨2ª�����}«ÉKlK�Á©Xs�}¤k��2�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��{|2z{ª¤lKui´vwh2��y{¨2zQh¹�-ª¤ytx#�{ªX�¨~uI}¤y{|�y{�H��lKxev3��|2zQª«l?u�¶!�{|~�C¥{uwlKx#y{|~�tª¤s{¥�vwh2lF�5yQuw}«vw}¤y{|¹y��5���{x#�Q�tlKu
´vwh2��y{¨~z{h������Qx#�Q�tl��t}¤u�x�yQ|Avw}¤|A¨~}�v�s��2l�vwl?xev�}«yQ|H¶e·"��v7v�h2l-l#|~�C¥~¦,l-y{©2v���}¤|Áu�v��w¨Hxevw¨~�wl?��©2¨~}«ª��t}¤|2z¹�yAy{vI°
�~�w}¤|Av�u�¦7h~yQuwlÆl#ª¤l#k�l#|Av3u�����l�x#y{���wl?xevwª¤s§x#y{|2|~lKxev�lK� Ç lK�Qx3h¸y{|2l��wlK�2�wl?uIlK|Av�u���uw�5lKx�}@HHx��~���wv�y��F�{|
¨~�w©~�{|�uIvw��¨~x�vw¨2��l{·
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ÊÈl���}¤k ��vFk�l#��z{}¤|2z¹v�¦,y&|2lK}«zQhX©HyQ�w}¤|2z¹�wl?xev��{|2z{ª¤lKu

(R1, R2)
¥2}«vTk�lK��|Hu7¦,l�uwlK�{��x3h��y{�Tx#y{|2|~lKxev�}«|~z
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¦7h2}�x3h�����l"�5l#�w�lKx�vwª¤s-x#y{|2|~lKxev�lK�Æ´ÚuIlKl H~zQ¨2��l_��°e´©H¶w¶e·

£ vïl�¬t}�u�v3u
k&�{|As-��l#ª�� v�}«²Ql"�HyAuI}«vw}¤y{|Hu y{�2v�¦,yµ|2l#}¤z{hX©5y{��}«|~zF�wl?xev3��|2zQª«l?uU¦7h2}�x3h��tlK�HlK|~��yQ|�vwh~l,¦7}��Xvwh
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uw}¤©2}«ª¤}«vw}¤lKuK¥U��|�l#¬XhH��¨~uIvw}¤²{l¹�tlKu�x���}«�2vw}¤y{|�y{�,��ª¤ª!vwh2l��¨~uw}«yQ|§x�yQ|�H~zQ¨2����vw}¤y{|~uT¦7}«ª¤ªï©Hl¹²{lK�ws�h2l?��²Xs{·-Ê§l
hH��²{l-x3h2yQuwl#|�vwy���lKuIvw��}¤x�v�v�h2l�|X¨2k�©5l#�7y{�!�5yQu�uw}«©2}¤ª¤}�v�}«l?u�vwy
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�¨~uw}«yQ|�x#y{|�HHz{¨2�3� v�}«yQ|~u#·

¿!}¤z{¨2��lJ??�Æ�2��lKuwl#|Av�u
4
x#y{|2|~lKxev�}«yQ|Sx�yQ|�H~zQ¨2����vw}¤y{|~uTy��Ov�h2l�yQ¨tv�uw}��tl¹uwlKx�vwyQ��´}«v�k�lK��|HuFv�h2l¹x#y{|t°

|~lKxev�}«yQ|§©5l�v�¦�l#lK|^�HyQ}«|Av�� ��|~�§�5y{}¤|Qv�&7¶�· gih2lKuwl&x�yQ|�H~z{¨~����vw}¤y{|~u:����l�©~�{uwlK�§y{|È}«|Av�l#�3uIl?xevw}¤y{|Huµy{�
uIvw�3��}¤z{hAv-ª«}¤|2l?u��tl�H~|~lK�È©XsÁvwh2l&¦7}��Xv�hÈ�{|~�Èª«lK|2z�v�h§y{�,��lKxev3��|2zQª«l?u#·Æm,y{|Hx�l#��|2}¤|2z�vwh2l&}¤|~uw}¤�tl&uwlKx�vwy{�
´�}Ú· livwh~lFx�y{|~|2lKx�vw}¤y{|¹©Hl#v�¦,lKl#|��HyQ}«|Av�m³��|~�¹�5y{}¤|Av_®:¶�¥ vwh2l G u���k�l7x�yQ|�H~zQ¨2����vw}¤y{|~uï�{�wl7��ª¤ª¤y ¦,l?��´�uwl#l
HHz{¨2��l ? ?K¶�·ï±"²{lK|Qv�¨~��ª¤ª¤s{¥

16
�¨~uw}«yQ|Æx�y{| H~z{¨2�3� v�}«yQ|~uO����l7�2��y{�5yQuwlK�C·!gih2l#s���ª¤ª¤y ¦³v�y��tlKu�x���}¤©HlT�-ª�����z{l

�3��|~z{l�y{�"vwh2l�k�yQuIv-�wl?��ª¤}¤uIvw}�x�xK�{uwlKuK·-¿!}¤z{¨2��lJ?��Æuwh2y ¦Fu:�Æ�¨~uw}¤y{|§x#y{|�HHz{¨2�3� v�}«yQ|Á}«|Svwh2��l#l��t}��5lK�wlK|Qv
��lKx�v��{|2z{ª¤lµ��l#ª�� v�}«²Qlµ�5yQuw}«vw}¤y{|~uK·

-���'�� . M Ó �K� 9 � * ¡{�%+ Ó *
£ |¸yQ���2l#�-vwy§uIlKª«l?xev�vwh~lÆk�yQuIv��{�2�{�tvwl?�§�¨~uI}¤y{|»x#y{|�HHz{¨2�3� v�}«yQ|U¥ ¦�lÆ�tl�HH|2l���x#yQuIv��¨2|~xev�}«yQ|¸¦7h2}�x3h
k�l?�{uw¨2�wl?u�v�h2l�x#y{h2lK�wlK|~x�l�©Hl#v�¦,lKl#|»v�h2l��2�wyQ�HyAuIl?�¸x�yQ|�H~z{¨~����vw}¤y{|»��|H�^vwh2l��2��v�����l#�~�wl?uIlK|Qv�lK�^©Xs
©5y�v�h�vwh2l�®µ±_� ��|~��v�h2l-v�¦,y¹}¤|2}�v�}¤�{ªU��lKxev3��|2zQª«l?u#·Ogih2}�u7x�yAu�v7}�uFx�yQk��HyAuIl?��y{� vwh~�wlKlµv�l#��k&u Ç

C = CDEM + ω1Crecovering + ω2Ccontour

´ L ¶
¦7h~l#��l

ω1
��|~�

ω2
��l#�2��lKuwl#|Av7¦�l#}¤z{hAv�u�¦7h2}�x3hÁ����lTv�¨2|2lK��©XsÆv��w}���ªU�{|~��l#���wyQ�K·

/21 0 ¡ Ó �K� gih2lÁ®T±_� vwlK�wk ��ª¤ª«y ¦Fu�vwy^�tl�HH|2l�vwh2l �A¨~��ª¤}«v�s¸y��Fv�h2l��2�wyQ�HyAuIl?�³x#y{|�H~zQ¨2�3� vw}¤y{| ¥
zQ}«²Ql#|�vwh2l�®µ±_�¸·Hg
y��ty&uIyH¥t¦,l:lKuIvw}¤k&� vwl:v�h2l�����vwl:y��!h2}«zQh�}¤|AvwlK|~uI}«v�sÆ�2}«¬tl#ª�u�¦7h2}¤x3h�����l:}«|~uw}��tl-vwh2l
�~�wyQ�HyAuIl?�¹�yAy{vw�2��}¤|Qv�´}<· l{·O�2}«¬tl#ª�u_¦7h2}�x3h�x#y{���wl?uI�5y{|H�¹vwy¹�2}«l?x�l?u_y{� ©2¨2}¤ª¤�2}«|2zX¶e·"gih2lµh2}¤z{h2lK�_v�h2l-����vwl{¥
v�h2l�ª«y ¦�l#�µvwh~l�x#yQuIvK·¹gih2l�h2}«zQh§}¤|AvwlK|~uI}«v�sÁ�2}«¬tl#ª�u�����l¹�tl#vwl?xevwl?�S©Xs�v�h2�wl?uIh~y{ª��t}«|~z Ç vwh2l�v�h2��lKuwh2y{ª��
² �{ª«¨2lµx�y{����lKuw�HyQ|~�2u!vwy�hH��ª«� �:¼~yXy{�"h2lK}«zQhAv_¦7}�v�h&�wl?uI�5lKx�v"vwy�vwh2lFzQ�wyQ¨2|~����ª«vw}«vw¨H�tl{· CUl#v,x�yQ|~uw}¤�tlK�

N
¥

v�h2l-|X¨2k�©5l#�iy�� vwh2l?uIl-h2}¤z{h�}«|AvwlK|~uw}�v�s&�2}«¬tl#ª�u�}«|~uw}��tl:vwh2l-�2��y{�5yQuwlK���yXy{vw�2��}«|Av?¥2��|~�
Nt

¥Xvwh2l-²Qy{ª¤¨2k�l
y{�_v�h2l��yXy�vw�~�w}¤|Av�´}<· lQ·�vwh2l�v�y�v��{ª"|X¨2k�©5l#��y{���~}�¬tl#ª�u3¶e·Ægih2lK|U¥Uv�h2lÆ®T±,� x#yQuIv�x#�{|§©5l&¦7�w}«vIv�l#|¸�{u
�yQª«ª¤y ¦Fu Ç

CDEM = 1 −
N

Nt

´��Q¶

�Ï ¡ Ó��HÏ ��+ * 3 ¡ Ó �K� gih2}¤u"vwlK�wk �2��y ²A}��tl?u"��uw¨2�I���Qx�lFx#�w}«vwlK�w}¤y{| Ç }�v,x#y{���wl?uI�5y{|H�2u!vwy�v�h2lT��lKx#y ²{lK�w}¤|2z�3� v�l�©5l�v�¦�l#lK|�vwh~l��2��y{�5yQuwlK�Sx�y{| H~z{¨2�3� v�}«yQ|���|~��vwh2l�v�¦�y���lKxev3��|2zQª«l?u#· C l�v�x�y{|HuI}��tl#�
R1

�{|~�
R2

¥
v�h2l�v�¦,y§}«|~}�v�}¤�{ª7�wl?xev��{|2z{ª¤lKuK¥"��|H�

P
¥Ov�h2l�¨2|2}¤y{|Ây��T�5y{ª¤sXz{yQ|~u��tl�H~|~lK�»©Xs¸v�h2l��2��y{�5yQuwlK�^�¨~uw}¤y{|U·

gih~l#|U¥tv�h2l���lKx�y ²Ql#��}«|~z�vwlK�wk }¤uizQ}«²Ql#|�©As Ç

Crecovering =
| Surface(P ) − Surface(R1 ∪ R2) |

Surface(R1 ∪ R2)

´ I�¶
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¿!}«zQ¨2��l�?�� Ç � �¨~uw}«yQ|�x#y{|�HHz{¨2�3� v�}«yQ|§´y{°½Ë4(�}«°½ËA¶_}¤|�vwh2��l#l��t}��Ll#��l#|AvF�wl?xev3��|2zQª«l:�wlKª¤��vw}¤²{l:�HyAuI}«vw}¤y{|Hu

¿~y{�:l�¬2��k��2ª¤l{¥5v�h2l¹x#y{|�HHz{¨2�3� v�}«yQ|�y{� H~zQ¨2�wl ??�?°e´©5¶F}�uF����²Qy{��lK�¸´vwh2l¹�wl?x�y ²Ql#��}«|2zÆx#yQuIvµ}�u:|A¨~ª«ªÍ¶Tx#y{|t°
v����{�ws�v�y¹vwh2l�yQ|2l�y��7H~z{¨2��l
??�?°e´��A¶e·

M Ó * � Ó � ��¡ Ó �#� gih2}�u�vwlK�wk+��ª¤ª«y ¦Fu,v�y&lKuIvw}¤k���vwl-v�h2l�x�yQ|Qv�y{¨2�7x#y{h2lK�wlK|~x�l:©Hl#v�¦,lKl#|�vwh~l��2�wyQ�HyAuIl?�
x#y{|�HHz{¨2�3� v�}«yQ|��{|~��vwh2l�v�¦,y&}¤|2}«vw}���ª ��lKx�v��{|2z{ª¤lKuK·�gih~}¤uFx#yQuIvT�5l#|~�{ª«}¤É#l?uFx�yQk¹�~ª«l#¬��¨~uw}¤y{|~uµ�{u7¦�l�x#�{|
uwl#l�y{| HHz{¨2��lJ??Ët· CUl�v�x�yQ|~uw}¤�tlK�

Lin

´��wl?uI�5lKx�vw}¤²{lKª«s
Lout

¶e¥Lvwh~l�v�y�v��{ª
ª¤l#|~z�vwh§y��Ov�h2l�}¤|~uw}¤�2l¹uwlKx�vwy{�
�5y{ª¤sXz{yQ|~u

P
´��lKuw�Hl?xev�}«²Ql#ª¤sÁy{¨tv3uI}��tl&uIl?xev�y{�e¶T�{|~�

L1
��|~�

L2
¥Uvwh2l�ª¤l#|2z{vwhÈy��_v�h2l¹v�¦,y���lKxev3��|2zQª«l?u#·

gih~l-x#y{|AvwyQ¨2�Fx�yAu�v7}�u7�tl�HH|2lK���{u��yQª«ª¤y ¦Fu Ç

Ccontour =
Lout + Lin

2 × (L1 + L2)

´�AQ¶

¿!}¤z{¨2��l
?KË Ç m,yQ|Avwy{¨~�Fx�yQuIv 1 ÏF9 ��¢ x#y{|�HHz{¨2�3� v�}«yQ|��5l#|~�{ª«}¤É#l?��©XsÆv�h2l�x�yQ|Avwy{¨~�ix#yQuIv �<+ 3 RL�Á¢ ����²Qy{��lK�
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? L °e´l�¶e·
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¿!}¤z{¨2��l ? L Ç ¿~�Qx#�{�2li�2}¤u�x�yQ|Qv�}«|X¨2}«v�s��tl#vwl?xevw}¤y{| � ��� Ç }«|~}�v�}¤�{ªt�yXy�vw�~�w}¤|Av � � � Ç ��yXy��Ív�y{�¹�2�wy H~ª¤l � ¡ � Ç zQ����°
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� �+*�*��������-�
��	����!	.�0+1~�,�3�54 �	&���7���#���
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v�h2lKuwl�uIvw��¨~xev�¨2��lK�§�yXy�vw�~�w}¤|Av�uK· £ v�}�u�©H�{uwlK�Èy{|¸�Á�~�{���{k�l�vw��}�x¹�{�2�2��yQ�Qx3h§¦7h2}�x3h¸h~�Qu�©HlKl#|»x3h2yAuIlK|
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Pb

�{u
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� �:°<k�l?��|~u��:��ª¤z{y{��}«vwh2k }«|~x#ª«¨H�t}«|~z��&��l#z{¨~ª¤�{�w}¤É#}¤|2z¹vwlK�wk�·7�¾uw}«k�}¤ª¤�{�T��ª¤z{yQ�w}«vwh~k ¨~uw}«|~z���|ÁlK|Qv��wyQ�2}�x
v�l#��k h~�Qu7©5l#l#|��2��y{�5yQuwlK��}¤|��@??�3�<·�gih2l��{�2²��{|Av���zQl-y��OuI¨~x3hÁ�{|��{ª«zQy{��}�v�h2k }�uivwhH� v7vwh~l�|X¨2k�©5l#�Fy{�
x#ª¤�QuwuwlKu��2yAl?u�|2y{v�|2l#l?�Sv�y�©5l&ÅA|~y ¦7|^���~�w}¤y{��}Ú· £ v���ª¤ª«y ¦Fu:v�y�����²{yQ�µv�h2lÆ��yXy��ÍvwyQ�Èx#y{|Avw}¤|X¨2}«v�s§��|H�
��lK�2¨~x�l?u�vwh2l��2��lKuwl#|Hx�l:y��O���wvwl����Qxev3u#·

C l�v_¨~u_x�y{|HuI}��tl#�,��uIl#v"y��
N
x�y{|~|2lKx�vwlK�¹�5y{ª¤sXz{y{|Hu

Pb

��l#�2��lKuwl#|Avw}¤|2z:vwh~l7�yXy�vw�~�w}¤|Av"y��U�-©2¨2}¤ª¤�2}«|2z
b
´ÚuIlKl{¥!�y{��l�¬2��k��2ª¤l{¥8H~zQ¨2��l ?K�{¶���|~�

Hgi

¥!vwh~l�lKuIvw}¤k&� v�lK�¸h2lK}«zQhAv�y��7v�h2l�zQl�vIv�l#��y��7�wyXy{�iy{�7vwh2l
ith

�5y{ª¤sXz{y{|Hu:´
i ∈ [1, N ]

¶e·"gih2l-�2��y{�5yQuwlK� � �:°½k�lK��|Hu��T��ª¤z{y{��}«vwh2k }¤|~x#ª«¨~�2}«|2z&�¹��l#z{¨~ª¤�{�w}¤É#}¤|2z�v�l#��k
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x#y{|~uw}�u�v3u-}«|¸uwlK���3x3h2}¤|2z��y{�
cj

¥ vwh2l�x�l#|Av��wyQ}¤�§y���vwh2l
jth

x�ª��{u�u#¥U¦7h~}¤x3h^k�}«|~}«k�}¤É#lKu�vwh2l�x#�w}«vwlK�w}¤y{|
J�2l�H~|2l?���{u��y{ª¤ª¤y ¦Fu Ç

J =

C∑

j=1

N∑

i=1

d2(Hgi, cj) − αC
´Ú�Q¶

¦7h~l#��l
C
��l#�2��lKuwl#|Av�u,v�h2l�|X¨2k�©5l#�7y{�ïx#ª¤�QuwuwlKu-´¦7h~}¤x3h�}¤uF¨2|2ÅX|2y ¦7|H¶�·

gih2l�x���}«vwl#��}¤y{|
J
}�u�x�y{k��5yQuwlK�¸y{�Fv�¦�y�vwlK�wk&uK·¸gih2lJHH��uIv¹yQ|2l�x#y{���wl?uI�5y{|H�2u�v�ySv�h2l�x#ª¤�Quwuw}�x#��ª

x#�w}«vwlK�w}¤y{|�y�� v�h2l � �:°½k�lK��|Hu��7�{ª«zQy{��}�v�h2k�·Ogih2l:uwlKx#y{|~��y{|2lQ¥t¦7h2}�x3h�}�u�¦,lK}«zQhQv�lK��©As�v�h2l��~�{���{k¹l#vwlK�
α
¥L�wlK�2��lKuwl#|Av�uµ�Æ�2��}«yQ�w}
ÅX|2y ¦7ª«l?�tz{l�y{|Áv�h2l�x#ª¤�QuwuwlKuK·µgih2}�uTvwl#��k�ª«}¤|2l?����ª«s�����²{yQ��uT�Æª¤y ¦ |X¨2k�©HlK�µy{�

x#ª¤�QuwuwlKuK·F±_�Qx3hÁh2l#}¤z{hAv
Hgi

}�uµ�Quwuwytx�}�� v�lK��¦7}«vwh�}«v�u:x�lK|Qv��wyQ}¤�
cj

¦7h2}�x3hÁ�wlK�2�wl?uIlK|Av�u7v�h2l HH|~��ª!�wlKz{¨t°
ª�����}¤É#lK��h2l#}¤z{hAvFy{� vwh~l�z{l�vwvwlK�7y��ï�wyXy���·Ogih2l�u���k�l:�2��yXx#lKu�ui}¤u7�{�2�2ª¤}«l?���y{�ivwh~l��wyXy��Ív�y{��h2l#}¤z{hAv3u#·

¿!}¤z{¨2��l����¹�wlK�2��lKuwl#|Av�u�l�¬2�{k¹�~ª«l?uiy��!����lKx#y{|~uIvw��¨~x�vwlK��©2¨2}¤ª¤�2}«|2zH·"gih2l H~�3u�v7yQ|2l&´��Q¶�}�uiy{©2v���}¤|2l?�
¦7}«vwh~y{¨tvi�wlKz{¨2ª�����}¤É#}¤|2z�©2¨2}¤ª¤�2}«|2z�h2l#}¤z{hAv3u Ç ¦�lµx#�{|�uwl#lFv�h2l:�2�wl?uIlK|~x�lTy�� ���wvwl#���{x�v�u_vwh2��y{¨2zQh�vwh2l:©~�Q��Q����¨~uIvwk�l#|Av3u�y���vwh2l��wyXy��Ív�y{�Èh2l#}¤z{hAv3u���|~�ÈzQl�vIv�l#��y{����yXy��ih2l#}¤z{hAv�uK·�gih2lÆuwlKx#y{|~�È©2¨~}«ª��t}¤|2z»´©H¶�}¤u
��l#zQ¨2ª�����}«ÉKlK�C·

´��A¶ ´©5¶
¿!}¤z{¨2��l��{� Ç � ��� Ç |2y{|t°½��l#z{¨~ª¤�{�w}¤É#}¤|2z�Ë{®T°<��lKx#y{|~uIvw��¨~xev�}«yQ| � ��� Ç �wlKz{¨2ª�����}¤É#}¤|2z�Ë{®T°<��lKx#y{|~uIvw��¨~x�vw}¤y{|
´ � £ �µ� £ �,(Qm+�F±,q ( £ o �µ¶

ä
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�FlKuw¨2ª�v3uOh~��²Ql�©5l#lK|&y{©tv3��}¤|2lK�¹yQ|��Tk�}«lK|~u_x#}�v�s�´�¿2�3��|Hx�l?¶�·!gih~lT�{u�uIytx#}¤��vwlK�¹Ë{®T°½z{��y{¨2|~��vw��¨tv�h~uOh~��²Ql
©5l#lK|Suwl#k�}�°Ì��¨2vwy{k&��vw}�x#��ª¤ª¤s�lKuIv��{©2ª¤}¤uwh2lK��©Xs�vwh~l�¿2��l#|Hx3hSo:l#y{zQ���{�2h2}�x £ |~uIvw}«vw¨tv�l�´ £ o �:¶7���y{k���lK�w}���ª
}¤k&��zQlKu-´��~· ��k�l�v�l#�F��lKuwy{ª¤¨tvw}¤y{|5¶_�{|~��z{��y{¨2|~��k&���~uK·

¿!}¤z{¨2��lS��?Á�2��lKuwl#|Av3u&��|Ãl�¬2��k��2ª¤lÁy���©2¨~}«ª��t}¤|2z»Ë{®T°<��lKx#y{|~uIvw��¨~x�vw}¤y{|)´��Q¶Æ�{u�uIytx�}�� v�lK�Ä¦7}�v�hÃvwh2l
uIvw��¨~x�vw¨2��lK�Á©~¨2}«ª��t}¤|2z��yAy{vw�2��}¤|Qv3u�´©H¶µ��|~��vwh2l�Ë{®T°½z{��y{¨2|~��v��w¨2vwhÃ´�xK¶�·�gih2}�uT��lKuw¨2ª«v:}�u-uw��vw}�u����QxevwyQ�ws
x#y{k��~�{�wl?��v�y�vwh2lFËQ®F°½z{��y{¨~|~��vw��¨tvwhU·ïgih2lF�~�wyQ�HyAuIl?��k�yt�tl#ª¤}¤|2z��tyXlKu"|2y�v_�{ª«ª¤y ¦³v�y��wlK�2��lKuwl#|Av_uIyQk�l
�2l�v��{}«ª�uK·�*Ty ¦,lK²{lK�K¥ v�h2l:z{ª¤y{©~�{ªHuwh~���5lF}�u_��lKuw�Hl?xev�lK�Æ�{|~��vwh~lµzQl#|2lK���{ª«}¤ÉK��vw}¤y{|�ª«lK²{lKª~}�u,�Qx#x�lK�tv��{©2ª¤l7�y{�
u�� v�l#ª¤ª«}«vwl��2��v��¹}¤|��{|��{¨tvwyQk&� vw}�x-x�yQ|Qv�l�¬XvK·

¿!}¤z{¨2��lKu7�{����|~����Ë�uIh~y ¦ �wl?uI¨~ª�v3u_yQ|�v�¦�y��Tk¹}¤l#|Hu7����lK�{uK·ï¿
}¤z{¨~�wl?u��Q� (��{Ë�°3´�©H¶,�wlK�2��lKuwl#|Av�uIvw��¨~xe°
v�¨2��lK�¸©2¨~}«ª��t}¤|2zS�yXy{vw�2��}«|Av3u��Quwuwytx�}�� vwl?�¸¦7}«vwh»v�h2l�®T±_��y��7v�h2l�����lK�{uK·§gih~l�ËQ®F°½�wl?uI¨~ª�v3u�´ H~z{¨2��lKu
�Q� (��{Ë?°3´Ú�Q¶w¶&����l�uw��vw}�u����Qxev�y{��s³x�yQk¹�H����lK�³vwy¸v�h2lS�{u�uwyXx#}¤��vwl?�ÄËQ®F°½z{��y{¨2|H�»v��w¨tv�h~uS´ H~z{¨~�wl?u��{� ({��Ë?°
´ÚxK¶w¶e·Á±"²Ql#|»}«�ivwh2l�Ë{®T°<k�yt�tl#ª¤}¤|2zÁ}¤u�uI}¤k��2ª¤l§´Ív�h2l���yXy����y{��k&u�����lÆx�yQ|~uIvw�3��}¤|2lK�§vwyS©Hl�uwsXk�k¹l#vw��}¤x
v�¦�y�°½�2ª���|2l?u�¶�¥C��k&����y{��}�v�s�y���¨2��©~��|Èu�v��w¨~x�vw¨2��lKu:}�u�x�ª¤yQuwl�v�y��wl?��ª¤}�v�sQ·��ÁyQ�wlKy ²{l#�?¥Hvwh2l?uIl���lKuw¨2ª�v3u-����l
�{lKuIvwh2l#vw}�x#�{ª«ª¤sÆuw��vw}�u����Qxev�y{��sÆx�y{k��~�{�wl?�C¥X�y{�7l#¬2��k��2ª¤l{¥Xvwy���lKuw¨2ª«v�ui�2��lKuwl#|Avwl?��}¤| � A#�<·

´Ú�Q¶ ´©5¶ ´�x?¶
¿!}¤z{¨2��l�� ? Ç � ���¸¢ ËQ®F°½�wl?uI¨~ª�v�y{�F�Fk�}«lK|~u¹x�}«v�sÈhH��ª¤ªµ´�� £ �T� £ �,({m+�T±,q�( £ o �µ¶ � � �¸¢ u�v��w¨Hxevw¨~�wl?�
©~¨2}«ª��t}¤|2z��yXy�v��2�w}¤|Av�u � ¡ ��¢ Ë{®T°<zQ�wyQ¨2|~�&v��w¨2vwh¸´�� £ o �µ¶
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�ºk�l�vwh~yX�Â�yQ�Æv�h2lS©2¨~}«ª��t}¤|2z»�yXy�v��2��}«|Av�l#¬Av����Qxev�}«yQ|ÂhH�{uÆ©5l#lK| �2��y{�5yQuwlK�Â}¤| vwh2}�uÆ��l#�5y{�wvK· gih~}¤u
k�l#vwh2yt��}�u �¨2ª«ª¤sA°½�{¨tvwyQk&� vw}�x Ç ©2¨2}¤ª¤�2}«|2z:ª¤yXxK��ª¤}«É?� v�}«yQ|�k��{�~u
y{�!}«|2}«vw}���ª¤}¤ÉK� v�}«yQ|�uIv�� v�lKuï����l"|2y{v!|~l#lK�2lK�C·£ v7�2��y ²X}¤�2lKu_uIvw��¨~x�vw¨2��lK�Æ�yAy{vw�2��}¤|Qv3u�¦7h2l#��lµl?�{x3h�l#ª¤l#k�l#|Avi�wlK�2�wl?uIlK|Av�u���uw�Hl?x�}@HHx:�~���wv,y{�!��©2¨2}¤ª¤�2}«|2z
�{|~�È}¤u��HlK�I�l?xev�ª«s^x�yQ|2|2lKx�vwl?�Èvwy�vwh~lÆ|2l#}¤z{hX©5y{��}«|~zÁy{|2l?u#·�gih2lÆy{©2v���}¤|2l?�^�wl?uI¨2ª«v�u�����lÆuw��vw}�u����QxevwyQ�ws
�{|~��vwh2l�k�l�v�h2yt��uIlKl#k&u�vwy&©5l�l �Æx�}¤l#|Av7l#²Ql#|�y{|Á�tlK|~uIl-¨2��©~�{|��{�wl?�{u�¨~uw}«|2z�*µ� u�� v�l#ª¤ª«}«vwl��2��v��~·

�T|»l�¬XvwlK|~uw}«yQ|^vwyÁv�h2l�ËQ® ©2¨~}«ª��t}¤|2z���lKx�yQ|~uIvw��¨~xev�}«yQ|ÈhH�{u�©5l#lK|»�2��y{�5yQuwlK� Ç }�v���ª¤ª«y ¦Fu�vwy�zQ}«²Ql
u�� v�}¤uI���{x�vwyQ�wsÆËQ® x�}«v�s�k�yt�tl#ª¤}¤|2zQuK·"±"²Ql#|�}��!vwh~}¤uTk¹l#vwh2yt��}�u7²{lK�ws�uw}¤k¹�~ª«lÆ´vwh2l���yXy��
�y{��k�uT����l-x#y{|t°
uIvw�3��}¤|2l?�&vwy&©5l�uIsXk�k�l�v��w}�xµv�¦,y{°<�2ª���|~lKu3¶e¥t�¹k�����y{��}�v�s&y{�
¨2��©~�{|�uIvw��¨~xev�¨2��lKu�}¤u7x#ª«yAuIl:v�y¹��lK�{ª«}«v�sÆ��|H�
��lKuw¨2ª«v�u�����lÁ��l?u�v�h2l�v�}¤xK��ª¤ª«s»x#y{���wl?xev¹vwh~�{|2Å¸vwyÈv�h2lÁª¤�Qx3Å¸y��-���wvwl����Qxev3u�}«|Ävwh2l�uIvw��¨~x�vw¨2��lK�Ä©2¨2}¤ª¤�2}«|2z
�yXy{vw�2��}«|Av3u#·

£ |&v�h2lF�¨2vw¨2��l{¥X¦�lTuIh~y{¨2ª��&l�¬Xv�l#|~��v�h2lT��yXy��L�y{��k �HyAuwuw}«©~}«ª¤}�v�}«l?u_}¤|ÆyQ���tlK�Ovwy�h~��²{l7k�yQ�wlF��lK�{ª«}�uIvw}�x
k�yt�tlKª¤uK·,g
yÆ�tyÆuwy~¥~¦�l�x�yQ¨2ª���¨HuIl���zQ���{k¹k&�{�7y��OË{®T°<k�yt�tl#ª�u7¦7h2}�x3h�}«|Hx�ª¤¨~�tl�k�y{��l�x�yQk��2ª«l#¬���yXy��
�yQ�wk&u7uw¨~x3h��{u7�t}�uwuwsXk�k¹l#vw��}¤xµv�¦�y�°½�2ª���|2l?u,yQ�izQ��k�©2��l#ªC��yAy{��u#·

� � �&��	�� ���7������7���
	

gih~l H~�3uIv���¨2vwh2yQ�,¦�y{¨2ª��&ª¤}«ÅQlTv�y�v�h~��|2Å�v�h2l-¿2��l#|~x3h�o:lKy{zQ���{�2h2}�x £ |~uIvw}«vw¨tv�l�´ £ o �µ¶���|H��vwh2l-¿2��l#|Hx3h
qt�~�{x#l:�Tz{l#|Hx�sS´½m+�F±,q2¶,�yQ�7�~���wvw}���ª H~|H��|~x#}¤�{ªLuw¨2�2�5y{�wvF�t¨2��}«|~z¹h~}¤ui�"hH®�·~gih~l-�{¨tvwh~y{�3u_v�h~��|~Å&vwh2l
¿~�wlK|~x3hÁqX�~�{x#l��Fz{lK|~x�s§´<m+�F±�q2¶��y{�7�~�wy ²X}��t}«|~z��DC ± £ �T®µ±,qÁuw}¤k�¨2ª�� v�}«yQ|~u#·

�+�	� �i�ï�7����� 	

�@? ��mµ· &i�{}«ª¤ª¤�{���³��|~�Ä��· �5}�uwuwl#��k&��|U·»�+�2ª���|~l�°ÌuI¦�l#lK�³u�v�����vwlKz{sÈ�y{�¹vwh~l�ËQ®+�wl?x�y{|Hu�v��w¨~x�vw}¤y{|»y{�
©~¨2}«ª��t}¤|2zQuF��wyQk k�¨2ª«vw}¤�2ª«l�}«k&��zQlKuK· £ |���� � #����6�
	��� ���F�����!
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