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\�^_LGK(Q@JAv�g�JA`aKML�\�Z'\�ZXcdLG`"J�cdL�J�O?\�^_L�L/R�Q@VXWrÍ9�9�d�Ae´t�RAe	L�¹bK�L�g�\@L�Nr\@J�nMLERAg�g�JA`"KUR�T(Z'L/Nrn2W"\�^_LGQ�R�K_Z'N

}



Î(Ï�ÐdÏ�ÑiÒAÓ(Ô"Ï�ÕxÖ=Ò�×UØ�Ù_ÒAÑiÏ�Ú@ÛAÑ'ÏBÚ�ÓMÒAÖ7ÔSÛ�Ü�ÝdÏ�Ö�Ú7ÞXÕ"ß	ÒAÕ2Ö@ÞXÕ_Ï�ÕxÖ�Û�Ñ(à=á(Ü@Ò9Ó�Ï{â�ã�à>ä¡åAædç9ç9ædè�é7êBá_Ö/åAÖ�Ù(Þ'Ú�Ï�Ô"Ï�Ü�ë
ì Ï�Õ_í�ÏGÙUÛ9Ú´îMÏ�Ï�Õr×�Û�Ü	Ú�Ñ'Ò�Ø	Ï�ÜBÖ�ÙUÛAÕSÏ�ïxÓMÏ�í�Ö�Ï�Î|Û�Õ_ÎrÖ�Ù_ÏGÑ'ÒAÕ ì ë�Ö@Ï�Ü�Ô î_ÞXÑiÛ�Ö@Ï�Ü�Û�Ñ+Û�Ü�Ü�Û�Õ ì Ï�Ô"Ï�ÕxÖ@Ú�Û�Ü@Ï�Ú�Ö@ÞXÑXÑ
Î(ÒAÔaÞ'ÕUÛ�ÕxÖ/é=ð	Ù_Ï�Õ_Ï�Ï/Îr×�ÒAÜDÛ�Ö�Ü�Û�Õ_Ú�ÞXÖ�Þ'ÒAÕ|ÓMÏ�Ü�Þ'ÒxÎSÖ@Ò¡Ó_ÙUÛAÚ@ÏEÒAá(Ö	Ó(Ü@Ï�ë�Ï�ïxÞiÚ�Ö�Þ'Õ ì ÒAÞXÑMÓ(Ü@ÒxÎbá_í�Ö@ÚBÞXÕUÎ(Ï�ï(Ï�Î
Ñ'ÒAÕ ì ë�Ö@Ï�Ü�Ôñí�ÒAÕxÖ�Ü�ÛAí�Ö�Ú�Þ'Ú�Õ_ÒAÖaÛwÚ�ábòrí�Þ'Ï�ÕxÖ ì Ü@Ò9á(Õ_Î�Ö@Ò~Ï�ïxÓ(Ñ#Û�ÞXÕ�Ö@Ù_Ïrí/ÒAÕ2Ö@ÞXÕ2á_ÞXÕ ì Ó_Ü@Ï�ë�Ï�Ô"ÞXÕ_Ï�Õ_í/ÏrÒ�×
Ö�Ù_Ï�Ú@Ï�Ñ'Ò9Õ ì ë�Ö@Ï�Ü�Ôóí/ÒAÕ2Ö@Ü�ÛAí�Ö@Ú/éGã�ÕUÎbá_Ú�Ö�Ü�ÞiÛ�Ñ�ÒAî_Ú@Ï�Ü�Ð9Û�Ö�Þ'Ò9Õ_Ú�Ú�á ì9ì Ï�Ú�ÖGÖ�Ù�Û�ÖGÜ@Ï�Ö�Û�ÞXÑ'Ï�Ü�ÚEÛ�Ü@Ï�Ú�Ö�ÞXÑXÑ7Ü@Ï/ÛAÎ(ô%Ö@Ò
Ï�Õ ì Û ì Ï´ÞXÕ¡Ñ'ÒAÕ ì ë�Ö@Ï�Ü�Ôõî_ÞXÑiÛ�Ö@Ï�Ü�ÛAÑxÖ�Ü�ÛAÎ(Ïdé?öEÏ/Ú�Ó(Þ'Ö@ÏBÏ/Û�Ü�ÑXô�îUÛ�Ü�Ü@Þ'Ï�Ü@Ú7Ö@Ò�Ï�ÕxÖ�Ü�ô�í/ÒAÕ_í�Ï�Ü@Õ_Ú?Ö�Ù�Û�Ö7Ô"ÒAÖ�Þ'ÐAÛ�Ö�Ï�Î
Û�Õ"ÞXÕbë�Î(Ï�Ó(Ö�ÙrÚ@Ï�í�Ö@ÒAÜ�Û�Ñ�Û�ÕUÛ�ÑXôbÚ�Þ'Ú=îxô¡Ö�ÙUÏ�à>á(Ü@Ò9Ó�Ï/ÛAÕ|ßBÒAÔaÔ"Þ'Ú�Ú�Þ'ÒAÕyâ�ö�÷øß�ùEúyû�ådædç9çdü9è�ådÖ�Ù_ÒdÚ�Ï�Ñ'ÒAÕ ì ë
Ö@Ï�Ü�ÔýÛ�Ü�Ü�Û�Õ ì Ï�ÔrÏ�ÕxÖ@Ú�Û�Ü@ÏaÕ_Ò�Øþ×�á(ÑXÑXôuÛ9ÎbÔaÞXÖ�Ö�Ï�Îuî2ôlÖ�Ù_Ï"à=á(Ü�ÒAÓMÏ/Û�ÕPÛ�á(Ö�ÙUÒAÜ�ÞXÖ�Þ'Ï�Ú¡Û�Õ_Î�Û�ÑXÑ+ÿ�á(Ü�Þ'ÎbÞ'í�Û�Ñ
ÛAí�Ö�Þ'Ò9Õ_Ú�Û ì Û�ÞXÕUÚ�ÖGÑ'ÒAÕ ì ë�Ö@Ï�Ü�Ôóí�ÒAÕxÖ�Ü�ÛAí�Ö@ÚDÙUÛ/ÐdÏ{îMÏ�Ï�ÕwØ�Þ'Ö�Ù_ÎbÜ�Û/Ø�Õ1é �yä�í�í�ÒAÜ�ÎbÞXÕ ì Ö@Ò ì ÛAÚGÏ�ïbÓ�Ï�Ü�Ö@Ú/å(Ö@Ù_Ï
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��{Hu x0 �$~_}_}]�htcx5t:}!~_��t:sat&xB� � ��rH�5}!x�y4�#t:sat%�ht�{�w�~_w�yat:s4sa�5v5y4~!r�w�~!w�x�t:}_~_��t:sa~!t&u&����t�{Hu4u4�5��t'ya�#{�y�{sat:y0{�~_}Vt:s�~Vu�sat ¤ �5~_sat&x|yarc��{���t�q&rH��v�t:w�u0{�y4~!rHw¡v#{J����t:w�yau�yarc~_yau�x�~!u4s4�5v�yat&x¡q:��u4yarH��t&sau ¨ �@rHs�t:�5{H�c�v5}!t��#��~_y4��q:},{�~_��u © � ¢ uZ��t%{�sat'x5tJ{H}_~_w5����~!y4���5s4~!tE�Ct:��t:w�yauJ��ya��t'q&rH��v�t:w#ua{�ya~!rHw��#{HuZyar�y0{H��t�~_w�yarq&rHw�u4~!x5t:sE{�y4~!rHwcy4��tA}_~_��~!yat&x's0t&u*v�rHw#u*~_��t:w�t&uau]r��#y4��t�u4��rHs4y*�Fs4�5w�x5t:��{�w#xG�
������uJ�Hy4��t�q&rHs4sat&u4v�rHw�x�~!w5�
q&rHw�u4�5��t&s��5w�tJ{HuatcqJ{�w���t�{�v�v5sarJ��~_��{�yat&x�ya�#{�w5��u�yar|y4��tcu4��rHs4y*�7sa�5w�~_w���t:sauatcx5t:��{Hw�x��Q�5w�q:y4~!r�wB�Ä rHsc{�x�~!u4s4�5v5ya~!rHw�u*y0{Hyat ω �
y4��t�yarHy0{H}Cx�~Vu*s4��v5yat&x ¤ �#{�w�y4~_y2��~!u x0 − xω {�w#x�ya��t�q&rHs4sat&u4v�rHw�x�~!w5�
q&rHw�u4�5��t&sau$u*�5sav5}_��u���{�s4~V{�y4~VrHw¡~!u$t ¤ �#{�}Byar5� ∫ x0

xω g(x0, t)d t �
Å �cq&rH��sau4t��Zsat:y0{�~_}Vt:sau�{�sat��Qsat&t�y0r�x5tJq:~!x5t�y4��t:~_s¡�5v�u4y4satJ{H�Æu4�5v5v�}_�³��~��5t&uJ�Ç����t�q&rH��vhr�u*~_y4~VrHw
r��
y4��t�~_w5v��5y���~�����{J��y4����u���{�s4���,sar��Èr�w�t�s0t:y0{�~_}!t&s�yar�{�w�r�y4��t:sJ� �Fw¡y4��tzt:��t:w�y$r�� {cx�~!u4s4�5v5y4~!r�wB�
sat ¤ �5~_s4~_w���y4��t$��~_say4��rH��uLsat:yE{�~_}!t:sauLyar�v#{J�'�@rHsLya��t$q&r�w�u4t ¤ �#t:w�q&t&uCr��Gs4~!u4����qa��r�~!q&t&uL��{Hx�t����cr�y4��t:sau
�Ar��5}!x�rH����~!rH��u4}_��q&satJ{�yat�{�w�~!w�q&t:w�y4~_��t'�@rHs�y4�#t's0t:y0{�~_}!t&sau�yar|uat:}!tJq:y�y4��t%}!r;��t&u*yzqJr�u*y;�h��~_����t:s�s4~Vu*�
qa�#rH~!q&t�r��A~_w5v��5yJ� � ��q0�§{���tJqa�#{Hw5~!u4�É~!u���rHy4���5wHÂ*��u4y4~�£h{��5}Vt�{Hw�x��5w��7{�~_sJ� Ä rHs�tJ{Hq0�§x�~!u4s4�5v5y4~VrHw
qJ{Huat���tJ{Hq0��sat&y0{�~_}!t:s;� uZvh{&����t:w�y�y0r�q&rHw#u*�5��t:sau�~!u�y4����uz{Hu4u4�5��t&x�yar��htcu4t:y�~_w�v5sar�vhr�s4y4~!rHw�yar�~_yau
rJ�$w¥satJu*v�rHw�u4~_�5~_}!~_yF��~_w³y4��t�yarHy0{H}Zx�~!u4s4�5v�y4~!rHwB� Ä rHs4��{H}_}_���A~_y���tJ{Hw�u�y4�#{�y��5w�x5t&s�{§x�~!u4s4�5v5y4~VrHw
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Ë*Ì0ÍHÌaÎ ω ∈ Ω \ {0} Ï Í|Ð�Ñ_Ò�Î:Ó§ÔaÎ:Ì0Í�Ñ!Õ!Î:Ô i Ñ_Ó�Ö&×5ÔaË'Í�Ø�Ù�Ë4Ñ_Ì4Ñ_Ò�Î�Ú�Ñ!Ë4Ô4×5Ø�Ì4Ñ!ÙHÓ�Ö&Ù�Ë4Ì D Ci(x
0, ω) Î&Û�×#Í�ÕLÌaÙÌ4Ü�Î�ØhÍ&Ý�Þ�Î:Ó�Ì�Ô0Î&Û�×5Ñ_ÔaÎ&Ú¡ÌaÙcÑ_ÌaË$Ú�Ñ!Ë4Ô4×�Ø5ÌaÎ&Ú¡ÖJÙHÓ�Ë4×5Þ�Î:Ô0Ë&ß

D Ci(x
0, ω) =

∑

j∈J

(x0
ij − xω

ij)

x0 − xω

∫ x0

xω

g(x0, t)d t à4á;â

ã Î&Ë4Ñ!Ú5Î&Ë ÏLä Î�ÍHË4Ë4×5Þ�Î�ÌaÜ#Í�Ì�Í�ÔaÎ:Ì0Í�Ñ!Õ!Î:Ô�Ñ!ËcÓ�Ù�ÌcÔ0Î&Û�×5Ñ_ÔaÎ&Ú�ÌaÙ�Ø#ÍJÝ�Ì4Ü�Î|Ø5ÔaÙ�Ú�×�Ö&Î&ÔaËcÑ_Ó�Ò�ÙHÕ!Ò�Î&Ú�Ñ_Ó Sωå Ù�ÔAÌ4Ü�Î�Ú�Ñ!Ë4Ô4×5Ø5ÌaÎ&Ú�Ò�ÙHÕ_×�Þ�Î&Ë�Ù å Ð�ÍHË�ÙHæ#Ë4Î:ÔaÒ�Î&Ú�×�Ó�Ú5Î:Ô$Í'Ë4Ì0Í�ÌaÎ ω ∈ Ω \ {0} ç è Ó#Ú5Î:ÔAÌ4ÜhÍ�ÌAØ#ÍHÔ4Ì4Ñ!Ö:×5Õ,Í�ÔË*Ì0ÍHÌaÎ Ï ÔaÎ:Ì0ÍHÑ_Õ!Î:Ô i é Ë�Ø�ÔaÙ�ê�ÌaËZÍ�ÔaÎ�Ì4Ü�×�Ë�Î&Û�×#Í�ÕGÌaÙcÌ4Ü#Î�Ø�ÔaÙ�ê�ÌaË$ÎJÍ�Ô4Ó�ÎJÚ�×�Ó�Ú5Î:Ô�Ì4Ü�Î�Ó�ÙHëFÚ�Ñ!Ë4Ô4×5Ø5Ì4ÑVÙHÓ�Ë*Ì0ÍHÌaÎÓ#Í�Þ�ÎJÚ 0 Ï Þ�Ñ_Ó�×�Ë�Ì4Ü�ÎzÚ5Ñ!Ë*Ôa×5Ø5Ì4Ñ!Ù�Ó�Ö&Ù�Ë4ÌaË D Ci(x
0, ω) Ø�Õ_×�Ë ∑

j∈Sω

pjx
0
ij ç

ì
í,î ï�ðLñ�ò³ó ôLñ#õ
ö Ü5Ñ!Ë ËaÎ&Ö:ÌaÑ!ÙHÓ�Ø5ÔaÎ&ËaÎ:Ó�ÌaË]Ì4Ü#Î�ÍHÐ�Î:Ó�ÌaË é ÙHæ5÷*Î&Ö&Ì4Ñ_Ò�Î&Ë ç�ø ÎAÔ0Î:Ñ_ÌaÎ:Ô0ÍHÌaÎAÌaÜ#Í�Ì ä ÎAÓ#Î&Î&ÚcÌ ä Ù�Ñ_Ó�Ò�Î:ÔaËaÎ�Ú5Î:Þ�ÍHÓ�Úå ×�Ó�Ö:Ì4Ñ!ÙHÓ#Ë ç ö Ü�Î�ê�ÔaË4Ì�ÙHÓ�Î Ï f(k) Ñ!ËZÌ4Ü#Î�ÕVÙHÓ5ÐHë7Ô4×�Ó ä Ñ_Õ_Õ_Ñ_Ó�Ð�Ó�Î&ËaËZÌaÙ�ØhÍ&Ý å Ù�ÔZÌaÜ�Î'Ð�ÍHË ç ö Ü�Î%ËaÎ&Ö&ÙHÓ#Ú Ï
g(k, q) ÑVË�ÌaÜ�ÎzË4Ü�ÙHÔ4Ì*ë7Ôa×5Ó ä Ñ_Õ!Õ_Ñ_Ó5Ð�Ó�ÎJË4Ë�ÌaÙcØhÍ&Ý å ÙHÔ$Û�×#Í�Ó�Ì4Ñ_Ì2Ý q Ï Ø#Í�Ô0Í�Þ�Î:Ì4Ô4Ñ!Ö;Í�Õ_Õ_Ý|Ú5Î:Ø�Î:Ó�Ú�Ñ!Ó5Ð�ÙHÓ¡ÌaÜ�ÎÕ!ÙHÓ5ÐHëFÔ4×5Ó¡Ö&ÙHÓ�Ë4×5Þ�Ø�Ì4Ñ!ÙHÓ k ç ù Ó|Ì4Ü�Î å Ù�Õ_Õ!Ù ä Ñ_Ó5Ð Ï�ä Î�×�Ë4ÎzÍ%Ú�×5Þ%æ|ÒHÍ�ÔaÑVÍ�æ5Õ!Î t ÌaÙcÚ5Î:Ó�Ù�ÌaÎZÌaÜ�ÎZÕ!Ù�Ó5ÐHëLÙHÔË*Ü#ÙHÔ4Ì*ë7Ô4×�Ó¡Ò�ÙHÕ_×�Þ�Î ä Ü�Î:Ó¡Ó#Î&Î&Ú5Î&Ú¡Ñ_Ó�Í�Ó�Ñ_Ó�ÌaÎ:Ð�Ô0Í�Õ ç
ú'ûhüBý;þ
ÿ���� ß�Ü�Î:ÔaÎ Ï Ì4Ü�Î¡Ú5Î&Ö:ÑVË*Ñ!Ù�Ó�Ë�Ù å Ì4Ü�Î¡Î:Ó�Ú�ë7×#Ë4Î:Ô0Ë�Í�ÔaÎ|æ#Í�Ë4Î&ÚdËaÙHÕ!Î:Õ_Ý�ÙHÓdÌ4Ü�Î|ÔaÎ:ÌEÍ�Ñ_Õ�Ø5Ô4Ñ!Ö&Î¡Ù åÐ�ÍHË$Ó#ÍHÞ�Î&Ú P ? ç�ø Î%ÍHËaË*×5Þ�ÎzÌaÜ#Í�ÌZÐ�ÍHËZÎ:Ó#Ú�ë7×�ËaÎ:ÔaËZË4Ì4Ô4Ñ_Ò�ÎzÌaÙ�Þ�Í���Ñ!Þ�Ñ��JÎ�Ì4Ü�Î�Ò�Í�Õ_×�Î�ÔaÎ&Ö&Î:Ñ!Ò�Î&Ú å ÔaÙ�ÞÖ&ÙHÓ�Ë4×5Þ�Ø�Ì4Ñ!ÙHÓ§Þ�Ñ!Ó�×#ËzÌ4Ü�Î�ØhÍ&Ý�Þ�Î:Ó�ÌaË�ÌaÙ¡ÔaÎ:ÌEÍ�Ñ_Õ!Î:ÔaË Ï ÍHËaË4×5Þ�Ñ_Ó�Ð�Ì4Ü�Î:Ý�ÖJÍ�Ó5Ó#ÙHÌ%Í��GÎ&Ö:Ì P ? ç ã Î&Ë4Ñ!Ú5Î&Ë ÏÌ4Ü�Î:Ý�Ú5ÙZÓ�ÙHÌ
Ì0Í
	�ÎLÑ!Ó�ÌaÙ�ÍHÖ&Ö&Ù�×5Ó�Ì�Ì4Ü�ÎCØ5ÔaÙHØ�Î:Ó�Ë4Ñ_Ì4Ñ!ÎJË�Ù å Ø�Ù�ËaË4Ñ_æ5Õ!ÎAË*×#Ú5Ú5Î:Ó%Ú5Ñ!Ë*Ôa×5Ø5Ì4Ñ!Ù�Ó�Ë ç ö Ü�Ñ!Ë]ÍHË4Ë4×5Þ�Ø�ëÌ4Ñ!ÙHÓ�ËaÎ&Î:Þ�Ë Ö&Ù�Ó�Ë4Ñ!Ë*ÌaÎ&Ó�Ì ä Ñ_Ì4Ü�Ì4Ü#Î�Ñ_Ó�Ú�×�Ë4Ì4Ô4Ñ,Í�Õ5ÔaÎJÍ�Õ!Ñ_ÌFÝcË4Ñ_Ó�Ö&Î�Þ�Ù�Ë*ÌCÎ:Ó�Ú�ë7×�ËaÎ:ÔaËLÖ&ÙHÞ�Ø5Õ!Î:ÌaÎ&Õ_Ý'Ñ!Ð�Ó�ÙHÔaÎ�ÌaÜ�ÎÚ5Î:Ì0Í�Ñ!Õ!Ë�Ù å Ì4Ü#Î�Ë4×5Ø5Ø�Õ_Ý�Þ�Ñ��¡Ú5Î&Ö:Ñ!Ú5ÎJÚ�æ�Ý�Ì4Ü#Î�Ô0Î:Ì0Í�Ñ_Õ!Î:Ô0Ë$Í�Ó�Ú�	�Ó�Ù ä ÍHÕ_Þ�Ù�Ë4Ì�Ó�ÙHÌ4Ü5Ñ_Ó�Ð�Í�æ�ÙH×�Ì�Ì4Ü#Î�Ù�Ô4Ñ�ë
Ð�Ñ_Ó�Ù å Ì4Ü�ÎzÓ#ÍHÌ4×5Ô0Í�ÕBÐ�ÍHË$Ì4Ü�Î:Ý¡Í�Ô0Î�æ�×5Ô4Ó5Ñ_Ó5Ð ç�
 ËZÍcÔaÎ&Ë4×5Õ_Ì Ï Ì4Ü�Î&Ñ_Ô$Ú�Î&Ö:Ñ!Ë4Ñ!ÙHÓ�Ë$Ö;Í�Ó5Ó�ÙHÌZÖ&Ù�Ó�Ë*ÑVÚ5Î:Ô$Ì4Ü�Î&ËaÎÚ�Ñ!Ë4Ô4×5Ø5Ì4ÑVÙHÓ�Ë4Ì0Í�ÌaÎ&Ë ç ö Ü5Ñ!Ë�æ�Î:Ü#ÍJÒ�ÑVÙHÔ�Ñ!Ë�Ì4Ü�×�Ë�ÔaÎ:Ø5Ô0Î&Ë4Î&Ó�ÌaÎJÚ|æ�Ýhß

CO N S(P ?) ß Max

∫ k

0
f(t)d t − P ?k

{k}
k ≥ 0

ù å Ì4Ü�Î�Ø5ÔaÙ�æ5Õ!Î:Þ Ü#ÍHË�Í�Ó�Ñ_Ó�ÌaÎ:Ô4Ñ!Ù�Ô%ËaÙHÕ_×�Ì4Ñ!ÙHÓ Ï Ñ_Ì%Ñ!ËcÖaÜhÍ�Ô0ÍHÖ:ÌaÎ&Ô4Ñ��JÎ&Ú ä Ñ!Ì4Ü�Õ!Î:Ò�Î:Õ!ËcÙ å ÖJÙHÓ�Ë4×5Þ�Ø5ÌaÑ!ÙHÓ kæ�Ý�ß f(k) = P ? ç
����ý���������������� ß�Ü�Î:ÔaÎ Ï]ä Î�Þ�Ù�Ú�Î:ÕCÌ4Ü#Î�ÖJÙHÓ�Ì4Ô0ÍHÖ:Ì4Ñ_Ó�Ð�æ�Î:ÜhÍ&Ò�Ñ!ÙHÔcÙ å Í�Ô4Ñ!Ë�	�ë7Ó�Î:×5ÌaÔ0Í�ÕCê�Ô4Þ ç ö Ù�	�ÎJÎ:ØÌ4Ü�Î'Þ�Ù�Ú5Î&Õ]Ë*Ñ_Þ�Ø5Õ!Î Ïhä Î ä Ñ_Õ_Õ]Ó�ÙHÌ�Ö&ÙHÓ#Ë*Ñ!Ú�Î:Ô�Ì4Ü�Î%Ö;ÍHË4ÎcÙ å Í�Ô4Ñ!Ë�	�ë2ÍJÒ�Î:Ô0Ë4Î�ê#Ô4Þ ç ö Ü�×�Ë Ï Ñ!ÌaË�Ù�Ø5Ì4Ñ_Þ�Ñ���Í;ëÌ4Ñ!ÙHÓ�Ø5ÔaÙHæ5ÕVÎ:Þ Ñ!Ë�ÌaÙ|Ö0Ü�Ù�Ù�Ë4Î�Í�Ø5×�ÔaÖaÜhÍHËaÎ'Ø�ÙHÕ_Ñ!Ö:Ý (x0

ij)j∈J
×5Ó�Ú�Î:ÔzÍ�Ó�Ù�ëFÚ5Ñ!Ë*Ô4×�Ø5Ì4Ñ!ÙHÓ�Ë4Ì0Í�ÌaÎ%ËaÙ¡ÍHË�ÌaÙ

Þ�Í���Ñ_Þ�Ñ��;Î'Ñ_ÌaË�Î���Ø�Î&Ö:ÌaÎ&Ú�Ø�ÔaÙ�ê�ÌzÍHÖ:Ô0Ù�Ë4ËzÍ�Õ_Õ
Ø�Ù�ËaË*Ñ_æ�Õ!Î%Ú�Ñ!Ë4Ô4×5Ø5Ì4ÑVÙHÓ�Ë*Ì0ÍHÌaÎ&Ë ç � Ñ_Ó�Ö&Î ä Î%Ú5Ù�Ó�Ù�ÌZÞ�Ù�Ú�Î:ÕØhÙ�Ë4Ë4Ñ_æ5Õ!Î�ÔaÎ&Ö&Ù�×5ÔaËaÎzÍ�Ö:Ì4Ñ!ÙHÓ�Ë�Ñ_Ó¡ÖJÍ�Ë4ÎzÙ å Ú�Ñ!Ë4Ô4×�Ø5Ì4Ñ!ÙHÓ Ï Ì4Ü#Î�ÙHÓ�Õ_Ý�Ú5Î&Ö:Ñ!Ë4Ñ!ÙHÓ¡Ò�Í�Ô4ÑVÍHæ5Õ!Î&Ë$Í�ÔaÎ�Ì4Ü�ÎzÖ&ÙHÓ�Ì4Ô0Í�ÖEëÌ4×#Í�ÕBÕ!ÙHÓ5ÐHë7Ì0Î:Ô4ÞÈÒ�ÙHÕ_×5Þ�ÎJË�Ú�Î&Ö:Ñ!Ú5Î&Ú¡æ�Ý�ÌaÜ�Î�ÔaÎ:ÌEÍ�Ñ_Õ!Î:ÔaË ç

!



R E T AIL E R i "
Max Π̄i(x

0
ij , (x

0
lj)l 6=i) =

∑

j∈J

(

f(x0) − pj

)

x0
ij −

∑

ω∈Ω\{0}

θ(ω)



D Ci(x
0, ω) −

∑

j∈Sω

pjx
0
ij





{x0
ij , j ∈ J}

x0
ij ≥ 0 (∀j ∈ J)

#%$'&�(�)+*-,�(�.�/1032�4658795:2�;
(�,<5:7�= &
i
5�>?*@5BA:295BC�*679$
D629&EA�;
FG465BF6AB58H@58795:IJ7�(�29295:FK;L&M.�$L,<,<$�IN& " Π̄i(x

0
i ) =

A + B + C
IJ4�5:795 "

A =
∑

j∈J

(

f(x0) − pj

)

x0
ij

OQP1R

B = −
∑

ω∈Ω\{0}

θ(ω)D Ci(x
0, ω)

OQS1R

C =
∑

ω∈Ω\{0}

θ(ω)
∑

j∈J

pjx
0
ijδSω

(j)
O�T�R

#U465M*�;L7�2�(�;
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Π̄i
IJ(�2�4'7X5B&�*@5BA:2J2X$Y29465 C-5BA:(�&�(<$LF'WZ;
7�([;
H-,<5

x0
ik
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^Z_

`a.b2�465 *-79$LH6,<5:)c4d;L&e;LF'(�F�295:7�(<$Z7e&9$L,�f-2�(<$ZFV0?2�4�5E;L&9&�$�A:(�;L295BC'gEg #hAB$ZF6C?(�2�(<$ZF6&N;
795 "
i6$L7

x0
ik " 0 ≤ x0

ik ⊥
∂Π̄i

∂x0
ik

(x0
i ) ≤ 0

OQj1R

IJ465:795k2�465kC65:7�(�WZ;
2�(�W�5 ∂Π̄i

∂x0
ik

(x0
i )
(<&�\Z(�W15BFl(�Fh]e*6*d5:F�C?(�> ^Z_nm F6AB5o29465kg gE#pAB$LF�C?(�2�(<$LF�&�;L795
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,�.�$Z7�)�.a$L7�2�465�,<$LF6\L�V;
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ÅoÄ�´�¹E¶�´6ÂZÈ�Ä�ÇQÈ�µ-ÅkÂLÅ�¹Z·
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ε0 > ε1
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ÍJÎ Ä9¹:ÈN¶�ÂZÃ+¹Eº
Á�Æ�¹:Ï-ÈXº
É�Ë Ê-¹:»1¹BÁ<ÂLÐ-Ãr¹:Å�ÄX¶B·?¸U¹EÊ-¹:È�É�»1¹ Ä�´6¹ ÑEÑ ³hË�ÂLÅ6Ê?É�Ä�É�ÂLÅ6¶ Î ÂZÈe¹�ºLËX´'È9¹BÄXº
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Θ (k)
É<¶8¶�É<ÃqÐ-Á�Ø ∑
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θ(ω)
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� ZF\�gaZ�h�i6c/[ablW��C_/qli`b;d(ZX^O[wW�qy�;z�^`Z�[]\C\,_xW,Z�h�eRZX\�gwZ}sIql\�qlh,Z�blZ�Y;c	[ab7���Cgw_%W�Z@eT_/iOqaYkZFW�gwc%b*c	i`h,Z�c/byjdnZ�Z�[�maqlh,z!gwc/W,ZFb�qa[ablZ�hXmlh,Z�r�Z��]^6W�\�^`[l~ki`_%[l~/r
\,ZFh�Y�da^Oi6c	\,Z�h�c	iHc	~Th,ZFZ�Y0Z�[R\!W@c	[ab���ZFh,Z:z�_/[aW�^`blZ�h,Z�b�c/Wdn_%\�g��][a_��}[�c	[ab��a�yZFb�^`[�\�gaZ�zF_/Yk^O[l~;blZ�z�c/blZ%�}�Cg]qaW�fa^OYkmn_/h,\,WDsIh,_/Y \��C_kh,ZFW,_/qlh,z�Z�r
h�^`z!g�zF_/qa[yr\�h�^`ZFW�f � _/h��Dc�juc	[abv\,gaZ*¡�¢l¢]|�fHgwc/bu\,_�d(Z*zF_/[wW�^`baZ�h,ZFbv\!_�W�ZFh�eTZ;\�ga^`Wxs'ql\,qlh,Z*blZFY0c	[ab7�v£XZFh,Z%f��Zoc%W�W�qlYkZ�m(Z�h�s�ZFz�\Xs�_/h,ZFW�^O~%g]\�c	[ab�c	mlmaiOj�\�gwZ:mah,Z�e]^`_/qaW@Yk_]blZ�iH\,_*c	[wc	i`jR��Zx|}qlglh�~]c/W�� W@blZFzF^`W�^`_%[��|Dqlgah�~Rc/W�� W�_/dl¤�ZFzF\�^OeTZo�Dc/W�\,_�W,Z�i`ZFz�\�^O\!W�^OY�m(_/h�\�m(_/iO^`z�j�W�_�c/W�\,_*Y0c��y^OY�^O��Zx^O\!W�Z��ymnZ�z�\,ZFb�mlh,_/�a\sI_%hXcx\�jRma^`z�c	i7jRZ�c	hD^O[�\�gaZk���%�%�/W��
¥ Z�c/W�W�qlY0Z�\�gnc	\@\,gaZ�h,Zx^`W�_/[li`j�_/[aZxi6c	h�~TZxh,Z�\�c	^Oi`Z�h�f

I = {1}
�:�a_/h�W�^OY�mliO^`zF^O\�jRfn\�gaZx^O[abaZ��

i = 1^`WDblh,_/mlm(ZFb*^O[�\�gaZ@s�_/iOi`_��D^O[a~osI_%h�Yxqli6c/W����CgwZ�eT_/iOqlY0ZFW}zF_/Y�^O[a~os'h!_/Y�Z�^O\,gaZ�hD\�gaZ � ZF\�gaZ�h�i6c/[ablW}_/h\�gaZ0i`_Rz�c	i��K|}��mlh,_]byqaz�\,^`_/[�c	h,Z;c%W�W�qlY0ZFb{\!_�d(Zk�RZ�ml\ozF_/[aW�\!c	[]\x�Dgwc	\,ZFeTZ�hx\�gaZ;z�^Oh,z�qlY0W�\�c	[azFZFWc	[ab¦c	h,Z*W�^OYkmliOj§[wc	Y0ZFb
l
�v�CgaZ�W�qlmlmliO^6ZFWxs'h,_%Y¨\�gwZFW,Z;\���_©W,_/qlh,zFZFWoi6_Rz�c/\,ZFbv�}^O\�gl^O[�\�gaZ�ª�ªC«��ZFh,ZCm(Z�h,zFZF^OeTZFb0c/W�W�ZFzFqlh,Z%�K¬C_/\�g;c	h,ZC\�g]qaW�z!gwc	h!c%z�\,Z�h�^O��ZFbod]j�c@��Z�h!_�mlh,_%dwc	dl^Oi`^O\�jo_	s�c�by^`W�h�qlml\�^`_%[��£XZF[azFZ%fn\,gaZx|}qlglh,~Rc/W�blZFzF^`W�^`_%[�z�c	[�d(ZoW�^OYkmliO^B�wZ�b�c/W�z!ga_]_%W�^O[l~*\�gaZx^OY�m(_/h�\,Z�b�eT_%iOqlYkZFW

(xj)j∈Js'h,_%Y­c�W�Z�\X_	s�\��C_kW,_/qlh,zFZ�W
J = {1, 2}

�DgwZ�h,Z � _/h��DcFj*^`WD^O[wblZ��lZFb{��c	[ab�\�gaZ:¡�¢l¢]|®^`WD^O[abaZ��lZFb
¯ � ¥ Zkc/W,W�qlY0Zx\�gnc	\�d(_/\�g�s�_/h � _/h,�Cc�j�c	[ab�\�gaZo¡�¢l¢y|:fn\�gwZ�h,Zx^`W:c;[a_/[yr
[aZF~%iO^O~%^Odai`Zxh�^`W���_	sCby^`W�rh�qlml\�^`eTZ�d(Z�gwc�eR^6_/h�� ¥ Z�blZ�[a_%\,Z�d]j

θ1 ° h,ZFW�m(ZFz�\�^OeTZFiOj θ2 ± \�gaZ:bl^`W�h,qlml\�^`_/[�mlh,_/dnc	dl^OiO^O\�j�_	s � _%h��DcFj° h,ZFW�m(ZFz�\�^OeTZFiOj�\,gaZo¡�¢l¢]| ± c	[ab p1
f
p2
\�gwZxmlh�^`zFZ�W�z!gwc	h,~TZFb�d]j�\�gaZFW,Zxmlh!_RbyqwzFZ�h,W����a_%h�|Dqlgah�~Rc/W�f\�gaZ�_%ml\�^OY�^`��c	\�^`_/[�mlh,_/dli6Z�Y²^`W�³

´ c��
Π̄(x1, x2)
x1 ≥ 0 x2 ≥ 0

�DgaZ�h,Z

Π̄(x1, x2) = f(x0 + l)(x0 + l) − p1x1 − p2x2 − θ1(1 − θ2)

∫ x0+l

x2+l
g(x0, t)d t

−θ2(1 − θ1)

∫ x0+l

x1+l
g(x0, t)d t − θ1θ2

∫ x0+l

l
g(x0, t)d t

+θ1(1 − θ2)p1x1 + θ2(1 − θ1)p2x2 + θ1θ2(p1x1 + p2x2)

° ��µ ±

x1 ° h,ZFW�m�� x2 ± ^`W�\,gaZ�pTqnc	[]\�^O\�j�d(_/ql~%g]\�d]j�\�gwZoh,Z�\!c	^Oi`ZFh�s'h,_%Y � _%h��DcFj ° h,ZFW�m��x\,gaZ�¡�¢a¢]| ± c/[ab
x0 = x1 +x2

�K�DgaZ}i`_]z�c	inmlh,_]byqaz�\,^`_/[0i`ZFeTZ�iw^`WCc/W,W�qlYkZFb0\,_:d(Z}�CZ�iOiBr��R[w_��}[��K£@Z�[azFZTfT\,gaZ}e%c	h�^6c	dai`Z
l
^`WC[a_%\}coblZFz�^6W�^`_%[*e%c	h�^6c/dli`Z%� ¥ ^O\�g�c	[�^`W,_	r�Z�i6c/W�\�^`z�blZ�Y;c	[ab7fy�CZ�z�c	[�z�c	i`z�qli6c/\,Z�Z�c/W�^`iOj

Π(x1, x2)
�

¶�·�¸	¹�º
»�¼�½�¾ ½�¿�º
À Á�Â�½�Ã(Â�º
ÂD½�Ä@¹	À »�¹o¼,Å�Å
¹/¼,Å�Å
À ÆCÂCÅ
¹	¼!Å3Ç(ÈKÉ�ÊnËTÅ
¹	ÂCÌ ¼!º
»�Â�½IÅ�»�¼�½�¸	½�Â�º�À ÍoÎKÂ�º
ÆD¼�Í�Ï�ËlÐ�Â�Á�À Ð�Â�Ð:Å
Ä¼!Á�Å
À Ñ�Â�Ì Ï�½�Â�¼,º�Á�¹�ÒBÄ�ºD¼!Ì Å
Â�º
Í/¼,Å
À Ñ�ÂX½
¸�¿	¿	Ì À Â�½3Å
Ä�ÓFÏ�¿/¼!½
½3Å
¹	ÂXÆDÄ�Í	Ä�¿%Ä�Ì Ï�ÔkÕ(¹	À ½C½�À Å
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(θ) > 0 � õ àLÝNçaà å ã�î'àrë�è,Ý'çLã�Ü;ä�Ý

θ −→ ρ(θ)
ÜFÛvÛ�ã�ß�ÜFçaã�á\ñtÜ\Ý'çLß�à/â�Û�Ü\Ý,Þdä�Ýìã�î'àxÛ�àLã

[θ0, θ1[
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ε0 ��� î7è'Û æ à��NÝ é

p ≥ aρ(θ0)
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, S 5
�3/1gC/1* M�3/A#&6
*R/
#�+LDX�9#
g?/ E

p = aρ(θ1)
− 1

ε0 > aρ(θ0)
− 1

ε0 ≥ p :GF�;�>
��������� �"!$#&%'!)(�*�+-,�.��C(9!�5�(�*d��5�0'�16
('!)�"5�0j,

kWl^lnm�ojp^q�rZs
[]0_7)���"!�#&`�`t/109+L�vu M �3/A!)�'5Q�w7)�a#&7d7)�9/4*�/17R#��
6"/1*�!
x�`�*R5&O'7d�
0_7)�'/UyN(�6
JC#&*)�<#&0 VW#�*)h?/17$�"!$/�B?(a#&6z7�5 H M
�
0I7)�'/4!)�
7)(a#&7)�"5�0 5�\^`�(�*R/A#&0'+2`t/1*e\G/��17d�
5�VK`t/17)�
7)��5�0z, @ /8���
6
6-('!�/87)�'/40'5�7R#&7)��5�0 5&\�{d`'`a/109+L�vu c ,.3�'/4*�/17R#&�
6"/�*
x !�7�5�7R#&6z`�*�5&O97��"! E

Πto t =
∑

i

Πi = nΠ(xi) :GF?F?>
���'/1*�/47)�'/4�
0'+L�
g��"+L(9#�6-`�*�5&O97 Π(xi)

�"!�J��
gC/10I�
0_/�BC(9#&7)�"5�0 T�| , S /109��/ E
Πto t = αρ

− 1

ε0
+1

+ βρ
1

ε − (1 − θ)pρ :GF?|?>

cLP



}�~'�1��� α ���'� β ~ ��� �8�t��� � � ��� � � �2�
� � ���1� �����_�L� ���&�'� �)~'� ��� � ��� ���"� ρ �"� �$��� � �'�L�v� �L�� � � �
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∗ une version anglaise de cet article est disponible sur 
demande 


