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[-\^]<_a`2b)cedgfihkjRlnmo]<_a`Ml-p^qsrutsruvwqyxFz{`Ml
|J}or�~�`<m��	ru_arw}o`

�(���^�?rw}em6�k`2}o`M��\{`<}��o\{`.�?�����F���Hf0hR`M�kme`M_�p{}e`��w�w�w��f��w���^��vu`Ml

�����<�M�,�^���w� [-\{qyl���}emeqy��t�`Wq��ume}ork�kzO��`Ml'�{}o`<t�qs_aq��^��}oj�}e`Mlez{tsmol'ru��mo\{`+��rw�Fme}orwt%r���vw`M�{` �{`�m¢¡	rw}o£kl<¤�q��¥me\^`!�<rw�umo`�¦Rm�rw�
�{qs`§��`<¡6qyle`�¨��1©:�{`'_ark�{`<tyl<ª�«W`��{}orw�?rFln`����¬`<¦Rme`<�Olnq�rw�¬r���mo\{qyl:¡	`<t�ts¨�krk�<z{_a`<�Fme`M�>��ty�wlol4rw�®_4r{�k`<tyl<¤)¡6\{`<}o`�lnru_a`'q��k¨
�{zkm�¯1��}oqy��p{t�`Ml6�<�w���1°±`M��m(me\{`�_:�wqs��me`M}e_:l(r���mo\{`�`§xFz^�1moqsru�^l<¤^¡6q²mo\X�:le�?`M�<q��wt³�´rk��zOl6ru�'me\^`��<�uln`2r��J�1©:�{`��k`<�?`M�^�k`<�^�<`
rw�µq��{�{zkm�l<ªJ[-\{qyl-��ty�wlol¶qyl)qst�tszOl¢mo}o��me`M��¡6qsme\µmo\{`®`�¦{�w_4�^ts`�rw�·m�¡)r�vu`<�{`Ml	q��{\{q�p{qsmeq��{v4`§�w��\�rwme\{`M}Mª�[-\{qyl)`�¦{��_a�{t�`�\^�wl	p?`M`<�
rwp^le`<}o¯w`M�arw��}o`M�wt^p^qsrutsruvwqy�<��tOlejkl¢mo`<_:l<¤R�w�^�:qyl¶£R�{r1¡6�:mer��{}e`§ln`M�um)��p^q�lnmo�wp{ts`®ln¡6qsmo��\:�´ru})lerw_a`��^��}���_a`�mo`<}¶¯���t�z{`MlMª�¸(`<}o`w¤
me\{`-�O��}���_a`�mo`<}�l��<���4p?`-�<rw�Fme}orwt�ts`§�³ª�hRru_a`)vu`<�{`M}eqy�	�<rw�Fme}orwtR�{}orwp{t�`<_:l���}o`)�{}eru�?rule`M�³¤1¡6\{qy��\a��}o`)xFz^�wtsqsmo��meq�¯w`w¤�}e`§ln�?`§�¹meq��{v
me\{`��<ru�w}ole`�¨ºvw}o��q��{`M�µ�^�1moz{}e`2r����{q�`M�<`<¡6qyln`<¨��©a�^`®_ark�k`Mt�lMª�|Jq�`M�<`<¡6qyln`���ru�^l¢m����Fm-�´`<`M�{p^�w��£µt��,¡(l)me\O�1m�lerwt�¯w`�mo\{`Mle`���rw�Fme}orwt
�{}erup{t�`<_:l	�w}e`���\^�w}o�u�¹me`M}eq�»<`§�aqs�µme`M}e_:l	rw����©:�{`�q��{`MxFz^��t�qsmeq�`MlM¤R�w�^�µ�<�w��`M¯w`<�µp?`®�<rw_a�{zkmo`M�µ`�¦k�{t�q��<q²motsja�´rw}-��lez{p±��ty�wlol¶rw�
qs�{�^zkmolMª�[-\{`�ty�1meme`<}	qyl¶��\^�w}o�u�¹me`M}eq�»<`§��pRj�me\^`���ru�^�kqsmeq�rw�amo\^�1m)`M�w��\�lnmo�1mo`(¯���}oq��wp{t�`6r��±mo\{`�lejkl¢mo`<_¼qyl	�1°±`M�¹mo`M�:pFj:�1m	_4rFl¢m
rw�{`�q��{�{z{m)¯���}oq��wp{ts`uª�[-\{`Mle`�vu`<�{`M}o�wt{�´`<`§�kp^�w��£at��,¡(l	��}o`6mo\{`<�'���{�{t�q�`M�amor�mo\{`�m¢¡	r��{qs_a`<�Olnq�rw�^�wtO`�¦{��_a�{t�`w¤Rle\{r1¡6qs�^v�\{r1¡
mer���ru�umo}erut{me\^q�l)lejRlnme`M_½mor,¡)�w}o�a¯���}oqsruz^l�p?`M\^�§¯Rq�rwz{}�lM¤wq��^��t�z^�kq��{v�mo\{`�z^lnzO��tOp{qs¨lnm���p{q�tsqsm¢jw¤R�wl¶¡	`Mtst±�wl	leq²moz^�1moqsru�^l¶qs�R¯wrwt�¯Rqs�{v
�4z{�{qyxuz^`%vutsrup^��t³`MxFz{q�tsq�p{}oqsz{_�ª
¾�¿uÀ±ÁoÂ�Ã �1Ä��w� vu`<�{`%}o`<vuz{t���meru}eja�^`�m¢¡	rw}o£kl<¤k�{qs`§��`M¡6q�le`�¨tsq��{`§��}§¤R�<rw�Fme}orwt
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��� ����� � � �	`�m:��}emeqy��t�`µ�^}��§ln`M�ume`'�<`<}emo�wqs�^l�}��§lnz^t²m��1mol��{}��<t�q�_4q��^�wqs}o`Ml�lez{}4t�`'��ru�umo}��uts`;�k`§l�}��Mle`M�wzk¦!v��M����moq�xFz{`§l<¤¶�{���^l
ts`���rw�Fme`<¦Fmo`'�k`§l�_ark�k]Mts`§l4�1©:�{`Ml��O��}4_4ru}o�<`M��z{¦±ª ���{`'`�¦Rme`M�^leqsru���k`���`<mnme`��<t��ulele`;�k`'_4r{�k]<t�`Ml�`§l¢ma�{}eru�?rul��<`w¤J�{���^l
t��uxuz^`<t�ts`���`M}nm���q��{`Ml4¯1��}oqy��p{t�`Ml4�"! `M�umo}��M`'�?`<z{¯w`M�um��1°±`M��me`<}§¤¶`<� �O��}emeqy��z{t�q�`<}a�{`'_:���{q�]<}o`'��©:�{`w¤¶t�`Mla�{}eq��^�<qs�^�wzk¦+me`M}e_a`Ml
�k`Ml#�MxFz^�1moqsru�^lMª��	`<mnme`��{ruz{¯w`<t�t�`��<t��ulele`'`§l¢m�qst�t�z^l¢mo}��M`���z¬_ar,jw`M�>�"! z^�¬`<¦k`<_a�{t�`�q�_4�^tsqyxFz^���Fm��{`<zk¦ vw]M�{`Ml:l�! q��{\{q�p^���Fm
_�zkmez{`Mtst�`<_a`M�umMª$�(��mo`<t�`�¦k`<_a�{t�`��#�<m���rwpOln`M}e¯��2p^qsrutsruvwqyxuz^`<_a`<�FmM¤O`�m��{}��Mle`<�Fme`��k`<zk¦��?rwq��um�l��"! �§xFz{qst�q�p{}e`§l�lnmo�wp{t�`Ml(�?ruz{}
��`<}emo�wqs�^`Ml�¯1�wts`Mz{}ol®�k`Ml®�^�w}o�w_4]<me}o`MlM¤u~¢rwz^�w�um%z{�W}��wt�`4�"! q��umo`<}o}ez^�kme`Mz{}®p^qsrutsruvwqyxFz{`wª&%�z^`<tyxuz^`Ml��{}orwp{t�]<_a`§l�v��<�'�<}eqyxFz{`Ml®�k`
��rw�Fme}��wt�`�lerw�um��{}orw�?rul��MlM¤��´rw}o_�z{t(�Ml��k`�� ��)<rw��xFz^�wtsqsmo��meq�¯w`wªW�	`M��q	`M���w�M��ru}o�!�,¯w`M�:ts`;�<�w}o�u�¹me]M}e`�xFz^��t�q²m��1moq²��lnruz^l¢¨�~n�w�<`<�um
��zk¦�_4r{�k]<t�`Ml4��©a�^`Ml��^�w}4_4ru}o�<`M��z{¦±ª+*�`§lalnrutszkmoqsru�^l-,W��`§l��{}orwp{t�]<_a`Ml�v.�<���<}oqyxFz{`Ml�lerwz^l��´ru}e_a`'�k`'tsruq�l4�{`'�<rw�Fme}��wt�`
}e`<me}or�¨��w�¹meq�¯w`§l-`�m%��rw�Ol¢m����umo`Ml(�O��}�_arw}���`§��zk¦�lnru�um®�<�w}o�u�¹m��M}eqyl/�M`Ml<¤O��z�_ar1jw`<�H�k`�lnjklnme]M_4`§l��"! qs�'�MxFz^�1moqsru�^l���©:�{`MlMª6|�rwz{}
��`<}emo�wqs�^`Ml�lnruz^l¢¨���ty�wloln`§l2�"! `<�umo}��M`MlM¤�t�`Ml�lerwt�zkmeq�rw�Ol��{`;��`Ml�qs�'�MxFz^�1moqsru�^l�lerw�um4�0�M�<}eqsme`§l�`<¦R�^tsqy��qsme`M_4`M�um§ª �	`Ml�lnruz^l¢¨���ty�wloln`§l
�"! `M�umo}��M`Ml6lerw�Fm-me`<t�t�`Ml(xuz^`2��\^�wxFz{`%¯1�w}eqy��p{t�`%�"! `M�umo}��M`2��vuq²m(lez{}6z{�{`2¯1�w}eqy��p{t�`%�"! �<mo��m(�wz;�^tsz^lMª	�	`Ml6tsruq�l6�k`���ru�ume}��wt�`%lerw�um
qst�tszOl¢mo}��M`Ml-lez{}-t1! `�¦k`M_4�^ts`2�k`Ml6�k`<zk¦µvu]<�{`§l	`M�;_�zkmoz{`<t�t�`%qs�^\{qsp^q²moqsru�·¤k_aru�ume}����Fm6��ru_4_a`M�um(��rw�O�kz{q�}e`%��`2lnjklnme]<_a`®¯w`M}ol-�k`Ml
��rw_a�?ru}nmo`<_a`<�um�l6�0�Mleqs}��MlM¤{��rw_a_a`%ty�4p{qs¨lnmo�wp{qst�qsm��w¤{rwz't2! �MxFz{q�¯1��t�`<�O��`%�{`2�<rw_a�?rw}eme`M_4`M�um(�,¯w`M�®z{��xFz{rwmeq�`<�Fm(�kqylo��}o`�mMª
3 Ã �§� Á ��4 � �;� }��Mle`M��z{¦�v��M����moq�xFz{`§l<¤kt�q����M��q�}o`®�^�w}-_aru}o�<`M��z{¦±¤k�<rw�Fme}��wt�`
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[-\{q�l4¡	ru}e£+�k`M�wt�l�¡6qsme\¬�<rw�umo}erut¶mo\{`<ru}e`<meqy�;�wle�?`M�¹m4rw���W��ty�wlol�rw���{q�`M��`M¡6q�le`�¨��1©:�{`'lnjklnme`<_:l�rw���kqs°?`M}e`<�Fmeqy��t-`MxFz^��meq�rw�^lMª
[-\{q�l2�^�w}nmoq��<z{ty��}2��ty�wlol%\^�wl%p?`M`<�!qs�Fme}ork�kz^��`§�Wq��Wmo\{`32M�R�1��! l�pRj54·`<ru�76®t��ulel�892M�;:Jmor�_ark�k`<tJvw`M�{`�moq��:���^�Wp^qsrk��\{`M_4qy�<�wt
qs�Fme`<}��w��meq�rw�X�{`<m�¡)rw}o£RlMª�cm%\^�wl�t�`M��mer'�µt�rw�{v;le`<}oq�`Ml�r��¶¡	ru}e£kl�pFjX�kq²°±`<}o`<�Fm%�wzkme\{ru}olM¤±�k`M�wt�qs�{v;¡6q²mo\H¯1�w}eq�rwzOl��wle�?`M�¹m�l�rw�
me\{`§ln`;`MxFz^�1moqsru�^lM¤ �=<.">< 8 �{¤�2-2w¤?2 / ¤�2M�k¤�2,�=:ºª b)`Mlnqy�k`§l2mo\{`<ru}e`<meqy�<�wt	�wle�?`M��molM¤�me\{`Mj!\^�§¯w`µp?`<`M��z^le`M���wt�lerH�wl�_ark�k`Mt�l�rw�
��rw�O��}e`<me`�p{q�rwt�rwvuq��M��t?lnjklnme`M_al#8 @{¤{�u�=:ºªJ[-\{qyl)�{}er1¯w`Ml¶me\{`Mqs}-�?ruloleqsp{t�`�z^le`®�ul	_ark�k`<tyl	vuz{q��{qs�{v4`�¦k�?`<}oqs_a`M�umo�wt?}e`§ln`§��}��o\^`MlJru�
vw`<�^`4}o`<vwz^t���merw}oj��{`�m¢¡	rw}o£kl<ªahRzO�o\ `<¦k�?`<}oqs_a`<�Fmol%\^�,¯w`4p?`<`M�!�<��}o}oqs`§�Xrwzkm2`�¦Rmo`<�^leqs¯w`MtsjH�kz^}eq��{v;mo\{`a}o`M�<`<�um2jw`M�w}olM¤³r��Ëmo`<�
rw� ty��}ovw`'lo�<�wts`�lejkl¢mo`<_:l<¤¶me\^�w�{£kl�morWmo\{`�`<¦Fmo}o�wrw}��kq��^��}ej+�k`<¯w`Mtsru�{_a`<�um�lar���ty��}ovw`;me\{}orwz{vu\{�{zkm:_a`�me\{r{�{laz^le`M� qs� mo\{`
qs�R¯w`Mlnmeq�vu�1moq�rw�;r���p^qsrk��\{`<_aqy�<�wt·lnjklnme`<_:lMª
A{z{}eme\{`M}e_aru}e`u¤J}o`M�<`<�um��u�k¯1���O��`Ml4q�� me\{qyl:�{rw_:��q�� \^�,¯w`�le\{r1¡6��me\^��m�lez^�o\¬�{`<m�¡)rw}o£Rl4_:�,j��{r�m:ru�{tsj�p?`�lnmezO�kqs`§�¬���O�
���^�wtsjR»<`§��ru�;`�¦kqyl¢moqs�^v4p{q�rwt�rwvwqy�<�wt±ln�?`§��q�`MlM¤Rp^zkm(�wt�ler4lejR�umo\{`Mleqs»M`M�58 �k¤B2,�R¤B2§�k¤^�C2D:¤kt�`M�u�kq��{v�mer:��}emeqFEO�<q��wt?�^`�m¢¡	rw}o£kl	¡6qsme\��
�k`Mleqs}o`M�Xp?`<\O�§¯Rq�rwz{}§ª%[-\^q�l®ty�1meme`<}2�wle�?`M�¹m®`§ln�?`§��qy��t�tsj�_ar�moq�¯1�1mo`Ml�me\^`4`<ty��p?rw}��1moqsru��r��	�µme\{`Mrw}oj'�´rw}�mo\{`a��ru�ume}orwt�r��¶me\{`§ln`
lnjklnme`<_:lMª([-\{qyl�¡	rw}o£;q�l����H�1mnmo`<_a�km®qs��mo\{q�l®�kq�}e`M��meq�rw�HG)�{q�`M�<`<¡6qyln`��1©:�{`�_4r{�k`<tyl��w}e`2me}o`M��me`M��q���me\{`4�<�uln`�¡6\{`<}o`��{}or�¨
�kz^�¹moqsru���w�^�+�k`<vu}o�u�{�1moqsru�Wme`<}o_:l���}o`:�?rFleleqsp^tsjW_ark�kqFE^`M�+pFj!���+`�¦k�?`M}eq�_a`<�um���t�q�lnmM¤���� �u�¹m�¡	`�_ark�k`Mt¶pFj q��umo}erk�{z^��q��{v
��rw�Fmeq��Fz{ruz^l-q��{�{zkm�¯1�w}eqy��p{t�`Ml

u ∈ U ⊂ R
p
ª

[-\{`-p{q�rutsruvwqy�<��tRq��ume`M}e�^}e`<mo�1moqsru��rw�?qs�{�^zkmol��´ru}JlejRlnme`M_:l�r��Ome\^`-�´rw}o_JI�2;K�qyl�me\^��mJ�w�a�w�{�kqsmoqsru�^��tkp{q�rk��\{`<_aqy�<��t{�<rw_a�?rwz{�O��q�l
�w�{�k`§��mer®me\{`(lejRlnme`M_�¤�rw}�lerw_a`-�{\Fjkleq��M��tk�^��}���_a`�mo`<}�q�l���\^�w�{vw`§�³ª�hRz^�o\:�®_4rk�{qLEO�M�1moqsru��_:�§j2mo\{`<�:lnz{�^�?rule`M�kt�j��w�¹moqs¯��1mo`w¤
rw}Jq��{\{q�p{qsm¶me\^`(�{}ork�kzO�¹meq�rw�:r��·ln�?`§��q�`MlJqs�R¯wrwt�¯w`M�aqs�amo\{`�lnjklnme`M_½¡6q²mo\{rwzkm	q��{�{zkm§ª�[-\{`Mj�_aq�vw\um)��tylnr2\^�,¯w`����:`�°±`M�¹m	ru�4mo\{`
�k`<vu}o�u�{�1moqsrw��}��1mo`Ml(r��¶lerw_a`�le�?`M��q�`MlMª�[-\{`�ty�1meme`M}�_:�,j'p?`�r���me\{`4le�w_a`��^�1moz{}o`��ul6me\^`�`�°±`M��m®rw���^}erk�kzO�¹meq�rw��}��1mo`MlM¤Orw}
��rw�Olnqyl¢m�qs�H�µlnq�_�z{tsmo�w�{`<ruz^l�lo�<�wtsq��{v�r��¶��t�t��{`<vw}��w�^�1meq�rw��}��1me`§l<¤Oq��H�<�wle`�r��¶���kq�t�zkmeq�rw�Hr���mo\{`�vu}er1¡-me\�_a`M�kq�z{_�ªNM(_aru�{v
��rw�O��}e`<me`�}o`M��t�q�»M��meq�rw�^lM¤^ru�{`�_a�,j�_4`M�umoqsru�Xme\{`4z^ln`�r��	ln�?`§��qFEO��£F�^r,¡6�Xq��{\{q�p{qsmeru}ol�rw}®�u�¹meq�¯1��meru}olM¤{mo\^�1m2��rwz{ty�Xp?`�qs�Fme}or�¨
�kz^��`§�:qs�µ����\{rule`<��xFz^�w�umeqsm¢jwª¶d�me\{`M}Jmo`M��\{�{q�xFz{`§l<¤Rlez^��\��ul¶�kq�}e`M��me`§�a_�zkm���vw`M�{`Mleqyl<¤wme\^`�z^ln`�r��·qs�Fme`M}n�´`<}oq��{v��PONMQI leqy�PORM
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∀i ∈ {1 · · ·n},∀a ∈ V,
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σ(i)
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 �C�����&����� ]Y�A�;� ��+-��� �&������
?)*������� ����=-< !�]��V�$�N� ]Y�> 8����� �&�\�����D� +-�	W �!��+5�/�������X�!�����Y����� �&����� � ����� ��� �:�;��
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max
{
φ−

1 , θ−1
}

= θ−1 = θ1
1

���!+
min

{
φ+

1 , θ+
1

}
= φ+

1 = φ1(0)
!�]��V�$�

m−
1 = 0

����+
m+

1 = φ−1
1 (θ1

1) =
κ0

1 + κ1
1 − γ0

1θ1
1

γ1
1θ1

1

.
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m−
2 = φ−1

2 (max{φ2(0), 0}) = 0

���\�!���
φ2(0) =

κ0
2

γ0
2

> 0
�?����+

m+
2 = φ−1

2 (min{φ2(U2), θ
1
2}) = φ−1

2 (θ1
2) =

κ0
2 − γ0

2θ1
2

γ1
2θ1

2

,

���;����+ ���
φ2(U2) = supu φ2(u) > θ1

2
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S = id
�'��� � ]Y���

µ±
i = m±

i
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0,

κ0
1 + κ1

1 − γ0
1θ1

1

γ1
1θ1

1

[
×

]
0,

κ0
2 − γ0

2θ1
2

γ1
2θ1

2

[
,
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κ1
1+κ0

1

γ0
1

φ(22,U)

κ1
1+κ0

1

γ0
1+γ1

1U

κ0
1

γ0
1

κ0
1

γ0
1+γ1

1U

κ0
2

γ0
2

κ1
2+κ0

2

γ0
2+γ1

2U

κ1
2+κ0

2

γ0
2 φ(11, u0)

κ0
2

γ0
2+γ1

2U

φ(12, u0)

φ(22, u0) φ(21, u0)

φ(21, u)

φ(11,U)φ(12,U)

φ(21,U)
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κ0

i > 0
*�38#-.�$�0�	�1�!�����	�?��#+�2-�#1�����!����� �����;#1�G�!�0� J #�'���"�$���%���/#$3��E���2��#$���F�!�FS$�7#1�.�!�������	<
	E�C�.�+-��#13��!���

4
�	�	�����)�$�H�"#$:;�$� �"�.* �!�0�H38#-.��� �	�1�/� �7���1��� #$���(��� J &I�P:;�$��� 3!#1�%�K�"� �������D���7� � �8
�� �1<M�����M#$����� ������/38#+-.��� �	�1�E�7���	��	���K� � �0����* �����6�E���,�E>L#P� �������?#$�����H���	�T�	���K�����+�"���K�	��-1�E�����+�%����<	E�I�'�������0*��E���T38#-.�$�4��#$� ���?#$3

D21
*�-�#$���!�	#$� �)���I�(# J �M�$���N���� � � J ���!��:P*">L�������.�$�/�!��� �2�"#$:;�$� �,� �L�0#'��� ��S��$���)�����4� �D�E���/�"���#1�0#1:P#����2-.���	��</�0>5#9���%��-����5#13��!����R���-1�(#$���%�������	�/�	���0�	���	�����(���3%�	#$: �;-�#1:,:P#$�P� �"�F�!�)����� #$� ���	�2�!��� J �)�+- �D#1�0�H-�#1�������E� #$�����?�(#;�!���7�����(#$��#$:P#���?-.���	�1*��$�0�C�!�0�?�'�	�����K#1�0���(#,�!�0�/�0�	�1S��%#�'�� ������	<��������	��#$� J �%�E�9-�#$��S����(���H��#$>����	�I�E>L#;�� ���!� ��-1�/��N���� � � J ���)��<

�� �����*�;���>�C)*�D�X�!��� � ]Y��� �\]������ ��� � ���\� "�
9� �\��� �C�Q�?� ] ��� �$+-+;� � ]Y�*�����Y�D�&�	���\���
u1 = u2 = u

�����\�\]
u ∈ U = [0, U ]

<
J 
.�V���

S
�9� �\]��%���������Z��� �  �C�����&�����=���D�\�����%�\]Y���	�X���X����
 = ���!� �\��� �C�����,����+��\����� �=< �V� D��
\
F���^�X�\]����Q���!�����\�>"

µ± �\���!
F�-��� ��
µ±

i

�
µ− = max{m−

1 ,m−
2 } = 0.

����+
µ+ = min

{
m+

1 ,m+
2

}
,

� ]Y�����
m±

1 ,m±
2

����� �\]��%����)*���;�%�\�5� ]Y� ���'� �\��� �C�&�%���;���=< � ��� � �$�������	+�� �>" � � ���	���Y�;�D�\���������A� ����= �\��� �C� �\�
]µ−, µ+[���	���=��+-�V�*� ����
 �C������� �Z� �?�C� �!���/��
F�V)*<+!!]Y��
F�����Z�V�%���%�!������)R��� = ��� �?�C�#"-�����Y]C������
'���>��)P�!
F�=< J ��� ����
\
 =G���\� W "<�C�	���G���\�
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dx1

dt
= κ1

1s
−(x2, θ

1
2) + κ0

1 − (γ1
1u1 + γ0

1)x1

dx2

dt
= κ1

2s
−(x1, θ

1
1) + κ0

2 − (γ1
2u2 + γ0

2)x2
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