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_�`'a*a;b)cQbCd0e0b
agf'h�i�jRk�l'mon'k0p�h/l'qAr�h s/tRu i�v u k�vGr�u,w3m'h�i�v�x3s�u#lyu/z�f'h/l'{1j'|Lz'k�mono}�f'h,j'x�s�h r�u,v�k�jRk�~�{���k/i�fot'h r�h/l'moq��

v�k�jRk�{7h��\�)��mono{1u,�on'h momoq��Ai/k�v�}o���EmRu,foton'�\k�tX����_��=�������=�����#�=����_�� �E��`Pa�lyu,mom'h ~Ni�v,u,v�x�k0r�f'k�tor�q�k5tRu i/i/�Cu,v �
tonor�u k�v�i�}Uf'h�l'{1j'|�z'k�mon'kLf'h,j'x�s�h r�u,v�k�jRk�~�{Gv�h zo{1u ��lRh�i�v��7fRuQ��k/i�fot'h r�h/l'moq*�Uv�k�jRk�{7h��\�)��mono{1u,�on'h mom'h ~
i/k�v�n�mRuGh�i�m'h r�k-�)m'h p�h {otonov�k�tonRu#j'x�m'h ~�s�u#lyu�zon�hGmRu,s/mRu/z'k�mononX`"�\n'i�`Q_�n1joj'|"i�v�tonoto��k�vHfot'h �'k/i/i-f'h�lo�
{1j'|Lz'k�mono}�f'h,j'x�s�h r�u,v�k�jRk�~�{�v�h zo{7u �?lRh�i�v��7fRu3i/k�v�nX`

�\n'i�`�_�`\�0h,j'x�s�h r�u,v�k�j'n�n�v�h zo{on�lRh�i�v���fRu
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a�tRu �){1u#�5fot'k�lojyu,p�u k/�\h p�h0�)m'h p�h {otonov�k�tonRu#j'x�m'h p�h0f'h�lo��h/lyu�n'i�f'h,j'x�s/�7|�v�i�}-i�jRk�l'�7|� -n'kC{otonov�k�tononX�
�¡u��
�Cu,{�i�n'�)�1�¢f'h,jRh�i�q£fot'h fo��i�{1u,mono}��5�¤���-zon'i�jRh¥h�l'm'h r�t'k/�\k�mom'h�h���i�j'��w3nor�u k/�)q*�¦f'h,j'x�s�h r�u,v�k�jRk�~X�
�Er��5v�t'k/��h r�u,mono}§mRu#lRk�w3m'h�i�v�n¦h���i�j'��w3nor�u,mono}�nZl'tX`N¨Nm'h p�h {otonov�k�tonRu#j'x�moq�k�s�u#lyu/zon¦hNmRu,s/mRu/z'k�monon
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h v�m'h�i�}7v�i�}�{�{1jyu i/i���ºL»)�¼v�to�#l'moq*�$�^f'h ½/v�h��)��fot'k�lojyu,p�u,|�v�i�}N½/r�ton'i�v�noz'k/i�{on'k3i���k/�)q¾t'k�¿]k�mono}�`F¨Nm'h,�
p�h {otonov�k�tonRu#j'x�moqK~§f'h/lo��h�lZn1joj'|"i�v�tonoto��k�v�i�}¥t'k�u#j'n'i�v�nozomoq��)nZzon'i�jRk�momoq��)n¥fotono{1jyu#l'moq��)nZfoton'�\k��
tRu �)nX`�a;qKzon'i�jRk�mono}§fot'h r�k�lRk�moqÀmRuNh�i�m'h r�kHfot'h p/tRu �\�Áu,r�v�h t'h r'�CtRu,s/tRu ��h v u,momoq*�§r�i�t'k�lRkÃÂ�Ä,Å�ÆOÄ,Ç
�EÈ�Å6Å6ÉX��Ê�Ê#ËKËKË�` ÌGÄ,Å6È�Ë�Í Î6Ï1Ð�`ÒÑ/Í ÌUÊ���`

Ó1`'�5Ô0Õ �OÖ d5ÔLa*× Ö¢Ø$Ö c Ö\Ù e

aglyu,mom'h ~�i�v,u,v�x�k5n'i�f'h,j'x�s�h r�u,moq¾i�jRk�l'�7|L Qn'k"fot'k�l'f'h,jRh�wQk�mono}��
_�`\e0�\k/k�v�i�}�v�k�totonov�h tono}Z�¤�\k/i�v�m'h�i�v�x���`
Ó1` � h zo{on�lRh�i�v���fRu-tRu i�f'h,jyu,p�u,|�v�i�}�mRu]�\k/i�v�m'h�i�v�nZ�Ev#`Òk�`��'mRu-{7u,tov�k��;n¥Ú�f'h {otoqKr�u,|LvRÚ"r�i�|Ûh��,jyu i�v�x'`
Ü1`\�0h,j'x�s�h r�u,v�k�j'n?�E{1j'n'k�mov�q��K�\h p/�7v3tRu i�f'h,jyu,p�u,v�x�i�}�mRu-v�k�totonov�h tonon�fot'h nos/r�h,j'x�m'ho`
�'`Nc�j'}§{7u,w]lRh p�h�{1j'n'k�mov,u�m'k/h��/��h/l'n'�ÁlRh�i�v���f�{?i/k�v�nX�\v#`Òk�`���i/h�h v�r�k�v�i�v�r���|L ]k/kÃf'h/l'{1j'|Lz'k�mon'k�{

h�l'm'h ~Ý�En1j'n���h v#}�� q¢{¥h�l'm'h ~¥r�i�j'�7zRu k�Ú�tRu i�¿-not'k�mom'h ~�Ú
s�u#lyu�zony�"v�h zo{�k
lRh�i�v���fRu�n�{7u,w]lRh�kGv,u,{�h�k
f'h�l'{1j'|�z'k�mon'k-h fon'i�qKr�u k�v�i�}��¤h �'k�monor�u k�v�i�}R�*mRu ��h t'h��¦��u,tRu,{ov�k�ton'i�v�no{��E{otonov�k�ton'k�r���`

Þ1` � h zo{on�lRh�i�v���fRu3n�{1j'n'k�mov�q�n'�\k�|Lv
{�h�h t�l'nomRu,v�qßmRu-{1u,tov�k5i"�7z'k�v�h��?t'k�j'x�k/à5u1�ov,`Òk�`��
(x, y, z)

`
Õ;h/lRk�t�w-u,v�k�j'x�mRu,}�f'h�i�v,u,m'h r�{1u
s�u#lyu�zon�s�u,{1j'|LzRu k�v�i�}�r
i�jRk�l'�7|� ]k/�K�
á5â#ã,ä#åRæKç�èRé-êFë�ì ä�í/è�ë0ì�åRê�î'â ï;ç�è'í6åRâFð'â�åRê,ñ,â ò,ì é]ïóåyï�ô3ä0é-â,ç7ä�ì�ëÝã#â,í/é]õ�ð'ìLö,ï�í/ð�÷yâ,ò,â,ã#îRâ#ô-é3ï�åyï�ä�â�ë�ø

ë�õ�î'è'ä�ì ù'èRâ#î'îRâ#ôZí�ï�é-èZé]ì,ä�úFç�é]â,ö#ûÝë0ì ä�í/è�ë�è7ñ,è ÷^â,ò,ì é]êýü=â,ö#â,ö,þ]ï�îRî'õ�æÃü"î'ì ã,ï�ÿAî'â,í/é]ê�í/â ï�ã#è'îyï�î'è'ô
� é��Jï���ú�ðRï ÷^ï�ã,ì,ç7è§ã#ì î'î'û��Zã/å���ò#í�ï���ð'â�åRê,ñ,â ò#ì é3ïóåRï�ô
	#úFä�ì ç1ï�í/é]ò,â]÷7ì,í/ð�÷yâ#í/é�÷�ì îRï�îRè��Zí/è��îRì/åRâ ò�ú�ä�ì ç7ï�ø
í/é3ò,â�è'í/ðRâ�å'ê ñ,â,ò,ì î'è���í/ðRï�ä�é�÷�ìNç�ì í/é]â,éQú0ä�ì ç1ï�í/é3ò#âNâ#ö,í6å'õ�ÿAèRò,ì î'è��'ú0ä�ì ç7ï�í/é3ò,â�ñ,ì þ-èRé-ûÁðyï ÷^ï�ã#ì ç7è
ã,ì î'î'û��§è�õ�ã,â,ò/åyï�é3ò#â�÷��7å'èRí/ê�ò,í�ïHâ��¡÷�ì î'èRç7ï�î'è��§ð'â�é�÷^ï�ö,â,ò,ì î'è��7ë ð'â�åRê,ñ,â ò#ì é3ïóåRï�ô�� � ì�	�ð'â�ð'â�åRâ,í6ì/ë
ð ÷^â#ð'õ�í/ä�ì î'è��'ú � ö�	]ðRâ3õ�÷yâ ò#îRæÝñ,ì þ]è'þ3ï�î'î'â,í/é]èNã,ì î'î'û����

�)u i/i/�\h v�ton'�¾à5h t'�Cu#j'x�mo��| f'h�i�v u,m'h r�{o��s�u#lyu/zonX`�ÔL��h s/mRu/zon'�Û�)m'h�wQk/i�v�r�h�f'h,j'x�s�h r�u,v�k�jRk�~
Ψ =

{1, ..., i, ..., n}
n��)m'h�w-k/i�v�r�hGv�h z'k�{�lRh�i�v���fRu

Θ = {1, ..., j, ...,m}
`

×�u,w]l'qK~�f'h,j'x�s�h r�u,v�k�j'x
i
h fon'i�qKr�u k�v�i�}�r�k�{ov�h t'h��K�

(xi, yi, zi, fi, pi, ri, di)
�op�lRk

(xi, yi, xi)
�C{�h�h t1�

l'nomRu,v�qÛf'h,j'x�s�h r�u,v�k�j'}
i
�
fi

��fRu,tRu �\k�v�tX��i/h�h v�r�k�v�i�v�r��7|� -no~�v�t'k/� ��k/�\h ~�f'h,jRh�i/kQfot'h fo��i�{7u,mono}¦�¤h v�_
ÂNÇ���Å�Ê,Ð)lRh3_��"ÂNÇ���Å�Ê,Ð����

pi
�Xv�t'k/� ��k/�)qK~
�7t'h r�k�mox��;Í��Ã�E{1jyu i/i���foton'h tonov�k�v��)h���i�j'�7w3nor�u,mono}��

ri
�Xv�t'k/� ���

k/�Cu,}Ãloj'}�f'h,j'x�s�h r�u,v�k�j'}�mRu#lRk�w3m'h�i�v�nNf'k�t'k�lyu/zonNlyu,momoq*�$�
di

�C��t'h r�k�moxG¿Qn'à0t'h r�u,mono}¥�Ev,`Òk�`��o�7t'h r�k�mox
s�u, -nov�qýnom'à�h t'�Cu,�onony��`

×�u,w]lyu,}�v�h zo{7u]lRh�i�v���fRu3h fon'i�qKr�u k�v�i�}�v u,{X�
(xj , yj , zj , fj, nj , rj , dj)

�1p�lRk
(xj, yj , xj)

�C{7h�h t�l'nomRu#�
v�qÝv�h zo{onHlRh�i�v���fRu

j
�
fj

�)fRu,tRu �\k�v�tX�oi/h�h v�r�k�v�i�v�r���|L Qno~��Cu,{7i�n'�Cu#j'x�m'h3r�h s��\h�w3m'h��)�Hv�tRu à0no{o�N�Ev,`Òk�`��
�Cu,{7i�n'�)�7�Àf'h,jRh�i�q fot'h fo��i�{1u,mono}R�Ãv�h zo{onÝlRh�i�v��7fRu

j
�

nj
�3�Cu,{7i�n'�Cu#j'x�m'h�k�zon'i�jRh�f'h,j'x�s�h r�u,v�k�jRk�~X�

{7h v�h t'h�k��\h�wQk�v]h���i�j'��w3nor�u,v�x�i�}Gv�h zo{�h ~UlRh�i�v��7fRu
j
�
rj

�OmRu#lRk�w3m'h�i�v�xQ{1u,mRu#jyu�f'k�t'k�lyu�zon
lyu,momoq*����{7h,�
v�h tRu,}Ã�\h�w-k�v]h���k/i�f'k�zonor�u,v�x�i�}�v�h zo{�h ~HlRh�i�v��7fRu

j
�
dj

�OfRu,tRu �\k�v�tX�oh v�r�k�zRu,|L Qno~Ãs�u5��t'h r�k�mox-s�u, -nov�q
h vNr�s�jRh��CuÃloj'}�lyu,momoq*���Of'k�t'k�lyu,r�u k/�)q*��z'k�t'k�sUv�h zo{o��lRh�i�v���fRu

j
` � u �,j'no�RuZ_
i/h/lRk�t�w3nov�h fon'i�u,mon'k

¿-{7u#jNloj'}Hn'i�f'h,j'x�s/��k/�)q*��fRu,tRu �\k�v�t'h r'`
c�j'}0{7u,w]lRh ~-fRu,toq®Ú�f'h,j'x�s�h r�u,v�k�j'x �¼v�h zo{1u�lRh�i�v���fRuoÚ��

∀(i, j), i ∈ Ψ, j ∈ Θ
�3n'�\k/k�v�i�}QmRu ��h t���u,tRu,{1�

v�k�ton'i�v�no{X�¥�ó_�����t'h r�k�moxLmRu#lRk�w3m'h�i�v�n
rij

�5�¡Ó��$��u,tRu,{ov�k�ton'i�v�no{1uLtRu i/i�v�h�}1mono}-nQmRu#j'nozono}Qfot'k�fo}7v�i�v�r�no~
�E{1u/z'k/i�v�r�h
mRu,fotRu,r jRk�mono}�tRu i�fot'h�i�v�tRu,m'k�mono}�i�nop/mRu#jyu��

βij
�N�¡Ü��P��u,tRu,{ov�k�ton'i�v�no{7u
n'i�f'h,j'x�s�h r�u,mono}�f'h,�

jRh�i�qßfot'h fo��i�{7u,mono}
fij

�Z�E���;{1jyu i/i�h���i�j'�7w3nor�u,mono}§�Efoton'h tonov�k�v��
pij

�¥�¡Þ�����u,tRu,{ov�k�ton'i�v�no{1uG�7t'h r�mo}
s�u, -nov�q f'k�t'k�lyu�zon¥lyu,momoq*�

dij
` � u,{on'�ßh�� tRu,s�h���f'h,j'�7zRu k/�ßr�k�{ov�h tomo��| ��u,tRu,{ov�k�ton'i�v�no{o�

∀(i, j)
�

i ∈ Ψ
�

j ∈ Θ
�

ĉij = (rij , βij , fij , pij , dij)
`

�0h/l'{1j'|Lz'k�mon'kHf'h,j'x�s�h r�u,v�k�j'}
i
{§v�h zo{�kGlRh�i�v���fRu

j
� ��lRk�v�s�u#lyu,r�u,v�x�i�}�� �#jRk�r�h ~Zf'k�t'k/�\k�mom'h ~

xij�
xij = 1

foton�f'h�l'{1j'|�z'k�monon
i
{

j
n

xij = 0
r3fot'h v�nor�m'h��®i�j'�7zRu k���`PaKu,tonRu,mov
f'h/l'{1j'|Lz'k�mono}N�)m'h�wQk��

i�v�r�uHf'h,j'x�s�h r�u,v�k�jRk�~
Ψ

{��)m'h�wQk/i�v�r���v�h z'k�{�lRh�i�v��7fRu
Θ

�Ev,`Òk�`0t'k�¿-k�mon'k]s�u#lyu�zon�f'hHf'h/l'{1j'|Lz'k�mono|
f'h,j'x�s�h r�u,v�k�jRk�~N{�v�h zo{7u ��lRh�i�v��7fRu��*h fot'k�lRk�j'}ok�v�i�}�mRu ��h t'h��?s/mRu�z'k�mono~N� �#jRk�r�q*�Hf'k�t'k/�\k�momoq*�¥�¤� �#jRk��
r�h ~��Cu,v�tono�'k�~y�

X = ||xij ||, i = 1, n, j = 1,m
`

��� �"!$#&%('�)�� !*����+�,_Ö-#&!*)-,�./.�+ 01!�% í3254 ë�ì¨ì¨í
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� u �,j'no�Ru�_�`\��u,tRu �\k�v�toq�n�h fon'i�u,mon'k0¿-{7u#j

��u,tRu �\k�v�t 9 {7u#jyu Ô�fon'i�u,mon'k

pi�Ef'h,j'x�s�h,�
r�u,v�k�j'x��

[1, 3]
foton�s/mRu�z'k�monon

1
r�i/k0v�t'k/��h r�u,mono}�{1j'n'k�mov u]lRh,j'w3moqý�#lRh r jRk�v�r�h t�}1v�x�i�}$�

i/h�h v�r�k�v�i�v�r��7|� -n'k0f'h,j'x�s�h r�u,v�k�j'n�h���i�j'��w3nor�u,|Lv�i�}�r3f'k�tor���|Áh z'k�t'k�l'x;:
foton�s/mRu�z'k�monon

2
r�h s��\h�w3m'hGn'i�f'h,j'x�s�h r�u,mon'k5f'h,jRh�i�qßfot'h fo��i�{7u,mono}

r3l'r�u]tRu,s�u-�7wQk��'z'k/�?s�u,{7u,s�u,m'hGf'h,j'x�s�h r�u,v�k�jRk/�K�Rfoton���h,j'x�¿]h ~
s�u,p/to�7wQk�mom'h�i�v�n�i/k�v�n�v�t'k/��h r�u,mon'k�f'h,j'x�s�h r�u,v�k�j'}
tRu i/i/�Cu,v�tonor�u k�v�i�}�r3r�v�h to�7|Ûh z'k�t'k�l'x'�'r�h s��\h�w3mRuGf'h monowQk�momRu,}
mRu#lRk�w3m'h�i�v�xUf'k�t'k�lyu/zon�lyu,momoq*�/:
foton�s/mRu�z'k�monon

3
r�h s��\h�w3m'hGf'h/l'{1j'|Lz'k�mon'k5f'h,j'x�s�h r�u,v�k�j'}

foton�j'|"��h ~�lRh�i�v��7fom'h ~�f'h,jRh�i/k�fot'h fo��i�{1u,mono}$`
ri�Ef'h,j'x�s�h,�
r�u,v�k�j'x��

[1, 10]
foton�s/mRu�z'k�monon

1
r�h s��\h�w3mRu
f'h v�k�t�}�nom'à5h t'�Cu,�ono}�f'h,j'x�s�h r�u,v�k�j'}

� lRhGÓ
�=<H�1foton'�\k�tX�Pfot'h�i/�\h v�t�r�n1lRk/h,�¼v�tRu,m'i�j'}1�ono~y���
foton�s/mRu�z'k�monon

10
f'h v�k�t�}�nom'à�h t'�Cu,�ono}�f'h,j'x�s�h r�u,v�k�j'}�n'i�{1j'|LzRu k�v�i�}

�E�Hf'h,j'x�s�h r�u,v�k�j'}N�Cu,{�i�n'�Cu#j'x�moq�kQv�t'k/��h r�u,mono}�f'h]mRu#lRk�w3m'h�i�v�ny�
rj�Ev�h zo{7u
lRh�i�v���fRu��

[1, 10]
foton�s/mRu/z'k�monon

1
r�h s��\h�w3mRu3f'h v�k�t�}�nom'à�h t'�Cu,�ono}¥� lRhGÓ
��<3���

foton�s/mRu�z'k�monon
10

f'h v�k�t�}�nom'à�h t'�Cu,�ono}�f'h,j'x�s�h r�u,v�k�j'}�n'i�{1j'|LzRu k�v�i�}�`

di�Ef'h,j'x�s�h,�
r�u,v�k�j'x��

[1, 10]
foton�s/mRu�z'k�monon

1
nom'à�h t'�Cu,�ono}�f'h,j'x�s�h r�u,v�k�j'}�}1r j'}ok�v�i�}�m'k/i/k�{ot'k�v�m'h ~X�

s/mRu/z'k�mon'k
5
i/h�h v�r�k�v�i�v�r���k�vHi�t'k�l'm'k/�)�Ã�7t'h r�mo|Ûv�t'k/��h r�u,mono}�f'h]s�u, Qnov�k

foton�s/mRu�z'k�monon
10

nom'à�h t'�Cu,�ono}�}1r j'}ok�v�i�}�{7h m'à0n1lRk�mo�onRu#j'x�m'h ~X�
dj�Ev�h zo{7u
lRh�i�v���fRu��

[1, 10]
foton�s/mRu�z'k�monon

1
v�h zo{7u3lRh�i�v���fRu3n'�\k/k�v
v�tonor�nRu#j'x�moq�k5�\k�toqýs�u, -nov�q��

foton�s/mRu�z'k�monon
10

v�h zo{1u-lRh�i�v���fRu3n'�\k/k�vGi�u �)q�k5i�v�t'h p/n'k
�\k�toqýs�u, -nov�qAlyu,momoq*��h v
r�s�jRh��Cu1`

�)u i/i/�\h v�ton'� fotRu,r�n1jyu�tRu i�z'k�v,u¥��u,tRu,{ov�k�ton'i�v�no{®loj'}?f'h/l'{1j'|Lz'k�mono}gf'h,j'x�s�h r�u,v�k�j'}
i

�
∀i ∈ Ψ

�
lRh�i�v��7fRu

j
�
∀i ∈ Θ

���
�ó_��;d�u#lRk�w3m'h�i�v�x'�

rij = min{ri, rj}
`

�¡Ó��;�)u i/i�v�h�}1mon'k��
lij

`

�¡Ü��;�"tonos/mRu,{N��u,tox�k�tRu1�
eij =

{
1,

n'�\k/k�v�i�}�fot'k�fo}1v�i�v�r�n'k�Ê,��u,tox�k�tX�
0,

fot'k�fo}1v�i�v�r�no}�m'k�v#`
�E���¹e"mov�k�p/tonot'h r�u,momoqK~HfRu,tRu �\k�v�tX��h���>Xk�l'nomo}1|� -no~G��u,tox�k�t
n3tRu i/i�v�h�}1mon'kQ�

Lmax = max{(i,j)} lij
���

βij =





0,
k/i�j'n

((lij > Lmax/2)&(eij = 1))
�

5,
k/i�j'n

((lij < Lmax/2)&(eij = 1))
n1j'n

((Lmax ≥ lij > Lmax/2)&(eij = 0))
�

10,
k/i�j'n

((lij < Lmax/2)&(eij = 0))
`

�"tonos/mRu,{ZÚ�i�r�}1s/m'h�i�v�n�Ú0f'h
βij

�
ξβ
ij =

{
0,

k/i�j'n
βij = 0

�
1,

nomRu/z'k�`
�¡Þ��8?Lt'h r�k�mox
{1jyu i/i�u
h���i�j'�7w3nor�u,mono}Z�Efoton'h tonov�k�v����

pij = pi
`

�A@�� � t'k/� ��k/�Cu,}RÊ#r�h s��\h�w3mRu,}�f'h,jRh�i�u3fot'h fo��i�{1u,mono}�loj'}�i/h�k�l'nom'k�mono}��
fij

�EmRu]mRu�zRu#j'x�m'h ~Ni�v,u#l'non
fij = fi

��`C�)u i/i/�Cu,v�tonor�u,|�v�i�}Nv�ton�i�j'�7zRu,}��
�¡u���foton

pij = 1
�

fij = fi
�

�¤����foton
pij = 2

�
fij =

{
fi,

k/i�j'n
(maxj fj −

1
m

∑m
j=1 fj) ≥ fi

�
maxj fj −

1
m

∑m
j=1 fj,

k/i�j'n
(maxj fj −

1
m

∑m
j=1 fj) < fi

�

�Er���foton
pij = 3

�
fij =

{
fi,

k/i�j'n
(maxj fj −

1
m

∑m
j=1 fj) ≥ fi

�
maxj fj −

1
m

∑m
j=1 fj,

k/i�j'n
(maxj fj −

1
m

∑m
j=1 fj) < fi

:
Ø lRk/i�x��7zonov�qKr�u k�v�i�}¦v�ho��zov�h�v�tRu à0no{g�\h�wQk�v§� qKv�x�l'r�����r�n1lRh r'�Z�B� �DC�EGFIH�JLKAM��¤i/k�tor�n'i�f'h,j'x�s�h r�u#�

v�k�j'}�n'i�f'h,j'x�s/��k�v�v�h,j'x�{7hÃlRh�i�v��7fomo��| f'h,jRh�i��Nfot'h fo��i�{1u,mono}'���K�B�G� �ON&P�N ø C�EGFIH�JLKAM
�Ef'h,j'x�s�h r�u,v�k�j'xNn'�\k/k�v
v�t'k/��h r�u,mono}�{Nh fot'k�lRk�jRk�mom'h ~�f'h,jRh�i/k�fot'h fo��i�{1u,mono}�loj'}�k�p�h
i/k�tor�n'i/h r���`
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�¼���;�0h {7u,s�u,v�k�j'xH�7t'h r�mo}�s�u, Qnov�qýf'k�t'k�lyu�zon�lyu,momoq*���

dij
`\�¹u i/i/�Cu,v�tonor�u,|Lv�i�}�v�ton�i�j'�7zRu,}$�

�¡u���foton
pij = 1

�
dij =

{
dj ,

k/i�j'n
dj ≥ di

�
0,

k/i�j'n
dj < di

:

�¤����foton
pij = 2

�
dij =

{
dj ,

k/i�j'n
dj ≥ di/2

�
0,

k/i�j'n
dj < di/2

:
�Er���foton

pij = 3
�

dij = dj
`

�"tonos/mRu,{ZÚ�i�r�}1s/m'h�i�v�n�Ú0f'h
dij

�
ξd
ij =

{
0,

k/i�j'n
dij = 0

�
1,

nomRu/z'k�`
cQh f'h,j'monov�k�j'x�m'hÃloj'}�{7u,w]lRh p�hÃf'h,j'x�s�h r�u,v�k�j'}�h fot'k�lRk�j'}ok�v�i�}��EmRuHh�i�m'h r�k

ξβ
ij

�
ξd
ij

�Ff'h/lR�)m'h�wQk/i�v�r�h
r�h s��\h�w3moq*�§loj'}§f'h/l'{1j'|Lz'k�mono}�v�h z'k�{�lRh�i�v���fRu1�

∀i ∈ Ψ
r�q*lRk�j'}ok�v�i�}

Θi ⊆ Θ
`¥Ô�z'k�r�n1l'm'ho��zov�h

foton
|Θi| = 0

�'f'h,j'x�s�h r�u,v�k�j'x
i
�\h�wQk�vH� qKv�x
n'i�{1j'|Lz'k�m�nos0lyu#j'x�m'k�~o¿]k�p�h
tRu i/i/�\h v�t'k�mono}�`;d�u3�\n'i�`�Ó

n1joj'|"i�v�tonot'h r�u,mRuGi���k/�Cu
h�� tRu ��h v�{onNn'i6��h/l'moq*��lyu,momoq*��`

�\n'i�`PÓ1`;ÕP��k/�Cu3h�� tRu ��h v�{on�lyu,momoq*�

{j, xj , yj, zj , rj , fj , pj, dj , }

?

{i, xi, yi, zi, ri, fi, pi, di, }

?
{ lij , rij , eij , βij , fij, pij , dij , ξ

β
ij , ξ

d
ij }

?
ĉij = (rij , βij , fij , pij, dij)

�
�

�


?
c̃ij

�
�

�


�
�

�
�

?

Θi

�
�

�


�
�

�
�

� ��lRk/��n'i�f'h,j'x�s�h r�u,v�x�i�jRk�l'��|L -n'k�mRu ��h t�h���h��  -k�momoq*�N��u,tRu,{ov�k�ton'i�v�no{�t'k�¿]k�mono}�s�u#lyu�zon¦�Em'k�{ono~
�7fot'h  -k�momoqK~�u#lol'nov�nor�moqK~�r�u,tonRu,movGloj'}Hn'i�f'h,j'x�s/��k/�)q*��{otonov�k�ton'k�r����

�¡u��;h���h��  ]k�momRu,}�mRu#lRk�w3m'h�i�v�x
R(X) =

∑n
i=1

∑m
j=1 rij xij

�
�¤���;h���h��  ]k�momoqK~�fRu,tRu �\k�v�t�{1u/z'k/i�v�r�uGtRu i�fot'h�i�v�tRu,m'k�mono}Ni�nop/mRu#jRh r

B(X) =
∑n

i=1

∑m
j=1 βij xij

�
�Er��;h���h��  ]k�mom'h�k�{7u�z'k/i�v�r�hGn'i�f'h,j'x�s�h r�u,mono}�zRu i�v�h v�m'h p�hGi�f'k�{ov�tRu

F (X) =
∑n

i=1

∑m
j=1 fij xij

�
�Ep#�;h���h��  ]k�momRu,}���u,tRu,{ov�k�ton'i�v�no{7uUh���i�j'��w3nor�u,mono}

P (X) =
∑n

i=1

∑m
j=1 pij xij

�
� l^�;h���h��  ]k�momRu,}���u,tRu,{ov�k�ton'i�v�no{7uG��t'h r�mo}�s�u, -nov�qýf'k�t'k�lyu�zon

D(X) =
∑n

i=1

∑m
j=1 dij xij

`
a®t'k�s/��j'x#v,u,v�k5f'h,j'��zRu k/��r�k�{ov�h tomo��|¾��u,tRu,{ov�k�ton'i�v�no{o��t'k�¿]k�mono}

X
�

C(X) = (R(X), B(X), F (X), P (X), D(X))
`

c-u#jRk/k0r�r�k�lRk/�¦h p/tRu,monoz'k�mono}��
�ó_��LÔ�p/tRu,monoz'k�mon'k]mRuGf'h,jRh�i���fot'h fo��i�{7u,mono}�v�h zo{on�lRh�i�v���fRu

j
� ∑n

i=1 fij xij ≤ fj ∀j ∈ Θ
��p�lRk

fj
�P�Cu,{�i�n'�)�1�¦f'h,jRh�i�qýfot'h fo��i�{1u,mono}�v�h zo{on�lRh�i�v��7fRu

j
`

�¡Ó��\Ô�p/tRu,monoz'k�mon'k�mRu"zon'i�jRh0f'h,j'x�s�h r�u,v�k�jRk�~X�7{�h v�h toq�k��\h p/��v5� qKv�x5f'h/l'{1j'|Lz'k�moqg{3v�h zo{7kKlRh�i�v��7fRu
j
� ∑n

i=1 xij ≤ nj ∀j ∈ Θ
�Ãp�lRk

nj
�P�Cu,{7i�n'�)�7��zon'i�jyu]f'h,j'x�s�h r�u,v�k�jRk�~�loj'}Ãv�h zo{on�lRh�i�v���fRu

j
`

�¡Ü���Ô�p/tRu,monoz'k�mon'k�f'h�f'h�l'{1j'|�z'k�mono| f'h,j'x�s�h r�u,v�k�j'}�{Av�h zo{7u � lRh�i�v��7fRuý�Es�lRk/i�x¦f'h,jyu,p�u k/�K�0zov�h
{1u,w]l'qK~Nf'h,j'x�s�h r�u,v�k�j'xUf'h/l'{1j'|LzRu k�v�i�}�v�h,j'x�{7h
{�h�l'm'h ~�v�h zo{�k0lRh�i�v���fRu���� ∑m

j=1 xij ≤ 1 ∀i ∈ Ψ
`

� u,{on'��h�� tRu,s�h��¦f'h,j'�7zon1jyu i�xUi�jRk�l'�7|� 3u,}��)m'h p�h {otonov�k�tonRu#j'x�mRu,}Ns�u#lyu�zRu1�

max R(X) =
n∑

i=1

∑

j∈Θi

rij xij, max B(X) =
n∑

i=1

∑

j∈Θi

βij xij,

max F (X) =
n∑

i=1

∑

j∈Θi

fij xij , max P (X) =
n∑

i=1

∑

j∈Θi

pij xij ,
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max D(X) =
n∑

i=1

∑

j∈Θi

dij xij

foton�h p/tRu,monoz'k�mono}7���

n∑

i=1

fij xij ≤ fj ∀j ∈ Θ,
n∑

i=1

xij ≤ nj ∀j ∈ Θ,
∑

j∈Θi

xij ≤ 1 ∀i ∈ Ψ,

xij = 0 ∪ 1, ∀ i = 1, n, ∀ j = 1,m, xij = 0, ∀ i = 1, n, j ∈ {Θ \ Θi}.

Ü1`RÕ8ULbP¨ Ö �Cb 9 bCd0eWV
�0h,j'�7zonor�¿]u,}oi�}§�)m'h p�h {otonov�k�tonRu#j'x�mRu,}¦h���h��  -k�momRu,}Zs�u#lyu/zRu�h�mRu,s/mRu�z'k�monon?h v�m'h�i�nov�i�}§{¥{1jyu i/i��

ºL»)�¼v�to�#l'moq*��s�u#lyu�z��ó�X@#�=�¹��Ó�Ó#�=�)��Ó�Ü#�=�)��Ó,� �=�)��Ó�Þ#�E��`��0h�i�jRk�l'mon'k-lRk/i�}1v�n1jRk�v�no}�fot'h r�h�l'}7v�i�}¥u,{ov�nor�moq�k]n'i��
i�jRk�lRh r�u,mono}��)m'h p�h {otonov�k�tonRu#j'x�moq*�§s�u#lyu�z?h�mRu,s/mRu/z'k�mononyÊ#tRu,s��\k� ]k�mononß�ó� � �=����Þ#�=���XY#�=����_�_��=����_�Ó#�=����_����=�
��_��#�=�C��Ó�Ü#�=�P��Ó
@#�=�C��Ó
Y#�E��`GÔL� qKzom'h�n'i�f'h,j'x�s/�7|�v�i�}¥i�jRk�l'��|L -n'k3h�i�m'h r�moq�k
f'h/lo��h�l'q {�t'k�¿]k�mono| lyu,mom'h ~
s�u#lyu�zonX�

�ó_���f'k�t'k/��h tomoq�k5�\k�v�h�l'q�v�nofRu]r�k�v�r�k�~Nn�p/tRu,mono�Z�ó��Ó�Ó#�=�X��Ó�Ü#�E��:
�¡Ó���nomov�k�tRu,{ov�nor�moq�kÃ�Ez'k�jRh r�k�{�h,�=�Cu,¿-nomomoq�k���fot'h �'k�l'�7toq ��_�_��Z:
�¡Ü���i�r�k�lRk�mon'kÝ�EÎ\[^]�_'Ñ�Å`� Í�ay��n'i6��h�l'm'h ~Û�\h�lRk�j'nß{ßm'k�{�h v�h t'h ~Û�7fot'h  -k�mom'h ~¾f'h�i�v,u,m'h r�{7ký�EÉoÎ�Í Ç�bc[�Ì

Ð`��Ì3É�bG�edRÑ�Ä,Å`� Í�ay����mRu,foton'�\k�tÝi�r�k�lRk�mon'kNn'i���h/l'm'h ~A�)m'h p�h {otonov�k�tonRu#j'x�m'h ~ýs�u#lyu�zong{Ýh/l'm'h {otonov�k�tonRu#j'x �
m'h ~�f'h�i�v u,m'h r�{�kQnHn'i�f'h,j'x�s�h r�u,mon'k5½�à�à�k�{ov�nor�m'h p�h��Ev,`Òk�`��1f'h,j'nom'h��)nRu#j'x�m'h p�h��Fu#j'p�h tonov��Cu1�omRu,foton'�\k�tX�
r�k�mop�k�t'i�{7h p�hU�\k�v�h�lyu���_��#�Z:

�E���¹½/r�ton'i�v�noz'k/i�{on'kLf'h/lo��h�l'q��1r�{1j'|�zRu,}Ui�jRk�l'��|L Qn'k��K�¡u��\fot'h�i�v�k�~o¿Qn'k]Ú�w-u#l'moq�k�ÚLu#j'p�h tonov��)q��X�¤���
r�k�t'h�}7v�m'h�i�v�moq�kH�\k�v�h/l'q��*�Er��"�\k�v u#�¼½/r�ton'i�v�no{onÝ�Er�{1j'|LzRu,}�p/n'� ton1l'moq�kG�\k�v�h�l'q����;�Ep#�Lf'h n'i�{¥mRuÃh�i�m'h,�
r�k3nos��\k�mo}ok/�\h ~§h {ot'k/i�v�m'h�i�v�nÝ�Bf�Ä,Î`�JÄ,Ç�bc[ga;[h�Gi�È�Ç$Í Î6È'Í7Í�]ZÐ\[�Ä,Î�Ñ�Èkj"ºl�o���P� l^��p�k�m'k�v�noz'k/i�{on'kHu#j'p�h tonov��)q��
½/r�h,j'|L�on'h momo��| �)m'h p�h {otonov�k�tonRu#j'x�mo�7| h fov�n'�)nos�u,�ono| �L[hf�Í�bG_oÅ`� Í�aRÄ,Î`mAÌO_�b�Å`� Í Ç�n`[/Ñ�Å`�Gfo[§Í ÉoÅ`��Ìg�Gp�Ä,Å`� Í�ay�
�ó��Ü#�=�X��Þ#�=����_��#�=�X��Ó
�#�=�X��Ó1_��=�X��Ó����E��`

aglyu,mom'h ~�tRu ��h v�k�� q*j'nNtRu i/i/�\h v�t'k�moqßi�jRk�l'�7|� -n'k0v�ton�i6��k/�)qßt'k�¿-k�mono}��
q �Rï�ë�ìsro� �0k�t'k/��h tomoqK~�u#j'p�h tonov��K`
q �Rï�ë�ìDt�� c5r������¼½/v u,fomRu,}¥½/r�ton'i�v�no{7u1���B� �L�7fot'h  ]k�mon'k
s�u#lyu/zon§mRu�h�i�m'h r�kUh v�h�� tRu,wQk�mono}§r�k�{ov�h tRu

��u,tRu,{ov�k�ton'i�v�no{Hi/h�k�l'nom'k�mono}�Ú�f'h,j'x�s�h r�u,v�k�j'x �¼v�h zo{7u�lRh�i�v���fRuoÚ*{]f'h t�}�l'{7h r�h ~Uh �'k�mo{7k��EmRu"h�i�m'h r�kK�)m'h,�
p�h {otonov�k�tonRu#j'x�m'h p�h�tRu,mow3not'h r�u,mono}�i
n'i�f'h,j'x�s�h r�u,mon'k/�Ûr�u,tonRu,mov u��\k�v�h/lyu�f'h t'h p�h rNm'k/i�tRu,r�mon'�\h�i�v�n
u bc[/Ñ�Å6Î\[Z��_�Y#�E���L�B�G� �Qt'k�¿]k�mon'k�f'h,j'�7zonor�¿-k�~'i�}¦h/l'm'h {otonov�k�tonRu#j'x�m'h ~Ýs�u#lyu/zon®h�mRu,s/mRu/z'k�monongmRu�h�i�m'h r�k
Ú�w]u#l'm'h p�h'ÚQu#j'p�h tonov��Cu1`

q �Rï�ë�ìDv��]� t'k��7�¼½/v,u,fomRu,}�½/r�ton'i�v�no{7u1�H�B� ��t'k�¿-k�mon'k]n'i���h/l'm'h ~§�)m'h p�h {otonov�k�tonRu#j'x�m'h ~§s�u#lyu�zon�loj'}
{1u,w]lRh p�h0{otonov�k�tono}3h v�lRk�j'x�m'h�i;à�h t'�)not'h r�u,mon'k/��r"{7u,w]lRh���i�j'�7zRu k;mRu ��h tRuLt'k�¿-k�mono~X�y�B�G� ��h���>Xk�l'nom'k��
mon'k�mRu ��h t'h rQf'h,j'�7z'k�momoq*�Gt'k�¿]k�mono~UnUr�q*lRk�jRk�mon'k���u,t'k�v�h,�¼½�à5à�k�{ov�nor�m'h p�h-f'h/lR�)m'h�w-k/i�v�r�u]t'k�¿]k�mono~X�
�B�G�G� ��u,mRu#j'nos¥f'h,j'��z'k�mom'h p�h?mRu ��h tRu¦��u,t'k�v�h,�¼½�à�à�k�{ov�nor�moq*�At'k�¿-k�mono~AnAr�qK}1r jRk�mon'k�j'�7zo¿]k�p�hý�En1j'n
m'k/i�{7h,j'x�{on1��j'��zo¿-n1�'�Ct'k�¿]k�mono~¥�¤i"n'i�f'h,j'x�s�h r�u,mon'k/��i�f'k��onRu#j'x�moq*�HlRh f'h,j'monov�k�j'x�moq*��fotRu,r�n1j�nyÊ#n1j'n
½/{7i�f'k�tov�h r���`

c-u#jRk/k3fotonor�k�lRk�moq tRu i�z'k�v�q mRu�h�i�m'h r�kUi6��k/�)q Ó1`HÕPjRk�l'��k�vNh v��\k�v�nov�x'�Ozov�h�n'i/i�jRk�l'��k/�Cu,}�s�u#lyu/zRu
f'h�l'{1j'|�z'k�mono}Zf'h,j'x�s�h r�u,v�k�jRk�~§n'�\k/k�vN¿Qnot'h {7h�k
foton'�\k�m'k�mon'kGloj'}�l'nomRu �)noz'k/i�{on1��t'k�w3n'�\h r�tRu ��h v�q
v�k�jRk�{7h��\�)��mono{1u,�on'h momoq*�§i/k�v�k�~��Ev#`Òk�`���wx]zy�Í7Ñ]i/k�v�nX�X�\h�� n1j'x�moq�k
i/k�v�nX��Ì�[/Ð�È�i/k�v�ny��n�loj'}Nt'k�¿]k�mono}
tRu i/i/�Cu,v�tonor�u k/�\h ~�s�u#lyu/zon§n'�\k/k�v�i�}¥{otRu,m'k
h p/tRu,monoz'k�momoqK~�r�t'k/�\k�mom'h ~¥nomov�k�tor�u#j�` � u,{7u,}§i�nov���u,�ono}
fotonor�h�l'novL{Qm'k/h��/��h�l'n'�\h�i�v�n3n'i�f'h,j'x�s�h r�u,mono}-h z'k�moxL� q�i�v�toq*�5½/r�ton'i�v�no{Ã�Ev�nofRu�w-u#l'moq*�-u#j'p�h tonov��\h r���`
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(F©)ª�«*¬K®[*¯O°KT*¯�(F©�¬�±\²R©�÷)³�´O¯�¬K¯�µ¦«®´O¯�¬K¯�«*©;2G23¶�°KTK«K³�·KTF©;°K°F©;µ?¸O¯O´¹T I�I�{
�'` Ù e5Õ8|�bCd0dl}�~ �0�Ce0¨�bC�

�"ton'�\k�t-r�{1j'|�zRu k�v�Ü
�Ff'h,j'x�s�h r�u,v�k�jRk�~-ng@Fv�h z'k�{5lRh�i�v��7fRuQ�¤�Cn'i�`)Ü���`¹e0i6��h�l'moq�k;lyu,momoq�k;f'h�v�h zo{7u �
lRh�i�v��7fRu3n�f'h,j'x�s�h r�u,v�k�j'}o�¦fot'k�lRi�v u,r jRk�moqÛr � u �,j'no�Ru#�NÓ-n�Ü1`

�\n'i�`�Ü1`Ce0i6��h�l'moqK~�foton'�\k�t

�0h,j'x�s�h r�u,v�k�j'n
�

��
?

?

�"t'k�fo}1v �
i�v�r�n'k

�
��

� h zo{7u
lRh�i�v��7fRu

B
B
B
BN

����u
21

����u
14

��AA

r
3

fi����u
13

����u
7

����u
1

����u
2

��AA

r
1

fi
����u
8

����u
20

����u
27

����u
28

����u
29

����u
23

����u
22

����u
15

����u
16 ����u

17

����u
10

����u
11

��AA

r
4

fi ����u
12����u

18 ����u
19����u

25����u
24

����u
26����u
30

��AA

r
6

fi

����u
9

����u
3

����u
4

����u
5 ����u

6

��AA

r
2

fi

��AA

r
5

fi

� u �,j'no�RuUÓ1` � h zo{on�lRh�i�v��7fRu

j xj yj zj fj nj rj dj

1 50 157 10 30 4 10 10
2 150 165 10 30 5 15 8
3 72 102 10 21 6 10 9
4 140 112 10 21 5 8 8
5 45 52 10 35 10 10 10
6 147 47 10 30 5 15 7

� u �,j'no�RuUÜ1`\�0h,j'x�s�h r�u,v�k�j'n

i xi yi zi fi pi ri di

1 30 165 5 10 2 5 8
2 58 174 5 5 1 9 6
3 88 156 0 6 1 6 8
4 110 169 5 7 2 5 6
5 145 181 3 5 2 4 6
6 170 161 5 7 2 4 7
7 23 136 7 6 2 7 6
8 52 134 5 6 1 8 7
9 85 134 3 6 1 7 7
10 120 140 6 4 2 6 8
11 150 136 3 6 2 7 8
12 175 125 1 8 3 5 6
13 27 109 7 8 3 5 8
14 55 105 2 7 2 10 6
15 98 89 3 10 1 10 7
16 107 115 4 7 1 7 10
17 127 95 5 7 2 5 7
18 160 104 5 9 2 4 5
19 183 91 4 4 3 5 7
20 25 65 2 7 3 5 6
21 52 81 1 10 1 8 10
22 82 66 4 14 2 3 7
23 112 56 10 10 1 10 9
24 135 59 4 13 3 4 6
25 147 79 5 7 3 16 8
26 165 50 3 7 3 3 7
27 23 31 4 8 1 7 6
28 65 25 7 6 2 9 8
29 93 39 1 10 1 10 9
30 172 26 2 10 2 7 6

� u �,j'no�oq¾�'�$Þ1�&@1���3i/h/lRk�t�w-u,v�tRu i/i�zonov u,momoq�k]fRu,tRu �\k�v�toq�`Fa*k�{ov�h toq
(ξβ

ij, ξ
d
ij)

�Ev,u �,j'no�Ru�@��Kh fot'k��
lRk�j'}1|Lv��)m'h�wQk/i�v�r�u

{Θi}
�
i = 1, n

���
Θ1 = {1, 3, 5}

�
Θ2 = {1, 2, 3, 5}

�
Θ3 = {1, 2, 3, 4, 5}

�
Θ4 = {1, 2, 3, 4}

�
Θ5 = {2, 4}

�
Θ6 = {2, 4, 6}

�
Θ7 = {1, 3, 5}

�
Θ8 = {1, 3, 4, 5}

�
Θ9 =

{1, 2, 3, 4, 5, 6}
�

Θ10 = {1, 2, 3, 4, 5, 6}
�

Θ11 = {2, 3, 4, 5, 6}
�

Θ12 = {2, 3, 4, 5, 6}
�

Θ13 = {1, 3, 4, 5}
�

Θ14 = {1, 3, 4, 5}
�

Θ15 = {1, 3, 4, 5, 6}
�

Θ16 = {1, 5}
�

Θ17 = {2, 3, 4, 5, 6}
�

Θ18 = {2, 3, 4, 5, 6}
�

Θ19 = {2, 3, 4, 6}
�

Θ20 = {1, 3, 4, 5}
�

Θ21 = {1, 5}
�

Θ22 = {1, 3, 4, 5, 6}
�

Θ23 = {1, 3, 5}
�

Θ24 = {3, 4, 5, 6}
�

Θ25 = {2, 3, 4, 6}
�

Θ26 = {4, 6}
�

Θ27 = {1, 3, 4, 5}
�

Θ28 = {1, 3, 4, 5, 6}
�

Θ29 = {1, 3, 5}
�

Θ30 = {4, 6}
`

�)u i�z'k�v3nomov�k�p/tonot'h r�u,momoq*�Ãf'h {1u,s�u,v�k�jRk�~�i/h�h v�r�k�v�i�v�r�no}
c̃ij

�Ev u �,j'no�RugY���h�i��� ]k/i�v�r j'}ok�v�i�}�s�uQi�z'k�v
h v�h�� tRu,w-k�mono}gr�k�{ov�h t'h ~®h �'k�mo{on

ĉij
�Ev u �,j'no�Ru§���-mRu�f'h t�}7l'{�h r��7| ¿-{7u#j'�A��_���Ü#�-�

3
i/h�h v�r�k�v�i�v�r���k�v

mRu,n1j'�7zo¿-k/�)�Q��t'h r�mo|®i/h�h v�r�k�v�i�v�r�no}���n'i�f'h,j'x�s/��k�v�i�}
�)m'h p�h {otonov�k�tonRu#j'x�m'h�kFtRu,mow3not'h r�u,mon'k*mRuLh�i�m'h r�k
�\h�l'n'à0no{7u,�ono}��\k�v�h/lyu u Æ u �Q�x� u ��_�Y#�E��`HcQh f'h,j'monov�k�j'x�m'h�r�v u �,j'no�'k�����zov�k�moq �)m'h�w-k/i�v�r�u

{Θi}�Ev,`Òk�`��
c̃ij = 0

k/i�j'n
j ∈ {Θ \ Θi}

��`
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I#I�� ¬K¯�÷¹TK°"B�(*¯O´O¶87�©�÷
� u,{on'�Ýh�� tRu,s�h��®f'h,j'�7zRu k�v�i�}�nNt'k�¿3u k�v�i�}���fot'h  ]k�momRu,}§�¤Ð\��Ì3É�bG�ed[^]R��s�u#lyu�zRuHhGmRu,s/mRu�z'k�monon��¤iQh�lo�

mon'�Znomov�k�p/tonot'h r�u,momoq���{otonov�k�ton'k/�K�1{7u,w]l'qK~Ãf'h,j'x�s�h r�u,v�k�j'x3�\h�w-k�v-f'h�l'{1j'|�zRu,v�x�i�}Ãv�h,j'x�{�hQ{Hh�l'm'h ~
v�h zo{7k0lRh�i�v��7fRu����

max
n∑

i=1

∑

j∈Θi

c̃ij xij

foton�h p/tRu,monoz'k�mono}7���

n∑

i=1

fij xij ≤ fj ∀j ∈ Θ,
n∑

i=1

xij ≤ nj ∀j ∈ Θ,
∑

j∈Θi

xij ≤ 1 ∀i ∈ Ψ,

xij = 0 ∪ 1, ∀ i = 1, n, ∀ j = 1,m, xij = 0, ∀ i = 1, n, j ∈ {Θ \ Θi}.

�¹k�s/��j'x#v,u,v�q t'k�¿]k�mono}�s�u#lyu/zong�Ev,`Òk�`���r�u,tonRu,mov�f'h�l'{1j'|�z'k�mono}�f'h,j'x�s�h r�u,v�k�jRk�~Z{�v�h zo{1u �ÝlRh�i�v��7fRu��
fot'k�lRi�v u,r jRk�moq¾mRu]�Cn'i�`\�
n�r3v,u �,j'no�'k-�1`

� u �,j'no�Ru
�'`C¨�u,v�tono�Ru]tRu i/i�v�h�}1mono~
||lij ||

i
� h zo{on�lRh�i�v��7fRu

j

1 2 3 4 5 6

1 22.11 120.10 75.88 122.20 114.10 166.25
2 19.44 92.57 73.52 102.92 122.79 155.16
3 39.31 63.44 57.20 68.85 112.98 124.35
4 61.39 40.51 77.19 64.61 133.94 127.59
5 98.23 18.17 107.79 69.53 163.37 134.20
6 120.17 21.00 114.50 57.67 165.2 116.40
7 34.34 130.30 59.72 119.47 86.89 152.66
8 23.62 102.91 38.07 90.85 82.45 128.91
9 42.46 72.35 35.24 59.65 91.50 107.06
10 72.15 39.26 61.35 34.64 115.69 96.92
11 102.42 29.83 85.38 26.93 134.65 89.33
12 129.34 48.02 105.92 38.41 149.37 83.36
13 53.31 135.18 45.64 113.08 59.85 135.10
14 52.85 112.65 19.03 85.66 54.53 109.05
15 83.53 92.35 29.90 48.39 65.02 64.92
16 71.06 66.22 37.82 33.67 88.59 79.12
17 98.98 73.85 55.67 21.98 92.73 52.24
18 122.20 62.02 88.16 22.11 126.31 58.68
19 148.60 81.25 111.71 48.23 143.53 57.17
20 95.67 160.28 60.35 124.49 25.16 123.58
21 76.56 129.39 30.36 93.73 31.16 101.30
22 96.65 120.25 37.84 74.27 40.01 67.99
23 118.51 115.43 60.96 62.61 67.12 36.14
24 129.87 107.22 76.51 53.57 90.47 18.00
25 124.57 86.20 78.61 34.10 105.63 32.39
26 157.24 116.19 106.78 67.22 120.22 19.54
27 129.00 184.72 86.48 142.43 31.00 125.17
28 132.88 163.81 77.38 114.90 33.73 84.95
29 125.91 138.59 67.01 87.29 50.54 55.33
30 179.19 140.96 125.86 92.11 129.88 33.62
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(F©)ª�«*¬K®[*¯O°KT*¯�(F©�¬�±\²R©�÷)³�´O¯�¬K¯�µ¦«®´O¯�¬K¯�«*©;2G23¶�°KTK«K³�·KTF©;°K°F©;µ?¸O¯O´¹T I�I��
� u �,j'no�RuGÞ1`\¨�u,v�tono�Ru

||eij ||

i
� h zo{on�lRh�i�v��7fRu

j

1 2 3 4 5 6

1 0 1 0 1 0 1
2 0 0 1 1 0 1
3 1 0 0 0 0 0
4 1 0 1 1 1 1
5 1 0 1 1 1 1
6 1 0 1 0 1 0
7 0 1 0 1 0 1
8 0 1 0 1 0 1
9 1 1 0 0 0 1
10 1 1 0 0 0 0
11 1 1 0 0 0 0
12 1 1 0 0 0 0
13 0 1 0 0 0 1
14 0 1 0 0 0 1
15 1 1 0 0 0 1
16 1 1 0 0 0 0
17 1 1 0 0 0 0
18 1 1 0 0 0 0
19 1 1 0 0 1 0
20 0 1 0 0 0 1
21 0 1 0 0 0 1
22 0 1 0 0 0 1
23 0 1 0 1 0 1
24 1 1 1 0 1 0
25 1 1 0 0 1 0
26 1 1 1 0 1 0
27 0 1 0 0 0 1
28 0 1 0 0 0 1
29 0 1 0 0 0 1
30 1 1 1 0 1 0

� u �,j'no�Ru=@1`\¨�u,v�tono�Ru3r�k�{ov�h t'h r
||(ξβ

ij , ξ
d
ij)||

i
� h zo{on�lRh�i�v��7fRu

j

1 2 3 4 5 6

1 1, 1 0, 1 1, 1 0, 1 1, 1 0, 1
2 1, 1 1, 1 1, 1 0, 1 1, 1 0, 1
3 1, 1 1, 1 1, 1 1, 1 1, 1 0, 0
4 1, 1 1, 1 1, 1 1, 1 0, 1 0, 1
5 0, 1 1, 1 0, 1 1, 1 0, 1 0, 1
6 0, 1 1, 1 0, 1 1, 1 0, 1 1, 1
7 1, 1 0, 1 1, 1 0, 1 1, 1 0, 1
8 1, 1 0, 1 1, 1 1, 1 1, 1 0, 1
9 1, 1 1, 1 1, 1 1, 1 1, 1 1, 1
10 1, 1 1, 1 1, 1 1, 1 1, 1 1, 1
11 0, 1 1, 1 1, 1 1, 1 1, 1 1, 1
12 0, 1 1, 1 1, 1 1, 1 1, 1 1, 1
13 1, 1 0, 1 1, 1 1, 1 1, 1 0, 1
14 1, 1 0, 1 1, 1 1, 1 1, 1 0, 1
15 1, 1 0, 1 1, 1 1, 1 1, 1 1, 1
16 1, 1 1, 0 1, 0 1, 0 1, 1 1, 0
17 0, 1 1, 1 1, 1 1, 1 1, 1 1, 1
18 0, 1 1, 1 1, 1 1, 1 1, 1 1, 1
19 0, 1 1, 1 1, 1 1, 1 0, 1 1, 1
20 1, 1 0, 1 1, 1 1, 1 1, 1 0, 1
21 1, 1 0, 0 1, 0 1, 0 1, 1 0, 0
22 1, 1 0, 1 1, 1 1, 1 1, 1 1, 1
23 1, 1 0, 0 1, 1 1, 0 1, 1 1, 0
24 0, 1 0, 1 1, 1 1, 1 1, 1 1, 1
25 0, 1 1, 1 1, 1 1, 1 0, 1 1, 1
26 0, 1 0, 1 0, 1 1, 1 0, 1 1, 1
27 1, 1 0, 1 1, 1 1, 1 1, 1 0, 1
28 1, 1 0, 1 1, 1 1, 1 1, 1 1, 1
29 1, 1 0, 0 1, 1 1, 0 1, 1 1, 0
30 0, 1 0, 1 0, 1 1, 1 0, 1 1, 1

�\n'i�`\�'`\�0h�l'{1j'|�z'k�mon'kQf'h,j'x�s�h r�u,v�k�jRk�~
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I�6�� ¬K¯�÷¹TK°"B�(*¯O´O¶87�©�÷
� u �,j'no�RuH�7`\¨�u,v�tono�Ru

||ĉij || = ||(rij , βij , fij , pij , dij)||

i
� h zo{on�lRh�i�v��7fRu

j

1 2 3 4 5 6

1 5, 10, 10, 2, 10 5, 0, 10, 2, 8 5, 10, 10, 2, 9 5, 0, 10, 2, 8 5, 5, 10, 2, 10 5, 0, 10, 2, 7
2 9, 10, 5, 1, 10 9, 5, 5, 1, 8 9, 5, 5, 1, 9 8, 0, 5, 1, 8 9, 5, 5, 1, 10 9, 0, 5, 1, 7
3 6, 5, 6, 1, 10 6, 10, 6, 1, 8 6, 10, 6, 1, 9 6, 10, 6, 1, 8 6, 5, 6, 1, 10 6, 0, 6, 1, 0
4 5, 5, 7, 2, 10 5, 10, 7, 2, 8 5, 5, 7, 2, 9 5, 5, 7, 2, 8 5, 0, 7, 2, 10 5, 0, 7, 2, 7
5 4, 0, 5, 2, 10 4, 10, 5, 2, 8 4, 0, 5, 2, 9 4, 5, 5, 2, 8 4, 0, 5, 2, 10 4, 0, 5, 2, 7
6 4, 0, 7, 2, 10 4, 10, 7, 2, 8 4, 0, 7, 2, 9 4, 10, 7, 2, 8 4, 0, 7, 2, 10 4, 5, 7, 2, 7
7 7, 10, 6, 2, 10 7, 0, 6, 2, 8 7, 10, 6, 2, 9 7, 0, 6, 2, 8 7, 10, 6, 2, 10 7, 0, 6, 2, 7
8 8, 10, 6, 1, 10 8, 0, 6, 1, 8 8, 10, 6, 1, 9 8, 5, 6, 1, 8 8, 10, 6, 1, 10 8, 0, 6, 1, 7
9 7, 5, 6, 1, 10 7, 5, 6, 1, 8 7, 10, 6, 1, 9 7, 10, 6, 1, 8 7, 10, 6, 1, 10 7, 0, 6, 1, 7
10 6, 5, 4, 2, 10 6, 5, 4, 2, 8 6, 10, 4, 2, 9 6, 10, 4, 2, 8 6, 5, 4, 2, 10 6, 5, 4, 2, 7
11 7, 0, 6, 2, 10 7, 5, 6, 2, 8 7, 5, 6, 2, 9 7, 10, 6, 2, 8 7, 5, 6, 2, 10 7, 10, 6, 2, 7
12 5, 0, 8, 3, 10 5, 5, 8, 3, 8 5, 5, 8, 3, 9 5, 10, 8, 3, 8 5, 5, 8, 3, 10 5, 10, 8, 3, 7
13 5, 10, 8, 3, 10 5, 0, 8, 3, 8 5, 10, 8, 3, 9 5, 5, 8, 3, 8 5, 10, 8, 3, 10 5, 0, 8, 3, 7
14 10, 10, 7, 2, 10 10, 0, 7, 2, 8 10, 10, 7, 2, 9 8, 10, 7, 2, 8 10, 10, 7, 2, 10 10, 0, 7, 2, 7
15 10, 5, 10, 1, 10 10, 0, 10, 1, 8 10, 10, 10, 1, 9 8, 10, 10, 1, 8 10, 10, 10, 1, 10 10, 5, 10, 1, 7
16 7, 5, 7, 1, 10 7, 5, 7, 1, 0 7, 10, 7, 1, 0 7, 10, 7, 1, 0 7, 10, 7, 1, 10 7, 10, 7, 1, 0
17 5, 0, 7, 2, 10 5, 5, 7, 2, 8 5, 10, 7, 2, 9 5, 10, 7, 2, 8 5, 5, 7, 2, 10 5, 5, 7, 2, 7
18 4, 0, 9, 2, 10 4, 5, 9, 2, 8 4, 10, 9, 2, 9 4, 10, 9, 2, 8 4, 5, 9, 2, 10 4, 10, 9, 2, 7
19 5, 0, 4, 3, 10 5, 5, 4, 3, 8 5, 5, 4, 3, 9 5, 10, 4, 3, 8 5, 0, 4, 3, 10 5, 10, 4, 3, 7
20 5, 5, 7, 3, 10 5, 0, 7, 3, 8 5, 10, 7, 3, 9 5, 5, 7, 3, 8 5, 10, 7, 3, 10 5, 0, 7, 3, 7
21 8, 10, 10, 1, 10 8, 0, 10, 1, 0 8, 10, 10, 1, 0 8, 5, 10, 1, 0 8, 10, 10, 1, 10 8, 0, 10, 1, 0
22 3, 5, 10, 2, 10 3, 0, 10, 2, 8 3, 10, 10, 2, 9 3, 10, 10, 2, 8 3, 10, 10, 2, 10 3, 5, 10, 2, 7
23 10, 5, 10, 1, 10 10, 0, 10, 1, 0 10, 10, 10, 1, 9 8, 5, 5, 1, 0 10, 10, 10, 1, 10 10, 5, 10, 1, 0
24 4, 0, 10, 3, 10 4, 0, 10, 3, 8 4, 5, 10, 3, 9 4, 10, 10, 3, 8 4, 5, 10, 3, 10 4, 10, 10, 3, 7
25 10, 0, 7, 3, 10 15, 5, 7, 3, 8 10, 10, 7, 3, 9 8, 10, 7, 3, 8 10, 0, 7, 3, 10 15, 10, 7, 3, 7
26 3, 0, 7, 3, 10 3, 0, 7, 3, 8 3, 0, 7, 3, 9 3, 10, 7, 3, 8 3, 0, 7, 3, 10 3, 10, 7, 3, 7
27 7, 5, 8, 1, 10 7, 0, 8, 1, 8 7, 10, 8, 1, 9 7, 5, 8, 1, 8 7, 10, 8, 1, 10 7, 0, 8, 1, 7
28 9, 5, 6, 2, 10 9, 0, 6, 2, 8 9, 10, 6, 2, 9 8, 5, 6, 2, 8 9, 10, 6, 2, 10 9, 5, 6, 2, 7
29 10, 5, 10, 1, 10 10, 0, 10, 1, 0 10, 10, 10, 1, 9 8, 10, 10, 1, 0 10, 10, 10, 1, 10 10, 5, 10, 1, 0
30 7, 0, 10, 2, 10 7, 0, 10, 2, 8 7, 0, 10, 2, 9 7, 10, 10, 2, 8 7, 0, 10, 2, 10 7, 10, 10, 2, 7
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�"t'k�lRi�v,u,r jRk�momoqK~�rHtRu ��h v�kQf'h/lo��h/l�}1r j'}ok�v�i�}�f'k�tor�q��g¿]u,p�h��grUn'i�f'h,j'x�s�h r�u,monon��)m'h p�h {otonov�k�ton1�

u#j'x�moq*�]{�h��\� nomRu,v�h tomoq*�
�\h/lRk�jRk�~3foton]f'h�l'{1j'|�z'k�monon3f'h,j'x�s�h r�u,v�k�jRk�~
{]v�h zo{1u ��lRh�i�v���fRuL��k/i�fot'h r�h/lo�
m'h ~�v�k�jRk�{�h��\�)�7mono{7u,�on'h mom'h ~§i/k�v�nX`�ÔLi�m'h r�m'h�kQr�mon'�Cu,mon'k3� q*jRhU�#lRk�jRk�m'hUm'h r�h ~�f'h�i�v u,m'h r�{�k]s�u#lyu/zon
n�fot'h�i�v�h ~Ni6��k/�\k�t'k�¿]k�mono}�`�Ô�z'k�r�n1l'm'ho�'zov�hGi�jRk�l'��k�v
fot'h r�k/i�v�n�lyu#j'x�m'k�~o¿-n'k�n'i/i�jRk�lRh r�u,mono}��
�I� aÝh��,jyu i�v�n�f'h�i�v u,m'h r�{on�s�u#lyu/zonX�
�ó_��;�7v�h zom'k�mon'k5f'h�i�v u,m'h r�{onX���¡u��Ki/h�i�v u,rGn�fotRu,r�n1jyuGf'k�t'k/i�z'k�v,uGfRu,tRu �\k�v�t'h rHf'h,j'x�s�h r�u,v�k�jRk�~�nNv�h,�

z'k�{HlRh�i�v��7fRu1��nomov�k�p/tonot'h r�u,momoq*��f'h {1u,s�u,v�k�jRk�~X�ofotRu,r�n1jyu1�1mRu,foton'�\k�tX�1nomov�k�p/tonot'h r�u,momoq�k0f'h {7u,s�u,v�k�j'n
�¤��u,tox�k�t1�¼tRu i/i�v�h�}7mon'k

βij
���Xf'h {1u,s�u,v�k�j'nZ{1u/z'k/i�v�r�u�tRu i�fot'h�i�v�tRu,m'k�mono}Zi�nop/mRu#jRh r§�

fij
��:;�¤���"�)m'h�wQk/i�v�r�h

{otonov�k�ton'k�r'�)�Er��;�)m'h�w-k/i�v�r�hUh p/tRu,monoz'k�mono~�:
�¡Ó��$r�h s��\h�w3m'h�i�v�x0foton'�\k�m'k�mono}5l'to�7p/n1��t'k�w3n'�\h rL��fotRu,r jRk�mono}�� mRu,foton'�\k�tX�¹�)m'h p�h ¿]u,p�h r�q�k0�EÌO_�b�Å`� �

È'Í Éy�*i���k/�)qßi�r�}1s/nX�ot'k�w3n'�¦»�Ó »�:
�¡Ü����7z'k�vG�\h�� n1j'x�m'h�i�v�n�v�h z'k�{�lRh�i�v��7fRu��En�f'h,j'x�s�h r�u,v�k�jRk�~y��:
�E���¹�7z'k�v5t'k�w3n'�Cu�tRu i�¿Qnot'k�mono}H�)m'h�wQk/i�v�r�uQf'h,j'x�s�h r�u,v�k�jRk�~��Ev#`Òk�`���f'h/l'{1j'|Lz'k�mon'k�lRh f'h,j'monov�k�j'x�moq*�

f'h,j'x�s�h r�u,v�k�jRk�~�r
fot'h �'k/i/i/k0tRu ��h v�q¾i�n'i�v�k/�)q���:
�¡Þ��-tRu i�¿-not'k�mon'k�n'i�f'h,j'x�s�h r�u,mom'h ~Ýf'h�i�v,u,m'h r�{on®s�u#lyu/zongmRu�h�i�m'h r�k�r�h s��\h�w3m'h�i�v�nÝf'h/l'{1j'|Lz'k�mono}

{1u,w]lRh p�hGf'h,j'x�s�h r�u,v�k�j'}�{�m'k/i�{7h,j'x�{on'��v�h zo{1u �?lRh�i�v��7fRu1`
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(F©)ª�«*¬K®[*¯O°KT*¯�(F©�¬�±\²R©�÷)³�´O¯�¬K¯�µ¦«®´O¯�¬K¯�«*©;2G23¶�°KTK«K³�·KTF©;°K°F©;µ?¸O¯O´¹T I�6�<
�o� aÝh��,jyu i�v�nN�\h�lRk�jRk�~X�
�ó_���n'i�f'h,j'x�s�h r�u,mon'k���h,jRk/kHi�jRh�w3moq*�§h fov�n'�)nos�u,�on'h momoq*�¦�\h/lRk�jRk�~?iU��z'k�v�h��¾m'k/h fot'k�lRk�jRk�mom'h�i�v�nX�

mRu,foton'�\k�tX�y�\h/lRk�j'n�mRu
h�i�m'h r�k0tRu,s��)qKv�q*���)m'h�w-k/i�v�r'�y�\h�lRk�j'nNi�v�h/��u i�v�noz'k/i�{7h ~�h fov�n'�)nos�u,�onon�:
�¡Ó��C��z'k�v-r�s�u,n'�\h�i�r�}1s/n�Ú�i/h�i/k�l'mon1�XÚ�f'h/l'{1j'|Lz'k�mono~¥� loj'}U�7z'k�v,u5r�h s��\h�w3moq*�Ã{�h,joj'nos/no~X�1r�s�u,n'�)m'h p�h

r j'no}1mono}R����mRu,foton'�\k�tX��mRu0h�i�m'h r�kKs�u#lyu�zon
{or�u#l'tRu,v�nozom'h p�h5mRu,s/mRu�z'k�mono}N�ó��Ó#�=�'��Ó,� �E�On1j'n
f'h�lo��h/lyu�n'k�tRu,t1�
�1noz'k/i�{�h p�h"�\h t'à�h,jRh p/noz'k/i�{7h p�h�fot'h�k�{ov�not'h r�u,mono}��Ev#`Òk�`��,s�u#lyu�zon-�\h t'à�h,jRh p/noz'k/i�{7h ~]{1j'no{ony�P�ó��_�Ü#�=����_����E��`
�o� a¦h��,jyu i�v�nÃ�\k�v�h/lRh r-t'k�¿-k�mono}��)t'k�u#j'nos�u,�ono}GtRu,s�j'nozomoq*�Hi6��k/�Zt'k�¿-k�mono}N�Er�{1j'|LzRu,}Gf'k�t'k/��h tomoq�k

�\k�v�h�l'q���p�k�m'k�v�noz'k/i�{on'kLu#j'p�h tonov��)q��1�\k�v,u#�¼½/r�ton'i�v�no{ony�Cn
fot'h r�k�lRk�mon'kFi�tRu,r�monov�k�j'x�moq*�Gr�qKzon'i�j'nov�k�j'x �
moq*��½/{�i�f'k�ton'�\k�mov�h rHmRu3h�i�m'h r�k�i�f'k��onRu#j'x�moq*��v�k/i�v�h r�q*��zon'i�jRh r�q*��foton'�\k�t'h r'`

�"t'k�l'r�u,tonov�k�j'x�moqK~��Cu,v�k�tonRu#jHloj'}3lyu,mom'h ~Hi�v u,v�x�n�� q*jUf'h/l'p�h v�h r jRk�m�rQtRu �){7u#�G{o�7t'i�uGÚ��"t'h�k�{ov�n1�
t'h r�u,mon'k0i�n'i�v�k/��Ú3�¤¨z� � e3�ou,r�v�h tHnUjRk�{ov�h tX�C¨§` 9 `�|�k�r�nomy�L�ó��_�Þ#�=�^��_�@#�E�P{1u,{Ãjyu ��h tRu,v�h tomRu,}HtRu ��h v u3�
�¡Ó
�
���3p�`��'i�v��#lRk�mov'�C¨§`ÒaL`R�0k�v�����h r��;nN��u,{7u#jyu,r�t'i�{7u,}NtRu ��h v,uG¨Z`Òa"`Ò�0k�v�����h r�u��¡Ó
�
�
Y]p�`��oto��{7h r�h/l'nov�k�j'x'�
¨§` 9 `�|�k�r�nomy��`

� u �,j'no�Ru=Y1`\¨�u,v�tono�Ru
||c̃ij ||

i
� h zo{on�lRh�i�v��7fRu

j

1 2 3 4 5 6

1 3 0 3 0 3 0
2 2 1 1 0 2 0
3 1 1 1 1 1 0
4 1 1 2 1 0 0
5 0 1 0 1 0 0
6 0 1 0 1 0 1
7 1 0 2 0 1 0
8 2 0 2 1 2 0
9 1 1 1 1 1 1
10 2 1 1 1 1 1
11 0 1 2 1 3 1
12 0 3 3 3 3 2
13 3 0 3 3 3 0
14 3 0 3 3 3 0
15 3 0 3 3 3 2
16 2 0 0 0 3 0
17 0 1 3 1 2 1
18 0 1 2 1 3 1
19 0 1 2 1 0 1
20 3 0 3 2 1 0
21 3 0 0 0 3 0
22 2 0 1 1 2 1
23 3 0 3 0 3 0
24 0 0 3 3 3 2
25 0 3 3 3 0 3
26 0 0 0 1 0 1
27 3 0 2 1 3 0
28 3 0 3 3 3 2
29 3 0 3 0 3 0
30 0 0 0 3 0 3

� u �,j'no�RuU�1`CaKu,tonRu,mov
f'h/l'{1j'|Lz'k�mono}

i
� h zo{on�lRh�i�v��7fRu

j

1 2 3 4 5 6

1 1 0 0 0 0 0
2 0 1 0 0 0 0
3 0 1 0 0 0 0
4 0 1 0 0 0 0
5 0 1 0 0 0 0
6 0 1 0 0 0 0
7 0 0 0 0 0 0
8 1 0 0 0 0 0
9 0 0 0 1 0 0
10 0 0 1 0 0 0
11 0 0 0 1 0 0
12 0 0 0 1 0 0
13 1 0 0 0 0 0
14 1 0 0 0 0 0
15 0 0 1 0 0 0
16 0 0 0 0 0 0
17 0 0 0 0 0 0
18 0 0 0 0 0 0
19 0 0 0 0 0 1
20 0 0 0 0 1 0
21 0 0 0 0 1 0
22 0 0 0 0 0 0
23 0 0 0 0 0 0
24 0 0 0 0 0 1
25 0 0 1 0 0 0
26 0 0 0 0 0 0
27 0 0 0 0 0 0
28 0 0 0 0 1 0
29 0 0 0 0 1 0
30 0 0 0 0 0 1
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