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��Ö¦�q�.ì,Ùhbf_�_*d�i�e1d�b1d�i�U�e1d�ÖØbfe1Y>bf_*r[U�a g�u[d�U�g�d�_*r[U�a:uv_*Y[d�r>_�s[s`e1r[UvÙ¢��ÖØ�	�1�>�	�*º�a �*í1�#�`���	�*º�a:íf�*�v�#º	�*�%���1º¦ÙÚ�/¥¨«�¬�©�� ~
Ê g*bfbfWVg�d�r[c[i�g*efW�Z�\�p[r[c>W&e1rzb1c>b1d�efW�Z�g�i�d�_�WVg�d�c[j�g�k[c[czj1]mg�Y[c[nBi�uXs> x`g*e1d:x>e1d�Z�r>e�x`g*b1d�c±¼�� } �±îØï�Ì�ð�ñ.ò
ó ���	�1ôL�f��a��¿«��TîÚï�Ì�õç�qñæª*ö4�*õ�ïÀ�:ñ ó ���	�1ô��f��aL�¿¬��B÷m�%���L�f��õ��%º	�1���f�	�H�q�1�>�?�*ºDñ:�1�Øô��*º#ø-a���Áv��ð�ñ.òèùJ���1���
���>�.îØ�Xú¹º?�*�#�#º#�>í1�#�[º	� ~

Ê c>b ~ « ~ � d�r[Uvu[d�Uqr`gµb1c>b1d�efW�ZçUqp[r`g�i*s`e1Y[c[n^¥ } ª�©

Õ�_�]`b1c>b1d�efWVg
w�e1j�_*p`g*b1Y>_�b1d�c��]`_�b1d�Uqp±a
d�r>e1i�_*¯1g��

Õ�_f]`b1c>b1d�efWVg
uv_�W&®B_*r[d*g
��d�efW�p>e1r`g�d�Uvr`gXa
uqg�x>efb1d�i�_��

� Y[d�e7s[s`e1u[d�U�g�s>t*{
Y`g�n<p>_f]`b1c>b1d�efWVg
�¹W�U�s>t�d�c>W&e7]>c`gXa
_�w�_*r[U�]`_*i�g�Y[c>e��

�
�

�
� c>b1d�efWVg�Uvp[r`g�i*s`e1Y[c[n3UXW�Y[Z!W�]`_�W&_�W

û&ü,ýLþ�ÿ������&û,þJü&ü��	�_ÃVÿmþ
������� �4þ���Ù+Ø���Ø Ø£Ó"Ù¹Ø
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ÕTr[c>W&e1r[Z�i�uXs>:x`g� dQb7s`e7]>Uq ãQefe�¼Jc>e1r`g�r�¶Xc[x>efb1uqg�n¸��]>r>e1i�_*i�cX]>Y`g�n`��b1d�r[Uqu[d�Uvr`gHb1c>b1d�efW�ZBaqp[r>_�e1u[d*{

Y[Z!eµi�g�r[c`g�Y[d�Z �¿g�s>t�d�e1r[Y`g�d�c[i�Z:�DÕ � ][s>nhx`g*b1d�e1\mÌ�uq_�W�p>_*Y>e1Y[d�_*i/b1c>b1d�efW�ZBaÂp[r>_*k>efbfbµr>e1yze1Y[c[n ~	) uqb7{
p>e1r[d�Y>_�e¡_*k>e1Y[c[i�g�Y[c>e6c>b1p>_�s>t�j�_*i�g�Y>_^][s>nl_*k>e1Y[u[c¢Õ � ��c[Y[d�e1r[i�g�s>t�Y[Z!e/_*k>e1Y[u[c¢Y`g·_�b1Y>_*i�e¡W�U�s>t�d�cX{
W�Y>_�|Hefb1d�i£���%���	�1º+*����m�H�[�%�#���	�1���f�	�#�%�����	�f�:¥ } Á*©�� ~-, d�W&e1d�c>W�avi�bfe._*k>e1Y[u[c�c�p[r[c>W&e1r[Z¢i�Z�x[c>b7s`e1Y[c[\<c>W&e1 d
cXs[s>Tb1d�r`g�d�c[i�Y[Z�\³¶vg�r`g�u[d�e1r±a�Y>_¡W&_*¯fUqd·w*Z�d�t·U�b1p>e1yHY>_/c>b1p>_�s>t�j�_*i�g�Y[ZåuXg�ul_�b1Y>_*i�g£][s>nMr>e�g�s>t�Y[ZL¶
p[r[cXs`_�|He1Y[c[\ ~

Ê c>b ~ ¬ ~ ÕTr[c>W&e1r6b1c>b1d�efW�ZOg�i�d�_�WVg�d�c[j�g�k[c[c/j1]mg�Y[c[n¸¥ } Å�©

?

äVb1d�r>_*\>b1d�i�g�Uqp[r`g�i*s`e1Y[c[n
��	 @@R

�
�

�
�

õ/� ñäVb1d�r>_*\>b1d�i�g
b1i�nXjfc

Ôhg�¯fc>b1d�r`g�s>t�Y`g�n6bfe1d�t�b1i�nXjfc

�q�.ì
@@

��

��

@@

~o~o~
�q�.ì

@@

��

��

@@

�L�.ì��>�1�

�q�.ì
@@

��

��

@@

~±~o~
�q�.ì

@@

��

��

@@

ð�ñ:ò

�q�.ì
@@

��

��

@@

~o~o~
�q�.ì

@@

��

��

@@

ö4�*��õ¸�*º#øX�

@@
�
�

A
A

rfi
@@R@@I6

?

�q�.ì
@@

��

��

@@

�q�.ì
@@

��

��

@@

÷m�%���L�f�

~%~%~

� g�Y[Y`g�n³b1d�g�d�t�nlw�g�jfc[r[U�e1d�b?nlY`g/b7s`e7]>Uv ãHcX¶�p[r>e7]>i�g�r[c[d�e7s>t�Y[ZL¶lp[UXw�s>c[uqg�k[c[nq¶-¼¸�¿g��Hp[r>_�e1u[d�c[r>_�{
i�g�Y[c>ezb1c>b1d�efW�ZFUvp[r`g�i*s`e1Y[c[n¡][s>n£UXW�Y>_*¯�_�]`_�WVg6¥ } ª�©=a&�¹w��!U�s>Uqx[yQe1Y[c>eHb1c>b1d�efW�Zàg�i�d�_�WVg�d�c[j�g�k[c[c·j1]mg�{
Y[c[n�¥ } Å�©=aX��iv�-c[Y[d�e1r[i�g�s>t�Y[Z!e�_*k>e1Y[u[cDi:i�cX]`eVW�U�s>t�d�c>W�Y>_�|Qefb1d�i�cBcX¶�c>b1p>_�s>t�j�_*i�g�Y[c>e�i!uv_�W&w*c[Y`g�d�_*r[Y>_�W
b1c[Y[d�e1j�eHb1c>b1d�efWç¥ } Á*© ~

« ~ � ����Í��-. � ����Í��VÊ,�0/2143L�65 Ô �7,98��,� Ó / Ô �é�×�L�:�H� Ô¡ä 1434Í�� Ô �:,�;å� � Í��
ßqÝ�Û�Ý�<:=?>A@CBD(EGF?HI=KJ�@MLONK@P=?QSRTDVU�R?WX@4Y[Z\F?HS>]R_^6=?`\ab@Pcd>eD

� Y[d�e1r[i�g�s>t�Y[Z!e/_�bfe1Y[u[c¢i¸i�cX]`e¡W�U�s>t�d�c>W�Y>_�|Hefb1d�ilw*ZLs>c¢p[r>e7][s`_�|He1Y[ZÉi�¥ } Á*© ~³� g�Y[Y[Z�\°p>_f][¶�_f]
j�g�uXs> x`g*e1d�b	n3iQY`g�jfY`gfx>e1Y[c[c ² s`efW&e1Y[d�_*i/� 1, 2, 3, ... �LY`gDUvr>_*i�Y[c<p>_*r�nq]>uq_*i�_*\6yQuqg�s>Z [1, 2, ..., l]

~�� r>e7{
jfU�s>t�d*g�d�ezp>_�s>Uvx`g*e1d�b?n/_*k>e1Y[u[c/i�i�cX]`eQW�U�s>t�d�c>W�Y>_�|Qefb1d�i�gXa±¯?]`eHw�g�j�_*i�_�ezW�Y>_�|Qefb1d�i�_<i�uXs>:x`g*e1d<Uqr>_*i*{
Y[c³p>_*rvnv]>uq_*i�_*\lyQuqg�s>ZB¼

Ω = {1, 2, ..., l}
��Uqr>_*i�Y[c³yHuXg�s>Zènqi*s>nX d�b	nMs>c[Y>e1\[Y>_hUqp>_*r�nq]`_*x>e1Y[Y[Z!W�c±¼

1 � 2 � 3 � ...
�zc¢j�g�]mgfx`g¸_*k>e1Y[c[i�g�Y[c[nO��][s>n³uqg�|z]`_*¯�_^_�wXf±e1u[d*gXa.g�s>d�e1r[Y`g�d�c[i�Z:�zj�g�uXs> x`g*e1d�b	n°i

i�Z!w�_*r>eHW�U�s>t�d�c>W�Y>_�|Hefb1d�i�g�Y`g�]¡W�Y>_�|Hefb1i�_�W
Ω
bTUvx>e1d�_�W³]>i�U�¶<U�b7s`_*i�c[\±¼

Û�ÝVW&_*ãHY>_�b1d�tzp>_�s>Uqx>e1Y[Y>_*¯�_QW�U�s>t�d�c>W�Y>_�|Hefb1d�i�g�r`g�i�Y`gBj�g�]mg�Y[Y>_�W�U�x[c>b7s`e ² s`efW&e1Y[d�_*i η = 1, 2, 3, ...��r`g*bfbfWVg�d�r[c[i�g� d�b	nhW�U�s>t�d�c>W�Y>_�|Qefb1d�i�g�W&_*ãQY>_�b1d�c/�
η
�7¾

ßqÝ�Ö=uv_*Y>®�c[¯fUqr`g�k[c[nqÙ�W�U�s>t�d�c>W�Y>_�|Hefb1d�i�g·c>W&efe1d6i�cX]4¼z_*d�_�w*r`g�Y[Y[Z!e ² s`efW&e1Y[d�Z Ω
p>_*u[r[Z�i�g� d/c[YX{

d�e1r[i�g�s/Y`gQyHuXg�s`e
[1, l]

��d ~ e ~ a ~ Ö=c[Y[d�e1r[i�g�s>t�Y`g�n6_*k>e1Y[uXgµiµi�cX]`eBW�U�s>t�d�c>W�Y>_�|Hefb1d�i�g�ÙÚ� ~
Í g�u[c>Wé_�w*r`g�j�_�W�a�_*k>e1Y[uXg

e
][s>nlg�s>t�d�e1r[Y`g�d�c[i�Z

A
c>W&efe1d·i�cX]4¼

e(A) = (η1, ..., ηι, ..., ηl)
a,¯?]`e

ηι

{Dx[c>b7s`_ ² s`efW&e1Y[d�_*i�Y`ghUqr>_*i�Y>e ι
�
ι = 1, l

�7a,cXs>c
e(A) = {

η1︷ ︸︸ ︷
1, ..., 1,

η2︷ ︸︸ ︷
2, ...2,

η3︷ ︸︸ ︷
3, ..., 3, ...,

ηl︷ ︸︸ ︷
l, ..., l}

~hg c>b7s`_
W�U�s>t�d�c>W�Y>_�|Hefb1d�i¢W&_*ãQY>_�b1d�c

η
b ² s`efW&e1Y[d�g*W�c×c[j6c>b	¶�_f]>Y>_*¯�_Muv_*Y>e1x[Y>_*¯�_�W�Y>_�|Qefb1d�i�gMW&_*ãHY>_�b1d�c l

a
Y`g�jfZ�i�g*e1d�b?nlÖ=uq_ ² ®�c[k[c>e1Y[d�W�U�s>t�d�c>W�Y>_�|Hefb1d�i�g�Ùl�¦¥ Ä ©=a%¥¨«�Å�©��7¼ µl,η = l(l+1)(l+2)...(l+η−1)

η!

~i) d�_^x[c>b7s`_
bf_�_*d�i�e1d�b1d�i�U�e1dQx[c>b7s`e�i�_*j�W&_�|µY[ZL¶�_*k>e1Y>_*uh�¹w�e1j�U�b7s`_*i�c[n�«�� ~�� b7s>Uvx`g*e�i�Z�p>_�s>Y>e1Y[c[n�U�b7s`_*i�c[n�« x[c>b7s`_
_*k>e1Y>_*uMW&e1Y[t�yQe ~M, w�_*jfY`g�x[c>Wçj�g�]mgfx[U¸_*k>e1Y[c[i�g�Y[c[n·Y`g£_�b1Y>_*i�eµi�i�e7]`e1Y[Y[ZL¶·c[Y[d�e1r[i�g�s>t�Y[ZL¶^_*k>e1Y>_*u¸i
i�cX]`eµW�U�s>t�d�c>W�Y>_�|Hefb1d�i>¼

P l,η ~6j uqg�smg�i<i�cX]`eQx`g*b1d�c[x[Y>_�{ÆUqp>_*r�nq]`_*x>e1Y[Y>_*¯�_¡W�Y>_�|Hefb1d�i�g3][s>n6j�g�]mgfx[c
_*k>e1Y[c[i�g�Y[c[n

P 3,4 p[r>e7]`b1d�g�i*s`e1Y`g Y`g Ê c>b ~ Á ~±� g�Y[Y`g�nQj�g�]mgfx`g _*k>e1Y[c[i�g�Y[c[nQw*U�]`e1d c>b1p>_�s>t�j�_*i�g�Y`g:]mg�s`efe ~

û&ü,ýLþ�ÿ������&û,þJü&ü��	�_ÃVÿmþ
������� �4þ���Ù+Øk� Ø Ø£Ó"Ù¹Ø
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Ê c>b ~ Á ~�j uXg�s>ZBa`_*k>e1Y[u[c��
P 3,4 � ¥ } Á*©

e3,4
1

�
 �	�
 �	 (4, 0, 0)
1 2 3

e3,4
2

�
 �	 (3, 1, 0)
1 2 3

e3,4
3

�
 �	 (2, 2, 0)
1 2 3

e3,4
4

�
 �	 (1, 3, 0)
1 2 3

e3,4
5

�
 �	 (0, 4, 0)
1 2 3

e3,4
6

�
 �	 (0, 3, 1)

1 2 3

e3,4
7

�
 �	 (0, 2, 2)
1 2 3

e3,4
8

�
 �	 (0, 1, 3)
1 2 3

e3,4
12

�
 �	 (0, 0, 4)
1 2 3

J
J

J
JJ

e3,4
9

�
 �	(2, 1, 1)1 2 3

A
A

A
A

A
AA

���

e3,4
10

�
 �	(1, 2, 1)
1 2 3

����

e3,4
11

�
 �	(1, 1, 2)
1 2 3

� _*p>_�s>Y[c[d�e7s>t�Y>_[a�b7s`e7]>Uq:ãQc>e£_*p>e1r`g�k[c[c¢Y`g�]°i�i�e7]`e1Y[Y[Z!W�c°_*k>e1Y[uqg*W�c�i·i�cX]`e£W�U�s>t�d�c>W�Y>_�|Hefb1d�i
W&_*¯fUqd3w*Z�d�t3r`g*bfbfW&_*d�r>e1Y[Zå¥ } Á*©=¼.c[Y[d�e1¯fr`g�k[c[noa±w�s>c[j�_�b1d�t^��i<i�cX]`eQi�e1u[d�_*r`g��7a4g�¯fr>e1¯7g�k[c[noaoi�Z�r`g�i�Y[c[i�g�{
Y[c>e ~V� ]mg�Y[Y>_*\6r`g*w�_*d�eBw*U�]>Uqdµc>b1p>_�s>t�j�_*i�g�Y[ZF_*p>e1r`g�k[c[c6c[Y[d�e1¯fr`g�k[c[c±amg�¯fr>e1¯1g�k[c[c¡c£w�s>c[j�_�b1d�c ~
� Y[d�e1¯fr`g�k[c[nD_*k>e1Y>_*uD_�b1Y>_*i�g�Y`g!Y`gLb1UqW&W�c[r>_*i�g�Y[c[nDp>_Luv_�W�p>_*Y>e1Y[d�g*WhÕTU�b1d�t!c>W&efe1d�b?n

n
_*k>e1Y>_*u±¼�_*k>e1YX{

uXg
e1 = (η1

1 , ..., η
1
ι , ..., η1

l )
a�l2l9l�a`_*k>e1Y[uXg

eκ = (ηκ
1 , ..., ηκ

ι , ..., ηκ
l )
aml2l9l�a

en = (ηn
1 , ..., ηn

ι , ..., ηn
l )
~�Í _*¯	]mg

c[Y[d�e1¯fr[c[r>_*i�g�Y[Y`g�n/_*k>e1Y[uqgµc>W&efe1d�i�cX]4¼
eI = (ηI

1 , ..., ηI
ι , ..., ηI

l )
a[¯	]`e

ηI
ι =

∑n
κ=1 ηκ

ι ∀ι = 1, l
~-n g�u[d�cX{

x>efb1u[c±a`c>b1p>_�s>t�jfU�e1d�b	n¡_*p>e1r`g�k[c[n ⊎ ¼
eI = e1 ⊎

...
⊎

eκ
⊎

...
⊎

en ~
Í e1p>e1r[t¢r`g*bfbfW&_*d�r[c>WÞw�s>c[j�_�b1d�t¢_*k>e1Y>_*uÇ][s>n�]>i�Uv¶×g�]>t�d�e1r[Y`g�d�c[i

A1
a

A2
b·bf_�_*d�i�e1d�b1d�i�Uv ãHc>W�c

_*k>e1Y[uXg*W�c
e(A1)

a
e(A2)

~�o s>c[j�_�b1d�tB_*p[r>e7]`e7s>n[e1d�b	nzd�g�u±¼
δ(e(A1), e(A2)) = (δ−(A1, A2), δ

+(A1, A2))
a

¯?]`e�uq_�W�p>_*Y>e1Y[d�Zæi�e1u[d�_*r`g6c>W&e1 d6i�cX]ç�����
δ−

{ x[c>b7s`_¡_�]>Y>_*yzg�¯�_*i�ZL¶Mc[j�W&e1Y>e1Y[c[\ ² s`efW&e1Y[d�g ι + 1
i

² s`efW&e1Y[d ι
�
ι = 1, l − 1

��� ² d�_:bf_�_*d�i�e1d�b1d�i�U�e1d:Ö=U�s>Uvx[yze1Y[c[.ÙÚ�7¾m���%��� δ+ {mx[c>b7s`_ _f]>Y>_*yµg�¯�_*i�ZL¶Hc[j�W&e1Y>e1Y[c[\
² s`efW&e1Y[d*g ι

i ² s`efW&e1Y[d ι + 1
�
ι = 1, l − 1

�£� ² d�_�bf_�_*d�i�e1d�b1d�i�U�e1d^Ö=Uv¶XU�]>yze1Y[c[.ÙÚ� ~ ÕTr>e7]>p>_�smg�¯1g*e1d�b	n
b7s`e7]>Uq:ãzefe�¼

|δ(e(A1), e(A2))| = |δ−(A1, A2)| + |δ+(A1, A2)|
~

Í e1p>e1r[t6r`g*bfbfW&_*d�r[c>Wçp>_�b1d�r>_�e1Y[c>e�_*k>e1Y[u[cX{=W&e7]>c`g�Y[ZÜ�¹_*p>e1r`g�k[c[n�g�¯fr>e1¯1g�k[c[cm� ~ ÕTU�b1d�t£c>W&efe1d�b?n¸c>b7{
¶�_�]>Y>_�eQW�Y>_�|Hefb1d�i�_<_*k>e1Y>_*u

E = {e1, ..., eκ, ..., en}
a`p[U�b1d�t

D
{�W�Y>_�|Hefb1d�i�_�i�bfe7¶£i�_*j�W&_�|µY[ZL¶¡_*k>e1Y>_*u

�
E ⊆ D

� ~�Í _*¯?]mgz_*k>e1Y[uqg�{=W&e7]>c`g�Y`gQc>W&efe1dQi�cX]·��]>i�gHb7s>Uqx`g�n-¼4ÖØ_�w�_�w*ãze1Y[Y`g�n�W&e7]>c`g�Y`g�Ù
M g c�ÖØW&e7]>c`g�Y`g

W�Y>_�|Hefb1d�i�g�Ù
M s �7¼

Mg = arg minM∈D

∑n
κ=1 |δ(M, eκ)|; M s = arg minM∈E

∑n
κ=1 |δ(M, eκ)|

~
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ßqÝ%ßXÝ�Y[`qB_r�`sF?`XtsR?u_@PcdQS`(@�vOB`(@PQI>eRXB`(D(EX=?RK@:c�<:=?>A@CBD(EGF?HI=KJ�^6RwL0N�@P=?QIEG^6RxD]U�R?WX@

YyZ(F?HI>eRz^4=?`\a{@Pcd>AD
� Y`gfx`g�smg�p[r[c[i�e7]`efW�u[r`g�d�uv_�ez_*p[c>b�g�Y[c>eH][s>n¡w�g�j�_*i�_*\hi�e1r>b1c[c/uv_�W&w*c[Y`g�d�_*r[Y>_*¯�_£b1c[Y[d�e1j�g�Y`g�_�b1Y>_�{

i�e�W&e1d�_f]mg � Ô/Ô/Õ �¹bµp>_*r�nq]>uq_*i�Z!W�cMyQuqg�smg*W�c^][s>n^_*k>e1Y[c[i�g�Y[c[n^Õ � � ~±Ê g*bfbfWVg�d�r[c[i�g*efWVg�n³b1c>b1d�efWVg
bf_�b1d�_*c[d�c[jBuv_�W�p>_*Y>e1Y[d�_*i�c£cX¶3bf_*i�W&efb1d�c>W&_�b1d�cl�¹î¦ì�� ~ ÕTr>e7]>p>_�s`_�|He1Y[c[no¼}|~E���b1c>b1d�efW�ZÈc>W&efe1d�]>r>e1i�_�{
i�cX]>Y[Uqêb1d�r[Uvu[d�Uqr[UÀ¾�|���� _*k>e1Y[uqgzuXgfx>efb1d�i�g�b1c>b1d�efW�Zçi�uXs>:x`g*e1d�_*k>e1Y[u[U�uXgfx>efb1d�i�g�i*¶�_f]>nXãHcX¶<uv_�W�p>_�{
Y>e1Y[d�_*iTcz_*k>e1Y[u[UBuqg�x>efb1d�i�g cX¶Dbf_*i�W&efb1d�c>W&_�b1d�c�î¦ì ¾A|CD��Vu[r[c[d�e1r[c[cµ_*k>e1Y[u[cµb1c>b1d�efW�Z�cQefe,uv_�W�p>_*Y>e1Y[d�_*i
nXi*s>nX:d�b?n·W&_*Y>_*d�_*Y[Y[Z!W�c±¾�|�t��Buqgfx>efb1d�i�_<uq_�W�p>_*Y>e1Y[d�_*i6b1c>b1d�efW×chî¦ìÈ_*k>e1Y[i�g�:d�b?nhY`g�_�b1Y>_*i�eµb1uq_�_*rX{
]>c[Y[c[r>_*i�g�Y[Y[ZL¶�yQuqg�s ~�� i�e7]`efW¸_�w�_*jfY`g�x>e1Y[c[n-¼l� } ��p[r>_�e1u[d�Y[Z�\�i�g�r[c`g�Y[d��¿g�s>t�d�e1r[Y`g�d�c[i�g���][s>nzuv_�W�p>_�{
Y>e1Y[d*g�Ì�x`g*b1d�chb1c>b1d�efW�ZOÕ � ¾��¿«���p[r[c>_*r[c[d�e1d<Õ � �

ι = 1, l
¾
1
bf_�_*d�i�e1d�b1d�i�U�e1d�Y`g�cXs>Uqx[yQefW�U3uXgfx>efb1d�i�U>�7¾

�¿¬���p>_*r�nq]>uv_*i�g�nMbf_*i�W&efb1d�c>W&_�b1d�t6][s>n·uXg�|z]`_*\�p`g�r[ZéÕ � �
w = 1, ν

¾
ν
bf_�_*d�i�e1d�b1d�i�U�e1d¡Y`g�cXs>Uqx[yQefW�U

uXgfx>efb1d�i�U>� ~ ÕTU�b1d�t£b1c>b1d�efWVg
S
bf_�b1d�_*c[d3c[j

m
x`g*b1d�e1\¢��uq_�W�p>_*Y>e1Y[d�_*iv�7¼

R(1), ..., R(i), ..., R(m)
~µ� s>n

uXg�|z]`_*\6x`g*b1d�c6¯�e1Y>e1r[c[r[U�e1d�b?n6W�Y>_�|Qefb1d�i�_�Õ �T~K. g�]mg�x`gµc>W&efe1d�i�cX]4¼

�:EX�?>eR�cd`\cd>eE�D(=?`\����B�`(@PQS>]=KJ���D(EsB�R?EX=?>7WdFz�ycdR?cd>A@�^4J
S = S(1) ? ... ? S(i) ? ... ? S(m)

|�`\W(R?=
v�U

S(i)
WdF_��QIE(a�W(`(��u_EXcd>]R

R(i)
a
i = 1,m

c�=�@P=?Z\F�@dD\`(�Mcd`XDd^4@Pcd>eRz^4`\cd>eHI��^4@�a{W(Z:`(>]`(��BzEX=?=?J�^6R
v�U Ý

ÕTr[c ² d�_�Wêc>b1p>_�s>t�jfU�e1d�b?n³]>c>b1u[r>e1d�Y>_�e£Ö=p[r>_�b1d�r`g�Y>b1d�i�_�Ù£uqgfx>efb1d�i�g�b1c>b1d�efW�Z¤��x`g*b1d�c[x[Y>_^Uvp>_*rvnq]`_�{
x>e1Y[Y>_�e¡W�Y>_�|Hefb1d�i�_��µY`g·_�b1Y>_*i�e3i�e1u[d�_*r`gX¼

N(S) = (w(S); e(S))
aå¯	]`e

w(S)
{BY`g�c>W&e1Y[t�yQefe3jfY`g�{

x>e1Y[c>e/bf_*i�W&efb1d�c>W&_�b1d�cÇW&e1|z]>U³p`g�r>_*\¢uv_�W�p>_*Y>e1Y[d�_*iç��d ~ e ~ a
∀ Rj1

���>�
Rj2

a
1 ≤ j1 6= j2 ≤ m

�zi
S
a

e(S) = (η1, ..., ηι, ..., ηl)
a�¯	]`e

ηι

{!x[c>b7s`_3Õ � uXgfx>efb1d�i�g
ι
i

S
~QÍ e1p>e1r[t£p[r[c[i�e7]`efWç®B_*r>WVg�s>t�Y[Uq

p>_�b1d�Y>_*i�u[U3j�g�]mg�x[c±¼
max e(S), max w(S),

s.t. w(S) ≥ 1.

� r>e1jfU�s>t�d�g�d�e�aVc[ãze1d�b	n�bf_�b1d�g�i�Y>_�e�r>e1yze1Y[c>e�a&uv_*d�_*r>_�e�Y>e7]`_�W�c[Y[c[r[U�efW&_·p>_
N(S)

��d ~ e ~ a,ÕBg�r>e1d�_ ² ®�{
®Be1u[d�c[i�Y>_�eDr>e1yQe1Y[c>e�� ~ ÖØÔhg�uvb1c>W�c[j�g�k[c[nqÙ

e(S)
_�b1Y>_*i�g�Y`g�Y`gzc>b1p>_�s>t�j�_*i�g�Y[c[chbf_�_*d�i�e1d�b1d�i�Uq:ãze1¯�_�x`g�{

b1d�c[x[Y>_¡Uvp>_*rvnq]`_*x>e1Y[Y>_*¯�_·W�Y>_�|Hefb1d�i�g ~ ÕTr[c[i�e7]`e1Y[Y`g�nMuv_�W&w*c[Y`g�d�_*r[Y`g�nMj�g�]mgfx`g/_*d�Y>_�b1c[d�b	n�u^uXsmg*bfb1U
ñ ï�{=b7s`_�|µY[ZL¶¡j�g�]mgfx±a[p>_ ² d�_�W�U<c>b1p>_�s>t�jfUq:d�b?n£p>e1r>efw�_*r[Y[Z!eHg�s>¯�_*r[c[d�W�Z ~
� ]mg�Y[Y>_*\hb1d�g�d�t�eBuq_�W&w*c[Y`g�d�_*r[Y[Z�\¸b1c[Y[d�e1jQ_�b1Y>_*i�g�Y¡Y`gµc>b1p>_�s>t�j�_*i�g�Y[c[chc[Y[d�e1r[i�g�s>t�Y[ZL¶¡_*k>e1Y>_*u/i

i�cX]`eµW�U�s>t�d�c>W�Y>_�|Hefb1d�i£][s>nh_*k>e1Y[c[i�g�Y[c[n¸Õ �T~mÍ g�uv_*\¸|Qezi�cX]¸_*k>e1Y[u[c/c>b1p>_�s>t�jfU�e1d�b?n·][s>n6r>e1jfU�s>t�d�cX{
r[Uq:ãze1\¸b1c>b1d�efW�Z

S = S(1) ? ... ? S(i) ? ... ? S(m)
¼Bg�¯fr>e1¯fc[r>_*i�g�Y[Y`g�n�_*k>e1Y[uqg^��ÖØ_�w�_�w*ãze1Y[Y`g�n¸W&e7]>cX{

g�Y`g�ÙÚ�HY`g¡_�b1Y>_*i�e3bf_*d�i�e1d�b1d�i�Uv ãQcX¶M_*k>e1Y>_*u�i*¶�_f]>nXyQcX¶Mi/r>e1ãQe1Y[c>e�uq_�W�p>_*Y>e1Y[d�_*i ~�Í g�u[c>Wê_�w*r`g�j�_�W�a
N(S) = (w(S); e(S))

a>¯?]`e
e(S)

{ÂÖØ_�w�_�w*ãQe1Y[Y`g�n<W&e7]>c`g�Y`g�Ù:Y`gH_�b1Y>_*i�eT_*k>e1Y>_*u<uv_�W�p>_*Y>e1Y[d�_*iµr>e1yze1Y[c[n ~
Ô/_f]>c>®�c[k[c[r>_*i�g�Y[Y`g�nMj�g�]mgfx`g���Y`g3_�b1Y>_*i�e�c>b1p>_�s>t�j�_*i�g�Y[c[n�_*k>e1Y>_*u^i6i�cX]`e�W�U�s>t�d�c>W�Y>_�|Qefb1d�iv�Hc>W&efe1d
i�cX]4¼

max e(S) = M g = arg min
M∈D

m∑

i=1

|δ(M, e(Si))|, max w(S),

s.t. w(S) ≥ 1.

ßqÝ�áqÝ���E(W(EXuzE	�!F?`(uz=K`(ts`]�0��Q(�XE(QSE�c6<4=K>e@CBmD\EGFKHI=?J�^4RwLONK@P=KQIEG^6RxD]U�R?W(@4YyZ\FKHI>eRz^6=K`�ab@Pcd>AD
o g�j�_*i�g�n3j�g�]mgfx`g�w�s`_*x[Y>_*¯�_µr[:u[j�g�uXgµc>W&efe1d�i�cX]��¦¥¨«�©=a±¥ Å�©��7¼

max
m∑

i=1

qi∑

j=1

cijxij

û&ü,ýLþ�ÿ������&û,þJü&ü��	�_ÃVÿmþ
������� �4þ���Ù+Øk� Ø Ø£Ó"Ù¹Ø
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s.t.
m∑

i=1

qi∑

j=1

aijxij ≤ b;
qi∑

j=1

xij ≤ 1, i = 1,m; xij ∈ {0, 1}.

ÕTr[c�c>b1p>_�s>t�j�_*i�g�Y[c[c3_*k>e1Y>_*u�iDi�cX]`e.W�U�s>t�d�c>W�Y>_�|Qefb1d�iz][s>n�_*k>e1Y[c[i�g�Y[c[nµÖ=p>_�s`e1jfY>_�b1d�cXÙ ² s`efW&e1Y[d�_*i
ei, i ∈ {1, ..., i, ...,m}

��i�W&efb1d�_
ci

�7a±b7s`e7]>Uv ãµg�n·g�¯fr>e1¯fc[r>_*i�g�Y[Y`g�n�_*k>e1Y[uqg<i3i�cX]`eµW�U�s>t�d�c>W�Y>_�|Hefb1d�i�g
W&_�|He1dQr`g*bfbfWVg�d�r[c[i�g*e1d�b	n�i�i�cX]`e�k>e7s`e1i�_*\�®�UqY[u[k[c[c6��ÖØWVg�uvb1c>W�c[j�g�k[c[nqÙÚ�7¼ �¿g��&g�¯fr>e1¯fc[r>_*i�g�Y[Y`g�n�_*k>e1Y[uqg
i3i�cX]`ezW�U�s>t�d�c>W�Y>_�|Qefb1d�i�g¡uqg�u/ÖØ_�w�_�w*ãze1Y[Y`g�nhW&e7]>c`g�Y`g�Ù?a��¹w�� g�¯fr>e1¯fc[r>_*i�g�Y[Y`g�n^_*k>e1Y[uqg<i<i�cX]`eµW�U�s>t*{
d�c>W�Y>_�|Hefb1d�i�gµuXg�u�ÖØW&e7]>c`g�Y`gzW�Y>_�|Qefb1d�i�g�Ù?aJ��iv�,c[Y[d�e1¯fr[c[r>_*i�g�Y[Y`g�n£_*k>e1Y[uqgµiHi�cX]`e�W�U�s>t�d�c>W�Y>_�|Hefb1d�i�g ~
Ê g*bfbfW&_*d�r[c>W°b7s`e7]>Uq:ãQc[\3i�g�r[c`g�Y[d�w�s`_*x[Y>_*\6j�g�]mgfx[c¡_�r[:u[j�g�uqe�¼
� } �:_*k>e1Y[u[c·i<i�cX]`eµW�U�s>t�d�c>W�Y>_�|Hefb1d�i6][s>n¡Ö=p>_�s`e1jfY>_�b1d�cXÙ ² s`efW&e1Y[d�_*i ei,j, i ∈ {1, ..., i, ...,m}, j =

1, qi

��i�W&efb1d�_
cij

�7a
�¿«���g�¯fr>e1¯fc[r>_*i�g�Y[Y`g�nM_*k>e1Y[uqg6uqg�u·ÖØ_�w�_�w*ãze1Y[Y`g�n^W&e7]>c`g�Y`g�Ù¡��cXs>chÖØW&e7]>c`g�Y`g¡W�Y>_�|Qefb1d�i�g�ÙÚ�Dc>b1p>_�s>t*{

jfU�e1d�b?n£uqg�u£k>e7s`e1i�g�n¡®�UvY[u[k[c[n¸��ÖØWVg�uqb1c>W�c[j�g�k[c[nvÙÚ� ~
ÕTU�b1d�t�c>W&efe1d�b?n£c>b#¶�_�]>Y>_�eDW�Y>_�|Qefb1d�i�_ ² s`efW&e1Y[d�_*i>¼

{(1, 1), (1, 2), ..., (1, q1), ..., (i, 1), (i, 2), ..., (i, qi), ..., (m, 1), (m, 2), ..., (m, qm)}
~

o U�s`e1i�g�p>e1r>efW&e1Y[Y`g�n
xi,j

bf_�_*d�i�e1d�b1d�i�U�e1d3i�Z!w�_*r[U ² s`efW&e1Y[d*g (i, j)
~�Ê e1yze1Y[c>ezp[r>e7]`b1d�g�i*s>n[e1d£bf_�w�_*\

p>_�]`W�Y>_�|Hefb1d�i�_<c>b	¶�_f]>Y>_*¯�_�W�Y>_�|Qefb1d�i�g ² s`efW&e1Y[d�_*i>¼ S = {(i, j)|xi,j = 1}
~!. g�]mgfx`gµc>W&efe1d�i�cX]4¼

max e(S) = max M = arg min
M∈D

∑

(i,j)∈S={(i,j)|xi,j=1}

|δ(M, ei,j)|,

s.t.
m∑

i=1

qi∑

j=1

aijxi,j ≤ b;
qi∑

j=1

xij = 1; xij ∈ {0, 1}.

, x>e1i�cX]>Y>_[a ² d�gBj�g�]mgfx`gBp>_f¶�_�|zgHY`gTr`g*bfbfW&_*d�r>e1Y[Y[UvÇi�Z�yze�p>_�b1d*g�Y>_*i�u[U�avY>_Hw�e1j!Uqx>e1d�gBbf_*i�W&efb1d�c>W&_�b1d�c
_*d�_�w*r`g�Y[Y[ZL¶ ² s`efW&e1Y[d�_*i ~

¬ ~ Õ ÊV� Ô �VÊl�:1:� � � � Í�� Ô 5 äTÕ Ê/:�01B�V���4� ä Ô �65 Ô �e, Ô , Ô

áqÝ�Û�Ým<V@CBzEsB��?R?u%@PcdQIEG�xYy`(W(@�FKH

Ê g*bfbfWVg�d�r[c[i�g*e1d�b	n¸b7s`e7]>Uq:ãµg�n6c>e1r`g�r�¶qc[x>efb1uXg�nhb1d�r[Uqu[d�Uqr`g�b1c>b1d�efW�ZFUqp[r`g�i*s`e1Y[c[n¡UXW�Y[Z!W¢]`_�W&_�W
� Ê c>b ~ §XaÀc[j�¥ } ª�©=¾Àc[Y[d�e1r[i�g�s>t�Y[Z!eµ_*k>e1Y[u[chi�i�cX]`eQW�U�s>t�d�c>W�Y>_�|Qefb1d�i6p[r>e7]`b1d�g�i*s`e1Y[Zêi�u[r[Uv¯?s>ZL¶/b1uq_�w�{
uXg�¶>�7¼
� l � c>b1d�efWVgµUqp[r`g�i*s`e1Y[c[n

S = A ? B ? C
~

� l�Õ�_f]`b1c>b1d�efWVg�w�e1j�_*p`g*b1Y>_�b1d�c
A = D ? E

~
Û�Ý�Û�Ý�ä p[r`g�i*s`e1Y[c>e�]`_�b1d�Uqp>_�W

D = G ? H ? I
~

Û�Ý�Û�Ý�Û�Ý , uq_*Y[Y[Z!eDb1d�g�i�Y[c
G
¼³r[Uqx[Y>_*\£r>e1|µc>W

G1
a ² s`e1u[d�r[c[x>efb1u[c[\6r>e1|µc>W G2

~
Û�Ý�Û�Ý�ßqÝ � i�e1r[Y>_*\¡j�g*W&_*u

H
¼�d�c[p>_*i�_*\

H1
a ² s`e1u[d�r[c[x>efb1u[c[\ H2

~
Û�Ý�Û�Ý�ávÝ Í _*x[uXgHcX]`e1Y[d�c>®�c[uqg�k[c[c

I
¼·uXs> x

I1
aqïVîØñ.{Æuv_�]

I2
a_�.ù�î��

I3
avw*c>_�W&e1d�r[c[x>efb1u[c[\£b1p>_�bf_�w

I4
~

Û�Ý�ßqÝ�ä p[r`g�i*s`e1Y[c>eBd�r>e1i�_*¯1g*W�c
E = J ? K ? L

~
Û�Ý�ßqÝ�Û�Ý � c[¯fY`g�s/d�r>e1i�_*¯fc

J
¼¢b1c[r>e1Y`g

J1
a[b1i�e1d

J2
~

Û�Ý�ßqÝ�ßqÝ � e1d�e1u[d�_*r¡p[r[c>b1Uvd�b1d�i�c[n
K
¼�c[Y>®�r`g�u[r`g*b1Y[Z!eBs>Uvx[c

K1
aXU�s>t�d�r`g�jfi�Uvu

K2
aX]>i�c[|Qe1Y[c>e

K3
~

Û�Ý�ßqÝ�ávÝ � p>_�bf_�wµb1c[¯fY`g�s>c[j�g�k[c[c
L
¼¸¯�_*r>_�]`b1uv_*\£d�e7s`ef®B_*Y

L1
avr`g�]>c>_

L2
a � Y[d�e1r[Y>e1d

L3
a ó �_ hÌ��_ ·�

L4
~

û&ü,ýLþ�ÿ������&û,þJü&ü��	�_ÃVÿmþ
������� �4þ���Ù+Ø���Ø Ø£Ó"Ù¹Ø
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Ê c>b ~ § ~ � d�r[Uqu[d�Uqr`gµb1c>b1d�efW�ZÈUqp[r`g�i*s`e1Y[c[n

xS = A ? B ? C(1; 4, 0, 0)
S1 = A1 ? B1 ? C1(3; 1, 3, 0)
S2 = A1 ? B1 ? C2(1; 2, 2, 0)
S3 = A2 ? B1 ? C1(1; 2, 2, 0)
S4 = A2 ? B1 ? C2(1; 2, 2, 0)

v v vA = D ? E
A1 = D1 ? E1(3; 1, 3, 0)
A2 = D1 ? E2(1; 2, 2, 0)

B = M ? Φ
B1 = M1 ? Φ1(3; 2, 2, 0)

C = Q ? T
C1 = Q1 ? T1(3; 1, 3, 0)
C2 = Q2 ? T1(1; 2, 2, 0)

Q = W ? V ? U T = X ? Y ? Z

uT1 = X2 ? Y2 ? Z2(3; 1, 2, 1)uQ1 = W1 ? V1 ? U1(3; 1, 3, 0)
Q2 = W2 ? V1 ? U1(1; 3, 1, 0)

r r r r r rW V U X Y Z
X1(0, 3, 1)
X2(1, 2, 1)

Y1(1, 2, 1)
Y2(2, 2, 0)

Z1(0, 3, 1)
Z2(1, 2, 1)

W1(1, 3, 0)
W2(3, 1, 0)

V1(3, 1, 0)
V2(0, 3, 1)
V3(0, 1, 3)

U1(1, 3, 0)
U2(0, 1, 3)

M = O ? P Φ = R ? F

uΦ1 = R1 ? F1(3; 2, 2, 0)uM1 = O2 ? P1(3; 1, 3, 0)
M2 = O3 ? P1(2; 2, 2, 0)

r r r rO P R F
O1(0, 1, 3)
O2(1, 3, 0)
O3(3, 1, 0)
O4(0, 2, 2)

P1(1, 3, 0)
P2(0, 2, 2)

R1(2, 2, 0)
R2(0, 3, 1)
R3(0, 2, 2)

F1(1, 3, 0)
F2(0, 3, 1)

D = G ? H ? I E = J ? K ? L

uE1 = J2 ? K1 ? L1(3; 1, 2, 1)
E2 = J1 ? K2 ? L3(1; 2, 2, 0)

uD1 = G1 ? H1 ? I1(3; 1, 3, 0)

r r r r r rG H I J K L
L1(1, 2, 1)
L2(0, 1, 3)
L3(4, 0, 0)
L4(1, 2, 1)

K1(3, 1, 0)
K2(2, 2, 0)
K3(0, 3, 1)

J1(1, 3, 0)
J2(1, 1, 2)

I1(3, 1, 0)
I2(0, 1, 3)
I3(1, 1, 2)
I4(1, 2, 1)

H1(1, 2, 1)
H2(0, 2, 2)

G1(1, 2, 1)
G2(0, 1, 3)

¢ l�Õ�_f]`b1c>b1d�efWVg�uv_�W&®D_*r[d�g
B = M ? N

~
ßqÝ�Û�Ý Í efW�p>e1r`g�d�Uvr`g

M = O ? P
~

ßqÝ�Û�Ý�Û�Ý&Õ�_�]`_*¯fr>e1i
O
¼�p>_�s

O1
aXr`g�]>c`g�d�_*r[Z

O2
aXp>_*d�_�s`_*u

O3
a[b1d�e1Y`g�bTp>_�]`_*¯fr>e1i�_�W

O4
~

ßqÝ�Û�Ý�ßqÝ&Ó�_*YX]>c[k[c>_*Y>e1r
P
¼�i�Y>e1yHY[c[\

P1
a>i�Y[Uvd�r>e1Y[Y[c[\

P2
~

ßqÝ�ßqÝ&ÓBg�x>efb1d�i�_�b1r>e7]>Z
N = R ? F

~
ßqÝ�ßqÝ�Û�Ý � e1Y[d�cXs>nXk[c[n

R
¼�p>_µp>e1r>e1u[r[Z�d�c[n[W

R1
a[Y`gQr`g*w�_*x[cX¶£W&efb1d�g�¶

R2
aXk>e1Y[d�r`g�s>t�Y`g�n

R3
~

ßqÝ�ßqÝ�ßqÝ n cXs>t�d�r`g�k[c[n6i�_*j1]>Uv¶vg
F
¼Ms`_*uqg�s>t�Y`g�n

F1
aXk>e1Y[d�r`g�s>t�Y`g�n

F2
~

£ l � Y[d�e7s[s`e1u[d�U�g�s>t�Y`g�n6p>_�]`b1c>b1d�efWVg
C = Q ? T

~
ávÝ�Û�Ý&Ô¡U�s>t�d�c>W&e7]>c`g

Q = W ? V ? U
~

ávÝ�Û�Ý�Û�Ý � cX]`efb1c>b1d�efWVg
W
¼�W&_*Y[c[d�_*r

W1
a>W�U�s>t�d�c>W&e7]>c[\[Y[Z�\¡p[r>_�e1u[d�_*r

W2
~

ávÝ�Û�Ý�ßqÝ / U�]>c>_�{=b1c>b1d�efWVg
V
¼MÖÚ«X¼ } Ù

V1
avÖÚ§X¼ } Ù

V2
a[b#¶�efWVg�yHUXW�p>_f]mg�i*s`e1Y[c[n � _�s`w*c

V3
~

û&ü,ýLþ�ÿ������&û,þJü&ü��	�_ÃVÿmþ
������� �4þ���Ù+Øk� Ø Ø£Ó"Ù¹Ø
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ávÝ�Û�Ý�ávÝ � _�WVg�yQY[c[\¡bfe1r[i�e1rmÌ�Õ�Ó

U
¼�r`g*b1p[r>e7]`e7s`e1Y[Y[Z�\

U1
aXc[Y[d�e1¯fr[c[r>_*i�g�Y[Y[Z�\

U2
~

ávÝ�ßqÝ � _�WVg�yQY>efeD_�w�_*r[U�]`_*i�g�Y[c>e
T = X ? Y ? Z

~
ávÝ�ßqÝ�Û�Ý � Uv¶�_*i�_*\£yQuqg*®

X
¼³¯7g�j�_*i�Z�\

X1
a ² s`e1u[d�r[c[x>efb1u[c[\ X2

~
ávÝ�ßqÝ�ßqÝ Ê ef®�r[c[|He1r`g�d�_*r

Y
¼¢b�W&_*r>_*jfcXs>t�Y[c[uv_�W

Y1
a[b�b1i�nXjft�Fp>_ � Y[d�e1r[Y>e1d

Y2
~

ávÝ�ßqÝ�ávÝ � g�u[UqUqW�Y[Z�\6_*x[c>b1d�c[d�e7s>t
Z
¼�k>e1Y[d�r`g�s>t�Y[Z�\

Z1
a>��ö±�ví

Z2
~

� b1p>_�s>t�j�_*i�g�Y[Y[Z!eD_*k>e1Y[u[c3iµi�cX]`e�W�U�s>t�d�c>W�Y>_�|Hefb1d�i<_�b1Y>_*i�g�Y[ZçY`gHY>efb1uv_�s>t�u[cX¶£u[r[c[d�e1r[c[nq¶¸�¹b1d�_*cX{
W&_�b1d�t>a-p>_*d�r>efw�s`e1Y[c>e ² Y>e1r[¯fc[c±aÀY`g�]`e1|µY>_�b1d�t>a-][s>c[d�e7s>t�Y>_�b1d�t<|µc[jfY>e1Y[Y>_*¯�_<k[c[uXsmg6¥ } ª�©�� ~6, k>e1Y[u[chbf_*i*{
W&efb1d�c>W&_�b1d�c<W&e1|z]>UµÕ � p[r>e7]`b1d�g�i*s`e1Y[Z×i Í g*w�s>c[k`g�¶ } aq«Xa�¬Xa�Á>aq§Xavª���p>_*rvnq]>uv_*i�g�n�yQuqg�smgXa ² uvb1p>e1r[d�Y>_�e
_*k>e1Y[c[i�g�Y[c>e�amc[j�¥ } ª�©�� ~

Í g*w�s>c[k`g }�~ � _*i�W&efb1d�c>W&_�b1d�t

G1
G2
H1
H2

H1 H2 I1 I2 I3 I4

3 3 3 2 1 1
3 3 3 3 3 3

3 1 1 1
1 3 3 3

Í g*w�s>c[k`g�« ~ � _*i�W&efb1d�c>W&_�b1d�t

J1
J2
K1
K2
K3

K1 K2 K3 L1 L2 L3 L4

2 1 3 2 1 1 3
3 3 3 3 3 3 2

3 2 0 2
2 1 1 2
2 3 2 2

Í g*w�s>c[k`g�¬ ~ � _*i�W&efb1d�c>W&_�b1d�t

P1
P2

O1 O2 O3 O4

3 3 2 1
2 3 1 2

Í g*w�s>c[k`g�Á ~ � _*i�W&efb1d�c>W&_�b1d�t

F1
F2

R1 R2 R3

3 3 2
2 2 3

Í g*w�s>c[k`g�§ ~ � _*i�W&efb1d�c>W&_�b1d�t

W1
W2
V1
V2
V3

V1 V2 V3 U1 U2

3 2 1 3 2
1 2 3 2 3

3 1
3 2
2 3

Í g*w�s>c[k`g�ª ~ � _*i�W&efb1d�c>W&_�b1d�t

X1
X2
Y1
Y2

Y1 Y2 Z1 Z2

2 2 3 2
3 3 2 3

3 2
3 3

ávÝ%ßXÝO¥
`\cd>eE�D(=?J�@9�!@P¦A@P=?Rz�
Õ�_�s>Uqx>e1Y[ZÈb7s`e7]>Uv ãQc>eBÕBg�r>e1d�_ ² ®B®Be1u[d�c[i�Y[Z!eDÕ � ¼
� } �,][s>n3x`g*b1d�c

A
� Ê c>b ~ ªQcXs[s>Tb1d�r[c[r[U�e1d�uXgfx>efb1d�i�_

E
�7¼

D1 = G1 ? H1 ? I1
a
N(D1) = (3; 1, 3, 0)

¾

E1 = J2 ? K1 ? L1
a
N(E1) = (3; 1, 2, 1)

¾
E2 = J1 ? K2 ? L3

a
N(E2) = (1; 2, 2, 0)

¾

A1 = D1 ? E1(3; 1, 3, 0)
a
A2 = D1 ? E2(1; 2, 2, 0)

~
�¿«��,][s>n3x`g*b1d�c

B
¼

Φ1 = R1 ? F1
a
N(Φ1) = (3; 2, 2, 0)

¾

M1 = O2 ? P1
a
N(M1) = (3; 1, 3, 0)

¾
M2 = O3 ? P1

a
N(M2) = (2; 2, 2, 0)

¾

B1 = Φ1 ? M1(3; 2, 2, 0)
~

�¿¬��,][s>n3x`g*b1d�c
C
¼

Q1 = W1 ? V1 ? U1
a
N(Q1) = (3; 1, 3, 0)

¾
Q2 = W2 ? V1 ? U1

a
N(Q2) = (1; 3, 1, 0)

¾

T1 = X2 ? Y2 ? Z2
a
N(T1) = (3; 1, 2, 1)

¾

C1 = Q1 ? T1(3; 1, 3, 0)
a
C2 = Q2 ? T1(1; 2, 2, 0)

~
Í g�u[c>W¢_�w*r`g�j�_�W�a>p>_�s>Uqx>e1Y[ZÈb7s`e7]>Uv ãQc>e�x>e1d�Z�r>eBbf_�b1d�g�i�Y[Z!eHr>e1yze1Y[c[n^��uqg�u£uq_�W&w*c[Y`g�k[c[cm�7¼

S1 = A1 ? B1 ? C1
a
S2 = A1 ? B1 ? C2

a
S3 = A2 ? B1 ? C1

a
S4 = A2 ? B1 ? C2

a
� s`e7]>U�e1d�j�g*W&e1d�c[d�t>a`x[d�_µc>b#¶�_�]>Y>_�eHW�Y>_�|Hefb1d�i�_�uv_�W&w*c[Y`g�k[c[\/i�uXs>:x`g*e1d

1179648
i�_*j�W&_�|µY[ZL¶6r>e7{

yze1Y[c[\���d ~ e ~ a
(2 × 2 × 4) × (2 × 3 × 4) × (4 × 2) × (3 × 2) × (2 × 2 × 2) × (2 × 2 × 2)

� ~

û&ü,ýLþ�ÿ������&û,þJü&ü��	�_ÃVÿmþ
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 ;%�pãJÐ�Ñ4Ò��& 5?Ï(§
ávÝ�áqÝ�¨2=?EGF?R_�MRª©SFKZIu_¦A@P=?RK@�©��(QIR_�TY[@Pcd>

Í g*w�s>c[k`g¸Å¡bf_�]`e1r�|µc[d^p[r[c>W&e1r[ZèU�s>Uqx[yQe1Y[c[no¼�Uvjfu[c>e<W&efb1d�g¢��p>_ ² s`efW&e1Y[d*g*W�a,p>_·bf_*i�W&efb1d�c>W&_�b1d�c
W&e1|z]>U ² s`efW&e1Y[d�g*W�cm�!c6_*p>e1r`g�k[c[c£U�s>Uqx[yQe1Y[c[n<][s>n3bf_�b1d�g�i�Y[ZL¶£r>e1yze1Y[c[\���][s>n3uq_�W�p>_*Y>e1Y[d�g E

� ~

Ê c>b ~ ª ~ ÓBgfx>efb1d�i�_
E

�
�
�
��

A
A
A
AA

�
�
�
��

A
A
A
AA

�
�
�
��

A
A
A
AAtN(E2) tN(E1)

rf� ]`e�g�s>t�Y`g�n
d�_*x[uqg

w = 1

w = 2

w = 3

Í g*w�s>c[k`g�Å ~ ä:jfu[c>eBW&efb1d*gXa`_*p>e1r`g�k[c[c¡U�s>Uqx[yQe1Y[c[n
� _�b1d*g�i�Z!eDÕ � ä:jfu[c>eDW&efb1d�g

Õ � î#ì
, p>e1r`g�k[c[cU�s>Uqx[yze1Y[c[n

w/r

E1 = J2 ? K1 ? L1
E1 = J2 ? K1 ? L1
E2 = J1 ? K2 ? L3
E2 = J1 ? K2 ? L3
E2 = J1 ? K2 ? L3
E2 = J1 ? K2 ? L3
E2 = J1 ? K2 ? L3

(1, 2, 1) ⇒ (4, 0, 0)
(1, 1, 2) ⇒ (4, 0, 0)
(1, 3, 0) ⇒ (4, 0, 0)
(3, 1, 0) ⇒ (4, 0, 0)

1 ⇒ 3
1 ⇒ 3
1 ⇒ 3

L1
J2
J1

K1
(J1, L3)
(J1,K2)
(K2, L3)

Á ~ Õ ÊV� Ô �VÊl�:1:� � � � Í�� Ô 5«/ �LÍ�, Ô /&Í��4.m/98����¬.`�V/ ���4�
âmÝ�Û�ÝO¥
>2B�ZIQS>]ZdBzEy¥
R?cd>A@�^4JªRvOB`(@PQI>eRXB`(D(EX=?RK@

� uqgfx>efb1d�i�eBp[r[c>W&e1r`gzr`g*bfbfWVg�d�r[c[i�g*e1d�b	n6b7s`e7]>Uq ãzg�n�c>e1r`g�r�¶Xc[x>efb1uqg�n6b1d�r[Uqu[d�Uqr`g3� Ê c>b ~ ÅqaXc[jµ¥ } Å�©=¾
c[Y[d�e1r[i�g�s>t�Y[Z!eQ_*k>e1Y[u[c6iµi�cX]`eBW�U�s>t�d�c>W�Y>_�|Hefb1d�i<p[r>e7]`b1d�g�i*s`e1Y[ZOiµu[r[Uq¯	s>ZL¶£b1uv_�w*uXg�¶>�7¼

¥
R?cd>A@�^6E�Ý�ÕTr[c>W&e1r¡b1c>b1d�efW�ZOg�i�d�_�WVg�d�c[j�g�k[c[c¡j1]mg�Y[c[n
S = G ? Q ? T ? I

~
v:`\W(cdR?cd>A@�^6E�Û�Ý,îØï�Ì�ð�ñ.ò ó ���	�1ô����

G
¼ ó �%º?�A®��X¬

G1
a�¯V�%�>ïÂ�*º#�

G2
a�¯&�%�>ï�ì

G3
~

v:`\W(cdR?cd>A@�^6E�ßXÝ.îÚï�Ì�õç�qñéª*ö±�*õ×ïm� ñ ó ���	�1ôL�f�
Q
¼´�q�1�>�#�%�>�q�[�HñT���>�*º	�*�[�	�1º

Q1
a�°��1�[�[��íz�L�*º	�[�1º¦{

�:�*�[�	�1º
Q2
a>�:º	í	»y�:�ví?ø�ï&»v�qñ �1���:�*�[�	�1º

Q3
amì�º	���	�	�À��ôb¯&»>�1º#�>�1� ó ���	�1ôL�f�^�± /îØ��ª�Ã�Ã��

Q4
~

v:`\W(cdR?cd>A@�^6E3ávÝ�÷m�%�����f��õ°�%º	�1���f�	�Q�q�1�>�	�*ºBñ:�1�Øô��*º#ø
T
¼}²�î

T1
a�¯&�D�-�1º

T2
a�°��1�[�[��í

T3
a4ù[º	�f�f�?í������

T4
a� 6��í1º	�qí	»[�%Î

T5
~

v:`\W(cdR?cd>A@�^6E�âmÝ&ð�ñ:ò´ùJ���1���<���>��î=�Xú¹º?�*�#�#º#�>í1�#�[º	�
I
¼�� �L�

I1
a>�v���1���1�>�

I2
a`�[ì0® ñ2¯,îC��¯��b¯V���fí1�#º#��í

I3
a[��³��[ì0®

I4
~

Ê c>b ~ Å ~V� e1r`g�r�¶qc[x>efb1uXg�n¡b1d�r[Uqu[d�Uvr`gµb1c>b1d�efW�Z

G3(0, 2, 2)

G2(0, 1, 3)

G1(3, 1, 0)

Q4(0, 3, 1)

Q3(3, 1, 0)

Q2(1, 3, 0)

Q1(1, 2, 1)

T5(0, 3, 1)

T4(0, 1, 3)

T3(0, 2, 2)

T2(4, 0, 0)

T1(0, 3, 1)

I4(1, 2, 1)

I3(3, 1, 0)

I2(0, 2, 2)

I1(1, 3, 0)
e e e eerererer

ererererererer
erereerrer

x
G Q T I

S = G ? Q ? T ? I
S1 = G1 ? Q3 ? T2 ? I1(3; 3, 1, 0)

� b1p>_�s>t�j�_*i�g�Y[Y[Z!e�_*k>e1Y[u[cBi!i�cX]`eVW�U�s>t�d�c>W�Y>_�|Hefb1d�i�_�b1Y>_*i�g�Y[Z^Y`gLY>efb1uq_�s>t�u[cX¶Bu[r[c[d�e1r[c[nq¶���Y`g�]`e1|z{
Y>_�b1d�t>a.p[r>_*c[jfi�_f]>c[d�e7s>t�Y>_�b1d�t>a�WVg*b1yQd�g*w*c[r[U�efW&_�b1d�t>a d�e7¶qY[c[x>efb1uq_�eh_�w�b7s>Uv|µc[i�g�Y[c>e�a b1d�_*c>W&_�b1d�tÇ¥ } Å�©�� ~
, k>e1Y[u[cçbf_*i�W&efb1d�c>W&_�b1d�cçW&e1|z]>U�Õ � p[r>e7]`b1d�g�i*s`e1Y[ZÜi Í g*w�s>c[k>e Ä ��p>_*r�nq]>uq_*i�g�nÇyHuXg�smgXa ² uvb1p>e1r[d*{
Y>_�e3_*k>e1Y[c[i�g�Y[c>e�a�c[j·¥ } Å�©�� ~ Õ�_�s>Uqx>e1Y[ZÞb7s`e7]>Uv ãQc>e�ÕBg�r>e1d�_ ² ®D®Be1u[d�c[i�Y[Z!e<bf_�b1d�g�i�Y[Z!e£Õ � ¼ S1 =
G1 ? Q3 ? T2 ? I1

a
N(S1) = (3; 3, 1, 0)

~DÊ c>b ~ Ä cXs[s>Tb1d�r[c[r[U�e1d�uXgfx>efb1d�i�_<Uquqg�j�g�Y[Y>_*¯�_<r>e1jfU�s>t�d�c[r[Uq.{
ãze1¯�_�Õ �T~

û&ü,ýLþ�ÿ������&û,þJü&ü��	�_ÃVÿmþ
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Í g*w�s>c[k`g ÄX~ � _*i�W&efb1d�c>W&_�b1d�t

G1
G2
G3
Q1
Q2
Q3
Q4

T1
T2
T3
T4
T5

Q1Q2Q3Q4T1 T2 T3 T4 T5 I1 I2 I3 I4

3 3 3 3 2 3 3 3 2 3 3 2 3
2 2 3 3 3 3 3 2 2 3 2 2 3
2 2 3 3 3 3 2 2 3 3 2 2 3

2 3 3 2 2 3 2 2 3
2 3 3 2 2 3 2 2 3
2 3 3 2 2 3 3 2 3
2 3 3 2 2 3 2 2 3

3 2 2 3
3 3 2 3
3 2 2 3
3 2 2 3
3 2 2 3 Ê c>b ~,ÄX~ ÓBg�x>efb1d�i�_

S

�
�
�
��

A
A
A
AA

�
�
�
��

A
A
A
AA

�
�
�
��

A
A
A
AA

tN(S1)

rf
� ]`e�g�s>t�Y`g�n

d�x[uXg

w = 1

w = 2

w = 3

âmÝ�ßqÝ��-EXcd¦]R�B@P=?RK@M¥
RKcd>e@�^6J

Ê g*b1yHc[r>e1Y[c>e·b1c>b1d�efW�ZÜr>e�g�s>c[jfU�e1d�b?nÇuqg�u×]`_�w�g�i*s`e1Y[c>ehp[nXd�_*\Çp>_f]`b1c>b1d�efW�Zµ® �*�����q�1º+*��1º¡�võ
H
¼

�T�*���G*����¡�võ
H1
am¯&���#�`�*�1ºH�võ

H2
am ¡���#�	�1º#»>�*�>�	���võ

H3
a±���>�x¯&�%�-�q{Æ�%�%�>ð�ñ.ò:{=ð�ñ.ò ô��1�

H4
~�Ê g*b1yQcX{

r>e1Y[Y`g�nzb1d�r[Uvu[d�Uqr`g b1c>b1d�efW�Z³p[r>e7]`b1d�g�i*s`e1Y`g Y`g Ê c>b ~&½X~JÍ g*w�s>c[k`g ½ bf_f]`e1r�|µc[dB_*k>e1Y[u[c�bf_*i�W&efb1d�c>W&_�b1d�c
��p>_*rvnv]>uq_*i�g�n6yQuqg�smgXa ² uvb1p>e1r[d�Y>_�eD_*k>e1Y[c[i�g�Y[c>e�amc[j�¥ } Å�©�� ~

Ê c>b ~,½X~&Ê g*b1yHc[r>e1Y[Y`g�n¡c>e1r`g�r�¶Xc[x>efb1uqg�n/b1d�r[Uvu[d�Uqr`gµb1c>b1d�efW�Z

G3(0, 2, 2)

G2(0, 1, 3)

G1(3, 1, 0)

Q4(0, 3, 1)

Q3(3, 1, 0)

Q2(1, 3, 0)

Q1(1, 2, 1)

T5(0, 3, 1)

T4(0, 1, 3)

T3(0, 2, 2)

T2(4, 0, 0)

T1(0, 3, 1)

I4(1, 2, 1)

I3(3, 1, 0)

I2(0, 2, 2)

I1(1, 3, 0)

H4(0, 2, 2)

H3(4, 0, 0)

H2(1, 3, 0)

H1(0, 3, 1)
e e e e eerererer

erererer
ererererererer

erereerrer

x
G Q T I H

Ŝ = G ? Q ? T ? I ? H

Ŝ1 = G1 ? Q3 ? T2 ? I1 ? H2(3; 3, 1, 0)

Í g*w�s>c[k`g ½X~ � _*i�W&efb1d�c>W&_�b1d�t

G1 G2 G3 Q1 Q2 Q3 Q4 T1 T2 T3 T4 T5 I1 I2 I3 I4

H1
H2
H3
H4

3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3 1 1 1 1 3 1 1 3 1 1 1 3 3 1 2
3 1 1 1 1 3 1 1 3 1 1 1 2 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Ê c>b ~.} Ã ~ ÓBgfx>efb1d�i�_

Ŝ

�
�
�
��

A
A
A
AA

�
�
�
��

A
A
A
AA

�
�
�
��

A
A
A
AA

t N(Ŝ1)

rf� ]`e�g�s>t�Y`g�n
d�_*x[uqg

w = 1

w = 2

w = 3

Õ�_�s>Uqx>e1Y>_�b7s`e7]>Uv ãzefe�r>e1jfU�s>t�d�c[r[Uv ãzefeBÕBg�r>e1d�_ ² ®B®Be1u[d�c[i�Y>_�eDbf_�b1d�g�i�Y>_�eBr>e1yze1Y[c>e�¼

Ŝ1 = G1 ? Q3 ? T2 ? I2 ? H2
a
N(Ŝ1) = (3; 3, 1, 0)

~
Ê c>b ~H} Ã�cXs[s>Tb1d�r[c[r[U�e1d3p>_�s>Uvx>e1Y[Y>_�eQbf_�b1d�g�i�Y>_�eµÕ �T~m. g*W&e1d�c>W�aÀr>e1yQe1Y[c>e

Ŝ1
nXi*s>n[e1d�b	n/r`g*b1yQc[r>e7{

Y[c>efWlbf_�b1d*g�i�Y>_*¯�_�Õ �
S1
�¹b1d�r`g�d�e1¯fc[n/«�� ~
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âmÝ�ávÝ�©zF?ZIu_¦A@P=?RK@[¶�EXcd>A@P�ª¥
R?cd>A@�^4J

·�¸?¹zº�»	¼G½�¾?¼Q@4¿�À�Á?¿X½?¼�½?Â\¿XÃ

Í g*w�s>c[k`g } ÃhcXs[s>Tb1d�r[c[r[U�e1d^p[r>_*k>efbfb£U�s>Uqx[yQe1Y[c[n�Y`g·_�b1Y>_*i�e6uv_�W�p>_*Y>e1Y[d�_*iMr>e1yQe1Y[c[nÈ� Ê c>b ~ Å��7¼
S1
~

Í g*w�s>c[k`g } Ã ~ ä jfu[c>eBW&efb1d�g�c£_*p>e1r`g�k[c[c6U�s>Uvx[yze1Y[c[n
� _�b1d*g�i�Y[Z!eDÕ � ä jfu[c>eBW&efb1d�g

Õ � î#ì
, p>e1r`g�k[c[c
U�s>Uqx[yQe1Y[c[n

w/r

S1 = G1 ? Q3 ? T2 ? I1
S1 = G1 ? Q3 ? T2 ? I1
S1 = G1 ? Q3 ? T2 ? I1

(3, 1, 0) ⇒ (4, 0, 0)
(3, 1, 0) ⇒ (4, 0, 0)
(1, 3, 0) ⇒ (4, 0, 0)

G1
Q3

I1

·�¸?¹zº�»	¼G½�¾?¼V½?Ä�P�Å�½?¿XÃI¼AÆÄPÇmÄGº�¾[È!¸?¿Xº�½?¿XÉP¿MÊ�Ë9Ì?ÍdÄ\Ì_Ä

ä�s>Uqx[yQe1Y[c>e�b1c>b1d�efW�ZËW&_�|He1d/w*Z�d�t£r>e�g�s>c[j�_*i�g�Y>_£uXg�u¸U�s>Uvx[yze1Y[c>e£���[Î[��º?�*�[����b1c>b1d�efW�Y[ZL¶·uv_�W�p>_�{
Y>e1Y[d�_*i¢b/Uqx>e1d�_�Wè_�w*ãQe1¯�_³w*L]>|Qe1d�Y>_*¯�_¢_*¯fr`g�Y[c[x>e1Y[c[n ~æÍ g�uq_*\Èp>_f][¶�_�]´_�b1Y>_*i�g�YçY`g�j�g�]mgfx>e^w�s`_*xX{
Y>_*¯�_°r[:u[j�g�uXg ~Î. ]`efb1t¢r`g*bfbfWVg�d�r[c[i�g*e1d�b?n´c>b	¶�_f]>Y>_�eMr>e1yQe1Y[c[noa�i�uXs> x`g� ãQefe^p[nqd�t°uv_�W�p>_*Y>e1Y[d�_*i>¼
S = G2 ? Q1 ? T4 ? I2 ? H1

� Ê c>b ~:}�} � ~ � _�_*d�i�e1d�b1d�i�Uq:ãµg�n3j�g�]mgfx`g�w�s`_*x[Y>_*¯�_�r[ u[j�g�uqgzc>W&efe1d�i�cX]4¼

max e(S) = max M = arg min
M∈D

∑

(i,j)∈S={(i,j)|xi,j=1}

|δ(M, ei,j)|,

s.t.
5∑

i=1

qi∑

j=1

aijxij ≤ b,
qi∑

j=1

xij = 1, i = 1, 5; xij ∈ {0, 1}.

Ê c>b ~!}�}�~ ä�s>Uvx[yze1Y[c>e�Y`gz_�b1Y>_*i�e�j�g�]mg�x[c¡w�s`_*x[Y>_*¯�_�r[ u[j�g�uqg

x11
x12
x13

x21
x22
x23

x31
x32
x33
x34
x35

x41
x42
x43
x44

x51
x52
x53

t t t t tä�s>Uvx[yze7{Y[c>e
G2

ä�s>Uvx[yze7{Y[c>e
Q1

ä�s>Uqx[yQe7{Y[c>e
T4

ä�s>Uqx[yQe7{Y[c>e
I2

ä�s>Uqx[yQe7{Y[c>e
H1

� b#¶�_�]>Y>_�eDr>e1yze1Y[c>e
S = G2 ? Q1 ? T4 ? I2 ? H1

Í g*w�s>c[k`g }�} bf_f]`e1rv|µc[d�w*c[Y`g�r[Y[Z!eTp>e1r>efW&e1Y[Y[Z!e��
xij

�7aX_*p>e1r`g�k[c[c3U�s>Uvx[yze1Y[c[n�c�cX¶�_*k>e1Y[u[c¸��cXs[s>:{
b1d�r`g�d�c[i�Y[Z!e�a ² uvb1p>e1r[d�Y>_�eH_*k>e1Y[c[i�g�Y[c>e�� ~ ÕTr[c[i�e7]`efWl]>i�gzp[r[c>W&e1r`gzr>e1yze1Y[c[\±¼
� } �

b = 14
¼

x32 = 1
�
T4 → T3

�7a
S ⇒ S̃1 = G2 ? Q1 ? T3 ? I2 ? H1

a
e(S̃1) = (0, 2, 2)

¾
�¿«��

b = 73
¼

x13 = 1
�
G2 → G3

�7a
x22 = 1

�
Q1 → Q2

�7a
x33 = 1

�
T4 → T1

�7a
x32 = 1

�
I2 → I4

�7a
x52 = 1

�
H1 → H2

�7a
S ⇒ S̃2 = G3 ? Q2 ? T1 ? I4 ? H2

a
e(S̃2) = (1, 2, 1)

~
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Í g*w�s>c[k`g }�}�~!, k>e1Y[u[c

, p>e1r`g�k[c[cU�s>Uvx[yze1Y[c[n
, k>e1Y[uqg

eij

8 e1Y`g
�
aij
�

x11
���>�*�>���

x12 (G2 → G1)
x13 (G2 → G3)
x21

���>�*�>���
x22 (Q1 → Q2)
x23 (Q1 → Q3)
x31

���>�*�>���
x32 (T4 → T1)
x33 (T4 → T2)
x32 (T4 → T3)
x33 (T4 → T5)
x41

���>�*�>���
x42 (I2 → I1)
x43 (I2 → I3)
x44 (I2 → I4)
x51

���>�*�>���
x52 (H1 → H2)
x53 (H1 → H3)

(0, 1, 3) 0
(3, 1, 0) 26
(0, 2, 2) 16
(1, 2, 1) 0
(1, 3, 0) 16
(3, 1, 0) 20
(0, 3, 1) 0
(0, 3, 1) 17
(4, 0, 0) 28
(0, 2, 2) 14
(0, 3, 1) 17
(0, 2, 2) 0
(1, 3, 0) 23
(3, 1, 0) 27
(1, 2, 1) 20
(0, 3, 1) 0
(1, 3, 0) 21
(4, 0, 0) 31

§ ~?.m/ Ó 14ÏÐg��V�����
� ]mg�Y[Y>_�eVb1d�g�d�t�e,p[r>e7]`b1d�g�i*s`e1Y[Z�b#¶�efW�ZMW&_f]>U�s>t�Y>_*¯�_!p[r>_�e1u[d�c[r>_*i�g�Y[c[nBcBU�s>Uqx[yQe1Y[c[n`Ì�r`g*b1yQc[r>e1Y[c[n-a

i�uXs> x`g�n¡p[r[c>W&e1r[ZF][s>n¡]>i�Uv¶£p[r[c[uXsmg�]>Y[ZL¶hb1c>b1d�efW�¼:Uvp[r`g�i*s`e1Y[c>eQUXW�Y[Z!W°]`_�W&_�W�aob1c>b1d�efWVg3g�i�d�_�WVg�{
d�c[j�g�k[c[c�j1]mg�Y[c[n ~°� b1p>_�s>t�j�_*i�g�Y[Z ]>i�e£j�g�]mg�x[c¢uv_�W&w*c[Y`g�d�_*r[Y>_*\Ç_*p[d�c>W�c[j�g�k[c[cà�¹W&_*r>®B_�s`_*¯fc[x>efb1uXg�n
uXs>c[uXgXa�j�g�]mg�x`g·w�s`_*x[Y>_*¯�_hr[ u[j�g�uqg�� ~�� g�Y[Y[Z!e3_*p[d�c>W�c[j�g�k[c>_*Y[Y[Z!e/W&_f]`e7s>c¢w�g�jfc[r[Uq:d�b?n�Y`g/c[Y[d�e1rX{
i�g�s>t�Y[ZL¶�_*k>e1Y[uXg�¶�iBi�cX]`e.W�U�s>t�d�c>W�Y>_�|Hefb1d�i>a[p[r>e7][s`_�|He1Y[Y[ZL¶�i�p>e1r[i�Z!e g�i�d�_*r>_�W�i�¥ } Á*© ~ Õ�_�s>Uvx>e1Y[Y[Z!e
x[c>b7s`e1Y[Y[Z!ezr>e1yze1Y[c[noa`i<_�b1Y>_*i�Y>_�W�aow�s>c[jfu[c¡u/r>e1yze1Y[c[nXW�aÀp>_�s>Uqx>e1Y[Y[Z!W�Y`g�_�b1Y>_*i�eHp[r>_�e1u[d�Y[ZL¶/b	¶�efW
bDc>b1p>_�s>t�j�_*i�g�Y[c>efW×p>_*r�nq]>uv_*i�ZL¶h_*k>e1Y>_*u��¦¥ } ª�©=a%¥ } Å�©�� ~ � s`e7]>U�e1d<_*d�W&e1d�c[d�t>aÀx[d�_�p[r>e7]`b1d*g�i*s>nXe1d�b?nhk>e7s`e7{
bf_�_�w*r`g�jfY[Z!Wêp[r[c>W&e1Y[nXd�t·w�_�s`efe<b7s`_�|µY[Z!e<yQuqg�s>ZèY`g¡_�b1Y>_*i�e�j�g�]mgfxl_*k>e1Y[c[i�g�Y[c[noaVY`g�p[r[c>W&e1r±¼

P 3,5 a
P 4,5 ~ Ô¡_�|µY>_/UvuXg�j�g�d�thb7s`e7]>Uq ãHc>e�Y`g�p[r`g�i*s`e1Y[c[n^][s>n�c>bfb7s`e7]`_*i�g�Y[c[\³i/w*U�]>UqãQefW�¼6Û�Ý¡p>_�b1d�r>_�e1Y[c>e
d�r`g*e1u[d�_*r[c[\³U�s>Uvx[yze1Y[c[\�b1c>b1d�efW�ZB¾:ßqÝ/g�Y`g�s>c[j�r`g*bfbfW&_*d�r>e1Y[Y[ZL¶Mj�g�]mg�xMp[r>_�e1u[d�c[r>_*i�g�Y[c[nMi/r>e1|µc>W&e
�*�X{Æ�%�%�>��¾ÂávÝ&r`g*bfbfW&_*d�r>e1Y[c>eB]>r[Uv¯fcX¶3p[r[c[uXsmg�]>Y[ZL¶6b1c>b1d�efW ~

� Õ � � , Ó 1B��Í��VÊ/&Í ä Ê�5
5��L��ÑGÒÓÑ�ÔCÕIÖI×�ÑGØ6Ñ�$ÓÑGÙ�ÚT�(�Û�ÜsÒÝÒÓÑdÞ�ß�à\ÒÝÕà�.� �áâØ�ãI×�ßdä�ÜsØ�Ü�Ù(Þ�Ô·$åÙçæIß\Ø�ÜhÑGÕIÞCß�Ø6ÑGÞØ$åß�ÙçÔ�ÞC×�ÑdÞCÜsà�$åÜsÔéèêß�×ìëIÜsÔØ$Ýà\Ù�$ÝÙSà
ÑGãIãzÑG×�ÑdÞCÕzÔíèêß\×�Ü�î 3 $ÝÜsÙ(Þ�ÔCØ6ÑG×CÞ
æIß\Ø�Ü��IïCðíð�ð{ñ À ²(»�¸ -�ò�¿ »�¸+ó�±u° À ð ´·°�¾�ô À�¿ »�³ ¾+¸ ��8G´\´�¤��(ä�ß\Ò���pfÏv�\ÙSß��*Ï��XãIã>�[5���¤�5+õ
5s�\¤(¡*�

8���öOÑG×�Ü�÷9ø3� ù!� ��ú\ß�æIÙSÔCß�Ù6û:� �[� � ò�¿ ±-ü_ó�ô�° À ¸�²(»_ý�³µ»Sô À ²'¾qô�²�þ�³µ´ ³ÿô�� - ñ�� °��
ó�³ ý'°Oô ¿ ô � °0ô � ° ¿�À � ¿��	��
� ¾ ¿ ±�ü�´·°qô�°�»�°+¸�¸ �
��ÑGÙ��S×�Ñ�Ù 3 $ÓÔ 3 ß����³� �.���I×�Ü�ÜsØ6ÑGÙeÑGÙSë	Û�ß�Ø�ãSÑ�ÙX÷��X5s§X¡d§��

'����-Ñ�×Cã_Ü�×�ù��(�½þ���ë[� �#�_ï »�¸¹³ ý"°�ô � °�¸�±u² À ô � ¿ ±\° ���Kß�ÙSë�ß\Ù>�±�XãI×Ú$ÝÙSà�Ü�×7��8G´\´�'��
Ï�����ß\ÙIà��:� ����ÕIà\Ü�Ù(Þ4Û��(��øAÕSÒÝä\Ü�ÙIÙSÑ�ø3�(��ø 3 Û�ÒÝÜ�ÑGÙ¡�X�(�J� 3 ßGÞ�ÙIÜ�÷3���(��û-ÜsäXÒ $åÙh�[� ����ä�$Óë�ÜsÙ\ÞÚ$åÑ�Ò
èêÕSÔ=$åß�Ù[ßGè!ÔCÜ�ÙzÔ�ß\×
ëIÑdÞ�Ñ�èêß\×�Ñ 3 ÞÚ$Ýä*$ÝÞ~÷6×CÜ 3 ß\à�Ù�$ÝÞØ$åß�ÙB$åÙeÔ�Ø6ÑG×CÞ�æIß�Ø�ÜsÔ'� 
 ° À º�²�¸�³µº�°\²�»%ý�� ¿ þ�³µ´·° ò:¿ ±�ü%ó�ôÂ³µ» Á ��8�´�´\§��(ä�ß�Ò��Ip��XÙIßv�X'���ãIã>�
8G'\�Põ�8\p�8��

p��0áâÙ(ÞØ$åÒÝÒåÜL�[� �X�(�Iû!ÜsÔØ$Ýà\Ù�$ÝÙSà9Ñ�æIß�Ø�Ü0ßGè?Þ�æIÜ-èêÕIÞCÕI×�Ü��Sï�ðíðíð 
 ° À º�²�¸¹³µº�° ò�¿ ±-ü_ó�ô ³µ» Á ��8G´�´�8��\ä�ß�Ò��X5��XÙIßv�*8��(ãSã>�I¤�´dõX¤����
���OÚ�Ñ�Ô�ÞCÙIÜs×��³�(����ÜsÕSÔ 3 æ! �ÙzëXÞCÙIÜs×�ö �(�:�Xß\Õ 3 Ü#"��X�(�$�-Ü% �Ø6ÑGÙ&�.� ø£� �9Û�ß\Ø�Ø�ÕIÙ�$ 3 ÑGÞØ$åß�ÙªÔC÷�Ô~Þ�Ü�Ø6Ôeèêß�×�ÖIÕ�$åÒåë�$ÝÙIà
ÑGÕ�Þ�ß�Ø6ÑdÞÚ$Ýß\Ù]Ñ�ÙSë 3 ß�Ù(Þ�×Cß\Ò�� 
TÀ�¿ ¾ -:¿�� ô � ° ïCð�ðíðJ�v8�´�´\p��Xä�ß�Ò��I§�'��XÙIß��S����ãIã>�>5�5P¡G¤Põq518G´\'��
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¡*�OÚOÜ�ÒåÒÝÜs×CÜs×'�!�(�)(�èêÜ�×�Ô 3 æ(÷+*!�(�)(±$ÓÔ=$åÙIà�Üs×�û.�(�-, »�²�ü�¸�²"¾/.�ü À ¿ þ+´ °+±�¸ �v�
Ü�×�Ò $åÙ>�±�XãI×Ú$åÙIà�Üs×'��8�´�´�Ïv�
¤��OÚOÙXÕ�ÞCæ	û:� �,� ��ñ�� °10 À ô ¿2�6ò�¿ ±-ü_ó�ô�° À�
TÀ ¿�Á(À ²(±�±N³µ» Á
-13�¿ ´ -�!"��4 °�±N³µ»Só�±u° À ³ ¾�²�´50p´ Á
¿�À ³ÿô � ±�¸ - ��ëSë�$åÔCß�Ù6��ÜsÔCÒÝÜs÷��
ù�ÜsÑ\ë�$åÙIà��[5�§�§�¤��

§����?Üsä�$åÙhø£� �Xæ`� � ò�¿ ±6þ+³µ»�²dô ¿�À ³ ²�´ ð » Á ³µ»�°�° À ³µ» Á}¿���7 °�¾ ¿ ±-ü ¿ ¸+²\þ+´ ° 4 ��¸+ô�°+±�¸ �2û!ß�×�ë�×CÜ 3 æ(Þ'�ªÚOÒåÕ! 
Ü�×�� 3 Ñ\ë�Ü�ØT$ 3
(íÕIÖIÒ($ÓÔ�æIÜs×�Ô'�>5�§�§�¤��

5s´��8�?Üsä�$åÙAø3� �Xæ>�(� ò�¿ ±-ü ¿ ¸�³ÿô�° 4 ��¸+ô�°+±�¸ 7 °�¾+³ ¸¹³ ¿ »�¸ ����Ü# :9íß\×;"X�±�XãI×Ú$åÙIà�Üs×'��8�´�´����
5�5��8�?Üsä�$åÙ�ø£� �Xæ`� �Û�ß\Ø�Ö�$åÙSÑGÞCß�×Ú$ÓÑGÒß�ã�ÞÚ$ÝØT$=<sÑdÞÚ$Ýß\Ù�$åÙ�ÔC÷�Ô~Þ�Ü�Ø 3 ß�Ù?>Sà\ÕI×�ÑdÞØ$åß�Ù	ëIÜsÔØ$Ýà\Ù>� 0!ó�ô ¿ ± -	@BA °+± ¿ ô�° ò�¿ »zô À�¿ ´ �

8G´\´�§��Xä\ß�Ò��z¡d´��XÙIßv�S'���ãSã>�zp�5�§PõIpG��5��
578��8�?Üsä�$åÙø3� �Xæ>�(�DCKßE �ÑG×�ëIÔ 3 ß\Ø�Ø�ÕIÙ�$ 3 ÑGÞØ$åß�Ù�ÙIÜ�Þ� �ß\×;"�ë�Ü�ä\Ü�Òåß�ãIØ�Ü�Ù(ÞCþ Ô~Þ�×CÕ 3 ÞCÕI×�ÑGÒ�Ô�÷�Ô�ÞCÜ�Ø�$ÓÔCÔCÕIÜsÔ'� 3 ß�Ø2Ö�$åÙSÑdÞ�ß�×Ú$åÑ�Ò

Ø�ßXëIÜ�ÒÓÔÚ�	�IáâÙ>� !
&'�"& ïCðíð�ð A ° Á ³ ¿ »GF ï »zô -�ò�¿ » �+-HI4 ïKJ�ï A2òL��M��!
&"�'&?N �záâ×;"XÕ�Þ�Ô2"X��ä\ß�Ò��[5���8G´�Ïdõ�8G´�¤���8�´�5s´��
5s'��8�?Üsä�$åÙAø3� �Xæ>�(�zøAß\×CãIæSß�Òåß�à�$ 3 Ñ�ÒzØ�Ü�ÞCæIß�ëIÔ�èêß\×�ë�ÜsÔØ$åà�ÙeßGèmØ�ßXëIÕIÒåÑ�×�Ô�÷�Ô�ÞCÜsØ�ÔZþ Ñ6Ô�ÕS×Cä\Ü�÷����íÒÝÜ 3 Þ�×Cß\Ù�$ 3 ãS×CÜsãI×Ø$åÙ(Þ'��8�´

ãIã>�(�Sú(ÑGÙ>�I§���8G´�518��Xæ(Þ�Þ�ã>�8÷'÷dÑ�×2O�$åäq� ß�×�à1÷GÑGÖSÔ¹÷*518G´�5�� 5d¡�578$P 3 Ô'� �Q��R
5?Ï��8�?Üsä�$åÙ:ø3� �Xæ>�(�IøAÕIÒÝÞØ$ÓÔCÜqÞ�ÜsÔ�ÞØ$åØ�ÑGÞCÜ�Ô�Ñ�ÙSë 3 ß\Ø�Ö�$åÙSÑGÞCß�×Ú$ÓÑGÒzÔC÷XÙ(ÞCæIÜ�Ô=$ÓÔ?�S�íÒåÜ 3 Þ�×Cß\Ù�$ 3 ãI×�Ü�ãI×Ú$åÙ\Þ7�('\´�ãIã`� ��ø	ÑP÷6§���8G´�578��

æ(Þ�ÞCã`�8÷'÷dÑG×;O�$ÝäX� ß�×�à1÷GÑGÖSÔ¹÷*518G´\p�� 8�´fÏ\��P 3 Ô?� �!9�R
5�p��8�?Üsä�$åÙ�ø3� �Xæ>�(� �IÑdèêß�ÙSßdä��!� T.�(�UCKßE �ÑG×�ëIÔz$åØ9ãS×Cßdä\Ü�Ø�Ü�Ù(ÞMß�è�×�Ü�à�$Ýß\ÙSÑGÒ�ÞCÜ�ÒåÜ 3 ß�Ø�Ø�ÕSÙ�$ 3 ÑdÞÚ$Ýß\ÙSÔ	ÙIÜ�Þ� �ß\×;"X�$V -u¿2�
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5s���8�?Üsä�$åÙ�ø3� ��æ>� �À��ÙSëI×CÕSÔCæIÜsä�$ 3 æ��.� �ÚOÒåÑ�ãIãI×�ßGÞ�æ��!�(�mÛ�ß\Ø�ãzß(Ô=$ÝÞØ$åß�Ù�ßGè�Ø6Ñ�ÙSÑGà\Ü�Ø�Ü�Ù(Þ�Ô�÷�Ô�ÞCÜ�Øçèêß�×�Ô�Ø6Ñ�×�Þ�æIß\Ø9Ü�Ô?�
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5P¡*�8�?Üsä�$åÙbø3� �Xæ>�(�Q�-ÙSë�×�ÕSÔCæIÜ�ä*$ 3 æ×�.� �eÚOÒÓÑGãIãI×�ßGÞ�æ��.� �]áâØ�ãI×�ßdä�Ü�Ø�ÜsÙ\Þ�ß�èeÖSÕ�$ÝÒÓë�$åÙIà�Ñ�Õ�ÞCß\Ø�ÑGÞØ$åß�Ù{ÔC÷XÔ�ÞCÜsØz��áâÙ>�
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5s¤��1]!æ^�!�(�zÛ�æSÑ�Ü!ÚT�(���-Ù:Ü�ÙSÜ�×�à�÷
ø Ü�î 3 $åÜ�Ù(Þ�ÔCÜ�ÙSÔCß�×�×Cß\Õ�ÞØ$åÙIà$ &$ÝÞCæ:ÒÝßE �ÒÓÑdÞ�Ü�Ù 3 ÷���Ô~Þ�ÑGÖ�$åÒ($ Þ~÷9èêß�×�ÔCØ�Ñ�×�Þ�æIß�Ø�Ü0ÙIÜqÞ� 
ß�×K"X�
ï »zô - V -�¿���4 ±\² À ô�_ ¿ ±u° �v8�´�´X¡*�Xä�ß\Ò��[5���ÙIß���8���ãIã>�_¡�5+õX¤�8��

5s§���(�ÑG×�Ñ:úv� �`�-ß\Ô�ÔCÑ�$ÝÙMø£� �.� �a*-×Ø$åÖSÑ�×C×�Ü�Ù��.� �Kú(Ñ 3 ß�Ö��,� �`��Ñ\ëIë�$="��!� �V�(�a�ÒÝÜ%O*$åÖIÒåÜ6Ô�Ø6ÑG×CÞ!æSß�Ø�Ü9Ñ�× 3 æ�$ Þ�Ü 3 Þ�ÕI×�Ü�ÕSÔØ$ÝÙSà
ë�Ü�ä*$ 3 Ü0ãI×�ßb>SÒåÜ�èêß\× 
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8�8��0ù�ß�ÕzÔ�Ü��³� ���(����Þ�æIÜ�ß\×C÷TßGè2Ü�Ù(ÞCÜs×CãI×Ú$ÓÔ�ÜAÞ�×�Ñ�ÙSÔ�èêß�×�Ø�ÑGÞØ$åß�Ù>� 4 ��¸+ô¬°�±�¸ ð » Á ³µ»�°�° À ³µ» Á ��8G´\´\p���ä�ß�Ò���¤���ÙIßv�ÂÏv��ãIã>�
8\¡G§Põ�8�§\p��

8G'��L� 3 æIÜ'$ÝÙAúv� ���-Ùz$ÝÙ�èêß\×CØ6ÑGÞØ$åß�Ù]Ø9ß�ë�ÜsÒ?èêß\×�ÖIÕ�$åÒåë�$åÙIà4Ñ�Õ�ÞCß\Ø�ÑGÞØ$åß�ÙeÔ�÷�Ô�ÞCÜsØ�Ô'� 0!ó�ô ¿ ±u²dô ³ ¿ »?³µ» ò�¿ »�¸+ô À ó�¾qô ³ ¿ » �v8G´\´(¡��
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8�p���TíÑGÒÝÞ 3 æIÜsähû:� �6�I×�ÑGÙ�"�ßdä�á#�(�Q�XÜs×Cä*$ 3 Ü�à\ÑGÞCÜ# 
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