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��� ����� !"#$ %�%"$&� �'"!&�"�($%#!)! ��%�!�*�'�*�+ "$#%"!' %,$-.$" ! ��/�"0 '*�&�1
*�$ *$ "!,0#! *� �!'�2$*�$ #�($%"'� ��%�!�*�'�*�+� *! � *� .-! %"'! �%�!,0�!'�*�+ 3"!4
%�%"$&�� 5�(�%".6 ����� !"(�#� *$ .-$,+6" -!,7*!)! '*�&�*�+ "�#!&. '�7*!&. �.*#".�
#�# �%���',$*�$ !2� !#� ' �$�.,0"�"$ ($)! 3"!" ��!8$%% %"�*!'�"%+ -!'!,0*! ."!&�"$,0*�&
��*+"�$&� ��� *�,�(��  !,02!)! (�%,� !-*!"��*�9 !2� !# %"�*!'�"%+ *$���.&*�& �.(*!$
�%���',$*�$ '%$9 !2� !# �! !"-$,0*!%"�� � "�#!$ ��*+"�$ �!1���*!&. -$4%"'.$" *� �%�9�#.
,6-$4� � "�#!& %,.(�$ ��! ,$&� �$2�$"%+ ��� �!&!/� *$#!"!�!4 #,�%%�:�#�8�� !2� !# % 8$1
,06 -! �',$*�+ *!'�9 2� ,!*!' ��%�!�*�'�*�+ � -�,0*$42$4 �!'"!�*!4 ! �� !"#� '9!-*�9
-�**�9� ��#!4 �!-9!- �&$$" %���. *$%#!,0#! *$-!%"�"#!'� �!1�$�'�9� -,+ -! �',$*�+ 2� ,!*�
&!7$" �!"�$ !'�"0%+ '�%!#!#'�,�:�8��!'�**�4 %�$8��,�%"� �!1'"!��9� '� !� 9���#"$�*�9
����*�#!' -,+ #,�%%�:�#�8�� &!7$" !#���"0%+ -!%"�"!(*! "�.-*!4 ��-�($4� "�# #�# *$! 9!-�1
&! .(�"�'�"0 &�2�**!$ ��$-%"�',$*�$ �%9!-*�9 ! ;$#"!'� �1"�$"0�9� 3"! &!7$" �!"�$ !'�"0
*$!-*!#��"*.6 �!'"!�*.6 ! �� !"#. '%$9 '9!-*�9 -�**�9� �� ' ��'�%�&!%"� !" �9 ! ;$&�
� %,!7*!%"�� ��!8$%% &!7$" ��*+"0 -,�"$,0*!$ '�$&+� ��!&$ "!)!�  !,02�*%"'! %�%"$& ��%1
�!�*�'�*�+ "$#%"!' *$ ��$-.%&�"��'�6" '!�&!7*!%"0 -! �',$*�+ 2� ,!*!' ��%�!�*�'�*�+�
�!3"!&. $-�*%"'$**�& �$2$*�$& +',+$"%+ �.(*!$ �%���',$*�$ !2� !#�

�%*!'*�+ %,!7*!%"0 ��� ��%�!�*�'�*�� �.#!��%*!4 &�"$&�"�($%#!4 :!�&.,�� �! %��'*$1
*�6 % ! �(*�&� "$#%"�&�� ��#,6(�$"%+ ' %,!7*!%"� $$ %"�.#".�� �  !,02!& ���*!! �����
'����*"!' ����%� !"-$,0*�9 %�&'!,!'� �� 3"!)! %,$-.$"� ("! 2� ,!*� ��%�!�*�'�*�+ ' 3"!&
%,.(�$ ��$-%"�',+6" %! !4  !,$$ %,!7*�$ ! ;$#"�� <,$-!'�"$,0*!� � ��! ,$&� ��� �%���'1
,$*�� !2� !# ��%�!�*�'�*�+  !,$$ �*�(�"$,0*�� ��!&$ "!)!� ' -�**!& %,.(�$ �!,0�!'�"$,0
-!,7$* ! ,�-�"0 *$#!"!��&� ��!:$%%�!*�,0*�&� *�'�#�&�� � �&$**!= -!,7$*  �"0 �*�#!&
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� !" #" ���&$�� ��! ��7$*�4 %"$�$**!4 :!�&.,�

% %�&�& :!�&�"!& ��$-%"�',$*�+ &�"$&�"�($%#�9 :!�&., *� -!%"�"!(*!& .�!'*$� �,+ �� �'1
,$*�+ !" �$�$(�%,$**�9 ��! ,$& ��$-,�)�$"%+ ��%%&!"�$"0 &$9�*��& -�*�&�($%#!)! .���',$1
*�+ ��!8$%%!& ��%�!�*�'�*�+ �.#!��%*�9 &�"$&�"�($%#�9 :!�&.,� �-$+ ��#,6(�$"%+ ' ��$-1
%"�',$*�� ��!8$%%� ��%�!�*�'�*�+ ' '�-$ *$#!"!�!4 �!%,$-!'�"$,0*!%"� �'"!&�"����!'�**�9
-$4%"'�4� �$9�*��& �!-���.&$'�$" %�!%! *!%"0 '!�'��"� # ��!��'!,0*!&. 3,$&$*". �� 3"!4
�!%,$-!'�"$,0*!%"� ' ��'�%�&!%"� !" �!,.($**!)! �$�.,0"�"�� ��#�& ! ���!&� �!,*�4 ���.%#
'%$)! ��!8$%%� ��%�!�*�'�*�+ *$ "�$ .$"%+� *! �&$$"%+ '!�&!7*!%"0 ���.%#�"0 "!,0#! *$! 9!1
-�&�$ �.*#"�� 	$�,���8�+ -�**!)! &$9�*��&� ��#,6(�$"%+ ' %!�-�*�� %�%"$&� �'"!&�"�($1
%#!)! '�-$,$*�+ '!�&!7*�9 !2� !# *� #�7-!& 3"��$ '�(�%,$*�4 � ��$-%"�',$*�� �!,.($*1
*!4 �*:!�&�8�� ' .-! *!& '�-$� �%! !$ '*�&�*�$ .-$,+$"%+ %!�-�*�6 �*"$�:$4%�� #!"!��4
��$-!%"�',+$" '!�&!7*!%"0 �!,0�!'�"$,6 .���',+"0 '%$& ��!8$%%!& ��%�!�*�'�*�+� � �&$**!=
��!%&!"�!& ��!&$7."!(*�9 �$�.,0"�"!'� ���.%#!& ��!8$%%� ��%�!�*�'�*�+ % ��!��'!,0*!)!
3"���� -! �',$*�$& 2� ,!*!' ��%�!�*�'�*�+� �.(*�& �%���',$*�$& !"-$,0*�9 !2� !# � )�.�1
�!'�& �%���',$*�$& !2� !#�

$ #" �!�%��&� '(%)*�+& '( (,!'%-�,�,�  (./%' !�&0 +,1�+,1 2�!/ 0 3%(+.*

� !%*!'*�& ��! ,$&�& ��� ��%�!�*�'�*�� �.#!��%*�9 &�"$&�"�($%#�9 "$#%"!' &!7*!
!"*$%"�=

�� 
$'!�&!7*!%"0 !��$-$,$*�+ "!(*!)! '���&*!)! ��%�!,!7$*�+ %�&'!,!'�
�� 
$"!(*!%"0 ��� *���%�*�� !"-$,0*!)! %�&'!,��
@� �,!9!$ #�($%"'! �%9!-*!)! ��! ��7$*�+�
�A � ��'�%�&!%"� !" �!($�#� ($,!'$#� &!7*! *� ,6-�"0 ���,�(*!$ '���&*!$ ��%�!,!7$*�$

!"-$,0*�9 %�&'!,!'� 	�%%&!"��& *$ !,02!4 ���&$�� �.%"0 ��!%"$42�+ %"$�$**�+ :!�&.,� 2x

*���%�*� ���*�&� ,6-0&� B��%� �A� "!)-� ��� �'"!&�"�($%#!& �*�,��$ 9���#"$�� '���&*!)!
��%�!,!7$*�+ -'.9 %�&'!,!' &!7$"  �"0 �!,.($*! -'� ���,�(*�9 �$�.,0"�"�� � �"!)$ �$�.,01
"�"!& ��%�!�*�'�*�+ &!7$"  �"0 ,� ! 2x� ,� ! 2x� �($'�-*!� ("! ��� .'$,�($*�� %,!7*!%"�
:!�&.,� .'$,�(�'�$"%+ (�%,! '����*"!' '���&*!)! ��%�!,!7$*�+ !"-$,0*�9 %�&'!,!' :!�1
&.,�� � ��'�%�&!%"� !" �!($�#� �'"!&�"�($%#�4 �*�,�� &!7$" -�'�"0 �$�.,0"�"� % *$#!"!��1
&� !2� #�&�� ,� ! ��������������	
��� �!- *$!��$-$,$**!%"06 �!*�&�$"%+ *$'!�&!7*!%"0
"!(*!)! !��$-$,$*�+ '���&*!)! ��%�!,!7$*�+� 
����&$�� % '$�!+"*!%"06 ��C %�&'!, x *�9!1
-�"%+ '�2$ � ���'$$� ($& %�&'!, 2� � % '$�!+"*!%"06 >�C %�&'!, x *�9!-�"%+ %"�!)! %���'�
!" %�&'!,� 2� � "�#�9 %,.(�+9 *$'!�&!7*! .%"�*!'�"0 ���'�,0*!%"0 "!)! �,� �*!)! '����*"�
��%�!�*�'�*�+  $� �!*�&�*�+ #!*"$#%"� '%$)! &�"$&�"�($%#!)! "$#%"��

�A 
$"!(*!%"0 ��� *���%�*�� !"-$,0*!)! %�&'!,� "�#7$ %'+��*� % �%�!,0�!'�*�$& ���,�(1
*�9 �!($�#!'� ��!&$ "!)!� '�7*.6 �!,0 �)��$" #�($%"'! ����%�'�6/$)! .%"�!4%"'� B$%,� ��1
��%0 *$ '��!,*+$"%+ *� 3#��*$ �,�*2$"�A � #�($%"'! %#�*��!'�*�+ -!#.&$*"�� � ��'�%�&!%"�
!" ��%9!7-$*�+ % *$#!"!��& 3"�,!**�& %�!%! !& ����%� !"-$,0*!)! %�&'!,� B*�#,!*!'� �!1
'!�!"!'� %-'�)!'� �����'!'A ��� �*�,��$ !"-$,0*!)! %�&'!,� &!)."  �"0 �!,.($*� ���,�(*�$
'����*"� ��%�!�*�'�*�+� 	�%� � �!#���'�$"� #�# ' *$#!"!��9 %,.(�+9 &!)."  �"0 �!,.($*�
*$!��$-$,$**!%"� ��� ��%�!�*�'�*�� %�&'!,� c � 8�:�� 0� �*�,!)�(*! % �$�'!4 ��! ,$&!4�
' -�**!& %,.(�$ *$'!�&!7*! %! ���C .'$�$**!%"06 %#���"0� #�#!4 '����*" ��%�!�*�'�*�+
���'�,0*�4�

@A ��**�+ ��! ,$&� +',+$"%+  !,$$ ! /�& %,.(�$& �! %��'*$*�6 % ��$-�-./�&� -'.&+=
!*� '#,6(�$" ' %$ + ),�'*�& ! ���!& *�,�(�$ ' �%9!-*!& ��! ��7$*�� #�#�91"! �!%"!�!**�9
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� !" 4" ���&$�� ��! ��7$*�4 !"-$,0*�9 %�&'!,!'

2.&!'� #!"!��$ ��� ��%�!�*�'�*�� &!)."  �"0 '!%���*+"� #�# ! ;$#"� &�"$&�"�($%#!4 :!�1
&.,�� ("! ' �$�.,0"�"$ ���'!-�" # �!,.($*�6 *$���'�,0*!)! �$�.,0"�"�� ��!&$ "!)!� ' �%9!-1
*!& ��! ��7$*�� &!7$"  �"0 �!"$�+*� �*�(�&�+ (�%"0 ��1�� %#�*��!'�*�+ *��#!)! #�($%"'��
<./$%"'.6" *$#!"!��$ �,)!��"&� ��$-'���"$,0*!4 ! �� !"#� ��! ��7$*�+ -,+ �!-)!"!'#�
# -�,0*$42$&. �*�,��.� �!3"!&.  .-$& %(�"�"0� ("! ��! ��7$*�$ *$ %!-$�7�" 2.&!' � !"1
%#�*��!'�*! % '�%!#!4 "!(*!%"06� ��,$$ !��%�'�6"%+ �!-9!-�� �!�'!,+6/�$ �$2�"0 "!,0#!
�$�'�$ -'$ ��! ,$&� �� ��%%&!"�$**�9�

$ 4" �)5�� '(��!1,�*�� � (�-.*61,1, (,!'%-�,�,� 7 +,1�+,1 2�!/%8 3%(+.*&

��!&$7."!(*�4 �$�.,0"�" ��%�!�*�'�*�+ ��$-%"�',+$"%+ ' '�-$ &*!7$%"'� )��:!' ��! 1
��7$*�4 :!�&.,�� ��7-�4 3,$&$*" &*!7$%"'� D 3"! '!�&!7*�4 '����*" '���&*!)! ��%�!1
,!7$*�+ '%$9 #!&�!*$*" :!�&.,�� 
����&$�� -,+ ��! ��7$*�+ :!�&.,� �� ��%� � �$�.,0"�"
&!7$"  �"0 ��$-%"�',$* ' '�-$ &*!7$%"'� �� -'.9 )��:!'= {F1, F2}� )-$ F1 = ({2, x}, 2x(1, 0))�
F1 = ({2, x}, 2x(1, 1))� �$�2�*�& )��:� %!!"'$"%"'.6" !"-$,0*�$ %�&'!,� � &�"$&�"�($%#�$
�*�#�� � �$ �� !��%�'�6" �9 '���&*!$ ��%�!,!7$*�$� 	$ �! 2x(1, 1) %!-$�7�" �*:!�&�8�6
! "!&� ("! %�&'!, x *�9!-�"%+ ���'$$ � '�2$� ($& %�&'!, 2� 	$ �! 2x(1, 0) %!-$�7�" �*:!�1
&�8�6 ! "!&� ("! %�&'!, x *�9!-�"%+ %"�!)! %���'� !" %�&'!,� 2� � %'!6 !($�$-0� '$�2�*�
2 � x ��$-%"�',+6"%+ )��:�&� %�&'!,!'� E��: %�&'!,� 2 %!-$�7�" � '$�2�*� � � %$)&$*1
"��!'�**!$ �$ �!� %!$-�*+6/$$ 3"� '$�2�*�F )��: %�&'!,� x %!-$�7�" � '$�2�* � > �$ ���
%!$-�*+6/�$ 8$*"��,0*.6 '$�2�*. % !%"�,0*�&�� 	$ �� )��:� %�&'!,� %!%"!+" �� G %$)&$*"!'
� -�6" ��� ,���"$,0*!$ !��%�*�$ "��$#"!��� -'�7$*�+ ����%�'�6/$)! .%"�!4%"'�� �$�2�*�
9���#"$���.6" "!(#�� ' #!"!��9 ����%0 ,� ! *�(�*�$"%+ B#��4*++ "!(#�A� ,� ! ��#�*(�'�$"%+
B#��4*++ "!(#�A� ,� ! '��!,*+$"%+  !,$$ !-*!)! ���� B"!(#� �$�$%$($*�+A�

��7-�4 %�&'!, &!7$" �&$"0 *$%#!,0#! '����*"!' ��%�!�*�'�*�+� �!3"!&. ��!&$7."!(1
*�4 �$�.,0"�" ��� ��%�!�*�'�*�� !"-$,0*!)! %�&'!,� ��$-%"�',+$"%+ 8$,�& &*!7$%"'!& 2� 1
,!**�9 %�&'!,!' � .#���*�$& *$#!"!�!)! (�%,!'!)! �*�($*�+ -,+ #�7-!)! 3,$&$*"�� #!"!�!$
*���'�$"%+ '$%!&� H"! (�%,! 9���#"$���.$"� *� %#!,0#! "!" �,� �*!4 %�&'!, �!9!7 *� 2� 1
,!**�4� �,+ ��!&$7."!(*!)! ��$-%"�',$*�+ 8$,!4 %"�!#� �%�!,0�.$"%+ %���. *$%#!,0#! &*!1
7$%"'� �%,� %"�!#� %!-$�7�" @ 3,$&$*"�� "! �$�.,0"�" ��$-%"�',+$"%+ ' '�-$ @ &*!7$%"'�
#�7-!$ �� #!"!��9 %!-$�7�" '!�&!7*�$ '����*"� ��%�!�*�'�*�+ %!!"'$"%"'.6/$)! %�&'!,��
��#�& ! ���!&� ! /$$ (�%,! '����*"!' ��%�!�*�'�*�+ '%$4 %"�!#� ��'*! ��!��'$-$*�6 (�%,�
3,$&$*"!' '! '%$9 &*!7$%"'�9� �,+ -,�**�9 %"�!# 3"! (�%,! &!7$"  �"0 -!%"�"!(*!  !,02�&
-�7$ -,+ #!&�06"$��� �!3"!&. -,+ .-! %"'� �$�.,0"�" ��$-%"�',+$"%+ ' '�-$ '�'$2$**!)!
�$).,+�*!)! '���7$*�+=

S = (p1 · a1| . . . |pn · an)(q1 · b1| . . . |qm · bm) . . . (r1 · d1| . . . |rk · dk),

)-$ pi� qi� ri D '$%�� a1,...,n� b1,...,m� d1,...,k D '����*"� ��%�!�*�'�*�+ !"-$,0*�9 %�&'!,!'�
� �"!)$ ! /�4 '�- ��!&$7."!(*!)! �$�.,0"�"� ��%�!�*�'�*�+ % t '����*"�&� '���&*!)!

��%�!,!7$*�+ %�&'!,!' �&$$" %,$-.6/.6 %"�.#".�.=

F = {(S,U1), (S,U2), . . . , (S,Ut)},
S = {((p1,1 · a1,1| . . . |p1,n1 · a1,n1), (s1, v1)), . . . , ((pl,1 · al,1| . . . |pl,nl

· al,nl
), (sl, vl))},

Ui = {(sbj , sej , vi,j)},
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)-$ l D #!,�($%"'! %�&'!,!' ' :!�&.,$� nj D #!,�($%"'! '����*"!' ��%�!�*�'�*�+ j1)! %�&'!1
,�� (sj , vj) D )��: j1)! %�&'!,�� ai,j D j14 '����*" ��%�!�*�'�*�+ i1)! %�&'!,� :!�&.,�� pi,j D
'$% j1)! '����*"� ��%�!�*�'�*�+ i1)! %�&'!,� :!�&.,�� sbj ∈ S D *�(�,! j1)! �$ ��� sej ∈ S D
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��%*!4 &�"$&�"�($%#!4 :!�&.,�� �"! ��7$*�$ #,�%%� :!�&.,� %"�!�" )��: 3"!4 :!�&.,��
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'���7$*�+� #!"!�!$ !",�(�$"%+ !" ! �(*!)! �$).,+�*!)! '���7$*�+ "$&� ("! #�7-!&. 3,$&$*1
". �!�!7-�$&!)! 3"�& '���7$*�$& &*!7$%"'� %"�'�"%+ ' %!!"'$"%"'�$ *$#!"!��4 (�%,!'!4
'$%� !"��7�6/�4 ��$'!%9!-%"'! !-*�9 3,$&$*"!' *�- -�.)�&�� �$%� '�(�%,+6"%+ �! ���*8��.
%9!7$%"� ��%%&�"��'�$&!)! %�&'!,� ��! ��7$*�+ % 2� ,!**�& %�&'!,!&� �!-9!- �!�'!,+$"
��-�'�"0 2� ,!*� %,!' ' '�-$ �$).,+�*�9 '���7$*�4� ��7-�4 2� ,!* &!7$" %!-$�7�"0  $%1
#!*$(*!$ (�%,! 3,$&$*"!'� ("! '�7*! ��� �� !"$ % "�#�&� ! ;$#"�&�� #�# &�"$&�"�($%#�$
:!�&.,�� "�# #�# �9 ���*!! ����$ &!7$"  �"0  $%#!*$(*!  !,02�&� ��7*�& -!%"!�*%"'!&
��$-,!7$**!)! &$"!-� +',+$"%+ "!� ("! !* �!�'!,+$" �%�!,0�!'�"0  $%#!*$(*�$ &*!7$%"'� *�
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���'�,0*!)! '����*"��
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%,.(�$ ���9!-�"%+ �%���',+"0 !2� #� '�.(*.6� ("! &!7$" !#���"0%+ -!'!,0*! "�.-!��"��"1
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�%#,6(�"0 '!�*�#*!'$*�$ -�.)�9 !2� !#� %'+��**�9 % -�**!4 !2� #!4� �,+ �$�,���8�� &$1
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,+ -!,7*� '��!,*+"0%+ �'"!&�"�($%#�+ ! �� !"#� �$�.,0"�"!' % .7$ ."!(*$**�&� -�**�&��
("! ���'$-$" # �!,.($*�6 ���'�,0*�9 �$�.,0"�"!'� < "!(#� ��$*�+ �!,0�!'�"$,+� &$"!- �!-1
���.&$'�$" *�,�(�$ .-! *!)! �*"$�:$4%� -,+ �$-�#"��!'�*�+ ��!&$7."!(*�9 �$�.,0"�"!'
��%�!�*�'�*�+� M!,$$ �!-�! *! &$9�*��&  .-$" !��%�* ' %,$-.6/�9 ����)��:�9�

>A �!- �%"!��$4 ��%�!�*�'�*�+ �!-���.&$'�$"%+ %��%!# �$�.,0"�"!' ! �� !"#� ��$-�-.1
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*$!��$-$,$**!%"$4 ' �"!)!'!& �$�.,0"�"$ '��!,*+$"%+ �!�%# %!!"'$"%"'�+ ' �%"!���� � !%1
*!'*�& #��"$��+& �!�%#� !"*!%+"%+ %"�.#".�� �!%"�!$**!)! )��:� ��! ��7$*�+ :!�&.,�
� �*�($*�$ !"-$,0*�9 %�&'!,!'� �%,� *�4-$*! �!,*!$ %!!"'$"%"'�$� "! '� ���$"%+ 3"!" 3,$1
&$*"� �%,� �!,*!)! %!!"'$"%"'�+ *$"� "! '��!,*+$"%+ *$($"#�4 �!�%#� "� $� *$#!"!��$ '$�2�*�
�!%"�!$**!)! )��:� &!)." *$ %!!"'$"%"'!'�"0 �!,*!%"06� � +',+"0%+ �$#.�%�'*!4 ��&$*!4
)��:!& -�.)!4 :!�&.,� B:!�&.,� %,$-.6/�9 .�!'*$4 ',!7$**!%"�A� ��#!4 �!�%# �!�'!,+$"
'��!,*�"0 %!�"��!'#. ��!&$7."!(*!)! �$�.,0"�"� ��%�!�*�'�*�+ �  �%"�! *�4"� ���'�,0*�4
'����*" %�$-� ��$-,!7$**�9�

$ ;" �'�(,<  ! =(,3%+  -%)(,>�� 7 3%(+.*&

��!&$7."!(*�4 �$�.,0"�" ��%�!�*�'�*�+ &�"$&�"�($%#!4 :!�&.,� %!-$�7�" *$%#!,0#!
'����*"!' �!%"�!$*�+ �"!)!'!)! )��:� ��! ��7$*�+ :!�&.,�� ��,0*$42�+ ��-�(� ��#,6(�1
$"%+ ' '� !�$ ���'�,0*!)! '����*"� %�$-� ��$-,!7$**�9� �%,� %��%!# '����*"!' ��%�!�*�1
'�*�+ *$ !,02!4 B�N�A� "! 8$,$%!! ���*�& +',+$"%+ ��!%&!"� '%$9 '����*"!' � �.(*!4 '� !�
���'�,0*!)!� ��� *�,�(��  !,02!)! (�%,� '����*"!' ��!%"!4 �$�$ !� %"�*!'�"%+ *$3::$#1
"�'*�& ' %'+�� % *$! 9!-�&!%"06 ��!%&!"�� � #!*8$*"��8�� '*�&�*�+ *�  !,02!& %��%#$
'����*"!'� � "�#!& %,.(�$ !#���'�$"%+  �%"�$$ �%���'�"0 *$'$�*�4 �$�.,0"�" '�.(*.6� �
*$ �%#�"0 %�$-� ��$-,!7$**�9� �-*�#! "�$ .$"%+ �*�*�$ :!�&�"� 9��*$*�+ &�"$&�"�($%#!4
:!�&.,�� ("! &!7$" ���'$%"� # *$#!"!��& ��! ,$&�& .  !,02�*%"'� �!,0�!'�"$,$4�

	�%%&!"��& %�!%! �%���',$*�+ !2� !# ��%�!�*�'�*�+� *$ "�$ .6/�4 �!,*!)! �$�$ !��
'%$9 '!�&!7*�9 '����*"!' � *$ "�$ .6/�4 �*�*�+ :!�&�"��

�'(���*�� � #" Ft ∈ F  .-$& *���'�"0 ��
������� �	������ ������	
	�� �
�����
�

�
��
� $%,� �!,0�!'�"$,0 �!-"'$�7-�$"� ("! %"�.#".�� )��:� Ft %!!"'$"%"'.$" ��! ��7$*�6
:!�&.,� *� '9!-*�9 -�**�9�

�'(���*�� � 4" �.%"0 F D ��!&$7."!(*�4 �$�.,0"�" ��%�!�*�'�*�+� O.*#8�6 FC :
F −→ {0, 1}  .-$& *���'�"0 �������� �������� �	������� ������	
	
� $%,� '��!,*$*! .%,!1
'�$=

FC(Ft) =

{
1, $%,� Ft D ���'�,0*�4 �"!)!'�4 �$�.,0"�" ��%�!�*�'�*�+�
0, ' ��!"�'*!& %,.(�$�

�!*%� � #" �.%"0 M D &*!7$%"'! �!-&*!7$%"' )��:!' ��! ��7$*�4 :!�&.,�� M.-$& %(�1
"�"0� ("! ∀F ∈ M ∃Ft ∈ F : FC(Ft) = 1� �*�&� %,!'�&�� ' ��!&$7."!(*!& �$�.,0"�"$ '%$)-�
%./$%"'.$" ���'�,0*�4 '����*" ��%�!�*�'�*�+�

�!*%� � 4" �.%"0 F D ��!&$7."!(*�4 �$�.,0"�" ��%�!�*�'�*�+� "!)-� ∀Ft, Fl ∈ F :(
FC(Ft) = 1 � FC(Fl) = 1

)
⇒ (Ft = Fl)� �*�&� %,!'�&�� ' ��!&$7."!(*!& �$�.,0"�"$ '%$)-�

$-�*%"'$**�4 ���'�,0*�4 '����*" ��%�!�*�'�*�+�

�'(���*�� � 9" �.%"0 M D &*!7$%"'! �!-&*!7$%"' )��:!' ��! ��7$*�4 :!�&.,�� O.*1
#8�6 FR : M −→ M  .-$& *���'�"0 :.*#8�$4 �	������
 �$�.,0"�"� ��%�!�*�'�*�+� $%,�
∀F ∈ M : FR(F ) ⊂ F � �*�&� %,!'�&�� :.*#8�+ �	������
 �%#,6(�$" �� ��!&$7."!(*!)!
�$�.,0"�"� ��%�!�*�'�*�+ *$#!"!��$ �$�.,0"�"� %!),�%*! *$#!"!�!&. ���'�,.�
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�'(���*�� � ;" �.%"0 Ft ∈ F D ���'�,0*�4 �"!)!'�4 �$�.,0"�" ��%�!�*�'�*�+� O.*#1
8�6 ."!(*$*�+ FR  .-$& *���'�"0 ����	������ $%,� Ft ∈ FR(F )� O.*#8�6 ."!(*$*�+ FR
 .-$& *���'�"0 ���
	������ $%,� Ft /∈ FR(F )� �*�&� %,!'�&�� ����	���

 :.*#8�+ ."!(1
*$*�+ �%#,6(�$" �� ��!&$7."!(*!)! �$�.,0"�"� ��%�!�*�'�*�+ "!,0#! *$'$�*�$ '����*"�� �
���
	���

 D "�#7$ � '$�*�4 '����*"� <!),�%*! .%,!'�6 �� �$�.,0"�"!& '��!,*$*�+ ���
�

	����� :.*#8�� .7$ *$ +',+$"%+ ��!&$7."!(*�4 '����*" ��%�!�*�'�*�+� "�# #�# ' *$& *$
%./$%"'.$" ���'�,0*�9 '����*"!'�

�'(���*�� � ?" �.%"0 G = (S,U) D )��: ��! ��7$*�+ :!�&.,�� P$�$� (s1, s2) ∈ U  .1
-$& ! !�*�(�"0 �$ �! )��:�� $%,� *$ �&$$" �*�($*�+� #�#!$ *����',$*�$ �&$$" �$ �!� M.1
-$& %(�"�"0� ("! '��!,*$*! ��'$*%"'! (s1, s2) = (s1, s2, v)� )-$ v D *����',$*�$ �$ ��� $%,�
(s1, s2, v) ∈ U �

�'(���*�� � @" �.%"0 F1 = (S,U1) � F2 = (S,U2) D )��:� ��! ��7$*�4 :!�&.,�� M.-$&
)!'!��"0� ("! )��: F1 ���	��	�	���	 �� �	���	��� )��:. F1 BF1 ∼ F2A� $%,� '��!,*$*!
.%,!'�$=

∀s1, s2 ∈ S ∀v ∈
{
{−1, 0, 1} × {−1, 0, 1}\{(0, 0)}

}
:(

(s1, s2, v) ∈ U1 ⇒ ∃w ∈
{
{−1, 0, 1} × {−1, 0, 1}\{(0, 0)}

}
(s1, s2, v) ∈ U2

)
.

�*�&� %,!'�&�� -'� )��:� ��! ��7$*�+ :!�&.,� ���	��	�	���	 �� �	���	��� ���� ������
$%,� !*� �&$6" !-�*�#!'�$ '$�2�*�� � �$ �� !",�(�6"%+ "!,0#! *����',$*�+&��

�'(���*�� � A" �.%"0 F D &*!7$%"'! )��:!' ��! ��7$*�4 :!�&.,� F  .-$& *���'�"0
�����	���	������
����� $%,� ∀F1, F2 ∈ F : (F1 ∼ F2)� �*�&� %,!'�&�� &*!7$%"'! )��:!'
��! ��7$*�4 :!�&., �����	���	������
��� $%,� '%$ )��:� �� 3"!)! &*!7$%"'� %!!"'$"%"'.1
6" -�.) -�.).�

�'(���*�� � B" �.%"0 F D &!*!%"�.#".���!'�**!$ &*!7$%"'! )��:!' ��! ��7$*�4 :!�1
&.,�� 5���%0 '�-�

F =
(
S,

{
(sb1 , se1 , v1,1|v1,2| . . . |v1,m1), . . . , (sbn , sen , vn,1|vn,2| . . . |vn,mn)

})
,

)-$ S D &*!7$%"'! '$�2�* )��:!' �� F � sbi ∈ S D *�(�,! i1)! �$ ��� sei ∈ S D #!*$8 i1

)! �$ ��� vi,1, vi,2, . . . , vi,mi ∈
{
{−1, 0, 1} × {−1, 0, 1}\{(0, 0)}

}
D '%$ '����*"� *����',$*�4

%!!"'$"%"'.6/�9 �$ $� % *�(�,!& ' sbi � #!*8!& ' sei �  .-$& *���'�"0 �����
���� �������

�����
����
 ������� -,+ &*!7$%"'� )��:!' ��! ��7$*�4 :!�&., F �

	( +�( #" 	�%%&!"��& ���&$�� �.%"0 $%"0 ��! ��7$*�$ :!�&.,� xyz B��%� @A� ��# #�#
'���&*!$ ��%�!,!7$*�$ %�&'!,!' *$!-*!�*�(*!$� "! �&$$"%+ %���. *$%#!,0#! '����*"!' ��%�!1
�*�'�*�+� � �&$**!= xyz� xyz� xyz� xy

z
� �($'�-*!� ("! ��� �!%"�!$*�� '����*"!' ��%�!�*�'�*�+

'%$ )��:�  .-." %!-$�7�"0 @ '$�2�*�= x� y� z� �*!7$%"'! )��:!'  .-$" &!*!%"�.#".���!'�*1
*�&� "�# #�# *$ %,!7*! "!(*! !��$-$,�"0 �!�+-!# %,$-!'�*�+ %�&'!,!'� <!!"'$"%"'$**!� '%$
)��:�  .-." �&$"0 �! � �$ ��= (x, y) � (y, z)� E��:� ��! ��7$*�4 :!�&.,� ���&." '�-=

F1 = ({x, y, z}, {(x, y, (1, 0)), (x, y, (1, 0))}),
F2 = ({x, y, z}, {(x, y, (1, 1)), (x, y, (1, 0))}),
F3 = ({x, y, z}, {(x, y, (1, 0)), (x, y, (1, 1))}),
F4 = ({x, y, z}, {(x, y, (1, 1)), (x, y, (1, 1))}).

� '�-$ �$).,+�*!)! -$�$'� �$�.,0"�"  .-$" '�),+-$"0 %,$-.6/�& ! ���!&=

F = ({x, y, z}, {(x, y, (1, 0)|(1, 1)), (y, z, (1, 0)|(1, 1))}).
��#�+ ����%0 �&$$"  !,$$ #!&��#"*�4 '�-� ("! '�7*! ��� *�,!7$*�� !)��*�($*�4 *� "�#�$
����&$"��� #�# ! ;$& "�$ .$&!4 ��&+"� � #!,�($%"'! !�$��8�4 ' $-�*�8. '�$&$*��
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�,+�2,� � 4" 5�&$"�&� ("! �$).,+�*!$ -$�$'! ��! ��7$*�+ :!�&.,� &!7$" %!-$�7�"0
 !,02$$ #!,�($%"'! 3,$&$*"!'� ($& �%9!-*!$ &*!7$%"'! )��:!' ��! ��7$*�4 :!�&.,� � ���1
&$�$ �� $%,� ��'$%"*!� ("! xy

z
*$ &!7$"  �"0 ���'�,0*�& '����*"!& ��%�!�*�'�*�+� "! &*!1

7$%"'! %!-$�7�" "!,0#! @ 3,$&$*"�� "!)-� #�# ' �$).,+�*!& -$�$'$ %!9��*+6"%+ '%$ '����*"�
*����',$*�4� �� �*�(�"� � '%$ '����*"� ��%�!�*�'�*�+� �"&$"�&� ("! ��� �$2$*�� "�#�9 ��-�(�
#�# ��%�!�*�'�*�$ �.#!��%*�9 &�"$&�"�($%#�9 :!�&.,� '�7*! *� ��!"+7$*�� '%$9 '�(�%,$1
*�4 9��*�"0 '%$ ��$-�!,�)�$&�$ '����*"�� ��**�4 �!-9!- �!�'!,+$" #�# &�*�&.& .&$*02�"0
"�$ .$&.6 ��&+"0 -,+ '�(�%,$*�4 � �� !-�* ��!9!- ! �� �"�'�"0 %���. *$%#!,0#! ���,�(*�9
)��:!' ��! ��7$*�4 :!�&.,�

�'(���*�� � C" �.%"0 F D �$).,+�*!$ -$�$'! ��! ��7$*�+ :!�&.,�� �*!7$%"'! )��1
:!' ��! ��7$*�4 :!�&.,�� �!�!7-�$&!$ �$).,+�*�& -$�$'!& F �  .-$& *���'�"0 �����
����
������	��� ��
�
 �����
����
 ��������

�'(���*�� � #D" M.-$& )!'!��"0� ("! ��!&$7."!(*�4 �$�.,0"�" ��%�!�*�'�*�+ F �&$$"
����
����� ������ $%,� !* �&$$" '�-=

F =
n⋃

i=1

Fi,

)-$ #�7-!$ &*!7$%"'! Fi ��$-%"�',$*! �$).,+�*�& -$�$'!&� �*�&� %,!'�&�� ����
���

 ����
�
 D 3"! ! ;$-�*$*�$ &!*!%"�.#".���!'�**�9 �!-&*!7$%"' &*!7$%"'� F �

	( +�( 4" 	�%%&!"��& ���&$�� �,+ ��! ��7$*�+ :!�&.,� *� ��%� > &!7$"  �"0 *$%#!,01
#! '����*"!' ��%�!�*�'�*�+� � �&$**!= x2

y� x2y� x2y � x2
y� x2y� �,+ -�**!)! ���&$�� %'+��

&$7-. %�&'!,�&� *$!-*!�*�(*�� "� $� "!(*! *$ ��'$%"*!� % #�#�& %�&'!,!& -!,7$*  �"0 %'+1
��* %�&'!, y� �* !"*!%�"%+ ,� ! # %�&'!,. x� ,� ! # 8�:�$ 2� � �$�'�9 -'.9 '����*"�9
��%�!�*�'�*�+ -'� �$ ��= (x, 2)� (x, y)� � !%"�,0*�9 %,.(�+9 �$ �� %!$-�*+6" -�.)�$ '$�2�1
*�= (x, 2)� (2, y)� �,+ "�#!)! ��!&$7."!(*!)! �$�.,0"�"� ��%�!�*�'�*�+ &!7$"  �"0 �!%"�!$*!
%,$-.6/$$ &*!7$%"'! ' *!�&�,0*!4 :!�&$=

F =
{(

{x, 2, y}, {(x, 2, (1,−1)), (x, y, (1, 1)|(1, 0))}
)}⋃

{(
{x, 2, y}, {(x, 2, (1,−1)|(1, 0)), (2, y, (1, 1)|(1, 0))}

)}
.

�'(���*�� � ##" �.%"0 FR D �!��"�'*�+ :.*#8�+ ."!(*$*�+ -,+ F � FR  .-$& *���'�"0
���
����� �������� �	������
� $%,� '��!,*$*! .%,!'�$= FR(F ) = {Ft}, )-$ Ft D ���'�,0*�4
�"!)!'�4 �$�.,0"�" ��%�!�*�'�*�+�
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�� ����� �� ��� ���� �

�'(���*�� � #4" �.%"0 G = (S,U) D ! �#*!'$**�4 )��:� "!)-� ($�$� S(G)  .-$& ! !1
�*�(�"0 &*!7$%"'! '$�2�* )��:� G� � ($�$� U(G) D &*!7$%"'! $)! �$ $��

�'(���*�� � #9" �.%"0 F = {(S,U1), . . . , (S,Un)} D ��!&$7."!(*�4 �$�.,0"�" ��%�!�*�1
'�*�+� s1, s2 ∈ S D ��!��'!,0*�$ '$�2�*�� ���$-$,�& -,+ ��!&$7."!(*!)! �$�.,0"�"� ��%1
�!�*�'�*�+ *$%#!,0#! ����
���=

���
������ ����
=

F + (s1, s2) =

{(
S,

(
U1\

⋃
i

{(si, s2)}
)⋃

{(s1, s2)}
)
, . . . ,

(
S,

(
Un\

⋃
i

{(si, s2)}
)⋃

{(s1, s2)}
)}

.

� *!�&�,0*!4 :!�&$ !�$��8�+ �&$$" '�-=

n⋃
i=1

Fi + (s1, s2) =

n⋃
i=1

Fi\
⋃

i:(s1,s2)/∈U(Fi)

Fi.

���
������ �
��
�����
 ����
=

F + (s1, s2, v) =

{(
S,

(
U1\

⋃
i:vi �=v

{(s1, s2, vi)}
)⋃

{(s1, s2, v)}
)
, . . . ,

(
S,

(
Un\

⋃
i:vi �=v

{(si, s2, vi)}
)⋃

{(s1, s2, v)}
)}

.

� *!�&�,0*!4 :!�&$ !�$��8�+ �&$$" '�-=

n⋃
i=1

Fi + (s1, s2, v) =

( ⋃
i:(s1,s2)/∈U(Fi)

Fi

)⋃
( ⋃

i:(s1,s2)∈U(Fi)

(
S,U(Fi)\{(s1, s2)}

⋃
{(s1, s2, v)}

))
. B>��A

�"&$"�&� ("! ' B>��A Fi D 3"! 8$,!$ &*!7$%"'! )��:!'� *! ����%0 '�-� U(Fi) -!�.%"�&��
"�# #�# Fi ��$-%"�',$*! ' '�-$ !-*!)! �$).,+�*!)! -$�$'��

��$��8�+ ���
������ ����
 -! �',+$" '! '%$ )��:� ��!&$7."!(*!)! �$�.,0"�"� ��%�!�*�1
'�*�+ .#���**!$ �$ �!� ��$-'���"$,0*! .-�,�' '%$ �$ ��� . #!"!��9 #!*$8 %!'��-�$" % .#�1
��**�&� ��$��8�+ ���
������ �
��
�����
 ����
 -! �',+$" ' .#���**!$ �$ �! '! '%$9 )��:�9
��!&$7."!(*!)! �$�.,0"�"� ��%�!�*�'�*�+ .#���**!$ *����',$*�$� ��$-'���"$,0*! .-�,�' '%$
!%"�,0*�$ *����',$*�+�

	( +�( 9" 	�%%&!"��& ���&$� -,+ !�$��8�� -! �',$*�+ �$ ��� �,+ ��!&$7."!(*!)! �$1
�.,0"�"� ��%�!�*�'�*�+ :!�&.,� *� ��%� > -! �',$*�$ �$ �� (x, y) ���*�&�$" '�-=

F + (x, y) =
{(

{x, 2, y}, {(x, 2, (1,−1)), (x, y, (1, 1)|(1, 0))}
)}⋃

{(
{x, 2, y}, {(x, 2, (1,−1)|(1, 0)), (x, y, (1, 1)|(1, 0))}

)}
={(

{x, 2, y}, {(x, 2, (1,−1)|(1, 0)), (x, y, (1, 1)|(1, 0))}
)}

= F ′.
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� !" ?" <"��*�8� ��!%&!"�� :!�&.,� � &*!7$%"'� )��:!' ��! ��7$*�+ :!�&.,�

	( +�( ;" 	�%%&!"��& ���&$� -,+ !�$��8�� -! �',$*�+ *����',$*�+ �$ ��� �,+ ��!&$1
7."!(*!)! �$�.,0"�"� ��%�!�*�'�*�+ :!�&.,� ' ���&$� @ -! �',$*�$ *����',$*�+ (1, 1) -,+
�$ �� (x, y) ���*�&�$" '�-=

F ′ + (x, y, (1, 1)) =
{(

{x, 2, y}, {(x, 2, (1,−1)|(1, 0)), (x, y, (1, 1))}
)}

= F ′′.

�%,� $/$ ��� ���&$*�"0 !�$��8�6 -! �',$*�+ *����',$*�+� "! �!,.(�& %,$-.6/�4 �$1
�.,0"�"=

F ′′ + (x, 2, (1,−1)) =
{(

{x, 2, y}, {(x, 2, (1,−1)), (x, y, (1, 1))}
)}

= F ′′′.

�"!)!'�4 �$�.,0"�" F ′′′ %!-$�7�" $-�*%"'$**�4 '����*" ��%�!�*�'�*�+� #!"!��4 +',+$"%+
'$�*�& '����*"!&� ��#�& ! ���!&� :.*#8�+� �%�!,0�.6/�+ !-*. !�$��8�6 -! �',$*�+ �$ ��
� -'$ !�$��8�� -! �',$*�+ *����',$*�+ �$ ��� +',+$"%+ �-$�,0*!4 :.*#8�$4 ."!(*$*�+ -,+
��!&$7."!(*!)! �$�.,0"�"� ��%�!�*�'�*�+ F �

�,+�2,� � 9" Q6 !$ #!*$(*!$ &*!7$%"'! )��:!' ��! ��7$*�4 :!�&., �!%,$ *$%#!,0#�9
B#!*$(*!)! (�%,�A ���&$*$*�4 !�$��8�4 -! �',$*�+ �$ �� &!7*! %-$,�"0 &!*!%"�.#".���!1
'�**�&� H"! %,$-.$" �� "!)!� ("! !�$��8�+ .-�,+$" ���*�$ �$ �� �� )��:!' � -! �',+$" '%$)-�
!-�*�#!'!$ �$ �! '! '%$ )��:��

	�%%&!"�$**�9 !�$��8�4 -!%"�"!(*! -,+ "!)!� ("! � �!%"�!�"0 �-$�,0*.6 :.*#8�6 ."!(1
*$*�+� 5�-�(� �%���',$*�+ �$�.,0"�"!' ��%�!�*�'�*�+ �.#!��%*�9 &�"$&�"�($%#�9 :!�&.,
%'!-�"%+ # ��-�($ �!%"�!$*�+ *��&$*02$4 :.*#8��� "� $� "�#!4 :.*#8��� #!"!��+ �%�!,0�.$"
*��&$*02$$ #!,�($%"'! !�$��8�4� �,+ .-! %"'� �� !"� �!,0�!'�"$,+ �*"$�:$4% ��!)��&&�
-!,7$* ��$-!%"�',+"0 '!�&!7*!%"0  �%"�!)! �!%"�!$*�+ :.*#8��� #!"!��+ �� *��&$*02$$
(�%,! 2�)!' ��  !,02!)! #!,�($%"'� B'!�&!7*!� �!�+-#� ����A '����*"!' ��%�!�*�'�*�+ �!�1
'!,+$" '� ��"0 ���'�,0*�4 �"!)!'�4 �$�.,0"�"�

$ ?" �' !,� �  �1�(3�8!,

	���� !"#� �!,0�!'�"$,0%#�9 �*"$�:$4%!' %"�!�"%+ "�#�& ! ���!&� ("! � %!�-�"0 $)! &�#1
%�&�,0*! ���',$#�"$,0*�& � .-! *�& -,+ !�"�&���8�� $)! '���&!-$4%"'�+ % �!,0�!'�"$,$&�
��#�  �, %��!$#"��!'�* �*"$�:$4%� &�#%�&�,0*! .��!/�6/�4 ��!8$%% ��!'$�#� � �%���',$1
*�+ �$�.,0"�"!' ��%�!�*�'�*�+ �.#!��%*!4 :!�&.,�� O.*#8�!*�,0*!$ *��*�($*�$ �*"$�:$4%�
%!%"!�" ' %,$-.6/$&=

�� ��!%&!"� )��:� ��! ��7$*�+ :!�&.,� � "$#%"!'!)! ��$-%"�',$*�+ :!�&.,��
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�� ��!%&!"� �%"!��� ��%�!�*�'�*�+� ��$-�!,�)�6/�4 �!�%#  ,��#�9 �! %"�.#".�$ :!�&.,
�� ��!2,�9 �$�.,0"�"!'�

�!,0�!'�"$,0 ��)�.7�$" ��! ��7$*�$ % �.#!��%*!4 :!�&.,!4� � ��!)��&&� '��!,*+$" $$
��%�!�*�'�*�$� 
� '�9!-$ %"�!�"%+ &*!7$%"'! )��:!' � �9 "$#%"!'!$ ��$-%"�',$*�$� <"��*�1
8� %!-$�7�" -'� !#*�� !-*! % ��)�.7$**!4 �!,0�!'�"$,$& :!�&.,!4� � -�.)!$ D %! %��%#!&
�� &�*��"6�� ��7-�+ &�*��"6�� %!%"!�" �� )��:� ��! ��7$*�+ :!�&.,�� "$#%"!'!)! ��$-1
%"�',$*�+ � %#!&��,��!'�**!)! �$�.,0"�"� :!�&.,�� ��� '� !�$ %!!"'$"%"'.6/$)! '����*"�
�� ��$-,!7$**�9 �!+',+$"%+ '!�&!7*!%"0 �$-�#"��!'�*�+ )��:� '�.(*.6� ("! ��$-�!,�)�1
$" ��&$*$*�$ 9���#"$�� %'+�$4 &$7-. '$�2�*�&�� �%,� �� &*!7$%"'� )��:!'  �, *�4-$*
���'�,0*�4 '����*" ��%�!�*�'�*�+� %,$-.$" '�-$,�"0 $)! � *�7�"0 *� #*!�#. I�� ��"0J
B��%� �A� �#*! �$-�#"��!'�*�+ ��$-%"�',+$" %! !4 �!,+ -,+ �$-�#"��!'�*�+� #!*$(*!)! �$1
�.,0"�"� ' '�-$ "$#%"!'!)! ��$-%"�',$*�+ � ��*$,0 �*%"�.&$*"!'� %!%"!+/.6 �� #*!�!# I�"1
&$*�"0J� I�!'"!��"0J� .#���"$,+� ,�%"�#�� �*%"�.&$*"� I�$#%"J � :�).�� *$! 9!-�&�9 -,+
�!%"�!$*�+ )��:�� <"!�" !"&$"�"0� ("! �&$$"%+ '!�&!7*!%"0 �'"!&�"�($%#!)! '� !�� �*%"�.1
&$*"�= ' ��'�%�&!%"� !" "!)!� )-$ �&$**! *�9!-�"%+ .#���"$,0� '��!,*+6"%+ ���*�$ !�$��8���

����&$�� $%,� .#���"$,0 &�2� ��%�!,!7$* *� �$ �$ )��:�� "! ��� �!&!/� �$�$"�%#�'�1
*�+ ��&$*+$"%+ #!*$8 )��:�� � $%,� *� '$�2�*$ D "! ��&$*+$"%+ '$#"!� *����',$*�+ �$ ���
�! -!%"�7$*�6 *.7*!)! �$�.,0"�"� �$-�#"��!'�*�+ )��:� %,$-.$" %!9��*�"0 $)!� *�7�' *�
%!!"'$"%"'.6/.6 #*!�#. B��%� �A� ��!&$ "!)!� %./$%"'.$" %"��*�8� -,+ 2� ,!*!'� #!"!��$
��$-%"�',$*� ' '�-$ )��:� ��! ��7$*�+ :!�&.,� � "$#%"!'!)! ��$-%"�',$*�+� 5-$%0 &!7*!
-! �'�"0 � !"�$-�#"��!'�"0 2� ,!*� �!%,$ ($)! I<!9��*�"0J B��%� �A� 
� %"��*�8$ I�%"!��+J
&!7*! !%./$%"'�"0 �!�%#  ,��#�9 �! %"�.#".�$ :!�&., �� ��!2,�9 �$�.,0"�"!' % �!&!/06
���,�(*�9 '����*"!' %!�"��!'#� �%"!��� B��%� GA�
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YVSTR[KWKT[� YVRZLJY WYVV TX 3JWPV3JWKSJL V]OYVMMKT[ K3JRV�
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bPV JYWKSLV cVJLM dKWP WPV OYTeLV3 TX YVSTR[KWKT[ TX PJ[cdYKWWV[ 3JWPV3JWKSJL XTY3ZLJV� *W KM YVOTYWVc JeTZW
WPV 3JK[ OYTeLV3M WPJW JYKMV K[ MTL2K[R WPKM WJMf� gLMT KW KM MOVSKJLLN [TWVc WPV 3VWPTc XTY OYV2V[WK[R J[c
STYYVSWK[R YVSTR[KWKT[ VYYTYM eJMVc T[ PJ[c OYTSVMM TX YVSTR[KWKT[� ^ZSP JWWV[WKT[ KM RK2V[ WT 3JWPV3JWKSJL
3TcVLM TX WPV OYTOTMVc 3VWPTc� bPVN JYV eJMVc T[ RYJOP WPVTYN� hTY WPKM OZYOTMV� WPV cV\[KWKT[ TX J YVRZLJY
WYVV XTY WPV K3JRV TX XTY3ZLJ KM RK2V[ KW JLLTdM WT fVVO JLL TOWKT[M XTY YVSTR[KWKT[ TX WPV TYKRK[JL K3JRV TX WPV
XTY3ZLJ K[ WPV 3TMW ST3OJSW XTY3 J[c WT MK3OLKXN WPV OYTSVMM TX VcKWK[R J 2JYKVWN TX TOWKT[M TX WPV RYTZO
YVSTR[KWKT[ LK[fVc WT WPV SPJ[RK[R [JWZYV TX WPV YVLJWKT[MPKO eVWdVV[ WPV 2VYWKSVM TX RYJOP� g[ V]J3OLV TX
ZMVY&XYKV[cLN K[WVYXJSV WT 3J[JRV WPV YVSTR[KWKT[ J[c STYYVSWKT[ TX VYYTYM KM RK2V[ WPJW cTVM[iW YVjZKYV ZMVY
f[TdLVcRV TX WPV XTY3JW TX 3JWPV3JWKSJL XTY3ZLJV�
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 ������ $��%�� ohTZ[cJWKT[M TX WPV RYJOPM WPVTYNp� ^TMSTd' kJZfJ� +EF4� /F+ O�
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_JOJYT2 gLVfMVK lZYiV2KSP� `J[cKcJWV TX I[RK[VVYK[R� _V[KTY tVSWZYVY� (VOJYW3V[W TX bPVTYVWKSJL hTZ[cJ&
WKT[M TX `T3OZWVY _SKV[SV� uc3ZYW _WJWV u[K2VYMKWN� ZL� u[K2VYMKWVWMfJNJ� +� *vPV2Mf� G-4,/G� aZMMKJ�
I&3JKL' MJN�MJOLPQR3JKL�ST3

_PKYTeTfT2J *YK[J lZYiV2[J� ^JMWVY _WZcV[W� (VOJYW3V[W TX bPVTYVWKSJL hTZ[cJWKT[M TX `T3OZWVY _SKV[SV�
uc3ZYW _WJWV u[K2VYMKWN� ZL� u[K2VYMKWVWMfJNJ� +� *vPV2Mf� G-4,/G� aZMMKJ�
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