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Integrate out sites 1,...,m

effective single
site problem
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^$cZg�j_^5oR^5o�iK]_j_}N`$cZgVj�gRi�n_g�|_cfj_�m�3[�\Iamo���\&^$\N\Nj�`$amo�`=oR`�� oRbZ]_\N^�gRi�`$a_\�cZjl`$\zw$o�}N`$cZgRj�� � � � 


d�\N`LoRbfbZcZ}3oRj_nrcZj_^y]_beoR`$cZj_�5^yg�bZ]_`$cZgVj_^�}NgP\N�lcZ^$`�oRj_n�`$amoR`���oR^�cZj�`$a_\3amoRbtiUsKkmbZbZ\Nn�}zoR^$\���`ya_\=d�\N`LoRbfbZcZ}
^$g�bZ]_`ycZg�j5cZ^8bZgR~B\zwmcfj&\Nj_\zwv��p��8�9gPw�� � � � 
 n_g�|_cZj_��cZj_n_]_}N\N^�^$`LoR`y\N^1cZj&`ya_\h�<]_�_�mo�wvn��PoR|I~3a_cZ}?a
d�gR��\3`$gR~3o�wqn_^�`ya_\3bZgR~B\zw �e]_|_|m\zw �B�<]_�_�mo�wvn��moRj_n*oR^�`$a_\�cZjl`$\zw$oR}N`ycZg�j�gPw�`ya_\3a_g�bZ\ �e\NbZ\N}N`Lw�g�j*�
n_g�|_cZj_��}Ng�j_}N\NjP`?w$oR`$cZgVj_^&o�wv\rcZj_}zw�\zoR^$\Nn1�r�9gPw&o�jPp�� o�bZ]_\rgRiB`$a_\�cfjP`$\zwyoR}N`$cZgRj�o*^Ld�oRbZb�n_g�|_cZj_�
}Ng�j_}N\Njl`Lw$oR`$cfg�j�bf\zoRn_^3`$gr^y`LoR`$\N^3^y\N|mo�w$oR`$\Nn�iuwvgPd `$a_\I]_|_|m\zw�oRj_n�bfg ~B\zwB�<]_�_�mo�wvn��mo�j_n_^z��[�\
oRbZ^$g�g��_^$\zwv��\�oRj�o�j_gPdroRbZgV]_^3`Lw$oRj_^�i�\zwBg�i�^$|m\N}N`LwyoRb{~B\NcZ�VaP`,iuwvgPd a_cZ��a�\Nj_\zw���cZ\N^�`$gr`$a_\I�m\zw$d�c
bZ\N��\Nbu�l~3a_cf}La*}zoRj��m\5]_j_n_\zwv^y`$gPgln*iuwvgPd `$a_\&��g�j_n_gr\?�1\N}N`3\N�la_cZ�_cZ`$\Nn��Pp�`$a_\5n_g�|9\Nn�^$pl^$`$\zd
�
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	 ����� � 
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��^{~3oR^1^ya_g ~<j5cZj5^$\N��\zw$o�b�|_]_�_bZcZ}zoR`ycZg�j_^&*�� �P�l� �l���_�,+�� o�j_n&oR^{~B\�^Lo�~�\N�l|_bZcZ}Ncf`$bZp�cZj5`$a_\�|mw�\N�PcZgV]_^
}?amoR|_`$\zwN�B`$a_\�d�\N`?oRbZbZcZ}*|_amo�^$\�gRi&`ya_\��<]_�_�mo�wvnAd�gln_\Nb5cZj�cZjlkmj_cf`$\�n_ced�\Nj_^$cZg�j_^�\N�Pa_cf�_cZ`$^*o
� 
 � ��� ��
/- 2���2�� �,4���0 
���i�glw8cZjP`y\zw$d�\Nn_ceoR`y\ o�j_nrbeo�wv�V\h�RoRbZ]_\N^,gRi1`$a_\3cZjl`$\zw$oR}N`ycZg�j
� ����� ��� 
 �{oRj_n
iKgPw,�N\zwvg�oRj_n�^LdroRbZb9n_g�|_cZj_� �l��� a_cZ^3}zoRj*�9\&^$\N\Nj�d�gV^$`B}NbZ\zo�wvbZp�iuwvgPd `$a_\5^$|9\N}N`Lw$oRb!iK]_j_}N`$cZgVj_^
oR^�^$a_gR~3j�cZj���cZ��]mwv\N^ 
m���5oRj_n �_� � �R~3a_cZ}?ar^$a_gR~�`$a_\3n_\Nj_^$cf`�pIgRi>^y`LoR`$\N^�gRi!`$a_\=�<]_�_�mo�wvn*d�gln_\Nb
oR`3amo�btiesKkmbfbZcZj_��o�j_n*iKgPw,^LdroRbZb!n_g�|_cfj_�m�
�Bbf\zo�wvbZp��_`ya_\&^$|9\N}N`Lw$o�}zoRj��9\&^$\N|mo�wyoR`$\Nn�cfjP`$g�`$amwv\N\5n_cZ^$`ycZj_}N`BiK\zoR`$]mwv\N^z�3� a_\&a_cZ��a*\Nj_\zw���p

iK\zoR`$]mwv\N^ro�wv\���cZ��\Nj��Pp `$a_\��mw�gPoRn�]_|_|m\zwroRj_n�bZgR~B\zw&�<]_�_�mo�wvn��moRj_n_^r~3a_cf}La�oVwv\�}N\Njl`$\zwv\Nn
oR`5\Nj_\zwv�VcZ\N^�� ��oRj_n.� � ��� �3`5amoRbtiUsKkmbZbZcZj_� �  �h��� �!^$]_}La�`$amo�`5`$a_\Np�o�w�\�}N\Njl`$\zwv\Nn ^$p�d�s
d�\N`Lwvcf}zoRbZbZp�oR�9g�]_`5`$a_\��m\zwyd�c�bZ\N��\Nb�oR` � �h��� ���Ba_\N^y\�o�wv\�~B\NbZb8^$\N|mo�w$oR`y\Nn�iuwvgPd `$a_\rjmoVw$wvgR~
��g�j_n_g�wv\N^yg�jmoRj_}N\&oR`B`$a_\5�9\zw$d�c!bZ\N��\Nbu�l`$a_\5~B\NcZ�VaP`,gRi�~<a_cZ}La1���I�l��gP\N^<`$g��N\zwvgroR`3`$a_\5d�\N`LoRb s
`$gRsucZj_^y]_beoR`$gPw�`?w$oRj_^$cZ`ycZg�j1���Ba_\�^ypP^$`y\zd g�i=\N�P]mo�`$cZg�j_^�`$g��m\*^yg�bZ��\Nn�}Nbfg�^$\�`$g�`$a_\�`?w$oRj_^$cZ`ycZg�j
}Ng�jl`LoRcZj_^�`v~hg�� o�^$`$bZp*n_ct�1\zwv\Njl`5\Nj_\zwv��p�^$}zoRbZ\N^��!��cZ��\Nj��Pp�`$a_\�}La_\zd�cf}zoRb�|mg�`y\NjP`$cUoRb ��oRj_n�`$a_\
~3cZn_`$a gRi&`$a_\���g�j_n_g�wv\N^$g�jmo�j_}N\�� � 
��3wv\Nj_n_\zw�cZj_��oRj o�}N}N]mw$oR`$\�jl]md�\zwvcZ}zoRb<`Lwv\zoR`Ld�\NjP`z�Bcfj
|mo�wv`$cf}N]_beo�w,gRi�`$a_\5}zwvcZ`$cf}zoRb1wv\N��cZg�j1�lced�|mg�^$^ycZ�_bZ\��

�Kj�`ya_cZ^�}LamoR|_`y\zw&~B\�~3cZbZb,^$a_gR~&�8a_gR~ ~B\�}zoRj�]_^$\*`$a_\�jmoR`$]mw$oRb,^$\N|mo�w$o�`$cZg�j�gRi3^$}zoRbZ\N^�`$g
g�]mwBoRn_� o�jP`Lo���\3�lp 
50 - � - ����
/- � �3`$a_\5a_cf��a�\Nj_\zw���prn_\N�Pwv\N\N^BgRi�i wv\N\Nn_gld*�l`$a_\zwv\N�lp�wv\Nn_]_}NcZj_��`$a_\
i�]_bfb�|mwvg��_bZ\zd `$g�oRj�\?�1\N}N`$cZ�V\�bfg ~�\Nj_\zw���p�|mwvg��_bZ\zd }Ng�jP`?oRcZj_cZj_�*g�j_bfp 2���
 �,4���0 
z�!~3a_cf}La�}zoRj
�m\I`LoR}�
�bZ\Nn*jl]md�\zwvcf}zoRbZbZp��8�>w�gPd `$a_\&wv\N^y]_bZ`$cZj_��\?�1\N}N`$cZ��\5|mw�g��_bZ\zd g�j_\5}zo�j�\zoR^$cfbZprg��_`Lo�cZj*bZgR~
i w�\N�P]_\Nj_}Np-�e`$\zd�|9\zw$oR`$]mwv\&��wv\N^$]_bZ`$^��zoR^8~h\NbfbPoR^1cZjliKgPw$d�oR`$cZgRj&oR�9g�]_`{`ya_\�}zwvcZ`$cZ}zo�b��m\Namo��lcZgPw!gRi_`$a_\
d�gln_\NbZ^=}NgVj_^$cZn_\zwv\Nn1� �K`�cZ^3`$a_cZ^�cZn_\zo�`$amoR`BiKgPw$d�^3`$a_\��moR^$cZ^<gRi�`$a_\&^y\Nbtiesu}NgVj_^$cZ^$`$\Njl`3|mwvgV��\N}N`ycZ��\



`$\N}?a_j_cZ�l]_\��
[Aa_cZbZ\B~B\3n_\N��\Nbfg�|roRj_nr]_^$\3`ya_\3`$\N}?a_j_cZ�P]_\<`$g5^$`$]_n_pI`$a_\3|mo�wv`ycZ}N]_beo�w�}zoR^$\3g�i>`$a_\=�<]_�_�mo�wvn

d�gln_\Nbu�l`$a_\5d�\N`$a_gln�cZ^B}NgPd�|_bZ\N`$\NbZp���\Nj_\zw$o�b;o�j_n�}zoRj��m\&o�|_|_bZcZ\Nn�`$g�oRjlpr|mwvgV�_bZ\zd�\N�la_cZ�_cZ`$cfj_�
o�^$\N|mo�wyoR`$cZg�j gRi�^y}zoRbZ\N^z��o�}NgPdrd�g�jA^$cf`$]moR`$cZgRj cZjA^$`Lwvg�j_�VbZp�}NgPw$wv\NbUoR`$\NnA\NbZ\N}N`LwvgVj�^$pl^$`$\zd�^��
��j�\N^y^$\NjP`yceoRb�i�\zoR`y]mwv\�gRih`$a_\rd�\N`ya_gPn�cZ^5`$a_\IiuoR}N`z�!`$amo�`=`$a_\�a_cZ��a�\Nj_\zw���p�|mo�wv`$^�g�j_bZp�\NjP`$\zw�^
�lceo�|mo�w$o�d�\N`$\zwv^5~3a_cZ}?a�n_\N`$\zw$d�cfj_\r`$a_\�n_\N`LoRcZbf\Nn�bfg ~�\Nj_\zw���p��m\Namo��PcfgPwN� �Kj�`$amo�`5^$\Nj_^$\rcZ`5cf^
^$ced�cZbeo�w�`$g&o ��oRj_nmoR]ls �=cfj_^$�_]mwv��o�jmoRbZpl^$cZ^z�RcZj�~3a_cZ}?a�a_cf��ar\Nj_\zwv��p��V^$a_gPwv`,n_cZ^$`Lo�j_}N\h\?�1\N}N`$^,g�j_bZp
n_\N`$\zw$d�cZj_\5`$a_\&}Ngl\ ��}NcZ\Njl`$^3g�i{`$a_\&�Ro�wvcZgV]_^h`y\zw$d�^3gRi�`$a_\ �1o�j_nmoR]ls �=cZj_^y�_]mwv��iK]_j_}N`$cZg�jmoRbq�

� j `ya_\*}zoR^$\�g�i `$a_\��3]_�_�moVwvn d�gln_\Nb�~h\*~<cZbZb3^$\N\�`$amoR`�`$a_\�^$\NbtiUsu}Ng�j_^$cZ^$`y\NjP`r|mw�g��v\N}N`$cZ��\
`$\N}?a_j_cZ�l]_\�\NjmoR�_bZ\N^*]_^�`$g�o�jmoRbZpl�N\�`$a_\�|_aPpl^$cZ}zoRb�|mwvg�|9\zwv`$cZ\N^�j_\zo�w�`$a_\�`?w$oRj_^$cZ`ycZgRj�oRj_n�`$a_\

�
 ��4 
<|mwvg�|9\zwv`$cZ\N^*oR`�`ya_\�}zwvcZ`ycZ}zoRb3|9g�cZjl`z�BcZbZbZ]_^y`Lw$oR`vcZj_��`$amoR`�cZ`rcf^xo |mgR~B\zwqiK]_b=`$\N}?a_j_cZ�l]_\�`$g
g��_`LoRcfj�`$a_\IbZgR~ i wv\N�l]_\Nj_}Np*�m\Namo��lcZgPw,gRi�^$`LwvgVj_��bZpr}NgPwywv\NbeoR`$\Nn�\NbZ\N}N`Lw�g�j*^$pl^$`$\zd�^z�
��^&g�j_\r}zo�j�^$\N\�cedrd�\Nn_ceo�`$\NbZp�iuwvgPd�`$a_\r^y|m\N}N`Lw$o�b�iK]_j_}N`$cZg�j_^ �e��cf��]mwv\N^ 
m���*o�j_n �_� ���<`$a_\

^$\N|mo�w$o�`$cZg�jIgRi>^$}zo�bZ\N^{cUd�|_bZcZ\N^8`$amoR`�cZ`8cZ^�|9g�^$^$cZ�_bf\h`yg=n_\N}NgPd�|mg�^$\<`$a_\B^$cZj_��bZ\,|mo�wv`$cf}NbZ\�n_\Nj_^$cf`�pIgRi
^$`LoR`y\N^ � � � ��g�i{`$a_\=�<]_�_�mo�wvn�d�gln_\Nb!cZjl`$g&a_cZ�Va�oRj_n�bZgR~�iuwv\N�P]_\Nj_}Np�|mo�wv`y^hoR^ � � � �  � , 	�� � � ���

� " � � " � � �N����cZ��\Nj�`$a_\�droR|_|_cZj_�*gRi3`$a_\��3]_�_�mo�w�n�d�gln_\Nb�g�jl`$g�o*^ycZj_��bZ\�ced�|_]mw�cZ`vp ��j_n_\zwv^$g�j
d�gln_\Nb&* 
m�C+
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~3cZ`$a*^y\Nbtiesu}NgVj_^$cZ^$`$\Nj_}Np�}Ng�j_n_cZ`$cZgVj
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� 2 � � � �
 �1* � � $D@ � + ��� 2 � � � �_�����

��wv\N}zoRbfb=`$amo�` �  
�������`$a_cf^�ced�|_bZcZ\N^z�<`$amoR`�~h\�}zoRj oRbf^$g�^y\N|mo�w$oR`$\�`$a_\��Ro�wvceoR�_bf\N^ � � oRj_n
@ � n_\N^$}zwvcf�_cZj_��`$a_\*^$\Nb iesu}Ng�j_^ycZ^$`$\Njl`$bZp�n_\N`y\zw$d�cZj_\Nn��moR`ya�gRi }NgVj_n_]_}N`$cZg�j�\NbZ\N}N`?wvg�j_^rcZjl`$g�^$\N`$^
� � � � � $D@ � � � � }NgPw$w�\N^$|mg�j_n_cfj_��`$g�`$a_\�a_cZ��a�\Nj_\zwv��p
i�\zoR`y]mwv\N^ o�j_n � � � � � $ @ � � � � }Ng�jl`LoRcfj_cZj_�r`$a_\
bZgR~Bsu\Nj_\zwv��p5^y`LoR`$\N^1]_|�`$g5o<}N]_`vsugR����cf��\Nj&�lp&`$a_\B��g�j_n_g5`$\zd�|9\zw$oR`$]mw�\�gPw8wv\Nj_gPw$d�oRbZcZ�N\NnI�m\zw$d�c
\Nj_\zwv��p�gRi�`$a_\&�3]_�_�moVwvn�d�gln_\Nb{oRj_n�}zo�w$wvplcZj_��^$|9\N}N`Lw$oRb1~B\NcZ�VaP`

�  
P� 
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��� , 	��

@ 

� � � � � �_� ���

�Kj `$\zw$d�^�gRih`ya_\�w�\N��ced�\N^�n_cZ^$}N]_^$^y\Nn�cZj�`ya_\�|mw�\N�PcZgV]_^5}LamoR|_`y\zwN�!`$a_\�^$\N|mo�w$o�`$cZg�j�gRi�^$}zoRbZ\N^
gP}N}N]mw�^=oR^3bZgVj_��o�^h`ya_\5\?�;\N}N`ycZ��\ �=j_n_\zwv^yg�j�d�gln_\Nb!cZ^3cZj�`$a_\1032'4���0 � 2 � 
 ��
 � 
 �%- � 
��Pcfj*~3a_cZ}?a



`$a_\�ced�|_]mwvcf`�p�^$cf`$\3cZ^ �m]_}N`$]moR`ycZj_���m\N`v~B\N\Nj�`$a_\�`v~Bg&^$|_cZj�}Ng�jlkm��]mwyoR`$cZg�j_^ 
 � � oRj_n 
�� � �l~3a_cZ}?a
o�wv\�dI]_}?a bZgR~B\zwrcZjA\Nj_\zwv�Vp �U�PpAoRj o�d�g�]_jl` � ��`$amoRj `$a_\�\zd�|_`vpAoRj_n n_g�]_�_bZ\ gP}N}N]_|_cZ\Nn
}Ng�jlkm��]mwyoR`$cZg�j_^ 
 � � o�j_n 
���� � �
� ^y}La_\zdro�`$cZ}�n_\N^$}zwvcZ|_`$cfg�j�gRi=`ya_\�^$\N|moVw$oR`$cZgVj�gRi3^$}zoRbZ\N^roR^I~B\NbZbhoR^�gRi3`$a_\�\?�1\N}N`$cZ��\�bZgR~

\Nj_\zwv��p�|mwvg��_bZ\zd�cf^=^$a_gR~3j�cZj���cZ�m� �_�Z��� � `5^$a_g�]_bZn��m\r\zd�|_amo�^$cZ�N\Nn�`$amoR`5`$a_\ � ����
/- 4��%0 ���=cUdIs
|_bZ\zd�\Njl`LoR`ycZg�jrgRi8`$a_\=^y\Nbtiesu}NgVj_^$cZ^$`$\Njl`�|mw�g��v\N}N`$cZ��\=d�\N`$a_gPn�`$g�`$a_\5�3]_�_�moVwvn�d�gln_\Nb>n_\N�V\NbZg�|m\Nn
cZj�`$a_cZ^3`$a_\N^ycZ^3cZ^=w�\N^$`LwvcZ}N`y\Nn*`$gr`$a_\IbZgP}zo�b{d�gPd�\Njl`=wv\N�Vced�\��B�Ba_cZ^3cZ^<n_]_\�`ygr`$a_\5iuoR}N`3`yamoR`3~B\
oR^$^y]md�\ro�}N\zwv`LoRcZj�^$`Lwv]_}N`y]mwv\�gRih`$a_\�|mo�w�`=gRiB`$a_\r�=oVd�cZbZ`$gVj_ceoRj�}NgVjP`Lo�cZj_cZj_�r`$a_\�a_cZ��a�\Nj_\zw���p
^$`Lo�`$\N^z�I[�\r^$amoRbfb�^$\N\r\N�l|_bZcZ}NcZ`$bfp*beoR`$\zwN�!a_gR~�cZ`5cUd�|_bZcZ}NcZ`yb p�}Ng�jl`LoRcZj_^�`$a_\rcZjliKgPw$d�oR`$cZgRj�oR�mgV]_`
`$a_\5w$oRj_��\�gRi1� o�bZcZn_cZ`vp�gRi{`$a_\�|mwv\N^$\Njl`Bced�|_bZ\zd�\NjP`Lo�`$cZgRj1� �K`B^$a_g�]_bZn��m\�\zd�|_amoR^ycZ�N\Nn1�_a_gR~B\N��\zwN�
cZ`B}zoRj��m\�o�|_|_bZcZ\Nn*`$g�g�`$a_\zwB}zo�^$\N^=oRj_n�g�`$a_\zwBwv\N��ced�\N^z�

�Kj gPwvn_\zw*`yg�\NbZcUd�cZjmoR`$\�`$a_\�a_cZ�Va \Nj_\zw���p�n_\N�Pw�\N\N^�gRiIi wv\N\Nn_gld*��~h\�k>wv^y`*^$\N|mo�w$oR`y\�`$a_\
ced�|_]mwvcf`�p��=o�d�cZbZ`$g�j_cUozj�
�� � cZjl`$g�`$amwv\N\5|mo�w�`$^=oR^
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oRj_n*}zoRj��m\&`ya_g�]_��al`hg�i0oR^�oRj��=j_n_\zw�^$g�j*ced�|_]mw�cZ`vprcZj�o�^$\zd�cZ}Ng�j_n_]_}N`$gPw(�
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~B\�amo���\�n_cf^$}N]_^$^$\NnA�m\?iKgPwv\��B`ya_cZ^�cf^�a_cZ�Va_bZp w�\NbZ\N� oRjl`�cZj�`$a_\�bZcf��aP`�gRi&`ya_\�\N�l|m\zwvced�\NjP`$^*gVj
`$a_\�}N]_|mw$oR`$\N^�n_cZ^$}N]_^y^$\Nn�\zo�wvbZcZ\zw * �l� �_�{� �P���V� +v� �<g�`$cf}N\�oRbZ^ygr`$amoR`�`$a_\�\N��o�}N`=|9g�^$cZ`$cfg�j*gRi�`$a_\
wv\N^$g�jmo�j_}N\*cZ^&}zwv]_}NcUoRbB`$g�`$a_\xo�|_|_bZcZ}zoR�_cZbfcZ`vp�g�i `ya_\*^$\NbtiUsu}Ng�j_^$cZ^$`y\NjP`I|mwvg��v\N}N`$cZ��\�`$\N}La_j_cf�P]_\�oR^
ced�|_bZ\zd�\NjP`$\Nn*cfj*`$a_cZ^B`$a_\N^$cZ^��_^$cZj_}N\5cZ`�wv\NbZcZ\N^Bg�j*`$a_\5\N�lcZ^$`y\Nj_}N\&gRi�oI^$\N|mo�w$oR`ycZg�j�gRi�^y}zoRbZ\N^z�_cq� \��
`$a_\5\N�lcZ^$`$\Nj_}N\IgRi�orwv\N^yg�jmoRj_}N\&~B\NbZb!^$\N|moVw$oR`$\Nn�iuwvgPd `$a_\I]_|_|m\zw�oRj_n*bZgR~B\zwh�<]_�_�mo�wvn��moRj_n_^z�

� � �	��� �9� ��� 
�(A�����/��� � ��� 	 ���8�/�����!����� ���&��� � �8����� ��$ �

�Kj�`ya_\r}zoR^$\rg�ihamoRbti,kmbZbZcZj_�9�!~3a_cZ}?a�~B\rn_cf^$}N]_^$^$\Nn�cfj�`ya_\r|mwv\N�lcZg�]_^5^$\N}N`$cfg�j1�1`$a_\���g�j_n_g�wv\N^�s
g�jmoRj_}N\*n_\N��\Nbfg�|m\Nn�cZj�`ya_\�}N\Njl`$\zw��9\N`�~B\N\Nj�]_|_|9\zw�oRj_n�bZgR~B\zw��3]_�_�mo�w�n��moRj_n_^�oR^�bZg�j_��oR^
g�j_\�cZ^5cZj�`$a_\rd�\N`Lo�bZbZcZ}�wv\N��ced�\�� �=~3o�p�i w�gPd�amoRbti,kmbZbZcZj_�*oRj_n�i�glw�� oRbZ]_\N^5g�ih`$a_\�cZjl`$\zw$oR}N`ycZg�j
^$bZcZ�VaP`$bfprbeo�wv�V\zwB`$amoRj�`$a_\&}zwvcf`$cZ}zoRb!� o�bZ]_\&cZ`�cZ^3}Nbf\zo�w3`yamoR`3`$a_\I|mg�^$cf`$cZg�j*gRi�`$a_\�wv\N^$g�jmoRj_}N\roRbf^$g



n_\N��\NbZgV|_^hcfj_^$cZn_\�`$a_\5�PoR|1���Ba_cZ^,iKg�bZbZgR~3^0i w�gPd�}Ng�jl`$cZjl]_cZ`vp���cq� \���i wvgld �;]_`$`$cZj_��\zw � ^�`$a_\Nglwv\zd*� � `
cZ^3j_gV`h}Nbf\zo�wN�_a_gR~B\N��\zwN�l~3a_\zwv\5`ya_\&wv\N^$g�jmoRj_}N\In_\N��\NbZg�|_^ i�gPw,�RoRbZ]_\N^3gRi(� }NgVj_^$cZn_\zw$oR�_bfp�beoVwv��\zw
`$amoRj.� � �I�Ba_\�}N]mwv��\N^5n_cZ^$|_bUozplcZj_�r`ya_\�|moVwv`$cZ}NbZ\IjP]mdI�9\zw5oR^ o�iK]_j_}N`$cZgVj�gRiBn_g�|_cZj_��^$a_gR~3j�cZj
��cZ�m� �_��� �>oRj_n�`$a_\�^$|9\N}N`Lw$oRb�iK]_j_}N`$cZg�j_^5^$a_gR~3j�cZj���cZ�9� �_� ��o�wv\�^$`Lw�g�j_��\N�lcZn_\Nj_}N\�iKgPw<`$a_\Ii o�}N`
`$amoR`�`$a_\*^y`LoR`$\N^���\Nj_\zw$o�`$\Nn�]_|9g�j�n_gV|_cZj_��o�wv\*cZj i o�}N`r��\Nj_\zw$oR`y\Nn�cZj�`ya_\*�PoR|1� ��n_n_cZ`$cfg�jmoRb
^$]_|_|9gPwv`3}NgPd�\N^�iuwvgPd `$a_\5o�wv�V]md�\NjP`B`$amo�`h`ya_\ wv\N^yg�jmoRj_}N\5~3cZbfb>oR|_|mwvgloR}La�`$a_\&�<]_�_�mo�wvn*�moRj_n
4D2�� 
/- � �%2 � �,0��5oR^3`$a_\5cfjP`$\zwyoR}N`$cZg�j�cZ^3cfj_}zwv\zoR^$\Nn�oRj_n*`$a_\&^ypP^$`y\zd cZ^3n_g�|9\Nn1�h�<gR~B\N��\zwN�_n_g�]_�_`y^
dro�p��m\5w$oRcZ^y\NnrcZjr|mo�w�`$cZ}N]_beo�w8n_]_\�`$gI`$a_\=wv\N^$]_bf`$^�iuwvgPd `$a_\=wvcZ�VcZnr �g�`$`vs��<]_�_�mo�wvn�|_cZ}N`$]mwv\ * ���7+
oRj_n*`$a_\Ibeo�wv�V\?s � oR|_|mwvgloR}La *Z��� � + � �Kj�`$a_\5 �g�`$`vs��<]_�_�mo�wvn*|_cZ}N`y]mwv\5n_g�|_cZj_�r~<cZ`$a�\NbZ\N}N`Lwvg�j*glw
a_g�bZ\N^Bgl}N}N]_|_cZ\N^3|mwv\N\N�lcZ^$`$cfj_�&^$`Lo�`$\N^hoR`B`$a_\�`$g�|�gPw,`$a_\��mg�`y`$gPd�g�i{`$a_\�bZgR~h\zw,oRj_n*]_|_|m\zw<�3]_�ls
�mo�wvn*�moRj_n_^��>wv\N^y|m\N}N`$cZ�V\NbZp � cZj*`$a_\5beo�w���\?s ��|_cZ}N`y]mwv\&`$a_\5n_gV|_cZj_� - � � �>4�
���^y`LoR`$\N^=o�`h`ya_\&^Lo�d�\
|_beoR}N\�� � j*�mg�`ya�}zoR^y\N^h`ya_\&wv\N^$g�jmoRj_}N\�cZ^Bj_g�`B^$\N|mo�wyoR`$\Nn�i wvgld `ya_\=]_|_|9\zw=oRj_n�bZgR~B\zw��<]_�_�mo�wvn
�moRj_n_^z� �K`�cZ^�`$a_\zwv\?iKgPwv\In_\N^$cew$oR�_bf\&`$g�n_\N`$\zw$d�cfj_\&`$a_\�|mgV^$cZ`$cZgVj*gRihwv\N^$g�jmo�j_}N\�cq� \��3`$a_\:4 �D- 
/- 4���0
����� � �liKgPw,cZjlkmj_cZ`$\N^$cUdroRb!n_g�|_cZj_� � � cZj*`ya_\&d�\zoRjlsKkm\NbZn�`Lwv\zoR`Ld�\NjP`B|mwvgR�lcZn_\Nn*�Pp�cZjlkmj_cZ`y\&�m�

�Ba_\�|mg�^ycZ`$cZg�j�gRiB`$a_\��P]moR^ycZ|mo�wv`$cf}Nb \�|9\zo�
m� � � �8oR^�o�iK]_j_}N`$cZg�j gRi3`$a_\rcZjl`$\zw$oR}N`ycZg�j � }zoRj
�m\rgV�_`LoRcZj_\Nn�cfj�o�^yced�cZbeoVw3~3o�p�oR^5`ya_\r}zwvcZ`$cf}zoRb{cfjP`$\zwyoR}N`$cZg�j0� � ~3oR^5g��_`?oRcZj_\Nn�cZj�`$a_\�|mwv\N�Pc s
g�]_^�^$\N}N`$cZgVj1���Ba_\�oRjmoRbZpl^$cZ^�wv\NbZcZ\N^Ig�j�`$a_\�i o�}N`�`yamoR` ��
�`ya_\*`Lw$oRj_^$cf`$ctg�j�`$a_\*^$\Nb iesu}Ng�j_^ycZ^$`$\Njl`
|mwvg��v\N}N`$cZ�V\&`$\N}?a_j_cZ�l]_\r}zoRj�j_\N}N\N^$^?o�wvcZbZp��m\�o�|_|_bZcZ\Nn1�1c ih`$a_\rwv\N^$gVjmoRj_}N\rn_\N��\NbZgV|_^ ��
62�� � � 2 � 

`$a_\�bZgR~h\zwI�3]_�_�moVwvn��moRj_n ��oR�loRcZj�~B\�wv\N^y`LwvcZ}N`�g�]mwv^y\NbZ��\N^&`yg�`ya_\�a_g�bf\�n_g�|9\Nn�}zoR^$\&�N�0~3a_cZ}?a
cZ^�}NbZ\zo�wvbfp�`ya_\�}zoR^y\����Ba_cZ^�cZ^�n_]_\*`$g�`ya_\�i oR}N`�`$amo�`&cZj�`$a_cZ^�}zoR^$\�`$a_\�^$]md gRi3a_cZ�Va�\Nj_\zwv�Vp
oRj_n�ced�|_]mw�cZ`vp�|mo�wv`$^�gRi `ya_\��=o�d�cZbZ`$g�j_cUoRj�}zo�j�g�j_}N\�oR�loRcZj��m\��lcZ\N~B\Nn�oR^�o�j�ced�|_]mwvcZ`vp�cfj
o�^$\zd�cZ}NgVj_n_]_}N`$gPwN�r�Ba_\�bZgR~h\N^y`=bZplcZj_��^$`LoR`y\N^5gRih`$a_cf^5}Ng�jP`?wvcZ�_]_`$cZgVj�`yg*`$a_\r�=o�d�cZbZ`$g�j_cUoRj�o�w�\
oR�PoRcfj*��cZ��\Nj��Pp�o�n_\N��\Nj_\zw$oR`y\�n_gV]_�_bZ\N`z�9~3a_cZ}?a�oR`�`$a_\&}zw�cZ`$cZ}zoRb�|mg�cZjl`�cZ^=^y\N|mo�w$oR`$\Nn
i w�gPd `$a_\
a_cZ��a_\zwBbfpPcZj_��^$`?oR`$\N^3�lpxo�j*\Nj_\zwv��p*gRi{glwvn_\zwB`$a_\IamoRbtiUsu�moRj_n_~3cZn_`$a 
��8[Aa_cZbZ\5`$a_cZ^<^$\N|mo�w$oR`ycZg�j
cZ^�j_grbZg�j_��\zw�oR^3bUo�wv��\&oR^�cZj�`$a_\&}zoR^y\&gRi�amoRbtiUsKkmbZbZcZj_�9�_cZj�~<a_cZ}La�cZ`3cZ^<gRi�gPwvn_\zw��h���_��i�gPw<^Ldro�bZb
n_g�|_cZj_��`$a_\*\N�l|moRj_^$cZgVj�|mo�wyo�d�\N`$\zw-� � 
��y� 
  � cZ^�^$`$cZbfb�^Ldro�bZbhoRj_n��VgP\N^�`$g��N\zwvg�oR^�`$a_\
n_g�|_cZj_� � � ���_���Ba_\�\?�;\N}N`ycZ��\ ��j_n_\zwv^$g�j*d�gln_\NbmcZ^3oR�loRcZj�cZj�`$a_\=bfgP}zoRbmd�gPd�\Njl`hwv\N��cUd�\=oRj_n
`$a_\&oRjmoRbfpP^$cf^hcf^3\N��o�}N`$bZp*oRjmoRbZg��Vg�]_^�`$g�`$a_\5amoRbtiUsKkmbZbZ\Nn*}zoR^$\��
�=�loRcZj1�_~B\�k>wv^$`B^$\N|moVw$oR`$\5`$a_\5cUd�|_]mwvcZ`vp���o�d�cZbf`$g�j_ceoRj�cZjl`$g�`$amwv\N\5|mo�w�`$^=oR^
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�Ba_\BalpP�mwvcfn_cZ�zoR`$cZgVj 
�� ~3cf`$a&`$a_\,bZgR~�\Nj_\zw���p5\NbZ\N}N`LwvgVj_^{cZ^8`$a_\B^Lo�d�\hoR^8��cZ��\NjIcZj&`ya_\h|mw�\N�PcZgV]_^
^$\N}N`$cfg�j1�
��^&~B\r^Lo�~@cZj�`$a_\�|mwv\N�Pcfg�]_^5}Lamo�|_`$\zwN�1`yg*bZgR~h\N^y`=gPw�n_\zw�`$a_\r\?�1\N}N`$cZ��\r��o�d�cZbf`$g�j_ceoRj�j_gR~

amoR^=o�j�oRn_n_cZ`$cZgVjmoRb!|mg�`$\Njl`$ceo�b>^y}zoR`$`$\zwvcfj_��`y\zw$d oRj_n�cZ^<��cZ��\Nj��Pp ���l]moR`$cfg�j.� �_��� %���oR^
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~3cZ`ya*`$a_\ � � � �,oR^3n_\?kmj_\Nn�cfj����l^z��� %_� ����oRj_n'� %_� ���N�
�Ba_\�|mwvgV��\N}N`y\Nn)= � \NbZ\N}N`LwvgVj_^�o�wv\�o�}N}NgPwvn_cZj_��bfp���cf��\Nj��lp � ��`yced�\N^r`$a_\�\?�1\N}N`$cZ�V\�bZgR~

\Nj_\zwv��p�g�|9\zw$oR`$gPw�^/� �_� � %���oR^
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~3a_\zwv\&o��PoRcZj � � �� � � �
�@ � � � �!�

�Ba_\*}NgVj_n_cZ`$cZg�j�i�gPw�o�� o�j_cZ^$a_cZj_��wv\N^$gVjmoRj_}N\���cu� \��
iKgPwI`$a_\�}zw�cZ`$cZ}zoRb,|mg�cfjP`z�8g�j_}N\�oR�loRcZj�cZ^
��cZ��\Nj�oR^*�  � � � � �� $ � � � � �� � ~3a_cZ}?a�cZj�`ya_\�|mwv\N^y\Nj_}N\�gRi=|9g�`$\Njl`$ceoRb,^$}zoR`$`y\zwvcZj_��o�^$^$]md�\N^�`$a_\
i�glw$d
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�mgPw�o���cZ�V\Nj��RoRbZ]_\*gRi4� }zo�j�j_g ~ �9\*^LoR`$cZ^�km\Nn�iKgPwIg�j_bZp�`v~Bg��RoRbZ]_\N^rg�i=`$a_\�}La_\zd�cf}zoRbB|mgRs
`$\Njl`$ceoRbu� � �� � � �N�_`$a_\I|mg�^$cf`$cZg�j*gRi�`$a_\�wv\N^$g�jmoRj_}N\�oR`3cZjlkmj_cf`$\N^$cedro�b1|mo�wv`$cf}NbZ\&oRj_n�a_gVbZ\5n_g�|_cZj_�m�
wv\N^$|9\N}N`$cZ��\NbZp��

�Kj�|mw$o�}N`$cZ}N\���� � cZ^=n_\N`y\zw$d�cZj_\Nn�cZj�`$a_\.i�gVbZbZgz~<cZj_��~ o�p � �v�&� ��j_\&gV�_`LoRcZj_^3`ya_\&^$g�bf]_`$cZg�j*`$g
`$a_\ - � ���>0 ��
/2���o�`�amoRbtiUsKkmbZbZcfj_�m�R~3a_cZ}?ar��cZ�V\N^�`$a_\3~B\NcZ�VaP`$^�o�j_n�|9g�bZ\N^�g�i;`ya_\3a_cZ��ar\Nj_\zw���pr�moRj_n_^z�
� �����Ba_\�|mg�bZ\N^�o�wv\*^$a_ctiK`$\Nn��lp�`$a_\*}?a_\zd�cZ}zoRb3|9g�`$\Njl`$ceoRbq��cu� \�� � " � � "� � � " � � "� � ����� �e~<cZ`$a
���  ���'�h����� ^$cZj_}N\&oRbZb�\Nj_\zwv��cZ\N^=oVwv\&d�\zoR^$]mw�\Nn�~3cZ`yaxwv\N^y|m\N}N`�`$gr`$a_\5}?a_\zd�cZ}zoRb�|mg�`$\Njl`$ceo�bu�
�3\zw�\5~h\5]_^y\&`$a_\�iuoR}N`3`$amo�`Bi�glw�cfjlkmj_cZ`$\N^$ced�oRb!n_g�|_cZj_���ecq� \��8`$grbZgR~B\N^$`BgPwvn_\zwBcfj ���,`$a_\I]_|_|m\zw
oRj_nrbZgR~B\zw8�3]_�_�mo�w�nr�moRj_n_^hoVwv\Bj_g�`�d�gln_ctkm\Nn1��� ��� � w�g�]_j_n_^$`LoR`y\ o�j_nr�Pwvg�]_j_n_^y`LoR`$\,\Nj_\zwv��p�gRi
`$a_cZ^ � cZj_^y]_beoR`$gPw ��o�wv\�g��_`Lo�cZj_\Nn*cZj�gPwvn_\zwB`$g�n_\N`$\zwyd�cZj_\ � � � �
�� � � oRj_n � �

� ��
	 	 �_~<a_cZ}La�cZ^Bn_g�j_\I\zoR^$cZbZp



]_^$cZj_��`$a_\*}NgVjP`$cfjP]_\Nn�iuw$oR}N`$cfg�j�\N�l|moRj_^$cfg�j1� � 
 ��� a_\*^$\NbtiUsu}Ng�j_^$cZ^$`y\NjP`$bfp�|mw�g��v\N}N`$\Nn d�gPn_\Nb3cf^
cZ`$\zwyoR`$\Nnr`$gI}Ng�jl��\zwv��\Nj_}N\�~3cZ`$a�`$a_\ � � � ��oR^�n_\N`y\zw$d�cZj_\Nn*cZj � ���N� �Ui8`$a_\=}zw�cZ`$\zwvcZgVj�� %_� 
 ���8cZ^�j_gV`
iK]_btkmbZbZ\Nn1� ��cZ^<}LamoRj_�V\Nn�oRj_n�`$a_\5|mw�gP}N\Nn_]mwv\IcZ^=wv\N|9\zoR`$\Nn*^$`?o�wv`$cZj_��~3cf`$a.� ���N�
��^5�m\?iKgPwv\��!`$a_\�^$pl^$`$\zd�g�i�\N�P]moR`ycZg�j_^�cZ^=]_j_^y`LoR�_bZ\�]_j_bZ\N^$^5gVj_\�cf^=n_cew�\N}N`$bZp ��
8`$a_\�}zwvcZ`ycZ}zoRb

|mgVcZjP`�� oRj_nI`$a_\�}NgVj_n_cZ`$cZg�j-� %_� 
 ���9cZ^1\NjliKgPwv}N\Nn 
�
 � 03- 45- 
/0��8�Pp5^y\N`$`$cZj_�3`ya_\h^y|m\N}N`Lw$o�b�~B\NcZ��al`1`$g3g�j_\
oRj_n*d�g�j_cZ`ygPwvcZj_�5`$a_\��lcZg�beoR`ycZgRjrgRi{}Ng�j_n_cf`$cZg�j�� %_� 
$����o�^�\NbeoR�9gPw$oR`y\Nn�cZj�`$a_\=^y\N}N`$cZg�j�n_\N^$}zwvcZ�_cfj_�
`$a_\5n_\N`$\zwyd�cZjmoR`$cfg�j�g�i�`$a_\5}zw�cZ`$cZ}zoRb!|9g�cZjl`=oR`BamoRbti8kmbZbZcZj_�9�

�,\?iKgPwv\5n_cZ^$}N]_^y^$cZj_�r`$a_\5jl]md�\zwvcf}zoRb1wv\N^$]_bZ`$^<cZ`BcZ^3oR�PoRcZj�cZj_^$`?wv]_}N`$cZ��\�`$gr}NgVj_^$cZn_\zw,`$a_\5ced�|_bfcts
}zoR`$cfg�j_^&gRi/� % � 
$���5oRjmo�bZpP`ycZ}zoRbtbZp�]_^ycZj_��`$a_\�^$ced�|_bZ\r`$gRp�d�gln_\NbZ^&n_cZ^y}N]_^$^$\Nn�cZj�`ya_\�oR|_|m\Nj_n_cf�>�
�Ba_\r^y`Lwv]_}N`$]mwv\�gRi ���!��� %_� 
$���<ced�|_bZcZ\N^5`yamoR`5`$a_\r}zwvcf`$cZ}zoRb � � cZ^In_\N`$\zw$d�cZj_\Nn��lp�`v~hg 
�\Np�cfjls
�Pwv\Nn_cZ\Njl`$^z�!`ya_\r^$|_cZjlsu^$|_cfj�}Ng�]_|_bZcZj_���� � ��
� ��~3a_cZ}?a�cZ^&o 032 � 
 ��
 �����I�P]mo�jP`$cf`�p��1o�j_n�`$a_\ra_cZ�Va
\Nj_\zwv��p�}Ngl\ ��}NcZ\Njl`$^���
���� � oRj_n � �
	 	 ��� a_\N^$\�}zo�j��9\*\N� oRbZ]mo�`$\Nn�cfj�`$a_\*\?�1\N}N`$cf��\�������^$cZ`y\
��g�j_n_g���o�d�cfbZ`$g�j_ceo�j�oRj_n�cfj�`$a_\ � ����^$cZ`y\�cfj_^$]_beoR`$glwN�1wv\N^$|9\N}N`$cZ��\NbZp�� �=^5cfj�`$a_\ramoRb iesKkmbZbf\Nn
}zoR^$\��l`$a_\5\?�1\N}N`$cZ�V\=��g�j_n_g���o�d�cZbf`$g�j_ceo�jrplcZ\NbZn_^ �� � ��
�  � �� � ~3a_cZ}?a�\N��\Nj�iKgPw,^LdroRbZb � }NgPd�s
|mo�wv\N^�|mglgPwvbfp�~<cZ`$a�`$a_\�jP]md�\zw�cZ}zoRb��RoRbZ]_\���o�^&~B\r^$amoRbfb�^$\N\�cZj�`$a_\�iKg�bZbZgR~3cZj_�*^y\N}N`$cZg�j1� �K`�cZ^
`$al]_^h\N�l|m\N}N`y\Nn*`$amoR`3oI}Ng�j_^$cZn_\zw$o��_bZ\=cUd�|mwvgR��\zd�\Njl`�gRi�oRjPp�oRjmoRbZpl`$cZ}=o�|_|mwvgR�Pced�oR`$ctg�j�wv\N�l]_cewv\N^
o�d�gPwv\roR}N}N]mw$oR`y\&`Lwv\zo�`Ld�\Njl`=gRi�`ya_\�bfg ~@\Nj_\zwv��p�|mo�wv`z�5�Ba_\�}Ngl\ ��}NcZ\Njl`$^ � 
���� � o�j_n � �
	 	 o�w�\
n_\N`$\zw$d�cfj_\Nn*cZj ��|_|m\Nj_n_cZ� 	 o�j_n�o�wv\5��cZ�V\Nj*�Pp�`$a_\5\N�l|mwv\N^$^$cZgVj_^

� �
� � 
 	 � ��
	 	  


� � � � � 
�@ 

� � � � � � � � 
:@ 


� �1� 


� 

� �

� � �

 � 
 4 � � � �
 4 �

��� � �8@ � �
�
 4 �
�
� � �


 � 
 4 � � � �
 4 �
� � � ��@ � �

�
 4 �
	

� �
� � 
 	 � �
 � � �  � 


� � � �

�@ 

� �1� 
 � � 
:@



� � � � �� 
 � �

� � � � � 
 �

� 

� � � �

�

 � 
 4 � � � �
 4 �

��� � �8@ � �
�
 4 �
�
� � �


 � 
 4 � � � �
 4 �
� � � ��@ � �

�
 4 �
	 � %_� 
9�&�

~3cZ`$a�`$a_\�}NgPdrd�gVj�oR^$p_d�|_`$gV`$cZ}5� o�bZ]_\�cZj�`$a_\&bZcUd�cZ` � � "A� � �
���� �  � ��
	 	  � 
   � � 
�� � �5�1g
gPwvn_\zw @B� � gVj_\&g��_`Lo�cZj_^

��
 � � �  � 
��
� 
 �"��@ 
 � 


� � � � 
:@ 

� ��� � 
 �"��@ 
 �

� �
	 	  � 
��
� 
 �"��@ 
 � 


� � � � 
:@ 

� ��� � 
 �"��@ 
 � � � %_� 
 ���



��g���\N`$a_\zw�~3cf`$a�`$a_\�^$|_cfjlsu^$|_cZj�}Ng�]_|_bZcZj_�*g�i�`$a_\*� ���r��g�j_n_g�d�gln_\Nb�`$a_cZ^�pPcf\NbZn_^ � �  �������_�
ced�|_bfpPcZj_��`$amo�`3`$a_\&wv\N^$gVjmoRj_}N\5cZ^��v]_^$`=oR�9gR��\5`$a_\5�moRj_n�oR^�� �VgP\N^3`yg�cfjlkmj_cZ`vp��

[�\�amo���\I|_bZg�`$`$\Nn*`ya_\�jl]md�\zwvcf}zoRb{wv\N^$]_bf`$^3iKgPw ��
 � � � oRj_n � �
	 	 iKgPwBcZjl`$\zw$o�}N`$cZg�j��  ��$ 
*$��
oRj_n0�  ����~3cf`$a*}NbZ]_^$`$\zw ^$cZ�N\N^ �  ��$ � $ %I`$g���\N`ya_\zw�~<cZ`$a*`$a_\�oRjmoRbZpl`$cZ}&wv\N^y]_bZ`3gRi�� %_� 
9�&�,cZj
��cZ�m� %_���_� ��^{`ya_\�^$pl^$`$\zd ^$cZ�N\,�PwvgR~3^z�N`ya_\�}Ngl\ ��}NcZ\Njl`$^�oVwv\�\N^$^y\NjP`$cUoRbZbZp�]_j_}Lamo�j_��\Nn5iuwvgPd �  �

`$g �  �_���Ba_\3oRjmoRbZpl`$cZ}Bwv\N^$]_bZ`�cZ^8cZj���glgPnroR�lwv\N\zd�\Njl`{~3cf`$a�`$a_\BjP]md�\zw�cZ}zoRb_wv\N^$]_bZ`8iKgPw �  � �
	5\N�lceoR`$cZgVj_^ho�wv\�n_]_\&`yg�`ya_\�i oR}N`B`$amo�`h`ya_\ oRjmo�bZpP`ycZ} w�\N^$]_bZ`BcZ^B|m\zwv`y]mwv�moR`$cZ�V\=cZj @B� � oRj_n*`$amo�`
`$a_\5^$\Nb iesu}Ng�j_^ycZ^$`$\Njl`$bZp�n_\N`$\zw$d�cZj_\Nn��mo�j_n_^=o�wv\�j_g�`B|m\zwqiK\N}N`$bZp*wvcZ�VcZn��ecu� \��{`ya_\&oR^$^$]md�|_`ycZg�jr`$amo�`
`$a_\Np*o�wv\5}N\Njl`$\zwv\Nn�oR`�� � ��oRj_n ���mwv\N^$|9\N}N`$cZ��\NbZp�� cZ^Bj_g�`3}NgPd�|_bf\N`$\NbZp*oR}N}N]mw$oR`$\&�(�{�9gPwBbeoVwv��\zw
� o�bZ]_\N^�gRi �*`ya_\ o�jmoRbZpl`$cZ}hwv\N^y]_bZ`�� %_� 
9�&�!cZ^�\N�_oR}N`z� �<jli�gPw�`$]_jmoR`$\NbZp��(kmj_cZ`$\<^$cZ�N\B\?�1\N}N`$^8i�glw1�RoRbZ]_\N^
gRi ��j_\zo�w,`$a_\5�moRj_n*\Nn_�V\���oVwv\5beo�wv�V\=oRj_n*`$a_\�|m\zwv`y]mwv�moR`$cZ�V\=}zoRbf}N]_beoR`$cZgVjr]_j_n_\zwv\N^$`$cUdroR`$\N^B`$a_\
}NgP\ ��}NcZ\NjP`y^���
 � � � oRj_n � �
	 	 �lp�d�gPwv\�`$amoRj���� �*� � cZj_}N\*`$a_cf^&\Nj_}NgPd�|mo�^$^$\N^�`$a_\�}zwvcZ`$cZ}zo�b � �
�  <s �_� � � 	 oR`/�  
���`$a_cZ^I��cZ��\N^&w�cZ^$\r`$g�o
beo�wv�V\r\zw$wvgPw�cfj�`$a_\rn_\N`$\zwyd�cZjmoR`$cfg�j�gRi � � ���Ba_\
� � � ��� ��0�� 
/- 43oR|_|mwvgR�PcUdroR`$cZgRjrcf^h`ya_\zwv\?i�glwv\=j_gV`h^y] ��}NcZ\Njl`3`$g�o�}N}N]mw$oR`$\NbZp�g��_`LoRcZj�`$a_\�}zwvcZ`$cf}zoRb
�m\Namo��lcZgPwN� �3g�`y\ o�bZ^$g�`$amoR`�cZjmoR}N}N]mwyoR}NcZ\N^�cZjI`$a_\3n_\N`$\zw$d�cZjmoR`$cZgVj&gRim`$a_\<}zwvcZ`$cZ}zo�b��m\Namo��lcZgPw8]_^$cZj_�
^$ced�|_bf\5`$gRp�d�gln_\NbZ^=o�wv\5n_]_\I`$g��mg�`ya�bZgR~ oRj_n*a_cZ��a*\Nj_\zw���p�}NgVjP`Lw�cZ�_]_`$cZg�j_^��

�Ba_\ � � � 
 � - 4���0_wv\N^$]_bZ`$^ i�gPw `$a_\5}zwvcZ`$cf}zoRb ����� � o�wv\5n_cZ^$|_bUozpV\Nn*cZj*��cZ��]mwv\�% � �_� �BbZ\zo�w�bZpr`$a_\
|mg�^ycZ`$cZg�j�gRi=`ya_\�wv\N^$g�jmoRj_}N\*�9\N��cZj_^�o�`
� � iKgPwI~3a_cZ}?a � �  �h����oRj_n�^y~h\N\N|_^�`$amwvg�]_��a�`$a_\
�PoR|�}Ng�jl`$cZjl]_g�]_^$bfp�o�^r`$a_\*cZjl`$\zw$oR}N`ycZgRj�cZ^�cZj_}zw�\zoR^$\Nn1�BoR|_|mwvgPoR}?a_cZj_��`$a_\*bZcfj_\*cZj_n_cZ}zoR`$cfj_��`$a_\
�m\N��cfj_j_cZj_�rgRi�`$a_\5bZgR~B\zwB�3]_�_�mo�w�n��moRj_n�oR^B|mwv\Nn_cZ}N`$\Nn��Pp*orwvcZ�VcZn��mo�j_n�|_cZ}N`$]mw�\��

�<jli�gPw�`$]_jmoR`$\NbZp��l`$a_\ � � � 
 � - 4��
0�n_\N`$\zw$d�cZjmoR`$cZgVjrgRi ��
�� � � oRj_n � �
	 	 iKgPw,beo�wv��\�� o�bZ]_\N^BgRi{`$a_\
cZjl`$\zw$oR}N`$cfg�j�cZ^�oRbZ^$g*^y]_�_��\N}N`I`$g�o*^ypP^$`y\zdroR`$cZ}�\zw$w�gPwN��� a_cZ^5cZ^�o*w�\N^$]_bZ`&g�i `ya_\�i o�}N`5`$amoR`5`$a_\
kmj_cZ`$\rjl]mdI�m\zwIgRiB|mg�bZ\N^�wv\N|mwv\N^$\Njl`$cZj_��]_|_|m\zw�oRj_n�bZgR~B\zw=�<]_�_�mo�wvn��moRj_n_^�n_gP\N^Ij_g�`&|9\zw$d�cZ`
oRj�oR}N}N]mwyoR`$\rn_\N`$\zwyd�cZjmoR`$cfg�j�gRih`$a_\ � ��� � 
���� 
z���mgPw�cZjl`$\zw$o�}N`$cZg�j_^5}NbZgV^$\r`$g�� � 
 cZj�`$a_\�amoRbti
kmbZbZ\Nn�}zoR^$\�`$a_\��moRj_n�\Nn_��\�cZ^<iuo�w5o�~ o�p�i w�gPd `ya_\�}?a_\zd�cZ}zo�b{|9g�`$\Njl`$ceoRbu�9^$]_}?a�`$amoR`�`$a_\�\N��oR}N`
|mg�^ycZ`$cZg�j*g�i�`$a_\I�moRj_n�\Nn_��\&n_gl\N^�j_g�`=|_bUozp*orwvgVbZ\�� ��
�� � � oRj_n � �
	 	 cZj�`ya_cZ^3}zoR^$\I}zoRj�`yaP]_^��m\
}NgPd�|_]_`$\Nn�o�}N}N]mw$oR`$\NbZp�� ��^ � cfj_}zwv\zoR^$\N^z�la_gR~B\N��\zwN�l`$a_\5}zwvcf`$cZ}zoRb � � d�gR��\N^B`$gR~3o�wvn_^,`$a_\5�moRj_n
\Nn_��\���cZj�~3a_cZ}?a�}zoR^y\�`$a_\�|mwvgR�lced�cZ`vp�`yg�`$a_\��moRj_n�\Nn_��\*o��1\N}N`$^&`ya_\�jl]md�\zwvcZ}zo�bZbZp�g��_`LoRcfj_\Nn
� oRbf]_\N^�gRi ��
�� � � oRj_n � �
	 	 �A�Ba_cZ^�}zoRj��9\�^y\N\Nj��lp�`$a_\�\N� oRbf]moR`$cZg�j�g�i �9g�`$a��l]moRjl`$cZ`$cf\N^&iKgPw
�  " oR^<i�]_j_}N`ycZg�j_^�gRi ���mcZj�~3a_cZ}?a�}zoR^y\&�mgV`$a�o�wv\ 
Vj_g ~<j�\N�_oR}N`$bZp*^$cfj_}N\&`$a_\Np�o�w�\&^$ced�|_bZp



-0.5 -0.4 -0.3 -0.2 -0.1 0.0

0.0

-0.5

-1.0

-1.5

-2.0

-2.5

0.0

0.4

-2.0

-1.6

-1.2

-0.8

-1. 0 -0.8 -0.6 -0.4 -0.2 -0.0

-2.0-4.0 -3.5 -3.0 -2.5

-1.0

-2.0

-3.0

-4.0

0.0

-1.0

-2.0

-3.0
-1.5 -1.0 -0.5 0.0

0.0

U=3 U=4

U=5 U=10

∆µ

∆µ ∆µ

∆µ

Jpot

Jspin

Jspin

Jspin

Jspin

Jpot

Jpot Jpot

Pert. Thy.
N=3
N=5
N=7

��cZ��]mw�\ %_��� � ��
���� � oRj_n�� �
	 	 oR^�o�iK]_j_}N`$cZg�j�g�i���� i�gPw �  ��$ 
,$ � $z� ��~3cZ`$a�}Nbf]_^$`$\zw�^$cf�N\N^
�  ��$ � $�%_� ��bZ^$gr^ya_g ~<j.�e`$a_cZj*^$gVbZcZn�bZcZj_\&�,cZ^3`$a_\&o�jmoRbZpl`$cZ}5wv\N^$]_bZ`z�



-4.00

-3.50

-3.00

-2.50

-2.00

-1.50

-1.00

-0.50

0.00

4.00 6.00 8.00 10.00

Upper edge
of the lower
Hubbard band
(D-U/2)

Position of the resonance for infinitesimal doping

Interaction U

∆µ

��cZ��]mw�\ %_� � � �8g�^ycZ`$cZgRj�gRi=`$a_\*�l]moR^$cZ|moVwv`$cZ}NbZ\�wv\N^$g�jmoRj_}N\�iKgPwI� o�j_cZ^$a_cZj_��w�\N^$g�jmoRj_}N\*~3cfn_`$a o�^
o
i�]_j_}N`ycZg�j�gRi=`ya_\*cZjP`y\zw$oR}N`$cZgVj �e^$g�bfcZn*�N���Ba_\*n_g�`y`$\Nn�bZcZj_\�cZj_n_cZ}zoR`y\N^�`ya_\*�m\N��cZj_j_cfj_��gRi=`$a_\
cZj_}Ng�a_\zw�\NjP`3bfg ~B\zwB�<]_�_�mo�wvn��mo�j_n_^=oR^3|mwv\Nn_cf}N`$\Nn��lpxo�wvcZn_cZn*�moRj_n*|_cf}N`$]mwv\����Ba_\I|mg�^ycZ`$cZg�j�gRi
`$a_\=w�\N^$g�jmoRj_}N\3cf^�d�\zoR^$]mwv\Nn�~3cZ`$arwv\N^$|9\N}N`�`$g5`ya_\3}N\NjP`y\zw�gRi!�Pw$o��Pcf`�p5g�i>`$a_\3�mo�j_n_^z���Ba_\Bkm��]mwv\
cZ^=w�\��m\N}N`$cZg�j*^$p_drd�\N`?wvcZ}5oR�mg�]_`<`$a_\4���  �� �.�B���� ��oR�Pcf^�iKgPwB\Nbf\N}N`Lwvg�j�n_g�|_cZj_�m�



-2.00

-1.80

-1.60

-1.40

-1.20

-1.00

-0.80

-0.60

-39.00 -38.80 -38.60 -38.40 -38.20 -38.00

J(U=    )8

Jspin
Jpot

∆µ

��cZ��]mw�\ % ��% � ��
 � � � �enmo�^$a_\Nn�bZcZj_\&�5oRj_n � �
	 	 �en_g�`$`y\Nn�bfcZj_\&�5oR^&o�i�]_j_}N`$cfg�j�gRi ����iKgPw �  
 �
~3cZ`ya*}NbZ]_^$`$\zw,^$cZ�N\��  %&`yg���\N`$a_\zwB~<cZ`$a�`$a_\&\N�_oR}N` �  " wv\N^$]_bf`4�U^$g�bZcZn�bZcZj_\&�(�

��cZ�V\Nj�o�^ ��
 � � �  � �
	 	  � � 	 � � 2  � 	 ��~3a_\zwv\ � cZ^5�VcZ��\Nj��lp�`ya_\�w�cZ��cZn��moRj_n�|_cZ}N`$]mw�\�o�^
� 	 ��� ���  �


 �
� � � � �
� 
 � �
� � � � � � �
� 
��;i�glw � � 
�� � }NgPd�|mo�w�cZ^$g�jIgRim`$a_\B\N��o�}N`

�  " � o�bZ]_\N^5`$g*`$a_\�jl]md�\zwvcZ}zoRb�wv\N^$]_bf`$^�i�glw �  � ��cZ^=^ya_g ~<j�cfj���cf��]mwv\ % ��%_�&�Ba_\�^Ld�oRbZb
n_ct�1\zwv\Nj_}N\��m\N`v~B\N\Nj ��
 � � � oRj_n � �
	 	 ��cZ�V\N^ho&d�\zoR^$]mwv\�gRi1`$a_\�n_cZ^$`LoRj_}N\<iuwvgPd�`ya_\Ncew�oR^yp�d�|_`yg�`$cZ}
� o�bZ]_\3oRj_n�cZj_n_cZ}zoR`$\N^8`$amoR`8`$a_cZ^8amoR^8\N^$^$\Njl`$ceoRbfbZp=�9\N\Nj�wv\zoR}?a_\Nn1�8[�\B^$\N\�`yamoR`1iKgPw�� oRbf]_\N^�gRi ��]_|
`$g�oR|_|mwvgR�PcUdroR`$\NbZp � ����� i w�gPd�`$a_\��moRj_n�\Nn_��\�`$a_\ o��Pwv\N\zd�\Njl`��9\N`�~B\N\Nj � � �
� � 	 � � �  � ����oRj_n
� 	 � � ��	 � �  "6��cZ^���\zw�p&��glgPn1�V~3a_cZbZ\B`$a_\Np�^$`?o�wv`8n_\N�Pceo�`$cZj_��iKgPw8^LdroRbfbZ\zw1�RoRbZ]_\N^,gRi �����Ba_cZ^�}zoRj
�m\�]_j_n_\zwv^$`ygPgln��lp�j_gV`$cZ}NcZj_�*`$amo�`&`$a_\rbeoVwv��\N^$`�|mg�bf\rcZj�`$a_\�kmj_cZ`$\r^$cf�N\r}NbZ]_^$`$\zwIwv\N|mwv\N^$\Njl`$cZj_�
`$a_\*bZgR~B\zw&�<]_�_�mo�wvn �moRj_n�cZ^�oR`ro�n_cZ^$`?oRj_}N\*gRi � ����� 
 iuwvgPd `$a_\*�moRj_n�\Nn_�V\*gRi `ya_\*\N��oR}N`
wvcZ��cfn*�moRj_n�wv\N^y]_bZ`z���=^�g�j_\&}zo�j�^$\N\I`$a_\&jl]md�\zwvcZ}zo�b{wv\N^$]_bZ`�]_j_n_\zwv\N^$`ycedroR`$\N^<`$a_\&�RoRbZ]_\N^�gRi �,�
�Bg�j_^$\N�l]_\Njl`$bZp �0�>��� %_� 
$� ��cf^h`ya_\zwv\?i�glwv\3iK]_btkmbZbf\NnriKgPw 0 ����� 
 �0� oRbZ]_\N^<gRi{`$a_\�}La_\zd�cZ}zoRb!|mg�`y\NjP`$cUoRb
oRj_n*cZ`BcZ^3`yg��9\&\N�l|m\N}N`$\Nn�`$amoR`,iKgPwB� o�bZ]_\N^3gRi"� i�glwB~3a_cZ}?a �
� 
 � � �����-�e`$a_cZ^BplcZ\NbZn_^3oIk>wv^$`
oR|_|mwvgR�lcedroR`$cfg j*�,`$a_\5}zw�cZ`$cZ}zoRb � � cZ^<cZj�i o�}N` 0 ����� 
 �,`$amoRj*`ya_\5jP]md�\zw�cZ}zoRb{wv\N^y]_bZ`3^$a_gR~3j*cZj*��cf�m�
%_� �I^$]_}?a*`$amoR`B`$a_\5}zwvcf`$cZ}zoRb � � cZ^�oRbZ~3o�pP^,g�]_`$^$cZn_\�`$a_\5�moRj_n1�0[�\5amo���\=\N�RoRbZ]moR`y\Nn*`$a_\5}zwvcZ`$cf}zoRb
� � ]_^ycZj_�&`$a_\�\N�_oR}N` ��
�� � � oRj_n � �
	 	 iKgPw(�# #"A��[ \3kmj_n � � � �  #"6�  ������ � ���_�Rcu� \���o�� � - 
 




n_cZ^$`?oRj_}N\BiuwvgPd@`$a_\B�moRj_n�\Nn_��\���~<a_cZ}La�~B\3\N�l|m\N}N`,`$g&�9\3}NbZg�^$\B`$g5`ya_\=oR^$p_d�|_`$g�`ycZ}B� oRbZ]_\����Ba_cf^
cZ^,}NgPw$wvg��9gPw$oR`y\Nnr�Pp�`$a_\�g��_^$\zw�� oR`$cfg�jr`$a_\3`ya_\=}Ng�]_|_bfcZj_��� �� � �� �1� ^?oR`$]mw$oR`y\N^�`$g&`$a_\<kmj_cZ`$\<� oRbZ]_\
� �� � ��
���  ��� ��� �_� �Ui � � o�|_|mwvgPoR}?a_\Nn�`ya_\3�moRj_n�\Nn_��\3iKgPw3�  #"A�l`$a_\<}Ng�]_|_bZcZj_��^$a_g�]_bfnr��g&`yg
�N\zwvg�o�^h}zo�j*�m\5^$\N\Nj
i wvgld �0�>� � % � 
$���0`$g���\N`$a_\zw,~3cf`$a�`ya_\&wv\N^$]_bZ`$^,iKgPw �(� �  #"6�(���mgPw,^Ld�oRbZb
� o�bZ]_\N^�gRi3n_g�|_cZj_��`ya_\��l]moR^$cZ|moVwv`$cZ}NbZ\rwv\N^yg�jmoRj_}N\�cZ^&`$al]_^�o�bZ~3ozpl^5\N�l|m\N}N`$\Nn�`$g��m\�^$\N|mo�w$o�`$\Nn
iuwvgPd `$a_\&cfj_}Ng�a_\zwv\Njl`3�moRj_n_^z�_\N�V\Nj*iKgPw,beo�wv��\�� o�bZ]_\N^=g�i�`$a_\5cfjP`$\zwyoR}N`$cZg�j1�8�Ba_\&^y\Nbtiesu}NgVj_^$cZ^$`$\Njl`
|mwvgV��\N}N`$cf��\&`$\N}?a_j_cZ�l]_\roR^5n_\N^$}zwvcZ�9\Nn�}zoRj��m\�`$a_\zwv\?iKgPwv\�o�bZ~3ozpl^��m\roR|_|_bZcZ\Nn�iKgPw�n_g�|_cZj_�V^=`$amo�`
o�wv\5^y] ��}NcZ\Njl`$bZpr^Ld�oRbZbu�

� ��� � � 	�

�/����$ ��� 	1
���� ��
8�������������<���&� ��� �9���&�����
�Ba_\�oRjmoRbfpP^$cf^rgRi&`$a_\�}zwvcZ`$cZ}zo�b3|mwvg�|9\zwv`$cZ\N^�gRi&`$a_\�n_g�|m\Nn �<]_�_�mo�wvn d�gln_\Nb=|mwvgl}N\N\Nn_^�o�bZg�j_�
`$a_\�bZcZj_\N^�gRi&`$a_\�o�jmoRbZpl^$cZ^r~B\�|mw�\N^$\NjP`y\ nAcZj `$a_\�amo�btiesKkmbfbZ\Nn�}zoR^y\�� � cZj_}N\�`$a_\�jP]md�\zw�cZ}zoRbZbZp
g��_`LoRcfj_\Nn�}zw�cZ`$cZ}zoRb � � iKgPw�beo�wv�V\zwB� oRbf]_\N^5gRih`$a_\�cZjl`$\zw$o�}N`$cZg�j*cZ^5}Nglw$wv\N}N`$\Nn ��� � ��� � � c i�`$a_\Ii�]_bZb
cZj_^$]_beo�`$cZj_�5^$g�bf]_`$cZg�j�cZ^,]_^$\Nn1�l`$a_\3�l]moRjP`ycZ`$cZ\N^�\N�RoRbZ]moR`$\Nn*oR`�}zwvcf`$cZ}zoRbZcf`�p&o�bZ^$g&}?amoRj_��\����<gR~h\N�V\zwN�
~B\�\N�l|m\N}N`�`$a_\N^$\B}?amoRj_��\N^8`$g��m\B^LdroRbfbu�z~<a_cZ}LaI}zoRj&�9\8��]_^$`yctkm\Nn��Pp5g��_^y\zwv�Pcfj_�=`$amo�`{`$a_\,}zwvcZ`$cf}zoRb
|mwvg�|9\zwv`$cZ\N^�oR^ro�iK]_j_}N`$cZg�j�gRi � �Vg�`$g�`$a_\r}Nglw$wv\N}N`roR^$p_d�|_`$g�`ycZ}�� oRbZ]_\�iKgPw/�  "A�,oR^&~3cfbZb
�m\�n_\zd�g�j_^y`Lw$oR`$\Nn1�3� a_cZ^=cf^3n_]_\�`$g�`ya_\5iuoR}N`3`$amoR`�`$a_\I}NgPw$wv\N}N`$cfg�j_^3`$g � � o�w�\5}NgPd�|mo�w$o�`$cZ��\NbZp
^LdroRbfb"�UgRi{gPwvn_\zw � �Z� 
 �N�lbZ\zoRn_cZj_��cZj*`y]mwvj*`$gr^Ld�oRbZb!}Lamo�j_��\N^3cZj*`$a_\5}Nglw$wv\NbeoR`ycZg�j�i�]_j_}N`$cfg�j_^z�
���PoRcZj�`ya_\r^$|m\N}N`?w$oRb�iK]_j_}N`$cZgVj�n_cZ^$|_beo�pl^&}Ng�j_^ycZn_\zw$oR�_bZ\�^$`Lwv]_}N`$]mw�\�oRj_n�cZ^�oRjlpP`$a_cfj_�*�_]_`�o

wv\Nj_gPw$d�oRbZcZ�N\Nn��mo�wv\+�e^$\zd�cf}Ncewv}N]_beo�w �Bn_\Nj_^$cZ`vp*gRiB^$`LoR`$\N^�� � j���cZ�m� %_� ��~h\In_cZ^$|_beo�p*`$a_\�^$|9\N}N`Lw$oRb
i�]_j_}N`ycZg�j_^!iKgPw!�RoRbZ]_\N^8gRi�`ya_\�cZjl`$\zw$oR}N`ycZgRj/�  �3oRj_n �  � ���_� �0�PcZn_\Njl`$bZp5oB}NbZ\zoVwvbZp�n_cZ^$}N\zwvj_cZ�_bf\
|m\zo�
�cZj�`$a_\5bZgR~�\Nj_\zw���p�^y|m\N}N`Lwv]md ^$|_bZcZ`$^,gR��o�^h`ya_\5cZjP`y\zw$oR}N`$cZgVjrcZj_}zwv\zoR^y\N^z�8[�\5\N�P|9\N}N`3`$amoR`
oRjlp�i�\zo�`$]mwv\rbZc 
R\r`$a_cZ^I^$a_g�]_bZn��m\*gV�_^$\zwv� o��_bZ\�cfj�|_a_g�`$gl\zd�cZ^$^ycZg�j�^$|9\N}N`Lwvg�^y}Ng�|_cZ\N^z���Ba_\�i oR}N`
`$amoR`r`ya_\�^$|9\N}N`Lw$oRb<i�]_j_}N`ycZg�j�cf^r^$a_ctiK`$\Nn�]_|l~3o�wvn }zoRj��9\�cZjl`$\zwv|mwv\N`y\Nn oR^r`ya_\�w�\N^$]_bZ`rgRi5`$a_\
|mg�`y\NjP`$cUoRb!^$}zoR`$`$\zw�cZj_��`$\zw$d ~3a_cf}La�oR}N`$^3oR^=o�|mg�^ycZ`$cZ��\�}?a_\zd�cZ}zoRb1|9g�`$\Njl`$ceoRbq���<gR~B\N��\zwN�ln_]_\&`$g
`$a_\5n_\N|m\Nj_n_\�j_}N\�g�j ��`$a_\&cfj_n_cZ�Pcfn_]moRb!|mg�bZ\N^�o�wv\5^$a_ctiK`$\Nn*�lp�n_c �;\zw�\NjP`=oVd�g�]_jl`$^z�

�Ba_\�}Nglw$wv\N^$|9g�j_n_cZj_� w�\N^$}zoRbZ\NnA �oR`$^$]_�moVw$o �5wv\N\NjAiK]_j_}N`$cZg�j_^�o�`*`$a_\�}zwvcZ`$cZ}zo�b=|9g�cZjl`�i�gPw
cZjl`$\zw$oR}N`$cfg�j_^��  ��$ 
�o�j_n��  ��o�wv\5^$a_gR~3j*cZj*��cf�m�$%_� �_�



0.00

0.40

0.80

1.20

1.60

2.00

-2.00 0.00 2.00 4.00

U=5.0

U=3.2

ω

ω
+ι

δ
-I

m
 G

 (
   

   
   

)

��cZ��]mw�\ %_� � � � }zoRbZcZj_��iK]_j_}N`$cZgVj�g�i���������� 2 ��� � �B~3cZ`ya��mwvgPo�n_\Nj_cZj_� �! � �Z��oR`3`$a_\�}zwvcZ`ycZ}zoRb
|mgVcZjP`+�ecfjlkmj_cZ`$\N^$ced�oRb�n_g�|_cZj_���.iKgPw5cfjP`$\zwyoR}N`$cZg�j_^ �  �'�e^yg�bZcZn�bfcZj_\&�&oRj_n �  � ���)�enmoR^$a_\Nn
bZcZj_\&�(�



0.40

0.80

1.20

1.60

2.00

0.00 1.00 2.00 3.00 4.00

U=3

U=4

U=5

ιω
-I

m
G

( 
   

)

ω

��cZ��]mw�\ %_� � ��¡B\N^$}zoRbf\Nn  �oR`y^$]_�mo�w$o �5wv\N\Nj���� ��� �%� 2 � ��oR`rcfjlkmj_cZ`$\N^$ced�oRb3a_g�bZ\�n_g�|_cZj_� i�glwcZjl`$\zw$oR}N`ycZg�j_^/�  �.�e^$gVbZcZn�bZcZj_\&�N���  
6�e`ya_cZ} 
�nmoR^ya_\Nn�bZcfj_\&�N��oRj_n �  ��.�en_g�`y`$\Nn�bfcZj_\&�N�
� �,wvg��v\N}N`$cZ�R\�`$\N}La_j_cf�P]_\�� �  ���



�Ba_\I^$\NbtiUsu\Nj_\zwv��p�cZ^=oR�loRcZj�n_\N`$\zw$d�cZj_\Nn*�lp*\N�l`Lw$oR}N`$cfj_��`ya_\5^$cZj_��]_beoVw�|_cf\N}N\N^3iuwvgPd

� ����2 � �  � 2 � � ���
� � 
 � ����2 � ��� � � � ����2 � � � %_� 
 ���

~3a_\zwv\/���  ��
�6�B���_���Ba_\5\N�RoRbZ]moR`ycZg�j*cZj*`$a_cf^3}zoR^$\&wv\N�l]_cewv\N^<^$gPd�\5}zo�w�\��_�m\N}zoR]_^y\&`$a_\&wv\zo�b
|mo�wv`IgRi � " � � " �%� 2 � �I}Ng�jl`Lwvcf�_]_`$cZj_��`yg�� cZ^5kmj_cf`$\xo�`&�N\zwvg�iuwv\N�P]_\Nj_}Np�� � cfj_}N\*`$a_\riuwv\N�l]_\Nj_}Np
n_\N|m\Nj_n_\Nj9}N\�cZ^I~B\zo�
m�8cZ`�cZ^I^$] ��}NcZ\Njl`�`$g�wv\N|_beoR}N\�� " � � " ����2 � �I�lp�cZ`$^I�N\zwvg�i wv\N�l]_\Nj_}Np�� oRbZ]_\
� " � � " � ���N�B~3a_cZ}?a�cZ^�g��_`Lo�cZj_\Nn�iuwvgPd `ya_\�^yg�bZ]_`$cZgVj�gRi&`$a_\�cfj_^$]_beoR`$cfj_��|mwvg��_bZ\zd
� ��j_\�`$al]_^
g��_`Lo�cZj_^B`$a_\�wv\N^y}zoRbZ\Nn*bZgR~ i w�\N�P]_\Nj_}Np*|mo�w�`hg�i � o�^

�� , 	 �3��� 2 � �  ���
� � 
 �� , 	��(�%� �2 � �5� � �� , 	��(��� �2 � � ��� " � � " � ����	 �
�
� � %_� 
�
��

� cZj_}N\�`$a_\�\Nj_\zwv��cZ\N^3o�wv\�d�\zoR^$]mwv\Nn�~3cZ`yaxwv\N^y|m\N}N`B`$g&`ya_\=�9\zw$d�cmbf\N��\Nbu���;]_`$`$cZj_��\zw � ^�`$a_\Nglwv\zd cZj
`$a_cZ^5}zo�^$\rwv\zoRn_^��� ��� � � ���N�5[ \&kmj_n `$amoR`�cZ`5cZ^5g��9\Np�\Nn1�!~3a_cZ}?a�|mwvgR�lcZn_\N^ o�j_gVj�`LwvcZ�lceo�b
}?a_\N} 
�gRi�`$a_\IjP]md�\zwvcf}zoRb{wv\N^$]_bf`$^z� ��^=or}NgVj_^$\N�P]_\Nj_}N\�~B\�d�gPwv\NgR��\zw,j_g�`$cZ}N\I`$amoR`3`ya_\&|_cZj_j_cZj_�
}Ng�j_n_cZ`$cfg�j � ��� � � 	 �  ����� 
 cZ^3oR�PoRcZj�iK]_btkmbZbf\Nn1�

�Ba_\�\?�1\N}N`$cZ��\5^y|_cZjlsu^$|_cZj�}Ng�]_|_bZcZj_�r�9\N`v~h\N\Nj�`$a_\#= �Rsu\NbZ\N}N`LwvgVj�oRj_n�`$a_\&�moR`ya�n_\N}zwv\zoR^y\N^ oR^
`$a_\�cZjP`y\zw$oR}N`$cZgVj�cfj_}zwv\zoR^$\N^z��oR^�}zoRj��m\�^$\N\Nj�iuwvgPd ��cZ�m��%_�Z� �_�*�Ba_cZ^�}zoRj��m\�]_j_n_\zwv^$`$glgPn��lp
|_bZg�`$`ycZj_��`ya_\�}Ngl\ ��}NcZ\Njl`$^ � �
	 	 oRj_n ��
���� � oR^�iK]_j_}N`$cZg�j_^5gRiB`$a_\�cZjl`$\zw$oR}N`$cfg�j1�m~<a_cZ}La�cZ^5^ya_g ~<j
cZj�`$a_\=cfj_^$\N`BgRi{��cZ�m� %_�Z��� �1[�\�^$\N\5`$amoR`,~3a_cZbZ\�`$a_\�\N�P}?amoRj_��\5`y\zw$d ��
�� � � wv\zd�oRcZj_^�\N^y^$\NjP`yceoRbZbZp
]_jmoRbZ`$\zw�\Nn�oR^1`ya_\�cZjl`$\zw$oR}N`ycZg�j�cZj_}zwv\zoR^$\N^���� �
	 	 � o�wvcf\N^{^$`?wvg�j_��bZp��(cZj_n_cZ}zoR`$cfj_�3\Nj_amoRj_}N\Nn�|mg�`y\NjP`$cUoRb
^$}zoR`$`y\zwvcZj_�m�%� �<g�`$\��0a_g ~B\N��\zw(��`$amoR`roR�Po�cZj�~B\�\N�P|9\N}N`�`ya_\*� oRbZ]_\N^�gRi ��
���� � oRj_n � �
	 	 `$g��m\
}NgPw$wv\N}N`y\Nn�n_gR~3jl~ oVwvn �e`$g�bUo�wv��\zw�j_\N�loR`$cZ��\*�RoRbZ]_\N^ ��oR^rn_cf^$}N]_^$^$\Nn1�@�Ba_cZ^�n_gP\N^�j_g�`�}LamoRj_�V\
`$a_\��l]moRbZcf`LoR`$ct��\*o�wv��]md�\NjP`z� � �Ba_\�wv\N^$]_bZ`y^�o�wv\*cZj �P]mo�bZcZ`LoR`yc �V\xoR�lwv\N\zd�\Njl`r~3cZ`$a�`ya_\'�!� �
oR|_|mwvgR�lcedroR`$cfg j���cZ��\Nj�cZj ���!� � %_� 
m�&�?� ���!��� %_� 
$��� `$a_\Nj�cedrd�\Nn_ceo�`$\NbZp*ced�|_bfcZ\N^ o�~B\zo�
R\Nj_cZj_�
gRi3`$a_\r^$|_cfjlsu^$|_cZj�}Ng�]_|_bZcZj_�*�9\N`�~B\N\Nj�ced�|_]mwvcf`�p�oRj_n��moR`ya�\NbZ\N}N`?wvg�j_^ ������ �� � � i�gPw�cfj_}zwv\zoR^$cZj_�
� oRbf]_\N^=gRi�`$a_\IcZjP`y\zw$oR}N`$cZgVj1���Ba_cZ^3}zo�j��m\I]_j_n_\zwv^$`$glgln�oR^3�9\NcZj_��`$a_\�wv\N^y]_bZ`3gRi�`$a_\5cfj_}zwv\zoR^$cZj_�
wv\N|_]_bZ^$cfg�j��9\N`v~h\N\Nj�cUd�|_]mwvcZ`vp�oRj_n��moR`$a�\NbZ\N}N`Lw�g�j_^�n_]_\�`$g�`$a_\*|mg�`y\NjP`$cUoRb�^$}zo�`$`$\zwvcZj_��`$\zw$d*�
�3gV`$cZ}N\���a_gR~B\N��\zwN�V`$amoR`,\N��\Nj�i�glw�beo�w���\3� o�bZ]_\N^BgRi{`$a_\�cZjl`$\zw$oR}N`$cfg j�`$a_\=^ypP^$`y\zd wv\zdro�cZj_^BcZjr`$a_\
cZjl`$\zw$d�\Nn_ceo�`$\3}Ng�]_|_bZcfj_��w�\N��ced�\�� ��¡B\N}zo�bZb!`$amoR`�`ya_\&wv\N^$]_bZ`,]_^$cZj_��`$a_\5\N�_oR}N` ��
�� � � oRj_n � �
	 	 i�gPw
�  " pPcZ\Nbfn_^ � �� � �� �1�  ��� �����_� �



4.00 6.00 8.00 10.00

-0.3

-0.34

-0.32

-0.36

-0.38

-0.4

-0.42

-0.44

-0.46

sp
in

-s
p

in
 c

o
u

p
lin

g

J
pot

Jspin
-1.6

-1.2

-0.4

3. 5. 4. 6. 7. 8. 9. 10.

-0.8

E
ff

ec
ti

ve
 C

o
u

p
lin

g
s

Interaction U

Interaction U

��cZ��]mw�\ % �Z��� �1��g�j_n_g5}NgV]_|_bZcZj_� � �� � ��
��� oR`8`$a_\3}zw�cZ`$cZ}zoRbl|mgVcZjP`�oR^�o i�]_j_}N`$cfg�j�gRi>`$a_\BcZjl`$\zw$o�}N`$cZg�j
��� �Kj_^$\N`�� ��
�� � � oRj_n � �
	 	 oR`3`$a_\5}zw�cZ`$cZ}zoRb!|9g�cZjl`=oR^3oIiK]_j_}N`$cZg�j*gRi�`$a_\5cZjl`$\zw$o�}N`$cZg�j+���



8.00

9.00

10.00

11.00

12.00

13.00

14.00

15.00

3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

2.60

2.62

2.64

2.66

2.68

2.70

2.72

2.74

2.76

4.00 6.00 8.00 10.00

G
en

er
al

iz
ed

 W
ils

o
n

 r
at

io
 R

Interaction U

Interaction U

L
o

ca
l s

p
in

 s
u

sc
ep

ti
b

ili
ty

��cZ��]mw�\�%_�Z��������\Nj_\zw$oRbZcZ�N\Nn*[AcZbf^$g�j*w$oR`$cZg � � � � !#"%$%$�%& ')(%*+ � + !#"%$%$
oR^=oIiK]_j_}N`$cZgVj*gRi�`ya_\&cZjl`$\zw$oR}N`ycZg�j+�����Ba_\

cZj_^$\N`<^$a_gR~3^B`$a_\&bZgl}zoRb!^$|_cZj*^y]_^$}N\N|_`$cZ�_cZbfcZ`vp�� , 	 �
 � ���,cZj*]_j_cZ`$^3g�i��/.���0�� ��� 
 �

�Ba_\I��\Nj_\zw$oRbfcZ�N\Nn*[AcZbZ^$g�j*w$oR`ycZg

� �
� 
L� � � � 	 	


 � , 	 �
� � � � � 	 	 � %_� 
$���

oR^In_\?kmj_\Nn�cZj � %_����%��?��~3a_\zwv\*oR�PoRcZj�� ��� 	 	
 � , 	 �  
�
�� � �

�  �
 � 
 �8�Pw�g ~<^5^$bZcZ��al`$bZp�oR^&`ya_\�cZjl`$\zw$o�}N`$cZg�j
cZj_}zwv\zo�^$\N^�oR^*^$a_gR~3jAcZjA��cZ�m� %_�Z�V��oRj_n ��gl\N^*`$g�`$a_\�oR^yp�d�|_`yg�`$cZ}�� oRbZ]_\%�e]_^ycZj_��`$a_\�\N��o�}N`
�3� �  "6��wv\N^$]_bZ` � �  � ��%�% �3�Ba_cZ^�}zoRj��m\roR`$`Lw�cZ�_]_`$\Nn*`$g�`$a_\Ii o�}N`=`$amo�`3}NgP\ ��}NcZ\NjP`5g�i�`$a_\
n_cZ��\zw���\NjP`,`$\zw$d gRi{`$a_\�bZgl}zoRbm^$|_cfj�^$]_^y}N\N|_`$cZ�_cZbZcf`�pI�PwvgR~3^0i oR^y`$\zw�`$amo�`�`$a_\�}NgPw$wv\N^y|mg�j_n_cZj_��`$\zwyd
cZj*\?�1\N}N`$cZ�V\&droR^$^BgRi�`$a_\5�l]moR^$cZ|mo�w�`$cZ}NbZ\N^z�

��cZjmo�bZbZp��l`$a_\&w$oR`ycZg�gRi ��� �

 cZj � � ���  � � 
 cf^ o��PoRcZj*��cf��\Nj��lp ���!��� %_� � ����oR^

�
�

  % � � � 2 
 ��2 �2 
 �,� 2 ��2 �2 � 
 	�
 �Z� � ��� � 	 � 
 �
� � %_� 
 ���

~3a_\zwv\ 	 cZ^5`$a_\�beo�`$`$cZ}N\I^$|moR}NcZj_�*cZj�d�\N`y\zwv^z� �K`5cZ^�iKg�]_j_n�`$g*n_\N}zwv\zo�^$\�~3cZ`$a�cZj_}zwv\zo�^$cZj_��� oR^
^$a_gR~3j&cfj&��cZ�m� %_�f���B~3a_cZ}?a&cf^{oR^�o=wv\N^y]_bZ`1gRim\Nj_amoRj_}N\Nn�^$}zo�`$`$\zwvcZj_�<�m\N`v~B\N\Nj&`$a_\,\NbZ\N}N`Lwvg�j_^��{�Ba_\



4.00 6.00 8.00 10.00

0.82

0.8

0.78

0.76

0.74

0.72

0.7

Interaction U

Σ 
(ι

ω
)/(

Σ 
(ι

ω
))

2
’

’’

��cZ��]mw�\ %_�f��� �{¡<oR`$cZg�gRi � � ��
� �� �

�,���	��
� ��

� 
�

�� � �

iKgPw,cZjlkmj_cZ`y\N^$cedroRb9n_g�|_cZj_�roR^=o.iK]_j_}N`$cZg�j�gRi{`ya_\5cZjP`y\zwqs
oR}N`$cfg�j ���

oR^$p_d�|_`$gV`$cZ}8� oRbZ]_\,]_^$cZj_��`$a_\�\N�_oR}N`��# #" � oRbZ]_\N^8gRi �*cZ^���cZ��\Nj&oR^ � ��� 2 � ��� �,� � ����2 � � � 
  � � ��%_�
�K`5^ya_g�]_bZn��m\�|mgVcZjP`y\Nn�gV]_`=`$amo�`=^$cfj_}N\�`ya_\�}Ngl\ ��}NcZ\Njl`$^5cZj�`$a_\I^$\zwvcZ\N^5\N�l|moRj_^$cfg�j�gRi�`$a_\�^$\NbtiUs
\Nj_\zwv��p*o�wv\5gV�_`LoRcZj_\Nn*�lpxo�km`$`$cZj_��|mwvgl}N\Nn_]mwv\��9`$a_\&wv\N^$]_bZ`y^z�l\N^$|m\N}Nceo�bZbZp�gRi ��� �


 amo���\&o�bUo�wv��\
\zw$wvglw�g�i�gPw�n_\zw������*�

� ��� ���&��� ���&

����$������ ����� 	�
��/����$ ��� 	 �����!�

� ������� 
 ��$ ��� �	� ��� �r� �&���  &� ��� ��� �������6�  ������� �

��oz�lcZj_�Ig��_`LoRcZj_\Nn�`$a_\3}zwvcZ`ycZ}zoRb_|mwvg�|9\zwv`$cZ\N^���~B\=}zo�jrj_gR~�|mwvgl}N\N\Nn��lp�oRjmo�bZpP�Ncfj_�5`$a_\ o�|_|mwvgPoR}?a
`$g�`$a_\�}zwvcZ`$cf}zoRbm|9g�cZjl` o�`�amoRbti�kmbZbZcZj_�m�Vcu� \��8^$g�bf��\=`ya_\3iK]_bZb!j_g�jlsubZcZj_\zoVw�\N�l]moR`$cZg�j_^Bn_\zwvcf��\Nn�cfj�`$a_\
|mwv\N�lcZg�]_^�}?amoR|_`$\zwN��� j�glwvn_\zwI`$g�\NbZ]_}NcfnmoR`$\�`$a_\�|mw�gP}N\Nn_]mwv\��0bZ\N`&]_^�g�j_}N\*oR�PoRcfj�oRjmoRbZpl�N\r`$a_\
`$gRp�d�gln_\Nb�cZjl`Lwvgln_]_}N\Nn�~3a_\Nj�~B\rcZjl��\N^$`$cZ�loR`$\Nn�`$a_\�}zwvcZ`$cZ}zoRb�|9g�cZjl`z� �=^In_cZ^$}N]_^$^y\Nn1�{`ya_\�`v~Bg
d�gln_ctkm}zoR`$cZgVj_^&gRi3`$a_\*oRjmoRbZpl^$cZ^5~<a_\Nj�}Ng�j_^ycZn_\zwvcZj_��|mwvg�|m\zw�`$cZ\N^ro�~ o�p
i wvgld�amoRbtiBkmbZbfcZj_��o�wvcZ^y\
i w�gPd `$a_\riuoR}N`�`$amoR`I~B\*amoz�V\�`$g�cZj_}NbZ]_n_\*a_cZ�Va_\zw&glwvn_\zwI}Ng�jP`?wvcZ�_]_`$cZgVj_^5iuwvgPd `$a_\�}zoRj_g�j_cZ}zoRb
`Lw$oRj_^�i�gPwydroR`$ctg�j*`$g�`$a_\r��o�d�cZbZ`yg�j_ceoRj1�mo�^=~B\NbZb�oR^5d�gPn_c i�p*`$a_\�a_cZ�Va�\Nj_\zw���p�^$|9\N}N`Lw$oRb8~B\NcZ��al`
\NjP`y\zwvcZj_� � `$g�gPwvn_\zw �&� � cfj_}N\�~B\�g�j_bZp�amo���\rg�j_\�^$cZ`$\�oR`&�N\zwvg�\Nj_\zwv��p�~B\�n_g�j_g�`Ig��_`LoRcfj
oRjlp�}Ng�jl`Lwvcf�_]_`$cZg�j_^3n_]_\I`$gr`$a_\5\N�l|moRj_^$cfg�j�gRi�\Nj_\zwv��p*n_\Nj_gld�cZjmoR`$glwv^B`$grgPwvn_\zw �I�����PoRcZj�`$a_\



}zoRbZ}N]_bUoR`$cZg�j�}zoRj*�9\5iKg�]_j_n�cZj*`ya_\&oR|_|m\Nj_n_cZ�!���Ba_\��=oVd�cZbZ`$gVj_ceo�j�`$g�gPwvn_\zw � 
 cf^3��cZ��\Nj�o�^


 	 	 �	 � �  � 
 � @B� 
�� 
 ����� �	
 � 
 � ���� �� � %_� 
$%��

oRj_n*`$a_\I`Lw$oRj_^�i�gPwyd�\Nn�gV|m\zw$oR`ygPwBoR^

� �  � � @B� 
 �
� . � ��� � � � � 
 � @B� 
 � 
 � � � � � ��� 6��6� � � � ��� � 6� � � 6� 	 � ��� 
 �/@h� 
�� 
 � ��! 	 �*�&� � � 1 �
� %_� 
 ���

[�\&wv\zo�n_cZbZp�}NgPd�|_]_`$\5`$a_\��5wv\N\Nj*iK]_j_}N`$cZgVj*~3a_cZ}?a*j_g ~ wv\zo�n_^

� , 	 �3��� 2 � �  
���


 � @B� 
�� 

� ���(����� � 
 �/@h� 
�� 
 � � �

��2 � � � 
 �
�

� 2 � � � 
 � � � %_� 
 ���

bZ\zoRn_cfj_�r`$gro�`$a_\5^$\Nb iesu}Ng�j_^ycZ^$`$\Nj_}Np�\N�P]mo�`$cZg�j

�  �



�

 �v� ����� � 
 �/@h� 
�� 
 � � � %_�������

~3a_cZ}?a�n_\N`$\zw$d�cZj_\N^�`ya_\*bZgR~ \Nj_\zw���p�^$|m\N}N`?w$oRb3~B\NcZ��al`��  
>@ 
 � 
 
 oR^�o�iK]_j_}N`$cZg�j gRi=`$a_\
cZjl`$\zw$oR}N`ycZg�j1� � j�oRn_n_cZ`$cZgVj�`$g�`$a_cZ^�j_g�jlsubZcZj_\zoVwvcZ`vp��m`ya_\�d�gln_ctkm}zoR`$cfg�j�gRiB`$a_\&]_|_|9\zw&oRj_n�bZgR~B\zw
�<]_�_�mo�wvnr�moRj_n_^�n_]_\<`$g5`$a_\B|mwv\N^$\Nj_}N\3g�i>`$a_\3wv\N^$gVjmoRj_}N\BbZ\zoRn_^�`$g&o�d�gln_ctkm}zoR`$cZgVj�g�i ��� �Kj�`$a_\
� o�bZ]_\5gRi ��oR^Bg��_`LoRcfj_\NnriuwvgPd `$a_\����A��cZj_^$]_beo�`$gPw,~3a_cZ}?a�~3oR^B��cf��\Nj�oR^ �  



4 �v� � �
�
�� � � �4 � �N�

~B\rj_gR~�amoz�V\r`$g*]_^$\r`ya_\�a_cZ�Va�\Nj_\zw���p�^$|m\N}N`LwyoRb�~B\NcZ��al`5}NgPw$w�\N}N`$\Nn�`$g*gPw�n_\zw �I� �<^$cZj_�*`$a_\
^$|m\N}N`?w$oRb�^$]mdrw�]_bZ\�`$a_cZ^�bZ\zoRn_^5`$g�@ 
" � � "  
 �

�
����� 
#� 
��



� 
 �N�.[�\�}zoRj�]_^$\�`$a_cZ^5\N�l|mwv\N^$^$cZgVj�cfj

���!� � %_�������N� ���l|moRj_n_cZj_�*`yg*gPwvn_\zw<@ 
 ~B\���\N`5`$a_\�^$|9\N}N`Lw$oRb8~B\NcZ��al`=j_\zo�w�`ya_\r}zwvcZ`$cf}zoRb1|mgVcZjP`
oR^=oIiK]_j_}N`$cZgVj*gRi{`$a_\IcZjP`y\zw$oR}N`$cZgVj�oR^

� 	 	 �  � �����,� � � �.� �y� 
 � � � � � � �.� �$� 
�� 
 � � %_��� �&�

�=�loRcZj5`$a_cZ^8}NgPd�|moVwv\N^{�l]_cZ`$\�~B\NbZbV~3cZ`$aI`$a_\hwv\N^y]_bZ`1g��_`Lo�cZj_\Nn&cZjI`$a_\�iKg�]mw!�9g�^$g�j�^$}?a_\zd�\ * ���l� � � +
~3a_cZ}?a*cZ^3��cf��\Njxo�^ � � 0 	 
�	 �� � ��

�
� � � �.� �$� 
  � �����,� � � �.� �y� 
��

� ��� � � � ����
�����$�� ��� ���&�-	�
�� ����$ ��� 	 �������9����� ��� � "
�.�����/���

�Ba_\Ii�]_bfb�jP]md�\zw�cZ}zoRb8`Lwv\zoR`Ld�\NjP`�gRi�`$a_\�|mwvg��_bf\zd�]_^$cZj_��`$a_\r�lp*j_g ~@iuo�d�cfbZceo�w ��oRj_}N�Ng�^5n_ceoR��s
g�jmoRbZcf�zoR`$cZgRj�|mwvgl}N\N\Nn_^�oR^5g�]_`ybZcZj_\Nn�cZj�`$a_\r|mwv\N�lcZg�]_^5}?amoR|_`$\zw(��[�\�\N�P`LwyoR}N`5`$a_\�cZjliKgPw$droR`ycZg�j
oR�mgV]_`5`$a_\ra_cZ��a�\Nj_\zwv�Vp��moRj_n_^.i wvgld `$a_\�^$g�bZ]_`$cfg�j�`$g*`ya_\&iK]_bZb��<]_�_�mo�wvn�d�gPn_\Nbu� � cZj_}N\�`$a_\
i�gV]mwv`$a&gln_\zw8`$\zw$d�^{cZj�`$a_\3��o�d�cZbf`$g�j_ceo�j&}NgVjP`Lo�cZj&a_cZ�Va_\zw1gPw�n_\zw8}NgPw$wv\Nbeo�`$cZgRj5iK]_j_}N`$cZg�j_^8~B\Bamoz�V\



`$g�wv\N^$gPwv`I`$g�\N��o�}N`&n_ceoR�Vg�jmoRbZcZ�zo�`$ctg�j�`$g�g��_`LoRcZj `$a_\�a_cf��a�\Nj_\zw���p�|mo�w$oVd�\N`$\zwv^I\NjP`$\zw�cZj_��`$a_\
��o�d�cZbZ`yg�j_ceo�j1�5�Ba_cZ^5}Ng�j_^$`?w$oRcZj_^�`$a_\�jP]mdI�9\zw5gRi�^$cf`$\N^&wv\N|mwv\N^$\Njl`$cZj_��`$a_\�a_cZ��a�\Nj_\zwv�Vp��moRj_n_^
`$g 
 �����3� �<g�`$\3`$amo�`�oR`�}zwvcZ`$cf}zoRbZcZ`qp5~h\<g�j_bZp�j_\N\Nnr`$gI\N� oRbZ]mo�`$\3wv\N^$g�bZ�V\NjP`�g�|9\zw$oR`$glwv^�`$g5g��_`Lo�cZj
`$a_\�}NgP\ ��}NcZ\NjP`y^h\Njl`$\zwvcfj_�&`$a_\�bZgR~�\Nj_\zwv��p���o�d�cfbZ`$g�j_ceo�j1�{�Ba_cZ^,}zoRj��m\5n_g�j_\�\zoR^$cZbfp�]_^ycZj_�&`$a_\
}Ng�jl`$cZjl]_\Nn�iuw$oR}N`ycZg�j�\N�P|mo�j_^$cZg�j1� � � }NgPd�|mo�wvcZ^$gVj�g�i=`$a_\*wv\N^$]_bZ`$^Ig��_`LoRcfj_\Nn�i w�gPd�`$amw�\N\xoRj_n
km��\*^$cf`$\N^�cZj�`$a_\*]_|_|m\zw��moRj_n1�,`$g���\N`ya_\zw&~<cZ`$a�^$cZ��oRj_n�\NcZ��al`�cZj�`$a_\�\?�;\N}N`ycZ��\*bZgR~ \Nj_\zw���p
��o�d�cZbZ`yg�j_ceo�j1�1~3a_cf}La�cf^&^$a_gR~3j�cfj���cZ�m��%_�f� ��cZj_n_cZ}zoR`y\N^&`$amoR`I`$a_cZ^5cZ^I\N^$^$\Njl`$ceoRbfbZp�}Ng�jl��\zwv�V\Nn1�
��j_g�`$a_\zw5cfj_n_cZ}zoR`$cZgVj�}Ngld�\N^5iuwvgPd�`$a_\�i oR}N`I`$amoR`5`$a_\��P]moR^ycZ|mo�wv`$cf}NbZ\�~h\Ncf��aP`�\N�l`Lw$oR|9g�beoR`$\N^5`yg
`$a_\5}NgPwywv\N}N`B}zwvcZ`$cZ}zo�b � � �P~<a_cZ}La*cf^hgV�_`LoRcZj_\Nn*~3cf`$a ���A��^$cZ`y\N^hcfj*`$a_\5a_cZ��a�\Nj_\zwv��p��moRj_n_^=oRj_n
���A�5^ycZ`$\N^=oR`BbZgR~ iuwv\N�P]_\Nj_}Ncf\N^z�

�Ba_\*wv\N^$]_bf`5g��_`LoRcZj_\Nn jP]md�\zw�cZ}zoRbZbZp
i�gPw 
��@��^$cf`$\N^&cZj `$a_\ra_cZ��a�\Nj_\zwv�Vp�|moVwv`�oRj_n	% � �
^$cZ`$\N^<cZj*`$a_\5bZgR~ i w�\N�P]_\Nj_}Np�wv\N�VcZg�j*oR^3^$a_gR~3j*cZj*��cf�m� %_�Z� �IcZ^3�VcZ��\Nj*oR^

�  � � � 
 � � � �6� �y� 
 � � %_��� ���

~3cZ`$a�� �  � � ���_� � cZj_}N\�g�j_}N\�oR�PoRcZj*~B\Iamoz�V\&`$g�km`�`$a_\�nmoR`Lo�cZj�gPw�n_\zw3`$g�g��_`LoRcZj�`$a_\&^ybZg�|m\��
`$a_\5\zw$wvglwB�mo�wBcZ^B]_jliKgPwv`$]_jmo�`$\NbZp�gRi�`ya_\5gPwvn_\zw����I|9\zwv}N\NjP`��

�<g�`$\5`$amoR`BcZj*`ya_cZ^B}zoR^$\5�l]moR^$cZ|mo�w�`$cZ}NbZ\5wv\N^$cZn_]_\ �  �z�,���(� � �
� �

�BoRj_n*bfg ~A\Nj_\zwv�Vp�^$|9\N}N`Lw$oRb
~B\NcZ��al` � n_g ��2�
!}Ng�cZj_}NcZn_\��,�Ba_cZ^3cZ^<cZj*^$`Lwvc 
�cZj_��}Ng�jl`Lw$o�^$`B`$gr`$a_\���]_`$�N~3cZbZbf\zwho�|_|mwvgR�Pced�oR`$ctg�j
~3a_cZ}?a�n_gl\N^3j_g�`<n_cZ^$`$cZj_�V]_cZ^$ar�9\N`�~B\N\Nj*`$a_\5`v~Bgm�8�Ba_\5�P]mo�^$cZ|mo�wv`ycZ}NbZ\=wv\N^ycZn_]_\&oR^3oIiK]_j_}N`$cZg�j�gRi
`$a_\5cZjl`$\zw$oR}N`ycZg�j�cZ^3��cZ�V\NjxoR^

�  � ���,� � � �.� �$� 
 � � %_��� ���

~3cZ`$a � �  � � ��� �1[Aa_cZbZ\B`$a_\B^$bZcf��aP`8n_cZ^Lo��Pwv\N\zd�\Njl`��m\N`v~B\N\Njr`$a_\B}zwvcZ`ycZ}zoRblcZjP`y\zw$oR}N`$cZgVj&cZ^�}NbZ\zoVwvbZp
n_]_\3`$g5jl]md�\zwvcZ}zo�bPcZjmo�}N}N]mw$oR}NcZ\N^z�V`$a_\B^$bZg�|9\BgRi>`$a_\<�P]moR^ycZ|mo�wv`$cf}NbZ\hwv\N^ycZn_]_\BcZ^�^$`Lwvc 
�cZj_�VbZp5^LdroRbfbZ\zw
`$amoRj�`$a_\5}NgPw$wv\N^y|mg�j_n_cZj_���l]moRjP`ycZ`vp�i�glwB`$a_\&~B\NcZ�VaP`BgRi�`$a_\&w�\N^$g�jmoRj_}N\�� ��}NgPd�|mo�wvcZ^$gVj�gRi�`$a_\
wv\N^$]_bZ`y^Bi�glw �@oRj_n ��cZ^B^$a_gR~3j*cZj*��cZ�9� % �Z��
m�

� ��� ��� � ����
�����$�� ��� ���&�-	�
�� ����$ ��� 	 ��������� 	��% � 
���( � ��� � "
�.������� �

�!\N`�]_^8}Ng�j_}NbZ]_n_\B`$a_cZ^8}Lamo�|_`$\zw1�lp5n_cZ^$}N]_^y^$cZj_��`$a_\�|mwvgV|m\zwv`$cf\N^{}NbZgV^$\�`$g�`$a_\,}zwvcZ`$cZ}zo�b�|mg�cfjP`1cfj&`$a_\
n_g�|m\Nn��<]_�_�mo�wvn�d�gPn_\Nbu� � cZj_}N\�`$a_cZ^BcZ^BoI^$cZ`$]moR`ycZg�jr~3a_cf}Laramo�^h�9\N\Nj*^$`$]_n_cZ\Nn*\N�l|m\zw�ced�\Njl`LoRbZbZp
*Z�����7+_~B\h}zo�j&}NgPd�|moVwv\Bg�]mw{w�\N^$]_bZ`$^�i�glw �=� �


 n_cew�\N}N`$bZp5`$g5d�\zoR^$]mw�\Nn��RoRbZ]_\N^�cZj � w � � � �1o � �Bc � � �



2.70 2.75 2.80 2.85 2.90

Low Energy N=8, High Energy N=5
Low Energy N=6, High Energy N=5
Low Energy N=8, High Energy N=3
Low Energy N=6, High Energy N=3

0.07

0.06

0.05

0.04

0.03

0.02

0.02

0.00

Interaction U

W
ei

g
h

t 
o

f 
th

e 
K

o
n

d
o

 R
es

o
n

an
ce

 w

Hubbard (N=10)

Proj.
Technique

2.6 2.7 2.8 2.9

.12

.8

.4

.0

w

U

��cZ��]mw�\ %_�Z� � � 
�]moR^$ctsu|moVwv`$cZ}NbZ\�~B\NcZ��al`3j_\zo�w�`ya_\� �g�`y`=`LwyoRj_^$cZ`$cfg�j�oR`5amoRbtiUsKkmbZbZcfj_��oR^5g��_`Lo�cZj_\Nn
]_^$cZj_�I`$a_\B^$\NbtiUsu}Ng�j_^$cZ^y`$\NjP`�|mw�g��v\N}N`$cZ��\B`$\N}?a_j_cZ�l]_\�� � a_gR~3j�o�wv\B`$a_\=wv\N^y]_bZ`$^�iKgPw8}NbZ]_^y`$\zwv^�gRi �  	�
oRj_n��I^$cZ`$\N^,cZj�`ya_\=bZgR~-i wv\N�l]_\Nj_}Np�wv\N�VcZg�j*oR^�~B\NbZb!oR^ �&oRj_n��I^$cZ`$\N^BoR`Ba_cZ��a�iuwv\N�l]_\Nj_}NcZ\N^z���Ba_\
cZj_^$\N`I^$a_gR~3^5`$a_\rbfg ~�\Nj_\zw���p�^$|9\N}N`Lw$oRb�~B\NcZ��al`&oR^Ig��_`LoRcZj_\Nn�i wvgld�`$a_\�iK]_bZbh�<]_�_�mo�wvn�d�gln_\Nb
~3cZ`ya����<^$cZ`$\N^�cfj&}NgPd�|moVwvcZ^$g�jI~3cZ`$aI`$a_\3wv\N^$]_bZ`8iuwvgPd `$a_\B^$\NbtiUsu}Ng�j_^$cf^$`$\Njl`{`$\N}?a_j_cZ�l]_\B]_^$cZj_�	�  �
�ebZgR~A\Nj1� �ro�j_n �  ��+�Ua_cZ��a*\Nj*�N�



2.70 2.75 2.80 2.85

Quasiparticle 
residue

0.07

0.06

0.05

0.04

0.03

0.02

Interaction

Weight of
Kondo resonance

2.6 2.7 2.8 2.9

0.08

0.06

0.04

0.02

0.0

Hubbard (N=10)

Proj.
Technique

z

U

��cZ��]mw�\'%_�Z� 
 � �!gR~ \Nj_\zw���p�^$|9\N}N`Lw$oRb�~B\NcZ��al` � �U`$a_cZ}�
�bZcZj_\&��oRj_nA�P]moR^ycZ|mo�wv`$cf}NbZ\�wv\N^ycZn_]_\��
�en_g�`y`$\Nn&bZcfj_\&�8j_\zo�w8`$a_\B �g�`$`8`Lw$oRj_^$cf`$cZgRj�oR`�amo�btiesKkmbfbZcZj_�=oR^�gV�_`LoRcZj_\Nn�]_^$cZj_��`$a_\3^y\Nbtiesu}NgVj_^$cZ^$`$\Njl`
|mwvgV��\N}N`$cf��\&`$\N}?a_j_cZ�l]_\�� � a_gR~3j�o�wv\�`$a_\�wv\N^y]_bZ`$^<i�gPw�`ya_\�}Nbf]_^$`$\zw�~3cZ`ya �  ��^$cZ`y\N^5cZj�`$a_\rbZgR~
iuwv\N�P]_\Nj_}Np�w�\N��cZg�j�oRj_n �  ���^$cZ`y\N^=oR`3a_cZ�Va*iuwv\N�P]_\Nj_}Ncf\N^z�3�Ba_\&cfj_^$\N`3^$a_gR~3^3`ya_\&�l]moR^$cZ|mo�w�`$cZ}NbZ\
wv\N^$cfn_]_\ ��oR^&g��_`?oRcZj_\Nn�iuwvgPd�`$a_\�i�]_bZbB�3]_�_�moVwvn d�gPn_\Nb,~3cZ`$a�� ��^$cZ`$\N^IcZj�}NgPd�|moVwvcZ^$g�j�~3cf`$a
`$a_\&wv\N^y]_bZ`BiuwvgPd `$a_\&^y\Nbtiesu}NgVj_^$cZ^$`$\Njl`B`$\N}?a_j_cZ�P]_\5]_^ycZj_� �  ���ebfg ~ \Nj1� �roRj_n �  �� �ea_cZ��a*\Nj*�N�



-1.10 -1.05 -1.00 -0.95 -0.90

0.08

0.06

0.04

0.02

0.00

Quasiparticle
residue z
(N=8)

N=6

N=8

∆µ

Low energy
spectral weight w

.0

.04

.08

.12

-1.15 -1.1 -1.05 -1. -.95

w (Hubbard)

w (Proj. T.)

z (Hubb.)

z (Proj. T.)

∆µ

��cZ��]mw�\'%_�Z� � � �!gR~ \Nj_\zw���p�^$|9\N}N`Lw$oRb�~B\NcZ��al` � �U`$a_cZ}�
�bZcZj_\&��oRj_nA�P]moR^ycZ|mo�wv`$cf}NbZ\�wv\N^ycZn_]_\��
�en_g�`y`$\NnrbZcZj_\&�8j_\zoVw�`ya_\3 �g�`$`�`Lw$o�j_^$cZ`$cZgVj&iKgPw3�  
m� � � \NbtiUsu}Ng�j_^$cf^$`$\Njl`�`$\N}?a_j_cZ�l]_\�� �  ��&oRj_n
�  �roR`3bfg ~A\Nj_\zwv�VcZ\N^z���  �roR`3a_cZ�Va*\Nj_\zwv��cZ\N^z� �

�9g�bZbZgR~3cZj_��`$a_\5^?o�d�\5|mwvgl}N\Nn_]mwv\�o�^3cZj�`ya_\5amoRbtiUsKkmbZbZ\Nn*}zoR^$\�� ~h\&o��PoRcZj*g��_`?oRcZj�bZgR~Bsu\Nj_\zwv��p
^$|9\N}N`Lw$oRb,~h\Ncf��aP` � oRj_n �P]moR^ycZ|mo�wv`$cf}NbZ\rwv\N^$cZn_]_\ ��}NbZgV^$\r`$g*`$a_\�`Lw$oRj_^$cf`$cZg�j1���mgPw�cZjl`$\zw$o�}N`$cZg�j
�# 
=`ya_\N^$\3o�wv\Bn_\N|_cZ}N`$\Nn�cZj���cZ�m��% �Z���_��[ a_cfbZ\�`$a_\B}Ng�jl��\zwv�V\Nj_}N\�iKgPw �  �5oRj_n �  �<^$cZ`y\N^
cZ^,j_g�`hoR^,��glgPn�o�^hoR`,amoRbtiUsKkmbZbZcZj_�m�R~<a_cZ}La�dro�p&�m\5oR`$`?wvcZ�_]_`$\Nnr`yg5`$a_\3iuoR}N`,`$amoR`�`$a_\�^$\N|mo�w$o�`$cZg�j
gRi{^y}zoRbZ\N^�cf^h}NgVj_^$cZn_\zw$oR�_bfp�^?droRbZbZ\zw(���mgV`$a�\N�l`Lw$o�|mg�beo�`$\3~3cZ`ya_cZjrg�j_\�|m\zwv}N\Njl`B`$g�`$a_\�}NgPw$wv\N}N` � � �
�Ba_cZ^<|mwvgR�PcZn_\N^3o�}?a_\N}�
�gRi�`ya_\5}zoRbZ}N]_beoR`ycZg�j1�{� a_\&}N]mwv��\N^<n_\N|_cZ}N`$\Nn�}zo�j*�Pp�km`$`$\Nn�oR^

� � �  
 �  � � ��� ����� � �.��� �$� 
 � %_��� 
��

oRj_n
�,� �  
 �  � ���,� ��� � � ��� �y� 
 $ � %_�������

wv\N^$|9\N}N`$cZ��\Nbfp&~3cZ`ya ��� �  ��� � ���_� � cZj_}N\ ��n_\N`$\zw$d�cZj_\N^�`$a_\3bZgR~�\Nj_\zwv��pI^$}zoRbZ\BgRi!`$a_\B|mwvg��_bZ\zd*�
`$a_\�^LdroRbZb9|mwv\?iuoR}N`$gPw0bZ\zoRn_^B`$gro5^Ld�oRbZbmbfg ~ \Nj_\zwv��p*wv\N��cZgVj1�PoR^B~B\3^$amoRbfb>^y\N\=cZj�`$a_\5oRjmoRbZpl^$cZ^,gRi
`$a_\�kmj_cZ`$\5`y\zd�|m\zw$o�`$]mwv\&�9\Namo��PcZglwN�

 �gPwv\NgR��\zwN�0~h\*}zo�j�g��_`Lo�cZj�`ya_\�^$\NbtiUsu\Nj_\zwv��p�cZj�iKgPw$d g�i.o�|9gR~h\zw�^$\zwvcZ\N^r�lp km`$`$cZj_��`$a_\
jP]md�\zwvcZ}zoRbBwv\N^$]_bZ`$^����Ba_\�wyoR`$cZg ��� �


 }zoRj�`$a_\Nj��m\�g��_`Lo�cZj_\Nn o�^�gV]_`$bZcZj_\Nn�cZj����l^z�6� %_� �_�Is



-1.10 -1.05 -1.00 -0.95

.75

.7

.65

.6

.55

.5

∆µ

Σ 
’’ 

z
2

U=4

��cZ��]mw�\�%_�Z� � � ����� � 2  ����� 
 j_\zoVw3`$a_\I}zwvcZ`$cf}zoRb!|mg�cZjl`BiKgPw��# 
9� � � \Nb iesu}Ng�j_^ycZ^$`$\Njl`3`$\N}?a_j_cZ�l]_\��
�  �roR`3bfg ~A\Nj_\zwv�VcZ\N^z���  �roR`3a_cZ�Va*\Nj_\zwv��cZ\N^z� �

%_� � ���BoRj_n*cZ^3��cf��\Njxo�^
��� �


  % � � � 
 2 
 �2 2 
 � ����� � � � � 	 � 
 �
� � � %_�������

�Ba_\�w$oR`$cZg � 
 � � �
� � �

cZ^r^$a_gR~3j cZj���cZ�m��% �Z� �
i�glw�cZjl`$\zw$oR}N`$cfg j �  
m��[Aa_cZbf\*`$a_cZ^rn_gl\N^�j_gV`
oR|_|mwvgloR}La�`$a_\5}NgPwywv\N}N`B� oRbZ]_\�iKgPw,cZjlkmj_cZ`y\N^$cedroRb!n_g�|_cfj_�m�l`$a_\NpxoVwv\=g�i{`$a_\5^Lo�d�\=gPw�n_\zwBgRi�dro��Rs
j_cZ`$]_n_\��B�Ba_\5n_ct�1\zwv\Nj_}N\I}zoRj*�m\�oR`$`Lw�cZ�_]_`$\Nn*`$g�`$a_\Ibeo�wv��\�\zw$wvglwBcZj*`$a_\5n_\N`$\zwyd�cZjmoR`$cfg�j*gRi{`$a_\
^$\N}Ng�j_n n_\zwvcZ�RoR`$cZ��\�gRi �5�BoR^r~B\NbZb3oR^r`$a_\�iuoR}N`r`yamoR`r~B\*n_g�j_g�`r}NgVj_^$cZn_\zwrwv\N^y}zoRbZ\Nn��l]moRjP`ycts
`$cZ\N^IcZj�`$a_\�}zo�^$\�}Nbfg�^$\r`$g�amoRb ihkmbfbZcZj_��~<a_cZ}La bZ\zoRn_^�`$g�o�n_n_cZ`$cZg�jmo�b�cZjmoR}N}N]mwyoR}NcZ\N^z� � cfj_}N\�`$a_\
\N�l|m\zwvced�\NjP`$^�g�j � w � � � �1o � � c � � *f�����7+=�l]_g�`$\Nn�\zo�wvbfcZ\zwI~h\zw�\*n_g�j_\�g�j�n_gV|m\Nn�^?o�d�|_bZ\N^z�,~B\
}zoRj�j_gR~ ced�|mw�g �V\&g�]mw<}NgPd�|mo�w�cZ^$g�j*`$g�\N�l|m\zwvced�\NjP`$^��=��g*bZgR~h\N^y`hglwvn_\zw�`$a_\&n_g�|_cfj_��cZ^���cZ�V\Nj
�Pp�`$a_\rbZgR~@\Nj_\zwv��p�^$|m\N}N`LwyoRb�~B\NcZ��al`z�5�mglw �  � ������~h\�g��_`?oRcZj1�9]_^$cZj_�*`$a_\rbUoR`$`$cZ}N\I^$|moR}NcZj_�

	  � � � � ��� � � � � * ���7+�� �=� �

  � � ��� � � 
 �����Ba_cZ^�}zoRj��9\�n_cew�\N}N`$bZp�}NgPd�|mo�wv\Nn�`$g�`$a_\

\N�P|9\zwvced�\Njl`LoRb��RoRbZ]_\r~<cZ`$a �  � ������~<a_cZ}La�cZ^.i�gV]_j_n�`$g*�m\ �=� �

  � � 
 � ��� � � 
 �������PoRcfj

`$a_cZ^BcZ^BgRi{`ya_\=^LoVd�\=glwvn_\zw,gRi�droR�Vj_cZ`$]_n_\��_oRj_n�`$a_\5}NgPw$wv\N}N`ycZg�jr`$g ��� �

 n_]_\5`$g.kmj_cZ`$\5n_g�|_cZj_�

��gl\N^�cZjr`$a_\3wvcZ�VaP`8n_cewv\N}N`$cfg�j1� �3g�`ycZ}N\,i�]mwv`ya_\zw$d�gPwv\B`$amo�`{`$a_\ i�]_j_}N`$cfg�jmoRbliKgPw$d cZ^�cZjr�l]moRbZcZ`?oR`$ct��\
oR�Pwv\N\zd�\NjP`3~<cZ`$a�`$a_\&wv\N^$]_bZ`y^3g��_`LoRcfj_\Nn*�Pp*�1g 
�]mw$o�\N`=oRbu�Z�

�Ba_cZ^�}Ng�j_}NbZ]_n_\N^5`ya_\�oRjmoRbfpP^$cf^3gRi�`$a_\&}zwvcf`$cZ}zoRb1|9g�cZjl`z�moR^�~B\NbZb{oR^<`$a_\roR|_|mwvgPoR}?a*`$g�cZ`z�,�mgPw



`$a_\�k>w�^$`&`$cUd�\�~h\�g��_`LoRcZj_\Nn �P]moRjl`$cZ`?oR`$cZ�R\rwv\N^$]_bZ`y^�oRj_n�cfj_^$cZ��al`$^5cZjl`$g*`$a_\r}zw�cZ`$cZ}zoRb�w�\N��cZg�j�gRi
`$a_\��<]_�_�mo�wvn�d�gln_\Nb�oRj_n�\N� oRbZ]mo�`$\Nn�^$}zoRbfcZj_��i�]_j_}N`ycZg�j_^z�8oR^5~B\NbZb�oR^&^y]_^$}N\N|_`$cZ�_cZbfcZ`vp��!^$|m\N}Nctkm}
a_\zoR`z�9`Lw$o�j_^$|mgPw�`=`$cUd�\�oRj_n�bZgR~ \Nj_\zwv��p�^$|m\N}N`?w$oRb8~h\Ncf��aP`��=�Ba_\�wv\N^$]_bZ`$^�}zoRj��m\�}NgPd�|mo�wv\Nn�`yg
\N�l|m\zwvced�\NjP`Lo�b{wv\N^$]_bZ`y^hgVj � w � � � �1o � �Bc � � oRj_n�oVwv\5gRi�`$a_\5^Lo�d�\5glwvn_\zwBgRi�droR��j_cf`$]_n_\��



���.:<4&7!��/ �

���&� � ��� ��:B/1C '  &C���"�:B7���%('.%y7>� ���BD�4��0/1:B7 �5/1���

�Kj�`$a_\r|mw�\N�PcZgV]_^&}?amoR|_`$\zwv^I~h\�i�gl}N]_^$\Nn�g�j�`$a_\�|mwvg�|9\zwv`$cZ\N^IgRi3`$a_\��<]_�_�mo�wvn�d�gPn_\NbBoR`&�N\zw�g
`$\zd�|9\zw$oR`$]mw�\�� � j�gPwvn_\zw<`$gxo�n_nmwv\N^$^5^$gPd�\&gRi�`$a_\�d�g�^$`�cZjl`LwvcZ�V]_cZj_�r\N�l|m\zwvced�\NjP`Lo�b�wv\N^y]_bZ`$^�g�j
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}NgP\N�lcZ^$`y\Nj_}N\xwv\N�VcZg�j1�!^$g�`$amoR`/�  � � �
w�\N|mwv\N^$\Njl`$^�o�`Lw�]_\r�N\zwvgRsu`$\zd�|m\zw$oR`y]mwv\�}zw�cZ`$cZ}zoRb8|mgVcZjP`

~3a_\zwv\5`$a_\I`v~hg�^$gVbZ]_`$cZg�j_^Bd�\zwv��\��
�Ba_\rgV`$a_\zw3\zo�^$cZbZp�oRjmoRbZpl�zoR�_bZ\I}zoR^$\�cZ^5`$a_\�j_g�j_cZjl`$\zw$o�}N`$cZj_�rbZcUd�cZ` �  �_�&�<\zwv\��1o��moRj_nls

}zwvg�^$^ycZj_�r`Lw$o�j_^$cZ`$cZgVj*`Lo�
R\N^3|_bUoR}N\��m~<a_\zwv\�`$a_\&n_\Nj_^$cf`�p*g�i�^$`LoR`$\N^�oR`=`ya_\&�m\zwyd�c{bf\N��\Nb1� o�j_cZ^$a_\N^
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�e�9g�j_n_cZj_��oRj_n�oRjP`ycZ�mg�j_n_cfj_���3bf\N��\NbZ^5oR` � �  � � ��� ��[ a_\Nj�`$a_\Ia_g�|_|_cZj_� �3cfj_}zwv\zoR^$\N^z�9`$a_\N^$\
oR`$gld�cZ}&bf\N��\NbZ^5�mwvgPo�n_\Nj�cZjl`$g��mo�j_n_^&gRiB~3cZn_`$a � � �L��^$g*`$amoR`5`ya_\r�PoR|�}NbZg�^y\N^5~3a_\Nj�`$a_\r`v~Bg
�moRj_n_^�gR��\zwvbeoR|1�loR` � � �  �?�

����� � � � ���/���

[Aa_cZbZ\3`ya_\3bZced�cf`�gRi>cZjlkmj_cf`$\3n_ced�\Nj_^ycZg�j_^�^yced�|_bZctkm\N^,`$a_\3gPw�cZ��cZjmoRbl|mwvg��_bf\zd�}Ng�j_^$cfn_\zw$oR�_bZp��V^$g�bZ�Vs
cZj_��`$a_\*}NgPwywv\N^$|mgVj_n_cZj_��ced�|_]mw�cZ`vp�d�gln_\Nbhcf^r^$`$cZbfbho
i�glw$d�cZnmoR�_bf\�`Lo�^ 
m�,oR^�~h\*^?oz~ g�j_bfp�`$glg
}NbZ\zo�w�bZp*cZj�`$a_\�|mwv\N�lcZg�]_^5}?amoR|_`$\zwv^z�I[Aa_cZbZ\I~h\�}Ng�]_bfn�cfj�|mw�cZj_}NcZ|_bZ\rwv\N^$glwv`5`$g�`$a_\�`$\N}La_j_cf�P]_\N^
n_\N��\NbZgV|m\Nn*cZj*`$a_cf^h`ya_\N^$cZ^z�l~B\=~<cZbZb1wv\N^$gPw�`�`$gro�|mo�w�`$cZ}N]_beo�w�b p�^$ced�|_bZ\5oR|_|mwvgloR}La�k>wv^$`B|mwvgV|mg�^$\Nn
�lp �=\Nglwv��\N^{oRj_nr��g�`ybZceo�w�* 
m�C+��moR^y\Nn�gVj�^yg�bZ�lcZj_�3`$a_\ ��j_n_\zwv^$g�j�ced�|_]mw�cZ`vp d�gln_\Nb_]_^$cZj_��^$\N}Ng�j_n
gPwvn_\zw�|9\zwv`$]mwv�mo�`$cZg�j�`$a_\NgPw�p��9i�g�bfbZgR~3cZj_�r¢�o�d�oRnmo*oRj_n�¢�g�^ycZnmo *����l�����l� ���5+v� 	5]_\�`$g*`$a_\roRnls
n_cZ`$cfg�jmoRb!^$\NbtiUsu}Ng�j_^$cZ^$`y\Nj_}Np�`$a_cf^=oR|_|mwvgPo�}La1�_g�i�`$\Nj*}zo�bZbZ\Nn*`$a_\ � cZ`$\zw$o�`$\Nn�|9\zwv`$]mwv�mo�`$cZg�j*`$a_\Nglwvp �
� � �,� �:*��_�C+���^y`$cZbZb,amoR^�j_g�jlsu|m\zwv`y]mwv�moR`$cZ�V\�}?amo�w$oR}N`y\zwN� �K`�cZ^�\N�_oR}N`rcZj��mg�`ya�bZcUd�cZ`$^IgRi4�  �

oRj_n �  " oRj_n�n_cZ^$|_bUozpl^ro� �gV`$`rd�\N`LoRbtsucfj_^$]_beoR`$g�w.`Lw$oRj_^$cf`$cZg�j1�
	5\N`Lo�cZbZ\Nn�cZjP�V\N^$`$cZ�Po�`$ctg�j_^
�moR^$\Nn�g�j�g�`$a_\zw<jl]md�\zwvcZ}zoRb�oR|_|mwvgloR}La_\N^5n_\zd�g�j_^$`Lw$o�`$\Nn * 
 �P� ���5+�`$a_\��l]moRbZcZ`Lo�`$ct��\&�RoRbZcZn_cZ`vp�gRi
d�g�^$` � �,�@|mwv\Nn_cZ}N`$cfg�j_^�i�glw�`$a_\�^$cZj_��bZ\?su�mo�j_n��<]_�_�mo�wvn�d�gln_\Nb�cZj��
 "A� ��^5}NgPd�|mo�wv\Nn�`$g
jP]md�\zwvcZ}zoRbZbfp�\N�_oR}N`&^$gVbZ]_`$cZg�j_^�� � �,� wv\N�P]_cUwv\N^&}Ng�j_^ycZn_\zw$oR�_bZp�bZ\N^y^&}NgPd�|_]_`?oR`$cZg�jmo�b�\?�;glwv`z�1oRj_n
`$al]_^=wv\N|mwv\N^$\Njl`$^=o�� oRbZ]mo��_bZ\5��]_cZn_\5`$g�`$a_\5|_aPpl^$cZ}N^<gRi0�  #" \Nbf\N}N`Lwvg�j_^z�

�Kj�`ya_\r|mwvg��_bZ\zd `$amoR`I~h\�}Ng�j_^$cZn_\zw.cZj�`ya_cZ^&}?amoR|_`$\zwN��g�j_\�amoR^&`$g�^$g�bZ�V\�o*`v~Bg*ced�|_]mwvcf`�p
�=j_n_\zw�^$g�j d�gPn_\Nb � o `LoR^ 
 ~3a_cZ}?a�cZ^r}Ng�j_^ycZn_\zw$oR�_bZp�d�gPwv\*n_c ��}N]_bf`r`$amoRj `$a_\�^$cUd�|_bZ\zw�^$cfjls
��bZ\5ced�|_]mwvcZ`vpxd�gPn_\Nbu�B�9]mwv`$a_\zw$d�gPwv\��_jl]md�\zwvcZ}zo�b1 �g�jP`y\ �3o�wvbZg�oR|_|mwvgPoR}?a_\N^ *Z�V� �7+�`$g�`$a_\&`v~Bg
ced�|_]mwvcf`�p �=j_n_\zwv^yg�j�d�gln_\Nb1amo���\�|mwvgR��\Nj*`$gr�9\5beo�wv�V\NbZpr]_j_^$]_}N}N\N^$^�i�]_b�oR`3`$a_\&o��RoRcZbeoR�_bf\=}NgPd�s
|_]_`LoR`$cfg�jmoRb�bZ\N�V\Nbu� ���l`$\Nj_n_cZj_��`$a_\B\N��o�}N`{n_ceo���g�jmoRbZct�zoR`ycZgRj&oR|_|mwvgPoR}?a_\N^�oRj_n&`$a_\B^$\Nb iesu}Ng�j_^ycZ^$`$\Njl`
|mwvg��v\N}N`$cZ�V\&`$\N}?a_j_cZ�l]_\xwv\zd�oRcZj_^&oRj�g�|9\Nj�`Lo�^ 
m���8o�
�cfj_�*`$a_\N^$\�iuoR}N`$^5cZjl`$g*}Ng�j_^ycZn_\zw$oR`$cfg�j1�!~B\
|mwvg�|9g�^$\�`$g*�m\N�VcZj�`$a_\�cZjP�V\N^$`$cZ�Po�`$ctg�j�gRi�`ya_\�|mw�g��_bZ\zd�}Ng�j_^$cfn_\zwv\Nn�]_^$cZj_�*`ya_\�� ����oR|_|mw�gPoR}?a
oR^=o�]_^y\?i�]_b!k>w�^$`=oR`$`y\zd�|_`B`$gr�PoRcfj�cZj_^ycZ��al`hcfjP`$g�`$a_\&¡<�5��¢3s��.g�j_n_g�}Ngld�|m\N`$cf`$cZg�j1�

[�\5~3cfbZb!}Ng�j_}N\NjP`?w$oR`$\�g�j*`$a_\5�9\Namoz�lcZgPwBoR`<amoRbtiUsKkmbZbZcZj_�m�V~3a_\zwv\5`$a_\5 �g�`y`�`Lw$o�j_^$cZ`$cZgVjr`Lo�
R\N^
|_beoR}N\�oR` � ���  ��_�BoRj_n cZjP�V\N^$`$cZ�Po�`$\*`$a_\�d�gPn_ctkm}zo�`$cZg�j_^rcfj_n_]_}N\Nn �lp�`$]mwvj_cfj_��g�j � � � � �_�
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�KjAgPw�n_\zwr`$g�oR|_|_bZp�� �,� `yg�`$a_\�|mwv\N^$\Njl`xd�gPn_\Nbu�B~B\�amoz�V\�`$g�}NgPd�|_]_`$\�`$a_\�^y\N}Ng�j_nlsugPwvn_\zw
|m\zw�`$]mwv�moR`$cfg�j�`$a_\NgPwvp*}NgPwywv\N}N`$cZg�j_^&oVwvg�]_j_n�`$a_\�j_g�jls�droR�Vj_\N`$cZ}r�=oVwv`Lwv\N\?su�9gP}�
*^$gVbZ]_`$cZg�j1�5�Ba_\
^$\N}Ng�j_nlsuglwvn_\zw,n_ceoR��g�jmo�b ��gR�!sun_ceo���g�jmoRbl^$\NbtiUsu\Nj_\zwv��cZ\N^,cZjr`$a_cf^�}zoR^$\<}Ng�j_^$cZ^$`�g�i;gVj_bZp�g�j_\3n_ceoR�lw$o�d
�e^$\N\5��cf�m� �_�����N�lwv\N^$|9\N}N`$cZ��\NbZp��9oRj_n�o�w�\=��cf��\Nj�oR^

� � � �����  ��� 
 � �� � ����� � �� � � � ��� � �� � ����� $ � � � ���

~3a_\zwv\ � $��  	 $ � � � cZj_}N\�`ya_\�wv\N^$]_bf`$cZj_��\N�l]moR`$cZgVj_^�amo���\�`$g��m\�^$gVbZ��\Nn�^$\NbtiUsu}Ng�j_^$cf^$`$\Njl`$bZp��
`$a_\*^$gVbZ]_`$cZg�j cZ^�g��_`LoRcZj_\Nn��lp�jP]md�\zwvcZ}zoRbBcZ`$\zwyoR`$cZg�j ]_jP`$cfbh}NgVjP��\zw���\Nj_}N\�cf^&iKg�]_j_n1� [�\*amo���\
n_\N`$\zw$d�cZj_\Nn*`$a_\ �  �&|_amo�^$\5n_ceoR�Pwyo�d gRi{`$a_\5cZjl��\N^$`ycZ�PoR`$\Nn*d�gln_\Nb1oR`3amoRbti�kmbZbZcZj_��]_^$cZj_��`$a_\
� �,� oR|_|mwvgR�PcUdroR`$ctg�j1�8oRj_n�`ya_\xwv\N^y]_bZ`$^�oVwv\r|mwv\N^$\Njl`$\Nn�cZj ��cZ�m� � � �_� �3`&^?droRbZb,� oRbZ]_\N^�gRi ���
oR^ � � � cZ^5cfj_}zwv\zoR^$\Nn1��`$a_\r�m\Namo��lcZgPw�cZ^5�l]moRbZcf`LoR`$cZ�V\Nb p*`ya_\r^Lo�d�\�o�^&oR`/�  � ��� 4D2���
/- � �>2 � �
`Lw$oRj_^ycZ`$cZg�jI`Lo�
R\N^�|_bUoR}N\��PoR`Bo�}zwvcZ`$cf}zoRb_� oRbf]_\3gRi>`ya_\3a_g�|_|_cZj_��� ���� � � �8`yamoR`�cZ^�iKg�]_j_nr`yg5n_\N}zwv\zoR^$\
oR^ �AcZj_}zwv\zo�^$\N^z���Ba_cZ^,�m\Namo��PcfgPw�wv\��m\N}N`y^�`$a_\<i o�}N`�`$amoR`�`ya_\3�Pw$oRn_]mo�bm�moRj_nr�mw�gPoRn_\Nj_cZj_�In_]_\=`$g
`$a_\r�3]_�_�moVwvnlsu �g�`$`�^$|_bZcZ`$`ycZj_��`y\Nj_n_^5`$g�}Nbfg�^$\&`ya_\��loR|1� ��^&oRj�cZbZbZ]_^$`?w$o�`$cZgRj1�m~B\�n_cZ^$|_bUozp�`$a_\
\N��g�bZ]_`ycZg�j�gRi�`ya_\ 	 � � oR^3`$a_\5`LwyoRj_^$cZ`$cfg�j�cf^=oR|_|mwvgPo�}La_\Nn*cZj*��cf�m� �_� 
m��oR`��# �+�e��cZ�9� �_� 
ro��
oRj_n �  ����� �e��cZ�m� �_� 
��*�N� ���PoRcZj1�RoRbZbl\Nj_\zwv��cf\N^ho�wv\Bd�\zoR^$]mw�\NnrcZj�]_j_cZ`$^�gRi!`$a_\BamoRbtiUsu�moRj_n_~3cZn_`ya

  � �L�

�mglwBbeo�wv�V\zw��RoRbZ]_\N^3g�i ���mo�}Ngl\N�PcZ^y`$\Nj_}N\&wv\N��cZgVj*gRi�`ya_\&d�\N`LoRbZbfcZ} o�j_n*cZj_^$]_beoR`ycZj_��^$g�bZ]_`$cfg�j_^
cZ^�iKg�]_j_n1�!^$ced�cfbeo�wvbtp�oR^�iKgPw � ���  �_�I�Ba_\rd�\N`LoRbZbfcZ}&^$gVbZ]_`$cZg�j�cZ^<i�g�]_j_n�i�gPw�� � � � �

� � ��� �	�!~B\
j_g�`$\r`ya_\�j_g�jls�d�g�j_g�`$g�j_cf}�n_\N|9\Nj_nm\Nj_}N\*gRi � � �

� � ��� �N�1~3a_cf}La�cf^5k>wv^$`.i�gV]_j_n�`$g�cZj_}zwv\zoR^y\��{oRj_n
`$a_\Nj�`yg�n_\N}zwv\zo�^$\�oR^5o�i�]_j_}N`$cfg�j*gRi � ��� �=�Bal]_^z�!oR^3}NgPd�|mo�wv\Nn�~<cZ`$a � � �  � �m`$a_\�oRn_n_cZ`$cfg�j*gRi
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�]moR^$cZ|mo�w�`$cZ}NbZ\5wv\N^$cZn_]_\ �  @�z�,���(� � �
� �

�BcZj�`$a_\&d�\N`?oRbZbZcZ}�|_amoR^$\&o�^ o�i�]_j_}N`$cfg�j
gRiB`$a_\�cZjP`y\zw$oR}N`$cZgRj0��i�glw � ���  � ���_�.�*� 	5\Nj_^$cZ`vp*gRi � `LoR`y\N^ � ��������� � 	 ��g�ihd�\N`LoRbZbfcZ}
�e^yg�bZcZn
bZcZj_\&�<oRj_n*cZj_^$]_beo�`$cZj_�+�en_g�`$`y\Nn*bZcZj_\&�B^$gVbZ]_`$cZg�j_^3oR` � ���  � ����oR^=o�iK]_j_}N`$cZg�j*gRi�`$a_\5cZjl`$\zw$o�}N`$cZg�j���

`$a_\*¡3�5��¢ }NgPwywv\NbeoR`$cfg�j�cZ^5iKg�]_j_n�`$g�\N�l`$\Nj_n�`$a_\�d�\N`Lo�bZbZcZ}�w�\N��cZg�j1�� �gPwv\�ced�|9gPwv`Lo�jP`$bfp��1~B\
kmj_n�`$amoR`�`$a_\�d�\N`LoRbZbZcf}5^$g�bZ]_`$cfg�j�n_cZ^?oR|_|m\zo�w�^ ��- � 4 2���
/- � �>2 � � 0�� o�`4�  � � �

� � � � �N�9cZj�}NgVjP`LwyoR^$`
`$gr`ya_\ � ���  ���9\Namo��PcZglw<*Z� �l�1���7+��,�Ba_\&^$gVbZ]_`$cZg�j*oRbZgVj_��`ya_cZ^3�mgV]_j_nmo�wvp*cZ^ ��2�
!}?amo�w$oR}N`$\zw�cZ�N\Nn
�lp�o5bZgR~�\Nj_\zwv�Vpr^$}zoRbZ\��loR^B^$\N\Nj��Ppr|_bfg�`$`$cZj_�5`ya_\=��g�j_n_g�`$\zd�|9\zw$oR`$]mwv\ �e�l]moR^$cZ|moVwv`$cZ}NbZ\B~B\NcZ��al`
�! ���,��� � � �

� �
� �BgVj�g�j_\I^$cZ`$\�oR^=o�i�]_j_}N`$cfg�j�gRi(��� iKgPw�� ���  � ���+�e��cZ�9� � ���ro��N�3� a_\&n_\Nj_^$cZ`vp

gRi�^$`LoR`y\N^hcf^=oRbZ^$g�n_cZ^y}Ng�jP`ycZjP]_gV]_^ o�`h`ya_cZ^3�mgV]_j_nmo�wvp.�e��cZ�9� �_��� �e�*� �N��[�\&j_g�`y\=`$a_\I|mwvg�j_g�]_j_}N\Nn
n_\N|m\Nj_n_\Nj9}N\�g�i�`$a_\In_\Nj_^$cZ`vp�gRi�^y`LoR`$\N^=o�`3`$a_\5�m\zwyd�c1\Nj_\zwv��p*gVj*`$a_\&cZjl`$\zw$o�}N`$cZg�j+� �xo�}NbZ\zo�w
�Pcfg�beoR`$ctg�j*g�i�`$a_\ � |_cZj_j_cZj_��}Ng�j_n_cZ`$cZgVj �r`$amoR`3cf^3g��_^$\zwv�V\Nn�oR` � � �  � �h�Ba_cf^=�9\Namoz�lcZgPw cZ^3\N��\Nj
d�gPwv\*}Nbf\zo�wvbZp�^y\N\Nj��Pp�|_bZg�`$`ycZj_��`$a_\*\N��g�bZ]_`ycZg�j�gRi5`$a_\�d�\N`?oRbZbZcZ} 	 � � oR^r`ya_\*�mg�]_j_nmo�w�p�cZ^
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��cZ��]mwv\ � � � � 	5\Nj_^$cZ`vprgRi � `LoR`y\N^�iKgPw�� � �  � ����oRj_n�cfjP`$\zwyoR}N`$cZgRj_^��  ������$N��� ��$�� � ��$ � � 
m�

oR|_|mwvgloR}La_\Nn�cZjr��cf�m���_� �_� �BbZ\zo�w�bZp���cZj�}Ng�jP`?w$oR^$`�`$gI`$a_\3^$cf`$]moR`$cZgVj�o�` � ���  �_�V`$a_\=d�\N`?oRbZbZcZ}3oRj_n
cZj_^$]_bUoR`$cZj_��^$g�bZ]_`ycZg�j_^ ��2 � 2�
 � 
 � � 
�oR`(�# � � �

� � � � �N�R^$g5`ya_cZ^��mg�]_j_nmoVwvp�}zoRj_j_g�`��m\<cZn_\NjP`yctkm\Nn
~3cZ`ya�o&}zw�cZ`$cZ}zoRb!bZcfj_\��

� ced�cZbeo�w��9\Namoz�lcZgPw�cf^5g��_`LoRcZj_\Nn��lp�\N��o�d�cZj_cZj_�*`$a_\�^$`Lo��_cZbZcZ`vp*gRiB`$a_\rcZj_^$]_bUoR`$cZj_��^$g�bZ]_`ycZg�j1�
~3a_cZ}?a�cf^3iKg�]_j_n�`yg ��- � 4 2���
/- � �>2 � � 0�� n_cZ^?oR|_|m\zo�w�oR` �  � � � � � ��� �N� ��^=~B\&}zo�j�^y\N\5iuwvgPd `$a_\
|_amoR^$\�n_ceo��Pw$o�d*� ��cZ�m� �_� �_�m`ya_\&�mgV]_j_nmo�wvcZ\N^/� � � � � ��� �=oRj_n.� � � � � � � �5o�w�\5iKg�]_j_n�`$g&�vg�cZj�oR`3`$a_\
}zwvcZ`ycZ}zoRb!|mg�cfjP` � � �r~3a_cf}La*cZ^�oRbZ^$g�`$a_\5\Nj_n�gRi�`ya_\5�moRj_n�}zwvgV^$^$cZj_��`Lw$o�j_^$cZ`$cZgVj�}zwvcf`$cZ}zoRb9bZcZj_\��

[�\�`$aP]_^<kmj_n�`$amo�`=cZj�`$a_\�\Njl`$cewv\I}NgP\N�lcZ^$`y\Nj_}N\�wv\N��cZgVj1�m`$a_\rd�\N`?oRbZbZcZ}�oRj_n�`$a_\�cZj_^$]_beo�`$cZj_�
^$g�bf]_`$cZg�j_^�d�\zwv��\Bg�j_bfp�oR`�`v~Bg=|9g�cZjl`$^�� � � � ���  � ���  � � �

��oRj_n ��� �Kj�`$a_\=wv\N^$`�g�i>`$a_\B|_amoR^$\
n_ceoR�lw$o�d `$a_\�`v~Bgr^$g�bf]_`$cZg�j_^=oVwv\ ��- � �,2�- � 
;i wvgld \zoR}?a�gV`$a_\zwN�!oRj_n�`$a_\�`Lw$oRj_^$cf`$cZgRj*amoR^&o � � � 
 �
2�� ��
 �0}Lamo�wyoR}N`$\zwN���Ba_cZ^,}Ng�j_}NbZ]_^$cfg�j�}zo�j��9\=\N^$`?oR�_bZcZ^$a_\Nn�\N��\Njxd�gPwv\5wvcZ��gPw�g�]_^$btp��Pp�\N�_o�d�cZj_cZj_�
`$a_\ 032'4���0 � 
 � � - 03- 
 �AgRi>\zo�}La�^$g�bZ]_`ycZg�j�`$amwvg�]_�Va_g�]_`�`$a_\<}NgP\N�lcZ^$`$\Nj_}N\5wv\N��cfg�j1�8�mgPw8`$a_cf^�|_]mwv|9g�^$\��
~B\hamo���\,n_\N��\NbZg�|9\Nn�oRjroR|_|mwvgloR}La�`$amo�`�oRbfbZgR~3^1]_^�`$g5n_\N`$\zwyd�cZj_\B`$a_\B^$`LoR�_cfbZcZ`up��RoR^�n_\N^$}zw�cZ�m\Nnrcfj
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��cZ��]mw�\ �_��% �
	5ct�1\zwv\Nj_}N\��9\N`�~B\N\NjA`$a_\�\Nj_\zwv��cf\N^�gRird�\N`LoRbfbZct}�oRj_nAcZj_^$]_bUoR`$cZj_��^yg�bZ]_`$cZgVj_^�i�glw
� � �  � ���ro�^ o�i�]_j_}N`$cfg�j*gRi�`$a_\5cZjl`$\zw$oR}N`$cfg�j ���

n_\N`LoRcfb1cZj*`$a_\�oR|_|m\Nj_n_cZ�!���3^$cfj_�r`$a_cZ^=d�\N`$a_gPn1�9~B\5amo���\5\N^$`LoR�_bfcZ^$a_\Nn*`$amoR`<�mg�`$a*`ya_\�d�\N`Lo�bZbZcZ}
oRj_n�`$a_\5cZj_^$]_bUoR`$cZj_�5^$gVbZ]_`$cZg�j���� 
 03254���0 0�� � 
 � �,0 
���^$]_|_|9gPwv`$cZj_��`$a_\�k>w�^$`vsugPwvn_\zw0^$}N\Njmo�wvcfgm� � �3gV`$\
`$amoR`B~3a_\Nj*`ya_\5|mwvgP}N\Nn_]mw�\5cZ^=oR|_|_bZcf\Nn�cZj*`ya_\ � � �  ��bZced�cZ`N�V~h\�kmj_n*`yamoR`BcZj�`ya_\5}NgP\N�lcZ^$`$\Nj_}N\
wv\N��cfg�j1�_`$a_\IcZj_^$]_beoR`ycZj_��^$g�bZ]_`$cfg�j*cZ^3bZgl}zoRbZbfp � � � 
 � �,0 
<~3cZ`$a�wv\N^y|m\N}N`5`$gr`ya_\�d�\N`Lo�bZbZcZ}�^$g�bZ]_`ycZg�j1�
cZj�oR�lwv\N\zd�\Njl`3~3cZ`$a�`$a_\&wv\N^y]_bZ`$^3\N^$`?oR�_bZcZ^$a_\Nn*cfj �BamoR|_`$\zw 
;* ���7+�� �

��grg��_`Lo�cZj*`$a_\5bZgl}zoR`$cZgVj�gRi�`$a_\I`Lw$oRj_^$cf`$ctg�j�bfcZj_\��_~B\5amo���\=}zo�bZ}N]_beoR`$\Nn*`ya_\&\Nj_\zwv��cf\N^3gRi{`$a_\
^$g�bf]_`$cZg�j_^z�loRj_n*n_\N`$\zw$d�cZj_\Nn*`$a_\�bZcZj_\�~3a_\zwv\5`$a_\Np�}Ng�cZj_}NcZn_\��_oR^B^$a_gR~3j�cZj*��cZ�9� �_� � � � cZj_}N\5`$a_\
^$g�bf]_`$cZg�j_^=d�\zwv��\&oR`�|mg�cfjP`$^ � oRj_n � �U^$\N\&��cZ�m� �_� ���N�l`$a_\�\Nj_\zwv�VcZ\N^3gRi�`$a_\I^$g�bZ]_`ycZg�j_^3amo���\5`$g
}Ng�cZj_}NcZn_\�`$a_\zwv\���oRj_n�`$a_\0�Zk>wv^y`5gPwvn_\zw �.`Lw$oRj_^$cf`$cZg�j�bZcZj_\�}Ng�j_j_\N}N`y^�`ya_g�^$\r`v~Bg*|mg�cfjP`$^�� ��^�o�j
cZbZbZ]_^y`Lw$oR`vcZg�j1� `$a_\&\Nj_\zwv�VcZ\N^=g�i�`$a_\&`v~Bgr^$g�bf]_`$cZg�j_^=oVwv\&|_bZgV`$`$\Nn*iKgPw�� � �  � ���roR^5o�iK]_j_}N`$cZg�j�gRi
� cZj*��cf�m� �_��%_�
��^5~h\I}zoRj�^$\N\��!cZj�}Ng�jP`?w$oR^$`3`yg�`$a_\ � � �  ��kmj_n_cZj_��^z�!`$a_\�- � ���>0 ��
/- � ��^$g�bf]_`$cZg�j*cZ^�bZgR~B\zw



cZj�\Nj_\zwv��p�iKgPwBbeo�w���\zw,� oRbZ]_\N^�gRi ���_}Ng�j_^$cZ^y`$\NjP`<~3cZ`$a*`$a_\.k>wv^$`vsuglwvn_\zwB^$}N\Njmo�w�cZgm�B�Ba_cZ^5wv\N^$]_bZ`3cf^
|m\zw�amoR|_^�j_g�`5^$]mwv|mwvcf^$cZj_�m�8oR^5`$a_\*¡3�5��¢ cZjl`$\zw$oR}N`ycZg�j_^5o�wv\r��\Nj_\zwyoRbZbZp�\N�P|9\N}N`$\Nn�`yg�^$`Lo��_cZbZcZ�N\
`$a_\5cZj_^y]_beoR`$cZj_��^$gVbZ]_`$cZg�j1�

� j�bZcfj_\3~3cZ`$a�`$a_cf^�k>wv^$`�glwvn_\zw�^$}N\NjmoVwvcZgm�V`$a_\3�mgV]_j_nmo�wvp�bZcZj_\N^ � � � � � ��� ��oRj_n
� � �
� � ��� ��^$a_gV]_bZn

�m\&w�\N}Ng���j_cZ�N\Nn*oR^ � ��- ��2�����0RbfcZj_\N^z� �=j�cZjl`$\zwv\N^$`ycZj_�&�l]_\N^$`$cZgVj�cZ^,~3alpr`$a_\�`�~BgI^$g�bZ]_`$cfg�j_^hd�\zw���\
oR` � � �  �_�!cu�I\���~3aPp�cZ^5`ya_\zwv\ro*}zwvcZ`ycZ}zoRb8|mg�cZjl`5`$a_\zwv\�cZj_^y`$\zoRn�gRi oxk>wv^$`vsuglwvn_\zw�`Lw$oRj_^ycZ`$cZgRj1�
�Ba_\3\N�lcZ^$`y\Nj_}N\hg�i �,- ��� � 4���
/- 2�� �N�Rcu�8\��{}zw�cZ`$cZ}zoRbl|mgVcZjP`y^�cZ^{]_^y]moRbZbZp�oR^$^$gl}NceoR`$\Nn�~3cf`$a�^$|mg�jl`LoRj_\NgV]_^
�mwv\zo�
Vn_gR~3jrgRi1^$gld�\B^$p�d�d�\N`Lwvp+�e\�� �9�1]_|lsun_gR~3j�^$p�d�d�\N`LwvpIcZjr`$a_\ �K^$cfj_��d�gln_\Nb �N� �Kj�`$a_\=}zo�^$\
gRi�`$a_\I^$cZj_��bf\?su�moRj_n��3]_�_�moVwvn�d�gPn_\Nb8cZj��  " `$a_\�w�\NbZ\N� oRjl`3^$p_drd�\N`?wvp�wv\zdroRcfj_^3p�\N`�`$gr�m\
n_cZ^$}NgR��\zw�\Nn1�

�Ba_\*\?�1\N}N`$^IgRi=`$a_\*¡3�5��¢�cZjl`$\zw$oR}N`$cfg j_^�o�wv\�j_g�`&bfced�cZ`$\Nn `$g�`$a_\*d�gln_ctkm}zoR`$cfg�j_^&gRi3`$a_\
  �u� ^$}N\Njmo�wvcfgm� � a_\ p�}zo�j oRbZ^yg�d�gln_cti�p�`ya_\�`$a_\zw$d�gPn_pljmo�d�cZ}*�9\Namo��PcZglwr�lp�o��1\N}N`$cZj_��`$a_\
n_pPjmoVd�cZ}N^3gRi�`ya_\5}Ng�bZbZ\N}N`$cf��\5^$|_cZj �m]_}N`$]mo�`$cZg�j_^3�Vg �V\zwvj_cZj_�r`$a_\�kmj_cf`$\&`$\zd�|m\zw$oR`y]mwv\&wv\N^$|9g�j_^$\��
�Kj�gPwvn_\zw<`$grcZjl��\N^$`$cf�Po�`$\5`$a_cZ^=o�^$|m\N}N`�gRi�`$a_\&|mwvgV�_bZ\zd*�_~B\5amo���\5}NgPd�|_]_`y\Nn�`$a_\I^$|m\N}Nctkm}�a_\zoR`
cZj�`$a_\=d�\N`?oRbZbZcZ}BoRj_nr`$a_\BcZj_^y]_beoR`$cZj_��|_amoR^$\N^,gRi>gV]mw�d�gPn_\Nbq����g&cfbZbZ]_^$`Lwyoz`y\�`$a_\3`vpl|_cZ}zoRb_d�\N`LoRbfbZcZ}
�m\Namo��lcZgPwN�9~B\&|mwv\N^$\Njl`5wv\N^$]_bZ`$^<iKgPwB`$a_\�^$|9\N}Nctkm}�a_\zoR` o�`4�  � ���_�liKgPw3`yamwv\N\&n_ct�1\zwv\Njl`3�RoRbZ]_\N^
gRi � ���  ��$ � ����$ � � 
�cfj*��cZ�m� �_� �_�
�3` � � �  �B~B\�wv\N}Ng���j_cZ�N\,`$a_\�}?amo�w$oR}N`$\zw�cZ^$`$cZ}8bZcZj_\zoVwm^y|m\N}Nctkm},a_\zoR`�o�` � � � �

�
	 � � 	 � � ��� �_�

}NgPw$wv\N^y|mg�j_n_cZj_��`$g��m\zw$d�c1bZcZ�l]_cZn*�m\Namo��lcZgPwN�!o � }La_g�`y` 
�pVsubZc 
�\5|m\zo�
*oR`�� � �
�
	 � � 	 wv\��m\N}N`$cZj_�

`$a_\&�_cfj_n_cZj_��\Nj_\zw���p�gRi�`$a_\���g�j_n_g*^$cZj_��bf\N`z�moRj_n�cZj_^$]_beoR`ycZj_�RsubZc 
�\5�9\Namoz�lcZgPw�oR` � � �h� �rn_]_\
`$gr}?amo�wv��\ �m]_}N`$]moR`ycZg�j_^/���<]_�_�mo�wvn��moRj_n_^ �N�

�mglw � � � � �_��cu� \���o�^h`ya_\ ¡3�5��¢@cZjl`$\zw$oR}N`ycZg�j_^hoVwv\3cZjl`Lwvgln_]_}N\Nn1�mo ��
 � i�\zo�`$]mwv\5oR|_|m\zo�w�^hcfj
`$a_\&cfjP`$\zwyd�\Nn_ceoR`$\�\Nj_\zwv��p�wyoRj_��\���`$a_\I^$|m\N}Nc km}&a_\zoR`�cZ^3\Nj_amoRj_}N\Nn�oR` � � � � � �mwv\��m\N}N`ycZj_�r`$a_\
\zd�\zwv��\Nj_}N\5g�i�o�n_n_cZ`$cZg�jmo�bm^$|_cZj �m]_}N`$]moR`$cZgVj_^h~<cZ`$a�oI}?amo�w$oR}N`$\zw�cZ^$`$cZ}B\Nj_\zwv�Vpr}NgPw$wv\N^y|mg�j_n_cZj_��`$g
`$a_\�¡<�5��¢ \N�l}LamoRj_�V\&cZjl`$\zw$oR}N`ycZg�j � � � � 
 �



� � � ���B�mgPw � ���  � � 
�oRj_n0�  � ����~h\I\N^$`$ced�oR`$\

� � � � � �����_�V��cZ�lcZj_��o-� � � }La_g�`y` 
�p ���0|m\zo�
�cZj�`$a_\5^$|m\N}Nc km}5a_\zoR`=oR`���� � �!��� � � �Z� �_�V\N��o�}N`$bZp
~3a_\zwv\5`$a_\Ig��_^$\zwv�V\Nn*\Nj_amoRj_}N\zd�\Njl`=gl}N}N]mwv^z�

�Ba_cZ^<cZjP`y\zwv|mwv\N`LoR`ycZg�jrgRi�`$a_\5g��_^y\zwv��\Nn*^$|9\N}Nctkm}&a_\zoR`B\Nj_amoRj_}N\zd�\NjP`<kmj_n_^ o�n_n_cZ`$cZg�jmo�bm^$]_|ls
|mgPw�`��lp�\N�_o�d�cfj_cZj_�&`$a_\<}NgPw$wv\N^$|9g�j_n_cZj_�I�m\Namo��PcfgPw�cZj�`$a_\3cZj_^$]_bUoR`$cZj_�&wv\N�Vced�\����,pP|_cZ}zo�bmwv\N^$]_bZ`$^
o�wv\,|mwv\N^$\Njl`$\Nn&cZjI��cZ�m� � � �_��~3a_\zwv\�`ya_\�^$|9\N}Nctkm}Ba_\zoR`{cf^{|_bZgV`$`$\Nn�iKgPw��  � ���_�RoRj_n�� ���  ��$ � �f���
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��cZ�V]mwv\�� � � � � |m\N}Nctkm}Ia_\zoR`=oR^�oIi�]_j_}N`ycZg�j*gRi�`$\zd�|9\zw$oR`$]mwv\&o�` �  �� ���.i�gPw � ���  � ����$�� ����$�� � 
m�
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��cZ�V]mwv\ �_� � � � |m\N}Nctkm}r�<\zoR`=oR` �  �_���IiKgPw�� � �  � ����$ � �f� � $�� � �l�

oRj_n � � �_�
� j�o��_^$\Nj_}N\&gRi�¡3�5��¢ cZjP`y\zw$oR}N`$cZgVj_^4� � ���  ��� `$a_\&^$|9\N}Nctkm}&a_\zo�`=cZ^<� oRj_cZ^ya_cZj_��bZp�^LdroRbfb;o�`

bZgR~�`$\zd�|9\zw$oR`$]mw�\N^z�_wv\��m\N}N`$cZj_�I`$a_\=\N�lcZ^$`y\Nj_}N\=gRi1`$a_\< �gV`$`vs��<]_�_�mo�wvnr�Po�|1� ��^BcZjr`$a_\5d�\N`Lo�bZbZcZ}
|_amoR^$\��<`$a_\�oRn_n_cZ`$cfg�j�gRi�¡<�5��¢ cZjl`$\zw$oR}N`ycZg�j_^�� � � � � �����cZj_n_]_}N\N^�^y|m\N}Nctkm}�a_\zoR`�\Nj_amoRj_}N\?s
d�\Njl`$^rcZj�o�}NgPd�|mo�w$o��_bZ\*`$\zd�|9\zw$oR`$]mwv\�wyoRj_��\���oR` ��� � � � 
� � � ����[�\�oRbf^$g�j_g�`$\*`$amoR`�`$a_\
}NgPw$w�\N^$|mg�j_n_cfj_��\Nj_amo�j_}N\zd�\NjP`�cZj�`$a_\5d�\N`LoRbZbfcZ}3^$`Lo�`$\��U��cZ�m� � � ����cf^ dI]_}?axd�gPwv\�^$|mwv\zoRnlsug�]_`<cZj
`$\zd�|9\zw$oR`$]mw�\��P|mw�\N^$]mdroR�_bZp�wv\��m\N}N`$cZj_��`$a_\5^$}zo�`$`$\zwvcZj_�IgRi{`$a_\N^y\��m]_}N`$]mo�`$cZg�j_^B�lp�`$a_\�}Ng�]_|_bZcfj_�
`$gr`ya_\5|mo�wv`$cZ}Nbf\?sua_g�bZ\�\N�P}NcZ`?oR`$cZg�j_^��

����� ���  ��� � 	 ��
8���&
 
��������������&� �!
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