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Factorized Second Order estimates of correlations
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Learning using standard MF estimates
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Learning using second order estimates

� � ����r.tH���,} � 0 v,u�} � 0 |7�
�
towP}~�Ju }��
�8{G}~��{�y�{Gr $ ��r.r �J�H����rJ� tfy�}~���,u tf��r0 }��orJ� ���sy�{Gr�� tfy�}��T�>$ �,�o��w�tf��}�u�}~� 0�J�o�
u@y to��y�u tH�G�,����to� {Kn

��.08�Y6��� 	 �X���(')�+�/.0�/8G'�*��("k:)K=q c �+'&�656:�@b,_�)��>I.0*+.LPO7L�-�mY6�/.L"kHO'E"�"4�-�4�6*k;3.L"41M'�g�:#7L"�¤�@�'��6�M@A') �1/.0�6�
;=.L"+1Z�=1/.05/5I���WY/�6.L"4*-U��216�%*�:�7Q.05Z70.0�6��.0* "41I�%�!jI') -" >?'&70YI��KS:)� "+1/��"�:�"+'�7#70.0T)�(7Q.01I:C:C5WP�:�Y/�65
n��#��t�:�KO')707C"+16�hH/')"�"��(�4�6*�.Q�W"41I�h"+�+'�.0�6.D�I8k*+�-"(U��=1I�h56'&*+1I��5R70.0�6�h.Q*�"+16�270.LT��(70.Q1I:C:C5ZP�:�Y/�65
'EH/H6�+:<jI.0@A'E"\.L:&�eP/'&*���5e:��^Y/*+.0�I8�'BKS'� !"�:&�+.Q*���5^@�:C5I�<7�"+:�'EH/H6�+:<jI.0@9'E"��Z7Q�ZAi,��(�#YO'E"4.L:��
n���r�t�U~�31I�i5O')*+1C�v5I:�"37Q.0�I�WY/*���*2"+16�W*��� !:&�65b:��+5/�-�= !:����+�( -"+.L:#�b"�:970�$A�,/�(�CY/'E"4.L:��an�����t!U

"�:b -')H6"4YI�+�R*+Y6 �1M@WY/7L"+.0@A:C5/')7 �/���( -"+*-,�*+1I:&Y6705^P��ZYO*��(5^"�:B:�P6"\').0�zKpYI�+"+16�-�].0@�H6�4:<>)��@R�<�&"+*k.0�^"+16�
70.0T)�(7Q.01I:C:I5�U

��
�� � ÔxØ6�+Ô�Ô?�m� �

���M"+1/.0*�'E�+"+.0 (7L��;%�A1/'<>)�A56�(*+ !�4.LP���5MH��-�+"+Y6��PO'E"\.L:��/')7�')H6H/��:<jI.0@9')"+.L:&�6*]:)Kh.0�&"��\') -"+')P/7L��H/�+:)P/'�P/.Q70.L"v$
5/.0*�"��\.LP/Y6"+.L:&�6*-U��31I�z'EHOH6�+:�j6.0@A'E"+.0:��O*A')�+�JP/'&*��(5 :���'f� '<$I7L:��9*��(�+.Q�(*9Y6*+.0�68�'fKp')@A.07L$`:�KkH6�+:)P6�
'EPO.070.0"	$N5/.0*�"��4.LP/Y/"+.L:&�6*i"+1O'E"W.0�#"+�-�+H�:�70')"��9P��-"v;%�(�(�a"41I�B.0�#"��4'� !"+')P/7Q�95/.0*�"��4.LP}YI"4.L:��a'��65�'J"+�+'& !"+')P/70�
'EH/H6�+:<j6.0@A'E"4.L:&�Z"+16�-�+�-"4:6U��21/�(*��3'EH/H6�+:<jI.0@9'E"4.L:��/*� -'��ZP��3*��-�(��')*�'��Z�-jI"����6*+.L:&�Z:�K}"+16�h>?'E�4.0'�"+.L:&�6'�7
@��-"41I:I5�,O')7L"\1I:&YI8&1b"+16�-$b�I:97Q:��68)�(�3P�:�Y/�65J"+1I�Z�#Y6'&�&"+.L"4.L�(*=:)K�.0�&"��(���<*�"-U��f�W16'�>��W.0707QY6*�"��4'E"+�(5J:&YI�
'EH/H6�+:#') \1zP}:)"+1z"+16�-:�����"+.0 (')7Q7L$J')�/5zP#$J !:#@RHOYI"+�-�k*+.0@WYO70'E"4.L:��/*XKd:)�kg%:&7L"�¤�@A')�/�z@A') �1/.0�6�(*-U=�=1I��*��
*+.0@ZY/70')"+.L:&�6*2*41I:<;%��5G"416')"h"41I��'EH/H6�4:�j6.0@A'E"+.0:��b -'��GP���.0@�H6�+:?>)��5GP}��$):��/5�"+1I�]>?'E�\.0')"+.L:&�6'�7�P�:�Y/�65
PC$G.Q�6 -7DY65/.0�I891/.L8�16�-�+��:��+56�-�3"��(�+@9*2:�K�"+16�� -:)�+�+�(*+H}:��/56.D�I89 -Y/@ZY67Q')�&"=�!jCHO')�O*+.L:���U

�I.0@ZY/70'E"4.L:��O*[*416:<;%�(5^"416')"k"+16��') ( -Y6�+'& !$z.0�M@�:��/.L"�:��+.D�I8G"\1I�Z"4�+'�.0�6.Q�I8b*��("]70.LT��(70.Q1I:C:I5^5OYI�4.0�68
"+16�a7L�('��+�/.0�68 H6�+:I !��*�*z -'�� P��f.Q@RH/�+:?>)�(5 PC$�.0�O -70Y/56.0�68u16.08�1/�-�J:��+56�-�e (:)�+���� !"+.0:��/*!U |=:?;%�->��-�(,
"+16�(*��]H��(��"4YI�4P/')"+.L:&�6'�7�'EH6H/�4:�jI.Q@�')"+.0:��/*2 -'&�6�6:)"2P}�]�(jCH��( -"��(5�"+:A !:&�6*4.0*�"+�(�#"+70$B.0@�HO��:<>��]:���¤��-�+:)"+1
:)�456�-�RnS>?'��+.Q'E"+.0:��/')7Dt3*�:&70YI"4.L:��/*(U �O:)�X.0�/*+"+'��6 -�),}.LK�"41I�Z5/.0*�"��4.LP}YI"+.0:��e.0*[*�"��+:��I8&7L$J@ZY670"+.0@�:I56'�7p,}"41I�(�
Y/*�.Q�I8G'AY/�6.0@�:I5/')7�>E')�+.Q'E"+.Q:��/')7�5/.0*�"��\.LPOYI"4.L:��e -'&�6�6:)"=P����-jIH}�( !"4�(5J"�:9P��i.0@�HO��:<>��(5z@WY6 �1JPC$�"+16�
.0�/ -70Y/*4.L:��A:�K�16.08�16�-�+��:)�456�-��H��-�+"+Y6��P}'E"4.L:��/')7/"����+@A*-U��k�A"+1/�=:)"+16�-�%1/')�/5�,I16.L8&1I�(���m:)�45I���� !:����+�( ("+.L:&�6*
"�:9@ZY/7L"+.Q@R:I5/')7�'EH/H6�4:�j6.0@A'E"4.L:��/*=@A'�$G;%��707�.Q@RH/�+:<>���"+16��*+:&70YI"4.L:��J -:��O*�.Q5I�(�+')P/7L$�U

� E��



� |��#���·���`~x|�� {����"|#|��

�f�9��70Y6 (.05/'E"���5f"+16�A�+�(70')"+.L:#�6*+1/.LHf:�K%:&YI�Z'EH/H6�+:�'� \1f"�:e��Vko , 'E�+8�Y/.0�68J"+1O'E"�:&YI�W'EHOH6�+:�'� �1f.0*
�!jIH}�� !"4�(5z"�:�:����-�]'G@R:&�+�Z*+"+')P/7L��*�:�7QYI"+.0:���U �}YI�+"+1I�(�+@�:����&,�"+1/�Z')H6H}70.0 ('E"+.0:��^:)K~:�Y6�]'EH/H6�+:�'& \1z"+:
@�:I5I��70*�:�"+1I���A"+1/')� "+16�zg�:�7Q"�¤(@A'��6� @A') �1/.0�I�e.0*9"��+'��6*�HO'E�4�(�&"(U ���/5I�(�(5�,�"+16�(*+�J"��( \1O�6.0�#Y6�(*B'E�+�
�+�(')5/.07L$�')H6HO70.0 ('EPO7L�G"+:^:�"+1I�(�Z>?'��+.Q'E"+.0:��/')7%@��-"41I:I5/*R.0��'^>E'E�4.L�-"	$f:�K3 -:��#"+�!jI"+*WP�:�"+1�Kd:&�Z5/.0*4 !�+�-"+�
')�/5J !:#�&"+.0�CY6:�Y/*3*+$C*�"��(@9*in�gh'E�+P��-�X� g2.0*+1I:�H�, q(r�r)sIx6� .L�-8��-�4.0�/ 4TJ� gh')��P}���-,�q(r�r)s&t\U

�k�I�z5I�4'�;2P}') 4Tc:�K="\1I�JH}�-�4"+YI�+PO'E"+.0:��/')72'�H6H/��:&') �1 "+16')"�;%�e16'�>&�J5I��*+ !�4.LP��(5 .0*�"+1/'E"�TI�6:?;3�
��HO1#$C*4.0 -'�7 �� !:#�6*�"��4').Q�#"+*-,2KS:)�B�!j6'�@�H/7L�^"+1/'E"�@R:&@��(�#"+*B@RY6*�"BP}�^P}:�YO�656�(5�.0��'a (�-�+"+').Q� �\')�68)��,
'E�+���I:�"]�I�( -�(*+*4'E�4.070$e')5/1I������5^"�:6U]�v"k;%:&Y6705^P}��Y6*��(KpY67�"�:b5I�(>)��7L:)HN'GH}�-�+"+Y/�+P/')"+.L:&�^@��("+1I:I5^"416')"
�(�/*+YI�4�(*2"416')"3*�:#70YI"4.L:&�6*3')���W'E"=7L��')*�"3H/1#$I*+.0 (')7pU

�f�N1I:�H��M"�: 'EH/HO7L$ "41I�(*+�M@A�-"41I:C5O*B"�:`>E')�+.Q'E"+.0:��O')7X"��< 41/�6.Q�CYI��*G:)"41I�(��"+1/')��"+16�N*�"+')�O56')�+5
{�Y67070P/'& 4T#�m���(.LPO7L�-�kP�:�Y/�65�,�')�65M')70*�:�"�:G*+"+Y/5I$J"+16�Z�(>E')70Y/'E"4.L:��^:)K~:)"+16�-�]*�Y/.L"4'EP}7L�Z !�4.L"4�-�4.0'9KS:)�k"+16�
*��-"+"+.0�/8�:�K "+1/��>?'E�\.0'E"4.L:��/')7�H/')�+'&@��-"��(�+*-U

Ñ Ø�+ � ��� ���O� � �"� � Õ¾Ô

�f�[;�:�YO705B70.0T)�["�:Z"416'��IT9� :�@ |[�(*�T)�<*-,Cg%�(��"h{�'EH/H��(��,Iyz'��+"+. ���G���(.0*4.Q�IT},Io��-"��(�3�#:&7070.Q �1B')�O59��.0@
��.0�-8��-�4.0�6 \T�KD:��=*+"+.0@ZY670'�"+.0�689')�/5J1I�<7LH6KSY/7�5O.0*+ -Y/*+*+.L:��O*3'��65b"41I�i�+�-Kd�-�4�-��*2KS:)�3�-j6 !�(7Q7L�(�&"X !:&@A@R���#"+*
:��J'��J�('E�470.L�(�3>)�(�+*4.L:&�b:)K�"416.0*2HO'EH��(�-U

Ñ � ��� � ��� � Ñ 

���R"416.0*~')H6H����65/.£jR;��X5I��*� -�+.0P��316:?; "+:]:�H6"+.Q@�.0¤-�="+1I�3>?'E�\.0')"+.L:&�6'�7IP�:�Y/�65�;=1I�(�A"+16�3�6:)�4@A')70.Q¤('E"4.L:��
 !:&�6*�"\')�&"�:�Ki')� .0�#"��4') -"+'�P/7L�Mgh:�7Q"�¤(@A')�/��@A') �1/.0�6�N.0*b'EH6H/�+:<jC.Q@�'�"���5�Y6*+.Q�I8 '��I:�"+1I�(��"+�+'& !"+')P/70�
g%:&7L"�¤�@A')�O�B@�'� �16.0�6�)U �O:)�% -:��#>��(�/.L�(�O !��,#;%�k56�(�I:�"��["41I�XH�:�"��(�#"4.0')7}:�K�')�B.D�&"��4') !"\'EPO7L�[g%:&7L"�¤<@A')�6�
y^'� \16.0�/�i')*

? ' � �
�

; � * � , n@�&w&t
;=1I�(���%"+16� ���!jC"4�(�656�(5 �XH/')�+'�@R�("��(�+*�')���%8�.0>)���iP#$ � � 0 ( �,+ 3 �
+ � - / 0 1

q�3757565�3f9�;�3 
 & 1 / QGq4365757583:9�;�<
')�/5 * � 0 (G*7+ 3 *7+�* � - / 0 1 q�375,575�3f9 ;�3 
 & 1 / Q�q�3757565�3f9�;�<�UZ�=1I��H}:�"��<�&"+.0'�7�:�K�"+16�R:�"+16�-�]"+�+'& !"+')P/70�
g%:&7L"�¤�@A')�O�by^') �1/.0�I�i.0*=56�(�6:)"+�(5J')*

? ) � �
�����

� � * � , n@�&�&t
;=1I�(��� ! 5I���I:�"���*3"+16��*��("2:�K�H/')�+'�@R��"��(�+*2:�K�"+16��"��+'� !"\'EPO7L�ig%:�70"�¤(@A'��6�eyz'� �16.0�6�)U

�f�k;h'��#"�"+:R:)H/"+.0@9.L¤(�k"+16�kP}:�Y/�65G:�K��(�#Y/'E"\.L:��Mn � c t�;3.L"41G����*�H��( -"�"4:Z"+1/�[Kd�+�-�kHO'E�4')@���"��-�4* � 	
n � 0 ! t�,/.pU �)U0,

[[�� 	 1 7L:)8PA ) Q�V�� ? Y ) ; & c , n@�
	�t
;=16.0 �1J7L��')5/*3"�:

V��'? * 	 Y ) � V�� ? Y ) V * 	 Y ) & c n@�&s&t
� E��



� |��#�î|��#�����#|����+�����a��|����	��
a��|����5�������L������

���#�}|����x|��������Ð�3���#�#�������#�������

')�/5b"+1CY/*2"�:9"+16�kF/jI�(5bH}:#.0�&"3�(�CY6')"+.L:&� �
� � & �

	 � �

�
�
1 � � � �b' ; � 	 � 	 � ; � , n@�&r&t

;=1I�(���Z"+16� ��.D*�16�-�[@9'E"+�+.£je.Q*X8�.L>��(�ePC$ � � 	U& V * � * 	OY ) � V * � Y ) V * 	DY ) ;=16.Q �1e56�-H����65/*=:&�J"\1I�WKS���(�HO'E�4')@A�-"+�-�4* =�,�')�/5 � � � .0*i"\1I����.0*+16�-�R@A'E"��4.£jf:&K2"+16�9"+�+'& !"+')P/70�Bgh:�7L"4¤(@A')�/�a@9'� \16.0�/�)U1�6:��R'
Kp') -"�:)�4.0*���5M'EH/H6�4:�j6.0@A'E"4.0�I8b@�:I56�(7p, � � � .0*]'�56.Q'E8�:��O')7�@9'E"��4.£j^')�/5^�(�CY/'E"4.L:�� n��&r&tX*+.0@AH/7Q.£F/��*["+:
�(�CY/'E"4.L:��Jn����&t\U �O:)�~']56�( -.Q@�')"+')P/7Q�hgh:�7Q"�¤(@A'��6��@A') �1/.0�I��,�"+1/�2�(7L��@R���#"+*�:)KO"41I� ��.Q*41I�-��@�')"��4.£j�'E�+�
"��4') -"+'�P/7L��U��=1I�%.L"+�-�\'E"+.0:��W -'&�iP���H��-�+KS:)�4@��(5W�(.0"+1I�(��*�$I�6 \16��:#�I:&Y6*+7L$�:)��'�*�$I�6 \1/��:&�I:&Y6*+7L$Bnpo��("����+*�:��
��Vk�656�-�\*�:&��,�q<r)sK	�t\U��f�=H6�4�-Kd�-�h1I�(���="\1I�X*�$I�/ �1I�+:��6:�Y/*� (')*��X*4.0�/ !�=KS:)�%')707 9 HO'E�4')@��-"4�-���mYIH�5O'E"+�(*
;%�9:��/7L$f�I�(�(5a"�:z (')70 �Y670')"��B'��65�.0�&>&�-�+"W'z*�.Q�I8&7L� ��.0*+1/�-�W@A'E"+�+.0jN.0�O*�"��('�5f:)K 9 @A'E"4�+.0 -�(*W.0�a"+16�
')*�$I�/ �1I�+:��6:�Y/*] -'�*+�)UW���N@�:&*�"�')H6H}70.0 ('E"+.0:��/*-,�1/:<;%�->��-�(,�"+1I�A'&*�$C�6 �16��:&�I:#Y6*]@��("+1I:I5N*��(�(@A*k"+:bP��
')56>E')�&"\'E8��-:�Y/*%;3.L"41B�+�(*�H��( -"�"�:R -:��#>��-�+8)���6 (�Rnpo��("��(�+*+:�����V[�/5I�(�+*�:&��,�q(r�sK	#x6Vk�6*+'E�4.}�-"h'�7pU0,�q(r�r)wIx
�I')Y67��-"X'�7pU0,�q(r�r)��t�U

� ���J�aÖK� � ØO��Ô

V[ 4TI7L�($),��ZU)|iU0,�|[.0�&"4:���,#�RU��3U0,&���C� ���/:<;3*�TI.p,��]U)�6U6n�q�r)s�w�t�UIV 70�('��+�/.0�I8]')708):��+.L"416@ KS:)��g%:&7L"�¤<@A')�6�
@9') \1/.0�/�(*-U��
	���
�������������������
����-,��E,�q��O	 �}q��)rIU

V[�/*+'E�4.p,kliUD,[|X:�Y�, �3UX�}U3|WU0,]� ��Y�, �RUin�q�r)r�w�t\U V �I��; @R�("+16:I5�"�: :)H/"+.0@A.L¤(�N"+16�N*+'�"��(7Q70.L"+�
PO��:&')5/ -'�*�"+.0�/8�*4 416�(5/Y67Q�(*]Y6*+.0�68�"+16��@R��')�zFO�(7Q5M')�/�I��')70.0�/8G:&K�'�|=:�HIF}�(705^�/�(Y6�+'�7��I�("	;�:)�+T�U
!#"$"%"'&�(#)*
,+-).������	�
,+/	�
102�435(#)*6�0/����7%	*(�89+�,;:�n ��t\,q�
	 c �
�&s��CU

gh')��P��(�-, �ZU0, � g2.0*+1I:�H�,��kU�yaU%n�q(r�r)s&t\U<���/*���@WPO7L�97L�(')�+�/.0�/8e.0�fgh'�$&�(*+.0'��f�I��YI�\')7~�I�("	;�:)�+TI*-UA�	�
g2.0*41I:�H�,C�XU)ycU6n���5�U£t\,.=>(?	@������A*�B
.��+C	EDF��G��$0/�-7%�H	�
I!�
,+-���B��35�J�K=>(#	���(#)*LM	�
I0/��3.(?)�6.02����7%	�(�8@+
)�
�AONP)Q��GQ��
�� R���)�(-
��B
S�)U/{�70Y#;����-U

gh')��P��(�-, �RU0,���� .L�-8��-�4.0�/ \T�,�� U�n�q<r)r)r&t\U����+'� !"\'EPO7L��>?'E�\.0')"+.L:&�6'�7�*�"+�+YO !"4YI�+�(*]Kd:���'EH/H6�+:<jI.0@9'E"4.0�68
8&�+')H/1/.0 -'�7~@R:I56�(70*-U9�	�f{k�<'E�4�6*-, y�UQ,��I:�7Q70'I,���U0,����%:�1/��, �ZU�n���5/*(U t\,UTVA*�@)�
����-+W��
X0/��3S(#)*6
!�
9D-	�(�LI)�����	�
1=>(#	9�4�4+�+4�B
S�<�ZY[+4�J�-LW+C0\!#=K�X]Q])UOye����o�����*+*-U

gh.Q*+1I:)H�,}�kU/y�U�n+q(r�r)w�t�U$02�-3S(#)*6�0/����7%	*(�89+
D�	*(V=F)��H�^�-(4
1_F�?�4	?�*
Z������	*
�`$acbed*f#g9h,i,j�hlk%f#g9m#m�n�oCp5q�j�f?ir`
sKf�d@t*nvu�`vw,`envxzy{j.j�f#gQn|y}`ru/`
~E���.���Q��`����5��i5g�h��-gWq�j�f��Id*m?m?b�g�m?m��Wj5i,g�m��eh��?�,g���m#j�be��d��Zb�gO�Oj5i5g�b��

jQq;dImE���eh���b�d*m?m�`c�,�*�S�-�������?�V�K Q¡[¢4£�¤�¢¦¥
§�¨��*�©£�ª<¨�«H�Q«^¬ �K Q¡[¢-£�¤4¢-n®­*¯QnZ°r±�±��4².°®±*±.³S`
´\g9�4�Q�#g�f�nvµ�`�~E�9�*�����4`�sc¶,��·�g�� g9be�e�I�eh�d�����j�hr¸VuM¶�h,�eq¹t5��h5�ºq�f�d*�Og�»>j*f?·lq�j�f ��f#j���d*���eb¹�em#�?�e�W��h5qBg�f�g�h��-g�`

¼Eh1w�j*f�i,d�h|nZy½`�¼�`;~��%ir`¾��n�¿�¬?������£��.À�£��}Á>�?�-ÂZ .£�¤����|ÃP�9ªS¬4�©¢�n,���r`���Ä[²���Å�±�`�Æ�be¶.»$g9f�`
Ç d�bebedQh,irn�aV`�a\`®~?�����*ÈQ��`%ÉF�5g/be���O�e�?d�����j�h�mFj�q;i�g��#g�f?�I�eh��em#�?�¹��s>j�be�#Ê��Id�h,hl�<d*�����eh5g/beg�d�f�h��eh5��`>Ë�¬�«�Ì

Í ����Î*§O¥
�*ÏVÂ��,«H��«�£����Ð£���Ë2¬-�5�#�*�r¨Z¡[¢-«^¬-Ï2¢4n�ÑZnZÈ�Ä*Ä9²5È��*�S`
Ç g9�<d*h|nWÒ�`en x Ç g��Id*hrn�´W`W~E�9�*³�±.�4`ÓÒS�#j5�4��d*m#�?���Ôf?g�bed�p,d�����j�hrn Ç ������m{iZ�em#�#f����Z¶5�?�ej�hZm-n/d�h,iÕ�?�,g

scd@t*g�m?��d*h<f?g�m#�#j�f?d��?��jQhIj*qr���Od*�*g@m-`�Ö#×�×%×ÙØ��#�*�,¢��Q¤�«�£����,¢ �*�¦�c�Q«�«^¬-�-�¦ÚV������¡[¢�£B¢\���|ª�ÃP�Q¤� Q£B�|¬
Ö���«J¬4���©£�À.¬���¤�¬�n;Û;~�Ü��4n��*Ý5�4²5�[±���`

Þ@ß�à|á[âäã|å@æ@çEèVé�ê-âäë�ìvç#í-î[ï�ìHâ�ê4ë\âäãrì�á@çUð-çEë@çòñ^ï�óäâ�ôEç#èVõKç#ï�ëCå�çEó�èVçEí�î[ï�ìHâäê-ë�ß�à|á[âäã|öeê�ñHõ}ê4ö5âäìHçòñ^ï�ìHâäê-ëVâäãrë[ê�ìrñHç#ã�ì�ñHâä÷òìHçEè
ì�êcø|ê�ó�ì�ô#õcï�ë@ë\õcï�÷Já@â�ë@çEãvù[î�ì®â�ã®ïKð�çEë[çJñ^ï4ó.÷^á@ï�ñ^ï�÷òìHçJñHâ¾ã�ìHâä÷
ê�ö5çEæ�é*ê4ë[çòë�ì�â©ï�ó.õ>ê9è�çEó�ãEß

ú�û9ú



���������	��

�����������������

Ç ��b�·5m�n�� `�nrµC�e�4��d�f�i,m#jQh|n®Ò�`envx Ò.�Z��g��Qg�be��d*be�#g�f�nr´W`
~��%i,m�`¾��`�~E�9�*�QÜ��4`�ÃX���4Î[����¤- 5�*£���ÃX����«^¬l¥����4���
£��¦Â��?�*«�£�¤4¬4`>a>�,d*���Id*hldQh,i��VdQbeb�`

Ç f��e�<�Og��#��n Ç `®µ�`�n�x Ò.����f?Ê�d�·�g�f�nU´W`�µ�`K~#�����*Ý.��`l�c�?�	�?���4£B��£�«�¡�����ª�_F�*��ª��*Ï �>�?��¤-¬�¢�¢�¬4¢�~HÒ5g���j�h,i
�$i����?�ej�hZ�4`$o\pSq�j*f�i{ÒS����g�hZ�-g�k%¶5�Zbe�e�9d��?�ej�h�m�`�a>bed�f�g�h�i5jQhlk%f#g9m#m�n�oVp5q¹jQf?ir`

¼ò�#Ê�t.·5mEjQh|n�aV`en�x ´\f?j�¶��|g*n�w,` �^y}`v~E����³*�Q��`$¨�«H��«�£B¢4«�£�¤���� �%£H¬-�eª{Ø® �¬?�*�4¡�`
aKdQ����f?�ei��*g y�j�h,j*�Qf?d*����mKj�h
yÐd��?�,g��<d*�?�e��d*bvk��.t5m?�e��m�`�a>d*�2�,f��ei��*g"!Vh,���*g�f�m?���òt�k%f?g�m?m�`

w�d*d�·.·*jQbed5nFÉ�`>Ò�`\~?���*�Q�*�4`$#����-£��*«�£��������cÃX¬�«� ,��ª�¢������ºÖ��9��¬��#¬���¤�¬Ð����ªP×K¢4«�£�Ï<�*«�£��*� £�� Á>�?��Â� Q£�¤��*�
ÃÔ�9ªQ¬���¢4`%k%�|`ä´W`,���5g9m?�em�n�yÐd*m?m?d*�4�S¶�mEg��#��mc¼Eh,m#�?�e�?¶5��g�j�q;É�g��4��h5jQb�j��*t*`

w�d*d�·.·*jQbed5nvÉ�`rÒ�`envx'w*j*f�i,d�h|nvyÔ`|¼4`�~E�9�*��³���`�¼E�W��f#j[�S��h5�º�?�,gO�Og�dQh�%�g@bei�d��Z�,f?j9p,�e�Id�����j�h��5��d��?�,g
¶Zm#gOj�q>�I�©pS�?¶�f#g<i��em#�#f�����¶��?�ej�h,m�`I¼EhXw*j�f?iZd*hrn®y}`r¼�`K~��%ir`¾��n
¿®¬?�����Z£B�.À{£�� ÁF�E�-ÂZ .£�¤����UÃP�9ªS¬4�©¢�n
&%j�b�`Z³��Sn��,�v`v�@Ü*È@²��9�*ÈS`ZÆ�be¶.»Kg�f�`

w*j*f�i,d�h|nFyÔ`$¼�`en Ç ��d�f�d*�Id*h���n('�`¹ncwQd*d*·*jQbed5nFÉ�`cÒ�`enCxÓÒ5d*¶Zb�nF°
`$ÆO` ~E�9�*�*³Q��` u\h ¼Eh.�#f?jSiZ¶,�-����j�h
��j)&�d�f?�ed*�?��jQh,d�b>y{g����5jSiZm/q�j*f Ç f?d*���Z�e��d�b$y�j5i5g9bem�`Ð¼Eh w�j*f�i�d*h|n%y}`;¼�`F~��$i|`©��nK¿®¬��*�4��£��.ÀP£��
ÁF�E�-ÂZ .£�¤����|ÃP�9ªS¬-�¾¢�n��,�v`v�9Å�Ä9²���Ü,��`ZÆ�be¶.»Kg�f�`

Æ�d�����g�hrn��/`�w�`en�xÙµCjSi5f+*, �.¶5g�Ê*n�->`Zs\`�~#���Q�*³*dQ��`KsKjQb��#Ê@�Od�h,h1�Id*�4�,��h5g�b�g�d*f?h��eh5�¦¶,m��eh,�<�Og�d�h.%Zg�bei
���5g�j*f?t d�h,i be�eh�g�d�f�f#g9m#��j�h�m#gP�-j�f#f?g����?��j.h|`Ù¼òh w�j*f�i,d�h|n yÔ`>¼4`en\Æ g9d�f�h,m�n\y½`Fw,`en x Ò.jQbebed,n
Ò|`Uu/`F~��%i,m�`���nKÚCª/�[���|¤�¬4¢�£B� Ë/¬4�5�?���%Ö��������-ÏI�*«�£����}�>�?��¤-¬�¢4¢�£��.ÀÐ¨�¡@¢-«^¬-ÏW¢�­	0�n��,�®`
Ý*³�Å�²SÝ�³*Ü5`
acd*�/�,f��ei5��g*`ZÉF�5g�y{¼EÉ k�f#g9m�m-`

Æ�d�����g�hrn���`.w�`enSx µcjSi�f1*, ��¶,g�Ê�n�-$`.s `�~#���*��³[����`r�32¦����g9h.�%b�g9d�f�h,��h5�2�eh<sKj�be�#Ê��IdQh,h<�Od��4�,��h5g�m%¶Zm?�eh,�
b¹�eh5g9d�fFf?g�m#��j�h�m#g����5g�j*f?t*`KË/¬-�5�?���$¥
��Ï\Â��,«H�Q«�£����Zn�­	0;~�ÄQ��n®�*�9È��@²�����Ä*Ü5`

°®d@»cf?g�h��-gQn�4/`,´W`en�s>�em?�,j*�vnZa\`,y½`enZx w�j�f?i�d*hrn,y½`5¼�`v~#�����*³.��`;yÐ�©p5�?¶,f#g�f#g��,f?g�m#g�h.��d��?�ej�hZm$q�j�fc�eh,q�g�f5�
g@h,��g�d�h,i{beg�d�f�h,��h5���eh1s>j�b��?Ê��Id*hZh1�Id*�4�,��h5g9m-`>¼Eh)�v���5�4«^¬�¬-�Z«� ½¥
������¬��#¬���¤-¬W���76���¤�¬-�-«H�*£��Z«�¡
£��1ÚV�4«H£ 8K¤�£�����Ö4�Z«^¬-���©£�ÀQ¬���¤-¬4`

y�d���Æ�d@t*n.´W`.w�`SaV`�~E�����*Ä.��`|k%f#j���d*��b�g\h5g��^»Kj�f?·5m�d�h,i<��bed�¶,m?�e��b�gV�,f?g�i��e�-����j�h�m3��d�f?g��5�eg�» j*q��,f�d����e��d�b
scd@t*g�m?��d*h��Og��?�5j5i�m\q¹jQf\m?¶���g�f?�5�em#g�iÐh5g9¶5f�d*b;h,g��ò»$jQf#·Sm�`�Ë2¬�« Í �*��Î�§º¥
��ÏCÂ|�S«J�*«�£����X£¹�ÐË/¬��S�#�*�
¨�¡�¢4«^¬-Ï2¢4n;Û;~�È��4n,±.Ü*�@²SÄ*Å�ÄS`

4Vg9d*b�nVµ�`Ky}`�~#���*��È��4` k�f#jQ��d*���eb��em#�?�e�Ð�eh,qBg�f?g�h,��gÐ¶�m?�eh,� yÐd�f?·*j[� ���Zd*�eh y{jQh.�#gÔaKd*f?bej �Og��?�5j5i�m�`
É�g9�4�|`|f#g��r`env´\g��Zd�f?�?�Og�h.� j*qKaKjQ�W�Z¶5��g�f�ÒS�9��g�h��-g�n9!VhZ���*g�f?m?���òtlj�q%É�j*f?jQh.�#j,`/aKµ Ç �^ÉFµ:�J��È;���*n
�.�?�#�r¸=</<�»c»F»�`ä��m�` �?j*f�j�hQ�?j,` g@i,¶�</>\f?d�i5q�j�f?i�<@�Zd���g�f?m?�Hj.h,b��eh5g�`ä�.�?�Ib�`

4Vg9�Wj��#j�nQÆI`en.x ÉUd�·[d@t�d��Od,n���`�~E�9�*³*ÄQ��`|É�u\kÔq�f#g�gFg�h5g9f#��t2m?�?f?¶��-��¶5f?gCj*qrÒ5Æ m#�Z�ehO��b�d*m�m#g�m�`;�5���5�4���*�
�?�V�K Q¡[¢-£�¤�¢¦¥
§�¨|���©£�ª<¨�«H�Q«^¬ �K .¡[¢4£�¤�¢�n®­�@�nZ°�Ä*Ý��9².°;Ä�È*Ä5`

kUd*f?��m?��n Ç `5~E�9�*³*³.��`�¨�«H�*«�£�¢�«�£�¤����	�$£�¬���ªºØ® 5¬��*�4¡[`�-�f�j�hQ����g�f�m;�eh2k%�.t5m?�e��mU°vg����?¶,f#gA4\j*�#gCÒ.g�f?��g9m�`�uVi,iZ�em#j�h
�Ôg9m#beg�t�`

k;g9d�f�b�n
w,`>~E����³*³Q��`1�>�#�B���	�-£��¾£B¢4«H£�¤I_C¬���¢�����£��.À�£B�ÔÖ4��«^¬-���¾£eÀQ¬-��«C¨�¡@¢-«^¬-ÏW¢4`�y�j*f?��d�h½Æ�d�¶5q��Id*h�h|n%ÒSd*h
-Zf�d*h����em?��j,`

k;g��#g�f?m#j�hvn�a\`en�x u\h�i5g�f?m?j�hrn�w,`�µ�`�~#����³��*�-`%u �Og�d�hC%�g9beil�?�,g�j�f#t�b�g9d�f�h,��h5�¦d�b��*j�f?�e�?�,� qBj*fCh�g�¶,f?d�b
h�g��J»Kj�f#·5m�`/¥
��ÏVÂ���¬ED¦¨�¡@¢-«^¬-Ï2¢-n®­*nZ���*Ä@²���ÅZ���5`

ú�û1F



� ����� �������������
	���
����;����������� ���������������������?�����������������;� �!���"����� �������������

k%b�g9q¹·�d,n�É `®~#����³*ÝQ��`$a$j.hQ�*g�f?�Qg�h,��g��-jQh,i����?�ej�hºjQq®���5g�É;u k g$#S¶,d*�?��jQhºq�j*fc���5g���h�%�h,���?g �Hf�d�h5�*g9iº¼Em?�eh,�
m?�Z�eh���bed�m?mC�OjSi5g@b�`c�5���.�-�����;�E�\�K .¡@¢4£�¤�¢\Ú�§®ÃX��«� 5¬�ÏO�Q«�£�¤��*�®����ªWÀ.¬-�|¬-�#�*�©n®­&%�n®���.�S�4²��9���*³S`

µ('¶5�Qg�f�n®Ò�`�y½`�~E����������` � 2¦����g9h.� �eh,q¹g�f#g@h,��g2d*hZi{beg�d�f�h��eh5������i,g����¹�Od*�?d*��b�gW��j�b���Ê��Id*h�h��Id*���Z�eh5g9m�`
É�g9�4�|`�f#g��r`ZÉcµ ���;�JÄSn�-�d*���.��g�f?g����4�º¼òh,qBj�f��Od*�?��·�i5g�fFÉ;g��4�,h��em?�4�5g9h�!\h,����g�f�m?���$'d��Fs>g�f�be�ehr`

Ò5d*¶,b�n�°%`enZx w*j�f?iZd*hrn�yÔ`,¼4`®~E�9�*��±.�-`U°®g�d*f?h��eh,�I�eh�s>j�b��#Ê��Id�h,hº�?f#g�g�m�`$Ë�¬-�5�?���%¥
��ÏCÂ|�S«J�*«�£�����n�Û;~�Ü��4n
�Q�9�[±[²��*��³�±,`

Ò5d*¶,b�nK°
`�ÆO`en>w�d*d*·S·*jQbed5n$É�`enKx w*j*f�i,d�h|n$y}`U¼�`C~E���Q�*ÜQ��`}y{g9d*h %�g9bei �?��g�j�f#t½qBj�fIm?���Q�Wj.�ei ��g�b���g�q
h�g��J»Kj�f#·5m�`F�S���5�����*���#�VÚV��«�£ 8$¤�����Ö��Z«J¬4����£©À.¬���¤�¬�_C¬4¢�¬����?¤- .nZÑ,n�Ü5��²,��Ü,`

ÒS������d*·�n�y½`®~E�@�*ÜQ�*�4`�¥
�*�e¤��5�©�S¢�` � `äu�`�s$g�h�)#d*�I�ehvn,¼òh���`en�°vj�h�i5jQh|`

ÉF�5jQ¶,b�g@m?m-n�´2`,w�`en,uVh�i5g9f?m#j�hrn,k;`�� `en�x kUd�be�Og�f�n,µ�` Ç `v~E�9���Q�*��`
Ò.jQbe¶��?��jQh�j*q���m#j�b���d*��b�g��Oj5i,g�b�j*q�d
m?�Z�eh���bed�m?m��e`$�K .£B���[¢-�-ÂZ .£�¤����|ÃP�9À.�$*-£���¬-n,+&%U~�ÈQ��n�Ä*��È9²5Ü�Å,��`

� �eg���g�f��eh,��·�n � `encx s>d*f#��g�f�n ´2`�~?���*��³��4`Ùy�g�d�h %�g9bei ���5g�j*f?t �Zd*m#g9i j�h ��g�be�eg�q/h5g��J»$jQf?·Sm�q�j*f
d��,��f#j9p,���Od*�#gV��h5qBg�f�g�h��-g�`�¼òh¦Ö�¥vÚCË\Ë.-�@.§K�c�E�@¤�¬�¬�ª�£��.À�¢ �E�C«� 5¬ @.«� 2Ö��Z«^¬-�-����«�£��������;¥
������¬4��¬-��¤4¬
����Ú �4«�£ 8$¤�£�����Ë2¬4�5�?����Ë2¬�« Í ����Î@¢�`

ú�û0/


