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 h�k����yh�kMlmkDb�� b�� kDhjn*h ldn��U��l<��h�g���kMg'iPsPg���`yg��^nz��sPbmbmkDl�� sPg���kMg��MkMg����<h�lmtua�kDg?� kMlmh�tpa�nzl���h � �ykMbmg�!�"/�#�D`$��kDbdc
�ykMg��q`yl�%�kDa�kMg�� i�sPg&��kMb7��k%nzays'�yk(��kDb � bu�#�ya�kMgU��g�� �qlmlm`yg�% i�kMbmlmtpa�h�k���kMg�k*)�kDbm|]��a�bmkDg `�g�nzkMbmlm`ytua�n �8v hjn
�ykMg�kDg kMh�gyk*%PkMgU��`�kDbmk*+���g���v���bm�PkMg�� sPlmhjnzh�sPg�h�kDbm`�g�%'kDbmbmkMh�tpa�n���kMb���kDg lms,� �-!." h�kDlmk�lmh�g��XkMh�g�k)r�}yg���k��/%�bu�qc
�ya�kMg�nzkDh ��`�g�%���kMh g�k iPkDbuo�g���kMbdnzk10 a�g���h tua��PkMh�nzlm|�`�gy��nzh s�g `�g��$� �ql��324��c �?�qnztua�h g�%�!
��}�b1�yh�k r�kM`�bdnzkDh ��`�g�%5��kDb6��sPlmhjnzh�sPg�h�kDbm`�g�%5��kMb��ykMg kMh�g�k7) h�k�� � ��a��:�	}�gyldn8��h�tuaykMb�� kMlmh�tpa�nzkMb�v hjn�k:9y���^n6� kMc
�P��g�g�nzkMb�+���g���v���bm�PkMg�� sPlmhjnzh�sPg�i�kMb;��kDg���kMn<!�" h k�� `�l;�<h�bm�	`�g�%PkDg=��h kMlmkMb3)�kDbm|]��a�bmkDg'��`�|>�U��l � kMlmh�tpa�nzkMb�?�g�c
�ykMg.`�g��7�yh�k4+FkDh�ldnz`�g�%	� kDh@��kMb�� kDlmh�tua^nzlmkMbm�PkMg�g	`�g�%	��kDb���kMg �q`y|y�	}�g�ldn8��h tua�kDg1�<h k��q`y|�g � nz}yb���h�tuaykMg.r�h � ��kDbmg
`yg�nzkMbmlm`�tpa�n<!
� hjn���kMvA)�kDbm|]��a�bmkDg$��kDl��324��c �?�qnztuayh�g�%7�<`�b��yk kMh�g�k6��kD`{n8��h�tpa�k�)�kDbmbmh�g�%PkMbm`yg�%B��kDl���sPlmhjnzh�sPg�h�kDbm`�g�%Plm|~kMa{c
� kMbml<kMbmbmkMh tua�n<!�� `y|8�	}�g�ldn8� h�tua�kDg$�<h�k/��`�|:g � nz}yb���h�tuaykMg'r�h � �ykMbmg4|�}�aybdnzk1��h�kMl��M`'kDh�g�kMb*i�kMb�� kDlmlmkMbdnzkDg$C
bm�PkMg�c
g	`�g�%Pl���kMh ldnz`�g�%�!

DFE �^�{�{

G �

H �@IdkMtMnzhji�k sP|�nza�h l�nza�kDlmh�l/h�l1?yg���h�g�%�� sPh�g�n�tMsPbmbmkMl���s�g���kMg�tDkMlJ� k%nK��kDkMg |[�qtDk h�v��L%PkMl�!:��np��bdnzh�g�%'|~bmsPv nza�k
v k%nza�s@� sP|�%Pbu�L��a�v �qnztua�h�g�%���lmk%i�kMbu�L�:v k%nza�s@��l ��bmk �qg �#� M	lmk���nzs4��tpa�h�k%i�k � v sPbmk.k�9���tMn�����g���v���bm�$��s�lmh�c
nzh s�gyh�g�%�!�N�a�k tDsPg�lmh ��kDbmk�� v k%nza�s@��l��qbmk �=��`yg�tua�%Pbu�L��aO�U��bdnzhjnzh�sPg>�F�)v s'�yh ?�k�� lmh�v h ����bmhjnKM�|~`�g�tMnzh�sPg ��g��
�324��cfv � nztpa�h�g�%�!
�UsPb nza�k.k%i��L��`U�qnzh�sPg�sP|�nzayk7� sPlmhjnzh�sPg�h�g�%y�P��s�nzl sP|�tMsPvQ�y`{nzkMb	%PkMgykMbu�qnzk��?|[�qtDkMl	�<hjnza?k:9y��t%n8�RM'�	g�s<�<gS����g���c
v ��bm�5� sPlmhjnzh�sPg���bmk `�lmk���!PN�ayk k�T kDt%nzl<s�|:nza�kDlmk v kMnza�s@��l�nzs |]��tDk1?�g���h�g�% �qg��'bmkMtDs,%�gyhjnzh�sPg'��bmk.��gU�L�RM{lmk��
sPg ��bdnzh ?�tDh��L�>��l3��k�� �8�ql<sPg4gU�qnz`�bu�L�>h�v �L%�kDl�!
U hjnza�nza�k�v k%nzays'�.sP|P�V24��cfv �qnztua�h�g�%���v���bm�Pk��.bmk���`�tMk�sP|�nzaykV��s�lmh�nzh�sPg�h�g�% kMbmbmsPb�aU��lW� kMkDg ��tuayh�k%i�k��.! H g
%PkDg�kMbu�qnzk��F�	��l4��k�� ����l�sPg�gU�qnz`�bu�L� h v��L%PkMlD�Pnza�h�l�a �ql�bmkMlm`��jnzk���h�g)��g h�vQ�ybmsDi�k�� bmkDtMs,%Pg�h�tMh s�g(��kMbm|~s�bmv ��g�tMkX!
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� ! � ��s�nzhji��qnzh�sPg !1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1!6!1!6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! �
� ! � �
bms,����kDv ldnzk��/��`�g�%�!6!1!6!1!1!6!6!1!6!1!1!6!6!1!6!1!6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! �

,.-/�1032*"546�1)7"98:4(;<"=�#%>"=� ?
��! � � kD`�bmsPgU�L��k � k%n8�Dk !1!6!1!1!6!6!1!6!1!1!6!6!1!6!1!6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! @
��! � � kDlmh�tua�nzkDb�?�g���kDg4v h�n*g�kD`�bmsPgU�L��kMg4� kMn8�MkDg !1!6!1!6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! �
��! � � g�� �qlmlm`yg�%7i�sPg?� bu�#�ya�kMg !6!6!1!6!1!1!6!6!1!6!1!6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! �
��! � A ��`��{nz�PsPvQ��s�gykMg�nzkDgU��gU�L�RM{lmk/B �324�DC !6!6!1!6!1!6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! �D�
��! � C
h %PkMg�%�kDlmh�tua^nzkMbDB C
h %PkMg�|[��tMkMlEC !1!6!1!1!6!6!1!6!1!6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! �D�

F.GH"543IJ"=�LKL"M%>"9NPO$%>"=�Q'!�*KRGHST43UT"54(OV46;W"$�&%('!�*) �$X
� ! �ZY }�g�ldn8��h�tpa�k�� ��tMkMc � kMg?� kMlmh tua�nzkDb !1!1!6!6!1!6!1!6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! � �
� ! � )���bmh��qnzh�sPg=��kMb*���qtDk%c � kDg � kDlmh�tua^nzkMb !1!6!6!1!6!1!6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! � �
� ! � ���qnz}�b���h tua�k/� kDlmh�tua^nzkMb���kDb Y s@�U���^c-" �qnzkMg'�U��g�� !6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! � �
� ! � ���qnz}�b���h tua�k/� kDlmh�tua^nzkMb�!1!1!6!6!1!6!1!1!6!6!1!6!1!6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! � �

+[GH"54(\]OT2L43"=�_^5'L4:-`"50a%(�cbdb9'!�*)eKL"54gfhO7�LKWbiO74(j7"=�LkWST03�#%(�#Sl�*"=� ,VF
� ! � N8kMh � `�g�%B��kMl�r�}�g���k�� %Pbu�#�ya�kMg !1!6!1!1!6!6!1!6!1!6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! � �
� ! � )
kMbuo�g���kDbdnzk60 a�g���h�tpa��PkMhjnzlm|~`�g��^nzh�sPg !1!6!6!1!6!1!6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! �m@
� ! � �324��c �?�qnztuayh�g�% !6!1!6!1!1!6!6!1!6!1!1!6!6!1!6!1!6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! �	�
� ! � �^�P�L����`�g�� H bmh�kMg�nzh kMbm`�g�%y�{� sPbmv h kMbm`�g�% !6!1!6!1!6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! � @

n[oP"503��pm27%3"543q<�*KL"=�r'!�*Kr�s4(j7"=�!�t"=� FTX
� ! � +8kMh�ldnz`�g�%B��kMl � kMlmh tua�nzl�?�g���kMbml !1!6!1!1!6!6!1!6!1!6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! �P�
� ! � C
bm�PkMg�g	`�g�%Pl���kMh ldnz`�g�%O!6!1!1!6!6!1!6!1!1!6!6!1!6!1!6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! ���

?uNv�10>j*'*0>03�1Sl�R'!�*KQ8P'*0>;W ���p6j +*�
8uwxS=U7"My{z|O743OTbi"M%3"54 +},

�7! � ����bu��v k%nzkDb��U�qnzkMh � !1!6!1!1!6!6!1!6!1!1!6!6!1!6!1!6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! � �
�7! � ����bu��v k%nzkDb��U�qnzkMhF� !1!6!1!1!6!6!1!6!1!1!6!6!1!6!1!6!6!1!1!6!1!6!6!1!6!1!1!6!6!1!6!1!1!6!6!1! ���
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"�kMb'��kDg�lmtua ��kMlmhjn8�Mn$��h k ��o�a�h/%��PkDhjn ��v.}�a�k���sPl � kMlmh�tpa�nzkMb��M` lmkDa�kMg `yg�� �D` kMbm�PkMg�gykMg�!3" �L� kDh h ldn4kDl
kDbmldnp��`�g���h�tpa>�W�<h�k�lmkMa�b5��h�k�C
g�|~kMbmg	`�g�%&��kDb(��kMbmlmsPg>�4��h�k H bmh�kDg�nzh�kMbm`yg�%O��kMl4� kDlmh�tua^nzkMl�s'�ykMb*��h�k�+Fh tua�nmc
i�kDbmaUoL�jnzg�h�lmlmk.i���bmh�h�kMbmkDg?���Pg�g�kDg�! " h�kDlmk7)�kDbuo�g���kMbm`yg�%PkMg |�}�aybmkMg h�g kDh�g�kDv r�h � � �M` kMh�gykMb i�� �/��h %4��g��ykMbmkMg
A k�� ��h %P�PkMh�nzldiPkDbdnzkMh � `�g�%*��kMb1��h 9	k��-! " kMgyg�s	tua h�ldn1��kDb ��kDg�lmtua h�g �ykMb6+��L%�k�� �U��l.� kMlmh�tpa�n/h�v r�h � � bmh�tpa�nzh %
�D`O��sP���L��h�lmh�kDbmkMg?`�g��O��h kQ��kMbmlmsPgO�M` kDbm�PkMg�g�kDg�!�� `�tua )
kMbuo�g���kDbm`�g�%PkMg �ykMl7� kMlmh�tpa�nzkMl/lmk�� �yldn ��kDh�g gykM`�kDb
r*��bdn ��kDh�g?i�kMbuo�g���kDbdnzkMb�� kMlmh tua�nzlu��`�l���bm`ytu���>kMh g�k �	s�gyg�kMg'�ybmh � ��k7ldnzk�� � kMgS�ykMg ��kMg�lmtpa�kMg h�g ��kMb _<k�%Pk��:i�sPb
�PkDh�g�kJ%�b����PkMbmkDg �^tua'�<h�kMbmh %P�PkMh�nzkMg�!�C
b<h�ldn�|[o�a�h %y�ylmk�� ��ldn	� kMh8lmkMa�b�`�g�nzkDbmlmtua�h k�����h tua ��`�lmlmkMa�kDg���kDg���kMbmlmsPg�kDg
�PsPbmbmkMl���s�g���h�kMbmkDg���k��
`�g��^nzkP� �<h�k��D`�v r�kMh�l���h k�����h k*���qlmkDg�l���hjn8�Dk*s@��kMb��yh�k��
`���h � � kMg>� �M`(?�g���kDg `�g��(��h�kDlmk
�D`4iPkDb�%,��kMh�tpa�kMg.!
2�sPv(��`{nzkMbml;M{ldnzkDv k�a�h�g�%�k�%PkMg�lmh�g��7��h lma�kMb:g	`�b�lmkMa�b:kDh�g�%PkMlmtpa�buo�g��^n�h�g���kDb>+��L%�k��#C�bm�PkDg�g^`�g�%Plu��`�| %^�#��kMg7�M`
}�� kMbmg�kDa�v kDg�!�wxg kDh�g�h %PkDg l���k��Mh k�� ��kDg�� `y| %^�L� kMgF� �M`yv r�kMh l���h�k���h�gS��kDb ��k���h/�Mh�g>�����Pg�gykMg lmh�k7kMbm|~s,� %PbmkMh�tpa
kDh�g�%PkMlmkMn8�%n(��kMb���kDg>�
�L� kDb h�g �#�/�jnpoL% � h�tua�kDg �^h�nz`U�qnzh�sPg�kMg>��h�g ��kDg�kMg#i	h lm`�k�� � k)wxg�|~sPbmv��qnzh�sPg�kDgXi�kMbu��b�� kDhjnzk%n
��kDb���kMg v�}�lmlmkDg>�Ph ldn���h k3+FkDh�ldnz`�g�% v kDg�lmtua�� h�tua�kDb�� kMa�h bmg�k*g�s	tua `�g�kMbmbmkDh�tua^n<! C
h�g � bm`�g�� h ldn�lmh�tpa�kMb�� h�tuaB�yh�k
��o�a�h %P�PkMh�n���kDl���kDg�lmtua�kDg>��kMgys�bmv k7" �qnzkMg�v kMg�%PkDg � �qbu�L� � k��8i�kMbu��b�� kDhjnzkMgS�M`?���Pg�g�kDg�! C
h�g ��kDhjnzkMbmkDb v �#%
�yh�k<kMgys�bmv k<� kMg�%Pk ��g Y sPg�nzk�9	nK�<h�lmlmkMg�lmkMh�gF� �yh�k���kDg�lmtua�kDg(��kMh��ykMb
C
bmlmtua���h k��P`�g�% kDh�g�kMb��'�MkDg�k<kMh g�lmk%n8�DkMg
���Pg�g�kDg�!
�^s ��kDh��?v ��g �M`�v r�kDh�l���h�k��f����s v �qgXgU��tuaXkDh�g�kDv � kDlmh�tua^n7lm`�tpa�kMg�v.` �y� ��kMgyg v ��g lmtpa�sPg
kDh�g�kDg H � kDbm����b���kMb*s@��kMb*kDh�g�kDg A `{n�%PkD|�`�g���kMg4a � n<!
� hjn<|�sPbdnzlmtpa�bmkMhjnzkDg���kDb�C�g^nK�<h�tu�@��`�g�%B��kMb�2�sPvQ��`�nzkMbdnzkMtpa�g�h��*� kDldnzkMa�n �L� ��kMb��yh�g�%Pl3��h k A s,T g	`�g�%y���U�!�Q��h�kDlmk
�
bms,����kDv k��D`�|~bmh�k���kDg�ldnzk��/��kMg��(%Pk����Pldn
��kDb���kMg����Pg�g�kMg.!'� gX��kMg���`�g�%Pl�� kDh�l���h�k���k<|~}�b�kMh�gyk�����s��Pk�bms �y`�ldnzk�� kMc
lmh tua�nzlmkDbm��kDg�g^`�g�% lmh�g���� ��a���bmkDh�tua.!�" h�k6� s,��hjnzh�lmtpa)`yg�ldnzbmhjnmnzh %Pldnzk�� gX��kDg���`�g�% h�ldn<lmh�tpa�kMb�� h�tua$��h�k1�:kDbmlmsPg�kMg�h�c
�ykMg�nzh ?y���qnzh�sPg7� kMhP
 `�%^��g�%Plm�Ps�g^nzbms �/��kMg�!L"/��v���gB��h�k�_ ��g���� k���h g�%P`�g�%PkMg7ayh�kMb�� kDh	bmk����qnzhjiJ%P`{n��PsPg�nzbms,� ��h�kDbmkMg
�P��g�g>��lmh�g�� �XM{ldnzkMv k ayh�kMbm|~}�b���`�tua'lmtpa�sPg4kDbm|�s,� %PbmkDh�tua)h�vAC
h�g�lu�qn8�X!
"/�ql ��`{nzsPv��qnzh�lmtpa�k�wK�ykMg�nzh ?��Mh�kDbmkMg'`�g���C�bm�PkDg�g�kMg'i�sPg?� kDlmh�tua^nzkMbmg'h g��?��lmlmkMgyl��MkMgykMg�h�ldn�g�s	tua�kDh�g�k lmkMayb
lmtpaX�<h�kDbmh %Pk�� `�| %��L� k��@�U�/ayh�kMb�� kDh>�#�/��k _ ��g���� k���h�g�%P`�g�%�kDg5�<h k � b����Pk���kDb<� kDlmh�tua^nzkMbD�{r�k���kM`�tpa�nz`�g�%y�@��sPlmk
`yg��Xlms ��kMh�nzkMb�ldnp��bm� iP��bmh�h kMbmkMg.!8r�kMh�kDh�g�kMv C
h�g�lu�qn8� lms,��tuaykMb�)
kMbm|[�qaybmkMg���`�| Y ��v kDbu��l.h�v"� T�kMg�n8��h tua�kDg
_ �q`yvClmh�g��4gU�qnz}�b�� h�tua�k6� l�� kD�^nzk��ykMl�" �qnzkMgylmtua^`{n8�DkMl��M`�� kq�qtpa�nzkMg.!

���$# 039:-/K4LM(&% ;�6:(<LML%24$('
��}�bJ�U��l1C
bm�PkMg�g�kDg i�sPg � kDlmh�tua�nzkDbmg �<`�b���k���v wxg�ldnzhjnz`{n |~}�b � kM`ybms�h g�|�sPbmv � nzh ����h�k ��k%nza�s@��kQ��kDb�� bu�qc
�ya�kMgU��g�� �qlmlm`yg�%?kMg�nK�<h�tp�Pk��jn ��� kMh
��kDbJ�U��l�e v |~k�� � v���bm�P�qg^nzkMbJ��`yg��^nzk i�kMb�%,��h tua�kDg �<h�b���!." h�kDlmk(�
`�g��^nzk
��kDb���kMg�+��qg���v���bm�PkMg$%PkDgU��g�g�n�`�g��'h�g4kMh�g�kDv � bu�#�ya�kMg��M`ylu�qv v kDg�%PkM|[�qlmldn<!
�	s1�<h b�� `�g�nzkMb���g��ykMbmkMv ��h�k<����lmkMgyl���hjn8�Mk�kDh�g�kMb
�D` kDbm��kDg�g�kDg���kMg*��kMbmlmsPg�v hjn
��kDg*%PkMl�� kDh�tua�kDbdnzkMg ����lmkMg�c
l��yhjn8�MkDg)i�sPg���kMbmlmsPg�kMg'i�kMb�%,��h�tpa�kMg>����h�k h�g'kMh�gykMb�" �qnzkMg@�U��g���i�sPbmaU��g���kDg'lmh�g��.!�)�sPbu��`�lmlmkMn8�M`�g�% |~}�b<kMh�gykMg
lmh g�g�i�s,� ��kMg*)�kDb�% � kMh�tpa(��h kMlmkMbV� bdn�h�ldn<�L� ��kMb��yh�g�%PlD�X�U�!�.v���g*�D`�gUo�tua�ldn*kMh�g�v �L�P��h k ��sPlmhjnzh�sPg*��kDbV�M`�i�kMb�%,��kDhjc
tpa�kMg���kMgO+:��g��yv���bm�Pk7h v g�kM`ykMg r�h � � ?yg���k%n<!�" h�k ��sPbmbmkDl�� sPg���h�kDbmkMg���kDg �
`�g��^nzkQ�:�<h�lmtpa�kMg ��kDg r�h � ��kDbmg
h g)kMh�g�kDb3" �qnzkMg'�U��g���`�g��4h�g)kDh�g�kMv gykM`�kDg4r�h � �=�M`=?�g���kMg>�{h ldn<o�` �PkDbmldn�lmtpaX�<h�kDbmh %y���L� kMb�g�s�nK��kDg���h %y�	`yv'�
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l���bmh�tua'� ��bdn8� h�tua*%PkMlu�L%�n ��g�h tua�nV0	��|~k�� v h�n�r�h�bmgykMg*�M` i�kMb�%,��kDh�tuaykMg�!X" ��l�2�sPvQ�y`{nzkMbml;M{ldnzkMv lms,� � h�g*��h�k +��L%�k
iPkDbmlmk%n8�MnJ��kMb���kDg>����`�| %�bm`yg�� i�sPg %�k�� kMh tua�kDbdnzkMg ����lmkMg�l���h�n8�MkMg&�yh�k(��sPlmhjnzh�sPg kMh�g�kDb7�qg���kMbml �q`ylmlmkMa�kDg���kMg
���qlmkDg�l���hjn8�Dk�k:9y����n��M`$� s��P�L��h�lmh�kDbmkMg�!
C�h g�k6%�kDgU��`�k6��sPlmhjnzh�sPg�h kMbm`�g�%Q��kMb�+��qg���v���bm�PkMg4h ldn<g�h�tua^n<g^`�b<|�}�b��ykMg$)�kDb�%,��kMh�tpa)g ��nzh %�!U�^h�k h�ldn���`�tpa4|~}�b
kMh�g�k���`{nzsPv��qnzh�lmtuayk�� `y|�gU��a�v k i�sPg'g�kD`�kMg?� kDlmh�tua�nzkDbmg'h�g'kMh�g�k1" �qnzkMg'� �qgy� ��� kMh���kMb���kDh�g'��kDg�lmtua�v kDa�b
iPsPg A ��g�� ��h k7��sPlmhjnzh�sPg�kDgS��kDb�+���g���v���bm�PkMg lmkMn8�MkDg v�` �y� �<}yg�lmtua�kDg�l;��kMbdn<!8� kDg�kMbmk�� � � kMldnzkDa�n1� kMhW��kMv
�q`�nzs�v �qnzh�lmtua�kDg�� `�| � �q`�kDh�g�kDb�" �qnzkMg'� �qgy�=�U��l �
bms,����kMv����U�!� lmh�tpa�v hjn �M`yg�kMa�v kMg��ykMb�� g��q��a��>i�sPg � k%c
lmh�tua�nzkDbmg1�yh�k�" �qnzkMg@�U��lmh�lFh�v v kDb>v kDa�b>iPkDb���bmkMh�nzkMbdn<!:U kMgyg1� kDh�I k���kMvSg�kM`�kDg/r�h �/���@��kMh g�k�e g�%�kDgU��`�h %P�PkMhjnzkDg
h�g5��kDb3�:sPlmhjnzh s�g5��kDb3+:��g���v �qbm�PkDg'�q`y| nzbmkMnzkMg>�	lms7���Pg�gykMg=��h�k �ykDa���kDbV��kMh ��kMb�gUo�tpa�ldnzkMg$��s�lmh�nzh�sPg�l�� kMldnzh v7c
v�`�g�%B��kDhjnzkMb3�*�qtpa�lmkMgF���yh�l*�PkMh�g�k�lmh�gyg�i�s �/��k�� bu�#�ya�kMgU��g�� �qlmlm`yg�% v kMa�b*v �,%,��h�tpa)h�ldn<!
�:}yb6��kDgS)
kMb�%,��kDh�tuaS�:��kDh�kMb�� kDlmh�tua�nzkDb6��`�bmtua ��kDgS)
kMb�%,��kDh�tua?i	h k���kDb v �qbm�P��g�nzkMb��
`�gy��nzkQ� kMldnzkDa�n1��h�k7gU�qc
a�k���h k�%PkMg��yk()
kMbmv.`{nz`�g�%y�>� � � ��`�tua�a�h�kMb.kDh�g�k)v �,%,��h�tuayldnB%�kDgU��`�k=+:��g��yv���bm�PkMg�� sPlmhjnzh s�gyh�kMbm`�g�%�|~}�b7kMh�g�k
a �Pa�kMbmk1C�bm�PkDg�g^`�g�%Pl���kDh�ldnz`�g�% g ��nzh % lmkDh�g4���Pg�g�nzkP���*��l��D`'}�� kMb��ybm}�|�kDg=�*o�bmk,!
" ��a�kMb�lms �/��kMg7h�gB��h�kMlmkDb � b�� kDhjn ����`�l�%PkMa�kDg��7iPsPgB�ykMv )�kDbm|]��a�bmkDg7�ykMb�� bu�L��a�kDgU��g��U��lmlm`�g�%y����k%nzays'�ykMgB�M`�b
)�kDb�� kMlmlmkDbm`�g�%$��kMb1+:��g���v �qbm�PkDg�� sPlmhjnzh�sPg�h�kDbm`�g�%5%PkM|~`�g���kDg `yg�� `yg�nzkMbmlm`�tpa�n1��kMb��ykMg�!>��hjn kMh�gykMvJkMbm|~s,� %�c
bmkMh�tpa�kMg$)
kMbm|[�qaybmkMg'���Pg�g�kDg'lms*� kMh.� gX��kMg��y`�g�%)�q`y|>����kMhFg�kD`�k.� kDlmh�tua^nzl���h � ��kDb��yh�k �PsPbmbmkMl���s�g���h�kMbmkDg���kDg
��`yg��^nzk���kMlmlmkMb�%PkM|~`�g���kDg$��kMb���kDg�!
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Y ��gU�L��k aU�qn�kDh�g �XM{ldnzkMv �M`yv�� kDlmh�tua�nzkDb�?�g���kDg kDg�nK�<h�tp��k��jn � �U��l�g�kD`�bmsPgU�L��k7� k%n8�Mk.i�kMb;��kDg���k%n<!�e v �yh�k
�U`�g��^nzh�sPg�l;��kDh�lmk1�yh�kMlmkDl �XM{ldnzkDv l�� kMlmlmkDb*i�kMbmldnzkMaykMg��D`'���Pg�gykMg>�U|�s,� %�n<a�h�kDb��M`�g oqtpa�ldn kMh�gyk��	`�b��Mk1C
h�gy|�}�a�c
bm`yg�%��D`�b4�ybmh�g��Mh/��h�k��/��kMg wK��kDk ��kDb�g�kM`�bmsPgU�L��kDg�� k%n8�Dk,!TB]��}�b�kMh�g*%Pbm`�g���� k�%PkMg��ykMl
)
kMbmldnpo�g���g�h l�h�ldnV+FhjnzkDbu�qnz`�b
�<h k6�M`yv r�kDh�l���h�k���� �
	 %�kDkMh %Pg�kMn<! C
"�h�k�v kMg�lmtpa���h�tpa�k�wxg�nzk�� ��h %PkDg���`�g��(��h�k*_<kMtpa�kMg�� kMh�ldnz`�g�%��ykMl�� kDa�h�bmg�l�ldnzkMtp��n�h v ��kMlmkDg�n8��h�tpa�kMg h�gQ��kMb A h�bmg{c
bmh g���kP�,��kMv �^hjn8�3��kMb�� kMbdi�kDg��Mk�� ��kMg.!#" h�k�wxg�|~sPbmv��qnzh�sPg�ldi�kMbu��b�� kDhjnz`�g�% h�v � kMayh�bmgQ?�g���kMn���`�bmtua(��h�k3U kMhjnzkDbdc
� kMhjnz`�g�%7`�g���)�kDbu�qb���kMhjnz`�g�%.i�s�g'k���kM�^nzbmh�lmtpa�kMg$� �^nzh�sPg�l�� s�nzkMg�nzh~�#� kMg ldnp�qnmn<!yr�k%nzbu��tua�nzkMn<v���g4kDh�g�k�kDh�g��Dk���g�k
� kDbdi�kMg��Dk�� ��k���lms�����lmlmkMg lmh�tuaO��bmkDh A ��`���nzldnzbm`��^nz`�bmkMg ��`�lmv ��tua�kDg>�.��kMbJ"�kMg���bmh�nzkMg'�U��`�v�� �ykMbB
 k�� � ���Pb�� kDb
B �	s�v �MC
`�g����U��l�� 9{sPg�!�" h�kDlmkMg ��nzbm`��^nz`�bmkDg)���Pg�g�nzk v���g=�yh�k��y`�g��^nzh�sPg�kDg$C
h�g�%^�L� kP�@)�kDbu��b�� kMhjnz`yg�%.`yg��
� `yl�%��L� k6�D`�sPb���g�kMg.!�" kMbV"�kMg���bmh�nzkMg'�U��`�v lu�qv v k��jnV� `yl�%��L� kDlmh %PgU�L��k���g���kDbmkMb�� kD`�bmsPg�kMg)h g)�ysPbmv kMh g�kMl
k���kM�^nzbmh�lmtpa�kMg7��s�nzkMg^nzh��L��lD�#�U��l���kMv 
 k�� � ���Pb�� kDb �M`�%Pk�� kMhjnzkMn �<h�b��.!�r�kDh��	� kMbmlmtpa�bmkMh�nz`�g�% kDh�g�kMl��^tua'��k�� �R��kDbdnzkMl
kDb��MkD`�%�n6��kMb�
 k�� � ���Pb�� kDb kDh�g�kDg?k�� kM�^nzbmh�lmtuaykMg wxv(��`���l�! " ��l6� 9{s�g ��kMh�nzk%n���h�kDlmkMg wxvQ��`�� l }�� kDb��yh�k �XM{gU�L�{c
lmkDg �qgS��h�k�" kMg���bmhjnzkMg�s@��kDb���`�tua �yh�bmkM�^n���g ��g���kMbmk(
Uk�� �����Pb�� kMb���kDhjnzkMb�!P" �L� kMh8bmk�%�k��jn	��kMb1
 `�ldnp��g��S��kDb
�'M	g �#�ylmk��yh�k �^npoqbm�Pk��ykMb�U kMh�nzkMb���kDhjnz`�g�%�!L" h�k<lms<��sPa��UkMbmbmk�%�kDg�� �L��l���`�tua a�kDv v kMg��Q�<h�bm�PkMg���kDg �XM{gU�L��lmkDg
kDbmv �,%,��h�tpa�kMg$+FkDbmg���bms,�MkDlmlmk6��`�bmtpa���h�k�)
kMbuo�g��ykMbm`�g�%Q��h kMlmkMb3U kMhjnzkDb���kMhjnz`yg�%Plmldnpoqbm�PkX!

x

x

k

K

1x

wK

wk

1w

Y

w0

Σ ϕ

1


������ ��! ��� C
h�g4|~s�bmv �L��kMl�� kM`ybms�g

"�kMb�kMbmldnzk4)
sPbmlmtua��~�#%��M`yb�� s'�yk�� ��h kMbm`�g�% kMh�gykMl:� kD`�bmsPg�l��P�qv3i�sPg7��t#2�`��/��s	tua�`yg��7�
hjnmnzl � ����� � � 	 ! A h�kDb�� kMh
�*��b*kDh�g=C
h�g�%���g�%

xi

kMg^nK��k���kDb
0
s@��kMb

1
����h�k/�'M	g �#�ylmkMg�ldnpo�bm�Pk6� kMnzbm`�% ±1

!@U `yb���k�lms kMh g��^tuaX��k�� �R��kDbdn
s}�� kMbmlmtpa�bmhjnmnzkMgF�{lms |�kD`�kMbdnzk6�U��l<� kM`�bmsPgdB

Y = 1
Cp�U��g���kMbmgy|]�L� ��l*gyh�tua�nJB

Y = 0
C !

Y = ϕ

(

∑

i

wixi − s

) Bf��! � C

@
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" � v���g �L��l.�'� k��Mh��L��|[oL� ��k�i�sPg ��! � lms<��sPa��
e �	" c ���qnmnzkMb/�L��l/��`�tpa � H N�c ���qnmnzkMb�kDbmaU�L�jnzkMg �P��g�g>������lmlmkMg
lmh�tua4v hjn���h�kDlmkMv � kM`�bmsPg$��k���h�k���h %Pk���s,%Ph�lmtpa�k��^tuaU�L�jnz`yg�%PkMg4bmkq�#� h�lmh�kMbmkDg�!
" ��l�i�sPg _<sPlmkMg@�����qnmn � � 	 i�sPb�%PkMlmtpa����L%PkMg�k���kMb��Mk��{nzbmsPg h�ldnFh�g1��kMb.+��#%Pk�� Y �~�qlmlmh/?��Mh�kDbm`�g�%Plu��`�| %��L� kDg6�D`1���PlmkMg�!
" ��l<��`�ldnzkMbD���U��l��M`'kMh�g�kDb�i�sPg4� i�kDbmlmtua�h�k���kMgykMg'��`yldnzkMbm�@����lmlmkMg$%PkDa �Pbdn �@�<h�b��)ayh�kMb��D`'�L��l�C
h�g�%^�L� k��U�qnp�
x = (x1, x2, ...xL)

h�g�� �ql g�kM`ybms�g �#� k/� kMn8�1%Pk�%�k�� kMg.!U���qtpa��ykMb	N8bu��h�g�h�g�%�l��yaU��lmk/lms,� �8g^`�b	�U��l IdkMg�h/%�k���kMb
�3� kM`�bmsPg�k�|~kM`�kDbmg>���U��l���kMvC��`�ldnzkDb��D`�%PkMsPb���g�kMn<h�ldn<!

Yr = ϕ

(

K
∑

i=1

wrixi

) Bf�@! �MC

+Fh�kD|�kDbdn�kDh�g�kDl ��kDb � kM`�bmsPg�k
Yr

g�h�tua^n	��kDg �PsPbmbmkM�^nzkDg�� `�l�%^�L� k���kMbdn
δr

� kDh �ykMb	�
buo�lmkMg�np�qnzh�sPg kMh�g�kDl ��`{c
ldnzkMb�� kDh�l���h�k���lD�	lmsQ��kMb���kDg$��h�k.� k:�<h�tpa�nzk��<h�k�|�s,� %�n���g�%Pk��U��lmldn �

∆wri = εr · (δr − Yr) · xi

Bf�@! � C
εr =

∑

i wrixi
∑

i x2
i

Bf�@! � C
" h�kMlmk�_<k�%Pk��>h�ldn �L��l���kMb��Mk��{nzbmsPg{c-+FkDbmgU�L� %PsPbmhjnza�v�`ylV��kM����g�g^n � �
	 !
A h�kMbmv hjn�lms,� �jnzk/g	`�b �	`�b���kDh�g�k.wK��kMk7�U�MiPsPg?iPkDbmv hjnmnzk��jn���kMb���kDg>�P�<h�k���bmh�g��Mh ��h k�� �8v hjn g�kD`�bmsPgU�L��kMg?� k%n8�DkMg
iPkDbmlmtua�h k���kDg�k ��`yldnzkMb*`�g�nzkDbmlmtua�h k�����h tua�kDg Y ����lmlmkMg��M`�%PkDs�b��yg�k%n���kDb���kMg4���Pg�g�kDg�!

# �$# HJ(<;8"ME�G.6:(*9 � $'&)(*$ % "u6 $)(*249:-/$ ��L%(*$ � (�68@�(*$

Y ��gU�L��k<aU�qn
h�g � ��	 kMh�g �XM{ldnzkMv i�sPb�%PkMldnzk�� �jn ��v hjn���kDv � kMlmh�tpa�nzkMb
h�g kMh�g�kDv r�h � �B%PkM|~`�g��ykMgB��kDb���kMgF�Ph�g��ykMv
gU��tua4kMh�g�kDb4)
s�bdi�kDbu�qb���kMhjnz`�g�%7�L� ��k r�h � ��� kMbmkDh�tua�k kMh�gykMv g�kM`�bmsPgU�L��kDg)� k%n8����buo�lmkMg�nzh kMbdnV��kDb���kMg>��� �ql��U��g�g
kMg�nzlmtpa�kMh �yk%n �	s,�4kMl*lmh�tua$� kMh ��h�kDlmkMv r�h � � �q`ylmlmtua�g�h�nmn �{��`�tpa$N8kMv(�����qnzk�%�kDgU��g�g�n �{`�v kDh�g'� kDlmh�tua�n<aU��g���k��jn
s'�ykMb*g�h�tpa�n<!

U`�g oqtpa�ldn(��kMb��ykMg �#�/��k'� � v �L��� � ��h 9	k��3%�bms��PkMgF��lmh�tpa�}�� kMbmlmtpa�g�kMh/��kMg��ykMg NFkDh � ��h �/��kMb ��`�l kDh�g�kMv r�h � �
� k%nzbu��tua^nzk%n<!'" ��g�g*�<h�b��5�U��l<� kMlu��v/n8�yh � � i�kMbm�@��kDh�g�kDbdn ��kMl4��kMb���kDg*�<h�k���kMb��L� ��k�NFkDh � ��h/� ��kMb
� k%nzbu��tua^nzk%n�`�g��
lmsQ��kDhjnzkMb�!�� `y|>�yh�kMlmk1U kMh lmk lmh�g�� �L� ��k1� s�nzkDg�nzh�k��/��kMg � kMlmh�tpa�nzkMb�h�g���kDb�bmh�tua�nzh/%�kDg?� b����Pk/h g4kDh�g�kDv � � v��L�
� � �
hR9{k��UcWN8kMv(�����qnzk�kMbm|[��lmldn<!'"�h�k )�sPbdi�kMbu��b�� kDhjnz`�g�%��U��lmldn�g	`�g=��h�k � kDlu�qv�nza�k��/��h %P�PkMhjn
�ykMb3N8kMv(�����qnzkMl���g
`�g��'|�}ya�bdn<kMh�gyk A h ldnzs %Pbu��v v ��g�%,��kMh�tpa^`�g�%7�y`�bmtua�!
" h�k lms7kDbmaU�L�jnzkMgykMg)r�h �/��kMb�lmh g��=�yh�k�C
h�g�%^�L� k |~}�b�kDh�g)g�kD`�bmsPgU�L��kMl*� k%n8�:��kDbm���'� �ql*kDg�nzlmtuaykMh ��kMn �	s,�4kMl�lmh tua
`�v kMh�g�� kDlmh�tua^n�aU��g���k���n s@��kMb g�h�tpa�n<!W"�h�k4iPkDbmldnzkMtp��nzkDg C
��kDv kDg�nzk$��kDl � kMn8�:��kMbm�PkDlQ� kMnzbu�qtpa�nzkMg �U�L� kDh
iPkDbmlmtua�h k���kDg�k�bmk��Mk���nzhji�k �yk�� ��kMbD��`�g��'lms kMbmaU�L�jnzkDg=��h k � kD`�bmsPg�k1N8kMh/� ��h � �ykMbV��kDl�N8kMv(�����qnzkMl<�L��l�C
h�g�%^�L� kX!
wxg ��kMb.����tpa'� k ��b�� kDhjnz`�g�% �<h�b�� kMh g�� kDlmh�tua�n g^`�bB�U��g�g#��g kMh g�kMb7��sPlmhjnzh�sPg��#� l � kMlmh�tpa�n7kMbm�P�qgyg�n �.��kDg�g
��sPbdn/��g v kMa�bmkDbmkMgS��sPlmhjnzh�sPg�kDg?`�g�� |~}�b i�kMbmlmtuayh�k���kDg�k��^���L��kDgS�U��l�� kMn8�.kMh�gyk7� sPlmhjnzh�iPk7� `yl�%��L� kQ��h�kM|~kMbdn<!
�^s.����g�g=��h�k�� g�� ��a���|[�#� lmtua5� sPlmhjnzhji�kMbVC
g�nzlmtuaykMh ��`yg�%PkMg>���L��lms7��h�kJ
��qa�� ��kDb�|]oL��lmtpa���h�tpa�kMb;��kDh�lmk �L��l<� kMlmh tua�n
�'�~�qlmlmh/?��Mh�kDbdnzkMb�r�kDbmkMh�tpa�kP����kD`{n8��h�tpa)bmk���`��Dh�kMbdn���kMb���kDg�!
wxg � � 	 ldnzk�� �jn Y ��gU�L��k kDh�g�k(C�b;��kDhjnzkMbm`yg�%���h�kMlmkDl7�XM{ldnzkMv l�i�s�bD�Fv hjn1��kDv�kMl/g	`�g ��`�tpa v �,%,��h�tpa h ldn �>h�v
r�h/� �=%Pk���bmkDa�nzk�� kDlmh�tua�nzkDb��M`'kMbm�PkDg�g�kMg.!
A h�kDb�� kMh��<h b���kDh�g�g�kD`�bmsPgU�L��kMl�� k%n8����kMbm�Q�U��bu��`�|�nzbu��h�g�h kMbdn �X��kDg(U h�g��Pk��P�D`�lmtpaUoqn8�MkDg>�	`�v ��kDg5�U��l3N8kMv c

�����qnzkP��`�g�nzkMbW�ykMb � gyg�gU��a�v k��L�U�!��kMl�kDh�g�� kMlmh�tpa�nW�DkMh %�n �#%Pk���bmkMa�n�h ldn<!q� `�g7�<h b��7�U��l�NFkDvQ�����qnzk�`yv �yh�kMlmkDg
U�h�gy��k�� %Pk��ybmkMa�n<`�g��$�U��v hjn�kMh g)v �,%,��h�tuaykMl<� kDlmh�tua�n<h�g4kMh�g�k/�q`y|�bmkDtua�nzk6��sPlmhjnzh�sPg=%PkMbm}�tp��n<!�" ��v hjn*h�ldn��U��l
lmtua�sPg�kMb��~oq`�nzkMbdnzk.�XM{ldnzkMvCh g���kDb�+:�L%Pk1�D`�kMg�nzlmtpa�kMh/��kMg>�ys,�?��g���h kMlmkMb �:sPlmhjnzh s�g��<h�bm�@��h�tpa)kDh�g?� kDlmh�tua�n	�M`
lmkMa�kDg4h ldn<!
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������ ��! � � � kMlmh�tpa�nzkMb�?�g���kMg'v h�n�gykM`�bmsPgU�L��kDg4� k%n8�DkMg4gU��tua Y ��gU�L��kX!�" h�k6�	����h/� ��`�g�% kMg�nzldnp��v v�n � � 	 !


������ ��! ��� _<s�np�qnzh�sPg�lmh�g�i��qbmh~�qg^nzkMl�� kMlmh�tpa�nzkMb�?yg���kMg.v hjn8g�kD`�bmsPgU�L��kMg�� kMn8�MkMg/gU��tua Y ��gU�L��kX!<" h�k
�	����h/� ��`�g�%
kDg�nzldnp��v v�n � � 	 !

-`" IJ"543%('!�t)
"/�ql��XM{ldnzkMv i�sPg Y ��gU�L��k)h�ldn.h g ��kMb7+:�L%PkP�>��h�k v kDh�ldnzkMg�� kDlmh�tua^nzkMb.h�g kMh�gykMv r�h � �&�M` ?�g��ykMg>�>��kMh�kMhjc
gykMb�lmkMayb4%�kDbmh�g�%PkMg=
���a�� |]�L��lmtpa(� sPlmhjnzh�iPkDb�C
g�nzlmtuaykMh ��`yg�%PkMg�!'C
l4�MkMh tua�g�kMn�lmh�tua)�L� kMb�g�h�tua^n�g^`�bV��`�bmtpa*��h�kDlmk
_�s �y`�ldnza�kMh�n �q`ylD��lmsPg���kMbmg�h�ldn�� �#��kMh8�q`ytua'lmkMa�b<lmtuayg�k�� � !
�	�/��kMb���h g�%PlB� h�kM|~kMbdn kDl k�� kDg#g^`�b*��h�k���sPlmhjnzh�sPg�kMh g�kMl)� kDlmh�tua�nzkDl�!�� hjn(��kDv h�v |~s �/%�kDg���kDg �U��b�%PkMldnzk�� �jnzkDg
)
kMbm|[��a�bmkMg ��kMb�� bu�#�ya�kMgU��g�� �qlmlm`yg�%4kMbma o#��n v���g?a�h g�%Pk�%PkMg?g�h�tpa�n�g^`�b6��h�k7��sPlmhjnzh�sPgS��kMl�� kMlmh�tpa�nzkMlD��lmsPg{c
�ykMbmg���`�tpa$��h�k���sPlmhjnzh�sPg)v �qbm�P��g�nzkMb3�
`�g��^nzkP�@�<h k���h�k�� `�%�kDg{c�s@��kDb*��`yg����<h�g��Pk���s'�ykMb3�yh�k ����lmkMg�l��yhjn8�MkX!
"/�qv hjn.h�ldn.|~}�b7��h�k5� `�| %��L� k5��kDb � kDlmh�tua�nzlmkDbm�PkMg�g^`yg�%?kDh�g�k5%^�qg��(��kDlmkMg�n8� h�tua�k5� b�� kDhjn �.�U��l.��h�g���kDg i�s�g
Y sPbmbmkMl�� sPg���kDg��MkDg>�ylmtua�sPg�%Pk���kDh�ldnzk%n �@�*��l��U��l �XM{ldnzkMv i�sPg Y ��gU�L��k g�h�tpa�n*i�kMbmv��L%�!

# ��� � $4= ��;F;F2)$(' +7- $ HJ9 �/=)G4(*$
U h�k lmtuays�g h�g �ykMb1�
bms,����kMv ldnzk�� � `�g�%4��g�%Pk���kM`{nzkMn � �<`�b���k �qv wxg�ldnzh�nz`{n |�}�b � kD`�bmsPh�g�|~sPbmv��qnzh��'kDh�g ��h�s,��s�c
%Ph�lmtpa'v s�nzhji{h�kMbdnzkDl
)
kMbm|[��a�bmkMg'kMg�nK�<h�tp�Pk��jn �{`�v i{h�lm`�k��/��k	C
bm�PkMgyg^`�g�%Plu��`�| %��L� kDg��D`$���PlmkMg�!
C
l��<`�b���kDg)��nzbm`��^nz`�bmkDg h�g(��kMb
��bmh�v o�bmkMg �^kMaybmh�g���k<kMg�n8�ykMtu�^n �,��h�k ��`�| ��kMv i�sPg(��kMg(� `�%PkDgB�*��a�b�%PkMg�sPv c
v kMg�kDg r�h � ��kDh�g�k���sP���L��k'� kMbm�	v��L��lu��gU�L�RM{lmk$��`ybmtua�|~}�a�bmkDg�!�" h�kDlmk'lms,%PkMgU��g�g^nzkMg lmh�vQ����k4tMk�� ��l bmk �L%Ph�kDbmkMg
��`�| H ��I kD��nzk����<h�k��,! r�! Y �qg^nzkMg>� `�g��?h�a�bmk._<k ���^nzh�sPg�h�ldn i�sPg ��kDb _<h�tua^nz`�g�%5�ykMb Y ��g�nzk �L��aUo�g�%Ph %�! � �P���
|[��g���kDg��PsPg�kMl/`�g��&���#� v kMb � @ 	 ��`�bmtpa e g�nzkMbmlm`�tpa^`�g�%PkDgX�qg Y � n8�DkMg�%PkDa�h�bmg�kDg a�kDbu��`�lD�.�U�!����h�kDlmk=
Uk�� ��kDg
kDh�g�k���sP�P�#� k��Ubmk��^`�kDg�� ��gU�L�RM{lmk<��`�| ��kDv r�h � �B��`�bmtuay|�}�aybmkMg�!X" ��lW� g�nK��sPbdnmi�kMbma �#��nzkMgQ��kMb�lmh�v(����k�tDk�� � l�����g�g
�y`�bmtua ���L� sPbm|�`yg��^nzh�sPg�kMg.v s'�yk�� ��h kMbdn ��kMb��ykMg>�L��h k*�L��l���h �jnzkMb��q`y|P�U��l�r�h/� �7��g�%Pk:��kDg���kMn ��kMb��ykMg�! C
h�g�k<���qc
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������ �@! ��� C
h�g{c�`�g��$����kMh �yh�v kDg�lmh�sPgU�L��k ���L� sPbm|�`yg��^nzh�sPg


������ ��! � � � g�nK��sPbdnmiPkDbmaU�L�jnzkMg$��kDb*� kMbdi�kMg��Dk�� � kMg)`�g�����kDb ���L� sPbm|�`�gy��nzh s�g � @ 	

� sPbm|�`�gy��nzh s�g h�ldn6�U��l��
bms@��`��^n kMh�gykMb k���kMg�kDg�U k�� ��k�v hjn kDh�g�kMb `yv a^}��/��kMg��ykMg ����` �P|~`�g��^nzh�sPg�!>�	��kDh�tua	`�g�%
�@! � �MkDh %�n���h�k/�L� � %PkDv kMh g�k �UsPbmv�!

G(~a) = A · exp
(

−1

2
(~a − ~a0) · D0(~a − ~a0)

)

· exp
(

−i~k0 · ~a
) Bf�@! � C

A h�kMb�� kDh�h�ldn
D0

kMh�g�k6� sPlmhjnzh�i*��k�?�g�hjnzk �?�qnzbmhR9 !
A
� ~k0

`�g��
~a0

lmh g���� k���h k���h %Pk����qbu��v k%nzkMb�!
" h�k6� g�nK��sPbdn���kMl ���L� sPb�?��jnzkDbml�kMbma o#��n*v���g$�y`�bmtua�� �L�jnz`�g�%Q��kDb�C
h�g�%^�L� k�v hjn���kDb ���L� sPbm|~`�g��^nzh�sPg�!

OG(I,~a0) =

∫

I(~a) · G(~a0 − ~a)da2
Bf�@! @MC

� g�lmtuaU��`�� h�tuaF� k��ykM`{nzkMn5�yh�k?� �L�jnz`�g�%y�V�U�!�Xv���g |~}�b�Idk���kDg � `yl�%��L� k���`�g��^n
O

��kMg � �L�jnz`�g�%Plm�PkMbmg B ��h�k
���#��s�bm|~`�g��^nzh�sPgTC:��gB��h�kMlmkDb
��nzk�� ��k�}�� kDbW�U��l�r�h/� �7��k�%�n�`�g��Q��h�k3�
bms'�y`��^nzk*��`�lWC
h�g�%^�L� k�`�g��7���#��nz`�g�%Plm�PkMbmg
|�}�b���h kMlmkMg&�
`�gy��n ��`�|�lm`yv v h kMbdn<!�� `�|���h�kDlmk(U kMh lmkQ�<h�b�� kDh�g�k*� s��P�L��k���kMbm�	v �#� lu�qg �#� M	lmk(�y`�bmtua�%PkD|�}�aybdn �
��h�k/�:h/�jnzkMbu��g�nK��sPbdn�bmkq�#%Ph�kDbdn ��`�|��ybmk ��`ykMg��DkMg>�P��h�k/h�g�_<h�tpa�nz`�g�%*��kMb k�� kDg�kMg�U k��/��k1��h�k�%�kDg'`�g�� ��`�bmtua ��h�k
���q` ��|~`�g��^nzh�sPg$��sP���L� � k�%�bmkDg��%n<lmh�g���!
��kMlmlm`�g�%�kDg'kMb�%Pk�� kDg4kMh g�k�lmkMa�b�%P`{nzk �	� kDbmkMh�gyldnzh�v v.`�g�%7�:�<h lmtua�kDg 
Uk�� ��kDgU��g�nK��sPbdn<`�g��?���L� sPb�?��jnzkMb � @ 	 !
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"�h�k�r�k%nzbu��tua�nz`yg�%Pl;��kMh�lmk i�s�g&" kMgykMl7���L� sPbJ�*��b.�L� ��kMb��yh�g�%Pl kMh�gyk(%���g��)��g���kDbmkP�Fg�h�tpa�n���h�s,��s,%Ph�lmtpa v s�nzhjc
i{h�kDbdnzk,!
r�kMnzbu�qtpa�nzk%n�v ��gB��kMg��q��c-�yh�v kDg�lmh�sPgU�L��kMg7�
aU��lmkDg�bu��`�v'� �ykMb���`�bmtuaQ��kDg ��c-��h�v kDg�lmh�sPgU�L��kDg H bdnzldcF`�g��Q��kMg
��c-�yh�v kDg�lmh�sPgU�L��kMg)wxv(��`���lmbu��`�v %Pk�%Pk�� kDg)h ldn �{`�g��$�y`�bmtua���h�k6�U�L���<h�lmtua�kDg���k�?�gyh�kMbdnzk��ysP`�bmh kMbdnzbu��g�lm|~s�bmv��

F̃ (~k) =
1

√
2π

N

∫

F (~a)ei~k~adan Bf��! � C

F (~a) =
1

√
2π

N

∫

F̃ (~k)e−i~k~adkn Bf��! � C

lms ����g�gXv ��g �MkDh %PkMg>� �U�!� ���<h�lmtua�kDg H bdnzldc�`yg����Ubmk��^`�kDg��Mbu��`�v kMh�gyk)e g�lmtuaUo�bm|~kMbmk����qnzh�sPg ��kMldnzkMa^n �>�yh�k
��kMlu�L%�n � �U�!�$�U��l1�
bms'�y`��^n6�ykMb�)���bmh���g��MkDg h�v H bdnzldc<`�g�� �ybmk��^`�kDg��Mbu��`�v g�h�k7`�g^nzkMb�kDh�g�kDg |�kDldnzkMg U kMbdn
lmh g��PkMg'����g�g�!

N
∏

i=1

4ai(F ) · 4ki(F̃ ) ≥ 1

2N

Bf��! � C

C
h�g��'� k��Mh��L��|[�L� ��a�h kMbdi�sPg h�ldn���h�k e g�lmtpaUo�bm|�kDbmk����qnzh�sPg �ykMb � `U��g�nzkMg�v kMtpaU��g�h�������h�k(��kMlu�L%�n ��� � � H bdn/`yg��
wxv(��`���l*kDh�g�kDl�NFkDh ��tuaykMg�l*g�h�tua^n�% � kMh�tpa��MkDhjnzh %�k�9y�q�^n<v kMlml�� �qb<lmh�g��.!

4x · 4px ≥ ~

2

Bf��! �M� C
"�h�k iPsPg$"�kMg�kDl ���L� sPb*kMg^nK�<h�tu�Pk���nzk ���L� sPbm|~`�g��^nzh�sPg)a � n��yh�k6C�h/%�kDg�lmtua �q|�n ���U�!�7|~}�b*lmh�k6�U��l��
bms'�y`��^n���kDb
)���bmh���g��MkDg�v h�gyh�v��L�>h�ldn ���L��lms�h�g���kDb�e g�lmtpaUo�bm|�kDbmk����qnzh�sPg��U��l �	��kMh�tpa�a�kDhjnzl��MkDh�tua�kDg4ldnzkMa^n<!P" ��v hjn�lmh g����yh�k
���L� sPbm|~`�g��^nzh�sPg�kDg7s,�{nzh�v��L��h�v H bdnzldc��<h k�h v �ybmk �^`�kMg��Dbu��`�v ��sP�P�#� h�lmh�kMbdn<!qwxa�bmk�� g^nK��s�bdnzkDg lmh�g�� �Ps�v(����k�9	k

���a���kDg�!
��}�b���kDg$C
h�gylu� n8��h�g���kMb<r�h � ��iPkDbu��b�� kMhjnz`yg�%���kMb���kDg���h�k6���qbu��v k%nzkMb*l���k��Mh k�� � %�k��*o�a��jn<!
"Q! ��!��:h k�� � a � n |~kMldn8%PkMldnzk�� �jn � � 	 �>�U�!� h�g �ykMb7�Us�`ybmh�kMbmkDbdnzbu�qgylm|�sPbmv h kMbdnzkMg i�sPgXgU�qnz}�b���h�tpa�kMg�r�h/� ��kMbmg �U��l
� v(����hjnz`���kMg �^`U�L��bu�qn �^�L��lms/lms/kMnK�*��l��<h�k��ykMb
wxgy|�sPbmv��qnzh�sPg�l�%PkDaU�L�jn �,��bms,� sPbdnzh�sPgU�L�yv h�n
��kMv Y kMa�b;��kDbdn4��kDl

� `U�L��bu�qnzkMl���kMb<�ybmk �^`�kMg����L��g�h�v v/n<!
e vJkMh�gyk�s,�{nzh�v �#� k Y s@��h�kDbm`�g�%5��kDb wxg�|~sPbmv��qnzh�sPg �M` kDbmbmkMh�tpa�kMg `yg��?`�v ��hjnmnzk��R��kMbdnz|~bmkMh�aykMhjn��D` %Pk:�*o�a�bdc
� kMh�ldnzkDg>�{aU�qn���h�k��qv wxg�ldnzh�nz`{n*kDh�g�%PkMlmkMn8�%nzk �U`�g��^nzh�sPg4|~s �/%�kDg���k��ysPbmv �

G(~a) =
~k2

~σ2
exp

(

−
~k2(~a − ~a0)

2

2σ2

)

·
(

exp
(

−i~k(~a − ~a0)
)

− exp

(

−σ2

2

)) Bf��! ��� C

"/�#��kMh>h�ldn
~a0

��kDb<��h�nmnzk�� ��`yg��^n3��kMl�U k�� ��kMg��M`�%PkMl�`�g��
~a
kMh�g=)�kD�^nzs�b���kMl�� b�%P`�v kDg�n8� kDbmkMh�tpa�l�!

� kDa�n v ��g��U�MiPsPg ��`�lD�P� � � kMl�kDh�g�k7� bmkDg��M|~bmk��^`�kDg��/|�}�b	��h�k/h v r�h � � ��`�|�nzbmk%nzkDg���kMg �^nzbm`��^nz`�bmkMg�%Ph �{n �Ulms
bmkDh�tua^n�|�}ybV�yh�k	"/�qbmldnzk�� ��`�g�%�kMh g�kMl�r�h �/��v kDbm�^v �L��l
kMh�g�k kMg�����h�tpa�k	��h�lm�	bmk%nzk1
���a��F��g'�^�P�L��kMg�B]`�g�� H bmh kMg�nzh�kMc
bm`yg�%PkMgTC ��`�l�! wxv nzkDtua�gyh�lmtua�kDg C
h�g�lu�qn8�J�<h b���kDh�g �{�qn8�/i�sPg?��h �jnzkMbmg�kDb��MkD`�%�n �P��kDb h�v �L� � %PkMv kMh�g�kDg ��`�l �
i�kDbmlmtua�h�k���kMgykMg'�	���L��kMg v hjn.Idk � i�kDbmlmtua�h�k���kMgykMg H bmh�kDg�nzh�kDbm`�g�%PkMg*��kMldnzkMa^n<! A h kMb�� kDhP%Ph �jn

σ = 2π
`yg��)|�}yb ~klmh g�����h�k�)�kD�^nzs�bmkDg)|~}�b���h�k��^�P�#� kMg4`�g�� H bmh�kDg�nzh�kDbm`�g�%PkMg=�<h�k�|�s,� %�n �

~ki =

(

kν cos θµ

kν sin θµ

) Bf��! � �MC
i = ν + (νmax + 1)µ

Bf��! � � C
kν = 2− ν+2

2 π,
v hjn

ν =
� � ! ! !j�

νmax

Bf��! �%� C
θν = µ

π

µmax + 1
,

v hjn
µ =

� ��!R! !j�
µmax

Bf��! �D� C
UX�ql��^�P�L����`�g�� H bmh�kMg�nzh kMbm`�g�%=��kMl����L� sPbm�PkMbmg�l�h�v H bdnzlmbu��`�v lmh�g��F� g oqv(��h�tpa �Ubmk��^`�kDg��7`�g�� _�h�tua�nz`yg�%
�ykMb U k�� � kP�Mlmh�g��/h v �Ubmk��^`�kDg��Mbu��`�v ��kDb �	��ldnp��g��J��kDl:��h�nmnzk�� ��`yg��^nzl��ykMb�����` �,%,��s	tu�Pk�iPsPgJ�ykMvS� `�� � �y`�g��^n
`yg�����kMb�U�h g��Pk���i�sPg4kDh�g�kDb��ybmk �^`�kMg��q��tua�lmkX!
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������ ��! @ � ����` �,% � s^tp�PkMg |~}�b � �	���L��kMg `�g�� � H bmh�kDg�nzh�kMbm`yg�%PkMg�h�v �ybmk �^`�kMg��Dbu��`�v�! " h�k7�*tua�lmkDg lmh g�� ��h�k
�ybmk��^`�kDg�� ��tpa�lmkMg

ω1

`�g��
ω2

!

" h�kMlmk � g�nK��sPbdnzkMg ��kDl)��h �jnzkDbml �P�qgyg�v ��gF�D` kMh�g�kDv �P� ��h v kMgylmh�sPgU�L��kMg )
kM�^nzsPb=�M`�lu��v v kMgy|]��lmlmkMgF��h�v
|�s,� %PkMg���kMg �yk ����n B]�Uk �qnz`�bmk%c �	k%naC�%�kDgU��g�g�n<!8� sPbmv h kMbdn/v���g&��h�kMlmkDgO)�kD�^nzs�bD�Flms h�ldn�kDh�g )
kMb�%,��kDh�tuaO�:��kDh�kMb
�yk ����nzl<}�� kDb*kMh�g4kMh g�|]��tpa�kMl �^�P�L����b���bms@��`��^n���kDb3)�kD�^nzs�bmkDg)v �,% � h�tua�!
�:}yb	��h k7r�kDbmkMtpa�g^`�g�%=�ykMb�0 a�g���h�tpa��PkMhjn	����kMh�kDb )�kD��nzsPbmkDg ~b

`�g�� ~b′ � � kMh ��kMg�kDg?lms���sPa��W��kMb��	��lms,��`{nK��kDbdn
�#� l���`�tpa(�yh�k��
aU��lmkMg�h g�|�sPbmv � nzh s�g(� kMbm}ytu�	lmh�tua^nzh %�nW�<h�b��F�Ph�v |~s,� %PkMg��ykMgQ�	�yl���a �qlmkD�ykq�P�^nV%�kDgU��g�g�n �X%Ph �jn
��h�k
0 a�g���h�tpa��PkMhjnzlm|~`�g��^nzh�sPg �

sAbsPhase =

∑

~k
b~k

b′
~k

cos
(

ϕ~k
− ϕ′

~k

)

√

∑

~k
b~k

2
∑

~k
b′
~k
2

Bf��! � @MC

U�h �/�Uv �qg g^`ybV�yh�k	�	��lms,��`{nK��kDbdnzk�|~}�bV��h�k r�kDbmkMtuayg^`�g�%B��kMb30 a�g���h�tpa��PkMhjnzkDg(��kMg^`{n8�DkMg>�	|]oL� �jnV�ykMb�tDs�ldc N8kMbmv
��k�%�!

sAbs =

∑

~k
b~k

b′
~k

√

∑

~k
b~k

2
∑

~k
b′
~k
2

Bf��! �q� C

r�kDh�kDb;�*o�a�g�nzkMb*� sPbmv h�kMbm`�g�%7|]oL� ��n3��kMh���h�kMlmkDg�N8kMbmv kDg=� �qgyg���`�tpa���kMb*� kDg�g�kMb3��k�%�!
�:}yb��yh�k1" ��bmldnzk�� � `�g�% kDh�g�kDl � kMlmh�tpa�nzkMl � kMnzbu��tua�nzkMn<v �qg���h�k/�ykq�P�^nzl ��g�� kDlmsPg���kMbml�v �qbm�P��g�nzkMg���`yg��^nzkMg>�
��h�k�v ��g*� kMh�tpa�n�h�v � kDlmh�tua�nV�<h�k���kMb�?�g���kMg ����g�gF�X�<h�k �
`��yh � ��kDg s@��kDb����qlmkDg�l���hjn8�Dk,!'"�h�kMlmk	��`yg��^nzk���kMb��ykMg
+:��g���v �qbm�PkDg$%PkDgU��g�g�n<!ywxg���h�kDlmkMb�� b�� kDhjn3�<`yb���kMg �^� +:��g��yv���bm�PkMg ��`�|�gU�qnz}�b���h�tpa�kMg'`�g�� � � ��`�|��	}�g�ldnmc
��h�tuaykMg � kMlmh�tpa�nzkMbmg i�kMb;��kDg���k%n<!�" h�k(C
bma �Pa^`�g�%���kDb1+���g���v���bm�PkMg�� ��a����q`y|V��kMg �	}�g�ldn8� h�tua�kDg � kDlmh�tua^nzkMbmg
|�}�aybdnzk6�U�L�M`F���U�!�(� kMh���s�lmkDg�iP��bmh��qnzh�sPg�kDg)v kMa�b�+���g���v���bm�PkMg4lmh�tpa�n8�U��b�����h�k���kMg�!
e vCwxg�|�sPbmv � nzh s�gykMg4}���kMb���h k buoq`yvQ��h�tpa�k1� g�sPb���g^`yg�%(�ykMb �L��l Y g�s�nzkMg�� k��DkMh�tpa�g�k%nzkDg$�
`�g��^nzk.�q`yl��M`�g^`�nmc
�MkMgdB �U�!�B�,! r	!���kMhF��`�|~bmkMtua^nzkMg � kMlmh�tpa�nzkMbmg$��h�k�� `�%�kDg)}�� kMb���kMb*���qlmk�lmhjn8�DkMg)`�l;�J! Cp�@��kMb��ykMg$��h�k Y g�s�nzkMg
v hjnmnzk���l Y ��g�nzkMg i�kMb���`�g���kMg�`�g���lms��M`�kMh�g�kDb�� bu�#�ya�kMg�ldnzbm`y��nz`ybD��h�v ��kMh�nzkMbmkMg���s@��k��/� %Pbu�#�ya � � 	 %PkMgU��g�g^n �
�M`�lu��v v kMg�%PkD|]��lmldn<!PC
h�g?r�h � ��kDh�g�kDl�lms,��tuaykMg � bu�L��a�kDg �q`y|�kDh�g�kMv � kDlmh�tua�n h ldn h�v Y �L��h�nzk��8}�� kDb	��h�k/i�kMbdc
��kMg���kMnzkMg$"/� nzkDg4h�g$�	����! � ! �7�M`4lmkDa�kMg�!
e v v kMa�bmkDbmk/� kMlmh�tpa�nzkMb*h�g)kMh g�kMb3" �qnzkMgyldnzbm`��^nz`�b3�M`�lu��v v kMg��D`�|[�qlmlmkDg>�@%Ph ��n�kDl3�U��l Y s�gyldnzbm`��^n���kDl*r�}�g{c
��k�� %Pbu�L��a�kDg's@��kDb�r�`�g�tua�%�bu�L��aykMg � � 	 !ywxg�h�a�vCa oqg�%�kDg?��gQI k���kMv Y g�s�nzkDg���h�k1) h�k�� � ��a��8�L� ��kMb<�ykq����nzl ��kMb
I k���kMh ��h/%�kDg?� kDlmh�tua�nzkDb�!P�	����!���! � i�kMbu��g�lmtpaU��`���h�tpa�n���h�kDl	%�bu�L��ayh�lmtua�! �	����!��(�MkDh %�n�kDh�g�kDg ���L� sPb�?��jnzkDbD�Uv hjn
��kMv kMh�g C
h�g^nzbu�#%S��kDl.�Uk ����nzl7kMb��DkM`�%�n7�<h�b��>��h�g �Xlmh�kMa^n7v���g lmtuaykMv��qnzh�lmtpa ��h�k�
 `�lu��v v kMg�|[��lmlm`�g�% �M`
kMh�g�kDv �Uk ����n�`�g��#h�g#t4h ldn(�U��g�g �yh�k?� bm`�����h�kDbm`�g�% i�kDbmlmtua�h�k���kMgykMb �Uk ����nzl*�M`#kMh�gykMv r�}�g��yk�� %Pbu�L��a�kDg
�U��b�%�kDldnzk�� ��n<!Fr�kMldnzkMa^n�kDh�g r�}�g���k�� %Pbu�L��a v hjn � � Y gys�nzkDg&�D`�v r�kMh l���h�k��
g^`�b ��`�l � � bu�#�ya�kMg>�8lmsS����lmlmkMg
lmh�tua$� �qv hjn

552
i�kMbmlmtuayh�k���kDg�k�� kDlmh�tua^nzkMb*�PsPv���h�gyh�kMbmkDg�!

�:}yb���h�k.wK��kDg�nzh ?��P�qnzh�sPg�kDh�g�kMl/� kMlmh tua�nzkDl h�g?kMh�gykMvJr�h � � `�g��S��h�k7C
bm�PkMgyg^`�g�%$��h�kDlmkMb��:kDbmlmsPgS��`�bmtpaS)�kDbdc
% � kMh�tpa4v hjn�kMh�g�kDb�" �qnzkMg@�U��g��5�<h b����U��l�)
kMbm|[�qaybmkMg��ykMb r�}�g���k�� %Pbu�#�ya�kMgU��g�� �qlmlm`yg�% s'�ykMb ��kMl r�`�g�tua�%�bu�qc
��a�v��qnztpa�h�g�%Pl���g�%Pk:��kDg���k%n<!
" �L� kMh �<h�b�� ��kMb/r�}�g���k�� %Pbu�#�ya }���kMb6� �ql/r�h � �S��k:��k�%�n `�g��O��h�kB0 a�g���h�tuay��kDhjn6��kMb h�v r�h �/�S� k�?�g�����h tua�kDg
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image graph

general facebunch graph Gabor wavelet jet 

bunch of  
  jets 

a: b: c: cba


������ ��! � � "/�qbmldnzk�� ��`�g�%B��kMl<r�}�g���k�� %Pbu�L��a�kDg

�Uk ����nzl�v hjn ��kDg�kMg7h v r�}�g��yk�� %Pbu�L��a�kDg�i�kMb�%,��h tua�kDg.`�g�� �q`ylW��kMg o�a�g���h�tuayldnzkMg.�ykq����nzlW��h�k<� kDlu��v/npo�a�g���h tua{c
�PkDhjn�� kMbmkDtua�gyk%n<! wxldn kMh�g �	tuaX��k�� �R��kMbdn }�� kMbmlmtpa�bmhjnmnzkMgF�Ulms5�<`�b���k7��gS��h�kDlmkMb ��nzk�� ��k/kDh�g � kDlmh�tua�n6%PkM|~`�g���kDg�!
�	`�tua�n�v���g g^`�b/gU��tua kMh g�kMv � kDlmh�tua^n ��lms$�*o�a��jn/v���g �yh�kQ�:sPlmhjnzh s�g v h�n6�ykMb a �	tuayldnzkMg 0 a�g���h�tuay��kDhjn/�L��l
��sPlmhjnzh�sPg$�ykMl � kMlmh tua�nzkDl�!
r�h�lmaykMb��<`�b���k ��kDb�� bu�L��a�g^`�b�ldnp��bmb
}�� kMb4�U��l�r�h � �(� k:��k�%�n<!P��}�b
kDh�g�k�%PkMgU��`�k ��sPlmhjnzh�sPg�h�kDbm`�g�%1��kDb
+:��g���c
v ��bm��kDg %Ph �{n kDl7v kMa�bmkDbmk4r�k���k�%P`�g�%Plmv s@��h B]v s i�kMlECp� ��h�k4}�� kDb kMh�g ����bu��v kMnzkMb�?�� k=��h�k'r�k���k�%P`�g�% ��kDb
Y g�s�nzkMg'ldnzkM`ykMbmg�!

� p OT�!ov 1ST;*OT �w�S=UT"
wxg(�ykMv lmtuays�g(��kMlmtuaybmh�k�� kDg�kMgF��v kDh�ldn�kMbmldnzkDg>����s iPk��<h�b��Q��kDb�� bu�L��a ldnp��bmb�}�� kDb��U��l
r�h � �B��k:��k�%�n<!," �L� kDh
h ldn4��h�k C�h g�ldnzk�� � `�g�%1��kDb��^tpa�bmhjnmnK��kMh�nzk*`�g��*��h�k�� g�%��L� k�kDh�g�kMb
_<k�%Ph�sPg v � %,��h tua>�P`�v lmsJ�U��l�r�h � �(�M`�g oqtpa�ldn
%Pbms,� �L���M`{np��ldnzkDg>�{`yg����U��g�g'h�g4kMh g�kMvA�U��lmlmkMg���kMg�r�kMbmkDh�tua$%PkMgU��`�kDb*gU��tpa4kDh�g�kDv � kMlmh�tpa�n �M`4lm`�tpa�kMg.!

� p OT� � p OT #"���� wxS=U7"
A h kMb(�<h�b�� ��kMb*%PkDlu�qv�nzk � bu�L��a h�g���c�`�g���� cf_�h�tua�nz`yg�% lm���L��h�kDbdn ��aU��`��{nzlu��tua���h�tua `�v lmh�tpa���g `�g�nzkDbdc
lmtpa�h�k�����h�tpa5%Pbms���k�� kMlmh�tpa�nzkMb<��g��M`��U��lmlmkMg�!�wxg=� k�%PbmkDg��%nzkDv �?�!�Pk h�ldn*kMl<�L� kMb�lms ��`�tpa)v � %,��h tua>�^lmh tua)kMh g�kMb
��sPlmkMg^iP��bmh��qnzh�sPg �qg��M`��U��lmlmkDg�!." �4|~}�b/kMh�gO��kDh�tua^nJ�M`�b7�	kMhjnzkQ��k�%,%Pk���bmkDa�nzkMl7� kDlmh�tua^n���h�k���kDbm�	v��L��k h�g 9	c
_�h�tua�nz`yg�%)gUo�a�kMb/�qgykMh�gU��g��ykMbmbm}�tp��kDg>������g�g v���gS��kMg � bu�#�ya�kMg ��`�bmtua kDh�g?`�gU�L��aUo�g�%Ph %PkDl/�^���L��h kMbmkMg ��kDb
9	c
`�g��$M	cf_<h�tpa�nz`�g�%Q��h�kDlmkMb���sPlmkMg�i���bmh��qnzh�sPg'��g��U��lmlmkDg�!

� p OT�*fhStp OT �w�S=UT"
A h kMb��<h b��QIdk���kDb Y g�s�nzkMg kDh�g��Mk���g�h�g lmkDh�g�kDv e v |~k�� ����k:��k�%�n<!P" � a�h kMb�� kDh ��kMb � bu�L��a �ykM|~s�bmv h�kMbdn �<h�b��F�
%Ph ��n kMl kMh�gykMg'nzs,� s,%Pbu�#�ya�h�lmtuaykMg � ���^nzs�bD�P�ykMb ��kMh8h�v v kMb�ldnpoqbm�PkDbmkMb "�kM|~s�bmv �qnzh�sPg���kDg�0 a�g���h�tuay��kDhjnzl;��kMbdn
i�kDbmbmh�g�%PkMbdn�`�g�� lms/kMh�g(�D` ldnp��bm�PkMl
U ��g���kDbmg*��kMb Y g�s�nzkDg i�kMbmayh�g���kDbdn<!	�^tpa���h�k � � h�tua lmh�g��^n�v h�n
ldnpo�bm��kDb���kDbdc
�ykMg���kDb3" kM|~sPbmv��qnzh�sPg*��kDl<� bu�L��a�kMg=�yh�k UX�qaybmlmtua�kDh�g���h�tpa��PkMhjn �X� � �7�yh�k	+���g���v���bm�PkMg h�v v kDb�g�s	tua)bmh�tpa�nzh %
� h�k�%PkMg.!

Nv�1kLO746�#%	�*w�S=UT"
r�kDh ��kMv " h�l�� �qbmh�nKM{� sDi�k1�<h b���}���kMb	��h�k���a �qlmkDg�h�g�|~sPbmv��qnzh�sPg���h�kJ)�kDbmlmtua�h�k���`�g�%5��kDb Y g�s�nzkMg %PkMlmtpaUoqn8�%n
`yg��5��kMb Y g�s�nzkMg5�U��g�g�h�g*��h�kDlmk<_�h�tua�nz`yg�%J� k���k�%�n<!X" h�kDl
��bmh�g�%�nV%Pk�%PkMg^}�� kMb4��kMv +Fs	tq�#����s iPk�h�v ��kMlmkDg�nmc
� h�tua�kDg � kDlmtuaX�<h g���h %P�PkMhjnzldi�sPbdnzkMh/��k,!<"�kMb "�h�l��U��bmhjnKM���s i�k4�<`yb���k�h�gB��h�kDlmkMbW� b�� kMhjn I k���s	tua7g�h tua�n�iPkDb;��kMg��yk%n<!
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-J" IJ"543%('!�t)
� `�tuaO��kMg�g&�U��l��
bmh�g��Dh �O��kMb7� bu�L��aykMgU��g��U��lmlm`�g�% |~}�bJ� �ql�bmkDh�g�k)� kMlmh tua�nzkDb�?�g���kDg g�h�tua^n�%^�qg��(��h k _<s�c
��`�ldnza�kDhjn<`yg�� �^tuayg�k�� � h %P��kDhjn��ykMl*i�sPg Y ��gU�L��k/kMg�nK�<h tu�Pk��jnzkDg �XM{ldnzkMv l<aU�qn �ylms(�yh�k%nzkMn<kMl���s	tpa�kMh�g�kDg'kMg�nmc
lmtua�kDh ��kMg���kMg )
sPbdnzkMh �-! A �qn�v ��g kMh�g � kMlmh tua�n=%PkM|~`�g���kDg>�
lms lmh�g�� �D`�b*%,��kDh�tua�kDg 
UkDhjn5��h�k ��sPlmhjnzh�sPg ��kMb
Y sPbmbmkMl�� sPg��ykMg��DkMg � kM�P��g�g�n ��`�g��#v ��g#�P��g�g#lmkMayb�lmtua�gyk�� ���yh�k��:kDbmlmsPg v h�n kMh g�kMb(" �qnzkDg'�U��g��Xv hjnmnzk���l
kMh�g�kDl�kDh�g�|[�qtpa�kMg?�^���L����b���bms@��`��^nzkDl�i�kMb�%,��kDh�tua�kDg�!
C�h g�k/� � %,��h tua��PkMh�n ���U��l �^`�tuaykMg ��h�kMlmkDb Y sPbmbmkMl�� sPg��ykMg��DkMg �q`y| ��kDb�r*��lmh�l�kMh g�kMl<lmkDa�b %Pbms��PkMg r�}�g��yk�� %Pbu�qc
��a�kMg$��kMlmkMg^n8��h�tua��M`$� kDlmtua�� kM`�g�h/%�kDg>��ldnzk�� �jn��U��l<h�g Y �L��hjnzk�� � ! � ��kMlmtuaybmh�k�� kDg�kMg��V24��c � � nztpa�h�g�%Q�U��b�!

# ��� � � 24=�6:5/- % =?- $4(*$.68(*$(�/$ ��L��);>(���0�� �
	

" �S�U��lQ�324��c �?�qnztpa�h�g�% h�g ��h�kMlmkDbQ� b�� kMhjn iPsPg �MkDg�nzbu�L��kMb r�k���kD`{nz`�g�% h�ldn ��|~s,� %�n g^`�g#kDh�g�k4�	`�b��Dk�C�h g{c
|�}�aybm`�g�% h�g&��h�k A ��`���nz��sPv(� sPg�kMg�nzkDgU��gU�L�RM{lmkP�>h v C
g�%,��h�lmtpa�kMg&�
bmh�gytMh �U�L�V2�sPv(� sPg�kMg�n7� gU�L�RM{lmh�lPB �V24�DC
%�kDgU��g�g�n<!
" h�k A ��`��{nz�PsPvQ� sPg�kDg�nzkMgU��gU�L�RM{lmk'h�ldn�kDh�g�k�� k%nza�s@��k�� )���bmh��L����kMg#h�g kMh g�kMv a�s	tua���h�v kDg�lmh�sPgU�L��kDg�_ ��`�v
��`�bmtua kMh g�k.�@��kDh�g�kDbmk�� g��q�qa���`�g��PsPbmbmk�� h�kMbdnzkDb )���bmh��L����kMg �M` kDbmlmk%n8�MkDg>� ��h�k7h v ��kMlmkMg^n8��h�tuaykMg ��h�kB%PkMlu��v/nzk
)���bmh���g��J��kMb�e bml���bm`yg�%Pl��U�qnzkMg kMbm�@��o�bmkMg�!�� `�|W��h�kDlmk6U kDh�lmk/h�ldn kMl�v �,% � h�tua>����h�k/k�T kD��nzh�iPk1"�h�v kDg�lmh�sPg���kMb
" �qnzkMg$�M`'bmk���`��Mh�kDbmkMg�!
e v kMh g kMh�gy|]��tuaykMlD�>h �yk �L��h�lmh�kDbdnzkMl r�kMh�l��yh�k����M`O%Pk�� kDg>�>�P�qgyg v ��g lmh tua i�sPbmldnzk��/��kMg>��v ��g a �#��k(" �qnzkMg h�v
�:��kMh/��h�v kDg�lmh�sPgU�L��kDg _ ��`�v��3��h�k �#�/��k ��`�|.kMh�g�kDb�� kDbu�L��kMg ��h k�%PkMg�!3" ��g�g ��h k�%�n$��kMb$)
kM�^nzsPb=�ykMb4kDbmldnzkMg
A �q`��{nz�Ps�v(� sPg�kMg^nzk7h g _<h�tpa�nz`�g�%���kMb7� kMbu�L��kDg `yg�� kMbm�@��o�bdn1��h kQ%PkMlu��v/nzkQ)���bmh���g��X! "�h�k A �q`��{nz�Ps�v(� s�c
g�kMg�nzkDgU��gU�L�RM{lmk�aU�qn���h k�"�h�v kDg�lmh�sPgU�L��hjnpoqn<�q`y|8kDh�g�l*bmk��y`��Mh�kDbdn<!
r�kDh � `�| %^�L� kMg)h�v ays^tpa���h�v kMg�lmh s�g �#� kMg _ ��`�v���kMb���kDg)gU��tua�kDh�gU��g���kDb3��h k A ��`��{nz�PsPvQ��s�gykMg�nzkDg5%PkMlm`�tpa�n �
��h�k6�M`�kDh�gU��g���kDb*sPbdnza�s,%�sPgU�L����h�k�%�kDg)`yg�����h�k6%Pb�����nzk6)���bmh���g��6��kDb�" �qnzkMg$��h kM|~kMbmg�!

U`�b7C
bmh�g�g�g�kDbm`�g�% lmkMh�a�h kMb�g�s	tua kDh�g�v��L�
��h�k5" k�?�gyhjnzh�sPg iPsPg&)���bmh���g���`�g�� Y s i��qbmh~�qg��)��g�%PkM|~}�a�bdn<!8� hjn
��kMg 
 `�|[�L� ��ldiP��bmh��L��� kMg

X
�
Y
`�g�����kDvAC
b;�*��bdnz`�g�%Pl;��kMbdn

E
h�ldn

)��qb
(X) = E

(

(X − E(X))2
)

2�s i
(X, Y ) = E ((X − E(X))(Y − E(Y )))

" h�k Y s iP��bmh���g��Dv��qnzbmhR9
Σ
kDh�g�kMb*v kMa�b��yh�v kDg�lmh�sPgU�L��kMg�
U`y|]�L� ��ldi���bmh��L����kMg ~X = (X1, ..., Xm)

h�ldn

Σij =
2�s i

(Xi, Xj) =





2�sDi
(X1, X1) ..

2�s i
(X1, Xm)

: :: :2�s i
(Xm, X1 ..

2�s i
(Xm, Xm)





�^kMh
~y = (y1, ..., ym)

kMh�g.v c-��h�v kMg�lmh�sPgU�L��kDb.)
kM�^nzsPb>��kDb�e bml���bm`yg�%Pl��U�qnzkMg>� ��kMbWC
b;�*�qbdnz`yg�%Pl;��kMbdnmi�kM�^nzsPb ��kMb
" �qnzkMg4lmkMh

~µ
`�g�����h k Y s i��qbmh~�qg��Mv��qnzbmhR9

Σ
!��^sQ� kMldnzkDa�n<g^`�g���h�k1� `�| %��L� k��{g�kM`yk6)���bmh��L����kDg

z1, ..., zm

�M`
?�g���kDg>�P��h�k/`�g��PsPbmbmk���h kMbdn�lmh�g�� `�g�� ��kMbmkDg�)���bmh���g��DkMg'v hjn�ldnzkMh %PkMg���kMv wxg���k�9

j = 1, ..., m
|[�L� ��kMg.!�"/�#��kMh

h�ldn
zj

kMh g�k6+Fh�g�kq��bm��sPv7��h�gU�qnzh�sPg5�ykMb
yj

�

zj = a1jy1 + a2jy2 + ... + amjym = ~aj~y

" �L� kMh>h�ldn��ykMb3)
kM�^nzsPb
~aj

��h�k3Ixc[nzk A �q`��{nz�Ps�v(� sPg�kMg^nzk,!{��}�b���h�k�)�kD�^nzs�bmkDg
~aj

%Ph �jn���h k H bdnzays�gys�bmv �L��hjnpoqn

~ai~aj = δij

Bf��! � � C
��s'�y`�bmtua$�ykMb*kM`y�'� h ��h�lmtpa�k��	��ldnp��g��4kDbmaU�L�jnzkMg$����kDh �{n<!{�:}yb���h k kDbmldnzk A �q`��{nz�Ps�v(� sPg�kMg^nzk lms,� ��%Pk��jnzkDg>�@� � �
��h�k6" �qnzkMg4h g$��h�kDlmkMb�_�h�tua�nz`yg�%Q��h k v �#9	h v��L��k	)���bmh���g��/��`�| ��kMh�lmkDg>��� � � �L��lms

)���b
(z1) =

)��qb
(~a1~y) = ~a1Σ~a1

Bf��! � � C
v��#9{h�v��L���<h�b���!�e v ��h�k6
 h�k���|~`�g��^nzh�sPg

~ajΣ~a1

`�g�nzkDb
��kDb�� k�� kDg'� k���h�g�%P`�g�%J��kDb
� sPbmv h�kDbm`�g�%
~a1~a1 = 1

�D`
v��#9{h�v h�kDbmkMg>�	����g�g'v���g$��h k�� k%nza�s@��k1��kMb�+��#%Pbu��g�%Pk%c � `��jnzh ��� h����qnzsPbmkMg�i�kMb;��kDg���kMg.!
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�	kMh
f(y1, ..., ym)

kMh�gyk<`�g�nzkDb
��kDb
� k���kMg'� k���h�g�%P`�g�%
g(y1, ..., ym) = c

�D` v �<9{h�v h�kMbmkDg���k���h T kDbmkMg��Dh�kMb��U��bmk
�U`�g��^nzh�sPg>��lms k�9	h ldnzh�kMbdn*kMh g=+��#%Pbu��g�%PkMv.`��jnzh ����h����qnzsPb

λ
��lmsQ�U�!� h�g$��kDg4ldnp�qnzh�sPgUo�bmkMg$��`yg��^nzkMg$%Ph �jn �

∂f

∂yi

− λ
∂g

∂yi

= 0 i = 1, ..., m
Bf��! � � C

"/�qv hjn�h�ldn
kMh�gyk<r�kDldnzh�v v.`�g�%6��kDb Y s^sPb���h gU�qnzkMgQ�ykMb�ldnp� nzh s�g oqbmkDgQ��`yg��^nzk*`�g��(��kDbWU kMbdnzk�i�s�g
λ
v � %,��h tua�!

��}�b kMh�g�kDg ldnp�qnzh�sPgUo�bmkDg �
`�g��^n
~a
kDh�g�kDb���h T�kMbmkMg��Mh�kDb��U��bmkMg �y`�g��^nzh�sPg lmh g����L� ��k5�U��bdnzh�k�� ��kMg&�	����kDhjnz`�g�%PkMg

%,��kDh�tua4� `�� � �y�#� lms

∂f

∂~y
=

%Pbu�L�
f(~a) = 0

∂f
∂~y

lmkMh>a�h�kMb��L��l �@�U�L�jnzkMg�i�kD��nzsPbD��� kDldnzkMa�kDg�����`�l���kMg��U��bdnzh�k�� � kMg=�	����kDhjnz`�g�%PkDg ∂f
∂yi

����k�?�g�h�kDbdn<!
wxg���kDb*g�kM`���k�?�g�h�kDbdnzkMg>�{`yvA��h�k � k�� kDg'� k���h�g�%P`�g�% kMb;��kMh�nzkMbdnzkMg=+��L%�bu��g�%PkD|�`�gy��nzh s�g

L(~y, λ) = f(~y) − λ[g(~y) − c]

h ldnW��kDbWN8kMbmv h�g7��kDb�kMtp�	h %PkMg Y �~�qv v kDb ��k�%PkMgB��kDb�� k�� kDg'� k��yh�g�%P`�g�%�%,��kMh�tpa.g^`�� � !#" ��v h�n>�<h�b����	��kMh�tpa^`�g�%
��! � � �M`

∂L

∂~y
= 0

��}�b���h�kDlmkMl��
bms ����kMv lmh kMa�n���h k6+:�L%Pbu��g�%PkM|~`�g��^nzh�sPg=�<h�k�|�s,� %�n���`�l �
L(~a1) = ~a1Σ~a1 − λ(~a1~a1 − 1)

"/�

∂~a1Σ~a1

∂~a1

= 2Σ~a1

|~s,� %�n

∂L

∂~a1

= 2Σ~a1 − 2λ~a1

`yg���% � kMh�tpa)g^`�� ��%PkMlmkMn8�%n*kDbmaUoL�jn*v ��g �
(Σ − λI)~a1 = 0

Bf��! � � C
"/�#��kMh�h�ldn

I
�yh�k	C
h�g�a�kDhjnzlmv��qnzbmhR9 !,"�h�kMlmk �	��kDh�tua	`�g�%�a � n�%�kDgU��`5�U��g�g)kDh�g�k�iPsPv � `�� �ji�kD��nzsPb
iPkDbmlmtua�h k���kDg�k

+ �Plm`�g�%y����kMg�g

det(Σ − λI) = 0

s@��kDb
��g���kMbmlW%PkDlu�#%�n �L��kMg�g
λ
kDh�g7C
h %PkDgX��kMbdn���kMb��?�qnzbmhR9

Σ
h ldn<!L" h�kV+ ��lm`yg�%6��kDb
�	��kDh�tua	`�g�%/��! � � |~}�a�bdn�h�v

�L� �/%�kDv kDh�g�kMg5�D`
m
i�sPg)� `�� � i�kMbmlmtpa�h�k���kMg�kDg=C
h %PkDgX��kMbdnzkDg

λj

!�" h�kDlmk lmh�g��4g�h�tpa�n*g�k�%^� nzh�i��'��kDh �
Σ

� sPlmhjnzhji
lmkDv h �yk�?�g�h�n*h�ldn<!
� hjn �	��kMh tua^`�g�% ��! � � %Ph ��n�g	`�g

)���b
(~a1~y) = ~a1Σ~a1 = ~a1λI~a1 = λ~a1I~a1 = λ~a1~a1 = λ

"/�qv hjn��*o�a��jn�v���g �L��l � ! A ��`��{nz�PsPvQ� sPg�kDg�nzk��ykMg(�M`yv %Pb�����nzkDg(C�h/%�kDgX��kMbdn
λj

%�kDa �PbmkMg��ykMg*C�h/%�kDg�i�kM�^nzsPb
~a1

!
� `y|'�ykMb:�^`ytua�k�g �qtpa6��kDb8��! A ��`��{nz�PsPvQ��s�gykMg�nzkW%�h/�jn8�L��l��M`yluo n8����h�tpa�k�� k�� kMg'��k���h�g�%�`yg�%y�:�U�!�	2�s i

(z2, z1) =
0
�U�L��lms

2�s i
(z2, z1) =

2�s i
(~a2~y,~a2~y) = ~a2Σ~a1 = ~a2λ1~a1 = 0
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" ��v hjn*v�` �
~a2~a1 = 0

C�l*lmh g����U��a�kMb��B+:�L%Pbu�qg�%�kDv�`���nzh ����h��P�qnzs�bmkDg
λ
`�g��

δ
�M`$�*oqa���kMg4`yg�� �#� l�+:�L%Pbu�qg�%�kD|�`yg��^nzh�sPg)kDb�%�h/�{n*lmh�tpa

L(~a2) = ~a2Σ~a2 − λ(~a2~a2) − δ~a2~a1

`�g��'kMbmaU�L�jnzkDg

∂L

∂~a2

= 2(Σ − λI)~a2 − δ~a1 = 0
Bf�@! �P�MC

��hjn
~a1

iPsPg���h�gy�^l*v�`���nzh ����h �Dh�kMbdn�kDb�%Ph �{n*lmh tua

2~a1Σ~a2 − 2λ~a1~a2 − δ~a1~a1 = 2~a1Σ~a2 − δ = 0

U kMh � )���b
(z2, z1) = ~a1Σ~a2 = 0

��v.` �
δ = 0

lmkMh�g�!�" ��v h�nV�<h b����	��kDh�tua	`�g�%���! �P�7�D`

det(Σ − λI)~a2 = 0

� gU�L��s,% �D`�b � ! A �q`��{nz�Ps�v(� sPg�kMg^nzk=�*o�a���n v ��g�|~}�b(��h�k ��! A ��`��{nz�PsPvQ� sPg�kDg�nzk$��kDg �:��kDhjn8%Pb�����nzkDg C
hjc
%�kDgX��kMbdn

λj

`�g��$�ykMg��U�L�M`�%PkDa �Pbmh %PkMg$C
h %PkMg^iPkD�^nzs�b
~aj

!yr�h � ��kMn�v ��g$��h�k/�?�qnzbmhR95��kDb A ��`����PsPvQ��s�gykMg�nzkDg
A = [~a1, ...,~am]

�{lms(%�h/�jn

~z = A†~y

" h�k Y s i��qbmh~�qg��Mv��qnzbmhR9
Λ
i�s�g

~z
� kMldnzkDa�n���`�l
��kDgQC
h %PkMgX��kDbdnzkMg

λj

�q`y| �ykMb A ��`��{n8�yh��L%�sPgU�L��kDg�! " ��v hjn�%Ph �jn
�#� l<r�k��Mh�kDa^`�g�%Q�:�<h�lmtpa�kMg Y s iP��bmh���g��Mv �qnzbmhR9 i�s�g

~y
`�g�����kDg A ��`��{nz�PsPvQ� sPg�kDg�nzkMg �

Σ = A†ΛA

" ��l��<h�tpa�nzh %Pk7C
b�%Pk��yg�h�l�|�}yb6�U��l6�324��c �?�qnztpa�h�g�%4h�ldn � � � ����h�k A ��`��{nz�PsPvQ��s�gykMg�nzkDgU��gU�L�RM{lmk.kMl�v �,% � h�tua
v���tua�n �DlmkDa�bFi{h�k�� k�a�s	tua���h v kMgylmh�sPgU�L��k�� kMbm�	v��L��ldi�kM�^nzsPbmkMg1�M`/kDh�g�kDv " `ybmtua�lmtpa�g�hjnmnzldi�kM�^nzsPbF`yg��J��kDg _<h tua{c
nz`�g�%Pldi�kM�^nzsPbmkMg �D`�lu��v v kDg��M`y|]��lmlmkMgF� ��h kP�>gU��tuaX� b�����k lmsPbdnzh�kDbdn � ��h�kB)��qbmh~�qg��Q��kDb1" �qnzkMg kDbm�'�~oqbmkDg�! A �qn
v���g&�D`�v r�kMh l���h�k���kMh�gyk*" �qnzkMg�v kMg�%Pk i�s�g ���P�?��� c-��h�v kMg�lmh s�g �#� kMgO� `�%�kDg{cf�ykq����nzl ��`�l7��kMv lmtpa�sPg kMbdc
�*oqayg�nzkMg �P� ��h�v kMg�lmh�sPgU�L��kDg��Uk ����nmc )
kM�^nzsPb	�y`�bmtua � `�|�l�� �#��nz`�g�% h g _<k �L�jc�`�g�� wxv��L%Ph�gUo�bdnzkMh/� %�k���sPg�g�kMgF�
lms �P��g�g v ��g ��h k�)�kDbdnzkMh � `�g�%&��h�kDlmkMb=" �qnzkMg ��`�bmtpa kMh�g�kDg " `�bmtpa�lmtua�gyhjnmnzldi�kM�^nzsPb `�g�� ��� A �q`��{nz�Ps�v c
� sPg�kMg�nzkDgXv hjnB��kMg �M`�%�kDa �Pbmh %PkMg&)���bmh���g��MkDg �U��bmldnzk��/��kMg�!.U h�k=��h�k A ��`���nz��sPv(� sPg�kMg�nzkDgU��gU�L�RM{lmk |�}�bB��h�k
� bu�#�ya�kMgU��g�� �qlmlm`yg�%(%PkDg^`{n8�%n��<h�b��>���<h�b��4h�g Y �L��h�nzk�� � ! � kMbm�@��o�bdn<!

# ��� � " '/(*$ '/(<;F"DE�G.68(*9 � � " '/(*$��!�/E�(<; 	
C�h g�k��L�jnzkMbmgU�qnzhji�k � �,% � h�tua��PkDhjn �X��h�k A ��`��{nz�PsPvQ� sPg�kDg�nzkMgU��gU�L�RM{lmk |�}�b3��h k � kMlmh�tpa�nzlmkMbm�PkMgyg^`�g�%B�D` g^`�n8�MkMgF�
h�ldn*� �ql�iPsPgFNF`�bm��`yg�� ��kMg^n8����g�� � �D� 	 kDg�nK�<h�tu�Pk��jnzk$)
kMbm|[��a�bmkMg ��kDb*C
h %PkMg�%PkMlmh tua�nzkDb�! A h�kDb�� kMh��<h�b�� kMh g
r�h/� �'�L��lV)
kM�^nzsPb3��kDb�" h�v kMg�lmh�sPg A �Pa�k v��L�>r�bmkMhjnzk v hjn���kMg A k�� ��h/%��PkDhjnzl;��kMbdnzkDg)�L��l�C
h�g�nzbuoL%Pk ��`�| %PkM|[��lmldn<!
���qtpa�r�kDbmkMtuayg^`�g�%���kDl4" `�bmtuaylmtua�g�h�nmnzl�%�kDlmh�tua^nzkMl
��kMb��ykMg*��h k��	��ldnpo�g���k kMh�g�kDl�Idk���kDg(�ykMb

n
� kDlmh�tua^nzkMb�i�sPg

��kMv "�`�bmtua�lmtpa�g�hjnmnzl�%PkDlmh�tua�n*��kMbmkMtpa�g�kMn `�g����#� l �'�U�L�jnzkDg�i�kM�^nzsPbmkMg�h�g#kMh g�kMb �?�qnzbmhR9
X

��kMb(" h�v kMg�lmh�sPg
B A ��ayk v �L�>r�bmkMh�nzk(C ×n

%PkDl�� kMh�tpa�kMbdn<!�e v � kMhP��kDb A ��`��{nz�PsPvQ� sPg�kDg�nzkMgU��gU�L�RM{lmk<g�h�tpa�nV��h�k Y s iP��bmh���g��Mv �qc
nzbmhR9 iPsPg

XX†
��h~�#%PsPgU�L��h�lmh kMbmkMg$�M`'v.}�lmlmkMg>����k���tpa�k1��h�k1" h�v kMg�lmh�sPg A �Pa�k v �L�Fr�bmkMhjnzk�aUoqnmnzkP��� kMbmkDtua�g�kMn

v���g ldnp�qnmn4��kDlmlmkMg*��h k��?�qnzbmhR9
X†X

�X��h�k�g^`�b4��h k�" h�v kMg�lmh�sPg
n2
aU�qn<!X� `�l4��kMg*C
h %PkMg�i�kM�^nzsPbmkMg

Ei

��h�kMlmkDb
�?�qnzbmhR95����lmlmkMg'lmh�tua$� �qgyg$�yh�k6C
h %PkMg�%�kDlmh�tua^nzkMb�}�� kMb���h k	)
sPbmlmtua�bmh | n

Fi = XEi

��kMbmkMtpa�g�kDg�!
" �4ayh�kMb�� kDh
��h�k(��kDlmkMg�n8��h tua�kDg wxg�|�sPbmv � nzh s�gykMg h�g&��kDg kDbmldnzkMg C�h/%�kDg�%PkMlmh�tpa�nzkMbmg kMg�nza �#��nzkMg lmh g��>�.��kMb��ykMg
g^`�b���h�k A ��`��{nz�PsPvQ� sPg�kDg�nzkMg$�yh�l��M`4kDh�g�kDb��^tpaX��k�� � k6� kMnzbu�qtpa�nzk%n<!
�:}yb:kMh�g��D`�l�� kDh�tua�kDbmg���kDl�� kMlmh�tpa�n>�<h�b����D`�gUo�tua�ldnW�U��l>"�h T kMbmkDg����yh � �J�M`�v " `�bmtpa�lmtua�gyhjnmnzl�%PkMlmh�tpa�n>%Pk���h � ��kMn<!
���qtpa��
bmsLI kD�^nzh�sPg4h g���kMg � kDlmh�tua�nzlmbu��`�v ���Pg�gykMg ��h�k Y s	k��Q�Mh kMg�nzkDg���kDb +Fh g�k ��bm�PsPv���h�g � nzh s�gykMg4v hjn��ykMg
C�h/%�kDg�%PkMlmh�tpa�nzkMbmg �#��%�kDl�� kMh tua�kDbdn	��kMb���kDg�! " h�kMlmk Y s	k��Q�Mh�kDg�nzkMg ��kMb���kDgS�U��g�g �q`ytua?|~}�b�C
bm��kDg�g^`�g�%�lu��`�|�c
%��L� kDg)i�kMb�%,��h�tpa�kMg.!
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kMbm|[��a�bmkMgB��kDb C
h %PkMg�%PkDlmh�tua�nzkDb�kMh %Pg�kMn�lmh�tuaB%P`{n�|~}�bW��h kVC
bm��kDg�g^`�g�% i�sPg�� kDlmh�tua�nzkDbmg>�#��kMgyh %PkMb�|�}yb �U��l
��h�g���kMg�i�sPg4� kDlmh�tua^nzkMbmg�!'"/��kDl�kDh�g*��h 9	k�� �U��lmh�kDbdnzkMl�)�kDbm|]��a�bmkDg�h�ldn �^v�` �.kMh�g4� kMlmh tua�n�h�g*�U��lmlmkDg���kMb�� b����Pk
`yg�����s�lmk i�sPb���h�k�%PkDg>�{g^`�b �U��g�g���kMb���kDg'a�sPa�k1C
bm�PkMg�g	`�g�%Pl���kMh ldnz`�g�%PkMg�kMbmbmkMh tua�n<! A h�kMb��D`4h�ldn�v kDh�ldnzkMg�l*kDh�g
i�sPb�%PkMlmtpaU�L�jnzk%nzkDl3)�kDbm|]��a�bmkDg4g ��nzh %�!�" �7�U��g�g �L� ��kMb��yh�g�%Pl3�U��l�%PkMlu��v/nzk/r�h/� � i�kMb�%,��h�tpa�kMg=�<h�b��>�{kDbmaUoL�jn<v���g
ayh�kMb�� kDh�gyh�tua�n��yh�k�kMh�g��Dk���gykMg Y sPbmbmkDl�� sPg���kMg��MkMg.!
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" �/h g=��h�kMlmkDb3� b�� kMhjn�iPkDbmlmtua�h k���kDg�k	)
kMbm|[�qaybmkMg=�U��bu��`�|~a�h�g4`�g�nzkMbmlm`ytua�n���kMb���kDg>�@�<h k k�9����^n�lmh�k6�U��l Y sPbmbmk%c
l�� sPg���kMg�����bms,����kDv ���PlmkMg>� ldnzk�� �jn lmh�tpa �M`�g oqtpa�ldn6��h k/�Ubu�L%�k��P�<h�k�v���gS��h�kDlmkMl }���kMbmaU��`��{n6� k���kMbdnzkMg ����g�g.!
�^h�tuaykMb���h�tpa ���Pg�g^nzk�v���g&��h�k i�sPv 2�sPvQ�y`{nzkMb�%PkM|~`�g���kDg�kMg Y sPbmbmkMl�� sPg���kDg��MkDg v hjn���kMg&��sPlmhjnzh�sPg�kDg i�kMbdc
% � kMh�tpa�kMg>�X��h�k�kMh g���kDg�lmtua5%PkMlmkMn8�%n�aUoqnmnzkP�{�L� kMb4�U�L� kMh ldnzk��/�jn
lmh�tpa�g�k���kMg*��kDv ��bms,��� kMv ��kDb*�^`���I kD�^nzhji{hjnpoqn
c>Idk��ykMb�� sPlmhjnzh s�gyh�kMbdn���h k7+��qg���v���bm�PkMg �,!�r�!>��`�|
�ykMgSU ��g�%PkMgy�^gys^tpa�kMg %PkDbmh�g�%P|�}�%�h/%4��g���kDbml c<g�s	tua �U��l
��bms,��� kMvA��kMb � kDgU��`�h %P�PkMhjn<!@U kMg�g'lmh�tpa$�yh�k��ykMa���kMb�� kDh�v ��h�g���kDg$�ykMb���sPlmhjnzh�sPg4h�v _ ��a�v kMg)i�sPg � ��h�l �
��h 9	k���g*� k���k�%PkMgF�^lms7v���tpa�n�kMh g�k lms,��tpa�k�� `�lmlu�L%�k�g^`�b��^h�g�gF�'��kMgyg=��h�k �*��a�bmk���sPlmhjnzh�sPg5� kM�P��g�g�n�h�ldn<!@" ��l
h�ldn��L� kDb�� kMh��
a�s�nzs�l*i�sPg$��kMbmlmsPg�kMg�g�h�tpa�n�%Pk�%Pk�� kDg�!
C�h g �
bms,%Pbu�qv v ��kMb/��h�bmv��'�	h�g�%P`�����b�wxg^iPkDbmlmh�sPg�l/wxg�t,!>v ��tua�n/kDl v �,%,��h�tuaF���^}yg�ldn8��h�tpa�k � kMlmh�tpa�nzkMb1�D` kMbdc
�MkM`�%�kDg>���yh�k/h�g�kDh�g�kMv � " c � s'�yk�� �FiPsPb���h k�%PkMg�!Ur�kMh vC_<kMg��ykMbmg>�P� kDh.��kDv r�k���kD`�tua^nz`�g�%�`�g�� �:sPlmk�|~}�b �U��l
r�h/� � �ykMbJ�:kDbmlmsPg |~kMldn8%Pk���k�%�n6��kMb��ykMg>�>h ldn/kMlJ��`�bmtua kMh�gykQ�
bms,%�bu��v v7c ��s@��h ?y���qnzh�sPg?i�s�g wxg�%Ps�U `�g���bmh tua
v �,%,��h�tuaF�L��h�k�k�9y�q�^nzk3��sPldnzh�sPg.i�sPg7i�sPbma�kDbW��k�?�g�h�kDbdnzkMgB+���g���v���bm�PkMg h�v C
b�%Pk���gyh�l���h � � ��g��M`�%�k�� kMg.! "/�qv hjn
��h�k�%�n�g�h�tpa�n*g^`�b*kMh g)r�h � �=��kMb3��kMbmlmsPg)i�sPbD�{lmsPg���kMbmg���`�tua$��h�k6�U�L�M`�%PkMa ��bmh/%�kDg)k:9y���^nzkMg5+���g���v���bm�PkMg�� sPlmhjc
nzh�sPg�kMg>�{v hjn���kMgykMg'v���g4g^`yg$�ykMg�C
bm|�s,� %7kDh�g�kDb Y sPbmbmkDl�� sPg���kMg��Mlm`�tpa�k1��k:��kMbdnzkDg4����g�g.!
�	����h � �y`�g�% � ! � �MkDh %�n�kDh�g7v hjn�����tMkq� kDg7kMb��DkM`�%�nzkDl
� kMlmh tua�n<! " h�kV�ys�bdn�kDh�g�%Pk��DkMh�tpa�g�kMnzkMg Y g�s�nzkMg���s�lmh�nzh�sPg�kMg
lmh�g��4h�g �#�/��kMg=)�kDbmlm`�tuaykMg���h�kDlmkMb�� b�� kDhjn�i�kMb;��kDg���kMn���s�b��ykMg�! �	h�k6��kDtu�PkMg��U��l � kMlmh�tpa�n�`�g����U�L� kMh.� kMlmsPg{c
��kMbml7��h�k�ldnzbm`��^nz`�bmbmkMh�tpa�kMg H bdnzk*%P`{n �L�>�8`�g�� ldnzk�� ��kMg ��`�tpa lmh�tpa�kMbD� �U�!� � kDh
��kDh�tua�nzkDgO��sPlmkMg�i���bmh��qnzh�sPg�kMg
�#�/��k��
`�g��^nzk�gys^tpa4lmh�tpa�n8�U��b*lmh g���!
" h�kMlmk�+:��g���v �qbm�PkDg �*��bmkMg#h�g �L� � kMg C�9�� kMbmh�v kMg�nzkDg ��h�kDlmkMbQ� b���kMhjnB�<h k4h�g �	����h � �y`�g�% � ! �S%Pk��MkMh/%�n(�M`
kMh�g�kDv � bu�L��a�kDg i�kMb���`�g���kMg�!.U�h k lmtuays�g h�g Y �L��h�nzk�����! � kMb;�*o�a�g�n �8l���h�k�� kMgO��h�k Y �qg^nzkMg aU��`��{nzluo�tpa���h�tpa
� kMhV��kMbQ" kM|~sPbmv��qnzh�sPg&��kMl � bu�#�ya�kMg ��`�bmtpa ��sP�P�#� k r�k���k�%P`�g�%PkMgXkDh�g��Mk���g�kDb Y gys�nzkDg kMh g�k _<s,� � k,!>" �L� kMh
|�}�aybdn kMh�gyk=+:o�g�%PkMgUo�g��ykMbm`�g�% �ykMb Y �qg^nzkMg �M`�kMh�gykMbB����g�%Plu�qv kMg �	��gU��a�v k=�ykMbB0 a�g���h�tuay��kDhjn �.��kMh/��v hjn
�M`�g�kDa�v kDg���kDb�" kM|~sPbmv��qnzh�sPg=��h�k�U ��a�bmlmtpa�kMh�g���h�tuay��kDhjn<�L��g�h v v/n �{kDh�g � kMlmh�tpa�n<bmh tua�nzh %Q�M`$?�g���kMg�!
�:}yb���h�k h�g���h�kMlmkDb�� b���kMhjn���`�bmtua�%�kD|�}ya�bdnzkMg�CW9�� kDbmh�v kDg�nzk��<`�b���kDg4i�kMbmlmtpa�h�k��ykMg�k1" �qnzkDg�luoqn8�Mk�v hjn<�	}�g�ldnmc
��h�tuaykMg � kDlmh�tua�nzkDbmg'kDb��MkM`�%�n �U�L��aUo�g�%Ph % i�sPg���kDb�� bdn ��kDl�C�9@��kMbmh�v kMg�nzlD�U�L� kMb ��`�tua'i�sPg���kDg4nzkMtuayg�h�lmtuaykMg
� �,% � h�tua��PkDhjnzkMg>�@��h k6�M`���h�kMlmkDv 
UkDhjn8��`�g��^n*iPsPbmaU��g��ykMg$�*��bmkMg�!
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������ � ! ��� +��qg���v���bm�PkMg���s�lmh�nzh�sPg�kMg=� kDh�kDh�g�kDv ����tMkq� kDg{c � kMlmh tua�n
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������ � ! ��� r�kDh�l���h�k�� ��h �/��kMbV��kMl�" �qnzkMgylu� n8�DkMl*��� �D���

wxg�kMh�g�kDv kMbmldnzkDg �^tua�bmh�nmnB�<`�b���k'}�� kDb kMh�g�k$%Pbu�L��a�h�lmtpa�k'r�kMg^`�n8�MkMbms,� kDb��Uo�tua�k4iPsPg A ��g���kDh�g �{�qn8�)i�sPg
�M��� � kDlmh�tua^nzkMbmg kMb��MkD`�%�n<!�� `�| %Pbm`�g�� �ykMb�v ��g^`�k��/��kMg�C�bmldnzk�� ��`�g�% lmh�g�����h kMlmk�r�h � �ykMb<kDh�g�h %PkMbmv �!��kDg�%,��kDh�tua
iPkDbdnzkMh ��n
}�� kDb*� kMlmtua���kMtpa�n�`�g�� k%nzayg�h�lmtuayk �	��ldnp��v v.`�g�%�`�g�� lmkDa�kMg*�D`���kDv ��`�tua bmk����qnzhji7bmk �L��h�ldnzh lmtua)�q`yl�!
" �L� kMh h�ldn*��`�|>kMh�g�k	��s�lmkDg�iP��bmh���g���i�kMb��Mh tua�nzkMn
��sPb���kMg.!'" h�k � `�|����Plm`�g�%���kMb�r�h � ��kDb
h�g*��kDg()
kMbmlm`ytua�kDg(�*��b
128 · 128

�
hR9{k��-!�" h�kMlmk6" �qnzkDg'�U��g��*�<h b��)h�v �Us �/%�kDg���kDg4��� �M��� %PkMg �qgyg�n<!
" h�k�)
kMbuo�g��ykMbm`�g�%.kDh�g�kDl4��kMb���c �^�	bmh �{nzkMl4�D`�bV� g�ldnzkD`�kMbm`yg�%7��kMl�� ��tMk�� kMgy��s@��k�� ��kDbml�kMbmv �,%,��h�tpa�nzk�kMlD�	gU��tua�c
kMh�gU��g��ykMb4�L� � kSNFk�9	nz`�bdc7`�g�� �ysPbmv(�U��bu�qv k%nzkDb5��kDl=�
bms,%Pbu�qv v l=�M` i��qbmh h�kMbmkDg `�g�� lms � kMb��^tDbmh �{n4kMh�g�k
%�b����PkMbmk�" �qnzkDg'�U��lmh�l �D` kMb��DkM`�%PkDg�!P" � ���qtDkq� kDg �L� kMb	� kMh )�kDbuo�g���kMbm`yg�%�kMh g�kMl	����bu��v kMnzkMbml	��h�k�}���bmh %PkDg
����bu��v kMnzkMb���`{nzsPv��qnzh�lmtpa ��g��U��lmlmkMg v.` ��nzkP� `yv ��kMhjnzkDb kMh�g %P}���nzh %PkMl � kMlmh tua�n6�M` ��h�kM|~kMbmgF�Ulu�qaykMgS�yh�k � k%c
lmh�tua�nzkDb1��kMgyh %PkMb/bmkq�#� h�ldnzh�lmtua �q`ylD���#� lJ��h�k i�s�bmaykMb i�sPg A ��g�� kMbmldnzk�� �jnzkMg.! " h k(�:sPlmkDg&��h�kMlmkDl�" �qnzkMg�lu�qn8�MkDl
B]�:� ���P� C�iP��bmh�h�kDbdnzkMg4i�sPg `�v � ◦ h�g�9^c�`yg���M	cf_<h�tpa�nz`�g�%y� `�g�� ��h kJ� `y|;���Plm`�g�% h�g ��kDg�)�kDbmlm`�tuaykMg � kMnzbm`�%
192 · 192

�
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������ � ! ��� r�kDh�l���h�k�� ��h � �ykMbV��kMl�" �qnzkMg�lu�qn8�DkMl���� �D�P�P�

C
h�gyk�g�kD`�kW)
kMbmlmh�sPg�iPsPg ���qtDkq� kDg kDb�����`��{nFkMlD���yh�bmkM�^n.� kDb:�^tDbmh �{np��`�|~bm`�|	kMh�g1�M`�|[oL� ��h %PkMl8� kDlmh�tua^n.�D`�kDb��MkM`�%�kDg>�
� �ql
�U��g�g h�g�oqayg���h�tpa�kMb � `U�L��hjnpoqn�iPsPb���h k�%�n �<�<h�k���h�k��M`�kDbmldn�iPsPg A ��g�� kMb��DkM`�%�nzkMg.!LC
h�g�k*ldnpo�bm��kDbmkV)���bmh��qnzh�sPg
�ykMb1NFk�9	nz`�b��U��bu��v k%nzkDb	��o!��n���h kMlmk � kMlmh tua�nzkDb lms,%���b�g�s	tua bmk �L��h�ldnzh lmtua�kDb kMbmlmtuaykMh�g�kDg�! " h�k.kDg�nzlmtua�kDh ��kDg���kMg
C�9�� kDbmh�v kDg�nzk h�gO��h�kMlmkDb1� b�� kMh�n kMbm|~s,� %�nzkMg v hjn kDh�g�kDv lms�%PkDlmtuaU�LT kDg�kMg��{�qn8� iPsPg �D�P��� � kDlmh�tua^nzkMbmg>���yh�k
kDh�g�k	�:sPlmkDg�iP��bmh���g���iPsPg � ◦ ��`�| ��kMh�lmkDg*� kMh kMh g�kMb4� `�|����Plm`�g�%/i�sPg�h�g*��kDb�_�k�%Pk��

192 · 192 �
hR9{k��!B]��� �D�P�P� C !
"/��h g=�q�qa���bmkMh�tpa�kMg=� g'��kMg���`yg�%PkMg4g�h tua�n<g^`yb��U��l*�:h g���kMg'kMh�g�kDl�� kDlmh�tua�nzkDl�`�g��$�ykMb3+���g���v���bm�PkMg$%PkM|~sPbdc
�ykMbdn*h�ldn �	lmsPg��ykMbmg��q`ytua=��kDb4)
kMb�%,��kDh�tua5����kMh�kDb<� kMlmh�tpa�nzkMb�s@��kDbV�ykMbV)�kDb�%,��kMh�tpa kMh�g�kDl<� kMlmh tua�nzkDl�v h�nV��kDg�kMg
h g�h g�kMh�gykMb4" �qnzkMg@�U��g����^h�ldn�kMl�lmh�g�g�i�s,� �f�'��h�k	� `�l;�<h�bm�	`�g�%PkMg kMh�g�kDb
i�kMb�� kDlmlmkMbdnzkMg5+��qg���v���bm�PkMg���s�lmh�nzh�sPg�h�k%c
bm`yg�%'��`�|���h�k7C
bm��kDg�g^`�g�%�l�� kMh�ldnz`�g�%5�M` `�g�nzkDbmlm`�tua�kDg�!.
U`yb�r�k:��kMbdnz`yg�%5��kMb�C
bm�PkMgyg^`�g�%Pl���kDh�ldnz`�g�%5�<`�b���kMg
����kMhFg�kD`�k.���L��kMbmh�kDg4h�g���kDb�� bdn���� �M�P�P� i�sPg?� kMlmh tua�nzkDbmg$%,��kDh�tuaykMb���kMbmlmsPg�kDg'h�g4`yg�nzkMbmlmtpa�h�k�����h�tuaykMb���sPlmk
i�kDb;��kMg���kMn<!�" h k1�:sPlmkDg'iP��bmh�h�kDbdnzkMg=�<h�k���kMb<h�v r�kMbmkDh�tua4i�sPg � ◦ ����h�kJ� `�|;���Plm`�g�% a�h�kMb���kMh�� kMnzbm`�%

128 · 128B]����� �P�P� C !

� �$# � �/9�" ��6:"%-/$ & (*9C!	�/E�(
��HJ(*$ HJ(<;8"ME�G768(*9

e v kDh�g�k r�kM`ybdnzkMh ��`yg�% ��kMb$C
b�%Pk��yg�h�lmlmk ��kMb4kDh�g��Dk���g�kDg � g��U��lmlm`�g�%Pldi�sPb�%�o�g�%PkO�M` kMbmv � %,��h tua�kDg>��h ldn4kDl
lmh g�g�i�s,� �f� ��h�k7)���bmh��qnzh�sPg �ykMb/� kDlmh�tua�nzkDb6�M`?�PkDg�g�kMg.!F�^s,� �jnzkDgS��h�k7�ykMa���kMb���kMh ��kMb�� bu�#�ya�kMgU��g�� �qlmlm`yg�%'h�v
r�kDbmkMh�tpaF�ykMb=)���bmh��qnzh�sPg ��h k�%PkMg>��lms����Pg�g�nzk v���g �M`�v ��h�g��ykMg�i�sPg Y sPbmbmkMl�� sPg���kDg��MkDg �:�<h�lmtpa�kMg ����kMh
� kDlmh�tua^nzl���h � ��kDbmg?��`�tpa kMh g�|]��tpa���h k/h/��kMg�nzh lmtua�kDg��
hR9{k��/� sPlmhjnzh�sPg�kMg �qgyg�kMa�v kMg�! C
h�g %�kDkMh %Pg�kMnzkMl�)
kMbm|[�qaybmkMg
v.` ���L��lms4h�g5Idk���kDvJ���#�/� � kDlmlmkMb�lmkDh�g�! C�h g Y bmkM`��%i�kMb�%,��kDh�tua �#�/��kMb Y g�s�nzkDg�� sPlmhjnzh�sPg�kDg?`�g�nzkDbmkMh�g �qg���kMb/��`�|
�ykMv " �qnzkMg�lu�qn8���:� ���P� ��h�kD|�kDbdnzk7kDh�g�k()���bmh��qnzh�sPg i�sPg � � � �$�
hR9{k�� gRB � kMh
kMh�g�kDb�r�h � ��%Pb����Pk7i�sPg � � �4v �L�
� � � �
hR9{k��1C !W" �L� kMh���h�kD|�kDbdnzkMg ��h�k�kMh�g��Dk���gykMg Y g�s�nzkMg U kDbdnzk'h�v r�kMbmkDh�tua#iPsPg � � � �RB Y g�s�nzkMg �P� � H aybEC
�yh�l �P� � ��� B Y g�s�nzkMg � ������lmkMgyl���hjn8�Mk6C !�" h�k�e g�nzkDbmlmtua�h�k���k6��h�k�%�kDg'��g$�ykMb��:sPlmkDg�iP��bmh��qnzh�sPg>��� kDh �ykMb<lmh�tua$�yh�k
����lmkDg�l���hjn8�Dk*��v v kMh ldnzkMg7� k���k�%�n�`�g��B�
`�gy��nzk��L�yh�k�kMa�kDb
�qgQ��kMg��	kMhjnzkDg7��kDl�� kDlmh�tua^nzkMlW��h�k�%PkMg>��lmh�tua7�P��`�v
��k:��k�%PkDg�!

� ��� � ��6 
 9�LM"DE�G)( H (<;F"ME�G768(*9 &)(*9 	 - & �/5 ��� ��68(*$ K(� $45
��}�b>N8kMldnzl �D`�v � kDlmh�tua�nzkDb�?�g���kDg/ldnzkMa^n���vSwxg�ldnzhjnz`{n8|~}�bF� kD`�bmsPh�g�|~s�bmv �qnzh�� ��h�k Y s'� �q�^c-" �qnzkDg'�U��g�� � �P�
	 �M`yb
)
kMbm|~}�%P`�g�%�!�wxg.h�a�b ��h�k�%�kDgJ�
a�s�nzsPl8i�sPbD�#�yh�k.Idk:��kDh ��l:kMh�gyk�`�g^nzkMbmlmtuayh�k���� h�tua�k�
��qa��^i�sPg � kMlmh�tpa�nzkMbmg.kDg�nzaU�L�jnzkMg.!
wxv U kMlmkMg^n8��h�tuaykMg7aU��g��yk��jn
kMl�lmh�tua(�U�L� kMhy`�v e b�����`���l���h/� ��kMb�! " h�k<r�h � ��kDb�lmh�g�� lmkMa�b�`�g�nzkDbmlmtua�h k�����h tua h�g7h�a�c
bmkDb
� `�|;���Plm`�g�% `�g�� � ` �#� hjnpoqn ��`�g�� ��`�tpa(��h�k � b����Pk���kMb�� kDlmh�tua�nzkDb�iP��bmh�h kMbdn�lmkMayb�ldnp��bm� !," �6��h�k � kMlmh tua�nzkDb
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������ � ! @ � r�kMh l���h�k���kMh�g�kDl r�h � ��kDl ��`�lQ��kDb Y s@�U���^c-" �qnzkMg@�U��g�� v hjn.i�sPv ���qtDkM��h�g��ykMbB��`ybmtua�_<kDtua�nzkDtu�Pk
v���bm�	h�kMbdnzkDg'� kMlmh tua�nzlmaXM�� s�nza�kDlmkMg

nzkMh �R��kDh�lmk i�kMb���kDtu�^n<lmh g��>�ykMh�gyk ldnp�qbm�Pk1��sPlmkMg�i���bmh��qnzh�sPg���`�| ��kMh lmkMg>�ysP| n ��`�tua �^sPg�g�kDg'��bmh � � kMg's@��kMb�� }{n8�MkDg
%�kMnzbu�L%�kDg���kDb���kMgF�P%Ph �jn	��h�kMlmk7" �qnzkMg'� �qgy���L��l	��`�bmtpaU��`�l lmtpaX�<h�kDbmh %�!P" ��l r�kDh�l���h�k�� ��h �/�$�MkDh %�n�lmkDa�b�%�`�n	��h�k
�^tuaX�<h kMbmh %P�PkMhjnzkDg>� ��h�k(� kMh���kMg r�h/� ��kMbmg �yh�kMlmkDb1" �qnzkMg'�U��g�� ��`�|�nzbmk%nzkDg ���Pg�g�kDg�! U oqaybmkMg�� �yh�k � kDlmh�tua�nzkDb
��kMb �ybu��`�kMg?g�s	tpa���kD`{n8��h�tpa��M` lmkDa�kMg?lmh�g��>� h�ldn kMl s,T kDg�lmh�tua^n8��h�tuaF���U�!� kMl lmtpaX�<h�kMbmh/% h�ldn �P� �ql � kDlmh�tua^n���kMl
%�kDlmtua�v h�g��^nzkMg �?��g�g�kDl6�M` kMbm�PkDg�g�kMg s@��kMb6� kDlmsPg���kMbml1� �ql1��kMl Y h�g���kMlD� ��k���tua�kDl6�M`�b.�^kMhjnzk7��k�%,%Pk��ybmkMa�n
`�g�� ��`ybmtua ��h k ��}{n8�Dk i�kDb���kMtp��n.h�ldn<! �	� l�� kMg�lmtpa h ldn�v ��g lmh�tpa&�ykMb �^tpaX�<h�kMbmh/%��PkDhjn/sP|�n.g�h tua�nB� k:�<` ��n �
�U��v���g4lmk�� �yldn�|~}�b���h kMlmk�� `�| %^�L� k g�h�tpa�n*g	`�b���h�k��
hR9{k��R��kMbdnzk	��kDl � kMlmh�tpa�nzkMl��M`4_ �qnzk6�Mh�kDa�n �	lmsPg���kDbmg4kMh g
h�v v kMg�lmkDl Y s�g^nzk:9	nK�<h�lmlmkMgX��gX��kMg��yk%n � �?��g i�kMbmldnzkDa�n���h�k4�^hjnz` � nzh s�gF��kDbm��kDg�g�n7��kDg Y �Pb�� kMb���kMl��@��kMh g�kMg
�P`�g�%PkMg ��`�|>��kMv � bmv `yg��$��kMh��7g � nz}yb���h�tuaF���U�!� lmh�tpa4`�g�nzkDb���kDb<��}{n8�Dk6�U��l � kMlmh�tpa�n���k�?�g��ykMg4v.` ��!
�:}yb�� �ql�� kDlmh�tua�nzkDb�?�g���kDg ��`�|4��h�kMlmkDg r�h � �ykMbmg��<h�b�� kMh�gS�
bms,%Pbu�qv vJv hjn��ykMv ���qv kMg?� ��tDkM��h�g���kDb i�kMbdc
��kMg���kMn �W�U��l gU��tpa ��kMv )�kDbm|]��a�bmkDg ��kDb � bu�L��a�kDgU��g��U��lmlm`�g�%&��h�k$�
a�s�nzsPl v h�n `�g�nzkDbmlmtua�h�k�����h�tpa %Pbms��PkMg
� bu�#�ya�kMg �L��lm`ytua�n�`�g��B� kMh{kDg�nzl���bmkDtua�kDg���kMbW0 ayg���h�tpa��PkMhjn�kDh�g�kDg._ ��a�v kDg.`�v ��h k�_<k�%Ph�sPgB�MkDh�tua�gyk%n �qh g7��kMb
kMh�g � kMlmh tua�n:i�kDbmv�`{nzkMn �<h�b��.!q��hjn�kMh�gykMv3�@��kMh g�kMgJ� g �#� M	lmk���bms,%Pbu�qv v'����kDv �yh�k
�*��a�bmkMg A ��g��{c-%PkDg�kMbmh�kDbdnzkMg
�:sPlmhjnzh s�gykMg)�L� ��kDb*� kMlmh�tpa�nzkMb3� kM�P�qgyg�n�lmh g��>�@��o!��n�lmh�tua=�U��g�g4��`�l;��kDbdnzkMg>�'�<h�k kDbm|�s,� %PbmkMh tua*��h�k	� bdn3��kMb<� bu�qc
��a�kMg �qg��U��lmlm`�g�% |~}�b�� �ql � kMlmh tua�nzkDb�?�g���kDg=�*��b�!

� ��� � � 6 
 9�LD"ME�G4( HJ(<;F"DE�G.68(*9 & (*9C! ��� ��� �324$4& ��� ��� ��68(*$ K(�/$)5

e v ��h�k
C
bm�PkMg�g^`yg�%Pl���kMh�ldnz`yg�% �q`ytua.��`�|�gU�qnz}�b���h�tpa�kMg/r�h �/��kMbmg1� kD`�bdnzkMh/��kMg1�M`/���Pg�g�kDg>����kMg ��nzh %�n8v���g�r�h/� ��kMb
��kMb4%,��kDh�tua�kDg(��kDbmlms�g)h�g*�:��kMh )���bmh���g�nzkDg>��lmkMh kDlD�'�U�!��lmh k�lmh�tpa�h�g*��kDb4��sPlmk `�g�nzkDbmlmtua�kDh ��kDg>�'��kDv � kMlmh tua�nzldc
�q`yl���bm`�tu� s@��kDbJ��kDb �Ubmh�lm`�b�!Fwxv�|~s,� %PkMg��ykMg ��kDb���kMg&��h�k kMbmldnzkDg r�h � �ykMb6�ykMbJ��kMbmlmsPg�kDg v hjn�� �	� ��`�v��p����h�k
�:��kMh�nzkMg r�h � ��kDb	��kDbmlmk�� ��kMg ��kMbmlmsPg�kDg v hjn�� ���L��kDbmh�k	�B� k��MkMh tua�g�kMn<!��:}yb��yh�k r�k:��kDbdnz`�g�%=��kDb�C
bm�PkMgyg^`�g�%Pldc
��kMh�ldnz`yg�%)k:9{h�ldnzh�kDbdn kDh�gS�
bms,%Pbu��v v v hjn��ykMv ����v kMg C��#%,��kX! C
l�|~}�a�bdn1��h k�� bu�L��a�kMg �qg��U��lmlm`�g�% ��`�|4�ykMg
�	� ��`�v cz��lms��<h k��q`y|���kMg'���L��kDbmh�k���h/� ��kMbmg(�y`�bmtua)`�g���i�kMb�%,��kMh tua�nV��h�k %PkD|�`�g���kMg�kDg)��kDbm�	v��L��k,!XC
h�g�k ��kDbmlms�g
��kMl��	�/��`�v l	%Ph ��n��L��l bmh�tua�nzh/% kMbm�P��g�g�n �P��kDg�gS��h k7o�a�g���h tua�ldnzk7��kMbmlmsPg h�gS��kMb/���L��kMbmh�k��U�qnzkMg'� �qgy�$�yh�kMlmk�� � k
�:kDbmlmsPg4h ldn<!
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������ � ! � � r�kMh�l��yh�k�� �:��kMh kMb*r�h �/��kMb��q`yl���kDb�� _*c-" �qnzkMg@�U��g�� � � � 	
wxg ��h�kMlmkDbQ� b�� kDhjn ����v kDg �:��kDh*lms � tua�kDb(" �qnzkMg'�U��g��PkDg �M`�v C�h g�lu�qn8�P�W��h�k'� C
_�C4N�c � � � 	 `�g�� ��h k$� _<c
"/� nzkDg'�U��g�� � � � 	 !�r�kDh ��k�kDg�nza�h�k��jnzkMg7iPkDbmlmtua�h k���kDg�k���kMbmlmsPg�kMg h gB����kMh�)��qbmh~�qg^nzkMg>� �yh�k*bmk����qnzhji�|~bmsPg�np�L��h gB�yh�k
Y ��v kMbu� lmtpaU��`{nzkMg�!{r�kDhP�ykMg � C�_ C
N�c r�h �/��kMbmg�`�g�nzkDbmlmtua�h�k���kMg lmh�tpa*�	� ��`yv7c8`yg��'���#� kMbmh�k���h � � aU��`���nzluoqtpa{c
� h�tua���`ybmtua kMh�g�k���kMh�tpa�nzkJ0 g���kMbm`yg�%*��kDb�� h�v h������*o�a�bmkDg�� � kDh.��kDg�� _<c r�h/� ��kMbmg��M`�v NFkDh �.���<h�lmtua�kDg���kMg
� `y|�gU��a�v kMg v kDa�bmkMbmkQN��L%Pk.i�kDb�%�h g�%PkMg>��lms$� � �'lmh�tpa �D`�v N8kMh �W�yh�k7�ybmh lm`�bmkMg �ykMb6��kDbmlms�gykMg lmkDa�b `�g�nzkDbdc
lmtpa�h�k���kMg�!�)�sPg��U��a�kMb�����g�g�v���g'lu�L%PkMgF�P�U�!�(��h�kJ� _*c r�h � ��kDb���h�k/lmtuaX�<h�kDbmh %PkMbmk1� `�| %^�L� k1� �qbmldnzk�� ��kDg�!�"�h�k
� g�� ��a�����kDb���kMbmlmsPg�kMg�� kMnzbm`�%�� ��� |~}�b<�>C
_�C4N `�g�� �P�q� |~}�b�� _J!
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 $4&)(<L '/9 �/=)G4(*$
C�h g kMbmldnzkDl	C�9�� kMbmh v kMg^n �P� kMh>�ykMv �yh�k � kMgU��`�h/%��PkDhjn	��kDb	+���g���v���bm�PkMg�� sPlmhjnzh�sPg�h�kDbm`�g�%*%�kDv kDlmlmkMg �<`�b���k��
iPkDb�%,��kMh�tpa�n i�kMbmlmtpa�h�k��ykMg�kB� g��U��lmlm`�g�%Pldi�sPb�%^oqg�%�k v hjnzkMh�g �qg���kMb�!�
U`ygUo�tua�ldn1�<`�b���kB��h k7r�}yg���k��/%�bu�L��aykMgU��g{c
�U��lmlm`�g�%9B[r<� � �L��l �	���	}�b��M`yg�% |~}�b r�`�g�tpa�%Pbu�#�ya�v��qnztuayh�g�%5C�`�g�nzkDbmlm`�tua^n ���<h�k/lmh�k.��v wxg�ldnzhjnz`{n�k:9{h�ldnzh kMbdn
`�g��/h�g Y �L��hjnzk��	�@! � � kMlmtpa�bmh�k�� kMg/h�ldn<!�" kDb �U�L�M`J� kDg ��nzh %�nzk
r�}�g���k�� %Pbu�L��a kDg�nzldnp��g��7��`�l ��� ��kDb8�^}yg�ldn8��h�tpa�kMg
� kMlmh�tpa�nzkMb�!���}�b6��h�kDlmk � kDlmh�tua�nzkDb	�<h�b��S��h�kB��sPlmhjnzh�sPgS��kMb6+:��g��yv���bm�PkMg ��`�l6��kDgS" �qnzkDgS��kDl � " c � s'�yk�� ��l
� kMbmkDtua�g�kMn �,�U��a�kMb
lmh�g��(�yh�k Y sPbmbmkMl�� sPg���kDg��MkDg(�ykMb
�
`�g��^nzk*s,�{nzh v��L�-! " h�kMlmk�+:��g��yv���bm�PkMg�� sPlmhjnzh s�gykMgB��kMbdc
��kMgX�L��l � bmsP`�g��{c N8bm`{nza{c-��sPlmhjnzh�sPg�kDg&� k��DkMh�tpa�g�kMn<!�� g&��h�kDlmkMg&�
`�g��^nzkMgO��kDb���kMg&� �qgyg&��`ybmtua � gX��kMg��ykMg
��kMb<���L� sPb�?��jnzkMb4�yh�k��Uk ����nzlV� kDbmkMtpa�g�k%n �@��h�k � �qgyg5�M` kDh�g�kMv r�}�g���k�� %Pbu�#�ya�kMg5�M`ylu�qv v kDg�%PkM|[�qlmldn4��kDb���kMg.!
" ��gU��tua ����h�k�� kMg �	� r�h � �ykMb�}���bmh %y�>��h�k)g�h�tpa�n7h v r�}�g���k�� %Pbu�L��a�kDgXkMg�nzaU�L�jnzkDg lmh�g��X`�g�����`�| ��kMg�kDg �U��l
)�kDbm|]��a�bmkDg=��kDb<r�}�g���k�� %Pbu�L��a�kDgU��g��U��lmlm`�g�%(%PkMnzkMldnzk%n3�<`�b��yk,!
� g�ldnzk�� � kV�ykMb
r�}�g��yk�� %Pbu�L��a�kDgU��g��U��lmlm`�g�%y�,��kMh���kDb�|~}�b Idk���k�+��qg���v���bm�Pk*kMh�g��Mk�� g7��h k�%�b�����nzk �	� kDbmkMh�g�ldnzh v7c
v�`�g�%'v hjn kDh�g�kMv �Uk ����n.��`�lJ��kMv %�kDlu��v/nzkMg r�}yg���k��
%�kDlm`�tua^n1�<h�b��F���P�qgyg v���g �L� kDb��q`ytua v hjn kMh�gykMv
kMh�g��Dk���gykMg � bu�L��aykMg kMh�gyk�� g��U��lmlm`�g�%��y`�bmtua�|~}�a�bmkDgiB]v��qnztua�kDgTCp�,�ykMb4�U��g�g�g	`�b�kDh�g4� kMlmh�tpa�n�bmk���buo�lmkMg�nzh�kDbdn
B[� � �C|~}�b���s@��k��/%�bu�L��ayv��qnztua�h g�%y�qh�v |~s �/%�kDg���kDg7��s@��k�� � %Pbu�L��a�kDgU��g��U��lmlm`�g�%5C ! " ��l�h�ldn�o ��`yhjiP�L��kDg�nW�M`7kDhjc
g�kMv r<� � v hjn�g^`yb�kDh�g�kMv C�h g�nzbu�L% h�v r�}yg���k�� !L� `�|P��h�kDlmk4U kMh�lmkV�~�qg���k%n���kMb�� bu�#�ya ��`�|P�ykMgB�:sPlmhjnzh s�gykMg>�
� kMh��ykMg�kDg$�yh�k6%Pb�����nzk �	� kMbmkDh�g�ldnzh�v v�`�g�%7v h�n���kDb���kMbmlmsPg'iPsPb���h k�%�n ����h�k1��kDvC��s@��k�� � %Pbu�L��a�kDg$�M`�%Pbm`�g���k
��h�k�%�n<!P� `�g�����g�g�v���g*�U��l�|�}�b.I k���kMg*��kDb�� bu�L��a�kDg*��`�bmtpa�|�}ya�bmkMg>�'��h�k � kDhP��kMb�r�}�g���k�� %Pbu�#�ya�kMgU��g�� �qlmlm`yg�%
� kMg^`�n8�%nB�<`�b���kMgF�:`yg��Xv �qgXkDbmaUoL�jn7lms |~}�b	Idk��ykMlB��kMb �	� r�h � �ykMb ��� ��sPldnzhjnzh�sPg�kDg>�Fi�sPg �ykMg�kDgXv���g ��h�k
" `�bmtuaylmtua�g�h�nmnzl�� sPlmhjnzh�sPg)s@��kDb���kMg���k���h~�qg���kMb���sPlmhjnzh�sPg$� kMnzbu��tua�nzkDg)�P�qgyg�!
�^s �P�qgyg#v���g |�}yb |~s,� %PkMg���k$)
kMbm|[��a�bmkMg ��h�k���s�lmh�nzh�sPg�kMg ��kMb*+:��g��yv���bm�PkMg � kMldnzh v v kDg�`�g�� �U��g�� ��kMb
� bms�`yg��{c N8bm`{nza{c-��sPlmhjnzh�sPg�kMgQ��kDgQ��`�bmtuaylmtua�g�h�nmn8��h�tuaykMg7�UkMa���kDbW��kMb�+:��g��yv���bm�PkMg�� sPlmhjnzh s�gyh�kMbm`�g�%	� kDbmkMtpa�g�kMg �
� !y� � � " `�bmtpa�lmtuayg�hjnmn
C�l��<h b��&� kDh.Idk��ykMv ���L��kMbmh�k���h � � kMh�gyk � s'�yk�� � %Pbu�L��a�kDgU��g��U��lmlm`�g�%S��`ybmtua�%PkM|~}�a�bdn7`yg��#�qgylmtua���h k��PkMg�� ��h�k
� bu�#�ya�kMg���s�lmh�nzh�sPg ��`�l���kDgS� kDh ��kMgS" `�bmtuaylmtua�g�h�nmnzl;��kMbdnzkMgS��kDb 9	c�`�g��SM^c Y s	s�b��yh�gU�qnzk7� kMbmkDtua�gyk%n<! " h�kMlmkDb
" `�bmtuaylmtua�g�h�nmn1�<h�b�� |~}�b3Idk��ykMg Y g�s�nzkDg kMh�g��Mk�� g }���kMbJ��h�k ��� � bu�L��a�kDgO��kDl/r�}�g��yk���lJ� kMbmkDtua�gyk%n<!�" h�kMlmkDl
� g��U��lmlm`�g�%Pldi�kMbm|[��a�bmkMg �<h�b�� |~}�b Idk���kDl7��kMb �	� r�h � ��kDb���`�bmtua�%�kD|�}ya�bdn7`yg�����`�lB��h�kMlmkDg �	� r�h/� ��kMbmgO�<h b��
�U��g�g���kMb�" `ybmtua�lmtpa�g�hjnmnzlm|~kMa�� kMb�}�� kMb��L� ��k Y g�s�nzkMg4`�g����L� � k�r�h � ��kDb3� kDbmkMtuayg�k%n<!
�@!y� � � ��k���h���g
r�kDhW��h�kDlmkMv � g�� �qlmlm`yg�%PldiPsPb�%^��g�%��<h�b�� |~}�b3Idk���kDg Y g�s�nzkMg kMh�g��Dk���g }�� kMb1��h�k ��� � bu�L��a�kMgO��kDl/r�}�g���k���l
�qgyldnzk�� ��k6��kDl " `�bmtuaylmtua�g�h�nmnzl���kMb���k���h���g���kMbWIdk:��kDh ��h %PkDg Y s^sPb���h gU�qnzk6%Pk���h/� ��k%n<!�" ��v h�n<kMbmaUoL�jn<v �qg$�<h�kMc
��kMb7|~}�b	Idk��ykMlB��kMb �	� r�h � �ykMb7��h�k�� bu�L��aykMg�� sPlmhjnzh s�gykMg>�:|~}�bB�yh�k=�U��g�g �<h�k���kMb7��kDbB" `�bmtpa�lmtuayg�hjnmnzlm|~kMa���kDb
� kMbmkDtua�g�kMn3��kDb���kMg'����g�g.!
� !yr<� �
A h�kMb �<h�b��(��h�k<r�}�g��yk�� %Pbu�L��a�kDgU��g��U��lmlm`�g�% i�kMb;��kMg���k%n � �<h�k*lmh�k<h�v Y �L��hjnzk��U��! � �U��b�%PkMldnzk�� �jn�h�ldn �P`�g�� k���kMg{c
|]�L� ��l3��kDb�"�`�bmtua�lmtpa�g�hjnmnzlm|~kMa���kMb�� kMbmkDtua�g�kMn<!

� �
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� \	TPY�Z]\-0fVWH�Q���Q : J�� V��'Q >����
	-a�	
�
�ykDa���kMb � �
hR9{k�� 	

�	��lm�Uk ����n �	��l��
aU��lmkM�ykq����n
� � � " `ybmtua�lmtpa�g�hjnmn �{� ���	� � � �^���
� � � ��k���h���g �{� � ��� � � �^� @
r<� � � � �q�	� � � ���q�

N:�L� k�� ��k � ! ��� )
kMb�%,��kDh�tua i�kMbmlmtpa�h�k���kMg�kDb�� g��U��lmlm`�g�%Pldc ��kMnza�s@��kMg

"/�?|~}�b(��h�k�r�kMbmkMtpa�g^`�g�% �ykMbQ"�`�bmtua�lmtpa�g�hjnmnzl;��kDbdnzk'g^`�b �^� � g��U��lmlm`�g�%Pldi�sPb�%�o�g�%Pk�� kMnzbu��tua�nzkMnQ�<`�b���kDg>�
h ldn ��h�k.� kDgU��`�h %P�PkMhjn<`�g���� `�lmlu�L%�kD�	bu�q|�n ��kDb�U kDbdnzk gU�qnz}�b���h�tpa4|~bu�L%,��h�tua.!P
P��kMh8kMbmldnzkJC�b�%Pk���g�h�lmlmk��{i�sPg���kMc
gykMg)kMh g�kMlV�M`=��kMbVC
g�nzlmtpa�kMh/��`�g�%.|~}�a�bdnzk��'�yh�k r�}�g���k�� %Pbu�#�ya�kMgU��g�� �qlmlm`yg�%7�D`�i�kMb���kMlmlmkMbmgF�^�P��g�g v �qg4�L� kDb
lmh tua�kDb���h�tua4|~kMldnzaU�L�jnzkDg �

� !�" h�k/r�}�g���k�� %Pbu�L��a�kDgU��g��U��lmlm`�g�% h�ldn�%PkDkMh %Pg�kMnzkMb��M`�v +��qg���v���bm�PkMg�?yg���kMg?�L��l�kMh�g�k1C
h�g��Mk��/%�bu�L��aykMg{c
�L�U��lmlm`�g�% v hjn��qgylmtua���h k��PkMg��ykMb*� k���h���g{c
s@��kMb<� hjnmnzk��R��kDbdn8� kMbmkDtua�g	`�g�%�!

��!	
 `�b�%PkDgU��`�kMg$+���g���v���bm�PkMg�� sPlmhjnzh�sPg�h�kDbm`�g�%7h�ldn���h k6�
aU��lmkMg�h g�|�sPbmv � nzh s�g5�<h tua�nzh %�!

"�h�k�U h�k���kMbma�s,��`yg�%O��kMl5C�9�� kMbmh�v kMg�nzkDl(�M` kDh�g�kMv l��UoqnzkMbmkDg 
 kMhjn8��`yg��^n v hjn*�ykMv " �qnzkMg�lu�qn8����� �D���P�
��kMldnpoqnzh %�n���h k _�h�tua�nzh/%��PkDhjn���kMb*a�h kMb�%Pk%nzbms,T kDg�kMg$C
g�nzlmtua�kDh ��`�g�%�!

� \^T7Y�Z]\-0fVWH�Q���Q : J��NV���Q � >���	-a5aZa��
�ykDa���kMb � �
hR9{k�� 	

�	��lm�Uk ����n �	��l��
aU��lmkM�ykq����n
� � � " `ybmtua�lmtpa�g�hjnmn � � ���{� �	� ���{�
� � � ��k���h���g � � � ��� � � � � @
r<� � �{� �q� � � � �P� �

N��#��k�� ��k � ! � � )
kMb�%,��kDh�tua i�kDbmlmtua�h�k���kMgykMb�� g��U��lmlm`�g�%�ldc � k%nza�s@��kDg'v h�n*��� �D���P�

"�h�k	N8kMg��ykMg��DkMg5��h�kDlmkMb4C�9�� kMbmh�v kMg�nzk�kMg�nzl���bmkDtua�kDg5%PkMg �q`5��kDg�kMg5��kDl�kDbmldnzkMg*)
kMbmlm`�tpa�kMl�!'"/�ql�lmtua���kMtpa�nzkMbmk
� kDlu��v/nzkMb�%Pk���g�h�l���sPv v/n
��`ybmtua*��h k���s�lmkDg�iP��bmh���g�� ��kMb�r�h/� ��kMb
�M`�ldnp��g���kX! A h�kMb
h�ldn4�U��l��:h g���kMg*��kDb
+:��g���c
v ��bm��kDg4gU�qnz}�b���h tua=��kMlmkMg^n8��h�tua'lmtuaX�<h�kDbmh %PkMb��#� l*h�g$��kDv lmkDa�b<kMh�g�|[��tua�kDg4� �L� ��%,��kMh tua�kDb��UbmsPg�np�L� � sPlmk,!
"/�qlQ� kMlmlmkDbmk=C�b�%Pk���g�h�lB��kMb ��k���h���g'��h �/��`�g�%S%Pk�%PkMg	}�� kMbQ��kMbB" `�bmtpa�lmtua�gyhjnmnzl���h � �y`�g�%S��o!��n7lmh�tua �U�L��`�bmtpa
kDbm�@��o�bmkMg>�W�U�!� ��kMh3�ykMb���k���h���g'��h �/��`�g�% kMh�g��Mk�� g�k�� bu�L��aykMg>�W��h k4lmkDa�b |[�L��lmtua ��h�k�%PkMg>��g�h�tpa�n lms lmkDa�b h�gyl
� k��<h�tua^n�|]�L� � kMg=�<h�k1� kMh.��kDb�" `�bmtpa�lmtuayg�hjnmnzl���h �/��`�g�%�!�" h kMlmkMb�� sPlmhjnzhji�k1C�T�kM�^n��ykMb���k���h���g'��h/� ��`�g�% |�}ya�bdnzk
�D`&��kMv )
kMbm|[��a�bmkMg&��kMb.r�}yg���k��/%�bu�L��aykMg�nzkDh ��`�g�%�!�" h�k e g�nzkDbmlm`�tua	`�g�% ��h kMlmkMlJ)�kDbm|]��a�bmkDg�l/|[�qg�� v hjnJ��kDv
"/� nzkDg�lu�qn8� ��� ���P� ldnp� nmn<!�C
l/kMg^nzldnp�qg�� kDh�g �
bms,%Pbu�qv v'���U��l1�ykMg ��� � bu�L��a�kDgO%Pbms���kDg r�}�g���k�� %Pbu�L��a�kMg
�D`�gUo�tuayldn �ybmkMhjnzkDh �jnzkP�	v hjn���kMg'lms kDg�nzldnp��g���kMgykMg�r�}�g���k�� %Pbu�L��a�kDg'kMh�g�k �@����lmlmh�lmtua�k/r�}�g���k�� %Pbu�L��a�kDgU��g��U��ldc
lm`yg�%7�q`y| ��kMg �^��� ���L� ��kDbmh�k���h/� ��kMbmgB��`�bmtpa�|~}�a�bdnzk�`�g��)��g�lmtpa���h�k �PkMg�� |~}�b
��h�k Y g�s�nzkMg���s�lmh�nzh�sPgQ��kDg���k���h���g
�ykMbJ��bmkMh���s�lmh�nzh�sPg�kMg �*o�a��jnzkP� ��s,� kDh�g �qtpa Y s	sPb���h�gU�qnzkMg %Pk%nzbmkDg�g�n1�yh�k v hjnmn8��kMbmk�9	c<`�g�� �yh�k v hjnmn8��kDbmk�M	c
Y s	s�b��yh�gU�qnzk6��h k gykM`�k1+��qg���v���bm�PkMg���s�lmh�nzh�sPg=��h � ��kMnzkMg�!
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Knoten (nach Fehler des klassischen BGM sortiert)


������ � ! � � r*� ��c NFkDh ��`�g�% � �UkMa���kDb*}�� kDb Y g�s�nzkMg

V���Q$?8ZfRZJ7J70_JqV H : J �LM:TD\803Y \-9D\-0[Z39
�UkMa�� kMb � ��h 9	k�� 	

r<� � B]�@����lmlmh�lmtuaTC r<� � B ��bmkDh %Pk%nzkDh �jnaC
�	��l��
aU��lmkM�Uk ����n

� � �P�P� � � � ���

N��L� k��/��k � ! ��� )
kMb�%,��kDh�tua4r�}�g���k�� %Pbu�L��a�kDg�nzkMh/��`�g�%.i{l�!��@����lmlmh�lmtua

A h�kMb�� kDh
�DkMh %�n.lmh�tuaXkMh�g�k5��kDh�tua^nzk()�kDb�� kMlmlmkDbm`�g�%S%Pk�%PkMg	}�� kMb7�ykMb.�@����lmlmh�lmtuaykMg&)���bmh���g�nzkX!.U kMg�g#�q`ytua g^`yb
kMh�g�k=%PkMbmh�g�%Pk5)
kMb�� kDlmlmkMbm`�g�% ��`�|�nzbmhjnmn �8lms h ldnB��h�kMlmk=�ykMg�g�s	tpa#��`�lmlu�L%PkM�	buo�| nzh %y�>� ��� kDhV�ykMg �^��� ���L��kDbmh�k%c
��h � ��kDbmg���kMb	"�`�bmtua�lmtpa�g�hjnmnzlm|~kMa���kMb��q`yl

430 · 52 = 22360
C
h�g��Mk���v kDlmlm`�g�%PkMg�%Pk���s�gyg�kMg �<`�b���k�����s@��`ybmtua

��h�kMlmkDb6U kMbdn/ldnp�qnzh�ldnzh�lmtpa ��`�lmlu�L%PkM�	buo�|�nzh %'h�ldn<!�C
h�g�kDg �UkMa�� kMb.�qg��M`�%Pk���kMg h�ldn��U�L� kMh�gyh�tua�n.v �,%,��h�tuaF� �U�4kMl
lmh�tua)a�h�kMb���kMh g�h tua�n�`yv C
h�g��Dk���v kMlmlm`�g�%�kDg*��kDl�lmk�� � kDg(U kMbdnzkMl�aU��g���k���n �^lmsPg���kMbmg)`yv kDh�g�kMg=" `�bmtpa�lmtua�gyhjnmn
i	h k���kDb�`�g�nzkDbmlmtua�h�k�����h�tpa�kMb3U kMbdnzkX!
NFbuoL%�n�v���g&��kMg&��`ybmtua�lmtpa�g�hjnmn8��h tua�kDg �ykDa���kDbJ��kMb Y g�s�nzkMg�� sPlmhjnzh s�gyh�kMbm`�g�%4|~}�b�Idk���kDgO��kDb � � Y g�s�nzkDgO%Pk%c
nzbmkMg�g�n ��`�|x���L��lms*��kDg " `�bmtpa�lmtua�gyhjnmnzl;��kMbdn iPsPg �^��� r�h/� ��kMbmgF��`yg�� lmsPbdnzh�kMbdn v �qg�� �#��kMh ��h�k Y g�s�nzkMg gU��tua
��kMb � b����Pk6��kDl*�UkMa�� kMbml<|�}�b�� �ql<�@����lmlmh�lmtuayk r<� � ��lms kMbma o#��n*v���g$"�h��L%�bu��v v � ! � !
A h�kMbB�MkDh %�n lmh�tuaF� �U�!� �U��lB)
kMbm|[�qaybmkMg �ykMb r�}�g���k�� %Pbu�L��a�kDg�nzkMh/��`�g�% � kMh3��kDg +��qg���v���bm�PkMg ��h�k4�@����lmlmh�lmtpa
%�`�n�%PkM|~`�g���kDg ��kMb��ykMg>�8k%nK�*��l�� kMlmlmkDb/|�`yg��^nzh�sPg�h�kMbdn �>`�g��&� � ��kDlJ� kDh��ykMg&+:��g��yv���bm�PkMg>�.� kDh��ykMg�kDgO��h�k
�'�~�qlmlmh lmtua�k�)��qbmh~�qg^nzk�h�a�bmk��^tpaX�<h�kDbmh %P��kDhjnzkMg)a � n ��h�g4kMnK�*�7��h�k6%,��kMh�tpa�kMg$�
bms,����kMv k/�q`y|/��kDh�ldn<!
NFbuoL%�n
v���g |~}�b�I k���kMl
��kMb �^��� r�h � �ykMb���h�k�" `�bmtuaylmtua�g�h�nmnzlm|�kDa���kMbsB " `�bmtuaylmtua�g�h�nmn�i�s�g � � Y g�s�nzkDgTC>��kDl
�@����ldc
lmh�lmtua�kDg r<� � %Pk�%PkMg ��h�kB"�`�bmtua�lmtpa�g�hjnmnzlm|~kMa���kMb6��kDb r�}�g���k�� %Pbu�L��a�kMg^nzkMh ��`yg�%y��lms4kDbmaUoL�jn v���g "�h��L%�bu��v v
� ! ��!
" h�k A o�`�|~`�g�%1�ykMb���`yg��^nzk*`�v ��h�k3U h�g��Pk�� aU�L� ��h�kDbmkMg���k�a�kMbm`�v �DkMh %�n �L�<h�k*lmtuays�g("�h��L%�bu��v v � ! � � �yh�k3)�kDbdc
% � kMh�tpa'�U��bm�PkMhjn3��kMh ��kDbV)
kMbm|[��a�bmkMg�!�" h�k6�
`�g��^nzk�����h�k�bmkDtua�nzl��U�Mi�sPg$� h�k�%PkMgF�@�MkDh %PkMg7I k���s	tua>���U�!�Q��h�k r�h � ��kDbD�
��h�k |~}�bB�U��l.�@����lmlmh�lmtpa�k)r<� � lmtua'�<h�kMbmh %?lmh�g��>�:bmk��~� nzh�i kDh�g�|[�qtpa |~}�b7�yh�k)��kMnza�s@��k5�ykMb r�}yg���k��/%�bu�L��aykMg{c
nzkMh ��`yg�%.lmh�g���!�e vQ%PkD��kDa�bdn3�DkMh %PkMg=�yh�k6��`yg��^nzk s,� kDbmaU�L� �>���U�!�B�yh�k�r�}�g���k�� %Pbu�L��a�kMg^nzkMh ��`yg�%7�
bms,����kDv k v hjn
��kMg r�h � ��kDbmg�aU�qn ����`�|���kDg�kMg?�@����lmlmh�lmtpa ��h�k7+:��g���v �qbm�PkDg bmk����qnzhji�%P`{n6%�kD|�`yg���kMg ��kDb���kMg�! C�h/%�kDg�n8��h�tpa�kMbdc
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Fehler klassisch [Pixel]


������ � ! � � r<� �'c N8kMh � `�g�% � �ykDa���kMb�%Pk�%�kDg4�ykDa���kDb���h � ����kDh�lmk

�*��bdnzkMn�v �qg kMh�g o �^`�hji��L��kMg�nzkDl>)
kMbmaU�L�jnzkDg7�ykMbW)�kDbm|]��a�bmkDg7`�g��(�U��v hjn�kMh�g�k3)�kDbdnzkMh � `�g�%���kMb��
`�g��^nzk*`�v �yh�k
U h�g��Pk���aU�L� ��h�kDbmkMg��yk/aykMbm`�v�� v hjn�� �qbm`yg�nzkMb���h k�%PkMg��ykMgS�
`�g��^nzkMg |�}�b kMh gS� kDlmlmkMbmkMl�`�g�� �U��bm}�� kDb���h�k�%�kDg���kDg
|~}�b�kMh g?lmtua���kMtpa�nzkMbmkDl	)
kMbm|[��a�bmkMg.! "/�ql�h�ldn��#��kMb�g�h�tpa�n6��kDb ���L� �f� `�g�� lms$�MkDh %�n lmh�tpa a�h�kDb kMh�gS��bmh g��Mh �yh�k�� � kMb
e g^nzkMbmlmtuayh�k��$��kMh ��kDbV)
kMbm|[��a�bmkMg�!

�	�$# � (*9 � $4&)(*9F68(�� G4$4LD"ME�G45/(<"u6:; ��2)$45.6�"%-/$

r�kDh ��kDb r�kMbmkDtua�g	`�g�%5��kMb	0 ayg���h�tpa��PkMhjnzkDg�� kDh ��kMb r�}�g��yk�� %Pbu�L��a�kDgU��g��U��lmlm`�g�%5�<h�b����yh�kJ0 a�g�� h�tua��PkDhjn ��kDb
+���g���v���bm�Pk�h�v ���L��kMbmh�k���h � �J�M`yv o�a�g�� h�tua�ldnzkDg��Uk ��ldn�h�v3r�}�g��yk�� %Pbu�L��a�kDg7� kMbmkDtua�g�kMn<!<" h�kDl>%PkMlmtpa�h�kMa^n�}�� kDb
kDh�g�k<�^���L����b���bms@��`y��n8�yh � ��`�g�%���kMb � kDh ��kDg/�Uk ��ldnmi�kM�^nzsPbmkMg>�<�<h�k�kDl�h�g Y �L��hjnzk��{��! � � kMlmtpa�bmh�k�� kMg.h�ldn<!qr�kMh	kMh g�kMb
��kDbmlms�gF����h k h�v r�}�g���k�� %Pbu�L��a�kMg)kDg�nzaU�L�jnzkDg h�ldn �{h�ldn�kMl*lmh�tuaykMb���h�tpa5�U��l�� kMldnzk��'�yh�k a �	tuayldnzk�0 a�g���h tua��PkMh�n�h�v
r�}�g���k�� %Pbu�L��a�kDg$�M`'lm`�tpa�kMg.!
U kMg�g �L� kDb���`�|�kMh�gykMv g�kD`�kMg�r�h � �Q��h k Y s�bmbmkDl�� sPg���kDg��MkDg kDh�g�kMb
�:kDbmlmsPg(%PkMlm`ytua�n4��kMb���kDg>�,��h k*g�s	tpa g�h�tua^n
h v r�}�g���k�� %Pbu�L��a�kMgQ%�kDl�� kMh tua�kDbdn�h�ldn ��lms ����g�g kMl�lmh�g�g^iPs,� ��lmkMh g>� ��h�k�+:��g���v ��bm��k*|�}ybW��h k�����lmk���sPbdn
�M`B�����qc
�Dh�kMbmkDg>����s g�h�tua^n�kDh�g�k/v �,% � h�tua�ldn a�sPa�k �	� kMbmkDh�g�ldnzh�v v�`�g�% v hjn�kMh g�kMb�kMh g��Mk���g�kMg'����lmk�%PkM|~`�g���kDg��<`�b��ykP�
lmsPg��ykMbmg=��s.kMh�g�k ays�ayk �	� kMbmkDh�g�ldnzh�v v�`�g�%/v hjn�v h�g���kDldnzkMg�l3�:��kMh �'��bmkMh�s@��kMb�v kDa�bV%PkMl�� kDh�tuaykMbdnzkMg ����lmkMg
��`�|�nzbmhjnmn<!�" �L��`ybmtua'h�ldn*kDl*v �,% � h�tua>�{v hjn<kMh�gykMb�kMnK�*��l��L� � %PkDv kMh g�kMbmkDg�����lmkDg�lmtuaU�L��� s�gyk1�M`4lm`�tpa�kMg.!
e v �yh�kMl*�M` `�g�nzkMbmlm`ytua�kDg>���<`�b��yk���h�k�0 a�g�� h�tua��PkDhjnzlm|�`yg��^nzh�sPg �U��a�h�g�%PkMaykMg�� iPkDbuo�g���kMbdn �
� kMh��ykMb*0 a�g�c
� h�tua��PkDhjnzl�� kMbmkDtua�g	`�g�%y��}�� kDb�kDh�g(����bu��v kMnzkMb�?���k�ldnzkD`�kMb��U��bD�^g�h�tpa�n�g^`�bV� �ql*o�a�g���h tua�ldnzk��ykq����nV�D`*� kDg^`{n8�MkDg>�
lmsPg��ykMbmgQ�yh�k<o�a�g�� h�tua�ldnzkDg

n
�ykq����nzl�! " �L� kDh�� kDldnzkMa�n
��h�k*� �,%,��h�tpa��PkMhjn �L�yh�kMlmk�0 a�g���h�tpa��PkMhjnzkDg�h�g7iPkDbmlmtua�h k���kMc

gykMb��ysPbmv��M`=%Pk:�<h�tpa�nzkMg.!^� k�� kDg5��kDbV%^��g�� g �qayk���h�k�%PkMg���kDg*)���bmh���g�nzk��{�L� � k�g)�ykq��ldnzlV%,��kDh�tua5�M`=%Pk:�<h�tpa�nzkMgF�
�<`yb���kMg h�gB�yh�kMlmkDbW� b�� kMhjn�g�s	tpa.i�kDbmlmtua�h�k���kMgykV)��qbmh~�qg^nzkMg7`�g^nzkMbmlm`�tpa�n �,��h�k3��h�k�oqayg���h�tpa�kMbmkDg.�Uk ����nzl�ldnpoqbm�PkDb
%Pk��<h�tua�nzkDg�! N:�L� k�� ��k � ! � kMbm�@��o�bdnJ�yh�k `yg�nzkMbmlmtpa�h�k�����h�tuaykMg )���bmh���g�nzkDg �PsPg�ldnp��g�n �.� h�g�k ��bD�>k�9�� r*��lmh�l7�	�Fk�9@�
r*��lmh�l/k,!8r�kMh���kMg �y`�gy��nzh s�gykMgO��o�`�|�nJ��kMbJ" k�?yg�hjnzh�sPg�l�� kDbmkMh�tpa?i�sPg � h�g %^��g��MkDg 
���a���kMgO��h l1�D`�b1� g�� ��a��
�ykMb4����bu�qv k%nzkDb�!," ��l4%PkMbu�L��k�g�s	tua5� k%nzbu��tua^nzk%nzk<�Uk ����n�v hjn
��kDb4%PkMbmh�g�%PldnzkDg(0 a�g���h�tpa��PkMhjn�aU�qnmnzk<h�v v kMb��yh�k
� k��<h�tua^nz`�g�% kMh g�lD�#��h�k*� k:�<h tua�nz`�g�%	��kMl�o�a�g���h tua�ldnzkDg/�Uk ����nzl>�*��b>�U��g�g�i�sPg���kDb>� g��q�qa��'�ykMb>� kMnzbu��tua�nzkMnzkMg
�Uk ����nzl��#�yaUo�g�%Ph %�!y��}�b ��h�k/� sPbmv h�kDbm`�g�% v.` ��nzkJ�M`���k%n8�Mn���h�k7� kMlu��v/npo�a�g�� h�tua��PkDhjn��y`�bmtua���h k.�^`yv v kJ��kDb
� k��<h�tua^nzk6��hji{h �yh�kMbdnV��kDb���kMg.!
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Y s	k��7c Y s	k��Q�Mh kMg�nzkDg�|�`yg��^nzh�sPg
�Dh�kMg^nzkMg �PsPg�ldnp��g�n ��h�g�kq��b k:9���� k:9��4k

f(i) = 1 f(i) = i f(i) = 2i−1 f(i) =
b
(ei−1)� � � � �

� � � � �
� � � � �
� � � � � �
� � � � @ �P�
@ � @ � � �M���
� � � @ � ���P�
� � � � � � �D�P���
� � � � � @ � ���{�
�D� � �D� �{� � �{�M���
�P� � �P� �D� � � �P� � � @
� � � � � � ���^� �P�����q�

N��L� k��/��k � ! ��� wxg���kMb�i�kMbuo�g��ykMbdnzkMg�0 a�g���h�tpa��PkMhjnzlm|~`�g��^nzh�sPg=� kMg^`�n8�%nzk Y s	k��Q�Dh�kMg�nzkDg

" ��v hjn kDb�%�k�� kMg lmh�tua ��h�k.�Us�bmv k���g?|~}�b6��h�k7r�kMbmkDtua�g	`�g�%$��kMb/� kDlu��v/npo�a�g���h tua��PkMh�n
s
�q`yl��ykMg C
h�g��Dk���o�a�g{c

��h�tuay��kDhjnzkMg
si

� kDh
n

� k%nzbu��tua^nzk%nzkMg �ykq�P�^nzlD� ��s,� kMh �U��l/o�a�g���h tua�ldnzk.�Uk ����n6��kDg %Pb�����nzkDg?wxg���k�9
i
aU�qn<! " h�k

�y`�g��^nzh�sPg4b*bm`yg���k%n�� �#��kMh8��`�|>%^�qg��Mk�
���a���kDg�!

�PsPg�ldnp��g�n �
s =

1

n

n
∑

i=1

si

� h�g�k ��b �
s =

1
∑n

i=1
i

n
∑

i=1

i · si

k:9���� �
s =

1
∑n

i=1
2i−1

n
∑

i=1

2i−1 · si

k:9��4k �
s =

1
∑n

i=1

b
(ei−1)

n
∑

i=1

b
(ei−1) · si

" h�k kMbmldnzkDg ��� � kMlmh tua�nzkDbJ��h � �yk%nzkMgO��kMg r�}yg���k��/%�bu�L��aykMg |~}�bJ�yh�k(� g��U��lmlm`�g�%Pldi�sPb�%^oqg�%�k4��`�|���kMg bmkMldn8��hjc
tua�kDg �P��� r�h � ��kDbmg���kDl	" �qnzkMg�lu�qn8�DkMl���� �D�P�P� ! " kDb<�UkMa�� kMbD�P%PkMv kMlmlmkMg h�g��	��a oqg�%�h/%��PkDhjn ��kDb � g��q�qa�� ��kMb
� k%nzbu��tua^nzk%nzkMg Y s	k �B�Dh�kMg^nzkMg4`�g��4h a�bmkMb�� bdn���kMb � k:�<h�tpa�nz`�g�%y��h�ldn �L��lms kMh�g�" `�bmtuaylmtua�g�h�nmnzl;��kMbdn<}�� kDb �P���
r�h/� ��kMb�v��L� � � Y g�s�nzkMg�!�N��L� k�� � k � ! � `�g�� �yh�kB%Pbu�L��a�h�lmtpa�kQ" ��bmldnzk�� ��`yg�%)h�g " h��L%Pbu�qv v � ! � �DkMh %PkDg ��h�kMlmk
%�kDv kDlmlmkMg�kDg4�ykDa���kMb�!
C�l6�MkMh/%�n lmh tua>� �U�!�)lmh�tpa?lmtuays�g ��kMh�r�k%nzbu��tpa�nz`�g�%=��kDb��:��kDh ��h�l���bmkMh�o�a�g���h tua�ldnzkDg �Uk ����nzl kDh�g�k�)
kMb�� kDlmlmk%c
bm`�g�%J��kMb Y gys�nzkDg�� sPlmhjnzh�sPg�h kMbm`�g�%�kDbmbmkMh�tpa�kMg(��o!��n<!," h�k � k:�<h�tpa�nz`�g�%Plu��bdnzkMg �PsPg�ldnp��g�n�`�g��(��h g�k ��b�kMbmbmkMh tua�kDg
kMh�gX� h�g�h�v.`�v `�g�� ��kDb���kMgXv hjn7�D`�g�kMayv kMg���kMb Y s	k��Q�Dh�kMg�nzkDg�� ��a��V�<h�k���kDb�lmtpa���kMtpa�nzkMb�! " h k*��kMh ��kDgXk:9	c
� sPg�kMg�nzh k�� ��kDg � k��<h�tua�nz`yg�%Plu�qbdnzkDg ldnzkM`�kDbmg ��`�|�kMh g ��h g�h�v�`yv �D`>���U�L� kMh��~�#%��U��l���h�g�h v�`�v |~}�bJ��h�kQ��h�k
� k:�<h�tpa�nz`�g�% k�9@��r*��lmh�l � `�g^nzkMbB��kDv ��kMb � k:�<h�tpa�nz`�g�% r*��lmh�l7kX!>C
l7h ldnB��kDg��@�U��bD��v hjn7kDh�g�kMb ��g���kDbmkMg
r���lmh�l����<h�lmtuaykMg � `�g��'k g�s	tua�%PkMbmh�g�%PkDbmk �UkMa�� kMb;��kMbdnzk6�D`4kMbmbmkDh�tua�kDg�!
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Y s^k �7c Y s^k �Q�Mh�kDg�nzkMg�|~`�g��^nzh�sPg
�Dh�kMg�nzkDg �PsPg�ldnp��g�n ��h�g�kq�qb k�9@� � k�9��4k
� � � �P�	� �
� � � � �P�{� � � � ���P� � � � ���P�
� �

�
,������ � � � �P��� � � � ���^� � � � � @ �

� � � � ���^� �
�
,��}�$n � � � ���P� � � � ��� @

� � � �{�M�y� � � � �P�P� � � � � @ � � � � � � �
@ � � � � @ � � � � �P��� � � � �q�P� � � � � � �
� � � �P���^� � � ����� � �

�
,7XVFTn � � � �	�M�

� � � ���	�P� � � �����	� � � � ���P� �
�
,��}�7�

� � � �P�P�{� � � �{�M��� � � � ��� @ � � � �	� �
�D� � � � @ �^� � � �{� ��� � � � ���P� � � � �	�M�
�P� � � ��� � � � � � � @ � � � � ���P� � � � �	�M�
� � � � ������� � � �P�P��� � � � ����� � � � �	�M�

N��L� k��/��k � ! ��� ��h�nmn8��kMbmkDbB�
hR9{k���|~kMa�� kMb7��kDb Y g�s�nzkMg�� sPlmhjnzh�sPg ��kDb i�kMbuo�g���kDbdnzkMg 0 a�g���h�tpa��PkMhjnzlm|~`�g��^nzh�sPg `yg��
����bu��v kMnzkMbmlu�qn8� � B]lmh�kDa�k6� g�aU��g�%5C !�"�h�k ��h�g�h�v ��lmh�g��'|�kMnmn�%Pk���bm`ytu�^n<!

0 2 4 6 8 10 12

1,28

1,30

1,32

1,34

1,36

1,38

Minimum ist 
1,281 bei 8

Minimum ist 
1,274 bei 7

Minimum ist 
1,282 bei 4

Minimum ist 
1,290 bei 3

exp Basis 2
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linear
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e
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Koeffizientenanzahl


������ � ! ��� )
kMbuo�g��ykMbdnzk60 a�g���h tua��PkMh�nzlm|�`�gy��nzh s�g � �UkMa�� kMb�� kDh ����bu��v k%nzkDbmlu�qn8� � B]lmh�kDa�k6� g�aU��g�%5C

"�h�k C
b�%Pk���gyh�lmlmkP�'��h�k v hjn4��kDb*� bu�#�ya�kMgU��g�� �qlmlm`yg�%.kDb��Mh�k��jn
��kMb���kDg>�^lmh�g��)��`�tua lmkMayb�ldnp��bm�7i�s�g5��kDg r�k:��kMc
%P`�g�%�l�� �qbu��v k%nzkMbmg'�L��a oqg�%�h/%�!@" h kMlmk ldnzkM`�kDbmg=�M`�v r�kMh�l���h k�� ��h�k/�^tua�bmh�nmnK��kMhjnzk	� kMh�v kDbmldnzkMg��	��s,�U�L�jc � sDi�k��
�yh�k.� b����PkJ��kDb�)
kMb��MkDbmbm`�g�%(� kDh�vJ�^tq�qg��^t �L��kMc ��s iPk/s@��kMb ��h�k A ��ayk1��kDl<nzs ��s %Pbu�L��a�h lmtua�kDg'� ���^nzsPbml � kMh�v
+8s	t �L�jc ��s i�kP� v hjn>��kMv ��h�k
)�kDb��MkMbmbm`yg�% ��kMl�� bu�L��a�kMg � � kMldnzbu��|�n ���<h�b��.!��^s	��h�kD|�kDbdnzk�kMh�gyk�� kMh�tpa�n:v s@��h ?��Mh�kDbdnzk
����bu��v kMnzkMb��U�qnzkMh ��kMlmlmkMbmk1C
b�%Pk��yg�h�lmlmk,!
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N:�L� k�� ��k � ! @ � � hjnmn8��kMbmkDb(�
hR9{k���|�kDa���kDb(��kDb Y g�s�nzkDg�� sPldnzh�sPg ��kMb i�kDbuoqg���kMbdnzkDg 0 a�g���h�tuay��kDhjnzlm|~`�g��^nzh�sPg `�g��
����bu��v kMnzkMbmlu�qn8�/� B]lmh�kMa�k6� g�a �qg�% C !�" h�k/��h�g�h v���lmh�g��4|~k%nmn�%�k���bm`�tp��n<!
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Koeffizientenanzahl
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kMbuo�g���kDbdnzk60 a�g�� h�tua��PkDhjnzlm|�`yg��^nzh�sPg � �ykDa���kDb�� kMh����qbu��v k%nzkMbmlu�qn8�/� B]lmh�kMayk6� g�aU��g�%5C
" h�k4U�h�k���kMbmays � `�g�%	��h�kDlmkMb C�9�� kMbmh�v kMg�nzk�v hjn ��kDv ����bu�qv k%nzkDbmlu� n8�*�`B]lmh�kDa�kV� g�a �qg�% C.�DkMh %�n �#�U�!����h�k Y `�bdc
iPkDg lmh�tua*��bmh�g��Mh ��h k�� ��g�h�tpa�n�`�g�nzkMbmlmtpa�kMh/��kMg>��lmsPg��ykMbmg�g^`�b�`�v �yh�k��y`�bmtua*�yh�k���g��ykMbmkMg*����bu�qv k%nzkDb�kMbmbmkDh�tua�nzk
)�kDb�� kMlmlmkDbm`�g�%/gU��tua�`�g�nzkMg i�kMbmlmtpa�s,� kMg�lmh�g���!X" ��l
`�g^nzkMbmldnzbmkMh tua�n�g�s	tua�kMh g�v��L����h�k �L� � %PkMv kMh�g�k � }��jnzh %P�PkMh�n
��kMb*a�h kMb�%PkM|~`�g���kDg�kMg�C�b�%Pk���g�h�lmlmkX!
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Knoten (nach Fehler des klassischen BGM sortiert)


������ � ! ��� )�kDbuo�g���kMbdnzk60 a�g���h�tuay��kDhjnzlm|~`�g��^nzh�sPg � �ykDa���kMb*}�� kMb Y g�s�nzkMgdB ����bu��v k%nzkDbmlu�qn8� �MC

N8buoL%�n�v���g �<h�k��ykMb1��h�k �UkMa�� kMbJ� kMh �ykMb6)
kMbm|[�qaybmkMgO%Pk�%PkMg&��h�k Y gys�nzkDg�g^`�v v kDbD�>lmsPbdnzh�kMbdn/gU��tpaO��kDb.� b���c�Pk(��kDl/�ykDa���kDbml1��kDb �@����lmlmh�lmtua�kDg )���bmh���g�nzk��F��`�| �>lms'kDbmaUoL�jn/v���g kMh g o�a�g���h�tpa�kMl1C
b�%Pk��yg�h�l1�<h�k lmtua�sPgO��kMh
�ykMb r�}�g���k�� %Pbu�#�ya�kMg�nzkDh ��`�g�%�!�" h�k Y g�s�nzkMgF����h�k/|~}�b��U��l��@����lmlmh�lmtpa�k�r*� � kDh�g�|[��tua��D`�� sPlmhjnzh�sPg�h�kDbmkMg4lmh g��>�
��kDb���kMgS��`ybmtuaS�yh�k/iPkDbuo�g���kMbdnzk70 a�g���h tua��PkMh�nzlm|�`�gy��nzh s�g�k%nK�*��l�� kMlmlmkDb	� sPlmhjnzh s�gyh�kMbdn<!�" h�k.lmtuaX�<h kMbmh %*�D`S� s�c
lmh�nzh�sPg�h�kMbmkDg���kDg=+:��g���v �qbm�PkDg4lmh�g���� kDh�v s'�yh ?��Mh kMbdnzkMb30 a�g���h�tpa��PkMhjnzlm|~`�g��^nzh�sPg5%PkMgU��`�lms(��bms,����kDv��qnzh�lmtua.!
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Fehler klassisch [Pixel]
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kMbuo�g���kDbdnzk60 a�g�� h�tua��PkDhjnzlm|�`yg��^nzh�sPg � �ykDa���kDb�%�k�%PkMg4�UkMa���kDb���h � ����kMh�lmk B ����bu�qv k%nzkDbmlu� n8�/� C



�������������
	�	
���
	���� t© �
	�	
�����������������! #"
$%��&
�
$('��)�* �'+$-,/.
���)01�
�2�
3*$4�(56�*��7
&4$-�-����8
�:9;'
<#3=�
,>�*?!�A@ �	�

wxg ��kMv " h~�#%Pbu��v v �ykMa���kMb(%Pk�%PkDg#�ykDa���kMbD��h g ��kMv �<h�k���kMb(��h�k�" `�bmtuaylmtua�g�h�nmnzlm|�kDa���kMb(��kMb i�kDbuoqg���kMbdnzkDg
0 a�g���h�tpa��PkMhjnzlm|~`�g��^nzh�sPg |�}yb4Idk��ykMg � bu�L��a�kDg %Pk�%PkDg ��h�k7�ykMa���kMb6��kDl��@����lmlmh�lmtuaykMg r<� � ��`�| %PkMnzbu�#%PkDg?lmh�g��F�
kMb�%Ph �{n
lmh tua kMh g i��,� � h %/��g���kDbmkMl4C�b�%Pk���g�h�l��L��l
� kMhP��kMb�r�}�g���k�� %Pbu�#�ya�kMg�nzkDh ��`�g�%�! A h�kDb�lmh g�� g oqv(��h�tpa g^`�g*��h�k
� bu�#�ya�kMg?v h�n��@����lmlmh�lmtpa lmtua���kMtpa�n��D` ?�g��ykMg���kDg Y s�bmbmkDl�� sPg���kDg��MkDg ��`�tpaS��h�kP����k���tuayk�v h�n	��kDb ��k%nza�s@��k
��kMb<i�kMbuo�g���kDbdnzkMg�0 a�g���h�tpa��PkMhjnzlm|~`�g��^nzh�sPg$��h�kJ%Pb�����nzkDg'�ykDa���kDb ��`�|/��kDh�lmkMg.!�" ��l�lmh�kMa^n�v���g��U��bu��g>��� � �*��h�k
)�kDbdnzkMh ��`yg�%7�ykMb��
`�g��^nzk�h g)kMnK�*�7�U��bu�L� ��k�� �M`yb3U h�g��Pk�� aU�L� ��h�kDbmkMg���kDg�i�kMb��~oq`y| n<!
" kMg kMnK�*�ql1%PkDbmh�g�%PkMbmkDg?�ykDa���kDb h g ��kDb6�:sPlmhjnzh s�gyh�kMbm`�g�%)����g�g v���g g^`�g ��`�tpa ��g ��h�kDlmkMb�� bu�L��ayh���lmkDa�kMgF�
�U�7��h�k � kMa�b��q�qa�� ��kDb��
`�gy��nzk�`�g^nzkMbmaU�L� ����kDb � kMbu�L��kMg���h�k�%�n<!

� ��� 0�� � � � � 6:E�G'"%$('
U�h�k lmtua�sPg�h�g Y �L��hjnzk��F��! � kMbm�@��o�bdn ������lmlmkMg'lmh�tpa4v hjn���kDb A ��`��{nz�PsPvQ��s�gykMg�nzkDgU��gU�L�RM{lmk i{h�k���k�a�s	tua��yh�v kDg{c
lmh�sPgU�L��k.��kDbm�	v��L��ldi�kM�^nzsPbmkMg s,�{nzh�v��L�>�U��bmldnzk�� � kMg�! " �(�yh�k7��kMbm�	v �#� ldiPkD�^nzs�bmkDg��ykMb iPkDbmlmtua�h k���kDg�kMg +:��g��{c
v���bm�PkMg �L� ��k<k%nK�*��l���g���kDbmkMl
�Ps@��h�kDbmkMg>��|�}ya�bdn�v �qg*��h�k A �q`��{nz�Ps�v(� sPg�kMg^nzkMgU��gU�L�RM{lmk<|�}�b.I k���k +:��g���v ��bm��k
lmk��U��bu�qn*��`�bmtpa�! U h � �*v���g#|�}�b(�yh�k?�^`�tuayk4i�sPg +:��g���v ��bm��kDg ��`�| g�kD`�kMg r�h �/��kMbmg�kDh�g�k�r*�qlmh l7i�sPg � ���
� kMlmh�tpa�nzkMbmg �M` %Pbm`�g���k5��k�%PkMg>�8lms kDg�nzldnzkMa^n7|�}�b I k���kMg Y gys�nzkDg kMh g r�}yg���k���i�sPg�� ��� �P� c-��h v kMgylmh�sPgU�L��kMg
��sPv(����k:9@��kDbdnzh %PkMgQ)
kM�^nzsPbmkMg>�'��h�k	�M`�gUo�tpa�ldn�h�g ��� c-��h�v kDg�lmh�sPgU�L��k�)
kM�^nzsPbmkMg>�'�M`�lu��v v kMg�%�kDlmk%n8�Mn���`�l�_<kq�L�jc
`�g�� wxv �L%�h gUo�bdnzkMh �f��`�vQ%Pk��*�qg���k��jn1��kDb���kMg ���Pg�g�kDg�!." h�k A ��`��{nz�PsPvQ� sPg�kDg�nzkMg �qg �#� M	lmkQ��h kM|~kMbdn1� �qv hjn |~}�b
I k���kMg Y g�s�nzkMgJ�ykMg �^tua'��kMb���`�gy��nzldi�kD��nzsPbD� ����A ��`��{nz�PsPvQ� sPg�kDg�nzkMg/`�g�� ��� )���bmh���g��DkMg�!<" h�kDlmk
wxg�|�sPbmv � nzh s�c
g�kMg$�~�qlmlmkDg'lmh�tua4h g4kMh�gykMv lms,%PkMgU��g�g^nzkMg��324��c �Pk%n��M`ylu�qv v kDg�|]��lmlmkDg>���ykMvA0 �^`�h�iP�L��kMg^n3�D`4kMh g�kMv �ykq����n �

|�}yb Y g�s�nzkMg
i
�

< ~F i > ⊗{~P i
0 . . . ~P i

N} ⊗ {σi
0 . . . σi

N}
� kMgU��`��<h�k1� kDh.��kDb r�}yg���k��/%�bu�L��aykMgU��g��U��lmlm`�g�%(��kMb���kDg?��`�tua�� kDh�v �324��c �?�qnztua�h g�%(��h�k �Pk%nzl��D`�kMh�gykMv
� bu�#�ya�kMg v hjn��ykMg�lmk�� � kMgQ)�kDb���h�g��y`�g�%PkMg(�:�<h�lmtpa�kMg(��kMg(+��qg���v���bm�PkMg(�M`�lu��v v kMg�%PkD|]��lmldn<!Pe v �ykMg(�324��c
� bu�#�ya�kMg(�<h k<kDh�g�kDg�r�}�g��yk�� %Pbu�L��a�kDg*�M`�b*� bu�L��a�kMg �qg��U��lmlm`�g�%B� kMg^`�n8�MkMg5�M`����Pg�g�kDg>�X��kMg ��nzh %�n�v���g�kMh�g�k
0 a�g���h�tpa��PkMhjnzlm|~`�g��^nzh�sPg>� ��h�k$�:�<h�lmtpa�kMg ��kMg��ykq�P�^nzl7kDh�g�kDl	I k���kMg#r�h � ����`yg��^nzkMl7`�g�� ��kDv �V24��c �PkMn Bf�L��lms
��kMb7_<k��ybuoqlmkDg�np�qnzh�sPg ��kMbB+���g���v���bm�Pk h v �324��c � bu�L��aTC/kDh�g�k50 ayg���h�tpa��PkMhjnB� kMbmkDtua�g�kMn7`yg��Xlms ��kDg �M`�b
+:��g���v �qbm�Pk��PsPbmbmkMl�� sPg���h kMbmkMg���kMg$�
`�gy��n<h v r�h �/�=?�g���k%n<!
" ��|�}�b���kDb���kMg ��h�kB�
bmsLIdkM�^nzh�sPg�kDgS��kDl r�h � ��cf�yk ����nzl/��`�|4��h�k A ��`��{nz�PsPvQ��s�gykMg�nzkDg � kMbmkDtua�g�kMn<! )
sPg kMh�g�kDb
%���` �P| �Pbmv h %PkMgS)�kDbdnzkMh � `�g�%5��kMb/��kMbm�	v �#� ldiPkD�^nzs�bmkDg �q`yl�%�kDa�kMg��>��kMbmaUoL�jn v���g lms4|~}�bVI k���kMl/��kMbm�	v��L� ��h�k
U ��a�bmlmtua�kDh�g���h tua��PkMh�n ��� � �)kMl h�gS��kMb )
kMbdnzkDh ��`�g�% i�sPbm��sPv v/n<! �?��g?|]��lmldn6��h�kDlmk1UX�qaybmlmtua�kDh�g���h�tpa��PkMhjnzkDg?�L��l
C�h g��Mk���o�a�g���h�tpa��PkMhjnzkDg ��`�| �.%�k��<h�tua^nzk%n/lmh�k v hjnJ��kMb�%���` �Plmtpa�kMg � sPbmv��L�ji�kDbdnzkMh ��`yg�%)`�g�� lm`�v v h�kDbdn1��h k ���
C�h g��Mk���o�a�g���h�tpa��PkMhjnzkDg5�M`4kDh�g�kMb � kMlu��v/npo�a�g���h�tuay��kDhjn<!
C�h g�k7r�k%nzbu��tua�nz`yg�%=�ykMb A h�ldnzs,%Pbu��v v k�bmkMtpa�nz|~kMbdnzh %�n���h�kDlmk7� gygU��a�v k7|�}yb |[��ldn/�L� ��k A �q`��{nz�Ps�v(� sPg�kMg^nzkMg�!
� `�b3��h k kMbmldnzkDg=����kMh ��h�l���bmkMh A ��`���nz��sPv(� sPg�kMg�nzkDg=�MkDh %PkMg)kMh g�k	)
kMbdnzkMh/��`�g�%.v hjn�kMh g�kMv k%nK�*��l���bmkDhjnzkMbmkDv
���~� nzkq��`�s@��kDb�lms,%^�qb kMh g�kMv � g�lu�qn8���:��kDh�kMb �?�#9	h v���! 
Uh kMa�n v �qgS�M`�b r�kMbmkDtua�g	`�g�%5�ykMb	0 a�g�� h�tua��PkDhjn ��h�k
A �q`��{nz�Ps�v(� sPg�kMg^nzkMg

α
��h�l

β
a�kDbu�qgF��lmsQ����`{nzkMn���h�k60 ayg���h�tpa��PkMhjnzlm|~`�g��^nzh�sPg |�}yb���kDg ���L� sPb I kMn

j
� �qv hjn

S1(~j, i) =
1

β − α

β
∑

m=α

e
−

(<~j−< ~F >| ~P i
m>)2

2σi
m

v h�n
0 ≤ α < β ≤ N

B � ! � C

C�l3�<`yb���kMg ��`�tua�CW9�� kDbmh�v kDg�nzk v hjn*kMh�g�kDb30 a�g���h�tuay��kDhjnzlm|~`�g��^nzh�sPg5��`�bmtua�%�kD|�}ya�bdn ��� kDh ��kMb���h k6C
h�g��Dk���o�a�g{c
��h�tuay��kDhjnzkMg?g�h tua�n lm`�v v h�kDbdn � lmsPg��ykMbmg v.`��jnzh ��� h �Mh�kDbdn �<`�b���kMg.! " h�k r�k�%Pbm}�g���`�g�%4ayh�kMbm|~}�b�h�ldn � � � �'kMl�lmh tua
� kMh ��kMg)kDh�g��Mk���g�kDg*0 ayg���h�tpa��PkMhjnzkDg�`yv U ��a�bmlmtpa�kMh g���h�tpa��PkMhjnzkDg�a �qg���k��jn �@��h k |~}�b3�yh�k r�kDbmkMtuayg^`�g�%B�ykMb�� k%c
lu�qv�nK�*��a�bmlmtua�kDh�g���h tua��PkMh�n:v�`��jnzh/����h �Dh�kMbdn���kMb���kDg.v�}�lmlmkDg�!#"�h�kMlmk��y`�gy��nzh s�g���h kM|~kMbdnzk��L� kDb8g	`�b�lmkDa�b:lmtua���kMtpa�nzk
C�b�%Pk���g�h�lmlmk��y��`�|>�ykMbmkMg�" ��bmldnzk�� ��`yg�%B%^��g�� i�kMb��Dh�tua^nzk%n3�<h b���!
e v3kDh�g�k*��`�lmbmkDh�tua�kDg���kV"/� nzkDg'�U��lmh�l�|�}�bW��h�k A ��`���nz��sPv(� sPg�kMg�nzkDgU��gU�L�RM{lmk4�M`7aU�L� kMgF��h�ldn�kMl�lmh g�g�i�s,� �f�qv kDa�b
�#� l���h�k��yh�lma�kMb�iPkDb;��kMg��yk%nzkMg ��� � kMlmh�tpa�nzkMb
��kDl�r�}�g��yk�� %Pbu�L��a�kDgQ�M` i�kDb;��kMg���kDg�!,U kDg�g>� �<h k*kDl���kMh ��� � k%c
lmh�tua�nzkDbmg ��kDb � �L� �<h�ldn �W��h�kS
��qa�����kMbQ)
kM�^nzsPbmkMg#�@��kMh g�kMb h�ldn)�#� lQ��h�k�" h�v kMg�lmh�sPgU�L��h�npo n �>�U��g�g ��h�kD|�kDbdnQ��h�k
A �q`��{nz�Ps�v(� sPg�kMg^nzkMgU��gU�L�RM{lmk �q`ytua�g^`�b
lms/i{h�k���k���h�g�kq��b�`�gU�L��aUo�g�%Ph %Pk A ��`��{nz�PsPvQ� sPg�kDg�nzkMgQ�<h�k�)
kM�^nzsPbmkMg
k:9{h�ldnzh�kDbmkMg�!U�^tua�sPg��U��a�kMb<h�ldn��'�~�qbD���U�!�Q�yh�k���npo�bm�PkMg���kDl��324��c �?�qnztpa�h�g�%Pl<kMbmldn � kMh>kDh�g�kDb�%�bms��PkMg�" �qnzkDg{c
�U��lmh�l��M`�v NFbu�L%PkMg'��sPv v kMg.!
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��kDlmlm`�g�% � b�! n � l 	

��� �ykq����nzl ���P� �yk ����nzl
r<� � �324� r*� � �324�

� � �	� � @ � �{� �	� � �y� � �P� �^� � � �
� � �	� @ � � �{� �D� � �y� � ��� �^� � ���
� � �	� ��� � �{� ��� � �y� � ��� �^� � �q�
� � �	� �P� � �{� �D� � �y� � ��� �^� � �	�
� � �	� ��� � �{� �q� � �y� � � � �^� � � �
@ � �	� ��� � �{� ��� � �y� � � @ �^� � �P�
� � �	� �	� � �{� ��� � �y� � �^� �^� � �P�
� � �	� �^� � �{� � � � �y� � �	� �^� � ���
� � �	� ��� � �{� �P� � �y� � � � �^� � ���
�D� � �	� � � � �{� �P� � �y� � ��� �^� � �^�
" `ybmtua�lmtpa�g�hjnmn � �	� �^� � �{� �P� � �y� � @m@ �^� � @ �

N��L� k��/��k � ! � � 
 kMhjnmi�kDb�% � kMh�tpa/kDh�g�kDl:kDh�g��Dk���g�kDg7� g��U��lmlm`�g�%Pldi�sPb�%^�qg�%�kDlW���<h�lmtuaykMg r*� �C`�g��Q�V24��c � � nztpa�h�g�%
��`�|�kMh�g�kDb��© wxg�nzk������ �	C H � 24�
e � � ��� � A �

C
h�g )�kDb�% � kMh�tpa&��kMb(
 kMhjn � �yh�k |�}�b7�yh�k'� bu�#�ya�kMgU��g�� �qlmlm`yg�% ��kMg ��nzh %�n��<h�b��>� �DkMh %�n � �U�!�?kMl7��`ybmtuaU��`�lB%PkMc
bmkDtua�nz|~kMbdnzh/%�n
h�ldn � � �ql
�@����lmlmh�lmtpa�k<r<� � �,�U��l���`�|�kMh�gykMb
r���lmh�l�iPsPg �q� � kMlmh tua�nzkDbmg���b�� kMh�nzk%n ��v hjn���kDv �324��c
� � nztpa�h�g�%O�M`�iPkDb�%,��kMh�tpa�kMgF�>� �ql �L��l r*��lmh�l ���P� � kDlmh�tua�nzkDb aU�qn<!W" h k�
 kMhjn �W��h�k4|~}�b(�U��l(�V24��c � � nztpa�h�g�%
��kMg ��nzh %�n��<h�b��F��h�ldn � ��kDg�g(�yh�k A ��`��{nz�PsPvQ� sPg�kDg�nzkMg �qg �#� M	lmk<kMh g�v��L��h %6��`ybmtua�%PkM|~}�a�bdn4�<`�b���k��	�#��kMh g�kMb�r*�qc
lmh l�iPsPg ��� � kDlmh�tua^nzkMbmg g�h�tua^n v kDa�b<i�s�gS��kMb	� g�� ��a�� ��kDb�� kDlmh�tua�nzkDb �L��aUo�g�%Ph %�! " h�kB
 kMh�n ����h�k��U��l r*� �
��kMg ��nzh %�n �^h�ldnV�y`�bmtua=��h�k�)
kMb�%,��kDh�tuayk�v h�n.Idk���kDv ��kDb<� kMlmh�tpa�nzkMb�h�v r�}yg���k��/%�bu�L��aykMg h�g k%nK�*�J��bms,� sPbdnzh�sPgU�L�
�ykMb�
���a�� ��kDb�� kMlmh�tpa�nzkMb h�v r�}�g���k��f�P��kDh � ��h�k(
��qa�� ��kDb/� kMlmh�tpa�nzkMb6% � kMh�tpa ��kMb�
���a��W��kMb �Uk ����nzl�h�ldn � �yh�k
��gBIdk���kDv Y g�s�nzkMg4a oqg�%�kDg�!
wxv kMbmldnzkDg5CW9�� kDbmh�v kDg�n4�<`�b���kDg4��`�|.��kDv " �qnzkMg�lu�qn8� �:� �D�P�P� �yh�k	��s�lmh�nzh�sPg�h�kMbm`yg�%Plm|�kDa���kMb4%PkMv kDlmlmkMg�!�N��qc
��k�� ��k � ! � �MkMh/%�n>��h�k4C�b�%Pk���g�h�lmlmkV��kMl>�324��c �?�qnztua�h g�%Pl8|~}�b:kDh�g�k
`yg�nzkMbmlmtpa�h�k�����h�tuaykV
���a��	h�g���kMb>0 a�g�� h�tua��PkDhjnzldc
|~`�g��^nzh�sPgJ��kMg^`{n8�MnzkMb A ��`����PsPvQ��s�gykMg�nzkDggB C
g�nzl���bmkMtpa�kMg��/�UsPbmv k�� � ! � �<`�b���k

β
iP��bmh�h kMbdn � kMh

α = 0
C !<" ��bmh�g

lmh g�� ��h�kQ" `ybmtua�lmtpa�g�hjnmnzlm|~kMa�� kMb�|~}�b1�	��l��
aU��lmkMcf�yk ����nzl�v hjn6�ykMg kMb;�*o�a�g�nzkDg U kDbdnzkMg `�g�� |�}yb6�	��ldcf�Uk ����n
%Pk�%�kDg^}�� kDb�%PkMldnzk��/�jn<!Fr�kMh4�	��lm�ykq�P�^nzl.kMbmaUoL�jn�v ��g g^`�b�v �#9	h v��L� ��� A ��`��{nz�PsPvQ� sPg�kDg�nzkMgF�>kDg�nzl���bmkDtua�kDg��
�ykMb�" h�v kMg�lmh s�g �#� hjnpoqn4��kDb3)�kD��nzsPbmkDg�!@" h kMlmk �UkMa���kDbV�<`�b��ykMg4|�}�b*kDh�g�k ��� `yg��4kMh g�k ���P� � kMlmh�tpa�nzkMb*kMg�nza �#��c
nzkDg���k/r���lmh�l�%PkDv kMlmlmkDg�!
A h kMb�� kDhP�DkMh %�n�lmh�tpa>�@�U�!�7� kMh�v �324��c �?�qnztua�h�g�%/|~}�bV�	�ylm�yk ����n*��kDh�g�k )�kDb�� kMlmlmkDbm`�g�%.kMb��Dh�k���n
��kMb��ykMg �P��g�g�!
r�k��Mh�kDa�n<v���g'a�h�g�%Pk�%�kDg���h�k6�
aU��lmkDg�h�g�|~sPbmv��qnzh�sPg4v h�n*kMh g>��lms lmh�g��^n���kDb<�ykDa���kDb���kDb Y g�s�nzkMg���s�lmh�nzh�sPg)i�s�g
kDh�g�kDv lmkDa�b�a�sPa�kMg=U kMbdn�� kMh %�kDbmh�g�%PkMb 
���a�� � kMnzbu��tua�nzkMnzkMb A ��`��{nz�PsPvQ��s�gykMg�nzkDg v h�n�ldnzkDh %PkMg���kDb Y sPv(� s�c
gykMg�nzkDg�� ��a��@��kD`{n8��h�tpa `�g^nzkMb>��kMgJ)
kMb�%,��kMh tua�l;��kDbdn ��kDl8�@����lmlmh�lmtpa�kMg.r<� �&!qr�kMh{�L� ��kDg1� g�� �qlmlm`yg�%PldiPsPb�%^o�g�%PkMg
v hjn3��kDb3�V24�Sh�ldn���kMlmaU�L� �4g^`�b�i�s�g$�	��l��
aU��lmkM�Uk ����nzl��q`yl�%�k�%^�qg�%�kDg5��sPb���kDg�!{e v���h�k A ��`��{nz�PsPvQ��s�gykMg{c
nzkDgU��gU�L�RM{lmk���`�bmtpa�|~}�a�bmkMg��M`4���Pg�gykMg>���<`�b���kDg=��h k �PsPvQ����k:9{kMg5U kMbdnzk�h�g)_<k �L�jc�`�g��4wxv��L%Ph�gUo�bdnzkMh/� `�vQ%PkMc
�*��g��yk��jn � � �	��h�k��
aU��lmk*kDh�g�k3�:M{�@��h�lmtpa�kV)���bmh��L����k�h�ldn<! " h�kDlmk�lms kDg�nzldnp��g���kMgykMg �ykq�P�^nzlW��kMb���kDg h�v ��kDhjnzkMbmkDg
wxv _<kM�Uk ����nzl�%PkMgU��g�g�n<!
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� z��J0 X��d-`0>k�� n����d- 0>k�� X��d-`0>k�� n����d- 0>k��
�D� �D� � �q� � � � � ����� � � @ ��� � � @ �P�
� � �	� �P�P� �{� ��� @ � � � ��� � � � �P�
��� � � �^��� � � � � � �{� � � � �{� @ ���
��� � � � � @ � � ����� �{� � �D� �{� � � �
��� � � � @ � � � � @P� c c
@ � � � �D��� � � ����� c c
@ � � � ����� c c c
��� c � � @ ��� c c
��� c � � @�� � c c
-/o w � � �P�P� � � �D� � �{� � �P� �{� �M�P�

N:�L� k�� ��k � ! ��� )
kMb�%,��kDh�tua ��kMlS�:sPlmhjnzh s�gyh�kMbm`�g�%�lm|~kMa���kMb � �
hR9{k�� 	 �:�<h�lmtpa�kMg3r�}�g���k�� %Pbu�L��a�kMg �qg��U��lmlm`�g�%�`�g��
�V24��c � � nztpa�h�g�% Bf�#����hjnzhji7C
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Hauptkomponenten (β bei α=0)

AbsPhase-FeaSts


������ � ! � � �324��c �?�qnztua�h g�% � �UkMa���kDb*}�� kDb�� g�� ��a����32�l

)�kDb�% � kMh�tpa�n�v ��g'�q`y|�� bm`�g��$��kMb�iPsPbma�kDbmh %PkMg�
 kMhjnz}�� kMb���k�%P`�g�%PkMg5��kDg4r<� �'c U kDbdn�iPsPg ��� r�kMh�l���h k���kDg�v hjn
��kMv �324��c �?�qnztuayh�g�%�c U kMbdn�i�sPg ���P� r�kMh�l��yh�k���kDg>��lms7kMb�%Ph �{n�lmh�tpa kDh�g�k �ykDa���kDbmbmk���`��^nzh�sPg i�sPg � � �P��� �
hR9{k���g
�q`y| � � @�� � �
hR9{k��f�@�*��l<kMh�gykMb��UkMa�� kMbmbmk��y`��^nzh�sPg iPsPg �P� � �	� kDg�nzl���bmh�tpa�n<!
�	��l �	`�b��Mk7� g�v kMbm�	`�g�%5�D`�b�nzkDtua�gyh�lmtua�kDg?e v lmk%n8�D`�g�%5��kDb	�324� lmkMh�g�s	tua?kMb;�*o�a�g^n � � � �)kMl g	`�v kDbmh�lmtua�k
��bms,��� kMv kV%Pk�� kDg.����g�g>�L�yh�kV�M`7g�k�%��qnzhji�kDgJ)��qbmh~�qg��MkMg7��kMh@�ykMgB��k%n8�MnzkMg A ��`���nz��sPv(� sPg�kMg�nzkDg.|�}ya�bmkMg>�#��kDg�g
��h�k5
���a��
��kMb�r�kMh�l��yh�k���kQ%,��kDh�tua ��kMbQ
���a��
��kDb1� kDbmkMtpa�g�k%nzkDg A �q`��{nz�Ps�v(� sPg�kMg^nzkMg h�ldn<!�" ��a�kDb6�<`�b��ykMg h g
N:�L� k�� ��k � ! � ��kMh �q� r�kMh�l���h k���kDg @ �`A �q`����Ps�v(� sPg�kMg^nzkMg���g�ldnzk�� ��k���kDb*kDh %PkMg�n8� h�tua ��� i�kMb;��kMg���k%n<!
" h��L%Pbu�qv v � ! � ldnzk�� ��n1�U��l1)
kMbmaU�L�jnzkDg %Pbu�L��a�h lmtuaO�U��b�!.�	��l1�	���	}�b��M`yg�%'|~}�b A �q`��{nz�Ps�v(� sPg�nzkB�<h�b��O��sPbdn
�V2 B �
bmh�gytMh �U�L� 2�s�v(� sPg�kMg^naC�i�kMb;��kDg���k%n<!
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Knoten (nach Fehler des klassischen BGM sortiert)


������ � ! ��� �324��c �?�qnztpa�h�g�% � �ykMa���kMb*}���kMb Y gys�nzkDg
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Fehler klassisch [Pixel]


������ � ! ��� �324��c �?�qnztuayh�g�% � �ykDa���kMb�%Pk�%�kDg4�ykDa���kDb���h � ����kDh�lmk

)
kMb�%,��kDh�tua^n v���g g^`�g �q`ytuaF�U��l5�324��c �?�qnztua�h g�%QB ���P� � kMlmh�tpa�nzkMbD� ���eA �q`��{nz�Ps�v(� sPg�kMg^nzkMgTC7v hjn5��kDv
r<� � B ��� � kDlmh�tua�nzkDbECp�{h g���kMvCv���g$��h k��ykDa���kDb*�	g�s�nzkMg'��kMh�lmk��{gU��tpa'�ykDa���kDb���kMl�r<� ��lmsPbdnzh�kDbdn �y��`�|�nzbuoL%�n �
lms kMbmaUoL�jn�v���g=" h��L%Pbu��v v � ! � ! A h�kDb4�DkMh %�n�lmh�tua=�ykM`{n8��h tua>�'� � �B�U��l3�324��c �?�qnztpa�h�g�%.h�g=��kMb3+��#%Pk h�ldn �@��kMg
�UkMa�� kMb>I k���kMb3+:��g���v �qbm�Pk h�v " `�bmtpa�lmtuayg�hjnmn�`�v���h�k A oL��|�nzk �M`)bmk���`��Dh�kMbmkDg�!y�^s<��s�a�� ��h�k�r�}�g���k�� %Pbu�L��a�kMg�c
nzkDh ��`�g�%?�L��l �q`ytua ��h�k�i�kMbuo�g���kDbdnzk50 a�g���h�tpa��PkMhjnzlm|~`�g��^nzh�sPgO��bu��tua^nzk5� kDh4��kMg lmtpaX�<h�kDbmh %PkMbmkMg +:��g��yv���bm�PkMg
�PkDh�g�k�)
kMb�� kDlmlmkMbm`�g�%�!X" h�kDlmk�C
h %PkMg�lmtpaU��| n
�ykMb
�324�.�X� kMlmsPg���kDbml��L� kDb��yh�k A �L� �yh�kMbm`�g�%1��kMl4" `�bmtuaylmtua�g�h�nmnzldc
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|�kDa���kMbmlD��v���tua^n(�U��lQ�324��c �?�qnztpa�h�g�% �M` ��kMv ��v � kDldnzkMg %PkMkMh/%�gyk%nzkMg )�kDbm|]��a�bmkDg�|�}ybQ�U��l ��h�g���kDgXi�sPg
Y sPbmbmkMl�� sPg��ykMg��DkMg>�,�*�ql���`�tua h�v "�h��L%�bu��v v � ! � ���ykMa���kMb�%Pk�%�kDg �UkMa���kDbD�,��kM`{n8� h�tuaB�<h�b���!P���qldn��L� ��k��
`�gy��nzk
��h�k�%PkDg�`�g�nzkMbma �#�/� �ykMb	U�h�gy��k���aU�L� ��h kMbmkMg���kMg>���*��l��DkMh %�n �P�U�!� kDl g	`�b ��kDg�h %Pk.r�h �/��kMb	%�h/�{n ����`�|���kDg�kMgS��h�k
Y sPbmbmkMl�� sPg��ykMg��DkMg lmtua���kMtpa�nzkMb6%PkM|~`�g���kDgS��kMb���kDg �L��l6� kMh ��kDb �@����lmlmh�lmtpa�kMg � bu�L��a�kMg �qg��U��lmlm`�g�%y�8��`�|
|[��ldn
�#�/��kMg'��g���kDbmkMg�r�h � ��kDbmg)a�h�g�%Pk�%�kDg=��kMb��ykMg'lmh�k6� kMlmlmkDb�%PkD|�`�g���kMg�!
C�h g ����kMhjnzkDl(C�9@��kMbmh�v kMg�n*� kMnzbu��tua�nzkMn�g�h�tua^n5��h�k�kDbmldnzkMg

n
A ��`��{nz�PsPvQ� sPg�kDg�nzkMgF��lmsPg���kMbmg �yh�k���kMn8�%nzkDg�!

U kMg�g�v ��g��U��bu�qg ��kDg��^n ��� � �5��h�k1)�kDbdnzkMh ��`yg�%Q��kDb�kMbmldnzkMg�����kMh ��h l��ybmkMh A ��`���nz��sPv(� sPg�kMg�nzkDg'g�h tua�n	%Pk%c
gU��` %^��` �P| �Pbmv h/% ��`�lmlmh�kDa�n ��lms ��o!��n lmh�tua ��`�bmtua � �qlBU k�%,����lmlmkMg �ykMb7kDbmldnzkMg A ��`���nz��sPv(� sPg�kMg�nzkDgXg�s	tua
kMh�g�k�)
kMb���kMlmlmkMbm`yg�%)kDb;�*��bdnzkMg�! " h�kDl kDg�nzl���bmh�tpa�n h�g?�ysPbmv k�� � ! � kMh�g�kDb )���bmh��qnzh�sPg�i�sPg

α
� kDh

β = 80
! " h k

C�b�%Pk���g�h�lmlmk1�MkMh/%�n N:�L� k�� ��k � ! � `�g���%Pbu�#�ya�h�lmtua��U��b�%PkMldnzk�� �jn�" h��L%Pbu��v v � ! �D� !
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Idk���s	tua ��`�| I k���kMg?� �L� �f�
�U�!�J��kMh kMh�g�kDv � `�l�����lmlmkMg*�ykMb�kMbmldnzkMg �D�DA ��`��{nz�PsPvQ��s�gykMg�nzkDg kDh�g�k %,��kDh�tua(%P`{nzk	+:��g���v ��bm��kDg�� sPlmhjnzh�sPg�h k%c
bm`�g�%�kDbmbmkMh�tpa�nW�<h�b��>� �<h�k�v hjn
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wxg=��kMb�_<k�%�k�� lmh�g��5��h k��ykq����nmc )�kD�^nzs�bmkDg�g�sPbmv h kMbdn ��lmh�k aU�L� kDg4�#� lms.�L� � k��yh�k	+:o�g�%Pk�kDh�g�l�`�g��=��h�k�%PkDg(�U��v hjn
��`�|�kDh�g�kMb A M�� kDbm�	`�%Pk��-!8wxldn kMh�gyk)kMh�g��Dk���gyk Y sPvQ� sPg�kDg�nzk=��kMl7g�h�tpa�n g�sPbmv h�kDbdnzkMg&)
kM�^nzsPbml.lmkMa�bQ%�bms��y��lms
� �Dh�kMa^n ���yh�kMlmk Y sPvQ� sPg�kDg�nzk ��h�k ��g���kDbmkMg*��kMhP��kDb
� sPbmv h�kDbm`�g�%���`�|�lmkDa�b��@��kMh�gyk3U kDbdnzk,!�e v ��h�kDlmkMg(C
T kM�^n
�D` i�kDbma�h�g���kDbmg>�	h ldn�kDl�v � %,��h tua>�@��h�k �ykq����nmc )�kD�^nzs�bmkDg)|�}yb>Idk���k/�	���L���/kMh g��Mk���g5�D`)g�sPbmv h�kDbmkMg�!@" ��v h�nV�<h�b��
�ykMb � kDlu�qv�nmi�kM�^nzsPb*k�� kDg�|]�L� � l��q`y|:kMh�gyl*g�sPbmv h�kMbdn �U�L� ��kMb��yh�g�%Pl�� kMkDh�g ��`ylmlmkMg���h�k `�g^nzkMbmlmtuayh�k���� h�tua�kDg �^�P�#� kMg
lmh tua�� kMh���kDb*� s�bmv h�kMbm`yg�%7g�h�tpa�n�%Pk�%PkMgylmkMhjnzh %�!
r�kDh�v �324��c �?�qnztuayh�g�%��<`�b���kDg���h�k4�	��l��
aU��lmkM�Uk ����nzl�g�sPbmv h�kDbdn �Dh g/wxv _<kD�ykq�P�^nzl8`�v(%Pk:�*��g���k��jn:`�g��7�U��g�g
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i�kMbuo�g��ykMbdnzk60 a�g���h tua��PkMh�nzlm|��^n<! � � � �P� � � � ���
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C
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kMb�� kDlmlmkMbm`�g�% |~}�a�bdn �^�L� ��kDb���h�g�%Pl�� kMh�v
�324��c �?�qnztpa�h�g�%�i��,� � h % kDh�g'��bmh tua�n<!Pr�kDh���kMb�� sPbmv h�kDbm`�g�%��ykMb��Uk ����n�)�kD��nzsPbmkDgB��h�k�%�kDg7�yh�k�`�bml��ybm}�g�%,��h�tpa ��� c
�yh�v kDg�lmh�sPgU�L��kMg=)
kM�^nzsPbmkMg���`�|:kDh�g�kDb A M�� kDbm�^`�%�k��f�y�L��lms kMh�gykMvA%PkD�^bm}yv v/nzkDg)e g^nzkMbmbu��`�v ��kDb�" h v kMgylmh�sPg
��� !�" ��a�kDb���h�k�%�n*kDl*gU��a�k��{kDh�g�kDg=)�kDbmlm`�tua'v hjn*g�h�tua^n<g�sPbmv h�kDbdnzkMg5)
kM�^nzsPbmkMg$��`�bmtua��M`�|~}�a�bmkDg�!
"/�#��kMh^kDb�%�k�� kMg�lmh�tua7�L� kMb8i{h�k��^a �Pa�kDbmk��ykMa���kMb;��kDbdnzk,!�U o�a�bmkDg�����h�k
+���g���v���bm�PkMg7��`�|��ykMg�v kDh�ldnzkMg�r�h � ��kDbmg
%,��kDh�tua %P`{nQ%PkM|~`�g���kDg ��kMb���kDg>�>�<h b�� ��kDb�� bu�L��a ��`�|�v �qgytua�kDg � kMlmh�tpa�nzkMbmgXi��,� ��h %?|[�L��lmtua �����L�Mh�kDbdn<! "�h�k
� sPbmv h�kMbm`�g�%B��kMb*�Uk ����nzl<h�ldn �L��lms���`�tua'|~}�b��U��l��324��c �?�qnztpa�h�g�% g�s�nK��kMg���h %�!
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�^}yg�ldn8��h�tpa7kDb��MkD`�%�nzk � kMlmh�tpa�nzkMb
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C�h g�k*� gX��kDg���`�g�%y�:v hjn���kDb�lmh�tpa ��h�k5� `�l;�<h�bm�	`�g�%PkMg ��kDb�h�g ��h�kDlmkMb�� b���kMhjn�kDb���bms,�{nzkMg&)
kMbm|[�qaybmkMg lmkMa�b
��kMh�tpa�n v kMlmlmkDg �~�qlmlmkDg>� h�ldn�� �ql�� kMlmh�tpa�nzkMb�?�g���kMg�!���hjn���kDv � ��tDkM��h�g���kDb � �M� 	 ldnzkMa�n/��v wxg�ldnzh�nz`{n kMh�gS��bms�c
%�bu��v v �M`yb	)�kDbm|�}�%�`yg�%y� � �ql/��`�|��ykMb lmtpa�sPg kMb;�*o�a�g�nzkDg Y s@�U���^c-" �qnzkMg'�U��g�����h�gS��kDb aU��`��{nzluo�tua���h�tua?e bdc
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v hjn�� kDlmh�tua�nzkDbmg `yg�nzkMbmlmtpa�h�k�����h�tuaykMbV
���a��f�{� b����Pk<`yg��(��sPlmk�kDg�nzaU�L�jnzkDg lmh�g��F�X��h�kMlmk�� kDlmh�tua�nzkDb
lm`�tua�n�`yg����qgylmtua���h k��PkMg�� �yh�k A M@��s�nzaykMlmkMg � k���kMbdnzk%n<!W" �L�M`#|�}ya�bdn kDl |�}�b `yg�nzkMbmlmtpa�h�k�����h�tuayk �^���L��h kMbm`�g{c
%�kDg&��kMl7r�h � ��kDl kDh�g�k r�}yg���k��/%�bu�L��aykMgU��g��U��lmlm`�g�% �y`�bmtua `�g�� �MkDh�tua�gyk%n�`�v ��h�k)r�kDbmkMh�tpa�kP�Fh�g&��kMgykMg&��h�k
0 a�g���h�tpa��PkMhjn�� kDh�vCr<� � kMh�g�kDg �^tpaX��k�� � ��kMbdn�}�� kMbmlmtpa�bmhjnmnzkDg4a � n �ykMh�g�kDg'_ ��a�v kDg�!yr�k�?�g���k%n�lmh�tua�h�g���kMv
r�kDbmkMh�tpa>�yh�g��ykMv �U��l �
bms,%�bu��v vCkDh�g?� kDlmh�tua�n i�kMbmv�`�nzk%n �{np�qnzluo�tua�� h�tua�kMh�g�kDlD�ylms(�<h�b����U��l �L��l C�bm|~s,� %(%Pk%c
��kMbdnzk%n<!��ykMa���kMb lmh g�� r�kMbmkMh tua�k.v hjn/� kMlmh�tpa�nzkMbmgF� ��h�k7� �ql1�
bms %Pbu��v vJgyh�tua�n1?�g���kMn �>�L� kMb/�q`ytua r�kMbmkDh�tua�k��
h�g=�ykMg�kDg4����tMkM��h�g���kMb*kDh�g � kMlmh tua�n*i�kMbmv.`{nzk%n ���yh�k/�#��kMb�%^��b*�PkMh g�kMl*kMg�nzaU�L�jnzkDg�!
�^s.�P��g�g)v ��g=��`�bmtua4kMh g�k kMg^nzl���bmkMtpa�kMg��4g�h�k���bmh %7%PkMlmkMn8�%nzk�C
g�nzlmtpa�kMh/��`�g�%Plmlmtua'��k�� ��k6��h k	C
bm�PkMg�g	`�g�%Plmbu�qnzkP�
�#� lms���h k*� g�� ��a��4��kMb7%PkM|~`�g���kDg�kMg#� kMlmh�tpa�nzkMb�%Pk%nzkDh �jn���`�bmtpa&��h k*��kMb/i�sPbmaU��g���kDg�kMg>�:kMbma ��aykMg�!��^kDa�b/i{h�k��
�q`ylmlu�#%PkD�^buo�|�nzh %PkMb a�h�g�%Pk�%PkDg�h�ldn���h�k�C
bm�PkMg�g^`yg�%Plmbu� nzk7��kMh>C �^`U�L�jc-C
bmbmsPbD� � kMh ��kDb	�yh�k �^tuaX��k�� ��k�lms5%PkMlmk%n8�Mn
�<h�b��>���U�!�Q%PkDgU��`�lms7i{h�k���k/� kMlmh tua�nzkDb*g�h�tua^n�%�kD|�`yg���kMg$�<h�k�� h�tua�n8%PkDlmh�tua�nzkDb3%PkM|~`�g��ykMg$��kMb���kDg�!
" ��l �
bms,%�bu��v v �<`�b��yk�lms�v s'�yh ?��Mh kMbdn �<�U�!����h�kV� g��U��lmlm`�g�%Pldi�s�b�%^o�g�%Pk��M`yv kMh�gykMg.v h�n:i�kMbuo�g���kDbdnzkMb 0 a�g{c
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lmh�nzh�sPg�h�kMbm`yg�%)|�}ya�bdn � ��kMg�g |~}�b6��h�k���np�qnzh�ldnzh ��%PkMg^}�%�kDg�� � kMlmh�tpa�nzl�� kMh l���h�k�� k�i�sPbmaU��g���kDg lmh�g��>��bmkMh�tpa�kMg �yh�k
i�sPv � ��tDkM��h�g���kDb�i�kDb;��kMg���kMnzkMgXr�}�g���k�� %Pbu�L��a�kDgXh�g h�a�bmkDb � b����Pk)g�h�tpa�n ��`�l�! A h�kMbm|~}�b��<`�b��yk)kMh�g gykM`�kDb
r�}�g���k�� %Pbu�L��a'i�kMb;��kDg���kMn ���ykMb ��`�l �	� @ � kMlmh�tpa�nzkMbmg�bmk �L��kDb���kMbmlmsPg�kMg���kMldnzkMa^n`B[r<� �{� @MC !�)�kDbmlm`�tua�k��yv hjn
r�}�g���k�� %Pbu�L��a�kDg �q`yl �	}�g�ldn8� h�tua�kDg���kDbmlms�gykMg � kDlmh�tua^nzkMb h�g g � nz}yb���h�tuaykMg?r�h � �ykMbmg��M`S?�g���kMg>� �*�qbmkDg?g�h�tua^n
kDbm|�s,� %PbmkDh�tua�! "�`�bmtua ��h�k*)
kMb;��kDg���`�g�% kMh�gykMl ��g���kDbmkMgXr�}�g��yk�� %Pbu�L��a�kDg kMb�%Pk���kMg lmh�tpa kMb;�*��bdnz`�g�%�l�%PkDv�o!�
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�ykMbV+��qg���v���bm�PkMg |~}�b4�yh�k +8kMh�ldnz`�g�%�kMh g�kMl*� kDlmh�tua�nzl�?yg���kMbml�g�h tua�n�i�s�g*)
sPbdnzkMh � lmh�g���!@�	� ��kMb��yh�g�%Pl
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a �qg���k��jn �<��kDbmkMgJ+��qg���v���bm�PkMgJ��`�bmtpa.��`{nzsPv � nzh lmtua�k�� bu�L��a�kDgU��g��U��lmlm`�g�%�%PkM|~`�g���kDg1�<`�b���kDg>����kMh'��kMb8�PkMh g�k
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�324��B~i�sPg ���P�
� bu�L��aykMg>� ��� �V2�lEC � � @P� � � �{� @ � ��� � � � ��� � � � �y� �
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iPkDbm|]��a�bmkDg

C�h g�k6%���g��6�<h tua�nzh %Pk6� `�| %^�#��k h ldn���h�k�� kMlmh�tpa�nzlmkMbm�PkDg�g^`�g�%y��� kDh���kMb*}�� kMb���bm}y| n��<h�b��F�{s,�'kMl<lmh�tua�� kMh��:��kDh
r�h/� ��kMbmg `�v ��h�kMlmk�� � k���kMbmlmsPg a �qg���k��jn<!," � a�h�kMb���kMh���h�bmkD��n4��h�k<��sPbmbmkDl�� sPg���h�kDbmkMg���kDg(�
`�g��^nzk<v h�nzkMh�gU��g��ykMb
iPkDb�%,��h�tuaykMg7��kMb���kDg>�,� kMldnzkDa�n���h�k*ldnp�qbm�Pk3)
kMbmv.`{nz`�g�%y� �U�!�1��h�k3C
bm�PkMgyg^`�g�%Pl���kDh�ldnz`�g�% ldnzkMh %�n �L��kMg�g v���gB��h�k
Y sPbmbmkMl�� sPg��ykMg��DkMg�� kMlmlmkDb ?�g���kMn<! ��}�b ��kDg�N8kMldn>�ykMb C
bm�PkMg�g^`yg�%Pl���kMh�ldnz`yg�%�k:9{h�ldnzh�kDbdnFkMh�g���bms,%Pbu��v vSgU��v kDl
C��L%,��kX! � `y|�����kMh����#� kMbmh�kDg>� ��h�kB��h�kB%,��kMh tua�kDg ��kDbmlms�gykMg h�g*Idk:��kDh ��l iPkDbuo�g���kMbdnzkDb6�:sPlmkvB]`yg�� � kMh�gU�qnz}�b���hjc
tua�kDg r�h � �ykMbmg ��`�tpa ��g���kDbmkMv � kDlmh�tua�nzlu��`�l��ybm`�tu�VC*kMg^nzaU�L�jnzkMg>���<h�b���kMh g�k�r�}�g���k�� %Pbu�L��a�kMg �qg��U��lmlm`�g�% v hjn
kMh�g�kDvA�U��lmlmkDg���kMg r�}�g���k�� %Pbu�L��a�kDg���`ybmtua�%PkM|~}�a�bdn `�g�����h�k �PkMnzl ��g���kDg�%PkM|~`�g��ykMg�kDg?��nzk�� ��kMg'k:9	nzbu��a�h�kMbdn<!
� g�lmtua�� h�k��PkMg��7?�g���k%n
kMh�g Y bmkM`��%i�kMb�%,��kDh�tua7��kDb �PkMnzl�aykMbu��`�lD��s,�Q�U��l�kMbmldnzk<r�h � �7h�gB��kDb�kMbmldnzkMg ���L��kDbmh�k<�q`ytua
�#� l/o�a�g���h tua�ldnzkDl1�M` ��kDv kMg�nzl���bmkDtua�kDg���kDg r�h �/� h�g ��kDb1�:��kMh�nzkMg ���#� kMbmh�kB%PkD|�`�g���kMg �<h b�� `�g�� lms���kMhjnzkDb�!
�	��l�U kDbdn�|�}yb���h�kJC
bm��kDg�g^`�g�%�l�� kMh�ldnz`�g�%(%Ph �jn ��kDb��
bms �DkMg�nzlu�qn8�J�ykMb�bmh�tua^nzh % h �ykMg�nzh ?��Mh�kDbdnzkMg$��kMbmlmsPg�kDg�!ye v
lmh�tua�kDbmldnzk�� � kMg �D`X���Pg�g�kMgF� �U�!� ��`�tua � �qlQ�324��c �?�qnztuayh�g�%S��kMh�v C��L%,��k=��h�k i�kMb���kMlmlmkMbdnzk Y gys�nzkDg�� sPlmhjnzhjc
s�g kMbmbmkMh tua�nzk�� �<`�b���k(��kMb1%,��kDh�tuayk B ��k���h %,��h�tpa?h�g �ykMb.�^�P�#� h�kMbm`�g�%=��kDh�tua^n i���bmh�h�kMbdnzk6C<r�}�g���k�� %Pbu�L��a ��`�l �����
�^}yg�ldn8��h�tpa�kMg4� kMlmh�tpa�nzkMbmg5��kMl4" �qnzkDg�lu�qn8�MkMl���� �D�P�P� � kDg^`{n8�%n<!'�	��lVNFkDldn8��h � ��kDb
��h�kMg^nzkMg �D�P�P� gykM`�kDb��MkM`�%�nzk
�^}yg�ldn8��h�tpa�k�� kMlmh�tpa�nzkMbD����h�k�h�g7Idk6����kMh>`�g�nzkDbmlmtua�h�k�����h�tpa�kMgF���M`�|[oL� ��h %PkMg=��sPlmkMg4i�sPb����L%PkMgdB]�:��� �P�P� C !
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bm�PkMg�g^`yg�%Plmbu� nzkDg |�}yb �D�P�P� `�g�� |�}�b �M�P� i�kMbmlmtuayh�k���kDg�k)� kMlmh tua�nzkDb�!�"�kMb/bmk����qnzhji�k
C�bm�PkDg�g^`�g�%Plm|~kMa�� kMb�� k��Mh�kDa�n<lmh�tpa ��`�| ��kMg Y bmkD`��%i�kMb�%,��kDh�tua���kDb<�ykq����nzl ��g���kDg?� bmsP`�g���nzbm`{nza{c-��sPlmhjnzh�sPg�kMg.!
" �L� kMh �<h b�� � �%i�sPg ��`�l�%Pk�%���g�%PkDg>� ��h k.v��#9{h�v��L�8v �,%,��h�tpa�k�C
bm��kDg�g^`�g�%�l�� kMh�ldnz`�g�%=� kMh>�yh�kMlmkDb �*��a�bmkDg �:s�c
lmhjnzh�sPg �M`#kMbmbmkDh�tua�kDg>��`�g�� |�}�b lmh�k$�<h�b�� ��kDb �ykMa���kMb �q`y| g^`�� ��%PkMlmkMn8�%n<!W" ��v hjn kMb�%Ph ��n lmh tua ��kDb bmk����qnzhji�k
C�bm�PkDg�g^`�g�%Plm|~kMa�� kMb.�L��lJ� g�� ��a��
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kMb�%,��kDh�tua)�@����lmlmh�lmtpa�kMl�r<� � %Pk�%PkMg$�324��c �?�qnztpa�h�g�%y��lmsB%Ph ��n �
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�*"=2L 1"54gK*"=4:�s46jV"$�L�t'L�*)T03 #"$�10a%('!�*) �
�	� ��kMb��yh�g�%Pl7����kMh ��n gU�qnz}�b���h�tpaXg�s	tpa �D`�}���kMb���bm}�|~kMgF��s �#lmh�tpa �U��l(�324��c �?�qnztuayh�g�% �q`ytua#|�}�b gU�qnz}�b���h�tpa�k
� kMlmh�tpa�nzkMb7kDh %Pg�k%n<!
� kMa�n v ��g �U�Mi�sPg �q`ylD� �U�!� ��kMbB%PkD|�`�g���kMg�k 
 `�lu��v v kDg�aU��g�% h�v �
bmh�g��Dh ����`�tua�|~}�b
gU�qnz}�b���h�tpa�k�r�h � ��kDb�bmh�tua�nzh/%.h�ldn �{lms aU�qn*v �qg'g^`�g���h�k � �,%,��h�tpa��PkMhjn �@��h�k�� kDgU��`�h %P�PkMhjn���kDb�+:��g���v �qbm�PkDg�� s�c
lmhjnzh�sPg�h�kDbm`�g�%7h�g���h�bmkD�^n3�y`�bmtua���h�k1C
bm��kDg�g^`�g�%�lmbu�qnzkDg$�D`4kMbmv hjnmnzk�� g�!
�^s �<`�b��ykMg v hjn$��kMv C��#%,��k NFkDldnzl'��`�|��:��kMh6" �qnzkMg'�U��g��PkDg>�V��kDb)� C
_�C4N�c-" �qnzkMg'� �qgy� `�g�� ��kMb$� _*c
" �qnzkMg'�U��g�������`�bmtpa�%PkM|~}�a�bdn<!Fr�kDh ��kQ��h�kD|�kDbdnzkMg h�v �
bmh�g��Dh � �yh�kMlmk�� � kMg C
b�%Pk��yg�h�lmlmk,! " h�k7i�kMbuo�g��ykMbdnzkQ0 a�g{c
��h�tuay��kDhjnzlm|~`�g��^nzh�sPg |~}�a�bdnzk
a�h�kDbFg^`�b���`�|���kDgJ� _*c-" �qnzkMg1�D`/kMh g�kMb�)
kMb�� kDlmlmkMbm`�g�%y���L� kMb8g^`�b>� kMh,)
kMb;��kDg���`�g�%
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� g��U��lmlm`�g�%Pldi�kMbm|[��a�bmkMg r<� ��� r<� �{� @

�ykDa���kDb �ykDa���kMbmbu�qnzk �UkMa�� kMb �UkMa���kDbmbu�qnzk
r<� ���@����lmlmh�lmtua ��� �D� � � � � � @{� � �
0 a�g���h tua�� ! �:�^n<!{k:9����{� �`Y s	k�T ! ��� �D� � � � � � � � � �
�324��c �?�qnztua�h�g�% ��� �32�l c c � � @{� � �
�324��c �?�qnztua�h�g�%B�32�l � c ��� c c � � @{� � �

N��L� k��/��k � ! � � )�kDb�%,��kMh�tpaB��kDb�C
bm��kDg�g^`�g�%�lmbu�qnzkDg ��`�|>� �P� gU�qnz}�b���h�tpa�kMg � kMlmh tua�nzkDbmgQ��kDb�� C
_�C4N�c-" �qnzkMg@�U��g��
��kMhPi�kMbmlmtpa�h�k��ykMg�kDg1� g�� �qlmlm`yg�%PldiPkDbm|]��a�bmkDg�v hjn 
���a��'��kMb8�ykMa���kMbm�PkMgyg^`�g�%PkMggB]�ykDa���kDbEC `yg��J��kDg �UkMa���kDbmbu�qnzkMg
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� g��U��lmlm`�g�%Pldi�kMbm|[��a�bmkMg r<� ��� r<� �{� @

�ykDa���kDb �ykDa���kMbmbu�qnzk �UkMa�� kMb �UkMa���kDbmbu�qnzk
r<� ���@����lmlmh�lmtua � @ �P� � � � �P� � � � �	�
0 a�g���h tua�� ! �:�^n<!{k:9����{� �`Y s	k�T ! �P� � �	� � � ��� � � � � �
�324��c �?�qnztua�h�g�% ��� �32�l c c �{� � @{� � �
�324��c �?�qnztua�h�g�%B�32�l � c ��� c c �{� � @{� � �

N��L� k��/��k � ! ��� )
kMb�%,��kMh tua5��kMb3C
bm�PkMg�g	`�g�%Plmbu�qnzkMg���`�| ���q� gU�qnz}�b���h�tpa�kMg�� kMlmh�tpa�nzkMbmg=�ykMb3� _*c-" �qnzkMg@�U��g��(��kMh
i�kDbmlmtua�h�k���kMgykMg�� g��U��lmlm`�g�%Pldi�kMbm|[��a�bmkMg�v hjn	
���a�����kDb*�ykMa���kMbm�PkMgyg^`�g�%PkMgeB]�UkMa���kDbEC
`�g��$�ykMg'�ykDa���kMbmbu�qnzkDg

�ykMl<�'� kMh�g�kDg>� �P� � kMlmh�tpa�nzkMb�%Pbms��PkMg � bu�L��a�kDgeB[r*� �P� C !
"/�ql��324��c �?�qnztua�h g�%Q��h�kM|~kMbdnzk�a�h�g�%Pk�%PkDg4kMh�gyk �PsPg�ldnp��g�n�a �Pa�kMbmk1C
bm�PkMgyg^`�g�%Pl���kDh�ldnz`�g�%y��lms,%^��b*kMnK�*�ql<a �Pa�kDb
�L��l���h�k<r�}�g���k�� %Pbu�#�ya�kMgU��g�� �qlmlm`yg�% v hjnW�ykMv %Pbms��PkMg � bu�L��a�kDg�!," � v �qgQ��h k3C
b�%Pk���g�h lmlmk��#��kMb�v hjn
r*� ��c
U kMbdnzkMg'`�g����'� kMh�g�kDv r�}�g���k�� %Pbu�L��a�kMg'i�kMb�%,��kMh tua�kDg4v�` �y�ykMb�%Ph ��n<lmh�tua�a�h�kMb<kMh g�k6��kD`{n8��h�tpa�k�)
kMbmbmh g�%PkMbm`�g�%
�ykMl<�ykMa���kMbml*i�s�g �M� � �q`y|W@	� ���:�J!{iPsPg �P� � ��`�|�� � �5!
A h kMb�� kDh �<`yb���kMg ��h�lVIdk%n8�%n��#�/��k A ��`��{nz�PsPvQ� sPg�kDg�nzkMg?iPkDb;��kMg��yk%n<! "/�4��`�|
��kDg �	}�gyldn8��h�tuaykMg r�h �/��kMbmgS��kDb
�UkMa�� kMb���`�bmtpaOU k�%,����lmlmkMgO�ykMb�kMbmldnzkDg A �q`��{nz�Ps�v(� sPg�kMg^nzkMg gys^tpa kMh�gO��kMg�h/%�bmk���`��Dh�kMbdn���kMb���kDg ��sPg�g^nzkP�
�<`yb���k��U��l(�V24��c � � nztpa�h�g�% v h�n `�g�nzkDbmlmtua�h�k�����h�tpaXi{h�k���kDg#�q`yl�%�k�����lmlmkMg�kDg A ��`���nz��sPv(� sPg�kMg�nzkDg ��`�|	��kMg
� _<c r�h/� ��kMbmg=�<h�k���kMbma�s,�jn<!
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N��L� k��/��k � ! @ � )
kMb�%,��kDh�tua=�ykMb�C
bm�PkMg�g^`yg�%Plmbu� nzkDg ��`�| �P� � gU�qnz}�b�� h�tua�kDg�� kDlmh�tua^nzkMbmg$��kDb�� _<c-" �qnzkMg'�U��g��

N��L� k��/��k � ! @��MkMh/%�n � �U�!� kMl7��kMh�gU�qnz}�b���h tua�kDg�� kMlmh�tpa�nzkMbmg g�s	tua&�<h�tua^nzh %PkMb�h�ldn � ��h�k kMbmldnzkMg A ��`��{nz�PsPvQ� s�c
gykMg�nzkDg ��`�l��D`�����lmlmkMg�!V� `�tpa ��h�k 
���a��	��kMb)g�h�tpa�n=�M`F� k%nzbu��tua^nzkMg���kDg Y sPvQ��s�gykMg�nzkDg h�ldn)a �Pa�kMb'�#� l*��kMh
�	}�gyldn8��h�tuaykMg�� kMlmh tua�nzkDbmg�!@U o�a�bmkDg��=��sPbdn�� �ql�� kMldnzk6C�b�%Pk���g�h�l�� kMh�kMh�g�kDvC�^np�qbdnK��kDbdn�iPsPg � kMb��Dh�kMa��jn4�<`ybdc
�ykP�,� h�k�%�n���kDb�s,�{nzh�v��L��kVU kDbdn
g^`�g(��kMh � � ��h�l �q� ! A h�kMb�� kDh��<`�b���k���kDb��ykDa���kMb�iPsPg `�bml��ybm}�g�%,��h�tpa �P� �3g�h�tua^n
v kMa�b*g	`�b���`�|�� � � ��lms�g���kMbmg���h�l���`�|�� � � iPkDbmbmh�g�%PkMbdn<!
e v �yh�k(C
b�%�k���g�h�lmlmk*� kDlmlmkMb i�kMb�%,��kDh�tuaykMg �D` ���Pg�g�kDg>�Flmh g�� h�v v kMb1��h�k(%,��kMh�tpa�kMgO� g�� �qlmlm`yg�%Pl��U��bu�qv k%nzkDb
i�kDb;��kMg���kMn ��s�b��ykMg�!���h�n�l���k��Mh k�� �^|~}�b �U��l Idk:��kDh ��h %Pk
)�kDbm|]��a�bmkDg �qg�%�k��U�!��nzkMg7����bu�qv k%nzkDbmg�lmh�g��7lmh�tpa�kMb�g�s	tua
��kDhjnzkMbmk H �{nzh�v h kMbm`�g�%PkDg)h�g7Idk���kDb3)���bmh���g�nzk�v �,%,��h�tpa�!
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� `�l�%PkMa�kDg�� i�s�g=��kMb3%PkMlmtpa�h � �ykMbdnzkMg5��bms,��� kMv ldnzk�� ��`�g�%J��kMldnp��g��5� �ql 
 h�k�� ��h kMlmkMb3� b�� kMhjnV� �qbmh g>�@��h�k Y sPbmbmk%c
l�� sPg���kMg��MkMg����<h�lmtua�kDg � kMlmh tua�nzl���h/� ��kMbmg4v �,%,��h�tpa�ldn�%PkMgU��`��M`$?yg���kMg.!
wxg�kMh g�kMv3kDbmldnzkMg �	tua�bmhjnmn �<`�b���kMg7� �#�D`���h k4��h lma�kMbmh %PkDgJ� b���kMhjnzkDg i�sPb�%PkMldnzk�� �jn �<��h�k�lmh�tpa.v hjn�� kDlmh�tua�nzl�?yg���kMg
`�g�� cfkDbm�PkMg�g�kDgS� kM|[��lmlmkMg?`yg��S�U��bu��`�|~a�h�gS� k���kMbdnzk%n �P�<h�k7%P`{n�h�g h�ayg�kMgS��h�k Y sPbmbmkMl�� sPg���kDg��MkDgS%PkM|~`�g��ykMg
��kMb���kDg�!
" ��gU��tua lmh�g�� �yh�kBC
h %PkMg�lmtpaU��| nzkDgS��kDb��^}yg�ldn8��h�tpa�kMg � kMlmh�tpa�nzkMbD�F�q`y|
��kDg�kMg ��h k7�ykDa���kMb6��kMb6+:��g��yv���bm�PkMg{c
� sPlmhjnzh�sPg�h�kDbm`�g�%�%PkMv kDlmlmkMg5�<`�b���kMgF�y�q`ylm|�}�ayb���h�tua=� kMlmtpa�bmh�k�� kMg*��sPb���kMg.!�� `�tua=��h�k gU�qnz}�b���h�tpa�kMg'� kMlmh tua�nzkDbD�
��h�k/|~}�b	�U��l�N8kMldnzkMgS��kMb	+8kMh�ldnz`�g�%*��kMl � kDlmh�tua^nzl�?�g���kDg�l `yg�� ��kDb	C�bm�PkDg�g^`�g�%Pl���kDh�ldnz`�g�%5� kDg ��nzh %(�<`�b���kMgF�
lmh�g��4v hjn<r�kDh�l���h�k���kMg=��kMlmtuaybmh�k�� kDg=��sPb���kMg.!
" ��bu�q`y|�a�h g�lmh�g�����h k1)
kMbm|[��a�bmkMg � kDlmtua�bmh�k�� kMg���sPb���kMgF� ��h�k7��`�|�kMh g�kJ)�kDb�� kMlmlmkDbm`�g�%5��kMb � kDgU��`�h %P�PkMhjn	��kMb
+:��g���v �qbm�PkDg�� sPlmhjnzh�sPg�h�kDbm`�g�%�`yg�nzkMbmlm`�tpa�n6�<`yb���kMg>��`�g�� ��h k7C
b�%Pk���gyh�lmlmk7�<`�b���kDg �U��b�%PkMldnzk��/�jn `�g�� kDb���o�`{c
nzkMbdn<!�C
l��<`yb���kMg���kDh�tua^nzk6)�kDb�� kMlmlmkDbm`�g�%PkMg���kDb�� kMgU��`�h %P�PkMh�n���`�bmtua �U��l�)�kDbm|]��a�bmkDg���kMb r�}yg���k��/%�bu�L��aykMg{c
nzkMh ��`yg�%�`yg�� �U��l�)
kMbm|[��a�bmkMg �ykMb.iPkDbuo�g���kMbdnzkDg 0 a�g�� h�tua��PkDhjnzlm|�`yg��^nzh�sPg kDb��Mh�kDa��jn<!:r�kDlmsPg���kMbml �L� kMb.a �#��kMg
��h�k�C
b�%�k���g�h�lmlmk7� kMh v �324��c �?�qnztua�h�g�%*%Pk��MkDh %�n ���U�!�5��h�kDlmkMl )�kDbm|]��a�bmkDg h�g ��kMv ��h�g���kDg�i�sPg Y sPbmbmkMl���s�g�c
��kMg��DkMg �L� ��kDg���g���kMbmkDg$)
kMbm|[��a�bmkMg'}�� kDb���k�%PkDg4h ldn<! A h�kDb�� kMh>�PsPg�g�nzk.�q`y|>�ykMg'�	}�g�ldn8��h�tpa�kMg?� kDlmh�tua�nzkDbmg'kMh�g�k
�ykMa���kMbmbmk���`��^nzh�sPg i�s�g

53, 2%
kMbmbmkMh tua�n���kDb���kMg�!

r�kDh�N8kMldnzl
�M`�v � kDlmh�tua^nzl�?�g���kDg �PsPg�g�nzk<�PkMh�g�k3)
kMb���kMlmlmkMbm`yg�% kMb��Dh�k��jnW��kDb���kMgF� � � a�h�kMb���kMh�kDh�g�k�%PkMgU��`�k �:s�c
lmhjnzh�sPg�h�kDbm`�g�% kDh�g��Dk���g�kDb	+���g���v���bm�PkMg g�h�tpa�n�iPsPbdnzkDh ��aU��|�n h�ldn<! )�kDbmlm`�tua�kQ�D`�b6C�bm�PkDg�g^`�g�%Pl���kDh�ldnz`�g�%$�MkDh %�nzkMg
I k���s	tua>�.�U�!�?��`�|��	}�g�ldn8��h�tpa�kMgX� kMlmh�tpa�nzkMbmg&��h�k*C�bm�PkDg�g^`�g�%Pl���kDh�ldnz`�g�%�h g �ykMv �?�!�Pk ldnzkDh %�n �>h�gO��kDv�kMh�g�k
%�kDgU��`�kMbmk3��sPlmhjnzh�sPg�h�kDbm`�g�% kMbmbmkDh�tua�n �<`�b��yk,! " h�kMlmkDl C
b�%Pk���gyh�l�bmkDtua�nz|~kMbdnzh %�nW��h�k�h�g7�yh�kMlmkDb � b�� kDhjn�iPsPb�%PkMgys�v c
v kMgykMg'r�kDv�}�a	`�g�%PkMg>����h�k6+���g���v���bm�PkMg'h�v v kMbV%PkMg �q`ykMb��M`$���~�#�Dh�kMbmkDg�!
�	� kMbdnzbuoL%�n8v �qg���h kMlmkMgQ
 `�lu��v v kMg�aU��g�%���`�|ygU�qnz}�b���h�tpa�k�� kMlmh�tpa�nzkMbD�<��kMh'��kDg�kMg7C�9@��kMbmh�v kMg�nzk�kDh�g�k��UkMa���kDbdc
bmk���`��^nzh�sPg i�s�g
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B]�>C
_�C4N|C�`�g��

46%
B � _�C�kMbmbmkDh�tua^nzkMg>� lms��P�qgyg/v ��g/|~kMldnza �#��nzkMg>���U�!�	��h�k Y sPbmbmkMl�� sPg{c

��kMg��DkMgX�q`y|��	}�gyldn8��h�tuaykMg �<h�k ��`�|�g � nz}yb���h�tuaykMgX� kMlmh�tpa�nzkMbmg&��`�bmtpa&�U��l1)
kMbm|[��a�bmkMg&��kMl��324��c �?�qnztuayh�g�%Pl
��kM`{n8� h�tua=� kDlmlmkMb�%PkM|~`�g���kDg=��kDb���kMg'���Pg�gykMg�!

wxg$
U`y�^`yg�| n�lmh g�� kDh�g�h %Pk�� � %,��h tua��PkMh�nzkMgQ�ykMg��@�U��bD�'��h�k�� kMgU��`�h/%��PkDhjn4� kMh�v �V24��c � � nztpa�h�g�%�g�s	tua*�D`�kMbma ��c
a�kMg�!	� k�� kMg5����bu�qv k%nzkDbmkMh�g�ldnzk�� ��`�g�%�kDgQ�<h�k �yh�k s,�{nzh�v��L��k6
���a�� �D`�i�kMb;��kDg���kMg���kMbV�32�l�h ldn*��`�tpa5��kDg��@�U��bD�
v hjn�kMh�gykMbJC
bma �Pa^`�g�% ��kMbQ
���a��4��kMb �^�P�L��kMg `�g�� H bmh�kDg�nzh�kMbm`yg�%PkMg kMh�gykQ)
kMb�� kDlmlmkMbm`�g�% �M` kDbmbmkMh�tpa�kMg>�.�U�
� kMh�v �324��c �?�qnztua�h�g�%Q��h�k7
���a��.�ykMb A ��`��{nz�PsPvQ��s�gykMg�nzkDg$%,��kDh�tua���kMv �
bms@��`��^n ��`�l �	���L��kMg'`�g�� H bmh�kDg{c
nzh�kMbm`�g�%�kDg)h ldn<!
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