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W Y!d]X Y deb X c s!X b v]b \ W"i V]Z�x Y/\ []f�W l/b�c ^ w>l W +"2 Vrf [/\ l�\ Y>V/Z]^ W ^ Y>V/f ��i ~eb X X i W ^ Y>V�b �eb \ W f5X i d]^ Z]c s!X [/V
i V]ZQW l>b�f Y � \ i c c b ZQ}rY c W b X�2�Y d]W ^ \ i c�\ Y V/�/w>[>X i W ^ Y>V!^ f�d]X Y z b Z!W Y�~eb5W l>b"~eb f W�W YQq�^ V]^ q�^ o b5f [/\ l
d]i X i f ^ W ^ \ f�b �eb \ W f�� f b b � ��Y X f \ l���* y y>* � � +
2 V�W l/b�c i X w b�V>[]q5~eb XkY x�q�^ X X Y X f � f l>b c c f$q�i �/^ V>w"W l/b 
 Y d/W ^ \ i c]V/b f W b ZQf W i \ � 
�i V]Z�W l>[/fk~][]^ c Z>�

^ V>w�W l/b�Y d]W ^ \ i c]de[>de^ c � W l>b"f l>b c c � fkW l/^ \ �/V>b f f�^ W f b c x$\ c ^ d]f�W l/b�~eb i q!+k01l/b X b x Y X b �>b i \ l�f l>b c ceq"[]f W
~eb�i f�W l/^ Vri f�deY>f f ^ ~]c b +�01l/^ f5^ f5deY f f ^ ~ec b"~>sr[/f ^ V/w�iQX b dec ^ \ i W ^ Y V�W b \ l]V/^ �>[/b��5x Y X"b i \ lmf l>b c c �
i V�i c [/q�^ V]^ [/qPq�Y c Z�^ f�w X Y []V/Z�i V]ZQdeY>c ^ f l>b Z��>~eb \ Y q�^ V/w���l/i W1��b"��^ c ce\ i c c�i32	4 576 � � 8:9/W l>b V��
f Y q�b�w Y c Z/� \ Y i W ^ V/w"i V]Z"W l>b1f l/b c c>i X b�b c b \ W X Y � Z>b deY>f ^ W b Z�Y V�W l>b1q�i V/Z/X b c;9 �]V]i c c s � [/f ^ V/w5i�f c ^ w>l W
Z/^ �eb X b V W ^ i ckW l/b X q�i c�b �>d]i V/f ^ Y>Vr~eb W ��b b VmW l/b!q�i V]Z>X b c�i V]ZrW l/b!f l>b c c �$W l]^ f5Y>V>bQdeb b c f"Y ��W l/b
q�i V]Z>X b c ��� b b d]^ V/w!W l/b�w Y>c Zri V]Z�w b W W ^ V>w�i c c$W l/b�f [/X x i \ b � f5d/X Y deb X W ^ b f�Y x�W l>bQq�i V/Z/X b c$i c q�Y f W
��^ W l/Y [/W1i V s�Z/i q�i w b f +
31Y �"�1^ WQ^ f�Y ~>z/^ Y>[/f c s�V>b \ b f f i X sJW YJi f f b f f�W l>b�Y d/W ^ \ i c��>[/i c ^ W smY x5W l/b�W b c b f \ Y deb f�~eb x Y X b

f b V/Z]^ V>wQW l>b q	^ V W Y�f d]i \ b +�85[>b�W Y!W l>b�X b c i W ^ z b�x X i w ^ c ^ W s�Y x�W l/b�q�^ X X Y X f �ei V/Z�~eb \ i []f b�Y x�W l/b
X b c ^ i ~e^ c ^ W s�Y x1W l>b!X b d]c ^ \ i W ^ Y>Vrd]X Y/\ b f f �k^ W�^ f"b i f ^ b X�i V]ZJf i x b X�W Yri f f b f f"W l>b�q�i V]Z>X b c�f [/X x i \ b
X i W l>b X1W l>b"q�^ X X Y X � f�Y V/b +
2 q�i w b f"\ i Vr~eb�f q�b i X b Z�~>s�W ��Y���b c c � �/V>Y ��V�b �eb \ W fQ�"Z/^ f W Y X W ^ Y V]f"jQi ~eb X X i W ^ Y V]f ��i X ^ f ^ V>w

x X Y q � �	� < � � ��� � 	����� � ������� < � � � � ��	�=9]i V]Z!Z]^ �e[]f ^ Y V�� w b V>b X i W ^ V/w�i�x Y w�Y V!W l/b"^ q�i w b +�01l>b
q�i ^ V!\ i [/f b5Y xkZ]^ �e[]f ^ Y VQ^ f�W l/b � �	� < � � ��� ��� ��	��	�	��� � +��� X i s/f�l/i z b5z b X s!f q�i c ce��i z b c b V>w W l]f �
x X Y q�* � �rW Ym�/+ *�>6"��f i s�?1@�*A>6"��f Ymi ~eY>[>W�* � B�f q�i c c b X�W l]i VJx Y X�W l/b!z/^ f ^ ~ec b!c ^ w l W +�31Y �"�
W l/bQZ]^ �e[]f b Zr^ V W b V/f ^ W sr^ V]\ X b i f b f�i f=?7C B �kq�i �/^ V>w�^ W�i�\ Y V]f d]^ \ [/Y []f"Z/^ f deb X f ^ Y>V�x i \ W Y X�i W�W l/b
��i z b c b V>w W l]f�Y x��� X i s/f=9eW l>[]f � ��� X i s/f5i X b�z b X s�f b V/f ^ W ^ z b"W YQW l/b�f [/X x i \ b�X Y [/w l]V>b f f �ei V]Z�W l]^ f
Y V/b"q"[]f W1~eb5\ i X b x [/c c s!\ Y V]f ^ Z>b X b Z�+
}�l]^ c bQY d]W ^ \ i c�b �]b \ W f�Y x�w b Y q�b W X ^ \ i c1f [/X x i \ b�Z]^ f W Y X W ^ Y>V/f�\ i VJ~eb!q�b i f [>X b ZJ~>sJ\ Y q�dei X i ~]c b
q�b W l/Y/Z/f1��^ W l�z/^ f ^ ~]c b"c ^ w>l W1Y X���^ W l���� X i s/f ��q�b i f [>X b q�b V W f1Y x�W l/b"X Y>[>w>l/V/b f f�b �eb \ W f5V/b b Z�W Y
[/f b!i�f deb \ ^ �e\ ��� X i srY d/W ^ \ i c�~eb V/\ le+�01l>bQb �>Y W ^ \�d/X Y deb X W ^ b f5Y x ��� X i s/f�q�i � bQW l/^ f�i�f deb \ ^ �e\
W b \ l/V/Y c Y w ^ \ i ce�]b c Ze+k0���Y�Z]^ �]b X b V W1��i s/f�q�i sQ~eb5x Y>c c Y ��b Z!W YQi f f b f f�W l>b"f [/X x i \ b"X Y [/w l]V>b f f5�
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� 01l/bQ�]X f W�Y V/b�^ f"W Yrq�b i f [>X b�Z/^ X b \ W c srW l>b!W Y deY w X i del/^ \ i c�d]X Y �ec bQY x�W l>b�f [/X x i \ b 9�W l]^ f^ f�\ i X X ^ b ZmY>[>WQ[]f ^ V>w�d]X Y �ec b X f"Y x���l/^ \ lmW l>b�W b \ l/V/Y c Y w s�q�i ^ V/c smZ/b deb V/Z]f"Y>VJW l/b�f ^ Z/b
X b f Y>c [>W ^ Y VQW Y�X b i \ le+

� 01l/b"Y W l>b X5Y V/b�^ f1W YQdeb X x Y X q ��� X i s�q�b i f [/X b q�b V W f��1^ V/Z/b b Ze�ei W5i�w>^ z b V���i z b c b V>w W l�?i V/Z�^ V/\ ^ Z/b V W�i V>w>c b�{�� W l/b�Z/^ ��[/f b Z"^ V W b V]f ^ W s�z b X f [/f�W l>b�i V>w>[/c i X$Z]^ f W i V/\ b�W Y�W l/b�f deb \ [/c i X
X b v]b \ W ^ Y>VQd]X Y z/^ Z>b f1^ V/x Y X q�i W ^ Y>V/f�i ~eY [/W�W l>b"X Y [/w l]V>b f f +

01l>b V��]^ V!~eY W l�\ i f b f �]W l>b �/V>Y ��c b Z/w b"Y xkX Y>[>w>l/V/b f f1i V/Z�W l/b�[/f b"Y x�i�~]^ W5i q�Y>[/V W�Y x�W l/b Y X s �
W l/b�f i q�b5[/f b Z�W Y"w b W�^ V/x Y X q�i W ^ Y>V/fkx X Y>q�W l>b5Z/^ ��[/f b Z�^ q�i w b f ��i c c Y ��W Y�d/X b Z]^ \ WkW l>b5Z/^ ��[/f ^ V/w
deb X x Y X q�i V/\ b5Y x$W l/b5X b v]b \ W ^ V/w�f [/X x i \ b�� � ��� � � � ��� 4 � � 8 � 5
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01l/b�.�[/X Y deb i Vr,>s/V/\ l>X Y W X Y>V�<�i Z]^ i W ^ Y Vr`]i \ ^ c ^ W sr.�,><�`�d/X Y z/^ Z/b f5i!f []\ lrf []^ W i ~]c b�Y d/W ^ \ i c

��� X i srZ>b z/^ \ b39$q�Y X b Y z b X �k^ W5^ f5i c f Y!b �>[/^ d]deb Z!��^ W l�f [/X x i \ b�d/X Y �]c b X f1��Y X �/^ V/w�i W"c Y �Pf d]i W ^ i c
x X b �>[>b V]\ ^ b f1� w b Y q�b W X ^ \ i c]f l]i deb ��Y X�i W�l/^ w>l"x X b �>[/b V/\ ^ b f1� X Y [/w l]V>b f f � +$`/Y X�W l>b f b�\ Y V z b V/^ b V]\ b f �
W l/b�.�,/6�l]i f�i f � b Z�W Y"W l>b5.�,><�`�Y d]W ^ \ f�w X Y>[>dQW Y�deb X x Y X q:f Y>q�b�W b f W f�Y V�Y>V>b5q�i V]Z>X b c$� V>[/q��
~eb X b Z�i f!W l/bJ* y � � � �5i V]Z�d]X b Z/^ \ W�^ q�i w brZ]i q�i w b f!x Y X!W l>brd]i X i q�b W b X fQY x"Y W l>b X�q�i V]Z>X b c f +
8�^ �eb X b V W �/^ V/ZQY xkb �>deb X ^ q�b V W f1l/i z b"~eb b VQdeb X x Y X q�b Z!l/b X b��

� ��� X i s�q�b i f [/X b q�b V W f1Y xkW l/b"f \ i W W b X ^ V/w�b �]b \ W f1Y x$X Y>[>w>l/V/b f f +
� ��� X i s�q�b i f [/X b q�b V W f1Y xkW l/b"f l/i deb +
� C�Y V/wQ0�X i \ b�9kX Y �ec b X"� C>019���q�b i f [>X b q�b V W f�Y xkW l/b"f l/i deb +
01l]^ f�X b deY X W�d]X b f b V W f�W l>b"X b f [/c W f�Y x$W l/^ f���Y X �e�]i f���b c cei f�W l>b ^ X1W l>b Y X b W ^ \ i c �/b �>deb X ^ q�b V W i c

i V]Z!V>[]q�b X ^ \ i ce~]i f ^ f +k`$^ V]i c c s �/f Y>q�b5d]X i \ W ^ \ i c�\ Y>V/\ c []f ^ Y V]f�i X b"f b W +

��� � � '�� ,�� �
6�f5^ W�^ f5V>Y W"q�b V W ^ Y V]V>b Zr^ V�W l/bQc ^ f W5i ~eY z b �$X Y>[>w>l/V/b f f5Z]^ X b \ W"q�b i f [/X b q�b V W f"l]i z b!V>Y W5~eb b V
deb X x Y X q�b ZrY VrW l>b!q�i V/Z/X b c +!6�\ W [/i c c s �$W l/b!0�=�9�=�� @ Zrd/X Y �]c b X�[]f b Z�x Y X�f [/\ lr��Y X �/f"\ i V/V/Y W
i \ \ b d]W1W l/^ f�W Y>Y�~e[/c �>sQY d]W ^ \ i ced]^ b \ b +
S1Y ��b z b X ��~eb x Y X b�f b V/Z]^ V>w!W l/b�q�i V]Z>X b c$W Y!W l/b�.�,/<1`�^ V�8�b \ b q5~eb XQ* y y I/��W l>bQ.�,>6Pi f � b Z�W Y
W l/b�.�,/<1`JW Y�i f f b f f�W l/b�f [>X x i \ b"X Y>[>w>l/V/b f f1Y x�i!f q�i c c$q�^ X X Y X �]i!Z/^ f \5Y x�* N!\ q	^ V�Z]^ i q�b W b X +
2 W!^ f�q�i Z/b�Y x5~][]c �>smw X Y>[/V]Z�6�c B!w>N>�1\ Y>i W b Z���^ W l * � ����3�^ \ � b c�c i s b X �1i V]ZJdeY c ^ f l/b ZmY V�i
v]i W�deY>c ^ f l/^ V/w�q�i \ l]^ V>b +"01l>b�deY>c ^ f l/^ V/w�d]X Y/\ b f f�i d/dec ^ b Z!W YQW l>b�f i q�d]c b���i f�d][]f l>b Z�^ V!Y X Z>b X
W Y�i \ l/^ b z briJc Y � X Y>[>w>l/V/b f f + ��Y W l
��� X i s�f \ i W W b X ^ V>w�i V]Z�0�=�9�=�� @ Z�q�b i f [/X b q�b V W fQ��b X b
deb X x Y X q�b ZQY>VQW l/^ f1f i q�dec b +
01l>b5W l>X b b"q�i ^ VQw Y i c f�Y xkW l/b f b5W b f W f1��b X b"W l/b5x Y c c Y ��^ V/w!�
� 01l/b��]X f Wkd][/X deY f b��1i fkW Y�\ Y>q�d]i X b1W l/b�d]X Y �ec b X�q�^ \ X Y � X Y>[>w>l/V/b f fkq�b W X Y>c Y w s�Y xeW l>b�q�i V>�[/x i \ W [>X b X���G�i X c �]b ^ f f�2 V]Z/[]f W X s�� ��^ W lQW l>b�.�,><�`rY>V>b +
� 01l/b�f b \ Y>V/Z�Y>V>b���i f�W Y"deb X x Y X q ��� X i sQf \ i W W b X ^ V/w�q�b i f [>X b q�b V W f�^ V�Y X Z/b X�W Y�i f f b f f�W l>bw>i ^ V!Y z b X5Z]^ �e[]f ^ Y V�s/^ b c Z/b ZQ~>sQW l/b"f [/deb X deY c ^ f l]^ V>w5d]X Y/\ b f f +
� `k^ V/i c c s �>\ Y V]f ^ Z>b X ^ V/w5W l]i W ��� X i s/f�d/X Y z/^ Z/b1W l/b1X b i c/X Y>[>w>l/V/b f f�^ V>x Y X q�i W ^ Y V�Y z b X�W l>b5f dei �W ^ i c�x X b �>[>b V]\ s�X i V>w b!\ Y z b X b Zm~>srW l/b 
 f \ i W W b X ^ V>wrq�b W l/Y/Z 
/�$W l>bQ�]V]i ckde[>X deY>f b���i f"W Y
Z/b X ^ z b"W l>b�� 	 5� � � � 5�� ��� � 4 5�� � � �1Y x�W l/b�9�<1=�B�6�9�i V/Z�0�=�9�=�� @ Z�d/X Y �]c b X f1[]f b Z!b ^ W l>b X
~>s �]b ^ f f�Y X1i W�W l/b5.�,><�`��/\ Y q�dei X ^ V/w"W l/b�d/X Y �]c b X f�q�b i f [>X b q�b V W f�W Y�W l/b���� X i s�X b f []c W f +
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01l/^ f�l]i f�V>Y W�~eb b V�i \ l/^ b z b Ze�]W l/b ��� X i s�q�b i f [/X b q�b V W f1V/Y W�l]i z/^ V>w�~eb b V!\ Y>V z/^ V/\ ^ V/w�b V>Y>[>w>le+
2 V]Z>b b Z���i c W l>Y>[>w>lmW l>b�F�deb X ^ Y/Z/f�Z/b z Y W b ZJW YrW l/b f b�q�b i f [/X b q�b V W f�i W�W l/b!b V/ZJY x�* y y I�� f b b
\ i c b V]Z/i X�^ VQf b \ W ^ Y V�* + F �k��b X b5V>Y W�\ Y>q�d]c b W b c sQf [/\ \ b f f x []c � W l/b s�b V/i ~]c b Z�W Y�w b W1i �1i X b5Y x$q�i V s
b �>deb X ^ q�b V W i c�\ Y V]f W X i ^ V W f�i V]Z!W YQ~eb w ^ V!W Y!q�i V]i w b"W l/b q!+�01l/b"q�i ^ V�\ l/i c c b V>w b5�1i f1W Y�X b i \ l
i�Z/s/V/i q�^ \ i c�X i V/w b�^ V�^ V W b V]f ^ W s�c i X w b"b V>Y>[>w>l�W YQw b W5^ V>x Y X q�i W ^ Y V]f�x i X�x X Y q W l>b�f deb \ []c i X�X b �
v/b \ W ^ Y V��$��l/b X bQW l/bQw b Y>q�b W X ^ \ i c�b �eb \ W f�~eb \ Y>q�b!f q�i c c b X �kc b i z/^ V>w�W l/bQX Y [/w l]V>b f f"Y>V>b f��>[]^ W b
[/V]f q�b i X b Z�+k01l/^ f1Z/^ �Q\ []c W s���i f�b V]l/i V/\ b Z!~>sQW l/b"f [>deb X deY>c ^ f le� W l/b5b �/\ b d/W ^ Y V]i c c s!c Y � X Y>[>w>l>�
V>b f f�w>^ z/^ V>w�i�z b X s!c Y �7Z/^ ��[/f b Z!^ V W b V/f ^ W s +
2 V!x i \ W �:8 � � � � � � � 	 	 � 5 � � � � �	4 � �	5�� � � � 8 � � 4 5 ��� �  4 8 � � � 4 � ��� � ��� � � � 8 � � ����^ V]Z>b b Z��]^ x$��b�Z>b �eV>b
W l/b5x [/V]\ W ^ Y>VQY xkW X i V/f x b X�i f
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��l>b X b ��^ f�W l>b1f dei W ^ i c x X b �>[/b V/\ s � � 	 � � � �  � � W l/b�X b f deY V]f b�x [/V]\ W ^ Y>V5Y x/W l>b�d]X Y �ec b X�W Y�W l>b1f [/X x i \ bX Y [/w l]V>b f f � i V/Z ��� C � � � \ Y>V/f ^ Z/b X b Z"i f�W l>b�Y V/b�Y x]W l/b�f [/X x i \ b � W l/b V"W l]^ f � 4 � � ��Z/Y>b f$V/Y WkZ/b deb V/ZY VrW l>b!i q�d]c ^ W [/Z/b�Y x�W l>b!q�^ \ X Y � X Y [/w l]V>b f f +�01l/b X b x Y X b �ki�c i X w b X"X Y>[>w>l/V/b f f"q�b i V]f�i!~eb W W b X
f ^ w V]i c �/^ q�d]X Y z/^ V>w�W l>b5X b c ^ i ~]^ c ^ W s�Y x ��� ��^ W l>Y>[>W�^ V W b X x b X ^ V/w���^ W l!^ W f�z i c [/b +
6�f5iQX b f [/c W �e~eY W l�q�Y W ^ z i W ^ Y V]f�x Y X"W l/b f b�q�b i f [>X b q�b V W f���b X b�V/Y W"\ Y V]f ^ f W b V W +�S1Y ��b z b X �$W l/b
b �>deb X ^ q�b V W i c$f b W � [>drx Y X ��� X i srq�b i f [/X b q�b V W f"l/i f�~eb b V�Y d/W ^ q�^ o b Z�W Y!w b W"~eb W W b X5X b f []c W f�Y>V
W l/b�q�i V]Z>X b c +J01l>[]f �k��b�l/i z b�^ V/\ X b i f b ZmW l/b�Z>s/V]i q�^ \ i c�X i V>w b�^ VJ^ V W b V/f ^ W sm~>sJF�Y X Z/b X f"Y x
q�i w>V/^ W [/Z/b +
01l/b�X b f [/c W f�Y x$W l/b"q�b i f [/X b q�b V W f1Z>Y>V>b5��^ W l�W l>b"0�=59�=1� @ ZQq�^ \ X Y � X Y [/w l]V>b f f�d]X Y �ec b X�i X b

d/X b f b V W b Z!^ V�W l/b"i d]deb V/Z]^ ��.1+k6�c W l>Y>[>w>l�W l>b s!Z/Y�V>Y W1i c c Y ��W Y�Z/b X ^ z b5W l/b�x []V/\ W ^ Y VQY x$W X i V>x b X
V>b ^ W l>b X$Y x]W l/b10�=�9�=�� @ Z�V>Y XkY x]W l/b �]b ^ f f � 9�<1=�B�6�9$� W l>b s�i X b1\ Y q�dei X b Z�W Y5W l/b �]b ^ f f�X b f [/c W f +

��� ����'�� ��#+*/').

01l>b"^ q�d]c ^ \ ^ W�s b i X�\ Y>V/\ b X V]^ V>w�W l>b"q�Y>V W l]f1y � * @�^ f�* y y I 9]01l>b"q�Y V W l/f5* � u�^ q�dec ^ \ ^ W c s�\ Y>V/\ b X V
* y y N/+
01l>b5V>[]q5~eb X1Z/^ f dec i s b ZQi x W b X1b i \ lQW s>deb5Y x���Y X �!^ f�i VQb f W ^ q�i W ^ Y>V�Y x�W l>b5i q�Y []V W�Y x$��Y X �Q\ i X �
X ^ b Z5Y [/W � ^ V"deb X f Y V�+ l/Y [/X$[]V/^ W +$01l>b�W Y W i c/i q�Y>[/V W$Y x/��Y X �"X b d]X b f b V W fki ~eY>[>WkF @ � ��deb X f Y>Ve+ l>Y>[>X +
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i [/W l/Y X1Y x$W l>b".�,/<1`Ji V]Z�,/9k2 .�i X W ^ \ c b f +
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9�b V]\ ^ c � ~eb i q q�b i f [/X b q�b V W f 9e,>9k2 .Ji X W ^ \ c b"\ Y � i [/W l/Y X +
6"+]9ki []c G�X s/f W i c f �/q�i V>[>x i \ W [/X b X +
]+ 9$+/K�i f f i c c ^ G�X s/f W i c f �/q�i V>[>x i \ W [/X b X +
6"+/K5^ z Y/+ CeY>V>w 0�X i \ b 9kX Y �]c b X � q�Y/Z/^ �e\ i W ^ Y V]f �D^ V/f W i c c i W ^ Y>Ve�

q�b i f [/X b q�b V W f +

I



� � � �� � 	� �"���
8�+]Z>b�G�l]i q"~][/X b G�Y � i [>W l>Y X1Y x$W l>b�,/9k2 .�i X W ^ \ c b +
9$+e4�Y V]Z>Y>^ V <�b f deY>V/f ^ ~ec b�x Y X"W l/b!=1d]W ^ \ i c$d]i X W5Y x�W l/b �5B�B
d/X Y � b \ W 9����

X i s�f \ i W W b X ^ V/w!q�b i f [/X b q�b V W f�Y V�q�i V/Z/X b c 9�\ Y � i [/W l/Y X5Y x�W l/b
,>9k2 .���.�,/<1`Ji X W ^ \ c b f +

��� � �10 # 	/��# �"!701#&�
��� ���	� 
����
���� �

2 V�\ c i f f ^ \ i c/X b v/b \ W ^ z b�Y d]W ^ \ f �/45i []f f � f�\ Y V]Z/^ W ^ Y V]fk^ q�d]c s"W l>b5[/f b1Y x�^ V/\ ^ Z/b V/\ b f�i f�q�Y X b�V/Y X q�i c
i f5deY>f f ^ ~]c b�Y>V W Y�Y d/W ^ \ i c�f [/X x i \ b f +!S1Y ��b z b X �$��l]i W b z b X�^ f�W l>b!\ Y V]f ^ Z>b X b Zr\ Y>i W ^ V>w�X b v]b \ W ^ V/w
q�i W b X ^ i c �>f []\ l � 	�� � 4  � ��� � � �  ����� � 4 � ��� 5;8 ��� � � 	 � 4 � � 5 	�� 5� � 6 � 5 � 4 5
	 8 �5� f b b�dei w b5U N>� �e+k01l>[]f �
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�>[/i V W []q	i d]d/X Y>i \ l>b f ����l/i W"q�i � b f"^ W5q�Y X b�b �/\ ^ W ^ V>w�i V]Z�X b �>[/b f W f5W l/b�deY>f f ^ ~]c b�[]f b�Y x�~eY W l
[/V]^ W f +

N



���������	��
��

� � � � ������� ��� � ��� � ���
	

� � � ���+�"0 .�

��� ��� ��� 
�� � ������� � � ��

01l>b"�]X f W���Y X �!X b c i W b Z�W YQW l/b�f \ i W W b X5Y x�c ^ w>l W1~>s�f [>X x i \ b f�^ f�i f \ X ^ ~eb Z!W Y�CeY X Z�<�i s/c b ^ w l�+12 V
l/^ f � * y � g � � f�dei deb X �k<�i s/c b ^ w lJZ>b f \ X ^ ~eb f5W l>b�^ V>ve[>b V]\ b�Y x1deb X ^ Y/Z]^ \�X b v/b \ W ^ V>w�d]i W W b X V/f"Y>Vmi V
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� 01l/b"W Y W i c�z Y c []q�b � �"c s/^ V>wQ[]V/Z/b X1W l>b�f Y � X b ~][]^ c W�@ � 8P^ q�i w b�^ f�\ Y q�de[>W b Zm� i f�W l/b�f []qY x1f Y>q�b!\ Y � i �/^ i c �$W l/^ \ �r� W X [/V]\ i W b Zm\ s/c ^ V/Z/b X f �$f c Y de^ V>w�^ VrW l/b ^ X"W l]^ \ �/V/b f f"� \ b V W X b Z
i X Y []V/ZQW l>b�G1=�Br� +

� `/Y X�i1X b �>[>b f W b Z"x X i \ W ^ Y V � � 4 $Y x � � � � � � � 4  �5* ����.k} � � � x X i \ �$^ f�\ i c \ [/c i W b Z!� ^ V5W l>b�f i q�b�1i s�W l/i V�x Y X ��� �1i f�W l/b�Z/^ i q�b W b X5Y x�W l/b�\ ^ X \ c b�\ b V W X b Z�Y>V�W l/bQG1=�B
i V]Z�b q5~]X i \ ^ V/w
i VQb V/b X w s�� � 4  � � � +

01l>b5X b f [/c W ^ V>w"X Y>[>W ^ V>b"l/i f�~eb b V!f [/\ \ b f f x []c c s�X [/VQx Y X1W ��YQZ]^ �]b X b V W�W b f W ^ V>wQf l/i deb f�w b V/b X i W ^ V>w
i�z Y>c [/q�b"f ^ q�dec b�b V>Y>[>w>lQW Y�~eb"i V]i c s>W ^ \ i c c s!^ V W b w X i W b Ze�
� 67W X ^ i V>w>[/c i X�d/X Y �]c b �/w b V/b X i W ^ V>wQi�\ Y V/b +
� 6 * � 8:w>i []f f ^ i V�d/X Y �]c b�w b V/b X i W ^ V>w�i!@ � 8:w i [/f f ^ i V�~e[/q�d�Y x�b �>[/i W ^ Y>V�T�� X � ��b �>d$� � X � � ���l/b X b�Xk^ f$W l>b�X i Z/^ []f�x X Y q7W l>b�G1=5Br+ 2 x�����^ f$Z/b W b X q�^ V/b Z�i f�^ W fk^ V W b w X i c>x Y XkX$~eb c Y>V>w>^ V>w
W Y � � $ � � �/W l>b V!��b"d/X Y z b5W l/i W

��.k} � � � x X i \ ����@�� �1C�Y w � * ��x X i \ � � * �rb �>d$� ��� � � � �
, Y>q�b�w i [/f f ^ i V�W X ^ i c fk��^ W lQZ/^ �eb X b V W�4�i V/Z�� � 4 1l/i z b5f l/Y ��VQi VQi w X b b q�b V W1~eb W ��b b VQW l/b�W l>b Y �
X b W ^ \ i c�i V]Z�V>[/q�b X ^ \ i c]X b f []c W f1i c ��i s/f1��^ W l]^ VQc b f f1W l]i V��>+ * �Q+�01l]^ f�X b f ^ Z][/i c]b X X Y X�^ f1i f \ X ^ ~eb Z
W Y�W l>b�Z/^ f \ X b W ^ o i W ^ Y VQY x$W l/b"f l]i deb"i V/ZQW l>b�V>[/q�b X ^ \ i ce^ V W b w X i W ^ Y>Ve+
C�b W1[/f�V/Y W b5W l]i W�W l>b ��.k} � �1X b f []c W���Y []c Z�~eb�W l/b5f i q�b5^ x$^ W���i f�i f f b f f b ZQY VQW l>b5X b c i W b Zf s/q�q�b W X ^ o b Z�d]X Y �ec b!� G1=5B�\ i c \ [/c i W ^ Y>V�9���� X i V>w b�f s/q�q�b W X ^ o i W ^ Y V�Y x�W l/b�� X Y>[>w>l��ef \ i W W b X b Z

d/X Y �]c b!��^ W lmX b f deb \ W�W YrW l>brG1=5B 9�\ Y d>s/^ V/wm^ W 91X b z b X f ^ V/wrW l/b ��� X i V/w b�Y x�W l>b�\ Y d>sJ��^ W l
X b f deb \ W�W Y�W l>b�G1=5B 9/i Z]Z/^ W ^ Y V]^ V>w�W l/b�X b z b X f b Z!\ Y d>sQW Y�W l>b5d/X ^ q�i X s�d/X Y �]c b �/f [/deb X ^ q�deY f ^ V/w
W l/b ^ X"G1=�Br� +]2 V!W l/^ f1�1i s � � 	��� � � � � �
� � ��� � ����� � � �
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01l>b"Z>b f \ X ^ d]W ^ Y>VQY x$W l>b"X b f [/c W f�\ i V!~eb"\ Y z b X b Z�~>s!\ Y q�dei X ^ V/w�^ V/x Y X q�i W ^ Y>V/f�\ Y>V/\ b X V]^ V>w
� 01l/b"Z/^ �eb X b V W1q�i V/Z/X b c � f1i o ^ q�[>W l/f
� 85^ �]b X b V W�c Y/\ i W ^ Y>V/f�Y V�i�f i q�b"f b \ W ^ Y>V�i V]Z!i o ^ q"[/W l
� 01l/b5d]i X i ~eY>c Y ^ Z]i ck� X Y [/w le��i V/Z�l s>deb X ~eY c Y>^ Z/i c$� f q�Y>Y W l]��f b \ W ^ Y V]f
� 01l/b"c Y/\ i c�i V]Z!c i X w b�^ c c [/q�^ V]i W ^ Y V]f
� 01l/b1x [>X W l>b X�X b f []c W fkx X Y>q�W l>b5f c Y deb1b X X Y X f�q�b i f [>X b q�b V W f � ��^ W l�W l>b5f l/i deb�^ V>x Y X q�i W ^ Y V]fz/^ f ^ ~ec b�x Y X1W l>b"c i X w b�^ c c [/q�^ V]i W ^ Y V]f +
2 V!i Z/Z]^ W ^ Y>Ve�>W l>b f b�\ Y q�dei X ^ f Y>V/f1\ i V!~eb"Z>Y>V>b"x Y X1W l>b�f \ i W W b X b Z�d/X Y �]c b f�W l/b q�f b c z b f �/W l>b ^ X

i V]i c s/f ^ f1\ [>X z b f"� `$} ��Bm� ��.k}7� � � ��.k} � � � �/Y X1W l/b ^ X1X b f [/c W ^ V>w�9�,>8�+
`k^ V/i c c s �/c b i z/^ V>wQi f ^ Z/b5W l/b"[]V>X b q�Y z b Z!f q�b i X ^ V>w�b �]b \ W f1b ^ W l/b X1Y x$W l>b"2 V]f W X []q�b V W i ce`][/V]\ �

W ^ Y>V�Y X"Y x1W l/bQf [/X x i \ bQw b Y>q�b W X ^ \ i c�\ [/X z i W [/X b ��W l>b f b!9�,>8PX b f []c W f"^ V W X ^ V]f ^ \ i c c s�Z>b f \ X ^ ~eb�W l/b
f W i W ^ f W ^ \ i cef [/X x i \ b � f�d]X Y deb X W ^ b f +k01l>b sQi X b�X b � []f b ZQW Y�f Y>q�b"^ q�i w b�d]X b Z/^ \ W ^ Y V]f�i W�Y W l>b X1��i z b �
c b V>w W l]f�i V/Z!Y W l>b X5i V/w c b f �/Y V!W l/b"f i q�b"f [/X x i \ b5~e[>W1w Y>c Z>� \ Y>i W b Ze+
��b \ i [/f b1Y xe^ W f$~e[/c �e� W l/b1f b WkY x]��l/Y c b1f \ i W W b X ^ V>w5X b f []c W fk^ fkZ>b W i ^ c b Z���x Y X�b i \ l�i o ^ q�[>W l��

^ V!i d]deb V/Z]^ �!G��
* +1�! � ��� � � � �	� � �	��� � ��	�^ W b q x X Y qPdei w b W Y�d]i w b
,/\ i W W b X b Z!d]X Y �ec b @ F @ @ N �
9kX Y �]c b"i V]i c s/f ^ f @ F>* @ I y
9�,/8 @ N>* @ N N

@/+1�!�
� ��� � � � �	� � �	�
� � ��	�
^ W b q x X Y qPdei w b W Y�d]i w b
,/\ i W W b X b Z!d]X Y �ec b @ N u @ U u
9kX Y �]c b"i V]i c s/f ^ f @ N g @ U g
9�,/8 @ U y @>g *

F/+1� �	� � � �	������� �
� � �	� � � � ��	�^ W b q x X Y>qPd]i w b W Y�dei w b
9kX Y �]c b @ g I @ g u
9kX Y �]c b"i V]i c s/f ^ f @ g F @ g g

31b z b X W l>b c b f f �]i c c]W l>b�q�i ^ VQd]X Y �ec b f�\ l/i X i \ W b X ^ f W ^ \ f�i V]Z!i z b X i w b�Z]i W i�l/i z b5~eb b V!w i W l/b X b Z�^ V
f [/~	� b \ W W i ~]c b dei w b �]w [/X b d]i w b
d]X Y �ec b f5� c Y/\ i c�^ c c []q�^ V/i W ^ Y>V]��@>+ * � * � NE@>+ F �/�]@/+ F @>�e@>+ F F/�]@/+ F Ia* � g>��* � y/��* * * ��* * F
d]X Y �ec b f5� c i X w b"^ c c []q�^ V/i W ^ Y>V]� @>+ * * * � U @/+ F/* �e@>+ F N/�]@/+ F U * � u/��* * N/��* * g
9�,/8 � c Y/\ i c � @>+ * @ * * y @>+ F y * @ F
9�,/8 � c i X w b � @>+ * @ * * y @>+ I � * @ I
}rb"d]X b f b V W�l/b X b i x W b X�W l>b�Y V]c s!i z b X i w b�X b f []c W f �/X b x b X X ^ V/w�W YQW l>b�d]i w b f5q�b V W ^ Y>V>b Z�i ~eY z b

x Y X1x [/X W l/b X1Z/b W i ^ c f +
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� � � � � �� S1s>deb X ~eY c i�j"d]i X i ~eY>c i
� � � � ���  � � � +$31Y W b�W l/i W$i�* u � � [/V]\ b X W i ^ V W s�X b q�i ^ V/fe~eb W ��b b V5W l>b�y �1i V/Z"@ g � � i o ^ q"[/W l]f �

f ^ V/\ b5Y V]c sQW l/b"[]V/Z]^ X b \ W b Z!� � ��i f1q�i X � b Z!Y>[>W1Y V!W l/b"q�i V/Z/X b c +
�  � ��� � �� i c Y>V>w�W l/b"f b \ W ^ Y V�+ ����Z]^ f W i V/\ b5W Y�W l>b�V>Y>q�^ V/i c]x Y/\ [/f +

d]i X i ~eY>c i>�/q�^ Z/Z]c b � �@ g U N �"q�q!� l s>deb X ~eY c i/�>q�^ Z/Z]c b � �@ g F N �"q�q!+
, b b"[]V/\ b X W i ^ V W sm� d$+ g u � +

� � � � � � � ��� 	�Dx Y X"b i \ lJi V/w []c i X"�/b c Z�� � \ Y X b �kq�b Z/^ i Ve����^ V>w>f ��[/V]^ W + 
>+ + 
�Z>b V/Y W b f"i�q�^ f f ^ V/w
�/b c Z�+

, Y>q�b�����Z/b V>Y W b"i V�i z b X i w b +
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 � � �	�	 � ���/01l/b s�i X b1X b c i W b Z�W Y5W l>b�i \ W []i c]i V>w>[/c i X�\ [/W � Y>[>W�b �>deb X ^ q�b V W i c c s�\ i X X ^ b Z�Y [/W +
} l>b V�V/Y�Z]i W i�l/i z b"~eb b V!q�b i f [/X b ZQx Y X1W l/b5X b c i W b Z�i V/w []c i X1�/b c Z��>W l>b5��^ V/�
Z/Y �7^ f1c i ~eb c c b ZQ��^ W l	� 8�i W iQV/Y W�i z i ^ c i ~ec b 
>+
6�V sQdei X i f ^ W ^ \5\ c ^ d/de^ V>w�^ f1Z>b V/Y W b ZQ~>s!i�z b X W ^ \ i c�Z>Y W W b Z�c ^ V>b5i W�W l>b"i V>w>c b"i W
��l]^ \ l�^ W1f b b q�f1f W i X W ^ V>w]+

� �>2 V/\ ^ Z/b V W1i V>w>c b
�!� � � �/`][/c ce} ^ Z>W l!i W�S�i c xkB�i �/^ q"[]q!+�,>b b5dei w b"y I
��� � � � �e* � Z/^ q�b V]f ^ Y V]V/i ceS�i c xk.�V/b X w sQ} ^ Z>W le+�, b b"d]i w b�y N/+
��� � � � �/@ � Z/^ q�b V]f ^ Y V]V/i c]b V/\ ^ X \ c b Z!S�i c xk.�V>b X w sQ}�^ Z/W l�+�,>b b5dei w b"y N>+

01l/b�W Y W i c$b V>b X w s�X b x b X b V]\ b�\ Y V]f ^ Z>b X b Z�W Y�\ i c \ []c i W b�W l/b�S�.k} � ��i V]Z�S�.k} � ��^ f�W l/b!* � ZY X�@ � ZQ^ V W b w X i W b Z�b V>b X w s�Y xeW l>b1Y>V/c s�Z]i W i"Z/^ f dec i s b Z�Y z b X�W l/b�\ Y>V/f ^ Z/b X b Z�i V/w []c i X��]b c Ze+�,>^ V]\ b
W l/b�i V>w>[/c i X�X i V/w b�z i X ^ b fkx X Y>q�Y>V>b��/b c Z�W Y"W l>b�Y W l>b X �>W l>b�X b f [/c W ^ V>w"S�.k}7� ��i V/ZQS�.k} � ��i c f Y\ l]i V/w b +�6�c W l>Y>[>w>l�W l>b sri X bQV>Y W"i c �1i s/f5x [/c c s!dec Y W W b Z��eW l>bQZ/i W i�i \ W [/i c c s�\ Y V]f ^ Z>b X b Z�Y V�W l>b
	"* � � � 
��/b c Z!f Y>q�b W ^ q�b f1b �>W b V]Z!f c ^ w>l W c sQ~eb s Y>V/ZQW l>b 	"* � � � 
�w X i d]l]^ \ i c�c ^ q�^ W f +
2 V�V>YQ\ i f b"W l>b5x b �7deY f f ^ ~ec s�� f c ^ w l W c s]��V/b w i W ^ z b�^ V W b V]f ^ W s�z i c [/b f1f W i V/Z]^ V>wQi W1W l>b�c Y ��b f W1d]X Y �
�]c b f1c b z b c f1i V/Z!i X ^ f b VQx X Y qPW l>b5~ei \ �>w X Y>[/V]Z!f [/~/W X i \ W ^ Y V!l]i z b"~eb b VQX b q�Y z b Z!x Y X1W l>b".�V/b X w s
}�^ Z/W l]f�\ i c \ [/c i W ^ Y>V/f �>b z b V!^ x�����l>b V�b �/^ f W ^ V>w��
W l/b sQZ/Y�V/Y W1i d]deb i X�Y>V�W l>b�X b c i W b ZQd/X Y �]c b �
~eb \ i []f b5Y xkW l/b"c Y w>i X ^ W l/q�^ \5f \ i c b +
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� � � �]B�^ V/^ q�i c�,>^ w>V/i c�j�31Y ^ f b"X i W ^ Y/�/Y z b X1W l>b�\ Y V]f ^ Z>b X b Z!i V>w>[/c i X1X i V/w b +
� � � �� �	�
� � �]01l/b ^ X�\ i c \ [/c i W ^ Y>VQx Y X1b i \ l!^ V]Z/^ z/^ Z][/i c>d]X Y �ec b5^ f�Z>b i c W���^ W lQd]i w b"u @>+

`/Y X�W l/b"i z b X i w b"d]X Y �ec b f �/f b b5dei w b"y F�i V]Z!^ W b q�f1@��:F�d]i w b�y I]+
��� � � � � � � ��	
� ��	� � �]<1b c i W ^ z b"i V/w c b5W Y�W l>b"f deb \ [/c i X�X b v/b \ W ^ Y V�+k01l/b5^ V/\ ^ Z/b V W�i V/w c b"q"[]f W

~eb"i Z]Z>b Z��>W Y�s/^ b c ZQW l/b"i \ W [/i c�f \ i W W b X ^ V/w�i V>w>c bQ� x X Y>q:W l>b5X b v]b \ W ^ V/w
f [/X x i \ b � +

����� � ��� � � � � � � �� �]01l/b�[]V/^ W�W s>deb�^ f � \ Y>[/V W f j f � +k01l>b�f \ i c b�^ feW l>b�f i q�b�x Y X$W l/b�F1w X i d]l]^ \ f
Y xki�d]i w b +
� ��� ��	�	� ;< �	�
���  ��� ���  � � � � �
� ��� � � � � � �	��� � � 	����� � �	� � �	�
�  � �  � 	� � � � ���	� � � � ��� �
� � ��� ���  �	�� ���
� � � ���7� ^ + b +5W l>b�i X b i!c s>�
^ V/w�[]V/Z/b X�W l/b�� � � 8 �5* � ZQd/X Y �]c b5^ f�W l>b"f i q�b5x X Y>q:Y V/b5d/X Y �]c b�Y x�W l>b
w X Y [/d!W YQi V/Y W l>b X1Y>V>b � �
� 01l>b"c Y/\ i c�^ c c [/q�^ V]i W ^ Y V�w X Y>[>d$�/^ V]\ c [/Z]^ V>w�i z b X i w b f +
� 01l>b"c i X w b"^ c c []q�^ V/i W ^ Y>V�w X Y>[>d$�/^ V]\ c [/Z]^ V>w�i z b X i w b f +
� 01l>b52 V/f W X [/q�b V W i c�`/[]V/\ W ^ Y V]f�w X Y>[>d$+
� 01l>b�^ V W b X � \ Y>q�d]i X ^ f Y V!w X Y>[>d$�]\ Y V]f ^ f W ^ V/w�Y>V!dei w b f5* � g�� * � u� f i q�b5X b x b X b V]\ b � i X b i�x Y X1~eY W l!d]i w b f � +
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� �� �Q8�Y ��VrW Yrc Y � ^ V W b V]f ^ W src b z b c f �$Y z b X���^ Z>bQi V>w>[/c i X�X i V/w b f +rCeY w � c Y wrf \ i c b +r`�}���B!�

X i V>w b5^ Z/b V W ^ \ i c/x Y X1i c c]W l/b5i V/i c s/f b Z�d/X Y �]c b f +k01l/b�deY f f ^ ~ec b � 6 	 � 5
	�� ���  � ��i X b5Z/b f \ X ^ ~eb Z
Y>Vm�/w>[>X b!@/+ @ y�d]i w b�y N$9���l>b VmY/\ \ [>X X ^ V/w/�kW l/b smi X b!Z/b V>Y W b Zm~>sJi�Z/Y W W b ZJc ^ V/b �$��l]^ \ l
\ Y>V/f W ^ W [/W b f�i�c Y ��b X1z i c [/b +

 
� � �� � � < ���",>i q�b�i f�W Y d$��^ V�c ^ V/� c Y w!f \ i c b +�`�}���B!� X i V>w bQ^ Z>b V W ^ \ i c$x Y X"i c c�W l>b�i V/i c s/f ^ f
dei w b f +

 
� � �� � � �������,/i q�bQi f5W Y d$�$^ Vrc ^ V/� c ^ V�f \ i c b +!`�}���B!� X i V>w bQz i X s/^ V>w�x X Y q	Y V/bQi V/i c s/f ^ f
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i X b"\ Y>V/f ^ Z/b X b Z!i f1i 
 q�^ X X Y X 
/+
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Y x�b i \ lrX b ~e^ V>b Zr\ Y c []q�Vr^ f"\ i c \ []c i W b Zrf []\ lrW l]i W�^ W f"i X b i!b �>[]i c f5W l>b!i X b i!Y x�W l/b
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q�b V W f5Y>V�W l/bQq�i V]Z>X b c$��l]^ \ lrl/i z b�~eb b V�deb X x Y X q�b Z���^ W l�W l>b ��� X i s�~eb i q�c ^ V>b�i X b�Y x1q�[/\ l
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W Y�b �>W b V/Z�^ W f1i V>w>[/c i X1X i V/w b��
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� 31Y>V!c ^ V>b i X ^ W ^ b f�Z/[/b�W Y�W l>b"c b V/f �kC$i f b X1�>[]i c ^ W s�Y X�~eb W W b X1\ Y f q�b W ^ \5i V]ZQf l/i deb5\ Y V W X Y c�^ fX b �>[]^ X b Ze�>dec [/f�C$;�0 \ Y X X b \ W ^ Y V�+
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Signal "seen" ~ true signal

Signal "seen" ~ distorted signal

ROUGH

PERIODIC  SIGNAL

SIGNALS  SEEN  WHILE ANALYSED

APERIODIC  SIGNAL

good  sampling

bad  sampling ( for Fourier analysis )

PRE-PROCESSED
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