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�4? <BA�C¸�)(+#�;+�A�,-/.�l+-/.zp�y"#W-FC°y"6�;<*,� !$;<�,#/0m(+�"J¸15!76$6�n@-[;<�,-[;+CS;+y".�*,. !$>D(+.zp
�A;K;<6$#=� �". ;+y"L<�";<y:��� �"!$#R%'�"(+*,�A-F./O

q);<.D%/;<�2l+-/�"!7-/�"%F-+0|13-�15!$676��"(+>D-¸;<y".�#zpK#W�A-F> ;+CTJ"!���-F. -F�I� !�(+65-F�Ky"(E�A!7;<�"#�(+#6?�����¶0�#W;��A�)(H��1=-
�"-/-FJ"��Xv�|sE-/-/*¸. -9��p:*,!$�"L��A�"-F>¸O

D E�_�����qh J�Q&N�L�LKS-H _BO HB` SH a:c H a h SWKSH a@X�Y [ ]�G&I�SH _BO H4`lSH a�a�a�bPWKSH a:cQBN�L�LTSWKSHua c H a h [4I�N%efSHP_&OPHB`lS-Hua�a [����ZWoS-Hua@XZY Row
���kh@now

Z)\K]<^ � ' t! 
 ´

·"³e´Wµ�' l�³°´Wµ 6�,o%/;+#k³�·,³°´Wµ µ
l�³°´Wµ �" 

 ´
l�³°´Wµ�'D,�# !7��³�·,³°´Wµ µ�w

E � ' 3

D t=N�H _(S$#�%�H4G�G@F4I@a&�
#!%PE=F�GPHoS�E�_��'�(c JMHP_&OPHB`lS-Hua c WoS-Hua R(c�H�h@nfj�j)(�c�H _BO HB`Ph4[�i=NKj�jki&NlcmW@h�nfj n�( j�j p=a w



�0��� � �
	�#)��� ��� �"	 !C�����	��� ��
�� !
 ��� �����

0

0.5

1

1.5

2

2.5

3

v

–3 –2 –1 1 2 3
theta{�-�%P(+��(+67# ;�(+#Ws�>G(E*"6$-[� ;�*"6$;+��(��Iy">[nm-F.T;EC=#W;<6$y,� !$;<�,#¯%/;<.W. -F# *@;<�"J"!7�"Lu� ;�# -Fl+-/. (+6B!$�"!��A!�(E6�%F;<�:�

J"!7� !$;<�"#FO���(E� �"-/.[� �)(+�o��pK*"!$�,Ld!$� � � !$�,!7�A!$(+6S%/;+�"J"!7� !$;<�,#/0S1=-�%/(+� y"# - ��;��� ;L+-/�"-F.A(E� -��A�"-F>¸O{r-
�A-/676�>D(+*"67-��A�)(E�D�A�"-�# ;<67y,�A!7;<� %Fy".Wl+-/#�# �,;<y"6$J nm-¸n"6�(+%'s¶05n@-/%P(Ey"# -�;E�A�"-F.W15!$#W-�!7�Dy"#W-/#�(r#W!$%'sI67p p<-F6��
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!7CV�A�"-F. -T!$#R#W;<>D-8@ # ;��A�)(H� A $&?³ $3 j � ´Wµ , $&?³ $3 6 �W´Wµ A B @

A
$3 j , $3 6

A

C°;<.¯(+676�´i0 $3 j 0�(+�,J $3 6 O¯QR�"!$#|%/;<�"J,!7�A!7;<��# (Pp:#F0�. ;<y,L<�"67p+0m� �)(E� $& J";K-/#W��XY�¯# *".W-P(+J�;<y,���A;K;��Iy"!$%'sI6�p<O�º|676
C°y"�"%F� !$;<�,#515!��A��%/;+�I� !$�Iy";<y,#�*"(+.W� !�(+67#R(+. -~(Ey,�A;<>D(E� !$%P(E6$67pDU�!$*,# �"!��A¹+O

QR�,!$#V>D-/(+�"#��A�"(E�VC°;<.Vy"#/0E(+#V6$;<�,L�(E#V13-±#W�'(PpT(P1=(�p�C°.W;<> � �"-B*"6�(+%F-S15�"-/.W-3;<y,.�J,!7�m-/. -F�2�A!�(E6<-/�Iy)(E� !$;<�
!$# ��XY�5J"-C5)�"-FJo³b!�OÕ-EO�-/�"#Wy". -��A�"(E�5²&1G3<µ90"13-T%/(+��nm-T(+#W# y".W-/J��A�)(H�R�A�"-F. -~!$#5( # ;+6$y,� !$;<��� �". ;<y,L<��-Fl<-F.Wp
*m;<!7�2�P0)(+�,J�� �)(E�5#W;<6$y,� !$;<��!7#Ry"�"!7�Ky,-+O�%�;E�A!$%F-¯�A�)(H�5# !$�,%/-~;<y".R-F�Ky"(E�A!7;<�"#�(+. -~(Ey,�A;<�,;<>D;+y"#T³°� �"-�. !7L<�2�W�
�)(+�"JD# !$J,-��)(E#3�";x-98:*"67!$%F�±J"-F*m-F�"J"-F�"%/-¯;+�D´Wµ90Ky"�"!7�Iy"-/�"-F# #3;+C�# ;+6$y,� !$;<�"#B>?-P(+�,#B� �)(E�3# ;<67y,�A!7;<�"#B%P(E�"�";+�
%/. ;+# #�!$���A�,-G³b·=�A²:µÎ��*"6$(+�"-+O
C D ¨d ¥FEB«G��M�®IH ¥
OS£�ª�¬UQ
{}�)(E��J";K-/# �¸(+*"6$-�J";�15�"-/�}p<;+y (E# s�!7��� ;oJ"!$#W*"6�(Pp�(�# ;<67y,�A!7;<� ;+Cx(�J"!���-F. -F�I� !�(+6�-/�Iy)(H�A!$;+� 15!7�A�

��4? <BA C \ �¯n2lK!$;<y"#W67p+04!7�D%P(+�,�";+�D# ;<6�l<-¸� �"-�-F�Iy)(E�A!7;<�"#D(+�)(+6�pI�A!$%/(+6$6�p<0±# !7�"%/-¸# ;<67y,�A!7;<�"#�J";<��Xv�G(+671=(Pp:#
-98:!$#z��!7��%/6$;+# -/J�C°;<.W>¸OS���,#W�A-/(+J�0)!���(+*"*".W;�8:!7>G(E� -/#4� �"-/> �Iy">?-/.W!$%/(+6$6�p<O



� ��� �������
	��������	��������	������������ �"!$#

����� �	��
�������������������

QN;DL<-F�|(+�u!$J"-/(D;+C&�";�1 �A�"!7#�%/(+��n@-TJ";<�"-E0@�A(+s+-[(?67;:;<s
(+L2(+!7��(E�S�A�"-5J"!7. -F%F�A!7;<� 5)-/67J C°;<.��A�"-5L<67!$J"-F./ON�3p 67;:;<sI!7�"L
(E�¯�";�1 � �"- (+.W. ;�15#|*@;<!$�2�/0@p+;<yd%P(+��(+6$>?;<#W��L<y,-/# #|�";�1
�A�"- #W;<6$y,� !$;<�d>[y"#W��� y". ��O�q¶.W;<> (�L+!7l<-F��!$�"!��A!�(E6�%F;<�"J"!Ø�
�A!$;+��0¶>D;�l<-T!$�u�A�"-TJ"!7. -/%9�A!7;<�¸;EC��A�"-x(+.W. ;�1 �A;��A�"-x�"-98K�
*m;<#W!7� !$;<��ONº4�R�A�)(H�5�"-F1 *m;<!7�2�P0,#z�A-F*¸!7���A�"-�J"!7. -F%F�A!7;<��;+C
�A�"-¯l+-/%F� ;<.�(E�R�A�"(E�R*@;<!$�2�P0"(+�"J�# ;�;<��OSQR�,!$#R!$#3�A�"-~!$J,-P(
nm-F�"!$�"J � �"-d# !7>D*,6$-/#z���Iy">?-/.W!$%P(E6|!$�2� -/L<. (E�A!7;<� # %'�,-/>?-+0
%P(+676$-/J��Sy"67-/.FXÕ#5>?-F�A�,;:J�O 0

0.5

1

1.5

2

2.5

3

v

–3 –2 –1 1 2 3
theta

�u;<. -~*".W-/%/!7# -F67p<0)L+!7l<-F��( J"!���-F. -F�I� !�(+6�-/�Iy)(E� !$;<�u(+�"J¸(+��!$�,!7�A!$(+6@%/;<�"J,!7�A!7;<�
+%$3
+ ´ ' $&D³ $3o�W´Wµ $ ³e´�9µ ' $3 ���

�A�"-�L<;2(+6,!$#S�A;T%/;<�,#W�A.Wy"%F�4(T#W-/�Iy"-F�"%/-¯;EC�*@;<!$�2�A# $3 ��� $3 j � $3 6 � / / / � $3���15�"!7%'��(+*"*,. ;P8:!$>D(E�A-4� �"-�#W;<6$y:�A!$;+� $(E�R�A!7>D-F#4´��� ´ j � ´ 6 �W/ / /Z�W´��,O�{�-��'(+sE-x;<y,.R!$�"!��A!�(E6m*@;<!$�2�R� ;?n@-��A�"-~!7�"!7� !�(+6@%/;<�,J"!7� !$;<��0,(+�"Ju%'�";K;<# -~# ;+>D-
# >D(+6$6m�Ky,>�nm-F.! 143 %P(+676$-FJ��A�"- 39c�f�Z�39`#"Hf9OSQR�"-/�u1=-~# -9�

$3�$&% j ' $3�$AB' $&D³ $3�$-� ´�$eµ ´�$&% j ' ´�$AB( 
C°;<.�3*),+-),. , � O�QR�"!$#|l+-/.zp�# !7>D*,6$-[#W%'�"-/>?-�13;<. sI#�n@-/#W�|C°;<.|#W>G(+676�lE(+67y"-/#|;+C/ 7��A�"-�-F. .W;<.|!7���A�"-
(+*"*".W;�8:!7>G(E� !$;<�uC°;<.�(�5,8:-FJ� !$>?-[!$�2� -/.WlE(+6N!$#¯*,. ;<*@;<.W� !$;<�"(+6�� ;0 �OxQR�"!7#�>D-/(+�"#|� �)(E�¯� ;�!$>?*". ;�l+-[�A�"-
(+%/%Fy".A(+%9p�;+C&(��Iy">?-/.W!$%/(+6�# ;+6$y,� !$;<��n2pu(�Cb(+%F� ;<.R;+C � 3,0,13-T�"-/-FJ¸�A;�J";?(+n@;<y,� � 3�� !$>?-/#4>?;<. -¯13;<.Ws@O

�¸(+*"6$-TJ";K-/#W��XY����pK*"!$%/(+6$6�p�y"# -��By,6$-/.FXÕ#�>D-9�A�";KJunm-F%P(+y"#W-[�A�,-[-/.W. ;<.W#|(E%/%/y,>�y"6�(H�A-~�A;K;G�Iy"!$%'sI6�p<O5QN;
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QN;¸L<-F�T# ;+>D-�!$J,-P(+#x(+n@;<y,�T!$>?*". ;�lK!$�,Lu;+�r�Sy"67-/./XY#T>D-9�A�";KJ�0�6$-F�/XÕ#[5).W#W�x�";+� !$%/- � �)(E�[�By,6$-/.FXÕ#T>?-F�A�,;:J
%/;<.W. -/#W*m;+�"J"#±-98,(+%F� 67p�� ;��A�"-56$-9Ce�W�Î�)(+�"J �5!$-F>G(+�,�?#Wy">§15�"-F�G%F;<>D*,y,�A!7�"L~(��Ky,>D-F. !$%/(+6)(+*,*". ;P8:!$>D(E�A!7;<�
�A;�(+��!$�2�A-FL<.A(+6�O*)±;<y�>D(�pu.W-/%P(E6$6VC°. ;<>�%P(E6$%/y,6$y"#5�A�)(H�|�A�,-�6$-9Ce�W���"(+�"J�#Wy">�%/;<�2l<-F. L<-F#��A;D� �"-[lE(+67y"-x;EC
�A�"-~!$�2� -/L<. (+6�0:n"y,�5p<;<yu>�y"#z�5�'(+sE-x(�6�(E. L<-¯�Iy">[nm-F.�;EC&#Wy"nmJ,!7lK!$#W!$;<�"#4� ;�L<-F��(+�2p�(+%F%/y". (+%Fp+O

º >?;<.W-�-,+?%/!7-/�2�?>D-9�A�";KJo!$#�� �"-��A. (+*m-F¹/;<!7Jo. y"67-+0S15�"!7%'��!7#[�A�"-u(Pl<-F.A(+L+-u;EC�� �"-�6$-9Ce�W���"(+�"J (+�"J
. !$L+�I�z���)(E�"J�# y">uOBQR�"-/.W-x!7#5(?�Iy">?-/.W!$%P(E6�# %'�"-F>D-~C°;<.R!7�I� -/L<. (E�A!7�"L?�����S#515�,!$%'��%F;<. .W-/#W*m;<�,J"#�� ; �A�"!7#/0
sK�,;k15�ulE(+. !7;<y"# 6�p�(E#5� �"-�` 2|Z@gA_/3+f a.-3]  $f9g�2Gf9ce\)_/a~;<.4� �"-0/xf9]&�=(P_Hg+2 ]  �+OS�����A�,-~� .A(+*@-/¹F;<!$J�.Wy"6$-E0,1=-
%/;<>?*"y,� -�� �"-�C°y,�"%F� !$;<�G(E�B�A�"-�6$-FCe�3(+�,JG. !7L<�2�±-/�"J"*@;<!7�I� #=;+Cm�A�"-5C°y"�"%9�A!7;<��(+�,J�(Pl<-F.A(+L<-��A�"-�. -F# y"6���7I�A�"-
(+�)(+67;<Lx;EC��A�"!7#313;<y"6$JG. -/�Iy"!7. -¯y,#3�A;�(�l+-/. (+L<-|� �"-|lE(+6$y,-|;+C�� �"-|l+-/%F� ;<.�5)-F6$J�(H�4;<y".3%/y".W. -F�I�4*m;<!7�2�R(+�"J
(E�4�A�,-T�,-98K�5*m;+!$�2�POB��-/. �"(+*"#Rp<;<y�#W-/-��A�"-�%F!$.W%/y"6$(+. !���pG!7>D*"67!$%F!7�B!$��� �)(E�5.W-P(+#W;<�"!$�,L � �A; sI�";�1 � �"-��"-i8:�
*m;<!7�2�P0,13-T13;<y"67J¸�,-/-/Ju�A;?# ;<6�l<-��A�,-xJ"!���-F. -F�I� !�(+6�-/�Iy)(E� !$;<��O � ;,0@!7�"#W� -P(+J�13-TC°y"J,L<-T(?n"!�� � 13-xL+-F��;<y".
(+*"*".W;�8:!7>G(E� !$;<��;+C��A�"-��"-98K�4*@;<!7�I�±n2p?y"# !7�"L��Sy"67-/.FXÕ#3>D-9�A�";KJ�O �¸;+. -|#W*m-F%/! 5)%P(+6767p+0Ky,# !$�,Lx�A�,-��";E�'(E� !$;<�
;+C/1 � O � 0)L<!7l+-/�u(+�¸(+*"*".W;�8:!7>G(E� !$;<� $3�$&(H��� !$>?-|´�$Î0"13-[5)�"J��A�"-~�"-i8K�|;<�,-Ty,# !$�,L�� �"-~# %'�"-F>D-Tn@-/6$;�1~O

´�$&% j ' ´�$0B' $132 ' $&D³ $3�$q� ´�$°µ # 67;<*m-~(H�R�A�"-~6$-9Ce�5# !7J"-~;+CN� �"-~!$�2�A-F.WlE(+6$154 ' $&D³ $3�$AB( $132 � ´�$&% j µ # 67;<*m-~(H�R�A�"-~. !7L<�2�5# !7J"-~;+CN� �"-~!$�2�A-F.WlE(+6
$3�$ % j ' 3�$0B' V³ $1(2 B $154 µ 8 �

Q�;[J,;x�A�,-|!$>?*".W;kl+-/JD�Sy"6$-F.3>?-F� �";:J�0I13-|�,-/-/JD�A;[-9lE(+6$y)(H�A-5�A�"-5l<-F%F�A;+.F5)-F6$JD��15!7%/-�(+#±;+Ce�A-F��(+#B�A�"-
. -/L+y"6�(+.��Sy"67-/.|>?-F� �";KJ�0¶n"y,���A�"-F. -[!7#|(?n"!$LDL2(+!7�¸!7��(+%F%/y". (+%Fp+O�QR�,-�-/.W. ;<.�;+C�� �"-[(E*"*". ;P8:!$>D(E� !$;<��C°;<.
()5,8:-FJ��A!7>D-�!7�I� -/.zl+(E6�!$#5*". ;+*m;<.z�A!7;<�)(+6�� ;  6PO3QR�Iy"#/0m!7C�1=-TJ"-/%F. -/(+# -  �nIpu( Cb(+%9�A;<.5;+C � 3,0)1=-T# �,;<y"6$J
-98:*m-F%F�¯� ;D.W-/J"y,%/-[� �"-[-F. . ;+. � 3 3H�ÎC°;<67J�O6)±;+y�%P(E��L<-9� ��(+*,6$-~�A;?y"# -[� �"-T!$>?*". ;�l<-FJ��Sy"67-/.�>D-9�A�";KJ�n2p
# *@-/%/!�CepK!$�"L�7�;�C� A�>�!�B<98���&9)�58=<�� ��; �)�=8uA�
57!+d(+#�(+�¸(+. L+y">D-F�2�R�A; 
�B? <BA Cu(+�"Ju. -F6�(E� -/J�%/;<>?>D(+�"J"#FO

)±;+yd>D!7L<�2�|.W-/>?-/>�n@-/.|C°.W;<>�p<;<y".|%P(+67%/y"67y"#|%F;<y". #W-��A�)(H� � !$>?*"#W;<��XY#¯. y"67-[%/(+�dL<-F�|l<-/.zpd(+%F%/y". (E�A-
�Ky,>D-F. !$%/(+6¯(E*"*". ;P8:!$>D(E� !$;<�"#�C°;<.D!$�2�A-FL<.A(+67#D15!��A�}(�l+-/.Wp C°-F1 �Ky,>�nm-F.�;+C~*@;<!$�2� #/O QR�"!$#G!$#�n@-/%/(+y"# -
� !$>?*"# ;+��XÕ#5.Wy"6$-�!7#�( C°;<y".z�A�:�Î;<. J,-/.R>?-F�A�,;:J � � �"-~-/. .W;<.5!$���A�,-[(+*,*". ;P8:!$>D(E�A!7;<��!$#R*,. ;<*@;<.W� !$;<�"(+6��A;  ;:kO
q¶;+. � !7>D*,# ;<��XY#|.Wy"6$-E0@13-�-9l+(E6$y)(E� -T� �"-[C°y"�,%F�A!7;<��(H�|�A�,-[. !7L<�2�|-F�"J"*@;<!$�2�/0m�A�,-[6$-9Ce�|-F�"J"*@;<!$�2�/0�(+�,J��A�"-
>D!7J"J"6$-E0"(+�,Ju� �"-/���'(+sE-T( 13-/!7L<�2�A-FJ�(Pl<-F.A(+L<-~;+C��A�,;<# -~lE(+6$y"-F#/O

QR�,-[(+�"(+6$;<L�;+C � !7>D*"#W;<��XY#5. y"67-¯C°;<.5J"!7�m-/.W-/�2�A!$(+6�-/�Iy)(H�A!$;+�"#5!$#R%P(E6$6$-FJ��A�"- ��y,�"L<-9�=<�y,� �A(�>?-F� �";KJ 6P0
J"-Fl+-/6$;+*m-FJDn2p�� �"-?>~-F. >D(+� >D(E�A�"-F>G(H�A!$%F!�(+�,# �|O)�5y"�"L<-5(E�"J { O@<�y,� �A(T(H���A�"-5-F�"J�;+Cm� �"-R�"!7�"-F� -/-/�2� �

A�BeÊ|×�Å9ÍÔÈWçHÈ�ÄkÃWÂ�Ã�ÇÉÆVÅ=Ì�Äk¾9¿ÁÃ�×�ÅiË4ÇÁ¿ÕÐ�¾i×)ÆbÒHÍÎÄ|Ë4ÃÔÈ�Äk¾�ÓkÆzçH¾i×"òAÅ9Â�ÇÁ¾9ÒEÆ�¾9ÂÎÓ�ÃzÂÎÆzÛ�C�Ò�ÈVÙFÃzÊkÃWÂ�Å9¿Õ¿ÁÐ9çPÇÕ×)Æ�¾9Ë4ÃW¾9ÊkÃSÆ�ÅAÐPÆ=éED�ÒkÊkÙFÃÔÖ
F ÒkÈbÈ�ÅFê=Ì�ÇYÈ�Äk¾9Ò�È�Æ�è+ÃWÍÔÇÕ×ØÐPÇÕÊHÙ4È�ÄkÃS¾FÂ�Ó�ÃWÂWç/È�ÄkÃzÐ�Ë=Ã ÅiÊ�È�ÄkÇÉÆ�×Ø¾FÒkÂbÈ�Ä�Ö�¾9ÂÎÓ�ÃzÂ�D�ÒkÊHÙ9ÃÔÖ F Ò�È�È�ÅkÛ
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%/-/�2� y".Wp+O3�Î�5�'(Es+-/#�( 6$!7�"-P(+.=%/;<>�n,!$�)(E� !$;<�G;+CNC°;+y".5# 6$;+*m-F#/0)(+#5n@-/67;k1 �

´�$ % j ' ´�$0B( $132 ' $&D³ $3�$q� ´�$bµ # 67;<*m-~(H�R�A�"-~6$-9Ce�5# !7J"-~;+CN� �"-~!$�2�A-F.WlE(+6$1�� ' $&D³ $3�$0B�� 6
$1(2 � ´�$AB�� 6 µ # 67;<*m-~(H�R�A�"-~>?!$J"J"67-¯;+C��A�"-~!7�I� -/.zl+(E6$1�� ' $&D³ $3�$0B�� 6
$1�� � ´�$0B�� 6 µ %/;<.W. -F%F�A-FJ�#W6$;<*@-~(E�R�A�,-T>?!$J,J"6$-¯;ECN� �"-~!$�2�A-F.WlE(+6$154 ' $&D³ $3�$0B( $1�� �W´�$&% j µ # 67;<*m-~(H�R�A�"-~. !7L<�2�5# !7J"-~;+CN� �"-~!$�2�A-F.WlE(+6

$3�$&% j ' 3�$0B( �³ $132 B � $1�� B � $1�� B $154 µ 8 �
{}�"-/��� �"-|#W6$;<*@-|J"-F*m-F�"J"#4;+�"67p�;<�D´±(+�"J��";E�4;<� $3V0K�A�"-F� $1�� (E�"J $1�� (+.W-��A�,-|#A(E>D-E0,(+�,JG�A�"-�C°;<. >�y,6�(
. -/J,y"%/-F#�-i8"(E%F�A6�p��A;��A�"(E�5;+C � !$>?*"# ;+��XÕ#R.Wy"6$-EO

�5y"�"L+-9��<�y,�W�'(d!$#[*". ;<n"(+n"67p��A�"-�>?;<#W��%/;<>?>D;+�"67py"#W-/J >?-F� �";KJo;+C|�Iy">?-/.W!$%/(+6=!7�I� -/L<. (E�A!7;<��0Sn@-9�
%P(+y"#W-�;EC�!7� #�L<-/�"-F.A(+6767p �"!$L<� (+%F%/y". (+%Fp+O U�!$s+- � !7>D*,# ;<��XY#�. y"67-+0¯!���!$#u(oC°;<y".W� �:��;+. J"-F.u>?-F� �";KJ�0¯# ;
�A�"-�-/.W. ;<. !7# *". ;+*m;<.z�A!7;<�)(+6±�A;  : O ��(+*"67-��)(+#�# -9l<-/. (+6��Ky,>D-F. !$%/(+64>?-F� �";:J,#�C°;<.?�����B#�n"y,!$67��!$���A;
!7��7~#W-/-d�A�"-��"-F6$*}*)(+L+-d;<� > �4AB<�� ;�� ��@7�;�
 9��'+ C°;<.G>D;<.W-d!$�,C°;+. >D(E�A!7;<� (+n@;<y,��� �"-/> 7��A�"-�;<�,-/#�1=-
�)(Pl<-�J"-F# %F. !$n@-/J (+. - �W%/6$(+# #W!$%P(E6 ��>D-9�A�";KJ"#/0T(+�,J (+.W-rJ"-F# %/.W!$n@-/J ³b(+6$;+�"L�15!��A� ;E�A�"-F. #'µ�;<� ��(E*"6$-EXÕ#
�"-/67*r*)(+L+-?C°;<.m> �4A&<�� ;�� �B<98���&9)�58=<�+¶O
	��"67-/# #[(+# sE-/Jr� ;�J";¸;+�A�,-/.W15!7# -E0 ��(+*"67-+XY# 
�4? <BA�C�%/;+>D>D(+�"J
y"# -F#D�A�,-uC°;<y,.W�A�K��;<.WJ"-/. �5y"�"L<-i��<�y,� �A(>?-F� �";KJ�J,-/# %F. !7nm-FJ�(+n@;kl+-�³ ��(+*"67-+XY#D�"(+>D-�C°;<.�� �"!$#?>?-F�A�,;:J
!$# �4<98����&9��58=< �-
���)+,µi0~(+67� �";<y"L+� �A�"- ���@7�;�
 9)��;<*,�A!7;<� ;+Cm> �4AB<�� ;�J,-FCb(+y"6��A#G� ; (�lE(+. !$(E�A!7;<� %/(+6$67-/J
(P_H]:gice\���2 (ic°\d_HgWaKf9g �5]&�K^Kf����T]:cbcq���1;Nf'\� 99f9g�^+0:15�,!$%'� ��(+*"67-T.W-FC°-F. #R�A;?(+# 
��&8���"O
� ��¥¯¥¯« S�© OS£�¥ �«/©?£&O��NMPOS£
��� 1 � 0"1=-~-98:�"!7n"!7� -/J¸( �Ky,>�nm-F.5;+C&#W;<6$y:�A!$;+�"#4�A; �A�,-T*,�Ky,L<;<!$Ju>?;:J"-F6�15!7� ��l+(E. !$;+y"#R!$�"!��A!$(+6m%F;<�"J"!��A!7;<�"#
(+�"J�lE(+6$y,-/#[C°;<.x�A�"-�J". (+L"0B(+#[*"6$;+� #[;+C5� �"-�*)(+. (+>D-9�A.W!$%?%/y".zl<-/#�tv·"³°´Wµ+�A²m³°´Wµ�w�Oq). ;<> �A�,-/# -E0S1=-�%F;<y"6$J
J"-/J"y,%/-4(E��(+*"*,. ;P8:!$>D(E�A-B*)(E� �[;+C,�A�"-±L<6$!7J"-/.�� �". ;+y"L<�[#W*)(+%F-3lK!�(5. -/(+# ;<�,!$�"L�6$!$sE- � ·"³e´WµV!7#�>?;<�";E�A;<�"!7%P(+6767p
!$�"%F. -P(E# !$�,L"0�#W;��A�"-�L+6$!$J,-/.|>[y"#W��n@-�J";+!$�"L�67;:;+*:�Î� �"-9�Î6$;K;<*"# �,O�{�-[15!$676N�,;k1	J"!7# %Fy"# #��";�1	�A;�#W;<67l+-[C°;<.
�A�"-~*@;<# !��A!$;+�t 3N³e´Wµ%� 5�³°´Wµ�w�J"!$.W-/%9�A67p+O

qN!$. #z�P0:�";+�A!7%/-��A�)(E�4!7C�13-�sI�";�1 � �"-|lE(+6$y,-¯;+CV²D(+�"J�·�(H�R# ;<>?-|� !$>?-�´i0K1=-~(+67# ;��"(�l+- <��<@? (E�"J <��<$? (E�
�A�)(E�R´i0)#W!$�"%F-

+ 3
+ ´ ' ²±%/;<#¶· (+�"J + 5

+ ´ ' ²±# !7�5·A/
� ;"0K;<�"-514(Pp?�A; 5)�"J 3N³e´Wµ3(+�"J 5�³e´Wµ&1=;<y,6$JGn@-5�A;[#W;<67l+-�� �"-�;+. !$L+!$�)(+6)�~���}³°�Iy">D-F. !7%P(+6767p,µNC°;<.±·"³e´Wµ3(+�"J
²�³e´Wµ90";+n,�'(+!7�u(��,-F1 J"!���-F. -F�I� !�(+6m-/�Iy)(E� !$;<��0¶(+�"J��A�"-F�¸#W;<67l+-~� �)(E�5�Iy">?-/.W!$%P(E6$67p?C°;<. 3N³e´Wµ5(E�"J 5�³°´WµiO

º�# !7J"-DC°.W;<> �A�"-?Cb(+%F�T�A�"(E�[� �"-/.W-G!$#x(+��-P(+#W!$-/.T14(Pp+0&�A�"-F. -D!$#x(¸# -F. !7;<y"#[*,.A(+%9�A!$%/(+6B*". ;+n"6$-F> 15!7�A�
�A�"!7#�(+*"*".W;2(+%'��Oñ{}�"-/��13-L+-F�u(��Iy">?-/. !7%P(+6|# ;<67y,�A!7;<� tv·"³°´Wµ+�A²m³°´Wµ�w�05�A�"!7#�!$#�(�%F;<6$67-/%9�A!$;+� ;+CT*m;+!$�2�A#
³�·����A² ��� ´�iµ+�k³�· j � ² j �W´ j µ%� / / /K��³�· �=�A²4�&� ´��<µ�(E6$;<�"LD(G%Fy".Wl+-+O|QR�,!$#|>?-P(E�"#�13-�;<�"6�p�sI�";�1	� �"-xl+-/%9�A;<.
5"-/6$J
C°;<.�³ 3o� 5"µT(E���A�,;<# -�*@;<!$�2� #/O�Î� !$#��,!$L<�"6�py"�"6$!7s+-F67p�A�)(E�[�A�"-F# -�15!$6763n@-G�A�,-�*m;<!7�2�A#[13-��"-/-FJ � ;dy"# -
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(+67� �";<y"L<�o-9l<-F���A�,-/�o1=-�13;<y"67J��"(�l+-��A;�*". ;+L<.A(+>�!7� ;+y". #W-/67l+-/#�.A(H�A�"-F.��A�)(+� y"#W- ��(+*"67-+XY#?n,y"!$6��W��!7�
>D-9�A�";KJ�O
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tY·,³°´Wµ%� ²�³e´Wµ%� 3N³e´Wµ%� 5�³°´Wµ�w3(+6$6S!7�r;<�"-D#W� -/*�O¸QR�"-�>?-F�A�,;:J"#~13-�J"!$#W%/y"#W# -FJo!$�(1 � O � (+*"*"6�p�-/�Iy)(+6767pd13-/6$6B�A;
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!$#�(�%/y".zl<-u!$��� :d*)(+. (+>D-9�A-F. !$¹F-/J n2po�A!7>D-EO�{r-�%P(E���A(+s+-¸(*,. ;H»W-F%F�A!7;<� ;+C|� �"!$# %Fy".Wl+-¸� ;L+-F�?;<y".
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º�# sI!$�,L �¸(+*"6$-x�A;�# ;+67l<-x�A�"!7#¯�"-F1§#WpK#W� -/> !7#�(+67>D;<#z��� �"- #A(E>D- (E#�nm-9C°;<. -E0�n"y,��13- >�y"#z��# *@-/%F!7Cep
�A�"-�(EJ"J"!7� !$;<�"(+6)l+(E. !�(En"6$-F#4(+�"JGy"# -¯� �"- �)��;��u;�;<*,�A!7;<�G� ; 
��4? <BA CG�A;x�A-/676 �¸(+*"6$-�15�"!$%'��*".W;H»W-/%9�A!7;<��1=-
14(+�2�~�A;�#W-/-EO)%�;+� -��A�)(E�|1=-�. -F# -9�YE¤�A;�-F�"# y".W- �A�)(E�~!���(+*,*m-/(+. #~!$��� �"- -/�Iy)(H�A!$;+�"#~(+#~(+�(+.Wn"!7� .A(+.zp
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	 Z)\K]<^ � ' t�



9? ·"³e´Wµ�'
l�³°´Wµ 6 ,o%F;<#k³�·,³°´WµWµ

l�³°´Wµ ��
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 ? p�³e´Wµ�'}l�³e´Wµ,# !7�V³�·,³°´Wµ µ�w
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� ;¸Cb(+.F0�� �"-G%/(+# -F#x13-+Xvl<-�67;:;+s+-/Jr(E�x# -/-F> �A;��"(�l+-�(u�Ky,>�nm-F.x;ECR%/;<>?>?;<�dC°-P(E� y". -F#/Ou�B(+%'���)(+#x�)(+#
(?#W;<6$y,� !$;<��15!��A�¸·"³°´Wµ5(+�"J¸²m³°´Wµ4%/;<�,#W�'(E�I� 7@� �"-/.W-�(+.W-~# ;<67y,�A!7;<�"#R15�"!$%'�¸!$>?>D-FJ"!�(H�A-/6�p��A-/�,J¸�A;�1=(+. Ju�A�"-
%/;<�"#z�'(+�2�B#W;<6$y,� !$;<��³b;<.&;<# %F!$6$6$(E�A-3(+.W;<y"�"J !��iµ90+(+�"J #W;<6$y,� !$;<�,#N15�"!7%'�?J,;¯# ;<>?-4�Iy">�n@-/.S;EC¶6$;K;<*"#�5". #W��³eC°;<.
E-' � 0¶1=-[J"!$J"��XY��J"-/>?;<�"#z�A. (E�A-T�A�"!7#
	�!�C��A�,-[!$�,!7�'(E6V(+�"L<67-x!7#
3,0m(D#W;<6$y:�A!$;+�¸�"-F-/J"#~(E��!$�,!7�A!$(+6�l+-/6$;K%/!���p
6�(+.WL<-/.B�A�)(E� � � O � n@-FC°;<.W-|!��315!76$6¶J"; ([67;:;+*¶µ9O&��;�1 J";[�A�,-|*@;<# #W!$n"67-�#W;<6$y,� !$;<�,#3J"-F*m-F�"J�;<�D� �"-|lE(+67y"-�;EC
E \ q);<.�-98,(+>?*"67-+0¶�A�"-�n@-/�"(�lK!7;<.�;ECB# ;<67y,�A!7;<�"#RC°;<.�ED'D30/ � (+�"JUE-'�30/ � (+. -x�Ky,!7�A-x# !7>D!76�(+.F0"n"y,�¯(+. -
J".A(+>D(E� !$%P(E6$67p�J,!7�m-/. -F�2��C°.W;<> E ' 3�(+�"J E ' � O

�¯�"-T14(Pp�13-�%P(+�¸L<-F�¯(?n@-F�W�A-F.|�)(+�,J"6$-T;<��-i8,(+%F� 67pu�";�1 �A�"-xnm-F�)(PlK!$;<.�;+C&� �"-[#W;<6$y:�A!$;+�"#5J"-/*@-/�"J,#
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�A�)(E�[15�"-/�"-9l<-F. H· ' 3d(E�"J H² ' 3:0B13-�>�y"#z� �)(Pl<-u(�%F;<�"#W�A(+�2��# ;<67y,�A!7;<�}³b(+�"JolK!$%/-i�Îl+-/. # (2µ9O 	�#W!$�"L
�BAB<�� ;¶0m1=- %/(+�dL<-F�|>G(E*"6$-T�A;G� -/6$6�y"#¯� �"-[15�"-F. -��A�,-Y5,8:-/J�*@;<!$�2�¯!7#�C°;<.|(+. n,!7�A. (+.Wp�lE(+67y"-/#�;+CFE�O¯{r-
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�";+�'(H�A!$;+��OD ���qh�� ���!�� N � i4G4N e@H��qhB]PG�e4W4OPs�HKSI�G@FPW@OTS��lSWuX�Y�[4]PGBI S-H _&OPHB`Ba�aZbPW@h�nKc[BI N%e(SH�_&O H4`Ba�[ ���ZWuX�Y�h@n��Tc��PHP_&OPHB`KcqW	�Ba:cs4` Q&N�] `�F&a:w

;B` 	�
 _H` �)c � ' �k²2'§³ �

E 6 B �
µ� j�� :�� �¶· ' (E. %F�A(+�V³$,
E�� �

E 6 B �
��� �

E 6 B �
µ �
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#W�A-F-/*@-/.FO

{}�"(E��%P(+��1=-~# (�pu(Enm;<y:�5nm-F�)(Pl:!7;<y".5;+CN# ;<67y,�A!7;<�"# ��f �+g±�A�"!7#�5,8:-/Ju# ;<67y,�A!7;<�]\
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l<-/%9�A;<.5C°;<.W>

+ $�
+ ´ ' $&D³ $�dµ%�

15�"-/.W-�³b!7��;<y,.x%/(+# -Pµ $� !7#�tv·"³e´Wµ%�A²m³e´WµÔw�0�(+�"J $&D³��µ ' t7³°² 6 , %F;<#k³b·<µ µ 8E² � ,�# !7�V³�·+µF, E¯² 6 w�OuQN(PpK6$;<.FXÕ#
�A�"-F;<. -F> #A(PpK#�� �)(E�5C°;<. $� �"-/(+. $�r�/0

$&D³ $�dµ�' $&D³ $�6�iµ B�� $&?³ $�r�'µ/³ $� , $�6�iµ B �"!$L<�,-/.R;<.WJ"-/.R�A-F. >?#Z�
15�"-/.W-�� $&?³ $�6�9µ�!7#|�A�"- 6<(+%/;<n,!�(+��;EC $&�-FlE(+67y)(E� -/Jd(E� $�6��O � !$�"%F- $�6��!$#|(�5,8:-/J�*m;+!$�2�P0 $&D³ $�6�9µ�!$#��A�"-
¹/-/.W;¸l+-/%F� ;<./OG��-F�"%/-E0N13-D%/(+�rL<-9�x(uL<;K;KJ!7J"-P(�;+C±15�)(E�x!$#~�)(+*,*m-F�"!$�"Lu%/67;<# - � ;u� �"- 5,8:-/J�*@;<!$�2�~n2p
#W�Ay,J,pK!$�"L��A�"-� ` ��f �+g3#WpK#W� -/> ;+CNJ"!7�m-/.W-/�2�A!$(+6�-F�Ky"(E�A!7;<�"#5L<!7l+-/�un2p��A�"-~J"-F. !�l+(H�A!7l+-~(E�R�A�,- 5:8,-FJ�*@;<!$�2�/O

qN!$. #z�P0213-�L<!�l<-�(~n". !7-FC�.W-FC°.W-/# �,-/.4(Enm;<y:�367!$�"-/(+. � ( � #WpK#z�A-/>?#=;EC�-/�Iy)(H�A!$;+�"#/O�QR�,-�.W-P(+J"-F.3!7#B. -FC°-F. -FJ
�A; �A�"-�� -98K�A#�!$���A�,-T.W-FC°-F. -/�,%/-/#5C°;<.R>?;<. -�%F;<>?*". -F�"-/�"#W!7l+-T� . -P(H�A>?-/�2��;+CN� �"!$#4� ;<*"!7%+O

� ��� � 	�����  ���-� ��� ���'���! �" �	�

UV!7�"-P(E.GJ"!���-F. -/�2� !�(+6�-/�Iy)(E� !$;<�,#³°15!7� � %/;+�"#W�A(+�2��%/;K-,+?%/!7-/�2�A#Aµ�(+. -�� �"-d# !7>D*,6$-/#z��;<�,-/#��A;r# ;<6�l<-�(+�"J
y"�"J"-F. #W�A(+�"J�O � y"%'�u-/�Iy)(H�A!$;+�"#R�)(Pl<-��A�,-~C°;+. > <$#<@? '&%'� �"15�"-F. -(% !$#5(E� . ( .d>D(E�A.W!�8�(+�"J)� !$#5(+�
.@�Îl+-/%9�A;<.FOB{�-+XY6$6�n@-�%/;+�I� -/�2��15!7�A�*. ' � O

qN!$. #z�P0B�";+� !$%F-G�A�)(H�*� ' 3d!$#�(+671=(Pp:#?(N5,8:-/J�*@;<!$�2��C°;<.x�A�"!7# #WpK#W� -/>u0=(+�,J�!�� !$#�� �"-�;<�"6�p�;<�,-+O
� -/%F;<�"J"6�p<02!7C+� j ³e´Wµ�(+�"J*� 6 ³°´Wµ�(+.W-R# ;<67y,�A!7;<�"#&� ;¯�A�"-R#zpK#W�A-F>¸02� �"-/��# ;~!7#�� j ³°´Wµ B,� 6 ³°´WµiO&QR�"!7#S*". ;+*m-F.W��p
!$#R%P(E6$6$-FJ 39]kZ)f9gÎZ)_�39`ecb`�_ �G(E�"Ju15!76$6mnm-�l<-F.Wp�y"#W-FC°y"6�O



� ��� ! ����#-� �"!�)	����������#��! � �����#�

U�-9�PXY#�67;:;<sD(E�R� �"-~# !$>?*"67-/#W�5%/(+# -�C°;<.4� �"- � ( � #zpK#W�A-F> � % '���� 3
3 +�� 0"� �)(E�5!7#/0

H3 ' � 3H5 ' + 5

�ÎC�13-��)(Pl+-¸(E��!$�"!��A!$(+6S%/;<�,J"!7� !$;<�15!7�A� 5�³ 3<µY' 3:0&�A�"-F� 5�³e´Wµ2' 3:OdQR�"!$#�>?-P(E�"#x� �)(E��� �"-�*".W;<n"6$-F>
. -/J,y"%/-F#��A;¸� �"-�;<�,-9��J,!$>?-/�"#W!$;<�)(E6S%P(+#W-+0B(+�"J 3N³°´Wµ2' 3N³ 3<µ��	� ? Ou�ÎC � 1 3:0&�A�"-D# ;<67y,�A!7;<�r>?;�l<-F# (P14(Pp
C°. ;<> � �"-[;<.W!$L<!7�u(+6$;<�,L?� �"- 3"��(H8:!$#�(+#�´R!7�"%/.W-P(+#W-/#07�!7C � B 3,0¶�A�"-x# ;<67y,�A!7;<�u>D;�l<-F#�� ;k1=(+.WJ��A�"-x;<. !7L<!$��O
�ÎCN� �"-�!$�"!��A!$(+6m%F;<�"J"!��A!7;<��!$#R;+��� �"- 52�Ô(H8:!$#F0:� �"-~# !$L+��;+C + %/;+�I� . ;<67#415�"-F� �"-/.5�A�,-�# ;<67y,�A!7;<��>D;�l+-/#�(P14(Pp
³ + 1G32µB;+.±� ;k1=(+.WJ"#�³ + B 32µ��A�,-�;<.W!$L<!7��ON�=-/%/(+y"# -|;+C��A�,-|# y,*m-F. *@;<# !��A!$;+�D*".W;<*@-/.W��p?>?-/�2�A!7;<�"-FJGn@-FC°;<.W-+0
(+�¸!7�"!7� !�(+6@%/;+�"J"!7� !$;<��15!��A�43N³ 32µ�
' 3?(+�"J 5�³ 32µ�
' 3?L+!7l<-F#�.W!$#W-~� ;?(?#W;<6$y,� !$;<��15�"!7%'�¸!7#�(?%F;<>�n"!7�)(E�A!7;<�
;+CN� �"-/#W-T��13;?nm-F�)(Pl:!7;<y".W#/O

a=+4     d=+2   (source)

–2

–1

0

1

2

y

–2 –1 0 1 2x

a=–4     d=+2   (saddle)

–2

–1

0

1

2

y

–2 –1 0 1 2x
a=+4     d=–2   (saddle)

–2

–1

0

1

2

y

–2 –1 0 1 2x

a=–4     d=–2   (sink)

–2

–1

0

1

2

y

–2 –1 0 1 2x

º 6$(+. L<-d�Iy">[nm-F.u;EC[67!$�"-/(+.�#WpK#z�A-/>?#unm-F�)(Pl<-�l<-/.zp}# !7>D!76�(+.W67po�A; �A�,-%/(+# -F#�(Enm;�l<-E0¯-98:%F-/*,�u�A�"-
#W�A. (+!$L+�I�z��67!$�"-�# ;<67y,�A!7;<�"#R>D(�pG�";+�567!$-�-98,(+%9�A6�p�(+6$;+�"L��A�"-~%F;:;<.WJ"!$�"(E�A-�(k8,-F#/O



� � ��� �������
	��������	��������	������������ �"!$#

� y"*"*@;<# -~�A�"-F. -~!$#5( #W;<6$y,� !$;<��;EC H� ' %'� 15�,!$%'�u6$!$-F#5(+6$;+�"L�( #W�A. (+!$L+�I�567!$�"-E0:� �)(E�5!$#F0)(+67;<�"L # ;+>D-
l<-/%9�A;<. $²¶O��=-/%/(+y"# -D�A�"-D#WpK#W� -/> !$#T6$!$�,-P(+.F0V� �"!$#T>?-P(+�"#~�A�,-D�'(E�"L<-/�2�xl<-/%9�A;<.W#x� ;¸�A�,!$#T# ;<67y,�A!7;<��>[y"#W�
nm-u;+C¯� �"-uC°;+. > � � C°;<.�# ;+>D-u�Iy">�n@-/.��VO � y,%'��(��Iy">�n@-/.�� !$#?%P(+676$-FJ (+� f9`�^Kf%� 3 �! ]¶f903(+�"J��A�"-
%/;<.W. -/#W*m;+�"J"!$�,LGl<-F%F�A;+. $²�!$#�� �"-�%F;<. .W-/# *@;<�"J,!$�"L�f9`�^Kf%� 3+f<*9c�_HgiO
%�;+�A-x�A�)(E�|!$�u�A�"-�%/(+# -�(+nm;�l+-+0�13-��)(+J
-/!$L+-/�2lE(+6$y"-F# � (+�"J + 15!��A��-/!7L<-/�2l+-/%F� ;<. #�t � � 3Ew�(E�"J�t 3 � � w�O

Q�;)5)�"J��A�"-~-/!7L<-/�2lE(+67y"-/#F0"1=-~�"-F-/J¸� ;�# ;<6�l<-
% � '�� � � ;<.R-F�Ky,!7lE(+6$-F�2�A67p+0 ³ %4,����:µ � ' 3A/

QR�"!$#±%P(+�?;<�"6�p �)(+*,*m-F�G!7C ��!7#S�A�"-�¹/-F. ;xl+-/%9�A;<.F0:;<.S� �"-�J,-F�A-F. >?!$�)(E�I�±;+C %=,���� !$#B¹/-F. ;"O&���D�A�,-�6$(E� � -/.
%P(+#W-+0)1=-~>�y,#W���)(Pl<-

³ � ,��mµF³ + ,��mµ ,��
	�' 3=�
QR�)(E��!$#F0

� 6 , ³ � B + µ��YB ³ � + ,��
	/µ�' 3A/
	�# !7�"L �A�"-~�Iy)(+J,.A(E� !$%¯C°;<.W>�y"6�(:0:13-x#W-/-~�A�)(E�R� �"-~-/!7L<-/�2lE(+6$y,-/#R>�y"#z��nm-

� ' ³ � B + µ��� ³ � B + µ 6 , � ³ � + ,��
	/µ� /

QR�"-~�Ky"(+�2�A!7��p � B + !$#R%/(+6$67-/J�� �"- c�g ��*'f=;+C % ³°>D;+. -¯L<-F�"-/. (+6$6�p<0K�A�"-��A. (+%/-�;EC�( >D(E�A.W!�8G!$#4�A�,-�# y"> ;EC
J"!�(+L+;<�)(+6�-F�I� . !7-/#'µi0�(+�,J � + ,���	~!$#5�A�,-[J"-9�A-/.W>D!7�)(+�2��;+C %[O�QR�"-x-/!$L+-/�2lE(+6$y"-F#|;+CS( � ( � >G(E� . !Ø8�%P(+�
nm-~-98:*".W-/#W# -/J�!$���A-F. >?#R;+C&� �"-��A.A(E%/-~(+�"J��A�,-TJ,-F�A-F. >?!$�)(E�I���|(E#

� : %�� � ³�� : %�µ 6 , � + �/´ %
� /

{r-EXÕ676�y"# -~�A�,!$#4C°;<.W> (+L2(E!$��!$�u(�6$!�� �A67-�15�"!76$-EO
q);<.x6$!7�"-P(+.x#WpK#W� -/>?#/0S�A�,-�-/!$L+-/�2lE(+6$y"-F#�J"-9�A-/.W>D!7�"-D� �"-�y"6��A!$>D(E� -�Cb(H�A-�;+C5#W;<6$y:�A!$;+�"#x� ;��A�"-������RO

q¶.W;<> �A�,-�(+n@;kl+-+0�!��[#W�";<y"67J�n@-G%/67-P(+.~�A�"(E�[� �"-/.W-�(+. -G(+671=(PpK#x��13;d-/!$L+-/�2lE(+6$y"-F#TC°;+.�( � ( � >G(E� . !Ø8
³�(+6��A�";<y,L<��#W;<>?-F�A!7>D-F#¯�A�"-F. -D>D!7L<�2�~nm-D(uJ,;<y"n"67-D-F!$L<-F�IlE(+67y"-+0V15�"-F�}³�� : %�µ 6�, � + �/´ % ' 3<µ9O�U�-F�/XÕ#
%P(+676��A�"-F>�� j (+�,J�� 6 O{�-+Xvl<-r(+6$.W-P(+J:p�# -F-/� *".W;+�A;E��p:*,!$%P(E6�-98,(+>?*"6$-F#�15�,-/. -�A�"--/!7L<-/�2lE(+67y"-/#u(+.W-.W-P(+6�0¯�";<�,¹/-/.W;"0~(+�"J
J"!$#z�A!$�,%F�PO��3y,�~15�)(E�T!7CB�A�,-?-F!$L<-F�2l+(E6$y"-F#x(E. -�%/;<>?*"67-98d%F;<�H»Wy"L<(E�A-u³e15�"!$%'���)(+*"*@-/�"#�15�"-F��³���: %�µ 6 B
� + �/´ %¯µ \ �����A�,!$#�%/(+# -E0±� �"-/.W-�!$#[�,;#z�A. (+!$L<�2�[6$!$�,-G# ;+6$y,� !$;<��!7�r�A�,-�. -P(E6$#/O����"#z�A-/(+J�0±# ;<67y,�A!7;<�"#x� y". �
(+. ;<y,�"J��A�"-�;<.W!$L<!7��O&�ÎC��A�,-�. -P(E6�*)(+.z�R;+CV�A�"-~-F!$L<-F�IlE(+67y"-/#=!$#R*@;<# !��A!7l+-+0:# ;<67y,�A!7;<�"#4#W*"!$. (+6�(P1=(�pGC°. ;<> �A�"-
;<. !7L<!$��0:(+�"Ju!7C�!��5!$#R�"-FL2(E�A!�l<-E0"�A�"-9p�# *"!7.A(+6m�A;�14(E. J"#�!7�/O��ÎC&� �"-~-/!$L+-/�2lE(+6$y"-F#5(+. -~*"y,. -/6�p�!$>D(+L<!7�)(+.zp<02�A�"-
# ;<67y,�A!7;<�"#R�"-F!7�A�,-/.R>?;kl+-~!$���";<.R;<y:��7).A(H�A�"-F./0"�A�,-Fp�%F!$. %F6$-~(+.W;<y"�"J�� �"-~;<. !7L<!$��O

{�-4%/(+� # y">?>D(+. !7¹/-B�A�"!7#�!$�T�A�"-=�A(+n"67-=n@-/6$;�1~O�{r-R(E. -4#WsK!7*"*"!7�"L¯;�l<-F.SJ"-P(+67!$�"L�15!7� �[�A�"-=J"-/L<-F�"-/. (E�A-
%P(+#W-/#/0)15�"-F��� j '�� 6 (+�"J�15�"-F��;<�"-�;ECN� �"-~-/!$L+-/�2lE(+6$y"-F#5!$#R¹/-F. ;"O
��B�È�ÇÁÆmÈ�Â�ÒkÃN×Ø¾9Â�Åi¿Á¿+Ë4ÅiÈ�Â�ÇÁÍzÃWÆ@È�ÄHÅiÈmÈ�ÄkÃNÈ�ÂÎÅ9ÍÔÃNÇÁÆ@È�ÄHÃ&Æ�ÒkËo¾i×KÈ�ÄkÃ&ÃzÇÁÙ9ÃWÊ/ò'Å9¿ÕÒkÃ ÆzçPÅiÊEÓ4È�ÄkÃ�Ó�ÃzÈ�ÃzÂ�Ë4ÇÕÊEÅiÊ/È�ÇÉÆ@È�ÄkÃWÇÕÂ�èkÂ�¾�Ó�ÒHÍ�È Û



� ��� ! ����#-� �"!�)	����������#��! � �������

� j 1 � 6 1G3# ;<y".W%/-
��$�%/;+>D*"67-98m0 E�� �R1�3
# *"!7.A(+6�#W;<y".W%/-

� j B � 6 B 3# !$�,s
��$�%/;+>D*"67-98m0 E�� � B 3
# *"!7.A(+6�#W!$�"s

� j B 3 B � 6#A(+J"J,6$-
��$�%/;+>D*"67-98m0 E�� � '�3
%/-/�2� -/.

qN!$�)(+6767p+0I13-~. -F>G(+.Ws?� �)(E�R� �"-/.W-�!$#R(�%F;<�2l<-/�,!$-/�2��14(PpD�A;�;<. L<(+�"!$¹F-�� �"!$#R!7�,C°;<. >D(E� !$;<�?!$�2�A;�(�#W!$�"L+6$-
J"!�(+L+.A(+>uO � !7�"%/-�� �"-~-/!$L+-/�2lE(+6$y"-F#5;+C�% %/(+�unm-�15. !�� � -/�u(+#

� : %�� � ³�� : %�µ 6 , � + �/´ %
� �

1=-¸%P(+� %F;<�"#W!$J"-F.D�A�,-¸>D(E�A.W!�8 % (+#Dnm-F!$�"Lr(�*@;<!$�2�?!$���A�"-uQN. (+%/-i�Ô�¯-9�A-/.W>D!7�)(+�2�D*"6�(+�,-+O�QR�"-F� �A�"-
%/y".zl<-�15�"-/.W- ³���: %�µ$6 ' � + �/´ % !$#�( *)(+. (+n@;<6�(,O§�ÎC % !$#�(+n@;�l<-d�A�,!$#�*)(+. (+nm;+6�(,0�!7���"(+#�%/;<>?*"6$-i8
-/!$L+-/�2lE(+6$y"-F#/O¤q)y".z�A�"-F. >?;<. -E0�!�C~�A�"-dJ"-9�A-F. >?!$�)(+�2��!7#��"-/L2(H�A!7l+-+0�1=-�>�y"#z���)(Pl<-(o#A(+J,J"6$-dn@-/%/(+y"# - :
� ³�� :�%¯µ 6 , � + �/´ % 1 � :�%x0=15�"!$%'� >D-/(+�"#��A�"-F. -�!7#D;<�,-¸*@;<# !��A!�l<-¸(+�"J ;<�,-��"-FL2(E�A!�l<-u-/!7L<-/�2lE(+6$y,-+O
q&!$�)(E6$67p+0"!7CN�A�"-xJ"-F� -/.W>D!7�)(+�2��!$#�*m;<#W!7� !7l<-E0)�A�"-x-/!$L+-/�2lE(+6$y"-F#�³°;<.5�A�"-F!$.5. -/(+6N*"(+.W�/0@!�C&� �"-Fp¸(+.W-x%F;<>D*,6$-98"µ
!$#4�A�,-T# (+>?-�# !$L+��(+#4� �"-��A. (+%/-~;+CNº[O"{�-~# y">?>G(E. !$¹F-|�A�,!$#5!$��� �"-~J"!�(+L+.A(+>�nm-F6$;�1~O

Tr

Det

saddle

source

spiral source
center

spiral sink

sink

� ÜPÇÁÊHÍzÃ4È�ÄkÃRÓ�ÃzÈ�ÃzÂ�Ë4ÇÕÊEÅiÊ/ÈSÇÁÆ&È�ÄkÃRèkÂ�¾PÓkÒHÍ�ÈS¾i×mÈ�ÄkÃRÃWÇÕÙFÃzÊPò'Åi¿ÁÒkÃWÆWç<È�ÄHÃR¾9Êk¿ÁÐ~Ì�ÅAÐ�ÇYÈBÍzÅ9ÊxÏ+ÃRÊkÃWÙFÅ'È�ÇÕòFÃ3ÇÉÆ�ÇÕ×@È�ÄHÃzÐxÅ9Â�Ã=¾i×¾Fèkè+¾FÆ�ÇYÈ�Ã�Æ�ÇÁÙ9ÊHÆWÛ



� � � � �������
	��������	��������	������������ �"!$#

� ��� � 	��!�����	��	 � � ��� �/'������� 
�	 ��� 
{r-~�";�1 .W-F�Ay,. �¸� ;�;<y".5�";<�"67!$�"-/(+.R#WpK#z�A-/>u0@(+�"Ju6$;K;<s�(H�R�A�"-T6$!7�"-P(+.W!$¹/(E�A!7;<���"-/(+.R�A�"-[5,8:-/J¸*m;+!$�2�POBº|#
1=-T#A(P1 -/(+. 67!$-F.4!$���A�,!$#R# -F%F� !$;<��0"C°;+.R-Fl<-F.Wp�lE(+67y"-�;+C E �A�,-x�S�Iy"L<;+!$Ju>D;KJ"-/6

+ ·
+ ´ '

²�6�,o%F;<#¶·
²

+ ²
+ ´ 'D,�# !7�5·�,�E¯² 6

�)(+#�(25,8:-/J�*@;<!7�I��(H�

· '-,�(+. %9�'(+��� E � �

� B E 6
	 ² ' �� �

� B E 6 /

{r-~�";�1 %/(+6$%Fy"6�(H�A-¯�A�,- 6<(E%/;<n"!$(+��>D(E�A.W!�8m0"y"#W!$�"L ��(+*,6$-+OD t=N�H _(S F@N e=`�F �=a&�
���kh�� � �'�� �kh�@`@]PG�1uN `ZefS^J�SWuX�Y�[4]PGBI S-H _&OPHB`Ba�a�b�Wfc [4I�N e(SHP_&O H4`&a�[ ���ZW�XZY R(c J H _&OPHB`Tc�W@R=a:w

� � ' �� # !7�V³�·+µ
² � , ²�6�,�%F;<#k³�·+µ

² 6
,�%F;<#k³�·+µ , � Ed² ��
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q);<.PE ' � 0��A�"-F. -D!$#x( �W�";K;<s�¸(E�x� �"-G-F�"J�0�n,y,�xC°;+.YE ' � 0N�A�,-G# ;+6$y,� !$;<�L<;K-/#T#W�A. (+!$L+�I�x!$���A;
�A�"- 5,8:-/Jd*@;<!$�2�PO�q)y".z�A�"-F.�>D(+L<�"! 5)%P(H�A!$;+�"#5# �";�1 �A�"-x#A(+>?-T*)(E� � -/.W��0�(+#�p<;<y�>G(Pp�14(E�I���A;?l<-/.W!7Cep�C°;<.
p<;<y".W# -F67CÔO�QR�"-[#W*"!$. (+6�C°;<.
ED' � !$#�(+6�14(PpK#|*".W-/#W-/�2�P0mn"y,�|l+-/.zp¸� !$L<�2�|(+�"J��)(E. J¸� ;GJ"-9�A-F%F�PO � !$>?!$6$(+. 6�p<0
�A�"-¯;+# %/!76$6$(E�A!7;<�"#B!$�G� �"- 3o� 52��*,6�(+�"-515�"-F� E !7#�»Wy"#W�4# 6$!7L<�2�A6�p�6$-/#W#=�A�"(+� � � � (+. -¯�,-P(+.W67pD!$�"J"!7# %F-/. �"(+n"6$-E0
n"y,��*". -F# -F�I�/O

� � ¥
M�®P« S�© ��« OS£ OS£�¥ ��« S�©?¨d®WM=EB« O �
QR�"-~*"�Iy"L<;<!7J¸-F�Ky"(E�A!7;<�"#

H·P' ²�6�,o%F;<#¶·
² H²2'-,�# !7�5·[, E¯² 6

. y"�!$�2�A;��A.W;<y"n"67-�15�"-/��²U' 3,0Nn@-/%/(+y"#W- H·�n@-/%/;+>D-F#x!7�05)�"!��A-�(+#~²�� 3,O � !$�,%/- �A�"-F. -D(+. - l+-/.WpdC°-91
# ;<67y,�A!7;<�"#RC°;<.515�"!$%'��²�!7#5-Fl<-F.¯¹/-F. ;"0¶p<;+y�>D!7L<�2��nm-~�A-F>D*,� -/J�� ;G!7L<�";<.W-~� �"!$#�!$#W# y"-E0�(E#�13-[�)(Pl<-xJ";<�"-
# ;GCb(+.FO¯�=y:�¯!$�uCb(+%F�/0�#W!$�"%F-x13- (+. -[# ;<6�l:!7�"L��A�"-�#zpK#W�A-F>��Iy">?-/.W!$%P(E6$67p�³b.A(H�A�"-F.��A�"(+��-98,(+%9�A6�p"µi0�13-�. y"�
!$�2�A;x*". ;<n,6$-/>?#B-Fl+-/��15�"-F��² !$#B>D-F. -F67p�# >D(+676�O � ;xCb(+.F0K13-|�"(�l+-|�'(Es+-/�G%P(+.W-��A;[(Pl<;<!7JG# y,%'��# !7� y)(E� !$;<�"#FO
�=y,���";�1 67-F�PXY#4�A�,. ;�1 %P(Ey,�A!7;<���A;��A�"-�15!7�"J�0)(+�,J¸#W-/-~15�)(E�5�)(+*,*m-F�"#/OD ���qh@n(j p �

#!%PE=F�GPHoS&JkQ&N�L�LTSH _BO H4`lSH a:cqHuaZhTS-WKSH a�XZY [ ]PG&I�SHP_&O H4`lS-Hua�a�a�b�WoSH a:cQBN�L�LKSWKSH a:c H a h^[BI�N%efS-H _&OPHB` SHua�a [�����WoS-Hua�X�Y RocJMH _BO H4`Kc W�R(c H@h@n(j�j (ZnocJ I�O'.KS&JMH _BO H4`lS n&aZh�noc WKS n&aZh4Y#/BNPb�( n Roc NZh@nfj�j ( n=a RocH _&OPHB`Ph4[�(:j ,oj�j pKc W�h4[ nfj n�,(j�j poc H=NZHBF�O h�� �4h@n(j p�� c F@N eBOB]PG�F�GPs�h 1=F `4] 2fc I H4O�EuI N���O�h@n(j ( a:w
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v

–1 1 2 3
theta� ;<>D-9�A�"!7�"L�67;:;<sI#|l+-/.zp�15. ;<�,L�15!7�A��� �"- # ;+6$y,� !$;<��15�,!$%'��#W�A(+.W� #~(E�~· ' 3 �A² ' � / � O %�;+� !$%F-��";�1

�A�"-D# ;<67y,�A!7;<��>D(+sE-/#�(¸# �)(+.W*r�Ay,. ��0N�"-P(+J,!$�"L�!7�r(¸%/;<>?*"6$-9�A-F67pdJ"!���-F. -F�I�[J"!$.W-/%9�A!$;+�C°.W;<> �A�"-?l<-/%9�A;<.
5)-/67J�O�{}�2p�!$#4�A�,!$#R�)(+*,*m-F�"!$�"L \

6+y,#W�?�A;�l<-/.W!7Cep�� �)(E�?!7��!7# ��Xv�?(dM)y"s+-E046$-9�PXY#�-98,(+>?!$�"-�#W-Fl<-F.A(+6�# ;+6$y,� !$;<�"#�15!��A��!$�"!��A!$(+63%F;<�"J"!��A!7;<�"#
·"³ 3<µ2' 3�(E�"J � / � B ²m³ 32µ B � / � 0S67;:;<sI!7�"L¸!7�r�A�,-�*". ;+n"6$-F> (+.W-P(,O�{�-+XY6$6±y"#W- A�� �'
 8����=;��48 8 <���;��A;
�A-/676���(E*"6$-�13- 14(+�2�T!7�|�A;�%/;<�2� !$�Iy"-�%/;<>?*"y,� !$�"L�� �"- # ;+6$y,� !$;<�"#F0�-Fl+-/�15�"-/���A�"-9pdL<;�;<y,� # !7J"- ;+CB�A�"-
l:!7-F15*@;<.W�/OD #�% E=F G HKS JkQBN�L�LKSHP_&OPHB`lS-Hua c Hua	h S-WoS-Hua@XZY�[^]PGBI S-H _&OPHB` SHua�a�a�bPWoS-Hua cQ&N�L�LKS-WoS-Hua:cqHua h [BI N efS-H _BO HB` SH a�ag[�����WKSH a@X�YVR(cJMH _BO H4`Kc W�R(c H@h@n(j�j (ZnocJ I�O'.KS&JMH _BO H4`lS n&aZh�noc WKS n&aZh4Yoj ��/ jqn�Y!��NZR(c N�h�n(j�j ( n&aZRKcH _&OPHB`Ph	( j�j-YTc W@h@[�n(j n�,oj�jqnfj ,Tc�G�1�I sB`�e'�@O h�L4`�FBI�OocH=N�H4F�O h�� �@h@n(j p �=c F@N e&O4]PG�F�G s�h 1&F�`@]02fc I%H4O�EuI N��@O h�n(j)(Pa:w
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v
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theta��l+-/��13;<.W# -�� %�;+��;<�"6�p�J";K-/# �A�,-u#W;<6$y:�A!$;+��C°;<.�²m³ 32µT' � / � L<;d�A�"-�15. ;+�"Ld14(Pp<0±�A�"-�;<�,-�15!7�A�

²�³ 32µ"' � / � � (+67# ;?�Ay".W�"#|�A�,-x15. ;+�"LG1=(�p+0�%F. ;<#W# !$�,L�;�l<-/.¯(+�";+� �"-/.�# ;<67y,�A!7;<��O � !7�"%/-x;<y".|-F�Iy)(E�A!7;<�"#|(+. -
(+y,�A;+�";<>?;<y"#/0:�A�"!7#R!$# ��f 3+f9g=#Wy"*"*@;<# -FJ¸� ;D�)(E*"*m-F��O

{�-?%P(+�. -F>D-FJ,pd�A�"!7#�n2p�J"-/%F. -P(E# !$�,L¸�A�,-D#z�A-/*,# !$¹F-D#W!$L<�,! 5)%/(+�2�A67p+O?�¯-/%/.W-P(+#W!$�"L�� �"-D#z�A-F*"# !7¹/-?nIp(
Cb(+%F� ;<.[;+C � 3�³°�A; 3:O 3 � µT!$���A�"-�(Enm;�l<-�-i8,(+>D*,6$-�L<!�l<-F#�# ;<67y,�A!7;<�"#T15�"!$%'�oJ";�� �"-�.W!$L<�2�[� �"!$�,L"O��=y,��(
# !$L+�"! 5)%/(+�2�±*". !7%/-|!7�D%F;<>?*"y,�'(H�A!$;+�D>�y,#W�3nm-�*)(+!7J�0K(+�"JG� �"!$#±J";K-/# ��XY�3. -/(+6$6�p # ;<6�l<-��A�"-�*". ;<n,6$-/>uO&QR�,-/. -
(+. -~;+� �"-/.R!7�"!7� !�(+6@%/;<�,J"!7� !$;<�"#R�,-P(+.WnIpG15�"!$%'�¸6$-P(EJ��A;��A�"-~#A(E>D-¯� . ;<y"n,6$-+O



����#[� � � !�Y� �U!W	�� 	���� �A!�Y� �(� �
 !W	 � ��� � �
����;<.WJ"-/.��A;�J"-F%/!$J,- �";�1ñ� ;�5,8�� �"- *".W;<n"6$-F>¸0@1=- >[y"#W��5". #W�~y,�"J"-/.W#W�A(+�"J�15�)(E��!7#¯L<;<!7�"LG15. ;+�"L"O

QR�"-&5). #z��*". ;+n"6$-F> 13-��";+�A!7%/-FJo�)(+*"*@-/�"-FJoC°;<. (�# ;+6$y,� !$;<�r15!��A� ·,³°´�$°µ�� � / �!� �)²m³e´�$°µ�� 30/ 3 � 0Sy"#W!$�"L
(�#z�A-F*"# !7¹/-	 �' 30/ � O � !7�"%/- ��(E*"6$-�!$# y,# !$�,L�( �5y"�"L<-i��<�y,�W�'(�>D-9�A�";KJ�(+# J"-/#W%/.W!$n@-/J !7��1 � O � 0367-F�/XÕ#
%P(+67%/y"6$(E�A-|15�"(E��!$#R�)(+*,*m-F�"!$�"L,O

�5-/%/(+6$6V�A�"(E�¯!7� ��y,�"L<-9�=<�y,� �A(,0@13-�-9l+(E6$y)(E� -x� �"-[l<-F%F� ;<.
5)-F6$Jd(E��C°;<y".�*m;<!7�2�A#/0�(+�"Jd(Pl+-/.A(EL<-[�A�,-/>
�A;<L<-9�A�"-F.�� ;GL<-9��� �"-T�"-98K�¯*@;<!7�I�/O={�-xJ"-F�";+� -/J�� �"-/#W-xl<-F%F� ;<. #�(E# $132 0 $1�� 0 $1�� 0@(+�,J $154 O � !7�"%/-~13-[�)(Pl<-
�A;[%/(+6$%Fy"6�(H�A-R�A�"-�l<-F%F�A;+.F5)-F6$J�(H�3C°;<y,.±*@;<!7�I� #/0I1=-EXÕ676@15.W!7� -�(T6$!�� �A67-4C°y"�"%9�A!$;+�D�A;TJ";[� �"!$#SC°;<.±y"#F0"(+�"JDy"# -
�A�"-~Cb(+%F���A�"(E���¸(+*"6$-T6$-9�A#�y"#�J";�(+.W!7� >D-9�A!$%�;+��6$!7#W� #�(E#�� �";<y"L<�u�A�"-9p¸(+. -x(+%F� y)(+6Vl<-F%F�A;+. # 7@�A�)(H�|!7#/0)1=-
%P(+�¸(+J"J��A�,-/>�(+�"J�>�y,67�A!7*"67pDn2p�# %/(+6�(E. #/O��D _��qh@n(j)( �

� � �qhPE&[��(J�S E#J YPRuX�Y [ ]PGBI S E#J (%R a�a�b�E#J Y Roc [BI�N%efSqE J (%R a�[ ���%E JqY RuXZY R �
E �kh J (:j�� �(c6n(j	��Row
2#JqF R �kh ��� S E�a:w
2#J-]�R �kh ��� S E�/P_&b�Y'�02#JqF R a w
2#J v=R �kh ��� S E�/P_&b�Y'�02#J-]�R a w
2#J s@R �kh ��� S E�/P_�� 2#J v=R=a:wIZH@O�E �khP_&b�
� S 2"J F R / Y'�02#J]�R /^Y'�02#J v=R / 2#J s@R=a:w

� � '§t � / �!� � 30/ 3 � w
1� � '§t , � / ���5� �#� � � � � �W,P/ �9�@� � � �@��� � � w
1�� � '§t , � / ��� ��� � � � � 3 �W,P/ � � 3 � 3 3 ��� � � w
1�� � '§t , � / � � � �#�!��� � 3 �W,P/ �@� � � �5� 3 � � 3Ew
154 � '§t � � 30/ �����5�9� � 3 � , / � � � 3 � � � ���@� w

� ´ � � � '§t � / 3 � ���5�@� � � � � , / 3 �5� 3 � ���9� � � 3Ew
QR�,-�*". ;<n,6$-/> �"-F. -�!$#±�A�"-¯l+-/%9�A;<. $154 0K15�"!$%'���)(E#R(��Iy"L<- H·�%F;<>D*@;<�"-F�2�P0"(E�"J�*m;+!$�2�A#4!7��(�J"!���-F. -/�2�

J"!$.W-/%F� !$;<�¸C°. ;<>��A�"- ;+� �"-/.W#/OxQR�"!$#¯�"(+*"*@-/�"#~n@-/%P(Ey"# - 154 !$#��A�"-�lE(+67y"-�;+CB�A�,-�l<-/%9�A;<.[5)-F6$Jd%/(+6$%Fy"6�(E� -/J
(E��·�� � / ��� 0�²�� ,�30/ 3 3 � �#� OD%�;+��;<�"6�p !7#G�A�,-�l+(E6$y"-�;ECx² l<-F.Wp�#W>G(E6$6��"-/.W- ³°L<!7lK!7�"L�(o�Iy"L<- H·
%/;<>?*m;+�"-/�2�iµi02!7�S!7#S;<y,� # !$J,-4�A�"-5.A(E�"L<-R;+C�(+6$67;�1=-FJ�l+(E6$y"-F#/0I(+�"J � �"-Rl<-/%9�A;<. 5)-F6$J�*@;<!$�2�A#�� �"-415. ;+�"LT1=(Pp<O
� !$>?!$6$(+.=*".W;<n"67-/>?#415!$6$6�;:%F%/y".5C°;<.5(+�2p�# ;+6$y,� !$;<��15�"!7%'��%/;+>D-F#5� ;:;�%F6$;<#W-T� ;?� �"-~²T' 3D(k8,!7#R15!7�A�u²m³°´Wµ
J"-/%F. -P(E# !$�,L"O
%�;�1 � �"-��Iy"-/#z�A!$;+�u!7#=�";�1 �A;�(Pl<;+!$J��A�,!$# \����,-��";+�4l+-/.Wp�#A(E� !$#WCepK!7�"L (+�"#z1=-F.5!$#�»Wy"#z�4�A; y,# -~([l<-F.Wp

# >D(+6$6±#W� -/*�# !$¹F-+O��=y,� � �"-�*". ;+n"6$-F> 15!��A���A�,!$#�!7J"-P(�!7#[�A�)(H��1=-�� �"-/� >�y"#z��J";�(��Iy"L<-�(+>?;<y"�2� ;EC
%/;<>?*"y,�A(E�A!7;<��0,-9l<-F�¸15�"-F�¸�A�,-~l+-/%9�A;<.�5)-/67J�!$#Rn@-/�)(PlK!$�"L?�"!7%/-/6�p<O

º n@-F�W�A-/.5#W;<6$y,� !$;<��!7#4�A;?y"# -T(+� �2a4�9Z@cb`>3+f 39cÔf�Z�39`#"Hf � 15�,-/�¸� �"-�l<-F%F�A;+.�5"-/6$Ju!$# �z�"!$%F- �"0,13-T%P(+�uy"# -
(�6$(+. L+-[#W� -/*�0�(+�,J�15�,-/���A�"- l<-F%F� ;<.[5)-/67Jd!$#�n@-/!$�,L��A. ;+y"n"6$-F# ;<>?-+0m1=-�y"#W-D(�#W>G(+676N#z�A-F*�O ��(+*"67- �)(+#
# y"%'�>D-9�A�";KJ"#¯n,y"!$6��¯!$��� ;�!7�/0�# y"%'��(+#¯� �"- �5y"�"L<-i��<�y,� �A(H�Ôq)-F�"6$n@-/.WL�>D-9�A�";KJ�0�15�,!$%'�d1=-�%/(+��y"# - n2p
(+*"*@-/�"J"!7�"L�7�;@C'� A�>�)
��&8 ���� ;�� �"-~6$!7#W�R;+CN;<*,� !$;<�,#4�A; 
��4? <BA CmO

� ;<>D-9�A!7>D-F#/0�!7�x!$#~�";+��(+671=(Pp:#x*m;+# # !7n"6$- � ;�%'�)(+�,L<-G�A�,-G�Iy">?-/. !7%P(+6S>?-F� �";KJ�O������A�,-G%P(E# -�;+C3�A�"-
*"�Iy"L<;<!7J�0±13-u%P(+��(+%F%/;<>?*"6$!7# �o�A�,-u# (+>?-�L<;2(+6~³°!$�oCb(+%9�P0±L2(+!$�o#W;<>?-F�A�,!$�"L�-98K� .A(2µ�n2p (+JH»Wy,#W�A!7�"Ld�A�"-
� ó�ÄkÇÉÆ�ÅiÏkÇÁ¿ÁÇYÈ°ÐRÇÉÆ�Êk¾iÈ�èkÂ�Ã ÆbÃWÊ/È�ÇÁÊ�Â�Ãz¿ÁÃWÅFÆbÃ Æ¶èkÂ�ÇÕ¾FÂ@È�¾��~Å9èk¿ÁÃ��Hç/ËRÅ9À/ÇÁÊkÙ±È�ÄkÇÉÆ�ÍÔ¾9Ë4èkÒkÈ�Å'È�ÇÕ¾FÊ�Å±¿ÕÇÕÈbÈ�¿ÕÃ�Ë4¾9Â�ÃNÍzÒkË±Ï+ÃzÂÎÆb¾FË4Ã9Û
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6$-/�,L+�A��;+C��A�"-�l+-/%F� ;<. #5�A�"(E��>G(+sE-�y"*��A�"-�l<-F%F� ;<. 5"-/6$J�O
�ÎCR13-D� �"!$�,sd;+CR;<y".T# ;+6$y,� !$;<�%/y".zl<-F# (+#Tnm-F!$�"L¸*)(+.A(E>D-9�A. !7%�%/y".zl<-/#x15!7�A��'(+�,L<-/�2�[l+-/%9�A;<.W#x15�"!7%'�

%/;<!7�"%/!7J"-R15!7�A���A�,-�l<-F%F� ;<.�5"-/6$J�0K� �"-/�D%'�)(+�"L<!7�"Lx� �"-�6$-/�,L+�A�"#±;+Cm�A�"-5l<-F%F�A;+. #�³°n"y,�3�";+�±�A�"-F!$.BJ"!7. -/%9�A!7;<�¶µ
15!$6$6@�";+�5%'�"(+�"L<-¯� �"-�# ;<67y,�A!7;<� *9]Kg43+f 390";<�"6�pD� �"-�*)(+. (+>D-9�A-F. !$¹/(E�A!7;<��ONQR�)(E�5!$#F0:13-~%P(+��. -F# %/(+6$-¯� !$>?-|# ;
�A�)(E�R� �"-�l<-F%F�A;+. #��";D67;<�"L<-F.Rn"6$;�1 y"*¸(+#5# ;<67y,�A!7;<�"#R(+*,*". ;2(E%'�u� �"-~²)' 3 6$!7�"-+O

�uy"67� !$*"6�p:!7�"L�-P(E%'�Gl<-F%F�A;+.3n2p�²m³°´WµS%P(+�,%/-/67#3;+y,�B�A�"-�*". ;+n"6$-F>D#S!7� H·K0,(+�,JDL<!�l<-F#=(~#WpK#W� -/> 15�"!$%'�D�)(+#
�A�"-~#A(E>D-�#W;<6$y,� !$;<��%Fy".Wl+-/#|(+#56$;<�"L�(E#�² 143,OSQR�Iy"#F0¶13-TL<-F�5�A�,-T�,-F1 #zpK#W�A-F>

H· ' ² 6 ,o%/;<#¶· H²)'D,�²=#W!$��·�, E¯² � H3 '}² 6 %F;<#¶· H5)'}² 6 #W!$�5·

QR�"!$#5�"-91 #WpK#z�A-/>�;+CN-/�Iy)(H�A!$;+�"#5!$#RJ"-C5)�"-/J�(+�"J�%/;+�I� !$�Iy";<y,#�C°;<.5(E6$6mlE(+67y"-/#5;+CN²�(E�"J�·KO
q)y".z�A�"-F. >?;<. -E0S!7C413-�1=(+�2� �A;�sE-/-/* �A. (+%'s;+CR�A�"-�;+. !$L+!$�)(+6�� !$>?-DlE(+.W!�(+n"67-?´i0�13-�%P(E� (+J"Jo(��"-91
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