
                          Kowalczyk, P. S., & di Bernardo, M. (2000). On the existence of stable
asymmetric limit cycles and chaos in unforced symmetric relay feedback
systems.

Early version, also known as pre-print

Link to publication record in Explore Bristol Research
PDF-document

University of Bristol - Explore Bristol Research
General rights

This document is made available in accordance with publisher policies. Please cite only the published
version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/pure/about/ebr-terms.html

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Explore Bristol Research

https://core.ac.uk/display/73980822?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://research-information.bristol.ac.uk/en/publications/on-the-existence-of-stable-asymmetric-limit-cycles-and-chaos-in-unforced-symmetric-relay-feedback-systems(3c72f8cd-b099-4190-9076-f111565677ed).html
http://research-information.bristol.ac.uk/en/publications/on-the-existence-of-stable-asymmetric-limit-cycles-and-chaos-in-unforced-symmetric-relay-feedback-systems(3c72f8cd-b099-4190-9076-f111565677ed).html


���������	��

�����������������������������	���� 
!"!"����#$�%�&���%!"���'�( 
�������'����)*�+�
���,�
���.-����/��#$����)0�� 
!1!2�3�4#+���5#6������ 7�/�3��)������68.�� 
�9����!1�

:�;6<>=@?BADCFEHGJI4K(L4MN; O�P�QSRUTWV$A9TWO�=
X�Y[Z9\J]�^`_aY%b�^�ced,f�b@gJhFb6Y�Y%]�hFbDg>ij\J^lkmY%_>\J^`honWp

q$bmhFrJY%]�p�hF^`stcedSu�]�hFp�^vcxw y�u�]%hlp�^vcJw6u�zm{}|�~+��y
q��+���
�(\��@���3�x�m�e|x|@�U�[�J�D�@|�|J�/�

f��o_�\Jh`w�� ���v�9�U�D���@�U���U���[���[�D�H D¡x¢x£D�J¢��D�x¤U¥@¢9��¦U§@�����e�D�(�o¨x�
©vªS«W¬�­J®�¯W°
±�²9³4´JµJµxµx¶

· ¯�¸e¬�¹4ºD»¼¬�½�¯,­@«W«/¹�°¾°�¯/¿�«/¯S­UÀ$®mÁÂÀF¹9°�«�ÃU¬�ÁÄ­x¿�¸�ÅÄ¯�Ãxº9ÁÄ¿mÆ
¬�­
¬�½�¯�ÀF­J°�ÇaÃH¬�ÁÄ­x¿a­JÀ(ÃJ¸e»9Ç�Ç�¯W¬¾°�ÁÄ«�­J°�®�ÁÂ¬�¸�ÃJ¿mº>«%½mÃJ­x¸
ÁÄ¿È¹�¿�ÀF­U°�«/¯�ºÉ°�¯WÅÊÃ/»ËÀF¯W¯�º�®mÃJ«�ÌÉ¸e»9¸e¬�¯/Ç�¸¼Í�ÁÂ¬�½NÃ�¸e»9Ç�Ç�¯W¬¾°�ÁÄ«Î°�¯/Å�Ã/»È«�½4ÃH°�ÃJ«W¬�¯%°�Á�¸e¬�ÁÄ«xÏÑÐDÒ�¯/«/ÁÂÓ4«/ÃJÅÄÅÂ»@³�Í�¯Ô¸¾½�­HÍ
¬�½4ÃH¬
¿m­HÕ�¯/Å3®�ÁÄÀl¹�°�«�ÃH¬�ÁÄ­x¿ÖÇ�¯W«%½mÃJ¿mÁÄ¸¾Ç�¸B«/ÃJ¹m¸¾¯>¬�½�¯�Àl­J°�ÇaÃU¬�ÁÄ­J¿×­JÀØ¸e¬�ÃJ®mÅÄ¯�Ò�¯W°�ÁÄ­Dº9Á�«�¸¾­JÅÄ¹�¬�ÁÄ­x¿�¸
Í�ÁÂ¬�½j¸¾¯/ÆxÇ�¯/¿@¬�¸
­JÀÙ¸¾ÅÄÁ�º�ÁÄ¿mÆaÇ�­J¬�ÁÄ­J¿+Ï · ¯Ú¬�½m¯W¿Ô«%½mÃU°�ÃJ«%¬�¯W°�ÁÄ¸¾¯�¬�½m¯ÚÀl­J°�ÇaÃU¬�ÁÄ­J¿�­UÀÙÃJ¸e»9Ç�Ç�¯W¬¾°�ÁÄ«
¸e¬�ÃJ®mÅÄ¯�Ò�¯W°�ÁÄ­Dº�ÁÄ«�¸¾­xÅÄ¹�¬�ÁÄ­x¿�¸ÚÃJ¿mº
º�¯%¬�ÃJÁÄÅ+¬�½�¯S°�­x¹9¬�¯B¬�­>«%½mÃJ­J¸,¯%Û�½�ÁÄ®mÁÂ¬�¯�ºÎ®@»tÃ�°�¯WÒ�°�¯/¸¾¯/¿@¬�ÃH¬�Á�Õx¯B¬�½mÁÂ°�º9Üv­J°�º9¯W°�¯WÛ�ÃJÇ�Ò�ÅÄ¯xÏ
ÝßÞDà$á�â4ãUä�åxæ�ç�â6èjé�êÊÞ9ëíì$à+å/î/Þ�èÖåxï�ðÎñFå�òxãHÞDî/Þôó�õ�Þ9ö6îÎ÷mö�ä5øßà$ù�ãUñFäúì$à+å/î/Þ�èÖåxï,û�ñlüþý+ãJòJ÷mî�ñlâ4ö�å�÷mö�ä
ç�ÿ(÷�â�å������û��tç�Ý��	��

���}ð

�ÚRUCFA�I��6RJRJO��$A�E/K��4I����WR���� ADTWRô?ÚPFO�RUClI����%RJO PÊV�A�� �$CÊPlRJO�WEHPlRUV$EURÎADV+OËRUV�!9PlV6RUTWPÊV�!��%="�}=4O6RUC�A ?ÚPFO�R�#�A9T%PlR$��I×=&%'� (4I)�+*
PFEUADC�O�R,#mPFEHR��U;�-,ADTWClIjR�.�A&���6CÊR���EU=&�}R�%oTW=&�/�}RJE0($A9V6PFEUADCØADV$O
RUClRJE$�%TW=&�}RJE0(+ADV6PFEUA9C1�%I����WR����32547698�:þLS?;(6PlCÊR TWRJEURUV9� A<�+�WRUV9�%Pl=9V($A=�>�(RURUV?�ß=&�%P@#@A<�%RxOA�4IB#@ADTWPFA��6ClR$*C���WTD�+E7�D�$T%R�EH=�V9�%TW=9ClCÊRJTE��2 F�:eL�D� �+RJTD#4PG��=�T%IA�%?ÚPH�/E0(6RJOÈEH=�V=�WT%=�CI2 JK:eL�T%RJClA�IA�}R$�E(6=�O ��%o=9TL�D�$V�*
PlV !ÉEU=9V9�%TW=9ClCÊRJTE�aPÊVM�$T%=�EHR��D�tPÊV+O����+�%TWIN2 O<:eL�ADV$O�O�RUC5�WA<6)�%P5!=�}A
EH=�V)#9RUTD�%RJTE��PlVA�%P@!9V$A9CP�6T%=�EUR,�E��PlV !A2 QK:þ;R1(6R EHCFA&�E�>=�%BT%RJClA�IS�%I����WR�����=&%S==�6T�PÊV9�WRUTWR,�+�tADTWR}E0(+ADT/A9E7*�%RJT%PG�%RJOT�4IU�(RUPlV !U�6V�%o=9T/EHRxO�LV��I)���}R$�WT%PFE ADV+O'?ÚPH�E(6=&����(4I)�+*�%RJT%R���PG�J;XW
RJV$EHR�L �D($RUI×ADTWR>O6R,�WEHTWP5�(RJO"�4IY�E(6R
%o=9ClCl=@?ÚPÊV !Z�+�WA��%R�D�$A9EUR¼TWR��$T%R���RJV=�/A<�WPÊ=�V\[]^"_�`>^�aMb	c d 4�ef�_hgL^ dji ec"_lk �+!�V fnm d 8=e
?;(6RJT%R ^So"pYq L fYoAp L `loApYqnr�q L bsoApYqnr�t L guoBp"t�r�q
ADV+Oh�%P5!�V fv_ 4ÈPH% fxwzy L{��P@!9V f|_}k 4ôP5% fx~zy L¼ADV$O�D!9V fYo 2 k 4 m 4�:3PH% f�_�y ;�ÉRaO�R��$V6R
�E(6R��7�V�����0�)���)�����E� ���j�n�@�<�n��A&���E(6R��ÔADV6P5%o=9CFOP[� _l�,^3oBp q [ gL^"_hy��=� d F9e
�)�$E0(h(4I)�(RUTE�6ClA9V6RÉO6R$�$V6R��×A��(=&�6V+O6ADTWI5PÊV�� ($A=��R��+�$A�EHR�(R$��?SRURUV?�D(6R���?S=�TWR�!9Pl=9V��UL�� t _s�,^Mo�pYq [ gL^�w�y�� ADV$O��� _ �,^�o¡pYq [ gL^�~xy�� A=�D�%=�EHPFA<�%RxOÈ?ÚPH�E(T�D(6R���?S=ËO�P5%�*%oRUTWRUV9����I��+�%R,�.EU=9V���!&�6T/A<�WPÊ=�V�� d ��RJR��ØP5!+;�4�e�;�¢�=��%R��D(+A<�L%o=9T

R�#�RUTWI�PlV6P5�%PFADC4EH=�V$O�P5�%Pl=9Va==���E�%PlO6RI�NLK�E(6R��+�WA��%RX�%T/A<£�RJE$�%=�T%I�?ÚPÊClC
R�#�RUV9�D�+ADClCÊIÔEHTW==�E��� P5%¤�E(6RL�+�%RxA9O�I9*C���/A<�WR�!mADPlV =�%¥�D(6R��%I)�+�%R,��%T/ADV���%oRJT�%¦�$V$E7�WPÊ=�V3L¤� d¨§ eHL�PG�
�+=9��P5�%P@#9R d � d¨y e w|y e¼ADV$OU�7PG��+�WA��$CÊR�2 ©<:e;

−2
−1

0
1

2
−2

−1
0

1
2

−1

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1

H H H

G

G

1
2

1

2

^

ª�«�¬ Ï4±xÏ�ÐD«%½�¯/ÇaÃU¬�ÁÄ«�°�¯/Ò�°�¯W¸¾¯/¿@¬�ÃU¬�ÁÄ­x¿a­JÀ6¬�½�¯,Ò�½4ÃU¸¾¯�¸¾ÒmÃJ«/¯�¬�­xÒ�­JÅÄÜ
­xÆJ»ÎÁÄ¿Î¬�½�¯Ú«�ÃJ¸¾¯Ú­UÀ�Ã�¬�½mÁÂ°�º9Üv­U°�º�¯W°�°�¯/Å�Ã/»tÀF¯/¯�º9®4ÃU«%Ìa¸e»9¸e¬�¯/Ç}Ï­ ���D(6=@?ÚVÑPÊV�2 ®$L F&:þLI��I��+�%R����ßClPÊK�R d 4�e�* d 89eßEUADVÑR$.�(6P@�6P5��A�(RJE��6ClPlA9T{��I)�(RÎ=&%X��=�C5���WPÊ=�V3�%RJTD�}RxO¯�7�°�²±<���)���ß=&�%Pl=9V3;�R1(6PG��P@�
E0(+ADT/A9E7�WRUTWP@�%RJO��4I ClI4PÊV�!ß?ÚP5�D($PÊVB�D(6R��%?ÚP5�WE0(6PlV !�(mI)�(RUTWClA9V6R
�
A9V$OÖEUADV"�(R�(6R��6TWPG���WPlEJADClCÊIY�%RURJVÖA=�ÚA&�E��=�EUPlA��%RJOZ�%=ÔADVÖPlV��$V6P5�%R
V)� ���+RJT×=�%��%?ÚPH�/E0(6PlV !=�"�(R$��?SRURUV�O�P5³(RJT%RJV=�3�%I)�+�%R,� EH=�V���!�*�$TWA��%Pl=9V��J;¡�$=9T��E(6P@���%='=�EUE$�$TJLX�D(6RS�%I����WR��z#�RJE7�W=9T��$RJClOíPlV�(=��E(�� t A9V$O������	���+���+=�PÊV9��Cl=4EJADClCÊIS�%=@?BADT/O ��� ;�W�RUV$EUR9L�4IS�+�D�$O6ImPlV !B�D(6R�!�TWA�O�PÊRJV9��=�%I�D(6R��%I����WR�� #9RxE7�W=9T��$RUCFOôPlV'A
V$RUP@!&()�+=�TD($=m=�OÖ=�%'�NL(?SRtEUA9V PlO�RJV9�%P5%oI×AY��R��¯´�zµh� ?;($RUTWR�%ClPlO�PlV !ßP@���(==�E��P@�6ClR9;V�6=�T;��I��+�%R�� d 4�eC* d 8=e��+�+E0(S�7�°�²±<���)�Z�E�j�&�²¶<�
EJADVA�(RtO�R$�+V6RJO A=�U´� _|�,^?o �·[P¸ g
`>^ ¸ ~�g
b�� A9V$O×=9V$CÊI
R�.�P@�+�E��P5% g
b¹wxy¯d �%RUR?2 F�:I%o=9T��E(6R�ADV+ADClI=�WPlEJADC,O6R$�WA9PÊCG�0e�;"º¾V
?;(+A<�
%o=9ClCÊ=@?>�¼?SRÔA&�E�+� �}R��D($A��
�D(6PG��CFA<�+�WRUT�EH=�V$O�P5�%Pl=9VÈP@�>PlV�*
O6RURJOT�WA<�WP@�+�$RJO3;ZR1(6RZ��I��+�%R,� O�I4V$A��}PFE���?ÚP5�D($PÊV��D($RZ��ClPlO6PÊV !
TWR�!�PÊ=�V EUA9VM�+R"���E�$O�PlRJO��mI'Cl=4=9K4PÊV�!ôA<�}ADV�A&� �6TW=&�6TWPlA��%R TWR$*
O �$EHRxOÉ=�TWO6RUT��%I)�+�%R,�×;YR1(6PG�aEUA9V��(RÔ=&� �WADPlV6RxOU�4IÈA�� �6ClI4PÊV�!»>�%K4PlV\¼ �¼R�½=�$P5#@ADClRUV9�>EH=9V9�WT%=�C¥�}R$�E(6=�O�2 F�:�=9TL�ØPÊClP5���+=<#�¼ �¼EU=9V�*#�R$.A�}R$�D($=4O¯2 ®<:e;;º¾VS�$A9T+�WPlE��6CFADTxL �D($R��+�WA<�WRaR�#�=9C@���%Pl=9VA�6V+O�RUT�%ClPlO�PlV !��}=��WPÊ=�VjPG�
O�R��%EUT%P@�+RxOY�4I]^"_ ´`>^¤m d J&e
?;($RUTWR ´`|_ 2 ¾ k�d¨g
b e0¿ t$b�g : ` ADV$O?¾�PG�;�E(6RÎPFO�RJV=�WPH��IA�ÔA<*�WT%P5.�;­ EJEH=�TWO�PlV !B�%="�D($R O�PÊTWRJE$�%Pl=9VÉ=�%X�E(6RZ�%I)�+�%R,�À#9RxE7�W=9TL�$RUCFO�L
=�V6RjEJADVíADCG��=ÉPlO�RJV9�%P5%oI¯�D(6RB��?S=U�D� ���%R$�E��� t [ _Á�,^lo �Â[4



g
`>^lw/g
b�� ADV$O����T[ _Á��^�o �Ã[ g
`{^l~Äk{g
bZ� A&�+*�%=4EUPlA��%RxO��%=3�WTWA�£�RJE7�W=9TWIôClRJAK#4PlV !A�D(6R"��?ÚP5�WE0($PÊV !?(mI)�(RUTE�6CFADV6R�%=@?BADT/O �1� t ADV+OB� � TWR,�D�(RJE7�WP5#�RUClI d �%RUR��ØP@!$;14�eH;­ C5�D(6==� !&( T%RJClA�I��%I)�+�%R,���B(+AK#9R?�(RURJV��+�D�+O�PÊRxO�%o=�T"�}=�T%R�D(+ADVaAÚEHRJV9�D�6TWI9L<�%R�#9RJTWA9C<�6TW=&�6ClR�����TWR��ÔADPlV
�6V��%=9C@#9RxO�;¤�6=�T3PlV�*�+�WADV+EHR9L&�D(6R{!9Cl=&�$A9C ���/A��6PlCÊP5��Iß=�%��+RJT%Pl=�O�PlE{��=�C5���WPÊ=�V���PG��CFADTE!9RUClI
ADV ==�+RJV?½9�6R,�+�%Pl=9VM254 y L54=49L ©6L@4 i :þ;1�ÚRJEURUV9�%ClI9L��D($Rt=9V���R���=�%V�6P5*%¦�6T/EUA��%Pl=9V���A9V$O}E0($AD=9�ÙPlV��D($R,�%R1�%I����WR����V($A=��ADCG��=
�(RURJV��+�D�+O)*
PlRJO�;�º��¼PG��EU=&���}=9V6ClI×A&�E�+� �}RxO�L��E(6=&��!&(3L��D($A��>EU=&���6ClR$.A�+R�*($AK#4Pl=&�6T��+�$E0(ÖA&�SO�R$�WRUTE�}PÊV6PG�+�%PFE�E0($A9==�,P@�S=9V$CÊI��6TWR,�%RUV9�SPH%\�E(6R
TWRUCFA�IS��I��+�%R��Á�6V$O�RJTaPlV9#�R,�+�%P@!�A��%Pl=9VôPG���D� ��£�RxE7���%=ËA9VÉR�.)�%RUTD*
V$A9C=%o=�TWEUPÊV�!$L��WA�I���PlV)����=�PlO$ADCþLDADV$O	($A&�ØRUP5�D($RUTV(4I����WRUTWR,�%P@�Ù=9T�ADV
A&�%I)���ßR��%TWPlE�T%RJClA�I>E0($ADT/A9E$�%RJT%PG���WPlE d ��RJR'%o=�TÙR�.�A&���6CÊR�2H4�8K6�4KJK:¦e�;�4P@�}PÊCFADTWCÊI�L�AËEH=�V<£�RJE$�D�6TWR�O��6RY�%=�R;��I)�6K4PlV ADV$O'TWR��(=9TD�%RxO'PÊV2 8<:eLI�3; 4KQ�®6LI�+�WA��%R����D($A���A&�%I9���}R$�WT%PFE"��=�C5���WPÊ=�V��}PlVíTWRUCFA�I%oRURxO��$A�E/K��%I����WR�����EUA9VÔ=9V6ClIßR$.�P@�+�,P5%��D(6RL��I��+�%R��"PG�V%o=9T/EHRxOß=9T($A=�ÚADVÖPÊV9�%TWPlV���PFE�A&�%I)���ßR��%TWPlE�TWRUCFA�I�E0($ADT/A9E$�%RJT%PG���WPlE9;º¾Vh�E(6P@�S�$A��(RUTxL�?SRT�+(6=@? PÊV����WRJA9O��D($A��?��I)���}R$�WT%PFE?�$V�*%o=9T/EHRxOôTWRUCFA�IA%oRURxO��$A�E/KU�%I)�+�%R,����EUADVÈPlV$O�RURxOÈR$.�(6P@�6PH�tA=��I)��*�}R$�WT%PFE��%=9C@���WPÊ=�V���A9V$O E0($A9==�J;¥�ÈRL�6T%R���RJV9�X%o=9TI�D($R{�$T0�+�I�WP5�}R
V)� �}RUTWPlEJADC�R�#4PFO�RUV+EHR>=�%\�E(6R�R$.�PG���WRUV$EUR�=&%X�7�C�&Å��5�BA&�%I)���}R��%TWPlE
ClP5�}P5�ÚEUI�EHClR,��?;(6==�%R��$PH%¦�6T/EUA��%Pl=9V���ClRJA9OZ�%=����/A��6ClR>E0($AD=&�%PFE�O�I9*
V$A&�ßPFE��J;'�ÈR��$V$O"�E($A<�{�%ClPlO�PlV !��}=��WPÊ=�VA�6ClA�I��
A9V×P5���(=9TD�WADV9�
TW=9ClRjPlV��E(6R"%o=9TE�ÔA<�%Pl=9V�=�%{�E(6R,�%R3��=�C5� �%Pl=9V��J;Mº¾VÆ�D(6PG����RJV��%R9L�D($P@�L�$A&�+RJT¼R�.��$ADV$O���A9V$OôEU=&���6ClR$�%R��D($RÎ?S=9TWKA�6T%R���RJV9�%RJOËPÊV254,O<:eL�?;(6RUTWR��D(6R}R$.�PG���WRUV$EURÎ=&%I�+�WA��$CÊR}A&�%I)���}R��%TWPlE���=�C5���WPÊ=�V��
ADV+OßE0(+AD==��PlV��6V�%o=�TWEURJO�L=��I)���}R$�%TWPFEBT%RJClA�I�%oRJRJO��+A9E/K��%I����WR����
?BA&���$T0���
EU=9V<£�RxE7�D�$T%RxO�;�6=9T{�D(6R��%A9K9R�=�%�EUClA9T%P5��I9L+?�Ra?ÚPlClCÙO�R��WADPlC�==�6T{�$T%R���RJV=�/A<�WPÊ=�V�%="�E(6R��D(6PlT/O)*þ=�TWO6RUT>T%RJClA�IA%oRJRJO��+A9E/K?�%I����WR��Ä�+�D�$O6PÊRxOÉPlVN2H4�O<:
?;(6RJT%R=[
`h_ Ç k�dji&È<ÉSaÆÊ e 4 yk�dji&ÈKÉIÊ�a¯É � e y 4k{Ê�É � yËyVÌ mÃbv_ Ç Íi Í Î�ÏÍ)Ï � Ì mÄd O=e

gl_ld 4 yËy e m d Q�e
?;(6PFE0( EH=9TWTWR,�D�+=�V$O �X�%=��D($R
�%T/ADV��+%oRUT�%¦�6V$E$�%Pl=9V� d¨§ e _ Í § � aÆi Î�Ï §�a Ï �d¨§ � aÆi&È<ÉI§Ia¯É � e dj§�aÆÊ e �º��¼PG��TWRUClR�#@A9V=���%="�+=�PÊV9�¼=&���L�D($A����E(6R}ADV$A9CÊI��%P@�{�6T%R���RJV9�%RJO(6RJT%R�EJADVl�(R�A����6CÊPlRJO3Lt?ÚP5�D(6==���?�ÔA<£�=�T?�}=�O�PH�(EUA<�WPÊ=�V��JL��%=
=��E(6RUT�TWRUCFA�I�%oRJRJO��$A�E/KtEH=�V���!=�6TWA��%Pl=9V���A9V$O���?ÚP5�WE0(6RxO}O�I4V$A���*
PFEUADC>�%I����WR����Ô?;(6RJT%R3�%CÊPFO�PlV !M�%=9C@���%Pl=9V����$ClA�I�A9V5P5���(=9TD�WADV9�
TW=9ClR¼PlV×=9TE!�A9V6P@�%PlV !��E(6R���I��+�%R,�7O�I4V$A��}PFE���254KQK:þ;

�7���¥ÐÚóI�	�0
>ð���çu
��aû��EÑ¼ì�ÚRUCFA�I	%oRJRJO��+A9E/K���I��+�%R����JL9�D�$E0( A=�V�D($R�=9V$R>�6V$O�RJT,PlV)#9R,�+�%P5*!�A��%Pl=9V3L �%RUV+O"�%= =9�%EUPÊClClA��%R>?ÚP5�D(6==����R�.9�WRUTWV$ADC�R�.6EHP5�WA<�WPÊ=�VËADV$O�$A9T+�WPlE��6ClA9TBPÊV9�%RJT%R����1($A=�1�+RJRUV×O�R�#�=��%RxO��W=}O6R$�%RxE7�
ADV+OB�+�D�$O6I�D�$E0(Ò�%RUC5%�*þ=9�%EUPÊClCFA<�%Pl=9V��UL;%o=�TjR�.6A����6ClR9LL�mIN���%PlV !íO6R,�WEHTWP5�6PlV !%¦�6V$E$�%Pl=9VA�}R$�E(6=�O ��2 8<:e;

−15
−10

−5
0

5
10

15

−20

−10

0

10

20
−5

−4

−3

−2

−1

0

1

2

3

4

5

x2x3

x1

−5

0

5

−4

−2

0

2

4
−1.5

−1

−0.5

0

0.5

1

1.5

x2x3

x1

d A9e d ��eª�«�¬ Ï9´DÏXÓ3½4ÃU¸¾¯�¸¾ÒmÃJ«/¯
º9Á�ÃJÆJ°�ÃUÇ�¸�­JÀ�Ò�¯W°�ÁÄ­Dº9Á�«
¸¾­JÅ�¹9¬�ÁÄ­x¿m¸�ÀF­U°�¬�½m¯
¬�½mÁÂ°�º9Üv­J°�º9¯W°
°�¯/Å�Ã/»×ÀF¯/¯/º�®4ÃU«%Ìj¸e»9¸e¬�¯/Ç ¹m¿4º9¯W°�ÁÄ¿9Õx¯/¸e¬�ÁÄÆ�ÃU¬�ÁÄ­J¿�Ôa¿m­J¿�Ü
¸¾Å�Á�º9Á�¿�ÆjÒ�¯%°�Á�­Dº9ÁÄ«Î¸¾­JÅ�¹9¬�ÁÄ­x¿ËÀF­J°LÕSÖ2² ©oÃx¶%³ØÃU¿4º×¸¾ÅÄÁ�º�ÁÄ¿mÆ�Ò�¯W°�ÁÄ­Dº�ÁÄ«
¸¾­xÅÄ¹�¬�ÁÄ­x¿ Àl­J°LÕ"Ö1± ©`®�¶%ÏZ×,ÅÄÅÙ¬�½m¯a­U¬�½m¯W°�Ò4ÃH°�ÃJÇ�¯W¬�¯W°�¸�ÃU°�¯t¸¾¯W¬�¬�­Ø Ö�Ù	Ö�ÚYÖ�ÛYÖ�Ü'Ý3Ö�±xÏ�Þ�½m¯¼ÃJÒ�Ò4ÃU°�¯W¿D¬S«%½mÃJ¿�Æx¯¼­UÀØ¬�½�¯�¸¾Á°ß/¯
­JÀ�¬�½m¯
¸¾ÅÄÁÊº9ÁÄ¿mÆa°�¯/ÆxÁÄ­x¿$³6Í�½m­x¸¾¯�®�­x¹�¿4ºmÃH°¾»}ÁÄ¸S½�¯W°�¯
°�¯/Ò�°�¯/¸¾¯W¿D¬�¯/º ®@»
¬þÍ�­¼¸¾­xÅÄÁ�ºßÅÄÁ�¿�¯/¸/³4ÁÄ¸�­x¿�ÅÂ»}º9¹m¯S¬�­�Ã�«%½mÃJ¿mÆJ¯Ú­JÀ�¸¾«/ÃJÅÄ¯xÏ

»
V+O�RUTaEURUTD�WADPlV'EH=9V+O�PH�WPÊ=�V��JL3PH��(+A&�L�+RJRUV¯�D(6=@?ÚV?�E($A<���(R$*
TWPl=4O6PlE���=�C5� �%Pl=9V��Ö=�%��D(6R¯�%I����WR�� EJADV EU=9V6V$RJE7�A�E(6R¯��ClPlO6PÊV !�%R$�a?ÚP5�D(NP5�E�%RUC5%�Là!9P@#mPlV !×TWP@�%R��%=S�%=�*¾EUADClClRJO���ClPlO6PÊV ! =�TD�$PH�0��2 ©�:þ;��=&�}R1��I)�6PlEJADC��+RJT%Pl=�O�PlE;�%=9C@���WPÊ=�V��á%o=9TX�D(6R>�D(6PlTWO}=�TWO6RUT�R$.6A&��*�$CÊR
EU=9V��%PlO6RUTWRJOaPlV��D(6PG�V�$A&�+RJTJL9PÊV$EUC5�+O�PÊV�!aAL�%ClPlO�PlV !�=�TD�6P5�JL�ADTWR
O6R��6PFE7�WRJOÖPÊV3�ØP@!$; i ;­ �Y�+(6=@?ÚVíPlV�254,O�:þLX�%=M�+�D�$O6IM�D($R R$.�P@�+�%RJV$EHR A9V$ON���/A��6PlCH*
P5��I�=&%
�D(6R���RS�(RUTWPl=4O6PlES�%=9C@���WPÊ=�V��Ô=9V$RËEUADV5PlV9�%TW=4O �$EHRôA¯�%R$�
=&%SA&� �6TW=&�6TWPlA��%R}:�=9PlV$EUA9T âR��ÔA����J;��6=9T�R�.6A����6ClRßPlVU�D(6R EJA&�%R
=&%�=9TE�6PH�0�Ô?ÚP5�D(6==���B�%RJE7�WPÊ=�V��Ô=&%��%ClPlO�PlV !M�}=&�%Pl=9V d =�T3�7��ã>���5�
=�TD�$PH�0�EeHL�=9V6R×EUA9VÑEU=9V��+�%TE�$E7���D(6RA�ÔA���LXä·[X�æåçè�é%oTW=&��E(6R���?ÚP5�WE0(6PlV !B�6ClA9V6R��$A9E/K"�%=ÖP5�E�%RUC5%X�4IA�%=9C@#4PÊV�!Z�D($R��%I����WR��
R�½9�$A<�WPÊ=�V��SPÊVÖRJA�E0(�=�%¥�D(6R
��?S=�� ($A&�%R
�+�$A�EHR¼T%R,!9Pl=9V��1� t ADV+O� � ;hº¾V��%= O�=9PlV !+L�RxA9E0(í=�%
�D(6RS�%I����WR��ê�+RJT%Pl=�O�PFE3��=�C5���WPÊ=�V
?ÚPlClC\�+RÎA&�E��=�EHPFA<�WRJOZ�%= AÔEH=�T%TWR,�D�(=9V$O�PlV !�� .�RJO"�(=9PlV=�xL��WA�I ^�ë
=&%X�E(6RÔ:�=9PlV$EUA9T âR��ÔA&��ät;�¢�=��%PFEHR��E($A<��PlV?�E(6RÔEUA&�%Rß=�%I�%P5��*�$CÊR��+RJT%Pl=�O�PlEt=9TE�6P5�E�JL�ä P@�>A�E7�D�+ADClCÊIB�D(6R}EH==���+=9��P5�%Pl=9VË=&%V�D(6R��?S=¯�+��� �ÔA�� �6PlV !9��ä t [�� t åçì��� ADV$ONä��M[1���¯åçì� tA=�D�%=�EHPFA<�WRJO��W=��}=��%Pl=9V��BPÊVÖT%R,!9Pl=9VA� t ADV$O"����TWR,�D�+RxE7�WP5#�RUClI9;�4P@�}PÊCFADTWCÊI�LX�W=NADV$A9CÊI4GUR"�E(6RS��I��+�%R,�í�%=9C@���%Pl=9V��ÔE0(+ADT/A9E7�WRUTD*
PlGURxO3�4IS��ClPFO�PÊV�!Y�}=��WPÊ=�V d �%CÊPFO�PlV !Ö=9TE�6PH�0�EeHL�=9V6RßEUADVÉEH=9V���PFO�RUT�E(6RjA�O6O�P5�%Pl=9V$A9C>�7�°�²±����9�B�ÔA��¡îï[Y´�}åçÃð�´�'Là%oTW=&� A3�(=9PlV=�ñ^ho ´�ê�W=ËA3�+=�PÊV9�?ò^�o ð�´�'L�P[; R9;B�D($RZ�ÔA��T%oTW=&�À�E(6RY�%CÊPFO)*
PlV !ÉT%R,!9Pl=9VT�%=ÈP5�E���+==�6V$O6A9T%I�;�R1(6RA�%CÊPFO�PlV !?�ÔA��Nî1EUA9VM�+R
EU=9V��+�%TE�$E$�%RJO"�4I×EH=9V���PFO�RUTWPlV !��D(6RÎR,½9�$A��%Pl=9V��Ú=&%á�D(6RÎT%RxO��$EHRxO
=�TWO6RUT{�%I����WR�� d J=eÚO�R,�WEHTWP@�6PÊV�!��D(6R���I��+�%R,� R,#9=�C5���WPÊ=�V ?ÚPH�E(6PlV�E(6R��%CÊPFO�PlV !}T%R,!9Pl=9V d ��RJRZ2H4�O<:P%o=�T1�D(6RaA9V$ADClI9�%PFEUADC�O�R��WA9PÊCG�EeH;
QSI��D�6PH�/A��6ClIÑEU=&���(==�%PÊV !��E(6R3�ÔA����Zä t m ä{� ADV+O�î P5� P@��%P@���$CÊR��%=>==���WA9PÊV��D(6R;�ÔA&�ßO�R��%EUT%P@�6PlV !>A��(RUTWPl=4O6PlES=9TE�6P5��?ÚPH�E(�%ClPlO�PlV ! d ADV�R�.�A&���6CÊR,=�%)�D(6PG�¤��I9�(R�=&%4=�TD�$PH��PG�3TWR��(=9TD�%RxO>PÊV��ØP@!$;i *j�ne�;¥¢�=��WPlEURX�E($A<��PÊV��D($RSEJA&�%R,=�%��D(6PlTWO�*þ=�TWO�RJT�TWRUCFA�IL%oRURJO �$A9E/K�%I����WR����>�D�$E0( EH==���(==�%P5�%Pl=9VA!9P@#9R�TWP@�%R
�%= A =9V6R�*eO�P@�}RUV��%Pl=9V$A9C�ÔA&� �6PlV !1%oT%==���E(6RX�(=&�6V+O6ADTWI
=�%)�E(6RX�%CÊPFO�PlV !
TWR�!9Pl=9V
ð�´�u�$A9E/K�W=}PH�0��RJCH%�;

i



−10

−5

0

5

10

−15
−10

−5
0

5
10

15
−3

−2

−1

0

1

2

3

x2x3

x1

ª�«C¬ Ï�²9Ï1Ó�½mÃJ¸¾¯¼¸¾ÒmÃJ«/¯¼º�Á�ÃJÆU°�ÃJÇ�¸B­UÀÙ¬�½�¯�¸¾ÁÄÇ�Ò�Å�¯�ÅÄÁÄÇ�ÁÄ¬S«W»9«/ÅÄ¯>ÃH¬
¬�½m¯�®�ÁÂÀF¹�°�«/ÃU¬�ÁÄ­x¿ Ò�­JÁ�¿@¬Î©GÕBó ´�ôÄ±H¶%Ï « ¬�«�ÃJ¿Ö®�¯t«WÅ�¯/ÃU°�ÅÂ»×¸¾¯/¯W¿×¬�½4ÃU¬
¬�½m¯a­U°�®mÁÂ¬¼ÁÄ¿@¬�¯W°�¸¾¯/«%¬�¸�¬�½m¯a¸eÍ�ÁÂ¬�«�½mÁÄ¿mÆ ÒmÅ�ÃU¿m¯a­x¿×¬�½�¯t®�­J¹m¿mºmÃU°¾»j­JÀ
¬�½m¯S¸¾Å�Á�º9Á�¿�Æ�¸e¬¾°�ÁÄÒ

�7�7���¥õV
aç��	õíû��Eö'���aç{�;Ñ��0
��Ôì
Q�=&�D("��P@���6CÊR>ADV+OY�%CÊPFO�PlV !ÎClP@�ßP5�
EHI�EHClR,�S?SRUTWR>%o==�6V$O��W=��$V�*

O�RJTD!�=��%R�#9RJTWA9C��$PH%¦�6T/EUA��%Pl=9V��ÚA=�I�D(6R��%I)�+�%R,���I�+ADT/A��}R$�WRUT0��A9T%R#@ADTWPÊRxO�;÷�9�/ADV$O$ADT/O5CÊ=�EUA9C>�WTWA9V���P5�%Pl=9V��Y�D�$E0(úA&�Z�D(6R��%A�O6O�ClR$*
V6=�O�R�L¤�WTWA9V��%EUT%P5�%PFEUA9C�ADV$O��(RUTWPÊ=�O)*¾O�=&���6CÊPlV !3�6P5%¦�6T/EUA��%Pl=9V���A9T%R
PlV$O�RURxOZ�(==�E��P@�6ClR�A9V$O EUA9VZ�(R¼O�R��%RxE7�%RxOZ�4I����E�$O�I4PlV !	�E(6R>O�P@�+*
EHTWR$�WR��%P@�ßR��ÔA&� �6PlV !=��O�R��%EUT%P@�(RJO'A��(=<#9R�;�º��aPG��?S=9TD�D(?�}RJV�*�%Pl=9V$PÊV !{(6RUTWRV�D(+A<�¤%o=�T�A>�%I)���}R��%TWPlE'�%I����WR����+�+E0(aA&�P�E(6R,TWRUCFA�I%oRURxO��$A�E/K
�%I����WR��l�6V+O�RUTØPÊV)#�R,�+�%P@!�A<�WPÊ=�V3L��D(6R��(RUTWPÊ=�O)*¾O�=&���6CÊPlV !
=�% Al�%I9���}R$�WT%PFE��%=9C@���%Pl=9V EH=�T%TWR,�D�(=9V$O ���W= Al��I)���}R$�WT%I9*�6TWRJA9KmPlV !A�(=9PlV=�x;Y¢�A&�}RUClI9L�A&��O�PG�%E����E��RxOÉPlV�2H4�O<:eLÙA��	�+�$E0(NA�6P5%¦�6T/EUA<�WPÊ=�VZ�(=9PlV=�I�D(6R��%T/ADV���P5�%Pl=9VÔ=�EUE��6T0�V%oTW=&� A	�%I)���}R��%TWPlE�%=9C@���%Pl=9VB�%= A��$A9PÊTÚ=&%ØEH=�V<£�� !mA<�%R�A=��I)���}R$�%TWPFE�=�TD�$PH�0�U;º¾VúA9O6O�P5�%Pl=9VN�W=¯�D($R?���/ADV$O$ADT/OÆ�$PH%¦�6T/EUA��%Pl=9V��JLÚTWRUCFA�I¯%oRURxO)*�$A�E/KU�%I)�+�%R,��� d A9V$OT�}=9TWR�!9RJV6RUTWRJA9CÊClI?�%?ÚPH�/E0(6RJONO�I4V$A&�}PlEJADC�%I)�+�%R,���EeSEUA9VjR�.�(6P5�$PH��AßV6=<#�RUC�EHCFA&�E�B=�%à�6PH%¦�$TWEJA<�%Pl=9V��BPÊV)#9=�C5#9*
PlV !S��ClPFO�PÊV�!3�ß=&�%Pl=9V'?;(6PFE0('?�RJT%R��$T0���aTWR��(=9TD�%RxOÈPÊV�254,O<:e;Zº¾V
?;($A��;%o=9ClCÊ=@?>�B?SR��6TWPÊR�ø$IY�D� ���}A9T%PG�%R
�D(6R��ÔADPlV E0($ADT/A9E$�%RJT%PG��*�%PFE���=�%P��==�ßRB=&%��D($R,�%RÚV6=<#9RJC)�%T/ADV��%PH�WPÊ=�V�� d �%RUR�254,©�:�%o=9TV%¦�6TD�D($RUT
O�R��WADPlCG�EeH;

�Z��ì+êFñFä�ñlönùôû¼ñlü[ý(ãUòx÷mî/ñlâ�ö
R1(6P@�X�6P5%¦�6TWEJA<�WPÊ=�V O�R,�WEHTWP5�(R,�V�D(6R{�%T/ADV��%PH�WPÊ=�V�%oT%==�"A��%P5���6ClR

=9TE�6P5�¤�W=�=9V$R,?ÚP5�D(��%ClPlO�PlV !��ß=&�%Pl=9V3;¥º��Ù=�EUE��6T0��?;(6RJV3L<�4I
#�A9T%I9*
PlV !��D($R	��I��+�%R,�ú�$A9TWA&�}R$�%RJTE�JL$AZ�%RJE$�%Pl=9V =&%à�E(6R��%P@���$CÊRa=�TD�$PH�(6P5�E�
�WTWA9V��D#9RUT0�WADClCÊI"�D($RZ�+==�6V$O6A9T%Iô=�%��D(6RZ�%CÊPFO�PlV !S�+�%TWP5�3; ­ ��D(6=@?ÚVjPlV3�ØP5!9�U; i ADV+O"8ß?;(6RJV"�D(6PG�Ú=�EUE��6TE�JL)�D($R
� .�RJOB�+=�PÊV9�
=�%
�E(6R?�%?ÚPH�/E0(6PÊV�!¯�}A&�úEH=�T%TWR,�D�+=�V$O�PlV !U�%=¯�E(6RËV6=�V�*��%ClPlO�PlV !
=9TE�6P5��RJV=�WRUT0�V�E(6RL�%ClPlO�PlV !����WT%P@��A<�I�D(6R��6P5%¦�6TWEJA<�WPÊ=�VZ�+=�PÊV9�ÚADV$O�%CÊPFO�PlV !Ô=9TE�6P5�E�
A9T%RL�D($RUV3!9RJV6RUT/A<�WRJO�;I�6=9T>%¦�6T+�E(6RUT{�$ADT/A��}R$�WRUT#@ADTWPlA��%Pl=9V3L=�D($R�V6RJ?ÚCÊI�%o=�TD�}RxOZ��ClPFO�PÊV�!Î=�TD�6P5��PG�BE0($ADT/A9E$�%RJT%PG��RxO�4I�AßCÊ=�V !9RJT
ADV$OjCl=9V !�RUT>�%CÊPFO�PlV !���RxE7�%Pl=9V�;

−1.5
−1

−0.5
0

0.5
1

1.5

−3
−2

−1
0

1
2

3
−0.08

−0.06

−0.04

−0.02

0

0.02

0.04

0.06

0.08

x2x3

x1

−1.5
−1

−0.5
0

0.5
1

1.5

−3
−2

−1
0

1
2

3
−0.05

0

0.05

x2x3

x1

d A9e d ��eª�«�¬ Ï�û�ÏSüß¹mÅÂ¬�ÁÄ¸¾Å�Á�º9Á�¿�ÆN®mÁÂÀF¹9°�«�ÃU¬�ÁÄ­J¿&­JÀtÃ ´HÜv¸¾ÅÄÁ�º�ÁÄ¿mÆN­U°�®mÁÂ¬ô©oÃ�¶
Á�¿@¬�­ÈÃ'²UÜv¸¾ÅÄÁ�º�ÁÄ¿mÆ'¸¾­JÅÄ¹�¬�ÁÄ­x¿	©`®4¶}ÃJ¸Ô¬�½m¯ÖÒ4ÃU°�ÃUÇ�¯W¬�¯W° Ø ÁÄ¸ ÕxÃH°�ÁÄ¯�º
®�¯W¬þÍØ¯/¯/¿Sý&ô þÔÃJ¿mºÉ±�µ�ô þÔÍ�½�Á�ÅÄ¯a¬�½m¯�­U¬�½m¯W°�Ò4ÃH°�ÃJÇ�¯W¬�¯W°�¸�ÃU°�¯t¸¾¯W¬�¬�­Õ
Ö¯Ù>ÖMÚ�Ö¯Û�Ö¡Ü'Ý�Ö5±JÏ

û��\ÿ5ý�êlî/ñFå�êFñFä�ñlönùÈû�ñlü[ý(ãUòx÷mî�ñÊâ�ö
�4ClPlO6PÊV ! =�TD�$PH�0��EUADVU�D($R�����RJC5#�R,�
�6V+O�RUTE!9=A�6P5%¦�6T/EUA<�WPÊ=�V��L�%=�}=�T%R�EU=&���6ClR$.���=�C5���WPÊ=�V��3A=�P�D($RI�%I)�+�%R,�Ò�+ADT/A��}R$�WRUT0��ADTWRV#�A9T+*

PlRJO3;á¢�A��}RUClI9L6AÎV6=<#�RUC��6P5%¦�6TWEJA<�WPÊ=�V�?BA&�I%o=&�6V+O��%=��/ADK9RL�6CFA9EUR
?;($RUV3�E(6R��%ClPlO�PlV !"��RxE7�%Pl=9Vô=�%'�E(6RÎ=�TD�$PH�L!9T/ADGUR��1�WA9V !9RJV9�%PFADClCÊI�E(6R��(=&�6V$O$ADTWIË=�%I�D(6RY�%ClPlO�PlV !3�+�%TWP5�3;�º¾V��E(6RZ��P@���6ClR,�+�tEUA&�%R9L�E(6PG�,PG�'�E(6RUVY%o=9ClCÊ=@?SRJO��4I��D(6R�%o=9TE�ÔA<�WPÊ=�VÔ=�%�ADV�=9TE�6PH�SE0($ADT/A9E$*�WRUTWP@�%RJOA�4I×ADVôA�O6O�P5�%Pl=9V$A9C¥�%CÊPFO�PlV !Y�%RJE$�%Pl=9VôA=�{�D(6=@?ÚV×PÊV?�ØP@!$;F��X(6RJV$EHRY�D(6RÖV$A&�ßRj=�%�ã����°�j�G�0�H�²±<���9��Å$� �����D�0���¨�²¶��$; ­ CG�%=$L�A&�
TWR��(=9TD�%RxOôCFA<�WRUTxLÙAA���6CH�WP@�%ClPlO�PlV !3�6P5%¦�6T/EUA��%Pl=9VNEUA9V��(R�A=�D�%=�EHP5*
A��%RxO?�W=ôA3�WA9O6O�ClR$*eV6=�O�RÔClPÊK�RZ�%EURUV$A9T%Pl=×?;(6RUTWRÔ=9TE�6P5�E��?ÚP5�D(ÑA
O6PH³�RUTWRUV9��V9���	�(RUTØ=�%��%CÊPFO�PlV !
��RxE7�%Pl=9V��ÙEU=9ClCÊPFO�R�A9V$OtO6P@�WA�� �(RJA9TJ;RÙ=¼AK#�=9PFOaEH=�V�%¦���%PÊ=�V3L@PÊVß?;($A��¥%o=�CÊCl=@?>�UL@?SRI�%RUTE� A��+RJT%Pl=�O�PlE�%=9C@���WPÊ=�V�E0($ADT/A9E$�%RJT%PG��RxO��mI��Ä��RxE7�%Pl=9V��,=&%¥��ClPFO�PÊV�!	�}=��WPÊ=�VjA&�
A9V��A*C�%CÊPFO�PlV !�=�TD�6P5�J;�W
RUV+EHR9LÙA<��AY���6CH�WP@�%ClPlO�PlV !A�6P5%¦�6T/EUA<�WPÊ=�V
=�V6R,EJADV>RUP5�D(6RJT�==����RJTD#�Rá�D(6RX�6PH%¦�$TWEJA<�%Pl=9V�=&%6ADV	�A*C��ClPFO�PÊV�!ÚPÊV9�%=
A d � a 4�eC*��%ClPlO�PlV !Z�%=9C@���%Pl=9VM254,O�:Ù=�T;�D(6RÎEH=9ClClP@�%PÊ=�VËADV$O O6P@�WA���*�(RJA9TWA9V$EHRt=�%'��?S=�=�TD�6P5�E�JLn�6V��+�WA��$CÊR}ADV$O?���/A��6ClRt=�V6R,��($AK#4PÊV�!�E(6R��WA��}R>V9���	�(RUT
� =�%á��ClPlO6PÊV !��%RJE$�%Pl=9V��J;

���Y��ì�ÑV�Îû�õØó��ßì�
�ÿ¡ÿ5ó�Ñ{����ç
ì+óIõàö��D
aì�ç��Dõàõ¥�;Ñ��0
��ÔìU���ßð.ç�ø��	
tì

º��?($A=�A�+RJRUV =&%��%RUV A=�D�D� �}RJO�PlV��D(6R�EU=9V9�%TW=9C�ClP5�%RUT/A<�E�6TWR�E($A<���%RUC5%�*þ=9�%EUPÊClClA��%Pl=9V��Î=�%L��I)���}R$�%TWPFEDL'�6V %o=9T/EHRJO�T%RJClA�I�%oRJRJO)*�+A9E/K��%I����WR����X�D�$E0( A=� d 4Ke�* d¨i e�ADTWR
ADCG�%=���I)���}R$�%TWPFED;'�)�(RJEHP5� *
EJADClCÊI�LxA=��O�PG�WE$���E��RxO¼PÊV��E(6R�PlV9�%TW=4O �$E7�WPÊ=�V3L�PH��PG�\���+�$A9CÊClI>EH=9V�£�RJE7*�E�6TWRJOL�D(+A<�ÙA=��I)���}R$�%TWPFEá�+RJT%Pl=�O�PlEX��=�C5���WPÊ=�V���PlV��D($R,�%RX��I��+�%R,���
EJADVË=�V6ClIÖR�.�P@�+�¼RJPH�E(6RUTL�4IA�ßRxADV���=�%���==�ßR	��I)�+Rß=�%�R�.9�WRUTWV$ADC%o=�TWEUPÊV�!3�%RJTD� A9E$�%PlV !Ë=9VM�D(6R"��I��+�%R�� =9T��+RxEUA&����R�=�%�ADVNPlV�*�WT%PlV��%PlEÔA=��I)���}R$�WT%PFE}T%RJClA�IÈE0($ADT/A9E$�%RJT%PG���WPlE d ��RJR�%o=9TtR�.6A����6ClR�E(6RaEH=�V<£�RJE$�D�6TWR
�4IYR;��I)�6K4PlV×T%R,�+=�T+�WRJO PlV¯2 8�:þL��3;\4KQ�®=eH;8



−1.5
−1

−0.5
0

0.5
1

1.5

−3
−2

−1
0

1
2

3
−0.1

−0.08

−0.06

−0.04

−0.02

0

0.02

0.04

0.06

0.08

0.1

x2x3

x1

ª�«C¬ Ï&þ@Ï�ÐD»9Ç�Ç�¯W¬¾°�ÁÄ«B±H´�Ü[¸¾ÅÄÁ�º�ÁÄ¿�Æ¼­J°�®�ÁÂ¬�­x®�¸¾¯W°�Õ�¯�º>Í�½�¯/¿�� ÁÄ¿�«/ÅÄ¹4º�¯
Ò4ÃH°�ÃJÇ�¯W¬�¯%°ÚÕxÃUÅÄ¹m¯/¸��oÏ��S­U¬�¯�¬�½4ÃH¬S¬�½�¯¼­J°�®�ÁÂ¬ÚÁÄ¸Ú«%½mÃU°�ÃJ«%¬�¯W°�ÁÄ¸¾¯�ºj®@»��
ÅÄ­x®�¯/¸,­x¿Î¯�ÃJ«�½}¸¾Á�º�¯JÏ

º¾V�254,O�:�P5� ?SA=�Z�+($=@?ÚVÆ#4PFANA��D(6PlTWO�*þ=�TWO�RJTÔEH=&�$V=�WRUTWR$.6A���*�6ClR	�E($A<�xL3EH=�V=�WTWA9T%IB�%=Ö?;($A��¼PG�L���+�+ADClCÊI A&�E�D� �}RJO�L\�%I)���}R��+*
TWPlEÎADV$O?�6V�%o=9T/EHRxO TWRUCFA�IY%oRJRJO��$A�E/K3��I��+�%R����¼EUA9VËPÊV����WRJA9OôR$.)*(6P@�6P5�SA&�%I)���ßR��%TWPlE>�+RJT%Pl=�O�PlE{��=�C5���WPÊ=�V��J;àR1(6R�A&�%I9���}R$�WT%PFEÚ=�T+*�6P5�E��TWR��(=9TD�%RxOôPlV�2H4�O<:eLP�D($=&� !=(3L�?SRUTWRÔADClCV�6V��+�WA��$CÊR A9V$OS�E(6R
R$.�PG���WRUV$EUR =�%;�+�WA��$CÊR�A=��I)���}R$�WT%PFE���=�C5� �%Pl=9V��aA9V$ONE0($A9==�>?BA&�
=9V$CÊI&EH=�V<£�RJE$�D�6TWRJO3;uº¾V ?;($A<�"%o=9ClCl=@?>� ?SRÉTWR��(=9TD�jR,#mPFO�RJV$EHR
=�%��+�WA&�6CÊRËA=��I)���}R$�WT%PFE3��=�C5� �%Pl=9V�� A9V$ON!9P@#9RËANO6R$�WA9PÊClRJO&O6R$*�WEHTWP5���WPÊ=�V�=&%{�D($R3�6PH%¦�$TWEJA<�%Pl=9V¡�%EURUV$A9T%Pl==���E(6RUI�A9T%RÖPlV9#�=9C@#9RxO
PlV3;��ÈRË?ÚPÊClC{�%RUR"�D(+A<�Z�E(6RUPlT R$.�PG���WRUV$EUR×P@�ÔPlV9�%TWPÊV���PFEUA9CÊClI TWR$*
CFA<�%RxOB�%=��D($R�=4EJE$�6TWTWRUV$EUR�=&%á�%CÊPFO�PlV ! ADV+OY���6CH�WP@�%ClPlO�PlV !��6P5%¦�6TD*
EUA��%Pl=9V��ßADV+O ClRJA9O����W=?�E(6RY%o=�TD�ÔA��%Pl=9V =&%�AÉE0($A9=��WPlEjA<�+�WTWA�E7*�%=�TJ;Æ�ÉRËEU=9V��%PFO�RUT��D($R"�$PH%¦�6T/EUA��%Pl=9VN�%EURUV$A9T%Pl=ô==���WA9PÊV$RJO�%o=9T
O�RxEHTWRJA&�%PlV !M#@ADC@�6R,�j=�%��E(6R��$ADT/A��}R$�WRUT Èlo 2 k>y � y © m,k>y � y O�:
?;(6PlCÊR}ADClCà�D(6R}=&�D(6RJT��$A9TWA&�}R$�%RJTE��ADTWRÎA=�D�D� �}RJOS� .�RJO3�W=Y�E(6R#@ADC@�6R,� Í _ 4 m0Ê�_sy�� y J m�Él_ 4 y�m Ï _ 4 m Î _Àk 49;YR1(6PG�aPG�
AÉV6RUP@!&()�(=9TE(6=4=4O�=�%��D(6RA�$A9TWA&�ßR��%RJT+*C�+�+A9EHR�T%R,!9Pl=9V�?;($RUTWRÖA�%RUR��}PlV !9ClI�E0($A9=��WPlE
�%=9C@���%Pl=9VÖ?SA=�ST%R,�+=�T+�WRJOY�%=ÔR$.�PG���ÚPlV¯2H4�O<:e;

−0.08 −0.078 −0.076 −0.074 −0.072 −0.07 −0.068 −0.066 −0.064 −0.062 −0.06
2.3

2.35

2.4

2.45

2.5

2.55

2.6

MS1

SB

MS2

sb2

sb1

symmetric chaos

asymmetric chaos

ms11

ms21

ª�«C¬ Ï��DÏ��ØÁÂÀF¹�°�«/ÃU¬�ÁÄ­x¿ º9ÁÊÃUÆJ°�ÃUÇ�ÀF­U°,¬�½�¯�¬�½�ÁÄ°�ºDÜv­J°�º�¯%°�°�¯/Å�Ã/»�ÀF¯/¯�ºDÜ
®4ÃU«%Ì¼¸e»�¸e¬�¯WÇ�¹m¿mº�¯W°ØÁÄ¿9Õx¯/¸e¬�ÁÄÆ�ÃU¬�ÁÄ­J¿+³�­x®�¬�ÃUÁÄ¿m¯�ºa®@»�«/­x¿�¸¾Á�º�¯W°�ÁÄ¿mÆ�¬�½m¯
ÕJÃU°�Á�ÃU¬�ÁÄ­x¿ß­JÀ�¬�½m¯SÒ4ÃU°�ÃUÇ�¯W¬�¯W°XÙ>ÁÄ¿ß¬�½�¯BÁÄ¿D¬�¯%°�ÕxÃUÅ�� Ü,µ�ô µ����$Ü,µ&ô µ����oÏ

−1.5
−1

−0.5
0

0.5
1

1.5

−3
−2

−1
0

1
2

3
−0.1

−0.08

−0.06

−0.04

−0.02

0

0.02

0.04

0.06

0.08

0.1

x2x3

x1

ª�«�¬ Ï� DÏ�Ð@¬�ÃJ®mÅÄ¯ÙÃJ¸e»9Ç�Ç�¯W¬¾°�ÁÄ«�±H´�Üv¸¾Å�Á�º9Á�¿�Æ�­U°�®mÁÂ¬+«/ÅÄ­x¸¾¯Ù¬�­�¬�½�¯�Ç�¹mÅÂÜ
¬�Á�¸¾ÅÄÁ�º�ÁÄ¿�ÆÎ®�ÁÄÀl¹�°�«�ÃH¬�ÁÄ­x¿ Ò�­xÁÄ¿@¬�Ï!��­J¬�¯
¬�½m¯
¿m¯/ÃU°¾Üo¬�ÃJ¿�Æx¯/¿�«W»Ô­JÀ�­J¿m¯�­JÀ
ÁÄ¬�¸S¸¾Å�Á�º9Á�¿�Æß¸¾¯/«%¬�Á�­J¿m¸/Ï
Þ�½m¯¼­U°�®mÁÂ¬ÚÁÄ¸Ú«�½4ÃU°�ÃU«W¬�¯W°�ÁÄ¸¾¯�º�®D»"�ÎÅÄ­x®�¯/¸Ú­J¿
¯�ÃJ«�½¼¸¾Á�º�¯Ø®m¹�¬3­J¿m¯�ÅÄ­J®�¯�­x¿�¬�½m¯Ø°�ÁÄÆx½@¬3½mÃJ¿4º�¸¾Á�º�¯�ÁÄ¸3Õ�¯W°¾»
¸¾ÇaÃUÅ�ÅÂÜ[º�¹�¯
¬�­>®�°�­JÌ�¯/¿ß¸e»9Ç�Ç�¯W¬¾°¾»@Ï

����ì$à(è×èjÞDî/ãHàôû�ãHÞD÷$#$ñFönù
�ÈRM�+R,!9PlVl�4I EH=�V��%PlO�RJT%PlV !¡�D($R�4 i *��%CÊPFO�PlV !����/A��6ClR��%I)��*�}R��%TWPlEÉ=9TE�6P5�A�D(6=@?ÚVúPlV��ØP@!$;úJÑADV+OúTWR��6TWR,�%RUV9�%RxO��4IN�D(6R�%=9ClPFO��6TWA9V$E0(��%=��D(6RÑT%P@!&(9�ô=&%��E(6R��(=9PlV9�&% b PÊVl�E(6R��$PH*%¦�$TWEJA<�%Pl=9VúO6PlA&!9T/A�� TWR��(=9TD�%RxOíPÊVh�ØP@!$;|O$;('��6T�V)� �}RUTWPFEUADC

A9V$ADClI���PG�1�+($=@?>�X�E($A<�;�E(6PG�>��=�C5� �%Pl=9V"�6V$O�RJTD!�=mR��BA��+� ��EHTWP5�%PFEUADC�%I)���ßR��%TWI9*j�6TWRJA9K4PÊV !¯�$PH%¦�6T/EUA��%Pl=9V A�� È*)ék>y�� y O i © d �(=9PlV=�
% b PÊV��ØP5!+;àO9e�;áR1()���UL&�D(6R���I)���}R$�%TWPFE�=�TD�$PH��PlV)#9=9C@#9RxOtPlV��D(6R�$PH%¦�6T/EUA��%Pl=9V3L<�(RJEU=&�}R,�á�$V����/A��6ClR�!9P@#mPlV !¼T%PG�%RX�W=���?S={�$TWA9V$E0(6R,�
=&%$EH==���$CÊR�.�EU=9V<£���!�A<�WR'�6V��+�WA&�6ClR{4 i *��%ClPlO�PlV !
=�TD�$PH�0� d �$TWA9V$E0(6R,�§,+ t A9V$O §-+ � PlV3�ØP5!+;'O=e�;R1(6PG�Ú?S=&�6CFO×A�� �(RJA9T;�%=��(RtA��WEHRUV+ADTWPÊ=��%P5�}PlClA9T1�%=��E(6Ra=9V$R
O6R,�WEHTWP5�(RJOÖPlVM2H4�O<:eL���PlV$EURa?�R�=�V6ClIY($AK#�RaA��$ADPlT
=�%�A=��I)���}R$�+*
TWPFEB�%=9C@���%Pl=9V��Î?;($PlE0(5ADTWRY�6V����/A��6ClR9;Æº¾V��E(6P@�ÔEJA&�%R9LV�E(6=&��!&(3L%o=�CÊCl=@?ÚPlV !"�D(6R���?S=3�6T/ADV$E0($R,�>=�%
A=��I)���}R$�%TWPFE��%=9C@���WPÊ=�V��ULØ?SR�+V$OÆ�D($A����D(6RJIM�%RJTD�}PlV$A<�WR PÊV9�W=T��?�=T�	�$CH�WP@�%CÊPFO�PlV !¯�6P5%¦�6T/EUA<*�WPÊ=�V��(=9PlV=�0� Cl=�EUA<�WRJOúA�� È.)ék>y � y O i 8 d �(=9PlV9�E�0/1%14ËADV+O
/1% i PlV��ØP@!$;úO9e�;/R1(6TW=&� !=(��D(6R���R'V6=�V�*C���/ADV$O6A9TWO��6PH%¦�$T+*
EJA<�WPÊ=�V��UL�V6RU? �6T/ADV$E0($R,�N=&%��7�C�&Å��5�ÑA&�%I9���}R$�WT%PFE��%=9C@���%Pl=9V��
A9T%RZ�D(6RJV¯%o=9TE�}RJO d �6TWA9V$E0(6R��32 § 4=4�ADV$O42 §Ki 4�PÊV��ØP@!$;?O9e�;R1()���JLá���/A��6ClR A&�%I)���}R��%TWPlE��%=9C@���%Pl=9V��tEUADV'PlV$O�RJRJOT�(R�%o=&�6V+O%o=�T È�o 2 k>y � y O=8&© m�k>y � y O i 8�:+PlVA�D(6PG�
RJV=�WPÊTWRUClIB�%I)���ßR��%TWPlE>TWR$*
CFA�I�%oRURxO��$A9E/K��%I����WR�� ?;(6PFE0(�PG�SV6=��;�+����£�RJE$�I�W=ßA9VmI}R�.9�WRUTWV$ADC%o=�TWEUPÊV�!$;
M =�T%R
�+�(RJEUPH�(EUADClClI9L6A<�1�E(6R��	�6C5�%PG�%CÊPFO�PlV !��6PH%¦�$TWEJA<�%Pl=9V"�(=9PlV=�

/1%;49L��D(6R;�+�WA&�6CÊRL4 i *��%ClPlO�PlV !�=9TE�6PH��O�R,�6PlE$�%RxOtPlV��ØP@!$;VQ d 2 § 4�e
EU=9ClCÊPFO�R��×?ÚPH�E(Ò�E(6R�4 i *C��ClPlO6PÊV !¡�6V��+�WA&�6ClR A&�%I9���}R$�WT%PFEÈ=9TE�6P5�dj§,+ 4�eHL@=9TWP5!�PÊV$A��%PlV !;%oTW=&���D($R��%I)���}R��%TWI=*��6TWRJA9KmPlV !Ú=&% �D(6R1�+�WA<*�$CÊRZ�%I)���}R��%TWPlE��%=9C@���%Pl=9VNO�R,�6PFE7�%RxOÈPÊVM�ØP@!$;BJ6;65�R��+�$PH�WR��D(6R
A&� �$A9T%RJV=�>�%P5�}PlClA9T%P5��I =&%¥�E(6P@�;�%T/ADV��%PH�WPÊ=�V×?ÚPH�E(×A��WA9O$O�CÊR�*þV$=4O6R�$PH%¦�6T/EUA��%Pl=9V3L4?SR�R,��� ($A&�%PlGUR��D($A��SPlVY�E(6PG�ÚEUA&�%R>�E(6PG�BP@�BO��6R��%=
AÖV6=<#�RUCá��I)�(RÔ=�%1� (6RUV$=&�}RUV6=�VÈEJA����%RJOU�4IS�E(6R��WA9V !9RJV$EHIË=&%
AU��ClPFO�PÊV�!U�%RJE7�WPÊ=�VN=�%>�E(6R�=�TD�$PH�ß?ÚPH�E(M�D($RY�(=&�6V$O$ADTWIÈ=&%;�D(6R�%ClPlO�PlV !}TWR�!9Pl=9V�;F



−1.5
−1

−0.5
0

0.5
1

1.5

−3
−2

−1
0

1
2

3
−0.1

−0.05

0

0.05

0.1

x2x3

x1

ª�«C¬ Ï��DÏ�ªS¿m¯�­UÀ4¬�½m¯Ø¬[Í�­B¸e¬�ÃU®mÅÄ¯�ÃU¸e»�Ç�Ç�¯%¬¾°�Á�«Ù«%½mÃJ­U¬�Á�«�ÃH¬¾¬¾°�ÃJ«W¬�­U°
¯WÛ9½mÁÄ®�ÁÄ¬�¯/ºÎ®@»a¬�½m¯B¸e»9¸e¬�¯/Ç	Àl­J°IÙ>Ö�Ü,µ�ô µ, DÏ­ ��P@�}PÊCFADT;�WEHRUV+ADTWPÊ=ÎP@�B==����RJTD#�RJOjA<�1�D(6R
�6P5%¦�6T/EUA��%Pl=9V"�+=�PÊV9�
/1% i %o=�T>�D($R��%I9���}R$�WT%PFEaEU=9V<£�� !mA<�WRa=�%á�D($Rt=9TE�6P5���D(6=@?ÚV×PÊV�ØP5!+;VQ d ?;(6PFE0(ÔP@��E0(+ADT/A9E7�WRUTWP@�%RJO��4I�O>Cl=&�(R,��=�V��D(6R
ClR$%��D*j(+ADV$O�%PlO�R×ADV+OÆOô=9VÆ�D(6RÖT%P@!&(9�D*j($A9V$O =�V6R d JôCÊ==�+R��ßEJADVÆ�+R3�%RURUV�D($R	O<*j�D(×=9V$R�P@�{#9RUTWIY�D�ÔADClCH*¾O��6R
�W=��6T%=�K9RJVA�%I)���ßR��%TWI e�; ­ �
R$.��(RJE$�%RJO"�(=��E(A�D(6R��+�WA&�6CÊRaA=��I)���}R$�WT%PFE
��=�C5���WPÊ=�V��
A9T%R�E0($A9T+*
A9E$�%RJT%PG��RxO��4IßA��D�ÔADClC��+A&�%PÊVÔ=&%�A��+�WTWA�E7�%Pl=9V A9V$O A9T%R1�E(6RUTWR$%o=�T%R
R$.)�WT%R,�ßRJCÊIjO�P87 E��6CH�;�W=ÔCÊ=�EJA<�%R�;

û��3ðÎÞDî/ÞDãJèÖñFö(ñFå/î�ñFò�ç�ÿ+÷mâ�å
­ �N?SRúEH=�V=�WPÊV)�6R&R�.��6CÊ=�T%PlV !��D($P@��T%R,!9Pl=9V"=�%A�$ADT/A��}R$�WRUT�D�$A9EUR9L�?SR"�$V$O��D($A����E(6R×V6RU?ÚClI¯%o=�TD�}RJO¡�+�WA��$CÊR×A&�%I)���}R��+*

TWPlEL��ClPFO�PÊV�!Î=�TD�6P5�E���6V+O�RUTE!9=ßA��%R,½9�6RJV$EHR¼=�%¤�(RUTWPl=4O�*eO�==� �6ClPÊV�!=�
?;(6PFE0( A9EJE$� ���6CFA<�%RôPÊV9�%=M��?�=¯%¦�$CÊClI&O�R�#�RUCl=&�(RJO&E0($A9=��%PFEËA��+*�%T/A9E$�%=�TE�J; ­ ���+($=@?ÚV�PlVÆ�ØP5!+;�©6L'�D(6R���R×E0($AD=&�%PFE�A��+�%T/A9E$�%=�TE�
ADTWR3���/A��6ClR ADV$Oí=�TD!mADV6PG��RxO¯�4IÑA9VÆ�6V+O�RUTWCÊI4PlV !NA&�%I)���}R��%TWPlE�	�$CH�WP@�%CÊPFO�PlV !Ô=9TE�6P5�J;VW
RJV$EHR�L��D($RUIjA9T%RL�(=��D( A=��I)���}R$�%TWPFED;�6=9T�CÊ=@?SRUT;�$A9TWA&�}R$�%RJT;#@ADC@�6R,�JL��D($R,�%R
��?�=��$A9V$O �Ú=&%�A=��I)��*�}R$�WT%PFE E0($A9==�
�E(6RUVM�}RJTD!�R PÊV9�W=Ë=9V6R d �%RURY�ØP@!$;SO=etADV$O��E(6R�%I9���}R$�WT%PFE?�+�WA&�6ClRÉE0($A9=��%PFEËA��+�%T/A9E$�%=�TjO�R,�6PlE$�%RxOúPlVh�ØP5!+;u®
PG���D($RUTWR$%o=9TWR�!9RJV6RUT/A<�WRJO�;AW
RJV$EHR�Là�+�WA&�6ClR�E0($AD=9�>P@�ÎADCG��=3�(==�+*�%P5�6ClR PlV��D(6R���RÆ��I��+�%R���� PlV��D($R�A����%RUV+EHRN=�% A9VmI R$.)�%RJT%V+ADC%o=9T/EHPlV !3�WRUTE� =9T}A&�%I9���}R$�WT%PFEÔTWRUCFA�IÈE0(+ADT/A9E7�WRUTWP@�+�%PFED;ÉM =9TWR$*
=<#9RJTJLI�D($R:9�TW=&���WRA�%=�E0(+AD==�<;ÈP@�Y(6RUTWRËE0($A9TWA�E7�%RJT%PG�%RJOÆ�mI5ADV
PlV=�WRUTWR,�+�%PlV !ÔEH==�	�6PlV$A<�WPÊ=�V×=�%V���/ADV$O6A9TWOB�6P5%¦�6T/EUA<�WPÊ=�V��;�D�$E0( A&��(RUTWPÊ=�O)*¾O�=&���6CÊPlV !9�ÎA9V$OM�%I9���}R$�WT%I9*��6TWRJADK4PlV !A�%==!9R��D(6RJTÎ?ÚP5�D(
V6=<#�RUCn�%T/ADV��%P5�%Pl=9V��BPlV)#9=9C@#4PÊV�!��%CÊPFO�PlV !$;­ ���D(6R"��I��+�%R,�¹�$ADT/A��}R$�WRUTxL�P@�	%¦�6TD�D(6RJTßO�RxEHTWRJA=��RxO'?�RB� *
V$A9CÊClI�==���%RUTE#9RV�E(6RI�D�$O6O�RJVtO�PG�%A&� �(RJADT/ADV+EHR�=�%��E(6PG�¥�%I)���}R��%TWPlE
E0($A9=��%PFE
A��+�%T/A9E$�%=�T,A<� È	)lk>y�� y ©�R1(6P@�,P@�SO��6R{�%=ßA�!9Cl=&�$A9C �6P5*%¦�6T/EUA��%Pl=9VY��(6RUV6==�}RUV6=�V�=9T=9WEHTWP@�%P@�<;a?;($PlE0(jP@�ÚEJA����%RJOY�mI��E(6R
EH=�CÊClPG��Pl=9Vj=�%ØA9VY�6V����/A��6ClR�EH=4R$.�PG���WPÊV !��(RUTWPÊ=�O�PFE
��=�C5���WPÊ=�V�=�T%P@!�*
PlV$A<�WRJOÖA<��A��%A�O6O�ClR$*eV6=�O�R
�+=�PÊV9�Ú?ÚPH�E("�D(6R��+�WA&�6CÊR��%I)���}R��%TWPlE
E0($A9=��%PFE>A<�D�%T/A9E7�W=9Tx;

−1.5
−1

−0.5
0

0.5
1

1.5

−3
−2

−1
0

1
2

3
−0.2

−0.15

−0.1

−0.05

0

0.05

0.1

0.15

x2x3

x1

ª�«�¬ Ï&ý9ÏBÐD»9Ç�Ç�¯W¬¾°�ÁÄ«S«�½4ÃU­J¬�ÁÄ«¼ÃH¬¾¬¾°�ÃJ«W¬�­U°B¯WÛ9½�Á�®�ÁÂ¬�¯�º}®@»Î¬�½�¯Ú¸e»�¸eÜ
¬�¯/Ç Àl­J°{Ù�Ö�Ü,µ&ô µ- ��9³$ÀF­U°�Ç�¯�ºÔ®@»}¬�½m¯�Ç�¯W°�ÆxÁÄ¿�ÆÎ­UÀÙ¬[Í�­t®4ÃJ¿mº�¸�­JÀ
ÃJ¸e»9Ç�Ç�¯W¬¾°�ÁÄ«S«�½4ÃU­x¸/Ï

�Y�ÙçL
��Ôç�õà�}ì��7

� ì�ÈR�($AK#�RtO�PG�%E����E��RxOA�D(6RÎ=�EUE$�$T%TWRUV$EURa=�%����/A��6ClRÎA=��I)���}R$�+*
TWPFE	�%=9C@���%Pl=9V��¼ADV+OËE0($AD=9�
PlVôTWRUCFA�IY%oRJRJO��+A9E/K3��I��+�%R,���J;Lº¾VU�%=
O6=9PlV !$L+?�RtEU=9V��+TD�}RJOB�E(6RÎEU=9V<£�RxE7�D�$T%R��+TE�+��TWR��(=9TD�%RJOÖPlV�254,O<:�E($A<�����/A��6ClRjA=��I)���}R$�%TWPFE}=9TE�6PH�ßEUADVNR�.�P@�+�ÎPlV¯�6V�%o=�TWEURJONADV+O�%I)���ßR��%TWPlE T%RJClA�I3%oRJRJO��+A9E/K'EH=9V ��!&�6T/A<�WPÊ=�V��J;Yº¾V¯�$A9T+�WPlE��6ClA9TJL
?SRZ�D(6=@?�RxOS�E($A<�����/ADV$O6A9TWOU�6P5%¦�6T/EUA<�WPÊ=�V��aA9V$OÈV6=<#9RJCá�%T/ADV��%PH*�WPÊ=�V���PlV9#�=9C@#4PÊV !L��ClPFO�PÊV�!L!�P5#�R�TWPG��RI�%=�ADVßPlV=�WT%PFEUA��%R1�6P5%¦�6T/EUA<�WPÊ=�V�WEHRJV$ADTWPl=$;S¢�A&�}RUClI9Lá�D($Rj=�EUE��6TWT%RJV$EHRÔ=&%{���/A��6ClRjA=��I)���}R$�%TWPFE
=�TD�$PH�0��A<��A
��=&*eEJADClCÊRxO��	�$CH�WP@�%CÊPFO�PlV !��6P5%¦�6T/EUA<�WPÊ=�V��(=9PlV9��P@�V�D(6RJV
ClPlV6K9RxO�?ÚP5�D(A�E(6R�R$.�PG���WRUV$EUR�=�%¥�(=��E(S���/A��6ClR�A&�%I)���}R��%TWPlE>ADV+O�%I)���ßR��%TWPlEôE0($AD=&�%PFEËA<�D�%T/A9E7�W=9T0�U;l¢{� �}RUTWPlEJADC�R,#4PlO�RJV$EHRU($A&��(RURJVôO�R��WADPlClRJOA�W=Z�D($RÎEUA=��Rt=�%�A��E(6PÊT/O)*e=9T/O�RUT�T%R,�6T%R���RJV9�WA<�WP5#�R
R�.6A����6ClR9;Y�ÈR�A9V=�WPlEUP5�+A<�%R��E($A<����P@�}PÊCFADTaTWR,�D�6C5�E�aEJADVT�(R =&��*�/ADPlV6RJOÈPlV��D(6R�EJA&�%R}=�%B=��D($RUTaTWRUCFA�I3%oRURxO��$A�E/K?��I��+�%R,���a?ÚPH�E(�%ClPlO�PlV !+;
> �6TWT%RJV9��?�=�T%KÑP@�jA9O6O6T%R��D�%PÊV�!T�D(6RÈO�RUTWP5#@A��%Pl=9V&=�%tA9VúA���*�$T%==�6T%PFA<�WR
ADV$A9CÊI9�WPlEJADC6R�.)�$ClA9V$A<�WPÊ=�VÔ=�%��D(6RL�%EURUV$A9T%Pl=�=&����RJTD#�RJO�E(6TW=&� !=(��D(6R�O�RJT%P@#@A<�WPÊ=�V�=�%ØA�� �6TW=&�$T%PFA<�WR
V6=9TE�ÔADCn%o=9TE�s�ÔA���*�$PÊV !9�BPÊV"�E(6R�V6RUP@!&()�(=9TE(6=4=�O =�%à�D($R��6PH%¦�$TWEJA<�%Pl=9V"�(=9PlV=�0�U;

�Â±<� « Ï ª ÅÄ¹�¯/ÆxÆJ¯WÜ@?+­J¬�ßJÏ XBhFp%n�cUbm^`hFbBAmc�A9pDC�AD^vcJ_>\J^`honFE�cUbm^`]¾cJw ÏÓ�°�ÁÄ¿m«/¯W¬�­J¿"GS¿�Á�Õx¯W°�¸¾ÁÂ¬þ»	Ó�°�¯/¸¾¸/³(±0ýKþJ²DÏ
� ´H�X×
Ï ×�Ï ×,¿4ºD°�­x¿m­HÕ�³6Ð�ÏJI�ÏLKÚ½4ÃUÁ�ÌDÁÄ¿+³�ÃJ¿4ºZ×
Ï ×�ÏNMSÁÂ¬¾¬�Ï ~+kmY¾cJ]�s

ced3O�p%nWh`wFwÄ\U^vcJ]%p Ï9Ó�¯W°�Æ�ÃUÇ�­x¿�Ó�°�¯/¸¾¸/³�ª�Û9Àl­J°�º6³+±0ý-�Kþ@Ï
� ²��QPØÃ9Ï$R�Ï9Þ�¸e»9ÒmÌDÁÄ¿+Ï ��YWwÄ\Js"E�cJbm^`]ecxw+z�sJp�^[Y%_�p ÏLS�ÃJÇ�®�°�Á�º�ÆJ¯TGS¿mÁÂÜ
Õ�¯%°�¸¾ÁÄ¬[»�Ó�°�¯/¸¾¸/³$S�ÃJÇ�®�°�Á�º�ÆJ¯x³NG�Ï K>Ï�³$±7ý��,û9Ï

� û��UM�Ï « Ï3G,¬�Ì9ÁÄ¿$Ï z4w hWVUhFbDgÑijcXV@Y%pNhFbYE�cJb�^`]¾cxw0O(Z4^`hF_¼h[ZH\U^`hocJb Ï
ÐDÒ�°�ÁÄ¿mÆJ¯W°¾Ü\MÙ¯W°�Å�ÃUÆ�³N�Ø¯W°�ÅÄÁÄ¿+³(±0ý�ýx´DÏ

� þH�X×
Ï�Ð�Ï�üß­U°�¸¾¯xÏ	SØ­J¿D¬¾°�­JÅß¹�¸¾Á�¿�Æ5ÅÄ­xÆJÁ�«%Ü[®mÃJ¸¾¯�º	¸eÍ�ÁÂ¬�«�½mÁÄ¿mÆ9Ï « ¿×
Ï « ¸¾Á�º�­U°�Áo³Ø¯�º�ÁÂ¬�­U°�³ ~m]¾Y%bLVJpÎhFb]E�cJbm^`]ecxw��QC fQAD]¾c�Z�Y�\Ub�^�Y%]%�
poZ�Y¾nW^`hFrJY ³�ÒmÃJÆx¯W¸!�,ýH_4±J±�²DÏ$Ð9Ò9°�Á�¿�Æx¯W°�³$±7ý,ýKþ@Ï

� ���UK>Ïa`�Ï�b×,¸e¬¾°Hc­xÇ ÃU¿4º"ÞSÏadecÃUÆxÆxÅÄ¹�¿4º$Ï ^gf¾XhE�cJbm^`]ecxwFw�Y%]�p/��~+kmYW�
cJ]�sUy+X�Y%p�h�gJb�y�\Jb$VÎ~NADb�hFbDg Ï « ¿�¸e¬¾°�¹mÇ�¯/¿@¬�ÐD­@«/ÁÄ¯W¬þ»�­JÀ ×,Ç�¯W°�ÁÄ«�Ã9³
i ¯/¸¾¯�ÃH°�«%½�Þ$°�ÁÊÃU¿mÆJÅ�¯{Ó�ÃH°�Ì6³B�TS�³�¸¾¯/«/­J¿4ºß¯/º�ÁÂ¬�ÁÄ­x¿+³+±7ý,ýKþDÏJ



�  X�BÐ�Ï i ÏL�S­U°�¸eÍ�­J°¾¬�½@»@³ i Ï$Ð9«�½�°�¯/ÁÄ¯W°�³$ÃU¿4º ¬ Ï�S�Ï�Þ(¯/Ç�¯/¸/Ï X�YWw ^v\x�
z�h�gJ_�\jX
\J^v\]E�cJb�rJY%]%^[Y%]�p<j�~+kmY¾cJ]�sUyÎX�Y%p�h�gJb�ya\JbLVËzmhF_kA9wÄ\x�
^`h`cJb Ï « I�IgIUÓ3°�¯W¸¾¸/³$�S¯%Í]PÙ­J°�Ì�³6±7ý,ý, @Ï

� �H�lK>Ï�d�Ïm`J­x½4ÃU¿m¸¾¸¾­J¿+³X×�Ï i ÃJ¿@¬�ß/¯W°�³�ÃJ¿4ºnK>Ïg`�Ïob×,¸e¬¾°Hc­xÇ}Ï ª ÃU¸e¬
¸eÍ�ÁÂ¬�«�½m¯/¸tÁÄ¿È°�¯/Å�Ã/»ÉÀl¯/¯�º9®4ÃJ«�Ìô¸e»�¸e¬�¯WÇ�¸/Ï C�AD^vcJ_>\J^`hon�\ ³�²KþD©�û@¶%³×,Ò�°�ÁÄÅ�±7ý,ý�ý9Ï

� ýH��×
Ï ª Ï ª ÁÄÅ�ÁÄÒ�Ò�­UÕ�Ï XBh pSY%]¾Y%bm^`ho\Jw�fUq<A�\J^`hocJb�pmr3hF^lk
XÚhFp%n�cJb�^`hFbNA�c�ADp
��h�gHkD^lk�\Jb$Vaz�hWV@Y%p Ï$KÚÅÄ¹@Í�¯%°X×�«�ÃJº�¯/Ç�ÁÄ«;Ó3¹m®�Å�ÁÄ¸¾½�¯W°�¸/³(±0ý-�-�DÏ

�Â±�µH�lK>ÏX`�Ï b×�¸e¬¾°Hc­JÇ}ÏUªS¸¾«/ÁÄÅÄÅ�ÃU¬�ÁÄ­x¿�¸�Á�¿Ú¸e»9¸e¬�¯/Ç�¸$Í�ÁÂ¬�½
°�¯WÅÊÃ/»BÀl¯/¯�º9®4ÃJ«�Ì�Ï« ¿sK>ÏB`�Ï b×�¸e¬¾°Hc­JÇ}³ ¬ ÏLS�Ï ¬ ­@­DºDÍ�Á�¿$³�ÃU¿4º�Ó�Ï i Ï�KÚ¹mÇaÃU°�³9¯�º9ÁÂÜ
¬�­U°�¸/³ C�Vx\%Z4^`hFrJYsE�cJb�^`]¾cxw y��Ùh`w ^[Y%]�hFbDgJyØ\JbLVtzmh�gJb4\xwL^�]¾c�n�Y%p�p�hFbDg ³
Õx­xÅÄ¹mÇ�¯� $ûÎ­UÀ f¾i�Cut�cxw AD_�Y%pÚhFb i�\J^lkmY%_�\U^`honWp>\UbLVÎhF^`pvCØZ��
Z4w hon�\J^`hocJb�p ³�Ò4ÃUÆx¯/¸
±w_D´�þ@Ï6Ð9Ò9°�ÁÄ¿mÆx¯%°¾Ü@M�¯W°�Å�ÃJÆ9³+±0ý�ý�þDÏ

�Â±x±w��×
Ï,üß¯/ÆJ°�¯%¬�¸¾Ì9Á`Ï ¬ ÅÄ­x®4ÃUÅ�¸e¬�ÃU®mÁÄÅÄÁÂ¬þ»
­JÀ4­x¸¾«/ÁÄÅÄÅ�ÃU¬�ÁÄ­x¿�¸ÙÁÄ¿4º9¹m«/¯/º�®@»
Ã
°�¯WÅÊÃ/»aÀF¯W¯�º�®mÃJ«�Ì6Ï « ¿ ^�]¾Y[Z4]�hFbm^`p!fe�BC�EN|�xx^lk&yßcJ]%w[V=E�cJbDgJ]¾Y%p�p ³
Õx­xÅÄ¹mÇ�¯!I�³�Ò4ÃUÆx¯/¸XûKýX_&þ�û9³$Ð�ÃU¿ ª °�ÃU¿m«/ÁÄ¸¾«/­9³JSá×
³+±0ý�ý-�DÏ

�Â±H´X�!`9Ï,üjÏ ¬ ­J¿{z«�ÃUÅÄÕ�¯/¸/³�×�Ï,üß¯/ÆU°�¯W¬�¸¾ÌDÁo³�ÃJ¿mºLüjÏ�×
ÏH|ÚÃJ½�Å�¯W½+Ï ¬ ÅÄ­x®mÃJÅ
¸e¬�ÃU®mÁÄÅÄÁÂ¬þ» ­JÀ}°�¯/Å�Ã/» ÀF¯/¯�º9®4ÃU«%Ì ¸e»9¸e¬�¯/Ç�¸/Ï�Þ(¯/«�½m¿mÁÄ«�ÃUÅ i ¯/Ò�­J°¾¬Ó�°�¯/Ò9°�Á�¿@¬}? « |
Ð@Ü¨Ó3Üþ´�ûKþ��D³,|B¯/Ò9¬�ÏH­JÀJI�IgS�Ð6³�ü « ÞS³,S�ÃJÇ�®�°�Á�º�ÆJ¯x³ü�×
³+±0ý�ý,ý9Ï

�Â±�²H��Ó�Ï¥×�Ï�SØ­@­xÌ�Ï�Ð9ÁÄÇ�ÒmÅÄ¯ßÀl¯/¯�º9®4ÃJ«�ÌË¸e»9¸e¬�¯/Ç�¸>Í�ÁÂ¬�½'«%½mÃJ­U¬�Á�«Ô®�¯%Ü
½mÃ�Õ9ÁÄ­J¹�°�Ï zmsUp�^[Y%_¼p�~�E�cJbm^`]ecxwL��Y%^`^[Y%]�p ³��&Ô ´x´U²H_D´x´- @³�±7ý��KþDÏ

�Ä±Eû��U|¼Ïn×�Ç>°�ÃU¿mÁ�ÃJ¿mºo|¼Ï Ó�Ïn×�¬�½�¯W°¾¬�½m­J¿+Ï�|B¯/¸¾ÁÄÆJ¿mÁÄ¿mÆÔÃU¹�¬�­J¿m­xÇ�­J¹m¸
°�¯/Å�Ã/»×¸e»9¸e¬�¯/Ç�¸ÚÍ�ÁÂ¬�½×«�½4ÃU­J¬�ÁÄ«aÇ�­J¬�ÁÄ­x¿$Ï « ¿ ^�]ec�nH����{x^lkofef�f�f
E�cJb/d���cJb>X�Y¾nWhFp�hocJbÎ\Jb$V	E�cUbm^`]¾cJw ³�Õ�­JÅ�¹�Ç�¯�±J³�Ò4ÃUÆx¯/¸¤ýJ²�´X_<ýx²��9³Þ�ÃUÇ�Ò4ÃD³ ª ?3³+±0ý-��ýDÏ

�Ä±7þH� i Ï ¬ ¯W¿m¯/¸¾ÁÄ­
ÃJ¿mºL×
Ï�Þ+¯/¸¾Á`Ï�SØ½4ÃU­x¸�Ò�°�¯�º9ÁÄ«W¬�ÁÄ­x¿¼ÁÄ¿�Ã,¬�½mÁÂ°�º�­U°�º�¯W°
°�¯/Å�Ã/»É¸e»�¸e¬�¯WÇ}Ï « ¿@¬�¯W°�¿4ÃUÅ i ¯/Ò�­U°¾¬ i Þ ´,ý,��ýxµDÏ�|BÁÄÒ4ÃH°¾¬�ÁÄÇ�¯/¿@¬�­
º9Á�Ð9ÁÄ¸e¬�¯/Ç�Á+¯�º « ¿9ÀF­U°�ÇaÃU¬�ÁÄ«�Ã9³$GS¿mÁÄÕ�¯%°�¸¾ÁÄ¬[»ß­UÀ ª ÅÄ­J°�¯/¿�«/¯x³ « ¬�ÃUÅÂ»@Ï�³
±0ý�ýxµDÏ

�Ä±����IüjÏ�º�Á��Ø¯%°�¿4ÃU°�º9­�³
K>Ï d�Ï�`J­x½4ÃU¿m¸¾¸¾­J¿+³�ÃJ¿mº ª Ï�MÙÃJ¸¾«�ÃDÏSÐ9¯/ÅÂÀlÜ
­J¸¾«/ÁÄÅ�Å�ÃH¬�Á�­J¿m¸�ÁÄ¿Ñ°�¯/Å�Ã/»NÀF¯/¯/º�®4ÃU«%ÌN¸e»9¸e¬�¯/Ç�¸0Ô'ÐD»9Ç�Ç�¯W¬¾°¾»ÈÃJ¿mº
®�ÁÄÀl¹�°�«�ÃH¬�ÁÄ­x¿m¸/Ï f�b�^[Y%]%b4\J^`hocJb4\xwv�Dc�AD]�b�\xw
cedßu�h d�A9]en�\J^`hocJb�pÖ\UbLV
E(k�\xcJp ³�©�û@¶%³4´JµJµ9±JÏ4¬�­�ÃJÒ�Ò�¯�ÃU°�Ï

�Ä±X H�IüjÏSº�Á��Ø¯W°�¿mÃU°�º9­�³�×�Ï i ÏvSØ½mÃJÇ�Ò�¿m¯W»9¸/³
ÃU¿4º�S�Ï!`�Ïl�Ø¹mºmº$Ï¬ °�Ã�ß/ÁÄ¿mÆ�³D¸¾ÌDÁÄÒmÒ�ÁÄ¿mÆÚÃU¿4º¼¸¾ÅÄÁ�º�ÁÄ¿mÆ&Ô3ÃJ¿mÃJÅÂ»9¸¾ÁÄ¸Ù­UÀ�¬�½m¯�¿m­J¿m¸¾Ç�­@­U¬�½
ºD»�¿mÃJÇ�ÁÄ«/¸�­UÀÚ¬�½m¯"|
SQ�H|
S	®m¹m«�ÌË«/­x¿DÕ�¯%°¾¬�¯W°�ÏU� cJbmw hFb6Y¾\J]�hF^`s ³
±J±�Ô �Kþ��H_��,ýxµD³�±0ý�ý��9Ï

�Ä±���� · ­J°�Ì ÁÄ¿ Ò9°�­xÆU°�¯/¸¾¸ ®@» ¬�½m¯ ÃJ¹�¬�½�­J°�¸ ÃU¿4º ­J¬�½�¯W° «/­JÅÄÜ
Å�ÃJ®�­U°�ÃU¬�­U°�¸0Á�¸ Ãxº�º9°�¯/¸¾¸¾ÁÄ¿mÆ ¬�½�¯ ÃU¿4ÃUÅÄ»9¸¾ÁÄ¸.­UÀ ¬�½�¯*¿m­J°¾Ü
ÇaÃUÅ2ÀF­U°�Ç�¸ ÃU¸¾¸¾­@«/Á�ÃU¬�¯�º ¬�­ ¬�½m¯/¸¾¯ ¿�­UÕx¯/Å"®�ÁÄÀl¹�°�«�ÃH¬�ÁÄ­x¿m¸
ÃU¿4º ¬�½m¯WÁÄ° «/Å�ÃJ¸¾¸¾ÁÂÓm«�ÃU¬�ÁÄ­x¿$Ï?Þ�½m¯/¸¾¯ °�¯/¸¾¹�ÅÄ¬�¸úÍ�ÁÄÅÄÅ'®�¯ ¸¾­@­x¿
Ò�¹m®mÅÄÁÄ¸¾½m¯/º ¯/ÅÄ¸¾¯WÍ�½m¯W°�¯JÏ ª ­J° ÀF¹�°¾¬�½�¯W° º�¯W¬�ÃUÁ�ÅÄ¸ «�½m¯W«%Ì
kD^`^ÂZ6� �,�Nr}r}rØ�FY%bm_����W]%hlp/�Ê\�nH�8A,�w��\Jb�_v�mp�^v\�p}�6Y%bm_�V,���9k�cU_aY��ÂkD^`_¼w Ï

O


