
����� ���	��
�� 
�������������� 
��������	�������	
��	��� 
��	
!#"%$'&)(+*-,�.	/)0213,�.	465878(:9�(�.#;=<8>@?�AB13,�.	465878(C �2DE��F��G���	
�HI��� �:
�
 J@�LK	���	
�MB��N�MPOQ������� 
��	�	���SR#O�T
UWVYX[ZB\�]@^B_`UWacb%bedfbgZ�VhZ�]@^PZB][i�jk_mln_E^pok\Bqnr�_�^�^Pj%^sQtnV)uv_�wxlnjxyv^P_�onZB_�u{zk\�_m|8})}�|~8� d��Y| �

��_E^�lnqnrIjkuv_�wLZ:^�_IZ��@_�^+r�V8�[rIjk�[VhZ�\B][rI_E^p^PqLwLZ+V)jnZBqL\B][^P�E^����_`^Bjh��_IZ3r�q)uvo�q)\BZB_�ZB\�q)][^po%V8�L_�^����ln�E^P]@�)wk_��=� qLo���\�V8ZB_�jk\p\B_�Z�V8\:l��������	�Q�����S���h�%����� ��� ��� q)o���\:VhZ�_�jk\�VY�hV8w�rI_)�n_�Z+�-��� ][ln_�w�ZB]�ZB�L�
�c �¡�¢ £+��o�q)w%ln\�_`V8jnt¤i�jk_�^PZB]@q)w%^p^Bjk]@�YV)w�ZB_�^po�V8\�¥¦\:V8]�q)jx§�V8jnt��n_�w¨��j%^PZB]�©�V)wLZ+�Lq8Z�\B_�r � q)]�t«ª�L��¬+w¤ok\�qgr�_�^�^Pj�^�r�_�w�ZB\��`ln_��hV8\�]@V)w%rI_`rIqLw%^PZ�V8w�Z�_c_E^�Z3^PZB\�]@rIZB_�u¨_�w�Z�^PZ�V8ZB]@q)wkw�V8]@\B_L�|k��¬+w¤ok\�qgr�_�^�^Pj�^�r�_�w�ZB\���_�^PZp­�V8]@zk��_�uv_�w�Z3^�Z:VhZ�]�qLwkw%V8]@\�_)�y%��¬+w¤ok\�qgr�_�^�^Pj�^f��V8j%^�^B]�_�we­�V8]@zk�@_�uv_�w�Z3^PZ�V8ZB]@q)wkw%V)]�\�_�_�^PZ3rI_�w�Z�\B�L�® ��¯GqLjnZ�ok\Bqnr�_�^�^Pj%^p^PZB\�]@rIZB_�u¨_�w�Z3^�Z:VhZB]@q)w%w%V8]@\B_�_�^PZ�­�V8]@zk�@_�uv_�w�Z+^PZ�VhZ�]�qLwkw%V)]�\�_)�° ��¬+wk_�uvqh±)_�wkwk_�uvq)zk]@��_`^B±gu¨��ZB\�]@i�jk_`r�q)w%^B_�\��)_���_E^�ZB_�w%lkV8w�rI_�^3Vh²-wk_�^��³ �+bgq)]�Zf´µjkw�ok\�qnrI_E^B^Bj%^¦­�V)]�z%��_�u¨_�w�Zp^PZ�V8ZB]@q)wkw%V)]�\�_)�nbg]�^�V`­�q)w�r2ZB]@q)w�l�� V8jnZ�qgr�q)\�\B���@V8dZB]@q)w�^�� V)wkwgjk�@_�¶{o%V8\BZB]@\�lkj�\:V8wk�¸·3]@w%rI�@j%^��gV)��qL\�^�^�V`­�q)w�r2ZB]@q)w�l�� V8jnZ�qgr�q)\�\B���@V8ZB]@q)wo%V8\BZB]@_��@��_�_E^�Z�����V8�@_�uv_�w�Z�wgjk�@��_L�¹ ����_�^��EiLj�VhZB]@q)w�^�lk_»ºQj%��_�d=¼½V8�@¾)_�\�o�_�\�uv_IZBZB_�w�Z{ln_-r�V8�[rIjk�@_�\��[Ve­�qLw%r2Z�]�qLw¿l�� V8jkZBq8drIq)\�\����[VhZB]@q)w�o%V8\BZB]@_��@��_L�À ����_�^¨�EiLj�VhZB]@q)w�^-ln_�ºQjk��_�d=¼½V8�@¾)_�\vo�_�\Buv_IZBZB_�wLZ�lk_¤r�V8�[rIjk�@_�\-�@_�^-r�qg_I²erI]@_�w�Z�^vln_��� ��i�j%V8ZB]@q)w¤ln_�\B�ErIjk\�\B_�w%rI_��)��\B]�©%��_�o�V8\pjkw¤ok\�qgr�_�^�^Pj�^�V8jnZ�q)\����)\�_�^�^B]Á­��~ ��¬+wWok\�qnrI_E^B^Bj%^3ac£+UWaÂr�V8\:V)rIZB��\B][^P�`o�V8\3j%wWuvqglkÃ��@_{wkqLw«r�V)j%^BV)�G_�ZcwkqLwW]�wg�L_�\Bd^P]@zk�@_�w%_`o�q�^B^BÃ�ln_�o%VL^�ln_�\B_�ok\���^B_�w�Z�V8ZB]@q)w¸lk_`¼ÄqL�@l����}%��¬+w�o%\BqnrI_E^B^Bj%^�^�Z:VhZ�]�qLwkw%V8]@\�_3o���\�]�qnln][i�jk_cw%_�o�qL^�^BÃ�ln_co%V)^pln_`ln_�w%^P]�ZB��^Bo�_Er2ZB\:V8�@_)�
�c ÆÅ�¢�L�+bgq)]�Z3�=Ç�È�É{�¦jkwe�)_Er2Z�_�jk\Q��V8j%^�^B]�_�w¨r�_�w�ZB\��)��VY�)_�r��hV8\E�=Ç`�f��ÊgË8�L�YV)\E�=É{�Q�ÍÌ2Ë8�nÎcwwkq8Z�_3Ïm�[V{r�q)\�\B���@V8ZB]@q)w-_�w�Z�\B_`ÇÐ_IZ+É-�ni�j�� q)w�^Bjkoko�qL^B_�lk]ÁÑ���\�_�w�ZB_�ln_¨·3_IZ�Ò`·)��_IZq)w¤ln�I©%w%]ÁZ ´Ó� Ç Ê�Ô É Ì Õ � Ç Ê Ò É ÌÖ VL×¸UxqLwLZ�\B_�\�iLj%_`´µ_�Z Õ ^Bq)w�Z�]@w%ln��o�_�w�lkV8w�ZB_E^��Ö z�×¸sQwxln�Elnjk]@\B_

Øf�SÇÚÙÆÛkÈ:ÉÂÜÝÛ��Q� ·Þ)ß�à ·�Ò¿Ï Ë áãâGäå æ)ç á'è� è æ �+éIênëWì�Ò ��ËÞ���· Ô Ïh� Ò ç ËÞ���·pÒ¿Ïh�)í
Ö r�×xî�V8�[rIj%��_�\��=� _Itnok\�_�^�^P]@q)w�rI]�dSln_E^B^Bj%^�¶¨��� V8][ln_`l�� jkw�r � V8wk�L_�uv_�w�Z�ln_��YV)\B][V8z%��_E^� qLu¨q)Z � ��ZB][i�jk_)�ko%jk]@^�l�� jkwxr � V)wk�)_�uv_�w�Z+ln_`�hV8\�]@V)zk��_E^�_�w�o�ïL�@V)]�\�_�^��



Ö l%×�UxqLwLZ�\B_�\#i�jk_+ð8ñ:ò�ò�óLôgÏm��õQð8ñ:ò2ö�ð)÷�ø �2��ù� â ù i�jk_���i�jk_3^Bq)]�ZQÏ»úüû�Ò`·)È�·IýS�h_IZ#_�wln�Elnjk]@\B_vi�jk_»�[V¸ok\BqLz%V8z%]��@]ÁZ��»i�jk_eÇþ_�Z`Éÿwk_-^PqL]�_�w�Zco%VL^�lk_»u���uv_v^P]@�)w%__�^PZ+����V8�@_�¶ Øf�SÇ`É ÜÆÛL�Q� ð8ñ:ò�ò�óLô���Ï8�õ8ß|k�+bgq)]�Ze��� � È���� ·LÈ�������È�õ
	«�cjkw½zk\Bj%]ÁZ`zk�[V8w%r¨��V8j%^�^P]@_�w¿ln_-�hV8\�]@V)w%rI_�·)�Gbnq)]�Z��Â��_wkq)u»zk\B_�ln_mr�q)jkok�@_�^`�
� Ë�� ��� È�� Ë�� �pln_m^B]@�)wk_�q)o%o�q�^P�L�����hV)\B][V8w�Z�_�w�ZB\�_v·�_IZ�	ü�Ö VL×¤î�V8�[rIj%��_�\�Øf��� � � � â � ÜÝÛ��2�Ö z�×�UxqLwLZ�\B_�\�iLj%_��Ð^Bjk]�Z+jkwk_���qL]�zk]@wkï)uv][V8�@_`ln_�o%V8\:V8uvÃIZ�\B_E^�·��8õ{_IZ�	'�Ö r�×¤bgqL]ÁZ��Â� ��� � È��W� ·LÈ�������È�õ
	«�vjkw%_«^P��\B]@_«r � \�q)w%q)�@q)�)][i�jk_)���c��lkjk]�\�_«ln_rI_ei�jk]fok\���rIÃEln_vjkw½ZB_E^�Z{VL^P±guvonZ�q8ZB][i�jk_eln_-�=� � ±go�q8Z � Ã�^B_�� å ª��'_�^PZmjkwk_\���V8�@][^BV8ZB]@q)w¸lk_`zk\Bj%]ÁZ�zk�[V8w%r���V8j%^�^B]�_�w��y%�3Îcw�r�q)w%^B]@lkÃ�\�_c�[V¨u¨qh±L_�wkw%_�uvqLzk]��@_����3� ��� Ô � Ô �m���� %�Ö VL×"!cjk_����@_�^�^Bq)w�Z+^P_E^pok\�q)ok\�]���ZB�E^$#Ö z�×xÎcwÝwkq8Z�_�´ �%� � ���)�2�&�c�IZ�_�\�uv]�wk_�\-_IZ-\�_�ok\���^B_�w�ZB_�\v�)\:V8o � ][i�jk_�uv_�wLZv�[Vln_�w%^P]�ZB�m^Bo�_�r2Z�\�V)��_`ln_�´'�Ö r�×xî�V8�[rIj%��_�\c�[V�o%\BqLz%V8zk]@�@]ÁZ��»Ø���´v��´v�S���¨ÜÚÛL�3_IZ`rIq)uvo%V)\B_�\PdS�[Ve¶�Ø����h�'�Y�S���¨ÜÛL�I�)( q)jk�hV)]ÁZBd=qLw¸ok\����Lq)]@\�r�_`\B�E^Pj%�ÁZ:VhZ+V8j��gj¤lk_��[Vvln_�w�^P]�ZB�m^Bo�_Er2Z�\�V)��_*#
�c ,+G¢ bnq)]�Z+´µjkw¤ok\�qnrI_E^B^Bj%^pa3£+U«a Ö �L���Y×��)��\B]�©�V8w�Z

- �fú/.`È'´ � Ò0 8´ �S��� �,� � Ô õ�� �S���VY�)_Er1�¨jkw�zk\Bj%]ÁZ+zk�[V8w�r`ln_��YV)\B][V8w�rI_¨·)��L�2�3��ZB_�\�uv]�w%_�\�_IZ+\�_�o%\B�E^P_�wLZ�_�\��)\:V8o � ]@i�jk_�u¨_�w�Zp�[Vvln_�w�^P]�ZB�m^Bo�_Er2Z�\�V)��_`ln_�´'�|k�3( V)\Buv]��@_�^fZB\�q)][^p^P��\B]@_�^p^Bjk]��hV)wLZ�_�^ Ö u¤�L�nu-|k�guvy�×2�kln��ZB_�\Buv]@wk_�\p�[V)i�jk_��@�@_c_E^�Z�jkwk_\B�EV8�@]@^�VhZ�]�qLw�lnj¤ok\�qgr�_�^�^Pj�^p´'�n_�w»��j%^PZB]�©�V8w�Z+�@_mr � q)]�tWª

Time

m
1

0 20 40 60 80 100

−
4

−
2

0
2

4
6

Time

m
2

0 20 40 60 80 100

−
4

−
2

0
2

4

Time

m
3

0 20 40 60 80 100

−
10

0
10

20

y%�2�3qLwkwk_�\+lk_�´ jkwk_`\�_�o%\B�E^P_�wLZ:VhZ�]�qLw¸a3£3UWaÚr�V)j%^BV)��_�_�Zp]@wg�)_�\�^B]�z%��_L�® �2�3��ZB_�\�uv]�w%_�\+^�V»\�_�o%\B�E^P_�wLZ:VhZ�]�qLw¸ln_�¼¿q)�[l��



° �3î�V8�[rIjk�@_�\�^�V{­�qLw%r2Z�]�qLwxl�� V)jnZBqnr�q)\�\B���@V8ZB]@q)w�465{�³ �p¥3��\�]�©%_�\�i�jk_
7 éIö ì 4 5 �=õ)�84 5 �P·E�

4 5 �' L�84 5 �=õ)� í ��Û
(Qjk][^ ��j%^PZB]�©%_�\+r�_`\B�E^Pjk��Z�V8Z+^BV)w%^�r�V)�@r�jk���¹ �3Îcw«o�qL^B_:9�h�3� ´¨�¦Ò<;�=>*?A@ 5CBADFEFEFE�D 5HG
IJB�K ��´v�P�co�q)jk\���Ù�·»_�Z/9�)�»� ´e�h��Uxq)w�Z�\B_�\iLj%_�o�q)j%\pZBq)jkZ1�fÙÐ·

´ � Ò ·
 ´ �S��� �L9� � Ô ·õNM �S��� 9� �S���

VY�)_�r
M � � OQP Lõ
M � � ÞQM � �P·�Ò¿Þ ��� �¦ÒSRB·�ÒÄÞ ��� â ��TÞQMY� ��·�Ò¿Þ ��� â � � ÒÆ��·�Ò¿Þ ��� â Ë �

À �3Îcw�^Bjkoko�qL^B_QrIqLwkwgj%^�´��YÈ������GÈP´VUm��_IZ�q)w`w%q8ZB_XW´VU âZY �X; => ? @ 5�B[DFEFEFE�D 5C\]K ��´VU âZY ���_�uv_�]@���@_�jk\-o%\B�Eln]@rIZB_�jk\v��]@wk��V)]�\�_¤ln_¤´ U âZY Ö VY�)_Er_^a` ·E×I�fî�V8�[rIjk�@_�\v�=� _�\B\�_�j%\ln_Wok\���ln][r2Z�]�qLw o�q)jk\"^ � ·LÈ�õk�Qokjk][^���_�wÍ^Pjko%o�q�^BV)wLZ_	 �)\:V8w%lÝ_�Z W´ U âZYXb; => ? @ 5]G�D �dceU3K ��´ U âZY �2�k_�wxlnq)wkw%_�\�jkwk_mV)okok\�qYtn]�u-VhZ�]�qLweo�q)jk\�^xi�jk_��@r�q)w%i�jk_L�


