
���������
	����������	 ��������������� �����  !�#" �%$%�����'&���()	�*

+-,/.10325476�8:9�;<,>=?038�@BADC2E9D03254)FE,>G�C8H6%IKJL CM 6ON

PDQRP SUT/VEWYX1Z\[^]KVY_`XDT
aBbdc:egfih�hkjmlmc:finobdpqjrp1fistsvughkj-wyxgz|{Ux>}�ckn�hknos�~ojrcBpqn�h�ft�)fts�����hR��hRc:jm��h�n3�?�gf��Kjm�kj%b7�
c:ft�3sqjm�7ug��c:finobgh%����ft��h�c�pDj-�3j%bgjm�:�3sift�%j�c:egj!l%st�3hkh�ftl%�3sDck�:�3l�c:�kf��d�g��no�gsij%��ckn�l%no�)�guEckj
c:egj)no���gfic�n3�1�!c:nH���gugsistjm��������lOegfist�|� �3bg��c:egjmb�pqj�l%no�)�guEckj)ckegj¡n3�k�gf�c�n����-�Eno�
p1egftlOe-��c�cO�3lO¢Uh?�^£�n3�o�oj%�m�
¤�j��3sihkn�hkeEn¥p¦egnHp¦c:egj\�)n3c:finobgh/���#�§�5j�~�fihkuY��stft�mj%�rp1ficke
wyxgz¨{�x>}>�

PDQª© «�¬^¯®d°`±�²E²E_R]¨±�°¡«�WY±�]KVEW³_B´
aBbµc:egj\¶¥·¸cke�lmj%b�c:uE����¹�n3ckc��º�kftjm��¤»ftsiegj%si�¯¼¨j%fi�gbgfi���gfth�l%ugh�hkj%�)c:egj��ºnosistnHp1ftbE�^�g�kn3�gstjm�-�
hkjmj¾½À¿��q¶mÁÂ�¦./ÃÅÄ36�2y0¾Æv03@ MOÇ 03@È@ª0 MOÇ 6k4�@`A�0 MOÇ 03ÃÅ2E9\Æ Ç 03@�ÃtÉ§@ Ç 6-A¸8%I%ÃÅ@�ÃÅ2�@ Ç 6�Ê5Ë�032K6
476OÉ M 8ÌÃÈI�6k4¾I%Í�@ Ç 6§Æv03@ MOÇ 0¸É§@ Ç 6�6�254�ÊYA¸ÃÅ2Y@\A`Î¡@ Ç 6 MOÇ 03ÃÅ2ÏÃtÉ�Ê5Ð�ËÅËt6k4¾03ËtA¸27Ñ�0�É�@È8k03Ã�Ñ Ç @
ËÒÃÅ2K6�Ó

¼Ôj�c?Õ¡�5j\ckegj\stjmbg�3c:e!n3�>c:eEj�lOeg�3ftb|��Ö�eEj��E�kno�gsij%�×fih�j#�3h�fts��¡h�nosi~3j%��fi�>pqj��3h�hkug�)j
c:eY�¸c?ckegj��5nofibUcR�Bsift¢3j^pq��cklOe�fth?ftbgf�c:ft�3sts���n3b-c:eEj�Øg�B�¸��fthÙ��cÙckegj��<nofib�cµÚÈÕ³Û:Ü�Ý��5�3bg��c:eY�¸c
h�c:�3��ckftbg�¾��cµckegj!no�kfi�oftb�pDj-�Eugsts�fibÞckegj!�gft��j%l�c:ftn3bÏn��Ùckegj-�5noh�fic:f�~ojrß��`�¸��fih%�Ù½À¿¥Áà�^ÚÈlm�`�
��ft�3ug�kj�¶3�i¶¥ÝÌ�

á�âtã5ä³åYæ�ç�è�ç3éqê|ëiì#í`í`î�ï�ì#ë>ðUñ�ì�ï�ò�ñRîôóYõ

0 2 4 6 8 X

1

2

3

4

5

6

7

8

9

Y

Watch
[x,y]

Chain of length a=10



� � õ���ì����	��ñ�
��gõ��ì%ñ�ò������
Eì������3õ����ñ������� �ï����
�³��no� ��fi�oug��jr¶o�i¶�pDj�fi���)j%�gft��c:jmsi��no�Ec:�3ftb�ckegj)�ºn3ststnHp1fibg�r�gfi�<j%��j%b�c:ft�3s
jm�7ug��c:finob

�ºno�/c:eEj�uEbg¢UbgnHp1b-�ºugbgl�c:finob!ß|ÚÅØ<Ý �
ß"!$#&% ' Õ�()%�Ø*(

Ø + Ú`¶o�i¶HÝ
Ö n�h�nosi~3j-,��UuY��ckftnob�Ú`¶o�i¶HÝ/pDj\nobgs��§bgjmj%�-ckn�ftb�c:jm�o�:��ckj.�/10325476�8 9	:<;�=?>A@A:<;�BDC�EA6GF�C?E"H�IGFKJLFDHNMPO�Q

ßR�S#T%VU ' Õ ( %�Ø (
Ø W Ø�X7Y/103254"=AZ\[�]D^	Z`_G0<;ba	B	^?c"de;f0�H*J�=?0`[	g"h.^�Z.O	HiQ

ßR�j#k% ' Õ�(l%�Ø*(DX!ÕDsib¨Úà¿3Ý	X�Õvstb|ÚÂÕ7Ý	X!ÕDstb|ÚÂÕmX ' Õn%�Ø ' ÕoXdØ<ÝD%§ÕvstbÔÚÅØ<Ý	XpYyÚ`¶o�ô¿3Ý
wyxKq³{"r��gn7j%h�bEn3c\ftbglmstug�Ej�c:egjµlmnobghRcO�3b�c\p1egj%b��5j%�R�ºno�k�)ftbg�¡ftbg�gj sYbgf�c:j�fibUckj%�o�k��c:finob|�t n-pDj§���g�gj%���3b�ftb�ckj%�o�k��c:finob�l%nobghRcO�3b�c�Y¥�r¤�j)l#��b��gjmckj%����fibgj�f�c:h\~��3stugj)���¾ughkfibg�
c:egj\fibgfickf��3s³l%n3bg�gfickftnobrßKÚÂÕ7Ýu# ÜD�/7Ov254P=�h	^`a�de;\= cAg�=*;bF.4.B<J-0�HiJwO	HiQYx�j#&%ÙÕDsibÔÚà¿3Ý�%dÕDsib¨ÚÂÕ7Ý
Ö�egj%��jm�ºno��j�c:egj\hkn3stuEckftnob§ckn)n3ug�1�g�kno�Estj%�'fth/103254yO`h?[	g�Zz9{de;f0mJ|^?93J}=?0�[�g"h.^�ZAO�HiQ

ßR�j#k% ' Õ�(~%�Ø*(3XÏÕDstb�� ÕxX ' Õ�()%�Ø*(
Ø � +

¼Ôj�c uEhÙbgnHp �3h�hkug�)j\c:eY��c1ckegj�no�U£�j%lmc?c:n)�5j��guEststjm�-fihÙfibgfickf��3sisi��nob�c:egj�ß��`�¸��fth1�¸c
c:egj��<nofib�c�ÚÂÜ�ÛOÕ7Ý �3bg��ckeY��c^pDjµh�c:�3��c��Eugstsiftbg���3���3fib���c^ckegj�no��ft�ofib|�5�guEc^ckegfth ckft�)j�fib
c:egj\�gfi�kjmlmc:finobrn3�>c:egj\�5nohkf�c:f�~oj^Øg�`�¥�Efih%�� nobghkfi�gj%�Dc:egj��5noftb�c�ÚºØÔÛ:ßKÚºØ<Ý�Ývnob§ckegj^no���gficqn3�Ôc:egj^n3�7£�j%l�c#��Ö�egj�j%bE�g�<n3ftb�c�n3�¨ckegj
lOeY�3fib¡nob)c:egj1Øg�`�¸��fihDfihq��cvc:eEj �5noftb�c ÚºØ�%�ß|ÚÅØ<Ý���ß ! ÚÅØ<Ý�ÛOÜoÝ��Uc:eY��cDfth�p1egjm�kj ckegj1cO�3bg�3j%b�c
ftb�c:jm�kh�j%lmckh�ckegj)Øg�B�¸��fth¡Úºckegfth\fth\c:eEj�hk�3��j)�5noftb�c\p1egftlOe¾pqn3ugst���<j)no�Ec:�3ftbgjm�¾�ºn3��nobEj
h�ckj%�dn3���?jmp�cknobe� hµfic:jm�:��ckftnob��ôÝÌ��Ö�eEj%�kj��ºno�kj���c:egj�l%nobg�Efic:finob�ckeY��c�c:egj§lOeg�3ftb�eg�3h�ckegj
l%nobEh�cO��bUc?sij%bg�3cke�Õ³�Ysij#�3�Eh/c:nµc:egj\�gf��Kjm�kjmbUckf��3sKj%�UuY��ckftnob

ß|ÚÅØ<Ý (
ß ! ÚÅØ<Ý ( XÏßKÚºØ<Ý ( # Õ ( Û Ú`¶o�j�oÝ

p1egftlOe�l%�3b�bEn�sinobg�ojm�
�5j?h�nosi~3j%�)�gft��j%l�c:si�����µ�UuY�3�g�k��c:uE�kj3��Ö�eEj%�kj��ºno�kj�pDj1bgj%jm��c:n\l%�3sts
c:egj\�gf��Kjm�kjmbUckf��3s<j%�UuY��ckftnob�hkn3si~ojm���*���{�G�$�Y�/Vc.9"B{=.=GZ`��9K;��50m�\H*Q/�dA>�254k;f0<;|FDH`I��"Z`_A_v;f0<;|FDHiJ-F$HAH	C?E1M�0<;|FDH	C?E14�B$C?EvQ

6����j# �KÚºØ<Ý (
Úv���� �KÚºØ<Ý�Ý|( XÞ�KÚºØ<Ý ( # Õ (

/V]�2�4����"=`h	^`a�d�;�dA><J�0v;|F$HAH? m2/V]i¡�2�4D=GZ�[�]"^�Z�_A0<;5]3J�=?0`[	g"h.^�Z.O	HiQ



ê � ì��¨ò���ñ��HõDð � ��ðUñ�ì�ï�ò�ñRîÒóµì������oî��\î�ëiì%ñ�ê��Hñ
	 �kí �
Ê� �j# � ØR%�� %1�KÚºØ<Ý ( XÏÕ ( X�Õvstb|Úà¿oÝvXÏÕDstb|ÚÂÕ7ÝX\Õvstb��³Õ X�� Õ-%��KÚºØ<Ý� Õ XÞ�KÚºØ<ÝkÝ�%dÕDsib¨Úº�KÚÅØ<Ý��n% ���w# ÜEÛ

Ø�X�� %1�|ÚÅØ<Ý|(3X�Õ�(l%�ÕDstb|Úà¿oÝ�%ÞÕvstb|ÚÂÕ7Ý% Õvstb��YÕoX�� ÕL%��|ÚÅØ<Ý� Õ XÞ�KÚºØ<Ý:ÝvXÏÕDsib¨Úº�KÚÅØ<Ý��n% ���w# Ü��
�3bg�rpDj�no��cO�3fib§cBpqn�hknosiuEc:finobgh%���qj%l%�3ughkj�n3�>c:egj\fibgfickf��3s5l%nobE�gfickftnob/V]DEK2�4D=�c.g�=�;���F.4��vJ 0v;|F$Hz4	B �vJ�]*¡AH�Q

Ê"!V�j# ½kÕvstb¨ÚÂ¿oÝvX�Õvstb|ÚÂÕ7Ý�% ���w# ÜEÛv%ÙÕDsibÔÚà¿oÝK%ÞÕDstb|ÚÂÕ7Ý�% ���p# Ü
Á
pqj\no��cO�3fib!cBpDn)j%�UuY��ckftnobgh�p1egfilOe�pDj\hknos�~oj��ºno�/ckegj�cBpqn�l%nobghRcO�3b�ckh?�/V]$#m2�4�[DB`]m;5cD6A/{=`h.^�a	de; c�J�%'&$¡AH*J�]{E"H*Q

Ê)( �S# ½�ÕDstb|Úà¿oÝvXÏÕDsib¨ÚÂÕ7ÝÌÛv% ÕvstbÔÚÂ¿oÝ�%dÕDsib¨ÚÈÕ�Ý�Á +
Ö�egj lmno�k��j%l�c��3bghRpqjm�/c:n�noug�q�E�kno�gsij%��fihvckegj �ºugbgl�c:finob�p1f�c:e¡ßKÚºØ<Ý+* Ü��3bg�¡ß ! ÚºØ<Ý-, ÜE�
Ö�egfth�fth)c:egj�n3bgj�p1fickeyc:eEj�h:�3�)j�fib�c:j%�3�:��ckftnob�l%nobghRcO�3b�cpY��3h§�5jm�ºn3�kj3� ¤�j�lOeEn�noh�j
c:egfihqh�nostuEckftnob����§l%n3���Y���kftbE��c:eEj^cBpqnµsifth�ckh�ÚºhknosiuEc:finobgh/��bg�rl%nobEh�cO��bUckhOÝDp1f�c:e§c:eEj/.1032
�ºugbgl�c:ftn3be�

/54"Zz]K;.;5c3J a$H`6A/76�Z�_86�; c{4{O�J�= c.g�=*;�%9&D¡z4�O�J a$H*J;:'< = =$HiJ ]$#<J�]*¡GHe�  KQ
Ø % � %?�KÚºØ<Ýb(uXÏÕ{(mXÏÕDstb+>�ÕoX � ÕL%��|ÚÅØ<Ý � Õ XÞ�KÚºØ<Ý:Ý�%ÞÕvstb|Úº�KÚºØ<Ý@? # Ü

�3bg�!no�Ec:�3ftb��3b!jm�7ug��c:finobr�ºno��c:egj\hkn3stuEckftnobrßKÚºØ<ÝÌ�
¤�j�l%nougsi�|�5n3��l%nouE�khkj��|eY�#~oj�no�EcO��ftbgjm��c:egfihÙjm�UuY��c:finob��3sihkn��U�-ftb�ckj%�klOeg�3bg�ofibg��ckegj

~��3�kft�3�gstjmh�Øy�3bg�dß¾ftb�,��UuY��ckftnob Ú`¶o� ¿oÝ��V�?n3c:j§ckeY��cµf�c�pDnougst�d�5j§�gfBA)l%ugs�c�c:n�h�nosi~3j,��7ug��c:finob�ÚR¶o� ��ÝqbUug�)j%�kfil#�3sisi�3�Ehkfibgl%j��ºno�/Øw# Üµpqj\eY�#~3j�ckegj\hkftbE�ougs����kficB��ß ! ÚÈÜ�Ý)#DC �

PDQ;E «�¬^¯®d¬�_R°`Z ±�T^Z VY¬^ «�X8F
¼¨jmc\ugh\bgnHp hknos�~oj)�r��no��j��ojmbgj%�k�3s��g�kn3�gstjm� �3bE��h�ug�g�5nohkjµc:eg��c��rlOegftsi��fth^pq�3st¢UftbE�
nobrc:egj\�gst�3bgj\�3sinobg����l%ug�R~oj��ofi~3j%b!���rc:egj�cBpDn)�ºuEbglmckftnobgh1n3�>c:fi��jHGÏÚJI�Ý/�3bE�LK¡ÚJI�Ý��t ug�g�5nohkj)bgnHp¯ckeY��c\c:eEj)lOeEftst��fih��Eugstsiftbg�§n3���Eughkegfibg��hkno�)j�c:nH�o�>������j%�3bgh\n3�q�
�kfi�oft�)�Y�3�/n��Ôstj%bE�3c:erÕY�
¤�j��3��j^ftb�c:jm�kjmh�c:jm�rftb§lmno�)�guEc:fibg��ckegj^no���gficDn3�¨c:eEj^c:nH��p1eEj%b
c:egj�lOegfist�¾fth�pq�3st¢UftbE�-���knougbE�|�§¼¨jmc¡ÚÅØ ÚJI�Ý�Ûkß|ÚMI�ÝkÝ^�<jµckegj��5noh�fic:finob�n3�qckegjµc:nH�o�¡�Y�kno�
��ft�3ug�kj�¶3�ô¿�c:eEj\�ºn3ststnHp1fibg��j%�UuY�¸c:ftn3bgh?�3�kj�no��cO�3fibgj%�e�
¶o��Ö�egj��Efth�c:�3bglmj��<j�cBpqjmj%b�c:egj/�5nofibUckh1ÚJGÞÚJI�Ý�ÛNK§ÚJI�Ý�Ý��3bg��ÚÅØ ÚJI�ÝÌÛ:ß|ÚMI�ÝkÝÔfth��3s�p/�#�7h�ckegj
sij%bg�3cke!n3��ckegj\�Y�3�%��Ö�eEj%�kj��ºno�kj

ÚJG %�Ø<Ý ( X ÚOK %dßgÝ ( # Õ ( + Ú`¶o�QP�Ý



� � õ���ì����	��ñ�
��gõ��ì%ñ�ò������
Eì������3õ����ñ������� �ï����
á�âtã5ä³åYæ�ç�è��Ué��D�kë ��ïRîºòÅî �kí�����ì����	��
>õ

Tvvelocity of toy

α

[X(t),Y(t)]

[x(t),y(t)]

vT
velocity of child Cv

vC

a

¿���Ö�egjµckn¥��fth���sipq�H�7h��)nH~�fibg�§fib�c:egjµ�gfi�kjmlmc:finob�n3��ckegjµ�Y�3�m��Ö�egjm�kj��ºno�kj�ckegjµ�gfi���
�ºjm�kj%bEl%jµ~ojmlmc:n3��n3��c:egj�cBpDnr�5nohkf�c:ftn3bgh fih^�§��ugs�c:fi�gstj�n3��c:eEj�~ojmstn7l%ficB��~ojmlmckno��n3�
ckegj�c:nH�o��� 
 # Ú�ØÔÛ�ßEÝ 
 �

� G %�ØK %dß � #�� � Ø ß � p1f�c:e �L* Ü + Ú`¶o���3Ý

�E��Ö�egj�h��<jmj%�¾n3��c:egj�ckn¥���gj%�5j%bE�gh\nob�c:egjµ�gfi�kjmlmc:finob�n3�vc:eEj�~oj%sin�lmficB��~ojmlmc:n3�����
n3��ckegj�lOegfist�|��� hkh�ug�)j3�|j��À�g���KckeY��c ckegj�lOegfist��fihÙpq�3st¢Ufibg�§nob���l%ft��l%sij�n3���k�3�gftuEh
Õ�ÚÈsij%bg�3cke�n3��c:eEj��Y�3�:Ý���aBb�c:eEfth^h��<jml%f���s l%�3hkj�ckegj�c:nH�-p1ftstsÔhRcO�#����cÙc:egj�l%j%b�ckj%�
n3��ckegj§lmft�klmstj¡�3bg��p1fists�bgn3c���nH~oj§��cµ�3sis^ÚÅc:egfih�fih�ckegj sYbY��sqh�c:��c:j¡n3�/c:eEj sY�khRc
bUug�)j%��ftl#��s|j��E�3�)�gstj��Yhkjmj�� ft�oug��jµ¶o� ��Ý��
�Y�kn3� ��fi�oug��j�¶o� ¿�pDjµhkj%j�ckeY��c�@ Ç 6��¡A%43Ð�ËÒÐ�É¡A`Î�@ Ç 6�Ä36�ËtA M ÃÅ@ÂÍ���� A`Î�@ Ç 6µ@BA¸ÍrÃtÉ
Ñ3ÃÅÄ36�2�I%Í)@ Ç 6��¡A%43Ð7ËÒÐ�É�A`Î�@ Ç 6qÊ58:A��#6 M @ÈÃàA¸2¾A`Î^@ Ç 6\Ä36�ËtA M ÃÅ@ÈÍ ���¦A`Î^@ Ç 6 MOÇ ÃÅË�4rA¸2Y@BA
@ Ç 6�IO038Ì�

aBbghkjm��ckftbg� ,��UuY��c:finob�ÚR¶o�!�oÝqftb�ckn�,��UuY�¸c:ftn3b�Ú`¶o�QP�Ý��EpDj\no�EcO��ftb
Õ ( #�� ( Ú"Ø ( X#ß ( Ý %%$ �w# Õ' Ø ( X&ß ( +

Ö�egj%��jm�ºno��j Õ' Ø*(�X'ß"( � Ø ßD� # � G %�ØK %dß�� + Ú`¶o�!(oÝ

¤�jÙpqnouEst�rstfi¢3j cknµhknos�~ojo,��UuY��ckftnob¾Ú`¶o�)(�Ýv�ºno�*Ø��3bE�+ß5� t ftbglmj^pqj�¢UbgnHp c:egj��)n��Eugstugh
n3�vc:egj�~ojmstn7l%ficB��~oj%l�c:no��n3�Dc:egj�c:nH�-, � 
 ,�#., � � ,`l%n3h0/D�Ôhkjmj§��fi�oug�kjr¶3�ô¿��¨ckegfth\l#��b��5j
�gnobgj\���§ckegj��ºnostsin¥p1fibg��hRc:j%�Eh?�
1 �?no�k���3stfi�%j1c:egj �gfi�<j%��j%bglmj ~ojmlmc:n3��ÚJG %�ØÔÛNK %�ßEÝ 
 �3bE�§no�Ec:�3ftbr��~oj%l�c:no�32�n3�
ugbEfic1stjmbg�3cke|�

154 j�c:j%����fibgj�c:eEj��g��n¸£�j%l�c:finob�n��6� � # Ú GdÛ K�Ý 
 nob�c:n!c:egj�hkuE�ghk�Y��l%j¡�3j%bgjm�:��ckj%�
���72��vÖ�egfih?fih1hkft�)�gs��¡c:eEj�h�l#�3st�3�1�g�kn7�gugl�c�� 
� 2��gh�ftbglmj	� 
� 2 #8, � � ,9, 2:,`l%noh�/
�3bE�;, 2<,A# ¶3�

1 � 
 # Ú�ØÔÛ�ßEÝ 
 # Ú=� 
� 2rÝ�2 +



ê � ì��¨ò���ñ��HõDð � ��ðUñ�ì�ï�ò�ñRîÒóµì������oî��\î�ëiì%ñ�ê��Hñ
	 �kí �

�ÙnHp¦pDj�l%�3b-p1��fic:j�ckegj��ºuEbglmckftnob�c:n)jm~��3stug��c:j�c:eEj�h��7hRc:j%� n3�
�gfi�<j%��j%b�c:ft�3s¨j%�UuY��ckftnobEh
ftb�wyxEz¨{�x }ÞÚºhkj%j��Ùst�ono��fickeg� ¶3�i¶¥ÝÌ�

��� ã��³åYâ��	��
 ç�è�ç3é�"���gï�òÅî �?���|õ
_�cA9�O�:"Z�h�9 4D=V4�_v;f:mJ 4$H
� �����D=����D=� �4PO��$ZG^��v;b:$HiQa743���"=�Q��D=� <Q
� 43���	6'4e;z¡AH*Q���6'4v;�E"Hz KQ
� 4 � I�9{hG@�[3; � HiQ4D= 4&;baK��� � H�� � Q

Ö�egjÙ�ºuEbglmckftnob �)l%�3stsih�c:egj?�ºugbglmckftnob"!$#)0	�A�µp1egftlOer��jmc:uE�kbghvc:egjÙ�<noh�fickftnob�ÚJGÏÚMI�Ý�Û�K¡ÚJI�Ý�Ý
�3bg�y~3j%sin�lmficB��n3��c:egj�lOegftsi� ÚJG&%UÚMI�Ý�Û�K'%7ÚMI�ÝkÝ)�ºn3�§���of�~oj%b ckft�)j)(5� �Ùh!�3b j��E�3�)�gsij
l%nobEhkft�Ej%�^��lOegftsi�-pq�3st¢UftbE�§nob�ckegj�lmft�klmstj GÏÚJI�Ý # ��lmnoh I+*�K¡ÚJI�Ý�#+�
h�ftb+IÌ�^Ö�eEj�l%no���kjÌ�
hk�5nobg�gfibg�µ�ºugbgl�c:ftn3b,!-#)0	�A�§�ºno�/c:egfih�l#�3h�j\fth?�

��� ã��³åYâ��.�/
 ç�è��Ué�"�`�gï�òÅî �?�-ê � î�ë ��õ
_�cA9�O�:"Z�h�9 ���<J��D=�J0�KJ0�$=? �4yO���Z�^G�e;b:�H*Q
�
� 4 12�.O`h"=*;f:�H*Q � 4 12�	=AZ 9m;f:�HiQ
�D= 476312�	=GZz9m;f:�H*Q �D=V4 12�.O�h{=*;f:�HiQ

wyxgz¨{�x>}§n3�<j%�khvcBpqn�4!� sYsij%h �A�$�6587��3bg�p�.�D�29.:µckn�fib�c:j%�3�:��ckjÙ�gf��Kjm�kjmbUckf��3sYjm�UuY��c:finobghm�
aBb�c:egj��ºnosistnHp1ftbE�Ù���3ftb��g�kno�3�:�3� pqj/p1fistsEl%�3sts�nobgj/n��<ckegj%h�j1�ºuEbglmckftnobgh
�3bg�)�3sth�n��gjzsgbgj
c:egj)ftbEfic:ft�3s>l%nobg�Efic:finobgh�Ú��?n3c:j�c:eg��c\�ºno� IL#'Ü!c:egj)lOegftsi��fih���c\c:egj)�<n3ftb�c¡Ú ��ÛOÜoÝ\��bg�
c:egj�ckn¥�r��c�ÚR¶HÜ�ÛOÜ�ÝkÝ��

/./ � [$B�Zz9*¡/; [/./10 ��4 ��¡ � �A <�.Q/./ ��:�0. �47hA�	d�<81�;��f_<�.J��;�7¡ � �G KJ50 �DH*Q/./7OG^�_KQ��{h	^G��h`93Q/./�BAF{Z	=�;D� 6�=P¡ ��6�= ¡ �G $HiQ/./�BAF{Z	=�;�� =?>�c{BG@�dv�\H*Q/./V]D^GhG:v;b0<;{2GJ\¡AHiJ50<;{2GJ|E{H.H*Q
aª��pDj��gsin3c�c:eEj�cBpDn¡lmnostug�)bgh1n3��ß§pqj�no�EcO��ftbrc:egj�no���gfic?n3� c:egj\c:nH��ÚÈl��`�5��ft�ouE�kjµ¶o� ��Ý��
�Yug��ckegj%����no��jDpDj1�3�g��ckegj�l%ug�R~oj1n3�Yckegj�lOegftsi��ftb�ckegj/hk�3��jq�gstn3c p1ficke�c:egj�hRcO��ckj%�)j%b�c:hz�

/./1:�4 �m2;�>; �31K2?=>; #/./ ���<J��D=iJ0�mJ0�$=? �4yO��$ZG^G�e;b:$HiQ/./V]D^GhG:v;@�KJ?�mJA��2G� H/./,�"h.^G��hG_._KQ



� � õ���ì����	��ñ�
��gõ��ì%ñ�ò������
Eì������3õ����ñ������� �ï����
á�âtã5ä³åYæ�ç�è���éqê � î�ë � � ì#ë �oí �?��ò � �\ê|îÒñÌïRë �%õ

-4 -2 0 2 4 6 8 X-6

-4

-2

0

2

4

Y

�Ùn3ckj�c:eY�¸c^c:egj�sij%bg�3cke�n3�vc:egjµ�Y���\Õ-�gn7j%h�bgn�c��3�g�5j#�3��jÌ�E�Estftlmficksi��ftb�ckegj��g�kno�3�:�3�)h *
ÃÅ@\ÃtÉ�476���2K6k4¾Ã � Ê5ËÒÃ M ÃÅ@ÈËÒÍ�I%Í¾@ Ç 6µÊYAHÉ�ÃÅ@ÂÃàA¸2 A`Î§@ Ç 6�@BA¸Í¥9��ªÃÅ2YÃÅ@ÈÃÈ03Ë M A¸2543ÃÅ@ÂÃàA¸2��H9�03254�@ Ç 6
ÊYAHÉ�ÃÅ@ÂÃàA¸2¾A`Î�@ Ç 6 MOÇ ÃÅË�4	� ÎÌÐ�2 M @ÈÃàA¸2 !-#0	�A�
�?Î#A¸8-I)# ÜE�

¤�j/lmnobglmstug�gjvc:egfih�h�j%lmckftnob�p1f�c:e�h�no�)jq�)no�kjvj��E�3�)�gstjmh%��¼Ôj�c
c:eEj/lOegftsi���5jqpq�3st¢UftbE�
�3stn3bg��ckegj§�o�k�3�ge�n��1��hkfibgj��ºuEbglmckftnobe� GÞÚJI�Ýn# I��3bg� K§ÚJI�Ýn# �
h�ftb-IÌ��Ö�eEj§lOegftsi�e� h
l%ug�R~oj�fih �����3ftb��gsin3ckckj%�-p1f�c:e��)�gn3c�c:j%��stftbEj3��¤»ficke-c:eEj�ftbEfic:ft�3s|lmnobg�gf�c:ftn3bgh?Ø ÚÈÜ�Ý # Ü
�3bg�!ßKÚÂÜ�Ýu# ¶HÜ�pqj�no�Ec:�3ftb!��fi�oug��jµ¶o�QPE�

aBb�ckegj\bgj��7cÙj��E�3�)�gstj��gc:egj\lOegfist�!fth?�3����ftb§pq�3st¢UftbE�)n3b�ckegj�lmft��l%stj/GÞÚJI�Ý)# �
l%noh IÌ�K§ÚMI�Ý # �
hkfib-IÌ�Ù¤»f�c:e-ckegj�fibgfickf��3s|lmnobg�gf�c:finob�Ø ÚÈÜ�Ý # Ü¡�3bg��ßKÚÂÜ�Ýl# ¶HÜ��5pDj�no�Ec:�3ftb��
bgftlmj��YnHpqjm�R�ªstft¢�j\no�k�gf�c�n3�>c:egj�ckn¥��ÚÈlm�`�³� ft�oug��j�¶o�!�oÝ��

PDQ� «�¬^���X����vÔW ±�T^Z Vg¬^�� X��
¤�j�l%nobEhkft�Ej%� ckegj��ºnosistnHp1ftbE���g��no�gsij%�����\£�no�o�3j%�?fth ��ugbgbgfibg�r�3sinobg�)egfth?�È�#~ono��fic:j�c:�k�3fts
nob�c:eEj��gs��3bEj/ftbµno���gj%�
ckn\�ojmc�eEfth��Y�3fisi��j���jm�kl%fihkj�� t ug�g�gjmbgsi�3�Uegj�fth
�5j%fibg�\��c�cO�3lO¢�j%�)�U�
���gn3�g�
Ö�egj^�Eno��fihD��ugbgbgfibg��p1f�c:e§lmnobgh�c:�3b�c/h��<jmj%���»c:nHp/���k�ghqckegj�£�n3�o�oj%�m� � no�)�guEckj
c:egj\no���gfic/n3� ckegj\�gno�g�

Ö�egj§no���gfic�n3��ckegj¡�gn3��eY�3h�c:egj��g�kno�5j%�RcB��ckeY��c�c:egj�~oj%sin�lmficB��~3j%lmckno��n3��ckegj¡�Eno�
�<n3ftb�c:hr�¸c!jm~ojm��� ckft�)j�c:nÞfickhr�on��3sÂ��c:egj¡£�no�o�3j%�%� ¤�j��3h�hkug�)j�c:eY�¸crc:egj¡£�no�o�3j%�§fih
�kugbEbgftbg�?nob�hkno�)j�c:�:��ftsU�3bg��c:eY�¸c�egfihÔ��n3ckftnob\fih �gjmhklm�kft�5j%������ckegjDcBpDnÙ�ºuEbglmckftnobgh GÏÚMI�Ý
�3bg� K§ÚMI�Ý��
¼¨jmc�ugh1��hkhkuE��j^ckeY��c/�ºno� I)# Ü�ckegj��gno�µfih/��cqc:egj��5noftb�c�ÚºØ��HÛ:ß��ÌÝ��E�3bg�rc:eY�¸c1��c/ckft�)jHI
egfth��5noh�fic:finob§p1ftsisK�5j�ÚºØ ÚJI�ÝÌÛ:ßKÚJI�ÝkÝÌ�
Ö�egj\�ºnostsinHp1ftbg��jm�UuY��c:finobgh1egnosi�e�
¶o� Ø ( X&ß ( #�� ( ��Ö�egj\�gn3�)fih��kugbEbgftbg�µp1f�c:e�l%nobghRcO�3b�c?hk�5j%jm�|�
¿���Ö�egj�~3j%stn7l%f�cB��~3j%l�c:no�1n3�Ôc:eEj��gno�µfth��g�3�:�3sistjms³cknµc:egj��gf��Kjm�kjmbgl%j^~3j%lmckno�1�<j�cBpqjmj%b



ê � ì��¨ò���ñ��HõDð � ��ðUñ�ì�ï�ò�ñRîÒóµì������oî��\î�ëiì%ñ�ê��Hñ
	 �kí �

á�âtã5ä³åYæ�ç�è��Eé��¨óUì � �Yë ���oõ

0 5 10 15 20 X
-5

0

5

10

Y

á�â�ã³ä5åYæ�ç�è��Ué>�Kë �
	v��ñ���ñz�¥îºòBõ

-20 -15 -10 -5 0 5 10 15 X

-15

-10

-5

0

5

10

15

Y



� � õ���ì����	��ñ�
��gõ��ì%ñ�ò������
Eì������3õ����ñ������� �ï����
ckegj\�<noh�fickftnobrn3�>c:eEj/£�n3�o�oj%�1��bg��ckegj\�gno���

� Ø ß$� # � � G %�ØK %dß�� p1fic:e � * Ü +
aª� pDj�hkug�ghRc:f�c:uEckj\ckegfth�fibrc:egjosY��h�c?j%�UuY��ckftnobrpDj�n3�EcO�3fib

� ( # Ø ( X#ß ( # � (������ ����� �
G %�ØK %dß � ����� �����

( +
Ö�egfth�jm�UuY��c:finob�l#�3b!�5j�h�nosi~3j%�!�ºno� �v�

�w# �

���
���
����� �� �	� � ��� ��� * Ü +

��ftbg�3sts��o�³hkug�Eh�c:f�c:uEckftnob�n��vckegfth j����g�kjmhkh�ftnob��ºno����ftb�ckegjµhkjml%nobg��jm�7ug��c:finob��7ftj%si�gh ckegj
�gfi�<j%��j%b�c:ft�3sKjm�UuY��c:finob�n3� ckegj\no�k�Efic�n3�>c:eEj��Eno���

� Ø ß$� # �

���
���
�
��� �� �	� � ��� ��� �

G %�ØK %�ß�� + Ú`¶o�ô·3Ý

� ����ftb pqj�p1ftsis^���3¢3j�ugh�j�n3��nobgj�n3��c:egj 4!� sgstj%h �A�D�6567��� no� �A�$�29.:��� cknÞftb�c:jÌ�
�o�:�¸c:j^c:eEj�hR��hRc:jm� n��
�gf��Kjm�kj%b�ckf��3s|jm�UuY��c:finobghm�v¤�j�bEn3c:fil%j^c:eg��c1c:egj�h��7h�ckj%��ÚR¶3�ô·oÝqeg�3h
��hkftbE�ougs����kficB�¾p1egjmbÏckegj!�gno�¾�kj#��lOegj%h�c:egj�£�no�3�oj%�m�daBbÏckegfthµl%�3hkj!c:egj!bgn3�k� n��Ùckegj
�gfi�<j%��j%bglmj^~ojmlmc:n3�Ù�5j%lmno��jmh��%jm�kn��3bg�rpqj�eY�#~oj�ckn)hRc:no�rckegj\ftb�c:jm�o�:��ckftnobK�
Ö�egj��3�5n¥~3j
��jmb�c:ftn3bgj%��wyxgz¨{�x>}Þ�ºugbElmc:finobgh��ºno��fibUckj%�o�k��c:fibg���gfi�<j%��j%b�c:ft�3sDjm�UuY��c:finobgh��kj%�Uugfi�kjr��h
ftbg�EuEcD�3b¡fibUckj%�R~3��s5n��|c:egjÙftbg�Ej%�5j%bg�gjmb�cq~��3�kft�3�gsij3��w�xgz¨{�x>}!�g��nH~�fi�gj%hq�3sth�n�ckegj �5noh�hkf��
�gftsificB��c:n��gj sYbgj��3bgn�c:egjm�1ckj%����fibY��c:finob§lm�kfickj%��ftnob¡�ºn3�/c:egj\ftb�ckj%�o�k��c:finob|�E�Efi�<j%�kjmb�c��º�kno�
�§�ofi~3j%b¾ug�g�5j%���5nougbg���ºno�^ckegjµftbE�gj%�5j%bg�Ej%b�c�~��3��f��3�Estj3��aªc\fth��5noh�hkft�Estj�ckn!ckj%����fibY��c:j
c:egj¡ftb�c:jm�o�:��ckftnob¾����lOegjmlO¢Uftbg���%jm�kn�lm�knoh�hkftbE�oh�n3�?�-�ºuEbglmckftnob|��aBbdnoug��jÌ�E�3���Estj§nobEj
pqn3ugst�-stft¢�j�c:n�ckj%����fibY��c:j\fibUckj%�o�k��c:finob!p1egj%b�ckegj��Eno�¡��j#�3lOegjmh c:eEj1£�no�o�3j%�%�³fÂ�Àj��³p1eEj%b
���
���
ÚJG %�ØÔÛ�K %dßEÝ 
 ��� ��� �5j%l%n3��jmh¨hk���3stsÂ�¨aBb�n3�k�gjm�|c:n��gn1hkn�pDj�eY�#~oj�c:n?�3�g���qckegft����ftbg�gu�c�3bg�¡cBpDnµ�)no�kjÙnouEc:�EuEc��Y�3�k�3�)jmc:jm�khqckn�c:eEj 4!�ª�ºuEbglmckftnobR���������ÚÈh�j%j �Ùst�on3�kfickeg� ¶o� ��Ý��
Ö�egj§fibUckj%�o�k��c:n3� �A�D� 587¾no�}�A�D�89.:�l#�3sisth�ckegj¡�ºugbElmc:finobdftb�cBpqn�pq�#��hz�§Ö�egjRsY��h�c�nobEj
l%nobEhkfthRc:h\n3�D�g�kn3�g�gftbE�!ckegjµc:egfi�k���Y�3�k�3�)jmc:jm�%�µÖ�egjµ�ºugbElmc:finob�c:egjmb���jmc:uE�kbgh\nobgs���ckegj
�Y�3�k�3��j�c:jm� .*�"�vc:egj\hk�5j%jm��n3� c:egj��gno�g�vaBb-ckegj\hkjml%nobg�-p/�#�rc:eEj�¢�jm�Upqn3�k�����.����� (*���
fth��3hkh�ft�obgjm�µc:n^c:eEj��Y�3�:����j�c:j%� �������³��Ö�egfth�¢3jm�UpDno�k�)c:jmststh>c:egj/�ºuEbglmckftnob�ckn��kjmckug�kbµckegj
�%jm�kn��ªl%�kn3hkhkfibg���ºugbElmc:finob¡fib¡c:eEj sY��h�c�nou�c:�guEc+.�����Ö�egj hkj%lmnobg�rnou�c:�guEc 0���($����0����D��fih
��sino�oftl%�3s|~ojmlmckno� c:eg��cÙckj%sisth1c:egj�ftb�c:jm�o�:��ckno�%�³p1egfilOe�l%no�)�5nobgj%b�ckh^n3�
ckegj-sY��h�c�n3uEc:�gu�c
�ºno�klmj§c:egj!�g��n�lmj%�guE�kj!c:n�h�ckno�Ïp1eEj%b�ckegjm���<jml%no�)j!�%j%��ng�7,
~oj%�R�Ïl%no�)�<n3bgj%b�cµp1ficke
c:egfihD�E�kno�5j%�RcB�¡fihD���3�k¢�j%�§p1f�c:e§��bgnobg�mj%�knµjmb�c:����ftb 0���($����0����D���DÖ�eEj c:egfi�k�§n3uEc:�gu�c
�Y�3�k�3��j�c:jm� �10��D� !$("0	����fthÙ�3sihkn§�)~oj%l�c:no�Ùc:eY��c ftbg�Eftl#�¸c:j%h1�ºno�?j#�3lOe�lmno�)�<nobEj%b�c^n3��.*�
fi� �%jm�kn¡lm�knoh�hkfibg�oh?hkeY�3sis¨nobgs��r�<j��kjm���3���gj%���ºno�1ftbglm�kj#��hkftbE�)~��3siugj%h�Ú��10��D�	!�("0	����� �¥Ý��
�gj%lm�kj%�3hkfibg��~��3stuEj%hrÚ �10!�D�	!$("0������#"$�¸Ý�no��fib��5n3c:e�l%�3hkjmh�Ú��10��D� !$("0	�����&%UÝ���Ö�egj
l%nobE�gfickftnob��ºno���mj%��n�l%��nohkh�ftbg�oh�fth�lOeEj%lO¢3jm��fib�c:eEj¡ftb�ckj%�o�k��c:no�m��Ö�egj¡hk�5j%j%� �'n3�/ckegj
�gno�µ��uEh�c?�<j��Ej%l%st�3�kjm�!�ostno�g�3sKfib������r�3bE��fib§c:egj\���3ftb¡�g�kno�3�:�3���
Ö�egj�no�k�Efic�n3�Ôckegj
£�no�o�ojm�/fth1�of�~ojmb����rckegj 4!�ª�ºugbElmc:finob('D���	�D�����)K�



ê � ì��¨ò���ñ��HõDð � ��ðUñ�ì�ï�ò�ñRîÒóµì������oî��\î�ëiì%ñ�ê��Hñ
	 �kí �

��� ã/�5åYâ �	��
 ç�è ��é>�"�`�gï�òÅî �?��� ���7õ
_`c.9$O�:DZ`h`9 �O4D=iJ�Z	=z:�d�@`[*Z 9"B.^vJf�{Z�@	d{O�:"Z�h�9� N4��.hA�v;f:mJ 4KJf_	^ABG�$HiQ
��	^Ah�g"B	^ � � � 4 = ]"dAdA��hG_�:��{d��	hA�
�A4��.hG�.�	d�@<;f:�HiQ
��4���6 4KQ9 �{419{hG@`[�; ��HiQZ�_19"B�@	�"Z 9�� #
	}Z	=`dz[�]	:.0<;b_�^GBA�$H � 9"h�@`[$B.^ h`c	:G]Ac�:4D=?4&; � I?93��H�����Qd.^{=�d = � Z�:DO �m;b_�^ABG�$HO�B{=`dk�bd�a�d�9�:$=i� � B�: 9"h�@`[3;?�*Hz4�� :$�"d�@�d Z	= By=GZz9���cD^GBG@"Z�:.04D=?4193�"6D¡?d.69#vQ � 4	d�@�h O�@	h"=A=AZz9���B�: ]"h"=3%G�.hA�.4`]"h{= %��AhA�A�	dG@Z	=z:�d�@`[*Z 9"B.^G4 ¡*Q � :��$Z	=�Z	= By=z:�h�].]�Z 9{��d�a�d�9�:�"Z?@�d�O�:DZ`h`9�4 �<Q � �	h�93� : O�BG@	d Z`_��.d{O�@	d.B{=`d�h�@PZz9�O?@�dAB"=`dhG:$�"dG@ � Z.=`ddG@A@�h�@<;D�`� <A9�A9{h � 9�_	^ABG��2 � _�^GBA�A $HiQd`9��d�9{�

Ö�egj¡���3fib��g��no�o�k�3� $� 0 � 5��)��gj sYbgj%h�ckegj¡fibgfickf��3s�l%nobg�Efic:finobgh��3bg��l%�3stsih��.�D�6587��ºn3�
c:egj�fib�c:j%�3�:��ckftnob|�¦¤�j�eY�#~oj�cknÏ�E�knH~7ft�gj��3b uE�g�<jm�r�<n3ugbg�»n3�\c:egj�ckft�)j I)�ºno�¡ckegj
ftb�c:jm�o�:�¸c:ftn3b|�

/./ � [$B�Zz9"E; [/./ ��^Gh`g{B	^ �/./10 ��4 ��= �<Q�� �G KQ � Zz9$Z�:DZ`B	^�O`h`9��"Z�:"Z�h�9�=�J =?:	BG@.:"Zz9��V]"h�Zz9	:7hA_�:��{d��	hG�/./ � 4 ¡ �vQ � � = ]{d.dG��hA_�:$�"d��	hG�/./�h`]	:DZ`h`9�=?4�hA�.d"=�dG:<;	����d	^��	h	^e�.J�¡zd	6 1vJ.���Aa	d`9.:$=i�.JG�bh`9�� H*Q/./ ��:KJ �. �47hA�	d.E9#�;��f�.hA�<�.J{� �<JbE9�A <J 0��<Jbh�]	:"Z�h?9�=.HiQ/./7OG^�_KQ��{h	^G��h`93Q/./�BAF{Z	=�;D� 6"¡ �vJ�¡ �9�<Jb6D¡ �vJ��9�A $H*Q/./V]D^GhG:v; �<;{2GJ\¡AHiJ?�<;{2GJ|E{H.H*Q/./��`4��� <Q
/./ _	h�@ �{4 ¡i2 ^Ad`9��A:$�m;b:$HiJ/./ � 4��.hA�A�	d�@<;b:v; ��H.HiQ/./ �14�����Q � �  KQ/./�d`9��KQ/./V]D^GhG:v;��i;{2GJ\¡AHiJ��i;{2GJbE"HiJA��2��.J.�@&.h.^AhG@K�.JA� @�dG�K� HiQ

Ö�egj\ftb�c:jm�o�:�¸c:ftn3b§p1ftsts<h�ckno�-jmfickegj%�1fi�Ôckegj�uE�g�<jm�1�<nouEbg���ºn3�/c:egj�c:fi��jHI/fth���j#�3lOeEj%��n3�
fi�5c:egjÙ�gno��l#��cklOegj%hqug��p1f�c:e�ckegj
£�no�o�ojm�%���Yno��c:eEjÙst��ckckj%��l#�3h�jÙpDj h�jmcvc:egj �³�3���"�$��� (*�
n3�³c:egj�� 4 ,�no�Ec:finobgh
ckn � �����Ì�
Ö�egfth�ckj%stsih�c:eEj�ftb�c:jm�o�:��ckno��ckn�lOeEj%lO¢��ºno���mj%�kn\lm�knoh�hkftbE�oh
n3��ckegj��ºuEbglmckftnob �����!l#��ststjm��p1f�c:e"������� � ���	�$��� (*� �Ì� �Ù�Åckj%�Ùckegj�l#�3sisÔckn��A�D�6567§ckegj
~��3�kft�3�gstj���lmnob�cO�3fibgh��§cO���gstj�p1fic:e�ckegj�~��3stuEj%h�n3��c:eEj�cBpqn!�ºugbgl�c:finobgh Ø ÚMI�Ý^�3bg��ß|ÚMI�Ý��
¤�jµ�Estn3cÙc:egj�no���gfic n3�Dckegjµ�gno�rh�ft�)�gsi�-����ckegjµh�c:��c:jm��jmbUc 2*�{��(���� �"!# �$%#�� �&!# 5&$'$7�



��� � õ���ì����	��ñ�
��gõ��ì%ñ�ò������
Eì������3õ����ñ������� �ï����
aBb!no�k�gjm�/c:n�hkeEn¥p¦�3sth�n�c:egj\no���gfic/n3� ckegjD£�no�o�3j%�/pDj�eg�H~3j�c:n��kjml%no�)�guEckj�fic1ugh�ftbg��ckegj
~ojmlmc:n3��I/�3bg�!c:egj��ºugbElmc:finob('D���	�D���³�

¼Ôj�c^ugh bgnHp l%no�)�guEckj����ºj�p jÌ�E�3���Estj%hm� � ft�khRcÙpDj�sijmc ckegj1£�n3�o�oj%�Ù�kugb��3stnobE�)ckegj
Øg�`�¸��fih?�

� � ã/�5åYâ �	��
 ç�è��Eé�|îÒñRíÌò������ �.��ñ �¨óUì � �Yë �%õ
_`c.9�O?:DZ`h`9 =V4��.hG�.�.dG@<;f:�H*Q= 4 ���8��:mQ �A KQ

aBb§c:egj^�3�<nH~3j��¡�3fib¡�g��no�o�k�3� pDj�lOegnoh�j^c:egj hk�5j%j%�!n3�Ôckegj^�gno����h � # ¶HÜ��g�3bg�rh�ftbglmj
egj%��jµpqj�eY�#~oj GÏÚMI�Ýx#��'I c:eEj^£�n3�o�oj%��fih�hksin¥pDj%�m� � h�pqj�l%�3b�h�j%j)ftb¾��fi�oug�kj¡¶o�!(§ckegj
�gno��fth�l%��c:lOeEftbg�µc:eEj��5n7no� £�no�o�ojm�%�

aª�¨pqj p1fihke¡ckn�fibg�gftl%��c:j1c:eEj^�<n3hkfickftnob)n3�|ckegjv£�no�3�oj%�z�Àhvc:�kn3ug�gstjmh%� �iÊY6�8 Ç 0�ÊYÉ @BA)I%Ð7ÃÅË�4
0�É �)03ËÅË��¡6 �¡A¸8ÌÃÈ03Ë �¸��pDj�l#�3b��¡��¢3j\ughkj\n3�>c:eEj\�ºn3ststnHp1fibg�nsYsij�!����"�{� �)

��� ã/�5åYâ �	��
 ç�è��Ué �Dñkì 	Ôî � ��ì)êKñ��%í`í�õ
_�cA9�O?:DZ�h�9PO?@�h"=A=*;�&AFKJ@&G0KJ a�H
� �A@	B � =VBG:�]"h{=AZ?:DZ�h�9 &AFKJ@&G0 B O�@	h"=.= hG_ �"d�Z`�$�	:7E; 1�a
� B`9�� � Z��A:�� E8��a
� F�4�� &AF &GF &AF &AF	6�a &GF.MAa. KQ
� 0�4�� &G0 &�0	M�E ; 12��a &�0	M�¡�; 12��a &�0	M$¡/; 12��a &�0	M$¡/; 12��a. KQ]D^GhG:v; � F<J � 0�HiQ]D^GhG:v; &AF<J &�0mJ.�fh<� HiQ

Ö�egj�lm�knoh�h^ftb�c:egj��gstn3c?pq�3h^�ojmbgj%�k��c:jm���U���3�g�5j%bE�gftbg��c:egj�h�cO�¸c:j%�)j%b�ckh c:n¡ckegj����3fib
�g�kn3�o�:�3���

/./V] 4 [$BGFv;�=GZ34.de; �$H.H*Q/./7O�@	h"=A=*; �v; ]�J�¡AH*J �v; ]3JbE"H*J|E"H/./,�"h.^G��hG_._KQ
Ö�egj¡bgjÌ�7c�jÌ�g�����gsij�hkegnHp1h�ckegj�h�fickuY��c:finob�p1egj%��j�ckegj�£�n3�o�oj%��ckug�kbgh��3�kn3ugbg����bg�

c:��ftj%h/ckn��kugb��Y�3lO¢regn3��jA�
��� ã��³åYâ��	��
 ç�è	��é3�{��ï��?�����`��� �.��ñ �¨óUì � �Yë �%õ

_�cA9�O�:"Z�h�9 =V4��.hA�A�	d�@�¡�;f:�H*Q
� Z`_�:'��=<Jw= 4��
�6��:KQ �A <Qd	^�=`d = 4��
�6�i; ¡�EA6�:�H Q �G KQd`9��

�ÙnHpDjm~ojm�%�|uEhkftbE�¡c:egj�h:�3�)j����3fib-�g��no�o�k�3� �3h �5jm�ºn3�kj�ckegj��gn3�¡l#�¸c:lOegjmh�ug��p1ficke-ckegj
£�no�o�ojm����c1c:fi��jHI)#� + ��ÚÈl��`�³��ft�3ug�kjµ¶o� ·oÝÌ�



ê � ì��¨ò���ñ��HõDð � ��ðUñ�ì�ï�ò�ñRîÒóµì������oî��\î�ëiì%ñ�ê��Hñ
	 �kí � �

á�âtã5ä³åYæ¾ç�è	��éu����� �.��ñ��H���{�Uî ��L�?�!ò � ���5î �D����� � õ

0 10 20 30 40 50 60 70 80 90 X
-10

0

10

20

30

40

50

60

Y

á�â�ã³ä³åYæ�ç�è	�Ué)�`��� �.��ñ�� �%ò �#ñ|�Uî ���
ì�ï5�Eõ

0 10 20 30 40 50 60 X
-10

0

10

20

30

40

50

60

Y



��� � õ���ì����	��ñ�
��gõ��ì%ñ�ò������
Eì������3õ����ñ������� �ï����
¼Ôj�c?ugh1bgnHp¦l%n3bghkfi�gj%�?���È�3h�ckj%��£�no�o�3j%���kuEbgbgftbE�)n3b��3b!jmststfi�ghkj

��� ã��³åYâ��	��
 ç�è �Uéqð � îÒñ\���`��� �.��ñ �¨óUì � �Yë �%õ
_�cA9�O�:"Z�h�9 =V4��.hA�A�	d�@{E�;f:�H*Q= 4 � ¡ �GM�E9�8�.O`h"=*;f:�HE'��M ¡ 12�	=AZ 9m;f:�H? <Q

aª� ckegj-�Eno���3sihkn¾�kugbEh)�È�3hRc�Ú�� # ¶ ��Ý��Degj-���3bY���oj%hµc:n��kj%�3lOe�ckegj�£�no�3�oj%�)��c�c:fi��jI�# � + ��·¾ÚÈl��`�Ô��ft�3ug�kj!¶o� ��Ý��)¤�j�sYbY��stsi��l%nobEhkft�Ej%���3b�nosi�|�Ôhksin¥p �gno��Ú � # ¶HÜoÝ�� �?j
c:��ftj%h�ckn¡l#�¸c:lOe��^£�no�o�ojm�?��ugbgbgfibg�¡n3b���jmstsift�Eckftl ck�:�3lO¢³� �ÙnHpDjm~ojm�%�|fibgh�ckj#�3�-n3��pq�3f�c:ftbE�
�ºno��c:egjv£�n3�o�oj%�vhkn3��j�p1egj%��j�nob¡c:eEj j%sistfi�ghkj���egjÙ�kugbEh\Úºckn�n�hkstnHpÙÝv���Åc:jm�qegfihDcO���k�oj�c#�g��bg�
pqjÙl#�3brh�j%j ��h�ckj#�3�E��h�c:��c:jÙ�gjm~3j%sino�gftbE��p1egj%��j c:eEj �gno��fthv�kugbgbEftbg��n3b§��lmstnoh�j%�§no���gfic
ftbgh�ft�gjÙc:egj\j%sistfi�ghkj)Úºlm�`�Y��fi�oug��jµ¶o� �oÝ��

PDQ�� �Ù¬^X��y_�T���VY¬^�� X�Vg_RXDT^²��y_BVg¬	��
����
��

aªc�pqn3ugst���5jµbgftlmj�c:n!hkegnHp¯hkft��ugsic:�3bgj%n3ughks���ckegj���n�c:ftn3bgh n3�vc:eEj)lOeEftst����bg��c:egj�ckn¥�
no��c:egj^�Eno�µ�3bg��c:egjv£�n3�o�oj%�DftbghRc:j%�3�§n3�E£�ughRc��gsin3ckckftbg��h�c:��c:fil#�3sisi��ckegj%fi�qno���gfickh%�
Ö�egfihqfih
�<n3hkhkfi�gstj\ugh�ftbg��c:eEj Ç 03254EËt6 Ñ38�0�Ê Ç Ã M É�l%no�)���3bg�gh1ftb�wyxgz|{Ux>}Ô�qÖ�egj��¡�3fib!�g�kno�3�:�3�
�ºno�/c:eEj�lOeEftst�!��bg�-f�c:h/ckn¥�§bgnHp¦stn7no¢Uh1�3h��ºnosistnHp1h?�

/./ � [$B�Zz9 #>; [/./10 ��4 � ��E9�A <�.Q/./�h`]	:DZ`h`9�=?4�hA�.d"=�dG:<;	����d	^��	h	^e�.J�¡zd	6"¡ �DH*Q/./ ��:�0. �47hA�	d�<81 ;	�f_<�.J �;� < �A <J�0 �vJ}h`]�:"Z�h�9�=	H*Q/./ ���<J��D=iJ0�mJ0�$=? �4yO��$ZG^G�&;f:�H*Q
/./ F�[�Zz9 4V[�Zz9 ;�[�Zz9 ; �$HiJ�[*Zz9 ;f0k;"2�J ¡AH.HAHiQ/./ F�[DBAF�4V[DBAF&;�[DBAF&; �$HiJ�[$BAF&;f0k;"2�J ¡AH.HAHiQ/./10`[�Zz9 4V[�Zz9 ;�[�Zz9 ; ��HiJ�[*Zz9 ;f0k;"2�J E"H.HAHiQ/./10`[DBAF�4V[DBAF&;�[DBAF&; ��HiJ�[$BAF&;f0k;"2�J E"H.HAHiQ
/./7OG^�_KQ��{h	^G��h`93Q/./�BAF{Z	= ;"��F�[�Zz97F?[$BGF 0`[�Zz970`[DBAFA $HiQ/./ � BAF{Z	=�;��bdG>�c{B	^v� HiQ/./1:DZ?:{^Gd ;������"d & ��Z�^G��B�9{��:��{d ��h�0 ;G� HiQ/./ =?:"Z.O � �"B�9{�	^Ad147^	Zz9{dT;�� &Ah	^GhG@m�AJ �50�d	^A^Ah � �.J1� �A@�B"=�d���hA�	dv�.J1�fF	h�@m�AJ�;3; ;/./ � ="Zz9"d���:A0{^Adv�.J �|6e�.J�� ���{B�:�B<�AJ7�� <J�� ���{B�:�B<�AJ7�� DHiQ
/./ _	h�@ �74 ¡�2f^Gd`9��A:��K;b:$H`6D¡�J/./ ]D^GhG:k;"���v; ��H*J0�v; ��M�¡GH? <J�� �v;���HiJ0�<; ��M$¡AH? <J �b6v�.J ; ;3;/./ � &.h.^Ah�@m�.J1� 0	d	^.^Gh � �.J����.@�B{=`d��{hA�.d<�AJ1��9"h`9{d<� HiQ/./ ]D^GhG:k;"��0<; ��J\¡AHiJn0<; ��M�¡�J�¡GH? KJ���0v;���JbE"H*J�0<; ��M�¡�J|E{H? KJ1�|6e�.J ;3; ;/./ � &.h.^Ah�@m�.J1�f�G@�d.d�93�AJ�� �A@�B"=�d���hA�	dv�.J ��9{h`9"dv�\H*Q



ê � ì��¨ò���ñ��HõDð � ��ðUñ�ì�ï�ò�ñRîÒóµì������oî��\î�ëiì%ñ�ê��Hñ
	 �kí � �
á�â�ã³ä³åYæ�ç�è � é~�`��� �.��ñ �?��ì�� �>ë�ë�î �Yí��%õ

-20 -10 0 10 20 30 40 50 60 X
0

10

20

30

40

50

60

Y

á�â�ã³ä5åYæ�ç�è���é3�oë �
	 � ���7õ

-20 -10 0 10 20 30 40 50 60 X
0

10

20

30

40

50

60

Y



� � � õ���ì����	��ñ�
��gõ��ì%ñ�ò������
Eì������3õ����ñ������� �ï����/./ =`d�:k;�=z:DZ.O � �{B`9{�	^AdvJ � ���{B�:�B<�AJ�� �v;��	M�¡GHiJ�0v;���M$¡*J\¡AH? <J�; ;3;/./ �?� �{B�:�Bv�.J7� �<;��	M�¡GHiJ�0v;��	M�¡*JbE"Hz $HiQ/./ �A@	B � 9"h � Q/./�d`9��KQ/./,�"h.^G��hG_._KQ
¤�j��gjzsYbEj�c:egj�~��3��f��3�Estj���("08! � # ���D���	���3h��¡eY��bg�gstj�c:nr�§�o�k�3�gegfil#�3s>no�7£�jmlmc\n3��cB�7�5j
ËÒÃÅ2K6��3hkh�n�lmf���ckj%��p1fic:e�c:egj�h�ckftlO¢³��aBb�c:eEj�sin�no�K�gpqj��E�:�#p bgj�p hkj%�3��jmbUckh n3��c:egj�lOegftsi�
�3bg��cknH��no���gfickh
�3bE�µ��nH~ojDc:egj/�5noh�fic:finob�n��5ckegj/hRc:ftlO¢³�
Ö�eEj �	� ��� �*���µl%no�)���3bg���ºn3�kl%jmh
c:egjmhkj�no�7£�jmlmckh�ckn��5j��gstn�ckc:jm��ftbghRcO�3b�cO��bgj%nouEhksi�3�µÖ�egj%��jm�ºno��j3�Ôpqj)l#��b�pq��cklOe�c:eEj�cBpDn
no�k�Efic:h/�3bg�!c:egj\h�ckftlO¢§�5j%fibg���gstn�ckc:jm�!hkft��ugsic:�3bgj%n3ughks��o�

aBb�ckegj1l#�3h�j1n3�<ckegj�£�no�o�ojm���3bg��c:eEj��gno��pqj?�gn\bgn3c�j�~ojmb¡eY�#~oj1c:n��EjzsYbgjÙ��eY�3bg�Estj3�
� sisÙpDj�eY�#~oj�c:nd�gnÞfth�c:nÞ�g�:�#p c:egj�h�j%�o�)j%b�ckh�n���ckegj�cBpqnÞno���gfickh§ftb ckegj��g�kn3�<jm�
hkjm�7uEj%bglmj.�

/./ � [$B�Zz98< ; [/./ ��^Gh`g{B	^ � Q/./10 ��4 ��= �<Q � �A <Q � Z 9�Z�:"Z�B.^�O�h�9{�"Z?:DZ`h`9�=iJR=z:�BG@A:DZ 9{�V]{h{Z 9�:7hA_�:$�"d��.hA�/./ � 4 ¡ �vQ � � = ]"dAdA��hG_�:��"d��.hA�/./�h`]	:DZ`h`9�=?4�hA�.d"=�dG:<;	����d	^��	h	^e�.J�¡zd	6 1vJ.���Aa	d`9.:$=i�.JG�bh`9�� H*Q/./ ��:KJ �. �47hA�	d.E9# ;	�f�.hA�K�AJ7�;��E'�A <J�0 �<J}h�]�:"Z�h`9�=	H*Q/./��`4��� <Q/./ _	h�@ �{4 ¡i2f^Ad�9{�G:��m;f:�H*J/./ � 4��.hG�.�	d�@<;f:<; ��H.H*Q/./ �14�����Q � �f <Q/./�d`9��
/./ F�[�Zz9 4V[�Zz9 ;�[�Zz9 ; �k;"2GJ ¡GH.H*JL[*Z 9 ;�� ;"2�J ¡AHAH.HiQ/./ F�[DBAF�4V[DBAF&;�[DBAF&; �k;"2GJ ¡GH.H*JL[$BGF&;�� ;"2�J ¡AHAH.HiQ/./10`[�Zz9 4V[�Zz9 ;�[�Zz9 ; �k;"2GJ E{H.H*JL[*Z 9 ;�� ;"2�J E"HAH.HiQ/./10`[DBAF�4V[DBAF&;�[DBAF&; �k;"2GJ E{H.H*JL[$BGF&;�� ;"2�J E"HAH.HiQ/./7OG^�_KQ��{h	^G��h`93Q/./�BAF{Z	= ;"��F�[�Zz97F?[$BGF 0`[�Zz970`[DBAFA $HiQ/./ � BAF{Z	= ;	�bdA>`c"B.^v�\H*Q/./1:DZ?:{^Gd ;������"d �`hA�A�	dG@�B`9{��:$�"d ��hA� ;��\H*Q
/./ _	h�@ �{4$¡�2f^Gd`9��A:��K;b:$H`6D¡�J/./ ]D^GhG:k;"� �<;?�3J\¡AHiJ'�<;?�{M�¡�J�¡GH? kJ � �<; ��J|E{HiJ��v; �{M$¡*JbE"H? <J �b6v�.J�;3;3;/./ � &.h.^Ah�@m�.J1� 0	d	^.^Gh � �.J����.@�B{=`d��{hA�.d<�AJ.��9{h`9{d<�\H*Q/./ ]D^GhG:k;"���i;?�3J\¡AHiJ �i;?�{M�¡�J�¡GH? kJ ���i; ��J|E{HiJ �*; �{M$¡*JbE"H? <J �	2G�.J�;3;3;/./ �@&.h	^GhG@K�.J�� �A@�dAd`9��.J ���.@	B"=`d��{hG�	d<�AJ.��9"h`9{d<� HiQ/./ �A@	B � 9"h � Q/./ ]"B�c�=�de;z¡GHiQ/./�d`9��/./,�"h.^G��hG_._KQ



ê � ì��¨ò���ñ��HõDð � ��ðUñ�ì�ï�ò�ñRîÒóµì������oî��\î�ëiì%ñ�ê��Hñ
	 �kí �+�

PDQ�� ��X����v>W �y_BVg¬ ®�XDT^²7VE±�TqV��¾>°RX1]Ô_ªV�F
¤�j?l%n3bUckftbUugj?ftb�c:egfihDh�j%l�c:ftn3b)p1f�c:e�ckegj?j%stsift�Eckftl%�3sEno���gficvn3�<c:egj
£�no�o�3j%�%��aª�KpDj �gjmhkl%��ft�5j
c:egj�j%sistfi�ghkj��3hÙftb � st�3no�kf�c:eg� ¶3�ô·)�3bg��lmnobgh�ft�gjm�HI1�3h?c:egj�c:fi��j�~��3�kft�3�gsij^c:egj�~oj%sin�lmficB�
n3�Kckegj
£�no�o�ojm��p1fistsgbEn3cq�5j?l%nobghRcO�3b�c%��¼Ôj�c %UÚMI�Ý��5j?ckegj?�Y�3�:����j�c:j%���ºno��ckegjÙ�Ej%hklm�kfi�Ec:finob
n3�>c:egj\j%sistfi�ghkj p1f�c:e!l%jmb�c:j%�?ftb�Ú����ÌÛ�� ( Ý/�3bg�����3ftbrh�j%�)f��`�¥�Ejmh1Õ§�3bg�
	`�

GÏÚ?%¥Ýu#����<XÏÕDl%n3h¥Ú?%¥Ý�Û K¡Ú?%¥Ý)#�� ( X	<h�ftbÔÚ�%¥Ý
¤�j\pq�3b�c c:n��gjmckj%����fibgj�%���h �)��nobEn3c:nobEftl\ftbglm�kj%�3hkfibg�)�ºuEbglmckftnob-n3�
c:eEj�ckft�)j I/hkuglOe
c:eY�¸c/�ºno�qjm�Uugft�gfih�c:�3b�c/c:fi��jmh+I��|c:eEj��<nofib�c:h/nob§ckegj�j%sistfi�ghkj�GÏÚ?%UÚMI��ºÝkÝÌÛ�K§Ú�%UÚJI��ºÝ�Ýq�3��j\�3sth�n
j%�Uugfi�gfthRcO�3b�cµnobdckegjr�<n3�k�gjm�µn3�1c:egjrjmststfi�ghkj��:�ÙbÞj%�Uugfi~��3sij%b�cµlmnobg�gf�c:ftn3bdfth�ckeY��c�ckegj
~ojmstn7l%ficB�¡n3�>c:egjq£�no�o�3j%���¡ÚMI�Ý/fth�l%n3bgh�c:�3b�c��

�T# ���� �eW�� Ú�%UÚJI�ÝkÝW I � ( X �vW�� Ú�%UÚJI�ÝkÝW I � ( #»l%nobEh�c + Ú`¶o� �oÝ

�ÙnHp %UÚMI�Ýql#�3b��<j\lmno���EuEc:jm�-���RsY��h�c?hkn3si~7ftbg� ,��UuY��ckftnob�ÚR¶3� ��ÝD�ºn3� W %�� W I��/1@�d"=z:�B�@.:mQ/ �	d 254 [�¡ M�B6�.O`h"=�;�=*;f:�HAH�2 �	d 254V[$E M�g	�	=GZz9m;\=*;f:�H.H�2/���d	E 2�4��"Z�_._v; �	dvJ�:�H.C�E M.�{Z`_A_v; �	d<Jn:�H	C?E14���C�EeQ
�56
!V�S# Õ ( ÚÈh�ftb�Ú�%qÚJI�Ý�ÝkÝ ( �LWW I %DÚJI�Ý �

( X	 ( ÚÈlmnoh>Ú?%DÚMI�Ý:Ý�Ý ( �nWW I %qÚMI�Ý �
( #�� (

/ �"Z`_A_v;\=*;b:$HiJ5:�H 4P=�h	^`a�de;���d.EvJ��{Z`_A_v;�=�;b:$HiJ�:$H.H*QWW I %qÚMI�Ý)#�� � ¶ Û % � ¶"! Û  ¶ # � ÚÈh�ftb�Ú?%DÚJI�Ý�ÝkÝ ( Õ ( %#	 ( Úºhkftb�Ú�%qÚ I�ÝkÝ�Ý ( X	 (
¤�jreg�H~3j�ckn�hkj%sij%l�c)ckegjwsY�khRc)j����g�kjmhkfinob|�q�5j%l%�3ugh�j�ckegjrc:egj�£�no�o�3j%�µ�)n¥~3j%h�l%n3ugb�c:j%�`�
l%sin�lO¢�p1fth�j3�1Ö�egj��gfi�<j%��j%b�c:ft�3sÔj%�UuY��ckftnob-eY�3h bEn§�3bY��si�Uc:fil#�3s¨h�nostuEckftnob�hkn�pqj�p1ftsts¨h�nosi~3j
fic�b7uE��jm�kftl%�3sts���p1f�c:e)wyxEz¨{�x }Ô�
Ö>no�ojmckegj%�
p1f�c:eµc:eEj/cBpqn��gfi�<j%��j%b�c:ft�3sEjm�UuY��c:finobgh?Ú`¶o�ô·3Ý
pqj\no��cO�3fib-�µhR��hRc:jm� n3��ckeg�kjmj�lmnoug�gsij%���gfi�<j%��j%b�c:ft�3sKjm�UuY��c:finobghz�

GÏÚMI�Ý # ���vXÏÕDlmnoh¥Ú?%UÚMI�ÝkÝKrÚMI�Ý # � ( X$	<h�ftbÔÚ�%7ÚMI�ÝkÝ
Ø�ÚMI�Ý # Y3ÚMGÏÚJI�Ý�%�Ø ÚMI�ÝkÝ
ß|ÚMI�Ý # Y3ÚOK§ÚJI�Ý�%dßKÚJI�Ý�Ý
%UÚMI�Ý # �

� Õ ( %&%�'
Ú?%UÚJI�Ý�Ý ( X	 ( lmnohHÚ�%UÚJI�ÝkÝ (Y # �

���
���
� ��� �� �	� � ��� ���

Ö�egfthÔhR��hRc:jm� fih¨ft�)�gstjm��jmb�c:j%���3h¨�ºugbElmc:finob � � (�Ú=� si�ono�kf�c:eg� ¶o� ��Ý��>Ö�egjvl%no���kjmhk�5nobg�gfibg�
�¡��ftb§�g��no�o�k�3�×fth��3fi~ojmb��3h�� st�3no�kf�c:eg� ¶o� �E�



� � � õ���ì����	��ñ�
��gõ��ì%ñ�ò������
Eì������3õ����ñ������� �ï����
��� ã��³åYâ��	��
 ç�è � é

�"�`�Yï�òÅî �?� _ �.: � �mñ?ò � � �`��� �.��ñ 	Ôîºò � ê<�?�Uí�òºì���ò �D�kë �oïRîºò���õ_`c.9�O?:DZ`h`9 � 0	�	h�:mJ�Z	=?:	dG@�[*Zz9{B	^eJf�"Z?@�d�O�:DZ�h`9�  4�_ �.:<;b:KJ 0KJf_�^GBA�DH
� =?0D=?:	d?[PhG_��"Z`_A_	d�@�d`9	:DZ`B	^1dG>�c{BG:DZ`h`9�=
� _	h�@�:��{d �.hA�A�	d�@{6G�.hA�N]�@�h�gD^Gd?[
� � �{dG@	d1:��{d �.hA�A�	d�@�@GcA9�= � Z?:�� O`h`9�=?:�B�9�:
� a�d.^Ah�O.Z�:A0�h�9 B�9yd	^A^�Zz]�=`d�	^Ah`g{B	^ B1g [ O �
� 4 O`h"=�;b0<;�#DHAHiQ���4 =AZz9K;b0v; #DHAHiQ
��4V[3; ¡AHNM�B8� � Q0��4 [�;�E"HNM1g	���KQ
�y4����<Q �. 76�0<; ¡�2 E"HiQL93� 4 9"h�@`[�; �*H*Q4"=14 ; � I�93��H�� �3QZ�_�9{BG@.�"Zz9 � # 	 Z.=`dz[�]�:A0<;b_�^ABG�$H � 9"hG@�[$B.^ h`c	:G].c	:0	�.hG:�4��O4D=�Q�OGI�=�>A@A:<;A;�B6����H.C�EGMe; g	� � H.C�E�H? <Qd.^{=`d = � Z�:"O��m;b_�^GBA�$HO�B{=`dk�fdGa�d�9�:D=�� � B�: 9"hG@�[3;?�*H?4 � :$�"dG@	d Z	= By=GZz9{�`cD^GBG@DZ?:.00	�.hG:	419 �D6�;z¡?d.69#"HiQ � 4.dG@	h O�@�h{=.=GZz9{� BG: ]{h"= %��	hG�.4�]{h"=3%��.hG�.�.dG@Z	=z:�dG@�[*Z 9"B	^�4P¡�Q � :$��Z.=�Z	= By=?:	h`]A]�Zz9���dGa	d`9	:�"Z?@�d{O?:DZ`h`9{45�<Q � �.h`9�� :yO`BG@�d Z�_��	d�O�@�dAB"=�d�hG@PZ 9�O�@	d.B{=`dhG:$�"d�@ � Z.=`ddG@A@�hG@v;D�`� <.9 �A9{h � 9�_�^GBA�k�A�.� _	^ABA� �A�.�2;G�f DHiQd`9��d�9{�

Ö n�l%no�)�Y�3��jÙc:eEj �kjmhkugs�c:hqp1f�c:e¡ckegj^�g��jm~7ftn3ughqlmno���EuEcO��ckftnobEhDpDj^lOegn7nohkj ckegj^lmnobgh�c:�3b�c
ftbp,��UuY��ckftnob�ÚR¶o� ��Ý/�3h/ckegj��#~oj%�k�3�oj/£�no�o�ojm�/~ojmstn7l%ficB�¡n3�>c:egj\j��E�3�)�gsij�fib t j%l�c:finob�¶3�QP��

�	� 
�ÚJI�Ý)# ¿
�

U��� 
�ÚMI�Ý W I����� +
/ � 2�47E8���DZv2/ = 2�4�dGa	B	^G_e;@<6�.Zz9	:<;\=�>A@A:<;�E9�$C?E8�.=AZ�9m;|_DH.C?E M ¡ 1"C�E8�AO�h{=*;|_DH	C?E"HiJ/ _�4 �>;3;��DZ�I.E"HAHiQ/�� 2�4�dGa	B	^G_e; =�I���H*Q

� �S# ¶3¶HÜ + ��¶¥·9P (3Ü �

T�j# ¶¥· + � � � PoÜoÜE¶ �

aª��pqj�j���j%lmuEc:j �Ùst�ono��fickeg� ¶o� �)pDjµbgn3c:fil%j�c:eY��cÙc:egj��gno�§l%��c:lOeEj%h^c:eEj?£�no�o�ojm� �¸c c:fi��jIu#� + ¿3¿ �	� Pg��Ö�egfth1fth1�µsifickckstjÙj#�3��stftjm�qc:eg�3b-fib t j%l�c:ftn3b¾¶3�QPg�
PDQ�� � ²g_RT�� ± � X��Ù_RT�� ®�X1XDWYZ\_RT^±�Vg ��F?²7VE��
aBb�ckegfth>hkjmlmc:finob�pDjDp1fists�ugh�j/� � ����c:jmhkft�3b�lmn�no���gftbg��c:jvh��7h�ckj%� c:nÙ�gj%h�l%�kfi�<jvc:egjD�<n3hkfickftnob
n3�5c:egj1lOegfist���kjmhk�5j%lmckfi~3j%si�µckegj�£�no�o�ojm�%� Ö�egjÙ�5noh�fic:finobµn3�<c:egj�c:nH�µ��j%h��<jmlmc:f�~ojmsi�µc:eEj?�Eno�



ê � ì��¨ò���ñ��HõDð � ��ðUñ�ì�ï�ò�ñRîÒóµì������oî��\î�ëiì%ñ�ê��Hñ
	 �kí � �

��� ã��³åYâ��	��
 ç�è ��é
�§ì#î ���>ñ����¥ñ�ì � � �mñ?ò � � ����� �.��ñ 	>îºò � ê<�?�UíÌòºì��Eò �D�kë ��ïRîºò���õ

/./ � [DB{Zz9 1; [/./ �	^Ah`g{B	^ B g�[ O �/./�B�4 E9�vQ�g 4 ¡ 1vQ � =�d?[�ZG6ABGF	d{=/./ [P4 ��¡ �<QbE9�A <Q/./7O 4 ¡ �; 1 ��� < � �D¡ �<Q � O�h�9�=?:	B`9	: a�d.^Ah�O.Z�:A0�hA_��AhA�A�	dG@/./ � 4 ¡��vQ � a	d	^Ah�O.Z?:.0�hG_��	hA�/./10���4 ��= �vJ�� �vJ �A K�AQ � Z 9�Z ; O`h`9�� ;GJR=?:�B�@.:"Zz9{�N]"h�Zz9�:7hG_�:��{d��	hA�
/./�h�]�:DZ`h`9�=�4�hG�	d{=`dG:v;�� � g�= ��h.^v�.J\¡?d.631vJA� �Aa�d`9.:$=i�.JG�bh�9�� HiQ/./ � :mJ �. .4�hG�	d.E9# ;	�f_ �.:m�AJ7�;��E'�A KJ�0��<J}h�]�:DZ`h`9�=	HiQ/./7O�^G_KQ��{h	^���h`9�Q/./�BGF"Z	= ;"� 6"¡ � �9��6D¡ � �9�A DHiQ/./ � BGF"Z	= ;	�bdG>�c"B.^v� HiQ/./1:"Z�:{^Gd ;������{d ��hA�A�	d�@ �AcA9�= � Z�:�� &Ah`9�=?:�B�9�: �	d	^Gh{O.Z?:.0 ;G�\H*Q/./V] 4 ^Ad�9{�G:��m;f:�H�6D¡*Q/./ _.hG@ �{4$¡�2 ]/./ ]"^AhG:k;"� �v; �3J\¡AH*J��<;?�{M$¡*J�¡GH? kJ � �<;?�3J|E{HiJ��v; ��M�¡*JbE"Hz KJ �b6v�AJ�;3; ;/./ �@&.h.^AhG@K�.J��50�d.^.^Ah � �AJ � �A@�B{=`d���hA�.d<�.JA��9{h`9"dv�\H*Q/./ =	¡V4 �v; ��J #DH*Qw=�E 4 �v; ��M�¡*J@#DH*Q/./ �$¡V4V[�;z¡GHNM�B6�.O`h"=�;�=�¡GHiQ'��¡ 4 [3;�E"H M g �.=AZ 9m;�=	¡AH*Q/./ �	E�4V[�;z¡GHNM�B6�.O`h"=�;�=�E{HiQ'�{E 4 [3;�E"H M g �.=AZ 9m;�=`E"H*Q/./ ]"^AhG:k;"���$¡*J0�	EG  Jy� ��¡*J���EG KJ��	2G�AJ ;3;3;/./ �@&.h.^AhG@K�.J�� �A@	d.d`9��.J1� �.@	B"=�d��{hG�	dv�.J.��9"h�9"d<� HiQ/./ �G@�B � 9"h � Q/./�d�9{�KQ/./7O?@�h"=A=*; �<; ]�J�¡GHiJ �v; ]�J|E"H*J|E{HiQ/./,�{h	^G��hG_._<Q

p1ftsis��<j§�Ej%hklm�kfi�<jm�dftbd���)nH~7ftbg�-�<nost�3�\l%n7no�k�EftbY��ckj¡hR��hRc:jm�-��h�j%j!��fi�oug�kj�¶o��¶HÜE�-Ö�egj
no�kfi�oftbÞn3� c:egj-��nH~7ftbg�¾h��7hRc:j%� fth�c:egj-l%ug���kjmbUc¡�<n3hkfickftnobÏn3�^ckegj�lOeEftst���kjmhk�5j%lmckfi~3j%si�
£�no�o�ojm�%� Ö�egj�lmug�k��j%b�c-�<noh�fickftnobgh!n3��c:egj�c:nH�»no�rckegj��Eno�y���kj�c:eUugh��ofi~3j%b ��� ckegj
�gfthRcO�3bEl%j��5ÚJI�Ý��3bE��ckegj\�<nost�3���3bE�ostj	� ÚJI�Ý��

aª�\½ GÏÚJI�ÝÌÛ1KrÚJI�ÝBÁ��gj%h�l%�kfi�<j�c:eEj�lmug�k��j%b�c�lOegfist��
¥c:nH���5nohkf�c:finob�c:egjmb�c:eEj��5nohkf�c:finob�n3�
c:egjq£�no�3�oj%��
��gno�µfib � ����c:jmhkft�3b!l%n7no�k�gfibY��ckj%h�½ Ø ÚJI�Ý�Û³ßKÚJI�ÝBÁ¨fth

Ø ÚMI�Ý~# GÏÚJI�ÝvX�5ÚJI�ÝElmnoh¥Ú�� ÚJI�Ý�ÝKÛ ßKÚJI�Ý�#DK§ÚMI�ÝKX�5ÚJI�ÝEh�ftb¨Ú���ÚMI�ÝkÝ + Ú`¶o� �oÝ

¤�j^pq�3b�c1c:n�j����g��j%h�hÙc:eEj�h��7h�ckj%� n3�>�gfi�<j%��j%b�c:ft�3s|jm�7ug��c:finobgh�ÚR¶3�!(�Ýq��j%h��<jmlmc:f�~ojmsi�¾Ú`¶o�ô·3Ý
ftb�ckegj�bgjmp ~��3��f��3�Estj%h��5ÚJI�Ý��3bg����ÚMI�Ý�� �D���gn3ftbg�rh�n�pDj)p1fists no�EcO��ftb¾�§c:�:��bgh��ºno����jm�
h��7h�ckj%� n3� �gf��Kjm�kj%b�ckf��3s|jm�UuY��c:finobgh��ºno�/ckegj��ºugbglmckftnobEh��5ÚJI�Ý��3bg����ÚMI�Ý��



� � � õ���ì����	��ñ�
��gõ��ì%ñ�ò������
Eì������3õ����ñ������� �ï����
á�âtã5ä³åYæ�ç�è�ç � é/ð � �+�-�3	%î ��¡êK�A�mñ\�3î �7ìoò�� � �UíÌò�����
�� �����	��
���������

φ(t)

ρ

−θ(t)

(t)

[x(t), y(t)]

X(t)

y(t)

Y(t)

x(t)

[X(t), Y(t)]

y

x[0, 0]

aªc1fth�fibUckj%��j%h�ckftbg�µckn�bgn�c:j^c:eg��c?�<n3cke!h��7h�ckj%�)h �3��j\hk�5j%l%ft�3s|l%�3hkjmhÙn3�

� Ø ß � # ' Ø ( X&ß (
���
���
�
��� �� �	� � ��� ��� �

G %�ØK %dß � + ÚR¶o��¶HÜ�Ý

aª� pDj\¢3jmj%�!c:egj�~ojmstn7l%f�cB�§l%n3bgh�c:�3b�c ' Ø ( X#ß ( #�� # Y�� ' % I + ckegj%b!c:eEj�hR�7h�c:jm� ÚR¶o��¶HÜ�Ý
�gj%h�l%��ft�5j%h1c:egj�£�no�o�ojm� 
��gn3���g��no�gsij%���D¤�j�no��cO�3fib-nob�c:egj�n3ckegj%�?eY�3bg��c:egj�j%�UuY��ckftnobEh
�ºno�/c:eEj�lOeEftst� 
¸c:nH�§�E�kno�gsij%�'fi�Ôc:egj\�gfih�c:�3bgl%j\fih�l%nobghRcO�3b�c?�

�5ÚMI�Ý)# ����� ����� �
G %�ØK %dß � ����� ����� # Õ�# Y�� ' % I +t ftbEl%j��ºno�?c:egjµlOeEftst� 
¸c:nH���g�kn3�gstjm� �5ÚMI�Ý # Y�� ' % I + �|pDjµj����5j%l�c�c:eY��c^ftb��5nos����Ùlmn�no���gf��bY��ckj%h�c:egj1h��7hRc:j%� p1ftsisghkfi���Estfi�Å��c:n�nobgs���nobEjÙ�gf��Kjm�kjmbUckf��3sYjm�UuY��c:finob��ºno� ��ÚMI�Ý���¤�j?p1fists

�¡��¢3j^c:eEfth/c:�k�3bghR�ºno�k����c:finob§p1ficke-wyxKq5{{r|�
��������� ������ "!$#&%'��()�*,+�%' -#&%'�/.�%1010123�54768%10
¤�j��5j%�3ftb!���!�gjzsYbEftbg�µc:eEj�hR�7h�c:jm��ÚR¶o� ·oÝ �

/1@�d"=z:�B�@.:mQ/ ��;b:$H 254P=?>A@.:v;.; �v;b:$HN6�Fv;f:�HAH	C�EVMk; �<;f:�HV6 0v;b:�HAH	C?E"H�2/1@	F�254��{Z`_._e;|Fe;b:�H*J�:$HN4)9	�i; �v;f:�HV6�Fv;f:�HAH`I���;b:$HiQ/1@.0�254��{Z`_._e;b0v;b:�H*J�:$HN4)9	�i; �<;f:�HV6 0<;f:�HAH`I���;b:$HiQ
8;: �j# WW I ØµÚMI�Ýu# < ÚMG�ÚJI�Ý�%�Ø�ÚJI�ÝkÝ

� ÚMG'ÚJI�Ý3%�Ø�ÚJI�Ý�Ý ( X Ú K»ÚMI�Ý�%dß^ÚMI�ÝkÝ (
8ÌÍR�S# WW I ß�ÚJI�Ý)# < ÚOK»ÚJI�Ý�%dß^ÚJI�ÝkÝ

� ÚMG�ÚMI�Ý�%�ØµÚMI�ÝkÝ ( X Ú K»ÚJI�Ý�%dß^ÚJI�Ý�Ý (



ê � ì��¨ò���ñ��HõDð � ��ðUñ�ì�ï�ò�ñRîÒóµì������oî��\î�ëiì%ñ�ê��Hñ
	 �kí � �

�ÙnHp pDj\ftb�c:��n��Eugl%j�c:eEj\ck�:�3bEh��ºno���¡��ckftnob¡n3� ckegj��ºugbgl�c:ftn3bgh?�3bg�!c:egjmft���gjm�kfi~���ckfi~3j%h?�
/ ��F�254�Fe;b:�H 4 �e;b:$H M�@��"h�;b:$H��.O`h"=�; ]3�$Zi;f:�H.H�2/ �	0�254�0v;b:�H 4��v;b:$H M�@��"h�;b:$H��	=GZz9K; ]3�$Zi;f:�H.H�2/��	F�254��{Z`_._e;��	FKJ�:$HiQ �.0�254��{Z`_A_v;��.0mJ�:$HiQ
�': �j# WW I Ø�ÚJI�Ý)# WW I G'ÚJI�Ý<X �-WW I � ÚJI�Ý � lmnoh>Ú��µÚ I�ÝkÝ�% � ÚJI�Ý�h�ftb�Ú��µÚ I�ÝkÝ WW I �µÚ I�Ý
�¨ÍR�S# WW I ß ÚJI�Ý)# WW I K»ÚMI�Ý<X �-WW I �^ÚMI�Ý � hkftb�Ú��µÚMI�Ý�ÝvX � ÚJI�ÝElmnoh>Ú��µÚ I�Ý:Ý WW I �µÚ I�Ý

¤�j�h�ug�ghRc:fickuEc:j��3bg�!h�ft�)�gstf��Å��ckegj\�kj%h�ugsic?�
/ >.F�254 =�c.g�=�; �.FKJ�@.F$H�2 >A0�2�4P= cAg�=*;��.0KJ�@.0$H�2/ >.F�254 =GZ�[�]"^�Z�_A0<;\= cAg�=*; ��F<J �.0mJ >AF$HiJR=?0`[	g"h.^�Z.O	HiQ/ >A0�254 =GZ�[�]"^�Z�_A0<;\= cAg�=*; ��F<J �.0mJ >G0�HiJR=?0`[	g"h.^�Z.O	HiQ

� : �j# WW I G'ÚJI�Ý<X �LWW I � ÚJI�Ý � l%n3h>Ú��µÚ I�ÝkÝ�% � ÚJI�ÝEhkfib�Ú��µÚ I�ÝkÝ WW I �µÚ I�Ý~#T% < l%noh>Ú��µÚMI�ÝkÝ�%ÍR�j# WW I K»ÚJI�ÝvX �-WW I � ÚJI�Ý � h�ftb�Ú��µÚMI�ÝkÝvX�^ÚMI�ÝEl%noh>Ú��µÚMI�Ý�Ý WW I �µÚ I�Ý)#&% < h�ftb�Ú��µÚMI�ÝkÝ
��ftbg�3sts��µpqj�hknos�~oj��ºno�/ckegj\�gj%��fi~���c:f�~ojmh?n�� �5ÚMI�Ý1��bg� ��ÚJI�Ý��

/ ��=?0D=T254P=�h	^�a	de; �G>.F<J�>G0 �vJ ���"Z�_._v;f@��{he;b:$HiJ-:�H*J �"Z`_A_v;5]3��Z*;b:$HiJ-:�H3�{HiQ
� %#ß %o�S#�� WW I � ÚJI�Ýu#&%�l%noh>Ú��µÚMI�ÝkÝ����� G'ÚMI�Ý3% < % � ���� K»ÚJI�Ý � hkftb�Ú��µÚJI�Ý�Ý<Û

WW I �µÚ I�Ý)# %�lmnoh Ú��µÚ I�ÝkÝ ���� K»ÚJI�ÝvX � ���� G'ÚMI�Ý���hkfib�Ú��µÚ I�ÝkÝ
� ÚJI�Ý �

/ �	@�BG�"Z`B	^K2�4D=�d	^Ad�O�:v; �"B{=�J ��=?0D=�J5�"Z�_._�;b@��{h�;f:�H�J :$H.H��� KQ/ �{BAF{Z�B.^K254"=`d.^Ad{O?:<;?�"B"=iJ �$=?0$=iJf��Z`_A_v;�]3��Z*;f:$HiJ�:�HAHe�  KQ
�\8�0�43ÃÈ03ËK�S# WW I � ÚJI�Ý)#k%�l%noh>Ú��µÚMI�Ý�Ý}WW I G'ÚMI�Ý�% < % � WW I K»ÚJI�Ý � h�ftb�Ú��µÚ I�ÝkÝ�ÚR¶o��¶o¶¥Ý

��0 :oÃÈ03Ëm�j# WW I �µÚ I�Ý)# %�l%n3h>Ú��µÚ I�ÝkÝ	���� K ÚJI�Ý<X �
���� G'ÚMI�Ý ��hkftb�Ú��µÚMI�Ý�Ý
�^ÚMI�Ý ÚR¶o��¶¥¿oÝ

Ö�egj���j%hkuEsic:fibg�§hR��hRc:jm� n3�v�gf��Kjm�kj%b�ckf��3s>j%�UuY��ckftnobEh fth hkno�)jmp1eY�¸c�hkfi���gsij%�?�guEc�l%�3bgbgn�c
�<j�h�nosi~3j%�-�3bY�3s��Uc:ftl%�3sts��o�>¤�j�p1ftsis<ckegj%��jm�ºno��j�bEn3c?l%nob�c:fibUugj�c:egj\�gfihkl%uEhkhkfinob|�



� � � õ���ì����	��ñ�
��gõ��ì%ñ�ò������
Eì������3õ����ñ������� �ï����
��������� ������ "!$#&%'��()�*,+�%' -#&%'�����"+��	� 47� %�

� h1�5jm�ºno��j^pqj��gjzsgbgj�ckegj\h��7h�ckj%� n3� �gf��Kjm�kj%b�ckf��3s|jm�UuY��c:finobghz�

/1@�d"=z:�B�@.:mQ/ ��F�254�Fe;b:�H 4 �e;b:$H M7B6�.O`h"=�; ]3�$Zi;f:�H.H�2/ �	0�254�0v;b:�H 4��v;b:$H M7B6�	=GZz9K; ]3�$Zi;f:�H.H�2/��	F�254��{Z`_._e;��	FKJ�:$H�2 �A0�254��"Z�_._e;��	0KJ�:�H�2
¤�j^p1fists|fib�c:�kn7�guglmj^c:egj��ºnosistnHp1ftbE��hkug�Eh�c:f�c:uEckftnob���r�ºno�/ckegj�~ojmstn7l%ficB�§n3� ckegj�c:nH�i�

/ � 9 254 9<;b:�H 4 =�c.g�=*; �.FKJ �.0mJp=?>A@A:<;|�{Z`_A_v;|Fe;b:$HiJ-:�H	C?E/ M��{Z`_._e;b0v;b:�H*J�:$H	C�E{H.H*Q
�^+ �S# < ÚJI�Ý)#���� �-WW I G�ÚMI�Ý�%ÞÕDhkfib�Ú��µÚ I�ÝkÝ WW I �µÚMI�Ý �

( X �nWW I K»ÚJI�ÝvX�Õvl%noh>Ú��µÚMI�Ý�Ý WW I �µÚMI�Ý �
(

Ö�egj��ºnostsinHp1ftbg��hRcO��ckj%�)j%b�c:h1�ojmbgj%�k��c:j\c:eEj�hR�7h�c:jm� ÚR¶o�)(�Ý

/ >.F�254��{Z`_._e;|Fe;b:�H*J�:$HN4)9K;b:$H`IGB6�i; �v;f:�HN6 Fe;b:$H.HiQ/ >A0�254��{Z`_._e;b0v;b:�H*J�:$HN4)9K;b:$H`IGB6�i; �<;f:�HN610v;b:$H.HiQ� : �j# WW I Ø�ÚJI�Ý)# < ÚJI�Ý¨ÚMG'ÚJI�Ý3%�Ø�ÚJI�ÝkÝ
Õ�%ÍR�j# WW I ß^ÚJI�Ý)# < ÚJI�Ý¨ÚOK»ÚJI�Ý�%dß ÚJI�Ý:Ý
Õ

¤�jDftb�c:��n��Eugl%jqckegjqbEjmpÏ~3���kf����gstjmh��3bE��c:egjq�gj%��fi~���c:f�~ojmh
����jmstft�)ftbg��c:fibg�/Ø ÚJI�Ý���bg�µß|ÚMI�Ý��
�Yug��ckegj%����no��j pDj�h��7ug�3�kjm���5n3c:e!j%�UuY�¸c:ftn3bgh�c:n��ojmc?��ft�!n3�>c:egj\hk�UuY���kj��kn7n3c#�

/ >.F�254 =�c.g�=�;�� 9�J �.FKJ �	FKJ-[$B�]m;5cy6./ ciC?EvJ�>AF$HAHiQ/ >A0�254 =�c.g�=�;�� 9�J �A0mJ �.0mJ-[$B�]m;5cy6./ ciC?EvJ�>G0�HAHiQ
� : �j# �LWW I G'ÚJI�Ý�%ÞÕvhkftb�Ú��µÚMI�Ý�Ý WW I �µÚMI�Ý �

(
# �� � WW I G'ÚMI�Ý3%dÕDh�ftb�Ú��µÚMI�ÝkÝ�WW I �µÚ I�Ý �

( X � WW I K»ÚJI�Ý<X�Õvl%noh>Ú��µÚMI�Ý�Ý WW I �µÚJI�Ý �
(���

ÚÈlmnoh>Ú��µÚMI�ÝkÝ�Ý (�%ÍR�j# �-WW I K»ÚJI�ÝvXÏÕDlmnoh>Ú��µÚ I�ÝkÝ WW I �µÚ I�Ý �
(

# �� � WW I G'ÚMI�Ý3%dÕDh�ftb�Ú��µÚMI�ÝkÝ�WW I �µÚ I�Ý �
( X � WW I K»ÚJI�Ý<X�Õvl%noh>Ú��µÚMI�Ý�Ý WW I �µÚJI�Ý �

(���
ÚÈh�ftb�Ú��µÚJI�ÝkÝ�Ý (



ê � ì��¨ò���ñ��HõDð � ��ðUñ�ì�ï�ò�ñRîÒóµì������oî��\î�ëiì%ñ�ê��Hñ
	 �kí � �
¤�jvp/��bUc�c:n^h�egnHp�ckeY��c
�5n3cke�j%�UuY��ckftnobEh
�3��jDc:eEj/h:�3�)j3�o�3bg��ckeY��c�ckegj/hR��hRc:jm�¯�kjm�guglmj%h
c:n�nobgs���nobEj��Efi�<j%�kjmb�c:f���s/j%�UuY��ckftnobÞ�ºno� � ÚJI�Ý��ÞÖ>n��En�ckegfthµpDj!�¡�3¢�jrc:egjr�ºnosistnHp1ftbg�
hkug�Eh�c:f�c:uEckftnob��

/ ��c.g�=?:�2�4���@���=*;��	F$H 4 � J�@���=*;��.0�H 4 �mJ�]3�$Zi;f:�HN4 �  <Q��� 	 % I �S# � ���� G'ÚMI�Ýu%�ÕDhkfib�Ú��µÚMI�ÝkÝ ���� �µÚMI�Ý�#���Û���� K»ÚJI�Ý<XÏÕDl%n3h>Ú��µÚMI�ÝkÝ ���� �µÚMI�Ý�#��¡Û
�µÚMI�Ý�#	� �

/ >�¡zF�2�4�dAF`]"B`9��v;\= c.g�=*; ��c.g�=?:KJn>AF$HAHiQ/ >�¡ 0�2�4�dAF`]"B`9��v;\= c.g�=*; ��c.g�=?:KJn>G0�HAHiQ�3� : �j#
� ( # l%n3hHÚ���Ý ( � ( XÞl%noh#Ú���Ý ( � (�3�3Í �j#�� ( # hkfib¨Ú��Ý ( � ( XÞhkfib¨Ú���Ý ( � ( +aBbÞno�k�gjm�µc:n�hkjmj�ckeY��c�fibg�gj%jm�Ïckegjrj%�UuY�¸c:ftn3bgh)�3�kj§ckegj!h:�3�)j§pqj!h�ft�)�gstf��Å�¾ckegj%� �U�
l%nosistjmlmc:fibg��� �3bg����c:jm�k�)h%�

/ � [$B�]m;5cD6./�=AZ\[�]D^	Z`_G0<;�=?>A@A:<;�cD6	O�h{=*; � H	C?E8� � C�E{HiJ =?0�[�g{h	^�ZAO�H*Jf>�¡ F$H*J/ [$B�]m;5cD6./�=AZ\[�]D^	Z`_G0<;�=?>A@A:<;�6?c{M{=AZ 9m; � H	C?E2� � CzEGM ��CzE"HiJ�=z0�[�g�h	^	Z.O.HiJf>$¡�0$H? vQ� � � ¶�%dl%noh>Ú��Ý ( #»l%noh Ú���Ý��¡Û � � ¶ %dlmnoh>Ú���Ý ( # lmnoh>Ú���Ý���� +�ÙnHp pDj h�j%j1c:eY��cvc:eEjm���3�kj1fi�gj%b�c:fil#�3sÂ� ¤�jÙlmnob�c:fib7uEj?ckegj lmno���EuEcO��ckftnobµp1f�c:e�c:egj�sY�khRc
nobgj���bg�!�kj%�)nH~oj^ckegj�hk�UuY�3��j%h?�3bg�rckegj�hkug�Eh�c:f�c:uEckftnobK���D�§h�nosi~7fibg���ºno�qckegj��gjm�kfi~���ckfi~3j
n3� ��ÚJI�ÝDpDj�no�EcO��ftb§c:eEj��Ej%hkfi�kjm�-�gf��Kjm�kjmbUckf��3sKj%�UuY��ckftnobe�

/��D¡�2�4D=�c.g�=�;�=?>A@.:v;z¡?6�O�h{=*; � H	C?E"H 4D=GZz9<; � H*J � ��¡� $H*Q� � �j# hkfibÔÚ���Ý�� # lmnoh¥Ú��Ý��
/ ��B{O � �?c.g�=z:�254V[DB`]K; cy6A/1@���=�; c�H 4 ^ ��=�; c�HiJ �?c.g�=z:�H*Q��Õ{Y�� ��� 	 % I �j# � �o# ���� G'ÚMI�Ý�%ÞÕDh�ftb�Ú��µÚ I�ÝkÝ����� �µÚ I�Ý�Û��# ���� K»Ú I�Ý<X�Õvl%noh>Ú��µÚMI�Ý�Ý����� �µÚMI�Ý�-# �µÚMI�Ý$�
/��.E 254 =�c.g�=�; �	B{O � ��cAg�=?:KJ��D¡AH*Q� ¿ �j# hkfib�Ú��µÚ I�ÝkÝ � ���� G�ÚMI�Ý3%dÕvhkfib�Ú��µÚMI�Ý�Ý����� �µÚJI�Ý �#»l%noh Ú��µÚ I�ÝkÝ�� ���� K»ÚMI�ÝvX�ÕDlmnoh>Ú��µÚ I�ÝkÝ ���� �µÚ I�Ý��/ �{BAF{Z�B.^k254��"Z�_._e; ]3�$Zi;f:�HiJ-:�HN4/ =AZ\[�]"^�Z`_G0<;\=`h	^`a�d�;��.EeJ-�"Z`_A_v;5]3��Z*;b:$HiJ-:�H.HAHiQ��0 :oÃÈ03Ëm�j# WW I �µÚMI�Ý~# hkfib�Ú��µÚJI�Ý�Ý ���� G×Ú I�Ý3%�l%n3h�Ú��µÚMI�Ý�Ý ���� K»ÚJI�Ý

Õ
aªc�fih�fib�c:j%��j%hRc:ftbE�-c:n-bgn3ckj�c:eg��c�pDj�pDnougsi��no�Ec:�3ftb�c:eEj¡h:����j)j%�UuY��ckftnob�fi�Dpqj¡pDnougsi�
�kjm�gs��3lmj�c:egj\�ºugbgl�c:ftn3b �5ÚMI�Ý1���!c:egj�l%n3bgh�c:�3b�c^Õ§fib�ckegj��Efi�<j%�kjmb�c:f���s¨j%�UuY��ckftnob!�ºno� ��ÚMI�Ý
�ºno�/c:eEj/£�n3�o�oj%��
��gno�µ�E�kno�gsij%���



�`� � õ���ì����	��ñ�
��gõ��ì%ñ�ò������
Eì������3õ����ñ������� �ï����
PDQ�� ��´Ù± ����°`Ô²t ftbEl%j�c:egj)h��7h�ckj%��n3�/�gf��Kjm�kjmbUckf��3s�jm�7ug��c:finobgh�eY�3h�h�ft�)�gstf sYj%��fibUckn-n3bgj¡jm�7ug��c:finob�pDj
�¡�#��egno�5j¡c:n�n3�EcO�3fibd�3bY��si�Uc:fil#�3svhknosiuEc:finob��ºno��l%j%�RcO�3fibdl#�3h�j%hm��¤�jr�<jm�oftb�p1f�c:e�ckegjsY�khRc?j��E�3�)�gstj^p1egjm�kj�c:eEj�lOeEftst�!fih/p/�3si¢Uftbg��nob���l%ft��l%sij3�

/ &-��Z�^G��%���cAg�=z: 254��e;b:$HN4 �	�.O`h"=�;�h?[DdA�.B6��:$HiJ �<;f:�HN4 �	�.=AZ 9m;�hz[$dG�	B6�?:�H*Q� Ç ÃÅË�4 ;³ÐgI�É�@ �j# � ÚJI�Ý)#���l%nohHÚ�� I�Ý�Û � ÚJI�Ý)#���hkfibÔÚ�� I�Ý
/ �{B"=T2�4P= cAg�=*;�&-�$ZG^G��%��?c.g�=z:mJ��{BGF"Z`B	^"H*Q�¡Õ.%��S# WW I �µÚ I�Ý)# %�h�ftb�Ú��µÚ I�ÝkÝ	��hkfib�Ú�� I�Ý
�1%dl%noh>Ú��µÚMI�Ý�Ý	��l%noh Ú�� I�Ý
�

Õ

/ �{B"=T2�4yO�hz[�g�Z 9"d�; �{B{=�Jn:.@DZ��$H*Q�§Õ %L�j# WW I �µÚMI�Ý)#T% ��� l%noh Ú|%��µÚ I�ÝKX�� I�Ý
Õ

4 j%�5j%bg�Eftbg��n3��l%no�)�Y�3��fthkn3b�n���c:eEj�sij%bg��c:egh1n3�
Õ§�3bg�� pDj����#�r�kjml%j%f�~oj�hknosiuEc:finobrn3�
c:egj�ckegj��ºnostsin¥p1fibg���ºn3�k�)h?�

/ �Ah	^"¡ 254��"=`h	^`a�d�; �{B{=�JL]3��Z*;b:$H.HNB{=.= c�[*Z 9{��B./ �mQ
� ���B¶v�S# ��Ú I�Ý�#�� I?X)¿��3�kl�cO�3b ������

cO�3b � � ' Õ ( %�� ( Ú ��� % I Ý
¿�Õ �

Õn%�� ' Õ�()%��x( � ����� ÚR¶o��¶`��Ý
/ �Ah	^AE 254��"=`h	^`a�d�; �{B{=�JL]3��Z*;b:$H.HNB{=.= c�[*Z 9{� �'�ABvQ
� ���È¿��j# � ÚMI�Ý�#�� IG%µ¿��3��lmcO��b ������

cO��bge � � ' �x(~%ÞÕ�( Ú ��� % I Ý
¿�Õ �

Õn%�� ' �x(~%ÞÕ�( � ����� ÚR¶o��¶ PUÝ
Ö�egj��ºuEbglmckftnobgh ��ÚMI�Ý�ÚR¶3�i¶`�oÝ���ÚR¶o��¶ PUÝ1�3�kj��ofi~3j%b����-�3b�jÌ���gstfil%fic?jÌ�E�E�kj%h�ftnobK�^Ö�egj%��jm�ºno��j
wyxKq³{"r!pqnouEst���5j��3�Estj\c:n§h�nosi~3j�c:eEj��gf��Kjm�kj%b�ckf��3sÔj%�UuY�¸c:ftn3b�p1ficke��of�~oj%b�ftbgf�c:f���s|l%nob7�
�gfickftnob � ÚÂÜ�Ýu# /D� t n3si~7ftbg�\c:eEj �gf��Kjm�kj%b�ckf��3sYjm�7ug��c:finob�� �$�\p1fic:e��3b�ftbgf�c:f���sgl%nobE�gfickftnobgh
�kj�c:ug��bghÙfibgh�ckj#�3��n3�/ÚR¶o��¶`��Ý�����uglOe�stnobE�oj%�1j����g��j%h�ftnob|�v¤�j��3�Eh�cO��ftb!�º�kno�'hkegnHp1ftbE�¡fic
egj%��j3�

/ ��c$&D¡ 254 %'&$¡ 4P=`h.^�a	de;�=�c.g�=*;b: 4 �<J�]3�$Zi;��DH 4�B.^�]3�{B<J �Gh	^"¡AHiJ %9&D¡AHiQ/ ��c$&.E 254 %'&$¡ 4P=`h.^�a	de;�=�c.g�=*;b: 4 �<J�]3�$Zi;��DH 4�B.^�]3�{B<J �Gh	^AE"HiJ %9&D¡AHiQ
����� ¶��j# ���p#¦¿��3�kl�cO�3b � cO��b�Ú /3�3¿oÝ|ÚÂÕL%��\Ý' Õ�(l%��x( � Õ

� ' Õ�()%��x(
����� ¿��j#&% ���p# ¿����klmc:�3bge�� cO��b�Ú /3�3¿oÝ|ÚÂÕL%��\Ý' �x(~%dÕ�( � Õ

� ' �x()%ÞÕ�(



ê � ì��¨ò���ñ��HõDð � ��ðUñ�ì�ï�ò�ñRîÒóµì������oî��\î�ëiì%ñ�ê��Hñ
	 �kí � �
Ö n��kjm�g�kn7�guglmj�ckegj\no�k�Efic��of�~ojmb-fib-� ft�oug��j�¶o� ��pDj\hkj�c /V# Ü$�
/ �Ah	^"¡ � 2�4�dGa�B.^�;\= c.g�=*;|B	^�] �"BG4��<J �Ah.^D¡AHAH*Q/ �Ah	^AE9� 2�4�dGa�B.^�;\= c.g�=*;|B	^�] �"BG4��<J �Ah.^.E"HAH*Q
� ���B¶HÜ �j# �µÚ I�Ý)# � I<X�¿)���klmc:�3b � cO�3bEe � � ' � ( %ÞÕ ( I

¿�Õ � ' � ( %dÕ (
ÕL%�� � ÚR¶o��¶ �oÝ

� ���È¿3Ü �j# �µÚJI�Ý)# � Im%Ï¿)�3��lmc:�3b � cO�3b � � ' Õ�(~%��x(�I
¿�Õ � ' Õ{(~%��x(

Õ-%�� � ÚR¶o��¶ (�Ý

�Yug��ckegj%����no��j�pDj�pq�3b�c!c:nÞhkj�crc:egj�sij%bg�3cke n3��c:egj��Y���!Õyj%�UuY�3sÙc:ndc:egj��k�3�gftuEh§n3�
c:egj�l%ft��l%sij ����Ö�egfih^fthÙbgn3c �<noh�hkfi�gstj��U���¡hkfi���Estj�hkug�ghRc:f�c:uEckftnob

�
pqj��:��ckegj%�Ùbgj%jm��ckn

l%no�)�guEckjÙckegj�stfi��f�cvÕ $ ����aBb§ckegfthql#�3h�j��<n3cke§�kjmhkugs�c:h�Ú`¶o�i¶ �oÝD�3bE�¾ÚR¶o��¶ (�Ýv�3�kj^jm�UuY�3sà�
/�^�Z�[�Z�:v;b@���=*; �Ah	^"¡ �"HiJnB�4 ��HiJ ^	Z�[�Z�:<;f@���=*; �Gh	^AE9�DH*JnB�4 ��HiQ

� I3%Þ¿��3��lmcO��b�Ú � I�Ý<Û � I3%Þ¿��3��lmcO��b�Ú � I�Ý
/ �Ah	^'� 2541] ��Zi;f:�Hz4 � ��¡z �2/ ��hG0�2�4���Fe;b:�H*J�0<;f:�Hz �2/ ��hG0 % ��^AhG: 254P= cAg�=�;���F<J �	0KJ &-�$ZG^�� %��?c.g�=?:mJ �Ah.^9�<J�h?[$dG�	B�4 ¡�J/ B�4 ��J �74 1eJ � ��h�0u�� KJ�:�4 �>; ;?< �A $H*Q

�<A¸Í �DËtA¸@ �j# ½)�
lmnohHÚMI�ÝvX �
l%noh#Ú|% ¿��3�kl�cO�3bÔÚMI�ÝvX I�ÝÌÛ
��h�ftbÔÚMI�ÝvX �
hkfib¨Úb%^¿��3��lmcO��bÔÚJI�ÝvX I�Ý�Û I)# Ü + + P�Ü�Á

/V]D^Ah�:<;���hG0 % ��^AhG:KJ =GO�B.^�Zz9���4yO�h�9�=z:.@�B�Zz9{dA�KJ}O�h.^AhG@�4�g"^AB�O ��H*Q
¤�j�n3�EcO�3fibrc:egj\h:����j��gsin3c?�3h1ftb!� ft�oug��jµ¶o� �E�

��ft�ouE�kj�¶o�!�µfth�no�Ec:�3ftbEj%�rp1ficke!ckegj��ºnostsinHp1ftbg��hRcO��ckj%�)j%b�c:hz�
/ ��hG0 % ��^AhG: 254P= cAg�=�;���F<J �	0KJ &-�$ZG^�� %��?c.g�=?:mJ �Ah.^D¡*J�h?[$dG�	B�4 ¡�J/ B.^�] �"B�4�BG@"O�:	B`9m;�6.E{H?M �"Z�J�B�4 =�>A@A:<; ¡�E31{HiJ �74 1eJ/ � ��h�0u�� <J�: 4 �;3;fE'� �G $H�2/V]D^Ah�:<;���hG0 % ��^AhG:KJ =GO�B.^�Zz9���4yO�h�9�=z:.@�B�Zz9{dA�KJ}O�h.^AhG@�4�g"^AB�O ��H*Q

��ftbg�3sts���pDj lmno���EuEc:j1c:egjÙno�k�Eficvn3�Ô��~��3�kft�3b�cDn��|c:egj sY�khRcqjÌ�E�3���Estj3� ¤�j?p1ftstsEl%nobgh�ft�gjm�
c:egj\l%�3hkj�p1egjm�kj\c:egj\�Y�3��fih�hkegn3��c:jm��c:eY�3b!c:eEj��k�3�gfiugh�n3�>c:egj\l%fi�klmstj3�Ehkj%j���fi�oug�kj�¶o�i¶3¶o�

/ ��hG0 % ��^AhG: 254P= cAg�=�;���F<J �	0KJ &-�$ZG^�� %��?c.g�=?:mJ �Ah.^.EvJ�h?[$dG�	B�4 ¡�J/ B.^�] �"B�4 �<J}B�4�<>; �21eJ � 4 1vJy� �	hG03�� KJn:74 �>;3;�<��G $H�2/V]D^Ah�:<;���hG0 % ��^AhG:KJ =GO�B.^�Zz9���4yO�h�9�=z:.@�B�Zz9{dA�KJ}O�h.^AhG@�4�g"^AB�O ��H*Q�Ùn3ckj�c:eY��c��ºno��ckegjÙlOeEftst�µpq�3st¢Ufibg��n3b¡�\h�ck�:�3fi�oe�cDsiftbgj/ckegj%��jÙfihv�3b¡��bY�3si�Uckftl#��sghknosiuEc:finob|�
c:egj�ck�:�3l�c:��f��<�>�3h�hkegnHp1b�ftb�c:egj�sY��h�c�hkjmlmckftnob�n3�vc:egfih�lOeY�3�Eckj%�m�¡¼¨jmc�ÚMG �HÛ�K �:Ý^�<j�ckegj
ftbgf�c:ft�3s³�<noh�fickftnob!�3bE��Ú � � Û � � ÝDc:egj�l%n3bgh�c:�3b�c?~3j%sin�lmficB�¡~3j%l�c:no�?n3�>c:egj\lOegfist�e�



� � � õ���ì����	��ñ�
��gõ��ì%ñ�ò������
Eì������3õ����ñ������� �ï����
á�âtã5ä³åYæ�ç�è�ç�ç3é/ð$� � ��ñz�¥îºò � �mñ �����

-1

0

1

2

3

-2 2 4 6 8 10

/�B�2�4 �bBv��2 �	F�2�4 � �.FK��2 �.0�254 ���.0m�	2/ &-��Z�^G��%���cAg�=z: 254��e;b:$HN4��	h�M �	F6��:mJ��<;b:$HN4 ��h�M �.0 ��:�2/ �{B"=T2�4�dGa	B	^�;\= cAg�=*;�&-�$ZG^G��%��?c.g�=z:mJ ��BAF"Z`B	^{H.HiQ
�§Õ %-�S# WW I �µÚJI�Ý)# h�ftb�Ú��µÚMI�ÝkÝ �1:R%�lmnoh Ú��µÚMI�ÝkÝ �¨Í

Õ

/ �Ah	^ 2�4��D=�h	^�a	de;��{B"=iJ-] ��Zi;f:�HAHiQ
� ���m�j# �µÚ I�Ý)#&% ¿��3��lmcO��b �� �� �1:�XÞc:�3bge �� ÚMIvX ���KÝ � �¨Í ( X �': (

¿�Õ
�� � �¨Í ( X �1: (��ß �� ��

�?jm�<j%��c:fibg��ckegj�h:�3�)j^�g��n�lmj%h�hÙ��h��<j��ºno�kj �ºn3�qc:egj�l%�3hkj^p1eEj%b!c:egj�lOegfist�§fihqpq�3st¢UftbE�µnob
�µl%ft��l%sij3�EpDj\no�EcO��ftb��3���3fib!�3b!ft�)�gstfil%f�cD�ºugbElmc:finobr�ºno� ��ÚMI�Ý��

aBb��ojmbgj%�k�3s�ficÔp1ftsisobgn3c>�5jD�5noh�hkft�Estj�c:n?no�Ec:�3ftb��3b��3bY�3s��Uc:ftl�h�nostu�c:ftn3b\�ºn3�Ôckegjvno�k�gf�cÔn3�
c:egj?c:nH�o��aª�ÔpDj^l%n3bghkfi�gj%�qckegj^lOegfist�)p/�3si¢Uftbg��n3b¡c:egj hkftbEj l%uE��~oj��gpqj eY�#~oj^c:n�l%no�)�guEckj
c:egj\no���gfic/n3� ckegj�c:nH�rbUug�)j%��ftl#��stsi�3��¤�j\p1fists<�gnµc:egfih?uEhkftbE�¡w�xmq³{{r|�

/ � 2�4�: 6./ :32 � 254�:y6./�12�	=GZz9m;f:�H�2 B 2�4 ¡ �K2/ �{BAF{Z�B.^vQ
�§ÕoØ %àÕ
�3�j# WW I �µÚ I�Ý)# ¶���¶HÜµh�ftb�Ú��µÚMI�ÝkÝ�% ¶��3¿µlmnoh>Ú��µÚ I�Ý:Ý�lmnoh>ÚJI�Ý

/ � 2�4��D=�h	^�a	de; ���{BGF"Z`B	^vJ�]3�$Zi;��DH 4 �"ZGI.E9�vJn] ��Z*;b:�H*Jn9.c�[$d�@DZ.O	HiQ
� �j#�� ��%	� ÚR8:N`Î�
� :<Ý +�+�+ 23 ��qj%l%�3ugh�j�ckegj!�gstn3c�fth�c:eEj�hk�3�)j!�3h�ftbÏ��ft�3ug�kj�¶3�QP�pDj�p1fistsqbEn3c)�g�kfibUc�f�cµegjm�kj3�d¤�j

p1ftsisà�oegnHpDjm~3j%�%�g�3�g�r�\�ºjmp lmno�����3bg�Ehvckn�h�egnHp ckegj?��nH~ojm��jmb�c:hq����bg�3��fil#�3sisi��nob�ckegj
hklm�kj%jmb|���Ùn�c:j\c:eY��cÙfic?fih?bEn3c �5noh�hkft�Estj�c:n)ughkj�c:egj ���)0  �3($�!lmno�)�¡�3bE�!�ºn3�?ckegj�hk�3�)j
�gug���<noh�j3�

¤�j�pDnougsi�¾sift¢�j�c:nrhkjmj)ckegjµ�)n¥~3j%�)j%b�c�n3��c:egj��Y���%�Ô�3bg��ckegjµc:�:�H£�j%lmckno����n3�D�<n3cke
j%bg�Eh)n��?ckegjr�Y�3�m� �^bgj!j%bE�Ïeg�3h�c:n��)n¥~3j!�3stn3bg��c:egjrh�ftbgjrlmug��~3j3�vc:egjrh�j%l%n3bg�Ïp1fists
�gj%h�l%��ft�5j�ckegj�l%no�)�guEckj%� no�k�gf�c#� ¤�j�pqnouEst� stft¢�j�c:nÏhkjmj��Þ��nH~7ftj��Ej%hklm�kfi�gftbg�dckegj
�g�kn7l%jmhkh1�gug��ftbg� � hkj%lmnobg�ghm�K��hÙ�µh�j%�Uugj%bEl%j�n���� X ¶\�Y����c:ft�3s|�gsin3c:hm�



ê � ì��¨ò���ñ��HõDð � ��ðUñ�ì�ï�ò�ñRîÒóµì������oî��\î�ëiì%ñ�ê��Hñ
	 �kí �-�
/ : 2�47E9�9�m2 =�254�BK2/ �3254.dGa	B	^G_e; =8���DZ�I : �<� � �>; ; :	 DH�2/ � � 254 �b=`dA>e;b@$��=*; � ;f:�He�5EG DHiJ�:74 ��Hz �2/V]D^Ah�:<; 4"Zz]K;.;5c3J a$H`6A/m���e; c�HwM = �.O`h"=*;fa�H*J��<;5c*HNM = �	=AZ 9m;fa�H? <J �KJ � � H.H*Q

Ö�egj)s��3hRc�w�xmq³{{r�lmno�����3bg�Eh\p1fists
�Efthk�Es��#��c:eEj¡no���gfic%�¡�Yno��c:eEj��)nH~�fijµpqj�eY�#~oj�ckn
�g�kjm�Y�3��j���bg�!h�c:n3�kj�c:egj\h�j%�Uugj%bEl%j%h n3���Estn3ckh/p1fic:e�ftbEl%�kj%�3hkfibg�µbUug���5j%�1n3� �<n3ftb�c:hm�

/ � Z�:$�m;5]D^Ah�:$=.H�2/ � � 254��{Z	= ]"^AB�0<;�=�dA>e; ]D^GhG:v;/ 4{Zz]K;.; c�J a$H`6./K���e; c*HzM9= �.O�h{=*; a�H*J �<;5c*H?M'=.�.=AZz9K;ba$H? KJ��u��¡/;3;��A <J � � ��¡�;3; �A DHiJ/ O`h	^GhG@	4`gD^?c"d<J5:��$Z.O �G9"d{=.=�4	E"H�J ��4 ¡/;3;O:	M$¡AHiJ�Zz9�=`dA>`c"d�9�O�dG4A:A@Gc"d"H�2/ � � 254��{Z	= ]"^AB�0<;/ 4{Zz]K;.; c�J a$H`6./?]D^GhG:<;"�.� �v; c�HiJ��<;5c*H  KJ1���e; c�H?M9= �.O`h"=*;fa�H*J �<;5c*HzM9=.�.=GZ 9m; a�Hz . vJ/ O`h	^GhG@	4G@�dG�$HiJ��mJ � � H*J�Z 9�=`dG>�c�d`9$O�d�4A:.@�c{d"H�2/ � � 254��{Z	= ]"^AB�0<;�=�dA>e; ]D^GhG:v;D�|=�dA>e;D� �v; c�H*J?�<;�c*Hz KJ c{4��3��¡�;3; �A DH? vJ�O�h.^Gh�@	4�gD^GB{O���HiJ/ �A4$¡/; ; :	M$¡AH*J�Zz9�=`dG>�c"d�9�O`dA4A:A@Gc{dDHi2
Ö�egjÙ�3bgft����ckftnob � � l%nob�cO��ftbgh�ftb��ºno�k����c:finobµ�3�5nouEc�ckegj1no�k�gf�c#� aªcDhRc:no��j%h � X¾¶?�g�3��ckf��3s
�gstn�c:h lmnob�cO�3fibgftbE�rÜ¡c:n � �5noftb�ckh%��Ö�egj��3bgfi�¡��ckftnob � � �gj%h�l%�kfi�<jmh�c:egj��g�3���<n3hkfickftnob
�ºno��j#��lOe)�º�k�3��j�����fibY�3sts���� � �gj%h�l%�kfi�<jmhvckegj^É�ÃÅ2K6�ck�:�¥£�jmlmckno���3�
aªc:hvh�ck�kugl�c:ug��jÙfih�hkft�)ftst�3�
c:n � � �

Ö�egj�p1egnostj\�g��n�lmj%h�hÙl%�3b!bgnHp �<j^~7fijmpDj%�-p1f�c:erc:eEj�lmno�)�¡�3bE�

/ �"Z	=�]D^GBG0<; ��� �vJ�� �vJ � � �eJ a"Z�d � 43��6.E ;3;5E9�<Jb6 1 ;3;�¡ 1� $H�Q
� ���ÔWY>T^]¨Ô²
� � ���?è	��
³âiåYæUå���Kè��1è��	�³å��Ìæ � ���������µè���
� ! ³æUå�#"%$'&)(+*-,/.�02143'*-,65'187:9#* ;=<>1?<>,A@B*C5'&

DFEHG�5�@B*C$',JI=KML�NPO�QMRS��T�UHQWVYXZUHQM[S�'T�\]UHQM[SRS�_^`UaRS�JUa[Sb%UHQMTJ� � ��� ��é
� � ����èc�ÙæUäd�ÌæUå�feF<>gch$'ij,�&)*BkHil<m9#* ;n<>1?<>,A@B*C5'&o.�&S<>*Ck>ijGl,/.P<>,��p\Dérq é=s�UatJb6�JUHQa�pNPu?t�uWuWTv�'Q?uH�

� ��� � é


