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§¨z�s�vtu��«p�®hs�y{nh��§¨s�z�nqp��6��f	u��´�Zjtj6n�r®	v6v6jt����§¨®	³{³�Á¬u��h�h³�y{j���prz�u�©�y��«jAs�u�nh�wj)z�§«u��h�h³�y�v6u+p�y{zwn	�t�ty�n	v0³�®«}
�«y�nh���hs�z��h³�j6i��-y{ndÊ	®	y���idj�v�f	u�nhy�v6�t�wv6z�iÅ�h®	�±pry�z�n´��v0zwi|�	®«prjtsPu�n	y{i�u+p�y{zwn´��y�i�u��wj��hsrz«v6jt���±y�nh�	�
srzw�Zz�pry�v�n	u���y��wu+p�y{zwn�j0p�v�¯��azwsrj�s�jtv6j6nqpr³�ÁÚp�fhjt�rj<p�jtv�fhn	y�q®hj���±p�u�srprj��ÛprzW�Gj�u��h�h³�y{j��Õy�nÕprfhj
v0zwi|�	®«prjts���y��ry�z�nW�«zwidu�y{nTy�n	v6³{®	�hy{nh���±f	u��Zj�§¨srzwi �rf	u��hy{nh�Z�	�wj6z«�«jt�ry�v�u�vxp�y{�wjv0zwnqprz�®	s��t�	�rª�j0}
³{j6przwn	�6�«v6z�³�z�sP��v6u�³{j��±�Zu�v0jw�wj6p�v�¯ 1 å ¡ 3 é�è 5;: ¢ 3 5¨¡|¤«£�¢C5¨¥;C å ¢ 3 ¤«¢Å¢ 3 å C åhMGå CP¡ å ¢"� å ¢ 3 é ê
¥�¤D:Ë¤FCE¡ é   å ¤IFAF�C85 å ê åhi-å ¥�¢<5 MZå C æc=~é £T¡ é C M 5;:A7j5 �NF é £�¢t¤D:G¢ M 5¨¡C5 é :kF&£ é  �C å ��¡N¡ ��¥ 3
¤h¡ � é ¢<5 é :Ñê å ¢ å ¥�¢<5 é ::¤D:�ê�¢t£�¤	¥C?E5]:�7Ñ¤D:�ê èå F&£ éBM 5¨ê å F&£ é �N5¨¡<5;:A7�£ å ¡ �1C½¢�¡lb�m$¡C5]:�7
¢ 3 å � å ¢ 3 é ê èå F&£ é F é ¡ å9n ¥ é �NF C å�o ¥;��£ MZå ¡Ô¥w¤D:   å ¢t£+¤h¥<? å ê,¤>:�ê ¢ é F é C é 795¨¥�¤FC
¥ 3 ¤D:A7 å ¡ =~é £N¢ 3 å�åhMZé C M 5;:A7 ¥;��£ MZå ¡N¤h£ å :�¤h¢���£�¤ C C æ ��¤D:&¤I7 å êpb K 3 årq :&¤FC�£ å ¡�� C½¢a5¨¡
£ å CE¤«¢C5 MGå C æ 5;:&ê å F å :&ê å :G¢ é>= ¢ 3 å ¥;��£ MGå 5;:A5½¢<5¨¤FC858sw¤«¢C5 é :tb
m�¡<5;:A7 é ��£ é £�58795;:&¤FCu5 �NF C å � å :G¢�¤«¢C5 é : ¤FC87 é £�5½¢ 3 � n ¢ 3 å ¥ é �NF ��¢t¤«¢<5 é :&¤FC$¥ é ¡6¢j5¨¡
ê�£+¤h¡t¢C5E¥�¤FC C æ £ å ê ��¥ å êtb
K 3 å F�£ é   C å � ¤hê&ê&£ å ¡t¡ å êv5E¡ MZå £ æ 5 �NF é £�¢t¤D:G¢ = £ é � ¢ 3 å F é 5;:G¢ é9=6M 5 åqè é9= ¢ 3 å
¤IFPF C85E¥�¤«¢<5 é :&¡ ¯

wAwyx�zC{<|
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�az�p�y{zwnÚ�«j6prjtv0pry�z�nÛu�n	��Ö¬�h��jtvxp��¬e&s�u�v�ª�y{n	�Nu�s�jÅu�i|zwnh��p�fhjÅidzq��p�y{id�Gz�srp�u�nqp�y����±®	jt�¬©�yÝp�fhy{n
u�©�y��«j²v0³�u����Az�§/u��h�h³�y�v6u+p�y{zwn	�Ay�n	v6³{®	�hy{nh�|s�z��Gz�pry�v6�t��u�®«p�z�i�u+p�jt���r®hsr�wj6y�³{³�u�nZv0j��wprs�u$�<v�i|zwnhy{prz�}
sry�nh�Z�«i|j��«y�v6u�³�y{i�u��wj6s�Á���j0p�v�¯
�az�p�y{zwn$�hj0prj�vxp�y{zwn$u�n	�aÖ¬�h��jtvxp���e�s�u�v�ª�y�nh�Å�	srz+��y��«j¬u|��z�z«�<�Zu��ry��P§¨z�s�p�fhj²jt�±pry�i�u+pry�z�n$z�§5k�ë
idz�pry�z�n<u�n	� �+z�s-�±prs�®	vxp�®hs�j�§¨srzwiâp�y{idj��+u�s�Á�y{n	��y{i�u��wjt�Au�n	�|prf�®	�t�q�hsrz+��y��«j�u�s�y�v�f��r®h�h�Gz�srpAprz
prfhj�u�nZu�³�Á��ry���z�§«pry�i|j6}~�+u�srÁ�y�nh��jtnq��y�srzwnhidj6nqpt¯&ë�®hj�p�z�prf	j��«j6p�u�y{³�jt�Åw®Zu�nqpry{p�u�pry���j-y�n«§¨zwsri�u+p�y{zwn
prfhjtÁ|vtu�n��hs�z+��y��hj��wu�n	�d�«®hj�p�z�prf	j�§Eu�v0pAprfZu+pAp�fhj�v�f	u�nh��j�z�§Gp�z��Gz�³�z��wÁy��-v0zwsrs�jtv0pr³�Á�f	u�n	�«³�jt���
prfhj²p�s�uwv�ª�j��Nv0zwnqprz�®	s���u�s�j²��jtsrÁ�©�j6³�³��r®hyÝp�jt�Nprzdp�s�uwv�ªqy�nh�|sry���y��$u�n	� : é : ç £�58795¨ê é  /Q å ¥�¢�¡lb

02143 ¤«¢(5¨¡a¢ 3 å � é ¡t¢�¥DC é ¡ å C æ £ å C¨¤«¢ å ê èé £e?Ë  æËé ¢ 3 å £�¡a¤D:&ê 3 é�è ê é´å ¡�¢ 3 5¨¡ èé £e?
êA5 i-å £ @
×�y�i®h³{p�u�nhj6zw®	�±³�ÁWp�zTprf	y��©PzwsrªI��p�fhj<y��«jtuaz�§�u��h�h³�Á�y{nh�ap�fhjNv6®hsr�wj�j6�wz�³�®«pry�z�n�prfhjtz�s�ÁWp�zTprfhj
prs�u�v�ª�y�nh�a�hsrzw�h³�j6i fZu����Gj6jtnÛs�jtv6j6nqpr³�ÁÚ�	srj��±jtnwp�jt�Û��Á�Í�uw�±jt³{³�jt�²y�n Î���
+Ð~¯��z+©�j6�wj6s�prfhy���rj0}
q®hj6nqpry�u�³�³�ÁÅp�fhs�j6j��±prjt�Nu��h�	srzqu�v�fdy��P��jtsrÁd�«y{ÀGjtsrjtnqp-§¨s�z�i prfhj�®hnhy{É	jt�Nu��h�hs�z«v�f�©Pj��hsrj��±jtnqpPy�n
prfhy���u�srpry�v0³�j�¯)Ìhzw³{³�z+©�y�nh��prf	j6y�s��	srjt�qy�z�®Z�A©�z�s�ª|zwn<��jtz«�«jt�ry�v¬u�v0pry���j¬v6z�nqprzw®hs��6��prfhjtÁdÉ	s��±p���p�u�srp
��Á$�«j6prj�vxpry�nh�Nprfhjv6z�nqprzw®hs���z�§5prf	jz��h��jtvxp���przN�Zjprs�u�v�ª�j���¯�ì�nWj���p�y{i�u+p�y{zwnTz�§5prf	j��jt³{z«v6yÝp�Á
��j�vxprzwsAÉ	jt³��Nu�³�z�nh�²p�fhj¬�«j6prj�vxprj��<v0zwnqprz�®	s��)y��-prfhjtn<�Zjts±§¨zwsridj��d®	�±y�nh�|u�v0zwi|�	³{j6prj6³�Ád�±jt�	u�s�u+p�j
u��h�	srzqu�v�f´��u�n	�NÉ	n	u�³{³�ÁNu�nhz�p�fhj6s��Aë�È:y����«j��±y���n	jt�Nprzdidz+��j¬prfhj�v0zwnqprz�®	s��PprzÅprf	j��Zzw®hn	�hu�srÁ
z�§Iprf	j�i|z+��y�nh��z��h��jtvxp��6¯5e�fhj��±j�v6z�nqprzw®hs��5u�srj�p�fhj6n�®	�rjt�duw�)y{n	yÝp�y�u�³hjt�±pry�i�u+prj�z�§Iprfhj�v6z�nqprzw®hs��
y{nÚprfhjdnhj6Â�p�y�i�u���jw��u�n	�Wprfhj|�hs�z�v6jt����y���srjt�Zj�u+prj���¯ÅÖ¬®hs�idj0prf	z�����p�u�srp��¬��ÁTj0Â«�hs�jt���±y�nh�Nu�n
j6nhjtsr�wÁN§¨®	n	vxp�y{zwn	u�³�prf	u�p¬y�n	v0³�®	�«jÅ�Zz�prfTp�j6s�id��z�§)idz�p�y{zwnW�«j0p�jtvxp�y{zwnÚu�nZ�$prs�u�v�ª�y{n	�	¯�e�fhjÅuw��}
�±z«v6y�u�prjt�$È)®h³�j6sr}oÃ�u��ws�u�nh��j¬�Aë¬È�y���prfhjtn$�rz�³���j��<®	�ry�nh�p�fhj�³�j6��jt³��±j6p�§¨zwsriÅ®h³�u+pry�z�n$�rv�f	j6idj¬z�§
Ö��±f	j6su�n	�Õ×�j0p�fhy�u�n ÎÙ���+Ð~¯$monÕz�s��«j6s²p�zTsrj��«®	v6jdprfhj$Í��-° pry�idj��5©Pj�fZu���j��«j6�wj6³�z��Gjt��u�nZ�
y{id�h³�j6idjtnwp�jt� ¤ : åqè ¤IFPF�£ é ¤h¥ 3 ¢ 3 ¤h¢ å�o F�C é 5½¢t¡Ú¢ 3 å   å ¡t¢W¤h¡<F å ¥�¢t¡ é>= ¢ 3 åHR ¤«£�£ é�è
T ¤>:�ê VYXIZA¤D:&ê2[�¤h¡t¢ B ¤«£+¥ 3 5;:�7 V X>XIZ � å ¢ 3 é ê&¡ ¯/ãAu�s�y{zw®	�)s�jtu�³h©Pzwsr³��|��y��«jtz�rjtq®hj6nZv0jt�
f	u���j²�Gj6jtn$®Z�±j��<p�zdprjt�±p�u�n	�$�+u�³�y��hu+p�j�zw®hs�u��	�hsrzqu�v�f´¯

0�� é�è ¥�¤>: é ¢ 3 å £<£ å ¡ å ¤«£+¥ 3 å £+¡ ��¤I? å �&¡ åTé9= ¢ 3 å £ å ¡ �1C½¢�¡ é>= ¢ 3 5E¡ èé £e? @
K 3 5¨¡ èé £<? è 5 C C�  åTé9= 7	£ å ¤«¢65;:G¢ å £ å ¡6¢ =¹é £<£ å ¡ å ¤«£+¥ 3 å £+¡ èé £<?E5]:�7 é : � é ¢<5 é :�¤D:&¤ ç
C æ ¡<5¨¡ n ¤D:&êÏ¢t£�¤	¥C?E5]:�7Ñ¤D:�êÏ¥>�´£ MGåÚåhMZé C ��¢C5 é ::¢ 3 å�é £ æ b
K 3 å 5¨ê å ¤h¡&F&£ å ¡ å :G¢ å ê 5]: ¢ 3 5¨¡LF&¤DF å £�¥�¤>:X¤FCE¡ é   å ¤IFPF�C85 å êX¢ é ê å�MGå C é F_êA5 i-å £ å :G¢
¤IFPF C85E¥�¤«¢<5 é :&¡a¡��&¥ 3 ¤	¡<¡6¢ å £ å�éAn ¡ 3 ¤IF å�= £ é �>¡ 3 ¤hêP5;:A7 n b;b�� ju�srjÅv0®hs�srjtnqpr³�ÁNy�nq�wjt�±pry��wu�}
pry�nh��prfhjdu��h�	³{y�v6u�pry�z�nTp�zNp�fhj|�±prjtsrjtz<�hs�z��h³�j6i�Ip�fhjÅ�	srjt³{y�idy{n	u�srÁas�jt�r®h³{p��¬z��«p�u�y�nhjt�Wu�srjÅ��jtsrÁ
�hs�z�idy��ry�nh�	¯

���Pw	���
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��¸�·o¸���·Eµ���¶Õu�n	�Ñ·Eºx¾��
	�µ�¶��az�§Pidz+��y�nh��zw�«��jtv0p��²y�nÕu$�rjtq®hjtn	v0jdz�§Py�idu���j���u�s�jÅ�hs�z��	³{jtid��u�sry��ry{nh�$y�n
n�®hidjtsrzw®	�²u��h�h³�y�v6u+p�y{zwn	��z�§�v0z�id�h®hprj6s���y��±y�z�nÛu�n	��y�idu���j�v0z«�«y�nh�Z¯|e�fhy��²�	u��Zjts��«jtu�³���©�y{prfÛprfhj��±j
p�©�zÛ�hsrzw�h³�j6i��dz�§�i|z�pry�z�n:u�n	u�³{Á«�ry��d�r®h�h�Gzw�ry{n	�Ûu��±p�u+p�y�va��v0jtnhj�¯Ïe�f	u�pdy��t�P©�jTu����±®hidj�prf	u�p�prfhj
y�i�u��wjt��u�s�j�p�u�ªwj6n$��ÁNud��p�u+pry�v²z��Z�±jtsr�wj6s�Ev6u�idj6s�u��x¯
ë¬®hs�y{nh��prfhjA³�u��±p&�«j�v6uw�«j���i�u�n�Á¬�«y{ÀIj6s�j6nqp&u��	�hsrzqu�v�fhj��If	u���j5�Gj6jtn��hs�z��Gzw�rjt��§¨z�s´p�fhj���¸+·¹¸��t·Eµ���¶�z�§

idz+��y�nh��z��h��jtvxp��6¯/mon�p�fhj�s�j6³�u+p�jt���hy��h³�y{zw��s�u��hf�Áw��i�u�n�Á��«yÝÀIj6s�j6nqpP§¨s�u�i|jt©Pzwsrª«�5f	u��wj��Gj6j6nN�hsrzw�Zzq�±j��
v6z�n	v6j6s�nhy�nh��prfhjP�hs�z��h³�j6iX§¨z�s�idu�³{y�Ætu�pry�z�n´¯&ìÔ�	uw�±y�vAu����r®hid�«pry�z�n²y��´p�fhj-u��Z�±jtn	v0jAz�§hv6u�idjts�u � ��idz�pry�z�n	�
z�prfhjtsr©�y��rj��wprfhj¬�hsrzw�h³�j6i y��Pidz�s�j�v0zwid�h³{y�v6u�prj����q�ry�n	v0j¬�Zz�prf<p�fhj�jt�±pry�idu�pry�z�nNu�n	�<v6z�id�Zjtn	��u+pry�z�n�z�§
p�fhy���idz�pry�z�nau�s�j�srj�w®	y{s�jt��¯
e�fhj��±y�id�h³�jt�±p�idz+��y{n	��z��«��j�vxpP�hj0prj�vxp�z�s�y��Pz��«p�u�y�nhjt�<®	�±y�nh�u�prfhs�jt�rfhzw³��«y�nh��p�jtv�fhn	y�q®hj¬z+��j6s-prfhj

µ�¶I·¹¸xº�»E¼½º�¾�¿N¸��wµ��´¸�º0¸�¶��0¸�¯5ë�j�v0y��±y�z�nZ�Au�s�j�p�u�ªwj6ndy�n	�«j6�Gj6nZ�«j6nqpr³�Á|�Zzwy{nqpA��Á�Gz�y�nqp:Î����+Ð~�qz�s)z+�wj6s)�h³�z«v�ª��
y�nWzws��«jts�p�z�u�v�f	y{jt��j�s�z��h®Z��p�nhjt����y�nWnhzwy��rjy�n«Ê	®hjtn	v0j Î k���Ð¹¯²�azwsrjÅv0z�id�h³�j0ÂWu��h�hs�zwu�v�f	jt��³�jtuw�$prz�u
�±p�u�pry���p�y�vtu�³&z�s�y{jtnwp�u+p�y{zwn«}K§¨zwsri�u�³{y�Ætu�pry�z�n$z�§5prfhj|�hs�z��h³�j6ia¯�monWprfhy��¬vtu��rj��	prfhj|µ{¶I·o¸�ºx»¨¼½ºx¾+¿N¸��«y{ÀGjtsrjtn	v0j
y���u�n	u�³{Á�Ætjt�Nuw�PuÅidyÝÂ�p�®hsrj��«j�v0zwi|�Gzw�ry{pry�z�n<�hs�z��	³{jti Î kq�tÐ¹¯-×qp�u�pry���p�y�vtu�³I³�y{ªwj6³�y{fhz�z«��p�jt�±p���f	u��wj¬�Gj6jtn
u�³��rz�v0zwn	�±y��«jtsrj�� Î �q�tÐ¹¯Pe�fhy���u��h�hs�zwu�v�f�y���w®	yÝp�j�j��<v0y�j6nqp�y�n$prfhjvtu��rj²©�fhj6s�j�³�u�sr�wj��«y��r�h³�u�v6j6idj6nqp��
u��h�Gjtu�s���zwsAp�fhj�zw�«��jtv0p��P�hsrz���jtv0pry�z�n	�Au�srj¬�±® �<v6y{jtnwp�³{Á|p�j0Â�pr®hs�j�¯���u�³{i�u�ndÉZ³Ýp�j6s�y{nh��prjtv�f	nhy�q®hj��XÎÙ� 
+Ð~�
uw��©�j6³�³-u��²p�fhj<®	�rj�z�§�É	s��±pu�n	���rjtv0zwn	�Ûz�s��«j6s�Wu�s�ª�z+�Wv�f	u�y{n	��f	u���j��Gj6jtnÔu��h�h³�y�jt� Î �«�P���tÐ¹¯$mon
uw�h�«y{pry�z�n�Ä²u��Gz�s¬É	³Ýp�j6s���f	u���j|�Zjtj6nÛu�³��±za�«jt�ry���nhj��Ty{nÛz�s��«jts�p�z$v6srj�u+prjd�r�	u+p�y{z�}Kp�j6id�Zzws�u�³��ws�uw�«y{jtnqp
�hj0prj�vxp�z�s��ÜÎÙ����Ð¹¯
e�fhj��r�	u+p�y�u�³��Tu�srªwz+�Ñ��u�n	�«z�iáÌ/y�j6³��h��K�T��ÌZ���Nf	u��wjW�Zjtj6n_©�y��«jt³{Á:®	�rjt�Ï§¨z�s�prfhjÛ�hs�z��h³�j6i

idz«�«jt³{y�Ætu�pry�z�n´¯Ne�f	j��hsrzw�h³�j6i y����±p�u�pry���p�y�vtu�³�³{ÁWzwsry�j6nqp�jt���/u�v6v6z�s��«y�nh�Np�zaprfhj�j�q®hy{�+u�³{jtn	v0j��Gj0p�©�j6jtn
p�fhjN�T��ÌZ��u�nZ�ÛÄ�y��h�	���hy��±prs�y{�	®«pry�z�n�Î��t�+Ð~¯<e�fhj��	srzw�h³{jti �rz�³�®«pry�z�nÛy����hj6s�y{�wjt���qÁÚi|y�nhy�idy{Æty{nh�Wu
�w³{zw�	u�³�v0zq��pÅ§¨®hn	vxp�y{zwn´�A®	�ry�nh�Ú�w³{zw�	u�³Pz�s|³{z«v6u�³Pidy�nhy�i|y�Ætu�pry�z�nÕp�jtv�fhn	y�q®hj�� ÎÙ�«���h�)� 
h�5k���Ð¹¯�e�f	j6s�j
u�srj��rz�idj²idz��hj6³���©�fhy�v�f$�	srzw�Zzq�±j�u|idz�s�j¬ÊZj0Â«y{�	³{j�u�n	�$³{j��r��j6Â«�Zjtn	�±y���j Ey{nap�j6s�id��z�§5v6z�id�h³�j0Â«y{p�Á��
©�u�ÁaprzW�hjtu�³)©�y{prfÛp�fhj��hs�z��h³�j6ia����ÁÚv6z�iÅ�hy{n	y{nh�$p�fhjN�T��ÌZ��©�yÝp�fÛprfhs�jt�rfhz�³��«y�nh�$prj�v�fhnhy�w®	jt� Î �+Ð~¯
ë¬j0p�j6s�idy{nhy��±pry�v²srjt³�u�Â«u�pry�z�n$u�³���z�s�y{prfhi���z�§½p�j6naf	u���j��Gj6j6nTu�³��rzÅ®Z�±j���ÎÙ�!�h�	k 
�Ð¹¯
e�fhjNidu���z�s�yÝp�ÁTz�§�prfhj�s�j6³�u+p�jt�Û�hy��h³{y�z��ws�u��hf�ÁWu����±®	i|j���uT��p�u+p�y�vdzw�	�±jtsr�wj6s ��fhz+©�j6�wj6s�prf	j6s�j<u�s�j

idz«�«jt³���©�fhy�v�f�u�srj�u��h³�j�p�z|v6z��Gj¬©�y{prfauÅi|zw�hy�³{j²v6u�i|jts�u��Á�jt�±pry�idu�pry�nh�Åprfhj�idz�pry�z�nNÉ	j6³��h�t�«©�fhy�v�f
vtu�n$�Zj²�wj6s�Á<v0z�id�h³�j0Â$�«®hj²przdidz�p�y{zwn$u�n	�$�«j6�«p�fT�«y���v0zwnqpry�nq®	yÝp�y{j��6¯A�az+��y�nh�Åzw�«��jtv0p���u�srj��«j6prjtv0prj��
��ÁÔv6z�id�h®«p�y{nh�Ûp�fhjT�«z�idy�n	u�nqp�idz�pry�z�n��Pu�nZ� ��ÁÕ�Gj6sr§¨z�s�i|y�nh�Ûidz�pry�z�n:v0zwid�Zjtn	�ru�pry�z�nÑ®	�±y�nh�Ûprf	y��
�hz�idy{nZu�nqpPidz�p�y{zwn´¯)°��r®	u�³�³�Á<u�nNu(�dn	j¬idz«�«j6³Gy��P®Z�±j��<y�nNz�s��«jtsAprzd�«j��rv6sry��Zj�prfhy���idz�pry�z�nÓÎÙ�!�«�«k 
+Ð~¯
Ì/y�n	u�³�³�Á��	y�nTz�s��«jts�przNv6srj�u+p�j�u<�«j0p�jtv0pry�z�nTi�u��ay�n#"�s�jtu�³Ipry�idj%$x�ZiÅ®h³Ýp�yÝ}o��v6u�³�j�u�³���zwsry{prf	id��f	u���j��Gj6jtn
u�³��rz|�hsrzw�Zzq�±j�� Î �&��Ð¹¯
�az�pry�z�n�u�n	u�³{Á«�ry���®	�r®	u�³{³�ÁWy�n	v0³�®	�«j��²p�©Pzajt³{jti|jtnqp�u�s�ÁT�hs�z«v0jt���rjt��'¬idjtuw�±®	srjti|jtnqp�u�n	�Û�±jt��idj6n«}

p�u+p�y{zwn´¯|È-u�s�³{Áap�s�uwv�ªqy�nh�$u��h�hs�zwuwv�fhjt�¬©�z�s�ª�jt�W©�yÝp�fÛ�ry{n	��³�j|�Gz�y�nqp���u�n	�Wj��«��j6}~³�y{n	jd�rj6�widj6nqp�� Î��6Ò�Ð~�
�	®«p�prfhj��±j�idz«�«jt³���©�j6s�jd��jtsrÁÚ�rj6nZ�±y{pry���j|przTz«vtv0³�®	�±y�z�nZ�6¯<ì¬��uav0z�nZ�±j�w®	j6n	v6j��´idz�s�j�v0zwi|�	³{j6ÂÚprs�u+}
v�ª�y�nh�Ûi|z«�«jt³��|©�j6s�j��	srzw�Zzq�±j��Õprz�p�u�ª�j$y{nqp�z�uwv6v6z�®hnqpd��³�z��	u�³P�hs�y�i|y{pry���j��d�±®	v�f:u��dv6z�nqprzw®hs��|u�nZ�

wAwyx�zC{<|
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s�j6�wy{zwn	�t¯&mon$z�s��«j6sPprzdu�v�f	y{jt��j¬prfhy��6�h�hj0§¨z�s�i�u��h³�j�i|z«�«jt³��� " � ¶Z¾!	�¸ � $ �)f	u��wj¬�Gj6jtn�©�y��«jt³{Á�®	�rjt� Î k&�+Ð~¯
ë¬y{ÀGjtsrjtnwp|p�Á��Zj��|z�§��hj0§¨z�s�i�u��h³�jNidz«�«jt³��|f	u��wjN�Gj6j6n��hs�z��Gzw�rjt��¯Ô�azq��pdz�§�prfhjti u�s�jNj��«��j6}~�	uw�±j��
Î����«�Z�«���hkw��Ð¹¯PÖ�prfhjts�u��h�hs�zwuwv�fhjt��®	�rj�u�nau��h�hyÝp�y{zwn	u�³´v6z�n	�±prs�u�y�nqp�§¨zws�prfhj�v6z�nqprzw®hs��«y��±�h³�u�v6j6idj6nqp�prz
zw�«pry�idy{Ætj�prf	j¬�«j6§¨z�s�idu��h³�j�v0z�nqp�z�®hsÏÎ ��Ð¹�w©�f	y{³�j�z�p�fhj6sAp�u�ªwj�y�nwp�zu�vtv0zw®hnqp)prfhj¬i|j�u��r®hs�j6idj6nqp��5z�§�prfhj
zw�«pry�v6u�³´Ê	z+©�y�n�u�nTy{nqp�j6��s�u+p�jt�Tidz«�«jt³_Î ��Ð¹¯�Ö¬nWprfhjÅz�prf	j6s�f	u�n	�´�Zp�fhj6s�jy���uNv0³�u�����z�§-u��h�	srzqu�v�fhj��
zw�«pry�idy{Æty{n	��prfhj|s�j6��y�z�nTv6z�nqprzw®hs���Áaidu�Â«y{idy�Æ6y�nh��prf	jy�nwp�j6n	�ry{pry�jt�¬fhz�idz��wj6nhjtyÝp�Á�y{nZ�±y��«j�p�fhjs�j6�wy{zwn
Î��tk+Ð~¯aÌ/y{n	u�³{³�Á��&prf	j6s�j<u�s�j�i|z«�«jt³���prf	u�pÅv0zwi�hy�nhj<�«j6§¨z�s�idu��h³�j�srjt��y�z�n	��u�n	�Õ�«j0§¨zwsri�u��h³{j<v6z�nqprzw®hs��
Î Òh�I�!��Ð5u�n	�$z�p�fhj6s���p�f	u+p¬v6z�iÅ�hy{n	j��±n	u�ª�j6}~�	uw�±j��<p�s�uwv�ª�y{nh��u��h�hs�zwu�v�f	jt��©�yÝp�fTidz�pry�z�nh}~�	uw�±j��Ns�j6�wy{zwn
�rj6�widj6nqp�u�pry�z�n Î ��Ð~¯
×�y�i®	³Ýp�u�nhjtz�®	�r³{ÁÑprz prfhy���©PzwsrªI��prf	jÚy��«jtu z�§�u��h�	³{Á�y�nh�Ôp�fhj�v6®hsr�wjWj6�wz�³�®«pry�z�n:p�fhj6zwsrÁÑprz prfhj

p�s�uwv�ª�y{nh�$�hs�z��h³�j6i f	u��²�Gj6jtnÛs�jtv6j6nqpr³�ÁW�hs�jt�rj6nqp�jt���qÁÕÍ�u��rj6³�³{j���u�n	�ÕÍPz�³�³Ay�n�Î���
�Ð¹¯ ��z+©�j6�wj6s�prf	y��
�rjtq®hjtnqpry�u�³�³{Á�prfhs�j6ja�±prj6�Ñu��h�hs�zwuwv�fÕy��Å��jtsrÁÕ�«y{ÀIj6s�j6nqp§¨s�z�iÓprf	j�®hn	yÝÉ	j�� u��h�hs�z�v�f ©Pj��hsrj��±jtnqpÅy�n
p�fhy���u�srpry�v0³�j�¯dÌhz�³�³�z+©�y{nh�$p�fhj6y�s��hs�j6��y{zw®	��©PzwsrªTzwn��wj6z«�«j��±y�vÅuwvxp�y{�wj|v6z�nqprzw®hs��t�Iprf	j6ÁWÉZs��±p���p�u�srp���Á
�hj0prj�vxp�y{nh�WprfhjNv6z�nqprzw®hs��²z�§�prfhjNz��«��j�vxp���przT�Gj�prs�u�v�ªwjt��¯aì�nÕj���p�y{i�u�pry�z�n�z�§�prf	j<��jt³{z«v0y{p�ÁÚ�wjtv0prz�s
ÉZj6³��Úu�³�z�n	�<prf	j|�«j6prj�vxprj���v6z�nqprzw®hs���y���p�fhj6nÛ�Gj6sr§¨z�s�i|j��T®	�ry{n	�$u$v0zwi|�	³{j6prj6³�ÁT�±jt�	u�s�u+p�jÅu��h�hs�zwu�v�f��
u�n	�TÉZn	u�³�³{ÁWu�nhz�p�fhj6s²�Aë�ÈXy��²�«jt�ry���nhj��Tprz$idz+��jprfhjdv0zwnwp�z�®hs���prz�prfhj|�Zzw®hn	�hu�srÁaz�§-prf	jÅidz+��y{n	�
zw�«��jtv0p��t¯)e�fhjt�rj�v6z�nqprzw®hs���u�srj¬prf	j6n$®	�±j���uw��y{nhy{pry�u�³�j���p�y{i�u�prj²z�§&prfhj�v0zwnqprz�®	s��Py{n�prf	j�nhj0Â�p�y{i�u���j��
u�n	�Nprfhj��hs�z«v0j��r��y���srjt�Zj�u+p�jt��¯
e�fhy��5�	u��ZjtsA�«jt��v0s�y{�Gjt�5u�®hnhy{É	j��|u��h�hs�zwuwv�f�§¨z�s/prf	j���¸�·o¸��t·Kµ �+¶|u�n	��·Eºx¾��
	�µ{¶ �¬z�§Gidz+�qy�nh��z��«��j�vxp��6¯

ß�z�prf<�hs�z��	³{jtid��u�s�j��±p�u�prjt�N®hn	�«jts�u®hnhy{É	jt�Nidz��hj6³G©�fhy�v�fN§¨z�³�³{z+©��Pu�³�j6�wj6³{}¹�rj0p�i|j6prfhz«�«zw³{zw��Áw¯/e�fhj
y�nqprjts±}~§¨s�u�idj��«y{ÀGjtsrjtn	v0j¬y���idz«�«j6³�jt��u��-uÅidyÝÂ�p�®hsrj¬z�§´p�©�zÃ&u��h³�u�v6y�u�n	�Azws�Ä²u�®	�r�ry�u�n	�P�«y��±prs�y��h®«pry�z�nZ�6¯
°¬�±y�nh�prfhy���u�n	u�³{Á«�ry��-©Pj¬��j6n	j6s�u+prj¬u�nhjt©Ïy{i�u��wj��q�	u��rjt�<z�n�p�fhj¬y�nh�h®hp�y�i�u���j��A©�fhy�v�fNj6Â«fhy{�	yÝp�³�u�sr�wj
�ws�uw�«y�j6nqp��+u�³{®hj���z�nh³�ÁÚu�s�z�®	n	�Tp�fhjdi|z+��y�nh�au�s�jtuh¯|e�fhjd®	�rj|z�§P�wj6z«�«jt�ry�vÅuwvxpry���jdv0zwnqprz�®	s���y���p�fhj6n
y�nqprs�z«�«®	v0j��Úu�n	��u$®hn	yÝÉ	j��Úidz«�«jt³)y��²�hs�z��Gzw�rjt�W§¨z�s²�Gz�prf��hs�z��	³{jtid�t¯ÅÌ	z�s�prf	jd§¨srzwnwp²�hs�z��	u��wu�pry�z�n
�	srzw�h³{jti p�fhs�j6j©�j6³�³{}~ª�nhz+©�nT��v�fhj6idjt�¬u�s�j�®	�rjt����ÍP³�u����±y�v��GÞ�u�srs�z+©Ëß�u�n	�Wu�nZ�$prfhjdÌ	uw��p��Wu�s�v�fhy{n	�
u��h�hs�zwuwv�fhjt�t¯&ì_nhj6© ��v�fhjti|j¬y����hs�z��Gzw�rjt�´�wv6u�³{³�jt� ��jtsridjt�t�q©�fhy�v�f�y���u�³��rzj6�+u�³{®	u�prj��<v0zwi|�Zu�s�jt�|prz
p�fhj�j0Â«y��±pry�nh�d�rv�f	j6idjt�t¯5monNz�s��«jts-p�z|uwv�fhy{jt��j�u�§Euw��p�j6s�u�³���z�s�y{prfhia�wprfhj�§¨s�z�nqp��	srzw�	u��qu+pry�z�n�idj6prfhz«�h�
u�srj²v0zwi�hy�nhj���©�y{prfTudv0³�u����ry�v¬i®h³{pry{}o�rvtu�³�j²u��h�hs�zwuwv�f´¯
e�fhjd�	u��Zjts²y���z�s��wu�nhy�Æ6jt�Úu��¬§¨z�³�³{z+©���'¬×�j�vxp�y{zwn��Ny{nqp�srz«�«®	v6jt��prfhj|§¨s�z�nqp²�hsrzw�	u��qu+p�y{zwnW�hs�z��h³�j6i

©�y{prf�p�fhj<³�j6�wj6³{}¹�rj0p�§¨zwsriÅ®h³�u�pry�z�n�idz«�«j6³�u�n	�Ûp�fhjNu�v0pry���j<v6z�nqprzw®hs�idz«�«j6³��6¯T×�j�vxpry�z�nÔkWy{³�³{®Z��p�s�u�prjt�
p�fhj²�«j0p�jtvxp�y{zwnNu�nZ�dprfhj¬prs�u�v�ª�y�nh�u��h�hs�zwu�v�f����hs�z��Gzw�ry{n	�u�®hn	yÝÉ	j���idz«�«j6³G§¨z�s��Gz�prf��hs�z��h³�j6i��t¯/e�fhj
j6Â«y��±pry�nh�d§¨s�z�nqp±}¹�hs�z��	u��wu+p�y{zwn<idj0p�fhz«�h��u�srj²�hs�y{j6Ê	Á��hjt��v0s�y{�Gjt�Tu�n	�$j6�+u�³�®	u+p�jt�$y�nWv0z�id�	u�sry��rz�nN©�y{prf
zw®hs�u��	�hsrzqu�v�f<y�nW×�jtv0pry�z�naÒ	¯AÌ/y�n	u�³�³�Á��	×�j�vxpry�z�n �Å�hs�jt�rj6nqp���j6Â«�Zjtsry�idj6nqp�u�³�srj��±®h³{p��t�hu�nZ�$v6z�n	v6³{®Z�«y{n	�
s�j6i�u�srª«�t¯
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u(x,y,t)

x

y

x

z
y

γ(τ)

Ì&y���®	srjd�&'Aì�v6y{s�v0³�j��������	�
����Au�n	�$y{p���u����rz�v6y�u�prj����r®hsr§Eu�v0j��������	���	��
� � #/%1� ��#&%!�
�7
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����� ����� �"!$#%�&�('*),+()�!�-.� �/#0���(132�4�5
Ã�j0p76"89�;:<�=�> ?��A@AB&CED�F�GjduNv0³�zw�rjy�nhy{pry�u�³5�	u�s�u�i|j6prjtsry�Æ6j����	³�u�n	u�s²v0®hs���jy{nÛuNÈ)®	v6³{y��«j�u�nÚ�	³�u�nhj��
u�n	�G6H�I:<����Zp�fhj�§Eu�idy{³�Á�z�§Gv0®hs���j���©�fhy�v�fy��/��jtnhj6s�u+p�jt����Á²prf	jPidz+��jtidj6nqp&z�§
6J8K�I:L�y{nprfhj��«y�srj�vxp�y{zwn
z�§�y{p���y�nq©�u�s��<È)®Zv0³�y��«j�u�n$nhz�s�i�u�³I��j�vxp�z�s,Mà¯ � j��r®h�h�Gzw�rj�p�f	u+p�prf	j²�r�Gj6jt��z�§�prfhy���idz+��j6idjtnwp�y���u
��v6u�³�u�s�§¨®hn	vxp�y{zwnaz�§�p�fhj�v0®	sr�+u+p�®hs�j�N ' OQPSRP�TVUXW ��NH�Y�M6H�;:��	?� U 6J8K�I:L ����

mon:z�s��«jtsÅp�zÕy{id�h³�j6idjtnwp�p�fhjWv0®	sr�wj$jt��zw³{®«p�y{zwn´�Puwv6v6z�s��«y{n	�Úp�z�p�fhjWu��Gz+��j$jtq®	u�pry�z�n	�d©�jTv6u�n
v6z�n	�ry��«j6suÚÃ�u��ws�u�nh��y�u�n�u��	�hsrzqu�v�fÕu�nZ���hsrz«�«®Zv0j�p�fhj�uw�r�rz«v0y�u+prj��Ûjtq®	u+p�y{zwn	��z�§�idz�pry�z�nZ��§¨z�sprfhj
�Gzw�ry{pry�z�n��wjtvxp�z�s"�����	�
 U 6H�I:
Z[r¯5e�fhjt�rj-�Gzw�ryÝp�y{zwn	�/u�s�jA®h�I�hu+p�jt��®Z�±y�nh�¬u¬�«y{ÀGjtsrjtn	v0j�u��h�hs�z�Â«y{i�u�pry�z�n
��v�fhjti|jw¯¬e�fhjÅi�u�y�nÚ�«s�u�©��	u�v�ª�z�§Ap�fhy���u��	�hsrzqu�v�fay���p�f	u+p�prfhjÅj6�wz�³��qy�nh�<idz«�«jt³&y���nhz�p²v6u��Zu��h³�j�prz
�hjtu�³	©�yÝp�f�przw�Zzw³{zw��y�v6u�³hv�fZu�nh�wjt�5z�§Ip�fhj�idz+��y{n	�¬§¨s�z�nqp�¯5e�f	y��Av6z�®h³��d�Gj�u���zwy��«j��|�qÁÅy{nqp�srz«�«®	v6y{n	��prfhj
©�z�s�ª²z�§´Ö��±fhjts)u�n	�d×�j0p�fhy�u�n ÎÙ����Ð¹¯/ì�vtv0zws��«y�nh�¬prz�prf	j6ia�+prf	j�y{nhy{pry�u�³hv6®hs���j�6"8K�;:<´y��5s�j6�hs�jt�rj6nqp�jt����Á
udÆtj6s�z�}¹³{jt��jt³´�±j6p \� U ?���z�§)u�nTy{n	yÝp�y�u�³&�r®hs±§Euwv0j^]_�`] U �����������	�� U ?ba%D�c[�¯�°��ry{nh�Njtq®	u+p�y{zwn ����
u�n	���«jtsry���y{nh�^�������������� U ?©�yÝp�f<srj��±�Gjtv0p-p�z�pry�idj�u�n	���±�Zu�v0jw��p�fhj�§¨zw³{³�z+©�y�nh�u����rz�v6y�u�prj��djtq®	u+p�y{zwnz�§&idz�p�y{zwn$§¨z�s�prf	j��±®hsr§Eu�v6j3�Wvtu�n$prf	j6najtuw�±y�³{Á<�hj��«j6s�y{�wjt��'d Pfe[gihkj lmj T�nP�T UoW ��NH�Y9p qG�,p������������?r U � 8 �����	�s K�&�

©�f	j6s�jbp qG�,p��hj6nhz�prjt��p�fhj�i�u��wnhyÝp�®	�«j�z�§�prf	j���s�u��«y�j6nqpt¯
e�fhjtsrj�y��Pu|v0zwnhnhjtv0pry�z�n<�Gj0p�©�j6jtn<p�fhj�§Eu�idy{³�Á�z�§´idz+��y�nh�Åv6®hsr�wjt�t6H�;:��	��)u�n	�<prfhj¬§Eu�idy�³{Á�z�§�z�nhj

�Zu�s�u�idj0p�j6s�idz+��y{nh���r®hsr§Eu�v0j��t�������	�
����r¯�e�fhy��¬v0zwnhnhjtv0pry�z�n$y��¬u�v�fhy�j6�wjt����Á<prf	j�§Eu�v0p�prf	u�p�prfhj�³�j6�wj6³
�rj0p�� U ?NÁ�y�j6³��h�²u�³�©�u�Á«��prfhj|idz+�qy�nh�N§¨srzwnwp�¯�e�fhy���v6z�nqprzw®hs�s�j6�	srj��±jtnwp�u+p�y{zwnWu�³�³{z+©���prza�«jtu�³&©�y{prf
v�fZu�nh�wjt��z�§&prz��Gz�³�z��wÁ<z�§&prfhj�y�nhy{pry�u�³�v6®hs���j|Î ���+Ð¹¯
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}~{



� �6: �$% � !D%$2 �/� � �����  � !(,.-��+!D8�9;: - �-� � ���	���

����� ���
!�-�� 4��0� �"!r�����
	
Ã�j0p�� =s> ?���9B�� > ?����fBKC D��Õ�Gj²u|�wy{�wj6n��ry�nh��³�j²y{nh�	®«p�y{i�u���j¬§¨srzwi ©�fhy�v�f$©�j�©�u�nqp�przdj0Â�p�s�uwvxp�prfhj
v6z�nqprzw®hs���z�§-�rz�idj�zw�«��jtv0p��t¯�ìâv6³�uw�r�ry�vtu�³��ry�i|�	³{y{É	jt� � ¶Z¾!	�¸�¿ � ��¸��PÎ����xÐ¹�G§¨z�s�u���y���jtnT�	u�s�u�idj0p�j6s����
u�y{i���u�p�ÉZn	�«y�nh�dprfhj�v6®hs���j 6H�;:<)prf	u�p�i|y�nhy�idy{Ætjt��prf	j²§¨z�³�³{z+©�y�nh�dj6nhjtsr�wÁ '
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©�y{prfTu|�+u�³�®hj�v0³�zw�rj�prz @²©Pj²f	u��wj�u|v6³�uw�r�ry�v��wj6z«�«jt�ry�v�uwvxp�y{�wj²v6z�nqprzw®hs�idz��hj6³~¯)mon�p�fhj���jtnhj6s�u�³�vtu��rj�TiÅ®	�±p�f	u���j²u|��u�³{®	j�v0³�zw�rj�p�z ?����«¯
Ì	z�³�³{z+©�y�nh�aprf	j�©PzwsrªWzwnÕ��jtz��hjt�ry�vdu�v0pry���j<v6z�nqprzw®hs��²�	srj��±jtnwp�jt��y{n�p�fhj<�hs�j6��y�z�®	���rjtv0pry�z�n´�&prf	y��

idy�nhy�i|y�Ætu�pry�z�n:�hs�z��h³�j6i y��<prfhjtn:prs�u�n	�±§¨z�s�idjt�Ñy{nqp�zÔu��hsrzw�h³�j6i z�§���j6z«�«j��±y�vav0zwi|�	®«p�u�pry�z�n´��u�nZ�
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�rj0p¬�Zz�prfaprf	jÅv0zwnqprz�®	s��hyÝÂ«jt³��¬u�n	�$p�fhj6y�s�nhjty{�wf��Zzws���uw��¾���·Eµ ��¸�����µ�¶I· � ¯ � jÅ�rj6³�jtv0p�§¨s�z�i?p�fhjÅuwvxp�y{�wj
�	yÝÂ«j6³��)p�fhj�zwnhj�©�y{prf�p�fhj�³�u�s���jt�±pA��jt³{z«v6yÝp�Á|u�n	�d©�j�j6�wz�³���j�y{pA§¨z�s�u�v0jts±p�u�y�ndnq®	i�Gj6s-z�§�yÝp�j6s�u+pry�z�nZ�-u��
©�j6³�³�uw��prf	j��+u�³�®hjt��z�§5prfhj�n	j6y���f��Zzwsrf	zqz«�$�hy{Â«j6³��6¯�×�y�n	v0jprfhjtsrj�u�srj�idz«�«y{É	jt�ay�i�u���j��+u�³{®hj��6�	prfhjtsrj
u�srjd�hy{Â«j6³���©�fhy�v�fÕu�s�j<u+ÀIjtvxp�jt� ¨y�n�prjtsri���z�§�v6®hs�srjtnwp��wj6³�z�v6yÝp�Á �0¯�Ìhzws²prfhj��±jN�hyÝÂ«jt³��t��©�j�jt�±pry�i�u+prj
p�fhj6y�s-�wj6³�z«v0y{p�Á�¯/m¹§�prfhjtsrj�u�srj�n	j6y���f��Zzwsrf	zqz«�|�hy{Â«j6³��A©�fhy�v�f<u�s�j�nhz�p�¾���·Eµ ��¸P©�j�³�u��Zjt³hp�fhj6i u���¾���·Eµ ��¸�¯
m¹§Pprfhjd�hy{Â«j6³)�+u�³�®hj�v�f	u�nh��j��¬�ry{�wn�©�j|srjti|z+�wj�p�fhy��²�	yÝÂ«j6³5§¨s�z�i � �t·Eµ ��¸�z�n	jt�t¯Åì��h�«y{pry�z�nZu�³�³{Áw��prfhjtsrj
y���u$�±�Gjtv6y�u�³)��j6³�z«v0y{p�ÁWv0zq��p²prjtsria�´©�f	y�v�f�v0zw®hnqp���z�nh³�ÁT§¨zws²prfhj��rj6³�jtvxp�y{zwn�z�§-p�fhj "±�±prs�z�nh�wjt�±p
$�hy{Â«j6³
Enhz�p-§¨z�s)p�fhj�³�j6�wj6³{}¹�rj0pAjt��z�³�®«p�y{zwn �x�qu�n	���«jt�Zjtn	�h�-z�ndprf	j�n�®hi�Gj6sPz�§Gpry�i|j��Pu�pA©�fhy�v�fdprfhy��-�	yÝÂ«j6³Zf	u��

���Pw	���
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Hermes

50x50               100x100             150x150             200x200

5 sec

10 sec

15 sec
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Fast Marching

Narrow Band

++

Ì/y{�w®hs�j���'PÍPz�id�h®«p�u+p�y{zwn	u�³&ÍPzq��p�ë¬y�u���s�u�ia�q§¨z�s �hº ��¶I·��)º � �´¾ ��¾h·Eµ���¶�u�³{�wz�s�yÝp�fhi��

�Gj6jtnÚ�rj6³�jtvxp�jt��¯��/jtsry�z«�«y�vtu�³�³{Á�©PjÉ	n	�$p�fhjÅv6z�nqprzw®hs��Gzw�ryÝp�y{zwnWy{nTzws��hj6s�p�zNu���zwy���p�fhjÅv6srj�u+pry�z�naz�§)u
³�u�s���jd�rj0p�z�§�� �t·Kµ��+¸Å�hyÝÂ«jt³���u�n	�Û©Pjd�Gj6sr§¨z�s�i ua�±idz�z�p�fÛzw�Zjts�u�pry�z�n�y{nÛprf	j<v�f	u�s�u�v0prj6s�y���p�y�vÅy{i�u���j��
�ry�n	v0j�p�fhy���y�idu���j<y����Zu�srpry�u�³�³{Á�i|z�pry��+u+prj���¯Úe�fhj�u�³���z�s�y{prfhiÓ��p�z��	�©�fhj6nÔu�³{³-prfhj$v0z�nqp�z�®hs��Gz�y�nqp��
Ku�vtv0z�s��«y�nh��prz²p�fhj�³�u+prj���pAj���p�y{i�u�pry�z�n �/f	u��wj���j6³�z«v0y{pry�jt�Av6³{zq�±j�p�z�Æ6jtsrzZ��z�s5p�fhj6s�j�u�s�j�nhz�idz�s�j	� �t·Eµ ��¸
�	yÝÂ«j6³��t¯/e�fhj¬�±jt³{j�vxpry�z�ndz�§Gp�fhj�p�j6s�i|y�n	u�pry�z�n�v0s�yÝp�j6s�y{zwn�v6u�n	nhz�pA�Gj¬�«zwnhj�u�®hprz�i�u�pry�v6u�³�³�Á���©�f	y�v�f�v0zw®h³��
�Gj�v0zwn	�ry��«jtsrj��Nuw��u|�hs�u�©��	uwv�ªI¯
e�fhjTªwj6ÁÔy����±®hja§¨zws<u�n:j��<v6y{jtnwp<�wj6s��±y�z�nÑz�§�prfhjWÌZu��±p��Tu�s�v�fhy�nh��u�³���z�s�y{prfhi Esrj��±��¯ ��j6s�idjt�

u�³{�wz�s�yÝp�fhi �Å³{y�jt�dzwn�uÛ§Euw��p�©�u�ÁÔz�§²³{z«vtu+pry�nh�Ûprf	jT��s�y��Ñ�Zzwy{nqp<u�idzwnh�ÛprfhjWÞ¬u�s�srz+© ß�u�n	� �Gz�y�nqp��
Esrj��±��¯àu�idz�nh��p�fhj�ì�v0pry���jW�Gz�y�nqp�� �d©�yÝp�fÏprf	jÚ�±i�u�³{³�jt�±pN�+u�³�®hjT§¨zws  ¨s�jt�r�´¯�©�y{prf:prf	jÚ�hy����wjt�±p
�wj6³�z«v0y{p�Á��0¯/Ì	z�s5p�fhy��-srj�u��rz�n|u²��u�sry�u+p�y{zwnÅz�§Iu²f	jtu��Z�±zws±pAu�³���zwsry{prf	iÜy��A®	�±j���¯/monhyÝp�y�u�³{³�Ádu�³�³�prfhj�nZu�s�srz+©
�Gz�y�nqp���u�srj��rz�srprj��Ny�nWudfhjtu��	�rz�srp K�±z|p�f	u+p�p�fhj��ridu�³{³�jt�±p�idj6iÅ�Zjts�v6u�n$�Gj�jtuw�±y�³�ÁN³�z�vtu+p�jt� �0¯ � fhj6n
uN�Zzwy{nqp�y���s�j6idz+��j��N§¨s�z�i p�fhjÅf	jtu��Z�±zws±p��	p�fhjÅ�+u�³{®hj���z�§AyÝp���n	j6y���f��Zzws��¬u�s�js�jtv6z�id�h®«p�jt���Iu�n	�Wprfhj
s�jt�r®h³{p���u�srj��h®	�h�h³�jt��®h��©�u�s��h��®hnqpry�³Aprf	j6ÁÚs�jtuwv�fÚp�fhj6y�sv6z�s�srj�vxp�³{z«vtu+pry�z�nZ�6¯��Tz�s�j6z+��jtst��©�f	j6nhjt��j6s
©�j²©�u�nqpPp�zduw�h�au�Gz�y�nqp�prz|prf	j�fhjtu��	�±zws±p���©Pj²�h®«p�y{p�u+p�prf	j�j6n	�au�nZ�N©�j²�hsrz«v6jt���Py{p�y{n$p�fhj��ru�idj
©�u�Á�¯
K 3 å F�£ é F é ¡ å êÔ¤FC;7 é £�5½¢ 3 � ¥�¤D:Ñê å ¤ C è 5½¢ 3 ¥�¤h¡ å ¡¤«¢ è 3 5¨¥ 3 �Z¾ � · �W¾+º����hµ�¶�� ¥�¤>:A: é ¢Å¢ é

  å �&¡ å ê ¯�m¹p²y��²v6z�id�h³�j0prjt³{ÁTy�n	�«jt�Zjtn	�«jtnwp�zwnWprf	jÅ§¨zwsri"z�§-prf	j|�r�Zjtjt�Ú§¨®hn	v0pry�z�n´�Ip�f	u+p�y���vtu��	u��h³�j

wAwyx�zC{<|
}~{
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level i-1

initialization Contours extraction

Curve 

level  i Curve 

Evolution

Contours extraction

Evolution

initialization

Ì/y���®hs�j � ')ìài®h³{pry{}o�rvtu�³�j²u��h�hs�zwuwv�f<§¨z�s��wj6z«�«j��±y�v¬uwvxp�y{�wj²v6z�nqprzw®hs��

p�z�v6z��Gj�©�y{prfàuÑ³�u�sr�wjÚ�+u�s�y{j6p�ÁÏz�§³�j6�wj6³{}¹�rj0pau��h�	³{y�v6u�pry�z�n	�$y�n_y�i�u���j��hs�z�v6jt���±y�nh� ¨µ0K ¸�v0®	sr�+u+p�®hs�j
�Zu��rjt� �r�Gj6jt� §¨®hn	v0pry�z�n	�t��j0p�v�¯ � ½É	�Z¯à�6Ò��0¯Ñì��h�hyÝp�y{zwn	u�³�³{Áw��u�n j ��v6y{jtnqp<y{id�h³�j6idj6nqp�u+pry�z�n�f	uw�Åf	y{�wf
v6z�n���jtsr�wj6n	v6j�s�u+prjdu�nZ��vtu�n��«j0p�j6s�i|y�nhj|prf	j|s�jt�r®h³{p��wj6s�ÁWq®hy�v�ª�³�Á�¯ÅmonÛzws��hj6s¬prz$prj���p²prf	j|�Gj6fZu��qy�z�s
z�§Aprf	j|�	srzw�Zzq�±j��Wu��h�	srzqu�v�f´�G©Pj|®	�rjt��yÝp�§¨z�s�p�fhjd�hsrzw�h³�j6i z�§P��j6z«�«j��±y�vuwvxp�y{�wj|v6z�nqprzw®hs��hj0prj�vxp�y{zwn
p�z��wj0prf	j6s/©�yÝp�f|Þ¬u�s�srz+©Õß�u�n	�Åu�n	�ÅÌ	uw��pA�Tu�s�v�fhy�nh�	¯ � j�®	�rjt�Åu¬�rÁ�nwp�fhj0p�y�vPy�idu���jP©�yÝp�f§¨zw®hs&zw�«��jtv0p��
©�f	j6s�jÅ©�j�u��h�«j��W�qu�®	���±y�u�nÚnhz�y��±jw¯|ì�vtv0zws��«y�nh�Nprzaz�®hs²j6Â��Gj6s�y�i|jtnqp�� ½É	�Z¯��&����j6s�idjt���hs�z+��y��«j��¬u
³�y{p±pr³�jT�hy{p<³{j��r��v6z�id�h®«p�u+p�y{zwn	u�³�v6zw�±p|p�f	u�n �G¾ � ·��Ú¾+º����hµ{¶ �Z�-©�f	y{³�japrfhjWv6zw�±p�z�§�Þ¬u�s�srz+©,ß�u�n	�Ñy��
u�pÅ³�jtuw��p�p�j6n pry�i|j��idzwsrjw¯Úe�fhj�v6zw�±pÅz�§ ��j6s�idjt�Åu�n	�ÔÌZu��±pd�Tu�s�v�f	y{nh��u�³���z�s�y{prfhi����rj6jtid�prz��Zj
�	srzw�Zzws±p�y{zwn	u�³Zprzdp�fhj�y{i�u���j��±y�Æ6jw¯

�*� � � �*2 !�-�� 	���) 2.49� '3'*��� )\�#�
monTzws��hj6s�p�z<srj��«®	v6j�§¨®hsrprfhjts�p�fhjv0zwid�h®«p�u�pry�z�n	u�³&v6zw�±pt�	©�j��hs�z��Gzw�rj�u�iÅ®h³Ýp�yÝ}o��v6u�³�j�p�jtv�fhnhy�q®hj ¨É	�	¯
���x�I©�fhy�v�f�vtu�nW�GjÅ®Z�±j��Úv0zwi�hy�nhj��T©�yÝp�fWp�fhj§¨s�z�nqp��hsrzw�	u��qu+p�y{zwnWu�³���z�s�y{prfhi��t¯�e�f�®	�t��u�Ä²u�®Z�r�ry�u�n
��Á�s�u�idy�� z�§y�i�u���j��Ny��$�h®hy�³ÝpT®h�Gz�nXprfhj�§¨®h³�³�srj��±zw³{®hpry�z�n y�i�u���jÛu�n	�_�±y�idy{³�u�s$��jtz«�«jt�ry�v�v0zwnwp�z�®hs
�	srzw�h³{jti��u�s�jN�«j6É	nhj���prfhs�z�®	��f�prf	j$�«y{ÀIj6s�j6nqp³�j6��jt³��t¯�e�f	y��Åi®h³{pry{}¹srj��±zw³{®«p�y{zwnÕ��p�sr®	v0pr®hs�jNy���p�fhj6n
®hpry�³{y�Æ6j���u�vtv0z�s��«y�nh��prz�u�v0zqu�s��±j6}Kp�z�}~É	nhj)�±prs�u+prjt��Áw¯´mon�z�p�fhj6s&©Pzws��	�6��u�n�j6Â�prs�u��Gz�³�u+pry�z�n²z�§«prfhj�v0®hs�srjtnqp
v6z�nqprzw®hsA§¨s�z�i ³�j6�wj6³	©�y{prf�³{z+©Ïs�jt�rz�³�®«p�y{zwndprz³�j6�wj6³��-©�y{prf<É	nhj6s�v0zwnqprz�®	sPv0zwn«É	�w®hs�u�pry�z�ndp�u�ª�j��A�h³�u�v6j�¯
e�f�®	�)prfhj�v6®hs�srjtnwpA�+u�³{®hj��)z�§��Ny�ndprf	j�y{i�u��wj���s�y��du�srj�v6z��hy�jt�du�nZ�Ås�j6�	³{y�v6u�prjt�|y�n�z�s��«j6s5p�z�y�nhyÝp�y�u�³{y�Æ6j

���Pw	���
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Level  i

Level  i +1

Ì&y���®	srj�� '-�T®h³Ýp�yÝ}o��v6u�³�j�u��h�	srzqu�v�f ')Ä�z�y�nh�|§¨srzwi u|³{jt��jt³Iprzdprf	j�n	j0Â�p ¨j6Âqp�s�u��Zzw³�u�pry�z�na�rv�f	j6idj��

p�fhja�+u�³�®hjt�|z�§3�:u�pdprfhj$nhj0Â�p�³�j6��jt³ ½É	�Z¯Ñ���0¯ e�fhy��dj0Â�prs�u��Gz�³�u+p�y{zwn ��v�fhj6idj�¨y�nhyÝp�y�u�³{y�Ætu�pry�z�nÑz�§*�
y�i�u��wj��)y��P®	�±j��<u���u�nNy{nhy{pry�u�³�v6z�nqprzw®hst�qu�n	��u�nhjt© v0zwnwp�z�®hsPj6�wz�³�®«pry�z�n<y��P�Zjts±§¨zwsridjt�´¯5°¬�±®Zu�³�³{Á|prf	y��
p�jtv�fhn	y�q®hj²y���u��h�	³{y�jt�Nprz<u|��Á�s�u�i|y��<©�y{prfTzwnhj²z�s�p�©�z|³�j6�wj6³��6¯

� �â%1�'�� �N�a.61�7��,�
	á
#&4d�

��jtu�³{}¹©Pzws�����y��«j6z��rjtq®hjtn	v0j��PfZu���j��Zjtj6na®	�rjt�Nprz|prj���p�u�nZ�N�+u�³�y��hu+p�j¬p�fhj��hs�z��Gzw�rjt��u��h�hs�zwuwv�f´¯5Ìhz�s
p�fhj��«j6prjtv0pry�z�n��	u�s±p���©�j�z��«p�u�y�nhjt�|��jtsrÁÅ�ru�pry���§EuwvxprzwsrÁsrj��±®h³{p�� ½É	�Z¯P�w���h���&��¯5e�fhj���jtnhj6s�u+p�jt�Åy{i�u���j��
�Zu��rjt��z�n�prfhjdy�nwp�j6sr}K§¨s�u�idj��«y{ÀGjtsrjtn	v0jdidy{Âqp�®hs�jdu�n	u�³�Á«�±y��t�IÉhp���j6Âhu�vxp�³{ÁWprz$prfhj<uw�r�r®hid�«p�y{zwn	�²�«z�nhj
�h®hsry�nh�Ty{p��Åv0s�jtu+p�y{zwn´¯$monÔu��h�«y{pry�z�n���p�fhj<®	�rj<z�§�³�j6�wj6³{}¹�rj0pu��h�hs�zwu�v�f�u�³�³�z+©���przÚ�«j�u�³P©�yÝp�fÔua³�u�sr�wj
�+u�sry�j0p�Á�z�§/zw�«��jtv0p���idz+��jti|jtnqp��t¯
e�fhjN·Eºx¾��
	�µ{¶ �d�Zu�srp��«z�jt�rn�� p�u�³�©�u�Á«����y���j²p�fhj��u�idj�q®	u�³�y{p�ÁNz�§5s�jt�r®h³Ýp���uw��prfhjÅ�«j0p�jtvxp�y{zwna�	u�srpt¯

monWprfhjdv6uw�±j�©�f	j6s�j�prfhj|idz+��y{nh�Nz��«��j�vxp���u�s�j�r®hs�srzw®hn	�«j��a�qÁTu<�ridz�z�prf�u�s�jtuh�	prfhjdq®	u�³�y{p�Á�z�§Aprfhj
�rz�³�®«p�y{zwn�y��<�wj6s�Á v0³�zw�rjaprzÔprfhjWzw�«pry�i�u�³ ½É	�Z¯Ç���«�������x¯ÜÖ¬n:prfhjWz�prfhjts<f	u�n	����prf	j6s�jÚu�s�jW�±zwidj
³�y�i|y{p�u�pry�z�n	��§¨zws�prfhj²idz«�«j6³~�	�ry{nZv0j²yÝp�y���nhz�p�vtu��	u��h³�j�p�z<�«jtu�³G©�y{prfTvtu��rjt��©�fhj6s�j�prfhjtsrj²y���uÅprj0Â�p�®hsrj
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