
� ������� ����	 �
	�� �� ��� � � � ��	 �� � �������� ���

���! #"$�&%('*),+-'/.1032547698:03;�%(' <�0= !>?0@.A2CBED
F�"HGI%KJML 0=8:NO6P'O%Q8C;RD
ST P>
UVGW.1032 XY%Z;3%Q P'
6P'VJ[L 6\.1032C%Q6#"H;�]^8C%10:'V8:03;

_*`bac`ed\fhgjilknm&o?p

q!rQsut-v=wyx{z}|5~�w5�hrKs=t-v3���W�Q�u�1�/��� �hrKs=t-v=w5xnzb|5~O���-wytu�Q|/�-r1~�z}�nzbrQt�w5t-v�~��-w5�h|�z}t
x{|5~��-rQtR~�|/�nr��n�=|/�-w5xn�{z���s=��wyx9�=�j�=~�z��(~9wy�l�PrQx{�3�\|(�uwy���u�}|5~\w5xn|/�=x{|5wy�jz}t=���\w( 1|5~\z}t
�{�=|�rj��|5wyt@¡-v=wyt-�¢z}t=�O£:w5��|5~¤z}t��n�=|l¥-x{|(�=��wQ��|1¡jw5t-vY��zb�}�¦~��\z}x{�}zbt=�/z}t§w/��s=��r5¨©�{|5wª�«-¬ � ¬ ��� �-rQs=t-vuwyxnzb|5~�¡¤~�s-���wK~I�nsu��rQx®~¯zbt°��|5vªz��Zwy�&~n�(w5t-~Ow5t-v�(w5xn�nr1rKt����-wyx®wQ���{|(x�~
w5�1wyzbt-~��#wl�-wQ���ª�KxnrKs=t-v�w5t=z}��w5�nzbrQtC¡1�Zwyt��h|&±ns-~��\wQ~©�-|(x{�=�}|(�jz}tu�=�7�{xn��¥-t-vªzbt=�O|5vj�Q|5~
zbt�w^�uz����{s=xn|Wry¨9w�v=w5�}��w5�nz�wyt²�b�ªzbt=��rKtw�xnsu�Y�\zb�n��~��hrK��~¢³^´µs=xn�=x{z�~�z}t=�K�}�²|Zt=rQs=�K�¶ wQ~*�P|O~��-wy�b�©~�r1rQt·~�|(|K¸�¡=�}|A~n~!¨¹wy��zb�}z�w5x!�=x{rQ�=�b|(��~\�(w5t²�-|/w5��~�r��(wQ~��*zbt²�{�=|/~�|(�n�{z}t=�
r5¨O|Z 1rQ�} jz}tu�°�-rQsut-v=wyx{z}|5~¢¡*zbt-���}sRvªz}t=�·t=|(�QrK�nz�wy�nzbt=��w�=z�wyt=r�{�=xnrKs=�Q��w���x�w5���-|5v
w5�-wyx{�n��|(tj�\w5t-v^¥Rt-vªz}tu�/�n�=|W~��urQxn�{|5~��9�-w5�n�²r5 1|(x#wº��rQs=tj��w5z}t�x®wyt=�K|1�

»��=zb�}|l�{�=|��=�ª�u~�z��(~!w5t-v²���=|(��z�~��{xn�/�{�-wy�9vªx{z} 1|5~Pwº�-rKs=t-v=w5xn� ¶ rKxV¼{z}tj�n|(x�¨¹wQ��|5½1¸
��w(��-|²¨¾rKxn��z�v=wy�=�b|1¡¤z}���(wyt��-|¿vjzÁÀ^��s=�}��|(t=rKs=�Q���{r�~�zb���=�b�Â¨¾rK�}�}r5���n�u|¿~��Rwy�-|
r5¨ewyt�|( 1rQ�b ªzbt=��z}tj�n|(x�¨¹wQ��|µ¡Ã|Z 1|(t°zÄ¨9z}�®~O~��-|(|Avwyt-v�vªzbxn|5�¢�nz}rKt°r5¨l��rQ�nzbrQt·wyx{|��!|(�b�
s=tRvª|(x�~��nr1rjv3�PÅ!�=|\¥-x�~��P��rQt-�¢|(xnt/z�~E�{�=|!¨¾rQx{��wy�{z}rKt/ry¨�~��-wyx{����rKxnt=|(x®~�¡jwQ~©�\zb�nt=|5~{~�|5v
�j��n�u|Yzbtª�{xnz��(wy�{|V�-w5�n�{|(xnt-~/z}tÆw�~�t=r5�!£:w5�1|1��´1|5�¢rQt-v3¡Pvªz�~���w5tª��|5vª�K|5~/�(w5tT�u�}|(t-v
�{rQ�Q|Z�n�=|(xZ�\�n�=|¿¼{|5vª�Q|A½Vry¨#wV¨¾rQx{|5~��*¥Rxn|/���-w5t=�Q|5~ewQ~�~�|(�Rwyx�w5�n|O¥-x{|5~*�=suxnt¿�nrK�Q|(�{�=|(x
w5t-v~��Rwyxn�u~O�Zwyxnx{z}|5v¿�j�¿�n�=|��\zbt-v¿z}�Qtuz}�n|�vªz�~���w5tª�Wxn|(�Kz}rKt-~���Ç*tRv°�n�=zbx�v3¡Czbt°�{�=xn|(|
vªzb��|(t-~�z}rKt-~ ¶ wyt-v��=z}�K�=|(x�¸®¡y|Z 1|(t*¥-t-vjz}t=�ewÈtuz���|¤�\w(�l�{r*x{|(�=x{|5~�|(tj� ¶ �b|(�Cw5�}rKt=|!��r5 1|Q¸
w5t²s=t-vjs=��w5�nz}tu�/�hrKs=t-v=w5xn�§z�~\w/���-wy�b�}|(t=�K|1�

É*|(x{��wytutV»�|(�j�H¡jwO 1rj�(wy�@wyt-v��P|(�}�ÄÊH�jt=r5�\tV¥-�Ks=xn|�z}t���wy�{�=|(��w5�nz��Z~�¡5rQt-��|W~{wyz�v
¼®Å!�=|*zbtª�{xnrjvªsR���nzbrQt/ry¨@w���r1rKx�vªzbt-wy�{|l~��=~��n|(���nrl�K|(rQ��|Z�nxn��z�~©wyt�wQ���&ry¨C jz}rK�}|(tR��|1�Ë½KÌ
ÍHÎZÏÑÐ9Ò�Ó-Ô(Ò�Õ×Ö5ØÄÏ�Ù\ØËÓ:Ú=Û×Ü�ÝbÒ�Ó¾Ó¾Ü�Û:ÜÑÝßÞIÏ�Õ¾ÖyÒ�ÐeÏÑÕ¾ØËà�Ó-Ï�Õ-Õ×Ö5ÒCá�ÙyØãâ�Ò�Û¾Ó×ØËÕ�äPÜÑÝßåCÏÑæãØçÝbÜ�Û¾Ù5ØÄÏ7Ï�Õ-è3Ò�Û¾é�Ò�æËÒ�ä(êÏ�Ù5ëíì�Ò{ÏÑëPÜÑÝKÕ¾Ö5Ò3î�ïyï5æËØãÒ�ëPÏ�Ù5ë!å3Ü¢Ð9ïyð5Õ¹ÏÑÕ¾ØËÜ¢ÙKÏÑæ¢Þ�Ï�Õ×Ö5Ò�ÐlÏ�Õ¾ØËà�Ó=ñ7Ò�ï5Õ{ò=Ï�ÕªÕ¾Ö5ÒCójÏnôCÛ×Ò�Ù5à�ÒCè3Ò�Û×é¢Ò�æËÒ�äõ ÏÑÕ¾ØËÜ¢ÙKÏÑæµóªÏ�öQÜ¢ÛHÏ�Õ¾Ü�Û¾ä(ò=ì�Ò©ÐeÏnä!öQÒ¤Û¾Ò{ÏÑàHÖ5Ò�ëWÏÑÕ:Ó×Ò�Õ¾Ö5ØÄÏÑÙK÷7ÐeÏ�Õ×Öjò öKÒ�Û¾é¢Ò�æãÒ�äZò Ò�ë5ðªòø�ù/Ò�ä(æ:Û×Ò�æËØËÓ¾Ö5Ò�ëVÖ5ØËÓPÜ�ôCÙVÜ¢ï5ØËÙ5ØËÜ�ÙKÏ�Õ×Ò�ë/â(ØãÒ�ôCÓ9Ï�öQÜ¢ð5Õ¤ÐlÏ�Õ×Ö5Ò�ÐeÏÑÕ¾ØËà�Ónò�úCÖ5ÒlÏ�à�Õ×ðKÏ�æCû(ð5Ü�Õ¾Ò9ØËÓnüý úCÖ5Ò=ØËÙ(Õ¾Û×ÜZëyð5à�Õ¾ØËÜ�Ù&ÜÑÝ5ÙZðyÐ\öKÒ�Û×ÓjÏ�Ó1à�Ü(Ü�Û¾ë5ØËÙKÏÑÕ¾Ò�ÓªöZä7Û¾ÒHÝ}Ò�Û¾Ò�Ùyà�ÒCÕ¾ÜCÕ×Ö5Ò-ïKÏÑÛ¾Õ¾ØËà�ðyæþÏÑÛ1ë5ØËâ(ØãÓ×ØËÜ¢Ù�Ó×àHÖ5Ò�Ð9Ò�Ó

p



ÿ-|( 1|(��´1|(���²|(�{�=rjv=~ ��rK����zb�7�{�=z�~¤ ªzbrQ�}|Zt-��|1¡1w5t-v3¡jz}t�vªrKz}t=��~�r=¡j�=xnr5 jz�vª|9��wy�{�ªÊ
|(�^wy�nz��(wy�Rwyt-v��¢rQ���=su��wy�{z}rKt-wy�-�nr1rK��~í¨¾rKx!�nx®wQ���ªzbt=�O|Z 1rQ�} jz}tu�Izbtª�{|(x�¨¹wK��|5~7�\zb�n��~��-wyx{�
��rKxnt=|Zx�~©w5t-vV�¢s-~��-~¢¡1�nrQ�-rK�}rQ�Kz��(w5�:�Ñ�-w5t=�Q|A~�¡jwyt-v/�n�uxn|(|#vªz}��|Zt-~�zbrQt-w5�=��rK���=�bz��(w5�nz}rKt-~��
Ç*�brQt=���n�=|/�#wA�µ¡h�{�=|(�²|¢À���zb|(tj�n�}����rK���=s=�{|OrQ�u�nz}�^wy�CxnrK�-rQ�O�Rwy�n�R~lwyx{rQs=t-v¿rQ�R~���w(Ê
���b|5~�¡(|Z�ª�{x�wQ�¢�C���bz}t=z��(wy�b�}�!sR~�|�¨¾s=�5¨¾|5wy�{s=xn|A~h¨¾xnrQ���n�=|©turQz�~��lrQsu�n�=s=��ry¨u��|5vjz��(w5�(z}��w5�Q|5~¢¡
w5t-vI��rjvj|(�Q�{�=|¤��wytjsª¨¹wQ�¢�ns=x{z}t=�9~��n|(�-~3�{�-wy���nx®wyt-~H¨¾|(x&w*~��nxn|Z|(�n��w5�lry¨h��z}x®��s=z}�{xn�\rKtª�{r
w/�nzbtª���=z}|A��|lry¨E~�zb�}z���rQtC�

�H�l�\z}�b�7x{|��1s=z}x{|/w��=z}�ery¨\�RwQ���ª�KxnrQsut-vÂ�{r�|(�ª�u��wyzbt²�{�=|5~�|��n|A�Ñ�=tuz��1s=|5~��l»�|/�\z}�b�
~���wyx{�7�\zb�n�¦wÈ|(�uwy���=�}|©r5¨:w\��r5 ªzbt=�\z}tj�n|(x�¨¹wQ��|µ¡(wytRvOz}t-vª|Z|5v�~��=r5��\�j�Ww*��r1rKx�vªzbt-wy�{|
~��=~��n|(� ~�|(|(��~:~�rlsut=t-wy�{s=x�w5�H���*tª¨¾rQx{�ns=tRwy�n|Z�}�1¡5�n�=|¤�{x�wQvjz}�nzbrQt-w5�=w5�}�{|(xnt-w5�nzb 1|1¡(�ªtury�\t
wK~!wyt·¼nz}tj�nx{z}t-~�z��!�-w5x�w5��|(�n|Zxnz	�Awy�nzbrQt-½j¡Q�\z}�b�-�ns=x{tVrKs=�!�{rO�-w( 1|9z}��~©r5�\t��=x{rQ�=�b|(��~�
Qz}�
z�~!z}�}�ÄÊ�~�s=z}�{|5vO¨¾rQxe~��-w5xn�§��rQx{t=|(x®~\wyt-v��nrQ�-rK�}rQ�Kz��(w5�©���-w5t=�Q|1�¤Å!�u|Ix{z}�K�ª�\�#wA���nr� jz}|(�
�{�=z}t=�µ~�¡Kwy�C�b|5wQ~��3¨¾rQx���rK���=s=�®wy�nzbrQt-w5�Q�=suxn�-r1~�|5~�¡1�¢rQ��|5~=¨¾xnrK�
xn|5�ZwQ~��{z}t=�\�{�=|©�=x{rQ�=�b|(�
zbt�w �uz}�Q�u|(x�vªzb��|(t-~�z}rQtRwy�e~��-wK��|1¡*�\�u|(xn|1¡\�-w5x�wKvªr5�ªz��(wy�b�}�1¡9w���r1rQx®vªz}tRwy�n|·~��u~��{|(�
r��3|Zx�~�~nwy�b Kwy�nzbrQtC� Ç*xn��|AvÂ�\zb�n���{�=|5~�|Y�b|( 1|(�P~�|Z�V�{|5�Ñ�ut=z��1s=|5~¢¡©�!|§�(wytÆ|�À^��z}|(tj�n�b�
��rK���=s=�{|¤~�rK�}s=�{z}rKt-~Ã�{r*�uxnrQ�u�}|(��~-z}t��Q|ZrQ��|(�{xn�1¡�£Rs=z�vl��|5���-w5t=z��(~¢¡(��rK���=s=�{|(x3 jz�~�z}rKtC¡
w5t-vY��w5�n|(x{z�w5��~¤~n��zb|(t-��|A~��

�������������������� �"!#�%$&�
Å�wy�1|�w°�=zb|5��|§ry¨WxnrK�h|µ¡*�Q�bs=|²�{�=|¿���!r|Zt-v=~V�{rQ�Q|Z�n�=|(xZ¡9wyt-v�vªxnrK��z}��rKt��n�=|

�KxnrQsut-v3¡=��w5�ªzbt=�/~�s=xn|l�{�-wy�\�{�=|�xnrK�h|Wvªr1|A~�t ' �9��xnrµ~n~!r5 1|(x!zb��~�|(�Á¨ ¶ �n�uz�~!z�~¤�ªtury�\t§wK~
w)(+*-,/.10-243�065"(+28793�:1;+<=2h�Ä¸

Çc´1z}���=�}|?>¤�}rµ~�|5v#>¤s=x{ 1| @9rQ�9Çc´1z}���=�}|?>¤�}rµ~�|5v#>¤s=x{ 1|
Ü�Ý5Õ¾ÖyÒ-Ü¢ïQÒ�Ù¤Ü�Ù5Ò&A�ë5ØËÐ9Ò�Ù5Ó×ØËÜ¢ÙKÏÑæ�à�Ü¢Ù(Õ¾ØËÙ(ð5ð5Ð²ØËÓuÏÑà�ÕjÜÑÝAâ(ØËÜ¢æËÒ�Ùyà�Ò-ôCÖ5Ü�Ó¾Ò-Ü�Ù5æËä�ï5ÛHÏ�à�Õ×ØãànÏ�æ¢â(ØËÙ5ë5ØËà{ÏÑÕ¾ØËÜ¢Ù©ØËÓB ØËÕ¾Ó&C3Ó¾ïQÒ�à�ØÄÏ�æ1ànÏ�æËà�ð5æÄÏ�Õ×Ü¢Û×ä\ÐeÏ�ÙED¢Ò{ÏÑö5ØËæãØËÕ�ä(ò òËò ý òQî�æËÜ¢Ù�D!Õ¾ÖyÒ&ÓHÏ�Ð*ÒCæãØËÙ5Ò�Ó{ê ý òËòËòËò Õ¾Ö5ÒCà�Ü(Ü�Û¾ë5ØËÙKÏÑÕ¾Ò©Ó¾ä(Ó¾Õ×Ò�ÐÛ¾Ò�ÐlÏ�ØËÙ5ÓCÏ�ÓCÕ×Ö5Ò©Ù5Ò�à�Ò�Ó×Ó¹ÏÑÛ¾ä�Û×Ò�Ó¾ØËë5ð5ÒíÜ�ÝuÕ×Ö5Ò¤Ò�D�ÜFA�Ò�G(Õ¾ØËÙ5à�Õ×ØËÜ¢Ùjò ý

H



I t=|§vª|�¥-tuz}t=�����-wyx®wQ���{|(xnz�~��{z��Vr5¨Ww¿��s=x{ 1|�z�~Ozb��~/��s=x{ Kwy�nsuxn|1¡¤�\�=z�������|5wK~�s=x{|5~
�=r5�
¨¹wQ~��l�n�u|���s=xn 1|��-|(t-vu~lwy��w5tª� ~��-rQ�Z��J=rKxl|(�uwy���=�b|1¡=w���z}x®���}|��-wK~lw���rKt-~��®wytj�
��suxn Kwy�{s=xn|��-|5�(w5s-~�|Wz}�ewy�}�#w(�=~!z�~È�{s=xnt=zbt=��wy�9�n�=|W~nw5��|�x�w5�n|�
-w�~���wy�b�}|(xP��zbx����b|l�-wK~
w/�=z}�K�=|(x9��rKt-~��®wytj�9��s=x{ Qw5�ns=x{|��h|A�(wys-~�|Ozb�\�ns=x{t-~í¨¹wQ~��n|(xZ�

@*r5��¡C~�s=�=�-r1~�|�|5wQ���¿�=zb|5��|Or5¨\�{�=|���s=x{ 1|O��r5 1|5~\�-|(xn�-|(t-vjz���s=��wyxl�{r��n�=|���suxn 1|
�\zb�n�§~��-|(|5v��=xnrK�-rQxn�{z}rKt-wy�©�{rV�{�=|W��s=x{ Qw5�ns=x{|1�*´1zbt-��|l�{�=|/�¢s=xn Kwy�{s=xn|W�(w5t²�-|O|Zz}�n�u|(x
�-r1~�z}�{z} 1|�rKx/t=|(�1w5�nzb 1| ¶ vª|Z�h|Zt-vªz}tu�¿rQt��\�=|(�{�=|(x/�n�u|���s=x{ 1|�z�~��ns=x{t=z}t=���¢�}rj���ª�\z�~�|
rKx���rQs=tj�n|Zx����brj�Ñ�j�\z�~�|Q¸�¡&~�rQ��|V�-w5xn�®~ºr5¨l�{�=|���s=x{ 1|���r5 1|/rQsu���#wyx®v=~º�\�uz}�}|�rQ�{�=|(x®~
��r5 1|Pz}tj�\wyx®v=~����Ht��n�=|9¥-�Qs=x{|l�-|(�}r5��¡1�n�u|lxn|5v�wyx{xnr5�9~\wyx{|l�\�=|(x{|*�{�=|e��s=xn Kw5�ns=x{|lz�~
t=|Z�1wy�{z} 1|1¡5w5t-vO�n�u|!�Qx{|(|(tWwyx{xnr5�9~©w5xn|!�\�u|(xn|P�n�=|P��s=x{ Kwy�nsuxn|!z�~Ã�-rµ~�z}�{z} 1|1�:�n�=|#wyxnx{r5�9~
w5xn|\ry¨@vªzK�:|(xn|(tj�©�b|(t=�Q�{�-~7�-|5�(w5s-~�|\�{�=|\��w5�Qt=zb�ns-vª| ¶ rKxl¼�~��nxn|Zt=�Q�{�-½ß¸&z�~7��wyxn�K|(x¤w5�©�n�=|
�Kxn|(|(t§w5xnxnr5�9~\�n�-w5t²zb�\z�~\wy�\�{�=|�xn|5v�rKt=|5~��

»��-w5�V�-w5�=�-|(t-~V�{r°�{�=z�~/�¢s=xn 1|�wK~Vz}�/��ry 1|A~IwK�(��rKx�vªzbt=�°�{r°�{�=z�~²¼{��rQ�{z}rKtT�j�
��suxn Kwy�{s=xn|5½�LM�¹¨E�n�=|Wz}t=zb�nz�w5����s=x{ 1|Iz�~*w���z}x®���}|1¡jz}�N'Ë~\|5wQ~��Y�{r���rKtª jz}t-�¢|I�1rKs=x�~�|(�Á¨ ¶ �j�
�br1rQ�jz}t=�ewy�©�{�=|\~��ª����|(�nx��\r5¨3�{�=|¤�=xnrK�=�}|Z�²¸-�n�-w5�7|AwQ���O�-rQzbtª��rQt/�{�=|P��s=xn 1|¤x®wQ��|5~Cz}t
�{ry�#wyx®v=~í�{�=|���|(tj�n|Zx(¡1w5t-v��n�=|9z}tj�n|(x�¨¹wQ��|9��s-~��¤�¢rQ�}��wy�-~�|�~��®w(��wW��z}x®���}|9w5t-v���rK�}��w5�-~�|
�{r�wl~�zbt=�Q�b|\�-rQz}tj�(���HtO�n�u|!¥-�Qs=x{|9wy�-r5 1|1¡Q�1rKs��(wyt/�=x{rQ�-w5�=�}�¦wy��~�r���rKtª jz}tR��|!�1rKs=x�~�|(�Á¨
�{�-wy�\�{�=|�~��Rwy�-|�xn|(��wy�j|5~©z}��~�|(�Á¨Ãwyt-v�~���r1rQ�{�-~!rQs=�9w5t-vV�-|5��rK��|5~©��rKxn|e��z}x®��s=��w5x(���$t
¨¹wK���(¡C¨¾rQx/w5tª�·~�zb���=�b|����}rµ~�|5v�¢s=xn 1|1¡C�{�=|(xn|�z�~WwYx{|(��wyx{�Kwy�=�b�¿�nz�vj�¿��wy�{�=|(��w5�nz��Zwy�
w5t-~��P|(xV�{�-wy��|(�j�=�}z���z}�{�}�¿�=x{|5vªz�����~/w5t�z}tj�n|Zx�¨¹wQ�¢|�'Ë~l¨¾s=�ns=x{|�¨¾xnrQ� zb��~Oz}tuz}�nz�wy�#~��-w5�h|µ�
�P|I�\zb�}����rK��|l�{rV�{�-wy�9�n�=|ZrQxn|Z��~��=rKxn�{�}�1�Pq!s=�e~�z}tR��|���rQ�{z}rQt��ª�§��s=x{ Kwy�nsuxn|�z�~\rQt=|
��rK���-rQt=|Ztª�lr5¨\��w5tª���=�j�u~�z��Zwy���=�=|(t=rK��|(t-w ¶ ¨¾rQx�|(�uwy���=�}|1¡:~�sux�¨¹wQ�¢|/�n|(t-~�z}rKt°zbt�w
~�r1wy���=s=�=�=�b|9wyt-vO¨¾xn|Z|+�(z}tu�lx�w5�n|5~¤wy�¤�{�=|\|5vª�K|*r5¨�w�~�t=r5�!£:w5�1|*�-rK�n��vª|(�-|(t-v/rQt��n�=|
��suxn Kwy�{s=xn|¦wy��wV�-rKz}tj��¸�¡:�}|(�N'Ë~\�nxn���{r��=s=zb��v²w���rQ���us=�n|(x\��rjvª|(��ry¨¤�\�-w5���-wy�=�-|(tR~
�{r�w5tY|Z 1rQ�} jz}tu�Oz}tj�n|Zx�¨¹wQ�¢|l��r5 ªzbt=�²¼{s=t-vª|Zx\z}��~\�¢s=xn Kwy�{s=xn|A½ª�

O



P �Q�%RS�UTV���%WX���Y�Z�"�[�]\_^"$�\V���Y�a`��%Wb��Rdc8� eU�Vf4g%hi�je8W��b^"�j�"$�\kTVl�m4�"RU�"!n�oWXR��Fe
�HtrQx®vª|(xW�nr²��ry 1|�w5t�z}tj�n|(x�¨¹wQ��|1¡C�P|Vt=|Z|5vÂ¥-x®~��/w��Qr1rjv��\w(�°�{r¿vª|A~n��x{z}�-|�z}�Z�

Ç ~���w5t-v=wyx®vT�#wA���nr�vj|5~n��x{z}�-|�w¿��suxn 1|�z�~/wQ~O�{�=|��Kx�wy�u��ry¨¯wY¨¾s=t-�¢�nz}rKtC¡¤~�r¿�b|(�+'ã~
�-|(�Kz}t²�\zb�n���n�Rwy�(�%p\|5�(wy�b�3�{�-wy�ew¦¨¾sut-���nzbrQtrq¿�-wQ~*�{�=|��=xnrK�-|(xn�����{�-wy�9|( 1|(x{�Vzbt=�=s=�
�=x{rjvªs-��|A~!wOs=t=zs�ßsu| ¶ �n�-w5�!z�~¢¡ªrKt=|�wytRv^rKt=�}�/rKt=|Q¸&rQs=�{�=s=�(�%�H��wy�Kz}t=|\tury��w/~��n|5wKvª�
~�t=r5� ¨¹w5�}�bz}t=�9~��nx�w5z}�K�ª�&vªr5�\t/rQt�w\�=z}�b�}�l�{|(xnx®wyzbtC¡Qw5t-vI�b|(���n�=|©¨¾s=t-�¢�nz}rKt]tvuwq ¶&x ydz u{ ¸lvj|5~n��x{z}�-|��n�=|�z}t=zb�nz�wy�©�=|Zz}�Q�j�?t¿w5�Ow5tª�¿�-rKz}tj� x w5�I�{z}��| z u { ��Çe~¯�{�=|�~�t=r5�wK�(��s=��s=��w5�n|5~¢¡1�n�=|��=|(zb�Q�j�\���-wytu�Q|5~\z}t��nzb��|ewy�-r5 1|I|AwQ���Y�-rKz}tj� x �

X

Y

y=f(x,t=0)

X

Y

y=f(x,t=1)

�Ht=zb�nz�w5� |7rµ~�zb�nz}rKt�ry¨%J=xnrKtª� ÿ:wy�{|(x*zbt§Å!z}��|
�*tª¨¾rKxn�{s=t-wy�{|(�}�µ¡=�n�=z�~!z�~\�}z}��z}�n|Avº jz}|(�?
=�{�=|(x{|Iz�~!t=r��Qs-w5x�wytj�n|Z|O�n�Rwy�l�{�=|�z}t=zb�nz�w5�

�-r1~�z}�{z}rQt�ry¨P�{�=|O¨¾xnrKtª�W�(w5t¿�h|�w5�}�#wA�u~l�\xnzb�n�n|Zt¿wQ~l�{�=|/�Qx®wy�=��ry¨Èw�¨¾sut-���nzbrQtC�}J=rQx
|(�uwy���=�}|1¡©�{�=|²zbt=z}�{z�w5�\~��Rwy�-|¿�-|(�}r5��vªr1|A~Vt=rQ���-w( 1|²w¿s=t=zs�ßsu|²�=|(zb�Q�j�O¨¾rQx�|( 1|(x{�
�-rQzbtª� x ¡!turQt=|(�{�=�}|A~n~O�n�u|²wK�(��s=��s=��wy�nzbrQtr5¨W~�tury�MrQt��{�=z�~/~��-wy�-| �(wytÆ�h|§|5wQ~�z}�b�
�=x{|5vªz����n|5v:�

�Ht=z}�{z�w5�7´1�-w5�-|Oz�~!turQ�ew�~9x�w5�=�
Å!�=|l�bz}��zb��w5�nz}rKt/�=|(x{|1¡ª�{r/xn|5�(w5�}�-rQsux\|5wyx{�}z}|Zx��1s=rK�n|1¡jz�~írKs=x\s-~�|lry¨EwO��r1rKx�vªzbt-wy�{|

~��=~��n|(��
:z}�l�-wK~It=rK�n�=zbt=���nr§vªr§�\z}�n�¿�{�=|��=xnrK�=�}|(� ¡h�=su�I�RwQ~�~�|( 1|Zxn|(�b�Yx{|5~��{x�w5z}t=|5v
rKs=x*rK�=�nzbrQt-~¢�

�



�×¨P�1rQs��!|(x{|/w�vªz��:|(x{|(tj�nz�w5�©�Q|ZrQ��|(�{|(x(¡-�1rQs¿�PrQs=��vÂ��r1~��e�}z}�1|Z�}��w5�-wyt-vjrQt�{�=z�~
¨¾s=tR���nzbrQt-w5�ªx{|(�=xn|A~�|(tj��w5�nz}rKt/ry¨@wyt/zbtª�{|(x�¨¹wK��|©¨¾rQx©�{�=|/¼n�Rwyx�w5��|(�{|(xnz��(|5v=½! jz}|(�����H��wy�5Ê
zbt=|��1rQs¿w5xn|��\w5�}�jz}t=��wy�brQt=���n�u|Oz}tj�n|Zx�¨¹wQ�¢|1¡=�(w5�}�bz}t=�/rKs=�*�-rK�n�¿�1rQsux x wyt-vrtY�¢r1rQx�Ê
vªzbt-wy�{|5~OwK~I�1rKs��r5 1|1��wy�W�n�=|^~nwy��|/�nz}��|/�n�-w5�O�1rQs·�\wy�b�3¡&w^¨¾x{z}|(t-v¿z�~��=�}rK�n�{z}t=�
�{�=r1~�|O�-rQzbtª�®~ÈrKtY�{�=| x t/�=��w5t=|1�PÅ!�=|/~��-|(|5v�wy�9�\�=z������1rQs��\w5�}��z�~!�ªtury�\t wQ~\�n�=|
¼{�-wyx®wy��|(�{|(xnz��5wy�{z}rKt-½k
Q�{�=|\�¢s=xn 1|#vªx�w(�\t��ª���1rQsux7¨¾xnzb|(t-vIz�~7�jt=r5�\t�wQ~©�n�=|/¼{z}��w5�Q|5½j�p\|(�1w5x�vª�b|5~n~\ry¨E�\�=|(�n�u|(x*�1rKs²�#wy�}���ßs=z��Ñ�j�}��rQx¯~��}r5�\�b�1¡=�1rQs=x!¨¾x{z}|(tRvY�\z}�b�C�nx®wQ��|�rQsu�
�{�=|W~nwy��|I�-rKs=t-v=w5xn�1�\Å!�u|OwKvª Kwytj��w5�Q|/ry¨E�n�=z�~\wy�=�=x{r1wK�Ñ�§z�~!�n�Rwy�9�n�=|¦vª|(�-|(t-vª|Zt-��|
rKtT�{�=|���r1rKx�vªzbt-wy�{|§~��u~��n|Z�?�-wQ~O Kwytuz�~��u|5v_
¤�1rQs��(w5t�rQxnzb|(tj�I�{�=|�¥-�Qsuxn|�w5tª���\w(�
�1rKs 'Ëv��}zb�1|1¡jwyt-v��{�=z}t=�µ~*~��nzb�}�3�PrQx{�3�

 g?��RST8W��WdWb��!���W4�=Wv����h1!Z��R��FeS�"$j�$	� ^"R���W��1!
´1s=�u�hrµ~�|��P|/�nx{�²�nr�s-~�|V�{�=z�~9�-wyx®wy��|(�{|(xnz��(|5v�xn|Z�=xn|5~�|(tj��wy�{z}rKt¿ry¨9w5t°zbtª�{|(x�¨¹wK��|

wK~¯�{�=|��-wQ���ª�-rKt=|Vr5¨9w�tjs=��|(x{z��(w5��wy�}�KrQx{z}�n�u�¿�O»�|��(wyt��\w5�}�¿w5xnrKs=t-v°�{�=|���s=x{ 1|1¡
w5t-v²�=��w5tª�¯wV�=�}su|/�hrKs=�¿w5�lxn|Z�Qs=��wyxlzbtª�{|(xn Kwy��~���Å!�=|A~�|/�-rQs=�u~�¡:�nrQ�K|(�n�u|(xl�\z}�{�¿�n�=|
x{rQ�-|5~*�{�-wy���¢rQt=t=|A���*�{�=|(���nrK�Q|(�{�=|(xZ¡R¨¾rKxn�?w�vªz�~n��x{|(�n|W ªzb|(� r5¨P�n�=|W�hrKs=t-v=w5xn�1��Ç
vªz�~n��x{|(�nz��(|5v¿ 1|(x�~�z}rKtry¨e�n�=|�|5wyx{�}z}|ZxI��rQ�nzbrQt�j�·��s=xn Kw5�ns=x{|Y|Z�=w5���=�}|/�PrQs=��v�n�=|(t
�br1rQ���}zb�1|*�{�=|l¨¾rQ�}�br5�\z}t=�O¥-�Ks=xn|µ�

p\|5�(wy�b�7�{�-wy���{�=|V�b|(t=�K�n��wytRv°vªzbxn|5�¢�nz}rKt²r5¨\�n�u|�wyxnx{r5�9~Iz�~evª|(�n|Zxn��zbt=|5v��ª�§�n�=|
�brj�(wy�#��s=xn Kw5�ns=x{|1�²Å!�u|�~��{x�wy�{|(�Q��z�~��nr wQvª KwytR��|��n�u|��-r1~�zb�nzbrQt-~Or5¨9�n�=|��-rKs=�=~WwQ�ÑÊ
��rKx�vªzbt=���{r��n�=|�w5xnx{ry�9~¢¡3xn|A�(wy����s=��w5�n|Wt=|(� w5xnxnr5�9~¢¡7w5t-v²�n�u|(t�wQvª Kw5t-��|/�n�u|/�hrKs=�u~
w5�1wyzbt 
¤�n�=|��urQ�-|�z�~l�n�-w5�/�ª�¿sR~�z}tu�¿��rQx{|/�hrKs=�u~�¡PwY��rKxn|�wQ�(��sux�wy�{|�wytR~��!|ZxO�\z}�b�
|(��|(xn�K|1��*tª¨¾rKxn�{s=t-wy�{|(�}�µ¡(�n�=|(x{|Pwyxn|P~�|( 1|(x�w5�y£:w(�9~Cz}t��n�uz�~Cwy�u�=xnrµwQ���C¡1~�rK��|©zbt-��rQtj 1|(t=zb|(tj�(¡

�



~�rQ��|�¨¹wy��w5�H� Ç��br1rQ��w5���n�=|�¥-�Qs=x{|°x{|( 1|5w5��~/wyt�z}tR��rQtj 1|(t=zb|(tª�WrQt=|µ�°�n�u|¿�hrKs=�u~
�{xn�¿w5t-v���xnrµ~n~lr5 1|(xl�n�u|(��~�|Z�} 1|5~¢¡-wyt-v¿z}�l�-|5�¢rQ��|5~\�-w5x�v°�{r��1|(|(�¿�{�=|���rQtut=|5���{z}t=�
x{rQ�-|5~\rQxn�µwyt=z��(|5v3�9Ç
xn|Z��|5vª��z�~!�{r�~��{rQ�²�{�=|/wKvª Kwyt-�¢|(��|(tj�!�-|(x{z}rjvªz��(wy�b�}�1¡jxn|�Ê¹�\w5�}�
w5�}rQtu�/�n�=|W��s=x{ 1|1¡jwyt-v�vªx{rQ��t=|(��|��1s=zÁÊ$~��RwQ��|5v��hrKs=�u~��PÉ*r5�!|( 1|(xZ¡jvªrQzbt=�/�n�=z�~E¨¾rKx9w
�=x{rQ�-w5�1w5�nz}tu��~�s=x�¨¹wQ��|�zbtY�{�=xn|Z|Ovjz}��|(tR~�z}rKt-~©z�~¢¡-wy�9�n�=|� 1|(x{�V�b|5wQ~��(¡ªsut=�=�}|AwQ~nw5tª�Z�

Ç
��rQx{|W~�|(x{z}rQsR~È�=x{rQ�=�b|(����rK��|5~!�\�=|Zt²�n�u|I|Z 1rQ�} jz}tu�/�hrKs=t-v=w5xn� wy�n�{|(���=�®~í�{r
���-wytu�Q|�z}��~l�{rQ�-rQ�brQ�Q�µ�²Å�wy�jz}t=�§w§~��}zb�Q�j��vª|(�{rQs=xZ¡©��rKt-~�z�vª|(x����!r§~�|Z�-wyx®wy�n|^��z}x®��s=��w5x
£:w5��|5~¢¡Q|5wQ���/�=s=x{t=z}tu�IrKs=���\w5x�v=~¤wy�Pw���rKt-~��®wytj�!~��-|(|5v3���n�=|9~��-wy�-|lr5¨C�n�u|\|( 1rQ�b ªzbt=�
zbtª�{|(x�¨¹wK��|lz�~!|AwQ~�zb�}���=xn|Avªz����{|5v3�

�Ht=z}�{z�wy��J7��w5��| ÿ:wy�{|(x\z}t§Å!zb��|
Çl~\�n�=|/���Pr�~�|(�-wyx®wy�{|O£:wy��|A~È�=suxnt¿�nrK�Q|(�{�=|(xZ¡h�{�=|/|( 1rQ�b ªzbt=�/z}tj�n|Zx�¨¹wQ�¢|5~!��|(x{�Q|

zbtª�{r�w�~�zbt=�Q�b|O�=x{rQ�-w5�1wy�{z}t=��¨¾xnrQtj�(�9É*r5�P|( 1|(x(¡uwºtjs=��|Zxnz��Zwy�:wy�b�QrQx{z}�{�=���-wQ~�|5v²rQt w
vªz�~n��x{|(�n|9�-w5x�wy��|(�n|(x{z	�5w5�nzbrQt/xnsut-~ízbtª�{rOxn|Awy�-�nx{rQs=�=�b|1�7zbt��n�u|*¥-�Qsuxn|l�-|(�bry��¡1�{�=|l���!r
�-w5z}x®~íry¨��-rKs=�=~!�brj�(wy�{|5vVzbt-~�z�vª|*�{�=|9�=s=xntu|5vVxn|Z�Qz}rKt���s-~��¤~�rQ��|Z�=r5���-|lxn|Z��r5 1|5vIzÄ¨
�P|I�#wytj�\�nr��nx®wQ���V�{�=|��nxnsu|Y¼{|5vª�K|5½ºr5¨¤�n�u|I|Z�ª�-w5t-vªzbt=�O£:wy��|1�

I t=�}��¼F�¤vª�K|5½�q!rKs=�=~�>¤rKxnx{|5~��-rQtRv²�nr)|©xnrK�-wy�µwy�nzbt=���Htj�n|(x�¨¹wQ��|

�



ÅCxn�jz}t=�W�nr/~��=~��n|(�^wy�nz��(wy�b�}�¦vª|(�n|Zxn��zbt=|!�\�=z��Ñ���-rQs=�u~!�nr/x{|(��r5 1|!z�~!wW��rQtª¨¾sR~�z}tu�
�®wQ~��:�WvªrQzbt=�¿~�r²z}t¿�{�=xn|Z|�vªzb��|(t-~�z}rKt-~Èz�~lry 1|Zxn�\�=|(�b��z}tu�=� ¶ Ç vª|(��w5z}�b|5v3¡3�{|5�Ñ�ut=z��(w5�
vªz�~n��sR~n~�zbrQt�ry¨E�n�=|5~�|�z�~n~�s=|5~!��w(���-|¯¨¾rKs=t-v�z}tM���N�×¸��|©w5x�wQvjry�jz��Zwy�}�b�l|(t=rKs=�Q�@¡ß�{�=|!�Rwy�n�W�nr�w5t/|�À^��z}|(tj�Cw5t-vO 1|(x®~nwy�{z}�b|©xn|(�uxn|5~�|(tª�®wy�{z}rQt
r5¨\�=x{rQ�-w5�1wy�{z}t=�§z}tj�n|(x�¨¹wQ��|A~È�b|5wQv=~?71*6;�283S��0�� �{rY�{�=|/ jz}rQ�b|(tj��wQ���ery¨\zbtª�{xnrjvªsR��z}t=�^w
��r1rKx�vªzbt-wy�{|�~��=~��n|(� ��É*r5�!|( 1|(xZ¡h�{�=|/�nx{z�����z�~*�{r²vjr²~�r·�����1�����u���E�"�� }¡1���v�¢�o¢Z���1� �
�{�=z�~¤z�~í�{�=|*¨¾s=tRv=wy��|Ztª�®wy�=z�vª|5wI�-|(�uz}t-vV�b|( 1|(�-~�|(�!��|(�n�=rjvu~�¡1z}tj�nx{rjvªs-��|5v�z}t£� � �H¡jw5t-v�-wK~�|5v�rQt�|5w5xn�}zb|(x!�PrQx{�YzbtM���+�¹�

 ¤���\_��$�¥j�8W P �Q�%RS�UTV���%Wb�=W��F^"�
p9wy�n�u|(x7�{�-wytO¨¾rK�}�bry�·�n�=|Pz}tj�n|(x�¨¹wQ��|¤z}�®~�|(�Ä¨{¡(�n�=|P�}|( 1|Z�1~�|Z�©w5�=�=xnrµwQ���/z}t-~��n|5wKvI�®wy�1|5~

�{�=|VrKxnzb�Qz}tRwy�!zbtª�{|(x�¨¹wK��|�wytRvwQv=vu~/wyt|(�j�nx®w²vªzb��|(t-~�z}rKt¿�nr²�{�=|��=xnrK�=�}|(� �4p\|5�(wy�b�
�{�=|\�=xn|Z ªzbrQs-~7zbtª�{|(x�¨¹wK��|1¡5�\�=z����/�¢rQt-~�z�~��{|5vOry¨@���!rl|(�j�-w5t-vªz}tu����z}x®��s=��wyx©�=�bs=|í£hwy��|5~¢�
»�|Wwyxn|��KrQz}tu�V�{rVx{|�ÊHzbtª�{xnrjvªsR��|Ww/��r1rQx®vªz}t-w5�n|¦~��u~��n|Z�¿¡1s-~�zbt=�V�{�=| x tº�=��wyt=|W�\�=z����
��rKtª�®wyzbt-~!�n�=|�zbtª�{|(x�¨¹wK��|1¡=w5t-v�wv¦�vªzbxn|5���{z}rKt��nr���|5wK~�s=x{|l�=|(zb�Q�j�(�

´1s=�u�hrµ~�|��!|�z}tj 1|(tj��wY¨¾s=t-�¢�nz}rKta¦§u©¨ ¶&x y t ydz u { ¸®¡-±ns-~��¦wQ~I�#wQ~/vªrKt=|��=x{|�Ê jz}rKs-~��b�1¡C�nr²�®wy�1|�wK~Iz}tu�=s=�/w��-rQzbtª� ¶&x y t=¸�¡�wytRv°wK~n~�zb�Qt-~/w��=|(zb�Q�j��¦=��Å!�=z�~l�{z}��|1¡
�=r5�P|( 1|(x(¡uwQ~{~�z}�Kt�wQ~*�u|(z}�K�ª�ª¦V�n�u|/vªz�~���w5t-��|l¨¾xnrK� ¶&x y t=¸!�{rV�{�=|Ozbtª�{|(x�¨¹wK��|Wwy�9�nz}��|z u { �Å!�=z�~^�us=z}��v=~�w�~�sux�¨¹wQ�¢| ¶ ~��=r5�\t
zbt�xn|5vh¸��\zb�n���n�=|��=xnrK�-|(xn�����n�Rwy�²zb��z}tj�n|(x�Ê
~�|5����~��n�=| x t¿�=��wyt=|r2�«1¬V3S��0���w5�/�n�=|�z}tj�n|(x�¨¹wQ��|1� Å!�=|�xn|5v~�s=x�¨¹wK��|�z�~/�(wy�b�}|5v¿�n�=|
�b|( 1|(�:~�|(�!¨¾sut-���nzbrQt ¡P�h|A�(wys-~�|¿z}��wQ�(�¢|(�=��~�wQ~�z}t=�=su��w5tª���-rQzbtª��z}tÆ�n�=|§�=��w5t=|¿w5t-v
�-w5t-v=~¤�-wQ����wI�=|Zz}�Q�j�PwQ~©rQsu�n�=s=�Z�!Å!�u|*�=�bs=|9z}tj�n|(x�¨¹wQ��|\z�~í�Zwy�}�b|5vO�n�u|��(|Zxnr��}|( 1|Z�=~�|(�(¡
�-|5�(w5s-~�|�zb�\z�~!�n�u|O�¢rQ�}�b|5���{z}rQt�ry¨Pw5�}�3�-rKz}tj��~\�n�-w5�lw5xn|Wwy�\�=|Zz}�Q�j�j�(|(x{r=�

Ç*t=rK�n�=|Zx*�#wA���{r�~�|(|W�\�ª�§�n�=z�~Èz�~*�Zwy�}�b|5v²w¿¼n�b|( 1|(��~�|(��~�sux�¨¹wQ�¢|5½ºz�~*�nr�z}��w5�Qz}tu|
w/~{wA���n�-w5�l�(w5t§��s=�9w/~��bz���|ery¨&�n�=|W~�sux�¨¹wQ�¢|Ow5t-vY�{�=|(t§vªx{rQ�²zb�!rKtª�{rV�{�=|��ª���=��w5t=|1�
É*r5�P|( 1|(x(¡1�{�=|W~��}z���|l�-wK~È�{r/�-|O�-|(x�¨¾|A���n�b�V�b|( 1|(�H�

 �×¨j�{�=|P~nw(��¢s=��~3�{�=|¤xn|5vl�}|Z 1|(�5~�|Z��~�s=x�¨¹wQ��|Pwy�C�u|(z}�K�ª� �(|Zxnr\w5�-ry 1|¤�{�=|¤�ª�9�=��w5t=|1¡
�{�=|�~��}z��¢|V�{�-wy�W�\z}�}�#vªxnrK��nr¿�{�=| x t¿�=��w5t=|��\z}�b�¤�h|��n�=|�rKxnzb�Qz}tRwy�!zbtª�{|(x�¨¹wK��|
�¢rQxnx{|5~��-rKt-vªz}tu�V�{rV�{�=|��-wyzbx\ry¨&�=�}s=|l£:w5��|5~¢�

 �×¨P�n�u|/~nw(� ��s=��~ewy�W~�rK��|OrK�n�=|(xe�=|(z}�K�ª�Z¡Cw�vªz��:|(x{|(tj�l~��}z��¢|O�\z}�b�©vjxnrQ�·vªr5�\tC¡
�uxnrjvªs-�¢z}t=��rQt=|�r5¨¤�n�=|�x{|5v���s=xn 1|A~íz}tR~��n|AwQv3�

®¤|(�&wyt=rK�n�=|(x&�\w(���nr9 ªzb|(��n�uz�~C�}|( 1|(�j~�|(�C¨¾s=t-���{z}rQtWz�~C�nrl�{�=z}tu�Ir5¨@wÈ�{rQ�-rQ�Kx�wy�u�=z��
�



X

Y

ZLevel Set Function

z= φ (x,y,t=0)

(x,y)
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