
���������	��
����������������
11

th � ��������� � �!�#"$�!�%��	���	�&���(')�����+*(��),-��� ���-�+���&��-
�./�%����-�	���������102.432"65'87:9;9;<
=4>+?@BA/C%D�EBA$DF4GIHJE+KL?!M�NOE�?P6C:E�NQH�M�EJHJRS?M�TIUVM�WNQMXHJH�>	NOM�W&Y[Z\=^]^G`_-]/aX>	Ncb	NOdL?%_-=4>+?!@JNOP _�e�HJEBA/f�gih%_-j!kBkl

mVnpo)q�r2sut�vxwzy�{+wp|)}p}

~������I�����p�&��� ��� �����-���&��� �&���/����������� � �#�������\�X����� ��� ���1���X�
�����#� �#�������[� � �¡���£¢¤���X���-~¥¢��¦� �§�¨���©���ª����«¬~��������X�£�-����

®°¯L±p²/³$´�µ�¶¸·�¹Vµ6º/»:±
¼�]^G�]½Y(¾uCX¿À_XZ6Á-A$Â)>+?!dL?POK�?BTXD!>\CXÃD!gÄE�?!>	POHJMXR�HB_LÅBkBk2g/]4ÆpA/¿ÀDR�b+?P�Ç4lBlh2g�]�U$¿^Ç6È�ÉBflk!gËÊ;Ì!k¦g/CXÃ!D¦]�?!>	PODR°g/CX¿
ÍÎBÏ;Ð�Ñ%ÒÓBÔ%Õ;Ö�×LÖ6Ø Ù�Ò�Ú$Ø Û%Ð

Ü ±zÝÝBÞÄµ½ßà·�á�ÞËÝâ/Þ
¼�]^G�]½Y(¾uCX¿À_XZ6Á-A$Â)>+?!dL?POK�?BTXD!>\CXÃD!gÄE�?!>	POHJMXR�HB_LÅBkBk2g/]4ÆpA/¿ÀDR�b+?P�Ç4lBlh2g�]�U$¿^Ç6È�ÉBflk!gËÊ;Ì!k¦g/CXÃ!D¦]�?!>	PODR°g/CX¿
Ó;Õ;Ò�ã�ÕÔ;Í�ÖÑBäVØ�Õ;Ö�×-Ö6Ø�Ù�Ò�Ú4Ø Û�Ð

åæµ6ÝBç è8· Ü º4é�ÞË²4±pêµ
¼�]^G�]½Y(¾uCX¿À_XZ6Á-A$Â)>+?!dL?POK�?BTXD!>\CXÃD!gÄE�?!>	POHJMXR�HB_LÅBkBk2g/]4ÆpA/¿ÀDR�b+?P�Ç4lBlh2g�]�U$¿^Ç6È�ÉBflk!gËÊ;Ì!k¦g/CXÃ!D¦]�?!>	PODR°g/CX¿
ë Ñ%Ö�Ù×-ÕJì:Ñ;Ô%Õ;Ö�×-Ö6Ø Ù�ÒJÚ4Ø Û%Ð

èí´�ÞÄÝê¯Lº�³4±�¹$ÞÄîÄï)¯LÞ ´�±#ð ¯�êBµ
¾\ñÀ¾�_XZ6Á-A$UVM�WBH�M�K�H�NO>	D(e\NQMXNO@B_)ÈÈòÌ!h2g�]4ÆpA$¿ÀDR�b+?P�Ç^f!ÊBÉ2g/]�U$¿�ÇLÉBh:A ÅBkBk!gËÊk;j2g/¾Sd-H�>	PQóM�TXNQ?�g/G�ô
ÑÐ:Õ;Ò!õ�ÎòÙ�ÒÔ�×�Î�ÖÑ!ì�Õ;Ö!ÑæØ Ù%ÏÙ$Ø Û%Ð

ö[÷�øùËúòû-ü%ù	ý ')������þ%*¦���+� �	�B���	��*2þ:�O���� �!�ª�i�����-�	�*\ÿ��	���	�	���J�Q���/þ%� 
��^�������+�Ë����������þ:���	���`�`������+��������B� 	�����	þ
�����þ%�����-���
)������X��*(�����!�������I���x����������"$�!*\ÿLþ%�Ä���� �!�-�B��/� þ%� 
����!�-�*�� ���&�	��
������^���%���x�	þ������þ%�����p�2���&�!�p�¸���x�����u��	����Ë���	�&"6���#����*¦�
�	��X�	þ:*(������5+�I������ÿL�����������Àÿ:��ÿX����<(
� �\���������$�^����	��������B� 	���u�	þ
�����þ%�����-���&��	��ÿL�����J���X�Ë��
I��L
1�	�*Sÿ:��	��
��$�-�*(��� ���æÿ:����X�
,�� �"! ,�þX�	�+���+�	�#	�$�%	���'&#�°���O��(;�!��� ��*)��I� ���p��,+� �,�(�	��-��þB�;��Ë������B
�Ä�����¦*(�����X��
���zþ:���/./ÿ;ÿL����(��*(�!��� ��ª,X�Ä����J���0!1
.�,2)
*�þ:� ���Q�����
¦���B� 	���3�V��������� ���-�u,�� �,���	��-��þB�;��Ë�u����;
!�Ä������*(�����X��
I�!�-
I�(*2�4(��	
5!Ä� ���p�u,+� �©01�	��6��þ;�;�!�Ë�u����;
� �����4)��7.S���)���
���X�&�*�	��	��*¦�����:��
�\þ%���\�J���	��L
[�!��
����98V�����Ë�u
� �\�������-�+��
�������������Q������ ������I� ÿ:�;�+���:."$��+�Ë���	� ��1��+� 
2����þ%���	
��J�!�u���;�+�1�Ë���	�
�	������`')�X�¸
���	�Ä��-�+���+�������	���#�	��X�J����þ%���#	�uÿ:��������&�����	����	�Ä��X�\���;�	�����
���	������� �!���-��.�ÿX�����J�!��*¸��-�+�¸�Ë���+�\�������X���^����	����
�	þ
�����!þ:�����p�������I�	��+���Ä��
8�þ%�&þ:�	����� �IÿL���*�J�Q��*<�$�����¥��-�B� �!��� �	�B�^���B� þ%��� ��=�>.°���'	!�B� þX���� ����i�1�����1������+����¥�+þ
�����þ%�����p���
����� 7�� ���L�	�*\ÿL�����	�+���J�Q�?�^���©�	��*2þ:�O�������½���1
;��-��þ%�	�����8� 
!���#	�����	��	��������^������@�+���-�+��*(���A*��5+�¥���������`�	��������2���X�
����þX���� �!���1��	���$�+�����Ë���£���B	!��������������2& �	���	���* ��þ%�L����� ��I�J��+*2þ:�O���� ��=�C.����þ%�����8���
����D��þ%�%���-&#Exþ%���Ä� ���+����*¦�¦���(þ%�J��
`��
����*¦�2�����Ë� �����Ä��6���u� �S���	���X��"�GF��Xþ%*D�+�����¸��	�2þ%����
@�V�����`�	�B�+� �^����	��������B� 	���6� ')���2�	���	þ:� ���2���X�H�¨���X�!�S�����¸*2þ:� ���Q��+� 

���B� 	���+�&����x�����&*¸��	���#I£���Ä�����L�J��������x�Ë���+���^ÿX�����J��+*¦��
¸�����	���

J
K�L�M3NXúPOLø2Q ������+���������þX���� ��
�SRX��+��� ��������&Ä,X���	���*���þ%�-����� ����J�!��*�þX�O�!��� ����UTíþ:� ���Q��+� 
¸*¦�����:��
���/���L�+�!*\ÿL�����+�	���J�Q�V�^���W�
X ·ZY!²Àê!´�µV³/º [:êÞÄµ6²

\�]�^P_a`cbed-f�g-g'hjiek1f@l�_�mnbeo�fH]e_
`pf�]�qBqad'h#grfChj]sqt]vue`wi+fHdp_yx3qyb�bekjh#^Hqyz'h1_a]�gwhj]{g'^Hhjf�]�^PfZqy]�|}f�]e~ah1]ef�fHd-hj]e~��t�3k1`c_
grzpqakjk
]vue`cf�d'h#^Hqak7g'_ak1u=z-hj_
]�gp_yxSh1]�^H_a`cbed-f�g-grh1iek1fCl�u�h1|sl�_�m3gpd'f2��uehjd-f�gcq��%_ah#g'g'_a]{gr_
kj�
fHdcgruei�d'_
u=z'h1]efa�{�7oefHd-fPx�_
d'f
��z'o�f;grz'u�|=�
_axSfH�@^Hhjf�]�z5h�z-fHd6q�z'h1�af�`cfPz-oe_=|eg@qy]�|�`wu�k�z-hj~
d'h#|sg-^6oefH`cf2gpx�_ad@gr_
kj�vh1]e~�z'oef;�%_ah#g'g'_a]�f���u�qyz'h1_a]�qyd-fZ�
fHd-�$h1`cb�_
drz6qy]�z@hj]
� _
`cbeu=z-qyz'h1_a]�qak9�Wkjueh#|;�?�v]�qa`ch1^@� � �W�����

�7o�f�]vue`cfHd-h1^�qykVg'_ak1u=z'h1_a];_axWz-oef��%_ah#g-gr_
]�f2��u�q�z-hj_
];^�qy]�i+f�_aiez-qyh1]ef2|;i��������H�'�y�������p�c�H���e�2�* �_adp�����'�6¡H���c�H�������� ��¢\�]
z-oef5bed-f�g'fH]�zwgrz'u�|e��_
]ekj�{�����P�'�y�������Z�c�H���e�2�* Cqyd-f@fH��qakju�qyz'f2|G�Z�7oef5z'fHd-`£�����H�'���������C�@�H�������$d-fPx�f�d-g�z-_tq;m�h1|ef5d-qa]e~afc_ax
z-f�^6oe]�h1��uef2g¢z'o�qyz7u�grf�gru�^H^Pf2g'g'h1�afSqabebed-_*¤=hj`@q�z-hj_
]�g/z'_p_ai=z6qyh1]Z`c_ad-f�qa^H^Hued6q�z'f�gr_
kjuez'h1_a]�g¢_yx kjh1]ef�qad�gr�=grz'fH`@g7q�z�f2qa^6o5z-hj`cf
grz'f�b9��\�]�z'oeh#g�m¢_ad-¥@m,f�m�h1kjk g�z-u�|=�5z�m¢_@^Pk#qag-grf2g¢_yx hjz'f�d-qyz'h1�af�`cfPz-oe_=|egH¦:grz-qyz'h1_a]�qad'�5qa]�|Z]e_a]=§�grz-q�z-hj_
]�qyd-�@`cfPz-oe_=|egH�

¨ z-q�z-hj_
]�qyd-��`cfPz-oe_=|egH�V¥�]�_�m�]�qag�©7qag'h#^whjz'f�d-qyz'h1�afp`pfHz'oe_=|eg��9z-o�q�z�qad'fp_ak#|=fHd�ieuezwgrh1`cbekjf�d�z'_;ue]�|=f�d-grz-qa]�|$qy]�|thj`p§
b�kjf�`pf�]�z��Gqy]�|Bu�gru�qyk1kj�;]e_azS�af�d'�ZfP�5^Ph1fH]�z2�S\�]�z-oeh#g?b�qab�f�d���z'o�fp©7qag'h#^Dh�z-fHd6q�z-hj�
f�`cfPz'o�_v|t^P_a]�grh#|=fHd-f�|;h#g?z'oef ¨ u�^H^Hf�g-grh1�af
ª �
fHd'§�«3fHk#q�¤eq�z-hj_
]9�V�7oef ¨ u�^H^Hf�g-grh1�af ª �
fHd'§�«�f�k1qy¤eq�z'h1_a]p^Hqa]pi+fS|efHd-hj�
f�|¬x�d'_
`z-oefS®�qau�g'gr§ ¨ fHh#|=fHk�`pfHz'oe_=|civ�phj]�z'd-_=|=u�^Hhj]e~
qa]�d'f�k1qy¤eq�z'h1_a]�b�qad-qa`pfHz'f�d

ω
�¢��_ad?z'oef�_
b=z'h1`@qykW^6oe_ah#^PfD_ax

ω
� ¨ u�^H^Hf�g-grh1�af ª �
fHd'§�«3fHk#q�¤eq�z-hj_
]C`@q*�Z^H_a]v�af�d'~
fSx¯q
g�z-fHd�z-o�qy]

®�qau�g-g�§ ¨ fHh#|=f�kGi��Zqy];_ad6|=fHd7_ax `@qy~
]eh�z-u�|=f
�:�3];fHk1fH`cfH]�z6qyd-�5hj]�z-d'_=|=u�^Pz'h1_a]�h1g7~
hj�
fH]�hj];°$f�g-grf�kjh1]e~���±y²a²�³a´ ¨ q
qa|G��±a²a²aµ��
¶?_a]=§�grz-q�z-hj_
]�qyd-�w`cfHz'oe_=|eg��
¥v]e_�m�]5q
g/·�d-�vkj_��pgruei�grb�q
^Pf�`cfPz-oe_=|eg¢qyd-f3d'f�k1qyz'h1�af�kj�¬d'f2^PfH]�z2´az-oefHh1d¢qa]�qyk1�=grh#g:qad'f3u�gru�qakjk1�

o�qyd6|=fHd¬z'_�ue]�|=f�d-grz-qa]�|G��ieu=zpz'o�fH�}^Hqa]>i�f�oeh1~aoek1�0fP¸Uf�^Pz'h1�afa�}�7oef � _a]�¹�u�~
q�z-f�®�d6qa|=h1fH]�zp`pfHz'oe_=|}m7qagpqa|e_ab=z-f�|}oef�d'f
q
g�qCz��vb+f¬_ax¢·�d-�vkj_���g'uei�g'b�qa^Hf¬`cfPz-oe_=|G�¬�7o�fc^H_a]�¹�u�~
q�z-f¬~
d-q
|=h1fH]�zS`cfPz-oe_=|�|efHd-hj�
f�g�h�z6g�]�qy`cfpx�d'_
`ºz'oefpx¯q
^�z�z'o�qyzDh�z
~
fH]ef�d-qyz'f2gwqBg'f���uef�]�^Pf5_ax?^P_
]�¹�ue~
qyz'ft�¯_ad¬_ad'z'oe_
~a_a]�qyk����af�^Pz'_
d-g��B�7oef�g'f5�
f�^�z-_ad6gwqad'fcz-oefZd-f�g'h#|=u�qyk#gD_ax�z'oefZh�z-fHd6q�z'h1_a]�gH�
�7o�fH�tqad'fcqyk#gr_Cz'oefc~
d-q
|=hjf�]�z-gS_yx¢q���u�qa|ed-qyz'h#^�x�ue]�^�z'h1_a]�qyk��Uz'oef@`ch1]ehj`ch1»�qyz'h1_a]t_ax,m�oeh#^6oth#g�f���ueh1��qyk1fH]�z�x�_adDgr_
kj�vh1]e~Zz'oef

³



k1h1]ef�qad3gr�=grz'fH`;�:�7oef�^H_a]�¹�u�~
q�z-f�~ad6qa|=h1fH]�z�^P_a]v�
fHd-~af�g/z'_cz-oef�^P_
d'd-f�^Pz7g'_ak1u=z-hj_
]Zm�oef�]�z'oefD`@q�z-d'hj¤Ch#g�gr�v`c`cfPz-d'h#^�b�_�grhjz'h1�af
|efP¼�]ehjz'f
�Wqa]�|�h1gD�
fHd-��fP�5^Ph1fH]�z2� g'hj]�^Hf5g�z-_ad6qy~
f�x�_adD_
]ek1�tq;kjh1`ch�z-f�|$]vue`wi+fHdD_ax¢�
f�^Pz'_ad6g�h1g�d-f���ueh1d-f�|G�c½:qyd-h1_au�g�qyuez'oe_
d-g
o�q*�af3bed-f�g'fH]�z-f�|¬z'oef?z'oef�_ad-�¬qa]�|chj`cbek1fH`cf�]
z6q�z-hj_
]�g:_axV^P_a]y¹�ue~
qyz'f�~ad6qa|ehjf�]
z?��®�_ak1ueiCqa]�|c½:qy]5¾V_
qy]V��³�¿
Àa¿�´
©7qy¥
fHd2�e³�¿
¿e³a´
°$f�g-g'fHk1hj]e~���±y²
²e³
´ ¨ q
qa|G��±a²a²
µ
���

� _
]v�afHd-~af�]�^Pf:q
^H^HfHk1fHd6q�z'h1_a]�z-f�^6oe]eh#��uef�g k1hj]e¥
f�|Dm�hjz'o¬h�z-fHd6q�z-hj�
f:`cfPz'o�_v|�g o�q*�af:d-f�^HfH]�z'k1��i�f�fH]w|=f��af�kj_
b�f2|�qy]�|�o�q*�af:k1f�|
z-_Cqc|=d6qy`@q�z-h1^�h1`cbed'_��
fH`cfH]�z�h1];^H_a]v�af�d'~
fH]�^HfSd6q�z-f�g�Á?hjd6g'^6oV�9³�¿
ÀaÀe�:�7o�fD`wuekjz'h1~ad-h1|�`cfPz-oe_=|;m,_
d'¥=g�q
g�qy]�qa^�^PfHk1fHd6q�z-hj_
]
z-f�^6oe]�h1��uef�qa]�|Ch#g7z-oefD`c_
grz7fH¸+f2^�z-hj�
f�qy]�|Z~af�]efHd6qykGhjz'f�d-qyz'h1�afSz'f�^6o�]eh1��uefD¥v]e_�m�]Zz'_=|eq*�
���7oeh1g3`pfHz'oe_=|�o�q
g7h�z6g�_ad-hj~
hj]Zhj]
z-oef�bed-_ab+fHd'z'h1f�g7_ax%^H_a]v�af�]�z'h1_a]�qak+hjz'f�d-qyz'h1�af�z'f2^6oe]eh#��uef�g��eh1]�b�qyd'z'h#^Puek#qyd2��z'oef�hjd�qag'�v`pbez'_yz-h1^�g'kj_�mÂ^P_
]��
fHd-~af�]�^Pf�i�f2^Hqau�grf�_ax
z-oef�b+_v_ad?|eqa`cbehj]�~@_yx�oeh1~ao�x�d'f2��uefH]�^H�Cf�d'd-_ad6g��¯g'oe_ad'z3m¢q*�
fHk1fH]e~az'o�g6���,�7oefDi�qag'h#^�h1|=f2qag�_ax%qc`¬uekjz'h1~ad-h1|�`cfPz-oe_=|�x�_ak1kj_�m3g
z-oefDk1hj]ef2gH¦

•
qyb�bekj�@_
]ef�_ad7`c_ad-fSg'm,f�fHb�g¢_yxWqy]Chjz'f�d-qyz'h1�afS`pfHz'oe_=|Zm�h�z-oZ~
_v_v|Zgr`c_v_yz-oeh1]e~¬b�d'_
b�f�drz-hjf2g/_ax9z'oef�oeh1~ao�fHd'§�x�d-f���uef�]�^P�
^P_
`cb�_
]efH]�z-g�´

•
z'd6qy]�g�x�f�d7z'oefDbed-_ai�kjf�`Ãz'_@qc^P_�qyd6grf�~ad-h1|9´

•
z'd6qy]�g�x�f�d�z'oefS^P_ad-d-f�^�z-hj_
]�g%_aiez-qyh1]ef2|wz-_Dz'o�f�¼�]ef3~
d'h#|phj]@_
d-|efHd�z-_D~afH]�fHd6q�z'f3q�]�fHmÄqybeb�d'_*¤=h1`cqyz'h1_a]p_yxUz'o�f?gr_
kju=z-hj_
]9�

\�]pz-oef3^Pued-d-fH]�zWm¢_ad-¥wqa]pqa]�qyk1�=grh#gW_yxU�W_
h1g-g'_a]¬g'_ak1�af�d-g%g'ueied-_au=z-hj]�f�g%m7qag%|=_a]�fa�W\�]¬z-oef7¼�d6g�z%z-f�grz/^Hqag'f¢z'oef3g'ueied-_auez'h1]ef�g
m¢fHd-f�fH��qyk1u�q�z-f�|Zhj];qpgrh1`cbekjf�z-f�grz7m�o�fHd-f?z-oefDqy]�qakj��z'h#^HqakGgr_
kju=z-hj_
]Ch#g7¥v]e_�m�]9�%�7oef�b�f�drx�_
d'`@qy]�^Pf�_yx9z-oefD�%_ah#g'g'_a]Cg'_ak1�af�d-g
g'ueied-_auez'h1]ef�g,hj]�qD]vue`cfHd-h1^�qykUgrh1`wu�k1qyz'h1_a]@_yxWq¬±y�Åh1]�^P_
`pb�d'f2g'g'hji�kjf�l�_�mÄm¢q
g/qyk#g'_wqy]�qakj�v»�f�|G�W\�]5z-oef�g'fS^�qag'f�g�z-oef�¶?q*�vhjf�dr§
¨ z'_a¥
f�gcf2�
u�q�z'h1_a]{m¢fHd-f�m�d-hjzrz'f�]�hj]{�a_
drz-h1^Hh�z���§�g�z-d'f2qy`Æx�ue]�^Pz'h1_a]�x�_ad-`wu�k1qyz'h1_a]9�Ä�7oef;i+fH]�^6oe`@qad'¥}z-f�grzCqa|=_
b=z'f2|sm7qag@q
|ed'h1�af�]c^�q*�vh�z��Dl�_�mD� �7oed-fHf3|=hj¸UfHd-fH]�z:`cf�g'ocg'h1»Hf�g:m,f�d'f¢z'f2g�z-f�|G��qy]�|¬x�_
d:f�q
^6o¬`cf�g'oc`@qy]v� � �%¾�]vue`wi+fHd6g%m¢fHd-f¢h1`cb�_�grf2|G�
�7o�f�g'f�z'f�grz-g7f�]�qyi�kjf�qpfH��qakju�qyz'h1_a]�_yx z'oefDb+fHd'x�_ad-`@qy]�^HfS_ax z-oefD�%_ah#g'g'_a]�gr_
kj�
fHd�gru�ied'_
u=z'h1]ef2g7hj]�q@±y�Çl�_�mÅg'hj`¬uek1qyz'h1_a]9�

È ·`¶4µz´�é¥º4îË±-êÞËµ)²

��_ad?z'oefp]vue`cfHd-h1^�qyk g'_ak1u=z-hj_
]9��z-oef¬¶Sq*�vhjf�dr§ ¨ z'_
¥af2g7f���u�q�z-hj_
]�g3m¢fHd-f�m�d-h�z'z'f�]th1]B�a_
drz-h1^Hh�z���§�g�z-d'f2qy`Ãx�ue]�^�z'h1_a]tx�_ad-`wuek#q�§
z-hj_
]9�:�7oefD�
_ad'z'h#^Phjz��@hj]�z'o�f�grb�qa]vm�h1g'f�|ehjd-f�^Pz'h1_a]9��|efH]e_az'f�|Ziv�

ω
�eh#gH¦

ω =
∂u

∂y
−
∂v

∂x
.

�r³2�

qa]�|Zz'oef�grz'd-f�qa`Ãx�ue]�^Pz'h1_a]
ψ
h1g?|=fP¼�]�f�|;gru�^6oCz-o�q�z2¦

u =
∂ψ

∂y
,

��±a�

qa]�|

v =
∂ψ

∂x

��µ
�

�7o�fD�a_ad'z'h#^Phjz��cz'd6qy]�grb+_ad'z¢f2��u�q�z-hj_
]�^�qy]�i�fD_
i=z-qahj]ef2|�i��Zqybebek1�vhj]�~cqpd-_yz6q�z'h1_a]�qykU_yx z'oefD`c_a`cf�]
z-ue`Éf2��u�q�z-hj_
]Zh#gH¦

∂ω

∂t
= −u

∂ω

∂x
− v

∂ω

∂y
+

1

Re

(

∂2ω

∂x2
+
∂2ω

∂y2

)

.
�¯Ê��

�7o�f�^P_a]�z-hj]vuehjz��5f���u�qyz'h1_a]Zh1g�¦

∂u

∂x
+
∂v

∂y
= 0.

��Ëa�

ÌSgrh1]e~cz-oef¬|=fH¼�]ehjz'h1_a]�g3_yx:g�z-d'f2qy`Éx�ue]�^�z-hj_
]�Í/�vgH�D��±a��qa]�|0�¯µ
�3qy]�|�qabebek1��h1]e~cz-oefH`<hj];z-oef��
_ad'z'h#^Phjz��Z|=fH¼�]ehjz'h1_a]�Í/�+�
�r³2�7qp�%_ah#g'g'_a]e§�z��vb+f�f2��u�q�z-hj_
]Cx�_
d7z'oef

ψ
^Hqa]Zi+f�|=f�d'h1�af2|G¦

∂2ψ

∂x2
+
∂2ψ

∂y2
= ω.

��Î
�

Í,�
u�q�z'h1_a]�gD��±a�P�V�¯µ����V�¯Ê��7qa]�|���Î
�¢m¢fHd-f�g'_ak1�af2|C]vue`cf�d'h#^Hqakjk1�@iv�@z'oef�g-^6oef�`pf2g�|=f�g-^Pd-h1i�f2|Zi+fHk1_�mD�
�7o�f�gr_
kju=z-hj_
]Zm7qag¢`@qyd6^6oef2|Ch1]�z'h1`pf�q
^H^H_ad6|=hj]�~�z'_cz-oef�x�_ak1k1_�m�hj]e~cgrz'fHb�gH¦

³a�7\�`cb�_�grf�h1]ehjz'h#qykV^H_a]�|=hjz'h1_a]�g¢x�_ad
u
�
v
�
ω
qy]�|

ψ
^P_
`cb�q�z-hjiek1f�m�h�z-o;f�qa^6o�_yz-oefHd2´

±=� � qyk#^Pu�k1qyz'f�z'oefD�
_ad'z'h#^Phjz��cx�d'_
`Ãz'o�fD�a_ad'z'h#^Phjz��cz'd6qy]�grb+_ad'z�f���u�q�z-hj_
]$�¯Ê��P�=x�_ad7z-hj`cf
t+ dt

´
µe� � qyk#^Pu�k1qyz'f

ψ
x�d'_
`Ãz'o�fD�W_
h1g-g'_a]Cf2��u�q�z-hj_
]$��Î
��´

±



���������	��
������&���������u.$3¸"65'87:9;9B<H�U. � "+T@�°"æþ%�+�������	�¦0¸�V�,� � ���������)02����ÿX���¦"65'$9;<H&�9-Ï
Ð*Ð

Ê�� � qyk#^Pu�k1qyz'f
v
�af�kj_=^Hh�z��cx�d-_a`ÑÍ/�+�3�¯µ
�P´

Ë=� � qyk#^Pu�k1qyz'f
u
�af�kj_=^Phjz��@x�d-_a`ÒÍ,���3��±a�P´

Îe� � qyk#^Pu�k1qyz'f�z'oefD�
_ad'z'h#^Phjz��@~af�]efHd6q�z-hj_
]Zq�z�z-oef�m¢qakjkUx�_
d7z'oefD]�fHmÂ�afHk1_=^Phjz��C|=h#g�z-d'h1ieu=z-hj_
]9´
Ó �7d-fPz'u�d']Zz'_cz-oefDgrf2^P_a]�|Zgrz'f�b�u�]
z-hjk9z'oef�|=f2grh1d-f�|Zhj]�z'f�~ad6q�z-hj_
]5z'h1`cfDh1g3d'f2qa^6oef2|G�

Ô ·`ð º/é�¯�´�Þ¯[X±pî°ß�¯�êBâ4µV³

�7o�f�z'h1`pf¬|=fHd-hj��qyz'h1�af�g3hj]�z'o�f��a_
drz-h1^Hh�z��@z-d-qa]�g'b�_
drz3f2�
u�q�z'h1_a]�g7m,f�d'f�|=h#g-^Pd-fPz'h1»Hf2|�m�h�z-oBq@^Pk#qag-grh#^Hqak
4th

_
d-|=f�d3«�ue]e~
fP§
·�uezrz-q�h1]�z'fH~
d-qyz'h1_a]tg-^6oef�`pfc�ef�d'»�hj~
fHd�qy]�|t�%fHd-h1^a�:³�¿
¿ Ó �D�7oef@g'b�q�z-h1qak�|=fHd-hj��qyz'h1�af�gSm¢fHd-fp^�qyk#^Puek#q�z-f�|Bu�grh1]e~;q

2nd
_ad6|=fHd

¼�]eh�z-f@|=h�¸UfHd-fH]�^Pfcg'^6oef�`cf�g����7oefc�a_ad'z'h#^Phjz��;uebU|eq�z-hj]e~;q�z�z'o�fpm7qyk1k���x�_
dDqyk1kWi+_au�]�|eqyd-h1f�gSieu=z�z'oefpuebeb+fHdDi+_au�]�|eqyd-�a�Um7qag
|e_a]efDu�g'h1]e~pz'oef�x�_
d'`¬uek1q�¦

ωwall =
−85ψwall + 108ψwall±1 − 27ψwall±2 + 4ψwall±3

18(∆)2
� Ó �

�7o�fD�a_ad'z'h#^Phjz��5q�z�z-oefDuebeb+fHd�i+_au�]�|eqyd-�5m7qag�^�qyk#^Puek#q�z-f�|Zi��U¦

ωjmax =
11ujmax − 18ujmax−1 + 9ujmax−2 − 2ujmax−3

6∆y

��À
�

\�]0z-oefCb�d'f2grf�]
z¬m,_
d'¥U� g'hj¤0|=hj¸UfHd-fH]�zw�%_ah#g'g'_a]>g'_ak1�af�d�gru�ied'_
u=z'h1]ef2g�m¢fHd-f@fH��qyk1u�q�z-f�|G���7oef�|=fPz6qyh1k1gw_yx�f�q
^6o0_a]efCqad'f
~
hj�
fH]�i�f�kj_�mD�

Ô · X ·ZÕ�µ)ÞËÝÝBµ6²�¹$µ)îÄï)¯�´�Ý

�7o�f@�W_
h1g-g'_a]0gr_
kj�
fHd6g?z-f�grz'f2|�h1]0z'o�f5^Pued-d'f�]�z�m¢_ad-¥tqad'f@^Pk#qag-g'h�¼�f2|�q
g�h�z-fHd6q�z-hj�
fp`cfHz'oe_=|eg��Z�7oef5qakj~
fHied6qyh#^pgr�=grz'fH`@g
z-o�q�z?qad'h#g'f3x�d-_a`Ãz-oefD|=h1g-^Pd-fPz-hj»2q�z-hj_
]Zqyd-f�grb�qad-g'f�qy]�|�^Hqa]Ci+f��
fHd-�@k1qad'~
fp��|=fHb+fH]�|=hj]�~p_
]Cz-oef�]vue`wi+fHd�_ax b+_ah1]
z6g7hj]�i+_yz'o
|ehjd-f�^Pz'h1_a]�g6���5�7oef�d'fHx�_ad-f¬hjz'f�d-qyz'h1�afc`cfPz-oe_=|egDqyd-fc`p_
d'fcfH�@^Hhjf�]�zDqa]�|0|=fH`@qa]�|Bx¯qadDkjf2g'gDgrz'_
d-qa~af¬z'o�qa]}|=hjd-f�^PzD`pfHz'oe_=|eg��
�7o�fD`pfHz'oe_=|eg3hj`cbek1fH`cfH]�z-f�|;^Hqa]Zi+f�^Pk#qag-grhj¼�f2|Zq
gH¦

Ô · X · X ·CÖI±pÝBÞ¯[�Þ êB¯X´�±-êBÞ ï6¯8é�¯�êâ/µV³/Ý

�7o�f�g'f@`pfHz'oe_=|egwm,f�d'fc�
fHd-�Bb�_
beuek#qyd�h1]0z'o�f5Îa²e× g��C�7oef@¼�d6grz�h�z-fHd6q�z'h1�afc`cfPz-oe_=|egDx�_
dwg'_ak1��h1]e~;k#qyd-~afckjh1]ef2qydwg'�=g�z-fH`
m¢fHd-f5i�q
grf2|$_a]}d-fHk#q�¤eq�z-hj_
]$_ax7z'oefC^H_v_ad6|=hj]�q�z'f2gH�;©¢fH~
hj]e]�hj]e~tm�h�z-o>q�~ah1�af�]0qabebed-_*¤=hj`@q�z-f5gr_
kjuez'h1_a]9� z'oef���`c_=|=hjx��$z'oef
^H_a`cb+_a]ef�]
z6g3_axWz-oef¬qabebed-_*¤=hj`@q�z-hj_
]9�=_a]�f�_ad?q@x�fHmØq�z�qcz'h1`cfwqy]�|;h1]tq@^HfHd'z-qyh1]�_ad6|=f�d��eu�]
z-hjk%^P_
]v�afHd-~af�]�^Pf�h#g?d-f�q
^6oef�|G�
ª ]�fC_yx7z-oefC`@qyh1]s|=hj�5^Puekjz'h1f�g¬m�hjz'o}z-oef�g'fC`cfPz-oe_=|eg¬h1g�¼�]�|=h1]e~�qa]>_abez'h1`cqak/d-fHk#q�¤eq�z-hj_
]$x¯qa^�z-_adwx�_adw~
fH]ef�d-qak:`@q�z-d'h#^Pf2gH�
Á?_�m,f��af�dSm�oef�]�^H_a`wi�hj]ef2|Bm�hjz'o$`c_ad-f¬fH�@^Hhjf�]�z�`cfPz-oe_=|egSz'oef��t^Hqa]ti+f@�
u�h�z-fpg'u�^H^Hf�g-g�x�u�k��wÙB_ad-fH_��af�d���z'oef�d'f@qad'fpgr_
`pf
qabebek1h1^�q�z-hj_
]�qad'f2qag¢m�oefHd-f���qyd-h1qyz'h1_a]�g¢_yxWz'o�f�g'f�`cfHz'oe_=|eg3qad'fDgrz'h1kjk �
u�h�z-f�b+_ab�uek1qad�°�f2g'g'fHk1h1]e~���±a²a²e³
�

Ô · X · È ·CÚ�´*ÛVîÄµLïªÝº Ü�ÝHÝ�±e[:¯#é�¯�êâ/µV³4Ý

�7o�f�gr�=grz'fH`Òz'_ci�f�g'_ak1�af2|C^�qy]�i�fDm�d-h�z'z'f�];q
g
Ax = b

�em�oef�d'f
A
h1g3qpk#qyd-~af�qy]�|�g'b�qyd6grf�`@q�z-d'hj¤G�%�7o�f�g'f�z'f�^6o�]eh1��uef2g

qad'fZi�qag'f�|0_
]>bed-_y¹�f2^�z'h1_a]}b�d'_=^Pf2g'g'f�g��%i�_az'o>_
drz-oe_a~
_a]�qak/qy]�|}_aiek1h#�
u�fa�%_a]�z'_$·�d'�vk1_���g'uei�g'b�qa^Hfa�%m�oeh#^6osqyd-fCg'uei�g'b�qa^Hf�g
g'b�qa]e]ef�|Bi��;�
f�^�z-_ad6g3_ax�z'oefwx�_ad-`

p(A)v
�Gm�oef�d'f

p
h#gSq5b�_
kj�v]e_
`ph#qyk��?\�]$gro�_ad'z���z'oef2grfwz'f�^6o�]eh1��uef2gSqabebed-_*¤=hj`@q�z-f

A−1biv�
p(A)v

�7m�oef�d'f
p
h#g@qÄÞ�~a_v_=|VÞCb�_
kj�v]e_
`ch1qak ¨ qaq
|G�7±a²a²
µe���7oef�g'f;`pfHz'oe_=|egCqyd-f�m�h#|=f�kj��u�grf2|si+f�^�qyu�g'f�z'oef�hjdCd-qyz'f

_ax7^H_a]v�af�d'~
fH]�^Hfw^Hqa]�i+f@f�grz'h1`@q�z-f�|G�c�7oef5q�z'z'd6qa^Pz'h1�afH]�f�g-g?_ax/z'o�_
g'fp`cfHz'oe_=|eg��9x�_
d�k#qyd-~afcg'b�qyd6grfcg'�vgrz'f�`@gH�9h#g�z'o�q�z�z'oef��
d-fPx�f�d'f�]�^Pf

A
_a]ek1�5z-oed'_
ue~aoZz'o�f�`wuekjz'h1bek1h1^�q�z-hj_
]�iv�;qc�af2^�z'_
d��,�7oefD~ad6qa|=h1fH]�z���_
d?grz'fHf�b�f2g�z�|=f�g-^Pf�]
z��7qy]�|Zz-oefw^P_
]�¹�ue~�q�z'f

~
d-q
|=h1fH]�z�`pfHz'oe_=|eg?^Hqy]�i+f�qybebek1h1f�|Cz'_cz'o�f�gr_
kju=z-hj_
]Z_ax
Ax = b

_a]ek1�5m�oef�]
A
h#g�g'��`c`cfPz-d'h#^�qy]�|�b+_
g'h�z-hj�
fD|=fP¼�]�h�z-fa�

Ô · X · Ô · ß�º/î êBÞ¯ß)´�ÞÄ³ªé�¯�êâ/µV³4Ý

�7o�f¢^H_a]v�af�d'~
fH]�^Hf�_yx�·�d-��k1_��U× g gru�i�grb�qa^Pf,`cfPz'o�_v|�gVx�_
dWg'_ak1�vhj]�~?gr�=grz'f�`cgWqyd-h#grh1]e~�x�d-_a`Ø|=h#g-^Pd-fPz'h1»Hf2|Db�qadrz-h1qak�|=hj¸UfHd-fH]�z'h#qyk
f2��u�q�z-hj_
]�g7z'f�]�|eg3z'_5g'kj_�mÇ|=_�m�]�^P_
]�grh#|=f�d-qaiekj�Zqag7z-oef�g'f�gr�=grz'f�`cg3i�f2^P_a`cfDk#qyd-~af�d��:\�]B^H_a]�z'd6qagrz7z'oefw`wuekjz'h1~ad-h1|�`cfPz-oe_=|eg
qad'f
��hj]�z'o�fH_ad-�a��h1]�|=f�b�f�]�|=f�]
z@_ax�z'oef;`cf�g'o�g'hj»�fa� ª ]ef;grh1~a]�h�¼�^�qy]�zp|eh�¸UfHd-fH]�^HfZm�hjz'osz'oef;·�d-��k1_��0gruei�grb�q
^Pf�qybebed-_
q
^6o
h#gSz'o�qyz�`¬uekjz'h1~ad-h1|�`cfHz'oe_=|eg�m¢fHd-fwh1]eh�z-h1qakjk1�B|=f2grh1~a]ef2|Bg'b�f2^Phj¼�^Hqakjk1��x�_ad�z'oefcg'_ak1u=z'h1_a]B_ax:z'o�fp|=h#g-^Pd-fPz'h1»Hf2|�fHk1k1hjb=z-h1^¬��qyd'z'h#qyk
�Shj¸+f�d'f�]
z-h1qak7Í/��u�q�z-hj_
]�gH�$�7oef�`wuekjz'h1~ad-h1|0`cfHz'oe_=|egpm¢fHd-f5k1qyz'f�d¬fH¤�z-fH]�|ef�|0z-_t]e_
]ekjh1]ef2qyd¬g'�=g�z-fH`@g��:qy]�|}_az'oef�dwz��vb+fC_ax
f2��u�q�z-hj_
]�gH�3�7o�f¬|=h#g'^H_��af�d'�5_ax�`wuekjz'h1~ad-h1|B`pfHz'oe_=|egS©¢d-qa]�|vz��W³�¿ ÓaÓ h#g3z-oefw`c_
grzSg'hj~
]ehj¼�^Hqa]
z�|=fH�
fHk1_abe`cfH]�z3h1]B]vue`cfHd-h1^�qyk
qa]�qyk1�=grh#gWhj]pz-oef�k1q
g�z:µ
²?�
f�qyd6g��yqy]�|¬h1g%o�q*��h1]e~�q�g�z-d'_
]e~Sh1`cb�qa^Pz:_a] � _a`cbeu=z6q�z-hj_
]�qyk=�Wkju�h1|c�S��]�qy`ch1^�g�� � �%���%°�f2g'g'fHk1h1]e~��
±a²a²�³a�S�àd-fH�vhjf�mÇ_yx:z-oefpqabebek1h1^�q�z-hj_
]�_yx/`¬uek�z-hj~
d'h#|�h1] � �%�áh1g�g'oe_�m,f2|;iv��°$f�g-g'fHk1hj]e~��9±y²a²�³a���7oefw`@qyh1]�q
|=��qy]�z-qa~afD_ax
z-oef�g'f�`cfPz-oe_=|egSh1g3z'oef�hjdS�afHd-�@x¯q
g�z�^P_a]v�
fHd-~afH]�^Pf�d-qyz'fa��oe_�m¢fH�af�d7z'oef��Z`@q*�Zd'f2�
u�hjd-fDhj`cbek1fH`cf�]
z6q�z-hj_
]�g�z-o�q�zSqad'f�g'b+f�^Phj¼�^
z-_�z-oef?beov�=g'h1^�qyk�b�d'_
iekjf�`áqyz,o�qa]�|G���7oed-fHf3`¬uekjz'h1~ad-h1|c`cfPz-oe_=|eg,m,f�d'f�z-f�grz'f2|5qy]�|pz-oefHh1d¢`cqahj]Z|=h�¸UfHd-fH]�^Pf�g,qyd-f�z'o�fSg'_ak1�afHd

µ
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u�grf2|�hj]tf�qa^6o;~
d'h#|G�3���uek1kW�?bebed-_*¤vh1`@q�z-hj_
] ¨ ^6oefH`cfC���=� ¨ �?m¢q
g3qa|e_ab=z-f�|G�Uqy]�|�q
V
^P�=^Hkjf�m�hjz'o

4
`pf2gro�f�g3m¢fHd-fDu�g'f�|

h1]�qyk1kGz'o�fD`pfHz'oe_=|eg�|ef�g-^Pd-hji+f�|�i+fHk1kj_�mD�
�7o�fHd-f�qyd-f�`@qa]��C`wuekjz'h1~ad-h1|�`cfPz-oe_=|eg�z-o�q�z?g'_ak1�af�f�kjk1hjbez'h#^Dbed-_aiek1fH`@gD�¯©¢d-hj~
~
g��G³�¿
À Ó ´�®�u�b=z-qB�H�7�yâjã1�W³�¿a¿ Ó ´ ¨ b�h�z6qyk1fHd-h��

±a²a²
²e´�ä+o�qa]e~��V³�¿a¿
Îe´�ä+o�qa]e~��V³�¿a¿ Ó �P�:Á3_�m¢fH�af�d���z-oef�`wu�k�z-hj~
d'h#|�h1|=f2qc^Hqy]�qak1g'_ci�fwqabebek1hjf2|Zz'_@]e_
]ekjh1]ef2qyd�bed-_aiek1fH`@g��/�7oef
q
|=_abez'f�|Zqyk1~a_
d'hjz'oe`nh1]5z-oeh1g7m¢_ad-¥ph1g,z'o�f��=� ¨ qabebek1hjf2|5h1]�q

V
^H�=^Pk1f?m�hjz'o

4
`cf�g'oef�g�� ¨ z'åei+fH]�qy]�|C� d'_azrz'f�]vi�f�d'~���³2¿aÀe³*���

�7o�fD�W_
h1g-g'_a]�f���u�q�z-hj_
]9�=Í/�+�3�¯Î��¢^Hqy];i+fDm�d'hjzrz-fH]�hj]�z-oef�x�_ad-`;¦

∇
2f = st,

��¿
�

m�o�fHd-f
∇2

h1gDz'oefC¾ qybek#qa^Hh1qa]�_
b�f�d-qyz'_
d��
f
h#g�z'o�f5ue]e¥v]e_�m�]}g'_ak1u=z'h1_a]9�%qy]�|

st
h1gDz'oefCg'_au�d-^Hf¬z-fHd-`;���7oeh#gDf2�
u�q�z'h1_a]0h#g

g'_ak1�af2|Ch1];f�q
^6oC~ad-h#|G�=u�g'hj]e~5qa]Zhjz'f�d-qyz'h1�af�bed-_v^Hf�|=u�d'f
�
�7o�f�`wuekjz'h1~ad-h#|�g'^6oef�`cf�m,_
d'¥=g7h1]�z'o�fDx�_ak1kj_�m�h1]e~@m7q*�a��z-qy¥vh1]e~

h
qag7z-oef¬|=h#grz-qy]�^Pf�i+fPz�m¢fHf�];z�m,_5^H_a]�g'f�^Hu=z'h1�afDb+_ah1]�z-g

h1]�z'oef�¼�]ef�grz3`cf�g'o9�
2
h�z-fHd6q�z-hj_
]�g¢h1g�b+fHd'x�_ad-`cf�|Zhj]�z-oeh1g3`pf2gro0�

h
��¦

∇2fh = sth.
�r³�²
�

�7o�fDd'f2grh#|=u�qak+h#g3^�qyk#^Puek#q�z-f�|Z]efP¤vz7x�d'_
`æ�
resh

��¦

resh = sth −∇2fh.
�r³a³2�

� _@|=fP¼�]ef�z'oefD��qad'h#qyiek1f�g¢h1]�z'oefD]efH¤vz3~ad-h1|$�¯^H_
qyd6g'fHd����vq¬_
b�f�d-qyz'h1_a];^Hqakjk1f�|Zd'f2g�z-d'h#^�z-hj_
]Zh#g7u�g'f�|G¦

f i
h ⇒ f0

2h (SI),
��³*±a�

resi
h ⇒ res02h (FW ),

��³2µ
�
m�o�fHd-f

SI
grz-qy]�|eg%x�_ad ¨ z'd6qyh1~ao�z�\�]�¹�f�^Pz'h1_a]5qy]�|

FW
g�z6qy]�|�gWx�_ad/��uekjk�°�f�hj~
o�z��%Ù�_ad-f�|=fPz6qyh1k1g�_ax�z-oef�d-f�grz'd-h1^Pz'h1_a]p_ab+fHd6q�z'h1_a]

^�qy];i+f�x�_aue]�|Zh1]��/d'f2g'g��H�7�yâjã1�V³2¿a¿ Ó �
�7o�fH]9�=z-oef�g'_aued6^PfSz'f�d'`Éx�_ad7z'o�f�grf2^P_a]�|5`cf�g'o;h1g�^�qyk#^Puek#q�z-f�|G¦

st2h = res02h + ∇
2f0

2h.
�r³HÊ��

Á?fHd-fDqy~
qahj]
2
h�z-fHd6q�z-hj_
]�g7qyd-f�|e_a]ef�h1]Zz-oeh#g�`cf�g'o$�

2h
�P¦

∇2f2h = st2h.
�r³2Ëa�

�3x�z'f�d�z'o�qyz��=z-oefDd-f�g'h1|=u�qykUh1g?^Hqyk#^Pu�k1qyz'f�|Cx�d-_a`��
res2h

��¦

res2h = st2h −∇2f2h,
�r³�Î
�

qa]�|Zz'oeh#g�bed-_=^Pf2|=ued-fSh#g�d-fHb+f�q�z-f�|Zue]�z'h1kGz'o�f�^P_
qad-g'f�grz,`cf2gro}�
8h
�¢h#g7d'f2qa^6oef2|G�vm�oefHd-f

40
hjz'fHd6q�z-hj_
]�g�qyd-f�b�f�drx�_
d'`cf�|9¦

∇
2f8h = st8h.

�r³ Ó �
�7o�fDm¢q*�@i�q
^6¥@z'_pz-oef�¼�]ef2g�z3`cf�g'o;g�z6qyd'z-g7m�hjz'o�z'oef�^�qyk#^Puek#q�z-hj_
]Z_axVz-oef�^P_
d'd-f�^Pz'h1_a]C_
]Cz-oef�^P_�qyd6grf2g�z7`cf�g'o9¦

corr8h = f i
8h − f0

8h.
�r³�À
�

�7o�h1g�^H_ad-d'f2^�z'h1_a]Zh1g3hj]�z'f�d'b+_ak#q�z-f�|G�=u�grh1]e~@qpieh�§�k1hj]ef2qyd�h1]�z'fHd-b+_ak#q�z'h1_a]Cz'_cz-oefD~ad-h1|
8h

z-_¬z-oefD]efH¤�z3~
d'h#|
4h
¦

corr8h ⇒ corr4h.
�r³�¿
�

�3x�z'f�d�z'o�qyz��=z-oef�x�ue]�^Pz'h1_a];h#g�^P_ad-d-f�^�z-f�|G�=u�grh1]e~c]efHmÅ��qyk1uef�g�¦

f4h = f i
4h + corr4h.

��±y²
�
ª ]�f�g'h1]e~ak1f�h�z-fHd6q�z'h1_a]�h#g�b�f�drx�_
d'`cf2|Ch1]Cz-oeh#g�`cf�g'o0�

4h
��¦

∇
2f4h = st4h,

��±=³2�
�7o�fH]{z'oef�^H_ad-d'f2^�z'h1_a]shj]�z'oeh#g@`cf�g'o{h1gcqyk#g'_$^�qyk#^Puek#q�z-f�|G�¢qy]�|sz'oeh#gcbed-_=^Pf�|eued'f�h#gcd'f�b�f2q�z'f2|>ue]�z-hjk�z-oef�¼�]ef2g�z@`cf�g'o�h#g
d-f�q
^6oef�|9¦

∇2fh = sth.
��±a±a�

�7o�f�]�u�`wi+fHd:_ax
V
^P�=^Hkjf2g�u�g'f�|wz'_D_aiez-qyh1]pz'oef3g'_ak1u=z-hj_
]¬_ax�z-oef3�%_ah#g'g'_a]¬f���u�qyz'h1_a]@|=fHb+fH]�|eg�_a]pz-oef�]vue`wi+fHd:_ax�b+_ah1]�z-g

h1]�z'oefD`cf2gro�qy]�|C_
]Cz-oefD`chj]eh1`wu�`Ñd-f�g'h1|eu�qykGqyk1k1_�m,f2|5_a];hjz��:�Wh1~aued-fc³�h1k1kju�grz'd6q�z-f�g¢z-oef�qyi+_��af�`wuekjz'h1~ad-h#|Cbed-_=^Pf2|=ued-fa�
�7o�d'f�f�|eh�¸UfHd-fH]�z3hjz'fHd6q�z-hj�
f�g-^6oef�`pf2g7m,f�d'f�u�g'f�|Zm�hjz'o�z'oefD`¬uekjz'h1~ad-h1|Z`cfPz'o�_v|;qa]�|;qyd-f�|=f2g'^Hd'h1i+f�|�i�f�kj_�mD�

Ê
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restriction

restriction

restriction correction

correction

correction

mesh 1

mesh 2

mesh 3

mesh 4

2 it

2 it

40 it

1 it

1 it

2 it 1 it

�Whj~
ued-f¬³
¦
V
� �=^Hkjf
�

•
Ù�uekjz'h1~ad-h#|Cm�hjz'o�¾ ¨�ª «á���=� ¨ §�¾ ¨�ª «?�
�7oeh#gw`cfHz'oe_=|}u�g'f�g¬qt¾Vhj]ef ¨ u�^�^Pf�g-g'hj�
f ª �afHd'§�«�fHk#q�¤eq�z-hj_
]{��¾ ¨�ª «S��qag�z'oef�hjz'fHd6q�z-hj�
f@bed-_v^Hf�|=u�d'f5h1]>f2qa^6o}`cf�g'o9�
¨ b+f�^Hh1qakWqyzrz'f�]�z'h1_a]Bg'oe_auek#|�i+fw~
hj�
fH];z'_Cz'oef¬d'f�k1qy¤eq�z'h1_a]�x¯q
^�z'_
d?u�g'f�|Bhj]�z-oeh#g?bed-_=^Pf2|=ued-fa��qC��qyk1uef�i+fPz�m¢fHfH]

1
qy]�|

2
^Hqa]Zi+fDu�g'f�|�m�oef�]Zz-oef�`cfPz-oe_=|�~a_vf�g¢x�d-_a`Ãz-oefD¼�]�f�z'_cz'o�f�^P_
qad-g'f�~ad-h1|Zieu=z3z-oeh#g7x¯qa^Pz'_ad�`¬u�grz3i�f

1
m�oef�]Zz-oef

`cfPz-oe_=|B~a_vf2g�x�d-_a`ç^P_�qyd6grf�z-_5z'o�fw¼�]�fw~ad-h#|G�U_yz'o�fHd-m�h1g'fDz'o�f¬g'`p_v_az'oeh1]e~C_ax�z'oefpoeh1~ao�x�d-f���uef�]�^Ph1f�g��+`cqahj]th1|=f2q5_ax
z'o�h1g3g-^6oef�`pf
�e|=_vf�g7]e_az3m,_
d'¥U�

•
Ù�uekjz'h1~ad-h#|Cm�hjz'o � _a]y¹�ue~
qyz'f�®�d-q
|=h1fH]�z��¯�=� ¨ § � ®D�
�7oeh#g�`pfHz'oe_=|tu�grf2g3z-oef � _a]�¹�ue~�q�z-fp®�d6qa|=h1fH]�zp� � ®D�3hjz'f�d-qyz'h1�af¬bed'_=^Hf�|=ued-f�h1]tf2qa^6oB`cf�g'o9�D�7oef¬`cqahj]$qa|=��qa]
z6qy~
f
h#g¢z'o�qyz3]e_@d'f�k1qy¤eq�z'h1_a]5x¯qa^�z-_ad�h#g�]ef�f�|=f2|Ch1]�z'oeh#g3g-^6oefH`cfa�

•
Ù�uekjz'h1~ad-h#|Cm�hjz'o�¾ ¨�ª «Âqa]�| � ®É���=� ¨ §�`ch�¤��
¨ f��afHd6qyk z'f2g�z6g�m,f�d'f¬b�f�drx�_
d'`cf�|t^6o�qy]e~
hj]�~5z'o�fphjz'f�d-qyz'h1�af¬bed'_=^Hf�|=ued-f�g?hj]�z'o�f¬`¬uek�z-hj~
d'h#|tg-^6oef�`pf
���7oefpi�f2g�z � �/Ì
z'h1`cfBd-f�g'uek�z6g@m¢fHd-f�_ai=z6qyh1]ef�|{m�oef�]è¾9h1]ef ¨ u�^�^Pf2g'g'hj�
f ª �afHd'§�«�fHk#q�¤eq�z-hj_
]Å��¾ ¨�ª «?�@m¢q
g@qa|=_
b=z'f2|�h1]�z'o�f

3
¼�d6g�z

`cf�g'oef�g�qa]�|;q � _a]�¹�ue~�q�z-fD®�d6qa|ehjf�]
z�� � ®D�¢m¢q
g,u�grf2|Zh1]�z'oef�^H_
qad-g'f�grz,`cf�g'o9�

é ·Zê`¯LÝº/î êBÝ

�7o�h1g�g'f�^�z-hj_
]�h#g�|=h1��h#|=f2|th1]tz�m¢_��Uz-oefp¼�d6g�z�_a]efcg'oe_�m�]Bz-oef@^P_a`cb�qad'h#g'_a]B_ax:z'oefc�%_ah#g-gr_
]tgr_
kj�
fHd6g3x�_
dDqZg'hj`cbek1fpz'f2g�z
^�qag'fa´vqy]�|pz-oef?g'f�^H_a]�|cb�qadrz¢groe_�m3g�z'oef3d-f�g'uekjz-g/_yx9qw±�|=h1`cfH]�g'hj_
]�qyk�hj]�^P_a`cbed-f�g-g'hjiek1f7l�_�mÄg'hj`¬uek1qyz'h1_a]cm�oef�d'f�z-oef3�%_ah#g-gr_
]
g'_ak1�af�d-g/m,f�d'fSfH��qyk1u�qyz'f�|9�W�7oef�d-f�g'uek�z6g/m¢fHd-f?_
i=z-qahj]�f�|@u�g'h1]e~¬�¢z-kj_
]C�?ÙB�ëÎaÊ¬µ�±y²a²vìè^H_a`cbeu=z-fHd6gH�%�7oef�bed-_v^Hf�g-grh1]e~Dz-hj`cf
_
i=z-qahj]�f�|�hj];f2qa^6oZg'h1`wuek#q�z-hj_
]Zh#g3g'oe_�m�]Ch1]�grf2^P_a]�|egH�

é · X ·ZÕ�µ)ÞËÝÝBµ6²¨¯víæº/±-êÞËµ)²Ä[X±pÝ¯

\�]�h�z-h1qakjk1�a��z-oef7fP�5^Ph1fH]�^P�D_yx+f�q
^6owgr_
kj�
fHdWh1g z-f�grz'f�|wx�_adWz-oef7�W_
h1g-g'_a]wf2��u�q�z-hj_
]C�¯Î��Vm�o�fHd-f/z-oef7`ph1]eh1`wue`àqy]�|¬`@q�¤=hj`¬ue`
��qakjuef2g�_yx

x
qy]�|

y
m,f�d'f

0
qa]�|

1
�+d-f�g'b+f�^�z-hj�
fHk1�a�D�7oefci+_aue]�|�qyd-�;^H_a]�|eh�z-hj_
]�gSqa]�|�z-oefcgr_
ued-^Hf�z-fHd-`ºx�_ad�z'oeh#gSz'f2g�zD^Hq
grf

qad'f�~
hj�
fH]�i��U¦

¾9fHx�z3i�_
ue]�|eqad'�
⇒ ψ(0, y) = sin(y)«�h1~ao�z3i�_
ue]�|eqad'�
⇒ ψ(1, y) = cos(1)sin(y)¾9_�m¢fHd7i�_
ue]�|eqad'�
⇒ ψ(x, 0) = 0.0Ì3b�b�f�d3i�_
ue]�|eqad'�
⇒ ψ(x, 1) = cos(x)sin(1)¨ _
ued6^Pf�z'f�d'`
⇒ ω(x, y) = −2cos(x)sin(y)

ª i�grf�d'�vh1]e~;z'oef�d-f�g'uek�z6g�h1]��Wqyi9��³a��qy]�|>^P_
`pb�qyd-hj]e~Bz'oefZ� ¨�ª «D��¾ ¨�ª «Ãqy]�| � ®ç`pfHz'oe_=|eg���_a]�fC^Hqa]>]e_yz-f5z-o�q�z
z-oef � ®É`cfPz'o�_v|0h#g�x¯q
g�z-fHd�z'o�qy]$z'oefC_yz'o�fHdD� ¨�ª «Ãqa]�|$¾ ¨�ª «á`cfPz-oe_=|egDm�oef�]}m,fco�q*�
fcq;k#qyd-~afc]vue`¬i�f�dD_yx7b�_
hj]�z-g��
� _
`cb�qyd-hj]�~Bz'o�fZd-f�g'uekjz-g¬_ai=z6qyh1]ef�|}iv�$z'o�fZ`¬uek�z-hj~
d'h#|}`cfPz-oe_=|eg���z'oef;�=� ¨ §�Ù�\�î<`cfPz-oe_=|>h#gwz-oefZx¯qagrz'fHdph1]�qyk1`c_
grzpqakjk
^�qag'f�g��3�7oefw�=� ¨ § � ®á`cfHz'oe_=|�h#g�z-oef¬g'kj_�m¢f�grz3`cfPz-oe_=|G�Um�oefH]B^H_a`cb�qyd-h1]e~@m�h�z-o�z'o�fw_yz-oefHdS`wuekjz'h1~ad-h#|;`pfHz'oe_=|eg��+ieu=zSh#g
x¯q
g�z-fHd/z'o�qa]¬z-oef3� ¨�ª «D�
¾ ¨�ª «Äqy]�| � ®Å`cfPz-oe_=|eg:h1]cz'oef?`p_�g�z/z'f�grz'f2|@^Hq
grf2gH�W�7oef3d-f�g'uek�z:_
i=z-qahj]�f�|pm�h�z-o@z'o�f3`wuekjz'h1~ad-h#|
`cfHz'oe_=|Zm�h�z-o � ®Øgr_
kj�
fHd7|=fH`@qy]�|eg7qp^H_a]�grz'd-u�^Pz'h1_a]5_axWqp^P_a`cbek1fP¤Cg'�=g�z-fH`Ãh1]Zf2qa^6oZ`pf2groV�eqy]�|5z'oeh#g�^Hqau�grf2g,qa]Zh1]�^Hd'f2qag'f
h1];bed-_v^Hf�g-grh1]e~¬z'h1`cfa�

Ë
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�Wqyi�kjfc³a¦ � �/Ìëz'h1`pf5��grf2^P_
]�|eg6�:x�_
d7z'f2g�z?^�qag'fa�
ß�¯LÝBâ � ¨�ª « ¾ ¨�ª « � ® �=� ¨ §�¾ ¨�ª « �=� ¨ § � ® �=� ¨ §�Ù�\�î
65 × 65 0.02299 0.04999 0.04799 0.02599 0.03499 0.02599
65× 129 0.14497 0.52791 0.17597 0.05598 0.16397 0.05598
65× 257 1.06381 4.38333 0.85687 0.11700 0.89385 0.11596
65× 513 9.60253 38.0681 4.19140 0.25 1.23681 0.24218
129× 65 0.14597 0.10198 0.17497 0.05698 0.15797 0.05499
129× 129 0.48791 1.03584 0.51791 0.12197 0.20797 0.12098
129× 257 2.68560 8.86767 2.32775 0.25891 1.01672 0.25195
129× 513 20.2465 75.6035 9.66210 0.54199 11.7773 0.52441
257× 65 1.06584 0.20295 0.86486 0.24996 0.86788 0.24295
257× 129 2.61560 2.08966 2.48657 0.28198 1.25488 0.27795
257× 257 8.88867 18.0651 6.02392 0.58789 1.24169 0.57812
257× 513 45.0468 146.985 21.5058 1.22851 18.1875 1.18359
513× 65 8.41259 0.40405 4.58837 1.97070 1.32690 1.91577
513× 129 18.3930 4.27832 8.84277 1.14892 7.58691 1.14794
513× 257 43.5468 35.9785 19.8515 1.99609 8.56445 1.22656
513× 513 139.898 291.054 43.7070 4.12500 5.38281 2.49609

é · È ·`ð ±XïVÞÄ¯�´2ï�¹Vêµ�ð)¯LÝ�¯víæº/±-êÞËµ)²�[:±zÝ¯LÝ

\�]Ä_
d-|efHd@z-_>�af�d'hjx��>z-oeftfH�@^Hhjf�]�^P�{_yx�z-oefB�%_ah#g'g'_a]Äg'ueied-_au=z-hj]�ftgr_
kj�
fHd6gchj]èq}z'd6qy]�g'hjf�]�zCgrh1`wuek#q�z-hj_
]9��`@qy]v� � �%¾
]vue`¬i�f�d-g7m¢fHd-f�hj`cb+_
g'f�|G�:�7o�f�g'h1`wuek#q�z-hj_
]�g7m,f�d'fDgrz'_
beb�f2|Cm�o�fH]9¦

ωn+1

i,j − ωn
i,j ≤ 1 × 10−5.

��±yµ
�
�7o�h1gD^Hd'hjz'f�d'h#qCm7qag�h1`cb�_�grf2|�h1]0qyk1k�b�_
hj]�z5�

i, j
�S_yx,z'oef5|e_a`@qyh1]9�c�7oef � �/Ìáz'h1`cf�g�z'_;_
i=z-qahj]�z'oeh#gD^Pd-hjz'fHd-h#qZqad'fcgro�_�m�]

i+fHk1k1_�mD��x�_
d?f�q
^6o��%_ah#g'g'_a]Bg'ueied-_au=z-hj]�fwgr_
kj�
fHd6gH���7oefw~ad6qybeoeh#^Hg?qyd-f�bek1_yzrz-f�|�h1]Bk1_a~@¤;k1_a~Cg-^Hqakjf2gH��m�h�z-o � �%¾>]vue`wi+fHdShj]
z-oef�¤�|ehjd-f�^Pz'h1_a];qy]�| � �/ÌÇz-hj`cfDh1]Zz-oefD�C|=h1d-f�^�z-hj_
]9���7oef � �%¾0]vue`wi+fHd6g�qyd-fSb�kj_azrz'f2|�hj]�qpd'f��af�d-g'f�qy¤=h1g7|=h1d'f2^�z-hj_
]9�

�Wh1~aued-fp±5groe_�m3g3z'oefpd-f�g'uek�z6g3_
i=z-qahj]ef2|;x�_ad�q5`cf2groB_ax/Î
Ëp¤BÎ�Ë@b+_ah1]
z6gH���7oef�g'fwd-f�g'uekjz-gSu�g'hj]e~��=� ¨ §�Ù�\�îáqy]�|B�=� ¨ §
¾ ¨�ª «ºgru�ied'_
u=z'h1]ef2gpg'oe_�m¢f�|sz'oef;k1_�m,f�d � �/Ì<z'h1`cf�gcx�_
d5qy]v� � �%¾Â]�u�`wi+fHd2���7o�fB�=� ¨ §�Ù�\�îçd-f�g'uek�z6gpm,f�d'f�g'kjh1~ao�z'k1�
i+fPz'z'f�d/z-o�qy]@z-oefS�=� ¨ §�¾ ¨�ª «�d-f�g'uekjz-g:h1]Cqakjk�z'f2g�z-f�|@^Hq
grf2gH�%�7oefSu�grf?_yxV�=� ¨ § � ®p��� ¨�ª «Äqa]�|5¾ ¨�ª «Ägruei�d'_
u=z'h1]ef�g/hj]5z'oef
]vue`cf�d'h#^HqakW^H_v|ef¬g'oe_�m,f2|�grh1`chjk#qydSd'f2gru�k�z6gH���7oef � �,ÌØz-hj`cf�gS_aiez-qyh1]ef2|�m�h�z-ot� ¨�ª «Øgru�ied'_
u=z'h1]ef¬m,f�d'f�i+fPz'z'f�dSz-o�qy]Bz'oef
�=� ¨ § � ®èqy]�|w¾ ¨�ª «D���7oef � ®Ägru�ied'_
u=z'h1]ef¢d'f2gru�k�z6g d-f���ueh1d-f�|�z-oef7k1qad'~
fHd � �,Ìsz-hj`cf2gH�yhjx+^H_a`cb�qad'f2|�z'_Sz'oef7_az'oef�d-g�� �7oef2grf
^H_auek#|;i+fwfP¤=bek#qyh1]ef2|Ziv�Zz'oef�x¯qa^�z?z'o�qyz?z'o�fwgr_
kj�
fHd�m7qag�]�_yz?bed-f�^H_a]�|eh�z-hj_
]ef�|G�7\�z?m7qag3�afHd-hj¼�f�|Zz'o�q�z3z-oef � ®ág'ueied-_au=z-hj]ef
|efH`@qy]�|�g7`p_
d'f � �/ÌÅz'h1`cfSz-_¬_
i=z-qahj];qpgr_
kju=z-hj_
]9�vh�x%^P_
`pb�qyd-f�|cz-_wz-oef�_yz'o�fHd7`cfPz'o�_v|�gH�vm�oef�]Cz-oeh1g�g'_ak1u=z-hj_
]Ch#g¢^Hkj_�grf?z'_
z-oefDh1]eh�z-h1qakV^P_
]�|=hjz'h1_a]9�

�7o�f � �/ÌÄz-hj`cfSd'f2gruekjz-g/_ai=z6qyh1]ef�|cm�hjz'oZq�`pf2groC_yx�³2±a¿�¤�³*±y¿�b+_ah1]
z6g:m¢fHd-f3�af�d'�pgrh1`chjk#qyd:z'_Dz-oef?d-f�g'uekjz-g:m�hjz'o5q�`pf2gro
_ax%Î�Ëw¤�Î
Ë¬b+_ah1]�z-g3q
g�^Hqy];i+f�grf�fH];h1];�Wh1~��/µ��/�7oefD_
]ekj�Z|=h�¸UfHd-fH]�^PfDh#g7z'o�qyz��em�hjz'o � �%¾0]vue`wi+fHd?kj_�m¢fHd¢z'o�qy]

5 × 10−2
�

z-oefDu�g'fD_yx%�=� ¨ § � ®g'ueied-_auez'h1]efD^P_a]�grue`cf2|C`c_ad-f � �/ÌÂz'h1`cf�z'o�qa]�¾ ¨�ª «Âqy]�|�� ¨�ª «Å`cfHz'oe_=|eg��
�Wqyi�kjfw±cg'oe_�m3g¢z'o�f � �/ÌÇz'h1`cf�d-f�g'uek�z6g¢x�_ad?qc`cf2gro;m�hjz'oB±aË Ó ¤�±aË Ó b+_ah1]�z-g��/\�z?^�qy];i�f�g'fHf�]�z'o�qyz3z'oefDd-f�g'uekjz-g�m�hjz'o

�=� ¨ §�Ù�\�îØgru�ied'_
u=z'h1]efDm¢fHd-f?z-oef�x¯qagrz'f2g�z�z-o�qy]Zz'o�fD_yz'o�fHd7z'f2g�z-f�|�`cfPz-oe_=|egH�:�7o�f�grh1`wuek#q�z-hj_
]�g7m�hjz'o � �%¾
= 0.01

�=u�grh1]e~
� ¨�ª «D�U¾ ¨�ª «ëqa]�| � ®ngru�ied'_
u=z'h1]ef2gH��m,f�d'fD]e_az?b+fHd'x�_ad-`pf2|;i�f2^Hqau�grfw_yx%z'oef¬kj_
]e~@z-hj`cf�d-f���ueh1d'f2|G�7\�]�z'o�f�g'fw^Hq
grf2gH��z'oef
u�grf�_axU�=� ¨ § � ®è`cfPz'o�_v|cg'oe_�m¢f�|¬i�f2g�z:d-f�g'uekjz-g%hjxU^H_a`cb�qyd-f�|wz'_�� ¨�ª «D�a¾ ¨�ª «{qa]�| � ®èd-f�g'uekjz-g��W�7oef � �/ÌÄz'h1`pf�d-f�g'uekjz-g
u�grh1]e~�`wuekjz'h1~ad-h1|B`pfHz'oe_=|egSm¢fHd-fwk1_�m,f�d3z'o�qy]�z-oef¬_az'oef�dShjz'f�d-qyz'h1�af�`cfHz'oe_=|eg��D�?g?z'oefp]vue`wi+fHd�_yx/b+_ah1]�z-gShj]�^Pd-f�qag'f�g3z'oeh#g
i+f�^H_a`cf�g3`p_
d'f��vh1g'h1iekjf
��qag7fH¤=b�f2^�z'f2|G�

�Wqyiek1f�±=¦ � �/ÌÂz-hj`cfDd-f�g'uek�z6gD�¯g'f�^H_a]�|eg6�¢�af�d-g'u�g � �%¾$]�u�`wi+fHd7ñZ±aË Ó ¤;±aË Ó b+_ah1]�z-g��

� �%¾}¶?ue`wi+fHd �=� ¨ §�¾ ¨�ª « �=� ¨ §�ÙB\�î �=� ¨ § � ® � ¨�ª « ¾ ¨�ª « � ®
²��j³ Ê�±yÊaÊ�� Ê�ËaÎ µaÀ
±yÊ�� Î
±
± ±
±y²�Ë Ó � µ Ó ± ÀaµaÀ Ó Ê�� Î
À Ó ¿a²�Ëa±yÎ�� ²
¿aµ ³a³2Îa²aÎ
Àe� ²aµ�³
²�� ²�Ë Î
±e³a³a�òËyÎ
Î Ëy¿aÎaÊ�� µyÊ�µ µaÊ
Î Ó ³a� Îaµ�³ ³*±yÀ
µyÊ
À�� ±aÀ
Ë ³�µ Ó ÎaÎ
¿e� Î
±aË ³�¿�ËaËaµyÊ��ò±aË
²�� ²�³ ³�Î
±yÊ
À�� Î
Îe³ ³�Îa² Ó Î��j³2Îa² À Ó µ
µaÎe�ò±yµ
Î § § §

Î
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CFL number

C
P

U
tim

e

10-410-310-210-1101

102

103

104

FAS - LSOR
FAS - MIX
FAS - CG
PSOR
LSOR
CG

�Whj~
ued-fD±e¦ � �/ÌÇz'h1`cfDd'f2gru�k�z6gD�¯g'f�^P_
]�|eg6�,�afHd6g'u�g � �W¾0]vue`¬i�f�d¢ñCÎ
Ëw¤ZÎ
Ë¬b+_ah1]�z-g��

CFL number

C
P

U
tim

e

10-410-310-210-1102

103

104

105

106

FAS -LSOR
FAS -MIX
FAS -CG
PSOR
LSOR
CG

� h1~au�d'fDµe¦ � �,ÌÂz'h1`pfDd-f�g'uekjz-gD��grf2^P_a]�|eg-�,�
fHd6gru�g � �%¾0]vue`wi+fHd¢ñt³*±y¿w¤t³2±a¿wb+_ah1]�z-g��

ó · Ü µ6² [XîÄº/ÝÞËµ)²/Ý

\�]tz'oef¬bed-f�g'fH]�zSm¢_ad-¥U�+qZg�z-u�|=��_yx�z-oefp�W_
h1g-g'_a]Bg'_ak1�afHd�gru�ied'_
u=z'h1]ef¬m¢q
g?^Hqad'd-h1f�|;_auez�� ¨ hj¤�|eh�¸UfHd-fH]�z��W_
h1g-g'_a]Bg'_ak1�afHd
g'ueied-_auez'h1]ef�gwm,f�d'fCgrz'u�|=hjf2|>qy]�|>^P_
`pb�qyd-f�|G�W]�qy`cf�kj�U¦cb�_
hj]�z ¨ u�^H^Hf�g-grh1�af ª �afHd'§�«�fHk#q�¤eq�z-hj_
]Bñ$� ¨�ª «D�Wkjh1]ef ¨ u�^H^Hf�g-grh1�af
ª �
fHd'§�«3fHk#q�¤eq�z-hj_
]}ñ{¾ ¨�ª «D� � _
]�¹�ue~
qyz'ft®�d6qa|=h1fH]�z5`cfPz-oe_=|{ñ � ®p�,��uek1kS�3b�bed'_*¤=h1`@q�z'h1_a] ¨ z-_ad6qy~
f0���=� ¨ �5`wuekjz'h1~ad-h#|
g'_ak1�af�d7m�h�z-o9¦�kjh1]ef ¨�ª «D��^P_a]y¹�ue~
qyz'f�~ad6qa|=h1fH]�z7`pfHz'oe_=|;qy]�|Zq¬`ch�¤=f�|0�¯kjh1]ef ¨�ª «èñ5^H_a]�¹�u�~
q�z-f�~ad6qa|=h1fH]�z6�P�W�7o�f�g'f�g'_ak1�af�d-g
m¢fHd-f5z-f�grz'f2|>m�hjz'o�qt�%_ah#g'g'_a]>f2��u�q�z-hj_
]>m�h�z-o�qa]�qyk1��z'h#^Hqyk¢gr_
kjuez'h1_a]sqa]�|>m�hjz'o{q�±y�Ñh1]�^P_
`pb�d'f2g'g'hji�kjfCl�_�mÒgrh1`wu�k1qyz'h1_a]9�
�á|=d-hj�
fH]t^�q*�vh�z���l�_�mëm7qagSqa|=_
b=z'f2|BqagSi�f�]�^6oe`@qyd-¥U�D�?hj¸+f�d'f�]�z � �%¾>]vue`¬i�f�d-gSm¢fHd-fwu�g'f�|tm�h�z-otf�q
^6o��%_ah#g'g'_a]tg'_ak1�af�d��
�7o�f¬bed-_ab+_
g'f�|��=� ¨ §�Ù�\�î`cfPz-oe_=|G�Uz'o�q�zSu�grf2gSq@`chj¤vz'ued-f¬_ax:i�qag'h#^D`cfPz'o�_v|�g�qa]�|B·�d-�vkj_���gruei�grb�q
^Pf�`cfHz'oe_=|eg�g'oe_�m,f2|

Ó
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z-oefCi+f�grzwd-f�g'uekjz-g��;�7o�f5`@qyh1]>^P_a]�^Pk1u�grh1_a]0_ax¢z-oeh#g�m¢_ad-¥Bh1g�z'o�qyzw`wu�k�z-hj~
d'h#|0`cfPz'o�_v|�gH��qagwqB^P_
]��
fHd-~af�]�^Pfcqa^�^PfHk1fHd6q�z-hj_
]
z-f�^6oe]�h1��uef
��gro�_auek#|Ci+fDu�g'f�|�hjxW_
]ef�m¢qa]
z6g¢z'_@|=f��afHk1_ab;qpoeh1~ao�b�f�drx�_
d'`@qy]�^PfD^P_=|=f�x�_ad3g'_ak1�vhj]�~p�%_
h1g-gr_
]Cf2�
u�q�z'h1_a]V�

ô ·`èc[2ðV²/µvõ�îË¯L³ ß6é�¯L²ÀêÝ

�7o�f�qau=z'oe_
d-g,qa^6¥v]e_�m�k1f�|=~
f�z'o�f?¼�]�qy]�^Hh1qak+g'uebeb+_ad'z¢~
hj�
fH]5iv�@�=�3�/Í ¨ ��ue]�|=f�d,~
d-qa]�z-g/²
µ�ö=³2±yÎ�³2±�§�¿�qy]�|Z²yÊ=ö�² Ó Ëy² Ó §�Ê��

÷ ·Zê`¯vøi¯�´�¯L² [X¯LÝ

©7qa¥afHd2�=¾:�1�9³�¿
¿e³
��ù'Ù�_
d'f � z-_v_ak#g¢x�_ad3g-^Ph1fH]�z'h#g�z3qa]�|�fH]e~
fH]eh1fHf�d-g�úa��Ùt^�®�d6q*m7§�Á?hjk1k��
©¢d6qy]�|=z��
�w�j�+³�¿ ÓaÓ �yÙ�uekjz'h1kjf��afHk�qa|eqab=z-qyz'h1�af�gr_
kjuez'h1_a]�g%z-_Di�_
ue]�|eqad'�w�*qakju�f�g�bed-_ai�kjf�`cg���ù'ÙBq�z-oefH`@qyz'h#^Hg�_ax � _
`pb�u=z-qyz'h1_a]vúa�

½�_
k��eµ�³a�=beb9��µaµaµ�ñvµ
¿a²e�
©¢d-hj~
~
g��v°ë�j�9³2¿aÀ Ó �yùr�ëÙBuek�z-hj~
d'h#|��Vu=z-_ad-h1qak4úa� ¨ \��SÙ}��¾ qy]�^�qagrz'f�d¢�/d'f2g'g��
��fHd-»Hh1~af�d���û��,Á��7qy]�|��Wf�d'h#^y�3Ù>�j��³2¿a¿ Ó ��ù � _
`pb�u=z-qyz'h1_a]�qak?Ù�fPz-oe_=|egCx�_adZ�Wk1ueh#|Ä�?�v]�qa`ph#^Hg�úa� ¨ bed-h1]e~af�dr§�½�fHd-k1qa~}©,f�d'k1h1]

Á?fHh#|=fHk1i�f�d'~@¶?fHmÅü:_ad-¥+�
®�_
kju�i9��®p��Áw��qy]�|Z½:qy]�¾V_
qy]V� � �e�,�1�9³2¿aÀa¿��yùrÙBqyz'd-h�¤ � _a`cbeu=z6q�z'h1_a]�g�úa�=û
_aoe]�g�Á?_abe¥vh1]�g�Ì3]�hj�
fHd6grhjz��5�:d-f�g��
®�u�b=z-q��VÙ}�9Ù}�1�V·S_au�qyz-^6oe_
u9�Gû��1�Vqy]�|$ä+o�qa]e~��9û��1�:³�¿
¿ Ó � � _
`pb�qyd-h1g'_a]B_ax,g'f�^P_
]�|v§3qy]�|t�e_
ued'z'o=§ ª d-|efHd��?h#g'^Hd'fHz'h1»�qyz'h1_a]�g

x�_
d3Ù�uekjz'h1~ad-h1|Z�%_ah#g'g'_a] ¨ _ak1�af�d-g��yùrû�� � _a`cbeuez-q�z-hj_
]�qykU�:ov�=g'h1^�g�úa�=½�_
k�� X=ÔUÈ �=bebV��±a±aÎ*ñ=±aµ
±e�
Á?hjd6g-^6o9� � �j�V³�¿aÀ
Àe�yù'¶3ue`cfHd-h#^Hqyk � _
`cbeu=z-qyz'h1_a]�_yxW\�]
z-fHd-]�qyk9qa]�|�Í�¤vz'f�d']�qak9�Wkj_�m3g�úa�v°Ähjk1fH��ý ¨ _
]�gH�
�/d'f2g'g��V°ë�WÁ��1� � fHue¥
_ak#gr¥v�a� ¨ �V���1�W½�fPzrz-fHd-kjh1]e~��V°ë�V���1�Wqa]�|0�Wk1qa]e]efHd-�a� ©S�V�W�1�¢³�¿a¿ Ó ��ù'¶3ue`cf�d'h#^Hqak:«�f�^Hhjb+f�gDh1]>�e_
drz-d-qa]

Ó
Ó úa� � qy`¬ied'h#|=~
f�Ì?]ehj�
fHd6grhjz��5�:d-f�g-g��
¨ qaqa|9�vü¬�1��±y²
²aµe�yùr\�z'f�d-qyz'h1�af�Ù�fPz-oe_=|eg7x�_ad ¨ b�qyd6grfD¾Vhj]ef2qyd ¨ �=grz'fH`@g�úa� ¨ \��?Ù>�
¨ beh�z6qyk1fHd-h��9«��9Ù}�j�V±a²a²
²e�U�euek1k�§��=� ¨ Ù�uekjz'h1~ad-h#|�®�d-h1|$®�fH]ef�d-qyz'h1_a]��?kj~
_ad-h�z-oe`@gH�eù'�3beb�kjh1f�|$¶3ue`cf�d'h#^Hqak%Ùtq�z'oV� úa�U½�_ak�� ÔUÈ �

bebV�=Ê
Àaµ�ñ�Ê�¿yÊ��
¨ z'åei+fH]9��·c�yqy]�|¬�Vd-_yz'z'f�]�i+fHd-~��yÌw�j��³�¿aÀ�³a�Pù'¶3_a]�kjh1]ef�qad `¬uekjz'h1~ad-h1|w`pfHz'oe_=|eg���z-oef¢x�uekjkeqabebed-_*¤=hj`@q�z-hj_
]wg-^6oefH`cf�úa�y^6o�qyb=z-fHd:Ë=�

bebV��ËyÀ*ñ Ó ³
�v¾Vf�^Pz'ued-fD¶3_yz-f�g7h1]�ÙBq�z-oefH`@q�z-h1^�gH�e·�þ
kj]e§��%_ad-»a�
°$f�g-g'fHk1hj]e~��e�%�j�+±y²a²�³a�yùr�:d'h1]�^Hhjbek1f�g7_ax � _
`pb�u=z-qyz'h1_a]�qak9� k1ueh#|;�?�v]�qa`ph#^Hg�úa� ¨ bed-h1]e~af�dr§�½�fHd-k1qa~��
äUo�qy]e~��
û��j�+³�¿
¿aÎ��a��^H^HfHk1fHd6q�z'h1_a]p_yx9�Wh1�afP§��%_ah1]�z/«�f�|v§�©¢k1q
^6¥p®�qau�g'gr§ ¨ fHh#|=fHk�hj]5Ù�u�k�z-hj~
d'h#|px�_ad:�%_
h1g-gr_
]cÍ/��u�q�z-hj_
]9�*ù'�3b�bekjh1f�|

ÙBqyz'o9�eqa]�| � _a`cb9� úa�=½�_ak���ÿ��V�ebebV� Ó µ*ñ=¿aµ��
äUo�qy]e~��+û��1� ³2¿a¿ Ó ��«�f2grh#|=u�qak ¨ ^�qyk1hj]e~Z�Vf2^6oe]eh#�
u�f�g3h1]tÙ�u�k�z-hj~
d'h#|G�+\�¦�Í/��ueh1��qyk1fH]�^Hfw�:d-_v_yx��=ùr�?bebek1hjf2|BÙBq�z-o9��qa]�| � _
`pbV� úa�

½�_
k���ÿ��9�=b�b9��±yÀ
µ*ñ=µa²aµ��

À


