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TVd�eGb u d�ezj-p�d�TVTVS�eGb
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�¬d�]_e m ` u o�¡ OQP S32lSro [\jnbkdJ­�e m �{d�]ze m ` u o�pUd�e m [ bc[\d�ezjnb P `�b m d'ezdlb u ]s[ae b P S,jhbk`�¤
�_[\^ [ bEoJd � b P S�pUd�TVgz]_bk`5bc[\d�e È ` u S/e_dlb�bcdsdVS¥q_g{S�e_jh[ ��Si`le m ` u S�`5p�p�SUg_b³`5�_^\o�`lpUp�] u `5bkS5¡
� b([\j m [54�pU]_^ bibkd�jc`5bc[\j � o£b P SUjcS�b P_u S�S�p�d�TVg{SUbc[\ez�.p u [ bkS u [¢`s¡ Æ d"�*d u m S u �¬d�]_e m ` u o
p�d�e m [\bh[ad�e_j�` u SJ]zjc]�`�^\^ o�jhbk`l�_^\S È �_]_bV[ae d u m S u bkd d��_bk`5[ae�jh]64,pU[\S�eGb+`lpUp�] u `lpUo�b P S
`l�zjcd u �_[\ez�'�¬d�]_e m ` u o.T(]zj�b(�{S � ` u��§u dlT b P S,jhp�`5bhbkS u S u T,`�2G[ae_�'b P SVp�d�TVgz]_bk`5bc[\d�e
p�d�j�bc^ o�¡87f[\� P S u d u m S u p�dle m [ bc[\d�ezj�` u S°TVd u S�pUd�TVg_^\Srq bkd [aTVg_^\S�TVS�eGbJ`5e m jhd�TVSr¤
bc[\T,SUj P `��lSYjhbk`l�_[ ^\[ bEo°g u d��_^\S�TVji± � d u `�jc] u ��Sro�d � `l�zjcd u �_[\ez���{d�]ze m ` u o'p�dle m [ bc[\d�ezj
jcS�S:9ö�"� È ��W!;¹²k¡
É ezdlb P S u `lgzg u dG`lp P bcdnbcS u TV[\e�`5bh[ae_�/b P S�p�d�TVgz]sb³`5bh[ad�ez`5^ m d�T,`5[\ei[aj�bkdnjh] ucu d�]ze m

b P S�jcp�`�bcbkS u S u �Go·`le·`l�zjcd u �_[\ez�°^a`�o�S u ¡ � e¶b P S�g�`5jhbijh]zp P ^¢`�olS u j P `"�lS P ` m bkd��{S
]ze�`lpUp�S�gsb³`l�_^ oV^¢` u ��SQbcd�pUd�eGb u d5^ jcgz] u [adl]zj u SUª�SUpUbh[ad�e_j �§u dlT b P S�jh] uh� `lpUSf`le m [aeGbkS u [\d u
d � b P S�^a`"olS u ±AjcSUS � d u Srq_`lTVg_^\S39=<l~>;§²³¡?7fd���SU�lS uUÈ [ae��"���lW È �,�S u S�e_��S u 9@<!;¬j P d���S m P d��
bkd(g{S u bk] u ��b P S
�°`�qs��SU^ ^@j�o:jhbkSUT*bcd�g u d"�©[ m S�`/g{S u�� S�pUbh^\o�T,`5bkp P S m `l�_jcd u �_[ae_�(^¢`�olS u
±<`l�z� u SU�©[a`5bkS m bkd t � Æ � d u b P S u SUjhbãd � b P [\j�g�`lg{S u ² � d u Sr^aSUpUb u d�T,`l��ezSrbc[\p
jcp�`5bcbcS u [\ez�
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^¢`�o�S u ¡ OQP ]zj�b P S t � Æ ^¢`�o�S u [ bkjcSr^ � p�`le��{S�b u ]zezp�`�bkS m bkd � d u T*`(e�` uhu d"�Ç`l�zjhd u �_[\ez�
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��[\b P `��5` u [a`l�_^\Sã`l�zjhd u gsbc[\d�eVp�d:SE4,pU[\S�eGb�±<`lj�[\j�]zjcS m [\e,g u `lprbc[\p�S�²3`le m ��Sãj P `5^ ^ j P d��
b P `5bYT,Srb P d m p�`le��{S+]zjhS m [ae�pU] u �©[ ^\[\ezS�` u pUdsd u m [\e�`5bcS�jJ±AjhS�SJ`5^\jcd 9 �>;§²³¡.´¶S+j P `5^ ^
j P d"� P d��Çb P S
p�d:d u m [\e�`5bcS
p P `lez�lS�[aj u Sr^¢`�bkS m bcdiSU�5`5^\]�`5bc[\ez�,`Yp�dle©bh[ae©]�`�bc[\d�e�d � b P S
jcdl^\]_bc[\d�e�[\e©bcd b P S+p�dlT,gs^aS¥q g_^¢`5ezSJjc]zp P b P `5b(b P SJjcd5^a]_bh[adle«�{S�pUd�TVS�jVSU�5`lezSUjcpUS�eGb�¡
OQP [aj
vw]zj�bc[ ­�S�jãb P Snp P `5ez��Snd � �l` u [a`l�_^\S�jf`lgzg u dG`lp P ¡
� e'b P [\jfg�`lg{S u ��S�j P `�^\^îj P d�� P d"�KbkdV�:[\SU��b P S t � Æ `lj�`,pUd�TVg_^aS¥q�p P `lez��S/d �
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± � � � *-, 8� ±F� �� ² *�� � � * � 8� ±�� �� ²c²:SrqsgC± �	��� ² '
Z:[ae_p�S���SJ`ljcjh]zTVS�b P `�b - [\jYp P d�jhS�e�jcd°b P `5b � ±F� �� ² � � `lj � � � b P S�^a` u ��S` u ��]_T,SUeGbi`lj�osTVg_bcdlbc[\p�j(d � b P S:7�`5e 2lSr^ � ]zezprbc[\d�ezj�±AezdlbcS��n±F� �� ² � � ²
j P d"�ãj(b P `5b� * � 8� ±F� �� ² È � � 0 � 0 � [\jJ]ze©�¬d�]_e m S m `lj � � � ¡ 7�S�e_p�S.bkd�jc`5bc[\j � oµb P Su ` m [a`5bh[ad�e p�dle m [ bc[\d�eµ± <��:²f��S�T(]zj�b u S�¨©]_[ u S � � � ~ � � 0 � 0 � ¡��fd"�¸]zjh[\ez�b P S 7�`5e 2lSr^ � ]_ezpUbh[ad�e'Srqsg�`5ezjh[\d�e�[\e£± <l�:²�j P d"�ãj�b P `5b

� �
�
� � �
� � � � � � � *-, 8� ±�� � � ² � * , 8 �� ±F� � �\² � � *-, 8� ±�� � �a² � *-, 8 �� ±F� � � ² � �Ç~

� P S u S���S P `"�lS�]zjcS m b P S � `lpUb�b P `5b
�� � � d�e � � � � � � ¡ ��jh[\ez��b P SQezd�e:¤¦�5`le_[\j P [\ez�
d � b P S
´ u d�ezj�2G[a`le�d � b P S/bE��d:7�`le 2lSr^ � ]_ezpUbh[ad�e_jf��S�pUd�ezpr^a] m S�b P `5b � � � ~ � d u `5^ ^� ¡ 7fS�ezpUS �� � ± �Q² � ~ � d u � � ��� � � È `le m ` jhb³`5e m ` u m p�dle©bh[ae©]�`�bc[\d�e ` u ��]zTVS�eGb
j P d"�ãj�b P `�b �� � ��~([\e 	 � � 
 ±¹jcS�S � d u Srq_`lTVg_^\S 9 �>;§²³¡ OQP [\jãp�d�TVg_^\SUbcS�jãb P Sng u dsd � ¡
�
OQP S��{d�]ze m ` u oV�5`5^a]_S�g u d��_^\S�T ± <l�©²<¤¥± <��:²½[\j�j�bc[ ^\^¬ezdlb�jc]_[ b³`5�_^aS � d u p�d�TVgz]_bk`5bc[\d�e

jh[\ezp�S
[ bf[\j�g{d�jcS m d�e'`leJ[\e_­�e_[ bkS m d�T,`5[\e@¡�7�d"��SU�lS u b u ]_ezp�`5bh[adle�d � b P [ajãg u d��_^\S�T [\j
ezdlb
`lj m SU^ [ap�`5bkSf`lj � d u b P S�j�b³`le m ` u m jcp�`5bcbcS u [aez�/g u d��_^\S�T j�[ae_p�Sãb P S�jhdl^a]sbc[\d�e m S�p�`"o:j
Srqsg¬dlezS�eGbc[a`5^ ^\ondl]_bkj�[ m S
b P S-pr[ u pU^\S � � � ¡�º�d u S¥q_`lTVg_^aS
��S-p�`len[aTVg{d�jcS
b P S ��[ u [\p P ^\SUb
�¬d�]_e m ` u o�pUd�e m [ bc[\d�eJd�eJ`Yjc]s[\bk`l�_^ o�^a` u ��S u ` m [\]zjQpr[ u pU^\Snp�d�eGb³`�[ae_[\ez�Yb P S
jcp�`5bcbcS u ±¹[\e
b Pzu S�S m [aTVSUezjh[\d�ezj�b P [\j,��d�]_^ m �{S'SU¨©]_[\�5`5^\S�eGb�bcd£jhg¬SUpU[ � o©[aez�£b P `5bVb P S'bk`lez��SUeGbc[a`5^
p�d�TVg{d�ezS�eGbfd � b P SnT,`l��e_SUbc[\pn­�SU^ m �5`les[aj P S�jfd�eJb P S/` u bc[ ­�pU[a`5^½�{d�]ze m ` u o�² È
Æ Srb

��� � � � � 	 � � 
 � ��� � 0 � "
x
e+b P Snd�]_bkS u �¬d�]_e m ` u o���Sn[\T,g{d�jhSnb P S ��[ u [ap P ^aSrb��{d�]ze m ` u o�p�d�e m [\bh[ad�e

�� � �N~Vdle�� � � � � ' ±<}l~:²
OQP S�e�b P S�­ u jhb��¬d�]_e m ` u o,�5`5^\]zS�g u d��s^aSUT���S�j P `5^ ^@`lg_g u d�q:[aT,`5bcS�e©]zTVS u [ap�`5^ ^\o�[aj-bkd
­�e m �� � jc]_p P b P `5b
± <l�:²�[\jQjc`5bc[\jh­�S m [\e ��� ��[\b P �¬d�]_e m ` u o m `�b³`Y�l[ ��SUe'�Go�± < 	 ²�d�e� 
�`le m �Go ±<}�~:²-dleJb P S/` u bh[\­zpU[a`5^½�¬dl]ze m ` u o ��� � � � ¡
É j(��S+j P `5^ ^QjhS�S È �{SUbhbkS u e©]zTVS u [\p�`�^ã�¬S P `��:[\d u p�`le��{S�d��_bk`5[ae_S m [ � ��S�]zjhSJ`le

`l�zjcd u �_[\ez�J�¬dl]ze m ` u o°pUd�e m [ bc[\d�e d�e�b P Sid�]_bkS u �{d�]ze m ` u o�¡YZsd�bkd � ] u b P S u [\T,g u d"��S
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SE4,pr[aSUezpUo/d � d�] u e©]zTVS u [\p�`�^sS¥qsg¬S u [\T,SUeGbkj¼��S-]zjcS�`fj�[aTVg_^\S�`l�zjcd u �_[\ez�f�¬d�]_e m ` u o
p�d�e m [\bh[ad�e dle®b P S°` u bh[\­zpU[a`5^��{d�]ze m ` u ol¡N´£S°[aTVg{d�jcS�b P S�Z:d�TVT,S uh� Sr^ m u ` m [a`5bc[\d�e
p�d�e m [\bh[ad�e'jc]s[\bk`l�_^\S � d u b P SnSU�5`lezSUjcpUS�eGb�7�`le 25SU^ � ]zezprbc[\d�e 3

� �� �
��� � � �!� �� � ��~id�e ��� � � � ' ±<}s�5²

OQP S�eJb P S
­�Sr^ m �� � jc`5bc[\jh­zS�jãb P S y d��_[\e'g u d��_^\S�T ± <l�:² È ± < 	 ²�`le m ±<}_��²³¡
OQP S-dl�©�©[\d�]zj½¨©]zS�j�bc[\d�ezj¼` u S�� P SUb P S u b P S�g u d��_^\S�TVjîd�]_bh^\[\ezS m `l�{d"��S P `���S
]zes[a¨©]zS

jcdl^\]_bc[\d�ezjJ`5e m � P SUb P S u b P SU[ u jcdl^\]_bc[\d�e [\j+pU^\d�jcS.bkd·b P S.jcd5^a]_bh[adleNd � b P S�[aes­�e_[ bkS
m d�T,`5[\eY�,�S u S�e_��S u g u d��s^aSUT�±¹[\eYg�` u bc[\p�]_^a` u ��S-�Q`leGbîbkd 2:e_d���[ � b P S�jhdl^\]_bc[\d�e�[\j3pr^adljcS
bkd�b P SVb u ]zSijhp�`5bhbkS u [\ez��jhdl^\]_bc[\d�e pU^\d�jcSibkd 
�²k¡ � e�g�` u bh[apU]_^a` u�È m d:S�j
b P SV`l�zjhd u �_[\ez�
�¬d�]_e m ` u o+p�d�e m [\bh[adle�[\T,g u d"��S/b P S/TVSUb P d m ¡-´¶Snp�`le°g u d"�:[ m S�`,gz` u bh[¢`5^î`5ezjh��S u bkd
b P S(­ u jhbnd � b P S�jhSi¨©]zS�j�bc[\d�ezj/`lj�b P S � dl^ ^ad"��[\ez��b P SUd u SUT�j P d"�ãj/�_]_b���S P `"�lSi�¬SUS�e
]ze�`l�_^\S
bkdVg u d��lS/b P S/`lgzg u d�qs[\T,`5bc[\d�e�g u d�g{S u bEo�¡
��S � d u S/j�b³`5bh[ae_�,b P S
b P SUd u SUT ��S m Sr­�ezS
b P SnpUd�ezjhbk`leGb�� � ~i�Go

� � jc]zg
�
� * ��� � 8 - ± � ² * - ± � ²

´¶S/��[\^ ^3g u d"��S�d�] u b P SUd u SUT �Go�`5^ ^ad"��[\ez��p�dlT,gs^aS¥q��5`5^\]zS m � [\e°b P S � dl^ ^ad"��[\ez��jhSUb
���	� � P [ap P pUd�eGb³`5[\ezj3b P S�g{d�jh[ bc[ ��S u S�`5^_`�q:[\j¼��[ b P b P S�SrqspUS�g_bh[ad�eVd � � ��~(±¹� P S u S
g P osj�[ap�`5^ ^\oJ[\e©bcS u S�jhbh[ae_���5`5^\]zS�jãd � �«^ [\S�² 3

� � > � � � $ � ±���² �µ~ @�
 � � �
� � * � � " $ � �
���~ $ � � " � 0 ������ � " '
y SUp�`5^ ^Cb P `�b � �=��� � 
3¡
��
 ¿:Ã � ¿ 
 ��� �+�2����'�� � � � � ,ED � ± � 
�² 4 ������
��
� 4
�����1���!� 
$" ���,0 �!����� � �$� ���I� �! "%$'&)(�� "%$�� ( ��
$" "����,( �!
�� � �6�!' � ��
����I� �
'��!��� % � �!
 �� � ��
 � , ± ��� ² � �!� �������!0�� ����� � ��� �(� �$% ����'('����I� 0 � �!� � "�� '���� ��% � '���%��� �!�������(' ��� � 4

$ 4
����� 'I�� � �(�!
������ '�� �!
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¶�z�+687 ´£S P `���S �¬SUS�eÇ]ze�`l�_^\S.bkd u ]_^\S�d�]_b+b P S�g¬d�jhjh[\�_[ ^\[ bEoÅb P `5b'`�]zes[a¨©]zS
jcdl^\]_bc[\d�e � `5[ ^aj�bkdVS¥qs[\jhb � d u jhd�TVS u S�`5^ �{¡9 � Ã@Ã;: � OQP S/g u dsd � d � b P S
bE��d�p�d�e_pU^\]zjh[\d�ezj�d � b P S/b P S�d u S�T¯` u S/`5^\T,dljhbã[ m S�eGbc[\p�`5^ È
jcdi��S
��[ ^\^½g u d"��Snd�e_^ o�b P S
p�`ljhSnd � b P S y d��_[\e'g u d��_^\S�T%� P [ap P [\jfTVd u S�[aeGbcS u SUjhbh[aez�
[ae'g u `5pUbc[\p�S5¡
OQP S�g u dsd �@u S�j�bkj�d�e�b P S�`lez`5^\o©bh[ap�º u S m P dl^aT¸b P S�d u S�T ±AjhS�S39ö�"~ ;¹²k¡
º¼[ u jhb-��S�g¬dljcS

b P S°���S u S�ez��S u g u d��_^\S�T ± <l�©² È ± < 	 ²(`le m ±A}_�5²Y`lj�`���S�`�2 g u d��s^aSUT dle®b P S�jcg�`5p�S� , ± ��� ²�± � d u b P S ��[ u [\p P ^\SUb'g u dl�_^aSUT ��S ��d�]_^ m ]zjhS.b P S�jc]_�zjcg�`5p�S �
� >�� �� , ± ��� ² ��� ��~id�e ��� � � � @ ²³¡ Æ SUb

±�� $ �z² � ����� � � �(' $ 0�� $ � � � % � � � % � ��� ��`le m 0�� $ � � � � � B � B � � � � � �
b P SUe'��S�jhS�SE2 ���� � � , ± ��� ²-jh]zp P b P `5b
± '�� �� � $ ����² � �!��±E� ��� $ �z² � � � 0 ��� $ � � � � � 0 � $ � � � % $�� � � , ± ��� ² ' ±<} <©²
��d"�Å��S m Sr­�ezS�bE��dVd�g¬S u `5bcd u j
	J±���² 3 � , ± ��� ² � � , ± ��� ²-`5e m�� ± ��² 3 � , ± ��� ² �� , ± ��� ²-�Go

± �
	�� $ � �z² * ±�	�� $ �z² � ± '���� $ � �z² * ±�� $ ��²±%� � � $ � �z² * ± � � $ �z² � ±h±F�!� � � * �5²�� $ �z² * � � 0 ��� $ � � �
� d u `5^ ^�� $ � � � , ± � � ²³¡,��dlb P dlg¬S u `5bcd u j/` u SV��SU^ ^ m Sr­�ezS m �©o°b P S y [aSE0 u S�g u S�jcSUes¤
b³`5bh[ad�e�b P SUd u SUT'¡n�fdlbkS/b P `�b
�¬SUp�`l]_jcS � È �'`le m � m S�g{S�e m dle � È b P SYd�g{S u `5bkd u j�	
`le m�� m S�g{S�e m d�e �f¡
Z©[aezpUSYb P SipUdsS�4,pU[\S�eGbkj m Sr­�e_[\ez� '¸` u SY`le�`5^ o©bc[\pV`5b
S�`5p P � � �,È b P SYdlg¬S u `5bcd u

	 [aj�`le�`5^ o©bc[\p�[\e �f¡f��S¥q:b���SYj P d"�Kb P `5b�	 � , Srq:[\jhbkj�`le m [\j�pUd�eGbc[\e:]_d�]zj��Go']zjh[\ez�
b P S Æ `�q©¤��'[ ^a� u `lT ^\S�TVT,`_¡ OQP S�p�d�eGbc[\e©]_[ bEo�d � 	 [\j�d��G�©[adl]zj�jhd�[ b u S�T,`5[\ezj�bcd(j P d��
b P `5b�	�[\jfj�b u d�ez�l^ o+p�d:S u pU[ ��S5¡Q��]_b

� ±�� $ �¬² * ± '��
� � �7² � � �ä±%�
	�� $ � �¬² * ±�	�� $ �¬² ��� � � � 	�� � � � � * � � 8 � � ��� � � � * � � 8
`le m jcd.j�b u d�ez�.p�d:S u pU[ �©[\bEo£[ajig u d"��S m [ � b P S u S�[\ji`�g{d�jh[ bc[ ��S+pUd�ezjhbk`leGb � ±¹g¬dljcjh[\�_^ o
m S�g{S�e m [aez��d�e���²-jc]zp P b P `�b

� ±�� $ �¬² * ± '���� � �7² � � � � � ��� �5�� � * ��� 8 ' ±<}l}:²
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º d u `leGo � � � , ± ��� ²
� ± ' �
� $ � �¬² � � �n±c± ' �
� $ ���C²h² � � � � � � � B � B � � < � �
��� ��� ' * � � < � B � B � � �n±%��� � '�� �7² �(' '
��]_b �§u d�T*b P S m Sr­�e_[ bc[\d�e'd � b P S/�,�S u S�ez�lS u ^¢`�o�S u 3

� �=< � B � B � � �n±%��� � '�� �C² �(' ' � � ��=< � ���	 �
��
� 	 �� � �����

� ����
�����
� * � 	 �� � � � �����

� �� �
�����
� �� � � � � '

� b�b P ]zjfjc]64,p�SUj�bcd,j P d"� b P `5b
Ti[ae � �n±�� � �s² $ �/± � � �_² � � � �µ~

� P S u S �/[\j�[ae m S�g{S�e m S�eGb�d � � �_]_bfp�`le m S�g{S�e m d�e �f¡
´£S
j P `5^\^½g u d"��S
b P Sn`l�¬d"�lSn[\ezSU¨:]z`5^\[ bEo � d u �n±�� � �s² È b P S/d5b P S u [aezSU¨©]�`5^ [\bEoJ�{SU[\ez�

jh[\TV[ ^a` u ¡-��d5bkS
b P `�b�[ � � �
� � * � � " b P SUe
� 	 �� � � � �� * ± - * � " ²¥± - * � " ²� �� * ± - * � " ² � '

7�S�e_p�Sn[ � � " �®~Vb P S�e �n±�� � �s²
[\j�`VTVd�ezdlbcd�e_[\p � ]zezpUbh[adle�d � � � `le m jcd
� 	 � � � � Ti[ae � � $ - * � "- * � " � � Ti[ae � � $ � "- * � " � � Ti[ae � � $ � "� * � " � ��� , ±���² � ~ '
��]_bã[ � � �
���~V`le m � � " � 0 � ���� � b P SUe

� 	 � � � � � �� * ± - * - ²�� "� �� � � �� � �?� "� �� � � � ±���² �®~ '
7�S�e_p�S �n±�� � �s² � Ti[\e½± � , $ � � ² � ~s¡?7�`��©[ae_�Yg u d"�lS m b P S�j�b u dlez�Yp�d:S u pU[ �©[\bEo�d � É È ��Sp�`le'ezd"� pUd�ezpU^\] m Snb P `5b�	*[\j�[aeG�lS u bh[a�s^aS � d u `leGo�� � � ¡
OQP SYd�g{S u `�bkd u � [aj�p�d�TVg�`5pUb È �¬SUp�`l]zjhSY[ ��� � � ��b P S�e � � � , ± ��� ²Qjk`5bh[aj�­�S�j

b P S � dl^ ^ad"��[\ez�,�¬d�]_e m ` u o��5`5^a]_S/g u d��_^\S�T 3
� ��� * � � � � � ����[\e ���� �

��� � ~Vdle � 
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Z:[ae_p�S �®`le m � ` u S � ]zezpUbh[adlezj+[ae � � ± ��� ² È jhbk`le m ` u m SU^ ^\[\g_bc[\p u SU��]_^a` u [ bEoµb P S�d u o[aTVg_^ [aSUj�b P `�b � � � � � � @ * % 8 � � � � ��� � � � * % 8 �_]_b
jh[\ezpUS � � ± 
�²Q[aj
pUd�TVg�`lpUbh^\o°S�T��¬S mzm S m[ae � , ± 
�²î��Sfp�d�e_pU^\] m Sãb P `5b � [\j
p�d�TVg�`lprb�¡�º�] u b P S u TVd u S � [\j-`leVd�g¬S u `5bcd u �5`5^\]zS m
`le�`5^ o©bc[\p � ]_ezpUbh[ad�e'd � � � d u `5^\^ �¬¡
�fd"��^\SUb�� � � , ± 
�²��¬S m Sr­�ezS m �Go

±%��� $ ���z² * ±�� $ �z² � 0 � $ � � � $�� � � , ± 
�²
b P SUe'b P S/���S u S�ez��S u g u d��s^aSUT [ajãS�¨©]_[ �5`5^\S�eGb�bcd,­ze m [\ez� �� � � � , ± 
�²-jc]_p P b P `5b

	 �� � � � �� � ���
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� e°g u `lpUbh[apUS/��S�b u ]zezp�`5bkSnb P S�jhS u [\S�j�]zjh[\ez� � �"~ � � � �"~_¡ É u �_[ b u ` u [ ^ o+��S�p P dsdljcS���¯��`le m � � � ' �l¡�´¶S,g_^\dlbnb P S,S uhu d u `lj/` � ]_ezpUbh[ad�e£d � �� [ae¶º¼[\��] u S'��¡,´ P S�e�� [\j u S�`5^�±§[<¡üSl¡/� P S�e - � ~:²�b P S u S,` u SYSr[a�lS�eG�5`5^a]_S�j � d u b P SV`leze©]_^a` u m d�T,`5[\e `le m
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b P SUjcS�j P d"� ]zg�pU^\S�` u ^\o�`lj
g{S�`�2©j�[\e�b P SfS ucu d u jc] u�� `lp�S5¡ É j
b P Sã[\T�`5�l[aez` u oVg�` u b-d � ��
[aezp u S�`ljcSUj3b P S�S uhu d u m S�p u S�`ljcSUj
`le m p�`leY�{S�T,` m SQ` u �_[\b u ` u [\^ o/jcT,`5^ ^s[ � b P S-[\T,`l�l[\e�` u o
g�` u b�[aj�^a` u ��SYS�e_d�]z� P ¡ � e�º¼[\��] u S�<���Sij P d"� b P SiS uhu d u `lj
` � ]zezprbc[\d�e�d � b P S u S�`�^
g�` u b/d � �� � d u ­sq_S m [\T�`5�l[aez` u o.gz` u b�¡���o m S�pU[ m [\ez�°dle¶` m S�j�[ u S m S ucu d u ^aSr��Sr^ È dlezS
p�`leJ­�e m `le'`lgzg u d�g u [¢`5bcS
�l`�^a]zSnd � �� � ¡
� e�b P SYjh]z�zjcSU¨©]zS�eGb�jcS�prbc[\d�ezj
��SV`lpUbc]�`5^ ^\o�]zjcSYb P S y d��_[\e.�¬dl]ze m ` u o°pUd�e m [ bc[\d�e

d�e+b P S
d�]sbkS u �{d�]ze m ` u ol¡ � eJb P [\jfp�`ljcS,± � d u b P S/pr[ u p�]_^a` u jhp�`5bhbkS u S u d �¼u ` m [a]zj � � ²
��S
jcdl^ ��Snb P S � dl^ ^\d���[\ez�,g u dl�_^aSUT 3

���©± '�� �� � ² * � � � � �� � � ~ � d u � � 0 � 0 �
� �� �
��� � � S¥qsg½± � � �@²��� � P S�e � � � �

� �� �
� � � � � � �� � � ~i� P S�e � � �

OQP [ajfg u d��_^\S�T P `5jãb P Snjcdl^\]_bh[ad�e
�� � ± � $ � ²/� �
� � � �

� � �� � *-, 8� ±�� �� ² *�� �� � * � 8� ±�� �� ² � Srqsg½± �	� � ²
� P S u S

� �� � �
� * � 8 �� ±�� �� � ² � � � * � 8� ±F� �� � ²� *-, 8 �� ±�� �� � ² � � � * , 8� ±F� �� � ² � �� `le m � �� � �

� �"6 �� ±F� � � ²
�

g u d"�©[ m S m � ���~Y� P S u S
� � � * � 8 �� ±F� � � ² � � * � 8 �� ±�� �� � ² � � � * � 8� ±F� �� � ²� * , 8 �� ±�� �� � ² � � � * , 8� ±F� �� � ² � *-, 8 �� ±�� � � ² '

´ P S�e � �K~,b P S(g u d��_^\S�T»[\j�ezd5b�]zes[a¨©]zSr^\o�jcdl^ �5`l�_^\Sl¡�´£S(p�dl]_^ m ezdlb�g u d"�lSYSrq:[\j�¤
bkS�e_p�S(d u ]_e_[a¨©]zSUezS�jhj � d u b P [aj����S u S�ez��S u g u d��_^\S�T»[\e��lS�ezS u `5^î�z]_b�d�] u p�`�^apU]_^¢`�bc[\d�ezj
jc]z���lS�jhb�b P `5b � d u b P Sã`5eze©]_^a]_j-S¥q:[aj�bkS�e_p�S�`le m ]ze_[\¨©]zS�ezSUjcj-d�e_^ o � `5[ ^�`�b � �Ç~V±¹� P S u S
b P S�g u d��s^aSUT �{S�pUd�TVS�j
`�gz] u S(��SU]zT,`leze.g u d��_^\S�T�²³¡ OQP [\j
`lp�pUd�]zeGbkj � d u b P S(S ucu d u
jcg_[12lSJbkd"��` u m j �� � ~�j P d"�ãe [\e º¼[\��] u SJ}s¡  d�TVg�` u S m bkd º¼[\��] u S.����SJp�`5e«jhS�S
b P `5b�b P S u S+` u S�ezd°dlb P S u Sr[a��SUeG�l`�^a]zSUj � d u b P S u `5ez��S�d � �� pUd�ezj�[ m S u S m P S u S5¡ OQP S
S ucu d u pU] u �lS�j,j P d"�ãe�[ae�º¼[\��] u S+W�±ApUd�TVg�` u S m bkd�º¼[\��] u S
<©²nj P d��%b P `�bYb P S+S ucu d u
d��_b³`�[aezS m ]zjh[\ez��b P S y d��_[\e.�¬dl]ze m ` u o°pUd�e m [ bc[\d�e�[\j�T�]zp P jcT,`5^ ^aS u b P `le�b P SYS ucu d u
d��_b³`�[aezS m ]zj�[ae_� ��[ u [ap P ^aSrb��{d�]ze m ` u o�p�dle m [ bc[\d�ezj�¡ OQP [\j�vw]_jhbc[ ­�SUj�d�] u ]zjcS�d � b P S
y d��s[aeJp�dle m [ bc[\d�e'[\eJb P Sne©]zTVS u [ap�`5^ u S�jh]_^ bkjfg u SUjcS�eGbcS m ^a`5bkS u [aeJb P [\jãjcSUpUbc[\d�e@¡
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d � �� � ¡
´ P SUe �� � [\j u S�`�^Cb P S u S�` u SnSU[\��SUe©�5`5^\]zSUj � d u b P S�`5eze©]_^¢` u m dlT�`�[ae�`le m b P SUjcS
j P d"�ù]zg.`lj�g¬S�`�2©j�[\e°b P SYS uhu d u jc] u�� `lp�S5¡ É j�b P S�[\T�`5�l[aez` u o�g�` u b�d � �� � [aezp u S�`ljcSUj È
b P SJS uhu d u m S�p u S�`ljhS�jU¡ É ��`�o �§u d�T b P S u S�`5^f`�q:[\jV��S'jcS�S'ezd�SU�©[ m S�e_p�S°d � ^a`lp(2·d �
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OQP S�gz] u g{d�jcS�d � b P [ajîjcSUpUbc[\d�eY[\jîbcd�j P d"� b P `5bîb P S  ` u bkS�j�[¢`5ei`le m pro©^\[\e m u [ap�`5^z�,�S u SUes¤
��S u�t � Æ ^¢`�o�S u j�p�`le°�{S/]zjcS m bkd�pUd�TVgz]_bcS(ezS�` u ­zSU^ m jcdl^\]_bh[ad�e_j�d � b P S 7fSU^\T P dl^ b 0
S�¨©]�`5bh[ad�e ±A`le m P SUezp�S
�Go+`Yjh]_[ b³`l�_^\S�b u `lezj � d u T,`5bh[ad�e�b P S � ` u ­�SU^ m ²³¡�´£S
j P `�^\^7d�e_^ o
j P d"�»b P S u S�jc]s^\bcj�d � dlezS°e©]zTVS u [ap�`5^�Srqsg¬S u [\TVS�eGb+jh[\ezpUS°��S'��[\^ ^fg u d"�©[ m S.`£TVd u S
m SUbk`5[\^\S m e©]zTVS u [\p�`�^{bcS�j�b�d � b P S�pU] u �©[ ^\[\ezS�` u TVSUb P d m � d u b P S�bc[\T,S m d�T,`5[\e,g u d��s^aSUT
±¹� P S u S�b P S����S u S�ez��S u TVSrb P d m [\j�TVd�j�b(g{d�gz]s^¢` u `le m � P S u S�b P S,�¬S P `��:[\d u d � b P S
 ` u bcS�jh[a`leJ^¢`�olS u [aj���SU^ ^ 2©ezd"�ãe¬²k¡
º�d u b P [\j/bcS�jhb È ��S,p�d�TVgz]_bcS,b P Si­�SU^ m jhp�`5bhbkS u S m �§u d�T `'g{S u�� S�pUbh^\o�pUd�e m ]_pUbc[\ez�

T,Srb³`5^½dl�zjhbk`lpU^\S
[aeJb u `lezjh�lS u jcS(g{dl^a` u [10�`�bc[\d�e@¡ OQP [\j�pUd ucu S�jhg¬d�e m jfbcd,��S�]_T�`5eze m `�b³`
[aTVg{d�jcS m d�e�b P SJT,Srb³`5^���`5^ ^<¡ OQP S+[\ezp�dlTV[\ez���Q`��lS'[\j �� � * " 8 ��S¥qsg½± � � �@²³¡ OQP S
jcp�`�bcbkS u S u [aj�p�d�eGbk`5[ae_S m [\e®b P S��¬d�q � <(0 � 0 < ' <£`le m � ~ ' 	 0 � 0 ~ ' 	 `le mb P S,jcg{S�S m d � ^\[\� P b�bcd��{SV]ze_[ bEo jcdJ�Q`���S�e©]zT(�{S u [aj � � � �*� ' <���} <s¡ OQP S,� u [ m]zjcS m [ajYj P d"�ãe·[ae·º¼[a�l] u S � � P S u S�b P S�d�]_bcS u(u ` m [\]zjYd � b P S�pr[ u pU^\S�[\j � � � `le m
b P S�T,`�q:[aT�]zT m [a`lTVSUbcS u d � SU^\S�TVS�eGbkj'[ae b P S�T,SUj P [aj�� � ~ ' < 	 �_¡¸�fdlbkS.b P `5bb P S�� u [ m [ajie_dlbi`5^ [\��ezS m ��[ b P  ` u bkSUjh[a`le�d u(u ` m [a`5^QpUdsd u m [\e�`5bcS�jho:j�bkS�T È � P [\p P [\j
p�d�eG��SUe_[\S�eGb �§u dlT b P S/g{dl[aeGbfd � �:[\SU� d � ]zj�[ae_��`�j�b³`le m ` u m TVS�j P ��S�e_S u `�bkd u ¡  ]z�_[\p
[ajhd�g�` u `lTVSUb u [ap(SU^\S�TVS�eGbkj/` u S(]zjhS m bcd m [\jcp u SUbh[ 0USVb P S(g u d��_^\S�TJ¡nº�d u b P S  ` u bcS�jh[a`le
p�`ljhS,��S�]_jcS�`Jj�[aTVg_^\S��fSU�ã]zT,`le_e¶�{d�]ze m ` u o�p�dle m [ bc[\d�e£dle b P SVd�]_bkS u �¬d�]_e m ` u o
±¹[ b���d�]_^ m �{S�TVd u S�]zjh]�`5^î[ae'b P [\j�p�`ljcS/bkd�]zjcS(` u SUpUbk`lez��]_^a` u d�]_bcS u �¬d�]_e m ` u o��_]_b
��S���`leGb(bcd�T,`�2lS�p�d�TVg�` u [ajhd�ezj(��[ b P `°jh[\ez�l^\S�� u [ m ²k¡°º�d u b P S�p�] u �©[\^ [\ezS�` uYt � Æ
��Si]zjhSYb P S(T,d m [ ­�S m ZsdlT,TVS uh� SU^ m u ` m [¢`5bh[adle.p�d�e m [\bh[ad�e��{SU[\ez�+]zjhS m d�e�b P Sid�]_bkS u
�¬d�]_e m ` u oÇ±¹[\Sl¡ È ��S�` u S'jhdl^ �:[\ez� b P S y dl�_[ae g u d��_^\S�T ± <5�:² È ± < 	 ²(`le m ±A}_�5²c²k¡ ´£S
p P dsdljcS - ± � $ � ² � - 	�± � �	� � � ² � � d u � �	� � � `5e m - � ~ � d u � �	� � � ¡ � e�`5^ ^îp�`ljhS�j���S
p P dsdljcS - 	�� � ¡
� eJb P S  ` u bkSUjh[a`le°p�`ljcS
��S�]_jcS� � ±.�@²/�ù� * �� - ±.� $ < ' � ²�`le m � " ± � ² � � * �� - ± � $ � ' <©² '

OQP [aj�[aTVg_^ [aSUj�b P `5b�b P S�^a`�o�S u [aj P `5^ � ` m [\jhbk`lezpUSY]ze_[ b �§u d�T b P S�jcp�`5bcbcS u S u ¡�º d u b P S
p�] u �:[ ^ [aezS�` u p�`ljhSn��S/]zjcS � ± � ² �ù� * �� - ± � $ < ' � ² '
ºî[a��] u S��/j P d"�ãj�p�dle©bcd�] u j�d � b P S u S�`5^{g�` u b�d � �� � p�d�TVgz]sbkS m �©o,`/p�`lgz`lpU[ b³`le_p�S

T�`�b u [Óq�bkS�p P e_[a¨©]zS�b P `5b�T,`5bcp P S�jQb P S�­ze_[\bcS�SU^\S�TVSUe©bfjhdl^a]sbc[\d�e�bkdY`le�[aeGbcS�� u `5^@SU¨:]z`�¤
bc[\d�e£jhdl^\]_bc[\d�e¶dl]_bkj�[ m S,b P S,� u [ m ±¹b P ]_j P `le m ^\[\ez�Jb P SV[\e_­�e_[ bkS m d�T,`5[\e·`lpUp�] u `5bkSr^\o�²
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MODULEF : monk      

BENCHMARK4                              

17/10/95

inlet.nopo                              

  1373   POINTS

  3911   NOEUDS

  2538   ELEMENTS

  2538   TRIANGLES

     1   TROU(S)

COIN BAS GAUCHE :    

 -5.500     -6.548       

COIN HAUT DROIT :    

  5.500      6.548       

                    

º¼[a�l] u S � 3 OQP SVTVS�j P ]zjcS m [\e.b P S(e:]_T,S u [\p�`5^
S¥qsg¬S u [\T,SUeGbkj u S�g{d u bkS m dle�b P S(bh[aTVS
P ` u TVd�es[ap
��`"�lS�SU¨©]�`5bc[\d�e@¡
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Matched FE/Nystrom
Real Part

-1.297691

-1.154143

-1.010595

-0.867047

-0.723499

-0.579952

-0.436404

-0.292856

-0.149308

-0.00576

0.137788

0.281336

0.424884

0.568432

0.71198

0.855527

0.999075

1.142623

1.286171

1.429719
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Berenger, Cartesian PML
Real Part

-1.294675

-1.151311

-1.007946

-0.864582

-0.721218

-0.577853

-0.434489

-0.291125

-0.147761

-0.004396

0.138968

0.282332

0.425697

0.569061

0.712425

0.85579

0.999154

1.142518

1.285883

1.429247
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Berenger, curvilinear PML
Real Part

-1.294638

-1.151276

-1.007914

-0.864552

-0.72119

-0.577828

-0.434466

-0.291104

-0.147742

-0.00438

0.138982

0.282344

0.425706

0.569068

0.71243

0.855791

0.999153

1.142515

1.285877

1.429239
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9ä�"� ;<¡-º¼[\��] u S 	 j P d"�ãj�b P S u S�`5^Cgz` u bãd � b P Sn���S u S�ez��S u jcdl^\]_bc[\d�e ���� ]zjh[\ez�Vb P S  ` u ¤
bkS�j�[¢`5e�^a`"olS uUÈ `le m �Vj P d"�ãjfb P S u S�`5^½g�` u b�d � b P S(�,�S u SUez��S u jcd5^a]_bh[adle �� � ]zjh[\ez��b P S
p�] u �:[ ^ [aezS�` u ^¢`�o�S u ¡  ^\S�` u ^ o'b P SnezS�` u ­�Sr^ m ± � d u S¥q_`lTVg_^aS/[ae'b P Snjhp�`5bhbkS u S u ²�p�dlT,g_]s¤
bkS m ]zjh[\ez�.�{dlb P �,�S u SUez��S u ^¢`�olS u jY[\jYj�[aTi[ ^¢` u bkd°b P S�p�`lg�`lpr[\bk`lezp�S+T,`5b u [Óq£jcdl^\]_bc[\d�e
[ae°º¼[a�l] u S��_¡ã��]_b È `lj�S¥q_g{S�prbkS m È b P S(�,�S u SUez��S u jcd5^a]_bh[adle m [\S�j�`���`�o u `lg_[ m ^ o'[\e�b P S
`l�zjcd u �_[\ez��^a`�o�S u ¡
º�] u b P S u TVd u S È [\e��{dlb P p�`ljhS�j È b P S�pUd�eGbkd�] u j�d � b P S�jhdl^a]sbc[\d�e�j P d��
ezdn`l� u ]zg_b�pU] u �5`5bc] u S�p P `5ez��S�j�� P S�eib P Sã�,�S u SUez��S u ^¢`�o�S u [aj�SUeGbkS u S m � P [\p P [\e m [\p�`�bkS
b P `5b�b P S
^¢`�olS u [aj��hg{S u�� S�pUbh^\o��,T,`5bkp P S m ¡
ºî[a��] u Sn�Yj P d��ãj�b P S u S�`5^Cg�` u b�d � b P S
jcp�`�bcbkS u S m ­�Sr^ m `5^\d�ez�Yb P S �°`�q:[ajãp�dlT,g_]s¤

bkS m ]_jh[\ez��b P S(T�`�bkp P S m ­ze_[\bcSiSU^\S�TVS�eGb/`le m [aeGbkSU� u `�^�S�¨©]�`�bc[\d�e `lgzg u dG`lp P ¡nº¼[\��] u S
�"~�`le m ���Jj P d"�ãj�b P SJp�d uhu SUjcg{d�e m [\ez� u S�jh]_^\b � d u b P S  ` u bcS�jh[a`le«`le m p�] u �©[\^ [ae_S�` u
���S u S�ez��S u TVS m [¢`s¡ OQP S/jcdl^\]_bh[ad�e_j�` u Snjh[\TV[ ^a` uf� d u � ��� 08< ' � ±¹b P [\jã[\j � d u p�d:d u m [\e�`5bcS�l`�^a]zSUj �§u d�T <s¡ � bcd 	 ¡ � d�e.b P SVd�ezS m [\TVS�ezj�[ad�ez`5^-g_^ad5bkjr²��z]sb
b P S,�,�S u S�e_��S unu SUjc]_^ b
m [aSUjV`��Q`�o·¨©]_[\p(2G^\o·d�ezp�S�b P S+�,�S u SUez��S u T,S m [\]zT [\j u S�`lp P S m ¡ OQP S�jhS u S�jh]_^\bcji�l[ ��S
e:]_T,S u [\p�`5^�jc]_gzg¬d u b/bkdJb P S,pU^a`5[\T b P `5bnb P S u S�prbc[ ^\[\ezS�` u `le m p�] u �©[\^ [\ezS�` u �,�S u S�ez�lS u
T,Srb P d m p�`le'�¬S
]_jcS m bkdVp�dlT,g_]_bkSnbc[\TVS P ` u TVd�e_[\pnjcdl^\]_bh[ad�e_j�¡

����� $��'&(
�� 
5��
5/	�0
5/ � 
�
 � ��
 &
� eµb P [\j+jcSUpUbc[\d�eÅ��S.j P `5^ ^�[\e©�lS�j�bc[\�G`5bkS�[\e jcd�TVS m Srb³`5[ ^�b P S.p�] u �:[ ^ [aezS�` u �,�S u S�ez�lS u
T,Srb P d m � d u b P S�bc[\TVS m SUg¬SUe m S�eGb
g u d��_^\S�TJ¡�º¼[a�l] u S�� <,j P d"�ãjn`�jcp P S�T,`5bc[\pid � b P S
� u [ m ]zjcS m � d u b P SVe:]_T,S u [\p�`5^
bcS�jhbcj�d � b P Sip�] u �©[\^ [ae_S�` u�t � Æ ¡ � e_jh[ m S,b P SVpU[ u pr^aSVd �
u ` m [\]zj � � � ��S�]zjhS�[\jcdlg�` u `5T,Srb u [ap.¨©]�` m u [ ^¢`5bcS u `5^/�J�S m �SU^\S�p�SU^\S�TVSUe©bcj'��[ b P d�]_b
^a]zTVg_[\ez� 9@< <�;<¡ x�]_bkj�[ m S � d u � 0 � 0 � È ��S ]zjcS�[ajhd�g�` u `lTVSUb u [\p£¨©]�` m u [ ^¢`5bcS u `5^
�J�S m �SU^\S�pVSU^\S�TVS�eGbcj/��[ b P `le.S¥qsb u `+]ze 2©ezd"�ãe£`ljcjhdspr[¢`�bkS m ��[ b P b P SipUS�eGb u dl[ m d � b P S
SU^\S�TVS�eGbkjU¡ OQP S�pU] u �lS m jcSU��TVS�eGbkj3d � b P S�TVS�j P ± � d u Srq_`lTVg_^\S�[\e�b P SQ�,�S u S�e_��S u ^a`�o�S u ²
` u S�`lgzg u d�qs[\T,`5bkS m �Go�gs[aSUp�SU��[\jcSY^ [\ezS�` u `lgzg u d�qs[\T,`5bc[\d�ezjU¡ OQP [\j�TVS�`lezj�b P `5bfb P S u S
[ajãjcdlT,Sn��SUd�TVSUb u [\p�S ucu d u [ae�`lgzg u d�qs[\T,`5bc[\ez�Vb P S/�,�S u SUez��S u ^a`"olS u j�¡
OQP S�` uhu `lez�lS�TVS�eGbQd � m S�� u S�SUjQd �¬�§u S�S m d�T � d u b P S�SU^\S�TVS�eGbcj�[aj�j P d"�ãe�[\e+º¼[\��] u S

�"}_¡ OQP SYT,`l��e_SUbc[\p m S�� u S�S�j�d ���§u SUS m dlT ± � d u � d u � * � 8 ²ã` u SY`5jcjcd:pU[a`5bcS m ��[ b P b P Sp�S�eGb u dl[ m d � b P S�SU^\S�TVSUe©bcj�`5e m ��S�]zjhSãT�`5gzg¬S m g_[aSUp�Sr��[ajhS�p�dlezjhbk`leGb
��`ljh[\j � ]zezprbc[\d�ezj
� d u b P S�­�Sr^ m jU¡ OQP S+SU^\S�prb u [ap m SU� u SUS�jid ���§u S�S m d�T � d u �

�
`le m � � ` u S�`ljcjhdspr[¢`5bcS m

��[\b P S m ��S�jfd � b P SnTVS�j P ¡
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Matched FE/Nystrom

Magnitude

-1.44124

-1.15414

-0.867047

-0.579952

-0.292856

-0.00575995

0.281336

0.568432

0.855527

1.14262

1.42972

0.0 2.5 5.0 7.5 10.0

º¼[a�l] u S'� 3 OQP S u S�`5^ãg�` u b�d � b P S�jhp�`5bhbkS u S m ­�SU^ m pUd�TVgz]_bkS m ]zj�[ae_�£b P S'T,`5bcp P S m
­�e_[ bkS,SU^\S�TVS�eGb(¤f[\e©bcS�� u `5^�S�¨©]�`5bh[ad�e¶`lgzg u dG`lp P ¡ 7fS u S���S�g_^\dlb/b P S,jcdl^\]_bh[ad�e¶`5^\d�ez�
b P Si^ [aezS � ��~ ± 0�S u d'd�e�b P S ��`�qs[\j/p�d uhu S�jhg¬dle m jnbkdJb P Si^\S � b/d�]_bcS u �¬dl]ze m ` u o.d �
b P S m d�T,`5[\e¬²³¡ OQP S°� u S�`�2�[\e«b P S�jhdl^\]_bc[\d�e«[\j m ]zS'bcd£b P S�g{S u�� S�prbc^ o«pUd�e m ]_pUbc[\ez�
jcp�`�bcbkS u S u ¡
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Berenger, Cartesian PML

Magnitude

-1.43804

-1.15131

-0.864582

-0.577853

-0.291125

-0.0043962

0.282332

0.569061

0.85579

1.14252

0.0 2.5 5.0 7.5 10.0

º¼[a�l] u S���~ 3 OQP S u S�`5^�g�` u b�d � b P Sijhp�`5bhbkS u S m ­�Sr^ m pUd�TVgz]_bkS m ]zjh[\ez�+b P S  ` u bcS�jh[a`le
���S u S�ez��S u `l�zjhd u �_[\ez�+TVS m [a]zTJ¡ 7�S u S(��S,gs^adlb�b P SYjhdl^\]_bc[\d�e `5^\d�ez��b P SY^\[\ezS � � ~s¡
OQP Sn� u S�`�2�[ae+b P Snjcdl^\]_bc[\d�eJ[aj m ]zS
bcdVb P Sng¬S uh� SUpUbc^ oJp�dle m ]zprbc[\ez��jhp�`5bhbkS u S u ¡
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Berenger, Curvilinear PML

Magnitude

-1.438

-1.15128

-0.864552

-0.577828

-0.291104

-0.00438023

0.282344

0.569068

0.855791

1.14252

1.42924

0.0 2.5 5.0 7.5 10.0

º¼[a�l] u Si��� 3 OQP S u S�`�^Cg�` u bãd � b P Snjcp�`5bcbcS u S m ­zSU^ m pUd�TVgz]_bkS m ]zj�[ae_�,b P S
p�] u �©[\^ [ae_S�` u
���S u S�ez��S u `l�zjhd u �_[\ez�+TVS m [a]zTJ¡ 7�S u S(��S,gs^adlb�b P SYjhdl^\]_bc[\d�e `5^\d�ez��b P SY^\[\ezS � � ~s¡
OQP Sn� u S�`�2�[ae+b P Snjcdl^\]_bc[\d�eJ[aj m ]zS
bcdVb P Sng¬S uh� SUpUbc^ oJp�dle m ]zprbc[\ez��jhp�`5bhbkS u S u ¡
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Circle r=aCircle r=a’

AnnularStandard Maxwell
Zone

Zone

Beringer

Circle r=b

º¼[a�l] u Sn� < 3 É jcp P SUT,`5bc[\p�d � b P Sã� u [ m ]zjhS m ¡ � ezj�[ m S�b P Sfpr[ u pU^\S � � � ]zgVbkd
b P S�jhp�`5b�¤
bkS u S u ��S�]zjcS�jhb³`5e m ` u m ^\[\ezS�` u �J�S m �Sr^aSUp�SU^\S�TVS�eGbcj�d�e�[\jcd�gz` u `lTVSrb u [\p�¨©]�` m u [ ^¢`5bcS u `5^ajU¡
x
]sbkjh[ m S � � � Èz� d�] u jh[ m S m [ajhd�g�` u `lTVSUb u [ap��,�S u S�e_��S u SU^\S�TVSUe©bcj�` u Sn]zjcS m ¡
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(a) (b)

º¼[a�l] u Sn�"} 3 É jhp P S�T,`5bh[ap�j P d"��[\ez�(b P S�` ucu `5ez��S�TVSUe©b�d � m S�� u S�SUj�d �¬�§u SUS m d�T � d u b P S
SU^\S�TVS�eGbkjU¡ OQP S(Sr^aSUpUb u [\pY­�SU^ m ]ze 2©ezd"�ãezjn` u SY`ljhjcd:pU[a`5bkS m ��[ b P S m ��S�j�[\e°b P S(TVS�j P ¡
OQP S+T,`l��ezSrbc[\p�­�SU^ m ]ze 2©ezd"�ãezj,` u S�`ljcjhdspr[¢`5bcS m ��[ b P p�SUe©b u dl[ m jid � b P S�SU^\S�TVSUe©bcj�¡
±<`:²�Z:bk`le m ` u m �J�S m �SU^\S�p/SU^\S�TVS�eGb È ±A�{²����S u S�ez��S u Sr^aSUTVS�eGb�¡

x�e�b P SJd�]sbkS u S m ��SJd � b P S m d�T,`5[\e�±§� P S�e ��� � � � ²/��S']_jcSJb P S+­ u jhb�d u m S u
`l�zjcd u �_[\ez�,�¬d�]_e m ` u o+p�d�e m [\bh[adle 3

� *���� � � �Ç~,dle � � � � � $
� P S u S � � � � 
¼¡»��dlbcS b P `5bJb P [aj'�¬dl]ze m ` u oÅp�d�e m [\bh[adleN[\j�ezd5bkS�b P S jk`lTVS¶`lj
b P SVZ:d�TVT,S uh� Sr^ m `l�zjhd u �_[\ez�+�{d�]ze m ` u o°p�d�e m [\bh[ad�e�]zjhS m [\e�b P S �§u S�¨©]zS�e_pUo m d�T,`5[\e
p�`5^\p�]_^a`5bh[ad�e_j È �z]_b�[ bã[ajãS�`5jh[\S u bkdi[aTVg_^\S�TVSUe©b � d u ­�es[\bcS�Sr^aSUT,SUeGb�TVSUb P d m j�¡
�fd"�%^\SUbi]_j m SUbk`5[\^�b P S m [ajhp u SrbkSJg u d��_^\S�TJ¡ Æ Srb ��� m S�ezd5bkS�b P S+�¬d�]_e m S m�m d5¤

T�`�[ae�[ae_pU^\] m [\ez��b P S,���S u S�ez��S u ^a`�o�S u ¡ Æ Srb����,�¬S,`+TVS�j P d � ^ [\ezS�` u [\jcd�gz` u `lTVSrb u [\p
¨:]z` m u [ ^a`5bkS u `5^\j�d � T�`�qs[\T(]_T S m ��SJ^aSUez�lb P �µ`lgzg u d"q:[\T,`5bc[\ez�¶b P S m dlT�`�[ae � � `lj
m S�jhp u [\�{S m `l�{d"��S5¡ OQP SUe£b P S,­�es[\bcS�Sr^aSUT,SUeGbYjcgz`lp�S	�
��jk`�bc[\jh­�SUj��
� � � ±Ap�] u ^
� 
�²
`le m [\j/pUd�ezj�b u ]_pUbkS m ]_jh[\ez�+b P Sij�b³`le m ` u m jcgz`lp�SVd � [\jcd�g�` u `lTVSUb u [\pY^\[\ezS�` u S m �lS,Sr^aS¥¤
T,SUeGbkj�¡ Æ Srb���� � 	 � >�� � ��� � � ��� ��~id�e�� @ � P S u S���[aj�b P Sijc] uh� `lpUS,d � b P S
jcp�`�bcbkS u S u ±¹[\e°b P S u SUjc]_^ bkj�j P d"�ãe.^¢`�bkS u b P S��¬dl]ze m ` u oJ[aj�b P S(pr[ u pU^\SYd �
u ` m [\]zj�~_¡ �5²k¡
Æ Srb������{S�b P S�pUd ucu S�jhg¬d�e m [ae_�
jcSUb3d � T,`lgzg{S m g_[\S�p�Sr��[ajhS�p�d�e_jhb³`5e©b � ]zezpUbh[adlezj3pUd�eGb³`5[Ó¤
e_[ae_� � ���
��¡ Æ SUb � � �N~ u SUg u SUjcSUe©b
b P S�bh[aTVS�jhbkSUg�±¹� P [\p P T(]_jhb��{S(jh]64,pU[\S�eGbc^ o
jcT,`5^ ^�p�dlT,gz` u S m bkd � � d u jhbk`l�_[ ^\[ bEo�²³¡ OQP SUe���SijhS�SI2 � � � � �
� È � � � ,ED �� � ���i`le m
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� * � 8 � � � ,ED �� � � � � d u � �N~ $ � $ � � �sjc]zp P b P `5b � 	 � `le m � ,ED �� `lg_g u d�q:[aT,`5bcS/b P Sn­�SU^ m j`5b � ��~�`5e m � � � � � < u SUjcg{S�prbc[ ��SU^ oJ±§b P S-­�SU^ m � ,ED �� [\j3pUd�TVgz]_bkS m �§u d�T � 	 � `le m � 	�
�©oi` y ]ze_��Sr¤ � ]sbcb³`
j�bkS�g�`lgzgs^\[\S m bkd�b P S��°`�q:��Sr^\^{j�osj�bkSUT+²�`le m � * � 8 � ,ED �� �N~_¡ OQP S�e
� � � ,� � ���Yjc`5bc[\jh­zS�ji±§��S m S�ezd5bkS(�Go£± ' $ ' ²�b P S � � ± 
�²Q[\ezezS u g u d m ]_pUb � d u �lS�prbkd u d ujcp�`�^¢` u�� ]ze_pUbc[\d�ezjf`le m ]zjhSnjhb³`5e m ` u m ��`le m � p�d�TVg{d�ezSUe©bcj�d � b P SnSU^\S�pUb u [\p/­zSU^ m ² 3

	 � 	 � � � ,� � � � �� � �1$ � � � * 	 ��� 	 � � � ,� * � � �< � $ � � � *�
��� � 	 � � � ,� * � � �< � $ � � � ��� �

� � � � � � � ,ED �� $ � � � � ±	� � � ,ED � $ � � ² $ � � � �
� � 	
� � � � � ,� ��
 � � ,ED �� d�e �

� P S u S�±§[ � � � � p�d�j�± � ²Q`5e m � � � j�[ae½± � ²h²
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