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K$LNMO8PQO#R�S TVUWP�XZY\[^]_Ua`cb6O8]*`edZ]fUWPQUhg_[^]fUW`cb
i O�gkjlgk] MO8PQO&g+m�`cPQdlYaO8noO&g
p/q `&rfO8]0sut#v�w K*x

y [^dldz` q ] i O q O&m L O q m L O{b}|V~c�e�c��S �V[^boX�[ q j��8�e����S �e�	d�[&�cO&g

�Q�A�.�&�&�Z�c�V��K$L O�gkO8PQU��f��[&� q [^bZ�eUh[^b�[&]fPQ`�gkd L O q Uhm6PQ` i O8Y�`cb�] L O�gkd L O q O:��[cg�O i `cb�m�`ePQd�[cm.]���bZUW]fO
i U���O q O8b�m�O&g*Uhg*d q O&gkO8bo]fO i1��  b�] L O�]k¡+`^� i UaP¢O8b�gkUW`cb�[&Y/m�[cgkO�£1] L O�d�`c]fO�b¤]_Uh[^Y7¥V` q ]_Uhm�UW]�jQUhg*X�gkO i [eg¦`cbZO�`&§
] L O+d q `e�cbZ`�gk]fU\m¨¥e[ q Uh[&�ZYaO©g �/ª `eX q ] L �G` q i O q m�`cP¢d�[cm�]1�«bZUa]_O i U��1O q O8b�m.O&gA[ q O*X�g�O i ]f` i Uhg_m q O8]_Ua¬8O/� q gk]��
[^b i
gkO&m�`eb i �?` q i O q i O q UW¥e[^]fUW¥VO&g � K$L O q O&gkXZYW]­g*Uab�m.YaX i UWbZ� q O&[&Y i [^]®[�]fO&g�]­g¦d q O&g�O8b¤]_O i §¯` q �e°=g L [^YWYa`&¡±¡*[^]_O q
¥VO q g�Ua`cb�¡*UW] L ` q `c� q [^d L j i O8PQ`eb�gk] q [^]_O*Ua]®g/[cm8m.X q [em�j�¡*Ua] L ] L O*]fUWPQO*g�]fO8d�g�g�O8¥VO q [&YZ]fUWPQO&gN� q O&[^]_O q ] L [&b
Uab³²´XlYaO q Uh[^bµPQ` i O�Y � K$L O¢~c°¶¥VO q gkUW`cbµ`^§*] L OQPQ` i O8Y/X�g�O&g#] L O¢[^��g�`cYWXZ]fOQ¥V` q ]_Uhm�UW]kj:O&·VX�[&]fUa`eb � TV`ePQO
q O&g�XZYa]®g�Uab�m�YWX i UWbZ��[ q O&[^Y i [&]­[�§¯` q O&m8[cg�]6[ q O(d q O&g�O8b¤]_O i1� K$L O:d�[ q [^YaYWO8Y*UaP¢dZYaO8P6O.b¤]®[^]fUW`cbµ`^§u] L O�~e°
PQ` i O8Y�`cb�[ i Uhgk] q UW�ZXZ]fO i P¢O8PQ` q j�d�[ q [&YaYaO�YNm�`ePQdZXZ]_O q U\g i O&gfm q Ua��O i��
¸�¹VºN»f¼�½��^¾
�c�-¿ YWUaP:[&]fO$P¢` i O8YaYWUabZ�l£VgkO�PQU��_��[^� q [^bl�cUh[&b:gfm L O8P¢OV£cm.`cPQd�[em�]A��blUa]fO.� i U���O q O8b«m�O&g�£ed�[ q [^YaYWO8Y
m�`cPQdlXZ]fUWbZ�
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����¹�� ��O6PQ` i MO8YWO i O6m.U q m.XZYh[&]fUa`ebµ[^]_PQ`Vg�d L��O q Uh·VXZO��cYW`c��[&YaO6~c° dz`eX q g�UaP6XZYh[&]fUW`cb i O6m�YaUWP:[^]0O8]
YaO&g�O8]_X i O&g i O&g�d q��O i Uhm�]®[^�ZUWYaUW] �OQO8]®[^UW] i �O8¥VO8YW`cdZd �O � ��O�¥V` q ]_Uhm�UW] �O6O&gk]�XZ]_UaYWUhg �O�m�`ePQPQO�YWO(¥e[ q Uh[&�ZYaO:d q `^�
�cbZ`�gk]fU\·�XlO � ��OQPQ` i MO8YaO6O&gk]���[cg �O�gkX q YWOQg_m L��O�P:[:gkO8PQU��f��[&� q [^bZ�eUaO8b)·VXZOQd�O q PQO8]_]fO i�� XZ]fUWYaUhg�O q YWOQd�[cg
i O�]fO8P¢d�g#~©�?R(§¯`eUhg#dZYWX�g�·�XZO i [^b�g�YaO6gfm L��O8P�[�²/XZY �O q UWO8b ��� b³[(XZ]_UaYaU\g �O�Yh[Q¥VO q g�Ua`ebµ�c° g�X q Yh[:gkd L MO q O
dz`eX q i �O�¥VO8Ya`edZd�O q YWO*g_m L��O�P:[$b¤XlP �O q U\·�XlO�gkO8P¢U��?UaP6dZYaUWm�UW]kO´gkO8PQU��f��[&� q [^bZ�eUaO8b�O8b�XZ]fUWYaU\gf[^bo]NYaO©g i U�� �O q O8b«m�O&g
m�`cPQd«[cm�]_O&g¨��bZUWO&g i OQRcU MO8PQO�` q i q O � w¨�«b i�� �O8¥e[^YWXZO q Yh[:d q��O&m.UhgkUW`cb i X)g_m L��O�P:[QgkO�PQU��_��[^� q [^bl�cUaO�b�d�[ q
q [^dldz` q ] M[�XZb:PQ` i MO8YWO i O q��O�§ �O q O8b�m.O#²/XZY �O q UWO8b:gkd�O&m.] q [&YG£o`cb�[�§?[&Ua]+YaO&g�]fO&g�]­g*[8¥VO&m i O©g i `cbZb �O8O&g q��O�O8YaYWO&g �
��O&g q��O&g�XZYa]®[^]­g#PQ`eb¤] q O8bo]u·�XZO6YaO�P¢` i MO8YaO i `cblbZO�YWO�P��O8PQO�bZUW¥VO&[^X i�� O q_q O8X q g#·VXZO�YWO�PQ` i MO8YWO i O q��O.§ �O��
q O8b�m.O � °¦X¢dz`eUabo] i O#¥oXZO#boXZP �O q Uh·VXZOV£&Yh[�¥VO q gkUW`cb:~e° O©gk]$XlbZO#O8no]fO8b«gkUa`eb i X:PQ` i MO�YaO��cg L [^YWYa`&¡ ¡*[^]_O q �
` MX�`cb�XZ]fUWYaUhg�O#Yh[�] q [&b�gÊ§¯` q P:[&]fUa`eb i U\[^�e`cb�[&YaUhg �O8O i O&g$PQ` i O&g$d q `ed q O©g¨¥VO q ]fU\m8[^XZn6O8b�[8rf`eXZ]­[&b¤]0YaO&g �O&·VX�[©�
]fUa`eb�g i O�]fO�PQd �O q [^]fX q O#O8] i�� L XZPQU i Ua] �O � ��O©g¨d q O8PQUWO q g q��O©gkXZYW]­[^]®g$d�`cX q Yh[�¥VO q g�Ua`eb:~c° gk`cbo]0d q��O&g�O8bo] �O&g �
��O�PQ` i MO8YWO�O&g�]#d�[ q [^YWY �O8YWUhg �O�O8b�XZ]_UaYaU\gf[&b¤]0Yh[:m�`eb�m�O8dZ]_Ua`eb i O�P �O8PQ`eU q O i Uhg�] q Ua�ZX �O�O�[8¥VO&m�Y � [&U i O i O6v p  
� v�O&g_gf[^�eO p [egfgkUWbZ�   b¤]_O q §?[em�O! � °0O8XZn¢gk] q [^]_O8�cUWO&g i Oud�[ q [^YaY �O8YaUW¬&[^]_Ua`eb i O©g$m8[&Yhm�XZY\g�gkO8PQU��f��[&� q [^bZ�eUaO8b�g�O8]
YaO8X q+q��O&g�XZYa]®[^]®g¦g�`cbo]0m�`cPQd«[ q��O©g �
" ½Z�&�.»­�$#!�¹ � v�` i MO8YWUhg_[^]fUW`cb i O:m.YaUaP�[^]8£
g_m L��O�P:[:gkO8PQU��f��[&� q [^bZ�eUaO8bN£ i U���O q��O�b�m�O&g�m�`cPQd«[cm�]_O&g¦��bZUaO©g�£
m8[^Y\m�XZYhg�d�[ q [^YWYaO8YWO&g
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¿ YaUaP�[^]fO*P¢` i O8YaYWUabZ��U\g�`cblO#`^§7] L OuPQ`Vg�]$m.`cPQdZXl]fO q ]fUWPQO��Êm�`cb«gkXZPQUWbZ�#d q `c�ZYWO8P:g/Uab¢�cO8`�gfm�UWO8b�m�O �65 L UaYWO
gkO8PQU��f��[&� q [^bZ�eUh[^b¢[^dld q `�[cm L � [^Yhg�`27¤bZ`&¡*b¢[cg���[cm'7¤¡3[ q i m L [ q [em�]fO q Uhg�]fUhm�gAPQO8] L ` i  [^YaYW`&¡0g´]_`�X�gkO0� q O&[©�
]fO q ]fUWPQO�gk]fO�d�g�] L [^b dzO q PQUW]f]fO i �oj ¿ ª � b¤XlP���O q Ua]6Yh[em87lg	] L O�§¯` q P:[^Yum�`eb�gkO q ¥e[^]fUW`cb�d q `cd�O q ]fUaO©g �
K$L O�dz`e]fO8bo]fU\[^YN¥V` q ]fU\m�Ua]�j�U\g$] L O��cYW`c��[&YAUWb¤¥e[ q Uh[&b¤]+`^§�] L O�[^]_PQ`Vg�d L O q Uhm:9�`&¡�£�g�`�¡ L UWYaO i Uhgfm q O8]_Ua¬8UWbZ��UW]­g
m�`cb�g�O q ¥e[&]fUa`eb�Yh[8¡�£1`ebZO6m8[^b³[cm L UWO8¥VO��zO�]f]fO q m�`cb«gkO q ¥c[&]fUW`cb�d q `cd�O q ]_UaO&g � K$L Uhg¨§¯O&[&]fX q O�Uhg¦`&§*� q O&[&]#UaP��
dz` q ]®[^b�m�O$§¯` q Ya`ebZ�^�?]fO q P=UWb¤]_O8� q [^]_Ua`cb�`&§�] L O*PQ` i O8YVbZO8O i O i §¯` q d q O i U\m�]­[&�ZUaYWUa]�jugk]fX i UaO&g7[^b i g�UaP6XZYh[&]fUa`eb
`^§+m�YWUaP:[&]fO � T�O8PQU��_��[^� q [&bZ�cU\[^b�P¢O8] L ` i Uhg*¡*U i O�Yaj6X�gkO i bl`^¡ §¯` q b¤XZP¢O q U\m8[^Y�¡$O&[&] L O q d q O i U\m�]fUW`cb:�ZXZ]
¡$O�g�O8O�`cbZYWj�§¯O8¡ [^]f]_O8PQdZ]®g$]f`�X�g�O�UW]$Uab�m�YWUaP:[&]fO0PQ` i O8YWYaUWbZ�<; ~�=?£6; �&R�= �

K$L O*[^dld q `�[cm L ��[cg�O i `cb6g�O8PQU��_��[^� q [&bZ�cU\[^b6[ i ¥VO&m�]fUW`cb�`^§�d�`c]fO�b¤]_Uh[^Yo¥V` q ]fU\m�Ua]�j0¡*[cg7[^Y q O&[ i j�[&dZdZYWUaO i
Uab>; R�=�§¯` q �c°¶PQ` i O8Y+[^b i L [cg�g L `^¡*b³�c`V` i q O&gkXlYa]­g ��  bµ] L U\g�m8[egkOV£
] L O¢¡*Uab i �«O8Y i Uhg�O8n¤d q O&g_gkO i Uab
]fO q P:g�`&§�[6gk] q O&[&P §¯Xlb�m�]fUW`cb�[^b i ¥VO8YW`om�Ua]�j�d�`c]_O8b¤]_Uh[&Y � K$L Uhg*[&Yhgk`¢[^YWYa`&¡0g*]f`6X�gkO�[^b�XZb�g�]­[^�e�cO q O i � q U i
¡*Ua] L [�gkUabl�cYaO�gkO8]�`&§0] q [�rfO&m�]f` q UWO&g §¯` q [^YaY+¥e[ q U\[^�ZYWO&g�] L X«g�[©¥V`eU i UWbZ��P6XZYW]fUadlYaO�g�O8]�`^§u] q [8rfO&m�]_` q UaO&g#` q
[ iZi UW]fUW`cb�[&YNUabo]fO q dz`eYh[&]fUa`eb�g*[cg_gk`om�U\[^]_O i ¡*UW] L [�g�]­[&�c�cO q O i � q U i ; R�= �

  b�] L Oµg�O8PQU��_��[^� q [&bZ�cU\[^b�PQ` i O�Yhg�£�] L Oµ[ i ¥VO&m.]fUa`eb d�[ q ]QU\g i Uhgfm q O8]_Ua¬8O i ¡*UW] L ] L O�§¯`cX q ] L ` q i O q �
K$L O���bZUW]fO�� i U��1O q O8b�m.O i U\gfm q O8]fUW¬&[^]_Ua`eb�g#Uab�] L O:gkO�PQU��?UaP6dZYaU\mÕUW]¦d«[ q ]�`&§0] L O¢PQ` i O8Y+[ q OQX�g�X�[^YWYajµ`^§u] L O
gkO&m�`eb i ` q i O q � K$L O�m�`ePQd�[em�]$��bZUW]fO i U���O q O8b�m�O©g$X�gkO i Uab:] L Uhg0gk]fX i j�[^YaYW`&¡ ]_` L [8¥VO�] L O�§¯`cX q ] L �G` q i O q
i Uhg_m q O8]_Ua¬&[&]fUW`cb�UWb�] L O0g�O8PQU��GUWP�dZYWUhm­Ua]�d�[ q ]�] L X«gA�cUW¥¤UWbZ�#`&¥VO q [&YaYV§¯`cX q ] L �?` q i O q [cm�m�X q [em�j�¡ L UaYaO q O8]­[&UabZUWbZ�
] L O�g�UaPQdlYaUhm.Ua]�j�`^§7] L O�g�O&m�`eb i �?` q i O q g�`cYW¥VO q g � K$L U\g$Uhg$[em L UaO8¥VO i �ojQX�gkUWbZ��] L O ª `cX q UaO q+q O8d q O&gkO�b¤]®[^]fUW`cb
UabQ] L O#Ya`ebZ�cUW]fX i Uab�[&Y i U q O&m�]_Ua`eb � K$L O�Y\[^]f]_O q [&Yhg�`�§?[cm�UWYaUa]®[^]_O&g/] L O#UWPQdZYWO8P�O�b¤]®[^]fUW`cb�`&§/] L O¦§¯`cX q ] L �G` q i O q
UaPQdZYWUhm�U�] L ` q Ua¬�`cbo]­[^Y i U���X�g�Ua`eb �

  b:] L Uhg*d�[^d�O q £z¡+O�d q O&g�O8b¤]*] L O��cYW`c��[&Y ��blUa]fO.� i U���O q O8b«m�O#PQ` i O�YN¡ L Uhm L Uhg$��[egkO i `cb�] L O�d�`e]fO8bo]fU\[^Y
¥V` q ]_Uhm�UW]�j#O&·VX�[^]_Ua`cb6Uab�] L O0�c° m8[egkOu[^b i [^��g�`cYWXZ]fO0¥V` q ]fUhm.Ua]�j#O&·VX�[^]_Ua`eb�UWb�] L O0~e° m8[egkO � K$L O*b¤XZP¢O q U\m8[^Y
q O&g�XZYa]®g*[ q O��eUa¥VO8b�§¯` q ��`c] L ¥VO q g�Ua`eb�g$`^§7] L O�PQ` i O8Y � K$L O�d�[ q [^YaYWO8YNUaP¢dZYaO8P6O8bV]®[^]fUW`cb6`^§7] L O�~e° PQ` i O�Y
`cb�[ i Uhgk] q UW�ZXZ]fO i P¢O8PQ` q j�m�`ePQdZXZ]_O q U\g i O&g_m q UW�zO i1�

? @ ���3� 9������������ ��A ��!�� 
/!��	�&���2B � B¶���/�u� � �('����

K$L O���[cg�O�g L [^YaYW`&¡ ¡3[^]fO q O&·�X«[^]fUW`cb�g$`eb�] L O�gkd L O q O�[ q O�d�`c]_O8b¤]_Uh[&Y1¥V` q ]fU\m�Ua]�j6O&·�X«[^]fUW`cbCC�D EGFIHKJLNMOL0PRQTS �%U
P¢`cPQO8bo]fXlP=O&·VX�[^]_Ua`eb�g$¡ q UW]f]fO�b(UWb:] L O�¥VO&m�]_` q §¯` q P `cb�] L O�gkd L O q OE C�VC�D QXWYS M[Z\L]M J_^a` V
[&b i m.`cbo]fUaboXZUW]kj�O©·�X�[&]fUW`cb C � LKMOL0P  C�D S M � LaMOL0P  �b<c
x O q O F Uhg
] L O q O8Yh[&]fUa¥VO+¥V` q ]fUhm.Ua]�jV£ L U\g/] L O ���d��������� ���8�0���-��!8ef�g���'� £ L0P Uhg/] L O L O8UW� L ]/`^§ ] L O0g�X q §?[em�OV£J �0] L O ¿ ` q Ua`cYWUhg#d�[ q [^P¢O8]fO q £ V � L ` q UW¬8`cbo]­[&Y�¥VO8Ya`om�UW]�jV£hb-� i UW¥VO q �eO8b�m�O�£ C%iRC�D �#] LZq O8O.� i UWPQO8b�g�Ua`eb�[^Y

��[^� q [^bZ�eUh[&b i O q UW¥e[^]fUW¥VOV£ E C�VC�D QjW S L ` q Ua¬8`eb¤]®[^YNd q `&rfO&m�]_Ua`eb(`&§
E C�VC�D Q UçAç¶Ôlknm.o�p�o
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Uhg#� q [ i UWO8b¤]�`cd�O q [^]f` q `cb)] L O:gkd L O q OV£ � ��Ya`ebZ�cUW]fX i O�£�	 �uYh[&]fUa]_X i OV£ V Uhg�] L O6¥VO&m�]f` q `&§ L ` q Ua¬8`eb¤]®[^Y
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� �  M � � < ��2 ' m�`Vg>	 � <>�:2 ' � �J�� � M �J�� � < �  * 	 ' c � �  
x O q OQ¡+O L [8¥VO(]_`�[&dZd q `^noUaP�[^]fO �

i m�`Vg 	{Uab)] L O:� q g�]�]fO q P�`^§ ] L O:`cd�O q [^]_` q � [eg�[&b�[8¥VO q [&�cO
�zO�]k¡+O8O8b:[ i r­[cm.O8b¤]*� q U i d�`eUabo]­g*]f`6d q O&g�O q ¥VOu] L O�gkjoPQPQO.] q j�`&§�] L O i U\gfm q O8]fUW¬8O i ��[^dZY\[cm�U\[^b �

� ] L O q ]_O q P:g0Uabµ] L O i U\gfm q O8]fUW¬8O i §¯` q P `&§ � R	 #[ q O¢[^Y\gk`�P6XZYW]fUadlYaU�O i �¤j 4 � ' m.`Vg
	 ]_`:`c�Z]®[^Uab³] L O
§¯`cX q ] L �?` q i O q i Uhg_m q O8]_Ua¬&[&]fUW`cb �

w*]6] L O�d�`cYWO&g�£0] L O�UWb¤]_O8� q [^Y�[&dZd q `V[cm L i O&gfm q Ua��O i Uab ; ��=#U\g�X�gkO i ]_`�`c�Z]®[^UWb ] L OµgkO&m.`cb i ` q i O q
i Uhg_m q O8]_Ua¬&[&]fUW`cb ¥e[&YaU i [^]:] L O&gkOµd�`cUWb¤]®g � 5 OµP:[$7VO�X�g�O"`&§�] L O�§?[cm�]:] L [^]�] L Oµgfm�[^Yh[ q ��O8Y i L - m8[&b
L [8¥VO�`cbZYWj�¬8O q `e] L ª `cX q UaO q m�`VO � m�UWO8b¤]0bZ`e]�O&·VX�[^Y�]_`(¬�O q `�[^]�] L O6d�`cYWO&g � K$L O q O&gkXlYa]fUWbZ�:] q U i U\[^�c`eb�[^Y
P:[^] q Uan:O&·VX�[&]fUa`eb"¡*UW] L m�`cP¢dZYaO8n:XZb-7¤bZ`&¡*b�g�Uhg�gk`eYa¥VO i §¯` q O&[em L �L - � X�g�UabZ�:X�g�X�[^Y+] q U i Uh[&�c`eb�[^Y��u[^X�g_g
O8YaUWPQUab�[&]fUW`cb �

� b�m.O L - Uhg,7obZ`&¡*bN£N] L O i UW¥VO q �eO8b�m�O�b5Uhg#m8[&Yhm�XlYh[^]_O i § q `eP � R  � K$L U\g¦¡*[eg¦§¯`cXZb i ]f`:�eUa¥VO�P6X�m L
YaO&g_g¨bZ`eUhg�j(��O8Y i ] L [^bµg�] q [&Ua� L ]�§¯` q ¡3[ q i X�g�O�`&§ � ~  � s¦O8no]#g�]fO8d�Uhg¦]_`Q`c�Z]®[^UWb �L ����� [^b i ] L O8b q O8Y\[^]fUW¥VO
¥V` q ]_Uhm�UW]�j F �)��� § q `eP � �$ 0[^b i � �  q O&g�dzO©m�]fUW¥VO8Yaj � s¦`&¡±] L O�d�[^U q `^§ p `cU\gfgk`eb"O©·�X�[&]fUW`cb�g*`cb�] L O6gkd L O q O
Uhg*gk`eYa¥VO i ]f`���b i ] L O�g�] q O©[^P�§¯XZb«m�]fUW`cb���[&b i ¥VO8YW`om�Ua]�j�d�`c]_O8bo]fUh[&Y�� �Z ' � S F U � �  Z ' � S b+c � �8�  

K$L O i Uhg_m q O�]fUa¬©[^]fUW`cb6`^§7] L O©gkO#O&·VX�[&]fUa`eb�g�U\g���[egkO i `eb(] L O�g_[^PQOu[^dZd q `V[em L [eg�§¯` q g�`cYW¥¤UWbZ� � R  � K$L O
`cbZYWj i U���O q O8b�m�O�U\g¨] L [^]*§¯` q ] L O�O8noUhgk]_O8b�m�Ou`^§�] L O�gk`cYWXZ]fUW`cb�¡+O L [©¥VO�]_`	§¯XZY���YN] L O�m�`eb i Ua]_Ua`eb�] L [^]0] L O
�cYa`e��[^YlPQO&[^b�`^§ ] L O q Ua� L ] L [&b i gkU i O&gA��O*¬8O q ` � K$L UhgAU\g q O&[ i UaYWj�[cm L UaO8¥VO i �oj�gkXl�Z] q [cm�]_UabZ�#] L O&g�O*�cYa`e��[^Y
PQO&[^b¢¥c[&YaXZO©g�§ q `cP ] L O q O©gkd�O&m�]_Ua¥VO q Ua� L ] L [&b i gkU i O&g � gkO8O ;��.=1§¯` q i O8]­[&UaYhg  �

ª Uab�[&YaYaj6] L O L ` q UW¬8`cbo]­[&YN¥VO8Ya`om.Ua]�j6m�`cP¢dz`ebZO8bo]­g ��[^b i � [ q O q O&g�]f` q O i X�gkUWbZ� x O8YWP L `cYW]f¬0] L O�` q O�P��
� S M �� � �� 	 H �

�$m�`�g
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�
� �� 	 c � �8�  5 O�X�g�O�s0XZPQO q `^¥ � g�g_m L O�PQO¦]_` i Uhg_m q O�]fUa¬�O#] L O©gkO i O q Ua¥e[&]fUa¥VO©g �

  ]�P:[8j�gkO8O�P ] L [&]�] L O�d q `cd�`Vg�O i §¯`eX q ] L �G` q i O q [^Ya�e` q Ua] L P-§¯` q O8YaYWUadZ]_UhmÕ�?]�j¤d�O�O&·�X«[^]fUW`cb�g�Uhg#P6X�m L
PQ` q O#m�`ePQdZYWUhm8[&]fO i ] L [^b:] L O�`ebZO#��[egkO i `eb�g�O&m�`eb i �?` q i O q i U���O q O8b�m�O©g � x `&¡$O�¥VO q £V[eg$¡$O#d q O&m�`ePQdZXZ]_O
[^YaYu·VX�[^bo]fUW]fUaO©g	] L [^] i `)bZ`e]:m L [^bZ�eO"UWb ]fUWPQO:]f`�gk`eYa¥VO � R  ¢[&b i � � ���8�$ ­£0`cX q [^dld q `�[cm L q O&·�XlU q O©g
`cbZYWj ~³[ iZi UW]fUW`cb�[&Y�[ q Ua] L PQO8]fU\mQ`cd�O q [&]fUW`cb�g�d�O q O&·�X«[^]fUW`cb [&b i � q U i d�`cUWb¤]Q]_`)[^dldZYaj 4 � ' m�`�g 	=]f`
] L O q O&g�dzO©m�]fUW¥VO q UW� L ] L [&b i gkU i O�]_O q P�g � x `&¡+O8¥VO q £�] L O q O�Uhg6[^b [ ili Ua]_Ua`cb«[^Yum�`Vg�]QUab [^dZdZYWj¤UWbZ�µ] L O
§¯`cX q ] L �?` q i O q m�`cPQd«[cm�] i U���O q O8b�m�UWbZ��]_` � �c�Õ�®�8�$ �

  b:g�O8PQU��f��[&� q [&bZ�cU\[^b�[ i ¥VO&m�]fUW`cb6d�[ q ] x O q PQUa]_O$Uabo]fO q d�`cY\[^]fUW`cbQ¡*UW] L �l§¯] L �?` q i O q m�`ePQd�[cm.] i U���O q O�b¤�
m�UabZ� � ¿ t#°¨�Ê�  i O q UW¥c[&]fUW¥VO&g�O&g�]fUWP:[^]_O&g ; �¤�.=
Uhg$X«gkO i ]f`¢m8[^Y\m�XZYh[&]fO�] L O�·VX�[^bo]fUW]fUaO©g$[^] i O8d«[ q ]_X q O�d�`cUabo]­g
`^§*] q [8rfO©m�]f` q UaO©g � K$L O:[^YW�c` q Ua] L P-§¯` q ��b i UWbZ�:] L O i O8d�[ q ]fX q O�d�`eUabo]­g�`&§*] q [8rfO&m.]f` q UaO&g#U\g i O&gfm q Ua��O i Uab;�� �$= �65 O#X«gkO#YWUabZO&[ q UWb¤]_O q d�`cY\[^]_Ua`cb«g�]f`�O&gk]_UaP:[&]fO*O8no] q [^d�`cY\[^]_O i ¥VO8YW`om�Ua]_UaO&g�[^b i bZ`cblYaUablO&[ q ]fO q P4`^§7] L O
m�`cbo]fUWb¤XZUW]�j�O&·�X«[^]fUW`cb�[^]0] L O�P¢U i d�`cUWb¤]®g�`&§/] q [8rfO&m.]f` q UaO&g �

çAç¶Ôlknm.o�p�o



� ����� ��& �����Ren�
K [&�ZYaO6� ��� ' [^b i ���{O qfq ` q bZ` q P:g

�����
	�� � ��� ' � � ��� � � � ��� ' � � ��� � �


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

+ , 9�� �#�$�&%3�	�³����
/9��.��
 AV��� 
/!����&�8�2B � B ���7�#�.-6�#�$
/�����

ª U q gk]Q] L O"P¢` i O8Y0d q `e�ZYaO8P `&§ q O&gk]_` q UWbZ�)¥VO8Ya`om.Ua]fUWO&g�§ q `cP 7obZ`&¡*b ¥V` q ]_Uhm�UW]�j [&b i i Ua¥VO q �cO8b«m�O�X�g�UabZ�
x O8YaP L `cYW]f¬�] L O8` q O8P ¡3[cg�m�`eb�gkU i O q O i � ²�·¤g � � � �6���   � K$L O:¥VO8YW`om�Ua]�j(�«O8Y i ]f`���O q O©gk]f` q O i U\g�] L O
UabZUW]fUh[&Y1¥VO8YW`om�Ua]�j�`&§/] L O y `�gfgk�ojV� x [&X q ¡*UW]f¬�¡*[8¥VO#boXZP���O q R ; �e��=:�

� S �0/¢m.`Vg
	 � � H m.`Vg ' 	 � R´gkUab ' 	 M m�`�g ' 	  om.`VgZR � ! U
� S M R ��/¢m�`Vg21 	�gkUab 	�gkUWb*R �

[^b i ] L O�[cg_gk`om�U\[^]_O i ¥V` q ]fU\m�Ua]�j6[&b i�i UW¥VO q �eO8b�m�Ou[ q OF S /¢g�Uab 	 � � M ~c�/m.`Vg � 	�m�`VgZR � ! Ub S � U
¡ L O q O3/ S ��cÚ�^RV� ` ��� <
4 �

ª Ua�eX q O6� � çNÛ.ßÒß658ê87:9/Ó­à&ÐÒìNÙÜÖ6;/ì Ó=<�Ï/ÙÚÔ^ÙÚÖÒÙ�Ó­Øcß¯Ö?ÓÕÖ¯Ï.ñ

K [^�lYaO��6d q O&g�O8bo]­g�] L O>� ' [^b i ��� O qfq ` q bl` q P�g `&§ �)[^b i � §¯` q ] L O�m�`cbo¥VO8bo]fUa`eb�[^Y´gkO&m�`eb i ` q i O q
[^b i §¯`cX q ] L �?` q i O q m�`cPQd«[cm�]���bZUa]_O�� i U���O q O8b�m�O:g�`cYW¥VO q g�¡*Ua] L ] L O q O&gk`eYaXZ]_Ua`cb�� i O8� q O8O&g�UWb)Ya`cbl�cUa]_X i O
[^b i Yh[&]fUa]_X i O � w#g/O8nodzO©m�]fO i £c] L O*§¯`cX q ] L �G` q i O q m�`cP¢d�[cm�]
��bZUa]_O�� i U���O q O8b�m�O0[&dZd q `�[cm L ¡*[egA§¯`cXZb i ]f`���O
PQ` q O�[cm8m.X q [&]fO�] L [&b�g�O&m�`cb i �G` q i O q ��bZUa]_O i U���O q O8b�m�O&g �
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ª UW�cX q O�� ��� <.Û.ØÜà&ÖÒÙÜÛ.Ô*Û­á�ç Û.ß¯ß 58ê�7�97ÓÕà&Ð¯ìNÙÜÖ ;
ìNÓ=<.Ï�ÓfáWÖÒÏ�Ð��=7héeÓfê*ÙÜÔ8Ö¯Ï���Ð?ÓÕÖ¯ÙÜÛ.Ôoñ

ª X q ] L O q ]fO&g�]­g/¡$O q O*m.`cb i X«m�]fO i ¡*Ua] L ] L O0�e° ¥VO q gkUW`cb�`&§N] L O*PQ` i O8YZ¡*UW] L ] L O q O&g�`cYWXZ]fUW`cb¢� i O8� q O8O&g
Uab6Ya`cbl�cUa]_X i Ou[^b i Yh[^]_Ua]_X i O0[^b i ] L O0]fUWPQO*g�]fO8d � L `cX q � K$L O i UW�cUa]®[^Y¤�«Ya]fO q UWbZUa]_Uh[&YaUa¬©[^]fUW`cb ;��8~�=�¡*UW] L ] L O
m�XZ]f`&��d�O q Ua` i � L `cX q g ¡3[cg#[&dZdZYWUaO i Uab�[&YaY7m8[cg�O&g � K$L O6gk]­[&b i [ q i dz`eYh[ q b¤XlPQO q U\m8g�]_O&gk] [^b i y `Vg_gk�oj��
x [^X q ¡*Ua]_¬$¡*[8¥VO+b¤XZP6��O q R�]_O&gk] i O&g_m q UW�zO i Uab ; R�=o¡$O q O*g�X�m8m�O&g_gÊ§¯XZYWYaj#d«[cgfg�O i �¤j�] L O$PQ` i O�Y � K$L O*PQ` i O�Y
¡*[cg$§¯`cXlb i ]_`�P:[^UWb¤]®[^Uab¢] L O�UablUa]fU\[^Y
g L [^d�O�`&§ y `Vgfg��¤jV� x [^X q ¡*Ua]_¬�¡3[8¥VO¦§¯` q [^]0YaO&[egk]*`ebZO�PQ`eb¤] L � K$L O
UabZUW]fUh[&Y1¡3[©¥VO�[&b i UW]­g*g L [^d�O6[©§¯]_O q gkO8¥VO�b�[&b i �.R i [8jlg$`^§�PQ` i O8YNUabo]fO8� q [&]fUa`eb�[ q O}g L `&¡*b�Uab ª Ua��g � �­��~
q O&g�dzO©m�]fUW¥VO8Yaj � TVO8O ; ��=z§¯` q [ i U\gfm�X«gfgkUW`cb:[&��`cXZ]ug L [&d�O�`&§ y `�gfg��¤jV� x [^X q ¡*Ua]f¬�¡3[©¥VO0Uab i U���O q O8b¤]�PQ` i O8Yhg �

ª UW�cX q O�~ ��� <�Û.ØÜà&Ö¯ÙÜÛ�Ô0Û­á�çNÛ�ß¯ß658ê87�97Ó­à^Ð¯ìNÙÜÖ6;/ìNÓ=<.Ï�ÓfáWÖÒÏ�Ð���� 7\écÓfê+ÙÜÔ8Ö¯Ï���Ð?ÓÕÖ¯ÙÜÛ.Ôoñ

K$L O�] LZq O�O q O&[^Y i [^]®[�g L [^YWYa`&¡$�?¡*[^]_O q ]fO&g�]­g$¡*Ua] L `cXl]¦` q `c� q [&d L jQ§ q `cP ; �c��=N¡+O q O m8[ q_q UaO i `eXZ] � K$L O
�cYa`e��[^Y�bZ` q P:[&YaUW¬8O i y v"T�O q_q ` q g¦§¯` q ] L O L O8UW� L ]¦��O8Y i ¡*UW] Lµq O&g�dzO©m�]�]f`�] L O L Ua� L � q O&gk`eYaXZ]_Ua`eb � K �¤�8~$ 
gkd�O&m�] q [^Yl²/XZYaO q Uh[&b�PQ` i O8Yog�`cYaXl]fUa`eb ; �c~�=o[ q O*�cUW¥VO8b�Uab ª Ua� � R�[ �X5 O$g�O8O$] L [^]7] L O&g�O�O qfq ` q g7[ q O+bZ`c]
¡$` q g�O
çAç¶Ôlknm.o�p�o
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] L [&b�] L O&gkO*`&§7gk`eYaXZ]_Ua`cb«g´`e�Z]­[&UabZO i ¡*UW] L gkd�O&m�] q [^Y«²´XlYaO q Uh[^b6PQ` i O�Y¤¡*UW] L [ YWUa]_]fYaO+�ZUa] L UW� L O q O&·VXZUa¥e[^YWO8bo]
q O&g�`cYaXl]fUa`eb � K �c~o£A� � �V�&� i O8� q O8O&g  +[^b i ] L O�]fUWPQOugk]fO�d�§¯`eX q ]fUaP¢O&g�gkP:[&YaYaO q � ; �e~�=G£ ª Ua� � � � �e�  �

Normalized  RMS  height errors
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ª Ua�eX q O�R ��� å&Ï �.ØÜÛ�5eÓÕØ.Ô&Û�Ð¯Ñ#Ó­ØÜÙ ;�Ï�é7çAä�ë/Ï�ÐÒÐ¯Û�Ð¯ßZÛ­áeÖÒå&Ï1å&Ï�Ù �.å8Ö��cÏ�ØÜé+Ó­ß�áWà&Ô&ã�ÖÒÙÜÛ.Ô&ß¤Û­áeÖÒå&Ï�áaÛ.Ð¯Ïkã_Ó­ßÒÖlÖÒÙÜÑ0Ï.ñ�9
ÏkÐ¯Ñ0ÙÜÖÒÏ��1í�� 7
��ÙÜÔ8Ö¯Ï�Ð
	eÛ�Ø ÓÕÖ¯ÙÜÛ.Ô��
�eÐÒß¯Ö 7\Û�Ð¯é&Ï�ÐAé&Ï�ã�ÏkÔ�ÖÒÏ�Ð¯ÙÜÔ ��	eÓÕÐ?ÓÕÑ0Ï�ÖÒÏ�Ð���� o�� o �.æ�å&Û.ÐÒÙ ;�Û.Ô8Ö?ÓÕØVé&Ù���à^ß¯ÙÜÛ.Ô#ã�Û8ÏG×0ã�ÙÜÏ�Ô8Ö���������� �*o��! �Ñ#"%$­ßfæ
&'(� ��o%"/Ñ*)+��ØÜÏGáaÖ,).-8ÖÒå&Ï/ß?ÓÕÑ0Ï 5&à&Ö1áWÛ�Ð�ãkà�5&ÙÜã#/oÓ �.ÐGÓ­Ô ��Ù ÓÕÔ*ÙÜÔ�ÖÒÏ�Ð0	cÛ.Ø�ÓÕÖ¯ÙÜÛ.Ô���Ð¯Ù ��å�Ö1)�ñ

ª ` q m�`cPQd«[ q U\gk`ebN£/¡$O [^Y\gk` d q O&g�O8b¤] y v"TµO q_q ` q g�§¯` q ] L O&g�O:m8[cg�O&g�`c�l]­[^UWbZO i ¡*Ua] L `cX q g�O8PQU��
��[^� q [^bZ�eUh[&b(P¢` i O8Yo�ZXZ]�X�gkUWbZ��m�`cbo¥VO8bo]fUW`cb�[&YZm�Xl�ZUhm¦��[&� q [&bZ�cU\[^b:Uabo]fO q d�`cY\[^]fUW`cb6]f`�O&g�]fUaP�[^]fO i O8d�[ q ]_X q O
dz`eUabo]Q·VX�[&b¤]_Ua]fUWO&g � ª UW� � Re�� � � bZO m8[^b g�O8O�] L [^]:] L O&gkO�O qfq ` q gQ[ q O�� q O&[^]_O q UWb ] L Oµm8[cg�O�`^§}m�Xl�ZUhm
��[^� q [^bZ�eUh[&b�Uabo]fO q dz`eYh[&]fUa`eb ��ª X q ] L O q [&b�[^YWjZg�Uhg L [cg6g L `&¡*b�] L [&]�] L O:PQ`Vg�]6gkUa�ebZU��zm8[^bo] q O&g�d�`cb�g�O�]f`
] L O�m L [^bZ�eO�`&§�Uabo]fO q d�`cYh[&]fUW`cb�U\g¨`e��gkO q ¥VO i Uab�] L O i U\gfm q O8]fO�d�`c]_O8bo]fUh[&YA¥V` q ]_Uhm�UW]kj6O&·VX�[^]_Ua`eb(¡ L UaYaO�`e] L O q
O&·�X«[^]fUW`cb�g*[ q O�gkO�b�gkUW]fUa¥VOu]f`6] L O�]�j¤d�O#`&§�Uabo]fO q d�`cY\[^]fUW`cb:]f`6[6gkP�[^YaYWO q O8no]fO8bo] �

  ]+Uhg�UWb¤]_O q O©gk]fUWbZ��]f`�bZ`e]fO#] L O�g�] q [&Ua� L ]�§¯` q ¡3[ q i X«gkO#`&§ L �)��� Uab�g�]fO&[ i `&§ �L ���
� � �  �Uab¢] L O#d�`e]fO8bo]fU\[^Y
¥V` q ]_Uhm�UW]�j�O&·�X«[^]fUW`cb � �� q O&gkXlYa]­g$UWb:[�� q `&¡*] L `^§´O qfq ` q g$¡ L Uhm L U\g*�(24`cb [8¥VO q [&�cO�`cb:] L O �l§¯] L i [©j �

ª ` q `ebZO�`&§�] L O©gkO�m8[cg�O&g�£�b�[&PQO8Yaj�§¯` q ] L O�UablUa]fU\[^Y i [^]®[�`^§+�e�c�e�Qt K¦¿ �o��°¦O&m�O�P���O q �8�V�&�Q¡$O�[&Yhgk`
d q O&g�O8bo]*] L O�UablUa]fU\[^Y L O8Ua� L ]$�«O8Y i £Z] L O q O�§¯O q O8b�m�O�g�`cYWXZ]fUW`cb:`^§ K �o�8~�P¢` i O8Y
[^b i ] L O�g�`cYWXZ]fUW`cb��eUa¥VO8b:�oj
`cX q PQ` i O8Y � ª Ua� � �  �

ª Ua� � �#g L `^¡0g/] L O$�eO8`cd�`c]_O8bo]fUh[&Y¤��O8Y i `cb�] L O0gkO&m.`cb i�i [8j�§¯` q ] L O$UWbZUa]_Uh[^Y i [&]­[#`^§7�8� ª O�� q X�[ q j¢�8���©�
§¯` q ] L O6¥VO q g�Ua`cbµ¡*Ua] L ] L O6` q `e� q [^d L j � K$L O q O©gk`cYWXZ]fUW`cb�¡3[cg6� � � i O8� q O8O&g�[&b i ]fUWPQO6gk]_O8d�� � � L `cX q g�£
] L O:` q `c� q [^d L j�¡*[cg�]­[$7VO8b�§ q `eP ;�����=0[^b i ] L O:¥e[^YWXZO�`&§ i O&m�O�b¤]_O q UWbZ��d�[ q [&PQO8]fO q + Uab P¢`cPQO8bo]fXlP
[^b i m�`eb¤]_UaboXZUa]�j�O©·�X�[&]fUW`cb�g$¡3[cg*� � �c�o£Z] L O#d�`e]fO8bo]fU\[^Y1¥V` q ]_Uhm�UW]kj�O&·VX�[^]_Ua`cb¢�zO�UabZ�6m�O�b¤]_O q O i Uab¢]fUaP¢O ��5 O
`c��g�O q ¥VO�] L [^]ugkdZX q Ua`eX�g¨` q `e� q [&d L U\m q O©gk`cb«[^b�m�O�Uhg$¡+O8YaY
g�XZdZd q O&gfg�O i ¡*UW] L `eXZ] i O8� q [ i UabZ�Q] L O�[cm8m.X q [em�j
`^§7] L O�gk`eYaXZ]_Ua`eb � g�O8O<;�����=1§¯` q i Uhgfm.X�gfg�Ua`cb [^b i q O�§¯O q O�b�m�O�g�`cYaXl]fUa`eb� �

K$L O¦��O L [8¥oUa`eX q `^§
�cYW`c��[&Y�Uabo¥c[ q U\[^bo]­g/¡*[eg$gk]_X i UWO i UWb�] L O0]k¡+`�PQ`cbo] L g7gkUaP6XZY\[^]fUW`cb�¡*Ua] L � i O8� q O8O&g
q O&g�`cYaXl]fUa`ebµgk]®[ q ]_UabZ�Q§ q `cP �o�6°¦O&m�O8P6��O q �8�V�&� q O&[&Y i [^]®[Q¡*Ua] L `cXZ]#` q `e� q [&d L j � K$L O q O8Y\[^]_Ua¥VO�m L [&bZ�cO
`^§+P:[cg_g i X q UWbZ�Q] L O�d�O q UW` i `^§+Uabo]fO�� q [&]fUW`cb�¡3[cg#� � �&R32 � K$L O�]f`e]­[&Y/O8bZO q �cj�[©§¯]_O q ¡+O&[�7:`Vg_m�UaYWYh[&]fUa`eb�g
i X q UWbZ�#� q g�]0�8� i [8jZg i O©m q O&[egkO&g/¡*UW] L [�g�P:[^YWY q [^]_O¦¡ L UWYaO*] L O¦d�`e]fO8bo]fU\[^YZO8b«gk] q `cd L j6gk]_O&[ i UaYaj i O&m q O&[cg�O&g
gk]­[ q ]_UabZ��§ q `cP ] L O¦��O8�eUabZbZUWbZ��`&§/] L O q XZbN£o] L Ou¥c[&YaXZO©g´`&§/]_`c]®[^Y1O�bZO q �ej6[^b i dz`e]fO8bo]fU\[^Y�O8b�gk] q `ed L j¢[©§¯]_O q
]k¡+`�PQ`cbo] L g���O8Uabl�Q[&�z`eXZ]��(2 YaO©gfg$] L [^b�UWbZUa]_Uh[&Y1¥e[^YWXZO&g ��  b:] L O�[^�«gkO8b�m.O�`&§�` q `c� q [^d L Uhm#§¯` q m.UabZ�l£Z] L O
i Uhg_gkUad«[^]fUW`cb�Uab�m�YWX i O i UWb(] L O�P¢` i O8Y � i XZO�]f`QUWb¤]_O q d�`cY\[^]_Ua`cb�[&b i d�[ q [^PQO�] q UW¬8O iQi U���X�gkUW`cb� +P6X�gk]*YWO&[ i
]f`6[ i O&m8[8j6`^§�]_`c]­[&YNO8bZO q �cj:[&b i d�`e]fO8bo]fU\[^YN¥V` q ]fU\m�Ua]�j �
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K$L O��c`&¥VO q bZUabZ�µO&·VX�[^]_Ua`eb�g	§¯` q ] L O�PQ`eUhg�]Q[&]fPQ`�gkd L O q O�[ q O�¡ q Ua]f]_O8b�Uab�] L O�¥VO q ]fU\m8[^Y��z�Êm�`V` q i UWb�[^]_O
� � S 7 i 7 P £/¡ L O q O 7 P Uhg�] L O:g�X q §?[em�OQd q O&gfg�X q O  � K$L O�[^��g�`cYaXl]fO:¥V` q ]fUhm.Ua]�j�U\g�X�g�O i [cg�[�d q `c�ebZ`Vg�]fU\m¥c[ q U\[^�ZYWO q [^] L O q ] L [&b�dz`e]fO8bo]fU\[^Y
¥V` q ]fUhm.Ua]�jV£�7VO8O8dZUWbZ��Uab�PQUab i ] L [&]#] L O�Y\[^]_]fO q Uhg*¥VO q j i U � m�XZYW]$]f`¢X�gkO
¡*Ua] L �:¥VO q ]_Uhm8[&YZm.`V` q i Uab�[&]fO � ��[&]fO q £�¡*UW] L ] L O*UWb¤] q ` i X«m�]fUW`cb6`^§N] L O L j¤� q U i � M	� m�`V` q i Uab�[&]fOV£V¡+O*dZYh[&b
]f`6gk¡*UW]­m L ]f`6] L O�d�`c]_O8b¤]_Uh[&Y1¥V` q ]fU\m�Ua]�j6O&·�X«[^]fUW`cb �

K$L O�O©·�X�[&]fUW`cb:`^§+[&��gk`eYaXZ]_O�¥V` q ]_Uhm�UW]�j � gkO8OV£V§¯` q O8nl[^P¢dZYaOV£ ;��8��=  CC�D E F,HNJ QOS M � FIHKJ  �b M ��
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x ` q UW¬8`cbo]­[&Y1PQ`ePQO8bo]fXZP O&·VX�[^]_Ua`cb«g � X�gkO i ]_`�d q ` i X�m�O i U\gfm q O8]fO i Ua¥VO q �cO8b«m�O#O&·VX�[^]_Ua`eb� E C�VC�D QlWYS M Z\L]M ��
 ��� Z Yab.7 PXM J_^a` V H���� U � ��R  

x j i q `Vg�]­[^]_Uhm#O&·VX�[^]_Ua`eb
� L
� YWb�� S M ��
 ��� c � �8�  

¿ `eb¤]_UaboXZUa]�j6O&·VX�[^]_Ua`cb C Yab 7 PC�D H b H ����� � S �%U � � �  
K$L O q PQ` i j¤b�[&PQUhm*O&·VX�[^]_Ua`ebC �C�D M ��
 ���

��� 
 ;�� H ��� M �  ! $= E ��� H C YWb.7 PC�D QTS �#" U � �^�! 
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T�dzO©m�U���m L XZP¢U i UW]kj�O©·�X�[&]fUW`cb C  C�D S ��� c � �8�  
K$L O:gkjlgk]_O8P `&§#O©·�X�[&]fUW`cb�g�U\g�m�YW`VgkO i �¤j³[cg_gkXZP¢UabZ��dzO q Ua` i UhmQ��`cXZb i [ q j m�`cb i Ua]fUW`cb)Uab³Ya`cbl�cUa]_X i O

[^b i UaPQd�`Vg�UabZ��XZdZd�O q [^b i YW`^¡+O q ��`cXZb i [ q j�m.`cb i UW]fUW`cb�g
�� S ��� � S � " U���c

x O q O 7)Uhg�] L O�d q O&g_gkX q OV£�7 P �}gkX q §?[cm.O�d q O&gfg�X q OV£Ib � i Ua¥VO q �cO�b�m�O:[&]	� g�X q §?[em�OV£ ��
 � i q j)�V[cg
m�`cb�g�]­[&b¤]�£ � �+]_O8PQd�O q [&]fX q OV£  #�3gkd�O&m�U���m L XZP¢U i UW]kj�£ ��� �+¥¤U q ]_X�[^Y
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 U � � 
 �+gkd�O&m�U���m L O©[^]*`^§ i q j:[^U q [^]0m�`eb�gk]®[^bo]¦d q O&gfg�X q O�£ � ��] L O q [&]fUW`�`&§�g�dzO©m�U���m L O&[^]*`&§
PQ`cU\gk]+[^b i¢i q j¢[^U q £ � " �´¥c[&YaXZO0`^§ ��[&]*] L Ou]f`cd¢`^§7] L O0PQ` i O8Y�[&]fPQ`�gkd L O q O�[&b i ��� £ �#" £ ��� i O&gfm q Ua��O
gk`cX q m�O&g�[&b i gkUab-7Zg/`^§
P¢`cPQO8bo]fXlP�£ L O©[^]*[&b i PQ`eUhg�]fX q O q O&g�dzO©m�]fUW¥VO8Yaj i XZO0]f`}gkXZ�l� q U i gfm�[^YaO0d q `om�O&gfg�O&g �5 O i Uhg q O8]_Ua¬8O0] L O�[&��gk`eYaXZ]_O�¥V` q ]fU\m�Ua]�j�O&·VX�[&]fUa`eb:Uab:]fUWPQO#[eg
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x O q O�¡+O L [8¥VO�X�g�O i £7[cg�UWb�] L O i U\gfm q O8]fUW¬&[^]_Ua`cb�`&§0] L O¢�c° PQ` i O8Y?£N[�m�O�b¤]_O q O i ]fUWPQO�[&dZd q `&noUaP:[8�
]fUa`ebN£V¡ L UaYWO*`c] L O q O©·�X�[&]fUW`cb�g/X�g�O¨� q gk]��G` q i O q ]fUWPQO$XZb«m�O8bo]fO q UabZ�#]_`�g�XZdZd q O&gfg�] L OugkdZX q Ua`eX�g�` q `e� q [&d L U\m
q O&g�`cb�[&b�m�O �
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ª Uab�[&YaYaj�£�] L O�gkd�O&m�U���m L XlPQU i UW]�j�O&·VX�[^]_Ua`eb(U\g i Uhg_m q O�]fUa¬�O i [cg

 ����� S �  H ��� * D  � � � �c~  
x O q O �  ���
� i O�bZ`c]_O&g�[�¥e[&YaXZO�[^]6[&b�[ qfq UW¥e[^Y*d�`cUWb¤]6[&]�] L O:bZO8¡ ]fUWPQO6YaO8¥VO8Y?£ �  � � Uhg�[�¥e[&YaXZO�[^]] L O�m�` qfq O©gkd�`cb i UabZ� i O8d�[ q ]_X q O�dz`eUabo] � i O�]fO q PQUabZO i �oj:[6~c° ] q [8rfO©m�]f` q j  ­£�[^b i �  � � '�� [�¥e[^YWXZO�[^]0] L Om�` q_q O&g�dz`eb i UWbZ� �­i O8d�[ q ]fX q O��#d�`cUabo] � i O8]fO q PQUWbZO i �oj�] L O L ` q UW¬8`cbo]­[&YZd q `©rfO&m�]fUW`cb�`^§�] L O0~e° ] q [8rfO&m�]_` q j  

[^]�] L O6`cY i ]fUaP¢O�YaO8¥VO8Y � K$L O�gkXZ��g_m q UWdZ]�� Uab � �e�  i O8bl`c]fO©g�[ L ` q UW¬8`cbo]­[&Y�d q `&rfO©m�]fUW`cb�`&§0] L O6¥VO&m�]_` q
·�X�[&b¤]_Ua]_UaO&g �
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§?[^Yhg�O q O�d q O&g�O8bo]­[^]_Ua`eb�`&§/] L O#` q `c� q [^d L Uhm¦§¯` q m�Uabl�  �	� [egkU\m8[^YWYajV£c¡+O¦§¯`cYWYa`&¡�] L O � d�g�O8X i `�gk]®[^�c�eO q UWbZ�$�¢[^d¤�
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� [^]*YWO&[cg�]$d�[ q ]_Uh[^YWYaj  /�oj�] L O#§?[cm�]+] L [&]*] L O�PQ` i O8Y�m�X qfq O8bo]fYaj�X«gkO&g*·VXZUa]_O�m q X i O�m�YWUaP:[&]f`eYa`c�eUhm8[&Y�gkX q §?[cm�O
��O8Y i g � g�X q §?[em�O¦]_O8PQd�O q [^]fX q OV£egkO&[8�GY\[^b i P:[eg 7�O�]­m �  #Uabo]fO q d�`cY\[^]fO i § q `cP ] L O0PQ` i O�Y¤¡*UW] L ]k¡*U\m�O*m.`V[ q gkO q
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ª Ua�cX q O6�c� � è
ÔeÓÕØÜê ;kÏ�é#ß¯Ï_Ó 7\ØÜÏ2<�Ï�Ø 	&ÐÒÏ�ß¯ßÒà&Ð¯Ï�áWÛ�Ð6o�o�o.o­í � � � � �AÏ�ã�Ï�Ñ�5cÏ�Ð���� ��p^ñ

ª UW�cX q O6�8� � �^Û.Ð¯Ïkã_Ó­ßÒÖ¯Ï�é�ßÒÏ_Ó=7hØÜÏ2<.ÏkØ 	&ÐÒÏ�ß¯ßÒà&Ð¯Ï�áWÛ.Ð6o.o�o.o­í � � � � �
Ïkã�Ï�Ñ�5cÏ�Ð���� ��p&ñ
q O&g�`cYaXl]fUa`eb � K$L U\g ¡*UWYaY���OQm.` qfq O&m�]_O i UWb"] L O�§¯XZ]fX q OQ¥VO q gkUa`eb�`^§0] L OQPQ` i O�Y � x `&¡$O8¥VO q £1] L OQd q O&gfg�X q O
��O8Y i Uhg�§ q O�O�`&§/bl`cUhg�O �

K$L O q O8Y\[^]fUW¥VO�m L [^bl�cO�`^§+] L O�P:[cg_g¦`^§3] L O6[&]fPQ`�gkd L O q O i X q UWbZ�:`cbZO�P¢`cbo] L UWb¤]_O8� q [^]_Ua`cb�¡3[cg#YaO©gfg
] L [&b�� � �e� 2 �

� §3m�`eX q g�OV£NPQ` q O�]fO©gk]­g�[ q O�bZO8O i O i £1UWb�m�YWX i Uabl�:m�YaUWP:[^]_O�gkUaP6XZY\[^]fUW`cbQ§¯` q [&]�YWO&[cg�]��8�:jVO&[ q g � K$L Uhg
¡$`cXlY i q O©·�XZU q O�] L O*Uab�m q O&[cg�O$`&§1] L O*¥VO q ]fUhm�[^Y q O©gk`cYWXZ]fUW`cb�]_`�[^]/YWO&[cg�]��¤�+YaO8¥VO8YV]_`#d q O8¥VO8bo]A] L O*g�PQ`V`c] L UabZ�
`^§�] L O�] q `cd�`ed�[^X�g�O�; ��=7[^b i P¢` q O q O&[^YWUhgk]_Uhm#d�[ q [^P¢O8] q Ua¬&[&]fUa`eb�g*`^§�] L O�g�XZ�Z� q U i �Êgfm�[^YaO�d q `om�O&g_gkO&g � TVX«m L
]fO&g�]­g*[ q O�¥VO q j6O8nodzO�b�gkUW¥VO�gk`6] L O�d�[ q [&YaYaO�YaUa¬©[^]fUW`cbQ`&§�] L O�P¢` i O8Y1��O&m.`cPQO&g+[�m q X«m�Uh[&Y1Uhg_gkXZO �

çAç¶Ôlknm.o�p�o
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K$L O�m�` i O�Uhg$¡ q Ua]f]_O8b:Uab ª ` q ] q [&b"�e��¡*UW] L ] L O ª ` q ] q [^b��e�	O�n¤]_O8b�gkUW`cb�g*[8¥e[^UWYh[&�ZYaO#UWb:P:[^bojQm.`cPQdZUWYaO q g �
K$L O q O�Uhg0[^b�`cdZ]_Ua`cb�]_`QX�g�O�] L O�P:[&Uab q `eXZ]fUWbZO�¡ q Ua]f]_O8b:Uab ª ` q ] q [^bµ�e��¡ L U\m L [^YaYW`om8[^]_O&g i j¤b«[^PQU\m8[^YWYaj
] L O0bZO&m�O©gfgf[ q j6d�[ q ]­g$`&§
�ZUa�}[ qfq [8jZg i O8d�O8b i UWbZ��`eb:b¤XZP6��O q `&§
d q `om�O©gfgk` q g$X�g�O i1� K$L O m�X qfq O8bo]�¥VO q gkUW`cb
`^§7] L O�PQ` i O�YNm�`ePQd q U\gkO&g+[^��`cXl]#~e�c�c�e� ª ` q ] q [^b:YWUabZO&g$UWb��c�c� q `eXZ]fUWbZO&g �

K$L O$d�[ q [^YWYaO8YWUa¬&[&]fUW`cb�g�] q [^]fO��cj�`&§�] L O+PQ` i O8Yo[egfgkXlPQO&gN] L O i U\gk] q Ua�lXZ]fO i PQO8P6` q j#[ q m L Ua]_O&m�]fX q O � K$L O
v p   � v�O&g_gf[^�eO p [cg_gkUabl�   b¤]_O q §?[em�O! ;�����=+Uhg�X«gkO i ]_` L [&b i YWO:m�`cP¢P�XZblUhm8[&]fUa`eb�g¦��O8]�¡$O�O8b"d q `om�O&g_gk` q g �
� O&gkU i O&g$��O8Uabl��d�` q ]­[&�ZYaO�]_`QP:[^boj:m�`ePQdZXZ]_O q g�jZg�]fO8P�g$¡*Ua] L ��`e] L i U\gk] q Ua�ZXl]fO i [^b i g L [ q O i PQO�PQ` q jV£
v p   L [cgQ[&b [ i ¥e[^bo]­[&�cOµ]f`)[&YaYW`^¡ ] L O m�`cPQP6XZbZU\m8[^]_U�`cb�g�]_`�`&¥VO q Y\[^d�m�`cP¢dZXZ]­[&]fUW`cb�g � ²/¥VO q jo¡ L O q O
¡ L O8b�d�`�gfgkUW�ZYaO}gkX�m L [egkjob�m LZq `ebZ`cX�g�m�`ePQP6XZbZUWm8[^]_Ua`eb�g ������� �	��

����������� ����
	���  �[ q O�X�g�O i1�I5 O�X�gkO
] L O¢gkUWbZ�cYWOQd q `e� q [^P � P6XZYa]_UadZYWO i [&]­[ � T p v�°  �[^dld q `�[cm L ¡*Ua] L ] L O6P:[egk]fO q d q `om�O&g_g�[&Yhgk`µm�[ qfq j¤UWbZ�
`cXZ]  ��!� [&b i gk`ePQO�[ iZi UW]fUW`cb�[&Y
m�`cPQdlXZ]­[&]fUa`eb�g �

σ

Latitude

Longitude

j

j+8

j-8

ª Ua�eX q O6�8~�� �
Û�ÑuÓÕÙÚÔ�	eÓÕÐ¯Ö¯ÙÜÖÒÙÚÛ�Ô0ÙÜÔ#Ö¯å&Ï ��Ð¯ÙÜé�7!	eÛ�ÙÚÔ8Ö1ã�Û.Ñ 	&à&ÖGÓ­Ö¯ÙÜÛ�Ô&ß_ñ

��O�]�X�g�m�`cb«gkU i O q ] L O�m�`ePQdZXZ]®[^]_Ua`cb«[^Y*g�] q X�m�]fX q O:`^§u] L O:PQ` i O8Y �³ª U q gk]�] L O q UW� L ] L [^b i g�U i O&g�`&§
O&·�X«[^]fUW`cb�g � ���©�Ê�c~$ #[ q O}m�`cPQdlXZ]fO i�� K$L Uhg0Uab�m�YWX i O&g$] L O�m�[^Yhm.XZYh[&]fUa`eb�`&§�d q `e�cbZ`�gk]_Uhm�¥e[ q Uh[^�lYaO&g¦]_O8b i O�b¤�
m�UaO&g i XlO#]f`�d�[ q [^PQO8] q UW¬&[^]_Ua`cb«g � ]fO q P:g ��� U �#" U � � [&b i ���  ´[^b i m8[&Yhm�XlYh[^]_Ua`eb�`&§/]_O q P:g7[^]*]fUWPQO$YWO8¥VO8Y\g
6 [^b i 6 H � i ��Uab i j¤b�[&PQUhm�g O©·�X�[&]fUW`cb�g � x O q O�¡+O L [8¥VO L UW� L i O8� q O8O:`^§0d�[ q [^YWYaO8YWUhg�P�£
gkUab«m�OQ] L O&gkO
m�`cPQdlXZ]­[&]fUa`eb�g §¯` q [#�eUa¥VO8b�� q U i d�`cUWb¤] i `�bZ`c] q O©·�XZU q O3[ i r­[em�O8bo]�� q U i d�`cUWb¤]®g/Uab6Ya`cbl�cUa]_X i UWb�[^Y�[&b i Y\[^]fU��
]fX i UWb�[^Y i U q O&m.]fUa`eb�g�£V`ebZYaj6¥VO q ]_Uhm8[&Y�m�`eYaXZPQb«g�[ q O#blO8O i O i � ¡*Ua] L [�g�P:[^YWYZO8nlm�O8dZ]_Ua`eb	§¯` q ] L O�m8[^Y\m�XZY\[^]fUW`cb
`^§*bl`cbZYWUabZO&[ q ]fO q P � �  ��� bZO6g L `cXZY i bl`c]fO6] L [^]�] L O©gkO6m�`ePQdZXZ]®[^]fUW`cb�g q O8d q O&gkO�b¤]�[&��`cXZ] L [^Y�§$`&§0[&YaY
m�`cPQdlXZ]­[&]fUa`eb�g�UWb:]fO q P:g�`&§�] L O ¿+p t{]fUWPQO �

K$L O¦bZO�n¤]�g�]fO8d6Uhg/]_`���b i6i O8d«[ q ]_X q O0d�`cUWb¤]®g�[&b i UWb¤]_O q d�`cY\[^]_O*] L O q UW� L ] L [^b i gkU i O&g/]f`�] L O8P � K$L Uhg
d�[ q ]AU\g q O&g�dz`eb�gkUW�ZYaO�§¯` q [^��`cXl]�~c� 2 `^§ ¿+p t ]_UaPQO7dzO q ]fUaP¢O�gk]_O8d � K$L O x O q PQUa]_O ¿ t#°¨�Ê�¦Uabo]fO q d�`cY\[^]fUW`cb
q O&·VXZU q O&g#��R&�Gd�`eUabo]�g�]fO8b«m�UaYNUWb�Ya`ebZ�cUW]fX i Uab�[&Y i U q O&m�]_Ua`cb�[&b i �8��d�`eUabo]k�Êgk]fO�b�m�UaY
Uab�Yh[&]fUa]_X i UWb�[^Y i U q O&m�]_Ua`cb �
� O&gkU i O&g�£ i O8d�[ q ]fX q O�d�`cUWb¤]®g¦`^§´] L O�bZO8Ua� L ��`eX q UWbZ�:[ q_q UW¥c[&YAd�`eUabo]­g i `¢bZ`c]0bZO&m�O©gfgf[ q j:YaUWO�m�YW`Vg�O�]_`QO&[em L
`c] L O q � °¦O8d�[ q ]fX q O�d�`eUabo]�m8[^b�YaUWO�[^]ugkO�¥VO q [&YA� q U i Uabo]fO q ¥e[^Yhg$§ q `eP ] L O}[ qfq Ua¥e[^Y7dz`eUabo] � K$L O�P:[&n¤UWP�XlP
¡*U i ] L `^§
] L O i O8d�O8b i O8b�m�j i `eP:[^UWbQm8[&bQ��O�`c�Z]®[^UablO i § q `eP¶] L O#PQO©g L gkUa¬�OV£V]fUaP¢O0gk]fO�d:[^b i P:[&n¤UWP�XlP
¡*Uab i g�d�O8O i Uab:] L O�[^]_PQ`Vg�d L O q O � [&�z`eXZ]��c�8��P � g  � K jodZUhm�[^Y L [^Y�§h�?¡*U i ] L `^§7] L O i O8d�O8b i O�b�m�j i `cP:[&Uab
Uab:`cX q PQ` i O8Y1§¯` q �eUa¥VO8b q O©gk`cYWXZ]fUW`cb�Uhg0�	d�`cUWb¤]®g¨UWb�O&[em L�L ` q Ua¬8`eb¤]®[^Y i U q O&m.]fUa`eb � K$L U\g¨P¢O&[^b�g$] L [^]*§¯` q
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PQ` i O q [^]fOub¤XZP6��O q `^§�d q `om�O&g_gk` q g0[©¥e[&UaYh[&�ZYaO � �8�©�Ê~c�$ 0[^b i [6m�`ePQdZXZ]_O q ¡*UW] L gkUW�cbZU���m8[^bo]$Y\[^]_O8b�m�jQ]_UaPQO
Ua]�¡$`eXZY i ��O���O8bZO��zm�Uh[&Yz]_` q O&gk] q Uhm.]�`eX q g�O8Ya¥VO©g��oj�] L O���°{d�[ q ]fUa]_Ua`ebZUabZ��`^§
] L O�m�`ePQdZXZ]®[^]fUW`cb�[&Y i `cP:[&Uab
gk`�] L [^]$O©[cm L d q `om.O&gfg�` q d�O q §¯` q P:g+m�`cP¢dZXZ]­[&]fUW`cb�g/Uab�gk`cP¢O¦��[&b i `^§7Yh[&]fUa]_X i O&g � ª UW� � �8~  � ¿ YWO&[ q YajV£o�e°
d�[ q ]fUa]_Ua`ebZUabZ�6Uhg$P¢` q O��eO8bZO q [^Y7[^b i [^YaYW`&¡0g¨]_`�X�g�O�P6X�m LQL Ua� L O q boXZP6�zO q `^§�d q `om�O&g_gk` q g � x `&¡$O�¥VO q £oUa]
[^Yhg�` q O&gkXZYW]­g#Uab [(� q O&[^]_O q b¤XlP���O q `&§0O8nlm L [&bZ�cO©g ��O8]�¡+O8O8bµd q `om�O©gfgk` q g � 5 O6¡*UaYWY i O8P¢`cb�g�] q [&]fO6bZ`&¡
] L [&]�`eb�] L O*�cUW¥VO8b6m�`ePQdZXZ]_O q UW]/Uhg
�zO�bZO���m�U\[^YZ]_` q O i X«m�O*] L O*boXZP6��O q `&§NO8nlm L [^bZ�eO&g�£e¡ L UaYWO$] L O¦¥V`eYaXZPQO
`^§7] L O�] q [^b�gG§¯O qfq O i:i [^]®[�Uhg$`ebZYaj�gkO&m�`eb i [ q j:m�`eb�m�O q b �

σ

Longitudinal wavenumber

Latitude

i

Fourier spaceª Ua�eX q O��.R � �AÛ.Ñ#Ó­ÙÜÔ 	eÓÕÐ¯Ö¯ÙÜÖÒÙÚÛ�Ô0ÙÜÔ0ÖÒå&Ï �^Û.à&ÐÒÙÜÏ�Ð�ß
	eÓ­ãkÏ�ã�Û.Ñ 	&à&ÖGÓ­Ö¯ÙÜÛ�Ô&ß_ñ
  b i O8O i £Z��O�§¯` q O�P:[$7¤UWbZ��Uabo]fO q d�`cYh[&]fUW`cb�g*¡$O�bZO8O i ]f`6] q [&b�gÊ§¯O q ] L O�¥e[^YaXlO&g¨`&§+] L O}m�`cPQdlXZ]fO i q Ua� L ]

L [^b i gkU i O&g¨§ q `cP [ i r­[cm�O�b¤]#Y\[^]_Ua]fX i Uab�[&Y q `&¡0g#U�§+] L O&gkO q `&¡0g�[ q O6m�`ePQdZXZ]_O i �oj�`e] L O q d q `om�O&g_gk` q � K `
Uabo]fO q dz`eYh[&]fO�·VX�[^bo]fUW]fUWO&g$[&] i O�d�[ q ]fX q O�d�`eUabo]­g�§¯` q `cblO�YW`cbZ�eUa]_X i Uab«[^Y q `&¡�£Z¡+O#bZO8O i ]_` L [8¥VO i [^]­[�`^§´[^]
YaO&[egk]�� q `&¡0g#§ q `cP5��`c] L gkU i O&g#`^§*] L Uhg q `&¡ � 5 O L [8¥VO�]f`:] q [^b�gG§¯O q ] L O i [&]­[�§ q `eP Yh[^]_Ua]_X i Uab«[^Y q `^¡0g
¡ L Uhm L [ q OQYW`om8[^]_O i UWb�`c] L O q d q `om�O&g_gk` q g � � blO:[^dZd q `V[em L ]f` i `�] L U\g�Uhg�]f` gkO8b i ] L O q `&¡4`cb�m�O¢] L O
¥c[&YaXZO©g `&§N] L O q UW� L ] L [^b i gkU i O&g
[ q O0m.`cPQdZXl]fO i [^b i ]_`#`&¥VO q Y\[^d�m.`cPQdZXl]­[^]_Ua`eb�g `&§�] L O0·VX�[^bo]fUW]fUWO&g `&§�] L O
bZO8no] q `&¡=¡*UW] L ] L O�] q [&b�gÊ§¯O q `&§*] L OQ[&Y q O©[ i j m�`cPQdlXZ]fO i d q O&m�O i O8bo]¦YW`cbZ�eUa]fX i Uab�[&Y q `&¡ � K$L Uhg q O©gkXZYW]­g
Uab)[��ZUa��boXZP6��O q `^§uO8nZm L [&bZ�cO&g � w¦bl`c] L O q [^dZd q `V[em L U\g�]f`�] q [^b�gG§¯O q ] L O(blO&m�O&g_gf[ q j q `&¡0g�[8§¯]fO q [&YaY
] L O&g�O#m.`cPQdZXl]­[^]_Ua`eb�g�[ q O m�`cPQdlYaO8]_O i1�
  b�] L Uhg+m8[cg�O#] L O0boXZP���O q `^§
O8nlm L [^bZ�eO&g�d�O q d q `om�O&gfg�` q U\g�P6X�m L
gkP:[&YaYaO q � K$L O q O&g�XZYa]_UabZ��d�[ q [&YaYaO�Y
gkd�O8O i Xld�§¯` q �z`e] L g�] q [&]fO8�eUaO&g � UWb:]fO q P:g$`^§�] L O�¡3[^YWY
m�Ya`om'7Q]fUWPQO! 7Uhg
i O8dZU\m�]fO i Uab ª Ua� � �8� � � bZO�m8[&b�g�O8O�] L [&]¦] L O�gkO&m.`cb i [^dld q `�[cm L �cUW¥VO&g*[���O8]f]_O q d�[ q [^YWYaO8Y
g�d�O8O i XZd �

� b�m.O#Uabo]fO q d�`cYh[&]fUW`cb�g+[^b i:i U q O&m�]�§?[cg�] ª `cX q UaO q ] q [^b�gG§¯` q P�g$UabQYW`cbZ�eUa]fX i O�[ q O¦��bZU\g L O i £Z¡$O L [©¥VO0]f`
q O i U\gk] q Ua�lXZ]fO i [^]®[�§¯` q ª `cX q UaO q g�d�[cm.OQm8[&Yhm�XlYh[^]_Ua`eb�g � K$L O¢m8[^Y\m�XZY\[^]fUW`cb�g*§¯` q O&[cm L Ya`cbl�cUa]_X i UWb�[^Y/¡3[8¥VO��
b¤XZP6��O q�q O&·VXZU q O0] L O�¥e[^YWXZO&g$`^§´[^YWYNYh[&]fUa]_X i O&g � ª UW� � �.R  ­£�g�`�¡+O#bZO8O i ]_`�d q `&¥oU i OuO&[cm L d q `om�O©gfgk` q ¡*UW] L
] L O�m�` qfq O©gkd�`cb i UabZ� i [^]®[ � K$L Uhg*Uhg*m8[&YaYaO iQi [^]®[�] q [^b�g�d�`VgkUW]fUW`cb � 5 O�d�O q §¯` q P UW]*�¤j�� q gk]um�`eYaYaO©m�]fUWbZ��[&YaY
] L O i [^]­[�]_`�] L O¢P:[cg�]fO q d q `om�O&gfg�` q [&b i ] L O8b�g�O8b i UWbZ��] L OQd�[ q ]­g�`&§�[ qfq [©jlg�]f`�] L O�m�` qfq O&gkd�`cb i UabZ�
d q `om�O©gfgk` q g*X�gkUWbZ�¢[cgkjob�m LZq `ebZ`cX«g¦m�`ePQP6XZbZUhm�[^]fU�`eb�g �

K$L OQm�`ePQdZXZ]®[^]_Ua`cb«g�Uab ª `cX q UaO q g�d�[cm�O¢Uabo¥V`cYa¥VO�] L O¢m8[&Yhm�XZY\[^]_Ua`cbµ`^§0] L O y0x T:§¯` q ] L O i Ua¥VO q �cO8b«m�O
O&·�X«[^]fUW`cbN£�g�`cYWXZ]fUW`cb `&§#] L O�gkjlgk]_O8P:g�`&§#O©·�X�[&]fUW`cb�g � ~¤�Õ�Ê~c�$ ­£ L ` q Ua¬�`cbo]­[^Y$§¯`eX q ] L �?` q i O q i U���X�g�Ua`eb�[^b i
m8[^Y\m�XZYh[&]fUW`cb�`&§ L ` q Ua¬8`eb¤]®[^Y/¥VO8YW`om�Ua]�j:m.`cPQd�`cblO8b¤]®g3§ q `cP ²�·og � � �©�®�8�$ � K$L O©gkO6m�`ePQdZXZ]®[^]fUW`cb�g0[ q O�d�O q �
§¯` q P¢O i UWb:d�[ q [^YaYWO8Yz§¯` q O&[cm L Ya`ebZ�cUW]fX i UWb�[^YN¡3[8¥VO8b¤XlP���O q � w¨§¯]fO q ª `cX q UaO q ��g�d�[cm.O�m�[^Yhm.XZYh[&]fUa`eb�g�¡+O�bZO8O i
[^�V[&Uab)]f`µd�O q §¯` q P i [^]­[�] q [^b�g�d�`VgkUW]fUW`cb�g�Uab�m.OQ¡$O:bZO8O i [^YWY*Ya`cbl�cUa]_X i UWb�[^Y*¡3[©¥VO�b¤XZP6��O q g0]f`µdzO q §¯` q P
Uabo¥VO q g�O ª `cX q UaO q ] q [&b�gÊ§¯` q P:g �
çAç¶Ôlknm.o�p�o
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Parallel speedup

 Version 2

 Version 1

Number of processors

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

5.50

6.00

6.50

7.00

7.50

8.00

8.50

5.00 10.00 15.00

ª Ua�eX q O6�8��� �1Û.Ñ 	cÓ­Ð¯ÙÜßÒÛ.Ô*Û­áZÖhì�Û*Ó%	�	&Ð¯Û8Ó­ãGå&Ï�ß áWÛ.Ð�	eÓÕÐ?ÓÕØÚØÜÏ�ØÜÙ ;_ÓÕÖ¯ÙÜÛ.Ô*ÛÕálß¯ÏkÑ0Ù 7 /¤Ó ��Ð?Ó­Ô �.Ù�Ó­Ô$ã�Û.Ñ 	&à&ÖGÓ­Ö¯ÙÜÛ�Ô&ß_ñ
p/q [cm�]_Uhm8[&Y�d«[ q [&YaYWO8Y�m�`ePQdZXZ]®[^]fUW`cb�g#¡+O q O¢m�`cb i X�m�]_O i `eb TVUWYaUhm.`cb � q [&d L Uhm�g p `&¡$O q	¿�L [^YaYWO8bZ�eOQw q �

q [8j � K$L Uhg�m�`ePQdZXZ]_O q#L [eg�§¯`cX q bl` i O&g�¡*Ua] L XZd)]f`³� ��d q `om�O&g_gk` q g	O©[cm L m�`ebZbZO&m.]fO i ¥oUh[Q§?[cg�] x   p�p  
m q `�gfgk�«[ q � ²�[cm L bZ` i O L [eg�m�`cPQP¢`cb:PQO8PQ` q j�§¯` q UW]­g*d q `om.O&gfg�` q g � K$L O�UWPQdZYaO�P�O.b¤]®[^]_Ua`cb¢`^§0v p   `eb
] L U\g*m�`cPQdlXZ]fO q P:[�7VO©g´X«gkO�`^§�] L Uhg*[ q m L Ua]_O&m�]_X q O �5 UW] L ] L O�m�X qfq O�b¤] q O&gk`eYaXZ]_Ua`ebN£*] L O�PQ` i O8Y0m8[^b X�g�O�XZd�]f`)~e��d q `om�O©gfgk` q g � p/q [cm.]fUhm�[^Y0d�[ q [^YaYWO8Y
m�`cPQdlXZ]­[&]fUa`eb�g�¡+O q O:d�O q §¯` q P¢O i ¡*Ua] L ] L O:boXZP���O q `^§ud q `om.O&gfg�` q g6¥c[ q joUabZ��§ q `cP `cblO(]_` ��� UWb)] L O
bZ`cb¤� i O i Uhm8[&]fO i P¢` i O � � bZYaj6b¤XlP���O q gA`^§
d q `om�O&g_gk` q g$d q `&¥oU i UWbZ���c`V` i Ya`V[ i ��[&Yh[^b«m�UabZ��¡$O q O#g�O8YaO©m�]fO i��
  b:`eX q m�[cgkO�£¤] L O&gkO�boXZP���O q g$m�` qfq O&gkd�`cb i UabZ�¢]f`6�c��� q U i dz`eUabo]­g*[&]¦] L O�Yh[^]_Ua]_X i Uab«[^Y i U q O&m�]_Ua`ebQ¡$O q O6�c£
�¤£�~¤£��o£ �¤£��o£A����[&b i ��� �

p [ q [&YaYWO8Y�gkd�O8O i XZdµ`^§*`eX q PQ` i O8Y7Uhg i O�dZUhm�]_O i Uab ª UW� � � � � K$L O q O¢[ q O�]�¡$`�m�X q ¥VO©g;�¦§¯` q ] L O�]_UaPQO
gk]fO�d�¡*Ua] L ] L O�m8[^YWY$`&§�g�`cYh[ q�q [ i Uh[&]fUa`eb d�[ q [&PQO8] q Ua¬&[&]fUW`cb³[^b i ¡*Ua] L `cXZ]�] L Uhg�m8[^YWY � 5 O:m8[&b)`c��g�O q ¥VO
] L [&]�Uab�m q O&[cg�UabZ�µ] L O(¥V`eYaXZP¢O�`&§�m�`cP¢dZXZ]­[&]fUW`cb�g�Uab)] L O:� q g�]�d�[ q ]�`&§�] L O(]_UaPQO¢gk]_O8d q O&gkXlYa]­g�UWb)] L O
Uab�m q O&[cg�O i d�[ q [^YWYaO8Y�O � m�UWO8b�m�j � x O8b�m�O�`ebZO)m8[&b O�n¤d�O&m�]:] L [^]�[ i ¥c[&b�m�O i � PQ` q O�]fUWPQO�m.`cb�g�XZPQUabl�  
d�[ q [^PQO8] q UW¬&[^]_Ua`cb«g¦`^§3] L O¢gkXZ�l� q U i �Êgfm8[&YaO6d q `om�O©gfgkO©g�]f`:��O6UaPQdZYWO8P6O8b¤]_O i UWb"] L O�blO8n¤]u¥VO q g�Ua`cbµ`^§3`cX q
PQ` i O8Y�¡*UaYaY�UaPQd q `&¥VO*] L O�d�[ q [&YaYaO�YNO � m.UaO8b�m.j�`^§7] L O�m�` i O �

� � ����%0�^9�
7�8����


K$L O$�eYa`c�«[^YlgkO8PQU��f��[&� q [^bZ�eUh[^b6[&]fPQ`�gkd L O q U\m´P¢` i O8YV��[egkO i `cb�§¯`cX q ] L �G` q i O q m�`cPQd«[cm�]1��blUa]fO i U���O q O8b«m�O&g
¡*[cg i O©gfm q Ua��O i1� K$L O q O©gkXZYW]­g/d q O©gkO8bo]fO i §¯` q �c°{g L [^YWYa`&¡ ¡3[^]fO q ¥VO q gkUa`eb�¡*Ua] L ` q `c� q [&d L j i O8P¢`cb�g�] q [&]fO
Ua]­gu[cm8m�X q [cm.jµ[cg#¡$O8YWY�[cg�m8[&d�[^�lUaYaUW]�j�]f`:P:[&Uabo]­[&Uab q O&[cg�`cb�[&�ZYaO¢�zO L [8¥¤UW`cX q `&§0�cYW`c��[&Y�UWb¤¥e[ q Uh[&b¤]®g � K$L O
[cm8m�X q [cm.j `^§�] L Oµg L [&YaYW`^¡5¡*[&]fO q ¥VO q gkUW`cb�`^§�`eX q PQ` i O8Y0¥VO q U���O i `eX q [^dZd q `V[em L [^b i O8b�[&�ZYaO i ] L O
i O8¥VO8YW`cdZPQO�b¤]#`&§�] L O:] Llq O8O�� i UWPQO8b�g�Ua`cb«[^Y$¥VO q gkUW`cb � K$L O ~c°-PQ` i O�Y$d q O&gkO8bo]fO i L O q O:¡*[eg�¥e[^YWU i [&]fO i
X�gkUWbZ� q O&[&Y i [&]­[�§¯` q O&m8[egk]0[&b i §¯X q ] L O q `cblO��GP¢`cbo] L Uabo]fO8� q [^]_Ua`eb ��  ]$Uhg*m.`cb�g�U i O q O i [eg$] L O¦� q gk]*¥VO q gkUW`cb
`cbZYWj � x `&¡+O8¥VO q £&¡*Ua] L `cX q O8nod�O q UWPQO8bo]N¡$O i O�PQ`cb�g�] q [^]fO i ] L [&]�] L O0[^dld q `�[cm L £¤��[egkO i `cb�§¯`cX q ] L �G` q i O q
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Parallel speedup

 Time step with radiation

 Average

Number of processors

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

5.50

6.00

6.50

7.00

7.50

8.00

8.50

9.00

9.50

10.00

5.00 10.00 15.00

ª Ua�eX q O���� � �1Û�Ñ 	eÓÕÐ¯ÙÜß¯Û�Ô*Û­á 	cÓ­Ð?ÓÕØÜØÚÏkØVß0	cÏ�Ï�é&à 	�é&à&Ð¯ÙÜÔ �*ÖÒå&Ï/Ö¯ÙÜÑ0ÏAß¯ÖÒÏ.	�ìNÙÜÖ¯å#Ó$ã_Ó­ØÜØVÛ­áZÐ?ÓÕé&Ù�Ó­Ö¯ÙÜÛ�Ô 	eÓ­ÐGÓ­Ñ0ÏkÖ¯Ð¯Ù ;_ÓÕÖ¯ÙÜÛ.Ô#Ó­Ô&éÓÕÔuÓ=<�Ï�Ð?Ó �.Ï/ß0	cÏ�Ï�é&à�	oñ

m�`cPQd«[cm�]/��bZUW]fO i U���O q O8b�m�O©g´`eb:XZb�gk]®[^�e�cO q O i � q U i m�`eP��ZUWbZO i ¡*Ua] L ] L O#X«gkO#`&§
¥V` q ]_Uhm�UW]�j�[cg$d q `c�ebZ`Vg�]fU\m
¥c[ q U\[^�ZYWOV£¤¡+` q 7lg �+ª X q ] L O q ]fO&g�]­g*`^§7] L O�PQ` i O�Y1¡*Ua] L:L Ua� L O q*q O©gk`cYWXZ]fUW`cb [ q O�UWb�m.`cX q gkO �

K$L O � q gk] q O©gkXZYW]­g*`^§�] L O�d�[ q [^YaYWO8YNUaP¢dZYaO8P6O8bV]®[^]fUW`cb6`cb�] L O6TVUaYWUhm�`eb � q [^d L Uhm8g p$¿ w d�[ q [&YaYaO�Y
m�`cP��
dZXZ]fO q ¡+O q O�d q O&gkO8bo]fO i [^b i�i O8PQ`eb�gk] q [^]_O i q O&[egk`eb�[^�ZYWO�d�[ q [^YWYaO8Y
g�dzO�O i XZd � K$L O q O�Uhg0gk]_UaYWY/[ q `V`eP §¯` q
§¯X q ] L O q UaPQd q `&¥VO8P�O.bo]�`&§+] L O�d�[ q [^YaYWO8YNO � m�UaO�b�m�jV£o¡ L Uhm L ¡*UWYaYN��O�m8[ qfq UaO i `cXZ]#UWb�] L O�bZO�n¤]0¥VO q g�Ua`eb(`&§
] L O�PQ` i O�Y1Uab:] L O#§ q [^P¢O8¡$` q 7�`^§´] L O�O8noUhg�]fUabl��m�` i O �

ª XZ]_X q O i O8¥VO�Ya`cdlPQO8bV]0`^§*] L O6PQ` i O8Y/¡*UWYaY/UWb�m�YWX i OV£N[&PQ`cbl�(`e] L O q UWPQd q `^¥VO�P�O8bo]­g$UWb"] L O i Uhg_m q O8]_O
§¯` q P6XZY\[^]fUW`cbN£ L j¤� q U i ¥VO q ]fUhm�[^Y*m.`V` q i Uab�[&]fOµ[^b i PQ` q O q O&[^YWUhg�]fUhmQd�[ q [&PQO8] q Ua¬&[&]fUW`cb�g�`&§�gkXZ�l� q U i gfm8[&YaO
d q `om�O©gfgkO©g �

��� >���E��:C���	�
���
����NHcF
K$L O�PQ`�gk]�d«[ q ]¢`^§u] L U\g	¡+` q 7)¡3[cg6m8[ q_q UaO i `eXZ] i X q UWbZ�µ`cbZO��?jVO&[ q gk]­[8j�[^]6] L O ¿ O�b¤] q O ¿�L [ q YaO&g

x O q P¢Ua]fO�Uab   s y   w¨�_��` q_q [&UabZOV£1§¯`eYaYa`&¡+O i �oj�`cblO��GjVO©[ q d�`�gkUa]_Ua`eb `&§0¥¤U\gkUW]fUabl��g_m�UaO�b¤]_Uhgk] [^] ¿ O�b¤] q O¢s#[©�
]fUa`eb�[^YWO i O y O&m L O q m L O&g�v �O8] �O8` q `cYW`c�cU\·�XlO&g�£0v �O8] �O8`^� ª q [^b«m�O � K$L O8U q gkXZdZd�` q ]�U\g�� q [^]_O�§¯XZYaYWj�[cm'7¤bZ`&¡$�
YaO i �eO i1����� p � °¦joPQbZU 7V`^¥�£�v � p UaO q_q O}[^b i � � � ª$� �¦O�YaO8job�O8b«m�`cX q [^�eO i ] L Uhg�¡+` q 7 � K$L O�[^XZ] L ` q ] L [&b�7Zg
² � v ��� `cYW` i Uab�§¯` q d q `&¥oU i UWbZ� L O8Yad�`eb�X�g�UabZ�:] L O�d�[ q [&PQO8] q Ua¬&[&]fUW`cb�g¦d«[cm'7c[&�cO � w �Üª UaYa��`eUhg¦��[©¥VO6P6X�m L
L O8Yad¢`cb�X«gkUabl� p$¿ w±m�`cP¢dZXZ]fO q � K$L O�dlUhm�]_X q O&g�¡$O q O�d q ` i X«m�O i ¡*UW] L ] L O L O8YadQ`&§�� q w#°�T�d«[cm'7c[&�cO �
� � AV�#������%3��
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Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
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